MO,qeﬂlllpOBaHVIe C nmcnoJsib3oeaHmemMm TUNMNOBLIX

cXeM

Mpwm MaLUMHHOW peanusauunm noobon n3 TUNOBbIX
maTtemaTudyeckux cxem (D, F, P, Q, N, A-cxemM) Heob6xoAMMO peLUTb
BOMpPoOC O B3aumopencteum 6r5iokoB mogenu M, npn ncnonb3oBaHUU
aHanNUTN4eckKkoro, MMUTALMUOHHOIO unun KOMOWHUPOBAHHOIO
(aHanUTMKO-MMNTAaUMOHHOr0) NOAXOA0B.

MawwvHHaa wmopens M, cuctembl S npeancrtaBnsAeTcA Kak
COBOKYNMHOCTb OJIOKOB {mi}, 1=1,n. Kaxgbin 6NoKk moaenu MOXHO

oxapakTepusoBaTb KOHeYHbIM HAaOOpPOM BO3MOXHbIX COCTOSAHUUN {Zj},
B KOTOpPbIX OH MOXeT HaxoauTbcs. [lyctb B  TeyeHue
paccmaTtpuBaemoro uHtepsana BpemeHu (0, T), T. e. BpeMeHU nporoHa
(/)

mMoaenu, 6rok n3MeHsieT COCTOSHUA B MOMEHTbI BpemeHu ¢, <T, rpe
j — HOMep MOMeHTa BpeMeHM.

MoMeHTbl BpeMeHN CMeHbl COCTOSIHUW BI10Ka 771,, MOXXHO YCITOBHO

pa3gaenuTb Ha TPU rpynnbl:

1) cnyyYaMHble MOMEHTbl, CBfi3aHHble C BHYTPEHHUMM
CBOMCTBaMM 4aCTuU CUCTEMbI S, COOTBETCTBYHOLEN AAHHOMY OJIOKY;

2) cny4YyavHbleé MOMEHTbl, CBAAI3aHHble C U3MEHEeHUEeM COCTOSHUM
Apyrux O6rnokoB (BKnw4Yas ONMoOKW, UMUTUpPpYHOLLME BO3AEUCTBUA
BHellHen cpeabl E);

3) AeTepMUHUpPOBaAHHblIE MOMEHTbl, CBfi3aHHble C 3afdaHHbIM

pacnucaHuemM PyHKLMOHUPOBaAHUA GNTOKOB Moaenu.
Mpu mopenupoBaHuu Ana kKaxporo 6moka mopmenu m, i=1,n,

HeobxoaumMo (MKcMpoBaTb MOMEHT ouyepegHoOro nepexoga 6noka B



()

HOBOE COCTOsIHME f,”’M HOMep 3TOro CoCTosiHUA Si-, 06pa3ys Npu 3TOM

MaccuB COCTOSIHUMN. 70T MaccuB oTpaxaet  AWHaAMUKY
(pyHKUMOHMPOBAHNA MOAeNN CUCTEMbI, TaK KaK B HeM (pMKcupyrotcs
BCe U3MeHeHusa B npouecce (PYHKUMOHMPOBAHUA MOAENUPYEeMOW
cuctembl S no BpemeHu. B Hayane mopenupoBaHMsas B MaccuB
COCTOSIHUM [O0JTXKHbI ObITb 3aHeCeHbl UCXOAHbIe COCTOAHUSA, 3afaHHble
HaYanbHbLIMU YCITIOBUSAAMM.

NMpun mawmHHOM peanusauunm mopenun M, ee Onoku, nmerowme
aHanoruyHole ¢yHKUMN, MOrytT ObiTb npeAcTaBrieHbl B Buae
oTAesNbHbIX NpPOorpaMmMHbIX Moayrnen. PaboTta Kaxaoro Takoro moayns
UMUTUPYET paboTy BCeX OAHOTUMHbIX ONOKOB.

TunoBas yKpynHeHHass cXxemMa MoAesiMpyroLwero anroputma,
NOCTPOEHHOro No 65I0MHOMY NMpPUHLUNY, AN CUCTEM C AUCKPETHbLIMU

cobbiTusAMM puc. 1.

Hem

Puc. 1.



