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MPEANCITIOBUE

ATmoctepa 3eman npeacrtaBnser cob6oil 0AHY M3 CaMblX AWHAMMUYe-
CKMX 060n04eKk NpupogHoi cpedbl. Ee cocTosiHMe onpegenseTcad Xumunye-
CKMM COCTaBOM, MHOXECTBOM (PM3NUYECKMX XapaKTepUCTUK U MPOLLeCccosB,
B3aMMOLEACTBMEM C BHEWIHUMU WU BHYTPEHHUMU (haKTOpamu, a TakxKe BO3-
felicTBueM MocneacTBUIA YenoBeYecKol AeATENbHOCTW. M3yueHue 3Toro
COCTOAHUA 1 0606l EeHNe LUIMPOKOTO KOMMNeKca 3HaHMI 06 aTtMocdepe sB-
nfeTcs NpefMeTOM OfHOW M3 reon3nYecKMX Hayk - ULLKN aTMoChepsbl.

CoBpeMeHHas (pu3nka aTMocdepsl 6a3npyeTcs Ha ABYX NPUHLUNNANb-
HO BaXHbIX nopxogax. C 0A4HOW CTOPOHbI, LWUMPOKO UCMONbL3YHTCSH fJaHHbIe
HabnoAeHU A N U3MepeHniA, Ha OCHOBE KOTOPbIX YCTaHaB/NMBAKOTCA 3aKOHO-
MEepHOCTU DOPMUPOBAHUS W Pa3BUTUA aTMOCHEPHbIX MPOLLECCOB, M3Yy4alOTCH
cocTaB, CBOCTBA M CTPOEHME aTMOCKepbl. ITU JaHHble NOMy4YalOT Ha CeTw
MeTeopoNorMyYecKnx cTaHuuii n obcepBaTtopuidi, ¢ NOMOLLbIO PagMO30HAN-
PYHOLWMNX CTaHL WA, CAMONETHOrO, a3pOCTATHOTO U PAKETHOTO 30HANPOBaHUS.
B nocnefHne HECKONbKO AecATUNETUA OrpOMHOe KOAMYECTBO UH(OpMaLmm
MPUHOCUT AUCTAHLMOHHOE 30HAMPOBaHWe aTMOC(epbl C NOMOLLbID MeTeo-
PONOTNYECKUX WCKYCCTBEHHbIX CMYTHUKOB 3eM/M, PajgvOoNOKaLUOHHOW K
Nna3epHoO nokauuun. MismepuTtenbHble CUCTEMbl BCEX MEPEYUCNEHHbIX BULOB
HabMAeHN NOCTOAHHO COBEPLUEHCTBYOTCSH Ha OCHOBEe HOBEMLWIMUX JOCTU-
XXEHW B 061aCTN MUKPO- N HAHO3NEKTPOHUKW, AAEPHOW (QU3NKKN 1 T.4.

Lpyroit nogxop cBA3aH C pa3BUTMEM TeOpeTMYeCKUX Mogeneil aTMoc-
(hepHbIX ABNEHWI A M NPOLECCOB Ha OCHOBE LUMPOKOFO0 MCMOMb30BaHUS pas-
HOO6Opa3HbIX MaTeMaTU4YeCKUX MeTOAO0B U COBPEMEHHOW BblYNCANTENbHOW
TEXHWKMN.

PasHoobpa3ne aTMoCHepHbIX 06BLEKTOB M MPOLLECCOB U METOLO0B UX
MU3y4yeHUa NPUBENO K BbIAENEHUIO B pamkKax (PU3MKKM aTmochepbl 6onee
Y3KUX AUCLUMWMANH: CUHOMNTUYECKAA MEeTeoposornsa, TeopeTuyeckas MeTeo-
ponorus, sKcnepuMmeHTanbHas MeTeOpoNorns, NnpuknagHas MeTeoposiorus,
KAMMaTonorus v ap.

Y4yebHUK HanncaH B COOTBETCTBUU C y4eOHbLIM NaHOM U MPOrpaMMoi
no gusnke atmocgepbl. COLEPXUT U30XKEHNE HEOOXOAUMOT0 MUHUMYMa
cBefieHMt 06 aTtmoctepe 3emMnun. MepBble YeTbipe rNaBbl falT NpeAcTaBe-
HWe 0 coCTaBe M CTPOEHMUU aTMoOcdepbl, 0 ee 6GapMyecKom Nose U TepMOAU-



HaMW4YecKnX npoueccax, NpoTeKawLWmX B Heil. CneayloLline YeTbipe rnasbl
MOCBALLEHbI HENOCPEACTBEHHO ONMCAHUIO MOrof006pasyoLWmX NPOLECCOB.
B cTporoii nocnefoBaTeibHOCTM NMoKa3aHa pofb pagnaLMOHHbIX NPOLLECCOB
KakK MepBONpUYUHbLI (GOPMUPOBAHUSA TEMMEPATYPHOIO pexxuma aTMmocdepsl.
3aTeM paccMOTpeHbl BCe 3BeHbs BNaroob6opoTta B aTMoc(epe, HayumHaa oOT
nucnapeHus v 3aseplias BbiMaZeHWeM 0CafKoB. B 3aknoyeHne faHbl 0CHO-
Bbl AMHAMWKWN aTMOCHEPHbIX ABUXEHWUIA.

Mpu nM3noXeHWU maTepuana rnasHoe BHMMaHWe obpalyanocb Ha To.
4yTO Noroga npeacTaBAsgeT co60M CMOXHbLIA NPOAYKT B3auMofgeincTemsa qu-
3MYeCKMX NPOLECCOB, NPOTEKAKLWMNX BO BHELHeR cpede, Ha 3eMHON Mo-
BEPXHOCTM M B camMoil atmocdepe. [laH BbIBOA W TO/IKOBaHME BCeX ypaBHe-
HWU, BXOAAWNX B CUCTEMY OCHOBHbIX YPaBHEHWIA MOroAbl.

Y4yebHMK HanucaH Mo maTepuanam KOHCMeKTa NeKuuin, KoTopblie 4u-
Tany aBTOPbl MHOTO feT AN CTYAEeHTOB (hM3UYecKoro v reorpauyeckoro
(haKynbTeToB. l0OCNef0BaTE/IbHOCTL M3/0XKEHWA MaTepuana mano oTauya-
eTCA OT ero pacnofioXXeHus B Knaccuuecknx yyebHukax Pd A.T.MaTBeeBa
n A.X.XpruHa no gusnke atmocgepbl. Ho B oTAnyme OT HblX B AAHHOM
yuye6HMKe A3bIK M3N0XeHUN 601ee NaKOHUYHBIA U KOHKPETHbIA. 3ro 06b-
ACHAETCA OrpaHWYeHHbIM 06beMOM yyebHUKa.

ABTOpbI, TaM rAe UMeno CMmbICA, B TabNMYHOM U WUANKOCTPUPOBAH-
HOM MaTepuane WCNOMb30BaAU fJaHHble MeTeOopOSIOrMYeCKUX CTaHL Ui
Y3beknctaHa, a Takxe pAf pe3yNbTatoB, NonyyeHHbiX HO.B.MeTpoBbiM B
X0f4e BbINOMIHEHUS HAY4YHO-UCCNef0BaTeNbCKON paboThl. Tak, B YNCNO WH-
TerpanbHblX XapakTepucTUK NPO3payHOCTM aTMocdepbl BKIHOYEH HOBbINA
napameTp - NPUBefeHHbI NokasaTenb npospayHocTu (rn. 5). B kayecTse
KpUTEpns HeyCcTOMYMBOCTH aTMOCHepbl MCNONb30BaH PaBHOBECHbLIN rpaau-
eHT Temnepatypsbl (rn. 4).

Mpw YTEHUM OTAENbHbIX FN1aB NPUMEHSATCA aHUMaLMOHHbIE NPUEMDbI.
Tak, npoLecc pasBUTUA KOHBEKTUBHOro o06n1aka NpoBOAUTCA C UCMNOJb30Ba-
HUEM KOMMbIOTEPHON TEXHUKMN.

ABTOpbI BblpaxaloT 61arofapHocTb 3a NPeAN0XeHUs, BblCKa3aHHbIe
peueH3eHTaMu yyebHuKa, 4.r.H. .H. TpoumoBy u K.r.H. O.J1. BabyWKNHY.

HayuHble pefakTopbl:K.¢h.-M.H., gou. MeTtpos HO.B.
K.r.H., gou. Arambepanes X.T.



Mnasa I. BBEAEHWE

OCHOBHbIe MOHATUA

1 eoM3nMKa - COBOKYMHOCTb Hay4YHbIX AUCLWUMIMH, paccMaTpu-
BalOWMX hM3nyeckme CBOMNCTBA W MpoLeccbl 3eMnn B LLEeNOM, ee Nn-
Tocgepbl, rugpocdepbl u aTMmochepsbl.

2. 'napocdepa - coBOKYNHOCTL BOJ 38MHOTO Wapa: OKeaH, NOBepX-
HOCTHble BOAbl, NOA3EMHbIe BOAbI; BOgHAA 060104Kka 3eMau.

3. lntocepa - sBHew HUN cnoii TBepaoro Tena 3eman, NpocTMpao -
WKniics OT 3eMHOW NMOBEPXHOCTU NMPUMEPHO A0 rNy6uHbl 1200 KM.

4. CMHONTMYeCcKasa KapTa - reorpaduuyeckas KapTa, Ha KOTopyio
uMdpamMym N CUMBONAMMN HaHECEHbl pe3ynbTaTbl HAGNOAEHNI Ha CeTwn
MEeTEOPONOrMYeCKMX CTaHUWNIA B ONpefeileHHble MOMEHTbl BPEMEHMN.

5. KapTa 6apuyeckoil Tonorpaum - kapta, Ha KOTOPYI HaHece-
Hbl BbICOTbl (TOYHEe FeonoTeHLUMaNnbl) TOM UIN MHON M306apnuyecKon
MOBEPXHOCTM Haf YpoBHeM mops (KapTa abcontoT HO Tonorpadun)
WAV Hag yPOBHEM HuKenexaueii n3obapmyeckoil NnoBepxHocTmM (Kap-
Ta OTHOCUTENbHOW Gapuueckoit Tonorpaguun).

6. MeTeoponornyeckasd CTaHUUA - NyHKT ANs NPoOM3BOACTBA Me-
TEOpPONoOrMyecknx HabnwpeHWn, BblOpPaHHbIA C yAOBAETBOpPEHUEM
onpefeneHHblX Tpe60BaHWIi B OTHOW EHNW penbeda MecTHOCTU, 6/1K-
30CTW 34aHUA N HaCeNeHHbIX MYHKTOB.

7. MeTeoposiornyeckas nnaoLwiajka - nnowagka nof oTKpbIThiM He-
60M Ha OTKPbLITOM U TUMUYHOM 414 OKPY>Xatowein cpedbl MECTHOCTM
yyacTke AN pasmMel,eHWA ycTaHOBOK C MeTEOPOSOrMyeckKumMm npu-
6opamMu fLlaHHO MEeTEeOPONOrMYEeCKON CTaHLmnK.

8. MeTeopONOrnYecKnin CNyTHUK 3eMJIN - NCKYCCTBEHHbIA CNYTHUK
3emnu, B nporpamMmMy KOTOpOro BXOAMUT oTorpadupoBaHune o6nayHo-
CTU W Apyrue HabnwLeHUs U U3MEPeHUs, rnaBHbIM 06pa3oM OTHOCA-
wuecs K paguaunmmn, uMetrow e 3agaveli n3yyeHue npoLeccoB naaHe-
TapHoro macwrtaba B3eMHOW aTMocdepe, B TOM Yncfie B Tponocgepe.



9. AKTUHOMETpUYECKME HabNOAEHNSA - HabMaeHUs Haf WHTEH-
CMBHOCTbIO COMHEYHOWN pagnaLmmn Npsamoid, pacCessHHON, CyMMapHOW,
a TakXKe Haf 3PPEeKTUBHLIM U3lyYeHNEM, PagMaLMOHHbLIM 6anaHCcoM
1 anbbeno, NPOBOAMMbIE C MOMOLLLI COOTBETCTBYHOLLMX NPUGOPOB.
10. Bo3gyuwlHaa macca - KO/M4ecTBO BO3dyxa B Tponocgepe, cons-
Meprmoe Mo naowaan ¢ 60NbWUMK YacTAMU MaTePUKOB U OKEaHOoB,
ob6napatoLee HEKOTOPbIMK 06LMMK CBOMCTBAMU M MepeMellaroLee-
CSl B OAHOM 13 TeUYEeHMIi 06Lel LMpKynauum atMmocdepsl.

11. LlMKIOH - aTMOC(epHOe BO3MYLLEHNE C HU3KUM [aB/fieHNeM BO3-
yXa B LEHTpe U C UMpKynauued NnpoTMB 4acoBOl CTPENKU B CeBep-
HOM MOMyLIapUK U MO 4YaCOBOW CTPE/IKE B FOXKHOM.

12. AHTUUMKNOH - 061acTb MOBLILEHHOTO aTMOChepHOro fasie-
HWS C 3aMKHYTbIMU KOHLEHTPUYECKNUMU 1306apaMmn Ha YPOBHE MOpS.
Bo3gyx B aHTULUK/IOHE ABMXXETCA B CEBEPHOM MoayLllapuum, orunbas
LLeHTp MO YacoBOW CTPesKe, B OXHOM NoAyLapuu - NpPoTUB 4acoBOiA
CTPenKu.

13. CTpyliHOE TeUueHUe - NEPEHOC BO3AyXa B BUAE Y3KOr0 TEYEHNS C
60NbLIMMK CKOPOCTAMW B BEPXHEW Tponocgepe M HUXHeR cTpaToc-
thepe Ha ypoBHAX, 6U3KUX K Tpononayse, B BbICOKUX LUMPOTAX - Ha
60nee HU3KNX YPOBHSX.

14. AnnHHaa BoNHa - aTMocdepHas BOMHA AAMHON nopsfaka He-
CKOJIbKMX ThICAY KNIOMETPOB B 06LLEM 3anafHOM MepPeHOCe CpeHuX
LUMPOT, CBsA3aHHasA C NOXX6UHO- 1 rpebHeobpasHbIMK BO3MYLLEHNAMMU
b6apuyeckoro nons cpegHei Tponocgepbl. 10 OKPY>XHOCTU 3eMHOI0
Wapa 06bIYHO YKIafAblBaeTCA HECKOMbKO (3-6) AIMHHbBIX BOJH.

1.1. MpegmeT ¥ 3agaun GU3INKK aTMocdepbl

MnaHeTa 3emMns COCTOMT M3 Tpex 060/104eK: TBepaoh (nu-
Toctepa), xuakolh (rnapocgepa) m rasoobpasHoii (aTmocdepa).
P un3nyecknue M XMMMYECKUe npoleccol, npoTekawwe B 3TUX 060-
NOYKax, M3y4yarTCs KOMMJEKCOM HayK, 06beAMHEHHbIX 0OWWM Ha-
3BaHMEM «HayKu 0 3eMne» uam obuias reodmanka.

du3nka aTmoctepbl ABNAETCA YaCTbH Fe0(M3NKKM, M3yyatoLLei
MHOroo6pasHble (Pu3nyeckne ABJAEHWA W NPOLECChl, NPOUCXoaALLne
B aTMocgepe. K HUM OTHOCATCSH NPOUCXOXAEeHME aTMOC(epbl, ee Co-



CTaB W CTPOEHMe, MpPoLecChl NepeHoca NU3nyyeHns 1 Tenna, hasosble
nepexofbl BOAAHOrO napa W CBA3aHHble C HUM MpoLecchl 061ako - u
rymaHoobpasoBaHus. 0cagkoobpa3oBaHue, 3aKOHOMEPHOCTU ABMXKe-
HUS BO34yXa, ONTUYECKUE N 3NIeKTpUYecKue sBneHus. Bee aTu aBne-
HUS U NpOLecChbl M3Yy4aloTCAd B UX B3aMMHOM CBA3M W B CBA3W C Npo-
LleccaMm. NPOMCXOASALLMMM B KOCMUYECKOW cpefe, B 3eMHOI Kope v B
BO/IHON 060/104Ke.

Ha nepBbix aTanax M3y4eHuUs aTMOCKHEPHbIX SABAEHWUA He Oblno
[OCTaTOYHOW AuddepeHumnaLmm cBefeHUid 06 aTUX ABMEHUAX, & Ha-
yKa 06 aTmocdepe nosyyuna HassaHue MeTeoponorus. JTOT Tep-
MUH nosieuncsa B IV B. O H. 3. MOC/e TOro, KaK rpevecknin gomunocod
ApuWCTOTENb HanMcan TpakTart Nnoj TakuM Xe Ha3BaHWeMm (No rpeyvecku
LIExrcopoXoyra). [LOCNOBHbI NepeBof 3TOr0 TePMUHA 03HAYAeT HayKa
0 mMeTeopax. [Moj meTeopaMy NMOHUMANNCh BCE ABNEHUSA, NMPOUCXOAA-
Wme B aTMOCepe M Ha 3eMHOM NOBEPXHOCTU. ApUCTOTeNb Npeanpu-
HAM NepBYIO NONbITKY (PUNOCOPCKOro, YyMO3PUTENbHOI0 00bACHEHNS
HaKOMMEeHHbIX K TOMY BPEMEHU CBeAeHWA 0 pasHOobpasHbIX aTMOcC-
thepHbIX (06naka, ocagku, BeTep U ap.) WU Apyrux asneHuax (HaBoga-
HeHus, 3acyxu u ap.). O4HaKo [0 3apOoXAeHUs MEeTeoposiorMm Kak
Haykun ObIf0 eLe faneko.

Nnuwb HaunHas c cepeguHbl XVI cTONeTMa, No Mepe pasBUTUA
eCTeCTBEHHO Hay4yHOro MeToja WMcCnefoBaHWi, a Takxe n3obpeTte-
HWA MepBbIX METEOPONOrNYecKUX Npnéopos (6apomeTp, TEPMOMETP)
nosiBuacs BO3MOXHOCTb Ha OCHOBE 3aKOHOB (PU3WUKU OOBACHUTL He-
KOTOpble aTMOcqepHble ABNEHUA. B 3aTOT nepuof MeTeoponorus pas-
BMBanacb B Hepax (MU3nMKy 1 ToNbKO B NepBoil nonosuHe XVIII Beka
OHa BblfeNnnnachb B CAMOCTOATENIbHYIO HayKy.

LLInpokoe npuMeHeHWe B METEOPO/IOTMN MAaTEMATUUYECKOrO MOoA-
X0fa K aHann3y aTMoc(epHbIX MPOLECCOB, a TakXe (PM3NYECKOTO 3KC-
nepvMeHTa NO3BONSAET HAa3blBaTb HayKy 06 aTMOC(EepPHbIX npoLeccax
thusmkoii aTmocepbl.

OfHWUM 13 OCHOBHbIX CBONCTB aTMOC(epbl SABNSETCH ee HEOAHO-
POAHOCTb B MPOCTPAHCTBE W CU/IbHAs WM3MEHUYMBOCTb BO BPEMEHMU.
JTO COCTOAHME aTMOC(epbl NPUHATO HasblBaTb MOroAoi.

Moroga - 3TO (hM3Myeckoe COCTOAHME aTMOC(epbl Haf AaH-
HOM TeppuTOpMei W B AaHHbIA MOMEHT WAM Nepuod BPEMEHMU,



XapakTepusytolleecs OonpefeneHHbIM coyeTaHUMeM MeTeoposoruye-
CKMUX BEUYUH 1N aTMOCHEPHBIX ABNEHUIA.

MeTeoponoruyeckas BenuuMHa npefcTaBnseT coboi onpege-
NEHHYIO XapaKTepUCTUKY COCTOsHUS aTMmoctepbl. K MeTeoponoru-
UECKMM BeMYMHAM OTHOCATCA: TemrepaTtypa M BAaXHOCTb BO34yXa,
aTMocepHoe [JaBfieHWe, CKOPOCTb WM HanpasfieHWe BeTpa, Konude-
CTBO. BbiCOTa M popma 06/1aKoB, aTMOCHepHble 0CajKu, METeOpPOoo-
rmyeckas AafibHOCTb BUAMMOCTM U ApYyrue XapakTepuCcTUKU cOCTONA-
HMA aTtmocdepsl.

MeTeoponoruyeckue ABAeHUA MNpPeACcTaBAsfOT co6oi (husnye-
CKWIA Mpouecc, XapaKTepu3yoLWwniics onpeaeneHHoli COBOKYMHOCTbIO
MeTeoponornyeckmx BefimunH. Tak, HanpUmep, TyMaH BO3HMKAeT Npu
onpefeneHHOM coYeTaHUM OTHOCUTENIbHON BaXHOCTU, BETPa, BUAU-
MoCTU. K MeTeoponornyecknmM SiBNEHUAM OTHOCATCA Fpo3a, NblibHas
6ypa v np.

OCHOBHO/1 3aaueii hn3nKn aTMoCcdepbl, Kak BMNpoUYem 1 noboi
APYroil HayKK, fBMSETCSA M3y4eHUe 3aKOHOB MpUpoAbl. BmecTe ¢ TeMm
COBPEMEHHAsA HayKa He MOXET OrpaHMUYUTbLCS TOIbKO HabnoaeHueMm,
onucaHWeM W 06BACHEHUEM aTMOCHEPHbIX MPOLECCOB U SABMEHUIA.
OHa pomkHa 06ecrneynTb MNpakTMyeckne MOTPeGHOCTU 4enoBeka,
NCMO/b3ys NOJTYYEHHbIE €0 BbIBOAbI 415 YAOBNETBOPEHUS HYX[ 06-
wecTea. B KOHEYHOM MTOre OHa A0/KHA OT bICKMBaTb MPaKTUYeckne
BO3MOXHOCTW yNpaBafATb MPUPOLHLIMU ABMAEHUAMU, U3MEHAA UX B
XenaTeslbHOM A9 06LLecTBa HanpaBaeHUN.

B cOOTBETCTBUM C 3TUM, MOXHO CHOPMMPOBAThL ClefyroLine 3a-
faun, cToawme nepes GU3nKon atmocdepbl:

- MOflyyeHMe psja TOUHbIX (PU3MYECKMX AaHHbLIX, XapaKTepu-
3ylowmnx atMmocepy U HabnogaeMble B Heli ABNEHUS, ONUCAHUE 3TUX
SB/IEHUI KaK C KayeCTBEHHOW, TaK U C KO/IMYEeCTBEHHOMN TOYeK 3pe-
HWS;

- NCXOAA W3 aHanM3a NOJyYeHHbIX (haKTUYECKMX AaHHbIX, Ha-
X0X/[EHNE NPaBUbHOTO 0OBACHEHNS aTMOCHEPHBIX ABNEHWIA U yCTa-
HOB/IEHME 3aKOHOB, YNPaBAAKLIMX UX PA3BUTUEM;

- WCMOMb3ya HalfeHHble 3aKOHOMEPHOCTW, pa3paboTka MeTo-
[,0B, NO3BONSIOLWMX TOYHO YKa3aTb X0[ PasBUTUA MpPoOLLEeCcCOB, MpouUc-
X04ALWMX B aTMOC(epe, Ha HEKOTOpPOe BPeMs Brepes;



- MPUMEHEHME MOYYEHHbIX 3aKOHOMEPHOCTER B Pa3BUTUN &
MOC(epHbIX NPOLLECCOB ANS NCNONb30BaHWUSA CUA MPUPOALI B NPaKTU-
YecKoW AesaTenbHOCTH.

1.2. MeToAbl uccnegoBaHna B pusnke atMmocepbl

B thwmsmke atmocdepbl MCNONb3YOTCA pa3Ho06pa3Hble MeTOAbI.
K rnaBHbIM M3 HUX OTHOCATCA clegytoLyme:

1. MeTopg HabnogeHN, NO3BONAKOWMNIA NONyyaTb (haKTUYeCcKne
cBefeHuMsa 06 aTmocgepe, noroge n knmmarte. HabnwogeHns Heobxo-
OVWMbl KaK y MOBEPXHOCTWU 3emau, TaK M Ha pasHblX BbiCOTax B aT-
mMocepe. HaseMHble MeTeoponornyeckme HabnwaeHUs Haf OCHOB-
HbIMU METEOPONOrMYECKUMU BEIMYMHAMM MPOBOAATCSH Ha HECKO/lb-
KMUX TbiCAYaX METEeOpPONOrnyecknx M MHOTUX COTHAX asponoruyec-
KUX CTaHuWin, pacnpefefieHHbIX N0 MOBEPXHOCTM 3eMHOrO wWapa. Ha
CPaBHUTE/IbHO HEMHOTOYMCAEHHBIX METeOpPONOrMYecKMX CTaHLUAX
BeAyTCA HabnAeHUs 3a CONHEYHOW paguaument, n3nydyeHmem 3emau
M aTMocepsl, a TakKXXe COCTaBMAKLW MMM TENNOBOro 6anaHca 3eMHO
NMOBEPXHOCTU (aKTUHOMeTpuyeckme n TennobanaHcoBble M3mepe-
Hus). Kpome 3Toro, BegyTcsi HabnoLeHNs Hag aTMOCKHEPHbIM 3MeK-
TPUYECTBOM, 030HOM ¥ ra3oBbIM COCTaBOM aTMmoc{epbl.

bonblwoli 06beM M3MEPEHUI BbIMOAHAETCA C NOMOLLbLIO reodu-
3MYECKUX PaKeT M METEeoPOorMyYecknx cnyTHUKoB 3emnu. [na pea-
nnsayuy 3TOro MeToja co3faHa MeTeoposorumyeckas Habnwopartesb-
Has ceTb, OXBaTbIBalOLLasd TEPPUTOPMIO BCETO 3EMHOTO LUapa.

2. OKCNepuMMEHT Kak MeTOf uccnefoBaHusa B (m3nke aTtMocde-
Pbl UMEeT OrpaHnuYeHHoe NpUMeHeHue.

K akcnepvmeHTaM B eCTECTBEHHbIX YC/TOBUAX OTHOCATCS OMbIThl
Mo BO3AEMCTBMIO Ha rpafoBbie 06/1aKa C LeNblo NX NOLABAEHNS, OMbl-
Tbl MO BO3AENCTBUIO Ha C/IOMCTO-A0XAeBble 06/1aKa C Liefiblo Bbi3blBa-
HWUA JOMONHUTENbHbLIX 0CAAKOB, OMbIThbl MO PacCesHU0 TYMaHoB. ITU
ONbITbl 0OLIYHO NpecnefyoT NpakTUYeckne Lean, Ho OHM NO3BONSAIOT
TakXe rnybxe paszobpartbcsd B NpUpoOAe TOro UM UHOTO ABEHWS.

K 3akcnepvMeHTaM Takoro poga OTHOCATCA TakXe KOMMeKc-
Hble 3KCMEeAMLMOHHbIE WCCNEf0BaHUA KaKOro-nmbo sABAEHWUA UK



npouecca, MpPOBOAUMbIe B r1006abHOM, PErMOHANbHOM WAW BHY-
TpUrocyfapcTBeHHoOM (HauuMoHanbHOM) MacwTabax. C uenbto cbo-
pa 60/1ee NOMHbIX AaHHbIX O COCTOSHUM rnapoctepbl N aTMOCHepbl
Haf OGLWWMPHLIMU TEPPUTOPUAMU MNPOBOAMAUCL TaK Ha3blBaeMble
MexayHapoaHble rogbl. [epBbli 1 BTOPO MeXAyHapoAHble Mno-
napHble rogbl (M) 6bian npoBegeHbl B 1882-1883 n 1932-1933
rr. Bo Bpemsi MexpayHapogHoro reodusnyeckoro roga (1.07.1957
- 31.12.1958) KOMMMEKCHbIMW TE0MUINYECKUMU WUCCNef0BaHNAMY
Oblf1a OXBayeHa TePPMTOPUA BCE NAaHeThl.

K skcnepumeHTaM B 1abopaTOPHbLIX YCMIOBUAX MOXHO OTHe-
CTW M3yYeHWe MO cneuunanbHO MOCTaBAeHHbIM NporpamMam npo-
LeccoB o6pasoBaHMA 061aKOB M 0CafKOB B TaK Ha3blBaeMblX as3-
PO30/IbHbIX Kamepax. 3TO U (PM3MyecKoe MOJennpoBaHue obLLei
LUPKYNALMM B aTMOCKepe Ha cneumanbHbiX 3KCNepUMeHTaNbHbIX
yCTaHOBKax.

3. MeTo4 cTaTMCTUYECKOr0 aHanm3a No3BoNseT pewunTb chne-
gylolwne 3agaun. BepoATHOCTHO-CTATUCTUYECKWA annapaT fe-
YXUT B OCHOBE K/IMMAaTOM0rMYecKoin 06paboTKM pe3ynbTaToB Habnto-
AeHuin. C noMoLLbi0 3TOM0 MeTOAa COCTaBNATCS pAAbl HabNHOAeHNIA,
0006LLEeHHbIX 3a HEKOTOPbLIE BPEMEHHbIE UHTEPBaASbI; PALbl MCXOAHbIX
JaHHbIX NpeobpasyroTcs B pacnpefeneHns ux 3HauyeHuii no rpagawm-
fIM; BBIUMCNIAOTCA CTAaTUCTUYECKNE XapaKTEPUCTUKMN PALOB, BblpaXxa-
IOLLMX OCHOBHbIE CBOMCTBA pacnpefeneHnii. C NoOMOLb0 CTaTUCTU-
4eCKOro MeTofda KOppensuuy MOXXHO YCTAHOBWUTbL CBA3b (UK OTCYT-
CTBUE €€) MeXAy PpasfNYHbIMU MEeTeOpOSIOrMYECKUMMN BeANYUHAMMU
UM ABNEHUAMMW, a TaKXKe KOJMYECTBEHHO BbIPa3uUTb CTemneHb 3TOWM
cBA3N. Ha 0CHOBe CTaTUCTWKO-CTOXacTUYECKOro MeTO04a MOXHO
YCTaHOBUTbL BEPOATHOCTb Mepexofa 04HOro (hM3n4ecKoro npouecca B
aTMmocgepe B gpyrue.

4. ®u3nKo-maTemaTuyecknii aHanms. C NOMOLLbi0 3TOFr0 MeTo-
[la Ha OCHOBaHWWN 3aKOHOB (PU3WMKK MOSy4alT 06bACHEHUE 06Hapy-
YKEHHbIe B aTMOC(epe ABMEHUS U CBA3W, a TakXe CO3[alTca Teopuu
BO3HUKHOBEHMWSA W Pa3BUTUA aTMOCHEPHbLIX MPOLECCOB M UX B3aUMO-
AeicTBMA Apyr ¢ apyroM. Ha ocHoBe 06WMX 3aKOHOB (hM3MKK CO-
CTaBNAKTCA AUt depeHyManbHble ypaBHEHMSA, ONUCHIBaKOLLIME aTMOC-
thepHble npouecchl. PewleHne 3TUX YpaBHEHUA NO3BONSET HaX04UTb



KOMIMYECTBEHHbIE 3aKOHOMEPHOCTU Pa3BUTUSA aTMOCHepPHbIX Mpouec-
COB. I.e. pewaTh 3ajadyy nporHosa.

B nocnegHue rofbl LWINPOKOE pacnpocTpaHeHWe MOayynno ma-
TemaTuyeckoe MOLenmpoBaHne aTMoC{epHbIX NPOLEeCcCoB.

5. MeTog kapTorpaguposaHus. KpynHomaclwTabHble aTMoC
(hepHble npoLeccbl pa3BepTbiBAOTCA Ha 60MbLWINX MPOCTPaHCTBaX.
11o3romy ocoboe 3Ha4yeHMe B MeTeoposIorMm U KAMmaTonorum nMeet
conocTaBneHnNe HabNAEHWIA Ha reorpaMuecknx Kaptax. Ha cuHon-
TUYECKYI0 KapTy HaHoCATCA (hakTUYeckme pesynbTaTbl HabnrAeHWI
Yy NOBEPXHOCTU 3eMn, CLeNaHHbIe B pa3HbIX MecTax B OAWH U TOT Xe
MOMEeHT. [laHHble HabnogeHnii B aTMocdepe, MOyyYeHHbIe C NOMO-
Wb PafMO30HA0B, HAHOCATCA Ha KapTbl 6apnyeckoil Tonorpadun.
KapTbl N03BONAT BUAETb, KakK pacnpefenstoTcs ycnoBusa Norogsl B
3TOT MOMEHT Haj 60nbluoli TeppuTopuein. ConocTaBnAs CMHONTHYeE-
CKMe KapTbl AN MOc/nef0BaTe/IbHbIX MOMEHTOB, MOXHO MPOCEXU-
BaTb pa3BUTUE aTMOCHEePHbIX MPOLECCOB, a CnefoBaTeslbHO, Aenatb
BbIBOAbI O JafibHelillemM Xo[e NPOLEeCccoB U 0 byayuiei noroge.

Ha cneumanbHble reorpaguyeckme KapTbl HaHOCAT fdaHHble
HabNO4eHNIA ¢ METEeOPOSIOrMYecKNX CNYTHUKOB 3eMaun. 3TU KapTbl
NO3BOMAKT M3y4aTb NMPOCTPAHCTBEHHOE pacnpefesnieHne pasnnmyHbIX
aTMoC(epHbIX 06BEKTOB U ABNEHNIA. DTO NOASA 061a4YHOCTH, TyMaHbl,
MblfIEBbIE ABMEHNS, CHEXHbIA MOKPOB W Mp.

1.3. OcobeHHOCTM aTMOC(epPHbIX NPOLECCOB

OpHoli M3 BaXKHbIX 0COBEHHOCTe aTMOC(epbl SBASETCA HEOA-
HOPOAHOCTb ee CBOCTB B NPOCTPAHCTBE U UX N3MEHUYMBOCTb BO Bpe-
MeHU. Oro 00BACHAETCS CMOXHLIMW MpoLeccaMmy B3aMMOAeNCTBMSA
atMoccepbl C KOCMUYECKO cpefoil n ConHuem, a TakKe C 3eMHOW
MOBEPXHOCTbIO. OCHOBHbIM WCTOYHUKOM aTMOCHEPHbIX ABVKEHWIA
ABNAETCA 3HeprusA, noctynatwowas ot ConHua. OHa YaCTMYHO norno-
LaeTca M paccenBaeTcs B aTMoc(epe, Bbi3biBas, B YaCTHOCTW, P
ONTUYECKUX ABNeHWUA (uBeT Heba, pedpakumsa, Mupaxu, pagyra u
ap.). YacTb 3TOW 3HEpPrMyM AOCTMraeT 3eMHON NOBEPXHOCTW W MOT/0-
Laetca eto. HeoAHOPOAHOCTb 3€MHOW MOBEPXHOCTM MO YN3NUYECKUM



CBOWCTBaM CBfi3aHa C pacnpefesieHNem CyLiu U OKeaHOB, penbedom,
HanMuMeM pacTMUTESIbHOFO U CHEXHOro MOKpOBa W ApYrumMu (PakTo-
pamu, Bbi3blBAET HEOAMHAKOBOE ee HarpeBaHWe B pasHbiX reorpadu-
yeckux paiioHax. COOTBETCTBEHHO BO3HWKAaeT A0BOSIbHO MecTpoe
pacnpefeneHue B NPOCTPaAHCTBE U BO BPeMeHU HarpeBaHUs BO3JyXa,
ncrnapeHns, Apyrux MeTeoposormyecknx BeIMYMH 1 ABAEHNIA. B pe-
3ynbTaTe NPOUCX0AMT 06pa3oBaHMe CUCTEMbI ABUXKEHWUIA B aTmoce-
pe, cNOCO6CTBYIOLLMX NepepacnpejeneHnio Tenaa u Bnaru.

BTopas, o4eHb BaKHad 0CO6EHHOCTb aTMOC(EPHbIX NMPOLLECCOB
CBAi3aHa C Hannunem B aTmocpepe BOAAHOro napa, 601bLI0e Konnye-
CTBO KOTOPOro mcnapserca Haj 06WMPHLIMU NPOCTPaHCTBaMM OKea-
HOB. Ha ucnapeHne 3aTpaymBaeTCAd OrPOMHOE KO/IMYECTBO 3HEPruM,
KOTOpasi MepeHOCUTCA B CKPLITOM BUAE BOASHbIM MapoM C MNOMOLLbIO
BO3AYLWHbIX TEYEHMIi Ha PacCTOsSHMA B ThICSAYM KUIOMETpoB. Mpu
onpefeneHHbIX YCNOBUSX BOAAHOW Map KOHAeHcupyeTcs, ob6pasys
obnaka v TymaHbl. [1pn 3TOM BblgensieTcs 60/bLLI0e KOIMYECTBO 3HEP-
rmuW, 3aTpaynmBaeMoli Ha ucnapeHue BOASHOro napa. Takum 06pasom,
BOASAHOI nap ABNAETCA TPAHCMOPTEPOM M UCTOYHWUKOM 3Hepruu ans
06pa3oBaHMA pasIMYHbIX aTMOCHEPHbLIX 06bEKTOB (LLUK/IOHbI, aTMOC-
thepHble PPOHTLI 1 Ap.). Kpome 3Toro, ob6naka Cyw,ecTBeHHO MU3Me-
HAIOT YC/I0BMA MPUX0Aa COJTHEYHON paguauuni 1 U3NyvyeHus 3eMHOIA
MOBEPXHOCTW, B/IMAS Ha TEMIOBOW PEXMM aTMOCHepsbl U 3eMHOI no-
BEPXHOCTHU.

TpeTbd 0COBEHHOCTb aTMOC(HEPHbIX MPOLLECCOB COCTOUT B TOM,
YTO OHW pPa3BMBAKOTCA Haj BCeil TeppuTOpueit 3eMHOro wapa. Ans
CNeXeHUs Haj pasBMTMEM 3TUX NPOLECCOB Heob6X04MMa OpraHu3aLus
cUcTeMbl HabMOAEHWA 33 COCTOSIHMEM aTMocdepbl, BK/OYaloLLas
HaseMHble W aspofioruyeckne HabOAEHNS, a TakKe HabngeHus ¢
MCKYCCTBEHHbIX CMYTHUKOB 3eman. Heo6XxoaMMbl MeTOAbl U3YYeHUS
pPasBMTUA 3TUX MPOLLECCOB B NPOCTPAHCTBE M BO BPEMEHMN.

UeTBepTas 0COH6EHHOCTb aTMOC(EPHbIX MPOLLECCOB 3aK/HYaeT-
CA B UX MHOroMacwTabHocTun. MacwTab aTMOCHepHbIX 06bEKTOB U
MPOLECCOB NEXUT B npefgenax 0T MUAIMMETPOB A0 ThICAY KUOMe-
TpoB. HanMeHbLIMe pasMepbl MMEKT TakK Ha3blBaeMble 3apOAblLLIEeBbIe
kannu (10'6¢10-7m). PasmMepbl aTMOCHEPHbIX a3p030/eli N3IMEHAITCA
B npefenax ot 1-2 mkMm ao 1mm 1 6onee. OTAeNbHbIe 0bnaka U cmep-



M1 (TOpHago) o6nagatoT pasmepoM OT HECKOMbKUX AECATKOB METPO»
0 100 kM. Bo3sgyliHble mMacchl, LUKMNOHbI, aHTULUKIOHbI, 06/1a4Hble
CUCTEMbl aTMOCHEPHbIX ()POHTOB COCTaBAAOT pasmepbl OT COTEH Ku-
nomeTpos ao 1000-2000 kM. Hanbonee KpynHbIMU 06bEKTAMU ABNS-
nyrea CMpaneobpasytowme 061ayuHble CUCTEMbI, CTPYIiHbIE TeYeHus
M raKk HasblBaeMble AJIMHHbIE BOMHbI, MaclTab KOTOPbIX COU3MEPUM
c pasmepamu 3emnu.

1.4. CBA3b hM3NKKN aTMOCepbl C APYTMMN HayKaMu.
[eneHune Ha Hay4Hble AUCLUNNHDI

M3yuyeHne aTMoCepPHbIX MPOLECCOB, 06BLEKTOB W SIBIEHUI ONK-
paeTcs Ha psAf 3aKOHOB, YCTaHOBMEHHBIX APYrMMuK maykamu. B nep-
BYIO O4Yepefb, 3TO 3aKOHbl ()M3NKU, N3yYaeMble BO BCEX €€ pasjenax.

B ¢usnke aTmoctepsl LIMPOKO WUCMONL3YIOTCA MaTemMaTuye-
Ckne MeTofbl. ITO AuddepeHUManbHOe U UHTErpasbHOe ucuuce-
HVe, MeTOAbl pelleHnsa angdepeHLnanbHbIX YpaBHEHWA, MaTeMaTu-
yeckas CTaTUCTUKA U TeOPUS BEPOATHOCTEN, TeopeTUUeCKas MexaHu-
Ka v gpyrue.

[na n3yyeHms MHOrMX aTMOCGEPHbIX NPOLLECCOB U ABMEHUI He-
06X04MMO 3HaTb OCHOBbI reorpauu, aCTPOHOMUN U XUMUMK.

TecHaa cBf3b aTMOCHEPHbIX NPOLLECCOB C npoueccamu, npouc-
XOAsAWMMN B BOAHOW 060/104KE U1 3eMHOI KOpe, Bbi3biBaeT NoTped-
HOCTb B3aUMOLEWCTBUA C FreohU3NYECKUMU AUCLUUNINHAMMN.

OcobeHHOCTN aTMOC(EPHbIX 06BLEKTOB U MPOLLECCOB NPUBENN B
XOfe pa3BuTus PU3NKN aTMOCHepbl K BblAeNEHNI0 CaMOCTOATENbHbIX
HayUHbIX gucunnauH. OHKM pa3nnyaTca Mexay co60i n3yvyaeMbiMu
06BbeKTaMM U 0COBEHHOCTAMM METOAMKN UX uccnefoBaHmnii. K Takum
KPYMHbIM AUCLUNAMHAM OTHOCATCS Chnegytouime.

JvHamnyeckas (W TeopeTuyeckas) MeTeoponorus - Aucyu-
M1HA, OCHOBHbLIMU 3afa4yamMu KOTOPOM SBAAIOTCS, BO-MEPBbIX, N3y4e-
HMe aTMOCHEPHbIX ABVKEHUIA M CBSI3aHHbLIX C HUMU MpPeobpa3oBaHMii
3Heprum B aTMocepe Ha OCHOBE MOJIOXKEHWIA U METOAOB TEOpeTu-
yeckoW uM3nKn, Teopun TypOYNEeHTHOCTM, TEOPMMN PagnaLUOHHbIX U
ApYrux uanyecknx npoueccos B atMocepe. Bo-BTopbIX, pa3paboT-



Ka MeTOA0B rMAapoAMHaMUYecKoro (YMCNeHHOro) npouecca atmocdep-
HbIX NPOLECCOB. B pamkax 3Toi AUCUUNANHBI CPOPMUpPOBanachL camo-
CTOsITeNbHAA AUCLUMNAMHA - (hM3MKa NOrPaHUYHOro cnos aTMocgepsl.

CuHONTMYECKas METEe0pPoNorus - yyeHUe 0 3aKOHOMEPHOCTSAX
pacrnpejeneHns M U3MeHeHUs Morodbl Ha 60MbLINX TEPPUTOPUSAX U
mMeTofax ee npeobpasoBaHWs. B OCHOBe 3TOW AMCLUNAUHBLI NEXWUT
CUHONTUYECKMNIA METOA, COCTOAW NI U3 aHanuM3a aTMOCHepHbIX Mpo-
LIeCCOB C MOMOLLBK CMHOMTUYECKUX KapT U KapT Gapuyeckoin Tu-
norpagpuun. B pamkax 3Toil AUCUMNANHLI ODOPMUANCL ABE HAaYyUHble
OVNCLUUNANHBI - KPAaTKOCPOUHbIE U CPefHECPOUHbIE NPOrHO3bl NOroAbl
W LONTOCPOYHbIE METEOPONOrMYeckme NPOrHoss.l.

KnumaTonorus - y4yeHne 0 3aKOHOMEPHOCTAX (DOPMUPOBAHUS
K/MMaTa B pas3/inyHbIX reorpaMyecknx panoHax u ero KonebaHusax
nof BAMAHMEM KIMMaToo6pasytowmx (pakTopoB M MpOLeccoB, onu-
CaHWe KNUMaToB PasNMYHbIX PEFMOHOB 3eMHOrO Lapa, Ux Knaccuu-
Kaums 1 M3yyeHne nx pacnpegeneHns, n3yyeHne KanmaToB reosoru-
4eCKOro U UCTOPUYECKOTO MPOLLOro.

JKcnepumeHTanbHasa meTeoponorua - o6nactb PM3MKM aTMocC-
(hepbl, KOTOpas M3y4yaeT TEOPETUYECKME OCHOBbI M METOAbl M3Mepe-
HUS METEOPONOrMYecKUX BeNMYMH. B cocTaBe 3TOro Hampas/eHUs
ChOpMMPOBANUCL TaKXe HayuHble AUCLUM/NHBI, KaKk MeTeoponoru-
yeckue M3MepeHus, asponorus, usnka 061akos U 0CafKoB, aKkTUHO-
MeTpus. (pu3nka aTMoctepHOro aspos3ons, aTmochepHas onTuka
W aTMOC(epHOe 3NeKTpPUYecTBO, PafnoNoOKaLuMOHHAsA W nasepHas
MeTeoponorus.

MpuknagHas MeTeoponorus - o6nacTb PU3NKKM aTMocdepsl, U3y-
yatoLlas cnocobbl U MeTOAbI MCNOMIb30BAHUS YCTAHOB/IEHHbIX B (h3M-
Ke aTmMocepbl 3aKOHOMEPHOCTEN M AaHHbIX HabNKAEHWIA Ans yao-
BNIETBOPEHNS HYX[, Pa3NyHbIX CEKTOPOB 3KOHOMWUKM 1 060pOHLI. B
37O 061aCTM CPOPMMPOBASIUCL TaKMe CaMOCTOATE/IbHbIE AUCLUNAN-
Hbl, KaK aBuaLMoHHas MeTeoponorus, arpomeTeoponorus, 6uomMeTe-
0ponorusa, TexHuyeckast MeTeopoiorus, BOEHHas MeTeoponorus.

KocMunyeckas MeTEeoponorns - AUCLUNAMHA, M3y4aroLias mMeTo-
[bl 1 cnocobbl NpremMa, AelwnhpupoBaHnsa 1 UCNONb30BaHMA UHDOP-
MaLuu, Noay4aeMoi ¢ METEOPOTIOTMYECKUX CYTHUKOB 3eM/IN B LieNsiX
[marHosa 1 nporHo3a MeTeoposiormyeckux ABIeHU U NPoLEeccos.



1.5. MexpayHapogHoe COTPYAHMYECTBO B 06nactu
hn3nKnM aTtmochepsbl

11ocKonbKy aTMOCcqepHble NMPOLECChl U ABMIEHUSA HOCA T rN106ab-
HbIA XapakTep, CyLlecTByeT Heo6X04MMOCTb B eAMHO06pa3un MeTo-
AWK METeoponornyeckux HabnwfeHWid M B cornacoBaHUU paboThbl
MeTeOpOosIOrMyYecknx cny>k6 Bcero mupa. o aToli NpuumHe yxe BO
BTOPOI MonoBuHe XIX cTONeTMsa NpeanpuMHUMannCcb NoNbITKA 06Me-
Ha MEeTeopPONOrMYecKMMU HabNoAeHUSAMU MeXAY PALOM eBponei-
CKMX CTpaH.

B 1873 r. Ha llepBOM MeXAYHapOLHOM MeTeopOsI0rMyYecKom
KOHrpecce, nNpoxoamelliemM B BeHe, 6blna co3gaHa MexgyHapoaHas
meTeoponoruyeckas opraHmsauns (MMO). B 1947 r. oHa 6bina
npeo6pasoBaHa BO BCEMUPHYIO MeTEeOopONOrnyeckyd opraHusauuio
(BMO). BMO - cneynanuanpoBaHHoe yuypexgeHune OpraHusaumnm
O6beanHeHHbIX Hauuit. B pamkax BMO ocyuiectBnseTcs 06MeH Me-
TEOPOSIOrMYECKUMMN AaHHBIMU MeXAY Cnyx6amm BCeX CTpaH, KOHTPO-
nvupyeTtcsa cobnogeHne eaMHON METOAMKN HabMAeHW, nponcxoanT
pacnpocTpaHeHWe M 06MeH pe3ynbTaTaMu Hay4YHO-MeTOLMUYECKUX
nccnegoBaHuii. Mo peweHnto BMO npuHATbI M OCYLLECTBASOTCA
BCE KPYMHble MPOeKTbl M0 UCCNeL0BaHUI0 aTMOoCHepsl.

Y36eKncTaH Kak He3aBMUCUMOe rocyapcTeo 661 NpuHAT B BMO
B fHBape 1993 r. B HacTosuwee BpeMs Y3rugpomeTr Pecny6anku
Y36eKncTaH yuacTBYeT BO BCeX 7 OCHOBHbIX nporpammax BMO, cpeau
KOTOpbIX «BceMUpHasa KnumaTuyeckaa nporpamma», «f1porpamma no
aTMoC(epHbIM UCCNEeL0BAHUAM M OKpYXXatoLweli cpege», «Mporpamma
Mo MPUMEHEHUIO METEOPOSIOTUU» U Apyrue.

B cBA3M ¢ HEO6XOAMMOCTbIO COBEpLUEHCTBOBaHUS obecneve-
HUS METeOopPOSIOrMYecKUMM AaHHbIMWU U MPOrHO3ammn Pas3finyHbIX 00-
nacTeil 4YenoBeYECKON AeATeNbHOCTU, B MEPBYK OYepefb aBuauuu
U mopennaeaHusa, B pamkax BMO 6bina co3faHa BcemupHasa cny>k-
6a norogbl (BCIT). OgHuM un3 opraHu3zaTopoB BCI 6bin akagemMuk
AkageMmunn Hayk ¥Y3bekunctaHa B.A. byraes. B coctase BCI1 co3faHbl
TPY KaTeropuuv MeTeoposIorMyecKnx LLeHTPOB: MUPOBbIE, PETMOHANb-
Hble U HauMoHanbHble. B MUpOBbIE LIeHTPbLI, HaxoAswmnecs B MOCKBe,
BawuHrroHe n MenbbypHe, NocTynatT faHHble CeTeBbIX Habno-



LEeHWiA co BCEro Mupa v BCA MHGOpMaLus, nojayyaemas ¢ NOMOLLbHO
METE0pPO/IOrNYEeCKNX KOCMUYecKnX cuctem Poccun.. EBponeiickoro
Cow3sa n CLUA. PernoHanbHble UeHTpbl BegyT cb6op uHhopma-
LN C COOTBETCTBYIOLLEN TeppuTopmun. Bcero Takux LeHTpoB 23. B
Poccun oHu HaxopsaTcs B Mockee, HoBocubupcke n XabapoBcke, B
LleHTpanbHOi A3un - B TallKeHTE.

1.6. MpaKTMyeckoe 3HayYeHUe (PU3INKM aTMochepbl

Moroga OKa3biBaeT OrpOMHOE B/MSHME MNPaKTUYEeCKM Ha BCe
CTOPOHbI Ye/I0BEYECKON AeATeNbHOCTU. Takue KpymnHoMaclwTabHble
CTUXWIHbIEe 6efCTBMA, KaK HABOAHEHNS U 3aCyXM NPUBOAAT HE TO/b-
KO K Ye/IOBEYECKMM XepTBaM, HO N MOTYT HaHeCTW 60/bLIOoNA yuiep6
39KOHOMMWKE OTAENbHbIX CTPaH W PErnoHOB. 3HAUYUTENIbHbIA YPOH Ha-
HOCAT Me30oMacluTabHble, HO 3aT0 60/ee YacToO BCTpevaroLlimecs sB-
NeHus - TOopHago (cmepuwn), 3aMOPO3KMW, CU/bHbIE fINBHU, rpafobu-
TWE. CHEXHbIE 3aHOCHI, aBWHbI, TyMaHbl 1 gp. 14 npefoTBpaLLeHus
NN YMEHbLUEHNS 3KOHOMMNYECKOro yuiep6a Heob6XoANMbl NPOrHO3bI
norofbl Ha pasnnyHble cpokn (12 yac, CyTKM, TPOe CyTOK U T.4.).

YCcT0MuMBOE COLMANbHO-3KOHOMMYECKOE M MOMUTMYECKOe pas-
BUTWe NO6Oro rocyfapcrea CBA3aHO C yYeTOM K/IMMaTO-peCYpPCHOro
noTeHLMana ero TEppUTOPUN.

OfHO U3 MepBbIX MECT MO KOMYECTBY MCMOMb3YEMOl MeTeopo-
NOrMYecKOn MHOpMaLUKU 1 YPOBHIO TpeboBaHWIA, NPeabABASEMbIX K
Held, 3aHMMaeT aBnauua. Banet n nocafka caMmoneToB 1 BepTONIETOB B
CUMbHOW CTEMEeHN 3aBUCAT OT COCTOAHUA B3/IETHO-NOCAA04YHON Nono-
Cbl; BUAUMOCTY Ha Hel, Ha KOTOPYIO BMAKOT TyMaHbl, CU/ibHble 0caj-
KW, NblfibHble 6YpY; HU3KOI 061a4HOCTW; CUIbHOTO BeTpa u ap. Mpu
noneTe Ha BbICOTax HEO6XO4MMbI CBEAEHUS O BeTpe, 06/iefeHeHUn,
6onTaHke, rposax u obnavyHocTu. Bce nepeuncneHHble 3afayun pela-
I0TCA B CMeLnansHON AUCLUNINHE - aBMALMOHHOK MeTeoponorum.

OueHb YYyBCTBUTENbHO K M3MEHEHUSAM MOroAbl U KAMmMata Ceflb-
CKOe XO035/CTBO. ArpoMeTeoponorns nsyyaeT BAUSHWE MOTOLHbIX
YCNOBUIA Ha NPOAYKTUBHOCTb CENIbCKOXO03AACTBEHHbIX YrOAWUiA, Ha KO-
TOpyl0 60NblUOe BANSAHME OKa3blBAaeT BAAXHOCTb MOYBbI M BO3AYXa,



KO/IMYeCTBO 0CafKOB, CBeTa, Tenna. [poBefeHNe TakMX arpoTexHu-
YECKMX MeponpuaTuid, Kak BbIOOp NMOAXOAALWMX CPOKOB CeBa, Lene-
C006pPa3HOCTb BHECEHMA yA0OpeHWUli, NpoBeAeHNE OPOCUTENbHbIX K
MeNMopaTuBHbLIX PaboT Takxe onpefenseTcs MeTeopoaorMyecKMMm
ycnosuaMun. MeTeoponormyeckme CBeAeHUs HeoO6X0AMMbI A4Nf Mpo-
BeleHUs MeponpuATUiA Mo 3aluTe CeNbCKOXO3ANCTBEHHBIX KY/bTYp
OT HebnaronpuATHLIX METEOPOSOTUYECKUX SIBAEHWUA (3aMOPO3KH,
rpagobutue v ap.).

MeauumHckaa (61M0) MeTeoponorns 3aHUMaeTcss U3Y4YeHUeMm
npo6/siem, CBA3aHHbIX C BAUSIHWEM MOTrOAbl HA OPraHW3M YesioBeKa.
11py 3TOM MCNOMbL3YKOTCA METEOPOSIOrMYecKne AaHHble, XapakTepusy-
Iowme onpefefieHHbIe TUMNbI NOrofbl. boblWoe BHUMaHWe yaenseTcs
TakUM MeTeoposiornyecKUM (hakTopam, Kak TeMnepaTtypa, BNaXHOCTb
BO34yXa, CKOPOCTb BETPa, a TaKXXe COMHeYHas paguaLms, Boco6eHHocC-
T ee ynbTpagmonetosas 4acTb. COBMECTHOe BANAHUE 3TUX (DaKTOPOB
Ha OpraHM3m 4esioBeKa OnpejenseT ero TenooLwyLleHue.

Mopckas ¥ TpaHcnopTHas MeTeoponorna MCnonb3yeT MeTeo-
pPOMOrMYecKue faHHble Mpu 06CMY>XMBAHUM MOPCKOFO, XXEene3HoAo0-
POXHOIO0 U aBTOMOOWUILHOTO TpaHcnopTa. [n8 >Kene3HoLOPOXHOro
M aBTOMOOUNLHOIO TPaHCMOpPTa BaXHOe 3HaYeHWe UMEKT CBefeHUs
0 YacToTe M UHTEHCUBHOCTU MeTenei, naBuHax, NUBHAX, TYMaHe U
ap. Onsa BogHOro TpaHcnopta Heo6X04UMbl CBelEHNS O LUTOPMOBbIX
BeTpax, 0 MOPCKUX TeYeHUAX, BOJTHEHUWM MOPSA U TeMMepaType BOAbl,
TymMaHax u T.g,

MeTeoponornyeckne ycnoBus BAMSAKOT Ha 3KCnyaTauuio pas-
NNYHBIX TEXHUYECKUX un3fennii (TexHuyeckass MeTeoposnorus), Ha
npoBefeHNe BOWCKOBLIX onepauuii {BoeHHasa MeTeoponorus) u T.4.

B nocnegHue fecatuneTus UCKIOUYUTENLHYK OCTPOTY Npuo6-
pena npo6nema B3aMMOfENCTBNA 4YeNOBEYECKOro 06LiecTBa C Mpu-
POAHOI cpefoWi, B yacTHOCTK, Npo6aeMa 60pb6bl C 3arps3HeHeM aT-
Mocgepbl 0TX04aMM MPOMbILLJIEHHOTO NPOWU3BOACTBA M TpaHCNopTa.
3arpsi3HeHune aTMocgepbl, 0CO6EHHO CUIbHOE Ha YPOaHM3MpPOBaHHbIX
TEeppMTOpMAX, OKa3biBaeT CYLLeCTBEHHOe OTpULLaTeIbHOE BAMAHME Ha
3[0POBbLE HACeNIeHNS, a TaKXEe Ha XXUBOTHBIN 1 pacTUTENbHbIA MUP.

CojepxaHue 3arpsasHALLMX BelecTB B aTMocdepe 3aBUCUT
Kak OT 06beMa BbIGPOCOB, TaK M OT METEOPOSIOFMYECKUX YCTOBUIA.

17_ PINA¥GAN“DALAT
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3HaHWe 0cob6eHHOCTEeR aTMOCepHbIX NPOLLECCOB MNO3BONSAET U3YUUTb
3T yCnoBKA ¥ BbipaboTaTb COOTBETCTBYHOLME MePbl 3aLUThI.

®dun3mka aTmociepbl TECHO CcBfi3aHa C npobnemMamMy OXpaHbl
oKpy>KatoLleir cpeabl. icnonb3oBaHUe 4eNO0BEKOM HOBbIX WCTOYHU-
KOB 3Hepruu, B 4aCTHOCTU BETPOBOW M COJIHEUYHOM, MPeAcTaBAslOT
60MbLIYI0 LEHHOCTb B TOM OTHOLUEHUM, YTO SABNSAKOTCA Heuccskae-
MbIMW W. YTO OCOBEHHO BaXHO, He CBfA3aHbl C 3arpsi3HeHUEM OKpYXa-
lolein cpedbl. MeTeoponiornyeckne AaHHble fat0r BO3MOXHOCTb He
TO/IbKO BbIIBUTb Hambosiee NepcrneKTUBHbIE palioHbl A1 YCTaHOBKMU
BeTpOABUraTesnieil U COMHEYHbIX 6aTapeil, HO M OLEHUTbL KONYECTBO
BblpabaTbiBaeMO aHepruu.

B ycnoBmax pbIHOYHOW 3KOHOMUKW LiesecoobpasHO OLEeHUTb
3 PEKTUBHOCTb UCNONb30BaHUSA METEOPONIOTMUYECKUX UH(OPMALWIA.
Mo gaHHbIM BMO 3a nocnegHue 50 neT eXerofHblil yuwepb ot npu-
POAHbLIX ABNEeHU B Mupe Bo3poc B 10 pa3 m goctur 60-70 mnpa.
ponnapos. B 2008 rogy yuiep6 OT onacHbIX FMApOMeETeoponormye-
CKUX fIBNEHWI cocTaBun 225 mapa. 4onnapos. Yulepb oT meteopo-
NOTUYECKUX ABAEHWUNA, K KOTOPOMY OTHOCATCS yparaHbl, LITOPMbI,
3acyxu, MMBHU, rpag U T. M., cocTaBnseT 85 - 87% OT 37Ol CyMMbl. B
2005 rofy TO/IbKO OAWH TPOMUYECKUin yparaH «KaTtpuH», o6pyLuuns-
LUIMIACS Ha HOXHYIO M HOT0-BOCTOYHYH YacTb CLUA, HaHec yuwep6 no
pa3sHbiM oueHkam or 50 go 150 mnpg. gonnapos. OcTanbHble 13%
OT CyMMbl yuiepba NpMXogaTcs Ha ABNeHUS reoMu3nyeckoro (3em-
neTpsAceHuns, UyHamMun) U rMAPoONornveckoro (HaBofHeHUs, NaBoOAKM,
Cenun) xapakTtepa.

B pesynbTate ypb6aHu3auum BO3poc/ia YSA3BMMOCTb 4efioBeye-
CTBa OT CTUXMIAHbIX 6efCTBUIA.

PacueTbl, BbIMOJIHEHHbIE cheynanbHocTaMM BMO, nokasanu,
4YTO 3KOHOMMUYECKAA 3PEKTUBHOCTL MCMONb30BAHUA METEOPOSIONN-
YecKol MHMopMaLnM ABNSAETCA OYEHb BbICOKOW: KaXKAblAi BNOXEH-
HbIA B TMAPOMETEOPOIOTMUECKYIO CNYXOY fonnap faet npubbiib 7
ponnapoB. B Poccuiickoin degepaunn 3KOHOMUYECKUIA 3(PGekT oT
MCNoNb30BaHUA TMAPOMETEOPONOrMYECKON MH(OpMann cocTaBnseT
€XerofHo okono 11 mnpg. 4onnapos.



1 ®u3nka atMociepbl, Kak 0fHa U3 reoPU3NYECKUX JUCLUMNINH, n3yya-
eM (hm3nyeckne 06beKTbI, NPOLLECCHl W ABNEHWUSA B aTMOCHeEpPe B UX B3aUMOLel-
CTBMU C NpOLECCaMK B KOCMOCE W Ha 3eMHOI MOBEPXHOCTMW.

