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Mechanisms of formation of the synoptic periods
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Abstract. Discovered by the author, synchronization in the development of atmospheric
synoptic processes and tidal oscillations of the Earth's rotation rate is described. Data on the
Earth's monthly rotation, tidal oscillations of the Earth's rotation rate are presented. The causes of
the formation of Mul'tanovskii's elementary synoptic periods are explained. It was found that
synoptic processes vary when the Earth is in certain positions on its monthly orbit.
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Mecsiunoe oopanienne 3emuin

Jlyna u 3emiis oOpamaroTcsi BOKpYT LeHTpa Macc (OapuiieHTpa) cucteMbl 3emis-JIyHa ¢
MecsiuHbIM niepuogoM. LlenTp Macc 3emiu (T€oleHTp) yaalieH OT OapuleHTpa B CpeIHEM Ha
paccrosinuu 4670 kM. (Cunopenkos, 2002; Sidorenkov, 2009). Pazmep mecsiuHoi opOuTH 3emiu
B 81 pa3 meHble TyHHOI. KpoMe TOro, Mpl HaxoauMcsi Ha 3eMJjie U He MOXKEeM HU YyBCTBOBATh,
HU CJEIUTh 3a €€ MECS4YHbIM oOpallleHueM BOKpyr OapuueHTpa. [loaToMy B panbHeiieM,
paccmarpuBas 3¢dekThl MecsyHoro ooOpamieHuss 3eMiad B 3€MHBIX Ipolleccax, Oyaem
paccMaTpuBaTh MecsiuHoe oOpaieHue JIyHbl, KOTopoe B yBelnnueHHOM B 81 pa3 macmrabe u co
caBuroM noyroTsl Ha 180° mMoBTOpsIET BCe 0COOCHHOCTH MECSYHOTO OOpaIieHus 3eMIIH.

Cucrema 3emns—JlyHna oOpamaetrcst Bokpyr Comnuna (puc. 1). Ilputsxenust JlyHsl u

CounHlla NOpoXJatoT Ha 3eMile JTyHHO-COJIHEUHbIE TPUIIUBHI.



Figure 1. Rotation of the Earth—-Moon system around the Sun.
[TpunuBer gedopMUpyIOT 3eMITI0, U3MEHSIOT €€ MOMEHT MHEPIIMHA U OKAa3bIBAIOT 3aMETHOE

BIIMSIHUE HA YTJIOBYIO CKOPOCTH CyTOYHOTO BpAIEHUS 3eMITU @ | HauGonee 3HAUNTENBHBIME

Q)

SIBJISTFOTCST KOJICOaHMS C TIOJIyMECSYHBIM, MECSIYHBIM U TIOJTYTOZ0BBIM IepruoaaMHu (puc. 2).

BapI/IaLII/II/I CKOPOCTH BpalllCHHUA 3emin XapPaKTCPUYIOTCA OTHOCHUTEIbHON BEIUYMHOM:
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Figure 2. Tidal oscillations of the Earth's rotation velocity v in 2016. The vertical axis represents the
relative deviations of ¥V multiplied by 10'. Numerals indicate the dates when maxima and minima of
V occurred

Kak BuaHO M3 puc. 2, Ha KOTOPOM IPHUBEAEHBI BBIYMCIEHHBIE IPUIMBHBIE KOJIECOAHMS
cKopocTH BpamieHus 3eMau v B 2016 r., Ha IPOTSKEHUU JIYHHOTO MECALIA CMEHSIOT APYyT Apyra

YCTBIPC PCKHUMa BpalICHUSA 3emim HepaBHOﬁ OPpOAOJDKUTCIIBHOCTU — ABa IICPUOJa YCKOPCHUA

m " M J1Ba Meproa 3aMCAJICHUS — " m, . Cmena PEKUMOB

MPOJOJKUTEIBbHOCTBIO

MIPOUCXOIUT B cpeaHeM uepes ™ =~ 273 cyr/4 = 6,8 cyr. Ho u3-3a MeIIEeHHOTO JBM)KEHUS

nepurest ¥ y3J0B JIyHHON OpOUTHI 3TOT HEAENbHBIN MEPUOJ MOXKET JUINTHCA OT 4 110 9 CYTOK.
Hanpumep, B 2016 1., ¢ 4 o 11 mas, orMedaeTcs yCKOpeHue BpaieHus 3emid, ¢ 11 mo