JTa cxema coAepXuT cnegywwume yYKpynHeHHble moaynu: A —
MoAaysb 3ajaHNA HaYanbHbIX 3HAY€HUU COCTOSIHUMU, coaepKawWwun ABa
nogamoayna (A1 — AanAa 3agaHMs HavanbHbIX COCTOSIHUM
Moaenupyemoro BapuaHTa U A2, — pAna 3agaHus  HadanbHbIX
COCTOSIHMM ANs1 O4HOro NporoHa moaenu); B — moaynb onpepeneHns
oyepegHOro MOMEHTa CMeHbl COCTOSIHUA, OCYLUeCTBIIAIOLWUN

NPOCMOTP MaccuBa COCTOSSHMA WU BblOMparowmn 6nok mopenu m.,

i=1,n, c MUHUManNbHbLIM BPpeMeHeM CMeHbl COCTOSIHMA Min tl.(J); C —

MOAYNb NOrMYecKOro nepekr4vYeHus, cogepxawum Tpu nogmoayns
(C71 — pna nornyeckoro nepexoga no Homepy 6ryoka mogenu i Unu no
BpemMeHu T, T. e. ANA peLleHMsa Bonpoca o 3aBepLueHnn nporoHa; C, —
ana  dukcaumm MHpopmMauuMn O COCTOSAHUAX, MEHSAKLWUXCA nNpuU
npocmoTpe 65ioKa, a Takke ANA onpeaesieHNss MOMeEHTa crieaytoLllen
CMeHbl COCTOSIHUA Onoka m; N HoMepa creaywuwero ocoodoro

coctosiHUA Sp; C3; — pAnA 3aBeplIeHUA MNporoHa B chny4ae, Korga
tl.(’)ZT, dmkcaummn u npeapBapuTeribHOM OOpPadOTKU pe3yrnbTaToB

MmoaenupoBaHusl); D — wmoaynb ynpaBneHUsas uU 006paboTKwy,
cogepxawun aBa nogmoaynsa (D; — pAna npoBepKU OKOHYaHUSA
uccriegoBaHuA BapuaHTta mogenu M, no 3agaHHOMY 4YuChy NMPOroHoB
UM NO TOYHOCTU pe3ynbTatoB MogenupoBaHusa; D, — anA
OKOH4YaTeribHOU 00paboTKkM uHcpopmaumm, Nosly4eHHOU Ha Moaenu
M,,, v Bblaauu pe3ynbTaToB MoAesIMpoBaHuA).

NMocTpoeHne wmMogenupyrowero anroputmMa no Orfo4YHOMY
NPUHLUMNY MO3BOMSIET 3a CYeT opraHM3auuMum NporpamMMHbLIX Moayneu
YMEeHbLNUTb 3aTpaTtbl BpeMeHU Ha mMopenupoBaHWe CUCTEeMbl S, Tak

KaK MalunHHOe BpemMA B ITOM Cliydyae He TpaTUTCcA Ha npocMoTp



noBpropswwmxca cutyaumn. Kpome toro, gaHHasa cxema anroputma
nosiy4aeTcs npotue.

Ecnn roBoputb O nepcrnekruBax, To ONOYHbLIN noaxon co3faeTt
XOpOLIYH OCHOBY ans aBToOMaTun3auum UMUTALNOHHbIX
3KCNEepUMEHTOB C MOAENAMMU CUCTEM, KOTOPAsA MOXET NOSTHOCTLIO UMK
YaCTUYHO OXBaTbIBaTb 3Tanbl cdopmanusaunn npouecca
(pyHKUMOHMPOBAHNA CUCTEMBbI S, NOAFOTOBKU UCXOAHbIX AAaHHbIX ANA
MoAenupoBaHUA, aHanm3sa CBOMCTB MallMHHOU mopenun M, cucteMmbl,
NAaHUPOBaAaHUA U MNPOBEAEHUA  MALUMHHbLIX  3KCMNEepPUMEHTOB,
00paboTKM N nHTepnpeTauum pesynbTaTtoB MOAENUPOBaAHUA CUCTEMbI.

ABTOMaTunsauus npouecca MoaenupoBaHus co3pact
nepcnekTuBbl  UCMONb30BaHUA  MOOEeNMPOBaHMA B  KadvecTBe

MHCTPYMEHTa NnoBceagHEeBHOMU paboTbl CUCTEMHOro cneyuanucra.

