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BBEJAEHHUE

AKTYaJIbHOCTh TeMbl HcciaeaoBaHusa. (Co3JaHHE HOBBIX APTUIIIEPUHCKUX
YCTaHOBOK, CUCTEM CTPENKOBO-ITYIIIEYHOTO BOOPYKEHHUS " CPEACTB
BBICOKOCKOPOCTHOTO  METaHUs TpeOyeT TMPOBEACHHWS 3HAYUTEIBHOTO OOBheMa
JIOPOTOCTOSIIIINX SKCIEPUMEHTAJIBHBIX HCCJIE0OBAHUN U OMNBITHBIX paOOT. YMEHBIIUTH
3aTpaThl Ha MPOBEJIEHUE JIAHHBIX HMCCIIEIOBAHUN IMO3BOJSET UCIOIb30BaHUE (PUUKO-
MAaTEMATHYECKOW MOJICIIA ITPOLECCA BBICTPENA, YUUTHIBAOIICH IOCIEI0BATEIBHOCTh U
IIPUPOAY SIBJICHUU, NPOTEKAIOIINUX B CTBOJIC, HA TPACKTOPUU U NPU B3aUMOJECUCTBUU C
00beKTOM  TopaxkeHus. Pa3paboTka HOBOro ToAXOJAa K  MPOEKTUPOBAHUIO
ApTUIUIEPUMCKAX  CUCTEM, CBA3aHHOTO C  JIETAIM3allMed  MPOLECCOB NP
apTWJIEpUICKOM  BbICTpenie, U 3(G(EKTUBHBIX BBIYUCIUTEIBHBIX QJITOPUTMOB B
COCMHEHUN C BO3MOXKHOCTSIMH COBPEMEHHBbIX OBM mMO3BOJAET CTaBUTHh METOJIbI
YUCJIEHHOTO HCCIENOBaHUS B OJIMH PAI C HATypHbIMH 3KcrepuMeHTamu. K
JIOCTOMHCTBAM TaKUX UCCIICIOBAHUN CJIENYET OTHECTHU:

— CYIIECTBEHHOE MOBBIIIEHNE NHPOPMATUBHOCTHU MTPU MOJCITUPOBAHUY;

— OBICTPYIO HACTPOMKY MOJEIM Ha HOBBIM OOBEKT H3y4aeMOro Kjacca u
BO3MOKHOCTh aHaJIu3a pa3HOoOOpa3HbIX (pusnueckux 3PHEeKToB;

— BO3MOXHOCTh ONTHMH3AIlMA TAapaMETPOB BBICTPEIA W TMOBBIINICHUE TaKTHUKO-
TEXHUYECKUX  XAPAKTEPUCTUK  APTWUIEPUMCKUX  CUCTEM  HAa  OCHOBE
MMUTALMOHHBIX YKCIIEPUMEHTOB.

B aToli cBsi3M, pa3paboTKa KOMIUIEKCHOM MOJIETH apTHIIEPHIICKOTO BBICTpEIa
CTAHOBUTCS aKTYAJIbHOM TEOPETUYECKOW U MPAKTUYECKOM 3a/1a4eHl.

Kommiekcuple (u3nko-maTeMaTuuyecKue MOJEIN CTaHOBATCS HE3aMEHUMBIM
MHCTPYMEHTOM JUIS aHalii3a HEITATHBIX CHUTyalMid, KOTOPbIE BO3MOXHBI IIpU
aApTUIIJIEPUNCKOM BBICTPEIIC, W MO3BOJISIIOT JE€TAIBHO M3y4aTh aHOMAJbHbBIC SIBICHUS C
ydgetoM MHOTHX (akTopoB. K aHOManbHBIM (PU3WYECKUM SIBICHHUSM B TIPOIIECCE
apTUJJIEPUKCKOTO BBICTPEIIa MOKHO OTHECTH CYILIECTBEHHBIN POCT JABJICHUS B KaHAJE
CTBOJIA TPU HEOOJBIIUX H3MEHEHUSIX HCXOIHBIX IMapaMeTPOB 3apsDKaHUs, CXEMBbI

3apsKaHWA WM Ha4YaJIbHBIX YCJ'IOBI/Iﬁ BBICTPCJIA, 4 TAKIKC ABJICHUA, Ba(l)I/IKCI/IPOBaHHLIC B
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HKCIIEPUMEHTE, HO HE YKJIQJbIBAIOLIMECS B YCTOSIBIIMECS (PU3UYECKUE MPEICTABICHUS.
Jlanuble sBJI€HUS HauOOJee CYIIECTBEHHO MPOSBISIIOTCS TPU TMPOEKTUPOBAHUU
apTHWJIEPUICKUX CHUCTEM BBICOKOCKOPOCTHOTO METAHMS, T/I€ UCIOJIb3YIOTCS 3aps/bl €
OONBIIMMHU  IUJIOTHOCTAMH 3apsDKaHUS WM HOBBIE MAaJIOM3YYEHHBIE TTOPOXOBBIE
aeMeHThl. VcenenoBanne MeXxaHM3MOB BOZHUKHOBEHUS JTAHHBIX (PU3WUECKUX SIBJICHUIN
MMEET BAXXHOE 3HAUYCHHUE JJII CHI)KEHUS 00bEMa HATypHBIX HCHOBITAHWI HA CTaauu
MIPOEKTUPOBAHMS apTUILICPUKCKOTO BBICTpENA.

B mnacrosimiee Bpemsi mpu MOJCIUPOBAHUU CIOXKHBIX TEXHUYECKUX CHUCTEM
IIMPOKOE PACHPOCTPAHEHHUE TMONYYAIOT TEXHOJOTHH BU3YAJIBHOTO KOMIIBIOTEPHOIO
MoaenupoBaHus. I[IpuMeHeHHe HSTHX TEXHOJOTUM B COYETAHUM C aJCKBATHBIMU
MaTEeMaTUYECKUMH MOJIEISIMU MTO3BOJISIET UCCIEI0BATh H3yYaeMbI€ ITPOLIECCH] B PEXUME
BUPTYaAJIbHOM pEaTbHOCTH, YTO HMMEET 0co00e 3HAYeHHE, €CIM MBI MMEEeM JeJ0 C
MPOLIECCAMH, MPOTEKAIOIMMU C OOJBIIOW CKOPOCTBbIO, M HAJIeXKHAs perucTpanus
OTHIEJIbHBIX TapaMETPOB B XOJE HATypHOTO JKCIEpUMEHTAa Ha JAHHOM JTalle
HEBO3MOXHA. AKTyalbHON HAYYHO-TIPAKTHUYECKOM 3a7adeil, B CBA3U C ITUM, SIBISETCS
pa3pab0OTKa HOBBIX BH3yaJIbHBIX TEXHOJOTMH KOMIBIOTEPHOTO MOJEIUPOBAHUS
OBICTPONPOTEKAIOIINUX TIPOIIECCOB.

Crenenb  pa3paboTaHHOCTM  TeMbl  HcciaeaoBaHuss.  COBpPEMEHHBIN
OTEUECTBEHHBI YpPOBEHb HCCIEAOBaHWI B 00JacTM BHYTpPEHHEH OaUIMCTUKH
apTWUICPUNCKUX YCTAHOBOK  OMNpEAENseTcs HayYHbIMU IIKoJIaMu  HKeBCKOro
rOCyJapCTBEHHOIO  TEXHUYECKOI'O  YHUBEPCUTETA  HM. M.T. Kanamaukosa
(A.M. Jlummano, WN.I'. Pycax u np.) [1, 2], HaumoHampbHOro HCCIEIOBATEIBCKOTO
Tomckoro rocynapctBenHoro  ynuBepcurera (FO.IL. Xomenko, A.H. Nmenko,
B.3.KacumoB u gp.) [3] wm bBaatwmiickoro TrocyIapCTBEHHOIO TEXHHYECKOTO
yauBepcureta «Boeumex» um. J[.®. Ycrunona (b.D. Kapt, B.®. 3axapenkos u ap.) [4,
5]. Illupoko NPUMEHSIOTCS MHOTOIMPOLECCOPHBIC BBIYUCIUTEIBHBIC CHUCTEMBI IPH
MOJICIMPOBAaHUM  BHYTPUKAMEPHBIX TpolieccoB B MHcTUTyTe aBTOMAaTH3alUdd
npoektupoBanrsi PAH u Uuctutyre npukiagHoid marematuku uM. M.B. Kenneima

PAH xomnextuBom aBTopoB (M.B. Cemenos, I1.C. Y1kun, 1.®d. AxmenbsHoB u jip.) [6].



9

AKTHBHO TIPOBOJATCA pabOThl MO pa3pabOTKe MpOrpaMMHOro obOecreueHus s
pelleHus 3a/1ad BHYTPEHHEH OaIMCTUKU B 3apyOekHbix cTpaHax: CIIA (US Army
Research Laboratory, P.S. Gough u np.) [7], ®pannuu (Institut Franco-Allemand de
Recherches de Saint-Louis, A. Carriere, P. Franco u ap.) [8], BenmukoOpuranuu
(QinetiQ, C. Woodley, S.Fuller u np.) [9], 'epmanum (Fraunhofer Institute, R. Heiser u
np) [10], Humepmannax (TIBALCO, A.C. Hordijk, O. Leurs u np.) [11], ®unisHIun
(Helsinki  University of Technology Laboratory of Aerodynamics, H. Nyberg,
A. Tuomainen u ap.) [12], AAnonuu (Keio University, H. Miura, A. Matsuo u np.) [13],
Kurae (Nanjing University of Science & Technology, S. Ying, X. Zhang, Y. Yuan u
ap.) [14] u B psane npyrux crpas.

TeopeTndeckue OCHOBBI MOJCIMPOBAHMS BHEIIHEOAUIUCTUUECKUX MPOIECCOB
ObUTM  3aj70KeHbl ydeHbIMH lleTepOyprckoit akamemun Hayk JI. Diinepom u
OCHOBaTeJIeM pycckoi Oamnmuctuueckoil mkoiasl H.B. MaueBckuM. 3HauuTENIbHBIN
BKJIaJl B W3Y4YCHUE PA3JIMUYHBIX BOIPOCOB BHEINIHEH OaUIMCTHUKKW BHECIU TaKue
Bblatomecs: yuyenole, kak H.E. JXXykoBckuii, C.A.Yaniabirus, A.H. Kpb110B,
AM. lanupo, H.A. Bentuens, b.H. Opnos, B.C. Ilyraues. Bomnpocam pa3paboTku
MPOrPaAaMMHOTO OOECTICYSHUS JIJIT MOJICTUPOBAHUS BHEIIHEW Oa/UIMCTUKHU TTOCBSIIICHBI
paboThl yueHBIX MXKEBCKOro TOCYJApCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA
uM. M.T. KanmamuukoBa (A.A. Konosanos, 10.B. Huxomaes) [15], MockoBckoro
rocyJ1apCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA uM. H.O. baymana
(A.A. Imutpuesckuii, JI.H. JIsicenko) [16] u ap.

OYHKIIMOHUPOBAHUE CHAPAJZIA Y IIEJIM 3aBUCUT OT THNA cHapsiaa (OpoHEOOIHBIH,
OCKOJIOUHBIN, (DyracHbI, KyMYJSITUBHBIN U Ap.). B pabote paccMatpuBaroTCcsi 3amayu
MoJeIupoBaHuss (YHKIIMOHUPOBAHUS CHapsga OpOHEOOMHOr0 U OCKOJIOYHOTO
JNEUCTBUSI, KOTOPHIE  OCHOBBIBAIOTCSI HA  PEIICHUU  3a7Ja4d  HAMNpsHKEHHO-
ne(opMUpPOBAHHOTO COCTOSIHUS. MaremaTudyeckoMy MOJICTUPOBAHUIO u
HKCIIEPUMEHTAJILHBIM HMCCJICIOBAHUSIM JCHCTBUS OOCMPHUIIACOB TIOCBSIICHBI PAOOTHI
YUYEHBIX HAYyYHBIX IIKOJI MOCKOBCKOI'O TOCYJapCTBEHHOIO TEXHUYECKOTO YHUBEPCUTETA

uM. H.O. baymana (B.A. Ogunuos, JL.II. Opnenko, B.A. I'puropsin, B.A. Benganos u
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ap.) [17-19], HoBocuOupCKOro rocymapCTBEHHOIO TEXHHYECKOTO0 YHHBEPCHUTETA
(JI.A. MepxkueBckuii, U.A. banaranckuii u ap.) [20].

Busyanpapie 3D TEXHOJOTMHM  HMCHOJB3YIOTCS  TPH  PEIICHUH  3a7a4
MMUTALMOHHOTO MOJIEIUPOBAHUS APTWILIEPUICKUX CHCTEM OTHOCHUTEIIbHO HEJIaBHO,
9TO OOYCIIOBJICHO 3HAYUTEIBHBIM YBEIUYCHHEM BO3MOXXHOCTEH COBPEMEHHOU
BBEIYHCIIUTEILHON TeXHUKH. [IpoekTHpoBaHNEe Pa3IUYHBIX IJIEMEHTOB apTHILICPUHCKUAX
CUCTEM OCYUIECTBJISIETCSl ¢ McHoJib3oBaHueM coBpeMmeHHbIx CAD cucrtem, Hampumep,
AutoCAD (Autodesk, Inc., CIIA) [21], Kommac-3D (ACKOH, Poccus) [22], TIK
JIMPA-CAIIP (“Jlupa cepBuc”, Poccus) [23], koTopple o0sagaroT 06a30BBIMHU
BO3MOKHOCTSIMH ~ MaTEMaTHYECKOTO  MOJCIHPOBAHUSA  DJEMEHTOB  KOHCTPYKITHI
apTWUICPUACKUX ~ cucTeM. IIpoBeneHHMe JCTaNBbHBIX  HCCIEAOBAaHUN  TIpoIecca
apTUWJICPUIICKOTO BBICTpPEJIa MPOBOJAUTCS B MPOTPAMMHBIX KOMITJIEKCAX aBTOMATU3AIMU
WHKEeHepHOro npoekTupoBanus, Takux kak ANSYS (ANSYS, CIIIA) [24], OpenFOAM
(OpenCFD Ltd, Benukooputanus) [25], JIOT'OC (®I'YIT “PDAI-BHUNDD”, Poccust)
[26], xoTOpbBIC HCIONMB3YIOTCS JUIsI MOJACIMPOBAHUS MEXaHUKH CIUIONIHBIX Cpel |
MPOYHOCTHBIX PACUETOB.

CoBpeMeHHbIN ypOBEHb TEXHOJIOTHM OINpeAeNsieTcs] pa3BUTHEM B TOM YHUCIE U
UTPOBOM  HMHAYCTPUM  BHUPTYaJbHOW pPEAIBHOCTH. OTHU TEXHOJIOTMM  IIMPOKO
UCITOJIB3YIOTCSL JUISI CO3JaHHUSl CHUCTEM BHPTYAIbHOW PEANbHOCTH 11 OOYy4YCHHS
JNEWCTBUSAM B peaJbHBIX YCIOBHUAX M TIOJATOTOBKE O0eBBIX orepanuii. [Ipumepom
UCIIOJIb30BaHUsl TaKUX TeXHojoruii sisgercs tiargopma Virtual Battlespace 3
(Bohemia Interactive®, Uexus) [27], xoTopas UCHONB3yeTCS HEKOTOPBIMHM CTPaHAMHU
HATO nns MmogenupoBanus OOEBBIX ICUCTBHI Ha CyIlle, B BO3yXe U Ha Boae. PaboThl
10 MOJICTMPOBAHNUIO OOEBHIX CHUTYyaIlMii B BUPTYaJIbHOW PEaTbHOCTH W YIPABIICHUIO
00eBBIMU JICHCTBUSMH C HCIOJIH30BAHHEM TE€OMH()OPMAITMOHHBIX CHUCTEM BEIyTCS B
WucTutyTe MiccneaoBanuii cucteM okpyxkaromieit cpeast (ESRI, CIIIA) [28].

NudopmarnmonHO-MOAeHupyoIias cpeaa s MOAISPKKU MTPUHATHS PEIICHUNA U
IUIAHUPOBAHUSI ~ TPUMEHEHUS  ONEPATHBHO-CTPATETUYECKUX,  OMEPATUBHBIX U
taktTuueckux (opmupoBannit BC P® pazpabareiBatorcss B LleHTpe mnoAroToBku

CyxonytHbix Boiick P® (OAO «HIIO PycbUTex», Poccus) [29] coBmectHO ¢



11

(Rheinmetall AG, Tepmanms). PaspabateiBaecmoe OAO «HIIO PycbUTex»
porpaMMHOE O0OECTeYeHHE IO3BOJIIET OTOOpaKaTh PealibHbIE MPOLECCHl B PEKUME
BUPTYaJIbHOU PEATBHOCTH.

DONeMEeHThl BUPTYaJbHOM pEeabHOCTH JJISI MOJEIUPOBAHUS (POTOPEATUCTUYHBIX
n300pakeHHit OB peain30BaHbl MPU CO3AAHUH CTPEIKOBOTO TpeHaxkepa B MxeBckoM
rocygapcTBeHHOM TexHuueckoM yHusepcutere uMm. M.T. Kanamnukosa u UIIM YpO
PAH (A.M. Jlunanos, 10.K. lllenkoBuukos, A.}O. Bepkuenko u ap.) [30].

B OKb MDU (A.C. Yeborapes, B.H. Kynpsimos, I'.®. 'yn3p u ap.) [31] Obun
pa3zpaboTaH amnmapaTHO-IPOTPaMMHBIA KOMIUIEKC «BUpPTyanbHbI MOJIUIOH» AJIs
oOecriedyeHnsT MCCIECAOBAHUNA M OMNPEICICHUS CBOWCTB COBOKYIMHOCTH OOBEKTOB
CHCTEMBI TOJIMTOHHBIX UCTBITAHUN W YNPaBICHUS XKU3HEHHBIM IIUKIOM BOOPYXEHUH,
BOCHHOM U CIIEUAIIBHON TEXHUKMU.

B nuccepranoHHOM paboTe HCMONb30Bajach TeXHoNOrus paspadotku 3D
npoekToB NeoAxis 3D Engine (NeoAxis Group Ltd, Poccus) [32], koTopas mo3BosisieT
pa3pabarbiBaTh CHCTEMY BHU3yalIM3allMd M MOJEJIUPOBAHUS Ha BBICOKOYPOBHEBOM
00BEKTHO-OPUEHTHPOBAHHOM sI3bIKe TMporpammupoBanus. Ha ocroBe NeoAxis 3D
Engine Obuin pa3paboTaHbl CHCTEMbI MOJCIMPOBAHUS YPE3BBIYAMHBIX CHUTyallMid Ha
xumudeckoM npeanpusitun STDynamica (Cucremorexnuka 3/1, Poccust), cuctemsr 3D
BU3yalIM3allil ¥ yNpaBICHHWs TOJBOJHBIMH amnmnapaTaMd B YCJIOBUAX HU3KOU
suaumoctu Abyssal OS (Abyssal, [Toptyramus) u ap.

B omimmume OT paccMOTPEHHOTO BBINIE TMPOTPAMMHOTO  ObOecreyeHus,
pa3pabaThiBaeMblii B paMKax JTUCCEPTAIIMOHHONW palbOThl MPOrPAMMHBIA KOMILJIEKC
npeaHa3HayeH [UIsl BU3yaJM3allud W MOJCIHMPOBAHMS TMPU TMPOCKTUPOBAHUU U
0TpaboTKe apTUIUIEPUICKUX CUCTEM Ha OCHOBE KOMITJIEKCHOM (PU3UKO-MAaTeMaTUYECKOM
MOJIEIN BBICTpEa.

Leabo npoBeaeHuss padoOThl SBISETCS TMOBBINICHUE WHHOPMATUBHOCTH H
IPOU3BOIUTENILHOCTH HAYYHO-UCCIIEOBATEILCKUX U OMBITHO-KOHCTPYKTOPCKUX paboT
Ha CTaJluW MPOEKTUPOBAHMS U OTPaOOTKH Ooempuriaca U apTUUIEPUICKUX YCTaHOBOK,
32 CUeT TPUMEHEHUS  KOMIUICKCHBIX  (DU3MKO-MAaTeMaTHYEeCKHX  MOJENeH,

ABTOMATU3aluu IMPCACTABIICHUA PE3YJIbTATOB BBIYUCIHUTCIBHOTO JSKCIICPUMCHTA U
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pa3pabOTKM  BU3yaJbHBIX TEXHOJOTMH  CONPOBOXKJIEHUS  OBICTPONPOTEKAIOIINX
IIPOLIECCOB PA3JIMYHBIX CTaJNN APTUIUIEPUHCKOTO BBICTPENA.

OO0bekTOM MHCCIeI0OBAHUS SIBISIIOTCS CUCTEMA IOJMIOHHBIX HCIBITAHUM H
IIPOLIECCHI, IPOTEKAOIINE PU aPTUILIEPUIICKOM BBICTpEIIE.

IIpeaMeTroM  ucc/IeOBAHMA  SIBISIFOTCS  BHU3yaJbHbIE  TEXHOJIOTMM  JJIA
IIPOCKTUPOBAHUS M OTPAOOTKH APTUIUIEPUUCKUX CUCTEM B YCIOBHSX MOJIMTOHHBIX
UCIIBITAHUM W MaTeMaTU4YEeCKUE MOJEIHM PA3JIMYHBIX CTaJAud apTULIEPUICKOTO
BBICTpEJIA.

JUIsL NOCTMXKEHUS YKa3aHHOM LENM B JUCCEPTALMM IIOCTABJICHBI W PEIICHBI
CIIEYIOIINE 3a/1a4H:

1. Pa3paboTka CTPyKTYpHO-(YHKIMOHAJIBHOM MOJENM BH3YyaJu3allMKM Ipoliecca
apTUIJUIEPUKCKOTO BBICTpEIA.

2. Cozmanme TEOMETPUYECKHMX O00BeKTOB BuiyasbHOro 3D  mopenupoBanus:
apTUJUIEPUACKUX YCTAaHOBOK, CHAPSJA0B U MPOLECCOB, MPOTEKAIOIINX B MPOLECCE
apTUJUIEPUKCKOTO BBICTpEIA.

3. Pa3paboTka TEXHONOTMU TPEACTABICHUS Pa3IUYHBIX CTaAWA Mpolecca
apTUJUIEPUICKOTO BBICTPENA C MCIHOJB30BAHUEM COBPEMEHHBIX BH3YyaJbHBIX
cuctem 3D monenupoBaHus.

4. Pa3paboTKa KOMIUIEKCHON (DU3UKO-MATEMaTHYECKOW MOENH apTUILIEPUNCKOTO
BbICTpEJa, BKJIIOYAIOIAsl BHYTPEHHIOIO W BHEIIHIOI OaJNTUCTHKY, a TaKXe
(YHKIIMOHUPOBAHUE CHapsAa y LEH.

5. Pa3paboTka METOAMKM M aJrOPUTMOB BHU3YaAJIM3ALUU PE3YJIBTATOB pPELLICHUS
OCHOBHOM 3a/lady BHYTpPEHHEH OayUIMCTUKKW HAa OCHOBE Ta30JMHAMHYECKON
MO/JIEJIN BOCIIJIAMEHEHH S, 3PO3MOHHOTO TOPEHUS U ABUKEHUS TETEPOrCHHBIX CPe
JUTSI pa3JINYHBIX KOHCTPYKLIHH TOPOXOBOTO 3apsija.

6. Pa3paboTka METOOWMKM MOJNETUPOBAHMS M  TEXHOJOTUS  BU3yalM3allUu
HaNpsHKEHHO-Ae(OPMUPOBAHOTO COCTOSIHUSL CTBOJIA C YYE€TOM JIMHAMUYECKUX
IPAaHUYHBIX YCJIOBHUM, NOJYYEHHBIX B PE3YJIbTAaTe PELICHHS OCHOBHOW 3a1auu

BHYTpEHHEN OAJITMCTUKH.
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Pa3paboTka TEXHOIOTMM MOACIUPOBAHUS U BU3YAIbHOIO IMPEACTABICHUS
TPaeKTOpUN CHApSIOB C y4eToM penbeda MECTHOCTH TpU  OTpaboTKe
APTUIUICPUNCKUX CUCTEM.

Pa3paboTka MeTOHONOTUM  pelIeHUs 3ajJaud  OpPOHENpPOOUTHSI  CHApSIOM
OJHOPOJHBIX  M30TPOMHBIX  MPEMATCTBUH W  BHU3YaJbHBIE  TEXHOJOTHUH
MPECTaBICHUS PE3YIBTATOB.

Pa3paboTka METONMKM CTAaTUCTUYECKOTO HWMHUTALMOHHOTO MOJEITUPOBAHMUS
pasjera OCKOJKOB IMpH TMOJPBIBE CHapsia Ha TPACKTOPUU M IPEICTABICHHS
pPEe3yAbTaTOB MOJICTUPOBAHMS B BHUJE OCKOJIOYHOTO TOJII C y4eToM peibeda
MECTHOCTH.

[Ipumenenrne pa3paOOTaHHBIX BU3YAJIbHBIX TEXHOJIOTUH JUIS ONpEICIICHUs
KOOpAMHAT  TMO3UIIMOHMPOBAHUS M THapamMeTpoB  (YHKIIMOHUPOBAHUS
M3MEPHUTENbHO-PETUCTPUPYIONICH anmapaTyphl.

Hayunasi HoBu3HA pabOTHI.

Bnepsrie pa3paboTaHa v peain3oBaHa KOMIUIEKCHAsE MaTeMaTHYeCcKas MOJEIb
mpolecca apTHITICPUHCKOTO BBICTPENa, BKIIOYAIONIAsi BHYTPEHHIO, BHEUTHIOKO
OaITUCTUKY U QYHKIIMOHUPOBAHKUE CHApSIIA Y 1NN JJI OLIEHKU d(PPEKTUBHOCTH
pEIIeHMs 3a/1ad CHCTEMHOTO aHaJIW3a, ONTHMHU3AIUNA ¥ TIPHHATHS PEIICHUN TIPH
MPOEKTUPOBAHUU U OTPAOOTKE apTUIIEPUICKUX CUCTEM.

Pa3paboTraHo HOBOE MaTeMaTH4YecKoe U aJIrOpUTMUYECKOe obOecreyeHue,
BKJTIOUAIOIIEe BU3YAIU3AIHNIO, TTApaMETPUUECKUE UCCIIeOBAHMUS, MMUTAIIMOHHOE
MOJICIMPOBAaHUE [IJI1 CHCTEMHOTO0 aHajiu3a W ONTUMH3AIMU TapaMeTpoOB
APTUIJIEPUKCKOTO BBICTPENA.

BriepBeie peanm3oBaHa CHCTEMa BU3yaIM3allMd PE3YIbTaTOB KOMILJIEKCHOTO
MOJICIUPOBAHUS TIPOIlecca apTHIICPUICKOTO BBICTpeTa W (DYHKIIMOHUPOBAHUS
U3MEPHUTEILHO-PETUCTPUPYIOMIUX YCTPONCTB TMpH OTPaOOTKE apTUILICPUUCKHUX
CUCTEM B XO/I€ TIOJIATOHHBIX UCTIBITAHU.

PeanuzoBana MaTeMaTH4YecKast MOJIEITb TIBKEHUS cHapsaa 1o

BHEIIHEOANIMCTUYECKON TPAEKTOPUH, TOMOJIHEHHAs PacyeToM IOJIHOro Habopa
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KO3 (DUIIMEHTOB a’pOAMHAMUYECKUX CUJI M MOMEHTOB Ha OCHOBE pEIIEHUS
3a/layu TUIPOIMHAMHYECKOTO OOTEKaHUsI CHAPAIA U yUYETOM pelibe(a MECTHOCTH.
B cocraBe KOMIUIEKCHOM MaTeMaTUYECKOM MOJENHU apTULIEPUIMCKOTO BBICTPENA
BIIEPBbIEC peaIM30BaHa MaTeMaTHYecKas MOJeNIb BHYTPEHHEW OalIMCTUKH C
Y4E€TOM HECTAIMOHAPHOTO M 3PO3HMOHHOIO BBITOPAHMS TOPOXOBBIX 3JIEMEHTOB HA
OCHOBE CONPSKEHHOM 3a/1a4M ra30BOM TUHAMUKU U TOPEHUS.

Bnepsbie pazpaboTaHa W peaqu3oBaHa METOJMKA B BHUJE CIHEIUAIBHOTO
MaTe€MaTHUYeCKOro M MPOrpaMMHOr0 OOECHEeYeHHs ISl aHalIu3a COBMECTHOIO
JUHAMMYECKOTO MOJEIMPOBAaHUS IPOLIECCOB BHYTPEHHEW OalIUCTUKU U
HaIpsHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS KaHajla CTBOJIA.

Pa3paboTaH HOBBII aNTOPUTM MOCTPOCHUS M BU3YAIU3aLUMU 30HBI OCKOJIOYHOTO
HOpaXEHUs C YYETOM peibeda MECTHOCTH Ha OCHOBE HMUTALMOHHOIO
MOJETUPOBAHUS PA3JIETA OCKOJIKOB C BO3MOKHOCTBIO OIPEAEIEHUS ONTUMAIBHOU
BBICOTHI MOJIPhIBA CHAPsIa HA TPACKTOPHH.

BrniepBbie co3naH npo0OaeMHO-OpUEHTUPOBAHHBINM MPOTPAaMMHO-BBIYUCIUTENbHBIHN
KOMILJIEKC MOJICJIMPOBaHUsl apTUJUIEPUKCKOTO BBICTpENa, KOHQUTypaluuud WU
BU3YyaJW3allMM  [OJUIOHHBIX  HCIBITAHUA HA  OCHOBE  HAaTypHOIO W
BBIYHMCIIUTEILHOTO SKCIIEPUMEHTA.

Teopernyeckasi U NPaKTUYECKAsA 3HAYMMOCTb PE3YJIbTATOB UCCIEAOBAHUS.

. PacmmpeHsl BOBMOXXHOCTH CUCTEMBI MOANEPKKHA MPUHATUS PELICHUN pEeLIeHUs
3a1ay OaJUIMCTHYECKOTO MPOEKTUPOBAHUS APTUILUIEPUMCKUX CHUCTEM 3a CYUET
MPUMEHEHUs KOMIUIEKCHOM  (PM3MKO-MAaTeMaTHYeCKOM MOJeNH  Ipoliecca
ApTUIJIEPUKCKOTO BBICTPEA.

. PazpaboTannsie BU3yaJIbHBIE TEXHOJIOTUU 00paboOTKH  pe3yJbTaTOB
BBIYHUCIUTENBHBIX 3KCHEPUMEHTOB IO3BOJISIOT MOBBICUTh WH()OPMATUBHOCTH U
MPOU3BOAUTENILHOCTh PabOT MpPH MOATOTOBKE K MPOBEICHUIO MMOJIUTOHHBIX
WCTIBITAaHUN.

. Pe3ynapTaThl  IHMCCEPTAMOHHOIO  MCCIIEJOBAaHUS  BHEIPEHBI B COCTAaBE
MPOrpaMMHO-ANMAPAaTHOTO  KOMIUIEKCA  aBTOMATHU3MPOBAHHOM  CHCTEMBbI

noauroHHbIx ucnbiTaHui B @KIT «HUM «I'eones3us» (MMeeTcs akT BHEPEHHUS ).
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4. Metoabl U TEXHOJIOTMM MOJEIMPOBAHUS IMpollecca apTUIUIEPUNCKOTO BBICTpEa,
pa3paboTaHHbIE B XOJ€ AMCCEPTAMOHHOTO HCCIEAOBAHMS, HCIOJB3YIOTCS B
yuebHOM mpouecce PI'BOY BO «MxeBckuii TocylapCcTBEHHBIN YHUBEPCUTET
umenn M.T. KanamnukoBa» misg oOydyeHus: OakanaBpOoB W MarvuCTPaHTOB
HanpaBieHuil  «llpuknannas wmarematuka» U «CHUCTEMHBIM aHamu3 U
yIpaBICHUE» MPH BHITIOJIHEHUH JIA0OPATOPHBIX, KYPCOBBIX U JUILIOMHBIX padoOT
(MMeeTcsl aKT BHEPCHHUS).

B nenom pa3paOoTaHHBI KOMIUIEKCHBIA MOJAXOJ K MOJEIMPOBAHHUIO IpoIecca
apTUUIEPUICKOTO BBICTpENAa M BHU3YalbHbIE TEXHOJOTHMHM IO3BOJIIIOT 00ECIEUYUTh
HIMPOKHUI CIIEKTP pelIeHUs 3a/1ad OaJUTMCTHYECKOro NMpoeKTupoBaHus. Pa3paboranHblil
IPOTPAMMHBIM KOMIUIEKC MOXET IMPUMEHSATHCS KaK B BHJIE OTHAEIbHBIX OJIOKOB B
HAay4YHO-MCCJIEOBATEIIbCKUX ~ OpraHM3alusax, 3aHUMAIOLIMXCA  IPOEKTUPOBAHUEM
CTBOJIbHBIX CHCTEM UM OOenpumacoB, TaK W Ha IMOJUTOHAaX IMpPU MOArOTOBKE K
IPOBEJCHUIO HATYPHBIX OANIMCTUUECKUX UCTIBITAHUH U JUIsl aHAJIN3a UX PE3yJIbTaTOB.

Metoab! uccienoBanus. IIpu penieHnn nmocTaBiICHHBIX 3a/1a4 UCIOJIb30BAIUChH
METOJbI. CHCTEMHOTO AHAJIN3a; MAaTEMATHYECKOIO MOJEIMPOBAHMS; BBIYUCIUTEIBHOU
TUAPOJMHAMUKA M MEXaHUKHU CIUIOIIHBIX Cpel; TEOPUM YIPYTOCTH, INIACTUYHOCTU U
pa3pyllieHus; pEelIeHUsI CUCTEM OOBIKHOBEHHBIX IH(DPEepeHIMalbHbIX YpPaBHEHUNH U
YPaBHEHMM B  YaCTHBIX  IPOU3BOAHBIX;  CTATUCTUYECKOTO  UMHUTALMOHHOTO
MOJEIUPOBAHUS.

OcCHOBHBIE 110JI02KEHH S, BBIHOCMMbIE HA 3AIIUTY.

1. CTpyKTypHO-(QYHKIIMOHAIbHAs MOJENIb CHUCTEMbl TPEXMEPHOM eusyanuzayuu u
anaau3a pe3ysbTaToOB MOJACIMPOBAHUA IPOLECCA APTUIIIEPUMCKOTO BBICTPEIA,
BKJIFOYAIOIIAs MPOIECChl BHYTPEHHEH, BHEIIHEH U TEPMUHAIBLHOW OaJUTUCTUKU
(. 12 macmopTa CreuaabHOCTH).

2. [IporpaMMHO-BBIUMCTUTENbHBIA KOMIUJIEKC MOJICTUPOBAHUS U KOH(pUTrypauuu
ITOJIMTOHHBIX MCIBITAaHUM, BKIKOYAIOIINN MamemMamuieckoe u ai2opummuieckoe
obecneuenue Onf awalu3d, ONMUMU3AYUY TIAPAMETPOB APTUILIEPHICKOTO

BBICTpENIa U  NPUHAMUS  YNPAGIEHYECKUX  peuleHuli. npu  ompabomke
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apmMuIIeputicKux cucmem Ha OCHOBE 0Opabomkuy Pe3ybTaTOB BHIYUCIUTEIHLHOTO
sKcIepuMenTa (1. 5).

3. Pazpabomana KOMNJIEKCHASL MamemamuyecKast Mmodenb nporecca
apTUJJIEPUICKOTO BBICTpENia, BKIIOUYAIOIIAsT MOJIEIH MPOIIECCOB BOCIIAMEHEHHUS,
HECTAIlMOHAPHOTO APO3MOHHOTO TOPEHHUS TIOPOXOBBIX JJIEMEHTOB, IBHKCHUS
MTOPOXOBBIX DJIEMEHTOB M CMECH TIOPOXOBBIX T'a30B B CTBOJIC apTHUILICPUHCKOTO
OpyAusl, HAMPSKEHHO-/1e(OPMUPOBAHHOTO COCTOSIHHMSI CTBOJIA apTUILIEPUHCKOTO
Opyausl TIOJT BO3/ICHCTBHEM TIEPEMEHHOTO JIaBJICHUS MMOPOXOBBIX Ta30B, IBMIKEHUS
CHapsijia MO BHENIHEOATUCTUYECKON  TPAaeKTOpUHM, MPOOUTHS  Tperpan
apTUJUIEPUIICKUM OpOHEOOMHO-TIOAKATHOCPHBIM CHAPSAOM U paslieTa OCKOJIKOB
IpU TOAPBIBE OCKOJOYHO-(DYyracHOrO CHapsijia Ha TPACKTOPHH O/ OYeHKU
aghpexmusnocmu  YYHKYUOHUPOBAHUSL CHAPSO08 ) Yelu, ONMUMU3Ayuu u
NPUHAMUS YIPAGTIEHYECKUX peuleHUutl npu NpoeKmuposanuy apmuiieputicKux
cucmem Ha OCHO8e 00pabOmMKU pe3ylbmamos KOMNJIEKCHO20 MOOeIUpO8aHUs
(m. 3).

4. Peanuzayusi cneyuaibHo20 Mamemamuiecko20 U npoSpamMmHo20 obecnedenus
051 aHaiu3a BIUSIHUS BHYTPUOAUTMUCTUYECKUX TMapaMeTPOB HA HaIpPsKEHHO-
ne(hOpMHUPOBAHHOE COCTOSTHUE CTBOJIA apTHUIUICPUHCKOTO OPYIUS B JHHAMHUKE U
MPUHATHS YIPABICHYCCKUX PEHICHUH TMPU MPOSKTHUPOBAHWUU aAPTUIICPUHCKUX
cucreM (r.i. 3, 5).

5. Meronuka onmumuzayuu mapaMmeTpoB OpoHeOONHO-TIOAKATUOEPHOTO CHapsla Ha
OCHOBE KOMIUJIEKCHOTO (PU3MKO-MAaTeMaTUUECKOT0 MOJICTUPOBAHMS TIpoliecca
OpOHENPOOUTHS C YIETOM B3aUMOCBS3aHHOCTH OOBEKTOB «OPYIUE)» — «3aAPSI» —
«CHapsily — «MUIICHb» H TMPOILECCOB, MPOTEKAIIMX TpU CpadaThIBAaHUU
apTuIIepuiickoro BeicTpena (rm.i. 3, 4).

6. Cucmema umMumayuoHHo020 MOOEIUPOBAHUS, BUIYAIUZAYUL U AHAIU3A TIPOIECCa
pasiieTa OCKOJIKOB MPHU TOJIPBIBE OCKOJOUYHO-(YTacHOTO CHapsiga Ha TPACKTOPHH
ydeToM penbeda mecTHocTH (T1. 12).

7. Peanusayusi aneopumma nOCMpOeHUs U BU3YAIU3AYUU 30HbI NOpaxdceHus Ha

OCHOBE 00pabomku PE3yJlbTaTOB WMUTAIMOHHOTO MOJICTUPOBAHUS pa3ieTa
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OCKOJIKOB TPH MOJPHIBE CHApsiia HA TPAEKTOPUHU B BUJE KOMILUIEKCa MPOOJIEMHO-
OpPUEHTUPOBAHHBIX MPOTPaMM M ONPEACIICHUS ONTUMAIBHOW BBICOTHI MOJPHIBA
cHapsna (.. 4, 12).

8. Cucrema gu3zyaruzayuu u anaiuza pe3yibTaTOB UMUTAIIMOHHOTO MOJEIUPOBAHMUS
U3MEPUTEIBbHO-PETUCTPUPYIOIIUX ~ YCTPOUCTB I NPUHAMUA — pEUuleHUull O
KOOpJIMHATax MO3ULIOHUPOBAHMS U onmumusayuy IIapaMeTpoB
(GYHKIMOHUPOBAHUS ~ WU3MEPUTEIBHO-PETUCTPUPYIOUIEH  ammapaTypsl  MpuU
MIPOBEICHUH BHEIIHEOAIUTUCTUYECKUX TPAEKTOPHBIX U3MEPEHUI
apTUIICPUICKUX cHapsAaoB (T.1I. 5, 12).

CooTBeTcTBHE TEMbI JMCCEPTALMN TPEOOBAHUSAM MACIOPTA CHENUATBLHOCTH
BAK (mo TtexHuueckuM HaykaMm). JluccepranmoHHass paboTa BBINOJIHEHA B
cooTBeTcTBUM ¢ myHKTamu 3, 4, 5 u 12 macmopra cnenuanbHoctu 05.13.01 —
CucremHbIN aHANIN3, yIIpaBieHue U o0padboTka nHpopmanuu (MpomsilieHHOCTh) BAK
MunucrepcTBa oOpazoBanus u Hayku PO.

JloCTOBEPHOCTh M 000CHOBAHHOCTb TEOPETHYECKUX BBIBOJOB M MPAKTUYECKUX
pE3yNbTAaTOB, MOJYYEHHBIX B JUCCEPTALMOHHON paboTe, MOITBEPKIAACTCS OMBITOM
IPaKTUYECKOM  peanu3aldd  NPOrPaMMHOIO  KOMIUIEKCA  MaTEMaTH4YECKOIO
MOJICJIMPOBAHUSL M BHU3yaJM3allM¥ Pa3JIMYHBIX ATAoOB IMpolecca apTHUILIEPUIICKOTO
BBICTpEJIa, HAyYHBIMH TpyJaMH U anpoOalMs MU  pe3ysbTaToB  padOThl Ha
MPEACTaBUTEIBHBIX HAay4YHBIX (opymMax, a TaKkKe CPAaBHUTEIHHBIM aHAIM30M C
W3BECTHBIMH pe3yJIbTaTaMU COBPEMEHHBIX MCCIIEI0BAHUN U Pa3pabOTOK.

Teopetnueckrue MOJOKEHUsS,, HUCIHOJIb30BaHHbIE B pabOTe, MaTeMaTHYECKHe
MOJIEJIM U METOAbl 0OOCHOBBIBAIOTCS aJIEKBATHOCTHIO BBHIOOpA MCXOJHBIX IMOCBUIOK H
NOCJIeIOBAaTEIbHBIM MPUMEHEHUEM ammnapara MaTEeMaTHYECKOro MOJETUPOBaHUS, a
TaK)K€ COBPEMEHHBIX alpOOMPOBAHHBIX BBIYUCIUTEIBHBIX TEXHOJIOTUHN JJIS MOTYYCHUS
YUCJICHHBIX PE3YJIbTaTOB.

BHeapenne u peaqu3anusi pe3yabTaroB Ppadorbl. OCHOBHBIE Hay4yHBIE
pe3yNbTaThl JAaHHOW PaOOTHI MOYYSHBI B paMKax BBIMOTHEHUST DenepanbHOM 11eTeBOi
nporpammbl  (yTB. IlocranoBnenue IlpaButenbctBa Poccuiickoit ®enepanuu ot

27.12.12. Ne 1410-35 «O rocynmapcTBeHHOM 00OpoHHOM 3aka3ze Ha 2013 rom u Ha
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mwianoBbii mepuog 2014 um 2015 romoB»), denepanbHOM LEICBOW MPOrPaMMBI
«IloaroroBka xaapoB sl ©HHOBaIMOHHOW Poccuu Ha mepuona 2014-2016 rr.» u psna
HAy4YHO-UCCIIEI0BATEIbCKUX PAOOT:

— «IlocTaBka BHUPTYaqbHOTO BBIUYMCIUTEIBHOTO KOMIUIEKCA TO OaJITMCTHKE»
(TocynmapctBennblii  koHTpakT Nel mexay ['OY BIIO «MxI['TY» m HUU
MPHUKJIaHON MaTeMaTuky U mexanuku TT'Y, 1. Tomck, 2012 r.);

— «MccnenoBanre MEXaHU3MOB BO3HMKHOBEHHUS aHOMAJIbHBIX  (DU3MYECKUX
SIBJICHUM, COIMPOBOXIAIOIINX MPOIECC apPTUIUIEPUICKOrO BBICTpesia» (TpaHT
PO®U, perucrpannonnsiii Homep HUP 13-01-00691, 2013 1.);

— «Pa3paboTka mporpaMMHOro o0ecrnedeHus] BUPTyaIbHOW UMUTALIMIOHHON MOJEIH
apTUUICPUIMCKOTO  BBICTpENIa HAa  OCHOBE KOMIIBIOTEPHBIX  TEXHOJIOTHUU
MaTeMaTH4eCKOro MOJEIUPOBAHUS BHYTPUKAMEPHBIX IPOLECCOB U JIBHXKEHUS
CHapsila Ha BHEIIHEOAUIMCTUUECKON TPAaeKTOpUM, BKIIOYAas OCOOECHHOCTHU
B3auMoiericTBHs Ooenpunaca ¢ o0bekToM nopaxkenus» (OKIT HUU «I'eone3us»,
2013-2014 rr.);

— «MopenupoBaHue pasjieTa OCKOJIKOB M MOBBIIIEHUE TOYHOCTH OMPEICIICHUS 30H
NopakKeHUsT Tpu cpabaThiBaHUM APTHIIIEPUICKOTO CHapsAla C  y4eToM
paccenBanus xapakTepuctuk» (OKIT HUN «"eonesusi», 2015 1.);

— «Yucnennoe MOJIEJIUPOBAHUE MPOCTPAHCTBEHHBIX HECTAIIMOHAPHBIX
TypOyJICHTHBIX TEUEHUN TeTEPOrE€HHBIX PEArupyrouuX Cpell, HECTAIMOHAPHOTO
TypOyJIEHTHOrO OOTEKaHUs TeJl CIOXKHOM (opMbl Ipu OoNbIIMX YUcHax Maxa u
MEXaHUKU TMPOLECCOB COYAAPEHHS M pa3pylleHus NOpU B3aUMOJICUCTBUU
METAeMOT0 Teja C MPerpagoil MPUMEHUTEIBHO K MPOLECCY apTUILICPUICKOTO
BeicTpena» (["oczakaz Ne 1.1418.2014/K, 2014- 2016 rr.).

Pa3paboTanHblii  NpOTpaMMHBIN  KOMIUIEKC — BU3YaJU3allMM  PE3YJIHTATOB
MOJICJIMPOBAHUSl MPOLECCa APTUIUIEPUHUCKOTO BBICTpENIa HUCIHOJIb3YyEeTCSI B COCTaBE
nporpammHo-annaparHoro komiiekca B OKIT «HUU «I'eone3us» (r. KpacHoapmeiick,

MockoBckast 00J1aCTh) IIPH IMOATOTOBKE IIPOBEACHUS IMOJUTOHHBIX UCTIBITAHHUH.
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COBI[&HHBIC IMporpaMMHBIC CPCACTBA IIO3BOJIAIOT IIOBBICUTH 3(1)(1)CKTI/IBHOCTB

NpCaACTAaBJICHUA MW aHalln3a HOAdHHBIX IIpH IIPOBCACHUU BHYTpI/I6aJ'IJII/ICTI/I‘{€CKI/IX,

BHEIIHEOAININCTHYCCKHUX 1 IMPOYHOCTHBIX PACUYCTOB.

Anpobauus padoTbl. OCHOBHBIC TOJIOKEHHS U PE3YyJIbTAThl JUCCEPTALUOHHON

paboThl AOKIAABIBAIUCH, HAa 4 MEXIYyHApOJHBIX, / BCEPOCCUUCKUX U PETHOHAIBHBIX

HAYYHBIX KOH(PEPEHIUAX, B TOM YHUCIIE:

VII  MexayHapoaHbeli cUMIIO3UYM «DyHIAMEHTAIBHBIE W TNPUKIAJHBIC
npobaemel Haykm» (Poccus, Henpsxuno, YensOunckoir o6m1., 11-13 cenTsOps
2012 roma);

XXIII Beepoccuiickuii CEMUHAP MO CTPYWHBIM, OTPBIBHBIM M HECTAMOHAPHBIM
TEUCHUSIM ¢ MeXIyHapoaHbM ydyactueM (Poccus, r. Tomck, 26 - 29 utons 2012
roja);

4th International Conference on Military Technologies, ICMT-2013 (Yexus,
r. bpHo, 22-23 mas 2013 rozna);

IX Bcepoccuiickass HayyHO-TexHUWYeckas KoHpepenuus «lIpoekTupoBanue
CHUCTEM BOOPYXXEHHSI U HU3MEPUTENIbHBIX KOMIUIeKcOoB» (Poccus, r. Huxuuii
Tarun, 26-29 cents6ps 2012 roga);

X Bceepoccuiickasg HaydHO-TexHHMUYecKas KoH(epeHuus «lIpoextupoBanue
CHUCTEM BOOPYXCHHMS M HW3MEPHUTEIbHBIX KoMIuiekcoB» (Poccus, r. HuxHwmii
Tarumn, 9-11 oxts6ps 2013 rona);

XI Bcepoccuiickass HayyHO-TeXHHYecKass KoH(pepeHuus «lIpoextupoBanue
CUCTEM BOOPYKEHHSI U WM3MEPUTENbHBIX KOMILUIEKCOoB» (Poccusa, r. HwxHuii
Tarun, 30 cenTsiOps - 2 okTs16ps 2014 rona);

XII Bcepoccuiickass HayyHO-TexHUYeckass KoH(epeHuus «lIpoekTtupoBanue
CUCTEM BOOPYKEHHSI U HU3MEPUTENbHBIX KOMIUIEKCOB» (Poccusa, r. HwuxHuii
Tarun, 1-2 okTsa6ps 2015 rona);

VII Bcepoccuiickas koHbepeHius «BHyTpukamepHbie MpoOIecChl U TOPEHHE B
YCTaHOBKAX Ha TBEPJIOM TOIUIMBE U CTBOJBHBIX cuctemax» [COC- 2014 (Poccus,

Mockga, 24-26 centsi6ps 2014 rona);
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— 5th International Conference on Military Technologies, ICMT 2015 (Yexus, r.
bpno, 19-21 mas 2015 rona);

— BbIcTaBka nHHOBanmii 2015 (ocennss ceccust) (Poccus, Mxenck, 11 HosOpst 2015
roja);

— V' Bceepoccuiickass HaydHO-TeXHUYeCKas KoH(pepeHus «DyHIaMeHTaIbHbIC
OCHOBBI Oammuctudeckoro mnpoektupoBanus — 2016». (Poccus, r. CaHkT-
[TerepOypr, 27 utons — 1 uronsa 2016 rona);

— XIII' Bceepoccuiickass HayyHO-TexHHuYecKass KoHpepeHuus «lIpoektupoBanue
CUCTEM BOOPYKEHHS M H3MEPHUTENbHbIX KoMmIuiekcoBy. (Poccusa, r. Huwxkuuii
Tarun, 29-30 cents6pst 2016 roqa).

Iyoankanmuu. OCHOBHBIC pe3yibTaThl IUCCEPTAIlMU OIyONMKOBaHBI B 37
paboTtax, B 25 ctatbsax [33-57], B Tom uucie B 17 crarthsax B kypHanax u3 «llepeuns
BEIYIIUX PEIECH3UPYEMbIX HAyYHBIX JKYPHAJIOB W W3JaHUN I OMyOJUKOBAHUS
OCHOBHBIX HAyYHBIX PE3yJIbTATOB MOKTOPCKHX auccepranuit» [36, 39, 41, 42, 44-51,
53-57], 7-oruerax o HHP [58-64]. Ilo pesympTaramMm pabOThI MOJYYCHO 5
CBHUCTEILCTB O PerucTpanuu nporpamm s I9BM [65-69].

JIuuHoe yuyacTHe aBTOpa COCTOMT B pa3pabOTKE CHCTEMHOTO MOAXOJa s
MOJICTUPOBAHUS B3aMMOCBSI3aHHBIX 3TallOB apTHIICPHICKOTO BBICTpEsa, pa3padOTKe
MIPOTPAMMHO-BBIYUCIIUTEIIBHOTO  KOMITJIEKCA BHU3YaJdW3allMM  BBIYUCIUTEIBHBIX U
HATYpPHBIX AKCIIEPUMEHTOB, paszpaboTke 3D wmojmeneilt >IeMEHTOB apTUILICPUHCKHUX
YCTAaHOBOK M BBICTPEJIOB, MPOBEACHUHM KOMIIBIOTEPHOTO MOJICTHUPOBAHMS Pa3IMIHBIX
CTaJNil apTUJUIEPUHUCKOTO BBICTpPENa, BKJIIOYAs BHYTPHU- M BHEITHEOAJTMCTHYECKUE
MPOIIECCHI, OPOHEMPOOUTHE U PaA3NIET OCKOJIKOB, MOCTPOEHHUS 00JIaCTEe OCKOJIOYHOTO
MOPaKEHHUS U 30H OC30TTaCHOCTH.

ABTOpOM pa3paboTaHbl OMHCAaHHBIC B PabOTE METOJIUKH, PEATM30BaH KOMILJIEKC
nporpaMMm Ui pEIICHUs IOCTaBICHHBIX 3amad. llpw JMYHOM y4YacTUH aBTOpa
MIPOBOJIMJICS aHAJIM3 PE3YJIBTATOB ampoOaIuu pa3paboTaHHBIX METOAUK M BU3YaJTbHBIX
TEXHOJIOTHUI Ha UCIIBITATEIILHOM TTOJIUTOHE.

Ctpykrypa um 00béMm padoTrbl. OOBEM OCHOBHOIO TEKCTa JUCCEpPTAllUU

coctapisier 284 ctpanuiipl, Bkiarodas 171 pucynkoB u 31 tabmui. Paborta coctout u3
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BBEJICHUS, S5 TJaB, 3aKIIOYCHHS, CIOHCKAa COKpAaIlIeHWH, CIHUCKAa JIMTEPaTypHI,
BKirouaromiero 182 ucroununka. Kpome toro, umerorcs 4 Ilpunoxenuss oobemom 18
CTpaHHIL.

Conep:xkanue padoThl

Bo BBegeHmu O000OCHOBaHA  aKTyaJIbHOCTh TEMBI  JIUCCEPTAIMOHHOTO
WCCJICIOBAHMS M CTETICHB €€ pa3paboTaHHOCTH. M37I0KEeHBI 1IeTh MTPOBEACHUS PaOOThI,
OOBEKT, MpeIMeT W 3ajJadyd HcciefoBaHus. llpencTaBieHbl HaydHas 3HAYHMOCTH,
TEOpeTHYecKass W MpaKTHYecKas IMOJe3HOCTh paboThl. CdopMymnpoBaHbl OCHOBHBIC
MOJIOKEHUSI, BBIHOCUMBIE Ha  3alllUTy, JOCTOBEPHOCTh M  OOOCHOBAHHOCTh
TEOPETHUYECKNX BBHIBOJIOB M TMPAKTHUYECKUX PE3yJbTaTOB. YKa3aHbl BHEIPCHHEC U
peanu3anus pe3ysibTaToOB padOThl, ampodanus paboTbl Ha Hay4yHbIX (opyMmax,
OCHOBHBIC MYyOJIMKAllUU U JIMYHOE y4acTHE aBTOpa B MPOBEJACHUU JIUCCEPTAIMOHHOTO
UCCIICTOBAHMSI.

B nepBoii riaBe npecraBieHa CTPYKTYPHO-(DYHKIIMOHANIbHAS MOJIENIb CUCTEMBI
BU3yallM3allMy TIpollecca apTWIUIEpUuickoro BbicTpena. CHCTEMHO pacCMOTPEHBI
OCHOBHBIC 3TaITbl MPOIECCa MOACITUPOBAHUS TIOJIUTOHHBIX UCIIBITAHUN W BU3yaJTH3aIluN
pE3yNbTaTOB TPOBEICHUS] BBIYMCIUTEIHLHOTO JKcrmepuMeHTa. (OCHOBHBIE ATarbl
MOJICTUPOBAHUS BKIIIOYAIOT pEIICHUE 3a7ad BHYTPEHHEH W BHENIHEH OallIMCTHKH,
B3aMMOJICUCTBHUS CHapsga ¢ OOBEKTOM mMopaxeHWs (KOHEYHAas WU TEepPMHUHAIbHAS
OaIMUCTHKA), a TaKXKe 3a/layd  PACCTAHOBKH HU3MEPUTEIHLHO-PETUCTPUPYIOLIEH
anmapaTrypsl Ha TOJUTOHE W ONpEICICHUS TapaMeTpoB e¢ (HYHKIIMOHUPOBAHUS TPHU
MOJIMTOHHBIX HCTbITaHUsAX. [IpuBenena (yHKIMOHAIBHAS CTPYKTypa MPOTPaMMHOTO
KOMITJIEKCA MOJICTTMPOBAHUS U BU3yaJIU3AIMH MMOJTUTOHHBIX UCTIBITAHUM.

Bropasi riaBa coaepKuT pe3yibTaThl pa3pabOTKH BHUPTYaIbHBIX MOJEICH
penbeda, UHPPACTPYKTYphl TMONUTOHA U OOBEKTOB TIOJWUTOHHBIX HCIIBITAHUM.
PaccMoTpeHBI BOIPOCHI IPe0Opa30oBaHusl Pa3IMYHBIX CHCTEM KOOPIWHAT MPHU CO3IaHNUN
BUPTYyaJIbHOW KapThl TOJWTOHA. Pa3paboTaHbl BHUPTyallbHbIE MOJACIU OOBEKTOB
MOJINTOHHBIX WCIBITAaHUHN (apTWIICPUICKUE YCTAHOBKU M BBICTPEIBI) M MX COCTABHBIX
JacTei, a TakKe MPEICTaBIICHBI WX YHUCIIOBBIC XapaKTEPUCTUKH, HMCIOJIb3YEeMbIE MPH

MAaTEMAaTU4YCCKOM MOACIHNPOBAHUMU. COSI[aHBI BHPTYAJIBHBIC MOJCIN HU3MCPUTCIIBHO-
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PETUCTPUPYIOLIETO KOMIUIEKCA UM TMPEACTABICHBI HX YHUCIOBBIE XapaKTEPUCTHUKHU.
Paccmotpena 3aja4a MaTeMaTU4YECKOTrO MOJENUPOBAHUS apaMeTpoB
(GYHKIIMOHUPOBAHUS U3MEPHUTEILHO-PETUCTPUPYIONICH anmapaTypbl U €€ ONTUMAaIbHON
pacCTaHOBKH HA BUPTYAJIIbHOM MOJIUTOHE.

B Tperbeii riaBe TpeiacTaBieHa  3a7aya  KOMIUIEKCHOTO  (PU3UKO-
MaTeMaTHYECKOr0 MOJEIMPOBAHMS IIPOLiecca apTUILUIEPUUCKOTO BbIcTpena. Ha nepBom
JTarne MOAEIUPYIOTCS BHYTpHOAJUTUCTHYECKUE MIPOLIECCHI Ha OCHOBE
ra3oJJMHAMUYECKOM MOJIEIN IBHUKECHMS T'E€TEPOTreHHBIX cpern. PaccMmoTpeHa ocHOBHas
3aJjaya BHYTPEHHEN OAJUIMCTUKY AJIs 3aps/IOB, COCTOSILINX U3 36pHEHHBIX U TPyOUaThIX
ITOPOXOBBIX 3JIEMEHTOB, C YYETOM HX ITOCTENEHHOTO BOCIIIIAMEHEHHM ], HECTAIHOHAPHOTO
U DOpo3nOHHOro ropenus. llpencraBineHa cxemMa pelmIeHHs CUCTEMBI YPaBHEHUH,
ONMCBHIBAIOIINX Ta30JMHAMUYECKHE IIPOLECCHl, Ha OCHOBE COBMECTHOI'O JHIIEPOBO-
JarpaHxeBa MeTona. Pe3ynbTaThl pelIeHHs 3aJadyd  BHYTPEHHEW OaJTMCTHKU
UCIOJIB3YIOTCS Il MOJEJIMPOBAHUS HANPSHKEHHO-1€()OPMUPOBAHHOTO  COCTOSIHUS
CTBOJIa B IPOLIECCE APTUIUIEPUMCKOro BbICTpena. Meroauka perieHus HalpsyKeHHO-
ne(hOpMUPOBAHHOTO COCTOSTHUSI OCHOBBIBA€TCS HA PEIICHUH TPEXMEPHOU CHCTEMBbI
muddepeHnnanbHbIX  ypaBHEHUH B YaCTHBIX TMPOU3BOJHBIX C JIMHAMHUYECKUMHU
I'PAHUYHBIMH YCIIOBUSIMU Ha BHYTPEHHEN TOBEPXHOCTH CTBOJIA.

BremnebamcTuueckue IIPOLIECCHI ONMCBHIBAIOTCS CUCTEMOU
muddepeHnnanbHbIX ypaBHEHUN NBIKCHHSI TBEPIOTO Teiia. B KauecTBe HayaldbHBIX
YCIOBUM  WCIOJB3YIOTCA  pEe3yJIbTaThl, IIOJIYYEHHBIE HA MPEIBIAYIIEM JTare.
[IpencraBiena MeToaWKa TPOBEICHUS pacyeTa MOJHOTO Habopa Kod(PPUIMEHTOB
a)POJMHAMUYECKMX CWJI M MOMEHTOB HAa  OCHOBE  DpEUIICHUSA  3a1a4u
TUAPOJAMHAMUYECKOr0 o0Tekanus cHapsga. Cuctema nuddepeHImanbHbIX ypaBHEHUN
pemaercst metogoMm Pynre-KyrTtel 6-ro mopsaka amnmpoKCUMalid C  OIEHKOU
MOTPEIIHOCTA UHTETPUPOBAHUSI.

Ha 3axmounTenbHOM 3Tane paccMaTpUBAIOTCS MPOIECChl KOHEUHON OATHMCTUKHU:
OpoHEnpoOuTHST W pas3jeTa OCKOJKOB. 3ajada OpOHENMpPOOWTHS paccMaTpuBaeTCs Ha
OCHOBE COOTHOIIEHUM, ONMUCHIBAIOLIMX [BMIKEHUE CKUMAEMOM YIPYroIUIaCTUYECKON

Cpcabl, KOTOPLIC 6331/Ipy}OTC$I Ha 3aKOHaxX COXpaHCHUA MACChbl, UMITYJIbCA U SHCPTUU U
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3aMbIKaloTcs cooTHomeHussMu [lpannarns—Peiicca mpu ycnoBum TekydecTn Mmseca.
Perenne ocymiecTBIsI€TCS METOIOM CTITAKEHHBIX THAPOANHAMUYECKUAX YaCTHII.

[Ipobnema pasnmera OCKOJKOB peIIaeTCs Ha OCHOBE HMMHUTAIIMOHHOTO
MOJICTTUPOBAHUS JIBIDKCHUS YACTHI] C HAYaJIbHBIMU YCJIOBHSMH, OINPEACISAEMBIMH W3
(GU3UYECKUX XapaKTEPUCTUK B3PBIBUATHIX BEIICCTB W MaTepHaia O0OJIOYKH CHapsja.
JIBKEHNE OCKOJKOB OIMCHIBACTCA CHCTeMOW auddepeHInanbHbIX YpaBHEHUN U
pemraercss Metogom Pynre-KyTTel 6-ro mopsigka. B pabore mpemiokeH anroputm
MOCTPOCHUS 30H MOPAKEHUS C yUETOM pelibe(ha MECTHOCTH Ha OCHOBE MHOT'OKPATHOTO
MOJICJIMPOBAHUS Pa3jieTa OCKOJIKOB.

B d4erBepToOii r/1aBe TIPUBEIECHO ONHCAaHWE MPOTPAMMHOTO KOMILIEKCA
MOJCIUPOBAHUS W BU3yaIM3aIli{ TOJWTOHHBIX HCcmbITaHuU. [IpencraBineHa oOmias
cXema MpOorpaMMHOT0 KOMILIEKCAa, KOTOpask COCTOUT U3 aTpUOYTUBHON 0a3bl JaHHBIX,
pacyeTHBIX OJIOKOB M 0JI0Ka KOH(PHUTYypaluy U BU3YyaIH3alliN TIOJUTOHHBIX UCTIBITAHUH.
[IpuBeneHo  omucaHue  MNPOTPAaMMHBIX  MHTEp(PEHCOB  pacueTHbIX  OJIOKOB
MOJICIMPOBAHUSI BHYTPEHHEH OaTMCTUKW, BHEIIHEW OaJUIMCTUKH, OpOHEmpOOUTHS,
pasjieTa OCKOJIKOB M OJioKa BU3yallM3allid TOJUTOHHBIX HUchbiTaHui. [IpencramieHa
CTpYKTypa 0a3bl JaHHBIX M ONHCaHA CTPYKTypHAas CXeMa B3aMMOJCUCTBHS OJIOKOB
IPOrPaMMHOT0 KOMITJIEKCA ¢ BeaucuTeIbHoU cuctemori ANSYS Autodyn.

B nsTOi riaBe mpencTaBiICHBI PE3YNbTATHl MPUMEHEHUS KOMILIEKCHOTO
KOMITBIOTEPHOT'O BHU3YaJIbHOTO MOJCIMPOBAHUS Ui PEIICHU 3a7a4 TPOCKTUPOBAHUS U
OTpabOTKH apTHIJICPUUCKUX cucTeM. [IpoBeneHo uccienoBanne BHYTPHOATUCTHICCKUAX
MPOIIECCOB U CPABHEHHE C pe3yJbTaTaMU HaTypPHOTO dKCIiepruMeHTa. Periena cBsi3anHas
3a/laya BHYTPEHHEW OAJUTMCTUKU U HANPSDKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHHSI CTBOJIA
125 MM TIyIIKW ¢ JUHAMUYECKUMH TPAaHUYHBIMA YCIOBHAMU. OmpeeneHa KpuThHaeckas
00J1acTh CTBOJIA, TIO/IBEP>KEHHAS Hau00JIee CUITLHBIM JIeOpMaInsiM.

[IpoBeneHO wccneqOBaHUE BHENTHEOAUTIMCTHYCCKUX TPACKTOPUH CHApPSIOB,
PACCUMTAHHBIX C Y4YETOM KOI(P(DUIIMEHTOB a’pPOJMHAMUYECKHX CHUJI M MOMEHTOB,
MOJIYYCHHBIX Ha OCHOBE PEIICHUS 3aJa4d THAPOJMHAMHYECKOTO OOTEKaHWs CHapsia.
[IpencraBnenHsl pe3yibTaThl CPABHUTEIBLHOTO aHAM3a TPACKTOPHH, PACCUMTAHHBIX IT0

CTaHJApTHOM M pa3pabOTaHHOU METOINKE.
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[IpoBeieHO KOMIUIEKCHOE MOJEIMpPOBaHME JBHKEHUs 125 MM OpoHeOoliHO-
NOJIKAIMOEpHOr0 CHapsJa € Yy4eTOM BHYTpeHHeHl CcTpykTypbl. IlokazaHo, uyTO ¢
YBEJIMYEHHEM MAacChl CHapsiga AyJbHas CKOPOCTh 3HAYUTEIBHO YMEHBILIAETCS, OJHAKO
CKOpOCTb MojJjieTa cHapsiiaa K uenan Ha paccrosHur 2000 M mMmeeT MakcUMyM Ipu
OTIpeZIeICHHOW Macce. AHanmm3 OpOHENPOOWTHS CTATbHOM TOMOTCHHOW IpEerpajibl
MOKa3aJl, YTO CYIIECTBYET BO3MOKHOCTh MOBBIIICHHS MPOHUKAIOIIEH CIIOCOOHOCTH
CHaps1/1a 3a CUET €ro BHYTPEHHEN CTPYKTYPBI.

Ha ocHOBE HMMHUTAalMOHHOIO MOJEIMPOBAHMS PA3JIETA OCKOJIKOB IPOBEICHO
uccienoBaHue 3(PPEKTUBHOCTH OCKOJIOYHOTO JecTBUs CcHapsanoB. IlpencraBieHbl
pesynbrarel 3D  Bu3yanu3aldM OCKOJIOYHOTO TIOJIA, 30HBI TMOPAXKEHUS U 30HBI
0€30MacHOCTH C YYETOM pelibeda MECTHOCTH.

B 3akiouyeHum cQOpMyIMpOBaHbl OCHOBHBIE PpE3YNbTaThbl MPUMEHEHUS
BU3YaJIbHBIX TEXHOJIOTHM MPU MPOECKTUPOBAHUU U OTPAOOTKE apTHILIEPUICKUX CHUCTEM
B YCJIOBHSIX ITOJIMTOHHBIX UCIBITAHUM U MAaTEMaTUYECKOTO MOJEIUPOBAHUS MPOLECCOB
Pa3IMYHBIX CTAANN apTUIUIEPUKCKOTO BBICTpENA.

B IlpwiosxkeHun A npeacTaBieHbl alrOPUTMbI IPE0OpPa30BaHUs IEOIE3UNUECKUX
KOOpJIMHAT.

B Ilpunoxkenun b mpencraBiieHbl JUCTUHTM NPOTPAMM 3aJaHUS TPAHUYHBIX
ycnoBuii B ANSYS Autodyn ans pemieHus 3amayd JTUHAMAYECKOTO HArpyKEHHS
CTBOJIA.

B IIpunoxenun B npencrasnen akt BHeApeHus B OKII «HUU «['eone3ns».

B Ilpunoxenun I' npencrasinen akt BHeApernus B PI'BOY BO «UxITY
M. M.T. Kanamnukosay.

baarogapuocTu. ABTOp HMCKpEHHE MNPU3HATENEH HAYYHBIM KOHCYJIBTAaHTAM
akageMuky A.M. JlunanoBy u mpodeccopy N.I'. Pycsky 3a mocTOsSsHHYIO TOMOIIL |
nojAepkky B padote, a Takxke goueHTy C.A. KoponeBy u Beaymemy HHXKEHEPY
M.A. EpmonaeBy 3a moOMOIIb, NPU MPOBEACHUU PACUETOB BHEIIHEH W BHYTpPEHHEU

OQJUIMCTHUKH.
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I'JIABA 1. CTPYKTYPHO-®YHKIHIMOHAJIBHAA MOJEJIb CUCTEMbI
BU3YAJIU3ALIMUA ITPOIIECCA APTULUIEPUICKOTI'O BBICTPEJIA

[IpuHIUIT CHCTEMHOCTH HIMPOKO MCIIONB3YETCS ISl PEeLICHUs 3a/1a4 B pa3IMYHbIX
oOnacTsax 3HaHWU. JIaHHBIN TPUHIMIT MPEATIoNaracT CUCTEMHBIA MOIXO0J, CUCTEMHBIN
METOJ W CHCTEMHYIO TEOPHIO K PEIICHUI0 TPOOJIeM MOICITUPOBAHUS W YIPABICHUS
oobekTamu uccienopanusa. Kak ykassiBaer HO.I1. Cypmun [70]: «cuctemHBIH 1101X0/1
CleAyeT paccMaTpuBaTh KaK METOJIOJOTUYECKUN TOAXOJ K JIEMCTBUTEIBLHOCTH,
MPEACTABIAIONINN CO00M OOIIHOCTh MPHUHITUIIOBY; «CHUCTEMHBIH METOJl — peau3yeT
MO3HABATEIbHYI0 W  METOAOJIOTMYECKYI0 (YHKIMU, a CHUCTEMHas TEOpUi —
OOBSICHSIIOIIYIO M CUCTEMATU3UPYIOIIYION.

C NpUHIMIIOM CUCTEMHOCTH HEPA3PBIBHO CBS3aHO MOHITUE «CHUCTEMa», KOTOPOE
MMEET MHOXECTBO 3HadueHui: Tteopus (puiocodckass cucrema ApUCTOTEINS)
kiaccudukanua — (mepuoguueckas cuctema  osnementoB  J[.M.  Menzeneesa),
3aBEpILICHHBIN MeTo/ mNpakThuueckoi nesrenbHocTH (cuctema K.C. CTaHUCIaBCKOro),
COCO0  MBICTUTENbHOW  JEATENBHOCTH  (CUCTEMA  HMCUMCIEHUS  IPEAUKATOB),
COBOKYITHOCTh 00BEKTOB mpupoabl (ConHeyHas cuctema), OOIICCTBCHHBIC SIBICHUS
(coumanpHas cUcTeMa), COBOKYIMTHOCTh HOPM U TMpaBUJ MOBEACHUS (3aKOHOAATEIbHAs
cucrema) U T.a4. Kak BUJIHO U3 BBIIIECKA3aHHOTO TOJI «CHUCTEMOI» MOJpa3yMeBarOTCs
pa3nuYHbIC pealibHble M a0CTpPaKTHbIE OOBEKTHI, CYIIECTBYIOIIME B MPHUPOJEC H, KaK
ormeuaetcs B [70], emre He BeIpaboTaHBI OOIIHME XaPAKTEPUCTUKHA CUCTEMBI.

B nmanHOlt paboTe mMOM TOHATHEM «CHCTEMa» TMOHUMAETCS KOMILIEKC
B3aMMOJICUCTBYIOIINX 3JIEMEHTOB, KOTOPOE MPEJIONKII OJUH U3 OCHOBATelel oOIei
teopun cucteM JI. Bepramandu [71]. DneMeHTHI SBISIOTCS COCTaBHBIMH YaCTAMHU
cucTeMbl [72] ¥ HEKOTOpBIE M3 HUX MOIYT OBITh KOMIIOHEHTaMH M TOACHCTEMaMHU.
[Toacucremsl, B CBOIO O4epe/ib, 00J1a1at0T OCHOBHBIMU CBOMCTBAMH CHCTEMBI.

B3auMopeiicTBue 37IEMEHTOB CHCTEMBI MO3BOJISIET OOECIEUUTh PsIi CBOWCTB
cucrem [70, 73]: orpanudeHHocTh (CHCTEMa OTAEICHA OT OKPYIXKAroIield Cpe/bl

IpaHMIIaMH), IIEJIOCTHOCTh (CBOWCTBO IIEJIOTO HE CBOJUTCS K CyMME CBOWMCTB
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COCTABJISIIOIINX JJIEMEHTOB), CTPYKTYPHOCTh (IIOBEICHHE CHUCTEMBbI OOYCJIOBJIEHO HE
TOJIBKO OCOOCHHOCTSIMU OT/ACJIBHBIX 3JIEMEHTOB, CKOJILKO CBOMCTBAMH CTPYKTYpHI),
B3aMMO3aBUCHUMOCTh CO Cpelod (COMOAYMHEHHOCTh JJIEMEHTOB B  CHCTEME),
MHO>KECTBEHHOCTh ~ ONMHCAaHMM  (CIIOKHOCTh ~ TIO3HAHMS ~ CHUCTEMBl  TpeOyer
MHOKECTBEHHOCTH €€ OIMCaHMIA).

[IpoBeneHNE CUCTEMHOTO aHadW3a CHCTEMBI OCYIIECTBISICTCS C HEKOTOPOU
IENIBI0, T.C. UMEETCS HEKOoTopas MpodiieMa, KOTOpYH HeoOxoaumo peiuth [74]. B
CBSI3M C OTHM TpeOyeTcsl mpeacTaBuTh cuctemy. OmnpeeieHne CUCTeMbl HAUMHACTCS C
JIECKPUIITUBHOTO (BepOaIbHOT0) OMUCAHMSI CHUCTEMBI, KOTOpas MO3BOJSET BBIIACIUTH
COBOKYITHOCTB 3JICMEHTOB CHUCTEMBI, OTIPEEINTh UX (PyHKIMU U poiau. Ha cremyromem
dTame TPOUCXOIUT (OpMaIU3AIUS CHUCTEMBI B IIEJIOM, €€ CTPYKTYpPhl M OTICIBHBIX
AJIEMEHTOB. DTOT MPOIIECC OCYLIECTBISETCS HAa OCHOBE MAaTeMaTHYECKOro ammapara:
TEOPUH MHOXKECTB — JIJISl TIPEACTABJICHHS OTICIBHBIX JJIEMEHTOB CHUCTEMBI M TEOPUU
rpagoB — I OTOOpakeHUs CBsA3EH MEXIy OdjieMeHTamMu. B nanpHeiem
dbopmanuzaius CUCTEMbl MPEJCTABISETCS B BHUJIE HEKOTOPOTO a0CTPaKTHOTO OOBEKTa,
HaJl KOTOPbIM B JAJIbHEUIIEM MOXHO NPOU3BOAUTH ACHUCTBUA. B KadecTBe Takoro
a0bCTpaKTHOrO0 00BEKTAa OOBIYHO PacCMATPUBACTCS MaTeMAaTUUECKasi MOJIEIb MPOIIECCOB,
KOTOPBIE TIPOUCXOMIAT BHYTPH CUCTEMBI. [[pUHITUITEI CUCTEMHOTO aHAJIM3a TPUMEHSITCS
HapsaAy ¢ OJTHAM U3 HANPABJICHHH MaTEMaTHYECKOTO MOJICTUPOBAHHS — KHOCPHETUKOM,
Ha3BaHUE KOTOpoH Obu1o mpemnoxeno k. ®on Heiimanom [75]. Ciaemyer oTMETHTD,
YTO MAaTEeMaTHYECKUE MOJEIHU ISl OJJHOTO M TOTO YK€ PeaTbHOTO 00BEKTa MOTYT OBITh
COBEPILIEHHO Pa3HBIMU — 3TO 3aBUCHUT OT PEIlIaeMOi MpoOJIeMbl, BHIOPAHHOTO KPUTEPUS
3P PEKTUBHOCTH (DYHKIIMOHUPOBAHHUS CHUCTEMBbI [76] ¥ OT HEOOXOAUMOW TOYHOCTH

MOJIy4a€MOTO PELLICHHUS.
1.1 Cuctema noJMroOHHBIX UCHBITAHUNA APTHWLIIEPUIICKUX KOMILJIEKCOB
HcnpiTanue npoayKIuu — OCHOBHOW CIIOCOO MPOBEPKU HAJIEKHOCTH, KaueCTBa U

apdpextuBHocTH m3aenmit. CormacHo ['OCT 16504-81 [77] mnoHsATHE WHCIBITaHUE

MOAPA3yMEBAECT <«OAKCIIEPUMEHTAIBHOE OINPEICICHUE KOJIMYECTBEHHBIX U  (WJIH)
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KAUeCTBEHHBIX XapaKTEPUCTUK CBOMCTB OOBEKTAa MUCHBITAHUM ... TIPU MOJAEIMPOBAHUU
00BEKTA ...».

HcnbiTanus npoBOJATCS HA Pa3IMUHBIX CTAIUSIX KU3HEHHOTO IUKJIA u3nenuil. B
JAHHOM  paboTe paccMaTpUBAIOTCS  HUCIBITAaHUS HA  JTale MNPOEKTHUPOBAHUS
apTWUIepuiickux opyauil. Ha 3Tom sTane npoBoasTCs UCCIEI0BATEIbCKUE UCTIBITAHMS,
KOTOPBIE MPeIHA3HAYCHBI IS PEIICHHS OJTHOW U3 CIICAYIOMHX 3a1a4 [/7]:

® OMpeleNeHus WIM OLEHKM ToKaszareined KkadectBa (YHKIHOHUPOBAHUS

HCTIBITYEMOT'0 0OBEKTA B ONMPEICICHHBIX YCIOBUIX €r0 IPUMEHEHHS;

e BHIOOpPa HAWIYUIIMX PEKUMOB MPUMEHEHUS OOBEKTa WM HAWIYYIINX

XapaKTEPUCTUK CBOMCTB 00BEKTA;

® CpaBHECHHS MHOXECTBA BAPUAHTOB pealn3aliii 0ObEKTa MPU MPOCKTUPOBAHUU U
aTTeCTalllu;

® [IOCTPOCHHS MaTEeMaTHYECKON MoJeau (PYHKIIMOHUPOBAHUS OO0BEKTa (OLIEHKHU
napamMeTpoOB MaTeMaTUYECKONH MOJIEIIN );

e 01OOpa CyIIECTBEHHBIX (PAKTOPOB, BIUAIOIIMX HA MOKa3aTead KadyecTBa

(YHKUMOHUPOBAHUS O0BEKTA;

e BBHIOOpa BHJIA MAaTEMaTUYECKONW MOJIEIN OO0BEKTa (Cpeau 3aJaHHOTO MHOXKECTBA

BapUAHTOB).

Ha pucynke 1.1 mnpencraBieHa cucremMa MOJCIMPOBAHUS —TOJTUTOHHBIX
UCIIBITAHUM, HA KOTOPOW MPEICTABIEHBI MPOLIECCHl PETUCTPALUUA MapaMETPOB CHapsa
Ha pa3IMYHbIX yYacTKaX TPAeKTOpUU — HaduHasg C MOMEHTAa BOCILUIAMEHEHUS
MOPOXOBBIX 3JIEMEHTOB, JIBIXKEHHSI CHApsAJa MO BHEIIHEOANIMCTUYECKON TPAaeKTOPHH,
B3aUMOJICUCTBUS C OOBEKTOM TMOPAKECHHS W OTCICKUBAHHS MMAPAMETPOB CHCTEMBI C

MMOMOIIBIO U3MCPUTCIBHO-PETUCTPUPYIOIICTO KOMILICKCA.
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Pucynok 1.1 — DneMeHTbI MOIETUPOBAHUS CUCTEMBI IIOJUTOHHBIX UCIIBITAHUN

Pa3pabaTbiBaeMasi BUpTyaslbHas CUCTEMa IOJIMTOHHBIX HUCHBITAHUN COAEPIKUT
CIIEIyIOIIME€ OCHOBHBIE 3JIEMEHTBI: APTHJUIEPUNUCKUNA KOMIUIEKC, HHQPACTPYKTYpy
MOJIMTOHA W  U3MEPUTEITbHO-PETUCTPUPYIOUMH KoMIUleKC. CTpYyKTypa CHCTEMBI

MOJIMTOHHBIX UCIBITAaHUI MMpCACTABJICHA Ha PUCYHKC 1.2.

Cucrema
TOJIMTOHHBIX
HCNbITAHUI
L. H3mepurennno-
ApTunnepuiickuii HUndpacTpykrypa perucTpupyomuii
KOMILIEKC TOJIMTOHA

KOMILJIICKC

PI/ICYHOK 1.2 — DmeMeHTBI CUCTEMBI ITOJIUTOHHBIX HCIIBITAHUI

Jlanee pacCMOTPUM HEPAPXUYECKYIO CTPYKTYPY OTAEIBHBIX AJIEMEHTOB CUCTEMBI

MOJIUTOHHBIX UCHBITAaHUH.
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1.1.1 Apmunnepuiickuti Komniexc

Hawnbonee cucreMHOE ONMUCaHWE CTPYKTYpPHl apTHILIEPHHCKUX KOMILJIEKCOB
npuBoauTCs B padote [78]. B cocTaB apTHILIEPHIICKOTO KOMILIEKCA BXOIST CIICTYIOIIUE
DJIEMEHTHI: ApTUILICPUIICKOE OpYAHE, KOMIUIEKT BBICTpeNia, CPEACTBA TEPEIBUKCHHUS,
npuOOpsI CTpenbObl M HaOMIOAeHUA. B maHHOW paboTe paccMaTpHBAIOTCS CIICAYIOIIHE
DJIEMEHTHI APTUJUICPUICKOTO KOMIUIEKCA: apTHUIUICPHICKOE OpPYAHE, COCTOSIIEE W3
CTBOJIA U MEXaHU3MOB HABEJICHUS OPYAUS Ha OOBEKT MOPAKEHUS, KOMIUIEKT BBICTpEsa

B COCTaBe CHapsja u 00eBoro 3apsna (pucyHok 1.3).

