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IIpencraBiieHbl 9KCIlepHMEHTAIbHbIE JaHHBblE O BapHalUAX Koa(d@UIMeHTa YCHJIEHHs JUJAPHOTO CHIHATA,
BO3HHUKAOIIEro B TypOyJeHTHOi aTMocdepe, PH M3MeHEHISIX CTPYKTYPHOIl TIOCTOSHHOI TypOyJIeHTHBIX (IyKTya-
Uit TIOKa3aTessd MPeJTOMJIeHHs BO3/yXa. Y CTAaHOBJIEHO, UTO IO Mepe yBelIMYeHHs CTPYKTYPHOH MOCTOSHHOH Koad-
urmenT ycmieHHs cHavana Bo3pacTaeT, JOCTHTas MAaKCHMyMa, 3aTeM, ¢ NepeXoJ0M B DeKUM CHJIbHOIN ONTHYe-
cKoil Typ6yJeHTHOCTH Ha Tpacce 30HANPOBAHMWS, yMeHbIaeTcs. MakcnManbHOe 3HaUeHNe Koa(uIneHTa ycuie-
HES, JOCTIDKIMOEe Ha 3aJlaHHOM DPACCTOSHUMN, 3aBHCHUT OT MHTEHCHBHOCTH ONITHYEeCKOH TypOyJeHTHOCTH B MOMEHT
usMepenuii. Bpemennoit xox koadduimenTta ycuaeHuss o6paTHOrO PACCESTHUS XOPOIIO COIJIACYeTCsI ¢ BPeMeHHBIMU
U3MEHEHUSIMU CTPYKTYPHO! IOCTOSIHHON (hJIyKTyaluil Iokasatesis IIPeJJOMIEHIS BO3/yXa, OIpe/esseMoi U3 He3a-

BHICHMbIX I/ISMepeHI/Iﬁ .

Kniouesvie crosa: ontmieckast TypOyIeHTHOCTD, JUAAp, yCHJIeHHe o6paTHOro paccesiaust; optical turbulence,

lidar, backscattering amplification.

BBeaenne

3amavya co3gaHUS JMCTAHIIMOHHOTO U3MEPHUTEJIS
CTPYKTYPHOU TIOCTOSHHOH TypOyJTeHTHBIX (IyKTyannit
ToKasatess TpeJoMieHHs Bo3zayxa C,, XapaKTepH-
3yiomieil MHTEHCUBHOCTH OINTHYECKON TYpOYJIeHTHOCTH
B arMocdepe, [IaBHO NPUBJIEKAET BHUMAaHUE HCCIEN0-
Barteseii. B wactHocTH, B paboTax [1—4] mpeacTraBieHb
Pe3yJIbTaThl, eMOHCTPUPYIOIIEe BO3MOXKHOCTD JIUJAP-
HOTO M3MepeHHs CTPYKTYPHOH TOCTOSIHHON M BOCCTa-
HOBJIEHHSI €€ BBICOTHBIX TNpoQuUIell 10 paccesHHOMY
aspo3oJieM JazepHOMY u3aydenmio. B [1, 2] ato ocy-
IIECTB/ISIETCST HA OCHOBe W3MepeHWd pajauyca Ipo-
CTPAHCTBEHHON KOT€PEHTHOCTH TIOJISI PACCESTHHOTO W3-
gydenusi, B [4] undopmanus o cTpyKTypHOI ITOCTOSTH-
HOUl M3BJIEKaeTcs U3 AUCIEPCHH CIyYailHbIX cMelleHuit
n306pakeHNs] PaCcCEMBAIONIETO a3PO30JHHOTO 06beMa.
B o6oux ciayuasx pans ompefenenusi C2 tpebyercs
PETUCTPUPOBATD Ppacipe/iesieHiie UHTEHCHBHOCTH pac-
CesTHHON BOJIHBI B (DOKAIbHOI IJIOCKOCTH TPHEMHOTO
TEJIECKOIa, YTO YCJOXKHSET Mpollecc 06paGOTKH JiH-
JAPHOTO 3XOCHUTHAJIA.

Co6CTBEHHO JUAAPHBIH CIIOcO6 OTpe/iesIeHnsT IH-
TEHCUBHOCTH ONTHYECKOU TYpOYIeHTHOCTH, KOTJa HpPH-
e€MHUKOM DPETHCTPUPYETCS CPEIHSS MOIIHOCTb 3XOCHT-
Hajla U He TPeGyeTcs MCIOJb30BaTh MATPUIHBIH TIPHEM-
HUK JIJIsI PETMCTPALUU PACIIPeeIeHIsT HHTEHCUBHOCTU
TIPUHIMAEMOTO CUTHAJA, BIEPBBbIe MpeaJoKeH B [5, 6].
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Croco6 ocHOBaH Ha HCHOJIb30BaHUH 3ddeKTa ycue-
HUS 0OpaTHOTO paccesHHUS B CAyYaiiHBIX cpeaax [7]
U CBOIUTCSA K DPETUCTPAIMH IBYX 3XOCHTHAJIOB, B OJI-
HOM U3 KOTOPBIX CPEIHsS IPUHUMAeMask MOIIHOCTH
3aBUCHT OT MHTEHCHBHOCTH OITHYECKOI TypOyJeHTHO-
CTH BCJIEJICTBUE TIPOXOK/IEHUsS 30HUPYIONNM U3JIyde-
HUEM U pacCesiHHOI BOJIHON OJHUX H TeX Ke CJIyyaii-
HBIX HEOJIHOPOJHOCTell IMoKa3aTessd TpPeJOMJIEHUS Ha
Tpacce paclpocTpaHeHHs, a B JApyroM — HeT. B [8]
MIPE/ICTABJIEHBI TIEPBbIE PE3YJIbTAThl IKCIIEPUMEHTATBHBIX
UCCJIEIOBAHWN YCIIEHIST MOIIHOCTH 06PaTHOPACCEsTH-
HOTO B aTMoc(epe JTa3epHOTO U3IYyYeHUS C UCIOJIb30-
BaHUWEM JIMJApHON CXeMbl C [JBYMs IepeJaloliMu
U OJTHUM TIPUEMHBIM KaHaJaMH, TIpeioKeHHo! B [6].

