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E. A. AaTamomknHa

MOJAEJNPOBAHUE PEAJIN3AIINU TEXHOJJOI'HYECKHUX MTPOLHECCOB

Hpedﬂaeaemc;z AHATIUMUKO-ONMUMU3AYUOHHAA npouec)ypa Moc)eﬂupoeaHuﬂ peanuzayuu mexHoiocudecKux npoyec-
CO8 HA 8blYUCTUMETIbHBIX CEMAX ABMOMAMUIUPOBAHHBIX CUCMEM YNPAGIeHUS.

Kniouesvie crnosa: mexnonoeuueckutl npoyecc, 6blyuciumeilbHasl cemb, MO@QJH/IPOGCZHMQ, HanpaGﬂeHHblﬁ epad).

CrnoxHass B3aMMOCBS3b OINEpalUil TEXHOIOTHMYECKHIX
nporeccoB (TII) u mporeccoB UX peann3anuy Ha BBIYHC-
JUTETBHBIX CPEeICTBaX NMPH HX aBTOMAaTH3aIMU TpeOyeT
KaKk aBTOMaTu3alMu dTana (OPMUPOBAHHUS MOCIENOBaA-
TEJIbHOCTEN OIlepaluii, TaK U ONTUMAJbHON IMPOrPAMM-
HOM pealn3alliy aBTOMAaTU3UPOBAHHOIO YIIPABICHUS HX
BEINIOJIHEHUEM. B 00ImeM ciy4ae mHpu aBTOMAaTH3aIllul
VIPABJICHUS JOCTATOYHO CIIOKHBIMH TEXHOJIOTHYCCKUMHU
npoueccamu ACY TII siBisieTcss MHOTOKOMIIOHEHTHOM, T.
€. AIMeeT MHOT'O TIPOIIECCOPOB.

Kaxnoil onepauun cOOTBETCTBYET MOCIEN0BATEIBHO-
MapajulebHBIA  TIpoIiecC CpabaThIBAaHUS KOMIIOHEHTOB
annapartypsl ynpasieHus TII. Bpems BbIOIHEHUS 3TOrO
IpoIecca 3aBUCHT KaK OT XapaKTEPUCTHK HAICKHOCTH
koMmoHeHTOB ACY, Tak ¥ OT HaJIeXKHOCTH TPOTPaMMHO-
ro obecnieuenus (I110).

Coopmynupyem 3aiady, B KOTOPOM oOmpenesieHa oc-
HOBHasl B3auMocBs3b onepauuii TII u npoueccoB ux pea-
nmu3anyu Ha BeranciurenbHoi cetu (BC) ACY, 1. e. 3a-
naugy otobpakenus: TI1 Ha MHOrokoMnoHeHTHYyt0 BC.

TII ommceBaeTcs opHeHTHpOBaHHBEIM rpadom. Co
BCEMH BepIIMHAMHU rpada CONMOCTaBUM 3aaydl yIpaBlie-
HUs BemonHeHHeM omepanuii TII u 3amaunm 0OpaboTKH
uapopmanmu. Kaxkmas 3agaga uMeeT CHenu(UKAIHIO.
Jpyroii opueHTUPOBaHHbBIA rpad) COOTBETCTBYET CTPYK-
type BC. OTOXnecTBisieMble ¢ KOMIIOHEHTAMU CTPYKTY-
PBI, BCE BEpUIMHBI 3TOro rpada Takxe UMEIOT crienupu-
Kanuu.

HeobOxoanmo onpenenuTh BO3MOXXHOCTh PeaIn3alvu
TII Ha u3HavyanbHO 3amaHHON cTpykType BC 1, eciu 3to
BO3MOKHO, YKa3aTh IMPOTpaMMy HJIH MHOXECTBO IIpO-
rpaMM pabOTBl CTPYKTYpPHBIX KOMIIOHEHTOB, OOecIeuu-
BAMOIINX peali3aluio 33JaHHOTO (MO0 MHOMKECTBa 3a-
nmarfabix) TII. MuHMManpHOE BpeMsl peaji3aldd 3TOTO
TII momKHO OBITH yIOBIETBOPUTEIBHBEIM C yYETOM Ha-
JEKHOCTH alllapaTHBIX M MPOrpaMMHBIX cpeacTts BC, Tak
Kak kauecTBO peanuzanuu TII 3aBUCUT OT 3TUX XapakTte-
PHCTHK.

O4eBHHO, YTO OJUH M TOT XK€ alnapaTHO-IPOrpaM-
MHBINM KOMILIEKC MOKET pealln30BaTh Kak pasnuunsle TII,
TaK U OIUH M TOT K€, HO C Pa3IUYHBIMHA BPEMECHHBIMU
XapakTepucTukamu. [103TOMy MOXKHO ONpEeNHTh IpPo-
rpamMMy pabOTHI TIPH CIICTYIOIINX YCIOBHSAX:

— IS BceX cpabaThIBaHUN CTPYKTYPHOTO KOMITOHEHTA
JIOJDKHBI OBITH ONpEeNeNeHBl KOMIIOHEHTHI, IPEI0CTaB-
JAIOMKE BXOIHYIO WH(POPMANHUIO U MOTPEOIAIOMNE BHI-
XOJHYIO;

— JUTS 3TUX KOMIIOHEHTOB yKa3aHbl MOMEHTHI MHHIINA-
JIN3alKY, T. €. B 9TU MOMEHTHI onepauuu TII HaunHarOT

BBIIOJTHATECS,  9TO
CPEICTB CHCTEMBI;

— THII ¥ JJINTENBHOCTH ONEpanuy (3a1adn) yKa3aHBI
JJ1A BCEX MOMCHTOB.

OtMeTuM, 4TO TOCJEeIHee W3 YCIOBUN HE0OXO0IUMO,
€CJIM HEeKOTOPbI KOMMOHEHT BC MOXKeT BBINIOJIHATH Kak
paszIuYHbIE 337]a4d, TaK U OJAHOTHUIHBIE, HO C Pa3IMYHbI-
MU BPEMEHHBIMU XapaKTEPUCTUKAMH.

Kaxk BUIHO M3 BBIIIECKA3aHHOIO, PEIIEHUE IIOCTAB-
JICHHOM 3a/1a4yd 3aKJI0YaeTCs B YCTAHOBIICHHH B3aHMHO
OJTHO3HAYHOTO COOTBETCTBHUS MEXKAY BEpUIMHAMH Tpada
TII ¥ HEKOTOPBIM MHOXKECTBOM IOCJIEOBATEIbHOCTEN
onepanuii, peanusyemsix komrnoHearamu BC ACY. Oto
COOTBETCTBHE ITONTHOCTBIO OMpeAessieT BeCh OOMEH WH-
(dopmarueii B CeTH.

ITocne Bbl60pa MOMECHTOB MHHUIIMAJIN3allM1 BO3MOXKHbI
JIBa BapuaHTa: JIM0O KOMIIOHCHTHI CETU CPadaTHIBAIOT U
peamusyrotr TII, b0 He cpabaTHIBAIOT M OCTAHABIIHBA-
torcsi. Ho maxe B ToM cityuae, eciii Bce KOMIIOHEHTEHI Ce-
TH cpabaTbIBaloT, npouecc peaausanuu TI1 Moxer ObITH
HEYJOBJICTBOPUTEIFHBIM [0 MHOTHM TprYuHaM. Hampu-
Mep, BpeMsI pean3aii OyJeT CIUIIKOM OOIBIIHM.

JIoIKHBI OBITH OTIpEAETICHEI CIEAYIONIE JaHHBIC:

— (yHKUMs, KOTOpasi yCTaHABIMBAET B3aMMHO OJIHO-
3HaYHOE COOTBETCTBHE MEXAy BepmmHamu Tpada TII
1 Ka)XIIM MOMEHTOM HHHUIHAIH3any KoMrnoHeHTos BC;

— IHOTOKH l/IH(l)OpMaL[I/lI/l MEKIY KOMIIOHCHTAMMU;

— MOMCHTbI HHUIIMAJIN3allu KOMIIOHCHTOB.

Takke B KauecTBE MCXOIHBIX AHHBIX HCIOIb3yeTCS
BEKTOp pealu3alldd, KOMIOHEHTHl KOTOPOro NpEACTaB-
JSIOT COOOM UTUTETLHOCTH BBITIOJTHEHUS 3aJadd, HaXxo-
nsmieticst B Hadane ayru rpada TII. MoxHO ¢ yBepeHHO-
CTBIO CKa3aTh, uTo BP 3amaercs crpykrypoit BC.

B mporecce pemeHns He0OX0IUMO MHOTOKPATHO TIO-
BTOPATH TOCIEIOBATENFHBIC ATAINBl ONTHMHU3ALNH IIeJie-
BOro (yHKIHOHAaNA (IPH BBIOOPE ONTUMAIIBHOTO BPEMEHU
peamusanuu T1I, cormacHo cocraBy MynsTHBepcHid 110,
aHanu3za peanuzyemoctd TII (KOppEeKTHOCTH 3aJaHHBIX
BpeMeHHBIX orpaHuueHuil) u koppekuuu TII. Ilepeunc-
JIUM IIaru aHaﬂHTHKO—OHTHMHSaHHOHHOﬁ nmpoueaypbl
9TOro 3Tana:

— mus 3aganHoro TIT (6o coBokymHocTu TII) BEIOU-
paetcst coctaB MyJibTUBepcHOoHHOTO [10 ¢ mpuMeHeHneM
TPUOIMKEHHBIX METOJIOB;

— IpoBOAMTCA aHAIU3 U Koppekuus TII;

— JI7IS TIONTyYeHHs CyOONTHMaIbHOW IO BPEMEHH pea-
mm3armn TI1 onpenensercs KpuTU4eckuii myTh Ha Tpado-
BOI MOJCTIH;

COOTBETCTBYET TUIAaHUPOBAHUIO
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— onruMmusupyercst kputudeckuii nyTth rpada TII
TOYHBIMH METOJaMU,

— B TOM CJIydae, €CJIM 3HAUCHHE IIeJCBOr0 (DYHKIIHO-
HaJla YJIy4IIHIOCk, TOBTOPSETCS ATAIl aHAIN3a U KOPPEK-
muu TII, 3areM mocneayromue mard JaHHON MPOLEAyPhI
MMOBTOPSIOTCSA JI0O TEX IOp, IMOKA 3HAYCHUC IIEIIEBOTO
¢yHKIMOHAaNa nHOO OCTaHETCS HEU3MEHHBIM, JIHOO
VXY ALTATCS.

Paccmorpum moapoOHO Moznenu 1 metonsl [1-3] aHa-
gu3a u ontummzauuu TII, KOTOpbIE HCIIONIB3YIOTCS
B paMKax TPUBEIECHHOW BBINIE AHATUTHKO-ONTHMH-
3alIMOHHON MPOIIETYPHI U MO3BOJISIOT IMOJIyYaTh KaK aHa-
JIUTUYCCKHUE, TaK U BepOHTHOCTHLIe XapaKTepI/ICTI/IKl/I
TPOIIECCOB YIIPABJICHUS.

[TockoybKy OMNHMCaHUE TEXHOJOTMYSCKHX IPOIECCOB
He 3aBucHUT oT Thna ACY, Mbl UMeeM HaudajJbHOE 3Haue-
HHE BeKTopa BpeMeHHOoH pa3BepTku (BBP) mns rpada TII
G:t=(t, ty, ..., t,), TIIE t; COOTBETCTBYET BPEMECHU 3aJICii-
CTBOBaHHUS KOMIIOHEHTa CTPYKTypbl BC, mims pemenus
3aaun HaxomsIeiics B i-if Bepumnae rpada G. BBP mon-
HOCTBIO OTIpeneNsieT MH()OpMAIOHHOE B3aUMOICHCTBHE
MEXIy CTPYKTYPHBIMH KOMIIOHEHTaMH CETH.

I'pad ympaBnenust peanuzanuell TEXHOJIOTMYECKOTO
mporecca G, TOCTPOSHHBIN Ha 3TON CTPYKTYpe, OIUCHIBA-
eTcs Marpuleld MHUMAEHTHOCTH A = [a;]. Oto mpapas
MaTpHIla pa3MEepHOCTH 1 X m, TIe

I,  ecmu j-s xyra BRIXOJUT U3 BEPIINHBI ,

a; =4-1,

i €CJIH j- Ayra BXOAUT B BEPLIUHY I,

0, B IIPOTUBHOM CITyJae.

Taroke MBI UCTIONB3yeM BeKTop peanm3amuu h = (h,
hy, ..., hy), TO€ h; IBTISAETCSI BPDEMEHEM BBINOTHEHHS 3a/1a-
4y 00pabotku uHMopMmauuu u ynpasinenus TII, Haxoas-
nieiicst B Havaue j-il IyTu, U 3ajaercs cTpykrypoit BC.

Hnst peamuzanuu TII Ha 3amanHON cTpykType BC ¢
3aganHbIM BBP HE00X01MMoO 1 TOCTaTOYHO BBIIOJIHEHHE
CIICIYIOIIETO YCIIOBUS: €CIU U3 i-i BepmuHbl Tpada TII
BBIXOJIUT j- IyTa, BXOIIAS 6 V-I0 BEPIIUHY, TO pa3HUIA
t,— t; HOIDKHA OBITh HE MEHBINE, YeM BPEMs BBIITOTHEHHUS
3aj7la4M B i-i1 BEpILIHHE:

t,—t; > h,»ai,-. (l)
Bpewms peamuzamu T11 onpenenwm o hopmyde

T = max(¢; +z;) —mint,,
i i

T z; ABJSIETCS] BPEMEHEM BBITIOJIHEHUS 33/1a4H1, Peasin3a-
LI KOTOPOH HAYWHAETCSI B MOMEHT £,

Juia cimygast, korna HepaBeHCTBO (1) He BBIMONHSAETCH,
npejyiaraeTcst CleAyroumid anroput™M koppekmuu TII,
KOTOpblﬁ IMO3BOJIACT NPOU3BOAUTH 3aMCHY KOMIIOHCHTOB
BBP Ha ynosnerBopurenbHble. s TOro 4toObI 3TOT
KOPPEKTUPYIOUINH aJrOPUTM HUMEJ CMBICI, HEOOXOANMO
BBINOJIHEHHUE CIICTYIONINX YCIOBHUH.

1. YcnoBue HEOTPULATENBHOCTH:

4:20(i e, 2
rne I = {i} — coBokymHocTb onepauuii TII.
2. Ycnosue 3aBepieHus npeasiaymux onepanuit TII:

>z <t jel). (3)

1<t

3. YcaoBure JTIOrH4YecKoii IMoCcae0BaTeEIbHOCTH:

e ajty (ivj € 1)’ (4)
rae a; — KodQQUIUEHT CBA3aHHOCTH 3ajadu; & U h; —
KOMIOHEHTEI BeKTOpoB BBP n BP cooTseTcTBEHHO.

Jns xaxxnoit 3agaun TII BBeneM mapaMmeTphl: t,f — MO-
MCEHT BPEMCEHH, O HUCTCUCHUA KOTOPOro HEHHOCTH i-n
3aJ1a4l OCTAETCsS MaKCHMAJIbHOM; & — MOMEHT BPEMEHH,
JI0 UCTEYEHHUs KOTOPOro BBIMOJHEHUE - 3a7aud HEBO3-
MO>KHO:

<<t
OueBHUIHO, YTO
0<t'<t/<Tt/ -t >z,

rae T — nnutenbHOCTh peanuzauuu TI1.

Eciu ycnoBus (2)—~(4) BBIOTHSOTCS, TO BBITOIHSIOT-
s M ycnosus t; < ¢}, i< tjf JUISL CBSI3AHHBIX OTIEPALHH | 1
j (i npeamectyer j). C apyroii croponsr, eciu TI1 cyme-
ctByer, 0 i< j =t/ >1°; tf >t +2z, ae t u t — Mo-

MEHTHI HaJaja j-i 1 3aBeplIeHus i-i 3a1ad.

IToaToMy A KaXkAON CBS3aHHOM Haphl [ U j 3aMeHa
npu Koppekuun BBP «crapbix» 3HaYeHuit ¢ Ha «HOBBIE»
max(#;, t; — z;) 1 COOTBETCTBCHHO, ;" Ha min(tjf, t; + z;) HE
BIIMSIET HA OMYCTUMOCTb cyuiectBoBanus TII. B pe3yib-
Tare «crapbie» koopauHaThl BBP MeHstoTcs Ha HOBBIE,
YZIOBIIETBOPSIIOLIHE CIIEIYIOLUINM YCIOBUSIM:

Di<j=t" 2650 2]

2)i<j:>tj." 2t +z;

Ni<j=>" <t -z,

Wrak, HaMu OogpoOHO paccMOTPEeH BTOPOM miar aHa-
JUTHKO-ONTAMHU3AIUOHHON TIPOLIEYPHI.

Jamee MBI paccMoTpuM (opMabHOE TPEICTaBICHHE
9TaNoOB aHAJUTHUKO-ONTHMHU3AIIMOHHON HpOIEenypsl. OTa
(hopmanmzanus 0azupyeTcs Ha COBOKYITHOCTH NPHUBEICH-
HBbIX BBIIIC MOZ[eJ'Ieﬁ U IIO3BOJISICT O6"be[ll/IHl/ITb X B paM-
Kax OOIIeH CXeMBI.

BBenem 0003HauCHMS.

K — KOJIMYecTBO THUIOB MPOTPaMMHBIX MOJIYJCH Ha
HIDKHEM YPOBHE HEPAPXUH;

k — KOHKPETHBIA SK3EMIUISIp MOIYJsSl 7-TO THIA Ha
HIDKHEM YPOBHE HepapXud (Ha YpOBHE MYJIBTUBEPCHHN);
k=1,.,K,r=1,.,K,

hjk’ — JJIUTENIBHOCTD BbINOJAHEHMs onepauuu TII B Ha-
qaye j-i IyTu ¢ NCHOJIb30BaHUEM A-TO MOMYJIS #-TO THUIIA;

z* — Bpems BemonHeHus orepauuy TII ¢ HCIOTB30-
BaHUEM A-TO MOAYJNA 7-TO THIIA, C HAYaJIOM BBIITOJHEHHS
B MOMEHT /;

B oOmieM ciyyae MOXHO IMOKa3aTh, YTO JUIS OITH-
ManbHOro BeImonHeHUs TII mpuxomuTcs pemath clie-
JYFOIIYFO 33]1a9y ONTHMU3AITIH:

min(max(, +z*,) —minz,),
i i

npu

t,—t > hia;
' )

£>t <t/

i i i

npudeM (2)—(4) TOIKHBI BHITIOTHSTCS.
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Hepasenctsa (5) npeacTaBisiioT OrpaHHYEHUs, KOTO-
pbiM noipkeH ynosinerBopsaTs BBP. Kpome toro, BekTop
peanu3aniy i MOXKET UMETh BEPOSITHOCTHBIE XapaKTepH-
CTHKH BBIINIOJIHCHUSA 3a1a4, TaK KaK C KaXXJbIM €0 KOMIIO-
HEHTOM MOJKHO CBSI3aTh (DyHKIHIO BEPOSITHOCTH, UCTIOINb-
3yst GERT-ananus, 4ro Oyzer paccMOTpPEHO Jajee.

3amaua ontumusaiuu [0 ACY MoxeT pemiatscs ¢
MIOMOIIBIO CTATUYECKOW CTPAaTErMy U KPUTEPUS CTOMMO-
ctu. [y IpuBEIEHHON 3/1€Ch MOCTAHOBKH paccMaTpUBa-
eTcsl KpUTEepUi BpeMeHH (B OOLIeM ciydae BEpOSTHOCT-
HBIH).

BBenem nepemeHHyo yl.kr, paBHyto 1, ecniu B MOMEHT

t; onepauusi TII HauMHAET BBIOJIHATHCS k-M MOZYJIEM 7-
ro tumna, 1 0 — B IPOTUBHOM CIIy4ae.
Torga Mbl UMEEM

min([max (z, + z" ) —min¢, ]y
i i

npH
t,—t; =2 yl-krh;ra,-j

u HepaBeHCTBa (2)—~(4) u (5) JOMKHBI OBITH BHITOJHEHBI.

CormacHO JTamaM  aHAJIATHKO-ONTHMHU3AIOHHON
IPOIEeTypHl, MBI IPUMEHSIEM METOJ CIy4alHOTO MOKCKa ¢
agantanueir (MCITA) [4] B kaduecTBe d(HekTHBHOTO Me-
TOJIa peIICHUS.

Ucnons3yss MCIIA npu penieHuu, BBEAEM CIEXYIO-
UHA METOoA KOppeKIuu pesynpraTa. IlomyduuB kputuue-
ckuit myTh Tpada TII, MBI MOXKeM CBS3aTh C KaXIOi 3a-
Jadedl IMyTH pa3iau4yHble BPEMEHHBIE XapaKTEPUCTHKHU,
COOTBETCTBYIOIIME pa3HbIM TUMaM Moyiei T10.

Utak, HEOOXOQMMO HAWTH KparT4allluil MmyTh JUIst
rpada N (p = |V(N)| — mHOXecTBO BepiuH; g = |E(N)| —
MHOXECTBO IYyT), 1 B 3TOM CIy4yae MMEeM CIEIYIOLIYIO
3a/1a4y CETeBOr0 aHaJIH3a:

min| 3 Ye,
joi
TIIPH YCIIOBHSX

Zf:si_z.f;’s :1’
Zf,,-—ZfU:O,jis,tht,
thi_Zfit :_l’fji 20,

rae ¢; = h/"; Jii — EMKOCTb HOTOKa B C€TH N; § — HCTOK U
t — CTOK ceTH N.

Jns pemenns: He0OXOIMMO MHUHHMHU3UPOBATh (DyHK-
LU0

min| > A f;

ecE(N)

Cuauraem, 9TO IMEET MECTO COXPAaHEHHE ITOTOKA B Ka-
KIIOM y3JIe CETH; 3TO O3HAYAET, YTO MOTOK, BTCKAIOIIMIA B
Yy3€J1, paB€H NOTOKY, BBIXOAAIIEMY U3 HCTO; OrPAaHUYCHUA
[0 [TOTOKY HE PACIPOCTPAHSIOTCS Ha HCTOK M CTOK.

BBenem obo3znauenus: fle;) = fi u cle)) = cqg =

= [E(V))D.

HNmeeMm crenyromyo 3agady JMHEMHOTIO MPOrpamMMu-
pOBaHMUS:

q
min(} ¢, /7).
i=l

Janee, cornacHO aHaAUTUKO-ONTHUMU3ALUOHHON MPO-
neaype, eCM Mbl MONMydaeM Iydmiee pemerue T i, TO
MBI JOJKHBI IOBTOPHUTH BBITIOJIHEHNE aJITOPUTMOB aHAJIH-
3a 1 Koppekuun At TI1 u mar mo onTuMH3ay BpeMEeHN
BeimonHeHust TII ¢ cobmogeHneM TrpaHUYHBIX YCIOBHA,
IIOCKOJIBKY €CThb BEPOSITHOCTh U3MEeHEHUs Kak BBP, Tak u
BP. IloBTOpsis 3TOT 1Iar, Mbl MOKEM IMOJIY4YUTh HOBBIN
kputnueckuid myth rpada TII u ynydmmrts pemenue. Ec-
JIM MBI TTOJIYYHM TOT K€ pe3yjibTaT, TO padoTa airopurma
OCTaHaBJIMBACTCS U IPOLECC ONTHUMU3ALUHU IOCIEA0Ba-
TenbHOCTU BhinonHeHus TII npekpammaercs.

Jliist peanu3anuy ke TOJHOH cXeMbl HEOOXO0IMMO OC-
TQHOBUTBHCS Ha OJHOM W3 BaKHBIX JTamnoB aHamusza TII,
KOTOPBIN MO3BOJISIET MOJIYYHUTh BEPOSTHOCTHBIC XapaKTe-
PHCTHKM BPEMEHH pEaM3alid KaK OTIENIbHBIX OIepa-
nuii, Tak 1 TII B eaom.

Beenem obo3HavyeHne Beca ¢; € Ry Juid Kak10i 1yru
<i, j> pemarowmei cetu N. Bec nyru B N npencrasiser
co00i1 3aTpaThl, BO3HUKAIOIINE MIPH BBIOIHEHUH 33341
TII, coorBercTBYIOLIEN <i, j>. Torna Ha 3Tane NPOEKTH-
pOBaHMsI BBIOMpAETCs HEKOTOpas YCIElIHas peannu3alus
Twee, IIPUYEM TEPMUH «YCIEIIHAsD [IOAPA3yMEBAET
TO, YTO 3Ta pcaju3alund MPUBOIUT K 3aﬂeﬂCTBOBaHI/IIO S,
KOTOPBIII COOTBETCTBYET YCIEIIHOMY 3aBEpPLICHUIO MpO-
necca.

CchopmynupyeM ONTHMH3ALMOHHYIO 3aiady: MUHH-
musupoBath C,, IPU YCIOBHH, YTO W ce'uw aKTHUBHUDY-
eT s, e

Co= 20 cywi» (6)
<i,j>€E
rae C,, — 3aTpaTsl Ha HEKOTOpyIo peamm3anuio TII. Ode-
BHHO, 9TO ONTHMHU3AIIHOHHAS 3a1a4a (6) MO3BOIIET pac-
cMaTpuBaTh w-10 peanuzauuio TII kak pe3ynbTar akuuu,
npennpunsToit JIITP.

Hcnone3ys myroBble M y3/IOBBIE NEpEMEHHBIE, TEpe-

nuieM 3ajiady (6) B 6osiee qeranbHO# hopme:
Z c;w; = min (7)

<i,j>eE
IIpH YCJIOBHUAX, UYTO

Z wy, 2 X u,(ieV/{r}),
kEPE[)

Z w; > X u(ieV/{s}),
jeS(,-)
w; €{0,1},<i, j >e E,u; € {0,1},u, =1.

[lepBrie aBa orpaHwdeHHs 3ama4u (7) MPEACTABIAIOT
c000#i yCIIOBHA y3JI0BOM JIOTHKH, TOTAAa KaK OCTABIIHECS
OTpaHUYEHUs] TOBOPAT O TOM, YTO JYTOBBIE U Y3JIOBBIE
MEpEMEHHbIE — 3TO OMHApHBIE TIEPEMEHHBIE, U YTO CTOK §
JIOJDKEeH OBITh aKTUBUpPOBaH. [Ipy HEKOTOPBIX JOIYIIEHH-
AX TOCTABJICHHYIO 3aJla4y MOXHO pEIIUTb, HCIOJb3Ys
HU3BCCTHBIC CXCMBI METO1a BETBEH U rpaHul.

B 3akioueHne Hy»KHO OTMETHTB, YTO IpeaaraeMble
MOJIETIM TTO3BOJISIIOT PELINTh 33/1a41 TPEX TUIIOB Ha 3Tare
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koHcTpyuposanus TII. IlepBass mozens — 3TO neTEpMHU-
HUpOBaHHas MOJENb, KOTOpas Mo3BojisieT 3amadam TII
BBITIOJHATHCA WKW OJAUH pa3, Win BOO6L[IC HE BBIIIOJIHATH-
cs B TEUCHHE JI000H peanmszanuu mpoiecca. JlomycTu-
MBIMHU PEIICHUSMU 3TOHN 3a/1a4yMl SIBJISIIOTCS «YCHEIIHbIE)
JoycTUMble w-e peanuzauuu TII.

Bropas u3 paccMOTpeHHBIX MOJENed COOTBETCTBYET
BEPOSITHOCTHOMY BBINIOJIHEHUIO 3a1ad. B 3TOoM ciydae
JIOIYCTUMBIE pELIeHHs I COOTBETCTBYIOUIEH 3ajauu
ONTHUMM3ALMH — 3TO AOIMYCTUMBIE CllydaliHble akuuu 1. U,
HaKOHEL, MOCJHEIHsAA MOJAENb, PACCMOTPEHHAsl 3/€ECh,
HMEET JEJI0 C MOCIEeI0BATEIbHOCTMY CIIy4allHbIX aKLMH,
YTO COOTBETCTBYET MHOTOYMCIEHHBIM UcHOIHEHUsIM TII,
BILIOTh JIO YCIIELIHOI'O 3aBEpLICHUs Ipouecca. Pesynbrar
pelIeHns 3alaul — HalpaBJIEHUsl Y, KOTOPbIE COOTBETCT-
BYIOT IIOCJIEIOBATEIBHOCTH CIIy4alHbIX AKUUH U MOTYT
6]>ITI> IMOJIYYCHBI 3@ KOHEYHOC YHCJIO IIaroB UTEPpaTuBHOIO
ajaropuTMa.
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MOJIEJIMPOBAHUE CUCTEM C CYIIECTBEHHBIMHA HEJTMHEMHOCTSAMHA
C MIOMOINBIO IMAPAJUIEJBHOT'O TIPOI'PAMMUMPOBAHUA

Ilpeonazaemcs Hosbiti n00X00 K coz0anuto EDA-cucmem, npeOHazHaueHHbix 0Jis MOOEIUPOBAHUsL CXEM, COOepI’Ca-
WUx deMeHmbl, OYHKYUOHUPOBAHUE KOMOPLIX C6A3AHO C PEe3KUM USMEHEHUeM Napamempos u npu Mamemamuieckom
ONUCAHUU NPUBOOUN K CYUWECMEEHHOMY B03PACHAHUI0 NPOU3BOOHBIX (PA306bIX NEPEMEHHBIX, UMO NPU MPaoUyuOHHOM

MO@@]ZMPO6LZHMM sedem K CpPblEY 6blYUCTIUMENIbHO20 npoyecca.

Kniouesvie cnosa: anexkmponnwie ycmpoiicmaa, sviuuciumensvuole anrcopummot, CAIIP, EDA-cucmembi.

CoBpeMeHHOE TpOorpaMMHOE OOecledeHne, MpuMe-
HSOIIEeCs] /I MOJEIMPOBAHUS PAa3IMYHBIX IIPOLECCOB,
HavuvHasg OT Harpy3o4HbIX WUCIIBITAHUN W 3aKaH4YMBas Iie-
PEXOAHBIMU TTpOoLECCaMU B BJICKTPOHHBIX CXEMaxX, OCHO-
BBIBAaETCS Ha apXUTEKTYpe, 3aJI0XKEHHOH ellle Ha 3ape pas-
BUTHUS BBIYUCIUTENBHON TEXHUKH, B 60—70-X IT. IpoILLIO-
'O BEKa.

Pa3BuTne maHHOTO KJIacca MPOTPaMMHOTO oOecrede-
HUS UJIET, KaK MPaBHJIO, IO MyTH YIYYIIESHHs ITOJb30Ba-
TENbCKUX WHTEPQEcoB, pacmupeHus 0a3bl JTaHHBIX
3IEKTPOHHBIX KOMITOHEHTOB W T. 1., B TO BpPeMs Kak Oc-
HOBHBIC BBIYUCIIUTEIBHBIE aJTOPUTMBI OCTAIOTCS IPEXK-
HuMH. Yaine Bcero Bce CBOAWTCS K PEIICHHIO ITOJTyYUB-
1Ieiicss CUCTEMBI JIMHEapU30BaHHBIX AU (hepeHInanbHbIX

YpPaBHEHMM, SIBISIOLLEHCS MaTeMAaTHYECKOM MOZEIbIO
YCTpOMCTBA. YUCIIEHHBIE METOJbl PELICHUS I[PU ITOM
MO3BOJIAIOT MOJy4YaTb BE€CbMa TOYHBIC PE3YyJIbTAaTbl, HO
np06neM1)1 BO3HUKAOT MpU MOACIMPOBAHUN CHUCTEM C
OOJIBIINM KOJIMYECTBOM KOMIIOHEHTOB, YTO HPUBOIHUT K
YCIIO)KHEHHIO MaTeMaTHYECKOW MOJENN, U NPU MOJEIH-
POBaHHU CHCTEM, B KOTOPHIX HMMEIOTCSl CYIECTBEHHBIE
HEITMHEHHOCTH, 3HAYUTEIFHO OrpyOIIsSIomune pe3yabTaThl
MOJIETTMPOBAHMS JTHO0 MPUBOISIINE K TOMY, YTO BBIYHC-
JTUTETBHBIN Mporece pacxoaures [1; 2].

B pab6orax [3] u [4] aBTOpaMu OBLIT MPEAJIOKEH UHOM
MOAXO0J K PEIICHHUIO 3TOH 3aadd: PaCCMOTPEHHE MOJE-
JIMPYeMOIl CXeMBbl KaK COBOKYITHOCTH KOHKYPHPYIOIIUX
HE3aBHCUMBIX MapaiebHbIX MTPOLIECCOB.



Mamemamuxa, mexanuxa, ungpopmamuxa

OcHOBHBIE MPOOJIEMBI, CBS3aHHBIE C TaKOW CXEMOM
paboThI, 3aKIIIOYAIOTCSI B TOM, YTO HE0OX0IuMO odecrie-
YUTHh BBICOKYIO CTENEHb B3aMMHOH H30JIMPOBAHHOCTH
BBIYHCIIATENFHBIX TPOIECCOB, COXPAHSS BO3MOXHOCTH
CHHXPOHHM3HPOBAHHOTO OOMEHa MaHHBIMH. MOXHO Tpo-
BECTH aHAJIOTHIO C COBPEMEHHBIMH BBIYUCIUTCIHLHBIMHU
CeTSIMH, TA€ Kaxaas BBIYMCIMTENbHAS MAallMHAa MAaKCH-
MaJBHO «CaMOCTOSTENbHAY», HO UMEET BO3MOXKHOCThH 00-
MEHHUBAThCS TaHHBIMH, Pa30OUTHIMU Ha TAKETHI, C 000
JPYTO¥ MAaIIMHOW B CETH B MPOU3BOJBHBIA MOMEHT Bpe-
MeHH. OJHAKO CYIIECTBEHHBIM OTIHYHEM 31eCh OyIeT
SIBIIATHCS TO, YTO KaXXIIbI MPOIECC JOJKCH BBIIABATH U
MIPUHUMATh MOPLUUI0 UH(GOPMAIMK CTPOTO 10 CHHXPOHU-
3UPYIOIIEMY CHTHaNy. B TOM ciydae, ecinu mporiecc He
yCIIeBaeT MO KaKUM-THOO MPHUYMHAM 3TO CHAENaTh, BO3-
MOJKHBI ABa MOoAXoJa: OKMJAaHUC U YHUYTOXKCHHUC. B nep-
BOM CJIy4ae HU OJIHA MOPIHS JaHHBIX OT OPYTHUX IPOIec-
coB He OyJer npuHATa M He Oyner nepenaHa, Moka OT
BCEX MPOIIECCOB MOIETH He OyAeT IMmoiydeH OTBeT. Bo
BTOPOM CJIy4ae MPOLECCHI, JaHHBIC OT KOTOPBIX HE MOJTY-
YeHBl 110 WCTEYCHHWH YCTAHOBJICHHOTO BpPEMEHH, OYyIyT
YHUYTOXEHBI JIMOO Mepe3amylieHbl, a HeJOCTAIOIINe 3Ha-
YeHWs IaHHBIX 3aMCHEHbl Ha HYyJEBBIE MO0 3apaHee
npuHAThle. Bo3MoXHa M rUOpHAHAs cTparerusi, Korua
TIPOIECC YHUUTOXKACTCS MTOCIIE HEKOTOPOTO OXKHAIAHUS.

Peanu3aiuss aCMHXPOHHOTO OOMEHa COOOINCHHSIMH,
KaK 3TO CAENAaHO, HAPUMEP, B BBIYHCIHUTENBHBIX CETIX
Ha ocHoBe TexHoyioruu Ethernet, MOXeT MOBIEYL 3a CO-
00l cepbe3HyI0 MPOOIEMY: Pe3yIbTaThl MOJCITUPOBAHHS
OyZayT 3aBUCETh OT IPOU3BOJIUTENBEHOCTH CHCTEMBI U 0e3
MPEIBAPUTENFHOTO TPOPUIUPOBAHHUS PEaTH30BaTh MO-
JIeTIb HE MOJTY4UTCS.

Kak mpu acHHXpOHHOM, TaK ¥ NPU CHUHXPOHHOM 00-
MEHEe HEOO0XOIUM OTIENBHBINA IMPOIECC-MapIIpyTHU3aTOP.
B ero ¢yHkmmm BXomuT cOOp JAHHBIX OT OCTAIbHBIX
MPOIECCOB, YHUYTOKEHHE IIPOLECCOB, HE BBICIABIINX
JMAHHBIC B TEYCHUC OTBEJCHHOTO BPEMEHH, pPAacCChUIKA
JAHHBIX II0 TIPOIECCaM B COOTBETCTBUU C TaOJIUIEH
B3amMoOcCBs3eil (puc. 1).

Peanmn3oBaTh Takylo CHCTEMY BO3MOYKHO C MTOMOIIBIO
pa3nuYHBIX cpeAcTB paszpadorku 10, HO B maHHOM CITy-

4 N\
IIpouecc 1

(. J

4 N\
IIpouecc N

(. J

yae Obu1l BeIOpan Erlang (9pnaHr) — (yHKIMOHAIBHBINA
SI3BIK MPOIPaMMHUPOBAHUS, TIO3BOJISIFOIIUI pa3padaThIBaTh
porpaMMHoOe ofecredyeHue Ui pa3Horo pojia pacipee-
JICHHBIX cHCTeM. SI3BIK pa3paboTaH U TNOANEPKHUBAETCS
kommnanueil Ericsson, BKio4yaeT B ce0s CpesicTBa MOPOXK-
JICHUS! TTapajlyIeJIbHBIX MPOIECCOB M X KOMMYHHUKAIUH C
MIOMOIIBIO TIOCBUIKM ACHHXPOHHBIX cooOmmeHuid. Ilpo-
rpamMMa TpaHCIHpyeTcs B OaiT-KOJ, MCHONHACMBIH BHp-
TyallbHOH MAaIIMHOM, 9TO 00ecreduBaeT BO3IMOXHOCTH €€
BBIIIOJIHEHUS B PA3JIMYHBIX OINEPAL[MOHHBIX CHCTEMaX.
OyHkuMoHaNbHas mnapagurma mno3possier Erlang u3Ge-
KATh TAKUX TPAJUIMOHHBIX JUII MMIEPATUBHBIX S3bIKOB
npo0JieM pacrpeieNeHHbIX TPHIOKEHUH, KaK He00X0 IH-
MOCTb CHHXPOHH3AlUH, ONACHOCTbL BO3HHUKHOBCHUA TY-
MUKOB U TOHOK [5].

3amynieHHbIH sK3eMIusIp smyssitopa Erlang Hasbia-
eTcs y3JI0M. Y3el MMeeT MM M pacriojaraeT nHdopma-
IMel 0 CyIIeCTBOBaHMH APYTHX Y3JIOB HA JAHHOW Malllu-
He Wi B cetd. Co3naHue M B3aMMOAEHCTBUE NPOLIECCOB
Pa3HBIX Y3JI0B HE OTIMYACTCS OT B3aUMOICHCTBHS MpO-
LIECCOB BHYTPH y31a. i1t co3paHus 10YepHEero mporecca
HEOOXOAUMO 3HATH JIMIIL €ro HACHTU(GHUKATOP (HUMs).
ITpu 3TOM HET HEOOXOIUMOCTH B YKa3aHHU KOHKPETHOTO
(¢u3M4ecKoro ysmna, Ha KOTOPOM 3TOT Iponecc OyJeT BbI-
MOJIHAThCA. DTUM OGyCJ’lOBJ’II/IBaeTCH BBICOKas1 MaCIJ_ITa6I/l-
PYEMOCTb M CIIOCOOHOCThH MOYTH JIMHEWHOTO MOBBIIICHUS
MIPOM3BOUTEIBHOCTH C POCTOM MOIIHOCTH CHCTEMBI
(xmacrepa) [6].

KonmuectBo pacchiiaeMbIx cooOmieHud OyneT 3aBH-
CEeTh MCKIIIOYMTENIFHO OT TOTIOJIOTHH MOJEIUPYEMON CHC-
TEMBI.

OueBuzmHO, 4TO JUIA (PyHKIMOHMPOBAHHS CHUCTEMBI
HEOOXOAMMO HMMETh HECKOJBKO Pa3JNYHBIX THIIOB 3JIE-
MCHTOB.

1. OObIuHBIN mponecc (nepenarouHas GYHKIHS, TIPH-
Mep peanu3anuy npuBeneH Bblie). OOecrieunBaer mpe-
00pa30BaHUE BXOJHOTO IIOTOKA JaHHBIX B BBIXOIHOIA.
B KkaxIplii MOMEHT CHHXpOHHM3alMM 00s3aH NPHHSTH U
nepenaTh OJHy MOPLHUIO (KOPTEXK) JaHHBIX.

MappyTtuszarop

vy

Crek

COOOIIEHNIH

7

A 4

PesynbTarst
MO/ICIIMPOBAHUS

Puc. 1. O0mas cxema CHCTEMBI MOJEITUPOBAHUS C TAPAIUICIBHBIMH IIPOIIECCaMU
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Puc. 2. O0mas cxema CUCTEMBI C UHAUBUAYaIbHBIMU CTEKaMH IIPOLIECCOB

2. Mapmpytuzarop. ObecrieunBaeT nepepacnpenene-
HHE CHUTHAJIOB 110 HECKOJIBKUM BBIXOJHBIM KaHalaM B
3aBUCHMOCTH OT COOTHOIICHMSI KOJHMYECTBA BXOAOB MU
BBIXOZIOB. MapuipyTu3aTop Mo CyTH SIBISETCS COBOKYII-
HOCTBIO Bcex y3J10B Lenu. IIpocreiiuii npumep cuMMer-
pUYHOTO (pacHpeseNsIonero BXOIHble CUIHAJIBI PaBHO-
MEpHO) MapIIpyTH3aToOpa pa3MEpHOCTH 2X3 OyaeT BhI-
TIISIETH CIEAYIOIUM 00pa3oM:

commutator(Server_Node) ->
receive
stop ->
exit(normal),
{pinl, signall type,
signal?_type, signal2} ->
signall type ->
signall type
(signall +signal2)/3-> signall, signal2, signal3

signall},{pin2,

signall type, signal2 type,

{modeling,  Server Node}!{self(), outputl, 1,
signall _type, signall},{self(), output2, 2,
signal?_type, signal?}, {self(), output3, 3,

signal3_type, signal3 }
end.

3. Ucrounuk. ObecnieunBaeT BoIAaYy CUTHAIIOB. Bxo-
noB He uMmeeT. [IpocTeiiiuii npumMep UCTOUHHUKA C OJHUM
BBIBOJIOM:

source(Server_Node) ->
receive
stop ->
exit(normal),
{}->
{modeling, Server Node}!{self(), outputl, 1, typel, 100}
end.

4. Bexon. IlceBno6iiox, HEOOXOAUMBIN IS MOTydYe-
HUS TEKYIUX 3HAYEHUI NapaMeTpoB Ul aHaiusa. SBiis-
eTCsl aJanTepoM MEXKIY MOJENBI0 U MOJIb30BATENbCKUM
unrepgeiicoMm. FIMeer ouH BXOJ, BBIXO/IOB HET.

OnHol M3 BaXXHEWITUX MPOUEAYP MPH CO3JaHHUH TO-
JNOOHOM Mojenu SBISIETCS MOCTPOEHHWE TaOJMIBl Map-

MIPYTH3ALUH O T0JIb30BATENBCKON MOJenH (K mpuMepy,
M0 TPUHIIMITHAIBHON 2NIeKTpuieckoi cxeme). Ha ocHoBe
3TOM MHGpOPMAIMU TAKXKE OJDKHBI CO34aBaThCs MPOLIEC-
CBI-KOMMYTaTOpBHI.

OnHako MpU pealu3aldd TaKOW CHCTEMbI BBISICHU-
JIOCh, YTO OKa3aJI0OCh HEBO3MOXHBIM ITOCTPOCHUE, HAIPH-
Mep, IEepexXoJHbIX MporeccoB. [IporcxoauT 3To H3-3a
TOr0, YTO 00pabOTKa JaHHBIX B MOJOOHON cHUCTEME MpO-
UCXOJUT 0€3 yueTa MpeAblIyIHX 3HAa4eHHM, a, CleoBa-
TEJIbHO, MHTETPUPOBaHUE WK IU(QPEepeHIMPOBAaHNE Be-
JUYWH, TPEACTABIAIONNX c000# Kakoi-m1bo paccMaTpu-
BACMbIH ITOJIE3HBIH CUT'HAN, B OTACIBHBIX y3JIaX CHCTEMBI
MPOMU3BECTH HE TOTyUHUTCSI.

st perieHust 3TOH MPOOIeMbI MpemIaracTes s Ka-
JKIOTO U3 OJIOKOB CO3aTh COOCTBEHHBIN CTCK, XPAHSIIHIA
TEKylLlee U NPeIblIyllde 3HAYEHUS CUTHANIOB. B sTOM
cityyae oOriasi cxema CUCTeMbI OyJIeT BBIMIISIETh TaK, KaK
MIPEJCTABICHO Ha PUC. 2.

BakHBIM BOIpOCOM 371€Ch TaKXKe SBISIETCS] BBIOOD Be-
T4uHBl (T1yOnHbl) creka. C OfHOW CTOPOHBI, CIUIIKOM
MaJloe KOJIMYECTBO XPAHSIIMXCS BEJIMYMH HE ITO3BOJHT
KOPPEKTHO MPOBOANTH omepanuy 1udQepeHIupoBaHns 1
uHTerpupoBanus. C Opyroil CTOPOHBI, HPH CIUIIKOM
NIyOOKHX CTEKaX 3HAUYUTEIBHO YBEITHIHUTCS BPEMS MEXKILY
MOJTyYeHWEM JTaHHBIX OJIOKOM M HadaJloM HX 00pabOTKH.
DTO MOXKET MPUBECTH K PACCUHXPOHU3AIMH OJIOKOB MEX-
Iy co0OH, U, KaK CJIEACTBHE, HEBEPHBIM PE3yJIbTaTaM MO-
JACITIMPOBaHMS. Taxxe JOITOJIHUTCIIbHBIMHU OCJIOXHSOIIN-
MU (aKTopamu SIBJISETCS TO, YTO, BO-TIEPBBIX, MIyOHHA
BCE€X CTCKOB B paMKax OﬂHOﬁ MOJCJIN OOJIKHA 6bITl) oau-
HaKoOBa, W, BO-BTOPBIX, 3Ta BEJIMYMHA JOJDKHA OBITH M3-
BECTHA I1epejl HayajIoM Mpoliecca MOAEIHPOBaHNUS.

ABTOpamMu mpeiaraercsi ciemyomas (opmysia pac-
4yeTa TITyOMHBI CTeKa:

N = Ty

Yucr
TOE Ymexp — YACTOTA JUCKPETH3ALMU CHUCTEMEI, OIpEJe-
JsieMasi U3 JUTUTENIbHOCTH MEepPHoa HAOMIOACHUS U HEe00-
XOJUMOM TOYHOCTU (KOJUYECTBA TOYEK); Yycr — MAKCH-

>
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MajibHast W3 YaCTOT HCTOYHHUKOB, IMPUCYTCTBYIOIINX B (HOBBIHIa}OH.lI/IC HUMITYJIbCHBIE HMCTOYHUKU TIUTAaHUA C

MOJIEIUPYEMOM CUCTEME. LITMM) 1 BBICOKOW MOIITHOCTEIO.
JloOaBuTCsA Takke OJOK CTEKa W B CIHCOK 0a30BBIX
070KOB B cucreMme. B mpocreiinem ciryuae ero onrcaHue bub.morpaguyeckue cchUIKM

Ha s3pike Erlang Oyner BeIrsineTs Tak (TiIyOmHa cTeka

1. Xaiineman P. PSpice. MopenupoBanue paOOTHI
3nech pasHa 10):

NIEKTPOHHBIX cXeM : nep. ¢ HeM. M. : DMK-IIpecc, 2001.

stack(Server _Node) -> 2. HopenkoB . II. OcHOBBI aBTOMaTH3HPOBAHHOIO
receive npoektupoBanusi. M. : U3g-so MI'TY um. H. 3. Bayma-

stop -> Ha, 2002.
exit(normal); 3. bormanos K. B., JloBuukoB A. H. Apxurekrypa
{pinl, signall type, signall} -> EDA-cucTeMBl Ha OCHOBE KOHKYPUPYIOIIUX Mapajuiesb-

signall type -> signall type, signal2 type, ~HbIX mpoueccos // U3p. Bysos. IlpuGopocrpoenne. 2011.

signall type T. 54, Ne 4. C. 63-67.
delay(signall, 10)-> signal 4. borganos K. B., JlopunkoB A. H. Iloctpoenne
fmodeling,  Server Nodejl{self(), — ouputl, 1, ~EDA-CHCTEMBI Ha OCHOBE CHHXPOHH3MPOBAHHBIX Napail-
signall_type, signall}end. Jg;g)bﬂ(};n; Eglpé)lueccms // Bectauk CubI'AY. 2009. Boim. 4
C nomomIE0 9THX YNySIICHHH IIAHADYETCS PeaH3o- 5. Open Source Erlang [Dnextponnsiii pecypc]. 2008.
BaTh CHCTEMy MOJICIMPOBAHNA IEPEXOIHBIX MPOLECCOB  [JRL: http://www.erlang.org/. (date of visit: 12.11.2012).
AU CUIOBBIX DNEKTPOHHBIX CXEM, paOOTAIOLINX, B HacT- 6. Armstrong J. Programming Erlang: Software for a

HOCTH, ¢ OOJIBIIMM KOIMYECTBOM JIEKTPOHHBIX KIIOYeH  Concurrent World. Pragmatic Bookshelf, 2007.
K. V. Bogdanov, A. N. Lovchikov

SIMULATION OF SYSTEMS WITH ESSENTIAL NONLINEARITY WITH
THE HELP OF PARALLEL PROGRAMMING

The authors suggest a new approach to EDA-systems designed to simulate circuits containing elements, functioning
of which is related with abrupt change of parameters and in the process of mathematical description leads to
substantial increase of derivatives of state variables, that in the process of traditional modeling leads to breakdown of
the computational process.

Keywords: electronic devices, computing algorithms, CAD-systems, EDA-systems.

© bornanos K. B., Jlopunkos A. H., 2012

YK 621.45.017
A. E. bBypos

OLEHKA )KUBYYECTHA KOHCTPYKIWUHA KPEIUVIEHUSI KPBIIIKA 'MIPOTYPBUHbBI
B ABAPUMHOU CUTYALIUN*

Paccmompenvt no0xoovl k KonuuecmeeHHOU OyeHKe HCUsyyecmuy KOHCMpPYKyuli mexnudeckux cucmem. Ilpeocmas-
JIeHbl pe3yIbmamyvl AHAIU3A HCUBYHECTU KOHCMPYKYUU PA3bEeMHO20 COeOUHEHUS KPbIUKU MYypOUuHbl eudpoazpecama 6
VCIOBUAX ABAPULIHOL CUMYAyUlU NPU NPOSPeccupyiouiem paspyueHuu Hecyuux snemenmos. Ha ocnoge moodenuposanus
HANPSIAICEHHO-0ehOPMUPOBANHO20 COCMOSIHUSL ONPEOeeHbl NOKA3AMENU HCUBYHECIU 8 3AGUCUMOCTNU 0T YUCTA OMKA-
3A68UIUX 2TIeMEHMO8.

Kniouegvie cnosa: pazvemnoe coedunenue, HanpsidceHHo-0eOpMuUpo8anHoe coCmosiHue, paspyuleHue, Hugyuecms.

TpamunuoHHBIE METOABI NPOEKTUPOBAaHHUS KOHCTPYK-  IOAXOJ HE OTBEUAeT COBPEMEHHBIM TPeOOBaHUSIM oOec-
WA TIpeanoiaraloT HCKIIOYEHHE BO3HMKHOBEHHS Tpe-  IedeHHsl 0€30MacHOCTH, KOTOPbIE MPENoiaraloT u3yde-
JETBHBIX COCTOSIHMH HECYIIMX 3JIEMEHTOB NPH NMPOEKT-  HHE paboTOCHOCOOHOCTH KOHCTPYKIHMH C yYETOM 3aIpo-
HBIX Harpy3kaX. OIHaKO OTKa3bl, pa3pylICHUS W aBapuii- EeKTHBIX Harpy30K W Bo3aehcTBmil. HeoTsemmemoin dya-
HBIE CHUTYyallMM HEW30€XHBI INPAKTHUECKW JUIA JIO0OW  CTHIO TAKOTO aHAJM3a SBISETCS ONPEACICHIE ITapaMeTpOB
TeXHHUYECKOM cuctembl. CTano ObITh, CYIIECTBYIOUIMH  KMBYUYECTH HECYIIUX KOHCTPYKIIMH.

*Pabota BeIMONHEHA U PrHAHCOBOH moanep:kke PODU (kox mpoekra 11-08-00945).
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ITox >xuBy4YeCThIO TOHMUMAIOT CBOICTBO OOBEKTa, CO-
CTOSIILIEE B €r0 CIOCOOHOCTH IMPOTHBOCTOSITH Pa3BUTHIO
KPUTHUYECKHX OTKa30B U3 Ae(EKTOB M MOBPEXKICHUI MpU
YCTaHOBIJIEHHOW CHUCTEME TEXHHUYECKOTO OOCIYKMBaHHS U
PEMOHTA, WM CBOHCTBO OOBEKTa COXPAHATH OTPAHUYCH-
HYHI0 pabOTOCIIOCOOHOCTh TIPH BO3JCHCTBUAX, HE TpEAy-
CMOTPEHHBIX YCIIOBHSIMH SKCIUTyaTaIliH, WJIA CBOWCTBO
00BEKTa COXPAHATH OTPaHUUCHHYIO PabOTOCIIOCOOHOCTH
MIPH HAIHYNH JeQEeKTOB WM MOBPEKICHUN OIpeeNeH-
HOTO BHJa, a TAK)Ke IIPU 0TKa3e HEKOTOPHIX KOMIIOHEH-
ToB [1]. B HacTosIIee BpeMsI KOHIETILNS )KUBYUYECTH KOH-
CTPYKIMHA TEXHUYECKUX CHCTEM HAaXOIWUTCS B CTaIUH TEO-
peTnvecKkod TPOPaOOTKH: TPAKTUUECKH HET MOJeNei
JKHBYUYECTH, alipoOMPOBAaHHBIX Ha PEabHBIX 00BEKTax U
OCHOBaHHBIX Ha (YHJaMEHTAJIBHBIX IPEICTABICHHIX O
MPUPOJIC M MEXAaHW3MAaX Pa3BHUTHUS MOBPESKICHUI; HE CY-
IECTBYET OOIIEHPUHATHIX METOIUK IPOCKTHPOBAHUS
KOHCTPYKIIMU Ha KUBYUYECTh; HE ONpEeIICHBI KPUTESPUN U
KOJIMYECTBEHHBIE ITOKA3aTeN >KUBYYECTH, a TaKKe WX
HOpMAaTHBHEIC 3Ha4YeHHs. Ha oOocHOBaHME U pa3paboTKy
MTOCTICTHUX HAIIPABIICHBI 3HAYUTENBHBIC YCIITUS UCCIIEI0-
Barteneil pa3HbIX cTpaH [2—7].

B xagecTBe 6a30BBIX MapaMeTPOB, XapaKTEPUIYIOIINX
JKHBYYECTh KaK CBOHCTBO KOHCTPYKILIUH COXPaHATh pado-
TOCHOCOOHOE COCTOSIHHME TIPH OTKas3e OJHOTO WM He-
CKOJIBKHX €€ DJIEMEHTOB, MOT'YT OBITh HCIIOJb30BaHbl UH-
JIMKaTOPBI KECTKOCTH, ITPOYHOCTHU, pecypca, Halle)KHOCTH
u pucka. B mocnexnee BpeMsi ObUI IpEIUIOKEH PSl WH-
JIEKCOB, CPEIH KOTOPBIX MOXKHO BBIIEIUTH TPH OCHOBHBIE
rpynmnbl. OHA TIPUBENICHBI HIDKE C YKa3aHUEM HPUMEpPOB
TIPeIOKEHHBIX WHACKCOB [2; 5; 6].

1. IlokazaTenn Ha OCHOBE PUCK-aHAJIN3a, YUUTHIBAIO-
11IM€ BEPOSITHOCTh BO3MOXKHOI'O aBApUMHOTO BO3IEUCTBUS
U €ro MoCIeNCTBUSA-YIIepObl. YiepObl MOApa3aesstoTcs
Ha TpsMBIE, T. €. CICeIYyONIue HEMOCPEICTBEHHO OT WHU-
UHPYIOIETO BO3AEHCTBUS, 1 KOCBEHHBIE — BO3HHKAIO-
1IMe B pe3ysbTaTe Pa3BUTHS aBapUHOM cUTyaluu. AHa-
T3 HAYMHAETCS C WICHTU(QHUKAUUM M MOJESITUPOBAHUS
BO3JICHCTBUI, KOTOPBIC MOTCHIIHAIFHO MOTYT IMPUBECTH K
BO3HMKHOBEHHIO MOBPEXICHUH KOHCTPYKIMOHHBIX 3Ile-
MEHTOB. B KauecTBe TaKOBBIX MOTYT BBHICTYIaTh JKCTpeE-
MaJIbHbIE HAarPy3KH, B3PBIBBL, OIIHOKH B IPOCKTHPOBAHUH
WA DKCIUTyaTaIllid, a TaKXKe IMPOIecChl, BEAyIINEe K Jie-
Tpafalliil CBOWCTB MaTEPHAIOB WM MOTEpE IKCILTyaTa-
LIMOHHBIX Ka4decTB, HAIIPUMEP KOPPO3USA HIU YCTAJIOCTb.
3areM ompenemnsoTCs BO3MOXKHBIE CIICHAPUU Pa3BUTHS
aBapuiHON CHUTyallud MPHU PazIHMYHBIX MCXOIHBIX MOBpE-
KICHUSX.

Jl51s1 0THOTO CTapTOBOTO COOBITHSI MH/AEKC KHBYUECTH
MOYKHO OIIPEICIUTh B BUJIE

R,

= b
Rnp + RKoc

Gy (1)
IJie PUCKU Ry, U Ry, — NPOU3BEJECHUA BEPOATHOCTH CO-
OBITHS M €T0 IIOCIIEICTBHS.

Wnpexc usmensiercs ot 0 70 1 ¢ GonbIIMMH 3Have-
HUSMH, COOTBETCTBYIOIIMMH OOJiee KUBYIHM KOHCTPYK-
LUSAM, T. €. TE€M, JJIs1 KOTOPbIX KOCBEHHBIE PUCKH HE BHO-
CST 3HAYMTENHFHOTO BKJIaAa B OOIIWi puck. JlaHHBINA IMO-
Kazareiab OMpeNeisieT TONBKO OTHOCHTENBHBIN BKIIAL
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PHCKOB, HE OLIEHHMBAs IPU 3TOM aOCOJIOTHYIO BEIHYHHY
NPSIMOTO PHUCKA. DTO MOKET NPUBECTH K BHIBOJY O BBICO-
KOM JKMBYYECTH CHCTEMBI, IJISi KOTOPOH 3HA4YEeHUs Ipsi-
MBIX PHUCKOB HaMHOTO OoJibllle KOCBEHHBIX. OYeBHIHO,
YTO HAJCKHOCTh TAKOW CHCTEMEI OyaeT Hu3koi. Cremnyer
OTMETUTHh TPYIHOCTb B BBHIYMCICHHU (g, CBSI3aHHYIO CO
CJIO)KHOCTBIO a/IEKBaTHOTO OIIPENENICHNs] BEPOSTHOCTH
BO3HUKHOBEHUS COOBITHS prcka. OZHAKO 3Ta HpoIenypa
YIPOIIAETCs AJIsI 33JAHHOTO BO3JCHCTBHS, JJIsI KOTOPOTO
BEPOSITHOCTH paBHa 1. B 3TOM ciiydyae UHIEKC KUBY4ECTH
OTIpEeIeISIETCs TOJIBKO BETMYMHAMHM HPSMBIX M KOCBEHHBIX
ymepOoB.

2. BeposiTHOCTHBIE TIOKa3aTeNH, OCHOBaHHBIE Ha CO-
OTHOUICHHH ITOKa3aTeNiel HaJeKHOCTH HEMOBPEKIECHHON
KOHCTPYKIIUH U €€ HaJAeKHOCTH IPH HATMYUH JOKAIBHBIX
noBpexneHnit. s atoro mcnone3yercst GpyHKuus mpe-
JIETBHOTO COCTOSTHHUS

V=f(x1, ... X)) =R—-S5>0,
rie R u S — Hecymasi ClloCOOHOCTH (COTPOTHBIEHHUE) U
Harpy3ka COOTBETCTBEHHO; X — BEKTOp CIly4alHBIX Iepe-
MEHHBIX CHCTeMBbI. [IpenenibHas MTOBEPXHOCTh paszessieT
JIBa COCTOSAHUS — Oe3omacHoe V> 0 u orkas V' <0.

Ecnu 3a Mepy HaIeKHOCTH TPHUHSATH BEPOSTHOCTH
paspymenus Pr= P(V <0), To

P P

_ Yo~ Then
Gp = ~nos —Luen

P

HEn

i€ Pyen U Pros — BEPOATHOCTD pa3pyLIECHUS] HEMOBPEXK-
JIEHHOM 1 NOBPEXACHHON KOHCTPYKIMM COOTBETCTBEHHO.

Wnpnexc Gp Bappupyercs ot 0 10 6eCKOHEYHOCTH, TIPU
3TOM JUIsI KOHCTPYKLUH, 00Iaqaromux BICOKOH KUByYe-
cteio, Gp — 0. JlaHHBIN TOKa3aTelb TPYTHO HCIIONB30-
BaTh Ha IPAaKTUKE H3-32 TPYIAHOCTH BBIYUCICHUS Pp,
a TaK)Ke IIMPOKOro JHana3oHa BO3MOXKHBIX 3HAYECHUH,
YTO OCJIOXHSET CPaBHUTEIBHBI aHAJIN3 TPOEKTHBIX pe-
LICHUH.

OTOT HEJOCTAaTOK MPEOJ0JIEBACTCS TIPH HCIIOJIB30BaA-
HHUH WHJIEKCAa HAJEKHOCTH [3, KOTOPBIH HANPSAMYIO CBSI3aH
C BEPOATHOCTBIO paspymreHus: p = @' - (Pp), &' —
¢yHkmst, oOpaTHass HopMHpoBaHHOW (yHKuMM Jlammaca
(puc. 1). B mpoctom ciydae, xorjma Hecymias CHOCO0-
HOCTh W Harpy3ka HOPMaJbHO paclpelelieHbl W He3aBH-
CHUMBI,

Mg —Hg

’
[ch+o}

TZe g, Or U W5, G5 — CpEHEEe 3HAUYEHHE M CTAaHAAapPTHOE
OTKJIOHeHHE 111 R u S coorBeTcTBeHHO. MHAEKC HameK-
HOCTH TaKXe ONpeAesIeTcs] aHATUTUYECKHU, €CIH CITyqai-
Hbl€ TEepeMeHHbIE COMPOTHUBIICHUS U HArpy3KH COOTBET-
CTBYIOT JIOTHOPMaJILHOMY PacIpeieIeHHIO.

Mepoii KUBYYECTH CITY>KUT OTHOIIEHHE MOKa3aTesen
HAJICKHOCTH KOHCTPYKIIUU B TIOBPEKIACHHOM [,, U He-
MOBPEKICHHOM [, COCTOSHUSIX

BHOB
BHCH

3nauenus unaekca Gp usmensaiorces ot 0 go 1, u xon-
CTpYKIMsI 00NagaeT aOCONIOTHOW IKHUBYYECTHIO IIPH
Gp = 1.

p

Gy = )



Mamemamuxa, mexanuxa, ungpopmamuxa

3. JlerepMHUHUPOBaHHbIE NIOKA3aTeIN Ha OCHOBE CPaB-
HEHUS TMapaMeTpPoOB (CHIIOBBIX, JKECTKOCTHBIX, SHEPIeTH-
YECKHUX W T. JI.) KOHCTPYKIMH, XapaKTEPH3YIOIINX HETO-
BPEXICHHOE ¥ IOBPEXKICHHOE COCTOSIHUSL.

Bepoatnocts paspymenus, Py

k-
3 4

Huaexe nagesuocty,

Puc. 1. CooTHolIeHHe MEXly 3HAYCHUSIMU BEPOSITHOCTH
paspylieHus U HHAEKCa HaIeKHOCTH

B xadecTBe Takoro mapamerpa MOXKET BEICTYTIaTh, Ha-
pUMep Harpy3Ka, BBI3BIBAIOIIAS pa3pymieHus. Toraa
HWHAEKC >KMBYYECTH OIpeNeNnseTcss KaK COOTHOIIEHHE
NIpEAEIbHON HAarpy3Ku [Ulsl TIOBPEXAECHHOM M HCXOOHOU
KOHCTPYKLIMM:

3)

KoHcTpykuus cuuraercs sxuByueit npu G, — 1. Jlan-
HBI TIOKa3aTelb XapakTepu3yeT B OoJjbplIel CTeneHn
CHOCOOHOCTh KOHCTPYKIMH TepepactpenesiTh BHEII-
HIOI0 HArpy3Ky IIOCIIe OTKa3a OJHOTO HWIIM HECKOJIBKHX
AJIEMEHTOB, T. €. TaK Ha3bIBAEMYIO PE3ePBUPYIOIIYIO CIIO-
coOHOCTh. BBUTH TpeasioxkeHsl Ipyrue Iogo00HbIe HHACK-
CBI JKUBYYECTH, OCHOBaHHbIC Ha CPAaBHEHHH MAaTpHI[ XKe-
CTKOCTH KOHCTPYKIMH O€3 M C HAJIMYMeM OTKa3aBIIUX
9JIeMEHTOB. [IpHHIMIUAIBHBIA HEJOCTaTOK TAaKOTO MOJ-
XO/la B KauecTBE MEpPbI OLIEHKH XMBYUYECTH 3aKIIIOYASTCs
B TOM, YTO IIPH 3TOM HE YYHTHIBACTCS CTOXAaCTHYECKas
MIPUPOJIa XapaKTEPUCTHK MEXaHHYECKHX CBOWCTB Mare-
pHAJIOB M BHEITHUX HAarpy30K.

B kauecTBe 00BEKTa aHANM3a KUBYYECTH HCIIONB30-
BaJach KOHCTPYKIWS Pa3hbeMHOTO COCOMHEHHUS KPBIIIKI
Typ6uabl PO230/833-B-677 co ctatopoMm Tuapoarperara.
Kpennienne KpbllIku K BepXHEMY MOSCY CTaTopa MpOH3-
BoaMTCS yepe3 ¢uraHIeBbli pazbeM 80 mimmiskamMu M8O0,
BBITIOJTHEHHBIMH U3 cTanu ¢ MoayiieM fOnra E =205 I'Tla,
IpeaenoM TeKydecTH op, = 275 MIla u BpeMeHHBIM co-
npotuBieHueM o, = 530 MIla. Ha xppimiky nelcTBYIOT
UKJIMYECKHE TUAPABIMYECKUE HArpy3Kd M CTaTHYECKas
BecOBas Harpyska OT y3IJI0B ruiapoarperara. Kpome Toro,
KpETIe)KHBIE AJIEMEHTH BOCIIPUHUMAIOT YCHIIHMS IIpeliBa-
PHUTENBHOTO 3aTsira, COOTBETCTBYIONIME HOMHHAIBHBIM
HanpspxernsiM 120 MITa [8].

MopnenupoBanue  HalpsHKEHHO-IE(OPMHUPOBAHHOTO
cocrosaust (HAC) coemwHeHHs B YCIOBHAX TIpPENIoia-
racMoOW aBapuUHHOW CHUTyalluM BBIIOJIHEHO METOJOM KO-
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HeyHbIX 3eMeHToB (MKD) ¢ momomisio mporpaMMHOTO
koMmIuiekca ANSYS. YuuteiBas HeCUMMETPUYHOCTD T'€0-
METPHHM M CXEMbl NPWIOKEHUS Harpy3ok, co3laBajiach
MOJHAsl TBEPJOTENbHAsT MOJAENb KOHCTPYKUIMH. Mojenb
Ha oCHOBE 20-y3710BOT0 00BEMHOTO KOHEYHOTO 3JIEMEHTA
MPEJICTaBIICHa HA puC. 2 (U1 SCHOCTH TOKa3aHa TOJBKO
MOJIOBMHA Mojenn). J[ns ompenmeneHus pa3mepa KOHEU-
HBIX DJIEMEHTOB BBITIONHSIICS s IPEIBAPUTEIHHBIX pac-
4eToB. B KauecTBe KHHEMATHYECKAX TPAHUIHBIX YCIOBUH
MIPUHUMAIIOCH «OKECTKOE» KPEIJICHHE KPBIMIKH K CTaTopy.
Yeunue 3aTSHKKHA IMITHIEK MOJEITHPOBAIOCH C IMOMO-
IIBI0 AJIIEMEHTOB IpEIBAPUTENHHO HArpyXEHHOTO CO-
enquHeHus. Mogens coctout u3 okxoso 400 000 name-
MeHToB U 700 000 y3n0B. OrmpeneneHue mapamMeTpoB
HaJIe)KHOCTH ISl COSZIMHEHNS OCYIIECTBISUTH CPEACTBAMHU
noacucteMsl Probabilistic Design, peanusyromeit MeTon
Mounre-Kapro.

Puc. 2. KoneuHno-3nemMeHTHast MOACIb
Pa3bEMHOI0 COCTMHEHHS

[epBonauansro pacder H/IC BBIMONHSIICS TIpH TIOJ-
HOM Habope KpemeXHBIX dJIeMEHTOB. g 3Toro ciydas
MaKCHUMaJIbHBIE SKBHUBAJCHTHBIC HANPSKCHUS B IITHIIb-
Kax cocTaBisun nopsinka 144 Mlla. Ycunue, neiictByro-
Iee Ha INMWIBKH, OMpEeAesUIoch Kak CyMMa peakuuil B
y3J1aX, PAcIoIOKEHHBIX Ha 3aKPETJICHHOM CEUEHUH.

B kauecTBe pa3BHUTHS aBapHITHON CHUTyaIlMH paccMart-
PHUBAJIOCH BBIKITIOYCHUE U3 paOOTHI (HAIIPUMED, B PE3YIib-
TaTe YCTAJOCTHOTO pa3pyIICHUS) OTIACIBHBIX IIITHJICK.
OTKa3 3IIeMEeHTa TIPUBOIUT K IepepacipeieIiCHHI0 BHYT-
PEHHHX YCHIIMI Ha OCTaBIIUECS CTPYKTYPHBIC KOMIIOHEH-
ThI. Kak cremcTBue, eciii ypoBeHb MEPerpy3Ku OKaKeTCs
JIOCTATOYHO OONBIINM, MOTYT Pa3pyIIUThCS IPYTHE dIie-
MEHTBl U CEpHs IMOCIENOBATEIbHBIX JIOKAIBHBIX pa3py-
IICHUH MPHUBENET K MoTepe Hecyllell CIOCOOHOCTH BCei
cucteMbl. [IpenenbHBIM IS MIMHIEK NPUHUMAJIOCH Ha-
MpPsDKEHUE TEKYYSCTH. YUYHTHIBAs, YTO KOJHYCCTBO BO3-
MOJKHBIX BapUAHTOB J3CKATAllMU aBapUHHOW CUTYaI[HH
MpU pa3pylICHHHA OTICIBHBIX 3JEMEHTOB OKa3bIBACTCS
JIOCTATOYHO OOJBIIAM, pacueThl MPOBOAWINCH IS HaU-
0oJiee KOPOTKOTO CIICHApHs, B KOTOPOM pa3pyIICHUE CO-
SIMHCHUs HACTYyNaeT P MHUHUMAIHHO BO3MOXKHOM KO-
JUYECTBE OTKA3aBIIMX HECYIINX DJIEMEHTOB — TIOCIEIO-
BaTEIIEHOM Pa3pyIICHUN COCEIHUX IITHICK.

B pesynbraTe pacderoB OBUIM OTpENeNeHBI MO Ha-
npsbKeHud u nedopmanuii, JeUCTBYIOIIUE B KPBIIIKE U
KpenexxHbIx 3nemenTax. O xapaktepe HJIC xoHCTpyKINu
MOKHO CYIUTH MO KO3(PHUIMEHTY Meperpy3Kd, paccuu-
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TaHHOMY KaK OTHOIIIEHHE YCHJIMS B KOHKPETHOH HINMMIbKE
K €ro HOMHHAJIBHOMY 3Ha4YeHHUI0, 0e3 yueTra KOHIEHTpa-
UK. DTOT IapaMeTp MOKa3blBaeT, KaK Harpy3ka oT OTKa-
3aBHIMX LIMHJIEK NepepaclpenernseTcsl Ha IEeMEHTBI, CO-
XpaHMBIINE PaOOTOCIIOCOOHOCTH. 3HAYSHHUSI ITOTO Mapa-
METpa B OKPYXKHOM HAIpaBIEHUH OT KpaliHeH pa3pylleH-
HOW IIMUIBKY MPEJCTaBICHBI HA PUC. 3 Ul pa3HBIX CTa-
U pa3BUTHS aBapUMHON CHUTyaruu (YHCIa OTKA3aBIIHX
anemenToB). Kak cnemyer m3 pucyHka, mepepacmpesene-
HHUE Harpy3KH MPOMCXOIUT HEPABHOMEPHO, B OCHOBHOM
Ha HECKOJIBKO ONMMKaHIMX Hecymux syieMeHToB. Ilome
BO3MYILEHHS HOMHHAJILHOTO HANPSHKEHHOTO COCTOSHHUS
orpannuuBaercss 8—10 psnmamu mmunek. [Ipu sTom 3a
C4eT BO3HMKHOBEHMs M3THOAIOIIET0 MOMEHTa BO3MOJKHBI
cllydau, KOTJa yCWIMsA B HIMUIbKax 4—6 psiia MEHbIIe
YCUIMH B INMHUIBKAX, PAcCIOJIOKEHHBIX BIAIH OT OTKa-
3aBIIUX JJEMEHTOB. TakoW JIOKaIbHBIN XapakTep mHepe-
pacnpeneneHus CHJIOBOrO MOTOKAa BO3HHUKAET 3a CUET Je-
(dhopmupoBaHUs (IIaHIA KPHIITKA TYPOMHEL.

IIpu ynanernn u3 pacueTHOH cxemsbl 13 mmmiex Ha-
MpsHKCHHE B ONM3NICKAIUX IINUIbKaxX BO3PACTAET [0
YPOBHS, MPEBBIIIAOIIETO MpEJeIbHOE 3HAUCHHE. ITO
BEJIeT K KaCKaJHBIM OTKa3aM M KaTacTpo(puyeckoMy pas-
PYILIEHHUIO COEIUHEHUSI B IIETIOM.

[Monyuennsie xapakrepuctuku HJIC Obuti ncmosns3o-
BaHBI B pacyeTax MHJEKca XuBy4yecTd G HA OCHOBE MOJI-
xoza (2), 3HaYeHUs] KOTOPOro AJISl YeThIpeX KOMOWHAIHIA
NapaMeTpoB HOPMAIBHOIO pacHpeneeHus Hecylei crno-
COOHOCTH M Harpys3KH IIpeJCTaBlICHbl Ha puc. 4, cresa.
Kak u cienoBasio oxxnaarth, BeIMYMHA pa3dpoca Xapakre-
PHCTHK CONPOTHBICHUS ¥ HArpy3Kd, ONPEACISAIOMINX
¢hyHKIHIO TIpeenbHOTO cocTostHUs (1), OKa3wpIBaeT cyie-
CTBEHHOE BIJIMSIHUS Ha MHIEKC )uBydecTu. OTMETUM, UTO
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KHMBYUECTh KOHCTPYKIMU TIPAKTHYECKHM HE MEHseTCs
BILJIOTH JI0 OTKa3a LIECTH IIMHIIEK.

OyHK1us xuBydecTd G, ONpezeseHHas Mo BhIpake-
Huto (3), mpeAcTaBieHa Ha puc. 4 cnpasa. 1o cpaBHEHHIO
C BEpOSITHOCTHBIM IIOKa3aTeneM, HHAeKc G, pearupyer
JJa)Ke HA HE3HAUUTENIbHBbIE JIOKAJbHBIE IOBPEKACHUS,
cHIKasAch Ooiee 4yeM Ha 20 % TpH IIecTn paspylIeHHBIX
mmwibkax. Ha pucyHke Ui cpaBHEHHS ITyHKTUPHOW JIH-
HHEH npuBeneHbl 3HaueHns G B Cilydae, KOTAa Harpys3ka
IocIe 0TKa3a 3JIEMEHTa IepepaclpeersieTcsl paBHOMEp-
HO Ha OCTABIIMECS HECYIIHE 3JIEMEHTHI.
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Puc. 4. XKuBydecTs pa3beMHOT0 COEANHEHHS KaK (DYHKIHS YHCIIA Pa3pyIICHHBIX IIITHIEK:
Ha OCHOBE ITOKa3aTeNel HaJJexkHOCTH (c/e6a); Ha OCHOBE JICTEPMUHHUPOBAHHOTO II0AX0/a (cnpasa)
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ASSESSMENT OF TENACITY OF HYDRO-TURBINE LID FIXTURE IN A CASE OF EMERGENCY
The author considers the existing approaches to quantitative assessment of technical system structures. The results
analysis of tenacity of detachable connection of hydro-turbine lid in a case of emergency, at progressive failure of load-
carrying elements, are presented. The indexes of tenacity versus the number of failed elements are defined, on the basis
of stress-strain state modeling.
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E. JI. BaiitekyHeHe

MOJEJIb UCITOJIB30BAHUSA PECYPCOB ITPU MYJIbTUBEPCUOHHOM ®OPMUPOBAHUN
IPOIT'PAMMHO-UH®OPMAIIMOHHBIX TEXHOJIOT' UM J1JISI PACIIPEAEJEHHBIX CUCTEM
C OTPAHUYEHUSIMHA 11O PECYPCAM

Paccmampusaemcss modens uUCnonb306aHus pecypcos npu MyJIbMUEEPCUOHHOM (HOPMUPOSAHUU NPOSPAMMHO-
UHGOPMAYUOHHBIX MEXHOI02UN OISl PACNPEOECTICHHBIX CUCIEM C Y4emoM PecypCHOU Oa3bl U 0ZPAHUYEHUL HA 8PeMsl 6bi-
NOJIHEeHUA.

Kniouesvie cnosa: mynemusepcuonmwiii npoepammusiil komniexce (MIIK), sekmop xongueypayuu MIIK.

Ha coBpeMeHHOM 3Tame pa3BUTHs BBIYUCIUTEIBHONW  MOAXOJOB K peaU3aliy WU BBEICHHS U30BITOYHOCTH B
TEXHHKH U ITUPOKOTO MPUMEHEHHSI CUCTEM YIPABJICHUSI U CTPYKTYPY CHCTEMBI MPOTPAMMHOIO OOecredeHHs, Ha
00paboTKH NaHHBIX B KITIOYEBBIX 00JACTSIX OONBIIOE 3HA-  MPaKTHUKe Jokazana cBOIO 3pdexktuBHOCTh. C MCTOIB30-
YEeHUE MPHUIAIOT HAJEKHOCTH MNPOTPAaMMHOIO o0ecrieue-  BaHHEM JAHHOW METOJOJIOTHMH ObUIM pealM30BaHbl IPO-
uus (I10). OgHUM U3 caMBIX PaCIPOCTPAHCHHBIX MOJX0-  TPaMMHBIC KOMIUICKCH CUCTEM YIPaBIICHUS JICTATCIbHBI-
JIOB K pealu3allid TPOTPAMMHON OTKAa30yCTOMYMBOCTH MU amllapaTaMH, aTOMHBIMH JJIEKTPOCTAHITUSIMH W T. II.
SBIISICTCS METOMOJIOTHS M30BITOUyHOCTH. Metomonoruss  OJHAKO TaKOH METOJA BEICT K YBEIHMUCHHIO CTOMMOCTHU
MYJIETHBEPCHOHHOTO TPOTPAMMHUPOBAHHS, KaK OJUH W3  CHCTEMBI, B KOTOPOU OH IPUMCHSETCS.
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Becmuukx Cubupckozo 20cy0apcmeeHH020 aspoKocCMuiecko2o yrugepcumema umenu axaoemuxa M. @. Pewemnesa

ParronanbsHOe CTPYKTYpHOE IOCTPOECHHE MPOrpaMM-
HBIX KOMITJIEKCOB TapaHTHUPyeT JOCTaTOYHO MOJHOE HC-
NoJbp30BaHue pecypcoB OBM. A TexHOJIOrH4yeckue oco-
OEHHOCTH  TPOEKTUPOBAaHUS  MPOrpaMMHO-HUH(OpMa-
muoHHbIX TexHosormid (ITUT) mis  pacmpexeneHHBIX
CTPYKTYp, JOTOJHSS TpOOJIeMy CTPYKTYpHOTO TMpO-
TPaMMHOTO ¥ WH(OPMAIMOHHOTO NPOEKTHPOBAHUS, BBI-
BOZAT €€ B pa3ps oOuIux mpodieM pa3paboTKu aBTOMa-
TU3UPOBAHHBIX CHCTEM IPOEKTHPOBAHMS CIOXHBIX ITPO-
IPaMMHO-HMH(POPMALMOHHBIX KOMIIIEKCOB.

[Ipobneme QopMupoBaHHS NPOTrPaMMHBEIX KOMILIEK-
COB, IPOEKTHUPYEMBIX Ha OCHOBE MPUHLHUIIOB MpPOTpaMM-
HOM M30BITOYHOCTH, B HACTOSIIEE BpeMs yIeINseTcsl 3Ha-
YyuTeNbHOE BHUMaHHe. [IpoOieMaTHka HpPOEKTHPOBAHHS
MPOTPaMMHBIX KOMIUIEKCOB C HCIIOJIB30BaHUEM METOJI0-
JIOTUM MYJIBTHBEPCHOHHOTO MPOrpaMMHPOBAHUS pac-
cMmarpuBajiach B paborax A. ABwkuenuca, H. Ampadu,
O. bepmana, M. Katnep, k. By, K. flo, P. K. Ckorra,
. MakAmmcrepa, K. E. I'pocciutua 1 MHOTUX IpYTHX.
PazpabarsiBatoTcss HOBBIE METOZBI ONTHMH3ALNH BEPCH-
OHHOTO COCTaBa IPOTPaMMHOIO KOMITIEKCa, HOBBIE CHC-
TeMbl ()OPMUPOBAHUSI CTPYKTYPHI MPOTPaMMHOTO KOM-
IIEKCa, HO 10 CHX TOp HEIOCTaTOYHOE BHUMaHUE yIels-
eTcsi CO3JaHUI0 METOJOB U CHCTeM (DOPpMHUPOBAHMS
CTPYKTYPbl MYJIbTUBEPCHOHHOTO IPOTPAMMHOIO KOM-
IUIeKCa C y9eTOM BPEMEHHBIX U PECYPCHBIX OIpaHHYCHUH.

TakuMm 00pa3oM, BEICOKAsI CIIOKHOCTh M MPAKTHYECKas
3HAYMMOCTb 3aJla4M MPOEKTHUPOBAHUS BBICOKOHAEKHBIX
MIPOTrpaMMHO-NH(POPMALIMOHHBIX KOMIUIEKCOB C TapaHTH-
POBaHHOM ITOCTYIHOCTBIO PECYpCOB M Je(UIMT METOIH-
YEeCKOTro MaTepHala 1o JaHHOH! 3a1ade 00yCIIOBIITH pado-
Ty B JaHHOM HaIIpaBJICHHH.

[IpencraBneHa pa3paboTka MOJECIBHOTO M AJTOPUT-
MHYECKOTO 00ECIIeYeHHsI MYIbTHBEPCHOHHOTO (hOpMHUPO-
BaHMS IPOrPaMMHO-MH(POPMALMOHHBIX TEXHOJIOTHH ¢
rapaHTHPOBAaHHON JOCTYIMHOCTBIO PECYpCOB JUIS pacmpe-
JICIEHHBIX CHUCTEM, PEaJIM3yeMOro B BUJE CHUCTEMBI KOM-
HBIOTEPHON MOJAEPIKKH.

IlocraBnenHass Lenb AOCTUraeTcs IIyTEM pELICHUS
CIIEIYIOUIVX 3a/1a4:

— aHaIM3a METOAOB OOECIeYeHHs OTKa30yCTOMYHMBO-
cTd U noctynHoctu pecypcos [IUT nns pacnpeaeneHHbIX
CHCTEM;

— wuccnenosanusi aneksatHoctd I[IUT ycnoBusMm u
TpeOOBaHUAM PabOTOCIIOCOOHOCTH;

— (OpMaJBHOTO OIMCAHUS MOCTAaHOBOK OINTHMH3AIIH-
OHHBIX 3a/]a4 MYJIbTUBEpCHOHHOTO (hopmupoBanusi [TUT
C TapaHTHPOBAHHON JOCTYIHOCTBIO PECYPCOB;

— aNTrOpUTMM3ALMU TIPOLEAYpP PEIICHUS MYIbTHBEp-
CHOHHBIX Mojeneir ¢popmupoBanust [IUT B mHTEpaKTHB-
HOM PEKUME;

— TPOTpaMMHOM peaiu3ali U BHEAPEHHUs paspado-
TAaHHOW CHCTEMBI B IIPAKTHKY WH)KEHEPHOTO MPOEKTHUPO-
Banus [IUT nyig kocMu4ecKor OTpaciu.

Metonam yBENWYEHHUS HAAEKHOCTH aNIlapaTHBIX
KOMIIOHEHTOB TPAJMILHOHHO yHenseTcs OO0JbIIoe BHUMA-
Hue, mpuuemM i pactipenenenusix [IAT B pactipenenen-
HBIX CHCTEMax, KaK IPaBWIIO, IPUMEHSIOTCS JIBa CIIOC00a
MOBBIIIEHHS HAJEKHOCTH U JOCTYITHOCTH PECYPCOB: yBe-
JUYEHUEe WHIUBUAYAJIbHOW HAJEKHOCTH CEpPBEPOB U
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yIIydIieHne o0IecucTeMHON oTKa3zoycToitunBoctu. [Ipo-
rpaMMHO-HH(DOPMAIIMOHHAS TEXHOJOTHS MO3BOJISIET pea-
JIU30BaTh MPUMEHEHHE MYJIbTHBEPCHOHHBIX METOJIOB U
MOJXKET CYIICCTBEHHO TIOBBICUTH OOIIYI0 HAJCKHOCTh
CHUCTEMBI, COOPaHHOW B TOM YHCJIC W U3 HEJOCTATOYHO
HAJICXKHBIX MMPOTPAMMHBEIX KOMIIOHCHTOB, Ha IOBBIIIICHHE
HAJIKHOCTH KOTOPBIX B MEPBYIO OUYepelb M HAIlpaBlicHA
MYJBTHBEPCHOHHAS METOIOIOTHS.

[MompasymeBaercs, 4To Ui Ka)XIOTO KOMIIOHEHTa
MYJBTHBEPCHOHHOTO TporpaMmHoro komiuiekca (MIIK)
yXe uMmeercss Habop HE3aBHCHUMBIX BEpPCHH, U, KPOME TO-
ro, IO KaXKAOH BEpCHU H3BECTHBI CTOMMOCTH M OIICHKA
HanexxHoCTH. Ecim it kakoro-nubo mporpaMMHOTO MO-
JIyJ1s. MyJIETHBEPCHOHHOCTb HE TpeOyeTcsi, TO Habop Bep-
CHil 3TOro MOJyJs NTOJDKEH COCTOSATh U3 OJHOTO 3JIeMEH-
Ta. Ciaeqyer OTMETHTD, YTO KOJIHUYECTBO BEPCHIA, paBHOE
JIByM, HEIeIecoo0pa3Ho, TaK KaK 3ajada BBIOOpa mpa-
BIJIBHOTO PEIICHUS W3 JIBYX BAPHAHTOB HE UMEET pelle-
HUS WM PEIICHHUE SBIACTCS OYeHb TPYJOEMKUM IIPOIIEC-
coM. B cBsI3UM ¢ 3TUM NIpUHUMAETCS, YTO TSI MyJTBTHBEP-
CHOHHOTO MOJYJS Ha0Op BEepCHid HOIDKEH COCTOSTH Kak
MHUHHMYM M3 TPEX 3JIEMEHTOB.

OCHOBHOM 3aadell IPH MyJIBTUBEPCHOHHOM (OPMHU-
poBanuu ITUT siBisieTcsi MOCTPOCHHE MOACTH (POPMHPO-
BaHus BepcroHHoro cocraBa MIIK. Takum oOpa3om, oc-
HOBHBIM BBIXOJHBIM TapaMeTpOM IMpeajiaraeMoro jaiee
aJrOpUTMa JIOJDKECH OBITh BekTop KoH(uryparun MIIK ¢
Y4eTOM WCIIONIF30BaHMS BPEMEHHBIX M PECYpPCHBIX OTrpa-
HUYEHHUI MOJETH.

PecypcHble orpaHWYCHHS 3aKIIOYAOTCA B TOM, YTO
mo6o#t kommnoHeHT [IUT mcmonp3yeT ammapatHbBIE cpeln-
cTBa (TIPOLIECCOPBI, MOMTYJIH TTAMSTH, IAHBI JAHHBIX U T. 1.)
U pa3IMYHOTO pOJa UCTOYHHUKH JAaHHBIX (6a3bl JaHHBIX U
(aiimsr)

B nmanHo#t pabote pecypchl pasieneHsl Ha TpU TPyII-
TIBI:

— aKTHUBHBIE PECYpCHI — PECYpChl, 00JIaaloIIue BbI-
YHCITUTEIBHBIMH BO3MOXKHOCTSAMH (TIPOIIECCOPBI, COMPO-
IIECCOPBI, KOHTPOJUICPHI H T. I1.);

— MACCHUBHBIC PECYPCHI — PECYPCHI Ui XpAaHCHUS WH-
dopMmaru (orepaTUBHAS TMAMATH, KAII-TIAMSATH, JKECTKHUE
HOCHTEJH | T. 11.);

— TpPaHCIOPTHBIE PECYPCHI — PECYPCHl TPAHCIIOPTH-
POBKH JaHHEIX (BCEBO3MOIKHBIC IITMHEI TAHHBIX ).

Jnsa xaxmoro pecypca ompeaemsieTcs ero OTHOCH-
TEJIbHBII 00BeM, a JJIsl KaKIO0H BEepCHH B TaKOM Cliydae
HE0OX0IMMO 3a7aTh BOCTPEOOBAHHOCTH (BEpPHEE, UCIIOJIb-
3yeMOCTh) pEeCypcoB. OJTO O3Ha4yaeT, 4TO B KauecTBe
BXOJ/IHBIX TapaMeTpoB alropuTMa HeoOXOIUMO 3aiaTh
0a3y pecypcoB, Ha KOTOPO NpeAroIaraeTcs BhITOJIHEHHE
MIIK, u ucnonb3yeMocTh peCypcoB BEpCUSIMU B MPOLIEC-
ce BeinonHenus MIIK. MHbIMU clioBaMu, KpOME CTOUMO-
CTH W OILIEHKH HAJEKHOCTH IS KKIOH BEepCHH HE0OXO-
JIUMO 3HATh TO, KaKWe PecypcChl MCIIONB3YeT JaHHAS BEp-
cHsl, Kako 00BhEeM Ka)XIOTO pecypca IMOTpeOIsieT U B Te-
YeHHEe KaKOro BPEMEHHM JJIHTCS 3TO UCIIOJIb30BaHHE (BOC-
TpeOOBAHHOCTH M UCIOIB3yEMOCTB).

[Ipennonaraercs, 9To MO Mepe BBIIOIHEHUS BEPCHU
00BEM HCIIONIb30BaHMS aKTUBHBIX U MACCUBHBIX PECYPCOB
HE MEHSseTCsl.
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B pamkax anropuTMHYECKHX MNpPOLELYp MYJIbTHBEp-
CHOHHOTO (OPMHUPOBaHHS NPOrPaMMHO-HH(POPMAIHOH-
HBIX TEXHOJIOTUH OIpeeIeHbl CTPYKTYPhl BXOIHBIX W
BBIXO/IHBIX JIAHHBIX.

B kauecTtBe BXOIHBIX ITapaMETPOB ajrOpHTMa pac-
cMmarpuBaeTcsi 6a3a pecypcoB, BKIIIOUAIONIasi THI pecypca
1 OTHOCHTENIBHBIH 00BeM pecypca. Mmeercst ITBYXypoB-
HeBas cTpykrypa MIIK co cnenyrommmu nokasarensiMu:
00BEMBI BXOIHBIX M BBIXOAHBIX ITAPAMETPOB, PECYpPCHI
XpaHEHHs IapaMeTpoB, PECYpChl TPAHCIIOPTUPOBKHU Ia-
pameTtpoB. basza Bepcuil U1 Kaxaoro Moxyis obiamaeT
CIICAYIOIMHU XapaKTEPUCTUKAMH IJIsI KaXIOW BEpPCHU:
OLICHKOHM HaJe)KHOCTH; CTOMMOCTBIO; 00bEMaMH U BpeMe-
HEM HCIIOJIb30BaHUsI PECYPCOB, TJ€ BPEMs HCIIOJIb30Ba-
HUS PECYPCOB €CTh BpeMsl BBITIONIHEHWH Bepcuu. Kpome
TOTO, B KauecTBE BXOAHBIX IapaMeTpOB HCIOJIb3YIOTCS
orpanndenust Ha 6ropkeT MIIK u orpanmyeHus: Ha BpeMst
BoinosiHeHust MITK.

B kadecTBe BBIXOAHBIX IMApaMETPOB AITOPHTMHUE-
CKHUX TIPOIIEYP pacCMaTpPHBAETCA BEKTOpP KOH(HUTYpaIun
MIIK, Bektop BpemeHHoW pa3BepTkn MIIK u BekTop
BPEMEHHOM pa3BepTKH ISl KaXKA0T0 pecypcea.

OnTuMHU3aIMI0 BEKTOpa KOHQUTYpAllMy MOXKHO IIPO-
BOJWUTH Pa3IMYHBIMI METOJAMH, HO LIEJIBIO pabOThI SIBIISL-
€TCsl y4eT BPEMEHHBIX M PECYpCHBIX OTpaHWYEHHU MpU
(dbopmupoBaHur MynsTHBepcHoHHOTO [10, MO3TOMY TIEp-
BOCTENIEHHOE 3HAYeHHWE MPUOOpPETaeT WCIIOIb30BaHHUE
HMMEHHO 3THX OTPaHMYCHUH NMpU ONTHUMHU3AINH, a HE pa3-
paboTka HOBBIX METOJOB. B paMkax mpakTuueckoro npu-
MEHEHHsI CHCTEMBI MYJIbTUBEPCHOHHOTO (hopMHpOBaHMS
[IUT BexkTOp KOHPHUTYpaAHH BBIOMPAETCS JTHOO METOIOM
MTOTHOTO Tiepedopa, MO0 ¢ UCTIOIh30BaHUEM MOIU(pHUKA-
LM{ aIrOpuTMa CIIy4ailHOro IOMCKa C aJanTanueil.

Takum oOpa3om, B paboTe mpeIoxKeHa HoBast MOAENb
HCIIOIb30BAaHUS PECYPCOB IPH MYJIBTHBEPCHOHHOM (hop-
MHPOBAaHHUHU TPOTPAMMHO-UHPOPMAIIMOHHBIX TEXHOJIOTHI
JUISl paclpesielieHHbIX CHCTEM, MO3BOJISIONIAS OCTPOUTH
KOMIUIEKC aJTOPUTMHUECKHX Tpouenyp (opmupoBaHus
BepcuoHHOTO coctaBa MIIK ¢ yuerom pecypcHoit 6a3sl n
OTpaHWYCHUI Ha BPEeMSI BHIITOTHEHUS.

B pasBuTHe mnapamurmsl MyJbTHBEPCHOHHOTO MpO-
TPaMMHUPOBAHUSI M C y4ETOM 3a/ad MYJIbTHBEPCHOHHOTO
¢dopmupoBarns [TUT mpennoxeHbl W (QOpMAaIH30BaHBI
HOBbIE TOHSTHS, TAKME KAaK BEKTOpP KOH(HIypaIuu, pe-
CYPCHBI BEKTOP BPEMEHHOW pa3BEPTKU U BEKTOP CIIEHO-
BaHUA (I yKa3aHWA IPUOPHUTETHOCTH HCIOIHEHMS
MYJIBTHBEPCHOHHBIX MOIYyJeH), 00ecIednBaloNIie auro-
PUTMU3ALHUIO 32/1a4 MYJIBTHBEPCUOHHOTO (OPMHUPOBAHHS
NpOrpaMMHO-MH()OPMAIIMOHHBIX TeXHOJOTHi. Pa3pabo-
TaHbl aITOPUTMBI (POPMHUPOBAHMS, aHAIM3A U KOPPEKIHH
YKa3aHHBIX BEKTOPOB.

OCo0eHHOCTBI0  HU3KOOPOWTAIBHBIX ~ KOCMHYECKHX
cucreM cBmu (HKCC) sBusroTcs meproanmdecKu m3Me-
HSIOIINECS YCIIOBHS CBSI3HOCTH JJIEMEHTOB CHCTEMBI M3-32
MIOCTOSSHHOTO ~ W3MEHEHUs]  TIOJIOKCHUS  CITyTHHKa-
peTpaHCIsITOpa OTHOCUTEIBHO HA3EMHBIX CTALMOHAPHBIX
U TOABMXXHBIX TEPMHHANOB. MHOTHE XapaKTEPUCTHKU
CBSI3U TIIPH 3TOM 3aBHCAT OT IIapaMETPOB OpOUTAIbHON
TPYIIHUPOBKU (YUCTa TUIOCKOCTEH, KOJMYECTBA CITyTHH-
KOB B Ka)KJIOH TIOCKOCTH U JIp.), B TOM YHCIIE TaKHe, KaK
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BpeMs OXKHMJAaHUS CBSI3M M Bpems nocTaBku. IloaTomy
cpenn GYHKIMH, TTOAJEPKUBAEMBIX CEpBEpaMH Ha3eMHON
TPYIIHUPOBKH, TOJDKHA OBITH Takasi, KOTOpasi IMperocTaB-
JISIET BO3MOXKHOCTh Oydepu3amuu COOOmEeHUI I ab-
Helmrel ux nepenaun 0e3 moTepy KauecTsa HHPOPMAIHH.

[Tpn dopmupoBannK MporpaMMHO-MH(OPMAITOHHBIX
TexHosoruil g pacnpeneneHusix cucreM HKCC pac-
CMaTpHBAETCsl CHCTEMOTEXHHYECKOE peIIeHne Ha 0ase
CYBJ MySQL.

IIpu co3zpaHuM pacnpenesIeHHON CUCTEMBI UCIOJb30-
BaHa CETCIEHTPHUYECKAs MOJENb PEaln3aly BBIYUCIIH-
TEJILHOTO KOMILIEKCa, IIPH KOTOPOH OCHOBHAsI (DYHKIIHO-
HAJIHOCTh pEIICHHs O00ecre4nBaeTcsi IEHTPAIbHBIMU
CepBepaMH.

[MpennoxeHHble B JaHHOW pabOTe MOJEIM W ajro-
pUTMBI  (DOPMHPOBAHUST MYJIBTUBEPCHOHHBIX CTPYKTYP
[IUT, a Takxke METOIbl OKUCKA ONTUMAIBHOIO BEPCUOH-
Horo cocraBa MIIK peann3oBaHbl B porpaMMHOI cuc-
TeME NOAJCP)KKH, IoMyumBIIel Ha3BaHume «Cucrema
(opMupoOBaHHS ~ MYJIBTHBEPCHOHHOTO  MPOTPaMMHOTO
obecrieueHus» (COMIIO).

B mporpammaom komiuiekce COMIIO peann3oBaHBI
crepyronye GyHKIHHU:

— OIIMCaHHE CTPYKTYPBI MPOrPaMMHOTO KOMILJIEKCa B
yno0OHo# rpadudeckoii hopme;

— ommcanue pecypcHoit 6asei MIIK Bo Bpems mo-
CTPOEHHS €T0 CTPYKTYPBI;

— BenmeHHUe o0mIel 0a3bl pecypcoB, UTO YIPOINAET UC-
MIOJIb30BaHNE HECKOJIBKUX OJMHAKOBBIX PECYpCOB JUIs
BeIMoOJIHEHUS ogHoro MIIK;

— BesleHne 0a3bl JOCTYIHBIX BEPCHI AJISI Ka¥KAOTO MO-
AYJIA;

— BexneHue 6a3wl cTpykryp MIIK;

— MpOBEPKa NMPABWIBHOCTH 3a/laHUsI PECYPCHOI 06a3bl;

— YCTaHOBKAa CTOMMOCTHOTO M BPEMEHHOI'O OTpaHHYe-
Hus 11 koHkpeTHoro MIIK;

— BBIOOp ONTHMAJIBLHOTO BEKTOpa KOH(HUTIYpaluu
MIIK ¢ ncnonb30BaHHEM METO/Ia IOJHOTO Iepedopa;

— yIo0HOE TpeICTaBICHAE PE3YIIFTATOB ITOIb30BATEITIO.

Jist TecTMpOBaHMS M TPOBEPKH BBILIETIPHBEACHHBIX
aNTOPUTMOB OpLTa pa3paboraHa mporpamMma
DBaseOPTIM onrumusanuu OsictpoaetricTeust MySQL.

Hayuynast HOBM3Ha HaHHOW pPabOTHI COCTOHWT B CIe-

JYIOIIEM.
1. BriepBble mMOKa3aHO, YTO HCIIOIb30BAaHHE MYJIBTH-
BEPCHOHHOTO MeToda (OPMHUPOBAaHHSA MPOrPAMMHO-

MH(OPMALIMOHHBIX TEXHOJOIHH JUIsl paclpeaeieHHbIX
cUcTeM O00eCreYMBaeT KaK JIOCTIKEHHE aJleKBaTHOTO
YPOBHSI OTKa30yCTOMYMBOCTH JJISI KPUTHYHBIX MPUIIOKE-
HUH, TaK 1 HOBBIIIEHHS HAIEKHOCTH (DyHKIMOHHPOBAHHMS
BCEH pacmpeneNieHHOW NpOorpaMMHO-MH(OPMAIIHOHHON
Cpempl.

2. Pa3paboTrana HOBasi MOJIENb HCITONB30BAHUS PECYP-
COB TIpH MYJbTHBEPCHOHHOM (opmupoBanuu [TUT mis
pacIpeneneHHbIX CUCTEM.

3. BBemena Qopma BekTOpa BPEMEHHOM pa3BEepTKH
JUIi  MyJbTUBEPCHOHHOIO IIPOTPAaMMHOIO KOMILIEKCa,
YUUTHIBAIOLIAsl 3aHATOCTh PECYPCOB, YTO OOECIeYHBaeT
OLIeHKY 3((EKTUBHOCTH HCIOJIB30BaHUSI PECYPCOB IIPO-
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VJIK 512.54-512.55
A. Il. EnucoBa

JIOKAJIBHBIE TU®@P®EPEHIIMPOBAHUS 1 ABTOMOP®U3MbI HUJIBIIOTEHTHBIX
AJITEBP MATPHUI] MAJIBIX ITOPAJKOB*

H3zyuatomes nokanvhvle ouphepenyuposanust u 10KAIbHbIE ABMOMOPHUIMbL AN2eOPbl R HUMCHUX HUTLIMPEY2OTbHBIX
(n X n)-mampuy HAO ACCOYUAMUBHO-KOMMYMAMUBHBIM KOIbYOM C eOunuyel u daccoyuuposanuol ¢ R ancebpur Jiu.
Hx onucanus 3asepwaiomes npu n = 3, a koeda K — none, marxoice npu n = 4.

Knwouesvie cnosa: ancebpa HuibmpeyeoibHbix Mampuy, J0KAlbHOe Jupgepenyuposanue, TOKATbHbLL AGMOMOP-
Qusm.

JloxaneHeivM T depeHnMpoBaHueM anredpsl 4 Hal  u aHTHaBTOMOP(U3MEI momHON anreGpel M (n,C) KoM-
ACCOLIMaTUBHO-KOMMYTAaTUBHBIM KOJIBLOM K ¢ enuHuUeil MJIEKCHBIX (7 X 1)-MaTpHI] UCUYEPIBIBAIOT €€ JIOKaJIbHbIE
Ha3bIBAIOT SHAOMOPGUIM K-MOTyns A, ACHCTBYIOUWH  aprovopdusmer [2]. JlokanbHEIe aBTOMOPGHIMBI MPOH3-

Ha K&K SNEMEHT o M3 A Kak JMQOEPEHIMPOBARIE oy poit anreGpbl A 06pasyloT rpyMily MO YMHOKEHHIO
anreOpeI, BOOOIIE TOBOPS 3aBUCSINEE OT BeIOOpa o. Tpu- [4], o603HaaemyIo depes Laut A.

suanvbroe JIoKaabHOe AU((HEPEeHIIUPOBAHUE TaeT BCAKOE
ee muddepenupoBanre 6 aareOpsl, T. €. IHIOMOPHU3M
K-monynst A ¢ ycnosuem  8(af)=8(a)B +ad(B) o6pasyror noganredpy Locder A anredpsi End(4")
Bcex K-TMHEHHBIX 2HIOMOP(PU3MOB aIAUTHBHON TPYII-

JlokaneHble  muddepeHnmpoBaHust  anredpsl A4

(0, € A). AHanOrWYHO OMPEAEIAIOT JIOKAIBHBIE aBTO-

mopdusmst [1; 2]. mer A" o
B 2000 r. R. Crist [3] yka3a npuMep HETPHBHATIBHO- Kax nokazamu A. Nowicki u I. Nowosad [5], mokainb-
ro JIOKATBHOTO aBTOMOphH3MA nonanreGper  Hble mupdepenumposanus konbua M (n,K) Beex (n * n)-

C(e, +e,)+Ce3+Ce B M(3,C), rue €; 0003HAuaOT, MAaTpHIl HaJ KOMMYTAaTHBHBIM KOJILIIOM K C eIuHUIEH, a
TaK)Ke HEKOTOPBIX €€ MOIKOJICI] HCUEPIBIBAIOTCS ¢€ Au-

Kak OOBIYHO, MAaTPUYHBIC CIAMHHUIBI COOTBETCTBYIOIIETO
(hepeHIpOBaHUAMU.

nopsijika, ¢ — eIMHUYHAs MaTpula. ABTOMOPGU3MEI

*PaboTa BbINMONIHEHA MpH Toznepxke Poccuiickoro dhonna ¢GyHmaMeHTaIbHBIX HccienaoBanuii (kon mpoekra 12-01-00968) u
MunuctepctBa 06pa3oBaHus U Hayku (Tema 1.34.11).
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Mamemamuxa, mexanuxa, ungpopmamuxa

[Tycts R ects anredpa NT(n,K) HWKHHX HHIBTpE-

YTOJBHBIX (1 X n)-MaTpull (C HyJIsIMH Ha TJIaBHOM JHaro-
Hanu U Hax Heil) Han K. [luddepeHnnpoBanus u aBTo-
MOp(hU3MEI anreOpsl R M aCCOIIMUPOBAHHON ¢ HEIO anreo-
pel JIu A(R) u3BectHBI [6—8]. MBI HCclenyeM JIOKasib-

Hble TuddepeHrpoBanus 1 aBToMOp(u3MBbI anredp R u
A(R) . Omucanne Locder R u3BectHo mpu n = 3 [4] u ¢

orpanuueHusMu Ha K mpun =4 [9; 10].

HUccnenyrorest nokanbHble AnGGepeHIIUpOBaHHs a-
reOpsl R TPOM3BONBHON pa3sMepHOCTH. Jloka3bIBaeTcs
Teopema 00 OMHMCaHUM BCEX JIOKAIBHBIX JIMCBBIX audde-
peHIMpOBaHUiT  anreOpbl R Hag — acCOIMATHBHO-
KOMMYTaTUBHBIM KosibLioM K ¢ eAuHMLed npu n = 3, a
Takxe B ciydae, koraa n = 4 u K — nose. Cm. Taxxke [11].

IIpeaBapuTenbHble 3aMeYaHUSI U OCHOBHbIE Teo-
pembl npu n <4, Hanmomuum, 4to eciu A — accorua-
TuBHas anrebpa U o *f3 =oaf —Pao(a,f e 4) — accounn-
pOBaHHOE JIMEBO yMHOXeHue, To A(A4):=(4,+,*) ecThb

anreoOpa Jlu, Ha3wpIBaeMast accoyuuposarntoti ¢ A. Ee (J1o-
KanbHOe) nuddepeHIpoBaHNe HA3bIBAIOT Takxke (JIo-
KaJBbHBIM) Juegbim A hepeHIupoBaHreM anreOpsl 4.

OtmernM, uto nuddepenunposanus (1 aBTomopdus-
MBI) XapaKTEpU3YIOTCsl AEHCTBUEM Ha ITOPOKIAIOIINX
aneMeHTax anredpsl. C Ipyroil CTOPOHBI, OYEBUAHA JIEM-
ma 1.

Jemma 1. Beskoe nmoxamsHOe nuddepeHImpoBanme
MIPOU3BOJILHON K-anreOphl 4 XapaKTepHu3yloTcs JeicTBHU-
€M Ha 3JIeMEHTax, nopoxparmomux 4 kak K-monyns. Ta-
KM 00pa3oM, JOKajdbHOe TU(PPEPEHIIMPOBAHUEC HETPH-
BUAJILHO, €CJIM OHO HEHYJIEBOE, HO SIBIISIETCS] HYJIEBBIM Ha
KaKOM-JIN0O MHOXKECTBE, TOPOKIAIOLIEM 3Ty alredpy.

OueBUIHO, YTO K JIOKAIBHBIM JINEBBIM TU(QdepeHIn-
POBaHMSM OTHOCSITCS BCE JIOKaJIbHBIE TU(depeHrpoBa-
HUS anreOpsr A.

Berogy manee K ecTh accolMaTHBHO-KOMMYTAaTUBHOE
KOJIbIIO ¢ eauHuled, n>3 u R= NT(n,K) . OueBuaHo,

anredpy R
1<i<n,

MOopoOKAA0T
a BCE

MaTpHUYHBIC
MaTPUYIHBIC

SIMHUIIBI
€1 €/INHHIIBI
€;,1< j <i<n mopoxnarntr R kak K-MO1yIb.
Crenyromue JBe TEOpEMbl HAIOT OIMUCAHUS JIOKAJb-
HBIX JIMCBBIX TU(GEPEHIIMPOBAHUN U aBTOMOP(HU3MOB
anreOpsl R ipu n = 3 U B ciaydae, korna K —none un = 4.,

Korma n =4, Bemenum iput k€ K u vy = ”cy” e M(2,K)
sHAOMOpu3MBI K-Momyins R Buma
0 —> O+ (a31Cp ) = AypCyy)es) + (g0 = a31Cpy)es +

+ay (€10 + €130y ey,

(1

0> (a31€p; +agpCy1)e3; +(agy00 +a531C15) ey, (2)
P> kage, (a=ay]<R). 3)
O06o3HauuM  4epes ; orobpaxenue (1) npu

yeGL(2,K) n 2¢ ¢, =2¢y¢5p =0, uepes }A/ — orTo-
Opaxcenue (2) npu 2¢;, =2¢,, =0.

Teopema 1. Ecmu n 3, TO
Locder A(R) = Locder R+Der A(R). Kornan=4uK —
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IoJie, BCSKOE JIOKATbHOE JHEBO Iu(QepeHIrpoBaHIEe
anreopsl R Hax K ecTh cyMMa JIOKaJIbHOTO UG pepeHIu-
poBanusi anreOpel R, ee nueBa nudQepeHIUpoBaHHs U

JIOKaJIbHBIX JINEBBIX AU((EpEeHIUPOBAHUN BUIA Y U Py .

Teopema 2. Ecnu n 3, TO
Laut A(R) = Laut R-Aut A(R). Korma n =4 u K — noste,
BCSIKUH JIOKaTbHBIN JTMEB aBTOMOpGU3M anreops! R Hag K

€CTh MPOU3BENICHNE JIOKAILHOTO aBTOMOp(dU3Ma anreopsi
R, ee nueBa aBTOMOp(H3Ma U JOKATHHBIX JHEBBIX aBTO-

Mophu3MoB Buga v u l+p, .

Teopems! 1 u 2 noka3bIBaIOTCS Jajee.

Hawm motpebyercst onmcanue u3 [7] rpynnsl Der R, a
TaKXKe €e OCHOBHBIX NOATPyI. s TpeyronapHoi (1 X n)-
MaTpuipl Y Han K oroOpaxkeHne o — o*y(o € R) maet

TpeyroibHOE (WK AUaroHaJbHOE, KOT/Ia MAaTPHIA Y IHa-
roHayibHa) auddepeHupoBanne; npu Yy € R ero Hasbl-

BaroT BHYTPCHHHUM. 3aMCTI/IM, 4qTo CTCIICHHU

R=R',R* R®,..,R" =0 00pa3yloT LEHTPaIbHbIi psil

anreGpsi R, mpuuem R"' = Ke,, coBnajgaer Kak ¢ aHHy-

JISITOPOM, Tak M ¢ HeHtpom Z anredpst R. B [7] nokazana
nemma 2.
Jemma 2. Anaurusnas rpynna Der R nuddepenim-

poBaHMii anreOpbl R eCcTh CyMMa MOATPYII TPEYTOJIbHBIX
U IEHTPaJIbHBIX AuddepeHInpoBaHUH.

W3BecTHO, 4TO MHEHTpanbHbie aup(HEepPEeHIUPOBAHUS
anredpsl R (T. €. HyJeBBIE 10 MOXYJIO IIEHTpPa) MOPOXK-
JAl0TCS BCEBO3MOXKHBIMHU (D epeHIIMPOBAHUAMU:

Eic :oc—>cai+1,-en1((x=||akm||eR),lSi<n,ceK.

Jlnst onmcanust B [7] CyleCTBEHHBI CIIEAYIOIINE HJlea-
JIBI JIreOpBI R ¥ iIeMMa O HUX.
Jemma 3. B anrebpe R ipu 1 < j <i < n wumeains

Ql-j:<Kew|1Sv$j<i£uSn,(u,v)i(i,j)),

Nij = Qij + Keij
spisitorest  (Der R)-uHBapuaHTHBIMH.  OTHOCHTENIBHO
Der A(R) mHBapHaHTHBI HIICAITBI
RR*,.,R"™, Ny+Nys, N, +N,,,
N; (j<i,i>2,j<n-1).
Pexykumnonnnie Teopembl. 3xech R = NT(n,K),

n>4. Ilpu mobom ¢ € K nanee mojaraem
W, I Q> lay ey Hiagpe, +...tta,, e, 5

(@ =[a;] < B @

Teopema 3. Besikuii ToKanbHbI aBTOMOpdU3M anred-
pBl R C TOYHOCTBIO 10 YMHOXKEHHS Ha aBTOMOp(U3M TO-
KJECTBCHCH Ha 3JIeMEHTaX e;_;,1<i<n,a Ha SIIEMEHTHI
€, 5,2 <i<n JIEHCTBYET N0 MOMYJIIO R xak 1+ ®,, TOe
1+1e€ K* ¢uxcuposano.

Teopema 4. Beskoe nokanpHoe nuddepeHINPOBAHIE
¢ anreOpsl R ¢ TouHOCTBIO 110 mpubasnenus nuddepen-

OUPOBaHUA ABJIETCA HYJICBBIM Ha DJ3JIEMEHTAX ¢

ii-1>
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1<i<n,aHadNeMeHTax e; ,,2<i<n 10 MOLYJIO R’
COBMAfaeT C OTOOpakeHMeM ®, I (QHKCHPOBAHHOTO

tek.

Teopemy 3 coBmecTHO nokasanu aBTop 1 B. M. JleBuyk.
Ee toka3aTenscTBO yaaeTes epeHecTH 1 Ha Teopemy 4.

Ipex/e Bcero 3amevaeM, 4TO M3 JIEMMbI 3 cpasy ke
BEITEKAET JiemMa 4.

Jemma 6. JIns mpou3BOIBHOTO JIoKaubHOrO audde-
PEHIMPOBaHKS (@ anredpbl R CYIIECTBYIOT 3JIEMEHTBI

¢; € K Takwme, 4t0
(1£j<i<n).

)

N3 neMMBbl 2 JIETKO BBITEKAIOT TaKxke (Iojlaraem
Ny =0, ecin k>n wm j<1) nemms 5, 6.

(p(e,-j) = cijeijmonij

Jemma 5. Ilyctb R =NT(n,K) u y € Der R. Ecu

I<j<i<n u y(e;)=0 mo monymo N, TO BBI-

+1j-1>
TOJIHSICTCSE paBeHCTBO (e, ) =0 mpu i—j>1, a mo mo-

IyJIFO LEHTpa Z TaKke npu i— j =1.

Jemma 6. TIpousBosbHOE JOKajgbHOE TU(GEPEHIIH-
poBaHue ¢ anreOpbl R ¢ TOYHOCTHIO O MPUOABJICHUS e

nuddepeHnpoBaHus yI0BIETBOPSIET YCIOBHIO
ole;1)=0, i=273,.,n (6)
Hokazamenvcmeo. B cuity 1eMMBI 4, ¢ TOYHOCTBIO J10
npuOaBIeHHs K (¢ AMArOHANBHOTO Au(depeHIpOBaHUs,

UMeeM
, .

o(e;_)=0modQ; ;, i=2,..

BayTtpennee auddepenyupoanue o — o *f3 ¢ Mar-

o n-2
pureii Buma = Zi:l X;€., (x; € K) naer o@(ey)=0.
Hanee, mpumensist st Kaxzaoro i=3,...,n—1 BHYTpeH-
Hee  auddepeHnupoBanre - C

MaTpuued  BUAa

n
xe;,_; + Zs:m Vs€,; » IPUXOIUM K PaBEHCTBAM
)

IIpu i = n BHyTpeHHee nudQepeHIrpOBaHNE C MaT-
puneil Buna xe, |, (u cormamenune N, , =0) Takxe

(e, ) =kpe, ke +..tky_re; , mod Ny, .

naert (7). U3 (7) cnemyer paBeHCTBO (6) 10 MOJYIIO Hjea-
na N,,,;,_, Ha 3JeMeHTsl e, ; Ans i = 2, 3. Jlanee nposo-
num uaaykuuto. [pu i = 4 Haxonum
®(eq3) = kype4 mod N,
P(ey) +e43) = Pey)) + P(ey3) = kypey mod N, .

Ecmn  guddepenumpoBanne € Der R nelicTByer
KaKk (¢ Ha DIEMEHT O =e, +€4;, TO I MOAXOIAIeH
MaTpuubl Y = ||yw || € R 1o moxymo N, NOIy4aeM pa-
BEHCTBO

Y(ey +ey) =0y —yo =

=Vap(€sy —€3) + (V31 = Va2)€q1 = V54853 == Y43
OTKy#a Vs, =0=k,, . PaBenctBo k; , =0 nni1 ocras-
LIKXCS [ TTOJIy9aeM aHaJOTHYHO.
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Oukenpyst { <n, LOKaxeM paseHcTBa k; =0 Kod(-

¢unyenroB B (7) B IPEANONONKEHHH, YTO PAaBEHCTBA
k,, =0 npu Bcex s < i goka3aHbl. JJOIyCTUM TaKxe, 4TO

Kimi1 = Ko == ki, =0
Ut HeKoToporo 1< m <i—1. Beibupas muddepeHmmpo-
BaHue Yy eDer R, pelcrByroniee Ha  DJIEMEHT
€1 +€ii_1 KaK 0, 1o MOJTYJTIO
Nypim—z + Nigiiog + Ny g, TIOTyq2EM

\V(emm—l + eii—l) = (P(emm—l + eii—l) =
= (1) + (€)= kipy€;,-

Ortcrona u u3 onucanus rpynnsl Der R (iemma 2)
CJIEIyET, YTO B 3THX COOTHOIICHUSX \y MOXKHO CUHMTATh
BHYTpeHHUM JuddepeHnrpoBaHueM ¢ NOAXOASIICH MaT-
puuei y = ||tu || € R . B aTOoM ciiyuae

W(€yy + €)=

= Victm (€m — €y MOA(N 12 + Nipyig + Ny y)
U, CIeJ0BaTeNbHo, Y, ;,, =0=k,, =0. IIpousBoa B BbI-
bope m naer pasenctsa k; =0 B (7) ps BCex .

Takum obpazom, JIOKa3aHbI COOTHOIICHHUSI
o(e;_;)=0modN,,,; ,. Bmecre ¢ nemmoii 5 oHU mHOKa-
3bIBalOT, 4TO @(e;_;) =0 a1d Bcex i, ¢ TOYHOCTBIO IO

npubaBIeHUs IEHTPATBHOTO AU PEPEHIIUPOBAHHUS.
JlokaszareabCTBO TeOpeMBbI 4 3aBepiaeT emma 7.

Jemma 7. Ecnu nokanpHOe nudQepeHIrpoBaHNe ¢
anreOpsl R yIoBIETBOPSET YCIOBUIO (6), TO BCE JIIEMEH-
TBI C;;_, U3 JEMMBI 4 TI0NapHO COBNA/AIOT.

Hoxazamenvcmeso. [ IPOU3BOJIBHOTO JIOKAIBHOTO
mudepeHIIpoBaHus ¢ anreOpsl R CYIIECTBYIOT dJie-

MEHTHI ¢; € K' Takue, 4TO BBIIOJIHAIOTCS PABCHCTBA (5).

IMycts 2<i<n. Ilonoxum o =e; ,+e_j; 5+

+e e

+1i1 —€41;- CornacHo onucanuio auddepeHuupoBa-

HUH (lemMMa 2), @ JeHCTBYeT Ha oL 10 MOJYJIIO LieHTpa Z

KaK TpeyroibHoe Iu((EepeHINPOBAHNE C TPEYTOIBHOU

MaTpuuLen y = ||x |, B YaCTHOCTH,

uv

_ _ 3
Cii—2€iia F Ciy1in1€a1i = () =¥ ymod R™.

CpaBHeHUE B JIEBOM M MPABOW YaCTAX STOTO PABEHCT-
Ba aJieMeHTOB Ha mo3uiusax (i—1,i—2) u (i+1,i) maer

diy=di, w dy,=d;.
nosunusax  (i,i—2)

(i+1,i—1), nomyyaemM COOTBETCTBEHHO paBEHCTBA

paBC€HCTBA COOTBETCTBECHHO

CpaBHI/IBaﬂ OJIECMCHTBI Ha n

diy—d; =X =Cyny diy —di =X = Criyiy-

Orciona d;  —d; =X = ¢ p,d;y —d; =X = Gy

U, CIEJ0BATENbHO, C;_, =C

i11i— - B CHIIy TIPOM3BOJBHOTO

BbIOOPA I TOJIYYAEM C3; =Cyqp =...=Cpp,_5 -
Teopema 0 J10KATbHBIX JHeBbIX I depeHInpo-

BaHusiX. l[enpro 3Toi WacTh paboOThI SABISETCS IOKa3a-
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TEJNBCTBO TEOPEMEHI 1; TeopeMa 2 ToKa3bIBaeTCs 10 aHAJIO-
rudHol cxeme. Omnucanue rpynnsl Der A(R) mano B [7,

Teopema 5].
Crnyuait n =3 Teopemsl | ycTaHaBiuBaeT jemMma 8.
Jemma 8 Ilyctb K ecTh  accolMaTUBHO-

KOMMYTaTHBHOE KOJNBIO ¢ emamHuned u R = NT(3,K).
Torma Locder A(R) ectb cymma moarpynn Der A(R) u
Locder R.

Jokazamenvcmeo. 1Ipon3BOJIbHOE JIOKAJIBHOE JIMEBO
muddepennmpoBanue y anreopel R = NT(3,K) neiict-
BYET Ha DJIEMEHTHL €,; U €3, TaK, YTo

Ve, —> aey +be, mod R%,i=1,2(a,,b, € K).

VYuuteiBas [7, Teopema 5], MOXeM CUYHTaTh, UYTO
JEUCTBYET 10 MOJYJIIO LIEHTpa Kak HyJIeBO€ OTOOpake-
HHUE Ha DJIIEMEHTHI €,; U ey, . Torna Bce uaeansl Nij SIB-
JSIOTCS \Y-MHBAPHAHTHBIME 1 I03TOMY Y € Locder R .

C ydgeToM TeopeMbl 4 HECIOKHO JOKA3bIBACTCS (CM.
[4]) nemma 9.

Jdemma 9. Ecom R = NT(3,K), 1o Locder R amnu-
TUBHO TMOPOXXHaroT Der R u nmokansHBIE AuddepeHnnpo-
BaHMS BUAA

S, 1o —>ta,e

(o= |ay,| € R).c e K. (8)

Janee momaraem R = NT(4,K) . Ilpu ¢t € K BbIIENS-

nl

eM 3H7oMopdu3MbI K-Moays R,

Q31 - O > laz e,

)

(pnn—z,t o> tann—Zenl (0. € R)

Crnenyromasi TeopeMa aHoHcupoBaHa B [9]. Cum. Takxke
[10].

Teopema 5. Ecnu K — none, To Locder R anguTUBHO
nopoxxaaoT Der R u jokanbHble TuddepeHpoBaHms

Buga (9), (8) u (4).
Onucanue JTUEBBIX TUPPEPESHIUPOBAHUN MPHUBEICHO
B [7]. Bergenum sH1OMOpHHU3MEL

. ’ .
G, 6, > ae,,g'ye,, —>be,_ a,bek,
Q. 1€y > Cey3,631 —> Cly,s

¢, ey3 > dey ey, >desy,c,d €K,

annutusHOM Tpynmel A(RT). (Cuuraem, uto MaTpu4Has

CIMHUIA ¢; OOpallaeTCs B HyJlb, €CIIM e 00pa3 He yKa-

3aH.) Onucanue Der A(R) B [7] ucnoib3yeT NOATPYIIIbI
L3 =<(PC cek,2c =0>’L,3:<(P'd|d eK,2d =O>;
L= <Ga |a € K>, I= <G’b|b c K>_

Jemma 10. Ilycts K — acCOIMaTUBHO-KOMMYTaTUBHOE
KOJIBLIO ¢ equHUIeH. Torma

Der A(R)=[,+[',+Ly+L'3+Der R (n=4).

Kak u B (2), BBIOEpPEM y=||cl.j||eM(2,K). Otobpa-

KEHHUA Y U P, BBeIeHBI Iepes Teopemoii 1 u B (3). OHu

JIaf0T HETPHWBHAIIBHbBIC JIOKANbHBIC JINEBBI AN EpeHIN-
pOBaHMs, KaK [TOKA3bIBAIOT CIECAYIOIINE JBE TEMMBI.

20

Jlemma 11. Ecn K — none u 2c¢;, =2c,; =0, T0 oTO-

OpaxxeHHe y ecTh JIOKanbHOE JHEeBO nuddepeHimpona-
HUe aareOps R.
Lokazamenvcmeo. Puxcupys O.=||aij||€R, HalineM

y € Der A(R) Takoe, 9TO
W(@) =7(a). (10)

IIycTb a5,¢)y + A4yCyy M A45Cy5 + A51C;, OTHOBPEMEHHO
# 0, uHaye ﬁ(a) =0. Korna o € N, , nuddepeniupo-
Banue \ B (10) mact cymma auaronansHoro auddepes-
nupoBanua ¢ Marpuuei diag{d,,d,,d;,d,} Ham K mu
muddepennmposanus ¢, +@',, TAE ¢, €ly,c=c, H
¢ eL5d=cy.
Y(@)= (0, +1)(@)
110 = 0y =70, Y = (=85, (85,0, + A0y ))es; W

~ -
G, €Ly a=ay(ancy+asc;p)+

Ecrm a,; #0, TO JUIs

-2
+ ag3y) (a316) + dgpCy))-
Korna a,; =0 u ay; #0, BeIOMpaeM \y aHaIoOTMYHO,
HCIIOJIb3Ys 3aMEHY G, Ha G'j.

Jemma 12. Ecim K — mone, To p, €CTh JTOKaIbHOE

mueBo nudepeHIpoBanne anredpsl R ans mrodoro
anemeHTa k € K.
Jlokazamenvcmeo. 3adpukcupyeM k € K. Jlns npowus-

BOJIHOM MaTpuUbl O =||aij|| € R maitnem mueBo maudde-

pernupoBanue y € DerA(R) Takoe, 9TO

Pi (@) = kagzesy = (o). (11)

Ecau kay; =0, To MoxHO B34Th W = 0. IlosToMy na-
aee kay; # 0.

Mpu a, #0, nonaras b = kaya;; € K u y=key,,
nony4yaeM p; (o) =g'p(o)+a*y, Tak yro B (11) MoxxHO
B3Th Y =g'p(a)+a*y. Ilycts a,; =0. Torna y nei-
CTBYeT Ha O Kak BHyTpeHHee muddepeHImpoBanue c
Mmarpuleil ke, .

3ameuanue. ITlocTpoeHHBIE HETPHBHAJIBHBIC JIOKANb-
Hble U PEepeHITPOBAHNS }A/ U P, He 00sI3aHBI JIeXaTh B
Der A(R)+Locder R . Kpome Toro, ectt k=0, T0 p,
€CTh HETPUBHUAJILHOE JIOKaJIbHOE JHeBO uddepeHnnpo-
BaHHE, OTHOCHTEIILHO KOTOPOTO BCe eansl N; MHBapu-
aHTHBL, X0Ts P, ¢ Locder R .

Jlemma 13. Beskoe nmokanpHOE JIMEBO TUQQepeHn-
poBanue anreOpsl R Haj monem K JEHCTBYeT Ha COBO-
KyIIHOCTb 2J1€MEHTOB e, ;(1<i<3) kak cymma nueBa
I depeHIMPOBaHUS U JOKATBHOTO JIreBa quddepeHin-

poBaHUS BHOA P, .
Hoxazamenvcmeo. Ilycts y € Locder A(R) . B cuny

JeMMBI 3, Y UHAYIHPYET JTUHEWHBIe IpeoOpa3oBaHUs

dakrop-anre6p A(R)/ Nyy,(Ny +Ny3)/ R*, Ny /R* w,
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CJIC/IOBATENILHO, OJHO3HAYHO  OMPEICIseT
ci,d/ € K Takue, 4To

OJICMCHTHI

Y(ey) =diey +cieg, Wleys) = crey +dyey;,
2
Y (es,) = dye;; mod R*.
[MosTOMYy W HdeHCTByeT Kak HyJieBO€ OTOOpakeHHe MO

2
MOIYJIIO R” Ha Bcex aJieMeHTax e;

/117 » C TOYHOCTBIO JIO

npubasnenus guddepeHuuposanuii U3 Ly, ['; U guaro-

HaJbHOTO I dEepeHINPOBAHHS.

Janee, npnst xaxporo i jpo0uBaeMcs paBEHCTBA
y(e,;;) =0 mo mMomymo LmeHTpa Z = R®. C o0l 1em1bI0
mpubaBisieM K Y BHYTpPeHHee uQQepeHInpoBaHue
o—>a*y(aeR) c marpuuedl 7ye(Key +Key) ams
i=2,amm i=1 —c Mmarpuuei y € Ke;, U, KpoMe TOTO,
npubasnsgeM auddepeHuupoanue Buga ¢, . (Yciosue

y(ey,) = 0mod R’ npu sToM He m3mensercs.) [ ciy-
yasg [ =3 JOCTaTOYHO MpHOaBUTH K Y auddepeHmmpo-
BaHME BUJAA @', W JOKanbHOE NueBo audQepeHInpoBa-
HUE BUZA P .

Hakonen, mpubasisist kK Y IEHTpaidbHOE TUQQepeH-
nupoBaHue anreOpsl R, HOOWBaeMCS TOYHBIX pPaBEHCTB
v(e;)=0.

Hokazamenvcmeo meopemwvr 1. Hccnenyem mpous-
BOJIHOE JIOKIbHOE JIMEeBO 1uddepeHnupoBanne

anrebpsl R = NT(4,K) nag nosem K. C y4eToM JIEMMBI
15 MokeM cuuTatrh, 4TO Y ACUCTBYET KaK HYJIEBOE OTO-
OpakeHHe Ha JIIEMEHTHL €,,€3,,€,; . B cuily nuHeHOCTH
v Ha R?/R®, cymecrByer Marpuia ||sz " e M(2,K)
TaKast, 9To
y(e.y;) =byes +bne, mod R, i=1,2.
Ham poctatouHo pokxasaTts, uTo 2b, =2b, =0.

MoxxHO cuuTaTh, 4TO0 K — MOJ€ XapaKTePUCTHKU # 2.
Iycte by, #0. ScHo, uTo Unean N;, HUHBapUAHTEH OT-

HOCUTENbHO moArpymnsl  T°  nuddepeHnpoBaHui
o —>o*y(o € R) nias TpeyronbHBIX MaTpun y Hag K.

y € LocderA(R) , TO
0 € DerA(R) c ycnosueM 6(e;;) = y(e;;) . 1o nemme 10,

ITockonbky CyILIECTBYET
0el,+T,1.e. O=p+¢,,rne pel, ¢, €L,, ByacT-
Hoctu c € K,2¢=0. Otcrona u u3 cBsi3u 0,y momydaem

c=b,, 2c=2b, =0 unosromy b, =0 . AHanoruu-o,

b,; =0 . TakuM 00pa3oM, HECIIOKHO BHUIETh, UTO BCErIa

2b, =2by,; =0 n npubaBneHUEM K Y MOAXOJALIETO

JIOKaNbHOTO JiMeBa nuddepeHIpoBaHus :/ nobuBaeMcs
10 MOZYJIIO LieHTpa Z paBeHCTB Y(ey;) =0 1 (e, )=0.
K ToOYHBIM paBeHCTBAM NPHXOAWUM, NPUOABISAL K
NOKasbHBIe MU(PQEPEHIMPOBaHUS BUIA @31, U @y,
U, nakonen, y(e,)=0, ¢ TOUYHOCTBIO A0 MPUOABICHUL
K y JokanpHoro aupdepennuposanus Buga o,. Tem
CaMBIM JI0Ka3aTeIbCTBO TEOPEMBI 3aBEPIICHO.
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A. P. Elisova

LOCAL DERIVATIONS AND LOCAL AUTOMORPHISMS OF NILPOTENT
ALGEBRAS OF MATRICES OF SMALL ORDERS

Let K be associative and commutative ring with identity. In the article we study local derivations and local
automorphisms of algebra R of lower niltriangular nxn matrices over K and associated with R of Lie algebra. Their
descriptions are completed under n = 3 and when K is a field, under n = 4.
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VIK 004.588

M. B. Kapacesa, A. B. [laienko

IIPOI'PAMMHASI PEAJIM3ALINN SMIIUPUYECKOM MOJJEPKKH _
MYJIIbTUJIMHIBUCTUYECKOU TEXHOJIOT'MU B KOPIIOPATUBHOU
NHPOPMAIIMOHHOU CUCTEME*

Paccmompenvr nymu peanusayuu smMnupudeckol nOO0epiICKU MYTbMUTUHSBUCIIUYECKOT a0anmusHo-obyualowel
MEeXHON02UU, UCNOTB3YEMOU 8 PACIPEOENeHHbIX UHQOPMAYUOHHBIX CUCeMAaX, HA npumepe pabomvl KOMNIEKCa npo-

epammuoeo modenupogarus KIIM v.1.0.

Knrouesvie crosa: qubopmaquHHaﬂ cucmema, MyamuluHe6UCmu4ecKas mexnoaocusl, aoanmueHoe 06y'{€H1/l€.