[ ApTHiLIepUiicKN KOMILIEKC J

l l

— Apruiiepuiickoe opyaue i ApTHLIEPUICKHI BBICTPeEJI
= CrtBOX = 3apsin
—> MexaHu3M HABeJACHHS —> Cuapsn

Pucynok 1.3 — CtpykTypHas cxema apTHILIEPUHCKOTO KOMILIEKCa

CTBON apTWINEPUIICKOTO OpYJHs TPEIHA3HAYEH Uil METaHWs CHapsga B
OIpe/iesiecHHOM HampaBiieHuu [79], uro oOecrieynBacTCs MEXaHM3MOM HAaBEICHUS, C
3aJlaHHON CKOPOCTHIO, 00ecreunBasi MpU 3TOM YCTOWYMBOCTH JIBFDKCHMsSI CHapsijia Ha
BHEITHEOAUIMCTUIECKOW  TPACKTOPUHU. Y CTOWYMBOCTH CHapsAga o0OecrednBacTCs
Hape3HbIM YCTPOMCTBOM CTBOJA, YTO TIO3BOJISIET 3a/JaTh HA4YalbHOE aKCHAIBHOE
BpalllcHUE CHapsiia TMPU BBIXOJIE HAa BHENIHEOATUTMCTHYECKYIO TPACKTOPUIO W,
Omarogapsi  rupockonudyeckoMy  3ddekty,  crabwimsupoBaTh  cHapsia. s

TJIaJKOCTBOJIBHBIX CTBOJIOB YCTOﬁqHBOCTB ABHOKCHHA  CHaApsada oOecrneynBaeTcs
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HaJIMYMEM OIEpPEHHUs CHapsaaa. B 3TOM ciyyae LIEHTp NaBJIEHUS CMELIAETCS OT LIEHTpa
Macc B XBOCTOBYIO YacCTh CHAPAA.

B kmaccuyeckMx = apTWUICPUUCKUX ~ CHCTEMAax  HadajgbHas  CKOPOCTH
oOecrieuynBaeTcs TOPEHUEM IMOPOXOBOTO 3apsiia. B pesynbrare ropeHus oOpa3yroTcs
BBICOKOTEMIIEPATYPHBIE ITOPOXOBBIE Ta3bl, YTO CO3J4A€T JABJICHHE BHYTPH CTBOJIA
APTUIUIEPUKCKOTO OPYJIHS M BBITAJKUBAECT CHAPSAI. YBEIMYECHUE HAYAIIBHOM CKOPOCTH
CHapsiia IOCTUraeTcsi 0yiarofapsi yBeJIUYCHHUIO JABJICHUS, KOTOPOE MOXKET MPUBECTU K
pa3pylIeHuIo CTBOJA, JUOO CHapsiaa. DTO SABIAETCA OJHUM M3 OTPaHUYCHHH TpU
IPOEKTUPOBAHUHU U OTPAOOTKE apTUILIEPUICKOTO OPYAHMSL.

[TopoxoBoOii 3apsii COCTOUT U3 Pa3IUYHbIX (PpaKLMil MOpPOXa, BOCIIAMEHUTENEH,
KOTOPBIE KPEMATCA BMECTE CO CHAPSAIOM C MOMOIIBIO THIIB3bl WM CrOPAeMOro KapTy3a

(pucyHoxk 1.4).

3apsaa ’

) |

— dpakuuu Nopoxa I'mab3a niam kapry3 J — Bocniiamenurtenn
N ITopoxoBbie Pduznyeckue u N I/IHI/IHI/IH?leIIIee
31€MEHThI reoMeTpuyecKue JaHHbIE YCTPOiiCTBO
|| TlapamerpnbI HOpoXoBBIX L, IMapameTpsl razos
ra3oB BOCILIaMeHHTeJIel

Pucynok 1.4 — DneMeHTh! apTHILIIEpUICKOTO 3apsiia

BocrramenuTenn 3aXuraroTcsi moj JSHCTBHEM BHEIIHWX WHHUIIMUPYIOIMIUX CHII
(9MEKTpUUECKUX, MEXaHWYeCKMX M T.M.). B pe3ynpraTe HauMHAETCS MPOTPEB,
BOCIUIAaMEHEHUE U TopeHue mopoxa. [lox melicTBHeM MOPOXOBBIX Ta30B HAYMHACTCS
JBUKEHHE CHapsIa.

CHapsiipl uMeroT Oouiblilyro HoMeHknatypy [18-20, 80, 81] u otnmuarotcs
pasmepamu (kanuOpamu), QusnueckuMm AedcTBHEM (OpoHEOOMHOE, OCKOJIOYHOE,

¢yracHoe, KyMyJISITHBHOE€ M T.[.), OTHOLIEHHWEM K KanuOpy (kKaiuOepHsbIe,
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noakanuOepHpie), 0 Crocol0y CTaOWUIU3ALMKU B IMOJIETEe, BOZMOXHOCTH YIPABJICHUS B
noJsiete (MaccUBHBbIC, AKTUBHO-PEAKTHUBHbBIC) U JIPYTMMU XapakTepuctukamu. B pabote
paccMaTpuBaioTCa OpOHEOOWHO-TIOAKATHOCPHBIN OMEPEeHHBI CHAapsd, OCKOJIOYHO-
(dbyracHbIi OMEpPEeHHBIH CHapsii U OCKOJIOYHO-(PYracHbI CHaps]l CTAOMIM3UPYEMBbIN

BpaiieHneM. CTpyKTypa ONEPEHHBIX M OCKOJIOYHO-(DYTacHBIX CHapsIOB IpeicTaBiIcHa

L CHapsg J

l l

Ha pUCyHKe 1.5.

| Bponedoiino- | Ocko/109H0-
NMOAKAINOCPHBII dyracubii
AKTHBHas Kopmnyc cnapsina Kopnyc cuapsiga
- py p pny p
Onepenne BponeGoitmblit B3psiBaTeln
HAKOHEYHHUK
Benymee BponedoiinbIii BsprisuaToe
YCTPOHCTBO aemndgep BellEeCTBO
Cepaeynux Onepenue

Pucynok 1.5 — CtpykTypa 6poHe00itHO-TI0IKaTMOEPHOT0 U OCKOJIOUHO-(PYracCHOTO CHaps10B

Kak Bumno wu3 pucynka 1.5 crpykrypa OpoHEOOMHO-TIOAKATUOCPHBIX W
OCKOJIOUYHO-(DYTaCHBIX CHApSIOB CYIIIECTBEHHO OTIMYAETCSI.

JleiicTBrue 6poHEOOMHO-TTOAKATMOEPHBIX CHAPSIOB OCHOBAHO Ha MpeoOpa3oBaHue
KUHETUYECKOW HHEPruM CHapsijia B DJHEPIUi0, CBSA3aHHYIO C YIPYTrOIUIACTUYECKOU
neopmanueit 1 paspylicHHEeM aKTUBHOW 4acTu cHapsga u Oponu [82]. bponeboitHo-
NOJIKaTMOEpHbIE CHAPSAIbl CYIIECTBEHHO OTJIMYAIOTCS IO CBOEH KOHCTPYKLUUU U
UCTIONb3YeMBbIM ~ MaTepuajiiaM. BHyTpu CTBoja akTWBHas dYacTh OpOHEOOWHO-
NOJIKaIMOEpHOr0 CHapsiia IUIOTHO CBsA3aHa C BeIyIIMM YCTpoMcTBOM. Benyiiee

YCTPOMCTBO, B CBOKO OYE€PE/b, IUIOTHO IMPUJIETAE€T K CTBOJY apTUILICPUMCKOTO OPYyIUs
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OOTIOPUPYIOIIMM TIOSCKOM, HE II03BOJISII IPOPBIBATBCA IOPOXOBBIM Trazam. B
JNaJbHEUIIEM IPU BBIXOJAE HA BHEIIHEOAIIMCTUYECKYI0 TPACKTOPUIO BEIyLIEE
YCTPOMCTBO OTAENAETCS OT CHapsga. AKTHBHAas 4YacTh CHapsjia COCAUHSETCS C
ONEPEHUEM U JIPYTUMH 3JIEMEHTAMHU, KOTOPbIE B TaHHOW paboTe HE pacCMaTpUBAIOTCA,
HaIpUMep, TPACCepOM U OAIITUCTUYECKUM HAKOHEUHUKOM.

AKTHBHAsI 4acThb CHapsga MOXKET ObITh JTMOO TOMOTEHHOM, KOTOpas COCTOUT U3
OJIMHAKOBOI'0 MaTepuana, JM00 UMETh CI0XHYIO CTPYKTYPY U COCTOSTh U3 CTaJIbHOIO
KOpIyca CHapsJa, BBICOKOIPOYHOIO M 00Jiee IUIOTHOTO CEPJICYHUKA, HAlpUMEp, U3
BOJIb()paMOBOro CIUIaBa, a TaKKe TBEPIOro OpOHEOOWHOro HAaKOHEYHHMKA U Oosee
MATKOro OpoHeOoitHOro Aemrmdepa, MO3BOJSIIOLIETO «3aKYyCUTh» CHapsJ IpH OOIBIIMX
yriax mnojyjiera K IeJu.

JleificTBHE OCKOJIOYHO-(YracHOro CHapsila OCHOBBIBAe€TCS Ha INpeoOpa3oBaHHUU
SHEPrUH B3PBIBUATOTO BEIIECTBA B JIPYrHe BUABI dHEPruu. B3pbiBuaTOE BEIIECTBO,
IFEepMETUYHO HaxXoJsdllleecs BHYTPU KopIyca CcHapsaa, oOsagaer Opu3aHTHBIMU
CBOMCTBAMM, T.€. 3HAUUTEIHHO BBICOKUMH CKOPOCTSIMH XHMHUYECKUX peakuuid. [lon
JICCTBUEM B3pHIBATENsl HAUYMHACTCS JETOHAIMUA W TPOAYKTH JCTOHAIMH JPOOST
KOpIyc CHapsiia oOpasys ockosiku [82, 83]. B xo1e XMMHUYECKHUX PEaKIUH MPOMAYKTHI
JICTOHAIIMU PACIIUPSIOTCS M TPUIAIOT BBICOKYIO HAuYaJdbHYIO CKOPOCTH OCKOJKaM,
KOTOpbIE Ha3bIBAIOTCS MPOAYKTaMU B3pbiBa. B 3aBUCHMMOCTH OT criocoba cTabuin3auu
y HEKOTOPBIX U3 CHapsI0B UMeEeTCs onepeHue. [ riiaJKkoCTBOJIBHBIX OpyIUl BHAYaie
OHM HAXOIATCS BHYTPH CTBOJIAa B CIIOKEHHOM COCTOSIHUM M PACKPBIBAIOTCS IOCIE

BbIXOJ4 U3 KaHaja CTBOJIA.

1.1.2 Ungpacmpyxkmypa nonucona

JIBroKeHue CHapsija Ha BHEITHEOAUTMCTUYCCKON TPACKTOPHH OCYIIICCTBIISICTCS Ha
peaNbHOM MECTHOCTH C 3aJlaHHbIM peiabeoM U 00beKTaMu HWHQOPACTPYKTYPHI,
JIEPEBBSIMA W PACTUTEIHHOCTHIO, PACHOJIOKCHHBIMA HA TEPPUTOPUU  TOJIUTOHA

(pucyHok 1.6).
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Hudpacrpykrypa
MOJIMTOHA
Peabed 3naHus, cOOpyxKeHUs, JepeBbst
MECTHOCTH MAIIMHBI, MEXaHU3MBbI H PaCTUTEJbHOCTD

Pucynox 1.6 — CtpykTypa nuHppacTpyKTyphl OJUTOHA

NHppacTpykTypa MNOJUTOHAa OKa3bIBA€T 3HAYMTENIBHOE BIMSHUE HAa MpPOLECC
IOPOBEJCHUS MCHBITAHUI. OTO CBsI3aHO B NEPBYIO oOdYepedb C OOecrneyeHueM
Oe3omnacHocTU. B yacTHOCTH, cTpenbObl MOTYT MPOBOJAUTCS TOJBKO B OINpPEAEICHHOM
HaIlpaBJIEHUH, C TEM YTOOBI HE MOBPEIUTH 3/IaHUS U COOPYKEHHUSI, KAK Ha MOJIUIOHE, TaK
u 3a ee npenenamu. [ OpoHe6OMHO-TIOAKaTMOEPHBIX CHAPSA0B BaXXHO, YTOOBI OH HE
yJIeTelNl 3a Mpeaenbl MOJUIroHa, HalpuMep, MPU PUKOIIETEe WM TPOOUTHUU Tperpajbl.
[Ipu mnoapbiBE OCKOJOUHO-(PYracHBIX CHApSAIAOB HAa TPACKTOPUU CYIIECTBEHHOE
3HaYeHUE HUMeEeT pelibed) MECTHOCTH, OT KOTOPOrO 3aBHUCUT II0JIE OCKOJOYHOTO

IMOPAKCHHUA 1 30HA 0Ee30IMacHOCTH.

1.1.3 H3mepumenvro-pecucmpupyiowjuti KOMNIeKc

CoBpemMeHHbIE MOOUJIbHBIE KOMILIEKCHI U3MEPEHUS] U PErucTpanuu MpolecCOB
apTWJIEPUIICKOTO BBICTpENA, B OTIUYHE OT CTAlMOHAPHBIX, MOTYT OBITh PaCIOIOXKEHBI
B Ppa3HBIX YYacTKax TMOJUTOHA, oOecredynBas Oojee KadeCTBEHHYIO (puKcaluio
HATYpPHBIX JKCIIEPUMEHTOB. B 3TOIl CBSI3M BaXKHO 3apaHee MPABUIBHO PACCTaBUTh U
HACTPOUTH (33JaTh MapaMmeTpbl PYHKIIMOHUPOBAHUS) U3MEPUTETHLHO-PETUCTPUPYIOLINN
KOMIUIEKC, C YYETOM peiibeda MECTHOCTH, PACTIONOKEHHS I€PEBbEB U PACTUTEIBHOCTH,
a Tak)ke 30Hbl 0€30MaCHOCTU. DTO MO3BOJIMT O0ECIEUUTh HAWIYUYIIUNA 0030p U BpeMs

(buKcalu pe3yabTaToOB MOJUTOHHBIX UCTIBITAHUN.
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N3MepuTenbHO-pErNCTPUPYIOUINIT KOMIUIEKC HOJUTOHHBIX HCHBITAHUN COCTOUT
(pucyHok 1.7) U3 cnenuaabHOW anmaparypsl 17 U3MepeHus (PU3NUECKUX IapaMeTpoB
KaKk OOBEKTOB HCIIBITAHUM, TaK U OKPY’KaloIlel cpeapl. B mporecce apTUIIepUiicKoro
BBICTpea TpeOyeTcsl MPOBOJUTh pa3IHMyHbIe BUIBI H3MepeHuil [84]: maBieHus ra3oB u
HaIpsDKEHUST B CTBOJIAX, BUOpALIMIA; TEIUIOBbIE M3MEPEHUSI CTBOJIA; JTUHEHHO-YIJIOBBIE

HN3MCPCHUA ITOJIOKCHUA, OPUCHTAIUN 1 CKOPOCTHU CHapsad.

H3mepurenbHo-
perucTpupyommii
KOMILTEKC

YcrpoiicTBa H3MepeHus u YcrpoiicTBa u3MepeHus: u

perucrpanus 1aBJI€HUs YCTPOHCTBZI U3MEpEHUs 1 perucrpanus nMoJ0KeHUA
BHYTPH CTBO.I2 perucrpanusa METCOAaHHbBIX cHapsaa

PI/ICYHOK 1.7 - CprKTypa HU3MCEPUTCIIbHO-PETUCTPUPYIOICTO KOMILJICKCA MOJIMT'OHHBIX HUCIIBITaHHU I

N3mepenne u peructpainus JaBi€HUS BHYTPHU CTBOJIA apTUILIEPUICKOIO OpYIus
OCYILIECTBIISIETCS. C IMOMOIIBIO JATYUKOB, OCHOBAHHBIX Ha PA3JIMYHBIX (PUINUECKUX
npuHiunax. [IIupoko NpuMEHSIOTCS MbE30KBAPLEBbIE JATYMKUA U CTAHLIUS M3MEPEHUS
nasnenust «Heiiay [85], Bbimyckaembie HibKHETarHabCKMM WHCTUTYTOM HCIIBITAHHSI
METaJJIOB.

TpaekTopus NBHKEHHUS CHapslla 3HAYUTEIbHO 3aBUCUT OT METEOPOJOTHMYECKHX
JaHHBIX, KOTOpbIE MOJY4YalOT C MOMOMIbIO CHEIHAIbHBIX MPHOOPOB METEO030H/IOB,
HarpuMep, MHOTO(QYHKIIMOHATBHBIN adposiorndyeckuii komruieke PAM-1 [86].

Haubonbiiee 3HaueHne UMeeT U3MEPEHHE U PErucTpanus ABMKCHUS CHapsIa Ha
BHEIIIHEN TPAcKTOpUU. [l 3TOTO HCIIOIB3YIOTCS Pa3IMYHbIE YCTPOMCTBA, TaKUE Kak
ckopocTHas Buaeokamepa CBK-1, paguonokarmonnas cranmus JIYU-88MI1, ontuko-
anekTpoHHas ctaHnus «Bepeck-M» (MODC «Bepeck-M») [87]. Dtu  mpubopsr
00Jaat0T Pa3IMYHBIMU TEXHUYECKMMU XapaKTEPUCTUKAMM, TaKUMHU KaK CKOPOCTb
BUJIEOCHEMKHU, JaJbHOCTh OOHApy>KeHHUsI M BHJEO(pUKcAIMM OObEKTa HCIHBITAHMS,

MHWHHUMAJIbHAA 1 MaKCUMaJIbHAsA CKOPOCTb JIBHUIKCHHA 00BbEKTa UCIIBLITAHMS. KpOMe TOTO,
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U3MEpPUTENLHO-PETUCTPUPYIONIAs anmnaparypa pacroJiaraeTcsi Ha OMOPHO-TTOBOPOTHBIX
YCTPOMCTBAX, MMECIOLINX OTPAHUYCHUS 10 CKOPOCTH U yCKOpeHuto BpamieHus [88]. Ha

pucynke 1.8 npencrasinena cxemarudeckas ctpykrypa MODC «Bepeck-M».

MO3JC «Bepeck-M»

v

OnopHoO-NOBOPOTHOE
YCTPOHCTBO

Ipudopsr

TeneBu3noHHasi Kamepa JlazepHblii JaJbHOMEp

Pucynok 1.8 — CtpykTypa MajiorabapuTHOH ONTUKO-3JIEKTPOHHOM cTaHInu «Bepeck-M»

Ha omnopHO-MOBOPOTHBIX MEXaHW3MaxX MOXKHO YCTaHaBIMBATh JO YEThIPEX
pruOOPOB, BKITIOYAS TEICBU3HOHHBIC KaMEPHI JIJIs BUACOPUKCAIINH IBHXKCHUS CHAPSIOB
Ha TPACKTOPHH, JIa3epHbIE JATHLHOMEPHI JJI ONPECICHUS MeCTa HAXO0XKICHUS CHapsIa,
TETJIOBU30PHI U T.II.

Cnenyer oTMeTuTbh, 4To 1Jsi d(DPEKTUBHONW PabOTHI BCEX YCTPOWCTB JIOJKHA
KOOPJIMHUPOBATLCSA €AUHBIM IMPOTPAMMHO-ANMapaTHBIM  KOMILJIEKCOM, Hampumep,

IPOrpaMMHO-AIIaPaTHBIM KOMITIEKCOM TPAaeKTOPHBIX n3MepeHwuit [89].

1.2 DTanbl mpouecca MOAEJTUPOBAHNSI U BU3YAJIU3ALMHU MOJIUTOHHBIX MCTIBITAHUIM

APTWJIEPUHMCKUX CUCTEM

Cucrema TOJUTOHHBIX HCHBITAHUKA MO3BOJISIET MOJIEIUPOBATh MPOLECCH Ha
pPa3MUYHBIX CTAaUSAX APTUIUICPUICKOTO BBICTpENAa C MCHOJb30BaHUEM  (PU3UKO-
MaTEMATHYECKUX MoOJeer mpoueccoB. I[Ipomecc mMopenupoBaHuss U BU3yAIU3AUU

MOJIMTOHHBLIX HCHBITAHUM apTHHHepHﬁCKHX CHUCTEM MOXKHO pa36I/ITB Ha cCTaauu,
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KOTOpbIE MCIOJHSIOTCS MOCIEN0BATENHLHO B YCTaHOBICHHOM mopsiake. Ha pucynke 1.9
MpUBECHA CXeMa MOpsAKa ciieloBaHus (a3 B Mpoliecce MPOBEACHUS UCTIBITAHUIM.
Craaus xapakTepu3yeTcsi 3HAUMMOW JJi BCEro Mpolecca pelraeMou 3amaud,
O0COOBIM XapaKTepOM MPEANPUHUMAEMBIX B 3TOT BPEMEHHOW MEepUoj JIEHUCTBUU CO
CTOPOHBI COTPYAHHKOB ¥ YHHUKAJIbHBIM HAa0OpPOM BXOJHBIX JaHHBIX, a TaKKe
YHUKAJTBHBIM HA0OpPOM BBIXOAHBIX JAaHHBIX, CIYXKalldX OCHOBOW sl pabOThI Ha

CIICAYIONICH CTaIuu.

Co3nanne 3D mopenei Cospanne 3D moaeseii
00bEKTOB MOJIUTOHHBIX Cosnanue 3D monesn H3MEPHTEeIbHO-
e KAPThI MOJHTOHA PErHCTPHPYIONIEro
KOMILIeKCea
MonenanpoBanue MozennpoBanne MoaeanpoBanue
BHYTPUOAITHCTHYECKHX BHEIIHEe0AIUCTHYECKUX npoueccos
npomueccos npomueccos (YHKIMOHHPOBAHUS

CHapsiioB y HeJIn

A4

CpaBHUTEIBHBIH aHAIN3 PaccraHoBKka H3MepUTEIbHO-
pe3yJIbTaTOB IIpoBenenne HATYpHOI O perucTpupyomei
MO/IeTHPOBAHNSA U JKCHepUMeHTa anmapartypsl 1 00beKTOB
HATYPHOTO YKCIePHMEHTa HCIBITAHUI

Pucynok 1.9 — [NocraamiiHas cxema mporecca MoeIMpOBaHM

MOJUTOHHBIX UCHBITAaHUH apTHHHepHﬁCKHX CHUCTEM

Hwxe mpuBoautcst moapoOHOE onrcaHue Kaxaou u3 (a3 u ykazaHue ee pojid B

o0111eM mpolecce MPOBEICHUS UCTIBITAHUM.

1.2.1 Cozoanue 3D mooeneti 06wexkmos noiucoHHbIX UCHbIMAHUL

Ha nepBom sTane MoaenupoBaHUd W BU3YAIM3AIMUA TOJUTOHHBIX WCHBITAHUN
co3natorcs 3D Momenu apTHINIEPUICKUX YCTPOWCTB, apTHIICPUICKUX BBICTPEIIOB U
muiieneit. ['otoBeie 3D momenu MOXXHO UMIOPTHUPOBATh W3 pa3inuuHbIXx cpen 3D

MOJICIUPOBAHUSI M CHCTEM aBTOMaTu3upoBaHHoro mpoektupoBanust (CAIIP). Otu
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MOJIENId JIOCTATOYHO C€O3/1aThb OAWH pa3 M MOTOM MHOTOKPAaTHO MCIOJIb30BaTh.
Hampumep, co3ganusie 3D  00bekThl B JalibHEWIEM  HCHOJB3YIOTCS — MPHU
MaTEeMaTUYECKOM MOJEIIMPOBAHUHU IPOLECCOB aPTHUILIEPUIICKOTO BBICTpEIIA.

ITocne ummopra 3D Mopmenedt TpeOyercs pa3padoTaTh KiacChl OOBEKTOB B
COOTBETCTBHUM C HUX 0coOeHHOCTSIMHU. CTpyKTypa apTHUICPHACKAX KOMIUIEKCOB
JIOCTaTOYHO CJIO)KHa W COCTOMT U3 pa3IMYHbIX MexaHu3MoB. [l oOecrieueHus
(GyHKIHMOHAJIBHOCTH, Ha PAacCMAaTPUBAEMOM YPOBHE JEKOMITO3UIIMH, apTUIUICPUNUCKUI
KOMITJIEKC TPEACTaBICH BHUAC NIBYX B3aWMMOCBSI3aHHBIX 3JIEMEHTOB apTHIIICPUICKOTO
OpyAusl U apTUJUIEPUIICKOTO BbIcTpena (pucyHok 1.3).

OYHKITMOHAIBPHOE HA3HAYCHUE apTHILICPUICKOTO OPYIus — HaBEACHUE CTBOJIA B
FOPU3OHTAJILHOM W BEPTUKAJIBbHOM TUIOCKOCTH. Ha  aprwuiepumiickoe opyaue
HAKJIQJBIBAIOTCSA OIPAHUYCHUS M0 MAKCUMAJIbHOMY U MUHUMAJIBHOMY YTJIaM IOBOPOTA.

QOYHKIMOHAIBHOE HA3HAYEHHE AapTUJUIEPUKCKOTO BBICTPENA, COCTOSLIETO U3
3apsja U CHapsija, — ONpeJeleHue OCHOBHBIX M€OMETPUUECKHUX, (PU3NUECKUX CBOMCTB
9TUX 00BeKTOB. Ha apTuiuiepuiickuil BBICTpEN HAKIAIBIBAIOTCA T'€OMETPUUYECKUE
OTpaHUYCHHMS, CBS3aHHBIE C HEOOXOIMMOCTHIO MX PACIIOJNIOKEHHUS B KaMepe CTBOJa

apTUJLIEPUICKOTO OPYIHS.

1.2.2 Coz0anue 3D moodeneti usmepumenbHo-pecucmpupyoune2o KOMnieKca

Ha Bropom »nstame cosmarorcs 3D Mopenu u3MepUTETHLHO-PETUCTPUPYIOITUX
YCTPOMCTB, OCHOBHOE (DYHKIIMOHAIbHOE Ha3HAYCHHE KOTOPBIX — HATJSIAHOE
OoTOOpaXXeHue Pe3yJbTaTOB MOJICIMPOBAHUS U HATYPHBIX AKCIIEPUMEHTOB.

CtpykTypa Ka)a0ro U3MEpPUTEIbHO-PETUCTPUPYIOLIETO YCTPOUCTBA UMEET CBOU
ocoOeHHOCTU. B 3TOM CBsI3M AJ1s1 HUX ObUTH pa3paboTaHbl OTACIbHBIC KIACCHI.

Haunlonee cioxHbIMA A1 BU3YyalIU3allUUd SBJSIOTCS yCTPOMCTBA M3MEPEHUS H
perucTpaIu MoyoXKeHus: cHapsijga. [Ipubopsl JaHHOTO YyCTPOMCTBA pacmloararoTcs Ha
OTIOPHO-TIOBOPOTHOM YCTPOMCTBE, KOTOPOE UMEET OrpaHUYEHHUE IO YIJIOBOM CKOPOCTH

BpAILICHUS B TOPU30HTAIBHON U BEPTUKAIBHOMU IUIOCKOCTSIX.



38

[Tpubopsl cnexeHus (TeIEBU3MOHHBIE KaMepbl) MO3BOJIAIOT 3aMMCHIBATh BUJIEO C
3aJlaHHOM OTPAHMYEHHON YacTOTOW KaJpoB, OTpPAaHUYCHHBIMU pa3MepaMu KapTHUHKU U

3aJJaHHBIM (DOKYCHBIM PACCTOSTHHEM.

1.2.3 Cozoanue 3D modenu kapmol noaucona

JIBW>KeHHE CHapsAoB TO OayUIMCTHYECKOW Tpacce 3aBHCUT OT penbeda
MecTHOCTH. [lo3ToMy s yCHEUNTHOTO TIPOBEACHHS HUCHBITAHWK, HEOOXOIUMO
MPaBUJIBLHO PACIIONIOKUTh APTHILICPUICKME YCTAHOBKMU, MHUILIEHU U HU3MEPUTEIIBHO-
PETUCTPUPYIOIINE YCTPOMCTBA HA TIOJUTOHE C YUE€TOM peibeda MECTHOCTH.

HcxomHple  MaHHBIE  3arpy)XarOTCs M3  TEOMH(DOPMAITMOHHBIX  CHCTEM.
Tomonornyeckass OCHOBAa CO3/a€TCsl HAa OCHOBE pacTpOBbIX (aljioB, B KOTOPBIX
coziep KaTcsl KOOPAWHATHI W BBICOTHI MECTHOCTH. TEKCTypa MECTHOCTH CO3/aeTCs Ha
OCHOBE a3pO(OTOCHEMKH WU CIIYTHUKOBBIX CHUMKOB. [IpeoOpa3zoBaHue BUPTyaIbHBIX
KOOpPJIMHAT B T€OJIE3UMYECKHe U OOpaTHO OCYIIECTBJISETCS Ha OCHOBE CIEIMAIbHOMN
pPEMEPHON TOUKHU.

Ha 3D mudpoBoii kapTe MOJMIOHA PACCTABISIOTCS OOBEKTHI MOJUTOHHOU

MH(PACTPYKTYPHI C YUETOM UX I€01€3UNYECKUX KOOPIUHAT.

1.2.4 Mooenuposanue 6Hympubaiiucmuyeckux npoyeccos

[Tocne cozmanust 3D 00BEKTOB MOJEIMPOBAHUS TOCIEAOBATEILHO MPOBOIUTCSA
MOJICJIMPOBAaHUE TMpoLEecca apTUIUIEPUUCKOro BbIcTpena. llepBeii HU3  HUX -
BHYTPUOAUTMCTUYECKHUM TIPOIIECC — MPECTABIISIET COOOM CIOKHBIA KOMILJIEKC SIBJICHUM,
TaKUX KakK NpOrpeB, BOCIUIAMEHEHWE, [BWXCHHE Ta30lOPOXOBOM CMECH W
HEPAaBHOMEPHOE HECTAIMOHAPHOE 3PO3MOHHOE TOPEHUE MOPOXOBBIX JIEMEHTOB 3apsiia
MOJ1 BIIUSIHHEM O0/yBa.

Meroanka MOACIUPOBAHUS BHYTPHUOAIUTUCTUIECKUX MPOIIECCOB, OCHOBAaHHAsI HA
COBMECTHOM PEIICHUHU 3aJa4 TUJIPOMEXaHUKHM MHOTO(a3HBIX I€TEPOTCHHBIX Cpel U

TGHHOMaCCOO6MCHa, IMO3BOJIACT YUCCTh OTMCUYCHHBIC (1)H3H‘—IGCKI/IG SBJICHHS.
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Marematuyeckasi MOJieb BHYTPUOATUIMCTUUECKOTO MPOIECCa PACCMATPUBAETCS C
MO3UIIMM MEXAHUKHU TE€TEPOTCHHBIX PEArHpPYIOIINX CPEll B paMKax ra30IMHAMUYECKOTO
nogxona [2]. MopnenupoBaHue Tmporecca TOPEHHS IOpoXa OCYIIECTBISETCS C
UCIIOJIb30BaHUEM TBEP0(ha3HOM JTOKAIBHOW MOJIETH TOPEHUs. AJTOPUTM peuIeHUus
OCHOBAaH Ha YMCJIICHHOM HHTETPUPOBAHUM YPaBHEHHUU THIPOMEXaHHKHU B Ta30BOH (aze
U YpaBHEHHH TEIUIONPOBOJHOCTH U TIyOWHBI BBHITOpaHUs B KOHACHCHPOBAHHOH (pasze B
30HE TOPEHUS TOPOXa.

HcxoaapiMy TaHHBIMU 1711 MOJICTTUPOBAHUSL BHYTPHOAUIMCTHYECKOTO MpoIiecca
SBIIIIOTCA TEOMETPUYECKHE, TEIJIOPU3UUECKHE M DHEPreTUYECKUE XapaKTEPUCTUKU
3apsIOB, CHAPSIIOB U APTHILIEPUHMCKUX KOMILJIEKCOB.

PesynbraToM MozenupoBaHHs SABISETCA JUHAMHKA W3MEHEHHUs PaCHpElEIeHUs
[1apaMeTpoB IpolLlecca, TAKUX KaK JaBJICHUE, TEMIIEpaTypa CMECH Ia30B, TeMIepaTrypa
ITIOBEPXHOCTH TOPEHHsI IOPOXa, KOHLIEHTPALMS MTOPOXOBBIX 3JIEMEHTOB 3apsiia U Jp., B
3aCHaApPsAHOM IIPOCTPAHCTBE C TEYCHUEM BPEMEHHU.

OrpaHu4eHusAMH JUIs IPOLIECCOB BHYTPEHHEH OAJUIMCTUKHU SABIISIOTCS BO3MOXHbBIE
pa3pylIeHus apTUIIEPUMCKOTO OpyAus Wiu cHapsaaa. OnpeneneHue OrpaHuueHUN i
ATUX CIy4YaeB OCYIIECTBIISIETCS HAa OCHOBE PEIICHUs HAINPSIKEHHO-IE(POPMUPOBAHHOTO

COCTOAHUA JaHHBIX OOBEKTOB.

1.2.5 Mooenuposarue snewnedariucmuyeckux npoyeccos

Ha craguu monenvpoBaHusl BHEUIHEOATUIMCTUYECKUX MPOIECCOB MPOBOIUTCS
pacyeT TPAaeKTOPWUHU JBIKCHHS CHapsija C YYeTOM HAYaJIbHBIX YCIIOBUM CTPENbOBI U
METEOYCJIOBUM (TeMIlepaTyphl, JaBJICHUs, CKOPOCTH U HaNpaBjIeHUs BeTpa). MeToauka
pacyeTra TpaeKTOpHil ToJjieTa OCHOBaHa Ha ¢GopMynax M CXeMax, MPUBEIACHHBIX B
rOCyJapCTBEHHBIX CTaHaaptax W pabote [16]. B Meromuke mnpemaycMOTpeHO mBa
BapuaHTa 3aJlaHusl KO3(PHUIIMEHTOB a’pOJAMHAMUYECKOT0 COMPOTHUBJICHUS: HA OCHOBE
AMIIUPUYECKUX 3aKOHOB CONpPOTHUBIECHHUS Bo3ayxa 1943 r. u 1958 r. m 3amaBaembIx
kod(pdunreHToB  GopMBl; HA  OCHOBE  aNIPOKCUMAIIMOHHBIX  3aBUCHUMOCTEH,

MOJIYYEHHBIX TpH 00pabOTKE MaHHBIX YHCIEHHOTO pEIIeHUsS 3aJa4yd BHEITHEH
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oOTekaHusi  CcHapsAna. MoJelupoBaHHE  BHEIIHEOAUIMCTUYECKOM  TPAEKTOPUU
OCYUIIECTBJISIETCSI HAa OCHOBE YHCJICHHOTO pEHICHUS CUCTEMBI JudPepeHIranIbHbIX
YpaBHEHUM.

WcxonHbIMU TaHHBIMU AJI1 MOJICIIMPOBAHUSI pACCMATPUBAEMOI0 ATamna SIBJISIOTCA
IyJabHAasT CKOpPOCTb, IMOJIyY€HHas B pe3yJbTaTe pPEHICHUS BHYTPUOATIHCTUYECKOM
3aJaud, a TaKXKe aKCHallbHas CKOPOCTh, HAayalbHOE TIOJIOKEHHWE U HampaBlcHHUE
JBUKEHUS CHapsia.

PesynpraTrom MoaenupoBaHHs SIBISETCS TPACKTOPHs JIBIKEHUS CHapsja,
3aKaHUMBAIOILIASCA OJHUM M3 CIEAYIOIIUMX CHOCOOOB: COMPUKOCHOBEHHE C OOBEKTOM
MOPAXCHUSI WM TTOBEPXHOCTHIO 3€MJTH, MTOAPBIB HA TPACKTOPUH JBIKCHUS B 3aJaHHOMN
TOYKE, TU00 B 3aJITaHHOE BPEMSI.

bonee cnoxxHast oOpaTHas 3a7auya BHEIIHEH OaJUIMCTUKU MO3BOJISIET ONpPENETUTh
yIIbl  HaBENEHUS  apTHIUICPUHCKOTO  OpYyAHMsl TpH  3aJaHHBIX  KOOPAMHATaX
PacroJoKeHUs! apTUJUIEPUHCKON YCTaHOBKU M O0OBEKTA MOPAKEHUSI, KOTOpasi peraeTcs

OJHHM M3 UTCPAIUOHHBIX MCTOI0B ITOCIICAOBATCIIbHBIX HpH6J’IH)KGHHﬁ.

1.2.6 Mooenuposanue npoyeccos pyHKYUOHUPOBAHUS CHAPSAOO8 V Yeau

B nannoit pabote paccmarpuBaroTCs JABE 3aJayd MOJECIMPOBAHUS MPOLIECCOB
GyHKIMOHUPOBAHUS CHApsIIA Y 1eJIh: OPOHETPOOUTHE U OCKOJIOYHOE JICHCTBHE.

NcxogupiMu  JaHHBIMU JJISI  TIpoliecca OpOHENpPOOUTHS SBISIOTCA JaHHBIE,
MOJIYYCHHBIC B XOJI€ MOJICIMPOBAHUS BHYTPEHHEH M BHEIIHEH OaJUTMCTUKH, a UMEHHO
CKOPOCTb U yroJj NoJJieTa CHaps/1a K LEeu.

OCHOBHO XapakTepUCTUKON 3P(HEKTUBHOCTH ACHCTBUS OPOHEOONHBIX CHAPSAIOB
SBJIICTCSI TOJIIMHA TPOOUTHUS Tperpaabl, KOTOpas 3aBUCUT OT BBIIIEHA3BAHHBIX
XapaKTePUCTUK — CKOPOCTh W YIoJI MOJJIETa, a TaKKe€ OT MaTepUaIOB U KOHCTPYKIIUH
CHapsiia U 00bEeKTa MOPaKEHUS.

HcxonHbpiMu TaHHBIMU BTOPOM 3a7a4i, MOJEIMPOBAHUE OCKOJIOYHOIO AECHCTBUSA
CHapsila TpU TOJPLIBE Ha TPACKTOPUU, TAKXKe SBIAIOTCS JaHHbIC, TOJYYEHHbIC B

pe3yibTare pCIICHMA NPCABIAYIIHUX 3a4a4, a HMMCHHO. CKOPOCTb CHapsaa, yroil K
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TOPU30HTY M CKOPOCTh BpalleHus cHapsaa. HauanbHas CKOpOCTb pasjieTa OCKOJIKOB
OINPENENAETCS C YYETOM PACCMOTPEHHBIX BBILIE MApPAMETPOB, a TAKXKE CKOpPOCTU
pasroHa OCKOJIKOB TO/JI IEHCTBUEM MPOIYKTOB JETOHAIMH. MaccoBble XapaKTEPUCTUKH
OCKOJIKOB ONPENENIAIOTCS HCXOAs TaKKe M3 XapaKTEepUCTHUK MaTepuaja Kopiyca
CHapsga W B3pBIBUATHIX BEIIECTB, JIMOO W3 SKCIEPUMEHTAIBHBIX JaHHBIX. [IBUKeHUE
OCKOJIKOB MOJIETTUPYETCSI Ha OCHOBE pEIIeHUs CUCTeMbl audQepeHnaibHbIX
YPaBHCHUU.

Ha ocHOoBe MHOTOKpaTHOro MOJEIUPOBAHUA METOJOM CTaTHUCTUYECKUX
UCIBITAHUN OIpeNeseTcs] MOJ€ OCKOJIOYHOIO TOpaXEHHs C Y4eToM penbeda

MECCTHOCTH.

1.2.7 Paccmanoeéxa u onpeoenenue napamempos QyHKYUOHUPOBAHUS USMEPUMENTbHO-

pecucmpupyiowel annapamypsl U 00beKmos UCHbIMAHULL

Ha ocHOBe Moy4eHHBIX BBINIE PE3yIbTATOB TPEOYETCS ONTUMAILHBIM 00pa3oM
paccTaBUTh OOBEKTHI WCIBITAHUH W HM3MEPHUTEIBHO-PETUCTPUPYIONMINE YCTPOMCTBA C
y4eToM penbeda MECTHOCTH, PACIOIOKEHUS OOBEKTOB WMHOPACTPYKTYPHI U JIPYTUX
OTPAaHUYECHHUI.

MopenvpoBaHue  U3MEPUTEITHLHO-PETUCTPUPYIONINX  YCTPOWCTB  MO3BOJISIET
OTPEJICIUTh WX TOJIOKEHUE M TapaMmeTpbl (DYHKIIMOHUPOBAHUSA TPU PETUCTPAIUH

ABHWIKCHUS CHaAps/IA.

1.2.8 Ilposedenue namypHoco sxcnepumenma

Harypnsiii DKCIIEPUMEHT II03BOJIAET OIPEIEIUTD [apaMeTpsl
(GYHKIIMOHUPOBAHUS OOBEKTAa MCIBITAaHUS B PEAJTbHBIX YCIOBHSIX Ha MECTHOCTU. B
pe3yJIibTaTe NPOBEICHUS HATYPHOrO SKCIIEPUMEHTA € NOMOLIBK) HW3MEPUTEIBHO-
PETUCTPUPYIOIIETO  KOMIUIEKCa  (PUKCHpyeTCs MacCHMB  JaHHBIX O  pPEalbHOM
(GYHKIIMOHUPOBAHUU OOBEKTa, KOTOPBIM HEOOXOAMMO CPaBHHUTH C MPEANOjaraeMbIMU

pe3ylibTaTaMi, MOJYYCHHBIMHA B PC3YJIbTATC MATCMATUYCCKOTO MOACIINPOBAHUAA.
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1.2.9 Cpasnumenvhwiii ananus pe3yibmamos MoOeIupo8aHus

U HanypHoco sKcnepumenma

Nupopmanus o pesyapTaTaXx MaTEMaTHUECKOIO MOJECIMPOBAHMS U HATYPHOIO
IKCIIEPUMEHTa TpejcTaBiserca B Buae 3D kpuBoi Ha 1udpoBOi KapTe MOJIUTOHA, B
BuJie rpadukoB U B TabaudHoM Buje. [locnenoBarenbHO BEIOMpAIOTCS apTHILIEpUiicKas
YCTaHOBKA, APTUJUIEPUMCKUM BBICTPEI, PE3YyJbTaTbl MOJCIMPOBAHUS BHYTPEHHEH U
BHEIIHEW OaJUTMCTUKH, MUILEHb U JaHHBIE HATYPHBIX 3KCIEPUMEHTOB OT Pa3JIMYHBIX
WU3MEPUTEIBHO-PETUCTPUPYIOLIUX YCTPOUCTB.

[locne cpaBHEHHMM pe3yJbTAaTOB MOJEIUPOBAHUS M HATYPHBIX SKCIIEPUMEHTOB
OIpeseNnsieTcss HeOoOXOAUMOCTh YTOUHEHHUS NapaMeTpoB Mojenu. Ecnm pesynbraThl
CPaBHEHHS yIOBJIETBOPSIOT YTBEPKACHHBIM TPEOOBAHUSM, TO MPOLIECC MOAEIUPOBAHUS
3aKkaH4yuBaeTcsa. lIpy HaaMuMKM 3HAYUTENBHBIX PACXOXKIACHHM MEXKIYy MOJAEIBHBIMU M
HKCIEPUMEHTAIbHBIMU  JTAHHBIMU HEOOXOAMMO TIPOBEPUTH HCXOJHBIE JIaHHBIC
(HayanbHBIE YCJIOBUS, MapaMeTpbl cTpenbObl W T.m.). I[locime yero mnpuHUMAaETCs
pelieHre 0 He0OXOAMMOCTH YTOUYHEHHUS MapaMeTPOB MOJIENTM U TOBTOPHOM MPOBEICHUN

IMHUKJIa MOACIUPOBAHUA — HATYPHOI'O SKCIICPUMCHTA — CPABHCHHA PC3YJILTATOB.

1.3 ®yHKIMOHAJIBLHASA CTPYKTYPA NPOrPAMMHOI0 KOMILIEKCAa MOIeTUPOBAHMS H

BH3YAJIM3AIUH NPOLECCa APTIIJIEPUIICKOT0 BhICTpesia

1.3.1 Konyenmyanvnas mooens npocpammHo20 KOMIIEKCa 8U3yaiu3ayuu

Dpe3yibmamos MoOenupo8aHus

B pamkax pacCMOTpPEHHOr0 CHCTEMHOrO MOAXOJa MNPEACTABICHUSA PEaTbHbIX
00BEKTOB CHCTEMBI TIOJIMTOHHBIX UCTIHITAHUN OBLT pa3paboTaH MPOTrPaMMHBIN KOMILIEKC

MOJICTTUPOBAHUS U BU3yaJIU3alMU TIPOIIECCOB apTHUILICPUIMCKOTO BhICTpETa.
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KonuenrtyanbHasi cxemMa mnpeoOpa3oBaHusi (PU3NUECKUX OOBEKTOB M IMPOLIECCOB

MOJIMTOHHBIX HCIBITAHUN B BHUPTYAJIbHBIC OOBEKTHI MOACITHUPOBAHUS MMPCACTABICHA HaA

pucyske 1.10.

BupTyaabHas cHcTeMa
TOAHTOHHBIX HCNBITaHHH

PacueTHEIe GAOKH

PeaAbHBIE O0'BEKTEI .| TeomeTpHYeCKHE MOIEAH ||

PacyeT BHyTpeHHEeH

3D MozeAH yCTaHOBOK,

PeaApHEBI€ Mpoecchl

MaTeMaTHYeCKOe

ApTHAAEDHHCKHE
yCTaHOBKH, : gizlf;ciggogf::j:si?f; 3apsioB H CHApsAOB 6aAAMCTHRH
3apsiAbl H CHADSABI /| B BUpTyaabHyIO peasbHOCTE 3D MOZEAH TOAHTOHHOM Pacuer HIC cToAa
IoAnronnas HH)PaCTPYKTYypPEI
uHbpacTpPyKTYypa
3D mozeAHn PacyeT BHelIHEH
H3mepHTEABHAsS KoMnsloTepHOE H3MepPHTeAbHOH GaAAHCTHKH
anmaparypa 3D mozeanpoBaHHe |, anmapaTypsl
""""""""""""""""""" PacueT
"""""""""""""""""""""""""""""" 6poHenpopOuTHS

MaTeMaTHYECKHE MOAEAH [

Pac4eT OCKOAOYHOTO
neicTBHS

BHyTpeHHAA
MOZEAHPOBAH.
GasnaucTHEKA xxxx:,::_: BuyTrpennss
GasaucTuxka | Ll Fre— A .
BHewmrusas BAOK BH3yaAH3aIlHH
GasancTHKA HIOC cTBOAa
PenakTop 06'5EKTOB
B3aumoneicTBHE
c o6’beKTOM BHemHAsa
nopaxeHHS fasAHCTHKA PenmakTop KapT
.................................................... BaanMomeHoTBHS T
C 06BLEKTOM IOpazKEeHHS peayALTaTOB

Pucynok 1.10 — KonnentyanpHasi cxema MpeACTaBIICHUS MTOJUTOHHBIX UCTIBITAHUH

B BUJC BHpTyaHBHOﬁ CHCTEMBI MOJIUTOHHBIX HUCIBITaHUI

BupryanpHas cucTteMa IMOJUTOHHBIX MCHBITAHUN, TPEACTABICHHAS B ITPABOU YaCTH

pucynka 1.10, comepxut cieayromnue COCTaBHBIE JIEMEHTHI: TEOMETPUIECKHUE MOJCIN

POIIECCOB

MaTEMATHYCCKUEC MOACIIN

OOBEKTOB TMOJUTOHHBIX HUCIHBITAHUM U
apTWIJICPUIICKOTO BBICTPENIA, a TAKXKE pacUCTHBIC OJIOKH U OJI0K BU3YaTH3allUU.
CTpyKTypHOE Tpe/CTaBlIeHHEe MOJENIed M MPOLECCOB OBbUIO MPEACTABICHO BbILIE

(m. 1.1). dyHKIMOHATBLHBIC B3aUMOCBS3H MEXKIY OJIOKAMH MPOTPAMMHOTO KOMILIEKCA

MMpcaACTaBJICHBI AaJICC.
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1.3.2 B3aumoceszv medxncoy pacuémuuvimu O10Kamu

Cxema (QYHKIMOHAIBHOM B3aMMOCBSI3M MEXIY pacuyeTHBIMH  OJIOKaMu

npejcTaBiieHa Ha pucyHke 1.11.

Pacyer BHyTpeHHeil
0AJJIMCTHKH

Pacuyer napamerpoB
H3MEPHUTENbHO-
PerucTpupyoLIero
KOMILIEKca

Pacuer BHelnHe
Pacuer HJIC cTBOI2 GATHCTHI

Pacuer ockoJ104HOIrO

Pacuet OponenpoOuTus "
JAEUCTBUSA

Pucynok 1.11 — @yHKIIMOHAIBHBIE 3aBUCUMOCTH MEXK]Ty PACUYETHBIMH OJIOKAMH

IIPOrpaMMHOT0 KOMILJIEKCa

Kak BMIHO W3 NpEACTaBICHHOW CXEMBbI, NEPBOHAYAIBHO IPOBOIAUTCA pPACyeT
BHYTpEeHHEl OamincTtuku. B pesynbrare moiydaeM MacCHB JIaHHBIX OTHOCHTEIBHO
JABJICHUS BHYTPHM KaHAJIa CTBOJIA. OTH pE3YyJbTAaThl HCIOJB3YIOTCS B KayeCTBE
JUHAMHYECKUX TPaHUYHBIX YCIOBHUI UId pacyeTa HamnpsKeHHO-Ie(hOpMUPOBAHHOTO
cocrosinug (HZIC) ctBona. [Ipn HOpMaIbHBIX YCIOBUSAX BBICTPENA CTBOJ MPETEPIICBACT
ynpyrue aegopmaiiu, eciy e JaBJICHHs MPEBBICAT AOMYyCTUMBIN Mpeaes, TO CTBOJ
MOKET pa3pylUIUTCs U JadbHEHIINE pacyeThl OyIyT HE aKTyaJIbHBIMHU.

Pe3ynbTaThl pacuera BHYTpEHHEW OalNIMCTUKH, 2 UMEHHO AyJbHas CKOPOCTb W
aKCHaJbHasl CKOPOCTb BpAIICHUS CHApsAA, SABIIOTCS HAyaJdbHBIMU YCIOBHSAMH IS
BHEIITHEOANTUCTUUECKUX PACUETOB.

Jlanee Ha OCHOBE pacyeTa BHEIIHEOAJUIMCTUYECKOW TPaeKTOPUHU JABHKEHUS

CHapsila TPOBOJATCS pacueThl TEPMUHAIBHOW OAITUCTUKU: OpoHEnpoOUTHUS U
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OCKOJIOYHOT'O I[CﬁCTBPIH. B JaHHOM CJiydac€ pacCMaTpuBarOTCd CKOPOCTU W YIJIbI

[oJJIeTa CHapsAa K LEIu.
Pacyer mapameTpoB (YHKIMOHMPOBAHHUS HW3MEPHUTEIBHO-PETUCTPUPYIOIIETO

KOMILICKCA OCYIICCTBILACTCA HAa OCHOBC BHEIITHCOAITTUCTHYCCKOU TPACKTOPHUH CHapsAaA.

1.3.3 Bzaumocessze medxcoy 610Kkam su3yaiu3ayuu U paciemuuvimu 610Kamu

QOYHKIMOHAIBHBIE 3aBUCHUMOCTH MEXJYy pacyeTHbIMH OJIOKaMH U OJOKaMu

BU3YalIM3ally MPEICTaBICHBI Ha pUCyHKe 1.12.

................................................................................................................................................

4 N
P . Pacuer napamerpos
acyeT BHYTpPeHHei H3MEpHTELHO-
Pacuer HJC cTrBos1a GATHCTHKH
perucTpupyomero
KOMILIEKCcA
N %
4 N
Pacuer BHemIHeH
Pacuer OpoHenpoouTHsI G ALIHCTHRH Pacuer QCKOHOqHOFO
aeiicTBHA
NG J

e l

Baok Bu3yanusanun
pe3yJbTaToB

PenakTop 00bekTOB Penakrop kaprt

Pucynok 1.12 — ®yHKIMOHAIBHBIE 3aBUCHMOCTH MEX/Ty PACYCTHBIMU U BU3YaJIbHBIMHU OJIOKaMHU

broku Bu3yanuzauuM TpelHa3HAYeHbl JJii OTOOpa)XKE€HUsT TeOMETPHUYECKUX
MOJIEJIEW U IPOLIECCOB APTUILIEPUMCKOTO BBICTpPEA.

B penaktope 00bekTOB co3natorca Bce 3D 00BEKThI MPOrpaMMHOTO KOMILJIEKCA
3a HCKIIOUeHueM penbeda MecTHOCTU. BupryanbHblli penbed MECTHOCTH U
paccraHoBka 3D 00BEKTOB OCYLIECTBISECTCSA B PEIAKTOPE KapT.

Pe3ynbTaThl, MOJyYE€HHbIE B pacCYETHBIX OJIOKAX, BBITPYXKAIOTCA B OJOK

BU3YyalIU3aIMKN JIJI1 OTOOPAKEHUSI TUHAMUKU (YHKIIMOHUPOBAHHS PAaCCMATPUBAEMBIX

00BEKTOB.
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1.4 BeiBoabI

B naHHOlW rnaBe paccMOTpEH BOMOPOC Pa3padOTKUA 3JIEMEHTOB BUPTYAIbHOU
CUCTEMBI IOJUTOHHBIX MCHBITAHUHN C MO3UIMM 00mmel Teopun cucteM. lloa cucremoint
MO/IPAa3yMEBAETCS KOMIUIEKC B3aUMOJICUCTBYIOIINX JIEMEHTOB.

CTpyKTypa 3J€MEHTOB CUCTEMBI IOJIMTOHHBIX UCIBITAHUA UMEET UEPAPXUUECKUI
Bul. IIpoBencHHBIM aHAIW3 CUCTEMBI IIO3BOJIWI BBISIBUTH OCHOBHBIE JJIEMEHTHI
CHCTEMBI: apTUJUICPUICKUI KOMILIEKC, WH(PACTPYKTypa MOJUTOHA M H3MEPUTEIHHO-
peructpupyromuii kommieke. Kaxaplii U3 31€MEHTOB CHCTEMbI IPEACTaBISIET COOOM
nojacucTeMy. ApTWUIEPUICKUN KOMIUIEKC ObLI MpeacTaBlIeH B Buae Habopa
B3aMMOJICHCTBYIOIIMX DJJIEMEHTOB: AapTWUIEPUHUCKOE OPYIHE€ W apTUUICPUUCKUN
BBICTpEN. DTU 3JIEMEHTHl B CBOI OYEpPEIb TAKXKE IPEICTaBICHbI B Oosiee AETaTIbHOM
Macuraoe.

WNudpacTpykTypa MOJWrOHa MNpEACTaBI€HA B BUAE peibeda MECTHOCTH, Ha
KOTOPOM pacIoJIararoTcs CIEAYIOIIUE 3JIEMEHTHI: 3/1aHUsl, COOPYKEHUS, MEXaHU3MBI,
JEpEBbS, BOAOEMbI U PACTUTEIBLHOCTD.

N3MepuTenbHO-pErUCTPUPYIOLINIT  KOMIUIEKC TMpEICTaBiIeH B BHAE Habopa
CPEICTB HM3MEPEHHSI W PETUCTPALMM PA3IUYHBIX MPOLECCOB APTUILIEPUHCKOTO
BbICTpesia. OTAETBbHO PACCMAaTPUBAETCA CUCTEMA PErHCTPALUU TPACKTOPHM JABUKEHUS
CHapsJa, KOTOpasi COCTOUT U3 OMOPHO-TIOBOPOTHOTO YCTPOMCTBA U CHEKTpa MpUOOPOB
U3MEPEHUN.

B pabGore ompenenseHsl OCHOBHBIE 3JIEMEHTHI TPEXYPOBHEBOH CTPYKTYpHI
npolecca MOACTUPOBAHUS M BU3YalIM3alMU IMOJIMTOHHBIX HCHbITaHUM: co3zganue 3D
Mozened  OOBEKTOB  CHCTEMbl  MOJIMTOHHBIX  MCHBITAHUNA,  MaTEMaTUYeCKOe
MOJICJINPOBAHUE PA3JIUYHBIX IPOLIECCOB APTUIUIEPUMCKOTO BBICTPENIA U IMPOBEACHUE
HATYpPHOT'O SKCIIEPUMEHTA C aHAIM30M MOJYYEHHBIX PE3yIbTaTOB.

Ha ocHOBe TIpOBENEHHOIO aHaldM3a CUCTEMBI IOJMIOHHBIX HCHBITAHUN
pa3paboTaHa (pyHKIMOHANbHAS CTPYKTYypa MPOTPAMMHOIO KOMILIEKCa MOJEIMPOBAHHUS

¥ BU3yaJIM3allMy PoIlecca apTHILICPUICKOTO BBICTpEIIA.



47

TJIABA 2. PA3PABOTKA BUPTYAJIbHBIX MOJIEJIEA PEJIBE®DA,
UH®PACTPYKTYPBI HOJIUT'OHA U OFBEKTOB UCITBITAHUI

2.1 BupTryajibHasi KapTa NMOJUIroHa

[Tonuronnast UHPpPaACTPyKTypa MPEICTABISIET COBOKYIMHOCTh OOBEKTOB, KOTOPHIC
oOecreynBalOT (QYHKIIMOHUPOBAHUE TMOJWIOHA, BIHUAIOT Ha BBIOOP TOJOXKECHHUS
apTUWUICPUUCKUX YCTAHOBOK M HW3MEPUTEIBHBIX KOMIUIEKCOB, JUOO OTrpaHUYUBAIOT
JBIDKEHUE CHapsija. DJEeMEHTaMHU TMOJMTOHHOM HMHQPPACTPYKTYPHl TAKXKE SIBIISIIOTCS
KOMIUIEKCHI 3JJaHUM U COOPYXKEHHM, MAaIllUHbl W MEXaHU3MBbI, 00ECIeUnBalIolre
NepeMeIlCHUE JII0JIEM W apTHUICPUUCKUX YCTAHOBOK, a TaKXKe BOJOEMbI, JEPEBbS,
KYCTapHHUKHU U PACTUTEIBbHOCTD, IPOU3PACTAIONIAsl HA MECTHOCTH.

OneMeHThl MH(PACTPYKTYPhl PaCMoOJaraloTcsl Ha MOBEPXHOCTU 3€MJIM, KOTOpas
OTpaHUYMBACT JABWXKEHUE cHapsga. [loaToMy penbed MecTHOCTH OyaeM Takxke
OTHOCUTh K WHGpacTpykType. XapaKTepHOH OCOOEHHOCTBHIO penbeda MECTHOCTH,
3MaHUN U COOPYKCHUH SBISIETCS CTAllMOHAPHOCTh MX COCTOSIHUSI B TEUYCHHUE

MMPOAOJIZKUTCIIbHOT'O IICPUOaa BPCMCHHU.

2.1.1 ObwezemHvle cucmemvbl KOOPOUHAM

[{udposas Moaeas BUPTYaTbHOTO HUCIIBITATEIIBHOTO OaUTHCTHYECKOTO TIOJUTOHA
OCHOBBIBaeTcs Ha 1udpoBoit moaenu penbeda. [log nudposoit Moaenvio penbeda
MO/pa3yMeBaeTCsl  «OCOOBI  BUA  TPEXMEPHBIX  MAaTEeMAaTHYECKUX  MOJIETEH,
MpeCTaBIIAIONE COO0N 0TOOpakeHHe «peibeday, Kak pealbHbIX, TaK U aOCTPAKTHBIX
reoniojierd  (moBepxuoctei)» [90]. Iloctpoenwe 1mdpoBoii Momean peibeda
OCYIICCTBIISETCS B OOIIE3EMHOM CHCTEME KOOPIMHAT.

B cootrBerctBum ¢ IloctanoBnenuem IlpaButrensctBa Poccuiickonn deneparnuu
Ne 1463 ot 28 mexabpst 2012 r. «O equHBIX TOCYJapCTBEHHBIX CHCTEMaxX KOOPIAUHATY

[91] B Poccuiickoii ®@enepaliuu UCIOIB3YETCS €auHas OOIIe3eMHas IeOlleHTPUYecKast
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cucremMa koopauHaTt II13-90.11, onucaHue KOTOPOW COJEPKUTCA Ha TOpTaie
['enepanpHoro mTaba BoopyxeHHbix cuii PO B BuIE 3JIEKTPOHHOIO pecypca
«[Mapametpsr 3emum 1990 roga» 113-90.11 [92].

[TapameTpbl 3eMiTH COIEpIKaT ClieayrolIue XapakTepuctuku [93]:

— (yHIaMCHTaJIbHBIC  TCOJC3WYCCKUE  XAPAKTCPUCTHKH  (TCOICHTpUYCCKas
rpaBUTALMOHHAs ocTosHHas 3emmu fM, km®/c® | yrioBas ckopocTh BpalieHHs
Bemun Q,, pan/c);

— mapaMeTpsl 00IIe3eMHOro dyuIuncona (0opiuas Moiryoch a,, M, KOAQQUIUEHT
HOJIIPHOTO CKATHUSI JIUTUIICONIA O, );

— mapaMeTphl  TPaBUTAIIMOHHOTO  TOJsA  3eMiid  (QAHOMAJUU  BBIYHCIICHHMS
I'PaBUTAIMOHHOTO TIOJIs);
— TEOLIEHTPUYECKasi CHCTeMa KOOpAMHAT (OMpeIeNieHus IeHTpa 3eMild W
HampaBJieHUE KOOPINHATHBIX OCel);
— TapaMeTphl CBSI3U C JPYTUMHU CHCTEMaMHU KOoopAauHAT ((popMyibl Tepexoja u3
OJTHOM CHCTEMBI KOOPJUHAT B JIPYTYIO).
Amnamorom I13-90.11 sBasiercs [93] mmpoBas cucrema koopaunatr WGS-84,
KOTOpasi MCMOJb3yeTcs B COBpeMEeHHbIX GPS mpueMHHMKaX, a TakKe MEeXTyHapoaHas
3emHas onopHas cuctema | TRF-80, ucnonb3yromias smmunconn GRS80.

@dyHaMeHTaNIbHBIE TTapaMeTPhl 3eMJTH TIpeicTaBlieHbl B Tabmuie 2.1.

Tabmuua 2.1 — [TapameTpbl 3eMiIl B pa3IMYHBIX [€OIEHTPHUUECKUX CHCTEMaX

XapakTeprucThka PasmepHOCTB Crctema KoopHaT
PaKTep P 113-90.11 WGS-84(G1150) GRS80
['eonenTpuueckas
rpaBUTAIIMOHHAS KMe/c? 398600,4418-10%° | 398600,4418-10*° 398600,5 10*°
nocrosiHgas 3emiu, fM
VYrioBas cKOpOCTh 5 5 5
pan/c 7,292115-10 7,292115-10 7,292115-10
BpaleHus 3emiu,
bosnbias nomyocs, a, M 6378136,0 6378137,0 6378137,0
Koapdunment
MOJISIPHOTO CKATHA 1/298,25784 | 1/298,257223563 | 1/298,257222101
JIIIMIICOMIA, Ol
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bammuctuyeckue u opOWTambHBIE pacyeThl OCYHIECTBISIOTCS B HEOECHOUH
(uHepIManpHOI) cuctemMe koopauHat. B kadecTBe omopHoit HeOecHol cuctembl ICRS
UCTIIONB3YIOTCS  KaTaJlOrM  OKBAaTOPHANBHBIX  KOOPAMHAT  BHETAJAKTUYECKUX
paauoucTouyHMKoB. HeOecHasi cumcrema peanu3zoBaHa B MEXKIyHapOaHOW HEOECHOMN
cucreme orcueta ICRF [94].

Mopens 3emumn B 113-90.11 mpencraBiser coOON 3IUIMICOMI BpalICHHs C

HaydaoM KoopauHat O, , KOTOPBII COBIANAET ¢ HEHTPOM TSKECTH 3eMIU (PUCYHOK 2.1).

Z,Z
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Pucynok 2.1 — O01ie3eMHbIe CUCTEMbI KOOPAMHAT

DJUIAIICOU BPALLAETCS € YIIIOBOM CKOPOCThIO (.. B cucreme xoopauHar I13—
90.11 oce Z,,; sBiAETCS OCBIO BpAIllEHUs DJUIMIICOMJA M HAIpaBieHa K YCIOBHOMY
3eMHOMY IIOJIIOCY, OCh X ; — HallpaBJICHA B TOUKY IIEPECEUEHUs IIIOCKOCTH YKBATOpA C
HaydaJabHBIM MEPUIUAHOM, OCb Y, — JOIOIHIET CUCTEMY KOOPAHMHAT J10 IIPABOM.

Cucrema ICRF omimuaercs ot I13-90.11 nampaBnenuem ocu X,ze, KOTOpas
HalpaBJIeHA B TOUYKY BECEHHETO PAaBHOJIEHCTBHS Y,, OChb Z . TAKXKE HAllpaBJICHA Ha
CEBEPHBII MOIIOC 3€MJIM, a OCb Y,z JOMNOJHSET 0 IPaBOM CUCTEMBI KOOpAUHAT

(pucyHok 2.1).
Hampasnenue oceit B WGS-84 u ITRS cosnamaer c¢ I113-90.11, HO wu3-3a
HEKOTOPBIX METOAOJOTHYECKMX M TEXHUYECKHUX OCOOEHHOCTEH CHCTEMbl KOOpAMHAT

HE3HAYUTCIIbHO OTJINYAKOTCA.
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['eone3nueckas cucteMa KOOPJAMHAT MO3BOJISIET OMPEACNIUTh TOUKY Ha 3eMiie C
MOMOIIBIO TPEX KOOpJAWHAT: MHpPOThl B, monrotet L u BbicoTl H Hag ypoBHeM

QJIJIUIICOMAA.

X

13

Pucynok 2.2 — I'eone3ndeckas cucreMa KOOpAUHAT

['eone3nveckue mapamMeTphl OIPEICICHBI ClieAyomuM oopasom [94]:

— mupoTa B — 3T0 yrom mexay HOpMaIbIO K 3JUIMIICOMIY, IPOXOASUIEH uepes
3aJIaHHYIO TOYKY, ¥ TJIOCKOCTBIO DKBATOPA;

— gonrotra L —3TO ABYrpaHHBIN Yrodl MKy IIOCKOCTHIO HAYaIbHOTO MEpHUIHaHa
U TUIOCKOCTBIO  MEpHUIMaHa, MPOXOJAIIEr0o Yepe3  3aJaHHYyl0  TOYKY
(TIOJIOKUTENTFHOE HAIpaBJICHUE cUYeTa JOJTOT OT HaydaJdbHOTO MEpHUauaHa K
BOCTOKY, oT 0° 10 360°);

— BbICOTA H — 3TO OTpe3ok HOpManM K OOIIE3eMHOMY OJJUIAIICOHMAY OT €ro
MOBEPXHOCTH JI0 3aJJaHHON TOYKHU.

[IpeoOpa3zoBanne reoe3NUYECKUX KOOPAMHAT B TEOIEHTPUUECKHE KOOPIAMHATHI

OCYIIECTBIIETCS 10 caeayromuM dpopmysam [94]:

X =(N + H)cosBcosL,
Y =(N + H)cosBsin L, (2.1)
Z=(1-€*)N +HsinB,
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rae X, Y, Z — nNpoCTpaHCTBEHHBIE MPSMOYTOJIbHbIE KOOpAUHATHI Touku; B, L, H —

IcoAC3NUYCCKUC KOOpI{I/IHaTBI TOYKH, e:ﬂ20L3 —Otg — BKCHGHTpI/ICHTCT BJIJ'II/IHCOI/II[a;
a‘3
J1-e?sin’B

OOpatHoe mpeoOpa3oBaHUE TEOICHTPUUYECKUX KOOPAMHAT B TEOJIC3UUYCCKUC

N =

— painyc KpUBU3HBI IEPBOTO BEPTUKAIA.

KOOPJIMHATHI OCyIIEeCTBIsIETCS 0 anroputmy [94] (cm. [lpunoxenne A).

2.1.2 Peghepenymnvie cucmemvl KOOpOUHam

Pedepennable  cuctemMbl  KOOpAMHAT  NpEAHA3HAUYEHbl I IIJIOCKOTO
IpeACTaBICHUs] OOBEKTOB Ha JABYMEpHOM kapTe. KoopaumHaTel 3eMHOW MOBEPXHOCTH
IPOELUPYIOT Ha (PUTypbl, KOTOPbIE MOXKHO pa3BepHyTh. Hanbomnee pacnpocTpaHeHHbIE
(GuUrypsl - 3TO IJIOCKOCTh, KOHYC U HUIUMHAP. Bo MHOrMX MH(POPMALIMOHHBIX CUCTEMAX
UCIIOJIb3YETCsl TIoNepeyHo-IuIMHAprdeckas cucteMa Mepkaropa (Universal Transverse
Mercator, UTM [95, 96]) ocnoBannas Ha osmauncouge WGS-84 ¢ macmtaOHBIM
ko3¢ umentom K, =0,9996.

[TonepedHo-TMIMHAPUYECKAS TPOSKIMS ACIUT 3EMHYIO TMOBEPXHOCTh Ha 60
IMPOHYMEPOBAHHBIX 30H mmmpuHor 6°. Hymepanusa 302 UTM nHauunaercs ¢ 1 (180°—
pOHYMEp p yMep

186°), 2 (186°—-192°), ..., 60 (174°-180°).

<

DKBlaTop

.
>

X

ENSES}’U@z

7)) 0)

Pucynoxk 2.3 — [TonepeyHO-TIMITHHAPHYECKAS TPOSKIINS:

a) KacaHMe MWIMHJIpa MepUAHaHa U 0) IPOEeKIUU 6° yJ4acTKOB Ha IIUIHH]IPE
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B mpoekmuu UTM BBoauTcs moka3zarenb JIOXKHBIA CHBUT B BOCTOYHOM
Hanpasnenun (False Easting, FE), koropsrit pasen 500 000 M, mms Toro, 4roObI BCe
KOOpPJIMHATHI TPUHUMAIIA TOJIOKUTEIBHOE 3HAUY€HHE. AHAJOTUYHO [JJisi IOKHOM
noiychepbl BBOIUTCS MOKa3aTelb JIOKHOTO CIBHTa B ceBepHOM Hampasienun (False
Northing, FN), pasusrii 10 000 000 wm.

JlokanbHas pedepeHnHas cucrema P® oOcCHOBbIBaeTCS Ha TOCYAapCTBEHHOM
reoJIe3NYECKON CeTH, KOTOpasl 3aKpeIusIeT CUCTEMY KOOpPAMHAT Ha Tepputopuu PO u
HEKOTOPBIX MPUIIECTAIONIEN K HEW pernoHoB. ['ocynapcTBeHHass HUBEIMpPHAs CETh
pacnpocTpaHsieT Ha TEPPUTOPUU CTPAHbl HOPMAIBHYIO CUCTEMY BBICOT OTHOCHTEIIBHO
Hysa Kponmraackoro ¢pyrmroka (bantuiickas cucrema).

Ha teppuropuu CCCP B 1946 rony 6su1a npunsta pedepennnas cucrema CK-42.
B 2000 rony Ha tepputopun Poccuiickoit denepannin BBeeHa pedepeHIiHas cucTema
CK-95. IlocranoBnenuem Ne 1463 ot 28.12.2012 rona «O eguHBIX TOCYJapCTBEHHBIX
cucreMax KoopauHaT» [91] /Ui OCYIIECTBICHUS T'€0IC3MYCCKUX U KapTorpaduuecKux
pabot BBoaUTCS reoae3nyeckas cuctema koopauuat 2011 roga (I'CK-2011). B stom
K€ TIOCTAaHOBJICHMM YCTaHaBIMBaeTcs, uTto npenbiaynme cuctembl CK-42 u CK-95
npuMeHsitores 1o 1 susapsa 2017 rona.

B P® gns npoBemeHus Kaprorpa@UuecKMXx M TE€OAE3UYECKHX padoT
UCIIOJIB3YETCSl  MOINEepeYHO-IMIMHApUYecKas npoekiuss ['aycca-Kprorepa, kotopas
TaKXke JCIUT 3eMHYI0 TOBEpXHOCTh Ha 6°. Hymepanus 30H HaunHaetcsa ¢ 1 (0°-6°), 2
(6°-12°), ..., 60 (154°-360°). B nmpoexkiuu "aycca-Kprorepa (B oTaudmie OT MPOEKITUU
UTM) oceBoii Mmepuanan OTBEYaeT 3a OCh aOCIMCC, a PKBATOp — 3a OCh OpjauHAT. B
npoekuu ["aycca-Kprorepa BBoOAMTCS mOKa3aTellb JIOKHOTO CIABUTa B BOCTOYHOM
nanpasienuu (False Easting, FE), kotopsiii pasen 500 000 m.

['eone3nueckre KoOpAMHATHL pedepeHiHol cucrembl PO  oTHOCATCA K

snmanicounty  Kpacosckoro,  Oombluas — monyoch  kotoporo — a, =6378245,0 m,
KOO(QMUIMEHT — TOJNAPHOTO  CKATHA  OIUIMICOMAA  Oly, =1/298,3. MacuraGHbIit

ko3¢ unuenT B npoekiun ['aycca-Kprorepa pasen enuanie (k, =1,0).
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2.1.3 Lugpposas modenv nonucona

[Tonuron pacnosaraercs B 37-ii 30He ceBepHO# mupoThl mpoekunn UTM [63] Ha
amuncoune WGS 84 u cornacHo [95] umeer ciienyromee o6o3Hauenne EPSG: 32637-
WGS 84 / UTM zone 37N. IIpeoOpa3oBaHue reo/Ie3MYECKUX M INIOCKUX KOOpPIUHAT
MEXKy TMPOCKIUSAMH, OMPEICICHHBIMA B POCCHUUCKON M MEXKIyHAPOIHOH cHCTeMaXx,
OTIpeIeIIAIOTCS 110 (hopMyriam, cojaepkamumcs B JokyMeHTax [94-96].

Kapta BbIicOT co3nmaetcs B reorHpopmMaiinonnsix cuctemax QGIS [97] u Global
Mapper [98]. Ha pucynke 2.4 npencraBieHO (GOpMUPOBAHHE KAPTHI BHICOT B CHCTEME

QGIS.

i

PADAINSDINANS

lol

Y — e e || 310~ ()% Ormema | 953857

Pucynok 2.4 — Coznanue kaptsl BoicOT B QGIS

Ha xapTy BBICOT HakjIaJbIBAETCSI TEKCTypa MECTHOCTH, MOJy4YEHHAs HAa OCHOBE
JTaHHBIX a’podoTocbeMku. [Ipumep co3ganust TekcTypbl MecTHOCTU B cucteMe QGIS

MPEJICTABJICH HA PUCYHKE 2.5.
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Pucynok 2.5 — Coznanue tekcrypsl B QGIS

Pe3ynbpraThl, NOJy4YeHHbIE B OJHOM M3 TI'E€OMH(POPMALMUOHHBIX CHCTEM,
UMIIOPTHPYIOTCS. B TPOTPAMMHBIN KOMIUIEKC (pUCYHOK 2.6), M OCYIIECTBIISCTCS
NpUBS3KAa BUPTYaJIbHBIX OOBEKTOB K CO3JaHHOW kapTe. KauecTBeHHOe OTOOpa)keHue

KapThl BBICOT U TCKCTYPhI JOCTHUIaCTCA HaCTpOﬁKOﬁ YPOBHA ACTATIN3alINH naHz[ma(bTa.

Pucynok 2.6 — [{udposas xapra monurona
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2.1.4 Bupmyanvhsie 06vexmovl un@pacmpyKkmypbi

Buptyanpabie 00beKTHl HHPPACTPYKTYPHI, 3AaHUS, COOPYKEHUS, CO3/IAI0TCS Ha
OCHOBE pEaJIbHBIX Pa3MEPOB U PACCTABIIAKOTCS HA BUPTYAJIbHOM KapTe MOJUTOHA.

Haubonee neranu3upoBaHO MTpPEACTaBICHBI 00JIACTH, HAa KOTOPBIX HAXOAATCA
aApTWIICPUACKUE KOMIUIEKCHI M TIPOBOASTCS 3aMephl pe3yJIbTaTOB CTpelbObl. B
YaCTHOCTH, Ha PUCYHKE 2.7 MPEACTABIEHbI OTAEIbHBIE 3aHUS MOJUTOHA U KUPIIUYHbIE
MIEPETOPOJIKH, OTACISAIONINE YYaCTKA TIPOBEICHUS CTPEIhOOBBIX HCHbITaHUNA. Ha
pucyHke 2.8 mpencraBiieHa TpUOyHa, Mepej; KOTOPOH MPOUCXOAMUT JIEMOHCTpaIlus

BO3MOKHOCTEN BOOPYKEHHON TEXHUKH.

.- 11eperopoaku

Pucynok 2.7 — PacnionoxxeHue 37aHui U COOPYKEHUI
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Pucynok 2.8 — Bun cBepxy TpruOyHbI

Ha pucynkax 2.9 u 2.10 npencraBieHbl BUPTyalibHast MOJI€Nb TPUOYHBI U IpyTHe

00BEKTHI UHPPACTPYKTYPHI MOJTUTOHA.

’ -,

Pucynok 2.9 — TpubyHa Ha BUPTyaJlbHOM HOJIMTOHE
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Pucynok 2.10 — BupryanbHble MOi€IH 00BEKTOB HHPPACTPYKTYPHI MIOJIUTOHA

2.2 BuprtyajibHble MO/IeJIH APTHILJIEPHIICKUX KOMILJIEKCOB

2.2.1 Bupmyanvhas mooenb mauka

B pabote paccmaTpuBaeTcsi MOJIEIb II1aJAKOCTBOJIBHON 125-MM TaHKOBOM MYIIKH,

KOTOpasi yCTaHABJIMBACTCS HA TAaHKAaX Pa3lIMYHbIX Moaudukamnuii (pucyHok 2.11).

Pucynox 2.11 — Bupryansnas 3D Mozenb TaHKa Ha TOJTUTOHE
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OCHOBHbBIC XapaKTEPUCTUKH TaHKOBOW mymiku [99], HeoOXomumble s pacuera

BHYTpPEHHEH ¥ BHEIIHEH 0a/UIMCTUKHY, IpUBeIeHbI B Tabuie 2.2 [60, 61].

Tabnuma 2.2 — XapakTepuCTUKA TAHKOBOM ITYIIIKH

XapakTepucTuka PasmepHOCTH 3HaueHue
JnameTp KaHaja CTBOJIA, DKH M 0,125
JlinHa kamopsr, L M 0,84
JlnnHa kanana crBona, L M 5,16
TenmoemKkocTh MeTajlIa yCTaHOBKH, C, . Jx-kr/K 462
TennonpoBoAHOCTh METAJIA YCTAaHOBKH, Xym H/(c'K) 47
IInoTHOCTH MeTallIa YCTaHOBKH, SYCT Kr/M° 7800
MuHuManbHBIHA yroi Bo3BbieHus, 0 . rpajychbl -5°
MakcumanbHbIA yrou Bosssuuenust, 0. Ipaxycsl +15°

B coctaB 0oekoMIUIeKTa COBpEMEHHBIX 125 MM TaHKOBBIX OpYIUN BXOIUT
UPOKKI apceHas BeicTpesoB [99]. B manHO# paboTe paccMaTpHBAIOTCS CIIETYIONTHE
KOMIUIEKTBI BbICTpENa: OpoHEO0NHO-TT0AKAINOEPHBIN U OCKOJIOYHO-(YTaCHBIM.

1) Kommiekt BeicTpena ¢ 125 mm BII cHapsgoM KOMIUIEKTYEeTCS OCHOBHBIM

3apsaa0M (pUCYHOK 2.12) U JOTOJIHUTEIBHBIM 3apsiioM (pUCyHOK 2.13).

~ -

Pucynok 2.12 — Bupryansaas 3D Mozens 0cHOBHOTO 3apsiia
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OcHoBHOM 3apsan o, =5,300 Kr HaxoOUTCI BHYTPU CropacMoOM T'HIIb3bI
®, =0,640 Kr U KOMIUICKTYeTCSl TpyOIaThIMHU ITUPOKCIIIMHOBBIMH Topoxamu [60]. B
COCTaB OCHOBHOIO 3apsna BxomaT nasa Bocrutamenurens JPITNel: ,,=0,085 kr u
®,,= 0,050 kxr, KOTOpBIE pacnojaraTCs B Ha4ajIe U B KOHIIE OCHOBHOTI'O 3aps/a.

JlonomHUTENbHBIN 3apan ®, =2,900 Kr HaXOIWUTCS BHYTPHU CrOpPAeMOMl T'MIIb3bl
o, =0,845kr. BupryanpHas Mozenab JONOJHUTEIBHOIO 3apsja apTUILUIEPUNCKOTO

BBICTpEJIA MPEACTABICHA HAa pUCYHKe 2.13.

Pucynok 2.13 — Bupryansaas 3D Mo1ens TONMOTHUTEIIBHOTO 3apsiia

Buptyanenas monens 125 mm BII cnapsiga npencraBnena Ha pucynke 2.14. B
COCTaB CHapsiia BXOAMT BEAYILIEE YCTPOUCTBO, KOTOPOE JBUTAETCS BMECTE C AKTUBHOM
YacThIO CHApSAJA BHYTPHU CTBOJIa U HE JTA€T MPOPBIBATHCS MOPOXOBBIM ra3am (pUCYHOK
2.14qa). Tlocne BBUIETA CHapsija W3 CTBOJIA BEAyIEe YCTPONCTBO OTHAETSETCS W Ha
BHEIIHEH TPAeKTOPUM JIBHXKETCS TOJBKO aKTHBHAs 4acTh CHapsia, CTaOWiIu3upyemas

ornepeHremM (pUCyHoK 2.14).
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a) CHapsJ C Bex

VM YCTPOKWCTBOM

0) aKTHBHAs 4acTh CHapsia
Pucynok 2.14 — Bupryansnas 3D monens 125 MM BII cHapsina ¢ Beaymum ycTpoiRCTBOM M aKTUBHAs
4acTh CHapsia

Ocnosuble mapametpsl 125 BII cHapsina npuBenens! B Tabmure 2.3.

Tabnuua 2.3 — Xapakrepuctuku 125 mm BII cHapsna

XapaKkTepucTruKa PasmepHoCTB 3HaueHue
Macca cHapsina, KT 7,05
Macca akTHUBHOM 4acTH, M KI' 4,85
Jlnnua cHapsna, |, M 0,57
JynbHas CKOPOCTh, V, M/c 1700
MakcuMansHOE JaBJIeHHE, Pm MIla 444

2) KoMIiekT BBICTpEIa COCTOMT M3 MHMPOKCHIMHOBOTO IOPOXOBOTO 3apsiia

maccoit @) =5,0 kr, [61] u 125 mm OD cHapsna (pucyHok 2.15).

