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B craree mpemioxkeH MeTol IMHUTAMOHHOTO MOJEIMPOBAHMS ONITHKO-JIEKTPOHHOTO KOMINIEKCA ISl H3Mepe-
HUS BBICOTHI HIDKHEH TpaHUIBI 00JAaKOB CIOCOOOM NpOCMOTpa akTHBHOCTEeW. Pa3paborana m ampoOmpoBaHa
MMHTAMOHHAS MOZAETb U3MEPEHUSI BEICOTHI HIKHEH IPaHMIIBI 00JIAKOB.

KnioueBble c10Ba: IMUTAMOHHAS. MOJIENb, BEICOTA HUKHEH IPaHUIIBI 00TaKOB.

BBenenne

OnHUM U3 BaXKHBIX PEXKUMOB oOecrieueHHs 0€30MacHOCTH MOJIETOB sBIsETCA odecneye-
HHe Oe3aBapuitHOI MOCAJKM JIeTaTeNbHBIX anmnapatoB (JIA) Ha aspoapom, KoTopasi, IOMUMO
TEXHUYECKOTO cOCTOsTHUA JIA, omnpeaenseTcss MeTeopoJOTHIeCKO 0OCTaHOBKOW B 30HE TO-
cagku (MOap). Konrpons 3a MOy, obecrieunBaeTcs aspoJpOMHBIM 000pYJOBaHUEM, BaX-
HBIM KOMIIOHEHTOM KOTOPOTO SIBJII€TCSI CHCTEMA U3MEPEHUS BBICOTBI HY)KHEH I'paHMIbl 00J1a-
koB (HI'O) B 30He nmocazke. KauecTBo u JOCTOBEPHOCTH pabOTHI U3MEPUTEIBHOTO KOMILIEKCa
(MK) BO MHOrOM OIpeae/sieTcsl BHIOPaHHOM MOJENbI0 OOjlaka M, B YaCTHOCTH, MOJEIBIO
HI'O. Ipouecc uzmepenus Boicotsl HI'O MokeT OBITh MpeICTaBlIeH B BUE CIEAYIOMIEH I10-
cnenoBarensHocTU: UK=armochepa=HI'O=armochepa=HK.

Hapsany ¢ u3BectHbIMU MeToaMu omnpenenenus BeicoTsl HI'O, Hanbosnee 00beKTUBHBIM
sBisiercst UK, BBITIONHEHHBIH KaK ONTHKO-3JIeKTpOoHHBINA KoMIuteke (O9Kjyro).

ITocTanoBKa 3agaun

[IpencraBnenue nporecca usmepenus BoicoTbl HI'O maTemaTnueckoit MOAEbIO SBIIS-
€TCsl OZTHUM M3 BaXHBIX MOMEHTOB KaK IIPH NPOEKTUPOBAHUH, TaK U MPHU NOCIEAYIOMEN IKC-
wryatanu OO9Kyro. Llenpio HacTosIIIeH CTaThu SBISAETCS TOCTPOSHUE UMHUTAIIMOHHON MOJIe-
au mporecca usmepenust Boicotsl HI'O «atmochepa=HI'O=armocdepa» 11t OLEHKH OXKH-
naeMbIx mokasareneid pabotsl OOKyro B mporecce MpOSKTUPOBAHUS U UX KOPPEKTHPOBKH
npu dkcruryatanuu. Ha puc. 1 npencraBnena ctpykrypHas cxema O9Kyrp, onTudeckas cxe-
Ma KOTOPOTO BBIMIOJHEHA MO KOAKCHAJbHON CXeMme, T.€. OOBEKTHB M3IyyaTelss U OObEeKTUB
MIPUEMHON CHCTEMBI BBIMIOJHEHBI KaK OOMMA 1Ji1 000ouX KaHajoB. JIa3epHBIN M3ITydaTesb C
A=0,9 MKM MMeeT OTOIHUTENbHYIO ONTHYECKYIO CHCTEMY Ul U3MEHEHHsI YTIIOBOM pacxo-
JMMOCTH U CUCTEMY MOnyJsiiuu u3nydenus. [lepen oronpuemubiM ycrporictBoM (DITY)
ycraHoBlieH uHTepdepenuonnsii GpunbTp ¢ A=(0,9£0,05) MkM, TeM cambIM oOecrieyrBaeT-
cs1 MUHUMHK3alus BozaencTeusa Ha GIIY nocroponHero nsnydenus. KoHTposiep BBINONTHIET
(GYHKIMIO IPOrpaMMHOI0 YIIPABJIEHHUS KOMIUIEKCOM B COOTBETCTBUM C MAaTEMAaTHYECKOH MO-
nenbio ¢pyHkunonupoBanusi ODKyro B mapameTpuueckoi wim aHaautudeckoi popme. biok
00pabOTKH JaHHBIX BHITIOJHAET (PyHKIHIO pacdyeTa BhicoThl HI'O.