15— 3amennenue, ¢ 16 mo 24 mas — yckopenue u ¢ 24 no 31 mast — 3aMe/IeHHE BpallCHUs

3emMiu, T €. JYHHBIM Mecdl] ciaraercss M3 CIeAYINUMX HMHTepBaIoOB: 7+4+9+7 cyrtok. BaHyTtpu

MecsILa BO3MOKHbI JTI00bIe KOMOMHALMH 3HAYCHHIT | B quanasoHe ot 4 10 9 CYTOK.

CkopocTh  BpamieHus: 3eMJId  HCHBITHIBACT JBa IOJTYMECSYHBIX KojJeOaHus C
MaKCUMyMaMH TIpU MaKCHUMAallbHOM yhaneHuu JIyHbl oT HeGeCHOro 5KBaTOpa, Kak B CEBEPHOE,
TaKk ¥ B I0KHOE TOJIylIapue (TO €CTh MPHU JYHOCTOSHUSAX) U ¢ MUHUMyMaMu TPU TIEPECEUCHUN
Jlynoit HeGecHOro skBaTopa (TO €CTh IPU JYHHBIX PAaBHOJACHCTBUAX). Ha ckopocTh BpamieHus
3emin oOka3biBalOT BiusiHUEe U COJIHEUHBIE MPWIMBBL, M3MEHSIOIMIMECS U3-3a Bapualul
CKJIOHEHHUsI W reoneHTpuueckoro paccrosiuus Comana. CoJIHEUHBIE NPUIUBBI TOPOXKIAIOT
CWIbHbIE KojeOaHus ¢ momyrofoBbiM (182.62 cyt) m cmabeie ¢ romoBeiM (365.24 cyT)

MepHOJaMH.

EcrecTBeHHBbIE CHHONITHYECKHE Neproabl My/IbTaHOBCKOIO

B 1915 r B.II. MynbranoBckuii (1933) u310KHJI OCHOBBI CHHONTHYECKOIO METOJa
JOJITOCPOYHBIX MPOTHO30B IMOTOABI M BBEN NOHATHE €CTECTBEHHBIX CHHONTUYECKUX MEPUOJIOB
(ECII). MOHUTOPUHI NPWIMBHBIX KOJEOAHWNH CKOPOCTH BpallleHUus 3€MJIM, SBOJIIOLMU
CHUHOIITHYECKUX MPOIIECCOB B arMocdepe, pexUMOB aTMOC(epHOM IUPKYISIUN U BapUaIuil
THJIPOMETEOPOJIOTHUECKUX XapAaKTEPUCTHK BO BPEMEHHU IOKa3ajl, yTO OOJbIIas YacTh THIIOB
CHUHOIITUYECKUX MPOIIECCOB B aTMOC(hepe U3MEHSIETCS CHHXPOHHO C IPUIMBHBIMU KOJIEOaHUSIMU
ckopoctu BpameHus 3emnu (CumopenkoB, 2002; Sidorenkov, 2009). Ha perpocnekTHBHBIX
JAHHBIX Mbl IPOBEPWIH, KaK YacTO ASKCTPEMyMbl (MUHUMYMBI WJIM MaKCUMYMBbl) YTJIOBOM

CKOpPOCTH v COBIIAAAOT ¢ MOMCHTAMHU IICPCCTPOCK IJICMCHTAPHBIX CUHOIITHYCCKUX IIPOLECCCOB



(OCII) mo tunm3zanuu ['.5. Banrenreiima (1935). Cratuctudeckuii aHanu3 mokasai, 4to B 76%
Clly4aeB MOMEHTBI SKCTPEMYMOB YTJIOBO# CKOpocTH Y coBmajaroT B mpezenax 1 ¢yt ¢ qaramu
nepectpoek DCII. B 24% ciiyyaeB MOMEHTBI SKCTPEMyMOB Y OTJIMYAIOTCS Ha [1Ba U OoJice AHS
ot oimmxkaitmux nat nepectpoek ICII (Cumopenkos, 2002; Sidorenkov, 2009).