K cHapsay kpensaTcs a3poJMHaMUYeCKUe CTaOUIM3aTOPhI, KOTOPBIC ITPH 3arpy3Ke
(pucynox  2.15a). Ha

cCHapsIa

B CTBOJI HaxoaATCs B 3aKpbITOM COCTOSAHHHN

BHEIIHEO0ANIMCTUYECKON  TPACKTOPUU  CTAOMIIM3ATOPHI pPacKpbIBAIOTCA

(pucyHok 2.150).
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@) CHapsIJI C 3aKPHITHIMU CTA0MIIH3ATOPaAMHU

0) CHapSJT C OTKPBITEIMHU CTa0MIIH3aTOPAMH

Pucynok 2.15 — Bupryansnast 3D mozens 125 mm O®D cHapsiga BHYTpH CTBOJIA U Ha

BHEIIHE0AJUIUCTHUECKON TPACKTOPHH

OcHOBHBIC XapaKTEPUCTUKH CHApsIA I pacyeTa MprBEICeHbI B Tabmuiie 2.4.

Tabmuna 2.4 — Xapakrepuctuku 125 mm OD cHapsiia

XapakTepUCTUKa Pa3mepHOCTD 3HaueHue
Macca, q KT 23
Macca B3pbIBYAaTOrO BELIECTBA, M, KT 3,4
Jnnua cHapsna, |, M 0,62
HynbHas ckopocTb, V, Mm/c 850
MakcumansHOe JaBlIeHHE, P, MlIla 324

2.2.2 Bupmyanvhas mooens 2ayouybl

Bropoii aprwiepuiickuii komiuieke — Oykcupyemasi rayourna (pucynku 2.16) ¢
Hape3HbIM 152-MM opyameM, TpenHa3HAYCHHAS ISl MOPAKEHUS OpPOHHPOBAHHBIX

1esei, JKUBOM CHJIbI, OTHEBBIX CPEJCTB MPOTUBHUKA U PEUICHUS psia IPYrux 3ajaady

[100, 101].
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el e

Pucynok 2.16 — Buptyansnas 3D Mozaens rayOulibl Ha MOJIUTOHE

OcCHOBHBIE XapaKTEPUCTUKH 152 MM rayOUYHOTrO OpyAusi, HEOOXOJIUMbIC ISt

pacueTa BHyTpeHHEH U BHeNIHeH Oayutnctuku [61], mpuBenensl B Tabumiie 2.5.

Tabmuma 2.5 — Xapakrepuctuku 152 MM rayOHaHOTO OpyIust

XapaKkTepucTuKa PasmepHoctp | 3HaueHue
Jluamerp kanaia creoia, D M 0,1524
JlinHa kamopsr, L M 1,015
JlnnHa KaHaa cTBOJA, LKH M 6,322
TenmoemkocTs MeTaIa yCTaHOBKH, C, Jx-kr/K 462
TeIIonpoBOHOCTS METalla YCTAHOBKH, A H/(c'K) 47
[II0THOCTH MeTaIa yCTaHOBKH, O Kr/m® 7800
MuHuManbHBIHA yroi Bo3BbimeHns, 0. rpaaychl -2,5°
MakcumaibHbI# yron Bosebiwenus, 0, . rpaaychl +57°

B pabote paccmarpuBaeTcs apTWIICPUMCKUN BBICTPEN C TOJHBIM 3apsioM,
cogepkammM @, =18 Kr 3epHeHHOro mopoxa 22/7, (pucyHok 2.17) m 152 mm O®
cHapsaoMm (pucyHok 2.18). B cocraB 3apsiga BXOIAT ABa TOPIEBBIX BOCIUIAMEHHUTENS U

“¢pneiira” ¢ obment Maccoit w, =0,810 kr.
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Pucynok 2.17 — Buptyansaas 3D moxens 3apsina k 152 mm O®D cHapsny

Pucynok 2.18 — Bupryansnast 3D mozens 152-Mmm OD cHapsiga

OcHOBHBIE XapaKTEPUCTUKU CHapsiia MpuBeaeHbI B Tabnuie 2.96.

Tabmuna 2.6 — Xapakrepuctuku 152 mm OD cHapsiia

XapakTepucTUKa PasmepHocTh | 3HaueHue
Macca, q KT 46
Macca B3pbIBYaTOTO BemecTsa, M, KT 5,6
Jlnnua cHapsna, |, M 0,71
JlynbHast CKOpOCTh, V, M/c 945
MakcumainsHOe JaBleHue, Py, MlIla 321,6




64

2.3 BupryajbHble MO/1eJId H3MEPUTEIbHO-PerucTpUpPYOLIeil annapaTypbl

Cnucok paccMaTpuBaeMbIX H3MEPUTENIbHBIX TPUOOPOB:

— MajorabapuTHasi ONTHKO-3JIEKTpOHHAas cTaHus “Bepeck-M”;

ckopocTHas Buaeokamepa CBK-1,;
— JIOIUIEpOBCKas paauoiokamonHas cranmus JIVU-88MI;

— PaJguoJIOKaTOP a3poJIOTHUECKuil ManoradaputHeiii PAM-1.

2.3.1 Manozabapumnas onmuko-snekmpounas cmanyus ‘‘Bepeck-M”

MODC “Bepeck-M” [87] mnpenHasHaueHa Uil TPOBEICHUS TPAaCKTOPHBIX
WU3MEPCHUI: OTNPENCIICHNs YTIIOBBIX KOOPAWHAT U PACCTOSIHHS 10 TIEPEMEIIAFOIINXCS B
MPOCTPAHCTBE OOBEKTOB C MX ABTOMATUYECKUM COIPOBOXKICHUEM, OTOOpaKECHHUEM,
perucTpanmeil M mnepemadeil BHIEO U H3MEPHUTENbHOM HWHGOpMAalUd B peaTbHOM
macimtabe Bpemenu. Ha pucynke 2.10a npencrasnena dororpadus MOIC “Bepeck-

M” Ha OJIMTOHE U €€ BUPTyalbHast Mojieib (pucyHke 2.196).

a) 0)
Pucynok 2.19 — ®otorpadus u BupryansHas Mmojens MOSC “Bepeck-M”
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OcCHOBHBIC TCXHHUYCCKHUC XapaKTCPHUCTHUKU an6opa IMPpCaACTAaBJICHBI

B Ta0unIe 2.7.

Tabmuua 2.7 — Texunueckue xapakrepuctuku MOSC “Bepeck-M”

XapaKTepucTUKa PaszmepHOCTD 3HayeHue
Jluamna3oH yrioB BpalleHUs
0 a3UMYTY: Ipagychl 0e3 orpaHMYeHHUN
10 yTJIy MEeCTa: oT -10° mo +185°
MakcumanbHas yrioBasi CKOPOCTb
0 a3UMYTY: rpagycel/c 100
110 YTy MeCTa: 30
MakcumasnbHast yrioBasi CKOpoCTh
0 a3UMYTY: rpaaycol/c? 120
0 YTy MecTa! 30
TOYHOCTB YCTAaHOBKM B 3aJIaHHOE
CEKYH/IbI
YTJIOBOE MOJIOKEHHE 1
Cpenusis yrioBasi OrpeiHoCTh
YIJIOBBIX KOOPZMHAT: CEKYH/JIbI He Ooiee 15
10 TEJIEBU3MOHHOMY KaHAITy
He Oonee 45
10 TEIJIOBU3HOHHOMY KaHally
YacTtoTa BUIEOCHEMKH:
M0 TEJIEBU3UOHHOMY KaHAIy I'a 30
110 TETUIOBH3HOHHOMY KaHaITy 60

2.3.2 Cxopocmuas sudeoxamepa CBK-1

Kommiexe CBK-1 [102] npenna3zHadeH st BUACOCHEMKH OBICTPOIPOTEKAOIIMX
MPOIIECCOB TPHU HCIBITAHUSIX BOOPYXXEHUS W BOeHHOW TexHuku. Ha pucynke 2.20

IIPEACTABIICHA BUPTYyalibHAs MoAenb ctaHuuu JIYU-88M 1.



Pucynok 2.20 — BupryansHast 3D monens ckopoctHoi Bugeokamepsl CBK-1 Ha monurone

OCHOBHBIE =~ TEXHUYECKHE  XapaKTepUCTUKH  mpubopa  MpeACTaBICHBI

B Ta0uIe 2.8.

Tabmuna 2.8 — Texunueckue xapakrepuctuku komruiekca CBK-1

XapakTepUCTUKa Pa3mepHOCTD 3HaueHue
MakcumMasbHasi CKOPOCTb ChEMKHU
KaJ[pOB/CEeK 500

IpY NOJTHOM pa3pelieHnn
O0111€€ KOJIMYECTBO CBETOUYBCTBUTEIBHBIX I 1024%1024
3JIEMEHTOB MaTPHIIbI
MakcumanbHast CKOpOCTb ChbEMKH
NIPY IOHMYKEHHOM Pa3peIieHun:

1024x512 KaJ[poB/cex 1000

1024x%256 2000

1024%50 10000

B coctaB xomriekca Takke BXoauT 1udpoBas Buacokamepa, (oToaaTduk, 010K

MUTaHUs, KOMILIEKT Kabenel, TpPeHOTH, IepCOHAIbHBIA KOMITBIOTED.
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2.3.3 Jlonneposckas paouonokayuonnas cmanyus JIVI-88M 1

Cranmus JIYU-88M1 [102] mnpenHasHadeHa i ONpEACICHHS W aHAIM3a
apaMeTPOB MOCTYNATEIbHOTO IBHKEHNS HEPEAKTUBHBIX OOCTIPUITAcOB Kanudpa 5 MM u
0oee, mepeMearouXcs Mo OATUCTHUECKON TPAeKTOPUH.

Ha pucynke 2.21 npencrtaBieHa BHUpPTyaldbHas MOJAETh  JOIJICPOBCKOM

paanoioKaliMoHHOM ctanuu JIYU-88MI.

Pucynok 2.21 — Bupryansaas 3D Monens qomiepoBckoit paanonokanmoHHoi cranmm JIYY-88M 1

OcHOBHBIC TCXHUYCCKHUC XapaKTCPUCTUKHU CTaHIIM1 MpeaCTaBJICHbI

B Ta0uie 2.9.

Tabmuna 2.9 — Texaudeckue xapakTepucTuku craninuu JIYU-88M 1

XapakTepucTuka PasmepHOCTB 3HaueHue
OTHOCHUTENBHOE CPEeTHEKBAAPATHUHOE
OTKJIOHCHHUE U3MEPEHUS PaUAIBHON IIPOLICHTHI He 6onee 0,1

CKOPOCTH JIBWKEHUS boenpuraca
Jrana3oH paguanbHbIX CKOPOCTEN

m/c ot 10 no 3000
JIBIDKEHUS OOETTPHUIIAcOB
YacToTa 30HIMPYIOLIETO CUTHAIA MI'1 10410
Hlupuaa tuarpaMmsl HaIIPaBIEHHOCTH
AQHTEHHOM CHCTEMBI PaIUOJIOKALUMOHHOTO rpaaychl 4x4

0JIOKa B 00€UX IIIIOCKOCTSIX
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2.3.4 Paouonoxkamop asponozuyeckuti manoeabapumnolii PAM-1

Ha pucynke 2.22 mpencraBieHa BHpPTyalbHas MOJENb paauoiiokatopa PAM-1
[86]. Pagnonokarop mpeaHasHaveH Uil M3MEPEHUS] TOPU30HTAILHOTO U BEPTUKATBHBIX
YIJOB W PACCTOSIHUS B HANpaBlI€HUH Ha MPUOOP a’dpOJOTHUYECKOr0 30HAUPOBAHUS
atMoc(ephl;  BBIUMCICHHMS  BBICOTHI  PAJAMO30HAA; IMpHEMa  TEIeMETPUUYECKHUX

PAaaAUOCUTHATIOB; BBIYHUCIICHHA CKOPOCTH U HAIIPABJICHUS BETPA.

Pucynok 2.22 — Bupryansssie 3D moznenu paguonokaropa PAM-1 u MmeTeoposoruueckoro 3041a

OCHOBHBIC = TEXHUYCCKHE XAPAKTCPUCTUKHU  paduOJOoKaTopa IPCACTABICHBI

B Ta0ymune 2.10.

Tabmuua 2.10 — TexHuueckue xapakTepUCTHKH paguoiokaropa PAM-1

XapakTeprucTHKa Pa3zmepHOCTh 3HaveHHe
Jlnana3oH n3MepeHus: TOpPU30HTAIBHBIX YIJIOB Ipajgychbl ot 0 1o 360
JlnamnazoH u3MepeHus: BEpTUKAIBHBIX YTIIOB TPayChl ot 1 10 90
Jlnana3oH u3MepeHus: pacCTOSIHUS KM 10 200
BricoTa 30H11pOBaHMS KM o 40

Cucremaruyeckasi HOIPEIIHOCTb U3MEPEHUs
pacCTOSTHUS B p&KUME aBTOCOIPOBOXKICHHS
Cucremarndeckasi MOTPEIIHOCTh H3MEPEHUS
YIJIOBBIX KOOPJMHAT B PEXUME rpagychbl He Oonee 0,05
aBTOCOTPOBOKICHUS

M He O6oxee 30
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2.4. BIBOABI

B nmanHO# T71aBe mpeacTaBiIeHBI pe3yIbTaThl Pa3pad0TKH BUPTYAILHOM ITUGPOBOH
MOJIEJIM TTOJIUTOHA, SJIEMEHTHI MOJUTOHHON HHGPACTPYKTYPhl U 0OBEKTOB UCIIBITAHUN.

PaccMoTpensl Bompochl mpeoOpa3oBaHus KOOPAMHAT MPH CO3MaHusl Hu(poBoi
MOJIEJIH TOJIMTOHA U TEXHOJIOTUU CO3JaHUSI BUPTYaIbHBIX 00BEKTOB HHPPACTPYKTYPHI.

[IpencraBieHsl  BUPTyalbHbIE  MOJEIM W OCHOBHBIE  XapaKTEPUCTHUKU
apTWUIEPUICKUX OPYJIUH U BBICTPEIIOB, pACCMATPUBAEMBIX B padoOTe.

Pa3paboransl BUPTYyaJIbHbIE MOZEIIH U3MEPUTEIBHO-PETUCTPUPYIOLLIEH

armaparypsl 1 IIPCACTABJICHBI KX OCHOBHBIC XapPaKTCPHUCTUKH.
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IJIABA 3. PABPABOTKA KOMILJIEKCHOM ®U3HUKO-
MATEMATHYECKON MOJEJIU ITPOIIECCA
APTHJUIEPHIICKOI'O BBICTPEJIA

3.1. MoaeaupoBanue BHyTPeHHel 0a1JIMCTHKU

3.1.1 Cucmemst ypagneruti 23080t OUHAMUKU OJISl PA3IUYHBIX

KOHCMPYKYULL 3aps0a

I[BI/I)KCHI/IG ropamuyx IMMOpOXOBBIX JJICMCHTOB II0 KaHAJIy CTBOJAa B IIPOLECCEC

BBICTpEJIa MPEACTABISIET COOOM KIACCUYECKUW cllydyaid JBHJKEHHSI T€T€pOreHHOMN

CHCTCMBI, O6YCJIOBJI€HHOFO ImpoucccaMu TEIJI0-MaccooOOMeHa 1 TPCHUA MCKIY (1)333MI/I.

OcHoBHBIE onymieHus moaenmu [1, 2]

1)

2)

3)

4)

5)

6)
7)

8)

PaCCTOAHUA, Ha KOTOPBIX ITaApaMCTPbl TCUCHHUA MCHAIOTCA CYIICCTBCHHO, MHOI'O

OoJbIIIe paCCTOHHHﬁ MCKAY YaCTUIOAMH U Pa3MCpa CaMHX YaCTHII;

pazinuHbie (pa3bl IPUCYTCTBYIOT OJHOBPEMEHHO BO BCEX TOUKAaX MPOCTPAHCTBA, B

TO K€ BpeMs Kaxaas (a3a 3aHUMaeT 4acTb 00beMa CMECH;

pacdueT ABHIKCHUA K&)I(I[Ofl (baBBI MOKCET IMPOU3BOAUTHCA HC3aBUCHUMO OT CMCCH

IpU YCJIOBUH, YTO OOECIEYMBAETCS COOTBETCTBYIOUIMH Yy4YeT B3aUMOJEHCTBUS

MEXTy pa3IudHbIMU (ha3aMu;

BS3KOCTb W TEIUIONMPOBOIHOCTh  CYIIECTBCHHA
B3aUMOJIeHCTBUS (Pa3;

JacTUIIBl B  CPEAHEM  OJWMHAKOBBIX  Pa3MEpOB,
B3aMMOJICCTBHEM MEXKITY HUMHU, MOKHO ITPEHEOpEYb.
IBIDKEHHUE (a3 OJTHOMEPHO;

TCII0O0TAA4a K FOpHH.ICfI IMOBEPXHOCTHU 3C€PCH HC

JMIIL B MPOIEccax

CTOJIKHOBCHUSIMU, T.C.

YUUTBIBAETCS (CKOPOCTH

JIBH>KEHUS TETLJIOBOM BOJIHBI B IOPOXE PaBHA CKOPOCTU FOPEHHUS);

MaTepHall YaCTUIl HEC)KMMAEM;
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9) mnapameTphl ra3a BHYTPH M BHE IOPOXOBBIX JJICMEHTOB B JaHHOM CEYCHUU
OJTMHAKOBHI;

10) moOpOXOBBIEC AIEMEHTHI, BXOISIINE B Pa3IMIHBIC YaCTH 3apsijia, OJJHHAKOBEI,

11) TemnoduzMUECKUE XaPAKTECPUCTHKH MPOJYKTOB TOPEHUS MOpPOXa MOCTOSIHHBI
paBHBI cpeTHUM 3 (PEKTUBHBIM 3HAUYCHUSM 32 BECh TIEPHO/T BEICTPEIIA;

12) Ha TpaHHWIlC MEXAYy 3apsjgaMH TPUHUMACTCS, YTO CKOPOCTH JBHIKCHHS
COCTaBISIIONIMX WX JJIEMEHTOB paBHBI MEXIy COOOH, TaKk YTO IOPOXOBHIC
AJIEMEHTHI PA3IUYHBIX 3aPSAI0B HE IePEMEIIaHbI.

13) nOpomyKTHl TOPEHHUS Pa3IMYHBIX YacTeH 3apsja, BOCIUIAMEHHUTENIS W BO3AyX
MIPEACTABIISIOT COOOM TOMOTEHHYIO HEpEarupyromyl0 CMECh C OJHMHAKOBBIMU
CKOPOCTSIMH, JTABJICHUSIMH U TEMITepaTypaMu;

14) npuposaa ra3oB pazIMYHBIX MapOK BOCIUIAMEHHUTENS OJMHAKOBA;

15) 3epHa BOCITIAMEHUTEIS IEPEMEIIAIOTCS BMECTE C IIOPOXOBBIMU JICMEHTAMH;

16) BHYTpPEHHs M BHEHIHSIS MOBEPXHOCTh IOPOXOBBIX JJIEMEHTOB B JIaHHOM
CEUYCHHH BOCIUIAMEHSIOTCSI OJTHOBPEMEHHO;

17) ocaxkaeHHWEM HaKaJCHHBIX YaCTUI[ B BOCIUIAMCHMBIICHCS 4YacTH 3apsjaa
npeHebperaeTcsl.

B aptunnepuiickux cucTeMax MCIOJB3YIOT Pa3IMdHbIe KOHCTPYKITUU 3apsDKaHMs,
OTJIMYAIONIMECS] PACIIONIOKEHUEM 3apsiioB M BocIulameHutesei. [lopoxoBbie 3apssl
COCTOST M3 OJHOTO WM HECKOJBKUX T[IaKeTOB IMOPOXOB. 3HAUMUTENbHAS YacTh
aApTUUICPUICKUX 3apsIOB COCTOMT U3 KOMOMHUPOBAHHBIX MOPOXOB JIBYX Mapok [103,
104]. B pabote paccMaTpuBaIOTCS KOHCTPYKIIUH 3apsI0B, PEICTaBICHHBIC Ha PUCYHKE

3.1.
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Pucynok 3.1 — KoHcTpykiny KOMOMHUPOBAHHBIX 3€PHEHBIX U TPYOUATHIX 3apsi0B

[Mpennonaraercs, 4yTo 3apsj COCTOUT M3 ABYX Moiy3apsioB. Muaekc 1 =1 Oynem
OTHOCHUTH K TapaMeTpaM JIeBOH 4acTH 3apsja (MepBbId MOMy3apsa), | =2 — IpaBoi
4yacTH 3apsiaa (BTOPOi MoTy3aps).

B o6miem cinyuyae mosaraem, 4TO UMEIOTCS TPU HABECKU BOCIUIAMEHUTEINS: Y JHA
KaHasa (OCHOBHOM BOCIIAMEHUTEIIb), MEK/ly IEPBOM U BTOPOI YacTsAMHU 3apsija U y THA
cHapsaa (cM. pucyHok 3.1). TlepBbIM 3a)xuraetcs OCHOBHOW BOCIUIAMEHHUTEIIb,
OCTaJIbHBIE — MPU JOCTUKEHUU TEeMIIEpaTypbl BOCILUIAMEHEHUSI HA UX MTOBEPXHOCTSIX.

B mpomecce BocliaMEHEHHUS! YUYUTHIBACTCS BO3JyX B KaMepe CropaHusi u
HaKaJICHHbIE YaCTHIIbI, TOCTYIAIOIINE B MMOTOK BMECTE C ra3000pa3HbIMU MPOAYKTaAMU
TOPEHUsS] BOCIUIAMEHHUTENSI M CO3JAlolMe 3HAYUTEIbHBIE TEIUIOBBIE IOTOKH MpPU
OCaXJEHUM Ha I[OBEPXHOCTh TNopoxa. BcneacTBue wuX MallOCTH, CKOPOCTb U
TEMIEPATYPy ITUX YACTHII IMOJAraéM PaBHBIMU CKOPOCTH U TEMIIEPATYPE OKPYKAFOIIUX
ra3os.

[TpomyKkThl TOpeHUs JIeBOM YacTu 3apsana (pucyHok 3.1) Oyzem Ha3bIBaTh MEPBHIM
KOMITOHEHTOM CMECH M 0003Ha4YaTh HHACKCOM |, IpaBoi yacTw 3apsaaa — 2, BO3AyX — 3,
razoo0pa3Hple MPOAYKTHl TOPEHUS BOCTUTAMEHUTEINS — 4, HArPEThie TBEP/IbIC YACTHUIIHI B
MPOYKTaX TOPEHUS BOCTUIAMEHHUTEIIS — O.

B pamkax mnOpuHATBIX [OOMYIIEHUWH COOTBETCTBYIOIIAS CHUCTEMa YpaBHEHUMU
BHYTPEHHEH OaUIMCTHKHU, OIMCHIBAIOIIAS TEYCHHE MHOTOKOMIIOHEHTHOW CMECH U
TEIJI0-MacCOOOMEH C MOBEPXHOCTHIO MOPOXOBOTO 3apsija, YYMTHIBAIOIIAS CHIIOBOE U

TEIIOBOC B3aMMOJICHCTBHE C MOBEPXHOCTHIO KaHaa cTBoa, umeeT Buj [2, 105-107]:
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op;MS N opimSv _SA, i—15:
ot OX

dpmSv  dpmSv? op 3
+ =—mMS——-S(t + T2 )+ 5| G +G, + ) G, (wW—
ot ox ox ( wl WZ) 1 2 Jzzl Bj (3-1)

- S(651 + G52)V  § PP

opmSe N opmSev _p G[mSV +(1- m)SW] 1 S(tyq + Ty )V — W)+

ot OX OX
)2 _w)? 3 —w)?
1 SG, Ql+w 1 SG, Q2+w +Y'sG, wa -
=1

- S(qu + 02 ) + 1tV —11.Qc;
pL—ap,)=(k ~)pe,
rae t — Bpems; X — KOOpAMHATA; Py, P, — ILIOTHOCTH MOPOXOBBIX I'a30B MEPBOTO U
BTOPOTI'O IIOJIY3apssa0B COOTBETCTBCHHO, P3 — IIJIOTHOCTb BO34YyXa, Pg — IIJIOTHOCTH

ra30B BOCINUIAMCHHUTCIIA, Pg — INJIOTHOCTb HAKAJICHHBIX TBCPAbIX YaCTHUIl B IIPOAYKTaX
o 4

ropeHusda; p= Zpl — CyMMapHasi IIIOTHOCTb CMCECH, P = Zpl — CyMMapHasd
i=1 i=1

MJIOTHOCTH Ta30B; M — TMOPUCTOCTh cMecu (00beM MyCTOT B eauHUIle 00bema); S—

mIomaab CCUYCHU KaMEphl U CTBOJIA, V, W — CKOPOCTH IBWXXCHHA raza u TBepI[OI)'I (1)21351
B KaHajJI¢ CTBOJIa COOTBECTCTBCHHO, [ — MOaBJICHHUC, Twir Tw2 — THAPABIMYECKHC

COMPOTHUBJIEHUS] TPYOUATHIX WM 3€PHEHBIX MOPOXOBBIX 3JIEMEHTOB B €IMHHIIE 00bEMA,;

T, — CHJIBI TPEHUS I'a3a O MOBEPXHOCTh CTBOJA, MPUXOAAIIMECS HA €AUHULYY MJIOIAIN;
[T, — nepuMeTp KaHajua CTBOJA; € — BHYTPEHHSS SHEPrHsl €IMHULBI MAaCChl TIOPOXOBBIX
ra3o; Q;,Q, — TemIoTBOpHBIE CHOCOOHOCTU (IMOTEHIMAJBI) MOPOXOBBIX 3JIEMEHTOB
IIEPBOTO U BTOPOI'O MOJIy3apsiioB COOTBETCTBEHHO; (1, Oy, 0, — TEIUIOBBIE IIOTOKU HA

MOBEPXHOCTh TPYOUATOr0 M 3€PHEHOTO 3apsifa B JOBOCILUIAMEHUTEIBHBIN MEpUO U Ha

MOBEPXHOCTh KAaHAJA CTBOJIA COOTBETCTBEHHO; oL = (0;p; + ClyP, )/P — KOBOIIOM CMeCH
IIOPOXOBBIX Ta30B; Oy, O, — KOBOJIIOMBI U1 IOPOXOBBIX I'a30B IIEPBOTO U BTOPOTO

IIOJTy3aps0B COOTBETCTBEHHO, Ay =G, A, =G, — ra3onpuxojsl NEPBOr0 U BTOPOTO
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MOJIy3apsfioB B eQUHHUIE o00beMa 3a CeKyHIy COOTBETCTBEHHO; A;=0 (mis
aTMoc(epHOro Bo3myxa Tasompuxon orcyrctByer);, A, =&,(G,  +G,, +G,3); G, —
IPHUXOJ] TPOLYKTOB FOPEHUS C TOBEPXHOCTH TOPEHHS | -TO BOCIZIAMEHUTENIS B €ANHULIC

obbema 3a cexkyHay, J=13; &, — MaccoBas A0Ji ra3oBoil (asbl, MOCTyHAOLIEH B

ITIOTOK B pe3ysibTaTe ropCeHus BOCIINIAaMCHUTCIIA,

A =(1-8,)G,, +G,p +G,3)—Gs; —Gs,; Gg;, G, — Macca 4acTull, ylaBiuBacMas B

CANMHULIY BPCMCHH IIOPOXOBBIMHU JJICMCHTAMH IICPBOIO M BTOPOIO IIOJIY3apsad0B

COOTBETCTBEHHO, k =0 +1—mnoka3arenb aana0aTel TUIA cMecH ra3os;
4 5

0= ZpiRi Zpici ;  Cj— TEIUIOEMKOCTHM TIa3000pa3HbIX KOMIIOHEHTOB IIpH
i=1 i=1

IOCTOSTHHOM 00beMe, 1 =1,5; R; —ra3oBble HOCTOSHHbIE KOMIIOHEHTOB, 1 =1, 4.

3aKOHbBI JABHKCHHA TBGpI[OfI (1)&31:1 oJIA 3CPHCHHBIX H Tp}I6LIaTI>IX IIOpOXOB

OIMHUCHIBAIOTCS Pa3MUUHBIMU ypaBHeHusMU. [lycth unaekc | (1=1,2) yka3piBaeT Ha

00JaCTh TEYEHUS, 3aHATOM 3EPHEHHBIM IOPOXOM, TOrJA YPABHEHUS [BHXKCHHS U

HEpa3pbIBHOCTU TBEPIOM (Pa3bl ONMUCHIBAIOTCS YPABHCHUSIMHU:

08;S 0a;Sv
=+ =

0,
ot OX

2
o8;(1—m)Sw  a5;(1—m)sw” _ “a-ms®P _scw+st, (3.2)
ot OX OX '

m=1-aAq(L—v;),
rac SI — IINIOTHOCTH MaTepHaJ]a HOpoxa; al — CYUCTHas KOHHeHTpaIJ;Hﬂ 3€pHeHI>IX
MIOPOXOBBIX DIIEMEHTOB; A, — HA4YaJbHBIA OOBEM MOPOXOBBIX 3JIEMEHTOB; \J;

OTHOCHUTEIIbHAS JI0JIS1 CTOPEBIIETO MOPOXa.
[Ipu m3BECTHOM JIMHEMHOW CKOPOCTH TOPEHUS 3€PHEHOT0 MOpPOXa ra3olNpHUXO]l B
eAMHUIIE 00BEMA CMECH OTIPEIEIISIETCS U3 BIPAKEHHUS
G; =& Spio(w)B;uy, (3.3)

rac SOi — HadaJIbHas ITIOBCPXHOCTDb IMOPOXOBLIX 3JICMCHTOB.
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KoHTakTHBII TEmIOO0OMEH W TpPEHHE YaCTHUIBI C TOBEPXHOCTHIO CTBOJA HE
YUUTBHIBACTCS, T.K. UX JOJI1 B OOImIeM OalaHCe KOJMMYECTBAa JBMKCHUS M DHEPTUU
HE3HAYNUTEIThHA.

['mapaBnuyeckoe COMPOTHBICHHWE, 3alUCAaHHOE W3 TPEICTaBICHHS OOTCKAHWSI
COBOKYITHOCTH DJIEMEHTOB, onpeiensiercs cootHomenrnem [108-110]:

p(v —w)v —wjm? N nd2.

, 3.4
Y (34)

Twi =G

Tae Y, :1—1,17(1— m)z/ 3; £=05m; d Ao — MAMAaMETp INApOB, SKBUBAICHTHBIX

3€pHEHHOMY ITIOPOXOBOMY 3JIEMEHTY 10 TEKYIIEMY OIPaHUYHMBAIOIIEMY €T0 00bEMY.
Jist TpyO4aThiX MOPOXOB NPUHUMAETCS, YTO COOTBETCTBYIOIIMM IOTy3aps
JBUKETCSI €IUMHBIM MakeToM. Torna ypaBHEHHs HEpa3pbIBHOCTH TBepAOW (as3bl U

CKOPOCTH LIEHTPa Macc TpyOUyaToro 3apsja 3aruchiBaroOTCs B Buje [2]:

n=—1  —const,
A iLoi6;

L.
. OwW ¢l od-m)s
@-wikor 2 a-mishpo —[a-msh e+ ] p2E s, o, (a9
ot 5 OX
mS =S — A, (1-y;),
rae N, — KOJMYECTBO TPYyOUATHIX MOPOXOBBIX AJIEMEHTOB, BXOAALIMX B | TOIy3apsy ;
®; — Macca TpyOuaroro 3apsma; Lg; — umMHA moOpoxoBeIX TpyOok; uHuaekc 0"

OTHOCHUTCSI K JIEBOMY KOHIly IIOPOXOBBIX TpyOOK, a MHAekc 'L" — k mpaBomy; Y; —

CpEIlHSsI OTHOCUTEINIbHAS JI0JISl CTOPEBIIIETO TTopoXa B TpyOUaTom 3apsje:
I-Oi

T
I—Oi 0

rae A, —HavdaabHblH 00beM II0OPOXOBOH TPYOKH:

A W(Dgi — dg; )

I 4

3nece Dy, dy;— HauanbHBII BHENIHUI U BHYTPEHHUI IUaMeTp IOPOXOBOI TPyOKH.
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[azompuxo ¢ MOBEPXHOCTU TPYOUATOro 3apsaa OLpeAenseTcs Yepe3 NepUMeTp
ropenus IT; = ny(dg; + Dy; )
SGi =Hi6iuki .
Cuna B3aUMOJEHCTBUSA NPOAYKTOB TOPEHUS U TPyOUaThIX IOPOXOB OO0YCIOBICHA

IIOBEPXHOCTHBIM TpeHHEM. B cooTBeTcTBUY ¢ [2] mpumeM:
Sty zﬂgp(V—WXV—W‘SBSL, (3.6)

B 80Uy

e €&g=—————— TlonpaBKa Ha BAyB; B=——"——mnapamerp BIYyBa;
exp(B)-1 plv —wig

-0,12
X
gL =1,38(—Tj — IONpaBKa Ha THAPOAVMHAMHUYECKYIO CTA0MIM3ALMIO ITIOTOKA; X, —
I

. 4mS
KOOpJAMHATa, OTCYMTHIBaeMas OT Hayajga TIOpPOXOBOM TpyOkw, dp=—— —

II

HKBUBAJIECHTHBIA THUIPABIMYECKUN auaMeTp TpyoOdaroro 3apsaa; & — Ko3(QQuUUEHT

COIIPOTHBIICHUS IIOPOXOBOI0O 3epHA — ompeaensercs o hopmyne biasuyca

€= 230122 , Ipu Re <10°
u o popmyne Hukypanze
£=0,00332 + % ,upn Rey; >10°,
Rey
P‘V widp . :
rie Rep — yucno PeliHonpaca TpyOuaroro 3apsna; | — KodpuuueHt
1)

JVHAMUYECKON BSI3KOCTH NPOITYKTOB TOPEHUS

(g _

3nech 1 — KO3 PUIIMEHTHI AMHAMUYECKOH BA3KOCTH Ia30BbIX KOMIIOHEHTOB, 1 =1,

YpaBHeHUE TOpEHMsS TIOPOXOBBIX DJJIEMEHTOB MOKET OBbITh 3allMCaHO B

OJIMHAKOBOM (pOopMe Kak JIJisi 3epHEHHBIX, TaK U JUIsl TPyOUaThIX TOPOXOB!
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o OV Kpi :
+W = Aws g, 1=1, 2, 3.7
ot ox eli Gl(‘Vl) ki ( )

e K pi — KO9QUIMEHT GOpMBI TOPOXOBOTO DJIEMEHTA; €;; — MOJYTONIIMHA FOPSIIETo
cBOJa; Uy — JMHEWHAas CKOPOCTb T'OPEHUsS MOpOXa; S, — HadaJbHas MOBEPXHOCTb
MOPOXOBBIX AJIIEMEHTOB; Gi(\lli) — OTHOILIEHUE TEKYIIEH IMOBEPXHOCTU TOpPEHHUs K
nepBOHAYaNbHOM. JIst TpyOUaThIX MOPOXOB: Ky =1, ©; (\pi):l.

VYpaBHeHuUe ropeHusi BOCIIaMEHUTENeH MpuHUMaeTcs B popme:

=Anf@uﬂp“, j=13, (3.8)

a\V Bj a\lf Bj
+W
ot OX

TAC Y, —OTHOCHTENBHAs JOJS CrOPEBILICTO BOCIUIAMCHUTEIIS; f(\qu) — (QyHKUUA
I[TapboHbe JUISL 3€pEH BOCIUIAMEHHUTEIS; Ayj,V, — KOHCTaHTBl 3aKOHa CKOPOCTH

IrOpCHUA BOCILNIAMCHHUTCIIA.
Fasonpnxozx IMPOAYKTOB TOPCHUA C IIOBCPXHOCTHU BOCINIAMCHHUTCIIAI B CAHHUIIC

o0beMa 3a CeKyHIy:

Oy .
=9 Ay, )p" 3.9
Bj — A0 ‘“VBj p -, ( . )
SAX;
rae  AXy —  paccTosHHe, Ha  KOTOPOM  COCPEJOTOYCH  COOTBETCTBYIOLIMIL

BOCIINIAaMCHUTCIIb, QB — TCILNIOTBOPpHAaA CITOCOOHOCTH BOCIIJIAMEHUTEIIS:

fB
k, —1

QB = + (1 - EAO )CSTVB J (310)

rae &y, — MaccoBas J0JIs ra30Boil (a3bl, NOCTYNAIOWIEH B MOTOK B PE3yJIbTaTe TOPEHUS
Bocrutamenurens; f, =&yR,T,, — cuna mopoxa Bocmmamenutens; T,, — TemmepaTypa
rOpeHUs] BOCIUIAMEHUTENS IPH IOCTOSIHHOM o0beMme; K, — Tmokas3arenp aguabaTsl
razoo0pasHbIX MPOAYKTOB ropeHus BocruiameHuTens;Gsgi,(rj — MaccoBas CKOpPOCTb
OCa’K/I€HMs YaCTUI] U TEIJIOBOU IMOTOK Ha MOBEPXHOCTH BOCIIaMeHeHus, 1 =1,2.

OyHKIMK B3aUMOJCHCTBHS, BXOJSINME B MpaBble uacTh ypaBHeHuit (3.1),
SBJISIIOTCSL  Pa3pbIBHBIMU  (PYHKIMSMUA TPOCTPAHCTBEHHOW KOOPAMHATHI U BPEMEHH.

Touku pa3pbiBa QyHKIMI IO KOOPAMHATE OMPEACIAIOTCA Ha4YadbHBIM PACIIONIOKEHUEM
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IMOPOXOBLIX JJICMCHTOB U BOCHHaMCHHTeﬂeﬁ, COCTaBJIAIOIINX METaTEIbHBIN 3apAan, a
TAKKC 3aKOHOMCPHOCTAMU HX ITOCIICOAYIOIICTO ABUKCHHA. PaBPLIBHOCTB (bYHKHI/IfI 110
BPCMCHH, CBA3aHHAA C BOCINIAMCHCHHCM M KOHIIOM TOPCHHA 3apsand, YYHUTbIBACTCA

M3BECTHBIM 00pa3oM ¢ TOMOIILI0 GYyHKIMKM XIBHCAH1a
e(t)=

I[J'ISI 3aMbIKaHUA CUCTCMbI ypaBHCHI/Iﬁ HGO6XOI[I/IMO OIIPCACIINTD TEILIOBOM MOTOK

1, ecau t >0,

0, ecmn t<0.

Ha TIOBEPXHOCTb 3€pHEHBIX M  TpyOwarbix mopoxoB. [lpm  obOcyxaeHun
COOTBETCTBYIOIIHX 3aBUCHMOCTEH MHAEKC | OyIeM OImMyCKaTsb.

[lpu ompeneneHuH CyMMapHOTO TEIUIOBOTO IOTOKAa OT NPOIYKTOB TOpEHHs K
MOBEPXHOCTHU MOpoxa K03(D(UIMEHT TeIIIOOTAAYH CTPOUTCS 110 MIPUHIIMITY pa3ieseHUs
COCTABJISIOIIUX TEIJI000MEHa!

O = Olyos + o + (3.11)

KOHT OLﬂyq J

KOHBCKTHBHAas COCTaBJIAIOIIas TGHHOO6M€H3; (04 — KOHTaKTHasi1

KOHT

rne  Oyous —

CoCTaBJIIrOIIass T€HHOO6M€H3; Otﬂyq — JIYUHUCTAas COCTABJIAIOIIAA TEeII000MeHa.

[Ipenmonaras, 4To OCEBIINE YACTULBI PABHOMEPHO PACHPEAEIISIFOTCS MO BHEIIHEN
OTPaHUYMBAIOIEH TOBEPXHOCTU ITOPOXOBOIO 3€pPHA, W, CUMUTAs, YTO IPU OCAKICHUU
OHM OCTBIBAIOT IO TEMIIEPATYPBI IOBEPXHOCTU, UMEEM

Gs.

(e}

rae S, —TeKylasi OrpaHMYUBAIOIIAs IOBEPXHOCTh IOPOXOBOTO 3€PHA.
Hcnonb3yst 3aBUCUMOCTD T Kod(dduiirmeHTa TerioodOMeHa uncroro rasa [111],

JUIS1 3CPHOBBIX ITOPOXOB MOXKHO 3aIICaTh.

0,67
_OBIARer T L o O e 002 4 T2)THT,), (3.13)

VSs asS,
pr\v—w\mJSG .
u %0

A

rae Req = — nocrosiHHas Credana-bonbsimana; T, — Temneparypa

IIOBEPXHOCTH IIOPOXaA; €5 — CTCIICHb YCPHOTHI IIOBEPXHOCTH 3apsaa, IIOKPLITOI'O CJIOCM
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ocazaka; €, =0,25+0,30 — a3ppexTrBHAA CTENEHb YEPHOTHI TOTOKA IPOAYKTOB FOPEHHUS

YCPHOro 11opoxa.
NHTEHCHBHOCTH TEINIOOOMEHA B CIVMHHUILIC 00beMa BBEIYUCIIICTCS 10 (bOpMy.TIC
Or = aSG(x’T (T _TS )[1_ e(t -1 )] : (3.14)

Jliist TpyOUaThIX TOPOXOB O, BBIYUCISICTCS M3 BEIPAKCHHUS

SG
xorr — C5 ? . (3.15)

KOHT
o

J1111 KOHBEKTHBHOM cocTaBsiomieH npumem [112, 113]

~ 0,0231

o == RePro%g, . (3.16)
11

Tennoo0OMeH ¢ MOBEPXHOCTHIO TPYOUATOTO 3apsijia pacCUUThIBAeTCS 10 hopmyie
Sy = Mo (T T, J1—e(t - t,)] (3.17)

PacueTHbIe (I)OpMYJIBI TermIoo0MeHa U TPCHUA C IMOBCPXHOCTBIO KaHala CTBOJIA

MMEIOT BU/I;
G =Nu(T-T,), (3.18)
=S vVl (3.19)
e =gPW, -

rae Nu— umucino Hyccenpra; T — Temmeparypa IMOPOXOBBIX ra3oB; [,— TemIiepaTypa

MOBEPXHOCTH KaHaja CTBOJIA; A— KOI(PQPUIMEHT TETIONPOBOIHOCTH MOPOXOBBIX Ta30B

onpeACIsICTCA COOTHOIICHHUEM!

-1
=05 ixipi—Rw(i piRi_] , (3.20)

i=1 Pri:

§ — KOd(DPUIMEHT COMPOTHUBICHUS MEXKAY MPOJYKTaMHU TOPEHUS W TIOBEPXHOCTHIO

KaHaja CTBOJIA.

Cornacuno [112], 3aBucumocTs ains yncia Hyccenbta npumem

Nu = 0,023Re%8 pro4,
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Cplt G D
3nech Pr= Eu yucio [Ipanarns; kputepuii Pefinonbaca onpenensiercs no Gpopmyse:

o _ PV
u

R

rae d,,, — Auamerp CTBOJIA.
TlepeMenHas TeMmrepaTypa MOBEpXHOCTH KaHama cTeonma (T,) ompenensetcs mo

npubimxennoi metoarke P.E. Copkuna [114]:

dn  2Nu®)® 2
_n:—z (T —TH—\/E) : w/niti:Tc -T., n(0)=0, (3.20)
dt dKHCCSCA’C

rae [, — HadanbHas TeMIlEpaTypa IIOBEPXHOCTH KaHama CTBONA; C,, 0., A, —

TCINNIOCMKOCTD, INIOTHOCTL M TCIJIOIIPOBOJHOCTDb MAaTCpHUajla KaHajla CTBOJIA.
B kauecTBe HadalbHBIX YCJ'IOBHﬁ JJIA paCCManHBaeMOﬁ CHCTCMBI ypaBHGHI/Iﬁ
3aJar0TCsA aTMOC(l)GpHBIC YCIIOBHA U YCIIOBHA IIOKO:

npu t=0, 0<x<L,,

v=w=0, P= Py T :TH’

—p,=p, =p: =0, —pH, 3.21
PL=P2=P4s=Ps P3 RT (3.21)

H
V1=V =0, Yy =Yg =Yy =0,

rne L., — mumHa xamepsl; p,, [, — HaydaJbHbIE [aBICHHE WU TeMIlepaTypa

COOTBETCTBEHHO; R — yzenpHas ra3oBasi IOCTOSTHHAS.
['pannuHbIe yCI0OBUS:
mpu X=0,t>0,
v=w=0, (3.22)

mpH X =Xy, t20, p>p,,

CH '

dv

qd—;H:SCH(pCH - pr[p)’ (323)

TIe — Macca cCHapsaa; — JaBJeHHe Ha JHO CHapsama. S., — IUIOMAmb KaHala
o CH CH

CTBOJIA; Py — AaBICHHE (OPCUPOBAHUS; Vi, — CKOPOCTH CHApsila; X, — MOJOXCHHE
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CHapsila B KaHale CTBOJA; Pp, — JABJICHUE CXKATOTO BO3IyXa MEPEi CHApsAIOM
(mpotuBonarienue) [115]:
2.2
k,+1 V2 \ k,, +1) v
P = Py 1+ B34 Kps =5+ Kgs = [1+ —334 - 0 (3.24)
CB3 CB3 CB3
kB3 pH . k 6 .
Chs = o K — [OKa3aTelb aanadaThl BO3LyXa; P,, — IJIOTHOCTh BO3/yXa.
B3

3.1.2 Mamemamuueckas mooenn BOCNJIAMEHEeHUS, HeCMAYUOHAPHO2O0 U IPO3UOHHO20

COPERUA DTIEMEHNOB 3apﬂ()a

Jlns ycnoBuit BRICTpENIa CJIEIYyEeT BBIICIUTD CICAYIOMINE (PAaKTOPHI, BIUSIOIINE HA
ropenwue [2]:
1) ropeHne MPOUCXOAWT B YCIOBHSAX CHJIBHOIO 00QyBa C XapaKTEPHBIMU
ckopocTsimu nopsizika 1000 m/c;
2) mporecc TOPCHHMS HWMEET HEeCTAIl[MOHAPHBIA XapakTep, IUHAMHKAa KOTOPOTO
3aBHCHT OT yCJIOBUH BOCIIJIAMCHCHHUSI.
3amaya rOpeHHsI pacCMaTPUBAETCS B TOHKOM IPHUIIOBEPXHOCTHOM CJIO€ TIOPOXa,
MIOATOMY €€ BPEMEHHBIC U MPOCTPAHCTBEHHBIC MACIITA0bl OTIMYAIOTCS Ha HECKOJIBKO
MOPSAKOB OT COOTBETCTBYIOIIMX MAaciiTabOB OCHOBHOM 3aJaull  BHYTPEHHEH
Oammuctuku. [10CKOMBKY COMPSOKEHHBIE CHCTEMBl YPaBHCHUN PEIIAIOTCS COBMECTHO,

NpEACTABIAET  WHTEPEC  CPaBHEHHE  XapaKTepHbIX  BpeMeH  BbIcTpena t ,

B

KOHJICHCHPOBAHHOM (a3bl 1, 1 ra30Boii (ha3bl 30HBI TOPEHHS ITOpoXa iy .

Kak ykaspiBatoT aBTOpbl [2] (cM pucyHOK 3.2), NpH HU3KHX JaBIICHUSX,
XapaKTEPHBIX I BOCIUIAMEHEHHS],

t, >t

B!
IIpHu CPpCAHNUX U BBICOKUX JABJICHUAX

tk <<tB, t Stk

T
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tB,tk,tg ,MC
2,0 N)
15
//&1
"
1,0 \\
1

0,5

’ N

3
\ \\ 2.3
0 = N p,MIla
0 10 20 30 40 200 300

Pucynoxk 3.2 — CpaBHeHue xapakTepHbix Bpemer: 1 - t,; 2- 1,5 3 -1,

Takum o0pa3om, Bpemsi pelakcaluuu ra3oBoil (ha3bl MPEHEOPEKUMO Majo IO
OTHOIIICHUIO K XapaKTEpPHOMY BpPEMEHH OCHOBHOM 3aJauyd BHYTPEHHEW OaJIMCTHUKH,
M03TOMY 3aJjauy TOpPEHUsI B ra30BO (pa3e MOKHO paccMaTpuBaTh Kak CTallMOHApHYIO. B
k-dase BHawame HEOOXOMUMO pemIaTh HECTAlMOHAPHBIE YypaBHEHUs. OIHAKO
HECTallMOHApHAsl COCTABJISIONIAs] CKOPOCTH TOPEHUs, 00YCIOBIEHHAs HHEPLIMOHHOCTHIO
k-a3bl, ¢ pocrom maBneHHst OBICTPO 3aTyXaeT W MPH JOCTHXCHHH OIPEICIICHHBIX
YCJIOBHUM MOXHO MEPEXOJUTh K CTAIIMOHAPHOW MOCTAHOBKE 3aa4H.

B mpenmonokeHun ~— HyJEBOro  MOpsJIKa  peakuud U TOCTOSIHCTBA
TETUIOPU3NUECKUX TMapaMeTpoB K -¢asbl, a TakKe YYHUTHIBAas, YTO TEMIEpPATYPHBIM
IpaJleHT B IyOb MOpOXa 3HAYUTENIBHO MPEBOCXOIUT IPAIUEHT BAOJIb OCH X, CUCTEMaA
YpaBHEHHUH, OMMCHIBAIOLIAS MPOLECC HECTAIlMOHAPHOIO MPOrpeBa M MOCIEIYIOIIETO

ropeHus nopoxa s TBEpaodazHoit Monenu, umeet Bua [116, 117]

ot o°T T, Q
Ek:]{k aylfk-'_uk ay::-'_C:(Dk(Tk)’

ot Oy
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rae T, — Temmeparypa K-¢asel, k; — KodddummueHT TemnepaTyponpoBoIHOCTH K -

asspl, — KoopauHaTta, U, — CKOPOCTbH I'OpEHUSA IIOpOXa, - ,ZIGJII)HI)II\/'I TEILIOBOM
k > Yk >~k

apdexT XUMHUYECKON peakuuy, cx — TETJIOEMKOCTb K -BerecTna;
B |

@, (T, )=Z, exp| - —X—|; Z, — mpemdKCIOHeHTa (XapaKTepPHCTHKA BENIeCTBa); E, —
Ro Ty

SHEprus akTuBaluM; R, — yHuBepcaiabHas ra3oBas IIOCTOSIHHas; [} — miIyOuHa

npeBpanicHust K -das3nl. YpaBuenus (3.25) 3amucaHbl B cucTeMe KOOPIUHAT, CBA3aHHOM
C MIOBEPXHOCTBIO MIOPOXa; 10 BOCIJIAMEHEHHSI HEOOXOIUMO MOJIOKUTH: U, = 0.

Y ciioBue ropeHus NpUHUMAETCSA B BUJIE:

Bs =B. =1. (3.26)

Takum oOpa3zoM, 10 BOCIUIAMEHEHHS] HaYaJlbHbIE ¥ TPAHUYHBIC YCIOBUSI CHCTEMBI
(3.25) umetor BU:
npu t=0, y, =0

T, =T,, B=0;
npu Yy, =0, t>0
oTy

A —=ar(T-T,), B<B.; (3.27)
k

T =T, (ai=oJ, B=0 (@=0J.
Y Yk

Iocne Bocrmamenenns (Bg =P,, U, >0) Ha MOBEPXHOCTH TOPEHHs HEOOXOIMMO

npu Y, >, t>0

BBICTaBJIATH yciioBue [2]:

npu Y, =0, t>0

aT| _, T
8yk ‘S ay ‘S

— Ay —(cp —ck)SukTS +8ukp(%—aj,

T, =T=T,.
B cooTBeTcTBUM ¢ mpencTaBieHUSIMU, pa3BUTBIMU B padotax XK. Jlenyapa —

(3.28)

JIx. Poouiispa [118] u I'. K. Kapakososa [119], Oymem monarath, YTO MOJHBIN
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. oT
TEIUIOBOM IMOTOK OT ra3oB K IMOBEPXHOCTH HOpoxa A—| =0, U B oOIIeM cilyyae
S

HCCTAIMOHAPHOI'O 3PO3MOHHOI'O0 T'OPCHUA CKIAABIBACTCA M3 TCIJIOBOI'O IIOTOKA qp,

MMEIOIIET0 MECTO MPU OTCYTCTBUU TEUEHHUS I'a30B, U U3 KOHBEKTUBHOIO (,, KOTOPBI
bopMHUPYET 3PO3HUOHHYIO T00aBKY.

Kak 6p110 mokazano B paborax W.I'. Pycaka u A.M. Jlunanosa (cm., Hampumep,
[2]), ckopocTh ropeHus ci1abo0 3aBHCHT OT TeMIIepaTyphl OOIYBAOIIEIO IIOTOKA,
MO3TOMY ISl KOHBEKTHUBHOW COCTABJISIFOIICH TEIJIOBOTO TOTOKA B KAYECTBE 3HAUCHHMS
TEMIepaTypbl Ha BHEIIHEH TpaHUIC MOTPAHUYHOTO CJIOS BBIOEPEM TEMIIEPATypy

FOpEeHUA TIO . B Takom cirydae ¢ yueToM momnpaBoK Ha CKMMaeMOCTh U BIIyB umeeM [ 120,
121]:
0,023\,

G, == ReS ™ PrO4(T, —T, Jemes (3.29)
T

-0,55
— ! 8
TI€E € :(l+rk—1M2j . r=3/Pr; gB:Bi; B:&,
2 e® -1 EpV, —W

B cTanmonapHom pexxume ropeHust

oT
xas =05 =0y +0,, (3.30)

rae qg —TEIJIOBOM TMOTOK U3 Ta3oBod (a3el, (HOPMUPYIOUIMNA CTAMOHAPHYIO

0€37pPO3MOHHYI0 CKOPOCTh ropeHHsi nmopoxa. Omnpeaensercss pacuyeTHbIM IyTEM MpHU

3aJaHHBbIX 3HAYCHUAX P U TH .

Tak kak nocjacayrouiec 1mocjic BOCINIaMCHCHUA HECTAIMOHAPHOC TOPCHHUC ITOPOXAa B
Oopyaru MMporucCxoanuT B YCIIOBUAX MHTCHCHBHOI'O 06I[YBa ra3daMiu BOCIIJIaMCHUTCIIA, JOJIA

TCIIJIOBOI'O IIOTOKa qp B O6H.I€M Oamance TCINIOIpUXOoaa HCEBCJIIMUKA. Kak mnokazanu

UCCIIC/IOBAHMsI aBTOPOB [2], B 3TOT mepuon ap zqg <<(,, HO TOrna U BIUIHUE
BO3MOXKHBIX KOJICOaHMH 3HAYCHMH (, Ha (OPMHPOBAHME CKOPOCTH TOPCHHUS TaKXKe

Oyner HeBemuko. C poOCTOM [aBiCHHSI (], CTAQHOBHUTCS COM3MCPUMBIM C (,, HO
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HECTALMOHAPHOCTh K -(hasbl  BeIpOKIAeTcs U (, —>qg. To ectp B YyCIOBHSAX,

XapaKTepHBIX ISl apTUUICPUMCKUX CHCTEM, BIHMSHHE Ta30BOW (ha3bl Ha CKOPOCTh
rOpeHus B OOILIEM CIIy4ae MOKHO CBECTH K MOCTAaHOBKE MPHUOIMKEHHOTO IPAHHUYHOIO
ycnmosust (3.30).

[pemtoxxeHHbId B [2] MOAX0/ OTKPBIBAET BO3MOKHOCTD JTAIBHEHIIIETO YIIPOIICHUS
NpUOIMKEHHOM METOJUKU pacyeTa HECTALlMOHAPHON 3PO3MOHHONW CKOPOCTH T'OPEHMS,
OCHOBAaHHOTO Ha OJM30CTU YHCJIEHHOIO CTAllMOHAPHOTO PEIICHUs 3aJaud TOpPEHUs
gepes mapamerphl K-pa3el wm aHaimTHdeckoro pemeHus  A. I'. MepkaHoBa —

®. U. JIy6oBUIIKOTO [116]. JleMCcTBUTENBHO, ecliu BOCITIOJIb30BaThCS

KCIICPUMEHTAIBHOM 3aBHCHMOCTBIO Ugy = Fkoo(p,TH), YCTaHOBJICHHOM, HalpuMep, U3

OIIBITOB B MAHOMETPUYECKOH OOMOE, TO 3aBHCHMOCTB TS% = FS%(p,TH) MOJKET OBITH

onpenenena u3 hopmynsl A. I'. Mepxxanosa — @. W. [lyboBuiikoro:

2
21, Z, R (T2 E
uI?O - L Ok O( SO) exXp _—ko = TSOO = FSOO(p’TH)’ (3-31)
Ey (ZTso —Ta-Ty ) 2RoTsp

IIOCJIC YCro BbIYUCIIICTCA 3HAYCHUC qg, KOTOPOC MOKET OBITh IMOJIY4YCHO U3

IPaHUYHOTO YCIIOBHUSI Ha TOpALIEH MOBEPXHOCTH, 3alMCAHHOTO JI CTAllMOHAPHOIO

pexxuma ropeHus 6e3 001yBa, /Il KOTOPOTO

oT
_}”k —X = CKSUEO(TS% _Tsl)’

ks

rne Tg =T, + &I/I, clleIoBaTeNbHO, U3 (3.28) momydyaem

Cx
0 _ 0 ( 0 ) ( B ) 00 0 1 2
qp = Ck8uk0 TSO TSl + Cp Ck 6uk0T50 +8Uk0 p (00 g . (33 )

Takom nmoaxoa, Ha CaMOM JACJIC, IIO3BOJIICT HHBCIHPOBATH HCTOYHOCTHU
MAaTCMaTH4YCCKOTO MOACIMPOBAHUSA CTaHHOHapHOﬁ CKOPOCTH T'OpCHHUsA, CBA3AHHBLIC C
OTCYTCTBUCM JOCTOBCPHOI'O0O MACCHUBA BXOIHBLIX JAaHHBIX KHHCTHUYCCKUX IIApaMCTPOB

ITPHU BBICOKHUX JABJICHHUAX U, B 9TOM CMBICIIC, ABJISACTCA Oonee IMPpaKTHYHBIM.



86

3.1.3 Memoo uucnennozo unmezpuposanus ypasHeHuti 2u0pPOMexXaHuKu

MHO20GDA3HBIX 2emepOo2eHHbIX Cpeo

Jns umcnenHoro pemenus ypaBuennid (3.1), (3.2), (3.5), (3.7), (3.8)
UCTIONIB3YETCSl COBMECTHBIN diliiepoBo-iarpanxkes Metoa [122]. Cxema naHHOTO MeToaa
OTHOCHTCS K KJacCy TaK Ha3bIBA€MBIX OJJTHOPOJIHBIX KOHCEPBATUBHBIX CXEM, KOTOPHIE 32
CUET BBEJICHUS TICEBIOBI3KOCTH MO3BOJISIIOT BECTH ‘CKBO3HOM CUET ra30JMHAMHYECKUX
napaMeTpoB MPU HATUYUU YAApHBIX BOJH. [ICEeBAOBSI3KOCTh BXOJUT COCTaBISIONICH B

naBiueHue P=P+Qg u “pazmazpiBacT’ (POHT yIapHOM BOJHBI HA HECKOJIBKO
MHTEPBAJIOB CETKU, TaK YTO 3HAYCHUs (PYHKUIUN MEHSIOTCS HENPEPBIBHO MPU MEPEXOE
yepes CKa4yOK U yAOBIETBOPSIOT YCIOBUAM coxpaHeHus: Penkuna — ['toronus. CornacHo
Heitmany — PuxTtmaiiepy [123], BeipaskeHue AJist ICEBAOBSI3KOCTH 3aIMICHIBACTCS B BUJIE

th [VV]2 , ecm Vv <0,

(3.33)
0, ecau Vv =0,

q=ps

rae Ko =1; h—nanuHa stueiiku, B KOTOPO# BhIUUCIsAeTCS (.

JIJist yCTOWYMBOCTH KOHEUHO-pa3sHOCTHOM cxeMbl Meroma COJI mHeobxomammo
TpeOOBaTh, YTOOBI I KaXJIOM SYEWKM PA3HOCTHOM CETKH BBIOJHSIIOCH YCIOBUE
Kypanta — ®punpuxca — JleBu, cyTh KOTOPOTO COCTOMT B TOM, 4YTO 0OOJACTh
3aBUCUMOCTH Pa3HOCTHBIX YPAaBHEHHU NOJDKHA, MO KpalHeW Mepe, BKIIOYAaTh B ceOs
(bu3nuecKyro 00JacTh 3aBUCUMOCTH:

< h ,
v[+c

(3.34)

r7€ T —IIar o BpEMeHH; C —CKOPOCTh 3ByKa B Trase.
bnaromapss caBunyThiM ceTkam, Meton COJI obmamaer BTOPHIM TOPSIKOM
TOYHOCTH, YTO 00ECIEYMBACT OBICTPYIO CXOAUMOCTb PElICHUs] OTHOCUTENBHO Iara o

KOOpAHWHATC. K JOCTOMHCTBAM CXCMBbI CJICAYCT OTHCCTU TaKKC IPAKTUYCCKYIO

T .
HE3aBUCUMOCTB pelieHus oT uncia Kypanra h B 00J1aCTH yCTOMYUBOCTH.

IIpexxne yeM BBIMMCATh KOHEYHO-PA3HOCTHBINM AJITOPUTM PELICHUS, MPUBEIEM

CUCTEMY ypaBHEHHI K OoJiee mMpocToi M ymoOHO# (opme 3amucu. st 3Toro BBEAEM
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HOBBIC 3aBHCHMBIE TIEPEMEHHBIE (IJIs1 TIPOCTOTHI MHJIEKC | Be3Je, KpoMe ypaBHEHUI

HEpa3pbIBHOCTU MPOIYKTOB TOPEHUSI, OITYCTUM):

I =pims, i=1,5, mM=pmSv, e=pmSg,
5
Z , A=8;(1-m)S, M=§,(1-m)Sw, i=12. (3.35)

[leperpynnupyeM ypaBHeHus. @DOYHKIMU TpaBbIX 4YacTel, XapaKTEepU3YIOIIUX

mexdazoBoe B3anmojelcTBue, 0003HaunM wepes Hj,

a B3aMMOJICHCTBHUE C
MMOBEPXHOCTHIO KaHajla CTBoOJIa yepe3 R i (3mech | —MOpPsIAIKOBBIN HOMEp ypaBHEeHHMs). B

HOBBIX 0003HAaUCHHUAX 6y,Z[CM HNMCTb:

8—M+8MV —mSap+H1+R1,
ot oX OX
@+M:—(l—m) ap+H2,
ot OX OX
or  onv :
—L+—L=Hj, (i=15), 3.36
S o~ Hain (i=15) (3.36)
e Oev _ pa[va+w(1—m)S]+H4+R4’
ot ox OX
v oyw_ ow
ot oX OX
oaS odaSw
—+ =0,
ot OX
0= Oe
mS —ar

B mamHOM Merone  perynspHas — IPOCTPAHCTBEHHO-BPEMEHHAas  CETKa,

HOKpbIBarommass ob6macte TeueHus X=0, t>0, oOpasyercs muuusMu X, =K-h
(k=0,12..) u t,=n-1 (n=0,12,..); uX mHepecedyeHHs NAIOT Y3JIOBBlE TOUKH
(Xk ) 3HayeHusT KOJIMYECTBA JBUXEHUS U ckopoctu (M, M,V, W—nuHamuueckue

XapaKTepUCTUKUA IOTOKA) OMNPEACISIOTCS B LENbIX TOYKAX MPOCTPAHCTBEHHOM

koopAauHathl K-h u B cpemHux Todkax (n + O,5)r 10 BPEMEHH, OCTaJIbHbIE BEJIIMYHUHBI
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(r,e,y,a,m # T.A. - MapaMeTpPhl COCTOSIHHUS CMECH) ONPEACIISIOTCS B CPEIHUX TOUYKAX
npocTpancTBeHHOM kKoopauHaThl (K +0,5)N U B 1ENBIX TOUKaX MO BpeMeHH - N - T,
BBenem 0003HaueHUS:
n+
Fllky)h, (n£v)d=RL, (nv=0121)

¥ CIICIYIOIINE OPEACIICHUS:

n-1/2 n-1/2
(Hv)k+1/2 - (HV)k_1/2

h ]

[V Y2 =

r7€e, Hanpumep,

n-1/2 n—ﬂz)
Vi 7T +VvL7 )20,

(w)Y2 = eV vt CCHH(
vz Z ul 2, ecnn(vk Y2 +v£+i/2)< 0,
u
o 13- ok
_ ™ ,
rJie, HarpuMmep,
g [T s 20,

(pk+]/2Vn+]/ , CCJII/IVEH/Z <0,

a TaKKE

(@)n _ Prry2 — Pr-v2
AX ), h ’

e, HalpuMep,
Pr-12 = Pe-12 + quﬁ,
([Vv]k ]/2)2 , €CIH [Vv]k )

0, eciu [Vv]k % > 0.

a2 =2l

AHaNOrUYHBIM 00pa30M PACTIMCHIBAIOTCS U BBIPAKEHUS

n+1/2

[VHV]E_]/Z , [Vov 12
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C YUE€TOM OTHX OHpGI[CJ'IeHI/Iﬁ KOHCYHO-PAa3HOCTHBIC YpaBHCHHA, COOTBCTCTBYIOIIUC

ypaBHEHHSAM cucTeMbl (3.36), UMEIOT BU/T

Mg _1/2Sk_12 + Mi1/2S p\"
MQ+V2_MQV2_T{[VMv]E”2+ R s (%j _(Hl)E_(Rl)E}’
k

2 n+1/2
o e (3.37)
k12 + Tkry2

M2 M2 «,{[VMW]QJ/Z + Lz i nz ; Ll i (gjn —(H, )
k

2
w2 = 2M™
AT(—J/Z + Ar|]<+]/2

(0, = (60 g —elVrRv] 2 — (Hy 42,

ert2 =€k 1o — r{[Vev]Ef% + (pli‘jzz + ql'(‘jﬁ X[VmSv]rk‘f% +

V- msW]2)- ()2 - (RE2),

n+1

WLy = ys — Vw2 -y R - (He 2],

2
n+1 n [VaSw]Efﬂz
Ay-1/2 = ak-12 — TS—’

k-1/2
0 Ir(1+]1/ L= etjl/zel?fjl/z
(ml?fjl/zsk—yz - OLEJ—rjl/z rkn—?z )

Cerounsle (QyHKIUHU mf(‘f]l/z, rk”f]}Z, Arf(tlj/z, Gﬂt]l/z, ocﬂf]l/?_ ONIPEENSIOTCS 3

o n+1/2 n+1/2
COOTBCTCTBYIOIIIUX anre6paI/IquKI/IX YPaBHCHHU. 3HayeHusT BEIUYMH pkaJjZ’ ‘ijz'

BXOIAIIMX B PAa3HOCTHBIE YPABHEHHUS DJHEPIrMM U TOPEHMS, IOIY4YarOT C IOMOILBIO
OJIHOM UTEpaluu IIyTeM UCIOJIb30BAHUS p&'_m U \pﬂ_]/z KaK IIEpBOTO NMPUOJINKECHUS U
HOCJEIYIOIEr0 OCPEAHEHUSI pe3ysibTaTa NEpBOTO MNPUONMKEHHS C HalJACHHBIMU

3HAYECHUSIMU in’]l/z : \VEJ_’]l/Z :
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YpaBHeHHE IBMKCHHS IIEHTpa Macc TpyouarToro 3apszaa (3.5) perraercs MeToaom

Diinepa, KOTOPBINA B JAHHOM ClIy4ae UMEET BTOPOM MOPSIO0K TOUHOCTH:

Ly/h
W w2 - mp gl —-mi el + Y. [Py +
oV - (3.38)
1—mp 1o —(L—mp - '
n pin—l/z)( p|+1/2)8|+1/22h( p|—]/2)5|—1/2 +(Tw)insi h ,
rIe
S e
vy L D Wity (3.39)
0 i-1

Pacyer mnapameTpoB IMOTOKa B Yy3/lax, MNPWIETalOUIMX K JIEBOM TIpaHMIIE
3aCHApPAHOTO O0bema, Onarogaps CABUHYTHIM CETKaX U TOMY OOCTOSITENIBCTBY, UYTO

V‘X—O = MX—O = O, AHAJIOTNYCH pacdCTy BHYTPCHHHUX TOYCK. Ho JJIA TOI'O YTOOBI UMETh

BO3MOXXHOCTh HETOCPEJICTBEHHO BOCIONb30BaThesa (opmynamu (3.37), OOBIYHBIM

00pa3oM BBOJMUTCS B PACCMOTPEHHE Psifi PUKTUBHBIX TOUYEK (X_O 5, b, ), r7ie TapamMeTpbl

MOTYT OBITh 3a/IaHbI MPOU3BOJIHHO.
IIpu ompeneneHuu mnapaMeTpoB IMOTOKA B TOYKAX, NPWIECTAOMIMX K IPaBOU
rpa”ulle, Oy/1IeM yUYUThIBaTh, YTO OKOJIO JHA CHApsJa HaXOAUTCS TOJbKO Ta3. JIBuKeHue

npaBoﬁ rpanunbl OJIs1 Ia3da COBIIAJACT C [ABHMOKCHHCM CHapsdda, IIO3TOMY BJIOJIb

X
HaIpaBJICHUS pm =V, MOXHO 3amucaTts [2]:

dv,
th=5@m—p@)
—+ S—:O’ |:1’2 y 3.40
o PSS (i=12) (3.40)
k
@:icv In| | Pey l - :HCTCV_HCqC ,
dt dt p pST

pCH(l_ OLD)Z Gpg 1
rac 5 —OHTpOIINA CAMHUIIBI MACCHI IIOPOXOBBIX I'a30B.

ITepBoe ypaBuenue cuctemsl (3.40) maet
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CH

Vet = vt qSCH(DCH oL, ). (3.41)

Honoxenust cHapsina Ha cHosix th,yp # 1ty ONpPCAEISMIOTCS CICAYIOMINM

oOpazom:

2 2
vz vz Vo ;VM , (3.42)

n+1 n+]/2

Xy = Xgy + TV,

O06o3HauuB HHICKCOM N HOMCD HOCJIC,ZIHGfI TOYKH B 00JacTH pacucTta

n+y2 . n+12

(pucyHOK 3.3), B KOTOPOW IapaMmeTpsl My VN €l1€ MOYKHO BBIYHCIIUTH UCXOAS

U3 KOHCYHO-Pa3HOCTHBIX ypaBHEeHHH (3.37). CKOpOCTh Tra3a B NMPUTPAHUYHBIX TOUYKAX
N +1u N+ 2 onpenensieTcs: nocie TUHEHHON UHTEPIONIAIMUA pacxoja, KOTOPbIH, Kak

HN3BCCTHO, IIPH MEPCXOJAC YCPC3 CKAYOK HC TCPIIMT pa3pbiBa:

n+ 2 n+1/2
Mn+]/2 Mn+]/2+ Y — My h
N+1 N n+]/2 n+y2 "’
Xen — XN

n+ 2 n+1/2
n+1/2 n+1/2 Y — My

My =My M n+]/2 012 2h, (3.43)
Xen — XN
n+1/2 n+1/2
n+1/2 _ 2MN +1 n+1/2 _ 2MN +2
VN = v YN+2 T T n
n n +2 n n
'N+y2 T In+s2 'IN+3/2 + Ten
TJe
n n+]/2
pCHSCH’ M rCH CH )

n+1
Ilocne 3TOro OTKpBIBAE€TCS BO3MOXKHOCTH PACCUUTATh IApaMETpPhI (ri )k—1/2’

n+1 n+1

&-12, Px-1p 1o dopmymam (3.37) mo yszma N +3/2 (pucynok 3.3). I'panuunbie
3HAQYEHUS ITUX NApaMeTPOB HAXOMATCS IOCIE PEUIeHUs NMOCIEIHUX TPeX YpaBHEHHM

o \'
cuctemsl (3.40) meTomom Ditniepa, riae 4acTHasl MPOU3BOIHAS x aNMnpOKCUMUPYETCA
X

JI€BOM OJJHOCTOPOHHEH Pa3HOCTHIO:

ov Vn+1/2 n+1/2

_ 'cH N 1
T 4
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JleBas I'pannna [IpaBas
rpaHuIa TBEpHOH (a3l rpaHmIa
V4 \/
> * ¢ * * (n+1)x
1/2 L-1/2 L+1/2 [L+3/2 N+1/2 N+3/2
| e (n41/2)
0 1 N N+1 N2
TV E— ¥ ¥ nt
1/2 L-1/2 L+1/2/L+3/2 N+1/2 N+3/2
b— — —— —_—— — — —_—— -— —_— — — —o—(ﬂ—l/Z)‘E
0 1 L L+1 N N+1/ N+2

Pucynok 3.3 — K pacuery nmapaMeTpoB B IPUTrPaHUYHBIX TOUKAX

Ha 3akirouuTenbHOM 3Tamne MPOU3BOJIUTCS UHTEPIOJSIUS  MOJTYYEHHBIX
sHayenni B y3en N +5/2, eciu 910 HEOOX0IMMO, HATIPUMED:

n+1 n+1

p H pN 3/2
pmls/z = prr\]|++13/2 +— n++1 2. (3.45)
Xew —XN+3/2

Pacuer ABHJKCHUA TI'PAHHUIIBI TBGpI[Oﬁ (ba?)I)I BBIACIACTCA B OTACIIBHYIO

NpoleAypy. 3amnulilieM YypaBHEHUS JBHKEHUS TBEpAOW (a3bl BIOJIb HaNpaBICHUS

OX
—=W
ot
d—M+Ma—W=—(1—m)s@+ H,,
dt OX OX
dis+as@:0, (3.46)
dt OX
dy
— =H..
dt O

B KOHCYHO-Pa3HOCTHOM BHUAC UMECCM
n-1/2 n-1/2
Wy — WL

n-1/2 n-1/2
XT - XL

M{‘WZ:MSW—{M{‘W +

=n _ =n
+(1_m?)sg pT+]/2 . pT—1/2 _(Hz)n:|;
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M n+1/2

SiL—m!S!

Wn+]/2 _

T

: (3.47)

X1Y2 = x=V2 | 2.

n+1/2 n+1/2
ghtign+l _ gngn _ Tan+]/2 Wi V2 Wi

T St T % T WN+Y2 _nilj2
T L

VI =l

3nech X., X| —KOOpAMHATHI IPaHMIBI TBEPAOW (a3bl M IMOCICAHETO y3j1a PacueTHON

o o o o n+1/2 n+l1/2
CCTKHU, B O6J1aCTI/I, 3aHNMacMOM TBCPAOH (1)&1301/1, B KOTOPOH IIapaMETPEI M L+1/ , WLH/

ellle MOJYXHO BBISICHUTh HCXOJIS W3 KOHEYHO-PA3HOCTHBIX ypaBHeHuidl (3.37),

COOTBCTCTBCHHO. 3HAYCHUS Priyjp, Pryp ONPCACISIOTCS B OMMKANIINMX MOJTYLENBIX

TOYKaX CIpaBa U CJieBa OT TpaHUIlbl TBEpaAOH (a3bl. 3HaueHUs BenuyuH M , W, u a, y

B IIPUTPAHUYHBIX TOYKAX (CM. PUCYHOK 3.3) ONpPEAEISIOTCS JIMHEWHON MHTEPIOSAIuei

2
mexcry Toukamu X! Y2 u X2y mexay XEf]l/Z u X" coorsercTBEHHO.

[Topsnok BBIMMCICHHUN MPUBEIEM JJIs1 CIydash YUCJICHHOW peaau3alid CUCTEMBbI
YpaBHEHHH, ONMUCHIBAIOIIEH ABMIKEHHE 3epHEHOro mopoxa (cM. pucyHok 3.1), Tak kak

OH SBJISIETCA 00Jie€ OOIIIMM.
1. O n+1/2 n+1/2
. Onpenensiorcs CeTouHble (QYHKIMU M, Vi BO BHYTPEHHHX TOYKax

rasosoii pazsr (kK <N).

n+1/2
CH !

n+1/2
CH

2. Bpluucnstorcs mapaMeTpel m Vv Ha IIPaBOW I'PaHULIEC, U TPOU3BOAUTCS

X UHTCPIOJIAONA B IIPUTPAHUYHBIC TOYKH.

n+1/2 o
K BO BHYTPEHHHUX TOYKAX TBEPAOU

3. Haxopstcs cerounble GyHKIUU M|?+1/2’ w
daswr (k<L).
4. Onpenemstorcss sunaverns MMY2 w'V2 ya rpasnue Teepnoit pasei n

IMPOU3BOAUTCA MHTCPIIOJIALNA OTHX ITapaMCTPOB B IIPUTPAHUIHBIC TOYKH.
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5. Beraucnsiorcs cetounsie Gynkmum (T, )E+]1/2, ef(H]l/?_, Pr ]/2 BO BHYTPEHHHX

TOYKaX ra3oBoM (hasbl (k <N )

6. Haxomsircst 3HaueHust ay - 1/2, \yEJ’]l/Z, m" ]/2 BO BHYTPEHHHUX TOYKaX TBEPIOH

dazer (k<L)

n+1 n+1 n+1 n+1 n+1 n+1

7. Ompenenstorcst  mapamerpsl (I )CH, €u v Pen » A ., Yp o, My 7

MIPOU3BOUTCS] MHTEPIOJIAIMS B MPUTPAHUIHBIE TOYKY Ta30BON U TBepAon (a3.

[Tocne 3Toro BEIYMCIEHUS TOBTOPSIFOTCS C 11.1.
3.1.4 Memoo uucnennoeo unmespupo8aHus ypasHeHull 20peHus Nopoxda

3HaUeHUE CKOPOCTH TOPEHUS B 3HAYUTEIBHOM CTENEHU ONPEACISIETCS
pacripesieJieHueM TeMIlepaTypbl M KOHLEHTPAIMU BOJW3M MOBEPXHOCTH TropeHus. B

DTOU CBSI3U, UCXOISA M3 DKCIIOHCHIMAIBHOIO BHJA 3aBUCUMOCTEN T (yk,t) U B(yk,t),
6GBIIO TPOBEEHO MpeobpasoBanue dusnudeckoit miockocty (Y, ,t) B mmockocts (M, ,t)
o opmyiie:

Y = A (e”k —1), (3.48)
rae A, —mapamMerp CrylieHHUs CETKH.

Taxoe npeoOpazoBaHMe MO3BOSIET CO3]aTh 3KOHOMUYHBIIN aJIFCOPUTM pacuera 0e3
NOTepU TOYHOCTH B 00JacTH HamOoliee pe3koro m3MeHeHus QpyHkuuid. Ilepexoas x
HOBOU mepeMeHHOU B cucteme (3.25), u BrIOMpas B MIOCKOCTH (nk,t) PaBHOMEPHBIN
mar h, , moxydaeM CryIiieHrue y3JI0B CETKHA BOJIM3HM MOBEPXHOCTH TOPEHUSL.

ITocnie nepexona K HOBOM NMPOCTPAHCTBEHHOM NEPEMEHHOM CUCTEMa ypaBHEHUH

(3.25) npuBOIUTCS K BHUILY:

2
8Tk _ Kg 8 T2k n Uk _ Ky 6Tk " Qk (Dk(Tk),
ot AZe®™ ong | Ae™  AZe®™ Jon, ¢

B_ U B g (7).
ot Aen oy ‘

(3.49)
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HavanpHbIe ¥ TPaHUYHBIC YCIIOBHS:
npu t=0, n =0,
Tk :TH’ B = 0,
npu n, =0, t=0,
oT, OLT(T—TS), eciu B <P,

‘ ank Qs — (Cp —Cy )kas — pmy (OL _gjv ecau Bs :B*;

npu n =, t=0,
T =T, (ﬂ j B=0 [ B OJ.
o Nk

Hcxons u3 dopmynbl mpeoOpa3oBaHus MPOCTPAHCTBEHHON mepemenHoi (3.48),

uMeeM
dy, = A dny,
OTKyJ1a
Ao =Ah, A = A€M hy.
O603HaYNM

AYkm =g"Mm =M, A =

AYko M 1
[IIar o HOBO¥M KOOPAMHATE OMPEACIACTCS U3 BHIPAKCHUS
Nkm _ LNM
k = = y
N N

rane N —uucno pa3dbuenuii; M —oTHOUIEHHWE HAaWOOJIBILIETO IlIara WHTETPUPOBAHUS K
HaMMEHbIIEMY B (PU3UYECKOM MIOCKOCTH.

YpaBHCHHE HEJIMHEHHOW TETUIONMPOBOIHOCTH K -(ha3bl anmpoOKCHMHPOBAIOCH 10
cxeme Kpanka-Hukonbscona [124, 125], obnaaatouieil BTOPbIM MOPSAKOM TOYHOCTH IO

KoopauHaTe U BpeMeHU. COOTBETCTBYIONIEE PA3HOCTHOE YPAaBHEHHE UMETIO BUJL:

AT 4B (T2 +Cy(T )2 + Dy =0, (3.51)

1+1

rne
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n+1/2 K,
A =1 +0.51.h, s —&
[Ake e, ]2 Ake (i) [Ake(ﬂk) ]2
Bl = 2+2I’k[](<—k)]2 '
Ake Nk )i
n+1/2
Cl =I’k O5I’khk Kk

e T b et

D, =2(T, ) + T(s—k(Dk [(Tk )nH/Zl

r=—, (W)™ =2T ™2 - (T ).
hg
Pemenne ypaBuenus (3.51) mmercs metomom mnporonku [126]. ITporoHodHbIe

KO3 PUITMEHTHI OMPEEISIOTCS [0 PEKYPPEHTHBIM (POPMYIIaMm:

- i D +CF™?
E, =—Li_l, A== (3.52)

JInst rpaHUYHOrO YCJIOBHSI MEPBOTO pOJAA HayalbHbIE MPOTOHOYHBIE KOA(D(PUIIMEHTHI
MMEIOT BUJ:
0_ 0_
E; =0, F =T,.
B ciywae TpaHMYHOrO YCIOBHS TPETHErO0 poAa HAYyalbHbIE IPOTOHOYHBIE

KO2(PGULIMEHTHI OTIPEACISIOTCS C UCTIOIb30BaHUEM (DUKTUBHOM TOUKHU:

D, +2h,C, T T
S, FO=— M (3.53)
_2h,C, XOT B, — 2h, C, X
k k

Ho BocmameHenust U,=0 u ypaBHEHME [UId TJIyOWHBI BBITOpaHHUS — CYTb

OObIKHOBEHHOE U PepeHIrnalbHOE ypaBHEHUE, PEIIEHHUE KOTOPOro HE COCTABIISIET
Tpyna. Ilocne BocIulaMEHEHHsI — 3TO ypaBHEHUE B YaCTHBIX IPOU3BOJHBIX IEPBOTO
NOpsiKa U JUIsl €ro peleHus: HeoOXOJUMO OJHO KpaeBOE YCIOBHUE; BTOPOE KpaeBoOe

YCIIOBHUC JOJIZKHO OBITb HMCIIOJIL30BAHO L OIIPCACIICHUA CKOPOCTH TOpCHUA.
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CnenmoBarenbHO, TMPU KOHEYHO-PA3HOCTHOM PEUICHWHW YPAaBHEHUS  BBITOpPaHUs
HEOOXOJMMO BBIOpaTh TaKyl0 CXeMy, KOTopas MpuBojuia Obl K pPasHOCTHOMY
YpaBHEHUIO NIEPBOTo Mopsiaka. Takum CBOMCTBOM 00J1a/laeT CXeMa YEeThIPEXYTrOIbHUKA,

rac MpOrU3BOAHBIC PACIIMCBIBAIOTCS CICAYIOIINM 06p330M2

B _ (Bin:f + Bin+1)_ (Bin+1 + Bin)+ G(IZ),

ot 27
(3.54)
op ( in++11 - in+l)+ (Bin+1 —Bin)+ e(hz)
= 2,
ﬁnk th
a pa3HOCTHOE YPaBHCHHE UMECT BHI:
ABLE? + By Y? + D, =0, (3.55)
rae
un+]/2
A2 =1— I’k hk %,
Ake k Ji+1/2
n+1/2
B,=1+rh —% ——
2 KTk A e e (3.56)

D, :—{Bin+1 +Bi + 1D, [(Tk )r:]]/;] }
?+V2::Bﬂié*3?’ ?+1::2BP+U2__ﬁ?.