Metoa moaenupoBaHus

W3 Bcex U3BECTHBIX METOJOB MOJICTMPOBAHUS ObLT BRIOpaH METOJ UMUTALIMOHHOTO MO-
JEUPOBAHMSI, OCHOBAHHBI HAa MOJICIMPOBAHUN HETMOCPEACTBEHHO AIITOPUTMAMH (YHKITHO-
HUPOBAHUS MOJICUCTEM MOJIEIUPYEMON CUCTEMbl, HJIM UMUTAIIMIOHHOE MOJEIMPOBAHUE CHUC-
TEMbI CIOCOOOM MpocMoTpa akTUBHOCTEH ero nojacucteM (MMak). Meron mo3BossieT peaiu-
30BaTh MOJICJIMPOBAHUE JIIOO0H CHCTEMBI, OCOOCHHOCTHIO KOTOPOH SBISIETCS TO, YTO (PYHK-
UOHAJIbHBIE JEHUCTBUSA KAXKJIOM U3 €€ MOJACUCTEM PA3JIMUHbI, IPUYEM JJIsi BBIIIOJHEHUS JEeH-
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CTBUM KaXKJI0W U3 HUX TPeOyeTCs BHINOJHEHUE CBOUX YCJIOBHM M OTPAHUYCHHMN. DTH yCIOBUS
U OTPaHMWYCHUs, KaK MPaBUIIO, U3BECTHBI U MOTYT OBITh HPEICTABICHBI B OAHON U3 Qopm,
pUEMJIEMOM ISl MOICTUPOBAHUS U pealn3alii UX B KOHTPOJLIEpE.
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Puc. 1. CTpyKTypHasi cxeMa ONTUKO-3NEKTPOHHOIO 3MEPUTENBbHOrO KOMMIEKCa BbICOTbI
HWKHEN rpaHmubl obnaka

Ha puc. 2 npencrapiieHa IMATAIMOHHAS. MOJICTb U3MEPEHUS BBICOTHI HIDKHEH TPaHUIIBI
(UMyro) B BHIEC aKTHBUPYEMbIX OJIOKOB, /i€ MPHHATHI CIEAYIOIINE CUMBOJIbHBIC U (PYHK-
[MOHANbHBIC 0003HaUeHUs: Ab1 — Moaens u3mepurens, Ab, — mMozens aTMochepsl MeXITy
HI'O u ODKyro, a UMEHHO, MOJIEIBHOC WM MapaMeTPUUecKoe MpeacTaBieHue (METeOCBO/I-
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Puc. 2. MutaunoHHas Mmoaens N3MepeHnd BbICOThI HWXHEN rpaHnubl obnakoB
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Ocobennocteio UMk sBISIETCS TO, YTO BCE (PYHKIIMOHAIBHBIC JEHCTBUS IOJCUCTEM
MOTYT OBITh CHHXPOHU3HUPOBAHBI MU PACCMOTPEHBI B MPOIECCE MOJCIMPOBAHUS HE3aBUCHUMO
JpyT OT Jpyra U B peajbHOM Macintade Bpemenu [1].
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Puc. 3. bnok-cxema MMUTaLUMOHHOIo MOOEeNNpoBaHNA ONTUKO-3JTEKTPOHHOIO KOMIMJieKkca
N3MepeHNA BbICOThI HUXHEN rpaHuue obnaka cnocobom npocMoTpa aKTMBHOCTEN

