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M. C. CMMPHOB— MarucTpaHT kadeapbl KOMMbIOTEPHON MAaTEMATUKM W NPOrPaMMUPOBaHMS
CUCTEMA OBECINEYEHUA XUBYYECTU NMNABCPEOCTBA

[Mpn MCNONb30BaHWM Xenesa 1 CTanu B Ka4eCTBe CyOdOCTPOUTENbHbIX MaTepuanos, NOBPEXOEHUS Cya-
Ha CTanu NPUBOAMUTb K YXYALLEHWO UK NOMHON NOTEPE MOPEXOAHbLIX W JKCMMyaTaLMOHHbIX Ka4YecTB kopab-
nen. MoatoMy BeCbMa BaxHO CBECTU A0 MUHUMYMa UX BPEAHbIE NOCMEeACTBUS.

Hanbonee BaxHbIM KOHTPONMMPYEMbIM MapaMeTpoOM CyAHa, obecneynBaroLLMM ero nnaByvecTb, SBNs-
€TCs napameTp HaaBOAHOW HenoTtonnsiemocTh. HagsogHon HenotonnsemocTbio(HH)HasbiBaeTcs cnocob-
HOCTb NNaBCPEACTBA OCTaBATLCA Ha NNaBy, He OMPOKMABIBASICb HA OOPT UMK OKOHEYHOCTb, NPU 3aTOMNEHWM
4acTu OTCEKOB M UMCTepH rnasHoro 6annacra (LIB).

OCHOBHbIMY 3aa4amm TEOPUN HAABOAHOM HEMOTONMSAEMOCTI ABASKOTCS:

—  YCTaHOBMEHWE KOMNYECTBEHHbIX XapakTepucTuk HH;

—  paspaboTka MeTOLOB ONpeferieHnst 3TUX XapakTepucTuk B kopabenbHbIX YCNOBUSX ANns onepa-
TUBHOW OLIEHKM TSHXKECTM COCTOSIHMS MOBPEXAEHHOrO NNaBCpPeACTBa.

B obuiem cryyae cocTosHWe nnaBcpeacTBa Nocre aBapun MOXeT BbiTb OXapakTepusoBaHO Konuye-
CTBEHHO:

—  MapameTpamu nocagku — MONOXEHWEM MNaBCPeACcTBa OTHOCUTENbHO MOBEPXHOCTW CMOKOMHOM
BOAbI(0Cagkon Ha Muaenb-wnaxroyte — T, yrnom andchepeHTta — Y 1 YoM kpeHa — O);

—  NapameTpami HaABOAHOM HEMOTOMNSEMOCTU — CMOCOBHOCTLIO MNABCPEACTBA COMPOTUBMATLCA
AONONHUTENbHBIM BO3AENCTBUSIM.

K napameTpam HagBOAHO HENOTONISEMOCTM MPU NOKANM30BaHHON aBapuu OTHOCATCS:

— 3anac nnasyyectv — W,

—  3anac nneya npofonbHoi 0CToN4MBOCTY — 1"

— MonepeyYHas MeTaleHTpuyeckas Bbicota — h.

HapgsoaHas HEMoTONASEMOCTb NPU HEMNOKaNW30BaHHOW aBapuu, KpOMe TOro MOXET BbITb OxapakTepu-
30BaHa a)pekTMBHLIM 3anacom nnaByvecTt — Wagdg, .

Mpn BO3HMKHOBEHWUW MPOBOMHLI HAa NNABCPEACTBE YaCTb MOMELLUEHMIA 3aTannmBaeTcs Bogoi. Mocne
9TOro NMaBCPeACTBO NPUAET B HOBOE COCTOSHUE PABHOBECUS, KOTOPOE MOXHO OnucaTb YpaBHEHUEM PaBHO-
Becus

