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PHUSHYECKOE MOAE/THPOBAHHE KAK COCTABHAA
YACTb TEOMEXAHHYECKOI' O MOHHTOPHHT A
B C/102KHbBIX TOPHO-TEO/IOTHYECKHX YC/IOBHSAX

TpesacraBrerbl AaHHbBIE O COBPEMEHHOM COCTOSIHHH TeOMEeXaHHYeCKOro MOHHTOPHHIA
TIpH [T0A3eMHOF paspabotke MITH 1 060cHOBBIBaeTCS 11e/1ecoo6pa3HOCTh BR/IIOYCHHS B
CHCTeMY MOHHMTOPHHIA (PH3HUYECKOIO MOAES/TMPOBAHHSA /18 MTOBBIUICHHS ee HaleKHOCTH
B C/IOXKHBIX FTOPHO-TEO/IOTHYECKHX YC/IOBHSIX.

KmroueBpre croBa:

reoMexaHH4eCKHH MOHHTOPDHHT, d)I/I31/I'—IeCKO€ Moze/TMpoBaHHe,

C/I0KHble T'OPHO-Teo/1I0ri4eCKHe YC/10BHHA.

B HacTosilliee BpeMs IIpU TOa-
3eMHOM paspabotke MIIM B
C/OXKHBIX TOPHO-TEO/IOTHUECKUX  YC/TO-
BUAX IIpOBe/IeHHEe DerfaMeHTHBIX [IPo-
PUTAKTUUECKHX ~ MEpPONPUATHI, YCTa-
HaB/IMBaeMbIX AedicTByionMU B Poccum
VHCTPYKLIMAMH, YacTO TPUBOAWT K He-
OMNpaBAaHHBIM SKOHOMMUYECKUM  3aTpa-
TaM, He TapaHTHPYs TOBbIEHUsT Ge30-
MacHOCTU ropHeIX pabot [1]. B yactHO-
CTH, MO MHEHWIO aBTOPOB, MPU OLIEHKe
YIapOOTacCHOCTU  Ha/le:kKHOCTh  Ofpe/e-
MIeHUsT OTIACHBIX AMHAMUYECKHX SIB/ICHUI
cocrarnsger He Gonee 50%. Cxoatble
BLIBO/IBI C/eMaHbl B paboTte [2] Ha npu-
Mepe maxT BopKyTckoro Mectopoxae-
Hus. Ha maxTtax peryiasipHo IpoBoasTCS
NOKa/bHBIe, U, OCOBEHHO, PerrOHallb-
HBIe MepOIIPUATHS T10 TIPeAOTBPAIICHHIO
[AVHAMUYECKHX SIB/ICHUN. BbIrnoHeHHbIN
aHa/IM3 BO3HWKHOBEHUS IMHAMHUYECKUX
SIB/IGHWI TI0Kasasl, uTo Ha BoOpKyTCKOM
Mmectopoxaenn 20-30 % BHeszarHbIX
BBIOPOCOB MPOUCKOASAT T1OC/Ie BBIMTO/THE-
Husi MepornpusaTyi; ot 60 a0 45 % —
Py BBINO/THEHUH MEPONPUATHI, OCO-
GeHHO TMpH TMPOBENeHUM COTpsiCaTe/lb
Horo B3pbiBanusg U 20-15 % npowricxo-
[OWMA BriepBhle 6e3 MpoBeaeHys 3allluT-
HBIX Mep. KormmuecTBo TopHBIX yaapos,

BO3HMKIIMX T[IOC/Ie TPOBENCHUS Mepo-
npusTiil coctaBuao 50 %, mpy BbInon-
Henun Mepornpusatiii 40 % u  okorno
10 % mpousowzIo Ha YdyacTKax, paHee
OTHECEHHBIX K OIIACHBIM [10 TOPHBIM
yaapam.

