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BBEJIEHUE

OO0muM (yHZaMEHTOM MHOTHX MOJENel PeaKTUBHBIX PACIpENeIEHHBIX CHCTEM SB-
nsiercst Teopusi cereit [lerpu (CIT). Mcnonb3oBanue moxaenu I[lerpu [1, 2] mo3Bos-
€T TPOBOJIUTH MOJICITUPOBAHUE CHCTEMBI C JIOCKOHAJIBHOM AeTanu3almei, 4ro obec-
[IEYMBAET BBICOKYIO CTEIEHb aJeKBaTHOCTH IIpollecca MOJCITUPOBAHUS U MaTeMaTH-
YeCKOW ITOCTaHOBKM 3afadu. Ho Takue Monaenn peasbHbIX OOBEKTOB HMMEIOT
OoJiblIMe pa3MEpHOCTH, U UX aHAJIM3 TPEeOyeT OTPOMHBIX BBIYMCIUTEIBHBIX 3aTpar.
[TosTomy B HacTosiliee BpeMsi BaKHOW HAy4YHOW 3ajaueil sBisieTcss pa3padboTka -
(DEKTHBHBIX METOJIOB, TIO3BOJISIOIINX HCCIEAOBaTh cBoiicTBa cetedd [leTpu Oombmmx
pasmepHocTeil. OCHOBHbIE METOJIbl, MO3BOJIAIOIINE YMEHBIIUTH PAa3MEPHOCTb CETH,
CBOJIITCS K DKBUBAJICHTHBIM NMPEOOPa30BaHMSIM, B YACTHOCTH K BBEJCHUIO OTHOIIIE-
HUH BHUMYJISILIMOHHOM, OMCHMYIISIIMOHHOW JKBHUBAJCHTHOCTEH, a TaK)Ke JKBHBAJICH-
THOCTHU TI0 TIPOpEXMBaHUIO (stuttering equivalence) [3—8], CHOIB30BAHUIO METOIOB
penykiuu [9]. Orcrofga HEM30EKHO BBITEKAET HEOOXOJUMOCTh PEIICHUS BO3ZHHKAIO-
el Ipu 3TOM NPOoOJIeMbl, CBA3aHHOM ¢ BO3MOXKHOCTBIO IOJIyYEHHS HETOYHOH MO-
JIeN: KOTJa HEKOTOPOE YCIIOBHE, BBIMOJIHUMOE Ha MOJICNIH, YXKE€ HE BBIOJIHSICTCS
Ha peanbHOU cucteme. B paborax [10, 11] paccMaTrpuBaroTCs KOMIO3UIIMOHHBIE Me-
TOJIbI, OCHOBAHHBIC Ha KOMIIO3HIIMH CETH M3 (YHKIMOHAIBHBIX IMOJCETed. AHau3
CBOWCTB ceTH 0azupyercsi Ha BBIACICHUHM (YHKIHOHAJIBHBIX mojcereid. [Ipumenenue
KOMIIO3UIIMOHHBIX METOJIOB CYIIECTBEHHO YCKOpPSIET BBIYMCIIEHHE B IPOLIECCE pelle-
HUs (yHIaMeHTalIbHOro ypaBHeHHs cetd I[letpu [12], ogHako mpu 5TOM BO3HUKAeT
HEOOXOJUMOCTh MOCTPOCHUS CIleHHMaNbHBIX 3()(EKTUBHBIX AITOPUTMOB IEKOMIIO3H-
IIUM CETH INPH CKOJIb YrOJHO OONBIIOM pa3sMepe HepaslIokuMol cetu. Hailtwm pas-
MEpPHOCTh MOJICNU MYTEM €€ aHali3a, He YTPaTHB aJeKBaTHOCTH IOJyYEHHOW MoJie-
JM HCCIeNyeMOH cHCTeMe, U IOJIyYUTh 3HAUMUTENbHBIM BBIMIPHIILI BO BPEMEHHM Ha
BepU(DUKAIIMIO MOJIEIU TI03BOJISICT MPUMEHEHUE B KAueCTBE MOJCIH CHCTEMBI KOM-
noneHtHou cetu llerpu (CN-cetn) [13] ¥ mpoBeneHHWE KOMIIOHEHTHOTO aHAJIH-
3a [14]. KoMmoHEHTHBI aHaAIW3 MOJETH OCHOBAaH Ha JBYXACHEKTHOM ITOIXOIC
K (DyHKIMOHUPOBAHUIO COCTABHBIX KOMIIOHEHT CN-cetH [15] U Ha MaTpUUHBIX Me-
TO/IaxX, MCIIOJB3YIOMMX (pyHIaMEHTaIbHOE YpaBHEHUE CETH M ceTeBble 7- W S-nHBa-
puantsl [16, 17].