Ham MHOTONETHUI CpaBHUTEIbHBIH MOHUTOPUHT JUHAMUKH CHHONTUYECKUX MPOLIECCOB U
NPWIMBHBIX KOJIeOaHMi ckopocTH BpamieHus: 3emun Y mokasai, yro cmensl ECIT npoucxonst
BOJIM3U HKCTPEMyMOB (MUHHUMYMOB WJIM MaKCUMYMOB) MPWJIMBHBIX KOJ€OaHUI CKOPOCTH
Bpamienuss 3eman v. Ho MuHMMyMBl v HaOdromaroTcsi BOJMM3M JIYHHBIX PaBHOJCHCTBUM
(cxknonenne Jlynsl paBHO 0°), a MakCUMyMbl V — BOJIM3U JIYHOCTOSIHHM (MOJYyJIb CKJIOHEHUS
Jlyapl MakcumaneH). Takum oOpa3om, BeiICHWIOCH, 4To ECII cBSi3aHBI ¢ MECSYHBIM
oOparnieHneM 3emiiu BOKpYT OapuiieHTpa cucteMsl 3emis — JIyHa.

[TonobHO TOMY, KaK BCJIECTBUE I0JJ0BOro obpaieHus 3emyid Bokpyr CoJiHIla BO3ZHUKAIOT
TPEXMECSYHbIE CE30HaM T0/a, TaK M BCJIEACTBUE MECSYHOTO OOpalieHus 3eMiId BOKPYT
OapuneHTpa cuctembl 3emiss — JlyHa B pexumax IOTOAbI BBIIEISIOTCS CBOEro poja
KBa3WHEENbHBIE «CE30HBD» (MU «KBAHTBI») MOToAbl, nonyunsmue Ha3Banue ECIL. B otnnune
OT COJHEYHBIX ce30HOB JyHHble ECII HenocTossHHBI: OHM BappUpPYIOT OT 4 110 9 CyT npu cpeaHel
MIPOJIOJDKUTENLHOCTH 6,8 CyT. DTH Bapuaiuu 00yCIIOBIEHBI YACTOTHOW MOAYJISIIMEH KOJIeOaHMI
MPUIMBHBIX CHJI BCJIEJICTBUE [BIDKEHUS TMepures JIyHHOW opOUTHL. ['paduku mpuiarBHBIX
KojeOaHuM CKOpPOCTM BpalleHus 3eMiId Vv JalT cBoero poaa «pacnucanue» ECII,
neMoHCcTpupysl, uto anutenbHocTH ECII n3menstoTest HecayyaitHIM 00pa3oM.

B Hacrosmiee BpeMsi 3aMHTEPECOBABILUICS YUTATEIb CaM MOYKET yOEIUTHCS B TOM, UTO
CMEHBI PEKUMOB IMOTO/bI MPOUCXOAAT HE CIIy4allHO, a CHHXPOHU3YACH C JaTaMH SKCTPEMYMOB
MPUINBHBIX KOJIeOaHU CKOpPOCTH BpaimieHuss 3emiuu V. J[as 3Toro Hajo CpaBHHUBATH
npuBoauMmeie Ha caiite OOO "Hanmo-Ilpecc”(http:/hmn.ru) HegenpHBIE Tpaduku U3MEHEHUS
METEOPOJIOTUYECKUX XapaKTepUCTHK (TemIepaTyphl, [aBJCHHs, BIAXKHOCTH, BeTpa) Ha
METEOCTAHIUAX 3€MHOT'0 I1apa ¢ JaTaMd MHHAMYMOB MJIM MAaKCUMYMOB NPHJIMBHBIX KOJeOaHUH

Vv Ha TpaduKe, eKEroJHO pa3MeliaeMoM Ha caiite aBTopa (http://geoastro.ru).