PesysbTaThl manbHEHNINX TeOpeTUYeCKUX U 3IKC-
MepPUMEHTAIbHBIX NCCJEIOBAHWN, HAIPaBJEHHBIX Ha
pa3BuTHe 9TOTO cmocoba, mpeacTaBiaeHbl B [9—15].
B wactHOCTH, B pab6oTax [9—12] usydyeHbl BO3MOKHOCTH
oTipe/ie/IeHUsI UHTEHCUBHOCTU ONTHYECKON TYypOyIeHT-
HOCTH JUJAPHOI CHUCTEMOl, B KOTOPOWi, B OTJIMYHE OT
[6, 8], peamm3oBaHa KOHCTPYKIHUS C OZHUM Iepeaaro-
MM ¥ ABYMSI IPUEMHBIME KaHajJaMu. B 3KcrmepuMeH-
TaxX Ha JABYXKHJIOMeTpoBOil Tpacce [2, 11] mpoBeneno
COTIOCTABJIEHNE PE3YIbTATOB N3MepeHns Koadduiinenrta
ycuJieHusT OOpaTHOTO pacCcesiHUsI €  HCIOJb30BaHIEM
3TON CUCTEMBI C JaHHBIMH W3MepPEeHUil JUCIIEPCUU JIPO-
SKaHUIl ONTHYECKOTO M300paskeHMs HEKOTePEHTHOTO WC-
TOYHHKA CBETa, BeJIMYMHA KOTOPOIl TIPSMO IIPOIOP-
[HOHAJbHA HWHTETPAJBHOMY 3HAUYEHWIO CTPYKTYPHOU
MOCTOSTHHOW  TYpOYJIEHTHBIX (DIYKTYyalliii IoKa3aTess
MpeJIOMJIEHUST BO3[yXa Ha Tpacce 30HAupoBaHusi. Io-
Ka3aHo, 4YTO K03(h@UIMEHT yCUIeHns o6paTHOTO pac-
CesTHHS WU3MEHSeTCs BO BpeMeHU KOpPeTHMpPOBAHHO
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C BapHAUAIMH AWCTIEPCUH POKaHUI W306paskeHusd,
YTO JIOKA3bIBaeT BO3MOKHOCTH JIMJAPHOTO U3MepeHUs
UHTEHCHBHOCTU ONTUYECKOil TypOYJIEHTHOCTH HAa OCHO-
Be ap(pekTa ycusmeHnss 06paTHOTO PacCesTHIS.

Tpacca 3oHaAMpOBaHUS B dKcmepuMeHTax [11, 12]
TPOXOAMJIA MEXAY 31aHueM VIHCTHTyTa ONTHKU aTMO-
cepbl U OJHUM U3 KUJIBIX JOMOB HaJl IepeceueHHOIt
MECTHOCTBIO C TOPOJICKOI 3aCTPOWKON Ha BbBICOTE OT
10—15 mo 100—150 M Hax 3eMJell, 4YTO He IO3BOJISLIO
IIPOBECTH CpaBHEHHE C NPAMBIME H3MepeHusMu Co.
B nmanuoil paGote TpejcTaBiIeHbI Pe3YJIbTaThl MCCIIEN0-
BaHUil, OCHOBHOW II€JIbI0 KOTOPBIX OBLIO BBISIBJIEHHE
3aKOHOMEPHOCTell M3MeHeHUsT PerucTpupyeMoii cpen-
Hell MOIIHOCTH PACCESHHOTO CTPOTO Ha3al Ja3epHOTo
U3JTy9eHus B 3aBUCUMOCTH OT WHTEHCHWBHOCTH OMTHYE-
cKoil TypOyJEeHTHOCTH Ha OJHOPOJHOW TPU3eMHOIt
Tpacce B atMocdepe ¢ 0JHOBPEMEHHBIMH N3MePEeHUSIMI
C? He3aBHCHMBIMI H3MepHTE/IIMH.

