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Onpenenenne Bujga atMocepHbIX 0CAJAKOB
0 pe3yJbTaTaM ONTHYECKUX U3MepeHUui
UX MUKPOCTPYKTYPHBIX XapaKTepPHCTHK

B.B. Kaspuuxun, A.A. Ko6ses, B.A. KopoJskos, A.A. Tuxomupos*

Hucmumym monumopumnza xaumamuueckux u skoaozuveckux cucmem CO PAH
634055, 2. Tomck, np. Axademuuecxuii, 10/3

[Mocrynmna B pepaxiio 3.06.2016 r.

M3noxeHbl IIPUHITAIIBI U3MEPEeHNA XapPpAaKTEePUCTUK BbINMAJAOINX 'rlTMOCCbeprIX OCa/IKOB ME€TO/JIOM IIOJIYUYEHUSI
1 aHaJan3a TeHEeBbIX 1/1306pa>1<eH1/1171 X 4YacTuil. HpezmomeH MeTo/l ollpe/iesieHNA BH/a aTMOC(peprIX 0CaJgKOB, 0OC-
HOBaHHBIN Ha usMepeHnnn MUKPOCTPYKTYPHBIX XapaKTEPUCTUK C IIOMOIIbIO ONTUYECKOI'o OoCaJKoMepa. Hpe}.’[CTaBIIE’
HbI pe3yabTaTbl U3MEPEHUA COOTHOIIIEHHIT pa3MepoB U CKOpOCTeﬁ JAJIA 9acCTUll JOKIEBbIX U CHEIOBbIX OCa/IKOB.

Knwouesvie caosa: ontmieckuii ocaikoMep, BUI OCAIKOB, pa3Mep I CKOPOCTb YaCTHI[ OCAaIKOB; optical pre-
cipitation gauge, precipitation type, size and velocity of precipitation particles.

BBeaeunune

Hab6uofeHne 3a OCHOBHBIMHU XapaKTePUCTHKAMU
BBIAJAIONMX aTMOC(EPHBIX 0CaAKOB (BHI 0OCaIKOB,
UX CyMMa M MHTEHCHBHOCTb) SIBJISETCS OJHOI M3 BasK-
HBIX 3aJla4, pellaeMbIX B TIPoIlecce CO3/IaHUS CHUCTEM
KJIMMAaTO-9KOJIOTHYECKOTO ~ MOHHWTOpHWHTAa.  HamboJee
YacTo IS PEIeHus 9TOU 3aayll UCIOJIb3YIOTCS Tpa-
OUIMOHHBIE ocaakoMepbl O-1 ¢ BeTpoBoil 3ammmuToi
TperbskoBa [1]. OgHUM U3 OCHOBHBIX HEJIOCTAaTKOB
JIAaHHOTO M3MEPUTEIA, KpoMe OIMUOOK, BHOCUMBIX ITOTE-
PSIMU Ha CMavMBaHUe, MCIapeHue W BETPOBOIl HEOYYeT
[2], aBAsgeTCa HEBO3MOXKHOCTh OpraHU3aluyd HaGJIIo/Ie-
HUI B aBTOMATHYECKOM peXuMe 6e3 y4acTHs desoBeKa.
B mocnennee BpeMsd TOSBUINCH HOBBIe TMPHOOPHI, OC-
HOBaHHBIE Ha PA3JIUYHBIX (PU3NIECKUX SBIEHUIX, CBO-
60/HbIe OT MHOTHX HEJOCTATKOB TPAAMIIMOHHBIX OCaI-
KOMepPOB 1 06ecleynBalollie aBTOMaTHIecKoe u3Mepe-
HHUe mapaMeTpoB atMocdepHbIX ocaakoB [3]. OmHako
GOJIBIITIMHCTBO U3 HUX, B CHUJIy OCOOEHHOCTEH KOHCTPYK-
UM ¥ UCTOJIb3YeMbIX (hU3MIeCKUX TIPUHIIUTIOB, HE UMEIOT
BO3MOJKHOCTH BBITIOJHEHUSI TaKOHl Ba)KHOU (QYHKITHH,
KaK aBTOMaTHYecKoe olpejiesieHre BUa BBITTQIAI0NIIX
ocaakoB (1oskab, rpaj, cHer). IIpaKTHYECKN €IMHCTBEH-
HBIM MeTOJIOM, CTTOCOOHBIM 06eCTIEYNTh pellleHNe JaHHOMH
po6IeMbl, SBJSETCS AaHAIN3 MUKPOCTPYKTYPHBIX Xa-
PAKTEPUCTHK aTMOC(HEPHBIX OCAIKOB, TTOIyYaeMbIX C TIO-
MOIIBIO ONTHYECKUX M3MepeHHil pa3MepoB U CKOPOCTei
TMaJieHus OTJeJbHBIX YacTUIl. B cTaThe paccMaTpHBa-
I0TCSI BO3MOKHOCTH WAEHTH(UKAINN BUAa aTMocdep-
HBIX OCAJKOB TI0 CKOPOCTH WX TMaJIleHHSI C ITOMOIIbBIO
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MeTOoJla IIOJIy4YeHUA U aHaJan3a TEHEBOIro 1/1306pa>1<eH1/1$1
YacTHIL OCa/IKOB (TEHBBOI‘O MeTO}Ia).

