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BBE/IEHHUE

AKTYaJIbHOCTh TeMbl HccJegoBaHusA. lcnonb3oBaHUE SIEKTPOHHBIX
TaXxCOMETPOB CTAJI0 HEOTHEMJIEMOW YacThIO MPAKTHUYECKH BCEX BUIOB HAa3E€MHBIX
reojie3ndeckux pabor. B HeomHOpomHOW arMmocdepe AIEKTPOMArHUTHOE
U3ITy4eHHE OTKJIOHSAETCS B CTOPOHY CJIOEB C MEHBIIEH ONTHYECKOW MIOTHOCTHIO,
YTO MPUBOAUT K OIMOKe ompeaeneHus yrioB. Haubomnbiias W3MEHUYUBOCTH
HAOI0JaeTCsl B BEPTUKAIBHOM TJIOCKOCTH, B TOTPAaHUYHOM Clioe aTMocdepsl,
TOJILIMHOM OKOJIO OJTHOTO KHUJIOMETpa, YTO MPUBOAUT K OIIMOKAaM OMNpEIeIICHHUs
MPEBBIIICHA B TPUTOHOMETPUYECKOM HUBEIMPOBAHUH, HA HECKOJBKO MOPSIKOB
NPEBBIIAIONIMM ~ TPUOOPHYIO  TOTPEUIHOCTh  COBPEMEHHBIX  DJIEKTPOHHBIX
TaXEOMETPOB.

Cumtaercsa, 4To Ui y4deTa BIUSHUS aTMocepsl HAa pe3yibTaThl
TPUTOHOMETPUUYECKOTO  HUBEJIMPOBAaHUS B MAacCOBOM  T€0JE3UYECKOM
IPOU3BOJCTBE JOCTATOYHO MCIOJIB30BaTh CTaHAAPTHBINA KO3 ULneHT pedpakuuu
0,13-0,14. 3nauenue kodpdunmenta 0,14 COOTBETCTBYeT 3HA4YEHHUIO yria
pebpakuuu 2" Ha smHEM 1 kM. OpHako kod(duimeHt pedpakiud paBeH
CTaHJIAPTHOMY 3HAYECHUIO JIUIIH B TEUCHHE HEMPOJOJDKUTENBHBIX MPOMEKYTKOB
BPEMEHHU TIpU YTPEHHEH U BeuepHel nzorepmuu. B [1] oTMeueHo, 4TO B peaibHOM
aTMocdepe KodPPUIMEeHT pePpakiiuu MOKET KoyiedaTees oT -6 g0 +6. CornacHo
[2], yron BepTukanbHO# pedpakimu MoxeT qocturats 200" i 5 KM TUCTaHIHH.

[Ipu co3maHuu cCrHenuanbHBIX OMOPHBIX CETeH, Korma TpeOoBaHHUS K
TOYHOCTH OTIPEACIICHUS TPEBHIIICHUN BBIIIE, & TIPOJIOKHUTH X0J] T€OMETPHUIECKOTO
HUBCJIMPOBAHUS HE BCEeTJa TNPEACTABISACTCS BO3MOXHBIM (Hampumep, MpU
CTPOUTENBLCTBE MOCTOBOIO IE€PEX0/a), HCIOJIB3YIOT METOJ JABYCTOPOHHETO
TPUTOHOMETPUUYECKOTO  HUBenupoBaHus.  OJHAKO  HM  HCIIOJIB30BAHUE
CTaHJAPTHOTO kodhpummerTa pedpakuuu, HU JIBYCTOPOHHEE
TPUTOHOMETPUUECKOE HUBEIIMPOBAHUE HE TAPAHTHUPYIOT TMOJYYCHHE CTaOWIIBLHBIX

10 TOYHOCTH PE3YIIBTATOB.
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Hcnonp30BaHne ABYCTOPOHHETO TPUTOHOMETPUYECKOTO HHUBEIMPOBAHUS
Oyaer Hambosnee 3(pGEKTUBHBIM TMPHU BHITOJHEHUH OJHOBPEMEHHBIX H3MEpPEHUH
JUISL ydeTa BO3MOXHBIX HW3MEHEHHH COCTOSHUS aTMoc(epbl BO BpPEMEHH.
[TomTHOCTBIO KOMIIEHCHUPOBATH BIUSHUE PEPPAKIIUHI STOT METO/ MO3BOJISET TOJIBKO
IIPY YCIIOBUU CUMMETPUYHOCTH Tpacchl [3].

Takum oOpa3om, Tema AHMcCCEepTallUU SBISETCS aKTyalbHOW: HU OJIUH W3
coco0OB yueTa BIMSHHUS BEpPTUKAJIbHOW pedpakiuy, HUCHOIB3YEMBIX B
reoJIe3MUeCKOM TMPOU3BOJCTBE, HENb3sl cuuTaTh 3PGdeKTUBHBIM. Mcnonb3oBaHue
CTaHAAPTHOTO KO3(PUIMeHTa pePppakuuy He MO3BOJSET MOIYYUTh JOCTATOYHYIO
TOYHOCTH OTIPEACIICHUS MPEBBIMICHUH, a 3a9acTyI0 1a)Ke MPUBOJUT K YXYAIICHUIO
pe3yibTaToB U3MEPEHUI. Meton OJTHOBPEMEHHOTO JIBYCTOPOHHETO
TPUTOHOMETPUUYECKOTO HHUBEJIUPOBAHMS IMO3BOJISIET YYECTh BIUSHUE aTMOC(eEpHl,
HO Ha HECUMMETPUYHBIX Tpaccax SBisieTcsl Hed((HEeKTUBHBIM.

Crenenbp pa3pa0oTaHHOCTM TeMbl HccjaegoBanus. IIpobimemy yuera
BJIIMSIHUSL BEPTUKAIbHOUW pedpakiuy Ha pe3yabTaThl T€0JAE3UYECKUX H3MEPEHUN
aKTHUBHO Havaiu u3ydatrh B XIX Beke. 3HaAUUTENBHBIA BKJIAJ B 3TH MCCIICIOBAHUS
BHeCJIM Takue yueHble, Kak [Ipunenun M. T., Tengstrom E., BmuskoB B.D.,
Bunbuep [.I'., U3otoB A.A., Ilenmunen JLII., Angus-Leppan P.V., Brunner F. K.,
OctpoBckuii A.JI.,, Moszxyxun O.A., Kukkamaki T., Kymrua U.®. u mHOrHE
npyrue. Metoapl ydera BIUSHUA pedpakiny TPaAUIIMOHHO Pa3BUBAIKCH MO ABYM
HaIpaBJICHUSAM: afnmnapaTypHoMy W Meroanudeckomy. Hambonee uHTEpecHble U
3HaYMMBbIC alMapaTypHble pEHICHHWs peanu3ylT IUCIEPCHOHHBIA  METOJ
u3MepeHus yria pedpakiuu. K coxaneHuto, 10 CUX MOp HE YOAIOCh CO31aTh
yIJI0BOM  pedpakToMeTp, TPUTOAHBIM I  KCIOJB30BaHHMS B  MacCOBOM
T€0ZIe3NIECKOM MPOU3BOJCTBE. 1€ HEMHOTHME METOAMYECKHE TPUEMBI, KOTOPHIC
HAlUTM TPUMEHEHHWE B TE0JEe3MYECKOM MPOU3BOJCTBE, HE YIOBJIETBOPSIOT
OJTHOBPEMEHHO TpeOOBaHUSIM TOYHOCTH U omepaTuBHOCcTU. C  pa3BUTHEM
re07Ie3NIECKON TEXHUKHU, TPEOOBAaHUS K TOYHOCTH U ONEPATUBHOCTH OTNPEACICHUS

pedpakiuu JTUIIH BO3PACTAOT.



6

Heas wu 3agaum  wucciaenoBanus. Llenbro wuccnenoBaHus SBIAETCSA
pa3paboTKa METOJUKH ydeTa BIUSHUS BEPTHUKAIHLHON pe]pakiuu B dJIECKTPOHHON
TaXeOMETPHUHU, 00CCTIEUNBAIOIIEH TOYHOCTh, CPABHUMYIO C MPUOOPHON TOYHOCTHIO
COBPEMCHHBIX YTJIOM3MEPHUTEIBHBIX TMPUOOPOB, MPH MHUHUMAIBLHOM O0BEME
JIOTIOJTHUTETHHBIX H3MEPEHUH.

OcHOBHBIE 3371291 UCCIICIOBAHMUS:

— pa3paboTKa METOJIMKH y4yeTa BIUSHUS BEPTUKAIBHOU pedpakiind,
OTBEUAIONICH TPeOOBAaHUSAM COBPEMEHHOTO TE€0/JE3MYEeCKOr0 TPOM3BOACTBA IIO
TOYHOCTH U OTIEPATUBHOCTH,

— pa3paboTka TIPpUHIIUIIA OMPEICICHUS TapaMeTpoB aTMochepsl,
MO3BOJISIONIETO OTPAHUYUTH OOBEM JTOTOJHUTEIBHBIX U3MEPEHUN, HEOOXOIUMBIX
JUTSI MOJISTTUPOBAHMSI TTIOTIPABOK 32 pedpaKIuio;

— pa3paboTka ajropuTMa OIpEACNICHUs] TOIMPaBOK 3a pePpakiuio,
OCHOBAHHOI'O Ha T€0JIe3MUECKON MOJIeIN aTMochepsl U pazpabOTaHHOM MPUHITUTIE
OTIpEJICIICHHS TTapaMETPOB aTMOCQEPHI;

— pa3paboTka METOAWYECKUX TNpueMoB d(HPEKTUBHON OpraHU3alUn
JOTIOJTHUTEIHHBIX U3MEPEHUH;

— anpoOarusi 1 MEeToIuYeckass mpopaboTka pa3paboTaHHON METOIAMKHU
ydeTa BIMSHHS BEPTHKAIBLHON pedpakium.

Hayuynasi HOBHM3HA pE3yJIbTaTOB  HCCIACAOBAHMS  3aKJIFOYAaeTCS B
CJIETYIOILEM:

1.  paspaboraHHas KOMOWHUPOBAHHAs METOAMKA YydeTa  BIIHMSHHS
BEPTUKAJILHOH pedpakiiid B OSJIEKTPOHHOW TaXEOMETPHH OIHUpaeTCs Ha
KOMITJIEKCHOE HCIIOJIb30BAHNE TE€0/IC3UNYECKUX U METECOPOJIOTHIECKUX U3MEPEHUH,
4TO0 00€CIeUnBacT ONTUMAJBHBIM OajaHC MEXKTYy IOBBIIICHHEM TOYHOCTH H
00BEMOM JIOTIOJTHUTETLHBIX U3MEPECHHUIA;

2. WCIIOJIb30BAaHUE TPAJAMCHTHBIX TEOJIE3MUECKUX HM3MEPEHUU IS
ompejeneHus yria pedpakmue TO3BOJSIET MOJACIUPOBATh pedpaKIMOHHBIC
MOTMPAaBKA C TOYHOCTHIO, CPAaBHUMOM C TOYHOCTBIO H3MEPEHHUS  YIJIOB

QJICKTPOHHBIMU TaXCOMCTpPaAMM.
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Teopernyeckass U NMpPaKTH4YeCKasi 3HAYMMOCTb padoThl. TeopeTnyeckas
3HAYMMOCTD MOJIyYEHHBIX PE3YJIbTATOB 3AaKJIIOYAETCS B TOM, YTO IPEIIOKECHHBIN
MPUHITUI MCIIOJIb30BAHUSI KOMIUIEKCHBIX TPaJMEHTHBIX U3MEPEHUN 00ecreyrBaeT
MOJlydYeHUE HaJeKHOM HH(GOpMalnuMu O mapameTpe atMocdepbl, ero mepBol u
BTOPOl MPOW3BOAHBIX, YTO MO3BOJISIET HAAECKHO MOJEIUPOBATH BBICOTHBIA XOI
noKasaTtelis MPeJOMIICHHS U €ro rpaJiIieHTa B peaibHoi atmocdepe. ['pannenTHbIe
reOIe3NYECKUE U3MEPEHMUS MO3BOJAIOT I0JIy4aTh CPEAHEHMHTETPAIbHBIE UL
JTUCTAHIIMU 3HAYCHUS] PEPPAKIMOHHBIX XaPAKTEPUCTUK, YTO MOBBIIIAET TOYHOCTh
y4deTa BIUAHMS pepakiny Ha HEOJHOPOAHBIX TPacCcax.

[IpakTueckass 3HAYMMOCTH PE3YJIbTATOB HCCIENOBAHUS O0ECIeUnBAETCS
TE€M, 4YTO pa3zpaboTaHHass KOMOMHHUpPOBAHHAas METOJUKAa YydeTa BIIMSHUSA
MPU3EMHOTO CJI0sI aTMOC(EPBI B IEKTPOHHON TaXEOMETPHUH MO3BOJISIET MOIY4YaTh
HOMpPaBKU 3a PEPpPakiMI0 C TOYHOCTHIO, CPABHUMOM C TOYHOCTBIO HM3MEPEHUs
BEPTUKAJIBHBIX YIJIOB, pAacIIUpseT 00JacTb MPUMEHEHUS TPUTOHOMETPUYECKOTO
HUBEJIMPOBAHUS B T'E€OJIE3UNYECKOM IPOU3BOJICTBE, OOECHEUYMBAET MOJHOIEHHYIO
peain3anrio (QYHKIMOHAIBHBIX BO3MOXHOCTEH O3JIEKTPOHHBIX TaXEOMETPOB B
Ka4eCTBE YHUBEPCAIBHOI'O CPEICTBA T€OIE3NUECKUX U3MEPEHN.

MeTtonoJiorust 1 MeToAbl HccaeA0oBaHus. PazpaboTka KOMOMHUPOBAHHOM
METOJUKHA YyyeTa BIUSHUS BEPTUKAIBHOM peppakuuu U €€ KOMIIOHEHTOB
O0azupoBaslach Ha aHaM3€ 3aKOHOMEPHOCTEW (POPMUPOBAHUS MUKPOKIMMATA,
JIIEMEHTaX MaTeMaTHYECKOTO aHajlu3a; TOYHOCTHBIE pPACUEThl BBINOJHEHBI C
WCIIOJIBb30BAaHUEM  MAaTEMaTHYECKOro  ammapara Teopun  MaTreMaTH4YECKOU
00pabOTKH reoIe3NYeCKUX U3MepeHui; arpoOanrss KOMOMHUPOBAHHON METOJIMKH
U TpopaboTKa BOIMPOCOB €€ MPAKTUYECKON peanusalry ONUpajich Ha IOJIEBbIE
DKCHEPUMEHTHI, aHAJIN3 TMOJIYYEHHBIX PE3YJbTAaTOB U CPABHEHUE C pE3yJIbTaTaMU,
NOJIy4YEHHBIMH IPYTUMU METOJIAMHM.

Ilon0:xkeHus 1 pe3yabTaThl, BBIHOCMMbIE HA 3ALIUTY:

1.  pagpaboraHa KOMOMHHMpOBaHHas  METOJMKA y4deTa  BIMSHUS

BEPTUKAIILHON pedpakiuy, obOecrneunBaromias omnpeaeiacHue pePpakiimoOHHBIX
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NOMPAaBOK €  TOYHOCTHIO  TPUTOHOMETPUYECKOTO  HUBEIHPOBAHUS U
aJlarTUPOBAaHHAs JJI UCIIOJIF30BaHUS B DJIEKTPOHHON TaXEOMETPHH;

2. NPEJIOKEH TMPUHIUIT UCIOJIb30BAHUSL KOMIUIEKCHBIX TPaJHUCHTHBIX
Te0JIC3UYECKUX U METEOPOJOTHUECKUX M3MEPEHUN, 00eCIeunBaOMUi HAAEKHOE
MOJICIMPOBAHUE BEPTUKAIBHOTO pacIpe/iesieHus MNapaMeTpoB aTtMochepsl mnpu
MUHHUMAaJIbHOM 00beMe JOTIOTHUTEIbHBIX U3MEPEHUH;

3. pa3paboTaH aJNTOPUTM OMpPECICHHUS TONPaBOK 3a pedpakiuio,
OCHOBAaHHBIH Ha TeEOJIe3UYECKON Mojenu atMocdepbl, s  ONpeAeICHUs
mapaMeTpoB KOTOPOM MCIIOJTb30BaHBI KOMIUIEKCHBIE rpageHTHBIC
METEOPOJIOTUIECKUE U TEO/IC3NYECKIE N3MEPECHHS,

4.  pa3paOoTaHbl METOJWYECKHE IMPHUEMBbl MPOU3BOJCTBA KOMILIEKCHBIX
TpaaueHTHBIX U3MEPEHHIH, MO3BOJISIOIINE UHTETPUPOBATH poIIecc
JIOTIOJIHUTEIBHBIX U3MEPEHUHN B TPUTOHOMETPUUECKOE HUBEIUPOBAHUE;

S. BBHITIOJIHEHA TOJIeBasg ampodarusi pa3paboTaHHOW KOMOMHHPOBAHHOMN
METOJIMKH, JTOKa3aBmias ee 3PGEKTUBHOCTh B KAUECTBE CPEJCTBA ydeTa BIIMSHUSA
BEPTUKAJILHON pePpaKIuu B AJIEKTPOHHON TaXEOMETPHUH.

CreneHb [J0CTOBEPHOCTH M anpodaunusi. [0OCTOBEPHOCTH BBIIBUHYTBIX
MOJIO)KEHUHM, PEKOMEHJalui, BBHIBOAOB OOOCHOBaHA TEM, 4YTO IOJy4YEHHBIE
pe3ynbTaThl HE MPOTUBOpPEYAT M3BECTHBIM 3aKOHOMEPHOCTSIM (OPMUPOBAHUS
MECTHBIX TOJIel pedpakiuu, 0a3upyroTcs Ha KJIACCMYECKOM Teopuu pedpakiuu
Herotona. PaGoTocmocoOHOCTH M TOYHOCTHBIE BO3MOXKHOCTH pa3paboTaHHOM
METOJMKA OOOCHOBAHBI Pe3yJbTaTaMH BBIMOJIHEHHOTO MpeapacueTa TOYHOCTH U
MOCIEAYIONMX  TOJIEBBIX ~ HCCIENOBAaHWH, CpaBHEHHWEM C  pe3yJbTaTaMH,
NOJyYEHHBIMH  HE3aBUCUMO  METOJIOM TE€OMETPUYECKOTO  HHUBEJIWPOBAHMUS,
MPaKTUYECKHU CBOOOJHBIM OT BIMSIHUS pePpaKIuu.

OcHOBHBIE PpeE3yJbTaThl HCCIEJOBAHMUS OKJIAJbIBAINCH HAa CIEIYIOIINX
KoH(epeHusx:

1. 73-1 HayudHO-TEeXHHMYECKasi KOH(EpeHLHs CTYJIECHTOB, aclUpPaHTOB U

Monobix yueHbix MUNT'AuK 3-4 anpens 2018 r., r. Mockaa.



9

2. 7T4-1 Hay4YHO-TEXHUYECKas KOH(EPEHIMS CTYACHTOB, aCIHUPAHTOB U
Mostoabix yueHbix MUMI'AuK 15-19 anpens 2019 r., r. Mocksa.

3. MexayHaponHas HaydyHO-TexHHUYecKas KoH(pepenuus «lIpocTpaHcTBeHHBIE
JTaHHBIE KaK OCHOBA Pa3BUTH MUPPOBOM 3koHOMUKHK Poccuny», mocesamenHas 239-
aetuio ocHoBanuss MUMI'AuK. 28 mas 2019 r., r. MockBa.

4. MexnayHapoaHas HAy4YHO-TEXHUYECKas OHJIaliH KOH(pepeHus
"[IpocTpaHcTBeHHBIC JlaHHBIE B  YCJIOBHSX IMdpoBoi  TpaHchopmaruu'/
International scientific and technical online conference “Spatial Data in the
Context of Digital Transformation” 25-27 mas 2020 r.

B mepBoit TnmaBe ommMcaHO BIWSHHE pePpaKuu  Ha  Pe3yIbTaThI
TPUTOHOMETPUUECKOTO HUBEJIUPOBAHUSA, BBITIOJIHEH aHAU3 CYIIECTBYIOIIMX
METOJI0OB ero ydera. Ha oCHOBaHMM aHaau3a MHOTOYHMCIEHHBIX MyOJUKanui u
HKCIIEPUMEHTOB  ClIeJlaH  BBIBOJLT O  HEOOOCHOBAaHHOCTU  MCIOJIb30BaHUS
cranaaptTHoro kodddunuenta pedpakiuu 0,13-0,14. Kpatko oxapakrepru3oBaHbI
METOJMYECKOE M anmnapaTypHOE HamlpaBlICHHUs y4yeTa BIUAHHUS aTMOC(HEpHOU
pedpakiud Ha TEOJIE3MYECKUE U3MEPEHUsS U CJeNaH BBIBOJ O TOM, 4YTO BCE
CYILIECTBYIOIME METOJbl CIPABEJIMBLI TOJBKO B YACTHBIX CIydasX, JUOO UMEIOT
pSiZl CYIIECTBEHHBIX HENOCTAaTKOB. Ha OCHOBaHWMHW BBHITIOJIHEHHOTO aHaiu3a ObLia
MoCTaBjeHa 3ajada pa3paboTku AGHEKTUBHON METOJUKH ydeTa BIUSHUSA
pedpakiuy, oOTBeHaroOlmle  OJHOBPEMEHHO  TpPEOOBaHUSAM  TOYHOCTH U
OTIepaTUBHOCTH.

Bo Bropo#i rnaBe cdopmyIupoBaHbl 3aKOHOMEPHOCTU (POPMHUPOBAHUS
METEOpPOJIOTHYECKUX TMojell u mosed pedpakuuu. CrenaH BBIBOJ O TOM, 4YTO
MUKpOMacIITabHbIe TOJs pedpakiud BHOCSIT OCHOBHOW BKJIAJ B HMCKaKECHUE
pEe3yIbTAaTOB T€OJE3UYECKUX U3MEPEHHUM U CIIOXKHEE MOAIAI0TCs yUeTy. BoineneHsl
nBa (akropa (GOPMHPOBAHUS MECTHBIX MOJEH pedpakivu: THI TOACTUIIAIONIEH
IOBEPXHOCTH M BBICOTA BU3MPHOrO Jiyda Haja Hed. Ha ocHOBe reope3mdeckoi
Mozenu armocdepbl, MO3BOJSIONIEH MOJEIMPOBATh H3MEHEHHE MapaMeTpoB
aTMoc(Qepbl B Mpeenax MHUKPOMACIITAOHBIX Toyiei pedpakiuu, Ol pazpaboTan

QITOPUTM YyUeTa BIUSHUS BEPTUKAIBHOU pedpakliiy B JIEKTPOHHON TaXeoMEeTpHUH
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Y TPOU3BEIEH NpenpacyeT TpeOOBaHUII K TOYHOCTU ONPEIECICHHUS NapaMeTpoB
MOJEINH.

BrimonmHeHa npenBapuTesibHAas — OLIGHKA TOYHOCTHBIX — BO3MOYKHOCTEU
METEOPOIOTUYECKOTO CITOCO0a ONpeeIeHUs TapaMeTPOB MOJIETN U CAEJIAH BBIBOJ
O HEBO3MOYKHOCTH €T0 UCIOJIb30BaHUs C MPUMEHEHUEM IMOJEBBIX METEONATUYUKOB
B TeoJe3M4ecKuX LeisaX. lIpeaioxkeH NpUHIMI KOMIUIEKCHOTO HCIOJIb30BaHUS
reoJIe3NYECKUX U METEOPOJIOTHYECKUX M3MEPEHHUN JIJISl ONPEIECIICHHS NapaMeTPOB
Momenu. Jlyia TMOBBIIEHHS HAAECKHOCTH MOJCIHMPOBAHUS  BEPTUKAIBHOTO
pacnpeneneHuss TpaueHTa I[OKa3aTeds MpeIOMIICHHS U yIila pedpakuuu
MPEMJIOKEHO BBINOJHATh TPAJUEHTHBIE WM3MEPEHHS] Ha HECKOJBKUX (HE MeHee
TpeX) YPOBHSX.

[IpensioxkeH KOMOMHUPOBAHHBIM MOAXOA K YYETYy BIMSHUS BEPTHKAIbHOU
pedpakuy, OCHOBaHHBIN Ha

1. reoIe3nYeCKo MOJIETN aTMOC(EpHI;

2. NPUHIUIIE HCITIOJIb30BaHUs KOMIUIEKCHBIX IPaJuEHTHBIX
reoJIe3N4EeCKMX U METEOPOJIOTHYECKUX U3MEPEHUN ISl ONPENEIICHUS apaMeTPOB
MOJENH;

3. MPUHITUIIE yueTa BIUsSHUA aTMOoc(hephl 0e3 3HaHUS BBICOTHI BU3UPHOTO
ayya.

Pazpabotan anroputM, peanu3yromyii KOMOMHUPOBAHHBIN CMOCOO ydeTa
BIIUSIHUS BEPTUKAIBHOU pedpakiiiy, KOTOPHIN BKIIIOYAET:

1. onpezeneHre Koddduimenta oOMeHa, BEPTUKAIBHOIO TIpagueHTa
TEeMIIepaTypbl U MPUOIMKEHHOTO 3HAYEHUS TPAIUeHTa MOKa3aTess MPeIoMIICHUs
110 U3MEPEHHBIM HA TPEX YPOBHSIX 3HAYEHHSAM TEMIEPATYPHI;

2. BBIYHCIICHUE TIPUPAILECHUS yTia pePpakiuu M0 U3MEPEHHBIM Ha TPeX
BBICOTaX 3HAYCHMSIM YyTJia HAKJIOHA;

3. BBIYMCIICHUE SKBUBAJICHTHOU BBICOTHI;

4, BBIYHCJIEHUE yria pedpakuuu Ha paboyeM YpOBHE IO MPUPALICHUIO
yria pe@pakiuy Mexay 1-pIM U 3-UM U3MEPUTEIbHBIMU YPOBHSIMH;

S. BBIYUCJICHUE UCTIPABJICHHOTO 32 BIMsSHUE pedpaKIuy yriia HaKJIoHa.
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BrimonHeH mpeapacyeT TOYHOCTH KOMOMHHPOBAHHOTO CIOCO0A W CIENaH
BBIBOJ] O €T0 COOTBETCTBHH TpeOOBaHUAM HUBEIMpoBaHus |V kiacca npu ycrnoBun
OTpEJICICHUs] YIJIOB HAaKJIOHa C TOYHOCThIO 1", a pasHOCTH Temmeparyp C
tounocTtrio 0,05 °C.

B Tpetheit rinaBe chopMHpOBaH KOMIUIEKC JOMOJIHHUTENBHBIX HW3MEPEHH,
HEOOXOAUMBIX JIJISl ONPEICTICHUS TapaMETPOB I'e€0/1e3UUE€CKOM MOJICIIH:

1. WU3MEpPEHHE TEMIIEpaTyphl Ha TpexX (WM 00JIee) YPOBHSIX;

2. HM3MEpPEHUEe BEPTUKATIbHBIX YIJIOB Ha TpeX (Miu 0oJiee) YpOBHSX.

OnucaH co3maHHbIA i Lened ampoOanuy pa3padOTaHHONM METOAMKHU
AKCTIIEPUMEHTAJIbHBIN MOJUTOH, BKIIOYAIONINN TPU HANpPaBICHUS, OTIMYAIOITUECS
JUIMHOM JWCTAaHUMM W TUIOM MOJACTWIAKNIEd mnoBepxHocTH. Ilo naByMm
HaIpaBJICHUSIM OBLJIO BBINOJIHEHO M'E€OMETPUUYECKOE HUBEIMPOBAHUE MO METOIUKE
Il kacca.

N3n0keHbl OCHOBHBIE PE3yJIbTaThl MOJEBBIX HccienoBaHuil. Ha mepBom
ATare MOJIEBBIX HCCIIECIOBaHMM, BHIMONHEHHBIX B 2018 r., Obuta pemieHa 3amada
anpoOaruu  pa3zpaboTaHHOro anroputMma. [lomydeHHBIE pe3yabTaThl JOKa3alu
pabOTOCTIOCOOHOCTh QJITOPUTMA M MPUHUIUNHAIBHYIO BO3MOXKHOCTb MOJIyYEHUS
yriaa pedpakiui ¢ Te0Je3UYecKOd TOYHOCTHIO. BEITIONIHEH aHalu3 pe3ysbTaToB
MEPBOTO ATamna MOJIEBBIX HCCIEAOBaHUN U CHOPMYIMPOBAHBI BHIBOJBI U 3a/1ayu
JAbHEUIINX WCCIEA0BaHUM. Llenpr0 BTOpPOrO 3Tama MOJIEBBIX HCCIEAOBAHUM,
BeImoTHEHHBIX B 2018-2019 rr., Obuia Meroaudeckas mpopadOTKa Ipolecca
MPOU3BOJICTBA KOMIUIEKCHBIX TPAJUEHTHBIX HW3MEpeHUi. Pe3ynbTaThl BTOPOTO
JTana Mo3BOJMWIM  CHOPMYJIMPOBATH OCHOBHBIE TPUHILMUIBI  OpPraHU3AIUU
U3MEpPECHUM:

1. METEOU3MEPEHUsI CJIEAYET BBIMNOJIHATH ABAXIbl B TEUYEHUE OJHOMU
CEpPHUHU I€0JIC3NYECKUX U3MEPECHUN;

2. YUCJIO TPUEMOB BBINOJHEHHS] YIJOBBIX HM3MEPEHUN  CleayeT
noAOUpaTh TaKUM 00pa3oM, YTOOBI CpeHss KBaJpaTHYecKas ommOKa CpeaHero

3HaYEHUs] U3MEPEHHOTO0 yriia Oblia He Huxke 1)
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3. BBITIOJIHATh T[EO/IC3UYECKUE UM  METEOPOJIOTHUECKHUE HU3MEPEHUSs
cleAyeT Ha 5 ypOBHAX, YTO OOECIEUUT HaIMYMe HN30BITOUYHBIX HU3MEPEHUH,
HEO0OXOMMBIX JJI1 KOHTPOJISL U MOBBIIIEHUS] TOYHOCTH;

4, 1iar nepecTaHOBKH OTpakaTess A0JKeH cocTaBiATh 0,3-0,4 M.