Lesp HacTOsAIIEH CTATBU COCTOUT B peaIN3allMi KOMIIOHEHTHOTO MOJIEITMPOBAHUS
U KOMIIOHEHTHOTO aHallu3a Ha peajbHOM CHCTeME — CXEME JBHMKEHHUS KeJIe3HOHO-
POKHOTO TPAHCIIOPTA JJIS JKEIE3HOAOPOKHOTO Y371a, TIOIy4YeHHH paboTaroIeld MOACTH
JUIS aBTOMATHUYECKON NPOBEPKHU CBOWCTB MCCIIEyeMON CHCTEMbl, YCTAaHOBJIEHUH CBS-
3¢l MEXIy OIHOTHITHBIMH KOMIIOHEHTaMH, IO3BOJIAIOIINX COKPATHTh BpPEMs
BepU(DUKAIIMA MOJICIIH HCCIESIyeMOU CHUCTEMBI.
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MNOCTAHOBKA 3AJJAYU

Kenesnonopoxusiii yzen (XKY), sBISSCh OJHMM W3 OCHOBHBIX JJIEMEHTOB TpaHC-
[IOPTHOTO y3J1a, MPEJCTaBIsIeT cO00i rpymily creualu3upOBaHHBIX CTAHUMH (cop-
TUPOBOYHBIX, T'PY30BBIX, MMACCAKUPCKUX M JPYTUX), PACIOIOXKEHHBIX B ITyHKTaX
CIMSIHUSL TpeX W OoJiee KEJIe3HOMOPOKHBIX HAIPABIICHUH, CBS3aHHBIX COCIUHUTEIb-
HbIMHU JIMHMSAMH, U UMEIOIIUX B3aUMHBIC >KEJIE3HOJOPOKHOTPAHCIOPTHBIE MOTOKH.
[IpumepoM sIBiIIETCS KOMIUIEKC B3aWMOYBSI3aHHBIX MAaCCAKUPCKUX, TPY30BBIX U TEX-
HUYECKHUX CTaHIMN, OOCITYXHBAIOIIMX KPYITHBIA IPOMBIIIJICHHBIN IEHTP HE3aBHUCH-
MO OT 4YHCJAa HPUMBIKAIOIINX JHMHUH.

B Hactosimiei crathe aOCTpakTHash MOJENb CXEMBI JKEJE3HOIOPOKHOTO y3Ia,
o0ecreynBaroIIero B3auMoAeCTBHE U COIVIACOBaHHYIO PaboTy CHEeLUaIN3UPOBAHHBIX
CTaHUUH (BKJIOYAsi CKBO3HBIE M TYNHUKOBBIE CTAHIMH) MOCPEACTBOM KOMIIOHEHTHOTO
MoJienupoBanus, npencrasisiercss CN-ceTpro. B 6a30Boit mogpo6Hoit Moaenu [lerpu
HCCIIEAyeMON CXEeMbl BBIIGIAIOTCS U 0(OPMIIAIOTCSA B BUAE OJIOKOB COCTaBHBIX KOMIIO-
HEHT TPYNIbl OAWHAKOBBIX WM OJHOTUIIHBIX MPOLECCOB 0a30Boi monenu. dopmaib-
HBI aHAJIM3 CBOWMCTB MOJICNIM TPOBOIMTCS ANreOpandecKuM METOJIOM aHaim3a 1- |
S-unBapuanToB cetu [leTpu cornacHo sTarmamM KOMIOHEHTHOro aHanuza [14, 15], Bkiro-
qarorero aHaiau3 CN-CeTH MPU YCIOBHH MTHOBEHHOTO cpalaTbIBaHUS (BBIOJHEHUS)
COCTaBHBIX KOMIIOHEHT, M aHaJIN3a OIHOTO M3 MPE/ICTaBUTEINICH KaXKI0H rPyTIbl OMHAKO-
BBIX WJIM OJJHOTUITHBIX KOMIIOHEHT Moiesi. MoJiesb CXeMbl OpraHU3alin JBHKCHUS JKe-
JIE3HOJIOPOKHOTO TpaHcnopra JKY oTBedaeT OCHOBHBIM HMPHUHIIUIIAM ITOCTPOSHHUSI TEXHO-
JIOTHYECKOTO Tporiecca paboThI JKEJIE3HOIOPOXKHBIX CTaHIMH (HETIPEPBIBHOCTH 00PaOOTKH
10€3/10B U BaroHOB, COKPAIIEHHE BPEMEHH MX MPOCTOsI, MAKCUMallbHAsl MapalIeIbHOCTD
00paboTKK cOCTaBOB). MoJieNb MO3BOJISIET peanu3oBaTh OeckoH(IUKTHOE 3(dekTHB-
HOE€ SKOHOMHYECKH 00yCIIOBIEHHOE B3aUMO/ICHCTBUE JKEJIE3HOJOPOKHOI'O TPaHCIIOPTa
U YOPaBJIAIOUIMX 3JIEMEHTOB, YYUTHIBAIOLIEE MPOMYCKHYIO CIIOCOOHOCTh U 0Oecreyu-
BaOIIee ONTUMATBHYIO paboTy JKEIE3HOMOPOKHOTO y3J71a, U PACCMOTPETh CTPATETHIO
pa3BUTHA TpaHCIOPTHOro komiiekca XY, COOTBETCTBYIOLIYIO COBPEMEHHBIM Tpebo-
BaHUAM, MPEIBIBIAEMbIM K TPAHCIIOPTHOMY KOMIUIEKCY.

[IpeacraBum ¢popMaibHOE ONHCaHUE
ceTbto [leTpu OCHOBOMOIArAOIIETro AJIEMEH-
Ta CJIOXKHOM cuctembl JKY 0e3 yuera BTopo-
crernieHHo uH(popmanuu. Ha puc. 1 nokasa-
Ha cetb [lerpu, mMonenupyromas npuobITHE
1oe3Ja Ha IyTh W; Ul CTaHLUM C BO3MOX-
HBIM TIPUOBITHEM M OTIIPABJICHUEM TOE3/10B
Kak ¢ cesepa (IV), Tak u ¢ 1ora (S) (mecto V;,
cozepxKaiiee OaHy (HIIKY H SBIITIOIIECCS
ceMa(opoM, HUCKIIOYAET BOSMOXKHOCTb IPHU-
ObITHs TMOC3/I0B HA OIMH M TOT Ke OyTb  pye. J. CII, moaenupyrolasi ABUKEHHE TPaHC-
C KOHKYPHUPYIOMINX HaHpaBJIeHHfI). 1opTa 1O */J MyTU Ul CKBO3HOM CTaHLUU