B cootBerctBumM ¢ MMpro Ha puc. 3 npeacTaBieHa O0J0K cXxeMa UMUTAIIHOHHOTO MOJIe-
mupoBanusi OOKyro, rae npuasaThl o003HaueHusa: M; — MojaelIbHOE BpPEMS UMHUTHPYEMOTO
050Ka; Ajr — aJroOpuT™M MMHUTANKU (MaTeMaTuveckas MoJelb) UMUTHpyemoro Oioka; I10 —
MporpaMMHOE 00€CTICUCHHE UMUTAIIMOHHOTO MOJICTUPOBAHUS 10 MPUHATHIM aHAUTUTUYECKUM
cooTHomeHusIM. Hayano umutanmu o0ycloBI€HO YCTAHOBKON 3HAUECHUIN HAYAIbHBIX COCTOS-
HUW KOMIIOHEHTOB MOJieiH. [IpoBepka BBIMOJTHUMOCTH YCJIOBUS MHHUITHATU3ALNUUA aKTUBHO-
CTEHl BBIMONHSIETCS MO0 MyTeM OIpeAeTIeHHs TapaMeTPOB MOJIENH, THO0 MyTeM BHIYHCICHUS
MOMEHTa aKTHUBHU3AIMK OJIOKA WX MMapaMeTPOB MOJEINHU, JUOO MyTEeM BBIYUCICHUS MOMEHTA
akTuBu3anmu Omnoka. [lockonbky Bce (GyHKIMOHaIbHBIE NEHCTBUS B moacuctemax MMpyyc
MPOUCXOAAT HE3aBUCUMO JIPYT OT JIpyra, TO U MojelibHOe BpeMs M; miist kaxxnoro Ab; pa3Hoe.

ITocTpoenne maTteMaTn4yeckoil Mmoaean Tpakra «armocpepa=HI'O=armocdepa»

[IpennonaraeM, yto gynkuuonupoBanrue OOKyro MOXKHO onucath JUHEWHBIM Omnepa-
TopoM. PaccMOTpUM OCHOBBI JJIsi TOCTPOSHHSI MAaTEMaTHUECKOW MOJENIM TPpaKTa «aTMocde-
pa=>HI'O=aTmocdepa» kak Hanbojee BaXKHOro 3BeHa B OO0IIEH MoJenu mpolecca u3mepe-
Hus HI'O npu onpenenenny napaMeTpoB KOMILIEKCA.
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W3BecTHO, 4TO COBOKYMTHOCTh aTMOC(EPHBIX a3p030Jieii clienyeT paccMaTprUBaTh KaK CHC-
TEMY TBEPJBIX MM XKHUIKUX AUCIEPCHBIX YaCTHUIl B BO3JyX€E, Pa3Mepbl KOTOPHIX B 3aBUCUMOCTH
OT BBICOTHI ¥ TEMIIEPATyphbl B MECTE UX JIOKAIM3AIMA BO3MOXKHBI B TIpeJenax 10°-10% mxMm.
CoBOKYITHOCTh aTMOC(EPHBIX a’p030JIe MOKHO KIacCU(UIIUPOBATh HA XapaKTEPHbBIC TUIIBI
— obnaka, TyMaHbl, IbIMKH, OCaJIKH, siApa KoHaeHcauu. [Ipu 3Tom a’spo30i1b — oHa U3 Hau-
0oJiee ONTHYECKU aKTHBHBIX M HaUMEHEE M3YUYEHHBIX COCTABISIONIMX aTMoc(hepsl — MPUCYT-
CTBYET MPaKTHYECKU Ha BCEX BhICOTAX [2].

Briensirores cieyronye HCTOYHUKH a’po301s B atmocdepe:

— MOpCKasi, OKeaHW4ecKast U 3eMHast TOBEPXHOCTb,

— BTOpHUYHAS TeHepanus B aTMocdepe 3a c4eT (OTOXUMHUUECKUX PEAKIINH,

— MPOAYKTHI HHIYCTPHUAIBHON U XO3AMCTBEHHOM NEATEIBHOCTH,;

— MPOIYKTHI BYJIKAHHUYECKOH NesITeNbHOCTH (Ta3, MbLIb), IbIM JICCHBIX MTOKapPOB;
— KOCMHYECKasl bUIb U IPOAYKTHI CTOPAHUSI METEOPOB.