B Hacrosiniee BpeMs pacpoOCTpaHEHHBIM CIIOCOOOM
ymopsiioueHsl WH(GOPMAIMOHHBIX MOTOKOB B paMKax
NPEANPUATUI U OpraHU3alui SABJISETCS CO3JAaHUE U MOJ-
JepKaHWe pacHpeneTeHHON HH(OPMAIIMOHHON CHCTEMEI.
Takas cuctemMa IO3BOJISET peIIaTh MHOXKECTBO 3ajad,
HaulHasi C OTCJIC)KUBAHUS M JJIEKTPOHHOTO JOKYMEHTH-
pOBaHUs (PMHAHCOBBIX IOTOKOB U 3aKaHYMBAas OOIIEHHEM
COTPYJHHMKOB [AaHHOTO Mpeanpustus. B mepcnexruse
KOpHopaTHBHAs WHPOPMAIMOHHAsI CUCTEMa MOXKET CTaTh
Ooiiee CIIOKHOW CTPYKTYypoO#l, Tak Ha3biBaecMol ERP-
cucreMoil. Takue cucremsl HecyT B cebe, Hapsmy C WH-
(hopMaroHHBIMHY, (PYHKIWH IIAHUPOBAHHS M yIIpaBie-
HUSI IPEATIPUATHEM.

[Ipn mocTpoeHMH pacmpeneneHHbIX HH(POPMAIHOH-
HBIX CHCTEM pPa3pabOTYMKH HEM30EKHO CTAIKHBAIOTCS C
LENBIM PSIOM TpoOJieM. YUWTHIBAs TEHICHLIUHM K HHTE-
Tpalyy U CO3JaHUI0 MYJIbTHHAIIMOHAIBHBIX KOPIIOpaLuii,
OJTHOW M3 TaKUX MPOOIIEeM SBISETCS MpobieMa sI3BIKOBOTO
B3aUMOJICHCTBYSI, KOT/la CIEIMAIUCThl Pa3HBIX HAIMO-
HallbHOCTEH (NpUHAIJIeKAIME K pPa3HbIM S3BIKOBBIM
rpyIinaM) J0JDKHBI B KpaT4ailline CPOKU NPUITH K MTOHU-
MaHHIO, T. €. 00yYHTHCS CHENNATU3NPOBAHHON NpeIMET-
HOM JIEKCHKE Ha HE3HAKOMOM MM s3bIKke. [Ipyroii mpobie-
MOH siBisieTcst 3¢ (EeKTHBHOE B3aUMOEHCTBUE CIIENaH-
CTOB HEMOCPEJICTBEHHO C KOMIBIOTEPHOM CHCTEMOH, KO-
TOpOE AJISI JTIOAEH, AANEeKNX OT KOMIIBIOTEPHBIX M HH(OP-
MAaIMOHHBIX TEXHOJIOTHH, HE SIBISETCS TPUBHAIBHOW 3a-
nmadei [1].

B naHHOI cTaTbe paccMaTpUBAETCS peaU3aLMsl dM-
MUPHYECKOHN MOIJIEPKKY MYJIbTUIMHIBUCTHUYIECKON ajam-
TUBHO-00y4Yaromei TeXHOJOTHH, HCIOIb3yeMOHd B pac-
Hpe/ieNieHHbIX HH(OPMAIIOHHBIX CHCTEMax, Ha IpUMepe
paboTel  KOMILIEKCa MPOTrPaMMHOTO  MOJICIUPOBAHUS
KIIM v.1.0.

Wtak, omHNUM W3 HOBBIX MyTeH peIIeHHs MpoOIeMBbl
WHTEHCHBHOTO HaKOIUICHHWST WHOCTPAHHOTO Mpodeccro-
HaJIbHO OPUEHTHPOBAHHOTO CJIOBAPHOTO 3araca sBIIseTCs
MIPUMEHEHHE MYJBTHIMHIBUCTHYECKOH aJanTHBHO-00Y-
yaromeit TexHonorun (MJI-rexHomorun), HHGOPMAIHOH-
HBIM 0a3MCOM KOTOPOH SIBITIOTCS YaCTOTHBIE CTIOBapH [2].

Ha ceropssiiunuii momeHT MJI-TexHOnorust ecte co-
BOKYIIHOCTh aJITOPUTMOB W MOJENEH [aHHBIX, Halpas-
JIEHHBIX Ha A(QEKTUBHOE, CTPOr0 OpPraHU30BAHHOE
U3y4eHUue WHOCTpaHHOH Jekcuku [3]. OcobeHHOCTH
MJI-TeXHOJIOTHH COCTOUT B UCKYCCTBEHHOM TIOCTPOCHUU

ACCOIMATHBHBIX CBS3€H MEXIy S3BIKOBBIMH aHAJIOTaMHU
HEKOTOPOTO MHO>KECTBA SI3BIKOB HETIOCPEICTBEHHO B
nporecce 00y4eHus. ITO B HEKOTOPOH CTEIIEHN CHIDKACT
BO3MOXKHOCTb BO3HMKHOBEHHSI «CMEIICHHS SA3BIKOB» HU
YCKOPSET MPOLIECC 3aIOMHUHAHHS.

KonmuuecTBo anropuTMoB M MoAeNed NaHHBIX, KOTO-
pble BKitouaeT B cebst MJI-TexHOJI0THs, TOCTOSHHO YBe-
n4uBaeTcsa. Bo3HMKaeT HEOOXOAMMOCTb B CPaBHUTEIb-
HOM aHAJIM3€ AITOPUTMOB, HO ITOCKOJIBKY BCE OHU OpHEH-
THUPOBaHBI Ha JJAHHBIC, & 3TU JAHHbIC 3a4aCTYIO JOJDKHBI
OBITH MHOTOYHCIIEHHBI W Pa3HOOOpa3HbI, MPOBOAUTH Ta-
KOW aHallu3 CTaHOBUTCS 3aTPYOHUTEIbHBIM. TeM He Me-
HEe HEOOXOOMMOCTh B 3MIHMPHUYECKOH INpOBEpKE aro-
PUTMOB CYLIECTBYET M C pa3ButueM MJI-TexHonoruu
TOJIBKO YCHJIMBAETCH.

ITpoBoANTH pa3INYHOrO POAA TECTBI U AKCIIEPUMEHTHI
B 9TOH 00JIACTH CJIOKHO €IlIe U MOTOMY, 4YTO JIaHHbIE, He-
00XOIUMBIE JJISl 9TOT0, €CTh HE YTO MHOE, KaK MHOXECTBO
pacrpesneneHHbIX MH(pOpManOHHO-TEPMHUHOJIOTHYECKUX
6azucos (UTB) [3]. Ha paspaborky takux UTH yxomur
3HAYUTEIBHOE KOJMYECTBO PECYpPCOB, BKIIIOYAs pPabOTy
9KCIEPTOB-JIMHIBUCTOB W  CIICLHAINCTOB  Pa3IMUHBIX
MPEeIMETHBIX oOnacTei. Pemmts 3Ty mpobieMy B HEKOTO-
pO¥i CcTeTeHH BO3MOKHO C MOMOIIBIO POTPAaMMHOTO MO-
JIeMpOBaHus, IPU KOTOpoM peanbHble UTH 3aMeHsoTCs
UX a/IeKBaTHBIMU MOJEISIMH.

CTpyKkTypa Takux Mojeled NOIKHA Yy4UTHIBATH BCE
BO3MOXkHbIe cBolictBa U TH, BKimouast abCOFOTHYIO U OTHO-
CHTEJIBHYIO YaCTOTBI, CKPBITHIE JIEKCHYECKUE CBSI3H U T. II.

[Tocne Toro kak paspaboTaHa M NMpPUHITA CTPYKTypa
MOJIeJIeld, CTPOUTCS IMITUpUYEcKas 0asa Julsid aHanu3a aj-
TOPUTMOB, COCTOSIIAsi U3 MHOXECTB MOJEJNeH 3alaHHOU
CTPYKTYpBI C Pa3IMYHBIMU arpHOPHBIMH XapaKTepHCTH-
KaMH, TAaKMMH Kak 00beM 0a3uca, MakCHMaJbHBIE 3HAYe-
HUSI 9aCTOT U KOJIMYIECTBO JICKCHIECKUX CBSI3EH.

[Mocne Toro kak aMmupuyeckas 6a3a cpopmupoBaHa,
Ha Hell B peXUME TECTHUPOBAHMSA PEAIU3YIOTCSl HHTEpe-
CYIOIINE HCCIIEAOBATENs AJTOPUTMBI, 3aTEM aHaIU3UPY-
I0TCSI PE3yJIbTaThl SKCIIEPHMEHTOB.

I'enepanynio MHOXKECTBa MOJIETIEH U TECTUPOBAHHE all-
TOPUTMOB Pa3yMHO OCYILECTBJIATh B PaMKax OJHOI Mpo-
rpaMMHON cucteMbl. [IpuMepoM Takoil CHCTEMBI MOXET
CIy’)KUTh KOMIUIEKC MPOTPaMMHOTO  MOJEIMPOBAHMS
KIIM v.1.0 [4] (cM. pucyHOK).

*Pabota BeimonHeHa npu ¢uHaHcoBoi mopaepxkke OLIT «Hay4ynbie n HayqHO-TIeIarorHUeCcKie Kaapbl HHHOBAIIMOHHOW Poccnu
Ha 2009-2013 rr.» u OUII «MccnaenoBanus u pa3pabOTKU MO MPHOPUTETHHIM HANPABICHUSAM Pa3BUTHS HAYYHO-TEXHOJIOTHIECKOTO

komimiekca Poccrn Ha 2007-2013 roge 2011-1.9-519-005.
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Crpykrypa nporpammaoro kominiekca KIIM v.1.0

OcuoBoit KIIM v.1.0 sBasercs OJOK reHepaluyd Mo-
nenei UTD, npencraBieHHbII Ha NPUBENECHHOM CXeMe
kak Omok «I'». OH cocrout u3 reneparopa (I'MTH), Ha
BXOJ] KOTOPOT'O MojaaeTcs crucok mapamerpoB (H), HeoO-
XOAUMBIX JJ1si (popMHUpOBaHMs TeKylled mopenu. Mexa-
Hu3mMbl [UTB ocHOBaHBI Ha reHepaluu MCEeBAOCTydYail-
HBIX 4YHCEJl, IPUYEM caMa T'eHepals MOXKET OCYLIeCTB-
JATBCS 1O PA3IMYHBIM CTOXACTUYECKUM 3akoHaM (f(x)).
Ha cerogusmramii moment KIIM v.1.0 mommepskuBaeT
TEHEePAIHIO TICEBIOCITYYaHBIX YMCET 0 HOPMAIBHOMY U
PaBHOMEPHOMY 3aKOHAM pacHpeeNeHHs BEpOITHOCTEH.

Crucok mapamerpoB H B KIIM v.1.0 peanm3oBan
B BHJE KJIACCAa M COCTOUT M3 Habopa IepeMEHHBIX, Ompe-
JEJAIOINX CIEAYIONIMe HACTPOUKH (OpMUpPOBAHHSA MO-
nenu UTH:

— 00beM 0aznca B TEpMUHAX;

— MaKCHUMaJIbHOE KOJIMYECTBO CBS3EH, MPUXOSIIIIXCS
Ha OJIHY JIEKCEMY;

MaKCHMaJIbHOE 3Ha4YeHHE aOCOJIOTHOW YacTOTHI
JIeKCEeM;

— MaKCHMaJIbHOE 3HAYECHNE YaCTOThI COYETAHNH JIEKCEM;

— 00BeM Marepuaia, Mo KOTOPOMY NPOHU3BEICH 4Yac-
TOTHBIM aHAIIN3;

— KO3 QUIIUEHT CBA3aHHOCTH JICKCEM.

KoadduuueHTt cBA3aHHOCTH JIEKCEM ONpEelsieT MaK-
CHUMAJIBHYIO JIONI0O OT aOCONIOTHOM 4YacTOTHI JIEKCEMBI,
KOTOPYIO 3aHMMAeT 4acTOTa €€ HCIOJIb30BaHUS B JIEKCH-
YECKHUX COYETaHUSX.

Hcnone3yst criMcok mapaMeTpoB Kak HabOp BXOIHBIX
naaublx, [UTH renepupyer Monenbs cOriaacHO BbIOpaH-
HOMY 3aKOHY PacIpeeNICHHUSI.

Crmcok mapaMeTpoB (popMUPOBAHHS MOJIEIIEH MOXKET
OBITH COXpaHEH B (hailll U B TF000H MOMEHT BOCCTAHOBIICH.

PesynbTaTsl reHepanuyu 0TOOPaXaroTCsl B COOTBETCT-
BYIOIIIEM OKHE Ul MX BM3yaJlbHOTO aHalM3a U TaKxke
MOTYT OBITb COXpaHEHBI B (aill U BOCCTaHOBJEHB! BIIO-
CJIC/ICTBHH.

biaok «A» mpencraBnsier co0oii Habop anropuTMOB
JUIS SMIMPUYECKOTO aHaIM3a, PeajM3yeMbIX B BUJE OT-
JETIBHBIX TPOTPAMMHBIX MOJyJIeH 1 ONOIHOTEK.

Bce anroputMmsel 3TOro GJI0Ka JETSTCS HA J[Ba OCHOB-
HBIX THIIA!

— anroputMsl, uctioneiytonme UTH B mpomecce 00y-
genus (Al);

— aJITOPUTMBI, U3MEHSIOIINE CTPYKTypy camoro UTh
Ha OCHOBE aHAJIN3a ero XapaKTepUCTHK (A2).
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Ha Bbixone anroputmoB A2-tuna dopmupyercs UTh
C HOBOH CTPYKTYypOW, KOTOpPBIH TaKk >K€ MOXET OBbITh
UCIIOJIb30BaH AITOPUTMAaMHU 00OMX THIIOB M MPOAHAIU3H-
pOBaH.

bnok «T» — 610k tecrupoBanust UTH u anropurmos.
Tectsl, BXOAMUE B 3TOT OJIOK, JIOTUYECKH TTOJIPa3ICIs-
IOTCSI Ha TPY THUIIA:

— tecThl Ayt aHanm3a Al-anropurmos (T1);

— TecTsI s aHanm3a A2-anropurmos (T2);

— Ttectel s aHamm3a WUTH kak pesymprata A2-
anroputmoB (T3).

ITox Tecramu 3a€ch ciieyeT MOHUMATh CIIEIUAIbHBIC
AQHAJIUTUYECKUE alTOPUTMBI, KOTOPBIE TAKKe MOTYT OBITh
nobaenensl B KIIM v.1.0 kak oTaenbHbIe TPOrpaMMHBIC
Monmynu u Oubnmorekn. HeoOXomumMo 3aMeTHTh, dTO
cTpykTypa T-anropuTMOB 3aBHCUT OT MHTEPECOB HCCIIE-
JIOBATEIsl U MOJKET IPENCTABIATh cOOOH KaK TPUBUAIb-
HBII CUETYHK WUTEepauuii, TaK ¥ MHOTOCTYIICHYAThIC, MHO-
roaTpruOyTHBHBIE AITOPUTMBI C BBIYUCICHUEM JKCTPEMY-
MOB pa3HO00pa3HBIX (HYHKIHN KauecTBa.

B kagectBe mpumepa pabotsr KIIM v.1.0 mpoBexem
CpPaBHUTENBHBII aHAIN3 JIBYX alTOPUTMOB A2-THma: aj-
roputMma 1, anroputma 2.

[TpuBeneM HEOOXOAMMBIH MUHMUMYM HH(MOpMAIH 00
ucciegyeMbIx aiaropurmax. Mrak, amroput™m 1 u anro-
pHUTM 2 HMEOT 0o0IIne 3a/1a4, @ UMEHHO SIBJISIFOTCS allro-
puTMamMy (OPMHUPOBAHHS JIEKCUUECKH CBSI3aHHBIX KOM-
noneHToB (JIC-xommonenToB) [5]. ®opmupoBanue JIC-
KOMITOHEHTOB OCYIIECTBIISIETCSI Ha OCHOBE IaHHBIX O
CKpBITBIX JIekcnueckux cBsazsax UTH, oTHocuTenbHOM vac-
TOTE JIEKCEM M JICKCHYECKHX COYETaHHH. DTO O3HAYaeT,
YTO MOZAENH, Ha KOTOPHIX MBI Oy/IeM MPOU3BOJUTH TECTH-
pOBaHHE, TOJDKHBI OTPAXKATh 3T CBOWCTBA Oas3uca B MOJ-
HOH Mepe.

Cytb ¢opmupoBanusi JIC-KOMIIOHEHTOB COCTOHMT B
BBIJICNICHUN «HAWOoJee IMOAXOAAMINX» <(JIEKCHYECKUX
LEHTPOB» M WX CBs3el ¢ npyrumu Jekcemamu. CooTBeT-
CTBeHHO, Bce Jiekcembl WMTD, cormacHo mHpuUBENEHHBIM
aNTOPUTMaM, AEJSATCS Ha TPU TPYIIIIBL:

— OCHOBHBIE JIEKCEMBI (TIPEeJICTABISAIOT COOOH «JIEKCH-
YecKre LEHTPEI»);

— CBSI3aHHBIE JIEKCEMBI (OTPAXKAIOT JIEKCHYECKHE cove-
TaHHS OCHOBHBIX JICKCEM);

— CBOOOJHBIC 3JIEMEHTHI (JIEKCEMBI, HE TOMABIINE HU
MOJT OJTHY M3 KaTeropuit).



Mamemamuxa, mexanuxa, ungpopmamuxa

B kadecTBe «IEKCHYECKHX LIEHTPOB» BBICTYIAIOT JICK-
CEMBI, UMCIOIIHE HAMOOIBIIYI0 aOCONOTHYIO 4acTOTy U
HanboJIee CUITbHBIC JIEKCHUCCKUE CBSI3H.

O0a anropuT™Ma COCTOAT U3 TPEX 0OIIHX (a3.

1. Ynopsinouenue UTH.

[Ipou3BOAMTCS COTIIACHO KPHUTEPHIO

0,7
S+l
0 =qe*
IIe ¢; — OTHOCHUTENIbHAS YaCTOTa, BBIPAKAFOLIAS OO
JICKCUYECKOW CAWHMIBI B TEKCTE, MOJBEPIILEMCS CTaTH-
CTHYCCKOW O0pabOTKE TIpPH COCTABIICHMH YaCTOTHOTO
croBapsi, 0 < ¢; < 1; W — OTHOCHTENbHAS YaCTOTa COYe-

— max,

TaHUS i-i ¥ k-1 TekceM, oTpakaromiasi CHIIy acCOIIMaTUB-
HOW CBS3H.

2. [TepeOop 4KciIa OCHOBHBIX JIEKCEM.

2.1. TTonck cBA3aHHBIX JIEKCEM.

2.2. Beruncnenne ¢ynknun kauecrBa UTh kak coBo-

KynHOCTH JIC-KOMIIOHEHTOB OT YKCIIa OCHOBHBIX JIEKCEM:
07
Db+l

O(n) = Z‘L‘e g

3. OnpeneneHre ONTHMAJIBHOTO KOJIMYECTBA OCHOB-
HBIX JIEKCeM U CTPYKTYphl JIC-KOMIIOHEHTOB ITyTEM MaK-
cuMu3almu QyHKIMU KadectBa Q(7).

Hccnenyemple alropuTMbl UMEIOT pas3iuuus B (ase
2.1: B cimyuyae ajgroputma | MOMCK CBS3aHHBIX JICKCEM
OCYILECTBIIACTCS HEMOCPEICTBCHHO TpU Tepedope oc-
HOBHBIX JICKCEM C yYETOM JAaHHBIX 00 WX JIEKCHYCCKHUX
CBA3AX; B CIy4ae alTOpUTMa 2 IOWCK OCYIIECTBISACTCS
myTeM mepebopa CBS3aHHBIX JICKCEM j W HaXOXKICHUS
HaWIy4llIUX COYETAHUMN:

— max.

0,7
(ki D+ my
AQ; =ge *

Temneps, Koraa Mbl IMeeM oOlIee MpeACTaBIeHUE 00
UCCIIEAyEMbBIX ANrOpPUTMaxX, MOXHO MepexoiuTh K (ase
TECTUPOBAHUSI.

WTak, OCHOBHBIMH OIICHHBAEMBIMH XapaKTEPHCTHKA-
MU OyayT MakcuMyM (YHKI[MH KayecTBa KaK MOKa3arelb
3¢ PEKTUBHOCTH aNrOpUTMa U KOJIMUECTBO UTEPALIUI KaK
MOKa3aTelib €ro PeCypCOEMKOCTH.

st Gostee TONHOTO aHATHM3a MCCIEAYEMBIX AllTOPHT-
MOB BBEJIEM JOTOJNHHUTEIbHBIE XapaKTEPUCTHKH, TaKHe
KaK KOJMYECTBO OCHOBHBIX JIEKCEM, KOJIMYECTBO CBOOO/I-
HBIX 3JICMEHTOB W BPEMsI UCIIOJHEHHUS KaK HE3aBHCHMBII
MOKa3aTelb PECYypPCOEMKOCTH (T Pa3UYHBIX alrOpHT-

-0, - max.

HacrpauBaemsbie napamerpsl Oa3uca:

— o0peM Oasuca B TepmuHax (1 000);

— MakCHMaJIbHOE KOJIMYECTBO CBS3€H, MPUXOASIINXCS
Ha ogHy Jiekcemy (10);

MaKCHMaJIbHOE 3HAa4YCHUE aOCONIIOTHOW YaCTOTHI
nexceMm (100/50 000);

— MaKkCHMaJlbHOe 3HaYCHUE YacTOThI COUETAHWH JICK-
ceMm (20/50 000);

— o0BbeM MaTepuana, Mo KOTOPOMY INPOHM3BEJCH 4Yac-
totHbIHA aHamu3 (50 000);

— koadurHeHT cBsizaHHOCTH JekceM (1).

Pe3ynbTaTsl TECTHPOBAHUS IIPUBEICHBI B TAOJIHUIIE.

AHanu3 JAaHHBIX TECTUPOBAHHS MOKA3bIBAET, YTO al-
TOPUTM 2 TPEB30MIeN IO 3HAYCHUIO MakcumyMma Q(n)
agroput™m 1 Ha 0,000 000 004 402 925, uto cocTaBiseT
~10° %. TlokasaTenp KauecTBa YBEIHUMICS HE3HAUH-
TEJIHO, B TO BpPeMs KaK KOJHYECTBO UTEpaLUil U BpeMs
WCTIOJTHEHUS! aJITOPUTMa YBEIHMYHMINCh Ha HECKOJIBKO T10-
psinkoB. Tem He MeHee eciM paccMaTpuUBaThb BpeMsl HC-
MOJHEHHSI ITOPUTMa 2 HE3aBUCHMO OT aHAJOTWYHOTO
MOKa3aTelsl aropuT™Ma 1, ToO OHO HE Tak Y M BEJIUKO,
ocobOeHHO eciu pedb unet 06 srane Gopmuposanus UThH.
Ho sT10 3akimroueHue siBIseTCA NPEXKIEBPEMEHHBIM, I10-
CKOJIbKY OBLI IIPOBEAEH BCETro OJHMH SKCIEPHUMEHT Ha Ol-
HOM MOZEINN.

[IpoBenenue psina MOKOOHBIX AKCIIEPUMEHTOB Ha MO-
nensix UTH ¢ pasnuuHpiMM nlapaMeTpaMu AacT AOCTaTOY-
HYI0 SMIOHMPHYECKyI0 0a3y Uil aHamu3a HCCIedyeMbIX
AJTOPUTMOB, YTOOBI PE3yJIbTATBl TOTO aHAIN3a MOKHO
OBUIO CUNTATH JOCTOBEPHBIMH.

Bce 310 B n0JIHONW MEpe OTHOCUTCS HE TOJBKO K IpH-
BE/ICHHBIM B NpPHMeEpE alropuTMaM, HO U KO BCEM alro-
pUTMaM U CTPYKTypaM [aHHBIX, KOTOPBIC BKIIOYAcT B
cebs MJI-TexHOMOTHS.
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TecTnpOBa}me aJIr'OPpUTMOB

Hazpanue anroputma Anroputm 1 Anroput™ 2
max Q(n) 0,496 118 565 143 325 0,496 118 569 546 25
OCHOBHBIX JIEKCEM 188 188
CBOOOTHBIX 3JIEMEHTOB 320 324
Nreparmii 4 981 096 2 000 498 500
Bpewms ucnonaenus, ¢ 3,41 130,75
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YIAK 621.355
T. A. JleonoBa, A. U. lynnuk, A. E. Muxees, U. B. Ocunoga, I'. H. Uypuios

PA3PSIJTHBIE XAPAKTEPUCTHUKH! JIATUN-UOHHBIX AKKYMYJISTOPOB
C YIVIEPOAHBIMMU 3JIEKTPOJAMMU*

Hccnedosanvl numuii-uonHvle aKKyMYIAMOPsl, 8 KOMOPbIX 8 Kayecmee OmpuyamenrsHo2o 31eKmpood UCnoab308a-
qUCL Qynaepum-iumuesble KOMNO3UmMHsle NAEHKU, NIACTNUHbL 2eKCAZOHANLHO20 2paduma u niacmutsl mypbocmpam-
Hoeo epaguma (TT). [lonoscumenvHbimu 21eKMpoOamu 60 6CeX TUMULI-UOHHBIX AKKYMYIAMOPAX CAYHCUIU NAACTHUHB
Memannuueckoeo aumus. IIpu ucnonvzosanuu 6 xavecmee anoda mypoocmpamuo20 epaguma HabI00aN0Cs MAKCU-
ManvHoe 3HaueHue paspaoHo2o moka, 6 1, 5 pasza npegviuiaroujee MaKCUMAIbHBLL MOK 0N AHOOA U3 2eKCALOHATLHO20
epaguma. Ilo pesynomamam penmeeHOSCKOU POMOINEKMPOHHOU CHEKMPOCKONUU YCIMAHOBNEHO, YO MOIUUHA aK-
MUBHO2O 05 (C10A AHOO0A UHMEPKATUPOBAHHO20 UOHAMU AUMUsL) O mypoocmpamuozo epagpuma cocmasuna 600 Hm.
Maxcumanvroe 3nauenue yoenbHol eMKocmu Habmo0an0Ch Maxice npu UCHOIb30BAHUU MYPOOCMPAMHO20 epaduma 6
Kauecmae anooa u oocmueano 244 mA-u/e.

Knrouesvie crosa: mumuii-uonnvie axkymyasimopul, Qyiiepum, mypoocmpamuslii 2pagum, 2eKCaoHAIbHbII 2pa-
¢um, yoenvHas emkocmo.

VYrnepon sABIsETCS MEPCIEKTUBHBIM W TOMYJLIPHBIM — HOTPYOKM M HaHOBOJIOKHA Ha ocHoBe Si, Ge, TiSiy, ZnO,
Ha CETONHSIIHWI IeHb MarepuaioM s JuTueBslX xu-  T1i0,, SiC [3; 4] u rpaden [5; 6], npu HMHTEpKAIAIIH-
muuyeckux ucTouHMKOB Toka (JIXUT). Kak wm3BecTHO, AEMHTEPKAISLUHM HOHOB JIMTHUS YBEJIMYMBACT CBOM 00bEeM
JIXUT mmpoko MCHONB3YIOTCS B AJIEKTPOHHON TEXHWKE  OITO yBelHueHHne MoxkeT coctaBiaTh 400 %) u mocrerneH-
Gnaroziapst BBICOKUM YAEIbHBIM XapaKTEpUCTHUKAM: EMKO-  HO paspymiaeTcs. HeocrmopiuMbIM NMpenMyIecTBOM yrie-
ctu (180...400 MA-u/r), wiotHoctr Toka (0,1...100 pOTHBIX MaTEPHAIIOB SIBIICTCS M3MEHCHHE 00BeMa BCETO
MA/cM’, B 3aBHCHMOCTH OT MaTepHala) U IOCTYHOCTH B Ha 12 % Npu BHEAPEHMH MOHOB nuTHsi. B rpadure pac-
1IeHe, TI0 CPABHEHHIO C JAPYTUMU XMMHYECKMMM MCTOYHH-  CTOSIHME MEXIy aTOMHBIMH IiockocTsamu 3,35 A, uro
kamu Toka (XUT). OmgHako BO BCceM MHpe MPOAOIDKAeT  MO3BOJIAET MPOHHUKATh TyAa MoHaM JuTHs. Kak n3BectHo,
paccMaTpuBaThCsS MalOBEPOSITHAsl MEPCHEeKTHBAa INPHME- B TypOOCTPaTHOM CTPYKType rpadura pacCTOsIHUE MEXIY
HeHus uncThIX BysiepeHos B JIMA, nockonbKy MaTepua-  rpaMTOBBIME CIOSAMM Gomblle M cocTapiser 3,42 A [7].
JIBl HA X OCHOBE HE 00J1a7aloT HOHHOM npoBoguMocThio.  [loaTomMy mHTepKassiums MoHOB jutust B TI Oyzmer npu-
UzBectHO, uTO oanemeHTapHas suedika ['I[K-pemieTkn  BOIUTH K MEHBIIUM HEOOPATUMBIM U3MEHEHHUSX CTPYKTY-
dynneputa conepxur 8 Terpasapuueckux (2,2 A) M pbl, 4eM B reKCaroHalLHOM rpaduTe, a 3HAUMT, M KOJIHYe-
4 okTasapudecKux myctot (4,2 A), M03ToMy 3TH MyCTOTHI  CTBO LHUKJIOB «3apsA-pa3psiy» aKKyMyISTOpa yBeTHUHTCS.
CTIOCOGHBI BMECTUTH MOHBI JUTHs (paauyc uoHa 0,68 A) B yBenuueHHYI0 MeXIIOCKOCTHYI0 obmacth TI' MoskeT
IpH HHTepKaIsuuy. I1o TeopeTHyeckuM pacdeTaM OTHO-  NPOHUKHYTH OOJIbILIE HOHOB JIUTHS, YTO O3HAYaeT yBENH-
LIEHUE YMCia UOHOB JIUTHUS K YUCIy aTOMOB yriiepoja B 4eHue ynaenbHoul emkoctd JIMA ¢ snextpoaom uz TI.
¢ymnepure cocraBisier 1/3, a B rpadure — 1/6, mosTomy B cBSI3M ¢ 3THM HCIOIB30BaHUE TypOOCTpaTHOTO Tpadura
UCIIONIb30BaHKEe (yJUIepHUTa B KaUueCTBE aHOJAa MOXKET Cy- B KaueCTBE aHO/a MOXKET MOBBICHTh 3HAYCHHUE YIEIHbHON
mIeCTBEHHO yBenmuuTh eMkocTs JIXUT [1]. €MKOCTM U pa3psaHOro TOKa aKKyMYJsITOpa, CHU3UTh

Pemenne 3a1aun o yBEIMYECHUIO YACTBHBIX XapakTe-  JAErpajJaluio eMKOCTHBIX NMapaMeTpoB B IIpoliecce UHTEp-
puctuk JIXUT ocioxHSAETCS TeM, 9TO OOJBIMMHCTBO Ma-  KaJISIMHA-ACHHTCPKAIALNNN HMOHOB IMTHs. VcciemoBaHue
TEpUaJIOB, NMEIOIINX BBICOKHE TTOKa3aTenu 1Mo yaeiapHoi  aHomoB mist JIXUT Ha ocHOBE yriepoAHBIX MaTepualioB
emkoctd 10 3 000 MA-4/r, Takue KaKk KpeMHHH [2], Ha-  SBIAETCS aKTyalbHOMU 3aJadeil Ha CErOAHAITHUN JICHb.

*WccnenoBanue BBIIOJIHEHO NpH Hozanepkke MunucrepcTBa o0OpazoBaHus W Hayku Poccuiickoir depepaiuu, coriamieHus
14.B37.21.0163 u 8194, PODU B pamkax Hayuroro mpoekra Ne 12-03-31439 mpoekra ¢ynmameHtansHbix uccienoBannii HAH
Benapycu u CO PAH Ne 24.

25



Mamemamuxa, mexanuxa, ungpopmamuxa

B nmanHO# pabore QymiepuT-nuTHEBas IJICHKAa ObLIA
MOTy4eHa METOJIOM HHIYKIMOHHOIO TEPMOBAKYyMHOI'O
ucnapeHuss B MoOAM(UIIMPOBAHHOW YyCTAaHOBKE Ha 0ase
BVII-5. [nenka Oblia MposiernpoBaHa JIUTHEM B MPOLIEC-
Ce OCaXICHUS JUIl YBEIMYEHHsS DIIEKTPONPOBOIHOCTH.
B BakyyMHOI kaMepe MPOUCXOJUIO OJHOBPEMEHHOE Ha-
NbUICHHE CMECH (yIUIEpHUTa M JMTHS U3 Pa3HBIX THUTJICH.
TosnmuHa MoJly4eHHON KOMIO3UTHOM mieHKH 600 HM.

TypOocTpaTHblii rpaduT OB MOTyYeH MPHU KOHJICH-
Calli¥ yTJIepo/ia U3 IIa3Mbl YIJIEPOJHO-TEIINEBO IyTH
Ha BHEIIHEM JJekTpoje [8]. B kadecTBe rexcaroHab-
HOrO Tpadura wmcmomb3oBaics rpaput mapku [C-1,
I'OCT 8295-73. I'paduTOBBIC IEKTPOIBI OBLIH H3TOTOB-
JICHbl M3 MOHOJMTHBIX IUIaCTHH. [lMaMeTp 31eKTponOoB
coctaBman 13 mm, TommuHa — | MM. KoHCTpyKuus akky-
MYJISITOPHOI SYeHKH MpecTaBiIeHa Ha puc. 1.

Katon \ AHom
DNeKTpOIHT
Menrad donsra
— dropoIuiacToBa

/ Adeiika

Puc. 1. KoHCTpyKIus aKKyMYJISITOPHOHN STUCHKH.
Mexonextpoanoe paccrosiaue 1,5 Mmm

Jns mccnenoBaHus SIEKTPOXMMHUUECKHX XapaKTepH-
CTHK OBIJTa M3rOTOBIIEHa (DTOPOILTACTOBAS SUYEHKa M IIO-
MelieHa B aTMocdepy aproHa. Karonom ciyxuin meran-
JIMYECKUN JIUTHHA B BHUJE MJIACTHHBI JuaMeTpoM 13 Mm.
OTBOX TOKa OT 3JIEKTPOJOB OCYLIECTBIISUICS MEIHOU
¢donbroii. B xayecTBe 2MEKTPOIUTA HCIOIB30BAIN OIHO-
MoJspHBIi pactBop LiBr B Terparnapodypane (C4HgO).

HccnenoBaHue pacrpenesieHusl dJIEMEHTOB B 00pas-
[[aXx BBIIIOJHEHO METOJOM PEHTTCHOBCKOM (OTORIIEK-
TpoHHOU crnekTpockornu (PPOC) Ha cnekrpomerpe
¢upmsr SPECS Gmbh. TloBepxHocTs 00pa3ua moxasepra-
Jlach TPABJICHUIO MOHAMH aproHa (BpeMs TpaBIEHUS — 5
MuH, dHeprus — 5 k9B). Uepe3 ompeneneHHbIE mpoMe-
KYTKH BpPEMEHH TPOBOAMICA PEHTTCHORICKTPOHHBIN
aHaIM3 TOBEPXHOCTH U MOJTydYaslach 3aBUCUMOCTb UHTCH-
CUBHOCTEW ONPENEIICHHBIX JUHUM OT BPEMEHU TpaBile-
Hus. PaspsaHble XapaKTepUCTUKK ObLIN TOIYYEeHBI C II0-
Molplo MyiasTHMeTpa AM-1109, ¢ morpemrHocTsio MO
Hanpspkenuto +0,001 5 B, mo Toky £0,002 A.

[Tocne cOOpkM aKKyMyJISITOPBI 3apsDKaMCh IMPU T10-
CTOSTHHOM HarpspkeHu# 5 B, 70 Tex mop moka Tok, mpo-
TEKaIOWM Yepe3 aKKyMyJIsITOp, HE JIOCTUTal CBOETO
MaKCHMAJIFHOTO 3HA4YCHUSI M €ro JajbHelIee yBelnde-
HHUE CTAaHOBMWJIOCH HE3HAYMTENbHBIM. Harpyskoil akkymy-
JATOPOB TIpH paspszae sBiswics pesuctop 10 kOm. Pacuer
€MKOCTH aKKyMYJISITOPOB OCYLIECTBIISUI IO pa3psaHBIM
3aBUCHMOCTSIM TOKa OT BPEMEHH.

Pa3psiHble XapaKTepUCTHKU aKKyMYJIITOpa ¢ aHOJIOM
U3 (QyJUIEPUT-TUTUEBOM TUICHKH AJISI TIEPBOTO, IISITOTO U
JIECSTOTO LIMKIJIOB pa3psizia MpeCTaBlIeHbl Ha PHC. 2.

[Tpn nepBoM paspsizie BeJIMYMHA TOKa YMEHbIIAIACh B
TeueHne 4 4, a MpH TOCIEeIYIONNX pa3psiiax cTabumIn3u-
poBanach yxe nocie 30 MUH. YMEHBIICHHE €MKOCTU B
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MpoLecce JECATH IMKIIOB pa3psaa YKa3slBacT Ha CHIBHOE
BO3eiicTBUE Mpoliecca HHTEPKAALUU-IEHHTEPKAISIIN
WOHOB JINTHUS HA CTPYKTYpY (QyJUICpUT-TUTHEBOH IJICHKH.
[ ompeneneHus yAeNbHOM €MKOCTH aKKyMYyJsITOpa
Obu1a paccyMTaHa Macca IUIEHKH Ha OCHOBE €€ T€OMETpH-
YECKUX Pa3MEepOB U cpelHel MIoTHOCTH (yuiepeHos (1,7
r/em’). Macca cocraBuna 9, 8:-10*r. CoorBercTBeHHO
cpenHee 3HAYEHUE YAENBbHOH €MKOCTH aKKyMyJsiTopa —
221 MA'4/r m cpenHee 3HAYEHHE YAENBHON IUIOTHOCTH
Toka — 4,5 MKA/cM?.

0,032 -
3

0,024 e g 7

L]
0,016
% h'--I..__.

0,008

-

0,000 T T T T
0

Puc. 2. 3aBucuMocTH pa3psAAHOTO TOKA OT BPEMEHH.
Amnnpokcumanus ¢ Re e menee 0,99:
1 — mepBbIii LUK pa3psaa; 2 — MATHINA LUK pa3psa;
3 — necsATHIA UK pa3psiaa

PazpsaHble XapaKTepUCTHKH aKKyMYJISATOPOB C aHO-

JIOM M3 TeKCaroHaJIbHOro M TypOocTpaTHOro TrpaduTa
COOTBETCTBEHHO TOKa3aHbl Ha puc. 3 u 4.

0,16+
0,12+

0,08 4

[, MA

0,04 -

0,00

Puc. 3. 3aBucuMocTH pa3psAHOTO TOKA OT BPEMEHH
JUTSL TeKCAarOHAIBHOTO TpaduTa:
1 — nepBbIit LUK pa3psna; 2 — MAThIH UK pa3psija;
3 — necATHIA UK pa3psaaa

VY akkyMyssTopa C aHOJOM M3 TeKCaroHajabHOTO Ipa-
(huTa npy MocNenyIomKX pazpsaax eMKOCTh YMEHbIIACT-
Cs B HECKOJIBKO pa3. ¥ akKyMyasTopa ¢ aHogoM u3 TI
YMEHBIICHNS! EMKOCTH NPAKTHYECKH HE IPOHCXOMAUT.
Cpennee 3Ha4YeHHE YAETbHOW EMKOCTH aKKyMyJsTOpa Ha
OCHOBE TEKCAarOHAIBHOTO M TypOOCTpaTHOrO TpaduToB
coctaBuiio 0,043 MA-u/r u 0,15 MA 4/T COOTBETCTBEHHO.
[InotHOCTH TOKA 1N TEKCarOHAIBHOro  rpadura
0,13 MA/cM?, MakCHMasbHBIi paspsaHbii TOK 150 MKA.
Otu ke mapamerpsl g TIT coctaBunu 0,2 MA/cM® u
230 MKA COOTBETCTBEHHO.
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KoHneHTpanys MOHOB JIUTHSI B CTPYKType Tpaduro-
BBIX JJIEKTPOJOB Ha pa3HOU IIyOMHE aHO/Aa OMpeess-
nack MmetogoM PDIC (puc. 5).

0,16

012}

I, MA

008l |\ 2

0,04 |-

0,00 |-

Puc. 4. 3aBucuMocTtu pa3psaHOro Toka OT BpeMEHU
IUIsL TYpOOCTpaTHOTO TpaduTa:
I — nepBbIii LUK pa3psfa; 2 — MATHIN MUK pa3psja;
3 — necATHIM MUK pa3psaa
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Puc. 5. I3MeHeHUe KOHIIEHTPAIMH JIEMEHTOB I10 TOJIIHHE
B 2JIEKTpO/ie U3 TypOocTpaTHoro rpadura

TpaBieHHe MOBEPXHOCTH aHOJA OCYLIECTBISIIOCH HO-
Hamu Ar’ B Tedenue 120 MUH, U TIOBEPXHOCTh CTPABIIMBA-
mace mo 120 am. KoHmeHTpamus aTtoMoB JHTHS Ha TIO-
BepxHocTH 18 at. %, Ha ray6une 100 HM — 10 aT. %. An-
NPOKCHMUPYS KPUBYIO KOHLEHTPALMK Ul JHUTHA, yCTa-
HOBWJIM, YTO HOHBI JIUTHUS NPH DPELUKIUPOBAHUM 3JIEK-
TPOXUMHYECKOH SUEHKHM HHTEPKATUPOBAIU B JIEKTPO] U3
TypbocTpaTHOTO TpaduTa Ha riyouHy He Oonee 600 HM.
Ot0 3Hauut, uro Bcero 0, 1 % obOwvema rpaduTOBOrO
9NIEKTPOJa UCIIONB30BANACh Ul HAKOIUJICHHS HOHOB JTH-
THSA B Tpolecce 3apsaa. Takum oOpa3om, yaelbHas eM-
KocTh 371ekTpoaa u3 TI' ¢ yueToM riryOHHBI IPOHHKHOBE-

HHSI HOHOB JIMTHS cocTaBisieT 244 MA-4/T, a U3 rekcaro-
HaJbHOTO Tpadura — 86 MA -9/T.

Takum ob6pazom, meromom POIC ycraHOBIEHO, YTO
ToymMHAa akThBHOrO ciiosg B TI' He Gomee 600 M. Pac-
CYMTAHHOE 3HAYCHUE YJEJIBHOM EMKOCTH MJsl JaHHOU
TOJIILIMHBI aKTUBHOIO cio0sl cocrasisier 224 MA-u/r. Ilo-
Ka3aHo, 4TO TypOOCTpaTHbIH rpaduT CylEeCTBEHHO OoJiee
YCTOHYMB K PEIUKIUPOBAHHIO, YeM TI'€KCaroHaJIbHBIM.
DTO MOXHO OOBACHHUTHL OOJLIIEH BEITUYHMHON MEXKILIO-
ckocTHOTO paccrosnus (3, 42 A). Tlonydyennoe 3HaueHHe
yaensHol emkxocty TT mpu aktuBHOM cioe 600 HM Hyke
TEOPETHUYECKOTO 3HaueHWs s rpadura. Mbl cumnraem,
YTO ATO BEI3BaHO B OCHOBHOM BBICOKHIM COTIPOTHBJICHUEM
AIIEKTPOJINTA U BBICOKOH HEOOpPaTUMOW eMKOCThIO. Jlaib-
HelImue ¥ccIeIOBaHns W TOWUCK HOBBIX A((EKTUBHBIX
AIIEKTPOJIUTOB, HE PACTBOPSIOMNX (PYIUICPEHBI, TIOMOTYT
YBEJIMYUTH EMKOCTh TAaHHBIX aHOZOB.
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T. A. Leonova, A. I. Dudnik, A. E. Mikheev, I. V. Osipova, G. N. Churilov

DISCHARGE CHARACTERISTICS OF LITHIUM-ION ACCUMULATORS
WITH CARBON ELECTRODES

Lithium-ion accumulators in which fulleride-lithium composite films of hexagonal graphite and turbostratic

graphite (TG) plates were used as negative electrodes are the subject for research, described in the article. The metallic
lithium plates were used as positive electrodes in all the accumulators. Wile using turbostratic graphite as anode, the
maximum value of discharge current was observed, which 1,5 times excided the maximum current for hexagonal
graphite. By results of X-ray photoelectron spectroscopy it was determined that the thickness of active layer (the layer
of anode which was intercalated lithium ions) for turbostratic graphite was 600 nm. The maximum value of the specific
capacity was observed underthe use of turbostratic graphite as anode and came up to 244 mA-h/g.

Keywords: lithium-ion accumulator, fullerite, turbostratic graphite, hexagonal graphite, specific capacity.

© JleonoBa T. A., Aynauk A. U., Muxees A. E., Ocunosa 1. B., Uypunos I'. H., 2012

27



Mamemamuxa, mexanuxa, ungpopmamuxa

YK 81'322

D. V. Lichargin, K. V. Safonov, N. V. Nikolaeva, E. B. Chubareva

PRINCIPLES OF COMPRESSION AND DECOMPRESSION WITHIN
THE FROME OF MULTIDIMENSIONAL ANGUAGE REPRESENTATION APPLIED
TO EDUCATIONAL TASKS GENERATION*

In the given work the problem of semantic decompression patterns addition to the meaningful sentences generated
as functions in multidimensional vector space of the notions of the natural language is considered. The model of adding
semantic decompression patterns based on stylistically-oriented sets of gemnerative grammar rules is offered. The
complexity of natural language translation problem is discussed. The considered model provides the algorithm of
adding semantic decompression patterns that can be used for improving the performance of educational tasks

generation software.

Keywords: Natural Language Generation, Meaningful Sentences Generation, Turing Test.

At the present moment, people are facing a huge
amount of information that is not always well absorbed
and efficiently used because of the complexity of its
structure. Presenting the language as a model of a
multidimensional data set can improve the quality of
linguistic software. A multidimensional view of data on
natural language is important for the construction of
electronic translators, abstracting systems, expert systems,
generative grammar, etc. In this regard, the analysis of a
multidimensional model of language data is relevant at
the present stage of development the information
technology and mathematical foundations of computer
science.

The problem of formal modeling of natural language,
particularly, English, is the central task for computational
linguistics — a discipline that lies at the intersection of

computer science, mathematics, systems analysis,
linguistics, philosophy, psychology, etc.
Solving the problems of developing linguistic

software successfully implemented numerous theories,
concepts and software systems. Numerous works in the
field of semantics, discrete mathematics, linguistics and
Artificial Intelligence, let people hope for solution many
of the problems of formalization of natural language and
passing the Turing test in increasingly tough conditions
for the test systems in the near future.

For solving the problem of generating the meaningful
speech a lot of tools are used today by both Semantics and
Artificial Intelligence within the notional apparatus and
the various models of mathematical Semantics. In
particular, the analysis of natural language was
traditionally applied within the following models and
tools such as the method of ontology, the method of
linguistic classification, the method of multidimensional
data, OLAP systems, relational database, frames,
generative grammars, in particular, generating Montague
grammar, semantic network theory graphs and the
resolution method, hybrid systems, and linguistic
methods, such as component analysis, the paradigmatic
method, the approach of American structuralism, etc [1-8].

There is a topical problem of generating meaningful
subsets of the natural language with various
approximations. The solution to this problem greatly

simplifies tasks such as the construction of expert
systems, e-learning systems, automatic transfer systems,
programs to support dialogue with users, creating natural-
language interface. The solution to this problem is mainly
determined by the problem of passing Turing test by
software systems, providing identity and the inability to
distinguish a dialogue with a person and a dialogue with a
software system.

The novelty to offer a classification of generative
grammar rules or relational patterns subsets, based on the
multidimensional model of the natural language based on
the proposed vectorized semantic classification of words
and notions of natural language.

The main idea is to view the grammatical and lexical
spaces sequence linked by the generation process
according to this or that generative grammar rules subset
or relational patterns subset. The idea can be applied to
solving the task of automatic educational tasks generation
algorithms creation.

In the work of D. V. Lichargin “The Methods and
Tools for the Generation of Semantic Structures is the
Natural Language Interface of Software Systems” and “A
Multidimensional View of Data on Vocabulary and
Grammar of the English Language” the following model
of the meaningful natural language generation is offered.

One can specify the states space for such units of the
natural language, as words and notions. The space of the
grammar of language is described by the space
coordinates (Fig. 1, 2):

— Members of the Sentence (Subject, Predicate,

Object, ...);
— Parts of Speech (Noun, Pronoun, Verb, ...);
— Grammar  Categories (Plural, Collective,

Superlatives, ...).

Next, we construct the lexical space of words of the
language (data cube) with the following coordinates is
presented:

— Word Order (Doer, Action, Receiver, Property of the
Receiver, ...);

— Topics (Food, Clothes, Body, Building, Money, ...);

— Options for Substitution of Words in a Sentence
(Possitive, Neutral, Negative; Maximal, Large, Medium,
Little, Minimal, ...).

*I/ICCJ’IeZ[OBaHI/Ie BBIIIOJIHEHO IIPpU MOAJACPIKKE MPIHI/ICTepCTBa 06pa3013aH1/151 U HAYyKH Poccutickoii (Denepaum/l, COIjIalIiCHUE

14.B37.21.1010.
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Words and Sentences
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Grammar Space of
Words and Sentences
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v

Functions of Sentences
in Multidimensional
Lexical-Grammatical Space

Fig. 1. The Lexical and Grammatical Space in the Model of Meaningful Language Generation

Vocabulary
Space of Words
and Sentences

Generative Grammar
or Relational Patterns Rules

Fig. 2. The principle of Lexical Space — Grammatical Space transformation

Noise

Grammar Space
with Semantic

Methods of Pattern-Based Semantic Decompression patterns Adding and Text Composition / Decompression

Doer Action Object Substance
I Eats The ... With / without ...
We Cooks Dish Beef
Bob Roasts Potatoes Fish
I Sews The ... From ...
They Knits Jacket Wool
The girl Irons Shirt Cotton
Subject Predicate Object Modifier
My DOER'’s ACTION.MAKING-ing Needs / requires / ... Good / nice / ... + SUBSTANCE
My cook’s roasting needs (good) beef
My mother’s sewing refers to (brilliant) silk
This / the / the given +|Isgood/nice/ideal/ ... for |Formy/his/her/ ...+ DOER |To + ACTION
SUBSTANCE
Silk Is good for My mother To sew
Fish Is ideal for My brother To cook
ACTION-ing Cannot / will not + go on / - Without + such / this / ... > like
continue / be done / be all this + SUBSTANCE
right
Cooking Will not be done - Without beef
Knitting Will not be all right - Without wool

In this respect, when addressing the problem of real
texts processing in a particular language as a part of
program — generators and analyzers of meaningful speech,
it is necessary to solve the problem of removing the
semantic decompression patterns. Semantic
decompression patterns are present in the texts written in
different language styles: from the academic style with a

low degree of semantic decompression patterns up to
slang with an extremely high degree of semantic
decompression patterns.

Semantic decompression patterns are the formal
interpretation of emotional expression and depth of the
subject. The computer, in particular, can consider it to be
unimportant for the task of generating any units of the
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natural language: words (such as neologisms) sentences
and texts.

For the generation of statements with semantic
decompression patterns one can also use the method of
generating semantic decompression patterns by analyzing

the semantic structures of notions and their

transformation. For example, the word “to like”

corresponds to the vector of coordinates:
[RELATION-CREATURE-X \ ESSENCE \

POSITIVENESS].
The word “beautiful” corresponds to the vector
attributes:

[RELATION-X \ ESSENCE \\ RELATION-
CREATURE-X \ IDEA \ ON (NOT) LIVE \
POSITIVENESS].

The word “to look” corresponds to the vector of
semantic features:

[RELATION-CREATURE-X \ ESSENCE \
RELATION-CREATURE-X \ IDEA \ ON (NOT) LIVE
\ POSITIVENESS].

As a result, it is possible to take an opportunity to
regroup the semes of the natural language within a
semantic web for each of the word. For example, the
phrase “the apple is beautiful” can be transformed into the
phrase “I like the form of the apple”. In this case, the
concept of “beautiful” falls into the group of semes with
the meaning “to see” and a group of semes with a value of
“good”, “love” or, for example, “nice”.

Based on the offered model the following scheme of
natural language generation is offered (see the table).

For example, the sentence “I cook dinner” can be
transformed into (“My cooking dinner” ... & “The dinner
being cooked by me ...” & “It was ... for me to cook
dinner” & “My dinner after cooking ...”). The example of
parallel generation in the other topics is presented below:
“We build the museum” - (“Our building the museum
...” & “The museum being built by us ...” & “It was ...
for us to build the museum” & “Our museum after

building ...”), similarly “They listen to the music” -
(“Their listening to the music ...” & “Music being
listened to by them ...” & “It was ... for them to listen the
music” & “Their music after listening ...”).

The generative grammar or relational patterns,
used for sentences / text composition and decompression
and semantic decompression patterns addition, can
be subdivided into stylistic subclasses like the ones
below.

1. Common Style.

1.1. Slang.

1.1.1. Tabooed Style.

1.1.2. Criminal Argo.

1.2. Neutral Common.

1.3. Pun.

1.4. Mass Media Style.

2. Artistic Style.

2.1. Poetry.

2.2. Prose.

2.1. Fantasy.

22. ...

3. Scientific Style.

3.1. Academic.

3.2. General Science.

3.3. Popular Science.

4. Religious Style.

4.1. Orthodox.

4.2. Buddhism.

4.3.Islam.

44. ...

5. Neutral Style.

5.1. Journalistic Style.

6. Mixed Style.

Below a general scheme of reducing a complex
literary phrase to a simplified synonymic equivalent by
adding logical, semantic, grammatical, morphological,
sound and other noise addition patterns / decompression
patterns is presented (Fig. 3).

/\ 1. Topic Level: one word or a row of homogeneous words

2. Logical Level: logical subject, predicate plus link and modality

\

3. Semantic Level: Dimensions of Topic, Position in a Sentence
and Semantic Groups

\

4. Grammatical Level: Dimensions of Parts of Speech, Members
of the Sentence and Grammatical Categories

AN

Sa. String Level: Sentences, Words, Letters
and Punctuation Marks

5b. String Level: Sentences, Words, Letters
and Punctuation Marks

7

6a. Phonetic Level: Phonemes, Intonation
and Timbre

/

7a. Sound Level: Time, Frequency
and Strength of the sound

6b. Symbolic Level: Spelling, Orthography,
Formation

7b. Handwriting Level: Sentences, Words,
Letters and Punctuation Marks

Fig. 3. The decompression patterns tree going through semantic, grammatical, morphological,
phonetic multi-attribute descriptions — multidimensional spaces
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This approach supposed to be used for creating
different kinds of linguistic ware, for example,
summarizing systems, electronic translation systems,
expert systems, natural texts data extraction systems and
others.

Let’s view some principles of translation of a complex
literary text from the point of art — semantic noise
computer interpretation. Translation theory, based on a
solid foundation on understanding of how languages
work, translation theory recognizes that different
languages encode meaning in differing forms, yet guides
translators to find appropriate ways of preserving
meaning, while using the most appropriate forms of each
language.

Translation theory includes principles for translating
figurative language, dealing with lexical mismatches,
rhetorical questions, inclusion of cohesion markers, and
many other topics crucial to good translation, which are

supposed to be viewed as lexical, grammatical,
morphological, phonetic categories multidimensional
spaces data presentation as multilevel means of

compression tree generation for example.

1. “The driver carries the cans
TPHBO3UT KOHCEPBHI ... .

1.1. “The cans carried by the driver ...” — Koncepss,
MPUBO3UMBIC BOJUTEIEM ... .

1.2. “The driver, who carries the cans
Boautenp, KOTOPBIA MPUBO3UT KOHCEPBHI ... .

1.3. “Carrying the cans by the driver ...” — IlepeBo3ka
KOHCEPBOB BOJHTEIIEM ... .

1.3.1. “Carrying the cans from the side of the driver
...” —IlepeBo3Ka KOHCEPBOB CO CTOPOHBI BOAUTENS ... .

1.3.2. “Carrying the cans by the efforts of the driver
...” —IlepeBo3Kka KOHCEPBOB YCHJIUSAMHU BOJAUTENS ... .

1.3.2.1. “The process of carrying the cans by the
efforts of the driver ...” — IIponecc epeBo3ku KOHCEPBOB
YCUITUSIMH BOJHUTENSA ... .

1.3.2.2. “The task of carrying the cans by the efforts of

>

..” — Bopgurenn

2

the driver ...” — 3ajaua nepeBO3KH KOHCEPBOB YCHIIUSIMA
BOJHTEN ... .

1.3.2.3. “Carrying the goods, for example, cans by the
efforts of the driver ...” — [lepeBo3ka ToBapoB, HarIpuUMep,

KOHCEPBOB YCHJIMSAMH BOAUTEIA ... .
1.3.2.3.1. “Carrying the consumer goods — cans by the
effort of the driver ...” — IlepeBo3ka MOTPEOUTENHLCKUX
TOBapOB — KOHCEPBOB — YCUITHSAMH BOAUTEINS ... .
1.3.2.3.2. “Carrying the goods — round cans by the
effort of the driver ...” — IlepeBo3ka TOBapoB — KpYTJIbIX
KOHCEPBOB — YCHJIHSAMH BOAUTEIIS ... .

1.3.2.3.3. “Carrying the goods — metal cans by the
effort of the driver ...” ITepeBozka TOBapoB —
METAJUTMYECKUX KOHCEPBOB — YCUIIUSIMU BOJHUTENA .. .

It is also important for human translation process [9;
10] and teaching future translators and interpreters. The
translator should understand perfectly the content and
intention of the author whom he is translating. The
principal way to reach it is reading all the sentences or the
text completely so that you can give the idea that you
want to say in the target language because the most
important characteristic of this technique is translating the
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message as clearly and natural as possible. The translator
should have a perfect knowledge of the language from
which he 1is translating and an equally excellent
knowledge of the language structure into which he is
translating. At this point the translator should have a wide
knowledge in both languages for getting the equivalence
in the target language, because the deficiency of the
knowledge of both languages decompression and
compression principles will result in a translation without
logic and sense.

The translator should avoid the tendency to translate
word by word, because doing so is to destroy the meaning
of the original and to ruin the beauty of the expression.
This point is very important and some reader can
express another meaning or understanding in the
translation. The translator should use the types of speech
in common usage. The translator should bear in mind the
people to whom the translation will be addressed and use
words that can be easily understood. Similarly electronic
translation systems should have an option for simplifying
the translation for a definite user — form a child to a
specialist in another sphere, an ordinary user. All this
makes the problem of translation a task of Al level.

The translation adequacy must be taken into account
in fiction literature translation especially carefully, and
much more intellectual electronic translators should be
used for this in the future. Khatuna Beridze, lecturer of
the translation theory and practice at the Batumi State
University mentions that there are both linguistic and
extralinguistic aspects that hinder to reach adequacy in
fiction translation. Semantic information of the text
differs essentially from the expressive-emotional
information of the text but they have one common trait:
both can bear and render extralinguistic information.
Extralinguistic information often becomes a stone to
stumble over by a translator, as it is a lingvoethnic barrier
for a fiction literature translator; misunderstanding or
misinterpretation of the extralinguistic information means
can be the following:

1) Either what was actually communicated in the SL
text, what means the pragmatic core of the SL text may be
lost or therefore in the TL text ambivalence may arise for
the recipient reader;

2) Or there may be misrepresented the author's
communicative intention, the social context of the
scene/situation as well as disposition or relationships of
the communication participants.

Good examples could be brought from translation of
stories and novels by V. P. Astafiev. The works of world
famous Siberian writer V. P. Astafiev are very difficult to
translate because his language is very distinctive, he uses
a lot of non-standard events (phenomena), and the
translator must handle the material carefully, for not to
lose the value and meaning of the content. All non-
standard language features in his works can be divided
into the following groups: dialect, vernacular, colloquial
vocabulary, considering that the vernacular vocabulary is
relatively the largest group.

Abnormalities in the speech of the characters serve as
a mean of typification or, alternatively, as a mean of
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linguistic characteristics of a story hero. Abnormalities in
the speech of the characters appear at all levels of the
language: phonetic — phonetic distortion of the word
shape, morphological — mistakes in coordination of
number, gender, declension of nouns, syntactic — the use
of specifiers (“amak”, “Hate Bam™) to connect the
sentence. However, most examples of deviations from the
norm are at the level of vocabulary that can be considered
as a marker of social status of heroes.

So, the semantic compression and decompression
should take into account all the tiny particularities of the
natural language.

In the author’s speech non-normative events often
serve as a mean of creating imagery, expressing the
author’s expression. Sometimes the vernaculars in the
speech can be considered as the author’s irony.

Let’s see some examples of vernaculars from
Astafiev’s text.

«Bapnax» — villain (3moneii, Heromsit).

«Oxmamon» — dolt (mypeHs, 60BaH).

«Ilopocsra xopkaroT» (XprokaTth) — to snort
(dpbIpKaTh).

«3aKkokarb Kypoukoi» (Kynaxrars) — cackle like a hen.

Sometimes interpreters can’t find the appropriate
translation of definite phrases, because of distinctive
character of Astafiev’s prose.

«®Dynurany — hooligan.

«3a uro xucTh noryomm» — What have I made such a
mess in my life for.

«A TIOTIOMEHBKU-TIOTIO» — A-diddums, a-diddums, a-
diddums!

«A momomeHbpku-m0a0» — A-doodle, a-doodle, a-
doodlums!

4 renepatop yuebubix sapganmi

®aiin  HacTpoiin  Momows
|AZO| B

leHepaTop 3agaHuii |

«A wmamomeHsku-mamio» — A-doodle, a-doodle, a-
doodlums!

In some cases interpreters translate words and phrases
in such case that readers can understand the sense, but
originality of author’s language is lost.

«Kumm  Xymo, OemHO, HATy)KHO M HEIPYXKHO,
BPa3HOILISCY —

We had a mean, poor, strained, discordant life,
dancing to different tunes.

«Mcnommuuaincs coscem» — [ had turned into a real
little scoundrel.

The algorithm of more effective translation will be
viewed as the following sequence of actions.

1. Writing generative grammar rules for potentially
fully generation of a natural language subset in a definite
approximation.

2. Potential generation of all possible states of the
language around the standard classifications of the needed
natural language units — standard words, new, occasional
words, simple sentences, sentences with artistic
phenomena (conditionally) interpreted by computer as
semantic noise.

Because of the fact that deep emotional connotation is
a very difficult task for linguistic software, the task
to create the software, algorithms and approaches
for automatic task generation was selected for applying
the semantic noise addition model. It can be very useful in
e-learning courses systems [10]. Such a task was realized
based on language combinability theory and now such
educational task generation systems are improved
(Fig. 4). One of the next steps is to use second level
patterns for language generation (see the table).

=loix|
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Fig. 4. Software for Automatic Educational Tasks Generation
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In this way the two-levels patterns can be used for
example for generating an educational task based on word
combinability principles: “the user + takes + some wire”
(Topic: Details of Equipment, Positions: Doer + Action +
Receiver, Variants: Passive + Presentation-Passive +
Metal-Long-Flexible); based on the phrase a task can be
formed: “the user + takes / eats / wears / lives in + some
wire”. The head of the task can be like: “select a proper
word from the list” or “fill in the gaps with one of the
variants, offered below”, etc. But further the
decompression of the phrase can be made by adding
semantic noise: “the user’s taking the wire was necessary”
or “the wire after taking by the user was given to me” (see
the table). Corresponding tasks could be made based on
the decompressed sentences of the non-reduced form, for
example, “the wire after taking / eating / wearing / living
by the user was given to me”. The database of the second
level semantic patterns should be created for the
applications in e-learning linguistic software.

In the article the observation of multidimensional data
by the natural language, particularly English, is given. It
is possible to apply a multidimensional model of the
natural language, semantic vectorized classification of
words and notions of the natural language to make an
assumption about the stylistic classification structure of
the generative grammar rules set or relational word-
sentences pattern sets, used for natural language
generation. The structure of such rules has been analyzed.
They can be used for text and sentences compression and
decompression. The methods of using decompression by
second level speech patterns for language generation are
offered for improving linguistic software for automatic
tasks generation for examples for the lessons of a foreign
language. Further investigation in the sphere is necessary.
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HNPUHOUIIBI KOMIIPECCUHA U JEKOMITPECCUH B PAMKAX MHOI'OMEPHOI'O
HNPENCTABJEHWUA ECTECTBEHHOI'O SI3bIKA
B IPUMEHEHUWU K TEHEPAIIUN YYEBHbIX 3ATAHUU

B oannoit pabome paccmampusaemcest npobaema 000aeneHuss wWadIOHO8 CEMAHMUYECKOU 0eKOMNPEeCCUU K OCMbLC-
JIEHHBIM NPEONONCEHUSM, NOPOACOAEMBIM 8 8UOe QYHKYUL HA MHOLOMEPHOM 8EKMOPHOM NPOCMPAHCIMEE NOHAMUL eC-
mecmeenno2o azvika. Ilpednazaemcesa modens 00basneHus WabIOHO8 CeMAHMUYECKOU 0eKOMNPeccul, Ha OCHO8e Cmiu-
JUCMUYECKU 8bIOCNEHHBIX MHOJICECNE NPABUI NOpodcoalowell epammamury. Paccmampusaemcsi ciodicHocmes npooine-
Mbl Hepesoda eCmecmeeHHbIX 3b1K08. Paccmompennas modens obecneuugaem blnOIHEHUE AN2OPUMMOE O00AGIeHUS.
WAbIOHOB CEMAHMUYECKOU 0eKOMNPECCUU, KOMopble MO2Ym Oblmb UCTONb308AHbL O/l YIYYUIEHUS] NPOU3BO0OUMETbHO-
CMU NPOSPAMMHO20 obecneyerls, NPeOHA3HAYEeHHO20 OIS 2eHepayuU Y4eOHbIX 3a0aHUlL.

Knrouesvie crosa: nopoofcdeHue eCcmecmeennoco A3blKa, ceHepayusi OCMblCIIEHHbIX npedﬂoofceHmZ, mecm TbiOpuHZd.

© Lichargin D. V., Safonov K. V., Nikolaeva N. V., Chubareva E. B., 2012
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IKCHEPUMEHTAJIBHOE HCCJIEJOBAHUE OIIBITHOI'O OBPA3IA HAI'PY30YHOI'O
YCTPOUCTBA PEKYIIEPAIIMUOHHOI'O THUITIA*

IIpusedennl pezynbmamol IKCHEPUMEHMATLHOZO UCCAEO08AHUSL ONBIMHO20 00PA3YA HASPY30HUHO20 YCMPOUCMEa pe-

KynepayuorHnoco muna.

Kniouegvie cnosa: naspysounoe ycmpoucmeo, snepeocoepedicetue, pexynepayusl.

Harpy3ouHoe ycTpoicTBO pPEKyNepalOHHOIO THIA
(HYPT) BxoauT B cOCTaB 3HEProcOEpETaroero UCIbITa-
TEIFHOTO KOMITIEKCa, MPEJHA3HAYeHHOTO ISl Ha3eMHBIX
UCIIBITAHWH MOIIHBIX BTOPUYHBIX HMCTOYHHKOB SHEPro-
cucreM kocmuueckux ammapatoB (KA) [1]. Otnmunrens-
HOU ocoOeHHOCThIO paccmaTtpuBaemoro HYPT sapnsercs
peKymnepanus JIEKTPOIHEPTHH B CETh ITOCTOSHHOTO TOKa,
MUTAIOINLYI0 KOMIUIEKC.

[esp10 9KCIIEPUMEHTANIBHBIX MCCIICTOBAHUM SIBIISICTCS
IPOBEPKAa COOTBETCTBHS CTATMYECKUX M AMHAMUYECKHX
XapakTepucTuk omsiTHOTO oOpasua HYPT pacuerHbiM
3HAYCHHSM.

CrpyKTypHas cxeMa 3HeprocOeperaromero HCIbITa-
TENBHOTO KOoMIUIeKca (pHuc. 1) comepKUT UCTOYHHK Oec-
nepeboiinoro mmranus (MBIl), nepBu4HbIA HCTOYHUK
anexrposHepruu (IIMD) ¢ BEIX010M Ha MMOCTOSHHOM TOKE,
nmurarop cosHeyHoit 6arapen (VICB), BocipousBoasmii
BOJIbTAMIIEpHYIO XapakTepucTuky (BAX) m BeIxomHoM
HMIIEZIAHC COJIHEYHOH Oarapeu, NCIIBITHIBAEMBI BTOPHY-
HBIH HCTOYHMK snekTpornurtanus (BUII) m HVYPT, saB-
nsromIeecs nmoTpedureneM mo oTHomeHuo k BUIT. TIMD
MOXeT BXoauTh B coctas MCb.

OmnbitHeid 00pazer; HYPT comepkut nBa uUMITyJibc-
HBIX crabmm3aropa BxogHoro Toka (MCT), BKIIOYeHHBIX
napamiensHo. Kaxapit UCT cocToUT U3 MMITyJIBCHOTO
npeodpazosarenst Hanpspbkenus (MIIH) ¢ ¢a3oBem
ynpaeienueM u Onoka ympaenenus (bY). UIIH mnpen-
CTaBJIsIET COO0H MOCTOBYIO CXEMY C TAJIbBAHUYECKOW pa3-
BSI3KOI Ha MoBbIIaMONIeM TpaHcdopmarope. B kauectse
IMNM-koHTpomepa ucnonab3oBaH koHTpomiep UC3875 ¢

(ha30BBIM  yNIpaBICHUEM, OOCCHEUMBAIOUINM «MSTKUI
PEXUM TEPEKITIOYCHNS CHIIOBBIX KITFoueH [2].

BennunHa TOKa cTaOMIM3aLUM 33la€TCs COOTBETCT-
BYIOLLIEH YCTaBKOW MCTOYHHKA OIOPHOTO HalpsKEHUs
(MOH) xomanzoii ynpasisoniero ycrpoictsa (YY), YV
TaKke KOHTPOJHMPYET BBIXOAHOW TOK W HamNpsDKEHHE
BUII. Ilpu npessimenuu BeixogHoro toka BUIT makcu-
MaJIbHO BO3MOXKHOTO notpedisiemoro Toka HYPT ynpas-
JISIFOIIIEe  YCTPOMCTBO BBIJAECT KOMaHAy Ha pPa3MBIKaHHE
tBeprorenpHoro pene (TTP). Bo nzbexxanue ckadka Toka
IpH BKIIOUeHUH nin noaxmtodennu BUIL, VY ymensma-
et Hanpspkeaue IOH 1o Hyns pu oTCYyTCTBUH HaIpspKe-
Hus Ha Bxoxe HYPT.

Bexomnas BAX UCT mpu mOCTOSHHOH BXOIHOU
MOIIHOCTH MpeJCTaBisieT co0oi 0OpaTHO NPOIOPIHO-
HAJIBHYIO 3aBUCHUMOCTH (pHc. 2), BeixogHas BAX IIMD
(crabunmnzaTopa HampsHKEHUS) — MPAKTUYECKH TOPH30H-
TanbHas JUHUA. B ciydae ecnu BBIXOJHOE HampsKEHUE
UITH1 wnu UITH2 Huxe BeixomHoro HampspxeHus [T,
TO COOTBETCTBYIOUMHI anoa VD2 wnu VD3 Oynet 3akphiT,
WITH nonaner B pexXuM X0JIOCTOTO X0JIa, YTO MPUBOINT K
POCTY BBIXO/IHOTO HAlpsDKEHUS! M OTIHPAHUIO COOTBETCT-
Bytowero nuona VD2 unu VD3. ToBeilieHHE BBIXOAHOTO
Hanpspkeanss WIIH1 wmm WITH2 Beimre BRIXOAHOTO Ha-
npsokerns [IMD mpuBener k 3anmpanuio muoma VD1 u
YMEHBILICHNIO YPOBHS YHEPIHHU, HAKOIUIEHHOM B KOHTYpE
pexynepauuu (MbC, BUIT, HYPT), uto B KOHEYHOM cUe-
T€ TPHUBENET K YMEHBIICHUIO BBIXOJHOTO HAIPSHKEHMS
WITH u ornupanuto auona VD1. Takum oOpazom, B cra-
TUYECKOM pexkuMme BbIxonHble HampspkeHuss WITH1 u
WITH2 paBHBI BEIXOJHOMY HanpsbkeHuto [1T13.

Hazpysoumoe YompolomBo pexyrenayuonHoze mung
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Puc. 1. CtpykTypHast cXxeMa HCIIBITAaTEIbHOTO KOMIUIEKCa ¢ ONMBITHBIM oOpasnom HYPT:
WBII — ucrounuk Gecniepedoiinoro nutanus; [TMD — nepBuuHbIi HcTOYHUK dekTpodHeprun; MCh — umuTatop conHevHoi Oatapeu;
BMUII — ucnbIThIBa€MBIi BTOPUUHBIA HCTOUHUK MEKTponuTanus; Y'Y — ycrpoiictBo ynpasnenus; TTP — tBepnorensHoe pene;
MOH — ucrounuk onopsoro Hanpspxenust; UITH — ummynbcHbi mpeobpa3oBatens Hanpsbkenus; BY — onok ynpasnenns UITH

*Pabota BbmmonHeHa npu ¢guuancooil nognepxke PLIT «Haydnsle n HayyHO-IIearornueckue Kajapbl HHHOBaLMOHHOH Poc-

cum» Ha 2009-2013 rr.
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Puc. 2. Beixoansie BosbTamnepHsie Xapakrepuctukua UCT u [T Puc. 3. Ilepexoanoii mpouecc mpu Habpoce
u cOpoce Toka Harpysku. Macmrad 5 A/B
Just npaktuku noseiwenns MouHoctn HYPT nyrem 197, o,
napamensHoro BkimodeHuss CT mpexpcraBiser uHTEpEC ol
TOKOBBIPAaBHUBAHKE NapaieabHo BKmodeHHbIX MCT kak
110 BXOJHOMY TOKY, TaK U 10 BBIXOJHOMY. T

ITpu kpyromamaromux BAX HCT pazbpoc no Toky 2+

pexynepannn UCT He3HauwTeNeH, MOATOMY He TpeOyeT-

Csl TEXHUYECKHUX CpencTB Al TokoBbIpaBHMBaHMA MCT. 5T

OKCHeprMeHT MOKasall, 4To pa3dpoc Mo BEIXOAHOMY TOKY il

cocraBisger mopsaaka 3,2 %, mo BxomHomy — 1,4 %

(cm. puc. 2). a
Junamuueckue xapakrepuctuku HYPT ouenuBarotces 21

IO BUJY INEPEXOJHOro Ipolecca MpHU CTYHNEHYaTOM Ha-

O6poce u coOpoce Toka Harpy3ku BUII. MaxcumanbHas a7

CKOpOCTh HapacTanus BxoaHoro Toka HYPT cocrasnser 14

6,6 A/Mc, MakcuMallbHasi CKOpoCTh crana — 160 A/mc. T e
BpeMst peryiaMpoBaHds COCTABISET MOPAAKA S5 MC S T . Y
(puc. 3).

COOTBETCTBUE  IKCIIEPUMEHTAJIBHOTO  MEPEXOIHOTO Puc. 4. Ilpusenennas omnbka 1o Toxy Harpysku BUII

mporiecca Mpu CTyImeH4YaToM Habpoce m cOpoce Toka Ha-
rpy3ku BUII pacuerHoMy mnonaTBepkaaeTcs TpadukoM

o . 25007
npuBeeHHO omoku (puc. 4) (1): P. Bt
I (1)~ 12 (1)
_ T{¢) o
a(t) = 100 %, so004
max
rae &(t) — npuBeneHHas ommOka; [, (f) — 3HadYeHHs
1500
Toka Harpy3ku BUII, moirydeHHBIC SKCIEPUMEHTANBHO;
I (t) — 3HaueHus1 Toka Harpy3ku BMUII, mosydeHHble
TEOpeTudecKn; [ .~ — MaKCHMalbHOE 3HAYEHHE TOKa 1T
Harpy3ku BUII. MakcumanpHOE 3Hau€HHE OIIMOKU HE
nipeBbIIaeT 7 %. san4
s ouenku 3¢pdexruBaoctr HYPT usmepens! suHep-
rerudeckue xapaktepuctuku HYPT u IO (puc. 5). Ot Pyyvpr. BT
[IUD motpebmsieTcst SHEPTUs, HEOOXOAMMAsT TOJNBKO IS } } } } f j
0 500 1000 1500 2000 2500 3000
komneHcanuu noteps B UCh, BUIT u HYPT. Ilpu Bxoa-
Hoi momHocTn HYPT 3,0 kBt or IO notpebiusiercs Puc. 5. 3aBucumoctu pekynepupyemoit momaoct HYPT
MoOILHOCTH He Gonee 0,9 kBT. U BbIXoiHOM MomHocTH [T ot BxoaHo# Momuoct HYPT
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KOB(I)(I)I/H_II/IQHT pexynepanun (KPEK = PPEK/PHYPT)
CHauaja YBEIUYHMBAETCS C POCTOM BXOAHOM MOIIHOCTH
HYPT, 3arem ymenbmaercs (puc. 6). Poct o0ycnoBieH
YBEJIMYEHUEM JOIHM PEKyIepUpyeMoil MOLTHOCTH IO OT-
HouIeHuro K norepsM. Cnan ko duirieHTa pexynepanyun
BBI3BaH YBEIMYEHHEM IIOTEPh C POCTOM BXOJHOTO TOKa
HYPT. MakcumanbHoe 3HaueHHe KO3((HUIMEHTa PeKy-
riepanuu — 84 %.
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Puc. 6. 3aBucumocTs K03 GHIIEeHTa peKyTIepani
ot BxogHou montHoctd HYPT

Wcnertanus BUII MoryT 3aHMMaTh JUIMTENBHOE Bpe-
Msi, 1 BO M30€XaHUE CpbiBa IpaduKOB HCHBITAHUHA NpPU
NpONaJaHUM CeTH MEePEMEHHOI0 TOKa, B COCTAaB HCIIBITa-
TenbHOro kommekca BxoxuT WBIIL. Ilpum nponamanumn
MUTAIOIEN CEeTH MEPEMEHHOI0 TOKA HCIOIb30BAHUE pe-
KyHepauy 3JIeKTPOIHEPTUU B CETh MOCTOSIHHOIO TOKa
YBEITMYMBACT BpeMsI pabOThI HCIBITATEIHPHOTO KOMITIEKCa
oT akkymyJisitopoB UBII. Ilpu ucnonszoanuu UBII map-
ku Eaton 9130 5000 npu Harpy3ke B 3 kBT nmpumenenue
pEeKyIepanny 3IeKTPOIHEPTUH B CETh MOCTOSIHHOTO TOKa
HO3BOJIICT YBEIUYUTH BpeMs PadOTHl HCIBITATEIBHOTO
KoMIutekca ot 6atapeii UBI1 npubnusurensho B 3 pasa.

OnbiTHei 00pazenr HYPT 100/3,0 (puc. 7) obnanaer
CJIEAYIOIIMMY XapaKTePUCTHKAMU:

— MakcHMaJbHas moTpedisieMasi MOIIHOCTh — 3 KBT;

— JIMana3oH BXOJHBIX HanpspkeHuit — 65...120 B;

— MaKCHUMAaJIbHBII TOTPeOIIsieMbIil TOK — 46 A;

— MakCHMaJIbHasi CKOPOCTb HApaCTaHUsI BXOAHOTO TO-
Ka — 6,6 A/Mmc;

— MakCHMaJlbHasg CKOPOCTh CMaja BXOJHOTO TOKa —
160 A/mc;

— MakcUMallbHbIi Kod(duIMeHT pekynepanuu —
84 %.

HYPT 100/30]

o/
[t

[
HYPT X4

[
u

2
[Hep x5!

Puc. 7. Buemnnii sug HYPT 100/3,0.

Kommnekec nMeeT BO3MOXKHOCTH YIpPaBJIEHUS MO UH-
tepgeiicy RS-232 u Ethernet.

HVYPT mnos3BossgeTr 3amaBaTh BBIXOJHOH TOK HCIBITHI-
Baemoro BUII B guanazone ot 0 10 46 A c marom 0,1 A.
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A. O. JIeixun, A. A. Ky3yoos, C. A. Bapranos, M. B. CepxantoBa, H. C. Enuceesa

3ABUCUMOCTbD CIIMHA OCHOBHOI'O COCTOAHUA AKTUBHOTI'O IIEHTPA Fe,S,
OEPPEJJOKCHUHA OT OPUEHTAIIMA JIMT'TAHIOB*

B pamrax meopuu ¢ynxyuonana nrommocmu paccmompeno cmpoerue oxucienHou gopmel kiacmepa [2Fe—2S5—
4(SCH;), sensiowe2ocs anano2om akmugHo2o yenmpa benxa geppedoxcuna. Iokazana 6o3moacnocms Heaouaba-
MUYECKUX CRUH-3ANPEUeHHBIX Nepexo008 Mexcoy KOHGopmepamu Kiacmepa, HAX0O0SWUMUCs 6 CUHSIEMHOM U Mpu-
NJIeMHOM CRUHOBbIX cocmosiHusix. Tlonyyennvie nepexooHble CMpPYyKmMypbl MO2ym Oblib UCHOIb306AHbL NPU U3YYEHUU
MEXAHUZMA Pearyull K1acmepad ¢ yuacmuem GblpoNCOEHHbIX CHUHOBbIX COCINOSHUIL.

Kniouegvie cnosa: gpeppedoxcun, neaduabamuueckue npoyeccol, meopusi QYHKYUOHAIA NIOMHOCHIU.

[Iupoko ucnonb3yeMoe B KBAHTOBOW XUMHHU aauada-
THUYECKOE TPHUONMKEHHE IMPEANoiaracT pacueT IHEPrHu
CTPYKTYPBI ITpU (PUKCHPOBAHHBIX TTOJIOKECHUSX SIIEp aTo-
MOB M HaXOXJEHHU CHCTEMBI B OCHOBHOM 3JIEKTPOHHOM
coctostHru. OfIHaKO B psifie CIydaeB pasHUIA MEXKIy Oc-
HOBHBIM M BO30Y’KAECHHBIM COCTOSTHIEM MOKET OBITH JJOC-
TaTOYHO Maja, B PE3yJIbTaTe YETO CTAHOBUTCS BO3MOXK-
HBIM II€PEXOJ Ha MOBEPXHOCTH NMOTEHIUAIBHON 3HEPrUU
BO30Y)KAEHHOTO COCTOSIHMSA. M3yueHue Takux Heaxuada-
THUYECKHUX IPOLECCOB SIBISETCS OJHOM M3 Hanbosiee aKTy-
QIBHBIX 33/1a4 B 00JAaCTH AWHAMUKU XMMHYECKHX peak-
uii [1; 2].

OnucaHue CIMHOBOTO COCTOSIHUSI CHCTEMBI HWIPaeT
0c00yI0 pOJIb B 3JIEMEHTOOPTaHMYECKOH U OMOHEOpTaHH-
yecko xumuu [3]. B yacTHOCTH, HaBHO W3BECTHO, YTO
W3MEHEHHE CITMHOBOTO COCTOSTHMS HAlpsIMyIO CBSI3aHO C
MIPOTEKAHUEM PEAKIHil, B KOTOPHIX YIaCTBYIOT I'€MOIIPO-
TeuHbl [4]. Bce Oompiree 3HaueHwe mpuoOpeTraeT KOH-
TPOJIb CITMHOBOTO COCTOSIHHSI B KaTaIUTHYECKHUX IPOIEC-
cax, HaTIpuMep ¢ ydacTueM xenesa [5]. Peanuzamus He-
annabaTrdyeckux 3PQPEeKToB B CHCTEMaX C MEPEeXOJHBIMU
MeTajllaMH HalpsMylO CBf3aHA CO CIHMH-OPOHMTAalIbHBIM
B3aUMO/ICHCTBUSIM MEKIY JIEKTPOHHBIMH COCTOSTHUSIMHU C
pa3HbIMH cIMHAMH. B 3Toii cBsi3u ocoboe BHUMaHHE y/ie-
JISIETCSl PACCMOTPEHUIO JKEJIe30CoAepKAIIUX OEIKOB, Ha-
npumep ¢eppensokcrHa. B kadecTBe aKTHBHOTO ILIEHTpa
9TOro OeNKa Jalle BCEro BBICTYIACT OMSAEPHBINA KilacTep
[2Fe—2S], KOTOpBIf CBSI3aH C YETHIPHMS LHUCTCHHOBBIMHU
ocTaTKam#, (OPMHPYIOMIMMHU OIHM3KOE K TeTpadpude-
CKOMY OKpy>KeHue il kKaxzaoro aroma Fe. Takas moznens
aKTMBHOTO IIEHTPa XapaKTEePU3yeTCsl 3aMEHOM IIUCTEHHO-
BBIX OCTaTKOB HAa THOMETWJIbHBIE TPYTIIIHI.

[Ipnmenenne Teopun (QyHKIMOHATA IFIOTHOCTH B MO-
JIETTMPOBAaHUN CTPYKTYPbl aKTHBHOTO LEHTpa (epperok-
CHHA TI0Ka3aJl0 BO3MOXKHOCTH CYIIECTBOBAHHUSI OKHCIICH-
HO# (opmsI kimactepa [2Fe—2S—4(SCH;)])* B BHe OXHOI
n3 17 paBHOBECHBIX KOH(OpMAIMH, OTIMYAIOUINXCS Be-
JIMYUHOMW JIBYTPaHHOTO yria, obpazyemoro aromamu Fe—
Fe-S—C [6]. Omnako kpucramiorpaguyeckue JaHHbIE
CTpOCHHSI OENKOB CBHUICTENBCTBYIOT 00 OTKIIOHEHHUSX
PACCUMTAHHBIX 3HAYCHUH YTIIOB B Ta30BOW (pa3e OT IKC-
MIEPUMEHTAIBHBIX, YTO, 110 MHEHHIO aBTOPOB, CBS3aHO C
AMUHOKHCJIOTHBIM OKPY)KCHHEM aKTHBHOTO ILieHTpa dep-
penokcuHa. Bmecte ¢ TeM reomMerpuyecKue MapameTpsl

CHCTEMBI OKa3bIBAIOT OIPECIISIONIee BIMSIHUE Ha CITHHO-
BOE COCTOSIHHE KJIacTepa, ero HaxOXKAEHHE B YCTONYH-
BOM, BO30Y’KZEHHOM WJIM MEPEXOTHOM COCTOSIHUH. Y CTa-
HOBJIEHHE BO3MOXKHOCTH CYIIECTBOBAHHS CUCTEMBI B BbI-
POXIICHHOM CIIMHOBOM COCTOSIHUM SIBIISIETCSI BXKHEHIITM
9TAlOM Ha MYTH HCCIEIOBaHUS MEXaHWU3Ma pEaKLUi,
NPOTEKAIOIINX M0 HeaxuabaTHYeCKOMy CIHH-3aIpe-
IIEHHOMY MeXaHu3My [7].

Ha ocHOBaHMM KBaHTOBO-XMMHYECKHX PaCUETOB,
MIPUBEJCHHBIX B [6], OBUTH PacCMOTpPEHBI IATh HanboJjee
SHEPreTUYECKH BBITOIHBIX CTPYKTYP OKHCICHHOH (OPMBI
kacrepa [2Fe—2S—4(SCH;)])*, OT/IHMYAIONINXCS BETHYH-
Hamu AByrpaHHbix yriioB Fe—Fe—S(Cys)-C, rne S(Cys) —
TEpMHUHAIBHBIE aTOMBI cepbl. MozeInpoBaHue 0TOOpaH-
HBIX KOH(OPMEPOB BHIIOJHAIOCH B paMKax TEOPHH
(hyHKIIMOHAJIA TFIOTHOCTH B KBAHTOBO-XMMHUYECKOM ITaKe-
te GAMESS [8]. Ilpu pacuerax MCIONB30BaNCI OOMEH-
HO-KoppemsuoHHbIi pyHkmmonan PBE [9] B 6a3ucHOM
Habope def2-TZVP [10]. Beibop 3Toro 6a3mcHoro Habopa
ObUT OOYCIIOBJICH BBICOKO TOYHOCTHIO MPHONMKEHHUS,
XapaKTepU3yIOIIerocsl CTaHIApTHBIM OTKIOHEHHEM B
SHEprUy aToMM3aluu Ha atoM, paBHeIM 0,022 3B mpu
cpenHeil ommoOKe B JJIMHE CBSI3M MEHee | IM, U OTKJIOHe-
HUEM B BeJIMUWHE yIiia MeHee 1°.

Ontumuzanusi KOHPOpMEPOB MPOBOIUIIACH O€3 Hallo-
JKEHUSI OTPAaHWYEHUH 110 CHUMMETPHH 10 JOCTH)KEHHS
CTaHAAPTHOTO KPUTEPHsI CXOANMOCTH. bpiim paccMmoTpe-
HBI KOH(OpMEpbl B aHTH(QEPPOMATHUTHOM COCTOSHUH
(S = 0) u TpunIIeTHOM CIIMHOBOM cocTosHUH. {111 Hanbo-
Jiee SHEPreTHYECKH BBITOJHBIX KOH(GOPMEPOB TaKxke pac-
CUHUTBIBAJIICH COCTOSHUS ¢ 0oJiee BHICOKOH MYJIBTHILICT-
HOCTBIO.

I'eomeTpuueckue mapaMeTphbl MOTYyYEHHBIX KOH(Op-
MEpOB IPE/ICTaBICHBI B Ta0. 1.

ATOMBI jKele3a M CBSI3aHHBIE C HUMH MOCTHKOBBIE
aToMbl cepbl S3 U S4 pacnoyiokeHbl MPAKTUYECKH B OJ-
HOHN TIOCKOCTH. BBIXOx aTtoma cepbl M3 INIOCKOCTH Tpex
aToMoB He mpesbimaer 4° (puc. 1). ns omucaHus ABY-
TPaHHBIX YIJIOB BBelIeH (PUKTHBHBIA aToM X, TakOW, 4TO
mpsiMasi, IPOXoIAmIasi dYepe3 aToMbl X U Fe2, mepneHmu-
kymsapHa npsameiM Fel-Fe2 u S3-Fe2. Takum oGpazowm,
JIBa aToMa >kene3a M (PUKTUBHBIA aToM X BMecTe oOpa-
3yIOT IUIOCKOCTh G, NEPHEHIUKYISPHYIO K IUIOCKOCTH
Fel-Fe2-S3.

*PaboTa BBIIOJIHEHA NpH HOAnepkke MuHHCTepcTBa o00pasoBaHWss M Hayku Poccuiickoit ®Peneparum (cormiamenne

14.B37.21.0916).



Mamemamuxa, mexanuxa, ungpopmamuxa

Tabnuya 1
JIByrpaHHble yriibl OITHMH3HPOBAHHBIX CTPYKTYP KJacTepa [2Fe—2S—4(SCH3)|*
Ne kongpopmepa | ATom 0 Abs Atom | 02 | Abs 03
Cunenemmnoe cnunogoe cocmosmue

S5 23 23 Cc9 176 4

Al S6 -157 23 C10 -3 3 0,04
S7 23 23 Cl1 -174 6
S8 -157 23 CI2 3 3
S5 24 24 C9 176 4

B S6 158 22 C10 0 0 02
S7 22 22 Cl1 177 3
S8 -156 24 Cl12 -2 2
S5 =27 27 C9 154 26

cl S6 142 38 C10 118 62 2.1
S7 21 21 Cl1 -5 5
S8 -157 23 Cl12 -3
S5 -2 2 C9 -112 68

DI S6 176 4 C10 19 19 0.3
S7 -5 5 Cl1 120 60
S8 177 3 Cl12 120 60
S5 3 3 C9 112 68

El S6 -175 5 C10 -18 18 1.0
S7 -3 3 Cl1 124 56
S8 176 4 Cl12 118 62
S5 4 4 9 117 63

X1 S6 -174 6 C10 125 55 17
S7 5 5 Cl1 25 25
S8 -174 6 Cl12 30 30

Tpunaemnoe cnunosoe cocmosnue

S5 0 0 9 -109 71

A3 S6 177 3 C10 23 23 35
S7 -11 11 Cl1 173
S8 165 15 Cl12 -3
S5 5 C9 108 72

B3 S6 -173 C10 -19 19 34
S7 17 17 Cl1 -176 4
S8 -159 21 Cl2 4 4
S5 5 c9 118 62

3 S6 -174 C10 125 55 13
S7 18 18 Cl1 6
S8 —-162 18 Cl12 7
S5 —4 4 C9 —-116 64

D3 S6 175 C10 26 26 0.7
S7 -16 16 Cl1 133 47
S8 165 15 Cl12 134 46
S5 3 c9 116 64

B3 S6 -176 4 C10 103 77 03
S7 16 16 Cl1 135 45
S8 —-165 15 Cl12 131 49
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Okonuanue maban. 1

Ne kongpopmepa | AToMm 0 Abs Atom (02 Abs 03
Ilepexoonoe chunosoe cocmosinue
S5 5 5 C9 118 62
I S6 -174 6 C10 125 55 15
S7 14 14 Cl1 12 12
S8 -166 14 Cl2 14 14
S5 5 Cc9 119 61
I S6 -173 C10 125 55 14
S7 15 15 Cl1 20 20
S8 -166 14 C12 11 11

Ipumeuanue. B Tabmuie NpuUHATH ciienytomue obo3HadeHus: ¢ — aByrpannsiii yron X—Fel-Fe2—S(Cys); ¢, — aByrpaHHbIit
yron Fe-Fe—S(Cys)-C; ¢; — nByrpansbiii yron Fe-Fe—S3-S4; Abs — aGconoTHOE 3HaYCHHE YIIIOB; BCE BEIUYMHBI NPUBEICHBI B

rpamycax.
Tabauya 2
OTHOCHTEIbHbIE JHEPIHH ONTHMHU3HPOBAHHBIX CTPYKTYP
CrpykTypa E, xxan/moib AT;ZHI{M croras HHOTHF(:;TB Cnun Sy s
Al 11,4 -0,367 0,365 0 2,266
A3 5,5 -0,343 0,498 1 4,051
Bl 11,0 -0,369 0,360 0 2,207
B3 5,5 -0,347 0,499 1 4,076
C1 1 865,9 -0,721 0,348 0 2,165
C3 3,8 -0,349 0,504 1 4,042
D1 0 -0,504 0,503 0 4,000
D3 9,0 -0,320 0,490 1 4,065
El 0,1 -0,504 0,503 0 4,001
E3 9,4 -0,324 0,492 1 4,029
X1 0,9 -0,505 0,504 0 4,007

JIByrpaHHBIC YITIBI @) TOKa3bIBAIOT OTKIOHEHHE TLIOC-
koctu Fel-Fe2—S(Cys) oT o, B cBor0 ouepenp ABYyTrpaH-
Hele yrasl @,Fe—-Fe—S(Cys)-C xapakTepusyioT BBIXOJ
yriiepoaa u3 IIOCKOCTH, GOpMUPYEMOil aToMaMH keresa
Y TEPMHHAIILHBIM aTOMOM CEpbI, C KOTOPBIM YIJIepo| He-
NIOCPEACTBEHHO cBsi3aH. [Ipu omnpeneneHun yrios @, mnep-
BBIA aTOM >Kese3a BhIOpaH Kak HauOojee yNaJeHHBIA OT
aToma yriepoza. B coorBercTBUM ¢ Hymepanueil aToMoOB
B COEJIMHEHUHM K TEepPMUHAIBHBIM aroMam cepsl S(Cys)
OTHOCSATCS aTOMBI S5 u S6, cBsa3annbie ¢ Fel, a Takke S7
u S8, cBsa3annble ¢ Fe2.

CornacHO 3HAYEHUSIM, MPEICTABICHHHIM B TaOl. 2,
Han0oJee SHEePreTHYecKH BBITOJHYI0 KOH(UTypamuio B
CHHIJIETHOM CIIMHOBOM COCTOSIHMM HMEIOT [1Ba KOH(OpMe-
pa: D1 u E1, B Tpunnernom cocrostaun — koHdopmep C3.

B ciyuae koH(pOpPMEpOB B CHHIJIETHOM COCTOSIHUH
pacripeziesieHie CIIMHOBOM TUIOTHOCTH Ha aToMax jKeJe3a
CBHJIETENIBCTBYET 00 aHTU(EPPOMArHUTHOM YIIOpsIoYe-
HUM CIIMHOB, NPH KOTOPOM HECIIApEHHBIE JJIEKTPOHBI C
OJIMHAKOBBIMH CITMHAMH JIOKAJIM30BaHbl HA pa3HBIX aro-
max Fe. Paccuuranubie crimHOBBIE MIOTHOCTH Uil Fel u
Fe2 paBHBI 1O aOCONIOTHBIM 3HAYEHHSIM M IPOTHUBOIIO-
JIOXKHHBI 10 3HaKy. OTKIOHEHHe, HabIrogaeMoe B Cirydae
koH(popmepa Cl, 00ycoBIMBaeT ero BEICOKYIO HEYCTOM-
YMBOCTH 110 CPABHEHUIO C APYTUMH CTPYKTYPAMHU.
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Puc. 1. Ctpoenne kondopmepa Al knacrepa

[2Fe—2S—4(SCH;)*



Mamemamuxa, mexanuxa, ungpopmamuxa

Bmecte ¢ Tem 11 KOHQOPMEPOB B CHHIJIETHOM CITH-
HOBOM COCTOSIHUM XapaKTEpHbI MCYE3alOIle MaJlble BEJIH-
YHHBI CIIMHOBOW TIOTHOCTH Ha MOCTHUKOBBIX aroMax S —
ok010 1 - 10" seKTpoH/aToM, KOTOpbIE BO3PACTAIOT B
CpeHeM Ha JIBa TOpsAKa IPH Mepexojie CHCTEMBI B TPH-
IUIETHOE COCTOSIHHE. 3HAUUTENbHAs! JISIOKATU3AIMS CITH-
HOBOM IUIOTHOCTH MPOSIBJISIETCS JIMIIL HAa MOCTHKOBBIX
aToMax S, B TO BpeMs KaK y TEPMHHAIBHBIX aTOMOB S
moro0Horo 3 dexra He HabmromaeTcs. Mcnonp3ys 3HaUe-
HUs KBaJpaToOB JUIMHBI BEKTOpa CIHMHOBOI'O MOMEHTA,
MOXHO OIpPEIEINTh BEIWIMHY CYMMapHOIO CIIHHOBOTIO
qpCITa, KOTOpAs JUTS 3HAYCHHH S°, PaBHBIX 4 U 2, OKpyT-
neHHo coctaBuT 3/2 u 1. [TockosbKy 3apsiibl aTOMOB JKe-
7ie3a PaBHBI, TO B ciiydae S* ~ 2 KaIblii U3 SMEKTPOHOB
JIOKaNIM3yeTcss Ha OJHOM U3 aToMoB xkeie3a. Ilpu stom
NPOEKLUH CIHMHA Y 3JCKTPOHOB HAIPaBJIECHBI B MPOTHBO-
TIOJIOKHBIE CTOPOHBI, YTO JaeT CYMMAapHYIO IPOEKIHUIO
criuHa, pasryio 0. B ciyuae S? ~ 4 s1eKTpoHHOE 0611aK0
TPETHETO JIICKTPOHA JEJIOKAJIM30BAaHO MEXIy aTOMaMu
JKeJie3a U MOCTHKOBBIMH aTOMaMH CEpBbI.

B cooTBeTcTBHH C TaHHBIMH 00 OTHOCHTEIBHON DHEP-
THA COCTOSHUH C Pa3IMYHOW MYJBTHIUIETHOCTBIO LIS
CTpyKTYp (ukcupoBarHoi reomerpun C3 u El, mpen-
CTaBIICHBIMH Ha PHUC. 2, YCTOWYMBOCTh COCTOSHUN HHOU
MYJIbTHIJIETHOCTH B CPABHEHHH CO CIIMHOBBIM COCTOSIHH-
€M ONTHMU3UPOBAHHON CTPYKTYpBI HHJKE, YTO CBHIE-
TENBCTBYET O TOM, 4To ajsi kKoHpopmepoB C3 u El oc-
HOBHBIMH SIBIISIIOTCSL  COOTBETCTBEHHO TPUILIETHOE U
CHHIJIETHOE CITHHOBBIE COCTOSTHHSI.

3 5 709 1

MyIbTHIIETHOCTE

50 4

E, kkan/mons
(%] £
=) =)

td
=

=

Puc. 2. OTHOCHTETIBHBIE YHEPIHU OCHOBHBIX M BHICOKOCTIMHO-
BBIX cocTostHUH KoHpopmepoB C3 u E1 B cpaBHEHNH ¢ CHHT-
JICTHBIM CIIMHOBBIM cocTosiHueM C3:

TEMHBIE CTONIOIBI — HCXOMHBII KoH(popMep E1; cBeTnbie cTonOmBI —
ucxoaubIi KoHpopmep C3

OntumMuzanust reomerpun kKoHpopmepoB C3 u El B
COCTOSIHUSIX C Pa3JIMYHON MyJIbTUIUIETHOCTBIO HNPUBOAUT
K TOHIKEHUIO SHEPTUH BBICOKOCIIMHOBBIX COCTOSHHH.
OnHako B LIENOM OHHM OCTAlOTCS MEHEE SHEpPreTHYeCKU
BBITOJHBIMU MO cpaBHeHHuio ¢ cocrossHuaMu C3 u El
(puc. 3). IIpu 3TOM B Cilyyae ONTHMH3ALUHN CHHIJIETHOTO
coctostHust cTpykTypbl C3 momyden kondpopmep X1,
6mi3Kmii 1o ’Heprun K koHpopmepam DI u E1 u Bmecte
C TEM HUMCIOUIMH TeOMETpHIO, Haubojee CXOAHYI0 CO
cTpykTypoit C3 (cm. Tabm. 1).
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Puc. 3. OTHOCHTENBHBIE SHEPTHH ONTUMU3NPOBAHHBIX CTPYKTYP
B cpaBHEHUH ¢ KoH(popMepoM E1 B cHTIETHOM COCTOSHHM:
TEMHBIC CTOJIOIBI — HCXOIHBII KoH(popMep E1; cBeTnble cTonOIm! —
ucxoaHbIi kodopmep C3

I'eomeTprueckne paznuums MeXIy KoH(opMepamu
C3 (S=1) u X1 (S =0) coctoiT B TOM, YTO BHEIIIHHE
aTOMBbl Cepbl OJHOTO M3 aTOMOB JKeJe3a BBIXOIAT U3
IUIOCKOCTH G TMPU COXPAHEHWHU IOJIOXKEHHS] METHIbHBIX
rpynn (puc. 4). Takum 00pa3oMm, TPHILIET-CHHIJICTHBINA
Nepexos ¢ U3MEHEHHEM Te€OMEeTPUH OCYILIECTBISETCS 3a
CYeT CMEILIEHHsS BHEUIHHX aTOMOB CEpbl, CBA3aHHBIX C
onHuM LeHTpoM. C Opyroil CTOpOHBI, MEPEXOABI MEXKIY
koH(popmepamu D1 mmm E1 u C3 3aBucsr ot nepemernie-
HUI KaKk aTOMOB S, Tak U cBA3aHHBIX ¢ HUMH CH;-rpymm.

C3(TpunneTHoe
COCTOSIHUNE)

E1(CuHrneTtHoe
COCTAHME)

C1(CuHrneTtHoe
COCTAHME)

Puc. 4. OCHOBHBIC U BEICOKOCITHHOBBIE COCTOSIHUSI KOH(OpMe-
poB C3u El [2Fe—2S—4(SCH;)* KJacrepa

[epexon mexay koHGopMepamu ObLT pa3meneH Ha 10
IIPOMEXYTOUHBIX TreomeTpuil. IlnaBHOE H3MEHEHHE IO-
JIO)KEHUH aTOMOB IIPHU NEPEXOAE OT OJHOM CTPYKTYphI K
JpyToi IOCTUranoch IyTeM HHTEPIOJISLMUA T'eOMeTpHye-
CKHUX NapaMeTPOB CHCTEMbI BO BHYTPEHHUX KOOpAWHATAX
[11] (puc. 5, 6).

[eperuoOsi, Habmomaemeie B ciyuae C3—El-nepexona
(cM. puc. 6), cBA3aHBI C BpalleHUEM METHIBHBIX TPYIHIL
I'eomeTpusi, COOTBETCTBYIOIIAs MNEPECEUCHHUIO KPUBBIX,
UCIIONIb30BAIaCh B KAueCTBE MCXOTHOM MNPH IMOWUCKE MH-
HAMyMa 3HEPIWH Ha IEPECCUCHUH CHHIJIETHOW W TpH-
IJIETHOM MOBEPXHOCTEN NOTEHUMANbHOM sHepruu. [louck



Becmuukx Cubupckozo 20cy0apcmeeHH020 aspoKocCMuiecko2o yrugepcumema umenu axaoemuxa M. @. Pewemnesa

MUHUMYyMa IPOBOAMJICS MpHU nomowu npouenypst MEX
nakera GAMESS no crannaptabsiM kputepusim. Ilomy-
YECHHbBIE MEPEXOHBIE COCTOSIHUS OJIM3KU 110 TeOMEeTpHYe-
CKUM TapaMeTpaM M OTJIMYAIOTCS JIMIIb PacloyIoKeHHEM
OJIHOW METUJIBHOM IPyTIIEL.

E, kxkan/mMmones

0 1 2 3 4 5 6 7 8 9
['eomerpun
Puc. 5. OtHOCUTENBHBIE PHEPIUH CTPYKTYP, XapaKTECPU3YIOLIHE

TPUILIET-CUHIJIETHBIH nepexon I:
reomerpusi 0 — koHdopmep C3; reomerpust 11 — kondopmep X1

E, kxasn/Moib

0 1 2 3 4 5 6 1 8 9
['eomerpun

Puc. 6. OTHOCHTETBHBIC YHEPTHH CTPYKTYP MIPH TPHUILIET-
cuHriIeTHoM nepexone I1:
reometpust 0 — koHopmep C3; reomerpust 11 — xordpopmep E1

B cnydae nepexona Il reomerpusi, oTBedaromas MUHU-
MyMY SHEPIrUM Ha NEPECEUECHUN CUHITIETHON M TPUILUIETHON
TOBEPXHOCTEH MOTEHLUMAIBHON SHEPruM, OKa3ajach HHXKE
TOYKH IPECEeUeHHsI KPHBOM Ha pHC. 6 Ha 2,8 KKaJ/MOJIb.

B pesysbrare pasHuna Mexiy dHeprueit konpopmepa
C3 B TPUIIETHOM CIIMHOBOM COCTOSIHUM W DHEpruei me-
pexonHoro coctostHud npu nepexogax I u Il pasua 0,95 u
0,91 KKaa/MOJIb COOTBETCTBEHHO.

TakuM 00pa3oM, HE3HAYUTENBHBIC JHEPreTHYECKUE
pasnuuus B TONYYCHHBIX CTPYKTypax OOyCIOBIMBAIOT
BBICOKYIO BEpOSITHOCTH IEPEXOJ0B MEXIy yCTOWYHMBOW
koHpopmanueit C3 B TPUILICTHOM CIIMHOBOM COCTOSHHUH
n koHpopMmepamu El u X1 ¢ omHOBpeMEHHBIM ITOHIDKE-
HHEM MYJbTUIUIETHOCTH CUCTEMBI JIO CHHIJIETHOTO CO-
crostHus. [lono0HbBIe Tepexobl ABISIOTCS OYeHb BayKHBI-
MH B IIpOLECCax CIHUH-OPOMTAJIBHOTO B3aHMMOIEHCTBHS.
[Tpu Bo3zElCTBUMM HAa TEOMETPHYECKHE MapameTpbl MO-
JIETBHOTO KJIacTepa aKTHBHOTO IIeHTpa QeppenokcuHa
[2Fe—2$—4(SCH3)]2’, B YaCTHOCTH IOJIOKEHUS JIMTaH]IOB,
MOXHO JIOCTUYb U3MEHEHUS] MYJIbTUILIETHOCTH CHCTEMBI.
C OnxHOH CTOpPOHBI, TaKWe TIEPexonbl O00YCIOBIMBAIOT
BO3MOXKHOCTh CYIIECTBOBaHMS KJIacTepa B Pa3IMUYHBIX
CIHMHOBBIX COCTOSIHMSIX, C APYTOH — OTKPBIBAIOT IINPOKHE
BO3MOXKHOCTH TI0 UX TIPIMEHEHHIO B CITMH-3AIPEIICHHOM
HeaanadaTHYeCKOM KaTalln3e.
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A. O. Lykhin, A. A. Kuzubov, S. A. Varganov, M. V. Serzhantova, N. S. Eliseeva

CONNECTION OF GROUND STATE SPIN OF FERREDOXIN ACTIVE CENTER POINT Fe,S,; ON
LIGANDS ORIENTATION

The article considers oxidized state of the cluster [2Fe—2S—4(SCH;)]*, which is an analog of active center point in
ferredoxin proteins, in the framework of DFT and reveals probability of non-adiabatic spin-inhibited junctions between
the cluster conformers in singlet and triplet states. Junction structures obtained can be used for study of reaction

mechanism of the cluster with a confluent spin states.

Keywords: ferredoxin, non-adiabatic processes, density functional theory (DFT).
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HATPY30YHOE YCTPOMCTBO PEKYIIEPAITMOHHOT' O THUIIA
C YIYYIIEHHBIMU JTMHAMWYECKUMUA XAPAKTEPUCTUKAMMU*

Paspabomana umumayuonnas mMooensb HACPy304HO20 YCMPOUCMBA PEKYNepayuoHno20 munda ¢ Yay4uleHHblMu Ou-
Hamuveckumu xapaxmepucmuxamu. IIposedeno uccredoganue Xapaxmepucmux Hazpy304HO20 YCMPOUCMEa peKynepa-
YUOHHO20 MUNA C KACKAOHBIM BKIOUEHUEM UMNYTIbCHO20 U HENPEPLIBHO20 CIMAOUIUZAMOPO8 MOKA.

Kniouegvie cnosa: nazpysounoe ycmpoucmeo, snepeocoepedicenue, pekynepayus, OUHamMuiecKue XapaKxmepucmurxu.

Harpy3o4uHoe ycTpoHMCTBO pPEKYyNEpalOHHOIO THIIA
(HYPT) mcmone3yercs B COCTaBe 3HEProcOEperaromniero
ucnbeITarenbHoro komiuiekca (OUK), npeanasHaueHHOTO
JUIsI Ha3€MHBIX HUCITBITAHUI MONIHBIX BTOPUYHBIX UCTOY-
HUKOB OJJIGKTPOTHMTAHUSA KOCMUYECKUX ammaparoB [1].
OTOT KOMIIIEKC TaKkKe BKJIIOYAaeT B ceOsl cTabmIm3upyro-
[IMIA BBIIPSIMHUTENb, UMHTATOP IEPBUYHOTO HMCTOYHHKA
AJIEKTPOITUTAHUS, UCIBITBIBAEMBIA HCTOYHHK BTOPUYHOTO
anekrpornutanus (MBOII).

Tomonorust Harpy304HOro YCTpPOWCTBa ONpENENsieT
KOX(pUIHUEHT MOJE3HOTO HCIOIB30BAHUS AJIEKTPOIHEP-
THH BCETO 3HEProcOeperaroiero HCIBITaTeIbHOr0 KOM-
nnekca. Ilpumenenne HVYPT, ocymectBistomero vac-
TUYHBIA BO3BPAT 3JIEKTPOIHEPTHH B CETh ITOCTOSIHHOTO
TOKa, NHUTAOUIYI0 HUCHBITATENILHBIN KOMIIJICKC, ITO3BOJIACT
SHAYUTCJIBHO YJIYUIIHUTb SHECPTCTHUUYCCKUC XapPaKTCPUCTHU-
ku OUK 1o cpaBHEHMIO C Harpy304HBIM YCTPOMCTBOM CO
cOpPOCOM HEPrHH B OKPY’KAIOILYIO Cpely B BHJE TeIlIa.

B [2] paccmorpen HYPT ¢ uMmyiabCHBIM peryiu-
pyOImuM 3ieMeHToM. B pesynbraTe MOIENIHPOBaHUS U
SKCIIEPUMEHTANBHBIX HCCIICAOBAHUA OBLTH BBISIBICHEI
TaK{e ero HeAOCTATKH, Kak HeOOJbInas CKOPOCTh Hapac-
TaHus BxogHoro toka HYPT npu umutanuu cryneHyaTon
KOMMYTAIlMA HAarpy3Kd M y3Kas I0JI0ca 4acTOT BOCIIPO-
M3BEJCHUS TapMOHMYECKUX ToMeX. sl yIrydIneHus Iu-
Hamudeckux xapakrepuctuk HYPT aBropamu npennoxxeHo
UCIIOJIb30BaTh KacKaJHOE BKJIIOYEHHUE JABYX CTAOMIN3aTOPOB
toka: HerpepsiBHOTo (HCT) n nmmynscHOro (MCT).

HccnenoBanne XapaKTEpPUCTHK HArpy304HOIo YCT-
pO¥iCTBA PEKYIEPAIIMOHHOTO TUIA C YIIYYINICHHBIMA JH-
HAMHUYCCKUMH XapaKTECPUCTHKAMH BBITOIHIOCH C TIO-
MOIIBI0 TIAKETa CXEMOTEXHHYECKOTO MOJIEIAPOBAHUSI
Micro-CAP.

WNvuranmonnas monmens HYPT (puc. 1) cocrout u3
WBD3II, nepsuyHoro uctounuka snexkrposnepruu (I1ND),
mutaromero MBI, u HYPT, sBnstomerocss Harpy3koit
st UBOII. HYPT coaepXUT BKIIOYEHHBIE KacKaiaHO
HCT u UCT, npuuem HCT cTabumusupyeT BXOAHOH TOK
HYPT, a UCT - Tok, mporekaromuii uepe3 HCT, yto
OTpaHUYMBACT MOLIHOCTD, BBIJIEISIEMYIO Ha TPAH3UCTOpax
HCT. Brixon UCT noakiroueH mapajienbHO 4Yepe3 pas-
BsI3bIBaONINE OBl K Beixony 1M, 4ro mosBossier pe-
KYIepHUPOBATh AJIEKTPOIHEPTHIO B CETh IMOCTOSHHOTO TO-
ka anekrporutanus DUK. Takas cTpykrypa oObeanHsIET
B cebe BBICOKOE OBICTPOJIEHCTBHE yCTPOMCTB, paboTaro-

IIMX B HENpephIBHOM pexume, W Boicokmid KIIJ ycr-
POMCTB, PYHKIMOHUPYIOUIUX B UMITYJIbCHOM PEXKUME.

B HenpephIBHBIN CTaOMIM3AaTOP TOKA BXOIST IIECTh
napaiensHo BKmoueHHbIX MJII-tpan3uctopoB VT1-—
VT6 1o cxeme «0OIIMI UCTOK» M ONEPALMOHHBIA YCHIIH-
tenb (OY) DA3, BbIpaOaTHIBarOIIMN CHIHAN OIIMOKH,
MPONOPLHUOHANIBHBIN OTKJIOHEHHIO BXoAgHOro Toka HYPT
oT TpeOdyemMoro 3HadeHus BeIxoaHOro Toka MBOII.

VMmynbCcHBI cTaOMIM3aTOp TOKA BEITIONHEH B BHUJE
MOCTOBOTO UMIYJIbCcHOTO TpeodpazoBarens (MII) ¢ dazo-
BEIM YIIPaBJICHHEM C TaIbBAHUYECKOW pa3BSI3KOW Ha IIO-
BhITIIaroIIeM TpaHnchopmarope. CuitoBas 9acTh 00pa3oBa-
Ha moctoM VT7-VTI10, noBbimarommM Tpanchopmaro-
pom T1, Bempsamurensmu VD7, VD6, VD11, VD12, BbI-
xonubiM GunbTpoM L6C19. Cucrema ynpapnenus UII
conepxutr OY DA4, BeipabaThIBAIONIMI CUTHAT OIIHOKH,
MPOTIOPIMOHANBHBIN OTKJIOHEHUIO TOKA, HMPOTEKAIOLIETO
gepe3 HCT, ot tpebyemoro 3HaueHus. DaemeHTs DD 1—
DD19, R32-R35, C12—C15 o6pa3yroT (ha3ouMITyIbCHBIN
MOAYJATOp, ynpasistoumil kimouamu UIT VT7-VTIO.
[Mapametpsr cxembr MogenupoBarust UCT yTodHeHBI HA Oc-
HOBAHHH SKCICPIMEHTAIBHBIX HccnenoBanmii Makera ICT.

C moMoIIpio pa3paboTaHHOW MOJENH ObLTH TPOBEe-
HBl BBIYUCIUTEIBHBIC 3KCIIEPHUMEHTHI, B XOJ€ KOTOPBIX
MOJTyYEeHBI SHEPTeTUYECKHE U THHAMHYECKHIE XapaKTepH-
cruku HYPT.

06 s¢pextuBHOCTH HYPT MOXKHO CyauTs mo koad-
(unMeHTy peKyrepalyy — OTHOLICHUIO PEKyIepupyeMon
MOIITHOCTH K MOMIIHOCTH, noTpedmssemoit HYPT (puc. 2).
Pe3ynbTaThl MOIEIMPOBAHYS ITOKA3BIBAIOT, YTO U3-32 BBE-
neanst HCT koaddunment pexynepaunn HYPT c ymyd-
IICHHBIMA JHHAMHUYECKUMH XapaKTePUCTUKAMH HIKE,
gem koapdumuent pekyneparmmun HYPT ¢ UCT. C poc-
ToM MomHocTH, TnoTtpebistemorr HYPT ¢ kackagHbIM
BrmogenneM HCT u UCT, koadduuneHT pexyneparin
pacteT, 4To OOYCJIOBJIECHO YBEIHUCHHEM pEKyIepHpye-
MOW MOIIHOCTH IO OTHOWICHHWIO K MOIIHOCTH, MOTPEO-
nsemoit HCT, xoTopas nmpakTHYeCcKH MOCTOSIHHA.

AHaIi3 MepexoAHbIX TPOLECCOB MPH CTYNEHYATOM Ha-
6poce u copoce BxoxHoro Toka HYPT (puc. 3) mo3Bossier
crenathb BeIBox 0 ToM, yto HCT B MOMeEHT cOpoca BBIXOAUT
n3 akTMBHOrO pexxnma (tpansucropsl HCT monHOCTBIO 3a-
KPBITHI), B pe3yJIbTATE YETO MPOUCXOINT 3aTATHBaHKe (HPOH-
Ta craga Toka. CKopocTh HapactaHus BxogHoro Toka HYPT
paBHa 30 A/Mkc, ckopocts criaga — 0,1 A/Mkc.

*Pabota BbimonHeHa npu ¢guuancooil nognepxke PLIT «Hayunsle u HayyHO-IIearornuyeckue Kajapbl HHHOBaLMOHHOH Poc-

cumn» Ha 2009-2013 rr.
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Puc. 3. IlepexoHbIe MPOLIECCH MPU CTYIEHYATOM Habpoce u copoce BxomHoro Toka HYPT
¢ ocTosiHHOM yctanoBKkoi Toka HCT
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Puc. 4. Tlepexo/iHbIC POLIECCHI TPU CTyMEHYATOM Habpoce u copoce BxomHoro Toka HYPT ¢ usmensemoii ycranoskoit toka HCT

VYBenuunuth CKOpPOCTh cmajna BxojgHoro toka HYPT
MOJKHO 3a CYET IPeIBapUTENFHOIO YBEIWYCHHS TOKa
HCT (puc. 4), korga cTyneHYaTsIii cOpOC OCYIIECTBIET-
cs 3a cueT cryneHdatoro yMmeHsineHus toka HCT, mpu
3TOM CKOpOCTh cnaaa BxoaHoro toka HYPT cocraBnser
26 A/mkc.

Pexynepanust 3eKTpO3HEPTHMH B CETh MOCTOSHHOTO
TOKa CHI)XXAET MOIIHOCTh, motpednsiemyro ot IIMD. B
YCTaHOBUBILIEMCSI PEXKUME JIEKTPOIHEPTUSI UCTIONb3YETCS
TONBKO [Tt KomneHcanuu noreps B UBOIT u HYPT (puc.
5). Tak, mpu Bxoxuoi momuoctd HYPT B 1 500 BT ot
[N notpebdissercst MomHOCTH 550 BT.

[Ipn mnmurenvHBIX ucnbiTanusx MBOII Hepenkm oT-
KITIOYCHUS CEeTH MTEPEeMEHHOT0 TOKa, MIPUBOAAIINE K pado-
T€ B aBapuiHOM pexume. s HCKIIIOYEHUS! TaKoro pe-
JKHMa B COCTaB MUCIBITATCIIBHOI'O KOMIIJIEKCA BBOIUTCA
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UCTOYHUK OecriepeboiiHoro nuranus. B sTom cirydae pe-
Kynepamus B CETh IOCTOSTHHOTO TOKa ITO3BOJISIET JHOO
YMEHBIINTh €MKOCTh aKKyMYJIATOPHBIX Oatapel, mudo
YBEIMYUTh BpeMs pabdOThl KOMILIEKCA B aBapHHHOM pe-
KHUME.

PeanpHble MOTpeOUTENN DJIEKTPOIHEPTUH Ha OOpTY
KOCMHYECKOTO ariapara, Kak MPaBHJIO, HMEIOT B CBOEM
COCTaBe HWMITYJIbCHEIC IPeoOpa3oBaTeNd HAIPSKEHIUS,
SIBIIFOIIMECS MCTOYHUKAMU HMMITYJILCHBIX U TapMOHUYE-
ckux mnomex. [lodToMy niIsi TIpOBENEHHS WCIBITAHUHA
UBDII Harpy304HOE YCTPOMCTBO MJOIDKHO HUMETH
BO3MOXHOCTh HaBeneHuss nomex. Mccnepyemoe HYPT
MO3BOJISIET HABOAWTH CHHYCOHJAIBHBIC IOMEXH YaCTOTOM
1o 100 kI' (puc. 6) 1 UMITyTECHBIE TIOMEXH YacTOTOH 10
10 k't (puc. 7). MakcumanbsHasi aMIDIUTYAa TIOMEX OI-
penensieTcsi BEJIMYMHOW TOKa, CTAOMIM3UPYEMOro Ha
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HCT. Bo nzbexanue Boixoga HCT u3 akTHBHOTO pekuMa
U HCKaXeHMs (OpPMbI HABOJAMMOIO Ha BXOIHOW TOK
HVYPT curnana aMmiuTyja rapMOHUYECKOTO WM HM-
MyJIBCHOTO TOKa OTPaHMYEHA BEJIWYMHOM TOKa, CTaOMIIH-
supyemoro Ha HCT. B uacTtHOoCcTH, YBENMYEHHE TOKa,

crabummupyemoro Ha HCT, BbI3pIBaeT HEOOXOIMMOCTH
npoektupoBanrss HCT Ha Ooublllyl0 MOIIHOCTb, YTO
yXyAlLIaeT ero JIWHAMUYECKHE XapaKTepPUCTUKH, yMEHb-
aetT Ko3(QQUIMEHT MOJIE3HOTO HCIIOJIb30BaHUS SHEPTHH
W YBEITMYUBAET Maccy U rabapuThl BCETO yCTPONCTBA.
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Junamudeckne xapakrepucruku HYPT

[Tapamerp HYPT ¢ UCT HVYPT ¢ xackagHpIM Koadpdunuenr ynyumenust

BrmoueHneM HCT u UCT (OTHOIIEHHE TTApaMETPOB)
JnuTenbHOCTh EPEXOAHOro mpoLecca 285 MKC 22 MKc 13,0
CxkopocTb HapacTaHus BxogHoro toka HYPT 0,04 A/mxc 30 A/Mke 750
Cxopoctb crniajia BxoaHoro toka HYPT 0,05 A/MKkc 26 A/Mmxkc 520
KoaddumnmenT pexynepammu 85 % 72,2 % 0,85

BpICOKOYACTOTHBIC TIOMEXH (CM. pUC. 6) HABOIATCS 32
cuet usmenenus: Toka HCT, u B aToM cityyae quHamuue-
ckue xapakrepuctukd UCT TakoBBI, YTO OH MPAKTUICCKH
He oTpabatsiBacT n3MeHenne Toka HCT. Tlpu HaBeneHun
HU3KOYACTOTHHIX moMeX (cM. puc. 7) UCT gacTmaHO KOM-
nercupyer usMeHenme Toka HCT. HecummerpudHOCTH
rpajpuka Toka HCT (puc. 7, 6) oOBsCHSETCS pa3dreM
CKOPOCTH HapacTaHusl U criaza BxoaHoro Toka UCT.

Mopenb, paspadoranHas B makere Micro-CAP, mo-
3BOJISIET COKPATUTh BPEMS Ha IPOEKTHPOBAaHUE HArPy304-
HBIX YCTPOWMCTB PEKYIEPAIMOHHOTO THUIIA U MOXKET OBITh
UCIIONIb30BaHa JJIsl aHajiu3a JWHAMUYECKHX U DHEpPreTH-
yecknx xapakrepuctuk HYPT (cm. Tabnuny).

Takum 00pa3oM, KacKaJHOE BKIFOUYCHHUC PErYIHPYIO-
[IUX 3JIEMEHTOB CYIICCTBEHHO YNyUIIaeT JAHAMHYCCKHUE
xapakrepuctuku HYPT, HO ymeHbImaeT Kod(pQpHUIHEHT

TMOJIE3HOTO UCTIOJIb30BAHHS IIEKTPOIHEPTHH U3-3a ITOTEPh
B HCT. Dror HemocTaTOK OCOOEHHO IpOSIBISIETCS IPU
OTHOCHUTEJIBHO MaJIbIX MOIIHOCTSIX Harpy>eHHsl, COn3Me-
puMbIxX ¢ MomHOCTEIO ToTpednenust HCT (cM. puc. 2).
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E. A. Mizrakh, D. K. Lobanov

LOADING DEVICE OF RECUPERATION TYPE WITH IMPROVED
DYNAMIC CHARACTERISTICS

Simulation model of loading device of recuperation type with improved dynamic characteristics for Micro-CAP
program has been developed. Research of characteristics of loading device of recuperation type with cascade
connection of impulse and continuous current regulators is performed and described in the article.

Keywords: loading device, energy-efficiency, recuperation, dynamic characteristics.
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UCCIEJOBAHUE KHHEMATUKUA MAHUITYJISITOPA
MMAPAJUIEJIBHOU CTPYKTYPBI (IEJIbTA-MEXAHNU3MA)

Paccmompena xkunemamuxa manunyiamopa c napanneibHou CmMpyKmypou — 0envma-vexanusma. Anarumuyecku
peuiena npsmas 3a0a4a KuHemamukuy manunyasmopa. Ilpogedena npogepka nOIY4YeHHO20 peuleHust ¢ NOMOWbIO mpex-
MepHo20 Modenuposanus. Hatioenoi kpatinue nonodjiceHuss MGHURYIAMopa u ooaacms paboyeti 30Hbl.

Kniouegvie cnosa: npamasn 3a0aua KuneMamuxu, paboyds 30Ha, 0e1bma-mMexanu3m, YCmpoucmed napaiieibHol Ki-

HeMamuKu, MaHunyasimopbsl.

B HekoTOpBIX 00aCTIX TEXHUKU MEPCIIEKTUBHBIM SIB-
JISieTCs IPUMEHEHHE POOOTOB-MaHMITYJISITOPOB Ha OCHOBE
MEXaHM3MOB IapaJuIeIbHON KHHEMAaTHKH, UCIIOIb3YEMbIX
TIPH MEXaHUIECKOI 00paboTKe M3AeTHA CII0KHON POPMBI
(HanprMep, TITaMITOB, TIpecc-(popM, JIOTIATOK TypOUH U T. II.),
Korja Tpedyercs NepeMelleHHe HHCTPYMEeHTa MO ISTH-
LIECTH KOOPAHNHATAM.
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B ommume oT TpaJMIMOHHBIX MaHHUITYJISATOPOB, CTPYK-
TYpBI C HapaJUIETIbHON KMHEMATHKON COZEpKaT 3aMKHYTHIE
KMHEMAaTUYECKHE LM W BOCIPHHMMAIOT Harpysky Kak
TIPOCTPAHCTBEHHBIE (epMEI [1], T. €. 3BEHbS STUX MEXaHU3-
MOB pabOTafOT Ha PacTsDKEHUE U CXKATHE, YTO 00ECTIeUnBaCT
JKECTKOCTH BCEH KOHCTPYKLIMH M, KaK CIICICTBHE, ITOBBILIE-
HHUE TOYHOCTH TIO3UITMOHUPOBAHUS cxBara [2].
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JlocTOMHCTBAaMH MaHUITYJIATOPOB, ITOCTPOEHHBIX Ha
OCHOBE TIapaJUIelIbHBIX MEXaHU3MOB, SIBJISIOTCS OOJIbIIAs
TOYHOCTh M KECTKOCTb, BBICOKHE paboyre Harpy3ku [3].

Cpenn HEIOCTaTKOB 3THUX MAHUIYJATOPOB CIEIyeT
OTMETUTH UCIIOJIB30BaHHE OOJIBIIOIO KOJIMYECTBA IIPUBO-
J0B u 0oJiee CIOXHBIX CHCTEM YIPAaBICHHS, MEHBIINH
pasmep pabouyell 001aCTH M BBICOKYIO CTOMMOCTb, CIIOXK-
HOCTh B TpOeKTHpoBaHWU. OIHAKO ATH HEJOCTATKH HE
SIBITEIOTCSL TIPETIATCTBHEM MJISI PACIPOCTPAaHEHHS Iapail-
JIENBHBIX MaHMITYJIITOPOB B TeX 00JacTsX, rae Tpedyercs
TOYHOE MTO3UIIMOHUPOBAHNUE, BRICOKHE HATPY3KH W MaHEB-
peHHocTs [3].

MaremaTtudeckue u UMHUTAITUOHHBIC MOACIN KHHEMa-
TUKU U JUHAMUKU HEKOTOPLIX MapalJICIbHbIX MEXaHU3-
MOB, a TaKKe 33/1a4a ONTHMHU3ALMU X (OPMBI U pa3Mme-
POB paccMaTpUBAIUCH B [4].

TpexMmepHOE MOAETHPOBAHUE KUHEMATUYECKU CIIOXK-
HBIX MEXaHM3MOB I1€1ecO00pa3HO BBIMOJIHATH C ITOMO-
OIbI0 CHCTEMBI aBTOMATH3UPOBAHHOTO MPOCKTHPOBAHUS
(CAIIP) CATIA, B KOTOpPO#l HCHONB3YIOTCS AITOPUTMBI
MOJICTMPOBAHUS IBIKCHUS KHHEMATHYECKH CIIOKHBIX
MEXaHU3MOB, TAKUX KaK YCTpOMICTBa NapajuieIbHOU KH-
HeMaTuku. i1 peleHuss CUCTEM YypaBHEHUM, OIIMCHI-
BAIOIIMX IIOJIOKEHUE YCTPOMCTBA NapajljIeIbHOM CTPYK-
Typhl, Hanbosee MOIAXOMAIIMM SBISETCS NPOrPaMMHBII
nakeT Maple — cucTeMa KOMITBIOTEPHOM anreOphl, M03B0-
JIAIONIAs peuiaTh CJIOKHBIE CHCTEMBl YpaBHEHUH Kak B
YHCIICHHOM, TaK U B CUMBOJBHOM Buje. B pabore [5], B
KOTOpPOW paccMaTpUBaINCh OCOOCHHOCTH JAWHAMHUKH Ma-
HUNYJSITOPOB MApPaJUICIIEHOW CTPYKTYPBI W MEPEXOIHBIC
MIPOIIECCHI, AJIsl pacueTa MapaMeTpOB yIPaBICHUS IIPHBO-
JaMHA MEXaHH3MOB IIPUMEHSUIICS IIPOTPAMMHBIA KOMITIEKC
MATLAB/Simulink.

IlocranoBka 3amaum. PaccMoTpuM ycTpoiicTBO ma-
paIETbHON KWHEMATHKU — JeibTa-MexaHu3M (puc. 1),
BKJIFOUAOLIHI B ce0s1 OCHOBaHUE, 00pa30BaHHOE TOYKAMU
3, 6, 9, BepxHio0 1uaTGopMy, Ha JBIIKEHHE KOTOPOU
HaKJIaJbIBalOT OIpaHUYCHUSA TPHU KUHEMATHUYCCKHUE LCIIN:
1-2-3, 4-5-6, 7-8-9. B Toukax I, 2, 4, 5, 7, § ycraHOB-
JICHBI TIOBOPOTHBIC WIAPHHUPBI C OJHOM BpallaTelbHON
CTENEeHbI0 CBOOOXBI, B TOUKax 3, 6, 9 — cdepuueckue
IIApHUPHI C TPEMS BPaIlaTeIbHBIMA CTETICHIMHI CBOOOIEI.
OcHOBaHWE W MOBOPOTHAs IUIATPOpPMa MPEACTABISIOT
€000 PaBHOCTOPOHHUE TPEYTOJIEHUKH.

Bgenewm cnemyromue 0003Ha4eHUS 3JIEMEHTOB JeNIbTa-
MexaHu3Ma (cM. puc. 1):

— Xjj, Yij» Zj — KOOPJMHATBI I-i TOYKU B j-U CHCTEME
KOOpAUHAT;

— [; — nnuHa i-TrO 3BEHa, BO BCEX KUHEMATHYECKHX Iie-
msx [} =37 MM, [, = 58 MM;

— @y — YroJ i-ro mapHupa B j-il KHHEMAaTHYECKOMH Ie-
u;

— J; — YroJI MeXIy TIepBOU CHCTEMOH KOOpPIWHAT i-i
KHHEMAaTHYeCKOW e U 0a30BOM CHCTEMOI KOOPIHAT,
01 =330°, 5, =210°, 83 =90°;

— E — paccrosinue Mexay chepuiaeckuMy mapHupamMu
3, 6, 9 nenpra-MexanusMma, £ = 60 mm;

— F — paccrostHue OT Hadajga 6a30BOH CHCTEMBI KOOP-
JIUHAT JI0 TIOBOPOTHBIX MApHUPOB 1, 4, 7, F'= 60 MM;

— R — paccrosiHue OT ToJrtoca cxBata P 1o cdepuye-
CKHX IIapHUPOB 3, 6, 9, R = 34,641 mm;

— XoYoZy — 6a3oBas cucreMa KOOPAUHAT;,

— X1Y1Z, — nepBas cucrema KOOpIUHAT.

Puc. 1. O0muii BUJ AeIbTa-MEeXaHHu3Ma
(0003HaUCHUS CM. B TEKCTE)

Pemenne mpsimoii 3agauM KuHeMaTuku. IIpsmas
3aJa4a KUHEMATUKU MAHUITYJIATOPOB MPUMCHHUTCIIBHO K
ACNIbTa-MEXaHU3MY CBOJUTCA K HAXOXKIACHUIO KOOpAWHAT
HOBOpOTHOﬁ l'IJ'laT(l)OpM])l Ipy 3aJaHHbIX NJIMHAX 3BCHLCB
/1, I, ¥ yT7I0B IOBOPOTOB IAPHUPOB @11, P21, P12, P22, P13,

03 (puc. 2).

Z.
n
N3
//
/
%
//
///
L 9\ | @
)
. 9
— N (
\( I Al >},
\ 7
\ L
X

Puc. 2. Onpenenenue nonoxeHus Touek 2 U 3 B IePBOii cucre-
Me KOOpAMHAT

Jl1s1 penieHust 3ToH 3a1a4i cHavajla HaxolsT KOOpIU-
HaTBl cepuyeckoro mapHupa (Touku 3) B MEpBOH CHC-
TeMe KoopAuHatr X;Y1Z;, a 3aTeM C MOMOUIbIO MEPEHOCca
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Ha paccTosiHue F ¥ OBOPOTA Ha yroi O mepexomusT K Oa-
30BOM cucteme koopauHaT XoYoZy. AHAJIOTUYHO OTpee-
JITFOT KOOPIUHATHI OCTAIBHBIX CHEPUUCCKUX IIAPHUPOB —
TO4eK 6, 9, KOTOpbIE BMECTE C TOUKOW 3 3aJar0T ILIOC-
KOCTh moBOpoTHOW mardopmsl (puc. 3). [lo ypaBHeHuio
ATOW TUIOCKOCTH MOXHO HAaWTH YTJIBI €¢ HaKJIOHa B 0a3o0-
BOH cucteme koopauHat X,YoZy, a TakKe BBICOTY IMOJIIOCA
CXBarTa.