Takoe pacripeneneHuve ycrioBUii BO3-
HUKHOBEHUsI AWHAMHUECKUX  SIB/ICHUM
CBUZCTENBCTBYET O Hea(p(PeKTUBHOCTU
[PYIMEHSIeMBIX Mep, HeCOOTBETCTBUM HX
[Tl@aHHBIM TOPHO-TEO/IOTMYECKUM W TOp-
HOTEXHUUYECKHM YC/IOBUAM, O HeaOCTa-
TOUHOM OBGOCHOBAHHOCTH 3alIMTHBIX Me-
POIPHATUIM U CTIOCODOB MMPOTrHO3a.

OcHoBHasi TpyaHOCTh obecrieueHus
6e30MMacHOCTH TOPHBIX PaboT CBs3aHa
CO C/IOXHOCTBIO CBOEBPE@MEHHOro OOHa-
PY2KeHHsl U3MeHeHUI FOPHO-Teo/1oruuec-
KUX YC/IOBHMM M TeOMeXaHH4YeCKOM Cu-
TYallkd U TIPUHATHSA COOTBETCTBYIOIIMX
Mep, YTO OCOOEHHO aKTya/sbHO Mpu Obl-
CTPOM TIOABUTaHWM /1aB. BRICOKMe cKo-
POCTH TIOIBUrAHUsI BbI3bIBAIOT WHTEH-
CHBHOE YBe/IMYeHWe OIOPHOro /aB/ie-
HuUs Briepeau 3abos. Ocoboe BHUMaHe
TpebyeTcs yaensTb U 30HaM reosioruye-
CKUX HapVlleHWH, Irae TOpHoe AaB/le-
HUe CIOCOBGHO GBICTPO YBE/TMUMBATHCS,
co3naBasi  OMACHOCTb  BO3HUKHOBEHHS
[VHAMWYECKHX SIB/ICHUM, a TaKkKe sB/le-



HUIO TlepepacIipesie/leHUsi HaIlpsizKeHHH
B NoapaboTaHHOM MacCHBe U Haapabo-
TAHHOM TO/IIe, BO3HUKAIOIIee IPU Tex-
HOT@HHOM BO3AEHMCTBHH, KOTOpOe CO-
MPOBOXKAAETCsA KonebaTe/bHbIM MIpoLiec-
COM U MMeeT BO/IHOBOM XapaKTep, Kak U
ecTecTBeHHble TepepacripesieieHuss Ha-
Mpsi?KeHHi, BOZHHKAIOIIVE TIPY 3eM/IeTpsi-
CeHMSIX Pas3/IMYHOM MHTEHCHBHOCTH [2].

MupoBoit OMBIT IMOKa3asl1, 4YTO Hau-
6oree TepCrekTHUBHLIN IyTh obecrieye-
HUsi 6e30MacHOCTU TOPHOTO ITPOU3BO/I-
CTBa — 3TO CO3/[aHWE COBPEMEHHBIX
OMNEepaTHBHBIX CHCTEM MOHUTOPHHIOBO-
ro KOHTPO/Isl HaZ COCTOSHMEM MacCHBa
M TMPOTHO3a BO3HMKHOBEHUS OIAaCHbIX
[AVHaMUHYECKHX sIB/ICHHUI].

MOHUTOPUHT AOMKeH ObITh OCHOBAaH
Ha KOMIIBIOTEPHEIX CHCTeMax OIlepaTyB-
HOM OOpabOoTKU MAaHHbIX C  JAaTYUKOB
reor3NUecKux Mo7Iel, HarpsiKeHui U
nedopMalivit 1 obecrieynBaTh AMCTaH-
LIMOHHOE M3MepeHWe U KOHTPO/b B pe-
anbHOM BpeMeHH, M BblIauy OrepaTtopy
HerpepbIBHONM HHGOpMalu o6 K3Me-
HEHHSX B COCTOSSHMM MacCCHBa, IOKa/lv-
3aLMKU 30H [TOBBIILIEHHOIO FOPHOrO JaB-
nenvsi. CuUCTeMbl AO/MKHBI BK/IOYATH B
cebs KOMIBIOTEpHBIe MOoZAey Uccienye-
MOrO YdyaCTKa /1 WHTE/I/IeKTYa/IbHOrO
aHa/IM3a BO3MOMXKHOCTH BO3HHMKHOBEHUS
HeIITAaTHbIX CHUTYALMM M BbIZAuu PEKO-
MEeHALMI T10 YIPAB/SIOIMM PElleHAM.

