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[Mpenucaosue

Kypc nunamuueckoff MeTeopoJIOrHH, COCTaBAEHHH A cCOTPyAHuKaMu UHCTH-
tyta Teopernuecko#t Meteoposorun I'TO uMeeT peJibio yAOBJETBOPHTH BCE
pacTylyio norpe6GHOCTE B TAKOM PYKOBOICTBE H JaTh METEOPOJIOraM o BO3-
MOXHOCTH fI0JHO€ H CHCTEMATHYECKOE H3JIOEHHE OCHOBHLIX NpobJeM Teope-
THYECKO# MeTEeopOJIOrHH, CTOfIee HA COBPEMEHHOM YPOBHE HaykH. Takas
KHHra npexjae BCEro Hy)Ha i aCNHPAHTOB H CTYINEHTOB CTAPIIHX KYpPCOB
METEeOpOJIOrHYecKofi crnenuansbHOCTH, 3aTeéM OHAa MNpeACTaB/sieT CyINeCTBEeH-
HH HHTEpeC MM HayuHhX PAaGOTHHKOB B O6JIACTH Aa3poOJIOrHH, CHHONTHYE-
CKOH MeTEeOpOJIOrHH M KJHMATOJIOTHH, KOTODHE BCe O6ojiee u Gosee Hyxza-
IOTCH B COJMHIAHONA TeopeTHyeckofl 6ase Kak JUiA CBOefl MOBCEAHEBHOM mpak-
THYECKOA Tak H JJIA CrieunaJbHOR HayyHo-uccJjepoBaTenbckoRt paboru. Hako-
Hel, aBTOPH CYHTAIOT, YTO KHHIA HMH COCTABJEHHass OGyleT C HHTEepPecoM
HPOUYTEHA TaKKe ¥ rHAPOJHHAMHKAMH, T, K. MHOTHE 4aCTH ee KaCaloTCA BeChbMa
HHTEPECHHX npob/ieM THAPOMEXaHHKH CXKHMaeMOM XXHIKOCTH, NpobJewm, npej-
CTaBJAKILINX OOMbIIOR CAMOCTOSITENbHHA HHTEpPEC HE3aBHCHMO OT NPHJIOXKEHUR
K MeTeoposiorud. Peluenns sTHX BONPOCOB H H3naraeMmelie METOAL MOTYT OHIThb
C yCnexoM HCHOJB3OBaHH Jisi HPAKTHYECKHX MPUJIOKEHHH B APYrux o6aactax.

JInnaMHyeCKyl0 METEeOpOJIOTHIO C PABHHM NMPAaBOM MOXHO OHJNO GH Ha-
3BaTh BOOOINE TEOPETHYECKOR MeTeopoJiorHefl, T. K. OHA B ONHHAKOBOH Mepe
onHpaeTcs B CBOMX BHIBOJAX Ha rHADOAHHAMHKY, TEPMOJAMHAMHKY H TeEope-
THYeCcKylo ¢usnky. BoratcTBo npo6JeM H BO3MOXHOCTh NPHMEHEHHA CaMBIX
CJIOXKHEIX H Pa3HOOOGPA3HHIX NPHEMOB MATEMaTHUYECKOro HCCJEJOBAaHHS COCTa-
BJSIET CYILIECTBEHHYIO 4EpPTY HAYKH JHHaMuyecKofi MmeTeoposoruu. B camom
ene, TO O6CTOATENbCTBO, ¥TO aTMocdepa npejcTaBideT COCOft CKHMaeMyio
XHAKOCTb, B KOTOPOfl MJIOTHOCTH fiBJsieTcsl QyHKiHeH He TOJBKO JaBJIeHHS,
HO H TeMmneparyps (no TtepMHHONOrHu BrepkHeca GapOKMHHHYECKYIO XHI-
KOCTB) JesiaeT HayKy o6 atmocdepe caMmoil CJIOXKHON, HO BMECTE C TE€M CaMoM
HHTEPDECHOR O06saCThI0 NPHKJAAHOR rujgpoAuHamuku. PasHooGpasue ¢opm
HPHTOKA SHEPruH, HMellee MecTo B atmocdepe, ¢ OfHO# CTOPOHEI HOLBOAHUT
Hac Kk npo6seMaM TEPMOJHHAMHKH JIYYHCTOR SHEPrHH, a C JPyrofl CTOPOHH
TpebyeT pasBHTHA MaTeMaTHYECKOH TEOpPHH TYPOY/JIEHTHOCTH CKHMAaEeMON XU~
KOCTH €CaMOro o6mero tuma.

Hapo ckasath, YTO AMHAMHYECKAsi METEODOJIOrHs, CPABHHTELHO HEJJABHO
odOPMHUBLIASACH KaK CAMOCTOSITE/bHAsI HayuHasl JIMCIHIVIMHA, JaJeKa OT KJac-
CHYECKOH 3aKOHYEHHOCTH M COBEpLIeHCTBa. B Heft Hab/monaetcs npeobialanue
HOCTABJCHHHX TEM HaJ TEeMaMH 33aKOHUYEHHHIMH H pa3pelleHHhMH. MOoxHO
CKa3aTh, 4TO HAayKa 3T4 HAXOAHMTCHA B HALUH [HH B NEPHOAE CaMORl SHepruy-
HOW H aKTyasJbHOM CTDORKH, H HET COMHEHHS, UTO mporpecc ee B OyayiueM
cuirpaet GosibLIYIO POJIb B Jie/ie YCOBEPINEHCTBOBAHHA NpeJCKa3aHH# NOro/u
HE TOJIbKO KPAaTKOCDOYHHIX, HO TaKke€ H JOJArOCPOYHHIX. DTa NOC/IAEAHSAS [pO-
6JieMa, uMerolas Kak H3BECTHO BeCbMa OOJbINOE 3HAYEHHE JJA BCEX CTOPOH
XO3fMCTBEHHOR XH3HH OOLIECTBA [0 CHX NMOP He paspelieHa yIOBJEeTBOPH-
TEJALHO IVIABHHIM O0pasoM 6Jarofiaps OTCYTCTBHIO COJHMIHOM TeopeTHuecKoi
faskl.

[Nepen aBTOpaMn HacTOsLIERA KHHIH CTOSIA OYEHb TPYAHAs 3ajaya H3Jo-
WEHHA OCHOB HayKH, HCKJIOYHTEJBHO 60ratoii no CBoeMmy COAEPIKAHHIO, H30-
6uayooumeli npotaeMaMu GosbuIOro HHTEpeca M GOJbIIOR CJIOMHOCTH H BMECTE
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C TeM BeCbMa HeCoBepllleHHOR no cBoeMy mnoctpoexuio. I[loBuauMoOMmy, 3THM
06’siCHAeTCH MAJIOYHCJIEHHOCTh OBGIIHX KypCOB H DYKOBOACTB MO AMHAMHYE-
cko# Meteoposorud. Hu opuHa M3 CylecTBYIOIIHX B MHPOBOMN JHTEpaType
KHMI TIO JMHaMHyeckoft meTeopoJsioruu (kypch bBoepkneca, dxcHepa u Kour-
MHJIEpa) He CBOGOAHA OT CYILECTBEHHHX HEJOCTATKOB, CTPajas HJH OTCYyT-
CTBHEM CHCTEMATHYHOCTH (DKCHep), H/IM HeJOCTAaTOYHOCTbIO MaTepHaJa (Kow-
muzep). Camasi 3HauuTeJNbHAsi H3 HHX H BeCbMa HHTepecHas kHura brepkueca,
(nanucaHHasi UM B COTPYIHHYECTBE C €ro YYEHHKaMH) INOCBSIEHA IJIABHHIM
o6pa3oM OOGILuMM BONPOCAM THAPOJHHAMMKH CCHMAEMON MHIAKOCTH H TOJNBKO
noc/sie[HHE e€ee [rJiaBh KAacCalTcsd COOCTBEHHO METEOpOJIOrHYeCKHX InpobJieM.
Janee, KHHra 3Ta CONEPXHT H3NOXKEHHE HJefl caMoro aBTOpa, MpaBjad, wueH
NOJIYyYHBIIHNX PYKOBOJsIEe 3HaYeHHe B JHHAMHUYECKOH METEeOpOJIOTHH, HO
MaJIO OTBOAMT MecTa paboTaM JPYrux HccjefoBaTesef.

IMpensaraemasi kHUra, 6e3 COMHEHHS, TaKXe He MOXeT OHTb 6Ge3ynpeyHa.
ABTOpH 3apaHee BHPaXalT 6/arofapHOCTb YHTATEJsIM, KOTODHE NPOYTYT
€e KPHTHYECKH M NMOAEJATCA pe3ysbTaTaMH CBOHX Da3MHIUVIEHHA H CBOHMH
KPHTHYECKHMH 3aMeYaHusIMH. )

Ocraercss ckasaTh HECKOJBKO CJOB 06 aBTOPCTBE OTHEJNLHHIX yacTel
KHHTH.

IFnaBa 1. Hctopuueckuft ouepk, Hamucana B. M. MaBekoBuiM.

IaaBa II. OGuue npuHuunn mexaHuku atmochepui—H. A. KuGenewm.

Fnasu III, u IV. Tepmonunamuka atMocepHEX HPOLECCOB H JYyHCTas
sneprusi B armocdepe—b. K. Mapekopnim.

FnaBa V.Cratuka atmocdeprl H yCJOBHS DacnpefeseHHsi MeTeoposiorH-
yeckdx asieMeHTOB ¢ BhicoTow—H. E. Kounnnim, 5. M. HaBekoBuM u B. A.
JlaBTsH.

Faaee VI m VI Kunematmka u nauHamuka atmochepu—IL §. Ilo-
Jsy6apruHOBOR-KounHo#.

FgaBa VIII. Bsaskocte # Typ6yJI€HTHOCTH HamucaHa 3 aBTOpPAMH—
JI. B. Kesnepom, H. A. Ku6esniem u bB. . H3aBekoBuim.

Fnaeu IX u X. BosHn H noBepxHoCTH pa3spuiBa B atMmocdepe—H. E.
Kouunnim.

Fnapa XI. O6was nupkysasuns atmocdhepu—H. A. KuGenem.

InaBa XII. Huxnons u antunukiaonsi—QO. A. Kocrapesofl. .

ITnaBa XIIL IMepunopnueckue spjienuss B atMocepe—M. A. OMminanckuM.

O6was pepakuusi KHuru npuHajiexana bB. WM. Uaeekosy u H. E. Ko-
YHHY.

Bce nanucaBmue 3Ty KHHry TPYA CBOM NMOCBSILLAIOT NMaMATH Ge3BpeMEHHO
ckoHyaBueroca A. A. $punmMaHa, KOTOPHR MOYTH IS BCEX HUX SIBJSUVICS YUYHTe-
sem u ppyrom. Her comHeHus, yto ecsu Ol oH OB cpeiM HAC, TPYZA STOT
6b1 OB BHINOJIHEH Jiyywle M coBeplueHHee. Ha MHOrux ctpaHuiax sToff KHHTH
aBTOPH NMHTAMKCh [AThb u3JjoxeHne unefi A. A. dpuamana, KOTOpHE TOJBKO
OTYaCTH OBUVIM BOIVIOWEHH B €r0 MHOTFOYHC/IEHHHIX HaN€YaTaHHBIX HAYYHHX
TpyZax. BeiCOKO TaJaHTVIUBHIA yuYeHHt OonyOJHKOBaJ MpH JHKH3HH AaJNeKO He
BCE, YTO MM OHUIO NPOJYMaHO H HaMeyeHO K ucCnoJiHeHHI0. Ecau TBOpUYecTBO
A. A. dpuaMana B 37Ot KHHre Hauwio ce6e JOCTATOYHOE BHPAXKEHHE, TO 3TO
IacT GosiblIOe YINOBJIETBODEHHE aBTOPAM KHHIMH M CO3HAHHE, YTO MpOJENaH-
HHH MMH B NaMATb JOPOroro yuutesas TPYA ObJI NpPEANPHHAT HE JapOM.
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Mcroprueckuit ouepk

[Mox wa3BanmeMm AuHaAMMYECKOR MeTeopoJsiorun mnocjenuue 10—20 Jger
pasyMenT LUCUHIVIHHY, KOTOPas, OnHpasCh HA MEeTOJAH MaTeMaTHKH, TeOpeTH-
yeckOil MeXaHHKH H (H3UKH, CTPEMHTCH JaTh TEOPeTHUYECKOoe OG‘aCHeHHe
NpOLEeCcCOB, NpPOHCXOJAAUMX B aTMocdepe. Kak camocTosiTe/bHAss HayyHas
OUCUMIVIHHA JHHAMHYECKash MEeTeopOoJorHs eule ovyeHb Mmosona. Oua BhigesH-
Jlach HOCTENEHHO H3 O6GHEero KOMIIeKCa MeTeoPOJIOr HHeCKHX 3HAHHA H Hacuu-
THIBAET BCEr0 HECKOJbLKO JECATHJNETHAi CaMOCTOATENBbHOR KH3HH. YHTOOH
FOBOPDHTL 06 €€ HCTOPHYECKOM Pa3BHTHH, HAJ0 CHAYaJa FOBOPHTH O PA3BHTHH
METEeOpOJIOrHH BOOOLIE, TAaK KaK C MNepBHIX K€ INaroB pasBHTKA HAykH o6
atMocdepe u aTMoC(epHHIX Mponeccax CTajH BO3HHKATHL NPOGJIEMH TEOPEeTH-
YeCcKoro xapakTepa, pelleHHe KOTOPHX TpeboBajsiH TOMHLHIX MaTeMarHye-
CKHX METOROB HCCJie/OBAHHUS.

Hacrtosmnfi KpaTKHR HCTOPHYECKMA OYepX HAYKH JAHHAMHMYECKOR MeTeo-
pPOJIOru¥ OTHIOAbL HE MpeTeHAyeT Ha HCYepPNHIBAIOINYI0 NOJHOTY H HMEer
LeJBI0 YKa3aTh M OMNpEAEJHTb TOJILKO OCHOBHHE STanb pa3BHTHA. 3ame-
THM e€emle, Y70 CaMO€ Ha3BaHHE ,HHAMHYECKas METEOPOJIOrHsf* He BIOJHE
COOTBETCTBYET XapaKTepy H3yYaeMOR [JHUCUMIJIHHE H JOMKHO OHITb 3ame-
HEHO HAa3BaHHEM ,TEOPETHYECKasd METEeOopoJorus®.

B npesHOCTH 1nOJ MeTEOPOJSOrHef NMOHUMAJIH BCE SIBJICHHS, TPOUCXOASIHE
Ha HeOe: JBM)KEHHE 3Be3l, 06pa3oBaHHe 00JIaKOB, BETPa, BHINaLEHHE OCAJKOB
1 T. 4. TakuM 06pazoM aCTPOHOMHSI H MeTeOopoJiorusi OHJIH OHHON HAYKOH.
ACTpDOHOMHYECKYIO M METEOpPOJIOrHYECKYI0 HAyKy POJHHJIO C MEepBHX LIArOB
HE TOJIbKO TO, YTO HaG/MOJEHUS aCTPOHOMHYECKHE M METEOPOJIOrHYecKHe HyXHO
OLUIO MPOH3BOJHTL IJsASA HABEpX, HO TaKKe H TO,4YTO 00€ OHH CTABHJIH CBOEH
3ajayelt npeackasaHue siBJICHUR.

B Espone cucremaTHueckne HaGJofeHHs Hag mnorojoft (koHeuHOo Ge3
MOMOUIH NPHOOPOB M HABEPHOE BeCbMa rpyOhni€ M HETOYHHIE) HAYaJHCh TNOBH-
JHMOMY OYeHb paHo: JieT 3a 500 no Hamedi spu. K 370My BpeMeHH OTHOCSTCH
Jlomenmue 10 HaC KaMEHHHE JOUIEeYKH C BHCEYEHHHIMH Ha HHX CBEJeHHSIMH
aCTPOHOMHYECKOTO H METeOpOJIOTHYeCKOro xapaktepa (TaKk HasbBaembe, Ma-
_panerMu*). 3TH NOINEYKH BHBELIMBAJHCH HA PHIHKAX M IJIOWIANSX, rie NpOouc-
XO[uJIN HapoJHHE cobOpaHusa. B HHX cofepixasuch METEeOPOJIOrHYeCKHEe JIAHHLIE
npeuMyUlecTBEHHO O BeTpe, a Takxke 06 ocafkax, rpajie H xoJjone. DTH JaH-
HHEe, MOBHAHUMOMY, NPEACTABAAIH COOOH BLIBOAL M3 MHOTOJIETHHX HAGJOACHHHA
H JaBajil TaK CKa3aTh KJUMATOJOrHYeCKHe XapaKTepHCTHKH MecTHOCTH. EcTecT-
BEHHO, YTO NMpeo6Jafla/in JJAaHHHE OTHOCHTEJNBHO BeTpa, TaK KaK OHH GoJsiee BCEro
HHTEpPEcOBa/iu TPEKOB—HApOJ MopemnJiaBate/elt, H HMEJH JJis HUX HEeCOMHEH-
HOe mpakTHyeckoe 3uauenue. B IV croseruu 10 namehi spu ApucrtoTeas
HamucaJ yxe TpaktaT no meteoposoruu (Meteorologica), B koTOpoM OH pas-
BHBAa€T CBOH B3I/l Ha NPHYHHH SIBJEHHR NOrojin. ApDHCTOTENDb €lle He
BNOJIHE ysiCHReT ce6e, YTO BeTep €CTh HH YTO HHOE, KaK ABHIKYINHMCS BO3AYX.
Hnsa cBoero BpeMeHH OH JaJ JOCTATOYHO Xopouee OG'sCHeHHe, CKa3ap, 4TO
o6Jiaka H JOXIb CYTh BJAXHOE HCrapeHHe ([HXaHHE) 3eMJH, HO B COOTBET-
CTBHM C 3tuM OH cCuHTaeT, YTO BeTep ecTh Cyxoe Hcmapenue (?). Tem He
MEHEE HeJab3s OTpHUATh, YTO B €ro Tpaktate Co6paH OGIIMPHEIN MaTepHai
OTHOCHTEJIBHO Pa3/iHYHBIX METEeOpOoJIOrHuecKkHx spJjenuiic O mepBwii pan
o6‘sicHeHne HHaufickoro mTopma. Ero yyeHHKOM H npopo/nkarteseM SIBHJCS
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TeodpacT, KOTOpHf 1an OMHCAHHE BETPOB a TAKXE YKA3aJ pasjinyHHe
NpU3HAKH MOTOJH, HAJLOJIO yAEepiKaBIIHECS H NPHMEHSBIIHECS YacTO B pas-
JHYHEIX HCKaXXEeHHBIX (opmax.

Breuenne 2000 Jsetr mnocje ApHCTOTE/S] Mb HE BHJHM 3aMETHOrO Npo-
rpecca B MeTeoposiorun. BarssinamH ApHCTOTeNsl NMHTAJIOCh CpelHeBEKOBbE,
XOTHl HieH ApHCTOTe/isi He MOIJH Jieyb B OCHOBY Hay4yHOro OG‘sicHeHHus ¢ak-
TOB, H60 OHH 110 cyluecTBY GHIM HenpaBuJbHEL. BepHoe npejicTaBieHune o cTpoe-
HuH atMocdepsl H NMPOHCXOASILIMX B Hell SIBJIEHHSIX BO3HHKAET TOJBKO B HOBOE
BpEMA M HAaYyWHAETCs C 3MOXd OTKpHTHA OapomeTpa.

Hecf8Tps Ha 3TO, mpaKTHYecKHE NO3HAHHS B METEODOJOrHH, BOOGIE
rOBOpS, CYLIECTBOBaJM H pa3BHBAJHUCh, INVIABHEIM O0Opa3oM, CpefH MopemnJa-
Batenefl W mnactyxosB. HopBexcknHe MopemyiaBaTe/NH XOAMJIH He TOJBKO MO
CeBepHOMY MOpIO, HO no6upasmuch takxe B Illotaannuio, I'pennanauio, a B XI B.,
KaKk B HACTOsl€e BpeMs TOYHO YCTaHOBJIEHO, AocTuriu 6eperoB CeBepHoit
Amepukd. Ycnex 3THX JaJbHHX I3KCNEeAHUHHA KOHEYHO B CHJBHOH CTeNneHH
3aBHCEJ OT NpPaKTHYECKOro 3HAHHS 3aKOHOB TPHPOJH, YTO BHAHO H H3 JIHTE-
paTyps TOro BPEMEHH.

Pa3suTHe MeTEOpOJIOrHYeCKHX 3HAHHM JajeKo LIATHYJO Brepej B 3MOXy
BEeJIMKUX reorpa¢uuyeckux OTKPHTHA. KOy M6 OTKPHUI NaccaTH eme paHbile,
yeM oH OTKphiJ Amepuky. Backo ne IN'ama OTKph/ HHIHACKHE MyCCOHH.
O6Ga 3TH BeJHKHE MOpEIJaBaTe/]s BJOXHJIM BCIO CBOK BOJIO B TO, YTOOH
3aCTaBHTb CBOMX MATPOCOB HTTH C 3THMH TAHHCTBEHHBIMH BETpPaMH, KOTOpLIE
BHyIIaJH BCEM CTpaxX M OBJIM TAK He MOXOXH HAa BeTpH, H3BECTHHE IO npe-
IByuMM nJaBaHusiv y GeperoB Eepombnl. B 310 xe BpeMs NpOHCXOMHT
BO3poxJeHne Hayku. HameyaloTcs myTH HOBOrO Hay4yHOro MeTona HCC/IeNo-
Banusi. Tpyaw Tanunes 3akJafhLBalOT OCHOBH AHHAMHKH, HeoOXonuMoO# Ans
JanpHeRIIero pa3BHTHA JHHAMHYECKOH MeTeoposiorHu. IlosiBasiorcs nepshie
NpUOOpH JJig HPOH3BOJACTBA HaG/moAeHHll. ¥xke B mnocjaefHeM JeCATHIETHH
XVI Beka Tasunefi Ha CBOMX JIeKUMSIX JEMOHCTpHpOBaJ NpuHbOp MJs H3Me-
peHusi TemnepaTyph — npoo6pa3 COBPEMEHHOro TepMoMeTpa. TosbKO OKOJIO
1640 roma TepMOMeTp HO CBOEH KOHCTPYKUHH NPHOJHU3NACH K COBPEMEHHOMY
tepMoMerpy. B XVII Beke tepmomerpn ele OhIM OYEHb PEAKH: OHH H3-
FOTOBJIAJIHCh, TNIaBHHM 06pa3om, B Hrtanuu (¢QaopeHTHiickHE TepMOMETPHI),
LUEHHJHCh BeCbMa JOPOro H HEpPEeAKO CJAYXHJH HONAPKAMH OT HTAJbSIHCKHX
JIBOPOB.

OrkphiTHe GapomeTpa oTHOCHTCS K 1643 ropy, Korja npou3BejgeH Gbul
sHaMeHHTHH onuiT TopHuueasu. Bapomerpuueckas wkajsa O6wlia HaoGpeteHa
I'yxowm (Hooke) B 1670 r. Toraa xe HauaJd noab30BaThcsi 6apOMETpPOM A
nejsefl npejackasaHys mnorofAn. Tak BricoTa PTyTHOrO crtosba 29.5 nroitmMoB
0603Hayajach KaK ,nepeMeHHo*, 29.0—, noxab*, 28.5—, cuibHEA 10X AL, 28.0—
»0yps“, a ¢ aApyro#t cropoHs Ha 30.0 mofiMOB cTaBWJOCH ,ficHO*, Ha 30.5—
»Cyx0“ u Ha 31.0 mofiMax—,o4eHb cyxo0“ QueHb CKOPO OHUIO 3aMEYEeHO
4acTo€ HECOOTBETCTBHE 3ITHX NPEACKa3aHHN ¢ jpefCTBHTENIbHOH NOrojoh.
IMostromy ¢usukn TOro BpeMeHH &pejJaraji MOJb30BaThCH GapoMeTpoM
C OCTODOXHOCTBIO H NPH Jaye NpPe[CcKA3aHufi BO3MOXHOH TNOrojiH pyKO-
BOACTBOBATLCA HaO/MONEHHSMH He TOJbKO B OJHOM MECTe, HO TaKXKe H B
OKPECTHOCTH.

OnHOBpPEMEHHO B HayKe HAUHHAETCH OOCYXKJIEHHE NPOHCXOXKJAEHHUs rac-
caToB, T. €. BO3HHkaeT npoGseMa obuied nupkyJsiun atMocdepu. B 1686 rony
yueHuk u npyr Hsiotona Taaneit (Halley), nonoxus ocHoBaHHe IHHAMH-
yeckoft Mereoposiordd. OH npennpHHas/ NyTellecTBHE B TPONMKH H HpO-
H3BOOWJI TaM HAaGMIOJEHHs] HAJ naccaTaMd H MYCCOHaMH. JTH CBOH HAGJIO-
JE€HHA OH CONOCTABHJI C 3aKOHOM TEIJIOBOTO pACIIHpPEHHS ra3oB H IIPHH-
unnoM Apxumena, cOrjacHO KOTOPOMY Macca pacliHpPeHHOro BO3AYyXa HOJDKHA
TOJHHMATBLCA HAJ 6oJiee THKENBMHM XOJIOJHHIMH Maccamu. Takum o6pasoMm OH
CYHTaJN, 4YTO NPHYHHOH TACCaTOB HABJSAETCH BOCXOAslIEe TEYEHHE BO3AYyXa
B 9KkBaTOpHanbHOM mnosice 3atuwins (doldrum). Toku Bo3myxa, mpHTEKawILue
K 3KBAaTOpPY C CE€Bepa M C I0ra ¥ 3aMeuailnye 3TH NOAHHMAIOILHECS MacCH
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BO3/YyXa, 06pa3yloT MOINHOE TeyeHHe maccaToB. [logo6HuiM e o6pasom OH
O6'ICHHJI JIETHHH MYCCOH KaK BOCXOXJIeHH€ BO3Jyxa HaJl HarpeThiM KOHTH-
HeHTOM A3HM H TOK BO3JyXa, MpHTeKamoulero Ha 3ameHy ero ¢ Humuiickoro
OKeaHa; a 3UMHHA MYCCOH—BOCXOAAIIUMHE TOKaMH, NOJHHMAIOUIMMHACS ¢ OKEaHa,
Taxk kak 3umofi Munuitckuit oxean okasmiBaercsi Gojiee HarpeTHM, Y4eM MaTepHK.

TakuMm 06pa3oM OCHOBaHHE [HHAMWYECKON METeOopOJIOrHH COBINa-
IaeT IO BPEeMEHH C OCHOBaHHWeM HeOecHoOl MexaHwku. Kax HpiooTOH cBS-
3an JBH)KeHHe HeOeCHHIX TeJ C 3aKOHAMH NafleHust TeJ, OTKPHTHMH [anu-
JleeM, Ha OCHOBAaHHH €ro 3HAMEHHTHX 3KCNepHUMeHTOB, Tak [assell CBA3an
JUHAMHMKY AaTMOC(EpDHHX HPOLECCOB C 3KCHEePHMEHTAJbHO YCTAHOBJCHHBIMH
3akOHaMH pacwHpenus rasoB. Opuako HbOTOH pa3usi TeOpHIO BCEMHPHOTO
TATOTEHHS] B CTPOro Marematudeckoii dopme, Torja kak laaselo ynanochb
JaTh JIMIIb KayecTBeHHoe oO6‘sicHenne (akToB. [Ipn stom B jajbHeiilieM
O0‘CHEHHH MaccaToB M MYCCOHOB [a/iell momes no HeHpaBHJbHOMY INYyTH
H ponyctua pAx owmun6ok. I[lo mHenu lamiesi, 170 06CTOATENBCTBO, YTO
naccaTel He SBJAIOTCS CTPOrO CEBEpHBHIMH H IOXKHHIMM BeTpAMH, a AYIOT
¢ NE u SE, 3aBucuT oT TOro 4to 6yATO OB MECTO B 3KBATOPHAJIBHON
30He, B JIaHHLII MOMEHT mnoJ/iBepraiolleecsi HaHOOJbIIEMY HAarpeBaHHIO COJH-
LeM, BpamaeTcss BOKPYr 3eMJiIH C BOCTOKa Ha 3anap. Toabko 50 ser cnycts
9TO0T OWHGOUHHH B3rysX OB HCNPAaBAEH €ro COOTEYECTBEHHHKOM H TakKxke
actpoHomoMm IN'anneewm (1735) (DTH HMeHa yacTO NMyTAaIOTCSA B Kypcax MeTeopo-
onoruv). I'apgaenn (Hadley) o6‘sicHun OTKJIOHEHHE NAccaToOB H MYCCOHOB
NpaBHJBHO, T. €. KaKk CJACACTBHE BpamieHuss 3emad H Toro (bakTa, 4TO
atmocepHnie JBMXKeHus HaluofaTcea ¢ Bpamamomefics 3eman. Ho Hanpa-
BJAfs HAeH B Hamgnexamee pycno, aggeit B To xe BpeMA He CyMeJ HX
o6ocHOBaTh C TOYKHM 3peHMs AMHaMUKd. Tak OH npHHHMaeT, 4TO OTKJOHS-
I0TCSl, BCJEACTBHE BpauleHusi 3eman, N B S Berpw, a W u E Berpn
He OTKJOHsIoTCA BOBce. ToJbKO Korja Obuia nokasana reopema Kopuosnuca
(Coriolis), cTajJO BO3MOXMHEIM IPAaBHJABHOE IpejcTaBjieHHe 06 OTKJOHSouieH
CHJIe BpallCHHS 3CMJIM.

[locne stHx BesukHX OTKPHTHH BTeuenne 100 Jiet MOYTH HE 3aMETHO
CYIECTBEHHOrO TNpoOrpecca B TeopeTHYeckofi meteoposiorud. TeopeTHueckas
MHIC/Ib B 06JIaCTH YHCTO MeTeoposioruyeckux mpobsem B XVIII Bexe He jaza
6OJBIIMX JOCTHXNKEHHH, HO0 CaMasi CJO0XHOCTH npoGjem CHJABHO TOPMO3HJA
UX pa3paGoTKy; TeM He MeHee Hag0 OTMeTHThb, 4T0 HMeHHO B XVIII
H B Hayane XIX Beka 3afoxeHn OCHOBH JHHAMHYECKOfl METEOpOJIOTHM.
B konne XVIII Bexa Dfinepom Ownsd JaHb ypaBHEHMsl T'HIPOIRMHAMMKH,
a B Hayajse XIX B. (1821) HaBbe (Navier) 0606wmja # pacnpOCTpPaHHI
DiyIepoBH ypaBHEHHs Ha cayyadl BsskoR xuiakoctd. B uavane XIX Beka Grisia
OCHOBaHA TEPMOJHHAMHKA H TaKHM 06pa3oM GuI CO3JaH TeopeTHYyeckHil QyH-
JaMEHT AJs JajbHeHIUHX HCCJAeNOBaHHH.