P=pgV;
X; — X, :[zg—zc]-tg(‘{’); , (1)
Y. — yg = [Zg - ZC]'tg (®)’
rae Xg, Yo, Zg— KOOPAMHATbI LEHTPA TSKECTH, Xc, Y, Zc — KOOPANHATHI LEHTPa BENMNYMHBI.
B 3TuX ypaBHEHUSIX XapaKTEPUCTUKN MOrPYXeHHOro 0bbema V, Xe, Ve, Zc SBNSIOTCS CNOXHBIMU (hyHKL-
SIMW OT NapaMETPOB NOCAAKY.
XapaKTepucTuKk1 Harpysku P, Xg, Yg, Zg B 00LLEM Cryyae Takke SBNSTCS (YHKUMAMM:
—  obbema 1 KoOpAMHaT 3aTONNEHHBIX NOMELLEHWIA;
—  NapameTpoB nocajkut (B HEKOTOPbIX CRyyasix OT 3TOro 3aBKUCUT 00bEM BOAbI B aBapUitHOM NoMe-
LLEHUM M KOOPAMHAT €€ LiEHTPpa TSHKECTH).
Takum 06pa3om, ypaBHeHue (1) creayeT 3annceiBaTh B CrieayloLleM Buae:
P(T,¥,0) =W (T,¥,0);
X, (T,'¥,0) - X, (T, ¥,0) = [, (T, ¥,0) - 2. (T, ¥,0) |- tg(¥) (2)
Yo (T,¥,0) -y, (T,¥,0) =z, (T, ¥,0) - 2,(T, ¥,0) - tg(®)
OJHOBPEMEHHOE peLLEHne 3TON CUCTEMbI YPABHEHWI N5t HAXOXKAEHNS TPEX HEU3BECTHbIX (Yalle BCe-

ro T, ¥, ©) Ha3bIBAETCA PELLEHNEM MPOCTPAHCTBEHHOM 3aaayun HH. OgHako, Npouece peLleHns AaHHOM 3a-
[auy AOBOJBHO Takm CriokeH. [03ToMy BBOAATCA HECKOMBKO AOMNYLLEHMIA:



— MPennonoxum, YTo npu U3MeHeHU KpeHa apyrue napametpsl nocagku (T, W), a Takke norpy-
XEHHbIN 06beM V 1 NONOXEHWE MO ASIMHE ero reOMETPUYECKOTO LEHTPa (LEHTPa BENUYMHBI) Xc HE U3MEHSIOT-
cs, T.e. JeiCTBME KPEHSLLero 1 AndepeHTyoLero MOMEHTOB HE3aBUCUMBI;

— CWNa TSKeCTU 1 KOOpPAWHATBI LEeHTpa Mace NaBcpefcTBa He 3aBUCAT OT NapaMeTpoB nocagku T,
Y, 6,

— NPOLOMbHAs OCTONYMBOCTb ONPeLEeNnseTCs TOMbKO OCTOMYMBOCTHI0 (DOPMbI;

— aBapuiHble yrnbl kpeHa Manbl (MeHee 20 — 259). 3T0 NO3BONSET UCMOMNbL30BaTh AN OLEHKM Mo-
nepeyHon OCTOMYMBOCTI METOAbI HaYaNbHON OCTONYUBOCTMW.

Bcnenctane nepeyncrieHHbx Bbllle JOMYLWEHUA NPOCTPAHCTBEHHYO 3afady HH MOXHO pelmTb no-
CnepoBaTesbHbIM peLleHneM AByX NOCKUX 3agad :
—  MPOAONbHON

P =W (T,¥,0 =0°; ]

X,(T,¥,0=0°)—x; =0 (3)

—  nonepeyHoit
Y g c0s(®)=hsin(®). (4)
Cuctema ypaBHEHWUI NPOAONBHON NNOCKOM 3adaun (3) MOXET ObiTb pelleHa ¢ NOMOLLbI0 rpaduka B

Buae 3asucumocTi V u VE: kak doyHkumm T v \P. Takas anarpamma HasbiBaetca «[uarpammoit HaaBoaHoM
HenoTonnseMocTu» (puc. 1).

[lwarpamma HaaBOAHOM HENOTONAREMOCTH

Pwc. 1. lnarpamma HagBogHON HENOTONNISEMOCTH

Ha [JHH HaHocsTcs Touku, cooTBeTcTBYtOWMe Kpencepckomy (Kp) n aBapuitHomy (A) COCTOSIHMIO nnaB-
cpeactsa (puc. 2). Kaxaom Touku cOOTBETCTBYET YeTbipe uncna: V, Vx., T, . CTouT ocosHasaTtb, 4To Ans
3agaHus NoboN TOYKM JOCTATOMHO BCETO ABYX YUCEN.Viar — CyMMapHbIn 06beM BOAbI, MOCTYNMBLUEN BHYTPb

HenpoHyLaemoro kopnyca, (VX )., — CyMMapHblit MOMEHT BOfbI B 3ATONMEHHbIX MOMELLEHHSX.