2. MHoromacwTabHOCTb aTMoC(epHbIX 06bEKTOB, HEOLHOPOAHOCTb
CHOMCTB aTMoCepbl B NPOCTPAHCTBE U UX M3MEHUYMBOCTbL BO BpEMEHMN 06YCN0BU-
Na Ucnonb3oBaHWe A1 NX U3YYeHUs pasHo06pasHOro UsnMKo-maTemMaTnyeckoro
annapata, a TaKxe gudgepeHunto Gunkn atmochepbl, Kak OCHOBHOW gucLm-
MAWHbLI, Ha B60/bLLIOE KONNYECTBO 60MEe Y3KNUX AUCLUNINH.

3. Pa3BuTune aTMocdepHbIX npoweccos B rnobanbHoM Maclitabe caenano
Hen3bexHON KoOHCOoNUAaLuio rocyaapcts B MexayHapogHOe COTPYAHUYECTBO
(BMO un BCI1) B Takmx obnactax, kak c6op nHpopmaunm n ee 06MeH Ha efu-
HO MEeTOAMYECKOW M TeXHUYECKON OCHOBe, MPOBeAEeHWEe eAWHbIX MeXAyHa-
POAHBIX NPOrpaMM Mo KOMMJIEKCHOMY MCCNefl0BaHNI0 aTMOCHePHbIX 06BLEKTOB,
AB/IEHWNIA N NPOLLECCOB.

4. o mepe pa3BuTUA obLLECTBA U ero MaTepuasibHO-TEXHUYECKUX BO3-
MOXXHOCTeli BO3pacTaeT MX 3aBUCMMOCTb OT aTMOCHEPHbIX ABNEHWIA, KOTOpPbIe
HaHOCAT BCe 6ONbLUMIA YPOH 3KOHOMMKAM BCEX rOCyAapcTB Mupa.

KOHTpONbHbIE BONPOCHI

1. Yro aBndetca npeameToM m3mky aTmocdepbl? [aiiTe onpegeneHue
TakMM MOHATUAM, Kak Norofa, MeTeopoNornyecKas BeivynHa U MeTeoponoru-
YeckKoe AB/IeHue.

2. KakoBbl 3afaumn peliaet (usnka atmochepbi?

3. [aiiTe xapakTepucTUKy MeTofaMm uccnefoBaHUs B (M3nKe aTmocde-
pbl.

4. Kakune 0CO6eHHOCTU MeTeoposiorMyeckmx npoLeccos?

5. C Kakumu Haykamu (usmka aTmocdepbl MMeeT Haubosiee TeCHYHo
cBA3b? lMouemy?

6. Kakue caMoCTOATENbHbIE HAYYHbIE AUCLUUMNINHBI NPUHATO BbIAENATL B
hunsmke atmocgepbl?

7. Kakoe npaKTUYeCKOe 3HauyeHne UMEET (pu3nka aTmocdepbl?

8. UTto npeactasnset co6oit BMO n BCM?



Mhasa Il. OBWMNE CBEOEHNA OB ATMOC®EPE

OCHOBHbIe MOHATUSA

1. Cyxoli BO34yX - BO34yX, COCTOALWMA TONbKO U3 NOCTOSAHHbIX ra-
308, T.e. He coAepXalyuii BOAAHOMO Napa, a TakxXe TBepAbIX M KMAKUX
npumecei (MbIAN U NPOAYKTOB KOHAEHCaUuW).

2. MpaBuUTauMoOHHOE pasjenieHne rasoB - B NPUMEHEHUU K aTMoc-
(hepe 3TO 03HAYaeT, YTO rasbl, U3 KOTOPbIX COCTOUT BO3AYyX, 06pasy-
0T CaMOCTOATeNIbHble aTMocdepbl. Mpu 3TOM napuuanbHoe fasne-
HMe KaXAO0ro rasa ybbiBaeT C BbICOTOW HE3aBMCMMO OT NPUCYTCTBUA
OCTa/bHbIX ra3os. [laBfneHue Nierkux rasos y6bIBaeT npu 3ToM mej-
NEHHee, Yem TAXKeSbIX, MO3TOMY MNPOLEHTHOE UX COAepXKaHWe B BO3-
[yXe C BbICOTOW [O/MKHO BO3pacTaTth 3a cYeT yObIBaHUS NPOLEHTHOrO
COZlepPXaHUS TAXENbIX ras3os.

3. 3eMHas KOpPOHA - BHELLHAS YacTb 3eMHOI aTMOC(epbl, pacnosno-
XeHHas Haf 3k3ochepoi U npocTupatowascs npumepHo ot 10 20
TbiC. KM. OHa COCTOUT NPEeUMYLLECTBEHHO M3 YCKO/Ib3aloLWero n3 at-
Mocgepbl MOHU3UPOBAHHOTO, & TakXXe 1 HelTpanbHOro BoAopoaa.

4. MapHNKOBbI aheKT —3alUTHOE AeAcTBUe aTMOocHepsbl B Npo-
Llecce Iy4ncToro TennoobmeHa 3emam ¢ MUPOBLIM MPOCTPAHCTBOM.
ATmocepa NponycKaeT K 3eMHON NOBEPXHOCTU CO/THEYHYIO paguna-
LMK, HO AMHHOBO/HOBOE U3/yYeHUe 3eMHOM NOBEPXHOCTU CUILHO
nornowaetrcs atmocgepoin. Harpetad Takum 06pa3om aTmocdepa
nocblflaeT K 3eMHO MOBEPXHOCTW BCTPEYHOE M3MyYeHUWe, B 3HaUu-
TeNbHOW Mepe KOMMEHCMpYyloWee pagvaunoHHY0 MNOTeplo Tenna
3eMHOl NOBEPXHOCTLHO.

5. Hanps>XeHHOCTb 3/IEKTPUYECKOr0 Mosist aTMocgepbl - 31eKTPU-
yeckoe nose atmocgepbl 06yCn0OBAEHO 3apadamu 3eMan 1 atmocde-
pbl. Hanps)XxeHHOCTb nons B cpegHem cocTasnseT 130 B/m 1 ybbiBaeT
C BbICOTON MO 3KCMOHEHLUManbHOMY 3aKOHY; Ha BbicOTe nopsgka 10
KM OHa NPakTUYeCcKW paBHa HynHo.



f* MpegfenbHo gonycTuMble KoHueHTpauun (MAK) - HopmaTuBbl,
yCTaHaB/MBalOLLME KOHLEHTpauuy BpefHOro BellecTBa B eAWHULLE
obbema (BO3ayxa, BOAbl), Macchl (MMLLEBLIX MPOAYKTOB, MOYBbI) MU
NMoBepxHOCTU (KoXka paboTarwmx), KOTOpble MpU BO3AEWCTBMM 3a
OnpejeNieHHbI NPOMEXYTOK BPEMEHU MNPaKTUYECKU He BAMAKT Ha
MOPOBbLE YENOBEKA M He BbI3bIBAKT HEGMAroNPUATHBLIX NOCAeACTBUI
y ero noTomcrBa.

7. YpaBHeHNe COCTOAHUA rasoB - ypaBHEHMe, BbipaxkaloLllee CBA3b
MeX [y NepeMeHHbIMU BENMYMHAMK (napaMeTpamun), onpeaenstouu-
MM (DU3MYeCKOoe COCTOSHME ras3a. [Ang naeansHOro rasa - 3to ypaBHe-
Hue KnaneiipoHa-MeHpaeneesa.

H Kputnuyeckaa temnepaTtypa - TemnepaTtypa, COOTBETCTBYlOLas
KPUTNYECKOI TOYKe, paBHaa ans oAbl 374°C. KpUTMYECKOI TOYKOI
Ha3blBaeTCs COCTOSHME ABYX(ha3HOW 3aMKHYTOW TepMOAMHamMu4e-
CKOM CUCTEMbl, MPU KOTOPOM >XMAKas W rasoobpasHas asbl MOTyT
HaxoAWUTbLCA B PaBHOBECUM MpPU HaMBbICLIEW BO3MOXHON Temneparty-
pe (M Npu OAUHAKOBOM NAOTHOCTK). MNpu 60/1ee BLICOKMUX TeMMepaTy-
pax XUAKON (hasbl yXKe He cylecTByeT. s BoAbl KpUTUYecKas Touka
xapakrtepusyeTcs 3HadyeHuamun E=2,21 -105rlMa, 7=647°K.

9. NpeanbHbI ra3 - ras, BHYTPEHHAS 3Heprus KOTOpOro saseTcs
(hyHKLMeN TONbKO TeMnepaTypbl, a yenbHas TENI0EMKOCTb He 3aBUCUT
0T Hee. B naeanbHOM rase MOneKy/bl NpeAcTaBAstoT coboil maTepu-
a/flbHble TOUKW; MO3TOMY MOXHO CUMTaTb MEXAYMOEKYNspHbIe CUb
ncyesaloLle MasbiMU U NPeHebpeYb aHeprueil MeXayMoneKynsipHoro
B3aMMOJENCTBMA NO CPABHEHUIO C 3HEPTUeli TeNOBOr0 ABUXKEHUS.

10. MepnamyTpoBble 06/1aKa - 06naka ellle HeM3BeCTHON NPMpPOoapbI,
no (opmMe HanomMuHalLWue MepucTblie U NEPUCTO-KyUeBble, C OYEHb
CUNbLHON Mpu3auuneit, Habnogaowmecs Ha BbicoTax 20-30 KM; OHM
KaXYTCH CBETALWMMUCA HA TEMHOM Hebe, OTpaXkas COMIHEUHbIN CBeT.
Hab6nogalotcs pegko v TONbKO B HEKOTOPbIX paiioHax 3emnu, oco-
6eHHO, B ceBepHOI EBpone n Ha Ansicke 3MMOiA, Korfa Co/HLe Haxo-
AUTCS NULWb B HECKOLKMUX rpagycax nof ropu3oHTOM.

11. Cepebpuctble o6naka - 04eHb TOHKMe 06naka, He ocnabnsio-
WMe cBeTa 3Be3f, HabntofaeMble B CaMOl BEPXHeR YacTu mesocgepsbl
N B HWXHEl noHocgepe, Ha BbicoTax Mexay 75 n 90 KM, 3aMeTHble
BC/MefCTBMe UX CNaboro NpeMmMyL,ecTBEHHO CepebpmuCcTO-CUHErO CBe-



YyeHMA Ha TeMHOM (boHe Heba. HabnwogatoTcA B CEBEPHOWM 4YacTu ro-
pU30HTa NpenmyLlecTBeHHO mexay 50 n 75° c.w. 1 40 n 60° 0.1,
NEeTHUMMW HOYaMK, Korfa cofHue Hernyboko (Ha 5-13°) 3axoguT 3a
ropusoHT. CepebpucTtbie 061aka nepemeLtatoTcs B 06LLEM C BOCTOKaA
Ha 3anaf co ckopocTbio Mexay 50 u 250 m/c.

12. MonsipHble CUSAHUA - crnopajuyeckme ONTUYECKUe SABMEHUSA B
MoHOoC(epe, BbIpaXaloLMecs B CBeUYEHUW PaspsHKEHHOro BO3fyXa Ha
BbICOTaxX OT HECKO/bKUX LeCATKOB (MHOrda oT 60) 4O HECKONbKUX COT
(vHorpa cebiwe 1000) KMnomeTpoB. VI3MeHeHUS B MHTEHCUBHOCTH,
MOMOXEHUN U OKPacKe MOASPHbLIX CUSHWIA MHOTA NPOMCXOAAT OYeHb
6bICTPO. Mo hopmMe NONSAPHbIE CUAHMUA OYEHb Pa3HOOOpasHbl U AeNsaT-
CA Ha crnegyrouime Tunbl: 1) 6e3 Ny4ncToi CTPYKTYpbl - anddysHoe
CBEYEHME U AYTM, TAHYLLMECH MO HeBeCHOMY CBOAY OT OAHON TOUKM
rOpM30HTa A0 APYrOWi; 2) Ny4ncTbie - NyYu, NeHTbI, gpanpu (Nonochbl
NYYNCTOr0 CTPOEHUA) U KOPOHbLI (Ny4r AWM NYYKK y4deid, cxofsime-
csl B nepcrnekTnee B6/M3M MAarHUTHOTO 3eHMTa). OKpacka NoAsPHbIX
CUSHWIA Yallle BCEro ronybosaro-6enas, XXento-3efeHas, pexe Kpac-
HoBaTas W (hnMoneToBas.

13. TpaHcopmaymsa BO3LYLLIHON MacCbl - MOCTEMNEHHOe U3MeHe-
HMWe CBOMCTB BO3AYLIHOW Macchbl Mpy ee MepemMeLLeHUn BCneacTBue
N3MEHEHNS LINPOTLI M OCOBEHHO TEPMUYECKUX YCI0BUI NOACTMNAIO-
Leli NOBEPXHOCTMW.

14. ipnsaumnsa - nosiBieHWe pagy>XHOW OKpackn Ha Kpasx 06/1aKkoB
(BbICOKO-KYY€BbIX UM CIOUCTO-KYUeBbIX), HaXOAALWUXCSA Ha paccTo-
AHum 30° n 6onee ot ConHua. Ocob60 pasnUUYMMbl KpacHbIn u 3ene-
Hbli1 UBeTa. ABNEHN 06bACHAETCA AndpaKL el CBeTa; OKpallEHHbIE
YyacTu 061aKOB ABNAKOTCA CErMEHTaMW BEHLA C 60/bLUMM AMAMETPOM.
O6nayHble 3/IeMeHTbl NPU 3TOM OYeHb Masibl U OJHOPOLHbI.

2.1. CocTaB Ccyxoro Bo3gyxay MoBepxXHOCTU 3emn.
Ero usmeHeHue ¢ BbICOTOM

ATmoctepa npeacTaBnseT cob0it MeXaHNYeCKy0 CMeCb pasfny-
HbIX ra30B, Ha3blBaeMOl CyXUM BO3AyXoM. Macca Bceil aTMocCepbl
cocTaBnsdeT okono 5,3110B8kr (an1s cpaBHEHMS mMacca 3eman paBHa



3.WM QA kr). CoBpeMeHHbI COCTaB Cyx0oro aTMOC(epHOro Bo3ayxa
COCTOMT MX CNeayroLWmx 0CHOBHbIX rasos (Tabn. 2.1).

Tabnnua 2.1
CocTaB cyxoro Bo3fyxa B6/1M3n MOBEPXHOCTM 3eMau

OTHOCKUTeNbHAasA MONeKy- [MnoTHOCTb No
O6beMHoe coaep-

a3 0 nApHas macca OTHOLUEHNIO K
>Xanve, % o

(noyrnepogHoit wkane) BO3AYXY
N3ot (12 78,084 28,0134 0,967
Kucnopog (O,) 20,946 31,9988 1,105
JlproH (Ar) 0,934 39,948 1,379
Yrnekucnoli 0,033 44.00995 1.529
ra3 (C02
VicoH (/1) 1818 +10 ? 20,183 0,695
Cenwii (He) 5.239 m10 4 4.0026 0,138
KpunToH (Kr) 1.14m10 4 83,800 2.868
Bogopoa (H2) 5ml10-5 2.01594 0,070
KceHoH (Xe) 8,7- 10 7 131,300 4,524
O30H (0}) 0-5 10 0 47,9982 1,624
Cyxoli BO3ayx 28,9645 1.000

MpuveyaHme:* O6LEMHOE CofepXKaHue - 3TO OTHOLLIEHVE 06beMa, 3aHW-
MaemMoro JaHHbIM rasom, K 06LieMy 06bemMy CMeCU Mpu YCoBUM NPUBELEHNS
X K O[MHAKOBbLIM [aB/IEHUIO W TeMMepaType.

Copepxanve CO, gaHo no cocTosaHUto Ha 1980 rog.

Ha pgonto asoTa, kucnopoga v aproHa npumxogutca 99,96% ot
obuiero obbema cyxoro Bosgyxa. Ha font0 ocTanbHbIX rasoB OcCTa-
eTca meHblie 0.04%. HekoTopble U3 HUX NO 06BbEMY COCTaBASAKOT Thl-
cAvHble (Ne) 1 gaxke MUANNOHHbIE 40NN NpoueHTa (Xe).

Moka He OTMeYeHbl W3MEHEeHWUs cogepXaHus B aTmochepe
OCHOBHbIX rasos - C)1, N2un Ar. OfHaKo exerogHo 60/bLLI0e Konnye-
CTBO KMWC/IOPOAa PacXOofLyeTcs Ha CXWraHue OpraHW4YecKoro TOMau-
Ba. Kucnopog B pesynbTaTe (hOTOCMHTE3a 06pasyeTcss B KOMNYECTBE
1,55 « 1097/rog, a 3aTpaumBaeTcsa B KonmnyecTtse 2,16 « 100 1/rog, T.e.
pacxof Ha nopsaok 6onblie, yem npmxod. Mpu Takmx Temnax pac-
X0f[a Kucnopoga ero cogep>kaHme MoXeT yMeHblWuUTbCcA Ha 0,77% K
2020 rogy.



ATMOCHEpPHbI a30T B aTMOCHEepPHbIX NpoLeccax NpakTUYecKu
He y4yacTByeT, HO B OCHOBHOM CO3JaeT aTMOC(epHOe AaBNeHME.

CornacHo ufee rpaBuMTaLMOHHOrO pasfeneHus rasos, B aTMO-
chepe Ha 6ONbLWINX BbICOTaX AOMXKHbI MpeobnagaTb Nerkue rasbl.
OfHaKo NpsAMble U3MEPEHMUA C MOMOLLLIO METEOPO/IOTMUYECKMX pakeT
nokasanu, 4To B npegenax HMWKXHUX 90-95 KM pasgeneHue rasos OT-
CYTCTBYET. JTOT C/0 aTMoc(epbl MOAY4YMa HasBaHWe romocgepsl.
OTHOCUTENIbHAA MOJMEKYNApHAas Macca BO3fyxa MNPakKTUYECKN He
N3MeHseTCs C BbICOTON 1 cocTaBnseT 28,9645 Kr/kmonb. MoCTOAHCTBO
cocTaBa aTMOC(EpPHOro BO3fyXa Kak No BepTUKaIu, Tak WU Mo ropu-
30HTanM NOALEPXUBAETCA ero nepemMeLlnBaHueM.

Bbiwe 95 kM cocTaB atMociepbl CYLLeCTBEHHO W3MeEHSeTcs.
3TOT cNo NonyyYmn Ha3BaHue reTepocdepa. o - BUAUMOMY, B 3TOM
M3MEHEHWW OCHOBHYIO PO/ib UrPaeT npoLecc rpaBUTaLMOHHOIO pas-
feneHns rasos. Kpome 3T0ro, Ha BbicoTax Bbile 100 KM NpPoOMCXOAuT
auccoumayma Kucnopoga noj Bo3feiicTBMEM COSTHEYHOW pafuauuu ¢
OJVHOR BOMHBI MeHbLue 0,24 MKM. Takune 3apsiXXeHHble aTOMbl Ha3blBa-
IOTCS aTOMapHbIMK MOHaMuK. B cnoe 100-150 km atmocdepa (MOHOC-
thepa) COCTOUT U3 MOHOB aTOMAPHOr0 M MOJIEKYNIAPHOIO KMUcnopoga u
okucK asota. HaumHas ¢ BbicoTbl 250-300 KM, B cocTaBe aTMocepbl
NOSABNAOTCA MOHbI aTOMAPHOro a3oTa. B BbICOKMX CNosx 0bHapy>Xusa-
toTCcA Takke cnefbl rugpokcuna (OH) n Hatpus (Na). OTHocuTeNbHas
MONeKynsapHas macca BO3fyxa B retepocepe YMeHbLUAETCA C BbICO-
TOW, YTO UANKOCTPUPYETCA CNeAYIOWUMN AaHHbIMU:

I KM 225 250 300 350 400 450 500
L. Kr/KMO/b 21.28 20.15 18.50 17.47 16.84 16.43 16.1

Bbiwe 1000 km B cocTaBe aTmocdepbl HayMHaeT npeobnagatb
renuu, a Boiwe 2000 KM 1 npumepHo Ao 20000 KM, B TaK Ha3blBAEMOIA
3eMHOIN KOpOHe, NpeobnagalolMmMm rasoM CTaHOBUTCSA HEWTPaNbHbIi
Bogopoh. Ero KoHueHTpauua (NAOTHOCTb) B 3TUX BbICLIUX CNOAX
aTMocepbl HMYTOXHA - B cpeAHem 0Kono 1000 moHoB Ha | cm3
OfHaKo B MeXMNjaHeTHOM NpPOCTpaHCTBe 3a npefgenamu aTmocgepsl
KOHLEHTpaLus MOHOB He 60/blie, a8 BO3MOXHO 3Ha4YUTENbHO MEeHbLLE
100 noHoB Ha 1cm3



2,2. YrneKucnblii ras n 030H B aTmocepe

YrNeKncnblil ra3 M 030H SABAAKOTCS NEpPeMEeHHbIMW, HO OYeHb
HHXXHbIMW  KOMMOHEHTaMM Cyxoro Bo3gyxa. [Byokcup yrnepona
(yrnekucnblii ra3 - CO,) sBNAeTCS OHON M3 BaXKHEWLINX COCTaBHbIX
YynCTO NUTaHWMA pacTeHmit. OH MocTynaeT B aTMOcdepy B npouecce
ropeHus, AblIXaHUA U THUEHWA, a pacxoAyeTcs B MPOLLECCe YCBOeHMUA
(boTocmHTeE3a) ero pacteHuamu. B nocnegHue 70-80 net B CBA3N C
pe3kMM BO3pacTaHMeM [06bl4M U CKUraHUS OpPraHWYecKUX BUAOB
TonnuBa (KaMeHHbI yrofib, HeTb, ras) NPOUCXOAUT HEMNPepbIBHOE
yBenuuyeHue cogepxanuna CO, no Bcemy 3eMHOMY Lwapy. o cyuie-
CTBYHOLLUM OLLeHKaM KOAMYecTBO [BYOKCM[a yrniepoja 3a 3To Bpems
yBenunumnocb Ha 10-12% - ot 0,029% 8 1900 r. go 0,033% B 1980 T.
1 0,036% B 2000 r. A6contoTHoe cogepxxaHue C02B aTmocdepe co-
cTaBnseT 712 MApA. T, a ero eXerogHblii NPUPOCT - 0KOM0 3 MAPA. T.

OcCHOBHast pofib YrNEKUCNOro rasa B aTMOCHEPHbIX npoueccax
COCTOUT B TOM, YTO OH YYacTBYET B CO3J4aHUN TaK Ha3bIBAEMOIO Ter-
nMYHOro (MapHMKOBOrO UM opaHXepeiHoro) adpdekTa. C02cnibHO
nornowaet MHMpakpacHoe M3NyvyeHWe 3eMHON MOBEPXHOCTU B WH-
TepBane ANWH BOAH 12,9-17,1 MKM. OTW ANWHbI BOIH 6IU3KMN K Mak-
CUMYMY B CMEKTPe 3eMHOro WU3nyyeHus. 3TO NPUBOAUT K TOMY, 4TO
aTmoctepa, NOAO6GHO MOKPbLITUIO Tenaulbl, NPOMyCcKas COSIHEYHble
Nyyun, NPenaTcTBYOT MH(PAKPACHOMY Temnj0BOMY WM3NYYEHUIO C MO-
BEPXHOCTU 3eM/N.

Mo HekoTopbiM oueHkam (M.W. Byabiko), Npyu yBenn4yeHnn ABy-
okcuaa yrnepoga fo 0,042% npon3oigeT NOSHOe YHUUYTOXEHME No-
NAPHbLIX NbAoB. HanpoTus, ero ymeHsleHne ao 0,015% moxeT npu-
BECTW K NOMIHOMY O/IejeHEeHNI0 MJaHeTbl. Y aBoeHne Konnyectsa C02
No cpaBHeHUtO ¢ Havanom XX ctonetus (4o 0,060%) MOXET NOBLICUTH
Temnepatypy Ha 3eMHoM wape Ha 3°C. loTensieHMe KnmMMaTa Ha nna-
HeTe NPOMCXOAUT B pe3y/ibTaTe HaKoMaeHUs B aTMocepe U Apyrux
TaK HasblBaeMbIX NapHMKOBbIX ra3oB (MeTaH, GTOp- U XN0PYrnepoasl).

O30H (OJ, HecMOTpA Ha HUYTOXHO Manoe ero KONW4YecTBo,
UrpaeT BaXKHYK poJib B (DU3NYECKMX npoueccax, NPOUCXOAALLUX B
BEPXHUX cnosax (ocobeHHO B cTpaToctepe). O30H Habnwogaetca B
Cnoe OT 3eMHOI MOBEPXHOCTU [0 BbICOT OKOM0 70 KM, HO €ro OCHOB-
HOe KOJIMYEeCTBO COCpefoToyeHOo B cnoe 20-55 km. MakcumanbHoe



cojep>aHue 030Ha HabnogaeTcsa Ha BbicoTax 20-26 kM. Ecnn cogep-
YKaHue 030Ha B BEPTUKa/IbHOM CTON6e BO34yXa NPUBECTU K HOPMasb-
HOMY aTMoctepHoMy aaBneHuto (1013,2 rfa) npu Temnepatype 0°C,
TO OH 06pa3oBan 6bl cn0OM B Npefenax oT 140 6 MM. 3y BeNUYUHY
Ha3blBaKOT NPUBEAEHHON TOMLWMHON cnos 030Ha. O6LLaa macca 030Ha
B aTMOc(epe cocTaBnset okono 3,2-109r.

O30H nornowaet okono 3% COMHEYHON paguauumn, nagaro-
el Ha BEPXHIOK rpaHuuy atmocgepbl. lMoraoweHne npoucxognT
B YNbTPadnoNeToBOl YacTu CrekTpa ¢ AnnHamu BonH 0,22-0.29
MKM. MornoweHre Ha 3TOM y4YacTKe CMeKTpa HaCTONbKO BEIMKO, YTO
3HEeprus COJMIHEYHbIX Ny4Yell MOAHOCTLIO MOr0WAaeTCa yXXe B CaMoi
BEPXHEN 4acTu Cnos 030Ha, Ha BbicoTax 50-45 kwm. Mo aToi npuyn-
He TemnepaTypa BO34yxa Ha 3TUX BbiCOTaX BO3pacTaeT 40 3HaYeHWUN,
6/IM3KMX K HYNIO.

OcCHOBHasi 0COBEHHOCTb YNbTPaUONETOBbLIX NIyUeil 3aKkoyaeTcs
B MX BbICOKOI GMONOTrMYECKOW aKTUBHOCTU. OHM yOUBaKOT GaKTepum
MHOIMX BWAOB, BbI3bIBAKOT 3arap, COLENCTBYIOT 06pa3oBaHnNio B opra-
HU3Me BUTamMuHa [. OgHaKo Nofe3HbIMU 0Ka3blBalOTCA NNLLb HEGONb-
Lne A03bl YNbTpagnoneToBoi paguauun. bonblime go3bl NPUBOAAT K
3a00n1eBaHMAM Ye/I0BeYeCKOW KOXM (3pMTema) v faxke oxoram. Ecnu
6bl He OblN0 030HA, TO BUOMOIMYECKN aKTUBHbIE YNbTPatUONeTOBbIE
NY4Yn CYLLEeCTBEHHO M3MeHUNU 6bl BCe BMONOrMYEcKMe npoLeccol, a
MOXET 6bITb, U B LLe/IOM OPraHMYecKyto Xn3Hb Ha 3emne. Takum 06-
pasoM, 030H cO3faeT 3allMTHbIA 030HOBbLIA 3KpaH. Mpegnonaraetcy,
yTo rnobanbHoe 3arpsA3HeHne atMocepbl HEKOTOPLIMUK BellecTBaMu
N U3NYECKUMMN areHTamum MOXEeT HapyLuTb MAOTHOCTb O30HOBOIO
3KpaHa, BbI3biBas NOABAEHUE TaK Ha3blBAEMbIX 030HOBbIX «AbIP».

dusnyeckme N XMMUYECKME NPOLLECChl, NOS BAUSHWEM KOTO-
pbiX 06pasyeTcsd 030H B aTMoOc(epe, MMET CNOXHYK Npupogy.
[ByxaTOMHble MONEKY/bl KUCNOPOAAa NPW NOroWeHUn ynbTpaguo-
NeTOBOWN COMHEYHOWN pagmauum 4acTUYHO pasfaratoTcsl Ha aToMbl.
ATOMbI KMUCNOpOAa OKa3blBalOTCA BO3OYXAEHHbIMKU, T.e. o0bnagatT
60/bWLIMM 3aNacCOM 3HEpPrum Mo CPaBHEHWIO C HOPMasbHbIM COCTO-
AHMEeM. 03TOMy MO/lieKyfna 030Ha MOXeT 06pa3oBaThbCA NNLWb NpU
TPOAHOM COYyJapeHun - MOMEeKya KUCNopoaa, Bo3OYXAEHHbIA aToM
KMcnopoda 1 MoneKyna asota WAM ApYyroro rasa, BOCAPUHUMalOLLas



HU cebs M36bITOK aHeprun. OAHOBPEMEHHO MPOUCXOAMT 0OpaTHbINA
npoLecc npespalleHns 030Ha B KUCIOPOS,.

CopepxaHue 030Ha B aTMOC(epe MMEeeT XOPOLIO BblPaXXEHHbIA
CYTOUHbI (MAKCUMYM —fIHEM, MUHUMYM - HOYbIO) M CE30HHbIA (MaK-
CUMYM - BECHOW, MUHMMYM -OCEHbIO ¥ 3UMOIA) xoa. C yBennyeHunem
LWMPOTHl MPONCXOAMT CABWUI BPEMEHM HACTYM/EHUS MaKCUMyMa Ha
6o0nee No3gHNE MecsLbl.

2.3. [a3oBble NpMMecK B aTMocepe

B cocTaB cyxoro Bo3gyxa B He60/bLIOM KOMMYECTBE BXOAAT He-
KOTOpble razoo6pasHble npumMecn (Tabn. 2.2).

Tabnuua 2.2
Cpep.Hme [aHHbIE O ra3oBbIX NPUMeECAX
Fas O6beMHoe coaep- Fas O6beMHOE Co-
>XaHue, % nep>kaHuve, %
MeTaH (C7/4) 15 10 4 [AByokuch a3oTa (\<),)  0To g0 2- 10
Okcug yrnepoga (CO) ot 0 go cnegos  PafioH (Rn) 6-10 - 1
CepHucTblii a3 (SO,) 0To A0 10 4 Wop LWL 0o ©
3akuch asota (J1,0) 510 -5

Copaep>XaHue 3TUX rasoB MMeeT Kak NpuUpoAHOe, TaK U aHTPOMO-
reHHoe MPOUCXOXAEHWNe, MO BANAHMEM KOTOPOFO MX KOHLEHTpauus
yBennmumBaeTcs B rnobanbHoM macluTtabe.

2.4. ATMOC(epHbIii a3p0o30onb

B cocTaB aTmoctepHOro BO34yxa BXOAAT MHOrOUUC/IEHHbIE
B3BELUEHHble B HEM TBepfble W XUAKME NMPUMECK - TaK Ha3blBaemble
aspo3onn. Paguyc TBepAblX yacTuuy aspos3ons coctaender 10°810"2
cMm, Kanenb - 10'5M0" cm.

ATMOChepHbIA aspo30/b ABASeTCA NMPOLYKTOM C/IOXHON COBO-
KYMHOCTU XUMUYECKMX U (DU3NYECKUX NMPOLLeCCOB, CNeACTBUEM KOTO-
PbIX M OTHOCUTE/NIbHO KOPOTKOrO BPEMEHW XXU3HW a3p0o30/id ero XMMu-
YeCKuiA coCTaB U (M3NYECKMe XapaKTepUCTUKN OYEHb N3MEHUYUBSI.



ATMOC(epHbIi a3p030/1b B 3aBUCMMOCTM OT €ro coctaBa Uan uc-
TOYHVMKOB MOXHO pasfennTb Ha cnefytolme Knacchbl.

K a3po30ngM NpuMpoLHOro NpoUCXOoXAeHUA OTHOCATCSA:

- YacTuubl NOYBbI U NPOAYKTbI BbIBETPUBAHUA TOPHbLIX NOPOL
(NbIAb)\ KOMMYECTBO 3TUX YacTU4eK, MOCTynawWmx B atMoctepy B
TeyeHue roga konebnerca B npegenax 130-8000 MAH. T;

- By/NKaHM4yeckas aspo3onb (nenen), noctynatouias B aTMmochepy
B Konunyectse 200-b 1000 M/H. T B rog,;

- NPOAYKThI ucnapeHus Mopckux 6pbi3r (B ocHosHom NacCl), ko-
NINYeCTBO KOTOPbIX Konebnetca B npegenax 300-1300 MAH. T B rog;

- 4aCcTulbl ca>kM OT NECHbIX NOXKapos, NOCTynawLWmx B aT-
mocepy B Konmyectse oT 3 Ao 360 MAH. T B rog;

- KOCMMWYecKas Nblib, 06pasytoLLasca npu cropaHum MeTeopu-
TOB B KofinyecTse o1 0,25 fo 14 MnH. T B rog;

- 4acTuubl OMOreHHOro MNPOUCXOXKAEHUSA, HemnocpeAcTBEHHO
BbIOpOLIEHHbIE B aTMoctepy (MbinblLa PacTEHMA, MUKPOOPraHWU3MbI
n ap.) u obpa3oBaBLUMeCs B pe3ynibTaTe KOHAeHcauuu netyymx opra-
HUYECKNX COeAVHEHNI (TepneHbl) UAnM XUMUYECKUX peakuuil Mmexay
3TUMUN COEAUHEHUAMM, a TaKxKe NPOAYKTbl NMPUPOLHBIX ra3oobpasHbIX
peakuuii (Hanpumep, cynbdaTbl, BO3HMKaKOLWMe 3a CYET BOCCTAHOB/e-
HUS cepbl, NOCTYNalLWel ¢ NOBEPXHOCTM OKeaHa); CyMMapHoe NnocTy-
naeHne 3TUX YacTuy, B aTMoctepy nexut B npegenax 345-1460 mnH.
T B rog.

O6LLee KONMYECTBO a3po30/eil eCTeCTBEHHOIO NPOUCXOXAEHUS
n3MeHseTca B npegenax ot 978 o 12100 MAH. T B rog,.

BTopoli knacc cocTaBnsieT aspo30/b aHTPOMOreHHOro npouc-
X0XAeHus. K MCTOYHMKaM 3TOro aspo30/1s NpuHajnexar:

- HenocpeacTBeHHble BbIGPOCHI MPOMbILLINEHHbIX MPEANPUATUA,
TpaHcnopTa UycTaHOBOK A48 CXKUraHus Tonnamea (4acTulbl Caxu,
AbIMa, LOPOXHOW MNbIAN U Ap.), a Takke NPOAYKTbl BblBETPUBAHUSA
CEeMbCKOX03AMCTBEHHbIX YroAmniA', B 06LLEl CNOXHOCTM OT 3TUX MCTOY-
HWKOB nocTtynaeT oT 18 o 240 MJIH. T YacTWL, B rof;

- NPOAYKTbI razohasHbix peakuynin (Tak HasblBaeMble BTOPUYHbIE
a’spo30/n), KOTOpble 06pasytoTCs Npu npoueccax ropeHus u Xumu-
4eCKUX peakuuii (cynbaTbl, HUTPATbl, OpraHMYeckne COeAVHeEHUS);
KO/IMYeCTBO 3TOr0 aspo30/s nsMeHsetca ot 100 go 360 MAH. T B rOg.



Nccro ke aHTPONOreHHble UCTOYHMKKN BbiGpackiBaloT oT 118 fo
(0L mnH. T BewlecTBa B rog.

MpuBefeHHbIE KOIMYECTBEHHbIE MOKA3aTeNN MOCTYMN/eHNsA pas-
NNYHOrO pofa aspo3onsa B aTMOC(epy WMMET 3HAUYUTENbHYIO Mo-
IpcwHOCTb. B 0COGEHHOCTU 3TO OTHOCMTCS K OLEHKE BbIGPOCOB OT
eCTeCTBEHHbIX NCTOYHMKOB. TaK, KOJIMYECTBO MOYBEHHOW Mblan, MO-
nafatoulein B aTMocdepy, OLeHNBAeTCs NNLWb C TOYHOCTLIO 40 ABYX
nopsgkoB. CorfacHo OAHWM WMCTOYHMKaM, KO/IMYECTBO aspo30sien,
06pasyrowmxcsa B pesynbTaTe NIeCHbIX MOXapoH, cocTaBnseT 36-360
M/H. TOHH B roj, a Mo ApYyrum - BCero okoso 3 MJjH. T/rog.

EXXerogHblil CymmapHbllii BbIGPOC MblIM OT BCEX UCTOYHUKOB B
cpefHem cocTaBnseT 2,3 MAPA. T C OTK/IOHeHUeM 1,4 mapga. T.

Ocoboe mMecTo cpean aTtmoctepHbIX MNPUMeECel 3aHMMaroT
MPOAYKTbl WCKYCCTBEHHOrO pajM0aKTMWBHOIO pacnajga, mnonajaw-
WKe B aTMOCHepY Npu UCNbITaTeNlbHbIX B3PbiBaX aTOMHbLIX U TEPMO-
ALepHbIX YCTAHOBOK, a TaKXXe Mpy TEXHOTeHHbIX aBapuax Ha A3C.

ATMOCHEPHbIA a3p030/1b UrpaeT BaXKHYH POnb B (PM3MYECKUX
npoueccax, NpoMcxoaawmx B aTmocgepe.

FMrpockonuyeckne 4acTulbl MOPCKOW conu, nonagaroliedi B
aTMmocgepy npu pasbpbi3rMBaHMM MOPCKOM BOAbl, a TakXe TUrpo-
CKOMMUYECKNE YacTuubl MblIM UTPaloT B aTMOCHeEPe posb A4ep KOH-
[eHcaluun. T.e. LEHTPOB, K KOTOPbIM MPUCOEMHAKOTCA MOJIEKY bl BO-
OAHOro napa, obpasys BoAsHble Kanefbku. Ponb sigpa KoHAeHcauum
3aK/04aeTCH B TOM, YTO OHO BC/efCTBME CBOEW FMrPOCKONUUYHOCTU
YyBENU4YMBaeT YCTONUYMBOCTL 06pa30BaBLIErocs 3apojbilla KanebKu.
Ecnu BO34yX MCKYCCTBEHHO 0CBOGOAMTbL OT Afep KOHAeHcauuw, To
KOHZeHcauun He ByfeT faxke npu 601bLLIOM NepeHachIWeHnn.

BaXXHbIMK AgpaMu KOHAEHCAL MK, KaK y>Xe roBOpPMIOChH BblLle, AB-
NSOTCA YaCTUYKKN PacTBOPUMBIX TMIPOCKOMMYECKNX COMeid, 0COBEH-
HO MopcKoii conu. OHM NonajalT B BO3AYX B 60MbLUMX KOAMYECTBax
MpW BONHEHUN MOPS ¥ pa3bpbi3rMBaHUM MOPCKOI BOAbI U NpuW nochne-
AyloueM ucnapeHun Kanenek B Bozagyxe. Ha rpe6HsAX BOMH BO3HUKa-
0T MY3bIPpbKW BO34YyXa, KOTOPbIE 3aTeM NONakTCA, B pe3y/bTare Yero
M NPOUCXOAUT pa3bpbl3rnBaHue. Pas3pbiB TOMbKO OLHOMO BO3AYLUHOIMO
nysbips guaMeTpom 6 MM faeT npumepHo 1000 kanens. Mpu Betpe 15
M/C C OHOr0 KBafpaTHOro caHTUMeTpa MOBEPXHOCTWU MOPS 3a OfHY



CeKyHAy nonajaeT B BO3YX HECKO/IbKO AeCATKOB filep KOHAEeHcauuu
maccoin nopagka 1O5r kaxpgoe. ConeBble M BOOOLLE rMrpocKonmye-
CKMe Afpa nonajalT TakxKe B aTMOCepy npu pacnblfieHUn NoYyBbl.

Bo3HUKLWINE TakMM MyTeM fpa KOHAEHCALUU WMeKT pasMepsb
nopsigka AecaThbIX N COThIX JONel MUKpoMeTpa. Aapa KoHAeHcaumm
BC/eACTBME CBOEW ManoCTW He 0CeAaroT, a MEPEHOCATCSA BO3AYLUHbIMU
TeYeHUAMU Ha 60NbLINe paccToAHUA. Mpu 3TOM 13-3a CBOEN MMrpocKo-
MUYHOCTM OHU Yallle BCEro naBaloT BaTmocdepe B BUAE MeflbYaillmx
KanesieKk HacCbIWEHHOro CoMsAHOro pacteopa. pu NOBbILWEHWM OTHO-
CUTE/IbHON BNaXKHOCTU KanenbKyW HauMHAOT pacTu, a Mpu 3HaYeHUax
BNaXXHOCTU 0Kono 100% oHW NpeBpaLLaTcs B BUAUMbIE Kanenbku 06-
NakoB 1 TyMaHoB. OfiHaKo 06/1auHble KanesbKy BO3HUKAKOT He Ha BCEX,
a TO/IbKO Ha Hambonee KpynHblX A4pax paguycom 6onee 1 MKMm.

Takoil e npouecc NPOUCXOLWUT Ha FUrPOCKOMMYECKUX TBep-
AbIX 4YaCcTMUKax W Kanenbkax, ABAAOLWMXCA NPOAYKTaMu CropaHus
WM OpraHnyeckoro pacnajga. 970 a30THasA KUCN0Ta, CepHas KUCOoTa,
cynbar aMMOHUS 1 Np. B NpOMbIWINEHHBIX LEHTpax B aTMocgepe
cofepXunTca 0CO6eHHO 60NbLIOe YMCNO TakUX A4ep KOHAeHcauuu.
MoaTomy, HanpumMep, TyMaHbl B ropofax BO3HMKAKOT Yalle 1 6biBaloT
WHTEHCUBHee, YeM B 3aropofHbIX MECTHOCTSAX.

UacTb MOMeKyn aTMOC(epHbIX rasoB M 4acTul, aTMOCKEpPHOro
a3p030N5 HECYT 3NeKTpUUecKue 3apsasbl. TN 3apsSdKeHHbIe YaCTUUKM
Ha3blBalOT MOHAMW. VIOHbI B HUXHUX CMOSAX aTMocqepbl Ha3blBalOT
NerkUMu, ecin OHW MONEKYNAPHbIX pPasMepoB, U TAXKEeNbIMU, ecnu
OHW ABNAIOTCA XULKUMWU WAN TBEPAbIMU 4YacTUyKamu. B pesynbra-
Te TOro, 4YTo B aTMocepe npeobnafatdT MONOXKUTENbHbIE 3NEKTPU-
yeckue 3apsagbl, CyMMapHblii 3apag atMocepbl MOM0XUTENbHbINA.
3emMHas NOBEPXHOCTb TakXKe 00/1afaeT 3M1eKTPUUYECKUM 3apsAf0M, HO
B obLieM oTpuuaTeNbHbIM. Mexay atMocepoi U 3eMHOl MoBepx-
HOCTbIO BO3HUKaAeT onpefeneHHas pa3HoOCTb NOTeHUWanos. IpagneHT
3TOr0 MOTeHLMana YUCMEeHHO paBeH Hanps>EeHHOCTU aTMOCHepHOo-
371eKTPUYECKOro nons.

JNeKTpUYECKOe Mosie aTMocdepbl Bbi3bIBAET MOSABMEHMNE TOKOB
NPOBOAWMOCTM, HANPaBNEHHbIX OObIYHO OT MOJIOXUTENbHO 3aps-
YKEHHOWN aTMocepbl K OTPULATENbHO 3apsXKEHHOW 3eMHON MOBEPX-
HOCTH.



11pucyTcTBMe a3p030/1a B aTMOC(epe 0KasbiBaeT CyLLEeCTBEHHOE
WIMUHWE Ha 3N1EKTPUYECKNE XapaKTepUCTUKKU aTMocdepbl: 31eKTpo-
HPOHOAHOCTb, HANPSYXEHHOCTb 3/M1IEKTPUYECKOro MNonas, MJ0THOCTb
LUICKTPUYECKOr0 TOKa. Hanmune aspo30bHbIX YacTuL, MPUBOANT K U3-
MEHEHUWIO KOHLEHTPaLUN NMOMOXUTENbHBIX N OTPULATENbHbLIX IEFKUX
MOHOB. AHann3 JaHHbIX U3MEPEHWI 3MeKTPONPOBOAHOCTU Ha CeTU
i HALWNIA aTMOC(EPHOro 3/IEKTPUYECTBA MOKAa3bIBaeT, YTO B pailoHax
C YBe/IMYEHHbIM COflepXXaHnem aspo30/a HabMoLaeTca YMeHbLUeHe
*/IEKTPONPOBOAHOCTM. Hanpsa)eHHOCTb 31EKTPUYECKOro Nons B Npo-
MbILLUIEHHbIX palioHax € CU/bHbLIM 3arpsi3HeHMEM BO3fyXa yBennuu-
Wwhes.

ATMOCHeEpHbIA a3po30ab BAUSET Ha ONTMYECKME CBOMCTBA aT-
mMocepbl, B 4aCTHOCTU, Ha FOPU3OHTANbHYI0 AaNbHOCTbL BUAUMMO-
cTwn. Mpu HanMuMy aspo30/ibHbIX YaCTUL, M3MEHAIOTCA YCNOBUSA pac-
CesiHNA W MOT/IOWEHNS ONTUYECKOrO U3JyUYeHUS B BUAMMOW 4vacTu
cnekTpa. Ecnyn cnnbHOe NOMYTHEHME BO34yXa Bbl3BaHO COAEPXKaHU-
eM 60/1bLIOro KO/IMYecTBa NbleBbIX UM AbIMOBbLIX YacTU4YeK, TO 3TO
SIBIEHNE Ha3blBAKOT Mr0W. Mrna yacto HabMogaeTcs B NYCTbIHHbIX
M CTEMHbIX paioHax, Mpu NecHbIX NoXapax U Haf NPOMbILWEHHbIMY
LeHTpamu.

opu3oHTanbHaa fanbHOCTb BUAMMOCTU NPYU CUMBHOW MIie MO-
XKeT YMeHbLllaThesa 40 | kM 1 MeHee. Mrna ABNAETCS YacTbIM SBEHU-
em B CpegHeid A3nn, 0COGEHHO B Temnioe BpeMs rofa.

HekoTopble ~ pa3HOBMAHOCTM  aTMOC(EpHOro  asposons,
nocTynawolLero B aTMmocqepy oT NPUPOAHbLIX, M 0CO6EHHO OT aHTpPO-
MOreHHbIX UCTOYHWKOB, ABASKOTCA TOKCMUHBIMW. K HMM OTHOCATCA
Takme TOKCUYHbIE MeTanfbl, KakK MbllWbsAK, KafMWUA, pTYrb, CBUHEL,
LMHK, XXefe30, a Takxe KaHLeporeHHble BelecTBa (Caxa, NPOMbILL-
NEeHHas Nblfib, PaSUOHYKIUAbLI U HEKOTOPbIe XOPOLIO PacTBOPUMbIE
HeopraHu4yeckune gropuasl u ap.).

Bce aTu BewecTBa MOryT 3aMeTHO M3MEHWTb KayecTBO BO3A4y-
Xa, Nof KOTOPbIM MOHMMaeTCA CTeneHb COOTBETCTBUA €ro (YU3MKo-
XUMUYECKMX U BUONOTMYECKUX XapaKTepUCTUK NOTPeOHOCTAM ue-
noBeka. BO3HMKAKT OMacHble YPOBHU 3arps3HeHUs atmocdepsbl,
KOTOpPblE MOTYT pe3Ko YXYALWMNUTbL COCTOAHME 3[0POBbA Ye/l0BEKa, He-
PeAKO HEraTUBHO BAUATL Ha PACTUTENbHbLIA Y XXUBOTHbLIA MUP.



[na npefoTBpaLweHNsa HEraTUBHOMO BAUSAHWUA TaKOro pofa aspo-
30Meil paspaboTaHbl KpUTEpPUM KayecTBa aTMOCHEPHOro BO3AyXa,
CpefAn KOTOPbIX OAHUMM U3 OCHOBHLIX ABAAKTCA NpPefenbHO fony-
CTuMble KOHUeHTpauun (MAK) agna HaceneHHbIX MeCT.

MprpogHble N aHTPOMOreHHbIE UCTOYHNKM aTMOCHEPHOTO aspo-
3019 HEOAHOPOLHO pacnpejeneHbl N0 TEPPUTOPUM 3eMHOrO Liapa, a
MX WHTEHCUMBHOCTb HEOAWHAKOBA BO BpeMeHW. B cBs3nM ¢ 3TUM co-
fepxaHue aspo30/s UMeeT BbIPaXKEHHbI CYTOYHbIN U CE30HHbIN XOA.
Hag npvpofgHbIMU naHawapTamm MakCMMyM COAepXKaHus aspo30/is
00bIYHO HabNaaeTcs AHEM, MUHUMYM - HOYbO. B NpOMbILLNEHHbIX
ropofax CyTOUYHbIA X0f, Kak MpasBuio, NpOTMBOMOMOXEeH. [040BOA
XO[ XapakTepu3yeTcs MakCUMyMOM IETOM, MUHUMYMOM-3UMO Hag,
ecTecTBEHHbIMU NaHgwagpTaMmu. B nHAycTpManbHbIX paioHax Mak-
CUMYM cofiepxaHus aspo3osnell HabngaeTcs 06bIYHO 3UMOIA.

B reorpathyecKOM OTHOLUEHUU MAKCUMYM COAEpXaHus aspo-
30/1 HabnofaeTcs Haj KOHTMHEHTaMW, MYCTbIHAMW W FOPOAaMu.
MoHWXeHHOe cofepXXaHue SBASeTC 06bIYHbIM AN BOLOEMOB, Ce/b-
CKWUX MECTHOCTEI M IeCHbIX MacCUBOB.

OCHOBHOE KOJ/INYeCTBO aTMOC(EPHOro aspo3os cocpefoTOHEHO
B HUXKHEM cfioe aTmocdiepbl, TonwmHoii 300-500 merpos.

2.5. BogsiHon nap B aTmocgepe

K cocTaBHbIM 4acTAM BO34yxa BCerfa, no KpaiHen Mepe B HUX-
Heid yacTu aTmocdepbl, NpMMellaH BOASHOW nap, T.e. BoAa B raso-
06pa3HOM COCTOAHUN. ATMOC(HEPHbIA BO3AYX, COAepXaLinii BOASHOW
nap. HasblBAETCHA BAa>KHbIM BO3J4yXOM. Ero MOXHO paccMatpuBaTb
KakK CMeCb CyXOro BO3fyxa W BOASHOro napa. B 3ToM BAaXHOM BO3-
JyXe y MOBEPXHOCTM 3eM/n BOAAHOW map cocTaBisieT B CPefHEM OT
0,2% B nonApHbIX WupoTax fo 2,5% y akBaTopa. B oTAeNbHbIX CNy-
yasx BO3MOXHO COJepXXaHWe BOAAHOr0 mapa moutn or Hynsa ao 4%.

BoasHON nap urpaet MCKOUYUTENbHO BAaXHYI pO/ib Kak B
hN3N0NOTMYECKMX, TaK M B aTMOC(epHbIX MNpoLeccax Ha Hallei
nnaHere.

BofsHOM nap HempepbiBHO MOCTyMaeT B aTMocdepy nyTem mc-
NapeHus ¢ BOAHbIX MOBEPXHOCTEN, C BAXKHOW MOYBLI U MyTEM TpaHC-



MMpaLum pacTeHuin. OT 3eMHOI NOBEPXHOCTM OH pacnpocTpaHsemcs
MMEPX, @ BO3AYLIHbIMUA TEYEHWAMU MEPeHOCUTCS U3 OAHUX MECT B
dyruc.

B aTmocepe MOXET BO3HMKaTb COCTOAHME HacbllWweHus. B Ta-
KOM COCTOSIHMM BO3L4YX COLEPXWT KO/IMYeCTBO BOAAHOrO napa, npe-
AeNbHO BO3MOXHOE MpWU AaHHO TemnepaType. BogsHoil map npwu
MOM Ha3blBAKT HAaChILWAOWNM, a BO3AYX, COAEPXaLLNiA ero, Hachbl-
LLLeHHbIM.

CoCTOAHME HaCbIWeHNs AOCTUraeTcs MpyU MOHMXKEHUUN TeM-
nepatypbl Bo3gyxa. [Npu fanbHeilweM OXIaXAEeHWM BO3f4yXa 4acCTb
BOAAHOIO Mapa CTaHOBMTCS M36bITOMHOW U NM60 KOHAeHcupyeTcs,
nn6o cybnumunpyeTcCs, T.e. NEPEXOAUT B XMUKOE UM TBepA0e COCTOS-
Hue. Tlpn 3TOM B BO3fyXe BO3HUKAKOT BOASAHbIE KarenbKn U nefsHble
KpuUCTanimku 061akoB U TymaHoB. O6naka MOryT CHOBa McCNapsThb-
ca. Kpome TOro, KanefibKu 1 KpUCTaNIMKK 06/1aK0B, YKPYMHSASACh TeM
WX UHBIM MYTEM, MOFYT BbiNafaTb Ha 3eMJt0 B BUAE OCafKOB.

Takum 06pa3oM, BOASHOM Map y4yacTBYeT BO Bnaroo6opoTe,
npeacTaBnstoLLemM coboi yacTb 06LLero KpyroBopoTa Bofbl B MpMpo-
[e, BK/OYaloLLeM nucnapeHme ¢ NoBepxHOCTU 3emnu, NepeHoc BOAS-
HOro napa, ee KoHgeHcauuto (unu cybnmmaumio), obpasosaHune 06-
NaKoB, BblMajeHne 0CafKoB.

Tak Kak npoueccbl WCNapeHusi, KOHAeHCcauun W BbiMajeHus
0CafKoB MPOMCXOAAT HEOAMHAKOBO B Pa3HbIX YacTAX 3eMHOrO Liapa u
HepaBHOMEPHO BO BpeMeHU, TO COfepXXaHne BOAAHOro nmapa B aTMO-
chepe, KOMYECTBO 06/1aKOB M 0CafKOB pacnpefenstoTcs Ha Hallel
nnaHeTe AOBOJILHO CNOXHbIM 06pa3oM. Bce nepeyncneHHble Benu-
UMHbI ABAAIOTCA BaXHEAWWMK 37eMeHTamMy norofbl. MHOroneTHue
CpefHue 3Ha4YeHNs 3TUX BEIMYMH CTAHOBATCSA YCTOWYMBLIMM Xapak-
TEPUCTUKAMU KumaTta JaHHOW MeCTHOCTH.

Hannune BOASAHOro napa B aTMocgepe CyLeCTBEHHO CKa3biBaeT-
CA Ha TeMnOoBbIX YC/IOBMAX aTMOC(epbl M 3eMHOI noBepxHocTu. Ha
ncrnapeHue BOAbl C 3eMHOIN MOBEPXHOCTM 3aTpayMBaeTcs 60JbLIOE
KO/IMYECTBO Tensa, KOTOpOe 3aTeM BO3AYLUHbIMU TEYEHUSIMU MOXET
MepeHOCUTHCS B CKPLITOM COCTOSIHUM Ha OFPOMHbIE, 40 HECKONbKUX
ThICAY KWIOMETPOB, paccTosHusA. Mpn KoHAeHcauuy BOASHOIO napa
B aTmocdepe 3TO TeN/0 OTAAETCA BO3LYXY.



BoasHoi nap nornowaeTr WMHGpakpacHOe W3Ny4YeHne 3eMHONA
MOBEPXHOCTM B 60nblIein yacTu cnekTpa oT 4,5 oo 80 MKM, 3a uUc-
KNoYeHneM MHTepBana mexay 8,5 n 11 mkm. lNpu cpegHem cofep-
KaHuM BOAAHOrO Mapa B aTmocdepe paguaums ¢ AIMHAMWU BOMH OT
55 g0 7,0 MkM 1 60nee nornow,aeTca NoYTv NOMHOCTbIO, paguayus
OPYyTUX BOJH - 4acTU4YHO. B cBOK ouepedb, BOAAHON nap cam W3-
NyyaeT MH(paKpacHyl pagnauunto, KoTopas nocTynaeT B 60/bLuel
4acTW K 3eMHOI NOBEPXHOCTU. ITO YMEHbLUAET HOYHOE OXNaXAeHue
3eMHO NOBEPXHOCTU M TEM CaMbIM HUXHUX C/I0EB BO3AyXa. Takum
06pa3oM, BOASHON Mnap ABNAETCS OCHOBHONM MPWUUYMHON TEMIUYHOIO
athhekTa aTMOChEPDI.

O6naka o06nagatoT 60MbLIOA OTpaXkaTesbHOW CNOCOBGHOCTLIO
(anbbepno), BCNeACTBME YEr0 OHM YMEHbLUAIOT MPUXOA COTHEYHOW pa-
Anaummn K 3eMHON MOBEPXHOCTU. B 3TOM OTHOLWEHUN 06n1aka MrparoT
3aMeTHYI0 Noro4o06pasytoLLyo posb.

2.6. XapaKTepuCcTUKM BNAXKHOCTM BO3[yXa, COOTHOLLIEHUS
MeXAy HUMMK

CopiepxxaHune BOAAHOIO napa B BO3AYXe Ha3blBalOT BNAXKHOCTbIO
Bo3fyxa. [na XapakTepucTUKWU BIaXKHOCTW BO3fyXa MPUMEHSIOT He-
CKO/IbKO TaK Ha3blBAEMbIX TMIPOMET PUYECKUX BEMUYUH, K KOTOPbIM
OTHOCSTCS: faBfeHne BOASHOr0 napa, abconoTHas 1 OTHOCMTE/bHAA
BNIaXXHOCTb, MaccoBas 405 BOLAHOIO napa, OTHOLIEHWE CMeCK, Tou-
Ka pochbl, feULNT faBfeHNS U TOUYKU POChI.

MapunanbHoe AaBneHWe BOAAHOrO napa unu fasneHue napa (e).
3Ty BEAMUMHY MHOrAa HasblBalOT YNPYrocThio BOAsSHOro napa. B
60NbLWINHCTBE CTPaH MUpa, B TOM Yucne B Y3bekuctaHe, efnHuULENR
N3MepeHns AaBneHNs BOLAAHOIO napa sAeBnseTca rekronackanb (rfla).
B HekoTOpbIx cTpaHax (CLUA w gp.) - 3to gtovim. Mpu gaHHON TeM-
nepaType faB/ieHMe BOASHOIO napa He MOXeT MpeBblllaTh HEKOTOpOe
npefenbHoe 3HavyeHne E, Ha3biBaeMoe faB/ieHNeM HaCbllLeHHOro BO-
OAHOTO napa uan ynpyrocTbio HacblleHns. [aBneHue HacbllleHUs
3aBMCUT OT TeMnepaTypbl Bo3gyxa (YBENMUNBAETCS MPU YBENYEHWM
Temnepartypbl).



A6conoTHasa Bna>KHOCTbL (@). 9TO Macca BOAAHOrO napa B
'PuMMax H | m’ BnaxkHoro so3gyxa (r/m3. Ecnum ynpyrocts BOASHOI0O
mupa nsmepsietcs B rfa. a temnepatypa B KenbBuHax, To abcontoT-
HUY UNXHOCTb ONpefenseTca no opmyne:

a=217— 2.1
T (2.1)

OTHOCKMTeENbHAA BNAa>XHOCTH (/). 3TO OTHOLWEHME haKTUYeCKO-
10 AaBNEHMS BOAAHOrO Mapa e K AaBNeHW0 HacbllleHnsa E Hag nno-
i M>/i NOBEPXHOCTHIO YMCTONM BOAbI, BbIPaXXEHHOE B MPOLIEHTAX:

| =—+100% 2.2
- 0 (2.2)

Maccosasi gona BogsaHOro napa wau gona napa (S). 910 OT-
HOLUEHMEe MacCbl BOASHOrO napa B onpejeneHHOM o6beme K Mac-
Ce BNIAXHOro BO3fyxa B TOM Xe o6beme. Onpegenserca S no

thopmyne:

5= 622¢ (2.3)
N-0,378e v

Mpu NpakTUYecKnX, a Takxe Mpy MHOMMX TEOPETUYECKUX pac-
yeTax cnaraembiM 0,378e MOXHO MpeHebpeyb MO cpaBHEHUIO C P.
Moatomy hopmyny (2.3) valye 3anucbiBalOT B BUJE:

5=622-, 2.4
5 (2.4)

rae S namepsercs B npommnne (°/0), uTo NpeacTaBnseT coboin maccy
BOASHOIO Mapa B rpammax B 1 Kr BNaXXHOro BO3AyXa.

OTHoweHne cmecn (r). ITO OTHOLIEHME MacCbl BOASHOrO napa
B onpeAeneHHOM 06beme BO3JyXa K Macce CyxXOro Bo3fyxa B TOM Xe
06beme. OTHOLLEHNE CMECU YMC/IEHHO PaBHO KOMMYECTBY BOASHOTO
napa, npuxoasilemyca Ha 1 Kr cyxoro Bosgyxa. OnpegensieTcsi r no

thopmyrne:

r=" - 2.5
P-e @5)

KonuyecTBeHHbIE pa3nuunsa Mexay S U r mMansl, noaTomy op-
myna (2.4) MOXeT 6bITb MCMOMb30BaHa 414 pacyeTa Kak S, Tak U T.



OeduunT pgasnenus - d. OT0 pasHOCTb MeXAy AaBNeHWEM Ha-
cbilleHns E npu AaHHO TemnepaType W (haKTUYECKUM AaBNeHUEM
BOASHOIO napa €:

d=E-e (2-6)

TemnepaTypa TO4YKM pocbl (r). 3To TemnepaTy pa, NPy KOTOPOI
cofepaliniica B BO3Lyxe BOAAHOW Mmap nMpy MOCTOSHHbLIX 06LWeM aT-
MOC(epHOM faBfieHMn (M306apnyYecKuii MPOLECC) U MacCoBOl gone
BOAAHOIO Mapa CTaHOBMTCS HACbIWEHHbIM (MO OTHOLIEHWIO K Njo-
CKOV moBepxHOCTW BOfAbl). [py AaHHOI TeMnepaType BO3Ayxa TOUKa
pOCbl B 3aBUCUMOCTM OT (haKTUYECKO YNPyrocTn BOASHOIO napa Mo-
XEeT MPUHMMATbL CaMble Pa3/IMYHbIE 3HAYEHUS.