Omucanue 3KcnepuMeHTa

IKCIepIMeHT  TPOBOJIJICA B OKPECTHOCTH
moc. Yepnaa peuka Tomckoit 061. 16 u 17 wonsa 2017 .
W3meputesbHass Tpacca MPOTSKeHHOCTbIo 2,11 KM
MPOXOJIJIA HA BBICOTe 2—3 M HaJl POBHBIM IIOJIEM, IIO-
KDPBITBIM TpaBoii. Perucrpanusi ypoBHsI MOITHOCTU pac-
CEsTHHOTO M3JIyYeHUs BBIMOJIHSIACH C HCIOJb30BAHIEM
JBYX JINIADHBIX CHCTeM: HEKOTepPEeHTHOTO Juaapa [t
n3MepeHns KoapUIeHTa yCHIeHnsS oOpaTHOTO pac-
cesHHUS U KoTepeHTHOro Jugapa. TpaHcrmoprabenbHas
Bepcus jugapa YOP-4 a1 uaMepenus: koadpduinenra
YCUJIEHHUsI, MCIOJb30BABINAsICS B HKCIEPUMEHTE, MMeeT
OJHY TIPHEMHYIO anepTypy, COBMeENIEHHYIO C Iepeaio-
mief, HO [Ba TMPHEMHNKA, Ha OJWH M3 KOTOPBIX MOCTY-
TaeT CUTHAT W3 IeHTPATbHOH NpHOCceBOIl YacTh arep-
TYPBL LIS PETUCTPAINN H3Tyu4eHNs, PAacCesIHHOTO CTPOTO
Has3aJ, a Ha BTOpoil — u3 nepudepuitHoil KoJbIEeBOi
4yacTu, uMelolleil Ty ke IUIOIIA/b, YTO U I[eHTPAJIbHAs.
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OTHoIIeHNe PETUCTPUPYEMBIX ITUMHU TNPUEMHUKAMU
CpeJHUX MOIIMHOCTell 3XOCHUTHAJIa OIpejessdeT BeIUdH-
Hy BO3pacTaHusl 06paTHOTO PACCESTHISI, BO3ZHUKAIOUIETO
B TypOyJleHTHOIT aTMocepe 3a cueT KOPPENSIIUU 30H-
IUPYIOIIETO ¥ PACCESTHHOTO WU3JyYeHWH B IPHOCEBOMH
obracti. Y TPHMEHIBINETOCI B 3KCIIEPHMEHTe Kore-
peHTHOro juzaapa Stream Line nmpueMHas u nepejaro-
mas amepTypbl Takike COBMEINEHLI, HO HCIIOJIb3YyeTcs
JINIIb OIUH NPHUEMHUK, TI03TOMY JIUAAp BCETJa PErucT-
pUpPYeT H3JIyYeHHe, PacCcessHHOe CTPOTO Ha3al, M CpPejl-
HSAS MOIMHOCTh PETUCTPHPYEMOTO 3XOCHTHAJIA MOJKET
Bo3pacTaTh 3a cueT addeKkTa ycujaeHus oO6pPaTHOTO
paccegHud B ciyd4aiiHO# cpe/e.

MnyabcHBI KOTepeHTHbIN [JOIJIepPOBCKUil Jujgap
Stream Line u smaap ang uaMepenusi koadduienra
yeunenust Y OP-4 [15] pacnonaranuch Ha pOBHOM IL10-
IragKe B Havyasle TPacchl. B KoHIlE Tpacchl OBLT ycTa-
HOBJIEH IINT, OT KOTOPOTO HPHHUMAJICS PaCCesTHHBIN
curHan yunapa Stream Line. Pamom ¢ mupapamu pas-
MellaJicsl TTACCUBHBIN ONTHYECKU M3MepuTeJib C,,2 [16].
OH ofecrieynBaj UCTAHIIMOHHOE H3MepeHUe YCpe/-
HEHHOTO TI0 Tpacce 3HAYeHUs CTPYKTYPHOIl MOCTOSH-
HOW 1O IUCTIepCHU APOKaHWN BBIEJEHHOTO yYacTKa
BH/IeON300pasKeHNS IIUTa B KOHIlEe Tpacchl. B Havase
U B KOHIle TpacChl pACIOJarajuch MeTeOoCTaHIINN
AMK-03, wuaMepsBIIne MeTeolmapaMeTpbl Ha BBICOTe
2 M OT TIOJICTHUJIAIONIEH MOBEPXHOCTH, U3 KOTOPBIX pac-
CYUTBHIBAJINCH JIOKAJTbHBIE 3HAYEHUSI CTPYKTYDPHOI MO-
crogHHoi Ha yaasneHuu 60 u 2100 M or Havasna Tpac-
cpl. Bo BpeMs aKcllepuMeHTa cTosdma scHas 6e3BeTpeH-
Hag KapKas Ioroja ¢ JHeBHOH TeMIlepaTypoil Bbllile
30 °C, Tak dTO peaTM30BAJUCH YCJIOBUS PA3BUTOI
KOHBEKTHBHOII TypOYJIEHTHOCTH.

Pe3y bTaTbl 3KCHIepUMEHTa

Ha puc. 1 mpencraBmren rpadux Hu3MeHEHHUS BO
BpeMenn C2, pacCUNTAHHON W3 JAaHHBIX O TeMIepaTyp-
HBIX (IIYKTYaIllsIX, PerHCTPHPYEMBIX aKyCTHIeCKIMHI
MeTEeOCTAHLUSIMHU.