Obnaka ObIBaIOT KaleIbHOXKUAKUMHU U KpUCTauTMueckuMu. KamenbHoxuakue oOiaka
COCTOAT M3 C(HEePUUYECKUX YACTHUIl, KPUCTATUIMIECKHE 00JIaka NMEIOT YacTUIbI HETIPABIILHON
(bOpMBI — KPUCTAJUTUKH JIBAA.

OCHOBHBIE TIPOIIECCHI, PETYJIHUPYIOLINE PACIIPEeNICHHsI adp030Jis B atMmochepe:

— TypOynenTHas nudGy3ust © KOHBEKTUBHBINA MTEPEHOC a3PO30JIHbHBIX YaCTHII,
— CHHOINTHYECKHe (PaKTOphl — IUKJIOHHBIE (PaKTOPbI, TEMIIEPATYpPHbIE HHBEPCUH, OCATIKH,;
— MHUKpoMaclTaOHbIE MPOLIECCHl — KOAryJsius, CEAUMEHTaIus1, a0COpOIs BOJSHOTO Mapa.

Pemuth 3a7ady 0 BEpPTUKAJIBHOM paCHpeAeTICHUN a’dpO30JIbHBIX YacTHIl B aTMocdepe
MO3KHO, TOJIBKO 3Hasi HICTOYHUKHU U TPOLECCHI, PETYIUPYIOUINX UX IBOJIIOLHIO.

OnHuM u3 GakTopoB obecredeHus: 6e30MaCHOCTH NP B3JIETE—OCAIKE SBISIETCS BBICO-
ta HI'O, xoTopeie hopmupyroTcs uz arMocepHbIx a’pososieit pazmepom ot 0,5 mxm 1o 10
MmkM [3]. Bo3amoskHo crenyroiee nmpeacrasineHue moaeneid HI'O [3]:

— MOJICJIMPOBAHUE ONITUYECKUX CBOWCTB aTMOCQEPHI IyTeM 3a/1aHUsI MOJIENIEH MUKPOCTPYK-
TYpbl aTMOC(HEPHBIX a3PO30JIEH;

— B COOTBETCTBHH C Teopueit Mu.

— mnpencrasinenue HI'O kak o0bekTa, 001a1ar01Iero onpeieIeHHbIMA ONTHYECKUMH M MHK-
pOodU3NYIECKUMU CBOMCTBAMH.

VYuuThiBas, 4T0 06JaKa MpeACcTaBUMbI HAOOPOM aTMoc(epHBIX aspo3oeil B popme che-
pUYecKux yactull, nocrpoenre moaenu HI'O, mox xotopoit OyneM MOHMUMATh yHOPSIOYCH-
HBII TI0 BBICOTE U CHEKTPY YacTOT YUCIOBOM MacCuB 00BEMHBIX KO3(PHUIIMEHTOB B3aUMO1eHi-
CTBHSI 1 KOMITOHEHT MaTPHIIBI PACCESTHHS, HEBO3MOXHO OCYIIECTBUTH 0€3 JJOCTOBEPHOH KO-
JMYECTBEHHOM MH(pOpMalMU 0 MUKPO(PHU3UYECKUX CBOMCTBaX aHCaMOIs a’po30JbHBIX dac-
THI], CTATHCTUYECKA 0OOCHOBAHHOTO IS 33JaHHOM T€0(U3NIECKOIN CUTYaITUH.