[TpakTHyeckass METEOPOJIOrHsl NOCTHIJIA 32 5TO Bpems GOJbIIHX YCIEXOB;
9TO B 3HAYHTENBHOM CTeneHH o6‘scHseTcss OOraThiM ONBHITOM MOPSAKOB B HX
JaJbHUX MJaBanusXx. [lnaBasi B Tponukax, OHH NMO3HAKOMHJIHCH C TPOMHYECKHMH
yparaHaMH H MOCTENEHHO OTKPHJIM MX LHKJOHHYECKYI0 CTPYKTYpy. IIpHsnaku
npuO/MHEHHsT STHX TPO3HBIX METeOpPOSIOTHYECKHX HBJCHHA ObJIH OYeHb
BAXHH [/l MOPSKOB, H OHHM CTApPaJIICh YCBOMTL 3HAHHE 3ITHX INPH3HAKOB KaK
NyTeM COOCTBEHHHIX HaGJIOJEHMH, TaK W MyTeM 3aHMCTBOBAHHA Y MECTHHX
xHuTenel. Busi NpoH3Be/ieHH MepBhie yAdyHhe NpefcKa3aHusi H BHPAaGOTaHLI
NpaBu/ia, C MOMOINBIO KOTODHX MOXHO GHIJIO IEPKATHCA HajblI€ OT ONMAaCHHIX
UUKJOHHYECKHX UEHTPOB. B OCOGEHHOCTH HYXHO OTMETHTb BaXHHE JOCTH-
KeHus, CHesaHHHE JefTeHaHTOM (BNOCAEACTBHH agmupaioMm) Mo pu (Maury)
B CeBepo-Amepukanckux Coepunennsnix Illtatax. C 1839 r. o mnoxpo6HO
H3yyas HaGJIofieEHss HaJ, BeTDAMH ¥ BO3AYLIHLIMH TE€YEHHSMH, NOJYYEHHHE
BO BpeMmsi IJaBaHUSA 1O ATJaHTHYECKOMY OKeaHy. JTO H3y4eHHe MPHBEJO
€ro K MBICAH O KOJabopanMH MopemsaBaTesefi pas/iyyHbX Hauu#t B 3TOM
Hanpasienud. Ilo ero mounmny B 1853 r. B DBproccene, cocTosicsi KOHrpecc
npejacTaBuTeNeH MOpPCKHX HauMii riae Onsi pasdpa6otaH mnsaH HaGJoAeHHR

Y/
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HaJl BEeTPOM BO BpeMs MOPCKHMX mJaBaHuil. B pesysbraTe CBOHX HCC/IEN0-
BaHul Mopu ykasaj, kakuMm 06pa3oM, NOAb3YsCh O6JarONPHATHHIMH BETpPaMH,
MOXHO OHIJIO COKPAaTHTBH NMPOJOJKHTEJNBHOCTh OOJIBIINX MOPCKHX fE€PEXOJ]0B
Ha napycHmix cynax. JIo Hero MOpCKOH mepexoj Ha NapyCHHKe /10 Geperos
Apcrpanuu Gpan 124 nHa, ¥ CTOJBKO Ke BpemeHH TpeGoBajock Ha o6pa-
THeE nepexof. Kopa6au, HanpaBastommecss Kk Mucy Jlo6poit Hapexnsl, miu
OoGBLIYHO MpAMO BIOAb Gepera sanajgHoit Adpuku. [lepecekiin skBatop, OHH
nonanaju B 064acTh I0r0-BOCTOYHHIX NAacCaTOB I0XKHOrO noJyluapus, rie
JNOJ/DKHBI GEIJIM CHJIBHO 3al€PIKHMBATHCS, HAS NPOTHB FOCHOJACTBYIOIHX BETPOB.
MopH nokasas, 4TO BpeMs nepexojfa MoxeT GHTb COKpPalleHO, eCjaH KopalJb
nepecekaeT 3KBATOP B TOYKe, DACHOJOKEHHOH 3HAYMTEJNBHO 3anajHed, HAR
Kk GeperaM l0)KHOH AMepHKH H oru6as 3aTeM 3anafHbll Kpa#t 06JacTH BHICO-
KOro paBieHus, pacnosioxkenHofi B IOxuo#t Artsantuxe. bBnarogaps stomy
NpeANoXEeHHI0 MOPCKOH nepexoj B ABctpaiuio BmecTo 124 nHel COkpaTHics
no 93 nHel, a o6paTHHH paxe 10 63 cyTok. :

Baxuuit mar Bnepen 6ma chnenan bpauznecowm (Brandes), koTophift
B kHure ,Beifrige z. Witterungskunde* (1820) nokasaJs, 4TO nenpeccHHd mepe-
MEeLAlTCs, KaKk TNpaBHAO, C 3amaga Ha BocToK. OH nojpo6HO HCCaenoBal
GoJbliIOe YHCJIO 3aMeyaTesNbHHX JeNpecCHil H H/IIOCTPHPOBAN CBO€ HCCJIENO-
BaHHE NEepPBHIMH CHHONTHYECKHMH KapTaMH, T. €. KAPTaMH, HA KOTOPHX GHIIH
HaHeCeHH NAHHHE€ OJHOBPEMCHHHIX HaOJ/IONEHHH JaBJieHHs, BeTpPa H TeMIe-
paTypH.

Awmepukanckuit Meteoposor dcnu (Espy) B 1841 rony onyGsukoBai
kuury ,The Phylosophy of Storms“, B. KOTOpPOH# OH BLICKA3LIBAET MOJIOXKEHHE,
YTO B JENPEecCHH BO3JyX CTPEMHTCS K UEHTPaNbHOM 06JaCTH HH3KOrO JaBJie-
HHs, KOTOpas siBasietTcss 06JACTBI0O BOCXOASLIMX BO3JAYIUHHX TeyeHHil. Takum
o6pazom Jcnu ¢GoOpMYJHpyeT BHepBHE OCHOBHHE MOJOXEHHS TaK Ha3LBaeMoi
»,KOHBEKIIHOHHOK TEOpDHH TPOHCXOXIEHHs UHKJOHOB®, KOTOpas Jepiajach
B Hayke 10 nociefHero BpeMeHH. OH TepBHR TaKXKe YKasaJ Ha BaxHYIHO
pOJib BOASSHOrO napa B TE€PMOJHMHAMHKE aTMOCHEpHHIX NpPOLECCOB.

Bpems okosno cepemunnl XIX croserus oriHuaetrcs O6OAbIIOH HHTEH-
CHBHOCTBIO paboT mNo MeTreoposiorud. MHorme muccienoBaTeNin  H3yyalH
OTAeJbHBIE CAyYaH IWTOPMOB H (popmyaHpoBajsu obliue NpaBujia JJis pacrpe-
JleJIeHHs] BETPOB BHYTPH IITOPMOBHIX 06JiacTell 1 nepemenieHns caMmux obnacted.
Moxs0 ckasaTh, uTO Ok0JO 1850 rofa COCTaBHJIOCH yXe SICHOE TNpejcTaBle-
HHe O pacnpejesieHHH BeTpoB B Gapuueckofi JenpeccHH, GJH3KOe K TOMY,
KOTOpOe GhJIO OCLIENPHHATHIM B HaykKe JO NOCAeJHero BPeMeHH.

OnHako BO BCell 3TOfl o6lupHO# HayyHOH pabGoTe He xBarajo o6‘enu-
Hsifollero Hayaja. Bce 3TH 3HaHHS OCHOBHIBJHCH HA OTHEJbHHIX HAGJIOAEHHSAX
OTAENBHOTO YeNOBeKa, OTHEeNbHOro kopabas, otiheapHo# cranuuu. IlpaBia,
eme B koHuHe XVI Beka OhliH NOMHITKH OPraHH3auUHMH METeOopPOJOrHYeCKHX
ceTefl M Ko/Ja6opauMH B O6JacCTH MeTeOpOJOrHuecKHx Habmojenuit. Tak
JIOMOHOCOB KaKk B CBOHX aKajJileMHYeCKHX peuax, TaK H B eYyaTHHIX CTaThAX
yKa3eiBaJ Ha TO, 4YTO METEOpOJOrHuecKkHe HaGAIJleHHsl NpeiCTaBAsioT rpo-
ManHbfi GeclopslOYHLI MaTepHas, JIMIIeHHH# Kakoi-iH60 CHCTeMATHYHOCTH.
B Poccun TOro BpeMeHH STH HIeH He MOIJIH HA#TH OTKJHMKA B COBPEMEHHOM
ofmectBe U He ORVIH MOAAEpXKaHw rocynapcTBeHHOH BJacTbio. Bosee 6Gaaro-
TIPHATHYIO NOYBY HAaUIH HJeH, NOJOCHBEe BHICKAa3aHHHIM JIOMOHOCOBHIM,
3a rpanunefi. B 1771 r.Hemeukwnit Meteoposior JlamM6e p T neyaTHO NMPU3LIBAT
K M3Y4Y€HHIO ,OJHOBPEMEHHOro H NOCIeJOBATENBHOTO COCTOSIHHS aTMOCheph
H 3aKOHOB, JieMAalluX B OCHOBE aTMOC(EpHHIX NPOoueccoB, AJs 4e€ro Heo6xo-
M3, 1O €ro MHEHHIO, OPraHH3alHus CeTH METEOPOJOTrHYecKHX CTaHUHH, no
BO3MOXHOCTH, HA BCEM 3E€MHOM ILiape.

B ocymecrBienne stux upedt B 1780 r. B Ildanbue OwIO yTBEPMKAEHO
ManreitMmckoe MeTeopoJIorHuIecKoe OOUIeCTBO B BHAE ,METEOPOJIOrHYECKOro
ksaacca“* Axkagemun Hayk. 9710 OO61mecTBO 3aHSJIOCh OpraHH3auHel CeTH CTaHuHM
CHayajia Ha TeppuTopuHu I'epmanuu, a xorna O6uwecTBO O6pPAaTH/IOCH K YYEHHIM
OpraHu3auusM pa3HuHX CTPaH, B TOM HHCJIE H K Haulel AxajaemMud Hayk, ¢ npu-
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3BIBOM NPHHATbL y4YacCTHE B OPraHH3aUHM MEeTEOPOJOTHYECKHX HaGMIofeHHu#H, TO
CTaJNH OTKPHIBATHLCS CTAHUHH H B APYTrHX CTPaHaxX, H CKOPO CeThb BO3POCJa A0
39 craHuHi, KOTOpHe ObH OGopynoBaHL®3a cueT O6miecTsa 6apoMeTpamH,
TEpMOMEeTPaMH, JOXJAeMepaMH, HCHapUTeJsiMH, QJIorepamMy H 3JIEKTPOMETPaMH,
a HHOTJA H MarHUTHLEIMH CTpeJkaMH. PafioH CeTH OXBaThIBaJ I'POMANHOE MPO-
CTpaHcTBO OT ¥Ypana Ha BocTok go KamGpumxa B C.-A.C.ll. Ha 3amajge H oT
I'pennannun 10 CpenuseMHOro Mopsi ¢ ceBepa Ha ior. PoccHs 6mula mpeiacTa-
BJeHa Tpemsi cTaHuusiMu: [TumiMeHckuM 3asoloM Ha ¥ pane, Mockso# u C.-le-
tep6yprom. Habmonenust cetu Guin onyGaukosans B 12 Tomax (1783—1795),
HO, pasyMeeTcsi, BBUAY PEAKOCTH TakOil CeTH TPYAHO OBVIO cAeslaTh H3 3THX
HA6MIOJeHH# BHLIBOAE TeOpeTHYECKOro XapakTepa OTHOCHTEJBHO 3aKOHOB BO3-
AYLIHBIX TeYeHHH.

Becbma 3ameuaTesibHble OOWHE HAEH TEOPETHYECKOTO XapaxkTepa ObLLIH
BLICKA3aHH 3HaYyHTeJbHO mo3gHee, B 30-x H 40-x rogax XIh ctogetus. OHH
CBfI3aHBI B HCTOPHH MeTeoposoruu c¢ umerHeM Jlose (Dove), mpodeccopa ¢u-
aukd B bepauHckom yHHBepcHTeTe, 9 JeT 4YWTaBulero TaM OJHOBPEMEHHO
cTeapmroabuem. I'masroe counnenne Dove ,Meteorologische Untersuchun-
gen“ Hanmucano HM B 1837 rony. Ha ocHOBaHHH CcOGCTBEHHBIX HAOMIONEHHH,
KOTOphle MOKa3aJH eMy BHEe3aNmHOCTb THIHYHLIX H3MEHeHH{l Horoiwb (BHe3amn-
HOe MaJieHHe TeMNepaTyphl, CBs3aHHOE C BHE3aNHHIM Xe II0OBOPOTOM BETPa,
Hayalo H KOHell NOXJs) H CONOCTAaBJEHHS eBpONeiicKuX HabJmoneHu# ¢ HabJmo-
JEHHAMH JAPYFHX 4acTeii cseta JloBe mnpunucan H3MeHEHHs] NMOTOJAB B yMme-
PEHHOH 30He ,H3MeHYHBOMY CYaCTHIO B IOCTOSIHHOH GopbGe Mexay IoJsip-
HLIMH H 3KBaTOPHAJBLHBIMH TOTOKaMH Bo3ayxa“. Takum o6pa3om, KaKk OCHOBHOH
¢axtop moroan JloBe BHABHHYJ BeTep H CMeHy BO3JAYyIIHHIX TEUYEHH, NpH-
HOCSIIIHX BO3JyIIHBIE MACCH Pa3JHYHO# NMPHPOALI, Pa3NHYHON MOTEHLHAJbHOH
TEMNEepPaTypH H BJAXHOCTH.

OnnoBpemeHHo ¢ JloBe 3ameuaTesNbHbie IO CBOEMY BPEMEHH PabOTH
OLVIH CHEJaHB TepMaHCKHM yueHnM Baasuycowm (Blasius), pa6oTaBuium
B Amepuke. OH NMoApo6GHO HCCAEN0BaJ CTPYKTYPY dMEPHKAHCKHX TOPHAJO MO
TeM pas3pylLleHHsIM, KOTOpble OHH NPOH3BOAHJH Ha cBoeM nyTH. HMccnenys
yCJOBHsl HX OOpa3oBaHHsl H TNepeABHKEHHS OH Halles, YTO OHH OOLIYHO 3apo-
WKJAIOTCA Ha NepelHeM Kpailo XxonaoAno# BoJebl. IIpu stom baasuyc naet
COBEPILIEHHO SICHYI0O KapTHHY TOrO, KaK XOJIOAHHIH BO3JAyX MOATEKAEeT MOX
TemJelf BO3JYX CHH3Y W KaKk o6pa3yeTcsi HAaKJIOHHAs NOBEPXHOCTh pasjeta
MexJy XoJOAHOi M TemJoi maccoit. TaM, rie 3Ta moBepXHOCTDL pasjesna mnepe-
CekaeT 3eMHYIO MOBEPXHOCTb, HAGMIOJAeTCs Pe3KHil NOBOPOT BeTpa M pe3Kuil
CKa4yoOK B pacmpefie/leHHH MeTeopoJOrHYeCKHX 3sJjeMeHToB. Ha Takoit mosepx-
HOCTH pasjfella MOXeT 3apONHTbCA He ONHMH OOJbLIOH BHXpPH, 4 LeJas nocie-
JIOBaTEJbHOCTh BHXpell, NMepeMelanuxcs oauH BCaen 3a aApyruM. Kopoue
roBops, Biasnyc paspuBaer uuen mepeMeLiaiomerocs mnojsipHoro ¢GpoHTa, kKo-
TOpLHIE B HOBOH, 6oJlee COBepiieHHOH (opMe BO3pPOILUINCH B HellaBHEe BpeMs
B Hopeeruu, B pa6orax npodp. Brepkreca u ero mkoan. Kuura baasnyca
6bl1a HaneyaTaHna B 1851 r., LeBHIACh H NPHU3HABAJIACh METEOPOJOraMy, a MOTOM
6blj1a OCHOBaTeNbHO 3a6riTa Hapany ¢ pa6oramu Ilose.

Barasans [loBe, mpopouéckn nmpeJBOCXHTHBIIHE MHOrHE HOBHIE TEOpEeTH-
yeCKHe NOCTPOeHHs, rOCNOACTBYIOLHE B Haile BpeMsi, BHauyajJe ObIH BCTpe-
YyeHbl MeTeopoJoraMH BeChbMa COYYBCTBEHHO, 4 3aTeM INOJBEpPIJHCH MOJHOMY
oTpuuanHio. Ha HcTOopHHM 3TOro BoOmpoca cleayeT OCTAHOBHTBCS HECKOJbKO
noJpoGHee.

Jeso B ToM, yTo B3rasAb JloBe, BecbMa OCTPOYMHbIE H OPHIHHAJLHEIE,
He OLIIH OCHOBAHb Ha 60JBIIOM M XOpomo paspaGoTaHHOM matepualie. B Hux
OTCYTCTBOBaJH MO OoJbliefl 4acTH (PH3HKO-MATEMATHUECKHE NOKA3aTeNbCTBA
H CTAaTHCTHYECKHE HCCJeNOBAHHA PA3NHYHBIX ciy4aeB. [l 3Toro He .6LUIO
B TO BpeMsi JOCTaTO4YHOIl MOYBH, H €CTEeCTBEHHO, YTO B Pa3BHTHH HaYyKH
JoJMKHA Oh1a HAauaTbCs pedakuHst npoTHB Hieft [lope, a HexoTopble (DAKTH
H BHelIHHEe OGCTOSITeJbCTBA HANPABHJIM METEOPOJOrHIO B COBEpIIEHHO Jpy-
roe pycio.
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Yepea HeCKOMbKO JeT NOCJe BHIXOAA B CBET KHHrd JloBe OIHO CTHXHIi-
Hoe GelCTBHE YCKOPWIO OCHOBaHHe ,Telerpaduoil caymOn NMOTOALL

Bo Bpems KpriMCko#t BOHHE COI03HBIH aHrn0-ppanuy3ckuit $JIOT KECTOKO
mocTpajzan oT wTopMa Ha YepHom Mope, NpHuYeM NOTHGJA0 MHOrO, NMPEeHMY-
-eCTBeHHO (pannysckux, xopabueit. IIpasuteavctBo Hamoneona IIl, scTpeBo-
KEHHoe 3TOH Heyjauelf, ob6paTuioch K acTpoHomy Jleseppbe (Leverrier)
C NMOPYYEHHEM HCCJEeA0BaTh BONPOC O BO3MOMKHOCTH NPELOTBPALIEHHS TAKHX
COOLITHH MyTeM JauH peryJsapHHX NMpeackasanuit nmoroxas. JleBeppbe cobpas
Ha0JMoZeHHs1 CO BCexX CTaHuMH EBpons M mokasas, 4TO WITOPM NpHILEa H3
Aursuu uepes Bcio EBpony Ha Yeproe mMope. B cBoeit noxaafHofi 3amucke
110 5TOMYy IOBOJY OH BLICKA3HIBAETCH 33 INOJIHYIO BO3MOXHOCTb OCYHIECTBJATH
NpeJICKa3anHsl TIOrojhl, €clMH OyleT OpPraHH30BaHA AOCTATOYHO rycTas CeTb
CTaHuui, KOTOpHIE MOrJH Ol mepenaBaTh JaHHbie CBOHX HaGaiofeHuit
B LEHTpanbHOe 6iopo mnoroan. UYepea HecKosbkO IHeH moCjae JOK/A3na
Jleseppbe Hamoseon Il nopyuus emy coBMeCTHo C JupexkTopoM TeJderpada
Opranu3oBaTh TeJerpaduyio cayk6y moroasl B uejdom psife (¢paHily3CKHX
roponoB. O4YyeHb CKOPO 3TOMy NpHMepy NOCJAENOBAaJNH APYrHe eBporneiftine
TOCYIapcTBa W Tpexje BCero AHIVIHS, B KOTOPO# METEOpOJOruueckas ciyx6a
(Meteorological Office) 6m1a opranusopasa B 1856 r. moj yupas/jeHHeM afMH-
para ®uunpos. Bckope nocae 1860 r. Ouupodi Ha OCHOBAHHH e€XeJHEB-
HBIX COOOUIeHH# CTAHUHMH <Td/ JeJaTh eXeJHEeBHhle NPEeJCKA3aHHs MOTrOAH,
a B 1861 r. BBes1 B caymOy MOrofnl CHCTEMY LUTOPMOBLIX CHrHaJoB. [IporHoant
®unposs OHJIH BCTPEYEHbH BECbM3a COUYBCTBEHHO OOGILECTBEHHLIM MHEHHEM
AHr/IHH, HO BBI3BAJIH CTPOTYI0O KPHTHKY CO CTOPOHH HAaY4YHHIX KDYroB.

OxoHyaTeJbHAsT OPranH3anHis MexAyHapoJHOro COTPYyAHHYECTBA B 06JIaCTH
CHHONITHYECKOA METEOPOJIOTHH H OPra’H3aiys MexJyHapoAHOH CeTH CTaHIHM
6bisia 3aKpemieHa MEXAYHApOIHBLIMH KOHrpeccamu meteoposoroB B 1872 r.
B Jleitnuure u B 1873 r. B Bene. Kazanoce Gbl, uTO TeopeTHueCKasi METEOPO-
JOorusi JOJXKHA ObJa MHOTO BHIUIPaTh OT OPraHH3ALHMH CHHONTHYECKOMH
CayxO6bl IOrofLl B MeXIyHapoZHOM Macumitabe. be3 COMHeHHSl TakHe BHLIFOLH
U OLIIM H3BJEYEHH OTCI0Jla BMOCJAEJCTBHH, HO BHAauajJe HEKOTOpbie 06CTOS-
TEJbCTBA CHIIPaJH CKOpee OTPHLATENbHYIO pPOJb U NPHUBEIH K BPEeMEHHOH
3aJlepKKe B PA3BUTHH TNPABHJbHLIX TEOPETHYECKHX TMpeACTaB/eHuit 06 aT-
mMocdepHEIX MpoLeccax.

Jeso B TOM, YTO OCHOBHast METEOPOJIOTHYECKAs! CETh BHAYAJe H BTEYEHHE
JIOJITOrO MPOMEKYTKA BPEeMEHH ObJIa HelOCTaToyHo rycta. OHa jaBala BO3-
MOXHOCTb YJIaBJHBATbh JIHIIL OOILHE 4YepThl SBJEHHi MOroAn Ha GOJbIION
TEPPHTOPHH, HO COBEpUIEHHO He of6ecneyuBasa JAeTANbHBIX HAGMONCHHI.
Ecan Obl ceTh 6bla Gosiee rycToio, TO OHa 6e3 COMHEHHs najna Obl BO3MOX-
HOCTb YCTAHOBHTb IIOJHYIO CBSI3b $IBJIEHHH MNOrofbl C pe3yJbTaTaMH, MOJY-
yeHHHIMH bBJaasuycom u Jlose. Ho mpu ceTu cTaHumit, pacnoJiOxeHHbIX Ha
pPacCTOSIHHH COTEH KHJIOMETPOB OJHA OT APYroil, COBEPUIEHHO CTYLIEBLIBAJIHCh
BaX<HbI€ MOJAPOGHOCTH BO3AYIUHHIX NMOTOKOB, H HHIJE Ha KapTe Hesb3sl OHUIO
3aMETHTh HH pa3pbiBa HENPEpPLIBHOCTH, HH pasjelbHLIX JHHHH, pasrpaHH-
YHBAIOLIHX GOPIOLIHECS MOTOKH INOJSPHOrO H TEIJIOoro BO3NyXa.

970 06CTOATENBLCTBO OLIO OYeHb HebGaaronpHsTHO WS PA3BHUTHs H pac-
npoctpaseHus ujeit Jlose u ero mkoas. Barasab ero uesuxom GuUIH OTBEPTr-
HYTEH W Ha J0Jroe BpeMsi NOXOpOHeHH. [as camoro Jose, a Takxke H I
Baasuyca 37O OG0 JuuHoll Tparenueit. Jlose, elje HeJaBHO MO0JIL30BAB-
muiics BecbMa GOJBIINM aBTOPHTETOM Cpeld meTeoposoroB Esponn u Ame-
PHKH, ObI NMPH XKH3HH COBeplIEHHO 3a6hHT. Biaasuyc MHOro JeT ChmycTs, yxe
CTaphbiM 4eJIOBEKOM, BEPHyJCs B EBpony H 10 KOHUA KM3HH OCTaBaJCS Bepex
CBOHM B3IJIf[1aM, KOTOPEIE OH MHTAJCA INponaraHaupoBaTth B NeuaTH. Ho oH
He BCTpeYaJ] HHKAKOI'O COMYBCTBHf, H PeJaKTODH BJHATENIbHHIX H3JaHHH Aaxe
OTKa3LIBa/MH €My B MEYaTaHHH €ro CTaTe#l BBHAY arpeCCHBHOCTH HX TOH2 H

NMOCTOAHHBEIX HaNaaOK Ha HOBOE TOCIOACTBOBaBliee Tenepb HANpapJeHHE
‘ B JHHAMHYECKOH METECOPOJIOTHH.



Ipyras unes saajesa Tenepb yMamu IpeACTaBHTeNell TEOPeTHYECKOH H
CHHOMTHYCCKOH METEOpOJIOTHH, KOTOpHIe HANPABJIIH BCE CBOE BHUMAHHE Ha
COCTaB/NEeHHE U H3yYeHHe eeJHEeBHbIX CHHOITHYECKMX Kapr. DTo Oblia uaes
nepeMenaouuxca 6apudeckux ocoGenHocreili. B To Bpemsa kak Jlose u ero
LIKOJNA CYHTANH BeTep OCHOBHLIM 3/IEeMEHTOM H B NMPHPOJE BO3AYLIHHIX TeYEHHH
HCKaJIH KJI0W K OODBSICHEHHIO SIBJEHHH mNOrofh, NpHIlefulee UM HAa CMeHY
MIOKOJIEHHE BO TJaBY yIJ1a TOCTABWJIO H3yYeHHE MoJell 4aBJeHHsl, KaK OCHOB-
Horo (hbakTopa CMEHBH NOr'ojH.

Ha stom nyTu B mepBbie rofb mocie OCHOBAHUA TeserpadHoit caymOHl
BCE NPENCTABASJIOCh OYEHb SICHHIM H CYJHJIO B JalbHeiilleM OYeHb GOoJbLIHE
BO3MOXHOCTH. DTO BpeMsl ObJIO BpeMEHEeM KaXyluerocs TOpxeCTBa METeopo-
JIOTHH, H MHOTHEe CYHTalH, YTO yCnexX GJaronpHATHHIX mnpejckasanuit obecrne-
HyeH, H 4TO €M OH elle He JOCTHTHYT, TO NPHYHHOH 3TOrO SBJAAETCS TOJbKO
CpaBHHUTENBbHAS PEAKOCTb CTAF.(MH W Majoe PasBHUTHE CeTH. .

[Tpoxnanka TpaHcaTiAaHTu4Yeckoro rederpajpHoro katess, B Jese KOTO-
poro 3ampocCel HOBOH METEOpOJNIOTHH TakK)e HMeJM 3HaueHue, euie OoJee
OKPEUIHJIA HaJlem sl CHHOINTHKOB H TeOpeTHKOB Hayku ob6 armocdepe. ITona-
rajig, 4To nocle ero NpoBeneHHs BCAKHH TOpM Yy GeperoB EBpombl MOMXeT
6Tk npenckasaH 3apaHee. Ho Hafewxab 3TH najeko He onpaBAasuch, H IOCTE
TOro, KakK eBpomnefiCKasi 1 aMepHKAaHCKasi Ny Obl MOrofbl OblH CBSI3aHE! TeJse-
rpadom, TPeACKa3aHHs! MOTOAH He CHeJaJHCh Gojee TOYHLIMH. JlasnbHelimas
pa6oTa CHHONTHKOB OHIA HaNpap/JeHa Ha TO, 4TOOH 3aNOJHHTbL HabJioje-
HHSIMH TIpomacTth, pasfedsiomyio EBpony u AmepHky, T. €. OpraHH3OBaThb
npaBusbHbie HAOMOAEHHS Ha KOpabasx, COBepLIAOLHX pelich no ATian-
THYeCKOoMYy okeany. ITo unHumatuBe matckoro Meteoposora Tlodmedtepa
(Hoffmeyer) Hayato GblJO0 U3NaHHE eXEIHEBHLIX CHHONTHYECKHX KapT ATJaH-
THHYEeCKOro oxkeaHa. Pa6ota coGupanus HaGmioleHu#t Guija opranuaoBaHa Jlart-
CKHM MeTeoposiorHyeckum HHcTHTYTOM B Komnenrarene u Deutsche Seewarte
B Tamb6ypre. T'odmeilepoBckHe KapTh, B KOTOPHX CoGpaH GOJBIIOH H LEH-
Hbfi Matepuan HA6MIOLeHHI, BHIXOAHJH BIVIOTH AO Hayajga BofiHm 1914—
1918 rr.

Ho u atm kapTh, namompe BO3MOMXKHOCTL CHHTe3a HabGMoJeHu#i Hal me-
TEOPONOTHYECKUMU 3JIeMEHTAMH BCEro CEBEpPHOro MoJyullapus, He MOJBHHYJIH
Briepe] fesfa mMpejCKa3aHHit H He mMPHOJH3HJIH K NOCTHIKEHHIO HCTHHHOH (u-
3uyeckofi cymHocTH atmocdepHux mnpoueccos. Casp H. llloy rosopur, uto
nocje TOro, KaK 3TH KapThl MPoJeXalH JoJroe BpeMsi Ha CTOJNE Y MeTeopo-
JIOTOB H HHKTO He MOT HAalTH B HHX AICHHIX H OOGUIMX 3aKOHOB, HHTEpPEC K HHM
3HauuTeJbHO ynaia. [losBHJIOCH Hae HEKOTOpOe pa3oYapoBAHHE, H MHOTHE
MeTeOpOJIOrH OOPATHIHCh K H3YYEHHIO KJHMaTONOrHYECKHX npobjeM, CUHTas,
49TO Hay4yHHIE METOAb MCCIeNOBAaHHS HAXOAAT Jyudllee NMpHMEeHeHHe B KJIHMaTo-
JIOTHH, YeM B CHHOINTHYECKOH H JHHAMHYECKOH¥ MeTeopoJIOrHH, mpobieMbl KO-
TOpolt IO CBOEH CJIOKHOCTH euie NoJroe BpeMs He OYAyT AOCTYIHH Cepbes-
HOMY HayyHOMYy HcCAeloBaHuio. CeMHAecsTHe H BOCHMHJAECSTHIE rONb Xapak-
TEPH3YIOTCH OOJbIIHM PAa3BHTHEM CTATHCTHKO-KJIHMAaTOJOTHYECKHX HHCTHTYTOB;
B OOJbIIHX MEeTEOPOJIOTHYECKHX O06CepBaTOpHsIX BCe OGoJjblle KyJbTHBH-
PYIOTCSl CTATHCTHKO-KJHMATOJNOTHYECKHE METOMbl, a MPOTHO3b NOTOAH M CBS-
3aHHLIE C HHMH TeMbl TEOPETHYECKOTO XapakTepa OTOABHUIalOTCs HA BTOPOI
J1aH.