7

Puc. 3. Cxema monokeHus IIOCKOCTH OBOPOTHOH MIaT(OPMBI
B 0a30BOIi cHCTEME KOOpAWHAT

B neppoit cucreme koopauHaT X;Y1Z; KOOpAMHATHI
TOUYKH 3 ONPEAETSAIOTCS 0 YPaBHEHUSAM

x3 =0,
Va1 =1 -cos(q)“)+12 -cos(cp21 + —180°),
z3 =1 -sin(q)“)+l2 -sin((p21 +0; —180°).

I[Ipn mepexome OT MEpBOM CHUCTEMBI KOOPIUHAT
X1Y1Z,, cBSI3aHHOI C KMHEMAaTHYECKOH Ienbio [—2-3, K
2
6a3oBoii cucreme XY,Z, criemyeT BHIIOIHUTE IEPEHOC Ha
paccrosare F u moBopoT Ha yrox O (cMm. puc. 1). Hdus
ypaBHEHHI KOOPIUHAT TOYKK 3 3TOT yroJjl paBeH yriy dj,
T. €. 330°:

X3 = () -cos(q)“)+l2 -cos((p21 +0, —lSO")—F)sin(S1 ),
vi0 = ~cos((p“)+l2 ~cos((p21 +0, —180°)—F)COS(51 ),
z0 =1 +sin(@y, ) +1; -sin (0, +@;, ~180°).

AHAJOTUYHO HAXOJAT KOOPAWHATHI TOYKH 6 B 0a3o-
BoH cucteme koopauHat XyYoZy:

Xeo = -cos((p12)+l2 -cos(-:p22 +Qp, —180°)—F)sin(62),
Yeo = 'cos((p12)+12 ~cos((p22 +¢p, —1800)—F)cos(82),

Zgo =1 'sin((plz)wtlz ~sin((p22 +0,, —180°).
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Koopaunats! Toukn 9 B 6a30BOil cUCTEME KOOPIUHAT
XoYoZy 3a1a10TCs1 ypaBHEHUSIMU

X0 = (1 -cos((\[)13)+l2 -cos((p23 + @3 —180°)—F)sin(63),
Yoo = (4 ‘COS((P13)+12 'COS((P23 T¢i3 _1800)_F)005(63),
20 =1y - sin(Qy; ) +1; - sin( 0y + ;5 ~180°).

[ToBopoTHas raTdopma MPeacTaBIseT OO0 paBHO-
CTOPOHHHI TPEYTOJNBHHK C BepIIMHAMH 3, 6, 9. 3Hasa Ko-
OpAMHATBI 3TUX TOYEK, MOXKHO HAalTH ypaBHEHHE IIOCKO-
CTH TOBOPOTHOI miartdopMbl, a 3aTeéM U KOOPAWHATHI
HopManu N B 6a30BOi CUCTeMe KOOpIUHAT.

VYpaBHEHHUE IUIOCKOCTH MOBOPOTHOH IIaTGOPMBI 3a-
MUCHIBACTCS CIICAYIOIIMM 00pa3oM:

A x+B-y+C-z+D=0.
[To xoopauHaTaM Tpex Todek 3, 6, 9 moIydaroT Kod3d-
(MIMEHTH ypaBHEHHS IIOCKOCTH BepXHel I1aT(OpPMBI:

A = y30(z60 — 290) + Vso(Zoo — 230) + Yoo(Z30 — Ze0),
B = z30(x60 — X90) * Z60(X90 — X30) + Z93(33 — Xe0),
C = x30(60 — ¥90) + X60(¥90 —30) T X90(¥30 — V05
—D = x30(V60 * 200 — Y90 " Z60) T X60(V90 * Z30 — V30 " Z90) T
+ X00(130 * Z60 — V60 * Z30)s

rae ko3 dumuenTsl 4, B, C — KOOpIUHATH BEKTOpa HOP-
Maau N K IUIOCKOCTH TMOBOPOTHOM rtuiatdhopmel 3, 6, 9
(cm. puc. 3). HampaBnsronme KOCHHYCHI BekTopa N
OTHOCHTEJILHO 0a30BOil CHCTEMBbl KoOpAMHAT XYoZ
paccuuTHIBAIOT 110 popMysiam

A
E—
V4> +B? +C?

B
S
\VA* +B* +C?

C
NA* +B* +C?

3a 00001eHHbIE KOOPAMHATHI TIOBOPOTHOW ILIaTdop-

MBI TPUHATHL JBa: yria o, 3 — U BBICOTA MOJIOCA CXBATa
Zp. Tpetuil U3 yIJIOB HakjJOHA IUIOCKOCTU MOBOPOTHOM
1aTOpMBI Y HE clexyeT BKI0YaTh B 0000IMIEHHBIE KO-
Op/IMHATHI, TOCKOJIbKY IMOJOXXEHHE IUIOCKOCTH B MPO-
CTPAHCTBE OJHO3HAYHO OIpPEAEICHO IBYMs yIJiaMH H
BbIcoTOl. KpoMe Toro, yncio creneneit cBo0OIb! AenbTa-
MeXaHHM3Ma, BbIYHMCIEHHOe 10 (opmysie YeObleBa—
MauteieBa, paBHO TpeM [S5], a 4yuciio 00OOIIEHHBIX KO-
Op/MHAT JOJDKHO OBITH PAaBHO YUCIY CTENEHEH cBOOOJBI
MexanusMa. KoopnuHaty Zp BEIYUCIASIOT KaK CpeaHEe
apudmMeTndeckoe KoopauHaT Z TpeX TOYEK, TaK KakK Tpe-

YTOJIEHUK, 00pa30BaHHEIN ToukaMu 3, 6, 9, sSBIIETCS paB-
HOCTOPOHHUM:

coso =
cosfP =

cosy =

_ %30 T Zeo + Z90

Zp 3

PesynpraTsl pemieHust NpsMOM 3aJaud KMHEMAaTUKH
MaHUMYJIATOpa MapajuIebHON CTPYKTYPHI MPeICTaBICHbBI
B Ta0JHIIe.
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KoopaunaTts! noBopoTHOM M1aTGOpPMBI

Koopnunars! cxsata Koopaunartsl, onpeneneHHbIe Koopaunatsl, paccuuTaHHble Orxionenue. %
B 0a30BOH cucTeMe koopauHat XyYoZ, B CAIIP CATIA aHAJTMTUYCCKH B akete Maple ’
a 85,131° 85,011° 0,14
B 103,493° 103,514° 0,02
Y 14,376° 14,437° —0,42
Zp 85,587 Mmm 85,574 mm 0,02

Onpenesenue pagoyeii 30HbI MaHumyasTopa. Jlo-
MyCTUMbIE 3HAYEHHs KOOPAWHAT MOJOXKEHHs BEpXHEn
wIaTopMel Zp, 0, 3 ONMPEAEISIIOTCS CIASTYIONINMHE Tapa-
METpPaMHU MEXaHHU3Ma:

— JUTMHOM 3BEHLEB [}, ;

— MaKCHMAJIbHBIM ¥ MUHUMAJILHBIM YTJIAMH TIOBOPOTA
chepuIecKuX MIApHUPOB: O OCH X — 0,145, Omin, TTO OCH ¥
— Wmax, Omin,

— MaKCHMAIlbHBIM ¥ MUHHMAJIbHBIM YTJIAMH TIOBOPOTA
ceprIecKnX MAPHUPOB Q12max, P12min-

Omnpenenurh MaKCUMalbHbIE YIJIbl HAKIOHA IUIaT-
¢dbopMbl B 06a30BO# cHCTeME KOOPJMHAT O U [3, BBICOTY
MoJIFoca cxBara Zp, a TaKKe 3aBUCHMOCTb MEXAY HUMHU
MOXHO € T[IOMOIIBI0 TPEXMEPHOH MOJEIH JIeNbTa-
MexaHusma (puc. 4).

Puc. 4. PaGouyas 30Ha neabTa-MeXaHu3Ma

B xope skcniepuMEHTOB ¢ TpeXMEpPHOl MOJENbIO MO-
JydeHa o0JIacTh paboyeil 30HBI MeXaHu3Ma — KOHYC
C DIUIMOTUYECKAM OCHOBAHUEM, OIMCHIBAEMBIH ypaBHE-
HHEM

0c2 BZ

14 >+ 3 +91,4.
16,541° 31,118

Z,=-88
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TaxuMm 00pa3oMm, NpH MOMOILU TPEXMEPHOTO MOJEIH-
poBaHMs ompereneHa pabodas 30HA MEXaHM3Ma — 3TO
KOHYC C 3JUIMNTHYECKUM cedeHueM. [Ipn MaxcuManbHOU
BBICOTE€ Zp THOBOPOT IIAaT(GOpMBI HEBO3MOKeH. CHU3Y
pabodvast 30Ha OTpaHUYCHA MaKCHMAJIBHBIMH YTJIaMH T10-
BOpOTA IIAPHUPOB [, 4, 7, a TaKKe JITHHAMU [}, L.

ABTOpamMH IpeCTaBICHBI TPEXMEPHAsT MOJIENIb MaHU-
MyJATOpa C MapajuIeIbHON CTPYKTYypoH JienbTa-
MeXaHHM3Ma — M aHAIMTHYECKOE pelIeHne IpsIMOi 3a1a4n
KHHEMATUKH 3TOI0 MaHUITYJISATOpPA. HpOBepKa BBIYHUCJICH-
HBIX KOOPJHMHAT ITOBOPOTHOH MiIaTOpMbl MOKa3ana Ipa-
BUJIBHOCTh MOIY4YeHHOro pemeHus. C MoMOLIbIO Tpex-
MEpHOM Mojenu AenbTa-MeXaHH3Ma TakXe HaiilieHa pa-
609ast 30Ha MaHUITYJIATOPA.

[Momy4eHHbIe pe3ynbTaThl MOTYT OBITH MCIIOIB30BAHBI
IIPU NPOEKTUPOBAHUH aHATIOTUYHBIX MAaHUITYJISITOPOB.
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RESEARCH OF KINEMATICS OF MANIPULATOR WITH PARALLEL STRUCTURE
(DELTA MECHANISM)

The article considers kinematics of manipulator with parallel structure. Direct kinematic problem of manipulator
solved analytically. The obtained solution verified with the help of three-dimensional simulation of the mechanism.
Limit positions of the manipulator and operating are zone are defined.
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MOJAEJIBHO-AJITOPUTMHUYECKASA HOJJAEPKKA MYJIbTHWIMHI' BUCTHYECKOI'O
NHOPOPMAIIMOHHO-TEPMHUHOJIOT'MYECKOI'O BASUCA B THOPOPMAIIMOHHBIX CUCTEMAX*

Paccmampusaemcs opmuposanue MynbmuiuHe8UCMUECKO20 UHPOPMAYUOHHO-MEPMUHONIO2UYECKO20 ba3uca u
MoOenb e20 U3yHeHusi Ha OCHO8e MAPKOBCKUX yenel. IIpusooumcs aneopumm pasouenuss uHghopmayuonno2o basuca Ha

MOOYIU NO NPUHYURY PeNLeBAHMHOCTU.

Knioueswvie cnosa: MYyJTbMmuiuHe8UCMuU4ecKas a()anmueHo-o6yqai0u4aﬂ MEXHOJIOCUA, qu)opmauuonno-mepmuHOﬂo-
2uyeckutl 6a3uc, MAPKOBCKAA Yyenvb, npuUHyun pejiesanmnocmu.

Jnst coBpeMEHHBIX WH()OPMaIMOHHO-YIPaBIISIOIINX
cucreM (MYC) xapakTepHO TO, YTO KOJMYECTBO MH(OP-
MaIMOHHBIX MAaTepualioB Ha Pa3JIMYHBIX S3BIKAX B II0-
CIIEIHME TOJBI CYIIECTBEHHO yBennunmBayiock. [TosTomy
COBPEMEHHOMY  KBIU(QHUIMPOBAHHOMY CIHELHUAIHCTY,
npuHUMaromeMy pemeHus B YC, TpyaHo o0oUTHCH 63
3HAaHUS MHOCTPAHHBIX sA3bIKOB. OmHAKo TpeOoBaHHWE TIO-
BBICHTH YPOBEHb OOYYEHHS WHOCTPAaHHBIM SI3BIKAM B He-
S3BIKOBOM BYy3€ BCTYIAET B MPOTUBOPEUNE C HEKOTOPBIMHU
YCIOBUSIMU 3TOTO O0y4YeHHS, OAHUM M3 KOTOPBIX SBIAET-
CS OTPaHWYCHHOE KOJIMYECTBO YACOB, OTBOJUMBIX Ha
U3y4YEHUE 3TUX SI3BIKOB. BBIXOJOM W3 ATOTO MOJIOKEHUS
MOXET CTaTh ONTHMH3aLUs Tpolecca o0yuyeHus. B nan-
HOW CTaThe paccMaTpPUBAIOTCS aHAIM3 IIpoliecca oOyde-
HUSI M CIIOCOOBI pa3dneHusl y4yeOHOro MaTepHaia Ha MO-
JIyJTH.

®opmupoBanne moayJei. Panee B paborax [1-3], B
KOTOPBIX PEIIANCh 3ala4d pa3OueHHs MYIbTHINHTBHU-
CTHYECKOTO HH(POPMAIIMOHHO-TEPMHUHOJIOTHYECKOTO 0Oa-
3uca (UTH), akieHT nenancs Ha ONTUMAIbHOE pa3OueHne
aToro 6asuca Ha MOIYJH. DTO MO3BOJUIO CO3AaBATh MO-
IyJd, TPYAOEMKOCTh W3YYEHHsI KOTOPHIX Obla OINTH-
MaJIbHOM WIJIM CTPEMHJIach K ONTUMaIbHOMY 3HAYEHHIO C
TOYKH 3pEHHUs] KOJMYECTBa CIOB B HeM. Pa3paboTku B
JTAHHO#M 00JacTH OBLIM YCIICIIHBI U MPUBEIH K IOJIyYe-
HHUIO psiia HOBBIX pe3ynbTaToB [3]. OIHAKO HETOCTATKOM
MIPEJIOKEHHBIX B 3THX paboTax METONOB SBISIETCS OT-
CYTCTBHE aHAJM3a CJIOB, HAXOJIIMXCS B MOJYJISIX, KOTO-

pble GOPMUPYIOTCSI U3 CIIyYalHBIX CJIOB JIMOO M3 CIIOB,
MOTAIAIOIINX B MOJYNH B andaBUTHOM mopsiike. B Ta-
KOM CIIy4Jae CJIOBa MOTYT OBITh KaK TPYAHO, TaK M JETKO
3alIOMHUHAEMBIMH, CO3BYYHBIMH JPYT APYTY, OXHOKOpPEH-
HBIMH WM TTPOCTO MOXO0XKUMH.

Pewas 3amady aHanmuza cBA3€l MEXIy CIOBaMH, He-
00X0IMMO 00paTUTHCS K BOMPOCY M3YUCHUS MAMSATH H €€
CBOMCTB, KOTOPHIM 3aHUMAIOTCS TaKHE HAYKH, KaK IICHXO-
JIOTHSI U1 MHeMOHHWKa. B paborax mcuxosoros I'. D60uH-
ray3a u @. Y. baptierra, npoBOAUBIINX Pa3IUYHbIE OIbI-
TBI JUIsl U3Y4€HHUsS OCOOEHHOCTEH MaMsTH, ObUIO BBISBIIE-
HO, YTO CTeleHb COOTBETCTBHUS CIIOB MEXIY COOO BIHSI-
eT Ha ux 3anomuHaHue [4]. B nanbHelimem ObUTO BBIsIC-
HEHO, YTO JIOTHYECKH MM 00pa3HO CBs3aHHast HH(popMa-
st (MM B3aMMOOOYCITOBIICHHBIE JJaHHBIE) 3aIIOMUHACTCS
s deKkTuBHEE, MOCKOIBKY TPH 3TOM CKIIAIBIBAETCS acco-
[IHATHBHAS CBs3b. Y CXOXKHX CIIOB B YEIIOBEYECKOM CO3-
HaHUU (HOPMHUPYIOTCS TIOXOXKHUE 00pas3bl, U MO 3TOH IpH-
YHHE TPOIECC X 3allOMHUHAHUS MpoTekaeT 3¢ heKTHBHEE,
MTOCKOJIBKY HET HeoOXoauMocTu (HOpMHUPOBATH B MaMSTH
HOBYIO siYeiiky. B pe3ynbrare mpoucxoauT rpynmnupoBKa
CJIOB CO CXOXXMMH 00pa3aMy M TOCTPOCHUE acCOIMATHB-
HBIX PSIJIOB, YTO MO3BOJISIET 3alIOMHHUTH OOJIbIIE MPH MH-
HUMAJIBHBIX 3aTpaTax MaMsTH.

Hcxonst w3 BbIIecKa3aHHOTO 3ajada pa3OMeHUs
MYJIBTHIHHTBUCTHICCKOTO MHPOPMAIMOHHO-
TEPMHUHOJIOTHYECKOro 0a3uca Ha MOIYJIH C y4eTOM B3au-
MOCBSI3H ITPHOOpETaeT 0co0yI0 aKTyalbHOCTb.

*WccnenoBanue BBIMOJIHEHO MpH TOAACPKKe MUHHCTEpCTBa 0OpasoBaHus M Hayku Poccuiickoit denepanuu (coriamieHue

14.B37.21.0116).

50



Becmuukx Cubupckozo 20cy0apcmeeHH020 aspoKocCMuiecko2o yrugepcumema umenu axaoemuxa M. @. Pewemnesa

Mopess u3ydyeHuss HHEPOPMANNOHHO-TEPMHUHO-
Jorm4yeckoro 6asmca. B paborax [5-7] paccMaTpuBanack
THIIOTE3a 00 SKCIIOHCHIMATHHOM XapaKTepe 3aBUCUMOCTH
BEPOSATHOCTH YCIICIITHOTO MPOXOXKICHHUS KOHTPOJIBHBIX
MEpONPHUATHIA OT 00beMa Oa3rca W BIUSHHUN HA 3Ty BEPO-
SITHOCTH cTeneHn coorBeTcTBus ciioB REL. Ecnm o0beMm
nHpOopMaMOHHOTO MaTepuana Hekotoporo UTH cocras-
nsger O 4, TO BEPOSITHOCTh YCIENTHOTO BBHITIOJTHEHUS KOH-
TPOJIBHBIX MEPOTIPHATHN MOXKET OBITh TIPEICTaBIICHA B
BHJE

P(©) = exp(-A0®)+ REL ’
2
rie A — KOHCTaHTa, MOKA3bIBAIOIIas CKOPOCTh CHIDKCHUS
BEPOSITHOCTH YCIIEUTHOrO 3aBepuieHus usyudeHuss UTh B
3aBHCHMOCTH OT €ro o0beMa, q’l; REL — cremens coot-
BETCTBHS cJI0B Mexay coboit (0 <REL < 1).

B Monensax, ucnonp3yemsix B paborax [1-4], He yuu-
THIBaJIaCh aCCOLIMATHBHAS CBA3b MEXAY CIOBAaMH U MHe-
MoTexHUKU. [To3TOMy B pa3pabOTaHHYHO aBTOPAMH MO-
nenb u3ydenus UTH ObLTH BHECEHBI HEKOTOPHIC M3MEHE-
HUSL.

PaccmoTrpuM Mozens Ha OCHOBE Iiermd MapKoBa, OImH-
CBIBAIOIIYIO0 BEPOSITHOCTHBIN IMPOIECC U3YUCHUS OTACIH-
HOTO 0a3uca (CM. pUCYHOK).

(1

S5

Moyenp u3ydeHus: HHHOPMALMOHHO-TEPMUHOIOTHIECKOTO
6a3uca (0003HAYCHUS CM. B TEKCTE)

B 31011 MOZENN BBIAETIEHBI CIELYIOIINE COCTOSHUS:

— S1 — u3ydenue UHGOPMALIMOHHOTO MaTepUaa,;

— 82 — nonyyeHne KOHCYNbTAIMH PU U3yYEHUH CIIOB;

— S3 — BBINOJIHEHNE KOHTPOJIBHBIX MEPONPHUSTHUH;

—S4 — mpuMeHEeHHWEe MHEMOTEXHHUK IJisi paboThl Haj
CJIOBaMH, B KOTOPBIX OBUIN JIOIYIIIEHBI OIINOKH;

— S5 — 3aBepiieHne H3yueHHs Oazuca.

3agaauM BEpOSTHOCTH TIEPEXOJI0B U3 OJHOTO COCTOS-
HUS B IpyTOE:

— 7 — BEPOATHOCTh OOpamIeHHs 3a CIpaBKaMU WA
KOHCYJBTAIIUSIMA ~TIPH  W3YYECHUH HWH(OPMAIIMOHHO-
TEPMUHOJIOTHYECKOT0 Oa3uca;

—S§ — BEPOSTHOCTH IEepexoAa K KOHTPOJIBHBIM Mepo-
MIPHUATHSM;
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— P — BEPOSTHOCTH YCIIEITHOTO BBIIOIHEHUs] KOHTPOJIb-
HBIX MEPOTIPUSTHI U 3aBEPILCHHS U3y4YeHNsI 0a3nca;

— ¢ — BEpOSTHOCTh HEyJa4yM NpPH BBIIOJHEHUH KOH-
TPOJILHBIX MEPOTIPHUSTHI 1 TOBTOPHOM M3yUYESHUH Oa3uca.

B paccmaTpuBaeMoil MOAENH BBIMOJHSIOTCS OYEBU-
HBIE COOTHOLLICHHUS:

2
Martpuna BepoATHOCTEM MEPEeXOA0B MEXIY COCTOS-
HUSIMH UMEET BUJL

r+s=1,p+qg=1.

sl 52 s3 s4 s5

S1 10 » s 0 O

S211 0 0 0 O
P=S310 0 0 g p 3)

S411 0 0 0 O

S50 0 0 0 O

Beigenum B P MaTpully BEpOATHOCTEH MNEPEXOA0B
MEKIY COCTOSHHSIMU HEBO3BPATHOTO MHOXeCTBa (:

sl s2 s3 s4
s1 {0 » s O
0- s2 11 0 0 0 @
s310 0 0 ¢
s4 11 0 0 O

Torpa ¢pynaameHnranbHas MaTpuia enud Mapkosa Oyzaer

BBITJISIZIETH CIEAYIONTIM 00pa3oM:
-1

1 —r =5 0

4 /-1 1. 0 o0
Nea-ort= ] ®)

-1 0 0 1

rae [ — emMHIYHAs MaTPHUIlA Pa3MEPHOCTHIO 4 X 4.
Iponiecc m3yueHns Gasuca Bcerma CTapTyeT M3 CO-

CTOSIHUA Si, TO3TOMY AOCTaTOYHO OIIPENEIHUTh TOJBKO

MEPBYIO CTPOUKY MAaTpHIlbl N ¢ ee 3aeMeHTamu nl, ..., n4.

Beruncnin  obOpatayro  matpumy  (/ —Q)_l, IIOJLy4UM

OLIEHKH CPEJHEr0 YMCIIa MOMBITOK U3YYEeHHS BCEX KOMIIO-
HEHTOB MH(OPMAIIMOHHOTO 0a3nca — cpeiHee YHCIIOo TIpe-

ObIBaHMI poriecca B coctostHusX {S1, ..., S6} mpu crap-
Te U3 coCTOsTHUS S1:
1 1
n=—, m=-—, m3=—, nd=2, (6)
ps ps p p

rne nl — cpegHee YnCIo MOIBITOK W3yYeHUs] HH(OpMaILH-
OHHOTO Marepuala; n2 — cpeJHee YHCIIO oOpalieHuil 3a
CIpaBKaM{ M KOHCYJIbTalMsMH TPU W3y4eHUH MHpopMma-
IIMOHHOTO MaTepHaja; n3 — cpeJHee YHCIIO TOIBITOK BbI-
MIOJTHEHHsI KOHTPOJBHBIX MEponpusThii; n4 — cpenHee
YHCJIO TIPUMEHEHUH MHEMOTEXHHK JUIs paboTHI Haj CIlo-
BaMH, B KOTOPBIX OBUIH JOMYIICHBI OMTHOKH.

O003HAYMM TPYHOEMKOCTH H3YYEHHS BCEX KOMIIO-
HEHTOB MH(popMaIoHHOTO Oa3mca, 9:

—® — TPYAOEMKOCTh H3yYEHHs WHPOPMALHOHHOTO
MaTrepHana;

—®1 — TPYZOEMKOCTb TOJNYYEHHS CIPABOK M KOH-
CyJNbTalMi IPH M3y4YeHHH NH(OPMAIIMOHHOTO MaTepHana
(cocrostame S2);
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-092 TPYIOEMKOCTh BBINOJHEHHSI KOHTPOJIBHBIX
MeponpusATHii (cocTosHIE S3);

—®3 — TpPyHOEMKOCTh BBITIOJHEHUSI MHEMOTEXHUK
(coctostaUME S4).

CymMMapHasi TpYZOEMKOCTh MPOXOXKACHHS HH(pOP-
MaIMOHHOTO 0a3uca c¢ yderoMm (6) ompeneisieTcst BbI-
paskeHHeM

R=nl-©+n2-Ol+n3-02+n4-03 =

_1

)4

PaccMoTpuM OLICHKH MapaMeTpoB, BXOAAMIMX B (op-
myiy (7).

BeposiTHOCTB # OmpenensieTcst 3KCIEepTHO MM Ha Oc-
HOBe 00pabOTKH pe3yJIbTaTOB M3yueHHs HH(OPMAILMOH-
HO-TEPMUHOJIOTHYECKOT0 Oasuca.

BeposrrocTs p Beuucnsercs no ¢popmyse (1).

Tpynoemkocts ® 3aBUCHT OT 0ObeMa MH(POPMAIHMOH-
Horo 0a3uca.

Tpynoemkocts @1 MoeT OBITH MOJydeHa Kak JIO0JIs
BEIUUYUHBI O:

[l((a +rO1)+ 02+ q®3)}. ™
S

Bl =£10, ®)
rae 0 < k1 <1 — pgons 3aTpar Ha MOJyYEHUE CIPABOK U
KOHCYJIBTAIIH, OmpeensseMasi SKCIIEPTHO WM Ha OCHOBE
CTAaTUCTHUKHU.
TpynoemMkocTs @2 sBIsIETCS CyMMOW MOCTOSHHOW U
MIEPEMEHHOMN COCTABJISIFOIINX:
®2=m+ k20, )
re m — TPYJOEMKOCTh pabOThl MO BBIIOIHEHUIO KOH-
TPOJIBHBIX MEPONPHATHI, HE 3aBUCALIAas OT pa3MepoB
6asmca, u; 0 < k2 < 1 — mosnst 3aTpar Ha BHITOJHEHHUE KOH-
TPOJILHBIX MEPOTIPHUSTHH.
TpynoeMkocTs ®3 MOXHO TPEACTaBUTH KaK CyMMY
JIOJIA TPYAOEMKOCTH ® U MOCTOSIHHOM COCTABIISIOLIEH:
®3=w+ k30, (10)
rZie W — TPYAOEMKOCTh PaOOTHI M0 M3YYEHHIO MHEMOTEX-
HUK, HE 3aBUCSINAs OT pa3MepoB Oazuca, 4; 0 < k3 < 1 —
JI0JIS 3aTpaT Ha IPUMEHEHNE MHEMOTEXHHUK.
B pesynprare MOACTAHOBKM 3HAYEHWH ITapaMeTpoOB
(8)—(10) dhopmyma (7) mpuobpeTeT B
¢ +REL

(11

X (l(1+klr)+k2+qk3j®+m+qw
s
= Rl1+ R2+ R3,

rne Rl=

®
1+ klr|— — 3aTpaTbl BpeMEHH Ha
e 04 REL[ ] s P P

2

m3ydeHue 6aszmca; R2 =
¢® +RE

(k20 +m) - 3atpa-
L
Thl BPEMCHH Ha BBIMOJHCHHE KOHTPOJIBHBIX MEPOMpHS-

2
THH; R3=—

qk;® + qw| — 3aTpaTel BpeMEHH
ECpTCL ]

Ha BBIIIOJIHEHUE MHEMOTEXHUK.
BseneM o603HaueHuE

Lk + k24 g3 =k, (12)
S

52

C y4eTOM KOTOPOTO BBIpa)K€HHE IJISI CYMMAapHOM Tpymo-
emkoctu (11) ynpocturcs:

2
76 REL (kO +m+qw) .
®opmupoBaHue MOAYJIeH MO0 NPUHIUIIY peJIeBAHT-
HOCTH. B paccmaTtpuBaeMoil HaMH MOJENH CBSI3b MEXKIY
CIIOBaMH OIIPEAENIeTCS 110 TNPHHIUITYY PEJIEBaHTHOCTH
WIH COOTBETCTBHS MEXIy coboil. Ecnm y AByx cpaBHU-
BAaeMbIX MOOYKBEHHO CJIOB Ha OJHOM M TOM € MECTE
HaXOJWTCS OZHA M Ta e OyKBa, TO 3TO yBEINIHMBACT CTe-
MIeHb UX COOTBETCTBHs. EciM cioBa CX0XH, TO BEPOSITHO,
9TO OHH JINOO OJHOKOPEHHEIE, MO0 MPOCTO MOX0XH. B
MIEPBOM CJIydae CJI0Ba OTIMYAIOTCS TOJIBKO cBOeH GopMoit
WJIM YacThIO PEe4H, BO BTOPOM CJIOBA 3aIIOMHUHAIOTCS Kak
CO3BYUHBIE, HO pa3HbIE MO cMbIcTy. Bee 310 yBennuuBaer
ACCOIMATHBHYIO CBSI3b MEXIy CJIOBaMHM, 4TO oOierdaer
YeJIOBEUECKOMY MO3TY IPOLIECC NX 3aTIOMHHAHUSI.

[TpuBeaem moapoOHBINH ANTOPUTM (HOPMHUPOBAHKS MO-
nyns UTB.

laz 1. KonyecTBo ciioB B 0a3uce, KOTOPBIA XpaHUT-
cq B 0asze gaHHBIX, 3aHOCHM B SizeOfBasis.

Llae 2. 3amaem kodpdummeHT cxoxectr cioB KOF.

gz 3. 1=1.

Illaz 4. Ecnu [ 6onsine SizeOfBasis, To mepexoaum K
mary 17. B mpotuBHOM ciay4ae OepeM cloBO U3 0asbl
JTAaHHBIX TIOJ] HHIIEKCOM /.

Hlaz 5. Eciu dnar use-cioBa noj WHIEKCOM / paBeH
0, To use paBen | u cioBo 3amuckiBaeTcs B MainWord. B
NIPOTUBHOM CiIydae 3HadeHHe / yBelnumBaeM Ha | W me-
pexoauM K mary 4.

llae 6. Co3maeM HOBBI MOXYNb, B KOTOPOM Same
pasHo 0.

Hlae 7. J=1.

Illaz 8. Eciu J menbiie wmn paBHo SizeOfBasic, To
OepeM c0BO U3 0a3bl JAHHBIX IO UHIEKCOM J.

Hlaz 9. Ecnm ¢ar use-cioBa nox nagexcoM J pase 0,
TO 3amKchiBaeM ero B nepeMeHnyr Word. B npoTuBHOM
ciydae J yBennurBaeM Ha | U mepexoIuMm K miary 8.

Hlaz 10. CpaBHHBaeM KOJIMYECTBO OYKB B CIIOBax
Word u MainWord, BbiOMpaeM W3 HUX HaMMEHbIIEE U
3aHocuM ero B SizeOfWord.

Hlaz 11. K=1.

Ulaz 12. Eciu K 6onbine SizeOfWord, To nepexoaum
K mary 15, B mpoTUBHOM ciaydae — K mary 13.

Ulaz 13. Ecim 6yxBa ¢ nanexkcom K MainWord paBHa
Oykse ¢ uagekcom K Word, To yBennurBaem same Ha 1.

lae 14. YBenuuuBaeM K Ha | U mepexoauM K Iary
12.

Illae 15. Ecnu same paBHo 0, To yBenuuuBaeM J Ha 1
U TIEPEeXOIUM K ImIary §.

Illaz 16. Ecim same/SizeOfWord 6ombme KOF, TO
npUcBauBaeM use 3HaueHue 1, J yBenuuuBaem Ha 1, B
pe3ynbTare CI0BO MOMEIAETCS] B MOLYJb, H EPEXOJUM K
mary 8. B nmporuBHOM cirydae J yBenmuarBaeM Ha 1 u Tie-
pexonuM k mary 8.

Llae 17. Beixon.

[ocne ¢popmupoBanus moxyneit U'Th no peneBanTHO-
CTH TIPUMEHSIIOTCSl aITOPUTMbI pa3OueHus HH(GOpMAIH-

(13)
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OHHO-TEPMHUHOJIOTUYECKOTO 0a3Mca, COCTOSMIEr0 W3 3a-  Kauuud WH()OPMAIMOHHO-TEPMHHOJIOTHYECKOTO 0asuca B
paHee 3aJaHHbIX MOJYJIEH, KOTOpBIE OMUCAHbI B paboTax  OOJNACTH a’POKOCMHUYECKOH TEXHHKH // ABHAaKOCMHY.
[6; 7]. npubopoctpoerue. 2007. Ne 9. C. 67-71.

Ha ocHoBe ananusa crnoco060B (OPMHPOBAHHSA MOJY- 3. MyIbTUIHMHIBUCTHYECKAS TEXHOJNOTHSA IOUCKA
neil MHGOPMAIMOHHO-TEPMHHOJIOTHIECKOT0 0Oa3uca 1Mo-  JAaHHBIX JJIS MMOATOTOBKH M NPUHSTHS PEIICHUS B unbop-
TydeHa HOBasg Mojenb u3ydenuss UTH ¢ yueToM cBoiicTB ~ MAlMOHHO-yIpapissromux cucremax / M. B. Kosanes,
4ENOBEYECKOW TaMATH W npuMeHenus Muemortexuuk, 11 B. 3enenkos, C. C. Oruepy6os, II. M. Jloxmaxkos //
UCIONB3YIOMUX IIPUHIMUI PENEBAaHTHOCTH. ABTopamm  LIporp. mpomykTel m cucteMsl 2007. Ne 2. C. 11.
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HONB30BaH MpH pa3paboTke mporpammHoro kommiekca B 1. A. Kovaleva, M. V. Karasyova, S. N. Ezhemanskay //
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C mMOOBIMA CHCTEMAaMH yIIpaBjicHus Oasamu nammeix, 2004, P.212-214.
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MODEL-ALGORITHMIC SUPPORT OF MULTILINGUAL
INFORMATION-TERMINOLOGICAL BASIS IN INTELLIGENT SYSTEMS

The authors consider formation of multilingual information-terminological basis and the model of its study based on
Markovian chains. The algorithm of decomposition of informational basis into modules, according to relevance
principle, is presented.

Keywords: multilingual adaptive-training technology, information-vocabulary basis, Markovian chain, relevance
principle.
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YK 539.374

C. U. Cenamog, E. B. ®umommaa

O HOBBIX PEIIEHUAX YPABHEHUI IJIACTUYHOCTH, NOJTYYEHHBIX
C IOMOIIBIO BbICIIUX CUMMETPUU

Ioxka3zano, kak gvlcuiue CUMMEMPUU NIOCKOU UOEANbHOU NIACIUYHOCIU OCUCMEYIOM HA MOYHblE PEUeHUs YPasHe-
HUll 08yMepHoll uoeanvHou naacmuynocmu. Iloopobro paccmompeno peuwienue Ilpanomna. Ilonyuensr Hogvle moutbie
peuienus.

Knrouesvie crosa: O@yMepHaﬂ naacmu4rocntyb, movrsvle peuleHus, eblcuiue CUMMEmMpUU.

OCHOBHBIM CBOMCTBOM CHMMETpPHWH, JOMYyCKaeMbIM M. TakuM criocoOoM HalJeHbl MHOTHE WHTEPECHBIC pe-
cucTeMoi anddepeHIInanbHbIX YPaBHEHUH, SBISIETCS TO,  INEHMS IS PasIHYHbIX TU(QepeHInanbHbIX ypaBHEHHH.
YTO TIOJ WX JEWCTBHEM JII00OE pEIIeHNEe CHCTEMBI ypaB- B maHHOW cTaThe MpencTaBiIeHO, KaK MOXKHO HCIOJB30-
HEHHUH TEpeXOJUT B peEIleHHEe 3TOH K€ CHUCTEeMBl. JTO  BaTh BBICHIME CHUMMETPHUHU JUIl MOCTPOEHHS TOYHBIX pe-
CBOMCTBO TO3BOJIAET MOJy4aTh HOBBIE PELICHUs HE MH-  IIeHMH U3 perueHus [Ipanaris.

TErPUPOBAHUEM HMCXOJHOW CHUCTEMBI, a INPUMEHEHHEM Paccmotpum nuddepeHnnanbsaele ypaBHEHNS TEOPUH
TPYIIIOBBIX NPeoOpa3oBaHMUi K y)Ke U3BECTHBIM PEUICHH-  WACAIbHOH IUIACTUYHOCTH B IIOCKOM ciy4ae [1]:
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F = % k(cos20 2 +sin202%) o,
X ox oy )
F =2 ok(sin 2020 —cos2099) =,
oy Ox oy

rie o, =c—ksin20, cy:c+ksin26,t=kcos26 -

KOMITOHEHTBI T€H30pa HaIlPSXKEHUH; G — T'MApOCTaTHYe-
T
ckoe nasieHue; 0 =(l; x)—Z,(l; X) — yroa Mexny Iep-

BbIM TJIaBHBIM HalpaBJICHHWEM TEH30pa HaNpsDKEHUH W
ocero OX.

W3BectHO, uTO cmcTemMa ypaBHeHWi (1) momyckaer
0OECKOHEUHYIO TPYHITy TOYCYHBIX CHMMETpHil, OeCKOHEU-
HYyI0 anre0py BBICIINX CHMMETPUN M OECKOHEYHYIO CHC-
TEMY 3aKOHOB COXpaHEeHHUS [2].

Toueuynast rpymma, momyckaemas cuctemoil (1), yxe
Hemnoxo u3ydeHa. C ee MOMOINBIO yJaloch MOCTPOHMTH
HOBBIE CEpHH TOYHBIX pelieHni ypaBHeHuH (1) u u3yunTh
Ka4eCTBEHHbIE CBOMCTBA 3THX YPaBHEHHH.

3aKOHBI COXpaHEHUs, AoIycKaeMble cucteMoi (1), mo-
3BOJIMNIM PEIIUTh KpaeBble 3ajaun Komm m Pumana B
AQHAJTUTHYECKOM BHUJIE.

B nanHOI craThe BriepBhIe OyAeT MOKa3aHO, KaK BBIC-
e CHUMMETPHH MOTYT OBITh HMCHOJIB30BaHBl JUIS II0-
CTPOCHHS HOBBIX TOUHBIX pEIICHUH ypaBHeHHH (1).

[IprBeneM HEOOXOOWMBIE CBEACHUS O BBICIIMX CHM-
MeTpusx ypaBHeHHS (1).

Ilycts

ai+j6_ aifie 3 i i—12
8xi8yj Py 8xi6yj P ba J =5 S

PaccMoTpuM OECKOHEYHOMEPHOE TPOCTPAHCTBO J ™~ ¢
kKoopauHatamu (x, y, G, 0, pll/C ), k=1,2,..., u npeobpa-
30BaHME STOTO TPOCTPAHCTBA BHIA

x'= f1(x,,0,0, pj, ),
¥ = 13(x,9,0,0, pj, o),
o' =g'(x,5,6,0, p, ), )
0= g*(x,,6,0, pf;, ),
(P}) =hi (x,y,0,0,pf, ), k=1,2,.., i,j=12,..,

T€ 0. — OIHOMEPHBII NapaMeTp U3 HEKOTOPOU OKPECTHO-
CTH HYJIS.

[lycth mpeoOpazoBanusi (2) COCTAaBISIIOT JIOKAIBHYIO
OJlHOTIapaMeTpudecKyro rpymnmy. Toraa

' 8i+jc , aiﬁe
) =0y 1) =gy

Cucrema ypaBHeHuit (1) onpezenser B mpocTpaHCTBE
J” GeCKOHEUHYIO CHCTEMY ypaBHEHHUI

D,(F)=0, D,(F,)=0.
3aech onepaTop NOJHOM MPOU3BOIHON UMEET BUA

0
z pik+l,j

k
ki, j api, j

2
i

A3)

Dx=£+
ox

>
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0 i 0

D =—+ Diii—>
y ay ;(,Z,j i,j+1 apllf]
v=(l,m), D,=D{oD,

TIe v — JI000€ IEI0e YHUCIIO.

Byznem roBoputs, uTo cuctema ypasHeHuit (1) morryc-
KaeT Tpymnmy IpeoOpazoBanuii (2), ecnu OecKOHEYHas
cucreMa (3) HHBapHMaHTHA IIPH 3TUX IPeoOpa3oBaHMIX.

Kaxmoit oqHOnmapamerpuueckoi rpymme (2) cOOTBET-

o)
0, ’
I =0, )

IZIe 9epTa BBEpPXy O3HAYaeT, UYTO B ypaBHEHU:X (4) criexy-
eT mepeiTu Ha MHOrooOpasue (1).
Onepatop /[ u3 (4) o cuctemsl (1) 6yner ciaenyro-

CTBYET NpOW3BOIAIAS (PyHKIMS CUMMETpUH ¢ =

KOTOpasi OTPEeeIsIeTCs [0 CUCTEME YPaBHEHUI

[IHAM:

D, —2k(-2sin 29@ +2cos 29@ +
Ox oy

+c0s26D, +sin26D)
00
—+

D, —2k(2cos 26@ +2sin 260
7 Ox oy

+8in26D, —cos26D,)

[ToapoOHOCTH BBIYMCIACHHN BBICIIMX CHMMETPHH U
MHOTOYHCIIEHHBIE TTPUMEPHI MOKHO HAWTH B [2] ¥ IUTH-
PYCMBIX TaM UCTOYHUKAX.

B [2] naiineHsl Bce BBICIIME CUMMETPHH, OMyCKae-
Mble ypaBHeHHeM IuiactuyHoctd (1). Ilpocreiimme u3
HHUX UMEIOT BUJL

oy oy o'y
oe? o8’ oE"
L=l S L= = = (%)
0y 2y oy
on’ o’ on"
I/ICHOJ‘IL3y€M HeKOTOpLIC 3TU CI/IMMeTpI/II/I JJst 110~

CTPOEHUSI HOBBIX PEUICHUH IMJIACTUYHOCTU COTJIACHO Clie-
JIyIOLIeH METOJIUKE.
Iycts Xy,

HEKOTOPbLIC H3BECTHBLIC PCUHICHUA
ypaBHEHUH IUIACTUYHOCTH, a f, BO3bMEM M3 ceMeiicTBa
cummerpuii (5).

Cepust HOBBIX pEIICHHI, KOTOpPBIE MHONYYalOTCs H3
TOYHOro pemeHust X,(&,m), ¥, (&, M), ompenensercs Kak
peleHne CUCTEMbI ypaBHEHHUH

y_o'y & _dy ©
ot oek " ot - on*

CO cJIeAyromMMHA Ha4YaJIbHbIMU YCIIOBUAMMU:
y(ovéan) = yos f(oaéan) = )_C()'

Torma mapa QyHKIHI (f(r,&,n),f(r,&,n)) SIBIISICTCS

pelIeHneM ypaBHEHHH ITACTHYHOCTH JUISl KaJKAOTO T .
EnuHCTBEeHHOE 3aTpyAHEHHE TIpH HCIIOIb30BAaHHUHU
3TOM METOJOWKH COCTOUT B OTCYTCTBHH (DOPMYJ JUIs
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pemenns 3agaun Komm i ypaBHeHuit (6), KOTOPHIX HET, X = ( 20-sin20+¢, )ch a—cos20sha,
Hanpumep, naxe B [3].

To ananoruu co ciyuaeM k =2 s3anuiiem obiiee pe- v =cos20cha—(-20-sin20+¢ )sha.

LIeHue ypaBHEHUH (6). I'paduku HOBBIX TOYHBIX pEIICHWHA YpaBHEHHWH ILIa-
Jlemma. Pemenue 3a1a4u Komm  cruunoctu npu a =0,a =1, a =2 u a = 3 npeacTaBiIcHbI
& ak)—} Huxe (puc. 1-4).
—=— y|T:0 =), MOXHO IIPEACTaBUTb B BUJIE
ot 5}; 15
0 ,Ei (ik);
= _= 0 —
y(r, @,n) =X +Z-_, Gk ™
o il dE 05 |
JlokazarenbCTBO 3TOM JIEMMBl OCYILUECTBIISIETCA MPO- /
CTOM MPOBEPKOH TOro, uTo (7) ACHUCTBUTENHHO €CTh pe- ' ‘ / ‘ / ‘ / v / ‘ / ‘ ' ‘
-4 -3 -2 -1 1 z 2 4 5
meHre ypaBHeHUs (7) M yIOBIETBOPSET HA4YaIbHOMY YC- o5
JIOBHIO. /
B kauecTBe MCXOIHOrO pelIeHUs BO3bMEM pELICHUE 15
IIpanaris:

a5
1,5

X, =-sinf—-(n+§&)cosO
%o (é’ n) (n a) ’ Puc. 1. JIUHUKM CKOJILKEHHUS TIEPBOTO CEMENCTBA
Yo ((‘;, n) =cos0+ (T] + é) sin 6. pemenns [paraTis — HoBoro pemenus npu a =0

IMoxcrapisist 310 pemenne B (7) U CBOpaYHMBas MOITY-
YEHHBIC PSIIbI, IMEEM

2

— . . T
x(r,&,n):(—sme—(n+§)cos6+151n6)exp(——), . ‘ . o .
4 6 - E 1 2 4
— . T 2
y(r,&,n) = (cos@—i—(n + §)51n6+ rcos@)exp 1/
3
XapakTepuCTUKU ISl 3TOTO pelleHus 1 peurenust Ha- -4
Jlau TIpUBeJIeHBI B [4]. -5
Teneps, ucnons3ys pemenue Ilpanamisa, paccMoTpum 5
ciydait k =3. CornacHO HpPEABIAYIIAM PacCyKICHHUIM .
MOy aHM Puc. 2. JIunuu ckoamXeHus IepBoOro ceMencTBa

HOBOTO peuIeHus mpu a =1
f(r,&,n):(—(n+§)cos9—sin9)ch[—§j+ .

e |

+((n+€)sin6—cos B)Sh(—gj, _;2 1I _é _; _:1 ; o ;
5
)7(T,E,,T])=((n+§)sin6+cose)ch(—§)+ N
+((ﬂ+§)cos6—sin9)sh(—§j. .

-20 -

BosBpaiasce k ICXOAHBIM KOOpPAWHATAM, 10 (popmy-
maM x =XxcosO—ysinf, y=XxsinB-ycosd umeem Puc. 3. JIMHAM CKOJIBKEHHS IEPBOTO CeMencTBa
HOBOTO PEUICHUS MpH a =2

x= (—G—sin26)cha—cos26sh a,
y=cos20cha+(c—sin260)sha,

re (_)
)

XapaKTCpI/ICTI/IKI/I U COOTHOLICHUS Ha XApPAKTEPUCTU-
Kax [Jid 5TOro peuICHUs UMCHOT BU/

E=0-20=¢,

x=(-20-sin20-¢ )cha—cos20sha,

y=cos20cha—(20-sin26+¢, )sha, 50 4
n=c+20=c¢, Puc. 4. JINHUK CKOJIBXKCHUS TIEPBOTO CeMEiCTBa

HOBOTO pelIeHus IpH a =3

55
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CPABHUTEJIbHBIA AHAJIU3 METO/IOB PEILIEHUSA 3AIAYU
OIEHKH 3AINMINEHHOCTU ABTOMATU3UPOBAHHBIX CUCTEM*

Hpoeedeu cpaeyumeﬂbnbld aHanu3 mMemooos peuienus 3a0auu OYEHKU 3aujUyeHHoOCmuU asmomamusupoearHHblx
cucmem. PaCCMOmpeHbl ux ceoticmea, npeumyuiecmed, Hec)ocmamku, a makoice I’lpO()mebl, CO30aHHbLE HA UX OCHOBE.

Kniouesvie cnosa: popmanvhuvlii 00X00, KNACCUDUKAYUOHHDBIL NOOX00, OYEHKA 3aWUUEHHOCTU.

CrpemuTeNIbHOE Pa3BUTHE KOMIBIOTEPHOH chepbl U
BBICOKMX TEXHOJIOTMH B TOCIIEJHHE JBa JECATHUIICTUS
MIPUBEJIO K TOMY, 9YTO MH(OpMAIUsI MpHOOpera KOHKPET-
HbIe ()MHAHCOBBIE, PEIyTALIMOHHBIE, BPEMEHHBIE U IPyTHE
BEIpaXXCHUSA. B CBS3M C 3TUM IS Bce OONBIIETO YHCIa
OpraHu3aIi 3amUTa HHPOPMALIUU CTAHOBHUTCS OJTHOU U3
MIPHOPUTETHBIX 3a4ad. ['0CyZapcTBO NPHHHMAET aKTHB-
HOE y4YacTHe B MPOLEecce CTAHOBJICHHS MH(POPMAIIMOHHON
6e3omacHoctu B Poccuiickoit denepatum, 0 4eM roBOPHUT
yCUJIEHHE M YXKECTO4YeHHe TPeOOBaHUH K 3alinTe KOH(U-
JeHIMaJIbHOW MH(pOpMaIK (KOMMEPYECKOH TalHbI, TIep-
COHAJIbHBIX JTaHHBIX, OAHKOBCKOW TaiHBI U T. 1.), IPUHA-
THE HOBBIX 3aKOHOB M I10/I3aKOHHBIX aKTOB B 3TOW oOJac-
TH, a TaK)Ke PyKOBOJSIIUX JOKYMEHTOB IO Kilaccu(UKa-
WU CPEICTB 3aIIUTHl WH(POPMAINU HUCXOAS U3 TpeOoBa-
Hull 6ezomacHocTH. OMHUM W3 TIEPBBIX U OCHOBHBIX 3Ta-
ITOB TIOCTPOCHUS 3alIUIICHHOW HH(GPACTPYKTYPH OpraHu-
3alUU SBIAETCS aHAIN3 OICHKH 3alIHIIEHHOCTH aBTOMa-
tr3upoBaHHon cuctemsl (AC).

B Hacrosmmee Bpems aHaIW3 OLEHKH 3aLIUIIEHHOCTH
AC mpoBOAUTCS C MOMOINIBIO BYX MOIXOA0B: (hopMalib-
HOT'O U KJTacCU(UKAIMOHHOTO.

OCHOBOW I hopmanbHo20 NOOX00a TPATUIIMOHHO
CUNTAETCS MOJIENIb CHCTEMBI 3aLUTHI C TIOJHBIM HIEPEKphI-
THEM, B KOTOPOH paccMaTpuBaeTcsi B3aUMozeicTBIE o0ac-

TH yTpo3, 3alIUIIACMON 00JAaCTH M CHCTEMBI 3amuThl [1].
TaxkuMm 06pa3om, UMeeTCs: TP MHOXKECTBA!

— T = {t;} — MHOXECTBO yrpo3 0€30MacCHOCTH;

— O = {0;} — MHOX€ECTBO OOBEKTOB (PECYPCOB) 3alllH-
IIEHHOH CHCTEMBI;

— M = {my;} —MHOXecTBO MexaHn3MOB Oe3omacHocTh AC.

DJIeMEeHTHI ATUX MHOXKECTB HAXOAATCSI MEXAY OO0 B
OTIpEETICHHBIX OTHOLICHUSX, XapaKTePH3YIOIIUX CHCTe-
My 3amuThl. [ ONMMCAaHUsl CHCTEMBI 3aIUTHl OOBIYHO
ucnoip3yercs rpadosast Momens [1].

MHOXeCTBO OTHOIIEHHH «yrpo3a—00BEKT» 00pazyer
IBYXIOIBHEIN Tpad {<7, O>}. llems 3alUTEI COCTOUT B TOM,
9TOOBI TIEPEKPHITH BCE BOSMOXKHBIE pedpa B Tpade. 1o moc-
TUTAeTCs BBEICHIEM TPEThEero Habopa M, B pe3ynbrare 4ero
HoJy4aercst TpexAoNbHbIi rpad {<7, M, O>} (puc. 1).

Pa3Butue MOZ€CJIN CUCTEMBI 3allIUTHI C TTOJIHBIM IICPEC-
KPBITHEM ITPEAIoJIaraeT BBEJCHHUE €Ille JIBYX JIEMEHTOB!

— V — Habopa ys3BUMBIX MECT, OINPEIessieMOro MoJ-
MHOYKECTBOM JIeKapToBa npoussenenus 7+0: v, = <t;, o>
[Ton ys3BHMOCTBIO CHCTEMBI 3aIlUTHl TIOHHMAETCsl BO3-
MOXHOCTh OCYIIECTBIICHHSI YTPO3bl { B OTHOLIEHHH 00B-
€KTa 0;

— B — Habopa GapbepoB, ONpenesieMoro JeKapTOBBIM
npousBenenueM V*M: b, = <t;, o;, m>. bapbepsl npen-
CTaBJISIFOT COOOM MyTH OCYIIECTBIICHUS YIpo3 0e30MacHo-
CTH, IEPEKPBITHIE CPEICTBAMH 3aIUTHI.

*PaboTa BBHIIONHEHA TpH MoAAepXkKe MuHHCTepcTBa OOpa3oBaHMss W Hayku Poccumiickoit ®epepamum (coriamieHue

14.B37.21.0625).



Becmuukx Cubupckozo 20cy0apcmeeHH020 aspoKocCMuiecko2o yrugepcumema umenu axaoemuxa M. @. Pewemnesa

Oonacib yTpos T

Cucrema zawmrsl i}

Jaugpnuaeman obnacis O

Puc. 1. I'padoBas Mozesb ONMCAHUS CUCTEMBI 3aLUTHl HHPOPMaLUu

ODnacTe YyIpo: T CHCTEMA alMTEI M

HaDop DaprepoB B

MHOXKECTBD Jawpwaeman
IBMMOCTEH
¥a V oDnacTe 0

Puc. 2. Mozens cucTeMBbl 3aLUTHI, COAEPIKaAIECH YSI3BUMOCTH

B pesymerate Oyner moiydeHa CHCTEMa, COCTOSIIAS
u3 ATy sneMeHToB: <7, O, M, V, B>, onuceiBaroias
CHCTEMY 3alIUTHI C YIETOM HAINYHA B HEH ySI3BUMOCTEH
[1] (puc. 2).

B cucreme 3alIUTHI C TIOJIHBIM NEPEKPLITUEM IJI JIIO-
00l YS3BHUMOCTH HMEETCS YCTpaHSIOMUNA ee Oapbep.
WHbIMH crioBaMH, B TOJO0HOM CHCTEMe IS BCEX BO3-
MOYKHBIX YIpo3 0€30I1aCHOCTH CYIIECTBYIOT CHELUaIbHbIE
MEXaHHM3MBI 3aIIUTHI, NPEISTCTBYIOIUE OCYLIECTBICHHIO
STHX Yrpo3. OTO OAWH U3 (HaKTOPOB, OMPEICIITIONINX 3a-
omeHHocts AC. [Ipyrum ¢daktopoM sBIsseTCST Tpod-
HOCTh MEXaHU3MOB 3alTuTHI [1].

B xadecTBe XapakTepHCTUK 3JeMeHTa Habopa Oaphe-
poB b; = <t;, 0;, m>, b; € B, MOXKET paccMaTpHUBAThCS Ha-
6op <P, L;, R>, tae P, — BEepOSTHOCTh TOSIBIICHUS yTPO-
3bl; L; — BeJIM4KHA yiep0a Mpu yAa4yHOM OCYIIECTBICHHN
YIPO36I B OTHOIICHUH 3AIIUIIAEMBIX OOBEKTOB (YPOBEHB
Cephe3HOCTH YIpo3bl); R; — CTENeHb COMPOTUBIIEMOCTH
MCXaHHU3Ma 3alluThbl my, xapaKTepmy}omaﬂca BepOHTHO-
CTBIO €T0 MPEOIOJICHHS.

IpounocTs Gapbepa b; = <t;, 0;, m;> 3aBUCHUT OT BEJIH-
YHHBI OCTaTOYHOTO pucka Risk, cBs3aHHOTO ¢ BO3MOX-
HOCTBIO OCYIIECTBIICHUS YTPO3BI £; B OTHOIICHUN OOBEKTA
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aBTOMaTI/IBHpOBaHHOﬁ CHUCTCMbl O; IIpU HCIOJbL30BaHUU
MCXaHU3Ma 3alllUTEI 11y

RiSk[: PkLk(l — Rk)
I[J'ISI ONpEeaCICHUA BEIIUYUHBI 3allIUIICHHOCTH S MOX-
HO HCIIOJIb30BaTh CICIYIOIIYIO q)OpMYJIyZ

g 1
Qs BL =R

rae Py, L, € (0, 1); R, € [0, 1). 3uamenarenb 3Toit (op-
MYJIbl ONIPEAEISAECT CYMMapHYyI0 BEIUYMHY OCTaTOYHBIX
PHUCKOB, CBSI3aHHBIX C BO3MOXXHOCTBIO OCYILECTBIICHHS
yrpo3 T B otHOmeHn#u 006ekTOB AC O Npu UCIOJIB30Ba-
HUU MEXaHW3MOB 3alIUTHl M. DTa BEeIMYMHA XapaKTepH-
3yeT OOLIyIO YSI3BUMOCTh CUCTEMBI 3aIIUTHI, a 3alIHIICH-
HOCTH ONpeZeNsieTcs KaKk BeIMYnHA, O0paTHAs ySI3BHMO-
ctu. [Ipu oTcyTcTBUE B cucTeMe 0apbepoB by, TEPEKpPhI-
BAOIIUX OIPEIeIeHHBIE YSI3BUMOCTH, CTEIEeHBb COIpPO-
THUBJISIEMOCTH MEXaHM3Ma 3allUTHl R; MPUHAMAETCs paB-
HOH HYJIIO.

Ha npakruke nosydeHue TOUHBIX 3HAYEHUH yKa3aH-
HBIX XapaKTEPUCTUK 3aTPYIHEHO, IOCKOJIbKY IIOHATHS
yrpo3sl, yuiepda U COIpPOTHUBIISIEMOCTH MEXaHNU3Ma 3alllH-
TBI TPyZHO (opmanu3oBaTh. Tak, OLUEHKY yuiepda B pe-
3yJbTaTe HECAHKIMOHUPOBAHHOTO JOCTyNa K mH(popMa-
MM TOJIMTHYECKOTO U BOCHHOTO XapaKTepa TOYHO Ompe-
JIEUTh BOOOIIE HEBO3MOXKHO, a HAXOXJICHHE BEPOSTHO-
CTH OCYIIECTBJICHHUS yTPO3bl HE MOXKET 0a3HpOBaTHCS Ha
CTaTHUCTHYECKOM aHaim3e [1].

B wnaccuguxayuonnom nooxode BMECTO CTOMMOCTHBIX
OLICHOK, MPUMEHSEMbIX B He(OPMalIbHBIX KiaccH(HKaI-
OHHBIX ITOX0/1aX, UCIIONB3YIOT KaTerOPHPOBAHIE:

—HapymuTeneH (1o 1easM, KBaau(uKaiud u J0CTyII-
HBIM BBIYHCIUTENILHBIM pecypcam);

— uHpopManuu (10 yPOBHIM KPUTHYHOCTU M KOH(U-
JICHIIMAITEHOCTH);

— cpencTB 3amuThl (10 QYHKIIMOHAIBFHOCTH M TapaH-
TUPOBAHHOCTH PEATH3YEMBIX BO3MOXKHOCTEH) H T. II.

Taxol moaxod He JaeT TOYHBIX 3HAUEHWH IOKa3aTe-
Jel 3alIUIICHHOCTH, OJHAKO TO3BOJISIET KJIACCH(PHUIIUPO-
Bath AC 1O ypOBHIO 3aIIMIICHHOCTH M CPaBHUBATh HX
Mexnay coboit [1]. Ilpumepamm kiaccuUKAIMOHHBIX
METOJVK, TOJXYYHUBIINX HIMPOKOE PACHpPOCTPAHEHUE, MO-
TYT CIIY’KHTh pa3HOOOpa3Hble KPUTEPHH OLIEHKHU Oe3orac-
HOCTHU l/IH(l)OpMaLII/IOHH])IX TeXHOJ’lOFHﬁ, MPpUHATBIE BO
MHOT'UX CTpaHaX B Ka4CCTBC HAIMOHAJIbHBIX CTAaHAApTOB,
KOTOPBIC YCTAaHABJIMBAIOT KJIACCHI M YPOBHU 3alUIICHHO-
CTH.

Haubonee 3HaYMMBIMH HOPMATHBHBIMH JOKYMEHTA-
MH, OIPEIEIBIIONIIMA KPUTEPHH OIEHKH 3aIlUIICHHOCTH
" TpeOOBaHWUs, MPEIbABISIEMbIE K MEXaHU3MaM 3aIlUTEHI,
SBIISIOTCSI:

— OO0mue KpuTepuu OIeHKN 6e30MmacHOCTH HHpOpMa-
unonublx  TexHosoruii  (The Common Criteria for
Information Technology Security Evaluation) (ISO
15408);

— IlpakTnyeckue mnpaBuia ynpapieHUs UH(OpMALU-
onHo# 6e3omacHocTEIO0 (Code of Practice for Information
Security Management) (ISO 17799);
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— craugapr UCO/MOK 27001 «ubopmaiioHHbIe
TEXHOJIOTUH. Metosbl 3amuThl. CUCTEeMa MEHEIKMEHTa
3amuThl nHpopManmu. TpeOoBaHUMY;

— pyKoBoAdAIIME AOKyMeHThl ['ocynapcTBEHHON Tex-
Hudeckoit komuccuu (I'ocrexxomuccun) Poccun u nip.

I'maBHOE TOCTOMHCTBO (POPMAIBHOTO MOAXOIA COCTO-
UT B TOM, YTO OH ITO3BOJISICT MMOyYUTh TOUYHBIC KOJIMIECT-
BEHHBIC OIIEHKU PA3JINYHBIX MOKa3aTeJeH 3aliIIeHHOCTH
AC, omHaKo ero mpaKTH4YecKas pearu3aius MpeICcTaBIsi-
€TCsI IeTIOM BEChMa 3aTPYIHUTENFHBIM H MaJod((EeKTHB-
HeIM. [loaTOMy Oo0siee TpeArOYTHTEIHHEIM B 3TOM IIaHE
SIBJISIETCSI KJIACCH(PUKAIIMOHHBIN TTOJIXOI.

Amnanu3 3amuiieHHocTd AC — 3TO OJIMH U3 OCHOBHBIX
MYHKTOB CO3[aHHs KOMIUICKCHOW CHCTEMBI 3alllUThl WH-
dopmaru. OnHAKO B MOCIEIHEEe BpeMs B O0JIACTH WH-
(hopMaroHHOH 0E30MACHOCTH BO3HHUK IIEIIBIN PSIT HOBBIX
npo0iem.

[lepBas U3 HUX — 3TO HexXBaTKa KaaApoB. MHbopMarm-
OHHasi 0E30IMIaCHOCTh — OTHOCHTEIHFHO HOBOE HallpaBlie-
HUE B Halllel cTpaHe, UM 3aHMMAaIOTCS BCErO HECKOIBKO
NECATHICTUH, a JWIUIOMHPOBAHHBIX CIECHHAINCTOB II0
JTAHHOMY HAIIpaBICHHIO TOTOBAT TOJIBKO mocienHue 10
net. U naxe ecinu yuects, uyto B Poccuiickoit denepauuu
CHELHUAMCTOB M0 WH(OpMALMOHHON 0e30MacHOCTH BbI-
nyckatoT yxe 47 ByzoB (manabie 2011 r. [2]), oHn Bce
PaBHO HE MOTYT MOKPBITH TSHHUIUT KAJAPOB.

Bropas npobiema — HEOOXOUMOCTh TPHUACPIKUBATH-
Cs TIPUHIIMIIA 3aKOHHOCTH, KOTOPBIN IMpEInojaract ocy-
IIECTBJICHUE 3allIUTHBIX MEPOIIPHUITUH U pa3pabOTKy CHUC-
TeMbl Oe3omacHocTH nHpopManuu AC B COOTBETCTBHHU C
JIEHCTBYIOMIMM 3aKOHOIATEIECTBOM B O0yacTH MH(POpMa-
UM, THQOPMATH3AINH 1 3alUTH HHPOPMAIIH, a TaKXKe
C JIpYTMMH HOPMATHUBHBIMH aKTaMH IO O€30MacHOCTH,
YTBEpKIEHHBIMH OpPTaHAMH TOCYAapCTBEHHOW BIIACTH B
mpenenax uxX KOMIETEHINH, C IPIMEHEHHEM BCEX J03BO-
JICHHBIX METOJIOB OOHApYKCHHUS U MPECCUCHUs MPaBOHA-
pylieHui npu padote ¢ nHpopmanueii [3].

OObIYHAs OpraHU3alUsl OPUCHTUPYETCS HA MHOXKECT-
BO CTaHJAapPTOB M HOPMATHBHBIX U MPABOBBIX aKTOB B 3a-
BHCUMOCTH OT BUJa KOH(DHICHIMAIEHOW WH(OpMAIUH,
uupkynupyromeit B AC. K npumepy, 11 nepcoHalbHbIX
JAHHBIX TAKUMH JTOKyMEHTaMH sBistoTcs DepepanbHBIN
3akoH oT 27 utonst 2006 1. Ne 152-03 «O mepcoHaTBHBIX
JAHHBIX» ¥ TIOJ3aKOHHBIC €My aKTBL. A BOT pOCCHHCKHE
0GaHKHM MOTYT HOAIAaTh IMOJ JeHCTBHE ENoro psaa 3a-
KOHOB M CTaHIApTOB, OAHAKO HAWOOJbIEe BIHSHUE HA
HUX OKa3bIBAIOT peKoMeHmanuu lLleHTpaiapHOTO OaHka
(I1b) Poccun (3neck ciemyeT OTMETUTh, YTO HECMOTPS Ha
PEKOMEHATENbHBIA XapakTep 3TUX CTaHIAPTOB oOecie-
4yeHue HMH(POPMAIIMOHHOW O€30IIaCHOCTH W MOJy4eHHe
munen3un ot 1B Poccun 6ankoM 6e3 MX HCIOJIb30BaHUS
MPAKTUICCKH HEBO3MOXKHO).

Tperrst pobeMa — MOCTOSHHO MEHSIOIIASACS CTATH-
CTHKa WHIWICHTOB HWH(POPMAIMOHHOW OE301acHOCTH.
Opra#m3anuy IOJDKHBI  3allWINATh HHPPACTPYKTYpY,
obecrnieunBasi 6€30MaCHOCTh KOHEYHBIX TOYEK, CHCTEMBI
nepenadu cooOmienuii, Be0-Tpaduka u ap. Apyrumu npu-
OPUTETHBIMHU 3aa4aMH JOJDKHBI OBITH 3alUTa KPUTHYE-
CKHX BHYTPCHHHUX CEPBEPOB U OOCCIICUCHUE PE3CPBHOTO
KOIIMPOBAHUSA W BOCCTAHOBJICHUS JaHHBIX. J[J1s1 OBICTPOrO
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pearupoBaHHs Ha yTpo3bl Takke HeoOXoauMo obianaTh
uHpopMmanmeid 0 JUHAMHYHO MEHSIOMIMXCS yrpo3ax u
MeToAax 00oprObI ¢ HUMH [4].

B cBsi3u ¢ aTUM B HaCTOsAICC BPEMS Ha PbIHKE OYCHb
TIOITYJISIPHBI  CHIENMAIM3NPOBAaHHbIE IPOrpPaMMHBIE Cpel-
CTBa OIIEHKH 3ammuineHHocTH AC, MCHOJB3yoNe Kiac-
CU(UKAIMOHHBIA IOAXOA K aHAIM3y 3allUIICHHOCTH,
KOTOPHII OCHOBaH Ha HOPMATHUBHBIX JOKYMEHTaX, Ompe-
JEISIONINX KPUTEPHU OLEHKU 3alIMIICHHOCTH U Tpebo-
BaHUS, MPEIBSBISIEMBbIE K MEXaHHW3MaM 3allUTHI, TaKue
Kak mporpammHble Komiuiekchl Risk Watch (CILA),
CRAMM, COBRA (BemukoOpuranus), «Asaulapm»,
I'PU®D, KOHJOP+ (Poccus) [5].

CpaBHEHHE JaHHBIX NMPOTPAMMHBIX KOMILJIEKCOB (CM.
TaONMIy) IMOKa3bIBAET, YTO OHU OXBaTHIBAIOT OOJIBILOE

KOJINYECTBO KPHUTEPHEB OIEHKH WH(POPMAIMOHHOHN 6e30-
MACHOCTH, YTO, OE3YCIIOBHO, SBJISICTCS MOJOXHUTEIBHBIM
MOMECHTOM. OI[HaKO HX CEPHE3HBIM HEJOCTATKOM SBJISACT-
Cs OpPHEHTAIlMsS TOJbKO HAa OJMH-JIBA CTaHIAapTa WHGOP-
MaronHoi OezonacHoctu (COBRA — nHa ISO 17799,
CRAMM - Ha BS 7799:1995, RiskWatch — na LAFE
(Local Annual Frequency Estimate) n SAFE (Standard
Annual Frequency Estimate), sBnsromuxcs TOKyMeHTaMH
NIST, T'PU® — wa ISO 17799, ISO 15408), 1 HE yIHUTHI-
BAIOT PyKOBOJALIME NOKyMEHTHI I'ocTtexkomuccun u de-
JIepaJbHON CIy)XKOBI IO TEXHHYECKOMY M JIKCIIOPTHOMY
KoHTpomto Poccum, a Taxke HOPMATHUBHBIE M TIPABOBEIC
JIOKYMEHTHI B 007acTH MH()OPMAIMOHHON 0€30MacHOCTH,
YTO JeJIaeT 3TH NPOrpPaMMHBbIE NPOIYKTHI (haKTHYECKU
HECIPUTIOAHBIMU JJI1 UCITIOJIb30BAHUA B Poccun.

CpaBHelme nmporpamMm aHa/iu3a OLE€HKH 3aIUIIEeHHOCTH AC

CpaBHUBaeMBbIi KpUTEpUil | I'PUD COBRA | CRAMM |Risk Watch | «Asanlapa»
Pucku
Hcnonp3oBaHue KaTeropuii puckoB +
Hcnonb3oBaHue MOHATHS MAaKCHMAIbHO JAOITyCTUMOTO PHUCKa +
[ToaroroBka miaHa MEpONIPUATHI IO CHUYKEHHUIO PUCKA + + + + +
Ynpaenenue

Vcrionp30BaHNe TIOHATHS «BIIAJIEIICI] PHCKAY + * + + +
[Tnan paboT 0 CHMXXEHUIO PHCKA: + + *

NPOBE/ICHNE TPEHUHIOB * * * * *

MPOBE/ICHNE CEMUHAPOB, COOpaHuit * * * * *
OreHka 6u3Hec-prCKOB/onepannoHHbIX puckos/UT-puckos + * * + *
O1eHKa PUCKOB Ha TEXHUYECKOM YPOBHE * + + +
OreHKa PUCKOB Ha OPraHU3allMOHHOM YPOBHE + + + + +
WndopmupoBanue pykoBouTeNs + + + + +

Ilpeonazaemule cnocodwl cnudicenus pucka
O0xox (MCKIIIOYCHHE) pHCKa * * *
CHmXeHHe pucka + + + + +
[punsitre pucka *
Ilpoueccuvt
Hcnonvsosanue s1emenmos pucka
MatepuanbHble aKTUBBI + + + + +
HematepuanbHble akTUBBI + + + +
VYrpo3sl + + + +
IleHHOCTH aKTUBOB + + + +
VYsa3BumocTu * + + + +
Mepsl 6€30MacHOCTH + + + + +
IMoTenumansHeIH yepo + + + + +
BeposTHOCTB peanu3anuu yrpos + * + + +
Paccmampusaemvle munst puckos

Busnec-pucku + *
Pucku, cBsi3aHHBIE C HAPYLIEHUEM 3aKOHOJATEIbHBIX NTPaBUII + + +
Pucku, cBsi3aHHBIE C NCTIOIB30BAHMEM TEXHOJIOT Uit + + + +
Kommepueckue pucku *
Pucku, cBs3aHHBIE C IPUBJICUYCHUEM TPETHUX JIUIL
Puckn, cBsi3aHHBIE C IPUBICYCHHEM IIEPCOHANA + +
[ToBTOpHBIE OIIEHKH pHCKa + * * +
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Oxkonuanue madauybwl

CpaBHUBaEMbIH KpUTEpU I'PUD COBRA CRAMM | Risk Watch | «Aanl"apa»
OmnpezesneHne NpaBuil IPUHSITHSI PUCKA * * * * +
KagecTBeHHOE paH)XKUPOBaHUE PUCKOB + + + + +
KonnuecTBeHHOE paHKUPOBAaHUE PUCKOB + * + + +
Hcnonp30BaHne HE3aBUCHMON OIIEHKH + * * + *
Pacuer Bo3BpaTa Ha HHBECTULIUHU + * +
Pacuem onmumansnozo coomnouenus meaxncoy mepamu bezonacnocmu
Meps! npenoTBpalieHus + + + + +
Meps! BBISIBICHUS + * + + +
Meps! 10 HUCIIPABICHUIO + * + + +
Meps! 10 BOCCTaHOBJICHUIO + + + + +
WuTerpanus crocoOoB yrpaBieHNs HHITUICHTAMHI . . . . *
Onucanye Ha3HaYeHNs CIIOCOOOB YIPABJICHHsI HHIIMACHTAMU * * * * *
[Ipouenypa NpuHATUS OCTATOUHBIX PUCKOB + * + + +
VYnpasiieHHe 0CTATOUHBIMU PUCKAMU * * * * +
Monumopune puckog
IMpumenenye MoHUTOpHHTa Y3)HEKTUBHOCTH Mep 0€3011aCHOCTH * * * * *
Hcrnosnp30Banue Mpolecca peardpoBaHUs] Ha HMHIMACHTHI B * * * *
obracTi HHPOPMAITMOHHON 0€30TaCHOCTH
[IpoBenenue MeponpusTHil 10 CHUKEHUIO PUCKa + + + + +
CTpyKTYypUpPOBaHHOE JOKyMEHTHPOBAaHHE PE3yJIbTATOB OLCH- + + + +
KH pHCKa

Ipumeuanue. B Tabnuie UCIONB30BaHbI CIEAYIOIUE 0003HAYCHUS: + — OTBEYAET KPUTEPHIO; * — HE OTBEYAET KPUTEPHIO; Oe3

OTMETKHU — COOTBECTCTBUC KPUTCPHUIO 3aBUCUT OT APYIUX q)aKTOpOB.

B cBs3u ¢ 3TMM BCcTaeT mnpodiiemMa CO3MaHUSl HPO-
TPaMMHOTO KOMIUIEKCa, KOTOPBIA YIUTHIBaJ OBl HE TOJb-
KO 3apyOeXHbIe CTaHAApPThI 110 3al[UTe WHPOPMALIKUHU, HO
U OTCYCCTBCHHBIC Pa3pabOTKU B 3Toi oOmactu. Takoi
KOMILJIEKC MOT ObI 00JIETYUTh OPraHU3aIKsIM PEaTH3aUI0
3alHThI HH(I)OpMa]_II/II/I OrpaHUYCHHOI0 JOCTyIlla B COOT-
BETCTBUH C 3aKOHOJaTe’bcTBOM P®D B ycrnoBusix Hemoc-
TaTKa KaJgpoB 1o MH(popMarroHHoi Oe3onacHocTu. [Ipn
9TOM OpraHu3aluK MPUAETCS 3aTPATHUTh MUHUMYM YCH-
WA 1 ayauTa nHGOPMAIIMOHHON 0e30MacHOCTH H Oll-
peneneHrs Mep IO YCTPAHEHWIO MMEIOIINXCS HEJOCTaT-
KOB: UIA 3TOrO OyAeT HeoOXOIWMO JIHINb YCTAHOBUTH
MIPOTPAaMMHBIM KOMIUIEKC, OTBETHUTh Ha KOHTPOJIBHHBIE
BOIIPOCHI M TIOJIyYUTh PEKOMEHIALNH MO 3aiuTe HHPOP-
Malli{ B COOTBETCTBUU C 3aKOHOJATENbCTBOM PD.
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I'. C. CyneiimanoBa

HNCKJJIIOYUTEJIBHBIE BOJIBIIUE YHUIIOTEHTHBIE
ABEJIEBBI TIOJAT'PYIIIIBI I'PYIII JIMEBA THUITIA*

Ilycmv G — epynna nuesa muna nao koneunviu nosem K, U — ee ynunomenmnas noozpynna. B ceéaszu ¢ npobaemou

onucanus 6oavwux abenesvlx nooepynn epynnel U UCKIIOUUMENbHO20 MUNA  BbIAGIAIOMCSA 6Ooabluue abenesvl
2 . -

nooepynnel 2pynn U muna “Eg ne sasnaiowuecs G-conpadceHHbiMu ¢ HOpmanbhou noozpynnoti 6 U. Ymounsiomca

useecmmbvle pesyiomamsl O nodepynnax Tomncomna.

Kniouegvie cnoea: epynna nuesa muna, yHunomenmHasi NOOpynna, 6ovuids abenesa nooepynnd.

B koHewHoii rpymnme st JII0OOr0 TEOPETHKO-IPYII-
ITOBOTO CBOWCTBA P BCAKYIO P-TIOATPYIITY HAWBEICIIETO
MOpsAKa HA3BIBAKOT 60abuiol P-nodepynnoil.

Bompoc omucanus OonmbIMX aOENeBBIX IMOATPYIII
rpymnsl G JireBa THIA HaJl KOHEYHBIM MOJIEM CBOIMTCS K
AHAJIOTMYHOMY BOTIPOCY JJIsl YHUIIOTEHTHOTO paaukana U
moarpymmsl bopens B G [1-4]. B 1970-1980-e rr. mis
KJIACCHYECKHX THIIOB H3y4eHO MHOXKECTBO A(U) OompImmx
abeneBpix moarpynn B U BMecTe € MOJIMHOMXECTBAMHU
Ay (U) HopmanbibIx 1 A,(U) a1eMEHTapHBIX abeneBbIX

mogrpym B U wm  moarpymmamu  Tommcona
JU)=(A| A AU)) n J,(U)= (4| Ac 4,U)).

B [3] 3anucana npobnema 1.6: omucath MHOXECTBa
AU),4,(U),Ay(U) n mnoarpynnsl Tommcona J(U),

J,(U) nns ocraBumuxcs ciaydaes G.

B [5—7] npoGnema omucanus A(U) peayimpoBaHa K
BOIIPOCY O TOM. YTO HEOOXOJMMO BBISIBUTH rpymmsl U, B
KOTOpBIX JtoOast Oousbimass  abeneBa monrpymma G-
CONpsDKEHAa C HOpPManbHOM mnoarpynnod B U, u
MEePEYNCINTh  MCKIIOYUTENbHbIE Oomnbmine  abeseBbl
MIOATPYTIIEI OcTaBIIMXCs rpynm UL

CyImecTBOBaHHE W ONMCAHWE HOPMAJIBHBIX OOJBIINX
abenespIx moarpynn B U yctanoBieHsl B [8—10], Hapsmy
C OINHCAaHWEM MAaKCHUMAaJbHBIX HOPMAJIBHBIX a0eNIeBbIX
moarpymn. Tam sxe m B [11] nokasaHo, 4To BCsKast
Oouibliasi abeseBa MOArPYyINIa YHUIIOTEHTHOH HOATPYIIIBI
U rpynnel G nueBa Tuna HajJ KOHEYHbIM noieMm G-
coIpsbKeHa ¢ HopMaybHOW moxrpynmnoi B U unu G ectb
rpymma tuna G,, F,, *D, ma6o *Ej .

B nmaHHON cTaThe BBIABIAIOTCS HCKIIOYNTEIbHBIC
Oospiime abeneBbl moArpymmsl rpynn U Tuma 2Eé;
ciayyail rpynn U tuna F, cm. B [12; 13].

Ipensapurenbnbie 3amevanns. ['pynmy IlleBamne
@®(K) Han monem K, accOIMHMPOBaHHYIO C CHCTEMOH
kopHeil @, MOpPOXKAAIOT  KOPHEBBIE  MOATPYIIIEI

X, =x.(K),re®. Cxkpyuennas rpynma "®(K) Ttuna

"® ecrp mueHtpammzatop B P(K) CKpPyUHBAIOIIETO
aBToMop¢usMma 0 € Aut ®(K) mopsiaka m =2 wim 3. D10

rpagoBoro  aBromoppuzmMa T H
c:t—>1 (tek)

KOMIIO3ULHA

aBTOMOp(hU3Ma OCHOBHOTO  TI0JIS,

npuueM 0(X,) =1(X,)=X;(r € ®) U1 eCTECTBEHHOIO

MIPOJIOIKEHHUS Ha @ cummerpun rpagda Kokcrepa
nopsaka m [14; 15].
IOns  rpynn  "®(K) Ttunma 2E6 CYIIECTBYET

romoMopdpm3m ( pemeTkd KopHeill cumcrembl @ Ha
pEIIeTKY CUCTEMBI THIA F, , IpUYeM KOPHH 7 U § JISXKAT B

OJTHOH _-Op6I/ITe TOTAa ® TONBKO TOrJa, KOrjaa
C(r)=C(s) (cm. memmbr 7, 8 [14] u 3ameuanme 13.3.8

[15]). Cornacuo mpemnoxenunto 13.6.4 [15], _-op6HTa o
moboro kopHs re€®  OIHO3HAYHO  OIpeeNsieT
KOPHEBYIO MOArpymniy X, CKPyYeHHOH IPYIIIbL.

O06o3Ha"ass MHOXXECTBO BCEX _-Op6I/IT B @ wuepes
"®, cuuraem, uyro "® ={(D). Baza [I(D) cucremsr
kopHeit @ maer 6azy I1(" @)= ((I1(P)) cucrembr "D .
Ecmn K, :=Ker(1-0) — sagpo mpeobpazoBanus 1-o
nomwst K, to X, =x,(K;)=x,(K;) mist opour o ={g}
JUIMHBI 1; B ocTanbHbIX cnydasx X, = x,(K).

Hust cucremsr G = "® wm G = ® 0603HaYMM yepes

G* MHOXECTBO IMOJIOKHUTENBHBIX KOPHEH OTHOCHTENBLHO
(uxcupoannoi 6azer I1=T11(G) B G, a wepes UG(K)

wm U — yrunorentHywo momrpynny (X, |reG') B

accoruupoBanHoil ¢ G rpymme G(K) nmeBa THma Haj
moteM K [14; 15]. B »tEx paboTax paccMOTPEeHBI
MOHOMHUaJbHas N u auaroHasibHas H < N mNOArpymnibl,

pasnoxenue bproa G(K)= BNB c noarpynmnoii bopens
B=UXH u BNN=H.

IIpu G = ® dakrop-rpymma N/H wuzomopdra
rpynne Beiis W, nopoxaaeMod — OTpa)KEHUSMU
w,(re®), u a11 NOAXONIUMX MOHOMHAIBHBIX

sneMeHToB n, €(X,,X_,) onpegereH TroMoMop(u3M

n, ->w, (r € ®) rpynnsl N B W ¢ sppom H.

*Pabora BbINONIHEHA NpH noanepkke Poccuiickoro ¢ouga ¢GyHmameHTanbHBIX HccienoBaHuil (kon mpoekrta 12-01-00968) u
MununctepctBa oOpa3oBanus U Hayku Poccuiickoii ®enepannu (tema 1.34.11).
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B pacumpennoit rpynne IleBamie K-xapakrepy ¥,
peleTkn KOpHei (ero 3HavyeHHss Ha MPOCTHIX KOPHSX
MOXHO  BBIOMpaTh  NPOU3BOJIBHO)  CONOCTABJISIOT
JIMarOHANBHBIN dJIEeMeHT /(Y) , IpadeM

h(0)x, (Oh()™ = x, (x(r)),
nyXx, (t)n;1 = X (1) (1) (r,s € D).

Ecm r=2%, qc,0eG, 10 uncno ht(r)=Z, . ¢,
Ha3bIBAIOT 6blcOmol r. MakcuMasbHbIi KopeHb B G
o0o3HauuMm uepe3 p. Yuciom Koxcmepa cucremsr G
Ha3zpBalOT wmcno h=h(G):=ht(p)+1; ma G = O.
pan U =UG(K)
00pa3yroT clieaAyIomue moArpymis [ 15]:

U, =(X, |reG", ht(r)=i),
1<i<h=hG)(G=0 wm G=").

Besikuit anement y B U JomyckaeT €IMHCTBEHHOE
(KaHOHMYECKOE) Pa3NIOKEHHUE B MPOM3BEACHUE KOPHEBBIX

x.(v,) (reG"),
COOTBETCTBEHHO IMPOHM3BOJIBHOMY yropsimoueHnio G (cM.
nemmy 18 [14]). Koaddunuent y HazoBeMm r-npoexyueti
anemenma y. Yepes O(x) mist anementa y B U 0003HaUNM,
Kak 4 B [4], MHOXKECTBO TakuxX KOpHeH r, uto y, #0 B

CranpapTHeli  IEHTPAIbHBII B

OJICMCHTOB PpacnoIOKEHHBIX

pasnoxennu y =11 _ . x, (v,), roe KopHU 7 BBIOpaHBI B

MIOPSAKE BO3PACTaHUSL.
{r* seGt
HEOTPHLATEIbHBIMU KOI((OHUIMEHTAMH B Pa3JI0KEHUU

Ilycts COBOKYITHOCTb  BCEX c

s—r wuepes 0Oasy II(G). IlogmuoxectBo ¥ < @
Ha30BeM HopManbHbiM, ecid {1} =W mns Beex re ¥ .

ITonaraem
T(r)y=(X,|se{r}"),
O(r)=(X,|se{r),s=r), req.
Ecmu H < T(1)T(r,)...T(7,) u mobas 3amena T(r;)
O(r;)  Hapymiaer
L(H) = {’isr29""
3adukcupyem peryssipHOe YHOpPSJOYEHHE KOpPHEM,
COrJIacOBaHHOE ¢ (pyHKIIMEH BBICOTBHI KOPHEH (CM. JeMMy
5.3.1 [15]). Torma mepBelii yrom osaementa u3z U

COOTBETCTBYET  €r0  IEPBOMY  COMHOXHUTEIIO B
KaHOHHUYeCKOM pasznoxenun. Yepes L,(H) o06o3HaumM

Ha BKJIFOUCHHC, TO Toraga

I’m} Ha30BEM MHOMHCECMBOM Y2106 8 H.

MHOKECTBO IIEPBBIX YTJIOB BCEX 3JIEMEHTOB U3 H.
HckawunteabHble 00JbIIHe adeeBbl MOATPYIIIbI

u noarpynnel Tomcona rpymn U Ttuna 2E6. B cuny
[12], B rpynne Hlesanne G tuna F, nag nonem K mpu 2K

= K Bcsikas Oosbliiasi abesieBa YHUIIOTEHTHAS MTOJIPYyIIa
A compsbkeHa B G ¢ HOpManbHOM moarpymmoi B U u
L,(A) onucano nemmoii 2 [12], ognako npu 2K = 0 310

He Tak [13]. lokaxkeM CleIyIONIyI0 TEOPEMY.
Teopema 1. B rpynne G Tuma 2E6 HaJl KOHEYHBIM
monieM K = 2K cymiecTByeT Oonblnas aderneBa moarpyImna
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rpymnel U, xotopas He sBisieTcss G-CONpSIKEHHOW C
HOpMaJIbHOH noArpymmnoii B U.
HoxazatensctBo. Ipymmy U

KopHeBble moarpynmbl X,,aeG', tne X, =x,(K,)

HOPOXKIAIOT

Ui OpOUT a amuHBL 1
OCTaNBHBIX  CIIy4asx

(xyacc mepBoro Tumna); B
X,=x,(K). CxkpyuuBaHue
CHCTeMbI KOpHell Tuna E; MpHBOIWUT K cucTeMe Tuna I
(cM. mpenBapuTeNbHBIC 3aMedaHus). [loaTomMy cumraem,
uyto a mpoberaer cucremy @ Tuna F,. Jlng kparkocTu

BMECTO 3aIMCH ao, +bo, +coy +day, rue

Q;,0,,03,0, — IPOCTBIE KOPHHM CHCTEMbLI Tuma [,

OyZIem MChonb30BaTh 3anuck abed [16].

IIyctb A — OGonpmas abeneBa MOATPYIIA TPYIIIHI
U=U’E,(K), 2K = K. Cormacko [8], rpyrmma U nmeer
€IMHCTBEHHYI0  OOJIBIIYIO
noarpymmy H = X,,,,Ug .

abereBy  HOPMAaJIbHYIO

PaccmoTpuMm noarpynimy
X111 (K) X121 (K ) X1 (@K 5 ) X 153, (DK )T (0122)

(a=-a,b =-b).

[pennonoxum, uyro noxarpynmna (1) comnpsbkeHa B

rpynne G ¢ moxnrpymmou H, T. e. gAg’l =H nna
Hekotoporo geG. Ilycte B — moarpymma bopens
rpynnsl G, N — MOHOMHManbpHas HOATpynmna u n,, —

(ukcupoBaHHBIN (IIPOU3BOJIBHO) MTPo0Opa3 B N 3j1eMeHTa
w rpynmsl Beins W npu ecrecTBeHHOM roMoMopdusMe
N +— W. UzsectHo [15], uto

g=bnu, beB, uelU, =(X,|reG ,wir)eG),
IpUYEeM 3JIEMEHTHl b, W, U OINpPEAeNCHbl OJHO3HAYHO.
Torna (bnwu)A(bnwu)fl =H wm nw(uALfl)n;l =H,
opu 3ToM L (udu™"y = L (A)={1111}". MuoxecTtBo
{1111y*
cienoBaresibHO MHO)kecTBOo D(H)=uU,_, D(x) Takxke
Ho

COIEPKUT TPU KOPOTKUX

COJICPIKUT  YEThIpe  KOPOTKHX  KOPHS,
JIOJDKHO ~ COZIEpaTh YEThIPE KOPOTKHUX KOPHS.
O(H) = {1221} u{0122}*
KOpHSI.

Crpoenue noarpynn TomrcoHa TpeOyeT yTOYHCHHUS
st tanos G, , 3D4,E8 [9-11], a Taxxe mis THHA ’E s

KaK TIOKa3bIBACT CIIEIyIONIast TeOpeMa.
Teopema 2. Ilyctp U — yHHUIIOTCHTHas IOATPYIIIA

rpynnel G THna 2 E, Han xoneunsiM noneMm K. Torga
JU)=J,U)= X“zX%X%UZ .

[MocTpoenue Gonplnx abeneBbix noarpymnn rpymmn U
WCIIONIb3YEeT U3BeCTHhIE MOHATHS. A. V. ManblieB Ha3Bal

nogMHoxkecTB0 W @ kommymamuenvim, ecnm
r+sZ2® g gobex  r,se¥Y  [1].  Onucas
HauboNpIIME W3 TakuX ToAMHOXkecTB B @Y, oH

NPUMEHW WX B ONHCAaHUM KOMMYTaTHBHBIX I0JANTre0p
HaMBBbICUIEH pa3MEPHOCTH B INPOCTHIX KOMIUIEKCHBIX
anreopax JIu.
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Jlemma 1. HaubGonbimre KoMMyTaTHBHBIE MHOXKECTBA
CHCTEMBl KOpHeH Tuna F, HMET mopsamok 9 m W-

conpsokensl ¢ {0122} U {1221}".

IMoamuoxecteo ¥ < ®* E. II. BnoBuH Ha3bBal
abenesviM OMHOCUMENbHO p, €CIM Uil JIOOBIX €ro
KOpHEeH 7, s mbo r+se€® U CTpyKTypHas KOHCTAaHTa
C,,,s KOMMyTaTOpHOU (popMyiisl IlleBasie paBHa HyJIIO B
XapakTepucTuke p, mubo r+s £ @ [4] (oueBuaHO, 3TO
abeneBbl, Kak 1 B [1], MHOXKeCTBa KOpHEH, ecnmu p >3
mim B D KOpHM OJHOM amuHbl). Takune
MaKCUMaJbHbIE MOIMHOXECTBA Y OMMCaHBI
KOMITBIOTEPHBIMHU CPEICTBaMH B [4] s Tuna G, Ipu p =

BCC

2 u 3, a Takke A4 TMHA F, Ipu p = 2, Tle OHU Jal0T
MaKcUMaJlbHble abeseBbl noArpynnsl Xy =(X, |re¥).

ITonyuyeHnHsle B mocineaHeM ciaydae 82 MoJIMHOXKeCTBa
BbINIUCAHbI B TabiL. 3 [4] ¢ obosnadennem YV, ;, rae i —
HOMEp CTPOKH; j — HOMep cTonbua. B yactaocTy,

¥, ={0121}", ¥, ={1111}" U{0122}",
¥, ={0011,0111,1111,1231} U {0122}"

\PZ,IZ’ \P2,13’T6,10

HECJIOKHO BBITEKAET CIeAyIolias ieMMa.

Jlemma 2. Bcesgkoe — MakcuManbHOe — abeneBO
OTHOCHTEIIFHO 2 TIOAMHOXKECTBO CHCTEMBI KOpPHEH THIIa
F, mm6o ectb oxHo u3 muoxecrs ¥V, ;, ¥, ; mopsaka

10 (1<j<13),

MHOXkecTB P, , ‘T’i mopsiaka 11 s i = 1, 2 wmu 3 (Bcero

eCTh COOTBETCTBEHHO. U3

(4]

mbo W-compspkeHO ¢ OTHUM W3

28, 22 win 6 COOTBETCTBEHHO).
[pu 7,s,7+s € ®" BbIGEPEM
x,(F)cX,, x,(V)cX,, F,VcK, FV #0.
B [10] noka3ana ciemyrommas ieMma.
Jlemma 3. Ecmu [x,(F),x,(V)]<cO(r+s), 07 + 5

€CTh KJIacC MEPBOTO THIIA, M § HE SIBISIOTCS Kaccamu

NEPBOr0 THUMA U, C TOYHOCTHIO JO COIPSKEHUS

JMaroHanabHbIM aBToMopdusmoM, F < K, V < K I
[Monoxkum  m(x):=L,(x)e®" mpu Beex xeU .

Ucnone3ys nmemmy 3 u T1abm. 3 [4], momydmm nIBe
CIIeIYIOIIHE JIEMMBI.
Jlemma 4. Ilycte A — abeneBa moarpynma rpymmnsl U

°E,.
JJIEMEHTOB X, y MHOXeCTBO {m(x),m(y)}
2, m(x)+m(y)e®,
MIPOEKIINN BCEX AIEMEHTOB W3 A C TMEPBBIM YTIOM mi(X)
nexkar B 1-mepHoM K _-Monyie.

THIIA Torma [ JHOOBIX €€  HEEAUHUYHBIX

— abeneBo
OTHOCUTEIILHO

KoTJa m(x)-

Jlemma 5. Ilycts A — Oonbinas abeneBa MOATPyIa B
U Y MaKCUMaJIbHOe a0ejleBO OTHOCHTEILHO 2
MHOKecTBO cucremsl tuna £, u L,(4) <Y . Torpa:

a) MOAMHOXECTBO {r,7,,13} <V nexur B L;(A4),

eciu uist BCeX [ # j umeeM 7 +r, € ® u €y, =12
‘ vy
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0) ecmu r+s e ® g mapel {r,s} xopHei u3 ¥, He
BXOJIALIEN B TPOMKM M3 1. «a», U Cjy,  ==F2, TO ¥ WA §
BXoauT B L, (A);

B) ecnmu Y comepxut
F+¥)Nd =Y, 10 €L (A).

AHaJIOTUYHO, UCTONB3ys JeMMBl 4, 5 u 1abn. 3 [4],
MOJTYYNM CIEIYIOUIYIO JIEMMY.

Jlemma 6. MakcuMaibHbIC aOelIeBbI OTHOCUTEIBHO 2
nmoaMHOKkecTBa P, Mg KOTOPBIX CYIIECTBYET OoJbIIast
abenepa moxarpynna A c¢ ycinosuem Li(A)cY, W-

KOpPEHb ¥ TakoOH, 4TO

conpsbkensl ¢ ¥, npu 2K = 0uc ¥, mpu 2K = K.

KpOMe TOr0O, OHH HCYEPIBIBAIOTCA  MHOXCCTBAMU
lI—’2,9 > lI12,12 H ‘P3,l > lI13,7 H ‘P3,12 > \PS,I > lI]5,3 > lIIS,6 > \PS,S H lI15,9 >

LSRR SFPL TR SREINR SRUPE SATRE SREPE SREPR PP
W4, Wss,Ws 7, V7, V,, W, 5 cooTBeTCTBEHHO.

Jloka3aTeabCTBO TEOPEMBI 2 BBITEKAET U3 JIEMMBI 6 U
Tabm. 3 [4].
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G. S. Suleymanova

EXEPTIONALY LARGE ABELIAN UNIPOTENT SUBGROUPS IN GROUPS OF LIE TYPE

Let G be a group of Lie type over a finite field K and let U be its unipotent subgroup. In the connectoin to the
problem of description of large abelian subgroups in the group U of exceptional type, we discover large abelian
subgroups in the group U of type *Es, which are not G-ajoint to a normal subgroup in U. Some results on the Thopson

subgroup are revised.

Keywords: group of Lie type, unipotent subgroup, large abelian subgroup.
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P. 1O. llapes, A. B. Ulrapuk, E. H. llltapuk, M. A. Kouepruna, T. A. [Taudunosa

AHAJIN3 BEPOSAITHOCTHO-BPEMEHHBIX XAPAKTEPUCTHUK OTKA30YCTOMYHUBOI'O
MNPOTPAMMHOI'O OBECIIEYEHUS PACITPEJAEJEHHBIX BBIYUCJIIUMTEJBHbBIX CUCTEM*

Ilpedcmaeneno onucanue npocpammHo20 KOMNIEKCA AHANU3A 8EPOSAMHOCIHO-8PEMEHHBIX XAPAKMEPUCTNUK OMKA-
30YCMOUYUB020 NPOSPAMMHO20 0DeCneyenus pacnpeoesieHHbIX BbIYUCTUMENbHBIX cucmem ¢ ucnoavzoganuem I'EPT-

cemeil.

Kniouesvie cnosa: omrxazoycmouiuusoe npoepammuoe obecnevenue, pacnpeoenentuie sviuucienus, I EPT-cemu.

Ha cerogusmHuii eHb pacHpelelICHHbIE BbIUUCIIH-
TENIbHbIE CUCTEMBI BCE Yallle UCIIOIb3YIOTCS IS PeIleHUs
YNPaBIEHIECKUX, UCCIIEN0BATENBCKUX U IIPOU3BOJICTBEH-
HBIX 3agad. OJHUM W3 BHJIOB TaKMX CHCTEM SIBIISIFOTCS
TeTEePOTeHHBIE BBIYHMCIIUTEIbHBIE CHCTEMBI BBICOKOW Ha-
JI©KHOCTU JUIs BBICOKOIIPOM3BOANTEIBHBIX BBIYHCICHHN
(cucteMbl 0OpPaOOTKM BBICOKOW IPOIYCKHOH CHOCOOHO-
CTH), OOBEANHIIINE B CIUHYIO BBIYHCIUTEIBHYIO CPEmy
TeTEepOTeHHBIC BBIYHCINTENIBHbBIE PECYpChl (CYyNEepKOMITh-
IOTEPBI, CEPBEPBI, paboYHe CTAHIWH, JOKAIBHBIE U TJIO-
OaNbHBIE CETH C PA3TUIHON MPOITYCKHOW CIIOCOOHOCTHIO,
XpaHWIWIIA AaHHBIX W TIp.), OJaromaps 4emy CO31aeTcs
enuHas cpena o0paboTku MH(MOPMAILMH U PaCIpeesieH-
HBIX BBIYMCIIEHUH.

BoNbIIMHCTBO MCCIEN0BATEIbCKUX 3a/1au, PellaeMbIX
B cdepe TreTepOreHHBIX BBIYMCICHUH, HANpaBiIeHO Ha
pa3paboTKy CHCTEMbI TOAJEPKKH MapajulelIbHBIX HIIH
pacripefielIeHHbIX BBIYUCICHUH, CTPEMSIINXCS TPHOIH-

3UTh IPAKTHYECKYIO NPOAOKUTEIBHOCTE paboTHI (TIpo-
W3BOJUTENBHOCTD, KOA(PPHUIUEHT YCKOPEHHS) K TEOPETH-
YEeCKH BO3MOXHOM /Il JAHHOTO KJlacTepa.

IMocranoBka 3agauu. lcnonb3oBaHue CynepKOMITb-
10Tepa WK CIIEHATN3UPOBAHHOTO KJIacTepa HEBO3MOKHO
Wi Manod(pPEeKTUBHO B TAKUX CITydasix, KOTJIa allrOPUTM
IporpamMMbl Helnb3sl 3((EKTHBHO TpeoOpa3oBaTh U3 I0-
CJIEZIOBATEJIFHOTO B IMApAJUIETBbHBINA, BPEMs BBIIOIHEHHUS
3a7la4y CPAaBHIMO CO BPEMEHEM CO3IaHUsI NapajIeIbHOTO
anroput™a [1] wmu TpebGyercs pemars MHOXKECTBO OJTH-
HAaKOBBIX 33714 C PAa3IMYHBIMU BXOJHBIMH JaHHBIMH, IIPU
3TOM BpPEMsI BHINIOJTHEHHS KaKAOH 3a/1aui B OTAEIBHOCTH
HEBEJIMKO (HE MPEBBIIAET HECKOJIBKUX 4acoB). s Takux
3a7a4 BO3MOXKHA pa3paboTKa TeTeporeHHOil paciperne-
JICHHO# BeIuMcauTEIbHOIN cucTteMbl (PBC), ucmonb3yro-
IIeH Y37l C BBICOKOW HaJIe)KHOCTBIO U OTKa30yCTOMYHBO-
CTBIO.

*Pabota BeimosHeHa B pamkax peammsanmu OLIT «Haydnsle u HaydHO-TIeqarormyeckue Kaiapsl HHHOBaMOHHOW Poccum» Ha

2009-2013 rr.
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D¢ dexTrBHOE HcTONb30BaHKe MON00HBIX PBC cBs-
3aHO:

— C pa3paboTKOil MoJeNieil 1 METOJIOB aHajlh3a BEpo-
STHOCTHO-BPEMEHHBIX XapaKTepHUCTHK pacIpeaeIeHHbIX
BBIYMCIIUTENBHBIX CUCTEM C HEAETEPMHUHHUPOBAHHBIM I10-
BEJICHHEM €€ BBIYMCIIUTEIbHBIX y3JI0B;

— TMIOATOTOBKOM pEKOMEHIAIMH MO SKCIUTyaTalliH
pacIpefielIeHHbIX TeTEPOTEeHHBIX BBIYMCIUTEIBHBIX CHC-
TeM ans obecrieueHns >()(HEeKTUBHOTO BEITIOIHEHUS TIPH-
OPHTETHBIX 3a71a4 00paboTKH UH(POpMALIUH.

Cpena mpoBeldeHHsI AaHAJHW3a BEPOSITHOCTHO-
BPEeMEHHBIX XapaKTePHCTHK 0TKA30yCTOHYHBOTO MPO-
rpaMMHoro odecreyeHusi pacnpeiejJeHHbIX BbIYHCIH-
TeJbHBIX cHcTeM. J[s pemieHnsi MOCTaBJICHHBIX 3ajad
Obuta pa3zpaboTaHa cpela NPOBEICHHS aHalM3a BEPOST-
HOCTHO-BPEMEHHBIX XapaKTEPHUCTHK OTKa30yCTOWYHBOTO
MIPOTPaMMHOTO 00ECTIeYeHUs! PacTIpEIeICHHBIX BBIYNCIIH-
tenpHBIX cucreM MGNetwork, co3mannast B cpezne paspa-
6otku Delphi 6.0 ¢ ucrons30BaHAEM CIEAYIOMIHUX TOTON-
HUTEIBHBIX OMOIHOTEK:

— SimpleXML Bepcun 1.0.1 (mns paborer ¢ XML-
JOKYMEHTaMH);

— FatExpression Bepcun 1.03 (anst pacdera mpous-
BOJIBHBIX MaTEMaTHYECKUX BBIPAXKECHUH).

Cpena MGNetwork Ha ocnoBe 'EPT-cetn, omumchi-
BalOILEH OTKa30yCTOMYMBOE MPOTrpaMMHOE oOecrieueHHne
pacripeielIeHHbIX BBIYHCIUTEIBHBIX CHUCTEM H 0(opM-
JneHHol B XML-10oKyMeHTe crenuaibHOro BUIa, MO3BO-
JISIeT:

— OLICHHUTh XapaKTEPHCTHKH W BEIIECTBEHHBIE Iapa-
Metpbl [EPT-cetn [2]: BEpOSATHOCTD BBIMTOJHEHUS CTOKA
CEeTH, MaTeMaTHIECKOE OXKUIAHUE U ANUCTIEPCUIO BPEMEHN
BBITIOJTHEHHS BCEH CETH WJIM CTOKA CETH U T. [1.;

— OLIEHHUTH arperaTHble ¥ CTOXaCTHUECKHE MapaMeTpbl
BEIIECTBEHHbIX IIEPEMEHHBIX OLICHUBAEMON CHCTEMBI:
CyMMy, CpellHee, MUHUMYM, MakCUMyM, MaTeMaTn4ecKoe
OKHJIAaHUE U IUCTIEPCHIO;

— mocTpouTh TpaduKu (GYHKIHMHA pacnpejieneHus H
IUTIOTHOCTH pacIpeAeIeHus CIy4aiHbIX BeJMYWH (Iapa-
METPOB OILICHUBAEMOW CHCTEMBI);

— mocTpouTh TpaduKu (GYHKIMH pacnpeieneHus |
IUTOTHOCTH PAaCHpeieIeHHs CTOXaCTHIECKUX IapaMeTpoB
T'EPT-cern;

— HCCIIEIOBATh KAKAYIO PEATN3AINI0 OTKa30yCTONIH-
BOI'0 MPOTPAMMHOTO OOECIIEUEHUs paclpeeIeHHBIX BbI-
YHUCIIUTEIBHBIX CUCTEM U MapILIPYyThl AKTUBALIUH Y3JI0B;

— OIIEHUTH MNapaMeTpbl KaXIOro y3ja: BEpOSITHOCTbH
aKTHBallMM y3Jla, MaTeMaTHYECKOE OXKUAAHHE, IUCIIep-
CHIO, pacripe/iejIeHUs] U IUIOTHOCTH paclpelesieHust CTo-
XaCTHUUECKHUX TapaMeTpoB [3; 4].

[t Mcrionb30BaHMs MTPOIOIDKUTENBHOCTH BBITIONTHE-
HUSI paboT, 3a/laHHBIX CIyYalHBIMHM BEIMUMHAMH B CETSIX
s Metona kputmdeckoro mytd (MKIID) wmmm ITEPT-
CeTsIX, OBUT pa3paboTaH M pean30BaH alrOPUTM IIPEeod-
paszoBanus npousBosibHOM MKII-cetn mnu ITEPT-cetu B
I'EPT-certs.

JKCcINepUMEeHTAIbHASL 4YacTh. BBIMOIHUM cpaBHEHHUE
pe3ysbTaToB A paboThl ABYX Y3JIOB paclpeleCHHON
BBIMHCIINTENBHOM cuctemsl Condor [5], monmy4eHHBIX Mpu
MOMOIIY TIOCTPOEHHBIX MOJeJel: y3na 1 — koMmmbroTepa,
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pa3MeIeHHoro B Kiacce oOIIero I0cTyma; y3iaa 2 — KOM-
MBIOTEPa, PA3MEIICHHOTO B JIA0OPAaHTCKOM KaOWHETE
kiacca (puc. 1-4, Ta6m. 1).
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Puc. 4. ®ynkuus pacnpeneseHus BpeMeHU
HEIOCTYMHOCTH y371a 2

OKCHeprMEeHTHl MPOBOAWINCH HA CIIEIHAIBHO CO3-
JIAHHBIX 33/1a9aX C MPOAOJDKUTEIILHOCTHIO BHIITOJIHEHUS 6
u 12 4. 3amaun 3amycKainch B pexXuMax 0e3 pe3epBHOTO
xormupoBanus (PK) u ¢ pe3epBHBIM KOmMpoBaHWEM KaK-
npie 2,416 4.

Pe3ynbTaThl MOAEIMPOBAHUS NIPEACTAaBIEHbI B Ta0. 2
W Ha pHc. 5-8, rlie UCIOoIb30BaHbI CIeAyIoIIne 0003Haye-
Hust: T Z — Bpemsi BBINIOJIHEHUS 3aadH, 4, Ha y3ie 0e3
cboeB U pesepBHOro kKomupoBanusi; 7 R — uHTepBan
BPEMEHH, 4, MEXIY BBIITOJIHEHHEM pPE3EpPBHBIX KOIUH
coctostHUS 3amadn; T (pe3yibTaT MOJAEITUPOBAHUS pa-
0OTHI y351a) — CiTy4aifHas BeJIMYHMHA BPEMEHH BBITIOJIHE-
HUS 337add HAa COOTBETCTBYIOWIEM Y3J€ IPH ITaHHOMH
nepuoguyHocTH BhIMoJHEHUsT PK cocTtosiHua 3anmaun;
M(T), o(T) — mareMaTuyeckoe OXHAAaHHE U CpeIHe-
KBaJpaTUYHOE OTKJIOHEHHE BPEMEHM BBINIOJHEHHS 3a-
nauu Ha y3ne; M(T)/ T Z — oOpaTHas BeIMYMHA OXKH-
naeMoro ko3d¢unuenta yckopenus (kodpduimeHTa
3aMeJICHHUS ).

KpuBast / cOOTBETCTBYET peXuUMYy 3alTycKa 3agadu 0e3
UCTIONB30BaHN  (PYHKIMH PpE3EpBHOTO  KOIMPOBAHMUSA,
KpuBble 2, 3 U 4 — peKuUMy 3aIlyCcKa 3aJlaud C BBIITOJHE-
HHEM pEe3epBHBIX KON COCTOSHUS CHCTEMBI Kakable 2, 4
uo6u

[IpoTokon KCIepUMEHTOB MpHUBECH B TaOI. 3. DKc-
MepUMEHTATbHAsT TPOBEpKa MPOBOAWIACH HE JUI BCEX
PEeXKHMMOB 3aIlycKa 3ajad, MOCKOJbKY TOrAa oOmas mpo-
JIOJDKUTENIBHOCTh SKCIIEpUMEHTa COCTaBisula Ol Ooiee
TPEX MECSALIEB.

Tabnuya 1
ITapameTtpsl Mojgesieil GyHKIIMOHMPOBAHUSA Y3JI0B PACIpeAe/ICcHHON BhIYUCIUTEIbHOH CHCTEMBbI
ITapamerp V3en 1 V3en 2
Bpewms murparmu 3aga4n, MUH 10 10
BeposTHOCTH TOCTYITHOCTH y371a B HayaJie BHIYUCICHUH 0,583 6 0,778 2
BeposTHOCTB yCHENIHON MUTpAIK 331a4H C y3/1a IPU HEOOXOAUMOCTH 0,62 0,86
Z" abnuya 2
Pe3yabTaThl OlIeHKH BpeMeHH BHITIOJIHEHHS 32/1a4H HA y3J1aX pacnpene/ieHHONH BBIYHCINTETBHOM CHCTEMBI
T Z,a VY3en T R,u M(T), u o(T), a M(TIT Z
12 1 be3 PK 48,689 05 36,203 350 4,057 421
12 1 2 27,320 15 4,320 533 2,276 679
12 1 4 27,053 92 521510 2,254 493
12 1 6 27,862 77 7,435 95 2,321 897
12 2 be3 PK 15,292 17 6,736 75 1,274 347
12 2 2 27,544 32 7,524 95 2,295 360
12 2 4 22,549 13 7,144 30 1,879 094
12 2 6 21,881 88 7,573 25 1,823 490
6 1 be3 PK 15,292 17 6,736 75 2,548 694
6 1 2 15,456 65 4,184 433 2,576 108
6 1 4 15,235 48 4,260 417 2,539 247
6 2 be3 PK 10,877 53 6,331 567 1,812 922
6 2 2 14,593 75 5,620 233 2,432 292
6 2 4 13,493 50 5,581 150 2,248 917

-
O003HAaYCHHUS CM. B TEKCTE.
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Puc. 5. ®ynkuunu pacnpeneneHus BpeMeHH BbIoNHeHus 3a1auu (77 Z = 6 1) Ha y37e |
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Puc. 6. ®ynkuuu pacnpeneneHns: BpeMeHH BHIIONHEeHUs 3anauu (7 Z = 6 1) Ha y3ie 2
(0603HaUCHNS CM. B TEKCTE)
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Puc. 7. ®ynknun pactpeneneHust BpeMeHH BeInoyHeHus 3axaun (7 Z =12 1) Ha y31e 1
(0603HaUCHNS CM. B TEKCTE)
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Puc. 8. ®yHkmu pactpeneneHus BpeMeHH BhIONHeHUs 3a1auu (77 Z = 12 4) Ha y31ne 2
(0603HaUCHNS CM. B TEKCTE)

Tabnuya 3

IIpoTokoJ1 BbINOJIHEHN A 32124 HA pacnpe/e/eHHO BbIYUCIuTeNbHOM cucteme Condor

T Z,u V3en T R,u

Ne skcnepumenTa T,4

12 1

1 31,03
33,53
29,53

12

22,97
31,98
29,07

be3 PK

12,07
23,72
11,50

12,10
19,87
20,03

18,83
12,68
14,30

be3 PK

8,55
13,53
17,15

13,07
20,17
9,37

1527
20,88
22,12

W N =W N =W N =W N —=WN =W —~=WND =W

[TonydeHHble pe3ysbTaThl HE MPOTHBOpPEYAT PE3yJib-
tTaTaM MojenupoBaHus. OIHAKO HEOONBIION 00BEM BbI-
OOpKH HE TIO3BOJISICT HCIOJB30BATh CTATUCTHUCCKUE ME-
TOIBI MPOBEPKH THIIOTE3BI €€ COOTBETCTBHS aHAIHATHYC-
CKH ITOCTPOSHHOMY pacIpeIeICHHIO.

IIpoBeaem aHATN3 TOCTPOCHHBIX (DYHKIMIA pacrpese-
JICHWSI BPEMEHH BBHITIOTHEHUS 3a/1a4 Ha y3nax 1 u 2:

— JUISl KXKBIX Y3714 M 3aJIa4d CYHIECTBYET TaKoe 3Ha-
YEHUE MEPUOJIa BBIMOJHEHHUS PE3EPBHOTO KOMUPOBAHHUSI,
IIPY KOTOPOM CPETHEKBAPATHYHOE OTKIOHEHHE BPEMEH!
BBITIOJIHEHHS 33/1a41 HAUMEHbIIIEE;
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— YacToe pe3epBHOE KOIHMPOBAHHE BENET K OOJIBIINM
HaKJIaJHBIM pacxojam [6];

— JKeNaTeJIbHO, YTOOBI MaTeMaTH4ecKoe OXKHIaHWE
BpPEMEHH JIOCTYITHOCTH y3jJa ObUIO B J1Ba U Oojee pa3s
Oosbllle, YeM INEpUOJMYHOCTH BBHIMOJHEHUS PE3EPBHOTO
KOIIMPOBAHUS;

— BEPOSTHOCTh YCIICIIHOM MUrpaluy 3aJadd ¢ y3ia
CYIIIECTBEHHO TOBHIMAeT YPPEKTHBHOCTE €ro paboTEHI.
YBenuueHue 3TOro napamerpa 3aBHCHT OT OTKa30yCTOM-
YHUBOCTH y371a U CETH Nepeliayy JaHHbIX, o0beMa nepena-
BAEMBIX JIAaHHBIX U IIOBEIEHHS IOJIb30BaTeNs y3Ia.
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Ha ocHoBanum rpadukoB (yHKIMH pacrpeneneHus
BpPEMEHHU BBITIOJIHEHHUS 3a/ad Ha y3Je pacrpelesieHHON
BBIYUCITUTEIILHON CHCTEMBI (CM. pHC. 5—8) MOXKHO cle-
JIaTh CIIEYIOUINE BHIBOIBL:

— y3el 2 He HYX/JIaeTCsl B 4aCTOM PE3epPBHOM KOIIHPO-
BaHWW TPH JIAHHOW IPOIOJDKUTENBHOCTH PELICHUs 3ajia-
4y, Tornaa Kak y3ed 1 TpeOyeT BBHIMOIHEHUs IIepHOITYe-
CKHX PE3€pBHBIX KOIUH;

— 17151 y30B | W 2 BBINIOJHEHHWE PE3EPBHOTO KOIHMPOBa-
HUA KaX[ple 2 9 3HAYUTEIHHO YBEIWYUBAET OOLIYIO MPO-
JOJDKUTENIbHOCTD PEIlCHHUs 3a/1a4H;

— YMEHBILCHUE MHTEPBaJla PE3EPBHOTO KOIMUPOBAHUS
JUISl Y3JI0B YMEHbBIIAET AUCIIEPCUIO0 BPEMEHHU BBIMIOJIHEHHS
3aJa4M.

[TocTpoeHnbie (QyHKIMM pacrpeleseHus] BPEMEHH
BBINOJTHEHUS 331a4H TI03BOJISIOT:

— TIPOTHO3MPOBATh BpEMs BBITIONIHEHUS 3a/laudl JUISA
pasHbIx y310B PBC ¢ nomycTHMoii BEpOsSTHOCTBIO;

— paHXHpPOBaTh Y3/Ibl MO BEPOSTHOCTH 3aBEPIICHHS
BBINOJTHEHUS 331241 32 OTIPEJICIICHHOE BPEMST;

— BBIOpATh ONTUMAIBHBIA MHTEPBAJI BPEMEHH BBIITOJ-
HEHUS PE3EPBHBIX KOIUI;

— (opMHpOBaTH PEKOMEHIALMH 110 HANUCAHUIO 3asB-
ku Ha pecypcesl PBC.

Hcnonb3yst 3TH QyHKINH, MOXXHO PacCUUTATh BEJIH-
YUHY, 00paTHYI0 KO3(D(UIMEHTY YCKOpEHHUsS Ui y37a
CHCTEMBI:

K, =—, (1

rae T; — BpeMs, HEOOXOMMOE I pacdera 3amaqyu 0e3
ucnons3oBanusi PBC; Ty — Bpems pacuera 3aiay ¢ uC-
nonb3oBanreM PBC; N — KOIMYECTBO Y3JI0B CHUCTEMBI
00paboTky HH(OPMAIHH.

OyHkIus pacupenencHus F(y) ciydaitHON BETHYHUHBI
y = K, umeer Buj

0 © 0
F) = [ f@) [ f6)dndy + |

y 0

yh
K@) [ fot)dnd =

—00

0 )
= [ A@A=FB00)d + [ f@)FBG)d, @)
—0 0

rze fi, /> — QyHKIMU IUIOTHOCTH pacrpelesieHns cy4aii-
HbIX BermuuH T) u Ty; Fy, F, — QyHKIMM pacnpenencHus
Cily4aiHbIX BenuuuH 1 u 7.

st mpencTaBieHHbIX Boilie Mmoaened 1, = 7 _Z — mo-

JOXKUTETbHAs KOHCTaHTa, a ) 3a1aHo (yHKIOuEH pacrpe-
nenenus Fy(f), y = K, crporo 6onsie Hyss. Toraa

min(0,7,/y) )

F(y)= Kydo+ [ fi)dn =

max(0,7;/y)
= F(min(o,7; / y)) + (1= F (max(0,7; / y))) =
= RO +1-F(T,/y) =14 F0) - F(T_Z/K,).

—00

)

[Mpumep dyHKUMIT pacnpeneneHns BeTUYUHBI, 00paT-
HOU k0d(uIMeHTy ycKOopeHusi, IPUBECH Ha puc. 9, rie
KpuBas / cooTBeTCTBYeT y31y 2, T Z = 6 4, 6e3 pe3eps-
HOTO KONHMpPOBaHusl; kpuBast 2 — y3ny 2, T Z = 12 4, Ge3
pe3epBHOro KonupoBaHus; kpusad 3 —y3ny 1, T Z=12 4,
pe3epBHOE KONMUPOBAHUE C MHTEpBAIOM 4 4; KpuBas 4 —
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y3ay 1, T Z = 6 4, pe3epBHOE KONHMPOBAaHHE C MHTEPBa-
J0oM 4 4.
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Puc. 9. ®ynxuus pacnpeneneHus CirydyaiiHOW BEIMYUHEI,
o0paTHOH K03 GHUIMEHTY yCKOPESHHS
(0003HauUCHUS CM. B TEKCTE)

[Monyuennas (yHKIMs pacrpenencHus: Kodhduunen-
Tta F(K,), B otimuune ot F(¢), ABISETCS OTHOCUTEIHLHOU
BEJINYNHON, HOPMHUPOBAHHOM MO BpPEMEHH BBINOJHEHHMS
3a71a4M, KOTOpast IPH JOCTATOYHO OONbIIOM BpeMenu 7 Z
XapaKTepu3yeT CTOXaCTUUECKYIO A(PEKTUBHOCTD pabOThI
CHCTEMBI.

@yakuuu pacnpeneneHus: K03QGHUINEHTa YCKOPEHUS
K, n K, coBIIaiatoT, HOCKOJIBKY JUISl JAHHOH apXUTEKTYpPbI
PBC N = 1. Ot pyHKIMH MO3BOJSAIOT MPOBOAUTE TPYII-
MTUPOBKY Y3JIOB MO (paKTUIECKON NMPOM3BOAUTETHLHOCTH 1
BBINIOJIHATh NPHOPUTETHBIC 33/1a9M C IPHUEMIIEMON BEpo-
ATHOCTBIO ITOJIydEHUsI pe3ysibTaTa K TpeOyeMOMy MOMEH-
Ty BPEMEHU.

IIpennoxkeHHbI MOAXON K aHAIU3y BEPOSTHOCTHO-
BPEMEHHBIX XapaKTEPUCTHK OTKa30yCTOMYMBOTO IMpO-
IpPaMMHOTO OOECIIeYeHHsI PaCHpe/IeIEHHBIX BBIYMCITH-
TEJIbHBIX CHCTEM OCHOBAaH Ha HCIIOJIb30BaHHHM WHCTPY-
MEHTAJIBHBIX CPEACTB B BUJE NMPOTPaMMHOW peann3aiin
MoJIeJiel ¥ METOOB aHaJHM3a BEpPOSTHOCTHO-BPEMEHHBIX
xapakrepuctTik PBC ¢ HeneTepMHHHPOBAHHBIM ITOBE/E-
HHEM BBIYHCIIUTENBHBIX y3JI0B.

Cpena sl TIPOBEOCHWS aHAM3a BEPOATHOCTHO-
BPEMEHHBIX XapaKTEPUCTHK OTKa30yCTOMYMBOIO Mpo-
IPaMMHOTO o0ecHedeHHsl paclpeeleHHbIX BBIYHCIIH-
TEIbHBIX CUCTEM I03BOJISIET BBINONHATH pacueTsl ['EPT-
ceTed, WCIOoNb3ysl MNPsIMOM M OOpaTHBIA alrOPUTMBI
I'EPT-cetn [7], mpsiMyio CBepTKYy; HMEET OTKPBITHIH
¢dopmar XML-n0KyMeHTa, ONMCBHIBAIOIIUKI CTPYKTYPY
CeTH, YTO JJaeT BO3MOXKHOCTH €€ 3aJaHus B JIIOOOM TeK-
CTOBOM DPEIAKTOpE M JajbHEHIIETro CO3MaHMs CHeLraln-
3MPOBAHHOTO MPOTPAMMHOTO 00ECIEYEHHUS COTIacHO BH-
3yanbHoMy noctpoenuto I'EPT-cetu. Eme onnum pocto-
HWHCTBOM 3TOM Cpelibl SIBJISIETCS TPACCUPOBKA peau3aluit
0TKa30ycTOunBOTrO mporpaMmmuoro obecneuerns PBC u
aHaJM3a pe3yIbTaTOB 3TON TPACCUPOBKHU.
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A. A. llInenkun

O MOATrPYIINAX CBOBO/HOI1 ABYIIOPOXKIEHHOI
BEPHCAWMJIOBOM I'PYIIIIbI IEPUOJIA IIAATh

Honyuenvr 0ocmamounsie ycrogus cyujecmeosanus 8 B(2, 5) 0eynopooicoennwvix noocpynn, ve usomopgnuix B(2, 5).

Kniouegvie cnosa: npobnema bBepucaiioa, 8biuuciumensHas meopus 2pynn.

OnHOI U3 U3BECTHBIX MPOOIEM TEOPUH TPYII SIBISAET-
cs mpobinema bepHcaiija 0 mNepHOAMYECKUX TpyIIax
¢ukcupoBanHoro nepuoxa [1]. Dta npobiema Obuta mo-
CTaBJICHAa aHIJMiickuM MateMaTtukoMm Y. bepHcaiizom B
1902 r. B cinemyromieit popme: mycts G — rpymia, TOPOX-
JICHHast /m DJIEMEHTaMH, B KOTOPOW KaXIbIi 3JIEMEHT B
CTEINCHU /1 PaBEH CIMHWIHOMY JJIEMEHTY Tpymmsl. byner
JM Takas TpyNna KOHedHoH? BrocmeacTBum 3TH rpynms
TIONYYWIIA HAa3BAHUE C80O0OHLIX OepHCAU008blX epynn N
ob6oznauenue B(m, n).

[TepeuncayM U3BECTHBIE K HACTOSILEMY BPEMEHH pe-
3yJIBTAThI [0 JJaHHBIM Tpymnam. ['pynna B(m, n) KoHeUHa
st n = 2 (TpUBHAIBHBIN ciay4dail), n =3 [1],n=4 (m =2)
[1], mst m > 2 [2], n = 6 [3]. I'pynna B(m, n) 6eckoHeuHa
JUTSS HEYCTHBIX 1 > 665 [4] ¥ s AOCTaTOYHO OOJBIIUX
YeTHHIX 7 [5; 6].

B 1950 r. B. Maraycom Oplia mocTaBlieHa €Ile OJHa
mpobiieMa, W3BeCTHAsI KaK ociabnenHas npobnema beph-
catioa. B Helt TpeOOBaNOCh BHISICHUTD, CYIIECTBYET JIM MaK-
CHUMaJIbHasi KOHEYHas! Imepuoauueckas rpymmna By(m, n) ¢
JaHHBIM YHCIIOM ITOPOXKAAIONINX JJIEMEHTOB 711 U (DUKCH-
poBaHHBIM TIepHOAOM 7. CBs3b OCITA0JICHHON MPOOJIEMBI

BepHcaiifa ¢ 0CHOBHO# POOJIEMOI CBOIUTCS K TOMY, YTO
ecni OBl HE CYIIECTBOBAJIO OECKOHEUHBIX MEPHOANIECKIX
rpynn, To B(m, n) Obima Obl MakCMManbHONW KOHEYHOU
MEPUOIUYECKON TPYNION IPU ITUX M U 1.

Pemenne ocnabmenHolt mpobimemsl bepHcaiima s
neprona 5 mpuseneHo B [7]. s Apyrux mokazaTenei,
HauMEHbUIMM U3 KOTOPBIX # = 5, BOIIPOC O KOHEYHOCTHU
OCTaeTCsl OTKPBITHIM.

HauGonpimii MHTEpeC MPeCTaBISIOT IBYIOPOXKICH-
Hasl Tpynmna nepuoaa 5 (rpymma B(2, 5), mOCKONbKY 3Ta
rpylma MMeeT HauMEHBIINH MoKa3aTelb U HalMEHbIee
YHCIIO MOPOXKIAMONINX JIEMEHTOB B CPAaBHEHHHU C JPYTH-
MU OepHCaliIOBBIMU TPYyNIIaMH, KOHEYHOCTh KOTOPHIX HE
omnpenenena. OTMETHM JBa BOIIPOCa O MOATPYIIaxX IPpyIl-
el B(2, 5), mocraBnennsie b. b. Cumcom [8], oTBeTHI Ha
KOTOpBIE JI0 HACTOSIIETO BPEMEHN HE U3BECTHBI:

— gonpoc 1: cymecTBYIOT 1 B B(2, 5) HEIUKIMYECKIe
KOHEYHBIE ITOATPYIIIIbI;

— gonpoc 2: CymecTBYIOT JH B B(2, 5), npu ycioBuu
ee OecKOHEYHOCTH, OecCKOHeuHas! IBYMOPOXKACHHAs MOJ-
rpymma nepuoza 5, He usomopduas B(2, 5)?
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B [8] npuBeneHHBIE HIKE COOTHOIIEHUS ITUHBI 30
OBUTH ITOJIy4eHbl KaKk HEOOXOJMMOE YCIIOBHE CYILECTBO-
BaHUS B B(2, 5) KOHEUHBIX HEIMUKIMYECKHX MOATPYIIT
nopsaka 25. OxHako caMu 3TH MOATPYIIIEI TaM He ObUIN
ykazaHbl. A. A. Ky3rernossMm B Teopeme 11 [9] npuBeneH
pSA COOTHOIICHWH, MHUHHMMAlbHOE W3 KOTOPBIX HMEET
JUTHHY 47, SBISIFOIIMXCS JOCTATOYHBIMH YCIOBHSIMHU CY-
IIECTBOBaHUS B B(2, 5) HEUMKINYECKHX MOATPYMII IO-
psanka 25, mpudeM Uil KakKAOTO M3 JaHHBIX COOTHOIIE-
HH yKa3aHa COOTBETCTBYIOIIAs IPyIIIa.

ABTOPOM MOJyYEHO JOCTATOYHOE YCIOBHUE ITOJIOKH-
TEJIBHOI'O OTBETA 10 KpalHEN Mepe Ha OJIUH U3 YIIOMSHY-

TBIX BbINIE IBYX BorpocoB. O6o3HaunM uepe3 0, 1 mopo-
K IAIOIIHE dIIEeMEHTHI B(2, 5).

MMonoxum v = 01, w = 10 u paccmorpum B B(2, 5)
noxarpynny H = <y, w>. B [10; 11] npeacraBneHsl Bce
COOTHOUIGHHSI O JUIMHBI 36 BKJIFOYMTENHHO, J0Ka3aTb
KoTopsle B B(2, 5) He yxaeTcs, a HEBBIIOJIHEHNE JTF000TO
U3 HUX BJIeYeT OeCKOHEYHOCTh B(2, 5).

B tabn. 1 npuBenensr Bce cootHomeHust u3 [10; 11],
KOTOpBIE SIBIAIOTCS COOTHOIICHMSIMHM B moxarpymnmne H B
obpazymommx v, w (Tadi. 2), ¢ COXpaHEeHHEM HyMepalun
yKa3aHHBIX COOTHOIIEHUH u3 [12].