OCHOBHBIE ONPEJEJEHUSA U MO3ULIHUN KOMIOHEHTHOI'O MOJIEJIMPOBAHUS

N KOMIIOHEHTHOI'O AHAJIM3A

Cetp Ilerpu — ABYZOJIBHBI OPUEHTUPOBAHHBIN Ipad), OMUCHIBAEMBI YHNOPSIOYEH-

HOM Tpoiikot N =(P,T,F), tne P ={p} — KOHEYHOE MHOXECTBO BEPIINH-MECT;

T = {t} — KOHEYHOE MHOXECTBO BepIInH-TiepexoioB; F' = PxT UT x P — oTHoIIIe-

HUE, 33JIal0lllee MHOXXECTBO AYI, KOTOpPbIE COEIUHSIIOT MECTa M IMEPEeXObl.
KomnonenTHast cetb [letpu (CN-ceTb) — OpUEHTHPOBAHHBINA Tpad, ONMHUCHIBae-

MBIl ynopsinoueHHol nsarepkoit CN = (P,T,F, W, M), rae P — KOHEYHOE MHOKe-

CTBO MECT, COCTOSIILIEE U3 MOAMHOXKECTB P 1 Py (P| — KOHEYHOE MHOXECTBO KOMIIO-
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HEHT-MECT, Py — KOHEYHOE MHOXKECTBO MECT, OCTABIINXCS IIOCIIE BBIICICHHUS KOMIIO-
HEHT-MeCT); I — KOHEYHOE MHOKECTBO IEPEX0JI0B, COCTOSIIEE U3 TOAMHOXKECTB 7| H
T, (COOTBETCTBEHHO MHO)KECTBO KOMIIOHEHT-NIEPEXOA0B U MHOXKECTBO IIE€PEXOOB,
OCTAaBIIUXCS MOCJIE BBIICICHUS KOMIIOHEHT-TIepexo/ioB); ' < PxT UT x P — OTHO-
[ICHUE MHITUIECHTHOCTH MEXIy MecTaMu | repexomamu; W: F — N \ {0} — ¢yHkms
KpaTHOCTH AyT; M — HadalbHas pa3METKa CETH.

KommnonenTta-mecto Cp MOAENnUpyeT HEKOTOPHI OJHOTHUITHBIA MPOIECC JETallb-
HOH MOAEIM HCCIeIyeMOH CHCTeMbl, HAYMHAIOIIMICS U 3aKaHYMBAIOLIMICSI MECTOM
(mectamu). Kommnonenra-mecto — Ttpoiika Cp = (N, X,Y), tne N — cers Iletpy;
X cP, Y P — COOTBEeTCTBEHHO MHOJKECTBAa €€ HAYAJIbHBIX U 3aKIIOYUTEIBHBIX
MECT, HE UMEOIIMX COOTBETCTBEHHO BXOJIIIMX U Hcxomsanmx ayr; X MY =, Kom-
noHeHTta Cp KaKk CTPYKTYPHBIH 3s1eMeHT CN -CeTH MpeNCTaBIIseT MECTO, UMEIOLIee BXO-
JSIIIME U UCXOIAIIUe TyTH, U Kak B 00buHOM cetu [leTpu siBsieTcst ycioBueM, omnpese-
JISIFOIIMM BO3MOXKHOCTB HACTYIIICHHS COOBITHS — cpabaTbiBaHus niepexona B CN -ceTu.

KomnonenTa-nepexoy Cf — y4acTOK CETH JETaJbHOM MOJIENH, MOJCIUPYIOLIHHA
HEKOTOPBIH OJHOTHUIIHBINA MPOLIECC, HAYMHAIOMINNCS U 3aKaHYMBAIOLIUNCS MEPEX0I0M
(mepexomamu). Kommnonenrta-nepexon — tporika Ct = (N,U,V), tne N — cets llet-
pu; U =T,V T — COOTBETCTBEHHO MHOYKECTBA €€ HAYaJIbHBIX U 3aKIFOUUTEIBHBIX
[IePeX0/I0B, KOTOpble HE HMEIOT COOTBETCTBEHHO BXOJAIIMX U HCXOISLIMX JAYT;
U NV =0. Komnonernra Ct kak »aeMeHT CN-CETH MMEET BXOMAIIHME U HCXOISIINE
IIyTH, SIBISICTCS COOBITHEM M MpeacTaBisieTcss nepexojqoM CN-ceTH.

CocraBHble KOMIIOHEHTBI Oy1eM Ha3bIBaTh OJAMHAKOBBIMU, €CJIM OHU MOJICIIUPYIOT
OJIMHAKOBBIE IMPOLECCHl (MOACIM 3THX KOMIIOHEHT MOJHOCTBIO coBmajaaroT). Cocras-
HbIE KOMIIOHEHTHI Ha30BEM OJHOTHITHBIMH MM OTHOCSIIUMUCS K OJHOMY THILY, €CJIH
OHH MOJETHUPYIOT OJHOTHUIHBIE TPOIECCHI, T.€. OTIUYAIOTCS TOJBKO KOJIUUECTBOM
OJIMHAKOBBIX IapauIeNbHBIX IPOLIECCOB.