OmHako  MpuUMeHsieMble  MeTObl
OLIGHKY  HalpsXeHHO-1epOpMHUPOBaH-
Horo cocrosuusa (H/C) uMeroT HU3KYIO
HagexkHOCTb. Harpymep, HagexkHOCTb
ouenkn H/IC maccuBa GypenvieM mpo-
THO3HBIX CKBAXKUH [0 YI/IIO Ha OO/BIIMX
raybuHax gaxe MpU MPOTrHO3e TOPHBIX
ynapoB He mpebimaer 60-70 %. Ha-
nexHocts oueHkd H/IC mo Beixoay
IThi0a MOBHIMIAECTCS MPU OAHOBPEMEeH-
HbIX 3aMepax TeMIlepaTypbl I7lacTa M
WCIOMb30BaHMM  HAO/MOAGHUN 110 pe-
MepHbIM  CTaHLMAM. Heckonbko Bille
HazexHocTh otleHkr H/IC maccuBa mo
75-80 % Mo3BOASIOT MOMYUUTh CeMCMU-
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yeCcKre MeTo/bl, HarlpyuMmep, CercMude-
CKOT'O [POCBEUHBAHYS.

MareMaTrueckre MeToabl, B TOM UKC-
f1e ¥ MeTO/Ibl KOMITHIOTEPHOTO MOAC/TUPO-
BaHMS TaKMkKe CTa/IKMBAIOTCS C Cepbe3HbI-
MH TIPEraTCTBUAMY, TIPpHW HA/IMYKK KOM-
IV71eKca (PakTOPOB, CYLIECTBEHHO YCIOXK-
HSIIOLIMX TOPHO-T@O/IOMH-YeCKHE YC/IOBUSI.
Kpome ToOro, maremMarrueckue MeTobl
VICC/IeZIOBAHUM YacTO He TMO3BO/AIOT pac-
MO3HaTh I7IYOMHHBIM MEXaHW3M reoMmexa-
HUYEeCKUX ITPOLIeCCOB, CBA3aHHDBINM C HaKa-
[/IMBaHWEM U Bble/leHreM YIIPYro aHep-
MM MaccvBa, ee IIpeobpasoBaHHeM B
[pPYrve BUAbl SHEPIHit: TervIOBYIO, SHEep-
TMIO CeMICMMUYECKHX KoriebaHUil, B KHUHe-
THUUYECKYIO 3HEPruio paspyileHHbIX 6710~
KOB, C PabOTOM I/acTHUecKoro aedop-
MUPOBaHUA W Pas3pyllieHHs TOPHBIX I10-
poa. HenocratouHo wccnenoBaHHbBIM SIB-
n5eTcs BUSHME KUAKOUM (pasbl, a TaKke
rasoo0pas3dor ¢assl B BUe COPOUPO-
BaHHOTO ¥ CBOGOAHOIO raza. TakuM 0O-
Pa3oM, 3a7a4a He pelaeTcs B ObIei Io-
CTAHOBKE W TIO3TOMY PasbUBaeTCs Ha Psid
YaCTHBIX 3a7ay TOCPEACTBOM OTCeUeHMUs
MUIIHUX YC/IOBUIM Y BBEACHUS PA3TMUHBIX
YIMPOMLIAIOLIMX AOTYIeH#H [3].