Hneun Jlose u Baasuyca B 50-X ronax u B nmoclefyiouine rofsl, Kak cka-
3aHO BhIlIE, BOOOLIE HAXOAHJH MAaJjiOo CTOPOHHHKOB. TOJAbKO B AHrJIMH agMHpal
duupoit (Fitzroy), TalaHTIHBHH OPraHH3aTOpP H OCHOBOMOJOXKHHK CJyxGhl
MOro/ibl, BO MHOIOM MPHMBIKAA K HX B3rJISfaM H NPOROJKAN B CBOHX paborax
HTTH TYTEM, OTJIHYHBLIM OT MNyTH GOJIBLIIHHCTBA €BPONEHCKHX METEOPOJIOTOB.
B xnure ,Weather Book“ (1859—1863 r.) ®uupoit uanaraer Bsrasjel, KoTopoe
CMIOXKHJHCh Yy HEro eie BO BpeMsi MJIaBaHHS COBMECTHO ¢ JlapBHHOM Ha Ko-
pa6ae ,burap“ (1851—1855). On Tak xe kak u JloBe B OCHOBHOM HCXOIHT
U3 NPeICTaBjJeHHsl O JBYX INOTOKAX BO3AyXa-— MOJSIPHOM H 3KBATOPHANb-
Hom. Mayyenne oGIIHPHOro CHHONTHYECKOT@ MaTepHajJa KapT AaJA0 eMmMy BO3-
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MOXHOCTb IlIHpe CMOTpeThb Ha Bellld, 4eM CMoTpea [loBe, H B TO BpeMs Kak
pa6ote JloBe CTpajalH HEKOTOPOH OTBJIEYEHHOCTBI0O M OTOPBAHHOCTHIO OK
Ha6moneHnH, paGoT PHUPOS OCHOBAHH HA GOJBIIOM CHHONTHYECKOM ONHITE
H nepepaboTKe MHOrOYHCJEHHBIX MaTepHaJoB HabmonxeHul. BHHMaTenbHOe
YyTeHHe YKa3aHHHX paboT y6ewxnaeT B TOM, uro PuuUpOit HMes yKe BHOJAHe
fICHOe NpejCTaBjeHHe He TOJBKO O MOJSIPHOM (DPOHTE, HO H O 3aPOXKIEHHH
LHKJOHOB Ha 3TOM (ppoHTe (UHKJOreHes3), O TEIJLIX H XONOIHHIX Maccax BO3-
JyXa, OKK/IO3HH H T. M. KOHeuyHO, 3TH HMIeH BLIPAXEHH Y Hero Jalexo He
JNOCTaTO4HO siICHO. BMecTe ¢ TeM B cBoHX BhiBoAax PHupoit OB 3HAYHTENBHO
ocropoxHee [JloBe. Tak, Hanpumep, B TO BpeMmMsl Kak NOCJAeNHHil OO KOHLA
XH3HH OTyJbHO OTpHUAJ OapHyeCkH# 3aKOH BeTpoB, PHUpOHl CUHTAA ero
»BAXKHBIM H TMPAKTHYECKH TMOJE3HHIM® H BHIpaXaJ COXaJeHHe, YTO HAa Hero
0o6pam@aioT MajJo BHHMAHHS.

Ho ctoan, xasasoce Obl, TIOAOTBOPHEIE H OPHIHHAJBbHEIE IO CBOEMY
BpeMeHH Bo3peHHs PHUPOA MaJO BOCNPHHHMAJHCH €ro COBPEMEHHHKaMH
4 BCTpeuYaJH HelOBepUHBOE H KPHTHUECKOoe OTHoulenHe. B Guorpapuax duu-~
pos coobmaercs, 4YTO OH MNOKOHYHJA C COGOH B NpHUNAaJKe YMCTBEHHOrO
paccTpoficTBa. M3aBeCTHO, 4TO 3TO yMCTBeHHOE PaCcCTPOHCTBO OLIO BHI3BAHO
HeCMpaBeAJHBLIMH HamajgKaMH Ha ero JesiTeJbHOCTb B KaueCTBe PYKOBOJIH-
TeJass MeTeoposiorHieckoro 60po H yNpekaMH B HeyJauyHOCTH HpPOTHO30B,
Teoperuyeckne paGoTs OPuipos OnuH, Takxke Kak 4 pa6oTn Jose u Baa-
3HyCa, OCHOBATeJbHO 33a0HITH MOCJAENYIOLUHM IOKOJEHHEM MEeTeOpOJIOroB,
U NaMATb O HEM COXPaHuMIach, IV1aBHHIM 06pa3oM, kak 06 ocHoBaTese CayGbi
norois B AHriuH, He 0COGEHHO yAaiHO NHTABUIEMCS Pa3BHTh H YCOBEpILEH-
CTBOBATh NMPAKTHKY NpPeICKa3aHHH MOrojbL. .

B camoe mnocnenuee BpeMs, B CBS3H C yCHeXaMH HOPBEXCKON LIKOJBI
MeTeopoJIoroB H B CBSI3H C pacnpocTpaHeHHeM DBbepkHeCOBCKOH TEOpHH
MIPOUCXOXKJIEHHS LHKJIOHOB, B3rasans JloBe M ero CTOPOHHHKOB BIOJHE pea-
OHAHTHPOBAHL, H TPYAH HX NOJYYHJH IOJHO€ NPH3HAHHE H TOCTABJEHH
Ha Hagmexamyyio BeCOTY. B aune Jlose, Baasmyca, duuposi coBpeMeHHbie
CTOPOHHHKHM TEODHH INOJSAPHOrO (POHTA BHUIAT CBOHX HENOCpeJCTBEHHBIX
npeAlleCTBEHHHKOB, TIEHHAJbHBIX YYeHHX, CHJOH CBOeff HHTYHIHH NPeaBOC~
XHTHBIIHX pasBHTHe HayKH H HaMHOTO OINepelHBLIHX HayyHOe pasBHUTHE
cBoeff snoxdH. B 3TOM NpHSHAHHH HX 3acCAyr B HacTosulee BpeMsl 3aXONAT
HHOTAA CJHIIKOM JaJeKo H CYHTAI0T, 4TO BCEe MOCJAeAyIollee HanpaBJeHHe
B MeTeopoJOTHH, mnpulnefmee Ha cMeny Jlose u DBaasuycy u cBsi3aHHOe
C pasBuTHeM TeJerpadHoll CayxObl MOroAnl, SIBUIOCH MO CaMOMYy CYyLIECTBY
ri1y60oKO pPeakLHOHHLIM H O3HA4aJo IUAr Hasaj 10 CPaBHEHHIO C HX paboTamH.
B Takom Ge3yC/IOBHOM OCYXJEHHH BCEro OCHOBHOTO HampaBJeHHS MeTeopo-
Jorun 2-# monoBure XIX B. codepikuTCs BCce XKe KpymHas omnbka. Jeno
B TOM, 4TO peakiusi 50-x rofos OblJIa COBePIIEHHO eCTECTBEHHA H BHI3LIBAJIACHh
BCEM XOJOM paaBuTHA HaykH. Jlaa snoxu 60-x, 70-x u# 80-X roJLoB B3rJsiibl
JloBe B HEKOTOPHX OTHOIUEHHAX SIBJSHCH OTCTANLIMH H He MOIJIH CJAYXHTb
OCHOBaHHEM /s jAaJjbHeflillero passutus. He HyxHO npexne Bcero 3a6LiBath,
4YTO OHH YacCTO SIBJSIOTCS MaJO OGOCHOBAHHBIMH NPEANONOXKEHHSIMH H OCTPOYM=
HEIMH JIOraJiIkaMy, He MPOBEPEHHLIMH HAa JOCTATOYHOM MaTepuane ¢pakToB H, HTO
caMoe BaxHOe, BHIPAXEHHHIMH B BeCbMa KaTeropH4YecKoil U OXHOCTOPOHHEH
¢opme. Tax, Hanpumep, H3BeCTHO, uTO JlOBe OTBepra’ BCAKOE 3HAUEHHE GapH-
4eCKOI'o 3aKOHAa B CHHONTHYECKOH MeTeOpOJNOTHH, 33KOH3, KOTOPHI, 110 BLIpa-
weHHio Kennena, ,10 HCTHHE MOXHO HasBaTh OCHOBOM COBPEMEHHOIl MeTe-
OPOJIOTHH®, H HE XOTEeJ CO3HaTb TOro, 4To 6e3 H306ap H GapHYECKOro 3aKOHA
BETPOB Helb3si OBIJIO BHECTH SICHOCTb B BOMPOC O HHMKHHX TeUeHHSX BO3LyXa.
JIo KOHNA HKH3HH OH OCTaBaJACs IIPH JIOKHOM yGEKIEHHH, YTO NOKAa3aHHSA
6apoMeTpa HHKe BCEro B CepeJHMHE TENJIOrO TEYeHHsi U BHIe BCEro B cepe-
JHHE XOJONHOIO TeYeHHsl, 4YTO NPOTHBOPEYHJIO GapOMETPHYECKHM PO3aM
BeTPOB, HA KOTOpHIe OH CaM o6paia1 Gosbuioe BHHUMaHHe (Kenmer).

Kennes, cTaBst BONpoc, MOXKHO JH GHJIO 63 eTabHOTO H3y4eHHsI CHHONTHYe-
CKHX KapT H 6e3 Bcel TO# 60JbIIOK PaGoThHl, KOTOpas Grila NPOH3BEAEHa BO BTO-
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poi#t mososure XIX B. NpHHTH K TeM pe3ysabTataM, KaKHMH oCJajaeM Mbl B Ha-
cTofiiee BpeMs B 3HAHHH JAHHAMHKH aTMocCdepr, IPHXOOHT K OTpHLUA-
TEJNLHOMY OTBETYy H Ha psae (akTOB NOKasbiBaeT OIWHOOYHOCT H OJHOCTO-
POHHOCTb B3rysfoB JloBe M HeOGXOAMMOCTb PeaKUHH B CBOE Bpemsl NMPOTHB
3THX B3rJAIOB.

[To mBennio Kennena, [loBe H ero mnocjaemoBaTeJH XOPOINO YSICHHJIM
NOHATHE BO3AYIUHLIX MACC pasJH4YHON MPHPOJMH H Pa3JHYHOTO MPOHCXONKJEHHS,
HO B HCCJIeJIOBAHHH HX He MOIJVIH MPOABHHYTLCS Janblie, H CO3AaBaJH TOJbKO
NyTaHHLYy OKOJIO 3THX BOMNPOCOB, TAK YTO MOJOJOE MOKOJeHHe ObJIO BHHY-
XKJEHO BNOCJAEACTBHH Jaxe u3beraTh CTapod TEPMHHONOTHH, NOTOMY 4TO
IIpH NOJb30BAaHHH €10 Y YHTATeJs OXHBAJ BeChb CBSI3AHHBIA C HEIO KpYF Hief
# roJyyaJach NyTaHHLA, MelIaBIIas sICHOMY BOCHPHHSTHIO HOBHIX BO33peHHI.
Camoe npH3HanHe 3achayr JloBe H BOCCTAHOBJIEHHE €ro aBTOpHTeTa B COBpe-
MEHHOIl HayKe CTAHOBHTCS BO3MOXHLIM TOJBKO B HCTOPHYECKOH NMEpCNeKTHBE
KoJoCcCaNbHOH paGoTH, NPOAENAHHOR NO3IHEHUINMHM HCCJIEeIOBATENSIMH HAm
CHHONTHYECKHMH KapTaMH H JeTaJbHHIM H3yYeHHeM MO HHM fIBJEeHHH CMEeHH
noroArl. Mel 106aBHM ele, 4TO COBPEMEHHhie NOCTHIKEHHS] NMHAMHKH aTMO-
chepn B Ype3BbIYafHO OGOJbLIOH CTENEeHH 33aBHCAT OT PA3BHTHS a3pOJOTHH
H COBpPEMEeHHHX METOHOB HCCJAeJOBAaHHS CBOGOAHOHN: aTMocdepr. DBea 3HaHHSA
NPHPOAL HHBEPCHi, MX NPOHCXOXKJEHHs H pa3BHTHs, a paBHO 6e3 3HAHHs
poan ctpatocdepn (emie xaseKo HEIOCTATOYHOIO H B HACTOslee BPEMs)
HEeBO3MOXHO B HallM JHH MNPaBHJbHOE pa3BHTHE TEOPETHYECKHX 3HAHHMH
06 armocdepe. llImayc rosoput: ,[loBe cuuTan BeTep Tem 3JAeMEeHTOM, OT KOTO-
poro 3aBHCAT BCe sBJEHHsI MOTOJbl; 3aT€M HACTYNHJO BpeMs, KOrja TAKHM
OCHOBHHIM 3JIeMEHTOM CTa/JH CYHTATh JaBJeHHe; B,HACTOsIILee BpPeMs B HAEAX
Brepk#eca W ero wWKOJH MH CHOBa HMeeM BO3BpauleHHe K BeTpy. Kpyr
3aMKHYJICS, HO KaK 33 3TO BpeMfl pas3Bujach meTeoposorHsal

TakuM o6pasom Ha 3TOfi CMeHe HAYYHOrO MHPOBO33PEHHS BeCbMa HHTe-
pPeCHO NpOCJNEeKHBAETCS 3aKOH NHAJEKTHYECKOro pa3BHTHSA B HaykKe.

OTMmeTHM JafbHefiline rJaBHHE 3TaNbl PasBHTHSL TEOPETHYECKOH MeTe-
opoJiorun BO BTOpoit noyoBuHe XIX Beka.

B 1857 r. marcku#i meteopoor biofic-Bamnor (Buys-Ballot) HamosoBuHy
TEOPeTHYEeCKH H HAaNoJOBHHY SMIHPHYECKH YCTAHOBHJ 3aKOH, Ha3BaHHELIH €ro
HMEHeM, B KOTOPOM BHIP2)KeHa B BHJIe NPOCTOro NpaBHJa 3aBHCHMOCTD HaMpa-
BJIEHHSI BeTpa OT pacnpejllesieHHsa JaBJeHHs. 3aKOH 3TOT NOJAY4YHJ BceoOllee
3HayeHHe B CHHONTHYECKOH MeTEOpPOJIOTHH H J0 HACTOAILIErO BpeMeHH Npo-
AOJIKAeT COXPAHATH 3TO 3HAYEHHE.

B 1832 r. nosBunace ¢ynzameHTajspHast Teopema Kopuosinca 0 nBHKEHHH
OTHOCHTEeJIbHO Bpamjaionieiicss 3emian. Ha oCHOBAaHHH 3TO# TeopeMhl SIBHJIACh
BO3MOXHOCTb HCIPaBHThb H NPHBECTH B Hajjexamyio ¢opmy npunuun 'annes
06 OTKJIOHEHHH NOTOKOB BO3/lyXa 3eMHHIM BpaiieHnem. Teopema Kopuouauca
C CaMOro Hayasa Halia CBoe IIPHMEHEHHe B METEOPOJIOTHH, H UeJHIf pAX
NoCAe0BaBUIHX BCKOpE 33 ee OTKPHTHEM paGoT UMeeT TeMOil NpHIOKEHHe
H pasBUTHE 3TOro Ha4ajJa K pasjJHYHbIM BO3IYIUHHIM TEYEHHsIM: MYCCOHaM,
naccaTaM H HaKOHell K LHKJOHAaM.

HeaaBucumo o1 Kopuoamca omuH M3 caMbIX KPYNHHIX HCCIenoBaTeldei
B 06J1aCTH TeopeTHUeCKOoN MeteopoJorud geppenp (Ferrel) B 1856 r. oTkphia
TeopeMy KopHoJHCa H NPHIOKHA ee K H3Y4YeHHI0O aTMOChEepHOH LHPKYJSALHH.
OH nepBHifi [an TeOPEeTHYECKYI0 MOJAeNb OOIeH UHPKYJSLHH, BHPAKEHHYIO
MOMOLIbI0 YpaBHEHHH THAPOJHHAMHKH, H INOCTPOMJ TaKKe THADOJHHAMHYe-
CKYI0O MOJEeJNb UHKJOHA; NPHYHHY NMPOHCXOXKAEHHS LIHK/JIOHA OH BHAHT B MECTHOM
HarpeBaHHH BO3[yX4, KOTOPLI IOAHHMAeTCA BCAeACTBHE CBOell MOJ‘eMHOH
CHJIBI, TMPHYEM OKPYKAOLHe MAacChl CTPEMATCA K LEHTPY H OTKJOHSAIOTCA
BpameHueM 3emJad. [TogoGHEIM ke OGpa3oM NPHYHHON NMPOHCXOKJEHHS AHTH-
IIHKJIOHOB, COIVIACHO €ro B3rJsAaM, fIBAAEeTCH MeCTHOE OX/axIeHHe.

Cospemennukamu deppensi GhIH HopBewkCkHe yueHne I'yabnGepr u
MoH (Guldberg & Mohn), koToprie Takke B CBOHX pa6oTax CTapajuCh OGOCHO-
BaTb HCCNeJOBaHHe aTMOC(I)epHEIX NpoueccoB Ha THAPOAHHAMHKE H TepMOAHHA-
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muke. OBH BIepBLIE BHABHHYJIH NpobJeMy n3yueHHS TPeHHs, BOBHHKAIOIWETO NP
JBHXKEHHH BO3NYLIHEIX NOTOKOB, NpaBja, elle CTABsl BONPOC B OYeHb 3ale-
MEeHTapHo# H HeJocTtatouyHoit ¢Qopme. KoHBeKTHBHAasi TeOpHsl IHKJIOHOB,
MOJYYHBLIAs TeopeTHYeckoe 06O0CHoBaHHe B pabGorax Peppens, BHauaje
pasgeassack Takxke I'yabnGeproMm m Mowom, HO B JaibHefiliem, NpoBepsis
TEOpHIO HAOJIOJIeHHsIMH, OHH HALLUIH, YTO TEOpPHS 3Ta JaJeKo He BIIOJHE
onpasinBaeTcs. BocoMunecsateie H geBaTHAecsaThie roam XIX B. BHecan
yKe MHOrO H3MeHEHHiHl BO BarJsin Ha CTpoeHHe LHKJIOHOB. CaMble BaxHLIE
BLIBOAH Obtu cpenanet [anom. (J. Hann) xoTophiil, B NPOTHBOMNOJOKHOCTD
OOIENIPUHATHIM B3rJfifaM, IpHIIe] K 3aK/JIIOUEeHHIO, 4TO BO3JYyX B LHKJIOHAX
BoOOIIE XOJOAHEe OKpywkaoueil BO3LAymHOH# Cpenbl, 8 B aHTHIHKJIOHAX
HaoGopoT Temsee. XOJOIHLIH  BO3yX Kak OB BCaCHIBAETCH HABEpX
B IHK/JIOHAX M PacnoJ3aeTCs BHH3y B AHTHIHKJIOHAX. ['aH HA OCHOBAHHH 3TOrO
KPHTHKYeT CTapyio Teopuio 00pPa30OBAHHS LIHKJIOHOB H ARTHLMKJIOHOB W CYH-
TaeT HX fABJeHHAMH GoJee CJOKHOro XapakTepa, Pa3BHBAIOLIUMHCA B KAUeCTBE
BTOPHYHEIX NPOLECCOB OO6IIel LHPKYJALHH.

Becbma 3HauHTeJbHHIY BKJIAJ B HAYKY AHHAMHYECKOH MeTeOpOJOrHH GbLI
cuenad F'eabMroabuem (Helmholtz, 1821—1894). Breuenne csoeft :H3HH OH
MHOrO pas BO3BpalaJcsd K NMpoGJeMaM JHHAMHYECKOH METEeODOJIOTHH H KamK-
Iblfi pa3 3aTparuBaljl H pella] BecbMa CyuecTBeHHhe npobsemel. Kak mccae-
JoBaTesb H3 NOCTOpOHHeHl 06JacTH, (PH3HUK-TEOPETHK 1O [PEHMYILECTBY,
ofbnafaBuinfi reHHaJbHO HHTYHUHEH, OH K Kax[o#l CBoe#t Teme ycTa-
HAaBJIHBAJ COBEPLIEHHO HOBLI{l OPrHHAJNbLHLIR IOAXOX, HYXIALH pYTHHe yCTa-
HOBHBILEHCS B MeTeopoAorndecKkux paborax. PaGoTu [esbMroJibua kacaioTes
BonpocoB ofmief UHPKYJSLHH aTMocdeprl, poOJH mOBepXHOCTefl pa3puiBa
B JHHAMHKE arTMocephl H TeopHH aTtmochepHuX BuHXpeil. B mnepeom
cBoeM memyape ,Ueber atmosphérische Bewegungen“ oH ucclellyeT sorpoc,
YTO COGCTBEHHO MellaeT BO3JyXy IPHHATb Te CBePXYPAaraHHbE CKOPOCTH,
KOTOPHIE OH JOJKeH OB Obl NPHEATHL COOTBETCTBERHO IUIHPOTE MecCTa.
OH TNpHXOAHT K 3aKJIOYEHHIO, YTO OJHHM TpPEHHEM HeBO3MOXHO 006-
CHHTb 3TO H3MeHeHHe ckopocTefl. O6was uupKyasuus aTMocdepn LOMKHA
NIPUBOAHTh K OOpPAa30BAHHIO NOBEPXHOCTEH pasphiBa, pPasfefsiolIHX IOTOKH
BO3/lyXa pa3JIHYHOrO MPOHCXOKJAeHHA. TakHe NOBEPXHOCTH PasphiBa sIBJSIOTCSA
6onee WaAH MeHee HeyCToHuYHBHIMH. Ilpexnae BCero Ha HHUX HOJXHH 06paso-
BaTbCH BOJIHEBL, IOAOGHH TeM, KAKHE IIPOH3BOAHT BeTep HA MOBEPXHOCTH BOJEIL
O6pazobanue o6aakos CiCu u ACu TeabMrosbl, KaKk H3BECTHO, OG‘iICHHJ
BOJIHAMH, OOpasyloulHMHCs B CJoe, pasfelsiouleM JBa BO3AYLIHHX IOTOKA.
B ciyuyae moJHOH HeyCTOHYHBOCTH IOJyHaeTCss 3aBHXPEHHE Pas3JH4YHBHIX Macc
Bo3nyxa ITo wmHewnio T'enpmrosbla mnporecc MNOCTOSHHOrO OOpa3oBaHHs
H paspylleHMsl OBepPXHOCTEH pasphLiBa NPOHCXOAHT B GOJBLIOM MacimTabe,
I'12BHBIM 00pa3oM, B JIByX MeCTax: Ha Kpaio MaccaToB H B YMEpPEHHHIX CeBep-
HBIX LIHPOTAX, TJe XOJMOAHHIM BO3NYyX, pacTekamomuicd OT mnoJioca, obpasyeT
XOJIOJJHEE BOCTOYHLIE BETPH, KOTOPHIEe BCTpeyaioTCs ¢ GoJlee TemJbIMH I010-
3aMafAHBIMH BETPAMH HHIKHHX HINPOT (CeBepHoe mnosyuapue). CBOIO CTaThio
lenbMrodbil 3aakaHyuBaeT TAKHMH CJHoBaMH: ,H3 BCero BHIIIECKa3aHHOTrO §1 BhI-
BOXY 3akJioueHHe, 4TO IJIABHHIM IPENATCTBHEeM B ofuiell aTmocdepHOi
LHPKYJSUHH K TOMY, 4TOGH B Helf pa3BHBAJHCh BETPHL ropasjo 6oJee CH/b-
Hble, 4eM Ha6giofaeMbie B JAeHCTBHTENLHOCTH, CJYXHT HE CTOJLKO TpEHHe,
CKOJIBKO CMEUIEHHEe pa3JH4YHbLIX JBHXYIIHXCS MOTOKOB BO3JyXa H -BHXPH
ofpasymomuecs Ha Haru6ax INOBEPXHOCTell pasjesa MexAy TaKHMH MOTO-
kamu.® [Janpuie TeabMrofibll TOBOPHT, 4TO OH HaMepeBaeTCss B JAaJbHeill-
IeM JaTh AaHAJHTHYECKOe HCCIefloBaHHe TAKHX Pa3phiBOB HENPEpPHBHOCTH.
OpaHako, OMMGOYHO ObIO OH yTBepPKAATb, 4YTO [eabMrodbi] ObJ GJH30K
K COBpPEMEHHLIM B3r/siilaM Ha TEOPHIO NOJSPHOTO (PPOHTa H Ha pOJb IOBEpX-
HOCTeil pa3phiBa B 06Pa30oBaHHH LHKJIOHOB H aHTHUHKJOHOB. BrICKa3aHHbIE HM
MBICJIH OH, NOBHIHMMOMY, OTHOCHJ, IJIABHBIM 06pa3oM, K obuiell LHPKYJISLHH
atMocdepr, H B Apyroit csoefi paboTe OH I'OBOPHT O LHKJOHAX KakK O sBJe-
HHSIX, COBEepPIIEHHO HEe3aBHCHMHIX OT INOBEpPXHOCTell paspriBa.
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HecomuenHo aBa 06cTosTeNbCTBA NIOMelNaNH ['elbMrosbily NpoaBHHYTHCS
Janblie 110 My TH BHISICHEHHS! POJIH MOBEPXHOCTEH paspriBa B o6pasoBaHuu Gapu-
yeckux oco6enrocTed. CTOnHOH CTOPOHH B €ro BpeMsi Ce€Thb CTAaHUMH, Hpes-
CTaBJIEHHAsl HA CHHONITHYECKHX KapTaX, KOTOPbie OH BRHMATEJNbHO, NOBHIHMOMY,
u3yvaJ, Obla He HACTOJNBKO T'yCTa, 4TOOB MOXKHO OBI0O OGHAPYKHTH CAebl
3THX MOBepXHoCTell paspriBa B (popMe nepeMelIdOmHXCA (PPOHTOB, H OTCYT-
CTBOBAJH BOBCE a3poJioTHYeCKHe HAGJIONEHHs, KOTOpPHE BMOCJAEACTBHH AAJH
BO3MOXHOCTb NPOCAEAHTb XOA 3THX MOBepXHOCTEH B CBOOOAHOH aTMochepe
B BHJE MOIIHHIX HHBEPCHH CO CKOJIb3AIIIHMH pPa3HOPOJHHIMH TOTOKAMH BO3-
nyxa.C npyroft CTOPOHEI COCTOsIHHE rHAPOIHHAMHKH TOTO BPEMEHH H CaMOe MeCTo,
KOTOpOe 33aHHMaJM 37leCh BhAaloluecsi pa6oTh, caMoro IeJbMroJinla Kacaio-
LIHEeCs COXPaHseMOCTH BHXPEBHIX JIHHHH B HeCxHMaemMoil H 6apoTponHyecKoit
XHJKOCTH, €ro 3HaMeHHTHIe TEeOpeMHl, JaolHe THAPOAHHaMHKe (OpMaabHYIO
KpacoTy H 33BeplLIEHHOCTb—BCe 3TO HANpPaBJsJIO €ro MHICJIb K KJIaCCHYECKOH
THAPOJIHHAMHKE H TAKHM 06pa3oM OTPAHHYHBAJO €ro B3IJsJH H HE MO3BOJSJIO
eMy mnepeiiTH K HCCIeJIOBaHHIO 6Ojsee OTBEYAOIUHX aTMOCHEPHOH JAelCTBH-
TeJbHOCTH GapOKJHHHYECKHX moJei.

XoTs nepBHit mMeteopoJoruuecku#t memyap I'espMrodpua Gnut HameyaTaH
B OCHOBHOM MeTeOpOJIOTHUECKOM KypHane ,Meteorologische Zeitschrift®, rem
He MeHee OH He OB JAOCTAaTOYHO XOPOIUO BOCIPHHAT METEOPOJNOraMH H BPsiJ
Ju G HMH JOCTATOYHO rAyOoko moHsT. Jlesio B TOM, YTG B3arasgu [eabm-
rosbiia 6JHKe CTOSJIH K 8aGHITHIM Yyike BO33peHusiM Hose n Baasnyca, Hexenu
K TOCNOJCTBYIOIIEMY B TO BpeMsi B METEOPOJIOTHY HANPaBJEHH0. 3aMeyaTelbHo,
OoIHaKo, 4To ['eNbMroJbl He OB, NMOBHIHMOMY, 3HAKOM ¢ paGoramu Baasuyca,
B KOTOPLIX NOBEPXHOCTSIM pPA3phiBa NMPHIHCHIBAJACh IJIaBHAas poJb B 06paso-
BAHHH TOPHANO.

lFeabmroaby HMeN MajJO YYEHHKOB CpelH TEOPETHKOB METEOpOJIOTOB.
CaMbiM  BBIAAIOIIHMCST H3 HHX Ob1 M. Mapryaec (M. Margules) B As-
CTpHH, BeCbMa OOpPA30BAHHHIE METEOpOJor, HCCAeNoBaTe b GOJBIIOrO TaJaHTa
H 6oJblIOit Hayuno#f HHTYHUHWH. PasBuBas nasbie upned I'exbmrosasua, Map-
ryJieC BLIABHHYJ HECKOJbKO mpo6seM NepBOCTeNeHHOfl BaXHOCTH AJjsl Teope-
THYECKO#t MeTeopoJOrHH. Mexay TpouHM OH CcleJal MONHTKY pPacCMOTPETH
npo6JeMy BO3HHKHOBEHHsl IHKJOHOB C 3HepreTHuyecKofi TOYKH 3peHHS, T. €.
OH MNOJCYHTAN KOJHYECTBO 3HEPTHH, OCBOOOKIAIOLIEHCS NMPH BEPTHKAJIBHOM
CMEILEHHH BO3NYIIHBIX MAacC, HaXOAAIIHXCS B HEyCTOHYHBOM pPAaBHOBECHH.
B aToM OH coBepleHHO NPABHJBHO BHJEN TIJIABHYIO NPHYHHY BO3HHKHOBEHHS
MOILHHIX fepeMeLaolluxcst 6GapHuecKHX ocobeHHoctel. Hccnenys nasnee
BO3MOXHOCTb CYILECTBOBAHHS CTALHOHAPHLIX MOBEPXHOCTEll paspeiBa B aTMO-
cdepe, Maprysec npuiieJ K 3aKOHy, YCTaHABJHBAOLIEMY 3aBHCHMOCTb YIVIa
HAKJOHA TaKHX NOBEPXHOCTeH OT PasHOCTH B CKOPOCTAX H B TeMIepaTtypax
COCeHHX MacC BO3NyXa.