Konnentpanus u GpyHkuus pacrnpeaeneHus adpo30iIbHbIX YaCTHII IO pazmepam, dopme
YaCTHUI] M UX XUMHUUECKOMY COCTaBY, KaK MPABUIJIO, H3BECTHHI HA OCHOBE SKCIIEPUMEHTAIBHBIX
u3MepeHuil. Onupasch Ha IKCIIEPUMEHTaIbHBIE TaHHBIE MO a3po30isaM, Moaens HI'O moxHo
NPEJCTaBUTh B BUJIE LIETOYHCICHHON MOJICIH:

nxr’xh

N, = K, xK_x N +1, (1)
asp

rae Nosx — uricno asposzoneid B HI'O, Heobxonumoe miisa peructpanuu B O9Kyro; I — paauyc

CBETOBOTO IMy4ka Ha BeicotTe H (paguyc obimyyaemoro ydactka obnaka); K — koadduimeHr,

onpenenstomuid paccessuue nanydenus: B HI'O; K, — koadumnment, onpenensronuii ocnat-

JIeHHE U3ITy4eHus 110 Tpacce; Vo, — 006eM adpo30is; h — rimyOuna ob6iagyHoro cios.
[Tockonbky s peructpanuu BeicoTel HI'O B m3MepuTene HEOOX0IMMO BBIICPIKUBATH

OTPE/ICTICHHOE OTHOIICHUE CUTHAN/IITYM TPU 3aJaHHOW MOIIHOCTH M PACXOJUMOCTH HM3JIyde-
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HUS, TO B 3aBUCMMOCTH OT KOHIIEHTPAIMH a’po30jieil B 00Jiake TiyOrHa 00Ja4HOrO CIIos, a
TaKXe paccesHue M OCablieHHue M3ITyueHHs] MOTYT OBITh Pa3lu4Hbl. TeM caMblM BO3HUKAET
HeolpeAeNeHHOCTh B onpezeneHnu BeicoThl HI'O, KoTOpass MOKeT yMEHbIIAThCs IByMS ITy-
TAMHU — JHOO0 MOBBIIICHHEM MOILIHOCTH M3Iy4YeHHs, JTM00 M3MEHEHHEM pa3Mepa 30HbI 00IIy-
4eHHOCTH. be3ycioBHO, pa3yMHOE coueTaHne MOIIHOCTH U pa3Mepa 30HbI OOTy4YeHHUs], a TakK-
K€ y4eT BO3MOXKHOTO 3Ha4eHUs KO3()(PUIIMEHTOB paccessHUsI U OCNabIeHHs ONPEIEIsIOT He-
kui onTuMyM napametpoB ODKyro.

He ymansisi oburHoCTH, onpenenuM Ko3((UIIMEHT pacCesiHUsl M3JIy4eHUs] U3 YCIOBUS,
yto HI'O moxeT OBITH TpeAcTaBiIeHa KaK COBOKYITHOCTH a’dpo30Jiei chepruyeckoit (hopMBbl.
Toraa, cormacHO TEOpHUU pacCesTHHUs AIIEKTPOMATHUTHBIX BOJH a’PO30JIbHBIMU YaCTUIIAMH,
Uit gactull cpepudeckoid Gopmbl BBIpaKeHHE I 00BEMHOT0 KOA(PQPUIIMEHTA pacCesHUs
UMeeT BUJI

o(h) = Nanz-Kp(r,m,k)f(r)dr, (2)

rae N — 4ucio a’po30JIbHBIX YaCTHUIl B €UHUIE 00BEMa; Kp(r, m,\) — dakrop 3¢pdexTus-

HOTO paccesHHsl M3JIy4eHHsl C JJIMHOW BOJHBI A Ha YacTHILE PaguycoM I, UMEIoIIeil KOM-
IUICKCHBIHM mokasarens npenomienust M; f(r) — dynkuus pacnpenenenus adpo30abHBIX Yac-
THII TT0 Pa3Mepam.

[IpencraBum cooTHomieHuE (2) B CIACTYIOIIEM BHIE:

daap
K, =N(h)x| == +1|, (3)
dJ'I
rae du,p — CpeiHee 3HaYCHHE JUaMeTpa a’dpo30JbHON YacTuubl; d, — AMAMETp Mydka OTpa-
’KEHHBIX OT YacTHIbI JIydel, Bo3Bpamatonmxcsi B OOKuro (e 6onee 0,25 dyyp); N(h) — xo-

Jau4ecTBO 4acTtuil adpo3ons B H'O B 3aBUCHMMOCTH OT BBICOTHI (pacCYMTAHHOE U3 IKCICPH-
MEHTAJIbHBIX JIaHHBIX).