B oxoHuarensHOM BHJIe KOMOMHHMpPOBAaHHAs METOJMKA Yy4yeTa BIUSHUS
BEPTUKAJILHON pePpakiuy BKIIOYAET aJTOPUTM OMpEJEICHUsT MOMpPaBOK 3a
pedpakiuio U METOTUYECKUE TIPUEMBI TIPOU3BOJICTBA KOMITJIEKCHBIX TPAIUEHTHBIX
U3MEpEHUi, 00ecrneurnBaroMe WHTErPalldi0 JIOMOJHUTEIbHBIX HM3MEPEHUN B
TPUTOHOMETPUUECKOE HUBEJIIMPOBAHUE U YUET BIMSHUS BEPTUKAIbHOU pedpakiuu,
C TOYHOCTBIO, CPABHUMOW C TOYHOCTBIO YIJIOBBIX H3MEPEHHUM.

HuccepranonHas paboTa COACPKUT BBEICHHE, TPU pasjielia OCHOBHOMU
YacTH, 3aKJIIOYCHHE, CIMHCOK JuTeparypbl. O0mmii o0bem mucceptaruu — 101
cTpaHuiia, Bkitodas 18 pucynkoB u 10 tabaui. CucoK JIMTEPaTyphl COAEPKUT 93

HAaMMEHOBaHUs, B TOM unciie — 18 3apyOexHbIX myOIuKaIuii.
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I''/TABA 1 IIpo6saema ydyera BJusiHus pedpaKkuumn

B 3J'leKTpOHHOﬁ TaxeoMeTpun

1.1 BuausiHue BepTHKAJBLHON pedpakiiuu HA Pe3yJIbTAThI

TPUTOHOMETPUICCKOTO HUBEJINPOBAHUA

B Hacrosimiee BpeMs cCylIecTBYeT OO0JbIIOE pa3HOOOpa3ue METO/I0B
reofIe3NYECKUX HM3MEPEHUH W MpUOOpPOB UIsl MX MPOU3BOJACTBA. B uacTHOCTH,
AIIEKTPOHHBIN TaxE€OMETP IMOJIy4daeT JaHHBIE O MECTOIOJIOKEHUN BU3HPHOM LIENIH B
IIPOCTPAHCTBE IIYTEM OIpEIEIeHUs JUIMHBI W HaIIpaBJICHUSA TPacKTOpUU
pPacCIpOCTPAaHEHUsA  JJIEKTPOMArHUTHOTO  M3inydeHusa. JmHYy — TpaekTropuu
ONPENEIAOT M0  U3MEPEHHOMY  BPEMEHM  NPOXOXKACHUS  JUCTAHINHU
AJIIEKTPOMArHUTHBIM CUTHAJIOM M CKOPOCTH M3iydeHMs. HanpasineHue Tpackropuu
U3MEPSIOT HEMOCPEACTBEHHO, KAK Yrod MEXIy HalpaBICHUEM, IMPUHATBIM 3a
UCXOJHOE, M HalpaBJICHUEM Ha u300pakeHHe BHU3UpHON 1enu. llomoxkeHue
TPACKTOPUU B NPOCTPAHCTBE U CKOPOCTh PACIPOCTPAHEHUS CUTHAJIA BIOJIb HEe
3aBUCAT OT ONTUYECKON IUNIOTHOCTHU CPEBI.

OnTryecKkyro MIOTHOCTh CPEbl XapaKTEPU3yeT MOKa3aTelb MPEIOMIIEHH N,
KOTOpPBIA  MpeACTaBisieT CcOOOM  OTHOLIEHHWE CKOPOCTH  PacnpOoCTpaHEHUs

U3JIyYCHHUS B BaKyyMe C K €ro CKOPOCTH B paccMaTpuBaeMoit cpese V [4]:

(1.1)

c
n=-.
v

Ha mpaktuke mokazaTeb IpeIoMISHUS 3aMEHSIOT HHIASKCOM ITPEIOMIICHUS
N, mpeacTaBisIOMIUM COOOM OTIMYME TOKa3aTesis MPEJIOMIICHHUS OT €IUHUIBI,
YBEIMYECHHOEC B MWJUIMOH pa3. Takoil Toaxoj ompaBiaH, TaK Kak TOKa3aTelb

IOpeoMJICHUSI B pealbHON aTrMocdepe OoJiplle, 4eM B BaKyyMe€ Ha BEJIUYUHY

nopsaxa (0 — 300) - 107¢:

N=(n—1)-10°. (1.2)
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Hanpasnenune pacnpocTpaHeHUsT HM3IIyYEHHSI MEHSETCA IPU U3MEHEHUU
IIOKA3aTelsd IMPEJOMIIEHUS II0 HOPMajdud K TPACKTOPUM — Jy4 OTKIIOHSAETCS B
CTOPOHY CJIOEB C MEHBIIEH ONITUYECKOMN IIJIOTHOCTHIO.

OT10 sBieHHE MOoscHAET NpuHIMN Pepma, COrIaCHO KOTOPOMY, U3ITyYEHUE
pacrpocTpaHsieTcsl MO KpaTdyalllleMy ONTHYECKOMY ITyTH, TO €CTh IO IIyTH,
MPOXOXKJCHUE KOTOPOTO 3aMMET HauWMeEHbIIEe Bpemsa. B HeogHOpOAHOHU
aTMocepe Jyd OTKIOHSETCS B CTOPOHY CJIOEB C MEHBIIEH ONTHYECKOM
IJIOTHOCTBIO, TJI€ CKOPOCTb PACIpPOCTpaHEHMs] OyneT BhINIE, W, CIIEJOBATEIBHO,
BpeMsI  TNPOXOXKIECHUA  JUCTAHUMM  MEHbIIE.  SIBIeHWE  mpesomIeHUd
AIIEKTPOMArHUTHBIX JIy4eil B aTMOC(epe Ha3bIBAETCS YII0BOU pedpakiuei.

KonnuecTBeHHON XapaKTepUCTUKON MHTEHCUBHOCTY M3MEHEHHUS MTOKA3aTeNs
IPEJIOMIIEHUSL  CIY)KAT €ro rpaaueHT. Ecim mpeacTtaBuTe €ro  4epes
anredpanyeckre MPOEKIMU Ha TOPU3OHTAIBHYIO U BEPTUKAJIBHYIO IIOCKOCTh, TO
MOJIYYMM BEJIMYMHBI, BIMSIONIUE HA COOTBETCTBYIOIINE OOBEKTHI T'€0JE3UYECKUX
u3MepeHud. B reone3ndeckoM MpaKTUKE pPa3jMyalOT TOPU3OHTAIBHBIA U
BEPTUKAJIBHBIA TPaJMeHTHl [OKa3aTels TMPEeJOMIICHUS — alreOpanyeckue
MPOEKIMA Ha OCH, MNEPHNEHIUKYISPHbIE K BU3UPHOM JIMHUM B TIJIOCKOCTH
VU3MEpPECHUM.

N3nydyeHrne HEOJHOKPATHO NPETEPIIEBACT IPEIOMIICHUE, U, KaK pPe3yJIbTarT,
€ro TPaeKTOpUs MPEJCTaBIsAeT cOO0M MPOCTPAHCTBEHHYIO KPHUBYIO, HA3bIBAEMYIO
pedpakimonHoit kpuBoi. HabmrogaTens BUANT BUBUPHYIO MENb 110 KacaTeJIbHON K
MOCJIEIHEMY DJJIEMEHTY pPePpakUMOHHOM KPUBOM B TOUYKE HAONIOAECHHS. YTOI
MEXy UCTUHHBIM HANPABICHUEM HA BU3UPHYIO IETb U KaXKYIIUMCS HA3bIBACTCA
yraoMm pedpakiiuu ' ¥ CBA3aH C TPAJAUEHTOM MOKa3aTess MpeaoMIIeHus GopMyion

HyroroHna [5, 6]:
_ _p (D oy
r= —;fo gradn-x - dx, (1.3)

rae p" — YHUCIIO CEKYH] B pajJiaHe,

D — JUIMHA TPACKTOPUH PACTIPOCTPAHEHHUS U3ITYyUYCHUS,
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gradn — TrpagueHT TOKa3aTeNsd MPEIOMJICHHWS B TEKYIIEH TOYKe
BU3UPHOTO JIy4ya, OTCTOSIIEH Ha PAacCTOSHUE X OT BU3MPHOU
TEJTH.

HckaxxeHuss ~ TOPU3OHTAJbHBIX  YIJIOB  OOYCIOBJICHBI  BIIMSHHUEM
TOPU30HTAJIFHOTO TPaJMCHTa IOKAa3aTels NpeloMiieHUs (TOpHU3OHTaIbHAS WIH
OokoBass pedpakmus), a HAIAYNEC BEPTUKATBLHOTO TpagueHTa IOKa3aTems
MIPEIOMJICHUS TIPUBOINT K MCKAKCHUIO M3MEPEHUN 36HUTHBIX PACCTOSHUNA U YTIIOB
HaKJIOHA (BepTUKaJbHAs pepaKiius).

YrnoBas pedpakiys Takke OKa3bIBACT BIUSHUE U HA JIMHEHHBIC H3MEPEHUSI.
Takoe HMCKa)keHHE Ha3bIBaeTCS pedpakIMOHHBIM yIJIWHEHHEM TpaekTopuu. Kak
ObLJIO CKa3aHO BBINIE, U3JIYYCHHE PACHPOCTPAHSICTCS IO MYTH, KOTOPBIH
IpECTaBIsIeT cOO0N KPUBYIO, CIEAOBATEIbHO, €r0 MyTh AJUHHEE H3MEPSIEMOrO
paccrosiHusi. JlaHHBIA BUJ MCKaXXEHUW HACTOJIBKO Mayl, YTO UM B OOJIBIIMHCTBE
cillydaeB TpeHeOperaroT, u, TOBOps O BIUSHUM aTtMochepbl Ha JMHEHHBIC
U3MEpEHHs, TOApPa3yMEBalOT TOJBKO M3MEHEHHE CKOPOCTH H3JIy4YeHHUS B
HEOHOPOIHOM aTMOoc(depe.

T.x. yrmoBast pedpakiusi 3aBUCUT OT TpaJUeHTa MOKa3aTems MpeIoMIIeHHS,
TO B OJHOpOJHOU atMocdepe siBneHue pedpaxiuu He Habmomaercsa. [Ipobraema
yuéTa BIMSHUSA pepakiuy Ha TeoAe3WdYecKue M3MEpPEHUs BO3HUKACT TOJIBKO B
HEOTHOPOIHOM aTMocdepe [4].

[TokazaTenb TpeNOMIICHUS, XapaKTEPHU3YIONIUH ONTHYECKYIO TUIOTHOCTD
cpensl, (YHKIMOHATBHO CBSI3aH C METEODJIEMEHTAMH, XapaKTePU3YIOIIUMHU
¢usnueckoe cocrossHue artMmochepsl. CBsA3p TOKa3aTeNls MPEIOMIICHHS C
METEOBEIMYMHAMN B ONTHYECKOM JHamna3oHe OmHuchiBatOT (opmynsl Cupca-
Bappena ¢ Touroctsio 10 107 [7].

OddexkTuBHBIN TPYNIOBOM MOKA3aTeb MPEJIOMIICHUS B IIUPOKOM CBETOBOM

Jana3oHe MOXKHO OmpeeuTh 1o Gopmyie [4]:

6P

e
(n—1)=283,11-10" T 11,4-10°° ot (1.4)
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rae p, T,e — nasnenue B rlla, remneparypa B K n BraxHoCTh (IapuuanbHOE
JaBJIeHUE BOASIHOTO napa) B rlla.
N3MeHeHne  METEOBEIWYMH INPUBENET K  HW3MEHEHMIO  ITOKa3aTels

IIPETOMJICHUS:

oN dN oN

O xapakTepe W CTENEHH 3aBUCHUMOCTH T[OKa3aTellsd MpPEeTOMIICHUS OT
METEOMapaMeTpOB MOXXHO CYAWTh 1O BEJIWYMHE YACTHBIX TMPOU3BOIHBIX
NoKa3aTesisl MPEeIOMIICHMSI MO0 KaXJAOMy MeTeonapaMmerpy. 3HaueHHsl 4YaCTHBIX
IIPOU3BOIHBIX 3aBUCAT OT TEMIEpaTyphl NaBiieHUs U BiaaxHocTtu. B Tabnune 1.1
NPECTaBICHb 3HAYCHHWS YACTHBIX TPOU3BOJIHBIX TMOKA3aTeNsl MPEIOMIICHHUS,
nosydeHHsie u3 Gopmynsl (1.4) nns HopManmbHbIX ycnmoBui (T=293,15 K,
p=1013,25 rlla, e=13,33 rlla) [8]. Ananu3 Tabaumbl 1.1 MOKa3bIBACT, YTO B psijie

CJIy4acB BJIMAHHUCM BJIIAJKHOCTH B OIITUYCCKOM JHAIIa30HE MOKHO HpeHe6quB.

Tabmuua 1.1 — YacTHble MPOU3BOIHBIE MOKA3aTEN PETOMIICHUS 1151

HOPpMAaJIbHBIX YCJIOBI/II>'I B OIITUYCCKOM JHAaIIa30HC

IpousBoanasn 3HaveHne
d
ot ~1-107%/K
0
"op 0,3-1075/rlla
0
" ae —0,04- 10~ /rTla

Ecnu npupamienns B popmyste (1.5) 3aMeHuTh rpagueHTaMu (pas3aeiiuTh BCe
aleMeHThl (OpMYJIbl Ha TMpHUpAIIEHHUe PACCTOSHUS), TO MOXHO TOJYYUTh
NpUOIMKEHHYIO (OPMYJTy, BBIPQKAIOIIYI0 TPaUuEHT MOoKa3aTessl MpeIoMIICHUS
yepe3 TpaJueHThl TEMIEPaTyphbl, AABICHUS M BIAXHOCTH NPHU HOPMAIbHBIX

YCIIOBUSIX:

gradn=—-1-10"%grad T + 0,3-10"®grad p — 0,04 - 10~ %grad e (1.6)
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1.2 Hcnoan3oBaHHe CTAHAAPTHOIO K03 ¢unnenta pedppakumnu Aas y4éra

BJIMSAHMSA BEPTUKAJIbHON pedpaKkuuy B 3JIeKTPOHHON TaxeoMeTpUH

B mpakTHke reome3nueckoro MpOM3BOACTBA I y4éTa  BIUSHUS
BEPTHKAIbHONM  pedpakiuu  HAa  W3MEpPEHUE  MPEBBINICHUH  METOAOM
TPUTOHOMETPHUYECKOTO HUBEIIMPOBAHUS, HCIIOIB3YIOT Kod(hduinerT pedpakuuu K.
[Tox ko3 dunmenToM pedpakiiuu K MOHMMAIOT OTHOIICHUE paguyca KPUBH3HBI

3emiu R3 k cpenHeMy paauycy pedpakioHHON KpUBOH pq, [4]:

R3
k = — = Rzgradyn, (1.7)
pcp
rae R — paauyc KpUBU3HBI 3eMIIH;
grad,N — cpemHuil aIs BHU3UPHOM JIMHUM BEPTUKAIBHBIA T'PAJUCHT

IMOKa3aTCJId IPCIIOMIICHUA.
HonpaBKa B U3MCPCHHOC IIPCBBINICHUC hr BBIYUCIISACTCA I10 Q)OPMYHG [9]
DZ

hr = —kZ—RB, (18)

rie D — HakjnoHHas JaabHOCTS.
Koaddunment pedpakiun ¢(yHKIHMOHAIBHO CBSI3aH C YrioMm pedpakiuu

CJICYIOIIUM COOTHOIICHUEM [4]:

_ 27"”R3 (1 9)
—Dp,. . .

Jlist ompeneneHuss TMOMPaBKH 3a BIUSHUE BEPTUKAIBHOW pedpakiuu ¢
TOYHOCTBIO 5 MM/KM (CITydaifHasi CpeHsIsl KBaapaTHiecKasi OmmoKa onpeneneHus
npesbimeHnid B HuBenupoBanuu |l kmacca) [10], xoaddunuent pedpaximn

JOJIDKCH OBITH U3BECTEH C TOYHOCTBIO:
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D? 2R, . 2-6371-10%m
= me_R?) > my = mhrF =5-10"°m (103M)2 = 0,06 (110)

mp,.
B mnpaktuke reoze3ndeckoro Mpou3BOACTBa (akTHUUeCKUd KoddduimeHt
pebpakuun Kpae 3aMeHsETCs CTaHAAapTHBIM Koddduuuentom pedpakiun K,
KOTOPBIN XapaKTepU3yeT CPEIHECTATHUECKOE COCTOSIHIE aTMOC(EpHI.
CrannmapTtHbiid KodhdHUIHEHT pedpakiuy MPEACTaBIsIeT COOOH OTHOIICHHE
panuyca 3emnu R; k cpenmHeMy paauycy KpPUBHU3HBI PePpPaKIIMOHHON KPHUBOM,

KOTOPBI IPHHUMAIOT PaBHBIM CeMH paauycaM 3emun [3]:

o B 1
a=—=-~014 (1.11)

B nporpaMMHOM 00ecrie4eHHH 3JIEKTPOHHBIX TaXEOMETPOB HCIOJIb3YETCH,
KaKk MpaBWJIO, 3HAYEHUE CTaHAApTHOro kodddunmenta pedpakuuu +0,13. B
IIPaKTUKE POCCUUCKOIO TI'e0/Ie3UNYECKOr0 MPOU3BOJACTBA HCHOJIB3YIOT 3HAUEHHE
0,14. Opnako ¢akTuyeckoe 3HadeHHE Kod(pdummenta pedpakiuu MOXKET
OTIIMYATHCS OT CTAHJAPTHOTO HA HECKOJIBKO €IUMHUIl U JJaXKe UMETh APYTrod 3HAK.
Ha pucynke 1.1 [11] npuBeneHsl pe3yibTaThl U3MEPECHHUS MPEBBIICHUN B TCUCHHE
OJIHOTO JHS Ha TPEX COCEIHUX Tpaccax Ha Pa3HON BHICOTE HAJ Pa3HBIMHU THUIIAMH
NOJCTUJIAIONIEH TOBEPXHOCTU. TONBKO Ha OJHOM TpaduKe HCIOIb30BAHUE
CTaHAAPTHOTO KOo3(hduimeHTa pePpakiuuu MO3BOJUIO MOITYYUTh MPEBBILICHUS C

TOYHOCTBIO, OTBEYAOIIEH TPEeOOBaHHUSIM TeXHHYECKOTro HuBenupoBanus (100 mMm

Ha 1 xMm [12]).
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A ucnpasnennbie npepbimenus (K=0,13)

a — HaJl BOJIHOM TTOBEPXHOCTHIO (CpenHsisi BbicoTa ~4 M; paccrosinue ~1650 m);

6 — Hax acanbToM (CpeaHsis BbicoTa ~2 M; paccTosinue ~730 m);

6 — HaJl BOJIHOU MOBEPXHOCTHIO (CpenHsisi BbicoTa ~9 M; paccTosinue ~1650 m)

Pucynok 1.1 — 3HaueHuss npeBBIIEHUI, UCITPABIICHHBIE C TOMOUIBIO

cTaHAapTHOTO Kod(durmenTa pedpakuu

Cxoxme pe3ynbTaThl ObUTM TIOJy4eHBl M aBTOopamu crated [13, 14], rae

YKa3bIBa€TCs, YTO HCIOJIh30BAaHHUE CTAHIAPTHOTO KoddhdummeHTta pepakimu BoO

BCEX BHJAX T€OJIE3UNYECKUX pPa0dOT CUMUTaeTCss HEOOOCHOBAHHBIM. ABTOPBI
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CPaBHWIHM Pe3yIbTaThl OOPAaOOTKM TPEBBIMICHUNA C MPUMEHEHHUEM IMOJYyYeHHOTO
dakTudeckoro 3HaueHUs Kod(duimenta peppakmud W €ro  CTaHIAPTHOTO
3HAUEHUA W TPHUIUIM K BBIBOJY, YTO TPUMEHEHHE IMOCJIEIHET0 YXYJIIaeT
pE3yNbTaThl TPUTOHOMETPUYECKOTO HUBEIMpPOBaHMs. [0 3TOW MpUYMHE aBTOPHI
crateid [15, 16] mpenyoxuiam METOAbl OmpenesieHus ONMM3KUX K (haKTUUECKUM
ko3 dunreHToB pedpakiiuu. ITO MO3BOJIUIO0 UCKIIOUNUTh TaKHUE TPYyObIC OIITHOKH,
KaK OTJIMYME TOpSAKa W 3HAKa JCUCTBUTEIBHOTO 3Ha4deHUs Koddduimenrta
pedpakimu OT €ro CTaHAAPTHOTO 3HAYCHUSI.

B cratbe [17] mpeacTtaBiieHbl pe3ynbTaThl OmnpeaesieHus: KodhOUuimeHTon
pedpakiuu B T€YEHHE rofa Ha 3aKpeIUIEHHOW Tpacce mist pacctosuauid 1,0; 2,8;
4,5 kM. ABTOp BBISIBUJ, 4TO KOAG(UIMEHTH pedpakiui OCEHbIO U BECHOU
MHHUMaJbHbl W Haxomarcs B mnpegenax 0,15-0,23, npuuém B BETPEHYIO H
NacMypHYI0 TIOTOJy OHHU OoJjiee CTaOWIbHBI U TPUHUMAIOT HAUMEHBIIINE
3HaueHus. beuio ycraHoBieHo, uto B nepuoj ¢ 10 qo 16 yacoB mperepneBaroT
HaWMEHBIITNE KOJICOAaHMs, CJIEIOBATEIIBHO, ATH Yachl HanOoJiee MPUTOIHBI IS
HaOmtoneHui. B pabote ObUTM TONyYEHBI CIEAyIONUe CpeaHre KodPUIIHEHTHI
pedpakuuu a1 paiiona uccinenoanuit: secuou — 0,22; netom — 0,40; oceHbro —
0,19 u 3umoii — 0,60.

Takum 00pa3oM, UCIIONIB30BAHKE CTAaHAAPTHOTO KoddduirenTa pedpakuuu
k=0,13-0,14 B OOJBIIMHCTBE CiIyyacB HEOOOCHOBAHHO, a HWHOTJA MPUBOJUT K

MOTEPE KauecTBa pe3yIbTaTOB U3MEPEHUM.

1.3 Metoabl yuéTa BJINSHUS BEPTHKAJIBHOUH pepakumnu

[IpoGnema yué€ra BIMAHMS BEPTUKAIBHOM pedpakiuu Ha olpeaesieHue
IPEBBILICHUA METOJAOM TPUTOHOMETPUYECKOTO HHBEIMPOBAHUSA H3Y4aeTcs Ha
npotsbkenun poaroro BpemeHu. Eme B XVIII — XIX Bekax mHorue ydensie
ompeNeNnuii 3HaueHue Kodhduimenta pedpakuuu W3 MeETOAA B3aWMHBIX
Habmonennii. CpenHee 3HaueHrne coctaBmwio 0,1329, 9To mpakTUYECKH COBITAIaCT

co 3HaueHueM, noaydeHHsIM ['ayccom B 1823 1. k = 0,1306. OgHako aMIuuTyaa
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BO3MOXKHBIX HM3MEHEHHH Koa(pduiueHTa pedpakiud HAMHOTO TPEBBIMIANA €ro
cpenHecTaTucTideckoe 3HaueHue K [18].

UccnepoBanust B 00JMacTd METONOB yu€ra BIUsSHUA pedpakuud Ha
Te0JIC3NYECKUE U3MEPEHUsI MOXKHO Pa3AeNUTh Ha JBa OCHOBHBIX HAIpaBIICHUS —
MeToAnuYecKoe U ammaparypHoe. CTOUT OTMETHUTh, UTO TaKOe pa3jesieHne cyry0o
YCIIOBHOE, OJTHAKO 3TO MO3BOJIET BBIJICIUTh T€ OIPAaHUYEHUSI, KOTOPhIE BO3HUKAIOT
B Cllydyae MPEANOYTeHHs] TOTO WJIM WHOTO MOJIXO0Ja K PEIICHUI0 PePpaKIMOHHON
poOJIeMBI.

Bo3MmoxHBI ABa MyTH pealu3alud KaKIOTO W3 JBYX HampaBleHUH —
BBEJICHUE TIOMPABOK B PE3YyJbTaThl T'€OJIE3UMYECKUX HU3MEPEHUH (METOMIbI
OINpE/ENICHUs] TOMPABOK 3a BIUSHUE pEePPaKIUH) U MOJyUYEHUE pPE3yJIbTAaTOB
U3MEPEHUN, B HEKOTOPOH CTENEHU CBOOOJHBIX OT BIUSHUS aTtMoc(epbl (METOAbI

ocy1a0JIeHUs BIUSHUSA pedpaKIin).

1.3.1 AnnapatypHbie MeTOAbI Y4eTa BIUSIHUS BEPTUKAJIBLHOI pedpakiuum

AmnmapatypHble METOJIbI yde€Ta BIHUSHHUS aTMocepbl Ha TIeoAe3UYecKue
M3MEPEHUS OCHOBAHBI Ha IMPSMBIX WJIM KOCBEHHBIX U3MEPEHUSAX yIJIa pedpakiiuu.
Takol TOAXOJ HWMEET 3HAYUTEIIBHOE MPEUMYIIECTBO IMepesl METOIUYECKUM
HalpaBJICHUEM, TaK KakK pe3yJdbTaThl pe(PpakIMOHHBIX OMNpPEACIICHUN OymayT
SBISATHCS ~ CPCIHCHHTCTPATIbHBIMM  JIJI1  BCel  BM3UpHOW JmmHUH. (OjgHAKO
TeopeTuyeckass  MpopabOTKa  MHCTPYMEHTAJIbHBIX  METOJOB  3HAYUTEIHHO
OmepekaeT WX  MOpaKTUYECKyro  peanuzanuio. CIOXHOCTh  pealu3aluu
amnmapaTrypHbIX METOJOB B Cllydae YIVIOBBIX M3MEPEHUH CBs3aHA C BBICOKUMU
TpeOOBAHUSIMU K TOUYHOCTU, HETOCTOSIHCTBOM COCTOSIHHSI aTMOC(Eephl, a TakXKe ¢
KoJieOaHusIMU (DYHKIIMOHATILHO CBSI3aHHBIX C TTOKA3aTeNIeM MPEIOMIICHUS BEJINYHH,
SBIISTIOIIMXCSL 00beKkTaMu u3MepeHwii [19].

C nosiBiieHHEM BO BTOpOM 1moJioBUHE XX BeKa BHICOKOTOYHBIX TEOJA0JUTOB U
ANEKTPOHHBIX  Tax€OMETPOB,  METOAMYECKHE  MPUEMbl  ydeTa  BIHSHUSA

BEPTUKATIBLHON pedpakiuu MepecTain yAOBJIETBOPAThL BO3POCIHINE TPEOOBAHUS K
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TOYHOCTH OMNPEJENICHUs] NPEBBINIEHUNA. DTO a0 3HAYUTENbHBIA TOTYOK K
W3YYEHHUIO alapaTypHOro HAamlpaBlICHUs, 3HAYUTEIbHBIM BKJIaJ B pPa3BUTHE
KOTOPOTO BHEC/IM Takue ydeHble, kak XBocTukoB M. A. [20], Ilpunenun M. T.
[21], Tengstrom E. [22], Muxaiinos B.C. [23], BuBkos B. ®. [24] u apyrue.

AnmapaTypHoe HanpaBlIeHHE y4eTa BIMSHUS BEPTUKAIBHON pedpakiuu B
TPUTOHOMETPUUECKOM HUBEITUPOBAHUM MOXKHO pa3/IeNIuTh HA METOJbl KOCBEHHOIO
OTpe/IeNIeHHs yTiia pepakiiyi U HEMOCPEACTBEHHOE U3MEPEHNUE YIIia pepaKIIiH.

Haulonee ynaunble anmapaTypHbIE PEIICHUS PEaU3yIOT JAUCHEPCUOHHBIN
METOJT ompeneicHus yria pedpakmum [21-24]. DTtOoT MeTrom OCHOBaH Ha
3aBUCUMOCTH MOKa3aTesasl MPEJIOMJIEHUs B ONTHYECKOM JIMANa30HE OT JJIMHBI
BOJIHBI U3NydyeHus. OObEKTOM U3MEPEHHS B 3TOM CIlIydae CIIYXKUT IHUCIIEPCUOHHAS
pPa3HOCTh VyIJIOB TMPHUXOJAa JABYX CHUTHAJIOB C pa3HOM JJIMHOM  BOJIHBI.
PeructpupoBarh  AUCHEPCHOHHYID  pPa3HOCTh  MOKHO  BHU3YaJbHO  WIHU
(OTORIIEKTPUUECKUM METOI0M.

OnucaHve JUCIEPCMOHHOIO METOJa, €ro TeopeThyeckas mnpopaboTka,
aHaJIM3 ¥ 0030p MPEI0KEHHBIX PEIICHUH BBIMTOJHEHBI B padoTax [19, 25].

B paGotax [25-27] paccMOTpEHBI 3aBUCIMOCTH MEXAY YIJIOM pedpakiiuu u

JTUCIIEPCHOHHON pa3sHOCTBIO. J{1s1 cyxoro Bo3myxa [26]:

n,—1
r=Ar———=Ar-v,, (1.12)
n, —ny
rie n, un, — TOKa3aTeau MPEJIOMIICHUS YKBUBAJICHTHON MPU3MBI IS
Pa3HBIX JIJTUH BOJIH CBETA;
V, — K03 UIMEHT TUCTIEPCUH KBUBAJIIEHTHOMN MPU3MBI,
Ar — JIUCTIEPCUOHHAS Pa3HOCTh.

Jlnis BaxkHOTO BO3ayxa [27]:

ay() = [no(Ay) — 1] —0,14 (f> i, (1.13)

no(A1)—no(42) p

rae a,u b — yrona pedpakiuu B TOUKe A U AUCTEPCUOHHAS
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Pa3HOCTh;

nyg(4,) uny(Ad,) — NOKa3zaTeNnu NPEIOMIIEHUS [UIsl CTaHAAPTHOTO
BO3/1yXa;

A — CcpeaHee 3HaYeHME yriia pedpakiuu sl TOUEK

MCTOYHUKA U MIPUEMHHKA CBETA.

VYpauenus (1.12-1.13) Teopetnuecku pemiaroT 3ajady ONpEeTIeHUs yria
pedpakIiy 1Mo IUCIIEPCUOHHON Pa3HOCTH.