KommoneHTHast ceTh, KaK U peryJisipHas ceTb, QyHKIMOHUPYET, MEPEX0oas OT OJl-
HOH pa3merku K apyroil. Haauuue B CN-ceTu cocTaBHBIX KOMIIOHEHT HO3BOJIET pac-
cMaTpuBaTh UX (YHKIMOHHPOBaHHE B IBYX acnekrax. C ofHOW CTOPOHBI, COCTaBHbIE
KOMIOHEHTHI KaK 3J1eMeHThI CN -ceTH cBOM (D)YHKIIMH BBITIOJTHSIIOT MTHOBEHHO: KOMIIO-
HeHTa-MecTo Cp — MI'HOBEHHOE HCIIOJIb30BAaHHE YCIOBHUS JUIS peau3alui cOOBITHS,
KoMMoHeHTa-1epexo]; Cf — MTHOBEHHAs! peain3anusi COOBITH, MPUBOISIIIAS K H3Me-
HEHMIO Pa3METKH MecT BceX THUIOB. C Ipyroi CTOpPOHBI, MTHOBEHHOE CpabaTblBaHUE
COCTaBHOM KOMIIOHEHTBI CN -CeTH ISl CaMOi COCTABHOM KOMITOHEHTBI 00YCIIOBIUBAET
npeObIBaHNE €€ HEKOTOPOE BPeMsI B aKTUBHOM COCTOSTHHH, YTO JUISI COCTAaBHOM KOMIIO-
HEHTBI XapaKTepPHU3yeTcsl BBIOJHEHUEM €€ MOJHOT0 JKU3HEHHOro Lukia. Takoi moj-
X0 K (DYHKIIMOHHPOBAHHUIO CETH IMO3BOJSIET YCTAHABIMBATH CTPYKTYPHBIC CBOMCTBA
MOJENIM COTJIACHO CclieayromuM mpaBuiam [13]:

— €CJIM MICCIIEAyEMOE CTPYKTYPHOE CBOIMCTBO He BbITONHsIeTCs Ha CN -CETH, TO OHO HE
BBITIOJTHSIETCSL M JUIS JIeTaIbHOM (0a30BOI) MOZENM UCXOMHOW cHCcTeMbl (mpaBmio 1);

— €CJTU UCCIIEAYEeMOe CTPYKTYPHOE CBOMCTBO BBIMIONHSETCS HA CN-CeTH, TO OHO
BBINOJIHAETCS AJIS A€TaIbHONH MOJIENIM CUCTEMbI IIPU €ro BBIIOJIHEHUH XOTS Obl Ha OJ-
HOW TpyIIle OJUHAKOBBIX COCTaBHBIX KOMIIOHEHT CN-ceTn (mpaBwiio 2).

Kpowme toro, Takoii noaxop peanusyercs oaarogaps ciaegyomum reopemam [14].

Teopema 1. Eciin xomnonenTHas cetb I[leTpu nMeeT TOJIBKO KOMITOHEHTHI-TIEpe-
XOJIbl ¥ OHM KUBBI, TO JIETAJIbHASI MOJIENb UCCIIEyEMO CHCTEMBI 00J1a/1aeT CTPYKTYP-
HBIM CBOWMCTBOM, €CIM 3TUM CTPYKTYpHBIM CBOWCTBOM oOsamaer CN-ceTb.

Teopema 2. Eciim xoMnoHeHTHast ceTh lleTpu mMeeT TONBKO KOMITOHEHTHI-MECTa 1
COOTBETCTBYIOLIME 9TUM KOMIIOHEHTAM-MECTaM CUCTEMBI JINHEWHBIX HEOJAHOPOAHBIX ANO-
¢anToBbx ypapHeHuid (CJIH/Y) coBMecTHBI, TO JieTaibHas MOJIEb UCCIISTyeMON CHUCTe-
MBI 00J1a1aeT CTPYKTYPHBIM CBOMCTBOM, €CIIM 3TUM CTPYKTYPHBIM CBOMCTBOM 0OJiagaeT
CN -cetb.

22 ISSN 0023-1274. KubepueTuka u cucteMHbIi aHanus, 2012, Ne 6



Teopema 3. Ecnu B koMrmoHeHTHOHU ceTr [1eTprn KOMIIOHEHTHI-TIEPEXO0/IbI SIBIISIOT-
c4 KUBBIMH, a COOTBETCTBYIOIME KomMnoHeHTaM-mectam CJIHIY coBMecTHBI, TO Ie-
TaJbHasi MOJEJb HMCCIEAyeMOH CHUCTEeMBbl 00JafaeT CTPYKTYPHBIM CBOWCTBOM, €CIIH
STUM CTPYKTYPHBIM cBoiicTBoM obOmamaetr CN-ceTb.

MOJEJIUPOBAHUE CUCTEMBbI CN-CETbBIO

Ha puc. 2 moka3aHa cxeMa OpraHu3allMM [BMKCHUS >KEJIE3HOJOPOIKHOIO TpaHC-
mopta st JKY B3auMOyBS3aHHBIX CHEIUAIN3UPOBAHHBIX CTaHIUWH, T1a€ Sfal,
Sta 3, Sta 5, Sta 6 — CcTaHIIUM CKBO3HBIC, NIPUHHUMAIOIIME U OTIPABIISIIONINE ITOe37a
¢ ceBepa U c wra; Sta 2, Sta 4 — TyNHUKOBBIE CTaHIMM, NPUHUMAIOLINE U OTIPAB-
JIAIOTIHE TT0e3/1a ¢ OMHOTO HampaBiieHHus. CiemnyeT OTMETHTh, UYTO cTaHIiuu Sta 1 u
Sta 5 (Sta 3 n Sta 6) uMeroT yeThipe (ceMb) BHYTPEHHUX MyTeH, a cTraHimuu Sta 2 u

