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U. A. MupoHoguY — MarucTpaHT Kadpepbl aHTEHH W SKCMnyaTauuy PagnoanekTpOHHOM annapaTypsbl
A. @. Kpsiuko (1-p TEXH. HayK, NPO.) — HAYYHbIA PYKOBOAWTENb

MOJENb CUIHANOB 03C ONTUYECKOIO AUCTAHUWOHHOIO 30HANPOBAHUA ATMOC®EPDI

CoBpeMeHHble CUCTEMbI AMCTaHLMOHHOMO 30HAMpoBaHNa ([3) okpyxatoLeit cpeabl M3 kocmoca pabo-
TaloT NOCPELCTBOM M3MEPEHWS MOMHOM SAPKOCTM WU3MyYeHWsl, NOCTYNAKOWEro Ha NpUeMHbIE YCTPOICTBA, M
TpebyloT MHOXECTBA anroputMoB 0BpaboTku CUrHANOB ONTUKO-3NEKTPOHHbIX cuctem (O3C) 30HAMPOBaHUS.
CucteMbl NnAapHbIX M3MepeHuit, Hanbornee LUMPOKO UCMONb3YIOWMECS B HACTOSALLMIA MOMEHT, UMET [0-
BOMbHO Y3KWe rpaHuLibl NpuMeHNMOCTH. Bee cyiecTtBytowme anroputMsl 06paboTkn cUrHanos CTporo opueH-
TUPOBaHbI Ha NIOCKWE CPEAbI, YTO HE COOTBETCTBYET peasnbHOMY TPeXMepHOMY npocTpaHcTay. [1]

BaXHbIM MOMEHTOM SBNSETCA TOT (PaKT, YTO BCE CMYTHUKOBbIE W3MEPEHUS MPUHLMNNANBHO KOCBEH-
Hble. PagnoMeTpbl U3MEPSAIOT SPKOCTb, a B KOHEYHOM cyeTe TpebyeTcs BOCCTAHOBIEHWE XapaKTepUCTUKM
cpeabl v noacTunatowen nosepxHocty (MM). Moatomy, No CBOEN CyTH, OHMU CBOAATCS K 06paTHbIM 3adaqam
Teopun nepeHoca. ObpaTHble 3aKayum — HEKOPPEKTHbIE 3adayn, 0COBEHHOCTSMI KOTOPbIX SBASETCA HEYCTON-
4MBOCTb. He3aBMCUMO OT KOHKPETHOrO MeTofa, UCMOMb3yeMoro Ans peLleHus Takux 3agad, byab 1o mMetoq
baiteca, perynsipusaums no TUXOHOBY MnW MHOW METOZ, B OCHOBE PELLEHWUS NEXUT CyXeHue Krnacca u npu-
BNeYeHne JONONHUTENbHON MHGOPMALMK — KOMMNEKCMPOBaHME dKcnepumeHTa no PoseHbepry. Moatomy ce-
rogHswHre O3C 13 — 310 MHOroCNeKTpanbHbIE, MHOTOYIIIOBbIE 1 NONSAPU3aLMOHHBIE NPUOOPBI.

[aHHble, nonyyaemble cuctemamu [13, N03BONSIOT ONPEAENTb KOHLEHTPALMIO U pa3mMep YacTuL, aspo-
30N Haf 3eMHOW NOBEPXHOCTbIO, OLEHMBATL CTeneHb €€ 0ByYeHHOCTH, yYnTbIBas NONAPU3ALMIO, a TakKe
onpegeneHne xapakTepucTuk 06nayHoro MokpoBa (BbICOTA, MAOTHOCTb, TEPMOAUHAMUYECKIE MapaMeTpbl),
LOM0 OTPKEHHOIO UM M3MYYEHUS 1 KONMYECTBO BOASHOIO napa B aTMocdepe.