Tabruya 1
IlopsnKoBEIii HOMEp COOTHOMICHNA Bup coorromenus o 3amensr v = 01, w = 10
B MaccuBe [12]
Jlnuna 30: 2 coomnouenus
1 011010010110010101100101101001 =101010011001101010011001101010

2 010101100110010101100110010101 =100101101001101010011010010110

Jnuna 32: 16 coomnowenuil
22 01010110011010100110100101100101 =10010110010110100110010101100110
23 01011001011010011010100110010101 = 10011001010110011010010110010110
25 01011010010110011010011010011001 = 10010101101010010101100110100110
26 01100101100110101001010110101001 = 10011001011001011001101001011010
27 01100110100101101001011010011001 = 10011001011010010110100101100110
28 01100110100110100110010110100101 = 10011010011001010110101001010110
29 01101001100101101001011001101001 = 10010110011010010110100110010110
30 01101010010101101010011001011001 =10100101101001100101100101100110
33 01100110100110011001011001101001 = 10011001011001101001011010010110
34 01101001100101100110011010011001 =10010110100101101001100101100110
36 01011010011001101001100110100101 =10010101101010010110101001010110
42 01100101101010010110101001011001 =10100101100110010110011001011010
44 01100110100110010110100101101001 = 10011001011001100110100110010110
45 01101001011010010110011010011001 = 10010110011010011001100101100110
46 01100110101001100101101001101001 =10100110100101100101011001101010
47 01101001101001011001101010011001 =10101001100101011001011010011010

Jlnuna 34: 23 coomnowenus
223 0110011010100110010110010110100110 =1001011010011010010101100110101001
225 0101100110101001100110101001100101 =1010100110010101100101011001101010
228 0110101001100101011010011010010110=1001101001011001011001101010011001
232 0101100101101001101010011010100110=1001101010011010010110100110100101
233 0101100110101001100110011010100110=1001101010011010011010100110010101
234 0101101001101001011010011010100110=1001101010011010100110100101100101
235 0101011001101010011010011010100110=1001101010011001100110101001100101
248 0110010101100110010101100110100101 =1010100101011001101010011010100110
249 0110010101100101011001101010010101 =1010010110011010100110011010100110
250 0110010101100101100101101001100101 =1010011001011010011010011010100110
251 0101100110100101100101100101011001 =1001101010011010011010010110011010
252 0101101001100101011001100101011001 =1001101010011010100110010101101010
253 0101010110100110100101100101011001 =1001101010011001011010011010011010
254 0101011010100110010101100101011001 =1001101010011001101010011001011010
266 0101101001010110011001010110100101 =1010010110101001100110101001011010
274 0110010101100101011001011010011010 =1010010110010110100101100101011001
276 0110010101100101101001011001011010 =1010011010010110010101100101011001
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Mamemamuxa, mexanuxa, ungpopmamuxa

Ilpooonscenue mabn. 1

TTopsiikoBBIi HOMEP COOTHOLLIEHUS
B Maccuse [12]

Bun coornomenus 10 3amensl v = 01, w = 10

278 0101100110010110010110011001011010=1010100101100110010101011001100101

279 0101100110010101011001100101101010=1010010110011001011001011001100101

284 0110100101100101101010011001010110 =1001100101011001101001101001011001

295 0110010110100110100110010101100110 =1001010110011010100101100101101001

296 0101011001101010011010100110010101 =1010011001010110011001010110011010

297 0110100101011010011010010101101001 =1001010110100110011001101001010110

Jnuna 36: 48 coomnowenuti

1733 010101101001011001100101100101100110 =100110010101011001100101101010010101
1734 010101101010010110011001010101100110 =100110010110010110011001011010010101
1755 010110010110100101100101101010011001 =101010011001100110101001101010011010
1757 011001011001101001011010010101011010=100110011001011001011001101010010101
1758 010101100101101001011001101010011001 =100101101001011010010110010101011010
1764 011001101010011001011010010110010101 =101001010101100101101001011010010110
1780 011001101010010110010110100101100101 =101001101010011010100110011001101010
1781 010101101010011001011001011001100110 =101001010101101001011010011001011001
1797 010101011010011010010110100101101001 =101001011010011001010110011001010110
1798 010110010110010110011010100110011001 =100101100101011001011010010110011010
1799 010110010110100101100101011001101010 =101010011001010110010101100101101001
1801 011010010110010101100101011001101010 =101010011001010110010110100101100101
1805 010101101001010110101001101010010101 =101001010101101001011001100101100110
1806 010101101010011010100101011010010101 =100110010110011001011010010101011010
1822 010101101001011010100110011010100101 =101001010110011001010110100101101010
1823 010110101001100110101001011010010101 =101010010110100101011001100101011010
1845 010101011001010110010101011001010110 =100110100101011010100101011010011001
1846 010110100110011010011010010101101001 =101001010110100110010101101001100110
1850 011001100101101010011001011010100101 =100101101010010110010110011001011010
1853 010101011010011001011010011010011010=100110011010100110100101100101011001
1855 010110011010100110011001010110011010 =100101011001101010010101100110101001
1856 010110011010100110011010010110010110=101001011001011010010101100110101001
1857 011001101010010110100101011010100101 =101001010110101001011010010101100110
1859 011001011010011010011010100110010101 =101010011001010110010110010110100110
1860 011010011010010110011001010110011010 =100101011001101010010110100110100101
1861 011010011010010110011010010110010110 =101001011001011010010110100110100101
1862 011010011010100110011001010110010110 =100101011001011010010110100110101001
1891 010110101001011001101010010110011001 =101001011001100101100101101010010110
1893 010101100110101001101001101001011001 =100110100101100101100101011001101010
1894 010110100110100101101001011001011010 =100101100101101001100101101001101001
1895 010110100110100101101010011001010110=101001100101011001100101101001101001
1896 010110101001010110100101101010011001 =100110010101101001011010100101011010
1900 011001010110010110100110101001100110 =101001101001101001011001101001010101
1901 011010100110010101101001011001011010 =100101100101101001100110101001100101
1902 011010100110010101101010011001010110=101001100101011001100110101001100101
1903 011010100110100101101001011001010110 =100101100101011001100110101001101001
1906 011001101001010110101001010110100110 =100101011001010101100101011001010101
1907 011010010101101001101001100110100101 =100110011010010101100110100101011010
1933 010101100110101001101001011010011010 =100101101001101010011010100110010101
1934 010101100110101001101010011010010110 =101001101001011010011010100110010101
1935 011001101010011001011001101010011001 =100110101001100101010110011010100110
1936 011010011001101001011010011001101001 =101001100110100101010110100110011010
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Oxonuanue maon. 1

TTopsiikoBbIi HOMEP COOTHOLLIEHHS
B MaccuBe [12]

Bug cootnomenus 10 3amensl v = 01, w = 10

1981 010110100101101001011010100110100110 =101001011010010110011010011010011001
1997 010101011001011010010110100101100101 =101010011001101010011001011010010110
1998 010110101001101001101010010110101001 =101001010101100101100101010110010110
2027 010101011001100101100101100110100101 =100101100110101001010110101001101010
2035 010101011010010110011001011001100101 =100101101010010110101001011001101010
2036 011010100101101010011010011010100101 =100101100101010110010110010101011010

Tabauya 2

TlopsinikoBbIi HOMEP COOTHOLLIEHUS
B MaccuBe [12]

Bun coorHomenus mocie 3amens v =01, w = 10

Jnuna 30: 2 coomnouwenus

1 VWWIVWYVVWYVWIWY = WWWYWVWWWYWYWWW
2 VVWWYWYVWWYWWYYY = WYVWWYWWWYWWIVW
Jlnuna 32: 16 coomnowenuii
22 VWWWYWWWYWWIVWYY = WOVWVVWWYWVVWWYW
23 VVWYVVWWYWWWIYWVYVY = WYWVVWWYWWVYWYYW
25 VWWWIVWYWWYWWYWY = WYVWWWWYVYWYWWYW
26 VWVVWYWWWIVWWWWY = WYWVVWYVWYWWVYVWW
27 VWYWWYVWWYVWWYWY = WYWVVWWVVWWIVWYW
28 VWYWWYWWYWVVWWIY = WYWWYWYVYWWWYVYW
29 VWWUWYVWWYVWYWWY = WYVWYVWWVVWWYWYYW
30 VWWWYVYWWWYWYYWY = WWVVWWYWYVWYVWYW
33 VWVWWYWYWYVWYWWY = WYWVYWYWWYYWWYYW
34 VWWYWYYWUWYWWYWY = WYVWWYVWWYWVVWYW
36 VWWWYWYWWYWYWWIY = WYVVWWWVVWWWYVYW
42 VWYVWWWIVWWWYYWY = WIWVVWYWVVWYWVVWW
44 VWYWWYWIVVWWIVWWY = WYWVVWYWYWWYWYYW
45 VWWIVWWYVWYWWYWY = WYVWYWWYWYWIVWYW
46 VWVWWWYWYVWWUWWY = WWYWWYVWYVWWYWWW
47 VWWYWWIWWWYWWWIWY = WWWVWYVWIWYVWWYWW
[Mnuna 34: 23 coomnowenus

223 VWVWWWYWVVWIYVWWYW = WYVWWYWWYVWWYWWWY
225 VVWYWWWYWYWWWYWYY = WWWYWYVYWYVWWYWWW
228 VWWWYWYVWWWYWWIYVW = WYWWVVWYVWYWWWYWY
232 VVWVYWWYWWWYWWWYW = WYWWWYWWVYVWWYWWVY
233 VVWYWWWVWYWUVWWWYIW = WYWWWYWWYWWWYWYVY
234 VWWWYWWIVWWYWWWYW = WYWWWYVWWWYWWIVWYY
235 VVWWWYWWWYWWYWWWYW = WYWWWYWYWYWWWYWDVY
248 VWYVWWYWYVYWYWWVY = WWWYVYWYWWWYWWWYW
249 VWYVYWUVYWYWWWIVY = WWYVVWYWWWYWYWWWYW
250 VWYVYWUVWYYWWYWYY = WWVWVVWWYWWYWWWYW
251 VVWYWWYVWIVWYVYWY = WYWWWYWWYWWYYWYWW
252 VVWWIYWYVVWYWYVYIWY = WYWWWYWWWYWIVWWWW
253 VVWWWWYWWIVWYVYWY = WYWWWYWYVWWYWWYWW
254 VVWWWWYWVVYWYVYWY = WYWWWYWYWWWYWVYWW
266 VVWWYVYWYWYVWWWYY = WWVVWWWYWYWWWYVYWW
274 VWYVVYWIWWWYVWWYWW = WWYVWYVWWYVWYVYIWY
276 VWVVVWIVWWUVWYYWW = WWYWWVYVWYVYWIVYWY
278 VVWYWOVVWYYWYWYVYWW = WWWVYWYWVYYYWYWYY
279 VVWVWYVVWYWUWVVWWW = WWYVWYWYYVWIVWYWIY
284 VWWYVWYYWWWYWVYVYW = WYWYVWWYWWVWWYYWY
295 VWYVWWYWWYWYVVWYW = WYVWWYWWWIVWYYVWWY
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Mamemamuxa, mexanuxa, ungpopmamuxa

Oxkonyanue maon. 2

TTopsiikoBBIi HOMEP COOTHOLLIEHUS
B MaccuBe [12]

Bug coorHomenus nocie 3amens v =01, w = 10

296 VVVWYWWWUWWWYWIVY = WWYWVVWWYWVVYWYWW
297 VWWIVWWWIWIYWWIVYWWY = WYVWWWYWVWYWWYVYW
Jlnuna 36: 48 coomnowenuii

1733 VVWWWIVWYWVVWYYWYW = WYWVVVYWYWVYWWWYVY
1734 VVWWWWYVWUWYYVYWIW = WYWVYWYVWYWVYWWYVY
1755 VVWVVWWYVWYVWWWYWY = WWWYVWVWVWWWYWWWYWW
1757 VWOWWWYWWVVWWIVVVVWW = WYWYWYVWYVWYWWWYVY
1758 VVWWIVWWIVWYWWWYWY = WYVWWYYWWYYWVVWYWW
1764 VWYWWWYWYYWWYVWIVY = WIWVVVYWYVWWIYVWWYYW
1780 VWYWWWYVYWVVWWIVVWYY = WWYWWWYWWWYWYWYWWW
1781 VVWWWWYWIWVWYVWYWYW = WIWVVVWWWYVWIWVWYYWY
1797 VVWWWWUWWUVVWWIVWWY = WWVVWWYWYVYWYWYVYW
1798 VVWVVWUYVWYWWWYWYWY = WYVWYVYWYYWWYYWYWW
1799 VVWVVWWUVWYVWWYWWW = WWWYWVVVWYYYWIVWWY
1801 VWWYYWYVVWYVYWYWWW = WIWWVWYVYWYVWWVYYWIY
1805 VVWWWIVWWWWYWWWIVY = WIWVVVWWWYVWYWYYWYW
1806 VWWWWWYWWWIVWWWIVY = WYWVYWYWYVWIWVYYYWW
1822 VVWWWWIVWWWYWYWWWYY = WWYVWWYWYVYWWYYVWWW
1823 VWWWWYWYWWWYVWWYVY = WWWOVWWYVWWYWYVYWW
1845 VVVWWYVYWYVVYWYVIW = WYWWVYVYWWWYVYWWYWY
1846 VVWWYWYWWYWWYVVWWY = WWYYYWWYWVYVYWWYWYW
1850 VWYWUVVWWWYWVVWWWYY = WYVWWWIVWYVWYWYYWW
1853 VVWWWWYWYVVWWYWWYWW = WYWVWWWUWWVVWYYYWY
1855 VVWYVWWWYWYWYVYWYWW = WYVWWYWWWYVYWYWWWY
1856 VVWYVWWWYWYWWYYWIVW = WWYYWUVWWYVWWYWWWY
1857 VWVWWWIVWWYVYWWWIY = WWYVYWWWVVWWYVYWYW
1859 VWYVWWYWWYWWWYWYVY = WWWYWVVWWYVWIVWWIYW
1860 VWWUWWIVWYWIVVVWYWW = WYVVWYWWWYVWWYWWYY
1861 VWWYWWIWWYWWYYWIVIW = WWVVWVVWWIVWWYWWIY
1862 VWWYWWWYWYWYVYWIVW = WYVWWYVYVWWYVWWYWWWY
1891 VVWWWYVWYWWWVYVWIWY = WWVYWYWYVWVVWWWYYW
1893 VVVWYWWWUWWYWWYVWY = WYWWVVWOVWYYYWYWWW
1894 VVWWYVWWYVWWIVWYYWIW = WYVWIVWWYWYYWWYWWY
1895 VVWWYWWIVWWWYWVIWIW = WWYWUVVWYWVVWWYWWY
1896 VVWWWYVVWWVVWWWYWY = WYWVVVWWYVWWWIVYWW
1900 VWYVVWIVWWYWWWYWYW = WWYWWYWWYYWYWWIVIY
1901 VWWWYWVVYWWVYVWUYWW = WYVWVVWWYWVWWWYWVY
1902 VWWWYWYVWWWWYWVVVIW = WIWVWYVYWYWYWWWYWVY
1903 VWWWYWWYVWWYVWIVWW = WYVWYVYWYWYWWWYWWY
1906 VWYWWYVWWWWIVWVWWIW = WYVYWYVVYWYVYWYVYY
1907 VWWIVWWWIWYWWYWYWWYY = WYWYWWYVYWYWWYVYWW
1933 VVWWYWWWYWWYVWWVWW = WYVWWYWWWYWWWYWYVY
1934 VVWWYWWWVWWWYWWYYW = WIWVWWYVVWWVWWWYWYVY
1935 VWYWWWIWVVWYWWWYWY = WYWWWVWYVWYWYWWWYW
1936 VWWUWYWWYVWWYWVWWY = WWVWYWWYVVYWWYWYWW
1981 VVWWIYVWWIVWWWYWWIW = WWVVWWIVWYWWYWWYWY
1997 VVVWWUYVWWYVWWYVWIY = WWWYWYVWWWYWYYWWYVW
1998 VVWWWYWWYWWWIVWWWY = WIWVVVYWYVWYVVVWYVIW
2027 VVWWWYWIVWYVWVWWIY = WYVWUVWWWYVYWWWYWWW
2035 VVWWWWIVWYWIVWYWIY = WYVWWWIVWWWYVWYWWW
2036 VWWWIVWWWYWWYWWWIY = WYVWVYYYWVVWYYYYWW
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Teopema. Ilycts B B(2, 5) BBIOIHEHO XOTS OBI OJTHO
cootHomreHne u3 1adn. 1. Torma B B(2, 5) cymecTByloT
JBYNOPOKAECHHBIE NOATPYMITBI, He n3oMopGHbIe B(2, 5).

HokazarensctBo. Ecmm B(2, 5) — KoHeyHas
rpymnmna, To, Kak MmokaszaHo B [7], ee OpSAOK paBeH 5% u,
CIIeZIOBaTEeNBHO, B(2, 5) COmepXUT HEIMUKINYECKHE KO-
HeuHble noarpynnsl. Ilycts B(2, 5) — GeckoHewHas Tpyn-
ma. [Tomoxmm v = 01, w = 10 u paccmotpum B B(2, 5)
noarpynny H = <v, w>. Torna B H TOJKHO BBIIIOJHSTh-
¢s XOT4 OBl OJHO COOTHOILIEHNE U3 TadI. 2.

Hcnonb3ys BBIYMCICHHMS Ha OCHOBE ajlropuTMa U3
[13], Mo>xHO YOEOUTBCA B TOM, YTO JIEBas U MpaBasi YacTH
JII000r0 COOTHOIIEHHS M3 Tall. 2 MHBapUAHTHEI, T. €. HE
MEHSIIOTCS, 110 TIPUMEHEHUIO K HUM YKa3aHHOTO aJlrOpUT-
Mma. [Tocnennee o3zHauaer, uto B B(2, 5) neBas u mpasas
YacTH JI000ro COOTHOIIEHWS W3 Tall. 2, MOCKOJBKY
UX JUIMHBI B TEPMUHAX 00pa3ylomyX v ¥ W HE MPEBOCXO-
JAT 29, — 3TO pa3iIW4HbIC HJIEMEHTHl YKa3aHHOW TpyIIIbI
(cm. Teopemy 2) [10]. Takum obpazom, monarpymma H He
momopdua B(2, 5) u, cnegoBatensHo, H — coOCTBeHHAst
moarpymma rpynnel B(2, 5). Ecom H — OeckoHeyHas
rpyIna, TO yTBEPKAEHHE TEOPEMBI BBITIOIHEHO.

Ilycts Tenepp H — koHeuHas rpynna. Ilokaxkem, 4To
OHA OTJIMYHA OT LUMKJIMYECKOM rpynnsl nopsaka 5. Ipen-
noJioxumM obpatHoe. Torna H = <y, w> = <y> = <y> —
UKJIMYecKas rpynmna nopsaka 5. Paccmorpum B B(2, 5)
aBTOMOp(U3M @ mopsika 2, KOTOpbI Ha oOpasyroumx 0,
1 nmefictByet crmemyrommM obpazom: ¢(0) = 1, ¢(1) = 0.
Herpyznno Bunets, uro o(v) = wu ¢(w) = vu ¢(H) = H.
Tak kak ¢ — HETPUBHAIBLHBIA aBTOMOPGH3M MOpsIKa 2
rpymmst H, To ¢(x) = v = v*. CeoBarensHo, v! = w n
01010101 = 10. JoMHOXHB 00€ YACTH TMOCJIECTHETO pa-
BeHCTBa cieBa Ha 01, momyunm 0101010101 = 0110 = e,
rae e — eauHuna rpymmnsl H. CrnegoBaTensHo, 02%=1% H,
Kak Jierko BuneTh, 01 = 10 = e. Taxum obpazom, B(2, 5) —
abeneBa, 4YTO HEBO3MOXKHO.

Teopema noka3zaHa.

Takum 00pazom, B JaHHOH CTaThe C UCIOIb30BAHHEM
BbIUKCIeHU Ha OBM mnosyueH HOBBIM pe3yibTat, Jaro-
MK JOCTAaTOYHBIE YCIIOBHSI CYIIECTBOBAHHUS B TpYIIE
B(2, 5) nBynopoxaeHHBIX HOATPYI, HE H30MOP(HBIX
B(2,5).
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B(2,5) in B(2,5).
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Preface

The special issue of this VESTNIK is based on a selected subset of papers from the First
International Workshop on Mathematical Models and its Applications (IWMMA 2012) held in
Irkutsk, Russian Federation, in 2012. Original results in mathematical modeling for software-
and hardware applications in various fields have been discussed among researchers and
developers in the area. IWMMA 2012 has designated "Mathematical Models and its application
in Spoken Dialogue Systems™ as a special theme and has placed its focus on common issues of
theories, applications, evaluation, limitations, general tools and techniques. The 2012 workshop
program featured 12 scientific papers that were extended, revised and reviewed before
publication in the VESTNIK.

In the following we provide an overview of the journal special issue contents. Ultes et al.
introduce a conditioned Hidden Markov Model approach for statistical modeling of interaction
quality in spoken dialogue systems. Zablotskaya et al. analyze language style matching of
speakers yielding different verbal intelligence. Smeshko and Gasanova propose an algorithm to
determine fuzzy clusters in a dataset without predefining the number of clusters beforehand.
Semenkina and Semenkin evaluate a self-configuring genetic algorithm for an automatic
integration of computational intelligence technique ensembles. Ryzhikov investigates a multi-
agent approach for automatic speech recognition. Sergienko applies fuzzy classifier techniques
for speaker identification. Sidorov et al. propose an evolutionary method for neural network
design that does not require any expert knowledge and apply this method to the forecast of
technical problems. Popov et al. investigate neural networks for noise suppression in information
signals. Shabalov applies neuro-fuzzy systems for bank scoring problems. Semenkina
demonstrates how ant colony optimization and genetic algorithms may be used to solve the
traveling salesman problem. Akhmedova investigates the Particle Swarm Optimization algorithm
in terms of efficiency. Finally, Ryzhikov reduces the linear dynamics identification problem to a
global optimization task.

We are convinced that mathematicians, computer scientists, engineers, and others who work
in the area of mathematical modeling, no matter if in academia or in industry, may find the

journal papers interesting and useful to their own work. We would like to thank the many people
who contributed one way or another to the IWMMA 2012 workshop and the papers review.

Wolfgang Minker, IWMMA’2012 steering committee co-chair

Alexander Schmitt, IWMMA’2012 steering committee member
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Sh. A. Akhmedova

DEVELOPMENT AND INVESTIGATION OF THE EFFECTIVENESS
OF THE PARTICLE SWARM OPTIMIZATION ALGORITHM*

This article deals with investigation of the effectiveness of the Particle Swarm Optimization (PSO) [1] algorithm for
solving constrained and unconstrained one- and multi-criteria optimization problems. Besides the investigations were
conducted both the standard and the binary PSO. Also parallelized modifications of these algorithms were developed
for multi-processor operations and two real-world problems were solved.

Keywords: standard and binary PSO, parallelism, multi-criterion.

PSO was originally developed for continuous valued
spaces but many problems are, however, defined for dis-
crete valued spaces where the domain of the variables is
finite. Kennedy and Eberhart proposed a discrete binary
version of PSO for binary problems [2]. They have
adapted the PSO to search in binary spaces by applying
a sigmoid transformation to the velocity component to
squash the velocities into a range [0,1] and force
the component values of the positions of the particles
to be 0’s or 1’s. The sigmoid expression is given
by: s(v) =1/ (1+exp(—v)).

Two methods were used for solving constrained opti-
mization problems [3]: the method of death penalties and
the method of dynamic penalties. The method of death
penalties is simple approach that just rejects infeasible
solutions (solutions that doesn’t meet the constraints)
from the population. In the method of dynamic penalties
individuals are evaluated at the each iteration by using
penalty function. To evaluate the performance of PSO
with these penalty methods were used different test prob-
lems [4]. Most of them were with real variables and con-
vex accessible regions. It is established that standard and
binary serial PSO as with the method of death penalties so
and with the method of dynamic penalties are effective
for solving such constrained problems. Besides, using
PSO with dynamic penalties helps to find local extremum
of function for a smaller number of computations. Binary
PSO requires little particles and a large number of genera-
tions.

Then the algorithm was parallelized. PSO has parallel-
ism as at the level of algorithm’s work organization
(populations and their elements interact with each other,
“exchange” information) so at the level of its computer
realization. Investigation of effectiveness of the serial
PSO for test constrained and unconstrained optimization
problems showed that solving some of them required a
large number of particles and/or generations and therefore
a large number of computations. Besides, increasing of
the dimension had also led to increasing of the spent re-
sources. Consequently, the time, which is necessary for
finding the best solution for the problem, increased too.
Then parallelized PSO was used for these test problems.
The given approach consists in the setting
a number of particles. After that particles are dividing

among the processors in a certain way. Thus populations
generate on each processor and later calculations carry out
for them. At each generation kernels exchange informa-
tion. Namely, firstly at every step for every population we
find best solutions. These best solutions are sent to the
master processor and then they are compared between
themselves. Thereby the best value of optimizable func-
tion is chosen for each generation, which is sent to every
processor and maintained. These actions are repeated a
specified number of times. So algorithm ends its work.
Dependence of effectiveness of the algorithm from as-
signable computational resource was studied, that is de-
pendence of effectiveness of the algorithm from the num-
ber of particles and the number of population’s genera-
tions. After that effectiveness of the algorithm was com-
pared depending on amount of processors. This means
that the obtained for every problem results were fixed but
number of processors was changed. So it was found that
effectiveness of the parallelized PSO coincides with ef-
fectiveness of the serial PSO. Besides, reliability of the
algorithm is irrespective of the quantity of processors
(kernels). And also serial PSO worked slower than paral-
lelized PSO as with real particles so with binary particles.

Also problems of multi-criterion optimization were
considered. Theory of Pareto optimality was used for
finding solutions for such problems, to wit PSO was used
for approximate construction of Pareto set and Pareto
front. Archive for storing non-dominated solutions was
created. This archive was updated at the every iteration.
While solving multi-criterion problems by using PSO
cardinal problem is selection of global best position for
particle. There are several ways to solve this problem, and
one of them is o-algorithm. K-dimensional vector
o =(0,...,0x) is named o-parameter of i-th particle with

coordinates x' and defined as follows:
G; :G(f(xi)) =
T

(1)) -A A )
P £ )

*The study was supported by The Ministry of education and science of Russian Federation, project Ne 16.740.11.0742,

14.740.12.1341 and 11.519.11.4002.
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Investigation of effectiveness of Particle Swarm Op-  set. Results that were obtained by using both standard and
timization algorithm was conducted by solving test con-  binary PSO were almost the same.
strained and unconstrained multi-criterion problems. The After all the investigations conducted, two real-world
maximum number of particles, which could be stored in  problems were solved: problem of formation of optimal
the archive of non-dominated solutions, was set up for investment portfolio of the enterprise and problem of
algorithm’s work. Number of particles in the archive was  formation of optimal loan portfolio of the bank. Besides,
different for all problems. For solving constrained optimi-  first problem was solved as in one-criterion definition so
zation problems was used method of the dynamic penal-  in the multi-criterion definition.
ties. When finding solutions for problems archive filled

partially. Researches showed that increasing of number of Rreferences
criterions leads increasing of algorithms’ effectiveness. ) o
So, for example, archive of the non-dominated solutions 1. Kennedy J., Eberhart R. Particle Swarm Optimiza-

was filled on the average on 20-30 % when constrained ~ tion // Proceedings of IEEE Intern. Conf. on Neural Net-
problems were solved by using standard PSO and also by ~ Works. IV. 1995. P. 1942-1948.

using binary PSO. Advantage of the standard PSO was 2. Kennedy J., Eberhart R. C. A discrete binary ver-
only in time that was spent for one program run. And sion of the particle swarm algorithm // Proceedings of the
again algorithms’ results didn’t differ significantly. Num- ~ World Multiconf. on Systemics, Cybernetics and Infor-
ber of particles and generations was about the same as it ~ matics 1997. Piscataway, NJ. 1997. P. 4104-4109.

was when unconstrained problems were solved. Solving 3. Eiben A. E., Smith J. E. Introduction to evolution-
one constrained problem, feature of which was that, there ~ ary computation. Springer, Berlin, 2003. .
was no point from Pareto set in the feasible region, re- 4. Electronic resource. URL: hitp://www-optima.

quired notable increase in population size. And in the end ~ amp.i.kyoto-u.ac.jp/member/student/hedar/Hedar_files/
points, that was obtained, were on the part of the bound- TestGO_files/Page422.htm.
ary of feasible region, which was the closest to the Pareto

III. A. AxmemoBa
PA3BPABOTKA U UCCIIEJOBAHUE DOOEKTUBHOCTHU CTAWHOI'O AJITOPUTMA OIITUMU3AIIUN

Ilposedenvt uccnedosanus r¢pgpexmusnocmu cmaiinozo areopumma onmumuzayuu (PSO) ¢ eewecmeennvimu u oOu-
HAPHBIMU YaACUYAMU NPU peuenuu 3a0ad YCl08HOU U 6e3YCI08HOU 00HO- U MHOLOKPUMEPUATbHOU onmumuzayuu. Pas-
pabomarnvl maxoice NApAIenbHble MOOUDUKAYUU 0O0UX ACOPUMMOS U PEUUEeHbl 08¢ Pealbible NPAKMUYECKUe 3a0adu.

Kniouesvie crosa: cmaH()apmHaﬂ u 6uHapHaﬂ, napajiienausm, MHO2OKpumepuaibHoCmso.

© Akhmedova Sh. A., 2012

UDC 519.8
E. A. Popov, M. E. Semenkina, L. V. Lipinskiy

EVOLUTIONARY ALGORITHM FOR AUTOMATIC GENERATION
OF NEURAL NETWORK BASED NOISE SUPPRESSION SYSTEMS*

We propose using neural network technology to noise suppress in information signals. Neural networks are
automatically generated and adjusted with an evolutionary algorithm. It is shown that the evolutionary algorithm
provides a reliable noise suppress system.

Keywords: genetic algorithm, genetic programming algorithm, neural network, noise suppress system.

In the modern world, there are many sources and The noise filters theoretical foundation is a spectral
receivers of information signals, such as wired and analysis, algorithmic basis is the fast Fourier transformation.
wireless Internet, different access points, a huge range of ~ Application of spectral analysis and classical filters requires
radio waves, mobile sources, etc. All these sources are  careful adjustment of the parameters set, which makes it very
sensitive to various kinds of noises and disturbances that  difficult to implement the design automation of noise
are associated with the signals mutual influence and the  reduction systems. It results into necessity of finding new
external factors influence that contributes to the approaches. One of such approaches might be the use of
mismatch of the transmission line, resonance intelligent information technologies intensively developing
phenomena, etc. [1]. the last twenty years [2].

*The study was supported by The Ministry of education and science of Russian Federation, project Ne 16.740.11.0742,
14.740.12.1341 and 11.519.11.4002.
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To date, there are several methods for noise reduction:
shielding, grounding, signal filtration, noise reduction
with adaptive filters, the signal wavelet analysis method,
etc. All of them have limitations and some disadvantages
(the requirement of a priori information about the signal
or noise, the complex technology structure, expensive
equipment, complex mathematical tools, the developers’
high qualification, etc.).

Noise reduction system should be created to relax
these restrictions and eliminate disadvantages, so that they
will not require changes in the environment, a priori
information about the signal or noise, expensive
equipment, highly qualified developers and could be
designed in an automated mode.

Evolutionary methods (EM) are able to search in a
complex space where the solution is a hierarchical
structure or a combinatorial circuit. It does not use a priori
information about the optimized function that
significantly expands the application field of such
methods. Neural network models are another famous
method of data mining. Neural networks (ANN) are able
to process large data sets, are resistant to noise, adapting
to the changing problem conditions. In this paper, we
propose the use an evolutionary algorithm for
automatically generating the neural network based noise
suppression system.

The  evolutionary  algorithm  automatically
generating neural network based noise suppression
system. The process of ANN models implementing and
preparing for work consists of two main steps: neural
networks structure selection (including activation
functions threshold values adjustment) and tuning the
neurons connections weight values. Moreover, neural
network model can be adapted by adjusting the weights
when new data would be received or problem conditions

would be changed.
Researchers seek to implement minimal neural
networks architecture. In this case, the network

generalizing properties are higher, the result obtained is
more predictable and less time is required for signal
processing. We propose to use evolutionary algorithm to
generate such neural networks, in which the structure of
the neural network is configured by a genetic
programming algorithm (GP), and the weights and
activation functions thresholds are adjusted by genetic
algorithm (GA) followed by a hill climbing method [3].

Neural network structure configuring. The terminal
and functional sets should be defined to generate the
neural network structure using genetic programming
algorithm (GP). Neurons or neuron blocks interconnected
in a certain way can be chosen as the terminal set in the
problem of generating the neural network structure. Then
the operators that combine these neurons and their blocks
in the network will be included in a functional set. The
chosen encoding method must satisfy two conditions:
insularity and sufficiency.

The insularity condition requires that the admissible
solutions would be obtained for any combination of
functional and terminal elements. Two operators can be
included in a functional set to satisfy these requirements,
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operators such as the installation of the terminal elements
in a single layer and link layers.

Sufficiency condition requires that the terminal and
functional elements are sufficient for the task. A number
of different activation functions and their combinations
are included in the terminal set to satisfy this condition.

Weights and activation function threshold values
optimization. In this paper, we use a genetic algorithm
followed by local search method for weights optimization.
Studies show that the GA focuses individuals in attraction
areas of local extremum points on the first iterations.
Local search is easier to produce with help of the
conjugate gradient algorithm. This algorithm is
comparable to the effectiveness of second-order methods
while using the first order derivative. The derivative
numerical  calculation extends this coefficients
optimization method application on the neural networks
with arbitrary structure.

Results of the study. A complete investigation of all
types of noise filtering problems formulations is not
possible in one paper, therefore studies were carried out
under following restrictions:

— the test signals are periodic harmonic signals;

— the test noise is a constant broadband noise (white
noise);

— the signal spectral analysis method is taken as a
basis for the implemented model.

After preliminary examination of existing intellectual
information technologies, it has been established that the
most appropriate technology for the initial research are
artificial neural networks because of their ability to be
automatically trained for solving the problem and to adapt
to the external influences changes.

The software environment MATLAB ® Neural
Network Toolbox™ was used for pre-adaptation neural
network technology to the noise suppression problem.

Input data for training the neural network is a noisy
harmonic spectrum of a periodic test signal. Test signal
is a sine wave with 100 Hz frequency and amplitude
of 1. Noise is broadband constant noise with average
power equal to 4.

Four neural network structures available in the Matlab
were chosen for the comparative analysis based on the
specific solved problem. The following structure neural
networks have been the chosen: a cascading direct
propagation network, an Elman network, a feedforward
network with error back propagation; an autoregressive
dynamically trained neural network.

The hidden layers number, number of neurons in the
hidden layer, training function and the neurons activation
function are varied for each structure. The comparison
results are presented in Table 1. The most effective
structures were selected on the basis of the analysis. They
are shown in bold in Table 1. Elman network and the
feedforward network with back error propagation can be
regarded as the best performance options. At the same
time the latter network has only half the training time and
a simpler structure that is significantly in terms of
practical implementation.
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Neural networks performance comparison

Network Hidden Neurons Average Average Average signal/ False positives
layers number training time, variance noise ratio, dB alarms number
number second

Cascading direct 3 10 1 0,0226 15,4 107
distribution network 2 10 1 0,0231 15,4 109

1 10 1 0,0235 15,2 116

3 15 1 0,0214 15,4 89
Elman network 3 10 13 0,0263 16 112

2 10 4 0,0223 14,8 92

1 10 2 0,0191 15,6 51

1 10 3 0,0179 16,3 53
Feedforward network 3 10 1 0,5007 -0.02 1000
with back 2 10 1 0,0221 154 91
propagation error 1 10 1 0,0226 154 94

1 5 1 0,0176 16,3 55
Autoregressive 3 5 2 0,1821 9,2 451
dynamically trained 2 5 1 0,2285 9,3 449
neural network 1 5 1 0,0555 9,9 446

1 8 1 0,0193 15,9 62

1.376 F1(S) 1.99849
X
5 Y
0.00174843~  F2(S) 1 00807

The typical network structure

Therefore, we can assume that in our case direct
distribution network with back propagation error must be
considered as the best neural network that solves the noise
suppression problem. Best Network has the following
characteristics: 1 hidden layer, 5 neurons in the layer,
bipolar sigmoid as activation function, the average
training time is equal to one second, training error is equal
to 0.01, the average signal/noise ratio is equal to 9,2 dB
before training and 16,3 dB after training, the average
variance of the processed signal is equal to 0.0179, the
number of false positives alarms is equal to 55.

The following settings were chosen for the program
system [4] generating neural networks with arbitrary
structure using the genetic programming algorithm:

1. The running time was equal to 4 generations with
20 individuals.

2. Tournament selection with three individuals was
selected.

3. The initial depth of the tree is equal three. The trees
are growing with full growth method.

The experiments established that an efficient neural
network successfully solving the noise suppression
problem can be obtained after every run. The typical
obtained structure is shown in Figure 1.

The neural network has the following characteristics:
average signal/noise ratio is 9,2 dB (before processing),
19,8 dB (after processing), the processed signal average
variance with respect to the standard is equal to 0.0163,
the false positives alarms number (signal/noise ratio is
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less than 10dB) reached 20. It can be concluded that the
automatically generated network is the most effective
because it has a very simple structure and the best results
of signal processing.

3 Conclusions

In this paper we proposed an approach to solving the
noise suppression problem based on the ANN, presented
the neural network structure automatically generated with
the help of the genetic programming algorithm, conducted
the statistical analysis of the results and substantiated the
practical application possibility of the noise suppression
neural network based method in digital communication
systems.

References

1. Sklar B. Digital Communications. The theoretical
basis and practical application. Moscow : Dialectics,
Williams, 2004.

2. Rutkovskaya D., Pilinsky M., Rutkowski L. Neural
networks, genetic algorithms and fuzzy systems: Per. from
Polish. Moscow : Goryachaya liniya - Telecom, 2004.

3. Semenkina M. E., Semenkin E. S. The algorithm of
genetic programming with the generalized operator of
multiple recombination // Computer training programs
and innovation. 2009. Ne 2. P. 20.

4. Lipinski L. V., Semenkin E. S. The system for
generating evolutionary neural network models for
complex systems // Computer training programs and
innovation. 2007. Ne 7. P. 15.



1’st International Workshop on Mathematical Models and its Applications

E. A. Ilonos, M. E. Cemenkuna, JI. B. JIunuackuii

3BO.JIIOIII/IOHMHI>II71 AJITOPATM JIJIA ABTOMATHYECKOM T'EHEPAIIAA
HEUPOCETEBBIX CUCTEM INOJABJIEHUSA IITYMA

Hpedﬂaeaemc;z npUMeHiAms HeﬁpOHHble cemu 6 Kauecmee cucmem nooaeieHus uyma 6 qubOpMab]uOHHblx CucHalax.
HeuvPOHHble cemu co30alomcst u Hacmpauearomcs asmomamudecKu npu nomowu 360JII0YUOHHbIX A1cOpUmmoe. Tloxa-
3dHo, 4Ymo HeﬁpOHHble cemu AGNSIOMCS HAOCHCHBIM cpedcmsozw 0J151 nOOAGIeHUs wyma.

Knioueevie cnos: eenemuueckuii aneopumm, ajicopumm ceHemudecKkoco npocpammupoeanis, HeﬁpOHHble cemu, cuc-

membl N0OOABNeHUS. wyma.

UDC 005; 519.7; 303.732

© Popov E. A., Semenkina M. E., Lipinskiy L. V., 2012

I. S. Ryzhikov

ABOUT MULTIAGENT SYSTEM APPLICATIONS FOR SPEECH RECOGNITION PROBLEM*

In this paper we suggest two different multi agent systems for speech recognition problem. The multi agent systems
(MAS) are becoming very popular because of their flexibility and applicability to complex problems. The system
is based on functioning of different agents that forms the system and interacts with each other. The main profit of using
multi agent approach is that every agent can be described as a simple subsystem and the whole initial task can
be solved with automatic and autonomous agent actions, interactions and decision making. So the main problem can

be reduced to behavior rule base tuning.

Keywords: multi agent systems, speech recognition, intelligent agents.

Due to the increasing tasks complexity nowadays it is
a common task to choose and modify the one from the
variety of classification, modeling and control cybernetic
techniques. Since the problems are related to new applied
fields with uncommon properties the modifications of
methods for every distinct task or even seeking a new way
to solve the problem become the main problem for the
researcher. The speech recognition itself touches upon
classification, optimization, modeling problems and many
others; it means that success can be achieved via using the
complex recognition system that deals with all the proper-
ties of every task and the main problem. There are some
different ways to define the problem of speech recogni-
tion, different paradigms and theories already exist. Since
the speech recognition problem complexity and depend-
ence of the current language it was designed for there are
still no any complete solutions for the general problem.
Though there are plenty of different techniques to solve
every occurred task that is related with speech recognition
problem, the speech recognition system, actually, is not
able to achieve the desired goals. The complex system
consists of different parts and every on them requires a
great amount of calculation resources to solve its own
task with given accuracy. If the accuracy of the current
step is not achieved, the error is going to increase with
every following step and the output becomes far from the
one it should be. The dependence of processing quality
for every element in the system of the previous one’s out-

put requires a lot of resources for every current task and
the special modifications for every distinct technique for
appearing task and every distinct properties of the prob-
lem. But also there is another way to solve the complex
problem: to create the interaction between the different
elements with different goals and make their real time
communication be possible. The system that is based on
interaction of different components with different goals in
some cases can be the multi agent system.

That is why the MAS can satisfy the needs of the com-
plex system since its agents can be intelligent, they can
communicate and their goals are to find the solution of
recognition task. The benefit of MAS usage consists of
three aspects. Firstly, the interacting intelligent agents can
be simple, rather simpler than the task they are to deal with.
Only because of the interaction, the group of simple agents
can automatically solve complex tasks. Secondly, if within
the time new better techniques appear or problem definition
changes we do not need to rebuild the system, we just need
to change the related agent or build new agents for the new
goals. Thirdly, no matter what approach of recognition we
use, there would always be the task similar to every ap-
proach: noise suppressing, wave representation or model-
ing, classification and etc. In this paper we suggest to use
MAS as a decision support system.

The using of MAS in speech recognition problem was
described in general at [1] and [2], and for some specific
tasks at [3].

*The study was supported by The Ministry of education and science of Russian Federation, project Ne 16.740.11.0742,

14.740.12.1341 and 11.519.11.4002.
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SENTENCE IN QUANTIZED
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CLASSIFICATION

v 1
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Fig. 1. The scheme of speech recognition

The main structure of the system itself depends on the
researcher and problem definition, the basics of multi
agent system theory is considered in [4; 5]. In [4] differ-
ent types of intelligent agents are defined, due to given
classification we would use only “model-based reflex
agents” and “learning agents” in observing the probable
structure of the speech recognition system.

Let the y be the quantized input from the entry device
in a vector form. Without loss of generality let y be the
digital form of a pronounced sentence. The first thing to
do with input signal is to reduce or suppress the possible
noise and have the new vector y’ that is assumed to be the
smoothed input. Then it is necessary to split the vector on
different parts to make possible the recognition of every
part. In case of give basis the parts should be words, syl-
lables and vowels or consonants. It is clear, that noiseless
signal of common well pronounced speech can be easily
split into words. After that, we can classify the every part
using the database of the examples. Example database
consists of etalons: words, syllables and vowels or conso-
nants and is set by the researcher. Then we will know that
every part belongs to some class and can make aggrega-
tion in the form of meanings or speech and check if it
would have any sense in the current situation.

The presented scheme fits only the ideal conditions:
perfect speaker and environment, so the data is not dis-
torted by any noise; and the case of superior database,
which includes any of the possible examples with differ-
ent speakers. It is clear, that the recognition task success
depends on speaker. That means that if there is no data-
base that would fit every speaker, there should be a proc-
ess that adapts the system for every new speaker. The
structure of this approach is given in Figure 1.

Let us describe the agents of MAS:

— noise suppressor. The noise suppressor agent’s goal
is to reduce the level of noise. This agent receives the
information y in a vector form. Here we can use the model
that is built in form of Fourier series, neural network
smoothing, filtering or the other smoothing techniques,
such as median smoothing or nonparametric estimation of
the measured input signal.

— classification agent. This agent uses the relation to
the etalon database. Classification algorithm can be based
on neural network classification, Bayes classification and
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classification based on dynamic programming algorithm
for speech recognition. Also, there are a lot of different
classification techniques which can be used also. The
main property of that agent is that the classification agent
is a learning agent, so if the sentence is classified cor-
rectly, the y " parts form new etalons. The every set of new
etalon models rebuilds the etalons set and increases the
accuracy of classification problem.

— speaker agent. The adaptation to the speaker via the
identification of speech characteristics. Its goal is to iden-
tify the parameters of speaker or satisfy the classification
agent needs. The basically it should be related with identi-
fication of speaker’s characteristics.

— splitting agent. This agent goal is to split the input
sentence in form of y’, so the different parts can be classi-
fied with the help of classification agent. It means that to
estimate how good the identification with the current split
was, the agent must receive information about classifica-
tion results from the classification agent and its recom-
mendations about how to split and follow the received
recommendations to achieve the better results of classifi-
cation itself.

— supervising agent. The special supervisor controls
the recognition process in special cases; its goal is to con-
trol the agent community when they cannot succeed. Ac-
tually, it takes part in the process only when other agents
cannot bring the success to the problem. This agent is a
learning agent, that accumulates the decisions and points
out what instructions and in what cases were successful
staying the observer for the cases the system being work-
ing correctly.

Every agent follows its own rule base and can com-
municate with other agents, the only question is how we
would make the structure of the interactions inside the
system. The rule base and so the agent’s behavior can be
described with fuzzy output system or, if it is necessary,
with neural networks, which can be tuned with evolution-
based global optimization algorithm or any other reliable
global optimization technique.

The main agent that estimates how good the coopera-
tive work was is the classification agent. Actually, if there
is some needs to make an self-adaptation system there is a
need to implement some special technique to identify was
the system output correct. The main structure is the fol-
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lowing: if the input part cannot be classified, it starts a
dialogue with the splitting agent or noise suppressor to
remake the parts so the system becomes more flexible.
The main dialogue is supposed to be between classifica-
tion agent and splitting agent with recommendations of
the first one, that includes its hypothesis of what part is
going better or worse. If there is still no success, agents
give all the information to the supervisor, which is going
to decide what to do: add some split points, change the
classification agent or filter (if there are some different
ones), rebuild the speaker agent output or make a decision
to ask the speaker pronounce the sentence once again.
Supervisor agent also collects the information about pre-
vious problems that appeared for this system and have the
probabilities of which agent was the most effective in that
situation.

The scheme of MAS for speech recognition problem
is shown on Figure 2.

Agents of classification and noise reduction can be
multiple, and the system includes the different noise re-
duction and classification agents can increase the effi-
ciency of MAS, but there would be a special need for
supervisor on every level, which would coordinate the
agents and learn what agent or a combined solution of
them is the most perspective. Also the interaction between
the agents with the similar goals can be included in
agents’ properties, so that these relations must be included
in agents’ decision making base.

Also, there is a possibility to make other MAS only
for split and classification tasks. If every agent is an eta-
lon or a set of etalons: syllable, vowel or consonants and,
as far as it is a part of the speech — a pause. Then agents
could be in interaction between each other to fit every part

SENTENCE IN QUANTIZED FORM

of received sentence. The degree of how the agent fits the
current part can be defined with dynamic programming
method [6], for example. It means that some agents would
appear to check if they are similar to different parts of
sentence or not. The only question is how to form the
boarders. They can increase or decrease their interval ask-
ing another agent to move forwards or backwards, relying
on their own estimation of a sector and the estimation of
their neigbours and check if there would be any success or
any possibilities to reach it. Of course, there should be
some kind of supervising system too, that would control
the classification process and learn. Or the structure that
forms the interaction between the agents must be adaptive
and includes the special algorithm to avoid the looping.

So, for example, if the system is built on the vow-
els/consonants identification problem it will have the fol-
lowing agents:

— Vowel agents. These agents are representation of
different vowels and have access to their own database of
etalons. The input for the agent is the part of the quantized
sentence and its goal is to fit this part.

— Consonant agents. These agents are representation
of different consonants and also related to their own data-
bases. Agents have the same goal and input as vowel
agents.

Pause agent. This agent is the representation of pause
or silence.

It seems to be useful to consider the decision making
base for every agent for both of the systems as fuzzy net-
work or fuzzy output system, which can be generated with
global optimization techniques, or even simpler “if-else-
then”-structured agents behavior base.

BASES OF RULES

A 4
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Fig. 2. Multi agent system in speech recognition
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In future research the interaction of 3 different agents:  tasks. These task, as it was pointed out earlier are also
splitting agent, speaker agent and classification agent complex and the accuracy of every one’s depends on the
would be tested. The given system can be extended to the  quality of the solution for the previous problem.
system of speech and emotions recognition if we add
some agents for emotions recognition. Also, some aggre- References
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gation shows that dynamic programming method in clas- intelligence. 2003. P. 1477-1479.
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it should be a good alternative to complex classification =~ An agent-based framework for speech investigation //
technique for real-time speech recognition or play a spe- INTERSPEECH 2005. 2005. P. 2701-2704.
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agent classification systems those were presented in the  Arabic Speech Recognition // Proceedings of the 2007
second part of the article. IEEE/WIC/ACM Intern. Conf. on Web Intelligence and

It is also important to point out that the programming Intern. Conf. on Intelligent Agent Technology Work-
of MAS with its given properties are possible with using  shops, Silicon Valley, CA, USA. 2007. P. 433-436.
the one of the special programming software, which is 4. Russell S. J., Norvig P. Artificial Intelligence:
available to free download and use all over the internet. A Modern Approach. 2nd ed. : Upper Saddle River. New
What is also important to point out is that some platforms  Jersey : Prentice Hall, 2003.
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tion problem is the complex problem that requires a lot of ~ Speech Recognition // Informatica Economica. Vol. XII.
different algorithms to carry out the different Issue 2. 2008. P. 94-98.

H. C. Pooxukos
O MTIPUMEHEHNUU MYJbBTUATEHTHBIX CUCTEM JIA 3AJIAY PACITO3HABAHUS PEUN

IIpeonacatomess 08e pasIUMHBIX MHO20ASEHMHASL CUCMeMbl OISl PeuleHus 3a0ayu pacnosHasauus peuu. Muoeo-
azenmmuvie cucmemvl (MAC) cmanossmess 00cmamoyo nonyIapHbiMu 61a200aps UxX QYHKYUOHATbHOCHU U RPUMEHU-
MOCIU K PEULeHUIO CILONCHbIX 3a0ad. B ocnose maxux cucmem nexcum GyHKYUOHUPOSAHUE KAWCOO20 ee DIIeMEeHMa —
azenma, u ux akmusHoe gzaumooeticmeue. OCHOGHbIM NPEUMYWECMEOM NOOOOHO20 NOOX00A ABNAEMCSL B03MOICHOCYL
UCNONL308AMb 8 KAUeCmae A2eHmos8 nPocmole NOOCUCmeMbl, 20pazdo bonee npocmule, Yem pewaemas 3adaya. Takum
0bpazom, peuierue 3a0auu c6OOUMCs K HACMPOUKE 83AUMOOCUCMBUL MeANCOY A2eHMAMU.

Knrouesvie cnosa: mmozoazeHmuule cucmembnvl, pacno3nasdarue pedu, UunmeslieKnydjlbHble ad2ceHmal.
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AUTOMATIC LINEAR DIFFERENTIAL EQUATION IDENTIFICATION
IN ANALYTICAL FORM

In this paper we suggest a reduction of linear dynamics identification problem to the global optimization task. The
current approach allows automatic determining the structure and parameters of a linear differential equation via the
usage of the modified hybrid evolutionary algorithm for extremum seeking. The a priori information algorithm needed
is only the dynamic system initial point or an estimation of the initial point and the sample of measurements: system
output and, if there is one, system input.

Keywords: evolutionary strategies, identification, structure and parameters, differential equation.

There are many different approaches of linear differ- paper we consider the situation when the data can be
ential equation parameters estimation. But since there is  noised and the system structure is unknown. We can use,
no a priori information about the system itself most of  for example, stochastic difference equations [1], and build
them become useless. For different tasks there are some  a model using the output observations. But there are some
special techniques that allow solving the problem. In this  restrictions in using this approach: we still need the
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information about the order of differential equation and
we must observe the system output on the unit step func-
tion. To simply estimate the reaction of linear dynamic
system on different control input or smooth the output
data we can use nonparametric methods, neural network
of fuzzy output modeling. Also, there is a possibility to
estimate the solution of differential equation for current
situation [2] via genetic programming. As for nonpara-
metric or neural network approaches it is possible to de-
fine the system output for different control function using
the Cauchy equation, but the system cannot be presented
in an analytical form. As for genetic programming tech-
nique we still have a possibility to find the output for dif-
ferent control, but since then, it can be found numerically.
Moreover, the models are very complex and the analytical
solution for estimation of differential equation seems to
be very long and have a superior size. Here we suggest
seeking the model in differential equation form. The
benefits are the following: it would be easy to estimate the
system output numerically for any control function with
any desired precision, in some cases it would be easy to
define an analytical solution via eigenvalues evaluation,
and there are plenty of control methods and analysis tech-
niques for the models in differential equation form.

In article [3] the dynamic system approximation with
second order linear differential equation via genetic algo-
rithm is examined. The genetic algorithm is well known
as effective global optimization technique. The only prob-
lem with it is that seeking works on a compact with given
boarders and the real values ought to be quantized. In this
paper we suggest to use an evolutionary strategies algo-
rithm with local optimization and some modifications to
approximate not only the parameters, but also the struc-
ture of a ordinary differential equation (ODE).

Linear differential equations models are useful in fil-
tering, in articulatory identification [4] and [5] — for sto-
chastic ODE that can be identified in the same way. With
some modifications, this method can be used for Bessel
equations identification. It is also applicable to Markov
processes [6] as a stochastic ODE too. That is why the
linear differential equation identification can be useful is
some fields related to speech recognition problem.

Let us have a sample {y;,u;,t,},i=1L1.s, where s is its
size, y; € R are dynamic system output measurements at
t;, and u; =u(1;) are control measurements. It is also

known, that the system is linear and dynamic, so it can be
described with the ordinary differential equation (ODE):

ap - xO +a, x4 vayx=b-u(),

x(0) = xp - ()

Here x, is supposed to be known. In the case of the
transition observation, we can put forward a hypothesis
about initial point: the system output is known at initial
time and the derivative values can be set to zero, because
usually the system observation starts in its steady state. In
general, the initial point can be approximated. Using the
sample data we need to identify parameters and the sys-
tem order m, which is assumed to be limited, so
m<M,MeN. M is a parameter that is set by the
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researcher. This value limits the structure of the differen-
tial equation, i.e., it limits the ODE order. It is also
assumed that there is an  additive noise
E:E()=0,D(E) <o, that affects the output measure-

ments:
Vi =x(4)+8; . @)

Without information on the system order, we would
not be able to solve the identification task, but because of
the maximum order limitation, the task can be partially
parameterized. The maximum order is supposed to be
chosen a priori. It would specify the optimization problem
space dimension.

Without loss of the generality, let the leading coeffi-
cient of ODE be the constant equal to 1, so that

a,_ _ a b
KB T D 20 = (o),
Ay ag ag

3

or
x® +a, D +..+a,-x= E-M(t) .

“)

Then we can seek the solution of the identification
task as a linear differential equation with the order m,

Mg R4 G- R=beu(),

#0)=x, , (%)
where the vector of equation parameters
a=(0,..,0,a,,..,4a,d4)eR", n=M+1,
delivers an extremum to the functional
N
I(a) = Zb’i _x(ti)| —> min., (6)
i=1 aer

In general case, the solution X(¢) is evaluated with a

numerical integration method, because the control func-
tion has no analytical from, rather is given algorithmi-
cally. We prefer the criterion (6) instead of quadratic cri-
teria because of its robustness. For the correct numerical
scheme realization, let us have a coefficient restriction for

equation (3), |ak|>0.05. Otherwise, this parameter is

going to be equal to zero, so @, =0, m =m—1. That con-
dition prevents extra computational efforts of the numeri-
cal evaluation scheme and is necessary for the local opti-
mization algorithm effecting on the system structure.

Now let us consider the specific modelling issue. The
identification of linear differential equations system is
connected with the optimization problem for the system
of equations:

0

o
i (k) i _ i i
=1
J#l
where x;,i=1n,, is an observed system output; n, is

the number of outputs.
Equation (7) shows that the system is considered not
in general way and every system output depends on other
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outputs but not on their derivatives. Also, there is only
one control input for every equation. This can be easily
extended to the case with many control inputs.

The identification problem for the system with equa-
tion (7) is important and an ability to solve it could be
useful. And it is clear, that the functional (6) can be trans-
formed into the functional

n, N )
H@=33 |/ @) —min @
J=li=l a=a

for system (7). The criterion can easily be extended to
matrix form of differential equation.

The reason why the basics of optimization technique
was borrowed from evolutionary strategies algorithm [7]
is that the identification problem leads to solving the mul-
timodal optimization task. The goal of the given approach
is the identification of the parameters and the structure
simultaneously. The system structure and its parameters
are defined with one vector. The criteria (6) and (8) for
this vector is complex and sensitive to the its components,
which are changing by stochastic search operators. This is
why we have to develop the specific modification for the
global optimization technique.

Let every individual be represented with tuple

H;, = <0pi,spi, ﬁtness(opi)>

9i:1aN] >

where op' € R, j =1,k , is the set of objective parameters
of the differential equation; spj eR',j= 1Lk , is the set

of strategic parameters; N, is the population size;

1

fitness(x): R — (0.1], fitness(x) =1
X

is the fitness function.

As the selection types, proportional, rank-based and
tournament-based selections were chosen. The algorithm
produces one offspring from two parents and every next
population have the same size as previous. Recombination
types are intermediate and discrete. The mutation of every
offspring’s gene happens with the chosen probability p,, .

If we have the random value z=1{0,1}, P(z=1)=p,
which is generated for every current objective gene and
its strategic parameter then

op{ e = opf T 4 2. N(0, sp{TV™)

Sp?[ﬁsp)'ing _ spiq.ffsprmg +z-N(0,1)|,

where N(m,o?) is the normally distributed random value

with the mean m and the variance c°.

We suggest a new operation that could increase the ef-
ficiency of the given algorithm. For every individual, the
real value is rounded down to the nearest integer. This pro-
vides searching for solutions with near the same structure.

Also for N, randomly chosen individuals and for N,

randomly chosen objective chromosomes we make N,

iterations of local search with the step 4, to determine the
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better solution. This is the random coordinate-wise opti-
mization.

To make an investigation 100 systems were generated:
10 for every order from first to tenth. Parameters of the
systems &,’; =U(-5,5),
b, =U(-5,5), i=1,10, k=1,i where U(-5,5) is the
uniform distribution. The time of the process was set to 5.
The control function was the step function and we know
what was the control for every system, so u(t)=1. Let

were randomly generated:

{x;,t;},i=LT/h; be the numerical solution for the sys-
tem. We take s<T7/h;,s=100 points randomly. For

every system 10 runs of the algorithm were executed with
every combination of its parameters. To estimate the effi-
ciency of different approaches we considered the identifi-
cation without any noise.

Having different types of the selection and the cross-
over, we would also vary the probability

D € {%,%,é,l} to find out the most effective combi-

nation of the algorithm settings. As a pre-set
we use the population size in 50, the number of popula-

tions in 50, N, =50, N,=50 and N,;=1 with
B =0.05.

We compared the efficiency of following algorithms:
1 — the evolutionary strategies (ES) algorithm; 2 — ES
with the local optimization, hybrid evolutionary strategies
(HES); 3 — HES with modified mutation; 4 — HES with
turning real numbers into integer numbers; 5 — HES with
modified mutation and turning real numbers to integer
ones.

After testing the algorithms on different samples of
the systems, the efficient presets were found: modified
HES algorithm with turning the real numbers to integer
ones, 50 individuals for 50 populations, N, =50,

N, =50 and N; =1 with 4 =0.05, the tournament se-
lection with the tournament size 25 %, the discrete cross-

11

For the proper structure and parameters determination
we need an adequate sample that reflects all the transient
process. Let us take some stable systems that come into
the steady state in time 7 =5. In Table 1 we would make
an efficiency investigation for the modified HES algo-
rithm. 20 runs of the algorithm were made for every sys-
tem. We will say that the algorithm determines the struc-
ture and parameters if max(a—a) < 0.05.

over and the mutation with the probability p,,

As we can see from Table 1, the high value of fitness
does not guarantee the success in identification the real
structure. Let us highlight that for the most of solutions
found from this study for stable systems, the order was
found correctly.

Let us describe the identification problem for hexa-
decane chemical reaction. The disintegration of the hexa-
decane gives the following products: the spirits and car-
bonyl compounds. The initial point is known. There is no
control input in this identification problem. We set the
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maximum order for the first equation to 10. The 50 runs
of the algorithm gave us some different solutions that are
shown in Table 2.

Table 1
The efficiency of “true” parameters estimation

Order p(max(a—a) < 0.05) Fitness

1 0,65 0,9593

2 0,95 0,9979

3 0,90 0,9977

4 0,95 1,0000

5 0,80 0,9961
Table 2

The hexadecane disintegration model
Models and the error (/)
4.05-x'+0.9-x=1, 1=0.3022
1.05-x"+04-x=1, 1=0.2834
2.1-x'+0.55-x=1, 1=0.1822
-1.05-x"-0.15-x"-6.85-x'-09-x=1, 1=0.227
-3.4-x'-045-x=0, 1=0.202

As we can see, the found parameters and system struc-
ture forms the first order differential equation, and that
fact does not contradict the hypothesis [8], which states
that disintegration chemical reactions can be presented as
first order linear differential equation.

Knowing the structure of the equations we can iden-
tify the system itself in a matrix form. The given optimi-
zation procedure is a stochastic algorithm, that is why the
best solution from the 20 runs was taken. The system out-
puts and the sample are shown on figure 1 for hexadec-
ane, spirits and carbonyl compounds. As we can see on
figures, the measurement at the point # = 7 seems to be an
abnormal measurement, but it did not effect on the model.

The solution for the system can be represented in the
matrix form

-0.1671 0.7630 -0.3625
A=| 0.0413 -0.3428 0.1150 |,
0.0026  0.4050 -0.3270

0.3477
0
0

B=

Modifications of evolutionary strategies algorithm in-
crease the accuracy of model and allow solving two tasks
at the same time. The further investigation should be con-
centrated on the estimation of the performance of algo-
rithm with the different local optimization and mutation
parameters. Also, differential equation algorithm or par-
tial swarm optimization are to be tested as basic optimiza-
tion procedure.

References

1. Zoteev V. Parametrical identification of linear dy-
namical system on the basis of stochastic difference equa-
tions // Matem. Mod. 2008. Vol. 20. No 9. P. 120-128.

2. Evolutionary modeling of systems of ordinary dif-
ferential equations with genetic programming / H. Cao, L.
Kang, Y. Chen, J. Yu // Genetic Programming and Evolv-
able Machines. Vol. 1 (40). 2000. P. 309-337.

3. Parmar G., Prasad R., Mukherjee S. Order reduction
of linear dynamic systems using stability equation method
and GA // International J. of computer and Infornation
Engeneering. 1:1, 2007.

4. Reimer M., Rudzicz F. Identifying articulatory
goals from kinematic data using principal differential
analysis // Proceedings of Interspeech 2010, Makuhari
Japan. 2010. P. 1608-1611.

5. Mineiro P., Movell J. R., Williams R. J. Modeling
path distributions using partially observable diffusion
networks: a Monte-Carlo approach //

6. Saerens M. Viterbi algorithm for acoustic vectors
generated by a linear stochastic differential equation //
Proceedings of the IEEE Intern. Conf. on Acoustics,
Speech and Signal Processing (ICASSP), Detroit, 1995.
P. 233-236.

7. Schwefel Hans-Paul Evolution and Optimum Seek-
ing : New York : Wiley & Sons., 1995.

8. Romanovskii B.V. The foundations of the chemical
kinetics. Moscow : Ekzamen, 1996.

35 L L L L L L L 0
0
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ABTOMATHYECKAS HIEHTUOUKALMSI JUHEMHBIX
JUOPEPEHIIUAJIBHBIX YPABHEHNU B AHAJIMTUYECKOM BUJE

Paccmampusaemcs ceedenue 3adauu udenmuurayus TUHEUHbIX OUHAMUYECKUX cUcmeM K 3adaue NOUCKa 2eno-
banvrnozo onmumyma. Paccmampusaemes nooxoo0, KOmopwlil NO360J5em A8MOMAMU4ecKy onpeoensams Cmpykmypy u
napamempbul AUHEUHO20 OUPDEPeHYUATbHOLO YPAGHEHUA Yepe3 peuleHue ONMUMUSAYUOHHOU 3a0ayU ¢ NOMOWBIO MO-
ouuyuUposanHozo 2ubpPUOHO20 Memooa 380MIOYUOHHLIX cmpameutl. Pacnonazas anpuophoii ungopmayuerl maxotl,
KAK 8eKMOP HAYATbHBIX COCMOAHUI CUCTEMbl UTU €20 OYeHKd, 8blO0PKA UsMepeHUll 8b1X00d OUHAMUYECKOT CUCTEMbl U
BXOOHAA XAPAKMEPUCUKA.

Knrouesvie cnosa: ssomoyuonnsie cmpameuu, u0eHmuukayus, cmpykmypa u napamempul, oughgpepenyuanvroe
ypagnenue.
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INTEGRATION OF INTELLIGENT INFORMATION TECHNOLOGIES ENSEMBLES
WITH SELF-CONFIGURING GENETIC PROGRAMMING ALGORITHM*

Self-configuring genetic programming algorithm with the modified uniform crossover operator, that realizes a se-
lective pressure on the recombination stage, is used for the automated integration of the computational intelligence
technique ensembles. Ensemble members are the symbolic regression formulas, the artificial neural networks or their
combination. They are also designed automatically with the self-configuring genetic programming algorithm. The com-
parative analysis of the approach performance is given on the benchmark and real world problems.

Keywords: Genetic programming, self-configuration, neural networks, symbolic regression, ensembles, automated
design, classification problems.

For many real world problems we can observe the fol- One of the hybridization forms, the ensemble tech-
lowing situation. There is a big data base of the results of  nique, has been applied in many real world problems. It
the complex system behavior observations but appropriate  has been observed that the diversity of members, making
model of this system is not yet clear. Here we can use Up a committee, plays an important role in the ensemble
intelligent information technologies (IIT) to obtain the approach [5].
first stage model within short time in order to simulate the Differ.ent tjcchniques have been proposeq for maintaip-
system and learn its properties that gives us a possibility ~ng the diversity among members by running on the dif-
to develop a full profile model of the system. However, ~ferent feature sets [14] or training sets (e. g. bagging [1]
the design of IIT can also be a problem. and boosting [11]).

Currently, intelligent systems have got wide propaga- Some techniques, such zlls.neural networks, can bg run
tion in various fields of human activity connected with on the same feature and training sets prgducmg the dlYGI‘—
complex systems modeling and optimization. Artificial sity by different structures [20]. Simple averaging,

neural networks [25], fuzzy logic [31], symbolic regres- weighted averaging, majority  voting, and ranking are
sion [18], evolutionary algorithms [8] and other tech- common methods usually applied to calculate the ensem-

) . ble output.
niques and technologies are the popular tools for the sys- oy

. . . . Johansson et al. [16] used genetic programming (GP)
tem investigation due to their capability to solve complex ¢ . building an ensemble from the predefined number of
intelligent problems that are difficult for the classic tech-

! the artificial neural networks (ANN) where functional set
niques [17]. consisted of the averaging and multiplying and the termi-

The highly increasing computing power and technol- g set included the models and constants. In [2], a similar
ogy made possible the use of more complex intelligent  approach was proposed where first a specified number of
architectures, taking advantage of more than one intelli-  the neural networks is generated and then a genetic pro-
gent technique in a collaborative way. This is an effective  gramming algorithms applied to build an ensemble mak-
combination of intelligent techniques that outperform or  ing up symbolic regression from partial decisions of the
compete to simple standard intelligent techniques. specific members.

*The study was supported by The Ministry of education and science of Russian Federation, project Ne 16.740.11.0742,
14.740.12.1341 and 11.519.11.4002.
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In this paper we apply the self-configuring genetic
programming technique to construct formula that shows
how to compute an ensemble decision using the compo-
nent IIT decisions. The algorithm involves different op-
erations and math functions and uses the models of differ-
ent kinds providing the diversity among the ensemble
members. Namely, we use symbolic expressions and neu-
ral networks, automatically designed with our GP algo-
rithm, as the ensemble members. The algorithm automati-
cally chooses component IIT which are important for ob-
taining an efficient solution and doesn’t use the others.

The rest of the paper is organized as follows. Section
2 explains the idea of selective pressure during the stage
of crossover in GP and briefly describes the result of the
algorithms performance investigation. Section 3 describes
the method for the GP self-configuring and its testing
results that confirm the method usefulness. Section 4 de-
scribes the method of the ANN automated design and its
performance evaluation. In Section 5 we describe the GP-
based approach to the IIT ensembles automated integra-
tion and the results of the performance comparative
analysis. In Section 6 we apply developed approach to
one problem from the speech recognition area. In Conclu-
sion section we discuss the results and directions of the
further research.

Uniform crossover operator with selective pressure
for genetic programming algorithm. The uniform
crossover operator is known as one of the most effective
crossover operators in conventional genetic algorithm [30, 4].
Moreover, nearly from beginning, it was suggested to use
a parameterized uniform crossover operator and it was
proved that tuning this parameter (the probability for a
parental gene to be included in the off-spring chromo-
some) can essentially improve “The Virtues” of this op-
erator [4]. Nevertheless, in the majority of cases using
uniform crossover the mentioned possibility is not
adopted and the probability for a parental gene to be in-
cluded in an off-spring chromosome is given equal
to 0.5 [8, 13].

That is why it seemed interesting to us to modify the
uniform crossover operator with a purpose of improving
its performance. Having a desire to avoid real number
parameter tuning, we introduced selective pressure during
process of recombination [27] making the probability of a
parental gene being passed to an off-spring depended on
parent fitness values. Like the usual EA selection opera-
tors, fitness proportional, rank-based and tournament-
based uniform crossover operators were added to the con-
ventional operator which we now call the equiprobable
uniform crossover.

As about genetic programming, we use a tree repre-
sentation in our GP. To apply the crossover operator with
selective pressure in GP, that was useful in GA [27], we
first have to specify the uniform crossover operator for
GP. Such an operator has been theoretically substantiated
and introduced by Poli and Langdon in 1998 [22, 23].
See, also, the recent description in [24].

According to [23], the GP uniform crossover process
starts at the tree’s root node and works its way down each
tree along some path until finding function nodes of dif-
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fering arity at the similar location. Interior nodes are se-
lected for crossover with some probability which is gen-
erally set to 0.5. Crossover involves exchanging the se-
lected nodes between the trees, while those nodes not
selected for crossover remain unaffected.

We organize the uniform crossover in slightly differ-
ent way. After parents selection, the uniform crossover
operator produces one off-spring choosing nodes from
parental trees with the given probability. Crossing over
also has a place in the situation when parental nodes con-
tain functions with different arity because all arguments
compete with each other. The described modification
brings more flexibility to the crossover process and allows
the potential for a change in the algorithms behavior.

Having the appropriate uniform crossover operator we
can introduce now a selective pressure in GP in the way
described above. The off-spring can inherit every of its
nodes from one of parents not only equiprobably but also
with different probabilities determined by parent fitness
values in one of the ways mentioned above: fitness pro-
portionally, according to ranks or through tournament.

We have implemented the described approach and
conducted numerical experiments to evaluate the useful-
ness of the developed operator. As a commonly accepted
benchmark for GP algorithms is still an ”open issue” [21],
we used the symbolic regression problem with test func-
tions usually used for the evaluation of evolutionary op-
timization algorithms. Having here no place to go into the
detail, we just summarize results given in [28]. On this
benchmark, the GP algorithm with our uniform crossover
operator outperforms the conventional GP algorithm in
the average reliability, i.e. proportion of 100 runs when
approximation with sufficient precision was found, and its
variance (0.53 vs. 0.43 and [0.31, 0.88] vs. [0.13, 0.77])
as well as in the solution quality, i.e. the percentage of the
symbolically identical formulas found (78 % vs. 66 %).
Testing with real world problems also confirmed the ap-
proach perceptiveness.

Operator Rates based Self-Configuration of Algo-
rithms. Although EAs have been successful in solving
many optimization and modeling problems, the perform-
ance of this technique depends on the selection of the EA
settings and parameters tuning.Moreover, the process of
settings determination and tuning parameters is known to
be a time-consuming and a complicated task. Much re-
search has attempted to deal with this problem. Some
approaches attempted to determine appropriate settings by
experimenting over a set of well-defined functions or
through theoretical analysis. Other approaches, usually
applying a term such as ”self-adaptation”, try to eliminate
the setting determination process by adapting settings
through the algorithm execution.

There exists much research devoted to “’self-adapted”
EA based on a range of ideas, but all of them aimed at
reducing the role of human expert in algorithm designing.
Let us follow definitions given by Gabriela Ochoa and
Marc Schoenauer, organizers of the workshop Self-
tuning, self-configuring and self-generating evolutionary
algorithms” (Self* EAs) within PPSN XI [26]. According
to this definition, ” The following 3 general paths toward
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automated heuristic design will be distinguished: 1) tun-
ing: the process of adjusting the control parameters of the
algorithm; 2) configuring: the process of selecting and
using existing algorithmic components (such as variation
operators); 3) generating: the process of creating new
heuristics from existing sub-components borrowed from
other search methods”. As the main ideas of the algo-
rithms discussed here rely on automated “’selecting and
using existing algorithmic components”, these algorithms
might be called self-configuring. Within this, the prob-
abilities with which will be the genetic operators used are
subject to the tuning. This allows us to say that the algo-
rithms are partially self-tuning.

In order to specify our algorithms more precisely, one
can say that according to the classification [9], we use
dynamic adaptation on the population level [19]. The
probabilities of genetic operators to be applied are modi-
fied ”on the fly” as the algorithm executes. According to
the classification given in [12] we use centralized control
techniques (central learning rule) for parameters settings
with some differences from the usual approaches. Opera-
tor rates (the probability to be chosen for generating off-
spring) are adapted according to the relative success of
the operator during the last generation independently of
the previous results. That is why our algorithm avoids
problem of high memory consumption typical for central-
ized control techniques [12]. In some cases it results in
situation where no operators have success (off-spring fit-
ness improvement) but nevertheless some of them
(worked badly but better than others) will be rewarded.
Operators’ rates are not included in individual chromo-
somes and they are not subject to the evolutionary proc-
ess. All operators can be used during one generation for
producing off-springs one by one.

As mentioned above, we apply operators probabilistic
rates dynamic adaptation on the level of population with
centralized control techniques. To avoid the issues of pre-
cision caused while using real parameters, we used setting
variants, namely types of selection, crossover, population
control and level of mutation (medium, low, high). Each
of these has its own probability distribution. E.g., there
are 5 settings of selection fitness proportional, rank-based,
and tournament-based with three tournament sizes. Dur-
ing initialization all probabilities are equal to 0.2 and they
will be changed according to a special rule through the
algorithms execution in such a way that a sum of prob-
abilities should be equal to 1 and no probability could be
less than predetermined minimum balance. The “idle
crossover” is included in the list of crossover operators to
make crossover probabilities less than 1 as is used in con-
ventional algorithms to model a “childless couple”.

When the algorithm creates the next off-spring from
the current population it first has to configure settings, i.e.
to form the list of operators with using the probability
operator distributions. The algorithm then selects parents
with the chosen selection operator, produces an off-spring
with the chosen crossover operator, mutates offspring
with the chosen mutation probability and puts off-spring
into the intermediate population. When the intermediate
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population is filled, the fitness evaluation is computed and
the operator rates (probabilities to be chosen) are updated
according to operator productivities. Then the next parent
population is formed with the chosen survival selection
operator. The algorithm stops after a given number of
generations or if the termination criterion (e.g., given er-
ror minimum) is met.

The productivity of an operator is the ratio of the av-
erage off-spring fitness obtained with this operator and
the average fitness of the overall off-spring population.
Successful operators having productivity more than 1
increase their rates obtaining portions from unsuccessful
operators.

The described approach can be used both in GA and
GP as well as in other EA techniques. In this paper, we
used self-configuring GA (SelfCGA) for tuning parame-
ters of the symbolic regression formulas and training
ANN weights.

We have solved the same test symbolic regression
problems with the proposed self-configuring GP
(SelfCGP) and demonstrated competitive results with
conventional GP (average reliability is 0.69, variance is
[0.42, 1], and 74 % of the symbolically identical solu-
tions). Then we have solved two hard classification prob-
lems (German Credit and Australian-1 Credit from [10])
and compare our results with alternative approaches
found in scientific literature.

We concluded that the SelfCGP can produce competi-
tive results; it has the usual drawbacks of any general-
purpose technique losing to the problem specific algo-
rithms on corresponding problems, but has the advantage
requiring no algorithmic details adjustment.

ANN automated design with self-configuring ge-
netic programming algorithm. Usually, the GP algo-
rithm works with tree representation, defined by func-
tional and terminal sets, and exploit the specific solution
transformation operators (selection, crossover, mutation,
etc.) until termination condition will be met [24].

For the ANN automated design, the terminal set of our
GP includes 16 activation functions such as bipolar sig-
moid, unipolar sigmoid, Gaussian, threshold function,
linear function, etc. The functional set includes specific
operation for neuron placement and connections. The first
function is the placing a neuron or a group of neurons in
one layer. There will no additional connections appeared
in this case. The second function is the placing a neuron
or a group of neurons in sequential layers in such a way
that the neuron (group of neurons) from the left branch of
tree preceded by the neuron (group of neurons) from the
right branch of tree. In this case, new connections will be
added that connect the neurons from the left tree’s branch
with the neurons from the right tree’s branch. Input neu-
rons cannot receive any signal but have to send a signal to
at least one hidden neuron.

The GP algorithm forms the tree from which the ANN
structure is derived. The ANN training is executed to
evaluate its fitness that depends on its performance in
solving problem in hand, e.g., approximation precision or
number of misclassified instances. For training this ANN,
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connection weights are optimized with selfconfiguring
genetic algorithm (SelfCGA) that does not need any end
user efforts to be the problem adjusted doing it automati-
cally. When GP finishes giving the best found ANN struc-
ture as the result, this ANN is additionally trained with
again Self-CGA hybridized with local search.

We compared the performance of the ANNs designed
with our SelfCGP algorithm with the alternative methods
on the set of problems from [10]. Materials for the com-
parison we have taken from [32] where together with re-
sults of authors’ algorithm (CROANN) the results of 15
other approaches are presented on three classification
problems (Iris,Wisconsin Breast Cancer, Pima Indian
Diabetes) from [10].

Analyzing comparison results, we observed that the
performance of the approach suggested in this paper is
high enough comparing alternative algorithms (1s¢ , 3rd
and 4th positions, correspondingly). However, the main
benefit from our SelfCGP algorithm is the possibility to
be used by the end user without expert knowledge in
ANN modeling and evolutionary algorithm application.
Additional dividend is the size of designed ANNs. The
ANNSs designed with SelfCGP contain few hidden neu-
rons and connections and use not all given inputs al-
though perform well. It can be used for the discrimination
of the unimportant inputs that could also give additional
information for experts.

Now we can conclude that the self-configuring genetic
programming algorithm is the suitable tool for ANN
automated design. It can also produce the competitive
results based on symbolic regression approach. This algo-
rithm makes the end user free from the ANN structure
design and the GP settings determination. We can use it
for the design of IIT ensembles.

5 Integration of IIT ensembles with self-configuring
genetic programming algorithm

Having the developed appropriate tool for IIT auto-
mated design that does not require the effort for its ad-
justment, we applied our self-configuring genetic pro-
gramming technique to construct formula that shows how
to compute an ensemble decision using the component IIT
decisions. The algorithm involves different operations and
math functions and uses the models of different kinds
providing the diversity among the ensemble members. In
our numerical experiments, we use symbolic expressions
and neural networks, automatically designed with our
SelfCGP algorithm, as the ensemble members. The algo-
rithm automatically chooses the component IIT which are
important for obtaining an efficient solution and doesnt
use the others. The ensemble component IIT are taken
from the preliminary IIT pool that includes 20 ANNs and
20 symbolic regression formulas (SRFs) generated before
handwith Self-CGP. For the designing every IIT, corre-
sponding data set was randomly divided into two parts,
i.e., training sample (70%) and validation sample (30%).

The first experiment was conducted for comparing
the performance of the ensembling method based on the
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SelfCGP with the others. We used the same three prob-
lems from [10] and the real world problem of the simula-
tion of the spacecraft solar arrays degradation (SAD)
process [3] as the test bed. In Table 1 below we used fol-
lowing abbreviations: ANNE is the ANN ensemble,
SRFE is the symbolic regression formulas ensemble,
ANN+SREF is the integration of ANN and SRF, s.a. is the
simple averaging, and w.a. is the weighted averaging. The
last two rows contain the performance of non-ensembling
models based on SelfCGP. Numbers in the first three col-
umns are the error measure calculated as it was given in
[32] and the numbers in the last column are deviations
from the correct value.

Results in Table 1 demonstrate that the SelfCGP based
ensembling methods used ANNs or ANNs and SRFs in-
tegration outperform other approaches. Although,
GPNS+GPEN approach [2] for SAD problem demon-
strates the performance 0.0430 [28]. The statistical ro-
bustness of the results obtained was confirmed by
ANOVA tests which were used for processing received
evaluation of the performance.

Within the second numerical experiment we solved
two hard classification problems and compared our results
with alternative approaches.

The first data set, called the German Credit Data Set,
includes customer credit scoring data with 20 features,
such as age, gender, marital status, credit history records,
job, account, loan purpose, other personal information,
etc. The second data set includes Australian credit scoring
data and contains 14 attributes, where six are continuous
attributes and eight are categorical attributes.

Both data sets are made public from the UCI Reposi-
tory of Machine Learning Databases [10], and are often
used to compare the accuracy with various classification
models.

Results for alternative approaches have been taken
from scientific literature. In [15] the performance evalua-
tion results for these two data sets are given for authors’
two-stage genetic programming algorithm(2SGP) as well
as for the following approaches taken from other papers:
conventional genetic programming (GP+SRF), classifica-
tion and regression tree (CART), C4.5 decision trees, k
nearest neighbors (k-NN), linear regression (LR). Addi-
tional material for comparison we have taken from [29]
where is evaluation data for authors’ automatically de-
signed fuzzy rule based classifier as well as for other ap-
proaches found in literature: Bayesian approach, boosting,
bagging, random subspace method (RSM), cooperative
coevolution ensemble learning (CCEL).

The results of the comparison (proportion of the cor-
rectly classified objects in the validation set) are given in
Table 2.

As one can see, the ensembles automatically designed
with the SelfCGP outperform other ensembles (Boosting,
Bagging, CCEL) and single classifiers including these
specially implemented for bank scoring problems solving
(Fuzzy, 2SGP).
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Table 1
Ensembling methods comparison
Classifier Iris Cancer Diabetes SAD
SelfCGP ANNE 0 0 17.18 0.0418
SelfCGP SRFE 0.0133 0.34 18.21 0.0548
SelfCGP ANN+SRFE 0 0.06 17.43 0.0465
ANN s.a. 0.0267 1.09 19.75 0.0542
ANN w.a. 0.0267 1.03 19.03 0.0503
SRF s.a. 0.0533 1.27 20.23 0.0628
SRF w.a. 0.04 1.22 19.86 0.0605
ANN+SRF s.a. 0.04 1.18 19.79 0.0617
ANN+SRF w.a. 0.0267 1.09 19.34 0.0556
SelfCGP SRF 0.0267 1.23 20.01 0.0621
SelfCGP ANN 0.0133 1.05 19.69 0.0543
Table 2
Classification methods comparison
Classifier Australian German credit Classifier Australian German
credit credit credit
SelfCGP ANN+SRFE 0.9094 0.8126 Fuzzy 0.8910 0.7940
SelfCGP ANNE 0.9046 0.8075 2SGP 0.9027 0.8015
SelfCGP SRFE 0.9046 0.8050 GP+SRF 0.8889 0.7834
SelfCGP+SRF 0.9022 0.7950 LR 0.8696 0.7837
SelfCGP+ANN 0.9022 0.7954 Bayesian 0.8470 0.6790
GP+ANN 0.8969 0.7863 RSM 0.8660 0.7460
Boosting 0.7600 0.7000 k-NN 0.8744 0.7565
Bagging 0.8470 0.6840 CART 0.8986 0.7618
CCEL 0.7150 0.7151 C4.5 0.8986 0.7773

Certainly, the last two methods give not only calcula-
tion formula but also the production rules that might be
more important for end user. It means that we have to
focus our further research on this direction.

SelfCGP applications in speech recognition. Suc-
cessful application of our approach in the area of classifi-
cation brought us to the idea of adapting to the most com-
plex problems such as speech recognition. We have cho-
sen the ISOLET problem ([10]) for the first attempt to
check our approach in this field due to its relative simplic-
ity and the availability of the data set and other ap-
proaches known results for comparison.

ISOLET problem is the recognition problem of Eng-
lish letters pronounced by 150 different speakers those
spoke the name of each letter of the alphabet twice. The
features include spectral coefficients; contour features,
sonorant features, presonorant features, and
post-sonorant features. Exact order of appearance of the
features is not known. It gives the data set with
617 attributes (all of them are continuous, realvalued at-
tributes scaled into the range —1.0 to 1.0), 26 classes, and
7797 instances.

Having in mind the necessity to verify the ensembles,
we have randomly divided the data set in three parts
4679 instances for single ANNs training, 1559 instances
for single ANNSs testing and 1559 instances for the en-
sembles cross-validation. Ensembles training was exe-
cuted on the first 6238 instances. Both ANN-based classi-
fiers and their ensembles were automatically designed

with SelfCGP algorithm. Preliminary pool of classifiers
consisted of 10 members although usually ensembles in-
volved from 2-3 till 7 classifiers.

Alternative approaches for performance comparison
have been taken from [6, 7, 10]. In table 3 bellow OPT
means conjugate-gradient implementation of back propa-
gation, C4.5 means Quinlan’s C4.5 system, OPC means
one-per-class representation, ECOC means error-
correcting output code, raw means unpruned decision
trees, pruned means pruned decision trees (CF = 0.25),
hard means default trees, soft means trees with softened
thresholds, multiclass means one tree to do all 26-way
classifications [7, 6], SelfCGP+ANN means single best
ANN-based classifier automatically generated with our
self-configuring  genetic  programming  algorithm,
SelfCGP+ANN-+Ens means the ensemble of ANN-based
classifiers automatically designed with SelfCGP.

As one can see from Table 3, both our approaches
demonstrate competitive results (2nd and 8th position
of 39).

ANN-based classifier automatically generated with
SelfCGP can be considered as enough powerful tool for
speech recognition problems but our ensembling tech-
nique can essentially improve the classifier performance
making it to be one of the best.

The SelfCGP based automatic designing the ensem-
bles of heterogeneous IIT allows improving the reliability
and effectiveness of data analysis. The obtained results
are approved by solving some real-world problems.
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Table 3
Performance comparison for ISOLET problem
Algorithms and their configurations % errors % correct
OPT 30-bit ECOC 3.27 96.73
SelfCGP+ANN+Ens 3.40 96.60
OPT 62-bit ECOC 4.04 95.96
OPT OPC 4.17 95.83
C4.5 107-bit ECOC soft pruned 6.61 93.39
C4.5 92-bit ECOC soft pruned 6.86 93.14
C4.5 45-bit ECOC soft pruned 6.99 93.01
SelfCGP+ANN 7.21 92.79
C4.5 107-bit ECOC soft raw 7.44 92.56
C4.5 92-bit ECOC soft raw 7.57 92.43
C4.5 107-bit ECOC hard pruned 8.08 91.91
C4.5 92-bit ECOC hard pruned 8.15 91.85
C4.5 62-bit ECOC soft pruned 8.40 91.60
C4.5 30-bit ECOC soft pruned 8.60 91.40
C4.5 62-bit ECOC soft raw 8.60 91.40
C4.5 77-bit ECOC hard pruned 8.85 91.15
C4.5 45-bit ECOC soft raw 9.30 90.70
C4.5 62-bit ECOC hard pruned 9.88 90.12
C4.5 45-bit ECOC hard pruned 9.94 90.06
C4.5 30-bit ECOC soft raw 11.23 88.77
C4.5 30-bit ECOC hard pruned 11.87 88.13
C4.5 multiclass soft pruned 15.33 84.67
C4.5 multiclass soft raw 15.91 84.09
C4.5 multiclass hard pruned 16.29 83.71
C4.5 15-bit ECOC soft pruned 16.61 83.39
C4.5 multiclass hard raw 16.93 83.07
C4.5 OPC soft pruned 18.99 81.01
C4.5 15-bit ECOC soft raw 20.59 79.41
C4.5 107-bit ECOC hard raw 2142 78.58
C4.5 92-bit ECOC hard raw 22.39 77.61
C4.5 OPC soft raw 2431 75.69
C4.5 15-bit ECOC hard pruned 24.57 75.43
C4.5 77-bit ECOC hard raw 27.20 72.80
C4.5 OPC hard pruned 28.03 71.97
C4.5 62-bit ECOC hard raw 29.70 70.30
C4.5 OPC hard raw 33.29 66.71
C4.5 45-bit ECOC hard raw 36.43 63.57
C4.5 30-bit ECOC hard raw 43.04 56.96
C4.5 15-bit ECOC hard raw 63.57 36.43

Certainly, the computational efforts for the implemen-
tation of the described approach and the model complex-
ity are severely increasing comparing to each single learn-
ing model. However it is usual drawback of any ensem-
bling when one has to implement many members of en-
semble. There are no additional problems with our ap-
proach here. Advantages of the ensembling are better per-
formance and reliability that essentially compensates ex-
tra computational efforts. In fact, really additional compu-
tational effort for our approach is the necessity to run the
genetic programming algorithm that combines single
models outputs into an output of the ensemble. Our ex-
periments showed that it is less than the efforts for evolu-
tionary generating one single model, i.e., could be consid-
ered as acceptable disadvantage.

As about the model complexity, again our approach
does not bring much extra drawback comparing with any
other ensemble technique. Of course, a computational
model given by the genetic programming algorithm might

be much more complicated compared to the usual ensem-
bling methods such as weighted sum of outputs or voting.
However, our experiments show that the genetic pro-
gramming algorithm never includes all possible single
models into an ensemble taking usually a few of them. As
the greater part of the ensemble computational complexity
is given by the computational efforts needed for calculat-
ing the output for each model, our approach has the ad-
vantage upon usual ensembling methods that include in
the ensemble all available single models.

The further development of the system is aimed
to the expansion of its functionality by including the other
types of IITs (fuzzy logic systems, decision trees, neuro-
fuzzy systems, other kinds of ANNs, multiobjective selec-
tion, etc.).
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IMPOEKTUPOBAHUE AHCAMBJIEN MHTEJJIEKTYAJIbHBIX HH®OPMAIIMOHHBIX
TEXHOJIOTUA CAMOKOH®UT'YPUPYEMBIM AJITOPUTMOM
IF'EHETHYECKOI'O IPOT'PAMMMWPOBAHUA

CamokoHnguzypupyemvlii aneopumm 2eHemuuecko20 npoepamMmuposaniis ¢ MOOUGUYUPOSAHHBIM ONepamopom pas-
HOMEPHO20 CKPeWU8aHUs, UCNONb3YIOWUM CETeKMUBHOe OdelleHIe Ha Smane peKOMOUHayuy, npuUMeHsemcs Oiia agmo-
MAMUYecKo2o hopmMuposarus ancamobnell UHMeNIeKMYaIbHbIX UHPOPMAYUOHHBIX mexHonocull. CumMeoabHble 8bIpadice-
HUsl, HeUpOHHble cemu Ul ux KOMOUHAYUY AGTAIOMCA YNeHAMU aHCamMOnell, KOmopble 2eHepUPYIOMCca maxice agmoma-
mu4ecky npu NOMOWU CAMOKOHDUSYPUPYEMO20 aNeOPUMMA 2eHemu4ecko2o npozpammuposatus. CpagHumenvHbwiil
ananuz s¢hpexmusHocmu no0xooa vl NPoseder Ha MeCMOBLIX U PeANbHbIX NPAKMUYECKUX 3a0aUaX.

Kniouesvie cnosa: eenemuueckoe npocpammuposanue, caMo-KOquuzypauuﬂ, Hel]pOHHble cemu, CUMBOJIbHAsl pecpec-
cus, aHC‘aM6./lu, asmomamuvecKoe npoekmuposanue, 3a0a4u maccud)ukauuu.

© Semenkin E. S., Semenkina M. E., 2012
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O. E. Semenkina

EFFECTIVENESS COMPARISON OF ANT COLONY AND GENETIC ALGORITHMS
FOR SOLVING COMBINATORIAL OPTIMIZATION PROBLEMS*

This paper considers ant colony optimization, genetic algorithm and parallel versions of these methods for solving
traveling salesman problem.

Keywords: Genetic algorithm, Ant colony optimization, Traveling Salesman Problem, Parallelization.

One of the most interesting and topical methods for  permutation of n cities and ants chose next city using ta-
optimization problems solving are stochastic algorithms  boo-list and pheromone matrix at every stage. The same to
working with many current solutions at the same time. = GA, ACO have rather adjustable parameters: ant colony size
This paper considers ant colony optimization (ACO) [1]  (m), number of iteration, evaporation rate (p), relatively im-
and genetic algorithm (GA) [2] and also parallel versions  portance of previous search experience (o) and relatively
of these methods. These algorithms can be very useful for  importance of the distance between cities ().
finding approximate solutions of complex optimization At first efficiency of each algorithm on a test task was
problems. Both algorithms are nature-inspired optimiza-  investigated (a grid 5 on 5 cities) and regularities in de-
tion metaheuristics, where ACO is based on the behavior pendence of algorithms efficiency on its settings were
and organization of ant colonies in their search for food revealed. ACO algorithm shows the best results at the
whereas GA is based on some principals of evolution. following settings: o = 1, B = 10, pe[0.5, 0.7] and quantity

Investigation of effectiveness of ACO and GA was of ants approximately equals to number of the cities. The
conducted by solving well-known problem of combinato-  best settings for GA are tournament selection with small
rial optimization namely Traveling Salesman Problem tournament size and low or very low mutation rate. This
(TSP). Software implementation of these algorithms was ~ test task solution ACO showed better results than the GA

programmed in C++ and the library MPICH2 was used because ACO rely on distance between the cities at ini-
for parallelization. tialization and begins to work with rather a quite good

In the genetic algorithm for the TSP a chromosome is ~ route while GA begins with an absolutely random popula-
represented as permutation of the n numbers (numbers of ~ tion. Therefore, ACO requires considerably less computa-
cities). That is why some standard operations have a few tional resources on the problem with a lot of decisions.

changes, but many adjustable parameters in GA remains Therefore reliability of a}lgorithms was inves.t@gated on
such as mutation probability, the type of selection — tour- ~ ™0r¢ complex test tE.ISk with a number of the cities equals
nament selection (parameter is the size of the tourna- to 30 and called Oliver30. After the completion of algo-

ment), proportional and rank selection (linear rithms work local search was applied to the best solutions.

. . . . For both algorithms identical number of calculations,
or exponential ranking), population size and number

of generations. Solutions in ACO are also represented as namely 30 1nd!v1duals (ants) and 10000 generations (it-
erations) was given.

*The study was supported by The Ministry of education and science of Russian Federation, project Ne 16.740.11.0742,
14.740.12.1341 and 11.519.11.4002.
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Reliability was calculated by averaging on 30 runs of
algorithms. GA found the shortest route at least once for
all variants of the settings whereas ACO didn't find the
best route in all cases. The average length of a route for
genetic algorithm varied in an interval from 429.172 to
459.028 whereas for ant algorithm it is in an interval from
423.8171 to 490.5966. It means that ACO has a wide
scatter of reliability and more strongly depends on a
choice of settings. In comparison with genetic algorithm
ACO can find both considerably the best route and essen-
tially the worst at an unsuccessful choice of parameters.
Thus it is possible to say that for this task the GA works
better, than ACO because it is more constant and predict-
able for its various settings.

GA and ACO show good reliability at enough amount
of resources, but this amount and, therefore, the operating
time of algorithms grows quickly with the dimension in-
crease of the task. One of this problem solution is paral-
lelization.

Many different variants of parallelization do exist, but
this paper considers the most interesting type — Coarse-
Grained evolutionary algorithms [3]. In this case there are
some independent populations on every core of processor.
They periodically exchange a few individuals, and this
process is called migration. That is why two additional
parameters are necessary — interval of exchange and num-
ber of migrating individuals. Parallel evolutionary algo-
rithms of this type are very popular, but hard enough to
understand because the effects of migration are not fully
investigated. In this research clique topology of individu-
als exchange was chosen.

Reliability of algorithms was investigated at various
settings of parameters and at various quantities of
cores, and respectively populations. The interval between
exchanges of individuals was established on
10 generations and in each population one best individual
migrated. At increase in quantity of cores, i. e. separate
populations, reliability of algorithms didn't change essen-
tially, though some changes of reliability for various set-
tings were observed besides operating time
of algorithms was essentially reduced. Using one core
for GA takes about 30 seconds for one run, using
two cores it takes about 16 seconds, and using four ones —

about 8 seconds. For ACO these values are 0.55, 0.27 and
0.16 seconds respectively. That is parallelized algorithm
can significantly reduce the running time without reliabil-
ity loss. Thus, it is possible to say that if the migration
rate is sufficient, the parallelization of algorithms at least
doesn't reduce efficiency of algorithms. However it is
necessary to find more precisely migration rate at which
algorithms work best of all.

For a grid 5 on 5 cities with fixed quantity of re-
sources efficiency of both algorithms on 4 cores for their
various settings and the various intervals sizes of ex-
change of one best individual was considered. At increase
in an interval between migrations, reliability increased to
a certain limit, and then started to decrease. It can be ex-
plained by several facts. At low migration rate population
on the cores become almost isolated from each other and
work independently. At the same time if the migration
rate is high, there is no essential difference with one big
population. Besides there is a known principle in genetics:
favorable signs extend quicker when communities are
small, than when they are big. Thus it is possible to draw
a conclusion that parallelization essentially reduces oper-
ating time of algorithms without reducing reliability and
even increasing it if settings is right.

As a part of future plans, may be proposed search for
more effective methods of parallelization to accelerate the
work of the algorithm due to the effective interaction of
diverse populations, developing on different cores and
different topologies sharing individuals, and various to-
pologies sharing individuals.
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CPABHEHHUE YOPEKTUBHOCTH MYPABBUHOT'O U TEHETHYECKOI'O AJITOPUTMOB
ITPU PEHIEHUU 3AJAY KOMBUHATOPHOU OIITUMHU3AIIMN

Pacczwampuea%omcz anzeopumm mypaebUuHblx KOJIOHUI, 2eHemuyecKutl anreopumm u napaijliiejivHvle 6epcuu Smux me-
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FUZZY CLASSIFIER DESIGN WITH COEVOLUTIONARY
ALGORITHMS APPLYING FOR SPEAKER IDENTIFICATION*

The problem of speaker identification is considered in this article. Classification problem Japanese vowelsy from
UCI repository is used as source data. This problem was solved with a fuzzy classifier as a classification method that is
able to extract cause-and-effect relations from source data. A new method of fuzzy classifier rule base design with co-
evolutionary algorithms was applied. It is multistep fuzzy classifier design based on multiple repetition of previous fuzzy
classifier design with self-tuning coevolutionary algorithms. Computational investigation of fuzzy classifier design with
coevolutionary algorithms for different numbers of speakers and for different number of the used fuzzy rules was per-
formed. The proposed method allows getting acceptable classification efficiency for a test sample: from 0.985 for two

speakers to 0.786 for nine speakers.

Keywords: fuzzy classifier, coevolutionary algorithm, classification, speaker identification.

Speaker identification is an important related with
spoken dialogue system problem. This problem can be
formulated as a classification problem. So it is necessary
to use special classification methods. One of them is a
fuzzy classifier [1]. A fuzzy classifier is a classification
algorithm based on fuzzy rules extraction from numerical
data. Superiority of this method upon other classification
algorithms such as neural networks is provided by fuzzy
rules which are linguistic expressions and they are avail-
able for humans understanding as cause-and-effect rela-
tions. Thus a fuzzy classifier is one of the data mining
methods for knowledge discovery.

Fuzzy classifier design can be considered as optimiza-
tion problem. In this case we need to find the best fuzzy
classifier. Fuzzy classifier design includes two problems.
The first one is a rule base generating and the second one
is membership functions tuning. It should be noted that
the first problem is more sophisticated due to huge di-
mension and discrete variables. So in this paper we pre-
sent only fuzzy rule base generating problem.

As fuzzy rule base generating is a complicated compu-
tational problem, the popular method of its solving is ge-
netic-based machine learning [2; 3]. There are two basic
ways for genetic algorithm applying to get fuzzy rule
base: Michigan-style and Pittsburgh-style. In Michigan
approach [4] chromosomes are individual rules; and a rule
set is represented by the entire population. In Pittsburg
method [5] chromosomes are rule sets at whole. The prob-
lem in the Michigan approach is the conflict between in-
dividual rule fitness and performance of fuzzy rule set.
Pittsburgh-style systems require a lot of computational
efforts. So a combination of Michigan and Pittsburgh
methods is a promising approach. In [6] the hybridization
of both approaches by using Michigan method as a muta-
tion operator in Pittsburgh-style algorithm is presented.
Another problem with genetic algorithm applying is the
algorithm parameters setting. This problem is especially
essential for optimization problems with high computa-
tional complexity such as fuzzy rule base generating.

There are some methods for GA parameter setting. We
suggest special procedure named cooperative-competitive
coevolutionary algorithm for this problem solving [7]. A
new method of Michigan and Pittsburgh approaches com-
bination for fuzzy classifier rule base design with coevo-
lutionary algorithms was developed in [6].

The next idea is the multistep fuzzy classifier design.
After multiple fuzzy classifiers forming we had a set of
fuzzy classifiers for each classification problem. The
natural step is a collective forming fuzzy rule base using a
set of classifiers generated with our approach. It is possi-
ble to increase classification efficiency and decrease di-
versity of classification efficiency using this method. For
collective forming of fuzzy classifier cooperate-
competitive coevolutionary algorithm can be applied
again. Thus we can repeat this procedure more times. So
we have formulated a multistep procedure of fuzzy classi-
fier design. We have implemented this method and got
results for all classification problems mentioned above. In
this paper convergence investigation of multistep fuzzy
classifier design is presented. We have observed dynamic
features of such parameters as classification performance,
standard deviation of classification performance, and
number of unique fuzzy rules in a set of classifiers for
multistep fuzzy classifier design.

Fuzzy classifier design with coevolutionary algo-
rithms was applied for speaker identification. Classifica-
tion problem «Japanese vowels» from UCI repository [8]
is used as source data. Problem description is distinguish-
ing nine male speakers by their utterances of two Japa-
nese vowels /ae/. We variated number of speakers and
number of used fuzzy rules and performed corresponding
numerical experiments.

The details of the fuzzy classifier design with coevolu-
tionary algorithms are described in Section 2. Investiga-
tions of multistep fuzzy classifier design are presented in
Section 3. Results of numerical experiments for speaker
identification problem are presented in Section 4. Conclu-
sions are listed in Section 5.

*The study was supported by The Ministry of education and science of Russian Federation, project Ne 16.740.11.0742,

14.740.12.1341 and 11.519.11.4002; 14.B37.21.1521.
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Fuzzy Classifier Design with Coevolutionary Algo-
rithms. A new method of Michigan and Pittsburgh ap-
proaches combination for fuzzy classifier rule base design
with  coevolutionary  algorithms was  developed
in [6]. Fuzzy classifier rule base design consists of two
main stages excepting initial population of fuzzy rules
forming using a-priori information from a learning sam-
ple. At the first stage Michigan method is used for fuzzy
rules search with high grade of certainty. At the second
stage Pittsburgh method is applied for searching subset of
rules with good performance and given number of rules.
Constraint for number of rules is used at the second stage
of fuzzy classifier design. This method requires less com-
putational efforts than multiobjective optimization for
fuzzy rules extraction. Besides this method has some ad-
vantages that were showed by numerical experiments.

Another problem with genetic algorithm applying is
the algorithm parameters setting. This problem is espe-
cially essential for optimization problems with high com-
putational complexity such as fuzzy rule base generating.
There are some methods for GA parameter setting. We
suggest special procedure named cooperative-competitive
coevolutionary algorithm for this problem solving [7].
This method combines ideas of cooperation and competi-
tion among subpopulations in the coevolutionary algo-
rithm. We have tested this algorithm for some computa-
tionally simple problems for proving its efficiency and
then we used it for fuzzy rule base forming. Coevolution-
ary algorithm for unconstrained optimization is applied at
the first stage (Michigan approach) and coevolutionary
algorithm for constrained optimization is used at the sec-
ond stage (Pittsburgh approach).

Michigan-style stage. The chromosomes are fuzzy
rules. Chromosome length is equal to the number of at-
tributes; each gene is an index for the corresponding
fuzzy number. Fitness function is certainty grade of the
fuzzy rule calculated by a learning sample [4]. Genetic
algorithm for unconstrained optimization is applied. After
generation performing parents and child combined to
common array. Different fuzzy rules with the best values
of fitness function for each class are selected to the next
generation. This new population forming method provides
diversity of rules for each class and diversity of classes in
population. For each generation classification perform-
ance is calculated for population at whole. Population
with the best value of classification performance is used
for the next stage of fuzzy classifier generating. Cooper-
ate-competitive coevolutionary genetic algorithm for un-
constrained optimization is applied.

Pittsburgh-style stage. Chromosomes are the fuzzy
rule sets. Chromosome length is equal to the population
size for Michigan-style stage. Chromosome genes are
binary. Value «1» means using the corresponding rule in
the set, value «0» means not using the corresponding rule.
Fitness function is classification performance. Constraint
for number of rules is used. This value is specified by
researcher. The constraint is used because it is better to
have small number of rules in the final rule base. Cooper-
ate-competitive coevolutionary genetic algorithm for con-
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strained optimization is applied. New generation forming
method is standard.

Thus this method of Michigan and Pittsburgh ap-
proaches combination for fuzzy classifier rule base gener-
ating provides simultaneous advantages of both methods.
At Michigan-style stage we get different rules with high
values of grade certainty for different classes and at Pitts-
burgh-style stage we get the rule set with the maximum
value of classification performance and necessary number
of rules.

As the used rules are fixed and they cannot be
changed Pittsburgh-style stage doesn’t require a lot of
computational resources. Special method of initial popu-
lation generating provides using of a priori information
from a learning sample.

Multistep Fuzzy Classifier Design. The developed
method of fuzzy classifier rule base design has been ap-
plied for a number of classification machine learning
problems from UCI repository [8]:

— Credit (Australia-1) (14 attributes, 2 classes);

— Liver Disorder (6 attributes, 2 classes);

— Iris (4 attributes, 3 classes);

— Yeast (8 attributes, 10 classes);

— Glass Identification (9 attributes, 7 classes);

— Landsat Images (4 attributes, 6 classes).

Having formed multiple fuzzy classifiers design we
had a set of fuzzy classifiers for each problem. Although
classification efficiency diversity is acceptable, the prob-
lem is there exist a small number of repetitive fuzzy rules
in a set of fuzzy classifiers (see Table 1). There is feasible
number of rules in brackets.

A natural step for fuzzy rule repeatability increasing is
a collective design fuzzy rule base using a set of classifi-
ers generated with our approach. In this case Pittsburgh-
style stage of fuzzy classifier forming is performed again.
A set of fuzzy rule base is analog of fuzzy rule base gen-
erated after Michigan-style stage. We also use constraint
for feasible number of rules. For collective forming of
fuzzy classifier cooperate-competitive coevolutionary
algorithm can be applied again. Thus we can repeat this
procedure some more times. So we got multistep proce-
dure of fuzzy classifier design. We can use threshold
value of classification performance increasing, standard
deviation decreasing, or number of unique rules decreas-
ing as a stopping criterion for our multistep procedure.
The action sequence for multistep fuzzy classifier forming
is the following:

1) Select start fuzzy rules with a special procedure
(repeat n times);

2) Perform one-step fuzzy classifier forming (repeat n
times);

3) Form from n fuzzy classifiers initial population for
the next iteration;

4) If stopping criterion is true end else go to position 2).

Using multistep procedure fuzzy rule repeatability
must increase and classification efficiency diversity must
decrease. Besides it is possible to increase classification
performance. We have implemented this method and ap-
proved our forecasts.
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Some statistical investigations were performed for all
problems. For each problem maximum, average, and
minimum classification performance values (correctly
classified part of test sample), standard deviation of clas-
sification performance, and number of unique rules at 10
bases are presented in Tables 1-7.

There are a feasible number of rules in brackets. Stop-
ping criterion is average classification performance in-
creasing less than 0,005 or standard deviation equals to 0.
For some cases we have performed one or two steps addi-
tionally for equal step number providing for the same
problem.

We can see that a number of unique rules and standard
deviation of classification performance decreases for each
step of fuzzy classifier design. Also classification per-

formance increases for all problems using multistep fuzzy
classifier design.

For the first two problems comparison with alternative
classification methods has been performed. These algo-
rithms are Bayesian approach, multilayer perceptron,
boosting [9], bagging [10], random subspace method
(RSM) [11], and cooperative coevolution ensemble learn-
ing (CCEL) [12; 13]. It should be noted that base algo-
rithms for bagging, boosting, RSM, and CCEL are not
fuzzy classifiers; they are conventional classification
methods. Performance value is a part of test sample that is
classified correctly with an algorithm. The classification
performance comparison with alternative algorithms for
Credit (Australia-1) and Liver Disorder problems is pre-
sented in Table 8.

Results of Multistep Fuzzy Classifier Design for Credit (Australia-1)

Table 1
Results of Numerical Experiments for One-step Fuzzy Classifier Forming
Problem
Parameter 1 2 3 4 5 6
Maximum performance 0,827 (10) 0,666 (10) 0,908 (3) 0,573 (20) 0,737 (20) 0,838 (10)
0,861 (20) 0,682 (15) 0,951 (4) 0,586 (30) 0,781 (30) 0,847 (15)
0,873 (30) 0,692 (30) 0,971 (5) 0,593 (60) 0,849 (20)
0,975 (6)
Average performance 0,870 (10) 0,687 (10) 0,947 (3) 0,598 (20) 0,757 (20) 0,849 (10)
0,890 (20) 0,710 (15) 0,973 (4) 0,606 (30) 0,827 (30) 0,857 (15)
0,891 (30) 0,725 (20) 0,987 (5) 0,626 (60) 0,857 (20)
0,987 (6)
Minimum performance 0,758 (10) 0,632 (10) 0,767 (3) 0,540 (20) 0,706 (20) 0,821 (10)
0,841 (20) 0,655 (15) 0,900 (4) 0,555 (30) 0,757 (30) 0,836 (15)
0,854 (30) 0,655 (20) 0,940 (5) 0,542 (60) 0,835 (20)
0,933 (6)
Standard deviation 0,02482(10) 0,01500(10) 0,05643(3) 0,01801(20) 0,01388(20) 0,00783(10)
0,01231(20) 0,01669(15) 0,02623(4) 0,01710(30) 0,01831(30) 0,00416(15)
0,01035(30) 0,01731(20) 0,01303(5) 0,02207(60) 0,00546(20)
0,01073(6)
Number of unique rules 100 (10) 85 (10) 12 (3) 200 (20) 196 (20) 68 (10)
at 10 bases 200 (20) 136 (15) 20 (4) 300 (30) 290 (30) 91 (15)
300 (30) 183 (20) 27 (5) 560 (60) 156 (25)
30 (6)
Table 2

Parameter 1% iteration 2" iteration 3" jteration
Maximum performance 0,870 (10) 0,891 (10) 0,891 (10)
0,890 (20) 0,919 (20) 0,919 (20)
0,891 (30) 0,926 (30) 0,928 (30)
Average performance 0,827 (10) 0,888 (10) 0,891 (10)
0,861 (20) 0,918 (20) 0,919 (20)
0,873 (30) 0,924 (30) 0,926 (30)
Minimum performance 0,758 (10) 0,886 (10) 0,891 (10)
0,841 (20) 0,910 (20) 0,919 (20)
0,854 (30) 0,922 (30) 0,925 (30)
Standard deviation 0,02482 (10) 0,00174 (10) 0,00000 (10)
0,01231 (20) 0,00269 (20) 0,00000 (20)
0,01035 (30) 0,00171 (30) 0,00127 (30)
Number of unique rules at 10 bases 100 (10) 25 (10) 17 (10)
200 (20) 51 (20) 40 (20)
300 (30) 99 (30) 76 (30)
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Results of Multistep Fuzzy Classifier Design for Liver Disorder

Table 3

Parameter 1* iteration 2" iteration 3" iteration 4" jteration
Maximum performance 0,687 (10) 0,713 (10) 0,716 (10) 0,716 (10)
0,710 (15) 0,739 (15) 0,739 (15) 0,742 (15)
0,725 (20) 0,757 (20) 0,757 (20) 0,757 (20)
Average performance 0,666 (10) 0,705 (10) 0,714 (10) 0,716 (10)
0,682 (15) 0,731 (15) 0,735 (15) 0,738 (15)
0,692 (20) 0,748 (20) 0,754 (20) 0,755 (20)
Minimum performance 0,632 (10) 0,699 (10) 0,710 (10) 0,716 (10)
0,655 (15) 0,719 (15) 0,728 (15) 0,733 (15)
0,655 (20) 0,739 (20) 0,751 (20) 0,751 (20)
Standard deviation 0,01731 (10) 0,00449 (10) 0,00229 (10) 0,00000 (10)
0,01669 (15) 0,00608 (15) 0,00411 (20) 0,00280 (15)
0,01500 (20) 0,00554 (20) 0,00229 (20) 0,00246 (20)
Number of unique rules at 10 bases 85 (10) 55(10) 20 (10) 13 (10)
136 (15) 68 (20) 46 (15) 31 (15)
183 (20) 80 (20) 53 (20) 45 (20)
Table 4
Results of Multistep Fuzzy Classifier Design for Yeast
Parameter 1* iteration 2" iteration 3" iteration 4™ iteration
Maximum performance 0,598 (20) 0,609 (20) 0,617 (20) 0,621 (20)
0,606 (30) 0,641 (30) 0,651 (30) 0,651 (30)
0,626 (60) 0,674 (60) 0,676 (60) 0,678 (60)
Average performance 0,573 (20) 0,605 (20) 0,614 (20) 0,618 (20)
0,586 (30) 0,633 (30) 0,647 (30) 0,649 (30)
0,593 (60) 0,668 (60) 0,672 (60) 0,675 (60)
Minimum performance 0,540 (20) 0,602 (20) 0,610 (20) 0,617 (20)
0,555 (30) 0,625 (30) 0,640 (30) 0,647 (30)
0,542 (60) 0,662 (60) 0,667 (60) 0,672 (60)
Standard deviation 0,01801 (20) 0,00241 (20) 0,00246 (20) 0,00198 (20)
0,01710 (30) 0,00431 (30) 0,00339 (30) 0,00123 (30)
0,02207 (60) 0,00429 (60) 0,00241 (60) 0,00215 (60)
Number of unique rules at 10 bases 200 (10) 97 (20) 55(20) 46 (20)
300 (30) 142 (30) 93 (30) 75 (30)
560 (60) 263 (60) 205 (60) 165 (60)
Table 5

Results of Multistep Fuzzy Classifier Design for Landsat Images

Parameter 1% iteration 2" iteration 3" jteration 4" jteration
Maximum performance 0,849 (10) 0,851 (10) 0,853 (10) 0,853 (10)
0,857 (15) 0,861 (15) 0,862 (15) 0,862 (15)
0,857 (20) 0,864 (20) 0,366 (25) 0,366 (25)
Average performance 0,838 (10) 0,850 (10) 0,852 (10) 0,852 (10)
0,847 (15) 0,859 (15) 0,860 (15) 0,862 (15)
0,849 (20) 0,863 (20) 0,365 (25) 0,366 (25)
Minimum performance 0,821 (10) 0,848 (10) 0,851 (10) 0,852 (10)
0,836 (15) 0,856 (15) 0,857 (15) 0,861 (15)
0,835 (20) 0,862 (20) 0,363 (25) 0,365 (25)
Standard deviation 0,00783 (10) 0,00107 (10) 0,00036 (10) 0,00014 (10)
0,00416 (15) 0,00144 (15) 0,00148 (15) 0,00037 (15)
0,00546 (20) 0,00090 (20) 0,00097 (25) 0,00034 (25)
Number of unique rules at 10 68 (10) 38 (10) 23 (10) 15 (10)
bases 91 (15) 63 (15) 46 (15) 33 (15)
156 (25) 100 (25) 72 (25) 56 (25)
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Table 6
Results of Multistep Fuzzy Classifier Design for Iris
Parameter 1* iteration 2" iteration
Maximum performance 0,947 (3) 0,980 (3)
0,973 (4) 0,980 (4)
0,987 (5) 0,987 (5)
0,987 (6) 0,993 (6)
Average performance 0,908 (3) 0,980 (3)
0,951 (4) 0,980 (4)
0,971 (5) 0,987 (5)
0,975 (6) 0,993 (6)
Minimum performance 0,767 (3) 0,980 (3)
0,900 (4) 0,980 (4)
0,940 (5) 0,987 (5)
0,933 (6) 0,993 (6)
Standard deviation 0,05643 (3) 0,00000 (3)
0,02623 (4) 0,00000 (4)
0,01303 (5) 0,00000 (5)
0,01073 (6) 0,00000 (6)
Number of unique rules at 10 bases 12 (3) 503)
20 (4) 15 (4)
27 (5) 13 (5)
30 (6) 18 (6)
Table 7

Results of Multistep Fuzzy Classifier Design for Glass Identification

Parameter 1*! iteration 2™ jteration 3 iteration 4™ jteration 5™ iteration
Maximum performance 0,757 (20) 0,836 (20) 0,846 (20) 0,850 (20) 0,850 (20)
0,827 (30) 0,874 (30) 0,888 (30) 0,888 (30) 0,888 (30)
Average performance 0,737 (20) 0,824 (20) 0,838 (20) 0,846 (20) 0,850 (20)
0,781 (30) 0,861 (30) 0,880 (30) 0,886 (30) 0,886 (30)
Minimum performance 0,706 (20) 0,813 (20) 0,827 (20) 0,841 (20) 0,850 (20)
0,757 (30) 0,827 (30) 0,874 (30) 0,883 (30) 0,883 (30)
Standard deviation 0,01388 (20) 0,00737 (20) 0,00630 (20) 0,00409 (20) 0,00000 (20)
0,01831 (30) 0,01354 (30) 0,00471 (30) 0,00246 (30) 0,00246 (30)
Number of unique rules at 196 (20) 121 (20) 81 (20) 55 (20) 40 (20)
10 bases 290 (30) 181 (30) 107 (30) 86 (30) 66 (30)
Table 8

The Classification Performance Comparing for Different Algorithms

Algorithm Credit (Australia-1) Liver Disorder
Multistep fuzzy classifier design 0,928 0,757
One-step fuzzy classifier design 0,891 0,725
Bayesian approach 0,847 0,629
Multilayer perception 0,833 0,693
Boosting 0,760 0,656
Bagging 0,847 0,630
Random subspace method 0,852 0,632
Cooperative coevolution ensemble learning 0,866 0,644

Speaker Identification Problem Solving. The prob-
lem «Japanese Vowels» [8] description is to distinguish
nine male speakers by their utterances of two Japanese
vowels /ae/. Nine male speakers uttered two Japanese
vowels /ae/ successively. For each utterance, with the
analysis parameters described below, 12-degree linear
prediction analysis was applied to obtain a discrete-time
series with 12 LPC cepstrum coefficients.

This means that one utterance by a speaker forms a
time series whose length is in the range 7-29 and each
point of a time series is of 12 features (12 coefficients).
The number of the time series is 640 in total. We used one
set of 270 time series for training and the other set of 370
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time series for testing. For fuzzy classifier applying we
use average means of each coefficients in time series.

In numerical experiments we increased number of
speakers (number of classes) sequentially form 2 to 9 and
we varied a number of used fuzzy rules. For each combi-
nation of parameters (speakers number and number of
used fuzzy rules) we performed 20 algorithm runs for
statistical investigation. Effectiveness parameter is cor-
rectly classified part of test sample.

Results of numerical experiments are presented in Ta-
ble 9. You can see the average and maximum values
of effectiveness parameter for each combination of pa-
rameters.
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Table 9
Results of Speaker Identification Problem Solving
Speaker number 60 rules 100 rules 200 rules 300 rules 400 rules 500 rules 600 rules
2 (average) 0,842 0,877 0,930 0,942 0,943 0,948 0,952
2 (maximum) 0,924 0,924 0,969 0,985 0,985 0,985 0,985
3 (average) 0,570 0,660 0,768 0,822 0,845 0,868 0,872
3 (maximum 0,649 0,720 0,837 0,876 0,896 0,916 0,916
4 (average) 0,625 0,664 0,762 0,806 0,821 0,842 0,856
4 (maximum 0,736 0,745 0,827 0,872 0,891 0,909 0,900
5 (average) 0,555 0,622 0,730 0,782 0,813 0,827 0,827
5 (maximum.) 0,640 0,705 0,827 0,827 0,885 0,885 0,878
6 (average) 0,591 0,689 0,777 0,828 0,844 0,839 0,865
6 (maximum) 0,662 0,791 0,846 0,902 0,895 0,902 0,908
7 (average) 0,501 0,605 0,733 0,791 0,809 0,830 0,845
7 (maximum) 0,620 0,655 0,803 0,857 0,867 0,882 0,887
8 (average) 0,467 0,558 0,689 0,746 0,761 0,776 0,790
8 (maximum) 0,517 0,620 0,735 0,779 0,814 0,810 0,830
9 (average) 0,399 0,515 0,649 0,685 0,724 0,742 0,755
9 (maximum) 0,481 0,559 0,700 0,732 0,786 0,786 0,786

The first result of our work is multistep fuzzy classi-
fier design convergence investigations. Having generated
some fuzzy classifiers we are able to construct more ef-
fective classifier from previous classifiers using coopera-
tive-competitive coevolutionary algorithm again. Using
this method semantically similar fuzzy classifiers are gen-
erated. The approach of multistep fuzzy classifier forming
has the following features:

1) This method improves classification performance
without increasing number of rules.

2) This method reduces diversity of performance val-
ues for multiple algorithm runs, i.e. the method has higher
statistical stability.

3) The method reduces a number of unique fuzzy rules
for multiple algorithm runs.

4) Corresponding to features 1-3 trends slow down for
increasing of step number. So we can conclude that
multistep procedure of fuzzy classifier design has conver-
gence property.

5) The method is more effective for more complicated
classification problems (more attributes and classes).

Fuzzy classifier design methods comparison with al-
ternative classification methods by performance value
demonstrates that both fuzzy classifier forming methods
have either the same efficiency as present-day classifica-
tion algorithms or even they are more efficient.

Next result is speaker identification problem solving
using multistep fuzzy classifier design. The proposed
method allows getting acceptable classification efficiency
for a test sample: from 0.985 for two speakers to 0.786 for
nine speakers. Also we can see that for increasing the
speaker number it is necessary to increase a number of the
used fuzzy rules for getting appropriate results. But per-
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manent increasing of the used fuzzy rules is not good idea
because from the defined number of fuzzy rules classifi-
cation effectiveness doesn't increase or even can decrease.

We can see that for some cases speaker number in-
creasing allows increasing the effectiveness parameter. It
depends on speaker features. If we add a speaker with
voice audiometric features that will differ very much in
comparison with that previous speakers, it allows effec-
tiveness parameter increasing.
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INPUMEHEHUE METOJA ®OPMHUPOBAHUSA HEHETKOI'O KITIACCH®PUKATOPA
CAMOHACTPAUBAIOIIMMHUCSH KO3BOJJIIOIIUMOHHBIMU AJITOPUTMAMMU
B 3AJJAYE PACIIO3HABAHMUSA I'OBOPAIIET'O

Paccmampusaemces 3adaua pacnosnasanus 206opawe2o. B kawecmee ucxoonvix dannvix e3sma saoaua «Anonckue
enacuviey us UCI penosumopus. Oma 3a0aua 6ulia peuleHa ¢ UChoIb308AHUCM HEUemK020 KIACCUDUKamopa Kax me-
mooa Kiaccupurayuu, cnocobHo20 U3eNeKams NPULUHHO-CIEOCMEEHHbIE 3AKOHOMEPHOCIU U3 UCXOOHBIX OaHHbIX. Bbin
NPUMEHEH HOBbIIL MEMOO POPMUPOBAHUSL HEHEMKO20 KIACCUDUKAMOPA, CAMOHACTPAUBAIOWUMUCS KOIBOTIOYUOHHBLMU
aAneoOpuUMMamu, a UMEHHO MHO2OULA208bLIL MEMOO (POPMUPOBAHUS HEUEMKO20 KIACCUDUKAMOPA, OCHOBAHHBII HA MHO-
20KPAMHOM NOBMOPEHUU PaHee pazpabomanHo20 Memooa opmMuposaniis Heuemko2o Kiaccuguxkamopa. Bouiu npoge-
OeHbl YUCTIeHHbIE UCCIeO08AHUL MemOOad POPMUPOBAHUS HEUEMKO20 KIACCUPUKAMOPA OISl PA3TUYHO20 YUCIA 206051
WUX U PA3TUYHOO YUCILA UCNOTIb3YEMbIX HeuemKux npasuil. Memoo noxasan npuemiemyio 3ghpexmueHocms Ha mecmo-
6ot gvrbopke.: om 0,985 ons dgyx eogopawux do 0,786 0nst Oegamu.

Kniouegvie cnosa: neuemxuii Kiaccugpukamop, K0I60MOYUOHHbIU ANOPUMM, KIACCUPUKAYUSL, PACNOZHABAHUE 2080-
paweco.

© Sergienko R. B., 2012

UDC 519.8
A. A. Shabalov

APPLICATION OF NEURO-FUZZY SYSTEMS IN BANK SCORING PROBLEMS*

As the generation of a neuro-fuzzy model from scratch by hand is complex and time consuming process, evolution-
ary computations are used for this. By virtue of genetic algorithms, the development of neuro-fuzzy systems is simplified
and becomes automatic. The proposed scheme is applied to well-known Australian and German Credit Approval prob-
lems. Comparison of different algorithms is given.

Keywords: neuro-fuzzy modeling, evolutionary calculations, fuzzy systems, neural networks.

Neuro-fuzzy modeling is applied to soft computing  with fuzzy rules and membership functions where neural
paradigm. It combines the advantages of neural networks  network algorithms such are used for parameters learning.
and fuzzy rule based systems. Typically, the learning phase of neuro-fuzzy modeling

While fuzzy systems implement effective approximate  consists of two stages. The first one is an unsupervised
reasoning in uncertain environment, neural networks pro- mode where any clustering algorithm could by applied for
vide efficient learning algorithms from data. Meanwhile, determination of initial size of rule base, i. e. number of
neuro-fuzzy systems chiefly represent a knowledge base  rules.

**The study was supported by The Ministry of education and science of Russian Federation, project Ne 16.740.11.0742,
14.740.12.1341, 11.519.11.4002 and the Grant of the President of the Russian Federation MK-2835.2012.9.

104



Becmuukx Cubupckozo 20cy0apcmeeHH020 aspoKocCMuiecko2o yrugepcumema umenu axaoemuxa M. @. Pewemnesa

Mamdani inference type

Takagi-Sugeno inference type

N N
AL _ -
a |o-1| ...... |an |o-n ay | | |a;n|0',’n @ 01| ...... |an |Gn V1| v,
N ) J
Y Y N4 M
Input parameters Output parameters Input parameters Output parameters
Fig. 1. Chromosome coding schemes
Comparison with different algorithms
lep‘.’s}fd LR Bayesian RSM k-NN CART
Australian [ gorithm
Data Set 0.8696 0.8696 0.8470 0.8660 0.8744 0.8986
C4.5 CCEL 2SGP GP+SRF Boosting Bagging
0.8986 0.7150 0.9027 0.8889 0.7600 0.8470
Proposed LR Bayesian RSM k-NN CART
German algorithm
Data Set 0.8700 0.7837 0.6790 0.7460 0.7565 0.7618
C4.5 CCEL 2SGP GP+SRF Boosting Bagging
0.7773 0.7151 0.8015 0.7834 0.7000 0.6840

Here a competitive learning with rival penalized
mechanism is used. In comparison with other clustering
techniques (such as k-mean, fuzzy k-means, conventional
competitive learning) where a specific number of clusters
is to be set, competitive learning with rival penalized
mechanism requires a maximum number of clusters. Dur-
ing the learning procedure it will eliminate extra clusters
that are beyond the universe of discourse. After such a
stage the “rough” fuzzy rule base is established. The sec-
ond stage (supervised mode) consists in tuning of parame-
ters of membership functions. At this stage the learning
capabilities of neural networks are applied. As a rule, a
modified version of steepest descent method is used. The
drawbacks of gradient based techniques are well known.
They could be trapped in a local extremum due to a com-
plex shape of objective function, go to stagnation or, oth-
erwise, pulse. Under these considerations it is rational to
apply evolutionary algorithms as well-established tech-
nique in global multiextremal optimization. Genetic algo-
rithms are robust stochastic search procedure based
on principles of natural evolution. It possesses flexible
coding structure making it applicable to problems in dif-
ferent areas of human life. The next paragraph presents
the proposed coding schemes of bit strings in genetics
algorithms for automatic adjustment of membership func-
tion parameters.

Coding structure of neuro-fuzzy model parame-
ters. There are three main evolutionary coding structures
of fuzzy rule base while designing a system. In our case
the Pittsburgh approach was implemented where each
individual in population represents single rule base. The
developed algorithmic scheme requires only settings pa-
rameters of a genetic algorithm to be set. As for member-
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ship function, Gaussian membership functions were used.
The coding schemes are given below (Fig. 1).

Application to bank credit assignment problems.
There are two data sets concerning customer credit card
applications. The first one (Australian data set) contains
690 instances and 14 attributes and the second one (Ger-
man data set) — 1000 instances and 24 attributes. The sets
are to be classified into two classes. 10 % of instances in
every set were randomly picked out for test sample. In
Table 1 the results obtained and comparison with other
techniques are given. The results of other algorithms were
found in [1] and [2].

As it can be seen from the table our proposed algo-
rithm is comparable with well-known techniques and can
be applied to many real-world applications in different
areas of human life.

In this paper evolutionary tuning technique of a neuro-
fuzzy system is described. The method proposed was ap-
plied to Australian and German Credit Approval problems
and showed comparable results in comparison with other
algorithms found in the literature. Future work of investi-
gation is aimed at conducting additional numeric experi-
ments and solving other real-world problems.
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A. A. lllaGanos

INPUMEHEHUE HEWMPO-HEYETKHX CUCTEM B 3AJIAYAX ITOJICUETA
KPEJUTHOI'O BAJIJIA BAHKOBCKOI'O CEKTOPA

B 8uody cnosjcnocmu u 3HAUUMENbHBIX BPEMEHHbIX 3ampam NpOeKMUpOSaHus Heupo-HeyemKux Mooenel epyuHylo
C HYNIA 8 paccMompeHue 66005mcs 3601I0YUOHHbLe anzopummbl. C HOMOWBIO 2eHeMUYEeCKUX aneopummos paspabomxa
Helpo-HeuemKux cucmem YNpowjaemca u CmaHosumcs: agmomamuyeckoi. Ilpeonoscennas cxema npumeHsaemes K us-
secmubiM 3a0auam o kpeoumax 8 Aecmpanuu u I'epmanuu. Ilpusooumcs cpasnerue ¢ opyaumu nooxooamu.

Kniouesvie cnosa: Hedpo-Heuemkoe Modeﬂupoeanue, 360JIIOYUOHHbLE 8bIUUCTIEHUS, HeYenlKue CUCmemasl, HeﬁpOHHble
cemu.

© Shabalov A. A., 2012

UDC 519.234
M. Yu. Sidorov, S. G. Zablotskiy, E. S. Semenkin, W. Minker

EVOLUTIONARY DESIGN OF NEURAL NETWORKS FOR FORECASTING
OF FINANCIAL TIME SERIES

The problem of forecasting in various technical, economic, and other systems is an important problem of nowadays.
The methods of artificial intelligence and machine learning analyze very effectively various data including financial
ones. The main problem of such techniques is the choice of model structure and the configuration of its parameters. In
this paper we propose an evolutionary method for the neural network designing that does not require any expert knowl-
edge in the area of neural networks and optimization theory from the user. This algorithm has been applied to the
FOREX forecasting task of 13 different currency pairs based on the historical data for 12,5 years. The performance of
the proposed algorithm has been compared to the forecasting results of other 6 algorithms. The proposed algorithm has
shown the best performance on more than half of the tasks. On remaining tasks the algorithm yields slightly to the
multi-layer perceptron trained by the particle swarm optimization algorithm. However, the predominance of the pro-
posed algorithm is more significant.

Keywords: neural networks, evolutionary algorithms, particle swarm optimization, FOREX forecasting.

One of the expressive and pragmatic applications of for example, the type of neural network, the learning al-
artificial intelligence and machine learning is the predic-  gorithm, the number of hidden layers and neurons, activa-
tion of financial time series in various markets. The tion functions, etc.

FOREX market is the largest (about $4 trillion daily turn- In addition, the most of modern artificial neural net-
over) international currency market. According to the works have a fixed structure with the predefined types of
positive market theory there is a deterministic component  activation functions. What if the neural network with a
in the stochastic price fluctuations on the FOREX market. more flexible structure will be able to solve a problem
Therefore, using a fairly accurate predictor it is possible — more accurately?

to achieve some speculative success. In this paper we propose a method for evolutionary

Recently, an increasing number of papers present the  forming of neural networks, which on the one hand does
advantage of artificial intelligence methods and machine  not require any expert knowledge in the fields of informa-
learning algorithms over the standard econometric meth-  tion technology and artificial intelligence from the user
ods for solving the problem of financial time series pre- and on the other hand creates the neural network with the
diction. In particular, neural networks successfully cope flexible architecture that could potentially increase the
with the challenges of the financial forecasting. Thus, the  prediction quality.
most popular econometric technology for the problem of The structure of this article is as follows. Section
time series forecasting is called ARIMA [1]. However, in 2 describes the source data and its statistical characteris-
[2] it was shown that the multi-layer perceptron trained by  tics. Section 3 provides the description of the proposed
different algorithms outperforms the ARIMA (1, 0, 1) method. Section 4 describes others methods for solving
model for the problem of FOREX forecasting. the forecasting problem. The experimental setup is de-

The main problem of artificial neural networks which  scribed in Section 5. Section 6 presents the forecasting
prevents their widespread exploiting is the challenge of results of the proposed neural network technology, as well
choosing their optimal parameters for a particular prob- as the comparison to the other forecasting models. The
lem. There are many parameters to be set up by the user, conclusions are done at the end of the paper.
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Data sets. To test the efficiency of the suggested
method the historical data of 13 FOREX currency pairs
from 1 January 2000 to 20 July 2012 were used. Each
value of the time series is the maximum price during the
week. Statistical characteristics of data samples are listed
in Table 1.

Table 1
Statistical characteristics of data sets

Mean Standard deviation
AUD/USD 0.771580 0.165808
CHF/IPY 86.539585 9.672273
EUR/CHF 1.501780 0.120486
EUR/GBP 0.736243 0.101301
EUR/IPY 129.387638 19.260813
EUR/USD 1.234870 0.196712
GBP/CHF 2.115349 0.368944
GBP/IPY 180.275463 33.396468
GBP/USD 1.692953 0.185273
NZD/USD 0.733674 0.075432
USD/CAD 1.247870 0.207525
USD/CHF 1.276138 0.256394
USD/IPY 107.203875 14.817511

The largest values of mean and deviation correspond
to the currency pairs with Japanese Yen (JPY).

Evolutionary forming of neural networks with
flexible structure. Standard artificial neural networks
have a fixed structure and predefined types of activation
functions and connections between neurons. However,
there is no fixed structure in the physiological analog of
neural networks. What if the neural network with an arbi-
trary and flexible structure would be a better model de-
scribing available data? Since the structure and all the
parameters of the neural network directly affect the final
result, this could be a good idea to perform both structural
and parametric optimization of the neural network accord-
ing to the preselected quality criterion.

The Mean Absolute Error (Eq. 1) was chosen as the
criterion for the quality estimation of the FOREX fore-
casting.

()

This metric shows the closeness of the predicted cur-

MAE=%Z‘x,.—x;‘

i

rency rate time series (x; ) to the historical values ( x; ).

In terms of neural networks, the predicted value is a
function of the structure and parameters of the neural
network, respectively:

x; = x; (S ,P).

The challenges for the optimization of the function (1)
are the presence of many local minima, high dimensional-
ity and undifferentiated structure in general. Therefore,
many researchers prefer to use different heuristic algo-
rithms of the direct search to minimize such functions.

Genetic algorithms have proved its high performance
for the optimization of complex pseudo-boolean func-
tions. In order to apply the genetic algorithm for solving
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the problem of network structural optimization a mapping
between a binary vector and a set of different neural net-
work structures should be created. The mapping used in
this study is depicted in Fig. 1.
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Fig. 1. Mapping between the boolean vector
and the neural network structure

For each neuron there is a sequence of n+4 Boolean
values, where n is the number of neurons in the network.
The true value means the existence of the synaptic con-
nection between the current neuron and the specified neu-
ron, while false means the absence of such connection.
The next 4 bits encode the ordinal number of the activa-
tion function. Thus, the number of different activation
functions is equal to 16.

At each iteration of the structural optimization the
synoptic weights of the current network are tuned by the
particle swarm optimization algorithm which has shown
the best performance. Thereafter the weights of the best
found structure are tuned again with more resources to
gain the finer model.

Alternative algorithms for solving the forecasting
problem. To estimate the proposed algorithm the com-
prehensive comparison with other state-of-the-art tech-
niques was carried out.

Multi-layer perceptron with standard back propaga-
tion. Multi-layer perceptron (MLP) [3] is a widely used
type of the artificial neural network with a layer structure.
The standard back propagation (SBP) is the first order
algorithm which computes partial derivatives of the error
function for all the synaptic weights. These weights are
iteratively changed as follows:

OF
Aw, (n) n o, +aAw, (n 1)
where n — is the constant of learning speed, o — is the
memory constant.

The disadvantage of this technology is the localized
nature of the optimization process.

Multi-layer perceptron with genetic algorithm. The
genetic algorithm (GA) [4] is an effective method for the
optimization of pseudo-boolean functions which emulate
the processes of natural evolution. Due to the binarization
and the Gray code [5] the genetic algorithm is able to op-
timize the real-number functions. There are many exam-
ples in literature showing the advantage of the GA com-
paring to the classical optimization methods for MLP
training, for example in [6].
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Multi-layer perceptron with evolution strategy. The
adaptation of the genetic algorithm for the direct optimi-
zation of the real value function without binarization is
called evolution strategy (ES) [7]. The chromosome of the
evolution strategy is the set of real values. ES can also be
used for the task of MLP learning. The algorithm does not
set any limitations on the optimized function.

Multi-layer perceptron with particle swarm optimiza-
tion. Particle swarm optimization (PSO) [8] is the heuris-
tic algorithm of direct search emulating the behavior of
bird flocks, fish shoals, etc. Each particle (the solution for
optimized problem) is characterized by the vector of

speed ¥ (¢) and the vector of position X (). The j-th

speed component of the i-th particle is evaluated as fol-
lows:

v =wv/ clrandl’(pbest’ Xl;f)+

)

where ¢;,c, — the acceleration coefficients, pbest; —the

+ c,rand2! (gbest’

best position of i-th particle, gbest —the best position of

all particles, randl,rand2 — uniformly distributed ran-
dom variables from [0, 1], w is the coefficient of inser-
tion. The coordinates of the new position are calculated
iteratively:
X, =X, +V.
Thus, each particle approaches both global and local
optima. Random variables randl,rand?2 are responsible

for the search in the small area of the found optimum
points.