K coxanenuto, 10 cuX 1Op 3TU METOJIbI HE BBIILIN 32 PAMKHU JJAOOPATOPHBIX
U TIOJIEBBIX MCCIEIOBAHUN, YTO OOYCJIOBJIEHO JKECTKMMH TpeOOBaHUAMH K
TOYHOCTH  W3MEPEHHS  JHUCICPCHUOHHOW  pPa3sHOCTH W 3HAYUTCIBHBIMU
GbayKkTyanusiMu yria TPUXOJa CBETOBBIX CHUTHAJIOB UM WX HMHTCHCHUBHOCTH B
peanbHOM atMmocdepe. TypOylaeHTHOCTb B pealbHOM aTMocdepe MPUBOJUT K
OTKJIOHEHUSM TIapaMeTpOB CUTHala, B CBS3W C YEM, JIMCIIEPCHOHHBIA METOJI
onpejienieHuss pepakiuu B peanbHOW artMocdepe MOKa HE JaeT TOYHOCTh,
TpeOyeMyIo ITPHU Ie0Ae3NYECKUX U3MEPEHUSX.

OgHuM U3 caMbIX Pa3BUTHIX METOJOB KOCBEHHOTO OIpEACIICHUs yriia
pedpakiuu  sBusercs  reojae3uueckuid. OH  OCHOBaH Ha  OMpeJeieHUU
kodpduimenTa pedpakiuud K 1Mo pasHOCTH HCTHHHOTO Zy U W3MEPCHHOrO Z

3€HUTHBIX PAcCTOSTHUM [2]:

2R hy, —hy, .
k=—Uy—Z———p), (1.14)
p S
rae R; — cpeanuil paguyc KpUBU3HBI 3€MIIN;
S — pPacCTosiHKME, OTHECEHHOE K TOBEPXHOCTH JILINUIICOUIA;
h,un h, — BBICOTHI BUBHUPHOM LIeJIH U TTpUOOpa.

HNctuHHOE 3HAUY€HWE 3E€HUTHOTO PACCTOSHUS MOJYy4aloT U3 PE3YJIbTATOB
reoMeTprueckoro HuBenupoBanus [28]. 'eome3nueckuii METOM SBISIETCSA OTHUM
U3 CaMbIX TOYHBIX CIIOCOOOB ompejesieHus BepTUKaIbHOU pedpakiuu. [1o cytu —
ATO €AMHCTBEHHBIM CIIOCOO, MO3BOJISIONIUN OIIEHUTh TOYHOCTh pa3padaThIBaEMbIX

METO/IOB y4eTa BiusiHUS pedpakiuu. OqHaKO OH HE MOXKET OBITh MCIOJIb30BaH B



24

NPUKIAAHBIX IEJIIX B YCJIOBHSIX TEOAC3WYECKOr0 IMPOU3BOJCTBA  M3-32
HEOOXOJMMOCTA  TPEABAPUTEIHHOTO  OMPEACICHUS MPEBHIICHUS  METOJI0M
Te€OMETPUUYECKOTO HUBEIIMPOBAHWSI, UTO JIeTaeT OECCMBICICHHBIM €ro MPUMEHECHHE.
[ToMmuMo TmIpoUero, TEOAC3WYECKUA METOJ TIO3BOJISICT TOJYYHTh YTON WU
KOAPGUIMEHT pedpakiuyd TONBKO IS JaHHOTO HAMpaBICHHUS W AWCTAHIIUU.
MHoOrouncIeHHbIE UCCIEA0BaHNS B HAPABICHUH UCIIOJIb30BAHUS T€0IE3UUECKOTO
METO/a CBOATCS K peaylupoBaHUi0 Kod(duimenta pedpakiuu, MoTydeHHOTO
JTaHHBIM METOJIOM, Ha IPYTUE BU3UPHBIC JINHUU B palioHEe padoT.

B0O3MOXHOCTP MCHONB30BAaHUSI TEOJE3UYECKOTO MeToJa Ha Jo0oM
HAIpaBIICHUU CBsS3aHa C HCIOJIb30BAHMEM METO/a JTaJOHHOTO HaIpaBJICHUS,
ormucanHoro B [29]. B pabote mpenmnaraercs ompenensith yroia pedpakiuu Ha
J1000M HaIMpaBlIEHWW TI0 Pe3ysbTaraM pedpakIMOHHBIX OMPEISICHUN Ha OJHOM
HaIpaBJICHUM, JJs KOTOPOrO0 HW3BECTHO WCTHHHOE 3EHUTHOE PACCTOSHUE.

Koaddumment pedpakiuu, npu sTom, onpenensiercs mo Gopmyie:
ki = 0,15 + (ko — 0,15) hyy/hsy;, (1.15)

rae kowk; — KO3 PHUIHMEHTH pedpakiiuu s STATOHHOTO U pabodvero i-
OT0 HaIlpaBJICHU;
hso 1 hy; — SKBHUBAJICHTHBIE BBICOTHI;

B pa6ore [30] mnpennoxkeH MeTOJ YyueTa BpPEMEHHOW W3MEHYHUBOCTH
mapaMeTpoB  arMocdepsl  JUIST  OTPaHWYCHHBIX 1O  IJIOU[AAW  pPalOHOB.
Koadpdunment pedpakuum nOpemioKEeHO ONpeneiaTh HECKOJIBKO pa3  Ha
ATAJIOHHOM HAaNpaBJIIEHMH B LEHTpe paloHa pador. Takoil MeToJ MNO3BOJIMI
MOJIYYUTh  TOYHOCTH  TPUTOHOMETPUYECKOTO  HHUBEIMPOBAHUS B  CETAX
Tpuanryisiuuu 0,14 m.

B paborax [31, 32] ObuUiM BBINOJIHEHBI MCCJIEAOBAHUSA 110 BHIOOPY
ONTUMAJILHOTO Tieproja HabmoneHuid. [IpeaokeHo BBIMOMHATH W3MEPEHUS B
MOMEHTBI CIIOKOWHBIX HM300paKCHUH WIIM TPUBOAWTH PE3yJIbTaThl K MOMEHTaM

M30TEPMUH.
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B [33] mpemyioxkeHo BBHITOTHATH NEPHOIUICCKIE HAOIMIOACHUS Ha JJIMHHBIX
U KOPOTKHX OJTAJIOHHBIX PACCTOSHHUSX B IEIAX OCIA0JCHHS CYTOYHOTO XOJa
pedpaxiuu u reoMeTpuIecKuX GakTOpOB.

MHOTOYHNCICHHBIC WCCIICIOBAHUS, HAIPABICHHBIE HA COBEPIICHCTBOBAHHE
re0JIe3NYECKOr0 MeTo/a, 3HAYUTENbHO JOMOJHUIM 3TOT METOJ y4ueTa BIIMSHUS
atMochepbl. OpHako, Yy4yeT BCEX TpeX COCTABJIONIMX HM3MEHYMBOCTH
kodddumeHTa peppakiuu (BepTUKaIbHONU, TOPU3OHTAIBLHOW U BPEMEHHOM), MPH
nepexo/ie OT ATAJOHHOTO HAMPAaBJICHUS K pab04YnM, OCTaJICsd HEBO3MOXKHBIM, YTO B
3HAYNUTEIHLHON CTEICHW OTPAHWYMBACT BO3MOXKHOCTH HCIIONB30BAHUS JTAHHOTO
METO/Ia y4eTa BIUSHUSI aTMOC(EPHI.

B pa6ote [34] aBTOp mpennaraeT onpeneniath Kod3hdOUIUEHT pedpakiuu 13
OJTHOBPEMEHHOTO  JIBYCTOPOHHETO  TPUTOHOMETPHUYECKOTO  HUBEIMPOBAHUS.
Opnako TakoW MeTOA oOmpaBAaH TOJBKO IIPU YCIOBUU CHMMETPUYHOTO
pacrpeiesieHds BJ0JIb TPACKTOPUHU BBICOTHI HaJl MOJCTUIIAIONICH MOBEPXHOCTHIO U
IPE/ICTaBICHHBIX TUIIOB MMOACTHJIAIONICH MOBEpXHOCTH [3].

B paGore [35] mnpemmaraercs HCIOIB30BaTh METOJ OJHOBPEMEHHOIO
JBYCTOPOHHETO TPUTOHOMETPUIECKOTO HUBEIIMPOBAHUS B MEPUOIBI H30TepMUHU. B
KauecTBe MeToja yuéra BIMAHHS aTMoc(epbl TMpeasiaracTcsi OMpeesiTh
MU30TEPMHUYECKUN YTOJl TOJHOM pePpakiuu M CPaBHUBATH €r0 CO 3HAYCHHUEM,
TIOJTYYCHHBIM M3 U3MEpeHHI yriioB. [loce 4ero BBOAUTh B M3MEPEHHBIC 3CHUTHBIE
PACCTOSIHUS TIOTIPABKY 3a pePpakIinio, paBHYIO MOJOBUHE MU30TEPMUYECKOTO yTiia
MOJTHOHM pedpakiiid Ha MOMEHTBI COBITAJICHUS 3TUX yTJI0B. Takas METOIUKa UMEeT
JIOCTaTOYHO BBICOKYIO TOYHOCTH Tmopsiaka 2''-3". K HemocTaTkaM MOXKHO OTHECTH

HGO6XOI{I/IMOCTI) JOITOJIHUTCIIBbHBIX I/ISMepeHI/Iﬁ B MOMCHTBI H30TCPMHMU.

1.3.2 Meroanuyeckue cnocodbl yueTa BJIUSIHUSI BEPTUKAJIBLHOI pedpakuun

CloKHOCTh TMPAKTUYECKOW peali3allid amnmnapaTypHbIX METOJ0B Yy4eTa

BIUSHUAS BEPTHKAIBHOW pe(pakiuu, aKTUBHO pPa3BUBABIIMXCS BO BTOPOU

rmoJioBuHe XX BCKa, IIPUBCJIa K aAKTUBHOMY PAa3BUTHUIO MCTOANMYCCKUX ITPUCMOB.
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OaHuM W3 TEpBBIX YYEHBIX, 3aMHTEPECOBABIIUXCS MPOOJIEMON yueTa
BJIMSIHUSL BEPTUKAIBHOM pedpakium, ObuT poccuiickuii yuensiid B.SI. Ctpyse [36].
[To3:xe, Takue yueHsle, kak Kukkamaki T.I. [37], U3otoB A.A. u Ilemmunen JIII.
[38], Angus-Leppan P.V. [39], Brunner F.K. [40], OctpoBckuii A.JI. [41] u npyrue
Jany pa3BUTHE METOJUYECKMM Crmocobam yuyera U OciablieHus BIUSHUS
aTMoc(epbl Ha T€0Je3UYECKUE U3MEPEHHUSI.

B paborax [42-46] paccMoTpeHBI CIOCOOBI y4yeTa BAMSHHS aTMocdepsl,
OCHOBAaHHbBIEC HAa HEMOCPEACTBEHHOM Ompe/eieHnu ee QuykTryanuid. Takue MeToIbl
y4eTa BIUSHUS pePpakiii Ha Te0Je3UUYECKUE U3MEPEHUS OMUPAIOTCS HA TEOPHUIO
nomoouss MonuHa-O0yxoBa [47-48], a Takke CBsI3b TpaJMCHTA TOKA3aTels
NPEJIOMIICHUS C TPaguEeHTOM Temmeparypel. Ilpu 3TOM XapakTepUCTHKHU
TypOyJE€HTHOTO peXuma arMochepbl  ONPENEsIOTCS IO  TPaJUCHTHBIM
U3MEPEHUSAM TEMIIEpATyphl U CKOpOCTH BeTpa. J[iid ompenesieHHs] MapaMeTpoB
TypOYJIGHTHOCTH HCIONB3YIOT Tpaduku [49] win aHATUTHUYECKUE COOTHOIICHHS
[2]. Yron BepTuKambHOM pedpakiuy ompeaesieTcs Mo IPaIUueHTy TEMIIEPaTypHhI,
KOTOPBIl, B CBOI OYEpEAb, OINpEIENseTCs IO BEIWYMHAM, OIKCHIBAIOIIUM
TypOyJeHTHbI OOMeH. Bce ompeaeseHusi BBIMOJHAIOTCS C YYETOM BBICOTHI
BU3UPHOTO Jiy4a, C T[OMOIIBIO TIOKA3aTEIbHBIX 3aBUCUMOCTEH, peayuupys
3HAYCHUS Ha HEOOXOJANMYIO BBICOTY.

Henocratkom (¢iayKTyallmOHHOTO METOJIa SIBJISIETCS OTPAHUYEHHOCTh €ro
NPUMEHEHUsT  YCIOBUSMM  3HAUUTENBbHOM  TypOyJIEHTHOCTH, a  TaKke
HEBO3MOXHOCTh  y4yeTa BceX (aKTOpoB, OKa3bIBAIOIIMX  BJIUSHUE  Ha
MIPOCTPAHCTBEHHOE paciipesiesieHrne pedpakiuu.

K MeroauveckomMy HANpaBJIEHUI0 MOXHO OTHECTH METOMAbI, KOTOpbIC
OCHOBaHbl Ha 3HAHWUU U TPOTHO3UPOBAHUU METEOPOJIOTHYECKUX DJIEMEHTOB
npu3eMHOTro ciosi atMocdepbl. OCHOBHOM MPOOJIEMOM ATOM TPYHIBI METOIOB
METOJMUYECKOTO HAIPABIICHUS SIBJISIETCS TOYEUYHBIM XapaKTep METEOPOJIOrMYECKHUX
W3MEPEHUMN, TaK KaK IpaJUEHTHbIE U3MEPEHUS TEMIIEpaTyphl B OJHOM WM JBYX
TOYKAaX TPACChl HE MOTYT OBITh MOKa3aTEIbHBIMU JIJIs1 Bceid Tpacchl [50]. Oxaum u3

CriocoOOB PEIIUTh 3Ty MPOOJIEMY SBISETCS YBEIMYCHUE YHUCIA METEOIYHKTOB,
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OJIHAKO ATO 3HAYUTENIBHO CHIXKAET CKOPOCTh HW3MEPEHUNW U YBEIMYHUBAET
CTOMMOCTH PaboT.

Hcnons3zoBanue mojesneit atMochepbl, KOTOPhIE OMUCHIBAIOT €€ COCTOSHHE
BJIOJb BHU3UPHOTO JIy4a, MO3BOJSET 3HAYUTEIBHO YMEHBIIUTh KOJUYECTBO
METeONyHKTOB. [IpakTuuecku Bce MOJIeNH BKIIIOYAIOT B c€0s CTATUCTUYECKUE WU
MPOTHO3UpYEMble MapaMeTpbl aTMocdepbl. TOYHOCTh HCMOJIB30BAHUS MOJACIU
aTMOC(ephl MOXXHO OIICHHTh, ONHPASICh HA PEAThbHYID HM3MEHYHUBOCTH
MIPOCTPAHCTBEHHOT'O U BPEMEHHOIO X0Ja METEONapaMeTPOB.

Btopass mpoOnemMa MeETEOpOJOTMUECKUX METOJI0B — HHU3Kasg TOYHOCTH
METeOn3MepeHnd. TOYHOCTh NPSAMBIX MU3MEPEHUN METEOAIEMEHTOB OIPAHUYECHA
YyBCTBUTEJIBHOCTBIO JTaTYMKOB. COBpeMEHHBIE MPUOOPHI CIOCOOHBI OMPEEISATh
rpajueHThl TEMIIEPATypPhl, NABJICHUS U BIAXKHOCTU ¢ TOYHOCTHIO 0,01 emuHMIIBI
U3MEpPEHUsI Ha METP, YTO HE YAOBJIETBOPSET TPEOOBAHUSAM, MPEIBSIBISIEMBIM K
TOYHBIM pe(pPaKIIMOHHBIM H3MEPEHUSIM. Y BEJIUYUTh TOYHOCTh METEOM3MEPECHUMN
MO3BOJISIIOT PA3JIMYHbIE METOUKH.

OcHoBHbIe uccnenoBanus [51-53] MeTONOB ydeTa BIWSHUS BEPTUKATHHOM
pedpakiuu Ha pe3yJabTaTbl TPUTOHOMETPUUECKOTO HUBEJIMPOBAHUS IyTEM
HETMOCPE/ICTBEHHBIX HM3MEPEHUN METEOBEIMYNH HAMpaBJICHbl Ha OcClia0JIeHHue
BIIMSTHUS ATUX TIPOOJIEM.

B paGortax [51, 54] mnpemsioxeHbl METOJMKH, OCHOBaHHBIE Ha METOJIC
ONpeIeJICHNs TPAJUEHTOB TEMIIEPATyphbl HAa BHICOTE OJUH METP ISl yU€Ta BIUSHUS
BEpTUKATILHOU pedpakiuu. J[aHHBIN METO UCTIOIB3YeTCs JUIsl pacueTa ucrnapeHust

C MOBEPXHOCTH 3eMitn [55]:

to2 — L2,
dst =0,44-107%28 ——+—. 1.16
rae (top-to) — pasHocTs Temreparyp Ha Bbicotax 0,2 u 2,0 M, °C/wm;
X — K03 (ULHEHT HIEPOXOBATOCTU MOBEPXHOCTH.

Jlnst  BBIYMCIIEHHMS] TIOMPAaBOYHOTO Kod(duimenta & UCMONB3YIOT YHUCIO

Puyapacona [55]:
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€=4\/1—Ri;

(1.17)

Pa3HocTh TeMmeparyp omnpenensercss HENOCPEACTBEHHBIMU W3MEPEHUSIMU Ha
yKa3aHHBIX BBICOTAX WM T[EPECYUTHIBACTCS IO pPe3ylibTaTaM HW3MEpEHUs

TeMIiepaTypsl iy 1 t; Ha IPyrux BbICOTAX Z; U Z,:

t1 — ¢,

tO,Z - t2,0 = lg(Zl—/ZZ) (118)

OnHako u3-3a OTPAHUYEHHOW TOYHOCTH METEOJATUYMKOB TaKOM MOAXOJ
MO3BOJISIET TOJILKO YaCTUYHO OCJIa0UTh BIWSHHUE BEPTUKAIHHOU pedpakiuu.
[ToMumo 3TOrO, MEpEeCcUYET ¢ OJHUX BBICOT HA JIPYTrU€ HECET B ceOE€ MOTPELIHOCTH,
kodpunreHTsl ¥ W & HUMEIT J0CTaTOYHO OOJIBIIONW pa3dpoc, a TpagucHT
HE0OXOMMO IKCTPAIOJIUPOBATH HA BHICOTY BUUPHOTO JIyya.

B pabore [56] mnpeminokeHO WCHOIB30BaHUE TIPOCTON ChHEPUIESCKOM
CUMMETPUYHON MOJEIH aTMOCQEpbl sl MOJIYYCHHUS MPUOIMKEHHOTO 3HAUYCHUS
yrina pedpakuuu. st onpeseneHus TOUHOM TMOMPAaBKU B 3€HUTHOE PACCTOSHUE
aBTOPBI MPEJIJIAraloT UCIOIb30BaTh METO] UTEPALIUA.

B [57] aBTOpBl BBINOJIHWIM OIEHKY H3MEHUHUBOCTH KO3 PHUIIMEHTA
pedpakiuy B 3aBUCUMOCTH OT TTOTOJIbI 1 BPEMEHU M3 OJJHOBPEMEHHBIX B3aMMHBIX
HAOJIOICHUI ¢ TPUMEHEHUEM JIBYX Map TaXeOMETPOB Ha CMEXKHBIX JUHHX. [0
pe3ysbTaTaM HCCIIEeIOBaHUS ObUIO BBISBIIEHO, YTO BOJIM3M 3€MHOW MOBEPXHOCTU
k03 dunmeHT pedpakiuu K B COTHEUHbIC THH M3MCHSIICS B JUana3oHe oT -4 1o
+16, a B macMypHbI€ JHU OT -2 110 +5.

B [58, 59] aBTOop cdopmynupoBan orpaHUYCHHUs], MO3BOJISIONIME OCIA0UThH
BIIUSHAC BEPTUKAIBHOW pedpakiud HA PE3yJbTaThl TPHUTOHOMETPHUYECKOTO
HUBEIIMPOBAHUS U3 cepeAuHbl. OTrpaHUYEeHHs] KAaCalOTCsl ONTUMAILHOTO BPEMEHU
MIPOU3BOJICTBA TOJICBBIX HAOJIOMICHUH M TCOMETPHUECKHX TMapaMeTPOB BU3HPHBIX
JIAHUU.

B pabore [60] ObuT mpemiokeH METOJ MOJSIUPOBAHUS KOI(POHUIIMESHTOB

pedpakiuu mo pe3yiabrataMm U3MEpeHus: TeMneparypsl. MoaenupoBaHre OCHOBaHO
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Ha ¢opmyire Kukkamaki [61-62] u dopmyne mns kospdunmenta pedpakmuu ¢

YYETOM  HEOJHOPOAHOCTH  MOJACTWIAKOIIEH  TMOBEPXHOCTH W 3HAYCHUU
HKBUBAJICHTHBIX BBICOT.

ABTOp [63] paccMOTpesl BO3MOKHOCTh OTIPE/ICIICHHUS TTOTIPABOK 32 BIIMSTHHUEC
pedpakimu Mo U3MEPEHUSIM UHTETPAILHOTO TPaJIMEHTa TeMIIEpaTypbl HA MOJEIU
W JanbHEWIIeM TepeHoce €ero Ha Jpyrue OOBEKThl METOAOM MOA00uS.
Hcmonp30BaHWe TaKOro TMOAXOJa TO3BOJSET OTKa3arhCcsl OT Kod(duimenta
pedpakimu, TaKk Kak OH OKa3bIBAE€TCS HAa TMPOMEKYTOYHOM JTale MEXIy
WHTETPaJIbHBIM TPAIUCHTOM U OLIMOKOM 3a BIUSHUE BEPTUKAIBHOU pedpakiiuu.

B pabote [64] paccmaTpuBaeTcs pa3paOoTKa SMIHUPUYECKON MOJETU st
OILICHKHU TOTPABOK 332 BEPTUKAIbHYIO pe(paKIiio Ha OCHOBE METEOPOJIOTHYECKUX
JIAHHBIX, COOpaHHBIX CEThI0 METEOJATUUKOB, H3MEpUTENIbHAs HHGOPMAIU
KOTOPBIX HAXOAMUTCS B CBOOOIHOM foctyre. [Ipeaiaraemas MeToarKa mo3BoJisieT ¢
HEBBICOKOM TOYHOCTBIO TMOJy4YaTh JIOKaJdbHbIE KOA(h(UIIMEHTH pedpakiuuu C
1EJIbI0 YTOYHEHHUSI €T0 CTaHIapTHOTO 3HAYCHUSI.

B uccnenoBanuu [65] yueT BausiHUSA aTMOChEphI MPEIaraeTcs BHITTOIHSITH
10 METEOU3MEPEHUSIM Ha KOHIIAX TpaeKTOpuH, a Takxke Ha 1/4, 1/2, 3/4, ee nnvHBL.
OnHako B JaHHOM TMOAXOJE HE YUYUTHIBAETCA HEOJIHOPOIHOCTh MOBEPXHOCTH, YTO
3HAUYUTEIBHO OTPAaHUYMBAET MPUMEHSIEMOCTD MPEIJIAaraeMOro MEeTO/1a.

B paborax [66-68] BeIMOMHEHB 3HAYMTEIBHBIC WCCIICIOBAHHUS B
ONPENICICHNH CTaTUCTUYECKUX 3aKOHOMEPHOCTEN M3MEHEHHUs yrjla BepTHUKAIbHOMN
pedpakiuu Ha Tepputopuu Poccur ¢ 1enbl0 OcnalieHus ero BIMSHUSA Ha
pe3yJIbTaThl F€0IC3UUECKUX U3MEPECHHUIA.

Ha ocHOBaHMM MHOTOYHMCIICHHBIX MCCJIEAOBAaHUW, HAIMpPABICHHBIX Ha
W3y4YE€HHE CYTOYHOTO XoAa pedpakiuu HaJ pa3IdUYHbBIMUA IOJCTUIIAOIIUMU
noBepxHocTsMU [69-71], 3aBucHUMOCTH yriia peppakiiid OT BBICOTHI BU3HPHOTO
Jyda HaJ TOJCTHIAIONICH TMOBEPXHOCTHIO W JJUHBI TpaekTtopum [69, 72-74], a
TaKKe WM3YYEHUE CBSI3U MEXIY YIioM pedpakiMd U METEOPOJIOTMYECKUMH U

reoMeTpudeckumu Gakropamu [75-77], aBropamu [78] ObLIM AaHBI pEKOMEH AN
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o MoA00PY ONTUMAIbHBIX YCIOBUH Ui HAOMIOJEHHUM, PU KOTOPHIX BIHSHHUE
BEPTHUKAIBbHON pedpakiuy CBOAUTCA K MUHUMYMY.

Takum oOpa3oM, MOXHO OTMETUTh, 4YTO Ha JIaHHBIH MOMEHT HET
YHUBEPCAJbHOTO METO/a Yy4yeTa BIMSHHUS BEPTUKAJIbHOW pepakiuu Ha
pe3ysbTaThl TPUTOHOMETPUUYECKOrO0 HUBEIHUpoBaHus. [IpemiokeHHbIE METObI
a100 CTpaBeIUBbI JJI YaCTHOTO cliydasi, JIM0O UMEIOT psAJl HEIOCTATKOB, TaKUX
KAaK CJI0KHOCTb PEAJM3aLAM, BBICOKAsS CTOMMOCTH, 3HAUUTEIBHOE YBEIUYECHUE
BPEMEHHBIX  3aTpar, HEJOCTaTO4YHas TOYHOCTb. MeTox  JIBYCTOPOHHETO
TPUTOHOMETPUYECKOTO HHUBEIUPOBAHUS IO3BOJIIET KOMIICHCHPOBATH BIIMSHUE
BEPTUKAJIBHOM pedpakiuy, HO MPAKTHYECKHM HE OTJIMYAETCS MO BPEMEHHBIM
3aTpaTaM OT TE€OMETPUYECKOTO HUBEIUPOBAHMSA. IJTOT METOJ PalUOHAIBHO
WCIIOJB30BaTh JUIA Iepeadyd OTMETKM 4epe3 BOAOTOK. OcCTpo CTOHMT 3amada
pa3pabOTKU METOAMKH, OJHOBPEMEHHO OTBEUAIOLIeil TpeOOBaHUSAM TOYHOCTU U

OIICPATUBHOCTH.
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I')TABA 2 Pa3pa0oTka NpuHIMIHAJBHBIX OCHOB M MATEMATHYE€CKOI0
annapara KOMOMHMPOBAHHOM METOAMKH Y4eTa BIUSTHUS BePTUKAJILHOMN

pedpakuuu B 3JIEKTPOHHON TaXeOMeTPUM

2.1 3axkoHoMepHOCTH (P)OPMHUPOBAHHUSI METEOPOJIOTHYECKHX NOJeH U moJieii

pedpakunu

OcHoBHas NMpUYKHA, IO KOTOPOH MpodsieMa ydeTa BIUSHUS pepakiiuu He
MOJIy4Yusia YAOBJICTBOPUTEIHHOTO PEIICHUSI, — HEOJHOPOJHOCTb aTMOCHEpHI.
ATMocdepa mpeTeprieBacT 3HAYMTENbHBICE HW3MEHEHHUS Jake Ha HEOOJBIINX
PACCTOSIHUSAX, OTPAaHUYCHHBIX JAITBHOCTHIO JIEUCTBUS COBPEMEHHBIX JICKTPOHHBIX
TaxeoMETpPOB. YYeCTh BeCh Ha0Op (PaKTOPOB, ONPENECTAIONINX paclpeaeIeHue
pedbpakiuu  BIOJb BU3UPHOW JIMHUM, HE TMPEJCTABIACTCS BO3MOXHBIM.
OrpannyeHue Habopa (akTOpoB, MOMJICKAIIUX Y4eTy, C OJHOU CTOPOHBI —
YOPOCTUT MPOIIECC OMPEIECTICHHS MOMPaBOK 3a pedpakiuio, ¢ Ipyroil — BHECET
JOTIOJTHUTENIbHBIE ~ TOTPEIIHOCTH. BpIOOp ONTUMANBHOTO MYTH  pelIeHUs
pedpakimoHHON MPoOIEeMbl HEBO3MOXKEH 0€3 BCECTOPOHHETO aHaln3a (PaKTopos,
BIUSIOMMUX Ha (GOpMHUpOBaHME MOJeH pedpakuuu. YUWTHIBas, YTO TPATUEHT
MOoKa3aTelst MPEIOMJICHUS B (DYHKIIMOHAJILHO CBSI3aHHBIA C HUM yroJl pedpakiiny,
3aBUCST OT paclpeiesieHus B TPOCTPAHCTBE TeMIlepaTyphl |, JaBICHHUS P U
BJIQYKHOCTH € BO3]lyXa, OCTAHOBUMCS Ha 3aKOHOMEPHOCTSIX (POpMUPOBAHUS TOJIEH
JJAHHBIX METEeOBeIMYMH. PaznuuaroT Oosblive (MakpomaciiTaOHbIE) W Majbie

(MEKpOMAacCIITaOHBIE) MOJIST METEOITIEMEHTOB.

2.1.1 ®opmupoBaHHEe MAKPOMACHITAOHBIX MOJIeH MapaMeTpoB aTMochepbl

OcHoBHbIMU ~ (akTOpamMu  (QOPMUPOBAHUS MaKpOMAcCIITAOHBIX  IOJIEH
napaMeTpoB aTMoc(epbl SBISIOTCS reorpapuueckoe IOJOKEHUEe, XapakTep
BpalieHus: 3eMJId, paclpeliesieHue Cylmld W MOps, IepeMelIeHue KpPYIMHBIX

BO3AYHIHBIX MACC, 3HAYUTCIILHBIC 110 IIJIOIIaA I'OPHBIC O6paSOBaHI/I$I " ap.
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3aKOHOMEpPHOCTHU pacrpeeneHus MaKpOMacCIITaOHBIX nosiei
METEORJIEMEHTOB OIPEACIIICT MAaKPOKJIMMAT, TOJ KOTOPHIM IMOHUMAIOT KIUMAaT
KPYITHBIX PETUOHOB.

OcHOBHBIM  (haKTOPOM, OMNPEACISIONIMM 30HAIBHOCTh  pacipeneieHus
TEMIIepaTyphbl, JaBICHUS M BIAXKHOCTHU, MoNyaeHHylo Bbicory ColHia,
POAODKUTEIFHOCTh CYTOK SIBIISIETCS reorpadudeckas mmpota. KommdecTBo
paauanyy, TMOCTYNHUBIICH K 36MHOW IMOBEPXHOCTH, 3aBHCHT OT OOJAYHOCTH,
CTETICHH TTPO3PAYHOCTH BO3IyXa.