— AMK-03 60 M
AMK-03 2100 m

170E»15 1 1 1 1 1 1 Il 1 Il Il
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00
16.06.2017 r. 17.06.2017 r.

Puc. 1. /[uHaMUKa W3MEHEHUS CTPYKTYpPHOH MOCTOAHHON (IyKTyaluii mMoKazaTess IPeJOMJICHUS, PACCUMTAHHAS 110 JaHHBIM
aKycTuueckux Mereocranimii, 16—17 utona 2017 r. (Bpemss MecTHOE)
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BugHo, 4TO WHTEHCHBHOCTH OITHYECKOI TypOy-
JIEHTHOCTH HEIPEpPLIBHO BO3pacTaja OJHOBPEMEHHO
C yBeJIMYeHUEM TeMIlepaTypbl BO3[yXa B JHEBHOe Bpe-
M npuMepHo ¢ 06:00 xo 12:00. 3HayeHUs CTPYKTYP-
HOIl TocToAHHOIN M3MeHsamIch oT 2 - 107" Houblo 110
5107 M23 B mocsenoNy IeHHOE BpeMSI.

PesyabTarel nusmepennii koapduimenrta ycuaenus
o6patHoro paccesuns Jugapom YOP-4 [15] moka3ambl
Ha puc. 2, 3 (N-daxrop). BpemenHoit xoz koadduinen-
Ta YCUJIeHUsT 06paTHOTO paccesHust Ha guctannun S00 M
3a /IBoe CYTOK TOKa3aH Ha puc. 2. MUHUMaJbHbIE 3HA-
YeHNSA UHTEHCUBHOCTH TyPOYIeHTHOCTH U K03 duIineH-
Ta ycmreHns Habmogamucs B 07:00 u B 19:00 coorsert-
cTBeHHO. B HouHOe BpeMsa N-(dakTop JOCTHTAT CBOETO
MakcuMaJsibHoro 3HaueHus 1,27 mpumepno B 02:00 16
n 17 uionsa. B nHeBHOe BpeMsi N-pakTop NpUHUMAI

MaKCHMaJIbHBIe 3HadeHNs B amamaszoHe oT 1,4 mo 1,6
npumepso ¢ 09:00 o 17:00.

Ha puc. 3 BpeMeHHoil X0/ koadduimenra ycuse-
HUS 06paTHOTO paccessHus Ha auctaHimu 500 M comoc-
TaBJIIeTCsl € JJaHHBIMH JIOKAJbHBIX U3MepeHHUil CTpyK-
TYPHO! TTOCTOSAHHOMH (QIIyKTyaIil mokasaTesis IpeoM-
JIeHUsT ~ BO3QyXa AaKyCTHUeCKUMH  MeTeOCTaHIIHIMHU
B Hayajle U KOHIle Tpacchbl. BuaHo, 4To BpeMeHHO X0/
CTPYKTypHOil mocTosAnHOlt C2 XOpPOLIO COTJIACYeTCS
C BPeMeHHBIM XOJ0M Koa(dduimeHTa ycumaeHus: o6paT-
HOTO paccesiHusl.

Ha puc. 4 nmokaszana AnHaMuKa u3MeHEeHUS BO Bpe-
MeHH cpefHeil MOIIHOCTH 3XOCHTHaJa KOTepPEeHTHOTO
gupapa Stream Line. BpeMs HaKOIUIEHUS 3XOCHTHAJIA
coctraBisiino 0,2 c. Perucrpamusi mpoBojmaach Helpe-
DBIBHO B TeueHHe [BYX CYTOK, HO M3-32 peTryJIIpHOM

1,6 - .
1,4 b P g SRy .’"""“.-'\’s*;v:-,
£ & ' ",

o ) % &t

g ol * o .2 Fy %

E121 A £ 3 AN A B %

S A Nl e K
10 e v ‘\r
0’8 1 1 1 1 1 1 1 1
00:00 05:30 11:00 16:30 22:00 03:30 09:00 14:30 20:00

16.06.2017 r. 17.06.2017 r.

Puc. 2. BpemenHoii xox koagdunmenta ycuneHus: o6paTHoro paccesHust Ha aucranimu 500 M (BpeMst MecTHOe)
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Puc. 3. /luHaMuKa M3MeHEHUs CTPYKTYPHOH MOCTOSAHHON (hIyKTyallmii MoKa3aTesisl IIPEJOMJIEHNs, PacCUNTAHHAS MO JAHHBIM aKy-
criuecknx MereocraHuuii (kpusbie 1 1 2), U BpeMeHHOH X0 Koa(UIMeHTa yCUJIeHNS O6PATHOTO PAcCesHUS Ha IUCTaHIUK
500 M (xpusag 3) 16—17 wmions 2017 r.

611

¥Ycunenue JUAApHOIro CurHaJjia B pexxume CHJIbHOI OoNTHYeCKOit Typ6yJIeHTHOCTl/l



e 2
(9] (=2}
T 1

o W

O’O 1 |“ 1

Cpe/iHsisi MOIIHOCTD

1 1 1 1

05:00 09:45 14:30 19:15
16.06.2017 r.