Multi-layer perceptron with numerical computing of
partial derivatives. The optimization of functions with
undifferentiated parts can be done using numerical values
of partial derivatives. The derivatives can be estimated as
follows:

F(xo —a)—F(xo +8)
2¢ '

These estimations can be used by the optimization al-
gorithm of the first order. In this study, the algorithm of
gradient descent was used.

Non-parametric Parsen-Rosenblatt's estimation with
genetic algorithm. Non-parametric methods play a special
role among the algorithms for the data analysis. Non-
parametric Parsen-Rosenblatt's estimator (PR) [9] has
been successfully applied for the tasks of modeling, iden-
tification and control of complex systems.

Among the drawbacks of this method the following
ones should be noted: the necessity to configure the
smoothing parameters and processing of all training data
at each iteration. The optimal smoothing parameters can
determine which input arguments have the significant
effect on the model, and which ones can be eliminated
from the model without serious loss of accuracy.

F'(xo):

For the data {ul/,x }, where s is the number of sam-

ples and # is the dimension of the input space, the non-
parametric Parsen-Rosenblatt's estimator is calculated as
follows:
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- the bell function, for

smoothing parameters

where v — the input vector, F
example Gaussian curve, ¢! —

(width of the bell function). The quality of non-parametric
model strongly depends on the values of the smoothing
parameters. Moreover, the smaller value of the smoothing
parameter indicates the larger importance of the current
variable to the whole model.

Optimal smoothing parameters correspond to the
minimum value of the average square error criterion:
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The minimization of this criterion is performed by the
genetic algorithm.

Experimental setup. The prediction was carried out
by a sliding window method with a window length from 1
till 10 previous currency rate data with the unit step. For
all neural networks the number of neurons on the hidden
layer ranged from 1 till 20. For a particular type of neural
network the optimal prediction window size and the num-
ber of neurons were determined experimentally. The pre-
diction quality was determined by the MAE metric.

There were 200 neural networks (from 1 to 10 neurons
at the input layer and from 1 to 20 neurons at the hidden
layer) in each experiment. The activation function for the
multi-layer perceptron was the hyperbolic tangent

f(w)=th(w). Also, there was a neuron bias [3] in MLP.
All available data were separated into training and test

. . 1 .
data in proportion % to 7 respectively. The best results

of MSE metric on the test data for each problem are pre-
sented in Table 2.

Algorithm SBP has been restarted 10 times with the number
of epochs n=7317. The speed parameter was n = 0.1, the

value of the memory parameter was chosen o = 0.25.

There were the following setups and resources in GA
for the MLP learning: the number of populations was 271,
the number of individuals in each population was 271, the
maximum step of binarization (with Gray’s code) was 0.1

and each synopsis weight ranged in [-3,3]. The type of

selection was the tournament with the size of the tourna-
ment equal to 3, the type of the population forming was
elite, the type of recombination was uniform, the type of
mutation was normal (the probability of each gin mutation

. 1 . .
is p =—, where n is the chromosome size).
n

For the algorithm of the evolution strategy the follow-
ing options were used: the number of populations
was 271, the size of intermediate population was p =41,
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the number of individuals in each population was
A =271, the size of parents pool was p =30, the interval

for each synaptic weight [—3,3], the type of recombina-
tion was intermediate [7], the type of population forming
was (p+2).

The following options and resources were chosen for
the MLP learning algorithm with PSO: ¢, =¢, =2, inter-

val for each neural network weight was [—3,3], the num-

ber of swarms was 271, the number of particles in each
swarm was 271, the speed limitation was 4 and the con-
stant of the moment was w = 0.81.

For the MLP learning by gradient descent the follow-
ing options were used: the coefficient of learning speed

was n=0.1, the number of steps was 7313, e=107%
This algorithms was run 10 times on each neural network.

The proposed method of neural network design was
set up as follows. For structural optimization the GA with
the following options was used: the number of popula-
tions was 15, the number of individuals in each popula-
tion was also 15. The type of selection was tournament
with the size of tournament equal to 3, the type of the
population forming was elite, the type of the recombina-
tion was uniform and strong mutation level (the probabil-

. . . 3
ity of each gin mutation was p =—, where n — the chro-
n

mosome size). For the parametrical optimization of each
neural network structure the particle swarm optimization
algorithm with the following parameters was used:
¢ =c¢, =2, the interval for each neural network weight

was [-3,3], the number of swarms was 15, the number of

particles in each swarm was 15, the speed limitation was
4 and the constant of moment was w = 0.81.

For the best neural network structure the particle
swarm optimization algorithm with the following parame-
ters was used: ¢, =¢, =2, the interval for each neural

network weight was [-3,3], the number of swarms was

150, the number of particles in each swarm was 150, the
speed limitation was 4 and the constant of moment was
w=0.81.

For the task of smoothing parameter optimization by
the GA the following settings were chosen. The number
of populations was 271, the number of individuals in each
population was also 271. The type of selection was tour-
nament with the size of tournament equal to 3, the type of
the population forming was elite, the type of the recombi-
nation was uniform and the mutation level was strong (the

o . . 1
probability of each gin mutation was p =—, where n —
n

the chromosome size).

All the described algorithms were implemented from
scratch in C++ language by the authors.

The proposed algorithm has shown the best perform-
ance on the 7 from 13 forecasting problems. On the other
6 time series the algorithm was only slightly outper-
formed by the MLP with PSO. The advantage of the sug-
gested method is the automatic determination of all the
important aspects, such as the number of neurons on the
hidden layer, types of activation functions, connections
between neurons, etc.

References

1. Box G. E. P., Jenkins G. M. Time Series Analysis:
Forecasting and Control, Holden-Day, San Francisco, CA.

2. Kamruzzaman J., Sarker R. A. Forecasting of Cur-
rency Exchange Rates using ANN: A Case Study.

3. Wasserman P. D. Neural Computing: Theory and
Practice.

4. Holland J. H. Adaptation in natural and artificial
systems. University of Michigan Press, Ann Arbor.

5. Gray F. Pulse code communication. U.S. Patent
2,632,058.

6. Montana D., Davis L. Training feedforward neural
networks using genetic algorithms. International joint
conference on artificial intelligence.

7. Beyer H., Schwefel H. Evolution strategies, a com-
prehensive introduction. Natural computing 1. P. 3-52.

8. Eberhart R., Kennedy J. A new optimizer using par-
ticle swarm theory. Proc. of sixth int. symposium on mi-
cromachine and human science, Nagoya, Japan. P. 39-43.

9. Parzen E. On estimation of a probability density,
function and mode // IEEE transactions on information
theory. Vol. Pami-4, Ne 6. 1982. P. 663—-666.

Table 2
The MAE criterion values for the best results of forecasting

MAE MLP SBP MLP GA MLP ES MLP PSO MLP NUM PR GA NET PSO
AUD/USD 0.034148 0.011428 0.013778 0.010307 0.011815 0.052470 0.010188
CHF/JPY 3.704241 1.509978 1.258708 1.107943 3.448210 1.157921 1.140523
EUR/CHF 0.065937 0.011636 0.010799 0.009248 0.014545 0.155853 0.011724
EUR/GBP 0.009163 0.006831 0.007001 0.006625 0.009069 0.009890 0.006564
EUR/IPY 8.812449 11.847508 2.202127 1.401458 8.936750 1.571704 1.405196
EUR/USD 0.015725 0.013085 0.013660 0.012808 0.014412 0.014564 0.013166
GBP/CHF 0.053686 0.016296 0.017031 0.017330 0.049498 0.145116 0.013725
GBP/JPY 10.901556 10.895421 5.700924 1.654690 9.612234 6.182739 1.535645
GBP/USD 0.016016 0.012953 0.014562 0.012567 0.013086 0.012738 0.012851
NZD/USD 0.014358 0.010184 0.009745 0.009690 0.010118 0.022841 0.009472
USD/CAD 0.013623 0.010509 0.011513 0.010049 0.010824 0.014293 0.010237
USD/CHF 0.020761 0.010645 0.011908 0.010576 0.010980 0.085298 0.010454
USD/JPY 5.263673 4.674802 1.957348 1.706362 5.210588 7.796211 0.814446
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M. 10. Cunopos, C. I'. 3ab6norckuii., E. C. Cemenkus., B. Munkep

3BOJIOIIMOHHOE ®OPMUPOBAHUE HEHPOCETEBBIX TEXHOJIOT A
IMPOTHO3MPOBAHUSA ®PUHAHCOBBIX BPEMEHHBIX PSI1I0B

Ipoeroszuposarnue 6 paznuuHblx MEXHUYECKUX, IKOHOMUUECKUX U Op. CUCMEMAX s6I51emcsl 6adicHeuuLeli 3a0ayell co-
spemennocmu. Memoovl UCKYCCMBEHHO20 UHMENNEKMA U MAWUHHO2O 00YYEeHUs. AGNAOMC dPPEeKMUSHbBIMU CPeOC-
6aMU AHATU3A 8 MOM YUce U hunancosvlx danHblx. OCHOBHOU NPOOIEMOT UCHOIB308AHUSL MAKUX MENOO08 OCMAEmCsl
CILOJICHOCMb HACMPOUKU napamempos mooenell. [Ipedrazaemcs 36010YUOHHBIL CROCOO POPMUPOBAHUSL HEUPOCEMEEbIX
MexHoNo2Ull, He MpedYIoWULL IKCNEPMHBIX 3HAHUL 8 00ACMU HEeUPOHHBIX cemell U meopuu ONMUMUIAYUY OM KOHEYHO-
20 noavzogameins. Ilpouzseden cpasHUmMenbHbIL AHAU3 NOKA3AMeNel Kaiecmed NPOSHO3UPOBAHUS NPeOTIONHCEHHOU MO-
denu ¢ OpysuMu Memooamu UCKYCCMBEHHO20 UHMEIEKMd HA UCMOpudeckux Oanuuix 13 eantommuvlx nap puluka
FOREX, 6onee uem 3a 12 nem. Ilpeonosicennulil aneopumm noKa3al HAULYHWYIO Pe3yibmMamusHoCms 0ojlee 4eM Ha
nonosune 3aday. Ha ocmanvnvix 3a0auax, aneopumm He3HAUUMENbHO YCMYNUL MHO2OCIOUHOMY NEPUERMpPOHY, 00yUeH-
HOMY CIAUHbIM AN20PUMMOM.

Knroueswvie cnosa: netiponnvie cemu, 360110YUOHHbIE ANOPUMMbL, CIMAUNBIL AICOPUMM ONMUMUZAYULU, NPOSHOSUPO-
eanue na FOREX.

© Sidorov M. Yu., Zablotskiy S. G., Semenkin E. S., Minker W., 2012

UDK 004.89 (681.3)
Yu. V. Smeshko, T. O. Gasanova

MODIFICATION OF FUZZY C-MEANS ALGORITHM WITH AUTOMATIC SELECTION
OF THE NUMBER OF CLUSTERS FOR SPEECH UTTERANCE CATEGORIZATION

In this paper we propose a fuzzy clustering algorithm, which is able to find the clusters in a data set without the
number of clusters as a user input parameter. The algorithm is based on the standard fuzzy c-means method and con-

sists of two parts: 1) detecting the number of clusters ;2 calculating the cluster partition with the obtained ¢ We
apply this method to the preprocessed database which was provided by Speech Cycle Company. The proposed algo-
rithm has been tested with optimal parameters which we have calculated on the test data.

Keywords: unsupervised fuzzy classification.

Cluster analysis consists of methods used to find the metrics for automatically determining this value. The
group structure in a certain data set. These algorithms can  general approach is to evaluate the quality of solutions
be applied to many different problems, such as image which were obtained with the different number of clusters
segmentation, data mining, the analysis of genomic and and select the value of number of clusters that originates
sensorial data, among others. A lot of different clustering  the optimum partition according to a quality criterion.
techniques have been appeared in the last few years. Clus- In this work we considered the fuzzy c-means cluster-
tering algorithms do not need knowledge about the ob- ing algorithm and developed its modification which is
ject’s group labels, thus they use unsupervised machine able to discover the number of clusters automatically. In
learning models. contrast to hard clustering methods where each object can

However, many clustering algorithms require parame-  be unequivocally assigned to only one cluster, in soft
ters which should be selected by user, i. e., the obtained  clustering (fuzzy clustering), objects are associated to all
clustering depends on some user input parameters which  possible clusters. There is a so-called membership matrix,
should be chosen for the certain dataset. The target num-  whose elements are degrees of certain object’s member-
ber of clusters or equivalents of it (such as density indica-  ship to each cluster. Fuzzy approaches are more appropri-
tors in density models) are usually required. In this re- ate to deal with the existence of polysemous words and
spect, we should consider and develop approaches, which  phrases.

can automatically detect the true number of clusters in a We have chosen fuzzy c-means algorithm and devel-
given database with no prior information about the struc-  oped its modification in order to solve the clustering prob-
ture and group labels. lem on the database provided by Speech Cycle. This data-

With the appearance of the classical clustering ap-  base consists of utterances in text form and some phrases
proaches in the 1970s, researchers like J. A. Hartigan (k- and words have different meaning in another context.
means) were very conscious about the problem of detect- This paper is organized as follows: Section 2 and Sec-
ing the correct number of clusters and proposed some tion 3 introduce the standard fuzzy c-means algorithm and
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its modification with automated choice of cluster’s num-
ber, respectively. The value of fuzzyfier parameter is de-
scribed in Section 4. We present the corpus employed in
this study in Section 5. Results are summarized and dis-
cussed in Section 6. Finally, in Section 7, we draw con-
clusions and discuss the future directions.

Standard algorithm fuzzy-c-means. In the work [1]
fuzzy-c-means algorithm has been proposed. The algo-
rithm computes the fuzzy membership matrix starting
from an initial choice of cluster medoids. The elements of

the membership matrix ;,Lﬁ denote the degree of member-
ship of each object x; to each cluster medoid 7. The
objective function Q(P) of fuzzy-c-means is
O(P) =2 2 ()" d(x;, 7).

I=1 i=1
where ¢ is the number of clusters; m is the quantity of

()

objects; d (x,-,rl ) is the dissimilarity between the object

x; and the medoid ' v is a fuzzyfier factor denoting

the smoothness of the clustering solution.

The algorithm of fuzzy-c-means consists of an itera-
tive repetition of two steps [1; 2]: (i) (re)computation of
the cluster medoids; (ii) (re)calculation of objects mem-
bership to the classes. The main procedure is iterated until
either the updated medoids remain the same or the maxi-
mum number of iteration is reached. The final solution is
obtained when the deviation of objects from the medoids
reaches the minimum.

Modified version of algorithm. The main disadvan-
tage of the standard fuzzy-c-means algorithm is that the
number of clusters must be necessarily known in advance.
In this work we present the modification of fuzzy-c-
means algorithm which automates the choice of the num-
ber of clusters. Modified algorithm must select the most
“natural” number of clusters ¢  from some range [cn,ck].
This range is defined by the user. An algorithm for solving
this problem consists of two parts. In the first part, the data-
base is partitioned into an integer number of fuzzy clusters
from range [cn,ck]. The data partitioning is carried out us-
ing the iterative procedure of the standard fuzzy-c-means
algorithm. For each partition the value of the additional func-
tional Q(x,c) for determining the number of clusters is es-

timated. ¢ is taken to be the value of ¢ that maximizes the
functional Q(x,c).

The number of clusters ¢ when the functional
reaches an extreme value is taken as the “most natural”
number of fuzzy clusters. In the second part of the algo-

rithm, the database is partitioned on ¢ fuzzy clusters
using the iterative procedure of the standard fuzzy-c-
means algorithm.

The functional for determining the number of fuzzy

clusters ¢ is constructed using the compactness hypothe-
sis [3]. The algorithm for calculating the functional value
consists of three steps:

1) Computation of the index of “closeness”, S, of ob-
jects within a cluster:
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2) Computation of the index of “remoteness”, D, of
clusters from each other:
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where d(rv,rl') is the dissimilarity between the medoid
' and the medoid ', 1 £/ .
3) Computation of the value of functional [4]:

Da
O(x,c)=1In
s° +0

“

where a, b, ¢ are the parameters that define the impor-
tance of the appropriate indices. The number of clusters

>

¢ corresponds to the partition when the functional
reaches a maximum value.
The fuzzyfier parameter. The parameter y controls

the influence of the membership matrix on the clustering.
The parameter value y can be selected in the range

1<y< o [5]. There are no recommendations about the
selection of this parameter. Many researches use y =2 in

their works.

In this work the criterion for a quantitative estimation
of the degree of partition smoothness is offered. The ini-
tial information for the estimation of smoothness is given
by the membership matrix. The algorithm for computing
the estimation consists of the following steps: (1) to de-
fine the maximum degree of membership, k;, to clusters

for all objects; (2) to determine how many objects are
assigned to each cluster on the basis of £;; (3) to calcu-

late for each cluster its fuzzy weight, w;, which is the

sum of the membership degrees of all objects to this clus-
ter; (4) to calculate the estimation of the smoothness parti-
tion using

1 c
W==>|k-w|. 3)
€=l

Figure 1 show 3 examples of the partitioning of a test
set obtained by using different values of the fuzzyfier
parameter (3 clusters, 20 binary objects in each cluster,
the dimension of attributes space is 100). For the graphi-
cal presentation of the fuzzy classification results in a
multidimensional attributes space the linear diagram is
used [5]. On figure 1, a the “very fuzzy” partition is
presented. Each object is assigned to all clusters with the
equal membership degree. A result of this classification is
unsatisfactory because there is very high level of
uncertainty associated with the assignment an object to a
cluster. The fuzzyfier parameter is equal to 3.
The estimation of smoothness partition # =11.333. On
figure 1, b the fuzzy partition is presented. Some objects
with high membership degree are assigned to only one
cluster. Some objects with the equal membership degree
are assigned to more than one cluster. Level of
uncertainty of this classification is medium. The fuzzyfier
parameter is equal to 2. The estimation of smoothness
partition W =0.542. On figure 1, ¢ the unambiguous
partition is presented. All objects are assigned to its
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cluster with a high membership degree. In results of this
classification the level of uncertainty is smallest. The fuz-
zyfier parameter is equal to 1.1. The estimation of
smoothness partition W =0.026.

The value of the estimation # depends on the fuzzy-
fier parameter y . In the process of solving fuzzy classifi-
cation problem the value of parameter y we recommend
to select in the rangel <y <1.2. In this case the value

estimation W <1. This means that each object has a high
membership degree to only one cluster.

Corpus Description. For the experiments we used
corpora data set collected from spoken language dialogue

system (SLDSs). SLDS is an important form of human-
machine communication [6].

The initial database consists of utterances gathered
from user interactions of a commercial troubleshooting
agent of the Cable TV domains.

The initial database was preprocessed (the details of
preprocessing of the initial database are described in the
work [7]). The preprocessing module consists of part-of-
speech (POS) tagging, morphological analysis, stop-word
filtering, and bag-of-words representation.

As an intermediate result they obtained the vocabulary
which is used in all utterances.
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Fig. 1:
a — the very fuzzy partition of test objects; b — the fuzzy partition of test objects;
¢ — the unambiguous partition of test objects
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Fig. 2. The values of functional for determining the number of fuzzy clusters after
implementation the algorithm on corpora data base

The processed data was then collected in an mxn
dimensional matrix of binary elements. Each row of the
matrix is an n -dimensional vector that represents an ut-
terance form one corpora caller. The elements of the vec-
tor represent the presence or absence of the respective
vocabulary elements. The quantity of utterances was
m = 2940 and the vocabulary dimension was n = 554.

In order to find the optimal parameters of the pro-
posed algorithm we have generated the binary test data-
sets. The objects of test data were chosen to be similar to
the initial database. We use the vector of words distribu-
tion through all utterances to do this. At first is necessary
to choose the values of parameters for procedure of gen-
erating test objects, such as cw is the number of new
clusters; s is the number of objects in each cluster; v is
the threshold value of the words appearance probability,
where O0<v<l1; ok 1is the threshold value of the
neighborhood objects.

The procedure of generating the test objects consists
of the following steps: (i) computation the vector of dis-
tribution words as the sum of the appropriate words
among the all utterances of the initial database; (ii) for-
mation the binary matrix of the centers of cw new clus-
ters with using the vector of distribution words and the
random number generator by following rule: if the ran-
dom number is less than the appropriate value of the vec-
tor of distribution words then appropriate element of ma-
trix is equal to 1, otherwise the element is equal to 0; (iii)
verification that the equivalent centers not were gener-
ated. If the matches are found then is necessary go back
and repeat step (ii), otherwise go to following step; (iiii)
creation the test object with using the random number
generator on the basis of the center of new cluster by fol-
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lowing rule: if the random number is more than value of
parameter vthen the current value of binary object is
equal to appropriate value of center on the basis of which
the given object is generated, otherwise the value of bi-

putation the neighborhood of test object and comparison
its value with the threshold value ok (the neighborhood
of object is the sum of discrepancies between the appro-
priate values of generated object and the center of cluster
on the basis of which the given object was created). If the
value of neighborhood test object is more than the thresh-
old value than is necessary go back and repeat step (iiii),
otherwise the given object is saved in new database. The
the stest objects with the given neighborhood will be
generated.

As a result of generating process the researcher has in-
formation about a number of clusters and object member-
ships. This information is necessary for choosing the ap-
propriate algorithm parameters.

The modified algorithm was applied on corpora data
base. The following values of algorithm parameters are
chosen: the boundaries range cn =1, ck = 80; the fuzzy-
fier parameter y=1.1; the stop parameter of algorithm

procedure €=0.0001. The values of functional for
determining the number of clusters are presented on
figure 2.

The number of fuzzy clusters ¢ =60 because when
the initial data base partitioned on sixty fuzzy clusters the
maximum value of the criterion (1.223) on the entire
range is obtained. The value of criterion W for the esti-
mation of smoothness partition is equal to 0.193. The big-
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gest fuzzy cluster consists of 160 utterances. The smallest
fuzzy cluster includes 7 utterances.

There is labeled data which were manually marked
by experts. They partitioned the initial utterances base
into 77 clusters. However, in their partition there are
22 clusters which consist of less than 20 utterances. The
17 smallest clusters are jointed with the biggest clusters
on the basis of the maximum similarity. This clusters are
compared with the 60 clusters which obtained by the pro-
posed algorithm. For the estimation of algorithm’s results
the following index is computed

Ry )

where (uf )" are results obtained by proposed algorithm,

>

(6)

(uf )° are results labeled by experts manually. For exam-

ple, the Euclidean distance can be used as a norm. The
results obtained by the proposed algorithm agree with the
manually labeled data by 60 %.

Conclusion and Future Directions. In this paper we
proposed a modification of fuzzy c-means clustering algo-
rithm which does not need a number of clusters as an in-
put parameter. This approach represents the way of an
automated detecting the number of clusters. The algo-
rithm is designed for solving the clustering task in the
database which was provided by Speech Cycle company.
This approach was also tested on specially created data to
find optimal parameters of the algorithm (such as the fuz-
zyfier parameter y and the estimation of smoothness par-

tition W ). With those parameters, we show that the initial
data should be divided into 60 clusters. Furthermore, this
method does not require the same sizes of clusters and can
detect very small or very big groups of objects. The pro-
posed approach can be extended not only to the given
database but to any other clustering problem

as well. Although for the better results parameters of ap-
proach should be given using the a priori information of
the data structure (if there is such information). Other-
wise, the observed parameters can be applied.

These results will be used in an ensemble of unsuper-
vised classifiers as one of algorithms. For the future work,
we will also apply the proposed approach to other data-
bases of Speech Cycle.
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MOINPUKAIUA AJITOPUTMA HEYETKHUX C-CPEJJHUX C ABTOMATUYECKUM BBIBOPOM
KOJINYECTBA KJIACCOB JJIA 3AJAYH KJIACTEPU3AIIMU BA3bI 3AITPOCOB

Ilpeonosicen anzopumm Heyemxoll Kiacmepuzayuu ¢ 803MONCHOCMbIO ABMOMAMUYECKO20 8blOOpA Koaudecmsd
KIAcmepos, Ha KOmopoe modicem Ovimsb pazoeiien Habop UcxooHvlx oanuwlx. Paspabomannuiii ancopumm ocnoean na
cmanoapmuou npoyedype aneopumma Hevemxux C-cpednux u cocmoum u3 08yx wacmeii: 1) evloupaemcs «naubonee

* *
nooxoosuee» KOIUYeCmseo HeuemKux Kiacmepos ¢ ; 2) Habop OaHHbIX pazousaemcs HA ¢ HeYemkux Kiacmepos. An-
2opumm npumeneH K obpabomartol baze OaHHvIX, Komopas npedocmaesiena komnauuetl Speech Cycle. 3nauenus na-
pamempos anzopumma nooo6paHsl Ha MecmosbIxX 3a0a4ax.

Kniouesvie cnosa: neuemas Kiacmepusayusl ¢ caM006yquueM.
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UDC 519.234
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STATISTICAL MODELING OF INTERACTION QUALITY IN SPOKEN DIALOGUE SYSTEMS:
A COMPARISON OF (CONDITIONED) HIDDEN MARKOV MODEL-BASED
CLASSIFIERS VS. SUPPORT VECTOR MACHINES

The Interaction Quality (IQ) metric has recently been introduced for measuring the quality of an interaction with a
Spoken Dialogue System (SDS). The metric allows for an estimation of a quality score at arbitrary points in a spoken
human-machine interaction. While previous work relied on Support Vector Machines (SVMs) for classifying the score
based on a static feature vector representing the entire previous interaction, we evaluate a Conditioned Hidden Markov
Model (CHMM) which accounts for the sequential character of the data and, in contrast to a regular Hidden Markov
Model (HMM), provides class probabilities. The results show that a CHMM achieves an Unweighted Average Recall
(UAR) of 0.39. Thereby it is outperformed by a regular HMM with an UAR of 0.44 and an SVM with an UAR of 0.49,

both trained and evaluated under the same conditions.

Keywords: interaction quality, support vector machines.

To evaluate the quality of Spoken Dialogue Systems
(SDSs), different measures exist. Unfortunately, objective
metrics like, e. g., task completion or dialogue duration
are not human-centered. Subjective measures compensate
for this by modeling the user’s subjective experience.

However, in human-machine dialogues, there is no
easy way of deriving the user’s satisfaction level. Fur-
thermore, a regular user does not want to spend time an-
swering questions about the performance of the system.
Human-machine dialogues usually have no conversational
character but are task oriented.

Therefore, approaches for determining the satisfaction
level automatically have been under investigation for sev-
eral years, most prominently the PARADISE framework
by Walker et al. [1]. Assuming a linear dependency be-
tween objective measures and User Satisfaction (US), a
linear regression model is applied to determine US on the
dialogue level. This is not only very costly, as dialogues
must be performed with real users, but also inadequate if
quality on a finer level is of interest, e.g., on the exchange
level. To overcome this issue, work by Schmitt et al. in-
troduced a new metric for measuring the performance of a
SDS on the exchange level called Interaction Quality (IQ)
[2].

Human-machine dialogues may be regarded as a proc-
ess evolving over time. A well-known statistical method
for modeling such processes is the Hidden Markov Model
(HMM). Since HMMs do not provide class probabilities,
we present an approach for determining IQ using Condi-
tioned Hidden Markov Models (CHMMs). They were
originally introduced by Glodek et al. [3] who applied the
model to laughter detection on audio-visual data.

In Section 2, we discuss other work on determining
qualitative performance of SDSs and in Section 3 we pre-
sent details about the definition of IQ and the data we use.
Further, Section 4 presents a formal description of the
CHMM. Evaluation is described in Section 5 and, finally,
Section 6 concludes this work.

Related Work. Work on determining User Satisfac-
tion using HMMs was performed by Engelbrecht et al.
[4]. They predicted US at any point within the dialogue
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on a five-point scale. Evaluation was performed based on
labels the users applied themselves during a Wizard-of-
Oz experiment. The dialogue course paused during label-
ing. They achieved a Mean Squared Error
0f 0.086.

Further work which incorporates HMMs was pre-
sented by Higashinaka et al. [5]. The HMM was trained
on US ratings at each exchange which were derived from
ratings for the whole dialogue. The authors compare their
approach with HMMs trained on manually annotated ex-
changes achieving a better performance for the latter.

Higashinaka et al. also present work on the prediction
of turn-wise ratings for human-human (transcribed con-
versation) and human-machine (text dialogue from chat
system) dialogues [6].

Ratings ranging from 1-7 were applied by two
expert raters labeling smoothness, closeness, and willing-
ness.

Dealing with true User Satisfaction, Schmitt et al. pre-
sented their work about statistical classification methods
for automatic recognition of US [7]. The data was col-
lected in a lab study where the users themselves had to
rate the conversation during the ongoing dialogue. Labels
were applied on a scale from 1 to 5. By applying a Sup-
port Vector Machine (SVM), they achieved an Un-
weighted Average Recall (UAR) of 49.2.

Interaction Quality. For Interaction Quality recogni-
tion, we use the LEGO corpus published by Schmitt et al.
[8]. It is based on 347 calls to the “Let’s Go Bus Informa-
tion System” of the Carnegie Mellon University in Pitts-
burgh [9] recorded in 2006. Labels for IQ have been as-
signed by three expert raters to 200 calls consisting of
4,885 exchanges in total. IQ was labeled on a scale from 1
(extremely unsatisfied) to 5 (satisfied). As the users are
expected to be satisfied at the beginning, each dialogue’s
initial rating is 5.

Parameters used as input variables for the IQ model
have been derived from the dialogue system modules
automatically for each exchange. Further, parameters on
three levels have been created: the exchange level, the
dialogue level, and the window level.
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Fig. 1. General graphical representation of the CHMM model in the discrete time domain. For each time step 7, y(t) represents

the most likely label and wi(t) the most likely hidden state given observation X b; represents the probability for the observation

and 1t ¥ the label probability. a; defines the probability of transitioning from state Wi(t) to state

As parameters like ASRCONFIDENCE or
UTTERANCE can directly be acquired from the dialogue
modules they constitute the exchange level. Based on this,
counts, sums, means, and frequencies of exchange level
parameters from multiple exchanges are computed to con-
stitute the dialogue level (all exchanges up to the current
one) and the window level (the three previous exchanges).

Schmitt et al. [2] performed IQ recognition on this
data using SVMs. They achieved an Unweighted Average
Recall (UAR) of 0.58.

CHMM. Conditioned Hidden Markov Models [3] are
an extension of regular HMMs. They provide probabili-
ties for multiple classes. A sequence diagram illustrating
the principle operation method of the CHMM in the time
domain is shown in Figure 1.

Model Description. Like the continuous HMM, the
CHMM also consists of a discrete set of hidden states

w, €W and a vector space of observations X c R".

A separate emission probability b, (x'") is linked to each

state defining the likelihood of observation x e X at

time ¢ while being in state w,. Further,

@, = p(w" = w; W™D =w,y" =) defines the tran-

wj.In

contrast to the regular HMM, the transition probability
distribution also depends on the class label y €Y . This

sition probability of transitioning from state w; to

results in the transition matrix 4 e R 7MY

Furthermore, the meaning of the initial probability
T, = pWY =w, |y = y) for state w, is altered. It ad-
ditionally represents the label probability for label y at
any time with the corresponding matrix me R"" . An

schematic example of a CHMM with two labels and three
hidden states is illustrated in Figure 2.
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Wi(t+1)

Fig. 2. This is an example of a CHMM with 2 labels
and 3 hidden states. The dashed lines representthe label depend-
ence of the hidden states, while the full lines illustrate state tran-
sitions. Please note that state transitions also depend
on the labels which is not shown here

According to Glodek et al. [3], the likelihood of an

(n)

observation sequence x'’ with corresponding label se-

quence ¥ is given by
P W™ [y,

1
=2 pV =w|ym)
welW

L (1)
TTp0n =w; 1w =w, @, 1)

t=2
T

TP w0 =w,.0),
t=1

where w™ denotes the sequence of the hidden states.

Further, in this work, the emission probability
b, xy = p(x D WD = w;,0) is modeled as a Gaussian
Mixture Model (GMM) with the parameter set

0={{¢, ¢ {4}k {Z; 4% }. The parameter set A
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describing the CHMM s
A ={m A,0}.

Learning. The learning phase consists of two parts:
initialization and training.

For initialization, the k-means algorithm [10] is used
and the number of clusters k corresponds to the number of
hidden states. After clustering initial observation se-
quences with their corresponding label sequences, the
transition probabilities are updated according to the tran-
sitions between the clusters, given the labels. The initial
probabilities are updated according to the cluster and the
corresponding label that each element belongs to.

Training is performed using the Baum-Welch algo-
rithm, which is heavily dependent on the initialization.
When comparing the HMM explained by Rabiner et al.
[11] to the CHMM, several changes (Changes in Eq.: 19,
20, 24, 25, 27, 37, 40a, 40b and 40c from [11]) must be
applied to the Baum-Welch algorithm.

The as and Bs of the Forward-Backward algorithm as
given by Glodek et al. [3] are

complete defined by

@, (N =b,)- 2y, (1) (22)
ieWw
a,()=b;")m, (2b)
By (@)= a;,-b;x"")-B, () (3a)
jew
Br, (i) =1 (3b)
Bo, @)= m;,b;x™)-By, (/) &)
Jjew

The state beliefs vy, (/) and the transition beliefs
&1, (i, j) are then computed by using

a’t,y(j) 'Bt,y(j)

Ve () = () 4)
Con at—l,y(i)'bj(x(l)).aij,y.Bt,y(j)
Sy (i )) = 00 (5)

T-1 . ..
where Zt:l Y, () is the expected number of transitions

. T-1 AU
from w; given y and zt:1 & 1., J) 1s the expected
number of transitions from w; to w; given y.

Parameter learning is performed after evaluation of
N sequences, updating the initial probabilities using the
following formula

expected number of times of being

in w, at time t =1 given y

B expepcted number of times of being -

T
inall watt=1 given y (6)
N .
Zl:l 0 FUOERANOT (@)

oV .
ZI=IZjew] Sy(])(l):yyl’y(n)(l) ()

where Z; m;, =1 and & is the Kronecker delta.
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The update for the transition probabilities after evalu-
ating N sequences is

expected number of transitions from w; to w; given y

a; =
v expected number of transitions from w, given y
N o T-1 ..
ZH tho ‘:t_l £,yD (laj)sy(r)u):y
= =y . ™
21:1 Zt:o Yy (J)Sym(z):y
where

n
vyGYZ:aij,y =1
J=1

The emission probabilities can be computed in accor-
dance with the methods presented by Rabiner et al. [11].
As the state beliefs depend on y, a sum over all labels has
to be applied in order to create label independent emission
probabilities.

Evaluation. The Viterbi algorithm generates a se-
quence of expected labels which are evaluated with the
metrics, which described in the following.

Results for CHMM experiments according to the number
of hidden states along with results for regular HMM
and SVM classification. The **’ indicates the best result

Class # states UAR Kappa Rho

SMO - 0.49 0.61 0.77

HMM 5 0.44 0.56 0.72
5 0.38 0.40 0.56

6 0.38 0.39 0.57

7 0.35 0.40 0.59

CHMM 8 0.37 0.41 0.59
9* 0.39 0.43 0.60

10 0.37 0.39 0.55

11 0.36 0.41 0.58

Metrics. The Unweighted Average Recall (UAR) for
multi-class classification problems is the accuracy cor-
rected by the effects of unbalanced data.

To measure the relative agreement between two corre-
sponding sets of ratings we apply Cohen’s Kappa [12]. It
is defined by the number of label agreements corrected by
the chance level of agreement divided by the maximum
proportion of times the labelers could agree is computed.
In order to take account for ordinal scores, a weighting
factor w is introduced reducing the discount of disagree-
ments the closer the ratings are together [13]:

we ln—n|

@®)

range

Here, 1 and r, denote the rating pair and range the
maximum distance which may occur between two ratings.
This results in w=0 for agreement and w=1 if the rat-
ings differ the most.

For measuring the correlation between two variables,
Spearman’s Rank Correlation Coefficient is used [14]. It
is a non-parametric method assuming a monotonic func-
tion between the two variables, defined by

o 200
I, @2y (- 9)?

©
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where x; and y, are corresponding ranked ratings and x

and ; the mean ranks. Therefore, two sets of ratings may

have total correlation even if they never agree. This would
happen if all ratings are shifted by the same value, for
example.

Setup and Results. For the experiments, we used the
LEGO corpus presented in Section 3. Since the values of
multiple parameters are constant for most exchanges, they
are excluded. Otherwise, this would have resulted in rows
of zeros during computation of the covariance matrices of
the feature vectors. A row of zeros in the covariance ma-
trix will make it irreversible, which will cause errors dur-
ing the computation of the emission probabilities.

The model operated with a vector of 29 dimensions.
Results of the experiments are presented in Table 1. The
data is ranked according to the number of hidden states
used for the model. The accuracy decreased remarkably
after passing the threshold of 9 states, where the highest
values for UAR, «, and p could be achieved.

The results are computed using 6-fold cross valida-
tion. When evaluating the performances for each fold,
best performance was achieved for 9 states with
an UAR of 0.45, Cohen’s x of 0.58, and Spearman’s p
of 0.74.

To define a baseline, we rely on the approach by
Schmitt et al. [2]. Using the same features, we trained a
Support Vector Machine (SVM) with a linear kernel. The
results are shown in Table. Unfortunately, the CHMM
approach was not able to outperform the baseline. This is
most likely caused by the fact that only little training data
was available.

Furthermore, we conducted an experiment using regu-
lar HMMs. Using 5 hidden states, we assigned a label to
each hidden state. As depicted in Table 1, the CHMM
performed worse than the HMM approach. Though per-
formance of both models is dramatically influenced by the
lack of data, the CHMM is rather prone to this, as (num-
ber of labels) - (number of hidden states) additional prob-
ability models have to be estimated.

As dialogues have a sequential structure, an approach
for estimating Interaction Quality on the exchange level
has been evaluated using Conditioned Hidden Markov
Models. Experiments were conducted for measuring its
performance. The best result with 9 hidden states is out-
performed vastly by previously presented methods based
on SVM classification. We identified the lack of training
data as the cause for this.
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CTATUCTUYECKOE MOJIETUPOBAHUE KAYECTBA B3AUMOJIEMCTBUS
B PEYEBBIX JUAJIOT'OBBIX CUCTEMAX: CPABHEHUE KIIACCU®UKATOPOB,
OCHOBAHHBIX HA (YCJIOBHBIX) CKPBITBIX MAPKOBCKHUX MO/IEJISAX,
N MAIINH OIIOPHBIX BEKTOPOB

B nocneonee epemsa ovina npedcmasnena mempuka xawecmea oudanoza Oisl OYeHKU Kauecmeda 63aumooelcmeus ¢
A3bIKOBOU OUANO2060U CUCMEMOU. Dma MempuKa no380Jsem NOIYYUMb OYEHKY Ka4ecmed 6 Npou3eobHbI MOMEHM
83aUMOOEUCMEUsL YeN06eKd ¢ MAuuHol. B mo epems kak npedvioywjas paboma 6a3uposanacs Ha Memooe OROPHbIX
sexmopos (SVM) onsa kiaccugurayuu kavecmea 63aumoo0eticmeusi Ha 0CHO8e CMAmMU4ecko20 XapaKmepucmuyecko2o
8EKMOpaA, NPeOCmMAassiowe2o 6Cio NPedbICMOPUIO 83AUMOOEIICMEUSL, 30€Ch Mbl UCCLedyeM YCI06Hble CKPbImble MAPKOG-
ckue mooenu (CHMM), komopvie npunumarom 80 6HUMAHUE NOCIE008AMENbHBI XAPAKMep OAHHBIX U, 8 OMAUYUE OM
CMAHOAPMHBIX CKPLIMBIX Mapkogckux mooenei (HMM), evicuumvisarom 6eposmnocmu Kiaccos. DKCnepumMeHmaibHble
pe3yasmamsl nokazanu, ymo CHMM oocmuena 3nauenus HegsgeuienHozo cpedrezo evizosa (UAR) pasuoeco 0.39. Ta-
xum obpazom, ancopumm ycmynaem HMM ¢ UAR pasnvim 0.44 u SVM ¢ UAR pasnvim 0.49. Bce ancopummer mperu-
POBANUCH U UCCIEO08ANUCH 8 PABHBIX YCILOBUSIX.

Knrouesvie cnosa: kauecmeo 63aumo0eiicmsust, MauiliHvl ONOPHBIX 6EKMOPOE.

© Ultes S., Schmitt A., EIChab R., Minker W., 2012
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LANGUAGE STYLE MATCHING AND VERBAL INTELLIGENCE

In this paper language style matching of speakers yielding different verbal intelligence was analyzed. The work is
based on a corpus consisting of 100 descriptions of a short film (monologues), 56 discussions about the same topic
(dialogues) and verbal intelligence scores of the test persons. According to the results, higher verbal intelligent speak-
ers showed a greater degree of language style matching when describing the film and were able to better adapt to their
dialogue partners compared to lower verbal intelligent participants.

Keywords: spoken dialogue system, linguistic analysis, ANOVA .

Statistical approaches are often applied to text analysis  other. In [3] college students were asked to write answers
and information retrieval problems. For example, TF-IDF  to several questions formulated in different styles. It was
measures may be used for classification of documents into  shown that students followed the language styles of writ-
a fixed number of predefined categories. Comparing a  ten questions.
document with special dictionaries may be helpful for its In this paper we analyzed LSM of speakers with dif-
content and semantic analysis. Linguistic analysis of texts  ferent verbal intelligence. This investigation may be help-
allows researchers to determine additional information ful for improvement of user-friendliness of spoken lan-
about authors: age, social status, emotions, psychological guage dialogue systems (SLDSs). SLDSs which auto-
state, etc. In this research we applied a relatively new  matically adapt to users’ language styles and change their
statistical method, tokens n-gram distributions, to the dialogue strategies may help users to feel more comfort-
analysis of language style matching (LSM). able when interacting with them. However, it is necessary

When two speakers are talking to each other, they try  to know how different speakers change their own lan-
to adapt to their dialogue partner and to somehow syn-  guage styles in order to adapt to their dialogue partners. In
chronize their verbal behaviors. This phenomenon was [3] it was shown that students with higher grades matched
investigated in [1]. In [2] linguistic style matching in hu-  the linguistic styles of asked questions closer than other
man-human conversations was analyzed. For the linguis-  students participated in the experiment. In this research
tic analysis all the utterances were compared with a spe- we analyzed spoken utterances of people with different
cial dictionary which contained words sorted by a number  verbal intelligence. In the first part of this research we
of categories. The usage of each category was analyzed analyzed similarity between language styles of verbal
on conversation and turn-by-turn levels and showed that  descriptions of a short film (monologues) made by test
speakers synchronized their words when talking to each  persons who participated in our experiments (German
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native speakers of different ages, social status and educa-
tion levels) and the language style of the film transcript.
In the second part, LSM of dyadic conversations were
compared with verbal intelligence scores of the dialogue
partners and their levels of acquaintance (whether the
dialogue partners were relatives/close friends or strangers
who had not met each other before the experiment). In
other words, our goal was to investigate how adaptation in
a conversation depends on the relationship between dia-
logue partners and whether their levels of verbal intelli-
gence play the role in this process.

Corpus Description. For the corpus collection 100
German native speakers of different genders, ages, educa-
tional levels and social status were asked to participate in
a study conducted at the University of Ulm, Germany.
The participants were shown a short film from the TV-
Program Galileo and were asked to imagine that they
were talking to a good friend of theirs. They had to de-
scribe the main idea of the film with their own words. The
candidates were not asked to somehow follow the lan-
guage style of the film; they were asked to talk as natu-
rally as possible in order to capture their every-day con-
versation styles. The chosen film was about an experi-
ment on how long people could stay awake. Two men and
one woman were asked to stay in the same house and to
fight against sleep. When they were in a bathroom, they
had to sing a song or to whistle. The participants also had
to take different tests to control their concentration, mem-
ory, attention, condition and a general well-being. As a
result the woman won. She could be without sleep for 58
hours. At the end of the film it was told that sleep was
very necessary and experiments with animals showed that
being without sleep can be dangerous to your life.

91 out of 100 participants were asked to make 10-
minute conversations with another test person resulting in
55 two-person dialogues and 1 three-person dialogue. The
topic of the dialogue was about the education and the
school system in Germany. The participants had to ex-
press their opinions, to determine advantages and disad-
vantages of the school system, to talk about teachers, lec-
tures, marks, etc. If the candidates hadn’t met each other
before and had difficulties in making a dialogue, they
were asked to dispute and to prove a certain position
about the school system. For example, they were asked to
imagine that they had different points of view about Ger-
man education. The first participant was asked to prove
that the school system in Germany is very good, that the
children get a very good education and it is no use making
changes to it. The second participant was asked to de-
scribe bad features of German education, make different
examples and to offer some innovations. Sometimes it
helped the participants to dispute because they could ana-
lyze the position of the dialogue partner and to react in
some way. But sometimes it was more difficult for the
participants to keep the conversation going because they
couldn’t find (for example) good features of the education
if their private opinion was different.

The other 9 test persons were not able to participate in
dialogues because the experiment was time consuming for

120

them. Also, several test persons participated in several
dialogues with different dialogue partners.

Afterwards, verbal intelligence of the candidates was
measured using the Hamburg Wechsler Intelligence Test
for Adults [4]. It’s the German version of the American
original. Its scale is based on a projection of the subject’s
measured rank on the Gaussian bell curve with a center
value (average 1Q) of 100 and a standard deviation of 15.
The test is organized for adults ranging in age from 16 to
74 years and consists of 6 verbal and 5 performance tests.
Education, experience and life-style also contribute to
scoring better on this test. For the research we used only
the verbal section:

— Information. With this sub-test the general knowl-
edge is measured; 25 questions come from a particular
culture. For example, «What is the capital of Russia?»

— Comprehension. This sub-test measures social
awareness and common-sense. It focuses on the social
sense and the conception of cultural values. For example,
«What would you do if you lost your way in a forest?»

— Digit Span. The auditory short memory, concentra-
tion and attention are measured with this sub-test. A par-
ticipant is asked to repeat strings of digits forward and
then backward.

Arithmetic. Arithmetic problems are offered in a story-
telling way to identify mental alertness. It focuses upon
attention and concentration while manipulating mental
mathematical problems. For example, «Seven envelopes
cost twenty five cents. How many envelopes can you buy
if you have one dollar?».

— Similarities in Dissimilar Objects. A test taker is
asked to find abstract similarities among different objects,
for example among «a dog» and “a lion». With this test,
abstract reasoning and power of conceptualization are
measured.

Vocabulary. A participant is asked to explain the
meaning of different words, for example “to crawl» or «a
needle». The sub-test measures the comprehension of
meanings and relations between the expressive words. For
example, « What does the word zebra mean?»

As a result, the corpus contains the audio and textual
material of 100 monologues, 56 dialogues and 100 verbal
intelligence scores of the participants.

Language Style Matching. When a two-person con-
versation is kept going in a smooth and easy way, this
means that the dialogue partners are trying to adapt to
each other and to somehow coordinate their speech. The
process of adaptation is based on synchronization with the
emotional state of the other, listening to his or her point of
view, finding proper words for expressing own thoughts
and feeling and coordinating with his or her language
style. Language style coordination may be reflected
through the usage of similar words, phrases, sentences
and sentence structures. In other words, if we analyze two
texts with synchronized language styles and measure the
similarity between them, its value should be high.

In this research, the degree of alignment between fre-
quency distributions of a certain feature (token) was used
as a measure of similarity between two texts. For compar-
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ing the frequency distributions the chi-square test was
chosen because it does not require the normality of distri-
butions and is easy to implement. A detailed explanation
of this method can be found in [5] and [6]. This technique
has shown its efficiency in a number of studies, for exam-
ple in analysis of authorship [7], political parties’ activity
[8, 9] and quantifying “strength of characterization within
plays» [5]. In this section we will describe just the main
idea of the approach.

Let F; and F; be two text files containing »; and n;

tokens correspondingly. If F; and F; have the same lan-

guage style, we consider the texts to be taken from the
same population and the distributions of tokens from the
two files should not be significantly different (null hy-
pothesis).

The chi-square statistic is calculated based on the ob-
served and expected values of tokens in both text-files. If

the chi-value Xlz is less than certain significance thresh-

old c,-2 (based on the degrees of freedom and a signifi-

cance level), the null hypothesis is accepted and the two
files may be considered as having a similar language style
(making an assumption that the language style is reflected
by tokens of this type). For estimating the degree to which
the two texts were similar, we calculate the distance be-
tween these two values:

Similarity, = S; =y} —c? .
If —¢7 <S8, <0, the similarity between the texts is
significant. If S; >0, the null hypothesis is rejected: the

analyzed texts have different language styles.

In this investigation four different types of tokens
were used:

— Letter n-gram distributions.

— Word n-gram distributions.

— Lemma n-gram distributions. At first we analyzed
all the lemmas which occurred in the monologues and
the film. Further we will refer to this feature as Lemma
(Type 1). For taking into account that we work with spo-
ken language, which may contain broken words, unfin-
ished phrases and paraverbal expressions (like ah, hmm,
etc.), for monologue analysis we used only lemmas which
correspond to the following parts of speech: nouns, pro-
nouns, verbs, adverbs, prepositions, conjunctions, inter-
jections and articles. Such lemmas may be more impor-
tant for reflecting language style matching. Let’s refer to
this feature as Lemma (Type 2).

— Part-of-speech n-gram distributions. At first we ana-
lyzed n-gram distributions of all parts of speech occurred
in the monologues (Part-of-speech (Type 1)). Secondly,
n-grams were calculated only for parts of speech men-
tioned in the previous item (Part-of-speech (Type 2)).

Procedure and Results. In this research we analyzed
differences in language styles of people with different
verbal intelligence. The experiments described bellow
will allow us to explore to what degree our test-persons
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matched the language style of the film when describing it
and whether they were able to adapt to their dialogue
partners or not.

Language Style Matching. Experiment 1. Using the k-
means algorithm, the verbal intelligence scores of the test
persons were partitioned into:

a) 2 clusters (Cluster PB consisted of test persons

with lower verbal intelligence, P, contained candidates

with higher verbal intelligence);
b) 3 clusters (A - lower verbal intelligence, P, - av-

erage verbal intelligence, P, - higher verbal intelligence).

For each “couple» (monol; and film , i:I,_N, N -
number of monologues) the similarity S; among distribu-
tions of tokens (word, letter, lemma and part-of-speech n-
grams, n =1,TO was calculated. The mean values of S,

for each cluster were compared to each other using
ANOVA. Features with significant ANOVA results for 2
clusters were:

— Word 3-g and 4-g distributions;

— Lemma (Type 1) 3-g and 4-g distributions;

— Lemma (Type 2) 3-g, 4-g, 5-g, 6-g and 7-g distribu-
tions;

— Part-of-speech (Type 1) 6-g and 7-g distributions;

— Part-of-speech (Type 2) 6-g, 7-g and 8-g distribu-
tions.

— Features with significant ANOVA results for 3 clus-
ters were:

— Word 3-g distributions;

— Part-of-speech (Type 1) 6-g distributions;

— Part-of-speech (Type 2) 6-g distributions.

According to the results, letter n-gram distributions do
not reflect differences in LSM. This feature may be more
suitable for analyzing differences between two or more
languages or determining whether two texts belong to the
same author or not. In our experiments all the candidates
spoke the same language and this feature occurred to be
useless for estimating differences in language styles. For
all the significant features, LSM of candidates with higher
verbal intelligence was greater than of candidates with
average and lower verbal intelligence. These results con-
firmed conclusions made in [3]: higher grade students
tend to match the style of asked questions more than
lower grade students.

Experiments with Dialogues. Experiment 1. For ana-
lyzing whether LSM depends on verbal intelligence of
dialogue partners, all the dialogues were partitioned into
the following groups (using verbal intelligence clusters
obtained in the experiment with monologues (1a)):

a) L-L is a group of dialogues where both partners
had lower verbal intelligence scores;

b) H-H is a group of dialogues where both partners
had higher verbal intelligence scores;

¢) L-H is a group of all the other dialogues.

For each dialogue, the similarity S, was estimated:

tokens’ distributions of all the utterances of the first dia-
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logue partner were compared with those of all the utter-
ances of the second dialogue partner. Using ANOVA, the
mean values of S, of each group (L-L, H-H and L-H)

were compared to each other. ANOVA did not show any
significant differences.

Experiment 2. Analyzing the results from Experiment
1, we suggested that harmony in conversations may also
depend on “closeness» of the dialogue partners. For ex-
ample, two close friends may find hundreds of topics for
their conversations. Our first question was whether they
adapt to each other and synchronize their language during
such discussions. Another question was whether any ad-
aptation exists in conversations of people who see each
other for the first time. For analyzing these situations, we
used information about the level of acquaintance of the
dialogue partners in our experiments and partitioned them
into the following groups:

a) F-F is a group of dialogues with dialogue partners
who were friends or relatives;

b) S-S is a group of dialogues with dialogue partners
who had not met each other before the experiment (were
strangers).

Again, the mean values of S; for each group were

compared to each other using ANOVA.

Features with significant ANOVA results were:

Word 3-g distributions;

— Lemma (Type 1) 3-g distributions;

— Lemma (Type 2) 3-g distributions;

— Part-of-speech (Type 1) 4-g and 5-g distributions;

— Part-of-speech (Type 2) 3-g, 4-g and 5-g distribu-
tions.

The distribution of these features showed that the
similarities of language between friends or relatives were
greater than between participants who had not met each
other before.

Experiment 3. Our next purpose was to check whether
verbal intelligence plays a certain role if we analyze dia-
logues between friends and strangers separately. For this
purpose, ANOVA was applied to the mean values of S,

calculated for the following groups:

a) L-L, H-H and L-H only for dialogues between
friends;

b) L-L, H-H and L-H only for dialogues between
strangers.

In both cases ANOVA significant features were:

— Part-of-speech (Type 1) 6-grams;

— Part-of-speech (Type 2) 6-grams.

These features showed that dialogues between higher
verbal intelligent participants had the highest similarity of
language independent from whether the dialogue partners
were friends or strangers. On the other hand, dialogues
between lower verbal intelligent participants had the
smallest value of LSM. Interestingly, LSMs of lower ver-
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bal intelligent friends were greater than LSMs of lower
verbal intelligent strangers.

Analyzing the results we may say the degree to which
a speaker adapts to his dialogue partner depends on the
level of their acquaintance and the levels of their verbal
intelligence. Of course other characteristics may influence
on this process: openness to experience of the speakers,
their mood, psychological states, etc. However, speakers’
LSM may be used as a feature for improving automatic
classification of speakers’ verbal intelligence. On the
other hand, the results suggest that the ability of a SLDS
to match a user’s language style and adapt to his verbal
intelligence level should considerably improve its user-
friendliness and attractiveness.
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K. B. 3a6nomkas, C. I'. 3abnoukuii, ®. depuangec-Maprunec, B. Munkep
COYETAHUE JUHTBUCTHYECKOI'O CTUJISI U BEPBAJIBHOI'O HHTEJIJIEKTA

Ilpeocmasnen cpagnumenbHwill AHAIU3 TUHSBUCIULECKUX CMUell 100el, 001a0aiouux pasublm 6epoaibHbiM UH-
mennexkmom. [ ucciedo8anusi Obll UCNONIb308AH peuegoli Kopnyc, cocmoswuil u3 100 mononozos (nepeckazos 00H020
U Mo2o dice KOpomKo2o Gunvma), 56 0uar0206 Ha 0OHy memy U COOMEEMCMBYIOWUX OYEHOK 8epOAIbHO20 UHMELIEKMA
modeti, yuacmeyiowux 6 sxcnepumenme. Co21acho pe3yibmamam, 100U ¢ 60aee 8blCOKUM 8ePOANbHbIM UHMELIEKMOM
nokazanu 6onee OIUKOE CXOOCMEO JUHZGUCIUYECKO20 CMUISL NPU ONUCAHUU (uibMa U Jyuuie adanmuposaiuch
K RApMHEPAM no OUanozy, 4em UCnblmyemble ¢ MEHbUUM 6EPOATbHbIM UHMELIEKIMOM.

Knrouesvie cnosa: peueguvle ouanozogvie cucmemsi, nuneeucmuyeckuil anaius, ANOVA.
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A. M. Anemreukus, I'. K. Makapenko

OIIEHKA ITOT'PEIITHOCTEM ONPEJIEJIEHUASA KOOPIUHAT OBBbEKTOB
IJIEKTPOOHEPTETHKU ITPU JIUCTAHIIMOHHOU JTUATHOCTHUKE

Onucwisaemcs paspabomanuvlil aHATUMUYECKUTl MeMoo0 OYeHKU nospewHocmell onpeoeneHius KOopoOuHam 3a0aH-
HbIX MOYEK MENI08UZUOHHBIX U300PANCEHUT, NOTYYAEMbIX NPU OUCMAHYUOHHOM UCCIe008AHUY MEXHUYECKO20 COCMOsL-
HUS BO30VUIHBIX TUHUU d71eKmponepedadu. Paccmompena co80KynHOCHb 0CHOGHBIX NOZPEUWHOCHEN USMEPEHUs NepeUY-
HbIX NAPAMempos, U alcOPUmMM paciema ee IUAHUA HA CPeOHEeKB8A0PAMU1ecKue noZpeutHoCmu onpeodeneHuss Koopou-
Ham 3a0aHHbIX MOYEK MENI0BU3UOHHBIX usobpadicenuli. IIposedeno cpagnenue nospewnocmeti, NOIY4eHHbIX AHATUMU-
YecKuM MemoooM, C pe3yIbmamamy OYeHoK NopeuwtHocmell, NOJYYeHHbIX MeMoO0OM CHAMUCMUYECKO20 MOOeIUPOsa-
HUs, nOOMeepousuiee NPasUIbHOCHb PACYEMHbIX COOMHOULEHUI.

Kniouesvie crosa: 603()yWHbl€ JUHUU 3fzekmponepe()alt, menjiosu3sopsl, Hasuzcayus, KoopduHambl, noecpeutHocmu.

B Poccunm o0mas NpOTSXKEHHOCTh MaruCTPaIbHBIX
Bo3aymHbIX JuHUE (BJI) anexrponepenaun cocraBisieT
6omee 120 teiIc. kM (URL:  http:/www.fsk-
ees.ru/about.html). B Hacrosmee Bpems cuctema mpodu-
JmakTHdeckoro obciyxuBanusa BJI xapakrepusyercs HU3-
KHMH OITIEPATHBHOCTHIO U TOYHOCTBIO JIOKAJIM3ALUH MECT
npeaaBapuiHbIX cOCTOSHHMA. [10BBICHTE 3¢ (EKTHBHOCTH
JauarHoctuku BJI criocoGHbI GecMIIOTHBIE JIeTaTeIbHbIE
armapatbl (BITJIA), ocHamieHHBIE CpencTBaMU TEIUIOBU-
3MOHHOTO oOcnenoBanust [1]. DTO MO3BOJISIET BBISIBISTH
nedektsl B pexxume padorsl BJI mox HanpsbkeHuewm [2].

ABTOpamu cratbd B padorax [3; 4] npemioxkeH KoM-
mieke auarHoctuku BJI, oobemunstonmii B cede BITIIA,
annapaTypy CIlyTHHUKOBBIX PaJHOHABUTAI[IOHHBIX CHCTEM
(CPHC), u cpenctBa momydeHus (HOTO- M TEIUIOBH3HOH-
HBIX M300pakeHWH. JIaHHBI KOMIUTEKC crocoOeH obec-
NeyuTh AUarHocTuky BJI B aBTOMarnueckoM pexHuMe.
Hanee momydeHHble (OTO- W TEIUIOBU3MOHHBIE H300pa-
JKEHUsT 00pabaThIBalOTCA C LEIbI0 00ECTIeUeHUsT HX KOOP-
JIMHATHOW MIPUBA3KH.

Llenpto taHHOW PabOTHI SBISIETCS OLIEHKA ITOTPELIHO-
CTeH KOODJMHATHOW MpPUBS3KU W300paXeHHH, MOJyyae-
MBIX TIPU MMOMOIIHN JUATHOCTUYECKOI0 KOMILJICKCA, Npea-
JIOXKEHHOTO B [3; 4].

B Hacrosimieit paboTe pemarorcst cieayIomue 3a1auu:
pa3pabaTbIBaeTCsl AITOPUTM pacueTa 3HaYeHUH IHorpen-
HOCTEH KOOpIAWHATHOW TMPUBSI3KH MOJYYCHHBIX H300pa-
JKCHHH Ha OCHOBE aHAIMTUYECKHX COOTHOILIEHHH; pac-
CUNTHIBAIOTCS 3HAYEHUSI MOTPEIIHOCTEH IO MPEUIOKEeH-
HOMY QJITOPUTMY; CPaBHHBAIOTCSI 3HAYEHHS IOTPEIIHO-
CTEH, MOJY4EHHBIX IyTE€M aHAJIMTUYECKOTO M CTATHCTH-
YECKOr0 MOZAEINPOBAHUSL.

OmnpeneneHre KOOPAUHAT 3aJJaHHBIX TOYEK a’spodoro-
CHMMKOB [0 W3BECTHBIM 3HAUCHHSIM YIJIOB 0030pa Kame-
pBl ax , ay (TOe ax — yroji B HaIpaBJICHUU MPOJOIbHON

ocu (ocu ¢rozenspxa) BITJIA, ay — yron B HanpaBieHHH
nonepeuHoir ocu BIIJIA), reorpadmyeckux KOOpAMHAT
BIUIA lat, lon, h (tme lat — mmpota, lon — nonrora, h
— BBICOTa, ONpEACICHHAS HABUTAIMOHHOW aImapaTypbl
norpedurenss CPHC), yrnosoii opuentauuu BITJIA, omu-
ChIBacMOM yriiamMu az, um, kr (Toe az — a3uMyT Ipo-
JIOTMBHOM ocH (hro3elspKa, um — Yrod MecTa, T. €. yroi
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Mexay ocklo ¢rozensbka BIIJIA n ropu3oHTanbHOM MI0C-
KOCTBIO, k7 — Kp€H, T. €. yIOJI MEX/Iy IONEPEedYHON OChIO
BITJIA B HanpaBieHHH Ha NPaBbld OOPT U TOPU3OHTAIIb-
HOW IJIOCKOCTEI0) W BEICOTHI mojieta BIIJIA Hanm 3emueit
dh, oCymecTBISETCS B COOTBETCTBHU C AJITOPUTMaMHU
yKazaHHBIMHU B [3; 4]. M3BecTHBI Takke 3HA4YECHUS Cpel-
HekBanpaTuyeckux orkioHeHnid (CKO) morpemHocTeit
OINpeAeIeHUs] HICXOHBIX JaHHBIX.

B mpemioxeHHBIX anropuTMax NpHHSATA CBA3aHHAS C
00BEKTOM cHCTEMa KOOPAMHAT, Ha4aJo KOTOPOH COBMa-
JIaeT C MECTONoJIo)KeHneM Kamepsl B LeHTpe BITJIA, och
kX mampapneHa mo mpomonpHO# ocu Qrozemspka BITJIA
BIiepen, ock kY HampaBjieHa BIpaBo, OCh KZ HampaBiicHa
BEepTUKaIbHO BHU3 (pHcC. 1).

Puc. 9. Touku cHEMKa B cUCTeMe KOOpPAXHAT
CBSI3aHHOM ¢ 00BEKTOM

Ha cHuMKe KOOpauHATHI 33JaHHBIX TOYEK OMpenes-
0T TI0 alNroputMy (puc. 2).

B pesynbpraTe HMCHONIB30BaHUS JAaHHOTO alTOpPUTMa
MOTPEOUTENh MOJIyYaeT 3HAYCHHUST aOCOJIOTHBIX KOOPIIH-
HaT 3aJaHHbIX TOYEK: LIEHTpa, JIEBOIO HUXKHErO, JIEBOIO
BEPXHETO, MPABOT0 BEPXHEIrO U MPABOr0 HUXKHETO YIJIOB
TEIUIOBU3UOHHOTO M300pakeHusl. [[aHHBIM TOYKaM MpHU-
nuchiBatOT UHACKCH i =0, 1,2, 3 1 4 COOTBETCTBEHHO.
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BBOA MCXOAHBIX AaHHbIX
lat, lon, h, dh, az, um, kr, ax, ay, i€0...4

(]

Bbluncnenune HanpaeAKLWMX KOCMHYCOB TOYEK CHUMKa B CBSI3aHHOW C 0OBEKTOM CUCTEME KoopaunHat
0 -dx dx dx -dx
ksg=[0] ks = -dy -dy dy dy

1 ldi®-dy? di®-dy? ldx®-dy? dx®-dy?
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de=tgl — |-L, dy=tg|— |-L, L=1
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, k52 = , kS3 = , kS4 = rac
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Bbluncnenue HanpaeiArLWMX KOCUMHYCOB TOHYEK CHUMKaA B TOI'IOLI,eHTpI/NECKOI7I cucteme KoopanHat
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Puc. 2. biok-cxema ajnroput™a orpeeneHus KOOpAuHAT TOYeK CHUMKA

3agaya pacuera MOTPEIIHOCTEH COOEP)KUT OCHOBHBIE
atansl (puc. 3).

B oneparope | BBIUMCISIOTCS HOTPELIHOCTH 3aJaHUs
HalpaBJIAIOIINX KOCHUHYCOB IIATH BEKTOPOB OT HLEHTpa
00BEKTHBA KaMephl TEIJIOBU30pa 10 Touek 0—5 TerioBu-
3MOHHBIX HM300pa)XCHUI B TOMNOIEHTPUYECKOH CHCTEMe
koopaunat (TLICK).

3Hauenus Hanpasistomux kocuHycoB B TLICK ¢yHk-
LMOHAJILHO CBS3aHBl CO 3HAUCHMSMH HAIPaBIISIOIINX
KOCHHYCOB B coenuHeHHOH ¢ JIA cucreme KoopAWHAT
(CK) u sBnsroTcs pe3yibTaTaMi KOCBEHHBIX M3MEpPEHUA.
K mpsMBIM M3MEpeHHSM OTHOCSTCS YIJIBI IIPOCTPAHCT-
BEHHOU opueHTanuu JIA.

B omnepatope 2 BeIYHCIISETCSA AUCTIEPCHUS] OTIPEIEIICHUS
paccTosiHUA OT i - TOYKM CHHMKa JI0 IIEHTpa 00bEKTHBA
KaMephl TEIUIOBH30pa C YYETOM IOTPEIIHOCTEH Ormpenie-
JICHUSI HAIpPaBIIIOIIMX KOCHHYCOB Ha [ -0 TOYKY H30-
OpakeHus, HAWAEHHBIX B NpensiayieM nyHkre. [Ipearo-
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JIOraeTcs, 4TO MOTPEIIHOCTH U3MEPEHUs BBICOTHI T0JIETA
JIA nan 3emnell dh u onpeneneHHs HAINPaBIAIONIAX KO-
cuHycoB BekTopoB Todek cHUMKa B TLICK sBusroTcs
TaK)X€ HEKOPPENMPOBAHHBIMH, IIOCKOIBKY H3MEPEHHMS
YIJIOBOM OpPHEHTALMH U BBICOTHI TOJIETA BBIIONHSIIOTCS
pa3sHBIMH yCTpPOHCTBaMH (ammaparypa moTpebuteneit
CPHC u BbICOTOMED).

Ha cnenyromem stane — B oneparope 3 — UCXOIs U3
3HA4YEeHUS MOTPEIIHOCTEN OIpeeNeHs HaIpaBiIAIOMNX
KOCHHYCOB Ha [ -I0 TOYKYy H300pakeHHs U JUCIEPCHU
OINpENEICHUs. PACCTOSIHUA OT I -i TOUKM CHUMKA 10 LIEH-
Tpa 0OBEKTHBA KaMephl TEIJIOBM30pa BBIYHMCISIETCS JUC-
nepcHs MOTPEeIIHOCTEl OMpeneNieHnst X, V, Z, COCTaBIISIO-
mx koopauHat i -i Touku chuMka B TLICK. [Ipu atom
HNOTPEUIHOCTH 3aJaHUsl 3HAUYEHUI HAIpaBISIOIIUX KOCHU-
HycoB BekTopoB Touek cHumka B TIHCK mo x, »-
COCTABIISIFOLIIM M PAcCTOSHUA OT KaMepsl 10 i -i TOYKH
SIBIIIFOTCS] HEKOPPETUPOBAHHBIMU.
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| BBoa ucxogHbIX AaHHbIX |

[NepecyeT 3Ha4YeHM NOrpeLlHoCcTen onpeaeneHns napaMmeTpoB NPOCTPaHCTBEHHOM opueHTauun J1A B @
MOrpeLIHOCTY HaNPaBRSOLLMX KOCMHYCOB TSI TISITH BEKTOPOB OT IIEHTPa 00BEKTUBA KaMephl TEIIOBU30pa
J10 3aJIaHHBIX TOYEK B TOonoueHTpudeckon cucteme koopaunHart (TLCK)

[MepecyeT 3Ha4YeHWI NOrpeLlHOCTEN HanpaBnsawmux KocuHycoB B TLICK B norpeluHocT onpeaeneHuns @
paccTosHUS OT LeHTpa 06bekTMBa KaMepbl TEMOBU30pa A0 TOYEK TENNOBU3MOHHOIO M3obpaxeHns

lMepecyeT 3HaYeHMI NorpeLHoCcTeN Hanpaensowmx KocuHycoB B TIICK v norpeluHocTen onpegenenns @
paccTosHWS OT LeHTpa 00bEeKTMBaA KaMepbl TEMMOBU30pa A0 TOYEK TEMNNOBM3NOHHOIO M300paxeHust B
NOrpeLLIHOCTM onpeaeneHnsa KoopamHaT To4eK TennoBu3noHHoro naobpaxenus B TLICK

4
PacueT 3Ha4YeHuin NorpeLLHOCTe onpeaeneHns BENUUMHbI paanyca KpUBM3HLI CEYEHNs annunconaa 3eMri

B MEPUAMOHANBHON N HOPMarbHOW NIIOCKOCTAX

_ v _ 5
[TepecueT coBOKyMHOCTH HalIGCHHBIX 3HAUEHHUM MOTPEIIHOCTEN B MMOTPEIIHOCTH ONpeIeTIeHUS O
KPHUBOJIMHENHBIX I'€0Ie3NUYECKIUX KOOPANHAT O0BEKTOB, MMEIOIIHNXCS Ha TENOBU3MOHHOM N306parkeHnn

Puc. 3. Biok-cxema ajaropuTMa pacyueTa MorpernHoCcTel omnpeeeH s KOOPIHHAT 00BEKTOB, HMEIOIINXCS HAa TETUIOBU3HOHHOM HU30-
OpakeHHH

Hcxoanbie JAaHHbIC, HCIIOJIB30BAHHBIC NIPU MOACIUPOBAHUN

HanmenoBanue 3HA4YCHHUE CKO [Ipumeuanue
Iupora JIA lat =56°0" c.u. Gy =0,032"
Jonrora JIA lon=92°0" B.1. Gpon = 0,058"
Bricora JIA h=400 m o, =10M .
h OmpenensioTes anmapaTypoi MoTpeOuTes CILy THUKO-
Aszumyt JIA az =0°-360° o, =10 BbIX pasuoHaBurannonHsix cucreM 'JIOHACC u GPS
VYron mecta JTIA um =0° G =20
um
Kpen JIA kr =0°, 10°, 20°, 30° oy =20
VYrier 0630pa ax=29°, ay =22° - ob6bexTHBa Temosuzopa TH7102 NEC [6]
Bricora JIA dh=100 m 6 =10Mm Omnpenensercs: pagloBbICOTOMEPOM
z=1000 Yucno cTaTUCTUYECKUX UCTIBITAHUN B K&KIOM 33JaHHOM 3HaueHUH a3umyTa JIA
[anee paccuMTHIBAIOTCS OUCHEPCHUU MOTPEIIHOCTEMN Kpome TOrO, OBIITH BBIYMCIEHBI MOTPEITHOCTH KOOP-

OIpEeIeTICHUs] IUPOThI U JIOITOTHl KOOPAUHAT i - TOUKM  AWHATHOW TNPHUBS3KH IOIYYaeMbIX H300paKeHHH MEeTo-
CHHMMKa (orepaTop 5), Ul 4ero ONpeseNsioTCS U UCIOb-  JAOM CTaTUCTUYECKOI0 MOJIEIUPOBAHMS, UCXOAs U3 KOTO-
3YIOTCSL JMCIIEPCHH TIOTPEIIHOCTH OINpEAENICHHs] HOp- ~ POr0O HAa U3MEPSAEMBIE HCXOIHBIE MAPAMETPhI HAKIAAbIBA-
MaJbHOTO W MEPHUANOHAIBHOTO PAJUyCOB KPUBHM3HBI Ce-  JIMCh IOTPEIIHOCTH B BUJE CIIyYalHBIX BEJIMYMH C 3aaH-
yeHus 3emun (omeparop 4). HbiMH 3HaueHusIMH CKO u HyneBbIMH MaTeMaTH4eCKUMHU

BblIlEONMCaHHbBIA aIrOPUTM pacyeTa MOrPEIHOCTel  OXKUIAHMAMHU. 3aT€M NPOBOAMJIOCH 3aJaHHOE YHCIIO CTa-
OB MCIIONB30BAH IS aHAKM3a alroput™a [3; 4], B 9acT-  TUCTHYECKMX MCILITAHUM, B PE3YJIbTAaTe KOTOPBIX pac-
HOCTH, ObUIH paccunTankl 3aBucuMoctd CKO morpemHo- — CUMThIBAINCH cratucTuueckue ouenku CKO ompenense-
CTH ©, ONPEIEIEHHsS MPOCTPAHCTBEHHBIX KOOpAMHAT  MBIX NApaMETPOB. Hcxonnble naHHBIE A1 PACUETOB yKa-
3aHBbI B TaONHIE.

OJTHO M3 TOYEK TEIJIOBU3MOHHOTO M300paKEHUsI OT yriia
[pu pacuerax Obuia BeisiBNeHa 3aBucuMocts CKO mo-

asumyTta BIIJIA B cCOOTBETCTBUU C BBIPAKEHHUEM:
——— IPENIHOCTH OMPEJENEHNS KOOPIMHAT TOYKH JIEBOTO HUXK-

G, =\Ox +Oy +07, (1) mero yrua TemnoBu3HOHHOTO M30GpasKeHUs G, OT asu-

e Gy, Oy, 67 — CKO norpemHocT# Ompenenetns yoro JJA 5 mguamasore 0-360° mpH HETHIPEX 3HATCHHMAX

TeOLIEHTPUYECKUX KOOPAUHAT TOYKH. kpeHa JIA (puc. 4).
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Puc. 4. 3aBucumocts CKO norpemHsocTy onpeenaeHus: KOOpAUHAT 3alaHHOM TOUKH 0T azumyTa JIA

3aBucumocTH (puc. 4) HATTSAHO JEMOHCTPHPYIOT CO-
OTBETCTBHE PE3yIbTATOB CTATUCTHYECKOTO U aHAJTUTHYE-
CKOTO METOJ/IOB OLIEHOK IOTPEIIHOCTEH KOOpPAWHATHOM
NPUBSI3KK TOJy4aeMbIX H300paxkeHuil. OLeHKH, Ioiy-
YEeHHbIC aHAJMTUYECKHM METOJIOM, MPECTaBIISIOT COO0M
MAaTEMAaTUYCCKUE OKUJaHUA OLUCHOK IMOJYYCHHBIX METO-
JIOM CTaTUCTHUUYECKOro MoJienupoBaHus. Pe3ynbTaTsl aHa-
JIOTUYHBI JJIS1 BCEX TOYEK M300parKeHMUSI.

AHanu3 pe3yJibTaTOB pacyera MOTPEIIHOCTEH MEeTo-
JAMH CTaTUCTHYECKOTO M aHAJUTHIECKOTO MOJIEINPOBa-
HUS, TTOKa3bIBAET, YTO METOJBI UMCIOT HECYIIECTBEHHOE
pacxoxaeHre, OOYCIIOBIEHHOE BIHMSHHUEM CIYyYalHBIX
MOTPELIHOCTEN MPSAMBIX M3MEPEHUN Ha IOJydaeMble I10
METOJy CTATUCTHYECKOTO MOACITHUPOBAHUS PE3YIbTATHI.

Hcxons u3 31010, aHaIUTUYECKUH METOJ pacueTa Io-
FpeLlIHOCTeﬁ SIBJIACTCA 60.]'166 NpeaAnoOYTUTCIIbHBIM, I10-
CKOJIbKY H€ TOJIBEP>KEH BIMSHUIO CIy4YailHBIX 3HAUCHUH
MOTPEIIHOCTEN MPSAMBIX U3MEPEHUH, He 3aBUCUT OT YHCIa
MPOBEJCHHBIX CTAaTUCTHYCCKUX HCIBITAaHHUN, HE TpeOyeT
3aTpaTHBIX MO BpeMeHM BbluucieHud. Kpome Toro, mo-
MOJIHUTEIbHBIM JIOCTOUHCTBOM aHAJIUTHYECKOTO METO/Aa
SIBIIIETCSI BOBMOYKHOCTD Y4eTa KOPPEISALIUN MEXIy H3Me-
pAEMBIMU 3HAYCHHUSAMH, IUIS 9€TO TpeOyeTcs TOJIBKO W3-
MEHEHHE BHJIa KOPPEIIHUOHHBIX MAaTPHUI HU3MEPSEMBIX

mapaMeTpoB, TPH 3TOM CaM aJTOPUTM pacdera IOTPeIl-
HOCTEH HE U3MEHSETCS.

TakuMm 00pa3oM, MPHUBEACHHBIA AHATUTHYCCKHHA Me-
TOJ pacueTa MOTPENIHOCTEN MO3BOJISIET HA OCHOBE 3aJ1aH-
HBIX IIOI'PEIIHOCTEH NPSAMBIX U3MEPEHHH pPacCUUTHIBATH
MOTPEIIHOCTH HCKOMBIX TeOrpapuuecKux KOOpAUHAT
3aJJaHHOM TOYKH MOJTy4YaeMbIx ¢ OopTa JIA TermmoBH3HOH-
HBIX H300pakeHU# Wik (HOTOCHUMKOB.
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A. M. Aleshechkin, G. K. Makarenko

ESTIMATION OF ERROR BOUNDS OF IDENTIFICATION OF COORDINATES
OF ELECTRIC POWER UNDER REMOTE DIAGNOSIS

The authors describe analytical method developed for estimation of errors of identification of

coordinates of

thermal images given points with remote study of technical condition of overhead power lines and consider a set of
main errors of primary parameters measurements, and the algorithm for calculation of its impact on RMS error in
determination of coordinates of thermal images given points. The parallel of errors obtained by analytical method with
the results of estimations of the errors obtained with the method of statistical modeling is pursued.

Keywords: Overhead power line, infra-red chamber, navigation, position, position error.
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AG‘M(IL{MOHHG}Z U paKemmno-KoCMu4ecKast mexnuxka
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H. A. Tecroenos, B. B. [Igupusrii, A. A. Hocenkos, M. B. Endumosa

OB OTEYECTBEHHOM CUCTEME KOCMUYECKOI'O MOHUTOPUHT'A
YPE3BBIYAUHBIX CUTYALIUU

Paccmompena npobrema coz0anus omeuecmeenHol cucmemvl KOCMUYECKO20 MOHUMOPUHSA YPE3BbIUAIHbIX CUMY -
Yuil ¢ aKYeHmoMm Ha OCHOBHbIE ee BONPOCHL: AKMYATbHOCHb, Mpebyemble pecypcbl, NOMEHYUA Pearu3ayui.

Knioueswvie cnosa: kocmuueckui MOHUMOpUHS, KocMu4eckutl annapam, qpe36bmaﬁHa;z cumyayust, npoekmuposeaHue,

KOHCMpYupo8anue, npou3600Ccmeo.

MpbI )KHMBEM B TaKO€ BpeMsl, KOTla KaX bl IeHb Cpe/i-
CTBa MAacCcOBOW MH(OPMALUHU OIOBEIIal0OT MHPOBYIO 00-
IIECTBECHHOCTh O BC€ HOBBIX U HOBBIX qpe3Bb1qa171me CHU-
tyaruax (UC): kpynHbIX THokapax, MaclTabHBIX HaBOJ-
HCHUAX, PASPYIIUTCIIBHBIX 3CMIICTPACCHUAX, TAKCIIbIX
karactpodax. Kareropmueckn yxyamwiach CHTyalus c
YC u B Poccun. K umnciny HeOGnaronpusTHBIX PErnoHOB
cTpaHbl oTHOcUTCst KpacHosipckuii Kpaii, Tae BecbMa He-
Omaromoiy4Has cedcMmyecKas OOCTaHOBKA YacTo YCy-
ryOJIseTcsl mokapaMu, IPYTHMH BHIAMHU 4Ype3BBIYaliHBIX
curyarui [1; 2].

B »1o0i1 cBszu co3zganue MunucrepctBa Poccuiickoit
®denepanuu 10 JIeNaM TPKIAHCKOH OOOpPOHBI, YPE3BBI-
YaHBIM CHTYallUsM M JIMKBHJAIWK IOCIEICTBUHA CTH-
xuitHpix OenctBuit (MUC Poccum) siBisieTcs cBOeBpe-
MEHHOI M BaXKHOH TIoCyIJapCTBEHHOM Mepoi. OmgHaxo
TaKU€ OpraHu3allMOHHBIC MCEPbI IOJIKHBI, pa3zyMeeCTCH,
MOJKPEIUISITECS HauboJiee COBPEMEHHBIM TEXHHUYECKHM
obecrieueHneM. B MHpOBOW IpakTHKe CaMbIM BIEYaT-
JSIOIMIAM U Pe3yJIbTaTUBHBIM TaKUM 00ECTICUCHHEM SIBIIS-
eTCsl aMepUKaHCKas CHcTeMa KOCMUYEeCKOTO MOHHTOPHH-
ra UC, ycmyramu KoTOpoH mone3yercss u Poccus, B ToM
gucyie Cubupckuii perviox [2].

ABTOPBI CYUTAIOT, 4TO A1 Poccuu, MMeromiei orpom-
HBIA OMBIT B KOCMHYECKOM aIlMapaTOCTPOCHUU U 3asiB-
JIAIOUIEH, AaXke B YCIOBUSX SKOHOMHUYECKOTO KpHU3HCa, O
CBOUX HaMCPCHHUAX OCYLICCTBJIATL B 6J1H)Kaﬁllllde roabl
HOJIETHI K JIPYTUM IUIaHETaM, HEOOXOAMMO UMETh cOOCT-
BEHHYIO CHCTeMy KocMmuieckoro MoHuropunra YC, a e
OTpaHMYMBATBCS JIMIIL 3allyCKaMH OTAeNbHBIX KA n
TI0JIb30BAThCsl YCIyraMu 3apyOeXHBIX cTpaH. Tem Oouee,
YTO yXKE UMEETCsl COOOIIEHNE TIPECCHI O MPEeTHAMEPECHHOM
XapakTepe MHOTHX IPOU3OMIEANINX YPE3BHIYAWHBIX CH-
Tyanuii. CienoBaTeiabHO, CO3IaHNE OTEYECTBEHHOH CHC-
TeMbl Kocmuueckoro MoHutopuara (OCKM) oTHocuTCS K
aKTyaJbHBIM 3a7jadaM [EPBOCTEIICHHON Ba)XHOCTH, TakK
KaK OHa CBsi3aHa ¢ o0ecredeHrneM 0e30IMacHOCTH Hacele-
HUA CTpaHbl, a TAKXKC C MOBBIMNICHUECM OHepaTHBHOﬂ Io-
TOBHOCTHU CHACATCIIbHBIX, MOXAPHBIX W APYIrux mnoapas-
aenennit MUC Poccun. Bee 310 u onpenenuno nens cra-
TBH — HM3JIOKHUTh aBTOPCKYIO BEPCHIO CYTH M IPOOIEMBI
co3nanust OCKM upe3BblYaliHBIX CUTyalUd B 4acTH €€
pecypcHOro o0ecTieueHHs 1 IIOTCHIINAIIA PeaTn3aIlii.

Bompoc o pecypcHOM obecrieueHnH Iporecca co3a-
Huss OCKM ampuopHO CBOAWTCSA K PacCMOTpeHHUIO (u-
HAHCOBO-’KOHOMHYECKUX, MPOEKTHO-KOHCTPYKTOPCKHX,
MIPOU3BOICTBEHHO-TEXHOJIOTHIECKUX ¥ HH(POPMAIHOH-
HBIX pecypcoB. IIpu 3ToM momaBmsronmii 00seM pecyp-
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coB Tpebyercs s paboT, CBA3aHHBIX C CO3AaHUEM OpOH-
TanbHOW 4acTh (kocmuueckoro cermeHta) OCKM, co-
JiepKallieil 10cTaToYHOe KOJIMYEeCTBO KOCMUYECKHX arlma-
patoB (KA), a Taxke CpeAcTB Ha3eMHOT0 KOMILIEKCA
ynpasnenus: (HKY) u npuema ¢ KA unpopmanyu uene-
BOT'0 Ha3HAYEHMUS.

Jist mpeoonieHnsl SKOHOMUYECKOW IPOOJIEMBI 3THX
paboT 1enecooOpa3HO NMPUHSATH BapHaHT JIOJEBOTO yda-
CTUSl 3aMHTEPECOBAHHBIX OTpaciel u BenoMmcTB. Panee,
KCTaTH, YK€ pacCMaTPHBAINCH IPEIUIOKEHUS TI0 KOCMH-
YEeCKOMY MOHHUTOPHHTY IIOXAapOB M 3E€MEJb arpompo-
MBIIIIJIEHHOTO KOMIUIeKca [3; 4], KOTopble MpHU pelIeHnn
npobnemsr co3ganusi OCKM HOmKHBI OBITH yYTEHBI.
Crnenyer cepbe3HO H3YyYUTh BOIPOC O BO3MOXKHOCTH U
LeNIecoo0pa3sHOCTH  JIOJIEBOTO  ydacTusi  3apyOesKHbBIX
CTpaH, NMoJIBEP>KEHHbIX Bo3aencTBuaM YC.

[TpOEKTHO-KOHCTPYKTOPCKUE M MTPOM3BOACTBEHHO-
TEXHOJIOTUYECKHE PECypChl TOpa3o MEHee KPUTHYHBI B
paccMmarpuBaeMoii npodsieme. J{esio B TOM, YTO B OCHOB-
HOM CBOeM OOBeMe TakuMH pecypcamu obmamaer OAO
«MHbOpMaAIIMOHHBIE  CITyTHHUKOBBIE CHCTEMBD» HMEHH
akamemuka M.®. PemretneBa (OAO «MCCy). MmeHHO
3TH PECYpPCHl COCTABIAIOT MaTepUAIbHYI0 OCHOBY MpO-
necca pa3pabOTKH M NPOM3BOACTBA CIOXKHBIX M HAIEXK-
HBIX KOCMHMYECKHUX KOMIUIEKCOB [5]. Jlisi BBINOIHEHMS
obcyxnaemoro mpoekta OCKM u M3roToBneHUs Bcex
KOMITOHEHTOB €€ KOCMHYECKOH 4acTH, KOHEYHO, IOTpe-
OyeTcst PMHAHCHUPOBAHKE HA OOBIYHOMN JOTOBOPHOW OCHO-
Be, HO 10 OoJiee HU3KOI1, YeM MUPOBasi, CTOMMOCTH.

Wudopmannonnsie pecypesl (MP) B mammnocTpoe-
HUM TPE/ICTABISIIOT CO0OH 3HAHMSA, CBEACHHS, JaHHBIE,
yKa3aHus, Hd OCHOBAaHMM KOTOPBIX CTPOMTCSI OpraHU3a-
[IMOHHO-MHTEJUIEKTYyalbHasi ~ COCTaBJIIOINAs  IIpolecca
CO3JIaHMS 3aKa3bIBACMbIX M3/ENINI BO BCEM JHANa30HE UX
CIOXHOCTH, — 0T KA 1 MOOMIBHOTO MPOTHUBOIOKAPHOTO
komruiekca (MIIK) 1o coBpeMEHHBIX MEXaHUYECKUX JET-
ckux wurpymek. OHH WUTpaloT BaXHYIO W CBOCOOpa3HYIO
poib B cozgaHuM u3znenuit MammHoctpoenus (MM), ox-
HaKO MOYKHO yKa3aTh BCETO JIMIIb HECKOJBKO padoT, Ha-
npuMep [6-9], B KOTOPBIX pacKpbIBAaeTCA A 3aUHTEpe-
COBaHHBIX CIIEIHAINCTOB CYTh M ONPEIEIISIONUI TOTeH-
nuan VP B npoMeluieHHOM Npou3BOACTBE. B 3T0M cBA3M
aBTOPBI CYNTAIOT HEOOXOJUMBIM XOTS OBI B COKPAILICHHOM
BHzE paccMoTpeTs Bompoc 00 WP mpu cozmanmu KA mis
npemraraemoit OCKM.

[Ipomecc cozmanmst KA cCOCTOMT W3 YEThIpEX ATAIOB:
BBIITyCKA JUPEKTUBHBIX JIOKYMEHTOB, MPOEKTUPOBAHMUS,
KOHCTPYHMPOBAaHUSI U HU3roTroBicHus. Ha mepsBom arame
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JIOJDKHBI OBITH OIPEIENIEHBI M COTJIACOBAHBL, C OAHON CTO-
pOHBI, TpeboBaHus 3aka3yuka (110 CpOKaM W STalaMm BbI-
HOJIHEHUSI PabOT, KayecTBY, TAKTHKO-TEXHUYECKMM M JKC-
IUTyaTallMOHHBIM XapaKTECPUCTHUKaM, OTYETHOCTH U T. )1.) u
MIPEIOCTABISIEMbIE UM PECYpChl, a C APYroil CTOPOHBI,
o0s3arenseTBa VCIOMHUTENST 1O BBIIOJIHEHUIO 3aKasa,
corjacue ¢ TpeOoBaHMSAMH 3aKa3uMKa M pecypcoodecre-
YeHHEM 3aKasza. Bce 3al0KeHHbIE B TUPEKTHBHBIX JIOKY-
MEHTax (J0roBOpax, KOHTPAKTaX, TEXHWYECKUX 3aIaHU-
sx) TpeOoBaHUs, 00s3aTENLCTBA U MPOYHE CBEACHHUS, TIO
CYILLECTBY, U sBisitoTcs MP U1 mocnenyrommx 3TaroB
coznganus KA.

[TpoGiiemaTuka 1epBoro 3rana COCTOMT B TOM, YTO OH
UMeeT IOpHIMYECKUH craTyc (Bce B3aMMHBIE MPETEH3UU
3akazumka u VcromHHUTENsT pacCMaTPUBAIOTCS FOPHIMYE-
CKUMH OpraHaMH TOJBbKO Ha OCHOBAaHMH IMPEKTHUBHBIX
JIOKyMEHTOB), & BBITIOJHSETCS B YCJIOBHSIX IOBBIIICHHON
HeonpesieleHHOCTH  (TIpelycMaTpuBacMble UM paboThI
MOTYT OCYHIECTBISITHCS B TCUCHHWE HECKOJIBKHX JIET U
TPYIHO TMOANAIOTCS TOYHOMY INPOTHO3Y), KOTJa JOCTHI-
HYTh HEOOXOIMMYIO KOHKPETHKY HMPUHSATBHIX BaKHEHIINX
JOKyMEHTOB BecbMa CJOKHO. IloaToMy, Kak mpaBuio, B
KaXJIOM JUPEKTUBHOM IOKYMEHTE CJIEAYET IpeaycMaT-
pHUBaTh BO3MOXKHOCTb €r0 0OOCHOBAHHOH M B3aMMOCOTJIa-
COBaHHOM KOPPEKTHPOBKH.

IIpoexTupoBaHue sBiISEeTCA IEPBOM CTaJUEH Ipolecca
paspaborku KA. OOoOmieHHas (yHKIMOHAJIbHAS CXeMa
Iporecca MPOEKTHPOBAHUS B IOCTaJUHHOM BapHaHTE
IpezcTaBiieHa Ha puc. 1.

MmuoxecTBO {Vl(“),..., Vn(")} — 3TO BCE 00ecIeunBar0-
mye MaTepuaibHbIe, 3KOHOMHYECKHE M YEJIOBEUECKHE
(hakTOpHI Tpolecca MPOSKTUPOBAHUS (KOJIMYECTBO U Ka-
YEeCTBO IIEpPCOHaNa, 00OpPYAOBAaHUE U TNPHHAIEKHOCTH,
METOMOJIOTHSL BBINOJHEHUSI TPOEKTHBIX pPaboT u 1p.),
a TaKKe WCXOAHbIE MaHHBIE TUPEKTHBHO-MH(pOpMa-

IIMOHHOTO XapakTepa (TpeOoBaHUS TEXHWYECKOTO 3ajaa-
HUsL, nH(OpManus 00 U3IenusIXx—aHajaorax u IpOTOTHUIIAX,
nareHTHas MHGOpMaIMs, Hay4YHO-TEXHUYecKas MHQPOp-
mamus u ap.). Muoxecto {r™,..., ™} — BBIXOIHBIC
pe3ynbTaThl Mpolecca NPOSKTUPOBAHUS (IPOSKTHAS H0-
KyMEHTalls, MaTeMaTH4ecKue u (PU3UYECKUE MOJICIIH,
YacTh AKCIUTYaTAllMOHHOH JOKYMEHTALMU 1 1p.). MHOXe-
cto {x,™,..., X,\"} — Bce BHJBI YNPABIIAIOMMX BO3/CIH-
creuil (YB) Ha mporecc mpoeKTHpoBaHUS (pacropsbke-
HUS, NIPUKAa3bl, CHTHAJIBI YIIPABICHUS, JUPEKTUBBI U JIp.).
Muoxectso {y'",..., y/} — pasHoobpasnas urDOpMa-
1y (DOKJIaAbl, JOHECEHHs, KOHTPOIUPYEMbIe CUTHAJIBI U
mapamerpel U 1p.), O KOTOPOW MOXHO OOBEKTHBHO H
MOJTHOCTHIO OIEHUBATH MPOLIECC MPOCKTHPOBAHHS.

Takum 00pa3oM, mporecc MPOSKTUPOBAHMUS SIBISICTCS
CHCTEMOM, MaTeMaTHYECKYyI0 MOJIEJIb KOTOPOH B CaMoM
001LIeM BHE MOXKHO IPEICTABUTD CICAYIOLMM 00pa3oM:

Rt = fTR™(t,); V™ (&, 10);
X(“) )(tl'a to); y(n)(tfs to)]a (1)
R™(t) e A(0);
V') e B(o);
XM (1) e Coy;
V1) e D(o);
rae R™(t,), R™(t;) — cocrosiHMe CHCTEMbI B HAYaIBHBIN
(¢,) m nmroboit apyroi (¢;) MmomeHTHI Bpemenu; A(f), B(f),
C(?), D(f) — HEeKOoTOpBIE 3aMKHYTBIE 00JaCTH BEKTOPHOTO
MMPOCTPAaHCTBA COCTOSIHUA, BO3MYIICHUA, YHPABJIICHUA U
KOHTPOJIA, JIUMUTHUPYIOIIUE BCEC BO3MOKHBIC 3HAYCHUSA
coorserctytomux BektopoB 1 ™,.... ™, v, v™®,
0™, ™, @,y ™, 0bycnoBieHHbIe BH3HUCCKUME
3aKOHOMEPHOCTSIMH, B COOTBETCTBHH C KOTOPBIMH (DYHK-
UOHHUPYIOT TEXHUYECKHE CUCTEMbI (OTPaHUYCHHSI IEPBO-
T0 poJa) U OTPAHWYMBAIOT IMPHBIIEKAEMBIE PECYpPCHI (OT-
paHWYESHHS BTOPOTO POAa).

Vl(u) [IpoexrupoBanne KA rl(“)
—> >
W™ a0
—> —
MpeNI0KEHUE TEXHUYE-
CKoe > 9CKU3HBIHI POEKT p|  TCXHIYCCKHI IPOCKT @
I
Tk
——— P F———>
V,,(“)
—> —>
7} 7'} ? 7'} |
(m) () () (m) () ()
X X2 | Fm M1 V2 7
| \ 4 v \ 4
Cucrema
YIpaBIEHUs
Puc. 1. O6o6menHas GyHKIMOHAIBHAS cXeMa Iporiecca IpoekTupoBanus KA
{vl("),. o v,z(") } — MHOXECTBO BXOJHBIX (BO3MYIIAIOUINX) ACHCTBHI; {rl("),. .., 1"} — MHOXKECTBO BBIXOJ(HBIX [IEPEMEHHBIX
(mepeMeHHbIe cocTosHus, curHast peakumn); {x,",..., x, "} — MHOKECTBO YIPABIAIOIIMX BO3ACHCTBHI (KOMAHL);

{yl(“),. o yI(")} — MHOJKECTBO HaOJII0/1aeMbIX IEPEMEHHBIX (KOHTPOJIbHAst MH(popMaius)
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Ecrmu kommonentsr muoxects (v}, {r"}, {x, ™},
("} MOXHO CUMTATh AETEPMUHHPOBAHHBIMH, TO HMEIOT
MECTO MHOTOMEPHBIE BEKTOPBI:

v () 0!
V() = P RY( =] |
V,(f) rk(")(t)
™ (1) w0
X ()= VO @=] |, )
(1) W (0)

NPEICTABISIONINE, COOTBETCTBEHHO, BEKTOPBI-CTOJIOLBI
BO3MYILIEHHS, COCTOSIHUS, YIPaBI€HHS M KOHTPONs, a
mozens (1) sBiseTcs AETEPMUHUPOBAHHOM, IHWHAMUYE-
CKOH.

Ecn muoxectsa {v, "}, {r"}, {x,}, {1} cocrosr
U3 DJIEMEHTOB CIIyYalHOI'O THIIA, TO MOCJIEAHUE TOXE
MOYHO TIPEJICTaBUTh BEKTOPaMU-CTOJIOIAMH, HO TH dJe-
MEHTBHI SBJISIOTCSI MaTeMaTHYECKUMH OXKUIAHHSIMHU COOT-
BETCTBYIOLIUX BEIUYHH.

[onaras, uro moBenenue cucremsl R™(f) Moxer
OBITh OMHCAHO CHCTEMOH OOBIKHOBEHHBIX Iu((hepeHIn-
ANBHBIX YpaBHEHUH, ypaBHeHHE (1) MOXXHO NIPUBECTH K
BULLY

dR™
dt

LeneBast (GyHKIUS HCCIESAYEMOrO MPOIEcca MOXKET
OBITh IIPE/ICTABIICHA KaK

G = ®[R™(1); V(r); X7 (@); V@) “)

Ecnu a4 mpocToTHl cUNTATh, YTO ONTUMAJIBHBIA IIPO-
LecC NMPOEKTUPOBAHUS COOTBETCTBYET HEKOTOPOMY HKC-
TpeMaJbHOMY 3HAYCHHIO IesieBoi ¢yHKunu (4), To 3am1a-

4y ONTUMAaJIbHOIO YIIPAaBJIEHUS IIPOLECCOM IIPOEKTUPOBA-
HUS B HanboJjee POCTOM €€ BUJE MOXKHO c(OpPMYIUpO-

= F[RO @O @i X" @)y @) 6)

BaTh KaK OTpeJIeNieHne ONTUMAIbHOTO Bektopa X M (1),

00€eCIeunBaOIET0 3KCTPEMAJIbHOE 3HAYCHHE LEJIEBOU
dysxmmu G™ u ynosneTBopsomero orpanuuenusvu (1).
Juis Gomnpineil MaTeMaTHYeCKOH CTPOTOCTH HEOOXOIMMO,

(k)

pa3yMeeTcsl, MCCIEe0BaTh ClIydaldl OJHOBPEMEHHOTO W3-
menenns BektopoB R™(f) u V(). Ho rakas 3amaua
BECbMa CJIOXKHA 110 IPUYMHE BBICOKOW Pa3sMEPHOCTH 3TUX
BEKTOPOB UX COCTOSIHUM.

[Tpouecc KoHCTpyHpOBaHUS KaKk 0OOBEKT MaTeMaTH4e-
CKOW MHTEPIIPETalUH 1 YIIPaBJIEHHs aHAJIOTHYEH NpoLec-
Cy IIPOEKTHPOBaHHUs (pHC. 2).

TexHOIOTrMYECKNH MPOLECC M3TOTOBICHUS YKPYITHEHO
MOXHO HPEACTaBUTh HAOOPOM OIepalyii 10 M3TOTOBIIE-
HUIO U 0TpaboTKe OOPTOBBIX Y3J70B M MPHOOPOB, omepa-
LU TI0 U3TOTOBJIECHUIO M OTPAOOTKE OOPTOBBIX YCTPOICTB
u cucteM Ooiee BBICOKOTO HEPapXHIECKOrO YPOBHS,
1o 3KcrepuMeHTanbHol oTpabotke (D0), 6e3onacHOCTH
(B TOM 4McIe MOXKAapHOI) anmmapaTypbl B COCTaBe TEXHO-
nornyeckoro obpasua KA, mo cOOpke M HCHBITaHHAM
ntotTHoro obpasua KA. dopmanuzoBanHast TakuM o0pa-
30M 00001eHHas (yHKINOHAIBHAS CXEMa TEXHOJIOTHYE-
ckoro mpouecca (TII) m3roroBneHust mpencTaBieHa Ha
puc. 3. MadopmanmonHsM pecypcom dtoro TIT sBistor-
Csl COOTBETCTBYIOLINE KOMIIOHEHTHI BEKTOpA COCTOSHHMS
RV (f) npomecca pa3pabOTKH, a TaKke TEXHOJOTHUECKAs
JIOKyMEHTaIusl, pa3paboTaHHAsl HA OCHOBAaHUU KOHCTPYK-
TOPCKHX JOKYMEHTOB M IOKYMEHTOB IO TEXHOJIOTHYE-
CKOMY 00€ecCIIedeHHIO.

ITockosbKy BCE IPEACTABICHHBIE BBILIE IPOLECCHI
MMEIOT OJIMHAKOBYI0 MaTE€MaTHYECKYl0 TPaKTOBKY U B
COBOKYITHOCTH TIPEJICTABIISIIOT COOOM IMpOLECC CO3JaHus
KA, TO MOXHO OTMETHUTb, YTO 3aJady ONTHUMHU3ALNU
3[1ech CIlelyeT PEeLINTh B JBa JTara.

Ha srane nepBrYHOI ONTHMH3ALUH ONIPENEINSIIOT HIe-
ANBHBIA BEKTOp YIpaBICHUSA X,;(f), KOTOPBIH MpaKTHUe-
CKHM HE PEan3yeTcsl, HO SBIISIETCS TEM MPENeNIoM, K KOTO-
pOMY 0JDKHA CTPEMUTBCSA CHCTEMA YIPABIICHUSI.

Ha srtane BTOpWYHON ONTHMH3AIMHA BBIOMPAIOT TakK
Ha3bIBAEMbIl KBa3MONTHMAIBHBI BEKTOP YIpaBICHHS
Xion(?), KOTOPBIN MOXHO pean30BaTh, 3Hasl BEKTOP Xy(7).
[Tpu »TOM 1enb 3a1auul yNpaBieHHUs 3aKIIOYaeTCs B I10-
Jy4eHHH HauOoJiee MOJIHOLUEHHBIX, UCXOMs U3 COAepiKa-
TEJIFHOTO YPOBHSI BEKTOPOB BXOIHBIX BO3AEHCTBHUII (BO3-
MyIIEeHHsT) HHOPMAIIMOHHBIX PECYPCOB Tpoliecca co3/a-
HUSI KOCMHUYECKOT'0 arapara.

(k)

Vi r
p|Konctpyuposanne KA |
k
Vz( ) rz(k)
—> | E—
Pazpabotka K/ ans usrorosie- UsrortoBnenue u otpa- Pazpabotka, oTpaboTka u
HUS ¥ OTPaOOTKU TEXHOJIOTH- 60TKa TEXHOIOTHYE- c/iayua 3aKa3yuuKy IITaT-
YECKUX U3JEeNni > CKMX M3JeTIUH — Horo komruiekta K/
- 't 0 | == >
k k
y,® r®
—> >
A A A T
t |
K k k k (k) I
x® x,® | x,® PRGN p®
! y L AR

Cucrema ynpaBieHUs

Puc. 2. O6o0menHas GpyHKIMOHANBHAS CXeMa Ipoliecca KOHCTPYHPOBAHHS

132



Becmnux Cubupcrozo 20cyoapcmeeHno2o aspokocmMudeckoeo ynusepcumema umenu axaoemuxa M. @. Pewiemnesa

@ TexHonornueckuii mpouecc usrorosiaeHus KA ®
Vi ry
> —>
VZ(T) VZ(T)
> Wsrorosnenue Usroroienue OKCIIepuMeH- Cobopxka n ——>
>
Y3JI0B, IIpH- KPYIIHBIX yCT- TanbHas 0TpaboT- P HCHbITAHUA
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————— > Tem < < o6pasiia [T1C —————>
Vn(T) rk("')
> —>
A A A ]
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T T T
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CucreMa ynpaBiieHUs

Puc. 3. O600menHas GyHKIIMOHATIBHAS CXeMa TEXHOJIOTHYECKOTO Mporiecca n3rotopineHnst KA

Crnemyer mpy 3TOM OTMETHTh, YTO B MUPOBOM MTPAKTH-
K€ JJaKe YIaYyHO ONITUMH3UPOBAHHBIC TIPOIIECCHI CO3MAHMS
COBPEMCHHOW TEXHUKH MOJBEPTalOTCS KOPPEKTHPOBKE.
310 00yCIOBICHO HEBO3MOXXHOCTHIO MAaTEeMATHICCKH
JOCTATOYHO VYYECTh PN BO3ACHCTBYIOMHX (PAKTOPOB.
Kpowme toro, npobiema mporiecca yrnpaBieHHUs 3aBUCHT H
OT CIIOKHOCTH CO3[aBaeMoTro u3zenus. Yem mporie uzze-
nue, TeM 0ojiee CTPOro MOYKHO MaTeMaTHUYEeCKH IMPeCcTa-
BUTH Tpoliecc ympasieHus, a cama CY 1o cBoeil CyTu
OoJiee 1OX0Ka Ha CHCTEMY aBTOMAaTHYECKOTO YIIPaBJICHUs
(CAY). U, Hao00pOT, NOBBILIEHHE CIIOKHOCTH CO3/1aBac-
MOTO U3IEIHs NPUBOIUT K OoJiee aOCTPAKTHBIM MOICIISIM
yrnpasieHus, a cama CY peanusyercs, B Iy4IIeM CIIydae,
Ha YPOBHE aBTOMAaTHU3UPOBAHHON CHCTEMBI YIIPABJICHUSI.

Bonee toro, crporo roBops, MpeICTaBICHHBIC 3aBH-
cumoctn (1-4) SBIAIOTCA MaTeMAaTHYECKOW MOJIEIBIO
TOTO TIpefeNia ONTHMH3AIMH, K KOTOPOMY B IIPHHIIUIIC
HEOO0XOANMO CTPEMHTHCS CO3AATENSIM COBPEMEHHBIX TeX-
HUYECKHX CHCTEM, HO KOTOPBIH CTAaHOBUTCS Bce Ooiee
HEJOCSTaeMBIM II0 Mepe POCTa YPOBHS CIOXHOCTH TIO-
cneqaux. Tak, mas abcomrorHoro GoaemuHcTBa KA 1o
3TOU NMPUYUHE TPUXOAUTHCA OrpaHUYMBATLCA JIUILb pa-
[MOHAIHM3ANKEH MPOoIecca UX CO3IaHMs.

B 3axiroueHHE OTMETHM HEKOTOPBIC JOMOTHUTEIEHBIC
BOIIPOCHI C IENBI0 00Jiee TIONHOTO IMPEICTaBICHHS IPO-
OnmeMaThKH 3aTpOHYTOW TeMbl. Tak, y)ke Ha HadalbHOU
CTaJIuM TIpoIecca CO3MaHMs JFOO0TO THITA CIOKHBIX H3-
Jennii 1 KOMIUIEKCOB JOJDKEH OBITH OoJiee IONHO perieH
BOIIPOC IO OOECTEUEHUI0 ero HEeOOXOAWMBIM O00BEMOM
HCXOJHBIX PECYpCOB (JTIOACKHX, MaT€pPHAIbHBIX, (HHAH-
COBBIX, TEXHUYECKUX, HHOOPMAIIMOHHBIX). Takas pabora
BBIMIOJHACTCA Ha OCHOBAaHHMHW HCXOJHOTO IAWPEKTUBHOTO
JIOKYMEHTa — IIOCTaHOBJICHMs IpaBuTeNbcTBa Poccuii-
ckoit dexepanuu. A MOCKONBKY 3TOT AOKYMEHT CBOMM
WH(POPMAIIMOHHBIM COJICP)KAaHHEM BJIHSET Ha BCE ITAIlbl
CO3JIaHMs 3aKa3a, TO €ro cleIyeT cuuTath BHemHUM UP.

Ha ocHOBaHHMM TIOCTaHOBJICHHUS TOJIOBHOE MPEATPH-
SITHE BBITACT CMEXHBIM mpeanpuiatusm T3 Ha pazpabot-
Ky, HU3TOTOBIIEHHE W TOCTaBKY HEOOXOIUMOTO 000pyHO-
BaHUSA W (puHaHCHpyeT ATH paboThl. [lo TexHMUECKOMY
3a[JaHUIO BBIIOJHSIOTCS (C COOTBETCTBYIOIINM (DHMHAHCH-
pOBaHUS) M HAyYHBIE HCCIIECIOBAaHU, HEOOXOAMMOCTH B
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KOTOPLIX, KaK IIPaBUJIO, BOSHUKACT NIPU OTKPBITUHN HOBBIX
TEM.
PeSyJIbTaTBI BBIITIOJTHEHHBIX Hay4YHBIX HCCIICIOBaHHI

(VI(H),...,V4(H)) SBISIFOTCSL Hay4YHO-TexHH4Yeckumu WP,

H€O6XOZ[I/IMI)IMI/I JJIs1 BBITIOJIHEHHUA HNPCKAC BCETO HPO-
CKTUPOBAHUA. PeSyJ’ILTaTH IMPOCKTHUPOBAHUA

(Vl(n ),...,V3(m) MIPEACTaBIAIOT coOol mHkeHepHbie WP,

HCTIOJb3yeMbIe B OOJBIIMHCTBE CBOEM IPH KOHCTPYHPO-
BaHUH. Pa3paboTaHHBIE KOHCTPYKTOPCKHE IOKYMEHTBHI

K) 1-(K
(Vl( ):Vz( )) ABIAIOTCS MHKeHepHbIMU WP 11s 5Tanos

W3TOTOBIICHHUS U OTPAOOTKH.

BaxuelmuM ¢$akTopoM, BIHUSIONIMM Ha KadecTBO
CO3/1aBaeMBbIX WM3JENHH, SBIAETCS O0ecIeYeHne TeXHHYe-
CKOIl COBMECTUMOCTH (KOHCTPYKTHBHOHM, TEXHOJOTHYE-
CKO#, pa3MepHOil, PHepreTHYecKoi, HHGOPMAIIMOHHOM,
MEXaHHUYECKOM, MPOTUBOMOXKAPHOH U ApP.) FNEMEHTOB UX
anmnapaTypHO-KOHCTPYKTUBHOTO TIOCTPOEHHUS, a TaKxke
MOONEPAIIOHHOI0 NOCTPOEHHUS IPOU3BOACTBEHHO-TEXHO-
Joruyeckux mnpoueccos [10].

W3noxeHHble B CTaThbe MOJOXKEHUS M PEKOMEHJALUU
HOCAT (POPMATM30BAHHBIA XapaKTep U MOTYT OBITH B TOU
WIA WHOHM Mepe MPUEeMIIeMBI JUIS TFO0BIX U3IEINA Mallu-
HOCTPOMUTEIBLHOU OTPACIIH.
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M. 1. Toncromsitos, A. A. 3yes, A. A. Kumxkun, 1. A. Xyiikos, B. I1. Hazapos

NPAMOJIMHEMHOE PABHOMEPHOE TEYEHME I'A30B C TEILTIOOTJIAYEM
B DQHEPTETUYECKUX YCTAHOBKAX JIETATEJIbBHBIX AIITTIAPATOB*

Paccmompena modenv pacnpedenenus memnepamyprozo U OUHAMUYECKO20 NOSPAHUYHBIX CLOE6 NPU Peanusayuu
MypOYIeHMHO20 MEUeHUsL 2306020 NOMOKA. 3anucano evipasicenue O0asi OnpedeileHuss MOIWUHbL NOMePU dSHePIUl, No-
JIYYEHO 8bipadicerue 0711 onpedeneHus T0KAIbHO20 Kodpguyuenma menioomoauu 6 eude kpumepusi Cmarwmona. Ilpo-
6€0€H CPABHUMENbHDLIL AHANU3 C MEOPUSMU PA3TUYHBIX AGIOPOS.

Kniouesvie cnosa: mypbyrenmuoe meuenue, NO2paHuyHblil 10U, KO3 duyuenm menioomoayu, meniooOMeH.

[Ipy NPOEKTUPOBAHHHM HSHEPrETUYECKUX YCTAHOBOK
JIeTaTeIbHBIX allapaTroB HEOOXOAMMO YYHUTHIBATH 0OJIb-
moe 4uciao (akTOpOB, BIMSIOIIMX HAa HAAEKHOCTb H
3HeprodpGpekTHBHOCTh m3aenus. OOTHUM M3 Takux (ak-
TOPOB SIBJISIOTCS TEIUIOBBIC IMOTOKH, OOpa3yromiuecs B
pe3yJsibTaTe TEeIUIOOTIaud U TPSHHS Ta30BOTO MOTOKA MPH
TCUCHHU B Ira30BbIX MAarucCTpajdX 3HEProyCTaHOBOK. He-
VYTEHHOE B PacyeTe TEIUIO MPH MPOCKTUPOBAHUU y3IJIOB U
arperaToB BJIMSCT HA TEILUTO(PH3MUYSCKUE CBOWCTBA pado-
4ero Teja, Takue Kak IUIOTHOCTh M BSI3KOCTh. B HekoTo-
PBIX Clly4asix MMPU 3HAYMTEILHOM TPAJIMCHTE TEMIIEPATYP
BO3MOXKHO TIOSIBIICHHE IUIACTUYECKUX JedopMmanuii B
JJIEMEHTaX KOHCTPYKUHMU. HepacueTHble BEIUYUHBI BSI3-
KOCTH W TUIOTHOCTH pabOoYero Tejia MOT'YT BBIBECTH pado-
Yye TapaMeTphl 3a Mpeaesl pacuyeTHOro odbeMa paboThI

YCTQHOBKHM, KOTOPBIH IJISi TIOJyYEHUS MAaKCHMAaJIbHOTO
KII/l mmeeT 1OBONBHO y3KUH TUAa30H BETUIHH.

ITpu yuere BIUSHNSA TEIUIOBBIX OTOKOB M TEILIOOTAA-
Y B HACTOSIEE BPEMs IMOJIB3YIOTCA JTHOO MOIy3MIHPH-
YCCKHUMH 3aBUCUMOCTAMU, J'II/I60 YUCJICHHBIMH MCTOJaMU,
pCaiIn30BaHHBIMHU B PA3JIMYHBIX IMaKeTax MNPUKIaJHbIX
nporpamM. Ilomysmnupuyeckre U SMIHUPUYECKHUE 3aBU-
CUMOCTH JUIl y4YeTa TEIUIOOTAAYH OCHOBBIBAIOTCS Ha
0000IIEHNN 3KCHEPHUMEHTAIBHBIX HCCIEIOBAaHUH U HE
BCErja MOTYT MNPHUMEHATHCS A PELICHHS IIUPOKOro
Kpyra 3agad. lcmonp3oBaHHE COBPEMEHHBIX ITaKETOB
MPUKIAIHBIX MPOTPAMM PAaCHIMPSIOT BO3MOXXHOCTH Tell-
JIOBOTO pacyeTa, OJJHAKO JOJLKHO CONPOBOXKIATHCS CIIOXK-
HBIMH TETUIOQU3UIECKUMH 3KCIIEPUMEHTAMHU Ul BEpH-
(buKanuu pe3ynbTaToB YUCIEHHOTO MOJIEIHPOBAHHUS.

*HCCJ’IG,HOBaHI/Ie BBITIOJIHEHO TIpU MOAACPIKKE MI/IHI/ICTepCTBa 06pa30BaHI/ISI U HayKu Poccwmiickoit @enepaunn, COrjlalicHue

14.132.21.1584.
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Puc. 1. PacnpeueﬂeHI/Ie TEMIIEPATYPHOTO U JUHAMHWYCCKOI'O NOI'PaHUYHBIX CJIOEB IIPU Typ6yJ’[eHTHOM TCUCHHU I'a30BOI'0 IMOTOKa

Jis  IOCTOBEPHOTO  OMpENENeHUs PacIpeleNeHus
TEMIIEPaTyPHBIX TOJIEH B MPOTOYHBIX W BCIOMOIaTellb-
HBIX TMOJIOCTAX TE€YEHHs pabodero Teiaa B TEIJIOBOM pac-
YyeTe JBUrateis HEOOXOIMMO HCIIOJIb30BaTh JIOKAIBHBIN
k03 duimeHT TemooTaayl. B oTIHYMe 0T CpeaHEHHTE-
rpaJibHOT0 KOA(QQHUIMEHTa TEIJIO0TAaYH, KOTOPHIA Taer
YCpEAHEHHbIE JaHHBIE IO JJIMHE HCCIIEIYyEeMOro Y4acTka,
JIOKaJIbHBIA  KOS((UIMEHT TEIUIO0Ta4YN I03BOJISIET BbI-
SIBUTh BO3MOXXHBIE MECTHBIC 30HBI ITI€perpeBa pabodero
Tena. Y4eT JIOKAJIbHBIX TEIUIOBBIX HArpy30K OYeHb BayKCH
JUTSL TAKHX TIOJIOCTEH Kak MOJIOCTh MEXKIYy POTOPOM M CTa-
TOpoM TypOHHBI TypboHacocHoro arperata (THA), moaso-
JIiee ¥ OTBOJISIIIEE yCTPOMCTBO ra3oBoi Typouusl THA.

IIpn mnpoBeneHMH aHATUTUYECKOTO HCCIEIOBaHUS
NPSMOJIMHEWHOTO TypOyJIEHTHOTO TEYEeHHWs ra3a WU ra-
30BOH CMECH HEOOXOJHMMO PAacCMOTPETh MOJAENb pacipe-
ACTICHUS TEMIIEPATYPHOTO U AMHAMHYCCKOTO IOrpaHru4-
HBIX CJIOEB IIpHU OOTEKaHWH Ta30BBIM IIOTOKOM ILIOCKOM,
MIpsSIMOH, HE MpoHHUIaeMol actusbl (puc. 1). Tonmuna
TEMIIEPAaTYPHOTO ITOTPAHWYHOTO CJIOSI BBIIIE TOJIIMHBI
JuHamMu4eckoro. Takoe pacnpenesneHne TONIMIHH B HEKO-
TOPO CTENeHH XapaKTepusyeTcs TeIuIo(pu3nIecKuMU
CBOHCTBaMH paboOyero Tesa, a IMEHHO: y Ta30B M Ta30BbIX
cMecell TMHaMHUYecKast BI3KOCTh HE MOXET ObITh OoJIbIe
TEMIIEPaTyPONPOBOJHOCTH, a UX OTHOLIEHHE Bceraga Oy-
JIeT MEHBIIIE eANHMIBI. B CBOIO 0uepenib, OCHOBHOE H3Me-
HEHUE CKOpPOCTH (u) OT MOBEPXHOCTH OOTEKAEMOro TeJja,
r7ie OHa paBHA HOJIO, 10 CKOpOCTH B simpe motoka (U),
MIPOMCXO/UT B TOJIIMHE JUHAMHYECKOTO MOTPAaHUYHOTO
cios (8). AHaJIOTMYHO, OCHOBHOE M3MEHEHHE TeMIIepary-
pot (T) oT TemmepaTypbl Ha HOBEPXHOCTH TEIIOOOMEHa
(Ty) mo Temmepatypsl B siape moToka (T;), MPOUCXOIUT B
TOJIIIMHE TEMIIEPaTypHOTO TMorpanuyHoro cios (9,). To-
IZa BBIPAKGHHE U1 ONpPEIEICHUS TOJNIIMHBI IOTEPU
SHEPrUH NPUMET CICIYIOINI BUA:

5, T-T,

u
{Ul T,-T,

sk
to —

3 dy (D

JlaHHOE BBIpa)KECHHE XapaKTepH3yeT BEIMYHMHY, B KO-
TOPOH MPOUCXOAUT IOTEPSl PHEPIUH BCIEACTBUE YMEHB-
IICHUS] CKOPOCTH W TEMIIEPaTyphbl B IOTPaHUYHBIX CIIOSIX
10 OTHOILIEHUIO K CKOPOCTH U TeMIIepaType B sape I0To-
ka. OTHOImeHne CKopocTel B BeIpakeHuH (1) xapakrepu-
3yeT pacrmpeneneHie npoduis CKOPOCTH B JMHAMUYE-
CKOM IOTPaHUYHOM CJIO€, 3 OTHOLIEHUE Pa3HOCTH TeMIIe-
partyp — pacnpeelieHre npoduiis TeMneparypbl B TeMIIe-
paTtypHOM mnorpaHu4HoM cioe. [Ipu pasnuuHbIX TOIIMIM-
Hax TOTPaHUYHBIX CJIOEB HEOOXOAMMO pa3OUTh IPaHMIIBI
uHTerpupoBanus BoipaxkeHus (1). Torna BelpakeHne uis
OIIpeieNIeHNs] TONLIMHBI MTOTEpH 3HEPTHU HpeodpasyeTcs
K BHIY

)
- T-1
S = [ 1-2—L |dy+
UL =T,
i (2
bf
T-T
J'i. 1-—20 | ay.
5U T«S_TE)

[lepBbiii ueH BeipaxkeHus (2) oTMeyaeT U3MEHEHHE
TeMIepaTypbl U CKOPOCTH B Ipefenax OT HMOBEPXHOCTHU
TeJla JI0 TOJIIUHBI TNHAMHUYECKOTO MOTPAHUYHOTO CJIOS,
BTOPOI WiIeH Takke, PUKCUpyeT M3MEHEHHE TeMIepary-
PBI U CKOPOCTH B TIpeZieax OT TONIIMHBI JUHAMHIECKOTO
JI0O TOJNIIMHBI TEMIEPATypHOTO IOTPAHWYHBIX CJOEB.
Od4eBHIHO, YTO BO BTOPOM HIICHE BHIpakeHUs (2) m3Me-
HEHHUS CKOPOCTH HET, T. €.

3

Torma BeIpaskeHUE AJIs OMPEICICHIS TOIIIHUHBI TTOTE-
pu sHEpruu (2), B COOTBETCTBUE C BRIpakeHHWeM (3), 3a-
MTUIIIETCSI B BUAC

S u
I7

u=UI/IJII/Ii=1.
U

-7

dy +
n-1,)"

“

8
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o *
O06o03HauNM BTOPOW WICH BBIpaXKeHHUs (4) depes 9,

U MPOMHTETPUPYEM €ro B IpaHMIAX TEMIIEPATYPHOrO I0-
TPaHUYHOTO CIOS:
61

Jl1-

0

¥

t

r-T,
-1,

8 dy )

*
rae O, — pacCTOsSHHE, Ha KOTOPOM TEeMIIEpaTypHOE SApO

TEYEHUsI OTTECHSIETCS] Hapy>Ky BCJEICTBUE MAJCHUS TEM-
neparypsbl B TEMIIEPATYPHOM MOTPAHUYHOM CJIO€.

JI anmpoKCUMUPOBAHUST MU3MEHEHHS MPOQWIST CKO-
poctu [1], mpumensiem «3akoH 1/7» cremenu. [lo anamo-
Tuu ¢ [2], HUCMOJIb3yeM OTHOLUEHUE AUHAMHYECKOIO U
TEMIIEPaTyPHOTO MTOTPAHUYHBIX CIIOEB W 0003HAYAEM €ro

4epes A.

5

A= (6)

Torzma BeIpaKXCHHE VISl ONpPEACICHUS TONIIUHBI IOTEPU
SHEpruu npeodpaszyercs K BUILY

7

j dy +

{4

0
5 17
Y
+ || 1-|— dy.
3 A-d
ITocse BBIYKMCICHHSI HHTETPAJIOB MOTyYaeM 3aBUCHMOCTD
TOJIMHBI OTEPH SHEPIUH OT TOJILIMHBI JHHAMHYICCKOTO
MOTPAaHUYHOIO CJIosl U Oe3pa3MepHOro KoddduireHTa,

OIMMMCBIBAIOUICTO OTHOMICHWE TOJIIWHBI TEMIICPATYPHOT'O
K IMHAMHWYCCKOMY MOTPaHUYHOMY CJIOIO:

)
72

——==9
AV

BbIpazum 3aKkOH TEIUIOOTAAuu 4pe3 JIOKAIbHBIM KO-
a¢puumeHT B Buae kputepus CTaHToHA:

*k

o =

Y

(_

)

Y

S 2
A5

6~(9~A+

y ®)

o

5[ 9T
St = 99 _ »=0 _
p:Cp-U(T;-T) p-Cp-U-(T,-T,) 9)
__ A |0[T-T
p-Cp-U|oy\Ts - T, =0

PemmB Breipakenue (9), BHOMM, YTO HEOOXOAUMO
B3ATh IPOU3BOAHYIO Ha IOBEPXHOCTH TEIUIOOOMEHa OT
(GYyHKUMM paclpelefeHdst TeMIIepaTypsl B TeMIeparyp-
HOM IIOTPaHUYHOM cioe. i1 Toro 4to OBl ONpenenuTh
NPOU3BOAHYIO, HEOOXOOMMO BOCIIOJB30BAThCA APYroi
MOJIETIBIO pacIpeeieHs MapaMeTpoB B IOTPAaHUYHOM
cnoe. Ilo ananoruu c [4] ucnosnb3yemM JBYXCIOWHYIO MO-
JIeTb C JIAMMHAPHBIM TOJCIIOEM, JJIsl KOTOPOW MPOU3BOI-
Hast IS BeIpakeHHs (9) 3anMIIeTcst B BUJIE BEIPXKCHUS

I
o v |4

U

2

o (T-T,
v | 8,:U

ay TS _TO =0

(10)
U4
- (113/2 CAVA LSV 347
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rae o, — Ko3((HULIUEHT JaMHHApHOIO IOACIOS, MONY-
YeHHEIHN B padore [3]; 3mech

o; =12,559. (11)

Bbipa3uB TONIIMHY IUHAMHYECKOTO MHOTPAHUYHOTO

ci1os U3 BeIpakeHHs (8) depe3 TONIIMHY MOTEPU SHEPTHH
u nojicTaBuB B BeipaxkeHue (10), momyunm:

o (T-T, B
oy \I;-T, =0
0,343-U%*
= 4 (12)
6**
A4 .%3/2 V4 ch7
9-A+ N 9

C yuerom BeIpaxkenus (12), mepenuineM 3aKoH Terl-
JnooTna4u B Buae kpurepust CTaHTOHA:

A
=—X
p-Cp-U

0,343-U*

St

/4"

(13)

AV4 _al3/2 N
7

9~A+—Al/7

-9

[MoncraBuB BeIpaxenue (13) B MHTErpasbHOE COOT-
HOILICHUE YpaBHEHHS HSHEPIUH, 3alHCaHHOE B €CTECTBEH-
HOM KpUBOJMHEHHON cuctemMe KOopAHHAT [4], moaydyum
MHTETpaJIbHOE COOTHOILICHWE YPAaBHEHUS DHEPIHU IpPO-
CTPAHCTBEHHOT'O IIOTPAHIMYHOTO CJIOS JJISl CITydasi TCUCHHMS
raza WiM ra3oBoil cMmecu, korna kputepui Ilpanatis
MCHBIIIE €TUHULIBL:

) +

1 0H, 5
S
H,-H, oy

1/4
)
= Cp-p~A1/4 .UV _ala/z VA .5:;1/4 B
Top * (1 +&° )
o Cp(G-Ty)
[IprHMMas OTHOCHUTENBHYIO XapaKTEPHYIO TOJIIUHY:
1.8,

P

€ St(p

_._.6t(p+_.
H<p op H\v
OH

— V.5
o0

y

L]
H,-H,

sk
0] +

7 (14)

J (15)

A€ € — TAaHTI'€HC YTJla CKOCa JOHHBIX JIMHUHM TOKA MO OT-

Kk
HOHMICHUIO K MOTCHIUAJIBHOMY TCYCHUIO, Stq) — TOJIIIWHA

Kk
MOTEPU DSHEPrurM B MNPOAOJILHOM HaIpaBJICHUU, St\y

TOJIII[UHA MTOTEPU DHEPIHU B MOMEPEYHOM HAIPABICHUH.
[lepemnucas Beipaxkenue (14), momyanm
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1 8 ok J a(St\y '8)
Hoo9 ® H, oy
H, op v oV

1 aH sk J aH ok

v @

+—_.81(p+—_' [q}.g:
H,-H, 0¢ H,-H, oy

7 1/4 (16)
A

T AU PEERWE -6:;1/4 -
2
~ Top -(1+a )
p-Cp(T;-Ty)

IIpu npsIMOIMHEWHOM TEUEHUH, MONEPEUYHOE TEUEHHE

0
OTCYTCTBYET, T. €. — =0, a TaK e I caydasl IpsaMo-
0

7

nUHEHHOro TeueHus kod(h¢uuueHTts Jlame onpenenstoT-
v OH,

cs HW:I, H(P:l, TOrJa =0, =0. [na
op oy

MPOBEJICHUS] JAIbHEHIINX HTepaluii HeoOXOoIUMO Tmpe-
HeOpeub IUCCUIIaTHBHBIM WIEHOM B BbIpaxkeHHH (16),
TOTZa MHTETPabHOE COOTHOIIEHHE YPAaBHEHHs >HEPTrUu
npeoOpas3yeTcst K BUILY

7 1/4
k-[9~A+A1/7—9j

V4 7074 32 34 g4
Cp-p-A7-U™ 0,7 v"-8,

a ok
a0

(17)

B uHTErpanbHOM COOTHOIICHWH YPaBHEHHS JHEPTUH
JUIA TIPSMOJIMHEWHOTO paBHOMEpHoro tedeHus (17) pas-
JeIMM IIepeMEHHbIe U NPOUHTETPUPYEM OT HYJA 1O Te-
KyILIEero 3Ha4eHHs MEePEeMEHHBIX, H ONPENENUM TOJLIHHY

TMOTCPU DOHEPIrUum:
1/4
9)

Cp-p- A4 .UV .02 v
1
INocne uHTErpUPOBaHUS NOIYIHM:
7 1/5
1195143 ( 9J "

9 A+———
_ A1/7
tp T
Cp4/5 _p4/5 UYS A5 _015/6 NEE

9.A+L_

0,343.x.( 7

¢
t(p1/4d8t(p = jd(P . (18)
0

0

sk

)

(19)

OKoHYaTEeNTbHOE BBIPAKEHUE OIS OIPEAETICHUS] TOM-
IIMHBI TIOTEPH 3HEPTHU HEOOXOAMMO ITOJCTaBUTH B BbI-
pakeHHE JUIS BBIYHMCIEHHS JOKAIBHOTO KO3(QHIIMEeHTa

teriootTnaqu (13):
7 /5
/7 _9j
A

Cp*S .UV o5 -(116/5 AV S 1S

0,956-1%3 .(9.A+
St

(20)

UroOb! BeIpayKeHUE NPHUBECTH K Oojiee IMPOCTOMY BH-

Iy, YMHOXXUM YHCIUTEh W 3HAMEHATeNb BeIpakeHus (20)

4/5

Ha TWHAMHYECKYIO BS3KOCTH (™), a TakKe BOCIIONbB3Y-

eMcsi Oe3pa3MepHBIM KputepueM mnomobus PeitHombica:

Re = pU9 u xputepuem Ilpanarmis: (Pr = &j R
p

TOra
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0AY7 —9AV7 7Y

St =0,40602 | ———F——
Pr*-Re- A8/7(x16

@n

[Mpuuem juist pacyera JIOKaNbHOTO KOd(duUIEeHTa Te-
IUIOOT/IaYM HEOOXOJMMO HAWTH OTHOLICHWE TOJIIMH
TEMIEPaTypPHOr0 U JUHAMUYECKOTO MMOrPAHUYHBIX CJIOEB,
[3] ucnonp3ys mpuOIIKEHHOE BHIPAXKEHHE:

1
A=—=.
Pr
Bripakenne (21) ¢ yuerom dopmyiasl (22) npumer
BUJL

(22)

/5
7-Pr*¥ 9. P19

St =0,40662 2 <
Pr’-Re o,

(23)

JUIsl IOATBEPXKICHNUS METOIUKH ITOJyYEHUS JIOKallb-
HOTO KOX((UIMEHTa TEIUIOOTNAYH B BHAE KPUTEPHS
CraHTOHa BOCIIONB3yeMCsI aHAJIOTHEH PeifHompaca o mpo-
Ieccax MepeHoca Telula U MMILJIbCOB, MIPUMEHSS BbIpa-
xeHue [5]:

St = le . (24)
2

Bo Bcex Teopernuecknx (YHKIMSIX HMPOCIEKHUBACTCS
YBEJNIMYCHHE OTHOMICHHs Oe3pa3sMepHoro ko3 uimenTta
TEIUIOOTAAYH MO OTHOIICHUIO K KOA((GHUIIMEHTY TPEHHS C
yMmeHblieHue kpurepus [Ipanamis. Ilo Bceld BUIUMOCTH,
Takoe MnoBeJieHue (GYHKIMH 00yCIOBIEHO Teropusnye-
CKUMH CcBoWcTBaMH pabodero Ttena. C yMeHBIIEHHEM
yncna [Ipanarig y pabodero Tena yBeau4uBaeTcs TEIUIO-
MPOBOJHOCTh, YTO NPHBOAUT K YBEIUYEHHIO KOAPPHUIH-
C€HTa TEIJIOOTAa4Yu W YMCHBIICHUIO BA3KOCTH, 4YTO, B
CBOIO O0Yepe/Ib, MPUBOJUT K YMEHBIIEHHIO K03 duimeHra
TpeHus (puc. 2).

Ha rpaduke BumHO, 4TO TOJIBKO IpU Pr=1 cOXpaHs-

€TCs PaBE€HCTBO Sy =le. B nmuamnazone Pr=0,7..1, 4TO
2

XapaKTepHO ISl PEalbHBIX Ta30B U Ta30BBIX CMeceH,
Cpe/lHEe PACXOXKJICHHE C TEOPHUSMH JAPYTUX aBTOPOB CO-
crasisieT He 6ornee 10 %. CTOUT OTMETUTH, YTO CpaBHU-
BaTh TEOPHH B 00JIACTH MalbIX uucen [IpaHaris HEBO3-
MOXHO, TaK KaK 3aBUCHMOCTH, MOJy4YEHHbIEC PA3THYHBIMU
aBTOpaMHM, MPEIHA3HAYCHBI JUIS paOd0YMX TEJI C YUCIOM
HpaHHTJ’lﬂ HE HAMHOI'O OTJIMYHBIM OT €IMHUIIbI.