[TepemerieHe 3HAYUTETBHBIX MO OOBEMY BO3AYIIHBIX MAacC 3aBHCHUT OT
pPacloJIOKCHUSI W MOIIHOCTH TaKMX KpPYIHBIX OapHYeCKUX OOpa30BaHWU, Kak
UKIOHBI W  AHTUIUKIOHBL. OHM ke  omnpenesnsioT  GopMHUpPOBaHUE
MaKpOMAacCIITaOHBIX TIOJICH MaBJICHUS. 30HAIBHOCTh B PACTIPEICICHUM JTaBICHUS
BBIPOKEHA MEHBIIIEC, YEM B TEMIIEPATYPHBIX TMOJSAX, U MEPEKPHIBACTCS BIUSHUEM
MPOILIECCOB, CBSA3AHHBIX C (OPMUPOBAHMEM U HBOJIOIHUEH I[HMKIOHOB U
AHTHUITUKIIOHOB.

[{ukyioHOM  HaA3bIBAIOT 3HAYMTEIBHOE TO IUIONMIAAXW  aTMochepHoe
BO3MYIIICHUE, XapaKTEepPU3yeMoe MOHIKCHHBIM ()OHOM JaBlieHWs. B IuKIoHAX
YMEPEHHBIX HIUPOT OOBIYHO BHIPAKEH XOJIOAHBIA (PPOHT, TEIUIBINA K€ OOBIYHO HE
3aMeTeH. Takke ¢ IMKIOHAMH B YMEPEHHBIX IIUPOTaX CBS3aHO BHITIAJICHUE
OCaJIKOB.

AHTHUIIUKIIOH TIPEICTaBIIAET COOON KPYyMHOMACIITA0OHYIO 00JaCTh BHICOKOTO
naBiaeHus Bo3ayxa. C aHTUIMKIOHAMHU CBSI3BIBAIOT SICHYIO WM Majo00JavyHyIO
norogy. B CeBepHOM moJIymrapuy BeTphl, AYIOIMIME W3 IEHTpPa AHTHIIMKJIOHA,
OTKJIOHSFOTCSI TI0O 4acoBOM cTpernke, a B HKOKHOM — TIPOTHMB 4YacOBOW CTPEJIKH.
AHTHIIMUKJIOHBI OOBIYHO 3aHMMAIOT OOJIBIIYIO TUIOMIAh, YEM IHUKIOHBI, a
MEePEABUTAIOTCS OHM 3HAYUTEIILHO MEJJICHHEE.

Brnusane wMakpomacmTaOHBIX TIOJIEH METEOPOJIOTHYECKUX  AJIEMEHTOB
JOCTaTOYHO JIETKO TIOJJAeTCS YYEeTy IO HaOJIIOJCHUSM Ha CTallMOHAPHBIX

MCTCOCTaHIIUAX.
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['opa3zmo cioxHee y4ecTh BIUSHUE MHKPOMACIITAOHBIX (MECTHBIX) IOJCH
METEO03JIEMEHTOB. B CBSI3U C 3THUM, BBIJIEINM OCHOBHBIE (DaKTOPHI, OTBEUAIOIIUE 32

dbopMHpoBaHUE MUKPOKIIMMATA.

2.1.2 ®axkrTopbl GopMHPOBAHNS MECTHBIX NOJIeH MapaMeTPoB aTMoc(epbl

2.1.2.1 BausiHue TUNA NOACTHJIAIOLIE MOBEPXHOCTH

®opmupoBanue mnojas Ttemmnepatrypbl. l[loactunaromas mnosepxHocth (I1I1)
SBJISIETCS OCHOBHBIM MCTOYHMKOM TE€IUIa B MPU3EMHOM ciioe atMmocdepnl. Ee
HarpeB MPOMUCXOJUT BCJIEACTBUE IPUTOKA COJIHEUHOM paauanuu. OT CBOMCTB
MOJCTUIAIOIIECH IMOBEPXHOCTH 3aBUCUT, KaKas 4acTh TEIUIA, MOCTYNHUBIIETO OT
Connila, OyneT U3pacxojoBaHa Ha HarpeB MPU3EMHOTO CJIOS  BO3ayXa.
NHTEHCUBHOCTh MEpeayu Terla OT NOACTUIIAIOIIEH ITOBEPXHOCTH K BO3AYXY
3aBUCUT OT crocoba Teronepenadyd. MOXHO BBIJICUTh TPU OCHOBHBIX
rapameTpa, BIUSOIIMUX Ha TEMIIEPATYPy BO3/1yXa B IPU3EMHOM CJIOE:

1. TPUTOK COJHEYHOW paguaIiy K MOJACTUIIAIONIEH TOBEPXHOCTH;

2. COOTHOIICHHWE COCTABJSAIOMIMX TEIUIOBOTO W PaJWaIlMOHHOTO OajaHca

MOJACTWIAKOIIEH TOBEPXHOCTH;

3. MeXaHW3M Iepelayu TeIua OT MOICTHUIIAIOIICH TTOBEPXHOCTH BO3AYXY.

[IpuTOK COJHEYHOM paavaluk 3aBUCUT OT AaKTUBHOCTH  COJIHIA,
reorpauyeckoro TMOJIOKEHUSI, BPEMEHU Troja W JAHS, HAJIUYUS M TUIOTHOCTH
00J1a4HOTO MOKPOBAa, BO3AYIIHOW MBLIU U pelibeda.

B  ycnoBusix HEOMHOPOMHOTO penbeda BO3HUKAIOT  pa3idyusi B
pacrnpeesieHud TeMIepaTypbl BOJIU3HU MOJCTUIIAONICH TOBEPXHOCTH. DTO CBSA3aHO
CO 3HAYUTEIbHOW HEPABHOMEPHOCTBIO PACHPEACICHUS COJIHEYHBIX Jydel Ha
CKJIOHAX M BIAJWHAX, IPUYEM IOr0-3aI1a/IHBbIE CKIIOHBI, KaK IPABUJIIO, HATPEBAKOTCS
cunbHee. Pa3HOCTh TemIieparTyp Ha CEBEPHBIX M IOKHBIX CKJIOHAX MOXKET
JIOCTUTaTh HECKOJIBKUX I'PalyCOB BOJU3HM MOBEPXHOCTH B siCHYIO moroay, OmHaxo,

C BBICOTOM pa3jauyue CIrIIaKUBAETCs, U HA OTMETKE 2 MeTpa HaJ MOJACTHJIAoIIEH
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MOBEPXHOCTHIO Ppa3HOCTh coctarisier okono 0,1-0,2 °C. B macmypHyro moromy
pasiinure TeMrepaTyp Ha pa3HbIX CKJIOHAX HE3HAYUTEILHO.

OTMeTUM, YTO XOJMHUCTBIM penbed 3HAYUTENBHO BIMSIET Ha CHIY U
HaIlpaBJICHUE BETPa, OCOOCHHO B YCIIOBHUSX AHTHUIIMKIIOHA, KOTJa MOTOK BO3yXa
nepeMeniaeTcs ¢ HE3HAUYUTEIbHOM CKOpoCcThio. Houblo X0JIOAHBIE BO3IYIIHbBIE
MacChl OIYCKAIOTCS BJIOJIb CKJIOHOB BHU3, MTOJIy4asi JOMOJHUTEIILHOE YCKOPEHHE 32
CUET pa3auyus TeMIepaTyphl MOACTUIAIONIECH TOBEPXHOCTU U BO3/lyXa B YCIOBUAX
HEOJHOPOJIHOTO peibeda. 3aTeM, XOJIOAHBIA BO3AYX CKAIUIMBACTCS Y MOAHOXKUN U
B OTpHULIATENIbHBIX (popMax penbeda. BenencTBue 3aMeHbl CTEKAIOIEero X0JI0JHOTO
BO3/yXa TEIUIbIM, MOCTYNAOIIMM U3 aTMoc(epbl, BO3HHUKAET TepMUUECKas
HEOJHOPOJIHOCTh BJOJb CKJIOHOB — BEPTHKAIBHBIA IPAIMEHT TEMIEPATYpPhl UMEET
oOpatHbIit 3Hak [79].

CooTHOIIIEHHE COCTABJISIONIMX TEIUIOBOTO M paauaionHoro Oamanca [1I1
3aBUCHUT OT €€ OTpa)KaTeJIbHOW M M3IIy4aTelbHON CIIOCOOHOCTH, TEIIOEMKOCTH U
TEIJIOBOM TPOBOJUMOCTH.

TepMmuH «oTpakarenbHas CIIOCOOHOCTB» WU «alb0eq0» OTHOCHTCS K
OTHOIIICHUIO OTPAXKCHHOTO M3IYyUYCHHUS K TMAJAOIIeMy H3JIYyYEHUIO; OOBIYHO €ro
BbIpakaroT B mporeHTax. Kosddumument orpaxenus 0,4 (40 %) o3HayaeT, 4TO
3emns orpaxaer 40 % u nmornomaer 60 % mnagaromero uznydeHus. CorjiacHo
3akony Kupxroda, cooTHOIIEHNE MEXKAY U3TydaTeIbHOM CIIOCOOHOCTH TeJla U €ro
MOTJIONIAIONICH CIMOCOOHOCTBIO HA HEKOTOPOW [JIMHE BOJHBI W TeMIEparype
SBJISIETCA TOCTOSSHHOM BeNWYWHOM. TakuM o0pa3oM, €cClid TeJIO0 MMEET HHU3KOe
MIOTJIOIIEHNE M BBICOKYIO OTpakaTeIbHYIO0 CIIOCOOHOCTh MPH 3aIaHHOM JIhara3oHe
JUTHH BOJIH, TO OHA UMEET O0sIee HU3KOEe N3ITyUYeHHE Ha dTUX JJTMHAX BOJIH.

[IIepoxoBaTOCTh, HATMYUE M BBICOTA PACTUTEIHLHOTO MOKPOBA, XMMHUYCCKUH
COCTaB  TOYBBI  SBIAIOTCA  (akTopamu,  (HOPMHUPYIOIIMMHU  OCHOBHBIC
TeMI0PU3UIECKHE XapaKTEPUCTUKHU MIOJICTUJIAIOIIEH MTOBEPXHOCTH.
OTtpaxaTtenpHas CIIOCOOHOCTh 3aBHUCUT OT I[BETA, BIAKHOCTU U IIEPOXOBATOCTHU

[1T1, a TEMIOEMKOCTh M TEIJIOMPOBOIHOCTD OT €€ MJIOTHOCTH U BIAXKHOCTH [4].
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OcoOoro BHUMaHHs TpeOyeT BausHHMEe Tuna u coctosHus III1 Ha
(dbopMUpOBaHNS MUKPOKIHMATA.

ITopona, nMeronias 3Ha4YUTENBHOE KOJIMYECTBO TEIUIA, UMEET OTHOCHTEIIBHO
BBICOKYIO TEMIIEparypy. OTO TOBOPUT O TOM, YTO JHEBHOM Harpes
pacnpocTpaHsieTcsi IIyOoko B mopoly. B pesynpraTe Oo0jbllas 4YacTh TeIUia
IIOCTYIIaeT K TOBEPXHOCTH CHHU3Y, BCIEACTBHE YEro, €€ HOYHAs TeMIlepaTrypa
BBILIE TEMIIEPATYPBI BO3AyXa.

Ilecuanple TOPOABI HATPEBAIOTCS y IOBEPXHOCTH 3HAYUTEIBHO CHUIIBHEE,
yeM TBepable rpaHuTHble. OnHako cBepxy BHU3 B 3ToM Buae lIII temmeparypa
najgaeT o4eHb ObICTpo. Kak W rpaHuT, 3TO cyxas Mo4yBa, HO OHa MUMEET ropaslio
0ojiee HU3KYIO TEIJIONPOBOJHOCTh M3-3a BO3/yXa, 3AMOJHSIOLIET0 MPOCTPAHCTBO
MEXAy NecuynHKaMmH. J[HEeBHOE HarpeBaHHWE MPOHHUKAET HE TaK IiayOOKo, Kak B
rpanute. Ha rmyOunHe 65 cM CyTOUHBIM XOA TeMIepaTypbl MPaKTUYECKH
HE3aMETEH.

Pacnipenenenne TemiiepaTypbl BO BJIQXHBIX TOPQSHBIX IOYBAX CHUIIBHO
OTJINYAETCs OT TBEPIBIX CyXMX MHOpoAd. Temmeparypa magaer o4eHb pe3ko. [laxke
Ha r1yOuHe 5 cM, JHEBHOM Juana3oH KoJieOaHUM TeMIepaTypbl HE3HAUUTENIEH 13-
32 IUIOXOW TEIIONPOBOJHOCTH M IIPUMEPHO PAaBEH AaAMIUIMTYJIE B IpaHUTE Ha
rinyoune 45 cm. Ha rimyOune 25 ¢cM OH MOJHOCTBIO OTCYTCTBYET [79].

N3-3a pBIXJIOM CTPYKTYPhl U MHOKECTBA 3alIOJIHEHHBIX BO31YXOM IOJIOCTEN
rpaBHil HE UMEET CBOMCTB MOHOJUTHOM MOPOABI. A aMIUIUTYa 0OCOOEHHO Maja Ha
BJIQYKHBIX TJIMHUCTBIX NTOYBAX.

Mexanusm nepenaun temia ot IIII Bo3myxy 3aBHCUT OT COOTHOLICHUS
BUJIOB U HHTEHCUBHOCTH TersiooOMeHa. OCHOBHBIE METOIbI ITepelaun Teria:

1. MonekynspHas TEMIONPOBOIHOCTS:

2. TypOyJeHTHBIH Terioo0MeH (TypOyaeHTHas auddysus).

[Ipu TemonpoBoAHOCTH O0J€e XOJOAHOE TEJIO HarpeBaeTcsl 3a CueT
TOpSYEro BCIEJICTBHE NEPElayd YACTU KUHETUUYECKON AHEPTrUun OT 0osiee OBICTPBIX

MOJIEKYL.
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TypOyneHTHBI TEmI000MEH HMEEeT MECTO TOJbKO B IKHIKHX U
ra3oo0pa3HbIX Ccpelax — TeIUIo TMepelaeTcs 3a CyYeT  HEeMpephIBHOTO
nepeMelMBaHusl ~ KOMIIOHEHTOB  cpeabl. Ero  Tak e  Ha3bIBaloOT
nceBAoTypOyaeHTHOCTRIO [80].

Temmeparypa U CKOpOCTh BeTpa TakXKe BIUAIOT Ha TYpOYJIEHTHOCTb.
VYBenuyeHue 3THX MapaMeTpoB MPHUBOJUT K MPEoOIaaHnuio TypOYIeHTHOTO THUIIA
teruiooOMeHa. Ha ckopocTh BeTpa BIMAIOT Kak MakKpoMaciTaOHbIE (PaKTOphI
(dopMHpOBaHUS METEOPOJIOTUYECKUX IEPEeMEHHBIX, TaK W MHKpOMAacIITaOHbIE

(bakTopbl — penbed, paCTUTEIBHBIN TOKPOB U HEPOBHOCTD.

dopmupoBaHue MOJs BJaKHOCTH. Biara B atmocdepe npencrabiieHa
BOJSHBIM TapoM, KOTOpBIM mMocTymaeT B aTMocdepy 3a CHeT HCIApeHus ¢
ITIOBEPXHOCTH 3€MJIM. BBepX Biara nepenaercs B HUKHHUX CJIOSIX BO3AYyXa — 3a CUET
MOJIEKYJIIPHOTO JTU()PY3MOHHOTO UCMApPEHHs, a B BEPXHUE CIIOM OHA TIOMAaJlaeT
MOCPEJICTBOM MEXaHM3Ma TICEeBAOTYpOyJIeHTHOCTU. I[loBepXHOCTh, MOKpHITAs
PACTUTEIIBHOCTBIO, COXPAHSIET HEKOTOPOE KOJMYECTBO BJArM AK€ B SICHYIO
noroay. VHTEHCHBHOCTH I€pelauyd BJardk B BEPXHUE CIIOM ONPEHEISACT €€
CKOPOCTh U 3 (PEKTUBHOCTD.

Takum o6pazom, ucnapenue c [1I1 u MexaHu3M nepegayu BiIaru B BEPXHHE
cion arMmocepbl SBISIOTCS OCHOBHBIMH TapaMeTpaMu, OMPEACIISIONIUMHU
MapUyaIbHOE JABJICHUE BOASHOTO NTapa BHYTPEHHETO BO3YIIIHOTO CIOS.

OcHOBHBIMH (paKTOpaMH, BIUSIONMIUMH Ha CKOPOCTh M 3(D(PEKTUBHOCTH
VCIIAPEHMS, SIBIIIFOTCSA:

1. Temnepartypa I1I1 u HUKHETO ClIOS BO3/1yXa;

2. BrnaxHocTh [1I1 u HIDKHETO Cllost BO3MyXa.

['opr30HTaNBHBIN MEPEHOC BJIATM M 3aMEHA HACBIILIEHHOTO BJIArOW BO3/1yXa
CYXHM 3a CUET BETPa MPUBOJIUT K aKTUBU3AIMH MIPOIECCA UCTIAPEHHUS.

[TomuMo ykazaHHBIX (pakTOpoB, HA BiIaXHOCTH [1I1 3HAUUTENTHEHO BIMSIET €€
pensed. B netHuil mepuon Biiara OMyCKaeTcsi CO CKJIOHOB M CKAaIUIMBAaeTCs B

OTpHUIIATEIBHBIX (hOopMax penbeda.



37

®opmupoBaHue Mo AaBJaeHus. /[aBIeHue B TOUKE 3aBUCUT OT Pa3BUTHS,
IBOJIIOLIMM W JBIDKEHUS TaKUX KPYNHBIX aTMoc(hepHBIX 00pa30BaHHUH,
(GopMUpPYIOLIUXCST  BCJIECACTBUE TEPMOJMHAMUYECKUX IPOIECCOB, KAKOBBIMHU
SBJIAFOTCS. HUKJIOHBI U @aHTULIUKJIOHBI.

Takum  oOpa3oM, CyIIECTBEHHbIE HW3MEHEHUS Ha  OrPAaHUYECHHBIX
pPacCTOSIHUSAX XapaKTepHbl TOJBKO JJIs MOJEH TeMIeparypbl U BIAKHOCTH.
HecmoTps Ha  3HaYuTeNbHOE  KOJIMYECTBO  (akTOpoB  (popMHpOBaHUS
MUKPOKJIMMATA, BCE UX MOXHO 3aMEHUTh OJIHUM MOHATUEM — THUII MOACTUJIAIOIIECH
MOBEPXHOCTH, KOTOPBIA ONpeNeNsaeTcs CASAYIOMUMH XapaKTePUCTUKAMMU:

1. XuMHMYECKU COCTaB IPyHTA;

IIEPOXOBATOCTH NOBEPXHOCTH;
(pU3HUECKOE COCTOSIHUE TOBEPXHOCTH;

2
3
4. Hanu4ue U THUIl PaCTUTEIbHOCTH;
)

. penbed.
2.1.2.2 BuausiHue BbICOTHI

MuxkpomacimitaOHble MO TOKa3aTelss NpeJoMiieHUusT (OpMUPYIOTCS He
Tonbko moA BozaectBueM Ttuna [III. OgHUM #3 OCHOBHBIX (DAaKTOPOB
dopMupoBaHus pedpakUUOHHBIX MOyl  sBHseTcs  BbicoTa. llockoabKy
OCHOBHBIMHU MCTOYHUKAMMU TEIJIA B IOBEPXHOCTHOM CJIO€ BO3yXa SIBISIOTCS TEILIO
W BJIara, KOTOPBIE MOCTYNMAOT B MPU3EMHBIM CIOH OT NOACTHJIAKOLIEH
MOBEPXHOCTH, TEMIepaTypa U BIAXHOCTh OOBIYHO CHUKAIOTCS C BBICOTOM.
Pacnipenenenne Temmneparypbl U BJIQKHOCTH 3aBUCUT OT BBICOTBI  HAO
noocmuaaoweil N08epPXHOCMbIO.

B cnyuyae naBneHnst MexaHu3M JEUCTBUS BBICOTHI Apyrou. Korma 3axomur
peyb 00 U3MEHEHHUH JIaBJICHUA 0 BHICOTE, UMEETCA B BUY BJIUSHUE BBICOTHI Hajl
YpPOBHEM MOps, MOTOMY YTO JaBJICHHE 3aBUCUT OT Macchl cToi0a BO31yXa,
pacIMoJI0XKEHHOTO BbIIIE, — MPU YBEJIUYEHUH BBICOTHI, CTOJO BO3yXa CTAHOBUTCS

JICTYC, YTO MPUBOAWUT K YMCHBIICHUIO AABJICHUAA.
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CrnenoBarelibHO, YMEHBIIEHUE BEIMYMH METEOMApaMETPOB C BBICOTOM
ABJIAETCS. MX HOPMaJbHBIM pacnpeneneHrueM. OQHaKo IMOBEPXHOCTHBIM CIOU
aTMoc(epbl HEOJHOPOJIEH, MO3TOMY 3TO IMpPaBUIIO HE Bcerma pabdboraer IS
TeMIepaTypbl W BIQKHOCTU. V3MeHEHHME MeTeomapamMeTpoB C  BBICOTOM
XapaKTEepU3yeTcsl UX BEPTUKAIbHBIMU T'PAIUCHTAMM.

Tun Temmonepenau — 3TO TIUVIABHBIM  IapaMeTp, ONPEIEIIONIUN
HaIpaBJIeHUE TEIUIOBOTO OanaHca. B TedeHwe mHS HaJ HIDKHUM HECTAOMILHBIM
CIIOEM BO3/lyXa CYIIECTBYET «aauabaTUYeCKUil MPOMEXKYTOUYHBIA CIIOW», B
KOTOPOM TPaJMEHT TEMIIEPATyphl MOCTOSHEH, a €ro WHTEHCUBHOCTH OJM3Ka K
3HAYCHUIO ainabaTUYEeCKOro mepenajaa Temieparypsl B cyxoM coctossauu (1 °C /
100 m) [81].

Kak TOJMBKO TOSBISETCS HEYCTOMYMBBIM HWXHHUM CJIOW, KOTJAa BBICOTA
coyiHla OK0J0 10° Hajg TOPU3OHTOM, TPAAUEHT TEMIEPATYPbl OTPHULIATEIbHBIN.
Kornpa conHue mnoaHUMaeTcs HaJ TOPU3OHTOM, TPAJUEHT TEMIIEpaTypbl
IIPOJIOJKAET YBEIIMYMBATBCS J1aK€ MOCIIE TOr0, KaK COIMHIUE JOCTUIIIO BBICOTHI 30°.
OTO MOXHO OOBSCHUTH TeM (HaKTOM, BCS TMOCTyHAIOIas COJIHEUHAs pajuarius
Mocje MOMYJIHS CIAYXKUT JUisi (POPMHUpPOBAHMS HEYCTOMYMBOIO HMXKHETO CJIOS.
Kornma comnme pocruraer BeicoThl 30° Haa TOPU30HTOM, HAJIMYHME OOJIBIIOTO
TEMIIEPAaTypHOTO TPaJUCHTA BBI3BIBACT OOJbIee BepTHKaIbHOE cmerieHue. C
ATOTO BPEMEHHM OOpasyeTcs aauadaTHUeCKUi MPOMEXYTOUHBIA cioil. [[nem u
BEUEPOM CJIOM PA3BUBAIOTCS B OOPATHOM HAIPABIICHUMU.

[IprumHBl 3THUX IBYX pa3jMuui 3aKIIOYAIOTCA B cienyromeM. Bo Bpems
BOCXOJIa COJIHIIA BO3JyX HA MOBEPXHOCTH HAXOAMUTCS B CTAOMIBHOM COCTOSTHUU.
Opnako, BciencrBue HarpeBa ot ConHila, OH mnogHuMaercs. Hapyiienue
YCTOMYMBOCTH CTpaTU(PUKAIIUU TPOUCXOJUT OBICTPO M HMMEET BBIPAKEHHOE
HaIpaBJICHUE CHU3Y BBEPX, B 3aBUCHUMOCTH OT YBEJIMYEHUSI BXOJIHOTO COJTHEYHOTO
TeruIa.

Ha 3akare mnpusemHblii cioil atMocdepsl TpeObIBaeT B HEYCTOMYMBOM
cocrostHui. OJIHAKO CcO BpeMeHeM TypOyneHTHas auddy3us CTaHOBUTCS BCe

MEHEE 3HAYUTENbHOU. Ee 3ameHser ImceBHOoTEeIuIonpoBoAHOCTh. [louBa ormaer
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TEIJI0, HAKOIJIEHHOE 3a JIeHb. VI3MeHeHus TeMiiepaTypHOW cTpaTthudukanud He
BBI3BaHBI CAMHUYHBIM TOTOKOM JHEPIHH, KaK B CIydae C BOCXOJIOM COJIHIIA;
BO3/yX HaXOAMUTCS TIOJl BIMUSHHEM HECKOJIbKHUX (DAaKTOpOB, U €ro CBOMCTBa
MEHSIFOTCS B 3aBHCUMOCTH OT HX cyMMapHoro 3¢ dexra [79].

CymiecTByeT OY€Hb YETKOE€ CYTOYHOE HW3MEHEHUE  HallpaBJCHUS
BEPTUKAJIILHOTO TPAJUEHTa BIAXKHOCTU. [IHeM BIaXHBIA TUN MpeodsiaacT B
BEPTUKAJILHOM paclpelesieHund BOJSHOTO Iapa, MpPH KOTOPOM BIIAKHOCTh
yMeHbIIaeTcsi ¢ BbicOTOM. Ecnu yTpoMm HaOmrojaroTcs MOpO3 WM POca, MOXKHO
TOBOPHUTH O 3aMEHE BJIAKHOTO THITA HAa CYXOH B HAYaJIe HOYH.

MexaHu3M nepeaadn Teria U BIaKHOCTH B aTMOc(epy OnpeesieT CTeICHb
U3MEHEHHUSI TeMIEePaTypbl M BIIAXKHOCTH C BBICOTOW (BEPTHKAIbHBIC T'PAJIUCHTHI
TEMIIepaTypbl W BIAKHOCTH). B BepxHUX closx arMmochepbl WHTEHCHBHOCTH
W3MEHEHHUS METeoNapaMeTpOB MEHbIIE, YeM B MPU3EMHOM cioe. BiaxkHOCTh
BO3JlyXa OKa3bIBaeT 3HAUUTEITHLHOE BITUSIHUE Ha UHTEHCUBHOCTD
TEIJIOMPOBOHOCTHA — YEM BBIIIIE BJIIAKHOCTH, TEM OBICTpEE MPOUCXOIUT MEPEHOC
Terya. Beicora BiMSeT Ha HWHTEHCUBHOCTH TICEBIOTYPOYJIEHTHOCTH — C
YBEIMYCHUEM BBICOTHI YBEITMIMBACTCS €€ MHTEHCUBHOCTD.

HopmanbHblli BEepTUKaIbHBIA TPAJUEHT JABJICHUS BO3AYyXa B IMPU3EMHOM
cinoe atMocdepsl cocraBiser ~0,12 rlla/m. OnHako, B peanbHO aTMocdepe ero
BEJIMYMHA CHJIBHO 3aBUCHUT OT TEMIIEPATYPhl M IaBJICHUS B TAHHOHN TOYKE.

Omnpenenenrue MeTEONMapaMeTPOB Ha BBICOTE BU3MPHOTO Jiyda SIBISIETCS
OCHOBHOM MpoO0JeMON B Teofe3nuecKod mpakTuke. Tak Kak armocdepa
HEOJHOPOJIHA, HEOOXOUMO HE TOJBKO UMETh MPEICTABIICHNE O 3aKOHOMEPHOCTSIX
pacnpeneneHuss METeomapaMeTpoB, HO U 3HaTh (DYHKIIMOHAJIHHYIO 3aBUCHUMOCTH
W3MCHCHHS TEMITepaTyphl, JABICHHUS W BIAXXHOCTH C BBICOTOM B TYypOYJICHTHOU
atmocepe.  ABtopel  pabor [80-82] cumraror, YTO  pacHpejeicHHE
METeonapaMeTpoB B  MPHU3EMHOM  Cjoe arMocepbl MOXKHO  ONHUCATh
MoKa3aTeIbHBIMUA (PyHKIMAMHA. OJTHAKO MOKHO TPEAINOJI0KNTh, YTO aHOMAJIbHBIE

U3MEHCHHMS JaBJICHUS TaK)Ke OMUCHIBAIOTCS MOKa3aTeIbHbIMK QyHKIMsIME [19].
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B cBoGogHOM aTMocdepe Temmeparypa MOHMKAETCS ¢ BbICOTON. OqHAKO B
NOTPaHUYHOM CJIO€ 3TO TPABUJIO 3a4acTyi0 HApylaeTcs, W pachpe/esieHHe
TEMIIEpaTypbl XapaKTePU3yeTCs HM3MCHEHHUEM TpPaJMCHTa TEeMIIEPAaTyphl IO

BEJIMYMHE U HarpasieHuro [81]:
gradge,t = a- z%, (2.1)

rme amb — mapamerpbl, XapakTepU3ymOIIHE TEIUIOPU3NICCKUE CBOWCTBA
MOJACTHIIAIONICH TMOBEPXHOCTH, XapaKTep TeIIooOMeHa |
JTUHAMHKY PacYeTHOTO CJIO0SI BO3TyXa.
[Tapametpsr a u b, xak mpaBmIIO, UMEIOT MOJOKUTEIBHBIN 3HAK B HOYHOE
BpeMsI M OTPUIIATEIIBHBIN — B JIHEBHOE.
3naucHue koddduimenta oomena b cocrasnsger or 1/5 go 1/20 Housio. B

TCUCHHUC AHIA €TI0 C HCKOTOpOﬁ TOYHOCTBIO MOJKHO IIPUHATH 3a -1. TOFI[a:
rad,.,t = —— (2 2)
a . .
) Bep 7

r7e a — TPaJueHT TEMIIEPATYPhI HA BBICOTE 1 M.

[locne nHTErpupOBaHUs MOTYYNM:
t=t; —a-lnz, (2.3)

rze t; — TeMmneparypa Bo3ayxa Ha BbICOTE Z.

Takum oOpa3oM, TemriepaTypa BO3IyXa 3aBUCHUT OT JIoTapudma BBICOTHI B
HecTaOuIbHOM ciioe [81].

