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OOPMUPOBAHUE HCXO/HbIX JAHHBIX P
MOJAEJHPOBAHMH JUHAMUYECKUX MAPAMETPOB
I'PY30OBBIX BA'OHOB

[Ipi w3yueHMyd JWHAMHYECKHX KadeCTB PEJBCOBLIX ODKHIAKEH H,
0coBGEHHO, TPY3OBLIX BArOHOB, BAXHOE MECTO Ipu HOPMUPOBAHUKM HCXOI-
HBIX JHAHHBIX, HEOOXOAUMBIX ISl MATEMaTUYECKOTO U KOMITBIOTEPHOTO MO-
JeAPOBAHMS, 3AHUMAIOT MAacCOBBIE, FE€OMETPUUECKHE, HHEPHKOHHLIE Xa-
PAKTEPHCTUKH. XOTs HA3BaHHbIC MApaMeTPhl TeM WM MHBIM 00pasom cas-
3aHBI MEXAY o000, 0coObIii WHTEPEC BBHI3HIBAKOT MMEHHO HMHCPHMOHHBLIC
xapaktepucTukd. Tem Gonee, 4T0 3TH BEAMYMHBL HETIOCPENCTBEHHO y4acT-
BYIOT B (JOPMHPOBaHHYM JMHAMUYECKHX MOKA3aTENCH NCCIEAyeMbIX SKHIla-
xei [1 - 6].

B ciydae rpy30BBIX BATOHOB KPOME MHEPIHOHHBIX XapaKTepUCTHK
CaMoro BaroHa HEOOXOAMMO YYUTHIBATH AHAJIOTMYHbBIC NapameTpbl B IS
rpy3a, Oyap TO ChITyuMd WM TapHbii rpy3 [5]. [lanHoe ucCieI0BaHHE MO~
CBSILICHO YTOYHEHHIO METO/I0B OTIpe/IeieHI A HHEPLUMOHHBIX XapaKTepUCTHK
KY30Ba BaroHa W rpysa i NOCJEAYIOLIErO WCIOIL30BAHMS ITHX JMAaHHBIX
NPH KOMIBIOTEPHOM MOJCTHPOBAHKM IMHAMUKY BaroHa.

OcHoBHas 3aja4a WMCCHEHOBAHMS JAMHAMMYECKMX XapaKTEPUCTHK
PENBCOBBIX JKHINAKeH 3aKT0OYACTCH B TOM, YTO0BI ONpPE/IETUTh ONTHMATb-
HbI¢ 3HAYEHHS HX [apamMeTpoB (FCOMETPHUYECKHX PazMepoB, BCIWYMHBI
Mace, XKECTKOCTEH, H T.11.), IPH KOTOPBIX CBOAATCS K MUHHMYMY BPEIHBIC
KosieOanns U TMHAMUYECKUE CUThI B KOHCTPYKUHSX IMOABHKHOTO cOCTaBa.
JTOMY TPEIMIECTBYIOT PEIIEHUe 3a/ay 110 HCCIE0BAHHIO KoyeOaTeTbHBIX
IPOLIECCOB BaroHa M ero OTAENBHBIX YacTeil, yCTaHOB/ICHUE KPHTEPHUCB A
ONEHKH TUIABHOCTH XO0Jia, YCTOMYMBOCTH IIPOTHB CXOJa C PeiibCoB, OMPOKU-
neIBaHUS W BLDKUMAHHS U3 cocTaBa roesja. B ypaBHeHms, onuchIBalOMME
3T NPOILECCHI, BXOAST IEOMETPUYECKHE U MACCOBBIC XapaKTEPUCTHKH, a
TaKKe B IBHOM WJ/IM HEIBHOM Buje uHepruoHHble. CenoBaTebHo, 3TH Mo~
Ka3aTeNU OKA3bIBAKOT BIMAHHE HA KojebaTesbHbIC MPOIECCH, HEU3OEKHO
BOZHMKAIOLIHE TIPH SKCIUTyaTalliH TIOJIBIKHOIO cocTasa [2].

