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OCHOBHBIE ITPUHIOUIIBI CUCTEMHOTI'O IOAXOJA K
HPOBJIEME TYHIEHUA 3K30I'EHHBIX ITOKAPOB B YI'OJIBHBIX
IMAXTAX

Bynrakos 10.O.
JouHTY

Y cmammi euxnadeni 0CHOBHI NpUHYUNU CUCMEMHO20 NIOX00Y 00
npobaemu  2aciHHA  NIO3eMHUX  NOXCedNc, Wo 0a3ymucs Ha
NpeoCmasieHti  nodcexci K Keposawmoi cucmemu 3 NeGHUMU
napamempamu, wo 3yMo81oms sudip cnocodis i NOEOHAHHI 3ac00i8
HOJICEINHCO2ACIHHA, WO 3a0e3neuyioms MAKCUMAIbHY e@pheKmusHicmy
0151 KOJICHO20 KAACY NONCENCI.

Pemenne mnpoGiiembl obecrnedeHuss Oe3omacHOCTH M A(PPEeKTUBHOCTU
TYIIEHHUs] SK30TE€HHBIX MOKAPOB B YTOJBHBIX IIAaXTaX HEPA3pbIBHO CBS3AHO C
IPOrPECCOM B CO3JaHUU COBPEMEHHBIX TEXHUYECKUX CpPEIICTB M CIOCOOOB
MOXKapoTyllieHus. BaxkHoe 3HaYeHHE B JTON CBSI3M MPUOOPETAIOT MPUHITUIIBI
noaxoaa K pa3paboTKe W TMPOSKTUPOBAHUIO U3JEIHI MPOTHBOMOXKAPHOTO
HA3HAYEHUS, KOHCTPYKIIUS KOTOPBIX JOJDKHA MOCTOSIHHO COBEPIIIEHCTBOBATHCS
0 MEpE OCJIOKHEHHUS TOPHOTEXHUYECKUX U TOPHO-TEOJOTUYECKUX YCIOBHI
nooeram yris. K coxkanenuwto, He Bcerma paspabaTbhiBaeMble TEXHHUYECKHE
CpeICcTBa TOXKAPOTYIIEHUS COOTBETCTBYIOT JICUCTBYIOIIMM HOPMATHBHBIM
TpeOOBaHUAM U MpaBUIaM TEXHUKH O€30MaCHOCTH. 3a4acTyI0 3T0 00YCIOBICHO
TEM, 4TO pa3pabOTUMKU U3ETHI MPOTUBOMOKAPHOTO HAa3HAYEHUS BBIHYK/ICHBI
OJTHOBPEMEHHO peliaTh B Ha MEPBBIN B3TJISA] B3aUMOMCKITIOUYAIONINE 339l —
MOJIYYUTh MaKCUMaJIbHBIA OTHETyImamui 3h(HEeKT u 00ecIeunTh MUHUMAJLHBIC
3aTpaThl Ha pa3pabOTKy M U3TOTOBJIEHWE HOBOW TEXHUKH. JIJIsl pereHus nepBoit
3a/layd HeoOXOAMMO 3HaTh MPUYMHBI BO3HUKHOBEHUS U XapakTep pa3BUTHS
Mo’Kapa, UMETh JIOCTOBEPHBIC JaHHbIE 00 M3MEHEHUSX €ro MmapameTpoB C TeM,
YTOOBI YIpPaBJIATh MMH C TOMOIINBI0 TEXHUYECKUX CPEJICTB U CIOCOOOB
nokapoTyiieHus. Bropas, skoHomudeckas 3a7ada, 3aKJII04aeTCcsl B HAX0XKICHUH
ONTHUMAJIBHOTO PEIICHUs] U3 MHOXECTBA BO3MOXKHBIX BapHAHTOB. JTa 3ajadya
YCIIOXKHSETCS HEOOXOMMMOCTBIO ydeTa OOJIBIIOTO KOJIMYECTBA TEXHHUKO-
PKOHOMHYECKUX W COIUATBHBIX (AaKTOPOB, CPEIH KOTOPHIX 0CO00E€ MEeCTO
3aHuMaeT  A(QQPEKTUBHOCTP W OC30IMACHOCTh  NPHUMCHEHUS  H3ICIHI
IPOTHUBOIIOKAPHOTO  Ha3HadyeHWs. Kak mpaBmiio, yKa3zaHHbIE (HaKTOPBI
3aKJIAQIBIBAIOTCSI B~ TEXHWYECKYH)  JOKYMCHTAIIMIO W OICHUBAIOTCA
pa3paboTyMKaMM Ha 3Tale CO3JaHUs MAKETHBIX M JKCIEPUMEHTATBHBIX
o0OpasmnoB. McnbeiTaHus TPOBOAT B Ja0OPATOPHBIX M MOJIMTOHHBIX YCIOBHUSIX IO
CTaHAAPTHBIM METOJIMKAaM, IIOCJIE€ 4YEero KOPPEeKTUPYETCS KOHCTPYKTOpCKas
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JOKYMEHTAIUsl C Y4YETOM BBISIBJICHHBIX TEXHMYECKHX HENOCTaTKOB. B
COOTBETCTBUM C OTKOPPEKTUPOBAHHOW KOHCTPYKTOPCKOM JTOKYMEHTALUEn
3aBOJBI-U3TOTOBUTENIM  BBIIYCKAIOT OIBITHYIO MAPTHIO M3JEIUNA, KOTOpPBIE
VICIIBITBIBAIOT B IIAXTHBIX YCIOBHUSX.