Omnpenesenue CTPyKTYPHBIX
XapaKTEepPHCTUK OCAa/IKOB
TeHEeBbIM MeTO/IOM

g peammsarnu Metofa GOJIBIIYIO POJIb UTPAIOT
XapaKTepHble pa3Mepbl W CKOPOCTH TaJeHUs YaCTHII
ocankoB. K moskzeBoMy MMama3oHy OTHOCSATCS KaTLTH
nuamerpoM 0,5—6 MM, uMelolne KOHeYHbIe CKOPOCTH
mageHns 2—9 M/ c. CHe)XUHKU U CHeXKHbIE XJIOIbs, 00-
pasylolliiie TIpU TAsSHUU KAIIM PA3JUIHOTO IHAMEeTpa,
HMeIOT KOoHeyHble ckopocTH magenns 0,5—1,5 m/c. Han-
MEHBINNN pa3Mep BBIMAJAIONINX TpaJuH paBeH 1 MM,
TaKHe TPaJMHBI SABJSIOTCS OCTATKOM OT TasHHS 6o0Jiee
KPYIHBIX YacTUIl. B WMCKITIOYNTENTbHBIX CJIydasgX Mak-
CUMAJTbHBIN pa3Mep TPAIUH JOCTHUTAET JeCATKOB CaH-
TUMETPOB, OJHAKO Hambojiee YacTO BBITIAAIONINE Tpa-
nAuHBl uMeloT pa3Mmepbl 1—3 cM. CKOpoCTb TaJeHUs
TpafiiH 3aBUCHT OT MX pa3Mepa U MOKET JOCTHUTATh
50 M/ c u Gouee.

B ocHoOBe omnTHYECKOTO ocaJkoMepa, pa3dpaboTaH-
HOTO B JIaGOPATOPHH SKOJOTHIECKOTO TTPUOOPOCTPOEHUS
NMRKOC CO PAH, sexur MeToj MOJTy4YeHUS W aHAa-
JIN3a TeHEeBBIX N300paskeHN 4acTuIl aTMOCcepHBIX 0cal-
koB [4]. CyTb MeTofa COCTOUT B OTpe/leJIeHUN CTPYK-
TyPHBIX XapaKTEPHCTHK BIMaJaioIUX ocagkoB (pa3Mepos
yacTuil, uX (pOPMbI M CKOPOCTH TMaJleHHs) Ha OCHOBE
u3MepeHust pa3MepoB TeHell IS KasKI0H U3 3aperuct-
PUPOBAHHBIX YaCTHI], MPOXO/SIINX CKBO3b M3MEPUTEJID-
HYIO IUIOMIAJIKy TOJ [eliCTBUeM CUJIbI TsbKecTH. [l
peau3aiuy MeTo/Jla TIOCKUH TOPU30HTAJbHBIN KOJLIN-
MUPOBAHHBIN CBETOBOIl TTOTOK OT MCTOYHUKA TOMAJaeT
Ha JinHellHbIl MaccuB U3 768 cBeTOUYBCTBHUTEJIbHBIX
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sneMenToB (JMHelHBIA ceHcop), (GoOpMHUPYS H3MepH-
TesbHBIN Kanan (puc. 1).