00:00
17.06.2017 r.

04:45 09:30 14:15 19:00

Puc. 4. Cpe[.IHﬂH MOIITHOCTDH 3XOCUTHaAJIa UMITYJIbCHOTO KOT€PEHTHOIr0 Jujlapa

pedpakiuu Jia3epHOrO IMyYKa HeOOXOJAMMO GbLIO Iie-
PHOINYECKH BBIMOJIHSTD TIPOLENYPY HaBeIeHUs Jas3ep-
HOTO Jiyya Ha IMOBEPXHOCTh IMUTA, OT KOTOPOTO MpPH-
HUMAJCcI OTpaskeHHbIl curHaja. [loMmuMo  3ToTO,
B HOYHOEe BpeMs CYTOK HaOMIOJaJCs TyMaH, YTO HpPH-
BOAWJIO K PE3KUM CKauyKaM W CUJIBbHOMY OCJTaGJIeHITO
TIPUHIMAEMOTO OTPAKEHHOTO U3IydeHusd. [loatomy u3
Bcero Habopa 3apernCTPUPOBAHHBIX JAaHHBIX ObLIH
BbIGpaHbl Takue BPEMEHHbIE IMPOMEKYTKHU, B TedeHUe
KOTOPBIX WM3MeHeHUs cpefHeil MOITHOCTH CUTHAIA 3a-
BeJIoMO ObLTH OGYCJIOBJIEHBI U3MEHEHUSIMU WHTEHCHB-
HOCTH OINTHYeCKON (TeMIeparypHOHl) TypOyJeHTHOCTH
Ha Tpacce paclpOCTpaHEHHUs Ja3epHOTO W3JIy4YeHNUs.

W3 aHanmM3a 9KCIepUMEHTATbHBIX TaHHBIX, Tpe-
CTaBJEHHBIX Ha puc. 1 u 4, cjemyer, 9To O Mepe pas-
BUTHSA TypOYJE€HTHOCTH B pe3yJbTaTe TPOTpeBa MO/-
CTHJIAIONIEH TOBEPXHOCTH HaGJII0aeTCcss BO3pacTaHue
cpe/iHell MOITHOCTH 3XocuUTHama jujapa Stream Line
BcaenctBue addekta ycunieHns o6paTHOTO pPacCesTHUs
B cJyuaiiHoil cpefle. DTO BU/JHO IO JaHHBIM, 3aperucT-
pupoBanHbiM mipuMepHO ¢ 06:00 10 08:00 16 u 17 wrons
(eMm. puc. 1). lamee ¢ pocTOM HHTEHCHMBHOCTH TYpOy-
JIEHTHOCTH, KOTJIa PaJUyC MPOCTPAHCTBEHHON KOTe€pEeHT-
HOCTH TIOJISI 30HMPYIOIIETO MyYKa B KOHIIE IBYXKILIO-
MeTpPOBOIl Tpacchl yMeHbIaeTcsl A0 3—4 MM, IIPOUCXO-
QAT HACBINEHNEe YPOBHS PerucTpUpyeMoil MOIIHOCTH
9XOCUTHAJIA W TIOCJeylolllee ee yMeHbIleHWe, UTO
u Habmomaerca ¢ 8:00 mo 16:00 16 urona (puc. 4).
B BeuepHee BpeMs, KOT/[a MOTOK COJTHEUHOW paguanum
YMeHbBIIaeTcs, WHTEHCUBHOCTDb TYpPOYJEHTHOCTH HAa4uH-
HaeT yMeHbuiatbes (cM. puc. 1) U CHOBa MPOUCXOIUT
yBeJINYeHNe YPOBHSI PETHCTPHPYEMON MOIIHOCTH 3XO-
curnana (¢ 15:00 xo 20:00 16 uions).

Takoe oBesieHre cpeIHeil MONTHOCTH 9XOCHUTHATA,
peructpupyemoro JugapoM Stream Line, o6bscHseTcs
teM, 4yro HaumHasg ¢ 08:00 B maHHOM B3KCllepUMeHTe
UHTEHCHBHOCTb TYPOYJEHTHBIX (DIyKTyaluii moka3aTe-
JISI TIPEJIOMJIEHUST BO3yXa CTAHOBUJIACH CTOJIb BEJIUKA,
YTO Ha Tpacce, Ha KOTOPOIl IPOBOJUINCH MU3MEPEHU,
YCTAHABIMBAJICS PEXUM CHJIBHOI oNTHYecKoil TypOy-
JeHTHOCTH. [lepexos B 3TOT pEKUM COIPOBOKIAETCS
HACTOJBKO CHJIBHBIM yXY/IIeHUeM MTPOCTPAHCTBEHHOM
KOTePEHTHOCTH WU3JIyYeHUs 30HIUPYIONIETO Ja3epHOTO
myyKa, YTO He TOJbKO HUBEIUPYeTCS yBeTmyeHue
cpe/iHell MOTITHOCTH 3XOCUTHANA 3a cueT apdekra ycu-
JleHus1 06paTHOTO paccesTHHs, HO M KOTE€PEHTHBI Mpu-
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€M CTAaHOBHTCS HEBO3MOXKHBIM. JTO BUHO TIO JAHHBIM
Ha puc. 4, 3aperucTpupoBanHbiM rpuMepro ¢ 13:00 mo
16:00 16 urong u ¢ 13:00 mo 19:00 17 wumroHsg, Koraa
CpeHsI MOITHOCTh PETUCTPUPYEMOTO IXOCUTHATIA KO-
TepEeHTHOTO JI/lapa TMPaKTUIeCKH paBHA HYJIO.