OCHOBHBIM KOMIIJIEKCHBIM II0OKA3aTEJIEM CTEIIEHU COOTBETCTBUS H3JEIINA
CBOEMY MpsSMOMY Ha3HadeHHIO sBiseTcs d(pPexkTuBHOCTE. OOBIUHO IpH
onpezaeneHuN 3QPEKTUBHOCTU TMPOEKTUPYEMBIX CPEACTB IPOTHUBONOKAPHOI
3aIIUTBl MCIOJIB3YIOT Pa3JIMYHbIC AIPOKCUMALMOHHBIE MOJEIN, OCHOBAHHBIE,
KaK IIPaBWJIO, HA IPUMEHEHUH 3aKOHOB TEOPUU BEPOSATHOCTU U MATEMATUYECKOU
cratuctuky [1,2,3]. Ot Momenu pa3pabaThIBAalOT, IpEArioiaras, 4To IPOIEcC
DKCIUTYaTallMM WU3JEIusl ONPEACISIETCS BHEIIHUMHU INPUYMHAMHM U 3aBUCUT OT
BHYTPEHHETO COCTOSIHHAA CHUCTEMBI. OYEeBHIHO, YTO COBPEMEHHBIE CPEICTBA
TYIIEHUS! SK30TE€HHBIX IM0KAPOB IMPEACTABISAIOT COOON CIOKHBIE WH)KEHEPHO-
TEXHUYECKUE CHUCTEMBbI, COCTOSIIIME U3 OOJIBIIOr0 KOJIMYECTBA y3JI0B U JETaJIEH,
KOTOpbIE, B KOHEYHOM CYETE, BIUAIOT Ha 3(PPEKTUBHOCTD U3/1EIHUS B LIETIOM.

KommekcHbli  mokaszarenb 3()@PEKTUBHOCTH  MPEACTABISIET COOOM
KOJIMYECTBEHHOE COOTHOLICHUE MEXKJy [PUBEICHHBIMU 3aTpaTaMu  Ha
pa3pabOTKy U U3rOTOBJIECHUE U3/EIUS U BO3MOKHBIM YIIEpOOM OT Moxapa. IToT
II0Ka3aTellb BHIPAXKACTCsl B BUI€ (PYHKIIMOHAIIBHOM 3aBUCUMOCTH [4]:

D= qﬁ(al,az,...%;ﬂl,ﬂz,...ﬂ3;7/1,;/2,...;/3 ),

rae 0;,0,,0; - mapametpsl usgenus; Pi,B,, B3 - mapamerpsl cpeast; Yi, Y2, V3 -
npuBefeHHble 3aTparbl. [lokazaTtenb 5>(PQGEKTUBHOCTM B JaHHOM Clydae
BbIpa)kaeTcs (PyHKIIMOHAIOM OT Ipolecca PyHKIIMOHUPOBAHUS.