3aMeTHUM, 4YTO CHUHXPOHHU3alUs HE ONpPEAEAET MEXaHW3Mbl BOSHUKHOBEHUS U DBOJIIOLMU
TepMOOapUIeCKNX 00pa30BaHMUN BCIIEACTBHE OApOKIMHHOM HEYCTOWYMBOCTH aTtMocdepsl, a
HaBA3bIBACT aTMOC(EPHBIM MpoLIecCaM PUTM 3BOJIOLMHU, OIM3KUHI K KOJEOAaHUSAM MPUINBHBIX
cui (TouHee kK putMam cucreMsl 3emiissi—JlyHa—CosHiie).

Brityer MHeHue, 4To 3G HEKTH TPABUTAMOHHBIX TPUIMBOB JOJKHBI OBITH OJTHO3HAYHBIMU

Ha T100aIbHBIX MMPOCTPAHCTBCHHBIX MacmrTabax. Hamr MHOrojaeTHUil OmbIT CBUACTCIIBCTBYET O


http://hmn.ru/
http://geoastro.ru/

TOM, YTO B MOMEHTBI SKCTPEMYMOB MPHJIMBHBIX CHJI B 000109KaxX 3eMIIU IeUCTBUTEIBHO MOUYTH
Be3/ie HAOMIONAIOTCS WM3MEHEHHs, HO 3HakM W (Pa3pl I3TUX H3MEHECHUN Be3lle pa3IMYHbIC.
[Togo6HO TOMYy, Kak B MHpPOBOM OKeaHE KaXIbli IOPT HMMEET CBOW WHIWBUIYaJIbHBIN
MIPUKJIATHON Yac JJIs BBIYMCIECHUS MaKCHMalbHOTO MPHINBA, TaK U B aTMochepe mposBiIeHUE
JYHHO-COJIHEYHBIX TPUJIMBOB WMEET JIOKaJIbHBIM Xapakrep. [Ipoucxomut 5TO MOTOMY, YTO
NPWINBHBIE BOJHBI, KOTOPBIX B COBPEMEHHBIX pA3J0KEHUAX NPWIMBHOTO MOTEHLHAIA
BeIeNsitoT  yke g0 28000, nmBurasice B atmocdepe, OTpakaloTcs OT oporpaduueckux
MPENSATCTBUM, OAPUIYECKUX U TEPMUUYECKUX HEOTHOPOJHOCTEH, MHTEPHEPUPYIOT MEKIY COOOH,
co3/1aBasi IECTPYI0 UHTePPEPEeHIIMOHHYIO KapTuHy. Cys 1Mo pe3ylbTaTaM W3YYeHHUS OKEAHCKUX
MPWINBOB, B arMoc(epe Takke MOTyT CYIIECTBOBAaTh Y3JIOBbIE aM(UIPOMHUYECKHE TOUYKH
(TOYKH, B KOTOPBIX BBICOTA MPHJIKMBA B 000 MOMEHT BPEMEHHU paBHA HYJIO), TJI€ PUIUBHbBIE
KoJe0aHusl OTCYTCTBYIOT, M ITy9HOCTH, TJ/I€ IPUIUBBI YCUIIUBAIOTCS B JIECATKU Pa3.
CuHXpOoHM3alUd HW3MEHEHUH METEOPOJIOTHUECKNX XapaKTePUCTUK C HW3MEHEHHUSIMU
CKOPOCTH BpallleHHs 3eMId V OTMEuYaeTcsl He TOJBKO Ha BHYTPU MECSYHBIX MacmiTabax
BpPEMEHHM, HO W Ha MEXIOJIOBBIX M JIEKQJHBIX MacmTabax. YKe HECKOIbKO JACCATHUICTHM
W3BECTHO, YTO MHOTOJIETHHE H3MEHEHHUS aHOMalHMi TI00albHOM Temiieparypbl Bo3ayxa 1
KOPpPEIUPYIOT C JeKagHbIMA (IYKTyallusiMH CKOpPOCTH BpamieHus 3emum V. Puc. 3,
MMOCTPOSHHBIN 10 JaHHBIM CpeaHeroAoBbIX aHomanuii Temrepatypbl HadleyCRUT3 u psaa
CPEIHETO/IOBBIX V, WITIOCTPUPYET ATY CBSA3b. MOXKHO BUJETh, YTO MPU YCKOPEHUHU BPAILLEHUS
3emnu Temneparypa I’ pactet, a npu 3ameieHnn — nagaet. Koaddumment koppensuuu 7' ¢ v

paseH 0,67.
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Puc. 3. CHHXpOHHBIE M3MEHEHHs CKOpocTH Bpamienus 3emiu (V x10*) B OTHOCHTENBHBIX €MHULIAX