Cxembl Mapryseca NOCHYyKHJIH PYKOBOISIIIHMH YKa3aHHsIMH JIJs Bbepk-
HeCa H €rO IIKOJAH HA INYTHAX CO3JaHHSI COBPEMEHHOIl TEOPHH NOJSIPHOTO
¢poHTa. IDTH CXeMH He NOTEPSVIH CBOErO 3Ha4YeHHs H Tenepb M HMH MO-
CTOSAHHO TMOJb3YIOTCA B CHHONTHYECKOH MeTeOpOTHH H B a3pOJIOTHH
NpH H3y4eHHH (POHTOB H  pPAaCNOJOKEHHS IOBEPXHOCTeH  paspriBa
B atmocdepe. Hano eue no6aBuTh, 4TOo MapryJec BCIOAy CTapaeTcs paccma-
TPHBATh aTMOC(epy KaK CIKHMAEMYI0 KHAKOCTh CaMoro ofluero THma, T. e.
TaKyi0, B KOTOpO#l MJOTHOCTb 3aBHCHT He TOJBKO OT KABJEHHS, HO H OT
TEMIIEePATYypHL.

Pa6ote Maprysieca, HanHCaHHbBIE TPYIHBIM A3HIKOM H HEJIOCTATOUYHO SICHO,
He WOJYYHJH TNpH XKH3HH aBTOpPa OOJBIIOrO pPAacCHpOCTPAHEHHS M BJHSHHSA.
Cam Maprysec, He uMes YIOBJETBOPeHHs H INPH3HAHHA B cBoeil HayuyHOIH
pa6orte, oTolles OT Hee MOJ KOHell XH3HH, 3@ HECKOJbKO JieT N0 Hayala M-
poBoit BofiHb. OH nepexus BORHY H CKOHYAJCs BCEMH OCTaBJIEHHHIH H 3a6Hi-
THIE BCKOpE TOC/Me OKOHYaHHs BOHHH B 1920 r., npuiueM HeZOCTATOUYHOE MaTte-
pHasbHOe ObecCrneyeHHe H roOJOA YCKODHJH €ro CMepTh.
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Hapsiny c lesbMrosbueM Apyro# BeJHKHH yuyeHHH B OGNaCTH TEOpETH-
yeckoit pusuku I'. T e pu (H. Hertz) Takxe okasancs He 4yxJ METEOPOJIOTHH.
OH BHLINOJHHJ Ype3BHYAIHO BaXHYI0O H HYXHYIO paGoTy NMOCTPOEHHs anuHabaT
BJIQXKHOT'O HACHIIEHHOro nmapamH Bo3nyxa (1884 r.). B o61acTH TepMo MHHAMHKH
IIPOLIECCOB, CBSI3aHHBIX C H3MEHEHHSIMH arrperaTHOro COCTOSHHSI Mapa B aTMoO-
ceprHoM Bo3nyxe mocsae I'epra MHOro H IWIOAOTBOPHO padoTtan beunonabn
(Bezold,) BBennii moHATHE O IIOTEHUHAJbHOH TeMnepaType H ICeBIO-
anna6aTHYECKHX IPOLECCAX H3MEHEHHs COCTOSIHHS BJIA)XHOrO BO3JLyXa.

B xonne XIX Beka C BO3HHKHOBEHHEM H Da3BHTHEM a3pPOJIOTHH. Teope-
THYECKHE HCCAeJOBAHHS NOJY4YalOT HOBBIH MOLIHBIH HMIIYJbC.

Ve B koune XVII Beka Gniin Npou3BeleHH NEpPBHE MOJ‘€MBl HA BO3-
NYLUIHBIX IApax C LeJbio HCCJeNoBaHHs cBoboaHoit atmocdepr. B XIX Beke
TakHe MOJIeTH NPOU3BOAWIHCH Yalle, B 0CO6eHHOCTH HayiHas ¢ 50-x rozxos
XIX B., korsa B AHrIMH GBHIO GOJblUoe yBJeyeHHe MOA‘eMaMH Ha aspocTa-
tax. Breuenne 15 Jger (1852—1867) 3mech Owuio coBepiueHo 32 nox‘ema
HCKIIOYHTEJBHO C HAy4yHOH 1eJpio. BOJbIIHHCTBO H3 HHX OBLJIO NPOH3BEAEHO
rPHUHBHYCKHM MeTeoposoroM ['smemepom. HaGmioneHnns, mnpon3BeneHHbIE
BO BpeMsi 3THX MOA‘€MOB, OHUIM HCHOJb3OBAHEI PSAJIOM YHEHBHIX H HA HHUX
BTEUEHHE MPOJOJIKHTEIbHOIO BPEMEHH OCHOBHLIBAJHCh 3HAHHS O CBOGOIHOM
atmocdepe. Hanbonabiiass HOCTHIHyTass BhicoTa Obwia okodio 8700 2. Koneuno
HayyHOe 3HAaueHHe TakKHX CAy4aHHHX HA0MoJeRH#i ObJIO HEBEJHKO, HO
BO BCAKOM cJydyae mnoj‘eMbl [Jielllepa MPHHECJH NOJb3y B TOM OTHOLUEHHH,
YTO BBHISICHWIH C NMOJHOH OYeBHJHOCTbIO HeoOXOIMMOCTb HalJioleHHi B CBO-
6onHO#l aTmocdepe.

IMepBrie  cHCTEMAaTHUYECKHE  a3poOJIOTHYECKHe HaGJIONEeHHs, CHayazaa
C I1IapaMH 30HAAMH, @ TOTOM CO 3MefIMH CIeLHaNbHO Pa3paGOTAHHON KOH-
CTpyKuHH Oputn mpousBefieHbl JI. Poru'em (Lawrence Rotch) B C.A.CHIL
u 3atem Teficepan-ge-bpopom (Teisserenc de Bort) Bo Ppanumuu,
B OGOHX CJy4Yasix IO HX JHuHOl HMHHuHaTHBe (1893—1894).

BTlepmaunu P. Accuman (R. Assmann), CHa4asa coBeplieHHO MOCTOPOHHHU
METEOpOJIOTHH YeJNIOBEK — NPAKTHKYOIIHI Bpay, OTHaJd BCIO CBOIO 3HEPTHIO
BLIAAIOLIEroCs HCCJAenoBaTessl H OPraHH3aTopa JAesqy aspoJOTHH, CO3JaB a3po-
Joruyeckyio obcepsatopHio B JIurneuGepre. B mene pasButus MexAyHapo.-
HOH OpraHu3allid 33POJOrHYeCKHX HaOMIOJeHH#l BLIAAIOILYIOCS POJb CHIrpal
n-p Xepreceap—(Hergesell) —muorosernuit mupextop JlnnaenGeprckoi
obcepatopun. OnHuM H3 TNepBHIX KOHCTPYKTOPOB 3MeeB-30HLOB B EBporne
H TEepBHM OPraHH3aTOPOM Aa3pOJOTrHYECKHX HCCNexoBaHHii B PoccuH Onun
B. B. Kysuenos. B 1909 r. nosiBuscs, cpa3y ke NMOJYYHBIIHI LIHPOKOE
pacupocTpaHeHHe, MeToJ, MAapoB-NHJAOTOB. OCOGEHHO paCUIHPHIOCH NpHMe-
HEHHE 3TOro MeToAa 6Jarojaps ero MPaKTHYHOCTH H JeLIeBH3He mepej BOi-
HOH H BO BpeMs BoitHHE 1914—1918 rr., korna Ajs apTHMJIepPHH H BOEHHOR
aBHALMH NMOHAJOOHJIOCh 3HAHHE CKOPOCTH H HAaNpPAaBJEHHS BeTPa Ha Pa3HYHHIX
BLICOTAaX.

UpesBhiyallHO GOJbIIHM JOCTHXEHHEM Aa3poJIOTHH SIBHJIOCh OTKpPLITHE
cTpatocdepr. DTO ynanoch cresaTh MOUYTH OfHOBpeMeHHO AccMany B Iep-
Manud H TeficcepaH-ne-Bopy Bo ®panuun. ITo OTKPHTHE OBJIO TaK
HEOXHJaHHO IJIs1 OGOJbLUIHHCTBA METEOPOJIOTOB H CTOSIO B TaKoe NPOTHBO-
pedHH C OOGBIYHBLIMH NPEJCTaBJEHHSIMH O HEeyKJOHHOM MNaJeHHH TeMIepaTyphl
C BHICOTOH (MHBEpPCHH pacCMaTpHBANHCh KaK HeGOJbIIHE MECTHHIE OTKJIOHEHHA
TeMInepaTyps oT ofiiero 3aKkoHa YOLIBaHHS TeMIepaTypbl C BLICOTOMH), 4TO
BHaualJle MHOTHE H3 HHX OTKAa3aJHCb BepHTb 3TOMY (aKTy H OG‘SICHSJIH ero
HeCOBEepUIEHCTBOM perucTpaiudd npubopoB, KOTOpHe HAa OOJBLIOH BHCOTE
B COCTOSIHHH OOMep3aHHsi He MOIJIM A3aBaTh HAJEXHHIX MOKasaHuil. MHorue
NMPOAONKAIH CUYHTATh, YTO CJoOfi NMOCTOSHHON TEMMEpATypH MpeiCTaBJseT
co6oit OOHIUHBIE CJI0H HHBEPCHH KOHEYHOH TOJIIHHBL, YTO CKA3aJOCh B CAMOM
TEPMHHe ,BEpPXHsifl UHBEPCHA“, KOTOPHIM J0 CHX NOp IMPOAOJIKAIOT HHOTAA
He BIIOJIHe NPAaBHJbHO Ha3wBaTh CTpaTocdepy. BHauane mosaranm, 4To Temjbie
BO3JyLIHLIE MACCEl CTATOC(EPE HMEIOT CBOE NPOHCXOKAECHHE B 3KBATOPHAJIbHOM
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nosice, OTKy/Jla OHH NOJHHMAIOTCA H YHOCATCS obLielt uupkyasuHefi aTMmochepsl.
Ho, korna naneHeitnee passuTHe aspoJIOrHYeCKHX HaGMIOAEHH NO3BOJMHJIO
TBEPAO YCTAHOBHTH CyLIeCTBOBAHHE BEPXHEIr0 H3OTEPMHYECKOTO CJOf, MPHYEM
3TOT CIOH He yAaloCh NPOUTH JAaxKe CAMBIMH BHICOKMMH 30HIHPOBaHHAMH
(Hau6osplast BHICOT2 3OHAHPOBAHHA CBOGOXHOR aTmocdeph, HMOCTHIHYTas
CBOGOMHLIMH 1UAPAMH-30HAAMH, COCTaBJsieT OKOJO 37 K.m), CTajJo ACHO, HYTO
BepxXHHE H3OTepPMHYECKHe CJOH NPenCTaBJAsiioT BooOlle IpaHHUy JHJf BepTH-
KalbHOH KOHBEKLHH H He CBSI3aHH, NOBHAHMOMY, C ofuei HHpkyJasuued.

IlepBHe NONBITKH TeOpeTHUECKOro OO‘SACHEHHs] CyIeCTBOBaHHA CTpa-
ToCheph ObIH chenantl [eMppucom (Humphreys) u F'oab nom (Gold)
B 1909 r. O6Ga aTH HCC/IeNOBATENH BHAENH NPHYHHY CyILECTBOBAHHS BepxHeil
H30TEPMHH B YCJIOBHSIX JYUHCTOTO PABHOBECHS, T. €. PABHOBECHSl MEXAy IIo-
TOKAMH JYYHCTOH 3HEPrHH, NpHTEKaled K BO3AYyLUHHIM MaccaM, H Jy4YHCTOH
3HEePTHH, Hajlydaemoii 3THMH MaccamH. DBosee coBeplleHHOe O6‘CHeHHe,
OCHOBZHHOE€ Ha HHTEIPDHPOBAHHH JH(Q(epeHUHAIbHEX YypPaBHEHHA MOTOKOB
Jy4dHCTOH 3SHEpPrHH, YPaBHeHHH, He3aJLoJiro nepej TeM yCTAHOBJEHHHIX acTpo-
pusukom HIpapumuapgom (Schwarzschild) mns 3Be3gHBIX cHCTeM OBUIO
JaHoB 1913r. 9 M ae HoM. B HacTosiee BpeMss Mbl HMeeM GoJiee COBEPLICHHYIO
TEOPHIO BEPXHEro H30TEPMHYECKOro CJ0sl, B KOTOPO# YUHTHIBAETCA YKe
H pajdHauHs paslHYHO{ JUIMHH BOJIHH H paccesiHHas paguauus. OnHako,
H B TemepellHeM COCTOSIHHH BOIPOCH JYYHCTOI'O TelJIooOMeHa B aTmocdepe
NMpeJACTaBJsA0T ellle OYEeHb MHOIo HesicHoro. Jlo cux mnop, HanpHmep, He
HMeeTCd YAOBJETBOPHTENBLHOI'O OG‘ICHEHHsl IJIi H3MEHeHHsI BLICOTH CTpaTo-
chepn ¢ reorpaduueckoit mupoToii. Huxnusis rpaHuua crtpatocdepnl, Kak
H3BECTHO, OKAa3hIBAETCA 3HAYHTEJBHO BLILIE HAJ 3KBATOPOM H HaJ TPOIHKaMH,
yeM HaJ CPeJiHHMH IIHPOTAMH H B OCOGEHHOCTH HAJ MOJSPHLIMH OOJaCTAMH.
B To BpeMsi kaxk BLICOTa HHXKHeH T'paHHIB CTpaToCQepr Haj MOJIOCAMH BCETO
OKOJIO 8 K, B CPeIHHX ILIHPOTAX OKA COCTaBJsieT NPHMepHO okoJlo 12 xm, a Haf
3aKBaTOpOM cTpaTocdepa noguumaercs o 18 xu. B 3aBHCHMOCTH OT 3TOro Haj
HOJSIPHEIMM  O6J1aCTAMH CTpatocdepa OKa3LIBAaeTCs 3HAYHTENbHO Telviee, YeM
HaJ 3KBaTOpoM. B TO Bpemsi Kak B apkTHYECKHX CTPaHAX BOJH3H MOJIOCA HH3-
Kas cTtpatocdepa HMeeT TeMmepaTypy okoso —45°C, Haj 3KBaTOpOM TemIe-
patypa xoJonHo# cTpaTocdepr coctapaseT okoiao —80°C. [TpoHcxoauT CBOETO
poZia KOMMEeHCAallHs Pa3sHOCTH TeMIepaTyp BLICOKHX H HH3KHX wHpoT. Hecom-
HEHHO, (PaKT 3TOT HMEET BeChbMd CYIIECTBERHOE 3HAayeHHe B TeIlJIOBOM pEeXHME
aTMocephl H OKAa3bIBaeT CYHIECTBEHHOE BJHSIHHE Ha OOILYI0 LHPKYJSALHIO,
HO HCTHHHOH NPHYHHLI 3TOrO SIBJEHHSl MEl BIOJIHe He 3HaeMm. Takxke BecbMa
3araflo4yHod TNPeJCTaBJAseTCs CBfA3b CTpaTocdeps C SIBJEHHAMH BTOPHYHOM
LHHPKYJSILHH, LHKJIOHAMH H aHTHUMKJIOHAMH cpeIHHX wwHpoT. Han unkiaoHamu
cTpaTocdepa onyCKaeTCsl BHH3 H HHXKHSS I'PaHHua ee (Tpononay3a) OKa3hBaeTCs
KaKk Obl BTAHYTOH BHH3 HaJ 00JacCThio NepeMenialouieficss AeNnpeccHHd, B TO
BpeMsi KaK HajJ 6apoMeTpHUYECKHMH MaKCHMyMaMH TPOIOINAay3a OKAa3hiBaeTCsl
MOJHATOH BBEPX NO CPABHEHHIO C €e HOPMaJbHLIM ypoBHeM. TakuMm 06pasom
HEeCOMHEHHO, 4TO CcTpatocepa oKashBaeT CylUleCTBEHHOe BJHsHHe Ha IIpO-
Heccs ofpa3oBaHHs H PAasBHTHS LHKJIOHOB, HO POJb 3Ta TOXE OCTaeTCs N0
CHX mop HesicHo#. HekoTophle BecbMa OCTPOYMHBIE H HHTEPECHBIE COOGPaXeHHS
Ha 3TOT CHeT BHICKA3dHH! OLJIH B CAMOE 1OCJelHee BpeMs, O ueM OyneT CKa3aHo
B COOTBETCTBYIOLINX MecTax Haweft kHuru. Hecomuerno, uto manpHeiinas paspa-
60TKAa OCHOBHHIX NpoGJeM JIHHAMHYECKOH MeTeOpOJIOrHH HAOJ/IKHA BKJIIOYHTH
TaKke W TeopeTHUeCKoe HCCIellOBAHHEe IPOLECCOB, NMPOHCXOASNIHX B CTPATO-
cdepe. Lo cux mop HAlUIH 3HAHHS OTHOCHTENBHO 3THX NPOLIECCOB GHIJIH HHYTOXHLI
H OTPAHHYHMBAJHCH TOJBKO OTAENbHEIMH H JaJeKO HeCOBEpPIIEHHLIMH 30HIHPO-
BaHHsAMH. MoxHO CKa3aTh, YTO HemoCpeJCTBeHHOe H3yueHHe CTpaTocdephl Ha-
4YHHAeTCHl TOJNBKO Telepb H BHICOKHE MNOA‘eMbl CTPATOCTAaTOB,, NMOCIEJHHI H3
KOTOPLHIX IO BpeMEHH H PEeKOPAHHIH 1O AOCTHrHYTOH BHICOTE COBEpIUEH
B 1934 rony B CCCP, OTKpHIBAIOT HOBYIO 3py B H3y4Y€HHH BBICOKHX CJIO€B
aTMocdeps ¥ HECOMHEHHO OKaxYyT CYIIECTBEHHYIO NMOMOUb TeOpeTHUECKOMY
HCCNIeIOBARYI).

2%
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[Tocnenree onno HAH [ABa JecATHJeTHA GuJH BOOOIIE O4eHb IJIOJOTBOP-
HBIMH H BaXHBIMH JJs1 HaykH o6 atmocdepe. Eie mepel mupoBoit BOIHOM
yCHJIEHHOEe pa3BHTHE aBHAllHH H CONYTCTBYIOIee eMy PasBHTHE TeopeTHYe-
CKOlf a3pOAHHAMHKH OKa3aJH KOCBEHHO OOJIbIIOE BJHAHHE Ha aspoJIOrHIO
H TEOpeTHYECKYylD MeTeopoJoruio. Bo3HHKIH BHOBbL HWJH NOJY4YHJH COBep-
LUIEHHO HOBYIO IIOCTaHOBKY Ipo6JieMbl, KOTOphIE H B HACToOsllee Bpemsi 3aHH-
MaIOT IJIaBEHCTBYIOIee 3HAYEHHe B TEOpPeTHYEeCKOH MeTeOpOJIOTHH H NMpHBJe-
KaloT K ce6e BHHMaHHe HanGoJiee TaNaHTIMBLHIX HCCJAeLOBaTeJefl.

INpexne BCero BLISICHUIOCH, UYTO [BHXEHHA BO3/yXa B OCOGEHHOCTH
B HH3KUX CJOSIX aTMOC(epr HHKOHM 06pa3oM Helb3sl ynoAo6/asaTh JAMHHAPHOMY ,
IOTOKY, @ HaJ0 CYHTAaTh, YTO OHH HMEIOT TYpOyJeHTHHI xapakTep. ATMO-
chepa, MOXKHO CKa3aTh, MPOHH3aHa BHXPEBLIMH LIHYpaMH H KJyOGKamu BHXpei,
KOTOpHIE TePeCeKaoT NMPOCTPAHCTBO B CaMbIX PasJHUYHBIX Hanpaeaenusx. Ilpu
3TOM, MOBHANMOMY, COBEPUIEHHO He HMEEeT MeCTa COXDPaHSeMOCTb BHXPEBLIX
JuHU, KoTopas SIBASETCS XapakTepHOH depToil NHHAMHKH HIAealbHOIl HeCKH-
maeMolt H OGAapOTPONMHUYECKMil KHAKOCTH. BHXPH HeNmpepHIBHO BO3HHKAIOT
H pa3pyLIaloTcs B aTMoC(epe, OTHAeNbHEE BO3AYLIHbIE MAcCCH TO OKa3bIBAIOTCH
33XBaye€HHBIMH BHXPSIMH, TO ABHIaioTcsl Ge3BHXPEBLIM ABHXKeHHeM. TpaekTopHH
BO3AYIIHHX YaCTHI[ OKa3LIBAIOTCHA BEChbMA CJIOXKHHIMH H 331y TAHHEIMH KPHBEIMH,
a CKOpPOCTh BeCbMd Pa3HOOOpPAsHO MeHseTCd KaK MO BeJHYHHe, TAK H MO HA-
NIpaBJIeHHI0, BCJEACTBHE Yero BeTep BCeria HMeeT 6oJiee HJIH MeHee NOPHI-
BHCTHIl XapakTep; B 3TOH NMOPHIBHCTOCTH H CKA3LBAeTCs TypOyJeHTHas CTPyK-
Typa BO3NYLIHHIX TEYEHHH.

HameHeHHs1 JPYrHX MeTEOPOJIOTHYECKHX 3JIEMEHTOB TaKKe IPOHCXOIAT
He NJaBHO, a OTHeJbHEIMH MeJKHMH mnyabcaiusamd. CKopocTe BeTpa, KOTO-
pass H3MepsieTCsl HAIIHMH INPHGOPAMH NPH HeNoCpeJCTBEHHHX OTCYeTax
M PerHcTpHpyeTCs HAamMMH CaMOIHCLAMH, He eCThb HCTHHHAA CKOpPOCTh,
a TOJMBKO OCpPeJHEeHHas, H MPHTOM YaCTO BEChMa HECOBEpLIEHHO OCPeNHEHHasl
10 HEKOTOpPOMYy O6‘€My H HEKOTOPOMY HHTepBaJy BpeMeHH. To ke OTHOCHTCSH
H K JpYyTrHM MeTeoPOJOrHYeCKHM 3JeMeHTaM. $BJsieTcss BONPOC, HACKOJIBKO
BooOllle NPAaBHIbHO CYHTATh, YTO ATMOC(EpHHE BO3AYIIHLIE JIBHIKEHHS NOJ-
YHHSIOTCA YPaBHEHHAM KJACCHYECKOH THAPOAMHAMHKH (XOTsl Ohl B CaMoit 06-
uelt ¢opMe YypaBHeHH# BA3KOH CXKHMaeMON XHJIAKOCTH). Y paBHenHs TypOy-
JIEHTHOTO JBHXEHHS HMeIOT JpYyrod BHI, ropasgo 6osee CJaoxkHuR. Jlas
HeCKHMaeMOH KHJAKOCTH Takas CHCTeMa ypaBHeHHil Obua JaHa emie B 1894 r.
O. Peftnoanbacom (O. Reynolds) s cxxkumaeMod KHAKOCTH CaMoro o6-
Iero THNA 33faya YCTAHOBJICHHS TOYHOH CHCTeMH YPaBHEHHil mpeJjcTaBiseT
3HAUHTEJNbHLEIE TPYAHOCTH. [loBHAMMOMY I/ TOro, 4TOOH OMHCATH BIIOJHE
TypOyJeHTHOe ABHXKEHHEe CXXHMAeMOH KHAKOCTH, HyXHO GoJbliee YHCJIO ypas-
HeHHH H OGoJbllee YUCAO XaPaKTEePHCTHK, T. €. BEJHYHH XaPAKTEPHIYIOIIHX
pas3NuyHLle CBOMCTBA TYypOYJEHTHOrO ABHIKEHHS. ,

IMoutn onuoBpemernno B paborax Taktnopa (Taylor) B AHrauu
u lImunra (Schmidt) B Fepmannn HameueHbl GLUIH OCHOBHLIE 3aJla4H U3y-
yenys TYpOYJeHTHOCTH B aTtmochepe. CylueCTBEHHOE OTJHYHE 3a1a4 aTMO-
chepHoit TypOYJNEHTROCTH OT 33134, KOTOPHIMH 33HHMAeTCsl a3pOLHHAMHKA,
COCTOHT B TOM, 4YTO TIJIaBHOE 3HAYeHHe 3JeCh, MOBHAHMOMY, IPEACTABASET
BJAHSIHHE TypOYJIEHTHOrO nepeMellMBaHH HA mepelauy Temaa (KOHBEKTHBHAasf
UMM TypOyJeHTHass TeIVIONPOBOJAHOCTB), T. €., APYTMMH CJIOBAMH, HCCJEIO-
BaHHE YPaBHEHHs NPHTOKA 3HEPrHH C TOYKH 3peHHs TypOyJeHTHocTH. B atom
HANpPaBJeHHH Mbl HMEEM YyxXe psJi CyLeCTBEeHHHIX JOCTHXKeHHi. PaGoTu
Te#tnopa, LIMuaTa H B OCOGEHHOCTH MOC/IeNOBaBLINE B33 HHMH paGOTHI
Puuapacona (L. Richardson) nponusaioT coBepiuesHo HOBLI CBET Ha BOTIPOCH
nepejauy H pacnpocTpaHeHHst SHEPrHH B aTtmocdepe. DTH pPaGOTH HCXOIAT
H3 oCHOBELHIx paGor O. PeilHoabAcCa, NOMOXKHBIUIErO HAualo CTATH-
cTHYeckoil Teopuu TypOyJeHTHOCTH. OCHOBHIBasiCh Ha HIesx PefiHOJABbACA
0 TYPOYJICHTHOM XapakTepe sBJCHHS MJHCCHNALMH 3HEPTHH, PHYapacoH
B 1922 r. man npakTHYeCKH BECbMa BAXHHIH KPHTEpPHH JIJs onpeneseHHs
yCTORYHBOCTH TYDPOYJEHTHHIX COCTOSIHHH B atmocdepe.
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Hpyroe HanpasieHne B H3yYEHHH TYpPOYJEHTHOCTH CBS32HO C TE€MH Me-
TOJaMH, KOTOPHIE B a3pOJHHaMHMKe ObJIM C ycnexom pasBuTh npod. ITpan a-
taem (L. Prandtl) 1 ero mxosnofi. 3TH METOAH, B OCHOBE KOTOPHIX JIEKHUT
Huesi TaK Ha3pBaeMOro MOrpaHH4HOro cjosi [IpaHAT A, B nocaefHee BpeMs
HaUMHAIOT NPOHHMKAaTh H B JIMHaMHUecKylo Mmeteopojoruto. Cam [IpamaTam
B 1925 r. Hanucan paboTy © pacnpeie/ieHHH BeTpa C BHICOTOH, B KOTOpO#
B 3HaUMTEJbHON CTENEHH HCNpPaBua pe3ynabTaThl Akepb6Jaoma m 'eccenb-
6epra, NOCTaBHB HCCJAEJOBaHHE NpOOJeMH BSISKOCTH B atmocdepe C TOUKH
3peHHsi TEOPHH NMOrpaHHuyHOro cjos. B camoe nocienxee Bpemsi [IpaHaTAB
CTaBMHT IO HOBOMY TaKxe H mnpobieMy oOuie#l LMPKYJSLHH aTMOCGepH.
(Bjerknes Festband, Beitrdge z. Physik d. freien Atmosphire 1932).

PasBuTHe 1QHHAMHUECKON METEOpOJIOTHMHM 33 NOC/HeJHUE JeCSTHJETHS
TECHO CBSI3aHO ¢ BhAalomuMuCs pa6otamu nipod. B. Brepkueca (V. Bjerknes)
M ero mkoJan. MoxHo cka3ath uTo B. brepkned (oH poauncs s 1862r. n B 1932r.
npasaHoBant cBod 70-neTHui#t 1oOuJsielf) mpencTaBiAsieT B HACTOsIIEEe BpeMs
LieHTpa/JbHyl0 (QUIypy B TeOpeTHUecKoit MeTeoposioruH. BiMsiHHe, OKa3aHHOE
MM Ha BCeX TeOPEeTHKOB-MeTeopoJsioroB EBpons M AMEpHKH, OU€Hb BEJHKO.
Bosbmoe upcyao paborammmx B 06aCTH AHHAMHYECKOH METEOpOJIOrHH yue-
HHIX SIBJISIETCA €ro HenocpeiCTBEHHHIMH YyueHukamH. 3acnyra brepkHeca co-
CTOHT B TOM, YTO OH IIPOYHO YTBEPJHJ B METEOPOJIOTHH METOAH ,(Hu3uue-
CKOll THAPOAMHAMHKH®, MO €ro cOOCTBEHHO! TEpMHHOJOTUH, T. €. THAPOLH-
HaMHKH CXXHMaeMoi XXHAKOCTH CaMOoro ob1iero Tuna, ,6apokanHuueckoit“, Toraa
KaK JO HEero BONpPOCH AMHAMHYECKOH METeOPOJIOrHU pacCMaTpPHBAaJHCh, IJ1aB-
HoilM 006pa3om, MOA YIJIOM 3peHusl KJAaCCHYeCKOH TFHAPOAMHAMHKHM MJIH Camoe
6oJbllee THAPOAMHAMUKH O6apOTpPONHMYECKOH XHUIAKOCTH.

Pa6ore B. brepkneca po 1901 r. cienyioT uaesiM €ro oTua, 3HAMEHH-
toro ¢usnka-Teopetnka C. BbepKHeca, KOTOPHI} 3aHHUMAJICS HCC/IEL0OBAHHEM
FHAPOANHEAMHYECKHX CHJ, JAEHCTBYIOIUMX Ha paccTosiuuu. O6o6mias u pas-
BuBasi 3TH Hiew, B. brepkuec B 1897 r. mpumen K cpoeft 3HaMEHHUTOH Teopeme
06 06pa3oBaHMM BHXPEBHIX TPYGOK B 6apOKJIMHHYECKOH XHAKOCTH BCJAEACTBHE
nepeceueHus H306apHYECKHX H H30TEPMHYECKHX IOBEpXHOCTEH. DTa Teopema,
fIBUBIIARACS OOOOLIEHHEM pe3yJbTAaTOB, NOJYYCHHHX I e€JMbMroJbueM H lgem:-
BHHOM JJIsl C/lyuasi HAealbHOR M 6apOTPONHUYECKON KHIAKOCTH, Ha KHIKOCTh
6apOKJHHHYECKYIO, SIBHJIaCh OCHOBHOH TEOpeMO HOBOH IHMAPOAHMHAMHKH, H
NpUMEHEHHsI €€ B 006sacTH (u3NKH Mopsi u (PH3MKH aTMOChEpH OKa3aauch
O4YeHbh PasHOOODPa3HLIMM H IUIOJOTBOPHBIMH. »

B o6nactm oxeanorpauu HemocpeiACTBEHHEM YyueHuKOM DBrepkHeca
suiica B. 9 xman (V. Ekman), koTope#i Ha OCHOBaHMH MaTEpHaJOB He3a-
JOJIr0  1epel TeM 3aKOHYeHHOM sxcnenmimy HaHceHa, co3nan CBOIO TEOpHIO ™
TeueHn#t B rayOumnax oxkeana (1900 r.). Ero Teopus, KoTOpas y4YHTHBajia
BJIMsSIHNE BHYTPEHHErO TPEHUS M [aBaja B pe3yJsbTaTe H3MEHEHHE BEKTOpa
CKOPOCTH T€YeHHSs C rnyOuHOl Mo criupanu (Tak Ha3bBaeMasi CIMpasb JKMaHa),
. Oby1a BOCIIDHMHAITE METEOPOJIOraMH M SIBWIACh OTIPaBHHIM MYHKTOM AJsi paboT
HOBOH IIKOJIBI METEOPOJIOTOB 10 H3YUeHHIO BHYTDEHHEro TpeHusi aTMocdeps
(Ackerbloom, 1908, Hesselberg, 1915).