Mozess H060ro penscoBOro 3KUIaxKa npyu pacderax MpeAcTaBiseT-
¢S B BHJE COCPEIOTOYEHHBIX MAace, COCIMHEHHBIX YIPYIHMH CBSA3SMM U
Pa3IMYHOTO POJA TacUTENAMM KoneGanuil. Bo MHOTHX cyyasx KaXKI0H 3
3THX MAace MPUAIOTCS MHEPLUMOHHbIE XapPaKTePUCTUKH, BbIPAKAEMbIC I10-
NAPHBIMH WM DKBAaTOPHAIBHBIMH MOMEHTAMHM HHEPLMH TOIO WM MHOTO
yeMeHTa 3kunaxa. [Ipy MpoeKTUPOBaHWM HOBOM CHMHMILI NOABHXKHOIO
COCTaBa ITH XapaKTEPUCTHKH ABISMIOTCA UCXOJHBIMU B pacHeTax I10 OLEHKE
NPOLECCOB B3auMozieficTBus Barona u nmytu [6].
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OKCIUTyaTaliss TPY30BBIX BaroHOB CONPOBOKAAETCS HAIHYHEM
yIapHbIX BO3ACHCTBUII IPH MaHEBPOBHIX ONepailiusx, B Moe3aHOM pabore,
IPUMEHEHHEM BBICOKOIPOU3BOIUTENIBHBIX MOTPY30YHO-PA3IPY30UHBIX Me-
XaHU3MOB. BenencTBue 3TOro yBEIMYUBASTCH IMOBPESKIAEMOCTHh BaroHOB,
KOTAYECTBO ¥ 00BLEMBI HEINAHOBBIX BH/IOB PEMOHTA, HOBLILIAETCS BEPOAT-
HOCTb aBapuii. Pacuersl Ha yaap KOHCTPYKTHBHBIX Y3/10B U OJIEMEHTOB IO~
3BOJIAIOT OLIGHWTb Ha JTane MPOCKTHPOBAHMSA HE TOJBKO MPOYHOCTH, HO H
HAJIeKHOCTD, @ O/IHOH U3 BAKHEHINHUX COCTABNAIOIMX 3THX pacueToB ABJIA-
eTCs OMPENe/ICHHE KECTKOCTHHIX XapaKTepUCTUK KakIA0ro JIEMEHTa KOH-
CTPYKIuH [4].

VYBenuuenre MOMHOCTHA JIOKOMOTHBOB M TOPMO3HBIX CPEJICTB MO/L-
BHIXKHOTQ COCTaBa, Ipy30HOABEMHOCTU BATOHOB, MAacChl, JUIMHBI U CKOPOCTH
JBMKEHHS 103713, MHTEHCH(HKAMH MAHEBPOBLIX onepanuii (He codaoe-
HHE CKOPOCTEH COyapeHMs BaroHOB) NPHBENH K YBEJIHYCHHIO CHJL, JEHCT-
BYIOIIMX Ha NOABWIKHOM COCTAB M, KaK CIEACTBHE 3TOT0, K BOSHUKHOBEHHUIO
HEHITATHBIX ¥ aBapHifHbIX cutyamuil. [Ipu pacuerax npoaoibHBIX CHIL, J€H-
CTBYIOUINX HA BaroHbl U NPUBOAAIIMX K aBADUHMHBLIM CHTYAlHAM, B THHAMU-
K€ Moe3/la TaKikKe HUCIOIb3YIOTCS MACCOBBIE, TEOMETPUYECKHE M WHECPIIUOH-
HBIE XapaKTEPUCTHKHU OTAENBHBIX 2JIeMEHTOB [3].

B cBoé Bpems GOnbIION BKIAJ B Pa3sBHTHE 3TOIO HANPaB/ICHUS BHEC
npodeccop B. JI. Hanoeuu[9,10]. [Tox ero pykoBoacTBOM ObLIM NPOBEJICHD]
TEOPETHUECKHE WCCIICTOBAHNS THHAMUYECKNX IOKa3aTeNel HEKOTOPhIX TH-
1I0B BaroHos, oTpaxenusic 8 [21], [5,18]., [3.4,19,20], [5,13-16], [5,22].,
{5,17].