OOBIYHO B PAKTUKE Pa3pabOTKH TEXHUYECKUX CPEACTB MOXKAPOTYIICHUS
HOJpa3yMEBalOT  OTHETywamyr  3(PQPEeKTUBHOCTb  H3JEIMH,  KOTOpasd
OIpesENsieTCs] MO COOTBETCTBYIOLIUM MeToauKaM. ['oBops o 06e30macHOCTH
TYLICHUS YK30T€HHBIX I103KapOB B YIOJIbHBIX LIAXTaX, CICAYET UMETh B BUJYy HE
aOCTpakTHY!0  0O€30MacHOCTh  IOpHOPAOOYMX UM TropHOcHacarene, a
0€e301acHOCTh O0ECIEUEHHYIO C MOMOIBI0 TEXHUYECKUX CPEICTB U CIIOCOOOB,
yTEM CHMKEHUS BO3JECHUCTBUS HETATUBHBIX (DAKTOPOB MOKapa U B3pbIBa [0
HOPMHUPOBAHHBIX 3HA4Y€HUM, HE OKAa3bIBAIOIIMX BPEAHOIO BO3IACHUCTBUA HA
opranu3M uenoBeka (qy, Vi, T).

Ha pucynke mpencTaBieHbl INIEPEMEHHBIE BEIWYUHBI, KOTOPBIE
KJacCU(UIIMPOBAHbl HAaMHM 10 OOIIMM IpPU3HAKAM Ha BXOAHBIC, BHELIHHE,
BBIXOJIHbIE U ymopaBistome. BXoaHble BeIMYMHBI MPEACTABISIIOT COOOM
napaMeTpbl Pa3BUTOrO MOJ3EMHOr0 Mokapa (TeIruioBasi MOIIHOCTh MOXapa qy,
JIx/c; ckopocTh pacnpocTpaneHus Vi, M/4; Temneparypa noxxapHbix razos T Ha
3a/IaHHOM PAaCCTOSHHUH OT o4ara moxapa, "C).

116



BHemmnne

HEPEMEHHBIC

P| T | 1|3

Vnpaenswome

NEPEMEHHBIC

P, 9yl By

X X!
— —_—
o o 2

O
—»”é EE —_—
Eg g3
g8 g &
—» A a8l —»
Z

Pucynok — biok-cxema nporuecca

Brixogneie mnapamerpsl 1mokapa peryiameHtupyrorcs 'IIpaBwiiamu

0e3onacHocTy B yrojibHbIX maxtax" [5] u "Ycerasom I'BI'CC no opranuzanuu u
BEJICHUIO TOPHOCIIacaTeNIbHbIX padbot" [6].
B kadecTBe  ynpaBisAOUIMX M[EPEMEHHBIX MPUHUMAIOTCS  MApAMETPhI
TEXHUYECKUX CPEJICTB MOXKAPOTYIICHUS: BHUJ OTHETYIIAILEro BelecTBa Byg;
pacxojJl orHerymiamiero BemiectBa P, kr/c; orserymamasi 3(()eKTHUBHOCTh
KOHKPETHOM YCTaHOBKM IIO TYIIEHUIO MOJENBHOIO o4ara Imoxkapa Oy, M.
BuemnuMu  mepeMeHHBIMH,  OOECIEUMBAIOIIMMH  HOPMAJbHYIO  paboTy
YCTAaHOBOK TOKapoTyIIeHusi, OyayT: padodee naBieHue B OamtoHax P, Mlla;
BpEMsi BO3MOKHOU HEMPEephIBHON paboThl Ty, 4; BO3MOXKHAS JATLHOCTh MOJA4H
OTHETYILIAIIEro BEUIECTBA WJIM cOCTaBa L, M; MHTEHCMBHOCTb OTHETYIIALIErO
BEIIECTBA  KOHKPETHOM  yCTaHOBKM 3y, Kr. i  HOPMAalbHOIO
(YHKIIMOHUPOBAHUS CUCTEMbl YMPABJICHUS, MPEICTABICHHON HAa PUCYHKE 3,
HEOOXOJMMO 3HaTh HE TOJBKO HayajbHbIE 3HAUYECHUS BXOJSIIMX MapaMeTPOB
00bEKTa ynpaBJieHUs, HO U CKOPOCTh U3MEHEHUSI 3HAUCHUN ATUX MEPEMEHHBIX,
T.€. JMHAMHAYECKUE XapaKTEPUCTUKH IIpoLiecca.

JlaHHBIE O BXOJHBIX M BBIXOJHBIX MEPEMEHHBIX OOBEKTa YMpPABJICHUS
MO3BOJAIOT TOCTPOUTH MOJENb INpoliecca TYLIEHUs I0XKapa C IOMOULIBIO
KOHKPETHOT'O TEXHUYECKOTO CPEJICTBA I CIIOC00a.

PaccmoTpum mpocredmnii ciayyald NMOCTPOCHUA MOJECIH Mpouecca o
OJIHOM M3 NMEPEMEHHBIX HA BXOJE U BBIXO/IE.