JUist  ompeneneHUss HEU3BECTHOTO MacCHBa IIYOMHBI  BbITOpaHUs {P’Ll}

UCIIOJIB3YeTCsl TPaHWYHOE YCJIOBHE B TiyOmHe Tmopoxa. CKOpPOCTh TOPECHHS
OTIPEJICIISIETCS U3 PEIICHUSI OTIEPATOPHOTO YPABHEHHUSI

BO.t.uc)=Bs =B. (3.57)
MeTogoM 1po6. Jljis  yObICTpeHHsI CXOJMMOCTH Ha 3aKJIIOYMTENIBHOM CTaauu

IMPOU3BOIAATCA HUTCpAIMU 11O MCETOAY CCKYHIUX, KOTOPLIC BBIMMOJIHAKTCA OO TEX II0DP,

noka [Bs — .
3HaYyeHNe TEMIOBOTO MOTOKA HA TIOBEPXHOCTH TOPSIIEr0 TIOPOXa OMPEJIENsIoch C
VICTIONb30BaHNEM (PHKTUBHOMN TOUKH:

ol | 3 (A1+C1)(Tk)1+D1+BlTs_

O =—Ak | =M
Vi | 2C; Achy
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Pemenune cuctemsl (3.25) coaepXUT psiJi 0OCOOEHHOCTEH, KOTOPhIE HEOOXOIMMO
yuuTbiBaTh. lIpexie Bcero, ee HEOOXOAMMO peEIIaTh COBMECTHO C YpPaBHEHHUSIMHU
ra3oBOM JUHAMHKH, TIO3TOMY BOXKHBIM MOMEHTOM SIBJISIETCS YBSI3KAa BPEMEHHBIX IIaroB
U1 00enX 3aad.

BpemenHoii mar Makpo3agauu onpeesiercs UCXoas u3 TpeOyeMoi TOUHOCTH, a
TaKkKe yCIOBHsS yCTOMdMBOCTH, M cocTaiser (1+2)-105c. Cxema permenns 3amaun
(3.49) xors u sBAsgeTcs OE3YyCIIOBHO YCTOWYHBOM, TeM HE MEHee, NIpU BbIOOpE
BPEMEHHOTO  IIara  WHTETPUPOBAHUS  HEOOXOIWMO  YYHTHIBATh  TOYHOCTH
anmIpPOKCUMAIIMU SKCIOHCHIIMAIBHOTO WICHAa B YPaBHCHHSX, a TaK)Ke XapaKTEpPHBIC
BpEMEHa HECTAIMOHAPHBIX A()(PEKTOB MpU 3aKUTAaHUU M MOCIEAYIOUEM TOPECHUU
nopoxa.

UccnegoBanusi cXOIUMOCTH TPOBOJIMINCH JJIS KPaeBOM 3ajauu MEpBOro poja,
Opyu STOM TeMIeparypa IOBEPXHOCTH B 3ajlady€ TOPEHHs Mojarajach paBHOM
TEMIEpaType, peaTn3yromencs B MOMEHT 3aKUTaHHS.

[Mopsimok perienus kpaeBoit 3amaun (3.49) - (3.50) 3akmoyalnics B CCIyHOIIEM
[2]:

— MpU M3BECTHBIX HA JAHHBIH MOMEHT pacHpeleiCHUSAX TEeMIepaTypsl |
KOHIICHTparuu B K -dasze pemaercs ypaBHEHHWE IS TUIyOWHBI BBITOPAHHS W
OTpeIeIISIeTCSl CKOPOCTh TOPEHUSI METOA0M MPpo0 U3 ypaBHeHUs (3.57);

— TMPU U3BECTHOM CKOPOCTH TOPEHHS W COOTBETCTBYIOIIMX KPAEBBIX YCIOBUSX
(3.50) pemaercs ypaBHEHHE TEILIONPOBOJAHOCTH W ONPEACTSACTCS HOBOE
TEMIIEPATypHOE pacipe/ieieHHe.

[Ipomecc BOCIIaMEHEHHUS OMPENETAETCS CIEAYIONMMUA  HEeCTallMOHAPHBIMU
s pexkTamu: CKOPOCTHIO HArpeBa OT BHEIIHETO UCTOYHUKA (TMPU 3TOM HanboJjiee ObICTPO
U3MEHSETCS TeMIlepaTypa TIOBEPXHOCTH), CKOPOCTBIO pOCTa TeMMepaTrypbl OT
BHYTPEHHETO TEIUIOBBIJICICHHUS U CKOPOCTHIO BHITOPAHUS XUMUYECKOTO MOTPAHUYHOTO
cl1os1, CQOPMHUPOBABIIETOCS Ha Mpeaesie 3aKUTaHusl.

Bpemsi pemakcanuy Temmepatypsl MOBEPXHOCTH TNPU KOHBEKTUBHOM HarpeBe

MOXXHO OLCHUTL, MCIIOJBb3Ys MCTOA PCIICHUSA ypaBHCHI/Iﬁ 3aXKHUTaHUA, HpClIJIO)KGHHBIfI
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P.E. Copkunbiv [114]. [lns 3HaueHumit T, CYyIIECTBEHHO OTIMYAIOIIMXCSA OT T,

IIojiydacm
Cy OA

T.-T. ). 3.58
" (Ts-T,) (3.58)

t. =

(0

CKOpOCTB BHYTPCHHCTO TCIIJIOBBIACIICHUA XapaKTCPU3yCTCA BpPEMCHCM

aanabdaTUYeCKOU UHAYKITUU:

2
= G Rols o EBic | (3.59)
Qe Ex RoTs

ty

Bpemst BbIropaHus XMMUYECKOTO MOTPAHUYHOIO CJ0s, COPMHPOBABILETOCS Ha

npeesie 3aKUraHus, OLieHUBaeTCs o Gpopmyiie

1 e Ek xk(ZTs _Tsl _TH)

t = exp (3.60)
Zy RoTs o
3HadyeHue T AO0JIDKHO YAOBJICTBOPATH YCIIOBHIO
T= min{ kltOL’ kzta, k3tl'l }, (3.61)

9IS kj <1(j=1, 2, 3).

Yucnennsle uccienoBanus [2] mokaszanu, 4to s o0ecredeHns He3aBUCHMOCTH

HECTAIIMOHAPHOTO PEIICHUs OT T B Ipeneiax omuoOku 2% KOHCTaHTHI K j HeoOX0IMMO

BBIOMPATH U3 YCIOBUI
k; <01, k,<1 k3<0l

BnusHue mara WMHTErpUpOBaHUS HAa XapakTep HM3MEHEHMs] HECTalMOHApHOU
CKOPOCTH TOpPEHHMSI MTOCTIE 3aKUTaHUs IPUBEICHO Ha pUCyHKe 3.4.

C ToukM 3peHMs DSKOHOMHMHM MAIIMHHOIO BPEMEHHM BO3MOXKEH pacyeT ¢
NEPEMEHHBIM 1IaroM: J0 BOCIUIAMEHEHMsI T BBIOMpPAETCA MCXOJs M3 TEKYIIEro
3HAYEHHUS TEMIIEPATypbl HIOBEPXHOCTH HA KaXJI0M BPEMEHHOM CJIO€, U3 YCIOBUS

t=min{kt,, Kot,},

nocie BociulamMeneHus: T =Kst, .
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1-1t=0,02Mmc
2—1=0,01 Mmc
3— 1 =0,005mc

4 — 1 =0,0025 mc

I
a\
-G

1,5

=

10 ~

0,05 0,10 0,15 020 t,mc

Pucynok 3.4 — BausiHue BpeMEHHOTO 111ara MHTETpUpOBaHus ypaBHeHH K -(ha3bl
Ha U3MEHEHUE HECTAIMOHAPHON CKOPOCTHU TOPEHHUS MOCTIE 3aKUTaAHUS

ITo Mepe BBIpOXKACHUS CYIIIECTBEHHON HECTAIIMOHAPHOCTHU MOCIIE BOCIIAMEH CHUSI
JanbHEIass NepecTpolka TeMIepaTypHoro npoduiss B MOPOXe ONpeaeisieTcs

BPEMEHEM pEIaKCalluy IPOrperoro cios t,, KOTOpoe XapakTepu3yeT CyMMAapHOE

JIeICTBUE TaKuX HeCTalMOHApHBIX 3()(EKTOB, KaK TEIIONOABOJ U3BHE, TEIJIOOTBOJ B
ry0b MOpoxa M TEIUIOBBIIETICHHE TI0 3aKOHY AppeHHyca, MOTOMY B JIaHHOM CiIydae
1Iar 1o BpeMeH! HEOOX0IMMO BBIOUPATh U3 YCIOBUS

T=K,ty, (3.62)
rae K, MoxHO puHATH paBHBIM 0,95 [2].

Pe3ynbTaThl pacyeToB CKOPOCTH TOpPEHHUS, MNPUOJMKEHHBIX K YCIOBUSAM
BBICTpEJla, TMpuUBENEeHbl Ha pucyHke 3.5. W3 rpaduka BUIHO, YTO pacyer
KBa3WCTAlMOHAPHOTO  y4aCTKa C MOCTOSHHBIM  IIarOM  HATaJKWBAEeTCs  Ha
HCYCTOWYMBOCTh, KOTOpash BO3HHMKAeT B MOMEHT HapyiueHus ycioBus (3.62).
IlosiBIeHME HEYCTOWYMBOCTH B JAHHOM Cllydae, 110 BCEW BUAMMOCTH, CBA3AHO C TEM,

YTO HCCTAOIMOHAPHOC PCIICHUC C POCTOM Uk CTaHOBUTCS 0OoJiee HHCPIOHUOHHBIM, YCM
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mponecc H@pCCTpOﬁKH IporpeToro CJod. 3,Z[€CB KEC UId CpaBHCHHA HaHbI 3HAYCHMHA

CKOPOCTH TOpEHHUs, TOJIydeHHble TMyTeM pemieHus 3agaun  (3.49) wmertoaom

YCTaHOBJICHUSL.
U/ | | |
k> M/C —— Hecranuonapuoe pemenne, T = CONST ; ;\
A

0,20 -~~~ HecrauuonapHoe pelenue, T = k4tk ; l |
O  Meron ycraHOBIEHUS. A

0,15 redl

0,10

0,05 ﬂ\___# R

O
. L To K
845 895 945 995

Pucynox 3.5 — PacueT HecTallmoHapHON CKOPOCTU FOPEHUS
Ipu nepeMeHHoﬁ TEMIICPATYpPEC IIOBEPXHOCTU
3amaua ropenus (3.49) — (3.50) pemiaeTcs B TOHKOM MOBEPXHOCTHOM CJIOC
1opoxa M €€ MPOCTPAHCTBEHHBIC U BPEMEHHBIE MACIITA0BI CYNIECTBEHHO OTIMYAFOTCS
OT COOTBETCTBYIOIIMX MaciuTaboB 3amaun Oammuctuku (3.1) - (3.24), yto Beaer k
HEOOXOJMMOCTHA YBSI3KM BPEMEHHBIX IIIarOB PAacCMAaTPUBAEMBIX B3aWMOCBS3aHHBIX
3amay. [Ipu 3TOM, yUIUTHIBASA, YTO BPEMEHHBIC MACIITAOBI 3a1a41 TOPEHHUS CYIIICCTBECHHO
MEHbIIIE BPEMEHHBIX MacIITa0OB 3a/Jaud Oa/UIMCTUKH, 3aja4a TOPEHUS MHOTOKPATHO
pemaeTcs B TpenesiaX OJHOTO BPEMEHHOTO CJIOS MakKpo3agadyd BIOJb Kaxaon u3 K

TpaekTopui (pucyHok 3.6) [2].
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t dX|_W
ST

//

dx
D VCH
dt

0 I K L X

Pucynok 3.6 — CemeiictBo TpackTopumii aprkeHus | =1, K
MMOPOXOBBIX AIEMEHTOB B IIPOLIECCE BHICTpPEIIa

3.2 MoaeaupoBaHue HANPSIKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS CTBOJIA

3.2.1 Ilocmanoska 3a0aqu MOOenUpoB8arHus HANPAICEHHO-0ehOPMUPOBAHHO20

COCMOARUA cmeoJla npu eblcmpeie

B pesynbTare BO31eMCTBYS BHYTPHUOATUTMCTUYECKOTO JABJICHUS apTUIICPUMCKUIMA
CTBOJI UCHBITBIBaeT jaepopManuu. KonIM4eCTBEHHOM OIIEHKON OTHOCHTEIHbHOMN

nedopMaruu € CayXuT nokazatess Komm [127 - 129]:

AL
g=—, (3.63)
Lo
rne AL =L-L,—abcomorHas nedopMmanuss — pasHUIA MEXKIY KOHEYHBIM M

HayaJbHBIM PACCTOSTHUEM MEXIY JIByMsl TOUKaMH TeJa.
CBsi3p MEXIy HampsokeHHeM o © jaedopmaruedt € s ynpyrux —Ted
OIpeIeIsIeTCs TIMHEHHBIM COOTHOIIICHHEM B opme 3akoHa ['yka [127]:
o=Ee, (3.64)
rae E — moayne ynpyroctu.
B TpexmepHoM ciydae CBs3b MEXIy HampsbkeHueM, nedopmaruenn u

NEPEMCIICHUCM OIMUCBIBACTCS 0oJiee CIIOKHBIMH COOTHOIIEHUSIMH.



103

PaccmoTpuMm  mpsIMOYTOJIbHBIH 00bEM B JIEKapTOBOM CHUCTEME KOOPAMHAT
(pucyHok 3.7). 31ech MpeNCTaBICHbI paclpe/ejeHUs] HANpsHKEHUH Ha TOBEPXHOCTH
napajuieienuneaa.

HopmanbHble HanpshKeHHst Gyx1Oyy 10z, HAIPABICHBI [10 HOPMAISIM K CEYCHUSIM
rpaHeil. TaHreHMaNbHbIE (KacaTeIbHbIC) HAIPSIKEHUS Gyy+ Oyxs Oyzs Ozys Oz Oy

pacnojlararorca B  IINIOCKOCTH CEUYCHUM FpElHCI?I. CornacHo 3dKOHY IIapHOCTH

TaHTCHITMATBHBIX HanpspKeHuH [129] paccMaTtpuBaroTCs TpH MpaBHIIa;

Oy =Oyxs Oy =0z, Oz =0y,
A Z
Gy
GYX ny Gzy
o Tax
Oy, >X
G,, -
Zz

Pucynox 3.7 — TeH30pb! HanpsKeHUi B IEKapTOBOM cHCTEMe KOOPAMHAT

Cucrema muddepeHIManbHbIX ypaBHEHUN HANPsHKEHHO-IE(hOPMUPOBAHHOTO
COCTOSIHUSI CTBOJIa COCTOUT M3 CJIEAYIONIUX YPaBHEHWU B TEH30PHOM MPECTaBICHUU

[129]:
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0oy O 00y F o o%u, |
x oy oz ot?
d 0 0 o%u
ow O P e mpt Y (3.65)
x oy oz ot?
0oy , 05y oy | F :pazuz |
ox oy o ot?

rae F, Fy, F, — npoexiyy 0ObeMHBIX CUJI U MPOEKIUH MEePEMELICHUH, OTHECEHHBIX K
enuHuIEe o0beMa Tena, U Uy, Uy, U, — MPOCKIHH NepeMeIeHU Ha KOOPJIMHATHBIE OCH

X, Y U Z COOTBECTCTBCHHO, IIPEACTAaBHUM B BHJEC BCKTOpA:

F

X

B pa60Te pacCMaTpuBacTCA CHIIa TAXKCCTH, IIGIZCTBYI-OHIEUI II0 HaAIIPpaBJICHHUIO,
HpOTHBOHOJIO)KHOﬁ ocH Z. B cBsA3M ¢ 9TUM 00BbEMHBIEC CHIIBI NpeACTaBUM B CIICAYIOIICM

BHUAC:

—Pg
r7ie p — INIOTHOCTh MaTepuasa CTBoJa; § — YCKOPEHHE CBOOOHOTO MaICHUS.

Ha naknmoHHBIX moOBepxXHOCTIX (pUCyHOK 3.8) ¢ HOpMaNbl0 M1 PacCUUTHIBAIOTCS

MPOCKINH HANPSKCHUN Oy, Oy, Oy HA OCH X, Y M Z, COOTBETCTBEHHO!

Gyn = Oy +CyyNy +G Ny,

. e (3.66)

G, = O 5Ny +c52yny +o,,N,,

Gy =0wNytoywNy +0
rae Ny, = COS(X,ﬁ) , Ny = COS(y, ﬁ) , N, :COS(Z,ﬁ) — HaNpaBJISIONINEe KOCHHYCHI.

CootHomenus (3.66) ucmonb3yroTcs ISl 3aJaHusl TPAHUYHBIX YCJIOBUU Ha

IOBCPXHOCTHU TCJIA.
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< Y

Pucynok 3.8 — [Ipoekiuu HanpsiKeHUi Ha KOOPAUHATHBIE OCH VISl HAKIIOHHOW TOBEPXHOCTH

Bropyto rpynny ypaBHEHUN COCTABISIOT FT€OMETPUUECKUE COOTHOIIEHUS Komm:

€xx

8ZZ

Exy

8ZX

_auy
ox
oy
_8y’
_au,
oz’
_1{ou, , dy
2( oy ox
_1fauy ou,
2 oz oy
i, v
2\ OX 0z

)

(3.67)

THC Eyxs Eyys €77 — JUHEWHbIC 1eQopMaIuy M0 COOTBETCTBYIOLIUM OCSIM; Exyr Eyzr Exx

— TaHTCHIMAJIbHBIE (YTJIOBBIE) HedopMariuu.
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YpaBHeHnus Hepa3pbiBHOCTH JAehopMaliuii Cen-Benana umerot Bua [127]:

+ .
oy’ ox? oxoy
628yy N 0%, _2828yz
oz oy? oyor
82822 528)0( 25282)(
ox* ez ozox

) 3.68
E agzx + 58Xy _ 58yz _ 628)0( ( )
ox\ oy oz ox oyozr
g aaxy +68yz _agzx :azgw
oyl 6z ox oy ozox
Q 68yZ +882X _88Xy :azgzz'
oz\ ox oy 0z Oxoy

Takum oOpa3om, pemras cucreMmy 15 auddepeHnnanbHpIx ypaBHeHuid (3.65),

(3.67), (3.68) ¢ yuerom rpaHmuHbIX yciioBui (3.66) B KaxJ0i TOUYKE Teia (X, y,z)
BBIUUCIIAIOTCS 3HAUYEHUs 15 mepeMeHHbIX B pa3InyHble MOMEHTHI Bpemeru t [129]:

Oy :GXX(X, y,z,t), Gyy :cw(x, y,z,t), (o8 :GZZ(X, y,z,t),

Gy =0y (X Y,2t), 6, =0,(XV.2t), o =0,(xY,21),

Ex =Ex (XY 2,1), £y =8, (X Y. 2,1), &, =2,(XY,21),

ey =Exy (X Y,2), £, =6, (X V,2,1), &5 =24(XY,2),
Uy =Uy(X,Y,2,t), Uy =uy(x,y,z,t), u, =u,(x,y,zt).

duznueckas MOJIENb HAMPSKEHHO-AS(POPMUPOBAHHOTO COCTOSIHUSI M30TPOITHOTO

TeJla, CBSA3bIBAIOIIASl HANpPsDKCHUS W jaedopmalidy Teja, OMUCHIBACTCS O00O0OIIEHHBIM

3aKoHOM I 'yka B BHzE:



(3.69)

E€xx = sz/(ZGO)’
rne v — ko3¢dumment I[lyaccona; G, —Moayip casura. MoIyib CIOBUra CBsi3aH C

koadurmentom Ilyaccona u MorysieM ynpyrocTy CIeayHOIIMM COOTHOIIEHUEM:

E

B Teopum ympyroctu HampsokeHHs U JaedopMaldd  CBSI3aHbl JIMHCHHBIM
cootHomenneM G = f (&) 10 3HAUCHHS peena YIPYrocTH G,.

C yuerom ypaBHenus (3.69) ypasuenus (3.65), (3.67), (3.68) pemarorcs B
HepeMEIEHUIX, JTH00 B HaNpsDKEHUsX. PeleHrne HampsuKeHHO-Ie(hOPMHUPOBAHHOTO

COCTOSIHMSI TeJIa OIpeIe/sieTCS Ha OCHOBE ypaBHeHu# Jlame [127]:

00 o°u
(h 1)+ 1V +F=p e
2
00 ) o°uy
A+u)—+uva, +F, =p—=, (3.71)
( “)ay KV, +Fy =p—s
o%u,

0
A+u)—~+uvau, +F, =
( p)o VAU + F P

ou. ou y 2 2 2
X Y o, VA 0 + 0 + o _ oneparop Jlamnaca;
oXx oy o1

roe O=¢,, +¢
o S

+&€, =

Yy

A, u — mapametpsl Jlame, onpezensemMpie COOTHOIIICHUSIMHU:

Ev E
Aevii-2v) "2l (3.72)

XapaKTEPUCTUKH CTBOJIA 3aBUCAT OT MPHUMEHSCMBIX MATEPHAJIOB M TEXHOJOTHUHU
npousBojicTBa [/8]. OOmmit BUA apTWIIEPUNUCKOTO CTBOJA W €ro 3aKperuieHUEe K

Ka3eHHUKY TIPEICTABICHO Ha pucyHke 3.9.



108

Pucynok 3.9 — KoHcTpykuus 3akperieHus cTBojia: 1 — Ka3eHHUK, 2 — CHapsija, 3 — CTBOJ

IIpoexkTpoBaHue OpyAuN OCHOBBIBACTCS HA PELICHWM 337a4, CBSA3AHHBIX C
MPOYHOCTHIO MOJT IEUCTBUEM pa3inyHbIX cuil. Hanbosbiiee BIusHUEe HA KOHCTPYKIIUIO
CTBOJA OKa3bIBaIOT IIOBEPXHOCTHBIE CHWJIBI JABJICHWS THOPOXOBBIX ra3oB. llox
BO3JIEUCTBUEM ATUX CHJI BO3HUKAIOT HAIPSIKEHUsS, KOTOPbIe MPUBOJAT K Jedopmanuu
KaHaJIa CTBOJIA.

duznyeckas MOJIENIb HAMPSKEHHO-AE(POPMHUPOBAHHOTO COCTOSIHUS M30TPOIHOIO
TeNa, CBA3BIBAIOLIAS HANpsDHKEHUS U AepopMaly Teja, OMHCHIBAETCS O0OOIIEHHBIM
3akoHOM ['yka. B Teopun ynpyroctu HanpspkeHus: U AedhopMaliui CBsI3aHbl TUHEUHBIM
COOTHOILIEHHEM, CIIPABEIJIMBBIM 10 3HA4YEHUs mpenena ynpyroctu. llpu yBennduenun
nedopManui 3aBUCUMOCTb CTAaHOBUTCS HeJMHEHHOW. B pabore wucnonbp3oBanach
monenb MactuuHoctu Jxoncona—Kyka [24, 130-131], koropas 3aBUCHUT OT

HKBUBAJICHTHOMU JehopMaliiu, CKOpOCTH aeopMalivy U TEMIEPATyphI:

. m

€ _

GH:(A+ ng)1+cm P 1l1- T=T , (3.73)
€0 Tn =Ty

rae o, —npenen rekydecty; A, B, C —nmapametpsl matepuana ( A —HadaabHBINA peaesn
TeKy4yecTH, B —kxoHcTanta TtBepmoctd, C —KOHCTaHTa CKOPOCTH JAe(POpMALINH);

€, —OKBUBQJCHTHAs IUIACTHYCeCKas JedopMarus, KOTOpas 3aBHCUT OT HCTOPHH

Harpy>keHHsi ¥ BBIYUCISETCS MO cheaytomed Qopmyne (CyMMHUpPOBaHHE MO

IOBTOPAOIIUMCA HHACKCAM HC y‘-II/ITBIBaeTCﬂ):

€p =§J(8aa _SBB)Z + (SBB ‘gw)z +(8w —Saa)z + 6(8543 + £y +8§a)’ (3.74)

¢
rae .—p—HopMaJ'II/IBOBaHHaH CKOPOCTh DKBUBAJICHTHOM IJIACTHYECKON aedopmauu;
€o

€, —CKOpOCTb OSKBHBAJICHTHOW ILIACTUYECKOH nepopmanuyu; €y —OTHOCUTEIbHAS
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ckopocTh aeopmanum; T —Tekymias TemmepaTrypa; [, —TemIeparypa IUIaBICHHUS;
T, —HOpManbHas TeMIeparypa; N, M—IoKa3aTead TBEPAOCTH (N —Ko3PPUIKEHT
TBEPJOCTH, M —TMOKa3aTellb TEIUIOBOIO  pa3MmsirdeHus); o,B,y — HHIEKCHI
KOOPJIMHATHOTO BEKTOpa, YKa3aHUE UHJEKCOB O[3,y y BEKTOpa O3HaydaeT, 4To OepeTcs
€ro COOTBETCTBYIOIIASI KOOpAUHATA, O3,y € {X, Y, Z}.

Touka o0o3HavyaeT Mpou3BOJAHYIO MO BpeMeHH. PopMyiia MpeacTaBisieT coOou
KpUBYI0 AepopmMupoBaHusi Marepuana. Koncranta A 3HaUMTEIBHO BIMSET Ha IpeEael
TEKY4YECTH NPU HU3KUX HANPSIKEHUAX, B TO BpeMs Kak B u n ompexpensaror addexr
ne(OpMaIMOHHOTO YIIPOUHEHUs. BbIpaskeHus: BO BTOPBIX U TPETHUX CKOOKax (hOpMyIIbl
(3.74) ompenensiror BiMAHUS IPPEKTOB CKOPOCTH JaedopMallid W TEMIEpPaTyphl

COOTBETCTBEHHO. CKAISIPHYIO BEJIUYUHY € p Ha3bIBAIOT HKBUBAJIEHTHON ILIACTAUYECKOU

nedopmarueit Museca. OHa paBHa HHTEHCHBHOCTH aedopmarmii [24, 132, 133].
['paHuuHbIC YCIOBUS 3a/1aI0TCSl BHYTPH KaHajia CTBOJIA M HAa €€ BHEITHEH IpaHulie
(pucynok 3.10). 3amTpuxoBaHHasE YaCTh COOTBETCTBYET I'PAHMIIC 3aKPEILJICHUSI CTBOJIA

I';. B 2101 001aCTH CKOPOCTH IE€peMEIEHUsl paBHbl Hymar0. Ha BHemHell rpaHune
cTBONA /', HampsHKEHHE COOTBETCTBYET aTMOC(HEPHOMY NaBICHUIO P, . BHyTpu kaHana
CTBOJIa 3aJaloTCs JABE oO0lacTu: B O00JIACTM 3aCHApSIIHOTO NPOCTpaHcTBa [
HATIpSKEHHE 06YCIOBIEHO NaBJIeHHEM TIOPOXOBHIX razoB P = p(X,t); B o6mactu I, —

HaIMpsDKEHUE CO34aeTCsa aTMOC(HEPHBIM JABICHUEM P, .

Pucynox 3.10 — I'paHn4HbIe YCIOBHS /IS HALIPSHKEHHO-1€)OPMHUPOBAHHOTO COCTOSIHUS cTBONIA: [ ) —
rpaHuIa 3aKPeILIeH s CTBOJIA, /|, — BHEIIHsIS IPaHuIla CTBoNA, | ,— BHYTPEHHSISI TPaHHIIA KaHaAIa

CTBOJIA, IS 3aCHAPSTHOTO MPOCTPaHCTBa, [, — BHYTPEHHSSI IPaHUI[A KaHAIA CTBOJA, IS
NPOCTPAHCTBA MEpe] CHAPSIOM

['pannuHbIC YCIOBUS ONPEACTAIOTCS U3 CICAYIOIINX COOTHOILICHUIA:



ou ov ow

T =V, o = 01 T = O!

ot ol ot 111

Olr, = Pu (3.75)
o r, = pP(xt)

o I, = pH’

rne p= p(X,t) — HaBJICHHUC IIOPOXOBBIX TI'd30B, BBIYHUCJIICHHOC Ha OCHOBC PCHICHHUA

ypaBHEHUN BHYTpEHHEH OaNIUCTUKHU, G — HaANpsDKEHHE, 3aJaBaeMoe 10 HOpMalHd K

I'paHUIC ITOBEPXHOCTH.

3.2.2 Memoo uucnennozo peuienusi HanpsaiCeHHo-0e@opMUPOBAHHO20 COCMOSHUSL

cmeosia npu ebvlcmpeiie

3amaya HampsDKEHHO-e(OPMHUPOBAHHOTO COCTOSIHMSI CTBOJIA pelajach B
CHCTEME MHXXCHEPHOro KommbioTepHoro mozenupoBanus ANSYS Autodyn [24, 134,
135]. Dta cucrema mpeaHa3HauCHA JUIS  MOJCIUPOBAHHS OBICTPOIPOTEKAIOIINX
HEJMHEHHBIX TIPOIIECCOB JWHAMHKH TBEPABIX TN, JKUAKOCTEH, Ta30B W UX
B3aMMOJICHCTBHSI, K KOTOPBIM OTHOCSITCS, MPOLIECCHI BBICOKOCKOPOCTHOTO HArpyXeHHs
CTBOJIa B Tporiecce aptuiuiepuiickoro BeicTpena. B ANSYS Autodyn conepikatcs
pEIIaTeNy U BBIUMCIUTEIBbHBIE METO/IbI, UCIOJIB3YIONIME MOAX0 Akl Jlarpanxka u Ditnepa,
JIarpaHKEBO-3MIIEPOBY TOCTAHOBKY, a TaKKe OECCEeTOYHBIH METON THAPOJAMHAMHUKHU
criaakeHHbIx yactui SPH [136-139].

3amaya AMHAMUYECKOTO HArpy>KeHHs CTBOJIA apTHILIEPUIICKOTO OPYAUS peliaeTcs
METOZOM KOHEUHBIX 3yieMeHTOB [140-143] B narpamkeBoii mocraHoBke [24]. Meton
KOHEYHBIX DJIEMEHTOB IIUPOKO HCIIOJNB3YeTCS I MOJCIMPOBAHUS M aHAIM3a
pa3pabaThIBaeMbIX M3CIHUNA B PA3IMUHBIX OTPACISX MPOMBIIIICHHOCTH, YTO MO3BOJISIECT
COKpATUTh 3aTPaThl Ha TPOU3BOJCTBEHHBIN ITUKI «ITPOCKTUPOBAHMS — U3TOTOBJICHUE —
ucnbeiTanus». OCHOBHAsl WJies METOJa KOHEYHBIX DJIEMEHTOB COCTOMT B TOM, 4YTO
T00yI0 HEMPEPHIBHYIO BEIMYMHY, TaKyl0, KaK TeMIIepaTypa, JaBJICHUE U TIEpeMEIlCHHUE,

MOXHO alIIpOKCHUMHPOBATH ,Z[HCKpGTHOfI MOJCJIbIO, KOTOpas CTPOUTCSA HAa MHOKCCTBC
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KYCOYHO-HENPEPbIBHbIX (DYHKIMH, OMpEAeIEHHbIX Ha KOHEYHOM YHCJe Moa00JacTel.
KycouHo-HenpepbiBHbIE (PYHKIIMN OTPENIEISIOTCS C TOMOIIIbIO 3HAUEHHUI HEeNPEepbIBHOMN
BEJIMYMHBI B KOHEYHOM YHCJIE TOYEK paccMaTpUBaeMon 001acTH.

Pemienne 3a1ay METOOOM KOHEUHBIX 3JIEMEHTOB COCTOUT M3 ISATH JTAIOB.

Ha mnepBoMm osrTame mnpoBOAUTCA Te€OMETPUYECKOE MOJEIUPOBAHHUE, KOTOPOE
BKJIIOYAET CO3/IaHHME T€OMETPUU MOJETH H3JENus W 3aJaloTcs (U3HUECKHUe CBOMCTBA
MaTepUaJIoB.

Bropoit stan mpemgycmarpuBaeT (HOPMHUPOBAHHE KOHEYHODJIEMEHTHON CETKH,
KOTOpasi JTIOJbKHA 00J1aJjaTh CBOMCTBOM PETYJIIPHOCTH, HO B MECTaX C HauOOJBIITUMU
rpajueHTaMu HanpspDKEHUM, He0OX0JMMO CO3/1aBaTh 00Jiee JIeTalbHbIC CETKU.

Ha tperpem sTame 3aparoTCs TpaHUYHBIC YCIOBHS, YUYHUTBHIBAIOIIWE JICVCTBHUE
AKTUBHBIX CHJI U HAJIOKEHHBIX CBA3EH MEXK]y PA3JIUYHBIMU JIEMEHTAMU U3ICTU.

UeTBepThIii 3Tal CBSI3aH C YMCJICHHBIM PEIIEHUEM CUCTEMBbI qudPepeHIInanbHbIX
ypaBHEHUH, OIMUCHIBAIOIIMX MOJCIb HAIMPSKEHHO-IEPOPMUPOBAHHOTO COCTOSHUS
TBEPJIOTO TEJIA.

Ha 3akmtounTenbHOM MSATOM 3Tane MOPOBOASAT AHAIM3 IMOJIYYEHHBIX TMOJEH
pacnpeneneHuss HampsKeHUN U nedopmaruii, BBIBOASTCS pe3yabTaThl B TaOJIMYHOM
BUJIC.

[TocrnenoBaTeNbHOCT, WTEpAMA  YUCICHHOTO PEIICHUA 3aJaud  METOJ0M
KOHEUYHBIX 3JIeMEHTOB, peann3zoBaHHoro B ANSYS Autodyn [24], waumnaetcs c
3a/IaHUsl BHEIIHUX HArpy30K W OOBEIMHEHUS WX C BHYTPEHHUMHU CUJIAaMU B y3jax,
MOJYYEHHBIMH Ha MPEbIAYHIEM BPEMEHHOM IlIare BbIUMCICHW. [[ns Bcex y3/oB
BBIYUCIISIFOTCSL YCKOPEHUS, CKOPOCTU U KOOPAMHATHI KOHEYHBIX 3JIEMEHTOB W3 3aKOHA
COXpaHECHHUS HUMIYJibca C TMOCIAEAYIONUM HHTerpupoBaHueM. [lo 3TuM JaHHBIM
BBIYHCIIIOTCSI 00BEM U3MEHEHHOTO Tella M CKOpoCTh nedopmaruu. Mcmomab3ys Moiens
MaTepuajia U 3aKOH COXPaHEHUS UMITYJIbCa, BBIYUCIISIOTCS JaBJICHUS, HAMPSOKCHUS U

OHCPIUH 3JICMCHTOB, oOecneunBas JaHHBIC JIJIA Ha4YaJIa CJIICAYIOIICTO HIara 1o BpEMCHU.
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3.3 MoaenupoBaHue BHeIIHEN 0a/UITMCTUKH

3.3.1 Ilocmanoska 3adaqu o 08udceHUU CHAPAOA HA MPAEKMOPUU

Metonuka pacueTa TpaeKTOPUU JIBIDKEHUS CHapsa OCHOBBIBAE€TCS Ha
UCTIOIb30BAHUU HOPMATUBHBIX JIOKYMEHTOB, W3JIOKEHHBIX B [144, 145]. [lns
JOTIOJTHUTEILHOTO YTOYHEHUS! YPaBHEHUN JIBHXKCHUSI U MOJTYYEHUS COOTHOILICHUHN ISt
3aMBIKAOIIUX SMITUPHISCKUX KOI(DPHUIIMEHTOB UCTIOIB30BaHbI JaHHbIe [15, 146, 147].

Tpaekropust ABMXKEHUS CHapsla CTPOUTCS B CTAPTOBOM CHCTEME KOOPAMHAT

Oxyz . KoopirHaThI IIEHTpa Macc CHapsa ONnpeae/sioTes ypaBHeHUAMu [16]:

dx

—=V__Ccosvy, 3.76
ot =V COSY (3.76)
Y _v sine, (3.77)
dt

dz )

—t:—VHpsm\p, (3.78)

rae X — JajdbHOCTh B IJTIOCKOCTH CTPENIbOBI; Y — BBICOTA MOJIETa CHapsiaa; Z — OOKOBOE
OTKJIOHEHHEe; 0 — yroyl HakJiOHa TPAEKTOPUH; Y — yroi myTu; V. —CKOPOCThb LIEHTpPA
Macc CHapsia (3eMHas CKOPOCTh CHapsma); Vp, — MyTeBas CKOPOCTb CHapsiia,
MpUBECHHAS K IOBEPXHOCTU YPOBHS OPY/IHS.
YpaBHeHue 1)1 myTH cHapsiia S [16]:
dS
—=V,.
dt

[TapaMeTpbl [JBMXKEHMSI CHapsiia OINPEAENSIIOTCS B TPACKTOPHOW CHCTEME

(3.79)

xkoopauaat OX, Y, Z, (cM. pucynok 3.11) [15].
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Pucynok 3.11 — Opuenranusi TpaeKTOPHOI CUCTEMbI KOOPAMHAT (OxK Y ZK)
OTHOCHTEJIBHO CTapTOBOM (Oxyz)

JuddepennmranbHbie ypaBHEHUS TBUKCHHSI B TPACKTOPHOM CUCTEME KOOPAWHAT
omnpeneneHsl B [16]. YpaBHeHHE 3eMHOM CKOPOCTH CHAps/Ia UMEET BUJ

C, qS
Ve __gsing- %M (3.80)
dt m

yrja HaKJIOHA TPAeKTOPUU

d0 gcos® Cy ASy V. coso
=— - + +

— = AB,, (3.81)
dt V, mV, R,+Yy
yrja IyTu
f, o0 C, dS
dy _ 7 xBXY z, POm AV, (3.82)
dt  ImV,.cos6 mV, cos6
aKCUAJIbHOM YTJI0BOM CKOPOCTH
doy __M@Sul 5 (3.83)
dt I,
IIyTE€BON CKOPOCTU CHApPsAA, IPUBEIECHHOM K IOBEPXHOCTU YPOBHSA OPYyAUS
R, + Yo
Vip =V, €C0SO——— (3.84)

)
R, +y
rae g — yckopeHue cuisl Tskectd; C, Cy , C, — K03(Q(UIMEHTHI COCTABIISIIOIINX

a’pPOJAMHAMHUYECKOMN CHJIBI 110 OCSIM TPACKTOPHOW CUCTEMBI KOOPAUHAT; (| — CKOPOCTHOM
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2
nD
Hamop BO3IyXa; Sy :T — IUIOIIAJb MHJICNIEBA ceucHUs cHapsaga; D — xamuOp

CHapsaa; M — Macca cHapsna;, R, = 6371-10% m — paauyc 3eMJIu NpU anmpoKCUMAaIuu
ee mapoMm; A0, — MpPOM3BOAHAS AONOJHUTEIBHOIO yIJla HaKJIOHA Tpaekropuw; f, —

ko3 dunment nepuBanyu; |, — akcHanbHBII MOMEHT MHEpLUUH CHapsna; |— mimHa

CHapsga; Ay, — IPOM3BOJHASA AOIOJIHUTEIBHOIO yrjiaa IyTd; M, — KOI(PQUIMEHT
a3pOJMHAMUYECKOI0 aKCHAJILHOTO AeMII()UPYIOLIET0O MOMEHTA (MOMEHTA TPEHU); ©, —
0e3pa3zmMepHOe MPeICTaBICHNUE aKCUATTLHON YTIIOBON CKOPOCTH.
Kosdduimentsl  cOCTaBNSIOMIMX  CHJIBI  COMPOTUBJICHUS, BXOIAIIUME B
ypaBueHus (3.80) — (3.82), paccunThiBaroTcs cieayrommM oopazom [16]:
C. =C, (M)+AC, (g,)+AC, (ap),
C, =AC, (gy)+AC, (ar), (3.85)
C, =AC, (gy)+AC, (o),
rne Cy (M)=i,(V5,0)C3 (M); M — wumcno Maxa; i,(V,6) — xoodpduument
a’poJIMHaMUYecKod  (HOpMbI  CHapsja; C)fi (M) —  DTaJOHHBIA  KOIPPUIIMEHT
comporusieHus; AC, (e,), ACy (gy), AC, (e,) — oTKIOHEeHHS K0d(dHUIMEHTOB

COCTABJIAIOIIMX a’pOJUHAMUYECKON CHIIBI, BBI3bIBAEMBIE BETPOM; €, — YIOJ CHOCa
Betpom; AC, ((xH), ACy (ocl—[), AC, (OLH) — OTKJIOHEHUS KO3 (UIMEHTOB

COCTAaBJIAOIIINX aBPOI[HHaMI/I‘IGCKOI)'I CHJIBI IIO OCAM T‘paeKTOpHOﬁ CUCTCMbI KOOpAMWHAT

3a cyeT KoneGaHWil CHapsna OTHOCHTENLHO IIEHTPAa MacC; O.f; — IPOCTPAHCTBEHHEIH

YIroJI aTaKH.
Yucno Maxa onpenensercs no popmye:
M = V., +AV,,
a

rae AV,, — OTKJIOHEHHE MOZYJS CKOPOCTH CHapsija BETpPOM; & — CKOPOCTb 3ByKa B

BO3/IyXE.
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Be3pasmepHoe MpenCTaBiICHHWE AaKCHAJIbHOW YIJIOBOM CKOPOCTH  3a/1aeTcs
BhIpakeHueM [16]:
_ ol
0} X

*“Ma’

[Tpon3BoaHAS TOMOJHUTEILHOTO YTJIa HAKJIOHA TPAeKTOPHH paBHA
AO, =2Q), cosBsm(ocLl - w),
-6 pal i
rne Q,=72,921-10 " ~—— - yryioBas CKOPOCTb CyTOYHOTO BpAlI€HUS 3EMIIH; O, —
C
JTUPEKIMOHHBIN yroyn (a3uMyT) LETd, OTCUUTHIBAEMBIH OT CEBEPHOrO HaIpaBJICHUS
JVMHUHA KOOPJIUHATHON CETKH TI0 YaCOBOM CTpesiKe HaOIIoAaTesieM, CTOSIINM Ha 3eMIe.

[Tpou3BoiHAs JOMOIHUTEIBHOTO YIJIa MyTH ONPEACIACTCS BIPAKCHUEM:
Ay, =-2Q, [sm B - COSBCOS(OLH - \p)tg 6].
BozmelicTBue Ha mojeT cHapsga OKasbIBalOT €ro KojeOaHus (BpalleHus)
OTHOCUTEIIbHO MT'HOBECHHOM 3KBAaTOPHAIBHOW OCH, NPOXOJIAIICH Yepe3 TEKYIIee

IIOJIO)KEHNE LIEHTpa Macc cHapsana. OpueHTanus TPaeKTOPHOW CHCTEMBI KOOPIMHAT

OTHOCHUTEJILHO YTJIOB HYTAIlMU U MPELeCCU MpejcTaBieHa Ha pucyHke 3.12.

A Yk
X
Y o
\% 0,
)
0] 8,
Z, n X

z
Pucynok 3.12 — OpueHraiust TpaeKTOPHOM CUCTEMbI KOOPAMHAT OTHOCUTEIBHO

YIJI0B HYTallMM U IPELeccun

CHapﬂI[ npearojaracTCa rupOCKOIMMYCCK UM a3pOAMHAMUYCCKHU YCTOIZHHBBIM,

yIJibl HYTAllMM Ha BCEM IPOTSHKCHHM II0JICTAa HE AJOJDKHBI IIPCBBIINIATH 20°. B
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MPEANOJIOKEHUH MAJIOCTU YIJIOB HYyTallMM CHapsia (COSS —1, Sin8—>6) TOYHbBIE

CBSI3W YIJIOB, ONpEJCNICHHbIC HAMpaBISIOMMMH KOCHHYCaMH Iepexo/la CHCTEM
KOOpAMHAT, 3aMEHEHBI NPUOIMKEHHBIMU CBSI3IMH. COOTBETCTBEHHO HE YUTEHBI MaJlble
COCTaBJISIOLINE MPOEKIINI CUIT 1 MOMEHTOB U PSIJT BTOPOCTETIEHHBIX 3 (EKTOB.

[Ipy >TOM  OTHOCUTENIbHBIE TMOTPEHIHOCTH  ONpEAETCHHUS  MapaMeTpOB
HKBATOPUATBHBIX KOJIeOaHUI CHapsaa, Kak MPaBuiIo, HE PEBHIIalOT 5—10% (Oosbiias
MOTPEIIHOCTh COOTBETCTBYET OOJIBIIUM yIJlaM BO3BBIICHUS U OONBIIMM YIJIiaM
HYTaIllH), YTO COOTBETCTBYET COBPEMEHHBIM BO3MOKHOCTSIM IO TOYHOCTU 3aJaHUs
UCXOAHBIX a3POJUHAMHYECKUX (YHKITHIA.

Jliis onpe/iesieHns: SKBaTOPUAIIbHONM COCTABIISAIONIEH YIIIOBOM CKOPOCTH CHapsiaa B
IPOEKLUAX HAa OCH CHUCTEMbl KOOPAMHAT, CBSA3aHHOM C YIJIOM TaHra)a, periaroTcs

cienyromue auddepeHnraibHple ypaBHeHus [16]:

do, maSyl-l,0,0,
dt | ’

] : (3.86)
do, mygSyl+ 10,0,

| dt l, ’

rae My, M, — Ko3(p(PUIUEHTH! COCTABIAIOIMUX aYPOAMHAMUUYECKOTO MOMEHTA 10 OCAM
CUCTEMBl KOODJIMHAT, CBA3aHHOW C yIJIOM TaHraxka, |, — OJKBaTOpPHAJIbHBIN

LEHTPaJIbHBIA MOMEHT UHEPIIMU CHAPSA.

VYron HyTanuu cHapsaa onpeaenseTcs mo Gopmyiie:

§=1+/82 +85 <0,35pan (20°).

JIns HaxOKAEHHS COCTABJISAIONIMX yIJla HyTal[MM PEMIAlTCs  CIETYIONIUE
nuddepeHimanbHbie ypaBaeHnus [16]:
dt c0s9,

é,
dt

(3.87)
=, —\ysin 85, —Hcoss,.

COCTaBHHIOHII/Ie MPOCTPAHCTBCHHOI'O YIJla aTakKu CBA3aHbBI C COCTABJIAIOIINMMHA

yriia HyTalyuu COOTHOIMCHUAMMU:
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Otlzfil—swl, az z82_8W2.

rae o4,0, — IrOpHU3OHTaJIbHA] W BEPTHKAJIbHAA COCTABJIAIOMINC IIPOCTPAHCTBCHHOI'O

YIJIa aTaKH Ol =+/0f +03 ; €, , &,, — COCTABIAIONINE YIIa CHOCA BETPOM.

3.3.2 Memoouxa pacuema Ko3@@uyueHmos adpoouHamMuteckux Cuil U MOMeHmo8

Meroauka  pacyeTa, NpEICTaBlICHHas  BBINIC, COJACPKHUT  MapaMeTphl
KO3(PPUIIMEHTOB a’pOJIMHAMUYECKUX CHJI U MOMEHTOB, KOTOPBIE OIICHUBAIOTCS Ha
OCHOBE SMITUPUYECKUX (HOPMYII.

B pabote ucnonw3yorcs KodQPUIIMEHTHl COCTABISIONIMX a’pOAMHAMUYECKOM
CUJIbI, KOTOpBIE OMNPEACNSIOTCS BBIPAKCHUSIMU Ha PACUETHBIX 3aBUCUMOCTSIX IS
KO3 (PUIIMEHTOB a’pOIMHAMHYECKUX CHUJI 1 MOMEHTOB, ONPENEICHHBIX U3 PEIICHUS

3aJla4M THAPOIMHAMUYEeCKOro oO0Tekanus cHapsiaa [43, 45, 147]:
C,, =C: (M)
C, =—C;(M,a,)+C: (@, ay), (3.88)
C, =—Cy(M,0,)-Ci(m,,a,)
rae C(M,a), C3(M,a), C;(®,,0) — pacueTnbIe 3aBHCHMOCTH KOID(ULMECHTOB CHITBI
COIIPOTHBIICHUS B CHCTEME KOOPMHAT, CBSI3aHHON C OCBIO CHMMETPUN CHAPS/IA.
Koaddurment aspoanHaMudeckoro akCUaabHOTO JEMI(UPYIOIMIETO MOMEHTa B

ypaBHeHUHU (3.83) W KOA(h(PHUIMEHTH COCTABISIIONIUX adPOJIUMHAMHYECKOTO MOMEHTA,

UCIIOJIb3yeMbI€ B cucTeMe ypaBHeHUH (3.86), pacCUUTHIBAIOTCS CIIEIYIONIUM 00pa3oM:

m, =m;(M,®,)
m, =m:(M,a,)+mi(M, o, ®,) (3.89)
m, =m:(M,a,)-mi(M,a,,®,),

rie m:(M,®, ), mi(M,a, ®@,), m:(M,a) — pacueTHble 3aBHCHMOCTH KOO((HIHEHTOB

MOMEHTOB a3pOIMHAMUYECKOUN CHUJIBI.
[IprmeHeH nmoaxoa, OCHOBAaHHBIM HA YHCJIEHHOM PELIEHUH YPAaBHEHUN JABUKCHUS

crutomHoi cpeapl HaBbe-CtTokca, ocpeaneHHbIX Mo daBpy, ¢ UCHOIb30BaHUEM  K-g
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Moean TypoynentHoctu [43, 147]. 3agaua pemiaetcss B MPSAMOYTOJbHOM JIEKapTOBOM
cucreme koopamHat OXyz, KoopauHaTa X HalpaBieHa BAOJIb OCH CHMMETPHUU Tella, B
NEPHEHANKYJIAPHON IUIOCKOCTH — KoopAuHaThl Y M Z. Cxema pacyeTHOW o00JacTu

MpeICTaBICHA Ha pUCYHKE 3.12.

L

\ Y A

\
|
|
I
l: \ /
|'
|
|
|

<Y

I

Pucynoxk 3.12 — Cxema pacueTHO# 00JIacTH 3aa4u OOTEKaHUs CHapsAa

Ha rpanmmme [, 3amaroTcsi CKOpOCTh HAOETamomero MOTOKa, KOTOpas

CKJIQJIbIBAETCSI U3 CKOPOCTH CHApsiia U BETPA, JaBICHHUE U TEMIEpaTypa OKpyXKarollen

cpensl. Ha rpanune I, miI KOMIIOHEHTOB CKOPOCTH 3aJarOTCs “MATKHE” TPaHUYHBIC
YCIIOBHs, JABJIICHUE U TEMIIEpaTypa OKpyxkarouen cpensl. Ha nosepxHoctu cHapsina I

3a1aI0TCS YCIOBUA “TIpPWINIIAHUS .

[To pesynpraTaM 0OpaOOTKM UYMCIEHHOTO JKCIEPUMEHTa JJii METAaeMOTO Tela
3aJlaHHON (POPMBI C TTOMOIIIBIO METOIa HAUMEHBIITUX KBaIPAaTOB U aHAJIN3a 3HAYNMOCTH
KOA(D(PUIIMEHTOB ypaBHEHUN PETPECCUU CTPOSATCS aIlMPOKCUMAIMOHHBIE 3aBUCUMOCTHU
J1s1 KOA(PUIIMEHTOB CHJI U MOMEHTOB, MCIOJIb3yeMble B BhipaxeHusx (3.88), (3.89),

KOTOPBIC UMEIOT BUJI JJISl a3pOJMHAMUYecKux cui [147]

Ci(M,a)=a,, +a,M +a,M*+a,M°%+a,a°,
Ci(M,a)=a,+a,a+a,0’+a,Ma+a,Mo’, (3.90)

a(— 2 — — 2
Cz(mx,a)=a20+azla+a22a +a,;0,0+a,,0,0°,

Hn MOMCHTOB
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mi(M ’O_JX): (bxo + ble + bsz Z)EX!
M2 (M, e, @, ) = by +b,M +b,,M? ey, +Dyq0° Ja,, (3.91)
m?(M, )= (0,g +b,yM +b,,M? )y,

Tae a,;, 8., &, 4 by, b, b,; — onennBaemsle k03 pULMEHTE ypaBHEHUH perpecCui.

xir @yi Xi1 Myi
OnucaHHBIN BBIIIE MOAXOJ PEIICHHS 3a/auyd OOTEKAaHUS CHapsja peaiM30BaH C
MIOMOIIIBI0O TTPOTPAMMHOTO TIaKeTa pacuera JUHAMUKH Kujakocted u razoB ANSYS
Fluent 15.0.
Pa3paboTanHass MeToAWKa YHCJICHHOTO MOJEIMPOBAaHUS OOTEKAHWs CHapsia
MO3BOJIIET HEMOCPEJACTBEHHO ONMPEACNIATh 3HAYCHHUS KOI(P(HUIIMECHTOB COMPOTHBIICHUS
Ipy  pacyeTe TPACKTOPUU CHAPSIOB TPOU3BOJIBHONW (DOPMBI 03 HCIOJIb30BAHUS

OMIIMPHUUYCCKUX AlIIIPOKCUMAILIMOHHBIX 3aBUCUMOCTEH.

3.3.3 Memoouxa uucnennoeo peutenusi oughghepeHyuanbHbix ypasHeHull

08UdICeHUsl CHaPAOa

Cucrema OOBIKHOBEHHBIX AH(PPEpeHIIMANbHBIX YPAaBHEHU NEPBOTO MOPSIKA,
npejcTaBiacHHas ypaBHeHusMH (3.76)-(3.83), 3amuceiBacTcs B BHIE 00OOIIEHHOTO

YPAaBHEHHSL:

df
L o) (3.92)

B kauectBe 6azoBoro meroma pemienus ypaBHenus (3.90) mpumeHssics MeTon
Pynre-Kyrra-BepHepa 6-ro mopsaka TOYHOCTH C  KOHTPOJIEM  IOTPEIIHOCTH
unTerpupoBanus [ 148 — 151]. [{ns ypaBuenus (3.90) meTon nmeet BUJ

5
f™ =" +h> bk +A, (3.93)
i=0

rae h—imar mo Bpemenu;

i-1 L
ki =@ t+ch, fO+hY azk; |, i=07,
j=0
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A= %(15015% —118272k, +115830K; — 30030k, —30368Ks + 31185k, +16640k ).

Kosdpuumentsr a;;, b;, ¢; onpenensrores no tabnuue baruepa [151].

3.4 MoaeaupoBaHue MPoIecca COyIapeHusi CHaAPs/ia ¢ Mperpajaoi
3.4.1 Ilocmanoska 3a0auu coyoapenusi CHaps0a ¢ npecpaooti

JIns ommcaHus mpolecca COYAapeHUs CHapsia C IMperpagod, Kak IMPaBHIIo,
UCIIONIB3YIOTCS.  MOJCNM  COKUMAeMOro  yrpyroriactuieckoro tena. OCHOBHBIC
COOTHOIIICHUS, OMKCHIBAIOIINE JBIKCHHE CKUMACMOM YIPYroIUIaCTHYSCKON Cpesibl,
0a3upyroTcs Ha 3aKOHAX COXPAaHCHUS MAacChl, UMIYJIbCA M DHEPTUH U 3aMBIKAFOTCS
cootHomeHusiMu [Ipanarns — Peiicca npu ycnmoBuu tekydectd Museca [152 — 154].
YcnoBust pa3pylieHus: 3aBUCST OT TEMIIEPaTypbl, CKOPOCTH HATPYKEHUS, IPOYHOCTHBIX
CBOMCTB MaTepHAJIOB.

PaccMoTpuM OCHOBHBIC ypaBHEHHs, OMHCHIBAIONIKME Tporecc coyaapeHus [154]

(pucyHok 3.14).

Y
A

S

NN

Pucynok 3.14 — Cxema THHAMHUYECKOTO B3aUMOJICHCTBUS CHApsIa ¢ Iperpaaoi

3aKOHBI COXPaHCHHS UMITYJIbCa, MaCcChl, U DJHEPTUU 3alKChIBatOTCs B Buje [152]:



] 0
Ay 1% _q (3.94)
dt p Oxg
dpo ou
— +p—2=0, 3.95
dt paxa (3.99)
de 1
=T 6 o, 3.96
dt pGOLBg(XB ( )

Ie P —IUIOTHOCTB; U, — KOMIIOHCHTBI CKOPOCTH Ae(QOpMaliH; G,g — KOMIIOHCHTHI
TCH30pa HANpPsDKCHUH; &,3 — KOMIIOHCHTBI TEH30pa CKOpOCTEH Jedopmarum;
E —BHYyTpeHHSS 9HEprus; X, M Xg — COCTABJIOIINE BEKTOpa KOOpAMHAT;, o,fB,y —

WHJIEKChl KOOPJAMHATHOTO BEKTOpA, yKa3aHUE MHIEKCOB O[3,y O3Hauaer, uto Oepercs
. d
€ro COOTBETCTBYIOIIAs KOOpJWHATA, O,[3,7 € {X, Y, Z}, a — cyOCTaHIIMOHAJIbHAS

IIPONU3BOJHAs 110 BPCMCHM.
3I[CCB ML COKpAaIllCHUA 3allMCHU HCIIOJIB3YCTCA (bopMa C HCMBbIMHM HHJICKCaMH,
KOTOpas 03Ha4YacT, 4YTO €CJIM B MPOU3BCACHNUHU BCTPCUAIOTCA BCIIMYMHBI C OAMHAKOBBIMU

WHJIEKCaMH, TO 10 HUM BejaeTcs cymmupoBanue. Hanpumep, u3 ypaBhenus (3.95)

mveew:  Ja - x My | M Ay Hy U,
OXq OXy OXy, OX, Ox 0y 02

(0

UL Cly4dass TPEXMEPHOTO

MIPOCTPAHCTBA, a U3 ypaBHeHUs (3.96) ciaemyer:

Ooplap =OxExx T OxyExy T Ox€xy TOWEWX T OyEy, +0y;E

xy &xy yx & yx yy Eyn yz€yz T Oxx€zx T Ozy€py + 0 1€

y~zy

Peosiornyeckne COOTHOIICHHS 3aIUIIEM B THIOYIPYrod GopMe B CICIyOIIeM
Buze [155]:
dS,g
dt

: 1. .

rac SOLB — ACBHATOP TCH30pa HaprDKeHI/Iﬁ AJI1 KOOPAMHATHBIX COCTABJIAIOMINX U U B )

OHpC,HeJISIIOHlI/Iﬁ HamnpsOKCHUA B TOYKEC, HC CBA3aHHBIC C THUAPOCTATHYCCKHUM
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HaIPsHKEHUEM (BCECTOPOHHHM JIABJICHHEM); G, — MOIyIb CIIBUTA,;
1( ou ou 1, ecano =3,

Ry, ==| —=%——"|; 8,3 —cumBon Kporekepa, 8,5 = P
2 oy Oa 0,ecmmao # .

JInst onrcaHus IUIACTUYECKUX TEYEHHM UCIoNb3yeTcsa teopus [Ipannria-Peiicca.

B »sroit TCOpUN IJIs1 ONPCACICHHA Hadalla INIACTHUYCCKOIO TCUCHUA MCIIOJIb3YyCTCS

kpurepuit Museca [133]. Hpu qp =SS5, = 2K? (K - npeaes TeKy4ecTH Ha CIBUT),

CUUTACTCA, 4YTO UMCCT MCCTO INNIACTHUYCCKOC TCUCHHUC. HpI/I qH < 2K2 ABHIKCHHUC CPCIAbI

curtaercss ynpyruMm. [[ns ydera spdexra miaacTHUHOCTH B MPaBYI0 YacTh YPaBHEHHS

(3.97) HeobxommMo 106aBuTE dneH 6(q )(Saﬁéaﬁ )Saﬁ , TIe

0, ecnu Qg <2K2,

0(ar)=1 0, ecoma gy =2K?, S 5,5 <O, (3.98)

GO 2 .
F’ eciau Qp = 2K*, Saﬁsaﬁ > 0.

“

B oToM crmydae BeIpaxkeHHE S.3S,; HE BBIXOAWT 33 IPAHHLBI [OBEPXHOCTH

Muszeca.

B kauecTBe ypaBHEHHUS COCTOSHHUS MOJICIUPYEMONU Cpelbl HCIOJIb30BAHO

ypaBuenue cocrostaus EOS Shock (Equation Of State Shock) [24]

p=p, +Ip(E-E,), (3.99)
L= pOCOM(l_'_ Mz ’ (3100)

[1- G —u]
E, = p_(L] (3.101)

2po\1+p
pI' =pyIy =const, (3.102)
u="_1 (3.103)
Po

rac P —IOOJHOC MOaBJICHHUE CHCTEMBI, pH —JaBJICHMC B Ha4YaJbHOM COCTOSHHH,

I' —xoapduuuent I'proHail3eHa B Tekymuid MOMEHT BpemeHM; [; —ko3dduument
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['proHaiizeHa mpu HOPMAJbHBIX YCIOBHSIX, KOTOPBIM XapaKTepU3yeT TEPMUUYECKOe

JABJICHUE CO CTOPOHBI KOJEOIIOIUXCA aTroMoB; E, —BHYTpEHHs OJHeprus B
HAYaJIbHOM COCTOSIHUM; pPo —IUIOTHOCTh MaTepuaja IpU HOPMAaJbHBIX YCIOBHIX;
Cy —CKOpPOCTh 3ByKa B Marepuajge; | —HU3MEHEHHE IUIOTHOCTU B IIPOLECCE
UCCIIENOBAHMS; X —IapaMeTp, OTpaXKalliuid cBolcTBa Marepuana. KoHCTaHTHI
Iy, Cy, X OmpenenstoTCs SKCIEPUMEHTAIBHBIM ITyTEM.

JIoCTaTOYHO WHTEHCHBHOE YJapHOE HATPY>KCHHE TMpPErpaa 4YacTo MPUBOAHUT K
BO3HMKHOBEHHUIO HAPYIIEHWW CIUIONTHOCTH MaTepHaiia B pe3yJbTaTe pa3pyIIcHUs.
Hampumep, npu ynape TOHKOM TUIACTUHOM MPOMCXOAMT OTKOJ, TMOJ KOTOPBIM
MOHUMAIOT 00pa30BaHUE MAaKPOCKOIWYECKOW IOJIOCTH BHYTPH MaTepHaia Mperpajsbl,
KOTOpasi MOXET ObITh 3aMKHYTOM JIMOO BBIXOJAWTH HAa TMOBEPXHOCTh MPErpajbl, a B
HEKOTOPBIX CITydasiX BO3MOYKHO OTJEICHUE ThIJILHOW YaCTH TIPEeTpabl.

YucneHHOE MOAETUPOBAHUE TIPOIECCOB Pa3pYyLICHUS MOXHO OCYIIECTBIISTH
HECKOJBKMMHM MyTAMH. B  KOHTHHyaqbHOM TOJXOJIe oOmpeneisercs o0JIacTh
MOBPEXKICHHON Cpeaibl M KOPPEKTUPYETCS HANPSHKEHHO-Te(hOPMHUPOBAHHOE COCTOSHUE
MaTepuaia B 3Toi o0iacTu. B xauecTBe kpuTepusi pa3pyuieHuss MOTYT ObITh BHIOPAHbI
paznuyHble Mojenu. B Hacrosimieit pabore ucnonb3dyercss monens JlxoncoHa—Kyka,
COIIACHO KOTOPOM Tpenen Tekydectu ompexensercs Gopmynoi (3.74). KoHCTaHTHI

MaTepuaioB MpUBEACHBI B Tabmme 3.1.

Tab6nuia 3.1 — XapakTepucTUKU MaTeprajIoB, UCTIOIb3yEeMbIX B paboTe

3HaueHue
XapakTepHCcTHKa Pasmeprocts | STEEL | STEEL | TUNG.
4340 S-7 ALLOY
TTIOTHOCT P r/em® 7,83 7.75 17,00
Koadduunent ['pronaiizena I, - - 2,17 1,54
CkopocTh 3ByKa B MaTepHaie C, Mm/c - 4569 4029
[Tapametp y - - 1,49 1,237
OtHocuTenbHas TeMneparypa T, K - 300 300
VY nenpHast TEMIIOEMKOCTb Ct JOx/(xr-K) - 477,0 134,0
Mopnyns casura G, I'la 81,8 81,8 160,0
Hauanbueliil npenen Texkyuectu A I'Tla 0,792 1,539 1,506
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[Tponomkenne Tadauisr 3.1

KoHCTaHTa TBEpHOCTH B ITla 0,510 0,477 0,177
DKCIOHEHTA TBEPAOCTU N - 0,26 0,18 0,12
KoncranTa ckopoctu aedopmanyu C 3 0,014 0,012 0,016
[TokazaTenb TEMIOBOrO pa3MardyeHus: m - 1,03 1,00 1,00
Temneparypa nnasienus T, K 1520 1763 1450
OtHocuTenbHAs CKOPOCTH AeOpMaIiU £, ¢t 1,0 1,0 1,0

3.4.2 Memoouka uucienHo2o peuieHus 3a0a4u coyoapeHus

cHaps0a ¢ npezpaootl

B manHOM paszmene paccMOTpuM MeToJ| CriiakeHHbIX dactuly [136-139, 155-158].
DTOT METOJ SIBISAETCS O€CCETOYHBIM JIarPaH)KEBBIM YUCIICHHBIM METOJIOM ISl pPacueTOB
MPOIIECCOB  BBICOKOCKOPOCTHOTO ~ COYJIApEHUs, a TakXke HWHOr0 HWHTCHCHUBHOTO
JTUHAMUAYECKOTO HArpPYyXEHUsS TeJl, B OCOOCHHOCTH, KOT/Ia KMEET MECTO CYIICCTBEHHOE
U3MEHEHHUE TOMOJIOTUM MOJEIMPYEMbIX OOBEKTOB (pasieT BemiecTBa). [IponsBoaHbie
BBIYHCIIAIOTCS. C TIOMOUIBIO CIUIAaWH-UHTEPIOJSAIUMU, B COOTBETCTBHUU C YeM, KaxKias
TJIaKasl YacTUIA SBISACTCS TOYKOW WHTEPIIOJSINN, B KOTOPOW M3BECTHBI MapaMeTpPhl
neopMupoBaHHO cpenbl. UnciaeHHOE pemieHre BO Bcel 00JIaCTHM MHTETPHUPOBAHMS
MOJIY9aeTCsl C TOMOIIBI0 HHTEPIIOJSIITUOHHBIX (DYHKIMHA, IS KOTOPBIX 3TH YaCTHIIBI
SIBJITFOTCS. MHTEPIIOJISIIMOHHBIMEA y37aMu. TakuM o0pa3oM, BBIYUCICHHE T'PaJUCHTOB
CBOJMTCS K aHATUTHYECKOMY AU EPEHITMPOBAHUIO TIIAKUX (DYHKIIHIMA.

OcHOBHasT CyThb METO/JA 3aKIIOYACTCS B MPHUOIMKEHUU (GOPMYIBI CIICTyIOIIeH

1ernovKon npeodpasosanuii [136]:

a(x)= [a(X)8(X — x)dX, (3.105)

rae  a(X)—HeKkoTopoe CBOWCTBO MaTepHaia, Ha MeCTe JNAHHON BENMUMHBI MOXKET OBITH
IJIOTHOCTB, CKOPOCTb, IOJIO)KCHHE B TPOCTPAHCTBE, X — KOHKPETHOC 3HAYCHHC

KOOPAWHATHI; 8(? — X) — penbra-pyukuus (pynxkuus dupaxa):
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R — HekoTopast 06IaCTh, I/ IPEACTABISCT HHTEPEC ONPE/IeIICHHE BEMIHHb! a(X).
CHauana o0OoOmieHHass GyHKIUS S(X) 3aMEHSIETCSl aHAJTUTUYECKON (yHKIMEH
@(X — X, h), KOTOpYI0 HA3BIBAIOT AAPOM CIVIAKUBAHKA, 2 N — PATHYCOM CIVIaKUBAHMS.

B pesynbTaTe nonydaroT

a"(x)=[a(X)o(X - x, h)dX . (3.106)
R

B ClIydac CCJIIM pacCMATpHUBACTCA Cpcla INIOTHOCTH p(X), TO y,Z[O6Ha ObIBacT

3aIUCh C MCTOJB30BAaHMEM HOPMHUPOBKA. Anpo (X —X,h) DomKHO yIOBIETBOPATH

YCIOBUSIM
Jolx,h)dx =1, (3.107)
R
.h . 3.108
(X )WS(X) ( )

B pabote Monorana [137] ycTaHOBIIEHO, YTO TPU COOJIIOJIEHUU ITUX YCIOBUH U

X

]2
h armpoKCUMAIIHs 00eCIIeurnBaeT MOPSITIOK O(hz) .

BBIOOpE 0)(X,h)=e (
Jlanee TpeOyeTcs pacCMOTPETh YHMCIACHHBIE METOAbI BBIYHCICHHS JTHX
uHTEerpasioB. byaem momaraTh, 4To cpena pa3OuTa Ha MalleHbKHE, 10 CPAaBHEHHUIO C

XapaKTEpHBIMH pa3MEpPaMU PACCUUTHIBAEMOM MOJENH, 3JIEMEHThl. KaXIplii Takou
AIIEMEHT UMEET CBOE 3HAYEHUE ANNPOKCUMUPYEMOTO MMApaMeTpa a(x) paBHoe a'. Tak
ke OyJeM CUMTAaTh U3BECTHBIMU €0 IIIOTHOCTE — p', MECTO MOJIOKEHUS — X' M Maccy —

m'. 3xech u manee, ecau He OTOBOPEHO APYroe, BEpXHUM MHJIEKC y mapamerpa OyaeT
0003Ha4aTh €ro MNPUHAMJIECKHOCTh KOHKPETHOMY IUCKpPETHOMY 3JeMeHTy. Bormpoc
PacIoJIOKEHUsT ITUX JJIEMEHTOB (Jajiee YacTHIl) TaK, 4YTOObl HAWIy4IIUM 00pazom
aNPOKCHMHUPOBATh TapaMetp a(X), IoKa ABIAETCS OTKPHITHIM. B naHHOl paGoTe, Kak
U B OOJBIIMHCTBE APYTUX, MCIOJNB3YETCd CaMOE€ MPOCTOE M OYEBUAHOE HAYAIBHOE
pacnosoxeHne — Kyouyeckasi paBHOMEpHasl perieTka.

3aMeHO MHTErpupoBaHUsl CYMMHUPOBAHHMEM IO YACTHUIIAM-COCEISIM MOJy4aeM

BBIPAXKEHUE:



. m'a ( : )
a’(x)=——olx'-xh). (3.109)
i P
HUcnonw3oBanne Takou AlIpoKCUMal CYIICCTBCHHO YIIPOINACT BBIYUCIICHUC
oa(x)
rpaaucHTa q)YHKHI/II/I a— , TakK KakK J0CTATOYHO AHAJIUTUYCCKHU
X

npoauddepeHIUpPOBaTh PO CrIAKUBAHUS, YTO JACT

oa” (x) _y m'a’ dolx' — x,h)

(3.110)

o
PaccmoTtpum Gosnee moapoOHO sAIpo criakuBaHus. BakHO, 4TOOBI HOCUTEIb

dyskun ®(X,h) ObUT KOHEYHBIM, TaK Kak B CIUIONTHOW Cpele BCE B3aMMOICHCTBHS

X

h

ol
KopoTkojehcTBytomue. OnHako € 9TUM CBOMCTBOM He oOmnamaer. I3-3a

BBIIIENIEPEYNCIECHHBIX TPUYKH, YI00HO UCIIOIb30BATh CIAEAYIOIINNA CIIIalH:

2 3
1—1,5(p -;0,75([) e [0’ 1]’
rh
3
o(x,h)= (24 ;:;) . ocell 2] (3.111)
0, Qe [2, oo],

YuclieHHbIE annmpOKCUMAallMM ypaBHEHUN MeEXaHUKU Ae(hOpPMHUPOBAHHOIO TeJa,

MTOCTPOCHHBIE ¢ MOMOIIBI0 MeToAa SPH, BRITISAIAT clieyroniuM oOpa3oM:

. P
== mk(uk —u&)‘a&., (3.112)

k Xy

_ i k ik
£ =S mk G:‘Bz ; GI‘:BZ Z(”i , (3.113)
< BT ef) o
£ k(-i .k GiocB Gl&B o'
3=y .m{ug —u o+ _ (3.114)
|
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flop = 2(30(;:;;3 - %BGBQLB) +S4, Ry, +SigRL, (3.115)
g1 m | K i)00" (e B |

=—) —( Uy —Uy J—+\Ug —Ug |—|, 3.116
vp ZZk:Pk b “)ax[; by B)@x; (3.116)
i 1 m"_ k. 50)ik K Gmik—

== | WUg —Ug - —ug |- 3.117

800”( 80)'k
[IpousBomnHble THIA —( U ——

5 — Oepyrcst OT aHAIMTHYECKOH BECOBOM
OXi OXp

(GYHKIHHU, TO3TOMY CIIpaBa OT 3HaKa paBeHCTBa B ypaBHeHusx (3.112) — (3.117) crost
anredpanyecKue BhIPaXKEHUS.
WHTerpupoBaHue ypaBHCHHN IS I-i 9aCTHIIBI MPOU3BOIUTCS, KaK MPABUIIO, IO

ABHOU cxeme Jilepa:

X't gho +At(ﬂ’i'” +%At1?2i'“},
EVM = BN AL

p" " =p" "+ AL, (3.118)
g =0 4 AL,

St =St 4 At

sl _§. p(pi,n+1’ Ei,n+1)+ gin+l

rae S, d, G —TeH30pHbIE BEJUYUHBI; U = (ux,uy,uz) — BEKTOp CKOpPOCTH nedopmaruu,
At —mar mo BpeMeHH; 3HaueHue P BoIUMcasercs mo Gopmyie (3.99); uHACKCH N H

N+1 yka3pIBarOT Ha NPEABIAYIINN U TEKYIINI BPEMEHHBIE CIIOH.
BuaHo, 4TO 3HaUeHME KOMIIOHEHT TE€H30pa HANPSHKECHUN o"™! Berumcnsercs c

IMOMOHIIbIO YPAaBHCHHA COCTOSIHUA IO BBIYHCJICHHBIM 3HAYCHHUAM IIJIOTHOCTH pl'n+1 "

nesuaropa S'M.

[ITar uaTETpUpPOBAHUS BEIOMPAETCS CIEAYIOIIUM 00pa3oMm:



At =min _, 0=01+04, (3.119)

re U — CKOPOCTb | -l YaCTHIIBI; ¢l — CKOpPOCTh 3BYKa B | -il yacTwiie; h' — paanyc
CIUIQKVBAHUS | -i YaCTHUIIBI; pi — IJIOTHOCTH | -H YaCTHIIBL, p‘ = fli — TPOW3BOIHAS TIO
BPEMCHH | -i YaCTHIIBI; 0L — 3aBHCHT OT HCIIOJIb3YEMOT0 METO/A.

[TpakTHKa mMOKa3aja, 4TO METOJbI JAIOT YCTOWYWUBOE PEIICHWE NPU 3HAYCHHUU
o =0,1. Tak kak B 3aJa4aX BO3MOYXHO BO3HHMKHOBEHHE CBEPX3BYKOBBIX TCUCHUH, TO B
3HaMCHATENIC COJEPIKUTCS MAaKCUMyM CKOPOCTH YaCTHUIBI M IIPOJOJIBHONW CKOPOCTH
3ByKa B 3TOH wactuie. [Ipy Hanuuuu CBEPX3BYKOBBIX TEUCHHH BO3MOXKHO CHIIBHOE
i)

h
YBEJIIMYEHUE IUIOTHOCTH U B 3TOM CJIydae CYLIECTBEHHYIO POJIb UIPAET WIEH —[ID

p

Bostee moapoOHO BBIBO (hopMyIT MOXKHO HaiiTh B paborax [136, 156-158].
3.5 MoaeaupoBanue pa3jiera 0CKOJKOB

3.5.1 Onpeoenenue ckopocmu u 3aKOHO8 0BUNICEHUSL 0OOIOYUKU 3aps0d,

Memaemou npoOyKmamu 0emoHayuu

OmnpeneneHre MaKCUMAaIbHOM CKOPOCTH OCKOJIKOB TPHU Pa3pyIIeHHH 000JI0YEK
IPOBOAMIOCH B COOTBETCTBUU ¢ pabotoii [17]. Paspymenue u pasjier OCKOJKOB
MIPOUCXOJINT 32 CUET SHEPTUH, BBIACISIIONICHCS MPU TETOHAIIMN B3PHIBYATOTO BEIIECTBA
(BB). Eciu BB 3akitoueHo B 000JI0YKY, Macca KOTOPOM MpeBocxoauT Maccy BB, To
IpU  pacyeTe CKOPOCTH pasjeTa OCKOJKOB MOXHO, B TI€pBOM MPHUOJIMKEHUH,
MOJIB30BAThCS THIIOTE30M MTHOBEHHOW JETOHAIMM, ITOCKOJIBKY OTPaKCHHE BOJIH
MIPOU30MIET HECKOJIBKO pa3, Mpexae 4eM O000JI0YKA Pa3pyIIUTCS U OCKOJKH HAYHYT

pasieraThCsl.
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MakcumanbHyl0 CKOPOCTh pasjieTa OCKOJIKOB OOOJIOUKH OJJMHAKOBOW TOJIIUHBI
JUTSL 3aKpBITOTO CO BCEX CTOPOH 3apsifa (Hampumep, 1apa Wid JUIMHHOTO LUJIUHIPA)

MOJKHO OTIpENIeIUTh U3 ypaBHeHus [17, 46, 47, 49]:

Mu?
mppQ=E; + E, + E, +E, +T, (3.120)

rae U — MakCHMajbHas CKOPOCTh pasiieTa OCKOJKOB, M — Macca 000104YkH, Myp —
macca BB, Q — Temnora B3pbIBYaTOrO pasioxkeHus, E, — 3Heprus, KkoTopas nepenaercs

cpene, OKpyxkaroiie 000yi0uky, E_ — KuHeTHueckasi SHEprusi MPOAYKTOB JETOHAIUU

K

I1]1), E. — BHyTpeHHss nnoTeHuanbHas sHeprus I1J1, E; — sHeprus dopMon3MeHeHUs
I YIp Y b p P

(3aTpauuBaeTCs Ha IJIACTUYECKYIO AedhopMaliiio 000J0UKHU U €€ pa3pyIlIeHue).
1. TlepenaBaemas B cpefy dHEprus paBHa paboTe, KOTOPYIO COBEpIIaeT 000I04YKa
OPOTUB CWJI TPOTUBOAABJICHUS CO CTOpPOHBI cpenpl. Ecinu cHapyku 000JI0YKH

HaxoauTCsa BO3AYX, TO IIPUHUMAA €ro 3a HI[C&HBHBIﬁ ra3, Ijisl CUJIbHBIX YIAapPHBIX BOJIH

noay4um [159, 160]

k +1/( R N
E.=Wpu?—2 1| = | -1, (3.121)
2 Ro
rae R, — HavanbHBINM BHEIIHUNI paguyc odbonouku; R, W — BHemHuii paguyc u o0bem

000JIOYKH B MOMEHT, COOTBETCTBYIOIIUH JTOCTHIKCHHIO MaKCHUMAJIbHONH CKOPOCTH
pasyieTa OCKOJIKOB, COOTBETCTBEHHO; Py — IUIOTHOCTb OOOJIOYKU; P, — IJIOTHOCTh
HEBO3MYILIEHHOIO BO31yXa, K, — HOKa3aTejb ypaBHEHHS M303HTPONbI (IPUHUMAJICS
K., =30). Tlapamerp N 3aBucut oT reomeTpuueckoit (opMbl B3pbIBA: I MIIOCKOH

dbopmel N =1, nunuaapuyeckoit — N = 2, chepuueckoit — N = 3.
2. IlpubnmxeHHo kuHETHYEeCKas SHeprus I1/] BeramcnseTcs mpu OJHOMEPHOM
MEeTaHuU c(hepruyeckor, HUIMHAPUYECKON U TUIOCKOM 000JI0YEK, €CIM H3BECTHBI

3aBUCUMOCTH CKOpocTd M 1uioTHocTh IIJ[ or xoopauHatsl. Ilycte ckopocts IIJ[ or
1IEHTpa 0 0060JI04KH onpeenseTcs ypasHenuem U =@(t)r", rae o(t) — mpousBonbHas

GbyHKUMS BpeMeHHU, N — 4YKCIOBOM mokazatenb. [lomaras, yro miotHocTh IIJ] He
3aBUCUT OT KOOpJIHWHAThI, IIOJIHAs KuHeThueckas »dHeprus [IJI B kaxapii

(UKCUPOBAHHBI MOMEHT BpeMEHU OYJET paBHa
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T g’dm  3mu®  mu?
0

2 2(2n +3) \y(n)

(3.122)

4 3
rae U — CKOpocTh 060JIOUKH (CKOPOCTh Pa3leTa OCKONKOB), Mpp = §T[pR — macca I1]I,

JUIA TUIocKoro paznera y =2(2n+1), mans OWIMHAPUYECKOTO — Y =2N+2, s

2(2n+3)
s

Ortcrona crneayeT, YToO MOXKHO paccMaTpuBaTh KMHETHUECKYyIo 3Hepruto [1]] kak

chepuIecKoro — \y =

KMHETUUYECKYIO DHEPrUI0 ompeneneHHol maccsl I/ m;, IBMKyIIEHCA ¢ IMOCTOSHHOMN

myu?

CKopocThlo U, T.e. E, = Ora wyacte wMaccel IIJI nmma  cdepuueckoro,

MUIMHAPHUYICCKOI'O U IINIOCKOI'O ClIydasi, COOTBCTCTBCHHO paBHaA (IIJ'I}I n 21):

3Mgp Mpp Mpp
m]_: 5 ,ml:T, m]_:T

(3.123)

3. OmpenenuM BenuuuHy BHyTpeHHeH sHepruu I1J] mo dopmyne Ep =mMgge,

IZie € — BHYTPEHHsI (MOTEHIMAIbHAs) SHEprus eAMHMLBI Macchl T/

o0
er = | paw, (3.124)
w
1 . .
rae W=-— — yaelbHbId 00beM, KOTOPhIA 3aHMMarOT I1J[ K MOMEHTY MOJIHOTO pa3roHa
p
000JIOUKH.

Ecnu mpubnuxeHHO TPUHATH ypaBHEHHE HW30IHTPOIBI Tpu pacmmpenun [1]]
p= Apk, npudeM K =CONst, To yaenbHas HEPrHs, pacCCYUTaHHAs HA CAMHHUILY MACChI

[1/1, ortpenenseTcs ypaBHEHHEM

p
S 3.125
e ok —1) ( )
E —-_MP 3.126
n= k) ( )

Jlns ypaBHeHus uzosutponsl [1]] B hopme Mu-I'pronaiizena [17]:
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p = Aexp(—agw)+Cw ™.

rne A, C, ay, L — SMIUPUUYECKUE TapaMeTphl, IPEICTaBICHHbIE B Ta0uLE 3.2.