DKCTpAIMoIAIUsS METEOPOJOTHISCKUX BEIUYMH Ha BBICOTY HW3MEpPEHUN
OCTaeTCs OJIHOM W3 CaMBIX CIOXKHBIX TPOOJEM TpPH PACCMOTPEHUU BIUSHUS
BEPTUKAJILHON pe(paKIiy Ha T€OAC3NUECKUE H3MEPCHHUS.

Takum oOpa3om, TOJIT METEOIIEMEHTOB (DOPMUPYIOTCS TIO/ BIUSHUEM Kak
MaKpOMAacCIITaOHBIX, TaK U JIOKATBHBIX (akTopoB. OIHAKO OCHOBHOW MpOOIEMOit
SIBJIICTCS YYET BIIMSHHUS MUKPOMACIITAOHBIX TOJIEH METCOPOJIOTUUSCKIX BEIIMUYHH,

TaK KaK HMMCHHO HX HW3MCHYHUBOCTH BHOCHUT pemafonmﬁ BKJIaJd B HM3MCHCHUC
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BEPTUKAIBHBIX TPAJAUCHTOB METCOBEIMYMH, KOTOPOE HENb3s Yy4ecTb IO
U3MEPEHUsIM Ha KOHIAX JuctaHimu. OCHOBHBIMU (akTopamu (HOPMHUPOBAHHUS
MUKPOMACIITAaOHBIX PE(PAKIIMOHHBIX TOJCH SIBISIOTCS THI TOJCTHIIAIONIEH
MOBEpXHOCTH W BbicoTa Han Hed [83]. 3Has mapameTpbl aTmochepsl,
dbopMupyeMbie BCEMHU BIUSIONMME (aKTOpaMH, Ui ydeTa UX U3MEHEHHS BIOJb
BU3HUPHOW JTUHUH TOCTATOYHO yUECTh U3MEHEHHE JIBYX IMEPEUUCICHHBIX (PaKTOPOB.
B [19] npemiokeHa, a B [83, 84] mpopaboTrana reoae3ndeckas Moaeb aTMOChepHl,

OCHOBAHHAs HAa 3TOM IIPHUHIIUIIC.

2.2 Teone3mueckasi Mmojaeab atMochepsbl

B mnepBoii rmaBe ObUIO MOKAa3aHO, YTO HCIOJIL30BAaHUE CTATUCTHUYECKUX
JAHHBIX Ui OMNpECNICHUs] MOMPAaBOK HE MOXKET JaTh CTAOWIBHBIX W TOYHBIX
pe3yabTaTOB. YTOJ BEPTUKAIBHOW pedpakiuu HY>KHO OINPEEsATh, HCIOIb3YS
3HAUEHUSA MapaMeTpoB aTMoc(hephl, KOTOPbIE COOTBETCTBYIOT TI'€0JI€3UNYECKUM
WU3MEPEHUSAM BO BPEMEHU U MPOCTPAHCTBE.

B cnywae ucnonb30BaHHS ~— METEOM3MEPEHHM,  METEOPOJOTMYECKHUE

napameTpbl JOHKHBI OBITh U3MEPEHBI:

1. Ha YpOBHE BU3UPHOU JIMHUH,
2. Ha MOMCHT I'€0JIe3MYCCKUX U3MEPECHUI;
3. B OOJIBIIIOM KOJIMYECTBE METCOITYHKTOB.

N3 cka3aHHOTO BBIIE BHJIHO, YTO MPOU3BOJACTBO METEOPOJIOTUYECKHUX
U3MEpPEHU 18 uened ydera BIMsAHUA pedpakuuy, OTBEYaroulee 3TUM
TpeOOBaHMSM, MNPUBOAUT K YBEIUYCHHUIO TpPyAo3aTpaT M BpeMmeHH. (OaHaKo
KOJIMYECTBO TOYEK HM3MEPEHHS] METEONapaMeTpOB MOXKET OBbITb yMEHBIIEHO Oe3
3HAQYUTEJIBHOTO CHWXXEHUS TOYHOCTH, €CIM MOJEIMPOBATH H3MEHEHUSA WUX
3HAYEHUH B MPOMEKYTKE MEXKIY TOUKAMH U3MEPECHHUS.

ATMOC]epHble XapaKTePUCTUKH U MOMPABKHU B Ie€0/Ie3MUECKUE U3MEPEHUs,
OIpEIEIICHHBIE UHCTPYMEHTAIIbHBIMU METOJAMHU, SBJISIIOTCS

CpECAHCUHTCTIPAIbBHBIMHU, TO €CThb PC3YJIbTUPYIOINMMHU JIA BCEU AUCTAaHITUH.
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[lonmydyeHHble 3Ha4YeHUs yrIjla MPEJOMIICHHS U I[OKa3aTess IPEIOMIICHUS
KOPPEKTHO OTpa)KaroT COCTOSHUE aTMoc(ephl Ha BHICOTE BH3UPHOTO Jy4ya, YTO
UCKJII0YaeT He0OOXOJUMOCTh MHOTOUHCIIEHHBIX U3MEPEHUI.

B HacTosimiee Bpems, OAHAKO, CTENEHb MNPAKTHYECKOrO IMPUMEHEHUS H
TOYHOCTb UHCTPYMEHTAJIbHBIX METO/I0B IIPSIMOTO U3MEPEHUS YIJIa B peppaKku HE
JAl0T BO3MOXHOCTM HCIIOJIb30BaTh UX JJI PEUIEHMs] 3aJad TeOofe3udecKon
npaktuku. IlosTomy, Korga wuaer peys 00 HMHCTPYMEHTAIBHBIX METOMAX,
UCIOJB3YEMBIX B TE€OJIE3MYECKON TMPaKTHKE, TMOAPa3yMEBAIOTCS  METO/bI
KOCBEHHOI'O0 HM3MEPEHHUsI aTMOC(EPHBIX MapaMmMeTpOB, HAIPUMEP, IeOI€3NUECKUI
METO/1 OIIPEIENIEHUS] BEPTUKAIIBHOIO yIila WK K03 PUIMEeHTa pePppaKuu.

[IpakTHyecku BCEe CYHIECTBYIOLIME MOJEIU MPU3EMHOIO €O aTMOC(epbl

HMCIOT TIIOXOKHMC HCAOCTATKH, IPOABIIAIOIINCCA B OOJBIICH WJIM MEHBIICH

CTCIICHU.

1. MO3BOJIAIOT Y4YeCTh TOJBKO H3MEHEHHE aTMOC(EepHBIX IapaMeTpoB C
BBICOTOH,

2. colepKaT MPOTHOCTUYECKUE DJIEMEHThl WJIM CTATUCTHYECKHE IMapaMeTphl,

YTO IPUBOIUT K MOTEPE TOUHOCTH.

3. ONHCHIBAIOT U3MEHYMBOCTH OTACIHHBIX METCOPOJOTHIYCCKIX BEITUYHH, a HE
UX COBOKYITHOCTH, KOTOpas ornpeaeisieT GOpMUPOBAHHE IOJICH MMOKa3aTems
TIPETOMJIICHUSI.

B ornauume OT TpaguIMOHHO HCHOJB3YEMBIX MOJEICH B TI'e0JIe3MYECKOM

MOJICJIH MPU3EMHOTO cJiost atMocheps! [83, 84]:

1.  Moaenupyercsi pe3yJIbTHPYIOIIEe BIMSHUE BCEH COBOKYIMHOCTH OCHOBHBIX
METEOIapaMeTPOB Ha PE3YJIbTAThI I'COIC3MISCKUX H3MEPCHUH;

2.  TOJHOCTBIO OTCYTCTBYIOT MPOTHO3UPYEMbBIC JJIEMEHTHI,

3. B KayecTBe IIOCTOSHHBIX IIapaMETPOB MOJCIA HCIOIB3YIOTCS TOJIBKO
napaMeTpsl, HE 3aBUCSIINE OT BPEMEHHU U COCTOSTHHSI aTMOC(EPHI;

4.  TEepeMEHHBbIC IapaMeTpbl ONPEACIAIOTCS HAa MOMEHT TI'e0JIe3HUCCKHUX

W3MEpPECHUM.
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CyTp reome3smdyeckol MOJEIH CBOJMTCS K MOJEIUPOBAHMIO HM3MEHEHUs
pedpaKIMOHHBIX XapaKTEPUCTUK B Mpejaenax JIOKaJbHBIX mosied pedpakuuu. B
YCJIOBUSIX HE3HAYWTEIBHOTO IO IUIONIAJAW paioHAa HW3MEHYMBOCTH TpaJMEHTA
noKa3aTes MPeJOMJICHHs 3aBUCUT OT JIBYX OCHOBHBIX (DaKTOpPOB (pOpMHUPOBAHHUSA
MUKPOMACIITAOHBIX MOJIEH METEO3JIEMEHTOB — TUIIA TOJICTUJIAIONIEH TOBEPXHOCTH
U BBICOTBI Haj Hel. ClenoBaTenbHO, ONMUPAsCh HA M3MEHUYMBOCTH YKa3aHHBIX
($akTOpOB, TPACKTOPHIO MOXKHO Pa3leliuTh Ha YYACTKH, JJII KOTOPBIX YCPEIHUTH
COBOKYITHOE BIIUSIHUE METEOIIAPaMETPOB.

JUist ompeneneHns XapakTEPUCTHK MPU3EMHOTO CIIOS aTMOC(EpPhl BIIOJb
U3MEPSAEMON TPAEKTOPUH HEOOXOIMMO YUYUTHIBATh HE TOJIBKO YKa3aHHbIE (PaKTOPbI
dopMupoBaHusa MOJEH pedpakuuyd, HO U BECOBOM BKJIAJ KaXKIOrO0 y4yacTKa B
KOHEYHBIM pe3yJbTaT, KOTOPbIM 3aBUCHUT, B MEPBYIO OYEPENb, OT JJIUHBI JAHHOTO
y4acTKa U €Tr0 pacIlOiOKEHNs OTHOCUTEIBHO KOHIIOB BUSHPHOM JINHUH.

Takum  oOpazom, Mojenb  armocdepbl, Ha3BaHHasg  aBTOpPaMH
«reo/Ie3NYECKO», TMO3BOJSET MOJEIUPOBATH HU3MEHEHUE PpePpPaKIMOHHBIX
XapaKTEPUCTUK BJAOJb JUCTAHUUMM B 3aBUCUMOCTHM OT M3MEHEHHs THIIA
MOACTHUJIAIOIIEH TOBEPXHOCTH U BBICOTHI BU3UPHOTO Jiy4ya Haja Hel. 11o BepTukanm
OPUMEHEHUE HTONH MOJIEIN OrPAHUYEHO MOTPAHUYHBIM CJI0OEM atMocdepsl, a Mo
TOPU30HTAN — pa3MepaMHi MUKPOMACIITAOHBIX MoJieit MeTeoBenuunH [83].

ABtop [83] mpenmnaraer omnpeAeNsITh HMapaMeTpPhl T'€OAC3MUSCKOW MOJEIH
atMoc(epsl B IBYX IIYHKTaX, PAcloIOKEHHbIX HaJl HanOoJee OTINYAIOIUMUCS T10
CBOMM CBOWICTBaM TOBEPXHOCTSIMHU. VI3MepeHusi cienyeT BBINOJIHATh Ha
HECKOJIBKMX BBICOTaX, YTOObI OXBATUTh BCE YPOBHM, HAa KOTOPBIX MPOU3BOIST
reoJie3nueckue msmepeHus. OnpeneneHuss napaMmeTpoB IEOAE3UYECKON MOAENN
JOJDKHBI OBITH COTJIACOBAHBI 0 BPEMEHM C Teofe3ndecKuMH uaMepeHusmu. [lo
MHEHHIO aBTopa [83], Takoil TOAXOJM K OMpPEACNICHHUIO MapaMeTPOB MOJEIH
MO3BOJIUT YYECTh HM3MEHEHHE COCTOSIHMSI aTMocdepbl IO TOPU30HTAIH, IO
BEPTUKAJIM U BO BPEMEHHU.

JlomoIHUTENbHBIE — ONpENeeHHs] BKIIOYAalOT B ceOs  ompesesieHue

rCOMCTPHYCCKUX XapPaKTCPUCTHUK pa6quX HaHpaBHeHHﬁZ AJIMHBI  y49aCTKOB
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pa30ueHus, CpeTHEH BBICOTHI BU3UPHOTO JIyda JIJIsl KAKIO0M CEKIIUU, PACCTOSHHSI OT
I-r0 yJacTka J0 KOHSYHOH TOYKH JUCTAHIUH, OOIIeH JUTHHBI TpaeKTopuu D.

Xapaktep MOJEBbIX H3MEpPEHUH, UX 00BeM M MaTEeMaTUYECKUW ammapar
00paboOTKHM pe3ybTaTOB 3aBHCIT OT BBIOOpa criocoba OmpeaeeHus mapaMeTpoB
reo/1Ie3nYECKON MOJIEIIH.

CretyeT OTMETHUTB, UTO MIEPEMEHHBIE MTAPAMETPBI MOJEIN ONPEACIISIIOTCS Ha
MOMEHT I'€0/Ie3UYECKUX PadOT WM NEPUOJAUYECKH C OMPEICIICHHBIM UHTEPBAJIOM,
YTO JA€T BO3MOXXHOCTb HMHTEPIOJMPOBATH 3HAYCHHS [apaMETpOB  Ha
HEOOXOIMMBIA MOMEHT BpEMEHHU 0€3 CYIIeCTBEHHON MOTEPH TOUHOCTH.

B 000011IcHHOM BHJIe YpaBHEHHUE «T'€0IC3HUCCKOM» Mojienu umeeT Bu [19]:

m
Fy = Z Ei(2)A;B;C;, (2.4)
i=1
rne Fpn — QyHKIUSA pe3yIbTUPYIOUIETO BIUSHUA aTMOC(HEPHI;

M — KOJMYECTBO Y4aCTKOB pa3OUEHUS TPACCHI;

Ei — cpenHee mis i-oro ygactka 3HaueHUE mapameTpoB aTMochepsl E;

Z — CpemaHss BBICOTA BU3UPHOM JMHUHU HA I-OM y4acTKe;

A; — Bec KayecTBa i-0ro yJacTka Tpacchl,

Bi — mnpeacTaBUTENBLCTBO KOJIMYECTBA, pPA3MEPOB I-0r0 Y4acTKa;

Ci — TpeACTaBUTEIILCTBO MOJOXKEHHS I-OT0 yJacTKa BJIOJIb TPACCHI.

Boipaxxenue (2.4) aBTOpbl HCHOJB3YIOT NpPH Y4YeTe BIIUAHHS YIIOBOU
pedpakiuu. Tornma, dyukiuu Ei(z) sBisioTcs rpaaueHTaMu METEOPOJOTHYECKUX
BEJIMYMH U TOKa3aTells MPEeTOMIICHUSI.

OCHOBHBIE YpaBHEHHSI «T€OJE3UYECKOW» MOJEIU MPU3EMHOrO  CJOA
aTMoc(epbl, UCIIOIb3yeMbIe JUIsSl ONPENETICHHs YIyla BEpTUKAIbHOU pedpakiu I,

umeroT By [83]:
n k
p
r= —EZ(gradBepn)iliLi ; (2.5)
i=1

(9radyepn); = [(gradseyn)  Ap;+0,036-107°| h? = 0,036 - 1075, (2.6)



rne k

(0,036-107°)

hi
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YUCJIO  yYacCTKOB  pa30OueHus  (KputepueM s
paszeieHus] TPACKTOPHM Ha YYAaCTKUA CIY)KHT THI
OJICTUIIAOIEH oBepXxHOCTH) [19];

CpeIHUI JUIs 1-0T0 yJacTKa TPaeKTOPHH BEPTHKAIBHBIH
IpaJMEHT [OKa3aTesisd MPEOMIICHUS Ha UCXOJIHOU
BeIcOTE 1 M;

JUIMHA [-0T0 yYacTKa TPAaeKTOPHH M PACCTOSHHUE OT
BU3HUPHOM 1IN IO CEPEMHBI I-0T0 y4acTKa;
BEPTUKAJIBHBIN TPAIUCHT IMOKa3aTeN s MPEITOMIICHUS IS
1-0ff HMCXOAHOW TMOJCTUJIAIONIEH TMOBEPXHOCTH Ha
BeICOTE 1 M;

KO3 PUIIMEHT mepexoaa OT MapaMeTpoB aTMocdepbl
HaJl TIOBEPXHOCThIO 1 K TeM 3Ke MmapaMmeTrpaM Haj
IIOBEPXHOCTHIO I;

Ko3(phuLeHT oOMeHa, XapaKTepU3yrIuid U3MEHEHUE
rpagyeHTa oKa3aTess MPEeJOMIICHUS C BHICOTOM;
MOTIpaBKa B BEPTUKAJIBHBIN TpagUCHT IOKa3aTess
MpEJIOMJICHUST 32 HOPMAJIbHBIA TPaJUCHT JIaBJICHHUS,
npuHATHIA paBHbIM 0,125 rlla/™m;

CpeIHSISI BRICOTA JIy4ya Ha I1-OM y4acTKe TPACKTOPHUH.

[Mpennoxxennas apropamu [83, 19] reonesudeckas mMojenb atMochepbl 3a

CUCT OrpaHUYCHUA Ha60pa BIUAIOIINX q)aKTopOB ABYMs1, IIOJICKAIIUMU

00s3aTEILHOMY  YYETY,

IMO3BOJIIET MOJACIUPOBATL HM3MCHCHHUC COCTOSHHA B

mpenenax MECTHBIX Tosiel pedpakiuu. TOYHOCTh MOJCIMPOBAHUS 3aBUCUT OT

TOYHOCTH HCXOIHBIX HAaHHBIX, T.C. OT CHOCO68., HUCIIOJB30BAaHHOI'O  JJIA

OIIpCACICHUA IICPCMCHHBIX IIapaMCTPOB MOJICIIH.
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2.3 Pa3zpaboTka ajaropurma yuyera BJAHSIHUSI BepTHKAJIbHOW pedpakuuu B
3JICKTPOHHOH TaXeOMeTPHHU, OCHOBAHHOI'0 HA reoAe3n4ecKo Moae/ U

aTrMmocdepsbl

2.3.1 Ananranus reoge3nuyeckoii Moaesu JJIA y4eTa BePTHKAIbHOI

pedpakuu B 3JIEKTPOHHON TaXeOMeTPUU

[Ipu pacnonoxkeHud paboOYUX  HAMpaBlIEHUW HAJ  OJHOPOIHBIMU

MOICTUJIAIOIIMMH TTOBEPXHOCTAMU (opmydsl (2.5) u (2.6) MOKHO yHpPOCTUTH 10

BHAA:
=2 (gradgepn). +0,036-107°)h? —0,036-107°(; 2.7
Jj = D gra Bepn jo , J ’ ’ ( . )
rae I — yroJl BEPTUKAIHHON pedpaKIuu IS j-Or0 HAIIPABIICHMUS;
hj — CpCAHAA BBICOTA BU3HUPHOI'O JIy4da IJIA j-OFO HaIIpaBJICHUA,
( grad, epn) o0 BEPTHUKAJIBHBIN IPATUEHT TEMIIEPATyphl Ha BBICOTE | M.
]

B »TOoM cnyuae reoxmesnueckas MoJedb MPU3EMHOTO Ci0s arMocgepsl
BKIIFOUAET B c€0sl BCETO YETHIpE MapameTpa — IJIUHY TPACKTOPHUH, BEPTUKATbHBIN
IpaleHT TOoKa3aTeNs MPeIOMIICHUST Ha HCXOJHOW BBICOTE, CPENHIOI BBICOTY
BU3UPHOTO Jydya U KodpduuueHT oOMeHa. TeopeThyecku ONpenenuTb 3STH
napameTpbl MOKHO TpeMsl criocodamu:

1. MereoponorudeckuM (Mo rpaJMeHTHBIM METEOU3MEPEHUSIM );

2. KOMOMHHUPOBAHHBIM (mo KOMILIEKCHBIM IPaIUEHTHBIM

METEOPOJOTMICCKUM U T'€0/IC3UICCKUM H3MEPCHUSIM);

3. Teome3nyecKuM (0 TPAIMCHTHBIM T'€0IC3UYCCKIM U3MEPCHHUSM).

CnemyeT OTMETHTH, YTO TPHU HKCIOJB30BAHUU TEOAC3UUYCCKUX H3MEPEHHIA
JUIS  OINpeneNeHUs  MapaMeTpoB  MOJENM  OrpaHUYEHHE, CBA3aHHOE C

OAHOPOAHOCTBIO TpPACChl, CHUMACTCA, T.K. HCKAXCHHLIC BJIHUAHHCM aTMOC(l)CpBI
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pPE3YyJIbTATBI TCOACIUICCKUX I/ISMepeHI/Iﬁ XapaKTCPU3YHOT COBOKYIIHOC BJIMAHUC

BCEH TOMIN aTMOCGEPHI BIIOJIb TUCTAHITUH.

2.3.2 OueHka TpeOOBaAHMI K TOYHOCTH ONpe/iesieHUs IapaMeTPOB MOeJH

JInst OLleHKH NPUHUIHUMHUAIBHOW BO3MOKHOCTH HCIOJIb30BAHUS YIPOIICHHON
dbopMbI  3anmucH  pabOYero ypaBHEHMS T€OJe3MYECKOM MOJECIH  BBIIOJHUM
npeipacyeT TOUHOCTH OMPEACIICHUS €€ NTapaMeTPOB.

Hcxons w3 TpeboBanuii k TouHoctn HuBenmpoBanus Il xmacca [10],
CpeaHsAs KBaJpaTU4ecKasi MOTPEIIHOCTh OIPEICICHUs] TMPEBBIICHUS paBHA S
MM/KM.

Jlist obecrieueHrst TAKOM TOYHOCTH YroJl peppakiuy Ha JUCTAHIUU JITTUHOM

1 KM cieayer onpeaesaTh ¢ TOYHOCThIO 1™

p" 5MM - 2,06" - 10°
Mz == Dsinz "™ 105mm-sin90° 10" (2.8)
[Ipumewm:
m, =1"
(grad,.,n) =107 /m;
h =15wm;
b =-1.

O1eHUM TOYHOCTH OTIPEACIICHHSI yTia peQpakuy I JUHUN JTTHHOW 1 KM
JUIE CpeHEH BBICOTHI BU3UpHOTro jyua h=1,5 M u xoaddunuenta oomena b=-1.
BrmusHMeM ApyruxX HWCTOYHMKOB OIMMOOK TpeHeOpekem. IIpeBbimieHue B
TPUTOHOMETPUUECKOM HUBEJIMPOBAHUU OTPEACIISIOT M0 PopMyJIe:
DZ
h=D-cosz+i—u+—-——; (2.9)
2R;
rae Z — 3€HUTHOE PACCTOSIHUE;

iuu — BBICOTA UHCTPYMEHTA U BUBUPHOU LIEIIN.



48

Bocronp30BaBmvch TPUHIMIIOM PaBHBIX BIUSHUNW, MOXHO TOJYYHTh
TpeOOBaHUS K TOYHOCTH OIPEICIICHHUS mapaMeTpoB Moieiu [85]:

m

(arad, ), : =0,008-10"° / m;
e or
V3
0 (gradgepn)O
m, = 8rmr =0,27 m;
2 1.3
0z V3
m, = armr =0,45.
1.3
ob V3

2.3.3 OueHka TOYHOCTHBIX BO3MOKHOCTEH MeTeOpoJIOrHYecKoro crnocoda

onpeneJeHUsI MaAPaMeTPOB IreoAe3NYecKoii MoaesIn

Paccmotpum NPUHIUTAATHHYIO BO3MO>XHOCTh UCIIOJIb30BaHUS
METEOPOJIOTHYECKOT0 Ccrocoda [UIsl ONpEeNesIeHUs NapaMeTpoB TIe0Ae3UdeCcKon
mogenu [85]. CiiegyeT cpa3y OTMETUTh, YTO OMPEICIUTh BCE MapaMeTPhl MOJICITH
METEOPOJIOTUYECKUM CITOCOOOM HEBO3MOXKHO: ISl ONPEAEIICHUS CPEAHEN BBHICOTHI
BU3MPHOIO Jiyya HEOOXOAMMO 3HAaTh MNPOQMIb MOACTUIAIOMIEH MOBEPXHOCTH
BJIOJIb BCEU TPAEKTOPUHU. 3[E€Ch OCTAHOBUMCS TOJBKO HA OLIEHKE BO3MOXXHOCTHU
ONpe/eNIeHUs] TPaJUeHTa T[OKas3aTelid MPEeIOMIICHHUS 10 METEOM3MEPEHUSIM C
TOYHOCTBIO, YAOBIIETBOPSIONIEH TpeOOBaHUAM T€OMETPUYECKOTO HUBEIUPOBAHUS
Il knacca.

['pynmnoBoii MHAEKC MPETOMIIEHUS B ONTHYECKOM Juana3zoHe N, CBA3aH C
temrnepatypoil T (B K), maBnenwem p (B rlla) m napuuajbHbIM JaBIE€HUEM
BoisiHOTO Mapa e (B rlla) Bo3myxa dopmyioit Cupca-bappena (1.4).

Ucnions3yss  dopmyny mnonHoro auddepeHiuaia, MOXKHO TMOJIYYHTh

HpI/I6J'H/DKCHHy}O 3aBUCHUMOCTD, CBA3BIBAIOITYTO rpaaucHT IIOKa3aTciId
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IPETOMJICHUS C TPaJUEHTAMH METEOMapaMeTPOB MPU HOPMAJIbHBIX aTMOC(EPHBIX

yenoBusx (T —293,15 K, p—1013,25 rlla, e — 13,33 rlla):
gradn =—-10"%grad T + 0,3 - 10 %grad p — 0,04 - 10~ %grad e.(2.10)

I[JDI ONpPCACICHNA BCPTUKAJIBHOI'O I'paJIMCHTA IMOKA3aTCIIsA IMPCJIOMIICHUA HA
HCXOI[HOﬁ BBICOTC C Tpe6yeM0ﬁ TOYHOCTBIO BCPTHUKAJIBHBIC TI'PAaAHUCHTHI
TECMIICPATYPbI, HAABJICHUSA W BJIAXKHOCTH CICAYCT OIpPCACIATL CO CPCIHUMU

KBaAPaTUICCKUMU onmnOKamu:;

m 0,008-107°
gradn )
m = = = 0,0046 K/m
grad T d gradn 10~6+/3 ’ !
e\ v
Mgradn __ 0,008:107°

Mgradp = |agradn|\/§ = 9310575 = 0,015 - 10~ 3rlla/m,
dp

m _ Mgradn __ 0,008:107°
grade |6ggadn|\/§ - 0}0410—6\/?
(5]

= 0,12 rlla/m.

HOJ’Iy‘II/ITB TaAKYH0O TOYHOCTb, HMCIIOJb3ysA IIOJICBBIC MCTCOAATYMKH HC
nNpeacTaBLICTCd BO3MOZKHBIM, CJIICAOBATCIIBHO, HCBO3MOXHO H IIPHUMCHCHHUC
MCTCOPOJIOTrHYCCKOIO crocoba AJsT OIIPEACIICHUS IMapaMCETpPOB FGO)IC3H‘I€CKOI>1

mojenu [85].

2.3.4 KoMOMHMPOBaHHBII c1IOCO0 onpe/ae/ieHUsi NapaMeTPOB MO/IeJ U

KoMOMHUPOBaHHBIH CIIOCOO OMpE/C/ICHHs TApaMETPOB MOJICIIH OCHOBAH Ha
KOMILJIEKCHOM HCIOJIb30BAHNHU T€0IC3MYECKMX U METECOPOJOTHUECKUX U3MEPEHUI
[11]. OOBeM MeTCOpOJOTHYECKHMX HM3MEPEHUH HaJ0 CBECTH J0 MHUHUMYyMa, HE
3aTPYAHSIONIETO TMPOU3BOACTBEHHYIO JEATEIBLHOCTh Teoje3ncTa. Kak  ObLIo
MOKa3aHO  BBIIE, TOYHOCTh  IOJIEBBIX  METEOJATUYMKOB  OrpaHUYCHA,
JOMOJHUTEIBHBIM HMCTOYHHKOM IOTPEIIHOCTEH CIIYKUT TOYEYHBIH XapakTep
METEOM3MEPEHUH, HE MO3BOJIAIONINIA MOJYYUTh PE3YIAbTHPYIONIUE IS AUCTAHIIMN

3HAYEHUA MMapaMeTPOB aTMOC(EpPbl METEOPOJIOTMUECKUM CIIOCOOOM.
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COBMECTHOE HCHOJIb30BAaHUE METEOPOJIOTHUECKMX U TE€0JIe3MYECKUX
U3MEPEHUI TO3BOJIUT TMOJYYHTh BCe MapameTpbl Monenu. Jns obecrneueHus
TOYHOCTU M OINEPATUBHOCTU JIOMOJIHUTEIBHBIX H3MEPEHUMN, HEOOXOAUMBIX [IJIs
ONpENENECHUs] apaMeTpPOB  MOJIEIM, KOMIUIEKCHBIE H3MEPEHHUS  CIEAyeT
BBITIOJIHATH, PYKOBOJICTBYSICh CIEAYIOIIUMH MPUHIIUTIAMH:

1. MeTeon3aMepeHus HCIONb30BaTh JUIsl OINpPEACIICHUs] MapaMeTpoB MOJIENH,

MeHee TpeOOBaTEIbHBIX K TOYHOCTH UCXOIHBIX JAHHBIX;

2. W3MEpeHHs mapameTpoB aTMOC(hephl BBHINMOIHATh HA HECKOJbKUX (HE MEHee

TpEX) YPOBHSIX;

3. JOTOJIHUTENbHBIE TEOJEe3MUECKHe W3MEPEHHUS BBIIOJHATh Ha KaXIOM
paboyeM HalpaBJICHUU.

['pagueHTHBIN XapakTep U3MEPEHU 00ECTIEUnT JOCTOBEPHYIO HH(OPMAIUIO
0 MmapameTpe aTMoc(epsbl, €ro TpaAueHTe U U3MEHEHUH IPaJIuE€HTa C BBICOTOM, UTO
BBITOJJHO OTJIMYAET MpEIJaraéMblid IMOAXOJ OT TPAAULMOHHBIX MOJEIEH,
BKJIFOYAIOIIMX CTAaTUCTUYECKUE 3HAYECHHS TPAJUCHTOB M ONUPAIOUIMXCS Ha
IPEINOJIOKEHNE O XapaKTepe H3MEHEHUS COCTOSHUS aTMoc(epbl C BBICOTOM.
Hcnonb3oBaHrWe TPAJUEHTHBIX M3MEPEHUM 00ecneduT pabdoToCOCOOHOCTh
pa3pabaThiBaeMON METOAMKH IMPU MHBEPCUU TEMIIEPATypbl U APYTUX OTIMUMSIX
(aKTUYECKOT0 COCTOSHUS aTMOC(EPhI OT CPEAHETO CTATUCTUUECKOTO.