Yacruust
OCAJIKOB -

Hcrounnx p [Tpuemnnk

- as
48 MM MamepureabHbiil KaHau

Puc. 1. Cxema dopMupoBaHNS H3MePUTETbHON IITONIAIKI Ol
THYECKOI0 OcajJKoMepa

Bbicokas yacTora cKaHupoBaHus cencopa (mopsi-
ka 20 kI'11) o6ecreunBaeT BO3MOKHOCTH MHOTOKPATHO-
TO M3MepeHNUsI TOPU30HTAIBHOTO CeYeHHs TeHU KaKIoi
YaCTHUIIBI TI0 Mepe ee MPOXOXKIAEHUS depe3 M3MepUTesTh-
HyI0 IUIomaJKy. KosanyecTBo m3MepeHUil TeHU Kak/oii
YaCTHUI[Bl OTpeNiesIsieTcsl ee BePTHKAJIBHBIM pasMepoM
U CKOPOCTBIO TajeHusa. Pa3Mep m3MepuTeSbHON TLIO-
MKW, depe3 KOTOPYI0 CBOOOJHO TIPOXOIAT YACTHIIBI
ocagkoB (cM. puc. 1), ompezensercss MUPUHONH H3Me-
puTesbHOTO KaHata (48 MM), a TaKsKe OTKPBITHIM pac-
CTOSTHIEM MeJK/y UCTOUHUKOM U mpueMHukoM (100 Mm).
KoMIoHeHTBI HCTOYHMKA ¥ IPHEMHIKA 3aKPBITBI OT BO3-
JeficTBUS OKpY:Kafollell cpebl 3al[UTHBIMI ONTHYECKI-
MH OKHAMH.

Ha ocHoBanwm# TaHHBIX H3MePEHNS TTapaMeTPOB OT-
JIeJTbHBIX YaCTHUI] TPOUMCXOIUT OTpe/leleHne MUKPO-
CTPYKTYPHBIX [S5] W pacueT WHTeTpaJbHBIX XapakTe-
PUCTHK BBITIQIAIONINX aTMOC(HEPHBIX OCAIKOB.

lopusonTanbHbIl pazMep KaskJ0# YacTUIBI OIIpe-
JleJIsIeTcsT MaKCHMAaJbHBIM —KOJIMYECTBOM 3aTeHEHHBIX
CBETOYYBCTBUTEJIbHBIX 3JIEMEHTOB M3BECTHOTO pa3Mepa.
BepTukaygpHBINH pazMep YacCTUI[ TBEPJIbIX OCAAKOB CUHU-
TaeTcsl PAaBHBIM TOPHU3OHTATbHOMY. Jl/T BBIUMCJIEHUS
00IIeT0 KOJMYeCTBA BBITIABIINX OCAJKOB JaHHOE TIPHU-
6mkeHne 6bIIO GBI CJANIIKOM I'PyObIM, TaK KaK M3BecT-
HO, YTO CHEKMHKM W TPAJWHBI, KaK IIPABUJIO, UMEIOT
HempaBubHyIo ¢opMmy. Ho mpm pemneHnu 3agadyu of-
pezieJieHUs BUIa OCAIKOB JIaHHBIM (DAKTOM MOKHO TIpe-
He6peyb.