WHepiyonHbIe XapakTePUCTHKU ONPEAIISINCE COTTIaCHO OCHOBHBIM
JaKOHAM TEOPETUYECKOH MEXaHHKH, B YaCTHOCTH € pasaena «/lumamuxa»
[7]. :

Ky30B Barosa, Tak e Kak U rpy3, Npe/icTaBIgiOTCs B BHIC OTAC/b-
HBIX TE, KAKIOC U3 KOTOPHIX MMEET CBOIO MaccCy, pasMephl U HayalbHOE
NOJIO’KEHHE B BEIOpaHHOM cucTeMe KoopauHat. Jis Kaxaoro tena onpene-
NSAOTCS MOMEHTHI MHEPOMH OTHOCHTENIBHO ITIABHBIX HEHTPaIbHbIX OCEH
uHepLuK Kak 0e3 rpysa (11g onpeaerieHns JUHAMHYCCKHX [10Ka3aTeNel no-
POKHErO BArOHa), TAK M € IPY30M - Macca Ky30Ba (Tapa ¢ Ipy30M) H BBICOTA
LIEHTpa Macc Ky30Ba 0e3 rpy3a u ¢ rpy3oM Hajl IIIOCKOCTHIO ONUPaHUs Hal-
PECCOPHBIX OAIOK Ha PeccopHble KOMIUIEKTHI. ONpeessioTes TaKkke reo-
METpUYECKHE MOMEHTBI HHEPLHHA KAXIOro Te/a M IUIOmaay B IPOJOIBHOH
BEPTHKAJIBHOM TUIOCKOCTH U B MONEPEYHONH BEPTHKAILHOM NJIOCKOCTH.

ITocne pacyera mcxonHbie AaHHBbIE (OPMHPYIOTCA H 3aHOCATCH B
tabnuity 1.
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IlpuBeieH bIe HHEPINOHHBIE XaPAKTEPUCTHKH ObUIH HCIOJIB30BAHDI
IS ONpE/IeeH s TMHAMIYECKAX HOKa3aTeied BaroHoB. B KadecTse roka-
3aTeneil, OUCHMBAIONMX JHHAMMYECKHE KadecTBa BaroHa, NPUHHMATICH
ciieyiouiue:

- KO3(OULIHEHTH BEPTHKAIBHON ¥ TOPH3OHTANBHON JIHHAMUKH 110
obpeccoperHoi, 1 HEOOPECCOPEHHOM UACTAM BaroHa, a Taloke NO CHiaM
B3AUMOJICHCTBUA,

- BEpPTHKAJIBHbIE U FTOPU3OHTAIBHBIEC HOMEPEYHBIC YCKOPSHUS TISITHU-
KOB;

- HOKOBBIE ¥ HAMPABIAIOMINE CHJIbI, KPOMOUYHBIC HANPSHKCHWUS,

- B3aNMHBIE NEPEMCITICHNs TEJ Barona;

- [OKa3aTesik H3HOCA KOJIeC;

- X023 GUIMEHTH! YCTOHYHBOCTH OT CXO0/1a KOJIEC C PEIbCOB.

Wccnenosanue naunoi mpobrieMsi MOXKHO IIPOBOAMTL METOAOM Ma-
TeMATHYECKOTO MOICIMPOBAHNS TPOCTPAHCTBEHHBIX KOJieOAHUH Fpy30BOro
BAFOHA C MCTONBIOBAHNEM HPOIPAMMHOrC KoMIlekca «Wagon Dynamics
(Single Wagon)» [8,11] na ocnoBe HOpMaTHBHBIX JIOKYMCHTOB (UncTpyK-
LM [0 OCMOTPY, OCBHIETEIBCTBOBAHMIO U (POPMUPOBAHUIO BArOHHBIX KO-
necusix nap) [12].