Mpu oTpuuaTenbHbIX TEMMIepaTypax BO3Jyxa BBOAWUTCA MOHSATUE
TemnepaTypbl TOuYkM nbAa (MHes). BTO TemmepaTypa, NpW KOTOPOIA
Haxogawmitca B BO3Ayxe BOAAHOW nap MpyM HEM3MEeHHbIX aTmocdep-
HOM AaBfIEHUN W MacCOBOW Jone BOAAHOrO napa 4OCTUraeT COCTOAHMS
HaCbILWEHUS N0 OTHOLUEHWIO K M0CKOW MOBEPXHOCTU YMCTOrO fbja.

JeduunT Touku pocbl (A). Iro pasHOCTb Mexay Temnepary-
poit Bo3ayxa T v TOUKOIA pochl T:

4=T-71 (2-7)
TemnepaTypa U3MepsieTCs B OAHOW W TOW e CUcTeme eauHuL,

N3MepeHus: Nnbo B MeXAYHapOAHON CTOrpafyCHoOW wkKane, nM6o B
wKane KenbBuHa.

2.6. YpaBHeEHME COCTOAHNSA BNaXHOro Bo3gyxa.
BupTyanbHaa Temnepartypa

CocTosiHME KaXKA0ro 13 aTMocepHbIX ra3oB onpeaenserca 3Ha-
YeHUsSIMM TpPeX BeNnuuH: Temnepatypbl (7), gasneHunsa (P) n nnoTHo-
cT (p). T BENMUUHbI BCEra CBA3aHbl MeXAY CO00W ypaBHEHUEM,
KOTOpPOEe HOCWT Ha3BaHWe ypaBHEHMEe COCTOSHUA rasa.

Bce rasbl, cocTaBnsioWiMe aTMoctepHbIil BO3AyX, HaxXxoasT-
ca npu Temnepatypax, KOTOpble Bbllle KPUTUYECKUX TemnepaTyp.
McknioueHneM SBNAKOTCA [BYOKCUA Yriepoda WU BOASHOW nap. Yr-
NEKUCNbIN a3, XOTA U UMEET KPUTUUECKYIO TeMnepaTypy Bbille, Yem



HMOMOfaeMble TeMMepaTypbl BO34yXa, Aa/leK OT COCTOAHUA HacblLLe-
HUW. NOCKO/IbKY €ro napuuanbHoOe faBfieHWe B YCNIOBUSAX 3EMHON aT-
Mocepbl Mano.

110 cBoMM (U3MYECKMM CBOWCTBAM ras TeM OaMXe K uieanb-
HOMY. Yem Bbille ero Temnepatypa Mo CPaBHEHWUID C KPUTUUECKOW,
M TakkKe YeM MeHblle ero AaBjieHUe M0 CPaBHEHUH C AaB/IEHUEM
HacblleHusa. Mpu ycnosuax, HabnwaaroLmxeca B atMocepe, rassl,
eeXO[fLLME B COCTAB BO34yXa, ABNATCA (PAKTUYECKU MAeaNbHbIMU.
Mo3ToMy AN HUX MOXHO WMCMOMb30BaTh YpaBHEHUE COCTOAHUS uge-
MHBLHOrO rasa:

pv = LRT,
M (2.8)

|ic R - yHuMBepcanbHas rasoBas MOCTOSIHHASA, W - MONAPHasA Macca
CyX0ro Bo3gyxa, T - MaccCa CyXxoro BO3fyxa.

TakkKakp =—,a R =—, 70 (2.8) MOXHO NpeacTaBUThb:
p Y
P
Pc
RJ (2.9)

roe R —ypaenbHas rasoBasi MOCTOSIHHAA CyXoro BO3fgyXa.

YpaBHeHMe 2.8 - 3TO ypaBHEHWe COCTOSAHMA CYXOro BO3fyxa.
UmncneHHoe 3Ha4YeHMe rasoBoii MOCTOSIHHO Cyxoro Bo3gyxa R pas-
HO:

R =287 Ox/(kr K)

Tak KaK peanbHO Habnwogaemble TemnepaTypbl B aTtmocgepe
HVKe KPpUTUUECKO TemMnepaTypbl BOAAHOIO napa, To ero pusnyeckume
CBOMCTBA MOrYT OT/IMYaTLCA OT CBOWCTB MAeanbHOro rasa. OfHako
3KCNEepPUMEHTaNbHO YCTaHOB/IEHO, YTO (hU3MYeCKue CBOMCTBA BOASA-
HOro napa MpakTWyeckn 6AU3KKM K CBOWCTBaM MAaeanbHOro rasa. o
3TOM NpUYMHe ypaBHEHWe COCTOSHUA BOAAHOrO napa ¢ 40CTaTO4YHOM
CTeNeHb0 TOYHOCTU MOXHO 3anucaTb B BUZE:

e

- e (2.10)



roe Rn - ypenbHas rasoeasi MOCTOSHHAs BOAAHOrO Mapa, paBHas
R =461 Ox/(kr-K).

BnaxHblii BO3ayx npeactaBnseT coboil MexaHU4YecKyr CMecCh
CyXOro Bo3gyxa 1 BoasiHoro napa. Cyxoi Bo3gyx v BOASHOW nap pas-
HOMEPHO pacnpejenieHbl N0 BCeMy 06beMY BNaXHOro Bo3gyxa. Torga
MNOTHOCTb BNAXHOr0 BO3AyXxa OyfeT paBHa CyMMe NAOTHOCTeN Cyxo-
ro BO3gyxa W BOAAHOMO napa, T.e..

P-Pc+Pn- Rj +Y j (2n1)

Mpeobpasyem BbipaxeHue (2.11) ¢ yyetom TOro, uto R=\,6\R , n
nonyyunm opmyny:
P P

[7= e P — ¢ WIN P = =mmmm Frmmmmmmmmnee (2.12)
RjiX +Q.llZe/P) Rj(\ +0,6085)

dopmyna (2.12)- 370 ypaBHEHUE COCTOSHUSA BAaXKHOI0 BO3ayxa.
O603Hauum uvepes ' = T(\ + 0,378 e/P). Toraa ypaBHeHue co-
CTOSIHUA BNaXHOr0 BO3AyXa NMPUMET BUA:

P='|[|C'£M' <22N13)

roe Tu - BUpPTYyanbHas TeMmnepatypa.

BupTyanbHas TemnepaTypa - 3ro TemnepaTypa, KOTOpYyHo
[IO/MKeH 6bln 6bl UMETb CYXO BO3AYyX, YTOGbI €ro MAOTHOCTb paB-
HAMacb MAOTHOCTU [LaHHOrO BAAXHOr0 BO34yXa C TemmepaTypol
T, naBneHvem P u ynpyroctbto napa e. M3 cpaBHeHUs ypaBHEHUA
(2.13) ¢ ypaBHeHuem (2.9) cnefyet, 4TO MNpU OAMHAKOBBLIX Temnme-
patype 1 AaBNeHUN NAOTHOCTb BAA>XHOI0 BO34yXa BCcerfa MeHblue
MAOTHOCTMW CYX0ro Bo3zgyxa. ®u3nyecky 3T0 0OBLACHAETCA TEM, UTO
B COCTaB BNAXHOro BO3Jyxa BXOAUT 6onee nerkuii (Mo cpaBHEHUIO C
CYXVWM BO34yXOM) BOAAHOW nap, KOTOPbIA BbITECHAET YaCTb CyXOro
BO3AyXa.

UacTo BUpPTYyanbHYt0 TeMnepatypy npeAcTaBnAlOT B BUAe CYM-
Mbl T —T + ATu, rae ATv - BUpPTYyanbHbIii 06aBOK. N3 cpaBHEHUS
nocnefHero BbipakeHus ¢ (2.12) cnegyer:

ATv =0,me/P (2_4)



W3 (2.14) cnefyeT, 4To BUMPTYanbHbIA L06ABOK, & BMECTE C HUM
W pons BM@KHOCTW B U3MEHEHMM MAOTHOCTM BO3AYXa Masibl MPU wus-
mix TemnepaTypax W fOCTaTOYHO BEUKW MPU BbICOKMX.

2.7. BepTuKanbHOe CTpoeHUe aTmocdepbl

ATMoctepa No CBOUM (PU3NYECKUM CBOWCTBAM HeOA4HOPOAHA
KVK N0 BepTMKa/W, TaK U HO ropm3oHTanu. 3meHsTCs Takue (usn-
YecKue Be/IMYUHbI, Kak TeMnepaTtypa, faBneHune, nNa0THOCTb, COCTaB U
MNaXHOCTb BO3AYXa, COAEPXKaHue TBEPAbIX M XXUAKNX NPUMeCei, CKO-
pocTb BeTpa u ap. Hanbonee pe3ko OHU U3MEHSAIOTCA MO BEPTUKAN.

CylLlecTBYeT HECKO/IbKO MPU3HAKOB, Ha OCHOBE KOTOPbIX aTMO-
chepy LenAT Ha CNOM B BepTUKANbHOM Hanpas/fieHun. 370 cocTaB art-
MOC(EepPHOro BO3JyXa M Ha/Mumne 3apsXXeHHbIX YacTul, xapakTep B3a-
MMOLENCTBNA aTMOC(epbl C 3eMHO NOBEPXHOCTLIO, BAUAHME aTMOC-
(hepbl Ha feTatenbHble annapatbl, TEPMUYECKUIA peXum atMochepsbl.

Mo cocTaBy BO34yXxa aTMoc(epa feNnTCA Ha roMocepy ureTe-
poctepy (cm. 2.1). o 3TOMy >Ke Npu3HaKy B aTtMociepe Bbl4ensoT
(noHocdrepy (20-55 Km), B KOTOPOI cocpegoToyeHa OCHOBHas Macca
030Ha. Bbiwe 90-100 km B aTMoc(epe pe3Ko BO3pacTaeT cofepa-
HVe 3apsXXeHHbIX YacTuy. Mo 3Tol npuumHe cnoil aTmocdepsbl, pac-
MONOXEHHbIN BbIlle YKa3aHHOro YPOBHSA Ha3biBAeTCA WOHOCKHEPOiA.

BHeLWHIO0 YacTb aTMOCHepbl, rae B3auMHble CTOKHOBEHUSA Ya-
CTUL, pefkn 1 npeobnafaroLias X 4yacTb 3apsKeHa, COCTaBNsAeT pa-
AMaLUOHHBINA HosAc 3emnun.[ paHuLa pagnaytMoHHOro nosica co CTopo-
Hbl OCBELLEHHON COJMHLEM YacTh 3eM/n B MIOCKOCTU reOMarHUTHOTO
3KBaTOpa NexuT Ha pacctoaHum 10-12 paguycosB 3emnu. B Heocse-
LLEHHOI YacTn OHa Heckonbko 6amke K 3emne (9-10 paguycos).

Mo npu3HaKy B3aMMOAENCTBMA aTMOCHEPbl C 3eMHON MOBEPX-
HOCTbIO aTMOCHepy [AeNnaT Ha NorpaHWyHblil cnoit (CNoii TPeHus) K
cBob6ogHyl0 aTMmocdepy. B norpaHuyHOM crioe, BblicOTa KOTOPOro
B cpefgHem cocTaBnseT 1-1,5 KM, Ha xapakTep ABUXeHWUs 60MbLUOe
BAMAHWE 0Ka3bIBAKOT CU/bl BA3KOr0 TPEHUA. B 3TOM €loe XOpoLLO Bbl-
PaXEeHbl CYTOYHbIE W3MEHEHWS MHOIMX METEOPOJSIOrMYECKUX BeNun-
YMH (TemnepaTypa, BNaXHOCTb, BETep 1 Ap.). BHYTpM norpaHUYHOro
CNOS BbIAENSAOT NPU3EMHbINA CNoi aTMocdepbl (BbicoTo 50-100 m).



B Npefenax KOTOpPOro MeTeoposiornyeckne BeIMUYUHbI Pe3KO U3MeHs-
0TCA ¢ BbICOTON.

B cBo6oaHoli aTtmocepe (Bbiwe 1-1,5 KM) B nepBoM npuo6au-
XKEeHUA cunamu TypOyneHTHOro TpeHns npeHebperatorT.

Mo BAMSHMIO aTMoOC(epbl Ha MNOMeT UCKYCCTBEHHbIX CMAYTHU-
KOB 3eM/IM 1 APYrMX KOCMUYECKUX annapaTtoB aTMocdepy LenAaT Ha
NNOTHble cnon (CO6CTBEHHO aTMOCcHepy) M OKON03eMHOe NPOCT paH-
CTBO, HMXHAA rpaHuLia KOTOPOro pacrnosaraeTcs Ha BbiCOTE OKO/A
150 KM. Ha BepxHeii rpaHuLie 3TOro cnosi CONpoTuBneHne aTtmocde-
pbl HACTO/MIbKO BEMIMKO, YTO KOCMWYECKUIU annapaTt C BbIKIYEHHO
ABUTaTeNIbHOW YCTAHOBKOM He MOXET COBEpPLUUTL XOTA Obl 0ANH 060-
poT BOKpYT 3emMnu.

Hanbonee oT4eTNIMBO pa3nnyune B CBOMCTBax CN0eB aTMocdepsl
NPOABAETCA B XapakTepe WU3MeHeHUs TemnepaTypbl BO3fyXa C BbICO-
TOin. Mo 3TOMy Npu3Haky aTMmocdepa LenuTcs Ha NATb C0eB: TPOno-
chepy, cTpaTocdepy, me3ocdepy, Tepmocdepy v aksocdepy (puc. 1).

Tponocgepa npocTupa-
eTca OT MOBEPXHOCTU 3eMau
[0 BbICOTbI MpuMepHo 15,3 5007k - -TCBOA
KM B Tponukax (30° c.Lu.

n 30e W.W. ) U A0 BbLICOThHI Sksoccepa
8,5-10 KM BHe 3TOl 30Hbl. B Kpurueckul ypotens  2S0-S00kM

Tepmonay3a 750°K-t50IfK
cpefHem noBClA4Yy B Tpono-

1M0ee/c3

cthepe TemnepaTypa ybbiBaeT
C BbICOTON C BEPTUKA/bHbLIM Tepwioccepa
rpagmeHTom 6,5°C Ha 1Km.

B Tponocgepe npowuc-

XOAAT OCHOBHbIE MPOLECCHI

npeobpasoBaHus 3Heprum ' Mesocdepa
COMHUA B  KWHETUYECKYIO 20K 1> 0K
3HEpPruto aTMOCHEPHbIX ABU- Crparronaysa
XEHWA, B CKpbITOe TeNno CrpaTochepa

BOAAHOro napa. 3gecb Mpo-
TeKaloT OCHOBHble (ha30Bble

nepexopbl Bnaru, MOPMUPY- 3¢ 1 Cxema BepTUKANbLHOTO CTPOEHUSA
toTca obnaka M ocagku. B aTmMocdepsl



Tpornocgepe BO3HUKaOT KPYyNHOMACLWITabHble BUXPU - LUK/IOHbI U
aHTULWKNOHbI, NPOUCXOAUT HEMPEPbIBHbIA KPYroBOPOT BOAbI. B Heil
cocpefoToYeHa OCHOBHasA Macca atMocdepbl - 0T 75% B YMepeHHbIX
M BbICOKUX WwupoTax go 90% - HUSKKUX.

MepexofHblii cnoin - Tpononaysa - OTAeNseT Tponocgepy ot
cTpatocdepbl, B KOTOPOW TemnepaTypa NoBbILLIAeTCsa 40 BbICOTbI NpU-
MepHO 34-35 kM. 34ecb HabnogaeTcs 60MblIas YCTOMYMBOCTb, KO-
Topas [OnyckaeT TO/IbKO O4YeHb cfabble BEpPTUKANbHbIE [ABWKEHUS
N nepemMeLllnBaHne, YTO BaXHO, B YaCTHOCTMW, ANS pacnpefeneHus B
cTpaToctepe ManblX ras3oBbix npumMecein. Ctpatocgepa 06bIYHO OYEHD
cyxa: Ha BbicoTe 20 KM Hafj TPONMKammn KOHLEHTpaLmna BogAHOro napa
cocTaBnsieT Bcero 2 MH.'1(no o6vemy), a Hag NOAAPHLIMU LLMPOTaMM
- OK0No 5 MNH.1 Tem He MeHee, Ha BbicoTax 22-30 KM 06pa3ytoTcs
nepnamyTpoBble obnaka. Boiwe 35 KM Temnepatypa Npojo/KaeT no-
BbILLAETCA 40 BbICOTbI 50 KM, rae oHa - nopsagka 270 K

Hap cTpaTonay3oii pacnonoxkeHa mesocdepa, B KOTOPOi Temnepa-
Typa NOHWXaeTCs € BbICOTOM U gocTuraet 160 K B ee BepxHeii yacTu.
3TO cnocobCTBYET KOHAEHcauMnM BOAAHOrO napa v 06pa3oBaHMI0 Ha
BbICOTe 0K0/M0 80 KM Tak Ha3blBaEMbIX CepebpucTbiX 061aKOB.

Me3sonay3a, pacnosioXXeHHas Ha BbICOTe NpuMepHO 85 KM, OT-
fenseT mesochepy OT NPOCTMpaAlOLLEiiCs Bblle TepMOcdepsl, B KOTO-
poli TemnepaTypa HayMHaeT Pe3Ko Bo3pacTaTb € BbiCOTON fo 2000 K
B Nepuofbl 60/1bLIOKA COMHEYHON akTUBHOCTKU 1 10 1060 K npu manoi
aKTUBHOCTM (HOYbID COOTBETCTBEHHO 0 1300 n 730 K).

B Tepmocdepe, Ha BbicoTe 60see 100 KM, CyLLECTBEHHO Me-
HSAETCA COCTaB BO3fyxa: pacnagaroTca Bce monekynsl HO n C02 a
3HaunTenbHaa gond monekyn O, guccounmnpyeT Ha atombl O. B aTom
CN0oe YCUMBaEeTCA MOHM3aLMA YacTul, ra3oB M BO3HMKAET TaK Hasbl-
BAaEMbIl Cnoil moHocdepbl E, a Ha ewe 601bWIMX BbiCOTax cnoit F.
[BMXeHne YacTul TyT 3aBUCUT U OT MPUSUBHbLIX CUJ, CO3[aBaEMbIX
nputs>keHnem ConHua v JIyHbl, B 0COGEHHOCTU B HU3KMX LLMPOTaXx.

B Tepmoctepe, nonagatoline B Hee MeTeOpUTbl CO34at0T YCU-
NEHHYIO MOHM3aUMI0 U B TO XXe Bpems, pacnagasacb, 06pasytoT Me-
TEOPHYIO Mblib. [TOTOKW COMHEYHbLIX MPOTOHOB W 3/IEKTPOHOB Bbl-
3bIBAlOT MONSAPHbIE CUAHUSA U BO3MYLLEHUS MarHUTHOrO Nnons 3emnu,
HapyLwarwoLw e Ha 3eMne JanbHIOK PagnocBa3b.



Tepmocepa nnaBHO, Ha BbicoTe 6onee 450 KM, NepexoguT B
cnepy WOWMWIA cnoi - ak3ochepy. B 37Ol KpaliHe pa3pexxeHHOol vactu
aTMoc(epbl CTAHOBMTCS BO3MOXHbIM y6eraHume us atmocqepsl fer-
KMX rasoB - BOJOPOAA W renus.

2.8. Topn3oHTanbHasA HeEOLHOPOAHOCTb aTMocdepsbl. MoHATHE
0 BO3AYLUIHbIX Maccax U PpoHTax

HepaBHOMepHOe pacnpejefieHne MaTepuMKOB U OKeaHOB Ha 3eM-
HOM Luape, pasHoo6pasne NaHAWAMTOB CyWU MPUBOAMT K TOMY, UTO
MOBEPXHOCTb 3eM/IM 0Ka3blBaeTCsA 04eHb HEOAHOPOAHON MO CBOUM Me-
XaHUYECKUM, ONTUYeCKUM (anbbefo) u Tennomn3nyecknM CBOCTBaM.
o 3Toii NpuumMHe aTmocdepa CTaHOBUTCS HEOLHOPOAHON He TOJMbKO
Mo BEp rMKain, HO 1 B FTOPM30HTa/IbHOM HanpasneHuu. o ropusoHTanu
N3MEHSTCS TemnepaTypa, BAaXHOCTb, 06/1a4HOCTb, 0CaAKN 1 Apyrue
MeTeoponornyeckne BennynHol. OfHAKO 3TU U3MEHEHMWS MPOMCXOAAT
HeoAMHakoBo. O6pa3ytoTcs 06LWKpPHbIe 061acTW, B KOTOPbIX METEOPO-
NOTUYECKME BEMYMNHBI 3MEHSIKOTCS MO FOPU30HTAIM MEANEHHO.

Bonblune 06bEMbI BO34yXa, CPaBHUMbIE MO CBOMM FOPU30OHTa/b-
HbIM pasmepam C pasMepaMy MaTepuKOB U OKeaHOB W ob6nagarolyue
onpeAeneHHbIMW (U3NYECKUMM CBOWCTBaMMW, Ha3biBatOT BO3AYLUHbI-
Mu Maccamu (BM). BepTukanbHble pasMepbl BO3AYLIHbIX MacCc CO-
CTaBAAKT HECKO/IbKO KUIOMETPOB.

Bo3gylwHble Maccel MO CBOMM Temnepatypam W MO ApYyrum
cBoicTBaM (BNaXHOCTb, COAEpPXKaHWe Mbln) HOCAT Ha cebe oTneyva-
TOK CBOEro oyvara, T.e. Toli o6nactu 3emnu, rae BM copmmpoBanach
noj BO3AeiNCTBNEM OAHOPOAHON 3eMHOI MOBepXHOCTU. [1oToM, nepe-
Mewascb B 4pyrue 061actu 3eMnu, BO34YLIHbIE MAcChl NEPEHOCAT B
3TK ob6nacTu 1 cBON pexxnm norogsl. MNpeobnagaHne B JaHHOM paiio-
He B TOT MM MHOW CEe30H BO3AYLUHbIX Macc OMpeAe/IeHHOro T1na um
TMNOB CO3AaeT XapaKTEPHbIA KNMMaTUYECKMNIA PEXMM 3TOr0 paioHa.

B 3aBucMMOCTM OT permoHa (HOPMMPOBaHWUA CYLLECTBYeT
reorpagmyeckass Knaccugukayma BO3AYLHbIX MacC: apKTUYecKuii
Bo3ayx (AB), BO3AyX yMepeHHbIX WnpoT (YB), TpoOnNuYecknii Bo3myx
(TB), akBaTOpWanbHblii Bo3gyx (3B).



ApPKTNYECKNIA (aHTapKTMYECKKNIA) BO3AyX, POPMMPYeTCA B Bbl-
COKMUX wWunpoTax (B ApKTuke unn AHTapkTuge). Mo cpaBHeHWO C
OpyruMy BO3f4yLWHbIMU Maccamu AB o6nagaet Haubonee HWU3KOW
TemnepaTtypoin 1 abCcoNOTHOW BNAXHOCTbHO, a TakKXXe Hambonbluei
Npo3payHoCcTbi0. Tponuyeckmnii Bo3gyx hopmumpyeTtca B cybTponunye-
CKMX LIMPOTaxX OKeaHOB U MaTepukoB. EMy CBOICTBEHHbI Hanbonee
BbICOKME TemnepaTypbl, abCoONOTHAsA BAAXHOCTb M HanbosbLias 3a-
MYTHEHHOCTb. YMepeHHbIA BO3AYyX (HOPMUPYETCA B CPEAHMX LIMPO-
Tax U no cBOMM (PU3MYECKUM CBOMCTBAM 3aHUMaEeT MPOMEXYTOUHOE
nonoxeHune mexay AB un TB.

Kaxablii U3 OCHOBHbIX TUMOB BO3AYLIHbIX Macc (AB, YB n TB)
[ensr, B CBOK 04yepefb, Ha MOPCKOW U KOHTUHEHTaNbHbIA BO34YX B
3aBMCMMOCTU OT TOrO, Haf Kakoi MOBepXHOCTbIO (BOAOW UK CYLUeid)
(hopmupoBanach faHHas Bo3gyllHas macca. CBOWCTBA MOPCKOro u
KOHTUHEHTaNbHOr0 BO34yXa Pas3/iMyHbl, B TOM YMC/E U3-3a BIMSHUA
BpeMeHU roga. lak, netom KYB Tennee MYB, a 3umoii - Hao6opoT.

CsoiicTBa BO3AYLUHbIX Macc, Mpexge BCero Temnepartypa,
HeMnpepbIBHO MEHAKTCA MPU MX MEPEMELLEHUN U3 OJHUX PaiioHOB B
apyrve. MponcxoguT TpaHchopmauna Bo3ayLWHbIX Macc. MoaTtomy,
Hapagy ¢ TUNUYHLIMU BO3AYLIHLIMWU MaccaMu, 6yayT HabnwogaTbca u
BO34YLUHbIE MacChbl, MEPEX0AHbIe MO CBONCTBAM.

Mo Tenn0BOMY COCTOSIHWMIO Pa3nnyaoT Tenble 1 X0N04HbIE BO3-
AyuwHble Maccbl (TM 1 XM). Bo3gyliHasa macca, nepemeLiaroLascs ¢
60nee X0NOLHOW 3eMHOW NOBEPXHOCTU Ha 60/ee Tennyto (06bIYHO K3
BbICOKUX LUMPOT B HU3KME) Ha3blBaeTCA XONO4HON BO3AYLLUHON MacCoil.
Ha cBoeM nMyTu XonofHas BO3AYyLLIHasA Macca Bbl3bIBaeT MOX0104aHNe B
Tex paiioHax, B KOTOpble OHa NMpUX0AMT. Mpn 3TOM OHa NporpeBaeTcH,
NPUTOM MPEUMYLLECTBEHHO CHX3Y, OT 3eMHOI NOBEPXHOCTU. MMoaTomy
B Heli BO3HMKAlOT 60/bLIMNE BEPTUKA/bHbIE TPAfMNEHTbI TeMMNepaTypbl
I pa3BMBAETCA KOHBEKLMS C KYUYEBbIMU U KY4YeBO-4OXAEBbIMU 06/1a-
Kamu v IMBHEBLIMM 0CafjKamu. Bo3gyLuHble Macchl, NepemMeLlatoLme-
csl Ha 60/1ee X0N04HY NOBEPXHOCTb (B 60/1€€ BbICOKME WNPOTHI), Ha-
3blBalOTCA TennbiMu maccamu. OHU NPUHOCAT NOTENAEHME, HO camu
OXNAXAAKTCA BHU3Y, OTHEr0 B UX HUDKHUX CMOAX CO3JAKTCA Masble
BEpTUKaNbHbIe TpafueHTbl TemnepaTypbl. KOHBEKLMSA B HUX He pas-
BMBaeTCA, NpeobnafatoT CAOUCTble 06/1aKa U TYMaHbl.



PasnnualoT ewe MeCTHbIE BO3AYLUHbIE MAcChl, 4/IUTEIbHO Haxo-
Aswrecs B ofHOM palioHe. CBOICTBa MeCTHbIX Macc TakXe onpefe-
NSOTCA HarpeBaHWeEM UAU OXNTAXKAEHWEM OT 3eMHOW NOBEPXHOCTU B
3aBUCUMOCTHU OT Ce30Ha.

CMeXHble BO3[YyLIHble MacChl pasfeneHbl Mexay coboil cpas-
HUTENbHO Y3KUMU MEPEXOAHbIMK 30HaMM, B KOTOPbIX HabnogarTcs
Pe3KMe M3MEHEHUS METEOPONOrMYECKNX BEMYUH MO TOPU3OHTANN.
3TK 30HbI Ha3bIBAKT (PPOHT aNbHbLIMU 30HaMU (pUc. 2.). AanHa Taknx
30H [OCTUraeT HECKONbKMX ThICAY KUIOMETPOB, TOAWMHA - fMLb
LECATKU KUIOMETPOB. P pOHTaNbHbIE 30HbI HAaK/MOHEHbl MOf MajbiM
yrnom (B cpegHem 0,5°) K ropm3oHTy. XonogHas macca, MMmerowias
60nbLIYI0 NIOTHOCTb, BCErfa pacrnonaraeTcs nofj PPoHTaNbHON 30-
HOM, a Tennas - Hapg Hell. TonwmHa YPOHTaNLHOW 30HbLI 3HAYUTENb-
HO MeHbLUe TOPM30HTabHbIX Pa3MepOB BO3AYLIHbLIX Macc. [1oaTomy
Npu TEOPeTUYECKUX WUCCNeAOBaHMUAX €e MOXHO paccMaTpuBaTbh Kak
NMOBEPXHOCTb.

JInHNS nepeceyeHnss HPOHTaNbHON NOBEPXHOCTU C MOBEPXHO-
CTblO 3eMAM HOCUT Ha3BaHWe aTMoC(epHOro PpoHTa.



®PpOHTLI MeXay BO3AYLWHLIMW Maccamu YKas3aHHbIX BbILLE
OCHOBHbIX reorpauyecknx TUNOB Ha3blBaKOT rMaBHbIMU ()POHTAMU,
N OT/INYME OT MEHEe 3HAYUTENbHbIX BTOPWYHbLIX (DPOHTOB MEXay
maccaMu OJHOr0 1 TOro e reorpaguyeckoro Tuna. aeBHble ()POH -
i Mexay apKTUYecKUM W BO3LYXOM YMEPEHHbIX LIMPOT HOCAT na-
LaHMe apKTUYECKUX (DPOHTOB, MEXAY YMEPEHHbIM U TPOMUYECKUM
NO34YXOM - (PPOHTOB YMEPEHHbIX WMUPOT, MEXAY TPOMMYECKUM U
*KBATOPMaNbHbIM BO3YXOM - TPOMNUYECKNUX (DPOHTOB.

C (poHTammu cBs3aHbl 0cO6ble fiBNEHWs norogbl. Bocxogsuine
[BVKEHNA BO3AyXa B 30HaxX (PPOHTOB npmBogsA! K obpasoBaHWIO 06-
LUMPHbIX 06/1a4HbIX CUCTEM, M3 KOTOPbIX BbIMafardT 0cafjKu Ha 60/b-
LWKnX nnowaaax. ATMocHepHblie BOMHbI, BO3HUKAIOLLME B BO3AYLUHbIX
Maccax no o6e CTOPOHbI OT ()POHTA, MPUBOAAT K 06pa30BaHUIO Tak Ha-
3bIBAEMbIX aTMOCHEPHbIX BO3MYMUEHWIA - LUKIOHOB M aH TULUKNOHOB,
onpefenstoWLmx pexum BeTpa u Apyrme 0oCO6eHHOCTM Norojsl.

BMecTe c BO34YLIHbIMW MaccaMu nepemMeLtanTcs (poHTanbHbIe
NMOBEPXHOCTU U PPOHTLI. B 3aBUCUMOCTM OT HanpaB/eHUs LBUXeHUS
pasnnyatoT Tensble U XonogHble PPOHTLI. TenabiM GpoHTOM (TD]
ABNAETCA TaKOW (DPOHT, KOTOPbI/ CMeWaeTcs B CTOPOHY XO/OAHOM
BO3A4YLIHOW Maccbl. C 3TUM (DPOHTOM CBSI3aHO MOTEM/EHUE: Ha CMe-
Hy XM npuxognt M. XonofHble poHTHI (XP) nepemelyatoTcs B
CTOPOHY Tensoi BO3AYLIHON MacChl, C HAMU CBSA3aHbl MOX0/104aHUS.

OCHOBHbIe BbIBO/bI

1 ATMocdepHbIii BO3ayX NpeAcTaBnseT co60i cMecb MOIEKY CyXOro BO3-
AyXa, BOASIHOTO napa v yacTuy, aspo3onsi. K nocTosiHHbIM COCTAaBASKOLLUM CYyX0-
ro BO3fyxa OTHOCATCS a30T, KUCNOPOA, BCE MHEPTHbIE rasbl, ABYOKCUZ yriepoa
M 030H. YTNEeKNUCAbINA ra3 U BOASHON Nap y4acTBYOT B CO3aHWN MapHUKOBOTO
ahekTa, 030H - B 3aWiUTe OT BO3AEWCTBUSA YNbTPaduONeTOBOrO M3NyUYeHUs
ConHua. ATMocthepHbI a3po3o/b, UMEKOLLUIA eCTECTBEHHOE U aHTPOMOTeHHOe
MPOUCXOX/AEeHWE, UTPAET BaXXHYIO PO/b B Pa3MUHbIX (U3NUECKUX MpOLeccax B
aTMoc(epe, B TOM YUC/E B €e 3arpsisHEHUU.

2. CopepXaHue BOASHOIO mapa B aTMOC(epe MPUHATO BbIpaXaTb B pas-
JIMYHBIX BENIMYMHAX, YNOTPEGASiEMbIX B 3aBYCMMOCTM OT KOHKPETHO peLlaemMoit
3afauu.

3. OfHWM M3 OCHOBHbIX YpaBHEHUI (U3NKN aTMOChepbl sBASETCS ypaB-
HEHWe COCTOSIHWS BIAXHOTO BO3AYXa.



4, BepTukanbHoe CTPOeHME aTMOCHepbl Knaccuuumpyetcs no Hecko
KUM HEe3aBUCUMbIM MNpu3Hakam. [ns pewweHUs 60MbLIUHCTBA 3ada4y B (M3MKe
aTMocepbl MPUMEHSIETCA NPU3HAK M3MEHEHUs TemnepaTy pbl BO3AyXa C BbICO-
TOW.

KOHTpPO/bHBLIE BOMPOCHI

1. 3 KakMx OCHOBHbIX rasoB COCTOWUT aTmocdepa? Kak u3MeHseTcs ee
coCTaB C BbICOTOW?

2. Kakyto ponb B pu3nKo-aTMOoCepHbIX NpoLieccax urpaet 030H U yrie-
KUCNbINA ras?

3. Urto npeacTaBnseT coboil atMoctepHbIl a3po3onb? KakoBbl ecTe-
CTBEHHbIE N AHTPOMOTreHHbIE UCTOYHUKMN a3po3ona?

4. Kakyto ponb urpaet aTMOoC(epHblii a3p030/ib B PU3INKO-aTMOCHEPHbIX
npoueccax?

5. KakoBa po/ib BOAAHOrO rnapa B aTMOC(epHbIX npoLeccax?

6. lMepeuncnuTe BCe XapaKTepMUCTUKN BNaXHOCTW BO3AyXa U AaiiTe cOOT-
HOLLEHUA MEXAY HUMMU.

7. Tlpn Kakux YCnoBUAX BbIBOAATCA YPaBHEHWUS COCTOAHUA CYXOro u
BNaXXHOro Bo3Ayxa? Uto Takoe BMpTyanbHasd Temnepartypa?

8. TMo Kakum npusHakam atMmocdepa JennTcs no BepTMKanm?

9. [aiiTe xapaKTepUCTUKY OCHOBHbIM CMOAM aTMoc(epbl, pasfeneHHow
no BEPTUKAIN NO U3MEHEHWIO TEMMEPaTypbl C BbICOTON.

10. YTto npeacTaBnsAeT coboit Bo3ayLwHasa macca? MepeyncnmTe OCHOBHbIE
BO3AYLUHbIE MAcChl U AaiiTe UM XapaKTepUCTUKY.

11. Yto npeacTaBnsatOT cob6oil aTMmocdepHble GPOHTLI? Kakux TMMOB OHK
6bIBalOT?



Mnasa I1l. PACMPEAENTEHVE JABNEHWA
B ATMOC®EPE

OCHOBHbIe MOHATUA

1 Cuna TsHKecTW - paBHOAENCTBYIOLWAA [ABYX CUA: CU/bl 3eMHOr0
TArOTEHMWS, HAMPaBNEHHbIN K LeHTPY 3eMan Y MHEPLUOHHOW LeHTPOo-
GEXXHOWN cunbl, 06yCNOBNEHHOW BpalleHMEM 3eM/n, HamnpaBneHHO
Mo paguycy LUMPOTHOrO Kpyra. Mo BASAHWEM CUfbl TSXECTU N0 60e
icjio B M0/ 38MHOM0 TATOTEHUS s MYCTOTe NajaeT BHM3 MO OTBECHON
NIMHUW C YCKOpPeHWeM CBOGOAHO najaroLiero Tena.

2. 3aKoH lMackans - gaBfeHNe Ha XUAKOCTb UK ra3, NPOU3BOANMOE
HHELWHMMMW cuiaMu, nepefaeTcs XUAKOCTbHO (Fra3oM) OAMHaKOBO BO
BCEX HampaBneHUsX.

3. N306apuryeckass NOBEPXHOCTb - MOBEPXHOCTb, Ha KOTOPOM aT-
MOC(epHOe faBfieHUe BO BCEX TOYKax OAMHAKOBO. [NaBHbIMW U30-
6apnyeckMMK MOBEPXHOCTAMU Ha3biBaKOT M306apuyeckne MOBEPX-
HOCTW CO 3Ha4YeHMAMM B rekTonackansix, KpatHbiMu cTta (1000, 900,
800, 700 rMa n 1.8.), 3aTem 50, 25 10 rla, a Takxe 850 rlMa.

4. YpoBeHHas MOBEPXHOCTb (MOBEPXHOCTb YPOBHS) - NOBEPXHOCTb
paBHOro MOTEHLMana B 3eMHOM MOJie CUMbI TSHXKECTU (B 4aCTHOCTU B
aTMmocdepe), Ha KOTOpOI NOTeHUMan cunbl TSHXKecT (reonoTeHuman)
MMeeT OfJHO U TO Xe 3HayeHune. HanpaBneHue Cubl TXXECTU BO BCAKOL
TOYKE MOBEPXHOCTU YPOBHA HOPMasbHO K 3TON MOBepXHOCTU. OfHOW
3 NMOBEPXHOCTEN YPOBHA ABNSETCS NMOBEPXHOCTb MUPOBOr0 OKeaHa.
5. Bapunyeckasa cucTema - KpynHomacliTabHasi 061acTb B 3€MHOI
aTMoctepe C onpefeneHHbIM pacrnpefeneHnem aTtMoctepHOro Aas-
neHus; opma 6apnyeckoro nons; opma pacnpegeneHns gasneHus.
Bapuuyeckue cucTembl Aenarcs Ha 061aCTW MOHMXEHHOTO W MOBbI-
LUEHHOr0 AaBNEHUS.

6. Fopun3oHTanbHbI 6apuyecKuin rpagueHT - BeKTop - V/?, xapak-
TEPU3YIOLWNIA cTeneHb U3MEHeHUs aTMOCHEPHOro LaBfeHUs B Npo-



cTpaHcTBe. [0 4MCNOBON BeNUYMHE GapuyecKWin rpagMeHT paseH
NMPOU3BOAHOW OT JaB/eHUA MO HOPMaIN K M306apnyeckoin NoOBEpPXHO-
CTW, T.e. UBMEHEHWIO AAaBNEHUA Ha eMHULY PACCTOAHNA B TOM Hanpas-
NEHNKN, B KOTOPOM fAaBfieHMe ybbiBaeT Hanbonee 6bICTPO; Hanpas/eH
b6apnyeckuii rpagmeHT no 3ToW HOpPManu B CTOPOHY y6blBaHWA faB-
neHus. TOPU30OHTaNbHbIA GApUYECKUA TPafMeHT HamnpaBaeH No Hop-
Manm K n3obape B ropu3oHTaNIbHOI MIOCKOCTW, B CTOPOHY yObIBAHUA
faBneHns. FOpu3OHTaNbHbIA Gapuyeckuii rpagueHT onpegensercs
najgeHuem fassieHua B rfla Ha paccTosaHuUK, paBHOM 100 Kwm.

7, Mpunnebl (aTMocgepHbIe) - BOJMIHbI MAaHeTapHOro macwTtaba B
aTMocepe, co3faBaeMble NpuTsXeHnem ConHua v JIyHbl, NOAO6HO
nNpuAnBaM B MUPOBOM OKeaHe.

3.1. OCHOBHOe ypaBHeHMe CTaTUKN aTMoc(epbl

Bcsknii ra3 npou3BOAWT fAaBfieHWE Ha OrpaHU4YMBarOLLMe ero
CTEHKW, T.€. AECTBYET HA 3TW CTEHKMN C KaKOWN-TO CUNOI faBNeHns, Ha-
NpaBfeHHON NeprneHauKYNapHO K cTeHKe. Cuna faBfeHuns - 3TO Bek-
TOp, HanpaB/ieHWe KOTOPOro coBnafaeT ¢ HOPMasbilo K MNOBEPXHOCTU
(BHYTpb 06bema). Ha BbifleNleHHbIi BHYTPX aTMoC(epbl Kakoii-nn6o
06beM BO3fyXa AeCTBYET CO CTOPOHbLI OKPY>XKatolLero Bo3gyxa cuna
naBneHns. Co cBOeN CTOPOHbI BO34YX W3HYTPWU 3TOro o6bema OKa-
3bIBaeT Takoe Xe [laBfieHune Ha OKpYyXXaroLuii Bo3ayX. BblgeneHHbIl
Hamy 06beM BO34yXa MOXET OblTb CKOMb YIOLHO ManbiM W B npefje-
Nne CBOAMUTCS K TOuke. Takum 06pa3oM, B KaXKoi Touke B aTmocde-
pe umeeTcs onpefeneHHas BeMYMHa aTMOCHEPHOro faBneHna unu
flaBneHus Bo3gyxa.

[aBneHune Bo3gyxa - 3TO CKansip, paBHbli OTHOLIEHUIO MOAYNS
CUMbl AaBfEeHWA K 3/1eMEeHTapHON njouwiagn, Ha KOTOPYK OHa Aeit-
CTBYeT.

EnnHnueli gasneHnsa B MexayHapogHoW cucteme eauHUL, n3me-
peHunsa (CW) asnsetca Mackanb (Ma). OguH MNackanb ecTb AaBneHue,
npon3BoaMMoe cuioin B 1 HbOTOH Ha niowaab B | M2 B meTeoporno-
rMv gaBfieHMe N3MepsIOT B rektonackansax (rrla).

TpafWUMOHHO MPUHATO BbipaXaTb [faBfieHWe B MUIUMeTpax
pTyTHoro ctonba. 1 mm Hg = 1,33 rfa. Jo BBegeHus CU aTmo-



K|»CpHOe faBneHue nsMmepsanocb B Munanbapax (1 m6 = 1rfa). B He-
KoTopbix cTpaHax (CLLUA u ap.) gaBneHne namepsieTcs B AtoiimMax.
Bygem cumtaTb, YTO BO34yX - WAe€a/bHbIM ras. a aTMocepa Haxo-
JWTCS B COCTOSHUM MOKOS MO OTHOLLEHWIO K 3eMHOI NOBEPXHOCTU. Takoe
COCTOsIHWE aTMOC(epbl HasblBaeTCA cTaTWYeckuM. Boigenum B aTMoC-
|l»cpe Be MOBEPXHOCTU C OfMHAKOBbIM 3HAYEHWEM AaBfieHus (M3o6apu-
YyecKkme NMOBEPXHOCTHN), pacnosiOXKEHHbIE Ha BbICOTax z K z+dz (pwc. 3).
[aBneHne Ha 3TUX MOBEPXHOCTAX 0603Ha4MM 4vepes P n P+dP.
Mexgy  n306apuyeckmmu
nosepxHoctamn P n P+dP
jr <p BblfeNMM 06beM BO3ayxa C
rOpU3oHTanbHbIMW OCHOBA-
At HUAMMW Nnowanblo 1 M2Kax-
floe. Ha HMXHee OCHOBaHue
aToro obbema CO CTOPOHbI
CMEXHOro BO3ayxa Aei-
CTBYeT cuna pasneHua P,
Puc. 3. Cunbl, felicTBytoLne Ha HarnpaB/ieHHas CHU3Y BBEpPX,
3NIeMeHTapHbI 06beM BO3AyXa. Ha BepxHee O0CHOBaHWe -
cuna pgasneHua P +dP Ha-
npaBfneHHasa CBEPXY BHWU3.
Cunbl faBneHus, felicTeyrolime Ha 60KOBbIe rpaHn 06bema B CO-
CTOSHWUW MOKOSA, B3aMMHO YPaBHOBELLMBAIOTCH.
Ha aToT 06beM fAeiicTBYeT Takxe cuia TsxecTu Q, paBHas no
MOZY/H0:

Q=pgdz (3.1)

M HanpaBneHHas Mo BepTWMKanW CBepXY BHU3. 34eCb p - NAOTHOCTb
BO3AyXa, g - YCKOPEHMWE CUMbI TSXKECTU.

CyMMa npoekuuidi 3TUX CUA Ha OCb 2 B COCTOSAHUM MOKOSA 06pa-
LL,aeTCs B Hy/b:

P- (P+dP)-Q=0 (3:2)

MopctaBuB BMeCTO Q ero BbipaXXeHWe Mo COOTHOoLWeHuo (3.1),
NOAY4YMM OCHOBHOE ypaBHeHWe CTaTUKU aTMmocgepbl:



Pasgenuns nesyto v npasyto YacTu (3.3) Ha dz. NoAy4YMm Apyrom
BWA OCHOBHOIO YpaBHEHMA CTaTUKU aTMOC(epsbl:

- 5, =P (3-4)

BenuuuHa - p ~ G, NnpeacTaBnseT co6oii BepTUKanbHY CO-
z

CTaBMAKLYIO rpagueHTa gasneHus. MNpasaa yacTb (3.4) npeacTasns-
eT c060ii cuny TAXKECTU, AeACTBYIOLLYI0 HA EAMHNYHbIA 06BbEM BO3AY-
xa (H/mMJ. OCHOBHOE ypaBHeHNe CTaTWKN N0 CBOEMY (U3NYECKOMY
CMbICNY BblpaXKaeT paBHOBECUE BYX CUM - BEPTMKa/IbHOIO rpagueHTa
[0AaBNEHUS U CUMbl TAXECTH.

W3 ypaBHeHus (3.4) cnefyeT TpU cnefcTBus.

a, Ecnun dz>("), To dP<0, T.K. npaBas 4acTb (3.4) Bcerga nonoXu-
TenbHa. CnegoBatenibHO, B aTMOC(epe faBneHue Bcerga yobisaeT C
BbICOTOI. 3TO CnpaBeAMBO U 418 ABMKYLLEACS aTMocdepsl.

6. Bbligenum B aTMocgepe BepTUKaNbHbINA CAOM BO3AyXa C nomne-
peyHbIM cedeHuem 1 mM2u BbLICOTON OT J@HHOMO YPOBHA Z 0 BEPXHEW
rpaHuubl aTMmocdepbl z . Bec atoro ctonba paseH O. Tak Kak Bec afne-
MeHTap Horo cton6a BbicOTON dz paBeH pgdz, ro Bec BCero cronba:

Q =| pgdz (3.5)

MponHTErpMpoBaB npaByto 1 neByto Yactu (3.3) B npegenax ot
z, re faBneHue P, [0 z , rAe AaBNiEHUE PaBHO HY/O, MONYYUM:

o]
\~® =\ Pgdz nam P=Q (3.6)
p -

Takum 06pa3om, JaBneHMe BO3Ayxa Ha Ka>KAOM YpOBHe paBHO
Becy cTonba Bo3gyxa efMHWYHOIO MOMEPEYHOro CeYeHWUs U BbICOTE
OT [aHHOI0 YPOBHA A0 BEPXHENA rpaHuLbl aTMocdepsbl.

B 3aKpbITbIX NOMELEHUAX [aBfeHWe Ha KakoM-1mb0o YpOoBHe,
COrfacHo 3akoHy [lackang, He OTAMYaeTca OT faB/IeHUA BHe Nome-
LLEHNA Ha TOM >Xe YpOBHe. 3T0 06CTOATENLCTBO NO3BOMAET yCTaHaB-
nnMBaTb Npubopbl ANa n3mepeHus gaeBneHns (PTyTHble G6apomMeTpbl



NMHW GapoMeTpbl-aHepouabl) B MOMELLEHUAX MeTeoposormyecKux
| HAWKIA.

B. OCHOBHOE ypaBHeHWe CTaTMKW MO03BOJSIAET ChenaTb BblBOAL
OTHOCUTENbLHO CKOPOCTU Y6bIBAHUA [aBfieHUs ¢ BbICOTOW. CornacHo
(1.3) npv nogbeMe Ha OAHY U Ty Xe BblCcOTY (dz-const) yMeHblUeHne
aneneHns (-dP) Tem 6onblue, Yem 60MbLLUE MAOTHOCTb BO3ayxa p (Npu
NMOCTOSIHHOM YCKOpeHun cBo604HOr0 nageHus, g=const). C ysenndye-
HMEM BbICOTbI MJIOTHOCTbL BO34YyXa, Kak NpaBuso, yobIBaeT.

CnepoBaTenbHO, YeM Bbllle PACNONOXKEH YPOBEHb OT NMOBEPXHO-
CTW 3eMnu, Tem MeHblUe yobiBaHWe faBNeHUs Npu NoAbeMe Ha OfLHY
M Ty >Ke BbICOTY dz. VIHbIMU cnoBamu, paccTOofAHME MeXXAY ABYyMA
n306apnyecKUMmn NOBEPXHOCT AMU, OTCTOAWMUMU ApPYyr OT Apyra Ha
O[lMHaKOBYIO BeNMUYnHy fasneHus (dP=const), Tem 6onbLUle, Yem 60Nb-
Lle BbICOTA OT MOBEPXHOCTU 3eMu.

Ecnm TOukM pacnonoXeHbl Ha OJHON W TOi Xe M306apnyecKoit
NMOBEPXHOCTU, TO MJIOTHOCTb BO3JyXa B 3TUX TOYKax OYLeT 3aBUCETD,
COrNacHoO ypaBHEHMIO COCTOSHUA, TONbKO OT TemMnepaTypbl BO3AyXa.

3T0 03HAYaeT, UTO NPU YBENIMYEHMM BbICOTHI HAOLHO MTO Xe 3Haue-
Hue (dz=const) 0OTHOCUTENbHO HEKOTOPOI1 M306apMUECKOi MOBEPXHOCTY
MOHWXeHNe [aBneHns B 60/ee XO0M04HON BO3AYLUHON Macce 60/bLue,
yeM B TEMJ/I0 Macce, i.e. B XON0AHO Macce AaBfeHune yobiBaeT C BbICO-
TOoii 6bICTpee, YeM B 6onee TENNOI BO3AYLLIHOW Macce. OTO NOATBEPX-
[laeTCsA TEM, UTO B CpefHEl N BepxHei Tponocgepe B X0N0AHbIX BM
npeob6nagaeTt HU3KOE [JaBfeHne, a B TenabiXx BM - BbICOKoeE.

OueHUM 3HayeHue BePTUKaNbLHOMO rpagueHTa AasaeHUs npm Hop-
Ma/lbHbIX YCNOBMAX BOAM3M YPOBHS mops, rae p=1,29 kr/m3n g=9,81
m/c2 MopctaBuB 3TN 3HavyeHMs B (3.4) NONYYMM 3HAYeHMe 3Toro rpa-
AuveHTa, paBHoe 12,5 rMa/100 m. Takum 06pa3om, B6/IM3M YPOBHSA MOpS
[aBfieHve yMeHbluaetca Ha 12,5 rla npu nogveme Ha 100 m.

3.2. bapomeTpuyeckme GopmMynbl

Mcnonb3yss OCHOBHOE YpaBHEHMe CTaTUKW YyCTaHaBAMBAlOTCS
3aKOHOMEPHOCTN BEPTMKANLHOTO pacrnpeeneHns aaBneHns, naoTHoO-
CTW M MaccCbl BO3fyxa. OTO OCYLLECTBASAETCS C MOMOLbIO GapoMeT-
puuyeckux (opmMyn. KOTopble MNpeACTaBNsOT COGOW WHTerpanbHble



thopmbl ypaBHeHUs (3.3) Npu pasnYHbLIX CAyvaax pacnpefeneHus
NMOTHOCTM BO34yXa.

Ans nonyvyeHns WHTerpasbHOW ()OPMbI OCHOBHOFO YpPaBHEHUS
CTaTWKU NPOMHTErpupyem fMeByto 1 npaByt vactu (3.3) B npegenax
0T ypoBHA mopsa (z=0), rae gasneHne PNogo npov3BO/LHON BbICOTHI

z, TAe paBneHune P. Mpn 3TOM yyTeM, YTO, Ha OCHOBAHMUN YpaBHEHUA
P

(3.7)

rocne MHTErpUpPOBaHUS U NOTEHLMPOBAHNS UMEEM:

(3.8)

YpaBHeHue (3.8) aBnsdeTcs obwein GapomeTpruyecKoi popmynoi
B MHTerpansHom Buge. YpaBHeHus (3.3) u (3.8) ncnonb3ytoTcs ans
NoNMyYeHnsa pasNnYHbIX bapomeTpuyecknx opmyn. B obuiem cnyyae
Temrnepatypa 1 NAOTHOCTb BO3AyXa ABAAIOTCA AOBOSIbHO CNOXHbIMU
(YHKLMAMU BbICOTbI, YCTAHOBUTbL aHaNUTUYECKUA BUE KOTOPbIX HE
BCerja npeacTaBnseTca BO3MOXHbLIM. [103TOMY paccMOTPUM He-
CKOMbKO YaCTHbIX C/y4YaeB, pasNMyalLMxcs pasiMyHbIMU Npeano-
NOXEHUSIMU OTHOCUTENIbHO BEPTUKANLHOrO pacnpefeneHus Temmne-
patypbl UKW NAOTHOCTMW.

OpHopogHaa aTmocdepa. NpegnonoXumM, 4To NAOTHOCTL BO3-
AyXa C BbICOTON He N3MEHSETCH, T.e.:

P~P0~ const, (3.9)

r4e pq - NAOTHOCTbL BO3gyxa npu z=0. MNpeHebperaeTca Takxe 3a-
BUCUMOCTbIO YCKOPEHUSA CBOOOLHOrO NajeHMs oT BbICOTbI (g=const)
n 6ygem cumTaTb BO3ayx cyxum (T = Tu). Takaa atmocepa HasblBa-
eTcA 0AaHopoAHOi. Ha ocHoBaHMM ypaBHeHMs (3.3), MoOCne ero WH-
TerpMpoBaHua B npegenax gasneHus ot P()go P v BbicoTbl 0T 0 A0 z,
nonyynm 6apoMeTpUUECKYo hOpMyny 04HOPOAHON aTMocdepsl:



N3 (3.10) cnepyeT, 4uTO AaBneHMe B OAHOPOAHOW aTmocdepe
Y/IbIHAET NO IMHENHOMY 3aKOHY, a e BbICOTa KOHeYHa, 0603Ha4nM ee
yepes //. N3 (3.10) umeem:

0= - pQozunmm H =—— (3.11)
PoS
MoacTaBMB PO U3 ypaBHEHWUA COCTOSAHUS A8 CYXOro BO3AyXa,
Nony4nM:

(3.12)
5 g

roe a ~ 0,0037 rpag

OTclofa cnefyet, 4TO BbICOTa OAHOPOAHOW aTMocdepbl 3aBUCUT
TO/IbKO OT TemmnepaTypbl Bo3fyxa Ha noBepxHocTu 3emnn. Mpu t~0°C
oHa cocTtasnset //,,=7993 M = 8 kM.

K atmocgepe thopmyna (3.10) He npuMeHMMa, TaK Kak gaeT ga-
NeKoe OT peasibHOCTM pacnpejesneHune AaBneHus ¢ BbICOTOW. Ho oHa
[laeT y40BNeTBOPUTESIbHbIE Pe3yNbTaThl 418 ruapocdepsbl, B KOTOPOW
NJIOTHOCTb Mafio MeHSeTCH C ryOUHOIA.

TemnepaTypa BO3fyxa, COIN1aCHO YpPaBHEHWUIO COCTOAHUSA, U3Me-
HAETCA B COOTBETCTBMM C COOTHOLUEHMEM

(3.13)

Bo3bMeM NpoM3BOAHYK MO BbICOTE OT NEBOI M NpPaBOW 4acTu
(3.13):
dT 1 dP

dz R wmpodz (3.14)

3aMeHuB ? 13 ypaBHeHUA cTaTuku (3.4), nonyuunm:
z



YA Has3bIBalOT TPaJMEHTOM aBTOKOHBEKLMMN. YNCNEHHO OH paBeH
3.42°C/100m.

N3 ypaBHeHus (3.15) cnepyeT, 4YTO B OAHOPOAHOW aTMocdepe
TeMnepaTypa yObIBaeT C BbICOTOWN MO NMHEAHOMY 3aKOHY:

T-Tg Va7 (3-16)

M3MeHeHne NMNOTHOCTY BO3Ayxa C BbICOTO. PaccMOTpMM, Kak

M3MEHSETCS NAOTHOCTb BO3AyXa C BbICOTON. C 3TOW Lenbio nposo-

rapupmmpyem, a 3ateM npognddepeHLMpyemM Mo BbICOTE NEBYI K
MpaByt0 YacTW ypaBHEHUS COCTOAHUA AN CYXOro Bo3gyxa:

P =RpT (3-17)
B pesynbTaTe NpoBeAeHHbIX OMepaLuin noayvmm:
1 WP _ 1 ap 1 ar
p dz p dz I dz (3.18)

dP
3aMeHss p N3 ypaBHeHMsa cTatuku (3.4) v NofcTaBnss p u3
z

(3.17), Haiigem:

1 AL--Ld 1 dT

Pd pd T dz (3.19)

Yax KaKi —VYa, a rvir = —y - BepTUKa/bHbIA rpagueHT
iz
TemnepaTypsl B aTMocepe, TO NPUXOLMM K pe3ynbTaTy:

1 dp 1, )

p'dz~7"y yn) (3.20)
M3 dopmynbl (3.20) cnefyeT TpU BO3MOXHbIX Cliy4yas:

WP

a. Echrmy >yA 10 — -> f/°|‘ T.e. NNOTHOCTb BO3A4yXa C BbICOTOW

yBenunumeaetcsd. B aTom cnyuyae 6onee xonogHole n 6osiee NNOTHbIE
cnou Bo3ayxa 6yayT o6pylIMBaTbCA BHW3, BbITECHAS 60nee Tenblii
BO34yX BBepX. HauuHaeTcsa npouecc WMHTEHCMBHOIO nNepemeLlynBa-
HWs BO34yxa MO noBepxHocTu. Mpouecc Ha3biBaeTCA CBOOGOAHOW nm
rpaBMTalUMOHHON KOHBeKUMed. B peanbHbIX YCNOBUAX OH Habnwopa-
eTcs B fHEBHble Yacbl (MPeMMYyLLECTBEHHO B TEM/I0e BPeMS rofa) B



MpVW3eMHOM cnoe aTMocepbl. B 3TOT mepuof BpemeHW peanbHble
HCPTWKaNbHbIE TPAAWNEHTbI TeMMNepaTypbl B NPU3EMHOM C/lI0€ MHOMO

MonbLue yA

6. Ecnm y — ¥a"dE|)—o ~ = 0 unu p —const. 310 ogHOpOAHA
nTmocdepa.

B. Ecnhm y < A, 10

HbICOTOI. B 3TOM cfiyyae KOHBEKTUBHbIE ABWXXEHUSI B MNOFPaHWYHOM
cnoe atmocdepbl He pa3BMBarOTCA.

M3oTepmuyeckas aTmocepa. PacnpeseneHne jaBneHus ¢ Bbl-
COTOl B 3TOM cfiyyae onpejensercs Mpu cneaylowmx npegnonoxe-
Husx: Bo3gyx cyx (T ~Tb), yckopeHue cBO60AHOIO NafeHUs nocTo-
SHHO N0 BbICOTe (g=const), TeMnepaTypa He U3MEHSETCH C BbICOTOM,
T.e. T=T=eonst [TO- TemnepaTypa Ha ypoBHE MOpS).

Mpu ykasaHHbIX NpegnonoxeHuax us (3.8) monyunm bGapome-
TPpUYecKyto HopmMyny 130TepMUYECKOi aTMoCHepbl:

TV,
(3.21)

[laBneHne B M30TepMUYECKON aTMoOctepe YyObIBAaeT C BbICOTOWA
Mo 3KCMOHEHUMAaNbHOMY 3aKOHY, a ee BblCOTa paBHa 6ECKOHEYHOCTH,
T.e. P—0, Tonbko npu r—soc. VI3ameHeHWe gaBfeHWs C BbICOTOW 3aBu-
CUT OT Temnepatypbl. [1pn 6onee BbICOKOI TeMnepaType [JaBneHue B
30 TEPMUYECKO aTMocdepe yobiBaeT C BbICOTOW Me[IEHHEE, YEM
npu 6onee HWU3KON TemnepaType.

MycTb Ha NPOM3BOMLHOW BbiCOTE ZSAaBneHne Pr a Ha BbicoTe
r,- gasneHue /\. Vicnonb3ys aBa NepBbiX YneHa PasnoXeHns yHK-
LUK € 1N yynTbiBas COOTHoWeHue (3.12), moxHo (3.2!) 3anucatb B
BUAE:

/ (3.22)

Peluas 370 ypaBHeHMEe OTHOCUTENbHO Pa3HOCTU BbICOT M YUUThI-
Bas YMCNEHHOE 3HayeHue //, nony4mm:



z2 - z, =8000(1 +a7)-x-~P" (3.23)
n

370 ynpouieHHasa 6apomeTpuyeckas hopmyna 4na n3otepMmmnye-
cKoi aTmoctepbl nnn opmyna babuHe. 3gech J - cpeaHss Temne-
patypa Cnosi Mexgy BbicOTaMu z, U Zp

dopmyna (3.23) MOXKET NPUMEHSTLCS NPW ONpeAeneHnn pasHo-
CTV BbICOT B MeTofe 6apOMeTpPUYECcKOro HUBEINPOBAHUS.