XapaktepHaa cuTyaumsa B paboTe TakKMx cCUCTEeM — MNosiBeHue
3aaBOK (TpeboBaHMM) Ha  obcnyxuBaHMe WU 3aBeplUeHUe
obcnyxunBaHua B crlyYyauHble MOMEHTbI BPeMEeHM, T.C.
CTOXaCTUYECKUU Xapaktep npouecca ux QyHKUMOHUpoBaHuAa. B
oowem criyyae MOMEHTbl MOCTYNJfIeHMA 3asiBOK B cUCTeMy S u3
BHeWHeNU cpeabl E oOpa3yT BXoAAWMA NOTOK, a MOMEHTbI
OKOHYaHuA o6cnyXxuBaHusa obpa3syroT BbIXOASL NN NoTOK
00CnyXeHHbIX 3aABOK.

Popmanusysa Kakyr-rimbo peanbHyH cUCTEeMy C nomouwbi Q-
CXeMbl, HeobXxoAMMO TMNOCTPOUTb CTPYKTYpy Takon cucrtembl. B
KayecTBe 3JIeMEeHTOB CTPYKTypbl Q-cxeM paccmaTpuBaroTcs
3fIeMeHTbI TpeX TUMOB:

AN — NCTOUYHMKN;



H — HakonuTenu;

K — kaHanbl obcrnyXXuBaHus 3asBOK.

Q-cxemMy MOXHO cYMTaTb 3ajaHHOMN, eCnu onpeaesieHbl:

1. NOTOKN COObITUN (BXxoAsWMEe TMOTOKU 3asABOK U TMOTOKMU
ob6cnyxuBaHun ana kaxaoro H u K);

2. cTpykTypa cuctembl S (uucno ¢a3 L® uucno kaHanos
o6cnyxuBanus L%, uncno Hakonutenein L kaxaon us L® das
ob6cnyxuBaHusa 3aaBok n ceasn U, H n K);

3. anroputMmbl (PYHKLUMOHUPOBAHUA CUCTEMbl (AUCLUNIIUHDI
oXuaaHuma 3aaBoKk B H u Bblbopa Ha obcnyxuBaHue K,
npasusna yxoaa 3asBoK u3s H u K).

Npu mogenupoBaHuu cuctem, hopmanusyembix B Buae Q-cxem,
YyacTo BO3HUKAKT 3afa4yM MMUTALMM NMOTOKOB 3asiBOK C HEKOTOPbIMU
OrpaHMYeHNsIMU, MO3BONAINMA YNPOCTUTb KaK MaTemaTuyeckoe
onucaHue, Tak U NMpPorpaMMHyI peanu3auuio reHepaTopoB MNMOTOKOB
3asiBOK.

Tak, ansa OpAWNHApPHbIX NOTOKOB c OrpaHMYeHHbIM
nocrieaeMcTtBMEM WUHTepBanbl MeXAy MOMEHTaMuM nOoCTynrieHus
3asiBOK SIBJZIAIOTCA He3aBUCMMbLIMWU U COBMECTHas nNJIOTHOCTb
pacnpegeneHUa MoXeT ObITb NpeacTtaBrieHa B Buae npousBeneHus

YaCTHbIX 3aKOHOB pacnpenesieHnun
F(30s Y20 Y50eed )= F (1) F(32) o f(3,)

Mae fl.(yl.),izl,_k, npu i>1 ABNAKTCA YCNOBHbIMU (PYHKUNAMMU

NMIOTHOCTU BEeJINYMUH y; NpU yCcnoBuUKU, 4YTO B MOMEHT Ha4alna i-ro
UMHTEepBalia MNOCTYynUT 3asBKa. OTHOCUTENIbHO Ha4YanbHOro MOMEHTa

BpeMeHU to HUKaKNX npep,nonox(eHMﬁ He AeJiaeTcA, No3TOMYy beHKLIVIFI

f (yl) — Ge3ycnoBHas.