PaccMoOTpyM  HeEKOTOpble XapaKTep-
Hble TIpUMepbl pelleHHs TreMexaHude-
CKHX 3a/1ad C TOMOIIBIO METOIOB KOM-
MbIOTEPHOIrO MOIC/MTUPOBAHHUS.

C nowmonsio Metona MK3D ompene-
ASII0TCA  TlapaMeTpbhl U TPAHMULIBI  30HBI
OBpYIIEHUsT KPOBMM TIPH OUHCTHBIX pPa-
6oTax (BbICOTa 30HBI OOpPYIIEHMS, IIpe-
[eNbHBIA TIPoMeT W wWar OOpyIleHHs)
IpH TeHepasibHOM M BTOPUYHBIX OOpY-
meHusx. ABTOPBI OLIEHUBAIOT IOTpell-
HocTh pacyeToB B 15-20% .OaHako, Kak
BUIHO U3 IIPW/IaraeMoro rpadpruueckoro
MaTepuasia, pacueTHble CXeMbl TPy Te-
Hepa/ibHOM M BTOPHUHBIX OOPYIIEHHAX
He COOTBETCTBYIOT M3BECTHBIM PeasibHbIM
KapThHaM OOpyIlleHHsl KPOB/AU C obpa-
30BaHHEM O/I0YHBIX CTPYKTYP, a, C/1eo0-
BaTe/IbHO, Y PeasibHOMY MexaHU3My O0-
PYILIEHYs U ero rapaMerpam.



CpaBHeHMe pesynkTaToOB Ollpeserne-
HUS HaMpsKeHWit B 30HE OIOPHOTO
flaB/ieHrst oTpabaThiBaeMOro Yro/bHOTO
M7acTa C MOMOIIBI0 HAaTYPHBIX METOIOB
M METOZOB KOMITBIOTEPHOTO MOJennpo-
BaHUs Ha Gase MPOrpPaMMHOTO KOMIT/ICK-
ca STRAIN, npomuieamero rocyaapct-
BeHHbIe TPYeMOYHbIe WCTIBITaHUs U BHE-
ApeHHOro B psAde mpearpuatuit [loH-
Gacca, TMO3BOMW/IO YCTAHOBUTH CYIIECT-
BeHHOe OT/INUHe PACUYeTHBIX U HaTYpPHBIX
[aHHBIX. B oT/Anume oT pacueTHbIX aaH-
HBIX (PaKTUYeCKUe BepTUKa/lbHble CMe-
IeHWss HWMeIOT 3HauWuTernbHO — 6oree
C/TOXKHBIM XapakTep U ApYyrue KoaudecT-
BeHHble XapaKTEePUCTHKM, Harpumep 2
MO/IOKUTeIBHBIX U 2 OTpHLIATe/IbHBIX
3KCTpeMyMa (BMeCTO BYX SKCTPEMYMOB)
WM CMellleHWe MaKCUMa/IbHBIX BepTH-
Ka/bHBIX BI71YObh MaccrBa Ha 10 M manb-
e pacueTtHbx. [lonyuyeHHble pesynbTa-
Thbl CBA3aHbI C YCTAHOB/IEHHON BO/THOBOW
3aKOHOMEPHOCTBIO paclipee/leHUsl Ha-
MPSZKEHHUM C 30Ha/TbHBIM TPOSIB/ICHYEM
nepOPMalIMOHHBIX CBOMCTB TOPO/, KO-
Topasi He Oblla BHISIB/ICHA B M/ICa/N3U-
POBaHHOM MaTeMaTHUYeCKON MOJe/ln.