[MpoBOAMMbBIE N3MEPEHUSt aTMOCEPbI 1 3eMHOI NOBEPXHOCTW NOL PasnnyHbIMK Yriami NpeabsaBsioT
TpeboBaHus K anroputMy 0bpaboTkn — pacyeT NpsMON 3afaum LOSMKeH BblAaBaTb YrrioBOe pacnpefenexne
SPKOCTU U NONAPU3ALIMOHHBIX XapakTepucTuk. Creayet 0TMETUTb, YTO HEOBXOAMMOCTb yyeTa COCTOSHUS Mo-
nApu3aLmMm M3nyYeHns BO3HUKAET TaK Xe U B ckansipHbIx cuctemax [13, koTopble npeaHasHayeHbl Ans aHanu-
3a MOMHOM APKOCTM U3nyyeHns. Takum oBpa3om, MOXKHO BbIAENUTb [Ba KpaeyronbHbIX kamHs 06paboTku 1
WHTepnpeTUpoBaHus AaHHbIX [3: cosgaHue 6a3 xapakTepucTuK peasbHbIX Cped W OTPaKatoLwmxX NOBEPXHO-
CTEN, HaXxOXAeHNe METOAO0B UX MaTeMaTUYECKOro ONUCaHUS; BCEeACTBME TOTO, YTO NONSPU3aLMOHHbIE N3Me-
PEHUs BCEraa SBNSAOTCA KOCBEHHbIMU, AN UX MHTepnpeTauum Tpebyetcs ycToiumBas MateMatmyeckas Mo-
[enb NepeHoca nonspru3oBaHHOro 3ryyYeHns B paccenBaloLLei 1 nornoLuarLLen cpese.

Ha 6a3e pelueHns npsmMoi 3afaqn OCyLLEeCTBNSETCS Nepexos K pelleHnto obpaTHbix 3agady - onpege-
NEHNI0 CBOMCTB UCCredyeMblX NpUpOAHbIX oBpasoBaHuin. [ing 3TOro Mogernb AOMKHA UMETb BbICOKYHO CKO-
POCTb CXOANMOCTH, YTOObI ObINO BO3MOXHBIM NPUMEHSATL €€ Ha BbIYUCIUTENBHON TEXHWKE, YCTAHOBMNEHHOW
Ha GopTax CryTHUKOB M B LiEHTPaX, rae Npoun3BoauTcs pabota Hag nofyYeHHbIMU AaHHBIMK. B yCrnoBusX 30H-
[VPOBaHWS aapo3oreit ata npobriema CTaHoBUTCS 0COOEHHO aKTyanbHOW, NOCKOMbKY a3po30sib B aTMocdepe
[0BOMBHO HEYCTOMYMB M YaCcTO TpebyeTcs BO3MOXHOCTL 00paboTKM B peXMME peanbHOro BPEMEHM.

3anuwem nuaapHoe ypaBHEHME ONs HEOAHOPOAHOM pacCeyBatoLLen M NOrMOLLAOWEN cpeabl B cre-
AytoLlem Buge:

P(2) = A(2)z 72y (2)2(2)T?(0,2))T?(2,,2), (1)

CTy

a z b
rae P(z) — MowHoCTb axo-curHarna; A(z) = Kmm?rr;PD{ - }[ :'1"‘ = ) exp {— +—}) — annapartHas
2 aytag leytagls

!
(yHKUMS Nnaapa; T, — ANUTEeNbHOCTb 30HAMPYIOLEro uMmnynsca; by (z) = (4—]::,?(2] — NUgapHoe OTHO-

T
wenne; T2(0,zy) = exp[—2 [7°=(x)dx] - npospayHocTb uMCTOM aTMOCEpbl Ha  yyacTke
[0,2,];T*(z4.2) = exp [—2 f: £(x) cix] — NPO3PaYHOCTb a3P030MbHOr0 06pa30BaHNs Ha ydacTke [z,;z];
o

Konm — k03(hDULIEHT NPOMyCKaHWst ONTUYECKOI CUCTEMbI NAapa.



