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BeposiTHOCTHBIE pacripe/ie/ieHUsl MOTOKOB Teria
B CeBepHOM ATVIAHTHKE 10 Pe3yJabTAaTaM JaHHbIX
MHOTOJIETHUX HAOJJII0IeHUI

H.II. Tyuxosa', K.I. Beasies'>>, I'.M. Muxaiijaos!, K.A. Pomamuna

ol 1y PAH
’Uncmumym oxeanonoeuu um. ILIT. Hupwoea PAH
3 BMuK MT'Y umenu M.B. Jlomonocosa

AHHoTanmsA. M3ydaercs pacmpezneneHue MOTOkoB Tera B CeBepHoi
ATIIaHTHKE, PACCUMTAHHOE 10 CXEME CTOXACTUYECKOT0 Pa3HOCTHOI'O YPaBHEHUS,
a MMEHHO, aBTOPETPECCHOHHOH CXeMe IEepBOro MOpsJKa CO CIyYalHBIMU
kod(durmentamu. beuta ucnonb3oBaHa 06aza maHHBIX ERA 5, comepxkarias
reopusndeckue nanueie 3a 40 ger ¢ 1979 no 2018 roxa. Koaddunuents mis
MOCJIEIOBATEIbHOCTH ABTOPErPECCUU OBbUIM OIpENeNieHbl Ha OCHOBE 3THX
JaHHBIX paHee M TOKa3aHO, YTO YCJOBHUSA Ha KO3(PPHUIMEHTH 00eCreynBarOT
€IMHCTBEHHOCTh U CYILECTBOBAHUE PEIIEHUS 3TOr0 Pa3HOCTHOTO YpaBHEHMS.
Mertox  pacuera  pachpeleleHHii  OCHOBaH Ha  IOCJEIOBATEIbHOM
MHTETPUPOBAHUM C HCIIOJIb30BAaHUEM JIMCIIEPCHOHHON CXEMBI CpeiHero. beiau
MIPOBE/ICHBI YUCIICHHBIE SKCIIEPUMEHTHI U U3y4eH ux aHanu3. Kpome Toro, 66110
[IOKa3aHO, YTO TEOPETUYECKH PACCUUTAHHBIE PACIpPENEIEHUsT  XOPOILIO
COOTBETCTBYIOT CBOMM SMIUPUYECKHM aHajoraMm. BBIJIO TMOKa3aHo, 4TO MpH
HEKOTOPBIX YCJIOBUSAX CTAl[MOHAPHBIM PEXKUM 3TOM CXEMBbl CYIIECTBYET, U
MIPOAHATIM3UPOBAHO HETPUBUAIILHOE perieHue COOTBETCTBYIOIIETO
UHTETPAJIbHOIO YypaBHEHUs. UYMCIEHHBIE pacyeTbl Ha CYNEPKOMIIBIOTEPE
«JlomonocoB-2» MI'Y umenu M.B. JlomoHOCOBa.

KiioueBble cioBa: aHamuM3 JaHHBIX HaOmoAceHWH, audEdy3nOHHBII
CTOXaCTUYECKHM TpoLecc, W3MEHYMBOCTh TEIUIOBOTO TOTOKAa, YpaBHEHHE
®doxkkepa-IInanka-KoaMoropoa, CTOXacTHYECKOE PA3HOCTHOE YypaBHEHHE,
ypaBHeHue @penroyabma.
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Probability distributions of heat fluxes in the North
Atlantic based on long-term observational data

N. Tuchkoval*[0000-0001-5357-9640], K. Belyaev1’2’3**[0000'0003'2“1'2709],
. 1%%% [0000-0002-4535-7180] s 3EEx%[0009-0002-3124-2646]
G. Mikhaylov K. Romashina

I Federal Research Center 'Computer Sciences and Control’, RAS
2 Shirshov Institute of Oceanology, RAS
SMSU, Faculty of Computational Mathematics and Cybernetics
NTi uchkova@frccsc.ru, ='c*KBelyaev@frccsc.ru, =k**GMihaylov@frccsc.ru,
““romashinaka@my.msu.ru

Abstract. The distribution of the heat fluxes in the North Atlantic calculated
with respect to a stochastic difference equation scheme, namely the first-order
autoregressive scheme with random coefficients is sought. We used the database
ERA 5 contained the geophysical data for 40 years from 1979 until 2018 yr. The
coefficients for the auto-egression sequence were defined from this database
earlier and also, it was shown that the conditions on the coefficients are provided
the uniqueness and existence of the solution of this difference equation. The
method of the calculation of the distributions is based on the consecutive
integration exploiting the variance mean-mixture scheme. The numerical
experiments have been performed and their analysis is studied. Additionally, it
was shown that the theoretically calculated distributions well matched to their
empirical counterpart. Also, earlier it was shown that under some conditions the
stationary regime of this scheme is existed and non-trivial solution of the
corresponding integral equation is analyzed. Numerical calculations realized on
the Lomonosov-2 supercomputer of the Lomonosov Moscow State University.