AHanM3 OTeueCTBeHHBIX U 3apyOex-
HBIX /IMTEPATYPHBIX UCTOYHUKOB U TPO-
CTble TeCThl IMO3BO/IAI0OT YCTAHOBHUTbL, UTO
YUC/IeHHBIE MEeTO/Ibl, HCIMO/b3YeMble B
HacTosilllee BpeMs B Haubo/ee IMOomny-
AAPHBIX TMaKeTaxX A/1s pellleHds 3agad C
KOHEYHbIMH (T.e. He GeCKOHeUHO Marlbl-
My)  nedopMallMsMM,  HeAOCTaTOYHO
KOPPEKTHBI M [al0T aeKBaTHYIO OLICHKY
Wb B YacTHBIX caydasX. OTKa3 OT Tu-
MoTe3bl MaZIOCTH CMelleHuit U aedpop-
MallMii B MexaHHKe aeddOpMHPYeMOro
Tefla TIPUBOAMT K 3HAYMTE/IBHBIM IIPO-
6reMaM, KOTOpbIE 0 CUX MOP A0 KOHLa
He pellleHbl, HeCMOTPSI Ha CBOIO aKTy-
aNbHOCTh /7151 TIPAKTHUECKHX TIPU/IOKE-
HMIA. [lomnbiTKa OuUepPTUTh TpPaHULIBI
MIPUMEHUMOCTH [BYX TMOMY/SPHBIX [1aKe-
ToB (ANSYS n LS-DYNA) nns pemenus
paccMaTpuBaeMoro Kpyra 3azad ToKa-
3a/Ma, 4YTO HAWOOMBIIME TOTPENHOCTH

Hab/MmoaaMUCh MPY OAHOBPEMEHHOM U3-
MEHeHUU CABWIOBOM aedopMallvi U
[IOBOPOTE I7IaBHBIX oceil. B norkymen-
Taumy K nakery ANSYS [4] ckasaHo,
YTO MO/IYyUaeMbiM B TaKHX C/Iy4asx pe-
3y/ibTaTaM He CTOUT A0BEpsATb. 1eM He
MeHee TOo/lydeHHbIe Pe3ynbTaThl CBUe-
TeNbCTBYIOT O TOM, UTO abCO/MOTHAs T10-
IPElIHOCTb  BBIUMC/ICHUSI  KOMITOHEHT
TeH3opa aedopMalivi aocTuraer 15 —
70%.

AbTepHaTUBOM KOMIIBIOTEPHBIM MO-
fensiM B OTAeNbHBIX CAYYasix HCCIea0-
BaHMWS TIPOLIECCOB B C/AOXKHBIX T[OPHO-
reO/IOTMUeCKHX  YC/IOBUSIX MOI/IM OBl
OBITh METO/Ibl (PUBUUECKOTO MOIeMHpPO-
BaHudA [5] 1 B 0COBEHHOCTH MeTOIbl MO-
[eMMPOBAHUA Ha 3SKBHBA/ICHTHBIX MaTe-
puanax (OM), KoTopble HaIo agarTUpPO-
BaTh K YC/IOBUAM MOHUTOPHHTA.

B maHHOI paboTe MpearioxeH KOM-
[I7IGKC METOAMUYCCKHUX M TEeXHUUECKUX
pelleHH, TIO3BO/AIOMMX BK/IIOUYHTb MO-
fenvpoBaHue Ha OM B 0OIIyIO cUCTeMy
MOHMTOPUHIa Ha CTaaud pa3pabOTKH
MITM Ha ocHOBe HOBBIX MOAXOAOB K
MOZIC/IMPOBAHUIO  CTPYKTYPHOM  Hapy-
MIeHHOCTH MacCHBa, BpeMeHHOMY I10/0-
OHIO TTPOMCXOASAIIMX ITPOLIECCOB C yye-
TOM PEO/IOTMYEeCKUX M AWMHAMHUYECKUX,
BO/THOBBIX TIPOLIECCOB, K 3Hepretuye-
CKOMY TMOA0GHI0 C pa3paboTKOM COOT-
BETCTBYIOLIMX UM THIIaM 3KBHBA/ICHTHBIX
MaTepuasioB (OM), K oOIepaTHBHOCTU
MOZICIUPOBAHUA A1 WCCASOBAHUI B
pexuMe peasibHOro BpeMeHu. HoBbie
MeTOAbl M TeXHUYEeCKHe CpencTsa, IIo-
3BO/IAIONINE PElINTh AaHHYIO MPobaemy,
MpvBeseHsl Ha puc. 1, cxema BKOue-
HUA (PUBMYECKHMX Mozenelt B OOIIyio
CHICTeMY MOHUTOPHHIa — Ha pHC. 2.