MonuTponHas aTMocepa. B atom cnyuae Bo3gyx cyx (T = Tu),
yCKOpeHve cBOGOAHOrO nafeHus MOCTOAHHO MO BbicOTe (g=const),
TeMmnepaTypa IMHEWHO U3MEHSETCH C BbICOTOM:

T=TOyz. (3.24)

roe Th - Temnepatypa Ha ypOBHe MOPS WX MOBEPXHOCTM 3emiu,
Y - BepTUKaNbHbIA rpagueHT TemnepaTypsl. [ocne npeo6pasoBaHus
ypaBHeHUs (3.8) ¢ yueTom ycnosus (3.24) nonyuymm 6apomeTpuye-
CKyt0 hopmyny ans nonuTponHoW aTMochepbl.

\ 8.K'
CRjpp T
o T
M3 (3.25) BUAHO, 4TO YeM 60/blle BEPTUKAbHbIA FPafUeHT TEM-
nepatypbl (y), Tem 6bicTpee y6biBaeT gaB/ieHne C BbICOTOM, a BbiCOTa

MONIMTPONHON aTMOCHepPbl MOXET U3MEHSATLCSA B LUMPOKNX Mpeaenax.
Onpefenvm BbICOTY NOAUTPOMNHON aTMOChepbl 13 YC0BUS:

T
T0- yHYy =0vmm Hy = — (3.26)

(3.25)

Mpu »=0BbICOTA NOANTPOMHOK aTMOChepbl CTAHOBUTCA HeoMNpe-
pensemoii (Hy—*m). 3T0 coOTBETCTBYET pacnpefe/ieHNt0 faBNeHUs B
N30TepM NYecKoi aTMocdepe.

Mpn y=3,42°/100 m n =273K BbiCOTa MNOAMUTPONHOA aTMO-
cthepbl cocTaBnseT 7993 M, UTO COOTBETCTBYET BbICOTE O[HOPOAHOA
aTmocdepbl. 3TO 03Ha4aeT, YTO MAOTHOCTb C BbICOTOW OCTaeTca Mo-
CTOSIHHOW BeNNYUHOW. OYeBUAHO, YTO eCi BEPTUKANbHbIA rpagneHT
TeMnepaTypsbl }'>3,42°/100 M, TO NNOTHOCTb C BbICOTOW OyAeT yBenu-
YmBaTbCA.



MonHas 6apo MeTpuyeckas hopmyna (hopmyna JSlannaca).

PaccmoTpum 06WMIA cnyyail M3MEHEHWS AaBNEHWSA C BbICOTON.
YuTem M3MeHeHWe YCKOpeHUs cBOGOAHOro najeHns B 3aBUCMMOCTM
OT WNpOTLI () 1 BbICOTHI (2):

&=9go0“ «lcos2g)0 -a ), (3.27)

roe g0- yckopeHue cBO60AHOr0 NafeHWUs Ha YpPOBHe MOPS W Ha K-
pote ¢ = 45° alun a7- HeKOTOpbIe KOHCTaHTHI.

Torpa ypaBHeHue (3.3) nocne NOACTAHOBKM B HEro MOTHOCTH
13 ypaBHEHNS COCTOAHUS BNAXHOI0 BO34yxa MPUMET BUA:

_ d_z go(l-flico”~2y)(I-a2z)flfc

P NTol+«00 +0-6085) (3-
RcT\ bl
MpvHMMasa BO BHMMaHUe, 4TO------ =# 0 (BblCOTa OAHOPOAHOWA
£0

aTMocdepsbl), 1 NOCNe HEKOTOPbLIX Npeobpa3oBaHUn U UHTErpupoBa-
Husa (3.28) nonyymm:

P
z2—z, =—Y0(@ +at) (1 +0,6085") (I +axcosl(p)(\ +az)iIn—  (3.29)

MocKonbKy -1r|i =1r|E =2,3Ig£, TO nofHas 6apomeTpuye-
A P2

ckaa topmyna (Jlannaca) OKOHYaTeNbHO NPUMET BUA;

z2—z, = #(l +at) (1+0,6085) (I +a[coslcp) (I +azZ)lg—  (3.30)
A

BennunHa /*=2.3//~18400 m HasbiBaeTca 6apoOMeTpPUYECKOit
MOCTOSHHOW, a cpefHMe 3HaYeHUs t 1 S cpeaHeil GapomeTpuUecKoii
TEMMepaTypoi 1 MaccoBO Aoneii BOAAHOrO Mapa.

YpasHeHuve (3.30) npvMeHseTca Ha NpakTuKe Nuwb nNpu 6apo-
METPUYECKOM HUBENMPOBaHUU. ONs peleHns 60NbLUNHCTBA METEeo-
PONOrMYeCKNX 3afa4y, C JOCTaTOYHO BbICOKON CTENEeHbH TOYHOCTH,
NCNonb3yrT 6apomMeTPUYECKyto hopmyny peansHOi aTMochepbl:

Y
z2z-7x=B" +at)lg-+ (3.31)



PR=Pg KT, (3-32)

roe T =273(1 + at) - cpefHsis 6apomeTpuuyeckas TemnepaTypa
CNos BO3LyXa, 3aK/KUYEHHOr0 MeXay YPOBHAMU I, Uz . CpefHaa ba-
poMeTpuMYeckas TemnepaTtypa - 3TO Takas NOCTOSIHHas B npegenax
cnos Temneparypa, KoTopas obecrneymBaeT 3HAYEHWS [ABNEHUA Ha
ero rpaHuuax, HabngaeMble Npu peasibHOM pacnpejeneHuy Temne-
paTypbl C BbICOTOW. [MpakTnyeckn T NpupaBHUBAKOT K CpeaHel apud-
MeTUYEeCKOl TemMrepaType B CIIOe.

®opmynbl (3.31) 1 (3.32) NpUMEHAT 418 CNOSA_3afaHHOW KO-
HEYHOMN TO/LMHbI, A8 KOTOPOro U3BECTHO 3HayeHue T .

3.3. bapuyeckasa cTyneHb

[na npnbAv>XeHHOW OLEeHKN U3MEHEHUS BbICOTbI MO U3BECTHOM
PasHOCTMW JaBNEHMI YaCTO UCMOMb3YIT 6APUYECKYHO CTYMEHb.

Bapuyeckoit cTyneHbto (h) HasbiBaeTCcA Takas BblCOTa, Ha KOTO-
PYIO HY>XHO MOAHATLCA C UCXOLHOr0 YPOBHS, YTOGbI AaB/eHne NoHK-
3unocb Ha 1rMa. EgMHnua namepeHus 6apuyeckoi ctyneHun m/'rfa.

Mo cBoeMy cMbICy, bapuyeckas CTyMeHb SBASETCA BENYMHOMN,
0bpaTHOW BepTUKaNbHOMY FpagneHTy AaBfeHus, T.e.:

_az
h ~~~w (3.33)

Ha oCHOBaHWM OCHOBHOrO YpaBHEHUS CTaTMKKU (3.4) MOXHO 3a-

nucatb:

" pyg (3.34)

BblpasM MI0THOCTb BO3AyXa Yepe3 ero TemnepaTypy W gasne-
HWE. MUCMONb3ys YpaBHEHWE COCTOSHMS BNAXHOr0 BO3AyXa:

N=—
pg (3.35)



M3 ypaBHeHus (3.35) BUAHO, 4TO Bapuyeckas CTyneHb B TeM/oi
MO3aYLHOW Macce 60nblue 6apuyecKoil CTyneHU B XONIOAHON Macce
(hT>hJ. MosTomy Ha BbiCOTax [JaBfeHWe B TEMIOM W XO/IOAHOM BO3-
Ayxe 6yaeT HEOAMHAKOBbLIM: B TEM/IOM BO3AyXe OHO GyAeT Bbille, YeM
n xonogHom. CnepoBaTtenbHO, Tensible 06nacTu B aTMocdepe ABASA-
I0TCA B BBICOKUX C/IOSIX 06/1aCTAMU BbICOKOTO AaB/EHUSA, & XON0AHbIE
obnactu - 061acTAMU HU3KOIO AaBNeHNUS.

3HayeHNss 6apuyeckoil CTyMeHW MpW pasHbiX TeMrepaTypax M
[aBneHUsaxX npueefeHbl B Tabnnue 3.1.

Tabmua 3.1
3HayeHna 6apuyeckoii cTyneHu (m/rlla)
[aBneHue, TemnepaTypa, ‘C
rMa -40 -20 0 20 40
1000 6.7 1A 8,0 8,6 9,3
500 13,4 14,7 16,0 17,3 186
100 67.2 73,6 80,0 86,4 92,8

3,4. MpumeHeHne 6apnyeckux hopmyn

C nomolblo 6apoMeTPUYECKMX (HOPMYS MOXXHO pellatb psg
NpakTU4YecKMx 3afad.

a. bapomeTpuyeckme HMBENMPOBAHME - HaxXOXAEHWE PasHOCTK
BbICOT MO M3BECTHLIM 3HAYEHUSM faBMEHUS U TemnepaTypbl Ha ABYX
ypoBHAX. O6bIYHO ncnonb3yTea hopmynbl (3.23) unm (3.31).

6. lMNMpuBeseHne [aBneHWs K YPOBHIO MOPSHA, T.e. HaxoXAeHue
[0AaBNeHUs Ha YPOBHE MOpPS MO WM3BECTHbIM 3HAYEHUAM [AaBfieHUS
Ha BbICOTE METEOPONOrMYECKON CTaHLMM U CpefHeli TemnepaTypbl
cnoa. CpegHas Temnepartypa cfos onpefensercs Kak cpefHee apud-
MeTUYeCcKoe MeXAy TemnepaTypoili Ha BbICOTe MEeTeOpPO0rnYecKoi
ctaHuum () v TemnepaTypoil Ha ypoBHe Mops (Tr). TQ BblumcaseTcs
no ¢opmyrne:

T=T0vyz, (3.36)

rge z - BbiCOTa CTaHUMW Haj ypoBHeM mops, ¥y = 0,6°/100 M - BepTu-
KanbHbI FpagueHT TeMnepaTypbl B aTMocHepe.



lMpuBefeHHOE K YPOBHIO MOpSA [aBfieHWe HaHOCUTCA Ha npu-
3eMHble CUHOMTUYECKUE KapTbl. ITON onepauuein uck4vaeTcs
BAWAHWE Pa3NMUUA B BbICOTE CTAHUWIA Ha BEAWYMHbI AABAEHUSA U
CTaHOBUTCA BO3MOXHbIM BbIACHWUTb FOPW30HTANbLHOE pacnpegene-
HUe faBneHus.

B. Haxo>kaeHne cpeaHeil TemnepaTypbl cTONGa BO3ayxa Mo us-
BECTHbIM 3HAYEHWAM BbICOT W BE/IMUMH [aB/IeHUA Ha HUX. Ong 3Toro
MOXHO Mcnons3oBatb hopmyny (3.31).

r. OnpefeneHve pacnpegeneHns aTMoC(epHOro AasieHus C Bbl-
COTOA. B cpegHeM OCHOBHbIM M306apUYECKNM MOBEPXHOCTAIM COOT-
BETCTBYIOT criegytowme BoicoTbl: 1000 rfla - yposeHb mops, 850 rlfla
-1,5 Kkm, 700 rMa - 3,0 km, 500 rfa - 5,5 kM, 400 rla - 7,0 km. 300
rfMa-9.0 km, 200 rfMa- 12,0 km, 150 rMa- 13,5 km, 100 rfla - 16,0
kM, 50 rf1a - 20,5 km, 10 rMa- 31,5 KM. M3 3TUX faHHbIX BUAHO, 4YTO
50% aTmocepbl cocpegoToyeHbl B cnoe 5,5 km, 80% - B cnoe 12,0
KM, 90% - B cnoe 16,0 km, 99% - B cnoe 31,5 Km.

4. OnpegeneHne maccbl aTMocepbl. Macca BO34YLIHOrO
cTtonba c nonepeyHbIM ceyeHMem 1 M2 onpegensetcs M3 COOTHO-

LIeHUs:
()

m=\pdz (3.37)
0
MpeanonoXum, 4To NAOTHOCTL BO3AyXa B 3TOM CT0M6e NOCTO-
AHHa p-p o= const (PO - nNAOTHOCTb BO3A4yXa Ha YPOBHE MOpS), 4TO
COOTBETCTBYET YCNOBUAM OA4HOPOAHOW aTtmocgepbl. YTobbl nony-
YNTb Maccy BCeli aTMoc(epbl HaA0 Maccy BO3AYLUHOro CTof6a «T»
YMHOXWUTb Ha NAoWaab 3eMHOA NOBEPXHOCTHU, T.€.

? 7
M =AnR-pqHqumm M - \nR " - -90, (3.38)

roe R - cpegHuii paguyc 3emnu, pasHbll npumepHo 6400 km, HO—
BbICOTa OLHOPOAHOI aTMocepbl. [104CTaBNAS YNCNEHHbIE 3HAYEHUS
BE/IMYMH, BX0oaAWmMX B (3.38), nonyynm maccy atmochepbl 3eMu.



PacueTbl, CBA3aHHbIE C KOHCTPYMPOBAHUEM, UCMLITAHNEM U 3KC-
nnyartayumein netTaTenbHbIX annapaToB (CaMOMIETOB, PaKeT, NCKYCCTBEH-
HbIX CMYTHMKOB 3eM/IM, KOCMUYECKUX KOopabneii) n npubopos, Tpeby-
KIT CBeZleHUs 0 3HaYeHUAX METE0pPOSIOrMYecKUx BeNMUnH (faBneHue,
Temnepatypa, MAOTHOCTb, BA@XHOCTb BO34yXa, CKOPOCTb BETpa) U
APYTMX (PU3nMYecKMX napaMmeTpoB (yCKOopeHue cBOGOAHOro nafgeHus,
MA3KOCTU BO3AyXa, CKOPOCTW 3BYKA) Ha pa3HbIX BbiCOTaX. PeasbHble
YMayeHNs NepeyvnCcneHHbIX BeIMYMH MOFYT U3MEHATHCS B LUMPOKUX
npegenax. [ns cpaBHeHUA pe3ynbTaToB UCMbITAHWA NeTaTeNbHbIX an-
napaToB 1 NPMOOPOB, MOMYUYEHHbIX B Pa3/IMYHbIX aTMOCHEPHbIX YC0-
BUSAX, MPUHATO UX MPUBOLUTL K HEKOTOPbIM HOpPMa/bHbIM (CTaHAApT-
HbIM) yC/OBUSAM. Takylo aTMocepy C HOpPManbHbIM pacnpegefieHun-
eM M0 BepTMKanu MepeyucneHHbIX PU3NYECKUX BENYMH Ha3blBaloT
cTaHfgapTHoin aTmocepoii (CA). Hanpumep, TapupoBka nprbopos
(bapomeTpuyeckmnii BbICOTOMEP, YKa3aTeNlb CKOPOCTM BeTpa U ap.)
Npou3BOAMTCS AN1A CTaHAAPTHbIX YCN0BUiA. K HUM BBOAATCA Nonpas-
KW, yUnTbIBalOLWMe OTKNOHEHWE peasibHbIX YCNOBUIA OT CTaHAAPTHBbIX.

B 1981 rogy BBefeHa MOAeNnb CTaHAapTHOW aTMmocdepsl
«ATMochepa cTaHdapTHas. MapameTpbi» (FocT 4401 - 81), KoTopas
6/11M3KO COOTBETCTBYeT cTaHfapTy MexayHapoLHOW opraHu3auum
rpaxgaHckoin asuaumun (MOTA). B aTtom cTaHgapTe npeacTasiieHO
pacnpejefieHne Nno BbiCOTe OCHOBHbIX METEOPONOrNYECKNX BEUYMH
M HEKOTOPbIX AVUHAMUYECKNX U KNHEMATUYECKNX XapaKTepUCTMK aT-
mMocepsl.

BepTukanbHoe pacnpefeneHve TemnepaTypbl pacCcUMTbIBANOChH
AN KaXKAO0ro us natu cnoes atmocdepbl (Tponocdgepa, cTpatocdepa,
Me3ocgepa, Tepmocepa 1 ak3octepa) Kak MMHerHas GyHKLUUA reono-
TeHUManbHOM BbICOTHI. B KaXKAOM C/ioe BepTUKa/IbHbINA FPagueHT cooT-
BETCTBOBA/1 €ro CpefHEMY 3HauyeHW0. PacnpejeneHune AaBieHUs pac-
CUMTLIBANOCL MO GapOMETPUYECKON hopmye Ans U30TEPMUYECKON U
NonMTponHoi aTtmocdep. MaoTHOCTL BO3gyxa onpegensnack no (2.13).

Kpome ocHoBHOW mogenu CA, pa3paboTaHo eLle HeCKO/IbKO MO-
feneii, HasblBaeMblX CNpaBOYHbIMKU Mofenamu. Mogenu paspaboTa-
Hbl pa3feNibHO AN14 3uMbl (geKabpb - AHBapb) W fieTa (MIOHb - UHONb)
ana wupot 30, 45, 60 u 80°, a gna wupoTel 15° - a8 BCEro roga.



Ha kapTbl 0 THOCUTENLHON Tonorpagumn (OT) HaHOCATCA 3Haue-
HWS OTHOCUTE/IbHbIX BbICOT. OHM NpeAcTaBAAOT COO0Ii NPeBbILLEHMNE
ofiHol usobapuueckoli nosepxHoctu (P,) Hag apyroii (F/), B rn.m.

dopmyna ans OTHOCUTENBbHOI BbICOTbI CDS MMeeT BUf;

P?2;=(>1A (3.43)

2
N3 ¢opmynbl (3.43) BuAHO, 4TOo P - 3aBUCUT TOMLKO OT Cpej-

Heli TemnepaTypbl CToN6a BO34yXa, 3aK/IIOUYEHHOr0 Mexay u3obapu-
YyeckMMu noeepxHocTaMU. CrnegosatensHo, KapThl OT nokasbiBaloT
pacnpefeneHve TemnepaTypbl B aTMocgepe.

JInHMKN paBHbIX 3HauYeHUn PP TakXke HasblBaT K30rMnNcamu.

O61acTAM BbICOKMUX 3HAYEHWUI OTHOCUTE/bHbIX BbICOT COOTBETCTBY-
0T oYarn Tenna, a HU3KMX - ouyaru xonofa B aTMocaepe.

3.7. bapnyeckue cucrtembl

[ns nonyyeHus HarnsgHoOro npeAcTaBineHUs 0 pacnpefeneHuu
[aB/IEHNS Ha 3eMHOW MOBEPXHOCTW CTPOAT KapTbl U306ap Ha ypoBHE
mops. [Nna 3Toro Ha reorpaguyeckyto KapTy HaHOCAT aTMoc(epHoe
faBfeHne, U3MepeHHOe Ha METEOPOSIOrMYeCKUX CTaHUMAaX W npu-
BEJEHHOE K YPOBHIO MOps. 3aTeM TOYKWU C OAMHAKOBbLIM AaBNEHWEM
COeAVHAIOT MMaBHbIMU KPUBbLIMU IMHMAMK. M306apbl NPOBOAAT ue-
pes 5 rfa.

B 3aBUCMMOCTM OT TMNa pacnpefeneHus faBneHns n3obapbl Mo-
ryT UMeTb CaMyl pa3HoobpasHyt KoHdurypauyuto. o dopme mso-
6ap u pacnpefeneHns faBfieHWs Pa3NyaldT Nepevymc/ieHHbIE HUXe
obnacTu 6apuyeckoro nons, unm 6apuyeckne CUCTEMbI.

Bapnyeckme CUCTEMblI OCHOBHbIX TUMOB - LUMKION W aHTULK-
KNOH —Ha NpU3eMHbIX CMHONTMYECKMUX KapTax M300paxaroTcs 3am-
KHYTbIMW KOHLEHTPUYECKMMU M306apamu OKPYrioin unm oBanibHOI
thopmbl. [pn 3TOM B LEHTPe LMK/I0HA AaBNEHNE HUXE, YEM Ha Mepu-
thepun (puc. 4, I), a B LEHTpe aHTULMK/IOHA JaBNeHNe Bbllle, YeM Ha
nepudgpepun (puc. 4.11). Ha kaptax BT 6apunyeckne o6pa3oBaHus U30-



CpaxatoTcs mzoruncamu. M3obapmyeckue noBepxXHOCTW B LIMK/IOHE
NPOrHYTbl BHWU3 1 BUAE BOPOHOK, a B @aHTULMK/IOHE BbITHYThl BBEPX B
nmae Kynonos. MFOpM30OHTaNbHbIE Gapuyeckne rpagneHTbl B LMKIOHE
HanpaBs/fieHbl OF Mepugepnn K LEHTPY, a B aHTULMKIOHE - OT LeHTpa
K nepucpepnn. Pasmepbl LMKNOHOB W aHTULUKNOHOB COCTaBAAOT B
NONepeyYHNKN ThICSUN KNTIOMETPOB, B TPONMMYECKMX LMUKAOHAX - COT-
HU KUJIOMETPOB.

Kpome onucaHHbIX 6apuyeckmx CUCTEM C 3aMKHYTbIMW K30-
6apaMu, pas3nnMyalT ewe 6apuyeckme CUCTEMbl C HE3AMKHYTbIMU
nsobapamu (puc. 4, Il n 1V).

JNTo>K6uHa - 3T0 Nonoca NOHMXKEHHOTO AABNEHUA MEXAY ABYMS
06nacTAMU MOBbILIEHHOrO faBfieHUs. M306apbl B Held 1M60 6/1M3KK
K napannesbHbIM MNpPAMbIM, MO0 WMEKT BUL NaTUHCKOA OykBbl V
(B nocnefHeM ciiyvyae NoX6MHa, Kak NpaBwuIo, ABASETCA BbITAHYTOM
nepngepuinHoi YacTblo LUMKNOHA). LleHTpa B N0XOMHE HET, HO ecTb
NNHUA, Ha KOTOPOW faBfeHWe MMeeT MUHMUMaNbHOE 3HayeHue, Unun
(ecnn n3obapbl MMeOT BUA 6yKBbl V) M306apbl PE3KO MEHSAKT Ha-
npaeneHue. bapuyeckue rpagueHTbl B N0XX6MHE HanpaBfieHbl OT Me-
pudepun K ocu.

Puc. 4. N306apbl Ha ypOBHE MOpSi B Pa3/IMYHbIX TUNax 6apuyeckmx CUCTEM:
1- ywmknoH, Il - aHTuymknoH, Il - nox6uHa, IV - rpebeHb, V - ceanoBurHa.



"pebeHb npeacTaBnsieT cO60M NONOCY NOBbILEHHOTO AaBNeHUs
MexXay AByms 06nacTaMu NOHMXKEHHOro AasneHuns. M3obapsl B rpeb-
He NM6O HaMOMWHAIOT napanfiefibHble NpsamMble, TM60 UMET Gopmy
nepeBepHYTON NaTUHCKOW GykBbl V. B nocnefHem cnyyae rpebeHb
ABNAeTCA NepUPepUitHON YacTbio aHTULMKIOHA, XapaKTepusytoLLen-
cA BbiNy4ymMBaHWeM n306ap. pebeHb UMEeT NUHUI0, Ha KOTOpOIi faB-
NeHWe MakKCUManbHOe UK Ha KOTOPOi n306apuyeckme MOBEPXHOCTU
CPaBHUTENIbHO PE3KO MEHAIT HanpasfieHne. bapuyeckue rpagneHTbl
B rpebHe HanpaBieHbl OT OCU K Nepugepunn.

PasznnualoT ele cefnoBuHy (puc. 4, V) - yyactok 6apuyeckoro
nons Mexay ABYyMS UMKNOHaMW (MM NOXOWHaMWU) U ABYMS aHTU-
UUKNoOHaMU (UM TpeGHSAMU), PACMOSIOXEHHbIMWU  KPecT-HaKpecT.
N306apuyeckne MNOBEPXHOCTU B CEASIOBUHE WMEIOT XapaKTepHYHo
(hopMmy cenna: OHU NOLHMMAKOTCA B HAMpaB/eHUUN K aHTULMKIOHAM ©
OMyCKakTCA B HanpaBfeHUN K LMKNOHaM. Touka B LEHTpe CefnoBu-
Hbl Ha3blBaeTCA TOYKON CEANOBUHBI.

Moa BAUSHWEM UWK/IOHOB U aHTULMK/AOHOB TemnepaTypHoe
nosne B aTMocgepe CTAHOBUTCA HECUMMETPUYHbIM.

B nepepgHeldi (BOCTOYHOI) YacTu LWKNOHa, FAe BeTpbl Hanpas-
NeHbl N3 HU3KMX LUNPOT, TEMMepaTypa NoBbILAeTCs, B Thi/I0BOW (3a-
nafHoM) YyacTn, rae BeTpbl HanpaB/ieHbl U3 BbICOKMUX LIKUPOT, OHA No-
HWXaeTcs. B aHTUUMKAOHaxX Bce 6yfeT HaobopoT, crefoBaTeflbHO,
n30TepMbl B 061aCTV LMKIOHA UMEKT BOSIHOOOPasHyto qopmy: B
nepefHen 4acTy OHU NPOABUHYTHI K BbICOKAM LUMPOTaM, B Thl10BOIA
YacTW - K HU3KWM; B aHTULWKIOHe - HaobopoT. oaTtomy m306a-
Pbl Ha BbiCOTax, NpuUHUMas ¢opmy, 61M3KY0 K (POpMe U30TepM, Ha
HEKOTOPOI BbICOTE Pa3MbIKAITCA U CTAHOBATCA TaKUMM Xe BOJSHO-
obpasHbiMK (puc. 5). Mpwn 3TOM Hag NepeaHein 4acTblo NPU3EMHOT0
LUMKNOHa Ha BbicoTax (0ObIYHO Y€ B CpeAHeli UIn BepxHel Tpono-
cthepe) 6yaeT NpocTMpaThCs FPeGeHb NOBLILIEHHOTO JaBfieHUs, CO-
BnafjaloLWwmnii ¢ S3bIkOM TEMAOro BO3Ayxa, a Haj TbINOBON YaCTbiO
NO>XOMHA MOHWXEHHOT0 4aBfeHWs, COBMajaroLas ¢ A3bIKOM X0104-
HOro Bo3gyxa. Haf npv3eMHbIM @HTULMKIOHOM HanpoTUB: NOJ ero
nepefHeil vacTblo 6yAeT (PopMMpoBaTbLCA NO>KOWHA, CBS3aHHas C
HU3KMMM TeMnepaTypaMu, a TEennoi YacTbio - rpebeHb, CBA3aHHbI
C BbICOKMMMW TeMMepaTypamu.



Puc. 5. 306apsl B uuknoHe (H) u anTuymknoHe (B) Ha yposHe mops (1)
N B BbICOKMX cNnosix (2).

B HekoTopbIxX cnayyasx TemnepaTtypa B 06/1aCTU UMK/IOHA WK
AHTULMKNOHA N3MEHSETCA HE3HAYMTENIbHO, T.6. TOPU3OHTabHbIE Fpa-
AVEHTbI TeMnepaTypbl Manbl. Toraa n3obapbl OCTalOTCA 3aMKHYTbIMU
[0 60/bWMX BbICOT. HO XapakTep U3MeHeHMsi 6apuyeckoro mnons c
BbICOTO/ 3aBMCMT OT TemnepaTypbl B 06/1aCTW AaHHO GapuyecKoii
cucTembl: 60/ee BbICOKas v 60/ee HU3Kas, YeM BHE ee.

Ecnu uMKnoH cyuiecTByeT B XONOAHOM BO3fyXe W TemnepaTypa
camasi HU3Kasi B ero LeHTpasbHOW 4acTu, TO C BbICOTOM Gapnyeckue
rpagueHTbl Masio MEHST HamnpaBfieHMe, W 3aMKHYTble M306apbl C
HW3KMM [aBMIEHVEM B LiEHTpPe 06HapyXUBAKTCS [0 OGONbLINX BbICOT
Tponocgepbl. Tako XONOAHbIA LMKIOH SIBSETCA BbICOKMM (puc. 6a).

Puc. 6. Bbicokunii (x0nofAHbIA) (a) u HU3KKIA (Tennblit) (6) LUKNOHBI.
MN306apuyeckme NOBEPXHOCTU B BEPTUKaNbHOM paspese.



Ecnn e UMKNOH coBMafgaeT C TEN/OW BO3AYLIHON Maccoli wu
TeMnepaTypbl B LIEHTPE LNKNOHA HaMBbICLIWE, TAKOM LUMKNOH BbICTPO
MNCcYe3aeT C BbICOTON, TaK KakK B HEM AOMOMHUTENbHbIA 6apnyecKum
rpaguveHT, CBSI3aHHbIA C TFPpagueHTOM TemnepaTypbl, NPOTUBOMO/MO-
XKeH HUXXHEMY TpafueHTy. Takol Tenmblil UMKNOH SBASETCSA HU3KUM.
B Bblllenexalinx cnosax Hag Takum LMKIOHOM 6GyfeT pacrnonaraTbCs
VXKe aHTUUMKNOH (puc. 66). HanpoTue, X0N04Hble aHTULMKNOHbI SIB-
NATCA HU3KMMU, @ TEN/ble aHTULKKIOHbI - BbICOKUMM (puc. 7).
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Puc. 7. Huskwnii (xonogHblin) (a) v BbICOKWIA (Tennblil) (6) aHTULMKIOHBI.
N3o06apnyeckne NOBEPXHOCTU B BEPTMKAIbHOM pa3pese.

3.8. CyTOUHbI X0a faBneHus

Vi3MeHeHus faBneHunsa Co BPEMEHEM MOXHO YCNOBHO pa3fennTb
Ha [Be rpynnsl - Mepuojuyeckue 1 Henepuoguyeckue. K nepuonu-
YECKMM W3MEHEHUAM [aBNeHNs OTHOCATCA ero Cy TOYHbIA W FO40BON
XoA. o cpaBHEHWMIO C APYTUMU MeTeoposIorMYecKUMm BennvymHamm
(TemnepaTypoii, BNaXXHOCTbO, BETPOM, paauauuneid n ap.) gaBneHue
MMeeT cnabo BblIpaXXEHHbIE Mepuoanyeckme N3MeHeHUs, 0CO6EHHO B
CYTOYHOM Xofe. yTeM pa3fioXeHus CpefHUX KPUBbLIX W3MEHEHWUA
[aBfleHUs Ha NpoCTble TapMOHMKMW YAanocb 006HapyXuTb KosebaHus
faBfneHnsa ¢ nepuogamu 24, 12, 8 n 6 4. Hambonbwyo amnamtyay
nmeeT NonycyTo4yHas BonHa (nepuog 12 4.). Hanbonee cunbHO no-
NYCYTOYHbIe KOMeb6aHWA BbIPaXKEHbl B TPOMUYECKUX LWIKUPOTax, rae
amMnnanTyga KonebaHuin gasneHus gocturaet 3-4 rlla. Makcumym!,i



nuHncnua Habnwpgatotea B 9-10 1 21-22 4., MUHUMYMbI - B 371 1©
15 16 Y. MecTHOro cpefHeco/IHEYHOro BPEMEHW. B yMepeHHbIX U
HbICOKMX LUMPOTaxX Mepuofmnyeckne U3MEHEHUA LaB/IEHUS B TeUYEHMUe
«YTOK He MPEeBbLILIAKT HECKONbKUX Aonel rlfa.

MpakTUYecKoro 3HayeHUs 3TU HebOMblUWE CYTO4YHblE Koneba-
HUSA 4aBNEHUS He UMEeT, HO OHW NpeACTaBAAT 60NbLIOA UHTepeC C
leopeTnyecKol TOYKM 3peHus. [0CTAaTOYHO HAAEXHO YCTaHOBNEHO,
YTO OHW BO3HMKAlOT B pe3ynbTaTe ynpyrux konebaHuin atmocgepsl.
KonebaHus MOryT BO3HUKaTb NOJ B/IMSHUEM MePUOAUYECKOro Harpe-
naHus aTMoCcepbl COTHEYHBLIMU Jlydamun U NPOUCXOAALLErO NPU 3TOM
pacLnpeHns BO3yXa C OCBELLEHHOW nydyamMy CTOPOHSI.

OnpepfeneHHoe  BAMAHWE  OKasblBalOT  NpuUIMBoo6Gpasyto-
wre cunbl ConHua v JlyHbl. B aTmocthepe o6pasytoTca npuaneo-
OT/IUBHbIE ABWKEHUA, aHAJIOTUYHO TeM, KOTOpble BO3HWKAKOT B OKea-
Hax. [leicTBUTeNbHO, MOMYCYTOYHAs BO/HA COAEPXMWT COCTaB/sAO-
LLYHO KaK C COMIHeYHbIM (12 yac.), TaK U C NyHHbIM (12 Yac. 25 MUH)
nepuofamu, T.e. COMMNEYHO-NONYCYTOUHYI U NYHHO-CYTOYHYK BOJI-
Hbl. IocnefHAA U3 3TUX BOJSH BbipaXKeHa 04eHb cnabo. Hag 3anagHoli
Heponoii oHa cocTaBnseT Bcero 0,01 - 0,04 rMa. Takue Manbie Kone-
6aHMA He OKa3blBalOT 3aMETHOr0 B/UAHWUA Ha NpoLecchl, NPOTeKal-
Lme B aTMocmepe.

OCHOBHble BbIBOAbI

1. OCHOBHOE ypaBHEHMe CTaTUKU aTMOCHepbl OTHOCUTCS K OCHOBHbIM
YPaBHEHUSM (U3NKU aTMOChepbl. Vcnonb3ys 310 ypaBHeHUe NosyyeHbl 6apo-
MeTpuUeckne (opMysbl, ONUCLIBAOLLINE 3aKOHOMEPHOCTU BEPTUKANLHOTO U3-
MEHeHWs AaBfeHNs N NIOTHOCTW BO3AyXa.

2. PacnpefeneHue aTMOCEpHOro AaBfeHUs B MPOCTPAHCTBE OMUCHIBAET-
cs 6apuyecknm noseM, pOpMbl KOTOPOrO MpeAcTaB/ieHbl 6apuuyeckuMm cucTe-
Mamu. FeoMeTpus M306apryecKUX NOBEPXHOCTEH NPEACTAaBASAETCS B BUAE KapT
abCoMTHOI M OTHOCUTE/IbHOI Tomorpaguu.

3. /I3MeHeHMe B3aWMHOTO PACMoNOXEHNUs N306apuUecKnx NoBepXHOCTEN
M nx fgedopmauus 3aBUCAT 0T TEMNePATyPHOro Mofs aTMOCHepsl.

4. Mepuoguueckne W3MeHEHUs [aB/IEHUS BbIPaXAOTCS B €70 CYTOUYHOM W
rOfl0BOM XOfe.



1. B Kakux npefnonoXeHnsax BbIBOAUTCA OCHOBHOE ypaBHEHMUe CTaTUKK"
KakoB ero husnyeckuin cmbicn?

2. BbiBeguTe 6apomeTpuueckue hopmynbl 415 OLHOPOLHONM, M30TepMu
4eckoli 1 NONMTPONHOW aTtMocdepbl. Yem OHK pasnuyatTca?

3. BbiBegute 6apomeTpuueckue opmysbl A M3MEHEHUS MN0THoe™
BO34yXa C BbICOTON. YTO Takoe rpaBMTaLMOHHas KOHBEKLNA?

4. BbiBeguTe 6apomeTpuyeckue opmysnbl Jlannaca.

5. Uro Takoe 6apuueckas cTyneHb? Kak oHa U3MeHAeTCA B 3aBUCUMOCTH
OT AlaB/IeHUsA 1 TeMNepaTypbl BO3ayxa?

6. B Kakux uensx npumeHsaw! 6apomerpuyeckme hopmynbl?

7. Uto npeacTaBnseT coboi cTaH4apTHas aTMoctepa v ANa Kakux Lenen
OHa NpuMeHseTca?

8. Monyunte opmynbl 415 abCOMOTHOINO W OTHOCWUTEIbHOIO Fe0MNOTEH-
umana. [Ans KakMx ueneil OHW NPUMEHAOTCA?

9. [aiiTe XapakTepuCTUKY OCHOBHbIM 6apuMyecKum cucTemam.

10. Kak u3meHseTCs faBneHne ¢ BbICOTOW B XONOAHbIX W TEN/bIX LUKIO-
Hax U aHTULMKNIOHaX?

11. Kakne 0CO6EHHOCTM MMEET rof0BON M CYTOUHbIA XOf AaBNeHNA?



| wHa IV. OCHOBbl TEPMOANHAMNKIN ATMOC®EPbLI
OCHOBHbIEe MOHATUSA

1 3HTpONMA - Mepa TON YaCTW 3HEPTUU CUCTEMbI, KOTOPas yXKe He
MOXXET NepeiTn B paboTy. B agnabaTUyeckoin CMCTEME, T.e. B CUCTEME
6cy Tennoo6MeHa CO Cpefoil, 3HTPONMUSA OCTAaeTCA HEM3MEHHOWN npu
obpaTumMoM mnpouecce M Bo3pacTaeT NpuM HeobpaTMMOM MpoLecce.
TepMoAMHAMUYECKOMY pPaBHOBECUID afnabaTM4ecKoi CUCTeMbl CO-
OTBETCTBYET COCTOSAHME C MaKCMMa/bHOM 3HTPOMMeEA.

2. HeyCTOMUMBOCTb - CBOMCTBO CUCTEMbI, BblpaXarolleecs B TOM,
YTO BO3MYLLEHWS, BBOAUMLIE B CMCTeMy, OyAyT Bo3pacTaTb MO Be-
NNYMHE, MaKcUMaabHas WX aMnauTyga OyaeT 60/blie HayasbHOMN.
HeycTolumBbie BO3MYLLEHWUSA 0ObIYHO 3KCMOHEHLMaNbHO BO3pacTa-
0T CO BPEMEHEM.

3. YCTOMUMBOCTb - 06bIYHO MMEETCA B BUAY YCTOMYMBOCTb CTpa-
TUukaymm atmocgepbl. CrnoCOBHOCTb K 3aTyXaHWIO BepTUKaNbHbIX
CMeLLeHNiA BO34yXa BHYTPW LaHHOTO C/os.

4.1. OCHOBHbIe ypaBHeHUS

B aTtmociepe HenpepbiBHO NPOMCXOAUT MNepexof OfHWUX BUAOB
3Hepruu B apyrue. O6uiMe 3aKOHOMEPHOCTK Npeobpa3oBaHna 3Hep-
MM 1N U3MEHEHUS COCTOAHUSA aTMoc(epbl NOL BAWAHUEM MPUTOKA
Tenna ABAATCA NpeagMeTOM TepMOAMHAMUKM aTMOCHepbl.

Monyynm ypaBHEHMe MepBOro Hayana TepMOLUHAMWKK Mpu-
MeHUTeNbHO K aTMocdepe. CoobLIMM BO3AYLIHON YacTule, KoTopas
UMeeT TepMOAMHaMU4Yeckue napameTpbl coctosHua P., T, p., Heko-
TOpoe KoNMM4YecTBO Tenna dq, MapameTpbl OKpyXawwei vacTuyy
cpefbl COOTBETCTBEHHO 0603HauMB yepe3 Pe I, p . [laBneHne BHY-
TPU YacTULbl NPU MasblX CKOPOCTAX €€ ABMXEHUS PaBHO AaBeHUto
B OKpyXxatouleli ee cpefe: P=P =P (ycnosue KBasnCTaTUYHOCTU).



Mpu nepepaye Tenna BHYTPEHHAA SHEPrUSA YaCTULbl YBENUNTCS Ha
dUr OQHOBpeMEHHO YacTula, NepemMeLlascb B 60nee BbICOKME CNOU
aTmocepbl, pacluMpseTcs M COBepLIaeT HEKOTOPYK paboTy MpoTuB
BHEWHMX cun gasneHus dA .

CornacHo nepBOMY Hauyany TepMOAUHAMUKU:

dq =dU,+dA, >

PaccmaTpuBasi Cyxoit Bo3yX KaK WfeasbHblii ra3, 3anuiiem:
dUj = CvdTi (4-2)
dA, = Pdvt, (4.3)

raoe Cv - yaenbHas TennoemkocTb npu v const, dT{- un3MeHeHue
TeMnepaTypbl BO3AYLHOM YacTuubl, di>j - npupalleHue obbema.
BbipaxkeHue (4.3) Heyf0o6HO Ans pacyeToB, T.K. YAe/bHbIA 06beM
BO34yXa HEMocpeAcTBEHHO He mamepseTcsa. VICKIUMM 3Ty Beanym-
HY, 3aMEHVB ee M3 ypaBHEHNA COCTOSHWA rasoB ANs CyXOro BO34yXa:

pVvr>J, (4.4)

MpoangdepeHympoBas ero no nepemeHHbim P, V. n T, nony-
ymm:

PdVj + VjdP = RedTj (45)

Mogctasum (4.5) B ypaBHeHue (4.3):
dA, =RrdTi —OjdP (4.6)

3ameHuM B (4.6) 13 ypaBHeHuUs (4.4)
np
dA, =RdT - R,T,+ 4.7)

Moactasum (4.2) n (4.4) B (4.1) n npecbpasyem K Buay:
dg=cpdTi-R cTiy> (4-8)

roe cp =cv + Rc (M3BeCTHOe M3 (hM3NKK ypaBHeHMe Maliepa).



YpaBHeHne (4.8) sABnAeTcs YypaBHEHMEM MepPBOro Havana
»¥LIMognHammkn, ncnonb3yemoe B pusnke atmocgepbl. Eule ero Ha-
HUMaIOT ypaBHEHVEM MPUTOKM Tenna.

Onsa cyxoro Bo3gyxa C = 718 Ox/Kr K, Cp = 1006 Ox/Kr K,

1T C=288 Ax/kveK, pf£ —>'=1,4.

O6paTMM BHUMAaHME Ha TO, 4YTO cOrnacHo (4.8),

« oy LW P (4 9)

1 tp Qe

r,C. M3MEHEHMEe TemnepaTypbl YacTWlbl MOXET ObiTb BbI3BAHO He
TONbKO Mepegaveli (MNN O0TAavein) HEKOTOPOro KonuuyecTsa Tenna dg.
do 1 M3MEHeHMEM BHeLIHEro gaeneHus. Ecnu gaBneHue ysenmymsa-
etca (dP>0), To npu n3meHeHun dgq Npoun3oigeT NOBbILIEHNE TeMMe-
paTypbl YacTuy 1 HaobopoT. Ecnm xe dgq=0, 10

T(=*Elx.*L' .
dT ( Cp+ ¢ (4.10)

T.e. MPXU OTCYTCTBUM TEMNOOOMEHa C OKpYXXatloliein cpedoin nsme-
HeHMe TemnepaTypbl MONHOCTbIO OMpeAensieTcs W3MeHeHUeMm faB-
NeHus.

4.2. AgnabaTnueckunii npouecc

Vi3meHeHMe TemnepaTypbl BO3A4YLIHOW 4acTuLbl MOXeT npouc-
X0aMTb 6e3 TennoobMeHa C OKpyXatouiei cpepoi. Takoli npouecc
HasblBaeTCA agnmabaTuyeckKum. B peanbHbIX yCcnoBusix nobas mac-
ca BO3flyXa He MOXeT 6blTb MOMHOCTbIO M30/1MPOBAHA OT TEMNJ0BOrO
BO3AENCTBMA OKpyXatoLlei cpeabl. OfAHAKO € JOCTATOUYHbIM NpU6an-
XXEHWEM MPOLECC MOXHO cUMTaTb afmnabaTuyeckmm, ecnm aTmocdep-
Hbl1 NpoLecc NpoTekaeT AOCTATOYHO B6bLICTPO M TensoobMeH 3a 370
BpemMs npeHebpexxumo man. Ans takoro npouecca dq-0. PaccmoTpum
agnabaTnyeckuin npouecc B CyXOM WM BADKHOM HEHAaCbIWEHHOM
Bo3ayxe. Takoii npouecc HasblBalT cyxoagumabaTuyeckum. Torga
ypaBHeHue (4.8) npumeT BUA:



L
L' p (4.17)

YpaBHeHue (4.11) npeacTaBnseT cobol ypaBHeHMe agnabatunye-
CKOro npouecca B audpepeHunanbHoOn hopme.

Mpn agnabatnyeckoM npouecce paboTa NPOTMB BHELIHWUX CWN
[aBfEHNS MPOMCXOAWUT 3a CYeT BHYTPEHHel 3Hepruun. Ecnn pabota
NOMOXNUTENbHAA, T.e. MPOMCXOANT pacwimpeHne (du>0), TO BHYTpeH-
HAR 3Heprus yactuubl ymeHbwaetcs (d'T<0), n Ha060pOT, NpPU CXKaTUM
BO3AYLHOM YacTuubl (dv <0) ee BHYTpeHHAA aHeprusa pacteT (dT>0).

Mpu nogbeme BO3AYLUHOM 4acTuubl ee 06bLEM YBeNM4YMBAETCA
(do>0), a gaBneHune noHmxaetcs (dP<0). N3 (4.11) cnegyeT, uTo npu
3TOM TeMnepaTypa BO3AYLIHON YyacTuubl Bcerga noHmkaerca (dT<0).

Mpueegem ypaBHeHue (4.11) K Buay:

dTt _Rc dP
T ~cp P (4.12)

MponHTErpupyem 3TO ypaBHeHWe B Mpefenax OT 3HaYeHWi
Temnepatypbl Tiou gasneHns P()go unx sHaueHwnii I n P:

r _RcrdP
£6T< cpp])P

N nocne noTeHumMpoBaHna Nonyyvynm:

cndTj =R
5 |

Tib 1 Pgj (4.13)
;h_cnm npumMmem oTHoweHne SR = y, TO FLLS A S 0,286.
cu cu Yy
Torpa (4.13) npumeT BUA:
r-1
|
To 10 (4.14)

YpaBHeHusi (4.13) un (4.14) npeacTaBnalOT co60i ypaBHEHUA
aamabaTUYeckoro npoiecca B MHTerpansHoin dopme (ypaBHeHue
MyaccoHa) wnnypaBHEHNS Cyxol agnabaThl.



[ns BNaXXHOro HeHacbllIeHHOr0 BO3ayXa BMECTO TemnepaTypbl
[' cnegyet 6paTb BUPTYyanbHYK TeMMepaTypy.

Onpeaennm, Kak U3MeHsieTca TemnepaTypa Bo3AyLHON YacTulbl
MpK CyxXoaAnabaTMUecKnX rnepemeLleHUsIX No BepTuKanu. Ans aToro
*BMEHMB B ypaBHeHUN (4.12) oTHOLLEHWE - 1 UCMONb3ys ypaBHeHNe

CTaTUKW W YpaBHEHWE COCTOSIHWS AN CYXOro BO3AyXa, Nofyyum:

ar, g (4.15)
dz  c{\Tej

r,qe———qT’- =ya~ cyxoaamnabaTU4ecKnii rpagneHT, paBHbIA U3MEHEHUIO
dz

TemnepaTypbl Npy agnMabaTMyeckoM nepeMeleHn no BepTUKaIu cy-
X0V BO3AYLUHOM YacTULbl Ha eanHULY BbICOTbI. Tak Kak 7/«I", TO:

fa= ~

cp (4.16)

BennunHayapasHa 0.98°C/100 m « 1°C/100 M. Takum 06pa3om,
Temnepatypa agunabaTtMyeckn MOAHUMAIOLLENCA CYyXOW BO3AYLUHOWA
YyacTuuUbl MOHMXaeTca npumepHo Ha 1°C Ha Kaxable 100 M BbICOTHI.
Mpu onyckaHUU BO3LYLIHOM YacTULbl ee TemMnepaTypa NOBbIWAaeTCS
Ha 1°C Ha Kaxgble 100 M BbICOTHI,

X’paBHeHme---dIL=ya M°XHO MNPOWHTErpupoBaTb U peLleHune

d:
3anucaTb B BUJe:

T, = T,0~ Ya(r - rc) (4.17)

PeafibHbI BO34YyX BCerga COLEPXUT HEKOTOPOe KONNYeCcTBO BO-
AsHoro napa. CooTBeTCTBYIOLWME pacyeTbl MOKa3bIBaOT, YTO ec/ik BO-
OAHOM Map He AOCTWUM COCTOSIHMA HacbllleHUs, TO aguabaTuyeckoe
M3MEHEHWe TemmepaTypbl TakOro BAAXHOro BO3f4yXa Mano oTiuya-
eTca OT afmabaTMy4ecKoro U3MeHeHUs TeMMepaTypbl CyX0ro Bo3gyxa.
CnepoBatesibHO, A4/1 BNA@XHOr0 BO34yxa, He AOCTUTLIEro COCTOAHNA
HaCbILLEHNA, MOXHO MCMNONb30BaTb ypaBHeHus (4.9), (4.14), (4.15)
n (4.16), nonyyeHble Ans agnabaTUyeCKUX N3MEHEHWUI Cyxoro BO3-

ayxa.



BaXHO XapaKTEpPUCTMKOA cyxoaamabaTnyeckoro npoLecc»
ABNAeTCA NOTeHuuanbHasa TemnepaTypa. loTeHuMansHOW Temne-
patypoli 9 HasbiBaeTCcs TemnepaTypa, KOTOPYH NpUMeT BO3AYLUHas
yacTuua, ecnn ee ONyCcTUTb UKW NOAHATb CyX0agmabaTuyecku ¢ uc
XO[HOro YPOBHA A0 YPOBHSA, rfe AaBneHne pasHo 1000 rla.

Mpun P =1000rTa n TeMnepaType Ha 3ToM ypoBHe Ti0 - B ypaH
HeHune MyaccoHa (4.14) MOXHO 3anucaTb B C/ieAylOLEeM BUAE:

(4.18)

MoTeHuManbHaa TemnepaTtypa nNpu cyxoaamnadbaTmyecknx nepc
MELLLEHNAX OQHON 1 TOW Xe BO3AYLIHOM YacTuLbl COXpaHsAeT NoCcTO-
AIHHOE 3HaYeHmne. DTO CBOMNCTBO UCMNO/b3YETCHA B KaUeCTBe XapaKTepu-
CTMKW BO3AYLIHbIX MaccC.

Mponorapugmnposas n npogudgepeHymposas (4.18), nonyumm:

ae aT, rc ap
T =7 ( 4-19>

CornacHo ypasHeHuto (4.12) npaBas yacTb (4.19) npu agunaba-

TMYECKOM MpoLecce paBHa Hy/O (? = 0, aB = On 9 ~ const), T.e.

npu agmabaTnyeckmx nepemeLleHnsAx NoTeHUManbHas Temnepatypa
He n3MeHseTcs.

Ecnu e B npoLecce ABMKEHNA BO3AYLIHON YacTULLbl ee MOTEH-
unanbHas Temnepatypa U3MEHMNACh, TO 3TO YKa3blBaeT Ha MPUTOK
AW OTTOK TenJa K 3TOI YyacTuue. 3To NOATBEPXKAAETCA CPaBHEHUEM
ypaBHeHu (4.19) n (4.10), 13 KOTOPOro cnefyet, yTo

dgq = CpT, y$ (4.20)

N3meHeHVe NOTEHLMaNbHON TemnepaTypbl CBA3aHO C M3MeHe-
HWEM MOMHOWN 3HEPTNMN BO3AYLIHON YacTULbl.

Ncnonb3ys ypaBHEHWs CTaTUKM U COCTOSHWUA 4151 CyXOro BO3-
Ayxa, npeobpasyeM BTOpPOEe cnaraemMoe B MpaBOii 4acTW YpaBHEHUS

(4.19) kBngy - wl-=" dz.



Torga ypaBHeHue (4.19) npumMeT BUA:

CeTliy = CpdTi+/ d 2 4 21)

Mpeo6pasyem 3ro ypaBHEHWE K cnefytolemMy BUgy:

CBr, " = CvdT(+ gdz + . dz (4.22)

Beegem cnegytouine 0603HaveHuUs:
QodT, —i3. - const - Tennocogep>KaHUe UK 3HTaNbNKUA.

gdz = a®d" —const - noTeHUManbHaa aHeprusa (reonoTeHywuan).
4 A\ (-dz =dE. - const- sHeprus HeyCTOWYMBOCTHU.
C y4yeTOM 3TUX 0603HaUYeHKn, ypaBHeHue (4.21) npumMeT BUA:

CT.:LL- 43, 4c?d' - dE. nnu = am, (4.23)

roe M. = 3. —®?—FE, - nonHasa 3Heprus yactuubl eAUHUYHOK Mac-

Chl.
Mpy agnabaTyeckMx NepemeLleHnsX BO3AYLWHON YacTulbl ee

nosaHaa aHeprna He N3MeHAEeTCA:

3. 4-> 4- E = const (4.24)

4.4. TloTeHuManbHaa Temneparypa n aHTponung

DHTPONMA rasa BblpaXaeTcs Yepes UHTErpan
5 =/ ~ (4.25)

[na cyxoro Bo3fyxa, UCNOJb3ys YpaBHEHWE NPUTOKa Tenna, no-
Nyunm
7 a P\

5 = Cp Inih-Rging= "y (Inm— 2=
T Ol Reing= vlinme —Is @26)



Ing =In7. — (In 1000 —InP) NogT(

N3 (4.26) 1 (4.27) Haxoaum, 4TO

5=0C,In9- (CplInTw- [Ac =c,Inet C, (4.28)

rge C - YMCMEHHO BblpaXaeT HavyabHble YCN0BHUS.

Takum 06pa3om, 3HTpONMSA rasa Tem O6O/blUe, YEM BbIlle €ro
noTeHumManbHas Temnepatypa. Mpu agnabaTnyeckoM npouecce Mno-
TeHUManbHas TemnepaTypa W, CNefoBaTe/lbHO, 3HTPONMUS He U3MEHS-
toTca. MoaTomy agnabaTuyecknii MPOLECC MOXKHO CUMTaTb U3IHTPO-
MUNYECKNM.

Ans npakTUYeCKMX Leneil MOXHO CTPOUTb KapTbl BbICOT onpe-
AENeHHOM U33HTPOMMYECKO NOBEPXHOCTMW, HanpuMep, MOBEPXHOCTb
C NOTeHLMaNbHON TeMMepaTypoii 273°, 283°C 1 apyrux ee 3HaYeHWA.
Ha 3Tu KapTbl HAaHOCATCS 3HAYeHMS MacCOBOW JO/M BOASHOTO Mapa,
CKOPOCTb W HarnpaB/ieHne BeTpa. MNpUMeHeHUe 3TUX KapT OCHOBAHO
Ha TOM, 4YTO [BWKEHWEe BAOMb W33HTPOMMYECKON MOBEPXHOCTU CO-
BepluiaeTcs 6e3 coBeplleHWs paboTbl. Torga M33HTpPoOMYeckas KapTa
XapakTepu3yeT KpynHoMacwTabHble ABUXEHWUS B aTMochepe, B TOM
yncne BOCXOAALME N HUCXOAALLINE NOTOKMU.

4.5. BnaxxHoagnabaTtnyeckune npoueccol

TemnepaTypa BNaXHOW HeHacCblWEHHOW BOASHbLIM MapoM BO3-
AYLWHOR YacTuubl Mpy ee MOAbLEME MOHMXKAETCA NO cyxoagnabatnye-
CKOMY 3aKOHy. O4YeBUAHO, YTO B 3TOIN YacTuLEe HEUM3MEHHbIM OCTaeT-
CS M MaccoBas Jons BOAsSHOro napa b.

Bcnegcteme MOHWXEHWA TemnepaTtypbl BO3AYLIHON 4YacTuubl
NpW HEW3MEHHOM BAarocofep>KaHnMn OTHOCUTeNbHAA BNAXHOCTb B
Heii ByeT Bo3pacTaTb ¥ Ha OMNPeAeNeHHOM YPOBHE AOCTUIHeT 100%.
3TOT ypoBeHb Ha3biBaeTCA YPOBHE, M KOHAEHCauUmn zk (puc. 8).

Ecnu BnaxHasn, Tenepb Y>Ke HacblleHHas YyacTuua nogHuMaeT-
CA BbllLE YPOBHS KOHAEHCauuu, TO BC/eACTBME AaibHELWero noHu-
XEHUA TemnepaTypbl HauyHeTCA KOHAeHcauus BogsHoro napa. lMpu



KOHZeHcauuu BblAenseTcs
CKpbiTas TennoTta napoo6pa-
30BaHuA (okono 2.5 MIx npwu
KOHeHcaumm 1 Kr BOAAHOIO
napa), B pesynbTaTte 4ero Tem-
nepaTtypa 4acTuLbl Bbllle YyPOB-
HA KOHJEHCaLWW MOHMWXAEeTCH
MeffieHHee. 3TO MPOUCXOAMUT
NOTOMY, YTO YacTb paboTbl pac-
LIMPEHMNSA COBEPLUIAETCS 3a CUeT
Inc. 8. KpuBas COCTOAHUA BNaXHOro TENNOTbI KOHAEHCAUMU. Takou
Bo3ayXa. 1- cyxas aguabara, NpoLecc HasblBaldT BAXKHO-
2 - BnaxHas aguabata afnadaTuNyecKum.

KpnBasa, XapaKTepusyto-
Was M3MeHeHMe TemnepaTypbl BO3A4YLWHOW 4YacTuubl Mpu ee agua-
6aTnyeckmMx nepemelLeHNsaX, Ha3blBaeTCA KPUBOM COCTOAHMUA. YacTb
3TON KPWBOM, COOTBETCTBYHOLLAA WM3MEHEHUID TemnepaTypbl Hachl-
WEHHON yYacTuubl Npu ee agnabaTuyeckoM nofgbeme, Ha3blBaeTCH
BNa>XHOI aanabaToin (puc. 8). MameHeHWe TemnepaTty pbl YacTULbl
npu ee NogbemMe Ha efMHULY BbICOTbI MPW 3TOM MNPOLeCCe Ha3bIBaKOT

BNa>kHoaanabaTnNYecKnum rpagmeHTom (y'a).

3HayeHVs BnaxHoafMabaTMUeCKoro rpagueHTa Bcerga MeHblue
cyx0afmabaTnyeckoro 1 3aBUCAT OT BNArocofep>KaHus BO3LYLUHON
yacTuubl (MaccoBoi A0NM BOASHOrO Mapa), KOTopasi B CBOK 0Yepefb
3aBUCUT OT TeMnepaTypbl ¥ gasneHus (Tabn. 4.1).

C pocTtom TemnepaTypbl (Npyn P=const) BnaxxHoagmabaTnyeckuii
rpagueHT YMeHbLIAeTCa U NpU HU3KUX TeMMepaTypax npubamxaeTcs
K cyxoagmnabaTuyeckomy rpagueHTty C yBenunuveHnem fasneHus (npu
T—const) y' pacTeT. B peanbHbIX YCN0OBUAX, BCTPeYaKLMXCs B aT-
mMocgepe, BelMYMHA BRaXHoaaMabaTMyecKoro rpagueHTa 06bIYHO
6onbLie 0,5°C/100 M 1 meHbwe 0,95°C/100 wm.

BnaxxHoagnabaTnyecknin npouecc ABASETCA 3aMKHYTbIM (Mn
obpaTtvMbIM) TEPpMOAMHAMUYECKMM npoueccoM. Mo3TomMy npu ony-
CKaHWM BO3AYLUHON YacTuLbl TeMMNepaTypa B Heil 6yaeT NoBbIWaTbCA
no BNaxHoafnabaTn4yeckomy 3aKoHy.



Tabnuua 4./
3HaveHUs BnaxHoagmabatnueckoro rpagneHTta (°C/100 m)

p. °C
rTra -60 -40 -20 0 20 40
1000 0,973 0,950 0,856 0,658 0,532 0,315
800 0,972 0,944 0.831 0.614 0,489 0,294
400 0.968 0.914 0.730 0.478 0,371 0,243
100 0.943 0.774 0.458 0.269 0.226 0.163

Bbllwe ypoBHA KOHAeHcaLuMum TepMOAMHAMWYEeCKUin mnpouecc
MOXET pa3BuBaTbCs U Mo MHOMY. M3 obnaka, KoTopoe obpasyeTcs B
pe3ynbTaTe KOHAEHCauuu BOLAHOrO napa, MOryT BbiNajaTb OCAAKU
(Boxab, cHer). Torga Npu ONyCcKaHUW BO3AYLUHOW Y4acTuLbl B pe3ysb-
TaTe ee HarpeBaHWs BOASHOW nap cpasy YX04uT OT COCTOSIHWUSA HacblLLe-
HYs, a ee TeMnepaTy pa NOBbLILLAETCS MO CyX0aAnabaTnyecKomy 3aKoHy.
Takum 06pa3om, B paccmMaTpuBaemoin Macce BO3f4yXa NPOMU3OLLES He-
obpatumblii npouecc. Bo3gyliHas yacTuua He BepHy/lacb B UCXOAHOE
COCTOsIHME, ee KOHeYyHas TemmepaTypa OKasanacb Bbllle Ha4vanbHOW
(pnic. 9). OnucaHHbI NpoLecc Has3bIBAKT NCEBA0AANAOATNYECKUM.

BaXHbIMW  XapaKTepuCTMKaMu nceBAoaganabaTmyeckoro npo-
Liecca aBAsATCS NCeBfo3KBMBaneHTHas (T ) u ncesfonoTeHUMa bnas
TemnepaTypbl {Op). MNceBAO3KBMBANIEHTHAs TemnepaTypa - 3T0 TEM-
nepaTtypa, KOTOPYH NPUHMMaeT BO3AYLUHAs YacTuua, ecnu ee Cyxo-
afvnabaTtnyecky NOAHATL OT UCXOLHOTO YPOBHSA A0 YPOBHA KOHJAEHCca-
LMK, 3aTeM BNaXHoaanabaTnyeckn 4o NoMHON KOHAeHcaLuy BOASHOrO
napa, nocne Yero cyxoagmabatuyecku onycTuTb 40 UCXOLHOrO YpoOB-
Hs. Ecnin Xe yacTuua cyxoagnabaTnyeckmn onyckaeTcs OT YPOBHSA Mos-
HOW KoHAeHcaumu Ao ypoBHs 1000 rlla, To oHa Ha3bliBaeTCA NCEBAOMNO-
TeHuuanbHoli (puc. 9). CooTHOLWEHME MeXay 06enMy TeMnepaTypamu
MOXHO YCTaHOBWUTb Ha OCHOBaHUW ypaBHeHus MMyaccoHa (4.14):

y-\

MceBgonoTeHUManbHas TemnepaTypa SBASETCS KOHCEpPBATMB-
HOM XapaKTepuCTUKOI BO3AYLIHON Maccbl, B KOTOPOW npom3oLna
KOHAeHcauns. N3meHeHne Op CNYXWUT KONMYECTBEHHBIM KPUTEPUEM



HcagnabaTnyeckmx BO3AeACTBMIA (MPUTOKA WMAM OTTOKA Tenaa) Ha
BO34YLUHYIO Maccy.