Keywords: data analysis, diffusion stochastic process, heat flux variability,
Fokker-Planck-Kolmogorov equation, stochastic difference equation, Fredholm
equation

1. BBeaenne

HccnenoBanue NocBsIeHo IpobdieMe MPOrHO3UPOBAHUS COCTOSHUS CPEIbI
HAa OCHOBE JIaHHBIX MHOTOJICTHMX HaONIOACHUN XapaKTePUCTUK TETUIOBBIX
MOTOKOB. 3ajjaya aHaIN3a XapaKTEPUCTUK OKPYKAIOIICH Cpe/ibl, HAKOTUJICHHBIX B
0a3ax JaHHBIX, MHOTOKPATHO BO3HHKAET NPH HEOOXOJUMOCTH NPUHUMATH
pEIIeHus] 0 MPOSKTUPOBAHUU TEXHOJIOTHYECKUX MPOEKTOB, TAKMX KaK OypeHue
CKBa)XHH, MOCTPOHKa MPUOPEKHBIX cOoOpykeHUH u T.m. s 30HBl CeBepHOM
ATIIaHTUKMA Ba)XXHO TMOJYYUTh MEXAHU3M OILICHKM M MPOTHO3a MEPEMEIICHUS
TEIIOBBIX MACC, MOCKOJIBKY 3TH XapAKTEPUCTUKH BIIUSIIOT HA TIOTOJIHBIC YCIIOBUS
B JpYyIruX peruoHax. Mcmosib30BaHWE IAHHBIX, HAMPAMYIO 3allUCaHHBIX MpPU
HaOJIOJICHUM, HE TIPUHATO B HAyYHOM COOOIIECTBE, IIOCKOJIBKY TaMm
NPUCYTCTBYIOT JIAKYHbI W OIIMOOYHBIC JaHHbIC. Bce paHHBIE HAOIIOICHUIMA
MPOXOJISAT ATaIbl MPeoOPadOTKH MPEXkKIE, YeM MONAAat0T B COOTBETCTBYIOIIHE

398



0a3pl. OTH pabOTHI BKJIFOYAIOT BBISBJICHHUE ONTMOOYHBIX JTaHHBIX, 3alIOJTHCHHE
HEJIOCTAIONIMMH JTaHHBIMH, HHTEPTIOJISAINIO HA PETYISIPHYIO PACUCTHYIO CETKY H
T.1. IMEHHO Takue JaHHbIe HAOIIOIEHUH, KOTOPBIC TPOIILIH MPEIBAPUTEILHYIO
00paloTKy (peaHayiu3) U coJiepkKaT TeMIepaTypy, AaBJIeHUE HaJl TIOBEPXHOCTHIO
MOpsI U HEKOTOPBIE JPYTUE XapaKTEPUCTUKH COCTOSHUS CPEIbl, 3arpyKCHBI B
06azy nanubix ERAS[1] (https://www.ecmwf.int/en/forecasts/dataset/ecmwi-
reanalysis-v5). ERAS5 — 310 msToe mnokojieHHEe aTMOoc(epHOro peaHanusa
I00aNbHOTO KJIMMAaTa, OXBaThiBaromee mepuon ¢ sHBaps 1940 roma 1o
HacTosimiee BpeMms. IS JaHHOTO WCCIICOBAHUS WCIOJIB30BAaHBI JAHHBIC
TEIJIOBOTO TIOTOKA W TEMIIEPATypPhl, TPOBEICHBI CTATUCTUYCCKUE IKCTICPUMEHTHI
C HHUMH, TOJYyYEHbl MPOTHOCTHYECKUE KPHUBBIC, MPU OSTOM HCIIOIH30BAHBI
pe3yabTaThl, MOJy4YeHHBbIE s Ko3(pduimentoB auddy3sud U mnepeHoca Ha
MPEABIAYIUX 3Tarmax paboThl aBTOPOB C 3TUMH MacCHUBaMU JaHHBIX.