Tabmuua 3.2 — [apaMeTpbl ypaBHEHHS H303HTPOIIBI

oM
Martepuan Py, Iem® A, TTla C, I"Ha—::q a,, r/em® 1)
KT’
Tporun 1,63 521,7 1,762 7,876 1,6
TT 50/50 1,67 453,9 1,940 7,281 1,6
o w
JIi1st 000J104€K MOJHBIN pa3roH 3aKaHYUBAETCS IPU — = Po_7 4
Wo P
I
A 7a C (7
e = —exp(— —0] + —(—} . (3.127)
89 Po ) m=1{po

rAC pg — INIOTHOCTBH B3PbIBYATOI'O BCIICCTBA.

4. DOneprus paspyumeHus ((popmousMeHeHus1) obOosioukn Eg onpenensercs

ypaBHEHUEM
M F M
Ep =— [ode=—A¢, (3.128)
Pwm 0 Pm
rge — — o0beM MeTaeMoi 000JIOYKH; Py — INIOTHOCTh 000J0YKH; A; — 3HEprus
Pwm

paspylieHus eIuHUIBI 00beMa MaTepuaia; G, € — HUHTCHCUBHOCTh HAMNPSDKCHUU U

MHTEHCUBHOCTh JedopMaliii COOTBETCTBEHHO €, — HMHTEHCHBHOCTH Je(opmanui,

p
COOTBETCTBYIOLIAs Pa3pyLIEHUIO MaTepUaa.
YucneHHple 3HAYEHHMA JIUHAMMYECKOW  Ag

U CTaTn4ecKom A;. dHEprui

paspylieHHs IJIs1 HEKOTOPBIX MaTepHalioB npuBeaeHbl B Tadmuie 3.3 [17]. B nocneanem
CTOJIOIE TaONMIBI TpUBEACH KOADQPUIIMEHT OTHOIICHUS JIUHAMUYECKON DSHEPTHUH
pa3pymieHus K CTAaTHYECKOM:

_ A

Kg=—-.
Afc
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Ta6muma 3.3 — [1apameTpsl pa3pyiieHus eIUHALIBI 00beMa MaTepraia

Martepuan A¢., MH/® | A;, MH/M3 Kg
JlaTyHb 111 233 2,1
Menb 12 150 12,5
HepskaBeromas craib 282 275 0,98
Turan 56 196 3,5
AroMuHUR 2,2 68 31
Msrkas craib 60 200 3,3
AIIOMUHHUEBBIN CILIaB 57 95 1,7

VYpasuenune suepruu (3.120) npu B3phIBE B BO3AyXE MEPEMHILEM B BUIC

N
2km+1(R] 4 +mBBu2

2 |\Ro

mBBQ :WpBu
(3.129)

A ( 7a0j C (7 ]l“ M Mu?
+ M| —exXp| —— |+ ——| — + A+ :
do Po ) r—=1{pg

OTKyJla BEJIMYMHA MAaKCHUMAJIbHOM CKOPOCTHM pa3jieTa OCKOJKOB OIPEIAEIUTCS

BBIPpA’KCHHUCM

_ . (3.130)

HOJ’Iy‘ICHHBIC SHAYCHHUSA CKOPOCTH pPasJjICTa 000JIOYKH SBJISIFOTCS Ha4daJIbHBIMH

YCIOBHUAMU OJIA ,Z[ElJ'II)HGfIHIGFO pacucTa ABUKCHUA OCKOJIKOB.

3.5.2 Memoouka pacuema 08udiceHusi OCKOJIKO8

B pa6orte [20] aBmkeHre OCKOJIKAa B BO3IyXE PaCCMaTPUBACTCS TPU CICTYIOIINX
JOTYIICHUSX :
1) mIOTHOCTH BO3IyXa P, BAOJb TPACKTOPUH IOCTOSIHHA;
2) BIHUSHHE CHIIbI TSHKECTH MPEHEOPEIKUMO MaJIo;
3) miom@ame MHUIETS OCKOJIKA Ha TI0JETe MOXKHO CYHMTaTh PABHOW CpEIHEMY

3HAYCHHUIO;
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4) koddduimeHt 1000BOTO COMPOTUBICHUS C, HE 3aBHCUT OT CKOPOCTH OCKOJIKA.

N3 »sTux pomymieHud OCTaBUM TOJIBKO TpeThe. Jlmsi ompenmeneHus oOnacTw
pasyieTa OCKOJIKOB TIPH B3pBIBE CHapsiia HEOOXOJUMO PACCUUTHIBATH TPEXMEPHYIO
Tpaektopuio. [losTomy momymienne 2 00 OTCYTCTBHHM CHJIBI TSDKECTH HEMPHUEMIIEMO.
Taxoke He ucnonb3dyeMm u gomyuieHue 4. g koapdunuenta conpoTUBICHUS BO3bMEM

anMmpPOKCUMAIMOHHYIO 3aBUCUMOCTb OT CKOPOCTH JIBHKeHHS [17].

0,5, u<150wm/c,
¢, (u)=14(1,49 +0,51sin(860 — 350Igu)) ™, 150 <u <550 m/c, (3.131)

0,865(1 + @j u > 550 m/c.
u

3aBUCHUMOCTbD KOB(i)(l)I/II_II/IGHTa COIMPOTHUBJICHUA OT CKOPOCTH  JIBHIKCHHA

MIpE/ICTaBIICHa Ha pUCYHKE 3.15. DTa 3aBUCUMOCTH HE SBIISICTCS HETPEPHIBHOW B MECTax
CTBIKOBKU (CM. pucyHok 3.15, 3aBUCHMOCTH 1), 4YTO TPUBOAUT K THOTPEIIHOCTH

gyuclieHHOW peamm3anuu. [loaToMy OHa 3aMeHeHa Ha HENPEPBIBHYIO 3aBUCHMOCTD 2

(cm. pucynok 3.15) [46]:

0,501, u<150wm/c,
¢, (u)={-0,0264-10"°u® +0,260-10 *u® —0,603-10"2u +0,919, 150 < u <400 m/c,

0,869(1+ @j u>400 m/c.
u
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Pucynoxk 3.15 — 3aBucuMocTs KO3 pHUIMEHTa COMPOTUBICHUS OT CKOPOCTH

Kpome Toro, B otnmuue ot [17], mpu pacyere TpaeKTOPUH JIBUKCHHS OCKOJIKOB
OyZeM yuduThIBaThb CKOPOCTh BeTpa W, CKOpPOCTb CHapsga V U YIVIOBYIO CKOpPOCTb
BpallcHus cHapsiaa (), B MOMEHT B3pbIBA.

YpaBHEHUS IBUKEHUS OCKOJIKA B TAKOM CIIy4ae UMEIOT BUL:

du, ey Qu — v\)

dt 2mt/3p2/3 plu = vi(u, = vy),
S
du,  dcy(u-v|)
BERPYRVENTE p\u—v\(uy _Vy)—g, (3.132)

dt ) 2ms Pwm

duz CDCd(JU—V‘)
dt omt/352/3

Havanbnsie ycioBust ipu t =0
x(0) = Xy, y(0) =Yk, 2(0) = Zy,
U, (0) = (Upax SIN @ + Q Ry SN C0OSO, )cos9 +V,,
Uy (0) =Upmax COSO — Q Ry sinpcos®y +V,,

U, (0) = (U SiN @+ Ry COSQ)sin 9+V,,
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rne Xy,Yy,Zy — KOOpAWHATBI TOYKH B3pbIBA; @, 3 — C(EpUUECKUE KOOPIUHATHI,

OIIPpCACIAIOIINC HaIIPpaBJICHUC JABUXKCHU S OCKOJIKa B MCPUINOHAJIBbHBIX 141

dKBaTOpHANBHBIX MIockocTsax: ¢ [0, 7] 9 €[0, 2n]; Uy, — MakcuMambHas cKOpOCTH
OCKOJIKA TMpH pa3pyliecHHHd 000j104Kkd, omnpeaeiasemas 1o Gopmyrne (3.130);

.
u= (ux, uy,u Z) — BEKTOP CKOPOCTH OCKOJIKOB; (J — YCKOpEHHUE CBOOOJHOTO MaJICHUS;

® - papamerp ¢opmbl Ockonka; ©, =arctan Y| — yrom HakiOHa TPaeKTOPUH
X

CHapsJAa B TOYKE IOAPbIBA; P — IUIOTHOCTb BO3AYXA; Py » mS — INIOTHOCTb MaTcpuajia

T
N MacCa OCKOJIKa COOTBECTCTBCHHO. CKOpOCTB BO3ayxa V= (VX, Vy, VZ) OIIpCACIISACTCA

CKOPOCTBIO BETpa W = (WX, Wy, W, )T U CKOPOCTBIO TEUCHHMS 32 yaapHO# BoHOM V(t,T) !

v, =V(t,r) 1_[y—ij X_ZX" —+ Wy,
' \/(X_Xk) +(y-Yy)
vy:v(t,r)y_rYk + Wy,
v, =V(t,r) 1_(y—ij Z;Zk —+ Wy,
f \/(X_Xk) +(2-2y)

r= (=X, P+ (y =Y P+ (2-Z, .

Pacuer IBW)XEHHSI OCKOJIKOB ITPOBOJUTCS B CTapTOBOM CHUCTEME KOOpPAMHAT
CHaps/a, B KOTOPOM OCh X HallpaBjeHa MO AUPEKIUOHHOMY YTy OpyAHs. AJTOPUTM

pEIIeHUs] CUCTEMbl OOBIKHOBEHHBIX Iu((dEepeHIInanbHbIX YPaBHEHHN PAacCMOTPEH B

n. 3.3.2.

3.5.3 Pacnpeodenenue ockonxkos no macce

Pacnpez[eneHHe OCKOJIKOB II0 MaACCC OIIPCACIIACTCA BBI6paHHBIM 3aKOHOM

pacnpeneneHus BEPOSATHOCTEM. PexomennoBanHbIM BapUAHTOM SIBJISIETCSA
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runepBenlymioBckoe OumonansHoe pacapenenenue [17, 19, 20]. duddepenunanbHbii
3aKOH paclpeaesieHus] MacChl UMEET BH/I:

o o B B
1 m m m m
f(m)=—<&x — | exp|—| — +@-E)p — | exp|—| — , (3.133)
<m> m, m, m, m,

rje <m> = &mar(l + EJ +(1-¢) mbf‘(l + %) — MAaTeMaTH4YeCKOE OXKUJAHUE MAacCChI
o

ockonka; I'(z) — ramma-@yHKIms.

D10 pacnpeneneHue uMeer o0e Monabl Oonbine Hyns. ['unepBeiOysioBckoe
OMMOJlaIbHOE pacmpenesieHne B OOIIeM Cllydae COACPXKHUT TMATh MapaMeTpoB
m,, My, &, o, B 1 MO3BOJISET OMUCHIBATH OCKOJIOUHBIE CIIEKTPBI, B TOM YUCIIE U CIIEKTPBI
3aIaHHOTO JIpOOJICHUSI, B IIMPOKOM JHUana3oHe coueTaHud «metamr — BB —
reoMeTpusi», My, My, a, 3 — COOTBETCTBEHHO XapaKTEPUCTUYECKHE MAaCChl H
MOKa3aTeNId KavyecTBa OCHOBHOTO W CONMYTCTBYIOIIETO CIEKTpa, & — KOA(PHUIIUCHT,
yCTaHABJIMBAIOIIUNA COOTHOIIIEHUE YacTed crekTpa. [IporHo3upoBanue mnapameTpoB
m,, My, &, o, 3 IO W3BECTHOW IeOMETPUM CHapsga M CBOMCTBaM Meramia 1 BB B
HACTOSIIIIEE BPEMsI HE MOXET ObITh TPOBEICHO C IOCTATOYHON JOCTOBEPHOCTHIO.

DKCIepUMEHTAIBHO MMOA00paHHbIC BETMYHHBI 11 CHapsaa 53-Od-540 [17]:

m, =114r; my =0151; £=0,25; 0 =0,7; B=0,4; (m)=398r.
Ha pucynkax 3.16-3.17 npeacraBnensl gud¢epeHuunanbHas U HWHTErpaibHas

(GyHKUIMM pacnpeneNeHrs MacChl IPU JaHHBIX MapaMeTpax.

f(m)

0,03
0,02 \
k] \_._._
\\
0.01 i
\
0
0 10 20 30 40 50 m r

Pucynoxk 3.16 — JTuddepennmansHast QyHKIHS pacrpeeIeHUs] MacChl
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F(m)
1,0

0,8 ,/
ol L
i |/

ul/
)

0,0
0 30 60 90 120 150 180 m,r

Pucynok 3.17 — UnTerpanbHas QyHKIUS pacrpeaeaeHus: MacChl

3.5.4 Ancopumm pewenus 3a0auu paziema 0CKoJIKO8 Npu cpabamvl8anuu CHapsa0a

AJ'II‘OpI/ITM peIICHUA 3ada4M pasji€Ta OCKOJIKOB IIpHU Cpa6aTbIBaHI/II/I CHapsgda u

MMOCTPOCHHUA 30H ITOPAKCHUA COCTOUT U3 HECCKOJIBKUX 3TAIlOB!:

1.

3ajaHue TOYKHM BBUIETA CHaps/ia U3 apTHWUIEPUICKOTO Opyaus U BPEMEHH
MOJIPBIBA.

OnpeneneHue TOJIOKEHUS CHapsifia, HAMpaBiCHUS W CKOPOCTH JIBUKCHUS
CHapsiia B TOUKEe cpabaThIBaHUA 3apsia.

Pacuer pacnpeneneHusi MacCchl OCKOJIKOB Ha OCHOBE CTAaTUCTUUYECKOW MOJENH
paspylieHus cHapsiaa.

Pacuer HayasbHONW CKOPOCTH OCKOJKOB OTHOCHUTENBLHO CHAapsjia, HAa4aJIbHOTO
TIOJIOKCHUS ¥ HATIPABJICHUS TBHYKCHHS OCKOJIKOB.

Pacuer TpaekTopuM JBMKEHHS OCKOJIKOB Ha OCHOBE pEIUICHUS YPaBHEHUS
JIBKEHUS.

Pacder MmJIOTHOCTH OCKOJOYHOTO TOTOKAa W 30H TMIOpPaXEHUsS Ha OCHOBE

PACCUMTAHHBIX TPACKTOPUIN JBUKEHHSI OCKOIKOB.
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3.5.4.1 Aneopumm onpeoenenus mouku noopviéa cHaps0a

TpaCKTOpI/IH CHapsda paCCYUTHBIBACTCSA OTHOCHUTCIBHO HICHTpAa MaACC CHapsaa.
T
HavanpHbpiMH YCIOBUSAMU BBICTPCIIA ABJIAIOTCA TOYKaA BBLICTA CHApAdd (XO, yO’ZO) B

3eMHOU cucreme koopauHaT OpX,YgZgy, AUPEKLUOHHBIM Yroia 0., HadaJbHbIM YroJi

0!
crpensObl 0. Tpaekropus cHapsga pacCUMTBIBAETCS B IUIOCKOCTH CTPENBOBI B

CT&pTOBOI?I CUCTEMC KOOpAMUHAT Oxyz . Byz:eM IHojaraTrb, 4YTO0 Ha4YaJbHOC IIOJIOKCHHUC B

. T
CTapTOBOM CHUCTEME KOOPJMHAT COBMAIAET C Ha4aJloM KoopauHat O = (0,0,0) .

B momenT Cpa6aTI>IBaHI/I}I CHapsaa th) OIIPCACIIACM CTO ITOJIOKCHHC B CTapTOBOﬁ

U T
CUCTEME KOOPJMHAT (XK@)_, Yic s ZK.q).) , CKOpPOCTb cHapspa V = (\/X,Vy ,VZ) , Yroa
HaKJIOHA TPAEKTOpUU O U yros myTd y. KoopAMHATBI MONOKEHUS CHApsla B 36MHOM
cucteme koopauHat (X, Y,z )T OIIPENENAIOTCA U3 yPaBHCHHUIA:

Xq Xo cosa, 0 —sina, | X4
Yi|=|Yo |*| O 1 0 Yeo. |- (3.134)
) Z, sina, 0 cosa, |z

3.5.4.2 Aneopumm onpedenenusn pacnpeoeneruss Macc 0CKOJIKO8

B cootBerctBun ¢ [17] nuddepeHnmnanbHbIil 3aKOH paclpeeieHus MaccChl
OCKOJIKOB TPUMEM B BHUJE TUIEPBEHOYIUIOBCKOTO OMMOMAIBLHOTO paCIpEeICHHUs,
KOTOpPO€ TMO3BOJISIET ONMUCHIBATh OCKOJIOYHBIE CHEKTPbl B IIMPOKOM JMAINa30HE
COYETaHUN METaJlI — B3phIBYATOE BEIIECTBO — FEOMETPHUSI:

MopaenupoBaHue pacrpeesieHuss MacC OCKOJIKOB OCYILIECTBISIETCS METOJAO0M
cynepnosunuu [161, 162]. Aaroput™ MoaeIUPOBaHUS CIICKTPA MacC OCKOJIKOB COCTOMT
U3 CIEAYIOIIMX IIaroB.

[Iar 1. 3agmaem maccy M metaemoit o6omouku. OOHYJsIeM HAKOTJICHHYIO MacCy

ockoJikoB S =0. Homep ockosika n=1.
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[ar 2. MogenupyeM Maccy N-ro OCKOJKa METOAOM  CYINEpHo3Uulluu
BEUMOYJIOBCKUX pacrlpe/leIEHU OCHOBHOTO M CONMYTCTBYIOIIMX CHEKTPoB. [ns aToro

TEHEPUPYEM Ty M 1), — PAaBHOMEPHO pAacIpEIEICHHBbIE CIIydaliHble BEIMYMHBI Ha
OTpE3KE [0, 1]. Ecau my <&, Torna MojenupyeM BeHOyJIOBCKYIO CIIy4aliHylO BEIUUYHHY

C mapaMeTpaMu M, u o

m, =M, [_ In (111)]]/& ]

UHa4e — C mapaMerpaMu My u B

_ §
My =my [~ In(n ).
[ar 3. Ecu S +m,, <M, Toraa yBeanunBaeM HaKOILICHHYIO Maccy S =S +m,,

HOMED OCKOJIKAa N=n +1lu nJIacM Ha mar 2, HHA4YC IICPCCUYUTBIBACM MACCY ITOCIICOAHCTO

ockojka M, =M —S u 3akaHuMBaeM UTEpaLuu.

3.5.4.3 Ancopumm onpedeneHus MaKCUMAIbHOU CKOPOCMU, HAYANbHO20 NOJIOHCEHUS

U HanpaesjleHus O0BUIICEHUSL OCKOJIKOB

MakcumanbHas CKOPOCTh OCKOJIKOB paccuuThiBaeTcs 1o dopmyne (3.130) ma
OCHOBE 3aKOHA COXPAaHEHUS YHEPTHH.
Jyist pacyeTa Ha4aIbHOTO TIOJIOKEHHST OCKOJIKOB BBEJIEM PsI/T TOMYIICHU:
— CHapsJ UMEET OCECUMMETPUYHBIA BUT,

— Macca O00OJIOUKH pachpesereHa paBHOMEPHO B 000i0Yke (QopMbI paauyca

Ry = % ,rme D — xamubp cHapsga (pucynok 3.18a);

— MAacCChl OCKOJIKOB HEC 3aBHUCAT OT UX PACIIOJIOKCHHUA,
— Ha4aJIbHBIC CKOPOCTHU OCKOJIKOB OIMHAKOBEI;
— yroi B MepI/I)II/IOHaJ'IBHOf/'I IINIOCKOCTH 3aBUCHT TOJIBKO OT ITOJIOKCHHUA OCKOJIKA IIO

JuHe cHapsiaa ¢ = ¢(X), X [0, L] (pucynox 3.186), rae 0 — cooTBeTCTBYET IHY

cHapsazaa, L — nmna caapsiga, L, — nenTp Macce cHapsa.
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Pucynok 3.18 — Llunuaapuueckast 0605109Ka (a) ¥ 3aBUCUMOCTh MEPUIMOHATIBHOTO YIJIa OCKOJIKA OT
HIOJIOXKEHUsSI BIOJIb cHapsia (6)

C yueToM paccMaTpUBaeMBbIX JOIYIIEHUN UMEEM.
Ui =Uma, 1=1...,N;
YIJIBI B 9KBATOPUAIIBHOM TJIOCKOCTH PABHOMEPHO PACTIPEAECIECHBI HA OTPE3KE [0, 271:]:
9 =2nn;y, 1=1...,n,
IA€ TMj; — PaBHOMEPHO paclpeleleHHbIE Ha OTpe3Ke [O, 1] CIIy4alHbIC BEIUYHHBI.

[TonmoxkeHne OCKOJIKa BJIOJIb OCH CHapsiJla PABHOMEPHO PACIIPEICIICHO HA OTPE3KE [0, L]:

Li :Lniz, i:].,...,n,

II€ Mj, — PABHOMEPHO pacCIpeaeICHHBIC HA OTPE3KE [O, 1] CIIy4aillHbIC BEJIUMYUHBI.
VYTIibl B MEPUIMOHAIBHOM TNIOCKOCTH BBIYUCISIOTCS B TOUKax L :

OF :(p(l_i), | :1,..., n.
Taxum 06pa30M, AJIs1 HCIIOABMIKHOTO CHapsia Ha4aJIbHBIC KOOPAWMHATBEI OCKOJIKOB
ompenensroTes 1mo Gopmye:
X:i(0) L - L,
Yei(0) |=| Rycos 9y |,
2;(0)) | Rysin 9,
da KOMIIOHCHTEI CKOPOCTH OCKOJIKOB!:
Uyi (0) U; COS ¢;
Ui (0)|=| u; cos 9; sin o,
U, (0)) | ujsin 9;sin o
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3.5.4.4 Ancopumm pacuema mpaexmopuu 08UNCEHUSI OCKOJIKO8

JIBU)KEHHE OCKOJIKOB [0 TPACKTOPHH TIPEICTABICHO B BHUJE CHCTEMEI
nubdepeHnnanbuplx  ypaBHenuid (3.132), koTopas pemiaeTcs UYHCIACHHO METOI0M
Pynre-Kyrtel (11.3.3.2).

B crapToBoii cucTeMe KOOpAWHAT C YYETOM YIjla HaKJIOHa TpaeKTopuu O W yria
IYTH y HadaJIbHbIE KOOPAWHATHI OCKOJIKOB IIEPECYUTHIBAIOTCS 1O (hopMyIie:

x;(0)) [ cosycos® —cosysin® siny ) x;(0)) (Xcq

y;(0)[=| sin® cos@ 0 | Ys©)|+] Yeq [ i=1....n,

z(0)) \-sinycos® sinysin® cosy\z5(0)) |z,

a KOMIIOHCHTHl CKOPOCTH OCKOJKOB C YYETOM CKOPOCTH JIBHDKCHHUS CHapsja
V= (\/X Vy,V, )T — 10 Gopmyuie:
u,i(0)) ( cosycos® —cosysin® siny ) u,(0)) (V,
u,;(0)[=| sine cos O 0 [uy©)|+|Vvy | i=1...,n.
u,(0)) (—sinycos® sinysin® cosy )\ u,;(0)) |V,
OKOHYaHUEe pacyera ONpeIeisIeTCs IPH BHIMTOTHEHUH OJTHOTO U3 YCIOBU:

mu? (t)

> <W,, um y; (t)<H(x(t),z(t)),

rae U;(t) — cKkopocTs i-TO OCKONKA B MOMEHT BpeMeHH t; W, =100k —

MHUHMMAaJIbHasE yOOHHAasl SHEprusi OCKOJIKA; Y (t)— BBICOTA |-TO OCKOJKA B MOMEHT
BpeMeHu t; H(Xi (t),zi(t)) — YPOBEHb MOBEPXHOCTU 3€MJIM HA TPACKTOPUU IABUKECHUS
OCKOJIKa B MOMEHT BpeMEHHU 1.
B pesynbrare pemeHuss cucteMbl audpdepeHIHaNIbHBIX YpaBHEHUN MOJIydaeM

TPACKTOPUHU OCKOJIKOB B CTAPTOBOM CUCTEME KOOPIUHAT:

x(0) x(t) ... XiEtNi;

T = %(0) %) - il )| i=1..n,
2(0) z(t) ... zlty)
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rac Trci — TpaCKTOpUuA ABUKCHHUS OCKOJIKA B CTapTOBOﬁ CUCTEME KOOpAHWHAT, tj —

Bpems, | =0,..., N;; HauanbHbIil MOMeHT BpeMenH ty =0; N; — umcio urepanuii.

3.5.5 Aneopumm pacuema 30nb1 nopasicerus

Ilocne pacucTta KOOPpAHWHAT OCKOJIKOB B CTapTOBOﬁ CUCTCMC KOOPAHWHAT MOKHO

OIIpCACINTb UX KOOPANHATLI B 3€MHOM CUCTEME KOOpAHHAT I10 q)opMyﬂe:

Xo Xo Xo cosa, 0 -—sina,
Tl’i= yO yo yo + 0 1 0 TrCi’ i:]-l""nl
Zy I Zg sina, 0 cosa,

rae Tr, — TpaekTopHs ABHKEHHUS OCKOJIKA B 3€MHOM CUCTEME KOOPIUHAT.
|

B pesynprare momydaem o00JIaCTh paszieTra OCKOJKOB B 3E€MHOW CHCTEME

KoopauHaT (pucyHok 3.19).

Pucynok 3.19— O6iacth pasiiera 0CKOJIKOB TOCTIe cpabaThIBAaHUS CHApsIa

AJ'IFOpI/ITM IMOCTPOCHHUA 30HLI IMOPAXKCHHA W INNIOTHOCTHU OCKOJOYHOI'O IIOTOKa

COCTOMUT U3 CICAYIONIUX HIaroB.
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[ar 1. IIpoBomutcs R-KkpaTHOE HWMUTALMOHHOE MOJEIMPOBAHUE pasiieTa

OCKOJIKOB. B pesynbrare moyunm K tpaekropwmii ockonkoB T,, k =1, K .

[lar 2. [lo pacyerHbiM TpaekTopusim T,, k=1 K, ompemensrorcs TOYKH HUX

k!
nepeceyeHus C IMOBEPXHOCThIO 3emiid. Ecnm  TpaekTopusi HE TNepeceKaeTcs ¢
MOBEPXHOCThIO 3eMJIM, TOrJla OHa WCKJIIoYaeTcss U3 paccMorpeHusd. (O0o3HaYMM

MHOKECTBO TOYEK IaJCHUSI OCKOJIKOB P = {pk = (Xk Yir Z, ), k=1..K', K'< K}.

[ar 3. Ctpourcs npsiMoyroyibHasi 00;1acThb, KOTOpasi COACPKUT BCE MHOXKECTBO P
TOYEK TaJCHHUsI OCKOJKOB (cM. pucyHok 3.18). JlaHHyIO mpsSMOYTOJBHYIO 00J1acTh

pa3aciIinmM Ha OJHMHAKOBBIC H‘IGﬁKH, ITOKPBIBAIOIIIUC BCIO 001acTh

=11, jzl,J}. [Tnomans syeek oO003HAYUM dYepe3 S

ij 2

2= {Z IrA€ HWHACKCHI

ij !

YKa3bIBalOT UX MCCTO ITIOJIOKCHUS, a YUCJIO OCKOJIKOB, IIOIIaBIINX B COOTBCTCTBYIOIIYTO

sueiiky, — N, i=11, j=1J. YaenbHas 3Heprust OCKOJKOB, IMOMABIINX B SUCHKY i

ij ?
paccuuThIBaeTCs 1o Gpopmyre:

K m,u;
W, =;5”(pk) k2k , (3.135)

e GyHKIus O, (p, ) ompenenser, moman ym K -it OCKONOK B sUeiiKy i

0, P, %y,
0. =
u(pk) l, pk EZij;

mk —Macca K OCKOJIKA, Uk — CKOpPOCTBb K -r0 0CcKOJIKa B MOMEHT InaacHus.

[ITar 4. Bpruucnsercs MIOTHOCTh MAaJCHUS OCKOJKOB (IJIOTHOCTh OCKOJIOYHOTO

0JIs):

M. =——,i=11, j=17J, (3.136)

E =—3 i=11,j=1J: (3.137)

O6I].[El$[ QHCPIUsg OCKOJIKOB BO BCel 00JIaCTH OCKOJIOYHOTO ITOJIS:



E =Y YE, S, (3.138)

U IUIOLIA/Ib OCKOJIOYHOTO MOJIsl, B KOTOPOW yJeNbHAas SHEPrus MPEBBIIIAET 3aIaHHbII

KpuTHyeckuii nopor E,:

5(E, >E.)s

%
’I.—n\
o

™M

Mr_.

(3.139)

ij ?
rae QpyHKIus S(Eij > E*) OTpeeNsieT, MPEBBIIICH U KPUTHYECKUN MOPOT YyIEIbHOM

SHepruu E, B sueiike X, !

0, E <E,,
&E”ZEJZ{l £ >E
1 ij = e

Ha ocHoBaHMHM IIJIOTHOCTH OCKOJIOUHOI'O ITIOTOKA CTPOUTCA 30HA ITOPAKCHHA

(pucynok 3.20).

Pucynok 3.20 — OGmacTh mopaxxeHus mocjae cpadaThIBaHUs CHapsIa
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3.6. BoiBOABI

B nmaHHO# Ti1aBe paccMaTpuBaeTcsi BOTPOC Pa3pabOTKH KOMIUIEKCHON (HHU3UKO-
MaTeMaTHYECKOW MOJENIH IMpoLecca apTHILIEPUHCKOro BhICTpesia. KOMILIEKCHYIO
(bu3MKO-MaTEMaTHYECKYI0 MOJIEh apTUILIEPUICKOTO BBICTPEIa MOXHO MPEICTaBUThH B
BUJIC TPEX COCTABIISIIOIIUX MOJIECH: BHYTPEHHEW, BHEITHEW U KOHEUHON OaJITMCTUKH.
OTH MOAENH PacCMaTpPUBAIOTCS IMOCJIEAOBATEIBHO BO B3aMMOCBSA3U C MPEABIIYIIUMU
MOJICTISIMH | TIPEIHA3HAUCHBI JJIsl PEIICHUS CTIEU(UIECKOT0 Kpyra mpooieM.

Monenb BHyTpeHHEH OaUIMCTUKU OIKCHIBAET Ta30JMHAMUYECKUE IPOLIECCHI
JNBWKEHUSA TeTEepOreHHbIX cpea. PaccmoTpeHa OCHOBHas 3ajaya BHYTpPEHHEU
OATUCTUKUA ISl 3apsAJ0B, COCTOSAIIMX M3 3E€PHEHHBIX M TPyOYaThIX MOPOXOBBIX
JIEMEHTOB, C YYETOM HX IIOCTEINEHHOIO BOCIUIAMEHEHHMS, HECTAallMOHApPHOIO |
pO3UOHHOTrO TropeHus. I[lpeacraBieHa cxema pEHIEHUS CHUCTEMbl YpaBHEHUH,
ONMCBHIBAOIINX Ta30JUHAMUYECKHAE IPOLECCHl, Ha OCHOBE COBMECTHOI'O 3HIIEPOBO-
JarpaH>keBa MeTofa. Pe3ynbTaThl peleHus 3aJadd  BHYTPEHHEH OaJlsTMCTHKU
UCIIOJIB3YIOTCS  JJI1  MOJEIHMPOBAHUS HAIPSHKEHHO-1€(POPMUPOBAHHOIO  COCTOSIHUS
CTBOJIA B NPOLECCE apTHJUIEPUWCKOro BbICTpena. MeTonuka penieHus HalpsKeHHO-
ne(hOpMUPOBAHHOTO COCTOSTHUS OCHOBBIBA€TCS HA PEIICHUH TPEXMEPHOW CHUCTEMBI
mupepeHInanbHbIX ypaBHEHUW B YaCTHBIX NPOU3BOAHBIX C JAMHAMUYECKUMU
I'PaHUYHBIMH YCJIOBUSIMH Ha BHYTPEHHEN OBEPXHOCTH CTBOJIA.

Mopaenb BHEIIHEW OATIMCTUKUA pAacCMAaTpPUBAET MPOLECCHI JIBHXKEHHSI TBEPAOTO
Teja, KOTOPhIE OMUCHIBAIOTCSA cucTeMon nuddepeHImanbHbpIX ypaBHeHU. B kauecTse
HaYaJIbHBIX YCIIOBHI MCIIOJIB3YIOTCSl PE3YyJIbTaThl, TOJYYEHHbIE HA MPEABIIYIIEM dTAIE.
[IpeacraBinena MeTOAMKa NPOBEIEHUS pacyeTa MOJHOTO Habopa Ko3()PUIMEeHTOB
adpOAMHAMUYECKUX CHJI M MOMEHTOB HAa  OCHOBE  pEIIEHUs  3aJaud
TUAPOAMHAMUYECKOr0 o0Tekanus cHapsaa. Cuctema nudgepeHaibHbIX YpaBHEHUN
pemaercst metogoMm Pynre-KyrTtel 6-ro mopsaka ammpoKCHMalid C  OIEHKOU
NOTPELUIHOCTA UHTETPUPOBAHUS.

PaccmartpuBaroTcs MoieNIM IPOLIECCOB KOHEYHOM OQITUCTUKU: OpOHETIPOOUTHS U

pasiieTa OCKOJIKOB. 3a1aua OpOHEIIPOOUTHS pacCCMAaTPUBACTCS HA OCHOBE COOTHOIIICHUH,
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ONMCBHIBAOIINX JBMKCHUE CHKHUMACMOW yNPYrOILUIACTUYECKOM Cpelpl, KOTOpbIE
0a3upyrOTCS Ha 3aKOHaX COXPAHEHHS MAacChl, UMIYJbCa M DHEPIUU U 3aMBIKAIOTCS
cootHomenusimu  [Ipannrins—Peiicca mpu ycnoBum Tekydectn Mmuseca. Pemenne
OCYLIECTBIISIETCS. HA OCHOBE METO/a CTIIAXKEHHBIX THIPOINHAMUYECKUX YaCTHULL.
IIpoGnema pasimera OCKOJIKOB pEIIaeTCs Ha OCHOBE HMMHUTALMOHHOTO
MOJEIUPOBAHUS JBWKECHUS YAaCTHL C HAYAJIBHBIMH YCIIOBHUSIMH, ONPEICIIEMBIMU W3
($u3NYECKUX XapaKTEPUCTUK B3PHIBYATHIX BEILECTB M MaTepuana OO0OJOUYKHU CHapsAaA.
JIBUKEHHE OCKOJIKOB OIMCHIBACTCS CHCTEMON Au(QepeHInanbHbIX YpaBHEHUH U
pemaercss MeronoM PyHre-KyrTel 6-ro mopsaka. IIpennokeH aaropuTM MOCTpOEHUs
30H MOpPaXEHHs C YYEeTOM peibea MECTHOCTH Ha OCHOBE MHOIOKpPAaTHOTO

MOJCINPOBAaHMA Pa3JICTa OCKOJIKOB.
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TJIABA 4. PA3PABOTKA TIPOTPAMMHOT'O KOMILIEKCA
MO/JIEJIMPOBAHUS U BU3Y AJIM3AIINN BAJUIMCTUYECKNAX
MPOIIECCOB

4.1 CTpyKTypa NporpaMMHO-BbIYHMCIUTEIbHOI0 KOMILIEKCA

CprKTypa MMPpOrpaMMHO-BBITYHUCIIUTCIIBHOIO KOMIIJICKCA MOJICIIMPOBAHUA U

BU3YyaJIM3allMH MOJUTOHHBIX UCIIBITAHUM NIpE/ICTaBlIeHa Ha pUCYHKe 4.1.

IIporpaMMHBIH KOMIAEKC BH3yaAHSAIHH Pe3yABTATOB
HAaTYPHBIX H BEIYHCAHTEABHBIX 3KCIEPHMEHTOB

PacueTHEbIe ATpuGyTHBHAaS CHucTema
MOZAYAH 0asa maHHBIX 3D BH3yaAH3aIHH
BHyTpeHHAA KapTorpaduuyeckue

GasaHCTHKA AaHHBbIE

Kondurypanus u
BH3yaAH3aIHA
MOAHTOHHBIX
HCIOBITaHHH

BHeurHasa

3D moazean
GasaucTHKA

PYHKIIHOHHPOBaHHE
CHapAAa y LeAH

PexakTop
06'’bEKTOB

PacuyeTHBIe ZaHHbIE

H3mepHTeAbHasaA
anmapartypa

OKcrmepHMeHTaABHEIE PenakTop
ZaHHBIE KapT

BHenraue mMpHAOKEHHS

T'eonHdoOpManHOHHBIE Cucremsbl 3D MozeAHpOBaHHS CHcTeMbl KOMIBIOTEPHOTO
CHCTEMBI H IPOEKTHPOBaHHSA HHMXEHEPHOI'0 MOJAEAHDPOBaHHSA
QGIS AutoCAD ANSYS Fluent
Global Mapper 3D Studio Max ANSYS Autodyn

Pucynok 4.1 — CtpykTypa IporpaMMHO-BBIYMCIUTENBHOIO KOMILIEKCA

MOACIINPOBAHUA ITOJUTOHHBIX HCHIBITAaHUH

Pa3paboTanHblii MpOrpaMMHO-BBIYMCIUTEIBHBI  KOMIUJIEKC, KaK BHIHO U3
MPEACTABICHHOW CTPYKTYpbl (CM. pUCYHOK 4.1), MMEET OTKPBITYIO apXUTEKTypy U

IIO3BOJIAICT BSaHMOHCﬁCTBOBaTB C BHCIIHUMH IIPUIIOKCHUAMH, KOTOPBIC pa3JdCICHLI Ha
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TpU TPYNIbl: TeOMH(POPMALMOHHBIE CUCTEMbI, cucteMbl 3D wmonenupoBaHus u
MPOEKTUPOBAHUSI, CHCTEMbI KOMITBIOTEPHOT'O UHKEHEPHOTO MOJICTUPOBAHMUS.

['eomndopMaiimoHHbple  CUCTEMBbl  MpEAHAa3HAueHbl OIS MpenoopadboTKu
Kkaprorpaduueckoir nHGOPMAIIMK, KOTOpasi MEPBOHAYAIBHO MOXKET UMETh Pa3IHYHbIN
dopmar ganabix. OOBeMBI KapTorpaduueckord HHOpMAIMs MOTYT HU3MEPATHCA
rurabaiitTamu, HampuMmep, B pe3yibTaTe JIa3epHOTO CKAaHUPOBaHMs pelibeha MECTHOCTH,
a’podorocheMok [163], maHHBIX IMOJYYEHHBIX CO CITYTHHKOB, JHOO M3 XPaHUJIMIILL
KapTorpapuueckux JaHHbIX [164].

[Tocne mpenoOpabOTKK B OJHON M3 reOMH(MOPMAIIMOHHBIX CUCTEM, HAIIPUMED, B
QGIS [97] mam Global Mapper [98], naHHBIC TPEACTABIAIOT COOON «HApe3aHHBIC» Ha
KBaJIpaTHbIE Y4acTKH, OObIYHO pazmepoM 1X1 km, kaptel BeicOT B (opmarax (RAW,
GeoTIFF u ap.) u crmyTHUKOBBIE WK a3pooTOCHUMKH MecTHOCTH B dopmarax (PNG,
TIFF, BMP u np.). Pe3synbratel npeno06pa®oTku Kaprorpaduueckod HHOOpMaIuu
UMIIOPTUPYIOTCS B PEIAKTOP KapT.

Cucrempl 3D MonenupoBaHuSs U TPOEKTUPOBAHHUS TO3BOJSIOT 3HAYUTEIHHO
YIPOCTUTH MOCTPOCHHE T€OMETPUYECKUX MPUMHUTHBOB, HEOOXOIUMBIX MPH CO3JAHUH
OOBEKTOB MOJEIMPOBAHUA W BUlyanuszaluu. B pabore wucnonb3oBaiack cuCTeMa
npoektupoBanus AUtOCAD [21] u 3D Studio MAX [165]. PaspabGoranHbIC
reOMEeTPUYECKHEe MPUMHUTHBBI SKCIIOPTHPOBAINCH B pasnmuuHbie Gopmatsl (OBJ, FBX,
3DS u np.) ¥ UMIOPTHPYIOTCS B PEIakTOp OOBEKTOB. I'eoMeTpHUeCKHe MPUMHUTHBBI
TakKe Ucoib3yroTes B cuctemax ANSYS Fluent u Autodyn.

MogenupoBanue  IOJUTOHHBIX ~ WCIHBITAHWMM  APTWUIEPUMCKUX  CUCTEM
OCYILIECTBIISIETCS. B PACUETHBIX MOMAYJSX: BHYTpPEHHEH Oa/UIMCTHKH, BHEIIHEH
OammcTuku, GYHKIIMOHUPOBAHUS CHAPSAA Y e M H3MEPUTEIHHON anmapaTyphl.

PacuerHbie 6710KM CO3/1aBAIMCh B PA3IUYHBIX Cpefax pa3paOdOTKH MPOTPAMMHBIX
KoMmIutekcoB. [Iporpamma pacdera BHyTpeHHeW OainuMcTHKM HamucaHa B cperme Qt
Creator Ha s3pike C++ [166, 167]. IIporpamma pacuera TpaeKTOPUHU CHapsa HarucaHa
B cpene MS Visual Studio 2010 na s3eike C# [168]. Pacuer HampsbKeHHO-

ne(OopMUPOBAHHOTO COCTOSIHUSI CTBOJIa apTUJUICPUMCKOTO OPYIHsl M B3aUMOACHCTBUS
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CHapsga C TIPerpamoil OCYIIECTBISUICS B Cpele KOMIBIOTEPHOTO WHIXEHEPHOTO
moneaupoBanuss ANSYS Autodyn.

[IporpaMmMHBIiT  KOMITIEKC KOH(DHUTypalM ¥ BU3YyAIM3aIlldU  MOJUTOHHBIX
UCTIBITAHUN CO37IaH C MCIIOJIb30BaHUEM cpeilbl pa3padotku 3D mpumoskenuit NeoAXis
Engine [32] 8 MS Visual Studio 2010 na si3p1xe CH.

PacueTHbie maHHBIC MEepemalOTCs B MPOTPAMMHBIA KOMIUIEKC BU3YyaTU3aIlAH.

Cocrasn anH6YTHBHOfI 0a3bl JAaHHBIX IIPOTPaMMHOI'0 KOMIIJICKCA IIPCACTABJIICH Ha

pucyHke 4.2.
Karanor arpu0yTrBHO#M
0a3bl JTaHHBIX
Aprunnepuiicknue Aprmepuiickue OOBeKTHI OOBEKTHI
YCTaHOBKH BBICTPEIIEI HOpaKEHUS HH(PACTPYKTYPHI

OKCIepUMEeHTAIBH KapTtsl PacueTHsle
bI€ JTaHHBIC MECTHOCTH JlaHHbBIE

Pucynok 4.2 — CoctaB aTpuOyTHBHON 0a3bl TaHHBIX

baza nmaHHBIX mpencTaBisieT co0Oil HAOOp KaTaloroB, B KOTOPBIX COACPKUTCS
rpaduueckas uHpopMmaiusa o0 apTUUIEPUHUCKUX YCTaHOBKaX, BBICTpeNaxX, OO0BEKTax
nopaxkeHus W MHQpacTpykTypbl. MHpopmamms o kKapTe MECTHOCTH COAEPKHUTCS B
OTJIEJILHOM KaTtajore. 371eCh XpaHUTCA HHPOpMaLIHs O reorpapuueckux KoopAauHaTax v
penabede MECTHOCTH.

OKCnepUMEHTAIbHbIE JaHHbIC, MOJYYEHHBbIE C HW3MEPUTENbHOM amnmnaparypbl,
XpaHATCS B OTAEIBHOM Katayiore. M3mepurenbHas anmaparypa HOJUMIOHA JOCTaTOYHO
pa3zHooOpa3na. K Hell OTHOCATCS BHIE03aMUCHIBAIOIINE YCTPOMCTBA M YCTPOWCTBA,
u3Mepsone ¢Gu3MUecKue NapaMmeTpbl, Takhe Kak [aBJIEHWE B CTBOJIE, PaJaphl,
dukcupyrolme nojoKeHne cHapsia B mpoctpaHcTBe. OTAENbHO BBIIEICHBI MPUOOPHI,
KOTOpbIE HE H3MEpPSIOT OauIMCTUYECKHE MapameTpbl CaMOro Ipoliecca BBICTpena.
Hanpumep, MeTeo30H1bl, MO3BOJISIONINE U3MEPSATH aTMOC(EpHbIE TapaMETPhI, KOTOPHIE

OKa3bIBAIOT BJIMAHHC HAa TPACKTOPHUIO ITIOJICTA CHAPAAA.
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4.2 TIporpaMMHBI KOMILJIEKC MO/IeJIMPOBAHMSI

BHYTPHOAJIMCTHYECKHUX MPOIECCOB

4.2.1 Obwee onucanue noiv308amenbcko2o uHmepgetica

WuTepdeiic mporpaMMHOTO KOMILIEKCA COCTOUT M3 2-X 4acted (pucyHok 4.3):

o6acth 3D BU3yanu3anuuy U maHelns ynpasienus [38, 58].

20 Bryperas Gannverna T | = | ©

Basa AaHHbIX
[ Hacrpoiicn
‘an 110 YMOAHEHUIO
Pacuer
[ 30 ssyensaws
—r—
O nporpamMe...

Pucynok 4.3 — Bua nporpaMMHOTo KOMILIEKCA

B ob6nactu 3D Bu3yanm3alii HaXOMUTCS YCTAHOBKA, COCTOSIIIAs M3: KarlCIOJS,
3apsHOM Kamepsl M CTBOJIA, CHapsja, 3apsaa. Bosmoxuocth 3D Bu3yanmusanuu
peanu3oBana Ha ocHoBe OpenGL [169].

VipaBieHHe OCYIIECTBISCTCS C TIOMOIIBIO MBIIIIH:

— BpAIlICHUE MPOM3BOJAMUTCS HAXKATHEM JICBOW KHOIMKH MBI U CMEIICHHEM € B
00J1acTH BU3yau3aiiuy (MbIIIIb YACPKUBACTCS B HAXKATOM COCTOSHHHN);
— MepeMelIeHre MPOU3BOIUTCS HAKATHEM TPABOM KHOIKU MBIIIN U CMEIICHUEM €

B 00JIaCTH BU3yaJIM3aIliH (MBIIIb yIEPKUBAETCS B HAKATOM COCTOSHUN );
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— YMEHBIIICHUE WJIM yBEJIWYEHHE MaciuTaba MpPOU3BOAMTCS BpallleHUEM KOJIECUKa
MBIIIIH.

[Tanens ympaBiieHUS COACPKUT cienyronire 3ieMeHTsl (pucyHok 4.4): «ba3za

JTaHHbIX», «Hactpolikny, «Bua no ymomuanuto», «Pacdaer», «Brictpen», «Boixoa», «O

IPOrpamMmme».

Baza AaHHbIx
Hacrpoiitm
BWA No yMONYaHHK
Facqer
30 BU3Yanu3aumMsa
Brixoa
O nporpamme...

Pucynok 4.4 — Ilanens ynpaBineHUs

IIpu BbIOOpE >nemeHTa ymnpaBieHHs «ba3a JaHHBIX» OTOOpa)kaeTcs OKHO,
coJeprKallee, Ha pa3JInYHbIX BKJIaJKaX, HHGOpMaIuio 00 apTUJUIEPUICKUX YCTaHOBKAX,
CHapsiax, MOpOXax, BOCIUIAMEHUTENSAX U CBOMCTBAaX MaTepuana, M3 KOTOPBIX OHH
U3TOTOBJICHBI.

[Ipu BEIOOpe onementa ympaBieHusi «HacTtpolikumy» oToOpaxaeTcsi OKHO
yhIpaBieHHs napaMerpaMu odsactu 3D BuU3yanu3alum.

[Ipu BBIOOpE 3nemeHTa ympaBieHus «Bujp mo ymoia4aHuio» yCTaHABIMBAIOTCS
napameTpbl o0aacTi 3D BU3yan3anuu no yMOJIYaHUIO.

[Ipu BBIOOpE 351eMeHTa yrpaBiieHus «PacdeT» oToOpa)kaeTcs OKHO, CoJepkKaliee
CIHCOK XpaHUMBIX pe3yJbTaTOB BBIYMCIUTENIBHBIX JKcrepuMeHToB. [Ipu BbIOOpE
KOHKPETHOT'O SKCIIEPUMEHTa OTOOPaKaeTCsl OKHO €ro KOH(PUTypaLiH.

[Ipu BbIOOpe nsreMeHTa ymopaBieHuss «BwicTpenm»  0oTOOpa)kaeTcsi OKHO
3D Busyanu3zanuu BHYTPUOAUIMCTUYECKUX MTPOLIECCOB.

[Ipu BBIOOpE 51eMeHTa yripaBiieHus « Beixom npuiiokeHne 3aKpbIBaeTCs.

[Ipu BBIOOpe myHKTa MeHIO «O Tporpamme...» OToOpakaeTrcs HUH(opMaIus o

pa3paboTyrKax MPOrpaMMHOTO KOMILIEKCA.
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['eomeTpruueckue XapaKTEpUCTHKH DIIEMEHTOB KOHCTPYKIMM 3apsijia Takke
CUUTBIBAIOTCS C UCXOJHBIX JAHHBIX BBIUMCIUTEIBHOTO IKCIEPUMEHTA U OTOOpaKat0TCs
B okHe 3D Busyammsamuu. Ha pucynkax 4.5, 4.6 mpuBeieH NpuMep OTOOpaKEHHS

3aCBbIIIKHU 3CPHCHOTO I1IOPOXAa U TPY6113TOFO 3apsaaa COOTBCTCTBCHHO.

Pucynok 4.5 — 3D orobpaskenue 3apsiaa u3 NOPOXOBBIX JIEMEHTOB 36pHEHOHN (POPMBI

Pucynok 4.6 — 3D otobpakenue 3apsaa u3 NOPOXOBBIX JIEMEHTOB TpyOUaToi (hOpMbI
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st Oosiee JETaNbHOTO PACCMOTPEHHUS HW3MEHEHHUS! T€OMETPUHM IMOPOXOBBIX

AJIEMEHTOB TMPEAyCMOTPEHbl OKHAa HX OTOOpakeHUsI B KPYNMHOM Maciirade

(pucyHok 4.7).
5 x & %
MapamMeTpel MNapaMeTpel
XHay.  0,0000 |%] Xhad.  0,0000 |5
X 0.200083 n X -0.496917 M
e 8.48e-05m e om
= 0,106 z 1]
psi 0,106 B psi 0,106 |3

Pucynok 4.7 — OtoOpaxeHne IOPOXOBBIX 3JIEMEHTOB TPyOUaToil 1 3epHEHOM (HOPMEI

B xozxe pa3BuTHs mpoliecca BBICTpesia JIEMEHThI KOHCTPYKIUU 3apsjia MCHSIOT
CBOC COCTOSIHME — TIPOMCXOJHWT BOCIUIAMEHEHHWE 3apsijia, JBIKEHHE ITOPOXOBBIX
3JICMEHTOB M MX TOPCHHE.

BocmiameHeHne TOpoOXoBOro 3apsiia OTOOpakaeTcss Ha BHPTYalIbHON MOJCITU
MyTeM M3MCHEHHS IIBETa IMOPOXOoBOro aneMmeHnrta. Ha pucynkax 4.8 u 4.9 npexncrasieH
MOMEHT YaCTHYHOT'O BOCIUIAMCHEHHS 3apsjia 3epHEHOr0 MOpoXa W MOMEHT MOJIHOIO

BOCINIaMCHCHMA 3apsaaa Tp}I6anOl“0 IIopoxa COOTBCTCTBCHHO.
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Pucynok 4.8 — OtoOpaxeHnune nporecca BOCINIAMEHEHHS TOPOXOBBIX 3JIEMEHTOB 3€pHEHON (OPMBI

Pucynok 4.9 — OtoOpaxkeHne mporiecca BOCTNIAMEHEHHS TTOPOXOBBIX 3JIEMEHTOB TPyOUaToi pOopMBI

B mporpaMMHOM KOMIUIEKCE MNpPEIyCMOTPEHA BU3YyalIM3aUWs JBHKEHUS
MOPOXOBBIX 3JIEMEHTOB COIVIACHO pe3yJbTataM pacueroB. Ilpu 3amycke 3D
BU3YyallM3allMi MPOIECcCa Ha OCHOBE JAHHBIX O CKOPOCTH JIBHXKEHMSI TBEPIOM (pa3bl

PaCCUHHUTBIBAIOTCS ITOJIOKCHUA ITOPOXOBLIX 3JICMCHTOB HAa KaKIAOM BPCMCHHOM CJIOC. ITo
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9TUM JAHHBIM CTPOUTCA ABHIKCHHE ITOPOXOBBIX JJICMCHTOB Ha BHpTyaHBHOﬁ MOACIN

(pucynku 4.10 u 4.11).

Pucynok 4.10 — OToOpakeHne ABMKEHUS TOPOXOBBIX JIEMEHTOB 3€pHEHON POPMBI

Pucynok 4.11 — OtoOpakeHue ABMKEHUS TOPOXOBBIX JIEMEHTOB TpyO4aToi hopMbl

BI/IBY&HI/IBaHI/IH HU3MCHCHUS q)OpMBI IMOPOXOBLIX 3JICMCHTOB BCJIICACTBHUC TIOPCHUSA

MMPOUCXOAUT HAa OCHOBAaHHH PACUYCTHBIX MACCHBOB [JOJH CrOPCBIICIO IIOPOXa. B
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OCHOBHOM OKHE 3D Bu3yanmmzamuu OTOOPa)KalOTCS MOJETH TOPOXOBBIX JJIEMEHTOB B
ynpouieHHOM Buze. M3MmeHeHnue (opmbl MOPOXOBBIX 3JIEMEHTOB 0OoJiee JETalbHO
MOXHO TPOHAOIIOaTh B OKHAX OTOOPaKCHHS ITOPOXOBBIX JJIEMEHTOB B KPYITHOM
macimtabe. Ha pucynke 4.12 npuBeneH nmpumep OTOOpaKeHHsI MOPOXOBOTO 3JIEMEHTa
3epHEHON (OPMBI B MCXOJHOM COCTOSIHMM, B MOMEHT pacmajaa dJIeMeHTa W B CTaauu

TOpCHM: IIOCIIC paciaja.

Pucynok 4.12 — OroOpakeHre n3MEHEHHsI TEOMETPUH ITOPOXOBBIX JIEMEHTOB IIPU TOPEHUH

4.2.2 Unmepdghetic suzyanuzayuu pe3yivmamos 8bl4UCIUMENbH020 IKCHePUMeHma

B mporpammHOM MoOpyne pacdeTa BHYTpPEHHEH OaUIMCTUKU peaan30oBaHa
CHUCTEMa BU3YaJIM3allMd PE3yJbTaTOB BBIYUCIMUTEIHLHOTO SKCTepUMeEHTa. Pa3paboTka
CHCTEeMbl BH3yaJHM3allMi OCHOBBIBAJIAaCh Ha MpuMeHeHnn OubamoTexkun Qwt-6.0.1 [170]
Ha sA3bIKE MporpamMmupoBanus C++.

Cucrema BU3yalnu3allMM MOpeaycCMaTpUBAaE€T  BO3MOXKHOCTb  OTOOpa)KeHUs
PE3yJIbTaTOB BBIUMCIUTEIBLHOTO 3KCIIEpUMEHTA B BUE Ta0auIl u rpadgukoB. Mutepdeiic
yOpaBJeHUs] CUCTEMOW BBI3bIBACTCS BBIOOpOM TyHKTa “Pe3ynbraThl” B OKHE
KOH(HUTypanuy BEIYUCIUTEIILHOTO SKCTIEPUMEHTA.

Ha Bxnaake “Bxomnesie nmaHHbie” (pucyHok 4.13) mnpemycMmarpuBaercs
oToOpakeHne KOH(QUTYpaIluu BBIYUCIUTEIBHOTO AKCIEPUMEHTA, ISl KOTOPOM ObLI

IMPOBCJCH pacucT.



BxoaHele AaHHBIE

> PacqeTHBIE aHHBIE

» MocTpoeHue rpadmka
JKCNEPUMEHT

157

AaHHbIE | Brifop nepemMeHHeIx

HacTpoitki I Mpadmk I SKCNEPUMEHT

- [mnbsa
+ MNopox 1
Maprka nopoxa
TpybuaTeiil
Macca nopoxa, w
PacnonoxeHue nopoxa: Ha4ano

PacnoncseH1e NoOpoxa: oKoHYaHWe

YWCNO NOPOXOBbLIX INEMEHTOB
MNOTHOCTE 3apAXEHUA
+ [EOMETpPHYECKHE XaDaKT EDHCT HKH

Konw4ecTso oTBEpCTHA, N
[LMaMeTp BHYTPEHHWI, deiyrp
AuameTp BHEWHMA, D gueun
JnvHa nopoxosoro 3nemeHTa, L
TonwmHa ropAwero ceoaa, 2°e;
KosdduumenTel dopMel nopoxa
&y
5

0.118 Kr
0.139425 M

pac4uTaTe

8

E—
o] »
]
] »
=

pac4uTaTe

0.765607

0.143699

LobasnTe

m

|:| BannucTiyeckan CH Konu4ecTeo 3HaKOoE ANA BeiS0Aa:

10 |5 KOonM4ecTBO SHAYSLWMK YHcen:

3 &

SKCMOPTHPOBaTE AGHHLIE

Pucynok 4.13 — Oto0pakenue KOHPUTYpalluy BEIYUCIUTEIFHOTO SKCIIEPUMEHTA

Ha Bxnagke ‘“PacueTHpie naHHble” B NyHKTE “XapaKTEPUCTUKH BBICTpENA’

(pucyHok 4.14) o0TOOpa)karoTCsl OCHOBHBIE XapaKTEPUCTUKH BBICTpENA, TaKHE Kak

MaKCUMaJIbHbIE JIABJICHUS HA JTHO KaHajla M JHO CHAapsAa, 1yJbHasi CKOPOCTh CHapsa, a

TAKIKC JOJIsI CTOPCBIICTO IMMOPOXa HA MOMCHT BbLIICTA CHApsA/da U3 KaHajia CTBOJIA.

BxoaHbIE AaHHBIE
4 PacyeTHBIE AaHHBIE
X3paKTEpUCTUKMN BBICT...
Pesynetatel BEIMMCAEHMI
CneumantHeIe gaHHbIE
Mepemennele
4 [locTpoedne rpaduka
BriBop nepemenHbx
Hacrpoiikn
Mpaduk
JKCrEpUMEHT

JaHHbe | Brifop nepeMeHHEIX

HacTpoiiki I Tpadik I SKCNEPUMEHT

XapakTepucTuka 3HaueHne
1 MakcumaneHoe gaeneHune Ha gHo kanana  3,85358e+08 MMa
2 MakcumaneHoe JaeneHne Ha JHo cHapaga 3,45549e+08 MMa
m/c

3 [yneHans cKopocTe CHapAaa 889,148

4 [ons cropesluero nopoxa 1

Pazmeprocte

Pucynok 4.14 — OtobpaskeHre OCHOBHBIX XapaKTEPUCTHK BBICTpeEIIa
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Bxonble gaHHbIE AaHHee | Bifop nepeMeHHeIx HacTpoiiku I Mpadmk I SKCMEPMMEHT |
‘ PEC;:‘;?::;:;:I:M BBICT... |:| MepemeHHan: [Bpenq V] |:| KoopawHaTa: |:| Bpema:
E?:ﬂbTETbI BBIMMCIEHNI o c [ona MnotHaoc *
LnaneHBIE A3HHEIE Bpema, ¢ Koopawnnata, m pDch Jaenerue, Ma KDpDC,Tb CTOpEBLUErD NopOXoBE
MepemerHele el L20C nopoxa rasos, kr/l
4 [locTpoenue rpaduka
BriGop nepemeHHbix 10097 0,0028625 0,139425 269,145 3,58058e+08 153,67 0,441014 291,979
?::;f‘iﬁ"" 10098 0,0028625 0143 273329 357585e+08 157,381 044019 201,804
JKcnepument 10099 0,0028625 0,146575 277,487 3.57321e+08 161,085 0,439348 291,743
10100 0,0028625 0,15015 282,493 3.5702e+08 164,888 0,43849 291,572
10101 0,0028625 0,153725 288,666 3,56407e+08 168,872 0437612 291,099
10102 0,0028625 0,1573 205323 3,55376e+08 172,933 0436713 290,319
10103 0,0028625 0,160875 301,005 3,54095e+08 176,801 0,435789 289,448
10104 0,0028625 0,16445 304,549 3,52894e+08 180,243 0,434842 288,79
10105 0,0028625 0,168025 306,345 3,51989e+08 18331 0,433875 288,46
10106 0,0028625 01716 308,305 3.51284e+08 186,352 0,432889 288,237
10107 0,0028625 0,175175 3124 3.50411e+08 189,744 0,431883 287,744
10108 0,0028625 0,17875 319,23 3,49037e+08 193,595 0,430852 286,757
10109 0,0028625 0,182325 326,804 3.47311e+08 197,508 0,429791 285,454
10110 0,0028625 0,1859 331,145 3,45868e+08 200,681 0,428705 284,538
10111 0,0028625 0,189475 331,223 3,45219e+08 202,864 0,427607 284,572
10112 0,0028625 0,19305 330,685 3,45372e+08 204,852 0,426518 285,097 M
4 | 11 b
|:| BannucTiaeckan CHA KonuuecTBo sHaKos AnA BeiBoaa: 10 5| KonuuecTso sHauawmx uicen: 3 =

Pucynok 4.15 — OtoOpakeHue pe3yabTaToB BEIUUCIUTEILHOTO KCIIEpUMEHTA

Ha Bknanke ‘“PacuerHwbie jnaHHble” B TyHKTE ‘“Pe3ynbTaTbl BBIYMCICHUI
(pucynox 4.16) B TaOJIMYHOM BHJIE OTOOpaXKaeTCsl BECh CIIEKTP PacUeTHBIX IapaMeTPOB.
[IpenycMoTpeHa BO3MOXKHOCTh BbIOOpa TP TIOMOIIM  YMPABISIONIETO MEHIO
(cMm. pucyHok 4.17) oToOpakaeMbIX MapaMeTPOB, a TaK)Ke BO3MOXKHOCTH OTOOpa)kaTh
BBIOOPKY pacrpenesieHus NapaMeTpoB B (DMKCUPOBAHHBIA MOMEHT BpPEMEHH, JUO0 B
(UKCUPOBAHHOM CEUEHUHU YCTAHOBKHU. Takke MpeaycMOTpPeHa BO3MOXKHOCTH DKCIIOPTA

pe3ynbTatoB B ¢aiin B popmare CSV.

AaHHele | Brifop NepemMeHHex HacTpoiiku I padmr I SKMEPUMEHT |

MepeMeHHaA: [ﬂasneHme V] |:| KoopawHaTa: |:| Bpema: ‘

4 PacuyeTHbIE AaHHBIE
XapaKTepUCTMKW BBICT..,

Brogreie ganneie ‘

‘ ‘ |:| BannucTiaeckan CH KonMuecTeo 3HaKos AnA BoiBoaa: 10 5| KonMuecTso sHauawmx Jmcen: 3 +| |3kcnopTupoBaTe AaHHkIe

Pucynok 4.16 — Yrpasistolee MEHIO OTOOpaXeHUsI Pe3yJIbTaTOB

BBIYUCIIUTECIIBHOT'O OKCIICPUMECHTA



BxoaHble ganHbIE
4 PacyeTHBIE JaHHBIE
KapaKTEpUCTUKN BbICT...
PesyneTathl BIMMCAEHWI
CneumankHbIE JaHHBIE
MepemenHeie
4 MocTpoenune rpaduka
BeiGop nepemeHHbn:
Hactpoiikun
ELTTS
3KCNEPUMEHT
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NaHHeie ‘ BriBop NepeMeHHsnx HacTpoitk I Tpadmi I SKCMEPHMEHT

MepemeHHan: [3n|opa MEKCUMENBHBIX ASENEHMIA A ]
KoopawHata, M 3niopa MakcumaneHbix jaeneHui, Ma |+
1 0 3,84007e+08 |E |
2 0,003575 3,83794e+08
3 000715 3,83641e+08
4 0,010725 3,83564e+08
50,0143 3.834e+08
6 0,017875 3,83079e+08
7 002145 3,82767e+08
8  0,025025 3,82493e+08
90,0286 3,82266e+08
10 0,032175 3,8207e+08
11 0,03575 3,81751e+08
12 0,039325 3,81301e+08
13 0,0429 3,80850e+08
14 0,046475 3,80442e+08
15 0,05005 3,80067e+08
16 0,053625 3,7971e+08
17 0,0572 3,79176e+08
18  0,080775 3,78501e+08 =
D Bannmcrieckan CH Konnm4ecTso sHakos AnA Beisoaa: 10 |5 KonvHecTso sHauawmx Jucen: 3 =

Pucynok 4.17 — OtoOpakeHre CreIMaIbHBIX JaHHBIX

B cucreme Takxke MNpPeAyCMOTPEHO OTOOpakeHHE B OTACNIBbHBIX TaOJaMIax

CHEeIUaIbHBIX JaHHBIX (CM. pucyHOK 4.17), Takux Kak O3MOpa MaKCHUMaIbHBIX

JTaBJICHUM, 3II0PA MAKCUMAJIBHBIX TEMIIEPATYP U JIPyTHE.

B nynkre menro “Ilepemennsie” (pucyHok 4.18) MoxHO TOTyUnTh HH(DOPMAIIHIO

O paCCUHUTBIBACMBIX IIapaMCTpax.
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C———— LaHHeie | Brifiop nepeMeHHbIX HacTpoiikm I Mpadmis I SKCNepUMeHT
4 PacyeTHbIE JaHHbIE
XapaKTepUCTUKM BBICT.., name label axes_name dim_metrics dim_ballistics coefficient i
PesyneTarel BeluncneHmil 1|t Bpem Bpews c e 1000
CrNeymaneHbIe JaHHBIE
Mepementble 2 x Koopauhara Koopawhara m 1] 100
4 [Moctpoenne rpaduika
BriBop nepemenHbx 3 v CkopocTe rasa CkopocTe mfc mfc 1
Hacrpoiiku L
Tpaduk 4 P JaeneHune JaeneHune Ma Gap 1e-05 3
JKCNEPUMENT
P 5 w Cropocte TR CropocTe (= (= 1
6 psi Jonna cropeswere nopoxa Jona 1
7 ro_pg [noTHOCTE NOPOXOBBIX ra30s MnotHocTe  kr/m3 Kkrim3 1
8 rowvz [MnoTHocTs Bo3gyxa MaotHocTe  Kkrim3 krim3 1
9 ro_gv [MnoTHocTs rasce BocnnamennTens [notHocTe  kr/m3 Kkrim3 1
10 ro_sm [MnoTHOCTE CMECK rasoe MaotHocTe  Kkrim3 krim3 1
11 T_sm Temnepatypa CMECK rasoe Temnepatypa K K 1
12 T_st  Temnepatypa cTeona Temnepatypa “K K 1
13 tz Bpema saxuranus Bpema C M 1000
14 xsn TMonoxedne cHapasa Koopawnata ™ M 100
15 t_sn(x) Monoxenne cHapaaalx) Bpema C M 1000
16 _r(t) TMpaean rpanuua Teepaoid dasei(t) Koopawnata m M 100
17 t_r(x) [pasas rpannua Teepaoi dasei(x) Bpema c mMc 1000
18 x It} Neeas rpanwua Teepacil daseit) Koopawnata m cm 100
19 t 161 (eras rnaHuna TRenani daznili Bnewmsa c BT 1000 i
|:| BannmcTideckan CH KonnyecTso sHaKos anA soiBoaa: 10 |5 KonMuecTso sHauawyn umcen: 3 1 |3kcnopTupoBaTE AaHHLIE

Pucynoxk 4.18 — OrobpakeHne KOHQUTYpAIIH BEIYUCIUTEIIHEHOTO SKCIIEPUMEHTA

JUist ynpouieHusi aHaim3a pe3yJbTaToB M 0oJiee HArJsigHOTO MpPEeICTaBICHUS
uHGOpMallMU CHUCTEMa BHU3yaJU3allid PEe3yJIbTaTOB BBIYMCIUTEIBHOIO 3KCIIEpUMEHTa
npeycMaTpuBaeT rpaguueckoe NpecTaBlIeHUEe Pe3yIbTaToB.

JI71s1 MOCTpOEHUs pa3IMUHbIX pacipeeieHui napaMmeTpoB HEOOXOAUMO BhIOPATH
nyHkT MeHo “Tloctpoenme Trpaduxa”. Ha Briagke “Buibop mnepeMeHHBIX”
(pucynok 4.19) npenycMOTpeHa BO3MOXKHOCTH BBIOOpA IMapaMeTpOB JIJIsi OTOOPaKESHHS.
Ob6sactb mocTpoeHusi rpa)MKOB MMEET JIBE OCH OpPJMHAT, YTO JAeT BO3MO>KHOCTh
0TOOpakaTh Ha OJJHOM MJIOCKOCTH paclpeieleHHs pa3HON pa3MepHOCTH.

Cucrema Mo3BOJISIET CTPOUTH PACIPEACIICHHS 110 BPEMEHU U MO MPOCTPAHCTBY,

BBIBOJUTH 3ITHOPBI MAKCUMAJIbHBIX 3HAYCHUM Pa3INYHBIX PACUCTHBIX ITapaMCTPOB.
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HaHHbie Bribop nepeMeHHiIx | HacTpoiikm | Mpadmk I SKCMEPUMEHT

BxogHble gaHHbIE
4 PacyeTHbIE JaHHEIE Nesan opavHaTa |:| Mpasas opanHaTa DUKCMPOBaHHOE Bpema |:| Bpema
XapaKTepUCTUKH BbICT... [T] MHowecTBEHHEIR BRG0P MHo#eCTEEHHBIA Bbifop @ spena [[] zropa 3nopa
Pezynetatel BRIMMCNERMI - - ) -
CneymansHele AaHHBIE Bpema Bpemsa (©) koopamHaTa X [C] Avo cHapana AHo cHapaaa
MepemenrHele Koopaunara Koopawnara 0 i 0 n
4 [ocTpoeHne rpadmka CkopocTs rasa CkopocTs rasa 1,25¢-05 Tl 1,25¢-05 N
Bribop nepeMeHHBx laenenne laenenne 25¢-05 = 2,5e-05
HacTpoiikn Cropocte T@ Cropocte TO 375¢-05 3,75e-05
Mpadmk Jona cropeswerc nopox Jons cropeswero nopox 5e-05 = 5e-05 B
BKCI'IEF]MMEHT MnoTHOCTE NOpPOXOEbIX ME| MnoTHoCTH NopOX0BbIX rE| 6,25&'05 625&'05
MnoTHOCTE Bo3gyxa MnoTHoCTe Bo3gyxa 7,5¢-05 7,5e-05
MnoTHoCTE rasce Bocnna MnoTHoCTe rasoe Bocnna 875e-05 8,75¢-05
MnoTHOCTE cMeck rasos MnoTHOCTE CMeck rasos 0,0001 0,0001
Temnepatypa cMeck raso Temnepatypa CMecK raso 0,0001125 0,0001125
TEMI'IEpET)"pE CcTBONA TEI‘.II'IEPE'I'}'[’JE CcTBONa 0{000125 0000125
Bpema saxuranna Bpems saxuranna 0,0001375 0,0001375
0,00015 0,00015
I —T— v P ' 0,0001625 0,0001625
0,000175 0,000175
Monoxenne cHapagalx) Monoxenune cHapagalx) 0,0001875 0,0001875
Mpaean rpanHuua Teepaoi Mpaean rpaHnua Teepgoi 0,0002 0,0002
fesan rpaHnua Teepacii ¢ Jesan rpannua TEEpACI ¢ 0,0002125 0,0002125
3Nopa MaKCHManBHBIX Ji 3ntopa MAKCMMaNBHBIX b 0,000225 0,000225
3ntopa ckopocTeld rasos 3ntopa ckopocTel rasos 0,0002375 0,0002375
3ntopa ckopocTeil K-dast 3ntopa ckopocTei k-dast 0,00025 0,00025
3ntopa TEMNEPaTYpPhl CM¢ 3ntopa TEMNEPATYPhI CME 0,0002625 0,0002625
3nNopa TEMNEPATYphI CTE 3Nopa TEMNEPaTY LI CTE 0,000275 0,000275
3nopa NACTHOCTH CMECH 3ntopa NACTHOCTH CMECK 0,0002875 0,0002875
3Ntopa NACTHOCTH BO3AYY 3Ntopa NAOTHOCTH BO3AYY 0,0003 0,0003
3nopa NACTHOCTH rasce 3ntopa NACTHOCTH ra308 0,0003125 0,0003125
3ntopa NACTHOCTH Fa3oe | 3ntopa NACTHOCTH ra308 0,000325 0,000325
3nopa NACTHOCTH YacThi 3ntopa NACTHOCTH YacTH 0,0003375 0,0003375
0,00035 0,00035
e R [ P ooy | e

Pucynok 4.19 — OxHoO BeIOOpa MEpeMEHHBIX

CymiecTByeT BO3MOXKHOCTh HACTPOMKM MapaMeTpoB MOCTPOCHHS TI'papUKOB,
TaKuX KakK LBET, TOJIIMHA U THUI JIMHUM, 3aJaHUE BEPXHUX U HIDKHUX TPAHUI] 00JacTH
IIOCTPOEHUS, MECTO PACHOJIOKEHUS JIereHAbl. 11 3TOro ClleqyeT MeperTH Ha BKJIAJIKY
“Hactpoiiku” (cMm. pucyHOK 4.20) 1 BOCTIOIB30BaThCS COOTBETCTBYIONUMH JIEMEHTAMU
yIpaBJICHHUSI.

[To waxatuto kHOmKU “TIpUMEHHTH” TPOUCXOIUT TOCTPOCHUE BBHIOPAHHBIX
pacnpeneneHuid B o0OjacTH mocTpoeHusi rpadukoB Ha Bkimanke “I'padpux”. Ha
pucyHke 4.21 Ha nmpuMepe KpHUBBIX JaBJIEHUS HA JHO KaHaja U JHO CHapsia, a Takxke
CKOPOCTH CHapsiia i apTHILIEPUIICKOTO OpY/IMsS YCTAHOBKU MPUBEIECHO OTOOpaXKEHUE

uHpopmaIuu B rpapuueckom BUJIE.
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BxogHble gauHbie
4 PacyeTHbIE AaHHBIE
XapaKTEpUCTUKN BEICT...
PesyneTatel BEIMMCAEH Wi
CreymantHbIe A3HHBIE
Mepementbie
4 TocTpoedune rpaduka
Bbibop nepeMeHHbX
Hactpoiiku
Mpadu
3KCNEPUMENT

AaHHbie I Brifop nepemeHHoIx

HacTpoiitn | padic I IKCMEpHMEHT |

Ocb abouce (X)

@ 3iineposa cHCTEMa KOOPAWET

(©) Narparbresa cacTema KOODAWHET
ABTO

MHHHMYM

Makcumym

Ok opamHat ()

AgTo (Mepemernan 1)
Miarrym

Makcamym

AeTo (Mepemerran 2)

Miarrym
Makcamym
Nereqaa
Nerenna
) Ceepxy
@) Cnesa
) Chusy

0,0000000000

5,0000000000

0,0000000000

1000,0000000000

0,0000000000

1000,0000000000

@ Cnpasa

HacTpoiika naHmi

Uger Tun TonwiHa
I 72 3
_teermemz | 5 @ 2
_teermrms | @ 2
_ eerams | 4 @ 2
LIBET AMHWM 5 I[S 'HZ v]
CrewansHsie rpaduii
Ueet Tun TonwuHa
e | 5 @ 2
I - 5@ 3
Mepenertan 2
__eernopu | 5@ 2
I e 2

Pucynok 4.20 — OrobpakeHne KOH(GUTYpAIIH BEIYUCIUTEIBHOTO SKCIEPUMEHTA

BxogHEIE A3HHEIE
4 PacueTHbIE gaHHBIE
XapakTepncTuKN BBICT...
PesynuTaThl BbIMHCAEH M
CreumantHble AaHHBIE
Mepementeie
4 [loctpoerune rpaduka
BeiBop nepemeHHbx
HacTpoiiku
Mpadunk
3kcneprumenT

NanHee I Bribop nepemenHsn HacTpoiita | padmk | SKCepUMEHT
3,5e+08 7] - 800
3e+08 4 B
b - 600
2,5e+08
T ] o
&
s ] -8
& 4
5 2e+08 4 Q
I 4 a
T =
g ] z
o i [ 400
o E4
oI q e
1,5e+08 | o
1e+08
] - 200
5e+07
—0
T T T T T T
1] 0,001 0,002 0,003 0,004 0,005
tc

[ Banancueckan oicrena

= Px =x_cH) = P{x=0) = v{x=x_cH)

CoxpaHuTe rpadmic

B rpauecKoM BUJIe

Pucynok 4.21 — I[Ipumep oToOpaKeHHS Pe3yIbTaTOB BEIYMCIUTEIBHOTO SKCIIEPUMEHTA
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B nyHkTe MeHO “OKCIepUMEHT’ peaju30BaHa BO3MOXKHOCTh CpPaBHEHUS
pacUETHBIX KpUBBIX [aBJIEHUS C OHKCHEpPUMEHTaJbHbIMU. CpaBHEHUE peE3yJbTATOB
BBIYUCIIUTEILHOIO 3KCIIEPUMEHTa MPOUCXOIUT C JAHHBIMHU, KOTOpPBIE COJEPKATCSA B
daiine, ykaz3aHHOM B  KOHQUIypallMd  BBIYUCIUTEIBHOTO  DKCIEPUMEHTA.

CoOTBETCTBYIOIIMI MPUMED MIPEICTABICH HAa PUCYHKE 4.22.

p, MII

500 |

Aok

400

F——

300 |

i W vt

200

T —

100

Pucynok 4.22 — I[Ipumep cpaBHEHHS PACUETHBIX M SKCIEPUMEHTAIbHBIX JAHHBIX

4.2.3 bnox suzyanuzayuu npoyecca apmuileputicko2o 8blcmpeia

B mporpammHOM Moayne pacdera BHYTpEHHEH OalTUCTUKM Ha OCHOBE
texHosorun OpenGL [169] peanu3oBan OJIOK BU3yallM3allii BHYTPUOAITHCTUYECKOTO
npoliecca apTHILICPUICKOTO BBICTpEIIA.

Oxno 3D Busyanuzanuu (cM. pucyHOK 4.23) BBI3BIBACTCS TIPU BBHIOOpPE MyHKTA

“BpicTpen” ri1aBHOTO MEHIO MPOTPAMMHOIO MOIYJIA.
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& x g x
t t
% ] o — x
Y 20408 i Fen |, 3,5e+08 L s00
[ 1 / E s00 P 3e+08 3 F
w 1,5e+08 w 3 [ 600
psi ] E400s | ps 2,5e+08 e
ro_pg C ] I |ropg C 2e+08 § k4
" 1le+08 ] E 300 - L
rovz o 1etsy B [ O 1,5e+08 3 4005
o_gv ] E 200 ro_gv [
ro_sm Se+07 ro_sm 1le+08 F 200
Tom ] F100  |T.om S5e+07 3 L
Tt 53 ig Tst Le
tz T T T T T T T tz T T T T T T
0 0,1 0.2 0.3 0.4 0.5 0,6 0 1 2 3 4 5
XM t, mc
— P(t=0.003625) — v(t=0.003625) = Plx=0) — Ple=x_ci) — vix=x_cr)
8 x
& 0.00033578n
: Lo
] Buzyanusaums ahlclpena..‘ [ B x
0 MapareTpsl

XHa4. 0,8000

Bpema: 0.003625c

(o] ] 1) )] |

e 0.000313449 M
z 0.839173

- Bonbwe

psi 0,817

Pucynok 4.23 — Okno 3D Bu3yanu3anuu BHyTpHOAUIMCTHIESCKOTO MTpoIiecca

Oxno 3D Busyanuzanuu pasfeieHO Ha BEPXHIOI U HIDKHIOIO YacTh. B BepxHen
YaCTH OKHAa OTOOpa)aloTCs pe3yJdbTaThl BBIYMCIUTEIBLHOTO HKCIIEPUMEHTAa B BHUIE
rpadgukoB. CreBa — OKHO OTOOpaXXeHUS JIMHAMHYECKUX T'paPUKOB HU3MEHEHUS
BBIOPAHHBIX ITOJIH30BATEIEM MApPaMETPOB 10 3aCHAPSTHOMY TPOCTPAHCTBY C TEUYCHUEM
BPEMEHH, CIpaBa — OKHO, OToOpaxkarolee KpHUBBIC NIaBJIICHUS HAa JHO KaHajda U JTHO
CHaps/ia U CKOPOCTh CHapsi/ia B 3aBUCMOCTH OT BpeMEHH (PUCYHOK 4.24).

O6nacTth oToOpakeHus: rpaUKOB pacnpeiesIeHUs] TapaMeTPOB MO 3aCHAPSITHOMY
MPOCTPAHCTBY MMEET JBE OCH OPJIMHAT W TMO3BOJISIET OTOOpakaTh OJIHOBPEMEHHO

JAWHAMHWKY U3MCHCHMUS JIBYX BCIWMYMH, BBI6paHHBIX IIOJB30BATCJICM.

t t
x ] E|
v 2e+08 3,5e+08 3 [ 800
P ] P 3e+08 3 F
" 1,5e+08 v 2,50+08 [ 600
psi q ] psi F P
ro_pg C ] T |ropg T ze+08 z
- 1e+08 ] E 300 . 3 L
- a ] F |z 071 50108 3 400,
ro_gv ] F 200 re_g E| r
ro_sm 5e+07 ro_sm I=ltg I 200
Tsm ] F 100 Tsm Se+07 ]
Tt 0 ig Tt E Ly
tz T T T T T T T tz T T T T T T
0 0.1 0,2 0.3 0,4 0.5 0,6 0 1 2 3 4 5
X, M t, mc
— P(t=0.003625) — v(t=0.003625) = P(x=0) — Plx=x_cH) = v(x=x_cx)

Pucynok 4.24 — OxHO 0TOOpa)keHHsI Pe3yIbTaTOB BHIYUCIUTEIBHOTO SKCIIEPUMEHTA

B BU/JIE TpauKOB
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I'paduku MoryT oTOOpaXkaThCs MO0 B JIarpaHKEBOMU, TUOO B SHUIEPOBOM CHUCTEME
KoopauHat. [Ipu 0TOOpaKEHUH B JIArPAHIKEBOM cHCcTeMe KOOPAMHAT (CM. pUCyHOK 4.24)
pasMep oOsactu OTOOpakeHUsT TpadUKOB BHEIOMpPAETCS HMCXOAS W3 MaKCUMaJbHBIX
3HAUEHUH MapaMeTpoOB MO OCSAM KOOpPAMHAT B TEKYIIMH MOMEHT BPEMEHH, IpH
OTOOPKEHUHU B DIIEPOBOI CUCTEME KOOPAMHAT — UCXOMS U3 MAaKCUMAJIbHBIX 3HAYCHUN

IapaMeTpoB 3a BCEe BpeMs BhICTpena (CM. pucyHok 4.25).

t

X | L

v 3,5e+08 - 800
P 3e+08 3 - - P

2,5e+08 e - 600

T 2e+08
01 5e+08 3
1e+08 3
Se+07

X, M
= P(t=0.003525)

v(t=0.003625)

0,6

0,8

Pucynok 4.25 — [Ipumep otoOpaxkeHus pe3yabTaTOB BHIYUCIUTEIHHOIO SKCIIEPUMEHTA

B BUJie I'paMKOB B 3IJIEPOBOI CUCTEME KOOPIUHAT

B HwxkHell dactm oOkHa pacnojaraercs obsacte 3D Bu3yanuzanuu

BHYTPHOAUTMCTHYECKOTO TMpoliecca BoicTpena. CiaeBa oToOpakaeTcs KaHajl CTBOJIA,
MOJIE/Ib CHapsijia, MOPOXOBBIE JIEMEHTHI 3apsjia, CIpaBa HAXOJUTCS OKHO JIETaIbHOTO

0TOOpaKEHHSI TOPOXOBBIX AIEMEHTOB 3apsiia (pUcyHok 4.26).