Sta 4 — COOTBETCTBEHHO MATH U TPU BHYTPEHHUX MyTell. Mojenb cXeMbl ABHKE-
J Sta3 < 0]

Puc. 2. Cxema nBwkeHus x/n tpancropra s JXKY

Sk Sk
Puc. 3. CN-ceTb, MOZICTIMPYIOIIAs CXEMY JBMKEHHs /11 TpancnopTa 1t XKV (em. puc. 2), rae Py, P,
* * 3k Sk
By, P, B7, P,y — KOMIIOHEHTEHI-MECTa
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HH KeJIe3HOA0pOkKHOro TpancnopTa aist JKY B Bune CN-ceTH nokazaHa Ha puc. 3.
* * * * * *
Jlannas CN-ceTb COIEPKHMT KOMIOHEHThI-MecTa Py , Pyy, P4, Pig, P17, Py, Mone-

JIUPYIOIINE JIBUKCHUS KEJIE3HOJOPOKHOTO TPAHCIIOPTa COOTBETCTBEHHO JJISI CTaHIUM
Sta 1, Sta 2, Sta 3, Sta 4, Sta 5 nu  Sta 6. OIMHAKOBBIMU SIBJISIIOTCSI KOMITOHEHTBI-MECTa

* Sk
Puc. 4. Komnonenra-mecto Fg (F7) B CN-ceth (cM. puc. 3), MOAEIUPYIOIIAst CKBO3HbIE CTaHIMK Stalu
Sta5 ¢ 4eThIppMs BHYTPEHHHMH IyTSIMU

* Sk
Puc. 5. Komnonenra-mecto Py (P) B CN-cetn (cM. puc. 3), MOAETHPYIOIIas CKBO3HbIE CTaHIMK Sta 3
n Sta 6 ¢ ceMblO BHYTPEHHUMH IyTSIMHU

24 ISSN 0023-1274. KubepueTuka u cucteMHbIi aHanus, 2012, Ne 6



* * * *
Pg u Py (puc. 4) u KOMIOHEHTH! P4 u Py, (puc. 5), a KOMIOHEHTBI, HAaIIpUMeEp,

* * * *
Pg u Py sBAstOTCS OAHOTUNHBIMHU. OJHOTHIIHBIE KOMIIOHEHTHI-MecTa Py U Pjg

MOKa3aHbl Ha puC. 6. DTH KOMIIOHEHTBI COJEPXKAT KOMIIOHEHTY-Tiepexom 7
(puc. 6, 8).

6

Puc. 6. OqHOTHIIHBIE KOMIIOHEHTEI-MECTA: Pl*6,*M0J1eany}omaﬂ CTAHIIHUIO Sta 4 ¢ BXOAHOM U BBIXOIHOMN
KOJIEAMH U TPEMS BHYTPEHHUMH MyTAMH (a); P, MOJENMPYIOIas CTaHINIO Sta 2 C IBYMsI BXOJAHBIMU 1
BBIXOJIHBIMH KOJIEAMH 1 IATIO BHYTPEHHUMH My TAMU Ha dTarax cpabarsiBanus -1V kommoHeHTEI (0);
KOMIIOHEHTa-niepexosl T B KOMIOHeHTax-mectax Py u P4 (6)

AHAJIN3 CN-CETHU

Jnist MpUMEHEHHsI OCHOBHOTO aireOpanveckoro MeToJla aHaln3a WHBApUAHTOB K HC-
CJICZIOBAHMIO TOBEJCHYECKUX CBOWCTB mosyuyeHHOW CN-cetu crpoutcs ee (yHna-
MEHTAIbHOE YpaBHEHHE

A-x=d, @)

rne d=M; —My (Mqy, M; — COOTBETCTBEHHO HadalbHas M KOHEUHAs Pa3METKH
CN-cetH); x — BEKTOp cuera cpabaThIBaHUs MMEPEXOJIOB; A — MaTpUlla MHIUICHT-
Hoct CN-ceru.

C nomompto 7SS-anroputMma [ 18] Haxonsarcs ee T- U S-UHBApUAHTHI KaK pEIICHUS
COOTBETCTBYIOIIUX CHCTEM JHHEHHBIX OJHOPOMHBIX AWO(GAHTOBEIX YPaBHEHUIT
(CJIoyY) 4-x=0mn AT y=0,xorga B (1) My = M. Ilo monyueHHsM T- u S-UHBa-
puaHTaM ycraHaBiuBaercs, 4To CN-CeTh UMEET CIIeIyIOINe CBOIcTBa: 1) orpaHuyeH-
HOCTb (Bce MecTa CN-CeTu NOKPBIBAIOTCS O3UTUBHBIMU S-UHBAPUAHTAMU); 2) IIOBTO-
pseMocTh (Bce nepexosl uccienyemMoit CN -ceTH MOKPBIBAIOTCS HEHYJIEBBIMH KOOPAU-
HaTaMH M3 MHOXECTBa 7 -WHBapUAHTOB); 3) HEPOTUBOPEUMBOCTH (JIt00ast pasmeTka M
SIBIISIETCS JOCTHXKMMOM U3 camoit cebs). i1 moAaTBepkaAeHus Toro (akra, 4To 3TUMU
cBOWcTBaMU o00Onazaer W 0a3oBasg MOJEIb CXEMbl IBHIKEHHS >KEIEe3HOIOPOKHOTO
tpancnopra st XKY cornmacHo npaswiam 1, 2 u Teopemam 1-3, He0OX0IMMO HCCIIEI0-
BaThb COCTABHBIE KOMIIOHEHTHI PS*, PIB, Plz, Plz n T,. JIng 5TOro A0CTaTO4HO NpOBeE-
pUTH JIMIIb OJHOTUIIHBIE KOMIIOHEHTHl C HAUMEHBIIUM 4YHCIOM OJUHAKOBBIX