2. Ilpeabixymue HCCAEAOBAHUS H AHAJIOTHYHBIE PadOThI

[Ipenpinymue  MccaeAOBaHWS ~ aBTOPOB  IIO3BOJWIM  YCTAHOBUTH
KOJIMYECTBEHHBIE M KAaYECTBEHHBIC 3aKOHOMEPHOCTH PACIPEACICHUS ITOTOKOB
Teria B pernoHe CeBepHOM ATIAHTUKHU 3a PACCMATPUBACMBIN IIEPUOJ BPEMEHMU.
Ha ocHoBe aHanmu3a ciiy4allHbIX MPOIECCOB [2, 3], 3aJJaHHBIX CTOXACTUYECKUM
muddepeHnanbHbIM ypaBHeHHEM (ypaBHeHHEeM MTo), annpoKkcuMaiuu JaHHbIX
HaOmoaeHui u perienue ypasuenust @okkepa-Ilnanka-Konmoropona (PIIK) [3,
4] Obu1a omMKCcaHa 3BOIOIMS BEPOSATHOCTHOTO paclpesiesieHusl Terla B OKEaHe.
brin mosmydeHsr MmaccuBbl K03 huiimeHToB cnpura u qudy3un B KaXK0M TOUKE
pacyeTHOM CETKHU Ha BECh MEPHUO]T U3y4aeMOro BpeMeHH [5].

HccnenoBanus,  CBA3aHHBIE  C  IIOJYYEHHEM  IIPOTHOCTHYECKUX
XapaKTEPUCTHK ITPOBOIATCA PETYJIIPHO PA3NIMYHBIMU HAYYHBIMU IPYTIIIAMH U JUIS
paznuYHBIX peruoHoB. Mcnonb3oBanue 6a3bl nanHbiXx ERAS, kak mpoBepeHHBIX
Ha Ka4yeCTBO CHEHUAIMCTAMH [ 6], TAK)KE COCTABIISIET OJIHY U3 XapAKTEPHBIX OCHOB
a1 a”Hannsa.  [lomydeHwe pe3ynbTaTOB  pa3iMYHBIMM - TPyNIIaMM C  HX
JATbHEHIINM OITyOJIMKOBAaHUEM BAXKHO JJISI CPABHEHUS MCIIOJIb3YEMbIX METOJIOB.
[IyOnukyroTcst perynsipuble oT4eTsl [7, 8], TAe asi CpaBHEHHsS] TPUBOISTCS
pe3yJbTaThl MIPOTHO30B M YMCJIEHHBIX 3KCIIEpUMEHTOB. B nccinenoBanusx [7]
M3Yy4aeTcsl HU3KOYACTOTHAS WM3MEHYMBOCTD M TEHACHUWH TEMIIEPATYpPbl H
BJIQYKHOCTH MPU3EMHOT0 BO3Ayxa Mo JaHHbIM ERAS u npyrux HabopoB JaHHBIX.
[ToctpoenHsble ro0anbHbIE KAPThI IPU3EMHOM TEMITEPATYPhl BO3/IyXa TO3BOJISIFOT
aBTOpPaM cJlIeJaTh BBIBOJBI, YTO KadyecTBO AaHHBIX ERAS B cpegHem cornacyercs
C AaHAJIOTUYHBIMU HAOIIOACHUSIMH.

B nanHo# paboTe moka3aHbl IPAaKTUUECKUE PE3YJIbTaThl, OJYyYEHHbIE Ha
OCHOBE TEOPETUUYECKHX NPEANOJIOKEHUN, MOATBEPKACHHBIX AHAIUTUYECKUMHU
BBIKJIaIKAMH U TPOMJUTIOCTPUPOBAHHBIMU I'pa)ueCKUMU CPaBHEHUSMHU.
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3. CrarucTu4yeckme IKCIEPUMEHTHI C JAHHBIMHU TEMJIOBBIX OTOKOB
n3 0a3el JaHHBIX ERAS