TTpu paspaboTKe NPOTPaMMBbl HCTIONB30BAHBl COBPEMEHHBIE METO/IbI
IpOTPaMMHIPOBaHMs, B YaCTHOCTH, 00BEKTHO-OPHEHTHPOBAHHBIN TOAXOMN K
CO3M@HMIO TIPOCTPAHCTBEHHBLIX MOJENCH JKEeNe3HONOPOKHbIX IKUTIAKEN.
JT0 TO3BOJMIO CO3/IABATH MOJEIM MPAKTHYECKH NIOOBIX THIIOB JKENE3HO-
NIOPOXKHBIX dKUMaKeH 6e3 u3mMeHeHHs OCHOBHBIX TEKCTOB nporpamM. Hcro-
JIb30BAHHE METOMIOB 0OBEKTHO-OPHEHTHPOBAHHOTO NPOIPAMMUPOBAHUA TI0-
TpeGoBANO BBEACHHUS MOHATHH «OO0BEKT» IKANAKA U «CBA3LY. O0BexT - 310
moboit  HemedopMUpPYeMBbili IEMEHT KOHCTPYKIMHA OKUMAKa, ¥ KOTOPOTO
W3BECTHA MAcca W MOMEHTEI MHEPIHMH OTHOCHTENBHO €ro IJIABHBIX OCEH.
Casi3b - 5T0 AedopMuUpYeMBIi MEMEHT KOHCTPYKIIMH OKUIIAXKa, HC MMCIO-
M MACCH H CITYI)KaUuil U1g raieHus OTHOCUTENbHBIX nepeMeneui 00-
wexToB. Habop cesizeil B mporpaMme A0CTATOYHO MIMPOK, HO IHpPH Heo0X0-
JAUMOCTH MOXET OBITh paciiipeH B 3aBHCHMOCTH OT HCIO/B3YEMBIX KOHC-
TPYKTHBHBIX 3JIEMEHTOB.

TIponecc TIOATOTOBKYA MAaTEMATHUCCKOM MOJIEIM JKUIIAXKa CBOMTCA
K CO3JaHMIO MacchBa OOBEKTOB U CBS3EH, 3a[aHUIO MX IapaMETPOB U yCTa-
HOBKHM CBS36H, IO KOTOPHIM DPACCYUTHIBAIOTCS BEIHUYMHBI JMHAMIHYECKHX
noxasareneil kauecTa sKumaXxka. YaoOHbli mHTEpdEHC MONBL30BATEN TIO-
ABONSET BHIOTHATE 9TH [eiCTBUS JaXKe He CHCLHanuCTy B 00JaCTH Mpo-
CTPAHCTBEHHON TMHAMHUKH JKENE3HOMOPOKHBIX IKHATIKEH.

JUis aHaaM3a TIOBENCHUS HKEJIE3HONOPOKHBIX IKHMTIKEH B pa3ind-
HBIX YCTOBUSX (T.. IPH PasIHYHOM XapakTepe HEeCOBEPIICHCTB MEJIC3HO-
JIOPOKHOTO MyTH) MPEANAraloTCs PasiMYHble THIBI BEPTHKATLHBIX U TOPH-
30HTAIBHBIX HepoBHOCTeH. HepoBHOCTA MOTYT 3a/aBarhCs B BHAC ACTEP-
MHHUPOBAHHBIX W/WIIH CITyYalHBEIX TIPOLECCOB.
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Kpome Bcero BBIICHEPSHUCICHHOTO, MUid MCCIENOBAaHUSA HyBCTBH-
TEJIBHOCTH IMHAMUYECKMX NOKa3aTelell JKHIaXa X M3MCHCHWAM HHEPIH-
OHHBIX NAPaMETPoB OOBEKTOB WM K M3MEHEHHMAM [apaMeTpoB CBA3CH me-
peJl BHITIONHEHUEM PacieToB M0Ib30BaTe /b MOXKET 3a/1aTh TaK Ha3hbIBaCMBbIC
AHOMAJINH OOBEKTOB MK CBA3EH, IPH dTOM THITbI O0BEKTOB M CBA3EH M3Me-
HUTH HEJIb3sl, HO MOXKHO M3MCHUTH MX 1apaMeTphl.

[py mMonenHpoBaHUK JBIKEHHS JKHIIAKA YUMTHIBACTCH INPONOITL-
HbliA TIPOGIITL M TIAH XKeJIe3HOTOPOXKHOTO TYTH, BHJL APOQHIIS IIOBEPXHOC-
TH KATaHUS KOJECHBIX fap.