KoHcepBaTMBHOW XapaKTepUCTUKOWA ABNSETCA U NOTEeHLMabHasA
TemnepaTypa CMOYEHHOro TepmomMeTpa (B ). 3T0 Temnepartypa, Ko-
TOPYIO MPUMET BNaXHaa yacTuua, ecnv ee onycTUTb BnaxHoagnaba-
TUYECKU C YPOBHS KoHAeHcauuu zkgo ypoeHs P =1000 rMa (puc. 9).
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Puc. 9. MceBgoaanabaTmyecknii mpouecc.
AB- cyxas aguabata. BC - BnaxHas agunabata, CD—eyxaa aguabara,
" - nceBf03KBMBANeHTHasA TemnepaTypa, BP - nceBgonoTeHLanbHas
Temnepatypa, 0'- noTeHunanLHas TemnepaTypa CMOUYEHHOIO TepMOMETPa.

4.6. KoHBekuusa. Ctpatugunkaymsa atMmocgepbl HO OTHOLLe-
HUI0 K cyxoafmnabaTnyeckomy n BraxHoagnadbaTtmnyeckomy
OBVXXEHUIO YacTuLbl BO3gyxa

B 06LeM ciyyae KOHBEKLIUS - 3TO BOCXOAsLLEE ABUXEHNE BO3-
AYLIHbIX Macc, KOTOPOe BblpaXkaeTcsl B 06pa3oBaHUK 6eCnopsgoYHbIX
CTPyV/ B BUAE «Ny3blpei» WAN «TEPMUHOB». 10 MPUYMHAM, BblI3bl-
BalOLMM KOHBEKLINIO, pa3nnyatoT cBO60AHYO (UMCTO TEPMUYECKYHO)
KOHBEKLIMIO, MOPOXAAeMYyo AeliCTBEM OAHUX TOMIbKO apXunMe0BbIX
CU/, W BbIHYX/EHHYIO (MW AMHAMUYECKYHD). B peanbHbIX yCnoBu-



AX 3eMHas MOBEPXHOCTb HEOLHOPOAHA B TEPMUYECKOM OTHOLLEHUMN.
MosTomy B aTmMocgepe BO3HMKAET HEOAHOPO4HAA KOHBeKLMS ¢ 6onee
UM MeHee MpaBW/IbHBIM MPOCTPAHCTBEHHbIM pacrnpejenieHNeM KOH-
BEKTWBHbIX 3/1EMEHTOB.

PaccMOTpyM YCN0BMS BOSHUKHOBEHUS CBOOGOAHOM KOHBeKLMK. Ha
BEPTUKABbHO ABUXYLLYIOCA BO3LYLIHYIO YacTULY eAUHUYHOT0 06beMa
LeACTBYIOT ABE CU/bI: HaMpaB/eHHAsA BHU3 CUa TSHXKECTU U HampaBJieH-
Has BBEpPX BbiTankuBawwias cuna Apxumega p cg. PesynbT upytowias
aTux AByX cun g{pe - Pj)Ha3biBaeTcs CTON NnaByyecTM.

CornacHo BTOPOMY 3aKOHY HblOTOHa, yCKOpPEeHUe 3TOr0 eAnHNY-
Horo o6bema Bo3ayxa OymeT:

— =g Pe~Pi, (4.30)
dr a P
roe g - yckopeHue cBOOOAHOro nageHus, [ n p COOTBETCTBEHHO
NNOTHOCTM BO3AYLUHOM YacTuLbl M OKPY>XXatolllero Bo3gyxa.
3amMeHUB NNOTHOCTb M3 YpaBHEHUS COCTOAHUSA, MONYYnM:

(4.31)
dt2 Pe

YpaBHeHue (4.31) Ha3blBaOT ypaBHeEHWEM YCKOPEHMSA KOHBEK-
Lun.

Ecin pasHocTb (T-T@>0, TO YCKOpEHMe KOHBEKLUU Takxe
MONMOXUTENbHO W 4YacTULA HauyMHAeT NoAHWMaTbcs BBepx. B npo-
TMBOMOMOXHOM C/lyyae, ecnum Temrnepatypa 4YacTuLbl MeHblle Tem-
nepatypbl OKPY>KalOLLero BO34yXa, TO YCKOPEHMe KOHBEKUUWU OTpuU-
LaTeNbHO W YacTuua ABMXeTCcsA BHW3. Ecnu TemnepaTtypbl YacTuubl u
OKpY>KaloLLero Bo3fyxa OfJMHaKOBbl, TO YCKOPEHUE OTCYTCTBYeT.

PacnpegeneHue TemnepaTtypbl T W [gpyrux MeTeoposiormye-
CKMX BE/IMYMH MO BbICOTE HasbiBalT CTpaTuUduUkaumeid aTmocde-
pbl. B o6uwem cnyyae BepTUKanbHOE pacnpefeneHne TemnepaTypbl
B aTMoc(epe MOXeT 6biTb AOBO/ILHO C/IOXHbLIM U PasHOOOPa3HbLIM.
PacnpegeneHne Temnepatypbl [, OKpyXXalolWeid yvacTuuy BO3AyXa,
B Pa3/InYHbIX CMOAX ¥apaKTep|/|3yeTc;| BEPTUKA/IbHbIM TpajMeHTOM

TemnepaTypbl y = LA



Bbigenum B atMocdiepe Ha KakoM-1M60 YPOBHE BO3AYLLHYO 4a-
CTULY U MEepPeMecTUM ee BBEPX WM BHU3 O UCXOLHOTO MONOXKEHUS.
OuyeBMAHO, YTO ANA TOK 4TOObLI YacTuLa He BHOCMNA KaKuUX-nubo
M3MEHeHWIi B TENJ0BOE COCTOAHME OKPYXKaloLlero BO34yxa, ee He-
06xoaMMo nepemellaTb afuabatuyecku. IsmeHeHWe TemmnepaTypsbl
yactuubl T 6yfeT xapakTepm3oBaTbCs BENUUYMHOW cyxoafmabatuye-
CKOro rpagueHTta ya CpaBHUM BENUYMHBI Y U Yaana Tpex pasfinyHbIX
CNy4yaeB pacnpejefieHUa TeMnepaTypbl Mo BbICOTe B aTMoOcdepe.

a. MpagveHT y>y . B atmMocepe Habntogaetcs cBepxagmnabdatu-
YeCKUiA rpagueHT. bygeM cumMTaTb, YTO Ha UCXOLHOM YPOBHE Zg TeM-
nepaTtypa 4YacTuLbl paBHa TeMnepaType OKpy>Katollero Bo3gyxa, T.e.
T.=T n BbiBogMM YacTULy W3 COCTOAHUS pPaBHOBECUSA, NMepemMecTuB
€e Ha ypoBeHb z . 3eCb TemnepaTypa vyacTuubl 6YAeT Bbille TeMne-
patypbl aTmocepbl: T >Te2 Ha 3TOM ypoBHe 4acTuua npuobpeTaerT,
B cooTBeTCTBMN C (4.31) nonoxutensHoe yckopeHue (puc. 10).

[MepemecTnB uya-

CTULY BHW3 Ha ypo-
BeHb zr rpge T<Teg
Noay4mMM  YCKOpEeHWe,
HanpaBNeHHOE BHU3.

B o6oux Bapu-
aHTax udactuua no-
NnyyaeT YCKOpeHue B
TOM HanpaefieHUW, B
KOTOPOM nonyymna
nepBoOHayvanbHbIli UM-
nynsc. MNpu 3atom, yem

Aafiblie CMelLlaeTcA Puc. 10. K BbiBOAY KpuUTepues

HYacTuua OT WNCXOAHO- HEyCTOMUMBOCTU. 1- KpMBaA cTpaTU(MKaLmu,
ro nosoXeHusa, Tem 2 - cyxad aguabara.

6onblie ee yCcKopeHue
M CKOpPOCTb. Takoe COCTOSIHME YacTWLbl Ha3biBAOT HEYCTOWUYUBLIM,
a cTpatudumkayms atmoc@epbl Npu y>ya HOCUT HasBaHMEe CYXOHey-
CTOIUMBOI CTpaTuUdmKaLnu.

6. MpagueHT y=y . TemnepaTtypa B aTMocepe MOHMKAeTCH C Bbl-
coToil Ha 1°C/100 m. B 3TOM cflyyae Ha BCeX TpPeX YPOBHSX:



Tlo:-l;gnTn: T T2=Ta

CnepoBaTefibHO, Ha Kakom Gbl YPOBHE HW pacnofiaranacb 4yacTu-
La, ee YCKOpPeHMe BCerfa paBHO Hy/t0. Takoe TeEPMUYECKOe COCTOSA-
HMe aTMocepbl MPKU y=ya HOCWUT Ha3BaHMWe Cyx06e3pasnuyHon (LWu
PaBHOBECHOIA) cTpaTudmKayun.

B. pagveHT y<ya TemnepaTypa B aTmocepe MOHWMXKaeTCH
BbICOTOW MeAa/ieHHee, Yem Ha 1°C/100 m. B 3ToM cny4yae Ha ypoBHe
Z2 BbinonHaeTcs ycnosue Tp<Te, M yacTuua nonyyaer otTpuuaTeb-
HOe YCKOpeHue, T.e. BYJeT ABUraTbCa K UCXOLHOMY MONOXKeHWt0. Ha
YpOBHe zn HanpoTus, T.>Tel T.e. yacTuua npuobpetaeT MOMNOXKU-
TeNlbHOe YCKOpeHue, BO3BpaLLasaCh B HayasbHOe MOM0XKEeHME. TakuMm
o6pas3om, B 3TOM c/yyae Kyaa 6bl HM 6blfa CMelleHa YacTuua ¢ UCXo-
[JHOT0 YPOBHSA, OHa BCerja Bo3BpallaeTca B UCXO4HOE NOJIOXKEeHUe No-
C/e npekpalLeHnsa Bo3feincTBMA Ha Hee. CTpaTudukauns atmocdepsbl
npy Yy<YNHOCMT Ha3BaHWe CyXOyCTONYNBOW CTpaTUuKalmm.

Bbiwe 6bI0 BbIACHEHO, YTO BAaXHOagnabaTUUecKUin rpagm-
EHT Bcerfa MeHblle cyxoajunabaTnyeckoro. Mo OTHOWEHUIO K CY-
XoafnabaTmyeckomy ¥ BnaxHoagmMabaTtuyeckomy [ABUXKEHUIO, Ta-
KMM 06pa3om, BO3MOXHbI Cliefytolimne naTb BUAOB cTpaTUmnKaumm
aTMmocdepsbl:

a) Y >¥Ya >Ya~ cyxo- 1 BnaxHoHeycTohumnBas unm abcontoTHO
HeycToliumMBas;

6)Y ~¥Y a >Y'a~ cyxobe3pa3ninuHas 1 BAaXHOHeycroiumsas;
B) Ya >Y > Ya~ cyxoycToiiumBas 1 BNaXHOHeyCcTOumMBasn;

Ya >Y =Ya~ cYX0¥cT°iumBas 1 BnaxHobespasnnuHas;

o) Ya >Ya >Y " c¥X0" n BRaxHOycTOWYMBasAs WM abCoNKTHO
ycTon4mMBasa cTpatugmkalms.

PaccmoTpum pacnpegeneHne noTeHLManbHON TemMnepaTypbl No
BbICOTE MPU pas3IMUHbIX BUAax cTpaTugmkaumm aTmocdepbl. Ans
3TOro nponorapumMupyeM M BO3bMEM MPOU3BOAHYHK MO BbICOTE OT
npaBoii 1 neBoi vacTtel opmynsl (4.12):



npn 3TOM WMHAEKC / OMycKaeM, TakK Kak paccmaTtpuBaeM npouecc B aT-
mocepe. Mpeobpasyem (4.32), NCNonb3ysa ypaBHEHWe CTaTUKN:

60_B
0

3 hopmynbl (4.33) cnegyeT, 4To npu cyxoyCToﬁqﬁgﬁ cTparu-

\ra-rf (4.33)
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CyX0ycTon4nBoM (Y<y )

4.7. CyTOuUHbIl Xof cTpaTuukaymn. Ctpatnpunkaymns
BO34YLIHbIX Macc

CTpaTuthukauma aTmocgepbl M3MeHSeTCs B TedyeHue CyToK. Hapg
CyLUei, B ycnoBMAX 60MbLIOro CYyTOYHOrO Xofa TemnepaTypbl aH no-
BEPXHOCTM NO4YBbl (OCOGEHHO NETOM) AHEM, HM)KHME CNOU BO3dyxa
CU/IbHO MPOrpeBatoTCA OT HEE U BepTUKa/bHble rpajgveHTbl TeMnepa-
Typbl BO3pacTatoT. B MpU3eMHOM C/I0e OHW MOTYT 3Ha4YMUTE/IbHO MPeBbI-
WaTb cyxoaauabaTnyeckuii rpagueHT. CTpaTudmkaums aTtmocgepsl
CTaHOBMWTCS, TaKUM 06pa3oM, HEYCTONYMBOW N BOZHUKAET KOHBEKLUS.

KoHBeKUMA 0COOEHHO BenMKa OKOMI0 MOMYAHA W B nepBble Mo-
cnenonygeHHble Yachl. M03TOMY KyyeBble 061aKa, CBA3aHHbIe C KOH-
BeKLMeN, UMeloT MakCUMa/bHOe pPa3BUTME MMEHHO MOCAe MOMyAHS.
K Beuepy cTpaTugmKaumns CTaHOBUTCS YCTOMYMBEE, & B HOUHbIE Yachl,
KOrfa Npu3eMHbIA CNOM BO3A4yXa OXNaX4aeTcs OT NOouYBbl, CTpaTU(K-
KaLus MOXeT CTaTb AaXe HaCTO/bKO YCTOWYMBOM, YTO pa3BMBarOTCS
NpU3eMHbIE MHBEPCUM TEMMepaTypsl, T.e. TemnepaTypa BO3fyxa Haj
MOYBOW C BbICOTON He MajaeT, a pacTeT. [MOHATHO, YTO KOHBEKLUS B
3TO BpPeMs CYTOK 3aTuXaeT.

WHbiMn 6yayT ycnosusa Hag mopeM. CyTOUHBIA XOf4 TeMMepaTypsbl
Ha NMOBEPXHOCTU MOpPS 04eHb Mas. M03TOMY CYLLECTBEHHOIO AHEBHOMO
YBE/IMUYEHNS HEYCTOMYMBOCTU Haf MOpeM He OygeT. CnefoBaTtesibHO,
He 6ydeT W MOCNenosyAeHHOro MakCMMyMa B PasBUTUM KOHBEKL M.
HanpoTuB, B HOYHbIE Yackl HEYCTONYMBOCTL CTpaTUPUKaLUN Hag Mo-



peM HecKO/IbKO BO3pacTaeT. ITO CBS3aHO C TEM. YTO Y MOBEPXHOCTU
MOpS TemmnepaTypa HOUbK 0CTaeTCs MOYTM TaKOM Xe, KaK U JHEM, a Ha
BblCOTax B cBOGOAHOI aTMocepe TemmnepaTypa HOYbIO MajaeT BCnea-
CTBUE M3Ny4yeHUs Bo3gyxa. M03TOMYy BepTUKa/bHble TPafVUeHTbl TeM-
nepaTtypbl Haj MOpPEM HOYbI0 HECKO/IbKO BO3pacTaloT, a BMECTe C HUMM
N SIB/IEHNS KOHBEKL MW HaL MOPEM MMEKT TEHAEHLMUIO K YCUNEHUIO.

PasHble MO CBOMM TEPMUYECKMM CBOWCTBAM TWUMbl BO3AYLUHbIX
Macc pasfnunyalTcs Mo yCNoBUAM CTpaTUmKaLuu.

TeTasa BO34ylIHadA macca [ABWXKETcA Ha 605ee  XONOAHYHO
NOACTUNAIOLLYIO NMOBEPXHOCTb. OHA NpY 3TOM OXNAXAAeTCs CHU3Y. 3TO
OXNaXKAeHMe 3aXBaTUT NPeX/e BCEro caMble HUKHME cion BM un nuwb
MOCTENEHHO W B ocnabneHHOM Buae 6yneT pacnpoCcTpaHATLCS BBEPX.
CnepoBaTenbHO, BepPTUKa/bHbIE TPagUeHTbl TEMNepaTypbl B HYKHUX
cnosx BM 6yayT ymeHblIaTbCs. B TMNNYHON Tennoi macce, 0CO6EHHO B
3VIMHee BPeMsi HaJ MaTepPUKOM, BEPTUKa/bHbIE rpafueHTbl TeMnepaTypbl
CTaHOBATCA B HUXXHEM KWU/IOMETPOBOM cnoe paBHbiMK 0,2-0,4°C/100 m.
T.e. MeHbLUEe BAaXHO-afmabaTUYecKux Ans faHHbIX ycnosuii. BM npu-
06peTaeT B HMKHUX COTHAX METPOB YCTOMUMBYIO CTPaTU(MKALNIO - He
TO/MbKO CYXOYCTOWUYMBYHO, HO U BNaXKHOYCTOWUMBYIO.

MMOHATHO, YTO NPWU 3TOM KOHBeKLMA ocnabeBaeT U NpekpaLlaeT-
cs. KoHeHcaumsa BogSAHOro napa B yCTONUMBOM Macce 6yfeT npouc-
X0AUTb B POPME TYMaHOB U HU3KMUX CNOUCTLIX 06/1aK0B, U3 KOTOPbIX
BbiMafaeT MOPOCb WX 3UMOIN MENKWIA CHer.

XofogHas BO3gyllHaA macca ABUXeTcs Ha 6onee Tennyk nog-
CTUNAIOLLYI0 MOBEPXHOCTb W HarpesaeTcs CHW3y. [MoaTomy B XoO-
nogHoit BM ycTaHaB/MBAKOTCA B HECKO/IbKUX HUXHUX KWUIOMeTpax
6onblUne BepTUKa/bHbIE FPagUeHTbl TemnepaTypbl, NpesbillatoLme
BnaxHoagunabatnyeckne: 0,7-0,6°C/100 m n 60nee. 3ro o3HayaerT,
4TO X0nof4Has BM npuobpeTaeT B 3TUX CNOAX HEYCTONYMBYIO CTpaTu-
(hmKaumio. B Tako macce KOHBEKLMS MOyvaeT CUbHOE pasBuTue, a
KOHJeHcauMs BOASHOIO napa MPOMCXOAWT B BUAE KYUYEBbIX U Ky4eBO-
[,0XeBbIX 06/1aKOB C BbIMaalLWUMUN U3 HUX IMBHEBLIMU OCaAKaMW.

MeCTHble BO3AYLLUIHbIE MACChl 3UMOM, HafJ OXNaXAEHHOM CyLUeid,
CTAHOBATCA YCTOWYMBLIMW, & NIETOM, Haj Harpetoil MOYBON, - He-
yCTONUMBbLIMU. [103TOMY 3MMOW Haj CyLleil B YMEPEHHbIX LIMpOTax
npeo6nagatoT obnaka CloMCTbIX GOPM, a IETOM - KyueBble 06/1aKa.



4.8. MoTeHyManbHasa yCTOMYNBOCTb N HEYCTOMYNBOCTb

B peanbHbIX ycnoBusix HabnwofaloTcs BepTUKaibHble nepeme-
LWEeHMS KPYMHbIX 06bEMOB BO3fyxa. ITO MOXET ObiTb MpWM BOCXOAA-
WeM ABVKEHUU BO3AYLUHON Macchl BLO/b (PPOHTaNbHOW MOBEPXHO-
CTW, NpV MepeBaIMBaHUN Yepe3 FropHble XpebTbl U B APYrUX ClyYasx.
CTpatnduKauus BNaXXHOro BO3AyXa NpY TaKUX ABUXEHUSAX MOXET Cy-
LEeCTBEHHO M3MEHATLCA B 3aBMCUMMOCTM OT BEPTUKaNbHOrO pacnpege-
NeHNs OTHOCUTENbHOM BNaXKHOCTW MepeMeLLatoLllerocs Cnos Bo3gyxa.

PaccmoTpum fBa cnydyas. B nepsom cnydyae ctpatudukanms cnos
BO34yXaf0 NoAbeMaabCcoNtoTHa HeycToumea (puc. 11). OTHocMTeNbHas
BNaYXHOCTb B HUXKHe yacTu cnos (T ) 3HaunTenbHO 60MblUe, YEM B BEPX-
Heli (TB). MoaToMy yacTuua A GbICTPO AOCTUIAET YPOBHS KOHAEHCALUN
M Bbille MNOAHMMAETCA MO BAAXHON aauabaTe, NPOLO/MXKas Mef/eHHO
oxnaxparbcs. Yactnua B npoxoauT 60nee AMHHBIA NyTb NO BepTU-
Kanu, noka He JOCTUIHET YPOBHS KoHAeHcauumn (TB). CTpaTudukaumsa
cnosa (nuHua A'B') cTaHeT BNaXXHOHEYCTONYMBOIA.

Bo BTOpoOM cnyvae Hauva/ibHasi cTpaTuuKaumsa cnos Takxe ab-
COJMIIOTHO ycToiumBa (puc. 12). Ho oTHOCUTENbHAA BAAXHOCTb C Bbl-
coToli yBenmuusaetcs. Ipn nogbeme €05 BO3LyXa YPOBEHb KOHAEH-
cauum ans ero HkHen yactu (T .) fLOCTUraeTca 3HaYMTENbHO NO3Xe,
yeM BepxHero (TB). Takum 06pa3om, C/O CTaHOBMTCA Npu aguaba-
TUYECKOM MofgbeMe elle 60/1ee yCTONYMBLIM.

r Z \V/

&n &A T
Puc. 11. MoTeHuManbHas Puc. 12. MoTeHuManbHasa
HeyCcTO4MBOCTb YyCTONUYNBOCTb



B nepsom cnyyae cTpatudukanms cnos HasblBaeTcs MNOTEH-
UManbHO HeyCTONYMBOIA. BO BTOPOM - MOTEHUWANbHO YCTOWYMBON.
MepBblil cnyyait MOXeT HabnAaTbCs, B YaCTHOM cydvae, Npyu NOAb-
emMe BO3AYLUHOM MaccCbl BAOMb HABETPEHHOW 4acTW rOpHOro xpebra.
N3meHeHne cTpaTumKaLum MOXeT NPMBECTU K KOHBEKTUBHbLIM ABU-
XEeHUsAM 1 06pa3oBaHNi0 KOHBEKTUBHbLIX 00/1aK0B.

KpuTepusimm noTeHUMaNbHON HEYyCTOWYMBOCTU WM YCTONUM-
BOCTU CNYXXMT 3HAUYeHUs TemmnepaTypbl CMOYEHHOro TepmomMeTpa (B')
Ecnu 3Ta TemnepaTypa Ha HWXKHEM YPOBHE OKa3blBaeTCA MEHbLLE,
4yeM Ha BepxHeM, T.e. BA < BB, TO 3T0O COOTBETCTBYET NOTEHLMNaNLHOWA
YCTOMYMBOCTU BO3AYLIHON Maccbl. B MPOTUBONOMOXHOM Clydae,
korga pA > OB, HabnogaeTcs NOTeHUManbHas HeyCTOMYNBOCTb.

Mpn [OCTaTOYHO BbLICOKOW TemnepaType W OTHOCUTENbHOI
BN@XXHOCTU HEOOXOAMMO YUUTHIBATb B/IMSHME BAXHOCTW, 3aMEHSS
KUHeTMYecKyto Temnepatypy T Ha BUpPTyanbHyto TS.

BepTuKanbHbIli rpagueHT TemnepaTypbi 3aMeHsAI0T BEpTU-
KaNbHbIM FpajMeHTOM BUPTYaNbHON TeMnepaTypbl
y* = (1~ 0.6085)} - 0.6Q8T(dS/dz% (4.34)

55
Tak Kak — < 0, To y$ > y.

CyxoaanabaTuyeckunii rpagueHT 3aMeHsieTcs TpagneHToOM BuUp-
TyanbHOI TemnepaTypbl YacTULbI:

Yn=-ji = (1 +0.608q)yA- 0.6087", g (435)

KpuTepumn ycToiiunBocTy aTMocdepbl C y4eTOM BMSIHWUSA BNaX-
HOCTW Ha MNNOTHOCTb NPUMYT BUA;

Y& - ¥$i> Ys —Y$b Y5 . Y$i

4.9. DHeprunsa HeycToMUYMBOCTH

Ha KaX/0M YpOBHE Ha 4acTuly [eliCTBYeT cufia nnaBy4yecTH,
nog AencTBMeM KOTOPOW coBeplliaeTcs paboTa No BEpPTMKaIbHOMY
nepemMeLL,eHNI0 3TOM YacTuubl, onpegensemas no opmyrne:



C yuetom (2.9) n (3.4), nonyunm:

dE,=-Rc(T,-Te)— (4.37)

MpowuHTerpupyem (4.37) B npegenax ot Pp rge E=0 go P,, rae
(4.38)

roe E - 3Heprms HeycTOMYMBOCTM CNOS MeXAy YPOBHAMMU, Ha KOTO-
pbiX faBneHue pasHo Pyn P,

B cnyyae HeyCTOWYMBOWA cTpaTudmkauum pasHocTb (T-Te>O
AKX y>ya U 3HEeprus HeycTOWYMBOCTWU MNONOXWUTeNbHa. Ecim T<Te
TO B 3TOM C/I0€ 3HEPrUs HEeyCTOWYMBOCTWM oTpuuaTenHa. Kpusas
CTpaTUMKaLMM NEXUT NpU 3TOM NpaBee KPUBO COCTOSHUS.

4.10. TepmognHammnyeckmne rpaukm

Mpy aHann3e pesy/sbTaTOB METEOPOJSIOTMYECKNX HabMOLEHUA 1
30HAMPOBaHNA aTtMocepbl LIMPOKO WMCMNOMAb3YIOT TakK Ha3blBaeMble
TepMOAMHAMMYECKMNe rpadmkn. bonblloe pacrnpocTpaHeHWe nonyyu-
na asponormyeckas guarpamma (puc. 13). Ha npsimoyronbHom 6naHke
AunarpamMmmbl no ocu abcumucc oTnoxkeHa Temnepatypa (/°C), no ocu
opAvHaT - gaBneHune B norapudmunyeckoin wkane (IgP). Ha 6naHke
HaHeceHbl TakKxe Heobxof4MMble AN aHanM3a CoCTOsAHMUA aTMocgepsl
cnegytoue ceMelicTBa KpMBbIX: M30TEPMbI - MPsAMble, NapanfesbHble
ocu opanHat (npoBefeHbl Yepe3 1°C ans 3HayeHmMin Temnepatypsl - 80
40 40°); n306apbl - npamble, napannenbHble ocn abeymce (dYepes 10
rfa gna 3HayeHwii gaBneHus ot 1050 go 10 rlMa); cyxume aauabaTbl
- KpUBble COCTOSHUSA CYXO MW BaXXHOW HeHaCbIWeHHOW YacTubl;
BNaXHble afmabaTbl - KpuBble COCTOSAHWUS BM@XXHOIO HACbILEHHOrOo
BO34YyXa; N30 TPaMMbl - KPWBbIE PaBHbIX 3HAYEHWI A MacCoBOW 40N BO-
OSHOTO napa B COCTOSHWUW HACbILWEHWS; paccTosHUA (B rMN.M) Mexay



rNaBHbIMU N306aPUYECKMMIN MOBEPXHOCTAMU NPW CpefiHein Temnepa-
Type Cnos; BUPTYyanbHble J06aBKN B COCTOSAHMUMN HACbILLEHUS.

mh

TemnepaTypa
Puc. 13. Asponoruyeckas guarpamma.
CnnowHbIe NNHWW C BONbLINM YI/IOM Hak/IOHa - Cyxue aanabaTbl, C MEHbLIUM
Yr/IOM HakNoHa - BflaXHble agnabatbl, NYHKTUPHBLIE NMUHU - U30/IMHUN
MaccoBOI [ONM BOAAHOrO napa A1 COCTOAHWSA HACbILLEHUS.

Hapsagy ¢ npsMoyrofibHbIMy 61aHKamMyU Ha NpPakTUKe WCMOoJb-
3YHOT KOCOYrofbHble GnaHKM a3ponornyeckoi gmarpammbl. Ha mx
130TePMbl MPEACTaBAAT COG0 HAKNOHHbIE NPSMble IMHUN

C nomoLybio a3ponornyeckoin gumarpamMmMbl MOXHO PacCUUTbI-
BaTb TaKMe XapakTepuUCTUKM COCTOSHMS aTMOC(epbl Kak: TepmMoau-
HaMuueckue Temnepatypbl (NOTeHUMaNbHas, NCeBAONOTEHLMANbHAS
W 4p.); YPOBEHb KOHAEHCALUW; 3HEPTUSA HEYCTOWUMBOCTU U Ap.



1. OCHOBHble 3aKOHOMEPHOCTW MpPeo6pa3oBaHUs IHEPTUM U U3MEHEHUS
COCTOSIHMA aTMoc(epbl Nofj BAMSAHMEM MPUTOKA Tenaa OMUCLIBAKTCA MEPBbIM
HayanoMm TepMOAMHAMUKW, KOTOPOe MPUBOAUTCS K BUZY, YAOGHOMY Ans uc-
Mo/sb30BaHMs B aTMOC(HEPHbBIX MpoLeccax.

2. B nepBoM NpuGAUXKEHUN TEPMOJMHAMUYECKME NPOLLECChl B aTMOCthepe
MOXHO paccMaTpuBaTb Kak CyX0aanabaTW4eckue B CYXOM U BIaXHOM HeHa-
CbILLEHHOM BO34yXe, KaK BaXHO-aanabaTuueckne BO BIDKHOM, HACHILLEHHOM
HO3yxe. XapakTepucTUKaMu 3TUX NPOLEcCOB SBASKTCA TEPMOAUHAMUYECKME
TeMnepaTypsbl.

3. KpuTepnsmu HeyCcTOMUMBOCTM BO3AYLUHON Macchl SBASKTCA COOTHO-
LEHUS MeXAy peasbHbIM M agnabaTuueckuMu rpajueHTaMn Temnepatypbl, a
TakXKe aHeprus HeycToiMumMBoCTU. 15 NPOTSXKEHHbIX N0 BEPTUKANU CNOEB ce-
LYET yUMTbIBaTb N3MEHEHUE MO BbICOTE OTHOCUTENbHOW BNAXHOCTU.

KOHTpO/IbHbIE BOMPOChHI

1 BbiBEAUTe ypaBHeHWE MepBOro Havana TEPMOLWHAMUKW, UCMONb3ye-
MOe B ()M3nKe aTMocepsbl.

2. Kakoli npouecc HasbiBalT agmabatmyeckum? CyxoagmabaTnyeckum?
BbiBeguTe opmyny ypaBHEHUA Cyxoii aguabatbl.

3. Kakwe cBoiicTBa MMeeT NoTeHUManbHasa Temnepary pa?

4. MonyunTe ypaBHeHWE 418 NOAHON 3HEPTrMM BO3AYLIHOW YacTuLbl.

5. Kak cBf3aHa MOTeHLManbHas 3Heprua ¢ aHTponueir? C Kakoi Lenbio
MPUMEHSAIOT U33HTPONMYECKMIA aHanm3?

6. OxapakTepu3yiiTe BNaXHO- 1 NceBgoafmabaTnyeckuii NpoLecchl.

7. Kakoil cmbicn nMeeT ypaBHeHWe KOHBeKUun? Kputepum ycToiiumso-
CTW MO OTHOLUEHMNIO K CYXOMY U BIaXKHOMY HaCbILLLEHHOMY BO3AYXY.

8. Kak nsmeHsetcs cTpatudukanma atmocdepsl B CYyTOUHOM Xoge? B pas-
NINYHbBIX BO3AYLLHbIX Maccax?

9. Korpa n kak B aTMOC(hepe BO3HMKAeT NOTEHLMaNbHasA HeYyCTOMNYMBOCTb
W noTeHUManbHas ycToRYnBOCTb?

10. YTo npefcTaBnseT coboi 3HEPTrUS HEYCTOWYMBOCTU?

11. Yto npeacTaBnsaoT co60ii TepMogmMHamMuyeckme rpagukn? C Kakoin
Lieflblo OHU NpUMeHatoTCA?



nasa V. PAQVNALVNOHHbLIN PEXXM ATMOC®EPDI

OCHOBHbIe MOHAT KA

1. 3aKOHbI N3NyYeHnA

e 3akoH lMnaHKa - 3aKoH pacnpefefieHns sHeprum B CNekTpe
n3nyyYeHns abCcoMOTHO YEpHOro Tena no A/IMHam BOJH.

» 3akoH Kupxrogha - B ycnoBusax TepMOAUHAMUYECKOTO paB-
HOBECMA OTHOLLEHWE M3Ny4vaTesibHOl CNOCOBHOCTM Tena e.
4Ns ONpefeNieHHON ANUHBI BOSHBI 1 1 abCONOTHON Temne-
patypbl T K €ro nornouiaTenbHOi CNOCOOHOCTN K. eCTb Be-
NUYMHA ANS BCEX TeNl MOCTOSIHHAs, paBHas M3nyyaTeSibHOA
cnocobHocTn E. abconoTHO YepHoro Tena (ugeanbHOro
TeMMepaTypHOro nusnyyatens) npu Tex Xe yCN0BUSX.

e 3akoH CtefpaHa-bBonbumaHa - BblpaXeHne ANs MOJIHOMO
NOTOKa M3/Ty4yeHns abCcoMOTHO YepHOro Tefla B 3aBUCUMOCTY
oT ero abconTHO TemnepaTypbl T: B =aT\ rae 0 - nocTo-
AHHasA CTethaHa-bonbuMaHa.

* 3akoH BuHa - BblpaxeHue cBA3M BOJIHbI MaKCUMaSIbHOro
n3nyueHus 5 abCcoMOTHO YepHOro Tesa € ero abConoTHOM
Temnepatypoi T.

2. MornoweHne pagnaumu - npespatieHme (06bIYHO YACTUYHO) Ny-
4YMUCTON 3Hepruu, nafjatolleil Ha BellecTBa, B APYroil BWUA 3HEpPruu,
0cobeHHO B TenaoTy. B atmoctepe nornowaetcs CosiHeYHas pagua-
UWsl, 3eMHOE M3/TyYeHNE U U3NYUYEHUe APYTUX CNOEB aTMocdephl.

3. PacceaHue paguauunn - npeobpasoBaHne NOTOKa paguauunm, pac-
NpocTpaHAoLWerocs B cpefe B onpefesieHHOM HanpaBfieHWU, B MO-
TOKWN BCEBO3MOXHbIX HamnpaBneHui.

4. MeTeoposiornyeckas fasibHOCTb BUAUMOCTU - BULUMOCTb Mpo-
TSAXKEHHOTO YepHOro o6bekTa Ha PoHe Heba AHEM Y FOpPU30OHTA.

5. OblIMKa - cnaboe NOMyTHEHMe BO34yXa Yy MOBEPXHOCTU 3eMU,
BbI3bIBAEMOE B3BELUEHHbIMW B HEM MeNbYaillMMU, HepasNnyumMbIMu



NUMNOM Kanenbkamy BOAbl WM KpUCTan/IMKamu nbfa. AbIMKU nNpHAa-
cl Bo3gyxy cepoBaTo-rony6oBaTbiii OTTEHOK. BuagMmMocTb npu gbIMKe
01 1 a0 10 Kwm.

ft, Mpo3payHOCTL aTMOCdepbl - CNOCOOGHOCTbL aTmoctepbl npony-
cKaTb pafuaunio (CBeT) TeX WK UHLIX AUH BOMH. Onpegenserca oT-
HOLIEHMEM WHTEHCUBHOCTW pafvauuun, nNpolleflleil CKBO3b BbIXOA-
HYI0 NOBEPXHOCTb Tena, K paguauumn, najatoLeii Ha Teno.

5.1. ConHeyHasa pagunaumn. CrnekTpanbHbIi coCcTaB.
CosiHeyHaa nocTtoAHHasA

JneKTpoOMarHNTHas 3Heprus, unsnyvaemas COMHLUEM, Ha3blBa-
eTCcA CONMHEYHOW pagnaumein unu nyyncTon 3Heprueir. MocTynas Ha
3emnto, CONMHEeYHas pagnauns B 60MblUel CBOE/ YacTy NpeBpaLlaeTcs
B Tenno.

B dhumsnke aTmocdepbl paccmat puBarOT Tak Ha3biBaeMyHo TeMne-
paTypHYI pajgvauuto, onpefenseMyto TemnepaTypoi n3nydaroLero
Tena v ero n3nyvyaTenbHOR CNOCOOHOCThIO.

Mog nsnyyatensHol CNOCOOHOCTLIO Tea NOHUMAaKT KOIMYECTBO
3HEpPrumn, n3nyyvaemMoe TeOM 4Yepe3 eAUHMYHYK noBepxHocTb (5=1
M2 B eAVHNLY BPEMEHMW BO BCEX HaMpaB/eHUsAX. ITY BENUYUHY Hasbl-
BalOT TaKXe NIyYNCTbIM MOTOKOM WK MOTOKOM paguauunu. EguHuuei
N3MepeHns 3Toi BennumHbl B CU asnsemca Ox/MZ vnn B1/m:.

W3nyuatollee Teno, B CBOK oYepefb MOrOLLaeT 3HEPruto, npu-
XOAALLYHO K HEMY OT APYruX, OKpy>arLwux Tea. Mexay Tesom 1 oKpy-
Xatouleli cpefioii IhoncxoanT NyYnCTblii TENN00OMEH, onpeaensemblii
Pa3HOCTbIO MEXAy W3/Ty4yaeMOi M MOr/ollaeMoi aHeprueid. B cnyvae
TEeNn/I0BOro paBHOBECUSI MPUX0J Ten/a ypaBHOBELLMBAETCSA ero NoTepeil.
Tak Kak 3emfisi Moay4vaeT Temnsao, NOrowWwas CoMHEYHYH paguauunto, v
TepsieT ero nyTeM COOCTBEHHOrO M3/y4YeHUsi, TO MOXHO FOBOPUTbL O
TOM, YTO OHa HaxOAWTCA B COCTOSIHUM Iy4UCTOr0 PaBHOBECUS.

Teno, ucny ckarollee paguaunio, 0xXnaxaaercs, T.e. €ro BHyTPEeH-
HAS SHEPrusa NepexoanT B NIyUUCTYHO sHepruto. Mpy NornoweHnm pa-
AUauumn nyyncTas 3Heprus NepexoauT BO BHYTPEHHIOK 3Hepruiw, a
3aTeM ¥ B Apyrve BUAbl SHEPTUN.



W3nyyaTenbHble M NOrnowaTtenbHble CBOWCTBA TeNl OMUCbIBa-
loTCA 3akoHammum Kwupxrodga. MnaHka, BuHa, CtethaHa-bonbuMaHa,
KOTOpble OTHOCATCA K TaK Ha3biBaeMOMY abCOMOTHO YepHOMY me.'iv.
AOGCONIOTHO YepHOe Tes0 MOraouwaeT BCO NajaroLlytd Ha Hero pa-
AVaunio He3aBUCUMMO OT ASIMHLI BOMHbI NPUXOAALLETO W3MYYeHUS.
CorfnacHo 3TUM 3aKOHaM, 4YeM Bbllle Temrepatypa W3nyyarLero
Tena, Tem 60Nblie 3HEPrUU OHO nosiydaeT. MakcUMyMm 3Heprumn npu
MOBbILLEHWW TeMMepaTypbl MepeMelLlaeTcs B CTOPOHY 60fiee KOpoOT-
KNX BOJTH.

N3nyuyeHne ConHLa ONUCbIBAETCA 3aKOHaMM abCoMIOTHO YepHOTo
Tena. ManyyeHne 3emMnm HECKO/IbKO OT/IMYAETCA OT 3TOM0 WU3/yUeHus.

ConHeyHas paguauusa nexuT B UHTepBane AAUH BoAH oT 0,1 fo
4 MKM, Ha JOM0 KOTOpbIX npuxoautca 99% Bceld NyYMCTON sHeprum
ConHua. Pagunaumnio B yKasaHHOM WHTepBane [AJ/IMH BOSIH Ha3blBaloT
KOpPOTKOBONHOBO paanaLnei.

Bua KpuBol pacnpefeneHus 3Heprum B COJIHEYHOM CMEKTpe
npefcTaBfeH Ha pucyHke 14. CrnekTp COMHEYHON paguauum MOXHO
YCMOBHO pa3fennTb Ha cnepyrowme yactu. YnbTpaduoneTosas pa-
avnaumsa nexuT B gnanasoHe 0,1-0,39 MKM, Ha A0O/M0 KOTOPOI Npuxo-
anTcs 9% CONHeYyHON pagnauun. Bugnumelil cBET 3aHUMaeT UHTEpBas
ANUH BOAH oT 0,40 go 0,76 MKM U BKMoYaeT 47% BCE CONHEUYHOW
pagunaunn. MouTtun cTonbko Xe (44%) NpMXoanTcsa Ha MH(pakKpacHoe
nsnyyeHue 0,77 - 4,0 MKkM. MakCcUMyM fyYMCTOA 3HEPrumn B COMHEY-
HOM CNeKTpe COOTBETCTBYET A/IMHE BOMHbLI 0KOMO 0,475 MKM, T.e. Ha
CUHe-ronybble Nyyn BUAUMON YacTu CrnekTpa.

CpaBHeHMe CNEKTPOB COJIHEYHOM pagmauum, noay4veHHbIX
3KCNEepUMEHTA/IbHbIM MYTEM U PacCUMTaHHbIX TEOPETUYECKU MO 3a-
KOHY MnaHkKa ans abCconoTHO YepHOro Tena npu Temneparty pe 0KoJo
6000 K, goBonbHO 61mM3ko coBnagatoT (puc. 14). HekoTopble pa3nu-
4nA MMEKTCA B YNbTPaunoNeToBON YaCTU COTHEYHOrO cnekTpa. JT0
roBOPUT O TOM, YTO, CTporo rosopsi. CofiHue He ABNsAeTCA abCONOTHO
YepHbIM TEe/I0M.

Mnowaab GUrypbl, 3akMlOYEHHOW MeXAy KpWBOW pacnpepge-
NEHNS 3HEPTMM B COMHEYHOM CMEKTPe M OoCbto abcumcc (Ha Hel OT-
NOXeHa ANnnHa BofHbl) (puc. 14), YACNEHHO paBHa MOMHOW 3HEpPruu,
noctynatowein oT CofHUa Ha BEPXHIKOK rpaHuULy atmocgepbl. 3Ty



Puc. 14. PacnpegeneHne 3Hepruu B CNEKTPe CO/IHEYHON paguauun o
noctynnenua B atmocdepy (1) u B cnekTpe abcoNoTHOrO YEPHOTo Tena
npu TemnepaTtype 6000 K (2).

O6nacTu cnekTpa: Y® - ynbTpagunoneTosas.

B - Bugumas, MK - nHdpakpacHas.

3HEPruI0 HasblBalOT COMTHEYHON NOCTOAHHOIW. CoNHeYHas NoCTOsH-
Haa (CI) - 3TO KO/IMYECTBO COMTHEYHOI paguauuu, nocTynawLee Ha
BEPXHIOK FpaHnLy 3eMHOI aTMocdepbl B e4UHULY BpeMeHU Ha eau-
HUYHYH MOBEPXHOCTb, NEPNEHANKYNAPHYIO COMHEUHbIM flyyaM, Mpu
cpefHeM pacctosaHun 3eman ot CosnHua.

UuncneHHoe 3HayeHue CI1 B HacTosLwee BpemMsi NPUHATO PaBHbLIM
(1,367+0,007) kBT/M2

BennuunHa CIT M3meHseTcA B TeYeHMe roja B CBA3U C TeM, 4TO
3emns Bpalaetca BOKpyr CofiHLA MO Mano BbITAHYTOMY afiavncy. B
Hayane fHBapsa 3emns Hambonee 6/M3Ko noaxoAuT K ConHuy (147
M/IH. KM), B Hadane uons - Hanbonee ganeka ot Hero (152 MAH. Kwm).

B pe3ynbTaTe 3TOro BeNMYMHA COMHEYHOI MOCTOSHHON MOXET
N3MEHATLCA B TeyeHue roga B npegenax £3,5%. Ha senuunHy CrI1
BAUSIOT TakKXe COJIHEeYHas aKTUBHOCTb W HEKOTOpble ApYyrue actpo-



KOMUYeckne (akTopbl (M3MEHEHME MIOTHOCTM MEXMaHETHON W
MeX3BEe34HON cpedbl v ap.).

Ha ocBeweHHoe ConHueM nofywwapue 3emnun na BEPXHIOK rpa-
HULY aTMocgepbl NPUXOLAUT KOMYECTBO COSIHEYHOW 3HEpruun, pas-
HOe MpPOU3BeAEeHUI0 COSIHEYHOW MOCTOAHHOM Ha NoLWajb OCBELLEH-
HON yacTu. KonuyecTBo 3TOI 3Hepruu coctaBnseT okono 1,72-10'
BT. 3a rog 3emna nonyvaet 5,44-1024 >k Tenna.

B cpegHeM Ha KaX[blil KBaApaTHbIA KUIOMeTP 3€MHON MOBEpPX-
HOCTM B rof npuxoautca 4,27 10'6 4 Tenna. Ana nonyyvyeHnsa Takoro
KO/IMYECTBA Temna HY>XHO CXeyb CBbile 400 TbiC. T KAMEHHOTr0 YrI/is.
OUueHKN NOKa3blBalOT, YTO BCE CYLLECTBYIOLME Ha 3em/e 3anachl Ka-
MEHHOrO0 yrns paBHOLUEHHbI 30-1eTHEMY MPUTOKY COMHEYHOW pagua-
umn K 3emne. 3a 1.5 cytok ConHue othaeT 3emsie CTO/IbKO e 3Hep-
TMU. CKOJIbKO AA0T 3/IEKTPOCTAHL MM BCEX CTPaH B TeueHue roga. Mpu
3TOM COJIHEYHas pajuauusa, npuxogsawas K 3emsne, cOCTaBNAET BCEro
OKON0 OfHON ABYXMUWUNANAPLAHON 40NN BCero usnydeHnsa ConHua.

Taknm 06pa3oM, OrpoOMHbIE MOTEHLMANbHbIE 3amacbl COTHEYHON
3Hepruy No3BOMIAKOT UCMO/Mb30BaTb ee B KAYECTBE OCHOBHOIMO MCTOY-
HUKa 3Heprum Ha 3emne.

5.2. TornouwieHne 1 paccesiHue COTHEYHOW pagnaynm
B aTmocepe

ConHeyHasa pagmaumsa, noctynatollas na BepPXHIOK rpaHuly at-
mMoctepbl 3eMaM, YaCTUYHO pacCenBaeTcs MOJSIEKYy/NaMy BO34yxa, a
TaKXKe TBEPAbIMU U XUAKUMU MpumecsiMu (a3po30namu), cofgepxa-
WwmMuca B atmoctepe. YacTMUHO CONHeYHas pajuaLlmsa noraowaercs
rasoBbIMM 1 a3p030/IbHBIMM KOMMOHEHTaMu BO3Ayxa. B pesynbTate
paccesiHUs W MNOrNOLWeHUs paguaumm B aTMocepe MPOUCXOAUT ee
ocnabneHue, ¥ NOTOK pajuauuu, fowenwnii 4O NOBEPXHOCTU YMeHb-
waeTca. Tak KakK MpoLEecChl MOr/OWEHUS N PacCesHUS UMEHT cefek-
TVBHbIV (M36MpaTeNbHbIA) XapakTep, TO MNPY NPOXOXAEHMMN Yepes aT-
Mocepy M3MeHSeTCA CNeKTpabHbIA COCTaB COMHEYHOW paguaunm.

B aTmocdepe nornowaetcs cpaBHUTENbHO HebO/bLIOE KoNUye-
CTBO CO/IHEYHOW pagnaumn B MHMPaAKPaCHOI YacTy CnekTpa.



OCHOBHbIM NOFNOTUTENEM COMTHEYHOW paguaunmn ABASETCA OYOH.
XoTs ero cofepXkaHvie B BO3gyXxe, AaXe B cTpaTtoctepe, 04eHb Mano,
IcmM He MeHee OH HACTO/IbKO CW/IbHO MOTroLWLaeT yabTPadroneToByHo
CO/THEYHYIO paguaunto, 4YTO M3 COMHEYHOW MOCTOSHHOW TepsieTcs
«CNeACTBME MOTNOLLEHNS 030HOM HECKO/IbKO MPOLEHTOB. B pesynbTaTe
MOrnoWeHNs B MOHOC(epe M cTpaTtocdepe B CO/IHEYHOM CMeKTpe Y
YeVHOI NOBEPXHOCT W He HabntogaeTCcs BOMH Kopoye 0,29 MKM.

OCHOBHbIM MOrNOTUTENEM WH(paKpacHoW paguauuu B aTMOC-
(hepe siBNSeTCH BOAAHOM Nap. COCPefOTOYMBAKOLLMIACA NpeumylLle-
CTBEHHO B Tponocgepe 1 0CO6EHHO B HUXHe ee yacTu. XopoLo no-
r/7I0LWA0T COMHEYHYHO pajunauunio Takxe >XuAKasa Bofa B atmocdepe,
T.e. 06/1aKa, 1 TBepAble YaCTUYKN MbIIN.

Ha ocHOBe CreKTpanbHbIX U3MEPEHWA, BbIMOMHEHHbIX Hag My-
CTbIHEN, YCTAaHOB/IEHO, YTO aTMOCepHas Mbl/ib MOXET NOrAowWarh Ao
4-5% OT COMHEeYHON MNOCTOAHHOW. OCO6EeHHO CUbHOE MOraoLLeHue
CO/IHEYHOI pagmaLmm NpoMCXo4nT Npu CUALHOM 3aMYTHEHWUM aTMOC-
thepbl.

B uenom B aTmoctepe nornowaeTcd okono 15-20% papgua-
un, npuxogsawein ot ConHua K 3emne. B KakAom 0TAeNbHOM MecTe
MOrNoLLEHNE MEHSETCA C TEYEHWEM BPEMEHU B 3aBMCMMOCTU Kak OT
MepemMeHHOro COfEepXXaHus B BO3A4yXe MOrIoWarLWmnx cyocTaHuui,
rnaBHbIM 06pa3oM BOASHOMO Mapa, 06/1akoB U MblfK, TaK 1 OT BbICOTI
ConHua Haj ropM3oHTOM, T.e. OT TO/LWMHBI CN0OS BO34yXa, NPOX0OAu-
MOFO flydamun CKBO3b aTMocgepy.

CofiHeYHas paguaLms B pesynbTaTe NOrnoweHns npeobpasyercs
B ApYyrve BUAbl 3Hepruu (rnaBHbIM 06pa3om B TEM/IOBYHO, & B BEPXHUX
CNosx B NPOLECcCe MOHM3ALUN TaKXKe B 3N1eKTPUUECKYIO).

PaccesHne, 06ycoBaeHHOe (IIOKTYaunsaMyu nNaoOTHOCTW BO3AY-
Xa, Ha3blBAOT MONEKYNAPHLIM UMW P3NEEBCKUM (MO UMEHW aHrIui-
CKOF0 Y4YeHOro). PaccesiHue Ha yacTuMLax NpuMMeceil Has3blBaKT a’3po-
30/IbHbIM MM Mu - paccesHuem (M0 UMEHW UHAMIACKOrO (Pr3nKa).

dn3nyeckas CyLIHOCTb paccesHns 3akKioyvaeTca B 0coboii dop-
Me B3aMMOLENCTBMA NEepPeMEHHOro Mnons najatLeli 3NeKTpOMarHnuT-
HOI BOJIHbI C YacTULEN, Haxoaaleica B HeKOTopoli cpege. Cama Ya-
CTULA CTAHOBUTCA UCTOYHUKOM HOBbIX 3/1EKTPOMArHUTHbLIX BOJIH, T.€.
paccesHHON paguaunu.



PaneeBCKOe paccesiHne XapaKTepusyeTcs ABYMSi OCHOBHbIMU
ocobeHHOCTAMU. Bo-nepBbiX, 06Lee KOMMYECTBO PacCesHHOW eau-
HUYHbIM 06BEMOM pajualum 0YeHb CUIbHO 3aBUCUT OT ANUHbLI BOA-
Hbl NajaroLlein pagmayunn:

(5.1)

roe MHTEHCUBHOCTb PaCcCeAHHOW paguauun, J. - MHTEHCMBHOCTb
nafjatolLlein pagmaumm ¢ AAMHON BOMHBI F, @ - KO3(ULUEHT nponop-
LLMOHANIbHOCTMN.

Ecnu yCcNoBHO NPUHATb MHTEHCUBHOCTbL PaccesHUs AN KpacHo-
ro ugeta (A4=0,7 MKM) 3a eguHULY, TO ANa 601ee KOPOTKUX ASINH BON
BUAMMOTO y4YacTKa CneKTpa Mofyymm:

AMKM 0,62 0,52 0,52 0,47 0.44
kIKY 16 22 33 4,9 6.4

JT0 03HAYaeT, YTO B PacCesHHON paauauumn 6LICTPO Bo3pacTaeT
pons 6onee KOPOTKMX BOSH ((PMONETOBLIN, CUHWIA, rony6oi).

Bo-BTOpbIX, APKOCTb PacCesiHHOro LBeTa MakCMMasbHa BAOMb U
MPOTUB NafaloLLero nyya U MMHUMasbHa B HanpaBneHUsX, NepneHau-
KYNAPHbIX 3TOMY y4y. DTO 03HAYAET, YTO paccesiHNe NPOMCXOAMUT Kak K
3eMHOI NOBEPXHOCTU, TaK U B KOCMUYECKOEe NPOCTPaHCTBO. B oTnnume
OT NazlaloLLero HeNoNsSPU30BAHHOIO CBETA PACCEsSHHbIV CBET SBNSETCA
Y4aCTMYHO MONSPN30BaHHbLIM. [pK 3TOM CTeneHb NoaspM3aLnmn ans pa-
Anaummn, NpUxoasLleli oT pasHbiX y4acTKOB HE60CBOAA, HEOANHAKOBA.

A3p030/1bHOE paccesiHue, BTOM YMC/e Ha Me/IbYailLLMX Kane/ibKax
BOAbl U KPUCTaNNMKax fbAa, NPOUCXOAMT TaK, UTO MHTEHCUMBHOCTb
paccesiHHOro cBeTa 06paTHO NMPOMOPLMUOHANLHA MEPBO MAW BTOPOIA
CTENEeHW ANUHbI BOMHbI. [MO3TOMY paguauums, paccesiHHasi TaKUMM
YyacTUYKaMu, ykKe He Tak 6orata KOPOTKMMU BO/THAMM, KaK paguauus,
paccesHHas monekynamu. Kpome TOro, 4yem KpyrnHee 4actuua, Tem
CU/bHee paccesHue B HanpaBneHUW nagatollero nyda. CTeneHb no-
Nnsipu3auumn cBeTa Npu aspo30/ibHOM PAcCesHUM 3HAYUTENIbHO MeHb-
LLe, YeM MpPU MONEKYNAPHOM.

B pe3ynbTaTe MOrNOLIEHUS W PacCesiHUSI COMHEYHON pagmaumm
B aTMOC(epe MPOUCXOAMT M3MEHEHME ee CMEKTPaibHOro cocTasa B



CTOpPOHY 60nee AMMHHBLIX BOMH. Mpu nonoxeHun ConHua B 3eHUTE
(b =90°) pacnpefeneHune sHeprum B CNEKTPe MEHSAETCA Cneayrowmm
obpasoM: YO - 4%, B - 46%, NK - 50%. MNpu HakNOHEe CONMHEUYHbIX
nyyeid, coctaBnatowmx 30°. COOTBETCTBYIOLLNIA BKNAA KaXKaol yac™
crnekTpa cocTaBnseT: Y& - 3%, B - 44%, IK - 53%. Ecnn ConHue
Haxo4uTCA y FOPM30HTa, TO Ha A0 BMAUMOIO CBera NpUXOAUTCS
28% 1 Ha MH(paKpacHble nyun 72% pagmaynn.

C nornoLweHnemM 1 paccesHUeM COMHEYHOW pagualumn cBsizaHbl
HEKOTOpble ONTUYECKMe ABMEHNS B aTMocdepe.

Tak Kak Mpy paccesiHUM B UNCTON aTMOC(epe B CO/THEYHOM Crek-
Tpe y NOBepPXHOCTU 3emau NpeobnajaloT nyym KOPOTKOBOJIHOBOW Ya-
CTW BUAMMOIO CNEKTPa, TO B Heli CBET HebecHO cepbl npuobpeTaeT
CUHe-ronyobyt okpacky. M yem uuuie u cywe atmocgepa, Tem 60nee
CUHMM CTAHOBMTCA LBET Heba. [0ny60i LBET BO34yXa MOXHO BUAETD,
paccmaTpuBas OTAe/ibHble MpeAMeTbl, KOTOPble KaXyTCH OKYTaHHbI-
MK rony60BaTOi AbIMKOM.

Uem 60Mblue B BO3AYyXe a3po030/bHbIX 4acTul, Tem 60fbLuei
CTAHOBMUTCA A0NS ANIMHHOBOMHOBbLIX NyYeli B CNEKTPE CO/THEYHOW pa-
Anauuy n Tem b6enecoBaTee CTaHOBUTCA OKpacka He6ocBoAa.

Mpy nonoxeHun CoOMHUA Y ropu3oHTa COJSIHEYHbIA AWCK Mpu-
obpeTaeT XeNTyl WM faXe KPacHOBATYy H0 OKpacKy. TO CBA3aHO C
TEM, YTO YeM [AUHHee NyTb Jy4eil yepes aTMocdepy, TemM CuibHee
MX paccesHue u nornoweHue. MNMo3aToMy K MOBEPXHOCTM 3eMan fo-
XOAWUT TOJIbKO A/MHHOBO/IHOBAS 4acTb BUAMMOI 4acTu COSIHEYHOIO
cnekTpa.

PaccesHue COMHeYHOl pagnaumm B aTMocgepe 06ycnoBnuBa-
€T paccesiHHbIli CBeT B AHEBHOe BpeMsA. B oTcyTcTBUMM aTmocdepsl
Ha 3emne 6b110 6bl CBETNO TOMLKO TaM, Kyda nonajanu 6bl npsMble
COJTHEYHbIE TYYN WN COMHEYHbIE YUYU, OTPAXKEHHbIE MOBEPXHOCTbIO
3emMM 1 npegMeTaMu Ha Heldi. BcnefcTeBme paccesiHHOro ceeTa BCA
aTmocdepa AHEM CNY>KUT UCTOYHWKOM OCBELLEeHUS - AHEM CBETIO
TaKXe U TaM, Kyfa COMIHeYHble y4Yn HEeMoCPeaCcTBEHHO He nafaloT, u
Jaxe Torga, korga CosHUe CKpbITO 3a 061akamMu.

C paccesiHMeM CONTHEYHOW paguaunn B BUAUMOI YacTu CNekTpa
cBfi3aHa MeTeoposorMyeckas AaibHOCTb BUAUMOCTU. B 0YeHb um-
CTOM BO34YyX€ AanbHOCTb BUAUMOCTU MOXET AOCTUraTb COTEH KW/O-



MeTpoB. B Bo3gyxe, cogepkawem MHOMO Mbliv UKW NPOAYKTOB KOH-
AeHcaumn, AanbHOCTb BUAMMOCTU MOXET MOHMXATbCA A0 Kuome-
TPOB M A0 METPOB. Tak, Npu cnabom TymaHe AanbHOCTb BUAMMOCTM
nmeet nopsagok 500-1000 m, a NpyM CUALHOM TyMaHe WAW CUIbHON
necyaHoli 6ype oHa MOXET CHMXaTbCs A0 50 Mm.

5.3. 3akoH ocnabneHuns. XapakKTepuCcTUKN NPO3pavyHOCTH
aTMocgepsbl

Mpu NPOXOXAEHUN COMHEYHOI pagnauun Yepes atmochepy npo-
ncxouT ee ocnabneHue. CteneHb ocnabneHns 3aBUCUT OT (DU3NYECKUX
YCNOBWIA Ha MYTU COJTHEYHOTO Nyya, K KOTOPbIM OTHOCATCA MAOTHOCTb
M COCTaB BO3AyXa, a TaKXXe OT A/MHbI MyTW Nydeid yepes aTtmocdepy.

Hanbonee npocTtoii Bua nmetoT Gopmynbl ocnabneHns conHey-
HOI paguauuy 4na NoToKa MOHOXPOMATUYECKOl pagmauun. Tak Kak
NJIOTHOCTb M COCTaB BO3JyXa WU3MEHAKTCA C BbICOTOW, TO CHavana
paccMOTpUM 0cCnabneHne MOHOXPOMATMYECKOro MoToKa pafmauuun
Ha BennumHy dJ\ B TOHKOM cnoe aTmocepbl dS NIOTHOCTbL KOTOPO-
rop (puc. 15):

dJ\ ~-aJ\pdsS, (5.2)

rge J\ - KonnyecTBO paguaumu, NocTynarLiee Ha BEPXHIOW rpaHuLy
3TOro €Nos, a - Ko3aPPUUMEHT NMPONOPLUMOHANBHOCTU, TaK Ha3blBae-
MbIii MACCOBbI NOKa3aTeNb OCNABGNEHNS, N3MePSieMblid B M 2/KT.
Koathdumumnent a cym-
MapHO Y4YMTbIBa€T U MoO-
rNOlWeHNe, U paccenBaHue
COMIHEYHON paguaumn. OH
3aBUCKUT OT A/IMHbI BOMHbI Na-
Jalolleid pagnauumn, Tak Kak
MOroWeHne 1  paccesHue
ABNAETCA CENEeKTUBHbLIM MO
CBOeN npupoge.
MpouHTErpuUpyem  Bbl-
paxeHune (5.2) B npegenax o1



HOYKM J1, TAe MOTOK COMHEYHOI paguaunmn paBeH J.g A0 TOYKM B, H
MHOPOI NOTOK CO/THEYHOW pagnauun paseH J,:

cdJ' f ~a\pdS
j = ~a*] mmln=JAe (5.3)
1. A

B

BoipakeHue anJ pdS —M - 370, Macca Bo3ayxa, 3aK/0UYeHHas B
4
CTON6E C eMHNYHbLIM NMOMNepPeyHbIM cedeHneM. BbISICHUM (puU3nyeckui
cMbicn Ko3thduymeHTa a.. Ans aToro npumem, yto pdS=1kr/m2
Torga BblpaeHue (5.2) 3anuwem B BUJE:
dJ'
a>=— TI- (5-4)
[ )|

MaccoBblii Mokaszatesib 0CabfeHns YUCEHHO paBeH OTHOCK-
TeNbHOMY 0CNnabneHnto NOTOKa pagunauuy B CToNI6e BO3AyXa efUHNY-
HOW Macchl.