['eone3nueckue U3MEpEeHUs, BBINOJHEHHbIE HAa pabOyeM HaNpaBICHHHM Ha
JIOTIOJIHUTEIBHOM ~ YPOBHE, oOOecrneuaT COTJIaCOBAHHOCTh BO BpPEMEHU U
NPOCTPAHCTBE  OMNPEAEICHUM MONpaBOK 32 pedpakuuio U COOCTBEHHO
reoJIe3MUEeCKMX M3MEpPEHUM, HYXJAIMMUXCI B KOppPEKUHMH. ['pagueHTHbIE
reoJIe3UYEeCKME M3MEPEHUsT XapaKTEepU3yIOT pPE3yJNbTHPYIOLIEEe [UIsl TPacChl
BIUSIHUE  pedpakiuu, TPOU3BOAITCS C€ TIEOJE3UYECKOM  TOYHOCTHIO U
00OCHOBBIBAIOT HCIOJB30BaHKUE yrmpoIrieHHo dopmynsl (2.7). TpeboBanue
OTHOPOJHOCTH  XapakTepa  MOJACTWIAIOMIEH  NOBEPXHOCTH  CTAHOBUTCS
HEoOs3aTeNbHBIM, T.K. U3MEPEHHE BEPTUKAIBHOIO yria Ha JOMOJHUTEIbHOM

YPOBHC IIO3BOJIACT OIPCACIINTD CpeI[HeHHTeraHBHBIﬁ 1 AUCTAaHIIUK T'PaauCHT
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noKa3aTessl MpeoMIIeHNs, COPMUPOBAHHBIN MO/ BIUSHUEM BCEHl COBOKYMHOCTH
MOJICTUJIAOIIMX TOBEPXHOCTEH, MPEACTABICHHBIX Ha Tpacce.

[fomumo mapaMeTpoB, XapaKTEpU3YIOUIMX COCTOSIHME  aTMOc(ephl,
ypaBHeHuEe (2.7) BKIIOYAET TIE€OMETPUYECKHE  XApAaKTEPUCTUKU  TPACCHL
Onpenenenue paccTosHUA BXOAWT B COCTaB  CTaHAAPTHOM  MPOTPaMMBI
IIPOU3BOJICTBA TPUTOHOMETPUYECKOTO HUBEIUPOBAHMS W IIPU HCIOJIb30BAaHUU
AJIEKTPOHHOTO TaxeoMeTpa HE MPEACTaBIIeT TpyAa. BTOpo reoMeTpuyecKui
napameTp — CPeAHsIs BBICOTa BU3UPHOTO JIy4a HaJl MOACTHIIAOIIEH TOBEPXHOCTBIO.
B [86] aBTOp mpemmaraeT 3aMEHHTH CPEIHIOI0 BBICOTY BHU3MPHOTO JIyda €€
DKBUBAJICHTHBIM 3HaueHHEM N, TMOIYYUTH KOTOPOE MOXKHO IYTEM H3MEPCHHUS

BCPTHUKAJIBHOI'O YIJIa HAa AOIMOJHUTCIIBHOM YPOBHC!

b-1 2Ar .
p"D(gradge,n + 0,038 - 1076),bAh’

Ros = (2.11)

rae Ar — npupaieHue yria pedpakiiui Mpu U3MEHEHUU BBICOTHI OTpaKaTems
Ha Ah.

[TpunaIMn yuera BIUSHUS aTMOChEphl O€3 3HAHHS BBICOTHI BU3UPHOTO JTyda
[86] mo3BoOJILET BKJIOYMTH OIpPEICICHHE SKBUBAJCHTHOH BBICOTHI B IPOIIECC
BBIYHCIICHUSI TIOMPaBKH 32 BIUSHUE pePpakiuu B KAuyecTBE €IIe OJIHOMN
onpeaensieMoi BeTUIHHBL. J[0MOTHUTEIPHOEC HEM3BECTHOE MOTPEOYyET M3MEpPEHUS
BEPTUKAJILHOTO yTiia Ha JIOMOJIHUTEIILHOM YPOBHE.

[Ipenyiaraembiii  KOMOMHUPOBAHHBINA CHOCOO OMpeeIeHUs] TOMPAaBKU 32
pedpakIuio CBOAUTCS K peasi3alliy CIICIYIOIICH MOCIe0BaTeIbBHOCTH ACHCTBUI:

1. MPOU3BOJMM HM3MEPEHHUS] TEeMIEpaTyphl W BEPTUKAIBHOTO yria Ha
TPEX YPOBHSIX;

2. UCIIOJIB3Ysl METEOM3MEPCHHMS Ha TpeX YPOBHAX, OMpeaeseM
kod(dureHT ooMeHa;

3. pa3sHOCTh W3MEPCHHBIX BEPTUKAIBHBIX YIJOB Ha JIBYX YPOBHIX H

Kod(dpuIreHT oOMeHa UCTIONIb3yeM JIJIsl OTIPEIEICHIS YIKBUBAJICHTHON BBICOTHI;
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4, Pa3HOCTh M3MEPEHHI BEPTHKAJIBHBIX YIJIOB HAa MEPBOM M TPETHEM
YPOBHE HCIIOJIb3YEM I ONpPENENCHUs TpaJueHTa MOKa3ares MPEJIOMIICHUS U

yria pedpaxiuu.

2.3.5 Aaropurm, peaju3ylouui KOMOMHMPOBAHHBII cIOCO0 yueTa BJIAMAHUSA

BEePTUKAJIBHOMN pedpakumu

Jlanee neTanbHO M3JIOKEH MaTeMaTHUYSCKUH armapaT KOMOHMHHPOBAHHOTO
crioco6a [11]:

1. Omnpenenenne kodbduirenta ooMeHa b, BepTUKaIbHOrO rpaaueHTa
Temnepatypsl gradg,t ¥ NpuOIMKEHHOrO 3HAYEHUs TpPAJUCHTAa II0Ka3aTeNs
npenomieHus (grad,,n)y ,, 10 U3MEPEHHBIM Ha TPEX YPOBHSX Z, Z1, Zp, 3HAUECHHUAM

TeMmIieparypsl iy, to u ts:

In (tz — to) —In (Zz — Zo)
iz — 0 Z3 — Zy

b= NG . 7y , (2.12)
Z3 + Z,
dt= t; — Lo
gradt = Z, ¥ Zg\’ (2.13)
(22 = 20) (2572)
(gradge,n)onp = —1,01-107°grad t + 0.036 - 107°. (2.14)

[Ipu BBIBOgE 3aBucumoctd (2.14) wmcmonb3oBana ¢opmyna (2.10),
noiydyeHHass nyrem auddepenuupoanus  popmynsl  Cupca-bappenna wu
BBIYMCIICHHUSI YAaCTHBIX MPOU3BOAHBIX JII HOPMalbHBIX YyciaoBui. Ilpu 3Tom
peHeOperyii BO3MOXKHBIM OTJIMYHMEM TPAJUEHTA MOKa3aTesiss MPeJIOMJICHHUS OT
HOPMAJIBHOTO 3HAYEHHUS U BEPTUKAIBHBIM I'PaIUEHTOM BIAKHOCTH BO31yXa.

2. Boruucnenue npupaiienust yria pedpakuuu Ar M0 U3MEPEHHbIM Ha
TpeX BBICOTAX 3HAYECHMSIM yria HakjoHa. [lpupamienue yrina pedpakuuu
BO3HHMKAET BCIIEJCTBUE W3MEHEHMS TIpAJMEHTAa IOKa3aTenas MpPEJOMIICHHS C

BBICOTOM:
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Ary,, = (AV1—>2)I/I3M - (AV1—>2)Teop;

Ary3 = (Av1—>3)H3M - (AV1—>3)Teop' (2.15)

rae (AV),ay — Pa3HOCTh U3MEPEHHBIX YIJIOB HAKJIOHA,

(AV)1eop — TEOPETHYECKAS PA3HOCTD YITIOB HAKIIOHA:

Ah . pll

AVTeop = D '

(2.16)

rae Ah — pa3HOCTh CPEIHUX BBICOT M3MEPUTEILHBIX YPOBHEH, paBHAS TOJOBHUHE
pa3HoCTel BBICOT OTpaskaTesl.

3. Bhiunciienue 3KBUBaJICHTHON BBICOTHI N, 1m0 dopmyne (2.11). s
ATOTO HCIOJIb3yeM TMOJy4YeHHOE paHee NpupaiieHue pedpaxkuuu Ary_, 0Opu
nepexoje OT OCHOBHOT'O U3MEPHUTENILHOTO YPOBHS K JIOTIOJTHUTEIILHOMY.

4, Boruncnenue yria pedpakiuu Ha pabodeM ypOBHE IO MPUPAIIECHUIO

pedpakunu Mexay 1-bIM U 3-UM U3MEPUTEIBHBIMUA YPOBHSIMMU:

Ary_3h{
h? = (hy + Ahy3)P

= + 0,0037D, (2.17)
rac Ah1—>3 = (h3 - hl)/z.

®dopmyna (2.17) noaydeHa U3 perieHus AByX ypaBHeHud Buaa (2.5) mus 1-
OT0 M 3-€T0 U3MEPUTEIBHBIX YPOBHEH.

5. Brruucnenne HCIIPABJICHHOI'O 3a BIINAHNC pe(bpaKHI/II/I yI'JIa HaKJIOHA:
(Vl)ucnp =W + . (218)

OneHka TOYHOCTHBIX BO3MOXHOCTEH KOMOMHHMPOBAHHOTO  CIlocoOa
BBIIIOJITHEHA B COOTBETCTBUM C 33JaHHBIMH HCXOOHBIMM TapaMeTpaMH U
0’KUJaEMbIMU CpeIHUMU KBaJpaTU4YECKUMU OLIMOKaMHU (CKOm),

npeacTaBiIeHHBIME B Ta0muie 2.1.
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Tabnuna 2.1 — Mcnonb30BaHHBIE MPU TOYHOCTHBIX pacyeTax

SHAYCHUA NCXOAHBIX ITaApaMCTPOB U CPCAHUX KBAAPATHUICCKUX OIINOO0K

IHapamerp | 3navenue CKOm | ITapamerp | 3HauyeHue CKOm
h; 1,5Mm Z0 1m
h, 25M 1 MM Z, 3Mm 1 MM
h, 3,0M Z3 6M
Ah - 1,4 mm t—to 1°C .
v - 1" ts — 0,5°C 05
v, — 1,4" Ari 5 10" —
Ary_5 15" —

B cootBercTBUM ¢ maHHBIMU Tabnuiel 2.1, TeopeTudeckas pasHOCTh YTIJIOB

o ¢opmyiie (2.16) onpenensercs ¢ TOYHOCTHIO:

AVTeop

= —Mpp = 0,3".

D

Torna CKO1m onpenenenus npupaiieHuit pepaxiuuu OyaeT paBHa:

Mar =

2
\/mAvl/IBM +m

TouHocth omnpenenenuss koddduimeHTa oOMeHa 3aBUCUT OT TOYHOCTH

AVreop

~ 1,4".

U3MEepeHHS TeMIiepaTypbl. B cootBeTcTBUM ¢ hopmysoii (2.12):

my, =

CKOw omnpenenenuss rpagueHTa TEMIEPATypbl 3aBUCHT OT TOYHOCTH

1

[(t; —to)/(t5 — t2)]In[(z; + 25) /(25 + 2,)]

) m(tz—to
tat,

= 0,06.
)

HU3MEPEHUS METCODJIEMEHTOB M TOUHOCTHU onpeaeieHus: koddduinrenta oOMeHa:

mgrad t = (

2b(zy + zy) 7P

(22 + 2o)

At

E

—20(t, — to) In[(z + 2,) /2
< (22 —2p) (2, + Zo)b

]>2
m
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o

Mgraac = 0,06 v

[IpubnamxeHHoe 3HaYCGHHWE TpaJueHTa TOKa3aTels MPEIOMJICHUS 10
dbopmyrne (2.14) ¢ ydeTroM BO3MOXKHOTO OTJIWYHS TPagdeHTa IaBICHHUS OT €ro
HOpMasIbHOTO 3HaYeHus moayduM co CKOm 0,064 N-ex/m.

CKOrm1 5kBUBaJIGHTHOM BBICOTHI OIpeAeIseTcs o GopmyIie:

EY:
~ Zb—il(AT‘1—>z/[P"DbAh1—>2 (gradBepn +0,036-107°)[)P~1

~

2
+
oo Ary,(b—1) i

2

. 1

+ Zm(ATl—»z/[p"DbAhl—Q (.gradsepn + 0,036~ 10_6)])b_1
(gradge,n + 0,036 -1076)(b — 1)

Moraan; (2.19)
mp =0,16 m.
VYron pedpakiyu Ha pabodyemM YpOBHE ONPEEAETCS C TOUHOCTHIO:

m%l ~ [hlf/(hf —(hy + Ah1—>3)b)]2mir +

2
—bAhy_3Ar;3h?71(hy + ARy 3)P7
+( 13b131(1 ;3))7”?213}@"'
(hl - (hl - Ah1—>3)b)

2
(—Arh? (hy + Ahy3)P(In hy — In(hy + Ahm)))
(R? = (hy — ARy_5)P)

2

+ mb;

m, = \/4m§T +100m7 +432m% =/8,29 + 2,56 + 1,56 = 3,5" (2.20)

AHanu3 TOJKOPEHHOTO BhIpakeHUs B ¢opmynax (2.20) mokaspiBaeT, 4To
OCHOBHOM BKJIaJ B PE3YJIBTUPYIONIYIO OIMMOKY yriia pedpakiuy BHOCUT OIIHOKa

yII0BBIX u3MepeHuil. [IpuHsSB npuOOpHYIO CPEHIO KBagpaTHUECKYyI0 OIIMOKY
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M3MEPEHUsT BEPTUKAIbHOrO yriia paBHOMl 0,5" (TOYHOCTH ompenesieHHs yria

HAKJIOHA IPU U3MEPEHUH YEThIpbMS ITpreMaMu rprudopom ¢ m,=1"), moaydum:

m, = \/4m§r +100mZ  +432m? = /2,56 + 2,56 + 1,56 = 2,6".

Torpa, nist BU3UPHOW JIMHUU JIMHOU | KM:

2,6"-1000
(Mp)1000m = ,0— = 12 mm.

CornacHO BBIIIOJTHEHHOMY MpEApacyeTy TOYHOCTH, KOMOWHHPOBAHHBIH
crioco0 ompezesieHuss NapaMeTpPoB «TE€0AE3MUYECKON» MOJEIU COOTBETCTBYET
TpeOOBaHMsM HHUBEIMpoBaHus |V Kiacca TpU YCIOBUM OIPEACICHHS YIJIOB
HaKJIOHAa € TOYHOCTBIO 1", a paszHoctm Temmeparypsl ¢ TouHocThio 0,05 °C.
CHmxeHue TpeOOBaHUM K TOYHOCTH HMCXOJHBIX JaHHBIX BO3MOXKHO IpHU moadope
ONTHUMAJIbHBIX COOTHOIIEHUI T€OMETPUYECKHX MapaMeTPOB BU3UPHBIX JIMHUA —
JUIMHBI, BBICOTBI HAJ MOJACTWIAKOUIEH IIOBEPXHOCTBIO, PA3HOCTU  BBICOT

OTpakaTeIeH.

2.4 KoMOMHMpOBaHHAasl METOAUKA YYeTa BIUSIHUSL BEPTUKAJIBHOI

pedpakium B 3JIEKTPOHHON TaXxeoMeTPUU

BhlinonHEHHbIE BBIIIE PACUYEThl JI0KA3aJIM TEOPETUYECKYI0 BO3MOXHOCTD
OTpEJICICHUsT  MOMPaBOK 3a pePpakiuio KOMOWHUPOBAHHBIM  CIOCOOOM,
OCHOBAHHBIM Ha

1. reoIe3nYecKoi MoieTl aTMOoCc(epsI;

2. NPUHILIMIIE ONPENENICHUs TMapaMeTpoB MOJEIM IO pe3yJibTaTaM
KOMIUJIEKCHBIX TPAJAMEHTHBIX TE€OJE3UYECKUX U METEOPOJIOTUYECKUX
U3MEPEHUM;

3. OPUHIIUIE y4YeTa BIUsHUSA aTMochephl 0e3 3HaHUS BBICOTHI BUBUPHOTO

ayya.
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[IpakTyeckas peanu3anus NOPEAJIOKEHHOIO TMOJX0JIa BO3MOXHA IMpHU
YCIIOBUH Pa3pabOTKH KOMOMHUPOBAHHON METOIMKH, BKIFOUAOIIICH:

1. anropurtm, peanu3yromui KOMOMHHUPOBAHHBIN CIIOCO0;

2. METOAMYECKUE TPHUEMBl TPOU3BOJCTBA KOMIUICKCHBIX TPaTUEHTHBIX

reoJIe3MYEeCKUX U METEOPOJOTUYECKUX U3MEPEHUHN.

KoMmruiekcHble  TrpaJiMeHTHBIE METEOPOJIOTUYECKHE M TE0Je3UYECKHe
MU3MEPEHUS BKIIIOYAOT:

1. u3MepeHus teMneparypsl ty, b, 13 Ha TpeX YpOBHSAX 73, Z,, Z3;

2. u3MepeHus AanbHOoCcTe D W yIJioB HakjIoHa Vi, Vp, V3 MPU Tpex
TOJIOKEHUAX oTpaxkaTelis hy, hy, hs.

N3mepenus N0KHBI OTBEYATh CIEAYIOMUM TPEOOBAHUSIM:

1. reope3uueckue W  METEOPOJIOTUYECKHE JaHHBIE JOJKHBI  OBIThH

COTJIACOBAaHBI BO BPEMEHU U MTPOCTPAHCTBE;
2. pe3ynbTaTbl M3MEPEHUM, TMOJYyYEHHbIE Ha Pa3HBIX H3MEPUTEIbHBIX
YPOBHSIX, JJOJKHBI OBITh COIIACOBAHBI MEXAY COOOM;

3. BiUsHHUE pedpaKiuu T0JKHO OBITh OTHOHATIPABICHHBIM.

VYTIabl ¥ JaTBbHOCTH U3MEPSIIOTCS SJIEKTPOHHBIM TaX€OMETPOM HECKOJIbKUMU
npuemamu. KoinuecTBo mpueMoB 3aBUCUT OT TpeOyeMOM TOYHOCTH OTPECIICHHUS
MPEBBIIEHUA. B KadecTBe BU3UPHOM LENM HCHOJB3YETCS MNPU3MEHHBIN
OTpa)kaTelib Ha TEJIECKONMUYECKON BeXe, YCTAaHOBJIEHHBIM Ha IMYHKTE C MOMOUIBIO
Oumo a WM TPUITO/A.

JIsi METEOM3MEPEHHI UCTIONB3YEeTCSI METEOPOJOTHUECKUN TPaTUCHTOMET]P
[87], xoTophIii mpeacTaBisieT coOO0N M3MEPUTEIIbHBIC KOMIUIEKCHI M3 HECKOJBKHX
JaTYUKOB  TEMIIEPATYphl,  YCTAHOBJIEHHbIE = HAa  HECKOJIBKMX  YPOBHSX
TEJECKOMMYECKON BEXU. DJICKTPOHHBIM TI'PaJUECHTOMETP MO3BOJISET IOJHOCTHIO

ABTOMATHU3HUPOBATH IIPOLHCCC MCTCOPOJIOTNICCKHUX I/I3MepeHI/H>'I.
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I''/TABA 3 Anpob6anuss KOMOMHMPOBAHHOM METOAMKH Y4eTa BIUSTHUA

BEPTUKAJBbHOU pedpakuuu

3.1 3axa4yu moJsieBbIX HCCJAEA0BAHMI MO aNpodalMid KOMOMHHPOBAHHOM

MEeTOAUKH y4eTa BJIUSHUS BePTUKAJIbHON pedpakuun

KomMOuHupoBaHHasE METOJMKA y4yeTa BIMSHUS BEPTUKAIbHOU pedpakiuu B

AIIEKTPOHHOM TaxeoMeTpuu 0a3upyeTcst Ha
1. reome3uueckoit Mozenu aTMoc(ephl;
2. TPUHLIMIIE HCIOIb30BAaHUS KOMIUIEKCHBIX T'PAJUEHTHBIX TI'€OJE3NYECKUX U

METEOPOJIOTHYECKUX U3MEPEHHN;

3. TpUHIINIIE yYeTa BIUSAHUA aTMoc(ephl 0€3 3HaHUS BBICOTHI BU3UPHOTO JIy4a.

['eoge3nueckas Mozenp  oOecnedyMBaeT  HAAECKHOE  MOJEITUPOBAHUE
U3MEHEHHUSI COCTOSIHHSI aTMOc(epbl B TMpelesax MECTHBIX MOoJied pedpakuuu.
CoBMeCTHOE pelIeHHe TpeX ypaBHeHHWH Buma (2.5) mosBomwio pa3paboTath
aJITCOPUTM OIIpeNIeTIeHHsI TIONPABOK 3a pedpakluio MO pe3ysibTaTaM KOMIUIEKCHBIX
I'PaJMEHTHBIX METEOPOJIOTMUYECKUX U Teofe3ndeckux uaMepenui. [Ipunuun yyera
BJIIMSIHUSL aTMOC(epbl 6€3 3HaHUS BBICOTHI BUBUPHOTO JIy4a MO3BOJIIET UCKIIOUNUTH
U3 JONOJIHUTENIBHBIX OIPEAEICHUN CaMblil TPYIOEMKHW DJIEMEHT — BBICOTY
BU3HUPHOTO JIy4a, JJIsl ONpeleieHus] KOTOPO HEOOXOAMMO MOCTPOeHHE Mpouils
MECTHOCTH C UCIIOJIb30BAHUEM KPYITHOMACIITAOHBIX TUIaHOB.

JUiss  mpakTUYecKOW pealu3aluu  pa3pabOTaHHOM  KOMOWHHUPOBAHHOU
METOJUMKA HeoOXonuMa JieTalbHas MpopabdOTKa MpOILECCOB IPOU3BOJICTBA
KOMILJIEKCHBIX TPaJIMCHTHBIX U3MEpPEHUM, 00pabOTKH UX PE3yJIbTaTOB U BBEICHMUS
nomnpaBku 3a pedpaxiuro. 3a1ada pa3paO0OTKU AJITOPUTMa BBIYUCIICHUS MOMPABKU
3a pedpakinio aHATUTUYECKH ObLIa PEelIeHa BO 2-OM TiaBe paboThI. 37eCh UMeeT
CMBICII OCTAaHOBHUTHCS Ha TOJIEBBIX HCCIEOBAHUSIX, KOTOPbIE BKIIOYAIOT:

1. ampobaruto pa3pabOTaHHOIO B IJ1aBe 2 MaTeMaTudeckoro armmapara [88];

2. pa3pabOTKy MPHUHIMIIOB OpPraHU3alMl KOMIUIEKCHBIX TI'PaJHMEHTHBIX

nu3Mepenuit [89].
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CornacHO anroputMy, ONUCAaHHOMY B pazgene 2.3.5, KOMIUIEKC
JIOTIONIHUTEIBHBIX M3MEpPEHUI, HEOOXOJUMBIX [JIsl OMpEICNICHUsI MapaMeTpOB
reoZe3n4EeCKON MOJIEH, BKIIFOYAET:

1. u3MepeHHe BEpTUKAIbHBIX YIJIOB Ha TpeX (U 00jee) ypoBHSIX;

2. M3MEpEHHE TEMIIEPATYPbl HA TPEX YPOBHSIX;

3. H3MEpEeHHUE pacCTOSHUS Ha padoyeM ypOBHE.

Heo0OxoaumMo BHEAPUTH WX B MPOILIECC MPOU3BOJACTBEHHBIX I'€0JIE3MUECKUX
paboT, Kak OpraHWYHbIA KOMIIOHEHT, HE TpeOYyIOIIUil 3HAYUTENbHBIX 3aTpar
BpeMeHH U CpeAcTB. [Ipu 3TOM 00BEM M TOYHOCTH TOTOJHUTEIHHBIX W3MEPEHUI
JIOJKHBI YAOBIETBOPATH TPEOOBAHUAM, TIOJTYYECHHBIM M OOOCHOBAaHHBIM B pa3/ieiie
2.3.5:

1. ToyHOCTH ompenesieHus YrioB HakioHa — 1";

2. TOYHOCTH OmpeaesieHus pazHoctu Temneparypsl — 0,05 °C.

3.2 Co3aaHue IKCNEPUMEHTAJIbHOTO MOJIUTOHA

C wuenpl0 HSKCHEPUMEHTANBbHOW anpoOalud U JeTadbHOW NpOpadOTKU
KOMOMHMPOBAaHHONW METOJUKU y4yeTa BIIMSHUSA BEPTHKAIbHOM pedpakuuu B cene
beimoBo B HoBoit MockBe ObLT CO3/1aH SKCIEPUMEHTANIbHBIM Mojuron (Tabmuma
3.1). On Bxmrowaer Tpu Hanpasnenus: lllemecroBo (II-1), [Momsuer (I1-2) u
[IBerounsnii  (II-3). HampaBnenuss  OTAMYAIOTCS  JTMHOM,  XapaKTepoMm
MOACTHJIAIOIIEH MMOBEPXHOCTH, BbICOTOW Bu3MpHOro jayda Han IIII. B kauectse
nyHkToB  IllemectoBo u  LleHTpayibHBIM  WCIIOJB30BAHBI  CYIIECTBYIOLIME
MOHOJIUTHBIE reoae3ndeckue penepa (Pucynku 3.1, 3.3), mysktsl [lonsHel u
[[BeTOUHBIN MpeACTaBISIIOT COOO0M 3a0€TOHMPOBAHHBIE METAINTMYECKUE UITHIPU
(Pucynok 3.2). BbeiOop MeCTOIOJIOKEHUSI HAMpaBJIEHUH TMOJIUTOHA MPOJIUKTOBAH
HEOOXOJMMOCTBIO TPOBEPKM PabOTOCIOCOOHOCTH METOJUKM Ha Tpaccax,
OTJIMYAIOIIUXCSI T€OMETPUE BU3MPHOIO JIyda W XapaKTepOM IOJCTHIIAIOIICH

nosepxuoctu (Pucynok 3.4) [89].
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Tabnuma 3.1 — XapakTeprCTUKH HANPaBICHUN SKCIIEPUMEHTAILHOTO MOJIUTOHA

IIpeBbileHue,
Hanpasaenue | JlnuHa, M Tun I
M
Bricokas TpaBsHUCTas
-1 427,160 2,743 PacTUTENbHOCTD, BIOJIh
achaabTUPOBAHHON TOPOTH
-2 718,280 -1,262 TpaBa, 3a00J104€HHBIH JIOT
II-3 1317,705 — Tpagra

Pucynok 3.1 — IlyHKT TpuaHTryassuuu



Pucynox 3.3 — YcranoBka TaxeoMeTpa HaJl MyHKTOM «LleHTpambHbIIN



62

Pucynok 3.4 — Cxema nojaurona

I[To wnampaBnenusm I[-1 u I[-2 OBUIO BBHIOTHEHO T'E€OMETPUUYECKOE
HUBEJIMPOBAaHUE Uil  ONPEIEICHUS  TOYHOIO  3HAYEHUs  MPEBBILICHUS.
HusenupoBanue BoimonHeHo mo meroauke Il kmacca B mpsiMoM u oOGpatHOM
HanpasieHusx. [lopsaok HaOMOIeHUI HAa CTAaHIUU, CJIETYOLIUNI:

1. orcuer o yepHO (OCHOBHOM HIKaJ€) CTOPOHE 3aHEH pelKu;

2. OTCYET I10 YepHOI CTOPOHE (OCHOBHOM ITKAJIE) TIEpEIHEN PEHKU;

3. OTCYET IO KPaCcHOM CTOPOHE (IOMOJTHUTEIBHON ITKAJIE) TIepeTHEN PEHKH;

4. OTCYeT MO KPaCHOM CTOPOHE (IOTIOTHUTEIHHON MTKAJIE) 3aJHEH PEUKH.

B npouecce HuBenupoBaHUs COOTIONAIUCH CIEAyIOIIUEe TpeOOBaHMUS:

HOpMaJIbHAs JJIMHA JIyda BU3UPOBAHHUS — /5 M; HEPABEHCTBO PACCTOSIHHM Ha
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CTaHIIUU — He 0ojee 2 M, a MX HAKOIUICHUE IO CEeKIUHM — He Oosiee 5 M. Bricora

Jy4a BUBMPOBAHUS HaJl IOACTHJIAIOIIEH TOBEPXHOCTRIO ObuTa He MeHee 0,3 m [10].

3.3 IlepBblii 3Tan NMoJieBbIX MCCJIET0BAHUI

Ha nepBom 3rTame mnoJyieBbIX HCCIENOBaHUM, peanu3zoBaHHoM B 2018 1.,
peleHa 3ajava anpoOalid ajJropuTMa BBIYHMCICHHUS TONMpPaBKU 3a pedpakiuio.
Heo6xomumo ObI0 yOEIUTHCS B €ro pabOTOCIOCOOHOCTH WU MPUHITUITHATIBHON
BO3MOXXHOCTH OTIpeJIeNICHUs TapaMeTpoB aTMOC(hEpHI U MOMPaBKU 3a pePpaKkiuio ¢
TOYHOCTBIO, OJIM3KOM K pacyeTHOM.