JUtsi BBINOJIHEHUS MOZCTHPOBAHUS JBUKEHUS DKUITAXA BhIOMPAIOT-
Cs: MOJIETh DKHIIAXKA, YIaCTOK JABHKEHHS, NPOQuib KOJECHBIX Map 3KHIia-
%a, 3a0ar0TCd; AMana3oH W3MEHEHUs CKOPOCTH, Iar perucrpalud pesyiib-
TATOB, JUIAHA YYacTka, Ha KOTOpOM OyAeT BBLINOJHEHO MOJEIMpPOBAHHE
IBUXKEHMS N0€3/1a U HEKOTOPBIC Apyrie HapaMeTpsl (puc. ).
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Pucynoxk | — [lanens napameTpoB BaroHa
Ha mepBoif 3akiazke 3afaloTcs mnapamerpbl OOBEKTOB BaroHa, Ha
BTOPO¥ — TIPOCTPAHCTBEHHBIX CBsi3eil MEXCIY 00BeKTaMH, Ha TPETheH — J10-
MONHUTETLHbIE TAPAMETPHI U Ha YeTBEPTON — CBA3H, ONPEACIAIONINE BbIMN-
clleHMe AMHAMAYECKUX MOKa3aTesell Barona.
TakxKe CYLIECTBYET JONOJIHWTENBbHAs 3aKiiajKa OKHA Ul 3alaHus
anoManiii 00beKTOB U CcBs3el (puc.2).
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Japnanme Ha pacuer
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Pucynok 2 — [lanens 114 3a1aHusa aHOMamiii 00BEKTOB

AHoManuKu 0OBEKTOB WM CBA3eH — 3TO M3MCHEHHbLIE 3HAYEHUS BHI-
OpaHHBIX MapamMeTpoB (118 00BEKTOB ITO HHEPIMOHHBIC NapaMeTpel U KO-
OpJMHATHI IEHTPA Macc, I8 CBA3EH 3TO napaMeTpsl CBA3U) O CPaBHEHHIO C
3a/1aHHBIMY 3HAYCHHAMH B MO (pHc.3).
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Pucynok 3 — Ilanens 1t 3a7anus aHoManui cesizei
Jins 3ananvs aHoMamiii 06BEKTOB (Hampumep, Ky30Ba) HEOOXOAUMO
U3 CIUCKa OOBEKTOB BHIOPATh HY)XKHBIH W H3MEHHMTH 3HAYEHHA €r0 napamer-

pOB.
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Jns w3MeHeHHs napamMerpoB HeoOXO0JMMO BBIOpaTh HYKHOE Ha-
[IPABIIEHHE CBS3M, ¥ B TAONUIE TIApaMETPOR UIMEHUTH HYIKHBIC APAMETPHI.
Drar «[IpUMEHATE KO Beell rpynmey» 03HAYaeT, YTo NoCie N3MEHEHUs Tia-
paMeTpsl BeeH rpynmsl OyAyT oJuHakoBel. Ecam 31oT ¢uiar BHIKIIOYEH, TO
JUTA KaXA0# CBS3U IPYIINB! MOXHO 3a4aTk pasjiMyHbIC 3HAYCHUA MapameT-
POB.

IIpy HeoOXomuMOCTH MOMKHO CO3JiaTh HECKOJBLKO TPYIN CBs3eH M
M3MEHUTH NapaMeTPhl CBA3CH KaX 0% TPYMIlbl, HO OTHA CBA3b HO/DKHA BXO-
JIATH TOJIBKO B OJHY TPYyIIILy.

[lo BBHIONHEHHBIM pacueTaM MOXHO BBIIOIHUTHL CONOCTABICHUE
JWHAMHMYECKHX KayecTB HEKOTOPBIX THIOB IPY30BBIX Bal'OHOB C pe3yibra-
TaM¥ JKCIIEPUMEHTAIBHBIX MCCIICIOBAHMIA.