Beegem oTHoweHne T=M/MQ rae Ma- macca BepTUKaNbHOIO
cTonba BO34yxa eAWHWYHOIO MOMEPeYHOro cevyeHus. BenuumHy T
Ha3bIBalT ONTMWYECKOW Maccol aTMocgepbl. BennunHa T 3aBUCKT
0T BbICOTbl CO/HLA Haf ropm3oHTOM /r@ Mpwm BbicoTe ConHua 6onee
30° T, Kak 37O BMAHO 13 pucyHKa 15, MOXXHO BbIpa3nTb yepes J10

M=Mgosech 0 nan T=cosech0 (5.5)

OnTunyeckas macca aTMocepbl NPX pa3NMyHON BbicoTe ConHua
NMEET CNefyroLLme 3HayeHus:

A0 90 80 60 50 40 30 20 10 5 3 0
m 100 102 106 116 130 155 2.00 290 560 154 354

Mpeobpasyem BbipaxeHue (5.3), ucnonb3ys BennUMHbl M 1 T:
JA I, 0e-“"Mm5-6)

Beegem BennuuHy r =afMp KoTopas HasblBaeTcs ONTUYECKON
TONWMHOK aTMocdepbl, 1 3anuwem (5.6) B BUae:



BbipaxeHue (5.7) - 3T0 3aKOH ocnabneHusa WM 3akoH byre-
Namb6epTa.

[nsa xapakTepucTUKM CBOWCTB 0CnabfieHns COMHeYHOW paguma-
LMK B aTMoCtepe BBOAAT NOHATME MOHOXPOMATMYECKOro Ko3dhduum-
eHTa npo3pavyHoCcTu aTMocepsbl:

C yyetom (5.8) BbipaxkeHue (5.7) nepenuiiem B BUAE:

(5.9)

Jn=noswunwn Pn--T~ (5.10)

KoathpuuymeHT Npo3payHOCTM MOKa3blBaeT, Kakas f0N5 COMHeY-
HOM paguauun LOXOAUT 0O 3eMHOM NOBEPXHOCTU MPU MOMOXEHUU
CofHua B 3eHUTE.

KoaththmumneHT Npo3payHOCTH XapaKTepmayeT (hn3nUecKmne CBoi-
CTBa BO3AYLIHON Maccbl. UeM 6onblue cOAepXXaHWe MOraoLarLmx
CO/THEYHYHO pajuauuio rasoB M aspo30fibHbIX MPUMECe, TeM MeHb-
e KoaphuumeHT npo3pavyHocTu. Mpn aTom KoaphuumeHT npo3pauy-
HOCTW MOHOXPOMATUYECKOro MOTOKa He 3aBUCUT OT BbICOTbI COMHLa,
a cnefoBaTeNibHO, ONTUYECKOI MacChl aTMocdepbl.

KoathnumeHT npospayHocTn P aBnsieTca (yHKUMERA ANWHbI
BO/IHbI. TeopeTMyeckne pacyeTbl MOKasanu, 4TO 3aBUCUMOCTb AN
naeanbHON (CyXON M YMCTOR aTMOCepbl) UMeeT CneayoLmnin Bus:

Awmkm 035 039 045 050 060 0,70 080 100 2,00
P. 0,551 0,685 0,812 0,874 0,938 0,966 0,980 0,992 0,999

3Ta 3aBUCUMOCTb 06BACHAETCS TEM, YTO OCHOBHbIM MPOLECCOM
ocnabneHus B ugeanbHol aTMochepe ABNSETCA paccenmBaHume.

BolpaxkeHne gna ocnabneHns MHTErpanbHOro NoToKa paguauun
Mosly4ymm, NPOCYMMMPOBaB J, MO BCEM A/IMHAM BOJIH:



0 0

BbluMcneHe 3TOro MHTErpana npeacrtaBnseT 3HaUYUTESbHbIE
thyHOCTM BCNeAcTBME 3aBMCUMOCTU P OT AnvHbl BOMHbI. BBOAs
CpefiHue 3HaveHus P. nonydaem:

j :j (r' ,(5.12)

roe P - wHTerpanbHbIi KO3(hMUUNEHT NPO3PayYHOCTML.

5.4. IHTerpanbHble XapaKTEPUCTUKM NPO3PavYHOCTH
aTmocepsl

WNHTerpanbHbIn KO3MLMEHT NPO3PaYHOCTM 3aBUCUT He TOMbKO
0T (hM3MYECKOr0 COCTOSAHWUSA aTMOC(EpPbI, HO U OT BENUYMHbI ONTUYe-
ckoin maccel T. [pu yBennyeHnn T pacteT P npu HEM3MEHHOM ONTHU-
YECKOM COCTOSIHUM aTMocdepbl. 3TO CBA3AHO C TeM, YTO NpU yBenu-
YEeHWN T WM3MeHSeTCa CNeKTpanbHbIA COCTaB COJIHEUYHON pagunalun:
B 06LlEM MNOTOKE YMEHbLUAeTCs A0NS KOPOTKOBOMHOBOW paguauuun
N yBeNMUYMBaeTCcs A0Na ANMHHOBOMHOBOW, AN KOTOpPO aTMocdepa
6onee npospayHa. YKasaHHas 3aBMCUMOCTb Ha3blBaeTcA 3PEKTOM
dop6eca. Ans ycTpaHeHUs 3TOro agekTa KoapepuumeHT npo3payHo-
CTW Mo MeToAuKe, paspaboTaHHoW B 'O, NpMBOAAT K ONTMYECKOI
macce T-2.

PaccunTtbiBaeTcA KO3 MULUMEHT NPO3pavyHOCTLM Mo (hopmyne:

(5.13)

rae J - BenAMuYMHa COMHEYHOW NMOCTOSHHOW, J T2 - npaAmas CO/HeY-
Has paguauus Ha nepneHANKYNSpHY MOBEPXHOCTb, M3MEPEHHas y
NOBEPXHOCTU 3eMN U NPUBELEHHAs K ONTMYECKOW macce, paBHOIA
OBYM.

KoahthmumMeHT Mpo3payHOCTU peanbHON aTmoctepbl, Npuse-
[IEHHbIA K onpeaeneHHOR ONTUYECKO Macce, 3aBUCUT TOJIbKO OT (hu-
314ECKOr0 COCTOAHMA aTMOC(epskl, T.e. OT COAEPXaHNA B Hel aTMOcC-



(hepHbIX NpuMeceid 1 nornowarinx rasos. KoapgpuumeHT npo3pay
HOCTW 3aBMCUT OT MecCTa HabrAeHUA U OT TMNa BO3AYLUHOW Macchl,
pacnonaratouieica Hag AaHHbIM paiioHOM. KoadduumeHT npospay
HOCTU 06bIYHO M3MeHAeTca B npegenax ot 0,5 go 0,9. B cpegHux, m
60n1ee HU3KUX WKNPOTax KOIPPULMEHT NPO3PAYHOCTM MEHbLUE, YeEM
B 60nee BbICOKMX WmnpoTax. CpegHue 3HaYeHMsa KoapguumeHTa npo
3payHocTu (Npyn T=2) cocTaBnaT 0,826 Npu BbICOKON NPO3payvHOEin
atmocoepbl, 0,786 - npu MOBbIWEHHONR, 0,747 - Npu HOPMaNnbHOIA.
0,697 - npu noHwmxeHHOW, 0,652 - npu Hu3Koin 1 0,594 nNpu oYeHb
HU3KOW. KoapduumeHT Nnpo3payHOCTV MMEET XOPOLUO BbIPaXXEHHbLIM
CYTOYHbIN N TOA0BOIA XOf.

OAHUM 13 HeJOCTaTKOB KO3(P(hMLMEHTA NPO3PAYHOCTM ABASETCS
€ro HM3Kas YyBCTBMTENbHOCTb K U3MEHEHUAM NPO3PaYyHOCTM aTMOC-
(epbl. Mo 3Tol NpMUYMHe BBOAAT ApYruMe XapakTepucTUKW npospad-
HOCTHU.

®aKTOop MyTHOCTM aTMOCcepsl

(5.14)

roe r=t +T +r, (5.15)

3eCb T( TM ry- oNTUYECKUe TONWMHbI aTMocdepsl, 06YCNOBEHHbIE
COOTBETCTBEHHO OcnabneHnem pagmaLmm B CyxXol 1 YACTON (Maeanb-
HOIi) aTMocdepe, ocnabneHNeM NMepeMeHHbIMW COCTABHbIMW YacTAMMU
(B OCHOBHOM BOASHbIM NMapoM W YTNEKUCNbIM rasoM) K ocnabnieHnem
TBEPAbIMU U XUAKUMMK NpuMecsiMmu (aspo3osiem).

Mo cBoemy (PU3MYECKOMY CMbICAY ()aKTOp MYTHOCTWU NpeAcTas-
nsAet coboi Yncno maeanbHbIX atMocdep, ocnabnanWwmnx pagmaluto
TaK e, Kak peanbHasi atMocgepa. ®PakTop MYTHOCTM aTmocepbl
Bcerfga 6onblie egnHubl (7>1).

Mogctasms (5.14) B (5.7), nonyunm:

JT :qug.) Nl U Jr - )I/é.]_/m T (516)
CpaBHugas (5.9) u (5.16), nonyuum:

Pm=PurTuaulr =-, -
IgPu



B ypaBHeHuax (5.7) un (5.9) nHaekcbl A onylleHbl, Mo Tol npu-
UMHE, YTO OHU 3anncaHbl A8 UHTErpasbHON MPO3PavyHOCTHU.
Paboueli chopmynol ana pacyeTa paktopa MyTHOCTU SIBNSETCA:

7>11,51g"— (5.18)

roe JO- conHeyHas NocTosHHasA, J - MNpsAMas CONHeYHas paguaums
Mpn w=2. I, - (haKTop MYTHOCTU Npn T=2.

3HayeHMa hakTopa MYTHOCTU MpW T=2 3aBUCAT OT TuUMa BO3-
AYWHON Maccbl. HamMeHblueld Npo3payHOCTbO 06nagaeT 3KBaTo-
puanbHbIi MOPCKOI BO3AyX, B KOTOPOM 7=4,6, B MOPCKOM Tponu-
yeckom Bo3gyxe T—3,6, B KOHTUHEHTa/lbHOM Tponuyeckom [=3,49,
N KOHTUHEHTaNbHOM BO34yXe YMepeHHbIX WwupoT T-3.09, B MOPCKOM
BO34yXe YMEpPEeHHbIX WMpoT T=2,66, B KOHTUHEHTaNLHOM apKTu4e-
CKOM BO3ayxe 7=2,45. Camoe BbICOKOE 3HauyeHue hakTopa MyTHOCTHU
B apKTMYECKOM BO3fyxe cocTaBnseT 1,91. ®dakTop MyTHOCTU UMeET
XOPOLUO BbIPAXEHHbIN CYTOYHbIA 1 FOA0BOM XOA.

[na pacueTa uHTerpanbHOl NPO3pavyHOCTU WCMOMb3YETCH eLe
0f[lHa XapaKTepPUCTUKaA - MPUBELEHHbIA NOKa3aTeslb NPO3PaYHOCTU:

7>11,51g-"-
2 (5.19)

Mo cBoeMy U3NYeCKOMY CMbICNY OH NOKa3blBAeT 400 COMHEY-
HO pagunaumm, Kotopas ocnabnsercs aTMochepoi Npu NPOXOXAEHUM
COMMHEYHbIM MOTOKOM NyTW nMpn T=2. O6Lyee ocnabneHme COMHEYHON
paguauun cknafblBaeTcs M3 ee 0cnabneHus naeanbHon atmochepoit
P , BogsHbIM napom PT n aTMocepHbiM aspo3onem Pa T.e.

P, =P_+P_+P, g5.20)

OcnabneHne noToKa CO/IHEYHOW pagnauMyu B uaeanbHOW at-
moctepe B6AM3KM ypOBHA Mops npu w=2 cocTaBnseT 1,13 kBT/M2
YTO COCTaBNAET B eAMHMUax nokasatensd ocnabnedums 0,17 (17%).
MokasaTenb 0cnabneHns 3aBUCMT OT CBOWCTB BO3AYLIHON Macchl.
31MMOI B BO3AYLUHO Macce YMEePeHHOro CMOMPCKOro MPOMCXOXae-
Hua Pu cocTtaBnsiet 0,22 - 0,25, neToM B TPOMUYECKOW BO3AYLUHOWA
macce - 0,55 - 0,60.



K 3eMHOI MOBEPXHOCTM COMHEYHAa paguauusa NPUXOAnUT B Buie
NPAMON 1 pacCesHHON pajmaluu.

Mog NPAMOIA CONHEYHOW pagnalmeil NoHMMAOT paguauuto, fo-
XOAAWYH0 40 MecTa Habno4eHWA B BUAE NyyKa napaniefibHbIX nyyel
HenocpefCcTBEHHO OT ConHua. V3MepsiloT MpPsSMYH0 COMIHEYHYK pa-
Avaumnio Ha nepneHaMKynsapHyt nydam (J) v ropmsoHTanbHyto (J )
nosepxHocTh (MHconsuma). Ob6a Buaa pagmaunn 3aBUCAT OT CleayHo-
WX (haKTOPOB: COMHEYHOWN MOCTOAHHOW, BbICOTbl COMHLUA Hag ropu-
30HTOM (h(@, KoTOpas, B CBOK OYepefb, 3aBUCMT OT LUMPOTbl MecTa
HabnogeHnn 1 cknoHeHUs ConHua; OT (PU3MYECKOro COCTOSHUA aT-
mMocgepbl, T.e. ee NPo3pavyHOCTLN; OT KOAMYeCTBa M Tuna 06navyHoCcTU
NN TymaHa.

MpaAmaa conHeyHana paguaunsa npu 6esobnayHom Hebe mmeet
[O0BO/IBHO MPOCTOA CYTOYHbLIA X0f4 C MakCMMYMOM B OKOJ0MONy-
[leHHble Yacbl. B KOHTUHEHTaNbHbLIX pailoHax YacTo HabnwjaeTca
aCCUMETPUYHOCTb CYTOYHOro xofa npsMoil paguauumn, obycnos-
NeHHas pasnuuMem npo3pavyHoCcTM aTMocdepbl B AO0- M Moche-
nonyfeHHble 4yacbl. JleToM nocne NoNyAHs atmocgepa 6onee 3a-
MyTHeHa, 4eM [0 NonyaHa. 3MMON MOoXeT HabnogaTscs 06paTHOe
fB/eHNe BCNeACTBUE BAUSHUE WHBEPCUOHHbLIX CMOEB, 0COBEHHO B
YTPEHHUE Yachl.

Tabnmua 5.1
MakcumanbHble 3HadyeHusa J  (kBT/m2)
a) NYHKTbI pacnono>xeHbl HU>Ke 500 M Hag ypoBHEM MOpS

MyHKT Jna MyHKT J o
CeBepHbIii nontoc 0,90 Mocksa 1,03
0.[nKcoH 1,04 Auwxabag, 1,01
CaHkT-MeTepbypr 1.00 TallKeHT 1.05
Ak> rek 1,05 BnagusocTok 1,02

6) ropHble panoHbl
MyHKT BbicoTa, M Jna
Takybas (Mekcuka) 2300 1.16

TAHb-LaHb 3670 1,30



3aMyTHEHHOCTb aTMoc(epbl 0Ka3blBaeT CU/bHOE BAUSHWE Ha
npuxod NpsIMOA conHeyHoli pagnauumn. B Tabnuue 5.1 npeacrtasne-
Hbl MakCMManbHble 3HavyeHWs J N8 MYHKTOB, HaXOAALLMXCA Ha pas-
HUMBIX LUMPOTaXx.

HecmoTps Ha 601bLUOE pas3nyme B LUIMPOTE CTAHLUIA, HAXOASALLUX-
ca Hke 500 M Hag ypoBHEM MOpPS, pa3nnums B JnaX HeBennKo. bonee
HUX), Ha 0. [iJMKCOH J  6onblUe, YemM B NYHKTaX, PacnofiOXXeHHbIX HX-
Hee ero. OB6BLACHAETCA 3TO TEM, YTO aTMOC(epa B HA3KMX LWMPOTax Co-
[epXuT 60/bLUe BOAAHOIO napa v NpuMeceid, YeM B BbICOKMX.

BivsHMe MNOrnowieHns BOASAHbIM NapoM Ha MOTOK NpAMOW pa-
avaumn (J) BUAHO M3 CNedyoUnX AaHHbIX:

a, r/m3 2.8 4.8 6,4 57 11,5

J, kBt/™M2 0,94 0,37 0,80 0,73 0.66

ConHue BO BCeX Clyyasax HaxoAmnocb Ha BbicoTe /r0 =30°.

C yBeNMYeHNEeM BbICOTbl Haf YPOBHEM MOPS MOTOKW COSTHEUHON
paguauny BO3pacTalT, rak kak yMeHbLUaeTcs OnTU4YecKas TOJLLiu-
Ha atmocgepbl (Tabn. 5.1). MoToK .YC yBe/NMYeHMEM BbICOTbI pacTeT
CpPaBHUTENbHO OLICTPO B HVMKHMX CNOSAX U 60/iee MeANIEHHO B BEpX-
HUX.

Ha rofioBoil xof NpsAMOI CONMHEYHOW pafuaumn OKasblBaeT B/U-
fAHMe nonyaeHHas BbicoTa ConHua (/r0), KoTopas 3MMOIM MeHbLLE,
yem neToM. MUHUMa/bHblE 3HAYEHUS B YMEPEHHbIX WMpoTax Hab-
nogatoTcs 06bI4YHO B Aekabpe-siHBape. MaKkCcuMManbHble 3HaYeHus J u

NpUX0AATCA, Kak NpaBuo, He Ha IETHNE MeCALbl, a Ha Maid, NoToMy
UTO BECHOW BO34YyX MEHee 3aMblieH N UMeeT MEHbLUYIO BAQXHOCTb.

CubHOe BAWAHME Ha MNOTOK NPAMONA paguauuy oKasblBaeT
o6nayHocTb. Mpu manbix BbicoTax ConHua (go 15-20°) B cnyvae 06-
NaKoB BEPXHEro Apyca NoTok J npmbamxkaetca K Hynt0. CnomcTbie u
CMIOMCTO-A0XAEBbIe, & TAKXKEe KyyeBble 06/1aka NOMHOCTbIO 3afepXu-
BAOT MPSMYIO COSTHEUHYIO pafuaunio npu Bcex BbicoTax ConHua.

Konn4ecTBO COMHEYHOW paguauuun, nNpuxogdlieli 0T BCeX TOYeK
He6ocBoga (Kpome COMHEYHOro AUCKa) Ha eAMHUYHYH TOpPU30HTasb-
HYH MOBEPXHOCTb B €AMHMLY BPEMEHMW Ha3blBaeTcA MOTOKOM pacce-
AHHOV pagnauuu (D). MoToK paccesiHHOW pagnaymMm 3aBUCUT OT TEX XKe
(haKTOpOB, YTO W npsmas ConHevHas paguaumsa. Kpome storo. D 3aBu-
CWT OT OTpaXkaTe/ibHOl CMOCOBGHOCTM 3eMHOI NOBEPXHOCTU (anbbeao).



Mpn 6e306na4yHOM Hebe paccesHHasa pagunauns CUAbHO 3aBUCAN
OT 3aMyrHeHHOCTU atMocdeps! (puc. 16). C yBenmyeHnem Qakropa
MYTHOCTW paccesiHHas pajualus 3Ha4uMTeslbHO BO3pacTaeT, NpUyem
Tem 6biCcTpee, Yem 6onble BbicoTa ConHua.

MoTOK paccesiHHOl pagnauun 3Ha4YMTeNbHO BO3pacTaeT No Mepc-
yBENUYeHns anbbego. MNMoToK paccesHHO paagnauny npyn 6e3061a4HOM
Hebe MMeeT NPOCTOlM CYTOUHbIA XO4 C MakCMMYMOM B OKOMOMONYAEH-
Hble yacbl. B rofjoBoM XoAe MakCMMyM pacCesHHOW paguauuu mnpu
6e306na4yHOM Hebe MpMxoAaMTCs Ha NeTo, Korga BbicoTa Co/HUa Han
6onbLuas. Mpu 6e306na4HOn aTMOCHEpPe NOTOK pacCesHHOM paguauum
cocTasnseT okono 10% uHconsumm, T.e. B cpegHem 0,10-0,12 kBT/M2

O6na4yHOCTL BNeYeT 3a CO6OM CUMbHOE YBENWYEHMe NOTOKa
paccesiHHON pafmaumm M3-3a 60MbLIOTO KOAMYEecTBa KPYMHbIX pac-
CemBaloLWMxX YacTul, B BUAE Kanefib BOAblI WA NefsHbIX KPUCTaNnoBs.
MOTOK paccesiHHOW pajumaLuy CyLLeCTBEHHO 3aBUCUT OT KOMMYecTBa
n opmbl 06n1akoB. Mpu HanAMuMKM CNAOWHOro 06/1a4HOr0 NOKpPOBa
MOTOK paccesiHHON pagnaunmn Moxet gocturate 0,7 KBT/M2

C yBenn4eHnNeM BbICOTbI HaZ YPOBHEM MOPS MOTOK PacCcesHHOA

pagvaunmn ymeHbLLaeTcs.

PacceaHHaa paguauns yse-
NNYNBAETOCBELLEHHOCTb 3eMHOM
noBepxHocTu. Mpu obnayHocTy,
He 3aKpblBalOLWEA COMHEYHBbIN
AMCK, 06Las 0CBELWEeHHOCTb MO-
XeT yBennumsartbcs fo 40%.

CyMMy MOTOKOB MWHCONS-
unn (,/) n paccesHHoOl pafua-
unn (D) HasbiBalOT CyMMapHOiA
paguauuei:

Q-J’'+D (5.21)
Mpuxoa cyMMapHOn pagn-
auum 3aBUCUT OT Tex Xe hak-

6e300n1a4HOM Hebe OT (hakTopa TOpOB, KOTOPbIE  OMpPEAENnstoT

MyTHOCTW T npuW pa3nuyHoii BbicoTe npuxon NpaAMOn 1 pacceaHHOU
conHua io. pagnauunn. Mpu 6e306na4HOM

Puc. 16. 3aBUCMMOCTb UHTEHCUBHOCTU
paccesHHOI paguawmm npu



Urne oTYeTIMBO MPOSABASETCA 3aBMCUMOCTb CyMMapHOI pagmauumm
L, Mpo3payHoCTH aTMocgepbl. Mpu yBENMUYEHUN COAEPXaHNA aspo-
tofleil MpoUCXoauT MmepepacnpegeneHme NOTOKOB MPSAMORA M pacce-
SHHOW paguauun: npsmas YMeHbLUaeTcs, paccesiHHas yBenmyuBa-
eTca. B pesynbTaTe 3TOro CymMmapHasi pagvauus Nullib HECKONbKO
YMEHbLUAaeTCA.

CyTOUHbI 1 TOA0BOM X044 CYMMapHOW pagvauun aHanoru-
YeH COOTBETCTBYHLIEMY X0A4y MNPAMOIA W paccesHHOW paanauunu.
[ HeBHble 3HAUeHUs CYMMapHOI paguanuu 06bIYHO fiexxaTt B npeje-
nax 0,8-0,9 kKBT/M2

B 3aBMCUMOCTM OT KOMYeCcTBa U TUMa 061a4HOCTM N COCTOSAHUS
CO/IHEYHOIO AMCKa CYTOYHbIA X04 CyMMapHOI paguauuu MOXeT Ccy-
LLECTBEHHO pa3nnyaTbCsA ANA pPasHbIX AHEN.

YBenuyeHne 06na4yHOCTM NPUBOAUT K BO3pacTaHWUIO AONWN pac-
CESHHOW paguaunMm M yMeHbLUeHUO npsMoi. HambonbwniA BKNag
npsMoi pagvaunnm B CyMMapHyk OTMeyaeTcsa feTom. bBonbwioe
B/IMSIHME Ha CYMMAapHYH pagunaluio OKasblBaeT CHEXHbIA MOKPOB.
M3BECTHbI Cnyyau, Korga B ropax MOTOK CyMMapHOW pagnauumn nop
BAUSIHNEM OTPaXXeHWS OT COCEAHUX 3aCHEXEHHbIX CK/OHOB W 006-
NaKoB MpeBbIlWan BENYMHY COSIHEYHON MOCTOSAHHOW. Tak, Ha nuke
Tepckon (3100 m Hag ypoBHem mops) 11 mas 1962 r. npu 7 6annb-
HOW Ky4deBOl 06navyHocTM B 12 4.30 MWUH. NOTOK CyMMapHON paana-
uum coctasun 1,44 kBt/m2

5.6. OTpaxkeHHas cofiHevyHada paguaumsa. Anbbefo

CyMMmapHas paguauus, npuxogsuias K 3eMHO MNOBEPXHOCTH,
4aCTMYHO MOr/oWLAeTCs B eATeNIbHOM C/10e MOYBbI UMW BOAbI W nepe-
XO[MT B TEMJ/I0, YaCTUYHO OTpaXKaeTcs. BenmumHa oTpaXkeHns 3eMHOI
MOBEPXHOCTbIO 3aBUCUT OT ONTUYECKMX CBOMCTB 3TOW MOBEPXHOCTU
1 XapaKTepu3yeTcs BENNUYNHOW anbbeso NOBEPXHOCTM.

Anbbefo onpegenseTcs OTHOWEHWEM KOMMYECTBA OTPaXKEHHOA
pagvaLumM K CyMMapHoOil pagnaLnm, BblpaXXeHHoe B NPOLEHTax:

J,mn



TakuMm 06pa3om, M3 06LLEr0 NMOTOKA CyMMapHOI paguauuu oi
3eMHOl/ MOBEPXHOCTM OTpaxaeTcs 4acTb, paBHasg J =AQ. [Apyras
yacTb cymMmapHoii paguayuu, pasHas Q(\-A), nornouiaeTcs 3eMHoi
MOBEPXHOCTbIO M MAET Ha HarpeBaHWe BepPXHUX C0eB MOYBbl 1 BOAbI.
3Ta yacTb pagmaymmn HasblBaeTcs NOrOLEHHON pagnayme.

Anbbefo nofcTMNAKOLWeid NOBEPXHOCTU OMpejaenseTca CBOM
CTBamu 1 COCTOSAHMEM MOBEPXHOCTW U 3aBUCUT OT BbICOTbI CONHUA.

Pe3kne n3mMeHeHWs anb6ef0 NOACTMAIOLWEA MOBEPXHOCTU Ha-
6nofalTca NUWb B Nepuoibl cXo4a W YCTAHOBNEHUS CHEXHOrO Mo-
KpoBa. B Takue nepuofbl pasHOCTb MeXAy 3HauyeHUsMU anbbeso
MOoXeT gocturatb 20-30%. B ocTanbHOe BpeMs MeXAyCyTOUYHOe u3-
MeHeHune anbbeno NeToM He npeBblilwaeT 3%, 3MMOI B paiioHax Bbl-
COKMX U YMEPEHHbIX LUINPOT C KOHTUHEHTA/IbHLIM K/IMMATOM - 7%, C
MOPCKUM - 12%.

PaccmoTpum anbbefo OTAENbHbIX TUMOB 3€MHON MOBEPXHOCTH.

CHe>KHblli NOKPOB. ANb6e/0 CyX0ro CHEXXHOro NokpoBsa npu 6e3-
06nayHoIA noroge B 3aBUCUMOCTU OT DU3NKO-reorpadmyecknx ycnio-
BMI1 MyHKTa HabnoaeHnin konebnerca B npegenax 52-89%. Anbbeno
rPA3HOI0 B/IYKHOTO CHera MoXeT ymeHbwartbed go 20-30%. C yse-
NnyeHneMm 061a4yHOCTU anbb6efo CHEXHOM NOBEPXHOCTWM BO3pacTaer.
Mpn CNNOWHOM CHEXHOM MOKPOBE OHO MOXET YBe/MYMBATHLCHA Ha
2-10%. Anbb6efo CHEeXHOro MoKpoBa WM3MEHSETCA B TeYEHUEe [HS.
Mocne Bocxoga ConHua f0 NonyaHa anbbefo CyXoro YMCTOro CHeX-
HOro NokpoBa yBennumsaetcs Ha 3-8%. Bo BTOpYK NOMOBWUHY [AHA
06bIYHO 3HaYeHUs anbbeso 60/bLUe, YeM B MEPBYIO.

TpaBsHON NOKpPoB. Anbbefo TpaBAHOrO MOKpoBa Konebnercs
0T 12 0 26% B 3aBMCMMOCTW OT TYCTOThI, LiBETa, COYHOCTU TPaBbI.
Anbbeao BNaXxKHoI TpaBbl MeHbLUE anbbeno cyxoi Ha 2-3%. Anbbeo
TPaBAHOr0 NOKPOBa TaKXXe 3aBUCUT OT BbICOTbl COMHLA, B pe3y/bTare
yero anb6efo CyxOi 3e/eHON TpaBbl B YTPEHHUE U BEYEpHME Yachl
6onblUe, YeM B nojfdeHb Ha 2-9%. Anbb6efo cyxoro TpaBsAHOro Mo-
KpoBa OCEHbID B COCTOAHUMW yBAAaHUS Konebnetcs B npefenax 11-
24%, a npownorofHein rpasbl BeCHON - B npegenax 10-23%.

Aubbefi0 nouBbl. OTpaxaTe/ibHble CBOWCTBA NMOBEPXHOCTH, CBO-
604HON OT pacTUTENILHOIO MOKPOBA, 3aBUCAT OT TUMA NOYBSI, €e LiBe-
Ta, CTPYKTYPbl U BAAXHOCTU. ANb6ef0 HeYyBNaXHEHHbIX MOYB COCTaB-



HMeT 8-26%, 6enblit necok - 40%, BNaXHOM NoYBbl Ha 3-8% MeHbLUE
[*w>6eno cyxoii, 6enoro necka - Ha 18-20% meHble. B gHeBHOM xofge
anb6ef0 NOYBbI M3MEHSAETCA OT MaKCUManbHbIX 3HAYEHWIA NpU Manoi
BbicoTe COMHLUA 0 MUHUMaANbHbLIX B MNONAEHb. AMMINTYAA AHEBHOIO
yofa anbb6eno noysbl coctaBngetr 11-17%.

Anb6eno BOAHOW MOBEPXHOCTU. Anb6eno MOBEPXHOCTU BOAbI
BHYTPEHHUX BOJOEMOB 3aBUCUT OT pAaja (hakTopoB: BbiCOTbl CoMHLA
Haj rOPM30OHTOM, COOTHOLUEHUA MeXAy MpsMOR M paccesHHOW pa-
Anauunein npu gaHHoi BbicoTe ConHUa, KonuM4yecTBa 06/1akoB, cTemne-
MW BOJIHEHUA W XapaKTepUCTUK BOAOEMOB (r1y6uHbl, MPO3payvyHOCTH
BOAbl U Ap.). CpefHune MecAuYHble 3HauyeHus anbb6eno BOAHOW MO-
BEPXHOCTM 6ONbLWNUX €CTECTBEHHbIX BOAOEMOB W BOAOXPaHUNML, B
TeueHMe Masf-ceHTABPA HaxofdaTca B npegenax 7-11%, ona Menkux
- 11-16%.

AmMNAuTyfa AHEBHOro xofa anbb6efo npu OTCYTCTBMU 0061aKOB
MoxeT gocTturate 30% u 60nee. Anb6e0 NOBEPXHOCTN OKEAHOB U
MOpei Npu CNAOWHON 061a4HOCTM cocTaBnsAeT - 6- 8%.

Mpn KNMMaTM4yeckmx pacuyeTax npu 6e3ob6nayHom Hebe anbbeno
BOAHOWN NMOBEPXHOCTU Mpu BbicoTe ConHua 50-70° MOXeT 6bITb NpU-
HATO paBHbIM 4-5%, npu BbicoTe ConHua 30-50° - 6-7%.

Anbbefio Apyrux nosepxHocTel. Anbbefo XBOWHbLIX NeCOB CO-
ctaBnset 10-15%, nucTBeHHbIX necoB - 15-20%, nons pxu v nwe-
HULbl MMelT anbbefo B npegenax 10-25%, kapTogenbHble nons -
15-25%, xnonkosble nond -20-25%..

Anbb6efo o6nakoB. Anb6eao 061akoB 3aBUCUT OT TOJILWUHBI 06-
navyHocTn n hopmbl 06/1aKoB. Hanbonblwmnmmn 3HavyeHnamum anbbeno
XapaKTepmn3yeTcs BbICOKO-Ky4yeBas U CNOUCTO-Ky4yeBasd 06/1a4HOCTb.
Anbbefo cnoucTo-KyyeBoro obnaka cocrtasnser 71-73%, BbICOKO-
cnoucToi - 56-64%. Anbbeno Ky4yeBOo-A0X/AeBbIX 06/1aKOB ABNAET-
cs Hambonbwmum (36%), mepucTbiXx 06/1aKOB Haj CYL e HaMMeHb-
wum (32%).

Anbbefo 3emMHOli NOBepPXHOCTW U anbbefo 06n1akoB co3fja-
0T anbbefo 3emnm Kak nnaHetbl. [pu OTCYyTCTBUM 06/1a4HOCTM
cpefHerofoBoe anbbeno 3emnm cocTaBnsieT okono 17% B Tponu-
YECKUX W 3KBaTOPUanbHbIX WKMpoTax, U okono 50% - B NoNApHLIX.
O6navyHocTb yBenmuymBaeT anbbeno 3emnm ot 25-30% po 60%. B



Lenom, cpefHee anbb6efo Haleld nNnaHeTbl NeXWUT B npegenax ot 2)
[0 32%), T.e. OKONIO OQHOW TPETU COMHEYHON pagmauumn oTpaxkaeTtcs
B MUPOBOE MPOCTPAHCTBO.

5.7. ANNHHOBOJIHOBOE M3/1yYeHMEe 3eMHOM MOBEPXHOCTU U
aTMmocepbl. PPeKTUBHOE N3NYUYEHNE

K AAMHHOBONHOBOI pagnauun OTHOCAT paguauuio ¢ ANMHaAMU
BOMH OT 4 MKM o 100-120 mkm. K 3Toli paguaymu OTHOCATCA U3Ny-
YeHMsA 3eMHON MOBEPXHOCTM U aTMOCHEpSI.

Tak Kak TemnepaTypa 3eMau 1 aTMOCHepPbl HAMHOIO HUXe TeMne-
paTypbl CofHUA, TO U3ny4yaemMas UMU 3HepPrus NpUXoLUTCA Ha HEBUAN-
Mblii MHPaKpacHbI y4yacToOK cnekTpa. M3yyeHue cCneKTpoB ASIMHHO-
BO/IHOBO paguaLum pas3iMyHbiX NOBEPXHOCTEN MOKa3ano, YTo 3eMHYH
NOBEPXHOCTb MOXHO CUMTaTb CEPbIM TeNoM. C yyeTOM 3TOro opmyny
3akoHa CTe(aHa-bonbLMaHa MOXHO 3anucaThb B C/iefyloLWwem Buje:

BO = SaT(t (5.23)

roe BO - noTok wm3nyydeHus 3eMHOW noBepxHocTu (kBT/m2), a -
noctosaHHas CTteaHa-bonbymaHa, T- Temneparypa 3eMHON NOBepPX-
HocTu (K). 6 OTHOCMTENbHbIM KO3 MUUMEHT NOFNOWEHNUS UK NO-
rnowaTenbHas cNOCO6HOCTb 3eMHOI MOBEPXHOCTU.

3HayeHuMsa ) 419 pa3IMYHbIX NOBEPXHOCTEW M3MeHATCA oT 0.89
fo 0.99. Hambonbwein nornouiaTenbHOW CNocoBHOCTbIO 06nagaeT
cHer (4'=0,995), HammeHblWEeNn - BogHaa nosepxHocTh (4'=0.89). B
cpefHeM Ans 3eMHOW NOBEPXHOCTU S nonaratoT paBHbIM 0,95.

MOTOK M3Ny4YeHUs 3eMHOI NOBEPXHOCTWU 3HAYMUTENbHO MEHbLUE
noTtoka nsnydyeHusa ConHua, HO CPaBHUM C MOTOKOM COJIHEYHOW pa-
Anaumnmn. NocTynawWwmm Ha rOPU3OHTaNbHYIO MOBEPXHOCTb.

TemnepaTypbl 3eMHO MOBEPXHOCTM 3aK/JKOUAKTCA Mexnay
-93°C (nibgbl AHTapKTUAbl) M 77°C (NecKn MYCTbIHb), YTO COOTBET-
CTBYET M3nyyaemoi pagunauuu B npegenax 4-120 MKM, a MakCUMyM
N31Y4aeMOi 3Heprun NPUXOAUTCA Ha LNWHbI BOAH B AuanasoHe 10-
15 MKM. B{LumeeT XOpOLWO BbIpaXeHHbI# MaKCUMYM AHEM U MWUHWU-
MYM HO4bto, 61inXke K Bocxony ConHua.



ATmocthepa HarpeBaeTCs 3a CYeT MOMNOWEHUSA KOPOTKOBOAMO-
iinll conHeuHoi paguaunu (okono 15% OT BCero konuyecTsa, Npu-
BOAALLEro K 3emne), 3a cyeT NOrnoweHUs ANNHHOBONIHOBOM pajgua-
UM, N3/ly4aemoli 3eMHOI NOBEPXHOCTbIO, a TaKXXe 3a CUeT KOHAEeHca-
LMW BOASHOrO Mapa, Mcnapsaemoro o nNoAcTunarlleil NOBEPXHOCTM.
HarpeBascb, aTMocepa M3nyyaeT TakK Xe, Kak M 3eMHas MoBepX-
HOCTb, HEBUAUMYIO MHPAKPACHYO paguanuio NMpUMEpPHO B TOM Xe
nwnasoHe A/IMH BOJH.

[BCTpeuHoe n3nyyeHue aTMocdepbl onNpefenstoT Mo aMnupuye-
CKMM popmynam. B obuiem cnyvae OHO paccumTbiBaeTca no hopmyne:

BA=aaT\ (5-24)

100 a - xapakTepu3yeT W3fyyaTe/lbHYK CNOCOBHOCTb atmocgepsbl
“ 3aBMCUT B OCHOBHOM OT COfepXaHus BOAAHOrO napa, Konu4yecTsa
M BbiCOThI 06nakoB, T - Temnepatypa Bo3gyxa. Hambonee wunpokoe
pacnpocTpaHeHue nonyunna amnupuyeckas gpopmyna [.bpeHra:

BA= 0TAd\+b\4e\ (5.25)

roe a =0,526 u b =0,065, e- paBneHue napa B rfa.

Bonbwasa 4actb (70%) aTmocepHON pagmauum wusnyyvaercs
K 3eMHOli NOBEPXHOCTU, OCTanbHas 4acTb YXOAUT a MWUPOBOE MNpo-
CTPaHCTBO. ATMOCHEpPHYIO paguaLmnio, NPpMXOAALLYI0 K 3eMHON Mo-
BEPXHOCTW, Ha3blBalOT BCTPEYHLIM U3NYYEHUEM, UKW MPOTUBOU3NY-
YeHWEM MOTOMY, YTO OHO HanpaB/NeHO HaBCTPeyy COBCTBEHHOMY W3-
NYYEHN0 3eMHON MOBEPXHOCTU. [MOBEPXHOCTb 3eM/IM MOrNO0LWAeT 3TO
BCTPEYHOE M3/lyyeHue noutu uennmkom (Ha 90-99%). Takum o6pasom,
OHO ABNSETCA A4N8 3eMHON NOBEPXHOCTU BaXHbIM MCTOYHUKOM Temnna,
B A4OMOMIHEHME K NOT/J0OWaemMoli COTHEUYHOI paguayuu.

BcTpeuHoe nsnyyeHune Bo3pacTaeT C yBenMUYeHneM 061a4HoCTH,
MOCKONIbKY 06naka camu CWUIbHO u3nyyarT. [Ana paBHUHHbBIX paiio-
HOB YMEPEHHbIX LWMNPOT CPefHAA UHTEHCUBHOCTb BCTPEYHOrO U3Ny-
yeHus cocTasnset 0,21 -0,28 KBT/M2, Ha rOpHbIX CTAHUUAX - MOpsAjKa
0,07-0,14 kBT/M2 Hanbonbuee BCTpeYHOE U3NydYeHne HabnopaeTcs
y 3KBaTopa, rage atmocgepa Hanbonee HarpeTta v 6orata BOASHbIM Ma-
pom. 3gecb oHo cocTaBnsieT 0.35-0.42 KBT/M2 B cpeAHeM 3a rof, a K
NnonAapHbIM WKnpoTaM ybbiBaeT 4o 0,21 kBT/M2



OCHOBHbIM Ta3oM B armocdepe, norjowarnwWmnmM 3eMHOEe WU3-
NyYyeHue W U3NyyaroLlMM BCTPEYHOE U3NYUYEHUe, ABNSETCA BOAAHOW
nap. OH mornouiaeT UHPaAKpPaCcHyo paguauuto Hanbonee CUIbLHO U
CreKTpanbHbIX MHTepBanax 5,5-7.0 MKM n 6onee 17 MKM. B uHTep
Basie 8,5-12 MKM BOAAHON Mmap NpakTU4YeCcKU npos3payveH Ana nHgpa-
KpacHoi paguauun. Mo 3TON NpuYnHe AaHHbIA Y4acTOK CMeKTpa Ha-
3bIBalOT OKHOM Npo3payvyHocTU aTmMocdepbl. Kpome BoAsiHOro mapa,
onpejgeneHHOe BWAHWE HA MOTOKMW LIVHHOBONHOBOW pagunauum oka-
3bIBAIOT YIIEKUCAbIWA ras u 030H.

Pa3HOCTb Mexay COBCTBEHHbIM U3NYYeHUEM 3eMHO NMOBEPXHO-
CTW 1 BCTPEUHbIM U3Ny4vyeHMem aTMochepbl Ha3biBalOT 3O PEKTUBHBIM
n3nyyeHuem B -

B, B,-SB,. (5.26)

rge gBa - npotmBoM3nyyeHue aTtMmocepsl.

A deKTMBHOE M3NyUeHNe NpeacTaBiseT co60li YNCTY KO NMOTEPHD
Tenna ¢ 3eMHON NOBEPXHOCTU HOYbLIO.

WMHTEHCMBHOCTb 3(D(PEKTUBHOIO U3MlyYEeHUS B ACHbIE HOYU CO-
ctaBnset okono 0,07-0,10 kBT/M2 Ha paBHWMHHbIX CTaHUUSAX yMe-
peHHbIX WnpoT 1 go 0,14 kBT/M2Ha BbICOKOTOPHbIX CTaHUumAX (rge
BCTpPeYHOe n3nyyeHne meHblie). C Bo3pacTaHMeM 061a4HOCTH, yBe-
AnyuMBal LW el BCTPeUYHOoe usnyyeHue, apMeKTUBHOE U3NyyeHne yobl-
BaeT. B 06nayHyl0 norogy OHO ropasgo MeHbLUe, YEM B ACHYH, M03-
TOMY MEHbLUE W HOYHOE OXNaXeHne 3eMHON MOBEPXHOCTM.

[OHem athheKTUBHOE N3NyUYeHMe KOMMEHCUPYETCS NOrNOoLWeHHOW
CYMMapHOW cofHeuyHOl paguauueit. Mo3aToMy 3emMHas NMOBEPXHOCTb
B 3TW 4acbl HarpeBaeTcs, BCMeACTBME Yero, pacTeT U 3PheKTUBHOE
n3nydeHue. Houbto appekTUBHOE M3NTyHeHUe ocTaeTcs 6e3 BCAKONA
KOMMeHcalum, no3aTomy TemnepaTypa 3€MHON MOBEPXHOCTM B 3Ty
4acTb CYTOK MOHUXAETCH.

B cpefiHeM 3eMHas NOBEPXHOCTb B CPEAHUX LLINPOTax TepseT
AP heKTUBHLIM U3NYYEHNEM NPUMEPHO NONOBUHY TOr0 KONUYECTBA
Tenna, KOTOPOe OHa noayyaeT OT MOr/OLWEeHHON CymMMapHoi pa-
Anaunu.

FopoBoi xof 3h(PEeKTUBHOIO M3NTyHYeHMA Hambonee SIPKO Bbipa-
XeH npu 6e3o6navyHoM Hebe 1 B 60/ee XHbIX WwWupoTax (tabn. 5.2).



Tabnuuya 5 2
logoBoii xo4 ahheKTUBHOTO nsnyvenns (Bt/m )

Mecs 1
11yHKT CocTosHune Heba | v Vil 1 X lop
AKYTCK O6nayHo 65.0 62,4 54.2 54,2 56,5

(if =60°c.wu.) fAcHo 86,7 86.4 914 92,9 89.9
MaBnoBCK O6nayHo 31,0 60.8 65.0 37,2 46,9
(<p=60°c.Lu.) fAcHo 69.7 108,8 100,6 83,2 87,8
TalkeHT O6nayHo 49,5 72.0 102.4 83.6 77.4
("=42°c.ww.) fAcHo 72.8 102,4 108.4 975 T 9838

5.8. PagnaynoHHbI 6anaHc 3eMHON NOBEPXHOCTU U
aTMmocgepsbl

MpuTOK Tenna B BUAE NYUYNCTON IHEPTUMN ABNAETCA BaXHeNLWew
COCTaBHOM YacTbto 06LWero NpMToKa Tenna, nNoj BANSAHWEM KOTOPOro
M3MEHAETCH TEPMUUYECKNI pexum aTMocdepbl U 3eMHON MOBEPXHO-
CTW. banaHCOM Ny4YMUCTON 3Hepruu, uau pagualumoHHbIM bGanaHcoM
Tena Ha3blBaeTCs Pa3HOCTb MeXAY MOrMOLWEeHHON 3TUM Tenom pagua-
LMW M COBCTBEHHbLIM U3NyUYEHUEM.

MpuxogHaa 4YacTb pagnaLuMoHHOro 6anaHca 3eMHON NOBEPXHO-
ctn (R) cknagblBaeTca M3 MOrNOLWEHHbIX YacTeil NPAMON CONHEYHOW
(1-N)./’v paccesHHon (I-*)D pagmaumnun, a TakxXxe NPOTUBON3NYUEHNS
atmocepbl SBT Takmm o6pasom:

R=(J'+D\\-A)-B > (5.27)

roe A - anbbepo. Ba- agdekTuBHOE M3NyveHMe 3eMHOI MNOBeEpX-
HOCTMW.

Tak Kak ./' + D=Q, a Q(\-A) sBnseTca NornoweHHoW 3eMHOW
MOBEPXHOCTbLIO pagualmeid, To NOAYYUM:

R=Q{\-A)-B, (5.28)
nnm
N ~Jnorn ~ B3 (5.29)

YpaBHeHus (5.27), (5.28), u (5.29) aBnA0TCA pa3HOBULHOCTAMU
YpaBHEHWs paAnaLMoHHOro 6anaHca 3eMHO MOBEPXHOCTMU.



PagnaunoHHbIi 6anaHC 3eMHOI MOBEPXHOCTM OKasbiBaeT 60/b
Woe BAWAHWE Ha pacnpejeneHne TemnepaTypbl B MOYBE U NPU3EMHOM
cnoe aTmocdepbl, a TaKXXe Ha MPOLEecChbl UCMAPeHUs U CHeroTasHuu,
obpa3oBaHMe TYMaHOB M 3aMOPO3KO0B, NU3MEHEHNE CBONCTB BO3AYLLUHbIX
macc.

PagunaunoHHO 6anaHC M3MEHSAETCSA B 3aBUCMMOCTM OT LWKpo! m.
BPEMEHU CYTOK M roga, aTMmocepHbIX ycnosuii (06navyHocTb, npu
3payHOCTb M 4p.). PacueT 6anaHca BefeTCs 3a pa3InyHble BPeMeHLW.n'
MHTepBanbl (4ac. CyTKW, MecsL, Ce30H, rog). PagnaynoHHelin 6anat
MOXET ObITb KaK MO/IOXMWTENbHbIM, TaK U OTpULaTE/IbHbIM.

CyTOuYHBbIA X044 pagualMoHHOro 6anaHca, ero KOPOTKOBO/IHOBOWA
(RJ v gnnHHoBonHoBoOI (B) cocTaBnsitoWmMx Ans noaynycTbiHW NpK
BeJeH Ha pucyHke 17.

Mepexon pafgnayMoHHoro 6anaHca uYepes Hynb (R-0) w
oTpULaTe/IbHbIX 3HAYEHU HOYbI K MNOMOXNTENbHLIM AHEM U Hao60

poOT MPOMCXOAUT Mpw
KBTV2 BbicoTe ConHua 10-
15°. B Te4yeHue Houwu
paguaunoHHbI 6a
NaHC Mnpu OTCYTCTBUM
AN NOCTOSHHOM KO-
nuyectBe o06ia4yHOCTH
COXpaHsieTcad npakTu-
YeCKM NOCTOSAHHBIM.
Mpwn Hamumm
CHEXHOrO0 nokpoBa
B BbICOKMX LIMPOTax
B 3MMHWIA  nepuoj

Puc. 17. CyTOuYHbI X044 pagmaluoHHOro paanaunoHHbIn 6a-

6ananca Ku ero kopoTkoBonHoBoii R n B NaHC MOXeT OblTb OT-
OJIMHHOBOJTHOBOW COCTaBASAIOLWUX puuatenbHbIM B Te4e-

(KOr KasaxcTaHa, utonb 1952 r.). HUe BCeX CYTOK.
CTpenku - MOMEHT BOCXofa 1 3axofa ConHua. FoA0BOIA Xo4 pa-

AnaynoHHoro 6anaH-
ca 4Ns pasIM4YHbIX WKUPOT NpuBedeH B Tabnuue 5.3. PagnaynoHHbIl
6anaHC MOJIOXKNTENEH B HXXHbIX LWWMPOTAxX B TEYEHWe BCEro roga, B



YMEPEHHbLIX - B TeyeHue 6-8 mecsiLeB, B APKTUKE - TO/IbKO B TEYEHWE
(@l mecsueB. B neTHMe Mecsilbl 3HaYeHUss R B APKTUKE He HAMHOTO
MEHbLUE, YeM B YMEPEHHbIX WMPOTaX.

Tabnuya 5.3

FofoBoW xo4 pagunaumMoHHoro 6ananca (Bt/m2)
11yHKT Mecay log

1 v Vil X
Il.AnKcoH -37.5 -8.1 115.7 -28,2 8.4
AKyTCK -37,5 275 115,7 -15,6 22,3
('wHKT-TMeTepbypr -29.7 69.5 103.2 -1,6 31,4
1innncm 1.6 100.2 156.4 43.8 74,6
lalKeHT 5.6 106.6 150.3 44.8 79.8
"cpmes 22,0 106.9 154,9 60.8 86,4

B AHTapkTuge BCNeACTBME BbICOKMX 3HauyeHui anbbefo B Te-
YeHWe BCero rofja pajgvauMoHHbIA 6anaHc B LeNOM 3a roj Ha Bcex
CTaHLMAX, KPOME MPUBPEXHbIX, OTPULATENEH.

Ha pagvaunoHHbI 6anaHC U ero U3MeHeHWe CU/bHOE BAUSHME
OKasbiBaeT 061a4HOCTb, KOTOpas NPMBOAMT K YMEHbLUEHUIO CyMMap-
HOW pagmauum u 3pPeKTUBHOTO M3nydyeHns. Ho Tak Kak yMeHblLe-
HVWe CYMMapHO/ pagunauumn 3HauYnTenLHo 60nbLle, YeM 3PHEKTUBHOTO
N3NyyYeHUs, TO pajnalunoHHbIli 6anaHc MNpu NOSBAEHMM 06/1a4HOCTU
yMeHbLIaeTcs.

Houblo Npu oTpULLaTENLHOM pajuaLMOHHOM 6anaHce MosiBNeHUE
061a4HOCTN CONPOBOXAAEMCA YMEHbLIEHNEM 3PPEKTUBHOIO U3nyye-
HWS, N COOTBETCTBEHHO a6COMOTHOW BENMUYUHBI PaANALMOHHOTO 6anaH-
ca. YBenuuenve o6navyHoctv oT 3 40 8 6an10B Bbl3biBaeT YMEHbLIEHNWE
pagunaLnoHHOro 6anaHca B yMEPEHHbIX WKpoTax npumepHo Ha 20%.

Mpuxopn pagnaumoHHoro 6anaHca atmocepbl R4 coctaBnaoT
nomouieHHoe aTmochepoii n3nyyeHme 3emMHOK noeepxHocTn U :

U=(\-P)B0 (5.30)

roe P —koapuumeHT nponyckaHus atmocgepbl, a TakXxe norno-
LLLleHHaa el npsMas U paccesHHas cofiHeuyHas paguauus (/'. TepseT
aTtMocepa Tenso 3a CYET M3NYYEHUS B HaNpaB/EHUU K 3eMHOI Mo-
BepxHocTu (SB ) m B MupoBoe npoctpaHcTBo (Bt). Takum o6pasom:



RA=Un+q'-SBa-B,, (5.31)
c yuetom (5.30) 3anuwem
Ra ={I-P)B0 + q' —8Ba - By (5.32)

Tak kak BO-SBd =Ba3, a PB(] +B” =Ur - yxogswee B Mupo-
BOe MPOCTPAHCTBO WM3y4YeHUEe 3eMHOI MOBEPXHOCTU M aTMocCHde-
pbl, TO:

RA=q' +B3-Ua (5.33)

YpaBHeHuda (5.31), (5.32) n (5.33) npeacTaBnAT cO60i ypaBHe-
HUA pagunaunuoHHOro 6anaHca atmocgepsbl.

PacueT no ¢opmyne (5.33) nokasan, 4TO paguauuoHHbIl ba-
NaHc aTMmocepbl Ha BCeX LIMPOTax B CPefHEM 3a roj oTpuuaTeneH.
M3MeHeHMe C WMPOTOM B CeBEPHOM MONyLIapuy XapakTepusyeTcs
CcnefyoWNUMN JaHHbIMU:

<1°0-1010-20 20-30 30-40 40-50 50-6060-70

Ra,Br/m2-101  -110 -109 -92  -80 -80 -93

B knumatMuyecknx pacyetax 60onbwoil MHTepec npegcraensc!
paguaumoHHbIA 6anaHc cMCTEMbl 3eMHas NOBEPXHOCTbL - aTmocgep;!
(wnn 3eMnn Kak nnaHeTbl), NOA KOTOPbIM MOHWMAaKT 6anaHc nyvun-
CTO 3HEeprum B BepTUKaNbHOM CTON6Ge, BKAKOYAKOLWEM LeATebHbINA
CNnoi noysbl (MK BoAbl) M BClO aTMocdepy. CnefoBaTeNbHO:

R3 =R +Ra (5.34)
Yunteieaa (5.29) n (5.33), nonyyumm:

R3 —Jnmorn Y~~ce

nnu
R3=Qn-uU 00 (5.35)
roe Qn-~ + (' - cOMHeYHas pagunauns, MOrnoOLWEeHHas 3eMHOW

NMOBEPXHOCTbLIO M aTMOCHEPOI.
®opmyny (5.35) MOXHO Takxe NpeAcTaBUTb B BUJE:

R3 =J{){I-A3)-U® (5.36)

rage J o - MHCONALMA Ha BEpPXHeW rpaHuue atmocdepsl, A3- ansbeno
3eMNu Kak nnaHeThl.



PaguaynoHHbIM  Oa- v’
wnc  cucTembl  semHas 0%

MOBEPXHOCTb - aTMOC- (. ;> !

thepa MOXeT O6bITb Kak [ :

MonoXuTenbHbIM, TakK 1 /- o

TpW HatenbHbiM. B rogo- e | R — 1
nmom xoje R ,B yMepeHHbIX i /

WwupoTax 6onblle Hyns B 98 + o
TeYeHue NEeTHUX MecsueB I 1 3 td e 1V
NOTpULUATENEH OCTaNlbHOE T%W. 60  jo 0 30 (o 30K
Bpems roga. B akBatopu- Pue.18. CpefiHWii 3a rog pagunaLoHHBbIi
anbHON obnactn (Mexay 6anaHc cUCTeMbl 3eMHast NOBEPXHOCTb —
15° enn. n 15° to.w.) R3  atmocdepa no usmepeHusm ¢ MC3 B 1962-
MONOXUTENIEH B TEYEHMe 1970 rr.

1- okeaHbl, 2 - MaTepuku, 3 - 30HaNbHbIE
3HayeHus.

BCero roga. B cpegHem 3a
rogR >0 B30He 0T 3KBaro-
pa 4o WupoTel okono 35°
B CEBEPHOM MOJywWwapun - okono 40° B OXXHOM. B 30Hax OT yKasaHHbIX
WwnpoT Ao nontocos R, B cpegHem 3a rog oTpuuateneid (puc. 18).

OCHOBHble BbIBOAbI

1. OCHOBHbLIM 3HEPreTUYeCKUM WCTOUYHUKOM aTMOC(HEpPHbIX MPOLLECCOB
ABSETCA COMHEYHas pagvauus B MHTepBane A7vH BosH 0T 0,1 g0 4,0 MKM (Ko-
POTKOBOJ/IHOBas paguauus). MakcrManbHOe KOMMUYECTBO 3HEPTUU, MPUXOAsLLee
K 3eM/ie onpefensieTcsl BEIMYMHON CONMHEYHON NOCTOSHHOM.

2. B pesynbTaTe MOFMOLWEHUS W pPacCcesHUs COMHEYHOW paguauuu B aT-
mMoctepe NPoOUCXOAUT eé ocnabneHue W CMelLeHWe CNekTpa B CTOPOHY 6onee
ONVHHBIX BOJH. C MOF/IOWEHNEM U pacCcesiHUEM CONTHEYHOTO CBeTa B aTMoc(epe
CBSI3aH psif ONTUYECKUX fBMEHWI (LBET HE6OCBOAA, M3MEHEHWe LiBETA CO/HEY-
HOTFO WAW NIYHHOTO AMCKA U Ap.).

3. Mpo3payHoCTb aTMOCHepbl 3aBUCUT OT COAEPXaHWs B Hell BOASHOrO
napa 1 aTMocepHbIX a3po3osieil. s ycTpaHeHUs BAWSHUS Ha UHTErpabHble
XapaKTepuCcTUKM NPO3PaYHOCTU BEMMUMHBI ONTUYECKON MACcChl, 3HAUYEHWUS Npsi-
MOVi CONHEeYHOW pagvauumM NpUBOAATCS K ONTUYECKOK Macce, paBHOW ABYM.

4. MpuTOK Tenna K 3eMHO NOBEPXHOCTM, K aTMOC(epe M B Lie/IOM K Na-
HeTe B BUAE NYUYNCTON 3HEPTUU OMUCHIBAETCS COOTBETCTBYHOLUMMN YPaBHEHUS-
MW paguauuoHHOro 6anaHca. O6LWMUM A 3TUX YpaBHEHWi SBNSeTCS TO, YTO



OHV NpeACTaBAAT CO60M PasHOCTb MeXAy MOr/oUWeHHOR pagmaumeid n cob-
CTBEHHbIMU M3/yYEHUSAMU KaXZOro 06bekTa. 3HAUYeHWUs BCEX COCTABASIOLNX,
BXOAALLMUX B 3TW YPaBHEHUS U NX BPEMEHHbIE U3MEHEHWS 3aBUCAT OT aCTPOHO-
MWUYECKMX (PaKTOPOB (LIMpoTa MecTa, CKioHeHWe ConHLA U Ap.) U OT MeTeopo-
NOTNYECKUX (PAKTOPOB (06/1a4HOCTb, BNAXHOCTb, anbbeno u ap.).

KOHTpOsibHbIe BOMPOCHI

1. Kakoii cocTaB MMeeT COMHeYHas pagunauuns? Yto Takoe coHevHas no-
CTOAHHaA? OT Kakux (haKTOpOB OHa 3aBUCUT?

2. Kak nornowiaeTtca conHeyHaa paguaunn s atmochepe?

3. Uto npeacTaBnneT coboii paccenBaHue COMHEYHON paguaLlun B aTMOC-
(hepe? Kakue onTuyeckne ABMeHUS CBA3aHbl C HUM?

4. BbiBefieTe ypaBHeHUe Byrepa-Jlambepra.

5. [aliTe xapakTepucTUKy WMHTerpanbHbIM XapakTepucTuKam Npo3payHo-
cTu atMmocepbl. B yem 3akntoyvaetca apdekt dopbea?

6. OT Kakux (haKTOpOB 3aBMCUT MP!rXof K 3eMHOW NOBEPXHOCTW MPAMOA,
paccesiHHOW N CyMMapHO COJIHEYHOW pagmaymn?

7 YTto Takoe anbbeno? Anbb6eao ecTeCTBEHHbIX MOBEPXHOCTEN, 061a4HO-
CTN 1 3eMnun.

8. OT Kakux ()aKTOpOB 3aBWCMT ANVMHHOBOMHOBAA pagnauns 3eMHOIA
BEPXHOCTU M aTMocepbl? DPHEKTUBHOIO N3NyUeHUs?

V. YUTo npeacTaBnset coboil ypaBHeHMe pafMalMoHHOro 6anaHca 3eMHOW
NOBEepPXHOCTU?

10. OxapakTepu3yiiTe CyTOYHbI/ U rO40BOI X04 pagnaLMoHHOro 6anaHca
3eMHOW NOBEPXHOCTMW.

11. OxapakTepusyiiTe pafguaLuoHHbIA 6anaHc aTMocdepbl U CUCTEMbI
3eMHas NOBEPXHOCTbL - aTMocdepa.



Fnasa V1. TEM/IOBOE COCTOAHUE 3EMHON
MOBEPXHOCTU N ATMOC®EPbBI

OCHOBHbIE NOHAT UA

1. TensioobMeH - nepegava Tenaa OT OAHWX C/0EB WAW 4acTeid aT-
mocdepbl K Apyrum. OHa NpouCXOAMT MyTeM MepeHoca pagunauunu,
nyTem TenJ0NpPOBOAHOCTM, NPEUMYLLECTBEHHO TYpOYAeHTHOM’, 1 Npu
(ha30BbIX Npeo6bpa3oBaHMAX BOAbI.

e TennonpoBOAHOCTb - CNOCOBHOCTb BeLLecTBAa MPOBOAUTH
Tenno. B rasax M XWAKOCTAX pas3nmyatdT MONEKYNAPHYIO U
TYpOYNeHTHYO TeNNONPOBOAHOCTb.