DKCIepUMEHTaIbHBIE UCCIIEA0BAHUS BKIIIOYAIIU:

1. moneBbie u3MepeHus (KOMIUIEKC METEOPOJOTHUECKUX M T'€OJIE3NYECKUX

U3MEPEHUN );
2. MaTeMaTHYEeCKyI0 00pabOTKy pe3yiIbTaTOB H3MEPEHUH.
['paguenTHBIE Te0e3UYECKUe U3MEPEHUsI ObUIM BBITIOJIHEHBI TaX€OMETPOM
Sokkia CX-105 (Tab6mura 3.2).
Yuciio nprueMoB NpU U3MEPEHUH BEPTUKAIBHBIX YIOB ObLJIO HE MeHee 12-
td. OIHAaKo, B TEX CiIyyasX, KOrJa B CHIIy W3MEHEHHS MOTOJbl PE3YJIbTaThl
U3MEpPEHU He OBbUIM COTJIaCOBaHBl MEXAYy COOOW, YHCIO MPUEMOB OBLIO
yBEIMYCHO. J[1d  METeOM3MEpPEeHHMH  MCIOJIB30BAJICS ~ METEOPOJOTHMUYECKUHN
rpaguenTomeTp. [Ipoiiecc MeTeon3mepennii ObLI MOJTHOCTHIO ABTOMATU3UPOBAH.
[Topsimox reoje3ndYecKnX HAOMIOJCHUM Ha CTaHIMU 3aKJIIOYaceTcs B
CJIEAYIOIIEM:
1. ycTaHOBKa DJJICKTPOHHOTO TaxeoOMeTpa HaJl HCXOJHBIM ITYHKTOM,
MIPUBEJICHHE €T0 B pabouee MOJIOKEHUE;

2. W3MEpPEHHE BBICOTHI UHCTPYMEHTA,

3. BBINOJIHEHUE CEPUU U3MEPEHUM BEPTUKAIBHBIX YIJIOB M PACCTOSHUS, HA
Tpex (wim 0oJiee) YPOBHAX B «IPSAMOM» U «OOpaTHOM» HAmpaBIICHUSIX

(0T HUXKHETO YPOBHS K BEPXHEMY U 00paTHO).
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Tabmuna 3.2 — Texauueckue xapakrepucTuku Taxeomerpa Sokkia CX-105

XapakrepucTuka 3Havenne

TOYHOCTH U3MEPEHUS PACCTOAHUN
+2 MM +(2 mm/kM-D) MM
0 TIPU3ME
ToO4YHOCTPH U3MEpPEHNUS YTIIOB "

J{anbHOCTh U3MEPEHMUS 110 TIPU3ME 10 5000 m
CKOpOoCTh U3MEPEHHUS IO MPU3ME 09c
Jnamna3oH paboThkl KOMIIEHCATOpa +6'

Yrou nons 3peHust 1°30'
VYBenuueHue 3puTebHON TPYOBI 30%
Jlnamna3oH pabouelt TeMIepaTypsl ot -35°C mo +60°C

MeTteoponoruueckiue N3MepeHHsl BbIMOIHINCH Ha UCXOJIHOM ITyHKTE Iepe]
HAYaJiOM M TIOCJIE OKOHYAHUS TEOJE3WYECKUX HM3MEPEHHH Ha KaXKIOM BBICOTE
YCTaHOBKHU OTpakaTeJs.

B Tabaumnax (3.3) u (3.4) npuBeneHsl HCX0HbIC MaHHbIC [89], momyucHHbIC
B Ipolecce TNoJeBbIX HaOmogeHud B uroHe 2018 1., W pe3ynabTaThl
MPOMEXKYTOUHBIX ¥ OKOHYATEIbHBIX  BBIUMCIEHUHW C  HUCIIOJIB30BAHUEM
pa3zpabotaHHOorO anroput™ma (cM. pazaen 2.3.5). TaOmuiel MOTOJHEHBI TOYHBIM
3HAYCHUEM MPEBBIIICHUS N, TTOJyYCHHBIM U3 TEOMETPHUYECKOTO HUBEIUPOBAHHUS

Il kiacca, ommoOKkamMu U3MepeHnH A,;,, 1 MOJIEIUPOBAHUS A,y

AI/I3M= hI/IBM - hl/ICT; (31)
AI/ICI‘Ipz hucnp - hI/ICT; (32)
rae hncnp = hyau + (hy)1.



Taomuma 3.3 — UcxoaHble TaHHbBIE

> . MeTeousmepeHust Ieone3nyeckune u3MepeHust
Ne :“ E
g E- Z,M t, °C h,m | D,m _ 'V ] hl;w hl;m’ Al:“
11116 1 1,52 19,94 | 1,50 | 427,16 0| 20 | 33,1 | +2,707 | +2,743 | -0,036
2 3,27 18,07 | 2,00 0| 24| 16,1
3 4,26 16,74 | 2,30 0| 26 | 345
2 1136 1 3,27 21,88 | 2,85 |427,16| 0| 31 | 42,6 | +2,716 | +2,743 | -0,027
2 4,26 21,76 | 3,35 0| 35| 40,2
3 6,24 21,06 | 3,65 0| 38| 04,6
31137 1 3,27 20,80 | 2,15 | 427,16| 0| 26 | 035 | +2,714 | +2,743 | -0,029
2 4,26 20,67 | 2,85 0| 31| 40,7
3 6,24 19,97 | 3,35 0| 35| 376
4116,6| 1 2,26 2385 | 2,78 | 427,16 | O | 31 | 17,7 | +2,739 | +2,743 | -0,004
2 4,26 23,48 | 3,28 0| 35| 16,3
3 6,24 22,22 3,58 0| 37 40,4

g9



Tabnuna 3.4 — Pe3ynbTarhl BHIYUCICHUN

Nel b |gradt,°C (gradgepn) Ar " | Ary_3" v " (ed, | Puenps | D
M M M M
1] +051| -069 | +7,30-107 | -184 | -249 |0,052| +14,1 | +0,029 | +2,736 | -0,007
2| +3,17| -1,83-10%] +3,80-10% | -3,8 43 |[1,202| +45 | +0,009| +2,725| -0,018
3] +3,02| -2,36:10° | +3,79-10° | -0,8 5,4 | 049 | +2,1 | +0,004| +2,718 | -0,025
4] +255| -9,2:10% | +4,53-10° | -28 3,6 | 1,154| +2,2 | +0,004| +2,743| 0,000

99
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[Ipencrasnennsie B Tabmumax (3.3) u (3.4) pe3yabTaThl MOTYyYCHBI HA OHOM
Tpacce dKcnepuMeHTanbHoro mnosurona — II-1, B utone (1, Tabnauua 3.4) u B
ceHtsaope (2-4, Tabmuma 3.4) 2018 roma. BcnencrtBue H3MEHEHHS BBICOTHI
PaCTUTEIBHOTO TIOKPOBA, B CEHTAOPHCKUX W3MEPEHUSAX YBEIWYEHBI BBICOTHI
oTpaxartessi. BBefeHue nomnpaBku 3a BIMSHUE BEPTUKAIBHOU pedpakiiiid BO BCEX
CJIy4asiX MO3BOJIAJIO MMOBBICUTH TOUHOCTh ONPEEICHUS MPEBBIICHUN.

[TomydyeHHbIe pE3yNbTAaThl JIOKa3aId PabOTOCIOCOOHOCTh aNrOpHUTMA,
peanu3yronero KOMOMHUPOBAHHBIN MOAXO0/ K YUETY pePpakIMOHHOTO BIAUSHUS, U
MPUHITUIHATBHYIO BO3MOXKHOCTh IIOTYYEHHUS yria pePpakiud C TOYHOCTHIO,

CpaBHHMOﬁ C TOYHOCTBIO U3MCPCHHA BCPTHUKAJIbHBIX YTJIOB.

3.4 Bropoii 3Tan nojieBbIxX uccjenopanuii. 2018 roa

N3mepenusi, BbimosHeHHble B 2018 1., ObUIM HCIOJIB30BAHbBI JIsI aHAIN3A,
3QIOXKHUBIIETO OCHOBY METOJUYECKUX MPUEMOB IPOMU3BOACTBA KOMIUIEKCHBIX
I'PaIMCHTHBIX U3MEPEHHUH. AHAIN3 IPOBOIMICS IO HECKOJILKMM HarpasiicHusm [89]:

1. OIICHKa  CTEMEeHW  BAMSHUS  pedpakuuu  Ha  pe3ysIbTaThbl
TPUTOHOMETPHYECKOTO HHUBEIUpOBaHUS W I(P(OEKTUBHOCTH  HCIOJb30BAHUS

CTaHAApTHOTO Koa(hduirienTa pedpakiumm;

2. 3aBUCUMOCTH pe(PPaKIIMOHHOTO BIUSHUS OT BHICOTHI;

3 3aBUCUMOCTH pe(PpaKIIMIOHHOTO BIUSHUS OT BPEMEHU CYTOK;

4, 3aBUCUMOCTH pe(PpaKIMOHHOTO BIUSHUS OT PaCTUTEIHLHOTO TTOKPOBA;
5 3aBUCUMOCTH BEJIMUYUHBI pePPAKITMOHHOTO BIUSHUS OT TTOTO/BI.

Ouenka  cTremeHM  BJMsSIHHST  pedpakuum  Ha  pe3yJbTaThbl
TPUTOHOMETPUYECKOT0 HUBEJIMPOBAHUS U 3(PPEKTUBHOCTU HCIOJIb30BAHUS
CTAHAAPTHOrO Ko3(pPpuumuenra pedpakuuu. lcnonb3oBaHue CTaHAAPTHOTO
kodpdunreHTa peppakivi MPaKTUUYECKH HE YJIy4dIIaeT KauyeCTBO OMpeAcIeHUs
MPEBBIIICHUNA METOJIOM TPUTOHOMETpHYeckoro HupenupoBaHus (Tabmuma 3.5).

Jlnst nanipaBnenus 11-1 monpaBka 3a BnusiHue pepakiiuy paBHa 2 MM, B TO BpeMs
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KaK BJIUSHUE pePpaKIuu I OTOTO HAMNpaBJICHHUS IoXomamwio -88 mm. Jlis

HarpasiaeHus 1{-2 3Tu BeaIuunHbI COCTaBUIH — 6 MM 1 -213 MM, COOTBETCTBEHHO.

Tabnuua 3.5 — Bausinue pedpakiiui Ha TOUHOCTh TPUTOHOMETPUUECKOTO

HUBCIIMPOBAHUS
Ommbka 3a | Ucnpasienno | OcraTouHo
TouHoe HN3mepenHoe
Hanpasa pedpakuuio, e e BJIMsIHUE
npeBblllIeHUEe | NpeBbIIIeHHUE,
eHue MM npesBbilieHne | pedpakuu
s M M
(k=0,14), m H, MM
2.671 -72 2.669 -74
II-1 2.743 2.667 -76 2.665 -78
2.655 -88 2.653 -90
-1.416 -154 -1.410 -148
I1-2 -1.262 -1.447 -185 -1.441 -179
-1.475 -213 -1.469 -207

[Toy4yeHHBIE TaHHBIE TO3BOJIAIOT CENATh CIEAYIONTNE BHIBOJIBI:
— y4eT BIUSHUS pedpakmuu o0s3aTelNeH Maxe I CPaBHUTEIBHO MaJbIX
PaCCTOSIHMI B HECKOJIBKO COTEH METPOB;
— UCIIOJIb30BAaHUE CTaHJApPTHOTO Kod(duimenta pedpakiuuu B OOJBITUHCTBE
CIydacB TIPAaKTUYECKH OECMOJIe3HO, a WHOTJAa TPUBOAWT K YXYAIMICHUIO

PE3yIbTaTOB U3MEPECHUN.

3aBUCHMOCTh PpePpPAKIMOHHOIO BJIMSIHUA OT BbICOTHI. [IpupamieHue
pedpakiu ¢ BBICOTON SABISETCA OJHUM W3 HCXOJHBIX MapaMeTPOB ajaropuTMa.
s yenemHon peain3anuy alropuT™Ma OHO JOJDKHO UMETh OJUHAKOBBIN 3HAK JJIs
BCEX U3MEPUTEIbHBIX YPOBHEN U OBITH 0OJIbIIE OIIMOKH U3MEPEHUS YTIIOB.

Ha rpadukax (Pucynok 3.5) [89] mpencTaBieHbl peBbIIICHUS, ©3MEPEHHBIC
Ha pa3HbIX ypoBHsX. [IpencTaBnennpie Ha pucyHke 3.5 u3MepeHus BhIMOTHEHBI 14
ceHTsa0ps. Iloroga Obula yYCTOWUYMBOM — HE3HAYUTENbHAs OOJAYHOCTD,

BBIPOKECHHBIA CYTOYHBIA XOJ TEeMIIepaTyphl, HeOObION BeTep. Pa3zHOCTH BBHICOT
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Pucynok 3.5 — VI3MeHeHne U3MEPEHHBIX MPEBBIIIEHUN C BEICOTON

YCTaHOBKU OTpaxkaresieil Mmexay ypoBHsmu 1-2, 2-3, 3-4 cocrasmsuia 70, 50 u 30
cM, cooTBeTcTBeHHO. Kak BuaHO u3 rpadukoB, BO BCEX CiIy4asx ObLIO
3apUKCUPOBAHO TpUpalieHue yria pedpakuud MpH TEpexoje OT OJHOTO
U3MEPUTENTFHOTO YPOBHS K Japyromy. OJIHAKO HAa OCHOBAaHUU MAaJIOM BEIIMYUHBI
MpUpaIIeHUs yria pedpakimui MEXIy 3-UM B 4-bIM yYPOBHSIMH MOJKHO CJENaTh
BBIBOJI O HEOOXOJMMOCTH YBEIWYEHHUSI PA3HOCTH BBICOT OTpaxkaresiei. ITo
MO3BOJIUT TOJYYUTh TMPUPAIICHHUS YIria pedpakiuy, 3HAYMMO TMPEBHIIIAIONTNE

MIOTPEIIHOCTh U3MEPEHHUM.

3aBuCcHMOCTH pe()paKIMOHHOTO BJIUSAHUA OT BpeMeHHU cyTOK. Bo Bpems
CEHTSIOPbCKUX M3MEPEHHM COCTOSIHME aTMoc(epbl ObLIO YCTONYMBBIM, MOTOAA
MPaKTUYECKHA HE MEHSJIACh, YTO MTO3BOJIUIIO OTMETUTh BRIPAKCHHBIN CYTOYHBIA X011
pedpakuu. Ha nHanpaBnenun 1[-1 ObLIu BBIOJHEHBI ABE CEpUH HAONIOJACHUN B
teueHue JHs. Kaxaelii mepuoa usmepeHuit coctapisi okosio 1 vaca. Ha rpaduke
(Pucynok 3.6) [89] orciexuBaroTcsi H3BECTHBIC 3aKOHOMEPHOCTH CYTOYHOTO X0/1a
pedpakiuu — HAIMYUE MaKCUMyMa OKOJIO 15 4acoB, yMeHbIIIEHHWE B YTPEHHUE U
BeuepHue uyacbl. Ha mnpoTspkeHuM OAHOW cepuu HaONMIOJIEHUA HW3MEHEHHe
pedpakiiui TO BPEMEHU COXPAHSIO YCTOWYUBYIO TEHACHIIMIO, IOJJICKAILYIO

0053aTENILHOMY yUETY.
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Pucynox 3.6 — CyTouHbIi X0/ U3MEPEHHBIX PEBBIIICHUN

Ha ocHOBaHMM TMONY4YE€HHBIX PE3YyJIbTATOB MOXKHO CJIENaTh CIEAYIONINe
BBIBOJIBL:
— Hcnonp3oBaHHas mporpaMMa IMPOU3BOJCTBA H3MEPEHHM — OT TIEPBOTO
YPOBHS K BEpXHEMY U 00paTHO — 0OOCHOBAHA.
— HeoOxoaumo MHTEpIIONMpoBaTh COBMECTHO 0OOpabaThIBaeMble W3MEPECHHUS
Ha TPEX YypPOBHAX K OJAHOMY MOMEHTy BpeMeHH. C yd4eToM HE3HAYUTEIbHOU
MPOTSHKEHHOCTH BPEMEHHOTO HHTEpBaja JIOCTATOYHO BBITIOJIHUTH JIMHEHHYIO

VHTEPIOJISILHUIO.

3aBUCHMOCTH pe(PpPaAKIIMOHHOIO BJHUSAHUA OT PACTHUTEJIHHOI0 MOKPOBA.
Kak wusBectno, BOmu3m I[II1 BiusHue pedpakiuu, Kak TpaBuiIo, OOJbIIE IO
BEJIMYMHE, a €€ IMOBeJeHHue MeHee cTabwibHO. OpHako pe3yJabTaThl HAIIKUX
HKCIIEPUMEHTOB TMOKa3aJiM, YTO CTAOMJIBHOCTh MOBEAECHUS yria pedpakuud B
OOJBITICH Mepe 3aBUCUT OT BBICOTHI HAJl PACTUTEILHBIM TTOKpOBOM, yeM Ha [111.
[Ipu u3MepeHusx B MIOHE HIKHUW YPOBEHb YCTAHOBKHU OTpakarens Ha nuHuu 1[-1
obu1 paBeH 150 cm. B TeueHue Bcero IHS HaOMIONAIOCh OJHOHAIPABICHHOE

U3MEHEHHE pe(PPaKIIMOHHOTO BIUSHHUS C BBICOTOM.
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B cenTs0pe BciencTBue 3HAYUTENBHOM BBICOTHI PACTUTENBHOTO TOKPOBA
BBICOTA OTpa)KaTelisl Ha HUKHEM ypOoBHE Oblia yBenuueHa 110 215 cm. Hecmotps Ha
3Ty Mepy, l-blil ypoBEeHb B OCEHHMX HAOJIIOACHUSIX HE ObLI COIJIACOBAaH C
ocraiapHbIMU (Pucynok 3.7) [89]. Xors Beicota Ha [1I1 6blma 0k0J10 2 M, XapakTep
BIMSHUS pePpakiuu ObUI CXO0X C IpoLeccaMHd, KOTOpble HaONIoNalTcs B

OMMKHEM IMPU3CMHOM CJIOC TOHHII/IHOﬁ B HCCKOJIBKO ACCATKOB CM.
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Pucynok 3.7 — I3MeHeHre n3MepeHHBIX MPEBBIIICHUN C BRICOTOU

Ha ocHOBaHMH BBINIOJHEHHOIO aHalM3a CHejdaH BBIBOA O HEOOXOIMMOCTH
ydeTa BBICOTHI PACTUTEIIPHOTO IIOKpOBAa IIPH BBIOOPE BBICOTHI YCTAHOBKH

OTpaxaTcjisi Ha HUKHEM YPOBHCE.

3aBHCUMOCTh BeJMYMHbI Pe(pPAKIHMOHHOIO BJMSIHUSL OT moroianl. B
CEHTSIOPbCKUX HAOJIIOICHUSIX U B COJIHEUHYIO, U B macMypHyto noroay (Pucynox
3.8) [89] xapakTep m3MeHeHHsS PehPAKIIMOHHOTO BIMSHHUS OT OJHOTO YPOBHS K

IPYroMy HE MEHSICS.
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PI/ICYHOK 3.8 — Biusgnue Imoroabl Ha HM3MCPCHHBIC
ITPCBLIIIICHUA

N3smepenus, BeimonHeHHblE B uioHe 2018 roma, mokaszaiu, 4TO BIIUSIHUE
MOTOJIbI  TIEPEKPhIBACT BIMSAHHUE BCceX MNpouyux (HakTopoB (GopMHUpOBAHUS
pedpakiuu. Bo BpeMs JIETHMX H3MEpEHHH Toroja ObUta HecTaOWiIbHA.
V3MmepeHHbBIE HA OJHOM YPOBHE TMIPEBBHIINICHUS HW3MEHSINCh Ha HECKOIBKO
CaHTUMETPOB B TeueHue cuyuTaHHbIXx MUHYT (Pucynok 3.8). Ha ocHoBanum
BBITIOJTHEHHOT'O aHaJii3a, CJieJIaH BBIBOJI O HEOOXOJMMOCTH 00pabaThiBaTh CEpUU
WU3MEPCHUN TSl KaXKI0TO THTIA TTOTOBI OTACIBHO.

IlepBele wTOrM 2-rO 3Tama HCCICIOBAHMM, IOJYYEHHBIC HA OCHOBAHUHU
U3MEpeHui, BBIMONHEHHBIX B 2018 1, mo3Bosuau chopMynupoBaTh oOIIHe
BBIBOJIbI M 3aJ1a4H JAJIbHEUIIINX UCCIICIOBAHUN:

1. HEOOXOJMMO TO0J00paTh ONTHMAIBHBIA IAr W3MEHCHHS BBICOTHI
oTpaxkaTeNsl C IIEJbI0 O0CSCIEUYCHHUS YIOBICTBOPUTEIBHON YYBCTBUTEIBHOCTH
PE3yNBTaTOB U3MEPEHUI K U3MEHEHUIO TTpHUpaIeHus pedpaKinu;

2. JOTMYCTUMO OTPAHUYUTBCS METCOPOJIOTHUYECKUMH HW3MEPCHUSIMH B

OIHOM IIYHKTC — B TOYKEC CTOSAHHA TaXCOMCETPaA,
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3. B COBMECTHYIO 00pabOTKy cienyeT OpaTh TPH COTJIACOBAHHBIX MEXKIY
CO0OW W3MEpEHWs, BBHIMOJHEHHBIE HA PAa3HBIX YPOBHSAX B CXOIHBIX ITOTOJHBIX
YCIIOBUSIX;

4. npu BbIOOpE BBICOTHI pa3MEMICHHS] OTpaXkaTelss Ha HWKHEM
U3MEPUTEIPHOM YpPOBHE CJEQyeT YYHTBIBATh BBICOTY HaJ PACTUTEIHHBIM
TIOKPOBOM, BO3MOJKHO ONTHMAlIbHash BBICOTA PaBHA JOMYCTHMBIM MHHUMAIbHBIM
BbICOTaM Bu3upHOro Jy4a Hanx [IIl, yka3aHHBIM B HWHCTPYKIHH TIO

HHUBCIINPOBAHUIO.

3.5 Bropoii 3Tan nojieBbIxX ucciaenoBanuii. 2019 roa

B cenrsi6pe 2019 roma Obula BBINOJIHEHA HOBas CepUs M3MEPEHHI Ha
HKCIIEPUMEHTAJILHOM TmoJuroHe bbeutoBo. OcHOBHasg 1ienb  JaHHOTO —dTara
3aKJII0YAJIaCh B CIEAYIOMIEM:

1. mon0op oNTUMAIBLHOTO YKCIIAa U3MEPUTEIBHBIX YPOBHEH;

2. oaOOp ONTUMANILHOTO IIara U3MEHEHUS BHICOTHI OTPaXKaTEsl.

JUiss  mpou3BOACTBA TIEOAE3UYECKHX H3MEPEHHM ObUI  MCIOJIb30BaH
SNIeKTpOHHBIH  Taxeomerp Leica TCR 1201+ ¢  xapakTepUCTHKaMH,
MIPEICTaBIICHHBIMU B Ta0mwmIe 3.6.

[ToBbIieHre TPUOOPHOM TOYHOCTH TO3BOJWJIO B MPOIECCE H3MEPECHUIMA
OTPaHUYUTh YHCIO TPUEMOB YETHIPbMSA, YTO IMIO3BOJSIJIO PACCUUTHIBATH Ha
MU3MEPEHNE BEPTUKAJIIBHBIX YIVIOB C TOYHOCTHIO 0,5".

YacTh HWCXOAHBIX MAaHHBIX M PE3YyIbTaTOB 0OO0pabOTKM TMpeACTaBiICHA B
tabmaunax (3.7) u (3.8). beuin onpoOoBaHbl pa3Hble BapUAHTHI U3MEHEHUST BBICOTHI
oTpaxkaresns Ha HanpasiaeHusx [[-1 u [1-2.

Ucnonp3oBanne mara 20 cM MO3BOJWIO JETATH3UPOBATh MHGOPMAIHIO O
CTpOCHHHM pabouero cjosi arMmocepbl HAa MOMEHT wu3MepeHui. OHaKo
npupaiieHue yria pedpakiud MEXIy YPOBHSMH OBUIO HEAOCTATOYHBIM, B
HEKOTOPBIX CITydasX HW3MEPEHUS Ha CMEXKHBIX YPOBHSIX Jad TMPAKTHUYECKHUE

OIVMHAKOBBIA pE3YJbTAaT. YBEJIUYWIOCh WU BpPEMs IIPOM3BOJACTBA HU3MEPEHUM.
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[Tommnast cepust HaONMOJEHUH, TpenacTaBieHHas Ha rpaduke (Pucynok 3.9) [91],
3aHsUIa IOYTH 2,5 yaca. YBEIUYEeHUE MPOJIOKUTEIIEHOCTH HAOIIOICHUA TIPUBEIIO
K M3MCHCHHUIO IIOTOJbI M PACCOTIACOBAHHOCTU pPE3yJbTaTOB H3MEPCHUN Ha

COCEIHUX YPOBHSX.

Tabauia 3.6 — Texauuueckue xapakTepucTHku Taxeomerpa Leica TCR 1201+

XapakTepucTHKA 3HaveHune
TouHoCTh M3MepeHHsI paccTosstHui 1o Tipu3me | =1 MM +(1,5 mm/km:D) mm
TO4YHOCTH U3MEPEHHUS YTIIOB 1"
J1anbHOCTH U3MEPEHUS 110 IIPU3ME 10 2000 m
Bpemst aBToHOMHO# paboTHhI 8 gacos
Jnamna3oH paboTkl KOMIIEHCATOpa +4'
Bec npubopa 5,8 kr
YBenuueHne 3puTeabHON TPYyObl 30%
JuanazoH padoueil TeMepaTypbl ot -20°C o +50°C
2.740 o1y
m2
2.730 P
3yp
2.720 1y
= XS yp
g +
= 2710 = ®owp
= +7yp
2 ¢ 8
2700 P
= ( i
2.690 yp
x e/ 11yp
BpeM1l, Yac
2.680
11.10 11.60 12.10

Pucynok 3.9 — CnoucrocTs B cTpoeHuu padboyero cios armocdeps (mar 0,2 M)



Taomuna 3.7 — UcxoaHble TaHHBIE

MeTteousmepeHust I'eone3znyeckue u3MepeHust
Ne Bpewms, YpoBeHb v
qac. Z, M t, °C h,m | D,m — p — h,, M | h,;ps™M | 4,,,,, M
1 2,235 22,277 | 2,18 0 25 46,8
1 11,5 2 3,185 21989 | 2,38 | 427,14 O 27 19,1 +2,705 +2,743 | -0,038
3 5,105 21,333 | 2,58 0 28 54,51
1 2,235 22,277 | 2,38 0 27 19,1
2 11,7 2 3,185 21989 | 2,58 | 427,14 O 28 54,1 +2,697 +2,743 | -0,046
3 5,105 21,333 | 2,98 0 32 01,4
1 1,315 25,559 | 3,58 0 37 15,2
3 12,5 2 2,235 25,010 | 3,78 | 427,14 O 38 40,0 +2,718 +2,743 | -0,025
3 3,185 24,326 | 3,98 0 40 12,7
1 1,315 24,736 | 2,18 0 25 42,6
4 13,0 2 3,185 23,145 | 2,58 | 427,14 O 28 53,6 +2,699 +2,743 | -0,044
3 5,105 22,437 | 2,78 0 30 28,2
1 2,235 22,829 | 2,10 0 25 15,3
3) 15,4 2 3,185 22,718 | 3,60 | 427,17 O 29 11,5 +2,720 +2,743 | -0,023
3 5,105 22,069 | 3,10 0 33 12,7

7



Ta6muma 3.8 — Pe3ynbTarhl BHIYUCICHUN

Ne| b |gradt,°C (gradgepn)np Ary ;" | Ary 3" | hyeom | 71" | (B4, M lucnr Ayenpsy M
M

1 [+0,28| -0229 | +2,67-107 | -42 | -58 | 0,034 | +9,6 | +0,020 | +2,732 | -0,011

2 |+0,28| -0,229 | +2,67107 | -16 | -7.4 | 0,137 |+20,7| +0,043 | +2,746 | +0,003

3 |+0,44| -0,462 | +5,03-10-7 | -13,8 | -15,7 | 0,010 | +6,9 | +0,014 | +2,752 | +0,009

4 1+0,33| -0,230 | +2.68:107 | -21 | -41 | 0,278 |+16,6| +0,034 | +2,738 | -0,005

5 [+250| -9,7-10° | +046:10" | -52 | -55 | 1,755 | +7,8 | +0,016 | +2,743 | 0,000

9/,
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Ha rpaduke 2 (Pucynok 3.10) [91] npencraBieHbl n3mMepenus Ha JnHuU 11-
2, orpaxarens nepecraBisuid yepe3 30 cMm. IlonHas cepus HaOmroAeHUI 3aHsIa
okojo 1,5 yacoB. bbun 0GHapyKEHBI YEPEAYIOLIUECS CIOU C Pa3HbIM XapaKTEpOM
U3MEHEHHUs pedpakuuu ¢ BBICOTOM, MeHsU1ach moroaa. OAHAKO KOJUYECTBO
COIJIACOBAaHHBIX M3MEPUTENBHBIX YPOBHEH OBUIO OCTATOYHBIM, JJISI TOIO YTOOBI

00eCIeYnTh HAJTMYME N30BITOYHBIX HBMepCHHﬁ.

-1.25 ® | ypoBeHb
¢ 2 ypOBEHD
= 3 ypOBEHb
< -1.30 P
=
q;) @ 4 ypoBeHb
;; “ N ; X5 ypOBEHb
é" -1.35 ® 6 ypoBEeHb
O 7 YpOBEHb
Bpems, uac
-1.40 :
13.20 13.70 14.20

Pucynok 3.10 — CrouctocTs B cTpoeHuu pabouero ciost armocdeps (mar 0,3 m)

B Tpetbem cnyuae oTpaxkarens nepectarisiin uepe3 50 cm (Pucynok 3.11)
[91]. BpeMms mpou3BOACTBa M3MEPEHHI COKPATUIIOCH B 3TOM citydae 70 40 MHUHYT,
OJTHAKO JIeTaIN3alls CTPOCHHS pabOvero CJIOs W YUCIO M30BITOYHBIX H3MEPEHUI
OB HETOCTATOYHBIMHU.

Takum o00pa3oMm, yMCHBIICHHE IIara IT03BOJIIECT BBISBUTH BO3MOYKHYO
CJIOUCTOCTh B CTPOCHHMM pabouero ciosi atMochepbl Ha MOMEHT T'€O0JIe3MYEeCKUX
uamepenuit (Pucynkn 3.9-3.11), oaHAaKO TOYHOCTH ONPEICICHHUS MpPUPALICHHI
pedpakiuy ¢ yMCHBIIICHHUEM IlIara maaaeT, a BPEeMsS MPOU3BOJICTBA W3MEPCHUU
pacTeT. YBEIMYEHHE NPOJOJDKUTEIHPHOCTA HAOMIOEHU MOXET TPUBECTH K

HN3MCHCHUIO ITOroJbl 1 pacCoriiaCoBaHHOCTHU PE3YJILTATOB I/IBMCPGHI/Iﬁ Ha COCCOHUX
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Pucynok 3.11 — CnouctocTs B cTpoeHuun padouero ciost atmochepsr (mar 0,5 m)

ypoBHsix (Pucynox 3.9). OnTuUMaibHBIM TPEICTABISECTCS  IEPECTAHOBKA
orpaxkareis Ha 0,30-0,40 m [91].