NMopsaok mMoaenupoBaHMsi MOMEHTOB MNOSIBJIEHUA 3asfABOK B
CTaLMOHAPHOM MNOTOKE C  OrpaHUYeHHbIM nocnenemcTteBmMem
crnenyroLwmn. Us nocrieAoBaTeNbHOCTU  CllydYauHbIX  4Yucen,
paBHOMEpPHO pacnpegerieHHbIX Ha wuHTepBane (0, 1), BbiOMpaeTcs
criyyaMHasa BefiMdMHaA UM dopmMmupyeTcsa nepBbiI UHTepBan y; B
COOTBETCTBUM C

|

fin)=2 1= [ £(y)dy

0

rae A - WMHTEeHCMBHOCTb MNOTOKA COObLITUM, NObLIM M3 cnocoboB
coopmmpoBaHua cnyvYyamHou BenM4YMHblL. MOMEHT HacTynneHus
nepBoro cooObiTMA t; = fyty; cneaywwme MOMEHTbl MNOABMEHUNA
COObLITUI onpeaensaTCA Kak
Ly =4+ Yy s [ =0 T

rae yx — cny4damHas BefinduMHa ¢ NNoTHOCTHLIO f(y).

Mpn c¢dopmMmmpoBaHMa nNOTOKa  COOLITUM, OMNUCbLIBAEMOrO
HecTauMoOHapHbIM pacnpepeneHnem [lyaccoHa € MrHOBEHHOW
NSIOTHOCTbLIO NOTOKa A(f), NNOTHOCTbL pacnpeaeneHusa AfMHbI NepBoro

WHTepBana

i (Y1 ) = Cl,(to Y, )e_“(%%)

ty+At
roe a= J A(t)dt — maTemaTnyeckoe oxuaaHue Yucna cobbITMI Ha

to
uHTepBane (f, {,+At). [danbHenwas MeToAMKa MoAeriMpoBaHUA
crqlyYyaMHOM BefiMYMHbI y; npu i>1 aHanorndyHa cpopmmpoBaHUKO Y C
MCcnonb3oBaHNEM YCNOBHON (hyHKLUUN pacnpenerieHus.
Mopenupyrwwmn anroputMm OOJDKEH afeKBaTHO oOTpaXaTb

npouecc (PYHKUMOHUPOBAHUA CUCTEMbI S U B TO Xe BpPeMsi He



co3paBaTb TPyAHOCTEN NpU MallMHHOM peanu3auun mogaenu M,,. MNMpwu
3TOM MOAENUPYLWUN ariropuTM AOJDKeH OoTBe4vaTb Ccrneayrwmm
OCHOBHbIM TpeboBaHUAM:

e OOnagaTb YHUBEPCasNIbHOCTbKO OTHOCUTENIbHO CTPYKTYpHbl,
anropntmoB PYHKLMOHUPOBAHUA U NapaMeTpoB CUCTEMDLI S;

e obecneynBaTb OA4HOBpPEMEHHYK (B OOAWH U TOT XK€ MOMEHT
CUCTEMHOro BpeMeHM) n He3aBMCUMYIO paboTty
Heo6xoAMMOro Ynmcrna aneMeHToB CUCTeMbI S;

e yKnaabiBaTbCA B MNpuemMmnembie 3aTtpaTtbl pecypcoB 3BM
(MawmHHOro BpemMeHM W nNaMAaATU) ANA  peanusauum
MaLUMHHOIO 3KCNepUMEHTa;

e NpoBOoAUTbL pa3bueHMe Ha [[OOCTAaTOYHO aBTOHOMHbLIE
JIOrn4eckme 4acTu, T. €. BO3MOXHOCTb NOCTPOEHUA GNOYHOMU
CTPYKTYpPbl anroputma;

e rapaHTMpoBaTb BbINOSIHEHNE PEKYPPEHTHOro npaBuna —
cobbiTUe, npoucxopsiLiee B MOMEHT BpeMeHUu f, MoxeT
MoAenMpoBaTbCA TONbLKO nocne TOro, KakK
npomoaenupoBaHbl BCe COObITUS, Npon3oLllealine B MOMEHT
BpeMeHMU f.1<ty.

CywecTByeT ABa OCHOBHbIX npuHUuMna NOCTPOEHUA
MoAesIMPYLWNX anroputMmoB: «npuHuun Af» n «npuHumn oz». Mpwn
NOCTPOEHUU MoaenupyrLwero anroputma Q-cxembl NO «NPUHUUNY
Af», T. e. anropuTma ¢ AeTepMMHUPOBAHHbLIM LUArom, Heobxoanmo AnA
NOCTpoeHUs agekBaTHou wmopenu M, onpegoenuTb MUHUMAarbHbIW
WHTepBasy BpeMeHu mexay cocegHUMM coObiTusmu At' = min{u} (Bo
BXOAALWMUX MOTOKaAX U MNOTOKaX OOCIYyXMBaAHUU) U MPUHATb, YTO Liar

MoaenupoBaHuA paBeH At'.