Takum 00pa3om, onupasich Ha YAOBJIETBOPUTEIbHBIN
pe3ynapTaT CPaBHUTEIBHOIO aHalN3a, MOXKHO CJENIaTh
BEIBOJI O TOM, YTO C y4ETOM MPHHATHIX JOMYIICHUH WUC-
XOJTHOE WHTETPaIbHOEC COOTHOIIICHHE YPABHEHHUSI YJHEPTUU
MPOCTPAHCTBEHHOTO MOTPAHUYHOIO CIIOSI, TTO3BOJIIIOIICE
paccMarpuBaTh Pa3IMYHbIC TEYCHUS] Ta30BOro IMOTOKA,
MOXET OBbITh MCIOJIB30BAHO ISl BHIBOJA JIOKAJIBHOTO KO-
s dunrenTa TEMI0O0TAAYN MPH pPeai3allii BPAIaTeIb-
HBIX TEUCHHUII ra3a B MOJIOCTSIX TypOoarperaTos.
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------------- T.Kapman, I'.Pelixapa

Puc. 2. I'padiik CpaBHUTENHFHOTO aHAIN3a AHATIOTHU MEXAY TPEHUEM U TeII000MEHOM
B TypOYJICHTHBIX IOTOKAX TPHU s ~ 0, Re =10’

M. L. Tolstopyatov, A. A. Zuev, A. A. Kishkin, D. A. Zhuikov,V. P. Nazarov

RECTILINEAR UNIFORM GAS FLOW WITH THERMAL EFFICIENCY IN PROPULSION
EQUIPMENT OF AIRCRAFTS

The article considers a model of distribution of thermal and dynamic boundary layers distribution in the process of
turbulent flow of the gas stream. Expression for determination of energy thickness is presented and expression for the
determination of local thermal efficiency coefficient in the form of Stanton criterion. Comparative analysis of the theo-
ries of different authors is presented as well.

Keywords: turbulent flow, boundary layer, thermal efficiency coefficient, heat exchange.
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VIK 629.783

B. H. Tsanxwun, 1O. JI. ®arees, J. 1. Amutpues, B. I'. Konnos

KAJIMBPOBKA UBMEPUTEJIBHOI'O TPAKTA JIUIS1 HCIIBITAHUS HABUT ALIUOHHOM
ANIIIAPATYPBI HOTPEBUTEJIEM CITYTHUKOBbBIX PATHOHABATI'ATMOHHBIX CHCTEM
HA IIOMEXOYCTOUYUBOCTD

Paccmompen pacuem paouonunuii «HKA — ananuzamop cnekmpay u «2eHepamop nomex — aHaiusamop cnekmpay
OIA UX KAIUOPOBKU C Yelblo UCHbIMAHUA HAGUSAYUOHHOU annapamypsl NOmpeoumeins, CRYmHUKOGbIX pAOUOHABULAYU-

OHHbIX cucmem Ha nowtexoycmoﬁqueocmb.

Kniouesvie cnosa: HasucayuoxHuas annapamypa nompe6umeﬂeﬁ, CHYmHUKoe6ble paduouaeueauuoyybw cucmemal,

nomexoycmoﬁltueocmb.

B HacTosimiee BpeMs Bce Oouibliiee 3HaYCHHE Ipruodpe-
TAIOT cpejcTBa CIyTHUKOBOW panuonaBuranun (CPHC)
KaK B IPa)XKJaHCKOW OTPAacCii, TaK U B BOEHHBIX MPUIIOKE-
Husix. upoxoe npumenenue CPHC naxogpsr ans peue-
HUSL 337a4 BPEMEHHOH CHHXPOHH3ALUH, OIpEICIICHHS
reorpa)MuecKnX KOOPAWHAT W IMPOCTPAHCTBEHHOW OpH-
enraiu. Muorue npunoxenuss CPHC tpeOyroT Hempe-
PBIBHOTO HABHI'ALIMOHHO-BPEMEHHOIO O0ECHeuYeHus, B
TOM YHCJIE ¥ B YCIOBUSIX BO3JCHCTBHS MPOMBIIUICHHBIX U
npejHaMepeHHbIX nomex. [y ompeneneHust MmoMexo-
YCTOHYMBOCTH HABHMTAIIMOHHON ammapaTypbl MOTpeduTe-
11 (HAIT) CPHC npoBoasTCs UCIBITaHUS, IPH 3TOM, KaK
npasuio, omnpeaenserca ycronunocts HAIT CPHC k
BO3/ICHCTBUIO IIMPOKOIOJIOCHBIX IIYMOBBIX M TapMOHH-
YECKUX TIOMEX.

ITo oOmenpUHATHIM METOAMKAM HCIIBITAHIHA Ha TIOMe-
xoycroitauBocts HAIT CPHC mone3HsIit curHan ¢ HaBU-
ranroHHBIX Kocmudecknx ammapatoB (HKA) TJTIOHACC,
GPS u curnan momexu MPUHUMAIOTCSI HA pa3Hble aHTEH-
ueI [1]. Kak mpaBuio, aHTEHHBI pa3HECEHBI APYT OT JIpY-
ra, HO HaXxOZATCSl Ha AOCTATOYHO OJIM3KOM DPACCTOSIHUH,
YTO IPUBOJAUT K MEPEOTPAKEHUIM KaK IOJIE3HOTO CUrHa-
Jia, TaK U CUIrHajia IOMCXH OT aHTCHH U UX MayT. HeI/IZ[eH-
TAYHOCTb AaHTCHH TAaKXKE CYIIECTBECHHO YBEJIMYMUBACT I10-
IPEIIHOCTD U3MEPEHUH.

ITomexoycroituuBocts HAIT CPHC ¢ peanbHbiM aH-
TEHHO-QUIEpHEIM yCcTporicTBOM (ADY) 3HAYHTENBEHO
otimdaercs oT momexoyctoiunBoctd HAIT CPHC c upe-
albHOU aHTeHHOU. PeanbHas moMexoycTOMYMBOCTD 3aBU-
CUT OT HECKOJBKHMX (DaKTOpPOB: HEPaBHOMEPHOCTU pac-
MpeesieHus] TIOTHOCTH MoTokoB MomHoctd HKA y mo-
BEPXHOCTH 3€MJIM IIPH PA3NIUYHBIX YITIaX MECTOMOJIOXKE-
HUs, OCO6CHHO Ipyu MaJIbIX yIjiax; pasjinduvs IJIOTHOCTHU
MIOTOKOB MOIIIHOCTU B L; U L, nuana3oHax; HepaBHOMEp-
HOCTH JAuarpammbl HampasneHHocTH (/IH) mnpuemHoi
anteHHsl AOY HAII CPHC.

K npumepy, npu ucnsiranusix HAIT CPHC na nome-
XOYCTOHYMBOCTD CpBIB ciexxeHus 1o BceM HKA nomken
MIPOMCXOIUTH TOYTH OJHOBPEMEHHO IPH OJHOM YPOBHE
MOIITHOCTH TIoMeXW. AHanormyHo, 3axBaT Bcex HKA
TaKKe JOJDKEH MPOUCXOIHUTH TOYTH OJHOBPEMEHHO, HO
IIPY MEHBIIHNX YPOBHSAX IOMEXOBOTO CHTHAIA.

Ha camom nene storo He mpoucxoaut. Tak kak HKA
Ha MaJbIX yriax mecra (B mpenenax 10...20°), npuanMa-
10TCA ¢ ocnmabnenueM ot 15 o 12 ab, otHocurensHO 3 Ob
YCUJIEHUS STaJIOHHOW aHTEHHBI.
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Yrto0Ob!l yuecTb Bce (aKTOPbI, BIHUSAIOLINE HA TOMEXO-
ycroitunBocts HAIT CPHC, HeoOxoamMo NHpOM3BECTH
TOYHBIM PacyeT HEPreTHYECKHX XapaKTEPHUCTHK PajHo-
muaun «HKA — A®Y HAII CPHC». s cucrem
I''TOHACC u GPS ocHOBHBEIE pacdeTHBIC XapaKTCPHCTH-
K{ COBIIQ/IAI0T, TO3TOMY MOKHO OTPaHHYHTBCS PacyeToM
toneko st [JIOHACC.

B npennaraemoit metonuke ucnbitanuii HAIT CPHC
TPAaKT KOHTPOJS CHEKTPAIbHOW MOIIHOCTH IIOMEXOBOTO
CUrHaJIa MpeJylaraeTcsi COBMECTHTh C pabouMM paaroydac-
TOTHBIM TPakTOM HH(OPMALMOHHOrO KaHania. JlaHHBINA
MeTof u3MmepeHust nomexoyctoitunBoctu HAIT CPHC
sBysieTcst 0oJiee TOYHBIM M IIPOCTHIM, TaK Kak IpHEMHast
n3MepHTeNbHas aHTeHHa NPUHUMAET KaK OCHOBHOM CHI-
Han ¢ HKA TJIOHACC, GPS, tak u cursan nomexu, Ko-
TOPBIA C BBICOKOM TOUYHOCTBIO U3MEPSIETCS aHAIU3ATOPOM
cnekTpa. B maHHO# MeTOIuKe MCKITI0YaeTcs HEeM30exKHas
omuoOKa BCIEICTBHE HENACHTHIHOCTH aHTEHH, CBS3aHHAs
C HETOYHOCTBIO OINpPEIENCHUS YPOBHEH H3MEPEHHOTO
CHTHaJa MOMEXU U TOCTYNHUBINETO CHUTHAla MOMEXH Ha
Bxoq A®Y HAII CPHC.

MOIHOCTh PaJMOCHUTHAIA, MPUHUMACMOT0 MOTPEOU-
teneM or HKA TJIOHACC Ha BbIXOAE NPHUEMHOM JH-
HEWHO TMOJSIPU30BAaHHOW aHTEHHBI C KOI((HUINEHTOM
ycunenus 3 nbu u npu yrine mecra HKA Gonee 5° co-
craBisieT He MeHee MuHyc 161 nbBT s yactor nojgaua-
nazoHa L;. MowHocTh paguocuriaia, MPUHHUMAEMOIO
notpebutenem or HKA T'JIOHACC-M Ha BBIXOAE TIpH-
E€MHOH JIMHEHHO TOJIIPH30BaHHON aHTEHHBI ¢ K03 duIm-
eHToM ycuienus 3 n1bu u npu yrie mecta HKA Gonee 5°
cocraBisieT He MeHee MuHyc 167 nbBt mis wacror mon-
JMamna3zoHoB L, [2].

B kauectBe 0000IIEHHON XapaKTEPUCTHKH PaJNOIIH-
HUU UCHOJB3YIOT BCJIMYMHY SHCPIETUYCCKOI'0 IMOTCHIUA-
Jia. HOH OHEPICTUYCCKUM MOTCHUOHUAIOM pPaJUOJIMHHUU
OyzeM NMOHMMaTh OTHOIICHHWE MOIIHOCTH CHIHAJIA HaBH-
TalMOHHOTO CIIyTHHMKA Ha BBIXOJIE NPHUEMHOTO yCTPOWCT-
Ba (Pc) K CHEKTpaJbHOM IJIOTHOCTH MOIIHOCTH IIyMa B
nostoce 1 ' (NVy):

0=1¢.
Ny

Kak mokasano B [3], mpu 3HaUeHUSAX ¢ > 5 TIOTHOCTH
BEPOSITHOCTH CyMMBI CHUTHaJIa M IIyMa MPaKTHYECKH CO-
OTBETCTBYET HOPMAJILHOMY PaclpeAeIeHHI0 C MaTeMaTH-
YECKUM OXXHAAHHEM, paBHbIM aMIUIUTYJE CHUTHaJa

)
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U CPEIHHM KBaJpPaTHYECKUM OTKJIOHEHHWEM, COOTBETCT-
BYIOIIUM Gy;. B 3THX yCIIOBHSX HAJEKHO OOHApyKHUBa-
€TCsl CUTHAJI Ha ()OHE IIyMOB.

[MorpemHocTh M3MepeHus (Pa3oBOTO CIBUTA HA 3Jie-
MEHTapHOM HWHTEpBaJle U3MEPEHHsl SIBISETCA KpUTUYE-
CKOM BEIMYMHOM, OINpeAeNsiomeil BO3MOXKHOCTh HEmNpe-
peiBHOTO compoBokaeHus curHama HKA dunberpom da-
30BOH aBTOMOACTPOIMKH YacCTOTHI (TaK Ha3bIBacMas «CXe-
Ma CIIeXKeHHUs 3a Hecyleh»). IIpenenbHoe 3HAYEHNE Gy
IIPY KOTOPOM MOJKET HACTYIHTh CPBIB CIEXeHus 3a (a-
30M, I (Ha30BOTO NHCKPUMHUHATOpA, HUMEIOIIETO pac-
KpPBIB TUCKPUMUHAITMOHHON XapakTepucTuku AD = £90°,
COCTaBIIAET Gy > AD/10 = 9°.

CpenHeKBapaTHYHYIO MOIPEIIHOCTh U3MepeHus (a-
30BOTO CJIBUI'A G, MOKHO OIPEIENIUTH 110 BHIPAKEHUIO:
_No
2F CT H3M ,
rae Ty, — UHTEpBaJ U3MEPEHUS.

[Ipn 3amaHHON CpeIHEKBAAPATUUYHON MOTPEIIHOCTH
GbazoBoro cnpura c,= 4° u BpemeHH nsMmepenus 10 mc,
npunaroM B HATT CPHC, MOXHO BBIYMCIUTh MUHUMAIIb-
HyH0 TpeOyeMyr MOIIHOCTh CHTHAJIA Ha BEIXOJIE HJICallb-
HOM ATaNOHHOHW aHTEHHBI:

2)

S

:—NO
ZGiTMM

~1,38:107-210

©2:5,03-107-107

[lepeBenst naHHYIO BeNMYMHY B JIOTapH(PMHUUECKYIO
IKaJly, BEIpaKeHHYI0 ab, momry4ymnm:

P-(1B) =101g(P.) =—165,4 1BBr.

C
3)
~ 2.8807-10"" Br.

OHepreTUYecKUi MOTEHIMAN A NPUEMHHUKA C H30-
TPOIHOM HJeabHON MPUEMHON aHTEeHHOM:

O =-165,4 —(-205,4) = 40,1 1BBT. ()

Takum obpaszom, sHeprernueckuii nmorenuan HKA c
MaJIBIMH YTJIAaMH MecTa CHIbKaeTcs 10 25...28 nb TombKo
3a cueT HepaBHOMepHOCTH JTH.

PacuetHble 3HaueHHs1 3 HEKTUBHON TIOTHOCTH MOTO-
Ka MOIIHOCTH y TOBEPXHOCTH 3eMiln, oOecrieunBacMble
HKA 6e3 yuera 3aTyxanus B atMocdepe U 3P PeKTHBHBIC
MOIIHOCTH CHTHAJIOB, NPUHHMAaeMBbIX NOTpeOUTENIeM Ha
stanoHHyto anteHHy ¢ HKA, B morapudmudeckom Buzme
NIpUBeeHbI B Ta0II. 1.

Jlist 6onee TOYHOTO ydera BceX (PaKTOPOB, BIMSIOMINX
Ha MMOMEXO0YCTOWYMBOCTh, HEOOXOIUMO IPOU3BECTH 00-
Jiee TOYHBIA pacdeT PaJuOJIMHUU OT TEHEPAaTOPOB ITOMEX
JIO aHAJIM3aTOpa CHEKTpa.

B ynpouieHHOM BHIE MOXHO CUHTaTh, YTO H3MEPH-
TENbHBIM TPAKT MOXKHO TPEACTaBUTh B BHIE paguovac-
TOTHOM JINHHUY TIepeiayi MOIIHOCTH C TeHepaTopa MmoMex
Ha aHaJIM3aTop CHEeKTpa, OJOK-cXxeMa KOTOpOro NpHUBE/e-
Ha Ha PUCYHKE.

C renepartopa IOMEXH CHTHAJI Yepe3 aTTEHI0AaTop II0
CBY ¢dunepy mocTymaer Ha HU3IYYarOIIyr aHTCHHY. Ha
HEKOTOPOM PACCTOSIHWM OT Iepe/aroleil aHTeHHbI HaX0-
IUTCS TIpHEMHas W3MepUTeNbHas aHTeHHA. [IpuHATHIH
AHTCHHOW CHTHAJI TIOCTYIAaeT Ha BXOJ MAJIOIITyMSIIETO
yemmurens (MILY), ycuneHHBI curHan mo Guaepy de-
pe3 amantep u genurens CBY momrHoctn uaet na HATI
CPHC u Ha aHaynm3aTop CIIEKTpa.

[Ipoananu3upyem BbllIeNpUBENeHHYIO cxeMy. Ocnad-
JIeHWe, BHOCHUMOE B DaJHMOJMHHUIO aTTCHIOATOPOM, H3-
BECTHO, KO3((HUINEHTHI Nepeiadyn paanodacTOTHBIX (H-
JiepoB, uanydatomieit anrennsl, MUY, anantepa u nenu-
TeJII MOIIHOCTH MOTYT OBITh M3MEPEHBI C JOCTAaTOYHO
BBICOKOIT TOUHOCTHI0. B mTore, 3amaua cBoAnUTCS K pacye-
Ty KO>(QQHIMEeHTa Nepeaadn paJuoIMHUN W OIpesesie-
HUIO Kod(durnmenTa nepenadnl K, NpHUEMHON aHTCHHBI
A®Y HAIT CPHC.

[IT0THOCTH TOTOKAa MOIIHOCTH 3JEKTPOMArHUTHOTO
m3nydenus (OMU) I, (B BaTrax Ha equHMIly MIIOIIAIH)
Ha PAcCTOSHUU 7 OT UCTOYHUKA U3ITyYCHHS JJIsI UCTOUHH-
Ka C M30TPOIHOM HM3IyYarolleld aHTEHHOH omnpenenseTcs
IO BBIpAXKEHUIO [4]

®)

rae P, — u3inydyaeMas MOILHOCTb NEPEAAIOIEH aHTEHHOM.

PacueTHble IJI0THOCTH MOTOKA MomHocTH DMMU y noBepxHoctu 3emun ot HKA
M COOTBeTCTBYIOLIME I(PeKTHBHbIE MOITHOCTH HA BbIXO0/1€ ITAJIOHHOH AHTEHHbI

Hasmramonsas YacroTHbii Koa(b(bnuunem yeHiieHus [110THOCTH OTOKA MOIIHOCTH Sdextusnas
cneTema caHa 0OpTOBOI U3TyYaroIIeH y HOBerHOCTI/I23eMJ'[I/I, MoIHOCTS, ABBT
anrennsl HKA, n1b nbB1/M >
1 2 3 4 5
B 3enure 10 —-128,5 —151,0
L B yrmax +£15° 12 -126,0 —148,5
B yrmax £19° 8 -130,5 —153,0
TJIOHACC B 3ennre 9 -137,5 —158,0
L, B yraax £15° 11 —-139,5 —160,0
B yrmax £19° 9 -139,5 —160,0
B 3eHure 10 -130,0 -152.5
L, B yrmax +£15° 12 —128,0 -150,5
GPS B yraax £19° 8 —132,0 —154,5
B 3enure 9 -139,0 -156,5
L, B yrmax +15° 11 —141,0 -161,5
B yrmax £19° 9 —139,0 —-156,5
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Feneparop Hanyuaiomasn
CHIHANA » ArTeHioarop P Kabenn yHe » PajgnonuHus
AHTEHHA
MOMEXH
IMpuemuas ~ Tenurens AHanuiarto
P ) ' MIITY | Kabenn » Ajanrrep A » ¢ aTop
dAHTEHHA MOIIHOCTH CHeKTpa
A 4
HAII CPHC

Brok-cxema nzmepurensroro crenaa aist ucnbitannii HAIT CPHC Ha momMexoycToHYnBOCTD

Jus ucrounnka DMMU, aHTeHHa KOTOpOro oOiamact
ycunerneM G B HalpaBJICHUN 7,
_RG,

I 2

r

(6)
4ntr

IT10THOCTH TOTOKa MOIIHOCTH B 00JAcCTH pPaclolio-
KeHusl (pa30Boro HeHTpa npueMHoi antennsl AOY HAII
CPHC paccunraem mo yrpoiuieHnoit gopmyie (1).

MoOIHOCTh CHTHajIa, IPUHUMAEMOT0 M30TPOIHOM aH-
teHHO A®Y HAII CPHC ot wusnyuaromeid aHTEHHBI
reHepaTopa MOMEXH:

P; =11, Sopg, (7

rae Sspp — 9PdeKTHBHAS MIIOIAAL NPUEMHOM aHTEHHBI.

D¢ GeKTHBHYI0 MOIIHOCTh CHUTHANIA, MPUHAMAEMOIO
W30TPOITHOM aHTEHHOM MPUEMHUKA, MOKHO IPEICTaBUTh
U B JIOTapU(PMHUECKOM BHJIE:

Pia(i)(i) = 1O(lg Pz + lg Saq)(b ) - LaTM ’ (8)

rae L., — 3aTyxaHue B atMocdepe, CBI3aHHOE C MOTepsi-
MU Ha paccesHue MOLIHOCTH M3ITyYeHHUS HA MHUKPOYACTH-
1ax, 3arps3HsIoIMX aTMochepy.

B ¢dopmyre ects nBa cnaraeMbIX: IEpBOE claraeMoe
xapakrepusyer kod¢h¢uuueHt nepenaud K, NpueMHON
anteHHsl ADY HAII CPHC, BTopoe xapakrepusyer 3a-
TyXaHHe B IMPOCTPAHCTBE. 3aTyXaHHeM B aTMocdepe
MOXKHO MpeHeOpeub, TaKk KaK pacCTOSHHE, Ha KOTOPOM
pa3MelanTcs Nepeaaronas U MpueMHble aHTCHHBI B U3-
MEpHUTEIHLHOM CTEHJIE, HEe BEJIUKO, H MOTEPH B aTMOCchepe
OynyT He3HaunmTenbHbIMU. KoadduuueHtr nepenaun pa-
IHoTpakTa Ko B JIOrapu()MUYECKOM BHUIIE ONMPEACIUM IO
dhopmyme
©)

DddexTrBHAS MOLIHOCTH CHTHANA, TMPUHEMaeMas
STAJOHHOW aHTEHHOMH, B JOrapn(MUYECKOM BHIE U €CTh
KOX(pOHUIMEHT Tepeayn MPUEMHON STAIOHHOW aHTEHHBI
Ka. Koadpdummment nepemaun K, mprueMHON aHTEHHBI B
PagUONMHIK MOXXHO BBIYHCIUTE 4Yepe3 3(Q(PEeKTUBHYIO
IUIONIAh AHTEHHBI, 3Has ee KO3((UIMEHT HATPaBJICHHO-
ro neiicteus (KHJI):

Ky =101 S, -

Ky =101g By »

(10)
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O dexTrBHAS TUIOMANL AHTEHHBI SBIISETCS TTApaMeT-
POM, XapaKTEpU3YIOIMIMM KadeCTBO aHTEHH. UTOObI me-
peiitu ot u3BectHoro KHJI (ycunenuss G) k Gomee mpu-
BBIYHOHM TIIIOIAAM AHTEHHBI, MOXXKHO BOCIIOJIb30BATHCS
bopmynoi
GV
=T

47
rae S — reoMeTpudeckas IUIOMaas aHTCHHBI, A — [UIMHA
BOJIHBI Ha cpenHel paboueii yacToTe aHTEHHBI.

B A®Y HAII CPHC npumeHs0TCS IOJIOCKOBBIE aH-
TEHHBI, OTHOCAIINECS K KJIACCYy allpeTypHbIX aHTEeHH [6].
[Inomanp anmnpeTypHOW aHTEHHBI ONPENENAETCS IO BBI-
paKeHUIo

S (11

S

Saw = >

(12)
rae v — Kod(GOUINEHT HCIOJIb30BaHUs IJIOUIanN aH-
TEHHBI.

JUisi anmpeTypHBIX aHTEHH V JOCTATOYHO BBICOK H
nmocruraet 3HaueHus 0,9-0,94 [6]. U3-3a cnoxHON POpMBI
obxyuarens npuemnoit anrenasl HAIT CPHC v MoxHO ¢
JIOCTaTOYHOM TOYHOCTBIO MPUHATH paBHO# 0,8, yTO B JI0-
rapudmuueckom Buze Oyner coctasisrts 0,8 nb.

Koaddumuent nepenadn Ky MPUEMHON AHTEHHBI
MOXXHO BBIYHCIIUTH MCXOJsl W3 MpUHIMNA OasaHca MOII-
Hoctei B CBY Tpakre.

Tak kak HewsBecTHbIH KodddurmeHt nepenaunm Ky
npuemHoit anTeHHsl ADY HAIT CPHC aBnsercsa equHcT-
BEHHBIM HEU3BECTHBIM IapaMeTpoM, TO OH OyIeT paBeH
CyMMe BceX KOX(pQHUIMEHTOB Mepenaadu OJIO0KOB, oOpa-
3YIOIINX U3MEPUTETBHYIO PAIUOIMHUIO:

B+L o+ L

aTTeH xal. u3n + GA
+ Gyry + L

H3J1

+ Ky +KA3¢¢ +
P

aHajm3 >

(13)

+ Lan + LD[en =

'Kal. u3M

rie Pr — MOIHOCTh F'eHepaTopa MOMeX; Lgpeq — OCIadIe-
HHUE, BHOCUMOE aTTCHIOATOPOM; Liag > Lxagusm — OCIA0-
JIEHWE, BHOCUMOE KaOeNbHBIMH JTHHUSAMH; Gaysy — KOID-
(unmeHT ycuieHus nepenaroleil anteHHsl; Ky — KO-
¢bunpeHT nepenaun paguoNuHuu; Kasgy — Kodddunn-
eHT Iepefayu NMpueMHON aHTeHHBI; Gyuy — Koadp¢u-
nueHT yceunenust MIIY; L,, — ocnabienue, BHOCUMOE
agantepoM; L., — ociabieHne, BHOCUMOE JIEIUTEIEM;
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V. N. Tyapkin, Y. L. Fateev, D. D. Dmitriev, V. G. Konnov

CALIBRATION OF MEASURING PATH FOR ECM TEST OF NAVIGATION EQUIPMENT OF
CUSTOMERS OF SATELLITE RADIO NAVIGATION SYSTEMS

The authors consider calculation of radio-frequency lines «Navigation space satellite — the spectrum analyzery and
«the generator of noises — the spectrum analyzery for their calibration for ECM test of navigation equipment of cus-
tomers of satellite radio navigation systems.

Keywords: navigation equipment of customers, satellite radio navigation systems, interference immunity.
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METO/UKA PACUETA U BBIGOPA ITAPAMETPOB 3JIEKTPOOBOI'PEBATEJIEN
KOCMMYECKOI'O AIIITAPATA TTPA HAJIMYUU OT'PAHUYEHU

Ilposeden ananuz paziuunozo muna 31eKkmpoodospesamenell KOCMUYEcKo20 annapama u Osi Kasicoo2o u3 Hux co-
cmasnieHa Mamemamu4eckas Mooenb paciema napamempos npu Haruduu KOHCMPYKMUGHbIX U MENI08bIX 0ZPAHUYEHUL.
Paspabomana memoouka eb160pa napamempog s1ekmpoobozpesameneii no Kpumepusim, 3a8UCAUWUM om 6U0d 0SpaHu-
yeHull U 0Oecneyusarwux 3a0aHHYI0 WIOMHOCMb Meni06020 nomoka. Ipedcmaenenvl pezyivbmamel paciema napa-
Mempog 2ieKmpoobozpesameneil KOCMUYECK020 annapama UHQOPMayuoHHo20 obecneuenus u chopmyiuposansl pe-
KOMeHOayuu no ux 8bloopy 8 ycl08Usx HeonpeoereHHOCmU (haKmopos SKCRIYyamayuu.

Kniouesvie crnosa: kocmuueckuti annapam, 3ﬂel<mp006oepesameﬂb, Mamemamudeckasi MoOelb.

OnexTpooborpeBarenn kocmudeckoro ammapara (KA) U oy US
p
COBMECTHO CO CPEACTBAMH OXJAXKIEHUS MCIOIb3YKTCS Nyo = N = Y = . @)
JUIS TIOAEPIKAHMS 3aIaHHOTO TEIUIOBOTO PEeXUMa 000py- np tp Puplp

JIOBaHMs, CcO3laBas HEOOXOIUMOE paBHOBECHE MEXIY
MPUTOKOM W OTTOKOM TEIUIa OT 3TOr0 O0OpPYIOBaHHUS.
Onektpoodorpearenb (D0) COMCPKUT TOKOHECYIITHIA
TPOBOJI M JIEKTPOU3ONIMPYIONIYIO MOIOKKY [1]. Hue 1poBoaa, OM; R, — y/IeNbHOE JIEKTPHYECKOE COIPO-
OcHoBHBIMU napameTpaMu DO SBIAIOTCS: MOIIHOCTbD,
Macca, TUIoIaab 000rpeBaeMoi TTIOBEPXHOCTH.
Mownocms 20 onpenensercs no 3akony Oma [2]: majae CEYCHUs IIPOBOJA, M Ppp — YACTBHOE BIICKTpHYE-

rae N,y — MomHocTh D0, Br; U — HampskeHue 37ek-

tpormranus 90, By R, — dJEKTPHYECKOE COMPOTUBIIC-

TUBJICHWE €AWHUIIBI JUIMHBI 1poBoaa, Om/Mm; Srlp — IIJI0-
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CKOE€ COMNpPOTHBIICHHE Om-Mm;

lHp — IJIMHA TIPOBOA, M.

Marepuana IpoBOJa,

Inowaows oboepesaemoii ¢ nomowwvio 30 nosepx-
Hocmu [y, 3aBHCHT OT IUIOIIAAM NpoBojaa [y, W Ko-
s¢dunrenTa 3anoTHEHNH UM 000TpeBaeMoil MOBEPXHO-
cth Kjap
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Macca 90 dopmupyeTcs Kak CyMMa Macc TOKOHECY-

moiero mposoaa mnp 5 SHGKTPOI/ISOJ'II/IpYIOHIeﬁ MOJJIOKKH U
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rae vy, 00beMHAsT TUIOTHOCTh MPOBOAA, KI/M;
Y5 — MOBEPXHOCTHAS INIOTHOCTD TIOJUIOKKH, Kr/M’.

D¢ dextrBHOCTh TpuMeHeHHss DO XapaKTepH3yeTcs
CIIEIYIOUIMMH YJeTbHBIMU MOKa3aTeNAMU:
— terutoBast 3(HEeKTUBHOCTD

N. o K Nop Y
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20 np " Pup

— MaccoBast 3PEeKTUBHOCTh

N Pu
my =220 _ p : . (5)
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VY nenbHble nokazarenu 30 MOTyT OBITH MCHOJB30Ba-
HBl Ui ONTHMHU3alMU mapamerpoB D0 1O KpPHUTEpHUIO
g, — max, m, — max. C IOMOIIBI0 3THX KPUTEPHEB
IpoBelieM BBIOOP MaTephaja TOKOHECYIIero IpoBOAa II0
MaKCHMyMy p,,, TpoBoza (hopmyrna (4)), WIM MaKkCHMY-

— Marepual HUXpPOM HMMeEeT JydllMe MOKa3aTelu Mo
000UM KpHUTEPUSIM;

— MaTepHat KOHCTaHTaH MMeEeT YJIOBJIETBOPUTEIIbHbIC
MOKa3aTeNy [0 KPUTEpUIO 1, HO ycTymaeT MaTepuaily
AITIOMHMHUH 110 KPUTEPUIO 2;

— MaTepHal aJIOMUHUHA MMEET YJOBJIETBOPUTEIbHBIC
MOKa3aTeNH 0 KPUTEPHIO 2, HO HEYJOBJIECTBOPHUTEIb-
HBIE — 10 KPUTEPHUIO 1.

B urore 8 30 KA mpuMeHSIOT TOKOHECYIIUI POBOI,
BBITIOJIHEHHBIH M3 MaTepuaia ¢ OOJbIINM yOEeIbHBIM CO-
MpOTHBIICHHEM (KpuUTepuil 1): HUXpOM, KOHCTaHTaH.

Kpome Toro, ymensHble mokazatenun OO Takxke co-
JiepkaT nHPOPMALIUIO O APYTHX YACTHBIX KPUTEPHUSIX OI-
tumusanu 50: U — min, S, — min, Kj,; - max.

YmenbiieHne HanpspkeHuss OO MOBBIIAET yACIbHBIN
NOKa3aTelb ¢, M-, OOGHAKO INPUBOJUT K YBEIHYEHHIO

Macchl Kabemeil cucTeMbl OJIEKTPOIIMTAHUA:
N 20

—2 6
AU -U ©

my =Ko Vi 'l}% Pk -

rae K5 — Ko3h(QUIMEeHT KOHCTPYKTHUBHBIX 3aTPaT MaccChl

Ha 000710uKy Kabens; Y, — 00beMHas IIOTHOCTh IPOBO-

1a Kabeus, Kr/M’; lx — muHa kabens, M; pg — YAENbHOe

JNEKTPUYECKOE COMPOTUBJICHHE MaTepuaja MNpoBoja Ka-
6ems1, OM-M; AUy — molycTuMOe NafieHHe HalpsHKeHHs B

Kabelie 3a c4YeT OMUYECKOTO COMPOTUBIICHHS.
BBuny HeompeneneHHOCTH pealn3alliy AJIHHBI Kabe-
18 Juist KoHKpeTHoro Turna D0 BepaboTaHa o0Iast peko-
Menparus: Hanpspkenue D0 Brie 27 B nenecoobpasHo
npuMeHaTh a1t DO morrHocThio Oonee 110 Br.
MuHMMH3aIUs TUIOIAAN ceyeHus nposoaa 20 Snp u

MaKCHMU3aIus K3Al'[ CBsA3aHblI C TCIIJIOBBIMHU W KOHCT-

PYKTHUBHBIMU OTPAaHUUCHUSIMHU.

TeruioBble orpaHUYEHUs] O0YCIIOBIICHBI HCKIIOYEHHEM
IUTaBJICHUs MaTepuana U30JHPYIOMEeH MOUI0KKH U TOKO-
HECYIIero npoBoja. B ycnoBusx BakyyMa U IpHu yMepeH-
HOW TeMIlepaType CUMTaeTcs, YyTO BCs BblaenseMas Tel-
yoBast MomHOCTh DO TepemaeTcs Ha 000rpeBacMyro To-
BEPXHOCTb. B 3TOM citydae i 3aJaHHOTO TEPMUYECKOrO
COIPOTHUBIICHUS U3OJUPYIOIIEN TOMIOKKA Ry U JOIyc-

My Pup (bopmyma (5)) (Tabm. 1, B ckoOKax TpuBeNeH  THMOIO 3HAYEHMS NEPENANa TEMIIEPATYP MEXKIY JIEHTOH U
Tap cotonanenblo ATy, CylIeCTBYET OrpaHMYEHUE Ha ILIOT-
HOMEp MO3MLMH MaTepuana, 3aHMMACMOH MO JaHHOMY .. ... OLHOCTH
KPHUTEPHIO). AT
AHanu3 JaHHBIX TaO. 1 mo3BoisieT chopMynHpoBaTh gy =—L% . (7
CIEIYIOLINE PEKOMEHTAINH: Ry
Tabauya 1
Ne r/m HaumeHoBanue Prp 5 OM-MM*/M Yup » KI/T pr%
np
1 Mens 0,0178 (5) 8,9 0,002 (5)
2 AnoMHHHN 0,0287 (4) 2,71 0,106 (2)
3 Bonbdpam 0,055 (3) 19,1 0,003 (4)
4 Kocrautan 0,5 (2) 8,9 0,056 (3)
5 Huxpom 1,12 (1) 8,4 0,133 (1)
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CxemaTHYHOE pa3MelIeHHe TPOBO/A IEKTPOOOOrpeBaTeIs
a — BOKpPYT TPpyOOIpoBo/ia; 6 — Ha LIUJIMHAPUYECKON MOBEPXHOCTH I'a30BO/IA; 8 — HA IUIOCKOI MOBEPXHOCTH COTOMAHEH

KoOHCTpYKTHBHBIC OTpaHMYEHHS, a TAKKe BEIUYMHA
IpeaeNbHON TUIOTHOCTH MOIIHOCTH D0 3aBUCAT OT Ha-
3HAYEHHs, MeCTa pa3MEUICHUs] U YCIOBUH SKCILTyaTalllu
30, dopmbl 00orpeBacMOi MOBEPXHOCTH: IUIOCKAs WA
WJIMHAPUYECKAs U TUMA HUCIOJB3YEeMOr0 TOKOHECYIIEro
MIPOBOAA: TPOBOJIOYHBIA MM TUIEHOYHBIH. PaccMmorpum
Haunbonee xapaktepHsle Tunsl DO, npumensemsle Ha KA
“HPOPMAIIMOHHOTO O0ecIieyeHus: s oborpeBa Tpyoo-
npoBoJoB /Y, raza repMOKOHTEHHEpa, COTONAHENEH ¢
mpuOopaMu HETEPMETHYHOTO NPHUOOPHOTO OTCeKa (CM.
pucyHok) [1].

Onexmpooboepesamenu mpybonposodos J1Y mpernHa-
3HAYEHBl IIOJIEPKUBATH Y3KMH [IHANla30H TeMIEpaTyp
(10...25 °C) pabouero tena (ruapazuHa) B TPyOOIpPOBO-
Je. DIeKTpooborpeBaTe yCTaHABIMBAIOTCS HA y4acT-
Kax TpyOOnpoBo/a, HaXO/SIIMXCS BHE TPUOOPHOTO OTCe-
ka KA, mo3ToMy OHM JIONOJHUTENIBHO 3aKPBIBAIOTCS TEII-
JIOW3OJSIIMEH 7Sl YMEHBUICHUs] YTEUKU Teria B OKpY-
JKaroliee BHEIIHEe KOCMUYECKOE ITPOCTPAHCTBO.

B aToM cityyae mpUMEHSTH MPOBOJIOYHBIH TOKOHECY-
it poBoa B D0 JIOITyCTHMO M3 YCJIOBHS TeIIONepeia-
YH, YTO MPUBOAUT K YIPOIICHUIO TEXHOJOTUH ero cOop-
K{: TIPOBOJ HAMATBIBAaeTCSl B OAWH CJIOW 4epe3 dIEeKTpo-
W30JIATOP Ha HAPYXKHYIO LIMJIMHAPHYECKYIO ITOBEPXHOCTH
tpybomnpoBoxaa. Ilpu atom pezepBublii D0 dopmupyercs
HaMaThIBaHUEM IPOBOJA 4Yepe3 JIEKTPOM30JATOP Ha Oc-
HOBHOI D0. Takas KOHCTPYKTHBHAsI cXeMa I03BOJIIET B
9KCTPEMANBHBIX CIIydasX BKJIIOYaTh OJHOBPEMEHHO 00a
komiutekta 0. IInoTHOCTE yKiaaku MpoBoja, 3a/aBac-
Masl KaK KOJIMYEeCTBO BUTKOB Ha €UHUIY UIMHBL 71, WU

miar Mexay BUTKaMu cnupand Lo = 1/n, , perynupyer-

csi ans oOecriedeHust TpeOyeMoro 3HAa4EeHUs IUIOTHOCTH
TETJIOBOTO ITOTOKA.

MakcrmanbHOEe 3HauCHHE IIara OTPaHWYEHO Hepas-
HOMEPHOCTBIO TEIUIOBOTO MOTOKA, & MUHUMAIBHOE — HC-
KIIFOUEHHEM JJIEKTPOIPOOOs My BUTKaMH. BennunHa
IDIOTHOCTH TEIIOBOTO MOTOKa, popmupyemas 30 Tpyoo-
IPOBOJIA, PACCUUTHIBACTCS 1O (hopMyJIie
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_ Nao __4
T-Lyp-dpp  medqp
rae Lpp — ANMHA TEPMOCTaTHPYEeMOH 4acTé TPyOOmHpo-

qr 3

BOJA, M; dpp — HapyXHBIH OUameTp TpyOONpoBOAa, M;

¢q; — INIOTHOCTb TCHJIOBOIO IIOTOKAa Ha €AWHUIY IJIMHBI

TpybompoBozaa, Br/m.

Jlyist 3ajaHHON JUTMHBI TEPMOCTATHPYEMOM YacTH Tpy-
0oIpoBO/Ia U €r0 AUaMeTpa, BEIOPAHHOTO TUIIA TIPOBOIA 1
HOMHHAaJIa HaNpsDKEHUS ONPENeISIOTCS CIeNyIOIe a-
pametpst 30:

1 U?
n; = ' P -1, (9)
T-drp TRy gp - drp - Lyp
Nyo =m-qp-drp - Lp ,
2
Ly =Lp (meny -dpp ) +1. (10)

B cBA3u ¢ HamM4KMeM OrpaHUyYEHUN 0 MJIOTHOCTH YK-
JaJKy MpoBOJA #; IOSBIAETCS OTPaHUYEHUE HA JJIMHY

TEPMOCTATUPYEMOI YacTH TPyOOIpPOBOAA, OIIEHUBAEMOM
C TIOMOIIBIO YPaBHEHHS

U2
LZTP =

: (1
TR, -qp -dyp +/(mon, -dpp ) +1

BenmnuuHa TemioBoro moToka ¢p B (opMynax
(8)...(10) ompenensercst U3 yCIOBUS TapaHTHPOBAHHOTO
HNOAJEPKAHUA TEMIIepaTypHOro JHama3oHa paboyero
tena Y, u ana ruapasuHa (IyanazoH TeMIeparyp
10...25°C) coctaBnger g = 59...75 Br/m%. Jlnst aToro
ciyyast auamnasoH mapamerpoB OO TpyOompoBoma KA

JuaMeTpoM drp = 6 MM IIPU HCIOJB30BAHHU IIPOBOJA,
BBIIIOJIHEHHOr0 U3 Huxpoma (R, = 15,85 Om/M) nms pac-
YETHBIX OTPAHMYEHUN HA 71, NPEACTaBJIEH B Ta0II. 2.

WNudopmanns Tabn. 2 MOXET OBITh HCIOIB30BaHa IS
MIPOEKTHBIX OIIEHOK BBIOMPaeMOl JJIMHBI TPyOONpoBOJa,
YIOBIIETBOPSIOINIEH OTrpaHUYCHHSIM.
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Tabnuya 2
Haumenosanue gr =59 Br/m* (¢, =1,1 Br/m) gp =75 Bt/M* (g, = 1,4 Br/m)
n, =0,5B/M n, =3,5BM n, =0,5B/M n, =3,5B/M
Lip, M 55 2,5 49 22
Nyo, BT 6,0 2,8 6,9 3,1
Iy M 7,6 16,7 6,7 14,8
[Mocnenyrommii pacuer napamerpoB DO NMPOBOAUTCS ~ MHHUMAIbHOE—UCKIIOYEHHEM  DIIEKTPONPOOOsS  MEXKIy

no ¢opmynam (9)...(10) i U3BECTHOTO 3HAYECHUS JJIH-
HBI TpyOOIIpOBOIA.

Onexmpoobozpesamenu  2aza  cepmMoKOHmeliHepa
npeaHa3Ha4YeHb! IS TOACPKaHUs 331aHHOTO TUana3oHa
TEMITEpaTyp TepMETHYHOTO MPUOOPHOTO OTCEKa MPH MU-
HUMAJIBHBIX TEIUIOBBIJIENICHUAX aNIapaTypbl. DJIEKTpo-
o0orpeBaTelli yCTaHABIMBAIOTCSA B 30HAX IMIMHApHYE-
CKOW YacTH Ta30BOAA, MHTCHCHUBHO O0TyBacMbIX Ta3OM.
B 3TOM ciydae mpuMeHeHHe TPOBOJIOYHOTO TOKOHECYIIe-
ro ipoBoja B D0 AOMYCTHMO 10 YCIOBHIO TEIUIOOTAAYH B
ra3oBbIil KOHTYP U NMPUBOAUT K YIPOIIEHUIO TEXHOJIOTHU
cOOpKH: IIPOBOA HaKJIeHBaeTcs B OAMH CJIOH Ha IOBEpX-
HOCThb Ta30BOJId, SIBJISIOILETOCS JIICKTOM30IATOPOM, C
PaBHOMEPHBIM IIAaroM L. YKIagku nposona. Peseps-
Held D0 ¢dopMupyeTcss Ha PIIOM PacCIONOKEHHOH CBO-
0OIHOI TOBEPXHOCTH Ta30BOJIA.

[ImoTHOCTH yKIAIKM IPOBOAA, 3aJaBaeMas IaroM
MEXy BUTKaMU CHOUpanu Lop, peryiaupyercs, obecre-
yyBas TpeOyeMoe 3HaueHHe IJIOTHOCTH TEIJIOBOTO ITOTO-
ka. [t mojiepKaHusl TEMIEpaTypsl ra3a TeépMOKOHTEH-
Hepa B npegenax 10...40 °C nmpu MHTEHCUBHON LUPKYJIS-
MM Ta3a B Ta3oBoje Tpedyemoe 3HauyeHHE IUIOTHOCTH
TETIOBOTO TIOTOKA COCTABNSET ¢y = 140 Br/™’.

s 3amansHoit MourHocTH D0 UM THUIIA NPOBOAA OIpe-
JIENICTCSI ero JIMHA U3 ypaBHeHus (1):

/ v’
- 9
P NyoR,
a s obecrieueHusi TpeOyeMOW BEIMYHHBI TEIUIOBOTO
MOTOKA ¢y OIPEAEIIAIOTCS IUIOMIAAb U FEOMETPUUYECKHE

(12)

pasmepst D0:
N,
Fyo = q:ao = hrB Lrg,
F
F. L
Lg =1, -0 > Lo, ng =12,
b Len Len
hen - L
Ly =(Ley +hrg) - =L+ 212, (13)
Len

rae hpg, Ly — reomerpuueckue pasmepsl D0, pazme-
I[aEMOT0 Ha ra30BOJIE, M; N — KOJIMYECTBO BUTKOB IPO-
BoJIa (1010MpaeTcs YeTHOE YHCIIO).

Wcxons w3 orpanndenus Ly = Lo Haxomum

JIOnONHUTENEHO MaKCUMAJIbHOE 3HAYeHHE mara Lqp
OTPaHUUYEHO HEPABHOMEPHOCTHIO TEIJIOBOIO MOTOKA, a
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BHTKaMH.

IIpoBenem omenky mapamerpoB D0, pazMeniaeMoro
Ha Ta30BOJIE, CO CICAYIONIMMA TPeOOBaHIAMHE TI0 OOecIiede-
HHIO TeruioBoro peskuma: Noo = 10 Br, gp = 140 Briv’,

U = 27 B u uCHonp3ylomero MpoBOJ U3 HHUXpoMa
(R, = 15,85 Owm/M), yKIagbIBa€MOro C IIAroM

Lep= 3...20 mm. g sToro BenuumHa mara Lop JODKHA

OpiTe Oomee 15,5 mm. IlpuHuMas BenmuuWHy IIara
Lep = 16 MM, modyuuM cliefylolIue IeoMeTpHYecKHe

pasmepsi D0:
—mwiomams Fyy = 0,072 M

—rabaputsl hg =0,378 M, L =0,189 M;

— JJIMHA TIPOBOJIA lnp =4,62 M.

KommgectBo BUTKOB mpoBoja corimacHO popmyre (13)
cocraBiser ng = 11,8, KOTOpoe JOJDKHO MPUHUMAThH Iie-

JIOYUCIEHHOE 3HaueHHe np = 12. 3a cueT OKpyIJeHHs

HEOOXOJAUMO YTOYHHTH BEIMYHHY JJTUHBI
lnp =4,73 M 1 momHOCTb D0 N, =9,76 BT.

Onexmpoobocpesamenu comonanenetl u npubOpos He-
2epMemu4H020 npubOpPHO2O omceka TIPpeTHA3HAUYCHbI JUIs
noJiepkanust TpeOyeMol TeMmmeparypsl COTOINAHENIH C
mpubopaMu, a TakKe HEMOCPEICTBEHHO MPHOOPOB, Tpe-
Oyrommux 0coOBIX YCIIOBHH MOANEPIKAHHS TEMIIEPATYPhI U
000COOTICHHBIX OT ITAHENX B TEIUIOBOM OTHOIICHHH.

B anekrpooborpeBaTeisx 3TOr0 TUNA HCIHOJIB3YETCs
IUTEHOYHBIN TOKOHECYIIMH MPOBOJ B BHIE JEHTHI ((Hoib-
T'M), U3TOTOBJICHHOM M3 Marepualia ¢ OOJIBIINM YETbHBIM
COTIPOTHUBIICHHEM (KOHCTaHTaHA), YKIIAIbIBAEMOW Ha M30-
JIUPYIOIIYIO TIOJUIOXKKY B BUZAE 3MEHKU C OpraHu3aluei
HEOOXOAMMBIX 3a30pOB MEXIy JIeHTaMH. B kadecTBe n30-
JMPYIOMIEH MOAJI0XKA B KOCMUYECKOW OTPAciid UCIIOJb-
3yeTcs CTEKIIOTKaHb, a B Oollee HOBBIX pa3padOTKax —
MOJIMUMHUIHAS TUICHKA.

OnTuMu3anus mapameTpoB 3toro Tuma D0 3akiToda-
eTcsd B MUHMMU3ALMHU €ro IUIOIAAN, KOTopasi JOCTUTaeT-
csi BBIOOPOM COOTHOLICHHH MEXKIy TI'€OMETPUYECKHIMHU
pa3MepamMu MPOBOJA C YUETOM TEXHOJIOTHUYECKUX W Tel-
JIOBBIX OTPaHUYCHUI.

TexHonornueckue OrpaHUYECHUs] Ha IIUPUHY U 3a30p
MEXAY JEHTaMH 3aBUCST OT CHOCO0a M3TOTOBJICHUS Ha-
rpesarens. [Ipy pydHOM INpPUKIEUBAHUU JIEHTOYKH TEX-
HOJIOTHYECKHE OTrPaHWYeHHs Ha MUHHMAJIbHBIE T'€OMeT-
pHYECKHE pa3Mepbl JEHTHI, BHIIIOJIHEHHbIE U3 KOHCTaHTa-
Ha clelylolye: NUPUHA ap = dy = 2 ° 1073 M, TOJILIMHA

HpOBOJA

by 2b, = 12 - 10° M, a KOHCTPYKTHBHbIH 3a30p MEKIY
nentamu Lo > L, = 2 - 107 m. Kpome Toro, mmpuna
U JJIMHA JICHTHl MOXKET IPUHUMATh HENPEPHIBHOE 3HAUE-
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HHe, o0ecrneynBaeMoOe COOTBETCTBYIOICH HapE3KOM,
a TOJILIMHA MPUHUMAET TUCKPETHOE 3HaueHue: 12- 1070 m;
18:10°MuT. 1.

[Tpn M3roTOBIEHUH IJICHOYHBIX HarpeBareneil myTeM
TpaBJICHHs JOPOKKH W3 (POJITM KOHCTAHTaHa WIM HU-
XpOoMa, HAaHECEHHOH Ha IOJIMMMUAHYIO IUICHKY, PacCTOs-
HUE MEXIy JOPOKKAaMH MOXKET OBITh YMEHBIICHO [0
0,127 mm.

TemnoBoe orpaHnYeHHE Ha XapaKTEPUCTHKH ITUIEHOY-
HOro DO 00YCIIOBICHO WCKIIOUEHHEM IUIABICHUS Mare-
pHana M30JMPYIOIIEH MOMIOKKH M TOKOHECYILIETO Ipo-
BOJIa, KOTOpOE COOTBETCTBYeET Temreparype Beiie 100 °C.
Iepenan TeMnepaTypsl MEXIy HarpeBaTelIeM U MaHENbIO
00YCIIOBJIEH TEPMHUYECKHM CONPOTHUBICHHEM H30JIUPYIO-
meil MOANOXKKU Ry, KOTOpOoe IpeicTaBisleTcs B BUIE

CYMMBI TEPMHUYECKHX COIPOTHUBICHHH KJIEEBOTO CIOS
MEXIY JEHTOUKOW U 3JIEKTPOU3OIUPYIOLIEH MOII0KKOM,
JIEKTPOH30IUPYIOMIEH MOIOKKH M KIEEBOTO CIIOSI MEXK-
Jly HarpeBaTelieM U NMaHEeIbIo:

5

u3 + K12
A

U3 7\'
T/ On1 » Ous, Oz — TOJNIIMHA DIIEKTPOU3OIATOPA U KIIee-
BBIX CIIOCB, Agrl » A, Moz — TEIUIOTIPOBOIHOCTD BIIEKTPO-
H30JSITOPA U KIIEEBBIX CIIOEB.

Hcnone3oBanme B kadecTBe MOMIOKKH DO CTEKIO-
Tkaau TommuHoM 6 = 0,3 MM (A = 0,2 Bt/M-K) 1 kiteeBbIX
cnoeB toymuHOKH & = 0,1 MM (A= 0,2 Bt/M-K) cozmaer
TEpMHUECKOE CONpoTuBIeHHe R =2,5 107 3 M>K/Br.

i)
—al 4

(15)

b
K12

[Tpn ycraHoBKe HarpeBaTedsi Ha BHYTPEHHIOIO 00-
IIMBKY paJUalliOHHOW COTOIAHENH, HE OCHALICHHYIO
TEIJIOBBIMHU TpyOaMu, ISl HCKITIOYEHUs] HarpeBa MoBepX-
HOCTH COTOIaHeNu Bhime Temieparypsl 100 °C Heobxo-
VMO YYHUTHIBaTh Meperaj TeMIeparyp B COTONAHENN
JI0 pagraTopa mim oborpesaemoro npudopa (30...50 °C).
B pesynbrare npenenbHasi IIOTHOCTH TEIUIOBOTO MOTOKA
o1 20 ¢ =12 000 Br/™>.

I[Ipu ycraHOBKE Ha COTONAHENb TEIUIOBBIX TPYO, orpa-
HUYEHHE MO TEIUIOBOMY ITOTOKY OIIPEJEINsieTCs] BO3MOXK-
HOCTSIMU TEIUIOBBIX TPYyO BOCIPUHHMMATh TEIJIO Oe3 BO3-
HUKHOBEHHUSI KpHU3WCa KHIICHUS TEIUIOHOCHUTENs (aMMua-
Ka) B ee KalWULIPHBIX KaHaBKax. B 3aBucumocTH OT
JaMeTpa TeIUIOBOH TpyObl OrpaHMYEHHE COCTABIISET
nopsagka gy = 80 000 Br/M*. TIpu HATHYHH OCHOBHO# 1

3amacHoi TpyOBI 3TO OTpaHMYEHNE YMEHBINAETCS BABOE U
2
cocraBisieT g = 40 000 B1/m™ (s obecnieuenus pabo-

TOCIIOCOOHOCTH TP OTKAa3€ OAHOM U3 TEIUIOBBIX TPYO).

[Ipn ycraHoBKe HarpeBaTesst HA IPHOOP OTPAHUUCHHUS
00ycIoBIIeHBI TpeOyeMoil paBHOMEPHOCTBIO TEMIEPaTyp-
HOTO MOJIS IpHOOpa, ZOCTYIHBIMH MECTaMH IJIsl yCTaHOB-
KM HarpeBaTesied U ONPEIESIFOTCS ¢ TOMOLIbIO TEIIIOBOM
MaTeMaTU4ecKoi MoJienH Ipubdopa.

B ¢dopmannzoBaHHOM BHJE TEIJIOBOE OTpaHUYECHUE HA
XapaKTepUCTUKH IuleHoyHoro OO mpeacTaBisercss Kak
HEpPaBEHCTBO

_ h _ N, %Opnp <
F, Ulaphy
rne ay, by — MUpUHA U TOJIIUHA JICHTHI, M.

(16)

qn -
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MormrHocTs TIeHOYHOTO DO ompenensercs mo Qop-
myie (1) moxcraHoBko# 3HaueHust S, = ap by :

U?ayb
NSO_#.

Puplp
I'eomeTprueckne pasmepbl IO BBUYHUCIAIOTCS O Cle-
IyrommuM GopMynam:

an

loa
Fyo =hyo - Lo :—Kp H; (18)
3ATI
hyo + L
mp (hyo + Lep) - ng 20 an + Lo, (19)
I 1+LC%
Kian =— == = (20)

Fgo 1+ LCV '
an

riae hyo, Lyg — reoMeTpuueckue pasMephl IIIEHOYHOTO

30, M; K3, — K03(p(ULUEHT 3a0IHEHUS; 1 — YUCTIO
Ly

BUTKOB IIPOBOJIA, N = ————— .
ap - Ley

Paccuutaem reomerpuyeckue mnapamerpsl 20 1O
topmynam (18)...(20) ¢ yueToMm TEIUIOBBIX M KOHCTPYK-
THUBHBIX OTPAaHUICHUH.

B nauane ompenenum 3HadeHne MoimHocTH 30 Nyp,

npu KOTOpOfl JA0CTUTACTCA NpeAcjibHasA IJIOTHOCTb TEII-
JIOBOI'O ITIOTOKaA:

ey

Tak, npenenbHOe 3HaUeHHWE MOLTHOCTH DO ISl JIEHTHI,
BBIIOJIHEHHOM W3 KOHCTaHTaHA (pPno = 048-10° OmM)

U TPUHATBIX 3HAYeHUsX a,, b, paBHO Npp= 29,6 Br
(U =27B)u Npp=109,6 Br (U =100 B).
Ecmm Nyq 2 Nppp, TO U 3a5aHHOTO N5, HaxXOAHUM

¢ momouIbio ypaBHeHHs (16) MOBEPXHOCTHYIO IIOTHOCTh
OMMYECKOT'0 COIIPOTUBIICHUS:

2
R Prp U
Ry=—r="7"—=1
By ap-by  Nio
B sTOM citydae, IpUHUMasi U3BECTHBIMM 3HAYEHU I1a-
pametpoB Ny, U, Rg, py,, by, onpepensem mwupuxy

4> (22)

neHThl o Gopmye (21):

N 11 I
ag =20 [P P o3
U by -qn R by
¥ ee uHy [, 1o ¢popmyie (17):
2
L _Uanby 24)
Prp “Nog

a 3aTeM JJ1s1 U3BCCTHOI'O 3HAYCHMA LCH n OJHOTI'O M3 ra-

OGapuTHBIX pa3mMepoB DO BBEIUUCIISIEM APYTOH TabapUTHEIH
pazmep D0 — miomans Fy, ¥ K03QOHUIMEHT 3aI0THEHHS
Kspm

apg + Lo

ll‘l
o =—2=(ay + Lep) = Leyy - (25)
Ly

Lo =
250 np s
hyo + Len
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Ipu 3TOM MOAOHpAETCs YETHOE YHCIIO BUTKOB IIPOBOJIA.
Jnst xBagpatHo#t ¢opmbl 0 ero radapuTHbIE pazMepsl
OIPEZETIAIOT IyTeM PelleHUs KBaJPATHOTO ypaBHEHNU
hyo = Lo = 0,5 Lep %

26
x 1+4~130-[L+0;—“]—1. (26)
cn Len

Ecau Nyq < Ny, To napamerpsl 90 B yCIOBHAX OI-

paHUYEHU pPACCUMTBIBAEM C MOMOUIbI YpaBHEHU
(18)...(25), moxacTtaBUB B HUX MHHHUMAJIbHBIC 3HAYCHHS
ayg, by, Ly .

PacuerHble 3HaueHus mapameTpoB 0 ¢ y4eToMm oOr-
pannueHuid, npuHATHIX Ha KA mHpopmanmonHoro obec-
MIEYCHUS, IPUBEICHBI B Ta0II. 3.

AHanu3 JaHHBIX TaOJ. 3 mo3BoIIsiET CHOpMyYIHPOBATh
CIIeYIOIIHE PEKOMEH Jall1H:

1) manpsukerue 100 B nenmecooOpa3Ho IpUMEHSTD IS
momHoctu D0 6onee 110 BT,

2) yBenM4eHHe TOJIIUHEI JIEHTHI IPOBOJIA YBEIHYHBA-
et mwiomans J0;

3) mmpuHy 3a30pa MEXIYy JICHTaMU HEOOXOIMMO MH-
HUMHU3UPOBATh, YTOOBI HE YBEIUUUBATH 106 DO.

[Tpun wucnonp3oBaHMM pa3pabOTaHHOM MOJETH ISt
pacdera MpOEKTHBIX HapaMeTpoB DO B yCIOBHUSIX HEON-
penesieHHOCTH (PaKTOPOB AKCILTyaTaluy (HAIMYUE JHaria-
30Ha O HAIPSHKEHHIO, AMCKPETHOCTH T'E€OMETPUYECKUX
pa3MepoB) PEKOMEHIYETCS PeaTn30BbIBATE YETHOE YUCIIO

BHUTKOB C HEKOTOPHIM 3aBbimeHneM mMomuaoctd J0. Ilpu-
MeHeHHe DO yBEINYEHHOW MOIIHOCTH AOIMYCTHMO, TaK
kak D0, kak MpaBUiIo, pabOTaeT B CKBAKHOM PEKHUME,
OpraHu3yeMOM KOHTYPOM YIIPaBJICHUSA I10 [OKA3aHUSIM
JIATYMKOB TEMIIEPATYPBI.

Wrak, mpoBeneH aHauW3 pa3jIM4yHOIO THIA IIEKTPO-
oborpeBaresieii KOCMHUYECKOTO ammapara U Jyisi KaXX1oro
U3 HHUX COCTaBJIEHA MaTeMaTHdecKash MOJENb pacyera
IapaMeTpoB NP HAJMYUHM KOHCTPYKTHUBHBIX M TEIUIOBBIX
OTpaHUYEHHUH.

Pazpaborana meroanka BbIOOpa HapamMeTpPOB 3IIEK-
TpooborpeBaTenei MO KPUTEPUSM, 3aBUCSIIUM OT BHIA
OFpaHl/I’-IeHl/Iﬁ u O6eCHe‘il/IBalOIJ_[I/IX 3aJaHHYIO ITINIOTHOCTbH
TEIIOBOTO TIOTOKA.

[IpencraBnensl pe3ysbTaThl pacueTa IMapamMeTpoB
aneKTpooborpeBareseii KOCMHUUECKOro ammapara uHPOop-
MalMOHHOTO o0ecrieueHnuss U CchOpPMYIHPOBAHBI PEKO-
MEHJaluH 110 UX BBIOOPY B YCIOBHSAX HEONPEAEICHHOCTH
(haKTOpPOB IKCILTyaTaIHH.
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Tabnuya 3

Nyo, Bt 20 30 60 70 70 110 110 160 180 240 240
U,B 27 27 27 27 100 27 100 100 100 100 100
by, MM 0,012 0,012 0,012 0,012 0,012 0,012 0,012 0,012 0,012 0,012 0,018
ar , MM 2 2,03 4,06 4,73 2 7,44 2,01 2,92 3,29 4,38 3,58
Lo » MM 2 2 2 2 2 2 2 2 2 2 2
L™ 1,8225 1,23 1,23 1,23 7,14 1,23 4,56 4,56 4,56 4,56 5,585
Ksan 0,512 0,519 0,685 0,719 | 0,506 | 0,805 0,509 0,601 0,63 0,695 0,649
Fyo M 0,007 0,005 0,007 0,008 0,028 0,012 0,018 0,022 0,024 0,029 0,031
Qup » Br/m? 5468 12015 12015 12032 | 4902 12022 | 12001 | 12016 | 12009 | 12016 12010
G0 » BTV 2810 6233 8234 8651 2480 9167 6109 7224 7563 8348 7796
ng 22 18 14 14 42 12 34 30 30 26 32

V. E. Chebotarev, V. D. Zvonar, R. F. Fatkulin, G. B. Dmitriev

TECHNIQUE FOR CALCULATION AND SELECTION
OF SPACECRAFT ELECTRIC HEATERS PARAMETERS UNDER UNCERTAINTY CONDITIONS

The authors present analysis of different electrical heaters of spacecraft. Taking into account design and heat limi-
tations, the mathematical models are presented for each of them. Technique for selection of heater parameters, based
on limitations dependent criteria and providing for specified heat-flux density, is developed. The obtained calculation
data of spacecraft heaters are presented and recommendations on choice of their parameters under uncertainty condi-

tions are formulated.

Keywords: spacecraft, electric heater, mathematic model.
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A. B. llaxmaros, M. 1O. Beprazos, C. A. Uekmapes, B. X. XaHnoB

CETEBASI APXUTEKTYPA CONIPA’)KEHUSA KOMIIJIEKCOB
BOPTOBOI'O OBOPYJOBAHUSA KOCMHNYECKOI'O ATIITAPATA

Onucvleaemcs cemesas apxumexkmypa, NPeoHA3HAYeHHAsl OJIsL CONPANCEHUS KOMNIEKCO8 DOPmo8o20 0bopyo0osarus
KOCMUYECKO20 annapama, a makdice mexkyujue pe3yivmanul pabom no co3oaunuio ee npomomuna. Lenvro paspabomxu
OaHHOU apXumeKmypbol A6NAENcs NOTYHeHUe MAKUX NPeuMyecme, KaKk NOGbIUEHHAS HA0EHCHOCHb ¢ NPUeMIeMbIMU
sampamami, XOpouias Macumabupyemocms, Maioe KOIU4ecmao KadeibHvlx COeOuHenuil, YAPOueHUe 0OCIYHCUBAHUSL.

Kniouesvie cnosa: cemesas apxumexkmypa, KOMNjieKcovl 60pm06020 060py006aHu;1, Kocmudeckue annapameal.

TpaguioHHbIe MOAXOABI K OpraHu3aluu MHPOpMa-
IHOHHO-JIOTUYECKOT0 B3aUMOAEHCTBHUSI KOMILIEKCOB OOp-
toBoro obopynoBanusi (KBO) kocmuueckoro ammapara
(KA) B Hacrosiiiee BpeMsi HE MOTYT KOPEHHBIM 00pa3oM
MOBJIMATh Ha pEIICHHE OCHOBHBIX 33/1a4 KOCMHYECKOTO
IpUOOPOCTPOCHHUS:

— JOOUTBCS BBICOKOW HAJIS)KHOCTH IPH MPUEMIIEMOM
YPOBHE 3aTpaT anmapaTHOro pe3epBUPOBaHHS;

— BBIIEPKaTh JKECTKUE TpeOOBaHMS K Maccorabapur-
HBIM NIOKa3aTelsiM B TOTPeOIIeMOH MOLITHOCTH;

— 100uThcs yHUGUKALUK HHTepPEHcOB M KaHAIIOB
nepeJayy JaHHbBIX.

Bo3MoHBIM penreHreM Moria Obl cTaTh ceTeBas ap-
XHUTEKTYpa, IHPOKO MPUMEHsSEMas B CUCTEMax yIpaBJie-
HHS HE KOCMHuecKoro HazHaueHusi. OJHaKo cereBas ap-
XUTEKTypa He Halula [IHPOKOTO0 PaCHpOCTPAHEHHUS.
CaepxuBaronuM (akTOpoM SIBIISUIOCH OTCYTCTBHE CO-
BPEMEHHOM CETEBON «KOCMHYECKOM» TEXHOJIOTHH.

Jonrue roabl U Jaxe ASCATUICTHS OCHOBHBIM HH-
tepdeticom Ha O60pTy KA ocTaBancs MaructpaibHBIHA
MOCJIeIOBATEeNbHEIN WHTEppEHC B COOTBETCTBHH CO
cranmaptoMm MIL-STD-1533 (oTeuecTBeHHBIE aHAIOTH
I'OCT 26765.52-87, TOCT P 52070-2003) [1]. K mo-
MeHTY cBoero nossieHus (1973 r.) cereBble TEXHOJIOTHI
ellle TOJIbKO MPOXOJMIIM CTaJUI0 CBOEro IMOSBJICHUS, I10-
9TOMY, KOHEYHO K€, OH HE OTBEYaeT COBPEMEHHBIM Tpe-
6oBanusiM. OH UMEET He BBICOKYIO CKOPOCTh, TOJILKO Ma-

Puc. 1. Apxutextypa «aBoiiHas 3Be31a»

THCTPAJIbHYIO TOIOJIOTHIO, HU3KYI0 MacIITaOHMpyeMOCTb,
LEHTPAIN30BaHHOE YIPABJICHUE; JJISI HETO OTCYTCTBYIOT
BBICOKOPA3BUTHIE IPOTOKOJIBI BEPXHUX YPOBHEM.

INonrManue HEOOXOAMMOCTH COBPEMECHHOM CETEBOU
TEXHOJIOTUH CIO0XUIIOCH YXKe AaBHO, modTtoMy B 2000 ro-
Jlax 1o MHULMaTuBe EBpormeiickoro kocMM4Yeckoro areHT-
ctBa (ESA) Obun paspaboran crangapr SpaceWire [2].
C ero mosiBIEHHEM Yy pa3padOTYHKOB KOCMHYECKUX CHC-
TEM CTaJ0 BO3MOXKHBIM PEaJIN30BaTh CETEBYIO apXHUTEK-
Typy Ha 6opty KA.

OCOOEHHOCTBIO CETEBOM apXHUTEKTYPHI SIBIISETCS CO3-
JaHue MHQPACTPYKTYpHl Mepeladdl AAaHHbBIX, MO3BOJISIO-
meil erko ayOnmpoBaTh OCHOBHBIE M MHQPACTPYKTYp-
HbI€ KOMIIOHEHTbI, UME€Tb HCCKOJIbKO aJbTCPHATHUBHBLIX
myTed mepefadu AaHHBIX, MAacIITa0UPOBATh WM MOJIH-
(unmpoBarh ceTh IOJ HMMeoLeecs 000pyJOoBaHHE Ha
oopry KA.

B kauectBe 6a30BO¥ TOMOJIOTMU MOTYT OBITH HCIOJb-
30BaHbl pa3YHble MOIU(HKANHM COCAWHEHUS THIIA
«3Be371a» C OBICTPONEHCTBYIOMIMM KOMMYTAaTOpOM (Map-
MIPYTH3UPYIOIUM KOMMYTAaTOPOM B CIydae TEXHOJIOTHH
SpaceWire) B kauecTBe IEHTPAIBHOTO y31a [3].

Haubonee BepOATHBIMM KaHIUAATAMHU NPEACTABISA-
I0TCS  TONOJOTHUU  «JABOWHAs 3BE31a», «JIBOHHAasd-
JIBOWHAs 3Be3la» M «TpolHas 3Be3ma» (puc. 1-3),
MPEJCTABISIIOIINE PA3JINYHbIE BapHaHThl apXUTEKTYp-
HOI HaJ€)KHOCTH.

Puc. 2. Apxutextypa «1BoWHas-qBOMHHAs 3BE310a»

* Pa6oTa BhIMOJIHEHA B PAMKaX PEan3alii KOHKYpCca Hay4HO-TEXHUUECKUX MCCIIEN0BaHuil, pa3paboToK, MHHOBAIMOHHBIX TIPO-
IpaMM M MPOEKTOB JUIs 0OecrieYeHns] KOHKYPEHTHBIX MPEUMYIecTB S3KOHOMUKH KpacHospckoro kpas (JlomonHuTensHoe corarie-
uue ot 05.07.2012 r. Ne 03/12 x Cornamenuro Ne 5 ot 06.08.2009 r.).
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KBanparHeiMu OsiokamMu H300paXKarTCs MapUIPYyTH-
3UpYIOLIHEe KOMMYTATOpHI (Jajlee — MapLIpyTH3aTOpPHI),
SABJIAIOIINECS OCHOBOW CETEBOM apXUTEKTYpPbI, KPYIJIBIMH —
y3nsI cetd (KBO).

ApXUTEKTypa <«JBOMHas 3B€3[1a» COCTOUT M3 JBYX
CBSI3aHHBIX MEXIy co00H MapIIpyTH3aTOpPOB U Y3JIOB,
HMMEIOIINX CBA3M € KaXKJbIM MapHipyTuszaTopoM. B apxu-
TEKType «IIBOWHAs-IBOIHAS 3BE31a» CBA3H O0OPa3yIOTCS
IByMsI (pM3MYECKMMHU KaHaJlaMH. B apxurTekType «Tpoii-
Hasl 3B€3[ja» HCIIOJIB3YIOTCSl TPU MapIIpyTH3aTOpa, KaxkK-
JbII 13 KOTOPBIX CBSI3aH C KaXIbIM y310M cetu. OueBnn-
HO, 4TO K&Kl BAPUAHT TOIOJIOTHH OT IIEPBOTO K TPETh-
€My IOBBIIIAET HAJIEKHOCTh HH(POPMAIIMOHHOTO B3aHMO-
nerictBus KbBO, KOHKpeTHBIN BapHaHT onpezesnseTcs uc-
XOIHBIMH HaHHBIMA Ha KA.

Puc. 3. ApxurexTypa «TpoiiHas 3Be31a»

PaccMOTpUM HECKOJBKO TPaKTHUYECKHX MPUMEPOB
peanu3aliy CeTeBOM apXUTEKTYphl Ha OCHOBE TEXHOJIO-
run SpaceWire (nanee — SpW).

Apxurextypa mist Mmasoro KA (puc. 4) xapakrepusy-
€TCsl HENPOAOJKUTENIBHBIM BPEMEHEM AKTHUBHOIO CyIIE-
CTBOBAHUS, MMOSTOMY TpeOOBaHMS K apXUTEKTYPHOU Ha-
JISKHOCTU HE BBICOKHE.

@
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2
= . /
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z AN
i M - MM
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=3 !
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\
Enox chopa KINC
AAHHBL

A
i
[

! \\'
[
MHIHECTAR JaTUUKOR

Puc. 4. CereBas apxurekrypa s manoro KA

CucteMo00pa3youMMH YCTPOUCTBAMH SIBIISIIOTCS J1Ba
Mapuipytuzaropa (M). Ilepenadya maHHBIX IO CETH WHU-
HUUPYETCS TOJBKO MHTCIIJICKTYaJIbHBIMU 6J'IOK8.MI/I — po-
neccopubiM  moxyinem  (IIM)  wminm  KOHTpOJIBHO-
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m3mepurensHor cuctemoit (KMC). Onm mochkuiaroT 3a-
IIPOCHI IPYTUM YCTPOMCTBAM U IOJIy4arOT OTBEThI HA HUX.

Crpangapt SpW mnopnepxuBaeT BO3MOXKHOCTH IPH-
MEHEHHUS N30BITOYHBIX JIMHUN CBS3U JUIS PE3epBUPOBAHUS
IyTel JI0CTaBKHM JAaHHBIX. Pe3epBHpoBaTh MyTH JOCTaBKU
JTAaHHBIX MOYXXHO JIBYMSI CIIOCOOaMHU:

Croco6 1. Kaxaprit mocT (ycTpoiicTBo, mpeodpa3yro-
mee JaHHbIE W MHTEp(EHCH Mepenayrl JaHHBIX K BHAY
JUIA TIOAKITIoYeHuss K SpW) Ipu ocTaBke TAHHBIX IO
Mapmpytuzaropa (oB) BeIOHMpaeT paOodmil He3aHSTHINA
mnHEK (karan SpW). Ecinm ux HECKOIBKO, TO HCHOIB3YIOT-
Cs1 IPUOPHUTETHI.

Cnoco6 2. Ecnu ycTpoHCTBO HE MOJy4YaeT OTBET Ha
3aI1poc, TO OHO MOCHIJIAET MOBTOPHBIH 3aIPOC 110 JPYroMy
IIyTH.

Takum obOpaszom, TexHosorus SpW IO3BONSET YCT-
POMCTBaM CETH OTCJIEKHBATH COCTOSIHUSI JINHKOB, JI0OCTaB-
JSIsL TEM CaMbIM JIaHHBIE 10 pabOTOCHOCOOHBIM KaHajIaM
CBSI3U. JTO )K€ CBOMCTBO IO3BOJISIET JITKO OPTaHU30BaTh
MOHHUTOPHHT COCTOSHHS CETH, YTO OOJIETHaeT ee yNalieH-
HOE 00CITy>)KHBaHHE.

Jis maneix KA oTMeueHHBIE BBIIIE MPEUMYIIECTBA
CETEeBOM apXHUTEKTYPHI HE JAIOT CYIIECTBEHHOTO 3 (eKTa,
HalpuMep, CHIDKCHMS KOJIMYECTBA KaOEIbHBIX COEIMHE-
Huil. [loaTomy ucnons3oBanue Ha Maibix KA cetu SpW
SIBJISIETCSI DKCIIEPUMEHTAIILHOM OTPaOOTKOI TEXHOJIOTHIA
CeTeBOro MH(OPMAIIMOHHO-YIPABIISIONIEI0 B3aUMOJIEH-
crBusgs KbBO nns panbHelimero ucnoiib3oBaHuss Ha KA
CPEIHUX U OOJIBIINX KIIACCOB.

CereBas apxutektypa KA, mosropsiromnias B 1eiom, HO
Ha HOBOHM TEXHOJOIMYECKONM OCHOBE TPAIMLIUOHHBIN MOJ-
XOJ K PE3€PBUPOBAHUIO, SIBISIETCSI BADHAHTOM TOTIOJIOTHH
«IIBOMHOI 3Be3BD» C AyOIMPOBAHHBIM COCTAaBOM 000pY-
nmoBaHuA (puc. 5). OHa COCTOMT M3 ABYX HMOIYKOMILIEK-
T0B. OIMH MOJTYKOMIUIEKT SBISIETCSI aKTHUBHBIM, IPYron
HaXOJUTCSl B pe3epBe (XoJoaHOM miu ropsiaem). [lpum
OTKa3e OJIHOTO YCTPOMCTBA M3 aKTHBHOI'O TIOJIyKOMILJIEKTa
HET HeOOXOJIUMOCTH TOJHOCTHIO MEPEKIII0YaThCs Ha pe-
3€pPBHBI TIOJIyKOMITIEKT. JIOCTaTOYHO W3 pPE3epBHOTrO
MOJYKOMIUIEKTa aKTUBM3MPOBAaTh YCTPOWCTBO, OTKa3aB-
11ee B IEPBOM ITOJIYKOMILIEKTE.

Hammane pe3epBHBIX MOIylel, 00beIMHEHHBIX CETHIO
SpW, T03BOISET JIETKO pPealn30BaTh BAKHYIO (YHKIIUIO
obecrnieueHnss HageKHOCTH (yHKUHoHHUpoBaHus KBO —
UX TIO0YEPEIHOE NMEPEKITIOUEHUE B XOJIOIHBIN pe3epB Ui
cOpoca HaKOIUIEHHOH 03Bl paguanuu [4].

C menpio0 AEMOHCTPAMK BO3MOXHOCTEW CETeBOH ap-
XUTEKTypbl Ha 0a3e TexHojoruu SpW ObLT peannzoBaH
JIEMOHCTpAIMOHHBIHN puMep (puc. 6).

IIpumep cocTouT U3 IBYX 4YacTed: MOJEIM HA3EMHOU
KHUC wu mopmenmu OOpTOBOTO KOMIUIEKCA YIPABICHHS
(BKY), monenmu 6oprosoit KMC, moxenn uCnoiIHUTENb-
HBIX YCTPOUCTB.

Mopens razemuoir KUC BkmogaeT HOYTOYK, 000py-
nmosanHbed kaHan WiFi. Kanan WiFi umutupyer pammo-
KaHall TeJIeMEeTpuu U TesekoMaHn. IIporpammuoe obec-
MIEYCHNE, YCTAHOBICHHOE Ha HOYTOYKE, MO3BOJIIET OTO-
Opaxare mpuHHMaemyto depe3 WiFi-kanan tenemerpuio
U 3aJaBaTh KOMaHAbl TeneynpasieHus aas BKY u wuc-
MOJTHUTEIBHBIX YCTPOMUCTB.
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Maker 6oproBoro KHMC coctout u3 npuemonepenar-
ynka WiFi u peanm3oBaHHBIX Ha oO6opymoBannn RASTA
Mmapuipytuzaropa SpW Ha 4 mopra U MOCTa
SpW<>UART.

MOJICJ'II) HUCITOJITHUTCIIBHBIX yCTpOﬁCTB BBIIIOJIHEHA Ha
otnanoyHoi mrate Altera Terasic v.1.2. [lmara npencras-
nsieT co0oil yCTpOHCTBO Juisi pa3paboTKu cucteM Ha Oase
MPOTPAMMHPYEMBIX JIOTHIECKUX HHTETPATBHBIX CXEM
(IUIUC). B nanHoM BapuaHTe Ha 0a3e JaHHOW IUIATHI
BEITNIOJTHEHBI Mapmpytusatop SpW Ha 4 mopTta, MOCTEI
SpW <> PIO u SpW <> LCD. IlapannensHblii UHTEp-
¢eiic PIO mpucoenuueH x 010Ky cBeTOAMOAOB. Brirtoue-
HHUE/ BBIKJIFOUEHHE CBETOIMOI0B CUTHAM3UPYET O (haKkTax
MIPOXOKICHUS KOMAaH/, IIOCBUIAEMBIX C HOYTOyKa MOZIEIH
HazemHoin KUC.

LCD ciyxut s oToOpakeHUs TeIEMETPHH, TPUHH-
maemoit ¢ mogenu BKY. TapamiensHo TeneMeTpus depes
mozenb boproBoit KMC u WiFi nepecpuiaercs Ha MOJIETb
HazemHoi KMC u oToOpakaeTcst Ha 3kpaHe HOyTOyKa.

Jsyxmnatasii MmakeT BKY cocrout u3 4-x moproBoro
Mapmpytuzaropa u BK Ha 6a3e mpomeccopa LEONS3.
Kaxnast miiata uMeeT 1aTYMK HaNpsDKEHUs, JaTYNK TOKa,
JaTYUK TEMIIEPaTypsl, KOTOPBIE KaK JTaHHBIE TEIEMETPUHI
yepe3 MocT SpW <> [2C u MapumpyTus3atop nepechuia-
0TCS OOPTOBBIM KOMITBIOTEPOM Ha MOJENb Ha3eMHOI
KHNC nnst oroOpakeHust Ha SKpaHe HOYTOyKa.

bopToBoii KoMmbIOTEp paboTaeT MOA yHpaBICHHEM
onepauuonHoit cucrembl RTEMS. Ilepenaua naHHbIX
OCYILIECTBIISIETCS C TOMOIIBI0 mpoTokoina RMAP cern
SpW [5].

Jis paGoThI IEMOHCTPAIIIOHHOTO IpUMepa MpOH3Be-
JICHBI ClleTyole paboThL:

— aJanTHPOBaH MOJ CHEIH(PHUKALINIO TEMOHCTPAI[OH-
Horo npuMepa [P-6mox konexa SpW Light;

— paszpaboTtan 4-mopTOBEIA MapmpyTH3atop SpW,
CYIIECTBYIOINUH Kak B Buje [P-00ka, Tak ¥ 3aKOHYCHHO-
r0 YCTpPOICTBa,

— pa3paboran anmnaparhslii MmocT SpW <> 12C;

— paspaboraH ammapatHbiit MocT SpW <> P1O;

— pa3paboraH annapartHblii konek RMAP Target;

— HamwWcaH porpamMMHEI fpaiisep RMAP Initiator;

— HamucaH jpaiiBep kogeka SpW Light mis onepaiu-
onHOM cucreMsl RTEMS.

Pa3paboTaHHBIN IpUMEpP AEMOHCTPHUPYET:

— CETEeBYIO apXHUTEKTYpy ITOCTPOSHHS HH(DOPMAIHOH-
HoW tuiatopmbl KA. JlaHHBII BapraHT COOTBETCTBYET
TOTIOJIOTUH «TpoiHas 3Be3qa» Kpome Toro, nemoHCTpu-
PYETCa nepejadya AaHHBIX C MOMOLIbIO KaK BHYTpPHUILIAT-

HBIX U MEXIIJIATHBIX KaHAJIOB, TAK ¥ BHEIIHUX KaOEIbHBIX
coenuHenuit SpW;

— Ppe3epBUpPOBAaHHE MapIIPyTOB IE€peaadl aHHBIX.
JlaHHOE CBOMCTBO 3KCHEPHUMEHTANIBHO MPOBEPSIETCS «IO-
PSIYMMY OTKIIFOYEHHEM JII000ro omHoro juHKa SpW, npu
3TOM PaboOTOCIIOCOOHOCTh CHCTEMBI COXpaHsIach: KO-
MaHJbl ¢ Mojaenu HazemHoro KMC mpuHMManucy 6opTo-
BBIM CETMEHTOM, a TejieMeTpHueckas MH(OpMaLusi 0To-
Opaxkanach Ha dKpaHe HOyTOyKa;

— paboTy yCTPOWCTB B OJIHOI CETH C Pa3HBIMH CKOpO-
cTsiMU. B paccMoTpeHHOM npuMepe ABa MapuipyTu3aTopa
obecrieunBaii Ha CBOMX IIOpTax CKOPOCTh, paBHyO0 30
Mowut/c, a OTMH — CKOPOCTh, COCTaBIISIIONIYIO 25 MoOwuT/C.
B momHOM cooTBeTcTBHH C [2] ceTh ocTaBamack B pabo-
TOCIIOCOOHOM COCTOSIHHM;

— cbop Tenemerpudeckoii nHpopMmarmu 1o cetu SpW;

— mepefady KOMaH] YNPaBICHUS M NONTyYeHHE KBH-
TaHLIUH 00 WX BBINOJHEHUH B COOTBETCTBHHU C IPOTOKO-
oM RMAP;

— B3aUMO/ICHCTBHIE MEXAYy MOJAEIIMU OOPTOBOM U Ha-
3emHoit KUC no paguokanaiy.

Takum oOpazoM, B pe3ynbTare NPOBEICHHBIX paboT
orpesieNieHbl HanboJiee BEPOSTHBIE apXUTEKTYphl COIPS-
xkenus KBO, paccmorpensl BapuanTsl cetu KA, co3nan
JIEMOHCTPAIIMOHHBIN NPUMEp CETEBOH apXWUTEKTYphl Ha
6aze SpW, skcnepuMeHTaMU TOKa3aHBI BAXKHBIE JOCTO-
WHCTBA KaK CETEBON apXUTEKTYPHI, TaK U cTaHmapta SpW.
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Texnonocuueckue npoyeccol u mamepuaiibl

VK 666.3

C. C. Hobpocmeicnos, B. U. Kupko, I'. E. Haru6bus, 3. 1. TTomos

BJIMAHUE JIETUPYIOIIUX JOBABOK Sb n V HA QJIEKTPOHHYIO
CTPYKTYPY IMOKCHJA OJIOBA*

IIpogedenvl meopemuyeckue u IKCNEPUMEHMANbHbIE UCCIEO008AHUA SIUAHUA Nlecupyrouux 006asok V u Sb na snex-
mpogu3suueckue ceolicmea Kepamuieckoe0 Mamepuaila Ha ocHose ouokcuoa onosa. Teopemuueckoe mMooenuposarie
ocyuecmsnanNocy npu nomowu npozpammuozo naxema VASP, 6 pamxax opmanuzma @yukyuonana niomuocmu
(DFT). Cunmes kepamuku HA OCHO8e OUOKCUOA 01084 NPOBOOUIU NO KIACCUYECKOU MeXHOL02UU npu memnepamype
cnexanus 1300 °C ¢ pazauunou konyenmpayueti aecupyiowux 0006aeox cypbmul (om 1 0o 5 %). Mamepuan, noxyuen-
HblIL ¢ UCNONb308AHUEM 6AHAOUS, 00NIAOAN HUZKOU 2NEKMPONPOBOOHOCHbIO.

Knioueswvie crosa: Kepamuka, Ouoxcuo oJjloea, 9Jzei<mp0npoeoénocmb, soJlbmamnepHas xapakmepucmuka, 30HHAA

cmpyKkmypda, Ke6aHmoeo-xumuieckoe MO@EﬂMpOGaHM@.

BbIcOKONpOBOIALINIT XUMUYECKU CTOMKHMM Marepuall
Ha OCHOBE JHOKCHA OJIOBA HAIIIEN ITHPOKOE IIPUMCHEHUE
BO MHOTHMX OTpacisix MHpoMbllieHHOCTH [1]: mepByto
ouepellb B JJICKTPOHHKE, SJCKTPOTEXHUKE, 3ICKTPOXU-
MUH, KaTaliu3e, ONOTEXHOIOTHH, METAILTYPTHH, aTOMHOM
¥ XUMUYECKOH MIPOMBIIIIICHHOCTH | 1Ip. [2].

UucThid AUOKCH] OJOBAa IUIOXO CIIEKAeTCs, 9TO 00y-
CIIOBIICEHO JOMUHHPOBAHHWEM TIPOLIECCA  HCHApPEHHs-
KOHAeHcarmu Han nuddysuer [3], a Takke nMeeT HHU3-
KYIO IPOBOAMMOCTb, CBSI3aHHYIO C BBICOKOM 3HEpruei
aktuBanuu (3,54 3B).

Juist yaydnieHus criekaeMOCTH MaTepHaIOB Ha OCHOBE
JMOKCHIA OJIOBA HCIIOJIb30BAINCH CTEKI000pasyonye
nobaBku, Takue kak MnQO, [4], CoO [5], CuO [6] u np. B
pabote [7] ObLIO MOKA3aHO, YTO KEPAMHUKa, OTYICHHAS C
ITOMOIIIbI0 KOMOWHAIMH OKcHaoB Mapranua (IV) um memn
(II), obmamaer HaWIy4YIIUMH (PHU3UKO-MEXaHHYECKIMH
XapaKTEepUCTHKAMH.  XOpOIIHe  SIEKTPOPU3NIECKUE
cBOIcTBa (OCOOCHHO TIPH BBICOKOH TeMmIepaType) obec-
neunBaroT nob6aBku Sb,O; [8] u V,05 [9]. AToMBI Tpex-
BasieHTHOro Sb B Sb,0O3; u naruBanentHoro V B V,05 B
YCIIOBHSIX BBICOKOTEMIICPATYPHOTO CHHTE3a KEPaMHKH
3aMEIAlOT B KPUCTAUIMYECKOH pEIIeTKE aTOMBlI 4YeThl-
PEXBAJICHTHBIX SN M CO3Jal0T JOCTATOYHYIO KOHIEHTpa-
LU0 HOCUTeNeH anekTpuueckoro 3apsiaa [10].

Lenp paboThL: YHCICHHOE MOJCIIUPOBAHKE DIICKTPOH-
HOH CTPYKTYpbl kKepaMuk SnO; | JONUPOBAaHHBIX aTOMaMU
Sb u V U 3KCHepHUMEHTAIbHOE HCCIEOBAHUE BIHSHUSL
atoMoB Sb m V Ha snektpodmsndeckne u (HUIUKO-
MEXaHHYeCKHe CBOMCTBA KepaMHK Ha ocHOBe SnO,.

MopneaupoBaHnue 31eKTPOHHOI CTPYKTYpbI IIPOBO-
JIJIOCHh B pamkax (opmanniMa (PyHKIHOHAIA TIIOTHOCTH
(DFT) [11; 12] ¢ ucronb30BaHrEM MPOTPAMMHOTO TTaKeTa
VASP (Vienna Ab Initio Simulation Package) [13; 14].
Jannas mporpamMma sl abinitio pacueToB HCIOJB3YET
METOJ] TICEBIIOTIOTCHIIMANIA W PA3JI0KEHHE BOJHOBBIX
¢yHKIMiA 1o 6asucy miockux BoiH. st 3 dexTrBHOTO
YMCHBIICHUS KOJUYECTBa Oa3UCHBIX (YHKIUH W yBEIU-
YeHHSI CKOPOCTU PACcYeTOB B MPOTPaMMe IJIsl BCEX aTOMOB
HCTIONB3YIOTCS TICeBHONOTEHIHANE Bannepounbra [15].
[Ipu mpoBeeHNN ONTHMHU3ALUN TEOMETPUN KOOPIUHATEHI

BCEX aTOMOB B Cymepsiueiike BapbHpPOBAINCH C TOMOMIBIO
METO/la COIPSHKEHHBIX T'PAIMEHTOB C HCIOJIb30BAHUEM
BBIYMCIICHHBIX CHJI, IEHCTBYIOMKX Ha aToMbl. OnTuMu3a-
LUl TEOMETPHU IPOBOAMIACH JO TEX IOp, MOKA CHIIBI,
JICHCTBYIOIIME HAa KaXK[bll aTOM, HE CTAHOBUJIMCh MEHEE
0,05 sB/A.

HccrenoBancs AUOKCHI OJOBa — MOIYHPOBOJHHK C
SHepruel 3ampemeHHon 3086 3,54 3B [16], co cTpykTy-
PO¥ KPHCTAIIIMYECKON peleTku pyTui (puc. 1).

PaccunTaHpl 30HHBIE CTPYKTYpHI IS CyIepsdeeK
SbSn47096 n VSH47096 (pI/lC. 2)

[Tpu nerupoBanuu aAnokcuaa ojoBa atromMmamu V u Sb
CYLIECTBEHHOE yYMEHbIIAETCSI SHEPIHs 3alpenieHHoi 30-
HBI, YTO ¥ JJOJDKHO IPUBOJANTD K YIIYUIICHUIO 3JIEKTPODH-
3MYECKUX XapaKTePUCTHK KepaMuK. OJHAKO OTMETHM,
YTO TIPH OJWHAKOBHIX KOHIICHTPALHUSAX MMPUMECH IIUPUHA
3aIlpPEIeHHON 30HBI OOJIBIIE MPH JTOTHPOBAHUHN KEpaMU-
ku SnO, atomamu BaHaaus (mpakrudecku Ha 12 %). Ilo-
cleHee, KOTr/a yIedbHOe 3JIEKTPOCOIPOTUBICHNE Kepa-
MUK KCTIOHCHITHAIFHO 3aBHUCHUT OT TEMIEPATypPbl, MOXKET
MOBIIMATh HA KOHEYHBIH BEIOOP COCTaBa KEPaAMHKH TS €€
MPAaKTHYECKOr0 IMIPUMEHEHHS.

Taxoke NpoBeZIeHHbBIE pacyeThl MOKa3allH, YTO MpH Je-
TMPOBaHMU CYPbMOW 0oJiee CYIIECTBEHHO MCKaXKaIOTCS
YPOBHH NIPOBOJMMOCTH Martepuaia. Bo3mMoxkHO, 310 00y-
CIIOBIICHO 0Oojiee CHJIBHOW DHEprueil B3aMMOJECHUCTBHS
CYPBMBI C THOKCHJIOM OJIOBA.

JKcnepuMeHTaIbHOE  HcceloBaHne  (U3NKO-
MeXaHNYECKHX M 3JeKTPOopU3NYeCKUX CBOICTB Kepa-
MHK Ha ocHoBe SnO,, TONMPOBAHHBIX ATOMaMH Cypb-
MbI M BaHagusi. OOpa3isl U3rOTABINBAINCEH IO KIACCH-
YEeCKOW KepaMHU4yecKoW TexXHoJoruu. lcxomHas muxra
cMecu nopotka SnO, ¢ mopomkoM Sb,O3 nnu V,05 nipu-
rOTaBJIMBanack B BOJHOM pactBope coned Cu u Mn
(CuNO; - 3H,0 u MnSQ, - 5H,0). [IpoBoauics mpenBa-
puTesbHBIN 00)ur 00pasnos npu remneparype 1100 °C ¢
JanbHeHIIMM  n3MenbueHneM. Ilociie  ¢opmupoBanock
TOTOBOE M3/IENIME IPH MCIOJIB30BAHUH B KaYECTBE CBSZKU
5%-r0 pacTBOpa MONMMBUHWIOBOTO crupTa. OGXHUT M3ae-
yus mpoxonwi nipu Temreparype 1300 u 1400 °C B Tede-
Hue 2 4.

*PaboTa BBINONHEHA B paMKaX peann3anuu QenepaabHoil meneBoil mporpammbl «HaydHble 1 Hay4HO-IIEIarOTHYECKUE KaIpbl
uHHOBaMOHHOM Poccum» Ha 2009-2013 rr. 1 npu nojuepxke rpanta POOU Ne 12-03-31323.
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Puc. 1. Pe3ynbraTsl pacyeTos:
a — 30Ha BpuinmosHa Uit CTpyKTyphl pyTrna [17]; 6 — 30HHas cTpykTypa SnO; [18]
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Puc. 2. Paccuntannblie 30HHBIE CTPYKTYPBI IJIS CyTepsiueeK:
a — SbSn47096 (Efermi = 7.14 9B) Egap(SbSn470096) = 1,19 9B; 6 — VSn470096 (Efermi = 7.15 9B) Egap(VSn47096) = 1,33 5B

s hU3MKO-MEXaHWIECKUX HMCIBITAaHUHA 00pasibl Ke-
PaMHK M3TOTABIMBAIKCH B BUJAE LWIMHAPOB IHAMETPOM
15 MM u BoIcOTON 10 MM cooTBeTCcTBEeHHO. JlJIsT AIIeKTpO-
(du3nuecKkuX HM3MEpeHHi 00paslbl UMEIH MPSIMOYrojb-
HYt0 (Gopmy 5%4x50 mMMm. ITnOTHOCTH 00pa3LOB HU3MEPsI-
JIaCh MO METOJIUKE THAPOCTATUYCCKOTO B3BCIIUBAHHS B
CIIUpPTE, OTKPBITass MOPUCTOCTh cooTBeTcTBOBaja ['OCT
2409-95. VYpenbHoe snekTtpoconporusienne (YOC) B
muamazoHe temmepatyp 20—-1000 °C m3mepsuioch 4eThl-
pex30HA0BEIM MeTomoM [18]. MexaHudeckne CBOWCTBa
OTIpeNeIBIINCh ¢ ToMoIIbio Tpudopa Instron 3369. Kpu-
CTaJUIMYECKas CTPYKTypa CHHTE3UPOBAHHBIX KEPaMHUK
KOHTPOJUPOBAIACh PEHTICHOCTPYKTYPHBIM aHAJIN30M Ha
npubdope XRD 6000. ®oTorpadun moBepXHOCTH U3JIOMOB
HOJIyYaJld C MOMOLIBIO PACTPOBOTO AJIEKTPOHHOTO MHK-
pockomna JEOL (Japan) JSM-7001F.

PesynbraThl HccieqoBaHU  (PU3MKO-MEXaHHMYCCKHX
CBOWCTB KepaMHK Ha 0cHOBE SnO,, JIETHPOBAHHBIX OKCH-
nmamu Sb, V u Cu, nipeacraBieHsl B a0, 1

Jannbie Tabn. 1 OKa3bIBAIOT, YTO JOOABKH B IIUXTY
CHHTE3WPOBAaHHOTO MaTepHansa OKCHIOB CypBMBI, Map-
TaHIa U MeAHu 00eCIeYnBalOT KEPAMHUKE TOCTATOYHO HU3-
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KyI0 NOPHCTOCTh U BBICOKYIO IPOYHOCTH. HaobopoT, ok-
CHJ BaHAJWs OTPULATENHHO BIMAET Ha OCHOBHBIC (DU3H-
KO-MEXaHUYIECKUE XapPaKTEPUCTUKHU IUOKCHIA OJ0BA, YTO
CBSI3aHHO C IJIOXOW pacTBOPHUMOCTBIO MaTepuana. OKCH
CYPbMBI MPpaKTUYCCKU HE BIIUACT Ha (1)I/I3I/IKO-
MeXaHW4YeCKHE CBOHCTBA.

[TpearnonoXuTenbHO MPOUCXOIUT IOJIHOE pacTBOpE-
HHE CypbMBl B KPHCTaJUIMYECKOH pEIIETKE IHOKCHIA
0JI0Ba, W BIMSHHUE Ha CIIEKaeMOCTh OoTcyTcTBYeT. [locien-
HEe TMOITBEP)KAACTCA HaHHBIMH MHKPOPEHTI€HOCIIEK-
TpalpHOTO aHanm3a (puc. 3).

B omiinumne oT cypbMbl, BaHaAMM IJI0XO pacTBOpsETCA
B KPUCTAJUIMYECKOMN CTPYKTYpe IUOKCUIA 00Ba. JlaHHbIN
pe3ynbTaT MOATBEP)KIAET BBICOKOE yIENBHOE AIIEKTPHUC-
cKoe conporusiieHue (Tabiu. 1) mMarepuana, HOIy4YeHHOTO
¢ no0aBKaMy OKCH/Ia BaHaAMsl, U PE3yJIbTaThl MUKPOPEHT-
TeHOCIIEKTPAIbHOTO aHanu3a (puc. 4).

B caydae wucronb3oBaHMs KOMOMHAIMM  J100aBOK
MnO,—CuO mnpoucxonutr obpazoBanust CuMnO, ¢a3sl
(nmpeumymectBenHo CuMn,O4, Cu;sMn,; s04), koTopas
BEICTYIIAa€T B KadecTBe CTEKIO(asbl, oOpasyromeiics Ha
MMOBEPXHOCTH 3€PEH U CIIOCOOCTBYET criekaHuto [19].
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Tabnuya 1
Du3nuKo-MeXaHHYeCKHe CBOICTBA KEPAMHK HA OCHOBE THOKCH/IA 0J10Ba
Ne CocTaB MUXTHI Temnepatypa | [InotHocts, |  Otkpritast | [Ipounocts, | YOC MOM - M,
o0xwura, °C kr/m® MOPHUCTOCTB, %o MIla T=1000 °C
1| SnO, - 95 %, Sb03 — 1 %, MnO, —2 %, CuO -2 % 1300 6121 1,77 432 0,28
2 | SnO, — 94 %, Sb20; -2 %, MnO, —2 %, CuO -2 % 1300 6315 2,15 413 0,27
3 | SnO, - 93 %, Sb03 — 3 %, MnO, -2 %, CuO -2 % 1300 6215 2,42 399 0,24
4 19Sn0; -2 %, Sb,05 —4 %, MnO, -2 %, CuO -2 % 1300 6127 2,38 424 0,23
5 | SnO, — 91 %, SbyO5; — 5 %, MnO, — 2 %, CuO -2 % 1300 6206 4,84 401 0,2
6 | SnO, — 94 %,V,05 — 2 %,Cu0 -2 % 1300 4621 28,4 51,9 -
7 | SnO, — 94 %,V,05 — 2 %, MnO, -2 % 1300 5389 16,4 192,7 -
8 |Sn0O, — 94 %,V,05 — 2 %, AgO -2 % 1300 5008 23,03 58,1 3.9
LT T - N &
!q'?;z" ‘&{’..ﬂ-\" § i E CTeKTH o Mu | 85
'," l_bj::' 27 - [ Creexp 1 7513 | 0.56 | 2431
CriexTp 2 6203 | 0 30.97
CriexTp 3 5840 | 075 ) 4085
CrexTp 4 r06 |0 22.94
CriexTp 5 T30 |0 2370
— M axc. TrO6 | 075 [ 4025
! "1’{ -
" i 6z S240 | 056 | 2294
LA S

Puc. 3. 3nom kepamuku coctaBa SnO, — 94 %, Sb,03 — 2 %, CuO — 2 %, MnO, —2 %
U pe3yJIbTaThl MUKPOPEHTCHOCTIICKTPAIBHOTO aHATIHN3a

Crextp O W Ag | En

Croextp o auaunil) | 6303 | 078 34.19
Crextp o muumuil) | 6661 | 1.63 31.74
Croextpmo mumumid) | 77.33 | 237|067 | 1942
Cnextp 4 7119 | 181|083 26.18
Coextp 3 7631 (317|033 2018
Cnextp 6 7744 | 083 2171
Coextp 7 7392|035 25 33

Puc. 4. Uznom xepamuku coctaBa SnO; — 96 %, V,05 -2 %, AgO -2 %
U pe3yJIbTaThl MUKPOPEHTI€HOCTIEKTPAILHOTO aHAM3a

daekTpodu3nyecKkne CBOHCTBA KepaMUK HA OCHO-
Be AMOKCHAA 0JI0BA. YJIeIbHOE 3JEKTPUYECKOE COIpO-
TUBJICHHUE KePaMHKH, TOMUPOBaHHON cypbMmoii (ripu 1000
°C), c1abo yMEHBIIAETCsl C YBEJIMYEHUEM €€ KOHLIEHTpa-
uu 1 aexuT B npepenax 0,2—0,28 MOwm - M (cM. Tadm. 1).
Hao0bopor, ynemsHOe 3IeKTPOCONPOTHBICHHE KEPaMUKH,
MOTyYeHHOH ¢ mcmonb3oBaHueM nob0aBku V,0s, mokasza-
mo, uro mpu Ttemmeparypax 1000 °C smekTpudeckoe
COTIPOTHBIICHUSI OCTaeTCs BBICOKUM (Tabm. 1, mm. 6-7).
JaHHblil pe3ynbTaT MOXET ObITh OOBSICHEH JIMOO BBICO-
KOW TOPHUCTOCTHIO CHHTE3UPOBAHHOH KEepaMUKH, JHOO
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OTCYTCTBHUEM 3aMCUICHUA aTOMOB 0OJIOBa B CTPYKTYpPC AU-
OKCHJa O0JI0OBa aTOMaMM BaHaJus MPU 3aJaHHBIX PEKUMaX
CUHTE3a.

JUIsi TOJTyNIpOBOZHNUKOBBIX MAaTepHalioB XapaKTepHa
9KCMOHEHIMANbHAsE 3aBUCHMOCTH 3JEKTPHYECKOTO CO-
MPOTHUBIICHHUSI OT TeMmepaTypsl [20]omuceiBaeMast BbIpa-
JKEHUEM:

p=pg-exp(E, / 2kT),
rle pp — HayalbHOE OJJIEKTPUYECKOE COMPOTHBIICHUE,
Owm - M; E, — mmpuHa 3ampenieHHoi 3ousl, [x; k — mo-
crosinHas bonbimana; 7' — Temneparypa (puc. 5).
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Bce 3aBHCHMOCTH yAENBHOTO 3JEKTPOCONPOTUB-
JIEHUsI OT TEeMIEpaTypbl UMEIOT KJIACCUYECKHH IKCIIO-
HEHIMAJIbHBIA XapaKkTep, a 3aBUCUMOCTH B KOOpIMHa-
tax —In p/po—2¢/kT — npakTUUECKH JTMHEHHBIH XapaKTep.
[locnennee MoO3BONISIET pacCUUTATh SHEPTUIO TEpMHUE-
CKOM aKTHBalMH KepaMuK (Tadi. 2).

YBenMueHNs MacCOBOM KOHLIEHTPAIMHM OKCHIA CYpb-
MBI IPHBOJHT K CHIYKCHHIO IIUPHHBI 3alPSLICHHON 30HBI
¢ 1,33 10 0,75 eV.

[Ipu moBBIIICHNN KOHIEHTPAIMHI OKCHIA CYPBMBI 10 5 %
MIPOUCXOANT KayeCTBEHHOE HM3MEHEHHE XapakTepa KpH-

24
224 3,4
20.] 'l\‘ 5
48 ) 2} 1 —— 953%30n0-1%5b 0 -2%Cu0-2%Cud
16 \ 2 T 94%5n0 2% SbEOE-Z% MnQ -2%Cul
E 144 \ 3 95%3n0,-3%3b,0,-2%Mn0O,-2%Cu0
S 12 4 ! 4 7 92%5n0 4%58b 0, -2%MnO -2%Cu0
i 10 4 5 9 l%Squ-S%SIJEOE- 2eMny - 22000
8
6=
44
24
0 Tee—
-2

T T T T T T T T T
200 300 400 500 600 VOO 800 800 1000 1100

T,°C
a

Boil BAX. Bo3MO0’HO, 3TO CBS3aHHO C HEMOJIHBIM M Xa0-
TUYHBIM PACTBOPEHHUEM AaTOMOB CYPbMbI B KpHUCTaJJINYe-
CKOM pelIeTKN AUOKCUIA OJI0Ba.

TeopeTuueckue HUCCIENOBAHUS TMOKa3ald, 4YTO IIPH
OJIMHAKOBBIX KOHLEHTPALMAX IpUMecH V WM Sn MIUpHU-
Ha 3alpelIeHHON 30HBI Ooblie mpu gonupoBaHun SnO,
atoMamu BaHaaud Ha 0,14 3B. Pasnuune mexny paccuu-
TaHHBIM 3HAYCHHWEM JHEPTHH aKTHBALWU THOKCHAA OJIO-
Ba, JICTUPOBAaHHOTO CYpPBMOH, M OSKCIEPUMEHTAIHHBIMH
HCCIIeOBaHMSIMA cocTaBisier 19 %, daro B ciydae kepa-
MUKH SIBIISCTCS YIOBICTBOPUTEIHHBIM.

—— 95%8n0 -1%5b,0 -2%Cu0-2%Cu0
— 94%5800,-2%8b O -2%MnQ,-2%Cul
95%8n O: -3% szO{Z‘l’n T\'IIIO{Z%»CHO
4 7 92%8n0,-4%38b 0, -2%Mn0O -2%Cu0
5 91%8n0 -5%a8b,0 - 29, T\‘Il‘LO:— 2%

1
5 2
3, 3

-In{p/po)

2q/(KT)
o6

Puc. 5. 3aBUCHMOCTH yZI€IBHOIO 2JEKTPUYECKOTO COIIPOTUBIICHUS KEPAMUK OT TEMIIEPaTyphbl
U TIPU pa3iIMYHON KOHLIEHTPALIMU OKCUIA CYPBMBI (@), @ TAK)KE TE )K€ 3aBUCHMOCTH TOJIBKO
B JIOTapU(MUYECKUX KOOpAUHATAX (6)

Tabnuya 2

BHGPFI/IH AKTUBAIIUH KEPAMUYCCKHUX MaTepUuaioB

CocraB

SHOZ -95 %, Sb203
-1 %, MnO, -2 %,
CuO-2%

SnO, — 94 %, Sb20;
-2 %, MnO, -2 %,
CuO-2%

SnO, — 93 %, Sb,04
-3 %, MnO, -2 %,
Cu0-2%

Sn0;, — 92 %, Sb,0;
— 4%, MnO, — 2 %,
CuO -2 %

SnO, — 91 %, Sb,04
-5 %, MnO, -2 %,
CuO -2 %

EaKTMBame eV

1,33

1,33

1,0

1,0

0,75

304
2,54
204
=~ 1,54
3
1,04
0,54
0.0 T — T 1 — 1 T T T 00 —T
0 § 10 15 20 25 30 B 40 0 5
I, Alsm’

a

Puc. 6. Bonsramnepnsie xapakrepuctuku Matepuana (7= 1000 °C):
a —Sn0; — 94 %, Sb,03 — 2 %, CuO — 2 %, MnO, — 2 %; 6 —SnO; — 91 %, Sb,03 — 5 %, CuO — 2 %, MnO, — 2 %;
1 — TIOBBIIICHHUE CUJIBI TOKa, 2 — MOHW)XCHHUE CUJIBI TOKA
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Matepuan, NOIy4eHHBIH ¢ Jo0aBKaMu V IO KIIacCH-
YEeCKOH KepaMUYeCKOH TEXHOJIOTHH, 00JamaeT HHU3KOU
3JIEKTPOIMPOBOJAHOCTHIO, BO3MOXHO 3TO CBSI3aHHO C ILJIO-
XOM PacTBOPUMOCTHIO BaHAIMS B TMOKCUIE OJIOBA U Tpe-
OyeT U3MEHEeHHS METOINKH CHHTE3A.

IIpu sKciepuMeHTaNIbHBIX UCCIIEOBAHUSIX BBISCHUJIH,
YTO YBEIIMYCHHE KOHIIEHTPAIIMH OKCHIA CYPHMBI IIPHBO-
IUT K CHIKCHHUIO IMMPUHBI 3alpemieHHoi 3006 ¢ 1,33
1o 0,75 eV.
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S. S. Dobrosmislov, V. 1. Kirko, G. E. Nagibin, Z. I. Popov

EFFECT OF ALLOYING ELEMENTS SB AND V ON THE ELECTRONIC
STRUCTURE OF TIN DIOXIDE

The authors present theoretical and experimental studies of effect of alloying elements V and Sb on electrical
properties of ceramic material based on tin dioxide. Theoretical modeling was carried out with the use of software
package VASP, within the frame of formalism of density functional (DFT). Synthesis of ceramic based on tin dioxide
was performed by traditional technology, under sintering temperature of 1300 °C, with different concentrations of dope
additives of antimony (from 1% to 5 %). Material obtained with the use of vanadium, had low conductivity. Studies of
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the structure showed the complete dissolution of antimony tin dioxide. The calculations showed that the ceramic
activation energy of stoichiometric ratio (SbSny;O¢s) = 1.19 eV of ceramics (VSny;095) = 1.33 eV. Experimental
studies have shown that increase of concentration of antimony oxide leads to decrease of the band gap from 1.33 eV to
0.75 eV. The difference between the calculated value of the activation energy of antimony-doped tin dioxide and

experimental studies is 19 %.

Keywords: ceramics, tin dioxide, conductivity, current-voltage characteristic, band structure, quantum chemical

modeling.
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YJK 621.924

B. A. JleBxo

HNCCJIIEJOBAHHUE PACIIPEJEJTEHUSA JABJIEHUA PABQ“IEI71 CPE/JIbI 11O JJIMHE KAHAJIA
TP ABPA3UBHO-3KCTPY3UOHHOU OBPABOTKE*

Ipusedenvr pezynvmamel uccredo8anuii pacnpedeieHus 0asienus paboyell cpedvl no OiuHe Kananid. BeissneHo,
YUMo NpU YCMAHOBUSUIEMCS MEeUeHUU GeIUYUHA OAsNeHUs pabouell cpedbl 3a8UCUm Om 6eTUdUHbL 0A6LeHUs. cO8Ued Ha

6x00€ 8 KAHAL U 2PAOUEHMA CKOPOCHU NOMOKA CPEObl.

Kniouesvie cnosa: abpasugno-sxcmpysuonnas obpabomka, pacnpedenerue 0asieHus paboyeil cpedvl, RPOOOIbHbII
npogus Kanana, NOBEPXHOCMHbBIU COM, SPAOUEHN CKOPOCMU, 853KOYNpyeue ceoticmed.

s TeopeTMUecKoro ONMCaHus Ipolecca TeUeHHUs
paboueii cpensl mpH abpa3sMBHO-3KCTPY3HOHHOHW 00pa-
6otke (AD0) npumensrores nBa nmoxxona. CoriacHO Mo-
JIeTd OMHTaMOBCKOTO IuTacTuka [1], CABHTOBOE TEUYCHHE
paboueii cpenst mpu ADO OCyIIECTBISIETCS 3a CUET Iepe-
raja JaBJICHWH Cpelbl Ha BXOJIE W BhIXOjae oOpabaThiBac-
moro kanaja. Mcxons u3 3ToM Mozenu, B KaHajiax 00Jb-
[IOW JJTUHBI Tiepenaj] AaBJIeHUH MPUBOAUT K MOSBICHHIO
HEPaBHOMEPHOCTH OOPabOTKK MO JUIMHE. DTO SIBICHHE
CYIIECTBEHHO OIPaHUYMBAET TEXHOJOIMYECKHUE BO3MOXK-
HOCTH JJAHHOT'O CI10c00a QUHUIITHON 00paOOTKH.

IIpu AD0 caBuroBoe TeueHUE UMEET TOMUHUPYIOLIEE
HalpaBJIeHHE, OKa3bIBaloIlee CYNIECTBEHHOE BIIMSIHUE Ha
XapakTep nepeMemieHus adpa3wBHBIX 3epeH. [Ipu BH3y-
ANBHBIX WCCIENIOBAaHHUAX NOTOKa pabodeit cpensl [2] B
KaHaJax pa3HbBIX KOH(UTypanuid yCTaHOBJIEHO, 4TO A3
MIEPEMEIIAOTCs IO TPAEKTOPHSIM, COBIAJAIONINMHU C JIU-
HUSMH TOKa. DTO HAOJIIOACHHUE TIO3BOJIWIO CACNATh MPe-
MOJIO’)KEHHE O TOM, YTO MpPH YCTAHOBUBIIEMCS PEXHUME
TeueHHs1 HaOII0aeTCsl MOsIBJICHUE COBOKYITHOCTEH adpa-
3MBHBIX 3€PEH, IEPEMELIAIONINXCS IO OJJHOM TPACKTOPUH,
00pa30BaHHbIX JIMHUSMH TOKa pabodell cpe/bl.

CrenoBarenbHO, HAOIIOAEMYI0 COBOKYITHOCTH MOXK-
HO TIPEJICTaBUTh B BUJE LETIOYKH, COCTOSAIICH M3 IOCIe-
JIOBaTEIbHO COCJMHEHHBIX OJMHAKOBBIX JJIEMEHTOB —
CETMEHTOB, KaXKIBIH M3 KOTOPHIX AehopMHUpyeTcs Hes3a-
BHCHUMO OT OCTaJbHBIX, a YCIOBHE HEpPa3pBIBHOCTH IIe-
ITOYKHA O0ECIIeYNBAETCSI COCTUHEHHEM CETMEHTOB BS3KO-
YOPYTOH Cperpl B MAapUKaX, MOJCITHPYIONINX aOpa3uBHEIC
YaCTHUIIBI, OKPYKCHHBIE COJTBBATHON 000I0YKOM.

Hcxons U3 3TOrO Mpeanoiokenns, Oplia pazpadborana
MOJIEJIb TEUEHHUS Cpelibl, TIOCTPOCHHAs Ha peoOpa3oBaH-

Holt mozenn Kapruna-Crnonnmckoro-Paysa (KCP) [3]. Ha
OCHOBaHHMHU TEOPETHYECKUX Pa3pabOTOK OBUIO BBIABIEHO,
YTO IPH YCTAaHOBUBILEMCS] PEXHME CIBUTOBOTO TCUCHHMS
CKOPOCTH JIBHKCHHSI BCeX wWApHKoB (du;/df) onuHako-

BbI, BpEMCHa 3ana3abIBaHUS CHCTEMBI A JOCTUTaroT

n
CBOMX MaKCHMAJIBHBIX 3HAUCHWH, yrpyrue aedopmarmm
HOpUOIIIDKAIOTCA K ACUMIITOTUYECKOMY 3HAUECHUIO U, ().

Torma u ycnoBusi paBHOBeCHS Il BCEX CErMEHTOB Iie-
MOYKH TOAOOHBI, T. €. HE 3aBUCAT OT JJIMHBI LIETOYKU
(oOpabateiBaeMoro kaHana). Bennmumaa cxaTHs € cer-
MEHTOB IIETIOYKH Ha OCH KaHaja B JIaHHOM CiIydyae Iepe-
cTaeT OBITh 3aBHCHUMOI OT JJIMHBI KaHAJIa — PEKHMa BSI3-
KoyIpyroro TedeHus. Ha nieHTpanbHON ocH KaHala MOTOK
JIBIDKETCS TTOJI0OOHO CXKATOMY YIPYTOMY CTPEXKHIO.

Jlnst noaTBep KACHUS JAHHOW MOJICITH OBbUIH TIPOBEe-
HBI 9KCIIEPUMEHTANILHBIE MCCIICAOBAHUS BIMSHUS JUTHHBI
oOpabarsiBaeMoro kanaia Ha yciosus AD0.

OOBEKTOM HCCIIEOBaHUS SIBISUICS YCTAHOBUBILIHMICS
MOTOK paboueit cpempl. s WMcclnemoBaHdWid CO3aHO
OmBITHOE Tprcnocobienue (puc. 1) U cxema M3MepeHHS
mapaMeTpoB Iporiecca (puc. 2).

Kopmyc / u xpblmka 2 UMEIOT Ma3bl AJsl B3aHMHOTO
pacrnosioxkeHus. J[Ba mepexogHuka 3 00ecIeyuBaoT CO-
€IMHEHNE KOpIyca M KpBIIIKH MEXIy COOOH, a Takxke
YCTaHOBKY COOpPAHHOIO TPUCIIOCOOJICHUSI B paboduue IH-
JIMHAPHI ONBITHO-MIPOMBIIIIEHHON ycTaHoBKH YOIII-100 M.
B ma3 kpblky 2 ycTaHaBIMBAeTCsl NPSMOYTOJNBHBIN 00-
pasenr 4. B coOpaHHOM NpHCHOCOOICHUN UMUTHPYETCS
IpPSIMOYTOJBHBIN KaHan 5, umeromuil ceuernue 10x10 mm
n umHy 108 MMm. Marepuan oOpasna W UMHTaTOpa —
cranb 38XT'C.

*PaboTa BBIIONIHEHA B paMKaxX HAyYHO-HCCIEA0BATENbCKOM paboThl «Pa3BuTHE HayyHBIX OCHOB a0pa3sMBHO-IKCTPY3UOHHON 00-

pabotkm» (Tema Ne 1.28.11).
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Puc. 1. Ilpucniocobnenue 1iis UcciieA0BaHUS

Pe3y.]'[l)TaTl)I HCCICI0BAHUSA

P,,, MIla Ceuenne 1 Ceuenue 2 CeueHnue 3 Ceuenne 4
P, MIla | Ra, mxm | Ah, mxMm | P, MIla | Ra, mxm | Ah, mxum | P, MIla | Ra, Mxm | Ah, MM | P, MIla | Ra, MM | Ah, MKM
6,0 0,9 0,35 75 0,9 0,37 70 0,89 0,36 70 0,88 0,36 75
9,0 1,4 0,30 100 1,39 0,31 95 1,38 0,32 95 1,38 0,32 100
12,0 1,8 0,25 150 1,79 0,26 145 1,78 0,26 145 1,76 0,25 150

B cedenusx 1...4 u3MepsuIncCh MIEPOXOBATOCTh Ra T0-
BEPXHOCTH U BEJIIMYMHA U3MEHEHHS TIIyOMHBI perepHOit
touku Ah mocie 20 mukioB ADO mpu pa3uYHbIX BEIU-
YygHaxX BXOAHOro naaeneHusi P, Ha ocuummorpammax
(bUKCUpPOBAJICS XapaKTep W BEIMYMHA M3MCHEHUs JaBiic-
HuUs cpensl P. KoHCTpyKIus mprcnoco0IeHus TO3BOIIIA
00eCTeunTh MepPecTPOiKy MPOQIIIS MOTOKA B MEPEXO-
HUKaX U MCKJIIOUUTH BIIMSHUE MIEPECTPONKHU HA pacrpese-
JICHWEe DaBIICHUS IO JITMHE KaHAa.

Llﬁ"

P3

NN
ILIL_'I |Lé|_|| |

]
F1 P2

NN
| ||_$_||

P4

Puc. 2. Cxema u3MepeHus napameTpoB

[pumensiizach paboyasi cpela CIEAYIOIIETO COCTaBa:
HATIOJTHHUTENb — HOPMaJbHBIHA 2MeKTPOKopyHI 18A 3epHH-
ctocthio 320 MkM, BecoBoe coaepkanne 50 %; miot-
HOCTB cpefsl p = 1410,32 kr/v’, yOpyTHe CBOHCTBA — MO-
nynb FOura E = 119600, Benuunna koaddurmenta [Tyac-
cora pu = 0,411. Kaxmoe ycinoBue 3KCHepUMEHTa MOBTO-
psnock 6 pa3. CpenHue 3HaUCHUS Pe3yIbTaTOB IKCIEPH-
MCHTOB IPUBCJCHLI B Ta6m/1ue. Bennuuna JaBJICHUS P
OIIpeZieieHa 0 MUKOBOMY (MaKCHMaJbHOMY) 3HAUCHHUIO
JIaBJICHUS HA OCLMIIIIOTPaMMe.

CocrosiHME TOBEPXHOCTHOTO CJIOsi 0Opa3LoB IOCIe
00paboTkn (LeHTpalpHas 4YacTh OOpas3IoB), BBIABMIA

160

PaBHOMEPHOCTh CheMa MaTepHalia Mo Bceil JUIMHe KaHaia
(puc. 3).

Puc. 3. O6pas3is mocie 06paboTku

Pe3ynbTaThl MccIeOBaHMS MTOKA3AIH, YTO M3MEHEHNE
JIaBJICHUS TI0 AJIMHE KaHala NpU YCTAaHOBUBIIEMCS Tede-
HHUM HecylecTBeHHO. OCHOBHOE BIMSHHME Ha YHCICHHOE
3HA4YEHHE JABJICHUS B KaHaJe OKa3bIBACT BEJIMYMHA BXOJ-
HOTO JaBjieHHS W KOd(D(PHUIMEHT MOTeph MOTOKA Cpeibl
IPHU MEPECTpoiike ero mpoduiast Ha Bxoae B o0Opabarbi-
BaeMbIi KaHaJl.

V3meHeHHe NIepOXOBATOCTH U BEJINYUHBI YJaJICHHOTO
CJIOSI MaTepHalla MpH yCTAaHOBHMBILIEMCSI CIBUTOBOM Teue-
HHUH cpensl (puc. 4) cnabo 3aBHCAT OT JJIMHBI 00pabaThI-
BAaeMOro KaHayla. Pe3ynbpTaThl 3THX HCCIIeOBaHMH MOI-
TBEPXKIAIOT, 4TO I pacdyeToB mapamerpoB ADO HyXHO
MPUMEHATh MOJEIM TEUYCHUs CpPEeAbl, IOCTPOCHHOH Ha
npeobpazoBanHoi Mogenn KCP.
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Vi3MeHeHHe MABICHHS 110 BPEMEHH AaHAIOIUYHO BO
BCEX YCTBIPEX HMCCICAYEMBIX CCUYCHUAX U HNPAKTUUCCKU
HPOMCXOAUT OTHOBPEMEHHO TI0 BCeil nHe KaHana (puc. 5).
VI3MeHeHe BEJMYHHBI JABICHHUS CPEMbI CBA3AHO C YCIO-
BUSIMH TEUCHUS CPEIbl B KaHANle U pexUMaMi AehopMu-
POBaHUsI BA3KOYIPYTHX LEMOYEK.

fa MEM Al MEM

1 2 3 4 1 2 3 4
0,37 150
031 = 10—
0,25 S I S |

09 39 69 99108L.MM T 09 39 69 99108 L,mm
120 = 90 «60 w120 = 90 «60
Prx, Mlla Pex, MIla
a 0

Puc. 4. I3meHneHne napaMeTpoB HOBEPXHOCTHOTO CIIOS
mpu ADO kaHana 0ONBIION [UINHEL:
a — nIepoxoBaTocTh Ra; 6 — N3MEHEHUE TITyOHHBI

peniepHoii Touku Ah

P, MIIa
1 2 3 4

2,0

1,0

09 309 69 99108 L, mm
-+ 120 = 90 60
Pepx, Mlla

Puc. 5. I3meHeHue naBieHus 1o JIMHE KaHaja
OOJBIION JJIUHBI

[To pesynbTataM HCCIIEIOBaHUA OBUIO IIPOBEIEHO
CpaBHEHHE JIBYX IIPOJIOJIBHBIX Ipoduieli kaHaaoB oOpas-
oB (puc. 6). CoracHO Teopuu OMHTAMOBCKOTO, IJIACTH-
Ka Jys ciydast [ByHarpasieHHOH ADO B kaHasax 00Jb-
II0H JUTMHBI TPOJONBHBIN MPOQMIL HODKEH UMETh SPKO
BEIp2XCHHYIO KOHYCHOCTh. HamOonpmmii creM Mmeraia
JOIDKeH HaOmoJgaThCsi Ha BXOAE€ B KaHanl B 30HE .
Haumenbuii cbem — B [IEHTPAJIIbHON YacTH KaHala, T. €.
30He 3 (puc. 6, a).

IIpodwmib 06paboTanHO# AeTanu 0e3 MPUMEHEHHsI Ha-
NPaBJISIIOIIET0 YCTPOWCTBA, KOTOpPOoe (OpPMHUpPYET Npo-
(l)I/lJ'lb IMMOTOKa Ha BXOJC B KaHall, UMECT JABC APKO BbIpa-
JKCHHBIE 30HBI: BXOAHYIO 30HY | ¢ MakCUMaIbHBIM 3Ha4e-
HHUEM YIAJICHHOTO METAJIa M CPEIHIO 30HY 2 (puc. 6, 0).

IIpodwune 00paboTaHHOW jgeTalu, 3aKPEIUICHHON B
yCTpOHCTBE, KOTOpoe (opMupyer mpoduib MOTOKa Ha
BXOJIe B KaHal (puc. 1), UMeeT OIHY SPKO BHIPAKECHHYIO
CpeIHIOI0 30HY 2 (puc. 6, ).
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CornacHo kinaccudukauu 30H teuenus [4], st ciy-
gast ADO mo cxeme (cM. puc. 2), BXOIHAS 30Ha GOPMHPY-
eTcs B pabodeM IMIMHIPE yCTaHOBKH. Pexxum nedopmu-
poBaHusi paboueil cpeabl B ATOM 30HE Ha YCIOBUSI 00pa-
OOTKM HETOCPEICTBEHHOTO BIMSHHUS HE OKa3bIBaeT.
Bxonnas 3ona 1 (puc. 6) ¢popMupyercs Ha BXOJE B HC-
cleyeMblid KaHal U B €ro BBIXOAHOW 30HE. B Hel mepe-
cTpoiika nmpoduiis MOTOKa MakcuMaibHa. Jlanee mo mmHe
KaHajia (OPMHUPYETCS] 30HAa YCTAHOBHUBILETOCS TEUEHHS.
YcnoBusi 06pabOTKM B HEW MOXKHO OTHECTH K YCIIOBHSM
cpemHer 30HBI, U pacdyeT pexkuMoB ADO BeCcTH 0 METO-
nuke [3].

! 2 3 | 2 1 a
1 2 1
o6
2
— | ¢

Puc. 6. [IponomnsHelii npoduins 00padboTaHHOM
TIOBEPXHOCTH 00pasia:
a — 1o TEOpUH OMHTaMOBCKOT'O IUIACTHKA; 6 — SKCIIEPUMEH-
TaJIbHBII; 6 — SKCIIEPUMEHTAIbHBINA C BBIpaBHUBAHUEM IIPO-
(buist HOTOKA HA BXOJE

OCHOBHOE BIMSHHE Ha MapaMeTpel a0pa3WBHO-
AKCTPY3UOHHON OOpabOTKH OKAa3hIBACT T'PAJMEHT CKOPO-
CTH caBuTa pabouel cpenpl, a He Mepenaja JaBIeHUN Ha
BXOJI€ ¥ BBIXOJIC B 00pabaThIBaeMOM KaHaJe.

OTOT 3PPEKT 0OBACHICTCA BBICOKMMH BS3KOYIPYTH-
MH CBOWCTBaAMHM a0pa3HMBHBIX Pa0OYMX Cpeil. YCTaHOB-
JICHHBIC (DaKTHI MO3BOJISAIOT PACIIMPHUTH TEXHOIOTHIECKUE
BO3MOXKHOCTH crocoba ADO mo o006paboTke KaHajoB
0OJIBIIION JJTUHEI.
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C. A. JIamenxko, C. H. Bapnakos, 1. A. Tapacos, JI. B. IlleBuos, C. I'. OBYMHHUKOB

ABTOMATM3ALIAS MATHATORJIMIICOMETPUUYECKHX IN SITU U3MEPEHUI
HA CBEPXBBICOKOBAKYYMHOM KOMIUIEKCE JIUISA CHHTE3A U UCCJIEJOBAHUS
MATEPUAJIOB CIIMHTPOHUKMU*

Hpe()C}'nClGﬂeHbl pe3yibnmamaol Modepmwauuu CO30AHH020 KONIEKMUBOM asmopos MacHumoaJiiuncomempuieckozo
KomnJjekca. Hposedena asmomamu3ayusl npoyeccos ynpaeieHusl annapamnoﬁ uacmsio U peaiu3osansvl ajicopummol
06pa60m1<u CUCHANI06 MazcHUumoasiuncomempd. Boszmooicnocmu co30annoti cucmemol Ovliu npOdeMOHCWlpMpO@aHbl Ha
npumepe mexHojlocuvecKkozo yuxkia co30anusi u in Situ UCCAO08AHUSL CMPYKMYPHbIX, ONMUYECKUX U MACHUMHbIX

ceoticme Hanocmpykmypwl Fe/SiO,/Si(100).

Knrouesvie cnosa: CBEPXBLICOKOBAKYYMHAS MEXHOIOCUS MHO2OCTOUHBIX Hanocmpymyp, CHReKmpdajibHd:A SJIIUNCO-

mempust, 3pgpexm Keppa.

Meronpl OTpakaTelabHOW OJHOBOJIHOBOM M  CIIEK-
TPaJIbHOM 3JUTMIICOMETPHUM MO3BOJIIOT C BBICOKOM TOYHO-
CTBIO OTIPENIENATh ONTUYECKHE CBOMCTBA PA3IMYHBIX ITO-
BepxHocTel [1]. OMHOBOIHOBAS JUTMIICOMETPHUS XOPOIIIO
3apeKOMEeHI0BaNa ce0sl Kak METOJ KOHTPOJISI TEXHOJIOTHHI
MONyYeHU HAHOCTPYKTYP METOAOM  MOJICKYJISIPHO-
ny4eBoit snurakcun (MJID), rae Tpebyercsi HempepbIB-
HBIIl Hepa3pylIAoIUi MOHUTOPUHT TPOLECCOB (hopmu-
poBanus [2—6]. B pabote [7] HaMu OBUIO TIOKa3aHO, YTO
OJTHOBOJIHOBAsI OJUIMIICOMETPHS IPH HE3HAYUTEIbHOU
MOJM(UKAMKA CXEMBI U3MEPEHHUS MO3BOJISIET TPOBOJIUTH
TaK)Ke MarHUTOOINITHYECKUE uccienoBanus. /st peannza-
MU BCEX IMOTEHIMAIBHBIX BO3MOYKHOCTEH AIITHIICOMET-
pHuH, KOTOpBIe HauOOoIJIee TIOHO PEaN3yIOTCS MPH CIICK-
TPaJbHBIX M3MEPEHUSAX, KOJUIEKTUBOM aBTOPOB OBLI CO3-
JaH W3MEPUTEIBHO-POCTOBON KOMIUIEKC Ui CHHTE3a
MaTepHaJIOB CIIMHTPOHUKH U in Situ U3MEPEHUI WX ONTH-
YEeCKUX U MAarHUTHBIX CBOMCTB [§].

OnHaKoO WCIOJb30BaHHE B pa3pabOTaHHOM MarHHUTO-
SIUTUIICOMETPUYECKOM KOMILIEKCE NMEePEeMEHHBIX MarHuT-
HBIX TI0JICH MPUBEJIO K PALY TEXHOJIOIMYECKUX OTpaHuye-
HUH Ha SKCTIEPUMEHT.

Tak, B CBSI3M C BBICOKOH HHIYKTHBHOCTBIO DJIEKTPO-
MarHuTa TPH YacTOTaX [a)ke B EAWHUIIBI Tepl HEBO3-
MOKHO OBUIO TOJYYHTH IOCTATOYHYIO UIS HACHIICHHS
XKeNe3HoW (PeppOMArHUTHOW IIJICHKH BEJIIMYMHY HAamps-
KEHHOCTH MAarHWTHOTO mouisi. Vcnoip30BaHME MPH 3TOM
BBICOKOTO HATPSIKCHUS 3HAYUTEIHHO YMEHBIIAIO BpeMs
MOJIE3HOW paboThl MarHUTOIJIMIICOMETPA HM3-32 Harpesa
06MOTKI/I QJICKTpOMAarHura. OTCyTCTBl/Ie aABTOMAaTUYCCKO-
ro ympaBieHUs OJOKOM MUTAaHWSA HE MO3BOJSUIO IPO-
TPaMMUPOBATh 33aJJaHUE YaCTOTHI, (JOPMBI U AMILTUTYIBI
MEPEMEHHOT0 HANPSHKCHHS, YTO CYIMICCTBEHHO 3aTpPyIHU-
JI0 KAIMOPOBKY W HETOCPEACTBEHHOE W3MEPEHHUE BENH-
YUHBI HANPsHKEHHOCTH MarHuTHOro mois. Kpome Toro,
MIPUMEHEHHE TIEPEMEHHOTO MarHUTHOTO TIOJISI 3aTPYIHSIIO
MPOBEACHUE CHEKTPAIBHBIX MAarHUTOONTHYECKUX H3Me-
pEHHUIA.

Taxxe B mporecce 3amycka CIeKTPaJIbHOT0 MarHUTO-
IUTUIICOMETPA VIS in Situ aHAJIM3a MOBEPXHOCTU 00pasiia
IIPU Pa30rpPEeTOM MOJIEKYJIIPHOM HCTOYHHUKE ObUIa BBISB-
JieHa CYIIECTBEHHO MEHbIIAsi HHTEHCUBHOCTH 30H/IH-
PYIOIIETO IMy4YKa, M0 CPABHECHHUIO C OJHOBOJIHOBBIMH 3II-
JUTICOMETPAMH.