[Tpumenennsi Teopemn BrepkHeca mist aTMocepHBX HUPKYJISUKA Obiv
caenannl ApyruM yueHukoMm brepkHeca Caumactpemowm (Sandtstroem), xo-
TOpH# B psje paboT YCTZHOBMJ HEKOTOPHE LEHHHE MPENIOXKEHHs JUarHo-
CTHYECKOro XapaKTepa OTHOCHTENBHO aTMOC(HEPHHX LHUPKYJISHHA H HPOH3BEN
HHTEPECHBIE UYHMC/JIEHHBIE€ TMOJACYETH MONHOCTH TaKMX LUPKYJsUHMi s pas-
JHYHBIX THIHYHBIX CJIyYaes.

B 1912 r. npo. BrepkHec 6bul npHrJalled B KaueCTBE PYKOBOJIHTEJS
kaenpolt nuHaMuuecKoi MeTeoposorud B JIEHNUUICKHE yHUBEPCHTET.

B 3To Bpemsi ero HauMHAIOT HHTEPECOBaTh BOIPOCH HAYYHOro OBOCHO-
BaHHA HPOTrHO30B MOFOJAK H OH YCHJIEHHO HpONaraHiupyeT BBEAEHHE METOLOB
THAPOAMHAMHMKM B CHHONTHYECKYIO MeTeopoJsoruio. B UYHTaHHRX HM Kypcax
JHHaMHYECKOH M CHHONTHYECKOH METEOPOJIOTHH OH CTPEMHTCH pacCMaTpH-
BaTh HPOOJEMBl TOroAH, KaK 3a4a4d THAPOJHHAMHKH CXHMaeMOH XHIKOCTH
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camoro o6uiero Tuna (6apOKJHHHUYECKOH N0 ero TEPMHHOJIOTHH) B TPEXMEPHOM
npoctpaucTee. IIpn 3TOM OH INMPOKO HCHOJb3YeT MaTepHas] a3pOJIOrHYeCKHX
HabJIofeHH TaK Ha3hBaEMHIX MeXAyHaPOJHLIX AHEH, KOrja o CyIecTBYIoLeMy
MEXJy Ppa3NHYHBIMH CTPaHaMH COIJIALIEHHIO a3POJIOrHuecKHe HabJIofeHHs
NPOU3BOASATCH OJHOBPEMEHHO Ha GOJIbINOA TEPPHTOPHH B LIEJIOM pSxE a3poJio-
ruueckux obcepBaTopuit W cTaHumi. [TaMATHHKOM 3THX OOIIMPHEIX pa3paboToK,
KOTOphHIE BeJHCh yueHHkamu npo¢. beoepkueca, ocranuce usnausee ['eopnsn-
YeCKMM HHCTHTYTOM B Jlefiniure B nepuox ¢ 1913 mo 1919 r. o6mu pHbie aTtacel
CHHONTHYECKHUX KapT AaBJieHHsi u Tomnorpaduu H3o6apHUECKHX NOBEPXHOCTEH,
a paBHO KapTHl JIMHUI TOKa AJIA PasNMYHHX ypoBHe#l aTmocheps. (,Synoptische
Darstellungen atmosphérischen Zustinde iiber Europa“). B 1912 r. nossasiercs
GosbIIOM ABYXTOMHEIH KypC nauHamuieckoit meteoposorun (Dynamische Meteo-
rologie und Hydrographie. I—IIL Braunschweig 1 Washington 1911), pepxee Ha-
4aJjIo Kypca, TaKk Kak NEepBH TOM 3aK/II0YaeT CTATHKY, @ BTOPOH KHHEMaTHKY
aTMocdepHHX npoeccoB. Tperbsi o6eniauHas 4acTh Kypca—/IHHAMHKA B TO BpeMS
He MOfBMJIACh B NeyaTH. B nepBoM ToMe aBTOp H3/NaraeT CHOCOOH NMOCTPOEHHS
KapT HaBJIEHHSI IJISi Pa3JIHYHBIX BEICOT Ha OCHOBaHHHM a3pOJIOrMYeCKHX HabJio-
IeHuH, a BO BTOPOH YaCTH 3aHMMaeTcs, IJIaBHEIM 06pa3oM, M3yHYeHHeM JIHHHH
TOKa B CBOGOAHOI aTMocdepe u npeasaraetT METOAH INOCTPOEHHS KapT Bep-
THKaJbHEIX Teuenuit. Llennlt psan Brmaalomuxcsa yuenukoB brepkneca (Iec-
ceabbepr, Ceepapyn, Ppuamad, Benrep u ap.) pa3pabaThBaiOT pas/IHYHBIE
OTJeJbHEIE BONPOCH ATMocdepHo#t nuHamuku. Tak, Hanpumep, [eccenpbepr
Ha ocHOoBe 006paGoTkH BecbMa O6OJIBLIOTO MaTepHaja H3yuaeT BHYTPEHHEe
TpeHue B CBOGOmHON aTMoCdepe M NPHXOAHMT K 3aKJII0UEeHHIO, YTO Ko3pdu-
IIHEeHT TpeHHs B CBOOOjHOI aTMocdepe OkasmBaeTcsi BecbMma 60JbLIMM, B HE-
CKOJIBKO COT THICAY pa3s Oosbiue, uem KopuIMEHT TpeHHs BO3Ayxa, MOJY-
YeHHbIll J1a60paTOPHHIM NyTeM. ITOT Pe3yJabTaT YKeé BIVIOTHYIO NOJBOJIUT
TEOPETHKOB-METEOPOJIOTOB. K mpobieme armocdepHoit TypOynedTHoctH. I ec-
ceanbbepr coBMecTHO ¢ PpPpHAMAHOM IMPOM3BOAAT BeChMa BaXHYIO
paboTy oO6cC/aeN0OBaHHA NOPSAAKAa MaJOCTH Ppa3jIMUHBIX BEJHUYHH H3yYaeMBIX
B NMHAMHMYeCKOH METEOpOJIOTHHM, @ PaBHO HX INpPOU3BOJAHHX [0 NpOCTpaH-
CTBEHHHIM KOOpJHHaTaM H no BpeMmeHu. CBepaApy N H3yuus BecbMa 06CTOS-
TEJbHO CEBEPOaT/IaHTHUECKHE IMacCaThl M JeXalHe Haj HHMH aHTHIACcCaThl
¢ nepexoxHoit 3onoil. PaboTa ero nocayiKujsa OCHOBaHHUEM [Jf jgajibHEHIIHX
pabot no obme#t uupkyasuuu. Hakounel, B pa6orax CBepapyna, Boepk-
Heca-coHa, Conpbepra Bce Gosbme M 6OJblle HAaUHHAET BHISICHATHCH
pOJib OCOGEHHBIX TOYEK H OCOOEHHBIX JHHUH (TOYeK M JHHHH CXOZMMOCTH H
PaCXOMMMOCTH) JJisi CMeHh siBaeHu#t noroan. K 1920 r. cTaHOBHTCH sICHOMH
CBfI3b JIMHHH CXOAHMOCTH H paCXOAMMOCTH C HOBEDXHOCTSIMH pa3phiBa, H
B paboTax ucCaeJOoBaTeNell HOPBEKCKOH HIKOJIK HaYHHAaeT BCTPEeUYaThbCsl HOBLIH
TEPMHH ,POHT®,

B 1917 r. B. BoepkHec cHOBa Bo3Bpamiaercs Ha ponauHy. Jletrom 1918 r.
B. BbepkHec opranusyeT Ha HOBBIX Hayajax NpPaKTHYeCKYI0 CJyx6y mOroasl
B r. Dbeprene. DBawxafiliump ero COTPYAHHKAMHM CTaHOBSITCS €ro CHH
9. Brepkuec (J. Bjerknes) u I'. Cons6epr (G. Solberg). I'ycraa cetb
CTaHUMH W KJIMMaTHYECKHE OCOGEHHOCTH HOPBEKCKOTO NmoGepexbs, rae oco-
6€HHO OCTPO BHISIBJIEHH KOHQJIMKTH BCTPEUAIOIIMXCH pPa3HOPOAHHIX BO3Jyll-
HBIX MacC, JalH BO3MOXHOCTb IOJYYHTb HOBbIE HHTEDECHHE JaHHbBE, Ha
OCHOBE KOTOPHIX co3jaeTrcs B Hauase 20-X TOnOB HOBas TEOPHS MPOHCXOX-
JeHHA IHMKJIOHOB. DTa TEOpHs, M3BECTHasA NOJ Ha3BaHUeM Teopuu bbepkneca
HJH TEOPHH INoJsipHOro (poHTa (MHOria HasLBalOT ee TeopHell HOPBEXKCKOH
IKOJbl, H6O MO ykazauuio camoro B. BnepkHeca aBTOPCTBO €ro B CO3JaHHH
aToit Teopuu pasgenusu ero ceH $. Beepknec m Cosanbepr), mosyuuaa
BeCbMa IIMPOKOE paclpOCTpaHEHHe H BH3BaJNa LEJbH pAx JOHOJHHTENbHBIX
HcolenoBaHuit M Bospaxenuit. Ilo cyuiecTBy 5TOH TEODHH HAM INPHIETCA
FOBOPHTb MHOrO B CJAEAYIONIMX uacTAx Hamel kHury. Ha myTu obocHoBaHus
€e BCTpevaloTCcA GOoJbIIHE TPYAHOCTH, HENpPEOJOJIHMBEIE IIPH COBPEMEHHOM
COCTOfHHH aHa/lu3a, M N03TOMY MHOTHE YaCTH €€ HOCST CKOpee OnucCaTelb-
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HBIll XapakTep M ABJISIOTCHA 60Jiee MJIH MeHee BepOSTHHIMH THIIOTE3aMH TOTO,
KakuM 00pa3oM MOXET pasBHBATbCsl Mpolecc Xu3HH IuKaoHa. OcobenHo
CHODHRIM H TEOPETHYECKH HEOOOCHOBaHHHIM fIBHJICS BOIPOC O BOJIHOBOM
xapakTepe HM3MeHeHH! (POHTAZ M O camOM MexaHH3Me NpeoOpasOoBaHHs BOJIHEL
.B 3aMKHYTYI0O 6apHYECKYI0 CHCTEMY M 3aMKHYTHIi BHXpb. [lo3ToMy najbHel-
IUKe TeOopeTHYeCKHe MCC/IeJOBaHusl GblJiM HANpaBJIEHH IAaBHBIM O0pa3oM Ha
BONpoC 06 yYCTOHYMBOCTH BOJH Ha MOBEPXHOCTSX pasphiBa IMPH HaJHUMH
cmJl, AeicTByomux B atmocdepe. KakoBo Obl HH OBJIO COCTOSIHME TEODHH
HOJIAPHOro (ppoHTa B HACTOfALIEE BpPEeMsd, €CJ/H AaxXe CUHTaTh, YTO OHA HaJICKO
He BO BCEX uacCTHX .XOpollo O60CHOBaHa, TEM He MEHee HNPHXOAHTCS MpH-
3HaTh, 4YTO MHOTME€ €€ 4YaCTH 4Ype3BhYalHO XOpOILO' CBABHBAIOT MEXIY
co6o#t GakTH NeHCTBHTENbHOCTH M [AIOT 4Ype3BHYaltHo yOeauTenbHOE TOJ-
KOBaHHE TeM CJOXHBIM MPOLECCaM, KOTOPHE Ha OCHOBE CTAPHX TEOpHH He
MOFJIM MOJAYYHTh JOCTATOYHOro o6‘acHeHusi. Her comHeHus, 4TO oOmas
KOHIENIHSA 3TO# TEOpPHH, €CJAH B jAajbHeHIleM M IOABEPrHETCS HEKOTOPHIM
H3MEHEHHSIM, BCE XK€ IOBHAHNMOMY B CYyIIECTBEHHHIX YE€PTaX COXPaHHT CBOE€
3HAaYEHHE M MOCJAYXHT OCHOBOM JJA HalbHeHIIEro TeOpPeTHYeCKOoro O60CHO-
BaHHsl SIBJIEHHH OOWel M BTOPHYHOM LHMPKYJALHH.

Bonbmwe Bcero kputukum Teopus beepkHeca BcTpeTusia B [epMaHuu
H ABCTpHH CO CTOPOHH CTapoOfi IUKOJIH TFepMaHCKHX "MEeTEOPOJIOrOB-TEOpPEeTH-
KOB, I'PYNNHPOBAaBIIUXCS OKOJIO JKCHEpa. JKCHep, npodeccop TeoperHue-
CKOi MmeTreopoJioruu B Bese, msBecTHHIH 1€/bIM psigoM paboT 10 TeopeTHye-
CKOH METEeOpOJIOrHH, 3HaYHTEJbHO BHAOW3MEHMJ TeOpHIO DbepkHeca, CBA3aB
ee C CHHONTHYECKO! NPaKTHKON repMaHCKHX MeTeOpOJIOrHYeCKHX MHCTHTYTOB.
Hedaunt (Defant) B Bene, a notom B Bepamse u IllltwoBe (Stive) BO
dpaukpypre paspabaThiBaiu pajblie Teopuio ¢poutoB, npuuem IlTioBE,
OTKa3aBIIUCh OT HEKOTOPHIX IUMPOKMX M CJMLIKOM IO €r0 MHEHHIO HpPOH3-
BOJIbHHX 0600HIEHHI HOPBEKCKO# LIKOJIH, NOBEJ H3yuYeHHe OTIEJbHEIX (PPOH-
TOB M TOBEPXHOCTEH pa3peiBa Ha OCHOBE a3pPOJIOrHYECKHX HabJONeHUuH, CTPOs
BEpTHKaJbHHE pa3pe3n aTMmocdeps. IIpum 3TOM OH M HECKOJBKO paHblie
B Anrnum cap H. llloy cranu NpUMEHsATH M/ HCCIAENOBaHHSI YCTOHYHBOCTH
atmocepH BecbMa LJOAOTBOPHBH METON HMHIHMKATOPHHX jauHarpamm (,Tedu-
rpaMMhb“), :

-B 3aksoueHne cxa)xeM HECKOJBKO CJIOB O JIMTEpPaType OOHIHX KypCOB
10 auHamMuueckol meteoposiorun. IlepBeiM cHCcTeMaTHYECKHM KypCOM JHHa-
MHueckoll meTeopoJioruu Ont YHOMSHYTEHH KypCc BbepkHeca, KOTOpHI#t HauaTt
6ep1 uagannem B 1912/13 r. On BHXODW/ OAHOBPEMEHHO B JABYX H3JaHUAX
Ha aHIJIMHCKOM M HEMELKOM $3blKaxX, HpHuYeM ObJH BHIIYLIEHE TOJIBKO [BE€
IepBHE YaCTH, COAEpHKAIIME CTATHKY M KHHEMaTHKY, CHaOXeHHHheE OOJIbLIHM
aTJIaCOM, HJVIIOCTPHPYIOIMMM rpaduuyeckne MeTOJbl IIOCTPOEHHSl KapT Hasje-
HHsl M KapT JIMHMH TOKa Ha pas3/MYHEIX BHICOTax. PaspasuBiuasicsi MHpPOBast
BoliHa 3ajepiana BHIXOJL B CBeT 3-H uaCTH, COOCTBEHHO MJHHAMHKHM aTMOC-
¢epu. B 1917 r. nosBuioch mepBOe W3JaHHe KHHTH BEHCKOro mpogeccopa
dxcHepa (Exner ,Dynamische Meteorologie“). Bropoe ee n3naHue, uCHpab-
JIEHHOE H 3HAUMTEJbHO HOMOJHEHHOe, BHILIO B cBeT B 1925 r., yxe mocae
nosisieHusi B neuaTu pabor BbepkHeca M APYTHX METEOPOJIOrOB HOPBEKCKOH
LIKOJIEL 110 HOBOH TEOpMH LMKJOHOB. KHura 3DkcHepa B OCHOBHOM OTIIP@B-
nsiercsi 2 pa6or [lesbmrosbua m Mapryneca, XoTd CONEPIKHT TaKke IHOA-
po6HOE H KpHTHYECKOE H3JoxKeHue ujiel HopBexckol mxoJn. Kuura ara
B HACTOsliee BpeMmsi fpjsieTcsi HamboJsiee MOJHOM CBOAKOM paboT 1O JMHa-
MHUYECKO! MeTEeopoJIoruu, OnyObJaHKOBaHHHIX 10 1925 r.

B 1933 r. nosiBmiics KosiJieKTHBHHIM Tpyn npod. Bbepkseca m ero yue-
HukoB: ,Physikalische Hydrodynamik mit Anwendungen auf die dynamische
Meteorologie. Berlin. Springer Verlag. 1933“, mpencrasastoniuit co60k o6uup-
HHl TpakTaT 10 ,(H3HUECKOH TrHApPONMHaMHKe® (COrsiaCHO TEPMHHOJIOIHH
npo¢d. BbepkHeca) u comepxampui IMOJHOE H3JNOXKEHHE ero mjel, nmpHyem
NOCAENHsAsE 4YaCTh 3TOr0 TPaKTaTa I[OCBSILEHA CHELHMAJbHO JHHAMHUECKOH
MeTEOpPOJOTHH.

4
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FrJTABA 1I

O6iie NPHMHIMNE MeXaHUKM aTMOChephl

§ 1. Beenenne. B nepsoM npuG/rKeHHH 3€MJsi IPEACTaBAseT cOO0H map
pannycoMm BG6370xm 1), Bpamalomuics BOKPYr OCH, TpOXOsiled yepes NoJMIOCH
ero, ofpamalmomuiics BOKpPYT COJHI@ M HeCylHHcs, BMECTE€ C COJHEUHON
CHCTEMON, B MHDOBOM NpoOcCTpaHCTBe. ATmocdepa, OKPYKaOILas 3em10, yBJe-
KafCh ABHIKEHHMEM 3eMJIH, NOABEpraeTrcs AeHCTBHMIO LEJOro psja CHJ, M3 KO-
TOPHIX BaxHe{uiell siBjsieTcs crnenuasbHuf BHA cuan HbloToHOBCKOrO THrO-
TeHus—3eMHOe npuTsikeHue. B pesynbrate meicTBHs 3TOH nocrenHed CHJbL
atmocdepa He MOXKET OTOPBaThCS, HNO KpalHell Mepe, B HH3KHX CJIOfX, OT
HOBEPXHOCTH 3emJyin. Takum 0Opa3oM, Tak HasbiBaemas MOKOAM@AACH aTmochepa
HAaXONHTCA Ha CaMOM Jese B 6ecCipecTaHHOM JABHIKEHHH, CJENYs 33 BpallleHHEM
3eMJIHM, 4 SIBJIEHHE BeTpa €CTb Pe3yJ/bTaT BO3HHKINEH B TOM HJIH HHOM MecCTe
pasHHIlBl MEXAY J[BHXXEHHEM BO3JyXa M JABHKEHHMEM CHCTEMB! 3aKperJieH-
HOM Ha MOBEPXHOCTH 3eMJIH, TOJNbKO Ha 6O/BLIOH BHICOTE MNOBHAMMOMY Cylile-
CTBYeT CHCTEMAaTHYeCKOe OTCTaBaHME BO3AyXa OT BpAalIEHHSI 3eMJu 2), mpos-
BsifllONIEECs, €CTeCTBEHHHM 006pa3oM, B BHAE MOCTOSHHOrO BETpa, AyIOIero
C BOCTOKa Ha 3anaj. -

Ha ocHOBaHMM 3aKOHOB ra3oBOM MeXaHHKH MOXHO C O6OJbUION BeposAT-
HOCTBIO YTBEDXKJaTh, YTO aTMOCepa HE HMEeT TIpaHHIH B TOYHOM CMBICJE
CJI0Ba, a JIMIIb HOCTENEeHHO NepPeXOAHUT B HaNOJHEHHOe JerualllMMH rasamu
MHPOBOE NPOCTPAHCTBO. MB MOXEM TOJbKO OTBETHTb Ha BOMNpPOC O TOM, Ha
KaKOf BHICOTE elge 3aMeuyaeTrcss aTMocdepa, U 3TO MHE MOXKEM CAeaaTs 6saro-
Iaps CyuieCTBOBaHMIO M3BECTHHX onTHuYeckux fpjneHufl. Tak, HabsoneHus Han
CyMEepKaMH MO3BOJAIOT YTBEPXKIATh YTO eule Ha BoicOTe B 214 km uMeercs
BO31yX OTpakamoummuil CBeT, BO3ropaHHe MeTeOpoB naeT ,BHCOTY“ B 300 xa,
a HaOJIIOJeHNsI Haj CEBEPHBIMH CHSIHHSMH [E€J13aI0T BEPOSTHHM CyIIeCTBOBaHHE
Bo3nyxa eme Ha 500 xm Hanm TNOBEPXHOCTHIO 3eMiiH. [loHsTHE ,MacCH BceH
atMocepn” He MMEeT TOYHOrO CMBIC/A, MOAOOHO IOHATHIO BHICOTH. Macca
aTMocdepH eCTb, MOBHAMMOMY, BeJHUMHA INepemeHHas, MO0 3eMasd Tepser
cBOI0 aTMocdepy, Kak OH pacijieckuBasi €€ B MHPOBOM IMPOCTPaHCTBE 3).
I'py6o MoxHO oneHuTb ee KOCBeHHHIM nyTteM B 52.10 m, uto cocramisiert
MEHBUIE YeM OfHy MHJJIHOHHYI0O macCh 3emysH. OIHaKo mJIOTHOCTb BO3AyXa
Ha 6OJbLINX BHICOTaX UpPe3BBIYaHHO Maja 4), H MOXHO CUHTAaTh, YTO yKe Je-
BATE JNECATHIX BCel atmocdephl 3aKJI0UAETCH MEXAY HOBEPXHOCTHIO 3€MJIH

1) Papuyc 3eman y skpatopa d,, = 63784 xm, y nomoca ke @, —=6356,5 x.m. IonpoGuee
0 ¢opme semnu cMm. nanee § 4 31O raaseL
¥) Ha sro ykasmBaloT, HanpuMep, HaGMIOACHHs Hafl, TAK HAa3bIBAEMBIMH, CBETSLIMMHCH 06aa-
Kamy, NOSBISBUIMMUCS Ha BeicoTe 70-—80 K. Hajl NOBEPXHOCTHIO 3EMIH.
Tak, Ha oyeHb GOABUIOH BHICOTE CHNA TSHECTH MOXKET OKa3aThCs MEHbINefi, HeXeaH
LEeNTpOOeMHasi CHJA, eclH, KOHEYHO, Ha 3TOH BEICOTE BO3AYX YBJIEKAETCH €lle BpallEHHEM
3eMIIH.

_3 m
4) IaotHoOCTS p, paBHast y noBr~vuocTy seman p = 1,3 - 1073 ~ - na Bricore 20 K4 o6patmaeTcs

_/n3
Bp=0,9'10'4%.

Y /]
p=67"10 “F.

a Ha Bucote B 300 xm, cornacho Impeny (Emden) 6ymemM Hwmets
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M KOHLEHTpuueckolt ¢ Helt cdepoh, mpoxogsme# Ha BrcoTe 20 xm. MoxHo
yTBEpXKAaTh, 4TO aTtMocdepa Briure 25-—30 K.z He OKa3HBaeT HENOCPeACTBEHHOr0
JMHAMHYECKOTO BO3AeHCTBHA Ha Jexamue 6JIH3 NOBEPXHOCTH 3€MJH BO3HyMlI-
HBIC Macchl. HHUTOXHasi Y10 CpaBHEHHIO C pasMepaMH 3e€MHOroO ILapa, HNpHMHI-
Kamiasi K 3emae miaeHka B 20—25 xu sBasieTCs apeHoll sBJEHui. HpejcTa-
BJSIIOIIKX MHTEpeC AJAs AHHAMHUEeCKOH MeTeopoJorHu. OTMETHM TYT XK€, YTO
Jaxe u B npenenax nepsuix 20—25 x# He BCE CJOH BO3AyXa HMEIOT OJHHA-
KOBO€ BJIMSIHME Ha Ku3Hb aTMocdeph. Tak A0 CHX NOp He pelleH B IOJOXH-
TEJILHOM CMBIC/I€ BOIPOC O BJIMSIHMM Ha ABHXeHue B HuxkHux 10—15 xm (,Tpo-
nocgepa®) cjaoes Bo3nyxa, Jexamux Buue 10—15 xm (,cTpatocdepa”), xoTs
MHOTHE METEOpOJIOrH CKJIOHHH BHAEThH BO3MOXHOCTh, HCXOASl H3 MOBEIEHHS
3THX NOCJAEAHHMX MAacC, HOJYYHTh TNPEACTaBJEHHE O ABHIKEHHMH HIXXHHX CJOEB
armocgephl. .

B npesenax umxuux 25—30 xm atmocdepa npexactaB/sieT CMeCh rasos,
NPOAYKTOB KOHAEHCAIMH BOAAHBIX MapOB M B3BELI€HHHX YacTuil. ATmocdep-
HHH BO3AYX B OCHOBHOM COCTaBJIeH M3 a30Td, KHCJIOPOAa, aproHa, BOJAAHBIX
NapoB H yraekucjoTn. [IpoueHTHOE coOAepikaHHE 3THX ras3oB MEHAeTCs OT
TOYKM K TOUKe (reorpacdhueckasi IIHPOTa MECTa, BHCOTa HaJ YPOBHEM MODS)
u Co BpemeHeM (BpemeHa ropa) ‘). KosnuecTBO B3Bel€HHHX HaCTHIL OYE€Hb
pa3Hoo6pa3Ho H B o6uieM yGHBaeT C BHCOTOL.

Kuneruueckasi Teopusi CTpPOEHHMS MaTepHM YUYHT Hac, Kak pa3OHTb IBH-
JEHHE Ta30BHX MOJEKYJ Ha HEKoe ,CpejHee ABHXEHHE“ M Ha JBHXKEHHE,
ABJAIOLIEECS] OTKJOHEHHeM oT 3Toro cpenHero. OpHako, B TO Bpems Kak
CKODOCTHM CPEIHEro ABHMIKEHMsI BXOAAT sIBHBIM ob6pasoM B audpdepeHnuaibHhe
ypaBHEHHs], yHpPaB/siiolliue HepeMelleHHeM ra3oBhX MacC, OTKJIOHEHHA OT 3THX
CKOpOCTel, HaNpOTHB, BXOAAT JHIIb B ONpeJeJeHHHX KOMOHHaumsaxX (ocpen-
HeHHHX) 2). 3T0T (axT N03BOJIIET HENOCPEACTBEHHO FOBOPHTDH O BO3MOXHOCTH
3aMeHbl (Ha IpeaMeT KOJIMYeCTBEHHHX HOCTpOeHMH) rasza Hekoell H3MEeHAEMOH,
HENMpepHBHOM yie cpenofi, ABHKYyIIEHCH CO CKOPOCTbIO, paBHOH CKOPOCTH
CcpejHero ABHKEHHS rasa, HO Haxojslueics He TOJbKO HOA AeHfcTBueM BHELI-
HHX, HO ¥ CHelLMaJbHHX BHYTPEHHHX CHJ. B uHCIO MOCKEIHHX MEl JOJ/DKHH
BKJIOYHTb BO-NEPBBIX CHJIBI MEXIYMOJIEKYJSIDHHE, a8 BO-BTOPHIX (PHKTHBHHE
CHMJIB, MOJy4alomuecss OJarogapsi HPHCYTCTBHIO YIOMSIHYTHX BHII€ OCpen-
HEHHHX KOMOHHALH} M3 OTKJIOHEHHH OT CpeJHHX CKODOCTEH, CHJIB, KaK Obl
NOPOXK/JAEHHHE XaOTHUHOCTBIO JABHXKEHHSI OTHEJBbHLIX MOJIEKYJ. BHyTpeHHHe
3TH CHJAB NPEACTaBJAIOTCH KaK CHJB, JeHCTBYIONIME Ha HJOLIaiaKy, Tak Xe
KaK U MX COCTaBHOM 3JIEMEHT—MEXJyMOJeKyJ/sipHhe cuiH 3). Cpean HHX Mbl
HafigeM npu GoJiee AeTajJbHOM PacCMOTDEHHH, C OIXHOP CTOPOHH, CHJIK AaBJle-

1), Cnenywouwas Ta6nuixa AaeT NPEACTABICHHE O CPELHEM TOAHYHOM NPOLEHTHOM COCTaBE
aTMOCQEPH Ha pasHbix wKporax (1. Boune 30 K47 CTAHOBHTCH 3aMeTHHIM NPOLEHTHOE COAEP-
kaHWe BOROPOZA. B mnpefenax HHXHAX HBaJLATH KUIOMETPOB COCTaB BO3LYXa MOXHO, TIOBH-

Bonsmuie
Asor Kucnopon Aprou napi Yraexkucnora
o® 7599 20.44 0.92 2.63 0.02
50°N < 7732 20.80 0.94 0.92 0.02
70°N 77-87 20.94 0.04 0.22 0.03

IHMOMY, NPAKTHYECKH CUHMTATh HE3aBHCSILUMM OT BHICOTH, G6Narogapsi BEPTHKAaALHOMY nepeme-
IIHBAHHIO CNOEB BO3fyXa.

%) Mm HMeeM BBHAY BHIPAXEHHH, COAEPHALUHE NAPHHIE NPON3BENEHHS PAa3NHYHBIX)CKO-
pocreit oTkaoHenns. K coxanennio, 06‘eM 3TOH KHHIH HE NO3BOJAET HAM OCTAHOBHTBCH CKOJIBKO-
HHGYAb NOApPOOGHEEe Ha BBHIBOAE YNOMSAHYTHIX YPaBHEHHil [BHXeHHs. BHIBOA 3TOT MOXHO HaiTh,
Harnp., B kHure J e a ns. Dynamical theory of Gases.