5232 AaHHbIX NapameTpsi

Hacrpodiku
Bua N yHonuaHo
Pacuer
Buictpen

Boixoa

Onporpare. ..

] Busyanusaun swicrpena...

1

Bpema: 0.003625c

[ m | [ra] [ <] [o> | p]

- bonbme

XHa4. 0,0000

X
e
z
psi

Maparer,

¥ Hav.

o

z

psi

Pucynok 4.26 — OxHO 0TOOpaXkeHHsI Pe3yIbTaTOB BHIYUCIUTEIBHOTO SKCIIEPUMEHTA

B Buze 3D anumanuun

HaiTi

0.00665086 m
0.000336578 m
1.00847

0,900

Pl
0,8000

Haitti

0.452108 M
0.000313449 M
0.939173

0,817
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[IpenycmoTpena HacTpoiika otoOpaxenuss 3D Busyanmmszamum mporecca.

CootBeTcTBytOIIeE OKHO (CM. pUCYHOK 4.27) MOXHO BbI3BaTh, BBIOpAB IYHKT

“HacTtpoiiku™ r1aBHOTO MeHI0. Bo3MOXHa HACTpoiika 1BETOBOW raMMbl OTOOpa)keHHUs

npoliecca, IPKOCTU CBETa M Pa3JIMYHBIX CBETOBBIX d(D(PEKTOB, a TaKkkKe MPeayCMOTpPEHA

BO3MOXXHOCTh BBIOOpa OTOOpa)Ka€MBbIX 3JEMEHTOB KOHCTPYKIIMM YCTAHOBKU H

Ooemnpumnaca.

COTobpaerue BusyanbHele sdderTl | IEYKM |

OTobpaseHue
Kamopa
CTson
Kanoone
CHapaa
Mopox

|:| BocnnameHuTenb

|:| OeM Nnopoxa

|:| [bIM BOCMNEMEHMTENA

HuHAR Nognokka
O

DoH

MaKoMansHoe KoNMHeCTB0 NOPOX0BEIX JNEMEHTOE

UBeeT cHapaaa

5

30000

LiEeT nopoxoBoro asiMa

LieeT noanosKm

LeeT oo

e

][ Cancel l

Pucynok 4.27 — OxHo HacTpoiiku napamerpoB 3D Busyanuzanumn

BHYTpH6aHHHCTquCKOFO Imponecca BoICTpEIa

C nomompio maHenu ympasieHuss 3D Busyanuzaiuei mpoliecca BBICTpesia

(cMm. pucyHOK 4.28) MOXHO OCYHIIECTBIISAITh 3allyCK M OCTAHOBKY BHU3yaJlM3allUU

npoliecca, NepeMOTKy Ha3aJ U BIEped, BHIOOp CUCTEMbI KOOPAUHAT AJig OTOOpaKeHUs

mporiecca.
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El

Bpema: 0.005c

>/ m

- bonbwe

][ «</|» | ]

MPadMK AMHIMMKK NEPEMETPOE
@ arpaHxesa CUCTEME KOODAMHAT
() 3iAnepoBa CMCTEMA KOOPAWMHET
Fpaduaic P(E), v(t)

MopoxoBoi 3neMeHT 1
MNopoxoBoi 3NeMeEHT 2

MeHo

Pucynoxk 4.28 — ITanens ynpasienus 3D Busyanu3zanueit

BHYTpI/I6aJ'IJ'II/ICTI/I‘ICCKOI‘O Imponecca BbhICTPEIIa

H

o

pucynke  4.29  mnpuBenensl  ¢parmentsl 3D Bu3yanuzainuu

BHYTpHOAJUTMCTUYECKOTO TIpoliecca BBICTpeNa il TaHKOBOM mymku ¢ 125 mm BII

8 x B x
t t
M e c M Se+08 4 —
v 4e+08 J i F1oo0 v 3 \ / F 1500
p 1 n P 4e+08
w 1 F 800 w 1 J
3e+08 L ) E
psi o] ] - & | psi @ 30+08 10005
ro_pg = 1 F8 z lropg = 1 / 7q z
ro_vz ar2e+08 r & oo 0 5e+08 3 =
o ] P 7 g ] // \\ oo
ro_sm 1e+08 L resm 1e+08
Tsm 1 20 Tam 1 4
Tst 0d n Tst Lo
tz tz T T T T T
0 0.5 1 1,5 2 0 2 4 6 8 10
XM t, mc
= P(t=0.0078) - ¥(t=0.0076) = Px=0) = Plx=x_c) — v(x=x_cv)
& X
S—
0.0007776 M
¢ oem
- 5%
SR e |
MapameTpsl

=
8]
Bpems: 0.0076 c

L] s o ]

XHad, 00000 5
X 0.3375%4m

& 0.00077%m
:  en

ps o872 2

Pucynok 4.29 — ®parment 3D Bu3yanu3aruu BHyTPHOATHCTHIESCKOTO TTpoIiecca

BoicTpena 125 mum BII cHapsimom
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4.3 IlporpaMMHBIii KOMIJIEKC KOHPUTYPAIlUH U BU3YATH3AIUH

MOJIMTOHHBIX HCIILITAHUH

4.3.1 Obwee onucanue nonv3zoeamenbcko2o uHmepgetica

OCHOBHOE OKHO IIOJIb30BATEIILCKOTO HHTEpdeiica MpOrpaMMHOTO KOMITIEKCA

npenacrasieHo Ha pucyHke 4.30.

Comcox Obuextos 0x

ApTuaneswAckni Buictpen
© Bryperens Ganmucrec
Bpews e} Jamearerve | Breurmn Gonmecnes
. 0 BaaumommdcTING C rperpan
] Creaaam, 33 capRaom
Myex J [ Oorecawe
w3 Aprwanepuicxnd Bucrpen [WF Apnunnepmicras Yeranons

PI/ICYHOK 4.30 - OCHOBHOE OKHO MpoOrpaMMHOTO KOMILJICKCA KOH(bHpraL[PIPI " BU3yalindallnun

IMOJIMTOHHBIX MCIBITAaHUH

B coctaB untepdeiica mporpaMMHOT0 KOMILIEKCA BXOST:
— MEHIO — pacIloyIaraeTcsl BBEPXY OKHA;
— MaHeJlb UHCTPYMEHTOB — IMOJ1 TJIaBHBIM MEHIO;
— okHo 3D 1mudpoBas Moenb KapThl — INIABHOE OKHO MPOrPaMMHOI0 KOMILIEKCA.
OcTasibHble OKHA IEPEMELIAIOTCS U YCTAaHABIUBAIOTCS MPOU3BOJIBHBIM 00pa3oM:
— OKHO «APTWUIEPUICKUN BBICTPEI» — YIPABJICHUE APTUILICPUINCKUM BBICTPEIIOM;
— OKHO «ApTWUIEpUICKAas YCTaHOBKAa» —  YIpPaBJIEHUE aAPTHILIEPUIICKON

YCTaHOBKOW;
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— OKHO «l/3mepurenpHple  YCTPOWCTBa» —  YOPAaBICHUE U3MEPUTEIbHBIMU
YCTPOWCTBAMHU;

— 0KHO «CIHCOK 00BEKTOB» — OTOOpAKEHNE OOBEKTOB HA KAapTe MOJIUTOHA;

— 0KHO «CBOMCTBa» — peJaKTUPOBAHNE CBOMCTB OOBEKTOB U KapThI;

— OKkHO «HacTpolkn» — HACTPOUKHU IPOTrPaMMBI;

— okHO «Kouburypamus skcmepumMeHTa» — 3arpy3ka JaHHBIX HaTypHOTO H
BBIYHCIINTEILHOTO YKCIIEPUMEHTA;

— OKHO «BHemHsAs 6auncTiKay — pelieHne IpsiMoi 1 0OpaTHOM 3a/1auu BHEIIHEH
OAJTMCTUKH.
B rmaBaom mento (pucyHok 4.31) comepikarcst CIeaYIOIINE MyHKTHI:

— «@aitn» - paboTa ¢ Paitiamu;

— «Buny - ynpasieHue oToOpakeHUEM OKOH;

— «HCTpYMEHTBI» - ClIEIUATIbHBIE BO3MOKHOCTH;

— «CrpaBkay - cripaBo4Hasi HHGOpPMAIIHSL.

Maiin | Bug | WMHcTpymenTtel Cnpaeka

= Cnucok O6bekTos
Ceoictea ObvexTor
Aprunnepuiickan ¥eTaHoeka
AptunnepuAcenii Beictpen
Kapta BeicoT
MzmepurencHeie ¥eTpoicTea

OrkHo TekcToebl CooBLLeHWA

Cnucok Tunos

Crpoka CocToAHKIA

Pucynok 4.31 — I'maBHOE MEHIO U TIaHE)Ib HHCTPYMEHTOB

B wmenwo «UuCcTpymMenTh» (pucyHok 4.32) comepkarcs BO3MOXHOCTH
n00aBJIEHNS HOBOTO AKCIIEPUMEHTA, PelIeHUE MPsIMOil U 0OpaTHOM TPACKTOPHBIX 3ajad,

YIIPaBJICHUS HACTPOMKOU IPOTPAMMHOI0 KOMILIEKCA.
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©ain  Bug | MHctpymenTtsr | Cnpaeka

JoBaenTe IKCNEQUMEHT

Pacuer TpaekTopun

#f MNapametpb..

Pucynok 4.32 — ITyHKkT MeHIO «ITHCTPYMEHTBI»

OCHOBHOE OKHO MPOrPaMMHOI0 KOMILJIEKCA MPeICTaBICHO Ha pucyHKe 4.33.

iy KoHdurypauws v susyaamnsa

Qaiin Bua  WHcrpymentsr  Cnpaeka

Pucynok 4.33 — OKHO peJaKTHPOBAHUS KapThI

Bce neiicTBust OCYHIECTBISIOTCS ¢ MOMOINBIO HaXaTHsl HA KjiaBUIIM MbImM. C
MOMOIIBIO KJIABHATYPhl MOKHO TIEpEMEIIaThCs M0 KapTe ¢ MoMoIlbio kiaaBuir: «\Wy —
Briepen; «A» — BIIeBO; «S» — Hazax;, «D» — BnpaBo; «Q» — BBepx; «E» — BHU3; «+» —
YCKOPEHHUE CKOPOCTH TMEPEIBMKEHUS 10 KapTe;, «-» — 3aMEIJICHUE CKOPOCTH

MNECPCABHUKCHUA 110 KapTe.
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4.3.2 Konghueypayus noaucoHHuIX UCHbIMAHULL

JloGaBiieHHE HOBBIX JAHHBIX 00 SKCIIEPUMEHTE B IPOrpaMME OCYILECTBISETCS C
NOMOILbIO MyHKTa MeHI0 “UMHCTpyMeHTbl —> JI00aBUTh 3KCHEPUMEHT  (CM. PUCYHOK
4.34). B muanoroBoMm okHe “Kondurypamms sxcnepumenta” (pucyHok 4.10) 3aHocsTCS
JaHHBIE O CJENYIOIMX DJJEMEHTax: KapTra, apTUUIEpUiiCKas YCTaHOBKa, CHaps,
BHYTpPEHHSISI OQJTMCTHKA, BHEIIHSSA OAJNTUCTHKA, OOBEKT MOPAKEHUsS, U3MEPHUTEIbHAs

amnmaparypa.

a5 KoHburypauws IkcnepumeHT: l =NA=N X
L - e
Kapta |Yc1aHoaKa | BricTpen | WameputensHan annapatypa I BHyTpenHaa Gannmcmuka | BHewHas Banmictika | OB bexT I'IODEX.BHHR| : Z
[ata v BpemMA NCTBITaHWA 17 anpena 2074r. B~
- =
Mpoekuma C]
@ Paiin @) Owpextopua
Oanneie (LAS) E
MeTeoponoriyeckie oaHHbIE E
|
[ Lanee>> ] [ Coxparnte ] [ B ] [ Crpaexa

Pucynok 4.34 — OxHo «KoHpuryparius sKkcriepuMeHTa»

Bo Briagke “Kapra” (pucynok 4.35) 3amaroTcs: n1ata IpOBENCHUS WCIIBITAaHUH,
KapTa, Ha KOTOPOW IIPOBOJMTCS pacyeT, Treojie3udeckas MNpoekmus, maHHbie LAS

(pe3yabpTaThl Ja3€pPHOTO CKAHUPOBAHUS MECTHOCTH ), METEOPOJIOTUUECKHE JIaHHBIE.
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KapTa |Yc1aHOBKa I CHapao I BHyTpeHHAR Gannucmaka | BHewHAs Gannucmka I OBBEKT NopakeHuA I WameputensHas annapatypa

[aTa u BpeMA MeneITaHui 17 anpenn 2014r. B
Kapta Pohygon'.Maps'PolygonMap'Map map D
Mpoekuma C]

@ Paitn () Dupextopua
Oanrbie (LAS) E
MeTeoponorieckie gaHHbIe :]

[ Danee>> ] [ Coxparnte ] [ B ] [ Crpaexa ]

Pucynok 4.35 — Kongurypauust BeIcTpena: 3anojHeHue kaprorpadudeckoid nHbopMauu

Bo Bkmagke “YcranoBka” (cM. pucyHOK 4.30) BBIOMpaeTcs apTHILIEpUKCKAs
YCTaHOBKA W3 CIHCKAa pa3MENICHHbIX Ha KapTe. JIMpeKIMOHHBIA Yrol U Yroi
BO3BBIIICHUS MYIIKA PACCUUTHIBAIOTCS HMCXOMAS W3 PACIMOJIOKEHHUS apTUILICPHICKON

YCTAHOBKH, TTIOBOPOTA OAIllHUA U CAMOM MYIIKH.

Kapra | YcTaHoska |CHapﬂn I BHyTpeHHAR Gannucmika | BHewHaR Gannvcmika I OfbewT nopaxeHuA | MamepuTensHan annapatypa

ApmMnnepriickan yocTaHoBKa Tank T-30_0| -
[ipeumoHHBIR yron, rpa. 47 85
¥ron B03BLILEHWA OpYIMA H3A FOPU30HTOM, FPaa. 0

Pucynok 4.36 — Konduryparmus BeIcTpena: CBeICHUs 00 YCTaHOBKE

Bo Bknaake “CuHapsa” (pucyHok 4.37) BbIOMpaeTCsi HaMMEHOBAHHME CHapsijia M3

0a3bl JaHHBIX.
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| Kapta I Veraroska | CHapaa | BryTpeHHAR Banmucmika I BrewHAR BannucTika I OfbekT NopaxeHA I MzmepuTensHan annapaTtypa

HawmeHoBaHWe cHapAna -

OF293
OF30
OF36
OT30

Pucynok 4.37 — Kondurypanus BeicTpena: BEIOOp cHapsiaa

[Tocne BBIOOpa ApTUIICPUICKOW YCTAHOBKH W CHAps/a 3arpyX.aroTcs JaHHBIC

pacuera BHyTPUOAJUTHCTHICCKUX JAHHBIX (CM. pHCYHOK 4.38).

| KapTa I YoTaHoBKa I CHEII'J'RII.| BHyTpenHAR GanmucTvka | BHewHAR GanmicTaka I DEbErT NopaxeHuA I MzmepuTensHan annapaTtypa

3arpysuTe faHHee uS @313 gine Free SDK 2.11\Project \Bin\Data'\Polygon’\Data'Inlet Ballistic\BM42bd ... |

HauaneHans cropocte, MAC 1700

Bpemna BeicTpena, © 00102110

Pucynok 4.38 — Kondurypanus BeicTpena: BEIOOp BHYTPUOALTUCTHUECKUX JAHHBIX

B nuanoroBoM OkHE BBIBOISITCSA JAHHBIE pacueTa HAa4YaJIbHOM CKOPOCTH CHapsiaa
Ha BBIXOJI€ U3 CTBOJIA U BPEMS BBICTpEIA.
JlaHHBIE pacyeTa BHyTpEeHHEN OaJTMCTUKU MEpeaatoTcs B ABYX popmarTax:
— (usnueckue nmapaMeTpsl BHYTPH CTBOJIA (JIaBJICHHE, TEMIIEpaTypa U T.11.);
— TI0JIO’KEHHUE MOPOXOBBIX AJIEMEHTOB BHYTPH CTBOJIA.
BremneOamumicTuueckie JaHHBIE 3aHOCSTCS B COOTBETCTBYIOIICH BKIIAJKE

(pucyHok 4.39).

| Kapta I YoTaHoBKa I CHapan I BHyTpeHHAR Sannucmaka | BrewHan GanmucTwka | D6 ekt nopakeHua I WamepuTensHan annapaTypa

Zarpy3sTe OaHHBIE WS Daina IK 2.11"Project\Bin*.Data"Polygon \Data"Dutlet Ballistic\BM42,1700_293 1<

Halima Hynesaoll ypoBeHe

Pucynok 4.39 — Konduryparus BeicTpena: BbIOOp BHEIIHEOATITUCTUYECKUX JaHHBIX
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VYcranoBka mnyHkta “HailTu HyJeBOWl ypoOBEHb  MO3BOJSET HAWTH TOUYKY

NEPECCUCHUS TPACKTOPHUHN C ITOBEPXHOCTBIO 3CMIIN.

Pemenue 06paTHOI>’I 3aJa4uun BHCIITHEH OaJNIMCTHKH OCYHCCTBIIACTCA M3 IIYHKTA

MeHO “UHCTpyMEHTHI”

—> “Tpaexropus’. BTopoii crmocod — W3 JMATOTOBOTO OKHA

“Kondurypauus Beictpena” Bo Bkiaake “OO0bEKT MOpaXeHHUs C MOMOIIBIO HaXaTHs

Ha KHONKY “OOpatHas 3ama4a” (pucyHok 4.40). B pesynbrare mosButcst okHO “Pacuer

TPAeKTOPHUH CHApSAA” JJIA MPOBEACHUS pacyeTa 0 HABEJACHHUIO OPYAMs Ha LIEIb.

| Kapta I WoTaHoBKE I Crapag I BHyTpeHHaA GannucTvka I Brewnaa Gannucmka | OGbexT nopaxerina | WzmepuTensHan annapaTypa|

HaseaHue ofbekTa nopakeHuA

3arpysuTb OaHHbIE U3 Barna

Target_0

- CfpatHan sanava

I

<<Hasan I I Danee>> I I CoxpatnTe I I Beiiima

I I Crpaexa I

Pucynok 4.40 — Bei6op o0bekTa mopaxkeHus B 1uaioropoM okHe “Kondurypanus BeicTpena”

JlaHHBIE HATypHBIX OJKCIIEPUMEHTOB 3aHOCATCS BO BKIanke ‘“M3mepurenbHas

anmaparypa’” (pucyHok 4.41) nuanoroBoro okHa “Kondurypamus Beictpena”.
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| Kapta I YeTaHoeka I CHapra, I BryTperHan Gannuctvka | Brewnaa Ganmuwcmuka | OBbekT nopaxeHua | WsmepuTensHan annapatypa
WsmepuTensHo-perncTpupyowes yoTPORCTED WVereskM 5 -
KoopaHaTe! pacnonoxeHna yoTpoicTea 56T 7 7.91" N 38° 1003837 E204.8|
3arpysuTe OaHHBIE US haina D:\Neofxis'Neofds Engine Free SDK 2.11\Project \BinData D
OpGasnTs
el

Pucynok 4.41 — Kondurypanus BeICTpena: 3arojIHeHHE JaHHBIX 00 U3MEPHUTEIBHOM anmnapaType

Cnoucok smeMeHTOB  (OpMBI 1711 BBOJA JaHHBIX 00 HW3MEpPUTENIHHO-
PETUCTPUPYIOLIEH annapaTrype:

— YCTpOWCTBO, pACIOJIOKEHHOE€ Ha TMOJHWTOHE, BBHIOMpAEeTCsl W3  CIUCKAa,
coaepxkamerocs B nose “M3MepUTeIbHO-PErUCTPUPYIONIEE YCTPOHUCTBO ;

— KOOPJIMHATBHI U3MEPUTEIbHO-PETUCTPUPYIONIETO  YCTPOMCTBA BBIBOASTCA B
COOTBETCTBYIOLIEM I10JIE;

— pacCroJIOKEHUE YCTPOMCTBA MOXHO MOIU(MUIIMPOBATH, HaXaB HA KHOMKY
“U3mMeHuTs”;

— B mosie “3arpy3uTh JaHHble W3 (Qailna”’ comepxkaTcs JaHHbIE O pe3yJbTaTax
HaTyPHBIX SKCIIEPUMEHTOB;

— Ha)kaB Ha KHOIIKY ““...” psIOM C mosieM “3arpy3uTh JaHHbIe U3 (aiaa” MosBUTCS
JIMaJIOTOBOE OKHO BBIOOpa (haiina;

— kHomka “JloOaBUTh’ mMpemHA3HAuYCHA [JIs JOOABICHUS TEKYIIUX JaHHBIX B
CIIHCOK;

— KHOMKa “Yaanmuth’ MpeaHa3Hay€Ha ISl yAAJCHUs BbIICICHHBIX JAaHHBIX W3

CITHCKA;
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— KkHomnka “OYuCTUTH BCE” MpEAHA3HAUCHA IS yIAICHUS BCEX JTAHHBIX U3 CIIHUCKA.
[locne BbIMOMHEHUs OSTUX omepanuii BeiOUpaeM KHoOmky “CoXpaHUTh”
(pucyHok 4.42) nns co3maHus HOBOTO BhICTpena wid “BeiiiTu”, 4ToOBI HE COXpPaHATH

N3MCHCHHMSL.

[ <<Hazan ] [ Nanee== ] [ CoxpaHiT ] [ BT ] [ Cnpaeka ]

Pucynok 4.42 — Kondurypamus BRICTpesia: CIIIUCOK AJIEMEHTOB YITPABJICHUS

B pesynbTaTe coxpaHseTcs Tekymas KOHGUTYpaIys MOJTUTOHHBIX UCITBITAHHUH.

4.3.3 Mooynv pacuema enewHeli 6ANIUCTMUKU

BuemmebammcTrnueckue TPACKTOPHUU CHAPAAOB PACCUUTHIBAIOTCA B IIPpOI'paMMC,

pa3paboTaHHOW B paMmKax BbIOJMHEHUS padoT [60-62]. OOmmiA BHJ MOpOrpaMMbl

MPEJICTABJIEH HA pUCYHKE 4.43.

MNapameTpe! | [pamuii pelweHua | Cfpatar sanava | Tafnuua nepemMeHHEn | np Chayz | Tafnuua NapaMeTpos

[ HaHHeie na Excel ]

[NapameTpel cHapAaa v BeicTpENa | [eothr3MYECKMe NEPEMETDEI | MapameTpel pacueml

Kanwéip, m 0152 Kosdgmuent C_x(M)_3T HauaneHele yonosma
@ . 3HaueHue
Macca, kr 26 @) 3TanoHHEN No sakoHy 1943,
() 3TanoHHeI No sakoHy 1958 t o
OnuHa, m 0.72 i 0
() pacyeTHBIA Sm
KozgduueHT dopmel cHapaga 1 _— o
[maHa ronosHoil 4yacm, M 0.427 YoM 1
MonoxeHue ueHTpa macc (o7 aHa),m - 0,25 .M ]
m_x_omega_x 0 Wic, mic 670
ArcuansHeIi MOMEHT HepLn cHapaoa, |_x 0,1455 [ Bermcinte ] [ Omepeims HY ] »  teta, rpan
Koam@uuMeHT cornacosaHvA GoKOBOra oTKNOHEHWA cHapAaa 1 psy, rpan
omega_x, ]
LnuHa xopa Hapesos, kamwbpos 25 !
#*  pily) 1
ypeuioHHed yron uenw, rpag 48,29
Konefianwe cHapaaa MapameTtpel anA Gnoka 5
) wmeeTcn {Gnok 5) m_z_alpha(M} 0,01 Cx_alpha(M) 0.01
@ oreyteTEpeT m_y_alpha(M) 0,01 Cy_alpha(M) 0.01

m_omega(M) 0,01 Cz_alphaiMy 0,01

Pucynok 4.43 — BBox mapamMeTpoB B AMaJIOroBoM okHe “Pacuer TpaekTopuu cHapsaa”
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Pemenue npsMoil 3aauu BHEMIHEW OAJNIMCTUKU IPOU3BOIUTCS BO BKIAJKE
“I'pauk pemenns” (pucyHok 4.44). B TabMu4HOM BUJIE PE3yIbTATHI PEACTABICHEI BO
BKiagke “Tabnuma nepemeHHbIX”. Pe3ynbTaTsl pacueTa TPAaeKTOPUU CHapsAIa MOKHO
sKcnopTupoBath B ¢dopmare Excel m B TexcToBOM BHIE ¢ MOMOIIBI0 HaKaTUs Ha

kHomkH “‘Coxpanutb B EXcel” u “Coxpanuth B 010KkHOT” (pUCYHOK 4.45).

MapameTpel rDa¢WKWDENEHMH| O@paTtHan zagava | Tabnuua nepemMeHHb I np Cwyz I Tabnuua I'IEI|:|E|ME:T|305|

[ Pewuts ] [DC'IEHOEEHTb ]
S.m |::. M I ¥, M I z,M | Vi, mic | teta, rpan | psy. rpaa I omega_x, pan/c I pify) I tabPage12 | tabPage13 I tabPaged: ' | *
Sm
6000
4000
2000
0
1.95 3.95 595 7.95
tec

Pucynok 4.44 — Pemienue npsMoif 3a/1aun BHEIIHEH OaJUTMCTUKU B TMAJIOTOBOM OKHE

“Pacuer TpaeKTOpHUM CHapsiaa”
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MNapameTtpel I [padmKK pelweHUR I OBpatian sagaua | 126MMua nepemeHHenx |np Chgyz I Tabnuua I'IEpaMeTpOE|

M| »

TauEHIA peLeHM [ CoxparuTs 5 Excel ] [ Coxpannte 8 BnokHoT ]
t Sm XM ¥, M M :’}C tre;aax'l E:gln :Q:?:—x' pifyh
P—_ 0 ] 1 0 670 4,355 0 0 1

0.05 334567 (333593 |35018 0.0001 6632712 |4.3536 00003 |0 0.9997
0.1 668272 (66634 60729 0.0004 6665498 (4312 00007 |0 0.9994
0,15 1001118 |99,8256 |B,5635 0,0009 6648358 (42704 40,001 0 09591
0.2 1333109 1329334 (110235 | 00016 6631293 (42286 00014 |0 0.9588
0.25 1664243 | 1659581 (134531 00024 6614301 |4.1867 00017 |0 0.9585
0.3 1954541 |198,8999 (158524 |0,0035 659,7381 |4,1447 40,002 0 0,9583
0.35 2323988 (2317593 18215 |0.0043 653.0535 (41026 00024 |0 0.998

04 2652505 | 2645366 205603 |0.0D62 656376  |4.0604 00027 |0 0.9577
045 2580366 (297,231 (228651  |0,0079 654,7057 (4,0181 40,0031 1} 0,9574
0.5 3307302 |329.84671 25148 0.0097 653.0425 (39756 00034 |0 0.9972
0.55 3633409 (362379 (273968 (00117 6513863 (3.93H 00037 |0 0.9969
0.6 355,869 (394,8312 (296159 (0014 649,7372 |3.5504 40,0041 1} 0,9966
0.65 4283148 (4272029 31,8052 |0.0164 643.0851 (38476 00044 |0 0.9964
0.7 4606786 (4504544 339648 00183 646.4599 | 3.8047 00048 |0 0.9961
0,75 4529609 (491,7061 36,0949 |0.0217 6448317 |3.7617 40,0051 1} 0,9959
0.8 52561619 (5238304 381954 |0.0247 6432102 (37186 0004 |0 0.9956
0.85 557282 |hB5.8915 402665 |0.0273 6415956 (36754 00058 |0 0.9954
09 5893216 |587.8657 (423083 00311 6399878 |3.632 40,0061 1} 0,9952
0.95 6212809 |619.7614 443208 |0.0346 633.3867 |3.5386 00065 |0 0.9549

Pucynok 4.45 — Dkcnopt pe3ysbTaToB pacyeTa 3aJjaud BHELIHEH OaJUIMCTUKHU B TUAJIOTOBOM OKHE

Pemenne oOpaTHOl 3amayM BHEUIHEH OAJTMCTHKH OCYIIECTBIISETCS B OJIOKE
«O6parHas 3ama4a» (pUCyHOK 4.46), B KOTOPOU 3a7af0TCSI BXOJHBIC MTApaMETphI:

— TOYKa CTOSHUS apTWIIEPUHCKON yCTaHOBKM B koopauHatax WGS84 mpoexumu

UTM, m;

MaKCHUMaJIbHAA IMOIrpPCIIHOCTL pacucTa, M.

“Pacuer TpaeKTOpUM cHapsiaa”

peaciibl U3BMCHCHUA JUPCKIIMOHHOTO yriia, I'padycChl,

MpeACiibl U3BMCHCHUA yTIJia BO3BBIIICHUSA, IPAdYyCHhI,

B pesynbTate penieHus BIBOAATCS CIEAYIOIIME 3HAUCHUS !

— JIUPEKLUMOHHBIN yroJ, IPaaycChl;

— YI'OJI BO3BBILLIEHHUS], TPATYCBHI.

TOYKA CTOAHUS MUILIEHH B KoopauHatax WGS84 npoexunu UTM, M;




179

| MapameTpel I Ipagwick pewexina | O0paTHan ans4a | TaBnuua NepeMeHHbD | np Cyz | Tabnuua NnapameTpos
ApTMNnepuitcKan yoTaHOBKE PeweHne
Touwa commma  448595,5 62196706 210.5 MakcvMansHaa norpewHocTs M) 1
Mpepensl MsMEHEHWA yrNOE NoBopoTa (rpan) rpekupmoHHEl yron 0
Dyperiponneit yron -180 180 ¥ron BosBbILEHWA ]
¥ron BosBRILEHMA 050
MuweHe
Touxa cToRHwA 452567 6223210 200 [Myck
Mpadwk | Mor
20000
'.I -II-.._.‘I.-..
By
15000 e T
= - "
& - ",
5 " T
2 10000 =" "
2 n" 'l-
5 -~ .
5000 2 s S
L] .I
l. l.
ol o
0 18 36 B4 72 a0
¥ron BoSBLIWEHKWA, TPED

Pucynoxk 4.46 — ITapameTps! perieHust 0OpaTHOI 3a1aun

Pemenne 3amaum ocymecTBisieTcss B ABa drana. Ha mepBoM 3rtane mpoBOAUTCS
pacuer ¢ maroMm | rpaayc W ompenenseTcss MakCUMalbHasl NalbHOCTh BBICTpENa MIPHU
M3BECTHOM JHMPEKIIMOHHOM yrie. Ha BTOpom sTame yTOYHSETCS Yroja BO3BBILICHUS
METOJIOM «JICJICHUS OTPE3KA MOMOJIaAM.

PesynbraThl BBIBOASATCS B BUAE TpadUKOB 3aBUCHMOCTH JTaJbHOCTH OT YyTJia

BO3BBIILIEHUS (CM. PUCYHOK 4.46) W yTOYHEHHOTO Trpaduka JadbHOCTU OT Yyrjia

BO3BbINICHUS (pUCyHOK 4.47).
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| MapameTpel I Tpaduin pewenna | OBpaTHaA sanava | Tabnuua nepemeHHs I np Cheyz I Tabnmua napameTpos

ApTMnnepWACKaR YCTEHOBKE PelweHne
Touka cToaHwA  448555,5 62196706 2105 MaKCMMansHaA NorpewHocTs () 1

MNpenenkl MEMEHEHWA YTNOB NOBOPOTA (Fpan) [MpeKLmMoHHBIR yron 48,29
LypercwionHeit yren -180 180 ¥ron Bo3EbILEHUA 4335

Yron BosBbIWeHMA 050

Minwers

Touka cTosHuA 452567 6223210 200 [Tyck

Mpad | Nor

5823

5654

5454

5314 -1

HaneHocTe, M

5145

4575

4 42 44 46 4.8 5

Y¥ron Bo3BLILEHKA, rpaa

Pucynok 4.47 — Pezynbrar peuieHust oOpatHoil 3a1auu

Bo Bknaake “Jlor” xon perieHusi 00paTHOM 3a/1ladyu 0TOOpakaeTcsi B TEKCTOBOM

Buje (Jluctunr 4.1).

Jluctunr 4.1. Pe3ynbTathl pemeHust 00paTHOH 3a/1auy BHEIIHEH OalNTUCTUKH

84,00

HanbpHocTh mosneta 3505,63 yron Bo3seimerus 85,00
JanbHocTh nosneta 2821,21 yron Bo3Beienus 86,00
HanbpHocTh mosneta 2131,57 yron Bo3seienus 87,00
HansHocTs nonera 1437,90 yron Bo3seimenus 88,00
HanbHocTh nonera 741,43 yron Bo3sbienus 89,00
HManeHocTs nonera 46,81 yron Bo3seienus 90,00

VYo Bo3BeIIeHUs B nipenenax [4,0, 5,0] rpaxycos

Urepanus 0: [4,000, 5,000] rpagycoB - paccrosaue 5411,1
Urepamus 1: [4,000, 4,500] rpagycoB - paccrosiaue 5196,5
Urepanus 2: [4,250, 4,500] rpagycoB - paccrosiuue 5304,3
Urepamus 3: [4,375, 4,500] rpagycoB - paccrosiaue 5357,8
Urepanus 4: [4,375, 4,438] rpaaycoB - paccrosinue 5330,0
Urepamus 5: [4,375, 4,406] rpagycoB - paccrosinue 5317,2
Urepanus 6: [4,391, 4,406] rpaxgycoB - paccrosinue 5323,6
Urepamnus 7: [4,391, 4,398] rpagycos - paccrosiaue 5321,5
Urepanus 8: [4,391, 4,395] rpagycoB - paccrosiuue 5319,3
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Kak BumHo u3 pucynka 4.47 u nuctuHra 4.1 ObUIO HAaWAEHO pEIICHHUE IS
HACTUJILHOW TPAaeKTOPHM: NUPEKIMOHHBIA yron HaBenenus — 48,390 rpamyca, yroia
BO3BbIIIEHUA — 4,395 rpanyca, nanbHOCTh CTpenbObl — 5319,3 M.

[locne pemenust oOpaTHOM 3ajaud BHEIIHEW OAJJTUCTUKU YIJIbl HaBEJCHUS
opynus 3aHociTcs BO BKIanky “Tlapamerpsr” (cM. pucyHOK 4.43) W BBIYHCIISCTCS

TPACKTOPHUA ABWIKCHUA CHaApsa.

4.3.4 Buzyanusayus nOIULOHHBIX UCHLIMAHULL

OxHO «ApTunepuiickuii BoIcTpen» (pucyHOK 4.48) mo3BONIAET YIPABIATH

apTHHHepHﬁCKHM BBICTPCJIOM B XOA€ IMMPOBCACHUS BUPTYAJIIbHOI'O SKCIICPUMCHTA.

Aprunnepuicent

OF36_0 @ BHyTpeHHRR BannMcTvka

Bpemn (c) Zamenneqne 1 () BHewHAR GannucTva

(71 BzavmopeicTeWe C Nperpanod

[] Cnenoeats sa cHapanom

[] Tpaextopm M3

ZaMeaniTs rj [ 3ona nopaxenuA

m—re——1"

Pucynok 4.48 — JluanoroBoe okHO «ApTHIUIepUiicKuii BeicTpen»

B pexxume “Bremnss 6amrctuka” (pucyHok 4.49) Bpemst oTcueTa HAauMHACTCS C
HyJs, TIOJIOKCHHE CHapsga OMNpelNesieTcss OTHOCHTENbHO TMOCIEAHEH TOYKHU

BHYTPHOAJTUCTHYECKON TPACKTOPHH.
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Oaiin  Bug  Wncrpyments  Cnpaska

= R
' T Aptinnepuiickuii Beicpen 2 x
BM44_0 Brympe
Bpems (c) 0.112 @ Brewn
! Javeaneme 003125 D Boam
: ) Creo
Zamenwms 0
yox ]

= Kapra eeicor 1 x

BHelHsAs 6annnctmka. A=

[lapaMeTpbl cHapsaa:
) \\>

1 691,5 m/c
Teta =-0,20 10
AsnmmyT = 41,3 °© 0 200 400 600 800

Ready

Pucynok 4.49 — PacrionosxeHue cHapsijia Ha BHEITHEOATMCTUYECKON TPACKTOPHU

B neBoM HMKHEM YTy IPEACTaBICHbI TapaMeTPhl CHApsAIA:
— BpeMs ¢ MOMEHTA BBICTpena t, C;
— IPOUAEHHBIA CHAPSAIOM IIYTh X, M;
— BBICOTA HaJl HAYaJbHBIM YPOBHEM BBICTpENa Y, M;
— OOKOBOE€ OTKJIOHEHHE CHapsiaa Z, M;
— JaJbHOCTH MoJieTa cHapsiaa D, M;
— BBICOTA HaJ YpoBHEM 3emiu H, m;
— TEKyIas CKOPOCTh CHapsaa V, M/c;
— YroJ HakJIOHa Tpaekrtopuu Tera, rpaaychr;
— JIUPEKIUOHHBIN yroia A3UMYT, TpaaycChl.
JIOTIOJIHUTENIHPHO BBIBOAUTCS MH(OpPMAIIUS O TIOJIOKEHUH CHapsiia OTHOCUTEIBHO

noBepxHoctu 3emin (pucyHok 4.50). KpacHbiMM TOYKaMu TMOKa3aHbI TEKYyIIee

IMOJIOKCHHC CHapAaa U ee IMPOCKIMA Ha 3CMIIIO.
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Pucynok 4.50 — PacnionosxeHue cHapsaa Ha BHEITHEOATUTUCTUYECKON TPAeKTOPUHU

OTHOCHTEIIBHO 3€MHOMH IMOBEPXHOCTHU

OkHO «ApTuiuiepuiickasi ycTaHoBka» (pucyHOK 4.51) mnpenHasHadyeHO s

YHPAaBJICHUCM IIOBOPOTOM YCTAHOBKH — YIJIaMHU HABCACHUA OPYyauUsl.

Aprusnepuicean Yeravosss S . [5]
Tank T-50_0
MoEopoT GalwHKM

J 5

HaknoH opyomA

| [ofaenTe IKCNepuMeHT

|

Pucynok 4.51 — OxHO «ApTHiIepUiicKasi yCTaHOBKa

B okne «M3mepurensHbie ycTpoiicTBay (pUCYHOK 4.52) MMeeTCsi BO3MOXKHOCTD

YIPaBJISATh U3MEPUTEIBHBIMU YCTPONCTBAMU, IPEACTABICHHBIMU HA KapTe.
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WsmeputensHbie yctpoiictea ; a x
MeteoZond
Kamepa | Bugeo | Mpaguku | OarHoie RAM-1

VereskM 5
SVK_0
Neiva

[ O6HosuT ]

Pucynok 4.52 — Okno «/3MepuTeIbHbIC yCTPOHUCTBA»

B okne «Cnucok o00bekTOB» (pucyHok 4.53) oToOpaxaroTcst O0O0BEKTHI

MOJIATOHHOW MH(PPACTPYKTYPHI M O0BEKTHI MOJICTUPOBAHKS Ha KAPTE MECTHOCTH.
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Cnucok ObbekTos , - » 2 x
El{jl, Map
i-{C]@ Tank T-90_0
~{C]@ Giacint_B_0
LTI AO182is3_0
Rk
N
Pl
g Tank T-90_0
W N
Puns1p =
(0] AtileryMount v

Pucynok 4.53 — OxHO «CTICOK OOBEKTOBY

4.3.5 Mooynb pacuema pasnema 0CKOIKO8

HavanbHble ycnmoBust [Uisi MOJEIMPOBAHUS pasjieTa OCKOJIKOB 3a/Jal0Tcs B
ManoroBoM okHe “OckosiouHo-¢pyracHoe aeictBue” (pucyHok 4.54). OKHO COCTOUT U3

TpeX BKJIQJ0K: HA4aJbHBIC YCIOBHS, OCKOJIOYHOE JCHCTBYE, (hyracHOe AeHCTBYE.
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[ ot OckoncuHo-dyracHoe geicTane = | B |
HayaneHele yonosua |Dc:|~:onouHoe OEACTEWE | FyracHoe DefcTEME
CHapan Mopaxatwme SneMeHTE
Tun DlcronouHo-tyracHsIR Pacnpenenexwe M3 MnepeebynoscKoe -
WHoekc I0F26 Ma 14 Mb 0.15
MaTtepuan Crane - alfa 07 beta 04
Macca, wr 22715 kesi 0.25
Bpemn, ¢ 0.953 KonmuecTso, wr. 3159
CropocTts, mic 7801 CpepHHAR macca, rp. 718
KoopmaHate: (X, Y, Z), m 7851, 128 00 Paccumtate dwracHoe geifcTene
Opwentaumn teta, psi), rpan 412, 04
Wep, [x 100
BsprigyaToe BeWeCTED MeTeonapameTpel
WHpekc A2 - MnomHocTs Bosay@E, krivd 126
Macca, kr 3402 CkopocTs BETPE, M/C 10
HanpaeneHwe seTpa, rpan 50
h

Pucynok 4.54 — HayaneHbie ycIIoBus 75l pacueTa OCKOJIOYHO-(PYracHOTO JEHCTBUS CHApsAa

Bo Bkianke “HavanbHble yclioBUS™ OIpeaenseTcs KOHPUTrypaius 0CKOJI0OYHO-
dbyracHoro AeHCTBHUS CHapsija, B KOTOPOU COAEPKHUTCS MH(OOpMaAILMs O MapaMeTpax
CHapsiJa, B3pHIBYATOTO BEUIECTBA, METEOPOJOTMYECKHE NapaMeTpbl U IMapaMeTpbl
MOopakarolrX JIEMEHTOB.

Bo Bknaake “OckojioyHOE OEWCTBUE™ COIEPHKATCA PE3YNbTaThl MOJAEIUPOBAHUS
pasyiera MopaxarollnX 3JIEMEHTOB: BpEeMs, KOOPJIMHATHI pa3jieTa M CKOPOCTh. Takxke
MMEETCS BO3MOXKHOCTH YIPaBJICHUS OTOOPAXEHUEM TPACKTOPUN MOPaXKAIOIINX
AJIEMEHTOB.

Bo Bxianke “@yracHoe IEWCTBHUE’ COJEPKATCA PE3YJAbTAThl MOJCIMPOBAHUS
yAapHOM BOJIHBI: BPEMs, paINyC U CKOPOCTb.

B nmporpaMMHOM KOMIUIEKCE MPEACTABICHUS PE3YJbTaTOB MOJEIUPOBAHUS
pazyieTa OCKOJIKOB pacCuMTaHa TPACKTOpHUsI CHapsa MpU yrie BO3BBIMICHUS 1 Tpamayc

(pucynok 4.55).



Pucynok 4.55 — Tpaektopuu ockonkoB 125 mm OD cHapsina

4.3.6 Cozoanue 06vekmos Mooeruposanusi 8 pedakxmope 00beKmos

Co3nanue BUPTYyaIbHBIX apTUIUICPUUCKUX OPYIHM, apTUIUIEPUMCKAX BBICTPEIIOB,
3JIEMEHTOB MH(PACTPYKTYphl, U3MEPUTEIbHO-PETUCTPUPYIOLIEH annapaTtypbl U APyTrux
AJIEMEHTOB HCIBITATEIBHOTO IIOJUIOHA OCYIIECTBIISIETCA C IIOMOLIBIO PENaKTOpa
00BEKTOB, KOTOPBIH copepkutTcss B cpeae paspadorku 3D mpunoxkenuit NeoAXis
Engine [32].

B nporpaMMHO-BBIYMCIMTEIEHOM KOMILUIEKCE CO3/aHbl KJIAcChl OOBEKTOB,
KOTOpBIE paccMaTpUBAIOTCs B padore. Bee kiaccsl HaciaenyrTcss OT 0a30BOro Kiacca

MapODbject. CtpykTypa OCHOBHBIX KJIaCCOB IPEICTaBICHA HAa PUCYHKE 4.56.
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‘ MapObject ’

~>{ ArtilleryMount ’

ArtilleryMountTower ’

—‘{ ArtilleryMountGun
AvrtilleryShoot

Charge J

1

11

Projectile 1

~>{ MeasureComplex ’

1

SupportUnit ’

o MeasureDevice
Building

PolygonRepper ’

Pucynok 4.56 — CTpyKTypa KJIaccoB POrpaMMHO-BBIYUCIUTEILHOIO KOMITJIEKCA

[IpencraBiieHHbIE BhIlIE HA PUCYHKE 4.56 KIacChl NpeAHA3HAYEHBI 1JISI ONMCAHUSA
CJIEIYIOIUX 3JIEMEHTOB CUCTEMBI TOJIMTOHHBIX UCTIBITAHUI:

— ArtilleryMount — apTiiiepuiickuii KOMIUIEKC;

— ArtilleryMountTower — Bpamiaromascsi B TOPU30HTAIBHOW IUIOCKOCTH YacTh
apTWIJICPUICKOTO KOMIUICKCA,;

— ArtilleryMountGun — aptuutepuiickoe opyaue, KOTOpPO€ BpallaeTcsi B
BEPTUKAIBHOM INIOCKOCTU apTUIIEPUUCKOTO KOMIUIEKCA,;

— AtrtilleryShoot — aptunnepuiickuii BeICTpEIT;

— Charge — 3aps apTHILIEpHIICKOTO BBICTpENa;
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— Projectile — cuapsin apTuIepuiickoro BeICTpea;

— MeasureComplex — u3mMepuTeIbHO-PETUCTPUPYIOIIUN KOMILICKC;,
— SupportUnit — oropHO-TTOBOPOTHBIN MEXaHHU3M;

— MeasureDevice — u3aMepHuTeIbHOE YCTPOHCTBO;

— Building — 3manus 1 coopyXeHHUs MOJUTOHA,;

— PolygonRepper — crnenuaibHbBIN Kiacc, MPEIHA3HAUYCHHBIA TSI CBS3H MEXKIY

TEKYIIUMH KOOPJIUHATAMH U T€OAC3NICCKIMH KOOPINHATAMH.

Kiaccel 00BEKTOB CBsI3aHBI JIPYT C JPYIOM dYepe3 pa3padoTaHHbIe MHTEPEHCHI
B3aMMOJICHCTBHsI. PaccMOTpuM mpuMep CO3MaHUsS apTHUIUICPUICKOTO KOMILIEKCA.
Touka  BpameHuss CTBOJA  ONpEACIACTCA  HAdajloM  KOOPJAMHAT  OOBEKTa
ArtylleryMountGun (pucynok 4.57). [IpeamonaraeTcs, 9T0 CTBOJ BpalacTcsl TOJbKO B
mwiockoct OZY otHocuTtenbHo ocu OX.

z B
B8 e N

[Rri L0 Tun ofvexra: NullDbject (MapObject)
L@@ Tun obvexta: NullDbject (MapObiect)

Ceoiictea 1 x

8]
HauyanbHoe nonoxeHue =
CHapaga Alias Iia'tmle(Posilion I
Body
BoneSlot
OnlyForEditor s
Position
Rotation oot
Scale 111
0 Touka BpalWeHWAa CTBoNa TextUserData
Visible True
4 MapObject
ChildBody
DetachOnOwnerDestroy ~ False
Type NullObject (MapObject)

Pucynok 4.57 — HauanpHoe 10JI0)K€HHE CHaps1a OTHOCUTEIBHO apTHIIIEPUNHCKOTO OpyIus

B pemaktope 00BEKTOB TOYKa BpAIICHHUS aAPTUILICPUHACKOTO OpYyIus B
BEPTUKAILHON TUIOCKOCTH COBMAJaeT C HadaloM KoopauHat. Jis apTHILIepHiCKOro
opyaus, ompeaensemoro ¢ momoinbto kiacca ArtylleryMountGun, 3amarotcs
CJIEAYIONINE TOUKH (CM. pUCYHOK 4.57):

— Ka3eHHBII Cpe3 OIMpeIeIsieT PACIOI0KEHHE 3apsiia BHYTPH CTBOJA;
— HavaJbHOC TMOJOXKCHHE CHapsia BHYTPH CTBOJIA JUIS BHYTPHOAIMCTHYECKHUX

IMpOHIECCOB;
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OIIpCACIIACT
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Ha4YaJIbHOC

BHEITHEOANTMCTUYECKON TPAEKTOPHUHU.

IMOJIOKECHUEC

CHapsida Ha

OTHU TOYKH UCTIONB3YIOTCA ISl MPABUIBLHON BU3YyalM3allMU PE3yJIbTaTOB pacuera

BHYTpPEHHE M BHemIHed Oammuctukud. Hampumep, Tekyliee MOJ0KEHUe CHapsaa

ONpCACEICTCA HAYAJIbHBIM IIOJIOKCHHUCM CHapsAAaa BHYTPHU CTBOJIA, PpAaCCTOAHHUCM OT

IIEHTpa Macc CHapsaa J0 JHa cHapsaa (pucyHok 4.58) u paccrosHuEeM, TIPOHICHHBIM

CHapsAa0M, KOTOPOC OIIPCACIIACTCA B PC3YJIbTATC paCuCTa BHYTpeHHGﬁ OaJITUCTHKH.

OBrexTh!

o x

-7/ BM44 (AilleryShoat)
+{"|W 3D mogens: \BM42mesh
“{T]@ 3D mogens: \BM4Zadd mesh

Ceoiictea

B
(oE
4

Azymuth 0
Caliber 125
ExplosingData

HorizontalAngle o
InitialVelocity 1715
Mass 0
OutletBallistic Data

PiercingData

ShellAction AmmorPiersing
ShellLenght ToBattom o |
ShellLength |

ShellLoading Unitary
ShootingMame

> Entity

> MapObject

PI/ICYHOK 4.58 — HauanbHOe ITOJI0KEHHE CHapsda OTHOCUTCIIBHO CTBOJIA

Aptunepuiickoe opyaue ArtylleryMountGun pacnonaraetcss OTHOCHTEIIBHO

Havajga KOOpAWMHAT M TpucoequHsercs k oObekry tuma ArtilleryMountTower. B

cBoiictBax oObekTa ArtilleryMountTower 3amaeM MUHUMAIbHBIA M MaKCHMAabHBIN

yIJIbl TIOBOPOTa apTUJUIEPUMCKOTO OpPYIHs B BEPTUKAIBHOM IUIOCKOCTH. Hakiion

apTUUICPUICKOTO Opyausl MPOUCXoauT B TutockocTr OXZ (pucyHok 4.59).

Touka BpaLieHus GawwHu

Touka BpalleHus cTBoNa

Ofvektol

1 x

E-{VI@ Tank T-90 Tower (AtileryMourt Tower)
{C/® 30 monens: \T-90_3 tumet mesh

1@ Tun oftera: Tank T-90 Gun (AtileryMountGun)

CaoiicT

»
| (L

4 AdilleryMount Tower

: Entity
© MapObject

nx

Obbextel

nx

E-{C1§@ Tank T-90 Tower (AtileryMourt Tower)
@ 30 vonens: \T-30_3 turet mesh

|
RE7L ] T ofbera: Tark 1-30 Gun (Artlery MountGun)

Ceoiictea

g
Scale 111

Visible True

Aizs

OnlyFerEditor alss
Postion 0 03595095 0.1696935
Rotation Y

nx

Pucynok 4.59 — PacnoyiosxeHne CTBOJIa OTHOCHTEIBHO OalrHu
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Touka Bpamenust OamHuM HaxomuTcs B Hadase koopauHat (0,0,0). Bpamenue
Oamman mpousBoauTcs B wiockoctu Oxy. K aprumnepuiickoit ycranoske ArtilleryMount

npucoeanHseTcs oaiHs (pucyHok 4.60).

[Ofvercrn B X]
SREAL ] Tark T-90 (AtilleryMourt)|
[C1@ 3D mogens: AT-90_3mesh
[CI® Tun ofvexra: Tank T-90 Tower (ArtileryMount Tower)

Ceoiictsa a2 x

AstilleryMount
‘ AtMountType Tark

MapObject

Entity

Obwexter 2 x
=-[C1@ Tank T-90 (ArilleryMount)

{C/@ 3D mogens: \T-90_3mesh

V)@ Tvn obvexta: Tank T-90 Tower (ArtileryMount Tower)

Ceoiictea 2 X
=
4 General
Aias Tower
Body
BoneSlot
OnlyForEdtor

00 1.134261
Rotation goo

Scale 111
TextUserData
Visible True

MNMonoxkeHne TaHKa

Pucynok 4.60 — Pacnionosxenue 6anrHu Ha TaHKE

I[J'ISI OarrHu 3aJar0TCs MUHUMAJIbHBIN YW MaKCHUMaJlbHBIN YIJIbI IIOBOPOTA B

TOPU3OHTAIBLHOM TIOCKOCTH.

4.3.7 Paccmarnoska 06beKmos MoOeiuposarnusi 8 pedakmope Kapm

Co3nanHble OOBEKTHI B JalbHEHIIEM pACCTaBISIOTCS B PENAKTOpPE Kapr.
DK3eMIUISIp CO3IaHHOTO OOBEKTa PACIONIOKHM Ha MECTHOCTH B PENAaKTOpe KapT
(pucynok 4.61). IlpuBsizka Bcex 00bEKTOB K MECTHOCTU OCYIIECTBIISIETCS C TTOMOIIBIO

pernepHoit Toukn — o0bekTa Truna PolygonReper.
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aaaaaaaa Bua Mup I Homows

MH') L@u.k.@ﬁmﬂ[gaoii OxX Qe e

49

#HA P>

' x

[] Peregorocka_8 (Peregorodka)
[] Peregorodka_8 (Peregorodka)
|
{] RailWay Targets_0 (RaillVayTargets)
] RAM-1_0 (RAM-T)

Sniper_0 (Sniper)

Soldier_0 (Soldier)
Soldier_1 (Soldier)

2 x

BbicoTa @ Took 750 Tower v

B NullDhiect

Ceoficrea obsexros ax
=l

BocTok race Datum
Shift 448568.212 6219713.197 195.86

Postion -431.97 -287.3199 29.11
000

c %@ Scale 111
eBe » knacc SpawnPoint
p S i

S

OTHOCUTEMSHO TeKyw el NoSMLM

Pucynok 4.61 — PacnionosxeHue apTuiepuicKOi yCcTaHOBKH Ha MOJIMIOHE B PEAAKTOPE KapT

bynem cumrtath, uTo B pemaktope kapT och Oy HampaBiena Ha ceBep, OX — Ha
BOCTOK, a ocb OZ — ompeensieT BhICOTY.

O6sexT PolygonReper onpeznensercss KoopArHATAMH JBYX ITO3HIIHIA:
— IIO3ULMS B KOOPJAWHATAX PEAAKTOPA KapT (X rR' YR ZR );
— no3unuA B koopauHarax WGS84 (X ro:Yro:ZRo)-
IlponsBonbHas Touka B pemaktope KapT (Xgo,Ygo,Zge) Tpeobpasyercs B
re0Je3NYECKUE KOOPAUHATEI (XG Y ZG) 1o popMyam:
Xe = Xoo +(XR - XRO)’

YG =YGO +(YR _YRO)’
ZG :ZGO +(ZR _ZRO)'

4.4 CtpykTypa 6a3bl JaHHBIX HIPOrPAMMHO-BBIYHCIUTEIBHOI0 KOMILJIEKCA

ba3bl naHHBIX comepxarcs B paboueil 001acT MPOEKTa U MPEICTaBISIOT cOO00M
KaTaJlOTH Ha JIOKAJIBHBIX AMckax. Hampumep, ecinm paGouast 00nacTb COIEPKHUTCS B
mapextopun  C:\Polygon, To cTpykTypa HDaHHBIX HMMEET BUJ, NpPEACTABICHHBIA Ha

pucyHke 4.62.
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// ApTUIIepUNCKUE YCTAaHOBKHU

// ApTunnepuiickue BHICTPEIbI

// 3manus

// DKkcriepuMeHTaIbHbIE TaHHBIE

// Tpadudeckuii moIb30BaTENBCKUM HHTEPDEIC

// KapTel MeCTHOCTH

// I3MepuTenbHbIE YCTPOHCTBA

// Ummoptupyemsie 3D moaenu B pa3nuyHbIX popmaTax
// OOBEKTHI TOPAKECHUS

// lepeBbs

Pucynok 4.62 — CtpykTypa XpaHeHHUs JaHHBIX MPOrPaMMbI KOHPUTypalliu U BU3yalu3aluu

MMOJTUTOHHBIX UCIBITAHUI

BHYTpI/I KaXJ0ro Karajaora Co3aaroTCia nmoaxKarajloru A1 OTACJIBHOIO 3JICMCHTA,

colepkamye ngaHHble 0 3D Monensx, marepuanax, TEKCTypaX, IOJb30BATEIbCKUX

uHTepdeincax u T.1I.

4.4.1 Dopmam nepedauu 0aHHbIX pacuema GHympeHHel OANTUCIUKU

dusznyeckue IMapaMeTpbl pe3yJbTaTOB pacueTra BHYTPEHHEW OaUIUCTUKHU

nepeaarTcsl B TeKCToBoM (opmare. Daiin umeeT 65104HyI0 CTpyKTYpY. [Ipumep ogHoro

0JI0Ka TaHHBIX MTPUBEJCH B JTUCTHHTE 4.2.

Jluctunr 4.2 — YacTtp 610Ka JAHHBIX O GU3NYECKUX MTapaMeTpax BHYTPH CTBOJIA

t: 0.003

x: 0.000000 0.008400 0.016800 ... 0.831600 0.840000
p: 19519795.895 19519795.895 19510514.250 ... 16967404.228 16968535.038
T:2163.297 2163.297 2256.879 ... 2645.299 1892.699
Tk1: 800.324 800.324 801.290 .... 803.146 800.776
Tk2: 809.361 807.383 814.302 ... 807.019 806.795

v: 3.835 3.835 6.995... 5.365 0.000

wl: 0.000 0.000 0.000...0.000 0.000

w2: 0.000 0.000 0.000...0.000 0.000

ro: 37.987 37.987 33.119 ... 21.979 30.229

rogzl: 14.213 14.213 16.586 ... 0.034 0.006

rogz2: 0.000 0.000 0.000 ...2.432 0.694

rogv: 11.531 11.531 8.019...1.099 0.415

Tst: 308.948 308.948 309.198 ... 295.144 293.000
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Kaxnpiii Omok HaumHaeTcs ¢ ykasaHuss MoMmeHTa BpemeHu [ Cnemyromiuii
napaMmeTp — KOOpJIUHATHI X, TOUYKH Pa30MEeHUs pacueTHOW 001acTh BIOJb cTBOIA. Jlanee
B OJIOKe conepikarcs (pu3ndeckue mapamMeTpbl, COOTBETCTBYIOIINE MOMEHTY BpeMeHH t
B TOYKE C KOOpAMHATOM X (Tabmuna 4.1).

Tabmuna 4.1 — Onucanue QpU3MUECKUX MapaMeTpOB BHYTPH CTBOJA, PETUCTPUPYEMBIX B 3aJaHHBIN
MOMEHT BPEMEHU

XapakTepucThKa Pa3zmepHOCTB

Bpewms, t c
Koopaunats! B1oab cTBoia, X M
Temmneparypa razoBoit dassr, T K
JlaBiieHne BHYTpH CTBOJIA, P Ila
Temrieparypa MoBEpXHOCTH MOPOXOBBIX AJIEMEHTOB | momy3apsiaa, TK1 K
Temneparypa MoBepXHOCTH MOPOXOBBIX 3JEMEHTOB 2 moJy3apsiaa, TK2 K
CkopocTh Ta30Bo# ¢assl, V M/c
Cxopoctb TBepao# (assl 1 momysapsana, W, Mm/c
Cxopoctb TBep0ii (pa3el 2 momysapsaa, W, Mm/c
[TnoTHOCTH Ta30BO# Qassl, p Kr/m°
[TnoTHOCTB IPOAYKTOB ropenus 1 nonysapsna, p, Kr/M°
[TnoTHOCTB IPOAYKTOB rOpeHus 2 moiysapsia, p, Kr/M°
I110THOCTB IPOAYKTOB FOPEHUS BOCIIIIAMEHUTENS, Py Kr/M°
Temneparypa BHyTpeHHEN OBEPXHOCTH CTBOJA, T K

4.4.2 Cmpyxmypa 6a3bl OGHHbIX MOOENIUPOBAHUS BHEUHEOALTUCIUYECKUX NPOYECCO8

Bxoaubie maHHbIe 711 pacyeTa MpoleCcCOB BHENTHEN OA/NIMCTUKU MPECTABIICHbI

B Ta0numax 4.2-4.4.

Tabnuna 4.2 — Onrcanue BXOJHBIX XapaKTEPUCTUK CHAPSIIOB AJI pacueTa mapaMeTpoB BHEITHEH
OQJUIMCTUKA

XapakTepuCTHUKa Pa3zmepHoCTh

Kanmu6p, D M
Macca, m KT
JunHa, | M
Koaddurment dhopmsl, ix

JlnvHa royIoBHOM YacTH, I M
ITonosxeHue 1eHTpa Macc OT JaHa, |y M
AKCHaITbHBIF MOMEHT MHEPIINH CHapsiaa, Ix KT M2

KoaddunmenT asponHaMuueckoro akcuaibHOro J1eMI(pupyoIero
MOMEHTA (MOMEHTA TPEHHS), m™

Koaddunuent cornacoBanuss 60KOBOT0 OTKJIOHSHUS CHAPSIIA, I
JlnuHa xo1a Hape3os, d KaJIHOpPbI
JIMpeKIMOHHBIN YTOJI TENH, Oy °
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Tabmuma 4.3 — Onucanre HadaJIbHBIX TTapaMeTPOB CHapsiaa

XapakTepucTuKa Pa3zmepHOCTh
Hauanenoe Bpems, to c
HavanpHoe 3HaueHue nyTu cHapsana, S M
HauanbHoe 1oioskeHne JaTbHOCTH B IMJIOCKOCTH CTPENIBOBI, X M
HavanbHas BbIcOTa nonera cHapsaa, Y M
HavanpHoe 00KOBO€ OTKJIIOHEHUE CHApsa, Z M
HauanpHas ckopoctb, Vi M/C
HavanpHblil yron HakiioHa TpaekTopuu, 0 IpalyChl
HauanbHblid yroia myTH, IpaxycCsl
HavanpHas akcuasibHast yriioBasi CKOpOCTb CHapsija, Mx pan/c
HavanpHoe 3HaueHue GyHKIUU TaBICHUS BO3AYXA,

Tabmuua 4.4 — Onucanue mapamMeTpoB BHEIIHUX YCIOBHN

XapakTepucTuka PasmepHOCTB
AtMocdepHoe naBieHue, Py [la
I110THOCTH BO3yXa, P KT/M°
CKOpOCTh 3ByKa B BO3JyXe€, a M/c
Temnepatypa Bo3ayxa, T K
Hanpasnenue Betpa 1o asumyry, o, °
CxkopocTtb BeTpa, W Mm/c

JlaHHBIE O TPAEKTOPHBIX pacyeTax MepeAaroTcs U3 MPorpaMMbl pacuyeTa BHEIIHEN
OannmucTuku. PacyeTHbie mapaMeTphbl O TPAEKTOPUH CHApsIA MEepealoTcs B TaOJIUYHOM

BHUJIE.

Tabnuma 4.5 — Onrcanue pacueTHBIX TapaMeTPOB O TPACKTOPUH CHapsiaa

XapakTeprucThKa Pa3zmepHOoCTh
Bpewms, t c
CxopocTts, Vi M/c
Yckopenue, ax M/c?
JlanpHOCTH mosera cHapsizia, Dp M
JlaIbHOCTH B MIIOCKOCTH CTPETHOBI, X M
BricoTa monera cHapsina, Y M
BbokoBoe oTkioHeHUE CHapsna, Z M
Yron HakioHa TpaekTopuu, Q IpajlyChl
KoadduumeHT cuibl 1000BOro cOnpoTUBICHUS BO3/1YXa, Cy
Yucno Maxa, M
Koa¢ppunuent ¢popmsl cHapsaa, i
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4.4.3 Cmpyxmypa 6a3vi OGHHbIX MOOETUPOBAHUSL NPOYECCO8 B3AUMOOCUCMBUSL CHAPAOA

c 00veKmom nopasiCerusl

BXOI[HI)IMI/I JaHHbBIMHU [JIA pacdcTa IIponccca BSaHMOIIefICTBI/IH CHapsda C

Nperpajon SBISIOTCS CKOPOCTh MOJJIETAa CHAapsAda K Mperpajae, KOOPAHHATHI TOYKHU

noaJjicTa M yroJjl K HopMaJjin ITIOBCPXHOCTH IIPCrpaabl.

[Ipu pacuere B3aUMOJCUCTBHUS CHapsiia C MPErpago HEOOXOauMO 3HATh

MCXaHHUYCCKUC IIapaMCTpbl MATCPUAJIOB.

B Ta0auIe 4.6.

Tabmuna 4.6 — XapakTepuCcTUKN MaTepHajIoB

Onucanue MarepuanoB MPUBOIUTCS

XapakTeprucTHKa PazmepHOCTB
Ornucanne Marepuana -
CocraB -
[TnoTHOCTH KT/M°
VYpasuenue cocrosiaust (EOS Shock) -
Koaddumuent I 'pronaiizena, I'o -
[Tapamerp co Mm/C
[Tapamerp S -
OTHOCUTENBHAS TeMIIEpaTypa K
VY nenpHas TENI0EMKOCTh JUx/(xr-K)
CuuoBas Mozenb (Strength model) -
Mogyns cisura, G, ITla
IIpenenvHOE HanpsikeHue, A ITla
Koncranra tBepnocty, B Mlla
OKCIOHEHTa TBepJOCTH, N -
Koncranra ckopoctu nedpopmanuu, C -
Iloka3zaTens TEIIOBOrO pa3MardyeHus, m -
Temneparypa mnasnenus, T, K
OTHOCHUTENBHAS CKOPOCTh Ae(hOpMAIVH, £, ¢t
Koppeknus ckopocTtu nedopmaruu -
Cchbuika Ha oIpoOHOE OMMCAHKNE MaTepuana -

JlaHHBIE O B3aMIMOJCMCTBHM CHapsjga ¢ OOBEKTOM IOPaXCHHUS COJEpIKaTcs B

OJTHOM KaTajore B HECKOJBbKUX (haiinax.

MPEJICTABJICHHBIN HA pUCYHKE 4.63.

CrpykTypa Karajiora HMEET BH],
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elements.txt // aHHbBIE O pa30oueHH 00BEKTOB HA KOHEUHBIC DJIEMEHTHI
0.txt // KoopauHaThl ToueK B ) MOMEHT BpEMEHH
1.txt // KoopauHaThl TO4eK B | MOMEHT BpeMEHH

L—N.txt // Koopaunatsl Touek B N MOMEHT BpeMeHHU

Pucynok 4.63 — CTpykTypa XpaHEeHUsI JaHHBIX PE3yJIbTaTOB pacyeTa B3aMMOJCHCTBUS CHAPS/Ia
C 00BEKTOM MOPAKEHUS

B ¢aiine “elements.txt” comepikarcsi naHHBIE O HOMEpax y3JI0B, Ha KOTOPBIC
IPOM3BEAECHO pa30UeHNEe 0OBEKTOB.

Ocranbhbie ¢aimb “0.txt”, “1.txt”, ... “N.tXt” cogepkart cBeaeHUs O MapaMeTpax
U KOOpJAMHATaxX y3JO0B B COOTBETCTBYIOIIMI MOMEHT BpeMeHU. CTpyKTypa JAaHHBIX B

HUX oauHakoBas. [Ipumep conmepkumoro 3Tux (HaiaoB NpuUBEIEH B TUCTUHTE 4.3.

JIuctunr 4.3 — PeByJ'IBTaTBI pacdcTa BBaHMOﬂeﬁCTBI/IH CHapsaga € 00BEKTOM IMOpAKCHU S

Conepxumoe daiina “elements.txt”
2 1 1 6010 5491 5362 4725 6290 5490 5475
2 2 1 5362 5491 6010 2 5361 5492 6045

2 5184 4200 5846 5831 5780 5250 5301 5302 5303
1 5185 6291 6298 6295 6294 6434 6432 6429 6428
1 5186 6291 6294 6295 6298 6300 6303 6304 6307
1 5424 6423 6570 6633 6664 6438 6448 6447 6444
Conepxxumoe (aitna “1.txt”

10,6079961383 0.5926316049 0,5555555276

2 06079961473 05926314839 1 111111039

6681 0 9,186122003 3399342022

4.4.4 Cmpyxmypa 0auHwix 06 00bexmax Haba0O0eHUsl, PecUCPUDYEMbBIX

MODC “Bepeck-M”

B daitne Excel cogeprxarcs cBeaenns o reorpadguueckux KOOpAUHATaX (IIUPOTa,
JIOJITOTA U BBICOTA HAJl ypoBHEM Mopsi) B cucteme WGS-84:

— touyka ctossHud Teogoimmra MODOC “BEPECK-M”;
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— TOYKa MycKa 00beKTa HAOIIOACHUS;
— TOYKa PACIOJI0KCHHUS 00BCKTOB MOPAYKEHUS Ha TTOJIUTOHE.
OKCIepUMEHTaIbHbIC JlaHHBIE O JBWKCHHH OOBEKTOB HAOJIOJCHUS HMMEIOT

dbopmar, peAcTaBICHHBINA B TabuIe 4.7.

Tabmuua 4.7 — Onucanue ganasix MODC “Bepeck-M”

XapakTepucTuKa PaszmepHOCTD
Howmep kaapa
Bpewms nerxenus 4ac, MHH., CEK., MC
Koopaunara X M
Koopaunara Y M
Koopaunara BbicoThl, Z M
3emMHasi CKOPOCTh JIBIXKCHHS CHapsiia, V3 M/C
[TyTeBas ckopoCTh ABMKEHUS CHapsiaa, Vi M/C
BepTukanbpHas ckopocTh ABMKEHUS CHapsiaa, Vi m/C
Hamnpasnenue BekTopa JBMIKEHUS CHAPAJIA TI0 a3UMYTY, ¢ IpalyChl
Hanpasrienue BekTopa ABMKEHHsI CHapsiAa M0 Yriy Mecta, 0 rpajychbl

4.5 BuiBoabl

B nmaHHOW riaBe paccMOTpPEH BONPOC pa3padOTKU MPOTrpaMMHOrO KOMILIEKCa
MOJICJIMPOBAaHUS U BU3yalIM3allMM OammucTuueckux mnpoueccoB. [IpeacraBnena
CTPYKTypa MpPOrPAMMHOTO KOMIUIEKCA W OIMCAaHWE OCHOBHBIX €T0 DJIEMEHTOB.
[IporpaMMHBIII KOMIUIEKC COCTOMT M3 pAacueTHbIX MoAyJed u cucremsl 3D
Bu3yanuzanuu. llpeacraBieHo omnucaHue TOJIb30BATENbCKOrO HHTEpdeiica Ooka
pacueTa BHYTpEHHEH OaJITMCTUKH, BHEIIHEW OAJIJTUCTUKU U pa3jieTa OCKOJIKOB.

PaccmarpuBaroTcst Bompochl pa3zpaboTku 010ka KOH(DUTYpallud U BU3yaIM3allun
pPE3yNbTaTOB MOJEIMPOBAHUS W B3aUMOJCUCTBUS C pacyeTHBIMH Ojokamu. J[aHo
KpaTKoe oOmHucaHue MoJib3oBaresibckoro uHTepdeiica. IlpeacraBinen  mpoiiecc
KOH(HUTypalyi  TOJMTOHHBIX  WCMBITAHWUW,  BBIYUCIICHHS  YIJIOB  HABEACHUS
ApTUWUIEPUMCKOTO OpYAHUs, TMPOLECC BU3YAIM3alUUUM BHYTPEHHEW, BHEIIHEU U
TePMUHAIBHOW OAJNTUCTUKH, CO3JaHUE M PACCTAHOBKM HA BHUPTYIbHOW KapTe

ITOJINTOHA 00OBHEKTOB MOACIUPOBAHUA.
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[IpeacraBieHo omnucaHue CTPYKTYphl 0a3bl JaHHBIX M (GopMarbl Iepeaaydu

JaHHBIX MCXKIY OoKaMHu IMPpOrpaMMHOI'0 KOMILJICKCA.
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I'JTABA 5. PE3YJIBTATBI IPUMEHEHUA KOMIIBIOTEPHOI'O
BU3YAJIBHOI'O MOAEJIUPOBAHUA JJIS1 PEIIEHUA 3AJAY
IMPOEKTUPOBAHUSI 1 OTPABOTKHN APTUIIEPUMCKHUX CUCTEM

5.1 MoaenupoBanue BHYTPHOAIMCTHYECKHUX MIPOLECCOB

5.1.1 Tecmuposanue arcopumma paciema 6HympeHHel OaiIucmuKu

UccnegoBanne yCTOMYMBOCTH M CXOJUMOCTH Pa3HOCTHBIX CXEM DEIICHUS
CHUCTEMBI ypaBHEHHUH IBYX(a3HOTO HECTAIMOHAPHOTO PEarupyOIIETo MOTOKA B KaHAJIE
CTBOJIa MPOBOIWIOCH B padoTtax [105-107], B KOTOPBIX OBLIO MOKA3aHO, YTO ONIMOKa
pacueta meHee 1% nmocturaercs npu uucie pazouenuit kamepel N =20, mosTomy B

MIPAKTUYECKUX pacyeTax IIar 110 IPOCTPAHCTBY NPUHUMAJICA PABHBIM:

e b
20
a 1miar 110 BpeMeHI/IZ
h
T==—"—"=>
v, + 1500

rzie V, — 0KUIaeMoe 3HaUCHNE TyJIbHOIH CKOPOCTH CHapsia.

JlononmautenbHble uccaenoBanus [107] mokazamu NpakTUYECKyO HE3aBHCUMOCTh
T
pemenuss ot yucia Kypanra . Tak, npu m3MeHeHunn 4ucia Kypanta OoT rpaHuiisl

YCTOMUYMBOCTH OOJiee 4eM B 2 pasa, IyJibHas CKOPOCTh M3MeHmIach jaumib Ha 0,05%, a
MakcuMalibHOe JnaBiienne — Ha 0,3%. CrnemoBaTenbHO, pa3pabOTaHHBIM HAa OCHOBE
metoga CDJI [122] anroputM MO3BOJISET MPH HEOOXOMAMMOCTH CYETa psaa 3amad C
3aJlaHHBIM IIAroM MO KOOpJuHaTe, oOecrneynBaronieM TpedyeMyo TOYHOCTb, BBIOpaTh
3HAa4YCHHE I1ara Mo BPEMEHH, 3aBEIOMO HAXOSIIETOCs B 00JIACTH YCTOWYUBOCTH, U HE

OTBJICKATBCA Ha AOIIOJTHUTCIIBHBIC NCCIICAOBAaHUA.
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5.1.2 Pe3ynvmamol MoOenuposanus 6HympuOaiiucmuieckux napamempos

aApMUJLIEPULICKO20 8blCMpend

JIJist paccMaTpUBaeMbIX apTUIUIEPUNUCKUX OPYIUA U CHAPSAIOB OBbLIO MPOBEACHO
MOJICJIMPOBAaHUE BHYTPUOATUIMCTHYECKOTO MPOLECCA BBICTPEIA.

Pe3ynbraTel MOAENIMPOBAHUS MOKA3AJIH, 4TO Ui 125 MM cHapsaa npu QyJIBHOU
ckopoct 1700 M/c MakcuManbHOE AaBieHue cocraBiasieT 526 MIla. Ha pucynke 5.1
IpeICTaBICHbI IpaUKN U3MEHEHUs TaBJICHUS HA THO KaHajla YCTaHOBKH, THO CHapsiaa
Y CKOPOCTH CHapsiia OT BPEMEHH, a Ha PUCYHKE 5.2 3MIOPbI MAKCUMAJIbHBIX JaBICHUN U

TEMIIEPATYP CMECH T'a30B.

p, MIla Vv, m/c
500 -
+ 1500
1
400 3
300 - r 1000
2
200 -
500
100 -
0L ‘ ‘ - ‘ ‘ ‘ . ‘ ‘ —-0
0 0.002 0.004 0.006 0.008 001 t ¢

PI/ICYHOK 51- KpI/IBLIe AAaBJICHUS HAa IHO KaHaJIa, THO CHapdaJda U CKOPpOCTU

st 125 mm BIT chapsina u tankoBoii mymku: 1 - p (t); 2- p,(t); 3-v,,(t)
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p, Mlla T, K
5001 L 4000
400 - 2
- 3000
300 -
- 2000
200 | 1
L 1000
100 -
0 Lo
0 1 2 3 4 5 X, M

Pucynok 5.2 — Dmropsl MaKCUMaJIbHBIX JaBICHUH U TEMIIEPATYypP MOPOXOBBIX ra30B

i 125 mm tankoBoi myniku u BII crapsga: 1 - p,, (X); 2-T, (X)

PesynbpraTel MopenupoBaHus 152 MM rayOM4YHOrO Opyaus MOKa3zajld, YTO MIpPH
aynbHOU ckopoctn O® cHapsima 945 m/c MakCUMalbHOE JaBICHUE COCTABIISCT
434 MIla. Ha pucynke 5.3 mpencrtaBiieHbl TpaduKyd HM3MEHEHHUs JABJICHHUS Ha JIHO
KaHajla yCTaHOBKHM, THO CHapsfa M CKOPOCTH CHapsAga OT BPEMEHHU, a Ha pUCyHKe 5.4

SIIIOPBI MAKCUMAJIbHBIX ,Z[aBJIeHI/Iﬁ H TCMIICPpATyp CMCCH I'a30B.

p, MIla Vv, m/c
- 1000

400 -
- 800

300 +
- 600

200 +
: - 400

100 - - 200

0 -0

0 0.005 0.01 0.015 0.02 tc

Pucynok 5.3 — KpuBble 1aBieHus Ha THO KaHAJIa, THO CHAPSAA U CKOPOCTH 152 MM TrayOHYHTOTO

opymus u OD crapsma: 1- p_(t); 2- p,,(t); 3-v,(t)
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p, Mlla T, K
400 - + 4000
300 - 3000
2
200 - 2000
1
100 - 1000
0+ ‘ ‘ ‘ ‘ . ‘ —"0
0 1 2 3 4 5 6 7 XM

Pucynok 5.4 — Dnropbl MaKCUMaNbHBIX JABJICHU U TEMIIEpaTyp MOPOXOBBIX ra30B

aist 152 mm rayongnoro opyaus u O® cHapsina: 1- p, (X); 2-T, (X)

Kax BHUIHO M3 PC3YJIbTATOB TCCTHUPOBAHUA, BHYTpI/I6EUIJII/ICTI/I‘-IeCKI/I€ IMapamMcCTpPbI
MOACIUPOBAHNA apTHHHepHP'ICKHX BBICTPCIIOB (MaKCI/IMEUII)HOG JAaBJICHUC W JOYJIbHasd

CKOPOCTb CHapHIIOB) IMPAaKTUYCCKN COBIIAJarOT C UX HOMUWHAJIbHBIMH 3HAYCHUSAMM.

5.1.3 Cpasnenue vluuciumenbHo20 u HAMypHO20 IKCNEPUMEHTNOB

CpaBHHTENBHBI  aHanu3 PeE3yJbTaTOB  BBIUYMCIUTEIBHOTO W HATYpPHOIO
DKCIEPUMEHTOB NMPOBOAWIICS sl KOMIUIEKTa BbIcTpena 125 mm O®D cHapsina.

3apsii COCTOUT U3 ABYX IOIy3apsaoB oOmiel Maccor 5 kr. [Ipu MoaenupoBanuu
TAaK)K€ YUMTHIBAJICA JOMOJHUTENbHBIA 3(P(EeKT OT cropaemMoil ruib3bl. OCHOBHbBIE

XapaKTepUCTUKHU 3apsija JJisl pacueTa npecTaBieHbl B Tabauie 5.1.

Ta6muma 5.1 — Jlaaabie 110 3apsay Juis KoMIUIekTa BeicTpena 125 mm O®D cHapsina

XapakTeprcTUKa PazmepHocTh | 3HadeHue
Macca 1 nonysapsna, o, KT 2
Macca 2 nomy3sapsiza, o, KT 3
Macca cropaemoii TUIB3el, ®, KT 0,62
JlynbHast CKOpOCTh, V, Mm/c 834,8
MakcumanbHOE JaBieHue, P, MIla 394,8
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Ha nomurone HUM “T'eonme3us” Oblau MPOBEIEHBI CTPEILOBI JJII CPaBHEHUS
BHYTPUOAJUTMCTUYECKUX XapakTEepUCTHK. B Xome »dKcrnepuMeHTa C  [OMOIIbIO
aeKTpoHHOTO peructparopa nasieHus DPJ[-6000 ¢ mbe303aeKTPUISCKUM TaTYUKOM
T6000 dukcupoBanoch AaBjIeHUE BHYTPHU CTBOJa B mpolecce BoicTpena. C MOMONIbIO
JOIIIEpOBCKOro paauonokatopa JIYU-88M1 um3mepsiiack CKOpOCTh CHapsiia BHYTpHU
CTBOJIA.

Pe3ynbTaThl NpoBeNEHUS BBIYUCIUTEIBHOIO W HATYpPHOTO JKCIEPUMEHTOB

IpeICTaBICHbI Ha PUCYHKaxX 5.5 u 5.6.

p, MIla
400

300
200

100

0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 t,Mmc

Pucynoxk 5.5 — CpaBHeHue 1aBlIeHUI B KaMepe B Tipoiiecce BeicTpena st 125 mm O cHapsina:

1 — skcnepumeHT, 2 — pacyer

[TapameTpbl MaTremMaTHYECKOW MOJEIM YTOYHSUINCh IOJ AYJBHYKO CKOPOCThb

IIyTEM BapbUPOBAHUS €IUHUYHON CKOPOCTH TOPEHUS Uy .

V.., M/c

CH?