[Tycth Ha Bxo/e 00BEKTa yIPABICHUS UMEEM CIy4daiHyo GyHKIUIO X, a
Ha BBIXOJIE - clydaiiHyto QyHkiuio Y. TpeOyercs onpeneanTs BEPOITHOCTHBIC
XapaKTepUCTUKU O0BeKkTa. [locTpoeHHBIE TO AKCIEPUMEHTATBHBIM JAHHBIM

117



xoppenaunonnsie Ky, ¥ B3anMHuble Koppersinuonnbie Ky, QyHKIMM 103BOIISIOT
COCTaBUTh YPAaBHEHHE, ONUCHIBAIOLIEE TUHAMUKY U3MEHEHUS 00bEKTa!

KG = K,,

rae Ky - KoppelslMOHHas MaTpula, COCTaBJIEHHAs MO 3HAYCHHUSIM OpAUHAT
KOPPENSLUOHHON (PYHKIIMU BXOJHOM ciiyyaliHOU QpyHkuuu X(t),

K. =[k,]

rie Kij = Ky Kyj = Ki(-y); 1 = 1,2,3,..., m; K, - marpuua-cronbew,
9JICMEHTAMH KOTOPOW SIBIISIFOTCS  OPJAMHATBHl B3aMMHOW KOPPEISIIMOHHOM
(GyHKIIMY BXOJa M BBIXO/IA.

Kl
ny = Kz s Kl = ny](f’T)
K

G - Marpuma-ctojOern, COCToAImass U3 DJIEMEHTOB, MPEICTABISAIONIUX COOOM
3Ha4YCHUE OPJIMHAT KCKOMOM BECOBOM (PYyHKIIMH

&

G=g2

Em

3HavyeHUs1 OpJIMHAT BECOBOM (yHKIMHU g, 1 = 1,2,3,....m HCHOJIB3YIOTCS
JUTSl TAIbHEUINEro MOJEIUPOBAHUS M CHUHTE3a CHCTEMbl YIIPaBJICHHS, BbIOOpa
METOJI0B U TapaMeTPOB KOHTPOJIS, pacue€Ta TOYHOCTH U Jp.

Ecnmm myrem wuneHTHdUKAMU 1O OKCHEPUMEHTAIBHBIM  JaHHBIM
MOCTPOUTH JIJI CTAllMOHAPHBIX JIMHEHHBIX 00OBEKTOB aHAIUTUYECKYIO BECOBYIO
(GYHKIIHIO, TO 3TO MO3BOJIUT HAWTHU U JIPYTHE BAXKHBIC XapaKTEPUCTHKU OOBEKTa,
Hanpumep nepeaarounyro GyHkiuio G (p). [lo u3BecTHOl BecoBOW QyHKIIUN &
(t) ¢ momotpto peodbpazoBanus Jlamiaca HaX0UM:

G(p) = Ig (t)exp(-pt)dr ,
Glio) = OIg(r)exp(— jo)de,

Ecau p =1 o, To 4acTOTHast XapaKTEepUCTUKA 00BbEKTa Oy/IeT.

B cootBercTBUM ¢ mepenatouHoi ¢yHkimern G (p) MOXKHO 3amucarth
ypaBHEHHE, ONHCHIBAIONIEE TUHAMHUKY HW3MEHEHHUS OOBCKTa, B CIEAYIOIIEM
BUJIC:
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n d1 t dj t
1:0 dti j=0 dt!

H3noxeHHbIe MNPUHOUIIBI CUCTCMHOI'O IMOAXOJa ITO3BOJIAT 000CHOBATH

BBIOOp MapaMeTpoOB TEXHUYECKHX CPEJCTB U CIOCOOOB MOKAPOTYLIEHUS B
3aBUCUMOCTH OT XapaKTEpHUCTHUK IOXapa WM B3PbIBA, a TaKXKe OOECIEUYUTH
b (HEKTUBHOCT, W 0E€30MaCHOCTh BEJEHHUS aBapUMHO-CIACATENbHBIX PaloT.
Kpome Toro, maHHblii MoAX0A MOKET OBITh MCIOJIB30BAH NMPU IJIAHUPOBAHUU
JOPOTOCTOSIIIIMX HATYPHBIX HSKCIIEPUMEHTAJIbHBIX HCCIIEIOBAHUNA B YCIOBUAX
OTrpaHMYEHHOr0 (PMHAHCHPOBAHUS 3a CUET PAI[MOHAIBHOIO UX IJIAHUPOBAHUSI.
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