B pazpene npuBonmdTcs pe3ylbTaThl CTATUCTUYECKUX IKCIEPUMEHTOB C
MaHHBIMHU HaOmromeHui u3 0a3nl gaHHBIX ERAS. BrruncieHust BBIIOIHSINCE C
WCIIOJIb30BAaHUEM CTaHAapTHON OnOnmoreku u3 makera PYTHON 5. Ucxons u3
CTATUCTUYECKM TIOCTPOCHHOW OJMIUPHYECKOW (YHKIMH pacupenercHusl,
MOCJICIOBATEIFHO BBIYHCILIOCH HOBOe pactpenenenue(s). KoaddurmenTs
a,(u),b,(u) OBIIA B3ATHI M3 TPEABIAYIUIMX MCCIEAOBAaHUNA aBTOpOB [5] U

HCIIOJIB30BaHbI AJIA IMMOACTAHOBKH B MHTCTPAJIbHBIC BBIPAKCHU S

P9 = [ PO, = 51X, =), @) = [ (== “)ap, )y

baza nanubix ERAS comepxkut maHHbIE HE TOJIBKO O TEMJIOBBIX MOTOKAX,
HO U O Temrieparype noBepxHoctu mopsa (SST), naBieHUU MOBEPXHOCTU MOPS
(SSP) m psme apyrux xapaktepucTuk. UToObl oOecmeunTh OoJiee MIUPOKOE
BO3MOXKHOE TPEJCTaBICHUE JMJAHHBIX I OKCIEPUMEHTOB, MbI BBIOpaIH
¢ukcupoBannoe 3HaueHue(s) SST M paccMaTpuBamu TEIUIOBbIE MOTOKU MPU
3agaHHoM 3HaueHuM SST 1o Bceit o6nactu (CeBepHast ATIaHTHKA), TOCKOJIBKY
TEIUIOBOM TOTOK CHibHO 3aBUCUT OT SST. Takum o0Opa3om, B JAByMEpHOI
coBMecTHOM  (yHkiuu pacnpenenenus, SST ©  TEmiIoBOro mNOTOKa
paccMaTpuBajOCh IPEIEIbHOE PpACHPENEICHHE TEIUIOBOIO TMOTOKA IS
3aganHoro 3HaYeHus SST. [loapoOHOCTH 3TOr0 MOAX01a MOKHO HAlTH B [2].

Jna SST Obum  BeIOpaHBl MHOXKECTBA 3 3HAYEHUM, a HWMEHHO
MUHHUMAJIbHOE, cpeaHee UM MakcumanbHoe SST 1mo permoHy, u H3y4anoch
pacmpejieieHne TEIJIOBOIO TMOTOKa TMpH BbIOpaHHBIX 3HaueHusax SST.
Havaneubim gaem Obuto BeiOpano 1 saBaps 1999 r. Ha puc. 1(a, 6) mokazano
BPEMEHHOE ITOBEJEHUE PACIpPENENCHUs] TEIUIOBOTO MOTOKA IMOCIEN0BATEIBHO 2
saHBapsi, 4 sHBapsa U 6 sHBaps 1999 r. Teopernueckoe pacrpeaesieHne NOKa3aHo
CHUHEH KpHMBOW, a 3MIHMPUYECKOE, MOCTPOCHHOE HEMOCPEICTBEHHO U3 0a3bl
JIAHHBIX, — KEJITOU KPUBOW.

Puc. 1(a, 6) moka3pIBalOT, 4YTO TEOPETHUECKOE pacmpeaesieHue(s)
JIOCTATOYHO XOPOUIIO COOTBETCTBYET SMIUPUUECKOMY, OCOOEHHO B «XBOCTOBOM
30He». MakcumanbHOE OTKJIOHEHHE HaOJoJaeTcs B CpeaHell 30He, HO 37eCh
cienyeT OTMETHTh, YTO HaOJIOIEHUS HE SBISIOTCA TJaJKUMHU, UX
POCTPAHCTBEHHOE TOBEACHHUE BBINJISIAUT «TPYyObIM», «uroiapdyaTbiM». Co
BPEMEHEM, 3TO OTKJIOHEHHE UMEET TEHACHUNIO K YMEHBIICHHUIO U CIIIAKUBAHUIO.
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heat fluxes cdf at 277° K < T < 282° K, 2 jan 1999 (interval from -67 to -64 W/m2)
1.0 4 —— theoretical cdf
empirical cdf //——

0.8

0.6

0.4

0.0

T T T T

0 200 400 600 800
w/m2

MSE: 0.011655501339935224

The cdf does not fit to a normal distribution
The sample does not fit the theoretical distribution (p-value = 0.00)

(a)

heat fluxes cdf at 276° K < T < 281° K, 6 jan 1999 (interval from -67 to -64 W/m2)