* *
NapajuIeAbHBIX IPOLIECCOB, T.€. KOMIOHEHTBI Pg , P u T).
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Jlemma. Eciu C /p u C/ /p c "tuc” ) — JABE OJHOTHITHBIE KOMIIOHEHTHI, MPH
stom C’ P (C/ {) — KOMIIOHEHTa C MEHBIIUM YHCIIOM OJMHAKOBBIX IapauleJIbHBIX
MIPOLIECCOB, TOIZIA MO MATPULE MHIMICHTHOCTH A xommonentsr C /p (& / ) MOXHO
MOCTPOUTh MAaTPHIly MHUHUACHTHOCTU A" xommonentsr C'/ p (C / f).

Joxa3aTesbcTBO (IIPOLIECC NOCTPOSHHUSI MATPULIBI MHIMICHTHOCTH U1l OJHOTHII-
HOU KoMIOoHeHTHI). [locTpoum matpuity A , Ipe/IBapUTEIbHO MPOHYMEPOBAaB B KOM-
nonenre C’ p (C/ {) mapajyieTbHbIe TPOLECCHI, HCIOB3Ys AJIsl TOTO COCEIHUE HOMe-

pa. 910 JaCT BO3MOXHOCTDb B 3aIlIlMCHU A/ BBISIBUTH 6J'IOKI/I, OTpaXarouue q)YHKHI/IOHI/I-
POBaHUE COOTBCTCTBYIOIIHNX ITAPAJIIICIIBHBIX ITPOIICCCOB.

IIycts C / p (C/ / {) OTIIMYaeTCs OT c’ p (C/ ¢) YuCIOM k OJMHAKOBBIX Mapallyielb-
HBIX IponeccoB. KakmoMy mapamiensHOMY MpOIecCy COOTBETCTBYET MOCIIEIOBATENb-
HOCTH cpabaTbeiBaHWil mepexomoB. ClienoBaTeNbHO, Pa3MEPHOCTh MATPHIIBI A" no

CPaBHEHMIO C Pa3MEPHOCTHIO MAaTPHILIBI A YBEIUUUTCA. A MMEHHO: a) KOJIMYECTBO
CTPOK YBEIMYUTCS Ha @k, TIIe (¢ — YHCIO aKTHBHUX MECT, ¢ KOTOPhIMU B3aHMO/ICH-
CTBYIOT IIEPEXO0JIbl B PACCMATPUBAEMOM IapauUIeIEHOM IIPOIecce, MK (4TO TO JKe ca-

MO€) YHCIIO CTPOK MATPHIIBI 4 , B KOTOPBIX OTpa)kaeTcsi paboTa 3TOro napauieibHOTO
nporiecca; 6) KOJIMYECTBO CTONOLOB yBenU4UuTCs Ha Sk, TAe [/ — YUCIO TEPEX0/I0B
B PACCMATPUBACMOM MapAIICIBHOM MPOIIECCE WK (YTO TO KE CaMOE) YHCIIO CTOJIOI0B

MaTpHLBI A, OTpaXKaroLMX padoTy 3TOro MapajiebHOrO IpoLecca.
Hanonnenue matpuiist A" 9MCTOBBIMU dNEMEHTAMM AHAIOTMYHO HAIONHEHHIO

UMM MaTpPULBI A’ IIPU 3TOM YYHTBIBAETCS YBEIMYEHHE COOTBETCTBYIOIIEro OJIOKa
(O;moxoB, eciau mH00aBIECHUSI OCYIIECTBIISUINCH B HECKOJBKHX MapajlIeNbHBIX MPOLec-
cax), OTBEUAIOLIEr0 3a pacCMaTPHBAacMbIC OJMHAKOBBIC MapajUIeIbHBIC MPOLECCHI.

OcrasibHble TO3ULUU MAaTPHUIIBI A" zanonusores HyJsivu. B

CornacHo JieMMe 110 MaTpHUIe HHIUACHTHOCTH pa3mepa 8 x 5 (puc. 7, a) Ui KoM-
IIOHEHTHI Plz (cm. puc. 6, a), MoIEeTUPYIOLIEH CTaHIUIO Sta 4 ¢ OMHON BXOIHOU KOJIe-
eil 1 TpeMs BHyTPEHHUMH IyTSIMH, IOCTPOUM MaTPUIly MHIUACSHTHOCTH JUISL OJHOTHII-
HOM elf KOMITOHEHTbI Plz (cM. puc. 6, 6), MoAenupyroLeld CTaHIMIO Sta2 ¢ ABYMS

*
BXOJHBIMHU KOJICAMHU W MATHIO BHYTPECHHUMU ITYTSAMU. B kommoHeHTe PlO o CpaBHE-

HHIO ¢ KOMIIOHEHTOM Plz Ha dTanax cpabatsiBanus I-1V mo6GapmsdroTcs napasenbHble
npoueccsl. Ha kaxJjoM TakoM 3Tare B pe3yJsibTare J00aBJICHHBIX MapalIeibHbIX MIPo-
LIECCOB pa3Mep MATPHUIIBI A yYBETUYHMBAETCsI COOTBETCTBEHHO HAa Ox 1, 1x0,2x2 u
0x 1. CnenoBarensHO, pa3Mep MCKOMOM MaTpHIbl 4 !’ kommioHeHTbI Pfg cocrapisier 11 x 9.
B marpune 4 I , IOKa3aHHOMW Ha pHC. 7, 6, BBIIEICHBI 00NacTH OJIOKOB OJIMHAKOBBIX Tapall-
JIJIBHBIX TPOIECCOB (AHAJIOTMYHO 00JacTsIM OJIOKOB MaTpHIIbI A ).