B obwem cnyyae nuagapHoe ypaBHeHue (1) COAEPXUT TPU HEM3BECTHBIE OMTUYECKWE XapaKTEPUCTUKM
as3po30nbHOro 0bpa3oBaHKs: nokasatenb ocnabneHus s{z),nokasarenb paccesHns Cr(z) U 3Ha4YeHre WHAMKa-
TpUChI paccesHnsa %, (z) ans yrna 180°. Moatomy Ans paspeLleHns NMAapHOro ypaBHEHUS OTHOCUTENBHO No-
kasaTtens ocnabnexns HeobxoaMMo LOONPeAenuTb 3agaady NyTeM BBEAEHUS COOTBETCTBYIOLLEN anpyOPHON
WHopMaLmMmn 06 ONTUYECKMX CBONCTBAX 30HAMPYEMOrO 06bEKTa.

PaccmoTpum meToq norapudmMmnyeckorn NpounssogHow. MNpy 30HAMPOBaHMN a3p030ibHbIX 06pa3oBaHNiA
He6OMbLLIOW NPOTSKEHHOCTM W Manon ONTMYECKOW MIOTHOCTW, KOrda CUrHamn NpeBbIWaeT WyMbl Kak nepeq
LNenom, Tak U 3a HUM, 13 (1) HETPYAHO NOMYYMTb POPMYNY ANS CPEAHEro (MO0 CeYeHuto Wwrenda) 3Have-
HWS koadhdomLMeHTa ocnabnexns &,

B cnyyae wnendos NpoMbILLNEHHbIX BbIGPOCOB BOMBLLON ONTUYECKOI NNOTHOCTY 3a4aya NHTepnpeTa-
LMW [aHHbIX NIa3ePHOM0 30HAMPOBAHUS CUMBHO OCIIOXHSAETCS W3-3a CYLLECTBEHHON ONTUYECKOW HEOOHOPOS-
HOCTW a3p030bHbIX 00pa3oBaHuii, HeN3bexXHOro NPUCYTCTBUS (POHA MHOTOKPATHOMO PacCesHUS M ManblX
BEMUYNH 3XO-CUTHANOB, MPUXOAAWWMX M3 rMybuHbl paccemBatoLlen cpedpl. B Takux cnydvasx npuMeHsioTcs
MeTOZbl MHTErparnbHOMO HaKoNNEHUs.

MpuHsie A =1, npeobpasyem ypaBHeHwe (1) K Buay:

V(@) = e(exp [ e(x)dx] @)
rae ¥(z) = P(2)z2A7(2)b; 1 (2)T 3(0,z,) — sKCnepuMeHTanbHoO onpeaensemas dyHKUS.
Norapudmupys n gudcepeHumnpys (2):
lnw=1n£—2_r:£[x]cix (3)

[Iny] == — 2z,
MMonyyaem ypaBHeHue bepHynnu:

£(z)— e(2)[Inlny (2)] = 25%(2). (4)

Obuiee pelLeHve ypaBHeHUs BepHynnu uMmeet Bug

£(2) =y(2)[C - 2 [y (x)dx]

roe zZ- Npon3BoJibHaA TO4YKa MHTEpBara [ZO, Z] ; C — nocTosiHHas WHTErpMUpoBaHUA.

-1
H

MycTb M3BECTHO 3HaueHMe £(Z;.) B kakoit-HMBY[b TOUKe Z; TPAcehl Nokaumm [z,, 2] .Hasoem Touky

Z, KanmbposoyHoi. MNonaras B (5) = = z,, Nony4Yaem kannbpoBOYHOE COOTHOLIEHNE
— _ wi=) =
C=c(z%z)= T:}+ 2 [Fp(x)dx (6)
MoacTtasnss (6) B (5), nonyyaem anroputv 06paboTKM NMAAPHBIX CUrHAMOB C JIOKArbHON KanmbpoBKOWA:

£(z) = ¥(2) [“’Tﬁ’; —2f 9 d,x}'l. (7)

Mcnonb3ys ypaBHeHue (2), BbipaxeHune "b'—z”_;;" MOXHO 3anucatb B Buae T (24, Z;) v npeacTasuts (7) ¢
IR

E1LZ
Kaﬂ|/|6POBKOI;1 MHTErpanbHOro Buaa:
. =
£(z) = Y(z) [T (g2 ) — 2 fgktb(x]dx]. (8)
HenocTaTkoM MONMYyYeHHbIX BbIPAXEHMUA SBMSETCA HEoBXOAMMOCTb abCONIOTHONM KannbBpoBKY n1aapa.