 KOHBeKLMU - yNopsAAOUYEHHbI NEPEHOC B rase M XMAKOCTU
B BEPTMKaNbHOM HanpaBNeHUN.

* PagmaunoHHbIi - 06MeH pagualmeit pasnuYHOro poja Mex-
4y MWPOBLIM MPOCTPAHCTBOM, aTMOC(EPOI M MOBEPXHOCTLIO
3emnu.

2. Tenn0emMKOCTb -KONWYeCcTBO Tenna, Heo6XoAumoe Ans M3MeHe-
HWA TemnepaTypbl Tena eAMHUYHOW Macchl Ha 1°.

3. A0BeKLMA - nepeHoC BO3JyXa W ero CBOWCTB B rOPU3OHTA/IbHOM
HanpasneHuun. FoBopAT 06 afBeKLMU BO3JYLIHbIX Macc, 06 aaBek-
UMy Tenna, BOASHOrO napa, MOMeHTa ABVMXEHWUS, BUXPS CKOPOCTH,
nT.A.

4. TcuxpomeTpuyeckaa 6Oyaka - 6Gygka 0co60i KOHCTPYKLWM, B
KOTOPYI0O MOMELLaIT Ha MEeTeopOn0rMyYecKMX CTaHLUAX MCUxpome-
TPUYECKYH YCTaHOBKY. HasHauyeHWe NCUXPOMeTPUUYECKOWR 6yaKn -
npefoXpaHaTb HaxoAsLLMeCS BHYTPU Hee NPpMGOpPLI OT AeiCTBMSA CON-
HeYHOW pagmauunmn, N3NyYeHNs 3eMHON MOBEPXHOCTU U OKPYXatoLWnx
npeamMeTOB, a TakXe OT 0CajKOB U BeTpa.

5. Penbe) MeCTHOCTU - COBOKYMHOCTb (JOPM FOPWM3OHTANbHOIO 1
BEPTUKANLHOIO pacyNieHEeHWUs 3eMHO NOBEPXHOCTU, T.e. NOAHATUIA ©
MOHVKEHWIA, TOP, HU3MEHHOCTEN.



6. ®EH - BeTep, YacTO CUJIbHbLIWA U MOPbLIBUCTLIN, C BLICOKOW Temmne-
paTypoil N MOHWXXEHHOW OTHOCUTENIbHON BIAXXHOCTLID BO3AyXa, BO3-
HUKAKLWNIA NpU €ro HUCXOAALWNUX ABUXKEHUAX.

". MaccnTbl - BO3AYLWHbIE TEYEHUS, BO3HUKAKOLIME Ha 06paLeHHbIX
K 3KBaTOpYy nepmngepnax cyoTPONUMUYECKUX aHTULUKIIOHOB.

6.1. YpaBHeHMe TeN/1I0BOro 6asaHca 3eMHOM MOBEPXHOCTMU

1lof BANSAHMEM pajuaLMOHHbIX NU3MEHEHWUI NPOUCXOAAT Koneba-
HWUA Tenn0COAepPXaHUs TOHKOTO C/i0f, KOTOPbI Ha3blBalOT AeATeNb-
HbIM. [lesTeNbHbIA CNOW - 3TO CMIOW MOYBLI UM BOAbI, TemnepaTypa
KOTOpPOro WUCNbITbIBAET CYTOYHbIE W TOfLOBble KonebaHusa. TonwmHa
3TOro cnoga cocrasnfet Ha cywe 10-30 m, B okeaHe - 200-300 m.

PacnpegeneHvne TemnepaTypbl Ha 3eMHOI NOBEPXHOCTW W B at-
mMocepe M UX HeMpepbiBHbIE U3MEHEHUSA Ha3blBalOT TEMNNOBbIM pe-
>KVMOM 3eMHOI NOBEPXHOCT U M aTMocdepbl. TennoBoli pexxum 3em-
HOl MOBEPXHOCTM M aTMOcCdepbl ABAAETCA BaXHeNLW MM (hakTOpPOM He
TONbKO POPMMPOBAHUSA MOrofbl, HO U KAMMaToo6pa3oBaHus.

KonunuyectBo Tenna, MNOAYyYeHHOE 3eMHOW MNOBEPXHOCTbIO B
pesyfnbTaTe pajuMauuMoHHOro TennoobmeHa, onpejenseTcsd BeAUUM-
HOM pagunaunoHHoro 6anaHca R. B gHeBHOe Bpems 3Ta BenuWyMHa
MOMIOXKMUTENbHA, YTO NPUBOAUT K HArpeBaHW0 3eMHOW MOBEPXHOCTM
M ee TeMnepaTypa CTaHOBUTCA Bbllle TeMMepaTtypbl NpuerarLwero
CNos BO3AYyXa W HMXenexawynx ciaoes noysbl uam sogpl (puc. 19).

Bonee Harpetas NOBepXHOCTb 4acTb Tenja OTAAeT Npunerako-
wum cnosim sosayxa (P, kBT/M2) nyTem koHBekuuu. Yactb Tenna (Q )
nyTem MOJIEKYNSIPHOW TeNNONPOBOAHOCTM nepepaetcs 6onee rny6o-
KUM CMOAM MOYBbI MAWM BOAbl. YacTb Tenna 3aTpaymMBaeTca Ha ucna-
peHve BOASIHOTO Mapa ¢ 3eMHoi nosepxHocTu (LE), roe L - ygenbHas
TennoTa ucnapeHus, E - macca ncnapusLueinca Bogbl.

Anrebpanyeckas cymMMa BCeX NPMUXOLOB U PacxofoB Tensa Ha
3eMHOI NOBEPXHOCTU B AAHHbLIA MOMEHT BPEMEHU MPWN NOCTOSHHOW
TemnepaType NOBEPXHOCTU LO/KHA 6bITb paBHON Hyn0. ITO ycno-
BME Bblpa)aeTcs ypaBHEHMEM TennoBoro 6anaHca 3eMHON NOBEPX-
HOCTMK:
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Puc. 19. CocTaBnAtoLL /e TeNI0BOro 6anaHca 3eMHON MOBEPXHOCTU B
[HEBHOE BpeMs CYTOK

R+P+ Qn+LE=0 (6.1)

B HouHOe Bpems, Korga R<0, 3eMHas NOBEPXHOCTb OX/1laXaeTcs
M ee TemmnepaTypa CTaHOBATCA HUXe TeMMnepaTypbl BO3jyXxa U npuse-
ratoLinMx c/noes no4sbl UK BOAbl. BcrefcTBMe 3TOM0 BCe MOTOKM Tenna
MEHSAIOT CBOM 3HAK Ha MPOTUBOMOMOXHbLIA. 3eMHas NOBEPXHOCTb MO-
Nny4vaeT HEKOTOPOE KONMYECTBO Ternsa U3 aTMoctepbl NyTem Tenaonpo-
BOAHOCTW. DTUM >Xe MyTEM K Heli MPMXOAWUT Tensao M3 ray6uH nousbl
nnun Bofbl. M, HaKoHeL,, OHa NoJiy4yaeT HEKOTOPOE KO/IMYEeCTBO Tena 3a
CYeT BblAeNeHUs CKPbITOM TeMOThl NPy KOHAEHCALUM BOASHOIO napa
(pocbl) nnm ero cybnumaunmn (uHeii). B ypaBHeHun (6.1) He yuTeHbl
3aTpaThbl Tennaa Ha TagHWe CHera Wiaun nbAa; Tenno, NepeHocumMmoe ocag-
Kamu; Tenao, Nofyyaemoe OT AuccunaLmMy MeXaHM4YecKoli aHeprum se-
Tpa, BOAH, NPUANBOB M TeyeHUn. OAHAKO 3TUMU UCTOYHMKAMMW Tenna,
KpoMme 3aTpar Tefn/ia Ha TafgHWe CHera v nbaa, 06bI4YHO NpeHebperatoT.

B cnyuae, Korga Temneparypa 3eMHOW NMOBEPXHOCTU U3MeHAET-
CA. Ha OCHOBAHWM 3aKOHA COXPAaHEHWUS 3HEepPruu ANS BepTMKaNbHOro
cTon6a NoYBbl TONWMHOKW A MOXHO 3anncaTb;

b— {ChpnT)=R +P +Qn +LE, (6.2)

rae p - NAOTHOCTb MouBbl, CN- TenM0eMKOCTb MOYBbI, T - ee TeM-
nepatypa. Cnaraemoe, cToslliee B 1eBO YacTh YpaBHEHWs, XapaKTe-
pV3yeT CKOPOCTb U3MEHEHMWE TENOCOAEPXKAHUS CNOS MOYBbI TO/LLN-
HOV A B 3aBUCUMOCTW OT MEePEUYUC/IEHHBIX Bbille PakTOpoB. ToNLMnHA
3TOrO0 C/0s B NMOYBE COCTABNSAET HECKO/MbKO MUNIUMETPOB. B npaBoii
yactu (6.2) BCe MOTOKMU Temnna, KOTOPble BXOAAT Yepe3 BEPXHIOW U
HVKHIOI TpaHWubl B CI0A MOYBLI, 6EPYT CO 3HAKOM «MKOC», a Te,
KOTOpPbIE BbIXOAAT M3 CI0S. - CO 3HAKOM «MUHYC».



TemnepaTypa 3eMHO MOBEPXHOCTM MMEET XOPOLIO BbIPaXKeH
HbIA CYTOYHBIA M TOA0BOIN X04. CyTOUHbIA X04 TeMmnepaTypbl CyLu
00bI4YHO NMOBTOPSAET CYTOYHbIA X04 pagnaLnoHHOTo 6anaHca 3eMHOW
noBepXxHOCTU. CyTOUHble KoNebaHUsA TemnepaTypbl BOAbl Ha MOBepX-
HOCTU OKeaHa MMelT MakCMMyM 0K0no 15-16 4yacoB M MUHUMYM YC
pe3 2-3 yaca nocne Bocxoga ConHua. O61a4HOCTb, OCagKM M 0COBeH
HO afiBeKLUMA TeMnepaTypbl MOTYT O4YEHb CUILHO NOBAUATH HA CYTOY-
HbIA X04 TemmepaTypbl 3eMHOI NMOBEPXHOCTU. OAHAKO MOCTPOEHHas
MO MHOTOMIETHUM AaHHbIM 3a KaneHAapHbI Mecal KpuBas CyTOUYHOrO
X0fa TeMnepaTypbl MMeeT JOBOJIbHO MPAaBULHYIO hopMmy.

Pa3HOCTb MeXAY CYTOYHbIM MaKCUMYMOM U CYTOYHBIM MUHUMY -
MOM TeMmnepaTy pbl Ha3blBaeTCs CYyTOYHOW aMNIMTYyAoi TemnepaTy-
pbl. OTa BeNMYMHA 3aBUCUT He TOIbKO OT 3HAYeHUI pagmaLnuoHHOro
6anaHca, HO U 04YeHb CMLHO OT arperaTHOro COCTOSHWA 3eMHOI Mo-
BEPXHOCTM (Cywa unm Boga). Ha cylwe cyToyHasa aMnanTyaa 3aBucut
OT TOr0 Cyxas unu yBnaxHeHHas noysa. bonblyto pofib UrpaeTt pac-
TUTENbHbIA N CHEXHbI MOKPOB.

Bofa no cpaBHeHWKO C cywei o6nagaeT NMpUMeEpPHO B ABa pasa
60nbLeli 06bEMHON TENTOEMKOCTLIO 1 O4eHb 6ObLLIONK TENIONPOBO-
[LHOCTbIO, 0COOEHHO B BEPXHEM CNoe TonuwmHoin 50-150 m, rae passut
TYpOyneHTHbIN 06MeH. Kpome 3TOro ¢ BOAHOW NOBEPXHOCTW MPOMCXO-
0AT 6onbliMe NOTepu Tenaa Ha UCMapeHue, a NOrNOLLEHE COTHEYHOA
pagmauny npoucxoauT go 6onbwmnx rnybuH. C yyeToMm BCcex nepevuc-
NEHHbIX (haKTOPOB amnaMTyfa CYTOYHbIX KonebaHWii Temnepartypbl
BOAHON noBepxHocTn B 10-100 pa3 MeHblUe, YEM Ha CyLUE.

B rofoBoM Xofe MakCMMyM TeMnepaTypbl Cywun Habnogaetca B
nione, MUHUMYM - B fiHBape. [04oBas aMnNANTYyAa TemnepaTypbl U3-
MEeHfeTCA B 3aBMCUMMOCTM OT LWIKMPOTLI. Ha cywe oHa mana: B Tponu-
yeckux wmnpotax okono 3°C Ha wwupote 10° 10°C - Ha wwupote 30°.
B yMepeHHbIXx wupoTax (<p=50°) oHa cocTaBnsieT B cpegHem 25°C.
MogoBas amMnauTyga TemnepaTypbl BOLHOW MOBEPXHOCTM TakXe 3a-
BMCUT OT WMPOTbI, HO OHA MEHbLUE FO40BOM aMNAUTY bl TeMnepaTy-
pbl cywn. B Tponukax oHa okono 2-3°C, Ha 40° c.w. okosio 10°C, a
nop 40° t0.w. okono 5°C.



Temnepatypa NOBEPXHOCTU OFONEHHOIW MOYBbI NIETOM MOXeY
pocturatb 60MbWMX 3HaYeHWit: go 82°C B Tponukax, go 77-79 4' B
('pepHeii Asnn, o 60°C Ha wupoTe 60° c.w. PacTuTenbHbIA MOKPOB
YMeHbllaeT OX/TaXXAeHNe MOoYBbl HOYbIO, JHEM PaCTUTENLHOCTbL npe-
NATCTBYeT ee pafuaunmoHHOMY HarpesaHuto. CyToyHad amnautyga
lemnepatypbl Nog pacTUTeNIbHbIM MOKPOBOM, TakKUM 06pa3om, yMeHb-
LLeHa, a CpefiHAA CyTO4YHasa TemnepaTypa MOHMXKeHa. [MoBepXHOCTL
MoYBbl NOA MOMIEBBIMWU KyNbTypamu MOXET OKa3aTbCA B [HEBHble
ymebl Ha 15°C xonopHee, yem nousa noj napom. B cpegHem >xe 3a
CYTKW OHa X0Nn0gHee 06HaXXeHHOI NoYBbl Ha 6°C, 1 gaxe Ha rnybuHe
5-10 cm ocTaeTtca pa3Huua B 3-4°C.

3umoii, korga npeo6nagallLyo pofib UrpaeT U3nyyvyeHue, Noysa
noj pacTUTe/IbHbIM MOKPOBOM Tersiee Oro/eHHO MOYBbI.

3UMOI OCHOBHYO pPo/ib B (POPMUPOBAHUM TEMIOBOIO pexxuma no-
UBbl UFPaeT CHEXHbIi MOKPOB. CHEr CU/IbHO OTPaXKaeT CO/THEUYHYIO pa-
Avauuio (6onblioe anbbefio) U B TO XKe BPeEMA U3TyYaeT NOUTM KaK Yep-
HOoe Teno MHpakpacHyo paguauuto. Mo BAnaHWeM pagnaLlUuOHHbIX
noTepb Tenja MOBEPXHOCTb CHera CUIbHO oxflaxjaeTcd. Bcnegcrteue
Masnoi TenaonpoBOAHOCTM TemnepaTypa BHYTPM C0sA cHera 6bICTPo
BO3pacTaeT C ryo6uHoil. B pesynbTaTe TemmepaTypa MOBEPXHOCTU
MoYBbl MO CHErom BCerfa Bbllle TemrepaTypbl OTONIEHHbLIX MOBEPX-
HocTeli. B cpegHUX WMpoTax CpegHUe 3a 3MMHWE Mecsilbl Pa3HOCTU
TemnepaTtyp NOBEPXHOCTU OFONEHHOW MOYBbI U Haf CHEXHbIM MOKPO-
BOM MOTYT cocTaBnATb 10-12°C. CyTouHble KofiebaHnsA TeMnepaTypbl B
CHEXHOM MOKPOBE MPOHUKAIOT J0 Manoi rnybunsl (okono 20-30 cm).

Takum 06pa3om, IeTOM pacTUTeNbHbI/i MOKPOB CHUXaeT TeMne-
paTtypy NOBEPXHOCTW MOUBbI, 3MMOW CHEXHbIl NOKPOB €e MOBbILIAeT.
Mog pelicTBreM 3aTUX (hakKTOPOB YMEHbLIAETCA rofLoBasg amMnanTyga
TeMnepaTypbl NMOYBbI N0 CPABHEHMWIO C 06HaXXEHHOI NOYBON Npumep-
Ho Ha 10°C.

CyTOUYHbIA X0 TeMnepaTypbl MOYBblI 3aBUCUT TaKXe OT 3KCMO-
3MLMN CKNOHOB. HOYHOE M3yyYeHmne Ha CKoHaxX to60i opueHTauumn
NMPUMEPHO O4MHAKOBO, & JHEBHOE HarpesaHue 6yfeT HaMboNbW UM Ha
FOXXHbIX CKOHAX M HAaMMEHbLLINM Ha CeBEPHbIX.



Tenno oT 3eMHOI MOBEPXHOCTW pacnpocTpaHseTcs B rny6b no-
UBbl MyTeM MOJEKY/SAPHON TennonpoBogHocTH. MoToK Tenna Q Ha
NMpoOun3BOMbHONI rNy6uHe £ NPONOPLMOHaNeH BEPTUKANBHOMY Fpagu-

N 'qT
O
roe X - KO3(ULUUEHT MPONOPLMOHANbHOCTH, Ha3biBAEMbIA KO-
(OULMEHTOM TEennonpoBOAHOCTU MO4Bbl. EguMHMua usmepeHus /
(BT/m mK).
MoToK Tenna HanpasfieH B rny6b NouBbl M nonoxuteneH (Q=>0).

(6-3)

Korga Temnepartypa yobiBaeT ¢ riy6uHo (ET < 0). 370 6bIBaET AHEM.
Ob

Houblo Temnepatypa yBenuuusaetcs ¢ rnybuHoin (— >0) u noTok
b nE

0<0.

3HayeHNs KoapPuumeHTa TENIONPOBOJHOCTM 3aBUCAT OT MUHe-
panbHOro cocTaBa MOYBbI, OT CTEMEHMW ee YBNAXHEHMNS, & TaKXe 0T ee
NOpPUCTOCTU. TensoNPOBOLHOCTb TBEPAbIX COCTABHbLIX YacTel MOYBbI
cocTaBnset: ana topa - 0.88, mena - 0.92, nssectHsAka - 1,77. Mu-
Hepanos -2,43, necyaHukos 1,10-2,80.

TennonpoBOLHOCTb TBEPAbIX COCTABHbIX YacTel NOYBbl NpU-
mepHo B 100 pa3 60/blie MOMEKYNAPHO/A TeN10MNPOBOAHOCTM BO3-
pyxa. 103ToMy C yBenM4yeHMeM MOPUCTOCTU MOYBLI TEMIOMNPOBO-
LHOCTb ee pe3Ko yMeHbliaeTcsa. TakuMm 06pa3om, TenJIONPOBOLHOCTb
PbIX/IO/ MOYBbl MEHbLIEe TEMJO0NPOBOAHOCTM MJOTHOW nouBbl. Mpwu
YBNaXHEHWMN MOYBbI YaCTb MOYBEHHOIO BO34yXa 3amelyaeTcs BOAOW,
TENNOMNPOBOAHOCTb KOTOPO npumepHo B 20 pa3 60/blie Tenaonpo-
BOAHOCTU BO3JyXa, ¥ TEMIONPOBOAHOCTL NOYBLI YBENNYMBAETCA NPU
BO3pacTaHWU ee BNaXHOCTH.

CuuTasn, 4To CBOWCTBA MOYBLI OfMHAKOBLI MO FAy6uHe, N3MeHe-
HUe TemnepaTypbl CO BPEMEHEM MOXHO 3anucaTb B BUJE:

= (6-4)

dt M df-
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YpaBHeHue (6.4) - 3T0 ypaBHeHMe TennonpoBogHoOCTM (Pypbe).

W3 peweHuns ypasHeHusa (6.4) cnefytoT YeTblpe OCHOBHbIX CNef-
CTBMS, TaK Ha3blBaeMble 3aKOHbI Pypbe.

MepBblil 3aKOH Pypbe. He3aBUCUMO OT TUMA MOYBbI, Nepuoj Kone-
6aHUn TemnepaTypbl HE N3MEHSETCA C FMYOUHOW. DTO 03HAYaEeT, YTO He
TOJIbKO Ha MOBEPXHOCTU MOYBbLI, HO U Ha TNYBMHaX COXPaHsAeTCs CyTOY-
HbI X084 C nepuofom 24 yaca 1 rofoBoOi Xog ¢ nepnogom 12 mec.

BTopoit 3akoH ®ypbe. Bo3pacTaHue rny6uHbl B apudmeTnye-
CKOW nporpeccuu NpPUMBOAUT K YMEHbLUEHWIO amMnauTyfabl B reome-
Tpuyeckoi nporpeccuun. Ecan Ha NOBepXHOCTU CyTOYHAs amnauTyga
paBHa 30°C, a Ha rnybuHe 20 cm - 5°C, TO Ha rny6uHe 40 cm OHa yxe
meHee 1°C.

Ha HekoTopoil rnybuHe cyTO4YHas amMnanTyfa CTaHOBUTCHA paB-
HOM NPaKTUUYEeCKN HY0. ITO YPOBEHb TakK Ha3biBaEMON NOCTOSHHO
CYTOYHOW TemnepaTypbl, KOTOPbIA NeXUT Ha rnybuHax 70-100 cwm.

AmMnaunTtyga rofosbix KonebaHuii Temnepatypbl yMeHbLIaeTCs
C rny6MHON no TOMY >Xe 3aKoHYy. AMMAUTYAbl FOLOBbIX Kofe6aHwii
y6bIBalOT A0 Hyna Ha rnybuHe okono 30 M B MONAPHbLIX LWKPOTaXx,
okono 15-20 m B cpefHUX WKUpoTax, okono 10 M B TponmMkax, Ha aTUX
rnyb6uHax HauymHaeTCs C/I0l MOCTOAHHOW rogoBOI TeMMNepaTypbl.

TpeTwuit 3aKOH Dypbe. CPOKU HACTYNNeHUS MaKCUMaibHbIX U
MWHUMaNbHbIX TEMMNEPaTyp Kak B CYyTOYHOM, TaK M B FOJOBOM X0fe
3anasfgbiBaloT € ry6UHOM NponopumMoHanbHO eil. CyToUHble 3KCTpe-
MyMbl Ha Kaxgble 10 cm rnybuHbl 3anasgbiBaloT Ha 2,5-3,5 4. 1 Ha
rny6uHe 50 cM CyTOYHbIA MaKCUMyM HabnofaeTcs yxxe nocsie nony-
Houu. [040Bble 3KCTPeMyMbl 3anas3fbiBaloT Ha 20-33 CYTOK Ha Kax-
Obli MeTp rny6uHbl. Ha rny6uHe 5 M MUMHUMYM TemnepaTtypbl MOXeT
HabnopaTbca B Mae, MakCUMyM - B OKTA6Gpe.

UeTBepThlit 3aKOH ®Pypbe. MNy6UHbLI CIOEB MOCTOSHHOWN CyTOu-
HOW ¥ rofoOBON TemnepaTypbl OTHOCATCA MeXAy CO6O0W Kak KOpHM
KBagpaTHble U3 NepuogoB KonebaHwuii, T.e. Kak 1: n/365. Fny6buHa, Ha
KOTOPOWA 3aTyxalT rofoBble KonebaHus, B 19 pa3 6onbLie, Yem rnyou-
Ha, Ha KOTOPOW 3aTyxalT CyTOYHble KonebaHus. Bce 3akoHbl Pypbe
XOpowWwo nogTreepxjaeTca HabnogeHUAMMN.



NleTom TemnepaTty pa OT NOBEPXHOCTU MOYBbLI B rNy6uHY nagaeT
3MMOWA pacTeT, BECHOI OHa CHauyana pacTeT, a NOTOM y6biBaeT, oce-
HblO CHayana ybbiBaeT, a 3aTemM pacTerT.

M3meHeHns TemnepaTypbl B MouBe C r1y6uHOI B TeyeHue c\-
TOK UM TOfja MOXHO NPeACcTaBUTbL C NOMOLbI0 rpathuka nsonnet. 1lo
ocu abcumcc oTKNagbiBaeTcs BPEMSA B yacax MaM B Mecsauax roga, a
no ocu opauHat - rnybuHa B nouse. Kaxaoi Touke Ha rpaduke co-
OTBETCTBYIOT OMpefeNieHHOe BpeMs U onpefeneHHas raybuHa. Ma
rpahMkK HaHOCAT CPefHNEe 3HAYEHUS TEMMEpaTy pbl Ha pasHbiX ry6u
Hax B pasHble Yacbl UAM MecsAubl. [MpoBeas 3aTeM M30AMHUM, COEAM-
HAKOLWME TOYKU C PaBHbIMK
Temnepatypamu, MOAy4YUM
CEMeNCTBO repmousonnet
(puc. 20).

B Bofe OCHOBHbIM Me-

XaHU3MOM  TennoobmeHa
AaBnseTcd  TypOyneHTHoe
nepemellnBaHne BOAHbIX
cnoes, Moj BAUAHWEM KO-
TOpoOro BEPTUKaNbHbI
npogpuns TemnepaTypbl B
BEPXHUX CNOAX BOAbl 6/u-
30K K W30TEepMUYECKOMY.

Huxe atoro cnos temne- Puc. 20. M3onneTsbl rofoBoro xoga
paTypa BOAbl pe3ko ybbiBa- TemnepaTypbl MOYBbI.
eT C rNy6uHON. ITOT Cnoi

Ha3blBalOT C/10eM CE30HHOT0 TepMoKanHa. C una no okTabpb T0N-
WWHa n3oTepMuyeckoro cnos 6nmska K 50 M. B aToT nepuop Tem-
nepaTtypa NOBEpPXHOCTHOrO €08 BOAbl BblCOKas, MAOTHOCTb C rNy-
6uHOon pacteT. Mo 3TO NpUYUHE NMepemMelluBaHMe B U30TepMuye-
CKOM CJ/i0e NMOAAEPXMNBAETCHA TO/bKO 33 CYET MEXAHUYECKOI 3Heprumn
BeTpa. B oceHHe-3uMHWMI nepuof nepemewwinBaHue 06YyCNOBAEHO
He TO/IbKO BAWSIHMEM BeTpa, HO M KOHBEKLMWEl, BO3HUKAKLWEN Npu
OXNIAXEeHUWN NOBEPXHOCTHOTO C/IOA BOAbI 3@ CYET MU3NYYEHUA U uC-
napeHus. TonwmnHa N30TEPMMUYECKOrO CN0A BO3pacTaeT B AHBape -
mapTte o 100-150 meTpoB.



CyTouHble KonebaHWs B BOAE He3HauMTeNnbHbl W pacnpoc-
(hUHAKTCA Ha rnybuHy nopajka LecATKOB MeTpoB. [040Bble Kone-
6aHus TemnepaTypbl B BOAE PacnpoCTpaHATCA Ha rnyouHy COTeH
MeTpOB.

OnwucaHHble pa3nnyunsa B pacnpocTpaHeHWu Tenna B BOAE W B rio-
YHC NPUBOAAT K TOMY, 4YTO BOAHbIA 6acceliH B Tenj0e BpeMA roja Ha-
KannuBaeT B 4OCTATOYHO MOLLHOM C/0e BOAbl 60/bLLIOE KOAMYECTBO
Tenna, KOTOpPoe OTAaeT B aTMocdepy B XONOAHbIA ce30H. HanpoTus,
noysa B TeYeHMe Tensoro cesoHa OTAaeT Mo HoYam 60/bLIYI0 YaCTb
Tro Tenna, YTo NONy4YaeT fHeM, BCNeACTBME Yero Mano Hakannnsaet
Cm K 31Me.

B pesynbTaTe yKasaHHbIX pa3nuunii Temnepatypa BO3Ayxa Hafg
MOpeM NeTOM HWXe, a 3MMOI Bbllle, YEM Haf CyLUei.

6.4. KOHBEKTUBHbIV 1 TYypOYNeHTHbI NOTOKM Tenna.
MpunToK Tenna

MepeHoC Tenna OT 3eMHOI NOBEPXHOCTU K aTMOC(epe ocyLecT-
BNSETCA CReAyroWwMnMM npoLeccammn: KOHBEKTUBHbIA W TypbOyneHT-
Hbll TennooOMeH; M3nyyeHwe W MNOrnoWeHWe paguaunun; (asosble
nepexofbl BOAbI; MONEKYNApHas TeMJ0NPOBOAHOCTb.

[MOTOK Tenna- 3To KONMYECTBO TEMIOBOW IHEPTUMN BO3AYLLHbIX
yacTuy C Wl . KOTOPOE NEPEHOCUTCH Yepe3 eAUHUYHYIO MOLWAaAKY B
HanpaB/fieHUN HOPManu K Heil B eguHuLy BpemeHun (Ox/kr ¢ unn BT/
Kr). MoToK Tenna cknajbiBaeTcAd U3 ABYX MOTOKOB: KOHBEKTUBHOIO
Qku TypbyneHTHOrO Q .

KOHBEKTMBHbIA MOTOK - noTok QK o6ycnoeneH ynopsigoueH-
HbIM NepemMelleHMeM BO34yXa CO cpefHeil CKOpocTbio C, Hanpas/ieH-
Hbli MO HOpManu K naowagke:

QK= CpT p uC, (6.5)

roe p - NA0OTHOCTL BO3A4yXa.

Fopu3oHTaNnbHas CcoOCTaBAAlOLWAA CPefjHeli CKOpOCTW BeTpa B
COTHU pa3 60nblie BEPTMKaNbHON. Mo 3TOW NPUYMHE KOHBEKTUBHbIN
MOTOK NpeAcTaBfiseT coboil nepeHOC Tenmna NMPEUMYLLECTBEHHO HO



ropusoHTanu. Fopu3oHTanbHas coCTaBsOLLas KOHBEKTUBHOIO C/OS
HasblBaeTCs afBEKTUBHbIM MOTOKOM Tenna. BepTukanbHas cocTas-
nsWas notoka 06bIYHO Ha3blBAETCH COBGCTBEHHO KOHBEKTUBHbLIM
MOTOKOM.

TypbyneHTHbIN NOTOK Tenna Qr o6ycnoBneH nynbcaunsMmu
CKOpPOCTU. Typ6YyNeHTHbI NOTOK Tenaa NPponopLMOHaneH rpagueHTy
TeMnepaTypbl:

<r=-cun £ 566’

roe A —koapduuyneHT TypbyneHTHOro tennoobmeHa,-" - rpaguer
noTeHUManbHOW TemMnepaTypsl.

aK KakK BenyYMHa TypbyneHTHOro Tennoo6mMeHa Mo ropnsoHTa-
N MHOTO MeHblUe, YeM MO BEPTMKaU, TO 414 TypbYyNeHTHOro Tenno-
o6MeHa No BepTUKanu ¢ yyetom (4.32) MOXHO 3anucaThb:

QZ = ~CPAba ~ Y) (6.7)

KoaghpuumeHT A MOXHO NpeAcTaBUThL B BUfe:

A=K *p (6.8)

roe K- koapduymneHt TypbyneHtHocTm (M2/c).
C yuetom (6.8) ypaBHeHUe gnd TypbyneHTHOro noToka Tensa no
BEPTUKANM 3anunLeM:

Qz = -CPpk~. (6.9)

TypbyneHTHbI# NoTok Tenna nonoxuteneH (Qz > 0) npu cyxo-
HeycTolumMBoW cTpaTuukaumm (y > ya), paseH Hynwo (Qz = 0) npm
cyxo6e3pasnnyHoii (y = ya) u otpuuatensHblii (Qz < 0) npu cyxoy-
cToilumBoi cTpatTudukauum (y < ya).

Tak KaK Npy BEPTUKANbHOM NepemMeLLeHMI YacTULbl MPOUCXOAUT
BOBNEYEHNE OKPYXalLero Bo3gyxa ¢ 60/ee HU3KOW TemnepaTypoi,
TO BEPTUKA/bHbIA rpajMeHT TeMnepaTypbl, NpU KOTOPOM TypOYyneHT-
Hbl/i NOTOK obpalaeTca B Hy/b, 0Ka3blBaeTCA MeHblle cyxoagnaba-
TMYeCKOro. ATOT BepPTUKaNbHbI/ FpafueHT TeMnepaTypbl Ha3biBaeTCs
paBHOBECHbIM rpagneHToM TemnepaTypbl (yp).



Ha ocHoBaHuM 60MblIEro KOAMYECTBA 3KCMEPUMeHTaNnbHbIX
[aHHbIX, YCTAHOB/IEHO, YTO CpejHee 3HaYeHMe PAaBHOBECHOrO rpaau-
eHTa TemnepaTypbl pasHo 0,65 - 0,70 °/100 m. CnefoBaTefibHO, Aaxe
npu CyxX0yCTOWYMBOW cTpaTudukaumm, korgay < yaQz >o.

M3meHeHVe TeMnepaTypbl B KAKOM-1M60 06beme BO3fyxa onpe-
Lensetca He NOTOKOM Tenna, a ero NPUTOKOM. puTOK Tenna - 3To
pPa3HOCTb MOTOKOB Tenfa, BXOAALWMX B BO3AYLIHYH 4acTuly W Bbl-
X04AWY 13 Hero. MNMpuUTOK Tenna YWCEHHO paBeH KONW4YecTBY Ten-
na, BXOAALLEro UAM yxoAsLwero U3 onpefeneHHoro o6bema Bo3ayxa B
eanHuuy BpemeHun (O>k/i 2n nan BT/ i 2).

Bbigenum B atmocgepe cTonb BO3AyXa eAWHUYHOIO CevyeHus,
32K/ YeHHbIA Mexay BbicoTamu r u z+dz. O4YeBUAHO, YTO MPUTOK
Tenna K BbleNeHHOMY 06beMy BO3ayxa O6yfeT paBeH pasHOCTU MeX-
4y NOTOKOM Tenja Ha YPOBHe HWXHEero ocHoBaHus Qz 1 Ha ypoBHe
BEPXHero ocHoeaHusa Qz ~ &Qz, T.e.

Qz (Qz &Qz) — &Qr- (6.10)
OnddepeHynan notoka dQz MOXHO NpeAcTaBUTb B BMAE:

(6.11)

MPUTOK Tenna K efUHNYHOW Macce BO34yXa B eUHULY BPEMEHU:

dQz 1 dQz

(6.12)
dm p DK

C yyeTOoM TOro, YTO MOTOK TeMJa UMeeT COCTaBNAOLW e M0 BCEM
0CAM KOoOpAMHaT, MOXXHO 3anuncaTtb:

(6.13)
ny + 6&7: div Q, TO

ax

pr ——divQ.



Taknum 06pas3om, NPUTOK Tenna K eAUHUYHOMY 06beMYy BO3AYX;!
3a efMHULY BPEMEHW paBeH LMBEPreHUMM MOTOKa Tenna, B3ATON C
06paTHbIM 3HaKoMoM, T.e. npu divQ < O, NPUTOK NONOXMUTENEH.
Ona TypbyneHTHOro NpUTOKa Tenna no 0CU Z MOXXHO 3anucaThb:
CP o , AB

£ET = — — — 6.15
p dz Koz ( )

6.5. YpaBHeHMe NpUTOKa Tensa B TypOyneHTHOM aTmocdepe

NCcXOAHbIM YpPaBHEHWEM C/IYXXMUT ypaBHEHWE MepBOro Hauasna
TEepMOAMHAMNKK (4.8), KOTOpPOE 3anuem B BUAE:

=T (6.16)
dt ~ Fdt p dt

MHAeKe i onylleH, Tak Kak ypaBHeHUe 3anucaHo Aas Bo3gyxa.
MpegcTaBMM NPUTOK TENa Kak CyMMY YeTblpex Craraembix:

‘ez + «n+ + £K, (6.17)

rae rT- yaenbHbll npuTok Tenna (A>K/Kr-c), 06ycnoBAeHHbI Typ-
OyNeHTHbIM Ten1006MEHOM; N1 - yAeNbHbIA NPUTOK Tenna, 06ycnos-
NEHHbIA NepeHOCOM NlyYMCTOl 3Heprumn; % - yaenbHbll NPUTOK Ten-
na, 06ycnoB/ieHHbIV (ha3oBbIMU Mepexofamu Bogbl B aTMocdepe; %
- YAEenbHbI NPUTOK Tenna, 00YCNOBJ/IEHHbIA NMEPexof4oM KWHeTuye-
CKOW 3Hepruy ABWMXXKEHWA B TEMO MNOfL BAMAHUEM MOMEKYIAPHOIO U
TypOYNeHTHOro nepemewBaHmna (guccunayunei).

MpupaBHUBasA npaBble YacTu ypaBHeHuin (6.16) u (6.17), nony-
ynm;

_ BT RrTdF
Cp-"-— -MN=ET+£n+ £n + £K- (6.18)
aT
MpeAcTaBuM MONHYIO NPOU3BOAHYH —= B BUfE:

df



fre—= U —=  — =W ~ npoekuyns cKOpoCTN ABMXEHMS tio t-
dt ot dt

OYWHOI YacTuubl N0 0CAM KOOPAWHAT X, Y, Z COOTBETCTBEHHO.
Torga (6.19) MOXHO 3anucaTth Kak:

El=£i+ [/El + tfEl + w ~ (6.20)
dt at ax oy dz

MpounssogHas = XapaKTepn3yeT CKOPOCTb M3MEHEeHNs Temnepa-
t

TYpbl B ABMXYLLEACA BO3AYLWHON vacTuue. Ee HasbiBalOT UHAMBUAY-
anbHOM MM NOMHOW MPOW3BOAHON. YacTHas MpPous3BofAHas A Xxapak-

Tepu3yeT CKOPOCTb M3MEHEeHUs TemnepaTypbl B HEMOABUXHON TOUKe
npoctpaHcTBa. OHa Ha3blBAaeTCs NOKANbHOW UAM MECTHON Npous3Bo-

aHoit. Cymma (U -u._T +1 lu'—T), npegctaBndtowas cobol M3MeHeHue

TemnepaTypbl B 3aBUCMMOCTI OT CKOPOCTU ABWMXKEHUS, HOCUT Ha3Ba-
HUe afBEKTMWBHOIW NpoOn3BOAHONA. HakoHel, cnaraemoe \y dlZ Ha3bl-

BaeMOe KOHBEKTVBHO NPOWN3BOAHOW, NPeACTaBNAeT UBMEHEHWE TEM-
nepaTypbl B 3aBUCMMOCTM OT CKOPOCTM BEPTUKANbHbIX ABUXEHWIA.

nP .
el (6.18):

N=" + yEE+ 1HE+ W (6.21)
dt dt 0X ay os

AHANOITMYHO pacnuiiemM MOJHYH NPOU3BOAHYIO

OueHka BennMUuH, Bxoaawmnx B (6.21), nokasbiBaeT, YTO MepBble
TPW U3 HUX MEHbLUE NOCNELHEro NPMMEPHO Ha fBa nopsAgka, T.e.

Ak W —e 6-22
dt 3z ( )

MopacTtaBum (6.21) n (6.22) B ypaBHeHue (6.18), yutem (6.15) u
npeo6pasyem cymmy i f j + V/°-F ucnonb3ys ypaBHeHUE CTaTUKN:

wT2+w Tz=W(y- r? (6-23)

Mony4yeHHOE ypaBHEHWE PELIMM OTHOCUTENbHO — :
ar



YpaBHeHune (6.24) npegctaBnsieT coboit ypaBHEHNE NPUTOKa B
TypOyneHTHON aTMocdepe B obLUieM Buae.

PaccMOTPMM YaCTHbIE CAy4aun ero pelleHus.

1 ALBEKTUBHbIA M KOHBEKTUBHBIA NPUTOKM Tenna. Mpu
YEHUU HEeMepuogNYECKUX W3MEHEeHW TemnepaTypbl B CBOOGOAHOWA
aTMoc(epe 3a CpaBHUTeNbHO HebONblUWE WHTEpPBasbl BPeMeHMW (40
CYTOK) B MepBOM MPUOAMKEHUN MOXHO npeHebpeyb BCEMU BMAAMM
nNpuTOKa Tenna K UHAMBMAYaNnbHON 4acTuue, T.e. CYMTaTh npolecc
agnabatnyeckmm. B aTom cnydae ypaBHeHue (6.24) npumeT BUA;

bT=- (US +*|) * +Ty-Y)'y
nnn  WT = ATa + ATK (6.25)

roe ATa- M3aMeHeHUWe TeMMepaTypbl BO3fAyXa B Kakoi-nn6o Tou-
Ke NpocTpaHCTBa Noj BAUSHUEM afBekuun BM 3a Bpems At:

(6.26)

Ecnn nepeHoc BO3gyxa OCyLlecTBAAeTCA M3 06/1aCTh BbICOKUX
TemnepaTyp B CTOPOHY HU3KUX TemnepaTyp, To &TB>0, T.e. Habnto-
paetcsa afBekuua Tenna. MNpu obpaTHOM HanpaBfeHUW ABUMKEHUA
npoucxoanT afgBekuusa xonoga. O4YeBUMAHO, UTO YAEeNbHbIA NPUTOK
Tenna (xonoga) B PMKCUPOBAHHOW TOUKe MPOCTpaHCcTBa OyAeT paBeH

Cp m/1lB.
KOHBEKTMBHbIN NPUTOK Tenna, Kak cnefyeT uns (6.25), paBeH:

ATk=W (y-ya-At (6.27)

B aTom cnyyae BO3MOXHbI Cliefytolime BapuaHThl:

a) npn W>0, ATk > 0, ecnn ¥ > M, nu6o ATK <0, ecnn ¥ < Y.

6) npn W<0, A7k > 0,ecnny < ya,nu6o &k < 0,ecnny > y..

Ecnun BepTukanbHOe nepeMelleHne BO3LyXa NPOUCXOLUT B 06-
nake (B0 BNaXHOM HacbllWeHHOM BO3fyXxe), TO popMyna ANd nokKanb
HOr0 M3MeHeHNA TeMMnepaTypbl NPUMET BUA:



roe y'a~ BnaxHoagnabaTuyecknii rpagueHT TemnepaTypbl.

Hanpumep, Bocxopsuive ABUXEHUSA 6OMbWINX Macc BO3AyXa B
LUMKNOHAX, NPOMCXOAALLME NPU YCTONUYMBOW MO OTHOWEHUIO K BRaX-
HOMY BO3AyXy cTpatudukauum (y <y'a), NpuBOAAT K OXNaXAEHUIO
LeHTPanbHOM YacTu 3TOr0 LUK/IOHA.

2. YpaBHEHMEe TEeNAONpoBOAHOCTYU aTmocgepbl. CyTOUHbIf
M3MeHeHUa TemnepaTypbl B npefenax NOrpaHWYHOro cfos atmo-
cthepbl 06ycnoBneHbl B OCHOBHOM BepTUKaNbHbIM TYPOY/IEHTHbLIM
NPUTOKOM Tenna:

aT\ a
b-*»

3. TpaHcdhopMaums BO3AYLIHOW MacChl. B mepemeweHUn BO3
OYWHOW MacCbl Haj HEOAHOPOAHOW 3eMHOW MOBEPXHOCTbK OCHOB-
HYH pOMb WUrpaeT ajBeKuus u TypOyneHTHbIA 06MeH. Ecam npo-
Llecc ycTaHoBUBLINIACA (-—= 0), a 0Cb X HanpaB/ieHa BAOMb NOTOKA

(i? = 0), To ypaBHeHMe NpMUTOKa TeMla MOXHO 3anucaTb B BUJE:

ar_ o, aa
UTXx'Vi zVYz (6.30)
4, PacnpegeneHne cpegHWX 3HAYEHUI TemmepaTtypbl B aTMOC

(hepe 3a OTAEeNIbHble MPOMEXYTKM BpeMeHW (Ce30H, rog) 3aBUCUT B
OCHOBHOM O NMOTOKOB Tenna, 06ycnoBNEHHbIX TYpPOYNeHTHbIMU, (a-
30BbIMU U NYYUCTbIMU npoueccamun. MecTHas, afBeKTUBHAsA U KOH-
BEKTMBHAA MPOM3BOAHbIE 3a CUeT 60MbLIOr0 OCPEeAHEHUS MO BpeMe-
HW CTAHOBUTCHA NPEHEOPEXNMO ManbiMWU. Y paBHeHMEe NPUTOKA Tenna
npumeT BUA:

AL R AL BB AR 0, (6.31)
dz dz ,qx ,qx oy mpay
roe £n = —— (U —G- Q) (6.32) - nyuncTblil NpUTOK Tenna.

B 3Tom ypaBHeHuMM U - cymMMapHblii MOTOK [A/MHHOBO/THOBOIA
paguaunu, HanpaefieHHbI OT aTtMocepbl BBepX, G - CyMMapHbIii



MOTOK 3TOW pagualuu, HampaBfeHHbI BHKU3, Q - CyMMapHbI/i NOTOK
KOPOTKOBOJ/IHOBOW paguayuu.

MpnTok Tenna, 06GYCNOBMEHHbIA (a30BbIM TMpPEBpaLLEeHNEM
BO/bl, PaBeH:

=PcvO ¢=P(Lr+i'O (6-33)

roe L m L' - ckpbiTble TennoTel Napoo6pas3oBaHWUs U NNasBfieHUs, T u
I'- KOAMYECTBO CKOHAEHCUPOBAHHOW UAN Cy6NMMUPOBaHHO BOAbI.

6.6. CyTO4YHbIe N3MEHeHNa TeMnepaTypbl Bo3gyxa B norpa-
HWYHOM cflioe aTMocepbl

PaccMOTpUM OCOBGEHHOCTM W3MEHEHWA TemmepaTypbl BO3Ayxa
Ha YpOBHe HabnwaeHUs B NCUXpomeTpuyeckoi 6yake. Ha aTom ypos-
He TemnepaTypa BO34yXa U3MEHAETCA NOA BAWAHWEM TypOYyNeHTHOro
o6MeHa M pagmaunoHHbIX NMPOLECcCOB, B pe3ynbTate KOTOPbIX Tenno
OT 3eMHOI MOBEPXHOCTW MnepefaeTca BO3gyxy. YacTb 3Toro tenna
nornowaeTcs TOHKUM CN0eM BO34yXa, HEMOCPEeACTBEHHO Mpueraw-
WMM K 3eMHO noBepxHocTU. OcTasnbHaA YacTb MepefaeTcs B Bbille-
NneXx<alwnii 3fleMeHTapHbIN CNOW, rae TakXXe NPOMCXOA4UT ero yactund-
HOe nornoweHue n 1.4. bnarogaps atomy npoueccy Temnepartypa
BO34yXa HauuHaeT pacTu nocne socxoga ConHua cHayana Ha caMbiX
HUXHWX YPOBHAX. Ha 60/ee BbICOKMX YPOBHAX Hayano MOBbILIEHWSA
TemMnepaTypbl 3ana3fblBaeT TeM 60fblle, Yem BbilEe PacnonoXeH
3/1eMeHTapHbIN CNO BO3AYyXa.

B ymMepeHHbIX WIMPOTax NeTOM B Y TPEHHME 4Yacbl TemnepaTy pa
BO34yXxa 6bIcTpo HapacTaeT fo 9-10 vacos, 3aTeM ee pocCT 3amefnseT-
cd. Makcumym HacTtynaet B 14-15 vacos, T.e. yepe3 2-3 yaca nocne
nonygHs. focne atoro temneparypa NMOHWXKAETCA CHayana MefdneH-
HO, a nocne 17-18 4. 6onee 6bICTPO. MUHMMYM Habnogaetcs cpasy
nocne socxoga ConHua. Takoli CyTOUYHbIA X0f TeMnepaTypbl BO3Ayxa
TUMWYEH B YCNIOBMAX YCTONUYMBOW ACHON norogbl (Tabn. 6. 1).

Hag nmoBepXHOCTbI BOAbl AHEBHOW MakCUMyM HacTynaeT elle
nosxe, B 16-17 yacos, T.e. yepe3 4-5 yacoB nocne nonaygHs.

Ha cyTouHbIll xo4 TemnepaTypbl 601blI0E BAMAHUE O0Ka3biBako!
KO/NMYeCcTBO W TuM 061a4HOCTM, OCAfKM U OCOGEHHO 3HAYUTENIbHO



Tabnuua 6. /
CyTouHbIn xof Temnepatypbl Bo3gyxa (°C) Apbicb, KOXXHbIi

KaszaxcTtaH
BbicoTa, Bpems, uyac
M 2 4 6 H 10 12 14 16 18 20 22 24

0,05 21,1 172 192 291 350 39,0 40,2 388 342 288 26.9 22,0
15 22.0 190 194 276 321 352 373 373 349 296 274 238

aaBekuma. Mo 3Toi NpuuMHe MUHUMYM TemnepaTtypbl MOXeT CMme-
WaTbCA Ha JHEBHbIE Yacbl, MAKCUMYM - Ha HOYb. CYTOUHbIA X04 TeM-
nepaTtypbl, OCPeAHEHHbI 32 MHOTOMIeTHUIA Nepuog, NpefcTaBnseT co-
60V KpMBY, 6/IM3KYI0 K CUHYCOMAaNIbHOM.

BaxHOI xapaKTepuCTMKOM CYTOYHOIO X0ja TemnepaTypsbl
ABNAETCA €e CYyTOYHAaA amMnauTyga, Kotopas 3aBMCUT OT MHOIMX (hak-
TOpPOB.

3T0 BAMAHME TuMNa 3eMHOW MNOBEPXHOCTWM (Cywa wunm BOAa).
CyTOouHble aMMINTYAbl TeMNepaTypbl BO34yXa Haj OKeaHamMu Ha rno-
PALOK MeHblue, YeM Haj Cyleid. B TponuyecKMx LIMPOTax OHU CO-
ctandwT Bcero 1-1,5°C.

Ha cyuwe CcyTOYHble amnauTyfbl 3aBUCAT OT Tuma MNO4YBbl U ee
COCTOAHMA. B palioHe NyCTbiHb, B TOM YMC/e U CPeAHeasnaTCKnx, OHu
MOryT B eTHee Bpems gocturatb 20-25°C u gaxe 30°C. Hag ryctbim
pacTUTeNbHbIM MOKPOBOM CYTOYHAsA aMNAUTYa 3HAYNTENbHO MEHbLUE.
He3HaunTenbHa CyTOYHAA aMnNAnTya U Hafj CHEXHbIM MOKPOBOM.

Ha BbINyKnbIX hopmax penbeda MeCTHOCTM CyTO4YHasa aMniu-
Tyfa TemnepaTypbl BO3JyXa YMEHbLUEHa B CPaBHEHUWN C PABHUHHOIA
MEeCTHOCTbIO, & Ha BOTHYTbIX (hopmMax penbega yBennyeHa (3aKoH
BoeiikoBa). MpnunHa 3akN04YaeTCAa B TOM, YTO Ha BbIMYKAbIX opMax
penbea BO34YX MMeEET YMeHbLEeHHYO Nnowaib CONPUKOCHOBEHUSA
C NOACTUNAIOLLEA MOBEPXHOCTbIO M GbLICTPO CHOCUTCHA C Hee, 3aMe-
HASCb HOBbIMW Maccamu BO3fyxa. B BOrHyTbIX e opmax penbea
BO3[yX CU/IbHEe HarpeBaeTcs OT MOBEPXHOCTM U 60MblUe 3acTamBa-
eTCA B AHEBHbIE Yacbl, @ HOYbIO CU/IbHEE OXJIaXAAeTCsA U CTeKaeT no
CK/I0OHaM BHMU3.

B AcHyt0 norogy cyTouyHas amnauTyga 3HauuTenbHO 6onblue,
4yeM B nacMypHyto (puc. 21). B nacMypHyt norogy cyTouyHas ammnim-
Tyfa yMeHblaetca go 5-6°C netom u go 2-3°C 3MMOIi.



Puc. 2 1. CyTo4HbI X044 TeMnepaTy pbl BO34yxa B
[MaBnoBCKe B 3aBMCMMOCTY OT 06N1a4YHOCTH.
1- fACHble AHU, 2 - MacMypHbIe AHKU, 3 - BCE JHMW.

3MMOI  cyTo4Has
amnauTyna MeHblue,
Yyem NeTOM, TakK Xe Kak
namnanTyga Temnepa-
TYypbl MNOACTUNAKO L E
MOBEPXHOCTH.

C yBenmyeHuem
WWPOTbI CYTOYHAA aM-
nauTyga TemnepaTypbl
BO34yXa y6biaeT. log
wupotamu 20-30° Ha
Cylle cpefHAs 3a rofg
CYyTOYHAd  amnauTyga
Temneparypbl COCTaB-

nset okono 12°C, nog wupoToin 60° okono 6°C, nog wupoToin 70° Tonb-

77 93

Puc. 22. CyTouHbIii X0 TemMnepaTypsbl
BO3/yXa Ha pa3/INYHbIX BbICOTAX,
oCpefiHeRHbIi Mo LELTMCYTOUHBIM CepUsM
Ha6nogeHnn. O Helin (CLUA),
aBrycrT - blHayano ceHtaopsa 1953 r.

Ko 3°C. B caMbIX BbICOKMX
lwmMpoTax 3MMOI perynsp-
HOro CYTOUYHOI0 X04a TeM-
nepaTtypbl HET BOBCe.

CyTOYHbIN X0f TeMm-
nepatypbl BO34yxa XO0po-
WO BbIP@XKEH B npegenax
MOrpaHWYHOro cfos  ar-
mocepbl. M3 pucyHka
22 BWAHO YMEHbLUEHUe
CYTOYHOIA aMnanTy bl
C BbICOTOW W HeKoTopoe
CMELLEHVEe  MaKCUMYMOB
Temnepatypbl Ha 6onee
nosgHue yacol. Ha BbicoTe
1Km cyTouHaa aMmnanTyga
TemnepaTypbl Hajg CyLlei
paBHa ]—2°C, Ha BbICcOTE
2Q km _ 0,5-1°C, a AHeB-
HO MaKCUMyM CMerLaeT-
CA Ha BeYepHMe Yachl.



Ha cyTouHbI x04 TemnepaTypbl BO34yXa CU/bHOE BIUAHUE OKa-
3blBAET afBeKUMA BO3AYLWHbIX Macc, KOTOpPas Bbl3blBAET HENEpUoam-
Yyeckue U3MeHeHUs Temnepatypbl Bo3gyxa. OCo6eHHO 3HaYNTEeNbHbI-
MW noxonofaHua 6biBat0T 3UMOM, KOrga TemMnepartypa B 1to6oe Bpems
CYTOK MOXET MOHU3NTHCA B KOHTUHEHTANbHbBIX YCcnoBuax Ha 10- 20° ('
3a BpeMs MopsjKa O4HOro vaca.

ALBeKuna Tennoro Bo3gyxa Haubonee CUNbHO BbipaXKeHa npu
BTOPXXEHUN TPOMMUYECKMUX BO3JYLHbIX Macc. JIeTOM C 3TUMMU BTOpP-
KEHUAMMW CBA3aHbI NOTENIEHUA B NONAPHBLIX WwWnpoTax o 25-30°C, a
3MMOI BbIHOC TEN/IOr0 BO3AYXA M3 YMEPEHHbIX WNPOT MOXET MOBbI-
CUTb TeEMNepaTypy Bo3jyxa B pailoHe CeBepHoro nontca go 0°C.

BTopoin nNpMYnHOW HENEepMOANYECKUX WU3MEHEHWUIA CYTOYHOI
TemnepaTypsl BO3fgyxa sBnseTcs agumabaTUYeckuii Harpes Bo3gyxa
Npu ero HUCXOoAAWEM [ABVWKEHUW. DTO MPOUCXOAUT MpPU pPasBUTUM
(DEHOB B rOpHbIX WM NpPeAropHbIX paioHax 3eMHOTrOo Lapa.

OfHWM U3 MPOABMEHUI HENEPUOANYECKUX U3MEHEHUIF TeMne-
paTypbl ABAKOTCA 3@aMOPO3KN. 3aMOPO3KaMM HA3bIBAOT MOHUXEHUA
Temnepatypbl NOBEPXHOCTM 3eManm unuM Bo3gyxa Houbto o 0°C un
HUXe, B TO BpeMm#A, Korja cpefHue CyTOYHble TemnepaTypbl Bbllle
Hyn4.

6.7. NHBepcuKn TemnepaTypbl B aTMmocdepe

TemnepaTypHas MHBEPCUS - 3TO NOBbILIEHNE TEMNEPATYPbI BO3-
AyXa C BbICOTOW. VIHBepCUS TeMMepaTypbl XapakTepusyetcs MOLLHO-
CTbl0 (Az), NO4 KOTOPOW MOHUMAETCS TO/LMHA CNOS, B KOTOPOM Mpo-
MCXOAWUT MOBbLIWEHWE TemnepaTypsbl, 1 rNyo6uHoNR (At), T.e. pa3HOCTbIO
TemMnepaTyp Mexgay BepXHell U HVKHEW rpaHuLaMum WHBEPCUOHHO-
ro cnos. BepTukanbHbI rpajuMeHT TemnepaTypbl B CN0e WHBEPCUM

(— ) uMmeeT oTpuLATENbHOE 3HAUYEHMUE.
At

BblaensoT WHBepcuMu, oGpasytoujuecs HemocpeAcTBEHHO Hap
3eMHOI MOBEPXHOCTbIO - MPU3EMHbIE WHBEPCUMW, U UHBEPCUU, (OpP-
MUPYIOLLMECS HA HEKOTOPOW BbICOTE HajJ 3€MHOW MOBEPXHOCTHIO -
NPUNOAHATble NHBEPCUU.



[Mpu3eMHble UHBEPCUU TemnepaTypbl.

CamblM pacnpoCcTpaHeHHbIM TUNOM 3TUX WHBEPCUIN SBASAKOTCA
pajgnauuoHHble UHBEpCcUU. NMpuymMHON 0b6pa3oBaHWs pagnmaunoHHbIX
WHBEPCUN ABNAETCA HOYHOE pafuaLuoHHOe OXNlaXAeHne 3eMHOW no-
BEPXHOCTW U NMpUerawwmnx K Heli cnoes aTmocdepsbl.

MouwHOCTb pagnaLnoHHbIX MHBEPCUI 06bIYHO cocTaBnsdeT 200
300 M, a rnybuHa moxet gocturate 10—15°C u 6onee. Hag nbpamu
ADPKTUKN U AHTapKTUAbl NMPU3EMHbIE pajualMOHHbIE UHBEPCUU MO-
ryT CyWecTBoBaTb A/IMTE/IbHOE BPeMms.

BHYTpU MHBEPCMOHHOIO CNOS HabNOJaeTCA CMNbHAsA TepMuYec-
Kas YCTOMYMBOCTb W BepTMKaNbHOE MNepeMeLIMBaHWe CTaHOBUTCH
KpaiiHe cnabbim. [03TOMY B rOpOACKMX YCNOBUAX OHW MPUBOAA) K
CU/IbHOMY 3arpsA3HEHUI0 aTMOoCdepbl.

Pa3HOBWAHOCTbIO pajunaLnoHHOW WHBepCcUU ABAAeETCA Opo-
rpacmyeckas vHBepCus, BO3HMKaKOLWas B BOTHYThIX (hopMax penbeda
B ACHYIO morogy.

ALlBEKTUBHAA UHBEPCUA BO3HWKaeT MPM HaTeKaHWW Tenaoi BO3-
OYLWHOW Macchl Ha XOIOAHYH0 3eMHYH0 MOBEPXHOCTb. B aTnx cnyuvasx
Ha BEPXHEN rpaHuLe MHBEPCMK MOTYT 06pa3oBbIBaTbCS CNOUCTbIE 06-
naka, U3 KOTOpbIX BbiNajaeT MOPOCh. Y NOBEPXHOCTU 3emMau npu fo-
CTaTOYHOM BJIaroCoAepXaHun MoryT BO3HMKATb TyMaHbl. MOLWHOCTb
3TUX MHBEPCUIA JOCTUTAeT HECKONbKUX cOTeH MeTpoB (500-600 m), a
rnyb6uHa cpaBHUTENbHO HeBenmnka: 5-6°C.

PasHOBMAHOCTbIO aABEKTUBHOW WHBEPCUU ABNSETCA CHE>XKHad,
NNV BECEHHAA MHBepcus. OHa BO3HMKaeT B TOM CNny4yae, KOrja BECHOW
Tennblii BO3AYX, HaTeKaloLWMWii Ha CHEXHbI/i MOKPOB, OXflaxiaeTcs
HEeNnocCpeCTBEHHO Y 3eMHOW MOBEPXHOCTU. MOLWHOCTb 3TON UHBEp-
cuy Mana (40 COTHM MeTpoB).