Teopema 4. Eciu C /p uc’ /p — JIB€ OJHOTUIIHBIE KOMIIOHEHTBI-MECTa, IIPU
stom C/ P — KOMIIOHEHTa ¢ MEHBIINM YHCIOM OAMHAKOBBIX MapajulesIbHBIX MpPOLEC-
COB, TO MCXO/S U3 COBMECTHOCTH CHCTEMbI JTMHEHHBIX HEOIHOPOAHBIX TUO(AHTOBBIX

ypasuenuit (CJIH/Y) cooTBercTBytOmEH KOMIIOHECHTE c’ P CIEIyeT COBMECTHOCTH

CJIHAY cootBercTByromel kKommoHeHte C ! p.
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ti toy tz3 tg it iy ta t3 tg ts te tr lg o
p [—1 0 0 0 0 pr [—1 —1 0 0 0 0 0 0 0
Do 1/[—-1 =1 =1 0 D2 1 -1 -1 -1 -1 -1 0 0
ps 010 0 of o p3 0 0] 0O O 0O O O] 0 O
D4 0 0 0 0 0 P4 0 0 0 0 0 0 0 0 0
o0 lL L il B ol 0 g g o] o o

pr
g U W 0 U s 0 o]l 1 1 1 1 1|[-1 -1
pe [0 0 0 0 O] p» 0O 0 0 0 0 0 0|1 1
P1o 0 0 0 0 0 0 0 0 0
P11 0 0 0 0 0 0 0 0 0
a 9]

K K
Puc. 7. Matpuupl MHUMICHTHOCTH OJXHOTHITHEIX KOMIIOHEHT-MeCT P (a) u P, 6)

Hoxka3zareascrBo. [Ipennonoxum nporusroe. Ilycts CJIHAY, orBewaromas
kommoHenTe C / , HecoBmectHa. Torma Takas CJIHIY comepxutr XoTst Obl OJIHO
ypaBHEHHE, He umeroniee petieHus. KoaQpuImMeHTsl 3TOro ypaBHEHHUS COCTABJISIOT

CTPOKY MaTpHIIbl HHIIUJEHTHOCTH A / , OTPaXKAIOIIIYI0 B3aUMOCBSI3b HEKOTOPOT0 MECTa
KOMITOHEHTBI CO BCEMH TIEPEX0/IaMU 3TOH KOMIIOHCHTHI. BBUIYy HECOBMECTHOCTH pac-
cmatpuBaemoin CJIHIAY mns takoro Mecra He coOiromaercsi OanaHca cpadaThbIBaHHS
OTBEUAIOIINX MY MEPEeX0I0B (HE CYIIECTBYET HEMPEPHIBHOTO IMyTH OT HAa4YaJa 0 KOH-
I1a CCTH KOMITOHCHTHI, KOTOPBIN OBl MCITOIH30BAT 3TO MECTO B KAYECTBE YCIIOBUS TSI
cpabaThIBaHUS XOTSI ObI OJJHOTO M3 CBOMX IEPEXO0JIOB). B cuity 1eMMbl B MaTpulle UH-

[UICHTHOCTH A OTPAXKAIOTCS B3aUMOCBSI3M AHAIOTUYHOTO MECTa C IEpeXOoJamMu
B kKoMmrnoHeHTe C /p, gto obecneunBaetr B CJIH/IY xommoneHThl C /p HAJIMYHE COOT-
BETCTBYIOIIETO ypaBHEHUs, He mMeromiero pemenus. Cnenosarensno, CIIH/AY kom-
nonentsr C’ p HecoBMecTHa. [lomydeHo mpoTuBOpedwne.

Teopema 5. Ecu C /t nC I t — J1B€ OJTHOTUIIHbIE KOMIIOHEHTBI-IIEPEXOBL, IIPU 3TOM
C't — KOMIOHEHTA C MEHBIIIM YHCIIOM OJIMHAKOBBIX TapaJlIeIbHBIX MPOIECCOB, TO TI0
T-nHBapriaHTaM KOMITOHEHThI C 't MoxHO TMOCTPOUTH T -WHBApHAHTBI KOMITOHEHTHI C I,

Joka3zaTenncTBO (ITporiecc MOCTPOSHHUST MHOXECTBa 1 -MHBApUAHTOB ISl OJIHO-
TUTTHOW KOoMITOHEHTHI). [Tycte C 't ornuuaetes ot C ¢ unciom k OJIMHAKOBBIX Iapajl-
JICNBHBIX MPOLIECCOB; T -MHBAPUAHTHI KOMIIOHEHT C'tuC''t sensiotes cootseTcTREH-
HO pemenusmu CJIOAY: A/ -x=0m A/ / -x =0, roe A/, A/ J— MaTpUIlbl THIUJIEHT-
noctu xommonent C't u C' ¢, TIOCTPOCHHBIE COTJIacHO Jemme. Torma umcio u
pa3MepHOCTh BEKTOpoB 7-mHBapuaHtoB C 't otHoCHTeNBHO WMCTA W pa3MepHOCTH

BEKTOpOB 7-nHBapuantoB C 't yBenmuutest Ha k. CobioeHre aHaIoTuu OJI0YHOCTH

B 3aMUCH T -WHBapUAHTOB KOMIOHEHTH! C 't no3BoNseT 3amMCaTh BHEIHMI BHJI BEKTO-
poB T-UHBapHaHTOB KOMIIOHEHTHl C "t m

[IpaMeiM ciencTBueM TeopeM 15 sBisercs cienyloliee yTBEpKACHHE.