Komrizieke mpeasaraeMbix  pelieHui
GasupyeTcs, Mpexae BCero, Ha HOBBIX
MOZICPHH3NPOBAHHBIX MeTo/Aax HcCcre-
[IOBaHHs TeoMexXaHHUeCKUX ITPOLIeCCOB
B C/IOXKHBIX TOPHO-TEO/TOTHUECKUX YC/10-
BUSX Ha MOJeNAX W3 3SKBHUBA/ICHTHBIX
MaTepuasioB: obecliedeHre KpUTepreB
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HoBble MeTobI ¥ TeXHUUECKUe CpelCTBa Moaep-
HM3aLMKU MOAe/MUPOBaHWUA WU UCC/1eI0BaHus Ha
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Puc. 1. HoBble MeTOoab!I H TeXHHYECKHe CpeACTBa (PH3HYECKOro MoAe/THPOBaHHS
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Puc. 2. CtpykTypHas cxeMa reoMeXxaHH4eCKOro MOHHTOPHHTIa Ha CTaJMH pa3paboTKH, BKaodarolmasa Moaead u3 M



TepMOANHAMHUeCKOro roaobus; obec-
MeYeHre BOCIIPOU3BEAEHUS] CaMOro IIu-
POKOTO Kpyra CTPYKTYPHBIX HapYIIEHUI
(paspBIBHBIX HapYIIEHWM, 30H KOHTAKTa
OMOKOB, CaMMX O/IOUHBIX CTPYKTYP, pas-
MUUHBIX TUIIOB TPELIMHOBATOCTH); BOC-
MpoM3BesieHre IPOLIECCOB  Jerasaluu
Yro/IbHbIX I/1aCTOB M BMeIIAIOMMUX [10-
poa. [laHHble MeTOmbl HCC/IeAOBAHUIMA
GbiIi pa3paboTaHbl ¥ BHeAPeHH! 3a I10-
cneaHue 15 ner B nabGoparopusx
BHMMM u CINITH u Hamm cBoe OT-
pakeHye B psAae MedaTHuX pabort (6, 7,
8, 9].

[lnst peanuzaliMK 3THX METOAOB OBI/
paspaboTaH PAa TeXHUYECKHX CPeCTB:

1. OkBuBasieHTHbIe MaTepHanbl C
rnapaMeTrpamMy, OOeCreurBalolIMU  CO-
OmoaeHre KpUTepHeB SHepreTHUeCcKoro
M BPEMEHHOro IoA0OHs MPOTEKAIOUIMX
TIPOLIeCCOB; BOCIIPOM3BeIeHN e LIOBHBIX
30H KOHTakTa Mexay 6/10KaMH C MHPO-
KUM /IMaras3oHOM ITPOYHOCTHBIX Xapak-
TEePUCTUK; BOCIIPOH3BEAeHEe U3MEHEHUSsT
neOPMALIMOHHBIX XAapPaKTEPUCTHK Ma-
TepPUa/IOB TIPU MOZAE/THPOBAHKH TPOLIEC-
coB aerazauvu [10, 11, 12]

2. MuHuaTIOpHble  JaT4YMKK, He
BAMSIOLIVE Ha HCCieayeMble MPOLIECChl U
TMO3BO/ISAIONINE OIPee/Th HaNPSKEeHUs
BO BCEM /varasoHe MaclTaboB Moze-
NWPOBAHKWA C BBICOKOM HAAEXKHOCTHIO U
TouHocThio [13, 14].