%) ITpo Hekmit 06‘eM rasa MBl MOXEM YTBEPH(IATh, YTO BCE MEKAYMONEKYISIPHHIE CHIBI
HeiicTBYIOT Ha NOBEPXHOCTh €ro €O CTOPOHH B~ 9CTanpHOH MacChl rasa, H60 MEKAYMOMEKy-
NAPHHE CHABL, AEHCTBYIOIIHE HA BHYTPEHHHE 4acTHLH 06‘eMa, YHHYTOMAIOTCH NONAapHO.
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uua (,aTMocdepHoe paBaenne“), ¢ Apyrofi—cCujb BHYTPEHHEr0 TPeHHS (WM,
KaK eme roBOpAT ,CHJAB BA3KOCTH®). B 3TON rsiaBe MB AajgHMM HOAPOOHBIA
BHIBOJ ypaBHEHHMH IBHIKEHHS CIJIOWIHOH CPejn, B KaueCTBE KaKOBOH Ml CTH-
Ju3yem cMecb rasoB—armocgepy. HenoctatouHo ofHaKo ONpeneNnuTb aTMO-
chepy Kak HenpephiBHYIO H3MEHSIeMylO Cpely, HJIH, KaK IMPHHATO FOBODHTH
B MaTEMaTHKe, ,XHAKOCTbY. B camMOM Jejie, MaT€MaTHKH pa3/MualoT XKHJ-
KOCTH: MeajbHHE H BSI3KHE, XHUIKOCTH CXKHMa€Mble H HeCKHMaeMhue, o6aa-
JaloliHe TEMJIONPOBOAHOCTBIO M HE NMPOBOASALIHE T3, C YYETOM H3JIyYEHus
u 6e3 TakOBOro; jaJee, FOBOPAT O ABHKEHMAX NPOHCXOASANINX MOJ AEHCTBHEM
CHJl ONMYCKAIOMUX HOTEHLHAJ, WK HeAONyCKAaIOMNX MOTeHIMana u T. 0. Mu
IIOCTapaeMCcsi MO3TOMY XOTsl 6p B OONIMX uYEPTaxXx BHISIBUTH TE€ CBOUCTBA,
KOTOpBI€ XapaKTEepH3YIOT JABHMKEHHS aTMOChepHbie H BHAE/NSIOT HX M3 Bcel
COBOKYIHOCTH IBHIKEHWH pPasJHuUHBIX ,XKHAKOCTeH“.

OG6paTumcsi crepsa K HpeACTaBJAEHHIO O IJIOTHOCTH.

§ 2. MlaoTHOCTE aTMOC(epbl. MH YKasalu BO BBEAEHHH K 3TOHN rJase
Ha TO, YTO MOXHO HIPHUTTH K NpEACTaBJeHHio 06 aTmochepe Kak O HermpephiB-
Holt u3meHsieMoft cpenge. Mbl nocrapaemcs Tenepb AaTh MAaTEMaTHUECKYIO CTH-
JIM3ALMIO BEJMUMH, XapaKTePU3YIOIMX AHHAMHKY H KHHEMaTHKY Halled Cpensl,
a2 TakXe MNOJYYHTb YypaBHEHusl, YNPaBJASIONHE H3MEHEHHEM 3THX BEJHYMH.
Haunem ¢ Toro, uto o6Jseuem B MaTeMaTuueckyilo (GOpMY IMOHSTHA MaCCH
H NJOTHOCTH Hame# cpensl. MH He MOXeM HpPEACTaBHTh cebe Kako#-nubo
o6‘em atmocdepn 6e3 MacCh, 3amogaHslIEed 3TOT o6‘em. Macca siBasercs,
€cJlH 1nepeBecTH 3TO Ha s3nlK (QopmyJ, HekoTopolh QyHkumeh ob6‘ema. OTHO-
CUTeNbHO 3TOH GYHKUMHM CJaefyeT cAenaTb Tpu npejmnojioxeHus: 1) oHa mo-
JIOXHTENbHE, 2) OHa aJAWTHBHAa (Macca CyMMHl JABYX OG‘€MOB paBHa Cymme
Mmacc 3Tux 06‘€MOB) ¥ 3) OHa CTPEMHTCH K HYJIO BMECTE C 06‘€MOM, B KOeM
oHa omnpepeneHa. O603HayuM MacCy, OHpENEJCHHYIO JJf HEKOTOpPOro
ob‘ema vs numametrpa d, GykBo# mga. [IpeanosoxuM, 4TO Cym€CTBYeT Npenpesn

m
lim —%=p; M
d—>0 d

0603HauHM €ro yepes p U Ha30BEM IJIOTHOCTBIO Hallel cpeanl B TOM TOUKe,
B KOO CTAruBaercs o06‘éM vy npH Oe3rpaHHYHOM yMeHbuieHHH d [0 HyJisl.
OnpenenuB ,HMJOTHOCTB® MPOM3BOJBHOH H3MEHAEMOH Cpenpbl, HOCMOTPHM,
KaKHMH CBOHCTBAMM HOJKHA OHTb HajesleHa ,NA0THOCTh® aTMocdepn. 3ame-
THM NPEJABAPHTENBbHO, YTO OINpefe/eHHas HamMM M[JOTHOCTb—MaTeMaTH4YeckKas
abCcTpakiuus, CTH/HM3aLHUsl HPEACTaBJAEHHA O IJIOTHOCTH ,¢usnueckoir“. Cru-
JIU3allps 3Ta HaM HyXHa JJis TOro, 4yTOOH BO3MOXHO OBUIO BHOCHEACTBHH
BBOJHTL IJOTHOCTh B pPasjiiMiHble MATEMaTHYECKHE PaCCyKAEeHHus, B YaCTHOCTH
B audodepeHinanbHbe ypaBHEHHs IBHIKEHHSI aTMOChephl.

MartemaTHueckan NJIOTHOCTb ONpeJiesieHa B KaxJA0H TOuke H B KAawJKH
momeHT Bpemenu. CnepoBaTesnibHO, BOOGIIE TrOBOpS, OHA MOXET CUHTATbCs
¢yHKumelt OT KOOpPAMHAT W BpeMeHH. Uro6 y3HaTh, ¢ Kako#i HMEHHO (yHK-
el Ham NpHAEeTCHs MMeTb aejo, obpaTuMcs K (Pu3nueckoli HJOTHOCTH M U3
HabJiloleHHit, NPOU3BEAEeHHEIX B CBOGOAHON aTMocdepe, BhiGepem XapaKkTepHEIe
IAs IJIOTHOCTH CBOMCTBA.

TpuBnanbHEIM sIBASIETCS TO OOCTOSITE/NBCTBO, YTO IJIOTHOCTEL aTMocdeph
y6niBaeT € BHCOTOH. OAHOrO B3rasifa Ha KapTe H30CTep (JHHHM PaBHOrO
ylesnpHOro o06‘cma) ROCTATOYHO, 4YTOOBH y6emauTbCsl B TOM, YTO IJIOTHOCTh
MEHsieTC TaKXke M C HoArotoit u ¢ mupoTtofl. Hakonen B KaxIaoOi reomeTpu-
YeCKOH TOUKe y MOBEPXHOCTH 3€MJH INIOTHOCTb MEHSIETCS CO BpeMmeHeMm (AeHb,
HOYb, BpEMEHa roja, NPOXOXAEHHE LMKJIOHOB M T. A.). Takum 06pasom He-
BO3MOXHO CUHTaTh, YTO P €CTh BEAHUMHA IOCTOSHHasi (HECKMMaemas IKHA-
KOCTB), uiu 9T0 atmocdepa ecTh IPOCTO HEOAHOPOAHAA cpena (p aJisi HaHHOK
YaCTHIlLl—HE 3aBHCHT OT BPEMEHH).

Atmocdepa ecTb CxxumMaeMmas KHAKOCTb. OTMETHM, OXHAKO, OXHO XapaKTep-
Hoe s atMocdeph CBONCTBO IJOTHOCTH, KOTOPOE€ Ham IpPEACTaBJAseTCH
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MeHee TPHBHMAJBbHBIM, ueM Bhie mnepeuncieHHbie. Lleanft psan uneft cospe-
MEHHOH CHHONITHYECKOR METEOpOJIOTHH CBfi3aH C NPEACTaBAECHHEM O TaK Ha3hl-
BaeMbIX ¢HpouTax. [lox mnocsiegHuMu pa3ymeloTCs Hekne 061acTy 60J1€€e HIH MEHEE
PE3KO ONpeeIeHHbIe, IeKal[He Ha TOBEPXHOCTH 3€MJIH H OTAENSAIONIME JBE MACChI
BO31yXa, obsajaliue pas/lHYHBIMK TEPMHYECKHMH H JHHAMHYECKHMH CBOH-
ctBaMH. [lepememniasce HenpepnBHO Ha NMOBEPXHOCTH 3€MJH H C/I€[s 33 u3Me-
HEHHSMHM IVIOTHOCTH aTMOC(epH, MH OOHapyXHM, YTO, BOOOILE FOBOPS, IJIOT-
HOCTb 3Ta MEHSIeTCSi He3HAUHTEeJbHO. Tak, MOPSAOK BEIHYMHB CaMOH IJIOT-

HOCTH, GJIM3 TOBEPXHOCTH 3eMaH ecTh 107> mjm® (TouHee 06 3TOM B APYTHX
naparpadax 3TOH IJaBH), €€ Xe M3MEHEHHs Ha MPOTSKEHHH JNECATH KHJIO-

MeTpoB 06muHO He mpeBmmaloT 107° m/mS. Opuako, ecan B npejieax yo-
MSHYTHIX JECSATH KMJIOMETPOB OKasajaCh pacloJIOXeHHOH obaacTe (poHTa,—
H3MEHEHHSl IVIOTHOCTH MOTYT 3HauHTeJbHHM 00pa3oM YBEJHYHTbLCH M JOCTHT-

uytb 107" u naxe 107 m/m%. O6nacte (ponta — yskas nosoca. CHHONTHKH
onepeiM/H MaTEeMaTHMKOB M A3aBHO yXe H306paxainT GPOHT B BHAE HeKOel
JIMHHH, IMOJYyUyeHHO! OT IepeceueHHs C HOBEPXHOCTHIO 3eMJIH BOOOpaxaeMOR
NOBEPXHOCTH, NMpOHH3BBaouiet arMochepy. Mu Takike 6ynem obnactu QppoHTa
CTH/IH30BATb B BHJE JIHHHH, H TOTAa €CTECTBEHHO CYHTaTh, YTO IJIOTHOCTb
BIOJb 3TUX JHUHHH (M BooOmIe BAOJb TEX MOBEPXHOCTEl, CJeJOM KOHX Ha
NOBEPXHOCTH 3€MJIH SIBNSIIOTCS 3TH JIMHHM) NpeTepleBaeT pasphiB.

Mu mpumeMm, 4TO B aTmocdepe BCTpEUaloTCsi HOBEPXHOCTH, IIpH IpH-
6/MMXKEHMH K KOTOPBIM C pasHHX CTOpPOH, MH OyaeM MOJy4Y4aTh Das/iuyHbE
3HaUYeHHs] NJIOTHOCTH.

Cobupasi ckazaHHOe, 3aKJIOUaeM: LOJ IJIOTHOCTBIO p CJENyeT pasyMeThb
HeKOTOpY10 (QYHKIHIO KOOPAMHAT M BPEMEHH, BOOOIIe rOBOpS, HENPEpPHBHYIO,
HO MOTYyIlyI0 NpEeTepneBaTb Pa3phiBH Ha HEKOTOPHIX NOBEPXHOCTHX.

Mnl Oynem cuuTaTh TaKKe, YTO p HMEET HelpephBHLIE, BOOOHIE rOBODS,
NpPOM3BOJAHHE IO KOOPAMHAaTaM M BpPEMEHH (Pa3pHBH 3THX IPOH3BOAHHX
MOTYT CYNIECTBOBaTb JIMIIb Hda HEKOTOPHX HOBEPXHOCTSX).

. § 3. llepemennnie Jlarpan:xka M Dfinepa. YpaBHeHHE HEpPa3pbIBHOCTH.
Mmu omnmcanu atmochepy Kak HENPEDHIBHYIO H3MEHsIeMylo Cpeiay H ompeje-
JHJH MacCy M IJIOTHOCTh 3TOH cpeln. Mbl mocTapaeMcsi Tenepb INOCTPOHTH
nuddepeHinanbHEe YPaBHEHHUS, YIIPABASIONHe IBHKEHAEM YacTHIL 3TOH CPeaHl.
[TocMOTpHM AJ11 3TOTO CHIEPBa, KaK MOXHO ONMKUCATh JBHXKEHHE CIJIOMHON Cpelhl.

OTHecem Haury cpeany K HEKOTOPOH CHCTEME HENOABHMKHHX JAEKapTOBHIX,
I PSMOYTOJIbHBX, NMPSAMOJHHENHBX KOODAHHAT X, ¥, z. PaccMOTpHM 6€CKOHEUHO
MaJlyl0 MacCy Ccpejbl, 3aKJIOUeHHYI0O B HekoeM ob‘eme dt; MO ONpepeseHHIo
IJIOTHOCTH p 3Ta Macca 6yner paBHa pdt. HazoBeM 3TOT 3JIeMEHT MacCHl XKHA-
KO#l TOYUKOH B OTJIMUHME OT TOUKH reoMetrpuieckodt. Ecan cpena HaxoauTCs
B [ABHXEHHM—KOODAMHATH HameN XHAKOH Touku (KOOpAMHATH LeHTpa dr)
6yayT M3MEHSTbCH CO BpeMeHeM. [Ipu ONMCaHHM ABMXKEHHS CHAOMIHOM Cpebl
OOBIYHO TMPEANOoJaraeTcs, YTO CyWEeCTBYIOT TpH (QYHKIHH:

x=x(@,bc ), y=y (@b« 1), z=z (b, i) @)

NpeACTaBAsIONHE 3TH KOOPDAHHATH B 3aBHCHMOCTH OT CeMmeicTBa TpeX mapa-
MeTpoB (@, b, ¢) u or BpemeHu (¥). [lpu 3TOM mMapaMeTpH MMEIOT OJHO H TO XKEe
3HaYeHHE VISl KaXNO¥ MHIWBHIYAEJbHOM XKHAKOH TOYKM M IHpOLlE BCEro 3a
ceMefiCTBO 3THX NapaMeTpPOB IPHHATb, HalpuMep, KOOPAHMHATH XHIKHX TOYEK
B HEKOTODHH ,HayaJbHHIH® MOMEHT BpeMeHH I

a=x (a, b, ¢ 1), b=y (a b ¢, t), c=z (a, b, c, k).

Ecau 6b xakum-HHOyAb myTeM MH y3Hajsu Onl Tenepb BuA GyHKumbh (2),
MBI CMOTJIH OBl TOTHAC XK€ HaHTH TPAaeKTOPHHM ABHXKEHHS JI06OH KHAKON TOYKH.
B camom nene paccMOTpHM, HalpHMEp, TOUYKY, KOOpPAMHaThH KOEl B MOMEHT 4
CyTb
a=a, b=f, c=1.
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Ins taxoft Touknm x=x (3, B, v, ) Y=y (%, B, 1, ), z=2z (3, B, 1, %),
H 3TH (QOPMYJIH NAIOT KOOPANHATH Haulel TOUKH B JI0O60A MOMEHT BpemenH (f),
HJIH, €CJH YrOJHO, ypaBHEHHE TpaeKTOpHH €€ B (yHKIMSAX OT napamerpa i.

[Ipo ¢yuxuun (2) 6ymem roBOpHUTb, UTO OHH AAIOT 3aKOH ABHMIKEHHS
Hamel cpensl. FIX ecTeCTBEHHO CUMTATh HENREPHIBHBIMH (YHKIMAMH BpeMEHH
n a, b, c. TlocnenHee o3Hauaer, YTO €CJAU H3MEHHTh Ha Malylo BEJHYHHY
4,0, t, He MeHsis BPDEMEHH /, TO COOTBETCTBYIOILIHME 3HaYeHHS X, ), z H3Me-
HATCA MaJo, T. €. YTO XKHAKHE TOYKH, JekalHe B ,Hayale“ IBHIKEHHS PSAIOM,
Bceraa OyayT octaBaTbCsl ,psiiom“. CBOMCTBO 3TO XapaKTepu3yeT CIJIOMKOCTD
W HeNpepeBHOCTh cpeAan. [IpaMeHuMO JiM OHO, OXHAKO, C TOUKH 3PEHHSA
OMitanms aimocdepu? ByayT sm aBe COCeAHHE YaCTHIB BO3AyXa BCeraa
OCTaBaThCsl ,pAAOM“? MH npuMeM 3jechb, HTO 3TO CBOUCTBO HMEET MECTo, I0
KpafiHeli Mmepe, Korjga peub UIeT O ABHMKEHHAX O0AbUIMX MacniTabosB. MH
BEPHEMCSl K 3TOMY BOHpOCY B rjaBe O TypOynentHocTu. OnHaKo, 3mech xe
OTMETHM, YTO JaXe NPH H3YUYEHHH NBHXKEHHS OOJBLIMX Macc aTMocdepn Ha-
6JIofeHHs], aHaJIOTHYHbBE TEM, O KOTOPHIX FOBOPWJIOCH B IIpPEABAYINEM INapa-
rpade, HIPUBOAAT K NPEACTABJEHHIO O HEKOTOPHIX NOBEPXHOCTAX, OTAE/AIONNX
Ipyr OT Ipyra JBe BO3JyIIHHE MAacCh, H3 KOTOPHIX KaJas JBHKETCH MO0
cBOeMy 3aKkOHy. JIBe KHMIKHE TOUKHM, pacloJIOXeHHHEe BOJH3H Takol MHOBepX-
HOCTH, HO 10 pa3Hblé CTOPOHE OT Hee (T. €. B pasHHIX Maccax), MOryT HO-
3TOMY, HaXOAACHb B HEKOTODHLI! MOMEHT DANOM, 3aTeM pasONTHCE.

Mprt mpumMeM TakuM 06pasom, uTo TpH GYHKIMH (2), HIPEACTaBASIONIHE 3aKOH
IBHXKEHHH, CYTb, BOOOGIE rOBOPS, HenpepHBHLE (YHKIHMH CBOMX NapaMeTpoOB H
MOryT IpeTepieBaTh Pa3pHIBH JIMLIb BIOJb HEKOTOPHIX NOBepXHOocTel. [ToBepx-
HOCTH 3TH M3BECTHH B METEOPOJIOTHM II0J MMEHeM IOBEPXHOCTell pasphBa
lFenpMrosbua (Helmholtz) uan noBepxHocTeit paspeiBa HyJA€BOro MOpPSAKA.

C TOYKH 3peHHsl KJaCCHUECKOM MEXaHMKH Mbl AOJIKHB elle CYHTATh, YTO
¢Gyuxkuuu (2) cyTe OAHO3HAYHRe (DYMKUHM BpeMeHH [ M NapaMeTpoB g4, b, ¢
(Kmakash TOYKa HE MOMKET OJHOBPEMEHHO HaXOAMTBbCH B JBYX DPas/MUHbIX
mecTtax). Hakonen mpepinosiokum, uTo yp-Hs (2) MOXKHO paspemiuTbh OTHOCH-
TEJBHO @, b, ¢ 1 UTO TPH HOJyUeHHHE (PYHKIHH

a=a (xy, 2z, b=b(xy 21, c=c(xy 2! @)
OJHO3HAYHO 3aBHCAT OT X, ), z (HENDOHHUACMQCTh CPeAb—B KaXJIOA reome-

TPHYECKOH TOUKE MOXET INOMEINAaThCH JIHIIbL OJHA Haje/ieHHAss CBOHMH Napa-
METpaMH a4, b, ¢ Xujakas yaCTHLa).

[Tepexons x nepBHM NpOM3BOAHBIM OT OGYHKUHH X, ¥, Z HPEAIOJNOKHM
CIepBa, 4TO CYIUECTBYIOT 9 BuipaxeHui

0x O0x O0x Oy Oy Oy 0z 0Oz 0z
da’ ob’ oc’ da’ ob’ oc’ da’ ob’ oc’
H 4YTO OHH CyTh, BOOOILE TrOBOps, HempephBHHE (yHKUHM OT a4, b, ¢. Takoe
npejcTaB/eHne He OyneT OTBeyaTb JEACTBUTENbHOCTH B HEKOTOPHIX CJAyuasx
armocepHuX IBHXKEHHH, 0 Koux OyneT CKasaHO B IJlaBe O, TaK Ha3hBaEMO#,
Typ6yneHTHOCTH. Enie 6oJiee BaHHIMH BJSIIOTCS TPH IPOMU3BOIHBIE OT X,Y, Z
0 BpeMeHH !
0x 0y Oz
ot’ ot ot
OHM OueBHAHO HPEACTABJAIT TPH KOMIIOHEHTA MO OCSM KOODAMHAT
CKODOCTHM JABMXKEHHSI KaxXOOH MXKHIAKOA dYacTHUR (3TO (QyHKuMH OT @, b, ¢)
B KaXJHH MOMEHT BpeMeHH (f) u, TakuMm 06pPa3oM, SBJSIOTCH MaTEMaTHYECKHM
ONMCaHMEM HOHATHS BeTpa. JTH KOMIOHEHTH OyAyT DyHKumsMH OT @, b, ¢, L.
Hasosem

0 0 0
F=u(g,b 6l F=v@b ) FT=wlbq. )

Tpu ¢ynxumu u, v, w ABHEIM OOpa3oM 3aBHCAT Julb OT 4, b, ¢, ¢, MO3TOMY,
yTo6K B JaHHON TEOMETPHYECKOHN TOHKE OnpelesHTh CKOPOCTb B AaHHHIM
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MOMEHT, CJeAyeT noctymaTh Tak: 1) HalfiTm KoTopas Xujikas TOuka (TOuka
C KaKuMH 3HaYEHHSIMH NapaMeTpoB a4, b, €) mpoineTr uepes NaHHYIO F€OMETDH-
4eCKyIo TOYKY (X, ¥, z) B 3TOT MOMEHT [/; 2) BCTaBHTb HalJEHHbIE 3HAUECHHS
a, b, ¢ Bmecte c 3agaHHmM Z B (4). D10 O3HauaeT, UTO HAAO0 BCTaBHTh B (4)
a, b, ¢, Bupaxenune no ¢gopmyaam (3) uepes (x, y, z). [Ipexnoaaras, 4To 3TO
BHIIOJIHEHO, MMOJYYHM &, U, w B (YHKUHAX OT X, Y, 2z, ! HEMOCPeACTBEHHO
(MH coxpaHuM npexHHe o6o3HaueHus: ¥, v, w). OTHocHTENbHO BHAa GyHKUUH
4, v, w 31eCb MBl He Oynem jgenaTh Kakux-1u60 BecbMa OCIIMX HPEeANOJOKe-
HHH, @ aHaJOTHYHO TOMY, YTO MB NPENIOJIOKHJIH OTHOCHTEJBHO p H X, Y, Z,
Oynem CYHTaTb HX BOOOILIE HENPEPHBHHMHM H €CJIH M TEpHALMMH paspHB,
TO JIMIIb H3 HEKHX NOBEpPXHOCTAX. Mul 6yjneM Takke CYHTATh, YHTO y HHX
CymECTBYIOT HEpBLIE MPOM3BOAHKE, 00/aAaIONMe TEMH XK€ €EBOHCTBAMH, UTO
Y, caMble (PYHKIHH.

Mu nepefineM Tenepb K yCTaHOBJIEHHIO OZHOTO H3 OCHOBHHIX 33KOHOB
JBHIKEHHS! CIVIOIIHBIX Cpejl, B YaCTHOCTH aTMoc¢eph —TaK Ha3nBaeMOro ypaB-
HEHusl HEDA3PRIBHQCTH. . '

aCCMOTpDHM Heku#l 06‘eM, KOHEUHBH HJH OeCKOHeYHO MaJblff, COCTa-
BJIE€HHHI! H3 XHAKkMX Touek. OTnenum ero BooOpaikaeMOM NOBEPXHOCTBIO OT
BCEH OCTaJbHOM Cpexb M NPOCAENMM 33 €ro JBHXEHHEM BTEYEeHHE HEKOTO-
poro mpomexyTka BpemeHd. M3 cBoficTB ¢yukiumit (2) ciaenyer, uto ob'em
Hau xoTs u Oyner nedopMHpOBaThCA M NPHHHMATh MOXET OHTb BECbMa IpH-
XOoT/MBHE (OPME, BCe xe ocTaercs o6‘eMoM. Mu npubaBuM CIOJA elle OXHO
CBOWCTBO, COBEPIIEHHO HEOOXOAMMOE C TOUKH 3pEeHHs KJaCCHYECKOH (H3HKH:
6ynem CUMTaTh, YTO MAaccCa, 3aKJIOUEeHHas B 3TOM of‘eMe, COXpaHseTcCs BTeue-
HHE BCEro ABMXKEHHA. MH NOMYyYHM OTCIOJ@ ypPaBHEHHE HEellPepbiBHOCTH.

Jns atoro paccMOTpuM NpPOH3BOJBHHE 06’eM T, Hamleid cpeibl B MOMEHT
BpeMeHH [y (HauasbHHIM). OGO3HaYHMB IJIOTHOCTH B 3TOT MOMEHT uepes
po(a, b, ¢) (a, b, c—HauanbHBHIE KOOPAMHATH), HAHAEM MacCCy BCero o6’ema T B BHIE

podo
0 3
rie drp anemeHT ob’ema T,
[IycTe k MOMeHTY Bpemenu ! 3TOT ke ob’eM, nepedas B APYrylo 4acTb
HpOCTPaHCTBA, IIpEeBpPaTHTCH B 7, HMes IJIOTHOCTH p. MH JOJIKHBE HanmucaTb

(macca coxpassieTcs)
f pdr =.f podo. ®)
7 7o

C npyrofi CTOpPOHB KOODIAMHATH KHAKHX YaCTHIL B MOMEHT J, CYyThb
(2, b, ¢), a B moment t—(x, ¥, 2). [ToaTomy
dry = dadbde, dt—= dxdydz

a npeamnoJaras, 4YTO Hamla cpela IBHMIKETCS M0 3aKOHy (2), MoJyyHM MO u3-
BecTHo# ¢opmyse auddepeHnnarbHOro HCUMC/IEHHs, BBOAA 0603HaYeHHE

Ox 0x Ox
Pz 06 oc
D=| 9 0 9
oa ob oc |’
0z 0z Oz

ob oc
.prdTo =-/‘podfo,
7o 7o

. f(pD -_— po)d’to = 0-
1,

g
c/iefyolee COOTHOILEHHE:

HJIH



— 31 —

BcnomnuM Tenepb, yto 06’eM T COBEpIIEHHO MPOU3BOJEH. IDTO NPHUBOAUT
Hac ¥ HeOGXOAMMOCTH CYHTaTh, YTO YypaBHEHHE

pD—po=0 ©)

HeOOXOAHMO JOJXKHO BBHINOJHATBHCA BO BCEX TOYKAX CPEAH H B JI060H MOMEHT
BpemMeHH. JleHCTBHTEJNbHO, AONYCTHM MNPOTHBHOE, T. €. YTO Ha#JaeTcs Takas
TOYka npocTpancTBa (@, b, ¢) yto B Hel Hanpumep pD-—py>0. Eciu
pD —py HenpepbiBHas QYyHKLHS OT KOOPAMHAT, TO OKOJO TOYkH (@, b, ¢) MK
cymeeM HafiTH Maabli 06’em, B koeM pD—py Oylet ewme noacxkutesbno. Ho
TOrAa, BHOpaB 32 7p 3TOT CaMmblfi 06’eM, MBI HNOJYYHM, YTO

S ep—pr>0
To

6yzeT caM NOJOXHTEJIeH (Kak CyMMa MOJOMXHTEJbHBIX CJaraembeix), a 3To
NPOTHBOPEYHT TOMY, YTO HMHTErpaJ 3TOT paBeH, NpH Jio6om 7y, HyJIO,

Ypaeuenue (6) ectb ypaBHEeHue HempepelBHOCTH B ¢opme Jlarpgpxka.
OTMeTHM 3jecb, YTO MO CaMOMy XOAy AOKa3aTelbCTBa p=p(X, ¥, z, 1) =
=p[x(q, b, ¢, t): <., 8], ap=plx@, b to)r .ees hl=p(a, b, ¢, to) (u60
x(a, b, ¢, {)==a, ...). YpaBHeHue (06) xOMnakTHOe mo cBoek ¢opme, yaO6HO,
eC/IM M3BECTEeH 3aKOH ABukenus. HacTo GhiBaeT OAHAKO TaK, YTO HM3BECTHO WIH
OTHICKHBaeTCs JHIb pacnpejeneHue CKopocTelt (BeTpa Hanp.). Mbl noctapaemcs
npunate (6) apyryio ¢dopMy, Tak YyTO6 TyAa SIBHO BXOAUJH JHIIL NPOEKLHH
CKOpOCTY M mJIOTHOCTb. [IpenBapuTtenbno cpenaeM cleaymouiee 3aMedanue.

Mpbl yxe BHAeJIHM HA NpUMEPe CKOPOCTH, YTO BEJHYHHY, CBS32HHYIO
C JBH)KEHHEM Cpejibl, MOXHO 3a1aBaTh JBYMA CHOCcO6aMH: KaK (YHKUHIO OT
a, b, ¢, t (nepemennrix Jlarpamwa) uau Kak OQyHKUUIO OT X, Y, z, I (uepe-
MeHHBIX Ditjepa), npuyeM nepexoj OT OAHOr0 Cnoco6a K APYromMy ocyiue-
cTBjIsieTcs npu nomomu dopmya (3) uau (2).

JlonycTuMm, YTO MH HeKylo BeJuYuHy f (HaupuMep NAOTHOCTbH WJM CKO-
pocTb) BHIpasuau Kak (YHKUMIO OT X, ¥, z, L:f(x, ¥, z, £). B atom ciayuae,

6epsi YaCTHYIO MPOH3BOJHYIO OT f N0 BPEMEHH 5~ Mbl C/ELHM 32 H3MEHEHHEM

Haweli ¢yHKuHu B JaHHO! -TeoMeTpuHYeCKOll Touxke. BCNOMHHB OfHaKo, 4TO
TaKHe BEJHYHHH KaK IJIOTHOCThb, CKOPOCTbL CBfI3aHBl €CTECTBEHHO C XHIAKHMH
YacTHUAMH, W KeJjasg NPOCIeAHTHh 332 H3MEeHeHHeM, KOTopOe NpeTepneBanT
3TH BEJHYHHBL OTHOCHMBIE K ABHXKYINEHCHA XHAKOM TOYKe, MBI JOJ/MKHEI OYe-
BHIHO BCTaBHTh B f BMECTO X, ¥, z, ! OYHKUHH (2).

flx(@a, b, ¢, ), ¥(a, b, ¢, 1), z(a, b, ¢, t), t1=/1(a, b, ¢, 1),
a auddepeRuupys Teneps f N0 BpPeMeHH, MOJYYHM

oh__of o_x_l,iﬂ i’[.‘.’i.{_ﬂfi
0t~ oO0x ot oy ot 0z dt ot

YT106H OTJAHYUTh 3TY NPOU3BOAHYIO OT TOH, KOTOpas MOJy4aercss ONpH pac-
CMOTPEHHH H3MEHEHHs BeJHYHHHE B J3aHHO# TreoMeTpPHUYECKON TOYKe, YCJIO-
BHMCA 0003HAYATH

of ox | of & | Of 0z O _df

ox 0t+0y +7)?W+ot“dt'
ox 9y 0z CYTb 4, U BHIpAXKeHUs
5t ° 9’ of SYTP % U, w LI KOMX TOTOBHI p

B QyHKUHAX OT X, ¥, z, ! MOXEM OKOHYAaTeJbHO HANMHCATh

df(x, y, 2, ) _Ofix, ¥, 2, 1) of of or
‘ dt - ot +u0_x +UE+ZUE.