PesxxuM cusibHON omTHYecKoit TypOyJeHTHOCTH He
cKa3bplBaeTcsl Ha pabore YOP-mmpapa cTomp npama-
TUYHO, KaK B CJIydae KOTEPEHTHOTO Jujapa. leM He
MeHee MaKCHMaJbHble WHTEHCUBHOCTH TeMII€PATYPHOI
TypOYJIEHTHOCTH, PeaJ30BaBIIIECS HA TPAcce 30HAUPO-
BaHMS BO BpeMsl akcnepuMeHTa 16—17 wmionsa 2017 t.,
TTO3BOJIIJIA BBISIBUTH PAJ 0COGEHHOCTEHl B TOBEAEHIH
dakropa ycuieHus, He HAOJIIOJABIINXCS B IIPOBOJNB-
muxcs paHee sKcrepuMeHTax ¢ Y OP-impgapom mipu
MEHBIUX MHTEHCUBHOCTSAX TYpPOYJI€HTHOCTH.

[TockombKy B MCTOJb30BaBIIElicS B 9KCIIEpUMEHTE
Mozenu qugapa Y OP-4 nmpuMeHsieTcsl oJHOKaHAJbHAS
cxema peructpaiun  3dderta ycuaeHuss 06pPaTHOrO
paccesiHHsSI BMECTO XODOIIO U3YYEHHOU paHee ABYXKa-
HaJbHO# cxeMbl [9—12], 6bLIM TIpOBeAEHBI pacyueThl
OTHOIIIEHUSI CPeJHUX MOIIHOCTEil OTpa’KeHHOTO B Typ-
6yJIeHTHOI aTMocdepe JIa3epHOTO U3JIy4YeHHs, IIPUHH-
MaeMbIX PaBHBIMHU TIO IIOMIAJM IIEHTPAJbHOU Tpuoce-
Boil Kpyryoil W TepudepmiecKoil KoJbIeBOl dacTeit
npuemuoil ameprypbt P = P(2a,)/ PQa; — 2a,). Me-
TOJINKA KOMIBIOTEPHOTO MOJIEIUPOBAHUSA JJI  ITHX
pacueToB mpejicTaBieHa B [17]. Pacyersl mpoBoaunch
IUIS PAINyCOB ITIPHOCEBOI @, W BHellHell mepudepnye-
CKO#l KoJIbIIeBO#l @ amepTyp, IPHMEPHO PaBHBIX pa-
auycaM TpHOCceBoil n mepudepuiecKoil amepTyp B JIU-
nape YOP-4. Pe3ysbTaTbhl TOKa3aHbl Ha pPHUC. 5 B 3a-
BHCHMOCTH OT mapaMeTpa P2 =1,23C2Q2r / A) SRS,
TIPEJICTABJISIONIETO CO60I PACCUNTAHHYIO B MPUOJIMKe-
Hun PpiToBa mucnepcuio GayKTyalruii WHTEHCUBHOCTH
IJIOCKOM BOJIHBI HAa Tpacce JJMHON R, A — mimHa BoJI-
HbI. JTHM IIapaMeTpoM yA0OHO XapaKTepH30BaTh IH-
TEHCUBHOCTDb ONTHYECKON TYpOYJEeHTHOCTH Ha aTMO-
cepupix Tpaccax. /[lng cpaBHeHUSI TpPUBEIEHDBI pe-
3YJIBTAThl TAKUX >K€ PACUYETOB JJIS TPACCHI YIBOEHHOI
JUTIHBL 6€3 OTpaKeHT .

W3 puc. 5 BUAHO, YTO Ha Tpacce € OTPAKEHUEM
OTHOIIlEHNe MOIIHOCTell oceBoii 1 mepudepudecKoii
anepTyp MPEBBINIAET eIUHUILY BCJIEICTBIE KOPPEJIAIIN
npsMoii W o6paTHO# BOJH TPH BCeX 3a/1aBaBIIUXCS
B pacyeTax 3HaYeHUIX TapaMeTpa Po.

Bbanax B.A., I'epacumoBa JI.O., 3anosznaa 1.B., ®amun A.B.
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Puc. 5. OtHomenue cpeganx Momrocteil P=P(2a,)/ (2a,—2a,)

orpakeHHoro (®) u mpolueuero ABOHHOE PaccTOSHUE B OJ-

HOM HampabieHun (W) H3JIyYeHHS B 3aBUCHMOCTH OT Mapa
MeTpa Bo: @1 = 3 cM, ax = 2,13 cm