ITon xo3dduimenToM aspo30bHOIO 0cnadaeHus NOHUMAaeTcsa BeauyuHa o, (A), 3aBu-
csiasi OT AJMHBI BOJHBI A M ompejernsieMas u3 3akoHa byrepa B muddepeHnuansHoi hopme.
B sT0ii cBs13u K03 puiimeHT a’3p030IHHOTO OCIA0ICHUS IPUMEM PaBHBIM OajlTy BUJUMOCTH B
BEPTUKAJIbHOM HAIIPaBJICHUM HA MOMEHT u3MepeHus BbicoTsl HI'O.

Wznyuenue Ha Bbixoge OOKyro Takke npeacTaBuM B BU€ HA0Opa TUCKPETHBIX JIyUeH,
npeebHOE 3Hau€HUe KOTOPOro OyAeT paBHO

(D)’
()’

— IMaMeTp BBIXOJHOTO 3pauka o0bekTuBa ODKyro. s obecnieuenus HeoOX0au-

max {N,, }= +1, (4)

rne D

BBIX.3p.
MOTO OTHOLICHUSI CUTHAI/IIYM 1| YHUCIIO «eIUHUYHBIX Jydei» Tpedyemoit momHoctu (Wye —
OTHOILIEHNE MOLIHOCTH BBIIIEIIETO U3JIy4YE€HHUsI K MUHUMAJIBHON MOILHOCTH, ONPEAEIieMOn
IPHEMHHUKOM) MOXET OBITh OMPEICIICHO CIICAYIOLINM BhIPaXKCHUEM:

—’ch Kilax(nx rz)xdm{

NmJIW = n X +1 XWy'e. ’ (5)

asp
raie K, — kooddumment aspo3oapHOro ocnabiIeHus.

B cootBetcTBUE ¢ cooTHOIIEHUEM (4) 3HaueHHe Dy 5p. Kak OLIEHKA OyJIeT OnpenensiTh-
Csl BBIpQXKCHUEM

Dy, =X N | (6)
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Takum o0Opa3zom, u3 cootHomieHus (6) momydyaem AuaMeTp BBIXOTHOTO 3payka D

BBIX.3p. "
OnHako, Kak ciefyeT u3 cootHomerHwui (3), (5), TOT 1uamMeTp 3aBUCHT OT YHKCIIA adPO30JIei B
MOMEHT M3MEPCHHUsS, T.€. OT METEOYCJIOBHH (THIa onTHuYecKou morozbl). [loaToMy pacyer
D IIPOU3BOAMUTCS IO CPEAHUM YCJIOBHSAM, a HY)KHOE KOJMYECTBO H3JIy4aeMbIX JIydeu

BBIX.3].

N, . oOecrednBaeTcs ¢ MOMOIIBIO NOAOOpa Ykciaa 30HAUpOBaHUN. B nampHelmux uccie-

JOBaHUAX 6y,I[eT npeacTaBjJCHa NCIOYHUCICHHAsA MOJCIIb I/ISHY‘IaIOHleﬁ n HpHeMHOﬁ qacCTHu OII-
TUKO-3JICKTPOHHOI'O KOMIIJICKCA USMECPUTCIIA BBICOTELL HIDKHEH rpaHuIbI 00J1aKOB.

3akjaro4yeHue

[Ipemioxen MeToa UMUTAIMOHHOTO MOJEITUPOBAHUS CIIOCOOOM IMPOCMOTpPA aKTHBHO-
cteil. Pa3zpaborana nenouncinenHas monenb «atmochepa=>HI O=>aTtmocdepa», Ha ocHOBa-
HUH KOTOPOM IOYYEHBI COOTHOLLECHUS JJISl ONPEIEICHHS TapaMEeTPOB ONTUKO-3JIEKTPOHHOIO
KOMILIEKca B 00IIIei Moienu ipotiecca u3meperus Beicotsl HI'O.
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