Beauyuna f moxeT OBITb CKaJApOM (Hanp. MAOTHOCTbIO, WJIH KOMIOHEHTOM
CKOPOCTH, HWJIH TeMnepaTypof) HO MOXeT Taxxe GOHTb H BEKTOPOM (Hamp.,
CKOpPOCThIO). BripaxeHnue Hame MOXeT OHITh 32NMHCAHO KOpPOYe B BEKTOPHOMH

3ameyan eme 4YTO
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¢opme: d{ +V V /1) (nocTanoBka TOYKM MEXAY ABYMSl BEKTOPaMH e€CThb

3HaK cxca.lmpnoro npoM3BelieHHs), NpHYEeM B cJyyae ecid f eCTb BEKTOD,
Boipaxernue V - \/f sBjsfeTcs TOXe BEKTOPOM (3TO TaKk HaspiBaeMOe rpajudeHT-
HOE€ NpOH3BEJEHHE).

af

INpoussonnbie BHAA 7z HOCAT HA3BaHHe ,HHIUBUAYAJLHEIX® MPOU3BON-

HBIX OT f no BpeMeHH. B MeTeOpOJOrHH OHM HIpaloT HCKJYHTENbHYIO POJib.

BepHemcss OaHako K HamleMy ypaBHEHHIO Hepa3pweiBHOCTH (6) W nombl-
TaemMcsl NpHAATE eMy HHYK ¢opmy. Bosemem 18 3TOro HHAMBHAYAJBHYIO
NPOHU3BOAHYI0O OT ero mpaBod U JIeBOl YaCTH NO BPEMEHH. p, OT BPEMEHH He

dpg
33aBHCHT, CJenoBaTeJbHO

3 Q20 u MB NOJNYYHM

0-1—0

Ho
9x ox ox
oa ob oc
D=9 » 9y
oa ob oc |’
0z 0z 0z | *
oa ob oc
cJIeJOBATEJNbHO
Ou Ou Ou| |\ Ox Ox ox| [0x Ox 0x
oa 0b dc da 0b oc da ob oc
dD__|oy 0y oy| o0 o0 ou|, |0y 0y 0y
dt~ | oa ob oc da 0b oc oa ob oc
0z 0z 0z 05 0z| |ow ow ow
oa 0b 7)?' da b oc oa ob oc
ox d Ox ax ou
(BE ectb QyHKuMA OT a4, b, ¢, !, NO3TOMY 47 oa —oaoi—oa 4 T n.).
Mul npumenum Hamy (opMyJy K MOMEHTY [y KOTJa X=a, y=¥4, z=¢c, p==pp.
Ipu 3aTomMm
ox _1= oy __ 0z O0x __ 0x __ 0y a9y _ ()z __ 0z —0

9a 6= oc’ 96 o oa o — o
100 %‘—oo 100 100
_ __ . 4D __ oy ou ov
D=(010|=17=] 010|-+4|0570 +0100 = +0b+
w
001 001 001 005

MBI OpHXOAMM IO3TOMY K YyPaBHEHHIO
a'p) Ou ow
(—— +p0( +——+——) =0,
at )y 06 "0 )y

Ho 32 MOMeHT f, MOXeT GbITh B3AAT NMPOH3BOJIbHEI MOMEHT BpeMeHH; 0603Ha-
YHB €ro yepes I, nOJyYHM

Z§+P(!’£+ 492 ) 0. (7)

Takosa apyras ¢opma ypaBHeHus HenpepeBHOCTH (popma Diiepa) B KOTOPYIO

BXOAAT JHIIb NPOEKUHH CKOPOCTeH M MIOTHOCTb. PackphiBas ;.% H, cobupas
yjeHsl, MOXeM Hanucatb (7) eme HHaye:

dp dou , Opv | OpWw

of ¥ ox d ' oz =0 ®

1) Cm. Hanp. H. Koun H. BextopHoe HCUHCIeHHe.

\
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IMpexne yem mepefiTH K pPaCCMOTPEHHIO CHJ, AEACTBYIOLMX B aTMmocdepe,
OCT2HOBHMCH elle Ha NPeACTaBJAeHHH 06 YCKOPEHHH XHAKHX YacTHU. YacTHul,

ABHTasCh 110 3aKoHy (2), 06/121a10T CKOPOCTAMH %Jtﬁ , 3—;’, g;— — QYHKUUAMH
OT 4, b, ¢, L. YCKopeHHe 3THX YacTHL MO3TOMY GyIeT HMeTb KOMIOHEHTH :
. ?x . &y 0%z
Jx =35 Iy =35> J2 = 3>
ox oy 0z
Ecan oanako cuHTath u4TO 4 = =u(x, ¥ 2 1), 95 = U g7 =W T. €. BBECTH

X, ¥, 2 a He a, b, ¢, TO LJsl COCTaBJIE€HHS] KOMIOHEHTOB YCKOPEHHS NPHAETCSH
HanucaTb ”

; _Ou_ Ou Ox  Oudy  Ou 0z __ du _4v . _dw
k=g *omxatoyotaoa—a’ =g J:=u

T. e. yCKOpeHMs XHIKHX YaCTHI CYTb HHAMBHAYyaJbHHE TNPOH3BOJAHBIE CKO-
. poctefi ux mo BpeMeHH. [py6o#i owu6xof GeIO O OrpaHMYHBaATbCA, BOOOIIE
rOBOPS, NPH H3yyeHHH aTMOCGEPHBIX ABHXEHHH JHIIL MEePBHIM YWIEHOM 3THX
(¢opMyJ U CYHTATh 3a KOMIIOHEHTH YCKODEHHS %?—, %, ‘;—;f'. K atomy Bo-
npocy Mol BepHemcs eme B § 9, a cefivac mepefizeM K paCCMOTPEHHIO CHJI,
JaefcTBylomux B arMocdepe.

§ 4. Cunbi. Cunwl, AeficTByomue B aTMocepe, MOXHO pa36mb Ha aBe
rpynne: Cuibl 0G’€MHBE, — TaKHe, KaK CHJA TAXEeCTH, W CHJB NMOBEPXHOCT-
HHlE -— TaKHe, KaK JaBjeHHe, Bsidkue CHJBI U T. 0.

B atoM naparpajge MBI pacCMOTPHM JHIIL O6’€MHble, MM KaK HX ele
Ha3LBAlOT MaccoBele (ZeficTBYyIoLIHe Ha 3JeMeHT Macchl) cuiel. HMx npumato
ONMHMCHBATh, BBOAS TaK HasbiBaeMble eJHHHYHBIE CHJB (CHJB, AeHCTBYIOILHE
Ha eauHMuy Macchl). Tak, 0603Hayas KOMIOHEHTH €JHHHYHOH CHJB Yepe3
. X, Y, Z, nojyyuM KOMIOHEHTH COOTBETCTBYIOIIE! CHJB AelicTByiomel Ha
Maccy, 3aKJIOYeHHylo B o6’eme dt B BHAE

pXdx, pYds, pZdr,

rie p NJIOTHOCTh CPEeXHl.

BaxxnefmumMH MaCCOBHIMH CHJIZMH, A€ HCTBYIOIIHMH B aTMOcdepe, ABJIAIOTCA
CHJIa TSXKECTH H PasHOTO pOJa HHEPUHOHHBIE CHJIBL.

YT06 ayumie ysCHUTb ce6e, KaK MOABJAIOTCA HHEPUHOHHBIE CHJB, OTMe-
THM TIPEXJEe BCEro YTo HaM He GbuIO OBl HYXJIb BOBCE HX BBOJLHTH, €CJH Obl
MBI BCErZa OTHOCHJH JABHXeHue aTtMocdeps K CHCTeMe ocel, a6COJIOTHO He-
NOABHXKHEIX B mpocTpaHctBe. ToT ¢akT, OAHaKo, YTO 3eMHas aTtmocdepa
yBJEKaeTCs Bpaulaiomefics 3emneli, B COEJMHEHHH C TeM, YTO H MBl CaMmH
NPOM3BOAHM HaOJIONEHHsl C MOBEPXHOCTH BpAWIAIOINEHC 3€MJH, MPUBOAUT
K TOMy, YTO B rpOMajHOM GOJILIIHHCTBE CJly4YyaeB, NpU ONHCAHUM aTmocdep-
HBEIX JBHXEHuH, 6bBaeT yJOGHO MOJb30BATHCA CHCTEMOH KOOPAHMHATHEHIX OCeH,
HEM3MEHHO CBfI3aHHHIX C Bpamaiomiedcs semiest. HanoMHuM Tenepnr ABe OCHOB-
HbIX TeopeMbl M3 MeXxaHukM ToukH. IlpenctasuM ce6Ge iBe CHCTEMB KOOPIH-
HaT: HEeNOABHXHYIO B MpOCTpaHcTBe (a6COMOTHYIO) M JBHXYLIYIOCA NO OTHO-
WIeHUI0 K Helf 3amaHHBIM 06pa3oM (OTHOCHTeJbHyIo). [TycTh 3aTeM HexoTOpas
TOYka M NBHXKETCA B NPOCTPAHCTBE M HAa30BEM CKOPOCTb €€ MO OTHOLIEHHIO
Kk a6cosotTHOH cucTeme 4depe3 Vaee, 8 CKOPOCTh €€ MO OTHOIIEHHIO K CHCTeMe
oTHOCUTENbHON Vory, TOrMa, B CHJIY H3BECTHON TEOPEMH MEXaHHKH

Vasc. = Vorn. + Vaseu.

rae Vaser, — TAK Ha3bBaeMasi CKOPOCTD BJeyeHus, !) T. €. CKOPOCTb TOYKH, Ha-
xomamedcs B AaHHHIA MOMEHT B M W npuHajiexame# (UKTHUBHOMY TBep-
JIOMy TeJy, HEH3MEHHO CBSI3aHHOMY C Haulel OTHOCHTEJbHOH CHCTEMOH KOop-

1) Yacro ynotpeGasercs eme TepMHH »CKOPOCTh MEpEHOCHaA".
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AuHat. 3aMeTHM eme, YTO Visew. MOXET GHTb BHIP2XXEHO MO H3BECTHOH T€O-
peme Jfuiepa TakK:

Vares.==Vo+ [, 1] (r panuyc-BekTOp M B OTHOCHTEJALHOH CHCTEME)

rae Vo €CTh CKOPOCTh Hayaja KOOPAHHAT Halleli OTHOCHTEAbHON CHCTEMBI,
a @ MrHoBeHHas YIJIOBasi CKOPOCTb BpalleHHsl TBEPJOTrO TeJd, BPOCIIErO B 3TY
cuctemy. HMa 3TOH TeopeMH BHBOJAT OOLIYHO COOTHOLUEHHE, CBfI3LIBAIOLIEE
YCKOpEHHs1 B IBHKEHHM aGCONIOTHOM C YCKOPEHHSMH MO OTHOIIEHHIO K CH-
CTeMe OTHOCHTEJILHOM :

laﬁc. = lotu. “+ Lanes. + 2[9, vo'ru.] (9)

rae L. — yckopeHHe TOYKH N0 OTHOIIEHHIO K a6COJIOTHOH CHCTeMe OCel, Iom. —
YCKOPEHHe IO OCAM OTHOCHTEJbHBIM, lpiew.— YCKOpEHHEe nmO abCOJIOTHHM OCAM
TOYKH, HaxoZsulelcs B AaHHBIE MOMeHT B M, HO HEH3MEHHO CBSI3aHHOH# C BO-
o6paxcaeMbIM TBEPALIM TEJOM, BPOCIIEM B OTHOCHTEJbHYIO CHCTEMY; HaKOHel
Q nonpexuHemMy MrHOBEHHasl yIJOBas CKOPOCTb BPAIEHHSI 3TOTO TOCIEIHero
teaa. Ynen 2 [2, Vo] HOCHUT Ha3Banue yckopeHus Kopuosamca. dta Teopema
H NpUBeLeT HaC K HEeOOXOAMMOCTH, MPH OMHCAHMHM JBHXXEHH:i aTMOC(epH Mo
OTHOLIEHHIO K CHCTeME KOOPAMHAT OTHOCHTEJbHHIX (HanpuMep, BpallaiouUXcs
c 3emyelf) paccmaTpuBaTh PMKTHBHEHE HHEPUHOHHHE CHJAH. B camoMm aese, He-
CKOJIbKO mo3aHee (cM. § 5) Mbl YBHJHM, YTO CHJIBl H YCKOpPEHHs B JBHXEHHH
BO3YIIHBIX YaCTHIL (TOYEK) N0 OTHOWEHHIO K CHCTeMe a6COMIOTHO HENOABHXHBIX
oceli CBA3aHH TaK Ha3HIBa€MHIMH ypaBHeHHsiMH JBHXeHHs. Cuan F u ycko-
PEeHUs1 BXOAAT B 3TH MNOCJAeLHHE YDaBHEHHSl COBEpIIEHHO TaK Xe, KaKk OHH
BXOAAT B ypaBHEHHs [BHXEHHS TOYKH, MMEHHO YDaBHEHHSI 3TH BHIIJSAAAT
(cM. cTp. 41):
F ==la¢c. + Apyrue ujeHnl.

BcTaBuM, onHako, B 3TH ypaBHeHHs1 BhpaxeHHe lasc. U3 (9). IMoayuum

F = lorm. + Lnaes. 2[9, Vor.] + Zpyrue 4jeHn

HIH
F — Loses.— 2[8, Vorn) =lom. + ApyTrHe ujieHHL.

$IcHO MO3TOMY, YTO €CJH MH MOXEeJaeM OTBJeYbCH OT aGCOMOTHOH CHCTEMH
u Gynem u3y4aTb ABH)XEHHE MO OTHOLWIEHHIO K CHCTeMe OTHOCHTEJbHOH, C ero
ckopoCTAMH Vory, B yCKOpPEHUAMH loy,. TO Bce OyaeT NPOHCXOAHTb TaK, Kak
ecau Gl BMECTO MPEXHUX BHewHux cua F yuactBoBamn cuiam

F—luu.—‘2[9’ vo'ru.]
T. €. HpHﬁaBJlﬂJIHCb QJHKTHBHHG CHJEI
— lusew-—2[€, Voru. ] (10)

INocaenHne W HOCAT Ha3BaHHE HHEPUHOHHEIX CHIL

BoaBpauasach K HalleMy BONPOCY O CHJaX, Ae#cTBYIOLIHX B aTtMocdepe,
paccMOTPUM CrlepBa MOAPOOHO CJay4al MNOKOMIIErocs MO OTHOIIEHHIO K Mo-
BEPXHOCTH 3eMJH BO3Jyxa. PaccMOTpUM CHCTEMY KOOPAHHAT, HEH3MEHHO CBS-
3aHHYI0 ¢ Bpamapouefica semiaefi. Mo oTHOmeHUIO K 3TOH cHcTeMe (OTHOCH-
TEJIbHO’) MH O6yJeM HMETb B H3yYaeMOM ciyyae

vo-rn.:-o-
)
Takum 06pasoM u3 uHepuHMOHHEX cui (10) ocTaHeTcs TOJNBKO
—lnm.

HeTtpynHno paccuutath ee peanyuny. JIeACTBHTE/IbHO, JBHXXEHHE HAlleH OTHO-
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CHTeJbHOH CHCTEMHl €CTh BpallleHHe BOKPYT OCH, COBMNAAAiouiell ¢ OCbI0 3eMJH,
C NOCTOAHHOH YTIJIOBOA CKOPOCTLIO @:

e 1 1
® = g5164,00 cex, — 1292116 - 10-° - 1)

[MosToMy cKOpOCTb BieYeHHS Vynew, 6YHET Ajist TOUKH M paBHa HPOCTO
| Var. | =re (r paccTosinue M oT ocH 3eMiu)

H HanpasJjieHa NO KacaTeJbHOH K Kpyry mHpOT, npOBeAeHHOMY UYepe3 TOUKY
M, 4 YCKOpeHHe BJ€YeHHUs PaBHO MNnO BeJIHYHHe

[Lys.| = re?

H Hanpap/jeHO BAOJbL HNPOXOJAfAIIEr0 4Yepe3 TOYKYy M pajauyca 3TOrO Kpyra
K ocu 3emaH. HMTak, elHHCTBEHHO! HHEPUHOHHOH CHJOH, HeHCTByoUEeH Ha
»OOKOAImyioca® atmocpepy 6yneT cuia —loney., p2BHas No BeJHUYHHE

rw?

M HanpaeJeHHas N0 pagHyCy Kpyra IHpPOT, NPOXOAAILEMY yYepe3 pacCMaTpH-
BaeMyi0 TOYKY MNOKosmeHca atMocdeps, H AOPHTOM B HaNpaBJeHHH OT OCH
3eMJIH.

BeauyuHa atofi cuaH koJe6jeTcsl MeXJy HyJeM (MecTa Gau3Kue K Mo-
JaiocaM) H 3,385 - 102 m/cex? Ha ,rpaHuuax® atmocgepn (20—30 x. Hax no-
BEPXHOCTBIO 3eMJIH) B 3KBATOPHAJBLHON MJIOCKOCTH.

OTmeTHM eunle pas, 4YTO MH TOBODHM Bce BpeMsl 06 emMHHYHEIX (Zeli-
CTBYIOLIMX Ha €AMHHLY Macchl) cujiax. MHepuuoHHas cuia (0 KOTOPOH TOJBKO
4YTO LMIa peub), AefCTByOmas Ha sjJeMeHTapHul 06’eM dr, GyneT

—plandt

rie p IMIOTHOCTb B 3TOM 06’eMe.

HnepunoHHyio cuJy, HAeHCTBYIOIIYI0 Ha KaXAYI0O TOYKY NOKOfuleHcs
atTMocdeph, Ha30BeM UEHTPOGEKHOH CHJIOH BpaileHHS 3eMJH.

Kpome nHepuuOHHOH HEHTPOGENHOH CHJBI j H2 KaXAYyI TOYKY MOKOS-
uiefica arMocdeps JgeficTByeT cO CTOPOHH 3emaH HbioToHoBa cusa npuTs-
weHusi. Culy 3Ty OGBHIYHO HE OTJEJAIOT OT ONHCAHHOM TOJIBKO YTO CHJHI Jf,
TaK YTO, KOJb CKOpPO peyYb HJAET O CHJaX, AEHCTBYIOLIHX Ha TOYKY, CBA3aH-
HYIO HEH3MEHHO C NOBEPXHOCTBIO Bpamadnoumeica 3eMJH, NPHHHUMaeTCs BCerna
B pacyeT PaBHOAEHCTBYIOILAA U3 JABYX CHJ— COOCTBEHHOH CHJIBI NMPUTAXKEHHSA
3eMJIH U UEHTPOGexHol CHAHj. YCcKkOpeHHe aTofi paBHoAelcTBYyloulelf H Haakbl-
BaeTcsl OGBIYHO , yCKOPEHHEM CHJE TSKECTH®. TaK KaKk YyCKOpEHHEe CHJBI THAKeCTH
uMeer nopaaox 10'.m!cex—2 a yckopenue j aumb 10—2.m!cex2 TO posb
3TOr0 NOCJeJHEro CJaraeMoro nosasJsamlleroca 6Jaroiapa TOMy, 4TO KaK 3eMJs
TaK U yBJeKaeMblil €10 BO3AYX BpaliaeTcs, He3aHayuTeabHa. ¥ CKOpeHHe CHJH TH-
XeCTH HANpaBJeHO B KaXAO# TOYKe MO HOPMAaJH K NMOBEPXHOCTH ypOBHA (TH-
rOTeHusi U UEHTPOOEkHON CHIH BMeCTe), npoxojsaue# yepes aTy Touky. Cama
NOBEPXHOCTb 3eMJIH €CTh OAHA H3 TaKHX NOBepXHOCTel ypoBHA (eCyH GBI 3TO
6HUIO He TaK, TO YaCTHLA, MNOJIOXEHHaA Ha NOBEePXHOCTh 3€MJH, Hayaja Owl,
nox AeHCTBHEM TaHTE€HUMANBHON COCTABJAIOIIEH YCKOpPeHHs, NO 3TOH NOBepX-
HOCTH UepeMemaTscs). B rpy6oM npHOJHMXEHHH NOBEPXHOCTH YPOBHSI MOXHO
cuutath cbepamu (cM. § 1), ToyHee —3TO aJuuncoufs BpaileHus. [loBepx-
HOCTb YPOBHS, NPOXOAALIAs Yyepe3 TOYKY, JExaulylo Ha NOBEePXHOCTH 3eMHOro
OKeaHa, HOCUT Oco6oe HasBaHue: ,reoun“. 2Kenas eme G6ojbHIe YTOYHUTh
npeacraBjeHde O opMme 3eMJH, MBI JOJIKHE OGPaTHTBCHA K TaK Ha3EIBAEMOMY
cepouny.

(;2) 3eMas ofbpamaercs BOKPYr ocH 3a 86400 cek. 3BesjHOro BpeMeHH, 9TO COCTaBAfeT
86164,09 cek. cpenHero BpeMeHH.

3%
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Y106 NOAYIHTE TIPEACTABAECHHE O NMOCTPOEHHH [IOCAEAHEr0 MH JAOMKHW HaNHCaTb CTepBa,
MCXONA M3 BHRIPaWEHHH 117 KOMIIOHEHTOB YCKODEHHs CHABl TA:KECTH, B Touke P(x, ¥, z)

a*

g, = k’f"'_x dm + xu?,
Z £y=# f Y22 dm +4-yw?,

g,=k’fz'a';zdm

(h?* — noctosHHas rpaBHTalHH,
X', ¥, 2 KOOpAMHarW TOYEK
3eMau, dinz 3neMEHT MACCH 3eMJH,

= — xp+ 0 —3P+
+@ —P

Havallo TIOMELEHO B LEHTpE 3eM-
/M, a OCh Z — 110 OCH BpalleHns
3eM/H), BHIpaXEHHEe JUIA TIOTEH-
HHANA CHIN TAKECTH: —

w=t [2+3 4.

Puc. 1

Cnenys 3HaMEHHTHIM paGoraM
Clairaut pasnoxuM 3areMm

—le— no CTENneHaM -:— (?=x*4 324 22 cu. puc. 1). Nonyunm
e n
1 1 r
=13 (&),
-  n=0

rae r'?=x'3-+y'"42', a [P, — waposue ¢QyHKUMH 1), Ecin orpaHHunTBCA TENEps TPeMA

dyukuHaMe Py, P,, P, B pa3nomenun —tlz_’ Mb DPHEEM K HeKoeMy NpHGIMKEHHOMY Tpejcra-
prennio ana W: W = U. Tloeepxnocts U=const W HasuiBa€rcsi OGHYHO 3€MHHIM CtepoH-
noM 2). HywxHo oTMeTHTh, 4TO ,ChEpOHA® 3TOT OYEHb MajJO OIIHYEH OT IMIICOMIA BPAUICHHS.

yCKOPEHHe CHJIH THAXeCTH eCTb, OYEBHAHO, QDYHKILHH OT IIHPOTH MeCTa
(370 uMenO 6B MECTO He TOJBKO AJs chepPouza, HO YK€ H JJs 3JJIHNCOHA)
H OT pacCTOAHHS OT NMOBEPXHOCTH 3€MJIH (noc.ne,u.Hee 6b110 GBI CrnpaBe JIUBO
Jaxe s mwapa). Imnupudeckas ¢opmyaa FeabpmepTa (yk. auT., 3) ROCTa-
TOYHO TOYHO HMNpEenCTaBJAET H3MeHeHue YCKOpEHHAI CHJBl THAXECTH g, Ha
ypoBHE MOpPA B (pYHKUHH OT reorpadHyecKod WHPOTH MecTa ¢ 3)

o =9,80616 (1—0,002644 cos 29—+ 0,00007 cos® 2¢) m! cek.—? (11)

’ ’ ’ , , '2
1) Py=1, P, = XX Y 322 p2=___;_+%(xx +3y +zzp

rr rr?
3) Bupawenne 1as U umeer sHI
M 2 w2r?
U= k:—r— —g;:—, ¢C—A4) (1 —sindy)+ 3 cos?y

rne M —macca seman, A 1 C — nocrosiHHbe (MOMEHTH HHEPUHH 3eMaM), a § — reoLeHTpuye-
ckas uIHpora Mecra (T. e. ,LIHPOTa® B cdepHueckolf CHCTeMe KOOpHHHAT € HayaloM B LEHTpE
3eMJIH, OTMEPEHHas O 3KBaTopHanbHOH nnockocTH). fIpH 3ToM mpennonaraercs, 4T0 3eMis €CTh,
TpHGAHIKEHHO, TeJ0 BpallEHHS.

3) Mp mone3yeMcs 30eCh YWe He TIEOlCHTpHueckod ¢, a reorpadHueckol muporoi ¢
mecta. [locnennass H3Mepsiercss yraoM, oGpasyeMHM C OCBIO BPAIUEHUA 3€MJH, NAOCKOCTHIO, Ka-
cawoweiicas B TOH TOuKe, rlie U3MEPSETCHA LIMPOYA, TIOBEpPXHOCTH 3eMAH (,TOPH3OHTAaJBLHON IIO-
CKOCTBIQ“ IAHHOFO MecTa) FeOLIEHTPHYECKas K€ WHPOTa ¢ eCTh MPOCTO ChepHueckas KOOPAHHaTa
TOYKH H OKashBaercd BCEria MEHbLle, HeXelH ¢,
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Takum 06pasom go MeHsetcs ot 9,80616 m! cex—2 na skBatope, 10 9,83216 m cex—2
Ha mnoJioce. Jlasee yTo6 NpeACTaBUThL H3MEHEHHE £ C BHICOTON, B mpeaenax
semHO#t atMocdeps, eabMe pT npeniaraetT CaefyOUHd JUHEHRHBIR 3aKOH:

& = £,—0,00000308 z (12

re z BHIpa)XeHH3A B METpax BHICOTZ HaJ, NOBEPXHOCTHIO 3eMaRB, a g,—YyCKO-
peHde CHJB TSXKECTH Ha MOBEPXHOCTH 3eMin. KoMGHHHDPYR 06e 3TH GOPMYJIHL,
MHl MOTJH Gbl 6e3 TpyAa MOCTPOHTb, OGpaTHO, NMOBepXHOCTH ypoBHA. K He-
KOTOPHIM BONPOCAaM, CBA3ZHHEIM C MOCTPOCHHEM NOBEePXHOCTEH ypOBHS rpaBH-
T2UHOHHON U EHTPOOEIKHON CHJIB, MH ellle BepDHEMCS N03)e, B IJaBe O CTaTHKe.

[Toctpous cnepBa o6y ¢opmyay (10), Mbl mpexnoJaraiu 3aTeM, 4YTO
Vor.=0, T. e. 4TO 3emHas aTMocdepa HEH3MEHHO CBfi3aHa C BpaILalo-
mefica 3emdeii. JlonycTum Teneph Haduyue JBHIXEHHS YacTHL BO3JyXa
0 OTHOINEHHIO K I[IOBEPXHOCTH 3eMyd. Bce aBHxeHus 6yZeM OTHOCHTb
K CHCTeMe ocell, HeH3MeHHO CBfI3aHHHX C 3emjell (Hanpumep, NMOMECTHM
Hayajo B HEeKOTOPOH TOUKe NOBEPXHOCTH 3€MJH, OCb Z HAaPaBUM BEPTHKAJBHO
BBEpX, OCH X M Y B ropusoHTaJbHO# mjockocTu). IIpeanosaras, 410 eAuH-
CTBEHHHIM JABHXXEHHEM CaMOH 3eMJIH SIBJAETCS NONpEKHEMY BpalieHHe BOKPYT
€€ OCH C MOCTOSHHOM YIJIOBOH CKOPOCTHIO €, MBI YBHJAHM, YTO Ha JABHXXY-
LIYIOCH YacTHUY BO3AYyXa AelicTByeT Tenepr HOBas HHepPUHOHHas CHJa, Tak
HasmBaemas cuia Kopuosuca, paBHas yaBOEHHOMY BEKTOPHOMY IPOH3BEAECHHIO
BEKTOPa CKOPOCTH JABHKEHHH YacTHLB Ha BEKTOp YIJOBOH CKOPOCTH Bpa-
wenus 3eman 2[V,2]. Mo ocaM koopauHaT cujaa 3Ta (OTHeCEHHas K enu-
HHIIE MacChl) MMEET KOMIIOHeHTH 2w, 0—2 © W, 20 w—2 0 U, 2wyu—2a:xv rue
®, ©, © —MNPOeKUHH yrJOBO# CKOPOCTH BPIIMEHHS 3eMIH Ha OCH KOOp-
JAUHAT, 3 4, U, W, KaKk OGHYHO, NPOEKUHH HAa Te XE OCH CKOPOCTH IBH-
JXEHUAl XHUJAKOH uacTHuwel. EcJH H3BeCTE€H N0 BeJHYHHE H Hanpas/leHHIO
BEKTOP CKOPOCTH XHUAKOH 4acTHub, Ge3 Tpylda MOXHO NOCTpouTh KopHouu-
coBy cujay. Jljs 3TOro cjenyeT NMOCTPOHTH B J@HHOH TOYKE BEKTOP CKOPOCTH
H TyT Xe OTJOXHTb BEKTOpP, PaBHHA H napajviejJbHHA YIJIOBOA CKOPOCTH
BpaIleHusA 3eMmiH. TOTZa yABOeHHas IoWaab NapajjeorpaMMa; nocTpPOEHHOTO
Ha 3THX BEKTOPaX, M JAaeT BeJHYHHYy KOpHO/IHCOBOH CHJBI, HanpaBjieHHE
€ ee COoBnajaeT C HanpapJeHHeM NepHEeHJMKYJasapa K IVIOWaAnH yHnOoMsHYyTOro
napajJeJor pamMma, NpuyemM AJs HabJonaTels, cToamero BroJab Kopuoliucosoit
CHJIbI HOTaMH Ha IJIOL[AJM NapajJesorpaMMa BeKTOP CKOPOCTH, NyTeM Bpa-
LIEHHA MO 4acoBOH cTpeJke (B CcJayyae JEBOPYYHOH CHCTEMBI) Ha yroJ MeHb-
mH# YeM T MOXeT GHTh COBMELIEH C BEKTOpPOM yrjaoBo# ckopoctH. Tak, Ha-
npumep, AJas TOYKH, ABHXKYIleHCH B CeBEpPHOM NOJyWapHH BAOJb MEPHIAHaHa
c cesepa Ha ior, KopuoaucoBa cuaa 6yieT HanpasjieHa MO KPyry WHPOT
H NPHTOM C BOCTOKA Ha 3anapm.