JUis moiyd4eHHus OJHOTO 3HAYEHHUs yria peppakiuu JOCTaTOYHO TpeX,
COrJIaCOBaHHBIX MEXHAy co00i, ypoBHeW. OpHako yBEIWYEHHE 4YHUCIa
U3MEPUTENbHBIX ~ YPOBHEH  TrapaHTHUpPyeT  BO3MOXHOCTh  NoaOOpa  Tpex
COTJIACOBAaHHBIX YPOBHEH B Cllyyae CJIOHUCTOrO CTPOEHUs pabodero ciosi BO3ayxa
(Pucynox 3.10). Hannumne n30BITOYHBIX N3MEPEHHIA TIO3BOJISIET OCIA0UThH BIUSHUE
HMCTOYHUKOB OIIMOOK, UMEIOIINX CIIyYalHBIA XapaKTep.

Pucynku 3.12-3.14 [91] nonosHEHBI CPETHUMH 3HAYCHUSMH MPEBBIIICHUI
BBIYHMCIICHHBIMU C UCIIOJIb30BAaHUEM BCEX COTJIACOBAHHBIX COYETAHUU

h

u3MepuTenbHbix ypoBHe. Ha pucynkax 3.12-3.14: A — wuctuHHas omuoOka

Ccp»

OTIPENICTICHUS] CPETHUX TPEBBIIICHUHN, BBIUUCICHHAS KaK Pa3HOCTh BBIUUCIICHHBIX
(cpenHnx) W TOYHBIX  (pe3yibTaThl TE€OMETPUYECKOTO  HUBEJIMPOBAHUS)

MTPEBBILLICHUMN.
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Pucynok 3.12 — IIpeBsbiiienus, uamepeHHble no Juauu 1-1 ¢ marom

0,2 M (paccTosinue 427 M)

= -
s P hep=-1,269 M = 1 yposetth
E A=-T Mmm ¢ 2 ypOBEHb
E 130 A 3 ypoBeHb
;5_ ° 4 ypOBEHb
- . X5 ypoBeHb
N X

-1.35 ® 6 ypOBEHb
7 ypOoBEHB

_1.40 Bpems, uac

13.20 13.70 14.20

Pucynox 3.13 — [IpeBrbitienus, u3mMmepeHHbIe 1Mo HanpasieHuto [{-2 ¢

marom 0,3 M (pacctostaue 718 M)
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Pucynox 3.14 — [IpeBbItienus, usMepeHHbIe 1o HanpasiaeHuto L-1 ¢

maroMm 0,5 M (paccrosinue 427 m)

HOHy‘-ICHHBIe PE3YJIbTAThI IIO3BOJINJIA C(l)OpMYJIHpOBaTB OCHOBHBIC

IPUHITUITBI IIPOU3BOJICTBA KOMIUIEKCHBIX TPaUeHTHBIX m3Mepenwuii [90, 92]:

1. 3mepenusi BEpTUKAIBHBIX YTIIOB HEOOXOIMMO BBITIOHITH Ha 5 YPOBHSX
(ycTaHaBIMBaTh OTpa)kaTeib HAa BEXE Ha MATH PA3IMYHBIX BBICOTAaX); B
UJCANBHOM CIy4yae 3TO MO3BOJHUT MOdAy4uTh 10 kKoMOMHauuii W3 Tpex
U3MEPEHUI BEPTUKAIBLHOTO YIJIa, YTO OOECIEeUUT HAIUYUE H3OBITOYHBIX
U3MEPEHHI U KOHTPOJIb MOJTyY€HHBIX PE3yIbTaTOB.

2. OnTUManbHbI, C TOYKM 3pEHUS TOYHOCTH, IIar TEPECTAHOBKHU
orpaxarens — (0,3-0,4) m.

3.Yucno mpuemMoB M3MEPEHHS] BEPTUKAIBHBIX VYIJOB Ha KaXIOM
U3MEPUTEITLHOM YPOBHE HEOOXOAMMO MOAOMpPaATh TAKUM 00pa3oM, 4TOObI
C y4eToM MPHOOPHON TOTPEIIHOCTH pacueTHasi TOYHOCTh CPEIHETO
3HAYCHUS U3MEPEHHOTO yriia Obuta paBHa 1".

4. Cepuss TeOJIE3UYECKUX HM3MEPEHHH BKIIOYAET IMOCIEA0BaTEIbHbIC
U3MEpEHHs BEPTUKAIBLHOTO YIJIa OT HWKHETO YPOBHSI O BEPXHETO U B
oOpatHOM TmopsAnke. Pe3ynpTaThl, TMOJTy4YeHHbIE Ha TEPBOM U

MMPOMCIKYTOYHOM YPOBHAX, CICAYCT HMHTCPIIOJIUPOBATL K MOMCHTY
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U3MEPEHUII Ha BEPXHEM YpPOBHE, YTO TIO3BOJUT YYECTh BIHSHHE
CYTOYHOTO X0/1a pedpaKiiim.

5. BeicoTa ycTaHOBKM OTpakaTelis HaJl pacCTUTEIbHBIM IOKPOBOM B
Oonblliell Mepe BIUSAET Ha CTAOWIBHOCTH MOBEACHHS yria pedpakiiud,
HEXEJM BBICOTA HaJ TMOJCTUJIAIONIEH MOBEPXHOCTHhIO. B CBs3u C 3TUM,
BBIOMPATH HIDKHIOIO OTMETKY YCTAaHOBKH OTpakaTessi HeOOXOAUMO TaKUM
00pa3oM, YTOOBI BHICOTA BU3UPHOTO JIyya HaJ PAaCTUTEIBHBIM MOKPOBOM
OblJJa HE MEHbIIE MHUHUMAJIBHOM BBICOTHI HAJl TMOJICTHIIAIOIICH
IIOBEPXHOCTBIO, pErIaMEHTUPOBAHHON HNucTpykumen 10
reOMETPUUECKOMY HUBEITUPOBAHUIO.

6. TemnepaTypy JOCTaTOYHO U3MEPSTH B TOUKE CTOSTHUS TAXEOMETpa.

7. TemmnepaTypHble HU3MEPEHHsI CJEIYEeT BBITIONHATh JBAXABI — TEpe
HA4aJIOM U IO OKOHYAHUU CEPUU T'€0AE3UUECKIX U3MEPEHUIA.

8. B coBmecTHy10 00pab0TKy HEOOXOAMMO OpaTh U3MEPEHUS, BHITOJTHEHHbBIC
B CXOXHUX TIOTOJHBIX YCIOBUAX, 4YTO JelaeT 00s3aTelIbHBIM
¢ukcupoBaHHE B TOJIEBOM JKypHajle HM3MEHEHMH Moroisl (B MEpPBYIO

ouepeib, peub UJET O BETPE U 00JIAYHOCTH).

3.6 MeToauyeckue nprueMbl MPOU3BOJACTBA KOMIIJIEKCHBIX I'PAJIMEHTHBIX

U3MepeHuit

Ha ocHOBaHWW BBITTOJTHCHHBIX HCCJICIOBaHWA ObUTH  pa3paboTaHBI
METOJMYECKHE MPUEMBI TIPOU3BOJICTBA KOMILUIEKCHBIX TPaJUEHTHBIX H3MEPEHUH,
no3BoJjIstomye A(PPEKTUBHO OpPraHW30BaTh IMPOIECC TIOJIEBBIX HW3MEPEHUH,
BKITIOUaromme [92]:

1. mpUHIUTIBI MPON3BOICTBA KOMIUIEKCHBIX TPAAUCHTHBIX U3MEPEHUN;

2. TIporpaMMy MPOU3BO/ICTBA KOMIUICKCHBIX TPAIUCHTHBIX U3MEPEHUI;

3. KOMIUIEKT U3MEPUTEIHHOTO 000PYI0BAHHS.

Kommnekrt HU3MCPHUTCIIBHOTO O60py,Z[OBaHI/I$I BKJIFOYACT.
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1. 3JEKTPOHHBIN TaXEOMETP C TOYHOCTHIO U3MEPEHUS BEPTHUKAIBHBIX yIJIOB
1" ¥ BO3MOXHOCTBIO OTKJIIOYCHHS BBCICHHUS IIONMPABOK 3a BIIHSHHEC
BEPTUKAJIBHONH  pedpakimud ¢  NPUMEHECHHEM  CTaHIApTHOTO
koa(durmenta pedpaxiuy;

IITATHUB,;

TEJIECKOMMYECKYIO BEXY JTMHOM 4-5 M ¢ oTpakareem;

6I/IHOI[ WA TpUIoA AJIA 3aKPCIUICHUSA BEXW HAZ HCHTPOM ITYHKTA,

o B W

AJIEKTPOHHBIN MeTeoposiorudeckuii rpaguentromerp (Pucynku 3.15, 3.16
[93]).

JlaHHAsT KOHCTPYKIIUS METEOPOJOTHYECKOTO TPaJNCHTOMETpPa IO3BOJISET
MoJIy4aTh  TPAJUEHTBl  TEMIEpPaTypbl C  TOYHOCTBIO,  yJIOBJIETBOPSIOLIEH
TpeOOBaHMIM, yKa3aHHBIM B [J1aBe 2, a MOOWJIBHOCTh W HEBBICOKAsl CTOMMOCTH
o0oOpyZ0oBaHUsl  JAlOT  CYIIECTBEHHOE  MPEUMYIIECTBO  Mepes]  JAPYTUMH
YCTPOMUCTBAMH JIJISl U3MEPEHUS TEMITePaTyPHhI.

N3meputenbhbie komiuiekcsl (Pucynok 3.16) [93] mpexacraBistor coboi
CIBOCHHBIC TemmeparypHble natuuku DS18B20, obecneunBaroniye onpeneacHue
temneparypsl B auanazone ot -10 °C mo +85 °C ¢ Tounocteto o + 0,5 °C.
Hcnonbp3oBaHne CABOCHHBIX TEPMOJATYMKOB U MHOTOKpPATHBIE H3MEPEHUS
MO3BOJISIOT MOJIYyYaTh Pa3HOCTH TEMIIEPATyPhl C HEOOXOIUMOM TOYHOCTHIO.

[TonymunuHApUYECKHEe JATYUKH COSAMHEHBI TUIOCKMMH TTOBEPXHOCTAMHU. B
pesynbrare TmodydeHa ¢Gopma HM3MEPHUTENIBHOTO KOMIUIEKCca, Onu3kas K
muIMHApUYecKkor. [IpemmoxkenHass KOHCTPYKIHMS MMO3BOJISCT MCKIIOYUTD BITHSTHUC
pa3HOW OpPHMEHTAIIMM JaTYMKOB OTHOCHTEJHLHO COJHEYHBIX JIYYeH M BETpa Ha
TOYHOCTh OTpENENeHUN pa3zHoCTell Temmeparypbl. OTnagaeT HEOOXOIUMOCTh B
YCTPOHCTBE TPOMO3IKUX U JOPOTOCTOSIINX KO3BIPHKOB M IITOPOK JUIS 3AIIUTHI OT

COJIHCYHBIX J'Iy‘-ICfI " BO3JYIIHOI'O ITIOTOKA.
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Pucynok 3.15 — D1eKTpOHHBII METEOPOJIOTUYECKHI TPaUEHTOMETP

1 — Teneckonuyeckas MITaHra; 2 — U3MEPUTEIbHbIE KOMIUIEKCHI U3 JIBYX
JATYMKOB TEMIEPATYPBL; 3 — OJIOK YIpaBIEHUS MPOLIECCOM U3MEPEHUN U

00pabOTKH pe3yJIbTaTOB

1 2

\
A

Pucynok 3.16 — U3mepuTenbHbIi KOMIUIEKC
IpaJuEHTOMETPA

1, 2 — uudpoBbie JATYMKU TEMIIEPATYPhI TEMIIEPATYPhI
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OcHoBBIBasicb Ha CGHOPMYJTUPOBAaHHBIX B TYHKTE 3.5 TPHUHIMIAX
MIPOU3BOJICTBA KOMIUIEKCHBIX TPAJIMCHTHBIX U3MEPEHUM, COCTABJIICHA MporpamMmma
MX BBINOJHEHH (ITOPSI0K padoThl Ha cTaHIuK) [92]:

1.  ycraHOBKa OSJEKTPOHHOTO TaxeoMeTpa HaJa IICHTPOM IyHKTa |

NPUBEJICHUE €TO B pabodee MOI0KCHHE;

2. MU3MEpPEHHE BHICOTHI HHCTPYMEHTA;

3.  yCTaHOBKa OTpa)kaTelsl Ha TEJECKOMMYECKON BeXe C MOMOIIbIO

ounonaa (Tpurona);

4, METEOPOJIOTHICCKIEC U3MEPCHHSI B TOYKE CTOSTHUS TaXCOMETPa;

5. cepusi I3MEPEHUN BEPTUKAIBHBIX YTJIOB Ha 5 YPOBHSX B «IIPSIMOMY H

«0OpaTHOMY TIOPSAJIKE;

6. MTOBTOPHBIE METEOPOJIOTMICCKUE N3MEPEHUSI.

Ha Pucynke 3.17 npencraBieHa 0J0K-cxeMa KOMOMHUPOBAHHOW METOJUKH

y4deTa BIMSHMS BEPTHKAIbHOU pedpakliK B 3JIEKTPOHHOU TaXEOMETPUHU.
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Kommnekcubie T'paACHTHBIC

U3MEpPCHUS
MeTeopoJioruuecKkue: I'eoxe3snueckue:
TeMIlepaTypa Ha 5-Th yroJI HaKJIOHA U
YPOBHSIX paccTosiHue Ha 5-TH

YPOBHSX
\ 4
&OB@@)I/IL{HGHT oomena b \ [Tpuparnienue yria

I'paguent temneparypsl grad t pedpakuum Ar

[IpubnnxeHHOE 3HaYeHUE

I'padruCHTA IIOKA3aTCILA

npenoMienus (gradepe,n)g np

DKBHBaJIeHTHas BbIcoTa h,,,

A 4

VYron pedpakiuu Ha pabodyem ypoBHE 1y

A 4 A 4

IIpeBbiieHrEe, UCITPABIIEHHOE

3a BJIMSIHUE BEPTUKAIBHOU

pe(bpaKHHH (Vl)ucnp

Pucynok 3.17 — KoMmOuHupoBaHHas METOIMKA y4yeTa BIUSHUSA pedpakuuu
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3AK/IIOYEHUE

B nmaHHO¥W nmuccepranMoHHOW paboTe HAa OCHOBAaHWU TEOPETHUYECKHX,
AHAIUTUYECKMX M DKCIEPUMEHTANIBHBIX  HCCIEAOBaHMNA  paszpaboTaHa
KOMOWHHMpOBaHHAsT METOJWKA Yy4eTa BIMSHHUS BEPTUKAIbHON pedpakmuu B
DJIGKTPOHHOK  TaXxeoOMETpUH, oOecleunBaronas TOYHOCTh, CPaBHUMYIO C
TOYHOCTHIO TPUTOHOMETPUYECKOTO HHUBEIHPOBAHUS, MPU MHUHUMAIHHOM OOBEME
JOTIOTHUTETHHBIX U3MEPEHUM.

B xome wccrmenoBaHus OBLIM TIOJNYYCHBI CICAYIONIME HOBBIE HAy4YHBIC
MTOJIOKEHUS U Pe3yJIbTaThI.

ITos10:keHus ¥ pe3yIbTaThl, BBIHOCHMbIE HA 3AIIUTY:

1. paspaboraHa KOMOWHHUpOBaHHAs METOJIWKA y4YeTa BIWSHHUS BEPTUKATHHOU
pedpakuuu, obecrieunBaroiias ornpeeeHue pePpakiMOHHBIX MOMPABOK C
TOYHOCTHIO TPUTOHOMETPUYECKOTO HHUBEIMPOBAHUS M aJalTHPOBAHHAS IS
WCITOJIb30BAHUS B AJICKTPOHHON TaXCOMETPHH;

2. TpeNIOKEH TMPUHIWI  WCIOJB30BAaHMS  KOMIUIEKCHBIX  T'PaJIUCHTHBIX
TCOJIC3UYECKUX W METEOPOJOTHYCCKUX M3MEpEHUH, 00eCreunBarOInn
HAJC)KHOE MOJICIMPOBAHNE BEPTUKAIBHOTO pACIpEAeTCHUs TapamMeTpoB
aTMoc(epbl TP MUHUMAIHFHOM 00bhEME JIOTIOJTHUTEILHBIX N3MEPCHHIA;

3. pa3paboTaH aJrOpPUTM OIpEAeTCHHs TOMPaBOK 3a pedpakiiuio, OCHOBAHHBIN
Ha TEOAEC3WYECKOW MoAenu atMocdepsl, sl ONpeAeNeHUs TapaMeTpoB
KOTOPOH HCTOJIb30BaHbl KOMIUIEKCHBIC TPaJUCHTHBIE METCOPOJOTUUECKHE U
r'e0JIC3MUCCKUEC N3MEPEHUS;

4. pa3paboTaHbl METOAUYECKHE TMPUEMBI  MPOU3BOJCTBA  KOMIUICKCHBIX
TPAIMCHTHBIX  W3MEPEHHM,  MO3BOJSIONINEG  HWHTETPUPOBATH  MPOIECC
JOTIOJTHUTEHHBIX U3MEPEHUN B TPUTOHOMETPHUECKOE HUBEIIMPOBAHUE;

5. BBIMOJHEHA TOJIeBas ampobamusi  pa3pabOTaHHOW  KOMOWHHUPOBAHHOM
METOJMKH, JoKa3zaBinas ee¢ 3(p(EKTUBHOCTh B KadyeCTBE CPEACTBA ydeTa

BIIUSIHUS BEPTUKATBHON pedpakiiii B SJIEKTPOHHOM TaXEOMETPHUHU.
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OCHOBHbIE MTOTH  BBINIOJIHEHHOTO MCCIIEOBAaHUSl  3aKIIIOYAIOTCS B
CJIEIYIOLIEM:

— BBITNOJTHEH aHAJIU3 CTETICHH BIIUAHMS pedpakiiy Ha yrioBbIE U3MEPEHHUS,
KOTOpBIM MOKa3ajl HEOOXOJIMMOCTh €ro yyeTa MpPaKTHYECKH BO BCEX CIydasx
re0JIe3MUeCKON MPAKTUKU;

— BBIMIOJIHEH aHaMu3 (PaKTOpoB POPMUPOBAHUS METEOPOJOTUYECKUX TOJICH
u nosiet pedpakiuu. CrenaH BBIBOA O TOM, YTO BBICOTHI BU3HPHOIO JIydya U THI
MOJICTUJIAIONIEH TIOBEPXHOCTH BHOCAT OCHOBHOW BKiIaag B (GOpMHpPOBaHHUE
MUKpPOMACIUTAOHBIX MOJEH pedpakiuy, oKa3bIBAIOUIMX HauOOJIbLIEe BIUSHUE HA
pe3ynbTaThl FE€OIE3UNYECKUX U3MEPEHU;

— BBINIOJIHEH aHAJINU3 CYLIECTBYIOIIUX METO/A0B Y4eTa BIMUSHMS aTMOC(hepsl
Ha TEOJE3MYECKHE W3MEPEHHUS, Ha OCHOBAaHMHM KOTOPOrO CJIeJaH BBIBOJX O
HE0OX0AMMOCTHU pa3paboTKu F(H(PEKTUBHON METOAMKHU yUeTa BIUSHUS pePpaKIuu,
o0ecrneurBaroIel ONTUMaIbHOE COOTHOLIEHUE MEXKAY 3aTpaTaMU Ha OIpe/iesiCHUEe
HOTPABOK 3a PePPaKIMIO U MOJIYYEHHON TOUHOCTBIO;

— O0OOCHOBaHbI MPEUMYLIECTBA MCIIONB30BAHUS TI'E€0JIE3MUECKON MOJeNu
aTMocepsl AJis 1ee MOIeTUPOBaHuUs ONPaBOK 3a pepakinio;

— Ha OCHOBAaHWM BBINOJHEHHON OLIEHKM TpeOOBaHUA K TOYHOCTH
ONpEJENeHUs] MapaMeTpoOB  MOJENU CHAeJlaH BBIBOJA O  HEBO3MOXHOCTH
UCITIOJIb30BAHUSI METEOPOJIOTUYECKOTO CIIOCO0a ISl UX ONPEAEICHMUS;

— IPEAI0KEHO MCIIOIb30BATh JUIsl ONPEAEICHUS TapaMeTPOB re0Ae3NYECKON
MOJIEIM  KOMOWHUPOBAHHBIA  CIOCOO,  BKJIIOYAIOIIMN  TE€0Je3UYEeCKUe U
METEOPOJOTHYECKNE  W3MEPEHHMs] Ha  HECKOJbKHUX  BBICOTHBIX  YPOBHSX
(KOMIUIEKCHBIE TPaJIMEHTHbIE U3MEPEHUS );

— TPEJIO’)KeH KOMOWHHPOBAHHBIM c€rmocod ydera BIMSHHUS pedpakiuy,
OCHOBAHHBIM Ha re01e3M4YECKON MOJIETN aTMOC(EPbI, COBMECTHOM HCIOJIb30BaHUU
IPAJUEHTHBIX T'€OJIE3UUYECKUX U METEOPOJOTUYECKUX H3MEPEHUN U MPHUHIIUIE

yucTa BIIMAHUA aTMOC(i)CpBI 0e3 3HaHUS BHICOTHI BHU3WPHOIO JIy4a,
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— pa3pa0oTaH OCHOBAHHBIM HA TEOJE3UYECKOW MOJENIU aJrOpPUTM
OTIpeJIeIICHHS TIONPABOK 3a pePpPaKIUio, BKIIOYAIOITUH:

1. ompeneneHue kod3dduireHTa O0OMEHa, BEPTHUKAJIBHOTO TpaJueHTa
TEeMIlepaTypbl M NOPUOTMKEHHOTO 3HAYEHUs TpaJUEHTa IOoKa3aTess
OpeJIOMJICHUST TI0 HK3MEPEHHBIM Ha TpeX YPOBHAX 3HAYCHUSIM
TEeMIIepaTyphl;

2. BBIYUCIICHHE TpUpAlleHHs yriia pedpakiud MO U3MEPEHHBIM Ha TpeX
BBICOTAX 3HAYEHUSM yTJIa HAKJIOHA;

3. BBIYUCIICHUE YKBUBAJICHTHOMN BBICOTHI;

4. BpIUMCICHUE yria pedpakiuu Ha padodyeM YypOBHE MO MPHUPAIECHUIO
pedpakiuuu Mexy 1-bIM U 3-UM U3MEPUTEITHHBIMHU YPOBHSIMU;

5. BBIYUCJICHUE UCTPABICHHOTO 3a BIUSHHUE pedpakiiy yriia HaKJIOHA;

— Ha OCHOBAHMH BBINOJIHEHHOTO MpeapaciyeTa TOYHOCTH KOMOMHUPOBAHHOTO
crocoba clefiaH BBIBOJI O €r0 COOTBETCTBUMU TpeOOBaHMAM HupenupoBanus 1V
KJ1acca MpH COOJIIO/IEHNH CIIEIYIOINX YCIOBUM:

1. TOYHOCTH ONpe/IeNieHNs BEPTUKAIBHBIX YTJIOB JOJDKHA OBITH HE HUXKE 1";

2. TOYHOCTH OIpPEICIICHUs] PA3HOCTU TEMIIEpaTyphl OJDKHA OBITh HE HUXKE
0,05 °C;

— HA  OCHOBAaHWU  TMPENJIOKEHHOTO  alropuT™Ma  cPOpMHUpOBaHA

MOCIIEI0BATEIHLHOCTh U3MEPEHHI HA CTAHIINU:

1. ycTaHOBKa DJIEKTPOHHOTO TaxeoMeTpa Haa HCXOTHBIM ITYHKTOM,
MPHUBEJICHUE €T0 B pabouee MOJI0KEHHE;

2. W3MEPEHHE BBICOTHI HHCTPYMEHTA,;

3. BBITIOJTHCHUE CEPHH M3MEPEHUH BEPTUKAIBHBIX YIJIOB M PACCTOSHUS, Ha
Tpex (Wiu 0oJiee) YPOBHSAX B «IIPSIMOM» M «OOpaTHOM» HampaBJIEHHUSIX
(OT HUXKHETO YPOBHSI K BEpPXHEMY U 00paTHO);

— Ha OCHOBaHMM OOpaOOTKH pe3yJbTaTOB IIEPBOr0 HdTama IOJEBBIX

UCCIIeIOBAaHUM OBLITU CAENAaHBI CJICYIONINE BBIBOIBI:
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1. y4eT BIUAHUS pedpakiuu oOs3aTeseH Jaxe g CPaBHUTEIBHO

MaJIbIX PACCTOSHUM B HECKOJIBKO COTEH METPOB,;

2. HCIIOJB30BaHUE  CTaHAapTHOTO  Koddduimenra pedpakiud B

OOJIBIIIMHCTBE CIy4aeB IMPaKTHYECKU OECMoJIe3HO, a MHOTJA IMPUBOJIUT K

YXYIIIEHUIO PEe3yJIbTaTOB U3MEPEHUM;

3. IpU TMEPEeXoJe OT OJHOI0 H3MEPHUTEIBHOTO YPOBHS K JIPYromMy

Ha0II0/1aeTCsl MpUpaIlleHUe yriia pedpakiuy;

4, HCIIOJIb30BaHHas IIporpaMma Mpor3BOACTBA U3MEPEHUN — OT TIEPBOTO

YPOBHS K BEpXHEMY M 00OpaTHO — 00OCHOBaHa;

5. HEOOXOJMMO  HMHTEPIOJIMPOBATh  COBMECTHO  oOpabaThIBaeMbIe

U3MEPEHUS Ha TPeX YPOBHIX K OJTHOMY MOMEHTY BPEMEHHU;

6. HEOOXOJMMO YYUTHIBaTh BBICOTY PACTUTEIIBHOTO IIOKpOBa IIPH

BBIOOPE BBICOTHI HUYKHETO YPOBHS YCTAHOBKH OTpa)kKaTels;

7. HE0O0XO0MMO 0oO0pabaThIBaTh CEPUU HM3MEPCHHM I Ka)KJIO0TO THIIA

IIOrObI OTIEIIBHO;

— O  pe3yidbTaraM  BTOPOTO  d3Tama  IOJEBBIX  HMCCICAOBAHUMU
chopMyJIHpPOBaHbI OCHOBHBIC MPUHIIUIIBI OPTaHU3AIUN U3MEPCHUM:

1. HEOOXOJMMOCTh JIByX CEAaHCOB METEOU3MEPEHUU B TEUEHUE OJHOM

CEpUU Ie0IE3NYECKUX N3MEPEHMUI;

2. HEOOXOJUMOCTh  OOECIEUEeHUs] TOYHOCTH  CpPEJHEro  3HAYCHHS

M3MEepeHHOoro yria He Huxke 0,5";

3. HEO0OXOMMOCTD BBITIOJTHCHHS U3MEPEHUH Ha 5 YPOBHSIX;

4. 1ar mepecTaHOBKU OTpakatesisi JOJKEH cocTaBisaTh 0,3-0,4 wm;

— Ha OCHOBAaHHWM TIPUHIIMIIOB TPOU3BOJCTBA KOMIUICKCHBIX HW3MEPCHHMA
COCTAaBJICHA MPOTPaMMa X BBIMIOJTHCHUS:

1. YCTaHOBKAa W TPUBEICHHE B paboyee TOJIOKCHHE JIICKTPOHHOTO

TaxeoMeTpa,

2. MU3MEPEHUE BBICOTHI MHCTPYMEHTA;



90

3. YCTAaHOBKA OTpa)kaTellsd HaJl IIEHTPOM OMPEASIIEMOro IyHKTa IpH

TIOMOIIY OMIIO/IA WM TPUIIO/A;

4, OTIPEJICIICHUE COCTOSHUS aTMOC(HEPhI Ha UCXOTHOM ITYHKTE;

5. BBITIOJIHCHHE CEPHH M3MEPCHHMI BEPTHUKAIBHBIX YIJIOB Ha 5 YPOBHSX

YCTAaHOBKHU OTPAXKATENA B «IIPSIMOM» U «OOPAaTHOM» HaIpaBIICHUSX;

6. MTOBTOPHBIC METCOPOJIOTMICCKUE U3MEPEHHUSI.

— Ha OCHOBAaHHMH BBINTOJHCHHBIX HCCJICJIOBAHUMA CJIeJaH  CIICTYFOIIHIA
OCHOBHOW BBIBOJI: KOMOMHUPOBAaHHAas METOJWKA, BKIIOYAIOIIAS aJITOPHTM
OTIpEeICJICHHs TOMPaBKU 3a pedpakIuio U METOIUYECKHUEe MPUEMbI MPOU3BOCTBA
KOMIUIEKCHBIX TPAJIMCHTHBIX U3MEPEHUH, 00eCIIeuynBacT MOJTyUYeHHE MTONPaBKU 3a
pedpakiio ¢ TOYHOCTHIO, CPAaBHUMOM C TOYHOCTBIO YTIJIOBBIX H3MEPEHUH, MpHU
MHUHHMaJIbHOM 00beME JOMOTHUTEIBHBIX U3MEPCHUI.

Pe3ynbTaThl BBIMOJHEHHBIX HCCIAEAOBAHUNA MOTYT OBITh PeKOMEHI0BaHbI
JUUIS BHEAPEHUS B IPAKTUKY ITPOM3BOJICTBA TPUTOHOMETPUUYECKOTO HUBEIUPOBAHUS
C IIEJIbIO TOBBIIIEHUS] TOUHOCTH BBICOTHBIX OIpPEEICHUN U pacIIupeHuss 00J1acTH
MPUMEHEHHUSI TPUTOHOMETPUYECKOT0 HUBEIHUPOBaHUS B reojiesnu. IlepcnekTUBbI
JaJbHEUIINX  MCCICAOBAaHWM  CBS3aHBl C  pa3paboOTKoOW  MpUOOpPHOrO W
MPOTrPaMMHOTO  OOECIICUEHHs, PEATM3YIOMIETO0 aBTOMATU3MPOBAHHBIH  ydeT

pedpakiuu ¢ UCMOIL30BaHUEM KOMOMHUPOBAHHONW METOIUKH.
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