Jlyist onipe/ieieHNsT BEPTUKAJIBHOTO pa3Mepa KameJb
TOKIST MCHOJIb3YIOTCST cefyfolne coobpaskenus. [lo-
CKOJIBKY CTelleHb JedopMaliil Kamedb J0XKIS caabo
3aBUCUT OT aTMOC(EPHBIX YCJIOBUIA, TO JIJIT OTHOIIEHUS
TOPU30HTATBHOTO b M BEPTUKAJIBHOTO d Pa3MepoB Ka-
mesib, a TakXke [JIsI OTHOIIEHHs] TOPH30HTATIBHOTO Pa3-
Mepa b 1 3KBUBAJIEHTHOTO AuameTpa d OYAyT cripaBe-
JINBBI CJIeAYIONINe SMINpHUYecKre BeIpakeHnd [6]:

bla = 0,9 +0,1d, (1)
bjd = 0,973 +0,027d. @)

Pemas cucremy u3 ypasuenuit (1) u (2), MoxHO
[OJIyYNTh BBIPasKeHHeE /IS BEPTHKAJIBHOTO pa3Mepa de-
pe3 M3MepeHHOe 3HauyeHHe TOPH30HTATBHOTO pasMepa
U 9KBUBAJIEHTHBIN JUaMETP Kallellb JOK/IA.

CKOpOCTb TMaJeHusd oIlpe/essdaeTca B COOTBETCTBUU
C KOJIMYECTBOM TTOJTYyYEHHDBIX CceueHUl TeHEeBOTO 1/13061)21*
JKEHUS YaCTUIbl, KOTOpPbIE€ 3apEruCTpUpOBaHbl 3a Bpe-
M ee IPOXOK/eHNA Yepe3 N3MepUTeJabHYIO IJIOHIAJKY .
HpI/I TaKOM IIOJAXO/€ BeJINYNHa CKOPOCTH IIaJeHHA Yac-
THUHObI O BBIYUCJIAETCA C IIOMOMIBIO CJ/IEeAYIOMIETO BbIpa-
JKEeHHA:

0 =af/n, 3)

rae [ — YacToTa CKAaHMPOBAHUS TEHEBBIX M306paKeHMNi,
a — BepTHKAJLHBIN pa3Mep YacTHI[ OCAJKOB, 7 — KO-
JITYECTBO CKAHOB JAHHON YaCTHUIIBI.

Ormpesiesienne BHJa OCAZKOB OCYIIECTBJLETCS Ha
OCHOBAHHUU COOTHOIIEHHS] WX Pa3MepPOB U CKOPOCTeit
nagenusi. Hampumep, B [7] mnpeanoskeHa auarpamMma
IUISL OTpefieJieHNs BUJAa OCAKOB MO M3BECTHBIM 3Haue-
HUSIM 5KBHUBAJEHTHOTO JHMAMeTpPa W CKOPOCTH TaJeHUs
YaCTHII.

Pe3yJIbTaTI)I HaTyYPHbIX HCIIbITaHUI

Jlist TpoBesieHNs HATYPHBIX HCIBITAHUI 3KCIepu-
MEHTAJIbHBIH 006paser] ONTUYECKOTO OCaAKOMepa ObLI
yCTaHOBJIEH Ha MeTeopoJsiorndeckoii momanke IMKOC
CO PAH (puc. 2).