KopnosnucoBa cuJla urpaeT HCKJIIOYHTENBHYI0 poJib B aTMoChepHbIX
apieHuaXx. Ee 3HayeHHe OCOGEHHO CKa3bIBaeTCsHl, KOTAA peub HAeT O JABHXKe-
HUAX GoJbmuX MacumTa6oB (06 stoM noapoGHee cm. § 8 sTok raasw). Ha
NPOTAXEHHH BCeH KHUrH C Hefi OyZeT CBf3aHO OOJbLIOE MHOXECTBO Kak
KayeCTBEHHHIX, TaK H KOJHYECTBEHHHIX NOCTPOEHHI.

MEBl npennoJaraiy, YTO €IHHCTBEHHHIM JBH)XEHHEM 3EMJIH SABJAETCS ee
ppaigenHe Okoao ocH. QJHako, 3eMs JABHIETCH elle BOKPYT COJIHIA H yBJe-
KaeTcsl ABHXXEHHEM COJIHIA; HHEePUHOHHBIE CHJBI OyAyT NO3TOMY HMeTb 60Jee
CIOXHBI BUJ, ONHAKO NpHOGABOYHHIE YJEeHB 6YAyT HACTOJbBKO HHYTOXHH MO
BeJHYHHE, yTO UX 6e3 ywep6a A1 BHIYHCJAEHHH MOXHO OTOPOCHTD.

§ 5. YpaBueHus asmweHus. JlaBaenue. B aTom nmaparpade Mpl yCTaHOBHM
nuddepeHnyalbHEe  ypaBHEHHs, YNpapJisiollHe JABHXEHHUAMH aTMocdeps.
Ilas storo nmpuaeTcs npexie Bcero ofseyb B MaTeMaTHYeCKYIO opmy npen-
CTaBJEHHE O BHYTPEHHHX CHJAX, AeHCTBYOIIMX Ha KaKylo JHOO MJOWAnKYy,
BHIPE3aHHYI0 B aTMocdepe. Boo6pasum Hekylo TOUKY aTmocdepn A (X, ¥, z),
HMEIOLYI0) KOOpAMHATH X, Y, Z MO OTHOLIEHHMIO K CHCTEME NPAMOYTOJbHBIX
NPSIMOJIMHEAHEIX JAeKapTOBHIX oOcelf koopiuHaT. YUepea TOYKy A mnpoBeneM
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K2aKyio YroAaHO mnoJynpsmyro / M n0ycTh do, €CTb 3/€MeHTapHasl MJIOILANKa,
nepneHpuKy/asapHas k / ¢ ueHTpoM B Touke A. UTo6 onucath AefcTBHE BHY-
TPEHHHX CHJ B CIVIOIIHOH cpeze, npeanojaramot OOGBYHO, YTO €CJIH BHYTPH
CIVIOMIHOH CpeJsl BHJAEJHTH MHCIEHHO 06‘eM, OrpaHHYEHHBIi NOBEPXHOCTHIO
S, B cocTaB KOTOPOH BXOJHMT yKa3aHHas BHILIE MJIOLIAAKA, IPOXOAdAIas yepes
TOYKy A, npuueM mnoJaynpsMas / HanpasjeHa BHYTPb o6‘e€Mma, TO Ha TaKyIo
IJIOUIAAKY JefiCTByeT CHJ3, HanpaBjJeHHas He 06A3aTeJbHO BAOJbL 4, a cocTa-
Basionas ¢ / yroJ, Boo6uie roBops, oTaudHeifi oT 0° uau 180°. Bektop atoit
CuJibl, OTHECEHHHH K eJHHHue mJowanH, o6o3Hayum uepe3 P; on Gyner,
BooGuie roBopf, ¢yHKuMel# HEe TOJBKO OT KOOPAHHAT TOYKH A M BpPEMEHH,
HO U OT HamnpaB/jeHHs BHOGPaHHON HaM mosynpsamo#t /, 4yTO MH H OTMETHM,
cHa6nuB ero 3HaykoM /. KOMMOHEHTH 3TOro BeKTOpa MO OCAM KOOPAHHAT
6yneM HasmnBaTh X, Y, Z;; B&IHYHHa CHJH, AEHCTBYIOLIER HA IVIOWIAAKY do,

6yeT TakuM .06pasoM

V X3+ Y%+ 22 da,

Tak, nanpumep, non 6yksamu X,,Y,,Z O6yleM pasyMeTb KOMIOHEHTH HauleH
€IMHUYHOH CHJIBI, JelCTByoWell Ha NJOINAAKY, NepPIeHIHKYAAPHYIO OCH X, T. €.
Ha maowanky dydz, uepes Xy, Yy, Zy—KOMHOHeHTbI CHJIBL Py JeficTByiomet
Ha 3JjeMeHT dxdz, uyepe3 X,, Y,, Z —KOMNOHEHTH cujbl P, gmeficTByiome#n
Ha a3jemeHT dxdy. Cuaa P, HocuT HaspaHue HanpskeHus. OTmeTHM eme
pa3, 4TO MOXHO TOBOPHTDH JIKIUbL O HANPSAXKEHHUSAX, AeHCTBYIOIHX HA IIOUIAAKY>
OKOJIO Kaxao# TOYKH A MOXeT OBITb HMOCTPOEHO CTOJbKO ,HANpsiXKeHHH,
CKOJIbKO TNPOBEJEHO 4Yepe3d 3Ty TOYKY HanpasjeHHii & 0[OpH 3TOM H3
JaHHOrO HaMu onpenejenus P, noka eme He caexpyet, YTO /B2 HanpsKeHHUs,
oTBeyaloule OAHO HanpaBJeHuI0 /, a JApyroe npsaAMO HPOTHBOMNOJONKHOMY
HanpasJjeHuIo — I, Kak-HHOGYAb Mexay co60ii CBA3aHHL.

O603Hauas BEeKTOp E€AHHHYHOH cuJbl, reficTBylowieli Ha o6‘eM, yepe3 F
a BEKTOp CKOPOCTH ABHXXEHHS BO3nyXa uepe3 V, pacCMOTPHM KaKOH-HHOYZIb
KOHeYHHt 06G‘eM aTMocdeps 7, OrpaHHYeHHHI MOBEPXHOCTbIO S, H MOCTa-
paeMcCsi 3aMHCaTh JJf HErO 3aKOH COXPaHEeHHsl KOJHYECTBa JBHIXKEHHS H 3aKOH
momeHTOB. KosuuecTBO ABHIKEHMSI BCero Haumero o6‘ema B MOMeHT ! 6yneT

OYEeBHJHO BEKTOPOM V pdt, rpe p— MJIOTHOCTb, dt— 3jJeMeHT o6‘eMa, HH-
'

Terpal pacnpoctpaieH Ha o6‘em 7, a pyHKuumH p ¥ V 3aBHCAT OT KOOpAH-

HaT ¥ OT BpeMeHH W GepyTca B BHGpaHHEIE MomeHT /. KoAluecTBO nBHIXEHUS

B MOMEHT [-+ ¥ npejncraBaseTcd B BUIE V'p'dd, rne V', p' u T npencra-
'

BJAIOT BEKTOpP CKOPOCTH, IVIOTHOCTb H paccMaTpuBaeMmbliii 06‘€M K MOMEHTY

t+¢'. lNpupawenne KOJHYECTBZ ABHXKEHHS, MOJydaiomieecss 3a MNPOMEXYTOK

BpPEMEHH QT ! A0 [+, NpPeACTaBHTCSA [O3TOMY B BHIE.

/ Vip'dd — J Vpd=.

B aTHX OG6G‘eMHLIX HHTErpajax COBepIIHM 3aMeHy IepeMeHHHX, nepexojas OT
o6‘emoB 7 u T' K Hamemy HauyaJlbHOMy 06‘emy 7, Tak kak, B CHJYy COXpa-
HeHHs] MacCHI

p'de’ = pdr = pod,.
(3zechb po ¥ dry NVIQFHOCTb H 3JEMEHT o6‘eMa B ,HayaJbHHH MOMEHT“) noJjy-
YUM NPHPALEHHE KOJHYECTBA ABHXEHHUA B BHJE

f (V—V) po5o

rae maia V i V' MH COXpaHuM mpexHHe oGoanavenus. Mimnynabc Bcex met-
cTByiouux Ha 7 cuj GyAEeT OYeBHAHO, 33 TO XK€ BpeMA
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Lt
( f Fpdt + .s/' Pnda) dat.

T

rae do 3JeMEHT MNOBEPXHOCTH S, orpanHHyMBaiomedt 7, a P, —Hanpsxenue,
JNeACTByIOmEEe Ha 3TOT 3JEMEHT (7— HanpaBjeHHe BHYTPeHHe#t HOpMaJH
K noBepxHocTH do). Teopema O npupameHHH KOJMYECTBA JBHXKEHHS Hamu-
weTcs Tenepr B BHJAE:

‘T/.,. (V' — V) podity = ;/'H ( ! Fods+ J‘ Pds) at.

Anajoruuno 35TOMY MOXEM HanucaTh 3aKOH COXPaHeHHsI MOMEHTOB B BHAE:

J ([ v.r |-[v '])P°d’°=:7t'{/| F, ']Pdf+ ![P"' r]da}dt

To

rae r 4 r’ BeKTOPH, KOMNOHEHTH KOHX CYTb KOOPAMHATH Touek ob‘ema 7
H T cooTBeTcTBeHHO. Jleis 06a HaMIUX paBeHCTBAa Ha ! U MepexoAs K mpe-
ey, noJaras, 4to ¥ crpemMuTcs K HyJaio, (MH nepeiineM 3areM OT 7, BHOBb
K 7, NOMHS YTO podty == pdt, H cobepeM 06‘€MHBIE HHTErpajbl, OPHYEM 3aMETHM,

q9T0
8 [41 ]+0]=[ 55 ], o S

NOJAy4YHM OUECBHIAHO CJeAyIOmHE paBeHCTBa
.

[ =)= frs [ (&A-[F D= [P ]

7

Utak, nas xaxporo ob‘ema 7, MBICJIEHHO BBLIEJCHHOTO H3 aTMOcOepH,
JOJKHB BHINOJHATBLCS HanuCaHHble COOTHOWeHHs. Bo3HHKaeT BONPOC, HeJb3s
JH NOCTPOHTH BMECTO 3TOro 6€CYHCJEHHOrO MHOXeCTBa yPaBHEHHIH Takyto
€HHCTBEHHYI0O CHCTEMY YypaBHeHH#, KOoTOpas Obuia 6b BCelt 3TOH cHCTeMme
akBuBajeHTHa. UTo6 Ha 3TOT BONPOC OTBETHThY AOKAXEM CNepBa JBe TeOpeML.

[TokaxxeM BO-nepBHIX, YTO B CHJIY HAaWKX ypPaBHEHHUH HanpsikeHus AJs JBYX'
B3aHMHO NPOTHBONOJOXHHX HanpasjeHu#k I H —/ 6yAyT paBHBH NO BeJHUYHHE
H POTHBONOJIOXKHHI 1O HANpasJeHuio, T. e.yTo P, =—P_,. Jlaa sToro BuiGepem
B KayectBe o6‘ema 7 (KakoOBOH MOXeT OBLITH B3fIT B aTMOc(epe NPOH3BOJIBHO)
Hekuii wap 7, C UEHTPOM B TOuke A, ¥ MpOBeAEM Yepe3 A MPOU3BOJLHbIA
Ay4 / © fuaMeTpasbHyIO0 MIOCKOCTh E, nepneHpukyJsipHyio sTomy Jy4y. IlBa
noJymapa, Jexamue MO MOJOXHTEJbHOMY H OTPHUATEJbHOMY HanpasjeHHIO
/, o6osnauum 4epe3 7' u T’ COOTBETCTBEHHO, 3 HX NMOBEPXHOCTH — Yepe3

S’. H S: Torga OYEBHAHO HAOJKHBL HMETh

/(—%+F) pd‘t+! Pnda=1‘[(—-%¥+F) pdt+f+§[+§[=0,

* - ™,
rae S' MOBEPXHOCTb BCEro mapa, a n HopMmalib K de. C npyro#t CTOPOHH, 6eps
3a T 06‘eMHl 7"' H 7"" OTHAEJbHO, NOJYYHUM B3 COOTHOLUIEHUS:

i'/'(F—‘%’) pd -+ f P do—+ :'/ Pdo=0
/(F—%}’) pdr+gf P“dc+! P_do=0.
,' A4 ”t L]
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Cknaguipas IBa NMOC/HEAHUX COOTHOLIEMUs), NPMAEM, NPKHUMAA BO BMHMIHHE
nepBO€ COOTHOILUEMHE, K PABEHCTBY :

\
J (P,+P_) do=0.

Tak xax 3Tp COOTHOLIEHHE CNpPaBeIMBO B CJYyYae luapa Jo60ro paanyca, T. €. Aan
Kpyra £ mwoforo AHaMeTpa, OKPYKaloWero touky A, To GyneM HMeTb

- P +P_ =0

HJIH

P, ,=—P_,1.

+1
Bo BTOpHX nNOKaxeM, KaKk MOX-

HO, 3Hasa HanpsuKkeHus, nefcTBylomye

(el Ha TpM KakKux-AH60 B3aUMHO mep-
NeHJUKYJADHHX [JIOMAAKH, HPOXO-

Ee HAmMUX Yepe3 TOuky A (HanpHMep,
E, E) anag P,, P, P), wafitu Hanpsxe-
Y Hue P, peficTByiomee Ha MPOM3BOJIb-
Hylo mjowmanxy (c Hopmaibio [),
npoxoasamyio yepea A. Jlis storo
B KayecTBe 06‘eMa 7 BO3bMeM HeKHi
) TeTpaep C pe6paMH, pacnoJOXKEH-
X HBIMH Baosab oceét X, ¥, Z, U c Bep-
IKHHOA B Havaje koopauHaTt. I'panu

Puc. 2. 3TOrO TeTpaeinpa, Jexaiuye B MJaOC-

KOCTAX KoopauHaT HasoseM E,, Ey,

E, a uyerBepryio rpaub —E, (Hopmaib K Heli GyneT /). Torma ROMKHH

HMEThb

fp(F—%—Y) d‘r+e/‘ deydz+[ Pydxdz+! Pasdy— [ Pda=0
* X 'y z E

rie 7, o6'em Bcero TeTpaeipa, a NOCJAEAHHA HHTErpajl MH 6epeM CO 3HAKOM
MHMHYC B culy paseHcrtBa P,=-—P_, npeanonoxus cnepsa, uto cos (/, x) >0
cos (/; ) >0, cos (!, z) > 0. O6o3nauan naowake Bce#t rpanu FE, yepes g, 3a-
meuaeM, 4to o==0 (%) (T. e. o ecTb BeqIHUUHA NOpaAKa A3), rae k— paccTosHUE
OT Hayaflla A0 MJIOCKOCTH E; MOXeM OYeBHAHO HaNHCaTh

[ o F—%) dr=0 (1), f P dydz =P, cos (!, ¥)+0 (&)

g’/' P, dxdz= P, a cos (/, y)+0 (), é/ P dxdz=P,o cos (I, 2)+0 (&)
/ Pdo=Pys+0 (¥),
£

1) LefictBHTENBHO, NYCTh, HANPOTHB, B ToYke A OKasajoce HanpuMep, uro (P, 4 P_ ), >0;
ecnn P, wenpepuBHa, TO MOXHO HaHTH TaKyl HeGOABIIYK 06aacTh, OKPYKaIoLLyIo A, B Koeit
(P, -+ P_)x>0 6yner ewe nonoxurentHo. Ho Torga, nocTpoMBUIN HAII WIAD WACTONBKO MaJOro
panHyca, uTo6 E* He BHILNIO 33 mNpejenn yhnoMsHyTod o6aactH, 6yneM Heo6xOjHMO HMEThb
[ ®+P_), ds>0, uro nporusopeunt noxasanHomy.

Ex
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rape
POx’ pOy’ POz’ Pol

3HaYeHHsl COOTBETCTBYIOLIMX BEKTOPOB B Hauaie KOOpAMHAaT. Berasnssm 3TH
BhlpaXEeHHS B HaNHCaHHOE BHILE PABEHCTBO M TIepeXOis K mpefeny, nojaras
h~—0, MK TIpHAEM K CJelyIOLleMy COOTHOILEHHIO:

Py, cos (!, x)+P,, cos (!, y)-+P,y, cos (/, 2) —P, =0

WIH, €CAH OTOPOCHTb 3Hayku (HayaJ0 KOOPAHMHAT MOXKeT GHTb MOMEMIEHO
rae yroiaHo):
P,=P, cos (/, x) +P, cos (,, y)+P, cos (, 2). (13)

3TO COOTHOLIEHHe M TO3BOMfET, 3Hasm P, Py, P,, nafitu P, npu mo6om I. Mu

MOXEM Tenepb OTBETHTb Ha BONPOC O TOM, BO3MOXHO JH GECKOHEYHOE YHCJIO
CHCTEM HALIUX YypaBHEHHH 3aMEHHTHh OJHOH cHcTemoi. JlefiCTBHTENBHO, MEH
MOXeM Tenepb npeo6pasoBaTh

f P do= / [P, cos (7, x)+P, cos (n, )+ P, cos (n, z)] do

npH nomomu ¢GopmyJiel Fpuna (Green) k Buay

oP oP, opP
= — Yy z
! Pntio f/< ot e 02) dr,

a BMECTO

HanucaThb

J ([P 7] €05 G0+ P, 1] cOs G, )+, 1] cos €, 2} &=
=—/[(§)—‘Px+%Py+—;—:—Pz), r] d-r—f/{'_ P, g—;]+[ P, g—;]+

[ B, ] e

BcTapasis 3TH BHpaxXeHH B YpaBHeHHs, Naiolide 3aKOH KOJAHYeCTBa
ABHXKEHHS! H 3aKOH MOMEHTOB, 6yJeM HMeTb

S Lo (P2 (S e 2 |t
+/ {(r—)e— (G +5+ a;‘)},r]dx—/{[px,%J+

or ar
+ [P, 5|+ [P. 52|} er=0.
Tak kak o6‘em 7 B3AT HAMH TPOH3BOJIBHEIM W €C/IM CUMTATh NOI’HHTErpalb-
Hbhle BHPAXEHHS HeNpepHBHHIMH (YHKIMSMH KOODIHHAT, TO, KaK Jerko ybe-
RHTbCSl, IPHEMOM, TPHBEACHHHIM BHIIE B LOKa3aTe/bCTBE paBencTBa Pp=—P_
NOM’HMHTEerpaJbHEE BHPAaXEHHs ROMXKHH o0paumarscs B Hyab. [lepBoe BexTop-
HO€ COOTHOILUEeHHE JaeT HaM, TaKuM oﬁpaaou, €IUHCTBEHHOE YXe€ BEKTOpHOE
yC/IOBHE, KOe QOJIKHO BHMOJHATBCA B JIOGOH MOMEHT BpeMEHH M LIS BCeX

TOYEK XHAKOCTH: P b P
dav d g d
( _Wf) = * 5 * 5 (14)
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3T0 nocnejHee BEeKTOPHOE PABEHCTBO M TNPEACTaBJSET ypPaBHEHHS [ABH-
XEHHsl CIJIOWHOK cpexrl. B ckaansproli ¢popme oHO pacT:

X, ax, X, oy, oY, . oy,
(X——%) p= 4+ —L ; ( Y — du) p= + ayy + (15)

ox ay oz dat ox oz
A d (77} ) OZ x OZ y 6Zz
( zZ— a JP= " Yoy "tz -

O6paTHMCa Tenepb K BRIPAKEHHIO, NOJNYYHBLIEMYCS H3 TEOPEMBl MOMEHTOB.
Ec/iH ,ypaBHEHHS [BHXEHHA“ BHMOJHEHH, TO 1-B WHTerpan GyaeT Tam cam
co6oit 06pamarbCss B HYJb H HaM OCTAZHETCH 3aMHCaThb JHIIb, YTO NOJI‘HHTE-

or or
rpaipHas (QYHKIHS 2-TO HHTerpania ecThb HyJb. Tak Kak BEKTOpa 5-, i
or

37 HMeloT, oueBHAHO KommnoreHTH (1,0,0), (0,1,0), (0,0,1) cooTBETCTBEHHO, MM
NpPHAEM K CJAEAYIOUHM TPEM CKaJspHEIM yCJOBHAM:

Y,=X, Y,=Z, X,=Z, (16)

Taxum 06pa30M U3 HEeBSATH BEJHYHH, X8PaKTEPH3YIOUIMX HanpsikeHHe B JaHHOH
TOuKe (X, X, X Y, Yy, Y, Z, Z, Z,) TOIbKO LIECTh HE33aBHCHMEHI.

[Tpexnonoxum Teneps, YTO cpena Hawa o06Jafa@eT TeM CBOHCTBOM, YTO
Kakylo 6H NJOMafKy B TOYKe A 3TO# Cpein MH HU BHOHpPAaJH, BCeria Hanps-
JKeHHe, JelCTBYIOLIeE HA MJOMIAAKY 3Ty, OYJeT NepneHAuKyAspHO K IJIOIaJKe.
Jlerko BuAeTh, uTO B Takoh cpeme X, =Y, =Z, a X =X, =Y, =0. [lek-
CTBHTEJIBHO, PaCCMATPHBAsl, HanpHMep, TJOMIAAKY, NepIeHAHKYJAAPHYIO OcH X,
JOJKHE 38KMIOYUTh, 4TO Juildh X,#+0, a Y,=Z =0 (u60 HanpskeHue, gel-
CTByIOllEe. Ha 3Ty MmIou@anky, OyAeT HMeThb, N0 ONpejesNeHHIO, KOMIIOHEHTH
X, Y, &, @ OHO HanpaBleHO Temnepb B TOYHOCTH TeEpPMNEHIHKYJSPHO
K mJow@anke, T. €. BAOJb ocu JX). AHaJOrHYHHM o006pasom Halzem, 4TO
u Z =0. Ho tenepe (mo (13)) X=X, cos () x), Y= Y, cos (} ),
Z,=Zz cos (/, z), rae / HOpManb K IIOIIAJAKE, 8 TAK KaK PI HanpasJeHo, 1o npej-
NOJIOXKEHHIO, N0 HOpMalH, TO X,=|P,| cos (I, x), Yl=|P,| cos (/, y), Z=
=|P,| cos (/, z), Takum ob6pasom X = Yy=Zz=|Pl|. OG6o3HaYHM BeJHYHHY
HanpsikeHHus, AeHCTBYIOLIEro B [IaHHOM TOYKE TakOH Cpell yepesp (x, Y, z1).
MHu HMeeM Tenepb ypaBHEHHS

(F=2)e=vnr a7

B nokoswefics semHoli atmocdepe (V=;—"¥=O ) CBOACTBO HOPMAJBHOCTH

HampsXEeHHs BHITIOJHAETCH BINOJHE TOYHO. IIpH HaJiWuyuM JBHXKEHHHA TPHXO-
IHMTCS, K COXaJeHHIO, BOOOLle TOBOPSl, HMEThb [EJO C HampsKeHunaMu, jJei-
CTBYIOUIHMH Pa3JIHYHO Ha PasjiHYHO [OCTaBJEHHHE, XOTSl H HaxOoJALHeCs
B OJHOH M TOI xe TOuYke cpenH, mioulaaku. [Ipeacraenasierca uenecoobpas-
HHIM OTHEJNHTb B BHIDAXEHHAX X, ..., Z, WIeHH, HCYye3aluue BMeCTe CO
CKOpPOCTBIO, H HallUCaTb

X, =p+X, Y, =p+ Y’y, Z,=p+27Z, (18)

BripaxkeHue p, cTOslllee ClaraeMHM BO BCEX 3THX TPeX KOMIIOHEHTaxX Hampsi-
XEHHsl, HOCHT HaspaHHe MnaBjieHHs. Ham Haj0o Tenepp nocTapaTbCsi BHPasHTb
X, Y’y, zZ, X, (= Y) Z, (=X), Y, (=Z,) HENOCpeJACTBEHHO Yepe3 KOM-
MOHEHTH CKOPOCTEeH.
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§ 6. Hanpswenusn. YpaBHeHus ABHMEHHA B OKOHYateabHO# dopme.
B kJaccHueckofi MexaHuke BAISKOH XHMAKOCTH MPHHHMAeTcs, 4YTO BCe 9 KOM-
NOHEHTOB HaNpsikeHHs SBJAIOTCA JHHEHHHIMH QYHKIHSAMH OT ,CKOpOCTel
nedopmanun® cpenws. [locnennuwe npencraBasioT W3 Cebs B CBOIO oyepenb
6 BeJHYHH, NOCTPOEHHHX NMPOCTHIM O0pa30M H3 pAa3/JHYHHX MNPOH3BOAHHX OT
KOMIOHEHTOB ¥, U, w CKOPOCTel MXHAKOCTH NO KoopaHHAaTaM. JloxasmBaeTcs
NpH 3TOM, YTO TOJbBKO 6 H3 BeJHYHH X'x, Xy, . . . Z'; HE3aBHCHMH H YTO
(cM. npexmaymuit maparpad)

Yaz=Xy, Y:=2,, Zzxy=2X.

Torna u3 H30TPONHOCTH CpelH CJEeNyeT, YTO JHHeHHHEe (GOPMYJIH, BHPAKaIO-
mwue Bce 9 (Bepuee 6) BesmyuH X'x,. . ., Z; yepes 6 ,ckopocrelt medopma-
IHH®, MOTYT COZepXkaTh BCEro JHUIb 2 pasiHuHbX Koap¢Huuuenta. Hakonen,
Ans ,ra3oB“ H 3TH ABa KO3(P(PHUMEHTa OKA3HBAIOTCS CBA33HHEIMH JIHHEHHHIM
COOTHOLIEHHEM, TdK YTO CYLIECTBEHHHM SIBJsETCH JHILIb ONHH e IHHCTBEHHHMH
K03¢(QHUHEHT, KOTOPOMY JalOT Ha3BaHHe Ko3(d¢HIHeHTa BA3KOCTH. B aroit
KHHTe MBl He 6yJeM OCTaHaBJMBAaTbC Ha (PH3HYECKOM OGOCHOBAaHHH Cylle-
CTBOBA@HHSl H JIHHEAHOCTH 3daBHCHUMOCTH X'x, . . ., Zz OT CKOpocTel negopma-
HHH. MB OJHaKO 34eChb e BHIHIIEM BHIPa)K€HHs BCeX HalHX 9 BeJHYHH
yepes CKOPOCTH Je¢opManuH H KO3a((PHUHEHT BA3KOCTH, C TeM, YTO6 HamH-
caTh ypaBHeHus aBuxeHHs (15) B oOnyHOi ¢opme. [IpumeM, kak OOHYHO YTO

2 ou _ov  dw . -
X’x—?p(a-'_o_y‘-""b‘z) 2 ox, y’y—. . ey Z’z—-. .

19
Xy= Yy=—p ( ( )

ou dv
Oy ox)’

raie p ,Ko03pduHHEeHT BA3KOCTH®. BHpakeHHs] 3TH HaMm HamJIeXHT BCTABHUTh
B mnpaBuHe uacTH ypaBHepu#l (15) u nuddepeHUHPOBATH MO KOOPAHHATAM.
MoxHO JH TNpH 3TOM CYHTaTh P MOCTOAHHEIM? ECJAH nMpeanosoxuTes Aaxe,
YTO CpeAa Halla OJHOPOJHA B CMBICJIE BSI3KOCTH, TO BCE Xe, C TOYKH 3DEHHA
(pu3HYEeCKHX npeiaCcTaBJIeHHH O BS3KOCTH, f CJAeAyeT CYHTAThb (pyHKIHEH OoT
TemMnepatypsl. Tak Kak nocnenHsas B atMocdepe MOoABEpPraeTcsl H3MEHEHHSIM,
€CTeCTBEHHO CYHTaTh, YTO H § €CTb BeJIHYHHa NepeMeHHas. B atom napa-
rpage MEH, OJHaKO, OCTaBasACh B JyXe K/1aCCHYeCKOH MEXaHHKH BS3KOH Xui-
KOCTH, NPELNOoJIOXHM, YTO H3MEHEHHSl 3TH HaCTOJbKO HHYTOXHH, YTO b MOXKHO
COBEepIIEHHO CTPOrQ CYHTATh MNOCTOSHHON BeJHuHHON. MEH BepHeMcs elge
K atomy Bonpocy B § 8. Berapnss prpaxenus (19) B (15) u cobupas coort-
BETCTBYIOL[HE BEJHYHHH, MH 6e3 Tpyla UpHUBeleM YPaBHCHHS [BHIKEHHS

K BHLY ) )
Op du 2 1 o (0u (24 _w)]
"( dt)+p'lv U+ g ax\ox oyt oz)f
0p dv ¢ f0u 0v Ow
sy =r(Y—z) e[V 55 (G )b
0p_ (7__ 0w sy L 0 (0u_ 0v  ow
0z P(Z dt)+p'[v W+zaz\oxtay™ 02)]'

TakoBel ypaBHEHHS ABHXEHHS BS3KOH CXHMaemMOH MXHAKOCTH—TAaKOBHl
ypaBHEHHS JBHEHHs atmocgepr. I[1on0xHM, YTO MB OTHECJH JABHKEHHSA
K CHCTeMme oceli, CBf3aHHON HEH3MEHHO ¢ Bpauamuieiica semeli, pACHOJNIOKHB
OCH X u Y B KacaTeJbHOM K NOBEPXHOCTH 3€MJH IVIOCKOCTH H HanpaBHB OCb

Z BepTHKaJbHO BBepX. BcnoMuuas, uTo GBLIO CKas3aHO B § 4 0 CHJE TAXKECTH
H cune KopHoJsnca, MOXeM HanHCaTh Tenepb ypaBHEHHS JBHMXKEHHS B BHJE:

ld\du ov dw]
3ax,0x oy

g; (2wmx —2ua; — gt)"'"[v v+ ; a‘; (gz+@+oouz’] (20)

(Qumy—vax dt)+p[v°w+—l— 9 (gz o"+%%)]—gp.

) Xo=Zy=. ..; YimZy=. .

--Col

%:p(ﬁumz —2ww, — gt +p[v w+

QIQ
L]




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