AnropuT™ OTHOCUTENbBHBIX M3MEPEHUIA MOXHO NOSTY4NTb NYTEM HECMOXHbIX NpeobpasoBaHuil BipaxeHns (8).
Mcnonb3ys 13 (2) COOTHOLLEHWe

5= T2(z02), ©

sz}

MosHo 3anucarb peluenme (8) oTHocutenbHo T2 (2, 2):



T*(zg,2z) =T*(2p2,) — 2 f;w(x:]dx. (10)

Mpnz = z,
(1—T2(z5,2,)) = zf;w[x]dx. (11)
3atem, npeactasus T'2(z,.2z) B (8) B BMAE
T2(zg 2) = et = 26, [Ty (x)dx, (12
nosiy4nm anropuT™M OTHOCUTENbHBIX I/I3MepeH|/|I7I C I/IHTeraJ'IbHOI7I KaJ'IVI6pOBKOI7I:
£(2) = ¥(@) 26, [FU@dx + 2 [FuGdx] (19)
1 1

roe 8, = — Ge3pa3mepHblil NapameTp, BblpaXaloLmiics Yepes 3HaueHne

':1"_"':3:,.3;{}—1} - exp I:Er':zn,z;{}jl—l
npo3payHocTi T i ONTUYECKON TONWM T yyacTka [2q. 2, .

Kak cnegyet u3 (2), kpome 13MepsSieMoro aKCepUMeHTanbHO NMAAPHOTO curHana P(z) U U3BECTHOI
annapaTHoi dyHkUuuM nuaapa A (z), BXOGHbIMW AaHHbIMM 515 0BpaLleHnst NMAAPHOTO YpaBHEHWS SBNSIOTCS

onTu4eckue napameTpbl atMocdepbl T2(0,z,), by (2). Mepexod K OTHOCUTENbHBIM U3MEPEHNSM CHUMAET
npobieMy n3mepeHns NPo3pavHOCTN aTMOCEPBI Ha y4aCTKe [0 a3P030MbLHOM0 06pa3oBaHus.

dopmynbl (7) (¢ nokanbHoi kanubposkon) u (14) (c nHTerpansHoW KanMbPOBKOI) cofepxar npakTuye-
CKU BCe M3BECTHblE BapuaHTbl aHaNUTUYECKUX METOLOB PeLleHUs NWAAPHOrO ypaBHEHUS B NPUBNVKEHN
OfHOKpaTHOro paccesHus. Cpeaun HUX Hauborbluee pacnpoCTpaHeHne Ans KOHTPONS aspo30ribHbIX 3arpsi3-
HeHuI nonyyunu metog Knetra n Metog S-hyHKLMK.

MeTop KnetTa nogpasymesaeT npeanonoxenue b, (z) = const, A(z) = const B BblpaxeHu (7)

£(2) = [5(2) 25 — 2 [ s(x)dx| (14)

==

rae S(z) = P(z)z? - curHan, yMHOXeHHbIi Ha KBaapaT paccTosHHS.
®opmyna (14) aBNSETCS MaTeMaTUYeCKUM BblpaxeHneM anroputmMa metoga KnetTa, KOTOpbIA OCHO-

BaH Ha kanubposke curHana S(zx) no M3BECTHOMY KOS(MULMEHTY OcnabneHns (zx). YCTONYMBOCTb 3TOMO

MeToga B obracti 6OMbLUMX ONTUYECKUX TOMLY B 3HAYMTENBbHOM Mepe 3aBUCUT OT BblIOOpa OMOPHON TOYKW.
lMomeLleHne nocneaHen Briybb paccensatoLyen cpedsl AenaeT anroputm Gonee yCTonumBbIM.
C Uenblo NOBbILEHNS HAAEXHOCTW UHTEPNpETaLM NIMAAPHBIX CUrHANOB NpY 30HAMPOBAHUM ONTUYE-

CKW NMOTHbIX a9P030MbHbIX 06Pa3oBaHmii ANs BblMUCIEHUS £(z) BMECTO (7) MCMONMb3YIOT BbipaXeHue, cre-
aytolee u3 (12):
1 1-4) -1
£(z) = 5(2) [Eﬁk f:"S[:x]dx+ L"S(xjdx] , (15)
roe