3. ABTOMaTM3MpOBaHHAs CHCTEeMa
yIpaB/ieHWs] T[PaHUYHBIMKU  YC/IOBUAMH,
BK/IIOUAlolas B cebs CTaTU4YeCKue U Au-
HaMHWUeCKHe 3/IeKTPOMEXaHUUeCKHUe MC-
TO/THUTeMbHble MexXaHu3Mbl (DVIM), mo-
3BO/IAIOIIME PEA/TM30BbIBATh Pas/IMUHbIC
BapWaHThl B3aWMOEVCTBUA HCC1eaye-
MOM 06/1aCTM MacCHBa C BMeLAIoMMMUI
ropoaaMy. Ynpas/ieHre CUCTEMOM Ipo-
V3BOAMTCA C KOMIIBIOTEpa TPy TTOMOIIU
CMeLraZIbHOTO  [IPOrpaMMHOro  obecrie-
YeHwUsl, TIO3BO/ISIONIEr0 BOCITPOU3BOAUTh
MTPOU3BO/IbHEIE STTIOPBI HArPYXKEeHUHM, Kak
B pexrMe 3aZaHHbIX Harpy30K, TakK U B
pexuMe 3aaHHbIX AedpopMariit [15].
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4. Kowmrziekc pa3paboTaHHBIX YCT-
POVICTB 1 CIIeLIMa/IbHOTO MPOrPaMMHOIO
obecrieyenysi, TO3BO/AOIIMK  Onepa-
THBHO TPOBOAMTH HCC/IeAOBAaHHSA Moze-
1, obecrieurBasi UX OpPraHUYHOE BK/IIO-
YyeHHe B OOIIYIO CUCTEMY ONepPaTUBHOIO
reoMexaH1M4eCKOro MOHUTOPHHIa.

[IpuBeneHHass Ha PHCYHKE 2 CTPYK-
TYpHasi CXeMa [EeOMEeXaHUUeCKOro MO-
HUTOPYHIa Ha CTaaud pa3paboTKu
MITHM nokaselBaeT, UTO MCXOAHAsA MH-
dopmalivs O COCTOSHHUK MacCHBa C AaT-
UHMKOB PA3/IMYHbIX THUIIOB KW Pe3Y/IbTaThbl
HCC/IeIOBAaHMS MacCHBa «3aK/IablBaIOT-
Cs» OMHOBPEMEHHO, KaK B KOMITbIOTep-
HYIO, TaK WM B (PHU3NYECKYIO MOIe/b.
OribIT MOZeMMPOBaHKs Ha 3KBHBA/ICHT-
HbIX MaTepHa/laX ITOKa3bIBaeT, UTO IIpH-
MEHeHHe [aHHOTO MeToza Hanboriee Ha-
I1AHO U 9(PQPeKTUBHO IPU UCIIONB30-
BaHWM IVIOCKHX MO/erel, BOCIPOH3BO-
AAMMX ¢ HanOO/Iblliel A0CTOBEPHOCTHIO
ceyeHHe TMPOTKEeHHBIX BhIPaOOTOK.