(cromHast) ¥ rI00AEHBIX aHOMAITH TeMIlepaTypbl Bo3ayxa 1 (rpuxoBas) no nanaeiM HadCRUT3

ITOCJIC UCKITFOYCHUA HapaGOHI/I‘ICCKOFO TPEHAA U CKOJIL3AUICTO MATUIICTHETO CIiIaKBaHUA.

BrisBiiena koppesiiust smox arMmochepHoil mupkysisiu B CeBepHOM MONyIIaApHH C

U3MEHEeHUsAMHU B ckopocTu BpameHuss 3emun (Sidorenkov, Orlov, 2008 ). Ha puc. 4 kpuBas

!
HAKOIUIEHHBIX CyMM 2C aHoManuii vyactotbl mosiBieHus ¢opmbl C (mo tunuzamuu .51

BanrenreiiMa) cpaBHMBaeTCs C KpHUBOM HW3MEHEHUH [UIMTEIBHOCTH CYTOK 6P (5P

!
=—-86400 xv). MOXXHO BUIETh, YTO yOBIBAOIIAsl YaCTb KPHBOM 2.C (MOHM)KEHHAsT YacToTa

nosiBiieHus  Gopmbl  C) COOTBETCTBYET YCKOPEHHMIO BpamieHuss 3emiu (YMEHbLICHHIO

’
mTensHOCTH cyTok). Korna gopma C nabmromaercst 6os1ee yacto, yemM 0ObIUHO ( 2.C pacrer),

BpalleHue 3emiid 3aMmeluisieTcs  (JUIMTENbHOCTh CYTOK YyBenuuuBaercs). KoadouuueHt

KOpPESALUA MEXITY KPUBBIMU 2C u pasen 0,70+0,04.
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Puc. 4. CunxpoHHBIE U3MEHEHU JIIUTEHOCTH CYTOK (CIUIOIIHAS KPUBAasi) M HAKOIUIEHHOW CYMMBI
aHOMAJIM{ 9acTOTHI MosiBieHus popmbl IupKysiuun C (myHKTHpHAS KpuBas). [lo ocn opanHaT
OTJIOKEHBI ITUTETHHOCTH CYTOK B 10 MKC 1 HakoruteHHast cymma (opmbl C B THSIX/TOS.

CxkopocTts v BpaueHus: 3emiid yckopsiiack ¢ 1858 no 1866 r., ¢ 1904 no 1934 r., ¢ 1973 no
2003 r., a 3amemsuiach ¢ 1867 1o 1903 1., ¢ 1935 no 1972 r. u ¢ 2004 r. o HacTosIIee BpEMSI.
NmenHo BOIM3M STUX CMEH PEXHMOB BpalleHHs 3eMiid HaOJIIOJATNCh CMEHBI JEKaIHBIX
TEHJICHIIMA HM3MEHEHHUs TJ00albHON TeMIepaTypbl U Temmeparypsl CeBepHOTO MOIyIapus,
CMEHBI D3MOX aTMOC(HEpPHON IUPKYJIAINH, HHTCHCUBHOCTH WHIWHWCKOTO MYCCOHA, MAacChI
JIeTHUKOBBIX UTOB AHTapkTUabl U ['pernanann (Sidorenkov, 2009).

It is well known that the Earth and the Moon rotate around their center of mass (barycenter) with
a sidereal period of 27.3 days. The orbit of the Earth's center of mass (geocenter) is
geometrically similar to the Moon's orbit, but the orbit size is roughly 1/81 as large as that of the
latter. The geocenter is, on average, 4671 km away from the barycenter. In the Earth's rotation
around the barycenter, all its constituent particles trace the same nonconcentric orbits and
undergo the same centrifugal accelerations as the orbit and acceleration of the geocenter. The
Moon attracts different particles of the Earth with a different force. The difference between the
attractive and centrifugal forces acting on a particle is called the tidal force (Sidorenkov, 2002,
2009). The generation of the lunar tidal force is a major geophysical effect of the Earth's monthly
motion. The rotation of the Earth—Moon system around the Sun (Figure 1) leads to solar tides.