Ha Tpacce y}lBOBHHOﬁ JJINHDBI 6e3 OTpaKeHusd
C yBeJIMYEeHNEM MHTEHCUBHOCTHU OIITIYECKOIT TypéyJIEHT*
HOCTH 3TO OTHOINIEHNE CTaHOBUTCA pPaBHbIM eJUHHIIE.
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[Ipu cmaboii onTuveckoil TypOyJEeHTHOCTH Ha Tpacce
6e3 oTpa’keHHs OHO IIPeBbINIaeT eJMHNUILY, TaK Kak IIpH
HeOOJIBIINX 3HAYEHUSIX Py 3aJaBaBIIMICSA B pacueTax
rayccoB IIyYOK ellle COXpaHseT CBO (OpMy H OCHOB-
Has MOIIHOCTD M3JIyYeHUs COCPeJOTOYeHa B TIPUOCEBOI
obmactn. TaxuM o6pas3oM, ¥CIIOJb30BaHIE OJHOKA-
HAJBHOTO TIpHeMa, MyCTh U He CTOb 3(pdeKTHBHO, Kak
IBYXKaHATbHASI CXeMa, II03BOJIZeT PerucTpHpOBaTh
ycusieHne 0o6paTHOTO pacceslHHS B TypOyJIeHTHOH aT-
Mocdepe.

Ha puc. 6 moxaszambl mpoduan Koadduimenra
VCHJIEHHsI BJIOJIb TPAcChl 30HIUPOBAHUS, 3apericTpH-
poBanHble B TeueHue 16 uionsa 2017 r. IXocurHaJI I
KaXI0oTO TPOMUIS HAKAIJIUBAJICA B TedeHHWE S5 MUH.
B 07:00 mocyre BocXoJa COJHIIA WHTEHCHBHOCTD TypOy-
JIEHTHOCTH HeGoJIbIlast, TT03TOMY Ha puc. 6, a mpoduib
yCcuJIeHusd MOHOTOHHO pacTeT [0 3HaueHHA 1,4 Ha quc-
tanmuu 2000 M. Yepes nmomuaca B 07:30 ckopocTh Ha-
pactanus N-daktopa B 6JIKHEH 30HE YBeIHINBAETCS
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Puc. 6. IIpodunu koadpduipenta ycuaeHnss o6paTHOTO paccesiHUsI B HallpaBieHuu 3onaupoBanus 16 uions 2017 r.
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(puc. 6, 6), Tak Kak TypOyJEHTHOCTb pPa3BHBAETCS
U ee MHTEHCHUBHOCTb pacTeT. OfHAKO HadyMHASA C [HUC-
taunuu 1200 M HabmofaeTcsl HacbilieHne Koa(pduim-
eHTa ycuneHusa Ha ypoBHe 1,4. [lanee Ha puc. 6, 6
ckopocTb HapactaHus N-¢aktopa B 6JMKHEll 30He TIPO-
JOJKAaeT pacTd, HO mpu 3ToM mmocae 1200 M Habmoga-
eTcsl yMeHblleHre K03 duiueHTa yCuaeHus.

B 09:00 ma aucranmuu 800 M N-dakrop moctura-
€T MaKCHMaJbHOTO 3Ha4YeHHs 1,5 M Iocje 3TOro MOHO-
TOHHO IIOHIDKAeTcs o 3HadeHUA 1,25 Ha paccTosHNN
2000 m (puc. 6, 2). B 10:00 ckopocTh HapacTaHHs
JIOCTATaeT MaKCHMAaJbHOTO 3HAYeHNs, a MaKCHMyM N-
daxTopa pacmosnaraerca Ha auctannuu 600 M U TocTe
3TOTO MOHOTOHHO TIOHWIKaeTcd /10 3HadeHms 1,15 Ha
paccrosaun 2000 m (puc. 6, d). B 12:00, xorma uH-
TEHCUBHOCTb TYPOYJIEHTHOCTH BO3pAcCTaeT elle GoJIbIile
n 61M3Ka K MaKCHMAJTbHOII BeTW4YNHEe, MMKOBOE 3HaYe-
nue N-dakrtopa CTaHOBHUTCS pPaBHBIM Bcero Juimb 1,3
(puc. 6, e). Iocne 16:00 TypOyJEHTHOCTb MOCTEIIEHHO
3aTyXaeT U Tpollecc uJeT B OOpATHOM HampaBJIeHUU
(puc. 6, x, 3).

Ha pwuc. 7 npuBenen mpuMep Habopa mpodueit
koadduimenta ycuaeHns 3a Bechb NepHO N3MepeHHi
16 u 17 uionsa. [lnsa rpaduka 66111 0TOO6paHBI TPOdU-
JIN, PETUCTPHPOBABIINECS B Havyajle KaXKIOTO dYaca.
Kpusble m1s koadduimenTa ycuaeHus IpeIcTaBIeHbI
B 3aBUCUMOCTH OT napamerpa fy. Ilomyskuproil kpusoii
IIOKa3aH pe3yJbTaT yCpeJHEHHWS [0 BceMy MTaHHOMY
Habopy npoduied.
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Puc. 7. Koaddunuenr ycuneHus o6paTHOTO paccessHUs Kak
¢yHKIMA mapamMerpa By