Puc. 2. OTMETKM KperncepcKoro 1 aBapuinHOro COCTOSIHUS NNaBCpeaCTBa

3anac nnaByyecTu MOXHO HarTh no [IHH kak pacctosHue (B maclutabe ocu V) no BepTuKanu OT TOYKM
A no BepwuHbl [IHH.
3anac npoaobHON OCTONYMBOCTY MOXKHO HaTK HenocpeacTBeHHo no HH
A(VX
I;an — (V C)A COS l//A (6)
Kp
Takum 06pa3oM peLLeHne NPOAONbHOM MIOCKOM 3aAaun 3aknioyaeTcs B HaHeceHun Ha [JHH Touku, xa-

PaKTEPU3YIOLLEN aBapuUiiHOE COCTOSHWE NNaBCPEACTBa WM HaxoxaeHwun cooTBeTCTBYIOWMX Va, Wa, Ta, Wha,
|Tsan_
[MonepeyHyto NIOCKYH0 3aaady MOXHO PeLLnTb C UCMOMb30BaHUEM YpaBHEHNS
y, cos(®)=hsin(®), (7)
me h=z,\V,.w,)- Z,; Zm — @nnnukata nonepeyHoro MeTaLeHTpa NoBpeXAEHHOTro NNaBCpe/CTBa, KOTo-

pasi onpeaensieTcs ¢ NOMOLLbHK CrelnanbHO NOCTPOEHHON NPOeKTaHTaMK Auarpammbl OTCTOSIHUS OT OCHOB-
HOM NNOCKOCT NO NEPEYHOr0 MeTaLeHTpa NOABOAHOM NOAKW B 3aBUCHMOCTM OT BOAOM3MELLEHUS U yrna
ouddepeHta «Kpueble nonepeyHoro MetaueHTpa» (puc. 3). [Ons ygobcTBa  MCMOMb3oBaHUst  KpW-
Bble Zm (V, y=const) 06bI4HO CTPOSATCA OTAENBHO A5 NONOXUTENbHbIX (HA HOC) M OTPULATENbHBIX (Ha KOpMY)
yrnoB andpepeHTa, Zg — annnukata LeHTpa TSHKECTW NOBPEXAEHHON NOABOAHOM Noaku'. [2]

Puc. 3. Kpusble nonepeyHoro MetaleHTpa

1 Pasymeenko F0.B., KysHeuos B.fO., EiiboxeHko A.B., Kyxapes A.M.Teopus kopobns, 2005. 320 c.



KpuBble nonepeyHoro MeTaueHTpa NpeacTaBnsatoT coboit 3aBMCUMOCTb annnnkaTbl NONEPEYHOro MeTa-
LieHTpa OT BOAOW3MELLEHMS NPU Pa3nnyHbIX (PUKCUPOBAHHBIX yriax auddepeHTa.

Ha ocHoBe aaHHoW moaenu pacyeta HH, 6bin paspabotaH Moaynb K CUcTeMe MHAOPMALMOHHOM NoA-
Aepxku B6opbObl 32 XMBYYECTb NNaBCpeacTBa, obnagaoLmin yoobHbIM MHTEPKENCOM 1 HEOOXOANMON (yHK-
LMOHaNbHOCTLIO, ANst pacyeTa napametpos HH (puc. 4).
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Pwuc. 4. Mopynb pacyeta HH

OnwucarHas Bblle moaenb pacyeta HH, no3BonsieT ycTaHOBUTb KOMUYECTBEHHbIE XapakTepucTukun HH
W onpedennTb COCTOSIHME aBapUMHOMO NnaBcpedcTBa. HamucaHHbIM N0 AaHHOM MOAenu MoAaynb SBNSETCS
MOLLHbIM MHCTPYMEHTOM, MOMOraloLLM KOMaHAMPCKOMY COCTaBYy NNaBCPEACTBA B NPOTUBOAENCTBUM aBapuii-
Hoit cutyaumn. OH No3BONSET 3a4aTh MapameTpbl aBapuu U paccuMTaTh 3anac nnaByyvecTy, NonepeyHyo me-
TaLEHTPUYECKYI0 BbICOTY W 3anac nneya npoaosnbHOM OCTOMYMBOCTU. PaccumTaHHble XapakTepucTukn npeso-
CTaBNATCA B Yy40BHOM A1 BOCMPUATUS BUAE.