The lunar-solar tides deform the Earth's shape and change the Earth's moment of inertia. As a
result, they have a noticeable effect on the velocity of the Earth's daily rotation. The tidal
oscillations of the Earth's rotation rate over any time interval can be calculated theoretically
(Sidorenkov, 2002, 2009). By way of illustration, Figure 2 shows the tidal deviations of the
Earth's daily angular velocity v in 2016. The Earth's rotation velocity is characterized by the
relative value (Sidorenkov, 2002, 2009)

L %0 _0-Q T,-T_ &1

Q 0 T T,

where 7 is the length of Earth’s day; T is the length of the standard (atomic) day, which is
_x 2
= " Q

) ==
equal to 86400 s; and £ and 8640! rad/s are the angular velocities corresponding to

the Earth’s and standard days



It can be seen that, during a tropical month, v undergoes two semimonthly oscillations with
maxima occurring at the maximum distance of the Moon from the celestial equator in both
Northern and Southern hemispheres (i.e., at lunar solstices) and with minima occurring when the
Moon intersects the equator (i.e., at lunar equinoxes).

The monitoring of tidal oscillations of v, the evolution of atmospheric synoptic processes,
atmospheric circulation patterns, and time variations in hydrometeorological characteristics has
shown that most types of atmospheric synoptic processes vary synchronously with the tidal
oscillations of the Earth's angular velocity (Sidorenkov, 2002, 2009). Using retrospective data,
we verified how frequently the extrema (minima or maxima) of v coincide in time with changes
in elementary synoptic processes (ESP) in terms of the Vangengeim classification. A statistical
analysis showed that 76% of the extrema of v coincide in time (up to £1 day) with ESP changes.
In the other 24% of the cases, the extrema of v are two and more days away from the nearest ESP
change (Sidorenkov, 2002, 2009).

The long-time comparative monitoring of tidal oscillations of v and variations in
meteorological characteristics in Moscow, Vladivostok, Toronto, Buenos Aires and other sites
clearly suggests that variations in meteorological characteristics agree in time with quasi-weekly
extrema of v (http://geoastro.ru ). Variations in weather elements at other sites of world have
been monitored by S.P. Perov and L.V. Zotov. Their results also confirm that variations in
meteorological characteristics are synchronized with oscillations of the Earth's angular velocity.

The tidal oscillations in the Earth's rotation velocity represent a perfect index for the features
of the Earth’s monthly rotation around the barycenter and time variations in the lunisolar tidal
forces. They correlate with quasi-weekly and semimonthly variations in atmospheric processes
and with local anomalies in the air temperature, pressure, cloudiness, and precipitation amounts
depending on those variations.

Changes in weather patterns coincide with extrema of tidal oscillations of v, which
correspond to lunar solstices and lunar equinoxes. By analogy with three-month seasons of the
year, which are associated with the Earth's rotation around the Sun, kind of quasi-weekly
weather "seasons" can be identified in weather patterns.

Quantized weather patterns were first described by B.P. Mul'tanovskii (1933) 100 years ago.
He called them natural synoptic periods (NSPs). The above observations suggest that
Mul'tanovskii's NSPs are possibly caused by the monthly rotation of Earth and Moon around
their barycenter. Weather is synchronized with the times of lunar equinoxes and solstices. In
contrast to solar seasons, the lunar NSPs are not constant: they vary from 4 to 9 days with a
mean of 6.8 days. These variations are caused by the frequency modulation of the tidal force
oscillations due to the motion of the lunar perigee. Plots of tidal oscillations of v provide a kind
of NSP timetable, demonstrating that variations in NSP lengths are not random. Unfortunately,
there still appear works in which the dynamics of NSPs is erroneously treated in terms of
Brownian motion.

Note that synchronization does not determine the formation mechanisms of thermobaric
structures due to the baroclinic instability of the atmosphere, but rather imposes evolution
rhythms close to tidal force oscillations (more precisely, to rhythms in the Earth--Moon--Sun
system) on atmospheric processes.
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