1.0 1+ —— theoretical cdf — 4
empirical cdf

T T T T T T T
—200 o 200 400 600 800 1000
Wim?2
MSE: 0.008081035032155456
The cdf does not fit to a normal distribution
The sample does not fit the theoretical distribution (p-wvalue = 0.00)

(0)
Puc. 1. Pacnpenenenue TemioBoro noToka Npu MUHUMaJIbHOM 3HaYeHuH SST:
(a) nyst 2 ssuBaps u (6) mist 6 ssaBapst 1999 r. Cunsist KpuBasi — MOJICTIBHOE
pacmpeneneHue, )Kelras Kpuasi — Ha0JII01aeMoe pacipeiesieHue

[Toxosxee, HO HE HICHTUYHOE MTOBEICHNE PYHKIIMIA pacipeie]ICHHsI MOKHO
YBUJETH JIJIsl TOTOKOB ¢ MakcuManibHBIM SST, puc. 2(a, 6). CpenHeKkBaagpaTHIHOE
OTKJIOHEHHE JUISI OTUX TPaPUKOB UHCICHHO COOTBETCTBYET MPEAbIIYIIAM
pUCYHKaM, HO CyIIECTBEHHass pa3HUIlAa MEXAy HaOmomaeMpIMA U
TEOPETUUECKIUMH KPUBBIMU BUIHA HE TOJIBKO B CPEAHEH 30HE, HO U B «XBOCTOBBIX
30Hax» Kak JJIsl OTPUIATEIbHBIX, TAK U JIJIS TOJIOKUTEIBHBIX 3HAYECHUH. DTO
MOXHO OOBSICHHUTH T€M, YTO «XBOCTOBBIE 30HBD» OOJIBINE MO BEIUYHHE U Jajee
YBEJIIMYUBAIOTCSA TIPU HU3KHUX 3HAYCHHUSX BEPOSTHOCTU. HampotuB, B cpemHUX,
Hanbosee BEPOSTHOCTHBIX 30HAX OTKJIOHEHHE MEHbINE, TEOpEeTHIeCKass KpruBas
Jydllle CTIaXMBAaeT CBOW AMIHUpHUYECKUi aHanor. Kpome Toro, sMmupudeckue
KPUBBIC IS TEIUIOBBIX MOTOKOB C MakcHMalbHbIM SST MeHee XaoTW4YHBI U
«UTOJLYATHI», YeM Ha PUCYHKAX BBIIIIE.
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heat fluxes cdf at 300° K < T < 305° K, 3 jan 1999 (interval from 230 to 233 W/m2)

1.0 4

theoretical cdf
empirical cdf

T T T T T T
—200 o] 200 400 800 800
W2
MSE: 0.007897349204961383
The cdf does not fit to a normal distribution
The sample does not fit the theoretical distribution (p-value = 0.01)

(a)

heat fluxes cdf at 300° K < T < 305° K, 5 jan 1999 (interval from 230 to 233 W/m?2)

1.0 4 —— theoretical cdf

empirical cdf

0.6

0.4

0.2

T T T T T
—200 (o] 200 400 600 800
Wymz2
MSE: 0.005739833265036976
The cdf does not fit to a normal distribution
The sample does not fit the theoretical distribution (p-value = 0.05)

(6)
Puc. 2. Pacnpenenenue TemioBoro noToka Npu MakCUuMaabHOM 3HadeHuu SST:
(a) nnst 3 ssuBapst v (0) it S ssBapst 1999 r. CuHsist KpuBas — MOJIEIbHOE
pacrmpeiesieHune, KeTast KpuBasi — HaO0It01aeMoe pacrpe/ieieHne