*PaboTa BBHIOMHEHA NPU (PUHAHCOBOHM MOAMCP)KKE I'paHTa HMOAJMCPKKH BeAymied HayuHoH mkonsl (mpoekt HII-1044.2012.2),

nporpaMmmel OOH PAH Ne 2.4, mporpammer [Ipesunumyma PAH Ne 24.34, unterpammonnoro npoekta CO PAH — JIBO PAH Ne 85,
«Y.M.H.M.K.» (Kpacunosipck, Poccust) u npu nognepskke Munncrepcrsa obpasoBanust 1 Haykn Poccuiickoit denepanum, cormare-
Hue 14.132.21.1709 «Pa3BuTHe METOLOIOIUU NPUMEHEHUS OTPAKATEIbHONU CIEKTPaIbHON AIUIMIICOMETPUU Ul HCCIEJOBAaHUs Ha-
HOpa3MEpHBIX CTPYKTyp» u cormamenue 14.B37.21.1276 «ccnemoBanue mpoueccoB GOpMHUPOBAHUS MAarHUTHOTO MOPSIIKA B JTHC-
KPETHBIX MarHUTHBIX CIUIaBaX CUCTEMbI Si-Mny.
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Puc. 1. biiok cxemMa MarHuTOAJLTUIICOMETPUIECKOTO KOMILJIEKCa:
1 — BakyyMHast Kamepa; 2 — SJIEKTPOMarHuT; 3 — MarHUTONIPOBO/I; 4 — UCCIIeyeMblil 00pasell; 5 — HICTOYHUK CBETa;
6 — 00TIOpaTOp; 7 — MOHOXPOMATOP; § — CBETOBOX; 9 — MOJEKYIIIPHBIH HCTOYHHUK;
10 — 6ok nossipusaropa; /1 — 6ok aHanuzaTopa

Brustare poHOBOTO M3Iy4EHUS OT Pa3orpeToro MoJe-
KYJISIPHOTO MCTOYHHKA OBLIO CTONB BEJIHMKO, YTO CBS3aH-
HOE C ATHM W3MEHEHHE JJUIMIICOMETPUYECKHX IapaMeT-
POB TOCTUTAJIO JIECSTKOB TPaIyCcoB, M UX H3MEPEHHE CTa-
HOBHJIOCH HEBO3MOKHBIM.

OrnucaHHbIE BEIIIE npo6neMm HUCIIOJIb30BAHUA H3MC-
PHUTENBEHO-POCTOBOIO KOMILJIEKCA ONPEENIN 1Ieb JaH-
HOW paboTHl — MOJEPHU3AIMS CIIEKTPAIBHOTO MAarHUTO-
IIMIICOMETPA YISl UCIIOJIB30BAHUS IOCTOSIHHBIX MAarHHT-
HBIX TIOJICH ¥ aBTOMAaTH3allisl YIPABJICHHUS €ro anmapart-
HOW CXeMOH UIA TPOBEICHUS Ka4eCTBEHHBIX OJXHOBOJHO-
BBIX W CIIEKTPAJIBHBIX MATHUTODJUIUTICOMETPHICCKUX H3-
MepeHui mox ynpasieHrneM SBM.

MooepHusayus cheKmpanbHO20 — MASHUMOIIUNCO-
Mempa 3aKII0YaNachk B HCIOJIB30BAHWU IOCTOSHHOTO
3JIEKTPOMArHUTA C JKEJIE3HBIM MarHUTOIPOBOIOM U 3aMe-
HOM OJIOKa NMUTaHUS C BO3MOXKHOCTBIO YIPABJICHHS OT
BHemHet DBM, 4TO MO3BOJNIMIIO HE TOJBKO Ha MOPSAIOK
YBCJIMYNUTL HANPS)KEHHOCTb MArHUTHOI'O I10JIA, HO U 3a-
JIaBaTh I10]] KOHTPOJIEM €€ 3HaYEHHE.

Jis 0ophOBI ¢ M3MEHSIOMICHCS (OHOBOM 3aCBETKOM
HaMM ObUI peaM30BaH TPAIMLUUOHHBIH BapuaHT — IpH-
MEHEHHE MEXaHHYECKOro OOTIOpaTopa Ha OCHOBE OBICT-
POBpAIAIOIIETOCS AWCKA C OBYMS CHMMETPHYHBIMH JIO-
macTsiMA [9], 9TO IMO3BONWIO 3HAYHUTENHHO YBEIHYUTH
OTHOIICHHE «CHTHAJ/IIyM» M HE BHECJIO HM3MEHEHHWH B
ONITHYECKYIO cXxeMy mpudopa.

CxeMa MOJIepHU3UPOBAHHON KCIEPUMEHTAIBHON yC-
TaHOBKH (puc. 1) oTauyaercst ot OJ0K-CXEMBI, ITPEICTaB-
JICHHON B pabote [8]: M3MEHEHO mMpenHA3HAUYCHHE CHH-
XpOUMITYJIbCA C BBIBOAA O COCTOSIHUM OJOKa HHUTaHUS
MarHuTa Ha BBIBOJI O IOJIOKEHHWH OOTIOparopa, a Takxke
MOJKITIOYEH K KOMIIBIOTEPY OJIOK NMUTAaHUsI MarHuTa, 4ro
MTO3BOJISICT aBTOMATH3UPOBATh MATrHUTOONTHYECKHE H3-
MEpeHus TpPHU MPOTPaAaMMHOM YIIPAaBICHHH MarHUTHBIM
moneM. MexaHudeckuii oOTiopatop 6 OBLT IMOMEIICH Ha
ITyTH CBETOBOTO IyYKa MEXIy KOJIMMALMOHHOW JIMH30M
HCTOYHHKA CBETA 5 M BXOJAOM B MOHOXpPOMATOP MarHUTO-
ammrcomerpa 7. Ilpu paboTte oOTIOpaTopa CHHXPOHWM-
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MyJIbC OT JaTYWKA ITOJIOKEHHS JIOMATOK ITOCTYIaeT Ha
ONTOMAPy B COCTaBE KOHTPOJUIEPA MArHUTORILIHIICOMET-
pa, a KOHTpOJUIEp, B CBOIO OoYepelib, POpPMHUPYET cooOIIIe-
HHUE B KOMIIBIOTEPE.

B mpomecce moucka onTUMAaIbHBIX PEXUMOB PaOOTHI
oOTrOparopa ObUIO YYTEHO, YTO B TEXHOJIOTHH (hOPMHUPO-
BaHUA CTPYKTYp MeTtojoM MJID CKOpOCTh OCakIeHUs
BemiecTBa cocrasisier nopsaka 0,02 am/c [10], coorBert-
CTBYSl M3MEHEHHSIM BEJIMYMHBI CUTHaja Ha (hOTOIpUEM-
HUKax 3JuIHIcomerpa B cpearem 0,002 ¢ wm 10 aGeo-
MOTHOH BenmuumHHEL [11] 32 oOWH mepuox MepeKpBHITUS
cBeta oOTIOpatopoM. Tak Kak CpefHssl aMILUTUTYAa IIymMa
(OTONPHEMHHKOB JIKHUT B mpeaenax 10~ aGCOTIOTHOI
BEJIMYMHBI CUTHAJIOB, TO TEXHOJIOTUYECKUMHU H3MECHEHUS-
MU MHTEHCHBHOCTH MO HpPUYUHE (OPMHUPOBAHUS CTPYK-
Typ 3a OJUH MEPHUOJ MEPEKPHITHS MOXKHO MpeHeOpedb, U
HCIOJIB30BaTh IMPU U3MEPCHUAX CKOPOCTH BpalllCHUA 06-
TIOpaTopa He MeHee 9 00/C IS MOJyYCHUS MaKCHMAallb-
HOT'O KOJIMYECTBA TOUCK IIPpHU YCPECAHCHUU CUTHAJIA.

Aemomamuzayus onmuueckux u MacHumoonmuye-
CKUX in situ uzmepeHull 3aKi04anach B CO3JaHHM HPO-
rpamMmbel OBM 1 ynpaBneHuss ONTHYECKOM M MarHMT-
HOW CHCTEMaMH B COCTaBE€ CIIEKTPAabHOTO MAarHUTOJI-
JUICOMETpPA 10 33JaHHBIM ANTOPUTMaM, a TaKXe IPOBe-
JIEHAH ONTHYECKOTO MOJCIHPOBAHUS HCCIETyeMOro 00-
pasma Jis aHaj|3a €ro CTPYKTYPBI IMyTeM ONTHMHU3ALUN
3JUIMIICOMETPUYECKUX JaHHBIX. B3aumopeiicTBue mnpo-
IrPaMMHOTI0 MakeTa ¢ 000py/I0BaHHEM OBLIO PEaTH30BaHO
yepe3 koHTposiepsl ¢upmbl FTDI. [MoakmoueHue ocy-
IIECTBIISIETCS K ABYM KOHTpOJIIEpaM: OJIOKY 3JUTUIICOMET-
pa (MOHOXpOMATOp, IJICYH MOJISPU3aTOpa M aHAIU3aTOpa,
4eTeIpe POTONPHEMHHKA M ONTHYECKOE pelie MpephiBaTe-
JIs1 CBETOBOTO ITOTOKA) M OJIOKY NMUTAHUS JIEKTPOMarHuTa
(crabumu3amusi TOKa W HampsDKeHWs1). B3amMopelicTBue
MEXIy pasfellaMH IPOTPaMMBI OCYIIECTBIIIETCS C IIO-
MOIIBIO TTIO0ANBEHBIX MAaCCHBOB JAHHBIX U MPOLEAYp. AJl-
rOpuT™M 00pabOTKK CUTHAJIOB OT MarHUTORJUTHIICOMETPA C
HCTIOJh30BaHNUEM JAHHBIX O COCTOSHHM MEXaHHYECKOTO
oOTIOpaTopa OBUT peasin30BaH I pacueTa 3HAYCHHH dJI-
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nurnicomerpuiecknx napamerpoB ¥ m A [12] Ha ocHOBe
Pa3HOCTU MCKAY CYMMAapHbIM MU TCMHOBBIM CHUI'HaJIaMU.
AJNTOpPUTM OCHOBaH Ha 00pabOTKE KOMIIBIOTEPOM JBYX
COOOIEHHH OT KOHTpOJIEpa MarHUTOdJLIMIIcoMeTpa: 1)
coo01eHne, cojepkaliee B cede JaHHbIE O HANPSHKEHUSIX
Ha uyeThIpex (oronpueMHuKax [13], moctynaromiee B ore-
PAlMOHHYI0 CHUCTEMY KoMIbloTepa Kaxaele 970 Mkc;
2) coobmieHre O MOCTYIUICHHH CHHXPOWMITYJIbCA, CHUTHA-
TU3upylonee 00 OKOHYaHHH OYEPEIHOTO MUKIIA MPOITyC-
KaHUS U MEPEeKPHITUS 30HIUPYIOIMIEro M3Iy4eHUs Ha 00-
TIOpaTope.

Jis mpenoTBpaIeHust CirydaifHbIX BHIOPOCOB CHUTHAIA
B IPOILIECCE HENPEPHIBHBIX JJUIMIICOMETPUUECKHX H3Me-
peHHﬁ, a COOTBCTCTBCHHO, 1 BOBHUKHOBCHHS BO3MOKHBIX
OLIMOOK B pacdeTax JJUIMICOMETPUYECKUX YIJIOB B ajro-
pUTMeE BCTpOeHa (QHUIBTPALUS CUTHAJIA 110 BceM (OTONPH-
€MHHUKaM, KOTOpasi MPOU3BOJMUT 3aMEHY TEKYLIMX 3Hade-
HUHM CHTHAJIOB Ha 3HAYCHUS M3 NPEABLIYLIEro IepHoja,
€CITM TeKYIIUH CHTHAJl OTJIMYAaeTCs OT HUX Oojee 4eM Ha
10 % (maHHas BeNMWYHMHA TTOAOHPACTCS OIMBITHBIM ITyTEM
JUTSL KOKJIOM AJIEKTPOHHO-ONITUYECKON CXEMBI U €€ MUHH-
MaJIbHOE 3HA4YeHHE OTPAHUYCHO aMIUTUTY0H IyMOB (o-
TOTIPUEMHHUKOB).

WuTepdeiic mporpaMMbl yOpaBiICHUS CHEKTPATbHBIM
MarHMTORJUIMIICOMETPOM BKJIIOYAeT B ceOsi YeThIpe Oc-
HOBHBIX pazzfena. Paznen «/laHHble ONTHKWY HpenHa3Ha-
YeH U] HACTPOWKM ONTHYECKUX IUIed 3JUTHUIICOMETpa U
MOHOXpOMaTOpa C OTOOpaKeHWEM B TEKCTOBOW MaHEeNn
BCEX ONepanuii U pe3ysIbTaToB UX BBITOJIHEHHMSI.

Paznen «IIpepriBaTenn» OpUEHTUPOBAH Ha N3MEPEHHUS
AIUTUIICOMETPHYECKUX TapaMeTpoB 0e3 MAarHUTHOW CHC-
TeMmbl. OH pemraeT Takue 3a1a4n, Kak:

— MIPOBEJIEHUE DIUTUIICOMETPHUECKUX in situ Crek-
TpPaAJIbHBIX U3MEPEHHUH B Juana3oHe AMH BoiH oT 350 mo

Valnadin, magnetoellipsometric complex, the last saved: 18.05.2012 11:09:45>

900 HM ¢ marom 2 HM, C HOCJIEAYIOUIEH BO3MOKHOCTBIO
OINTHYECKOT'0 MOJICTIMPOBAHHUS TIOBEPXHOCTHBIX CTPYKTYP;

— TOCTPOEHUE NUCIEPCUH JHIIEKTPUUYECKONW HPOHU-
LIAEMOCTH JI OTHEIBHBIX KOMIIOHEHT CTPYKTYPBI U IS
Bcero oOpasua B IEJIOM B paMKaxX MOJENH IO0yOecKo-
He4yHOH cpensl [1].

Baxnoii ¢pynkiueit pasnena «IIpepeiBaTens» sBiseT-
s TIPOBEJICHNE AIUTHIICOMETPHYECKIX in Situ OJHOBOIHO-
BBIX U3MEPEHHUI OT BPEMEHN /ISl KOHTPOJISL TEXHOJIOTHYE-
CKHX TIPOIIECCOB B paboueit kamepe. B wacTHOCTH, naHHas
METOJUKA MO3BOJISIET MapaIIENbHO C U3MEPEHUSAMH MPO-
M3BOJUTh pacyeT TeKylled TONUHb 3()dEeKTUBHON
IUIEHKH PacTyIIero Marepuaja Ha IOJUIOKKe oOpasua.
B kadecTBe npuMmepa Ha puc. 2 IPEACTABICHO MTPOTrPaMM-
Hoe OKHO pasnena «lIpepbiBarens», ¢ OTOOpa)keHUEM
Ipolecca pacyeTa TOJIIMHBI 110 M3MEPEHHBIM 3JUIUIICO-
METPHYECKHUM JaHHBIM B IIPOLIECCE HAITBUICHHS.

Paznen «MarnutHasi cucreMa» OpHEHTHUPOBaH Ha pa-
60Ty C MarHUTHBIM TI0JIEM MarHUTO3JUIUIICOMETpa. B Hem
MIPOU3BOMATCS in Situ W3MEPEHHs MarHUTOOITHYECKOTO
apdexra Keppa Ha (UKCHPOBAHHON [UIMHE BOJHBI
(B nuamazone ot 350 1o 900 HM) A7 TOHKHX TUIEHOK Mar-
HUTHBIX MatepuaioB. JlaHHble OTOOpa)xalTcs B IIPO-
rpaMMe Kak 3aBHCHMOCTH 3JUIMIICOMETPHUYECKHUX Mapa-
METpPOB Y u A OT BENTHYMHBI MPUIIO0KCHHOTO MAaruiuTHOTO
nosisa [14]. Pexxum wu3MepeHUil MO3BOJISIET OMNPEIeNNUTh
KO3PLUTHBHYIO CHIIY TOBEPXHOCTHBIX (peppOMarHUTHBIX
CTPYKTYyp B auana3oHe noiseil + 4,2 k3. Takxe npousBo-
JTCS in situ CIeKTpaibHble M3MEPEHHS YKBAaTOPHAIBHOTO
a¢dexra Keppa (39K). JlanHsle, oiydeHsl B pe3yibraTe
M3MEPEHNI M3MEHEHUs SJUIMIICOMETPUIECKUX YTJIOB MPH
NepeMarHMuMBaHuy 00pas3na B IIONIIX HACBHIIICHUS Ha
Ka)JIOW AJIMHE BOJHBI BHIOPAHHOTO CIIEKTPAJILHOTO IHa-
Ma30Ha.

®aitn  Mogens Hawonnenwe Bug  Cripaska
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Puc. 2. Bun nporpammHoro oxHa paszena «IIpepsiBaTens»
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Paznen «Mogenb» siBIseTCA [ONOIHUTEIBHBIM MO-
JYJIbHBIM 3JIEMEHTOM MPOrpaMMBbl JUIsl pelieHus oOpart-
HOM 3a/1a4M 3JUTUIICOMETPHH, IIOCPEJICTBOM MTOCTPOCHHS U
ONTUMU3AINU JUCTICPCUU TTOJIAPU3ALMOHHBIX YTJIOB.

Oyenka OCHOBHLIX MEXHUYECKUX XAPAKMEPUCTNUK
pa3paboTaHHOrO aNnapaTHO-POrPaMMHOTO KOMIUIEKCa
Obuta TIpOBEIEHAa NPU TECTOBOM HAIBUIEHMH TOHKOW
TUIEHKH JKeJe3a Ha MMOBEPXHOCTh MOHOKPHCTAJUINIECKOTO
KpeMHHS ¢ Oy(epHBIM cioeM auokcuaa kpemaus SiO,.
IToapobHoe ommcaHue mpoiecca XUMUIECKOW TTOATOTOB-
KM TIOJUTOXKH KpeMHUs MpuBeaeHo B padote [15]. bazo-
BBII BAaKyyM B TEXHOJOTHYECKOIl Kamepe cocTaisi1 107
[Ma. Dnnuncomerpuyeckue W MarHUTORJUIUIICOMETPHUYE-
CKHUE MCCJIEOBaHMs TIPOBOJIMINCH C YaCTOTOW BpalLCHUs
JIonaTok ooToparopa 14 06/c, 4TO 00eCIeUnBaIO OITH-
MaJIbHBIE YCIIOBUSI M3MEpEHHH. YCpeIHEHHE BIUINIICO-
METPHUYECKHUX AAaHHBIX IPOU3BOAMIOCH 1O 20-TH HEepHo-
JaM ripepbiBaHus. OJHOBOJHOBBIE M3MEPEHHS BBIITOJIHS-
nmch Ha anuHe BoiaHB! 500 HM, A KOTOpo# HabmomaeT-
Csl MakcHMallbHasi MHTEHCUBHOCTD M3IYYEHHS B CIIEKTpPE
HCIIOJIb3yEMOT0 HCTOYHHKA CBETA — TAJIOTCHHOMN JIaMITBI.

TecTupoBaHue anmnapaTHO-MPOTrPaMMHOTO KOMILIEKCa
JUISL ONITUYECKUX W MarHUTOONTHUYECKHX M3MEPEHMH Ipo-
BOIWIJIOCH B TpH 3Tana. Ha mepBoM 3Tame nepes Hamblie-
HHEM IUICHKH d>Kesie3a ObUIO IPOBENEHO CIIEKTPalIbHOE
(A =360...900 aM) in situ UCCIICAOBAHHUE MOMIOKKHU IS
OINPCACIICHNA TOJIIIMWHBI IWMOKCUAA KPEMHMU. DIIUIICOo-
METPHUYECKHE M3MEPEHUs MPOBOIAMINCH B 4-30HHOM pe-
xkume [11]. B pesynpTare TEOpETHMUECKHX pPacueToOB B
paMKax ONTHYECKOH MOJENHM «IOJJIOKKA KPEMHHS —
mwieHka SiO,» OBUIO MOydeHO, YTO TOJIIWHA TBYOKHUCH
KkpemHEA coctaBuia 0,4 HM.

Ha BTOpoM 3Tamne Oblna moiydeHa IUICHKA jKejesa ¢
KOHTpOJIEM ITapaMeTpoB ee pocTa. JKenezo ucnapsaiocs u3
MOJIEKYJIIPHOTO MCTOYHHUKA C THIJIEM M3 HUTpHAa Oopa.
[Ipouecc ocaxxieHuss MeTanaa KOHTPOJIMPOBAJICS pas3pa-
0OTaHHBIM aNMapaTHO-IPOrPAMMHBIM KOMIUIEKCOM B OJ1-
HOBOJIHOBOM PEXKUME, IMPU AJTMHE BOJHBI 30HAUPYIOIIETO
myuka 500 HM (puc. 3, @) ¥ OTHOBPEMEHHO OCYILECTBIISII-
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cs pacueT >(pGEKTHBHON TOJIIWHBI PACTyIIeH IJICHKH
xkene3a (puc. 3, 6) Ha OCHOBE YMCIIEHHOTO MeTona Hbro-
ToHa [16]. PesynpTupyromias TONIIMHA IUIEHKH XKele3a,
paccunTaHHas MO JAHHBIM OJIHOBOJIHOBOH 3JUIMUIICOMET-
pun, cocrasuna 12,5+ 0,1 um. [{na nposepku pesyibra-
TOB pacyeToB TOJILMHBI IUICHKH JKeje3a IOJy4YeHHas
CTpYKTypa OblIa MCCIEeJOBaHa eX Situ METOJOM pPEHTTe-
HOCIIEKTpaJbHOTO (hayopecueHTHOro aHammza (PCDA).
TonmuHa TIICHKH KeJie3a, IMOyYeHHas C TIOMOIIBI0 Me-
toga PCOA, cocrasuna 12,4 = 0,6 um. Takum oGpaszom,
MOXHO TOBOPUTH O TOM, YTO, C YYETOM IIOTPEIIHOCTEH
n3Mmepenuit MeronamMmu PCOA u 37IurncoMeTpun, 3Have-
Hus ToamuH Fe coBnanaror.

Ha Ttperpem aTame TecTUpOBaHHS CO3JIQHHOTO IPO-
rpaMMHO-alIapaTHOIO KOMILICKCa 6I)IJ'II/I IMPOBEACHBI UC-
CJIEZIOBAHUSl ONTHUYECKHX M MarHUTHBIX CBOMCTB IIOJY-
YEHHOH CTPYKTYpbl. Pe3yibTaTbl M3MepeHus: CHeKTpajb-
HOH 3aBUCHUMOCTH 3iuurnicomerpuueckux yrioB ¥ u A ¢
00TIOPaTOpOM TIOCIIE HANBUICHHUS IUICHKH JKeJe3a CpaB-
HUBAJIUCH C Pe3yJIbTaTaMH CIIEKTPaIbHBIX U3MEPEHUH 10
HanbUTeHUs (puc. 4).

Kak n anma mommoxxkn KpemHus ¢ OydepHbIM cioeM
JTUOKCHIA KpPEeMHHs, IO IOJyYeHHBIM TaHHBIM CIIEK-
TPaTFHON 3aBHCHMOCTH IUIMIICOMETpHYecKuX yriaoB ¥ u
A Obula mpOBEJEHA ONTHUMHU3ALMS NAapPaMETPOB OINTHYE-
CKOMl MOJIENIN «IIOJUIOKKA KpeMHHusi — IieHka SiO, —
ruieHka Fe» 1 HaiiieHbl CTPYKTypHBIE TapaMeTpbl 00pas-
I1a TOCJIe HAlbUICHUS: TOJNIIMHA ABYOKHCH KPEMHHS CO-
craBuna 0,4 HM; 3(¢dexTHBHAs TOJIIMHA IUIEHKH JKejie3a
-12,4+0,1 M.

Takum oOpa3zom, co3maHHOE TIPOTpaMMHOE oOectede-
HHUE TI03BOJIIET M3MEPATHh TONIIUHY pacTyIlel IUIEHKU C
MOMOINBI0 JBYX HE3aBHCHMBIX DJUIMIICOMETPUIECKHUX
SKCIEPUMEHTOB, TaKMX KaK OJHOBOJHOBOE H3MEpEHHE
AIUTUIICOMETPUYECKIX TapaMeTpoB Y W A Hemocpencrt-
BEHHO BO BPEMsi pOCTa U CIIEKTPAJIbHbIE U3MEPEHUS 110CIIe
HAIBUJICHUS C NOCJIEAYIONMM pelleHHeM oOpaTHOM 3a/1a-
4y symncomeTpuu [12].
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Puc. 3. I3MeHeHus 3HAY€HUH IUTMIICOMETPUYECKHX YTJIOB BO BpeMsl HalblIeHus 1ieHkH Fe (a)
Y paccyMTaHHas 3aBHCUMOCTH TOJIIIMHEI IUIeHKH Fe oT Bpemenu HanbuieHUs (6)
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Puc. 4. CHGKTpOl"paMMLI HU3MEPCHHBIX JJUTUIICOMETPUYECKUX YTIJIOB 0 U ITOCJIC HAlIbLJICHUS TIJICHKH Fe

PesynpraTel W3MepeHMH MAarHHUTOONTHYECKOTO 3¢-
¢exra Keppa Ha mimune BosHb A = 500 HM IpeaCTaBICHBI
Ha pwuc. 5. llar n3menenus HaMps)KCHHOCTU MarHuTHOT'O
nojst coctaBnsan 12 3. Jlnsg yMEHBIIEHUS MOTPELIHOCTH
U3MEpeHnil ObUIO MPOBEJCHO TPH MOJHBIX LMKJIA U3Me-
HEHUs TIONs. AHAIW3 IONYYEHHBIX NAHHBIX ITO3BOJISET
clenaTh HEKOTOPHIC BBIBOJBI O MAarHHTHBIX CBOWMCTBAaX
MTOJTyYEHHOH CTPYKTYpHI, B YACTHOCTH, B HAIIICH TeOMeT-
pHUH DKCTIEPIMEHTA BEINIMHA KOOPIUTHBHOMN CHIIBI IJICH-
ku Fe coctaBuma 120 + 6 D, a moste Hachimenus ~ 300 D.
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Puc. 5. 3aBUCHMOCTSD 2JIIUIICOMETPUYECKOro apamerpa ¥
OT BEJIMYKUHBI MATHUTHOT'O NOJIS Ul CTPYKTYPbI
Fe/Si02/Si(100)

B 3aBepmieHun TecTHpOBaHUS OBLIM OCYIIECTBICHBI
u3Mepenus OOK B 3aBUCHMOCTH OT 3HEPTHM MaJaIOIIEero
uznydeHus (puc. 6). BennunmHa npuiioKEeHHOTO MarHWUT-

HOTO TOJIsI TP TIepeMarHiYMBaHiK 00pa3iia O HaChIIe-
Hus coctaBisuia + 430 3 (cm. puc. 5). C uenpo yBemnmde-
HUSI OTHOILIEHUSI CUTHAJ/IIYM OBUIO CIENIaHO TPH MOJTHBIX
LHUKJIA U3MEPEHHUH 0 CHEKTPY C MOCIEAYIOIUM yCpe-
HCHUEM J1aHHBIX. HonyquHaﬂ OHEPreTUICCKas 3aBUCHU-
MocTh IJK KauecTBEHHO COBMAJAET C Pe3yIbTaTaMH HC-
CJIeJIOBaHUM, IPUBEJCHHEIX B padoTe [14].

Ha »HepreTnueckylo 3aBHCHMOCTb MarHUTOONTHYE-
ckoro »¢dexra Keppa Biusier psig ¢pakTopoB, B TOM UYHC-
JIe ¥ IUIOTHOCTH AJIEKTPOHHBIX COCTOSHHIA aTOMOB JKele-
3a. W3 peranbHOro aHaiau3a IOJYyYEHHOW KpUBOHM, B
NPUHLKIE, MOXHO MOJYYUTh HWH(POPMAIUIO O CIEKTpe
ANEKTPOHHBIX cocTosHUI. OMHAKO B TaHHOHW paboTe HWH-
Tepuperauuss IOJYyYEHHOW CIEKTPaJbHOM 3aBUCHMOCTH
90K He npuBOAUTCS, TaK KaK BBIXOJIUT 32 PaMKHU MOCTaB-
JICHHOI! 3a/1a4u.
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Puc. 6. ucnepcus marautoontudeckoro s dexra Keppa,
n3MepeHHas Juist cTpykrypsl Fe/Si02/Si(100)
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TakuMm 00pa3oM, MOAECPHH3MPOBAHHBIA MArHHUTOIJI-
JIMTICOMETPUYECKUN KOMIUIEKC 00afaeT CiIeqyonMH
NperMYIIECTBAMU IIEPEe]] aHAJIOTAMH:

— JIETKOCTBIO JIOPaOOTKH CTaHIAPTHOW KOHCTPYKIMH
MarHUTOJUIMIICOMETPA, TaK KakK BCE JIONOJHUTEIIbHBIE
9JIEMEHTHI MOHTHPYIOTCSI BHE BaKyYMHOM KaMephl;

— BO3MOXXHOCTBIO NPOBEJICHUS 3JUTUIICOMETPHYECKUX
in situ W3MepeHWH B YCIOBHAX MEHSIOMICHCS 3aCBETKH
paboueii Kamepsr;

— YHUBEPCAIbHOCTHI0 MAarHUTOONTHYECKOH CXEMBI C
TOYKH 3PEHUSI PEXUMOB U3MEPEHUN O1aromapst OJHOBpE-
MEHHOMY YIPAaBICHUIO 3JUIUIICOMETPOM U OJIOKOM IHTa-
HU DJICKTpOMAarHura.
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AUTOMATION OF MAGNITOELLIPSOMETRIC IN SITU MEASUREMENTS
ON THE ULTRAHIGH-VACUUM COMPLEX FOR SYNTHESIS AND RESEARCH
OF MATERIALS OF SPINTRONICS

The article is a presentation of results of modernization of magnetic-ellipsometric complex created by group of
authors. Automation of processes of hardware component control is carried out and algorithms of processing of signals
of magnetic ellipsometer are realized. Possibilities of the created system were shown on the example of technological
cycle of production and in situ of research of structural, optical and magnetic properties of nanostructure of

Fe/SiOy/Si(100).

Keywords: Ultrahigh-vacuum technology of multilayered nano-structures, spectral ellipsometry, Kerr effect.
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BJIMAHUE TEXHOJIOTHYECKUX TAPAMETPOB HA 3MJIEMEHTHI>II71 COCTAB
MHUKPOAYTI'OBOTI'O OKCUANPOBAHUS TIOKPBITUHU HA AIOMUHHUEBBIX
N TUTAHOBBIX CIIVTABAX

IIposedennvl ucciedosanusi no OnPedeneHuIo INEMEeHMHO20 COCMABA MUKPOOY208020 OKCUOUPOBAHUS NOKPLIMUL U3
AnOMUHUEBbIX U MUMAHOBLIX CHAAB08. Ycmanoeniena 3a8ucumocms XUMU4ecko20 cocmasa NoKpblmus Om mexHon02u-

UECKUX PeIHCUMO6 U PA3IUYUHBIX COCMABOE6 DNEKMPOIUNOE.

Knroueswvie crosa: MquOOyZOGOé 0Kcu0up06aﬂue, mumaHoevle cniaewvl, alromMuHuesvle Cniaesl, 2NleMeHMHbILL AHATUS.

AJIOMHHHEBBIE W THTAHOBBIE CIUIABBI IIMPOKO IIPH-
MEHSTCS B a’POKOCMHUYECKOW M JPYrHX O00JacTAX Ipo-
MBIIIJICHHOCTH, YTO CBA3aHO C UX BBICOKMMU YICIbHBIMU
xapakrepuctukamu. OIHaKO CyLIECTBYIOT O0JIacTH, Ije
MIPUMEHEHHE 3THX CIUIABOB OIPAHMYEHO MX HEBBICOKON
TBEPJOCTBIO0 U U3HOCOCTOMKOCTBIO. B CBSI3U ¢ 3TUM aKTy-
QIBHOM SBJSIETCS 3a7iada NMOBEPXHOCTHOTO YIPOYHEHHUS
ATFOMAHUEBBIX W TUTAHOBBIX CIUIABOB. llepCIIEKTHBHBIM
METOJIOM ITOBEPXHOCTHOTO YIIPOYHEHUS SBISIETCS MUKPO-
nyroBoe okcuampoBanue (MIAO) [1-5]. Ympounenue
metamuioB pu MJIO mpoucxoauT 3a c4eT 0Opa3oBaHUs
Ha TIOBEPXHOCTH METalia MOKPHITHS, KOTOPOE COCTOUT W3
OKCHJIa MeTaJlIa MOJUIOKKH M OKCHIOB XUMHYECKHUX dJIe-
MEHTOB, BXOJIAIIIUX B COCTAB dJIeKTponuTa [3].

BakHoli 3agaveii, 0COOEHHO TP TIOJIyYEHUH MOKPHI-
TUI Pa3IM4YHOM LIBETOBON raMMbl U IIOKPBITUN C BBICOKOU
M3JTy4aloleil CroCOOHOCTBIO, SIBISIETCS KAaYeCTBEHHOE U
KOJINYECTBEHHOE OIpeIeIeHUE X XUMUIECKOTO COCTaBa.

B mporecce dopmupoarns MJIO-okpeITHS 00TH-
OIYI0 POJh WTPAIOT IUIA3MOXUMHYECKHAE U TEPMHUECKUE
MIPOIIECCHI, B PE3YNIbTaTe KOTOPHIX Ha TOBEPXHOCTH 00pa-
3YIOTCSI CJIOXKHBIE XUMHYECKHE COCIITHEHUS.

Tak B pacTBOpe CHIIMKaTa HATPHS MPH MUKPOTyTOBOM
OKCHIMPOBAaHUN AIOMUHHUEBBIX CIUIABOB XHMHYECKas
peakius npoTekaeT mo cieayrouieit cxeme [2]:

2A1+3H,0 - Al, O, +3H,

YCTaHOBIIEHO YTO HOJyYEHHBIE MOKPBITHS COCTOST B
OonpmmHCTBE cirydaeB u3 amopdHoro AlL,O;, xoTa mpu
OTIpeNIeICHHBIX YCIIOBHSIX HaOiromaeTcst oOpa3oBaHUE Y-
AlLO;.

Tepmudeckoe BO3IEHCTBHE MOMKET OKA3bIBATh BIIMSA-
HHUE U Ha APYrHe KOMIIOHEHTHI JIEKTPOJINTA, BBI3bIBAS X
ruapon3 (HampuMmep, cosield, 00pa30BaHHBIX CITab0N Ku-
CJIOTOM M CUJIBHBIM OCHOBaHHEM). CTeneHb Takoro BO3-
JICHCTBUS YBEIUYHUBACTCA C POCTOM TEMIIEPATyphl U KOH-
LEHTPALMHU JJIEKTPOJINTA, KOTOPasi CHJIBHO ITOBBIIIACTCS B
TIPUAJICKTPOHOM CIIO€ M3-32 BBIKUITAHUSI BOJIBI:

Na,Si0; —> NaHSiO, — H,Si0,

Janee, mperepneBas TEPMHUYECKYIO AETHIPATAIIHIO,
kpemHueBas kuciota H,SiO; maer auoOKCHI KpeMHUS
SiO, B BHIe O-KpHcTaOO/UIMTA W/WIM O-KBapla, 4ro U
HAOJIFO1aeTCsI TP MHUKPOJAYTOBOM OKCHIMPOBAHHH B Pac-
TBOpax, cojepxxamux cwiukatel. [Ipy MJIO Ha amromu-
HHEBOM 3JICKTPOJIC BO3MOYKHO 00pa30BaHNE CHIUTMMAHUTA.

Al, 05 +Si0, — Al,SiOq
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BBeneHue B cocTaB 3JIEKTPOIUTOB COJIEH TIEPEXOIHBIX
METAJUIOB, HallpUMEp, IJid OKpalllMBaHW, ITOBBIIICHUSA
TBEPIOCTH W APYTruX (PU3HKO-MEXaHUYCCKHX CBOWCTB,
NPUBOJUT K NOBBINIEHHOMY COJEP)KAHHIO 3THX METaJJIOB
B MIO-IOKpHITHH ¥ 00Pa30BaHHIO OOJIBIIOTO KOJIWYECT-
Ba OKCHJIOB Pa3JIMYHBIX METAUIOB. Tak, 1Mo JaHHBIM pa-
00THI [6], ipH 00pabOTKE ATFOMHUHUS B 3JCKTPOIHUTE, CO-
JiepKalieM rekcadTopaIiOMHUHAT HATPHs, TapTpaT Kayus,
(Topua HaTPUSA U THAPOKCHA Kallusl, BXOJSIINHA B COCTaB
rexca) TOpaTIOMHUHAT-UOH THAPOJIHU3YETCs, B PE3yJbTaTe
4ero oOpaszyercsi THAPOKCUA alFOMHUHUS, TEPMOIIHN3 KOTO-
pOro B YCIOBHAX MUKPOIUIA3MEHHBIX Pa3psiiOB IPUBOJUT
K 00pa30BaHHUIO B COCTaBE MOKPHITUH HAa aTIOMHHHH OK-
cuna Al,O;, KOTOPBI B X016 MUKPO/IYTrOBOTO OKCHUANPO-
BaHMs MoauUuupyercst GTopom:

AIF,” +3H,0Al(OH); +3H" +6F~
2AI(OH), —~S Al,0, +3H,0

CoriacHO JTaHHBIM 3JIEMEHTHOTO aHaN3a, B IOKPBI-
THUH 00pa3yeTcsi OKCUJl JTFOMHUHUS, MOIU(DUIIMPOBAHHBIN
¢ropom, opMyna KOTOPOTO MOKET OBITH MpEACTaBIICHA
B Buge Al,O; F,, xapakTepHom mms crexinodassr [6].

[Ipu 06paboTKe aTOMHUHHUEBBIX U TUTAHOBBIX CIIABOB
[7] B snmexrponmre, comepxameMm auruapodocdar Ha-
Tpus, peppormaHua Kajaus, BoIbppaMaT HATPUS UITH MO-
IuONeH HATpHs, METOAOM pPEHTIeHO(a30BOrO aHaIHM3a
YCTQHOBJIIEHO  HaJW4YM€ B  TOKPHITUM  LIMUHEICH
FeAl,O,, Al,O4-Fe;0, - WO, UM
Al,O5 -Fe;0, -MoO;, ALLO;u AIPO,Ha amOMUHUH H
ero ciuaBax U Al,O5-TiO, — Ha THTaHe U €ro cIulaBax.
Kpome Toro, Ha criaBax aqfOMHWHHS M THTaHA yCTaHOB-
neHo Hanuuue coenuHeHus K;FeO,. Illnunens cocrtasa

FeAl,O,, cuHTe3 KOTOpOIl OCYILECTBISIETCS HAa alIOMU-
HHEBOM aHO/Ie, 00eCTIeYnBaET MOKPHITHIO YEPHBIN IIBET.

[Ipu aHOmHOI MoNsApHU3anuN (HEeppOUHUAHHIOB MTPOUC-
XOIUT aHOAHOE OKUCIICHUE TTOCTIEIHNX:

4- 3-
[Fe(CN]"™ — [Fe(CN)4]

Janee, npu Haliu4uM KHUCIOPOAA HMJET pacHaj KoM-

IUIEKCHOTO aHHOHA!
3— -

[Fe(CN), | +12H,0—22—>4Fe(OH), +12HCN +12CN

B pesynbrare miasMoXMMUYECKOW peakUuy Ha aHOAE
nMeeM

4AP* +30, —C52A1,0,
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2Fe(OH); —<Fe,0; +3H,0
AL O, +Fe, 0, FeAl,O,

(4epHoro 1BeTa)
AL O, +Fe(OH), FeAl,O,

Kpome Toro, 4epHbIii IBET MOKPBITHAM IPHIAET CO-
ennnenne K;FeO,, KOTOpBIi mody4aeTrcs Ha aHOAE
crmaBierneM K,0O ¢ Fe,O; B atmocdepe kucimopoza.
AHAIIOTUYHBIC PEaKIUN MPOXOIAT HA TUTAHE W €T0 CIUIa-
Bax [7].

IIpu monyyeHuM Ha MOBEPXHOCTH H3JEIHH, BBIIOJ-
HEHHBIX W3 aJIOMHHHEBBIX M THTAaHOBBIX CIUIABOB, dep-
HBIX MOKPBITHH B DIIEKTPOJIMTE, B COCTAB KOTOPOTO BXO-
1t rekcameradocdar HaTpHs M MeTaBaHaaT HATPUS WIN
AMMOHUSI, Pe3yJIbTaThl PEHTIeHO(}a30BOr0 aHAIN3a MOKa-
3aJM, 4TO B HHUX CojepXarcsi oKcuibl BaHamaus V409 1
V,0,. Ha ocHOBaHMM KOJMYECTBEHHBIX AHAJIU30B CIENY-
€T, YTO BHEUIHWH CJIOM MOKPBITUS INPEUMYIIECTBEHHO
cocrout 3 V409 1 V,0, ¢ BKITIOUEHHEM OKCHAOB (ocdo-
pa ¥ HE3HAYUTEIHHBIM BKIIOYEHUEM OKCHIOB aJFOMHIHUS.
Crnolt MOKPHITHSA, TIPIJIETAIONINNA K METaJUTy, COCTOUT U3
coOCTBEHHOTO OKCHJIa 00pabaThIBAEMOTI0 METAIIIA.

Mexanu3Mm 00pa3oBaHUs YEPHBIX TUIEHOK CO CIIOMCTOM
CTPYKTYpOHl CXEMaTHYeCKH MOXKHO MpPEICTaBUTH Clie-
nyromuM o0pasoM. IlepBoHauanbHO B JOUCKPOBOM 00-
jacti 00pabOTKU MJIET OKHCICHUE MeTaula ¢ 00pa3oBa-
HHEM COOCTBEHHOro okcupia. [Ipu mocTwkeHHu ompene-
JICHHOHW TOJIIIUHBI TUICHKH ITOSIBIISIIOTCS. HCKPOBBIE pa3psi-
nbl. Jlanee, npu JOCTHXKEHUH OIPEIEICHHOIO HarpsbKe-
HUS Ha aHOZAe, MeXaHW3M 00pa30BaHUSA TOKPBITHS TIpe-
TepIieBacT M3MEHEHHE. BHEIIHe 3TO MpOSBIAETCS B U3-
MEHEHHH XapaKTepa UCKPEHHS Ha aHOJE W IOSBICHUHU Ha
cepo-0emnoil MepBUYHON TIJICHKE YEPHBIX TOUYEK 3apOiIbl-
mei ¢a3 okcunoB BaHamus. [Ipu manbHEWIIEM BeICHUH
Iporecca OKCHANPOBAHMS YEPHBIE YYACTKH Pa3pacTaroT-
Cs, NIOKpPbIBasd BCHO NMOBCPXHOCTH IJICHKH. le/l 3TOM Ha-
MPsAKCHUC HAa aHOJAC OCTACTCA MPUMEPHO IMOCTOAHHBIM. B
OTOT NEPUOA BO3ZHUKAIOT YCJIOBUA IJIA NPEUMYIIECCTBCH-
HOTO pOCTa IUICHKH 32 CYET OKCHJIOB BaHa Hsl, YTO MOXKHO
OOBSCHUTh BO3HMKHOBEHHEM TpyaHocTell B mauddy3un
HMOHOB MeTaljIa MOJJIOKKH BO BHEIIHIOIO YacTh pacTylien
IUICHKH 3a c4YeT (OPMHUPOBaHUS OOBEMHBIX 3apsIOB B
IUICHKEe W 00pa30oBaHHEM MUKPOIUIa3MEHHBIX Pa3psaoB B
MIPOCTPAHCTBE MEXKIy OONAcTbi0 OOBEMHBIX 3apsIoB U
3JIEKTPOJIUTOM, T. €. B IIOBEPXHOCTHOM 4acTU pacTyluen
IUICHKH, YTO MPUBOAMT K €€ JaJbHEHUIIeMy POCTY 3a CUeT
9JIEMEHTOB JJICKTPOJIUTA, NPHYEM NPEHMYIIECTBEHHO 3a
CYeT OKCUJOB BaHaus [8].

[Ipu 00paboTke TUTaHa [9] B 3JMCKTPOIUTE, COJCPKA-
IeM aJIOMHHAT, cyibdaT, Terpabopar Harpus u Oopar
IIOMHHUS, 00pa3yercsi SMalieBUHAsl IUICHKA, IUIOTHAs,
Oenoro mBera, cocrosimas u3 pytwiaa TiO,, mmuHemum
ALTiOs u kopysana a-Al,O;.

IIpn HaHeceHWM TMOKPHITHA HA THUTAHOBBIC CIUIABBI
[10] B anexrpomnmte, comepkarmemM ¢ocdar HATPHUS U HO-
JaT Kajus, JOKaJbHOE IIOBBIIICHWE TEMIIEpaTypsl (110
2800-3000 °C) B MOMEHT HCKPEHHsI, IPUBOIUT K TIepe-
IUTaBKE MPOIYKTOB OKCUIAMPOBAHUSA. ACOPONPOBaHHEIC B
HavyallbHbIH nepuoy aHoauposanus (no 100 B) nonsl mon
BO3JeiicTBIEM BbIcoKoro HanpspkeHus (400-500 B) u

CILTaBJICHUEC

— e

CILIaBJICHUE

—
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TEMIIEPaTypbl 00pa3ylOT COEANHEHUsSI C ABYOKUCHIO THTa-
Ha Tuna QocduaoB wim P,Os, 0 ueM CBHUAETENBCTBYET
HaJIMYMe Ha BCEX PEHTIeHOrpamMMax OOIIMPHON aMopd-
HOW (pa3bl, KOTOPYIO Ha ocHOoBaHuU MaHHbIX OXKE-crekt-
POCKOIIMM HEOOXOJMMO OTHECTH K COEAMHEHUSIM THIIa
tdocounoB mm P,0s Dochopueiii anrunpua obpasyer
C IByOKHCBIO THTaHa TUQocdar TUTaHa [0 PeaKIHN

TiO, +P,0, — TiP,0,

Kpowme Toro, mpu crutaBinernn TiO, ¢ docdarom Ha-
TpUS IPOUCXOAUT O0pa30BaHUE KOMIUIEKCHOTO COEIMHE-
HUs TpuoprodochaToauTHTAaHATA HATPHS:

Ti0, + NaPO; (pacmn.) — Na[Ti, (PO, );]

OTH COCOWHEHWs YIYyYIIaloT AIEKTPO(U3NIEeCKHe
CBOKCTBA OKCHIHBIX TUICHOK [3].

B pabote [3] aBTOpHI, Hccnenys (hazoBBI COCTAB IO-
KpbITHH, opMHpyeMbIX Ha TUTaHe B (ochaTHOM 3JeK-
TPOJIUTE, TPHUILIN K BBIBOAY, UTO MOSBICHUE PYTHIBHON
(ha3pl CBSA3aHO C BO3HHMKHOBEHHEM HWHTEHCHBHBIX MHUKpO-
AYTI' Ha NOBEPXHOCTHU aHOZA IMPU BBICOKHUX IMOTCHIMATIAX
dhopMupoBaHus. ITO MOATBEPKIACT TOT (PAKT, YTO TEM-
NepaTypHbIN (aKTOp SIBIACTCS OJIHAM U3 OCHOBHBIX IPH
(hopMHpOBaHMH COOTBETCTBYIOUIMX CTPYKTYp npu MJIO-
npouecce; npu 0ojiee HU3KHUX IMOTEHIHaNaxX (HopMHUpOBa-
HUsSL B cocTaBe HOKphITHH oOHapyxkeHbl TiO, (aHaras),
TiP,0;, NaTiy(PO4); u amopduas ¢aza. ObOpazoBanue
TiP,O; Ha aHOTHONOJSIPU3OBAHHOM JJIEKTPOJIE U3 THTaHA
BO3MOJXKHO B pe3yJIbTaTe B3aMMOJECHCTBHS OKCHIA THTaHA
¢ oprodochopHoit kucioTol Min ¢ GochOPHBIM aHTHAI-
PHIOM IIPH BO3JEHCTBUM BBICOKUX TEMIIEpATyp:

TiO, +2H,PO, ——TiP,0, +3H,0
TiO, +P,05 ——TiP,0,

Ha anonme TemmnepaTypHbId pexuM JUisl HNpOTEKaHUS
YKa3aHHBIX peakluil peasusyeTcs B 30Hax npodos. Cul-
Te3 Ttpuoprodocharomurutanara Hatpusi NaTiy(PO,);
XapakTepeH /Il THAPOTEPMaTIbHBIX IPOLIECCOB C CHCTEME
TiO,—NaHPO,H,0. OG6HapyxeHHbIE peHTTeHOaMOpPd-
Hble (a3bl B MOKPBITHHU, 1O MPEANOIO0XKEHHSIM aBTOPOB,
cocrosT U3 crekinodas, hopMupyeMbix B cucteme Na,O—
P,0s-TiO,.

Takum 06pa3zoM, HECMOTPsI Ha OOJBIIIOE KOJIMYECTBO
WCCIIeIOBAaHUN 3JeMeHTHOro coctaBa MJIO-moKphITHIA,
KOJINYECTBEHHOE COOTHOLICHUE COETMHEHHH, BXOISIINX
B TOKpBITHE, HCCIENOBaHO HepocrarouHo. [losTomy B
paboTe MpoBeJeHbl SKCIIEPUMEHTAIBHBIE WCCICJOBAHMS
TI0 OTIPEJICNICHNIO KOJIMYECTBEHHOTO COOTHOILICHHUST XUMH-
4ECKUX COEAMHEHUH, Bxoaamux B MJI1O-nokpsITus, npu
Pa3JIMUHBIX TEXHOJOTUYECKHX peXHMax oOpabOTKM Ha
ITIOMUHNEBBIX Y THTAHOBBIX CIUIaBaXx.

O0paboTKe TMOABEPTaNIHCh O0pa3lbl ATIOMUHHUEBOTO
crutaBa AMr6. @opmupoBaHne TOKPHITHHA TPOBOIMIN B
JBYX JJIEKTPOJIMTAX:

—4 /1 KOH, 10 /1 Na,SiO; (Ne 1);

—2 1/n KOH, 14 r/n amomunar Hatpust NaAlO, (Ne 2).

OO0pabarbiBaiii  00pa3ubl B CIEAYIONMX PEXHMaXx:
II0THOCTH TOKa [ = 5...40 A/IM’; HPOOIKHTENEHOCTD
okcuaupoBanusa — 60 MUH; COOTHOLIEHUE AHOMHOW U Ka-
TOAHOM cocTaBistomied cuibl Toka I /[, = 0, —1, 2, Tem-
nepatypa anekrponura — 15...40 °C.
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Puc. 1. U3menenue coaepxanust okcuioB B MJIO-OKpBITHH B 3aBUCUMOCTH OT IUIOTHOCTH TOKa:
@ — 3NEKTPONHT 1; 6 — BIEKTPOIUT 2
Tabruya 1
CocTaBbI 3J1€KTPOJIMTOB U ONTHMAJIbHbIE IAPAMETPbI TEXHOJIOTHYECKUX PEKUMOB
Ne o6pasia CocraB 2JIeKTpoJIuTa Pesxxumbl 00paboTKu
1 Na,HPO, — 60 r/n =20 mun, [ =16 A/nm?, U= 360-380 B
2 NagPsO1 — 30 /0 =10 mun, I =32 A/nm?, U= 300-380 B
NaVO0;-2H,0 — 20 r/n
3 NaH,PO,4 - 20 r/n +=30 mun, I =16 A/nm?, U=210-300 B
K4[Fe(CN)g]-4H,0 — 25 r/n
N32M004'2H20 —5r/n
4 Na,SiO; — 50 r/n t= 10 mun, I =32 A/nm?, U= 250-300 B
KOH -30 r/n
Tabnuya 2
Pe3ysbTaThl XMMH4€CKOI0 aHAJIN32 OKPBITHIA
Ne o6pasma ConeprkaHue OKCHIOB B TOKPBITUH, %
TlOz P205 A1203 SIOZ V205 F6203 NazO
1 70,96 24,76 2,78 - - 0,0749 -
2 47,19 33,08 - - 17,37 0,184 -
3 38,77 27,85 - - - 22,78 2,01
4 39,95 - 1,61 57,00 - 0,0652 -

[Ipn momoum peHTreHO(IyOPECHEeHTHOTO CIIEKTPO-
merpa ARL Quant’x uccrienoBaics XUMHUYECKUNA COCTaB
MMONTyYeHHBIX NMOKpHITHH (puc. 1). Tlo pesymeraram site-
MEHTHOTO aHaJIM3a Ha 00pa3laX aTFOMHHUEBBIX CILUIABOB,
OKCHIIUPYEMBIX B AJIEKTpoinuTe 1 OBLIO BBIABICHO 3HAYH-
TENBHOE COJAEpKaHWE TaKWX OKCHAHBIX DIEMEHTHBIX
¢dopm, kak SiO, u AlO; (puc. 1, a). Ilpu obpaboTke B
ANIEKTPOIHTE 2 B MOKPBITUHU BbisiBIIeH okcua Al,O; 1 He-
3Ha4MTENIbHOE KosmuecTBo MgO, oOpasytomerocs 3a
CYeT MarHus, BXOASIIETo B COCTaB cIuiaBa (puc. 1, 6).

B pesynbraTe wuccienoBaHUW BBISIBIEHO, YTO Hau-
Gousbiiee copepskanne TBepaor ¢aser Al,O; yBenmunBa-
€TCsl IPH YBEIIMUCHUN KAaTOIHOW COCTAaBJISIONIEH MO TOKY
(puc. 2).

Takke uccienoBajica 3JEMEHTHBIN COCTaB MOKPBITUN
Ha THTAHOBHIX 00pa3lax, BEIMIOJHEHHBIX U3 crutaBa BT 14.

CoOCTaBBI AJIEKTPOJIUTOB M MapaMeTPhl TEXHOIOTUICCKUX
PEXKUMOB TIPHUBEJICHEI B Ta0I. 1.

Pe3ynbraTel MiccieoBaHUs JIEMEHTHOTO COCTaBa Io-
JMYYSHHBIX TIOKPBHITHHA PUBEICHHI B Ta0M. 2.

[MockonpKy HanboJee TBEPIABIM U3 COCTUHEHUH B IMO-
Kkpeitun siBigercs TiO,, TO s MOMy4YeHnsT W3HOCOCTOM-
KHX TIOKPBITHH Ha TUTAaHOBBIX CIIaBax 00paboOTKy HEoO-
XOIMMO HPOBOAHTH B 3MekTponute 1. Jambme ucciemo-
BaJIOCH BIIMSIHUE TEXHOJOIMYECKUX PEKUMOB 00pabOTKU
Ha conepxanue TiO, B nokpbeituu. [TokpeiThs dhopmupo-
BaJIW NPH COOTHOIIEHMSX AHOJHOW M KaTOIHOM COCTaB-
nsromux Ik/Ia ot 0,6 10 1,2, MIIOTHOCTAX TOKa B JaUarma-
30me ot 10 10 40 A/nm’, B Teyenuu 5-30 mun. ITomyuen-
HBIC PE3YJIbTATHI IPE/ICTABIICHBI HA pHC. 3.

XUMHYECKHH aHAJIN3 MOKA3bIBAET, YTO OOJIBIIE BCETO
OKCHJIa THTaHAa B IOKPBITHH, HOJIYYEHHOM IIPH COOTHO-
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IIEHHY aHOAHOM M KaTOIHOM COCTAaBJIAIOIMX ToKa [, = 1,

IIOTHOCTH Toka i = 40 A/nM> M BpeMeHH 06paGoTKH
t =10 MuH.
m, % A
80 —
-~ I\
70 sio \
60 2 // \{
\
50
40 /
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30 N /
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10
0,6 1,0 1,2 >

b

Puc. 2. U3menenue xumuueckoro cocraBa MJIO-noxpsiTus
B 3aBUCUMOCTH OT [, /I, B anextponute 1:
— =10 AlnM - —i=20 A/nvd)

Takum oOpazoM, B paboTe yCTaHOBIICHA CBA3b MEXKIY
TeXHOJIoTnIecKuMH Tiapamerpamu MJIO o0paboTku U Ko-
JIMYCCTBEHHBIM W KAaYCCTBCHHBIM COJCPKAHUEM XUMHUYC-
CKHX CoeﬂI/IHeHl/Iﬁ B IIOKPBITHUU. BrIsiBiieHbI ITyTU TOBBIIIC-
HUS COJEpKaHNsI XUMUYECKUX COeIMHEHHH, obecrieunBato-
LIMX MOKPBITHIO TOBBIIIEHHYIO H3HOCOCTOHKOCTb.
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Puc. 3. smenenue xumudeckoro coctaa M/IO-OKpBITHS B 3aBUCUMOCTH:

. N . 2
a — OT COOTHOIIICHHSI aHOTHOM U KaTOMHOM cocTapisironux Toka (i =40 A/nm”, t = 10 mun);,

6 — BpeMenH 06pabotku (i = 40 A/av?, I/1, = 1)
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INFLUENCE OF TECHNOLOGICAL PARAMETERS ON ELEMENT STRUCTURE
OF MDO COVERINGS OF ALUMINIUM AND TITANIC ALLOYS

Researches on definition of element structure of MDO of coverings of aluminum and titanic alloys are performed.
Dependence of chemical composition of covering on technological modes and various compositions of electrolytes is

traced back.
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JI. A. O6opun, B. A. Konmeikos, B. T1. Hazapos

BbICOKOTEMITEPATYPHASI TA3OCTATHYECKASL OBPABOTKA
JINTBIX KOPITYCHBIX JETAJIEM TYPBOHACOCBIX ATPEI'ATOB

Paccmompenvi ocobennocmu mexnonozuy 8bIcOKOMEMNEPamypHoll 2a30Cmamuyeckoli 00pabomKu umsix KOpnyc-
HbIX Oemaretl, U320MOBNIEHHBIX U3 HCAPOCMOUKUX U HCAPONPOUHBIX cmaell U cniagos. [lpusedenvt pesynvmamol uccie-

008aHULL U ONMUMATbHBLE PEHCUMbI 0OPAOOMKLU.
Knrouesvie crosa: memnepamypa, 2as, dagnenue, 8pems.

Kopmycuple gertamn  TypOOHAacOCHBIX — arperaToB
MHOTUX COBPEMCHHBIX XHUAKOCTHBIX PAKCTHBIX ABUIaTC-
nert (PKPJl) u3rotaBiauBaroTCs M3 >KapOCTOMKUX cCTajei
BHJI-1, BHJI-6 u xaponpounoro crutasa BXXJI-14 meto-
JIOM TOYHOTO JIUTHS MO BBIIUIABISIEMBIM MOJIENsIM. B cBs-
3W C HaNpsHKCHHBIMU TEMIIEPATypPHBIMH U JHHAMUYCCKHU-
MH HapaMeTpaMy pabodell cpeabl K OTIMBKaM MpEabsB-
JSIOTCSI BBICOKHE TPEOOBAHMUS HE TOJBKO IO TPOYHOCTH U
TEIUIOBON CTOWKOCTH, HO W TEPMETHYHOCTH (Ta30HEIIPO-
HUIIAEMOCTH) KOHCTPYKIHH. [JI1 TOHKOCTEHHBIX JeTaneit
ra3oBOr0 TpakTa 3TO TpeOOBaHME OCOOEHHO TPYIHOBHI-
MIOJTHUMO, IOCKOJNBKY B MaTepHalie OTIMBKH HMEIOTCS
PAKOBHHBI, PBIXJIOTHI, IIYCTOTHI M APYTHE MHUKPOHETIIOT-
HOCTH, HapyHmaromue repMEeTUYHOCTb CTEHOK KOpITyCa
B IIpo1ecce WUCITBITAHUHN U OKCIUTyaTalluu ABUTaTCIIsd.

YMEHBIIUTh WM HCKIIOYHTH PAKOBHHBI U3JCIUS B
TIpolecce JHThs He Bcerna ynaercs. [loatomy npumeHs-
10T pa3IM4HbIE METOAbl 00pabOTKM OTJIMBOK C MLENbIO
yIaJeH!s I YMEHBIICHHS Pa3MEepOB B KOJIMYECTBA pa-
KOBUH B oTiInTOM m3xennu. K Hamboiee >pQpeKTHBHBIM
13 HUX CIIEAYET OTHECTH:

— BBICOKOTEMITEPAaTypHYIO Ta30CTaTHYECKyI0 o0pa-
6otky (BI'O);

— TOKPBITHE TIOBEPXHOCTH OTJIMBKU CHEIHaTbHBIMH
repMETHKAMHU.

UccnenoBanu BinusHue BI'O Ha razoHenpoHUIlae-
MOCTh H3Jeusi. MeTtautorpaguueckuii aHaaIu3 MmoKasa,
YTO PakOBHHBI B OTJIIMBKE MMEIOT pasmep ~ 1 mm. Kaxk
W3BECTHO, METAIBI B PACIUIABIICHHOM M TBEPAOM CO-
CTOSIHMSIX 3aMETHO pPacTBOPSIOT ra3bl. OCHOBHBIMHU pac-
TBOPSIEMBIMHU Ta3aMH SBIAIOTCA Bogopox H,, kucmopon
O, u, B Manoit crermeHy, a3ot N,. Hanpumep, pacTBopu-
MOCTH BOJIOpOJia B HUKeJe JocTuraer 3—15 cM® Ha 100 T
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[1]. D10 wacTo HabmIOgAETCS B CIUIaBaX METAJUIOB Ha OC-
HoBe xese3a Fe n Hukenst Ni (3;1eMeHTsI 8-i rpymmbl ne-
puonuyeckoit cucremsl . . Menneneesa) [1]. Pacto-
PHMOCTBH BOJIOPOZIa B pacillaBe METaJUIOB BBILIE, YeM B
TBEPJOM MeTaiie, IPH 3TOM PAaCTBOPUMOCTH CKa4K0o00-
pa3HO YMCHBIIACTCS MPU 3aTBEPICBAHUH PaCILIABICHHO-
ro MeTaJlla, KaKk IOKa3aHoO Ha PUCYHKE.

Kunknit
MeTasul

TBepabiii
MeTal

Konuentpauus raza
B METaJlIe

v

Tqu

~

PacTBOpHMOCTE ra30B B MeTalIax B 3aBHCHMOCTH
OT TeMIIepaTyphl

[ToaToMy mpu 3aTBepACBaHUM PACILIABIEHHOIO Me-
TaJjula My3bIPbKU BBIIEIUBIIETOCS ra3a MHOIA HE ycIe-
BalOT yNAIWTBCS B pacitlaB M 3aXBaTBHIBAIOTCS 3aTBEp-
JIEBIINM METAJUIOM, 00pa3ys PaKOBUHBI, 3aIOJTHEHHBIE
Ta3oM.

[Ipu GOMBIIMX CKOPOCTSAX KPUCTAJUIM3ALUHN IIYCTOTHI,
KaK MpaBuio, cheprudeckue, a Ipu MEIJICHHBIX OHU HMe-
10T BBITSHYTYI0 ()OpMY BIOJIb HANPABICHHS KPUCTAJLIHU-
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3alliM, YTO M HAONIOJANIOCh B HAIIMX JKCIEPUMEHTAX.
OCcoOEHHOCTH 3THX MYCTOT 3aKIFOYAIOTCS B TOM, YTO ra3
B HUX HAXOJUTCS IO 60J'I])HJI/IM I/I36])ITOLIH])IM JaBJICHUEM
KaK B MOJICKYJIIpHOM coctosiiuu H,, O,, Tak u abcopOu-
PYETCS JKUJKAM WM TBEPABIM CIOEM Ha CTEHKax PaKo-
BUHBI.

IockonbKy JHaBiieHHE Ta3a B PAaKOBHHE HAMHOIO
Oosibliie, yeM B arMmocgepe, OKpYKalolled OTIHBKY, TO
ra3 MoCTOSIHHO NPUHUKAET U3 PAKOBUHBI Yepe3 TBEPAbIN
METAaJLT HApyKy OTJIUBKH.

[Tponukaer ra3 3a cuer nu(dy3un B CTEHKaX OTIMB-
k. Macca m npoauddyHIMpOBaBILEro ra3a OnUChIBACT-
cs 3akoHoM Duka:

szﬂS-r,
X

()

rae m — macca nponu@yHIMpPOBABILEr0 BEIECTBa, T
D — xoadpdumment nuddyznm KoMIoHeHTa (aToMa HITH
MOJIEKYIIBI), CM/C; dc/dx — rpaeHT KOHIEHTPALMH KOM-
MOHEHTA Ha paccTosiHUU Au(dy3uu ( MHOTA PUMEHSIOT
TpaJleHT aKTUBHOCTHU da/dx BMecTO dc/dx); S — mnomans,
uepe3 KOTOPYI0 MPOMCXOAUT Au(Qy3us, cM’; T — BpeMs
nuddysuu, c.

U3 Bcex U3BECTHBIX T'a30B TOJIBKO BOAOPO HAXOIUTCS
B MeTajyle B BUJAE NPOTOHA — HMOHM3MPOBAHHOI'O aTroMa
BOZOPOJA, T. €. UIMEET OYEHb Majblid pa3Mep. braronaps
9TOMY IPOTOH AU(GQYHAUPYET MO MEKAOY3IHAM MeTal-
Ja, ¥ BOJOPOJ MUMEET CaMbId OOJNBINOW KOA((HUIMECHT
muddy3un U3 Bcex M3BECTHBIX ra3oB, T. €. OH B HEPBYIO
odepesb yAAIIeTcs U3 PaKOBUHBI TBEPIOT0 METaIA.

Kospdpumment muddys3mn D 3aBUCHT TOIBKO OT TEM-
nepatypsl T (K) mporecca u TerioTsl aktuBanuu Q aud-

¢by3uu [2]:

0
D =D, exp( RT)’ 2)
rae Dy — npea3KCoHEeHIMaIbHbII MHOXKHTENb; R — YHHU-
BepcalibHas ra30Bast HOCTOSIHHAS.

Koaddumment D no creneHHON (3KCIIOHEHINATIBLHOM)
3aBUCHMOCTH CYIIECTBEHHO YBEJIMYHBAETCS C POCTOM
TEMIIEpaTyphl, TaK KakK IOKa3aTellb SKCIHOHEHTHI MMEET
orpunaresnbHblil  3Hak. Ilosromy auddysus 3amerHO
MPpOUCXOAUT TOJIBKO IIPpW MNOBBIHNICHHBIX TEMIIEpATypax.
HccnenoBanus NMpOBOAMINCE IIPU TEMIIEPATypax OKOJIO
1300 K, yto Hmxe TemmepaTyphl ILIaBICHUS CILIABa.
Bnaromapst 3TtoMy HaMu OOHapyxeH JPQGeKT yxe
yepe3 Heckoysbko dacoB (6omee 3 600 c¢) mocie BI'O.
[Ipn koMHaTHOW TemmepaType 3Toro 3¢dexra mpH-
[IUJIOCH OBI JKAATh TOABI, YTO HE MPHUEMIIEMO JUISl UCCIIe-
JOBAHMUS.

Jus onipenenenust paccTosiHus [ 1 BpemeHu t nuddy-
3MU MHOT/Ia TPUMEHSIOT popMyry DHHIITEHHA

I* =Dt (3)

Jliist MHOTHX paciuiaBoB K03 duineHT D nMeeT Beu-
upny Topsiaka 107 cm’/c, a B TBEPIOM Tele HAMHOTO
MeHbule. B cnpaBouHblX mMarepuanax D aiisd ra3oB B Me-
Taljax MPUBOIUTCA O4YeHb penko. ITompoOyem xots Obl

OYeHb NPUOTU3UTETHHO OICHWUTh ) B HAIMIUX AIKCIECPH-
MeHTax. TommwmHa crenku [/ ~ 0,7 cM, BpeMms mporecca
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t=39=3-3600 = 10800 c. Torma u3z popmyisl (3)
MOJTY4UM

D=1"/t=0,49 cm?/10800 c=4,5-10" cm?/c. (4)

Kak Buaum, moydaercst 6ojbpiioe 3HadeHue D, cpaB-
HUMOE C aHAIOTUYHBIM K03 dunmeHToM nmuddysuu ¢ D B
KUAKOCTIX. He MCKImoYeHo, 4To 3Ta 0oibmias CKOPOCTh
Iupdy3un TOIBKO MPOTOHA B MOJEKYJSIPHOW peIIeTKe.
EcrectBenHO, uTO cKOpocTH MUPPY3UH MOIEKYISIPHBIX
H,, O, 1 N; Ha HECKOJIBKO TOPSAKOB MEHbBIIIE 107-107%,
Paccunranmsiii Hamu D Heconoctasum ¢ D = 2-10* em’/c
mpu 1 350 K Bomopona, npuBenenHoM B [1]. Ilomyuen-
HbI D BOAOpPOAA MOKET UCIOJIb30BAaThCS MPU IIIaHUPO-
BaHWU CJICAYIOIUX 3KCHEPHUMCHTOB IIpU 60.]166 BBICOKUX
U HU3KUX TeMmIleparypax. B Hamiem omnbiTe Temneparypa
osuta okoio 1 300 K. Hanpuwmep, npu 800 K Bpemst mipo-
necca gocturaino 10 1 (36 000 c).

Crnemyer oOpaTuTh BHUMAaHHE Ha €Ile OJUH BO3MOXK-
HBI MEXaHHU3M 3apacTaHusi pakoBHUH. IIpyu BBICOKON TeM-
nepatype (okomo 1300 K) mpoucxoaut He TOIBKO TUd-
(hy3us raza, HO U JUQPy3HT AaTOMOB MeTajIa IO CTEHKaM
U depe3 ra3oByl0 PaKOBHHY. DTO TakKXkKe YCKOPsET Mpo-
I[ECC 3apacTaHMs PaKOBHH.

Juist BI'O ornmBku HE00X0IUMO CO31aTh Ha MOBEPX-
HOCTM OTJIMBKM MHUHHManbHOEe jaBnenue H,, O, u N,
LITO6]JI YCKOpHUTH BBIBCACHUE 3THUX I'a30B U3 PAKOBHH OT-
JUBKU. B CBs3M ¢ 3THM paccMOTpeNd U oTpaboTanu 1Ba
croco0a co3anus aTMoc(epsl HaJl OTIIUBKOI:

— CO3JJaHHE BBICOKOTO BaKyyMa;

— IIPUMEHEHHUE BEICOKOUNCTOTO apTOHA WX TeIHS.

Oba mporecca PaBHOIEGHHBI IO CO3IaHUIO MaJloro
MapIUaIFHOTO JABJICHUS BOJOPOAA W KHCIOPOAa Hak
MMOBEPXHOCTHIO OTVIMBKH M YCKOPEHUS 3apacTaHHs paKo-
BUH B omimBKe. OMHAKO TPH HCIONB30BaHUHM aproHa,
HAXOMAIICTOCS TOJ JaBJICHUEM, HCKIIIOYACTCS IOICOC
BO3/yxa (KHCIIOpO/a) B KaMepy TepMooOpadboTku. Bemu-
yuHa faBieHus aprora g0 200 Mlla orpanudena mpou-
HOCTbIO cTeHOK eMKkocTH st BI'O uznenus. Kpome Toro,
TpeOyeMasi B JaHHOM CITydac TOJIIWHA CTCHKH S€MKOCTHU
MEHbIIIE, YeM I CO3JaHus Bakyyma. [losToMy mpume-
HEHHe aproHa OoJjiee TEXHOJIOTUYHO U Jierde KOHTPOIH-
pyercs, 1o CpaBHEHHIO C BaKYyMHBIM METOIOM. Pe3yib-
TaThl UCCIENOBaHUS MOKa3amu, 4To nocie BI'O mukpo-
CTPYKTYpa M XMMHUYECKHH COCTaB OOpaslOB HE M3MEHH-
JIUCh, a IJIOTHOCTh MaTepHalia, MEXaHH4YecKast IPOYHOCTh
1 répMETUYIHOCTD U3JC/IUA MMOBBICUJIACH.

C)KaTI/le OTJIMBKU JAaBJICHHUEM aproHa MOXXHO OLICHHUTH
1o ¢opmyie koddpuurenra cxarus B:

_1(or
= ~~ |
vV oP
rae V — o0bem oTiuBKY; P — JaBieHue.

W3 ypaBHeHus (5) MOKHO HAaWTH OTHOCHUTEIBHOE W3-
MeHeHne oO0beMa A V/V OTIMBKH B 3aBUCHMOCTH OT
BHelHero nasienus P. Jlns vukens = 0,538: 107" m/m?
SIBIIICTCS] UCKJIFOUMTENILHO Maioi BeumuuHO# [3]. UToObI
MOJIY4UTh OLIyTHMOe cxatue oTiauBku AV/V ~ 0,001 (1 %)

[4], HEOOXOMMMO TPUMEHUTH TABJICHUE OKOJIO 10% kr/em?,
9TO HEBO3MOXXHO JOCTHYh Ha HMMEIomeMcs 00opymo-

)



Texnonocuueckue npoyeccol u mamepuaiibl

BaHMM. [lo3TOMY OrpaHMYMINCH JaBICHHEM OKOJIO
200 kr/cM” 1 OTyYHIH Oy THMBI 3ddekT ot BIO.

B mpouecce 3KCIEpUMEHTOB HMCCIEIOBAHO BIIMSHHE
BBICOKOTEMIIEPATYPHOI ra30CcTaTHueckoil 00paboTKu Ha
ra30IUIOTHOCHOCTD (I€PMETHYHOCTh) U MEXaHHYECKYIO
MPOYHOCTH JIUTHIX KOPIYCHBIX JeTaneil TypOOHACOCHBIX
arperaToB PaKeTHBIX JBUIATEIICH.

[lo pesympraTaMm MerauiorpadUueckoro aHainsa,
peHTTeHOTpapUIECKOTO KOHTPOJS, WCIBITAHUN JeTanei
Ha TPOYHOCTh M T€PMETHYHOCTh YCTaHOBJIEHO, YTO YCT-
paHeHHe MUKPOHETUIOTHOCTEH (PBIXJIOT, OP) B OTJIMBKAX,
BeInoHeHHBIX U3 craneii BHJI-1 u BHJI-2, mocie BwIcO-
KOTEMIIEpaTypHOH Ta30CTaTU4eCKOW 00padoTKe coCTaB-
nser Oonee 50 % , a B OTIMBKax, W3rOTOBJICHHBIX W3
crutaBa BXKA-14, — 6onee 80 %, 4TO crmocoOCTBYET mo-
BBILICHUI0 MEXaHWYECKOW MPOYHOCTH U FePMETHYHOCTH
KOHCTPYKIIMH M OOECICYMBACT BBICOKOE Ka4yeCTBO KOp-

MycHBIX netaneil u coopounsix equanny THA JXPJI. Pas-
paboTaHHAs TEXHOJIOTHS BBICOKOTEMIICPATYPHOW TIa30-
CTaTUuecKoi 00pabOTKH OTJIMBOK MOXKET HAWTH IpuMe-
HCHHC TaKKE€ IMPpH HCHOJB30BaHUU JAPYTUX CTaHeﬁ u
CIUTAaBOB B PAKETHO-KOCMHYECKOW MPOMBIIUICHHOCTH H
o0rmeM TypOOCTpOCHHH.
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HIGH-TEMPERATURE GAS-STATIC PROCESSING OF CAST CASE DETAILS
OF TURBOPUMP SYSTEMS

The article considers features of technology of high-temperature gas-static processing of the cast case details made
from heat-resistant and heatproof metals and alloys. Results of researches and optimum modes of processing are

presented
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I'. JI. ITamkos, B. U. Ky3emun, 0. C. Kononos, 0. T. ®unaros, C. I'. bormanos

YTUIN3ALIMSI HEKOHJUIIMOHHBIX OKUCJUTEJEN PAKETHOI'O TOILJIMBA*

Paccmampueaemcest npobrema 2K0I02UYECKU YUCMOU MEXHOLO2UU YMUIUZAYUU HEKOHOUYUOHHBIX OKUCIUMene
(menandiceil) Hcudko2o pakemnozo monausea. Ilpeonodicena mexnonozudeckas cxema noaydeHus: a30mHou KUCIOmbl 8
abcopbyUOHHOU HACAOOUHOU KOJIOHHE 8 pe3ynbmame 0moy8KU OKCUO08 a30ma U3 mearauxica Kuciopooom. Ilpu nocne-
oyroujem cmeuieHuu ¢ Kybogblm 0Cmamxom obpasyemcsa moeapras azomuas kucioma 60-65 % (macc.). Ilpusedensvi

OCHOBHblEe napamempbl npoyecca.

Kniouesvie crosa: ymuauzayus OWIXO()O@, aszomuas kucioma, OKCUObL asoma, MeaaHHc, 6166‘0]761414}1.

CHoXMBIIAsCS B MUPE CUTYaIUs B 0071aCTH TPOMBIIII-
JIGHHBIX OTXOJIOB BEIET K OMACHOMY 3arps3HEHUIO OKpY-
JKAroIIeH Ccpenpl, ONpeneNseT HepaluOHAIBHOE HCIIOINb-
30BaHUE MPHUPOIHBIX PECYpPCOB W MPUHOCUT 3HAUUTEIB-
HBIA ’KOHOMHYECKHH ymiep6. B To e Bpems, 1o XMMHKO-
TEXHOJIOTHYECKOW OIEHKE OTXOMBI, HAaIpHMEp, XUMHUe-
CKHUX ¥ TOPHO-METAJLTYPTHYECKUX MPOM3BOJCTB (IIIAKH,
mjiamMbl, KCKHU U le.), MOI'YT ABJATBCA AOCTATOYHO IICH-
HbIM BTOPUYHBLIM CBIPLEM IS MOJYUYCHHA HCOpTraHUu4ve-
CKUX BEILIeCTB U METaJUIoB. B 3ToM cimyuae s mporec-

COB BCKPBITHUS U BBILIIENAYMBAHUS BTOPUYHOTO CBIPbS
TpeOyIOTCsl pacTBOPHI MHHEPAIBHBIX KUCIIOT, B TOM YHCIIE
azoTHO#. [IpemmokeH crmoco® yTWIM3alWU HEKOHIUIU-
OHHBIX OKHCIHUTENEH KHUIKOTO PaKETHOTO TOILIMBA C II0-
Jy4eHHeM a30THOU KHUCIOTHI (60—65 %), KOTOpYIO MOKHO
UCIIOJNIb30BAaTh, HANPUMEp, MPU TepepadoTKe He(earHO-
BBIX IUIAMOB AYHHCKOTO TJIMHO3EMHOTO KOMOWHATa IUIS
MIPOM3BOJICTBA KOMIUIEKCHOM KaJIbLIMH-HUTPATHOW 100aB-
KU K pacTBOpaM OypeHHs He(Tera3oBbIX CKBaXUH MU Oe-
TOHHBIM CMECSIM CTPOUUH]TYCTPHH.

*Pabora BeimonHena npu ¢uHancosoil noanepxke KI'AY «KpacHosipckuii kpaeBoil (OHI MOIAEPKKKM HAyYHOW U HAYUIHO-
TEXHUYECKOH esTeNbHOCT» (HononaauTenbHoe cornamenne Ne 01/12 ot 13 utonst 2012 r.) B UXXT CO PAH npu yyactun Hay4HO-
ro COTpYyIHHKA, KaHAuaaTa xummdeckux Hayk J[. B. Ky3pmuna, Bexymux Texaonoros Y. @. Kykmunoii u A. H. Kokopunoii.
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IIpumepHBIii OCTAB A30THOKUCJIOTHBIX OKHCIHTEIei

HaumeHnoBanue MaccoBoe conepxanue, %
HNO; N,O4 H,O HF, 1,, H3PO, Cyxo# ocTaTok
Benas npimsiias a30THast KUCI0Ta 96-98 <0,5 <2,0 — <0,1
Kpacnas npiMsimast a30THast KUCIIOTa 70-80 13-30 4,0 3,0 0,1

B pakeTHOW TeXHHKe HCIOJB3YIOT JBa THIIA a30THO-
KHCIJIOTHBIX OKHCIUTENeH: Oeyl0 M KpacHYyI0 IbIMSIIHE
a30THBIE KUCJIOTHL. [lepBast mpencraBiser co0OM TeXHH-
YEeCKyI0 a30THYIO KHCIOTy ¢ KoHmeHTparueid HNO; He
Mmenee 97 %, a BTopast — CMeCh a30THOM KHCIIOTHI C TE€Tpa-
okcuoM nua3zora. CoCTaB 3TUX OKHCIHTENEH, COTIaCHO
cnenupukaimn MIL-N-7254E (USA), mpexacraBieH B
TabuIIe.

BBezneHre B a30THYIO KHCIIOTY TETpaoKCHIa AMA30Ta
yJIy4IIaeT ee CBOICTBA KaK OKHUCIUTENS PaKeTHOrO TOI-
nuBa. Tak, cMecH a30THOM KHCJIOTHI U TE€TpaoKCHJa Aua-
30Ta (Menamxu), conepxane 10 30 % N,O4, UMEOT, 1O
CPaBHEHHIO C a30THOW KHCIIOTOH, Oojiee BBICOKYIO ILIOT-
HOCTh (110 1 600 Kr/™), Gollee HU3KYIO TEMIEpaTypy 3a-
Mep3aausa (1o —70 °C) u comepikaT HECKOIBKO OOJbIIe
AKTUBHOTO KHCJIOPOJAA U OKUCIICHHS TOPIOYETO; KpoMe
TOTO, OHA MEHEE arpeCCHUBHBL, YeM caMa a30THAsI KUCIIOTA.

Pa3paboTansl nHrHOMpyONIIUEe 100aBKH K MEIaH)XKaM:
¢dochopras kucnora u oa. PochopHy0 KUCIOTY MpH-
MEHSIOT KaK HHIUBHIyaldbHO (okuciutens mapku AK-
20d), Tak U B couyeTaHUH C (TOPUCTBIM BOJOPOJIOM
(oxkucmurenn mapok AK-20K u  AK-27IT) (URL:
http://en.wikipedia.org/wiki/Red_fuming_nitric_acid).
Mox MCHONB3YIOT HpM M3TOTOBNEHHH OKHCIHTENeH
AK-201 n AK-27H. B 3aBUCUMOCTH OT MapK{ OKHUCJIHTE-
J MaccoBO€ CONEpKaHWE WHTHOUTOPOB KOPPO3UHU
cocrasiset, % (macc.): HF 0,40-0,75; H;PO, 0,10-1,30;
1, 0,12-0,25.

Kucnorasle Menamku tuna AK, comepskaniye WHTH-
OUTOpPBI KOPPO3WH, CTATH HENPUTOAHBIMH (HEKOHIUIIH-
OHHBIMH) JUTS SKCIUTyaTallid U TPeOyIOT CPOYHON YTHIIH-
3anuu. aruduropsr kopposuu (HF, H3PO,, 1), koTopsie
B KOHIICHTPUPOBAaHHOI KHCIIOTE IOHMKAIOT CKOPOCTh
KOPPO3MH KOHCTPYKLUHOHHBIX MAaTepHajoB, HCIIOJIb3ye-
MBIX /ISl M3TOTOBJICHUSI TEXHOJOIMYECKOTO0 000pyI0oBa-
HUSI, CPEICTB TPAHCIIOPTHPOBKM W XpaHEHHs, HO YXKe
B cnaboil a30THON KHCJIOTE WM TPU MOBHIIICHHBIX TEM-
mepaTypax caMy SBISIOTCS BEICOKO arpecCUBHBIMH BeTlle-
CTBaMH.

B psanme ctpan Obumn pa3paboTaHBl M peaHM30BaHBI
pa3iIuyHBIE CIIOCOOBI OOE3BPEKUBAHUS WM yTHIH3ALUU
HEKOHJIUIIMOHHOTO MEJIAH)KEBOTO OKHCIHTENA. MeToabl
JIMKBHUIAIIUHU 3aI1aCOB HEKOHAUIIMOHHBIX MeJIaHKeN 3aBU-
CAT KaK OT KOJMYECTBa CKJIaJUpPYEeMOro MeNlaHXka, TaKk U
OT BO3MOXKHOCTH CO3/aHHsI CIIEIMAIBHBIX YCTaHOBOK II0
UX nepepaboTKe WK BO3MOXXHOCTH TPAHCIIOPTHPOBKHU MX
Ha COOTBETCTBYIOIIHE TIPEATIPUATHS BOEHHO-
IIPOMBIIIUICHHOTO KOMIUIEKCa JUIsi pereHepauuu. Hekoro-
pBIe TEXHWYECKHE PEIICHUS MO JUKBUAALNU MEJaHKen
peanmzoBasbl B Momnmose, Apmernu, ['py3un, AsepOaii-
mkane npu noanepxke HATO nnmm OBCE.
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TexHomnorust nepepabOTKH COCTOMT M3 CIEAYIOIINX
JTaIOB:

— ympasisieMoe pa30aBiIeHHe MelTaHXa BoIoH (10 co-
otHomeHus 1:10);

— 00paboTka C)KaThIM BO3IAYXOM M IepepaboTka oc-
tatkoB N,O4 B HNOj;

— TIPOW3BOJACTBO BOAHOW CYCIIEH3UHM T'HIPOKCHIA
KaJbIUs (M3BECTKOBOE MOJIOKO);

— HeWTpanu3anys MelaHXa ITyTeM CMEIINBAHUSA C U3-
BECTKOBBIM MOJIOKOM M IIOJIly4€HHE BOJHOIO PacTBOpa
«HopBexckoit cenutps» Ca(NO;);, (MuHepanabHas MOJ-
KOPMKa).

Jlpyroe pemeHne (TepMUYECKUH METOJ) MO yTHIIN3a-
MM 3aKJI0YaeTCsl B PAcIICIUICHNHM XUMHYECKHUX CBS3ed
npu BeIcokux Temmeparypax (1 200—1 400 °C) u BeiOpoce
MPOJIYKTOB rOpeHus B aTMochepy. B HeKoTopsIX ciryuasx
MIPOBOAAT YPE3BBIYAHHO OBICTPOE OXJIAXKICHUE Ia30B VIS
MPEAOTBPALICHUs] PEKOMOMHALMK TIPOAYKTOB TOpPEHHMS
(nnokcMHOBOE OKHO). Pacmienyienne MenanXka OCyIIecTB-
nserca npu Temmeparype 1 200 °C. Ilocne oumctku B
KOMOMHHUPOBaHHBIX (UIIbTpax B arMoc(epy BhIOpachiBa-
torcst 0e3Bpenubie Ny u O,.

Temneparypa JOCTUIaeTCsl C)KUTAHUEM TOILIUBA C UC-
NIOJIb30BaHUEM MeJaH)Xa B €ro NepBOHAa4YaIbHOW (yHK-
UM okucautess. 11o CpaBHEHHIO C TPOMBIINLICHHBIMU
o0bekTaMH, MOOWIFHOE 00OpYJOBaHHE MMEET TEXHOJIO-
THYECKHWE OTPAaHWYEHUS 10 MPOW3BOJUTEIHFHOCTH U 3(-
(heKTUBHOCTH.

B VYkpaune 01 pa3paboTaH 1 Ha THIJIOTHOW YCTaHOB-
K€ HUCIBITaH CHOCO0 YTWIM3alMM MENaHXka IyTeM €ro
nepepaboTKH B a30TcoiepKaliee yaoopeHne, KOTOPBI He
MpeAyCMaTPUBACT BBIBO3 OKHUCIIUTENS 32 MPEebl CKIa-
ckux Tepputopuil [2—4]. OTIHYUTENBHBIM IPEUMYIIECT-
BOM JIaHHOW TEXHOJIOTHU SABJISIETCS MaJlO€ almapaTypHOe
U pecypcHoe olecrieueHre MpH ee pealn3alyu, 4To I0-
3BOJISIET CO3/1aTh YCTAaHOBKY MOOWJIBHOTO THMa. TexHoIo-
rus peanusyercs B ABe craauu. Ha mepBoii craaum me-
JMamK pa30aBiseTcs OOOPOTHBIM PAcTBOPOM, COAEpIKa-
KM KapOamMuz, HUTpAT aMMOHUS M Boxy. Ilpu 3ToM Ha-
psily CO CHIKEHHEM KOHICHTPAIMM a30THOW KHCIIOTHI
peanusyercsi mpouecc 00e3BpEKUBAHUS OKCHAOB a30Ta,
pacTBOpPEHHBIX B MeJaHke. BbIBoguMas ¢ epBoit craauu
TEXHOJIOTUYECKash Cpela IpPEeACTaBIsla CMECh a30THOU
KHUCIHOTHI (42—46 %) u HuTpata ammoHus. CMech Ha BTO-
POl cTaniuy HEUTPAIU3yEeTCsl aMMUA4YHOU BOJOW U pas-
Oapisiercst kapOaMuoM. DTa CMeCh 10 CBOEMY COCTaBy
YIOBIIETBOPSIET TPeOOBAaHMSAM JUIA JKUAKHX a30TCOZIEP-
JKaIMX y1o0peHuH.

Kak moxasbIBaroT pe3ynbTaThl paboT 10 yTHIIN3aLUU
OKHCJIUTENICH PAaKeTHOTO TOILUIMBA, BBHITIOJIHEHHBIX B CTpa-
Hax CHI', ocHOBHBIMHU mpoOiieMamMu TepepadOTKH SBIIS-
IOTCSI: MTOBBIIIIEHHE OE30MaCHOCTH TEXHOJIOTHH, CHI)KEHHE
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BEIOPOCOB OKCHAOB a30Ta B atMocepy M YIpOIIeHHE
TCXHOJIOTMYECKUX YCTAaHOBOK.

[TpoGiemMbl 6€30MaCHOCTH BO3HHKAIOT Ha BCEX OCHOB-
HBIX OTepanusx IepepadoTKu. IDTO TPaHCTIOPTHPOBKA
OKHCTIUTENS, pa3daBieHuEe cMmeceil Bomoi (BBIOPOCHI OK-
CHJIOB a30Ta, OOYCIIOBJICHHBIC OOJIBIIUM 3K30TEPMHYC-
cKuUM AP QPEKTOM IpU TUApATAlMd KOMIIOHEHTOB, BbIJE-
neane NO Ha craamm B3amMozeicTBus NO, ¢ BOJOi),
MOJTyYeHHEe a30THOM KUCIIOTHI U3 TUOKCHIA a30Ta. PaHee
OBIO OTMEYEHO, YTO CHENUATUCThI YKpauHbl Ipejsara-
0T Ha mepBod cragmu pasznarate NO, moueBmHO#l. He-
CMOTpSI Ha TPOCTOTY, OYEBHIHO, YTO 3TOT MPOIECC WUC-
KJIFOUHMTENBHO JA0POT M3-32 PAcXoJla MOYEBHHBI U CYIIECT-
BEHHOTO CHIDKCHHS BBIXOJla HUTPATHOU mpoayKiuuu. [lo-
Jy4aeTcs, YTO MPH TOJIYYCHUH HUTPATHOTO yIOOpEHUS
paspyuiaercs Ipyroe BechbMa IIeHHOE YJI00peHHe — Moue-
BUHA.

Jpyroit mpodieMolt SBIsSETCS OYUCTKA Ta3000pa3HBIX
OTXOJZIOB OT oKHcHu a3oTa. [Ipobiiema nmeeT ABe CTOPOHBI
— 00beM ITHX OTXOJOB M KOHLEHTPAlHsS B HHUX OKHUCH
azora. BecbMa nepcneKTHBHBIM, Ha HAIll B3TIISL, SIBIISICTCS
MOJIYYCHUE a30THON KHCIOTHI U3 MEJIaHKa U OKUCITHUTEIIS
AT ¢ uCHONB30BaHUEM YHCTOTO KUCIOPO/a B TEXHOJIOTH-
YEeCKOM Ipollecce. B 3ToM cilydae CylIECTBEHHO CHEKa-
eTcsi 00beM Ta3000pa3HBIX OTXOAOB. B mpuHIMIIE 3TH
OTXOJIbl MOT'YT OBITh CBEJICHBI K HYIIIO.

[Ipu ABYXKpaTHOM H30BITKE KHCIOPOJA OT CTEXUO-
METPUH 110 PEAKIHH

2NO, + 0, + H,0 — 2HNO; (1)

00bEM Tra30BBIX BBIOPOCOB, M0 CPABHEHHUIO C TPAJAWIMOH-
HBbIM IIPOLIECCOM, YMEHBILAETCS MOYTU B 5 pa3. BHexape-
HUIO 3TOT0 TIporecca OJIaronpusATCTBYET NOSBICHHE B
HacTosllee BpeMss MEMOpaHHBIX KHCIOPOAHBIX YCTaHO-
BOK OOJIBIION MPOU3BOAUTEILHOCTH, B KOTOPBIX PacXoj
3JIEKTPOIHEPIHH Ha MONyYeHHe | M® KHCI0poaa CoCTaB-
nsetr mumb 0,4 kBt - 9. JIpyruM apryMeHTOM 3a HCIIOJb-
30BaHHE KHUCJIOPOJAA NPHU IMOJYyYCHHH a30THOW KHUCIIOTHI
ABIISICTCS BO3MOKHOCTP YIIPOIIEHUS CaMOW YCTaHOBKH 3a
CYeT CYMIECTBEHHOTO ITTOBBIIICHUS MMapIHAAIBHOTO JaBIie-
HUSI KUCIIOPO/Ia B KOJIOHHAX 110 CPaBHEHUIO C yCTaHOBKa-
MH, pabOTAOMUMK Ha BO3AyX€. DTO MO3BOJSET CHU3UTH
oOrmree maBieHue B ammapatax. Vcnonp30BaHHE KHACIOPO-
Jla TI03BOJIIET TAaKXKE€ CYIIECTBEHHO YMEHBUIMTH PazMep
a0COpPOIIMOHHON KOJIOHHBI W CHH3HTh OOBEM Ta30BBIX
BEIOPOCOB.

JloBeneHue copepikaHusl OKUCH a30Ta 10 HOPMBI SIB-
JIIETCSI BEChMa CJIOKHOM TeXHHUECKOW 3amayeit. [Ipobie-
Ma o0OyCIOBJIeHa JOCTaTOYHOH XMMHUYECKOH HWHEPTHO-
cteio NO. Tak, ecmu NO, 04eHb OBICTPO pearupyer c
BOJIOH ¢ oOpazoBaHueM Kuciot, To NO jauiib Gu3ndecku
pacTBOpseTCSl B HEW M HE pearupyer ¢ ACHICBBIMHU IIe-
JIOYHBIMH PeareHTaMu.

Ilepexon xxe NO B NO, npu B3aUMOAEHCTBUU C KH-
CJIOPOJIOM OCYIIECTBIISIETCSI MEJUIEHHO, a CKOPOCTh PeaK-
LIMM TaJaeT B KBaAPaTUYHON 3aBUCHMOCTH OT Iapluallb-
Horo nasineHuss NO. [[ns oxucnennss NO Moryt ObITh
HCTIOTH30BAHbI CHJIBHBIC OKHCIIUTENH, TAKHE KaK ITepMaH-
raHaT KaJus, Iepekuch Bogopoaa. OqHaKo UX Ha MPaKTH-
K€ MIPUMEHSIOT KpalfHe PeIKO U B OTPaHUICHHBIX CITyJasx
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BCJIEICTBHE JIOPOTOBH3HEI
3G GEKTUBHOCTH.

[TpoGnemMbl OUYUCTKH a30THOW KHCJIOTHI OT IpHUMecei
OIPEIENAIOTCS XapakTepoM 3tux npumeceid. IIpu nomy-
YEeHUM HHUTpaTa Kajblus mnpumecu GochopHoii, cepHol n
TUIABUKOBOW KHCJIOT aBTOMAaTHYECKH YAAISIOTCS B BHIE
HEepacTBOPHMBIX KaJIbIHEBBIX coied. [Ipum 3ToM OCHOB-
HBIM YCIIOBHEM, OTIPEICISIFOIIAM CTETIEHh OUNCTKH, SIBIIS-
ercst pH pactBopa. B HeliTpanbHBIX pacTBOpax Hpu J0C-
TaTOYHO BBICOKOW KOHIEHTparuu kKaibims (1-3 M) co-
nepxxanue Qocdaros, dropunoB u cynbdaro Oyner
oueHb Majio. Moa py 3TOM OCTaHeTCs B PacTBOPE B MO-
JIEKYJISIpHOH (hopme.

B xozme uccnenoBanuii Oblia OLlEHEHA BO3MOXHOCTH
NPOBEJCHUS Ipoliecca nepepaboTKU OKUCIHUTENEH ¢ OT-
nyBkoi NO, U3 MenaHka KUCIOPOAOM C MOTJIONICHHEM
UX BOJOH B KOJIOHKE IpH arMoc(epHOM naaBieHun. Mc-
MOJIb30BaHNE KHCIIOPOJa, 10 €ro napluuajbHOMY JaBiie-
HUIO, PAaBHOIICHHO NPHUMEHEHHUIO KOJOHKH, paboTaromiei
npu 0,5 MIla Bo3nyxa.

Abcopbep (puc. 1, mos. 1) mpencraBist codoi KBap-
LEBYI0O KOJOHKY BBICOTOH 2 M W JOHaMeTpoM 25 MM
(B MIPOMBIIIJIEHHOCTH I a0COPOLIMM HUTPO3HBIX Ta30B
MIPUMEHSIOT HacaJo4YHbIe KOJOHHBI BhicOTON 30 M M nua-
MerpoM 8 M). Ilpu monmade ra3oBoil cMecH B HIXKHIOIO
4acTh KOJIOHKH B PEKUME OPOLLICHHUS U 3allOJHEHHOH KO-
JIOHKH TOJy4€HBl PacTBOPBI a30THOM KHCIIOTBHI C COZEp-
’)KaHueM ot 2 10 6 M.

Kosnonka 3anonssiiach konasnamu Pammra u3 kBapua
1o BceMy o0beMy (1103. 2). Bona nonaBanacs B BEpXHIOO
4acTh KOJIOHHBI 4epe3 mrTylep (mo3. 3) mepucranbTude-
ckuM HacocoM (mo3. 4). OkcuOsl a30Ta MOCTYIAIH
U3 €MKOCTH, BBIIOJHEHHOW W3 HEPXKABEIOLIEH CTalu
(1103. 5), COBMECTHO C KHUCJIOPOJOM, MOJABAEMBIM U3 OaJ-
jmoHa (mo3. 6), peryaupoBKa MOAAYH OCYIIECTBISUIACH
BeHTWJIEM (T03. 7) U KOHTPOJIUPOBAJIACH MO MOKA3aHUSIM
porametpa (mo3. 8). ['azoBast cmech mojaBanach B IICH-
TPaJbHYI0 YacTh KOJIOHHBI (103. 9) WM HIDKHIOIO ee
qacTh (1103. 12). [l OToyBKM OKCHIIOB a30Ta HaBCTpEdy
MOTOKY TOJy4aeMOHW a30THOW KHCIIOTHI HaIpaBIsuICs
JIOTIOJTHUTEBHBIA TIOTOK KHCIIOPOAA, Yepe3 BEHTWIIb
(mo3. 10), porametp (1m03. 11) 1 mTynep B HIKHEH YacTH
KOJIOHKH (1103. 12).

Kucnora orbupanace w3 HIDKHEH YacTH KOJOHKU de-
pe3 mryuep (mo3. 13) ¢ runpozarBopom (mo3. 14). Abra-
3Bl C BBIXOJIa U3 KOJIOHKH MPOXOAWIN Yepe3 CTEKITHHYIO
eMKocTh o0bemMoM 10 1 (mo3. 15) mns onpeneneHus co-
nepxkanus NO U npomycKaliuch 4epes3 CKISTHKY Jpekcens,
3al0JIHEHHYI0 HACBIIICHHBIM pPacTBOPOM IepMaHraHara
Kanus (1mo3. 16) (Juist MOJIHOW OYUCTKU OT OKCHIOB a30Ta)
n cOpacsiBasMch B atMocdepy. [yt perynupoBkH mpo-
1ecca BBIJIETICHUS] OKCHJIOB a30Ta €MKOCTh C OKHCIIUTES-
MH OXJIQKJAIIA FUTH HarpeBAIX C HCIIONB30BAaHHUEM TeEp-
MocTara (1103. 17).

Brum oTpaboTaHBl peXHMBI pabOTHI JTA0OPATOPHON
YCTaHOBKH JUIS TPEX BapHAHTOB MOAAYM CMECH ITHOKCHIA
a30Ta C KHCIOPOAOM B KOJIOHKY: a) HIDKHIOIO YacTb;
0) cpemHIO0 YacTh (KOJOHKA 3aloJHEHa BOIOK); B) Cpel-
HIOIO 4YacThb KOJIOHKHM B PE&KHME OpOLICHUs HacaJKu
BOJIOH.

peareHToB W HEBBICOKOU
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AHanu3 MOIy9YaeMOW KHCIOTHI OCYIIECTBIIIICS THT-
pOBaHHEM IPOLYKTa PACTBOPOM T'HIAPOKCHIA HATpUsS B
NOPUCYTCTBHM METWIOPAHXa TOCJIC MPEIBAPUTEIbHON
OTJIYBKH W3 aJMKBOTHI OCTATKOB OKCHJIOB a30Ta IyTEeM
MepeMEIINBaHUs PACTBOPAa B OTKPBITOM CTaKaHYHKE Ha
MarHuTHOM Memanike B TeyeHue 30 muH. KoHuenTpauus
A30THCTOW KHCIIOTHI B PAacTBOPE M OKCHIOB a30Ta OIpe-
JeIsuIuch To0aBIeHNEM K pa30aBIIEHHON alMKBOTE IIPO-
OBl MOM 1A KU U TUTPOBAHUEM BBIICIUBIIIETOCS MOJIE-
KyJIsipHOTO Hopma (ukcaHaioM THocynb(ara ¢ nobasiie-
HUEM Kpaxmana. /[ns oLeHKH colepKaHHs CMECH OKCH-
JIOB a30Ta B abra3e eMKoCTh (1103. 15) mocne ycranosie-
HHUA CTaHUOHAPHOTO PpEKKUMa BbIBOAWIU U3 CUCTEMBI, 3a-
TeM B Hee poOamisuin 100 M BOABI, 3aKpbIBajJH U BbI-
nepxxuBanu 24 4. KoHIIEHTpaIiio CMECH OKCHIOB a30Ta B
ra3oBoil (paze ompenensii THTPOBAHHEM INEIOYBI0 BO/I-
HOT'O pacTBOpa, 00pa3oBaBIICHCS a30THOM KHUCIOTHI. Pac-

geT cymmbl KoHIeHTpanuu (NO + NO,) BBIIOIHSIICS UC-
X015l U3 peakuuin
NO + 3/20, + 1/2H,0 — HNO; 2)
NO, + 1/20, +1/2H,0 — HNO; 3)

B pexuMe MOIy4YeHUsT KACIOTH IO BapHaHTY (a) KH-
CJIOTa HA BBIXOJAE W3 KOJOHKH MMEET CHHUU I[BET, YTO
o0ycnoBneHO HanmmureM OkcujaoB azora — NO um NO,
(N,0;). [Ipu KOHTaKTE ¢ BO3AYXOM CHHHI [BET MPOIYKTA
MTOCTETICHHO M3MEHseTCs Ha OypbIil n3-3a okucieHus NO
10 NO,. [lo gaHHBIM THTPOBaHHS HPOAYKTA C MOTUAOM
KaJust B pacTBope obHapyxkuBaercs 10 0,2 M a3oTHCTOH
KHCJIOTHL.

B pexume (0) monmydeHa 4ucTas a30THAsh KUCIOTa C
koHneHTpauuet 2-3 M. CozgepkaHue B He a30THCTOM
kucnoTel He mpebinaet 0,02 M. B ra3zoBsix oTx0/1aX npu
M30BITKE MOJIAYX KHCIOPOAa B 2 pa3a 0OHAPY>KEHO OKOJIO
20 mr/m’ okcuza a3ota.
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Puc. 1. JJabopaTopHast ycTaHOBKA IOJIYYEHUs a30THOW KHUCIOTHI M3 HEKOHIUIIUOHHBIX OKUCIUTEINCH:
1 — xBapIeBasi KOJIOHKa; 2 — KoJblia Pammra; 3 — mrynep [uist moJjaqu BOJbl; 4 — MEPUCTAIbTHUECKHI HACOC,
5 — €MKOCTb C OKHCIIUTENEM; 6 — KUCIOPOIHBII 0aIoH; 7 — BEHTHIIb; § — potametp; 9 — mrynep s nogadn NO»;
10 — BeHTUIB; 1] — potamerp; /2 — mTynep Ajs MOJaYy KHCI0poaa; /3 — ITyLep MUl BBIBOAA KHCIIOTBI; /4 — THIPO3aTBOP;
15 — emKocTh 11 000pa Ta30BOM cMecH; /6 — CKIsTHKA J[pekcens ¢ mepMaHraHaToM Kajus; /7 — TepMOoCTatT
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Orurenntens AK (1 1)

Kuenopo

Oruennrens AT (11

(20 % N,Oy) (27 m)

y

Oriyska
OKCHIOB azoTa (1)*

l

kvOoRRIH ocTaTok (0.8 T)

(135 m%) (100 % N,Oy)

OriyeKa
OKCHJIOE azoTa (2)*

l

napo - ra2oBad CMCECh

(HNO; ~ 100 %)

h 4

Abcopbrus
OKCHJI0B a30Ta

H,0 (1,3 1)

A

0, (162 Mm*)

(2.61)

!

CwmenieHHe (yepeiHeHHe)
KHCIIOT

h 4

azoTHas KHcaoTa(60-65 %)

(.41

pazbaegennas HNO;

BEIXTOTTHEIS TA3kI

B armoc(epy

Puc. 2. Texnonoruueckast cxema YTWIN3aOuu HCKOHAUITMOHHBIX OKHUCIUTENICH PAaKETHOT'O TOILJIMBa

Haunbonee OmarompusaTeH [Uis MOJYYEHHUS KHUCIOTHI
pexxuM (B). B aHAMOTHMYHBIX YCIOBHSAX, YTO U B IPEIbI-
nymieMm ciy4vae, koHneHtpamuss HNO;3 B mpoIyKTe MOBBHI-
mwaetrcst 10 6 M npu copepKaHUM a30TUCTON KHUCIIOTHI
menee 0,02 M. B razoBoii daze comepxaHne OKCHaa as3o-
Ta cHmwKaercs 10 10 mr/m°. UsmeHenus 00yCIIOBIICHEI
YBENMYEHHEM 00beMa ra30Boii (a3el B KOJIOHHE U YBEIH-
YeHHEM BPEMEHHM HaxOKISHHs OKHCIIOB a30Ta B armapa-
te. [IocKoNbKYy TMMUTHPYIOLIEH CTaquel mpouecca sBils-
etcst ckopocTh okucieHust NO no NO,, To pocT BpeMeHH
peakiuy OOYCJIOBIMBACT YBEIHUCHHE BBIXOAA a30THOU
KUCJIOTHl U CHMKCHHE KOHIICHTPAIMH OKCHIIOB B cOpOC-
HO ra30Boi1 (aze.

PesynbraT siBNseTCs BIOJHE MPOTHO3UPYEMbIM. B 11e-
JIOM Ha KOJIOHKE HE YJaeTCsl MONyYUTh BEICOKHE TOKa3a-
TENW TIPEBPAIICHUS OKCHAOB a30Ta B a30THYIO KHCIIOTY.
MaxkcumanbsHasi CTETIeHb MPEeBpaIIeHus OblIa JOCTHTHYTA
Ha ypoBHe 90 %. HeoOxoammo paccMOTpeTh BapuaHT
nepexoaa abcopOrnum Ha OoJiee BHICOKOE JaBIICHUE C Tie-
PEXOZ0M Ha KOJIOHHBI TapeIb4aToro Thma. JIJis mpoMepIii-
JICHHBIX CHCTEM, pabOTAaOMIMX MO aTMOC(HEPHBIM IaBJIe-
HHEM, CTEIIEHb IOTJIOIICHHUS OKCHJIOB cocTamisieT 93-97
%, a pu gasnenuu 0,75 Mlla — 10 99 %.

Temneparypy OTAYBKM NOLACPKUBAIM B Ipeaenax
2040 °C. JanpHeillee NOHMKEHUE TEMIIEPATYPBI XOTSA U
ONaroNpUATHO CKA3hIBACTCS HA MPOIIECC, HO B TO JKE Bpe-
Ms TpeOyeT HCHOJb30BAHUS XOJOMUIBLHBIX YCTPOWCTB,
YTO YCIOKHSET TEXHOIIOTHIO.

Iocne otnyBku okcumoB u3 AK Oputa morydeHa KOH-
nentpupoBanHas (6mm3kas k 100 %) a3oTHas KucioTa C
obwemHoi konmeHTpanueir HNOz okono 24 M. O6e ku-
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CJIOTHI CMEIIMBAIH, NOOABJISUIM BOMABI JIO COJCPIKAHHS
a30THOH kucaoThl 14,5 M (okomo 65 % macc.).

s pa3paboTKH  TEXHOJOTMYECKOTO peryiaMeHTa
MpeUIOKEHA CXeMa IOyYCHUs] TEXHHYECKOW a30THOM
KHCJIOTH U3 Menamka (puc. 2). B Hactosmiee BpeMs Ha
mabopaTOPHOH yCTAaHOBKE IOJTyYalOT KUCIOTY JUIS BBIIIE-
JaYMBaHU HE(PETMHOBBIX MUIAMOB AYHHCKOTO TIHHO-
36MHOT0 KOMOMHATA MPHU pa3paboTKe TEXHOJIOTHHU MPOU3-
BOJICTBa aKTUBHbIX JI00aBOK K OETOHHBIM CMECSIM.

Jlnst uccnenoBaHus MPOLECCOB MepepabOTKU OKUCITH-
tened AT u AK-27U Obuta pa3paboTaHa v M3rOTOBJICHA
nabopaTopHas yCTaHOBKA. PeXUMBI TEXHOJOTHU OTpada-
THIBAJIM Ha KOJIOHKE, BHICOTOI 2 M U AMAMETPOM 25 MM U3
KBapIICBOTO CTEKJIA, 3allOJHCHHOW KBapIIEBBEIMH KOJIbI[A-
Mu Pammra. OTAyBKY OKCHIOB a30Ta U3 PacXOTHOH eM-
KOCTH C OKHCJIHTEJIEM MPOBOIWIA KHUCIOPOIOM, C IOJa-
4yeH ero B CPEJHIOI U HMXKHIOIO 4acTh KOJIOHKH. Mcnonb-
30BaHHE KHCIOPOJa B IIPOILIECCE IONyYEHHS KHCIOTHI
OTKPBIBAET BO3MOXKHOCTH 110 CHH)KEHHIO OOIIEro JaBiie-
HUS B PEAKIMOHHBIX amlaparax W IMOBBIIICHUIO MapI-
AITBHOTO JABIICHHUSA KHCIIOPOJA, YMEHBIIEHUIO rabapuToB
a0COpPOIMOHHBIX KOJIOHH M CHI)KEHUIO 00beMa ra3oBbIX
BBIOPOCOB.

Ilo pesynabTataM OTpabOTKH Mpolecca MOJYUYCHUS
a3oTHO# kmcioThl 14,5 M (Mmacc. 65 %) u3 AT u AK yc-
TaHOBJICHBI TEXHOJIOTHYECKHE TTApaMETPHI:

— TeMIepaTrypa OTTOHKH OKcHI0B azoTa 20-25 C mis
AT u 45-50 °C nna AK-27,

— TI0JaYa CMECH OKCHIIOB a30Ta U KHUCIOpPOJa B Cpel-
HIOIO YacTh KOJIOHHBI C OPOIICHHEM e€ BOJOH (KOJOHHA
3aroJIHeHa ra30BOi CMECHIO);
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— YAETBHBIN pacXoa TeXHHYECKOro Kuciopona (Cym- 3. Co3maHue ONBITHOM YCTAaHOBKHM YTHJIM3AIMH He-
MapHO Ha OTrOHKY M Okucienue) Ha | T AT — 270 M°  KOHIMIMOHHOTO OKHCIHTENs PAKETHOro Tommsa / . A.
u AK — 27 54 wm’; Boma, coOTBETCTBeHHO, Ha Kaxpii  Kapmosuu, C. B. Baxan, A. E. 3onorapes, A. I. [lpo6ar /
1o 0,8 M°. Oxonorus U 370poBbe denoBeka. OxpaHa BO3AYIIHOTO

Oacceiina. YTunuzanust oTxo0B : MaTepraisl X VI Mex-
Bubauorpaguyeckue cCbIIIKH JyHap. Hayd.-TeXH. KoH}. XapbpKkoB : DHeprocraib, 2008.
T. II. C. 230-233.

4. Pa3paboTka NCXOMHBIX TAHHBIX Ha MPOEKTUPOBAHHE
YCTaHOBKH 110 YTIJIU3AIMH OKHUCIUTEIS PaKETHOTO
TorMBa  (Menamka) ~— IyTeM — IepepaboTKM  Ha
MHUHEpAIbHOE yOOOpeHHe, MPOM3BOAUTEIBHOCTEIO |
TOHHAa MenaHxka B dac : oruer I'ocHWMW MUWHIUIIL.
Cywmsl, 2009.

1. XKunkoe pakerHoe TorumBo B pernoHe OBCE: 00-
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G. L. Pashkov, V. I. Kuzmin, Yu. S. Kononov, Yu. T. Filatov, S. G. Bogdanov
RECYCLING OF OFF-GRADE PROPELLANT OXIDIZERS
The problem of environmentally friendly technology for the recycling of off-grade propellant oxidizers (mélange) is
considered. The process scheme for production of nitric acid in a packed absorber as consequence of blowing off
nitrogen oxides from mélange with oxygen. Commercial nitric acid (60-65% wt.) is formed as a result of mixture with
stillage residue. The basic parameters of the process are presented.

Keywords: waste recycling, nitric acid, nitrogen oxides, mélange, absorption.
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INIASMOHANBIVIEHHBIE MATHUTO/JU3JIEKTPUKH

IIpusodamcs pesynbmamsl Uccie008anull No GOPMUPOBAHUI0 NOKPLIMUL HA OCHO8E MeXAHUYECKOU cMecu Nopoul-
K08 amopguoeo cnaasa CosgNijgFesB Si;; u snexkmpoxopynoa Al,O;. Hzyuena mopghonoeus, nposeder penmeenopaso-
601l AHANU3 NOKPLIMULL, PACCMOMPEHbL INEKMPUEeCKUe U MAZHUMHble C80UCMEA HANBLICHHBIX MACHUMOOUIIEKMPUKO8
€ PA3UYHOU CTenenvio heppomMacHUMHO20 3aNOTHEHUs U PA3HOU NOPUCHOCBIO.

Kniouesvie crosa: MQZHMWIOauB/ZeKmuK, niasma, HanoljleHue.

[IpumeHeHre B COBPEMEHHOHW paAMO3IEKTPOHUKE  HAIMYUEM IOp, TPELIMH, OKUCHBIX IUIEHOK Ha MOBEPXHO-
MarHUTOJIUIJIEKTPUIECKUX MaTepUaJIOB  OOYCJIOBIEHO  CTH YacTHI] M MX aHM30TPOITHEH.
BBITOJIHBIM COYETaHHEM M OCOOCHHOCTSIMH MX DJICKTpHUe- B Hacrosimee Bpemsi 0co00e BHUMaHHE yEISeTCs Hc-
CKUX, MATHUTHBIX 1 MEXaHUYECKUX XapaKTEPUCTUK. Tak,  CIEIOBAHHIO TEXHOJOTMU H3TOTOBIEHHS U CBOWCTBAM
110 CPAaBHEHHIO C MAaCCUBHBIMH (DEPPOMATHUTHBIMH CIIa-  MarHUTOJMAJIEKTPUKOB, M3TOTOBIECHHBIX M3 IOPOLIKOB U
BaMH, MAarHUTOIMIJIEKTPUKM HMEIOT Ooyiee BBICOKOE  JIGHT aMOp(HBIX CIUIAaBOB. B cpaBHEHHMH C TpPaaMIMOH-
YIEJIBHOE 3JIEKTPOCONPOTHUBICHNE, HU3KHE MOTEPH HAa  HBIMH IPOMBIIIICHHBIMH 00pa3laMH MarHUTOIMAIICK-
BUXPEBbIC TOKHU, TOBBIIICHHBIE MEXAaHWYECKHE CBOWCTBA  TPUKM HAa OCHOBE aMOP(HBIX CIUIaBOB 00iamaroT Ooiee
(TBEpIOCTh, N3HOCOCTOMKOCTD) [1]. BBICOKUMHU MarHUTHBIMU Xapaktepuctukamu (M, W, H.),

CymiecTBylolue crnoco0bl U3rOTOBJIEHHUS MarHUTOIM-  MEHBIIMMH HOTEPSIMU Ha IepeMarHMYrBaHKe, MOBBIIICH-
AJIEKTPUKOB CBOJATCS K MOJTYYEHHIO UCXOJHOTO MOPOIIKa  HOW paboyeld 4acTOTOW M JIydileld KOPPO3MOHHOH CTOM-
3aJjaHHON (OPMBI M ITUCIIEPCHOCTH, €ro mnocieaymomed  KocTblo. OIHAKO MPUCYTCTBUE B MarHUTOJHMIJIEKTPUKAX
00paboTKe, MPUTOTOBICHUIO CMECH C KaKMM-ITHOO CBS-  OPraHWYecKOW CBS3KM M €€ CTapeHHe B IPOIecce 3KC-
3YIOIIUM KOMIIOHEHTOM (SIOKCHAHBIE W (opMaiplae-  IulyaTaluHd, OCOOEHHO NpW BUOpALUsIX, MOBBIMICHHBIX
THJHbIE CMOJIBI, MOJMCTHPOJ, Pe3MHAa) M (OPMOBAaHHMIO.  TeMIlepaTypax U paldalliOHHOM BO3JCHCTBHHU, NPUBOIMUT
CBoiicTBa MMOYYEHHBIX TAKMM 00pa3oM M3IEIHH Onpere- K YXYIOUICHHI0 WX SKCIUTYyaTAlMOHHBIX XapaKTEPUCTHK,
JSIFOTCS. HE TOJBKO BBIOOPOM HMCXOAHOTO (heppomar- — CHIDKCHHIO HAIEKHOCTH M OTPAHUUYCHHIO OOJIACTH TpH-
HUTHOTO CIUIaBa, HO M MHUKPOCTPYKTYpOil MaTepuala, MEHEHHS.
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YcTpaHUTh yKa3aHHBIE HEJOCTAaTKH M 0ojee MOJHO
UCIIONIb30BaTh CBOICTBA MCXOAHBIX aMOP(HBIX CIUIABOB
MOXHO NOYTEM HNPUMCHCHHA TCEXHOJOTUH IIJIa3MEHHOI'O
HaIlblJICHUS. TaK, HalbIJICHUEC MAarHuTOAUDJICKTPUKOB C
MOCIIEI0OBATENbHBIM YEepPEJOBAaHNEM MAarHUTHBIX W -
JIEKTPUYECKHUX CIJIOEB JHOO HalblICHUE M3 KOMIO3UIMH
MAarHUTHBIX W JIUAJIEKTPUYCCKUX (HAIPUMEp, KEpaMHUKH
AlLO3) MarepuanoB IOIKHO O0ECIEYUTh HEOOXOOMMOoe
COYETaHHE MATHUTHBIX W AJIEKTPHUECKUX XapPAKTEPUCTUK
TIPY BHICOKOM MEXaHWYECKON MTPOYHOCTH.

JJ1s TIOBBIIEHUS TJIOTHOCTH W OJHOPOJHOCTH ILTA3-
MOHAITBIJICHHOTO TOKPBITUS aBTOpaMH pa3paboTaH CHo-
co0 mmIa3MeHHOro HambUieHus [2; 3], cxema KOTOpOro
npejcTaBieHa Ha puc. 1.

Puc. 1. Cxema nporecca popMHUpOBaHHs CIOS
MAarHUTOANDJICKTPUKA

OcHOBOI1 crioco0a siBiIseTCs criennualbHO pa3paboTaH-
Has OpUTHMHAJbHAs KOHCTpPyKLus muasmorpoHa [ [4] c
ra30AMHAMUYECKHM COIIOM, C(HOPMHUPOBAHHBIM KOJbIIE-
BBIM KaHaJIOM y cpe3a coruia-aHozpa. I[lpu momade TexHo-
JOTUYECKOT0 Ta3a — BOAOPOJAa — B KOJBLEBOWH KaHal
(dopMupyeTcst BEICOKOTEMIIEPATYPHBIA LIMIIMHAPUYECKUI
MTOTOK 2, 0XBATHIBAIOUINH IJIa3MEHHYIO CTpYI0. B pe3yib-
TaTe UX B3aMMOJCHUCTBHSA TEMIIEPAaTypa U CKOPOCTb pac-
IUIaBJISICMBIX YaCTUI] BbIPDABHUBACTCA IO CEYCHUIO I1JIa3-
MEHHOM CTPYH.

Hansunienne mokpeITHs 3 OCYIIECTBISIOCh HA IJIO-
CKYIO TIO/JJIOKKY 4, BBIIOJIHEHHYIO M3 aJIIOMHHHEBOTO
crutaBa AMr6 TommuHON 2 MM, OXJIAXIAeMYyH CHU3Y
BOJIOM, YCTAHOBJIEHHYIO Ha JAUCTAaHUUHU L OT cpe3a coruia
1a3MoTpoHa. [Topomok TpaHCIOPTHPYIOIINM Ta30M Te-
JMEM IOJaBajcs B IUIA3MOTPOH, HArpeBaJICs B IIA3MEH-
HOH CTpye 5 10 TeMIEepaTyphl IUIABJIEHUS U CO CKOPOCTBIO,
OJIM3KOM K CKOPOCTH Ti1a3MeHHOH cTpyH (~300 M/c), iepeHo-
CHJICS K MOBEPXHOCTH MOIOXKKU. IIpn 3TOM pacxoms
1a3M000Pa3yIoIEro U TPAHCTIOPTHPYIOIINX
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ra3oB BBIOMPANUCh U3 YCIOBHA CTAOMIBHOH pPaOOTHI
IUIa3MOTPOHA U MaKCHMAJILHOTO K03 duimeHTa ucoib-
30BaHUs MOPOILIKA.

Hampuienne ocyluecTBisieTcss CKaHMPOBAaHUEM ILIa3-
MEHHOH cTpyel 10 MOBEepXHOCTH HAIBUIIEMOH JeTalu 3a
CYET BO3BPATHO-TIOCTYIATEIBHOIO JABIKEHUS IIJIa3MO-
TPOHA CO CKOPOCTBIO V' M CMEIIEHHEM IOJUIOKKH Ha Imar
CKaHUPOBAHHA S.

PaccMoTpuM 35eKTpUYECKHME M MAarHUTHBIE CBOMCTBA
MarHUTOIUIICKTPUKOB C Pa3iIM4HON CTeNeHbio (eppo-
MarHUTHOTO 3aITOJIHEHUS ¥ pa3HON TOPUCTOCTHIO [5].

Hccnenyemble 00pasipl BBIPE3AINCh U3 OTAEIEHHBIX
OT OXJIaXk/1a€MOH OCHOBBI ITOKPBITUI.

Komnonentamu KOMITO3UIIM MAarHuTOAUDJICKTPUKA SB-
JsUTCh  Toporky  amopgHoro cmiaBa CosgNijgFesBieSiy
n snekrpokopyHaa Al,Os. Bwibop coemmuenus AlLO; B
Ka4yecTBE AMAIICKTPHKA ONPEAEISUICS TeM, YTO, C OJHOU
CTOPOHBI, 3TOT MaTe€pHUall UMEET BBHICOKHE AWDIIEKTpHYE-
CKHE TIapaMeTphl, a C APYrod — XapaKTepu3yeTcsl U3BECT-
HOW KapTUHON PEHTT€HOBCKON MUQPPAKINH, 9TO o0Jierya-
€T aHaln3 CTPYKTYPHOTO W ()a30BOTO COCTOSIHUSI CHHTE-
3UPOBAaHHBIX 0OPA3IIOB.

BennunHa ynesnpHOTO 3/1€KTPOCONPOTHBICHUST 00pa3-
LIOB OIpeessiach 10 IaHHBIM U3MEPEHUH, TIPOBEIECHHBIX
C UCIOJIB30BAHNEM YEThIPEX30HA0BOH MeToauku [6]. Ko-
HCYHBIC PE3YJIbTAThI DJICKTPHUUCCKUX 1/13MepeH1/1171 3aIlluChbI-
BAJINCh B CPABHEHUH C yJIEIBHBIM JIEKTPOCOIIPOTHBIICHH-
€M HCXOJHOM aMOp(HOH JICHTHI, BEINYNHA KOTOPOTO CO-
craBuia po = 1,4- 10°° Omm.

PeHTreHOCTpYKTYpHBIE HCCIEAOBAHUS IOTYYECHHBIX
00pa3IoB MOKa3alnd, YTO OHH SBIIAIOTCS MHOTO(a3HBIMU
Hapsily C XapakTepHBIM I aMOp(HOro CIUIaBa Iajo
€ 20max1 ~ 45° 1 20 pax0 ~ 80°.

3aBUCHMOCTh OTHOCHTEIIBHOTO 3JIEKTPOCONPOTHUBIIC-
HUSL p/py OT MOPUCTOCTH CHHTE3MPOBAHHBIX aMOPQHBIX
MOKPBITUI TIpUBeJeHa Ha puc. 2. BuaHo, 9T0 BennuuHa
YJICJIBHOTO AJIEKTPOCONPOTUBIICHUST P C yBEIMYEHUEM
MOPHUCTOCTH TOKPBITHI BO3PAcTaeT W MPEBBIMIAET aHAJO-
THYHOE 3HaYE€HUE Po ISt JIeHTHI ipu P = 17 % Oonee yem
B 50 pas.

" p/po

L0

Puc. 2. OTHOCUTENTEHOE U3MEHEHHE YIEIBHOTO YJIEKTPOCOIPO-
THUBJICHUSI p/py 00Pa3IOB C PA3INIHON HOPUCTOCTHIO:
X — ¢ pucriepcHocThio nopomika 60...100 MkM; o — ¢ EcIiepcHO-
¢TI0 MeHee 40 MKM
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Puc. 3. Mukponutid noKphITHS:
a — 8 % AlyOs, yBennuenue x650; 6 — 40 % AlLOs, yBenudenue x650

[TockonbKy HaNBUICHHOE MOKPBITHE MPEACTABISIET CO-
00ii cioucTyro cucrteMy ¢ 1eOpMUPOBAHHBIMU YaCTUIIA-
MH aMOpP(HOTO CIIaBa, MOpaMu U MEXYACTHIHBIMU IPO-
cinoiikamu (puc. 3), TO €CTECTBEHHO CBS3aTh HaOJIIOac-
MO€ MOBBIIIEHUE YAEIBHOTO 3JIEKTPOCONPOTUBIICHUS UC-
CJIElyeMBIX 00pa3IoB C MX MUKPOCTPYKTypoil. OueBna-
HO, YTO OCHOBHOE BJIMSIHHE Ha 3JEKTPUYECKHE XapaKTe-
PHUCTHUKH, OCOOCHHO MpH MaJoil MOpPUCTOCTH P, oKa3biBa-
10T Y3KHE IIEIEBbIE OPhI MEXY HOBEPXHOCTSIMU YACTHI
U OKHCHBIE MeXyacTHuHble TrpaHunbl. C Bo3pacTaHHeM
poiu 3TuX (aKTOPOB MOXHO CBsI3aTh W HaOIIOJaeMOe
MIOBBIIIIEHUE YAENBHOTO 3JIEKTPOCONPOTUBICHUS MOKPbI-
TUI NpU yMEHBUIEHUH HUCIEPCHOCTH HAIBUIIEMBIX I10-
POLIKOB.

XapakTepHOil 0COOEHHOCTBIO UCCIIEAYeMbIX 00pa3IoB
SIBISUIACh  aHU30TPONUSI WX OJICKTPHUECKUX CBOMCTB.
VYenbHble  3JEKTPOCONPOTHBIEHUS 00pa3LOB  BIOJb
IUIOCKOCTU HAaIIBUIEHHUS W HOPMAJIbHO K HEH OTIMYAIOTCS
B cpeaHeM B 2—2,5 pa3za. C yBeIMUYeHNEM MTOPUCTOCTH 3Ta
pasHuna yMmeHnsinaerca u npu P > 10 % mnpaktuuecku
MOJTHOCTBIO HCU€3aeT. AHHM30TPONMIO 3IEKTPUUECKUX
CBOHCTB MOXHO OOBSCHHTh HAIMYMEM B HAIBUICHHBIX
00pa3snax TeKCTypHlI.

Bnusiaue nuanextpudeckux 100aBok Al,O; Ha Bemu-
YUHY YAEIBHOI'O 3JIEKTPOCOIPOTHUBICHHUSI KOMIIO3UIMN
«aMOp(dHBI (eppOMarHeTUK — IOUAIEKTPUK» MOKa3aHO
Ha puc. 4.

BuaHo, 4TO 3Ta 3aBUCHMOCTD SIBJISIETCS HETMHEHHON 1
XapaKTepu3yeTcst Pe3KUM BO3pacTaHHEM OTHOLIEHUS p/pg
nipu copepxkannu Al,O; 6onpmem 20-25 %. anbHeiiniee
moBrItIeHne BecoBoi momu Al,O; mo 50 % mpuBOAUT K
YBEIMYEHUIO yJIENBHOTO 3JIEKTPOCONPOTUBICHHUS MarHu-
TOJIUAJIEKTPUKA ITOYTH Ha ISITh HOPSAIKOB.

Ilpn opuHaKOoBOM (EePPOMArHUTHOM 3aIlOJIHEHUH
yIelbHas AJIEKTPOIPOBOANMOCTD IOPHUCTHIX 00pa3loB
OKa3ajach BBIIIE, YEM y KOMIIO3UIIMOHHBIX (puc. 2, 4).
Kpome Toro, mauanekrpudeckue mnod6aBku AlyO;, BILIOTH
1o 10 %, oka3siBarOT craboe BIMSHUC HA BEJIHYUHY P/po.
3TO MOXKHO CBSI3aTh C OCOOEHHOCTSIMH MHKPOCTPYKTYPBI
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HaMbUICHHBIX MAarHUTOAUAJIEKTPUKOB, B KOTOPBIX JUAJIEK-
TPUYECKUE NOOABKH NPUCYTCTBYIOT B BHJE YaCTHUI[ U HE
paccpeIOTOUCHBI TT0 MEXYACTHIHBIM IPAHHULIAM (CM. pHC. 3).

10°

10"

40

Puc. 4. OTHOCHTENIPHOE U3MEHEHHE YACTHHOTO
9JIEKTPOCONPOTUBIICHUS] MATHUTOAMAJICKTPHKA
B 3aBHCHMOCTH OT BecoBoii 1oau Al,O;

B pabote [7] obcyxnanock BiusHAE HeppOMarHUTHO-
TO 3allOJHEHHS Ha HEKOTOPhIE MArHUTHBIE CBOMCTBA Mar-
HUTOJUAJIEKTPUKOB, B YACTHOCTH, Ha BEIMYMHY MAarHUT-
HOM INPOHMLIAEMOCTH W KOIPLMUTUBHOM cuibl. PaccMmot-
pPUM XapakTep M3MEHEHMS OCHOBHBIX MAarHMTHBIX Mapa-
METPOB MaTepHaia, TaKMX Kak HaMarHUYeHHOCTh HacChl-
meHust M;, MoCcTOsiHHAasE OOMEHHOTO B3aMMOZIEHCTBHUS O,
temieparypa Kiopu 7. 3aBUCHMOCTH yKa3aHHBIX BeEJH-
YUH OT COJAEP)KaHMs B MCCIEIYyEeMBIX 00pasnax IudJeK-
Tpuueckoi ¢aszel Al,O; mpuBenens! Ha puc. 5. Kak n
CIIEIOBAJTIO OXKHJATh, HAMAarHMYEHHOCTh HACBIIIEHUS M
C YBEJIMYECHHEM JOJH IU3JIEKTPHKA yMEHbIIAIach Mpak-
THYECKH JUHEWHO u coctaBmia 238 I'c mpu 50 % ALO;.
B TO e BpeMs HaMarHW4E€HHOCTb, OTHECCHHAs K €IU-
HUIle Macchl aMop(dHOro (eppoMarHeTHKa, OCTaBaiach
MOCTOSIHHOW (KpuBasg D), 9TO yKa3pIBaeT Ha HEW3MEH-
HOCTh €r0 XHMHYECKOT0 COCTaBa IPH IUIa3MEHHOM Hallbl-
JICHUH.
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Urto kacaetcs MOCTOSIHHOW OOMEHHOTO B3aUMOJICHCT-
Bus o U Temneparypsl Kiopu 7., To BIMSHUS Ha UX 3Ha-
yeHus 100aBok Al,O; B paccmarpuBaeMoii 00JIaCTH KOH-
[EHTpaIui 00HAPYKEHO HE ObUIO. DTO CBUICTEIBCTBYET
0 TOM, YTO B TIPOIECCE M3TOTOBJICHUS MarHUTOIMIJICK-
TpPHKa U3MEHCHUH OJNIKHETO TOpsAKa (peppoMarHUTHOMN
(ha3bl HE IPOUCXOMINT.

X0/l KPUBBIX YJEIbHOTO 3JIEKTPOCONPOTHUBICHUS P U
HAMAarHUYEHHOCTH HACBIIEHUsT M, HANBUICHHBIX MarHu-
TOAMIJICKTPUKOB B 3aBUCUMOCTH OT coaepkanus Al,Os
COBEPIIEHHO pa3iudeH (cM. puc. 4, 5). DTo JaeT BO3MOXK-
HOCTb OINpPENENUTh TaKhe KOHLEHTPALMH IMAJIEKTPHUKA,
OpU  KOTOPBIX JOCTHracTCs HEOOXOIUMOE COYETaHHE
MAardiuMTHBIX M BJICKTPUYCCKHUX XapaKTCPUCTHUK. TaK, Ha-
npumep, npu KoHuenrpauuu Al,O;, paBoit 40 %, Ha-
MarHMYCHHOCTh HACHIIICHUS yMEHbIaercs B 1,5 pasa, B
TO BpeMs Kak YICIbHOE 3JIEKTPOCONPOTUBICHUEC MarHu-
TOIMAIICKTPUKA BO3pacTaeT OoJiee UeM Ha TPU IMOPSIKA.

Puc. 5. 3aBucuMOCTH HAMarHM4EHHOCTH (— *), YACIBHOM
HaMarHu4deHHocTH (— °©), remneparypsl Kiopu 7, u cims-
BOJIHOBOI ecTKoCTH D o1 BecoBoi ponu Al,Os

B/
1
)
8
05 F
a
l] 1 L L f. I_Ll
10' 107 10° 10 105

Puc. 6. YacToTHast 3aBUCUMOCTh OTHOCHTEIIBHOM
MarHuTHOH npoHunaemoct (H ~ 1 A/m):
a — UCXOOHasd JICHTA, 6 — HAlIbIJICHHOC IIOKPBITHE; 6 — MATHUTOAH-
DIIEKTPUK

3HAUNTEIbHBIH MHTEpEC Ui MPAKTHIECKOTo MpuMe-
HEHMs NPEACTABIAIOT MAarHUTHBIE CHEKTPbl MAarHUTOIH-
3JIEKTPUKOB. YacTOTHbIE 3aBUCHUMOCTH MAarHUTHOH IIpO-
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HUIIAEMOCTH JICHTBI, HANIBIJICHHOTO TOKPBITHS (ITOPUCTO-
cthio 8 %) u marautommdiekTpuka (30 % Al,Os), usro-
toByieHHBIX W3 crutaBa CosgNijgFesB¢Si;, mpuBeneHb
Ha puc. 6.

ITo cpaBHEHUIO C UCXOJHOU JIEHTOM, YACTOTHBINA CHaj
MAarHUTHOM TPOHHMIIAEMOCTH HAIBUICHHBIX MaTEepPHAJIOB
CYIIECTBEHHO MEHBIIIE. JTO MONTBEPXKAACT MPUHIIUIHU-
AITBHYI0 BO3MOXKHOCTH W3TOTOBJICHHUS METOIOM IUIa3MEH-
HOTO HAIBUICHUS MarHUTOAMAIIEKTPHKOB C TOBBIIICHHBIM
JIMana3oHoM pabovmx 4acToT.