Teopema 6. [leTanbpHast MOAENE HCCIICIYEMOH CHCTEMBI 00J1aaeT CTPYKTYPHBIM
CBOWCTBOM, €CJIM 3TUM CBOHCTBOM 00JagaeT cooTBeTcTBYomas CN -ceTb IpU YCIOBHH
BBITIOJTHEHUST CIIEAYIOIIUX CBOMCTB CTPYKTYPHBIX 3nemeHToB CN-cerTu:

a) B K&XAOH rpymme OJHOTHIIHBIX KOMIIOHEHT-IIEPEX0J0B KOMIIOHEHTA-TIePEX0]
C HAUMEHBIIAM YUCIIOM OJMHAKOBBIX IapajlIeIbHBIX POLIECCOB SIBISICTCS JKUBOM;

0) B KKIOH IPYIIIe OJHOTUITHBIX KOMIIOHEHT-MECT KOMITOHEHTE-MECTY C HAUMEHBILIMM
YHCIIOM OJIMHAKOBBIX TAPAIUICIIHFHBIX TIPOIIECCOB COOTBETCTBYET coBMmectHas CJIIHJLY.
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* *

HccnenoBanue KOMIOHEHT Pg U Pjg MPOBOIUTCS COTJIACHO MPOLECCy BepUpUKa-
nuu, npeanoxkeaaoMy B [19], roe coBmectHOCTh cootBeTcTBYROmmx CJIH/Y moxasbr-
BaeTCsl C TOMOIIBIO KpUTEpUEB YycTaHoBieHuss coBmectHoctH CJIIHAY w3 [20]
cornacHo (opmyiiam

x| —xy =—1,
X) =X3 =Xx7 =x11 X5 =0,
Xy —X4 —Xg —Xip T X6 20,
—X3 —X4 +XS +X6 =0,
X3 +Xx4 —Xx5 —x¢g =0,

—X7 —Xg +Xg +x19 =0, -x; =—1,
5 X7 +Xxg —Xg9 —x19 =0, g X1TX2 mX3 7y =0,
—X1] —X1p +Xx13 +x14 =0, Xy +X3+x4 —x5 =0,
X1 +X12 —X13 —X14 =0, xs =L

—X15 —x16 +x17 +x18 =0,
X15 +X16 —X17 =X18 =0,

X5 +Xg +X13 +X17 —X19 =0,
Xg +X10 +X14 +X18 =Xy =0,

X19 +X920 20,

st cocTaBHON KOMIOHEHTHI T (pUHANIbHAS U HaYaJbHAs pa3METKU OJJMHAKOBBI H
cooterctBytoniast CJIOJIY A -x =0 umeer mpocToi BHJ, COBMECTHA, €€ pEIICHHE
MpeJICTaByIsAeT 7-MHBAPUAHT COCTABHOM KOMIIOHEHTHI 7.

[IpoBenennsiit anannz CN-ceTH 1 €€ CTPYKTYPHBIX 2JIEMEHTOB CXEMBI TBH)KCHUS
JKEJIE3HOI0POKHOT0 TpaHcnopra st XKV coriacHo Teopemam 4—6 MO3BOJISIET yCTaHO-
BHUTbH CBOMCTBA OTPaHUYEHHOCTH, IIOBTOPSIEMOCTH, HEMPOTUBOPEUMBOCTH, & TAKXKE OT-
CYTCTBHE JI€ITIOKOB UIsl JIeTaJIbHOM (0a30BOi) MOJENIN CXEMBbl ABHKECHUS KEJIE3HONO-
poxsoro TpancropTa JKY. B pesynbrate (U3HMUECKONH HHTEPHIPETAlMd YCTaHOBJICH-
HBIX CBOWCTB 00ECIICUMBACTCS PAIMOHAIBHOE JIBH)KEHHE ITOE3/I0B MEX/Y CTAHIIHAMH,
BapUaTHBHAs CBOOOJA IepeMelleHHs M0e3[J0B MEXKAY CTAaHIMAMHU U PalUOHAIbHOE,
BapHaTHBHOE, OECKOHEYHOE HCIIOJIb30BaHUE DPECYPCOB CTAHIHM.

3AK/IIOYEHHUE

[Ipennaraemoe ucciieoBaHUE OJHOTUIHBIX CTPYKTYPHBIX 371eMeHTOB CN-ceTH IM03BO-
JSIET TIPU TIPOBEICHUH KOMIIOHEHTHOTO AaHAIN3a MOJEIN HCCIEAYeMOW CHCTEMBI HE
IIPOBEPSITh BCE COCTaBHbIE KOMIOHEHTHI CN-CeTH, a paccMaTpuBaTh TOJIBKO OTIEJIbHbIE
MIPE/ICTABUTENIN TPYMI OJHOTHUITHBIX KOMIIOHEHT, MCCIETysl 3JIEMEHThl C HaWMEHBbILEH
Pa3MEpHOCTBI0 — C MEHBIIMM YHCIJIOM OJIMHAKOBBIX MMapauIeIbHBIX IMPOIIECCOB, YTO B
3HAYUTENBHOW CTENEHH YCKOpSIeT BEPU(PUKALMIO MOJETH CHCTEMBL
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