750
600
450
300

150

0 1 2 3 4 S 6 7 8 9 10 11 12 13 14 t, mc

Pucynoxk 5.6 — CpaBHeHHEe CKOPOCTEH CHapsIa B mpoiecce BeicTpea ais 125 mm O®D cHapsa:

1 — skcniepumeHT, 2 — pacyet
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Kak mnokaszajio cpaBHEHUE BBIYUCIHUTEIBHOIO M HATYpPHOIO 3KCIEPHUMEHTOB,
OTJIMYME 10 MaKCUMaJbHOMY JaBjieHHIO cocTaBwio 4,8%, mpu 3TOM OTIMYME IO
IOyIBHOW CKOpPOCTH OBbUIO MeHee 1 M/c, YTO MOKa3bIBAaeT XOPOIIYI0 aJEeKBATHOCTD

pa3paboTaHHON MOJIENIM BHYTPUOAJITMCTUYECKOTO MPOoIecca.

5.2 MopaesupoBaHue HANPSKEHHO-1e(DOPMUPOBAHHOIO COCTOSIHUS

KaHaJ1a CTBOJIa

[Ipu nmpoekTHUpoBaHUU APTUILIEPUIUCKUX YCTAHOBOK HEOOXOAMMO, YTOOBI CHApSII
IJIOTHO TIPUJIETA] K CTBOJY, HE MPOITyCKas MOPOXOBBIC Ta3bl, KOTOPHIE MOA OOJIBITNM
JABJICHUEM  BBITAIKWBAIOT  CHapsan. IlmoTHoe  mpuieranwe  oOecredmBaeTCs
UCIIOJIb30BAHUEM PA3IMYHBIX OOTIOPUPYIOIIMX TIOSACKOB Ha CHapsjax. Y BEJIMUYCHUE
JABJICHUS BHYTPHU CTBOJIA MPUBOIAUT K TOSIBJICHHUIO 3a30pa MEXKIy CHApSIOM M KaHAJIOM
cTBosia. [losiBiieHWe 3a30pa BBI3BIBAET MPOPHIB Ta3oB [/9] u mpuBOAUT K OHEHHIO
CHapsiia MpU €ro JBWXKEHWU 1o KaHainy crBoja [171]. [locnennee oOCTOATENHCTBO
Hamboee OMacHO /i TOJIKATUOCPHBIX CHApPAIOB, Yy KOTOPBIX OOTIOpUPYIOIIAs
MOBEPXHOCTh HAXOJUTCS B IIEHTPE CHApsAJA, a XBOCTOBAs 4acTh CHapsla — B 00JlacTu
MOBBIIIICHHOTO JaBjeHHWs. B pe3ynapTare yBeIMUMBACTCA Yroya KoJebaTeabHOTOo
JBIDKEHUS CHApSa, YTO BHI3BIBACT M3MEHEHHUE YTJIa BhUIETA U YMCHBIIICHHE HAYaIbHON
CKOpOCTU cHapsinia. JlaHHble O0OCTOATENhCTBA CYIECTBEHHO YXY/IIAIOT TOYHOCTh
CTPENBOBI.

B pabore npoBeneHo MaTeMaTuuecKoe MOJICTUPOBAHUE TMHAMUKHU HAMPSKEHHO-
ne(hOPMUPOBAHHOTO COCTOSIHMSI CTBOJAa Ha OCHOBE MOJEIU YNPYro-TIaCTUYHOTO
nehopMUpPOBaHMSI CTBOJIA IO BO3JICHCTBHEM IMOPOXOBBIX Ta30B. JlaBiIeHUE MMOPOXOBBIX
ra30B UCIOJIb3YeTCS B KAYECTBE JUHAMUYECKUX TPAHUYHBIX YCIIOBUH.

B pabotre paccmarpuBaercss Mojaenab 125 MM IJIaAKOCTBOJBHOM  ITYIIKH,
JIBYXKOMIIOHEHTHBIN 3apsi/] TUMa Tpyoka-3epHo u bII cHapsi.

B kauecTBe marepuaina cTBosia B paboTe paccCMaTpPHBAETCS JIETMPOBAaHHAS CTaJb
AISI 4340 [172] c¢ noGaBnenmem Hukens (1,65-2,00%), xpoma (0,70-0,90%) u

mommbaena  (0,20-0,30%).  IlmoTtHOCTH ~ paccMarpuBaeMoil ~ MapKh  CTaju
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p. = 7830 kr/m°. [Tapametpnl ypaaenus Jxoncona-Kyka conepikarcs B ClipaBoYHUKE
mateprano ANSYS Autodyn [24, 131]: A=7,92-10% Tla, B=510-10% TTa, n=0,26,
C=0,014, &, =1c*, T, =1519,9 °C, u=1,03.

[Ipm  pemieHWM  3a7add  HANPSHKEHHO-IE()OPMHUPOBAHHOTO  COCTOSIHHS
UCCIIEIOBAIOCH PaCIIMPEHNE KaHala CTBOJIA B MIPOIECcce BBICTpeNia. MacCcoBBIE CHITHI HE
YUUTHIBAINACH. [Ipeamomnaraercsi, 4To CTBOJ SBJISACTCS OJHOPOMHBIMH W H30TPOITHBIM
TEJIOM, TPU STOM MaTepHall CTBOJIa 00JaJaeT YNPYyro-IiIaCTHYHBIMH CBOWCTBAMHU.
BcnencTBue CKOpOTEUHOCTH TIPOIECcca, BIHMSIHHE MOPOXOBBIX T'a30B HA TEPMUYECCKOE
pacimpeHne KaHajla CTBOJIa CUUTAIOCH TIPEHEOPEKUMO MaJIbIM U HE YIUTHIBAIOCH.

['azomunamuueckas 3amada (3.1-3.5) ¢ nHavampHeiMu (3.21) W TpaHUYHBIMHU
ycnoBusmu (3.22-3.23) pemrangack B mporpaMMHoM Komiutiekce [38]. B pesynbrate
peIlleHns] Ta30JMHAMHYECKON 3amaud OBUIM IOJYYCHBI paCHpeCIICHUC JIaBICHHMS

BHYTPU CTBOJIA P = p(x,t) U DIIOpa MaKCHUMalbHBIX JaBJICHUH (PUCYHOK 5.7).

MakcuManbHOE AaBJ€HUE JOcTUraercs B kamepe W coctabisger 520 Mlla. OOmee
BpeMs mporiecca coctaBuiio 10,2 mMc, naBnenue GopcupoBaHus ObLUIO JOCTUTHYTO Ha 4,7
MC, TIOCJI€ YEeTO CHapsl HAUYMHAET JIBUKEHUE.

JlanHbie OBUIM BBITPYKEHBI B TEKCTOBBIN (Daiis, comepskamuii nHGOpMAIUIO O
BpemeHu mnpouecca (1021 Touexk) m koopauHarax (716 Touek). COOTBETCTBEHHO,
uHpopMalusl MO JaBJICHUIO BHYTPU CTBOJia Obla MPEJCTaBI€HA B BHUAEC MATPHUIIbI

1021x716 31€MEHTOB.
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p, MIla
600
4,7 mc
500 5,9 mc
7,4 mMc
400 8,3 mc
— 9,0 mc
300 = 0,6 MC
10,2 mc
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200

100

Pucynok 5.7 — Pacnipeenenue naBieHust BHyTpU KaHaja CTBOJIA B PA3IMYHbIE MOMEHTHI BPEMEHU .
1 — momeHT Havaa ABMxkeHHs cHapsaa (t=4,7 mc); 2 — nmooxxenue cHapsina 1 M (t=5,9 mc); 3 —
nosioxkeHue cHapsaga 2 M (t=7,4 mc); 4 — monoxenue cHapsga 3 M (t=8,3 mc); 5 — mosjoxxeHue cHapsiga
4 M (t=9,0 mc); 6 — monoxkenue cHapaga S M (1=9,6 mc); 7 — ocTHKEeHUEe AYIBHOTO cpe3a 6 M

(t=10,2 mc); 8 — smropa MaKCHMAJTbHBIX JTaBJICHHN)

3amavya HaNpPsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHHUS CTBOJIA PACCUMTHIBANIACH B
nporpamme ANSYS Autodyn 15.0 [24]. B pabote wucronb3oBaiics JlarpaHkeBblii
pemiarenab, KOTOPbIA MO3BOJISIET 3(PQPEKTUBHO pelaTh HEJIMHEHHBIE — 33/Ja4u
JTUHAMHYECKOTO Harpy»KEHHOTO Teja B ciaydyae HeOobIux Aedopmaruii [133].

['eomeTpuueckas Moaenb cTBoa Oblia moctpoeHa B ANSYS DesignModeler kak
TpEeXMEpHOE TeJo BpamieHus 1 Obuia pazourta Ha 1 343 711 terparapuyeckue dJIeMEeHTa
¢ xapakTepHbIM pazmepoM 0,01 m.

Hcnonp30BaHne TpaHUYHBIX YCJIOBUN C JMHAMMYECKUMHU MPOCTPAHCTBEHHBIMU
xapakrepuctiukamu B ANSYS Autodyn 15.0 HeckoJIbKO 3aTpyTHEHO HEOOXOIMMOCTHIO
HaIlMCaHusg COOCTBEHHBIX moanporpamm. Jlns pemieHus 53Tod  nmpoOieMbl  ObLI
pa3zpabotan Momynib uWHUIMaIu3anuu UcxoaHbix naHHbix INBALLPRESS u pacuera
TPaHUYHBIX YCJIOBUH Ha s3blke mporpammupoBanus Poprtpan [173]. B wmomyne

INBALLPRESS (cm. Jluctuar b.1 B Ilpunoxenmn bB) peanmmsoBana mporeaypa
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3arpy3ku ucxoaubix ganHbix INIT _IB. Tlporneaypa INIT_IB Bwi3biBaeTcs npu 3arpyske
HCXOJHBIX JaHHBIX B MpOINEAype MHUIIHATN3AIMN IpaHuIHbIX ycinoBuit EXEDIT3 (cwm.
Jluctunr b.2 B Ilpunoxenuu b).

B mpounenype EXSTR3 (cm. Jluctunr b.3 B Ilpunoxkenuun b) mpousBoautcs
pacdeT JaBlieHWs Ha TPAHUIIE BHYTPH CTBOJIA C TOMOIIBIO JIMHCWHONW WHTEPTOJSIIUN
TaOJIMYHBIX JTaHHBIX B 3aBUCUMOCTH OT BPEMEHH M MPOCTPAHCTBEHHOW MEPEMEHHOM,
HaIpaBJICHHOU B/I0Jb OCU CHMMETPHUHU CTBOJIA OPY/IUSI.

Brirpy3ka pe3ysnbTaToB pacdyeTa BBI3BIBAETCS C IOMOIIBIO  MPOIEAYPHI
EXLOADS (cm. JIuctunr b.4 B [Ipunoxenuu b).

Pacuer npoBommics Ha xommbioTepe Core i7-4770K ¢ takroBod wactoroit 3,5
GHz u 32 I'6 oneparuBHO# namsitu ¢ onepannonHoit cucremoir MS Windows 7 64bit.
KomnuectBo urepanuii coctaBuio 219 520 ¢ xapakTepHbIM IIaroM WHTETrPUPOBAHUS
4,65-10° mc. OGuiee BpeMs cueTa COCTABHIIO 28 4acoB.

B pesynbrate MonenupoBaHus ObLTM MOMYYEHBI XapaKTEPUCTUKU HaIpPsHKEHHO-
1e(pOPMHUPOBAHHOTO COCTOSIHMS cTBoJia. [Ipemen mpouHocTr Ha pactsbkenue (Tensile
Strength, Ultimate) mas cramu AlSI 4340 cocrasasier 1 100 MIla [172]. Kak BugHO u3
pUCYHKa 5.8, MakcMMalbHbIE HAMPSHKEHUS HE JOCTUTAIOT Tpejiesia MPOYHOCTH BO BCe
obnactu. Ipenen texkyuectu (Tensile Strength, Yield) cocrasiser 710 MIla [172]. B
obmactu ctBoja 10 3,50 M (pucyHok 5.8) B paccMarpuBaeMOM MaTepHalie JOCTUTACTCS
mpeies TeKY4eCTH, YTO TOBOPUT O BO3ZMOXKHBIX MPOOIEMax, CBI3aHHBIX C OCTATOUYHBIMU
nedopMarsIiMd W, B CICJACTBUM JTOTO, TOBBIMICHHOW W3HAIIMBAEMOCTHIO CTBOJIA.
Pe3ynbpTaThl vccneoBaHU KOPPETUPYIOT C IKCIEPUMEHTAIBHBIMU JaHHBIMH [ /8], T1Ie
TIPUBOJISITCS CBEJICHUS O HAHMOOJBIIICH N3HANTMBAEMOCTH CTBOJIA HA HAYAJLHOM y4acTKe

ABHUIKCHUS CHaApsIA.



209

o, MIla
1 000

900
800
700
600
500
400

300

200

100

Pucynoxk 5.8 — Pacnipenenenne HanpsHKeHUH B CTBOJIC B pa3IMYHbIE MOMEHTHI BPEMEHH
1 — MmomeHT Havana ABMKeHHs cHapsiaa (t=4,7 mc); 2 — monoxkenue cHapsga 1 m (1=5,9 mc);
3 — nonoxeHue cHapsaa 2 M (t=7,4 mc); 4 — nonoxenue cHapsiia 3 M (t=8,3 mc);

5 — nonoxenue cHapsaa 4 m (t=9,0 mc); 6 — monoxxenue cHapsina S M (t=9,6 mc);

7 — nocTIKEHUE qyTbHOTO cpe3a 6 M (t=10,2 mc); 8 — amopa MakCUMAaTbHBIX HAITPSKECHHA)

MaxkcuManbHOE HANPSI)KEHUE B CTBOJIE JOCTUTAETCS B MOMEHT BpeMeHH t=7,4 mc
C MOMEHTAa Hayaja apTWUICPUMCKOTO BBICTPENIA, KOTAA CHApsA pacrojaracrcs Ha
paccTossHUM 2 M OT Ka3eHHOro cpesa. PacnpenerneHue HampsiKEHHsT B 3TOT MOMEHT

BpPEMEHH TPEACTABICHO HA pUCYHKE 5.9.

MIS. STRESS (MTls)
1068

Pucynok 5.9 — Pacnipeienienne HanpspKEHUH B CTBOJIC B MOMEHT BpeMeHu t=7,4 mc
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Kak BugHO U3 pucyHka 5.9 mpeBblllieHUE HapsDKeHUs mpezena Tekydectu 710
MIla nocturaercs TOJIbKO Ha HEOOJIBILIOM YYaCTKE BHYTPH CTBOJIA.

MaxkcumanbpHOE 3HaueHue JaedopManuu B Kamope npubnukeHHo paBHsercsa 0,4
MM (pucyHok 5.10). B xanaie cTBoia MaKCHMaJbHBIN PAgNyC YIIUPSHHUS COCTABIISIET
0,2 MM. B mpoOlLIEHTHOM OTHOIIEHUU K PAJAMYCy CTBOJA MakCHMaibHas aedopmarius
cocraBisieT 0,3%, mo otHomeHuto K miomaau — 0,6%. Kak mokazano B padote [171],
npu u3Hoce ctBoiia 0,4 MM CKOpOCTh yMeHbIIaeTcsl Ha BenuunHy 0,1% 1no cpaBHEHHIO C

HOMMHAJIBHOU TYJIbHOW CKOPOCTBIO.

Ar, MM
0,45

0,40 — 4.7 Mc
5,9 mc
0,35 7,4 mc

0,30 8,3 mc

= 0,0 Mmc
0,25

= 0,6 MC

0,20 10,2 mc

0,15 — Max

0,10

0,05

0,00

Pucynok 5.10 — Pacnipenenenne painaibHOTO PACIIUPEHHSI CTBOJIA B PA3IMYHBIC MOMEHTHI BPEMCHU |
1 — MomeHT Havana ABM>KeHus cHapsiaa (t=4,7 mc); 2 — monoxkenue cHapsaga 1 m (1=5,9 mc);
3 — monoxeHue cHapsaa 2 M (t=7,4 mc); 4 — nonoxenue cHapsina 3 M (t=8,3 mc);
5 — monoxenue cHapsaaa 4 m (t=9,0 mc); 6 — motoxxenue cHapsiia S M (t=9,6 mc);

7 — nmoctrkeHue ayJbHOTO cpe3a 6 M (t=10,2 mc); 8 — MakcuMaTbHBIC 3HAYCHHS )

Takum 00pa3oM, Ha OCHOBE PEIICHUS 3a7a4M O HaIPSKEHHO-e(POpMUPOBAaHHOM
COCTOSIHUM CTBOJIA C JAMHAMHUYECKUM HarpykeHuem Obula ompezesieHa KpUTHYecKas

00JacTh B CTBOJIE, TIOJIBEpKEHHAsI HanbOosee CuiIbHBIM AedopmanusaM. [lokazano, 4to



211

npu JUHAMHYCCKOM HArpy>XCHHUHW BO3MOXKHO O6p8,30BaHI/I€ 3a30pa MEXKAY CHapsasaoM U
KaHaJIOM CTBOJA, 4YTO IIPHUBOIUT K OMEHUTO CHapsdda, IIpOpPBIBY I'a30B U YMCHBIICHHIO

JyJIbHOW CKOPOCTH CHAapsiaa.

5.3 MoaeanpoBanue BHellIHel 0aJIMCTHKU aPTHIJIEPUIICKOT0 BhICTpeia

5.3.1 Pe3ynvmamubl MOOenUpo8anus BHeUHeOANIIUCMUYECKUX NAPAMEMPOB

ApMUAIEPUTICKO20 8bICIPend

Pacuet TpaekTopun CHapsiIOB MPOBOJUIICS MO JBYM METOIUKAM:

I. Meronuka, OCHOBaHHAas Ha HCIOJb30BAHWM JTAJIOHHBIX 3aBUCUMOCTEH JIJISI
ko3 dunrerTa 1000BOro CONpoTUBICHUS 1Mo 3akoHaMm 1943 u 1958 roga, mOCTOSTHHOTO
koa(pdurenta Gopmbl cCHapsia, a TakkKe MPUONMKEHHBIX (OPMYJ ydyera OOKOBOIO
OTKJIOHEHUS (JepuBallMOHHAsT (DYHKITHSA).

2. Meroauka, OCHOBaHHas Ha PACUETHBIX 3aBHUCUMOCTAX I K03 HUITMEHTOB
a’pOJIMHAMUYECKUX CUJI U MOMEHTOB, ONPEACIICHHBIX W3 PEIICHHS 3aJlauyd BHEIIHETO
oOTekaHus, ¢ OJJIOKOM pacyeTa KoseOaHul CHapsia OTHOCUTENBHO IieHTpa Macc [147].

HauanbHble ycnoBus s pacuéTa TpaceKTOPUM CHApsIIOB MPEACTaBICHBI B

Tadimue 5.2.

Tabmuua 5.2 — HauanbpHbIe YCIIOBHS pacueTa i Pa3InYHbIX THIIOB CHAPSIIOB

Tun cHapsiga
XapakTepucruka PasmepHoOCTB 125 mm 125 Mmm 152 mm
BIIC OdC OdC
HauanpHas ckopocts V), m/c 1700 835,4 945
Yucno Maxa M - 5,00 2,56 2,78
Ha 7
JaTbHBIN YTOJI HAKIIOHA rpasychl 5 24,2 18
TpaekTopuu 0,
HavanpHas cKkopoCcTh BpalleHUs O, pan/c - - 1562,5

Ha pucynkax 5.11 — 5.14 npencraBieHbl pe3yibTaThl pacueTa TPACKTOPUM s
paccMaTpuBaeMbIX THUIIOB CHApPSAJOB M HAYaJIbHBIX YCIOBHUM, NPEICTABICHHBIX B

tabmurie 5.2.
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Pucynok 5.11 — IIpoexuus tpaektopuu 125 mm BII cHapsa n1s TaHKOBOH IyIIKH
Ha TutockocTh OXY mpu HaganbHO# ckopoctu 1700 M/c 1 yrite cTpensob 5°:

1 — 3akon conpoTuBienus 1958 r.; 2 — pacueTHble 3aBUCUMOCTH JIs1 KO3()(PHUIIMEHTOB CHII U MOMEHTOB

Z, M
1\
0,15
0,1 2
0,05
0 T
0 500 1000 1500 2000 X, M

Pucynoxk 5.12 — IIpoekuus tpaekropun 125 mm BII cHapsina ans TaHKOBOM MyHIKK
Ha TUIocKOCcTh OXZ pu HavanbHOU ckopocTr 1700 M/c 1 yrite cTpensost 5°:

1 — 3akoH conpotuBieHus 1958 r.; 2 — pacueTHbIe 3aBUCHMOCTH JJIs1 KO3()PHUIIMEHTOB CHIT 1 MOMEHTOB

Y, M
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0 5000 10000 15000 X, M
Pucynoxk 5.13 — IIpoekuus tpaekropun 152 mm OD cHapsiga Uit TayOuIIsl
Ha TuIockocTh OXY Tpy HaYalIbHOUM cKopocTH 945 M/c 1 yriie cTpenbonl 18°:

1 — 3akoH conpotuBienus 1943 r.; 2 — pacueTHbIEe 3aBUCUMOCTH 151 KO3()PUIIMEHTOB CUIT © MOMEHTOB
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Pucynok 5.14 — IIpoekuus tpaektopuu 152 mm OD cHapsiia 11 rayOouIisi
Ha IockocTh OXZ npu HavanbHOM ckopocT 945 m/c u yrie ctpenbOsr 18°:

1 — 3akoH conpotuBienus 1943 r.; 2 — pacueTHbIC 3aBUCHMOCTH 151 KO3()(PUIIMEHTOB CHIT 1 MOMEHTOB

Pesynprarel  pacuera, TMOJy4YEHHbIE IO pacCMaTPUBAEMbIM  METOJMKAM,
IIPAaKTUYECKH He pasznumyarorcsa. OTkinoHeHue no Beicote mig 125 mm BII cHapsna
coctaBuino Menee 0,1 m. [ma 152 mm O® cHapsjaa OTKJIOHEHHE IO JaJIbHOCTH
coctaBuiio 80,4 M, a Mo OOKOBOMY OTKJIOHEHHUIO — 4,5 M. MOXHO OTMETUTb, YTO
METOJIMKa, OCHOBaHHAasi Ha PACUETHBIX 3HAYCHUSIX KOIPOUIIMEHTOB CUJI U MOMEHTOB,
SBIISIETCS OoJiee IOJTHOM, TaK KaK YYHUThIBACT peanbHyr0 (OpMy METaeMbIX TEl H

pacnpeneneHue adpoAMHAMUYECKUX XapAKTEPUCTUK MO TPACKTOPHUHU.
5.3.2 Cpasnenue 8b1uucaIumenbHo20 U HamypHo20 3KCNepUMEHMos

CpaBHHTENBHBI  aHaNU3 PE3yJbTAaTOB  BBIUYMCIUTEIBHOIO M HATypHOIO
DKCIEPUMEHTOB NMPOBOAMIICS ISl KOMIUIEKTa BbicTpena 125 mm O®D chapsina.

Ha nonurone O0butn mpoBeieHbl CTPENbOBI I OLIEHKH TOYHOCTU Mojenu. B xoxe
skcnepumenta ¢ nomouplo MOJC «Bepeck-M» perucTpupoBaINCh TPACKTOPHUS
JBIKEHUSA M TOYKHM MajieHus cHapsiaa. C MOMOIIbIO JIOIJIEPOBCKOTO PaAHOJIOKaTOpa
U3MEPSIIach CKOPOCTh CHAP#AIa BHYTPH CTBOJIA M HA HAYAJIbHOM YYacCTKE TPACKTOPHH.

WcnbiTanusi MpOBOAUIIUCH B PEANbHBIX KIMMATHYECKUX ycIOBUAX. [laHHbIE mJis

pacyeTa BHEIIHEH OaNIMCTUKHU MPE/ICTaBIEHbI B TabIuIe 5.3.
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Ta6muma 5.3 — Jlaaabie 1151 MoieTupoBaHus BHenTHer 6ammuctuku 125 mm OD cHapsa

XapakTepucTUKa Pa3zmepHoCTh 3HayeHue
Hauanbnas ckopocts, V m/c 835,4
JMpEeKIMOHHBIH yroi, o, IPagyChl 49,98
VYrox crpensOsl, 6, rpajychl 24,20
Hanpasnenue Betpa, € TpagyChl 45,00
CkopocTb BeTpa, W M/c 1
Temnepatypa, T °C +5
JlaBnenue, p MM.PT.CT. 759

I'paduxu 3aBucuMoOcTH KOAGOUIIMEHTOB JTO00OBOTO COIMPOTHUBICHHUS OT YHUCIA

Maxa npeacraBiieHbl HA pUCYHKE S5.15.

C

0,6 1

0,5 \- :

0.4 \.\.I\=
2

0,3

L ol Bl B
0,2

0,1
0
0,5 1 1,5 2 2,5 M

Pucynok 5.15 — 3aBucumoctu K03QPUIMEHTOB J000BOI0 CONPOTUBIIEHUS OT yKciaa Maxa:

1 — 3akoH conpotuienus 1943 r. (iX = 1,5); 2 — pacdeTHas 3aBUCHMOCTh

Pesynprarel M3MepeHUsT CKOPOCTH CHapsla BHYTPU CTBOJAa M HA HAYaJbHOM
Y4aCTKE TPACKTOPHUU CHApsIa B CPABHEHUM C PACUCTHBIMU JAHHBIMH MPEICTABICHBI HA

pucyske 5.16.
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Pucynok 5.16 — CpaBHeHUE CKOPOCTEH cHapsiia B porecce BeicTpena st 125 mm OD cHapsina:

1 — skcniepuMeHT, 2 — pacyeT

Pe3ynbTaThl cpaBHEHUS IKCIIEPUMEHTATBHBIX U PACYCTHBIX JAHHBIX TTOKA3BIBAIOT,
YTO OTKJIOHEHHS CKOPOCTH Ha HA4aJIbHOM y4YacTKe He mpeBbiaoT 1%.

B xome skcmepuMeHTa ONPEACISUINCh KOOPAWHATHI TOYCK TMaJCHHS CHapsia
(trabmuna 5.4). BHemHeOaUTMCTHUECKAs TPACKTOPUS PACCUUTHIBAJIACH IO 3aKOHY
conpotuBienust 1943 r. ¢ koaddummentom i =15 m MeToamMke, OCHOBaHHOW Ha

PaCUCTHBIX 3aBUCUMOCTAX JIA KOB(I)(I)HHI/IGHTOB AOPOINMHAMHNYCCKHUX CHUJII U MOMCHTOB

(pucyHok 5.17 — 5.18).

Tabmuna 5.4 — KoopauHatsl Touek majeHUsl CHapsAaoB npu crpenbbe u3 125 mm OD chHapsnga B
CTapTOBOM CUCTEME KOOPIAUHAT

Toukn Koopaunara X, m Koopaunara z, m
OKcnepuMeHT 1 11657 6,1
DKCHEpPUMEHT 2 11802 -8,2
DKCIIEPUMEHT 3 11745 88,1
DKcnepuMeHT 4 11890 74,7
Pacuer no 3axony 1943 roxa, i, =15 11851 57,4
Pacuer 1o MmeTomuke 11752 54,5
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Pucynok 5.17 — [Ipoeknus tpaekropuu 125 mm OD cHapsiia Ha miockocTh OXZ npu HaYaIbHOU

ckopoctu 835,4 M/c u yriie cTpens6bl 24,2°: 1 — 3akon conpotusnenus 1943 r. (i, =1,5);

2— paCuYCTHBIC 3aBUCHUMOCTH IJIA KOB(I)(bI/II_II/ICHTOB CHJI 1 MOMCHTOB

Z, M
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Pucynok 5.18 — IIpoekuus Tpaektopuu 125 Mm O®D cHapsaa Ha minockocTb OXZ mpH HavyalbHOM

ckopoctu 835,4 M/c u yrie cTpenb6bl 24,2°: 1 — 3akon conpotusnenus 1943 r. (i, =15);

2— PACUCTHBIC 3aBUCUMOCTH JJI KOS(l)(bI/IIII/ICHTOB CHUJI U MOMCHTOB, 3- OKCIICPUMCHTAJIBHBIC JaHHBIC

Kak mnoxa3zaio cpaBHEHHE BBIYUCIUTEIBHOTO M HATYPHOTO 3KCIEPUMEHTOB,
CPEIHEKBAPATUUECKOE OTKJIOHEHUE HKCIEPUMEHTAIbHBIX TOYEK OT TOYKHM MaJCHUS
paccuMTaHHOW MO 3akoHy conpoTuBieHuss 1943 r. ¢ koapdunuentom i =15
coctaBuiio 123 M, a o pacyeTHON MeTouKe — 98 M, UTO TOBOPUT O OOJIBIIEH TOYHOCTH
pa3paboTaHHON pacuyeTHON METOUKH.

Pe3ynbrathl cpaBHEHMsI TOYEK MAJCHHUs HKCIEPUMEHTAJIbHBIX CHAapsAIoB U

pacUeTHBIX TPACKTOPHUH MpeICTaBlIeHO Ha pucyHke 5.19.
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Pucynoxk 5.19 — Pacnipenenenue touek nagenus 125 mm O®D cHapsija Ha OJIUTOHE TP YIiie
cTpenbObl 24,2°: 1 — 3akoH conpoTuBieHus 1943 r.; 2 — pacueTHbIe 3aBUCUMOCTH JIJIs1 KO (QUIIEHTOB

CHJI 1 MOMCHTOB, 3 — OKCIICPUMCHTAJIBHBIC JaHHBIC
5.4 KomniiekcHoe MOIeJIMPOBAHUE H BU3yaJu3auus npoiecca 6poHenpoonTus

5.4.1 Memooukxa onmumuzayuu napamempos opoHeOotHO-NOOKAIUOEPHO20 CHAPAOA HA

OCHOBE KOMNJIEKCHOLL MOOeU apmwwepuﬁcxoeo eblicmpena

MonenrpoBaHue apTHILICPHICKOTO BBICTPENIAa JTOJKHO YYUTHIBATH CBS3h MEXKIY
NOCJICIOBATEIBHBIMKM ~ dTAallaMU  MPOIecca: BHYTPEHHSS OaJUTMCTUKA, BHELIHSISI
OauMcTMKa W KoHewHas Oammuctuka. Kak ykaseiBaeTcs B pabortax [174-178],
MOJISIMPOBAaHUE TpoIlecca BBICTpENa CIEAYyeT paccMaTpuBaTh KakK CHCTEMY
B3aMMOCBSI3aHHBIX OOBEKTOB: «OPYIUE» — «3aPSI» — «CHAPSAI) — «MHIIEeHb». C yaeTom
9TOM CBSA3M, OblIa pa3paboTaHa CTPyKTypHas Oiok-cxeMa (pucyHok 5.20) mporecca
ONTUMHU3AIMA TIapaMeTpoB  OpOHEOOIHO-TOAKATMOEPHOTO CHapsja Ha OCHOBE

KOMIUIEKCHOM  (PU3MKO-MaTeMaTMYECKOW  MOJEIM  Ipollecca  apTUIIEPUICKOTrO

BBICTpEA.
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BanaHne KOHCTPYKIMH LITATHOTO
BBICTPEAA, BBIOOP HCCAELYEMOTO
napameTpa Par u obaactu nameHeHus
sHaueHuit Par € Q)

Y

H3menenue napamerpa Par € Q)

Y

N3meHeHne KOHCTPYKIIUIH
CHapdnaa

Y

MopgeanpoBaHue BHyTpPEHHEN
0aAAUCTHUKH

B HET YoBAeTBOpSIET
- OTPaHHUYEHUAM?
MopgeAnpoBaHue BHEIIHEN
DaAAMCTHUKH
HET

YnooBaeTBOpSET
OrpaHUYEHUSIM?

| ma

MonmeanpoBaHUEe TEPMUHAABHON
DAAAMCTUKHU

A

\

BrIBon pe3yabTaToB
rapaMeTpUIecKoro
HCCAEIOBaHUS

Pucynok 5.20 — MeTouka ONTHMH3AINAA TTAPAMETPOB OPOHEOOHHO-TTOAKATHOSPHOTO CHApsIIa Ha

OCHOBE KOMIUIEKCHOTO (PU3UKO-MAaTEMaTHYECKOT'0 MOJICITMPOBAHUS IpoIiecca OpOHETTPOOUTHS
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Ha pucynke 5.20 npencraBnena o0masi cxeMa pereHuss KOMIIEKCHOH 3a7auu Ha
OCHOBE MaTEMaTHYECKOTO MOJEIMPOBAaHMS OCHOBHBIX IPOILIECCOB apTHIUIEPUICKOTO
BbICTpesia. Beibop uccnenyemoro mapamerpa Par m ero BO3MOXHBIX 3HauyeHUU () B
Ka)/IOM YaCTHOM CJIydae OCYUIECTBISIETCS B 3aBUCHUMOCTH OT IIOCTaBJICHHOW 3aJayM.
OrpaHnyeHusMA AJI1 BHYTpEHHEH OayNIMCTUKKA MOTYT CIYXXHUTh 3aJlaHHOE 3HAuYeHUE
MaKCUMaJIbHOE JaBJIEHWE BHYTpU CTBOJIa WJIM Yy JHa CHapsja, A oOecreyeHus
HOPMaJIbHOIO (PYHKIIMOHUPOBAHUS apTHIUIEPUHCKON cucTeMmbl. OrpaHUYeHHUEM JJIst
BHEIIHEH OAJTMCTUKH SIBIISIETCS YCTOMYMBOE JBMKEHHE CHApsAa Ha pacCMaTpHUBAEMOM
YUYacCTKE TPACKTOPHH.

PaccMoTpuMm  pe3ynpTaThl MOAETMpPOBAHUS Ha TpPUMEpPE BBICTpeNla U3
apTUWIIIEPUIICKOTO TJIAJKOCTBOJIILHOTO OpyAHs ¢ OOEmpUIlacoM, B COCTaBE OCHOBHOI'O
3apsga u 125 mwm BII cHapsina ¢ 1ONOIHUTEIBHBIM 3apSI0M.

['eomeTpuueckas MOeTb CHapsia ¢ BEAYIIUM MOSICKOM, CO3/IJaHHas B IPOTrpaMMe

ANSYS Designer, npeacrasicHa Ha pucyHke 5.21.
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Pucynok 5.21 — I'eomeTpudeckas moaens 125 mm BII cHapsia ¢ BeAymuM nosckom

B cocraB 125 mMm BII cHapsnia BxoasaT 2 ceplieuHuka, OpoHEOOMHBIN aemiidep,
OpOoHEOOWHBI HAKOHEYHHK, KOPITYC, OMEPEHHE U BEAyIUi TMOoscoK. B tabmume 5.5
MPE/ICTABIICHBl OCHOBHBIE XapaKTEPUCTHKH OOBEKTOB APTUIUIEPUHUCKOrO CHapsaa M
nperpaasl. Macca BeyIiero nosicka coctaBisieT 2,2 Kr. Benymmii noscok y4uThIBaeTCs

B 00mIeil Macce CHapsijia TOJbKO BO BHYTpHOAIMCTUYECKOM Mpouecce. Ha BHemHen
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TPACKTOPHHU BC,IIYH_II/Iﬁ INOACOK OTACIACTCA OT AKTUBHOM 4YacTH CHapsgda U B

,HaHLHCP'IIHHX pacducTax HC YU4aCTBYCT.

Ta6muma 5.5 — [TapameTpbl COCTaBHBIX YacTeH apTUIUICPUICKOTO CHAapsIIa U MPErpaibl

[Ipenen
OOBEKThI Anuna, Huaverp, Marepuain TEKY4€ECTH, HHOTHOB»C s
MM MM KI/M
MIla

CeprednnKy 420 1g | Borwbpamoseiii 2200 17000
CIUIaB

BbponeboitnbIii 112 22 BonbdpamoBsrit 2200 17000
nemidep CIUIaB

BbponeOoitnbIit Bonbdpamossrit 2200 17000
HAKOHEYHUK CIUIaB

Koprmyc 574 31 | Cramp S-7 710 7830

Onepenue 93 125 | AnroMuHmiA 276 2785

Benymmuit nosicox 156 125 | AmroMuHuit 276 2785

[Iperpana 440 - | Cranp S-7 818 7750

Yucnennsple XapakTepucTuku BobhpamoBoro criasa (TUNG. ALLOW) u cranu
S-7 (STEEL S-7) mpencraBnensl B miaBe 3 (cm. Tabnmma 3.1). DTu maTepuaib
UCIIOJIb30BAJIMCH JUIsS aHaIu3a OpoHenpoouTus B padorax [153, 154, 179, 180].

Bce anemenTsl, npeacTaBieHHbIE B Tabmuie 5.5, MpeACTaBISIOT co00il Tena
BpaIeHUs, 32 UCKIFOUEHHUEM OTIEPEHHSI, KOTOPOE COCTOUT U3 ISITH JIOMACTEH.

[Iperpaga mpeacrtaBiser coOOM UUIUHAP, B ILEHTP KOTOPOTO MO HOPMaIH K
OJIHOM M3 TOPLIEBBIX CTOPOH IMOJUIETaeT CHapsia. Pazmepsl mperpanbl ObUIH BHIOpaHBI
UCXOJII W3 JIaHHBIX TPOOWTHSI CHAPSIOM TOMOTCHHOW OpOHM 10 HOpPMaldd Ha
paccrosann 2000 M. B kadecTBe KpaeBbIX YCIOBUM I IpPErpaabl NPUHUMAIWCH
YCJIOBHUSI 3aKpEIIICHUSI.

Jlamee TIPOBOAATCS TMapaMETPUUYECKUE WCCICIOBAHMS BIMSHHUS —JHAMETpPa
ceplieyHuKa Ha TyOuHy OpoHernpoOuTus. Cep/IeYHUK M3rOTaBIMBACTCS M3 MaTepuaia
BBICOKOW TUIOTHOCTH, COOTBETCTBEHHO C YBEIMYCHHEM IUaMETpa CepAcUHUKa 00Ias
Macca cHapsija OyIeT TakkKe yBeIWunMBaThbesa. KpallHUMM cUMTaloTCsA Ciydad, KOTrja
aKTUBHAS YacTh CHAPAJA MOJHOCTHIO COCTOUT M3 CTAIHM S-/ (HaMMEHbINIAasg Macca) Wiu

BOJIL()PaMOBOrO criaBa (HauOoJIbIlIasg Macca).
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5.4.2 Pe3ynomamol pacuema 6HympeHHel OaiiucmuKu

B pabGore ObuM NpoBEAEHBI pacyeThl BHYTPUOATUIMCTHYECKUX IMPOLECCOB B

3daBUCHUMOCTH OT MACCBhI CHapAaad. B TaGHI/IHG 5.6 MMpCaACTAaBJICHBI PC3YJIbTAThI PpACUYCTOB.

Tabnuna 5.6 — Pe3ynpTaThl pacueTa BHYTPEHHEH OAJTUCTUKY 711 pa3JIMYHBIX MacC CHapsAaa

Howmep Huamerp Macca | MakcumanbHoe | MakcumanesHoe | JlynbHas
BapUaHTa | cep/ieuHrKa, | cHapsaa JIaBJICHHUE JIaBJICHUE HA | CKOPOCTb,
pacuera MM KT BHYTpH CTBOJIA, | JHO CHapsja, m/c
MIla Mlla
1 - 5,531 437 253 1773
2 0 6,067 462 272 1749
3 4 6,116 465 273 1747
4 8 6,263 472 279 1740
5 12 6,507 483 287 1728
6 16 6,848 499 299 1709
7 18 7,056 509 306 1698
8 20 7,288 520 314 1686
9 24 7,825 546 332 1657
10 28 8,460 576 354 1621
11 - 9,506 626 390 1564
[Ipumeuvanus:

— Macca CHapsJia ¢ y9eTOM BEAYIIEero YCTPOHCTRa,
— CHapsAn (32 MCKJIIOYEHHWEM BEAYIIEro YCTPOWCTBA) CUUTAETCS TOMOTE€HHBIM, MOJHOCTBHIO
COCTOSIINM U3 CTaIu S-7,;

™ — cHapsaj (32 UCKIIOUEHHEM BEIYIIEro YCTPOHCTBA) CUMTAETCS TOMOTEHHBIM, MOTHOCTHIO
COCTOSIIIIMM U3 BOJIB(PAMOBOTO CILIABA.

*%

Kak BumHO M3 Tabmuipl MakCMMaJIbHOE JIaBJICHHUE BHYTPU CTBOJA IPEBBIIIACT
nonyctumoe 3HaueHne 600 MlIla tonpko mist 11 BapuanTa pacuera, a MaKCHUMaJIbHOE
JIaBJICHHWE Ha JHO CHapsaa B 3ToMm ciiydae coctaigeT 390 MlIla, 4To He mPEBOCXOIUT

npezensHoro 3HaueHus 444 Mlla (cm. Tabnuiy 2.6).

5.4.3 Pezynomamul pacuema eHewHel OALIUCIMUKU

BremnebamumcTuueckie mporecchl ObUTM PacCYUTaHBl C yY4E€TOM TOTO, YTO
BHEIIIHASL  T€OMETpUsl  CHapsila HE  MEHSEeTCA, COOTBETCTBEHHO,  JI000BOE
a’pOJAMHAMHUYECKOE COIMPOTUBJIEHUE TaKXKe HE MeHsAeTcsA. LIeHTp TskecTu cHapsiga C

YBEIMYCHHEM JUaMeTpa CepAeYHHKa U3 BOJH(PPAMOBOrO CIUIaBAa CMEIIAETCA K
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XBOCTOBOMY OIEPEHHIO, HO 3a CUET ONEPEHHUs PaCIoaraeTcss He Jajiee, 4YeM LEHTP
JTaBJICHUSL.

B mnporpaMvMHOM KOMIUIEKCe KOH(UTYpAIlMd W BU3YaIU3alUHA TTOJUTOHHBIX
UCTIBITaHUM 17151 ctangapTHoro 125 mm BII cHapsina Obutn onpenienieHbl a3UuMyT, paBHbBIN

43,4 rpamyca, ¥ yroJ BO3BbIIIeHUsI, paBHbIH 0,6 Tpamyca (pucyHok 5.22).

Pucynok 5.22 — Tpaexropus 125 mm BII cHapsina Ha momurone

Ha pucynkax 5.23 u 5.24 npencTaBieHbl TPACKTOPUU M CKOPOCTH JBHKCHUS

CHapsiza Ui paccmarpuBaembix 4, 7 u 11 BapuaHTOB pacuera.

y.M
7

16 / 4

11

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 X,M

Pucynok 5.23 — BHemHeOaumeTHIecKas TpaekTopus cHapsiia it 4, 7 u 11

BapHaHTOB pacyera
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Pucynok 5.24 — MI3MeHeHre CKOPOCTH JIBUXKEHUS CHapsiaa Ha Tpaektopuu 1 4, 7u 11

BapUAHTOB pacyucTa

PCSYJIBTaTBI MOJCIUPOBAHUA IBUKXCHHUA CHaApsAda Ha BHEIITHEOAITMCTHICCKOMN

TPaeKTOPUH CBEICHBI B Ta0HUILy 5.7.

Tabmuua 5.7 — Pe3ynbraTsl pacuera JUis pa3IUnYHbIX THIIOB CHAPSI0B

Howmep Macca | Koneunas | [lanenue | Ilagenue | Kunermueckas
BApHUAHTA | AKTUBHOM | CKOPOCTh, | CKOPOCTH, | CKOPOCTH, SHEprus,
pacueTa | yacTu , KT M/c Mm/C % MJIx
1 3,331 1497 276 15,6% 3,732
2 3,867 1512 237 13,6% 4,420
3 3,916 1513 234 13,4% 4,482
4 4,063 1515 225 12,9% 4,663
S) 4,307 1516 212 12,3% 4,949
6 4,648 1513 196 11,5% 5,320
7 4,856 1510 188 11,1% 5,536
8 5,088 1507 179 10,6% 5,778
9 5,625 1496 161 9,7% 6,294
10 6,260 1477 144 8,9% 6,828
11 7,306 1442 122 7,8% 7,596

* v w
[Ipumeuanue: — Macca akTUBHOM 4acTh CHapsija (0e3 BeAyIIero ycTpoucTBa).

3aBUCHUMOCTH AYJbHOW M KOHEYHON CKOPOCTU CHapsiia OT €ro aKTUBHOM MacChl

Ipe/ICTaBIICHbI Ha pUCyHKE 5.25.
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PI/ICYHOK 525 - I[y.]'IBHaH 1 KOHCYHaA CKOPOCTH CHApPAA0B B 3aBUCUMOCTH

OT MacChl aKTUBHOM YaCTH CHapsaga

Kak cnemyer M3 pacdeTroB, HECMOTpsS Ha YMEHBIICHHE AYJIbHOH CKOpPOCTU
cHapsiIa, KoHeuHas ckopocTh Ha paccrosaun 2000 M gocturaer makcumyma 1516 m/c
JUIsL 5 BapuaHTa pacdeTra. JTO CBS3aHO C COYETAHMEM MAaCCOBBIX M HaudaJbHBIX
CKOPOCTHBIX XapaKTEPUCTHK CHapsa.

Crnenyer OTMETUTh, YTO KMHETHYECKAsl SHEPTUsl CHapsAla MpHU MOAJIETe K LeNn C
YBEIMYCHHEM MAacChl CHapsa YBEIWYUBACTCS, HECMOTpPS Ha TO, YTO KOHEYHAs

CKOpOCTh CHapsiia BeeT ce0si HEMOHOTOHHO.

5.4.4 Pe3zynvmamol pacuema OpoHenpooumust

3agaua OpoHempoOuTHs perragack B mporpamme ANSYS  Autodyn B
OCECUMMETPUYHOM TOCTAaHOBKE METOJOM criaxeHHbx yactull SPH. Cxema
pPacroJIOKEHUST  B3aMMOJICHCTBYIOMMX  OOBEKTOB  paccMaTpuBaeMoOW  3aJlauu
npejcTaBiieHa Ha pucyHke 5.26. CKOpoCTh ABMIKEHUS CHapsa P MOJIETE K Mperpajie

HarpasieHa no ocu OX. Ha rpanunax nperpajibl 3a4at0Tcs YCIOBHS 3aKpEIICHUSI.
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1s0 : TUNG.ALLOY

STEEL- S-7 (xopmyc)

STEEL- S-7 (nperpana)

Pucynok 5.26 — OcecummeTpruHas IOCTAHOBKA 33/1a4l OpPOHETIPOOHUTHS TIPErpaibl

B paGote paccMatpuBaroTcs iBa BapuaHTa pacuera: NpoOUTHe MoiayOecKOHEUHOM
W KOHEUHOH mperpajinl. J[mmHA MOMyOSCKOHEYHOW Tperpaabl MPUHUMAIach PaBHOMN
1000 MM u BbIOMpaliach TakuM OOpa3oM, YTOOBI CHapsii HE CMOr TMPOOUTH
paccMaTpuBaeMyIo CTAJIbHYIO MPErpajy B 3aJaHHOM TUaNa30He CKOPOCTEH.

Pe3ynbraThl pacdera BHeENIHEH OAUTMCTHKH WCIOJIL30BAIMCH MPHU MPOBEICHUH
pacueta riayOuHbl OpoHenpoOuTusi. Ha pucynkax 5.27 - 5.29 npencraBieHBbI
pe3yibpTaThl JEHCTBUSA CHapsaa Mo OpoHeruTe ToimmHoW 440 MM ISl BapHaHTOB

pacdeTa COOTBETCTBEHHO, 4, 7 u 11.

MIS.STRESS (kPa)
1.796e+06

1.616e+16
1.437e+H06
1.257e+H0B
1.078e+06
§.980e+05
7.184e+05
5.388e+05

3.892e+15

1.796e+15

0.000e-+00

Pucynok 5.27 — Pacnipenienenue HanpsbKeHUM BHYTPH MIperpajibl A7 4 BapuaHTa pacyera

npu MMOJTHOM OCTaHOBKE CHapsaa
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s paccmaTpuBaeMoro 4 BapuaHTa pacyera C JUaMeTpOM CeplAeyHHKa § MM
IIPOUCXOJNT 3aCTPEBAHUE CHAPAIA B IIPETPALIE.

Ha pucynke 5.22 mpencrtaBieHbl pe3yJibTaThl pacyeTa Juisl 7 BapHaHTa pacyera
JUISL CHapsiia ¢ JMaMeTpOM CepAcUHUKaA 18 mm.

MIS. STRESS (kPa)
1.730e+16

1.557e+16
1.384e+06

1.211e+B

1.038e+06

8.652e+05

6.922e+05

5.191e+05

3.461e+05

1.730e+05
0.000e-+00

Pucynok 5.28 — Pacnipenienenue HanpsbKeHUM BHYTpH IIperpajsl A1 7 BapuaHTa pacyera

MIPY MMOJTHOM OCTAHOBKE CHapsia

Kax BugHO w3 pucynka 5.28, mist 7 BapuaHTa pacyeTa TakKe MPOUCXOIUT
3acTpeBaHUe CHapsiAa, HO Ha 3aJHEH CTEHKE BUJHO Hayajgo oOpa3oBaHUs OTKOJA, YTO
MPEAIIECTBYET SBJICHUIO MPOOUTHUS MTPETPATIBI.

Ha pucynke 5.29 mnpencraBieHbl pe3yiabTaThl pacueta 11 BapmanTa s
OJIHOPOJHOTO CHapsa U3 BOJIH(PPAMOBOTO CIUIaBa, MPH KOTOPOM MPOUCXOTUT TOJTHOE

poOuTHE TIPETPAIBI.
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MIS. STRESS (kPa)
1.673e+06

1.505e+16

1.338e+06

1.171e+16

1.004e+06

8.363e+015

B.651e+05

5.018e+05

3.345e+05

1673e+15

0.000e+00

Pucynok 5.29 — Pacnipenenenue HanpspbKeHHE BHYTpH mperpast as 11 BapuanTta pacuera
B MOMEHT ITPOOUTHS IIperpaibl

PC3YJ'II>TaTBI IIPOBCACHHBIX PACUCTOB CBCIACHELI B Ta6J'II/IHy 58m IpCACTAaBJICHBI HA

pucyske 5.30.

Tabnuua 5.8 — Pe3ynbraTsl pacuera riryOuHbl OpOHENTPOOUTHS

Homep ['myObuna O6poHETIPOOHUTHS, MM Paznocts Paznocth
BapuaHTa | [JomyOeckoHe4Has Koneunas TITyOHHEL TITyOUHEL
pacuera nperpaza nperpaza MpOOHUTHS, MM npooutusi, %
1 170 250 80 47,1%
2 230 320 90 39,1%
3 245 330 85 34,7%
4 265 345 80 30,2%
5 290 365 75 25,9%
6 325 395 70 21,5%
7 350 410 60 17,1%
8 365 430 65 17,8%
9 400 470 70 17,5%
10 430 510 80 18,6%
11 450 535 85 18,9%




228

H, mm
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Pucynok 5.30 — 'myOuna npoburtus nonydeckoneunoi (1) u koneuHou (2) mperpasl

B 3aBUCHMOCTH OT MAacCChl aKTHBHOM 9aCTH CHapsaa

Kak crmemayer u3 tabmuier 5.8, 11 paccMaTpuBaeMoi TEOMETPUH U KOHCTPYKITHH
CHapsila M 3aJaHHBIX IMapaMETPOB pacyeTa CYIIECTBYET BO3MOXKHOCTb MOBBIIICHUS
MIPOHUKAFOIIEH CITIOCOOHOCTH CHapsi/ia MO0 CPAaBHEHHUIO CO IITATHBIM 3a CUET U3MCHEHUS

JaMeTpa BOJIb(ppaMOBOro CEpIAECUHHKA.

5.5 MoaeaupoBaHue pa3jieTa 0CKOJKOB U MOCTPOEHHE OCKOJOYHOTO MOJIs

5.5.1 Mooenuposarnue paznema 0cKoakos ¢ ywemom peibeha MecmHocmu

Brictpen ¢ 125 mm O® cHapsioM [Ji1 TAHKOBOTO OpYAUsl ObLI CO37aH B MOJIYJIE
peIaKTUPOBaHUS OOBEKTOB.

B mnporpaMMHOM KOMIUIEKCE TMPEICTABICHUS PE3YJIbTATOB MOJICIUPOBAHUS
pasjieTa OCKOJKOB paccuhTaHa TPACKTOpHUsI CHapsAa, MOpH yrie BO3BbIICHHUS 1°

(cm. pucyHok 5.31).
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amMeTpbl cHapsaa:
0,953 ¢

FLLIL U T

> A< TON<KXr

gm

Pucynok 5.31 — 125 mm O® cHapsx Ha TpaeKTOPUH TOJIeTa

OCHOBHBIEC XapaKTEPUCTUKU B TOUKE MOJIPHIBA:

Bpems nomiiera 0,953 c;

JlanbHOCTh 785,1 Mm;

BricoTta moapeiBa 12,8 M;

CkopocTh 780 Mm/c.

Ha ocHOBe MaTeMaTHYECKOM MOJIETH, MPEACTABICHHON B 1. 3.5, TPOBEICH pacyeT
pazjera MOopakaroluX AJIEMEHTOB. TpaekTopuu pasiieTa MOpaKaIOIMMX 3JIEMEHTOB,

MIPEICTaBIICHHBIC HA pUCYHKE 5.32, 0003HaYEHBI JKEITHIM IIBETOM.

Pucynok 5.32 — Tpaekropun ockonkoB 125 mm OD cHapsina (Buz c3ann)
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Tpaektopun pasznera OCKOJIKOB CHapsia (BHUI ClieBa) TMPEACTABICHH Ha
pucyske 5.33. HekoTopsie U3 TpaeKTOpHUiIl 3aKaHUMBAIOTCS B BO31yXe, T.K. X yOoHHas

9HCPIUg B OSTOT MOMCHT OKa3aJldaCb MCHBIIC 3a/ITaAHHOI'O KPUTHYCCKOT'O 3HAUCHM.

Pucynok 5.33 — Tpaektopun ockonkoB 125 mm OD cHapsina (Buj cieBa)

Ha pucynke 5.34 moka3zana oOnacTh mopaxeHUss ockojkamu 125 mm O

cHapsiaa. g DUIMHAPUYECKOTO ciiydas 00JIacTh MOPAaKEHUS UMEET IyrooOpa3Hylo

popmy.

=
-— .‘/

Pucynok 5.34 — [I10THOCTR OCKOJIOUHOTO TTOTOKA W 30HA MOpakeHUs1 ockoskaMu 125 mm O® cHapsina
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5.5.2 Ananus enusnus evicomol nodpblea HA NJIOMHOCNb OCKOJIOYHO20 NOJIA

OtobpaxeHue pe3yabTaTOB MOJCIMPOBAHUS OCYIIECTBISETCS B MPOTPAMMHOM
KOMILJIEKCE MOJICIMPOBAHUS TMOJMIOHHBIX HCHBITAHUN apTUIUIEpUNUCKUX cucteM [43,
46].

B pacderax npuHUMAINCH CHEAYIOIIME YCIOBHS: MAacca METAeMOM CTajbHOU
obonouku cHapspma — M =227 kr; macca BB - m,, =34 kr; napamerpsl
TUIIEPBEUOYIIOBCKOTO paclpeleeHusl OCKOJI0YHoro cnekrtpa m, =114 r, m, =015 r,
a=0,7, =04, £=0,25 [17]; yrinoBas ckopocTh BpaiieHus cHapsaa Q=0 pan/cek;
CKOPOCTb CHapsia npu nojpsiBe — 780 M/c; yron HakiioHa Tpaekropuu 0=0"; yron
nytd y =0 ; AMPEKIMOHHBINA Yoy cTpensob — o, =0°.

NmuranimoHHOE MOJEIMPOBAHUE OCKOJIOYHOIO 1oJis mposoawiocsk npu R =100.
B pe3ynbrare mpoBENEHHBIX pacueToB ObUIM MOCTPOEHBI OCKOJIOYHBIE TOJIA (PUCYHOK
5.24) B 3aBUCHMOCTH OT BBICOTHI MOApbIBa h. B kKadecTBe KPpUTHUECKOTO IMOPOTOBOTO
YPOBHSI, TIPU KOTOPOM OTOOPa)KajoCh OCKOJIOYHOE I0Jie, ObLIO BBIOpAaHO 3HAYCHUE

E, = 7,4 xJlx/M?, obecrieunBaromniee NopaxkeHue OpOHUPOBAHHOM kuBoM cuibl [20].

h=30m

h=20m

h=15wm
il S

h=10m

S
h=5wm 50 m
I '] '] L '] I

Pucynok 5.35 — ®opma 0CKOJIOUHOTO MOJIst TPU cpabaThIBAHUM CHApsIa HAa TPACKTOPHH

Ha Pa3/IMYHbIX BBICOTAX h otHOCHTENBHO YPOBHA 3EMJIN
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Kak BugHO M3 pucyHka 5.35, OCHOBHas Macca OCKOJIKOB pacIipeieiieHa BOJIN3H
MOJIphIBA CHApsiZia U COCPEJOTOYEHA B 00JACTH, MMEIOIIEH MyrooOpa3HbId BUJ, UYTO
OOBSICHSIETCSI BBICOKOW CKOpPOCTBIO pasjieTa OCKOJKOB M UWIHMHIPHUYECKON (Qopmoi
paspbiBa CHapsa.

B Tabmuie 5.9 npeacraBieHsl pe3ynbTaThl pacueTa 00IIel SHEPTul OCKOJIKOB Ha

HOBEpXHOCTU 3eMin E_ ¥ miomans 061acT NopaxeHus S(E*) npu E, =7,4 xJlx/M B

3aBUCUMOCTH OT BBICOTHI ITIOAPbIBA h.

Tabnuua 5.9 — DHepruu OCKOJIKOB Ha NOBEpXHOCTHU 3emiu Eg u miomanp

00J1aCTH TTOPAKECHUS S(E*) npu E, = 7,4 xJ[x/M? B 3aBUCHMOCTH OT BBICOTBI IOJPbIBA N

BricoTa DHeprusi OCKOJIKOB [nomane nmopaxenus,
nozapeBah , m E,, MIx S(E* ), M2
5 7,3 80,9
10 51 108,4
15 4,4 128,4
20 3,4 134,9
25 2,8 123,6
30 2,2 104,9

Pe3y.]'IBTaTI>I MOACIUPOBAHUA IIPH IIOAPBIBC HA BBICOTAX OT 1 a0 30 MCTPOB

IpeICTaBICHBI Ha PUCYHKAX MPECTaBICHBI Ha pUCyHKe 5.36.

E57 M /[Ix S, m’
9 160
8 °\\ 140
! "’\ 120 // i L&\\
(d
6 N 100 %4 \
5 £3
4 \\‘\ N 7
60
3 AV //
) \ 40 1%
1 20
0 hym h, m
0 5 10 15 20 25 30 0 5 10 15 20 25 30
a) 0)

Pucynok 5.36 — 3aBUCHMOCTD SHEPTHH OCKOJIKOB (@) ¥ IIOIIAIH 00JacTh opakeHus (0)
OT BBICOTHI MOJPHIBA CHAPSAA HA TPACKTOPHH
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U3 pucynka 5.36a BUAHO, 4TO 00Ias SHEPIUS OCKOJIKOB HAa MOBEPXHOCTU 3EMIIU
MOHOTOHHO Y6BIBaeT. 3aBUCUMOCTD OHCPIrun E s OT BBLICOTHI IIOJAPbIBA ObLIa
aNMPOKCUMUPOBAHA SKCIIOHEHIMAIBLHON (PyHKIIMEH:
E,(h)= E,exp(-vh),
rac E(h) — MOJCJIBbHOC 3HAYCHHUC DHCPIrHU OCKOJIKOB OT BBICOTHI IIOAPBIBA, EO’ Y

olieHMBaeMble mapameTpbl ¢GyHKIuu. [lapamerpsl (YHKIIUM OIICHHBAJIMCH METOIOM
HalMEHBUIMX KBaaparoB u Obm paBHbl E, =898, y =0,0475. Ilpu »st1oMm,
koa(huireHT nerepmuHaiuu o661 paseH 0,995.

3aBUCUMOCTh IUIOIIAA OOJACTH TMOPaXEHUs OT BBICOTHI MOAPHIBA (PUCYHOK

5.360) ObL1a anMpOKCUMHUPOBAHA MTOJIMHOMOM BTOPOU CTEMEHU:
S(h)=a, +ah+a,h?,
rae S (h) — MOJIEJIbHOE 3HAUYEHUE IUIOIAAN TOPAaXXEHUs OT BBICOTHI MOJPHIBA; @, a,,a,
— OLICHUBaeMbIe TIapaMmeTpbl noauHoma. [lapameTpsl mojJMHOMa OLIEHUBAIUCH METOIOM
HaMMEHBIINX KBaJApaToB U OblH paBHbl &, = 34,79, a, =10,28, a, =-0,27. [Ipu >1oMm,
kod(durreHT nerepmuHaiuu 661 pase 0,991.
OyHKIUSA §(h) JIOCTHTAET CBOETO MaKCUMyMa B TOUKE:

h=— 2190 wm.
2a

2

Takum 00pa3om, Ha OCHOBE pa3pabOTaHHON METOJIMKHU MOJIETUPOBAHMS IpoLecca
pasznera OCKOJIKOB U  OmpeneieHuss oOJacTu TopakeHus Obuia  ompenenieHa
ONTUMAaJbHas BbICOTA MOJIPbIBA CHAPSAJIA HA TPACKTOPHH.

AHaJIU3 CXOAMMOCTH aJTOpUTMa MPOBOAWICS B 3aBUCUMOCTH OT KOJIMYECTBA
MPOBEJCHUS MOBTOPHBIX UCIBITAHUW R B aJlrOpUTME MOCTPOEHUS 30HBI MOPAKEHUS.

Pe3ynbpTaThl aHanu3a npeacTaBiaeHbl Ha pUcyHke 5.37.
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E,, MIx S, m?

3,5 140 A

2,5 100 A

15 60

0,5 20

0 50 100 150 200 0 50 100 150 200

Q) 0)

Pucynok 5.37 — 3aBUCHMOCTb SHEPTHH OCKOJIKOB (@) U TUIOMIAH 001acTH OpaxeHus (0)

IIPU [IO/IPBIBE CHapsiia Ha BeicoTe 19,0 M B 3aBUCMMOCTH OT KOJIMYECTBA UCIIBITAHUN R

Kak BUIHO M3 NpencTaBlICHHBIX PE3YJIbTATOB, CyMMapHasi SHEPTHsI OCKONKOB E

S
CTAOMJIM3UPYETCA C POCTOM KOJIMUECTBA MOBTOPHBIX HCHBITAaHUNH R (CM. pUCYHOK

5.37a). Ilnomans 00IACTH MOpPAKEHUS S(E*) npu E, =7,4 xJx/M? (cM. pHCYHOK

5.376) Takxke cTaOMIU3UPYETCS C POCTOM KOJIMYECTBA MOBTOPHBIX UCIIBITAHUNA R .

55.3 CpaeHeHue BbIHUUCTIUMETBHOCO U HAMYPHO2O IKCNEPUMEHMOB

Ha nomurone HWU “T'eome3us” ObUIM MNPOBEICHBI  CTPEIBOBI IS
CPaBHUTEIIBHOTO aHAJU3a PE3yJIbTATOB BHIUUCIUTEIBHOIO U HATYPHOTO SKCIIEPUMEHTOB
10 OCKOJIOYHOMY JICUCTBHIO JIJI1 KOMIUIEKTa BeicTpena 125 mm OD cHapsa.

OddexkTuBHOCTh JEHCTBUSA CHapsja OICHUBAJACh MO pe3yJibTaTaM MPOOUTHS
OCKOJIKAMH CTaJbHOTO muTa mupuHoit 6,00 m, BeicoToit 3,00 M u TommmHo# 0,005 M.
OKCIEPUMEHT (PUKCUPOBAJICS C TMOMOIIBIO BBICOKOCKOPOCTHOM KaMepbl C YacTOTOM
6000 kanpos/c.

[TonpeiB npoBoamiicss Ha Bbicote 0,83 M Ha yganeHuun 5,00 M oT mmra. Touka
MoApbIBa OTHOCUTENIPHO HavaJla IIKUTa pacrnoiiarajgack Ha pacctostHuu ot 2,00 1o 2,50 m

(pucyHok 5.38). B Mozaenu 310 paccTosiHie NPUHUMANOCh paBHBIM 2,00 M.
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Pucynok 5.38 — Cxema npoBeaeHus SKcriepuMeHTa 1o noApeiBy 125 mm O®d cHapsina Ha TpaeKTOpUU

[Tapamerpel MopenupoBanuss M =227 kr; macca BB — m,, = 3,4 xr; napameTpsl
TUIIEepBENOYIOBCKOTO paclpeieNeHusl 0CKoJIoYHoro cnekrtpa m, =114 r, m, =015 r,
a=0,7, =04, £=0,25 [17]; yrinoBas ckopocTh BpaiieHus cHapsaa Q=0 pan/cek;

CKOPOCTb cHapsia npu noapeise — /03,9 m/c.

Pacnipenenenrie OCKOJNKOB MO MEPUAMOHAIBHOMY YIJIy MOJAEIUPOBAIOCH IO

cextopam (¢, ,¢; |, i =119, oTHocuTenBbHO OCH cHapsina (pucyHok 5.39) [82].

Pucynok 5.39 — Cektopa pa3ziera 0CKOJIKOB
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3aKoH pacnpeaci€HucC OCKOJIKOB II0 MCEPUAHMOHAIBHOMY YIIy JId CTaJbHBIX

OoenpuIracoB npeacTaBieH B Tadmuie 5.10 [82].

Tabnuna 5.10 — Pacnipenenenne 0CKOJIKOB IIPU CTallMOHAPHOM IO/IPBIBE CHapsiia

Homep | (¢ 4,9i], Homs Homep | (pj_1, ;] Homs

CCKTOpa rpajycel OCKOJIKOB CCKTOpa rpaychl OCKOJIKOB
1 (0, 5] - 11 (95, 105] 0,18
2 (5,15] - 12 (105, 115] 0,09
3 (15, 25] 0,01 13 (115, 125] 0,05
4 (25, 35] 0,01 14 (125, 135] 0,06
5 (35, 45] 0,02 15 (135, 145] 0,02
6 (45, 55] 0,03 16 (145, 155] 0,02
7 (55, 65] 0,04 17 (155, 165] 0,01
8 (65, 75] 0,06 18 (165, 175] 0,01
9 (75, 85] 0,16 19 (175, 180] 0,01
10 (85, 95] 0,24 - - -

3aUKCHUpPOBAaHHBIE HA BBICOKOCKOPOCTHYIO KaMepy pe3yibTaThl IPOBEICHUS
HaTYpHOTO 3KCIEpPUMEHTa MO OLEHKE 3(PPEKTUBHOCTH OCKOJIOYHOIO IEHCTBUS IPHU

noapbiBe 125 mm O®D cHapsna Ha TPaeKTOPHUH MPECTaBIEHbI Ha pucyHKe 5.40.

PI/ICYHOK 5.40 — PCSyHLTaTBI HAaTYPHOT'O 3KCIICPUMCHTA IO OLICHKE OCKOJIOYHOTO JIehcTBUA npu

cpabareiBanuu 125 mm O® cHapsiia Ha TPaeKTOPUHU
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Touku npoOUTHS OCKOJKAMM TMperpajbl ObUIM HAHECEHbl Ha BUPTYaJIbHYIO

MOJIeNIb (PUCYHOK 5.41a), U MPOBEJACHO MOJCIMPOBAHUE pa3jieTa OCKOJIKOB (PHUCYHOK

5.416).

Pucynok 5.41 — BupryanbHas MoJiesIb SKCIIEpUMEHTa 10 NoApkIBy 125 Mmm O® cHapsa Ha
TPaeKTOPHU: a) MPEACTaBICHHE HATYPHOTO YKCIIEPUMEHTA Ha BUPTYAIILHOM TIOJIUTOHE,

0) pacueTHBIC TPACKTOPHH OCKOJIKOB

Kak BuaHo u3 pucyHka 5.41, mMmeeTcs KadueCTBEHHOE COOTBETCTBUE MEXKIY

pe3yJibTaTaM1 HATYPHOI'O U BBIYUCIIUTCIIBHOT'O 9KCIICPUMCHTOB.
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5.6 MoaeupoBaHue pacCTAHOBKY H MapaMeTPOB (PYHKIMOHUPOBAHMSI

H3MEPHUTEJbHO-PeruCTPUPYIOLIEH annmapaTypsbl

5.6.1 Paccmanoska u mooenuposarue pabomovt MOIC “Bepeck-M”

B naHHOM myHKTE paccMaTpUBaeTCsi MOJIeTMpoBaHUe (PYHKIIMOHUPOBAHUS
U3MEPUTEIIbHO-PETUCTPUPYIONIUX YCTPOMCTB HA IIOJIMIOHE TMPU  BBICTPENE H3

rayonynoro opyaus 152 mm O® chapsina. Beictpen npousBoautcs noj yriom 0,=18°

K TOPU30HTY, AUPEKUHUOHHBIA yron — o =43,2°. Pacuer mpous3BOAWICS C Y4E€TOM
cranmapTHor atMocdepbl [145] m 3akona compotuBieHus 1943 roma. Pesynbrars
pacdeTa BHENTHEOAIMCTHYECKOW TPASKTOPUH TPECTABICHBI BBINIE HA PHCYHKaxX 5.13
u 5.14.

CxeMa pacnoyio)KEHHsI Ha KapTe TOJIMTOHA AapTUJUIEPUHCKOrO  Opyaus,
MU3MEPUTEIBHO-PETUCTPUPYIOLIUX YCTPOMCTB M TPACKTOPUU CHApsIIA NPEACTaBICHA HA

pucynke 5.42.

Pucynok 5.42 — Ilpoekuus TpaeKTOpUH Ha KapTy MOJUTOHA (IIYHKTUpPHAs JIMHUS) U cXeMa

pa3memnienust o0beKTOB Ha Kapre: 1, 2, 3 — MODC «Bepeck-M»; 4 — CBK-1;

5 — apTriepuiickoe opyaue; 6 — Touka nmajaeHus cHapsiaa

Bce o0bexkThl Ha cxeme (pucyHok 5.42) oOo3nauensl nuppamu ot 1 g0 6.

[TynkTUpHOM TUHKEN 0003HaAYeHA TPACKTOPHS CHaps/IA.
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Ha pucynke 5.43 mpexacraBieH mpumep ciexeHus 3a cHapsgoM u3 MODC

«Bepeck-M».

WsmeputensHbie ycrpoiictsa

[#- VereskM_0

Kamepa lﬂmnpo I Ipacukm ] Dannue‘ [ VereskM_1
[ VereskM_2

Pucynok 5.43 — O630p u3 MOSC “Bepeck-M”

PaccmoTpuM MopenupoBaHHE OMOPHO-TIOBOPOTHOTO MEXaHW3Ma B 3€MHOM
cucreMe koopauHat B cootBerctBuu ¢ ['OCT 20058-80 [144]: Hawamo CUCTEMEI

xoopauHaT OX Y.z, BbIOMpaeTcss B IHPOU3BOJIBHOM TOYKE IIOJIMIOHA, TAE OChb Ox,
HampasjieHa Ha ceBep, ock Oy, HampaBiieHa BBEPX IO MECTHOH BEPTHKAIM, KOTOpas
COBIIAJIaeT C HampaBleHHEM CHibl TsbkecTd B Touke O, ocb Oz, oOpasyer mpaByro

TPOHKY BEKTOPOB (pUCyHOK 5.44).
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YeA

Pucynok 5.44 — Cxema pacronoxeHus U3MepUTEIbHO-PETUCTPUPYIOIIETO YCTPOMCTBA
U TPaeKTOPHUHU CHapsiia

B cucreme koopmmnar OX.y,Z, paccMaTpHBalOTCs JBe TOYKHM. Touka crapra
cuapsna O, =(X,,Y,,Z,) M TOUYKA PACTIOIOKEHHS M3MEPHTENHHO-PETUCTPUPYIOIETO
ycrpoiictea O, :(Xy,yy,zy), KOTOpasi COBNAJAET C NEPECEYEHHEM OCEH MOBOpPOTa
OIOPHO-BPAIATEIbHOTO MEXAHU3MA B FOPU30HTAIBHOW M BEPTHKAIBHOM IIIOCKOCTSX.
Tpaexkropus IBUKEHUS CHapsaa (xC (t), Y. (t), Z, (t)) IPEJCTaBICHA B CTAPTOBOM CUCTEME
koopmuaatr O_X_ Y. Z_, tme oce O_X, coorBerctByeT mambHOCTH, Oy, - BBICOTE
caapsima, O,Z, — GOKOBOMY OTKJIOHEHHIO OT IUIOCKOCTH CTPENibObl. J[MPEKIIMOHHBIN
YTOJI CTPEeNnbOBI O ONpeessieT HalpaBJIeHHe MEXIy IUIOCKOCThI0 cTpenbobl O X Y, 1
mwiockocTeio OX, Y, (cM. pucyHOK 5.44).

[IpeoOpazyeM KOOpAMHATBI TPAaEeKTOPUM CHapsAa W3 CTAPTOBOH CUCTEMBI
KOOpAHHAT (xC (t), Y. (t), zc(t)) B 3€EMHYIO CUCTEMY (X3 (t), Y. (t), 23(t)):

X, (t)=x, +x_(t)cos(a) -z, (t)sin(a),
Y.()=yo +¥.(t).
z,(t)=1z, +x_(t)sin(a)+z,(t)cos(a),
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CnexeHnue 3a CHapsAaOM OCYHICCTBIIACTCA C IIOMOIIBIO OIIOPHO-IIOBOPOTHOI'O
MexanuzMma. Pacuer BpalllCHUA OIIOPHO-IIOBOPOTHOI'O MCXAaHHU3Ma OCYHICCTBIIICTCA IIO

cieayomum hopmynam:

o, (t)=azimuth(z, (t)- z,,x, (t)- x, )

y.(t)-y,
Yo ©)-x, f +(2.0-2,f

D, (t)=+/(x, )%, F +(y,0)-y, ] +(0)-2,F,

rae ¢, (t) — a3UMYT U3MEPUTEIHLHO-PETUCTPUPYIOIETO YCTPOMCTBA, Tpa.; PYHKIUS

0,(t)=arctan

azimuth(x, y) = {atanz(y, X), npu atan2(y, x)> 0,

360+ atan2(y, x), npu atan2(y, x)< 0
BO3BpallaeT 3HAYCHUE a3uMyTa, rpaj.; atan2(x, y) — ¢ynkmus [181] Bo3BpamaeT yrom
(B rpaz.), oOpa3oBaHHBI MeXIy 0cbi0 OX M BEKTOPOM, HAYMHAIOIIMMCS B TOUKE (O, 0)
M 3aKaHYMBAKOIIMMCSI B TOYKC (X, y); ey(t) — Yroa MeCTa M3MEPHUTCIIBHO-
PETHCTPUPYIONIEro ycTpoicTBa, Tpam.; D, (t) — JarbHOCT OT H3MEPHTENBHO-
PETHCTPHPYIOIIETO YCTPOUCTBA 10 CHAPSIIA, M.

Vriossle ckopoctn asumyTa ¢y (t) u yrma mecta Oy(t) Bemmcnsmiorcs mo

dbopmynam:
0,022,
.y 00, (t)
0,(t)= r

VYTJIOBBIE YCKOPEHHS a3UMYTa q')y(t) U yrjia MecTa Gy(t) BBIUUCIIAKOTCS 10

dbopmymnam:
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B pesynbrare mpoBeneHHBIX pacueTOB ObLIM MOCTPOCHHBI TpadUKH 3aBUCUMOCTHU
napameTpoB (PyHKIIMOHUpPOBaHUS OT BpeMeHH sl Tpex ycrpoilctB MOODC «Bepeck-
M, KOTOpBIEC PaCTIOJIOKEHBI: | — B HA4alie TPACKTOPHH, 2 — B CEPEIUHE TPACKTOPHUH U 3
— B KOHIIE TPACKTOPHH CHapsaa (CM. puCyHoOK 5.45).

Ha pucynke 5.41 mpejicTaBieHa 3aBUCHMOCTb a3UMYTOB @y (t) OT Bpemenn s

paccmarpuBaeMbix MODC «Bepeck-My.

¢y (t), rpanycrr
360

300 4------ Feennns P SRR SRPTTE e L LLTTTI PYPTrS

710 T S S

180 -

120 -

60 -

Pucynok 5.45 — Asumytsl 1151 MOOC “Bepeck-M”, pacroyiokeHHBIX B TPEX TOUKaX:

1 — Hauano TpaekTopuu; 2 — cepeJuHa TPAEKTOPUH; 3 — KOHEIl TPAeKTOPHH

OnopHo-noBopoTHbie ycTpoiictBa MOJC «Bepeck-M» He orpaHuyYeHbl B yIiiax
MOBOPOTA IO a3UMYTy, MOITOMY BCE TPU YCTPOMCTBA (PYHKIIMOHUPYIOT B IITATHBIX
pexKUMAaX.

Ha pucynke 5.46 mpeicTaBieHa 3aBHCHMOCTH yrioB Mecta Oy(t) s

paccmatpuBaeMbix MOOC «Bepeck-M» oT BpeMeHH.
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Oy (t), rpamycer
90

75 q-eene- SRR TP P -
60 4------ :

1 S

Pucynok 5.46 — Yrasl mecta 111 MOSC “Bepeck-M”, pacnoioKeHHBIX B TPEX TOUKaX:

1 — Hayasio TpaekTopuu; 2 — cepeAHa TPAEKTOPUH; 3 — KOHELl TPAEKTOPHUHU

OnopHo-noBopoTtHbie ycTpoiictBa MOJDC «Bepeck-M» UMEIOT OrpaHUYCHUS ISt
yrioB Mecta (cM. tabmuny 2.4): —10 rpag <0y (t)3185 rpaa. Kak BUIHO, U3 pUCYHKa
5.36 Bce 3HaueHus Oy (t) YKJIaJIbIBAIOTCS B pacCMaTpPUBAaEMbl€ TPaHULIBI.

Ha pucynke 5.43 npencraBieHa 3aBUCUMOCTb OT BpeMEHHU paccTosiHuil Dy (t)
MeX Iy u3MeputenbHbiMu yeTporictBaMu MOJC «Bepeck-M» u cHapsaoMm.

Janubiii rpaduk (Ha pucyHke 5.47) MOXKHO HCHOJIB30BaTh MJIS OMNpECTCHUS
BpeMeHH (GyHKIHMOHUpoBaHUsA Kaxkaoro u3 MODC «Bepeck-M» 1o MUHUMAJIBHOMY
PACCTOSTHUIO JI0 CHapsia:

— 1 ycrpoiictBo pukcupyer cHapsa B npenenax 0,00 <t <8,25 c;
— 2 ycTpoMCTBO uKcHUpyeT cHapsn B mpenenax 8,25<t <3135 c;

— 3 ycTpoiicTBO pukcupyet cHapsn B mpenenax 31,35 <t <42,00 c.
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Dy (t ), M
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Pucynoxk 5.47 — Paccrosnue no cHapsiaa st MOSC “Bepeck-M”, pacnoyioxeHHBIX B TPEX TOYKAX:

1 — Hayano TpaekTopuu; 2 — cepeHa TPACKTOPUH; 3 — KOHEIl TPACKTOPHH

Ha pucynkax 5.48 — 5.49 mpencraBieHbl 3aBUCHMOCTH OT BPEMEHH YTJIOBBIX

cKopocTeli asumyTa ¢y (t) u yrma mecra Gy(t) s MOOC «Bepeck-M». Ha stn

XapaKTEPUCTUKU HAKJIJbIBAIOTCS OTrpaHUYCHHUS: ‘(])y (t] <100 rpazn/c u
‘Gy (tj <30 rpan/c.
N3 mnpencraBneHHbix Ha pucyHkax 5.48 — 5.49 rpaduxoB cruemyer, 4TO

¢ynkunonupoBanue neporo w3z  MODC  «Bepeck-M» He  ynoOBIETBOpPSET

OTpaHUYCHHSIM IO YTrioBOM ckopoctu asumyta npu t<0,30 ¢ m yrima mecra mnpu

t <0,25 c. Bce ocTanbpHbIC yCTpOHCTBA pabOTAIOT B IITATHOM PEKUME.
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) rpaychl
(Py(t)’—
100
80 4f------ AR R s e P e e e —2
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Pucynok 5.48 — YrnoBas ckopoctu 1o azumyty 11t MODC “Bepeck-M”, pacoioKeHHBIX B TPeX

TOUKax: | — Hauano TpaeKTOpHH; 2 — cepeIuHa TPACKTOPUH; 3 — KOHEIl TPACKTOPUHI

ey (t), Ir'paadycChbl

30

20

10 A

-10

-20

0 5 10 15 20 25 30 35 40 t,c

Pucynok 5.49 — YrnoBas ckopoct 1o yriry mecrta st MOJC “Bepeck-M”, pacrioioskeHHBIX B TPEX

TOYKax: | — Ha4aymo TpaeKTopuu; 2 — cepeiHa TPAEKTOPUU; 3 — KOHEIl TPAEKTOPUH
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Ha pucynkax 5.50 — 5.51 mpezacrtaBieHbl 3aBUCUMOCTH OT BPEMEHHU YTJIOBBIX

YCKOPEHUM a3uMyTa ipy(t) U yrjia Mecra éy(t) st MOOC «Bepeck-M». Ha atu

XapakTepUCTUKNA  HAKJIAABIBAIOTCS  OTPAHUYCHUS: ‘(py (t)( <120 rpaz[/c2 u
6y (t)] <30 rpawc?.
W3 mpencraBiennbix Ha pucynkax 5.50 — 5.51 rpadukoB cremgyer, uTO

dbynkuuonupoanue meporo u3z  MODC  «Bepeck-M» He  ymOBIETBOPSET
OTpaHUYCHHSIM MO YIIOBOMY ycKopeHuio azumyTta npu t <0,55 ¢ u yrma mecra npu

t <0,50 c. Bce ocTanbHble yCTpOHCTBA padOTAIOT B IITATHOM PEKUME.

q.)y (t ), IrpadycChbl

C2
20 : : : : . : : :
: : : :/\ : : ! ' —1
0 : : m———— : TR —2
; ; ; \1/ ; : ; ; —
20 14----- e e DR S LEEE PR P PR
40 1{----- Feeeess e SEETRTE LEETEET EERREE beeoee- Feee- STERTES
L S
L s SRR TR
00 [ eb e
-120
0 5 10 15 20 25 30 35 40 t,c

Pucynok 5.50 — Yrnosoe yckopenue mo azumyty a1t MODC “Bepeck-M”, pactiofios)KeHHBIX B TPEX

TOYKax: | — Ha4aymo TpaeKTopuu; 2 — cepeiHa TPAEKTOPUU; 3 — KOHEIl TPAEKTOPUH
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.. rpaxychl
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Pucynok 5.51 — YrioBoe yckopenue no yriay mecta 1t MODC “Bepeck-M”, pacionoKeHHBIX B TpeX

TOUKax: | — Hauano TPaeKTOpHH; 2 — cepeIuHa TPACKTOPUH; 3 — KOHEIl TPACKTOPUH

Takum oOpa3oM, TpH JaHHOW pPACCTaHOBKE, C YYETOM BBIIMICTTPUBEICHHBIX
OTPaHUYEHUM, MOXXHO PEKOMEHJOBATh CIEAYIOIIUE YCIOBUS (PYHKIIMOHUPOBAHUS
MODBC «Bepeck-My:

— 1 ycrpoiictBo Qukcupyet cHapsn B nmpenenax 0,95<t <8,25 c;
— 2 ycTpoicTBO UKCHUpYeT cHapsa B mpenenax 8,25<t <3135 c;

— 3 ycTpoiicTBO pukcupyet cHapsn B mpenenax 31,35<t<42,00 c.