«CUMbHOM»  YaCThlo  COBPEMEHHBIX
KOMITBIOTePHBIX MO7le/iel fB/sSeTCs BO3-
MOKHOCTb pellleHHs] T[eOMeXaHUUeCKHX
3a7a4 B 0OBEMHON [TOCTAaHOBKE U Tepe-
6ope 60/BIIOro KO/MMYecTBa BapHAHTOB
rapameTpoB Moaeneit. [laHHoe obcTos-
Te/nbCTBO IIOACKa3bIBaeT ITYTb K OAHOMY
13 BapUaHTOB KOMITBIOTEPHBIX U (PU3U-
YEeCKMX MoO/esiel: TIoc/1e TIPOBeeHuUs
KOMITBIOTePHOT'O MO/Ie/TMPOBaHUs OIlpe-
[eNsioTCs TPAHUYHbIE YC/IOBUS A/ Ce-
YeHUI MPOTHKEHHBIX BBIPAabOOTOK Hau-
6oree MPoOAEMHBIX YJyacTKaxX. IJTH Yc-
MIOBUSl 3aK/IaAbIBAIOTCHA B CIeLMa/IbHOe
MporpaMmHoe obecriedeHre rpaHuuHbIX
YC/IOBUM aBTOMATU3UPOBAHHOM CUCTEMBI
UIpaB/ieHHsl  CH/IOBBIMM  37/IeMeHTaMU
CTeHAa Ansi PU3NYECKOro MOoAeNUpOBa-
nus. [locne atoro uccneayercs dpusmue-
ckasg Moaens. HaubGonee 1ienecoobpas-
HO MCIIO/Ib30BaTh JaHHBIA «CLIeHapU»
NPy HCC/IeI0OBaHMM TPOLIECCOB  Paspy-
IeHHsI MacCHUBa, 3BO/IOLINK G/10K000pa-
30BaHMA, AVMHaMHW4YeCKUX ITIPOLIeCCOB,
MpOLIeCCOB 3HeproobMeHa, TO ecTb B



TOM 0671acTH, B KOTOPOM MaTeMaTude-
CKOe MO/IefIMPOBaHUe CTaZlKUBaeTCs C
HaubBONBIIMMU TPYAHOCTSAMU. DTOT MOA-
xoa Obl/1 peasi3oBaH MPU MPOBEASHUU
vccrneaoBaHuil B ycmoBusx maxt CYDK
Kysbacca, mokasan cBOO 3p¢peKTHB-
HOCTb M Halllel OTpaxeHue B pabote

(15].

[pyruM  mnyreM  B3aHMOJACHCTBUS
KOMITBIOTEPHOTO U (PH3HMUECKOro Moe-
MUPOBaHMA  fAB/IfeTCd  TeCTHPOBaHUe

KOMIBIOT@PHBIX TPOrpaMM Ha  «[Ipo-
OneMHbIX» YyacTKax. B aToMm cryyae ma-
pasieqlbHO pellaeTcs OZHa U Ta Xe 3a-
faya Ha OBOHX THMax CUCTEM Moernu-
pOBaHUA U ITPOU3BOAUTCH TeCTHPOBa-
HHe KOMIIBIOTepHOM MoJend 1o pusu-
Yyeckor. Takoll mnoaxoa OCHOBBIBAETCH
Ha 6onee HameXKHBIX pe3yIbTaTaX WUC-

creIoBaHys Ha (PU3UYECKHX MOAesX
MPOLIeCCOB, MPOUCKXOAANMX B MacCHUBax
C 3BO/IOLIMEN CIVIONIHOWM Cpesbl B AUC-
KPETHYIO M TPY HEOoOXOAHMMOCTH yyeTa
He TO/IbKO TI0/IeVl HalpsXkeHUM W ade-
dopMaLIMi, HO U APYrUX (PU3UUECKUX U
reocpusnyeckux nosnei. Pesyasratsl r1o-
[0BHOrO TeCTUPOBaHUs IPUBEACHBI B
pabote [16]rno uMccneaoBaHMIo MpoLiec-
COB 1epOPMHUPOBaHKs MacCHBa IIPH [1e-
rasali Yro/bHbIX I1/1aCTOB.

[Ipennaraembie MeToAbl BKAIOYEHUS
pU3MUECKOro MOACNUPOBaHUS B OBIIVIO
CHCTeMYy MOHHTOPMHIA, Ha Halll B3I/,
TO3BO/IAIOT TMOBBICUTL HaZEXKHOCTb MPO-
rHO3a BO3HMKHOBEHHs OIIaCHBbIX /vHa-
MHUECKHX sIBeHHM | 0oree TMOMHO
0BOCHOBaTh pPeKOMEHAALMH MO HX Tpe-
[OTBPALeHUIO.
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