Ha ocHOBaHUM MOTyYeHHBIX PE3yJIbTATOB HCCIEI0BA-
HUW BBISABICHB MOPQOJOTHS TUIa3MOHANBIICHHBIX I10-
KPBITUII MArHUTOITJIEKTPUKOB, CTPYKTYpa, MarHUTHBIE U
JJIEKTPUUYCCKUE CBONCTBA B 3aBUCHMOCTH OT CTEICHH
(heppOMAarHUTHOTO 3aIOJHEHUS ¥ MOPUCTOCTH.

Y CTaHOBIICHO CIIEAYIONICE:

— HAINBUICHHOE TOKPBITHE MPEICTABIsAET cO00M CIou-
CTYI0O CHCTEMY C Je(pOpPMHPOBAHHBIMH YaCTHIAMU
aMoppHOTO CIIaBa, MOpPaMH M MEXYaCTUIHBIMH TIPO-
CIIOMKaMH;

— BENMYMHA YJEIBHOTO JJIEKTPOCONPOTHUBICHUS P C
YBEJIMYCHUEM MOPHCTOCTU MOKPHITHH BO3pACTaeT M Ipe-
BBIIIIACT aHAJIOTUYHOE 3HAYEHHE Po [T JIeHTH! ipu P = 17 %
6oree ueM B 50 pas3; yHenbHBIE AIIEKTPOCOMPOTHBICHUS
00pa3IoB BJIOJIb IJIOCKOCTU HAIBLUICHUAS M HOPMAJIbHO K
HEel OTIMYaloTCs B cpeiHeM B 22,5 pa3a;

— 3aBUCHMOCTH YJICJILHOTO 3JIEKTPOCOMPOTHBIICHHUS
KOMIO3UIUH «aMOpPQHBIH (eppoOMarHeTHK — JTUIJICK-
TPUK» SABJISICTCS HEIMHEHHON M XapaKTePU3yeTCs PE3KUM
BO3pacTaHHEM OTHOIICHUS p/py mpu conepkanuu AlOs
ooubirem 20-25 %, nossimienue BecoBor goau Al,Os; 1o
50 % TPHBOANT K YBEIWYEHHIO YAEIBHOTO 3IIEKTPOCO-
MPOTHUBIIEHUS MarHUTOAMDIEKTPHUKA MOYTH HA IISITh TO-
PSIKOB;

— Ipd OJWHAKOBOM (hepPPOMATHHUTHOM 3arlOTHCHHH
yAeIbHAS 3JICKTPOIPOBOIUMOCTh TOPHUCTHIX 00pPa3lioB
BBIIIC, YEM y KOMITO3HIITMOHHBIX

— HAMArHn4yc€HHOCTHh HACBIIICHUA Ms C yBeHI/I‘leHI/IeM
JIOJTU JIMAJICKTPUKA YMEHbBIIACTCS MMPAKTHYCCKH JIMHEHHO
u coctapisieT 238 I'c mpu 50 % AL,O4

— 3aBUCHUMOCTH HAMarHWYEHHOCTH HACBICHUS |
YAETHHOTO 3JIEKTPOCONPOTUBICHUS NIPHU PA3IMIHON KOH-
HEHTPAIMK JUAJICKTPUKA TO3BOJIAIOT ONPEACIHTH HEOoO-
XOOUMOE COYETAaHHEe MATHHUTHBIX W DIIEKTPUUYCCKUX Xa-
PaKTEPUCTHK;

— YacCTOTHBIA CIaJ] MarHUTHON NPOHUIIAEMOCTH Ha-
MBIJICHHBIX MAaTEpUAJIOB CYMIECTBEHHO MEHBIIE, YeM Yy
HCXOJIHOM JICHTBHI.

HaHHblM METOAOM MOXKHO H3rOTaBJINBATH HOKpI)ITI/Iﬂ
BBICOKOYACTOTHBIX MArHUTHBIX 3KpaHOB Ha HOBerHO-
CTSIX CIIO)KHOW T€OMETpPHUYSCKOW (DOPMBI, a TaKKe cep-
JICYHUKA ¥ MATHUTOIIPOBO/IBL.
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PLASMA-SPRAYED MAGNETIC DIELECTRIC

The paper presents the results of studies of formation of coatings on the basis of mechanical mixture of amorphous
alloy powders CosgNijgFesB¢Si; and fused corundum Al,O;. Morphology is studied, X-ray analysis of coatings is
made, electrical and magnetic properties of sputtered magnetic dielectrics with various degrees of ferromagnetic filling

and different porosity are considered.
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MAKING INFORMATION TECHNOLOGY STRATEGIC OUTSOURCING DECISIONS

The strategic decision, providing for creation of the information technology (IT), is presented in the article, strate-
gic model of outsourcing and preconditions for taking the strategic decisions are considered.

Keywords: strategic model of outsourcing, strategy, matrix, adoption of effective solutions of outsourcing, key ac-

tions, appearing actions, primary activities.

Willcocks et al. article provides a strategic view of
outsourcing decisions for Information Technology (IT).
While its publication predated the publication of the
Strategic Outsourcing Model (SOM) [1], the authors’
recommendations conform quite well to that model, as
this paper will demonstrate. For reference, the Strategic
Outsourcing Model is shown (fig. 1) [1] and Making
Effective Sourcing Decisions from the Willcocks et al.
paper is shown (fig. 2) [2, p. 61].

As this paper will demonstrate, both models are based
on the premise that the important factors in making
strategic decisions for an activity are (1) the contribution
of that activity to competitive advantage and (2) the
strength of the organization’s capabilities to perform the
activity.

SOM states these factors more explicitly than
Willcocks et al. and provides a clearer rationale for
decisions based on the activity’s location on a
competitive-advantage-versus-organizational-strength
matrix (fig. 1). Willcocks et al. utilize case studies to
discern the proper decision for individual circumstances,
but provide only a crude generalized model to explicate
their findings (fig. 2).

In this paper, Willcocks et al.’s strategic perspectives
and case histories will be related to the Strategic
Outsourcing Model.

Comparison of Categories. The Willcocks et al.
article gives two categories for an activity by stating:

An IT activity/service can be defined as
Differentiator or as a Commodity.

Activities which are differentiators provide a potential
basis for competitive advantage; executing them
particularly well is important to the firm.

An activity is a commodity if its execution does not
distinguish the firm from a competitor in business
offering and performance terms. This type of activity
needs to be done competently, but no more [2, p. 62].

In comparison, SOM posits four categories: (1) Key,
(2) Emerging, (3) Basic, and (4) Commodity. The
Willcocks et al. article’s Commodity category
encompasses the SOM’s Commodity and Basic
categories. Their Differentiator category encompasses the
SOM’s Key and Emerging categories.

To demonstrate this, we consider Willcocks et al.’s
statement:

a
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In practice differentiators can quickly become
commodities as competitors catch up or the basis of
competition changes [2, p. 62].

Thus, differentiators are closely related to SOM’s
Emerging and perhaps Key categories. In SOM, it is
stated that an activity in the Emerging category can
become Basic or even Commodity, depending on
developments in the industry regarding the ability for that
activity to become a source of competitive advantage. The
same might be true for a Key activity, though it is less
likely to fall into those lower categories except perhaps
for the passage of time and changes in the competitive
framework.

The positing of the SOM Emerging category for some
of Willcocks et al.’s differentiator IT activities becomes
clearer when one considers their statements:

Looking at technical factors, a particularly critical
issue is that of technological maturity. The concept of
technological maturity derives from research by Feeny,
Earl and Edwards. An organization is low on technology
maturity when any of the following conditions apply:

— the technology is new and unstable in functions,
specification, and performance;

— a well-established technology is being used in a
radically new application;

— the organization has little in-house experience in
implementing this technology in this application.

New technology/low  maturity  implies
uncertainty about future IT needs [2, p. 63].

As for Willcocks et al.’s commodity activities, those
need to be performed, but are not sources of competitive
advantage. In SOM, such activities can be true
Commodities, wherein there is no strategic advantage
(and perhaps strategic disadvantage) to performing the
activity in-house, or the activity can be Basic meaning
that it might or might not be performed in-house
depending, among other reasons, on the capabilities of the
firm in conducting that activity.

Furthermore, similar to SOM, Willcocks et al. discuss
the firm’s capabilities to perform an activity as an
important consideration in determining the strategic
approach for the firm to take. Consider their following
statement:

A final factor relates to in-house technical capability.
This factor is distinguishable from ‘technological
maturity’ on two counts.

high
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Firstly, it is the in-house capability relative to that
available on the IT service market that is important, not
just the level of in-house technical capability itself.
Secondly, the cost of utilizing in-house capability,
including opportunity costs, as compared to the price of
using equivalent capacity from the external market is also
an important factor [2, p. 64].

As with Willcocks et al., the second dimension that
SOM considers, in addition to competitive advantage, is
the strength of the in-house capability.
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Finally, it should be stated clearly that SOM does not
“force” organizations to make the recommended strategic
choices that are identified in the SOM matrix. The
purpose of the matrix is to make suggestions that must be
evaluated and tested against reality. Similarly, Willcocks
et al. state:

In this section we advance the decision-making
process further by examining the trade-offs that
organizations need to make on the critical variables in
order achieve effective decisions. The decisions arrived at
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then need to be tested against the ‘Reality Check’ outlined
in the next section.

Our research helps us to identify what makes effective
outsourcing decisions in 30 case histories [2, p. 64].

SOM also speaks of a “reality check” for its suggested
strategic approaches and is an important step in the
outsourcing decision process.

Discussion of the Case Histories. This paper will
discuss a number of the case histories from the Willcocks
et al. article and will relate their findings and
recommendations to those that are found when applying
the SOM matrix.

P. and O. FEuropean Ferries. The first case we
consider is P. and O. European Ferries.

In P and 0 European Ferries the central reservation
system processes up to 12,000 customer reservations a
day. The system is not only integral to most of the
company’s operations. It also gives it a distinct, and
possibly sustainable, competitive advantage over other
ferry companies operating on the same routes. In this case
the system is run in-house [2, p. 62].

Based on this information, we would place the central
reservation system in the Key and Strong position of the
SOM matrix (Position 3), and the recommendation is to
Do In-house, the same as Willcocks et al.

BP Exploration and the Civil Aviation Authority. The
second case is BP Exploration and the Civil Aviation
Authority.

An activity is a commodity if its execution does not
distinguish the firm from a competitor in business
offering and performance terms. This type of activity
needs to be done competently, but no more. At BP
Exploration and Civil Aviation Authority, for example,
the computerized financial accounting systems have been
outsourced to Arthur Andersen, the accountancy firm
and IT consultancy. In BP Exploration’s case the 1991
£55 million four-year contract covers accounting services
and transfer of 250 staff, as well as related computer
systems [2, p. 62].

Civil Aviation Authority outsourced their accounting
systems to Arthur Andersen in the early 1990s on a
contract to 1995. The difference was that, in the market
testing phase, the vendor was chosen primarily for its
greater expertise rather than on cost saving criteria as well
[2, p. 65].

The information on BP’s computerized financial
accounting system is sketchy, but it might be reasonable
to assume that it is of high quality, considering that BP is
quite a strong firm. If that is the case, then the system
would be placed in the Basic and Strong position of the
SOM matrix (Position 9b) with the recommendation
being to Consider Selling/Buying. That is what BP did.

As for the Civil Aviation Authority, the fact that the
vendor was chosen for its greater expertise may place the
Authority’s capability rating in the Moderate category and
thereby place it in the Basic and Moderate position of the
SOM matrix (Position 8b) with the recommendation
being to Consider Selling/Buying. By the way, “Selling”
means selling the capability (or spinning it off) and then
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“Buying” it from the marketplace. In BP’s case, they sold
and then bought. In the Civil Aviation Authority’s case,
they bought and then redeployed in-house resources to
higher value projects.

Willcocks et al. provide examples when outsourcing
makes sense, even when in-house capabilities are strong.

High relative in-house capability will suggest keeping
IT services in-house. However, one major UK retailer, for
example, tends to redeploy in-house expertise on to
developmental work and outsource what has been
identified as ‘low wvalue’ IT tasks, for example data
processing. As at 1994, United Biscuits and ICI ran
highly efficient data centres in-house, but constantly
evaluated their costs against what is available from third
party suppliers [2, p. 64].

Whether one classifies the data processing activities
described for the “major UK retailer” or United Biscuits
or ICI as Basic or Commodity in the SOM matrix, the
recommended approach is to Consider Selling/Buying
(Positions 9b or 12) when in-house capability is Strong.

W. H. Smith. Willcocks et al. next discuss the
outsourcing of a commodity activity.

An illustrative case here is the outsourcing (to DEC)
of telecommunications networks at W H Smith, the UK
retail and distribution chain. A discrete technology
and service identified as non-core was outsourced because
a vendor could provide a similar or better service at lower
cost. Future business uncertainty was adjudged low in this
case as long as the contract was for three years, with
an option to renew for a further two. Cost savings of
between 20-30 % per annum have been achieved on this
contract [2, p. 65].

In SOM, telecommunications networks (for a retailer)
would be a Commodity service and from the information
provided, W H Smith appeared to be Weak in this area
based on the statement that a vendor could provide better
service at lower cost. As a result, this activity for W H
Smith would be placed in the Commodity and Weak
position of the SOM matrix (Position 10) where the
recommendation is to Buy, which is what W H Smith did.

North West Thames Regional Health Authority.
Willcocks et al. move on to deal with what they call
“Mixed Case” Scenarios.

Organizations that are successful in applying an
‘incremental’ approach to outsourcing invariably are
found to have applied the criteria detailed above to their
early contracts. However, when looking across the
portfolio of IT/IS applications, activities and services that
an organization has, it is unlikely that circumstances for
many of the items will be so clear cut in their pointers for
decision-making as those outlined in our first two
scenarios. In practice we have found most organizations
taking a selective approach to outsourcing. North West
Thames Regional Health Authority has been a successful
practitioner of selective outsourcing. Here mainframes
and data centres were outsourced, together with IT staff,
to Sema Group in April 1991. The staff had high
experience with the relevant technology, a fairly short
term (5 year) contract was signed to minimize risk but
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also because the systems had limited usefulness beyond
1995, and the outsourced assets, including staff, were
considered ‘non-core’.  Outsourcing also offered
prospective cost savings. Essentially NW Thames were
not outsourcing a problem here, and this is a typical
pattern amongst the more successful contracts we have
studied [2, p. 65-66].

In SOM, the activities that NW Thames outsourced
were considered by the firm to be Basic, and the staff had
high experience, which would imply a Strong capability.
In this case, the activity would be placed in Position 9b of
the SOM matrix, and the recommendation would be to
consider Selling/Buying, which is what they did.

The North West Thames Regional Health Authority
case had some other aspects. Certain other items were
outsourced separately on ad hoc contracts. One of these
was applications development. Here, though in-house
technology maturity was low, it was felt that no great
specialist skills or NHS knowledge was required by the
vendor because the policy was to move to packages
already available rather than commission new
development work.... The development of a Wide Area
Network for the RHA, however, was seen as a strategic
project involving highly interconnected systems and
potentially touching many wusers within the Health
Authority. It was retained in-house, the aim being to build
up in-house skills on this technology. A ‘Buy-In’
(or ‘insourcing’) strategy was pursued here. To balance
the outsourcing, further elements identified as ‘core’
were retained in-house. These included IT/IS planning,
liaison, training and consultancy and ability to manage
the outsourcing contracts. Where these were inadequately
resourced a strategy of ‘insourcing’ IT capability,
basically recruiting experienced staff, was adopted [2, p. 66].

There are three separate activities discussed in the
preceding paragraph. The first is the outsourcing of
applications development, the second is the development
of a wide area network, and the third involves the
management functions needed to work in an
outsourcing/in-sourcing environment. For the applications
development described, it appears that the applications
were already available in the marketplace, so most likely
this activity would be categorized as a Commodity in the
SOM. Since it is stated that in-house technology maturity
was low, it appears that NW Thames was Weak in this
area. According to SOM, this activity would be placed in
Position 10 of the matrix, and the recommendation would
be to Buy, which is what NW Thames did.

As for the second activity — the development of a wide
area network for the RHA - the Authority viewed
this activity to be a provider of competitive advantage
i. e., what they called a “strategic project”). That would
place it in the Key category. Furthermore, we learn that
the in-house capabilities needed to be built up in order to
perform this activity, so the initial capabilities were
Moderate or Weak. The SOM matrix would place this
activity in Position 1 or 2, and the recommendations
would be to Get Capability or Build Strength,
respectively. That appears to be what NW Thames did, as
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it is stated that they recruited experienced staff for this
activity.

Finally, the third activity — the management functions
needed to work in an outsourcing/in-sourcing
environment, which they describe as including IT/IS
planning, liaison, training and consultancy, and ability to
manage the outsourcing contracts — the most likely
position is Key according to SOM, since the Authority
was highly dependent on IT/IS and, since some of the
IT/IS would be outsourced and some in-sourced, its
management would be highly important to the
organization. From the brief description, it appears that
the capability would be classified as Moderate, and NW
Thames hired personnel to fill in gaps in their capability.
Placing this activity in the Key and Moderate position on
the SOM matrix (Position 2), the recommendation is to
Build Capability, which they did.

Pilkington. Willcocks et al. discuss the Pilkington case
next.

Pilkington, the UK-based glass manufacturer, provide
an illustration of selective outsourcing within Pilkington
as a whole (manufacturing systems were left largely under
in-house IT staff) but almost total outsourcing at
Pilkington Head Office. The situation in 1991/2 was one
of considerable business and organizational change,
devolution of the business, and the head office being
slimmed down. Head Office IT was outsourced to EDS.
The items outsourced consisted firstly of the ageing data
centre mainframes and most of the IT staff, including the
IT manager, who became the vendor’s account manager.
This was seen as a positive move, guaranteeing continuity
and minimizing the risk. Pilkington knew who they were
dealing with and also had guarantees that transferred staff
would stay working on this contract.

More unusually, as part of the deal, Pilkington also
outsourced applications development of new office and
network systems. Pilkington were low on skills here. We
have found that generally the more effective arrangement
in these circumstances for development work is to use a
‘Buy-In’ approach. This is certainly the case in Quest
International, for example, where in several 1990s
contracts vendors were seen as team members who help
to build up in-house development capability. Pilkington
looked to the vendor to provide additional skill/expertise
through training transferred staff, and bringing new staff
on to the contract... This outsourcing approach has
proved successful because of action taken to minimize its
risks. Pilkington knew the vendor staff and account
manager-the relationship side was fairly secure and
guaranteed some flexibility. Secondly there was a short
term contract. Thirdly, Pilkington made sure it would own
the assets being developed. Fourthly, Pilkington retained
in-house capability to manage the contract. More broadly,
Pilkington identified as ‘core’, and retained, their ability
to manage strategy, contracts and business knowledge,
together with a pool of technical skill needed to control
the overall architecture of the company [2, p. 66].

The comment about keeping manufacturing systems
largely in-house reflects the view that these are Key
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activities, which the SOM matrix recommends should be
done in-house. As for outsourcing Pilkington’s Head
Office IT, we can conclude that the IT activities at the
Head Office were mainly basic and, from the description
provided, the IT capabilities of the Head Office were
Weak, most notably in the data center mainframes, or
Moderate when speaking about the IT staff. By
transferring the IT manager and staff to EDS, Pilkington
enabled them to be in a stronger environment.
Considering SOM, the Head Office IT activity would be
placed in the Basic and Weak or Moderate categories
(Positions 7, 8a or 8b), and the recommendation would be
to Buy the activity (Positions 7 or 8b), or to Develop a
Second Source (Position 8a), which is what Pilkington
did.

In terms of application developed, it created a second
source by transferring most of its IT people to EDS and
then buying back their services. But note that Pilkington
kept a pool of technical talent to manage and control the
overall architecture and also Pilkington made sure that it
would own the assets being developed, indicating that
some of these assets, at least, were perceived to be
Possibly Sources of Competitive Advantage (referring to
the SOM matrix), which is why Position 8a seems more
appropriate to this situation.

NV Philips. The next case involves NV Philips.
Willcocks et al. state that this case demonstrates the
concept of a “Total Outsourcing” decision and discuss the
true manifestation of such a concept.

When talking about effective decisions, in several
ways the phrase ‘total outsourcing’ must be a misnomer.
Generally speaking in effective ‘total’ outsourcing
contracts ‘strategic  differentiators’ would not be
outsourced; ‘strategic commodities’ might well be. Of
course there can be mistakes in definition, but generally
speaking companies will recognize most of IT/IS as ‘non-
core’ before they decide on the ‘total outsourcing’ route.
However, case study evidence from Huberg and Lacity
and Hirschheim support our own findings that where all
IT/IS is deemed ‘noncore’ and outsourced, there always
have to be certain IT/IS capabilities left in-house.

This was recognized at NV Philips, the electronics
manufacturer. From the mid-1980s the company
consolidated and rationalized its IT capability. Business
exigencies required shedding of labour and non-core
activities. As a prelude to total outsourcing Philips pulled
out of its in-house IT department some 100 business
systems analysts and put them back into the businesses
that made up the company. This meant that each business
had its own IT capability on the demand side. Philips then
outsourced all its software and systems development,
including 180 related staff, through forming a separate
partly owned company in a joint venture with a Dutch
software house. Philips also outsourced all its
communications and processing capability, including
some 140 staff, through setting up another partly-owned
company that could sell its service on the open market.

...Philips have outsourced IT supply but have retained
in-house capability to define business demand. Also there
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is a central management capability to define strategy,
identify and coordinate IT/IS needs across the Group,
provide internal consultancy and manage contracts. The
risks of total outsourcing are also ameliorated by the
‘vendors’ being partly owned and highly dependent on
business from Philips. Also there are strong pre-existing
mutual relationships and business knowledge held by
client and vendors [2, p. 66—67].

The NV Philips case gives a clear example of the
situation where a company has Strong capability in a
Basic area. This situation is classified as Basic on the
assumption that the activities were business processes
rather than technical activities. According to the SOM
matrix, those activities could be placed in Positions 9a
(Make it a Profit Center) or 9b (Consider Selling/Buying).
In setting up one company in a joint venture with a Dutch
software house for all its software and systems
development, NV Philips was Selling / Buying in
accordance with Position 9b. In setting up a second,
partly-owned company for all of its communications and
processing capability that could sell its service on the
open market, it was Making a Profit Center in accordance
with Position 9a. Once again, we find that the company
retained internal expertise in order to effectively manage
its internal needs (Key) within an outsourcing
environment.

The concepts and case studies of the Willcocks et al.
article provide further support for the Strategic
Outsourcing Model. The difference between the model
put forward by Willcocks et al. and the SOM is that the
Willcocks et al. model is very situational, i.e., if this
situation, then that action.

The SOM provides a clearer theoretical basis
for making outsourcing decisions by focusing the decision
maker’s attention on two factors — contribution to
competitive advantage and strength of the organization’s
capabilities. Using those two factors, the decision
maker can locate a position on a matrix where a suggested
strategic approach is found. Those suggested approaches
can bring to mind some areas for consideration, but
always require a “reality check” prior to taking actions.

The Strategic Outsourcing Model was developed by
and validated on the experiences of management decision
makers, so it comes as no surprise that the decisions dem-
onstrated in the Willcocks et al. article are consistent with
the model. However, as with all theories and models,
there is a need to continually test them against real-world
data. As such, the Willcocks et al. article is a valuable
resource.
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E. 10. AnekceeBa
MPUHLUIIBI ®OPMHUPOBAHUS CTPATEIUHU PA3BUTHS COLIMAJIBHON HHOPACTPYKTYPBI

Paccmampusaromesn npunyunst ghopmuposanust cmpamezuu cOyUanbHoU un@pacmpykmypel. Beooames oononnu-
mejibHble NPUHYUNDL, Y4Umbléaroujue 0cobeHHOCmU coyuanvhblx uneecmuyuil. Konkpemusuposano cooepoicanue npeo-
JIOHCEHHBIX NPUHYUNOB C YHemOM BbIABIEHHbIX 0COOEHHOCMeU PAa3eumus COYUAIbHBIX OMPACell Ha CO8PeMEeHHOM IMa-
ne, a maxaice hopm ux nposiGIeHuUs.

Knouesvle cnosa: npunyunvi uH6eCmMuposaHus, COYUANIbHAS UHOPACMPYKIMYPA, OyeHKa d¢hgexmuenocmu unse-
cmuyutl, Kpumeputi OYeHKU 3P HekmueHocmu, UHEECMUPOBAHIUE 6 COYUATLHYIO UHPPACMPYKMYPY, pacnpedeierue o2-
PAHUYEHHBIX OI00XHCEMHBIX CPEOCMS.

B navane 90-x rr. XX B. nmpou3onuiu coOBITHS, MOJ- CchopmynupoBaHHbIe pa3IMYHBIME aBTOPaMHU IIPUH-
HOCTHIO W3MCHHBIIHUE CYIIECTBYIOIIYIO paHEe CHUCTEMY, IIHUIBI (POPMHPOBAHUS CTPATETHH COIMATBHOTO PAa3BUTHUS
KaK MOJUTUYECKYIO, TAaK U SKOHOMHYECKYIO. PbIHOUHAs  yUMTBHIBAIOTCS NPU MPUHSATHUHU YIPABICHUYECKUX PELIEeHUI
CUCTeMa XO3sICTBOBaHMSA, 3apoamBmiascs B Poccun B B OTHOMICHHWH 3()()EKTUBHOrO pacIpelesicHHsl OTpaHU-
pe3ynbTaTe MPOUCXOMANINX MEPEeMeH, co3/ana adCoNI0T-  YeHHBIX OODKETHBIX cpenacTtB. OmHAKO COBpEMEHHEIC
HO HOBBIC YCIIOBHS [UIS XKHM3HH JIFOJICH: TOCyIapcTBEHHAsT  YCJIOBUS TPeOYIOT MX NETalW3alid W YTOYHEHHUS C yde-
COOCTBEHHOCTh CMEHIJIACh YaCTHOH, TOCYZApCTBEHHOE TOM CYIIECTBYIOIINX OCOOCHHOCTEH M 3aKOHOMEPHOCTEH
IUIAHUPOBAaHHE 3KOHOMHMKHM CMEHHII PHIHOK, TOTAJIbHBI  Pa3BUTHs COLUAIBHON HHOPACTPYKTYPHI.
rOCy/IapCTBEHHBI KOHTPOJb OBUI 3aMEHEH NpealpHHU- AHaIM3 CyIIECTBYIOUIEH JUTEpaTypbl MO3BOIHI BHI-
MAaTeJIbCKOM CcriocoOHOCThI0. HOBast 3KOHOMHUYECKAst CUC-  JCIMTh OCHOBHBIC MPHHIIMIBI (DOPMUPOBAHHS CTPATEIHU
TeMma 3a/ajla CBOM BEKTOp JajibHEWILIEro pa3BUTHS CTpa-  COLMAaJbHBIX OTpacieil. PaccMoTpum coctaB npeajioxkeH-
HBbI, onpeuem/lB CBOH npaByma nu HpHHHHHbI, perﬂaMeHTI/I- HBIX le/IHIJ,l/IHOB, a TaKXXE UX co,uepmaﬂne.
pyIoIIUe XO3SHCTBEHHYIO JESITEIBHOCTh CyOBEKTOB U 1. PaBeHCTBO CyOBEKTOB PETHOHA B ONPEICICHUH IT0-
(dhopMupyroIINe ONpeAeICHHBIC HOPMBI K 3KOHOMUYECKHM  TPEOHOCTH HACENCHHsS MYHHIMIAIBHBIX O00pa3oBaHUI B
cdepaM KU3HENCATSIEHOCTH JFoiel. CIOXKUBIIASACS 9KO-  O0BEKTaX COIMAIBbHOM cepsl — 3aKiIroUacTcs B HEOOXO-
HOMHYecKast (opMaIfisi, COBpEMEHHOE COCTOSHHE COLM-  JAWMOCTH PaBHOIIPABHOTO pPacHpenelieHus OOBEKTOB CO-
aNBHOM ceprl, 00YCIOBICHHOE IMEPEX0JOM K PRIHOYHBIM  IHATBHOW Cephl MEKIY HACEIICHHEM Pa3IMIHBIX TeppHU-
OTHOIICHHUSAM, W CBS3aHHBIE C 3TUM 3aKOHOMEPHOCTH W  TOPHHU.

TEHJCHIUH Pa3BUTHUS COLUAIbHON MHPPACTPYKTYPBI Tpe- 2. O peKTUBHOCTD UCTIOIB30BAHUS CPEICTB KPACBOTO
OyIOT mepecMoTpa HPUHIMIIOB OICHKH Y(PQPEKTHBHOCTH  OOpKeTa, MpelycMaTpUBaloIias JOCTHKEHHE HOPMATHB-
COIIMAIbHBIX NHBECTHUIUH. HOM OO0ECIEYCHHOCTH OOBEKTAMH COLUAIBHOW Cheps

W3ydenue npuHIUIOB (OPMUPOBAHKS CTPATEIMU CO- INPH MHHUMAIBHBIX O0BEMax BIIOKCHHI OFOHKETHBIX
NUalbHOW HMHQPACTPYKTYPHl IMPOBOAMIOCH HAa OCHOBE  CPEJCTB, — 3aKII0YAETCs B ONTHMAIBLHOM PacIpelielieHUN
aHalin3a COBPEMCHHBIX HaYyYHBIX HpeﬂCTaBHeHHﬁ 06 BBIACTIACMBIX CPEACTB PECTUOHAIBHOI'O 6}oz[>1<eTa I pe-
oleHke >QQEeKTUBHOCTH MHBECTUIMH. V3ydeHne WX co-  IIEHMS 3a/1a4 BHIPAaBHUBAHUS W/WMJIM JOBEICHHUS 10 HOP-
Jiep>KaHus, 0€3yCJIOBHO, IPEJICTABIAET TEOPETUUYECKH 1 MATHBHOTO YPOBHsI 00ECII€4eHHOCTH OOBEKTOB COLUAIIb-
MIPAaKTHYECKUH MHTEPEC, OJHAKO HE MOXET OBITh MCUep-  HOH c(epsl.

TBIBAIOIINM C TOYKH 3peHHs (HOPMHUPOBAHUS NPHHIHIIOB 3. JlocTOoBepHOCTh MCXOIHBIX NaHHBIX U MPO3PaYHO-
BEIOOpA CTpaTeTWH Pa3BUTHS COIMATBHONH WHQPPACTPyK- CTH TPOLEAYPHI OMpeNeNeHus MOTpeOHOCTH U 00BeMOB
TYpPBI B COBPEMEHHBIX yCIIOBHSIX. KalUTAIBHBIX BIIOXKEHHH B OOBEKTHI COLMAIBHOMN chepbl
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— MPO3PavyHOCTh MPOLEAYPHI MPEANONaraeT MCHIoIb30Ba-
HHE €JMHBIX METOJOB U KPUTEPHEB OLEHKH 3()(HEKTHBHO-
CTH COLMAIIBHBIX MHBECTHLMI NpPU PELICHUH 3a/ad pac-
Hpe/ieNieHus KalUTalbHBIX BJIOXKEHHH, a TaKKe OTKpbI-
TOCTh MH(POPMAIMU O pe3yjbTaTax TaKOTo paclpejelie-
HUSL.

5. CucTeMHOCTh OLICHKH, ITPEATIoJIararoniel yuer Bee-
ro KOMIUIEKCA IMOKa3aTelel, OKa3bIBAIOIINX CYIIECTBEH-
HOE BIIMSIHME KaK Ha BEJIMYMHY MOTPEOHOCTH, TaK W Ha
00bEM KaIlUTaNbHBIX BJIOKCHUH, — 3aKJIIOYaeTCs B KOM-
IUICKCHOM yd4eTe BCEH COBOKYIHOCTH (paKTOPOB, OKa3bl-
BAIOIINX BJIMSIHUE HA 3()(PEKTHBHOCTH OCYLIECTBIISEMbIX
KalUTAJIbHBIX BJIOKCHUH B O0BEKTHI COIUATILHON CEphI.

6. AnanTanusi UCIOJIL3yeMON BXOJHOW MH(pOpMAIUU
K BO3MOXXHOCTSIM CYLIECTBYIOIIEH CTaTHCTHYECKOH OT-
YETHOCTH — 3aKJIF0YAETCsl B BO3MOXKHOCTH HCIIONIb30BAHMS
nMeroniencs: MHGOPMaIMK Ul PeLIeHHs 3aJadll OLEHKN
3¢ (QEKTUBHOCTH WHBECTHULIMH B COIMAIBbHYIO cdepy Ha
OCHOBE TMPE/II0JIaraéMbIX KPUTEPUEB U METOIOB.

PaccMoTpeHHbIE NPHUHIMIBI HE YYUTHIBAIOT OCOOCH-
HOCTEH CONMAIbHBIX MHBECTHLIMH C TOUYKU 3PEHUS] UCTOY-
HUKOB MX ()OPMHUPOBAHUS, 3aKPEIUIEHHS 33 COOTBETCT-
BYIOIIM YPOBHEM OO/DKETa, TEPPUTOPUAIBHOTO pa3Me-
mieHns1 00BEKTOB COIMAIbHON HH(PacTPyKTypHl. B cBs3n
C 9THM BO3HHKJIAa HEOOXOAMMOCTb BBEIEHHMS JIOIOJHH-
TEJBHBIX TIPUHIHIIOB.

ConepikaHue IMpeJIOKEHHBIX B paboTe NPUHLMUIIOB
KOHKPETH3UPOBAHO C YUETOM BBISBJICHHBIX 0COOCHHOCTEH
Pa3BUTHUS COLMAIBHBIX OTpaciel Ha COBPEMEHHOM JTarle,
a Taxke GopM ux nposiBieHnsi. OcOOEHHOCTH, peaoIpe-
JIETMBIINE TPUHINIBI (JOPMHUPOBAHMS CTPATETHU COLH-
QIPHON WMHQPACTPYKTYphl, a TaKKe HX COJepKaHHE,
TpeacTaBIeHbI B TaoO. 1.

Omnpenenenrie 00beMOB U UCTOYHUKOB MHBECTHPOBA-
HHUA B COLMANBHYIO cepy BO MHOTOM 3aBHUCUT OT CO-
CTOSIHUSI OOBEKTOB, TEPPUTOPHAIBHOTO pa3MEIICHHs, a
TaKXkKe MX MpoGUILHON HANPABICHHOCTH. B CBs3M ¢ 3TUM
pelieHue 3aqaun OIeHKH 3 GEKTUBHOCTH U pacrpeeie-
HUSI OTPaHUYCHHBIX OIO/DKETHBIX PECYPCOB B 3HAUHTEIb-
HOW cTereHn OOYCIIOBJIMBAETCSI MPHHATON Kitaccupuka-
el 00beKTOB connalibHOM nHPpacTpyKTypsI [1].

CyIIecTBeHHBIA pa3pblB MEKAY YPOBHEM OOECIIeUeH-
HOCTH M WMCTOYHHKaMH (PMHAHCHPOBAHMS HE IIO3BOJIIET
TOBOPHUTh O BO3MOXKHOCTH [IOBEAEHHs YPOBHS oOecrie-
YEHHOCTH OOBEKTOB COLMAIBHOW HH(PACTPYKTYpHl 1O

HOPMATHBHOTO YPOBHA 00ECIIEYEHHOCTH B IUIAHUPYEMBIH
nepuo. [1o3ToMy BO3HHMKAaeT HEOOXOIUMOCTh MOITAITHO-
r'0 JIOBEJIcHHsSI OOBEKTOB COIMAIBHON OTPACIIM 10 YPOBHS
rOCYZIapCTBEHHBIX HOPMAaTHBOB OOECIEYEHHOCTH W pe-
IICHUS JaHHOW 33J]Ja4d Ha CTPATErHYECKOM ypOBHE. DTHM
00ycIoBIIcHa HEOOXOIUMOCTh BBEICHHS TAKOTO MPHHITU-
ma, KaK y4eT CTPaTerHyecKoro XapakTepa pa3BUTHS 00b-
€KTOB COIMAIbHON HHPPACTPYKTYPHI.

Hakomnenne (puHAHCOBBIX BO3MOXHOCTEH, obecte-
YeHHBIX pocToM o0bemMoB BBII, co3maer ycmoBus mis
pasBuTHs conpanbHO cheprl. OaHAKO OTPaHUYEHHOCTD
(MHAHCOBBIX PECYPCOB, HAIMPABISEMBIX HA OTH MEJH,
a TaKiK€ aJIbTCPHATHBHOCTH BAPUAHTOB HWHBCCTUPOBAHUSA
B OTpPacili COLMAIbHON MH(PACTPYKTYpHI, JENaeT aKTy-
aJbHBIM pEIICHHE 3a7aud pa3pabOTKH METOIUYECKOro
HHCTPYMEHTApHs BHIOOpA CTPATETHH Pa3BUTHS COIHAIb-
HOW MH(DPACTPYKTYpHI, 00ECIICUNBAIONIETO ONTHMAIBHOE
pacrpesieliecHue OTPaHWYCHHBIX OFOJDKETHBIX CPEJICTB,
HaTPaBISIEMBIX Ha IEJTH COIIMAIbHOTO Pa3BUTHS.

OrpaHYeHHOCTh PECYPCOB AaKTYAIM3HPYET 3a7ady
3¢ PEKTUBHOTO pacIlpeieeHnus] OTPaHHYCHHBIX OIOKET-
HBIX CPEJICTB, HAIPABIIEMBIX HA IIETH COMHAIBHOTO pas-
BUTHSL.

Cy1mecTByeT 3HAYMTENBHOE KOJHYECTBO ITOIXOAOB
JUTSL PEICHUs TAaHHOM 3a7[aui KaK B HayKe, TaK U B IpaK-
THKe. BMecTe ¢ TeM cOaJaHCHPOBAHHOE PEIICHUE IIO-
CTaBJICHHOM 3a/1a4, OTBEYAIOIee OINPEACICHHBIM KPUTE-
pusM 3G (GEKTUBHOCTH, BO3MOXHO HAa OCHOBE HCIIOJB30-
BaHUS METOJOB CTPATErHueCKOro miaHupoBanus [2]. On-
HAKO MpH JIOOOM W3 TOIXOIIOB, KOTOPBIE MOTYT OBITH
HCTIOJB30BAHBI /ISl PEIICHHS IIOCTABIICHHOM 3a7adu, BO3-
HUKaeT mpobieMa BBIOOpa CTPATETHH PA3BUTHUS COIHAIH-
HOW MHpacTpyKTypsl. Kak yke 0TMe4anock, MCIIOIB30-
BaHHE 3TOT0 METOJAa MpEIroiaraeT BBeJeHHE OOOCHO-
BaHHOTO KPHUTEPHs BHIOOpA CTPATErHH COLMAIBHOTO pas-
BUTHSI, TO3BOJISIONICTO TOATAMHO PEIIUTh 3a7ady pac-
MpeaACICHUS OTPAaHUYCHHBIX 6}0Z[)K€THI)IX CpCACTB Ha Le-
JIM COLMANbHOTO pa3BuTus [3].

Onenka 3((EKTUBHOCTH paclpesielicHusT CpPEACTB
B COIMANBHYIO Cepy JOIKHA YIUTHIBATH IPUPOAY COLH-
anbHBIX wWHBecTHIWH. [lpencrammsercs, 4ro Hamboiee
MIPUEMIIEMBIM SIBIIICTCSI TIOJXOJl, OCHOBAHHBIH Ha TOM,
YTO PE3yNbTaTOM MOXKET CTaTh H3MCHEHHE ITOKa3aTels
00eCTIICYeHHOCTH HaCeNleHH OOBEKTAMH COLHATBHON

HHPPACTPYKTYPEIL.

Tabnuya 1

IIpuHuunsl GgopMUpoOBaHHs CTPATETHH COLMAIBbHOM HHPPACTPYKTYPbI

OcoOeHHOCTH pa3BUTHs COLMATIBHON chepbl

[TpuHuUMIBI

MHoronpo(uIbHOCTh OTpaciell, pa3Nu4HbId XapakTep HH-
BECTHPOBAHUS M TEPPUTOPHATBHOTO Pa3MEIICHHS! OOBEKTOB
COIMAIBHOM Ceprl

TIpuHIMn 1eKOMITO3UIUN 0OBEKTOB COLUAIBHOHN cepbl

Bricokuit ypoBeHb U3HOCA U HeCOANTaHCUPOBAHHOCTD OOBEK-
TOB COIMANIBHOW CQepbl, HEIOCTATOUYHOCTh OFOKETHBIX

pecypcos

TlostanHoCTh HOBECHUS OOBEKTOB COIMATBHON ChEphl 10 YPOB-

HA

ToCyJapCTBEHHBIX HOPMAaTUBOB 00€eCIeYeHHOCTH

HeormnpeneaeHHOCTh M HEMPEACKa3yeMOCTh IapaMeTpoB pas-
BUTHS COIMATIBHOM Cephl

VYder cTpaTernyeckoro xapaxkrepa pa3BUTHS OOBEKTOB COIHANb-

HO

i1 THQPACTPYKTYPBI

Bro/pKeTHBIN JAeUIUT 1 MHOTOBAPHAHTHOCTH HHBECTHPOBA-
HUsI COLUATBbHBIX WHBECTUIMI TPU HAOIIOMAIOMIEMCST POCTE
o6nema BBII

OnTuManbHOCTh pacnpeaciICeHust CONUaJIbHBIX WHBECTUIUHT
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[Ipn 5TOM mpeBBIIEHNE TAaHHOTO MTOKA3aTeNs Hall €ro
HOPMAaTHBHBIM 3HAa4E€HHEM HE CIIEAyeT paccMaTpuBaTh B
KadecTBE pe3yJIbTaTa, IOCKOJIbKY HOPMATUBHBIH YPOBEHb
ompesieNieT OOIIECTBEHHO HEOOXOAMMBIE 3aTpaThl Ha
obecrnieuenne. Takum 00pa3om, B Ka4eCTBE KPUTEPUS BbI-
Oopa cTpaTeruu pa3BUTHUSI COLMAIBLHOW MHOPACTPYKTYPHI
MOXET OBITH MPUHAT I[OKa3aTEC/Ib O6"beMa COIIMAJIBHBIX
yCIyT, HEOOXOAMMOTO UIsl JOCTHKEHHSI UM HOPMAaTHUBHO-
IO YpOBHS 00€CIIEYEeHHOCTH, IPUXOISIIUNCS Ha eIUHULLY
BJIO)KEHHH B OOBEKT COLMAIBHON C(hepHl.

DopManbHO KPUTEPUH BBHIOOpA CTPATETHH Pa3BUTHUS
COILIMATBHOW HMH(PACTPYKTYPbl MOXKET OBITH OIpEAEICH
OTHOIICHUEM IIPHPOCTa YPOBHS 00ECIIEUEHHOCTH OOBEK-
TOB COLMaIbHOU cepbl k 00beMy BiioKeHuit [4]:

&

Kcou.ad)d).ij o
S, i
rZie g; — NPUPOCT YPOBHS OOECIICUCHHOCTH j-TO 0OBEKTa
i-ii conmanbHON cdepsl; S; — 00bEM JOIOTHHUTEIBHBIX
BIIOXKCHHH B j- OOBEKT i-i CONUANBEHON CHEPHI.
Kpurepuii npeanonaraer HCHoab30BaHUE HOPMATHUBOB
Ha ypOBHE IoCyJapCTBEHHBIX CTaHIapToB. Bmecte ¢ Tem
COCTOSTHUE COIMaIbHOU cdepbl, 00beMbl WHBECTHUPOBA-
HUsI, HalpaBisieMble Ha Pa3BUTHE OOBEKTOB COLMAIBHON
HHPaACTPYKTYPhI, HE TO3BOJISIIOT PELIUTh 3a1a4y b dek-
TUBHOTO pAaclpesieNeHus] OrPaHUYEHHBIX OOJKETHBIX
cpeacTB. B cBs3M ¢ 3TUM BO3HHKaeT HEOOXOAMMOCTh pa3-
pabOTKHU cTpaTeruii pa3BUTHs OOBEKTOB COIMAIBHON HH-
¢dpacTpykTypbl. OfHAKO NMpPaKTHKa HCIIOJIB30BAHUS JIaH-
HOTO KPHUTEpHUS MOKa3bIBAaeT, YTO CyMMa CpEJCTB, BbIe-
JISIeMBIX Ha COLMANBHYIO cepy B IUIAHUPYEMBIN Mepro,
KaK MpaBUJIO, HE MO3BOJISAET JOCTUTHYTh YCTaHOBJIEHHBIX
HOPMAaTHBOB 3a JaHHBIA NEPHOI BpeMeHH. B cBsi3u ¢ 3TIM
HEOOXO0MMO PELINTh 3a/[ady ONpEAeNICHNs] HOPMAaTHBHBIX
3HAYCHUH OTHOCHTEIHHO COCTOSHHUS COLMAIbHON chepsl,
CYMMBI CPEJICTB U II€JIel CTPATErn4ecKoro pa3BUTHs Tep-
puropmii. B paboTe mnpeanoxeHbl HOpPMAaTHUBBI oOecrie-
YEHHOCTH OOBEKTOB COLMAIILHOM c(hephl, yCTaHOBIICHHbIE
C YYETOM BBIOpaHHOW CTpaTEerHy pPa3BUTHUSI STHX O00BEK-
ToB. TakuM 00pa3oM, pelIeHHe MOCTABICHHOH 3a1a4n
CBOIMTCSL K BBIOOPY CTpaTerMu pPa3BUTHs COLMAIbHON
cdepsl. Mcrnonp3oBaHue JaHHOTO METOJa MO3BOJIUT OIl-
peneNuTh BapHaHThl CTPATETMH JUIS Pa3BUTHA OOBEKTOB
COIIMATBHOW HMH(QPACTPYKTYPHI, C MOMOIIBIO KOTOPBIX
Oyzer ompeneneHa COOTBETCTBYIOIIas HOpMaTHBHAs 0a3a,
OTBEYAIOI[asl HE YCTAHOBJIEHHBIM T'OCYAAapPCTBEHHBIM
CTaHAapTaM, a YCIOBMSAM pealu3aluy ONpeNeICHHON
CTpaTerum.

CTtpaterus ConuaabHOTO Pa3BUTHUS TOJDKHA OBITH pa3-
paborana ¢ ydeToM ocoOeHHOCTEeH (yHKIMOHMPOBAHMS
COLMAJIbHOW MH(QPACTPYKTYPHI ONPEICICHHOIO PErHOHa.
YuutbiBas crenuduky JaHHOW OoTpacid, ObLI MPOBEICH
aHanu3 (PaKTOpOB, ONpPENEISIONIMX OCHOBHBIE 3aKOHO-
MEpPHOCTH M TEHJISHLIWH DPa3BUTHS COLMAIBLHONH WH]pa-
CTPYKTYphl. B Xoe aHamu3a ObUIM BBIZETIEHBI CIIETYIO-
mue GakTopbl, BIAMUSIONINE HA PA3BUTHE COLUATBHOW WH-
(hpacTpyKTyphl: TeMIT BBOJA M BbIBOJIa OOBEKTOB, YypO-
BEHb M3HOCA, JUHAMHKA CIIPOCa Ha COLMAIbHBIE YCIYTH,
o0beM (HUHAHCUpPOBaHHUs W Jpyrue. M3ydeHue AaHHBIX
(haKTOpOB MO3BOJIMIIO CUCTEMATU3UPOBATH U OINPEHCIUThH
B3aUMOCBSI3b MEXAY HUMH. B pesynbrare cucremarusa-
U 3THUX (baKTOpOB 6bIJ'I CACJIaH BBIBOI, YTO UX COBOKYII-
HOE BJIMSIHME B 3HAYMTEIILHOM CTEIIEHH MOXKET 6])ITI) yu-
TEHO JBYMsI NIOKa3aTeIsIMHU: YPOBEHb 00ECIEYeHHOCTH U
o0beM (¢uHaHCcHpoBaHus. DOpPMHUpPOBaHHE CTpaTETHU
TaKKe JOJDKHO YYUTHIBATH OCHOBHBIE LIEJNU DPa3BUTHS
TEPPUTOPUH, ONpe/essieMble HOPMATUBHO — MPABOBBIMHU
JIOKYMEHTaMH M TpOrpaMMaMH pa3BUTHS. BbIsBICHHbIC
(hakTOpBI M MPUOPHUTETHI PA3BUTHS COLUATBHOW OTpaciu
OBUIH yYTEHBI TIPH pa3pabdoTKe WHCTPYMEHTOB CTpaTeTH-
YECKOT0 Pa3BUTHUS COLIMAILHON HHPPACTPYKTYPHI.

CchopMynupoBaHHble MPHHIMIBL TMOJIEKAT YUETY,
Kak IPH PEIIeHUH 33/1a41 OLIeHKH 3P (PEKTUBHOCTH COLH-
AJIbHBIX l/IHBECTHLIl/Iﬁ, TaK U pacnpeacjiCcHun I/IHBCCTI/IIJ,I/Iﬁ
MEX1y 00BEKTaMH COLHAIBbHOMN C(hephl.
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PRINCIPLES OF FORMATION OF STRATEGY OF SOCIAL INFRASTRUCTURE DEVELOPMENT

The author considers principles of formation of strategy of social infrastructure. The additional principles which
take into account features of social investments are entered. The content of the offered principles is defined concretely
with the account of the revealed features of development of social sectors at the present stage, and forms of their dem-
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METOJOJOTI'NMYECKHE NPUHIUIILI INTAHUPOBAHUSI THHOBALIMOHHOTI'O
BOCITPOU3BOJCTBA OCHOBHBIX MNPOU3BOACTBEHHBIX ®OH10B
MNPEANTPUATUUN PAKETHO-KOCMHUYECKOU MTPOMBINIVIEHHOCTH

Paccmampusaromesn npunyunst niaHuposanus UHHOBAYUOHHO20 BOCHPOU3BOOCMBA OCHOBHBIX NPOU3BOOCHIBEHHbIX
Gondos npednpusmuil paKemHo-KOCMULECKOU NPOMbIUIEHHOCIU.

Kniouesvie cnosa: NpURYyUNsvl NIAHUPOBAHUA, UHHOBAYUOHHOE 600”}?0“38000”’!60, OCHOBHble npouseodcmeeHHble

gonoeul.

HecmoTtps Ha Hanuuue B pakeTHO-KOCMHYECKOM Mpo-
mbinieHHOCTH (PKII) menmoro psaa cepbe3HbIX mpoodiieM,
COCTOSIHHE TIPOU3BOJICTBEHHOH 0a3bl MPEANPHUATHH, OTE-
psl TEXHOJIOTMH, BBICOKMH MOpPAJIbHBIH M (pU3NUECKHid
W3HOC AaKTUBHOM YacTH OCHOBHBIX HPOM3BOJICTBEHHBIX
(OHIOB — CIIOBOM, BCE TO, YTO HA3bIBAETCS IPOU3BOJICT-
BeHHBIM mnoTeHIMasoM PKII, BBI3BIBacT HaWOOIBIIYIO
03a0049€HHOCTh KaK pYKOBOACTBAa KOMIUIEKCA, TaK W
MIPEICTaBUTENEH OCHOBHOTO 3aKa3zynka — MHHOOOpPOHEI
Poccun.

B 1990-e¢ rr. mpom3onuio KadyecTBEHHOE H3MEHEHHE
XapakTepa BOCIIPOU3BOJCTBA OCHOBHBIX IPOW3BOJCTBEH-
HeIX (onmoB. IIpomecc cTapeHHs OCHOBHBIX (HOHIOB
(0COOCHHO aKTHBHOW YacTH) CTall ONPEACTATHCS HEIO-
IMyCTUMO HU3KUMU JIA COBpeMeHHOﬁ OKOHOMHMKHU TEMIIA-
MH BBIOBITHSI yCTapeBLIETO0 00OPYAOBAHUS U TAKUMH KE
HU3KMMH TEMIIaMH BBOJida HOBOI'O KamnuTaja. PakeTHo-
KOCMHYECKasi TPOMBIIUICHHOCTD SIBJISICTCS OJJHUM M3 JIU-
JiepoB 10 mporneHTy m3HomeHHoctH OII® — 60 %, B TO
BpeMsi KaK EXETOJHBIM TeMH OOHOBJIEHHS OCHOBHBIX
¢oHmoB cHM3WICA MO ypoBHA MeHee 1 % (mpm HOpme
7-10 %), B memoM TO NPEONPUATHAM PAKETHO-
KOCMHUYECKON TPOMBIIIEHHOCTH M3HOC OCHOBHBIX ()OH-
JIOB OCHOBHOT'O BHJA JIEITEILHOCTH COCTaBISIET 5657 %,
a MaluH 1 006opynoBaHus — okoio 77 %.

B mnocnexnue roapl HaOMoOAaeTCs POCT OFOHKETHBIX
accurHoBaHui Ha paszsutue PKII ¢ ycunenuem ux uHBe-
CTUIIMOHHOW HampasneHHocTH. Ha takom ¢Qone ecrect-
BEHHBIM BBINISIANT XkenaHue pykosojctsa PKIT nposectn
MacCOBOE€ TEXHHYECKOE M TEXHOJOTHUYECKOE MEPEBOOPY-
KeHne npeanpustuidi. Ho oOHOBIEHHE OCHOBHBIX MPOM3-
BoacTBeHHBIX (oHmoB mpennpustuii BIIK — 3amaua mo
MacmrtabaM (PUHAHCHPOBAHUS BIIOJIHE COIMOCTABUMAs C
I'TIB, cOOTBETCTBEHHO, BO TJIABY yIjla HEM30EKHO BCTAET
BOIPOC O MHUHHMH3AIKK 3aTPaT M IMOBBIMICHUH d(deK-
THUBHOCTH HCIOJIb30BAHUSI OFOIKETHBIX CPEICTB.

ITo OLICHKaM CHECHHAJIMCTOB MUP HAXOAUTCS HAa OPO-
re 0YepeJHOM BOEHHO-TEXHUUYECKOM PEBONIIOLIMM, KOTOPast
JOJDKHAa TPUBECTH K 3HAYUTENEHOMY KaueCTBEHHOMY
PBIBKY B MOJEPHU3AIMU JICHCTBYIOIIMX HBIHE 00pa3loB
BBT, nosiBneHuio NpUHLMINAIBHO HOBBIX BHJOB OpY-
KU, KOTOpBIe OyayT 0a3HpoBaThCS HAa HOBBIX (PH3MUE-
CKHX MPHHIMIIAX ¥ HOBBIX HAYKOEMKHX TEXHOJIOTHSX.

Crparerueii pa3BUTHA pPaKETHO-KOCMHYECKOW IIPO-
MbIlLIeHHOCTH 710 2015 T. mpeaycMoTpeH pocT 00beMOB
mpou3BozacTBa B 2015 1. — 220 %  yposnio 2005 r. [Joms
WHHOBAIIMOHHOW IPOJYKIMHU B 00meM o0beMe pakeTHO-

194

KocMI4YecKo mpombinuieHHocTH B 2015 1. coctaBut 55 %
npotuB 35 % B 2005 r. Hons nponykuuu PKIT Ha mMupo-
BOM PBIHKE MPOM3BOJICTBA PAKETHO-KOCMHUCCKOW TEXHU-
ki K 2015 1. momwkHa nocturHyTh 15 %. Lensimu crpare-
TUH SIBIITIOTCS CO3JIAHUE PAKETHO-KOCMHUYECKOTO KOM-
IUIEKCa, OTBEYAKOIIETO COBPEMEHHBIM  TpPEOOBAHUSIM
obecrieueHHs: BOGHHOH 0€3011acHOCTH, YBEJIWYEHHE JOJIN
OTEYECTBEHHBIX KOMIIAHUN Ha MHPOBOM PBIHKE PaKETHO-
KOCMHYECKOU MPOIYKIINH U YCIYT, COXpaHEHHUE HAYIHOTO
MOTEHIIMAJa PAKETHO-KOCMHIYECKON POMBIIIIEHHOCTH.

OpnHOM W3 1eNell cTpaTeruu SIBISIETCS TPEOIOJICHHE
«CYIIECTBEHHOTO TEXHOJIOTUYECKOTO OTCTABaHUS OT pas-
BUTBIX CTpaH», B pe3yasTare yero k 2015 r. gons HOBOTO
NPOMBILJICHHOTO 000pyZoBaHusl (10 OECATH JIeT) Ha
MPEeINpUATHIX OTpaciu AOJDKHAa Bo3pactu A0 33-35 %
¢ HpIHEHHUX 3 %.

Takum 00pa3oM, HEOOXOTUMOCTh 00ECIICUCHUST HHHO-
BaruoHHOro paszButus PKII, H3MEHYHBOCTH SKOHOMHYE-
CKOI1 cpensl ee PYHKIIMOHUPOBAHHUS U BHICOKHI YPOBEHb
HEOIIPEICIIEHHOCTH MTPUHUMAEMBIX pelIeHU 00yCIOBIH-
BalOT HEOOXOAMMOCTH COBEPIICHCTBOBAHUS WHCTPYMEH-
TOB M METOJIOB CTPATETHYECKOTO YIPABICHUS BOCIIPOU3-
BojactBoM OII® mpeanpusTii ¢ y4eTOM HHHOBAIIMOHHOM
COCTABJIAIOILEH.

BaxHelmMM COCTaBHBIM 3JIEMEHTOM METOJI0JIOTUU
CTPAaTCru4€CKoro IjIaHupOBaHUsA HWHHOBAIIMOHHOI'O BOC-
MMPOU3BOACTBA OCHOBHBLIX ITPOU3BOACTBEHHBLIX (l)OH[lOB
(OII®) sBISAIOTCS METOMOJOTHYSCKUE TMPUHIUIBI, IO
KOTOPBIMH ITOHIMAIOTCSI UCXOJTHBIC TIOJOKEHHUS, OCHOBO-
MoJIararonue mpaBuiia (OPMUPOBAHUS U OOOCHOBAHHS
wraHoB. OHE 00ECTICYMBAIOT IEJICHAIPABICHHOCTD, IIe-
JIOCTHOCTB, ONPEAETICHHYIO CTPYKTYpy H JIOTHKY pa3pa-
0aTbIBaEMBIX CTPATETHYECKIX IUIAHOB.

CoBpeMEHHOE  COCTOSIHHE  PaKeTHO-KOCMHYECKOU
MPOMBINICHHOCTH, CYIIECTBYIOIINE TEHACHIINH, BBISIB-
JICHHBIE 0COOEHHOCTH ACSTEIBHOCTH U IeNT €€ Pa3BUTHUS
MO3BOJIIIIN C(HOPMYITHUPOBATH MPUHIIAITBEI HHHOBAIIMOHHO-
ro BocnpousBoactsa OIIdD, peanuzaius KOTOPHIX B Mep-
BYIO OYepe/lb CBsi3aHa ¢ HEOOXOIMMOCTBIO COBEPIIECHCT-
BOBaHHS METOJOJOTHH W WHCTPYMCHTapHs IUTAHUPOBA-
HUS MHHOBAIIMOHHOTO BOCIIPOM3BOJICTBA. BEICOKHMI ypo-
BEHb HEOIPENEICHHOCTH W W3MEHYMBOCTH (HaKTOPOB
BHEIUHEN M BHYTPEHHEH Cpelbl, XapaKTEepHbIA AJs CO-
BPEMEHHOTO 3Tana pPa3BUTUS SKOHOMMKH, yCTOHYMBBIN
POCT KOTOPOH MOXKET OBITh O0ECIIEYeH TOJIBKO ITyTeM
pa3BUTHUSI MHHOBALMOHHOM cepbl, IPHUBOAUT K HE00XO-
JUMOCTH BHEIpPEHHS W TaJbHEUIIEero Pa3BUTHUS HHCTPY-



Becmuukx Cubupckozo 20cy0apcmeeHH020 aspoKoCMuiecko2o yrugepcumema umenu axaoemuxa M. @. Pewemnesa

MEHTOB M METOIOB CTPATErn4ecKOro IUIAHWPOBAHUS B
NPaKTUKy IUIAHUPOBAHUS HMHHOBALIMOHHOTO BOCIPOM3-
BOJICTBA Ha NpeANnpHsITHH. VHHOBAllMOHHAs CTpaTerus
Bocnpoun3BojactBa OIID cTraHOBUTCS BaKHBIM (HaKTOPOM
TOBBIICHUSI KOHKYPEHTOCIIOCOOHOCTH M COXPaHECHHUS
MIPOU3BOJACTBEHHOTO X HMHHOBALIMOHHOTO MOTEHIMAJa
npennpustuil PKII.

MerTo070THYECKIE TPUHLUIBI TUTAHUPOBAHHUS MHHO-
BallMOHHOTO Bocnpou3BoacTBa OII® noKHBI yUUTHIBATH
CYIIECTBYIOIIE OCOOEHHOCTH W LEJIU Pa3BUTHA Mpea-
npustuii PKII, ommpartecs Ha pa3paboTaHHBIE TeOpeTHYE-
CKHUE IOJIOKEHUS U BBISBICHHbBIE 3aKOHOMEPHOCTH, YCTa-
HABJINBATh OOIIME MpaBmiia pa3padoTku U 3HHEKTUBHOTO
(YHKIIMOHHPOBaHUS ATOW mojcucTeMsl. DopMHupoBaHHE
COBOKYIHOCTH IPUHIUIOB IUIAHUPOBAHUS HNHHOBALIMOH-
Horo BocnpousBojictBa OII® Ha npeAnpUsATUN TO3BOJISET
pa3paboTaTh METOAUKY MJIAHHUPOBAHMA, aJ€KBATHO OTpa-
JKAIOLIYI0 peajbHble B3aMMOJCHCTBHA M OCOOCHHOCTH,
XapakTepHble Uil OOBbeKTa HcclieioBaHus. B cBszu ¢
3THM B XOJI¢ IPOBOJUMOTO MCCIIEIOBAHUS OBLIN U3YUCHBI
1 TIPOAHAIN3UPOBAHBI OCHOBHbIC IPUHIUIIEI BHYTPUHP-
MEHHOTO IUIAHUPOBAHMS, IpeAsaraeMble pa3IndHbIMU
cnenuanuctamMu. CocTaB NPHHIMIIOB, PacCMaTPUBAEMBbIX
Pa3MYHBIMHE aBTOPAMH, HEOJMHAKOB, YTO BIIOJIHE OOBsIC-
HUMO, TaK KaK OH OIPEAENsIeTcs UCXOIS M3 OCOOEHHO-
CTell 0ObeKTa MCCIeIOBaHNsA, YPOBHS U LieNeH IUIaHUpO-
BaHMA. B psine ciryuaeB 3TH pa3nuuusi BBI3BaHBI TE€M, YTO
COJEpKAHUE ONPEIENICHHOTO MPHUHLUIA OJHOTO aBTOpa
BBIPAXXECHO JIByMs1 M 0oJiee MPHUHIMIIAMH IPYroro aBTopa.
Tak, comepskaHne NMPHUHIMIIOB €OUHCMEA N KOOPOUHAYUU
y M. M. AnekceeBoil [1] BblpakeHO B MPUHIMIE KOM-
nnexcnocmu 'y M. U. byxankosa, B. 1. Bopucesuua [2],
I'. A. Kangayposoit, H. H. Kannayposa, A. 1. WUineuna
[3] 1 HexoTOpBIX Apyrux. B apyrux ciyuasx oauHaKoBbIE
[0 COJEPXAHUIO MPUHIMIBI MMEIOT pa3iIuyHble Ha3Ba-
Hus. B 9acTHOCTH, TOT K€ NPHMHIMI KOMNIEKCHOCMU
y W. B. CepreeBa Ha3pIBaeTCS MPHHIIUIOM 63AUMHOL
Y6A3KU U KOOpOUHayuy, a TPUHLUUI O00CMAmMOYHOCMU
y B. C. HozaiiTiica — IpUHIAIIOM MOYHOCU Y IPYTUX
aBTOpoB. A. I1. 3aBnuH, TOHUMasT BO3POCUIYIO POJIb CTpa-
TErMYeCKOro IUIAHMPOBAHUS, BBOAUT JONOJHUTEIbHBII
MIPUHINI OOMUHUPOBAHUSA CIMPAMESUYeCKUX ACHEeKmos, a
E. A. YepHblll 0 TEM XK€ MPUUYMHAM BBOAMUT NMPHUHLHUII
npuopumemnocmu. A. Il. I'panoB, yunuTsiBas HepaBHO-
BECHBIN XapakTep SKOHOMHUYECKHX CHCTEM, Ipejjaraer
MIpUHIUN 9Keugunarsrocmu. B. U. bopuceBny, mpuHu-
Masi BO BHUMAHUE YCIIOKHEHHE 3KOHOMUYECKOH Cpelbl U
BO3POCIIMII ypOBEHb HENPEACKa3yeMOCTH IOBEICHHUS
9KOHOMHYECKHX CHUCTEM, BBOIUT HIPHHLUI a0eK8aAmMHO-
cmu, B COOTBETCTBHU C KOTOPBIM TPENBIBISIIOTCS TpeOo-
BaHUS K aJeKBaTHOMY OTPaK€HHIO IKOHOMMKO-MaTeMa-
THYECKHMHU MOJENSAMH peajbHBIX mnporeccoB. Comepika-
HHUE MPUHINIOB IUIAHUPOBAHMS MOXKET 3aBHCETh TaKkKe
oT oObekTa IUIaHupoBaHus. Hampumep, npuHUMN yua-
cmus, npemioxenabii P, JI. Axoddom, MoxeT OBITH
CKOPPEKTHPOBaH NPUMEHHUTENBHO K IUIAHUPOBAaHMIO WH-
HOBALIMOHHOM AEATeNbHOCTU Ha mpeanpuaruu. Tak, npu-
HUMasi BO BHHUMaHHE XapaKTEPUCTHUKY YETBEPTOro 3Tara
pa3BUTHS MHHOBAIIMOHHOTO MEHEKMEHTA, BO3HHUKAET
HEOOXOJMMOCTh BOBJICUCHHUSI B IPOLECC IUIAHUPOBAHMS
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HE TOJIKO IIepCOHANIa MPEANPHITHSA, HO M MOTCHIHAJIb-
HBIX TTOTpeOUTENIe HOBOTO MPOIYKTa M APYTHX 3aMHTE-
PECOBaHHBIX JIUII.

W3ydeHue u aHaiau3 COAEpKAHUSA pacCMaTpUBAEMBbIX
Pa3IMYHBIMU aBTOPAMHU MPUHIUIIOB IIJIAHUPOBAHUS, 0e3-
YCJIOBHO, NPEACTABIISAECT TEOPETUUECKUNA U IIPAKTUYECKUM
MHTEPEC, OJHAKO BPSJI JIM MOXKET OBITh MCUEPIBIBAIOLINM
C TOYKHM 3peHust GOpMHUPOBaHHS MPUHIMIIOB IUIAHWPOBA-
HUSI MTHHOBALIMOHHOTO Bocmpoussoiactsa OIID npennpu-
stuid PKII. BHe BCAKMX COMHEHHUH, CYILECTBYIOIIME Me-
TOJIOJIOTHYECKUE Pa3pabdOTKU NOJDKHBI OBITH YUTEHBI, HO
COCTaB NMPHUHIIMIIOB U HX COJIEp)KaHHE B IEPBYIO OUYepeab
OyIoyT ompenensTbcs Ha OCHOBE ydYeTa CYIIECTBYIOIINX
0COOEHHOCTEH AEATEIbHOCTH, HPEIbSIBISIEMbIX TpeOOBa-
HUSX K MPOIECCy IUTaHUPOBaHUA BocrpousBoacTBa OI1D
npennpustuii PKIIL.

B cooTBeTCTBHM € OCOOEHHOCTSIMU JEATENLHOCTH U
TpeOOBaHMSAMH K TUIAHHPOBAHUIO OBUIM OIpEJEIIeHBI OC-
HOBHBIE METOJOJOTMUYECKUE NMPUHLUIBI CTPATETHUECKOrO
IUITAHUPOBAHMSI MHHOBALIMOHHOTO Bocrpon3Bojcrea OIIdD
npexnpustaid OIIK (Tabm. 1).

CopeprkaHUE OTIEIBHBIX MPHHITUIIOB KOHKPETH3HPO-
BaHO C YYETOM BBIABICHHBIX 3aKOHOMEPHOCTEH BOCIIPO-
n3Boactea OII® mpemnpustuit PKII, a Tarke dopm ux
nposiBieHus. Hapsity ¢ 3TUM HECKOJIBKO MPHUHIUIOB ObI-
JI0O BHECEHO MOMOJHHUTENBHO, COJEpKAHHWE KaXIOTO M3
KOTOPBIX OBUIO packpbiTo. K MX uuciy cienyer oTHeCcTH
c0aaHCUPOBaHHOCTh, y4YeT Hay4YHO-TEXHHYECKOTO IpO-
rpecca, agaNTUBHOCTh, TOXKIecTBa. Jlajgee paccMOTpHM
coJiepkaHne chopMyIMPOBaHHBIX NPUHIMUIIOB IUIAHUPO-
BaHUsl MHHOBALIMOHHOro BocmpousBojactea OIlD mpen-
npusaruil PKII.

1. Hayunaa obocHosanHocms — 0azupyeTcs Ha ydere
CYIIECTBYIOIINX 3aKOHOB WM TEHACHIIMI pPa3BUTHSA BOC-
npousBoacTBa OIID. 3axmoyaercss B HAy9HO 0OOCHOBaH-
HOM HICTIOJIb30BaHUN MHCTPYMEHTOB M METOAOB IIPH TPH-
HATHH PEIIeHUH, UMEIOIINX CYIIECTBEHHOE 3HAUYCHHE IS
pa3pabaThIBaeMbIX IUIAHOB MHHOBAIIMOHHOI'O BOCIIPOM3-
BozctBa OIID.

2. Yuem nayuno-mexnuueckoeo npozpecca — 3aKiio-
YyaeTcs B y4yeTe HEIPEPHIBHOIO M3MEHEHHS, Pa3sBUTHUS U
COBEpILEHCTBOBAHMSI CPEACTB TPYAA, TEXHOJIOTHH U Opra-
HU3aI1H IPOU3BOJICTBA.

3. Hepapxuuynocmv — 3aKIIOYaeTCs B TOCTPOCHUH
B3aMMOYBSI3aHHBIX TIAHOB TI0 YPOBHAM BOCIPOHM3BOJICTBA
OI1® u opraHu3anuy yrpaBieHHS.

I[Io ypoBHSM BOCIPOM3BOACTBA M OpraHU3AIHU
YVOpaBICHUS CTPYKTYPHUPOBAHHE OCYIIECTBISIETCS IO
YPOBHSIM CIIO)KHOCTH, TO €CTh Pe3yJIbTATHl ITIAHUPOBAHUS
Ha BBINICIIC)KAIICM YPOBHC IVIAHUPOBAHUSA HaKJIaJAbIBarOT
OrpaHUYCHHA Ha PE3YJIbTAThl IUIAHUPOBAHUA HHKCIICKA-
IIETO YPOBHS.

4. KomnnexcHocmb — 3aKJIIOYAeTCs B yBSI3KE IJIAHOB
Bocripon3BoacTBa OII® mno ¢Qopmam (HarypanmbHas wu
CTOMMOCTHas), 10 CTaJWsIM IIpoliecca BOCIIPOM3BOJCTBA
(mpuBIEYCHNE, UCTIONB30BAaHIE W BOCCTAHOBIICHHE) U IO
YPOBHSIM BOCIIPOM3BOJICTBA (OOIMIECTBEHHOE U WHAWBHIY-
ajpHOE).

5. Henpepvisnocmub — onpefiesisieT mpolecc MIaHupo-
BaHUS KaK HEMPEpHIBHBIN, KOTAa Ha CMEHY OJHOMY BHI-
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MIOJTHEHHOMY IUIaHYy IIPUXOAUT APYTOi HOBBIH IUIaH, a HA
CMEHY BTOPOMY — TpeTHii U T. A. B mporecce Bocnpous-
BozcTBa OIlD oCyIiecTBIAIOT HEMPEPHIBHOE IBIKEHHE,
MOCJIEIOBATENBHO NPOXOJs TPH CTAaIuM: IpeBpalleHHe
JICHEKHOT0 KaluTana B NPOU3BOAUTEIbHBIN, TPOU3BOIU-
TEJIBHOT'O B TOBAPHBII U TOBAPHOI'O B JCHEXKHBII.

6. OnmumanvHocmes — 3aKIOYACTCS B HAXOXKICHUU
HAWITy4IIero BapuaHTa IuaHa BocrpounsBoactsa OID u3
BCEr0 MHOXXECTBA AOIMYCTUMBIX peIIeHHH, (hopMHupoBa-
HHE KOTOPBIX OCYILECTBISIETCS, KaK MPaBHJIO, HA OCHOBE
HCIIOJIb30BAHUS SKOHOMHUKO-MaTEMaTHYECKUX MOZETIEH.

OnTuMu3aIus MOXKeET OBITh YCIOBHOM U O€3yCIIOBHOM.
IIpu ycioBHOM onTUMU3aLKMU JOJKHA IIPUHUMATLCS BO
BHUMaHUE OIPAaHUYEHHOCTb WHCIIOJIb3YEMBIX PECYPCOB,

NpPU OTOM OTPAaHHYEHHS MOTYT HOCUTHh (PU3HYECKHI U
SKOHOMUYECKHUH XapaKTep.

DTOT NPUHIMI TECHO CBS3aH C MPUHIMIIAMU Hepap-
XUYHOCTH, KOMIUIEKCHOCTH W peJieBaHTHOCTH. CBsi3b C
NPUHLMIIAMYA UEPAPXUYHOCTH U KOMIUIEKCHOCTH 3aKJIF0Ya-
€TCs B TOM, YTO IIPU HAXOXKIEHUH JOKAJIBHBIX ONTHUMAJIb-
HBIX pEIIEHUH MO OTAENbHBIM IJIaHaM, HAXOAAIIUMCS B
OTIPENICTICHHON HMepapXud, JOJDKHO COONOAAThCS JOCTH-
JKeHHE TI00aTbHOTO ONTHMYyMa IT0 HHTETPAIEHOMY TUIAHY.
CBS3b C MPUHIMIIOM PEIEBAHTHOCTH 3aKIIFOYACTCS B TOM,
YTO MOJEJIMPOBAHUE HKOHOMHUYECKUX IIPOLECCOB C LIEIbIO
IIOMCKA ONTUMAJIbHOIO PELIEHUS TOJIKHO OCYLIECTBISTHCS
JUI TUTAHOB, PE3yJbTaThl KOTOPBIX SIBJISIOTCS HanOoyee
3HAYUMBIMU TSI JOCTHOKEHHSI TOCTABICHHOM TIeITH.

Ocodennoctu aesreabHocTn npeanpusTii PKII, TpeGoBanust 1 MeT01010rHYeCKHEe NPHHIMIIBI
CTPaTern4ecKoro INIAHMPOBAHUA HHHOBALMOHHOI0 Bocnipou3BojacTea OII®

TpeboBaHUs K CTpATETUYECKOMY MeTono0rn4ecKue MPUHIMIIEL

Ne OCoOEHHOCTH JIESITENLHOCTH IUIaHUPOBAaHHUIO HHHOBALIMOHHOTO CTPaTEruyecKOro IIaHUPOBAHUS

I npeanpusatuii PKIT BocnpousBoacTea OIID BocrpoussozacTsa OIldD

npeanpustuii PKII npeanpusatuii PKIT
Beicokass HayKOEMKOCTb, BBICOKas Tex- | IImammpoBanme nomkHO OBITh Ha- | Hayunas o00OCHOBaHHOCTb, yd9eT
HOJIOTHYHOCTh IPOM3BOACTBEHHBIX IIPO- | MPaBIEHO Ha oOecleueHHe WHHOBA- | HAyYHO-TEXHHYECKOTO Mporpecca,
1 LIECCOB M CO3JaBaE€MbIX 3NN, BBICO- | IIMOHHOTrO BocrpousBojcTea OIID LeJICHATIPaBICHHOCTb,  JIMHAMUY-
KH€ NHHOBAIIMOHHBIE BO3ZMOXKHOCTH HOCTh, AIBTCPHATUBHOCTB, TOXKJE-
CTBO
[TnarnpoBaHue JOMKHO OBITH OPHEH-
3aBUCHMOCTh  JICSITENBHOCTH  INIPEAIIPU- PeneBanTHOCTH,  LieNEHANpaBiICH-

2 o THPOBAHO Ha OOECIedYeHHEe B MEPBYIO
situit PKII ot rocy napcTBeHHOro 3akasa HOCTb

ouepenb BelTycka npogykuuu ['O3
Bo3pacranue poiu xoHBepcuu B obecrie- | IInaHupoBaHUE HODKHO OBITH OpHEH-

3 YEHHH YCTOMYMBOIO Pa3BUTHs IpeA- | THPOBaHO Ha obecreueHue Bbimycka | ONTHMaabHOCTh, KOMIUIEKCHOCTb,
npustuii PKII u ¢unancupoBannu uH- | O3 u mnpoxykuuu TrpaxkJaHCKOro | cOaJaHCHMPOBaHHOCTH, TMOKOCTH
HOBalUHI Ha3HAYECHUsA

[InanupoBaHue AOIKHO TMpegycMat-
MHTerpaTHBHOCTH, KOMITJIEKCHOCTB,
. pHUBaTh KOHIIEHTPAIMIO HHBECTHIH-
4 Wnterpanus npeanpustuit PKIT JIEKOMIIO3UPYEMOCTb,  HMepapXxuy-
OHHBIX PECYPCOB JUIS PEUICHHS 3a1ad
HOCTb
BocrpousBoacTa OIID
[InannpoBanue pOMWKHO OBITH Ha- | ONTUMAaNBHOCTS, aJIbTepPHATUB-
CI0XHOCTb, YHHMKAJIbHOCTh U BBICOKAst

5 N MIPABJICHO Ha CHIDKEHHE 3aTpaT BOC- | HOCTh, 3()(EKTUBHOCTb, KPUTEPU-

CTOMMOCTb U3
npousBojcTa OID aJIbHOCTh
[InanmpoBanue nomKkHO obecmedn-
BaTb  COKpAlleHHE JUINTENbHOCTU
MIPON3BOJCTBEHHOTO IMKIA 32 CYET

6 JnutrenbHOCTH MPOU3BOACTBCHHOTO | BHEAPEHHUs Ooiee MpOM3BOAMTENBHO- | DPPeKTHBHOCTh, cOanaHCHPOBaH-

LUKJIA ro o0opyoBaHHUs, 00ECIIeUeHHs IPO- | HOCTb, AAANTUBHOCTH
MOPIUOHAIBEHOCTH, TapauIeIbHOCTH,
HETIPEepLIBHOCTH, PUTMHUYHOCTH MPO-
H3BOJICTBEHHOTIO IIpolecca
. IInanupoBanue BOCIPOU3BOACTBA
HenpepeiBHOE MOBEIIIEHE TPEOOBaHUH K
OIl® nmomwkHO oOecreynBaTh MOBBI- | TOYHOCTH, TOXKIECTBO, aIalTHB-
7 KayecTBY, HAJEKHOCTH, pPecypcy usze-
o IIeHNe KadecTBa, HAAEKHOCTH H3Je- | HOCTb
JIMH, a TaKoKe K KyJIbTYpe IPOU3BOJICTBA it
[TnannpoBanue nOMKHO obecnedn-
. . BaTh KOMITBIOTEPU3ALHUIO, THOKOCTh U
Marast cepuifHOCTb M3/IEHI B IPOU3BOJI- JluHaMUYHOCTh, THMOKOCTH, ajal-
8 MOOMIIBHOCTh HPOU3BOACTBA, OOHOB-
CTBE THUBHOCTB, TOXKJIECTBO
JIEHUE TEXHOJIOTHYECKOT0 Mapka 000-
PYIOBaHUs
[InannpoBaHWe MOKHO OPHEHTUPO- | ANBTEPHATUBHOCTb,  IIEJICHAINPaB-

9 Pa3nuuHble  OpraHM3alMOHHO-IIPABOBBIE | BAThCS HA pacIIMpeHHe (OpM HCTOY- | JICHHOCTh, ONTUMANBHOCTB, JEKOM-

dopwms! npeanpustaii PKIT HUKOB WHBECTHUIIMOHHBIX PECYpCOB | MO3HPYEeMOCTb,  3((EeKTUBHOCTS,
BocpousBojacrea OIID THOKOCTh
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7. Penesanmuocms — peann3yercs Ha JIByX yPOBHAX:
nepeuili 03HaYaeT HeOoOXOIMMOCTh yueTa Hambosiee 3Ha-
YUMBIX (PAaKTOPOB IpU pa3pabOoTKe IIaHa BOCIPOHM3BOJ-
ctBa OIl®; émopori npennonaract OOJBIIYIO AETAIH3a-
LUIO ¥ TOWUCK ONTHUMAJBHBIX PEIICHUH Ul TeX IUIaHOB,
KOTOpbIE UMEIOT CYIIECTBEHHOE 3HAUYEHHE ISl TOCTHIKe-
HUSI LeJIeH ¥ 3a]1a4 IIIaHUPOBaHMS.

8. Tubxocms — TIpUIaHAE TIAHAM | TIPOLIECCY TUTaHU-
pOBaHKS MHHOBALIMOHHOTO Bocrpou3BojacTBa OIID cmo-
COOHOCTH MEHATH CBOIO HAIIPABICHHOCTH B CBSI3H C BO3-
HUKHOBEHHEM HETPEABHIACHHBIX obOcToATenscTB. OHa
MpeanojaraeT Haludue ajJbTePHATUBHBIX BapHAHTOB
I1aHa, OpUCHTHUPOBAHHBLIX Ha PAa3IMYHbIC 3HAYCHHA I1a-
paMeTpoB BHEILIHEN U BHyTpeHHe! cpelbl. [IpuHnun auk-
TYCT HAJIMYUEC MEXaHU3Ma HU3MCHCHUSA IJIAHOBLIX BEJIM-
YHH, T. €. UX BO3MOXXHYIO KOPPEKTHPOBKY JUISl alalTallun
K M3MCHUBIIMMCS 00CTOsATENBCTBaM Om3Heca. Kpome To-
ro, THOKOCTh B IIJIAHMPOBAHMH O3HA4YaeT HAJIMYHE OIpe-
JIEIICHHBIX PE3epPBOB WM «HAI0aBOK Ha 0E30MaCHOCTHY,
KOTOpPBIE TOJDKHBI CAMOPTH3HPOBATEH PE3yIbTATHl PabOTHI
TIPH yXyIIICHUH YCIOBHH AEATEIEHOCTH.

9. Anbmeprnamugnocms — NpeANoaaraeT BoIOOP ONTH-
MaJIBHOTO PEIICHUsI W3 BCEro MHOXKECTBA JOITyCTUMBIX
anpTepHaTUB (BapuaHTOB Bocmpom3BojactBa OIID). B
KOPPECIIOHJCHIIMH C TPUHLUIIOM THOKOCTH aibTepHa-
TUBHOCTb NpE€AnojaracT HaJIU4Yuc ONTUMAJIbHBIX aJIbTCP-
HaTUB COOTBCTCTBYIOUIMM BO3MOKHBIM OTKJIIOHCHHUAM
MapaMeTpOB YNPABISIEMON CHCTEMBI.

10. lenenanpasnennocms — NpeAnonaraeT onpeuesie-
HUE M CTPYKTYpUpOBaHME IieJeld M 3ajgad, COOTBETCT-
BYIOMIUX TpPEAMETY HCCIIEIOBaHUS, YUUTHIBAIOIIUX OCO-
OCHHOCTH O0BEKTa W O0CCIICYHBAIOIINX PEIICHHE BBISIB-
JeHHBIX npobniem. CrenyeT paznuuaTh IeTH Pa3BHTUS U
(bYHKIMOHMPOBaHUSI SKOHOMHUYECKON cucteMbl. OcobeH-
HOCTBIO HMHHOBAIIMOHHOTO BOCIIPOM3BOZCTBA SIBIIAETCS
npeobiaiaHye 1eu Pa3BUTHUS H, COOTBETCTBEHHO, pa3pa-
OOTKH IVIAHOB Pa3BHUTHSL.

[lpn ¢dopmynupoBanun Lend  (YHKIMOHUPOBAHUS
CHCTEMbI MHIMBUAYaJIbHOTO BocmpousBojacTea OIID He-
00XOJIMIMO TTIOMHHTH O JIBOMCTBEHHOCTH (OpM Kpyroobo-
pOTa OCHOBHBIX IPOU3BOJICTBEHHBIX (DOHIOB (HATypasb-
Has ¥ CTONMOCTHasl), 3TO O0YCIIOBINBAET OJHOBPEMEHHOE
OCYILIECTBIICHHE JBYX OTHOCUTEIHHO HE3aBUCHUMBIX IIEJICH
BOCTIPOH3BOJICTBA.

Henp mis xpyroobopoTa B HaTypadbHBIX (popmax 3a-
KIIFOYaeTcsi B OOECIEYCHWH HaIW4MsI B HEOOXOauMMoe
BpeMsI B OTPEAEIICHHOM MECTe CPEICTB TpyJa C TaKUMHU
HOTPEOUTEIHCKUMH CBOWCTBaMH, KOTOPBIE COOTBETCTBY-
IOT PBIHOYHBIM HOTpeGHOCTHM B KOJIMYECTBCHHBIX M Ka-
YEeCTBEHHBIX I1apaMeTpax KOHKpeTHoro mpoaykra. Cie-
JIOBaTEIbHO, LIENb BOCHPOM3BOJCTBA CPEICTB Tpylda B
HaTypaJibHOH (hopme — obecredeHue JOCTATOUHOM JUIst
MIPOU3BOJICTBA MIPOAYKINU BETHYMHEI TPOU3BOICTBEHHOM
MOIITHOCTH.

Henp mms xpyroobopoTa OCHOBHBIX IPOU3BOJCTBEH-
HBIX (OHIOB B CTOMMOCTHBIX (hopmax 3akitodaeTcs B
obecrieueHnr HaM4ua TpeOyeMoro obdbema aBaHCHpYe-
MOTO OCHOBHOT'O KalWTaJla U OOECIIE€YCHHSI CPEACTB IS
TEKYLIUX pPACXONOB IO CTAaJMUsIM HATypajJbHOIO KpYyro-
000pOTa OCHOBHBIX MPOU3BOJCTBEHHBIX (DOHIOB.
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11. Kpumepuanvnocms — 3akiodaeTcsl B pa3paboTKe
KPUTEpUSI WM HECKOJBKHUX KPHUTEPUEB, OTPAXKAIOIIUX
CTCIICHb NOCTHXXCHUSA KaK JIOKAJIbHBIX ueneﬁ " 3aaa4 UH-
HOBalMoHHOTro Bocnpou3Boactea OIId, Tak u rnodaib-
HBIX. TakuMm 00pa3oM, IEeKOMITO3ULIUS KPUTEPHS SBIISETCS
CJICZICTBHEM JIEKOMIIO3UIIMU LeJIed M 3a1a4. DTO MO3BO-
JSIET TIOJyYUTh HEKOTOPYIO COBOKYITHOCTH KPHTEPHUEB,
HaxOJAIIMXCS B OINpeAesieHHOW uepapxuu. MHTerpaib-
HBIM KpUTEpHii, IOJyUYEHHBIH HA OCHOBE Y4YeTa JEKOMIIO-
3ULUY LIEeH U 3a7ady, SIBISCTCS CIEACTBHEM peann3aliu
MPUHLINIIA HHTETPATHBHOCTH.

12. Jexomno3zupyemocms — 3aKII0OYaETCSI B HEOOXO-
JMMOCTH CTPYKTYPUPOBaHUsI LieJel U 3aj1au IIaHWpOBa-
Hus BocrnpousBozacTtea OIID. DToT nmpuHIMI MOXKET Ie-
PEXOAUTH KaK B MPUHIUIT AUHAMHUYHOCTU NPU JEKOMIIO-
3ULUH npouecca BocnpousBoactsa OIID Bo BpeMeHH Mo
CTagusAM Kpyroobopora u opMaM BOCIIPOM3BOACTBA, TaK
U B IPUHINI MEPAPXUYHOCTH INPH JAEKOMIIO3MLIUH HPO-
1ecca mo ypoBHAM Bocrpon3Boactea OI1D.

13. Junamuunocms — 3aKIIIOYAETCS B HEOOXOAUMOCTH
ydeTa W3MEHEHHUs IapaMeTpoB CHCTEMBI BO BPEMEHH
(BpemenHOro (Qakropa), Mpeanosaras ISKOMITO3UIIHIO
IpoLecca BO BPEMEHH C IIEIIbI0 MOMyUeHHsI ONTUMAIBHO-
ro rpaduka peannzanuu BocrpousBoacTea OIID.

14. Unmezpamusnocms — 3aKIII0YAETCs] B TOCTPOSHUN
MHTErpajJIbHOTO IIJIaHa, KPUTEPHH KOTOPOTO COTNIacyeTcs
C KpUTEpUAMHU YACTHBIX IJIAHOB, IMOJYYCHHBIX B PC3YJib-
TaTe pean3alyy MPHUHIMIIA JIEKOMIO3UPYEMOCTH CHCTe-
MBI IIJIaHOB.

15. Tounocms — 3akmodaercsi B pa3pabOTKE MHCTPY-
MEHTOB, METOJIOB M MOJEJNEH, aJeKBaTHO OTPa’KarOIINX
nporecc Bocmpoms3BoacTBa OIID ¢ yderom XapakTepa
uHpopMauuy HauboJee PENEBAHTHBIX BHYTPEHHUX
U BHEIHUX (pakTopoB. Peanusanus 3Toro npuHIMNA 10C-
TUTACTCS] TOBBILIIEHHEM YPOBHS OIPEAEIEHHOCTH HCXOJ-
HOHW mH(popManuu (MOBBILIEHHE TOYHOCTH POTHO30B) U /
WIN WCIIOJIb30BaHUEM 00Jiee CIIOKHBIX WHCTPYMEHTOB U
METOJIOB IPUHATHUS PELICHUH, COIVIACYIOIIMXCS C Xapak-
TEpOM BXOAHOW MH(OpManuu (MMHUTALMOHHBIE MOJIEIH,
CTOXaCTUYECKHE MOJIEIH U T. 11.).

16. Aoanmusnocms — 3aKiO4aeTcs B CIIOCOOHOCTH
mwraHa Bocmpomn3BonacTBa OIID mpucmocabimBaThcs K
M3MEHeHHsM (aKTOPOB BHEIIHEH W BHYTPEHHEH CpEEl,
XapaKTEPHU3YIOIIMXCSI HEOIPEICICHHOCTBIO.

17. Toorwcoecmeo — 3akmrodyaeTcsi B HEOOXOIMMOCTH
MIPUBEICHNS] pACCMAaTPUBACMBbIX aIbTEPHATUB (BapHAHTOB
BoctponsBoacTtBa OIIP) k comocTaBUMOMY BHAY IIpH
MPOBEJCHUH OLIEHKH UX CPaBHUTEIbHOM 3(pheKkTHBHOCTH.

18. Dpghexmusrnocmv — HEOOXOAUMOCTH B IIPOIECCE
WHHOBAIIMOHHOTO BocnpousBojacTtBa OIID obecnieuntsh
CHIDKCHHE 3aTpaT Ha €IMHUILY NPOIYKLUHUH U TOBBIIICHHE
MIPOM3BOUTEIBHOCTH TPY/Ia.

19. Céanancuposannocms — yKa3pIBaeT Ha HEOOXO-
JUMOCTh OOecnedeHus B IIpoLecce BOCHPOMU3BOJCTBA
c0aaHCHPOBAHHOCTH TPOITYCKHOM CIIOCOOHOCTH B3aMMO-
CBSI3aHHBIX TPYyNH 00OpYyJOBaHMSA, YYacCTKOB M LEXOB,
a Takke CcOATaHCHPOBAaHHYIO 3arpy3Ky OO0OpYZOBaHHS
1 pabo4nX MECT.

HpeHﬂO)KeHHbIe IMPUHIMUIIBI, HA HaAlll B34/, B 3HaA4YU-
TEJILHOM CTENEHH PEIaroT METOI0JIOIHYECKUE TPOOIEMBbI
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9KOHOMHUKO-MATEMATHUYECKAS MOAEJIb ONEHKHN ITIOTEHHHAJIA TIPEATIPUATHUA

Paccmompeﬁo noHAmMue «nomeHyudal npe()npuﬂmuﬂ» U Ha 9mol OCHO8e pa3pa60maHa €20 IKOHOMUKO-
mamemamudeckas MOOeJlb, noseondrowas yiyecniv ocobennocmu nomeHyuala npe()npuﬂmuﬂ KakK ynpaeﬂﬂe/uoﬁ noo-
cucmemsl U KOAU4YeCmeeHHo OYyeHums e2co peailu306annyio u Hepeaiu3oeannyio 1acmu. Hpe()]lOcheHHa}Z MoO0eib 8 nep-
CneKmuee no36oJjislem 66eCmi CUCmemy onmumailbHo2co ynpaeilenus noOomeHyuaiom npednpuﬂmuﬂ.

Kniouesvie cnosa: ynpaejiernue, nomeHyual, npe()npuﬂmue, cmpamecus, paseumue, cécmaycupoeanyaﬂ cucmema

nokaszameineu.

[Iepexon Kk HOBOMY MEXaHHU3MY XO3SMCTBOBaHUS 3Ha-
YUTCJIbHO MOBBICHUJI AKTYaJIbHOCTb HMCCIICAOBaHUSA W BbI-
SIBIICHUSI PBIHOYHBIX BO3MOXHOCTEH MpPEeANpUsTHs, KOTO-
pble HamOoJiee MOJHO BBIPAKAET IOHITHE «IIOTEHIHAI
npennpusatis». OT yMeHHS NPaBUWIBHO HCIIOJIB30BaTh
pacnoyiaraeMble BO3MOXHOCTU B PEILIAIOLIEH Mepe 3aBu-
cUT 3PPEKTHBHOCTh (YHKIIMOHUPOBAHUS TPEIIPUATHS,
TEMIIBI ¥ KaU4eCTBO Pa3BHUTHUS ero Om3Heca. B 3Toit cBs3n
0ombIIIOe 3HAUEHUE MPHOOPETAIOT BBISIBIECHUE W KOJIHMUE-
CTBEHHAas OLEHKA IOTEHLMAJA MPEANPUATHS, €TI0 peayln-
30BaHHOW W HEpEaTN30BaHHOW dYacTei. YKazaHHbIE 00-
CTOSITENBCTBA AKTYIU3UPYIOT HEOOXOJUMOCTh TEOPETH-
YEeCKOT'0 pelIeHHs] COBOKYITHOCTH 3a/1a4, Kak B YaCTH Me-
TOJO0JIOTMH, TaK M B 4YaCTH HHCprMeHTaﬂbHOﬁ OLICHKH
MOTEHIMAIa MPEINPUATHsI, €r0 MaTEMAaTUUYECKOr0 Moje-
JIUPOBAHMUS.

Haunnas ¢ 1980 r. omy6irkoBaHO MHOTO padoT, pac-
KpPBIBAIOLUX Pa3JIMYHbIE ACHEKTHl MOHSATUS «IIOTEHLHAI
NPEANPUATUS. BOJNBIIMHCTBO M3 HHUX OTMEYAIOT BaX-
HOCTh HM3Y4YEHHs NPOOIEMBI OLIEHKM IMOTEHIHalla U COo-
JIEp’KaT CYyILLIECTBEHHBIE pa3M4Msl B €ro OIPEIEICHUM.
B omnpenenenun NOHATHS «IIOTEHIIMAD» B OCHOBHOM TIpe-
obnamaer pecypcHblii moaxoa. Hampumep, Takoi moaxon
npuHAT B padorax [1; 2]. JI. B. /laBbinoB, naBas HecTpo-
roe ¥ HehopMaTM30BaHHOE OIPEZeIeHUE, TAKIKE UCXOUT
U3 YUCTO PECypcHOro noaxona [3]. ABTOpBI JOCTATOYHO
yriTyOJIEHHO PACKpPBIBAIOT 3TO MOHSATHE U PACCMaTPUBAIOT
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rpadoaHaIUTHYECKYyI0 MOJIeNb TOTEHIUala TPEIpH-
aTus, He opManusys ero onpenesieHne. OHU OTMEYAlOT,
YTO MOTECHIMAN NPEIIPHUATHS — 3TO CIIOXKHAS, THMHAMIYE-
CKas CHUCTEMa M K €ro 3JIEMEHTaM MOXXHO OTHECTH BCE,
YTO CBS3aHO C ()YHKIMOHMPOBAHHEM W PA3BUTHEM IIpell-
npusitusi. C aBTOPaMU CJIeyeT MOJTHOCTHIO COTJIACHTHCA.
Ho, 3ametum, Ha CTPYKTypy MOTEHIMANA TPEANPUATHS
OHU CMOTPSIT KaK Ha HEKYIO arjomepanuio. BeposTHo, B
9TOit CBsI3U B paboTe HE JAHO MATEMAaTHYECKOTO OIpe/ie-
JICHUSI TIOHSITHUS KIOTeHIMAJ peanpustus». Kpome Toro,
MPUBEIEHHBIA B paboTe MOAXO0/ HE MOKA3bIBAET, KaK KO-
JIMYECTBECHHO BLIABUTH PEAJIM30BAHHYIO U HEPCAJIU30BaH-
HYIO 4YaCTu NOTC€HUHalla, U HC YYUTBIBACT BJIUSAHUC I10-
Tpebureneil NpoayKuuu 1 (HakTopoB 0Oy4YEHUs] U pOCTa
Ha MOTEHLHUAJ IPEIIPHSATHS.

Bonbioii nHTEpEC mpencTaBiseT padoTa, Irie aBTOphI
NPENIPHUHSIIN TIONBITKY MNPEACTABUTH MOTCHLMAN MPEA-
NpUATHS B BUJIe GYHKIIMOHAIBHON 3aBUCUMOCTH OT COBO-
KyIHOCTH (aKTOpPOB, KOTOpas, B MPHHIKIE, OIHOBPE-
MEHHO PacKpBIBaeT CTPYKTYpy moTeHnuana [4]. Ilpu stom
OHHU CIPABEJIMBO 3aMEYal0T, YTO MOTEHIUAJ MPEIIpH-
SITUSI HEJB3S PACCMATPUBATh KaK IIPOCTYI0 CyMMY KOMIIO-
HEHTOB, €r0 COCTABJIAIONINX, KOO B JIFOOOW MPOU3BOJICT-
BEHHOM CHCTEME «IIPOMCXO/UT CI0KHOE B3aUMOJICHCTBHE
COCTaBJSIIOLIMX TIOTEHIMaNa cucTeMbl». Kpome Toro,
NOTEHLUWAN OPEANPHUATHS CTABUTCS B 3aBHCHMOCTD HE
TOJIBKO OT pacHojaraéMbIX PEecypcoB, KaK 3TO JIeJIaeT
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MOJABJISFOIIEE OOIBIIMHCTBO aBTOPOB, HO M OT OPraHU3a-
U CUCTEMbI U BIIUSAHUA CPCIbI.

[ToaBoas UTOr KpaTKO NMPOBEACHHOMY aHAJIN3y OIpe-
JICTICHUs] TIOHATHSL «IOTECHIMAT», OTMETUM Clie/yoliee:
1) npoGiiema (popmMaTM30BaHHOTO ONpPEENICHUS] TIOHITUS
«IIOTEHIMAJl TIPEIIPHUITHS U €0 MaTeMaTHYeCKOTO MO-
JISTTMPOBAHMS B HACTOSIIIEE BPEMsI CBOETO OKOHYATEIIHLHO-
TO pemIeHUs] He HallIa ¥ TpeOyeT NalbHEHIINX HCCIeno-
BaHWH M TEOPETHUYECKOTO PEIICHMSI KOMITIEKCa 3a1ad KaK
METOMOJIOTHYIECKOT0, TaK M METOJUYECKOTO IUIaHa;
2) MaTeMaTHYeCKH TOTCHIUANT NPEINPUsITHS JOJDKEeH
OBITh BBIpaXKEH (YHKLUEH, HA30BEM €€ NOMeHYuaibHol,
MHOXXECTBa B3aUMO3aBHCUMBIX (DAKTOPOB, KOTOpEIE,
B CBOIO OUepe/ib, 3aBHUCAT OT (PaKTOPOB BTOPOTO MOPSIJIKA;
3) 3JIeMEHTHI 3TOT0 MHOXECTBA JOJIKHBI CUCTEMHO OTpa-
XKaTh BCE MHOTr000pasne BIHUSIOIIUX MPOLECCOB U (aKTo-
POB pa3IUyYHOIl IPUPOABI, CBS3EH M OTHOLIEHUH, CyIIeCT-
BYIOIIMX KaK BHYTPH IPENNPHUATHS, TaK U BO BHEIIHEH
cpele, a TaKkKe CBA3€M M OTHOLUIEHUN MNPEANPHUSATHS C
BHEITHEH cpenoif; 4) KaKIpli 2JIeMEHT paccMaTpUBaeMO-
ro MHOXecTBa (paKTOPOB HODKEH OBITh IPEACTABHUM B
¢dopme, KoTOpast MO3BOJIAET KOJIMYECTBEHHO OTPa)KaTh
€ro BIMSHHE Ha MOTCHLHUAN MPEINPHATHS; 5) HMOTECHIH-
anbHas (QYHKIUS JOJDKHA HO3BOJATH aHAIUTHYECKH OIl-
peneNsiTh peaju30BaHHYI0 W HEPEeaIM30BaHHYIO YacTH
MoTCeHIMaJIa NPpEATTPUATUA U €0 KOMIIOHCHTOB.

I_ICJ'II)IO CTaTbU ABJACTCA PACKPBITUC UACHU MAaTEMaTH-
YEeCKOro MOJEIMPOBaHMS IOTEHIMANa MPENIpUsITUS Ha
OCHOBe: a) 0000meHHOT0 (HOPMATM30BAHHOTO OMpereiie-
HUSI TIOHSITHSL «HOTSHIHMAT HPEATIPUSTHSDY; 0) MCHONB30-
BaHMS MHOXKECTBA IMOKa3zarese cOamaHCUpOBAHHOW CHC-
tembl okazateneit (CCII) [5], koTopeie HanboJIEE MOTHO
1 BCECTOPOHHE (TO €CTh CHCTEMHO) OTPaKalOT BCE MHO-
rooOpa3zue BIHMAIONIMX HA NOTEHIHaN (akTopoB; B) BblJe-
JIEHUSI pEealn30BaHHOM M HEpealM30BaHHOM dyacTei mo-
TEHIIMaJIa ¥ COCTABIISIOIINX €0 KOMIOHEHTOB.

[Tpu 3TOM B CHJly OrpaHUYE€HHOCTH 00BbEMa BOIPOCHI
CTPYKTYpH3allud M KIAacCU(pUKAUUK IMOTEHIHana Ipen-
MIPUSATHS 314€Ch HE pacCMaTpHUBAIOTCS.

OHpe[leJ'II/IM MAaTE€MaTHYCCKHU IIOHATUE «IIOTCHIIMAJ
MIPEANPUATH» CleAyromuM oopazom. IloreHnunan mpen-
MIPUATHS — 3TO CiIydaifHas WK JeTePMUHHPOBaHHAs CKa-
JSIpHAsi BENMYMHA @, XapaKTepHU3YIOIlas pean30BaH-
Hble U HEPEATN30BAHHBIC BO3MOXHOCTH MPEANPUSITUS
IIPU  JIOCTIKEHWH MM COBOKYITHOCTH IIOCTaBJIEHHBIX
mened B mpoliecce CBOEro ()yHKIMOHUPOBAHUS W IIPEI-
CTaBIIAIONIAsl COOOH CKAIAPHYIO WIM BEKTOPHYIO (yHK-
ouio (MOTeHIManbHyl QyHKIW0) AK, f) MHOXecTBa
(axTopoB K, XapaKTepH3yIOIUX AESTEILHOCTD MPEIpH-
STHUS, U BPEMEHHU £, TO €CTh O, = f (K, 1), tne K = {ky, k,,
k.}; ki — i-it paxrop; n — uncno ¢akropoB. B mHOTOMEp-
HOM IIPOCTPaHCTBE (HaKTOPOB MOTEHIMAT HPEANPUSTHS
Hpe/ICTaBIsIeT co00i TOUKy, a MPOEKLUH BEKTOpa, MPoBe-
JICHHOTO M3 Hadajga KOOpIWHAT B 3Ty TOUKY, HA OCH KO-
OpJIMHAT OTPAXKAIOT CTETIEHb BIMSHUS (BEKTOPHYIO JIOJIIO)
KakJo0ro (akTopa Ha MOJIOKEHUE ITOH TOYKU B paccMat-
pHUBaEMOM IIPOCTPAHCTBE U, CIEI0OBATEIBHO, HA BEINUYNHY
MOTeHIMaNa IpeanpusTus. [Ipoeknun 3Toro Bekropa Ha
OCH KOOPAUHAT ABJIAIOTCA B OIMPEACIICHHOM CMBICJIIC KOM-
MMOHEHTAMH MMOTEeHIIMAaNa mpeanpusiTus (puc. 1).
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MHOXecTBO (HaKTOPOB ¢ NX HANMEHOBAaHUAMU U CTere-
HBIO (J1071€#) BIMSHUS KaXKI0TO U3 HUX Ha MOTEHLMA MpeJi-
NPUATHS, & TAKKe Pa3MEPHOCTh (PaKTOPHOTO MPOCTPAHCTBA
OTpaXXaroT CTPYKTYPy NOTEHIMAJIA IPEITIPUSATHUSL.

)’.'BA

A Hp i
nn Do

— .
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Puc. 1. Minroctpanus onpeencHus pealu3oBaHHON u
Hepealu30BaHHOH yacTell moTeHnuana
MPeANPHUATHS

PaccMoTpeHHOE oOmpe/ielieHne MO3BOJSIET PACKPBITH
(DYHKIIMOHATIBHYIO B3aUMOCBSI3b KOMIIOHEHTOB TOTEH-
[Majga NpPEeANpUsITUS; YUeCTh, ONUPAsICh HA HMCIOIb30Ba-
aue CCII, MHOXeCTBO BIHUSIOMHUX (DaKTOPOB; BEIIBUTH
PeaTM30BAHHYIO U HEPEATN30BAHHYIO YACTH MOTCHIHAA
U COCTaBIISIOIINX €0 KOMIIOHEHTOB.

[Iyctp, He Tepsist OOIIHOCTH, HEKOTOPBIM MOTEHIIHAI
onpenessieTcss TpeMs (paKToOpaMu, BIMSHHAE KOTOPBIX OT-
pakaroT mokaszarenu ki, k; ¥ ki, ¥ MyCTh M3BECTHBI MaK-
cuMalbHble (MM CPeJHHEe) MO OTPACIM 3HAYCHHS 3THUX
nokasateseil. Toraa, HOpMHUPYS TEKYIME 3HAYESHUS TTOKa-
3areneit ky, k, v k; Ha ©X MaKCHMAaJIbHBIC IO OTPACIH 3Ha-
ueHHs, TOTy4HM HOPMMPOBAHHEIE 3HaueHus ki, k, u ks
TuxX K03(duieHToB. BrosHe OYEBHIHO, YTO MAKCH-
MallbHbIE HOPMHPOBAHHBIC 3HAYEHHS JTHX MOKa3aTenen
COOTBETCTBYIOT WJICAIbHOMY CIIy4ar0 M PaBHbI CIHHUIIC,
10 ecTh ky = 1,% = 1 u k3 = 1. B peansHOM citydae HOp-
MHpPOBaHHBIE 3HAUCHNS ToKa3aTenei &\, k' u ki’ MeHbIIe
enuunnpl. OTIOKUB 3HAYCHMS TOKasatenei ky, &k, u ki
u kP, k’ v ki Ha COOTBETCTBYIOIIMX OCSIX, MOCTPOUM
BEKTOPBI @ ¥ Pr.

Torma: a) KOHEI[ BEKTOPa @, ONPEIENAET MONOKEHUE
TOYKH, COOTBETCTBYIOUIEH MAaKCUMallbHO BO3MOYKHOU B
JIAHHBIX YCJIOBUSIX BEJIMYMHE MOTEHIUATA, @ €r0 MOIYJb —
BEJIMYKMHY MOTEHIMANA B HWJAEAJIbHOM Ciydae; 0) KOHell
BEKTOPA (" ONpEAEseT MOJIOKEHNE TOYKH, COOTBETCT-
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BYIOIIIEH 3HAUEHHIO PEATM30BAHHOTO TTOTEHIHANA B TEX JKE
YCIIOBUSIX, @ €r0 MOAYJIb — BEJIMUMHY PEATN30BaHHOTO TO-
TCHIUAJIa, oNpeACIA€EMOIro HOPMHUPOBAaHHBIMU 3HAUYCHUAMU
kP, k" v k3P mokasatesteit ky, k, ¥ k3 COOTBETCTBEHHO.

BenuunHy Hepeann3oBaHHOTO MOTEHUHUATIa MOXKHO
ONPEJENIUTh KaK Pa3HOCTh BEKTOPOB:

(p_rme = (p_nnu - (P_nnp~

Moyib BEKTOpa @y, MOTEHIIHANA B A-MEPHOM IIPO-
CTPAHCTBE B HJCAIFHOM CITydae ONPEAEISIeTCS BBIpaXe-
HUEM

Monynb BekTOpa ¢, Peajn30BaHHOrO MOTEHIHANA
B 1-MEPHOM IPOCTPAHCTBE ONpEAEAeTCS BEIpa)KeHHEM

=\/%12 thototh =P+ 412 =n

R
MOHyJ'H) BEKTOpa @, pCalM30BaHHOI'O IIOTCHIIMAJIA B N~

—H
(Pl'Il'I

MEPHOM IPOCTPAHCTBE OPEACIIACTCA BbIPAKCHUEM

(zr)z +(zs)2+...+(;5)2 <Jn

—p
Prn

—up
Mopuyab BEKTOpa @, HEpPealu30BaHHOIO NOTEHLHUANIA
B N-MEPHOM MPOCTPAHCTBE ONPEEISIETCS BEIPaKEHNEM

_ —\2 _ _ _ _\2
_ (kl—k{’) +(k2—k§) +...+(kn—k,’f)

—p 2 —p 2 —p 2.
(1—k1) +(1—k2) +...+(1—kn) .

Takum o0pa3oMm, choOpMyJIMpOBaHHOE OIpe/eNeHne
MOTEHIIMAa XapaKTepH3yeT, ¢ OJHOI CTOPOHBI, CIIOCO0-
HOCTb MpeANpHATHA (YHKIHOHUPOBATH U MPAKTUYECKH

—np 2

juing

-p
HCII0JIb30BaTh MMCHOIIUECSA BO3MOXHOCTHU (BeKTOp (O ),

C JIpyroii, — oTpakaeT BO3MOXKHOCTH Pa3BUTHS IPEANPH-

—up
ATHA (BEKTOP @, ). DTO IO3BOJISET KOIMYECTBEHHO OlLlE-

HHUTb peajlM30BaHHbIC U HEPEAIN30BaHHbIE BO3MOKHOCTH.

Kax BUAHO U3 MPUBCACHHOI'0 ONPECACICHUSA, TOTCHIU-
I TIPEINpPHATHS — 3TO CJI0XKHOE 00pa3oBaHHE, JUHAMH-
YEeCKM pa3BHBAIOIEECS [0 OIPEJCIICHHBIM 3aKOHAM.
B o0mem ciydae Ha MOTEHUMAN NPEINPHUSTHS BIIUSIOT:
a) ¢opMa mpeaIpPUHUMATENBCTBA U aJCKBaTHAs € opra-
HU3aIWs IPEIIpUsATHs; 0) 00beM M KaueCTBO MMEFOIIHX-
Csl B €r0 PaclOpsDKECHUU PECYpCOB M PE3EPBOB, pacrioia-
raeMoro Karuraja; B) OCHOBHbIC (DOHIBI; T) CIOCOOHOCTH
W KadecTBa PYKOBOJIMILEr0 COCTaBa W PaOOTHHUKOB;
1) MHGOPMAIOHHbIE M MHHOBAIIMOHHBIE BO3MOXKHOCTH
NPEAIPUATHSL.

BiusiHre atux (hakTOpoB OTparkaercsi B 3HAYEHHSX
COOTBETCTBYIOIINX ITOKa3aTeNel, Harprumep, B 3HAYCHUIX
(PMHAHCOBO-3KOHOMHYECKUX K03 puuneHToB. [Tostomy B
nensix 3G QexkTHBHON OLIEHKH 3KOHOMHYECKOTO COCTOSHHUS
W, CJIEeNOBAaTENbHO, Y(PPEKTHBHOTO YIIPABICHUS IOTEH-
UAJIOM TPEANpPUSITUS [EJecO00pa3HO HCHOIb30BaTh
CCII, mpennoxennyto Pobeprom Kammanom u [I3Bumom
HoproHoMm u 10CTaToyHO MOJAPOOHO PACCMOTPEHHYIO B
pabore [5]. CyTh 3TOH CHCTEMBI KPAaTKO PAaCKPBIBAETCS
JIBYMSI OCHOBHBIMH TIOJIOKCHUSIMHU: &) OJJHUX (PHHAHCOBO-
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9KOHOMHYECKHX ITOKa3aTeNeH A1l CHCTEMHOTO OIMHMCaHUS
COCTOSAHUSA MPCANPUATUA HE JOCTATOYHO, UX HeO6XOI[I/lMO
JIOTIONTHUTH JPYTMMHU TOKa3aTesisiMu; 0) JaHHas CUCTeMa
NoKazaTesiel MOXeT OBITh MCIOJIb30BaHa HE MPOCTO Kak
KOMIUIEKCHBII MHIIMKATOP COCTOSIHUS NPEANIPUSTHS, a KaK
0aza JuIs MPUHATHS PELISHUH 110 YIPaBJICHHIO TOTEHIINA-
JIOM TIPEIIPHUATHEM.

C momomipro CCII cocTosiHUE TPEATIPUSTHS MTOTHO U
BCECTOPOHHE ONMCBHIBACTCS 110 HYETHIPEM HAIPABICHHSIM
JIEITENBFHOCTH TpeanpusaTus: 1) ¢uHaHCOBOMY Hampas-
JICHHIO; 2) TOTPEONUTEILCKOMY HANPaBJICHUIO; 3) HAIpaB-
JICHUIO BHYTPEHHHX IPOIECCOB U 4) HAINpaBICHHUIO 00Y-
4yeHus u pocrta. Kaxnoe u3 stux nampasnenuit CCII xa-
paKTepu3yeTcs COOTBETCTBYIOILEH TPYNIION AOCTaTOYHO
Ooubloro KonuyecTsa nokasareneit. [Tokazarenu kaxmo-
TO M3 YeThIpeX HallpaBiEeHUH 10 CBOEH CyTH OTpakaroT
COOTBETCTBYIOUIMH KOMIIOHEHT MOTEHIUaIa IPeIIpH-
stust. [Toatomy, ucnons3ys CCII, noTeHunuan CTpyKTypHO
MOXHO TIPEJICTAaBUTh YETHIPbMSI KOMIIOHEHTAMH: ITOTEH-
MajaoM (PMHAHCOBOTO HANPABICHHUS; MMOTEHIUAIOM II0-
TpeOUTENBCKOTO HANpaBJIeHNUs; MOTCHIMAJIOM HarlpaBJiie-
HUsI BHYTPEHHUX ITIPOLIECCOB M MOTECHIUAJIOM HalpasJie-
HUS 00y4eHus u pocra. B cBoio ouepenp, KaIplil MOKa-
3aTenp Kaxaoro HampasieHus CCII taxke oTpaxaer co-
OTBETCTBYIONIMH noTeHuan. CienoBaresibHO, MTOTEHIAAI
Ka)XJIOTO HaIlpaBJIEHHUsI TaKXKe MpPEACTaBUM HEKOTOPHIM
MHOXKECTBOM KOMITOHEHTOB. Takum o0pa3oM, MmoTeHuua
NPEANPUATHS TPU YHPABJIECHUH €ro COCTOSHHEM C HC-
nons3oBanueM CCII umeer cnoxHyro CcTpykTypy. Ilpu
3TOM CIJIOKHOCTh CTPYKTYpBI NOTEHIHANIAa MOXET pa3BH-
BaThCS B 3aBUCHMOCTH OT IOTpPeOHOCTEH pemaeMoil mc-
CcJIeioBaTeNIeM 3a1adH.

Paccmotpum (opMmupoBaHuEe MOTEHIMANA IMPEANPH-
satus ¢ ucnoap3oanueM CCII cormacHo mpeaoKeHHOMY
ompeneneHuto nmoreHnuaia (puc. 2). He tepsst obmuoCcTH,
Oyzem mpennonaraTb, 4TO COCTOSHME KaXKIOTO M3 Ha-
MIPaBJICHUHA MOXKHO OIIGHHUTH C NMOMOIIBI0 2—3 ToKa3are-
neit. Ilycte, Hampumep, MOTCHIMAN a) (PUHAHCOBOTO
HampasieHust (puc. 2, a) ompenessiercs 3HAYCHUSIMU
NoKazaTeJiel JIMKBUIHOCTH, TUIAaTEeKEeCIIOCOOHOCTH M PeH-
tabenbHOCTH; ©0) MOTPEOMTENHCKOTO — HANpPaBIICHMS
(puc. 2, 6) — 3HaYCHWSAMH TIOKa3aTeleld MPEeCTIKHOCTH,
Ka4ecTBa TOBAapa M BBITOJHOCTH JOITOCPOYHOTO COTPYI-
HUYECTBA; B) HaNpaBlieHUs1 00y4eHus U pocta (puc. 2, 8) —
3HAYEHUSMHU TI0Ka3aTeNel, XapaKTepU3YIOUIUX OTHOIIE-
HUSI B KOJUIEKTHUBE M TUIMYHBIE WHTEPECHI JIOACH, CTe-
MEHb YIOBJIETBOPEHHOCTH TPYAOM U IPOU3BOANUTEID-
HOCTh TpPYJAa; 2) HaIpaBJeHHE BHYTPEHHUX IPOLIECCOB
(puc. 2, ) — 3HaYeHUSAMH IIOKa3aTeliel, XapaKTepu3yro-
IIMX MHHOBAIMOHHBIA TPOIECC M PEryJsipHbIC OW3HEC-
MIPOLIECCHI, @ TAK)Ke MOTEHIIMAIOM O0Yy4eHHs 1 pocTa.

Torna moTeHIMaN OPEANPUATHS ¢, MOXXHO OIpere-
JUTh KaK BEKTOPHYIO CyMMy (pucC. 2, 0) TOTCHIHAIIOB

(hMHAHCOBOTO  HAaNpaBICHUS HOTPEOUTENBCKOTO

(\qu )
HaIpaBJICHUA (PHH W HaIpaBJICHUS BHYTPEHHHUX ITPOLIEC-

COB (., TO €CTh

(prm = 6(1)1{ + 6HH + 6HBH N
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Puc. 2. ®opmupoBanue noTeHLIMaNa IPEANPHUATHS ¢ UCIIOIb30BaHHEM COAIaHCHPOBAHHON CUCTEMBI IOKa3aTenen

KOHLBI BEKTOPOB @1, @y s Py U Py OLPEIEIISIOT

MOJIOKEHHE TOYKH B MPOCTPAHCTBE COOTBETCTBYIOIIHMX
(haKTOpOB, a MX MOMIYIHN — BEIMUHHY COOTBETCTBYIOIIETO

noTeHuuana. Mofyiab BEKTOpa @, Ha30BEM IOTEHLHUA-

JIOM NPEANPUATHS, BEKTOPBL @y, Py U @y — KOMIIO-

HEHTAaMH 3TOTO MOTCHIMANA, & UX MOJYJIA — BEIUYUHY
COOTBETCTBYIOUIETO KOMITOHEHTA.

PaccMOTpeHHOE reoMeTprUvecKoe Mpe/ICTaBICHHe MO-
JIeNM UCaNTN3UPOBAHO C 1IeJIbl0 00eCreueH s HarJIsIHO-
CTH TIPENICTABJICHHS W YIPOIICHHS NOHUMaHus uiaeu. Pe-
aJIbHO MaTeMaTu4deCcKasad MOACJb INOTCHIMaJIa U €0 KOM-
MIOHEHTOB UMeeT OOJIBLIYIO pa3MEPHOCTh U JIOJDKHA MPEe-
CTaBJIATBCA B BEKTOPHO-MATPUYHOM BHUIC. YMEHBIINTD

Pa3MEpPHOCTh MOXKHO HCIOJb3Ysl METOJOJOTHIO TEOPHU
HKOHOMHUYECKOTO JIHATHOCTUPOBAHUSI: BBIICIUTh MPO-
OJieMHBIC 00JIACTH ACATCILHOCTH HPEANPHUITHS; UICHTH-
(DUIUPOBATh MX COCTOSIHHS M Pa30HTh Ha KJIACCHI; OMpe-
JIEITUTh JUIsl KAXIOr0 Kilacca AUArHOCTHYECKUE TPU3HAKA
U COCTAaBUTh COOTBETCTBYIOIIME CJOBapU MPH3HAKOB;
BBIOpAaTh Il KaXIOro Kjacca IOKa3aTelUu-NPH3HAKH,
oOecrieynBaroIIe HHINKAIMIO U PAcliO3HABAHUE COCTOS-
HU MPOOJIEMHBIX 00JIACTEH eI TeTBPHOCTU PEATIPHUSITHS.

[pemnoxxeHHOE (HOPMATH3OBAHHOE OIPEICICHUE ITO-
HATHSI «ITOTCHIMAN MPEIIPUATHSI» U €r0 MOJENIb I103BO-
JSIFOT yYECTh CIEAYIOIIUE OCHOBHBIE OCOOCHHOCTH II0-
TEHIIMANA MPEANPUATHS KaK yNPaBIsieMOU MOJCHCTEMBI:
1) moTeHIMaN MPENIpPUATHS — 3TO CIOXKHAs CHCTEMa II0-
TEHILIMAJIOB, MEXKAY KOTOPHIMH CYIIECTBYIOT MHOI000pas3-
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HBIE CBSI3M M OTHOILIECHUS PA3INYHON CTETICHU CJIOKHOCTH
U KOTOpBIE B COBOKYITHOCTH MOTYT 00pa30BBIBAaTh MPOU3-
BOJIHBIE, CIIOJKHBIE 110 CTPYKTYpE MOTEHINAJIBI; 2) MHOTO-
o0Opasue KIacCU()PUKAIMOHHBIX TMPU3HAKOB U CIOKHOCTb
KJIacCU(UKAIMK TMOTEHINANIA NPEANPUSTHS MPUBOIAT K
HEOJHO3HAYHOMY €ro CTPYKTYPHPOBAaHHMIO KaK YIpaB-
JISIEMOM OACUCTEMBI; ITO3TOMY CHCTEMa KJIaCCU(PHKALINH
(m, crenoBaTenbHO, CHCTEMa IOKa3aTeNel) JOHKHA BBI-
OmpaTbCs CTPOTO UCXOMS U3 pelraeMoii 3a1adn; 3) crmocod
CTPYKTYPHPOBAHUS TOTEHIHANA MPEINPHATHS TaKKe
omnpeesnsaeTcsl MOCTAHOBKOW KOHKPETHO pelaeMou 3ajia-
YM, YTO IIO3BOJSIET pEaM30BaTh aJalTUBHOE OTHOCH-
TCIBHO CJIOKUBIIUXCA yCJ'IOBI/lﬁ YIpaBJICHUC MMOTCHIUA-
JIOM; 4) MOTCHIUAJI MTPEANPUATHA U €0 KOMIIOHEHTBI MO-
IyT TIPUHHAMATh CYOBEKTHBHYIO (QOpMy; 5) moTeHnman
MpeAnpusiTHs (yHKIHMOHUPYET B YCIOBHUSX MOCTOSHHOTO
1 MHTEHCHBHOTO BO3JICHCTBHSI BHEIIHMX BO3MYIIAIOIINX
(haKTOpOB M B YCJIOBHUSX IOCTOSIHHOTO PHCKa, TO3TOMY K
HEMY TPEIbIBIIIOTCS JKECTKHUE TPeOOBaHMS IO CBOEBpE-
MEHHOMY BOCIPOM3BOJICTBY C ILENbBIO TOANCP)KAHHSA Ha
YPOBHE, IOCTaTOYHOM MJIsI YCTOWYHMBOTO (DYHKIIMOHUPO-
BaHUS M PA3BHUTHUS NPEANPHATHA; 6) HA COCTOSHUE U HC-
M0JIb30BaHNE MOTEHLMANA CHIBHOE BIIMSIHUE OKA3bIBAIOT
CyOBEKTHUBHBIE (DAaKTOPHI, YTO BBI3BIBACT HEOOXOAMMOCTH
peUICHrs CONUAJIbHO 3HAYUMBIX 3aJiad.

[pennoxxeHHass MaTeMaTHYeCKasi MOJIENb TTO3BOJISIET:
1) yuuThIBaTh pa3nu4Hble MO MpUpoJe (SKOHOMHUYECKHUE,
COLIMAJIbHBIC, TCHXOJIOTHYECKHE, IMOJIUTHYECKHE W Jp.)
B3aMMO3aBUCHUMbIE (DAKTOPBI, BIUSHHUE KOTOPBIX MOXET
OBITb OTPAXXEHO COOTBETCTBYIOLIMMHU HOKAa3aTesIMu;
2) WCHONB30BATh OTPAOOTAaHHYIO CHUCTEMY IIOKa3aTelneit
JUISL OIIEHKHM BIMSHUS Pa3IMYHBIX (DAKTOPOB Ha MOTEHIH-
aJl IPeAnpUsATHs; 3) OTHOCUTEIBHO IPOCTO YBEIUYUBATH
€€ TOYHOCTh IIyTEM IIPOCTOTO y4eTa BIMSHHS JOMOJIHH-
TEJBHO BBIABICHHBIX (DaKTOPOB (CBOMCTBO OTKPBITOCTH);
4) oTpa3suTh CTPYKTypy MOTEHIMajda MpeIIpusiThs;
5) KOTMYECTBEHHO OLICHUTH MOTECHIUAI TIPEATIPHUSTHUS, €T
pealn30BaHHYI0 M HEPEaTU30BaHHYIO 4acTH; 6) OlEHH-
BaThb NOTEHIHMAIbl NPENNPUITHS, €ro IO0Jpa3eieHui,
JIOJDKHOCTHBIX JIUILI, pAOOTHUKOB H T. 1. (CBOICTBO YHHBEp-
CaJIbHOCTH); 7) UCIIOIb30BaTh OTHOCUTEINIBHbIE BEIMIUHBI 1
CPaBHHUBATH TOTCHIHABI PA3IMYHBIX TPEINPUATHH, B TOM
YHCIIe, TPUHAIIEKAINX PA3ITMIHBIM OTPACIISIM.

Takum o06pa3om, mpeATIoKEHHAS MaTeMaTHIECKasi MO-
JIeNib, B OCHOBY KOTOPOH MOJOXEHO (hopManin3oBaHHOE
OIIPENCIICHHE IIOTEHLHANIA MPEANPUATH, HHTEIPAIBLHO
OTpaXKkaeT CIIOCOOHOCTh MPEeINpUATHS TpaHchHopMupo-
BaTh Pa3HOIUIAHOBBIC BO3MOXKHOCTH, BBISBICHHBIC B OII-
PEICICHHBIX PBHIHOYHBIX YCIOBUSAX, B SKOHOMHUYCCKUE
OJlara ¢ IeIbI0 MaKCHMAJIbHOTO YAOBJICTBOPEHHS KOPIIO-
PaTHBHBIX W OOIIECTBEHHBIX MHTepecoB. OHA, ¢ OXHOI
CTOPOHBI, OTPa)kaeT BO3MOXKHOCTh TPEeaNpusATHS (DyHK-
IIUOHUPOBATh U Pa3BUBATHCS, C APYTrOM — XapaKTepU3yeT
YPOBEHb MPAKTUYECKOTO HCIOJIB30BAHUS HMMEIOIIIXCS
BO3MOXKHOCTEH. DTO MO3BOJISET KOJIMYECTBEHHO OIICHHU-
BaTh PEaJM30BaHHBIC W HEPEATH30BAHHBIC BO3MOXKHOCTH
HpeHHpI/IﬂTHﬂ ", KaK CJICACTBUC, OIITUMAJIBHO praBHﬂTb
€ro NnNOoTCHIHaJIOM B KOHerTHO CJIIOXKUBHINXCA yCJ'lOBI/IHX
JIeATETbHOCTH.

brnxaiiiielt nepcrnekTUBON NanbHEWIIUX HCCIEeN0Ba-
HUH SBIsETCS pa3paboOTKa CUCTEMBI CTPYKTYPH3AIUH I10-
TEHIMAajda TPEeIUpPUATHS, KOTOpas MOCIYXHT OCHOBOM
mocTenyromeii pa3padoTKH ero 000O0IIEHHON aHAINTIYe-
CKoit Mozeny, u aHanu3 ee 3()(PEeKTUBHOCTH, a TAKXKE pas-
pabotka Mozaenu TpaHchopMaluK MepBUYHON HH(pOpMa-
Uy (HampuMep, O COCTOSIHMM TPEANPUATHS, €ro Jaes-
TETbHOCTH, W3MEHYMBOCTH BHEIIHEW cpempl W T. II.)
B OLleHKy IIOTCHIIMaJIa U €ro KOMIIOHCHTOB.
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A. 1. Borodin

ECONOMIC-MATHEMATICAL MODEL OF ASSESSMENT OF CAPACITY OF AN ENTERPRISE

In article the concept «capacity of the enterprisey is defined and on this basis its economic-mathematical model, al-
lowing to consider features of capacity of the enterprise as controlled subsystem and quantitatively estimate its realized
and unrealized parts, is developed. The offered model in the long term allows to realize system of optimum enterprise

capacity control.

Keywords: management, potential, enterprise, strategy, development, balanced system of indicators.
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COBPEMEHHOE COCTOSIHUE U TEHAEHIINU PA3BUTHUA
HNPEAITPUATAUN OBOPOHHO-ITPOMBIIIIVIEHHOI'O KOMIIJIEKCA

Paccmompeno cospemennoe cocmosanue u meHOeHYuu pazeumus npeonpusmuii 000poOHHO-NPOMBIUIEHHO20 KOM-
naeKca, GKAHAS PAKEMHO-KOCMUYECKyI0 ompacis. IIpueedenvl ocHosHble 5mansl peghopmMuposanuss u pasgumusi npeo-
npUAmMULL 060POHHO-NPOMbBIULEHHO20 KoMmuaekca Poccuu, packpuimo ux ocnosHnoe codepoicanue. Obo3Hauenbl 0dicu-
daemble pe3ynbmanivl MOOEPHU3AYUY PAKEeMHO-KOCMUYECKOU OMPAcu.

Knrouesvie cnosa: O50p0HHO-np0Mblm]l€HHblL7 KomnjeKkc, UHHoeayuoHHoe paseumue, ZpClchaaHCKdﬂ npodykuuﬂ.

B oskonommke Poccuu mpeanpusitus 00OpPOHHO-
npomsbinuienHoro komiekca (OIIK), B cuny crienudukn
peanmu3yeMbIX 3ajad, IPEeICTaBIIIOT COOOH BBICOKOTEX-
HOJIOTWYHBIE TPOM3BOJCTBA C  pa3BUTOM  Hay4HO-
TEXHUYECKOH c(epoif, MO3BOJISIONINE BBITYCKaTh KOHKY-
PEHTOCTIOCOOHYIO TIPOTYKITHIO.

YceroilunBoe pa3zBUTUE TAaKOIO poAa MpeANpHUSTUHN
SIBJISIETCSL TIEPBOCTETICHHOW 3ajadeil  obOecredeHms
000POHOCITIOCOOHOCTH CTPAHbl U PA3BUTHS IKOHOMHKHU
B LIEJTIOM.

PedopmupoBanne poccuiickoro OIIK Hauanoch B
nepBoii nojoBuHe 1990-x rogoB, Tak Kak UMEHHO B OTH
rOZIbl IPOU30IILIO PE3KOe MafeHue 00bEMOB ITPOU3BO/ICT-
Ba, yXyauIleHHe (PUHAHCOBOTO COCTOSIHUS IPEIIpHUSTHIH,
HapacTaHWe COLMAJbHBIX mpoOieM. OTHOCHTENIbHAS
cTabmimm3anus crana HaOmomathes ¢ 1996 T., pocT ke
00OPOHHOW TPOMBIIIIEHHOCTH HAYajJcs JIMIIb B KOHIE
1990-x rT. OcHOBHEIE 3Tanbl PeOPMUPOBAHUS U PA3BH-
tus npeanpustaid OIIK Poccun mpencrasineHs! B TaOmm-
e [1; 2].

B mocnenHee Bpemst HaMETHWIIAch IOJIOXKUTEIbHAS
TeHaeHMs pazsutus npeanpustuil OIIK. Oto moareep-
JKIaeTcs CAeAYIOUUMHI CTaTUCTUUYECKUMHE JaHHBIMU [3]:

— 00BeM TPOMBIIIICHHON IMPOIYKINH, TPOU3BEACH-
Hoil mpennpustusimu OIIK 3a sHBape-ampens 2012 r.,
Bo3poc Ha 10,4 % k cootBeTcTBYIOMEMY Iiepuoay 2011 r.;

— B TIPOM3BOJICTBE IMPOIYKIMH TPAXKIAHCKOTO Ha3Ha-
yeHns B sHBape-ampene 2012 1. Habdromancs mpUPOCT
00BEMOB B MPOMBIIUIEHHOCTH OOBIYHBIX BOOPYKEHNH, OH

23%

coctaBul 6 %, MPU 3TOM 3HAYUTENHHO BO3POCIO MPOU3-
BOJICTBO yYKa3aHHOM MPOAYKIIMH Ha 3KCropT (B 2,3 pasa),
B TIPOM3BOJICTBE TPOAYKIWHU JUIi BHYTPEHHETO PpBIHKA
HaOII0aeTCs HeOOIBIIOE CHIKCHUE.

HeoOxoanMo OTMETHTB, YTO pa3BUTHE PpaKETHO-
kocmrmaeckort otpaciu (PKO) okaspiBaer 6ompinoe BIus-
HHUe Ha nestensHOCTh npennpusatuii OIIK B menom. Cre-
JIOBAaTEIbHO, COCTOSHHE WM TECHICHIWUU DPAa3BUTHSA TIpPEI-
npustuii PKO Ha coBpeMeHHOM »dTame MpeacTaBisioT
OoJBITION MHTEpEC.

B cocraB orpacim PKO Bxogutr 91 opranmuzanus
(cm. pucyHok). IIpenmpustus PKO Hambosee BBICOKO-
TEXHOJOTUYHBI U HayKoeMKH. OHU OJTHH W3 TIEpPBBIX -
HaMUYHO M cTaOMiIbHO pa3BuBarorcs. CoriacHo «Crpare-
T Pa3BUTHsI KOCMHYECKOW nesitensHOCTH Poccum 1o
2030 r.» KOpeHHBIM 00pa3oM JOJDKHA M3MEHUTHCS POJIb
npeqnpustaii PKO B 3aHATHHM TUANPYIOMIEH ITO3UIHH
Poccun B 001aCTH KOCMHUYECKON IEATETLHOCTH.

Hmns sroro Ha mpennpustusx PKO co3marores ycio-
BUS JUIA BHEAPEHHS COBPEMEHHBIX TEXHOJIOTHi, Mpouc-
XOIUT yBETHUYCHHUE YHCIIa HHTETPAIIMOHHBIX MPOIECCOB B
PKO nns pa3BUTHS CMEXHBIX OTpacied MPOMBIIIICHHO-
CTH, TIPEIIPUSITHSI HAYMHAIOT KOHKYPUPOBaTh B JPYTHX
PBIHOYHBIX CerMeHTax [4].

Pa3BuTHe oTpaciu Ha COBpPEMEHHOM 3Tare Mpearoa-
TaeTcsl OCYMIECTBISATh 3a CUET ITOJUIEPKHUBAIOIIETO KOM-
IUTEKCa CTPYKTYPHBIX, (PMHAHCOBBIX M BHEUIHENOIHUTHYE-
CKAX YCHIHH TOCy#apcTBa C NPUBJICUCHHEM YaCTHBIX
MapTHEPOB U H