5.6.2 Mooenuposanue pabomui 8vicokockopocmuot kamepvl CBK-1

Bricokockopoctnas kamepa CBK-1 mpennasnauena mns Buaeodukcanuu. Ha

pucynke 5.52 mpexacraBieH mnpumep ciexkenus 3a cHapsgom u3 CBK-1.  Kawmepa

HaYMHAEeT (PUKCUPOBATH MIPOIIECC pasiieTa OCKOJIKOB ¢ MOMeHTa BpeMenu t > 42,0 c.
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| VismepuTenshbie ycTpoiicTea

Kamepa | Bugeo | Mpacun | Hanrsie

/

[TapameTpbl cHapsaa:
t =42c

18 606,3 M

34 M

249,1m

18 608 M

37,6 M

317,3 v/c

Teta = -35,8°
AsumyT = 40,6 ©

LS| | 1 1 B |

Pucynok 5.52 — I[Ipumep oroOpaxkeHus cHapsiga BICOKOCKOpocTHOH kamepoit CBK-1

Ha pucynke 5.53 mpejactaBiieH pe3yibTaT MOJCIMPOBAHUSA pasjieTa OCKOJIKOB

npu nojpbiBe Ha Tpaektopuu 125 mm OD cHapsana, 3aQUKCUPOBAHHBIN C MOMOIIBIO

BBICOKOCKOpOCTHOM kKamepsl CBK-1.

Pucynok 5.53 — Oro0OpakeHue TpaekTopuii pasiera ockosnkoB 152 mm O®D cuapsiia
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5.7 Pacuer U BuU3yasu3aums 30Hbl 0€30MACHOCTH NMPHU CTpPeibie

B cootBerctBuu ¢ [Ipukazom Munuctpa 060oponsl PO ot 2 mapta 2010 r. Ne 150
IIPH OMPEICIICHNH 30H 0€30I1aCHOCTH IIPU CTPEIb0e UCIONIb3yeTCst MeToauKa [182].

Metonuka mpenHa3HayeHa IJsl pacdeTa BEIUYMH H3JIETHOTO IMPOCTPAHCTBA U
OOKOBBIX 3alllUTHBIX 30H, OOECIEUMBAIOIIMX OE30MAaCHOCTh BEACHUSA CTPENbOBI
HOPMAJIbHO (PYHKIMOHUPYIOIUMH OO€TpHUIiacaMi Ha TOJUTOHE U3 apTHILICPUICKUX
CHUCTEM, MHHOMETOB, T'PaHAaTOMETOB M CTPEIKOBOTO OPYXHS HAa MaKCHMaJbHbIC
JATBHOCTH.

W3neTHOE TPOCTPAHCTBO — 3TO MAaKCHMAalbHOE PACCTOSHUE BAOJIb OCHOBHOTO
HaIpaBIICHUS CTPENbOBI HA TIOJUTOHE, B MpeAeNiaX KOTOPOro MOTYT MOPaXKaThCS KUBAs
CHJIa, BOOPYKEHHE U BOCHHAsI TEXHUKA.

BokoBbIe 3aluTHBIE 30HBI — 3TO MaKCUMAJIBHBIE PACCTOSHUS 10 00€ CTOPOHBI OT
OCHOBHOT'O HANpaBJIEHUS! CTPEIbObl Ha IMOJUIOHE, B MPEJeNax KOTOPhIX MOTYT
MOPaXKaThCA KUBAs CUJIa, BOOPYKEHHE U BOCHHASI TEXHUKA.

3HaueHne rITyONHBI U3JIETHOTO POCTPAHCTBA PACCUUTHIBAETCS 10 hopmyrie:

X=X +AX e +9B, + X

+r5+ X,

HN3JICT
rae X, — MakcUMaibHas TaOJM4YHas JAJIBHOCTh CTPENbObl HAa HaMOOJbLIEM 3apsje
11 CTBOJIBHBIX cuUCTeM; AX .. — OTKJIOHEHHE JAJbHOCTHU I10JIETA CHapsA/a, BBI3BAaHHOE
MaKCHMAaJIbHO BO3MOXXHBIMH OTKJIOHCHHUSIMH METCOPOJIOTHYSCKUX M OaTMCTHUCCKHUX

yCIOBMH OT Tabmuuublx; 5B, — MakcuManbHOE (IPaKTUYECKH BO3MOXKHOE)

OTKJIOHEHME M0 JAJBLHOCTH BCIEICTBUE paccemBaHus; X, .. — MaKCUMaJIbHOE

pacCTosIHME B CEKTOpPE CTPENbObI, KOTOPOE MOXKET MPOJETETh HEPa30pBABIIHIICS

Ooenpunac nocjue nepBoro MajaeHus 10 MOJHON OCTaHOBKH; I; — paanyc 0€30MacHOro
yJaJeHus1 OT TOYKM B3pbIBa (pagMyC pasjieTra OCKOJKOB); X . — PacCTOSHHUE MEXIy

pyO€KOM OTKPBITUSL OTHS U PyOEKOM MPEKpAILEHUS OTHSL.

3HaueHNe OTKIOHEHUS JalNbHOCTH AX . PacCUUTHIBAeTCs 1O (popMmyIe:

AX rex = 28Xy +9AXp +3,5AX 1 +35AX +5AX,,
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rne AX,,, AX,, AX;, AXT3’ AXVO — TaOJMYHBIC TIONMPaBKH HA OTKJIOHEHHUE

METEOPOJIOTNYECKUX U OAIITMCTUYECKUX YCIOBHHA CTPEIBOBI.
Pa3zmep OOKOBBIX 3alIUTHBIX 30H OIPENENIACTCS U3 BEIPaKEHHU:
=N, +5B;+r1;,
rne AZ.,,, — OOKOBOE OTKIOHEHHE TOYEK MaJeHHUs CHaApsAN0B, BBI3BAHHOE

MAaKCUMAaJIbHBIMU OTKJIOHCHHUSAMUHU MCTCOPOJIOTHYCCKUX U 0aITUCTUYECKUX YCJ'IOBI/Iﬁ

CTpesbOBl  OT TaOMMuYHBIX; 5B, — MakcuManbHOE (IPAKTUYECKH BO3MOXKHOE)
OTKJIOHCHHE B OOKOBOM HaIpaBIICHUH BCJICJICTBUE PACCEUBAHUS CHAPSIOB.

CekTop OOKOBOTO OTKJIOHEHHMS JIs1 CTBOJIBHOM apTHIUIEPUN MIPUHUMAETCS PAaBHBIM
6 rpan, Ipyu 5TOM BennyuHa AZ ONpPENEnsIeTCs B METpax:

AZ e =005 (X 1y + AX e +5B, + X000 )

Ha pucynke 5.54 mnpencraBieHa ¢opma 3agaHUsi HCXOAHBIX JIaHHBIX U

pe3yibTaTOB pacueTa 30Hbl 0€30MacHOCTH npu cTpesbde 125 Mm OD cHapsaoM.

K ™y
o=l BHewHna BanaucTika [ = éj
| MNapameTpe | [padim peweHua I Tabnuua nepemeHHB | Mpoeswm Chyz I Tabmua napameTpos I OBpamian sagava | Pacceweanne \_

[ Pacrope: | Pesynerare | S0i BeSsTacHoETH
BannucTMieckue W METEOPONOrMYECKUE YCNOBMA
MaKCUMaNEHBIE DTKNOHEHWA:
- HAYAMBHOM CRopocTH, 5 - TemnepaTypel Bosma, ol 35
- TEMMEpaTypel 38pALa, ol 35 - BTMOCHEPHOT 0 LEEMNEHIA, MM OT.CT. 50
I - DMPEKLWOHHOMD YT Na, rpag, & - cKopocTW BannMcTMYecKoro BETRa, M/ T 20
I
MaKCMAnbHaR GaNbHOCTS, M 121529 Vron cTpensBel, rpaa. 150
[l (
MaKcumaneHele 0TKNOHEHWA NO GANEHOCTH, M: MakcumaneHele GoKOBbIE OTKIOHEHWA, M
- YCNOBMA CTREN:Ge! 25260 - YCNOBMA CTREN:Ge! 26181
- PACCEMEIHE 2365 - PACCEVBEHWE 20
PaccTtoanwe, nponeTanwes Goenpunacom
NOCAE NAAEHWA A0 NONHON OCTAHOBIKW, M 10000
Pamyc pasneta ocKonkoe, M 600
Paccmoanue mexay pySexam ctpensel, M 0
[myGnHa MENETHOr 0 NPOCTPEHCTEE, M 255154 BokoBan sawwTHaA soHa, M 32481
h

PI/IcyHOK 5.54 — I[I/IaHOFOBOC OKHO IJIs1 pacdcTa 30HbI 0e30IMacHOCTH
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PesynbraTel pacuera 30HbI Oe30macHocTy Juist 125 mm OD cHapsiia npuBEACHbBI B

tabmurte 5.11.

Tabmuna 5.11 — Pe3ynbrathl pacuera 30HbI Oe30macHOCTH 1711 125 MM OD cHapsiga

XapakTepucTruKa PasmepHocTh | 3HaueHue
Kamu6p, D MM 125
MaxcumanbHsIi yroi cTpensOsl, 0, rpaj 15
X e M 12 152,9
AX ox M 2 526,0
5B 1 M 236,5
X aner M 10 000
Is M 600
X o1l M O
AZ M 2 616,1
5B M 32,0
['myOuHa M3IETHOTO MPOCTPAHCTBA, X M 255154
[ITuprHa OOKOBBIX 3aIMTHBIX 30H, Z M 3248,1

3oHa Oe3omacHOCTH, paccunTanHas ais 125 mm OD cHapsizia, npeAcTaBieHa Ha

pucyHke 5.55.

4000
a
T
5 X /
S -2000 -
-4000
0 5000 10000 15000 20000 25000 30000

JansHocTh, M

Pucynox 5.55 — I'paduueckoe orobpakenue 30H 6e3onacHocT 11 125 mm OD cHapsina



252

Ha pucynke 5.56 mpencraBieHO OTOOpakeHHE 30HBI OE30MACHOCTH B
IPOrPaMMHO-BBIYMCIUTEIBHOM  KOMIUIEKCE  KOH(HTyparuu W BU3yaIHM3alUH

MOJIUTOHHBIX MCHBITAaHUH.

Pucynox 5.56 — 30HbI 0€30MaCHOCTH B MPOTPAMMHOM KOMILJIEKCE

KOH(I)I/IpraI_[I/II/I " BU3yaJin3alluu MOJIMT'OHHBIX UCHBLITAHUN

5.8 BoiBoaBI

B nanHO#l rnaBe mpuBENEHBI PE3yJAbTAaThl MPUMEHEHHUS KOMITbIOTEPHOTO
BU3YaJIbHOTO MOJCIMPOBAHUS Il PEIICHUS 3a1ad MPOCKTHUPOBAHMUS M OTPAOOTKH
APTUIJIEPUHCKUX CUCTEM.

[IpeacTaBneHsl pe3yabTaThl MOACITUPOBAHUS BHYTPHOAUTHCTHUECKUX TPOIIECCOB
JUTS TITATHBIX OPOHEOOMHO-TIOAKATHOEPHOTO U IBYX OCKOJOUYHO-(yTracHBIX BBICTPEIIOB
C WCMOJB30BAHHEM pa3pabOTaHHOW MaTEMaTUYeCKOW MOJAETW U IMPOTPAMMHO-
BBIYHMCIIUTEIILHOTO KOMIUIekca. Iloka3aHO COOTBETCTBHE HOMHHAIBHBIM 3HAYCHUSIM
OCHOBHBIX XapaKTEPUCTUK BBICTPEIIA, TAKUX KaK MaKCUMaJIbHOE JABJICHUE U HaYaIbHAs
CKOpPOCTbh, TOJYYCHHBIX B pe3yibTaTe pacuera Mo pa3padoTaHHOW MOJAETH C YyYETOM

HPO3MOHHOIO M HECTAllMOHApHOIro ropeHus. lIpoBeneHO cpaBHEHuEe C pe3yibTaTaMH
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HAaTYpHOTO  OSKCIEPUMEHTa, KOTOPO€  TOKa3bIBa€T  XOPOIIYI0  aJIeKBaTHOCTh
pa3paboTaHHON MOJENIM BHYTPUOAITUCTUYECKOTO Mpolecca.

Pa3pabotana MeToguka JMHAMUYECKOTO  MOJICIUPOBAHMS  HAIMPSKEHHO-
ne(hOpMUPOBAHHOTO COCTOSIHME CTBOJIA MPU €ro HArpy>KeHUH JIaBIIEHUEM MOPOXOBBIX
ra3oB. lIpoBeneHo HccneoBaHUE HATPYKEHHs CTBOJA MPU CTAHIAPTHOM BBICTPENE U
BBISIBJICHBI YYaCTKU HauOoubiei nedopmanmu.

[IpeacraBinensl  pe3yiabTaThl  MOJEIMPOBAHUS  BHEIIHEOAJUITMCTHUYECKON
TPACKTOPUH IITATHBIX OPOHEOOWHO-TIOAKATHMOEPHOTO U JIBYX OCKOJIOYHO-(hYyTracHBIX
CHaps0B, CTaOMJIM3UPYEMBbIX OINEPEHHMEM U BpaALICHHEM, C HCIOJIb30BAHUEM
pa3pabOTaHHOM  MaTeMaTU4YeCKOM MOJAEIM W IPOrpaMMHO-BBIYUCIUTEIBHOIO
KoMIuiekca. [IpoBeieHO cpaBHEHUE pE3yJIbTaTOB MOJAEIMPOBAHUS IO JBYM METOJIUKAM
Ha OCHOBE 3TaJOHHBIX 3aKOHOB COIPOTUBJICHHUS U IO PAcUETHbIM 3aBUCUMOCTH JUIS
KO9(PPULIMEHTOB CUI U MOMEHTOB.

IIpoBeneHO KOMILIEKCHOE MOJEIMPOBAaHME M BU3yalIM3alus Ipolecca
OpOHENPOOUTHS, Ha OCHOBE KOMILJIEKCHOM MaTeMaTHYECKON MOJAENIU apTHILIEPUHCKOTO
BBICTpEJIa C Yy4YE€TOM BHYTPEHHEW, BHEIIHEW U TEPMUHAIBHOW OaJUIMCTUKHU.
HccnenoBaHo BIMSIHEE BHYTPEHHEH CTPYKTYpPbl OpOHEOOIHO-TTOAKATHOEPHOTO CHApsIa
Ha BEIMYMHY MNpoOUTHS Tperpaabl. B kayecTBe wucciaeayeMoM XapaKTEpPUCTHKU
paccMaTpHBasICsl TUaMETp CepJeYHUKa CHapsiaa, MU3TOTOBJIEHHOIO M3 0oJiee MIOTHOTO
MaTepuaja, COOTBETCTBEHHO YBEJIMYECHUE AUaMeTpa CepJeUYHHUKa BEAET K YBEIMUEHUIO
Macchbl cHapsiga. [loka3aHo, 4TO mpu OJMHAKOBOM 3apsjie AyJibHasi CKOPOCTh CHapsia
YMEHBILIAETCS C yBEJIMYEHHEM Macchl cHapsna. CkopocTh mojuieTa K 1€y,
pacnosoxxeHHoi Ha pacctostHuu 2000 M, UMeeT HEIMHEHHbBINA XapaKTep B 3aBUCUMOCTH
OT Macchl CHapsaa. AHanu3 OpOHENPOOUTHS CTAIbHOW TOMOTE€HHOM Mperpabl mokas3a,
YTO CYILIECTBYET BO3MOXKHOCTh MOBBIIICHUS MPOHUKAIOIIEH CIOCOOHOCTH CHapsijia 3a
CUET U3MEHEHUs JUaMeTpa BOJIb(MPaMOBOTO CEPJICUHUKA.

[IpencraBieHbl TEXHOJIOTHUS MOJAETUPOBAHUS pa3jieTa OCKOJKOB MpPH IMOJAPHIBE
CHapsJa Ha TPAaGKTOPHUM M TIOCTPOEHUE OCKOJOYHOTO TOJS C YydeTroM penbeda
MecTHOCTH. Pa3zpaboraHa MeToauka, MO3BOJISIONIAS BBIUUCIATH TPACKTOPUM pasiieTa

OCKOJIKOB M 30HY OCKOJIOYHOTO TIOpaXXEHHUs Tpu cpabaThlBaHUHM CHapsijia Ha
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TpaekTopuu. I[IpoBeneHO MapaMeTPUUECKOE HCCIECAOBAHUE 3aBHCUMOCTH ILIOIIAIH
00JIaCTH OCKOJIOYHOT'O MOpaXeHUs OT BBICOTHI MOJpbiBa cHapsga. [lokazano, 4to
CYIIECTBYET ONTHUMajbHasi BBICOTA MOJpPHIBA, OOECIEUYMUBAIOIIAs MAaKCHMAIbHYIO 30HY
MOPaKEHUS.

[IpoBeneHo MoaenupoBaHUE PACCTAHOBKH U (DYHKIIMOHUPOBAHUS U3MEPUTEIHLHO-
perucTpupyomeld anmapaTypel TpH CTpenbOe CTaHAAPTHBIM  apTHUILICPUHCKUM
OCKOJIOUHO-(DyTracHbIM CHaps0M. OrnpeneneHsl KpUTHYECKHUE yCIIOBUS
(GYHKIIMOHUPOBAHUS OTIOPHO-TIOBOPOTHBIX MEXAHU3MOB M BPEMEHHBIEC XapaKTEPUCTUKU
paboThI TpEX U3MEPUTEIBbHO-PETUCTPUPYIOIINX YCTPOUCTB.

[IpeacraBnena Meroauka, OJOK pacyeTa W BU3YaJbHbIE TEXHOJOTUU
NIPEACTABICHUS] 30H OE€30MaCHOCTH Ha MOJUIOHE MpPH CTPEabOe apTUILUIEPUNCKHUMU

OpYAUSIMH.
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3AK/IIOYEHUE

B auccepranuu pemeHa akTyajdbHas HayYHO-TEXHHYECKAs 3a/1adya KOMILIEKCHOTO
MOJICIMPOBAHUSl CHCTEMbl TIOJUTOHHBIX HUCIbITaHWH. Pa3pabortanHass cucrema
MO3BOJIAET  MOBBICUTh  WH(GOPMATUBHOCTH W  MPOU3BOAUTEIBHOCTH  HAY4HO-
UCCIIEIOBATENLCKUX M OTMBITHO-KOHCTPYKTOPCKUX Pa0OT HA CTaauM MPOCKTHUPOBAHUS U
OoTpaboOTKH Ooemnpuriaca W apTUWUICPUUCKUX YCTAaHOBOK, 3a CYET MPUMEHEHUs
KOMIUIEKCHBIX (DU3UKO-MaTEMaTHUECKUX MOJIEeJIe, aBTOMAaTH3allMu MPEICTaBICHUS
PE3yJIbTaTOB BHIYMCIUTEIBHOTO SKCIIEPUMEHTA U pa3pabOTKU BU3yaJbHBIX TEXHOJOTUI
COMPOBOXKICHHUS OBICTPOIPOTEKAIOIINX IPOLIECCOB pa3IMYHBIX CTaaui
apTUJUIEPUKCKOTO BBICTPENA.

OcHOBHBIE pe3yIbTAaThl pa0OTHI U BHIBOJIBIL:

1. TlpoBeneH cTpyKTypHO-(YHKIHMOHAIBHBIA aHAIN3 U pa3padoTaHa uepapxuueckas
CTPYKTypa CHCTEMBI IOJIMTOHHBIX MCIBITAHUMN, BKIIIOYANOIIAs apTHILICPUIICKHE
KOMIUIEKCHI, MHQPACTPYKTYpy IMOJMIOHA M HU3MEPUTEIbHO-PETUCTPUPYIOIINE
ycTrpoiictsa. [Ipennoxena ¢pyHKIIMOHaIbHAS MOJIETb B3aUMOJICHCTBUS SJIEMEHTOB
CUCTEMBbI MOJUTOHHBIX WCIBITAHUN M (PYHKIIMOHAIbHASI CTPYKTYpa IPOrpaMMHO-
BBIYMCIIUTENIBHOTO KOMILIEKCA JJII MOJIEIMPOBAHMS M BHU3yallM3allMd Ipolecca
apTUJUIEPUICKOTO BBICTPEIIA.

2. Co3gmaHa BUpTyaJibHas CHUCTEMa IMOJIMTOHHBIX HCIHBITAHUN, BKIIIOYAIOLIAS
1M(pPOBYIO MOJENb KapThl MOJUIOHA C 3EMEHTaMU UH(PACTPYKTYPhl, OOBEKTHI
UCIBITAHUM W U3MEpUTEIbHO-pEruCcTpUpyroniero  kKomiuiekca.  Co3naHsl
TPEXMEPHBIE TE€OMETPHUUYECKHE MOJENH DIIEMEHTOB CHUCTEMBI IOJUTOHHBIX
UCIIBITAHUM M OMpEeJeseHbl OCHOBHBIE XapaKTEPUCTUKHU, HEOOXOAUMBIC st
MMHUTaLMOHHOTO MOJIETMPOBAHMS MPOLECCA apTHIJIEPUICKOTO BBICTpENA.

3. Pazpaborana komIUIeKCHas  (PU3MKO-MaTeMaThyeckas MoOJelb  Ipoliecca
apTWJUIEPUIACKOTO  BBICTPENA,  BKJIKOYAIOIIAS  IPOLECCHl  BOCIJIAMEHEHUS,
HECTALIMOHAPHOTO  3PO3HOHHOTO TOPEHUs IOPOBOrO  3apsiia, JIBHXKCHHS
MOPOXOBBIX AJIIEMEHTOB U CMECH IMOPOXOBBIX ra30B B CTBOJIE aApPTHILIEPHICKOrO

opyausi, HaPsHDKEHHO-AE()OPMUPOBAHHOTO COCTOSIHUS CTBOJIa apTUILIEPUHCKOTO
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OpyAMsi IOJX JIMHAMHYECKUM BO3JCHCTBHEM JABJICHHUS IIOPOXOBBIX TIa30B,
IBW)KCHHE CHapsAa 10 BHEIIHEOA/UNIMCTUYECKON TPAaeKTOpUM C  y4eTOM
a’POAMHAMUYECKOW CTaOMIM3alMK, NPOOUTHS TMperpaj  apTHUICPUICKUMU
OpoHe0O0IHO-TIOAKATMOEPHBIMU CHAPSIIaMU WM C YYETOM pasiieTa OCKOJIKOB IIpU
MOJIPBIBE OCKOJIOYHO-()YTaCHOTO CHapsI/1a Ha TPACKTOPHUH.

Pa3paborana MeTonMKa COBMECTHOIO MAaTE€MaTH4YECKOTO  MOJEITUPOBAHHUS
HaMpsHKEHHO-1€(POPMUPOBAHHOTO COCTOSIHUS CTBOJIA apTUIUIEPUICKOTO Opyaus U
OCHOBHOHM 3ajaud BHyTpeHHeW Oammuctuku. Ha ocHoBe paspaboTaHHOMU
METOJUKH pelIeHa 3a/Jada JUHAMUYECKOTO HArpyKeHHsS CTBOJIa J1aBJICHUEM
MOPOXOBBIX Ta30B, IMOJYYEHbl 3aBUCUMOCTH, OTPAKAIOIIME HANPSIKEHUE U
nedopMalMio CTBOJA BO BPEMEHM, ONPEACIICHbl HAHOOJIEe OIMACHBIE YYacTKU
CTBOJIa B YCJIOBHSIX BBICTpEA.

Co3maHbl  TEXHOJIOTHSI M METOAMKAa  PEIICHHs  KOMIUIEKCHOM  3aj1adu
OpOHENpPOOUTHUSI TOMOTE€HHBIX MpErpajy Ha OCHOBE CHCTEMbI B3aUMOCBSI3aHHBIX
OOBEKTOB. «OPYIOHE» - «3apsi» - «CHapsa» - «MULIEHbY». PelmieHa 3agaya
MapaMeTPUYECKOro HCCIEAOBAHUS BIUSHUS KOHCTPYKUMHU apTHUILIEPUIICKOTO
CHapsjia Ha DIyOMHY TpoOMBAeMOCTH TIpErpajbl, C Y4YETOM TIPOIECCOB
BHYTPEHHEH, BHEIIIHEW U TEPMUHAIBHON OaJUTMCTHUKHU.

BnepBrle  pa3paboTaHa  cucTeMa  CTaTUCTHYECKOTO  MMHUTAI[MOHHOIO
MOJICJIMPOBAHMUS Ipollecca pas3jieTa OCKOJKOB IPH TMOJPBIBE OCKOJIOYHO-
(yracHOro cHapsiia Ha TPAa€KTOPUU M TMOCTPOEHUS 30H TOPAKEHUS C Y4ETOM
penbeda MECTHOCTH.

Paspaborana cucrema MMHUTAllMOHHOTO  MOJEJIHMPOBAHUA  U3MEPHUTEIHHO-
PETUCTPUPYIOMIMX YCTPOMCTB JJIsi ONPEAEIICHUs] KOOPAUHAT MO3ULMOHUPOBAHMS
" rapamMeTpoB (YHKLIMOHUPOBAHUS U3MEPUTEIBHO-PETUCTPUPYIOLIEH
anmnaparypbl npu bukcanuu BHEIIIHE0AITUCTUYECKUX TpaeKTOpHii
APTUIJIEPUNCKUX CHAPSIAOB.

Pa3pabotan mporpaMMHO-BBIYMCIUTENBHBI  KOMIUIEKC KOH(MUTypamuun U
BU3YaJU3alMKU TOJMIOHHBIX MCHBITAHUNA, TO3BOJISIIOLIMN CO3/1aBaTh HOBBIE

AJIEMEHTBI MOJICIIUPOBAHUS TPEXMEPHBIX OOBEKTOB, KOH(MUTYpUPOBATH KapThl



257

MECTHOCTH, pa3MellaTh 3JIEMEHTbl HHPPACTPYKTYpbl, MpEeAHA3HAYEHHBIN Jis

aHanu3a, ONTUMM3ALWUM, IPUHATHS YIPABICHYECKUX PELHICHUA Ha OCHOBE

oOpaboTkn  wHpOpMAIMM TIO  pe3ylbTaTaM MOJACIHUPOBAHUS  TpoIecca
apTUJLIEPUIICKOTO BBICTPEIIA.

9. PesynpTaThl  IHUCCEPTAIMOHHOTO  WCCIICIOBAHUS  BHEAPEHBI B COCTaBe
MPOrpaMMHO-ANIIAPATHOTO  KOMIUIEKCA  aBTOMATU3UPOBAHHOM  CHUCTEMBI
nosmronHbix ucneiTanuii B OKII «HUUW «I'eone3us» (Ilpunoxenne B) u
UCTIONB3YIOTCA B ydeOHoM mpouecce B DOI'BOY BO  «UxI[TY
uM. M.T.KanamuukoBay  (Ilpunoxkenne I'). PazpaboranHble TEXHOJIOTUU
MO3BOJISIIOT ~ ABTOMATU3UPOBATh MPOIECCHl MPOEKTUPOBAHUS U  OTPAOOTKHU
ApTUWUICPUUCKUX  CUCTEM C  HCIOJIb30BAHHEM  KOMIUIEKCHOM  (hU3UKO-
MaTeMaTH4EeCKOU MOJIEININ aAPTUILIEPUHCKOTO BBICTpEIIA, ITOBBICUTH
MHPOPMATUBHOCTb U TMPOU3BOAUTEIBLHOCT, PAOOT HAa TMOJUTOHE 3a CUeT
IIPUMEHEHHS TMPOrPaMMHO-BBIYMCIUTENIBHOIO KOMIUJIEKCA MOJCIUPOBAHUS U
KOH(UTYpalUU TOJTUTOHHBIX UCTIBITAHUM.

Takum o0pa3om, B pe3yJbTaTe BBIMOJHEHUS TUCCEPTAIIMOHHON pabOThl BHECEH
CYLIECTBEHHBIM BKJIAJl B PEUICHHE HAPOAHOXO3SAWCTBEHHOM 3aJayd - IIOBBILICHUE
MH(MOPMATUBHOCTH U TPOU3BOJUTEILHOCTH HAYYHO-UCCIEAOBATEIBLCKUX M OIBITHO-
KOHCTPYKTOPCKUX paOOT MPHU MPOBEACHUMN MOJIUTOHHBIX UCIBITAHUNA apTUILIEPUICKOTO

BOOPYKEHHS.
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OCHOBHBIE COKPAIIEHUA U OBO3HAYEHUA

OcHoBHBIE COKpalcHus

BII — 6pone6oitHO-TIoIKATHOCPHBIH;

BB — B3pbIBUaTOE BELIECTBO;

JPII — nbIMHBIN PY>KEHUHBIN TTOPOX;

MOOSC — maniorabapuTHas ONTUKO-3JIEKTPOHHAS! CTAaHIUS;
HJC — nanpsikeHHO-1ehOpMUPOBAHHOE COCTOSHUE;

O® — ock0104HO-(hyTracHBINH;

[1/] — npOayKTHI JETOHALWY;

COJI — coBMECTHBIN 3i1€pOBO-TIarpaHkeB (METON);

OBM — 3JIeKTpPOHHO-BBIYHCIIUTENIbHAS MAILIVHA;

3D — TpexmMepHHBIil.
OcHoBHBIE 0003HAYECHUS

K 3a0aue enympenneu oaninucmuxu.

t — Bpems;

X — IpoAOJIbHAasl KOOPAWHATA, CBSI3aHHAs CO CTBOJIOM;

Yy — KOOpJuHaTa, HallpaBJICHHAs! IO HOPMaJIM K TIOBEPXHOCTH TOPEHUS;

P — IaBJeHHUE;

T — remnepartypa;

p — IUIOTHOCTh ra3a;

€ — BHYTPEHHSISI SHEPrusi €JIMHULIBI MAacChl MOPOXOBBIX Ta30B WM KO3()PHUIMEHT
3pO3HH;

Cy,Cp — TEIUIOEMKOCTH r'a3a MPH MOCTOSHHOM 00beMe H JJaBICHHH, COOTBETCTBCHHO;

C
0=k —1, rae k =—" — nokazarens anuabarsr;
CV
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0L — KOBOJIIOM;
Ry, R — ynenbHas razoBasi HOCTOSIHHASI U Ta30Basi OCTOSTHHASL COOTBETCTBEHHO;
0 5
U, A, D — koappunreHTs TUHAMHUYECKON BSI3KOCTH, TETUIONPOBOAHOCTH, U AU y3un

ra3zoB, COOTBCTCTBCHHO,

A
K =—— — KO3(QGUIHEHT TeMIIepaTypOpOBOIHOCTH,
CpP
p

M — MOpPUCTOCTh cMecH (00BEM IMYCTOT B €AMHHIIE 00bEMa) WIJIM MaccoBasi CKOPOCThb
TOpPEHHS TIOPOXa, OMpeesIeMas Yepe3 napamMmeTpsl ra30Boi (asbl;

a — cueTHas KOHLEHTpAalusl 3€pHEHBIX MOPOXOBBIX 3JIEMEHTOB MM KOHIEHTpAalUs
MCXOJIHBIX MPOIYKTOB ra30()a3HbIX PEaKIMil B 30HE TOPEHMUS;

N — 4yucio TpyOOK B My4Ke TPyOUATOro Mopoxa,

IT — nepumerp;

\J — OTHOCHTEJIbHAS JI0JISI CTOPEBILIETO MOPOXa;

Q — TermIoTBOpHAsI CHOCOOHOCTD (ITOTEHIIUAIT) TTOPOXa;

U; — €IMHUYHASI CKOPOCTh TOPEHMS ITOPOXA;

26, — HayaJIbHasl TOJIIIMHA FOPSIIETO CBOAA;

do,Dg,Ly — HauanpHBle BHYTPEHHWIl, BHEUIHWI IWaMETpbl M JUIMHA HOPOXOBOTO
AJIEMEHTa COOTBETCTBEHHO;

d,D,L — Texymuyie BHyTpEHHHIA, BHEIIHUN AMAaMETPbl U JUTMHA TIOPOXOBOTO JJIEMEHTA
COOTBETCTBEHHO;

G(\p) — OTHOUIEHHUE TEKYILEeHW MOBEPXHOCTU FOPEHUS K MEPBOHAYAIBHOM;

S — mepeMeHHas IIIOMIA/(b CEUECHHUS 3apsATHON KaMephl;

S, — IJIOLIA]b CEUEHMsI KaHaja CTBOJIA,;

W,,, — 00beM 3apsaHON KaMephl;

L

s Ly — IUIMHBI 3apSIHOM KaMephbl U KaHalia CTBOJIA (TOJIHBIM IyTh CHapsia B CTBOJIE

MIPU BBICTPEJIE) COOTBETCTBEHHO;

d,, — IMaMeTp KaHaia CTBOJIA;

® — Macca 3apsaa,
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g — macca cHapsa;

A — IJIOTHOCTD 3apsKaHus;

Py — AaBiIeHHE (HOPCHPOBAHMS,

V., — CKOPOCTb CHaps1J1a;

|, — MyTh, IPOIIEHHBIN CHAPSIIOM B KaHAaJIe CTBOJIA K TEKYIIEMY MOMEHTY BPEMEHH;
V, — AyJbHas CKOPOCTb CHaps/a,

h — mar mo mpoCTpaHCTBY B pa3HOCTHOM CXeMe;

T — LIar [0 BPEMEHU B Pa3HOCTHOM CXEME;

V; — IPOEKIIUH BEKTOPA CKOPOCTH ra3a Ha KOOPAUHATHBIE OCH;

N — €IMHUYHBIA BEKTOP BHEIIHEW HOPMAJIH;

o1, 07 — Ko3(p¢uuueHt teriooOMeHa U TEIUIOBOM IMOTOK HAa IOBEPXHOCTH IOpPOXa
COOTBETCTBEHHO;

ty, t, Iy — XapakrepHOoe BpeMs BBICTpela, Bpemsi penakcauuu K-dassl u Bpems

peiIaKCallnn ra3oBOM (1)33131 30HBI 'OPCHUA ITIOPOXa COOTBCTCTBCHHO,

B — riryOuna npeBpanienus K -assl (rryOuHa npeBpamieHus (BHITOPaHUsI) TOTUINBA).

K 3a0aue enewnen oanucmurku:
X — JaJbHOCTh B INIOCKOCTH CTPEJILOBI,

Yy — BBICOTA TOJIETa CHapsa;

Z — OOKOBOE OTKJIOHCHMUE;

0 — yros HakJIOHA TPAEKTOPUU;

\y — yroj nyTu;

V, —CKOpPOCTh LIEHTpa Macc cHapsia (3eMHasi CKOPOCTh CHApsAA);

Vyp — IyTeBast CKOPOCTh CHapsi/ia, IPUBEICHHAs K IOBEPXHOCTH YPOBHS OPY/IHSE;
S — myTh, MPONACHHBIN CHAPSIOM 110 TPACKTOPHUH;

®, — aKCcuajbHasl yIrioBasi CKOPOCTb;

gJ — YCKOpPEHHUE CHUJIbI TSXKECTH;
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Cy » Cy , C; —KOIQQHUIUMEHTBI COCTABIMIOMMX a3POANHAMUYCCKO CHIIBI IO OCSM
TPACKTOPHOU CUCTEMBI KOOPAMHAT;

( — CKOPOCTHOM HaIop BO3/1yXa;

Sy — IUIOLIa b MU/IEIEBA CEUCHUS CHAPSIIa;

D — kanubp cHapsna;

M — Macca cHaps/a;

R, = 6371-10° m — paauyc 3eMiIM P AIIPOKCUMALIMH €€ IIapOM;

(), — yrioBasi CKOPOCTb CYTOYHOI'O BpallleHUs 3€MIIH;

A, — TIpOM3BOIHAS TOTIOTHUTEIHHOTO YIIa HAKIOHA TPASKTOPHH;

f, —xoodduiment nepusary;

|, — akcuaJbHBIE MOMEHT UHEPLIUU CHAPSIIA;

| — nymHa cHapsna;

Ay, — IpOU3BOHAS JOIIOIHUTENBHOIO YIJla IIyTH;

m,_ — Ko3(pGUIHMEHT a3pOJMHAMUYECKOT0 aKCHAIBHOTO AEMIT(UPYIOIIET0 MOMEHTA

(MOMeHTa TpeHus);

®, — 0e3pa3MepHOe MTPECTABIEHUE aKCUAIBHOM YIII0BOI CKOPOCTH;

M — gnciao Maxa;

i, (Vy,0) — koabdummenT aspoauHaMITdecKoil popMbI CHApAA;

Cft (M ) — HTAJIOHHBIN KOIPPUITUEHT CONPOTUBIICHHUS;

AC, (ey) ACy (ey), AC, (g,,) — OTKJIOHEHHS KOIQDHUIMEHTOB COCTABIAIONINX
a’pOANHAMHUYECKOH CHIIBbI, BBI3bIBAEMBIE BETPOM;

AC, ((xH), ACy (OLH ), AC, (OLH) — OTKJIOHEHHS KO3()(HUIMEHTOB COCTaBIIAIOIINX

a’POJIMHAMUYECKON CUJIBI TIO OCSIM TPACKTOPHOM CUCTEMBI KOOPAMHAT 3a CUET
KOJIeOaHMI CHapsAia OTHOCUTEIHLHO IIEHTPA MAaCC;
a — CKOpPOCTb 3ByKa B BO3/IyX€;

t1(y) — pacnipenenenne (akTuyeckoil BUPTYaNIbHOI TEMIEPATyphl BO3AYXa 110 BHICOTE;

Tt(y) — (yHKUHMS TaBJIEHUS BO3/1yXa;
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Aﬂ:(y) — OTKJIOHEHME (DYHKIIMU AABJICHHS BO3YyXa;
p(y) — (pakTHUECKOE JaBJICHUE BO3/IyXa,

R — yzaenbHas ra3oBasi HOCTOSIHHAS BO3/1yXa;
O, — JUPEKIMOHHBIA yroJl (a3uMyT) LEIH;

II-I — pacCTOAHNC OT OCHOBAHUA TOJIOBHOM YacTH 10 HCHTpa MacCC,

|, — unHa ronoBHOI yacTy;
V' — Bo3fylIHas CKOPOCTh CHAPS/IA;
W(y) — pacnpeAeieHue CKOPOCTH BETPa IO BBICOTE;

WBep (y) — CKOPOCTb BEPTHUKAJIBHBIX TOKOB BO3AYyXa, SABJIAOIIAACSH ®YHKHHCH oT

BBICOTHI;
aw(y) — pacrpejieieHue JUPEKIMOHHBIX YTIIOB BETPa MO BBICOTE;

Ew, » €y, — COCTABIIIOIINC YIJIa CHOCA BETPOM;

O.f; — IPOCTPAHCTBEHHBIN yIOJI aTaKH;

01, O, — COCTaBIIAIOLIUE MPOCTPAHCTBEHHOIO yTJja aTaKH;

®;, ®, — COCTABIAIOIIUE SKBATOPUAIBHOMN YITIOBOM CKOPOCTH CHApsia B IPOCKIUAX

Ha OCH CHUCTCMBI KOOPAHWHAT, CBSI3aHHOM C YIJIOM TaHT'a)ka,

my, M, — K03 HUITHMEHTHI COCTABISIFONINX a9POANHAMUYIECKOTO MOMEHTA TI0 OCSIM
CUCTEMBI KOOPJHMHAT, CBI3aHHOM C yIJIOM TaHTaXa;

|, — 3KBaTOpHANIBHBIN EHTPAIBHBI MOMEHT HHEPIIMU CHAPSIIA,;

O — yroJy HyTaIluu CHapsIa;

81, 0, — COCTaBIISIOIINE YIJIa HyTallUH.

K 3a0aue nanpsoicenno-oegopmuposarnnoco cocmosuus u OpoHenpooOumusL:
E — monyne ynpyrocry;

Gy — Moaynb COBUTa,;

v — ko3 dunuent Ilyaccona;

Gop — KOMIIOHCHTBI TCH30Pa HAIPSDKEHHIL, O, Be {X, Y, Z},
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€up — KOMIIOHEHTBI TCH30pa nedopmariu, o,f3 € {X, Y, Z};

O, — Ipeaeci TCKy4YeCTH, OHpe,Z[eH}ICMBIﬁ 110 MOACIN I[)KOHCOH&-KYK&;

A — HauvaNbHBIN Mpeaen TeKkydecTu B Moaenu Jxoncona-Kyxka;
B — xoncranTa TBepaoctu B moaenu [xoncona-Kyka;
C — koHcTaHTa cKopocTH nedopmanuu B Mogenu /xoncona-Kyka;

€p — OTHOCHUTEJbHAs CKOPOCTh Aedopmanuu B Mosenu JxoHcoHa-Kyxka,
T — Temnepartypa;

T,, — Temreparypa miasieHus B mogenu Jxkoncona-Kyxka,

T, — HopManbHas Temrepartypa B mogenu Jxoncona-Kyxka,

N — ko3 puuueHT TBepaocTy B Moaenu Jxxoncona-Kyka;
M — NoKa3aTellb TEMJIOBOIO pa3MsardeHus B Mojienn Jxoncona-Kyka;

€,p — KOMIIOHCHTBI TEH30pa CKopocTeii qedopmanun, o,f € {X, Y, Z};

p — IJIOTHOCTA;
E — BHyTpeHHss SHEpTUS;

S op — KOMIIOHEHTA JICBHATOPa TeH30pa HarpsbKeHuit, o, € {X, Y, Z};

I' —xoaddunment I'pronaiizena;

Cp — CKOPOCTb 3ByKa B MaTepHaJe.

K 3a0aue ockonounoco deticmsus cuapsaoa:

U — CKOpOCTb paszjieTa OCKOJIKOB;

M — macca 000y104KH CHapsia;

Mpz —Macca BB cHapsna;

Q — TemyoTa B3pPHIBUATOTO PA3IOKEHUS;
E —sHeprus;

R — paguyc 000709KHU CHApsIA;

W — o0bem 000109KH CHapsa;

P — IINIIOTHOCTDH 000JI0YKH CHapsaa,
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K,; — HOKa3aTenb ypaBHeHUs U303HTponb! 11/1;

N — mapameTp reoMeTpuyecKoil opMbl B3pHIBA;

A; — sHeprus paspylieHus €IUHHIIBI 00beMa MaTepuaa;

A, — cTaTndeckas SHEPrys paspylleHUs €IUHHUIBI 00beMa MaTEpUaa;

W — BEKTOp CKOPOCTH BETPA;
V' — BEKTOp CKOPOCTH CHAps/A;

(), — yIJIoBasi CKOPOCTb BPAILLEHUS CHAPSA,;

W,, — MUHUMaJIbHAs yOOHHAas SHEPTHsl OCKOJIKA;

p

Tr — TpaexTopus JBUKEHHS OCKOJIKA.
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IMPUJIO)KEHUE A

ANTOpUTMBI Pe0Opa30BaHUS KOOPAUHAT

Al. Anroputm npeoOpa3oBaHHs F€OUEHTPHUUECKUX KOOPIUHAT

B I'COJAC3NICCKHNEC KOOPANHATBI

Bxonueie gannbeie: X, Y, Z — reONeHTPUYECKUE NPSIMOYTOJIbHBIE KOOPAUHATHI
Touky; d, ., —MaKCUMalbHbIA ypoBeHb pomycka (mo ymomdanuto d ., =0,0001").
Beixonnele nmannsle: B, L, H — reogesnueckue KOOpAMHATBI TOYKM (IIMPOTAa,
IpaaycChl; AOIT0Ta, IPATyChl; BHICOTA, M).

Anroput™ BeruuciacHus [87]:

1. Boeuucisercs D=+ X% +Y?.

2. Ecou D=0, Torma

nZ
B=—— (Z#0),

2\2\( #0)
L=0,

H=ZsinB—-a+v1-e?sin’B,

uHaue (ecm D #0)

L=2x-L,, Y<0, X>0,
L=n+L,, Y<O0,X<0,
L=n—-L,, Y>O0,X<0,

L=L, Y>0,X>0,
L:O’ YZO,X>O,
L:TC, Y:O,X<O,

rne L, =

o)
arcsing — |,
D

3. Ecau Z =0, Torma
B=0,
H=D-a.
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4. BBIYUCIIAIOTCH:

r=vX2+Y2+22

! (Z)
c=arcsin — |,
r

5. Beruucisrorcs:

b=c+s,,

psin(2b)
J1-e?sin?(b)

s, =arcsin

6. Ecom d >d__ , mepexon Ha mar 5.

max?
7. BBIUMCIIAIOTCS:

B=Db,

H =DcosB+ ZsinB—a+1-e*sin’B.

A2. Anroputm npeoOpazoBaHusl T€0I€3NIECKUX KOOPAUHAT

B nnpoekumto ['aycca — Kprorepa

[limockue mpsAMOYyronpHbIE KOOpAMHATBI B mOpoekuuu ['aycca — Kprorepa B
Poccniickoit ®denepannn 0CHOBBIBAIOTCA Ha 3yuncouse KpacoBckoro ¢ mapamerpamu:

Oonbiias  monyoch @, =6378254,0m, KOIQQUUHMEHT — CKAaTUS  SIUIMIICOUIA
o, =1/298,3.

Anroputwm Bbruncienus [87]:

Bxonnsie nanneie: B, L, H — reoae3ndeckre KOOpAUHATHI TOUKHU.
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BI)IXO,Z[HBIC JaHHBIC: X, Y — INIOCKHE MPSIMOYI'OJIBHBIC KOOPJAWHATHI B IIPOCKIIMH Faycca

— Kprorepa.

X = 6367558,4968 B - sin 2B (16002,8900 + 66,9607 sin>B + 0,3515 sin* B -
- 12 (1594561,25 + 5336,535 sin? B + 26,790 sin* B + 0,149 sin® B +
+1? (672483,4 -811219,9 sin®B + 5420,0 sin*B -10,6 sin®°B + (A.1)
+ 17 (278194 - 830174 sin® B + 572434 sin* B - 16010 sin® B +
+ 17 (109500 - 574700 sin® B + 863700 sin* B - 398600 sin® B ))))}
y=(5+10n)10° +
+ 1 cos B (6378245 + 21346,1415 sin? B +107,1590 sin* B + 0,5977 sin° B +
+ 17 (1070204,16 - 2136826,66 sin>B +17,98 sin* B -11,99 sin®B + (A2)
+ 17 (270806 - 1523417 sin? B +1327645 sin* B - 21701 sin® B +
+ 17 (79690 - 866190 sin® B +1730360 sin* B - 945460 sin® B))))
rne | — paccTosHHEe OT oOmpeAersieMOl TOYKM JO OCEBOTO MEpHIWaHa 30HBHI,
BBIPA’KCHHOC B paHHaHHOﬁ MCPC U BBITHUCIIICMOC 110 (bOpMYJIe:
| ={L-[3+6(n-1)]}/57,29577951,
rae L — reoae3nueckas 10AroTa ONnpeaessieMo TOUKHY, BEIpaKEHHasl B rpagycax; N —

HOMED LIECTUTPaLyCHOM 30HBI B ITpoekuu ["aycca — Kprorepa:
n=E[(6+L)/6],

rIe E[. . ] — 1eJ1asl YaCTh BBIPAYKEHUS B CKOOKaX.

OO6parHoe mpeobpa3oBaHUE TIIOCKUX MPSIMOYTOJBHBIX KOOPJWHAT B MPOCKIIUU
I'aycca — Kprorepa Ha smwmmncoune KpacoBCKOTO B T€OAE3UMYECKUE KOOPAWHATHI

MIPOU3BOAUTCS 1O (hOpMyTIam:

B=B, + AB, (A.3)
L=6(n—-05)/57,29577951 +1, (A.4)
rne B, — reome3uueckas wmumpoTa TOUYKH, abciycca KOTOpoil paBHa abcumcce X

OmpeneNiIeMOl TOUKHM, a OpANHATa Y paBHA HYJIO, paa; N — HOMEp LIECTUTPaLyCHOU

30HBI B ipoeknuu ['aycca — Kprorepa, BerancisieMslit mo hopmyre:

n=Ely-10°];
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Yy — opJiMHaTa ornpezenseMoi Touku B mpoekiuu ['aycca — Kprorepa.

3Hauenus B,, AB u | BerumcsiorT no ciexyrooummm popmynam:
B, =P +sin’ 2 (0,00252588685 -0,00001491860sin* B +0,00000011904 sin* B),

AB =— 22 5in 2B, (0,251684631 — 0,003369263sin* B,+0,000011276sin* B, —

~ 72 (010500614 - 0,045599165in? B+0,00228901sin* B, ~0,00002987sin° B,
— 72 (0,042858 - 0,025318 sin® B,+0,014346sin* B, —0,001264sin® B, —

— 72 (0,01672 - 0,00630 sin’B,+0,01188sin* B, —0,00328sin® B, ))))

| = 7,(1-0,0033467108sin’ B, — 0,0000056002sin* B, — 0,0000000187sin® B, —
— 22(016778975+0,16273586sin 2B, — 0,00052490sin 4B, — 0,00000846sin° B, —
— 22(0,0420025+0,1487407sin? B,+0,0059420sin* B, — 0,0000150sin° B, —

— 22(0,01225+0,09477sin> B,+0,03282sin* B, —0,00034sin° B, —

— 22(0,0038+0,0524sin> B,+0,0482sin* B,+0,0032 sin° B, )))))

rne B=x/6367558,4968; z, =(y —(10n+5)10° )/(6378245 cosB, ).

A3. [IpeobpazoBaHue reOLEHTPUUECKUX TPOCTPAHCTBEHHBIX

MPSAMOYTOJIBHBIX KOOPJIUHAT

[IpeoOpa3zoBaHue T'E€OLIEHTPUYECKUX KOOPAUMHAT OCYLIECTBISIETCS MO METOAY
['enbmepTa. Ilepexon u3 cucteMsl A B cUCTEMY b BBINOJIHSETCS 1O 7-MapaMETPUIECKUM

dopmynam bypma-Bonbda, koTopsie onpezeneHst B [87]:

X 1 +o, -0 (X AX
Y| =(@+m)-w, 1 +o,|Y | +]AY ][, (A.5)
Z +0, —0y 1 \Z2), \AZ

b

rne AX, AY, AZ — nuHelHbIE 3JIEMEHThl TpaHchopManuu KOOPAMHAT TOYKH, MPHU
nepexone u3 cucremsl A B b; ®,, ®,, ®, — yrjioBble 3JeMEHTHl TpaHchopMauu
CHUCTEM KOOpAMHAT IMpH mepexone u3 cucteMbl A B b; m — macmraOHbIi 37eMeHT

TpaHc(opMaIu CUCTEM KOOPJIMHAT, MPH Tlepexoie u3 cuctemsl A B b.

OOpaTHbIii Iepexo]1 U3 cucTemMsbl b B cuctemMy A BBINOIHSIETCA 110 (OopMyTIam:
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X 1 -0, +o,|X AX
Y| =0l-m)+o, 1 -, |Y | -|AY ] (A.7)
Z), -0, +0y 1 \Z2), \AZ

A4. Anroputm npeoOpa3oBaHMs re0Ae3NYECKUX KOOPAUHAT

[Tepexon u3 cucreMsl A B cuctemy b BeinomHsiercs o ¢popmynam:

B B AB
L| =|L| +|ALJ (A.8)
H) \HJ) (aH

rne B, L, H — reonesnueckue koopaunarel Touku; AB, AL, AH — npupamenus

reo0JIe3MYECKUX KOOPAUHAT, ONpeaesieMble IO PopMyIiaMm:

"M+H|(a a
—(AX cosL + AY sin L)sin B + AZ cosB) — (A.9)
— o, sinL(L+e?cos2B)+ o, cosL({1+e? cos2B)— p"me? sin BcosB,

" 2 2
AB P [ﬁezsin BcosBAa+£N—2+1stin BCOSB%—

14

p : .
AL = N7 H)cosB(_ AX sin L+ AY cosL)+ tg B{1—e? w, cosL + o, sinL) -,

2
AH :—%Aa+ N sin? BA%+(AX cosL + AY sin L)cosB + AZ sin B —

2
— Ne?sin BcosB(m—ifsin L —w—zcosL]+(a—+ H]m,
p p N

rae p" =206264,80625"; B, L, H — reoaesudeckre KOOPAUHATHI TOUYKH B ccTeME A;
. —3/2

M = a(l—eZXI— e’sin’ B) 2 paqMyc KpuBHM3HB Mepumuana; a=(a, +a,)/2 —

CpenHssi OOJbIasi MOJyOCh; e’ = (ei + eg )/ 2 — cpemHMHA KBaapaT SKCICHTPUCUTETA

smMIconna; Aa=a, —a, — pasHocTh GoNbLIMX Monyocel; Ae” =e’ —e; — pasHocTb

KBaJApaTOB SKCUCHTPHUCUTCTOB JJIIUIICOU/IA.
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®opMmynbl  (A.8) obecneyrBalOT BBIYUCICHUE TIOMPABOK K IE0/I€3MNYECKUM
KOOpJIMHATaM C TOTPelIHOCThI0, He mpeBblmaromniet 0,3 m. IlorpemHocts He Oolee
0,001 M mocturaercs BO BTOPOM WTepaiuu, B KOTOpod mpupamenus AB, AL, AH,

onpenensiembie popmynamu (A.9), BBIYUCIAIOTCS C YYETOM:

B B, +(B, +AB)
= 5 ,
J _Lat(Ly+AL)
2 ]
by _Ha+(Hy+4H)
> .
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IMPUJIOKEHUE b

JIuctunr MOAYJIA 3arpy3Ku HCXOAHBIX TUHAMHUYCCKUX JTaHHBIX

Jluctunr b.1 — Jluctuar Moaysst nHUIManu3anuy ucxoausix nanHsix INBALLPRESS

MODULE INBALLPRESS

USE kindef
IMPLICIT NONE
SAVE

| SPECIFY COMMON VARIABLES TO BE ACCESSED BY ROUITNES BELOW HERE
INTEGER(INT4) :: IBTPOINT = 1021, IBXPOINT = 716

REAL(REALS), DIMENSION(1021) :: IBT

REAL(REALS), DIMENSION(716) :: IBX

REAL(REALS), DIMENSION(1021, 716) :: IBP

CHARACTER (LEN=256) :: IBENAME ='DATAp.txt'

END MODULE INBALLPRESS
SUBROUTINE INIT_IB

USE kindef
USE wrapup
USE inballpress

IMPLICIT NONE
INTEGER(INT4) :: 10S, 1, J
CHARACTER (LEN=30) :: I0Schar, LINEchar

OPEN(2, FILE = IBFNAME, STATUS ="old', IOSTAT = 10S)
IF(IOS.NE.O) THEN ! STOP IF ERROR
WRITE(IOSchar, '(15)") 10S
CALL USR_MESSAG('$Subroutine INIT_DB can not open file $' // TRIM(IBFNAME) //". Error
status 10S ="/ TRIM(IOSchar) //'.")
NSWRAP =99
END IF
READ(2, *, IOSTAT = 10S) (IBT(J), J = 1, IBTPOINT)
IF(I0S.NE.O) THEN ! STOP IF ERROR
WRITE(IOSchar, '(15)") 10S
CALL USR_MESSAG('$Subroutine INIT_DB can not read TIME data in file $' //
TRIM(IBFNAME) //'. Error status 10S =" // TRIM(10Schar) // '.")
NSWRAP =99
END IF
READ(2, *, IOSTAT = 10S) (IBX(J), J =1, IBXPOINT)
IF(IOS.NE.O) THEN ! STOP IF ERROR
WRITE(10Schar, '(15)") 10S
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CALL USR_MESSAG('$Subroutine INIT_DB can not read SEQUENTIAL data in file $' //
TRIM(IBFNAME) //'. Error status 10S =" // TRIM(IOSchar) //'.")
NSWRAP =99
END IF
DO I =1,IBTPOINT
READ(2, *, IOSTAT = 10S) (IBP(1,J), J = 1, IBXPOINT)
IF(I0S.NE.O) THEN ! STOP IF ERROR
WRITE(1OSchar, '(15)") 10S
WRITE(LINEchar, '(15)") |
CALL USR_MESSAG('$Subroutine INIT_DB can not read PRESSURE data in file $' //
TRIM(IBFNAME) /I'. Error status 10S =" // TRIM(IOSchar) //". At line ' // TRIM(LINEchar) //.")
NSWRAP =99
END IF
END DO
CLOSE(2)

DO I = 1,IBTPOINT
IBT(I) = IBT(1)*1000.0
END DO

DO J = 1,IBXPOINT
IBX(J) = IBX(J)*1000.0
END DO

DO I = 1,IBTPOINT

DO J = 1,IBXPOINT
IBP(1,J) = IBP(1,)*0.001

END DO

END DO

RETURN
END SUBROUTINE INIT_IB

Jluctunr b.2 — JluctuHr npouenypsl MHULIMAIW3AaUU TpaHUYHbIX yenoBuit EXEDIT3

SUBROUTINE EXEDIT3

USE kindef
USE wrapup
USE inballpress

IMPLICIT NONE

| FFxIIAIAAAAAAAAAAAAAAAAAAAAIAAAAAA A A AIAAIAIAAAAAAhAhEhrrrrrrhhhhkhhiiirihhkhhhiiiix

' THIS IS A USER SUPPLIED SUBROUTINE WHICH CAN BE USED TO PROVIDE

I SPECIAL CUSTOM EDITING. THE FREQUENCY AT WHICH THIS SUBROUTINE
I'lS CALLED IS DEFINED THROUGH INPUT (GLOBAL-EDIT-USER). WHEN

I REQUESTED, IT IS CALLED BY THE EDIT PROCESSOR AT THE END OF A

I COMPUTATIONAL CYCLE. THE ROUTINE IS CALLED BEFORE ANY OTHER
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I TYPES OF STANDARD EDITS ARE CALLED FOR THAT CYCLE (EG. PRINT,
I SAVE, HISTORY, DISPLAY, ETC), SO IT MAY ALSO BE USED TO SET UP
I DATA TO BE PROCESSED BY OTHER EDIT TYPES.

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R R A R R R R R R R R R R R A R R R R R R R R R A R AR R R

CALL INIT_IB
RETURN

END SUBROUTINE EXEDIT3

Jluctunr b.3 — JIucTuHr npoueaypsl IpUMEHEHUs TpaHuYHbIX ycioBuit EXSTR3

SUBROUTINE EXSTR3 (NAMSTR,RBC,I1,J1,K1,12,J2,K2,PRES)

USE kindef

USE bnddef

USE ijknow

USE cycvar

USE wrapup

USE MDSTRING
USE INBALLPRESS

IMPLICIT NONE

INTEGER (INT4):: 11, 12, J1, J2, K1, K2
REAL (REALS) :: PRES

REAL (REALS), DIMENSION(5) :: RBC
CHARACTER (LEN=30) :: NAMSTR

IR o o o AR R R R R R R R A S S o o o AR R R R R R R R R R R A AR R e

I THIS IS A USER SUPPLIED SUBROUTINE WHICH COMPUTES A BOUNDARY

I PRESSURE FOR A CELL FACE. THE FACE OF THE CELL MUST EITHER BE

I ON A GRID BOUNDARY (1=1,1=IMAX,J=1,J=IMAX,K=1,K=KMAX) OR MUST BE

' ADJACENT TO AN UNUSED CELL. EXSTR3 IS CALLED ONCE PER CYCLE FOR
I'EACH CELL FACE ASSIGNED THE USER STRESS CONDITION THROUGH INPUT.
I EXSTR3 IS USED IF THE BOUNDARY PRESSURE CANNOT BE DEFINED USING

I ONE OF THE STANDARD FUNCTIONS PROVIDED BY Autodyn .

I'INPUT PARAMETERS
INAMSTR BOUNDARY CONDITION NAME (DEFINED BY USER DURING INPUT)
I RBC(1-5) INPUT PARAMETERS FOR BOUNDARY CONDITION

| FOR STRUCTURED
111,J1,K1 ) CELL FACE RUNS FROM (11,J1,K1) TO (12,J2,K2)
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112J2,K2 ) WHERE EITHER 11=12 OR J1=J2 OR K1=K2

' FOR UNSTRUCTURED

1'11,J1,K1,12 ) CORRESPOND TO GLOBAL ID OF NODE1, NODE2, NODE3, NODE4 OF A
CELL FACE

1J2,K2 ) ARE DUMMY ARGUMENTS

I NOTE THAT IF FACE HAS ONLY TWO OR THREE NODES (l.E. BEAMS OR
TRIANGULAR FACES),

I THE UNUSED ARGUMENTS ARE SET TO ZERO

I OUTPUT PARAMETERS
I'PRES  PRESSURE TO BE APPLIED TO CELL FACE

I THE FOLLOWING MODULES CONTAIN INFORMATION WHICH MAY BE
' USEFUL FOR COMPUTING THE BOUNDARY PRESSURE :-

I MODULE 'NKNOW!'
I MODULE 'MDSTRING'

' MNOW - CURRENT SUBGRID NUMBER
I MODULE 'CYCVAR

I'NCYCLE - CURRENT CYCLE NUMBER
I'TIME -CURRENT TIME
I'DLTH -TIME STEP FOR CURRENT CYCLE

I FOR UNSTRUCTURED, A NODE SPATIAL COORDINATES CAN BE ACCESSED AS
FOLLOWED
I X1 =NODAL_RMEMORY (INDEXNODES_R(NODE1)+IDFEXPOS)

| R R R R R R R R R R T P R R o R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R T R

| TEMPORARY ERROR MESSAGE - REPLACE WITH YOUR OWN CODE
I CALL USR_MESSAG ('$User subroutine EXSTR3 missing$')
I NSWRAP =9

REAL (REALS) :: X_SUM, X_AVG, P1, P2, PO
INTEGER (INT4) :: X_COUNT, X_NUM, I, J, CUR_I, CUR_J
INTEGER (INT4), DIMENSION(6) :: X_IDX
X_IDX(L) = 11
X_IDX(2) = J1
X_IDX(3) = K1
X_IDX(4) = 12
X_IDX(5) = J2
X_IDX(6) = K2
X_SUM = 0.0
X_COUNT =0
DO X NUM=1,6
IF (X_IDX(X_NUM).NE.0) THEN
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X_SUM = X_SUM + NODAL_RMEMORY (INDEXNODES_R(X_IDX(X_NUM))+3)
X_COUNT = X_COUNT + 1
END IF
END DO

X_AVG = 0.0

IF (X_COUNT.GT.0) THEN
X_AVG = X_SUM/X_COUNT

END IF

CUR_I = IBTPOINT+1
DO I'=1,IBTPOINT
IF (IBT(I).GT.TIME) THEN
CUR I=1
EXIT
END IF
END DO

CUR_J = IBXPOINT+1
DO J = 1,IBXPOINT
IF (IBX(J).GT.X_AVG) THEN
CUR _J=J
EXIT
END IF
END DO

IF ((CUR_L.EQ.1).AND.(CUR_J.EQ.1)) THEN
PRES = IBP(1,1)
RETURN

END IF

IF ((CUR_L.EQ.1).AND.(CUR_J.GT.IBXPOINT)) THEN
PRES = IBP(1,IBXPOINT)
RETURN

END IF

IF (CUR_I.GT.IBTPOINT).AND.(CUR_J.EQ.1)) THEN
PRES = IBP(IBTPOINT, 1)
RETURN

END IF

IF ((CUR_L.GT.IBTPOINT).AND.(CUR_J.GT.IBXPOINT)) THEN
PRES = IBP(IBTPOINT,IBXPOINT)

RETURN

END IF

IF ((CUR_L.EQ.1).0R.(CUR_I.GT.IBTPOINT)) THEN

PRES = IBP(CUR I,CUR J-1) + (IBP(CUR_I,CUR J)-IBP(CUR_I,CUR J-1))*(X_AVG-
IBX(CUR_J-1))/(IBX(CUR_J)-IBX(CUR_J-1))

RETURN

END IF
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IF ((CUR_J.EQ.1).0R.(CUR_J.GT.IBXPOINT)) THEN
P1 = IBP(CUR_I,CUR_J-1)
P2 = IBP(CUR_I,CUR_J)
PRES = P1 + (P2-P1)*(TIME-IBT(CUR_I-1))/(IBT(CUR_I)-IBT(CUR_I-1))
RETURN
END IF

P1 = IBP(CUR_I-1,CUR J-1) + (IBP(CUR_I-1,CUR _J)-IBP(CUR_I-1,CUR_J-1))*(X_AVG-
IBX(CUR_J-1))/(IBX(CUR_J)-IBX(CUR_J-1))

P2 = IBP(CUR_I,CUR J1) + (IBP(CUR_I,CUR J)-IBP(CUR_I,CUR J-1))*(X_AVG-
IBX(CUR_J-1))/(IBX(CUR_J)-IBX(CUR_J-1))

PRES = P1 + (P2-P1)*(TIME-IBT(CUR_I-1))/(IBT(CUR_I)-IBT(CUR_I-1))

RETURN

END SUBROUTINE EXSTR3

Jluctunr b.4 — JIucTuHr npoueaypsl BEITpy3Ku pe3yiabTatoB pacueta EXLOAD3

SUBROUTINE EXLOAD3 (NTYPE)

USE kindef
USE fildef

USE mdgrid3

USE mdpart

USE mdvar_all

USE mdsolv

USE mdcomponents

USE mdstring

USE INBALLPRESS
IMPLICIT NONE

INTEGER (INT4) :: NTYPE

| FFxAIAEAAAAAAAAAAAAAAAAAAAAAAAAAA A A AAAIAAAAAAAAhEArrrrrAhkhhhkhriirrihhxhhhiiiix

I'THIS IS A USER SUPPLIED SUBROUTINE WHICH ALLOWS NON-STANDARD DATA
I TO BE READ FROM UNFORMATTED AND FORMATTED SAVE FILES.

I THE ROUTINE IS CALLED EACH TIME A LOAD IS REQUESTED (THE DEFAULT
I'ROUTINE READS NO NON-STANDARD DATA).

FIT IS ALSO CALLED WHEN YOU USE THE "UPDATE" AND "CONVERT" OPTIONS
I FROM THE POST PROCESSOR

I THIS ROUTINE MUST BE USED IN CONJUNCTION WITH SUBROUTINE EXSAVE3
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' WHICH APPENDS THE NON-STANDARD DATA TO THE SAVE FILE.

'F NTYPE=1, YOU SHOULD READ UNFORMATTED DATA FROM UNIT "NUT1". A
I TYPICAL STATEMENT WOULD BE :-

I READ (NUT1) NVAR1, VAR2, VAR3, VAR4

'FNTYPE=2, YOU SHOULD READ FORMATTED DATA FROM UNIT "NUT2". A
I'TYPICAL STATEMENT WOULD BE :-

I READ (NUT2,1000) NVAR1, VAR2, VAR3, VAR4
1 1000 FORMAT (110,3ES15.8)

I'DENTICAL WRITE STATEMENTS SHOULD BE INSERTD IN SUBROUTINE EXSAVE3
I THIS COMPATIBLE SUBROUTINE EXSAVE3 MUST BE INSERTED WHEN THE DATA
I'1S SAVED. SEE SUBROUTINE EXSAVE3 FOR MORE INFORMATION.

R o o R R R R e e R R R R R R R R AR R R R R R R R R R R R R R R R AR AR R R AR R R R R R R R R R R R R R R R R R R (R

INTEGER(INT4) :: 10S, 1, J, K, JK, IX, NS, IV]_GI, NODE_COUNT
INTEGER(INT4) :: NPART, NEL, NINST, N, NN, NNN
REAL(REALS), DIMENSION(716) :: IBPAR

REAL(REALS) :: PAR_VAL, X_VAL

INTEGER (INT4), DIMENSION(4) :: NODENM, MATLOCL

CHARACTER (LEN=256) :: PAR_VALchar, 10Schar
CHARACTER (LEN=256) :: PARFNAME ='DATApar.txt'

CALL INIT_IB

I INITIALIZATION OF ARRAYS

DO IX = 1,IBXPOINT
IBPAR(IX) =-BIG

END DO

DO N =1, NUM_COMPONENTS
COMP => COMPONENTS(N)%P
I IF (COMP%NAME/="Solid') CYCLE

DO NN =1, COMP%NUM_PART
NPART = COMP%PART_LIST(NN)

IF (NPART>NUMSUB) THEN
' UNSTRUCTURED PART
NPART = NPART-NUMSUB
PART => PARTS(NPART)%P

I LOOP OVER ELEMENTS IN PART
DO NNN =1, PART%NUMELM
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NEL = PART%ELEMENT_LIST(NNN) ! OBTAIN GLOBAL INTERNAL INDEX IF
ELEMENT

| COPY ELEMENT VARIABLES INTO LOCAL VARIABLE VECTOR
NINST =0

CALL GET_ELEM_VAR(NEL,NINST)
NODENM(1) = IVL(IVI_CONZ1)
NODENM(2) = IVL(IVI_CON2)
NODENM(3) = IVL(IVI_CON3)
NODENM(4) = IVL(IVI_CONA4)
MATLOCL(L) = IVL(IVI_NBS_MATLOC1)
MATLOCL(2) = IVL(IVI_NBS_MATLOC?2)
MATLOCL(3) = IVL(IVI_NBS_MATLOC3)
MATLOCL(4) = IVL(IVI_NBS_MATLOC4)

IPAR_VAL =RVL(IVR_MISES)
IPAR_VAL =RVL(IVR_DISPABS)
PAR_VAL =RVL(IVR_DISPY)

X_VAL = 0.0
NODE_COUNT =0
DOJ=14
IF (NODENM(J).GT.0) THEN
CALL GET_NODE_VAR(NODENM(J), MATLOCL(J))
X_VAL =X_VAL +RVL(IVR_2)
NODE_COUNT = NODE_COUNT + 1
END IF
END DO
IF (NODE_COUNT.GT.0) THEN
X_VAL =X_VAL/NODE_COUNT
END IF

DO IX = 1,IBXPOINT

IF( IBX(IX) > X_VAL) THEN
EXIT

END IF

END DO

IF(IX.GT.IBXPOINT) THEN
IX = IBXPOINT

END IF

IF(PAR_VAL > IBPAR(IX)) THEN
IBPAR(IX) = PAR_VAL

END IF

END DO ! END LOOP ON ELEMENTS
ELSE

I STRUCTURED (lJK) PART

NSUB = NPART

CALL GETSUB3

I LOOP OVER ELEMENTS IN PART
IDO I =1, IMAX
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| DO J =1, IMAX
| DOK =1, KMAX
I 1K = WKSET3(1,J,K)
I IF (ASSOCIATED(VARO1)) THEN
I VAROL(1JK) = DEN(IJK)*SSPD(IJK)
| ENDIF
| END DO

I END DO

IEND DO

END IF
END DO ! END LOOP ON PARTS

END DO ! END LOOP ON COMPONENTS

OPEN(2, FILE = PARFNAME, ACCESS = 'APPEND', STATUS = 'UNKNOWN' form =
'FORMATTED', IOSTAT = 10S)
IF(I0S.NE.O) THEN ! STOP IF ERROR
WRITE(IO0Schar, '(15)") 10S
CALL USR_MESSAG('$Subroutine INIT_DB can not open file $' // TRIM(PARFNAME) //'.
Error status 10S =" // TRIM(1OSchar) //'.")
ELSE
WRITE(2, FMT = '(1x, <IBXPOINT> G18.10E3), IOSTAT = 10S) (IBPAR(IX), IX =
1,IBXPOINT)
END IF

CLOSE(2)

RETURN

END SUBROUTINE EXLOAD3
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AKT O BHEJIPEHMH
pe3yJIbTaTOB JMCCEPTALMOHHON PabOThI Ha COMCKAHUE YYCHOM CTeNeHH
nokTopa TexHudeckux Hayk CydusHosa Baauma ["apaiixaHoBuya

Komuccus B cocrase:
[Tpencenarens:

3am. HavasnpHuka HUO-4 beno6opoaos Muxaun Hukonaesud,
4JIeHbl KOMUCCHUM:

HavyaJIbHUK OTAENA 110

H3MEPEeHHsIM Ha UCTIbITaHHSX CrpyHeBu4 Apkaauit Bukroposud,

HavanbHuK rpynnsr HUP [ankux KOpuii BukropoBuy

COCTABMIIM HACTOSIIIHMH aKT O TOM, YTO Pe3yJbTaThl AMCCEPTALMOHHOW paboThl
Cyo¢usinosa B.I". ©CIOJIb30BaHbl B paMKaX BBINOJIHEHHS COCTABHON 4aCTH OIBITHO-
KOHCTPYKTOPCKOM paGoTsl 1m0 Teme «PaspaboTka MporpaMMHOro obecredeHus
BUPTYQJbHOW HMMHTALMOHHON MOJENH apTHUIEPUHCKOro BBICTpENa Ha OCHOBE
KOMITBIOTEPHBIX TEXHOJIOTHH MaTeMaTHYECKOrO MOJIEJIMPOBAHUSI BHY TPUKAMEPHBIX
MpOLECCOB W JBWKGHHWs CHapsja Ha BHEMIHEOANIMCTHYECKOH TPaeKTOPHUH,
BKJIFOUAsi OCOOEHHOCTH B3aMMOJENCTBHs Ooernpurnaca ¢ OOBEKTOM IOPAKEHUS»
(wudp «Mopenbep-1») B BHAE NPOrpaMMHO-BBIYMCIUTEIBHOIO KOMILIEKCA
«BUpTYyanbHBIH MCTIBITATENBHBIN CTEHA apTuiuiepuiickoro Bbictpena» ([IBK
BUCAB), B cocTaB KOTOPOT0 BXOJAT CJIEAYIOIIHE KOMIIOHEHTbI:
— NPOrpamMMHBIN KOMIUIEKC MOJEIHPOBAHUS BHY TPEHHEN OallIMCTHKH;
— MPOrpaMMHBII KOMIUIEKC MOZICJIMPOBAaHMs BHELIHEH Oa//IMCTHKH;
— MPOrpaMMHBIH KOMIUIEKC KOH(HMIypaluu W BH3yalM3alMW MOJUTOHHBIX
UCIIBITAHUH.
[IBK BUCAB ofecrieyuBaeT BBINOJIHEHHE  CIIEIYIOIIMX  OCHOBHBIX
(GyHKUHM:
— BU3yalM3alMsi pe3yJbTaTOB MOJEJIMPOBAHMA IIPOLECCOB  BHYTPEHHEH
OaJNINCTHKH;
— BM3yalu3alMsi  Pe3yJbTaTOB  MOJEJMPOBAHMS  MPOLECCOB  BHEIIHEH
OaJUTMCTHKH,
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pelieHHe OOpaTHOM 3ajayd BHELIHEH OalIUCTHKK ¢ ydeTom penbeda
MECTHOCTH;

— pacyeT 06JaCTH MajeHMsi CHapsia MpH 3aJaHHBIX MOTPEHIHOCTAX C YUETOM
penbeda MECTHOCTH;

— npoektupoBanue 3D mozeneil 00beKTOB MOJEIUPOBaHHs (ApTHILIEPUIACKIX
YCTAQHOBOK, apTHJUIEPUHCKHUX BBICTPEJIOB, M3MEPUTENIbHO-PErHCTPUPYIOLIEH
anmnaparypsl) 1 00beKTOB MOJMIOHHON HHAPACTPYKTYpbl;

— npoekTupoBaHue 1M(ppoBoi 3D MoJeNM KapThl IOJMIOHA Ha OCHOBE
JIAHHBIX CKAHUPOBAHHsI IOBEPXHOCTH 3eMJIM, MIOCTPOEHHUE 30H OE30MacCHOCTH
¥ pacCTaHOBKa OOBEKTOB MOJUIOHHON HHPPACTPYKTYPBI;

— pacroyoxeHue 00BEKTOB MOJIETIUPOBAHMSI 14 M3MEPHUTENIbHO-
PEruCTpUPYIOILEH arnmnapaTyphbl Ha KapTe MECTHOCTH;

— HUMIIOPT pe3yJIbTATOB MOJENMPOBAaHUS M HATypHBIX JKCIIEPUMEHTOB H3
BHEIIHUX UCTOYHUKOB,;

— BU3yalM3alfs pe3yJbTaTOB MOJEIMPOBAaHMS W HATYpPHBIX IKCIIEPUMEHTOB
Ha 3D uudpoBoit KapTe M0JUIoHa;

— MpOBe/IeHHe CPAaBHUTENIBHOTO aHAIN3a HATYPHbBIX UCIIBITAHU 1 pe3yJbTaToB
MozenupoBanus Ha 3D 1udpoBoii kapTe MOJIUIroHa;

~ MOJIeNMpOBaHHe paboOThl ONTHYECKOH HM3MEPUTE/IbHO-PErHCTPUPYIOLIEH
anmnapatypsl Ha 3D uudpoBoii kapTe NoJMroHa.

Hcnonb3oBaHue pe3ybTaToB auccepTalioHHoi padotel Cydusnosa B.I'.
MO3BOJIMJIO MOBBICHTh MH(GOPMATUBHOCTL U IPOM3BOJAUTENLHOCTh TMOJUIOHHBIX
UCIIBITAHUHM, YTO BBIPA3UIIOCH B CIIEIYIOUIUX MTOKa3aTesX:

- YMEHBIIMIOCH KOJIMYECTBO MPeiIBapUTEIbHBIX BBICTPENIOB: 1 MpOBEPO4HbIH
BMECTO 2-3 MPUCTPEIOYHBIX;

- CHM3MJIOCH OoJiee yeM B 2 pa3a BpeMsl [IOMCKa MECT NaJIeHUs CHaps/I0B;

- o011iee BpeMs MOJATOTOBKH KCIIEPUMEHTA CHU3MIIOCH € 8 4acoB /10 5 4acoB
Ha OJIVH OIIBIT;

- IOSIBWJIACh  BO3MOXKHOCTH ~ PAllMOHAJIbHOH  pacCTaHOBKH  CPEJCTB
HaOJIOJEHUs] W PErHCTpallMy, 4YTO TIOBBICHJIO Ka4yeCTBO OSKCIEpUMEHTa M
CYLIECTBEHHO  CHHU3MJO  YHMCJIO  HE3aperdCTPUpPOBAHHBIX — WJIM  HaCTUYHO
3aperuCTPUPOBAHHBIX TPAEKTOPHIA PU MPOBEIEHUH CTPEILO.

Ipenceatens KOMUCCHH ?‘7 -
3aMm. HadanbHuka HAO-4 ZCcHF )/ — M.H. Beno6opo108

YJICHBI KOMHUCCHUH!

Ha4YaJIbHUK OT/ICJIa (

U3MEpPEHU Ha UCTIIBITAHUAX 7 A.B. CtpyHeBuu

N V
HavyaiabHUK rpynnsl HAP A gonp 10.B. Ianxux
C
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Akt o BHenpeHun B PI'bOY BO «MxI['TY um. M.T. KanamnukoBay

«YTBEPXIAIO»
POpeKTop 1o yueGHo# pabore
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AKT 0 BHE/IpeHHH (HCIIO/Ib30BAHHH) PE3yJIHTATOB JIACCEPTAllHOHHON paboThI
Ha COMCKaHHe y4eHOl CTeNeHH 10KTOpa TEXHHYECKHX HayK
Cygpuanoea Baouma I'apaiixanosuya
Kommucceus B cocrase:
npeacenarens — Kerosa Kaponumna BsdecnaBosha, m.¢.-M.H., npodeccop. kadeapst
«Maremarnyeckoe obecriedeHne HHOPMAIHOHHBIX CHCTEMY,;
YJIEHBI KOMHCCHH:
Kopones Cranncnas AmnaronbeBud, K.}.-M.H., JOLEHT kapenper «Marematuueckoe
obecneyeHne HHPOPMAMOHHBIX CHCTEM»
CaitpanoB Auznpeit CepreeBud, K.T.H., JOLEHT kapenpsr «MaremaTthyeckoe obecreueHue
HH(POPMALOHHBIX CHCTEM
COCTaBHJIa HACTOAILIMH aKT O TOM, YTO pe3yJNbTaThl JHCCEPTALMOHHON paGOTHl JOLEHTA
kaepsl «MatemaTnyeckoe obecneyenne HHPOPMALHOHHBIX CHCTEM Cy¢usnosa B.I'"., a uMeHHO
1. Busyanbuble TEXHOJNOTHH NPEACTABIEHHS pE3YJBTATOB MOZEIMPOBaHUs BHYTPEHHEH
GaTHCTHKH.
2. MeTozmKa M alrOPHTMBI HMHTALMOHHOTO MOJIETHPOBAHHS TPAaeKTOPHU CHapsja M pasiiera
OCKOJIKOB.
3. Tlporpamma KOH(MHIYpalHH ¥ BH3yaTH3aIlHH HOJTHIOHHBIX HCIIBITAHM.
HCnonp3yloTest B y4eOHOM mnpouecce ®I'BOY BO «MxeBekuii rocymapcTBeHHSI YHHBEPCHTET
umerd M.T. Kanamnukosay» npu o6y4eHHH CTYIEHTOB ClIELHATBHOCTH «IIpuknannas MmaremaTukay,
akanaBpoB W MarucTpaHTOB Hanpasnenuii «[Ipuknammas mMaTemaTHka» H «CHCTEMHBII aHATH3 H
YOPABJICHHE» NIPH BBITOIHECHHH 1a00PAaTOPHBIX H KYPCOBBIX paboT Mo Kypcam:
- «MareMaTHYeCKHE METOIBI H MOJIE/IH HCCIIEIOBAHUS OTEPALIHIY;
- «Teopus BepoATHOCTEH H MaTeMaTHYecKasi CTATHCTHKAY,;
- «CucTeMHbIif aHanmu3. MaTemMaTHYeckoe MoJIeTHPOBaHHEY,
a TAKKE IPH BBINOIHEHHH JHIVIOMHBIX H BBITYCKHBIX KBATH()HKAMOHHBIX paGoT.
Hcnonp3oBanne ykasaHHBIX pe3y/IbTaTOB MO3BOJSET:
- NIOJyIHTh TEOPETHYCCKHE 3HAHUSA H NPHMEHHTH NPAKTHYECKHE HABBIKH MOJIETHPOBAHHS CIOKHBIX
OBICTPONPOTEKAIONIHX MPOLECCOB, CHCTEMHOTO aHAIM3a B3AHMOCBA3aHHbIX NPOLIECCOB, pa3paboTKH
COBPEMEHHBIX IPOrPaMMHEIE CPEJICTB;
- HaydHTb CTYJICHTOB II0JIb30BAaTHCA COBPEMEHHBIMH MAaTEMAaTHYECKHMH METOJAMH MOJIETHPOBAHHS
H TEXHOJIOTHAMH BH3Ya/IH3alHH PU3HIECKHX NPOLIECCOB B TEXHHYECKHX CHCTEMAX;
- TIOBBICHTh HAIVIAHOCTh H HHOPMATHBHOCTD NIPE/ICTABIEHUS PE3yNbTAaTOB MO/IETHPOBAHHUSI.

IIpencenarens KOMHCCHH p /Z/ =

npodeccop. kap. MOUC, n.¢.-M.H. 4 / ' K.B. Kerosa
YneHB! KOMHCCHH: e

nouent kap. MOUC, k.¢.-M.H. @-—[ C.A. Koposnes

JoueHt kap. MOUC, k.T.H. A.C. Caitpanos