Puc. 2. Onruyeckuii ocakoMep Ha MeTEOPOJOTHYECKON ILI0-
maake IMKSC CO PAH

Pe3ynbraThl n3MepeHUsI CKOPOCTHU TaJIeHUsT KalleJab
oK TIpUBeZIeHbI Ha puc. 3, a. BoabpmmHCTBO 3ape-
TUCTPUPOBAHHBIX YACTHUI], KaK U OXUJAJIOCh, HUMEIOT
XapaKkTepHble [ TOKIS 3HAUeHHS Pa3MepoB YaCTHUI
u ckopocTH najeHnd. CKoOpocTh MajleHHs pacTeT ¢ yBe-
JYeHNeM pasMepa Kamendb. IIuk pacipefeneHUs pas-
MepoB Kamesb JexkuT B obiaactn 1—3 mM. Yacruibr
pasMepoM 6ojiee 3 MM BCTPEYAIOTCS 3HAYUTEJTBHO Peke
6onee Menkux dvactuil. [Iupokuii pasbpoc 3HaYeHHIT
VIS CKOpOCTell TaJeHus I KPYIHBIX Kameab o6y-
CJTIOBJIEH perucTpanueil GpbI3T OT Kalesab, pa36mBaio-
muxcs 06 371eMeHTBl KOHCTPYKINHN Tpubopa.

Onpeneiennie Bua aTMOcEPHBIX OCAKOB 110 Pe3YJIbTaTAM ONTHYECKUX H3MEPEHHIi... 655



- . & ! a
. - i & )
—_ : I . L N
3 4 5
d, MM
a

d, MM

6

Puc. 3. PeSyJIbTaTbI U3MEPEHNA 3aBUCUMOCTH CKOPOCTU Iiajie-
HH OT pa3dMepoB YacCTHIl OCAJAKOB: d — [IJIA KalleJIb JOX/Id, 6 —
JAJId CHEKHHOK

Pe3ybpTaTbl M3MepeHHs] CHETOBBIX OCAJKOB IIpe[-
craBjeHbl Ha puc. 3, 6. BHIHO, YTO 1O CpaBHEHUIO
¢ KaIULAMH JOXKAS CHEXKUHKH IMeIoT 6osIbIInii pa3époc
10 pa3MepaM, a CKOPOCTb Ha/leHnusI UX ab6COJIOTHOTO
GOJIBIINHCTBA JIEKUT B MHTepBase 0 2,5 M/c. Ciy4yan
PETHCTPAINU eANHIYHBIX YACTHUI] C BBICOKOI CKOPOCTBIO
OTHOCATCS K OIMMNOOYHBIM H3MEPeHNsIM U TPeOYIOT (PUIIbT-
paruu. Pe3yibTaT IpuMeHeHHS IepBHYHON (UIbTpa-
I[IN TI03BOJIIeT UCKJIOYUTb U3 PACCMOTPEHUS KPYIHbIE
YaCTHIbI ¢ HEGOJIBIIONH CKOPOCTHIO.

CooTHoIeHNe CKOPOCTH TTa/leHNs YacTHI I HX Pa3-
Mepa IM03BOJIseT OTJIMYATh SKUKHE OCaJKH OT OCAAKOB,
BBINAJAONINX B BUJe cHera. JlydeBas CTpyKTypa pac-
IpeJieJIeHIs TOYeK Ha puc. 3 00yCJIOBIeHA IHCKPETHO-
CTBIO M3MEPeHUs] CKOPOCTH Ia/leHNusT W pPa3MepoB yac-
THIL OCAJIKOB.