B mMogenupyrowmx anroputMmax, MOCTPOEHHbLIX MO «MNPUHLUNY
Oz», T. €. B anroputMmax co Cliy4yaHbIM LIarom, 3fieMeHTbl Q-cxembl
npocMaTpmMBalroTCA NpU MOoAENMPOBAHUUN TOJSIbKO B MOMEHTbI 0COObIX
COCTOSIAHMM (B MOMEHTbl MOSABIEHMS1 3asiBOK U3 M mnn mn3ameHeHus
coctosiHuM K). MNpun aToMm AnNuTenbHOCTb Wara Af = var 3aBUCUT Kak OT
ocoO0eHHOCTe caMon cucTeMbl S, TaK U OT BO3AENCTBUN BHELLUHEeWn
cpeabl E.

Moaenupylowme anroputMmbl CO Cny4YamHbIM LIAromM MOryT ObITb
peanusoBaHbl CUHXPOHHbLIM U ACUHXPOHHLIM cnocobamu.

NMpu cuHXxpoHHOM cnocobe oauH U3 anemMmeHToB Q-cxembl (U, H
unm K) BbIOMpaeTca B KayecTBe Beaywero M Mo  Hemy
«CUHXPOHMU3UPYETCA» BECb NMpoLecc MoaennpoBaHus.

NMpn acuHXpoHHOM crnocobe nOCTPOeHUs MoAaenupyloLwero
anropuTtma BeayLum (cMHXpOHN3NpPYOLWUK) 3fIeMeHT He
MCNOoNb3yeTCcA, a o4yepeaHOMY Lary mogenupoBaHUA (NMPOCMOTPY
anemMeHToB Q-cxeMbl) MOXET COOTBEeTCTBOBaTb JbOoe ocoboe
COCTOsIHUe Bcero MHoxectBa 3nemeHtToB U, H n K. lpun 3tom
NPOCMOTP 3fieMeHTOB Q-cxeMbl OpraHu3oBaH TaK, YTO MPU KaXAOM
0COOOM COCTOSIHUM 1NnUOO LUMKIIMYECKM npocMaTpuBarOTCA Bce
3fieMeHTbl, NTM60 crnopagn4vyeckn — TOJSIbKO Te, KOTOpble MOryT B 3TOM
crly4yae U3MeHUTb CBOe COCTOsIHUE (MPOCMOTP C MPOrHO3MpoBaHUEM).

Knaccudmkaums BO3MOXHbIX cnocoboB NOCTPOEHUA

MoAeNnupYyrLWmnX anroputMoB Q-cxem npuBeaeHa Ha puc. 2.



Mopenupyomye aJropuTMsbI

JleTepMUHHAPOBAHHBIE CroxacTuueckue

ACHHXPOHHBIE CuHXpOHHBIE
Puc. 2.

MatemaTnyeckoe obecrneyeHMe U pecypCHbleé BO3MOXHOCTU
coBpeMeHHbIx ABM nosBonsawT goctato4yHo 3hPeKTUBHO NPOBECTU
MoaenupoBaHue pasfinyHbIX cuctem, dopmanumayembix B Buage Q-
CXeM, UCNOonb3yAa NMMOO0 nakeTbl NPUKNAAHbIX NpPorpamMm, co3gaHHble
Ha ©0a3e anropuTMUYeCKMxX HA3bIKOB o0OwWero Ha3HadvyeHus, nubo
cneuyuanm3vpoBaHHble A3bIKM UMUTAUNOHHOro mogenupoBaHusa. lMpu
uMuTaumm npouecca QyHKUMOHUpoBaHUA Q-cxembl Ha IBM
TpebyeTcs opraHM3oBaTb MacCUB COCTOSAHUMN.

Mopenupyrowme anroputmbl 1 cnocoodbl X moaudukaumm MmoryT
ObITb MCNOJIb30BaHbl ANA MOAENMPOBAHUA LUMPOKOro Knacca CUCTeM.
OgHako 3T anroputmbl  OyayT OTNMYATLCA MO CIIOXHOCTMU
peanusauum, 3aTpaTaM MaWMHHOIO BpeMeHM U Heobxoaumoro
ob6bema namatun ABM.