Ha puc. 3(a, 6) moka3ana ¢hyHKIHS pactpeneseHus TEMI0BOro MOTOKA s
cpennero 3HadeHust SST. 3mech HAOMIOJACTCS TIOYTH UJCATHHOE COBIIAJCHUE.
Ecnu B Hayane pacdyeToB Bce €IlIe MMEETCS BUAMMOE OTKJIOHEHHE B CepellnHe
KpUBBIX, HECMOTpPS Ha TO, 4YTO OOIIEEe CPEIHEKBAIPATHYHOE OTKIOHCHHE
JI0OBOJIBHO Majio, BCero okojo 107 mopsaka ¥ B HECKOJBKO pa3 MEHBIIE, YEM
MOKa3aHoO Ha puc.l U puc.2, TO CO BPEMEHEM 3TO OTKIOHEHHUE TMaJaeT U
mocTuraeT 3HadeHuii mopsgka 10 B «xBocToBOM 30HE» Ha 00OMX Kpasx
paccTostHUE MEXIy KelaTrod (HaOmroJaeMoe pachpenesieHue) U CUHeH
(MOJieIbHOE  pacTIpe/iesieHHe) KPUBBIMU CTAaHOBUTCS MOYTH MPEHEOPEKUMO
MajbiM. OTH JIB€ KPHUBBIE OYEHb XOPOIIO COBNAJAIOT WU YJIOBJIETBOPSIOT
kputeputo Kommoropona ¢ noporom 0,05.
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heat fluxes cdf at 291° K <= T < 296° K, 2 jan 1999 (interval from 230 to 233 W/m?2)

1.0 4 —— theoretical cdf
empirical cdf
0.8 1
0.6 4
0.4 4
0.2 4
0.0 1
T T T T T T
—200 o] 200 400 &00 800
WwWimaz

MSE: 0.0028409476105325077
The cdf does not fit to a normal distribution
The sample fit the theoretical distribution (p-value = 0.23)

(a)

heat fluxes cdf at 291° K < T < 296° K, 6 jan 1999 (interval from 230 to 233 W/m2)

1.0 4 —— theoretical cdf
empirical cdf

0.8

/
NI

0.2 4

0.0 4

T T T T T
—200 0 200 400 600 800
W/m2

MSE: 0.0007616377508906033
The cdf does not fit to a normal distribution
The sample fit the theoretical distribution (p-value = 0.41)

(6)
Puc. 3. Pacnipenenenne TEIIOBOro MoToka mpu cpeaHem 3Hauennn SST:
(a) nst 2 ssuBapst v (0) autst 6 ssHBapst 1999 r. CuHsist KpuBas — MOJIEIbHOE
pacmpesiesieHne, JKeTast KpuBasi — HaOIt01aeMoe pacrpe/ieieHne

Taxxe MOKHO yTBepKAaTh, 9To Jytst cpeaHero SST (mo Beeit obnacTw), rae
BEPOATHOCTHh mosiBNieHUsT SST MakcuManbHa, COOTBETCTBUE pACIPEACICHUIO
TEIUIOBOTO TIOTOKAa HAMHOTO JIy4Ille, YeM JIsl MeHee BeposTHOCTHBIX (110 SST)
30H. TeopeTndeckn U PU3NIECKH ITO TOHATHO. UNCICHHOE MOACIMPOBAaHKE TI0
ypaBHeHH10 (3) Oosee BeposSTHO i 00JIee 4acTO peaiu3yeMbIX MPOIECCOB.
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3ak/jIoyeHue

[IpensioxkeHHOE HCCIIEJOBAHUE IMOKA3BIBAET BO3MOYKHOCTh NMPUMEHEHUS
MOJICJIBHBIX PAcyeTOB JUIS MOJYYEHHUs MPOTHO30B, XOPOILIO COIJIACYIOLIUXCS C
AMIIMPUYECKUMU AaHHBIMH. VCIONBb30BaH MOAXO0J aBTOPETPECCUOHHOM CXEMBI
NEPBOrO MOpsiAKA CO  CIy4alHbIMH  KOd(h(UIMEeHTaMH i HU3y4eHUs
pacnpeneneHus N0TOKOB Teruia B CeBepHOil ATIaHTHKE, paCCUUTAHHOE IO CXEME
CTOXaCTHUYECKOT0 Pa3HOCTHOTO ypaBHeHHs. [IpuBeneHHble rpaduKu CpaBHEHUS
JEMOHCTPUPYIOT XOpolllee corjlacoBanue KpuBbiX. [loxon aBToperpeccuioHHOM
CXEeMbl TEPBOr0 MOpSAJIKAa CO CIy4yaWHbIMU KOd(DPUIMEHTaMU MOXKET OBITh
pacrpocTpaHeH AJis MOTYUYEHHUs TPOTHO30B APYTUX XapaKTEPUCTUK CPEJIbI.

JlanbHeiye uccaeqoBaHusl MPEANoaaraloT NPUMEHUTh aHAJIOTUYHbIN
MOJAXO0/ JJIs TIOJyYEHHUsI TPOTrHO30B COBMECTHO JIJISl HECKOJIBKUX XapaKTePUCTUK
Cpenpbl.
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