BujgHo, uTOo, HecMOTps Ha 3HAYUTEJbHBIH pa3s-
6poc, B cpellHeM KpPHBbBIE MapaMeTPHU3YIOTCS C IOMO-
mpio By. C yBenndeHneM mapamerpa By KoahUIeHT
VCUJIeHWd CHadyaJa pPaCTeT, JOCTUTasd MaKCUMaJbHBIX
3HAUYEeHU B [uamna3oHe uaMeHeHus By ot 1,5 g0 2, 3a-
TEM IOCTENeHHO YOBIBAaeT C JAJbHEHIINM yBeJnueHIeM
MHTEHCUBHOCTH ONTHYECKOI TypOyJIEHTHOCTH Ha Tpac-
ce 3oHAWpoBaHud. I[loJiyuyeHHBIE 3JKCIIEpUMEHTAJIbHBIE
pe3yJIbTaThl KaueCTBEHHO COTJIACYIOTCS C TeopHell ycu-
JIEHUST MOTIIHOCTH o6paTHOpaccesTHHOTO B artMocdepe
U3IyYeHus [T PeXUMa CHJIBHON ONTHYECKOU TypOy-
geHTtHocTH [18].

3akouenue

TakuM o6pasoM, BIepBble Ha IIPU3EMHOI Tpacce
¢ KOHTpoJleM TypOyJIeHTHBIX YCJOBHII paclpocTpaHe-
HUS TOJY4YeHDbI JaHHBIE O BapHalugaxX Koadduirmenrta
YCUJIeHUs cpelHell MolHocTH 3XocurHaita Y OP-
Jujapa B IIHPOKOM [AMAlla30He U3MEHEHUS CTPYKTYp-
HOHIl mocTostHHOMN uIyKTyanuil HokasaTess IpeoMJe-
HUS BO3/yXa B atMocdepe. Y CTaHOBJIEHO, YTO C Iepe-
XO/IOM B PeKUM CHJIBHOII ONTHYeCKOil TypOyIeHTHOCTH
Ha Tpacce 30HAMPOBAHHS KOI(MDDUIMEHT YCUICHUS
06pPATHOTO paccesHUs B ITIOJHOM COOTBETCTBUH C T€O-
pPeTHYEeCKUMH IIOCTPOEHISIMU HACBIMIAeTCsT Ha OIpejie-
JIEHHOM YPOBHe, a 3aTeM yMeHbIIAeTCsI 10 Mepe YCH-
JIleHnsI onTHdeckoil TypOyJeHTHOCTH. MakcuMasbHOe
3HaueHHe Kod(UINeHTa YCHJIeHHS, IOCTIDKUMOe Ha
33/1aHHOM DPACCTOSIHUHM, 3aBHCUT OT UHTEHCHBHOCTH
ONITHYECKON TypOYJIEHTHOCTH B MOMEHT H3MepeHHil.

[Tokazano, urto B cpenHeM mnpoduan Koahhuim-
€HTa YCUJIeHHs B HallpaBJIeHWU 30HJMPOBAHU, IOJIY-
YeHHble TIPH Pa3JNYHBIX 3HAUEHUSX CTPYKTYPHOII TI0-
CTOSIHHOW ~ TypOyJIeHTHBIX (DUIYKTyanuii HoKasaTeJis
IIpeJOMJIEHHUST BO3/yXa, NMapaMeTPHU3YIOTCSI C IIOMOIIBIO

06061eHHOr0 TapaMeTpa B3, IpecTaBIsomero co6oit

PACCYNTAHHYI0 B HPHUOIMKeHUH PBITOBa IUCIIEPCHIO
¢ayKTyarmii MHTEHCUBHOCTH ILTIOCKOI BoJiHBL. C yBe-
JudeHneM mapameTpa By KoahUINeHT yCUIeHns CHa-
yajga pacTeT, JAOCTHTasg MaKCHMaJIBHBIX 3HAYeHHI
B /Malia3oHe u3MeHeHUs By oT 1,5 70 2, 3aTeM IocTe-
TeHHO YOBIBAET C yBeJHMYeHHeM WHTEHCHBHOCTH OIITH-
4yecKkoii TypOyJIeHTHOCTH Ha Tpacce 30HINPOBAHUA.
Bpemennoil xox koadduimenta ycmieHHsS o6paTHOTO
paccesgHHS XOPOIIO COTJIACyeTcs ¢ BPEMEHHBIMU I3Me-
HEHUSMU CTPYKTYPHOH MOCTOSIHHOW (aykTyamnuii 1mo-
KazaTesd TIpeJoOMJIeHHS BO3/yXa, oIlpejenseMoil u3
He3aBUCUMbIX u3MepeHmii. [lojydyeHHbBIE pe3yIbTaThI
co3faioT 6a3y I JaNbHEHIINX TeOPEeTUIeCKUX U IKC-
MePUMEHTATbHBIX HCCJIeJOBAHUIN IO OMpeeJeHHI0 yC-
noBuit mpuMeHumoctu Y OP-ymmpapa A8 usMepeHus
MHTEHCHBHOCTH ONTHYECKOH TypOYyJIEeHTHOCTH.

ABTOpPBI  BBIpAKAIOT TJIYOOKyI0 6J1ar0lapHOCTD
N.A. Pa3enkoBy 3a mnpeocTaBjieHHe pe3yJbTaTOB H3-
Mepennii ¢ Y OP-mpapoM.
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