CnoXHOCTb pasfiMyHbIX MoAenupyrLwmux anroputmoB Q-cxem, B
OCHOBY MOCTPOEHUA KOTOPbIX MNOJSIOXKEHbl AEeTePMUHUPOBAHHLIN U
ACUHXPOHHbLIA LMKIMUYECKUA MNPUHUUN MOCTPOEHUS anroputmMoB
Hambonee NMPoCTbl C TOYKU 3PEHUS FIOTMKU UX MOCTPOEHUSA, TaK Kak
npu 3TOM MUcCNOJNb3yeTcs nepedbop Bcex 3fieMeHTOB Q-cxemMbl Ha

Kaxaom ware. TpyAHOCTU BO3HMKAKOT C MAalLMHHOW peanu3auumen atux



anropuTMoB BCrieAcTBME yBeriIM4eHUs 3aTpaT MalWMHHOIo BpeMeHn Ha
MoaenupoBaHMe, TaK KaK MpocMaTpuMBaKOTCA BCe COCTOSIHUA
anemMeHToB Q-cxeMmbl (NO «NpuHUUNY Af» MU NO «NpPUHUUNY OzZ»).
3aTtpaTtbl MALWUMHHOIO BpPEeMEeHM Ha MoaenupoBaHue CyLEeCTBEHHO
yBennm4mBarTCcs npwu NOCTPOEHUMN AeTepMUHUPOBaAHHbIX
MoAernnpyroLwmx anroputmMmoB Q-cxem, 3NIeMeHTbl KOTOPbIX
(pYHKUMOHUPYIOT B pa3fUyHbIX MacwTtabax BpeMeHW, Hanpumep Koraa
ANMUTENBbHOCTN OOCNyXMBaHUA 3asiBOK KaHanamMu MHOrokaHaribHoum Q-
cXeMbl 3HAaYNTENbHO OTNNYAIOTCA APYr OT Apyra.

B cTtoxacTuyecKOM CUHXPOHHOM ariroputTme paccmaTpuBaloTCA
npowsnblie U3MEHEeHUSA COCTOSIHUU 3rieMeHTOB Q-cxembl, KOTOopble
NPOMU3OLWINMN C MOMEHTa npeabiaywero NpocMoTpa COCTOAHUN, 4YTO
HEeCKONbKO YCNOXHSIeT NOrMKy 3TUX anropMTMoB.

ACUHXPOHHbIN criopagnyeckumn anropuTm nossonseT
npocmaTtpmBaTb Npu MoAeNIMpPOBaHUU TOSILKO Te 3fieMeHTbl Q-cxembl,
U3MEHEHUA COCTOSAAHUMA KOTOPbIX MOrMIM MMEeTb MeCTO Ha OaHHOM
UHTepBane CUCTEMHOro BpPEeMEeHU, 4YTO MNPUBOAUT K HEKOTOpOMY
YNPOLWEeHU 3TUX MOAeNIUPYHLWNUX afiropuTMOB MO CpPaBHEHUKD C
CUHXPOHHbLIMU anropyTMamMum U CyLeCTBEHHOMY YMEHbLUeHUI 3aTpaT
MaLIMHHOINO BpPEeMEeHU MO CpaBHEHU C AOeTePMUHUPOBAHHLIMU W
LUKNNYECKUMU anroputmamm.

K HacTtosiweMmMy BpeMeHUM HakomnmeH 3HavyuTesribHbIA  ONbIT
MoaenupoBaHua Q-cxem (NpU UX KNacCUYECKOM pPacCMOTPEHUN UMNMu B
pasfiyHbIX NPUIOXEeHUAX). PaccmoTpeHHble MoaenuvpyolLime
anropuTMbl MO3BONSAOT MNPAKTUYECKU OTpasuTb BCe BO3MOXHble
BapuaHTbl MHorod)asHbIX W MHOroKaHanbHbIX Q-cxeM, a TaKxe

npoBecTu nccnenoBaHue BCero CNneKTpa nx BepPOATHOCTHO-



BPEe€MEeHHbIX XapaKTepUCTUK, pPa3JyiMdHbIX BbIXOAHbIX XapPaKTepUCTUK,

UHTepecyrLnX uccregoBartesns Unm paspaborymka cuctemol S.