" 5Go),, |

K
— [ -1 m2 — r .
8, = [T *(zpo2,) — 1] 75 T (2.2, ) = exp! B E— ‘- (z2—zp) In——
3,D,er napameTp Ek HaxoauTcA 13 AaHHbIX Na3epHOro 30HANPOBAHUA U UCNOSb3YETCA ANA crabunu-

3auum petuenus (15) B obriactu 6onbLLMX ONTUYECKNX TOMLL. KOppeKTUpyoLwuit MHOXUTENb K, noabupaeTcs
9KCMEePUMEHTAIBHO.

B meTtoge S-chyHkumm Tpacca 30HAMPOBaHMS pa3buBaeTcs Ha OTpesku [z;_,, z;] (i=1,...,m) n n3meps-

€TCS OTHOLLEHIME CUrHANOB B COCEAHNX TOYKaX z;_4 U z;, cunTas by (z) = const, A(z) = const:



v(z) P(2)7 s
W(a) P2 5(2) 1)

MepecyeT onTuyecknx napameTpoB oOT (i-1)-ro K i-my crow npoBoauTcs no copmyne (7), NONoXue

Z=Z,Z, = Z 4!

(%-ig—j)—zr [S(z)dz & —(::)z; — __1_:](5( j—S[__lj)

(17)
3neck nHTerpan BbYMCNEH Mo hopMyne TpaneLui B NpeanonoxXeHnn Manoct (z; — z;_4).
[lanee, gens noovepeaHo (16) Ha S(z;) n 5(z,_,), nony4nm
1 -
sl = Lii::_1 Sz, ])) iz (l * SL ] : (18)
1 ¢ 5(, s -
)= L[::] [:L_i]) G-z ]( SLL_i]) (19)

CooTtHolueHus (18), (19) pawT cxemy nocreaoBaTenbHOro nepecyeTta nokasatens ocnabneHus B no-
Byt0 CTOPOHY OT ONOPHOTO 3HAYEHMS, M3MEPEHHOro B OO0 TOYKe Tpacchl. Takas cxeMa Mo3BONSET CHU3UTbL
BNMsiHME (hOHA 3a CYET U3MEPEHNS OTHOLLIEHMS CUTHAMOB B ABYX ONN3KMX TOYKAX.

lMpaKT4eckn Bce Nporpammbl W LIENW QMCTAHLUMOHHOMO 30HAMPOBAHMS CBOASATCS K pelueHuto obpat-
HbIX 3ada4 — K HaXOXOEHWo napaMeTpoB uccnegyemoin cpeabl. OQHUMM M3 caMblX pacnpoCTPaHEeHHbIX Me-
TOAOB peLLeHnst obpaTHON 3adaun SBNSETCS MeTod (PUTTUHIA U METOA, OCHOBaHHLIN Ha HanecoBCKOM Kpu-
TEPUM, KOTOPLINA B Clly4ae rayCcoBbIX LYMOB, Hanbornee 4acto NpeAcTaBneHHbIX B PELUEHUN MPaKTUYe CKUX
3agad, no cyTu, saensetcs oboblieHnem Metoga HaumeHblwmx kBagpaTos.[2]. CyTb MeToga 3aknoyaeTcs B
MHOMOKPaTHOM PELIEHUN MPSAMON 3aayn C pasnuyHbIMK NapameTpamit 1 nocreayowyum nogbopom nony-
YMBLUMXCS TEOPETUYECKMX KPUBBIX K KCMEPUMEHTaNbHON. Takum 0b6pa3om, pelueHne obpaTHbIX 3adady Bbl-
ABUraet cepbesHble TpeboBaHUs MO TOYHOCTU U CKOPOCTM K MHOTOKPATHOMY PELLEHMI0 BEKTOPHOTO ypaBHe-
HWs nepeHoca uanyyenus (BYTUN). C aTux nosnumii KpUTUYECKN PAaCCMOTPUM CYLLECTBYHOLLME METOAbI peLe-
Husa BYTTN.
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