Taxum obpazom, JOMOMHEHHE MATEMATHICCKHX MOJIEIECH MpOCTpaH-
CTBEHHBIX KoJicOaHul MCXOAHLIMU JAHHBIMU C YTOUHEHHBIMM MHEPIMOH-
HBIMH XapakTePUCTHKAMH JJIEMEHTOB BArOHOB W IPY30B [103BOJISET MpHU-
OJM3UTH Pe3yNbTaThl PacUeTOB K pealbHOMY COCTOSHUIO O0OBEKTOB M TEM
CaMbIM NOBBICKHTH TOCTOBEPHOCTh MATEMATHYECKOFO ¥ KOMIBIOTEPHOIO MO-
JIeTUPOBAHUS. '
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PuGkun, C.B. Mswmn. AT. Peiinemeiicrep, A.I. Tpskun, H.B.
Xamuniosa. - // Bicanx JJHY3T. - 2003. - Bun. 2. - C. 77 - 86.
Pesonancibic sBICHES NpH Konebakusx rpy30Boro Barona [Texcr] /
C.B. Msnaams. - // 3anisu. Tpancn. Ypainn. - 2001. - Ne 4. - C. 24 —
26.
Maremareseckas MOzeIs NPOCTPAHCTBEHHBIX xonebanit cuena ms-
TH BaroHOB, IBMAEVINHXCS 0O NPSMOJIMHEHHOMY YYacTKy NYTH
[Tekcr]: chopsmx wmayummix TtpyaoB / BJI.  Jlanosmy,
A.A Mamamesa - /' Tpascnopr. HarpykeHHOCTH M HPOYHOCTH
nogswxHONS cocrasa: C6 rmayw. 1p. / JITTYXKT. - /lnenponerpoBck
: "Hayka u ofpasosasme”.
Mon&mm COCTMENTEILHLIX JIEMEHTOB THIA "CyX0e TpeHue"
KW opoTpaMMax JUIs pelleHus 3anav  IMHaMUKH
pEmnm amnamed [Texcr] © MaTepuanbl BPEMEHHBIX KOJUICKTH-
Masesws. B A Jlureun. - / Ilpobnemsl MEXaHHUKH Ke-
neaa(mopuxm TrescmopTa. J(MHAMHKA, HAJEKHOCTH U Oe3omac-
HOCTS MOIBEEHCTD coctasa (29.05 - 31.05.1996) : Tes. mokm. IX
Memmxap m@ ' JUITY3T. - isenponerposck, 1996. - C. 77.
.. IHATSELMC YDEBHCHHS NDOCTPAHCTBEHHBIX KOJIeOaHMH
opmmy mayvaEsx Tpya0B / JLA. Manamkux, H.1.
MEa TPAaHCIOPTA: BEC TO€3/1d, CKOPOCTh,
- Memsy3. c6. Hayd. Tp. / I_{FTV KT. -
]_[Henponerpm &%&. C 15-25.

. Ilpopomte B WW cHIn B TI0€3/1aX M3 TIOPOIKHMX MOJTY-

sney pemwMax asikenus [Tekcr] : cOOpHHK
fassammn. H. Tpanosckas, B.B. Kon-
&~ Bec 1oe3za, CKOpocTh, Oesomac-
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HOCTH IBWXeHHs : Mexays. ¢6. nayy. 1p. / AU'TYXT. - Tuenporner-
posck, 1994. - C. 25 - 33.

Tenexka rpy30BbIX BaroHOB ¢ yJYYINCHHBIMH JUHAMUYECKMMH Ka-
yecreamn [Texer] / B.A. Jipyxrnasos, I1.C. Anncumos, I'.B. Jles-
xop, B.JI. lanosny n ap. - // J.-n. Tpamen. - 1978. - Ne 12. - C. 48 -
49,

Maremaruyeckas MOJENb TPOCTPAHCTBEHHBIX KOJNeOaHMi dIEKTPO-
BO33 ¢ MOJEPHH3NPOBAHHON CXEMOH COEIMHENMS Ky30Ba C TINCHK-
xamn [Teker] : cOopuux sayussix tpyigos / BJI Hanmosud, M.JL
Koporenko, C.B. Mamimnn, JLA. Hexyxas. - // Tpaucnopr. [lossi-
renve YQPEKTHBHOCTH PabOTHI YCTPOHCTB eKTp. Tpancn. @ Mex-
By3. ¢6. Hayy. Tp. / ATTYXKT. - Tuenponerponck, 1999. - C. 182 —
189.
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