[TockombKy Tpal, Kak TPABUJIO, CONMPOBOXKIAETCS
JKUAKAME  OCA[KaMU  Pa3JNYHOW WHTEHCHBHOCTH, TO
BaJKHO MMETh BO3MOKHOCTD OIIPEIEJSATh BpeMsl Havasia
U OKOHYAHWS BBIMAJeHNSA Tpaja. Jljig 3Toro ocyIiecTs-
JITeTCST KOHTPOJIb Pa3MEPOB YaCTUI[ U UX TePMUHAJIb-
HBIX CKOPOCTell MaJeHus, a TakyKe ITOJIOKEHUs ITHKa
pacmpezieJieHIsT YacTHIl 10 pa3dMepaM. 13 aHamm3sa xa-
PaKTepPHBIX 3aBUCUMOCTEN CKOPOCTH TaJeHUs YaCTHI[ OT
pas3Mepa Ay rpaauH [8] u Kameab JOXKISA CIeAyeT, YTO
JIeTEKTIPOBaHIE YAaCTHIT 0CAIKOB pa3MepoM Gosiee 7 MM
co cKopocThio mageHuss 6osee 10 M/c MOKHO CUNTATh
HAYaJIOM BBIMAJIEHUs rpaja. B ciiydae BbIMaleHUsT Me-
KX TPafWH ¢ pa3MepaMu B WHTepBaje 1—7 MM mpu-
3HAKOM HaJINYNSA Tpaja SBJISETCS CMeIleHne 3HauYeHNs
MIKa B pacipe/ie/IleHIH YacTUI] OCAIKOB M0 pa3MepaM U3
o6jactu 3HaveHuii 1—2 MM B o6sacTb 5 MM u Gouiee.

3akouenue

TaxuMm o6pa3oM, pa3paGOTaHHBIN ONTHYECKUIT Ocal-
KOMep TIO3BOJISIeT Ha OCHOBe W3MepeHWi MHUKPOCTPYK-
TYPHBIX XapPaKTePUCTUK aTMOCHEPHBIX OCAJKOB [IeTaTh
BBIBOJ] 00 UX Ipe/rosaraeMoM Buje. [[Jis MOBbBIIEHIS
TOYHOCTHU OIIPeIeIeHIsT BU/Ia OCAJKOB HEOOXOAUMO Y4H-
TBHIBATh 3HAYEHUST CPeJIHEl TeMItepaTypbl Bo3ayxa. Kpome
Toro, B pa6ote [9] mpenioxken MeTos KiaaccupuKanuu
0CaJKOB HA OCHOBE HAWIYYIIETO COBIAJEHUS M3MepeH-
HBIX paclipeleleHIT YacTHIl TI0 pa3MepaM M CKOPOCTSIM
C XapaKTepHBIMU [T KaXKJOTO BUIA OCAKOB COOTHO-
NIEHUSIMU, TIOJYYEHHBIMI B3BEIIEHHBIM METOOM II0JI-
HBIX HamMeHbIInX kBagpaToB (WTLS). Hcnoab3oBaHne
JIaHHOW TEXHOJIOTHH TO3BOJUT TPUOJU3UTH TOYHOCTD
olpe/ie/IeHUsT BHJA OCAJKOB K TOYHOCTU BU3YaJbHBIX
HaG6JIIO/IEHN#T, YTO JJACT BO3MOKHOCTD IOJHOCTBIO aBTO-
MaTHU3UPOBATh MPOIECC MOHUTOPUHTA MTaPaMeTPOB OCA/I-
KoB. Kputepnu, mo KOTopbIM paboTaeT aJropUTM OIpe-
neneHus, GyAyT YTOYHATHCS B Xoje NaTbHEHIINX Ha-
TYPHBIX WCIBITAHUII W aHAJM3a JaHHBIX PErHCTPAIUun
YaCTHI] 0CAIKOB PA3JIIMIHOTO BU/IA.

Pa6ora BbimosiHeHa pu (UHAHCOBON MOJIEPIKKE
Muno6pHaykn Poccuu B pamkax DI UP (corarme-
aue Ne 14.607.21.0030, yHUKATHHBIN WAEHTHDIKATOP
ITHU RFMEFI60714X0030).
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V.V. Kalchikhin, A.A. Kobzev, V.A. Korol’kov, A.A. Tikhomirov. Determination of precipitation type
using the results of optical measurements of the precipitation microstructure characteristics.

The paper presents the principles of measuring the precipitation characteristics imaging and analyzing pre-
cipitation particle shadows. The method of precipitation type determination is described. It is based on micro-
structure characteristics measurements using the optical precipitation gauge. The measurements of the size and
velocity ratios for rain and snow precipitation particles are presented.
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