B HmxHem 1,5-2 KM aTMoc(epbl BOSHUKAOT MPUMNOAHATbIE UH-
BEpCUM, KOTOpPble Ha3biBalOT WHBEPCUAMU OCefaHUsA wunuM MHBepcud-
MU cXKaTua. OHM HabnpaeTcs NMPeMMyLLeCTBEHHO B YCTOWYUBLIX
aHTULMKNOHAX KaK Haf cywel, Tak U Hajg MopeM Hag 6onbwummMu
TEPPUTOPUAMM N HA NPOTHKEHUWN LIUTENIbHBIX MEPUOLOB BPEMEHMN.
BO3HMKAIOT 3TW MHBEPCUMN NPU HUCXOAAWMX ABUXEHNAX BO3LyXa U
ero agunabaTumyeckom HarpesaHuu npu 3atom. Ecnm onyckawowuiics
CNOW nepBOHa4YanbHO WMMeN YCTOMUMBYK cTpaTudukauuio, To npu



OMyCKaHUN OHa J0/XHa 6biTh ele 60nee yCTOWUYMBON, UTO MOXM
npvBecTM K 06pa3oBaHWI0 WHBepCUU. ITU WHBEPCUM MOTryT ObITb
6onbwmmMy no mowHoctn (go 0.8- 1,0 kM), HO Herny6okumm (J1/«2

3°C). Ho nHorga oHW MOryT CNMBATbCA C NPU3EMHBIMUW pagnaLuoH-
HbIMW MHBEPCMAMU. B 3TOM cnyyae o6pa3yeTcqd He TO/IbKO MOLLHbINA,
HO 1 TNy6OKWUA MHBEPCMOHHbIA cnoi (Ar=15-20°C).

MpunogHATbIe MHBEPCUU MOTYT 06pa30BbIBaTHCA HaJ 061auHbI-
Mu cnosmu. Mpu aTom 60MbWYK PONb UIPaeT HUCXOAALLee ABMXKe-
HMe Bo3gyxa. Hag o6nayHbiM cnoem onyckawuwmiics BO3LyX agva-
6aTuyeckun Harpesaetca. B camom o6nake MPOMCXOAUT BRaxHoagua-
faTnuyeckoe oxnaxpgeHue Bo3gyxa. Oba npouecca MOryT NpuUBeCTU
K BOSHUKHOBEHWIO WHBEPCUM Hafj 061auyHbIM cloem - Hago6nayvHoii
WHBEPCUMN AUHAMMWNYECKOTO MPOUCXOXAEHUS.

AuHammnyeckas WHBEPCUSA BO3HMKAET B 30He MaKCMManbHbIX CKO-
pocTeil BeTpa TaK Ha3blBAEMbIX CTPYWHbIX TEYEHU HUXHWUX YPOB-
Hel. Mpn 60nbWMX CKOpPOCTAX BeTpa (Ha ocu cTpymn 15 m/c n 60/b-
We) NpoucxoanT cBoeobpasHoe 3acacbiBaHMe BO3JyXa M3 BEPXHUX U
HUXHUX CNoeB BO3gyxa. BepxHue cnou onyckawTca u cyxoagnaba-
TWYECKW HArpeBaldTCH, HMKHME CNoM NoAgHMMaKTCAa U agmabaTuye-
CKU oxnaxpgawTca. Pe3ynbTaToM 3TMX npoueccoB 6yfeT nossieHue
XOpOLIO BbIpaXX€HHON TemnepaTypHO UHBEPCUN.

Ha nto60i BbiCOTe Haj MOBEPXHOCTbIO 3eman MOryT Habnto-
faTbcs (PPOHTaNbHble MHBEPCUUM. OHM 0GHapYXMBaKTCA MNpu Bep-
TUKanbHOM nepecevyeHM” (PpPOHTaNbHbIX 30H. HeszaBucMMo OT TOro
XONIOAHbIA nAn Tennblii aTMocepHbIli PPOHT NepecekaeTca No Bep-
TUKanu, NPoMCXOAUT Mepexos OT XOM04HOro BO3jyXxa BHU3Y K 6onee
TEMJIOMY BBepXY.

6.8. PacnpeaeneHue TemnepaTtypbl B TpONOCcHepe N HUXKHEN
cTpaTtocgepe

XapakTepHO/W O0COBGEHHOCTbIO BEPTUKANLHOrO pacnpegeneHuns
TemnepaTtypbl B Tponocgepe ABNAETCA ee MOHVKEHWe C BbICOTON Ha
BCeX wupoTtax. CpefHee no noayLlapunio 3HayeHe BepTUKanbHOro rpa-
AveHTa Temnepatypbl cocTaBnseT 0,65°/100 M. B 3aBUCUMOCTM OT LWIKN-
POTbl 1 BbICOTbI BO3MOXHbI 3HAYNTENbHbIE OTKNOHEHWA OT CPefHEro.



B norpaHM4yHOM cnoe cpefiHWe BepTUKaNbHbIe rPpafueHTbl K ce-
Bepy oT 30° c.W. B TeYEeHMe BCEro rofja MEHbLUE, YeM B OCTasibHOl
yacTu Tponocdepsl. 3NMOIi U BeCHOIi ceBepHee 60° c.w. B 3TOM Cnoe
HabnogaeTcsd, Kak npaBuno, UHBEPCUMOHHOE pacnpepesieHne Temne-
patypbl. B yMepeHHbIX WKUPOTaxX CpefHWe BepTUKaNbHble rpagu-
EHTbl Temnepatypbl nameHstoTca ot 0,05—60,10°C/100 m 3umon fo
0,44°C/100 m netom.

B cpegHeil Tponocgepe yMepeHHbIX WMWPOT rpagneHT U3meHs-
etca ot 0,40 3umoi go 0,55°C/100 m neTom, B BepxHeii - oT 0,60 fo
0,70°C/100 wm.

B HM3KMX WKpoTax BepTUKaNbHble rpajueHTbl B HUXHEN TPo-
nocepe 60nbLIE, YeM B YMEPEHHbIX WKpoTax: okono 0,50°C/100 m
BO BCE CE€30Hbl rofa. B cpefHeil Tponochepe HU3KMX LWLNPOT OHU CO-
ctasnawT 0,50-0,60°C/100 ™, B BEpxHei - 0,70-0,75°C/100 m.

Hanbonee BbiCOKMe TemmnepaTypbl (TePMUYECKMi A 3KBATOP) Ha
BCEX YPOBHAX Tponocdepsbl HabntogatoTcsa B uone s6amsm 20° c.w.. B
fAHBape B6/IM3K reorpaguyeckoro aksaropa.

Tpononaysa ucnblTbiBaeT 60nblwive KonebaHUs B 3aBUCUMOCTM
OT WWPOTHI U BpeMeHU rofa (puc. 23).

Hanbonee Bbicokas (16-17 km) un xonogHas (o1 -76° go - 82°C)
Tpononay3a Habntfaetca B 3KBaToOpuanbHoi 061actu. B ymepeHHbIX
lWMpoTax Tponomay3a pacrnofaraercd Ha BbicoTe 9-10 KM 3UMOIi K
11-12 km netom. Ha 50° c.w. TemnepaTtypa ee paBHa NPUMEPHO -
55°C B TeueHue Bcero roga. Hanbonee Huskas Tpononaysa (8-9 km)
oTMe4aeTca a monapHoii obnactu. Ee TemnepaTypa paBHa 3MMOI OKO-
no - 56°C, netom - oKoJio - 44°C.

XapakTepHOli 0COOEHHOCTbIO LWMPOTHOrO pacnpefeneHuns Bbl-
COTbl TpOMonay3bl ABAAETCA HanMuue paspbiBa Tpononaysbl B cy6-
Tponuyeckux wupotax (30—40°). B akBaToOpUanbHbIX U TPONUYECKUX
WMpoTax BbICOTA TpOMonaysbl cocTaBifer 16-17 KM 1 Mano MeHAeT-
CA C WWPOTON. B ymepeHHbIX U BbICOKMX LWIMPOTax Tpononay3sa pac-
nofioXKeHa Ha BbicoTe 8-12 km, npu aTom HabnogaeTca MeaneHHoe
MOHMXXeHne Tpononay3sbl B CTOPOHY nostocoB. LUupuHa 30HbLI pas-
pbiBa Tpononay3bl gocturaet 2000-2300 kM, a TO/IWMHA 3TON 30HbI
2-3 KM.



I nm

Puc. 23. PacnpegeneHue cpefHein (3a Mecsl) 30HanbLHON TemnepaTypsl €
BbICOTOWA.
- 80°c.w., 2- 60°cuw., 3-50°c.w.,4- 30°c.uw., 5-10° c.uw.

Kak BMAHO M3 puCyHKa 23, B LUMPOTHOI 30He mMexay 40° o6omx
nonywapuii BO Bce CE30HbI CylecTByeT o6nactb xonoga. OHa oxBa-
ThbIBaeT BEPXHIOH 4YacTb TPONOCHEPbl U HMXKHIOK YacTb cTpaTocge-
pbl. 3Ta 0611aCTb X0N04a ABNAETCA CNeACTBMEM BEPTMKANbHOIO Typ-
OYNeHTHOr0 M KOHBEKTMBHOr0 06MeHa, OXBaTbiBaloL,ero 60/blIOW
cnoit atmocdepsl.



B HmXHel cTpaTocepe NeTOM FOPU3OHTANbHbIA FPajueHT TeM-
nepaTypbl Hampas/eH OT MOMOCOB K 3KBATOPY, r.e. NPOTUBOMNONOXEH
Mo HanpasfeHWUI0 TpajueHTy B Tpomocdepe. ITO 0fHA U3 BaXHeN-
WNX OCOBEHHOCTel TepMUYECKOro nons cTpatocgepsbl, KoTopas W
CEeBEPHOM nofnywapun HabnwpaeTca ¢ anpens no ceHTa6pb. 3umoid
HanpaBfieHWe TOPU3OHTaNLHOrO rpajueHTa B HVDKHEW cTpaTocdepe
He N3MeHseTCH.

OCHOBHbIe BbIBOAbI

1. Mpeobpa3oBaHWe NyYUCTON 3HEPrMM, MOT/IOLEHHOE 3eMHOI MOBepX-
HOCTbH, OMWCLIBAETCS YpaBHeHMEM TennoBoro 6anaHca. OCHOBHbIMU COCTaB-
NAOWUMK 3TOro 6anaHca SBASKTCS 3aTpaThl TeMja Ha WCMapeHWe, Harpe.a-
HWe MPUNErawLLero cnos BO34yXa U MPOTrPeB HUXE/EXALUX COEB MOYBblI 1
BO/bl.

2. Oco6eHHOCTM pacnpefeneHus Tenaa B NOYBE U BOAE OMMUCLIBAOTCSA 3a-
KoHamMn ®ypbe, KOTOpbIe YUUTLIBAIOT ()M3MUECKME NapaMeTpbl 3TUX cped. Ons
060X Cpef XapaKTepHbl CYTOUHbI U TOAOBOA XOA, a TaKXe 3aBUCUMOCTb Oi
WKNPOThI MecTa.

3. TemnepaTypHblii peXuM aTMOCHepbl ONKUCLIBAETCS YPaBHEHWEM Mpu-
ToKa Tensja B Typ6yneHTHOW aTMoctepe. Henepnoauyeckne U3MeHeHUs Tem-
nepaTypbl 3a HeGO/bLUNE WHTEPBaNbl BPEMEHW 06GYC/OB/EHbI B OCHOBHOM afi-
BEKTMBHbLIM M KOHBEKTUBHbIM MPUTOKOM Tenna. [ns 6onee A/VHHbIX NepuosoB
BPEMEHW HEOB6XOAMMO YUUTbIBATb TYPOYIEHTHbIA, (ha30Bblii M NyUUCTLIA NpU-
TOKM Tenna.

4. Ha cyTou4HbIl X04 TemnepaTypbl BO34yXa B MOFPaHUYHOM C/I0€ aTMOC-
(bepbl Hanbo/bLIEE BAMSIHUE OKa3blBalOT MPOLECCHI TYpBY/NEHTHOrO N KOHBEK-
TUBHOTO Tennoo6MeHa, 06YCNOB/EHHbIE BPEMEHEM CYTOK, rofa, pefbetiom u
WMPOTOM MecTa. BaKHbIMU 06bLEKTaMU BEPTUKANbHOFO pacnpefeseHus TeMm-
nepaTtypbl SBASAIOTCA NPU3EMHble U NMPUNOAHATbIE UHBEPCUM PasIMYHOTO Mpo-
UCXOXAEHNS.

5. 3aKOHOMEPHOCTU pacnpefeneHuns TeMnepaTypbl B TpONocepe M HUX-
Heil cTpatocdepe 06ycnoBeHbl PasfMUHbIM BKIALOM B TEPMUYECKUIA PEXUM
OT/eNIbHbIX COCTABAAOLMX, BXOAALLMUX B ypaBHEHME NPUTOKA TENNa, Nof BAUSA-
HMWEM KOTOpPbIX QOPMUpPYeTCs HanpaBfeHUe FOPU3OHTANbHOIO TPafueHTa TeM-
nepaTypbl B PasHble CE30HbI r0fa.



1 Kakue cocTaBnftoLmne BXOAAT B ypaBHeHMe TensoBoro 6anaHca 3em-
HOll MOBEPXHOCTU?

2. Tlog BAMSAHMEM Kakux (hakTopoB (DOpPMMpyeTcs TemnepaTypHblii pe-
XXMM 3eMHOI NMOBEPXHOCTH?

3. Kak npoucxogut pacnpoctpaHeHue Tenna B noyse? B yem 3akntoya-
10TCA 3aKOHblI PypbeE?

4. Yrto npepacTaBnseT co60Oi KOHBEKTMBHbIA W TypOYNeHTHbIA MOTOKK
Tenna?

5. BblBeauTe ypaBHeHVWe NpUTOKa Tenna B TypbyneHTHONW aTmocdepe.
[JaiiTe aHann3 oTAeNbHbIM €ro cnaraeMbiM.

6. Uto npepctaBnA!' co60ii aaBEKTUBHbIA U KOHBEKTUBHbLIA MPUTOKM
Tenna?

7. Kakue (akTopbl BbI3bIBAKOT CYTOYHblEe U3MEHEHUA TemrnepaTy pbl BO3-
Lyxay nosepxHocTu 3emnun?

8. Kak v noyemy usMeHseTcs TemnepaTypa Bo3fyxa B NOrpaHUYHOM Cnoe
atMocepbl?

9. Kakue Tunbl MHBEPCUIA TeMMnepaTypbl BO3HUKAIOT B aTMoc(epe?

10. OcobeHHOCTU TEN/IOBOFO pexuma Tponocgepbl U cTpatocgepsb!?



Mnasa VII. BOAHbIV PEXXVM ATMOC®EPHI

CaHOBHble MOHATUSA

1. CTOK —cTeHaHue BOAbl aTMOCHEePHbIX 0CaKOB C onpefeneH
HOl TeppuMTOpPUM B PeKW U 3aTeM B OKeaHbl UM B 6eCCpOUHbIe 03epa.
CTOK pasnmyaeTtcs MOA3EMHbIA U MOBEPXHOCTHbIN; NocnegHuin pe-
NNTCA Ha CKNOHOBLIV M pycnoBoi. CTOK - OfHa M3 COCTaBAAOLWUNX
Bnaroobopora.

2. 3aKOH [lanbToHa - CBA3b MeXAy CKOPOCTbK WUCMapeHus u
peuyntom BnaxHoctn W=A(E'-e), rge E'—ynpyroctb HacblleH-
HOro BOAAHOrO Mapa Npu Temnepatype ucnapatoLwed NOBEPXHOCTM.
e - ynpyrocTb mapa Haf ucnapsiolieli NOBEpXHOCTbIO, A - KO3a(phu-
LUMEHT MPOMNOPLUOHANBHOCTMN.

3. MyCCOH —10CTaTOYHO YCTONUYMBLIA NEPEHOC BO3AYyXa B HUX-
Heli Tponocepe Haj onpefeneHHOW 4YacTbl 3eMHOM MOBEPXHOCTU
CO CMeHOW HanpasieHWa ABaXKAbl B rogy.

4. AncnepcHaa cucTeMa - Gu3nKo-xmmmyeckas cucrtema, Co-
cTofillafA He MeHee YeM M3 ABYX (ha3, NpMYeM OfHa W3 HUX, gucnepc-
Has hasa, pacnpejeneHa B BUAe 4YacTWL, BecbMa ManblX pa3MepoB B
LpYyron thase - AMCNEepCUOHHOW cpege.

5. AuelikoBas KOHBEKLUMS - 0COGEHHOCTb KOHBEKLMU B TOH-
KOM Cfi0€ XXMAKOCTU UNW rasa, MMerLleM CBOOGOAHYIO MOBEPXHOCTb
W HarpeBaemblii CHW3Y: KOrfa pasHOCTb TeMmepaTyp Ha HUXHeild u
BEPXHEW NMOBEPXHOCTM XUAKOCTW NPEBLICUT ONpPeAeNneHHbIn npegen,
XWUAKOCTb pa3buBaeTcqd B rOPM3OHTaNbHOM HanpasneHWu. [3 LeHTpe
KaX[0i 13 HUX KOHBEKLWOHHOE ABMXXeHWe HanpasfeHO BBEPX, a Ha
nepudepumn - BHKU3. NMOCTENEHHO AYEKN CTAHOBATCHA NpPaBUbHbLIMU
WecTNyronbHUKammn. Takoro poja xapakTep MOXeT UMeTb U KOHBEK-
UMa B aTMOCHEPHBIX YCNOBUAX.

6. Koarynauusa - yKpynHeHue 3nemMeHTOB (Kamenek unm Kpu-
cTannoB) 061aKoB UM TymaHa BCNeACTBME UX CTONKHOBEHUS U CAns-



mna, npuneopduiee B KOHEYHOM c4eTe K BblNageHUI KPYMNHbIX NA-
MEHTOB M3 06naka unm TymaHa B BLUae 0CaaKOB.

7.1. O6wwme cBefeHNs o0 BnaroobopoTe Ha 3emJie

Ha 3eMHOM Luape NPOMNCXOAUT HEMPEPbLIBHBIA KPYroBOPOT BOAbI,
OCHOBHbIMW 3BEHbAMMU KOTOPOro SBASIOTCA MUCMapeHue, KOHAeHca-
ums ¢ o6pasoBaHUAMM 06/71aKOB M BbIMafeHWEM OCafKOB U CTOK. B
CpeAHeM MHOTO/METHWI KPYroBOPOT XapaKTepu3yeTcs CleAyownumm
OaHHbIMU:

TeppuTtopus MaTtepukn MwpoBoit OkeaH 3eMHoi Wwap
VicnapeHue,
MM/TO4 423 1423 1131
TOHH/TO[, 0.63-104 5.14-101 5.77-104
Ocagku.
mMm/rog 689 1313 1131
TOHH/TO[, 1.03-104 4.74- 10’4 5.77-104
CToK.
MM/Tog, 266 110
TOHH/TO[, 0.4-104 0.4- 104

MOBEPXHOCTHbIN CTOK peK Ha matepukax hopMupyeTcs 3a cyeT
MpeBbIEeHNA KOMWYecTBa 0CafKOB Haj ucnapeHuem. Hag okeaHamu
ncnapeHne Ha 110 mm 60nblie KOMMYECTBA 0CAfKOB. DTOT M36bLITOK
BOZASHOrO Mnapa NepeHocnTCA BO3AYLHBIMW TEHEHUAMY Ha KOHTUHEH-
Tbl, F4e BOAAHON Map KOHAeHcupyeTcs, 06pasys obnaka.

B atmocgepe B cpegHem cofepxutca okono 1,29- 10|3kr Bna-
rM B BUAe BOAAHOrO napa v BOAbl. TO 3KBMBANEHTHO 25,5 MM cnos
OCaXKAeHHON Boabl. Tak Kak KONMYECTBO 0CajKOB, BbiMajalowWwnx 3a
rog, coctasnfetr 1131 MM, TO HeTPyAHO MOACYMTATb, YTO BOAAHOW
nap obHoBMAETCA B aTMOC(epe NMpUMepHO 45 pa3 B rof UAM Kaxgble
8,1 cyToK. 1ns cpaBHEHWA yKaXeM, YTO B OKeaHe BO306HOB/IEHUE
BOAbl npoucxoAamnT 1pas B 2500 ner.



7.2. YpaBHeHMe nepeHoca BOASAHOIo napa B TypOyneHTHOMN
aTmocepe

PacnpocTpaHeHVe BOAAHOrO napa B aTmocdepe CKnagblBaeTtcs
13 yNnopsL0YEHHOr0 NepeHoca Co cpeAHeli CKOPOCTbIO U TypOyneHT-
HOro obMeHa.

Typ6yneHTHbIA MOTOK BOASHOTO Mapa NpPonopLuoHaneH rpaju-
EHTY ero MaccoBOW [J0Mu:

bx'= k—nPn'-Zi [ Sy— K nPn yS', Qz= knpn ?_S, (?.1)
rne M K- KOID(PULNEHTbI TYpOYNeHTHOR AndpdPy3nn BOAAHOIO

napa, Pa- nnoTHOCTb BOAAHOrO Mapa.

lMoTOK BOAAHOIO napa npeacTaBnset coboii KONMYeCcTBO BOASA-
HOro napa, NepeHoOCMMOro Yepes egMHUYHYIO Naowanky, neprneHan-
KYNAPHO K Hell, B eANHULY BpeMeHU (Kr/mM*- mc).

Ha ocHoBaHuK ypaBHeHusa (6.14) MOXHO 3anucaThb:

pETE-divQ (7.2)

CnefoBaTefibHO, TypOyneHTHbI MOTOK BoAsHOro mapa (£n) K
eAUHUYHOMY 06beMY 3a efuHuLy BpeMeHn (1 c) paBeH:

/ \
550 o s
~ ! + P,
ke g gy
Bygem npegnonaraTtb, 4TO KO3((uUUUeHT TypbyneHTHOW Anddy-
311 BOASIHOTO Mapa U KoapnuymneHT TypOYNneHTHOCTM paBHbl (K = K).
MopafoK BENNYMH, BXOAALWMX B NpaByt 4vacTb (7.3), HEOAUHA-
KOB. TaK KAK ropu3oHTaNbHbIA TYpPOYNEHTHbIA NPUTOK Ha OAWNH - ABa
nopsifka MeHblle BEPTUKA/IbHOTO, TO:

f chn
A A (7.4)

dz

B ABMXYLLEAca MHAMBMUAYaNbHOW YacTulle BO3AyXa U3MEHEHNe
MacCOBOV 40NN BOASHOTO Mapa 3a efuHULY BpeMeHU GyaeT xapakTe-

En~

pu30BaThb NO/SHAas MPoOu3BOAHAs —  VI3MeHEeHWe MacChbl BOASHOrO
{dz).

napa B BblA€N1IEHHOM 06bEME COCTABUT:



c/S dS _of ds .
— = — =k — 7.
pdz “o I/mMpdz czvpn dz (7:3)

Bblpasum NOSHYH NPOW3BOLHYH Yepe3 YaCTHble MPOU3BOAHbIE
Mo KOOpAWHaTam X.y. z. t:
ds ds , S, 03S ,-I'$S

— =—+U0U—+d— +W — 7.6
dr dt 0X ay dz (7.6)

roe U, W - cocTaBnstolMe CKOpOCTU BeTpa no ocaMm X, Y. T.
MopcTtaBnaem (7.6) B ypaBHeHue (7.5) u pewaemM nony4vyeHHoe
35

BblpaXXeHNne OTHOCUTEeNbHO —

s _ E/ItdS &55\ S+in_si_m 677)
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370 ypaBHEHMe nepeHoca BO,EI,F!HOFO napa B TypbyneHTHON aT-
mocepe.

M3meHeHMe MaccoBOW [J0ONM BOAAHOrO napa B OMNpefeneHHOoN
TOYKE MPOCTpPaHCTBa 06YyCNOBMEHO CNeAYIOLIMMUN MPoLeccaMmu.

1 YnopsigoyeHHbIA NepeHOC BOASHOIO Mapa B FOPM30HTasb-
HOM HanpasfeHWW CpefHUM MNOTOKOM - afBEKUWUA BOLAHOrO mnapa.
Ecnn BO3gyx nepeHocUTCA K3 06/1aCTU C BbICOKMMMW 3HAYEHUAMMU
S B 06nacTb C HM3KUMKU S, TO HabnwLaeTCA yBeNMYEHNE MACCOBO

Jonn napa > 0). ﬂ,eVICTBVITerIbHO, HanpasuMm MOTOK BLOMb OCU X

BS
(U>0, $ = 0), Torga T < OA = > 0. B NnpoTMBOMOJIOXKHOM Cny4ae

\ax> Oé mMaccoBas [0N5 napa yMeHbLlaeTca Moj BAUAHUEM afBek-

Uun (|t <@ °).

2. YnopsgoyeHHblii nepeHoc BOASAHOTO Napa BepTUKanbHbIMY
ABUXXEHNSMMN - KOHBEKLMA BOASHOro napa. Ecnu gons napa y6biBaet

C BbICOTOIA < c), uTo Habnwpaetcs B aTMochepe Hambosee ya-
CTO, TO MPU BOCXOAALLMX ABMXKeHMAX Bo3gyxa (W>0), maccoBas fons

Ha ()MKCUPOBaHHOM YPOBHE YyBeNu4mBaeTcsa co BpemeHeMm (T7 > 0)



jss _ )
- Uj. B cnyvyae Hucxogawmx gemxennin (W < 0) oHa ymeHbLa-

o

etca ( = )

Hanb6onee cywecTBeHHa ponb Andys3nmn B BEpTUKaIbHOM Hanpas-
neHun. 3a cyet TypbYNEHTHOro nepemewnBaHmsa guddysusa npmeoau!
K BblpaBHUBaHMNIO MacCOBOM AOAM BOASHOIO napa no BepTUKaIn.

MocnepHee cnaraemoe B ypaBHeHUN (7.7) yUMUTbIBAeT OTTOK UK
NPUTOK BOAAHOrO napa K BO3AYLIHOW 4YacTuue BcneacTBme PasoBblX
nepexofoB, T B 3TOM ypaBHeHMU-Macca BOAAHOTO napa (Mnu Bogbl),
KOHJeHcupytoweroca (MM ucnapswoowerocd) B eAuHNLe obbema 3a
e4VHNLY BpEMEHMU.

7.3. icnapeHune B eCTeCTBEHHbIX yC/10BUAX. MIcnapaemMocTb

CKOpOCTb MCMapeHusa paBHa BbICOTE €n0s BOAbl (B MM), wuC-
napusLleiica B eAMHULY BpeMeHU (CeKyHAa) C eAUHUYHOW noBepx-
HocTu (M*“). Cnoii Bogbl BbICOTON | MM, ucnapusleics ¢ naowaan
1 M", cOOTBETCTBYET Macce BOAbl, paBHON 1 kr. COrnacHo 3akKoHy
[anbToHa, CKOPOCTb UCMAPEHUS MPAMO NPOMNOPLMOHaNbHa gedhuum-
Ty BNaXHOCTW, paccMaTpuMBaeMoro mpu TemnepaType ucnapstoLei
MOBEPXHOCTW, U MapuuanbHbiM faBneHUeM BOAAHOro napa (e), Ha-
xofsuwerocs B Bo3gyxe. Kpome TOro, CKOpocTb McnapeHus obpaTHO
nponopunoHanbHa aTMocepHoOMyYy AasBneHuto P. DTOT (hakTop cne-
OyeT yunTbiBaTb NPU CPABHEHWUW YCNOBUIA CMAPeHUsA Ha pasHbIX Bbl-
coTax B ropax.

Takum 06pasom, aMnNMpuyeckyto Gopmyny And pacyera CKOpo-
CTW UcnapeHna B 06LLeM BUAE MOXHO 3anuncatb Kak:

V=kAr-f(d), (7.8)

roe K- koahhuumeHT NnponopunoHanbHOCTK, 3aBUCALLMIA OT TUMNa K
pasmepoB ucnapsawoLleit nosepxHocTu; / [y) - dyHKUNSA, yUnTbIBaKO-
Wwas BAUAHUE CKOPOCTW BETPA HA CKOPOCTb MCMapeHus.

BnnaHune pasmMepoB BOJOeMa Ha CKOPOCTb MCMapeHus 3ak/toya-
eTcs B cnegytouieM. Bce BOAOeMbl NMPUHAT LENWTO Ha TPU TPYNMbI:



Mmanble (ouameTpoMm MeHee 1 Km); orpaHuyeHHble (guameTpom oT 1
80 100 km); HeorpaHuyeHHble (guameTpom 60nee 100 Km).

Hag 60nblwnMKM (HeOrpaHWYeHHbIMW) BOLOEeMaMmn TemMnepartypa
M BNaXHOCTb BO3JyXa, & TakKXe CKOPOCTb BeTpa U3MEHAKTCA Mo ro-
PU30HTANN U BO BPEMEHU CPaBHUTENLHO MefneHHo. CrefoBaTesbHO,
afiBEKTUBHAasA N KOHBEKTMBHAsA COCTAB/IAIOLIME B YPABHEHUN MEPEHO-
ca (7.7) cTaHOBATCA Mano 3HAYMMbIMU, & CKOPOCTb BeTpa OKa3blBaeT
He3HauyuTeNbHOE B/AWAHWE HA CKOPOCTb UCNnapeHus.

Hag manbiMu BogoeMaMu CYLLeCTBYOT 60nblINE TOPU3OHTASb-
Hble pa3nnyna B TEMNepaType v BAaXHOCTU MEXAY BOAOEMOM U Cy-
wen. Agsekuma 6onee cyxoro Bo3gyxa C MOBEPXHOCTM CYLUWN YBeIu-
YnmBaeT JeULUT BNAXKHOCTU U YCUINBAET UCNapPeHUe C MOBEPXHOCTH
BOJl0eMa, KOTopoe 6yfleT 3aBMCeTb OT CKOPOCTU BETpA.

PaccMOTpMM HEKOTOpPble pacyeTHble MeTOAbl /11 CKOPOCTU UC-
napeHUs M KONMYecTBa ucnapusLLelica BO4bl.

dopmyna B.B. LUyneiiknHa gns pacyeta CKOPOCTU MCMapeHUs:

V = CU(E’ - e). (7.9)

roe U - ckopocTb BeTpa (m/c), C - KO3 (pMUMeHT, 3aBUCALLMNIA OT
BbICOTbl, Ha KOTOpOW M3MepsAeTcs fLaBneHuWe BOAAHOro napa. Ecnu
faBneHue BOAAHOro napa (B rekTonackansix) usmepsieTcs Ha ypoBHe
NCUXPOMETPUYECKOl 6YaKW, TO MPU U3MEPEeHMU CKOPOCTW BeTpa Ha
310 Xe BbicoTe BennuuHa C paBHa 0,34 <10 6.

®opmyna M.U. byabiko ana onpegeneHna CKOPOCTU ncnapeHuns
(MMm/uac):

Vv = (7.10)

rge nen At—pasHocTun faBneHuns soasHoro napa (rfa) v Temnepartypel
BO34yXxa Ha BbicoTax 0,5 n 2,0 M, paccuMTaHHble MO faHHbIM FPagUeHT-
HbIX U3MepeHunid, (R-P) - pasHOCTb MeXAy paguaLnoHHbIM G6anaHcom
3eMHOI MOBEPXHOCTW U NOTOKOM TenJsa B rny6b NOYBbI WU BOAbI.

dopmyna AN pacyeTa McnapeHWs C MOBEPXHOCTW BOAbI WU
BNIQXXHON NOYBbI:



rge ar u 3, - abconTHaa BNaXHOCTb BO3fyXa B r/cM3, n3mepeHHas
Ha BblCOTax U Ul - ckopocTb BeTpa B CM/C Ha BbicoTe 1wm.

Mofa MCNnapsaeMoCcTblio MOHMMAKT 0 KOMMYEeCTBO BOAbl, KOTOPOe
ncnapunocb 6bl ¢ MOBEPXHOCTU CYLIM B AaHHOW MECTHOCTU NpW Heo-
rpaHM4yeHHOM 3anace Bnaru B noyse. B paiioHax ¢ U36bITOUYHBIM YBNaX-
HeHuem (hakTu4eckKoe ucnapeHue 67113Ko K ucnapsemoctun. B sacywnum-
BbIX palioHax mcrnapeHue 3HaA4YUTENbHO MEHbLUEe UCNapsaemMocTu.

7.4. I3MeHeHMe BNaXXHOCTN BO3fyxa B aTmochepe

CyTOUHbI X044 AaBfieHUS BOAAHOrO napa e, abCcoNtoTHOW BRax-
HOCTU & M MaccoBOW JOMWM BOAAHOrO napa S fyylle BCEro BblpaxeH
B MHOTO/IETHUX CPefHUX 3HAYEHUAX, YEM B 3HAYEHUAX 33 OTAeNIbHble
OHW, TaKXXe KakK W CYyTOUYHbI/ XOf TeMnepaTypsl.

BbigenaoT gBa Tuna CyTOYHOrO XO4a MepeyvynclieHHbIX Bbllle
XapaKTepucTUK BNAXHOCTW BO34yXa.

MepBblii TMN MMeeT NPOCTOW CYTOUHbIA X04. CyTOYHbIA MaKcu-

MYM HacTynaer B [HEBHble

Je e OkeaH yacbl U cOBNagaeT ¢ MakCUMy-
MOM TemnepaTypbl BO34yXa,

MUHUMYM - nepef BOCXOLOM

ConHua. 3TOT TWN CBA3aH C

mMecTamu, rge obunuve Bnaru

obecneymBaeT BO3MOXHOCTb

HenpepbIBHOTO ncnapeHms

(BOAHaA NOBEPXHOCTb), HO BTO

Xe Bpemsa Habnopaetca cna-

Oblli BepTMKanbHbIA BNaroo6-

MeH. o 3TOi MpuUMHe Takoii

CYTOUHbI X0[ XapaKT epeH As

OOWMPHBLIX BOAHbLIX MOBEPX-

HOCTeli U ANA KOHTUHEHTOB B

BOAHOrO Napa B TPOMMYECKOM OKeaHe 1 3MMHee Bpems roga (puc. 24).
B MycTbIHe (HyKyc) 31Moii 1 neTom. BTopoii TN CyTOYHOrO
Ae- OTK/IOHEeHUA OT CPefHUX CYTOUHbIX  Xoaa HabnwfgaeTcs B Tensoe
3HaueHN . BpemMa rofa B rnybuHe ma-



TEPWKOB, KOrga faBfieHMe napa, abconTHas BAAXHOCTb U S uMeeT
yeTbipe akcTpemyma (puc. 24). MNepBblil MUHUMYM HacTynaeT paHo
YyTPOM, BMECTe C MUHUMYMOM TeMmnepaTypbl. 3aTeM XapakKTepucTu-
KW BMI@XXHOCTW ObICTPO pacTyT BMecTe ¢ Temnepatypoi go 9—10 u.
Mocne 3TOro BNaXHOCTb ybbiBaeT A0 15 4., KOrga HacTynaeT BTOPOi
MUHUMYM. B CYyXMUX U XAPKWUX MECTHOCTAX 3TOT AHEBHOW MUHUMYM
AB/IAETCA rNaBHbIM. 3aTeM [aB/ieHWe napa CHOBa pacTeTt 4o 21-22 u.,
KOrga HacTynaeT BTOPOil MaKCUMYyM; MOC/ie 3TOr0 OHa CHOBA YMEHb-
WwaeTca BMIOTb A0 YTPEHHMX 4yacoB. MMPUYMHON TakOro CyTOYHOTO
X0fla BNaXHOCTW BO3Jyxa ABMAKTCA 0COOGEHHOCTU PasBUTUA CYTOUY-
HOFO X0fa KOHBEKLMW Haf CyL el NeTOM B JHEBHbIE Yachl.

Ha ropHbIX CTaHLMUAX CYTOYHbIN XOf XapaKTepUCTUK BAAXHOCTU
napannefneH xogy Temmnepatypbl: MAaKCUMYM HacTyrnaeT rnocne nony-
[OHA, Korja KOHBEKLWS Hanbonee MHTEHCUBHO MEPEHOCUT BOASHOM
nap B BEpPXHWe cNou. AMNANTYAA Ha FOPHbIX CTAHUMAX YMEHbLUEHa,
M 3KCTpeManbHble 3HAYEHNA 3ana3fbliBatoT.

CyTOYHbIA X04 OTHOCWUTENIbHOW B/IAXXHOCTU 3aBUCUT OT CYTOY-
HOro xopja (akTuyeckoro pgasneHusa napa f v oT cyToyHOro xopga
fJaBneHus HacbliweHHoro napa E, koTtopas HaxoguTca B NMpsiIMOR 3a-
BMCUMOCTM OT CYTOYHOrO Xoja Temnepatypbl. CyTOUYHbIA X0 OTHO-
CUTENbHOI BAAXHOCTM C A4OCTAaTOYHbIM MPUOGAMKEHNEM 06paTeH Cy-
TOYHOMY XOfy TemMnepaTtypsbl.

Ha mope cpefHsAs cyTo4yHas amnauTyfa OTHOCUTENIbHOW BRax-
HOCTU Masna, MOCKO/IbKY Majia TaM U CyTOYHad amnauTtyfa Temnepa-
Typbl. Ha cywe cyTouHas amnamtyga 60nblie, 4eM Ha MOpe, 0CO6eH-
HO fleToM.

B SiCHble OHUW CYTOUYHbIi XO[4 OTHOCWUTENbHOW BAAXHOCTWU Bbl-
paXeH Ny4ywe, 4YeM B 06sla4yHble, KaK W CYTOYHbIA X0f Temmeparty-
pbl. HapylweHns B CyTOYHbIA X04 OTHOCUTENbHOW BAAXHOCTWU BHO-
cAT 6pu3bl Ha 6eperax mopei. Mpu gHEBHOM 6pu3e c Mopa Temne-
patypa noHuWXaeTcs, a OTHOCUTENbHAA BNaXHOCTb PacTeT BOMPEKM
HOpPMa/lbHOMY CYTOYHOMY X0fy. B ropHbIX paiioHax CyTOYHbIi XOA
OTHOCMTENbHOI BAAXHOCTU MapanfieneH CyTOYHOMY Xogy Temnepa-
Typbl. MakCMMyM NPUXOAMTCH Ha AHEBHble 4yacbl, KOrja yBe/IMUYEHO
o06nakoobpasoBaHme.

opoBON X044 AaBneHns napa, abCcoMKTHOW BAAXHOCTWM M €ro



MaccoBOl A0NWM NapanfiefieH rofoBOMY XOAy TemnepaTypbl: METOM
OHa 6onble, 3MMOK MeHblue. Camblil XapKUil U camblii XONOAHbINA
MecALbl roga 0ObIKHOBEHHO ABAAKOTCA M MecALaMm ¢ HaubonbWmM U
HaMMEHbLIMM 3HaYeHWeM LaBneHns napa.

lofoBas amnAuTyjaa faBfieHUsA napa Tem 6onblie, Yem 6onblue
rogoeas amnauTyfga TemnepaTtypbl. CnefoBaTenbHO, B KOHTUHEU
Ta/lbHOM KaumaTte OHa 60/blle, YeM B MOPCKOM, ele 60/blle OHa K
MYCCOHbIX 06/1acTAX, rge cywecTByeT pe3kasd MPOTUBOMOMOXHOCTb
MEXAY CYyXOW 3MMOM W BAaXHbIM NeToM. Ha okeaHax M B MOPCKOM
Knumate Ha cylle, 0CO6eHHO B 3KBaTOpManbHbiX 061acTax, rogosas
amMnanTyfa cogepxaHus napa mana. B rogoBom xofe 0THOCMTESNIbHAS
BNAXHOCTb TaKxXe obpaTHa Xxo4y TemnepaTypbl.

C BbICOTOWN faBneHne BOAAHOrO napa, abconTHas BAAXHOCTb
1 maccoBas 40NnA BOAAHOrO napa ybobiBaloT. B HMXKHEM MPU3EMHOM
100 m cnoe pacnpefeneHne ykasaHHbIX Be/IMYMH LOCTATOYHO XOpPO-
O ONWUCbIBaeTCA NOrapupMmMyYecKnm 3aKOHOM.

Y6biBaHWE BNAXHOCTWU C BbICOTOW Bbllle NMPU3EMHOro €noa aft-
mMocdepbl B OTAENbHbIX CAy4Yasx NPOUCXOAWUT MO pasHOMY B 3aBUCHU-
MOCTM OT YC/IOBMI nepemMellnBaHWs BO34yXa M OT BEPTUKaNbHOIO
pacnpegeneHus temnepatypbl. B cpegHem gaBneHue BOAAHOro napa
y6bIBaeT ¢ BbICOTON. BMecTe ¢ gaBneHnem napa Tak e 6bIcTpo yobl-
BaeT C BbICOTOM M abCONOTHAA BMaXHOCTb BO3LyXa.

CyuiecTBYOT aMnupuyeckue GOpMybl, ONUCbIBalO LW Ne pacnpe-
LefeHne XapakTepucTUK BIQXKHOCTM NO BbicOTe. B uyacTHoCTW, 3To
thopmyna 3t0puHra-XpruaHa:

)
e=e0 10~6 11 (7.12)
rae en- faBfeHWe BOAAHOrO napa Ha YpOBHE 3eMHO MOBEPXHOCTW.
Z - BbICOTA B KUOMeTpax.

B HmxHem 2,0 KM cnoe cocpefoToyeHo Bcero 55% BogAaHOro
napa B cnoe 0-5 kM - okono 90% u cebiwe 99% - B TpOnocgepe.

OTHOCMTeNbHAsA BNAXHOCTb MEHAETCA C BbICOTON MeHee 3aKo-
HOMEPHO, HO B 06LieM OHa C BbICOTON Yyb6biBaeT. Ha ypoBHAX, rge
npoucxoant o6nakoobpaszoBaHue, OTHOCUTENbHASA BAaXHOCTb MOBbI-
WeHa. B cnoax ¢ TemnepaTypHbIMW UHBEPCUAMMU OHAa YMEHbLLAETCA
OYeHb Pe3KOo BCNeACTBME MOBbILIEHUS TeMnepaTypbl.



3Has pacnpefeneHne abCcoNOTHOR BNaXHOCTK MO BbICOTE, MOX-
HO MOACYMUTAaTb, CKOJIbKO BOAAHOIO napa COAEepXUTca BO BCEM CTONGe
nouayxa Haf eaguHuLein naowagm 3eMHOW MOBEPXHOCTU. Ty BENMYU-
Ha Ha3blBalOT Blarocojep>kaHnem atmocdepHoro cronba. B cpegHem
Haj KaXAbIM KBajgpaTHbIM METPOM 3eMHOW MOBEPXHOCTU B BO3AyXe
COlepXnNTcsa 0KoNo 28.5 Kr BOAAHOrO napa.

7.5. KoHaeHcaumna n cybnnmauyns BoASHOro napa
B aTmocepe

B aTmoctepe M Ha 3eMHOI MOBEPXHOCTM MOCTOAHHO MPOWC-
X0A4AT (ha3oBble Mepexogbl BOAbl M3 OAHOF0 arperaTHOro COCTOAHMA
B Apyroe. paguyeckn 3T nepexodbl M306paxarTCs C MOMOLLbLHO
aunarpammbl pasoBbiX COCTOAHMIA ans Bogbl (puc. 25). Ha gnarpamme
BbIAENATCA TpK 0bnacTu, B Npegenax Kaxkaon m3 KoOTopbix Bofga Ha-
X04MTCA NMB0 B KpUCTaNIM4eCcKoOM (ha3oBOM COCTOSHUU (nen), nubo
BXXMAKOM - BOAa, Nn60 B napoobpasHom - nap.

Nuuns OM xapakTepu-
3yeT yC/n0BUSA, MpU KOTOPbIX
HabngaeTcs AMHaAMUYECKOoe
paBHOBecuMe Mexnay nosisne-
HUeM nbfa W Kpuctanimsa-
unein Boabl. SinHns COK co-
OTBETCTBYET PaBHOBECHbLIM
yCnoBmMAM  ABYX (ha30oBbIX
COCTOSHUIA: KOHAeHcauus
n ucnapeHne. Ona KOHAeH-
caumMu HeobxoAMMO, 4TOObI
BOASHOW nap  Haxogwuncs
B COCTOSHUM HAaCbIWEHUS.
NnHna  ON  xapakTepusy-
eT nepexof BOAAHOrO napa,
MUHYSA XUAKYH (a3sy, cpasy
B KpUCTan/Myeckoe cOCTOA-
Hue. OTOT Mpouecc HasbliBa-

Puc. 25. 3aBnucnmocTb gaeneHns
HacbILLEHNs OT TemnepaTtypbl 1 (ha30BOro
COCTOSIHWS MCMapstoLLeli MOBEPXHOCTW.



eTcs cybnumaumeid. Mouka O, B KOTOPOW CXOASTCS TPU KPUBbIE, Ha
3blBaeTCA TPOIHON Toukoi. Ee koopauHathl: /=0,01°C (273,16 K).
E =6,11 rlMa. Mpy 3TUX 3HaYeHMAX TemnepaTypbl U OAaBNEHUA BCe
TpuW (ha3bl HAXOAATCH B COCTOAHUMWN PaBHOBECUS.

OUueHUM BANAHWE U3MEHEHWA TeMNepaTypbl HA U3MeHeHWe 4aB-
NeHna HacbiweHus. Mpegnonoxum, 4YTo TemnepaTypa M3MeHANach Ha
O4HO K TO Xe 3HayeHue AI=1°C, HO B pas’/IMYHbIX YaCTAX KPUBOM
OK (T >T ). Ana o6oux 3Ha4YeHUn TemnepaTypbl, COOTBETCTBYHO
e npupaweHnaMm AaBfeHns HacblWeHHOro napa, 6yayT pasHbiMu
OE2>0Er 910 03HayaeT, YTO MPU BbICOKNX TeMMepaTypax BOASHO
napa KoHgeHcupyeTcs 60/blUe, YEM MPU HUZKUX.

PaccmoTpum Kakue-nmb6o Tpu Toukm A, B. C, pacnonoxeHHbiC
Ha O4HOI NpsAMOW, nmapannenbHOl OCWM OopAauHaT. TemnepaTypa Bcex
TOYeK ofuMHakoBa. B Touke A ycTONUYMBLIM SABNSETCA Napoobpa3Hoe
COCTOSiHME. AHaNorMyHo B TOUYKe B yCcTOWUMBBIM ABNAETCA XUAKOE
COCTOSIHUE.

Mpun oTpuuaTtenbHbiX Temnepatypax (/<0°C) Boja MOXET Ha-
XOLAUTbCA KaK B KpUCTan/iuyeckom (neg), Tak U B XUAKOM (nepeo-
XNaXAeHHOM) coCToAHUU. CpaBHUM [aBfieHWe HacblWEeHHOro BOAA-
HOro napa Haj NnepeoxnaKAeHHON BOAON n nbgom npu /<0°C. Beugy
TOr0, YTO CUMbl CLENSIEHUSA BblNETalOWMUX MOMEKYN BOAAHOMO napa ¢
MOMeKynaMu BOLbl MeHbLUe UX CUM CUENfeHNa ¢ MoneKynaMu Nbaa,
paBHOBECHOE AaBNeHME BOASAHOMO napa Haf nepeoxna>kAeHHoii eodoii
60/bLle, YeM Hafo NbAoM (NpuW oaHON U TOW Xe TeMnepaType).

Ecnn B o6nake MMeeTcs CMeCb BOAAHLIX Kanefib U KPUCTannoB
Nbfa, T0 B HeM OyAeT NPOUCXOAUTb NPEUMYLLECTBEHHbIA POCT Kpu-
CTannoB B pe3ynbTare Cy6MMaLmm Ha HAX BOAAHOTO napa.

Ha faBneHve HacblWeHHOro napa AeicTBYIOT v gpyrue (hakrto-
pbl. BbleNnnM rnaBHble U3 HUX.

a. KpnBu3Ha ncnapstLleil NOBepXHOCTU. B cOOTBETCTBUM C
BECTHbIMW 3aKOHaMMN (PU3UKWU AaBfIEHWE HAaCbIWEeHUsA Haj BbIMYK/IOM
MOBEPXHOCTbO 60/bLIE, YEM Haf NJOCKON, a Haj BOTHYTOW MeHbLUE,
4em Hafg nnockoiyte E >E>E

B ycnosusax atmocdepbl BbINYKNYH MOBEPXHOCTb MMEKT Kan-
Nv BoAbl B 06/1aKe. [laB/ieHWe HacbIWeEeHUA 3aBUCUT OT KPUBU3HbI Ka-
nenb. [laBneHne HacblWEHUA Hag KPYMHbIMW KannsgMu MeHblUe, Yem



Hag Menkumu, T.e. E<ET rge R>r. 310 06CT0ATENLCTBO NPUBOAUT K
TOMY, 4TO B 06/1aKe MPOMCXOAUT NEPEKOHAEHCALMA MeNKNX Kanesb Ha
KpYynHble.

6. PacTBOpbI coneii. B peanbHOl aTMocdepe BOASHOW map KOH-
[LeHCcMpyeTCca Ha fiipax KOHAeHcauuw, cpean KOTOpbIX MOTYT ObIThb
yacTuubl BCEBO3MOXHbIX COMER U ApYyrnx npumeceir. [aBneHue Ha-
CbILLEHMA Haj pacTBOPOM BCerga MeHblle faB/eHUSA HACbIWEHUA Hag
yuncToi BOJON (NpuM OAUHAKOBOW TemnepaTtype). B pesynbTate 3To-
ro BO3HUKAeT pasHOCTb MexXAy (hakTU4eCKMM AaBfeHWEeM BOAAHOIO
napa v faBneHneM HaCbILLEHUS Ha MOBEPXHOCTU Kanau, cogepxatyei
pacTBOp COMM, BCNeACTBME YEro Kaniad HauumHaeT YKPYMHATbCA. ITO
MPUBOAUT K BbICTPOMY YKPYMHEHWIO TaKOro poga Kanenb u o6paso-
BaHWIO ob6naka.

B. Hannune Ha Kanne 3/eKTPUYECKOro 3apsfa Toro Uam WHOro
3HaKa MPUBOAUT K YMEHbLUEHNK PaBHOBECHOTO AAaBMEHUS BOAAHOIO
napa. OfHaKO 3TO fIBIeHNE CYLLEeCTBEHHO NLWb B C/y4ae O4YeHb Mes-
Knx kanenb (pagnycom nopsagka 10'6-10'7cm).

HeobxoguMbIM (hU3MYECKUM YCNOBMEM KOHAeHcauumn (cybnmma-
L1n) BOASHOTO napa B aTMocepe ABMSAETCA MOHMKEHMEe TeMnepaTy-
pbl BO3J4yXa HWXXE TOUYKU pocCkl (MU UHesd). 3TO BO3MOXHO NM6O npu
OXNlaXAeHUN Kakoro-nm6o o6bemMa BO3AyXa Mpu MOCTOAHHOM BAaro-
cogepXaHuu, nmbo Npu yBEMYEHUMN €ro BAaroCofgepXXaHus npu no-
CTOAHHON TemnepaType. B peanbHoW aTmoctepe 06bIYHO 06a haKkTo-
pa LeACTBYOT O4HOBPEMEHHO.

OxnaxfeHne BO3QYLIHOW MacCbl MOXeT MPOUCXOAUTL CMeAYHo-
Wwum obpasom: MyTeM MOHMXeHUs TemmepaTypsl npu aguabatmue-
CKOM noabeme BO3fyXa; MyTEM COMPUKOCHOBEHW TEMIOr0 BO3AYXaA C
XO0/I04HOW 3eMHOI NOBEPXHOCTbLIO; NOTEPU Tenana NyTeM U3AYUYEHUA U
nocnefyloLWmnMM OXNaXAeHMEM MPU3EMHOr0 cnos atmocdepbl (06pa-
30BaHMe pPOCbl, NHeA, TyMaHa); NyTeM TypOYyneHTHOro M MOMeKynsp-
HOro Tensioo6MeHa ABYX Pa3HOPOAHbIX MO TEPMUYECKUM CBONCTBAM
BO3AYLIHbIX Macc MpM UX NepeMeLlBaHunN.

YBennueHvne BNarocofep>XaHna BO3AYLHON MacCbl MOXET Mpo-
MCX0AMTb NNBO MpM MCMapeHUM Kakoro-nmbo Konu4vecTBa BOAAHOIO
napa, Nn60 Npu ropuM3oHTanbHON aABeKLUM 60Mee BAAXHOIo BO3AY-
Xa B flaHHY MeCTHOCTb.



JocTaTouHbIM yCcnoBMeM ANA KOHAEHCaLWOHHbIX MPOLECcCcOoB
ABMAETCA Hanmuue B aTMochepe AfLep KOHAeHcauun. B oTcyTcTBMK
Af4ep KOoHAeHcauunm obpa3oBaHWe 3apofbllUeBbIX Kanefb He mpowuc-
X04W0 Bbl faXe Npu BOCbMUKPATHOM MepechlleHnn.

B atmocdepe, Kak nokasanu uccnefosaHus, BCTpeyaroTca aapa
KOHZeHcauuu, pasmep KOTOPbIX U3MEHAETCA B WWMPOKUX Mpegenax -
ot K)7po 10'3cm. A4pa KOHAeHcauuu AenaT no pasmMepam Ha Tpwu
rpynnbl: yactuubl paguycom oT 5-10'780 210'ScMm. KOTOpble Ha3bl-
BalOT A4paMu AR TKeHa; yacTuubl paguycom ot 2 +10'500 104cm, Tak
Ha3biBaemble KpPYyMHble Aapa; vyactuubl paguycom 6onbwe 104 cm,
Ha3blBaeMble TUFaHTCKUMU ALPaMUN KOHLEHCALMN.

7.6. TymaHbl. X knaccugunkayms

TymaHOM Ha3blBAaeTCA CKOMJEHWE TMNPOAYKTOB KOHAeHcauuu
(kanenb, BOAbl, KPUCTANNOB Nbfla UM TEX WU APYTUX BMECTe), B3Be-
WeHHbIX B BO3fyXe HEMOCPeACTBEHHO Haf 3eMHON MOBEPXHOCTbIO,
NPy KOTOPOM FOPM30HTaNbHasa AanbHOCTb BUAMMOCTU CHUXKaeTcs A0
1 KM 1 MeHee.

Mpu BugnmoctTn ot 1 KM 1 60Mee 3Ta B3BELIEHHAA B BO3yXe CO-
BOKYMHOCTb Kaneflb UM KPUCTaNA0B fibja Ha3blBaeTCcs AbIMKOIA.

B 3aBMCMMOCTM OT BbICOTbl BepPXHel rpaHuubl Cnos TymaHa
MOXHO YC/I0BHO pasnnyatb: NMO3eMHbIe TyMaHbl (MpK BbICOTE 40 2 M);
Huskue (2-10 m); cpegHue (10-100 m); Bbicokme (6onee 100 m).

YXygweHne BUAUMOCTU MOXET MPOUCXOAUTb MPW 3anbleHUK
WU 3afbIMIEHUN BO3AYXa. DTO ABMEHWE Ha3biBAeTCs MO,

Mo usnyeckum ycnosusaM 06pasoBaHMA NPUHATA cnejyroulas
Knaccugumkauma TymaHos (puc. 27). TymaHbl LenaT Ha ABa Knacca:
TYMaHbl OXJIOXKAEHUA U TyMaHbl ucnapeHus. B 3aBucumocTtu oT Xa-
pakTepa M3MeHeHWa TeMnepaTtypbl TYMaHbl OX/IaXAEHWA nofgpasfje-
NAKTCA Ha pajualWOHHble W afBEKTUBHbIE, a TYMaHbl UcnapeHus -
Ha TYMaHbl WCNAapeHWs C MOBEPXHOCTW BOAbl W TyMaHbl MCNapeHus
Kanenb JoXaa (PpoHTaNnbHbIE).

Mpn HU3KMX Temnepatypax M HebGOMbLWMX 3anacax BOAAHOIO
napa B atmoc(epe B Hee MOXEeT nonagaTb LOMOJSIHUTeNbHas Bfara,
a TaKXXe MPOMbILU/IEHHbIE Y TPAHCNOPTHbIE BbIOPOCHI NpU CropaHumn



Tonnuea B HaCe/IEHHbIX MYHKTax. |_|pl/l 60nbLWNX KOHUEHTpaUunax B
BO34yXe 3TuXx Bbl6pOCOB BO3HWKaET ewe oanH 0CcOo6bI A B4 TyMaHa -
cmor. Cmor moxet Ha6ﬂl0,anbCF| N Npu CpaBHUTENIbHO BbICOKOW TeM-

nepartype.
MeTeoponoruyeckue ycnosus o6pasoBaHUs pas/iMyHbIX TUMNOB
TYMaHOB.
1 A[BEKTMWBHble TyMaHbl BO3HUKAOT B Tensblx BM, neper

Wwarowmnxcs Hag 60nee X0N04HOW NOBEPXHOCTLIO.

Ha cywe agBeKTMBHbIe TyMaHbl HabK4aTCS Yalle BCEro oce-
HblO M 3MMOIA, Korga cyl,ecTBYHOT OCOGEHHO 3HAYUTENbHbIE pas-
nMuns B TeMMepaType MeXAy HU3KMMU U BbICOKMMM LIMPOTaMu, a
TakXke MeXay cywein n mopem. Ha mMope OHM HabnwpgarTca yalye
BECHOI 1 N1eToM.

A[IBEKTUBHbIe TyMaHbl 06pa3yroTCca Npu cnegyouwnux MeTeopo-
NOTNYECKNX YCNOBUSX:

- BblCOKasi 0OTHOCMTeNbHAs BNAXHOCTb TEMJOK BO3AYLWHOW Mac-
Cbl MpKU ee HaTeKaHWM Ha XONOLHY MOACTMNAILLYH NOBEPXHOCTb;

- 6onblwas pasHOCTb TeMMNepaTyp BO3AYLIHOW Maccbl 1 3eMHOIA
MOBEPXHOCTHU;



- cnabble UM ymepeHHble ckopocTu BeTpa (2-5 m/c); npu 6on
CUIbLHOM BeTpe pa3BMBAETCA 3HAYUTENbHbIA TYpOY/EHTHLIA 06MEH,
KOTOPbI/ NPenAaTCTBYeT 06pa3oBaHN0 TyMaHa;

-yBe/IMYEHMe UM NOCTOAHCTBO MacCcOBOW AON BOAAHOrO napa
C BbICOTON MOA BAUAHWEM TypOYyneHTHOro o6MeHa KOJM4eCTBO BO-
OAHOro napa B6/M3M 3eMHOW MOBEPXHOCTU GyfeT yBenmymBaThCAa 3a
CYeT nepeHoca n3 60siee BbICOKNX C/OEB;

-yMepeHHasa ycToiiumBas cTtpaTuumKaumsa n CpaBHUTENbHO cna-
Oblli TYpOYneHTHbIVi 06MEH; NPKY 0YeHb YCTONYMBON cTpaTudnkauum
3amegnseTca MNpoLecc OXNaXAeHWs BO3AyXa OT 3eMHOW MOBEPXHO-
CTU M TymaH obpa3yeTcs TO/IbKO B TOHKOM CJl0€.

2. PagnaunoHHble TyMaHbl pasnuyaloT ABYX TUMOB: MO3EMHbIE
n BbicOKMe. MM03eMHble TyMaHbl HabnAalTCA TONbKO Haj Cywei B
ACHble M TUXMEe HoUM. OHM CBA3aHblI C HOUYHbIM PajMaLNOHHbIM BbIXO-
NaXnBaHMWEM MOYBbI WAN CHEXHOrO MOKPOBa. 3TN TyMaHbl BO3HMKaA-
0T B C/10€ NPU3EMHOI MHBEPCUU M nocne Bocxoga ConHua ncyesawT
BMecCTe C Heil.

BbiCcOKMe pagnaunoHHble TyMaHbl MOryT Habno4aTbCA Ha CyLle
M Ha MOpe A0 BbICOTbl HECKO/bKUX COTEH METPOB B YCTOMNUYMBbLIX aH-
TULUKIOHAX B XON0[HOE BpeMsa rofa. 3To pe3ynbTaT MOCTENEHHOrO
BbIX0NAXNBaHNA BO34YyXa B HMKHUX CNOAX aHTULMKIOHA. Takolh Ty-
MaH MOXET COXPaHATbCSA HeAenaMmn Hag 60bW UMK pantoHamum.

3. TymaHbl ucnapeHns BO3HMKAKOT Yalle BCEFO OCEHbK W 3UMON
B X0N04HOM BO3AyXxe Haf 6onee Tennoi sogoi. Hap pekamu u o3e-
pamu B rnybuHe mMaTepuKOB OHW MOSIBASAKTCA BEYEPOM WM HOYbHO.
FymaH nucnapeHus 06bIYHO KNy6uTCA U BLICTPO paccemBaeTcs, Tak
KaK HarpeBaeTCa CHU3Y OT Ten/0i BOAbI.

TyMaHbl MepevyncieHHbIX BULOB BO3HUKAKOT BHYTPY BO3AYLIHbIX
macc. OgHako HabnalTca TyMaHbl, CBA3aHHbIE C aTMOCHEPHbIMU
thpoHTamn. K HMM OTHOCWUTCA OAUH U3 BMAOB TYMaHOB MCMapeHus
- npeApOHTanbHbIN TymaH. Bbeinagalolne GpoHTaNbHbIe 0CaAKU
yBNaxHseT nousy. B pesynbTaTe yCuAeHHOro ucnapeHus, Kak c mno-
4Bbl, TAK M C MajaroLWwnx Kanenb 4OXAA, BO34YX Y 3eMHON NOBEPXHO-
CTW JOCTMTaeT HaCbIWEHNA U B HEM 06pa3yeTcs TymaH.

B cyTOYHOM X0f€e TyMaHbl Ha PaBHUHE MMET MaKCUMYM UHTEH-
CMBHOCTM 1 NOBTOPSIEMOCTM YTPOM. Ha BbICOKMX YPOBHAX B ropax



TYMaHbl pacnpefensoTCca B TeYeHUE CYyTOK PABHOMEPHO WU WMEHU
cnabblii MakCMMyM B MNOCNENONYAEHHbIE Yachl.

BaXXHOW xapakTepucTUKOW TymaHa siBnsetca abconoTHasa Boj-
HOCTb, MO KOTOPOW MOHUMAalOT Maccy Kaneab BOAbl U KpWUCTannoB
Nbfla B rpaMmmax, cofepxaulimxcs, B efMHUYHOM O0Obeme BO3gyxa -
r/m3. OHa U3MeHSAeTCA B 4OBO/IbHO WNPOKUX Npejenax: oT ThlCAYHbBIX
poneit go 1,5-2 r/m3. BogHOCTb TyMaHa BO3pacTaeT C yBE/IMYEHUEM
ero UHTeHCUBHOCTKU (Tabn. 7.1).

C pocTom TemnepaTypbl MOXeT YBEANUYMBATLCA BOGHOCTb TO/b-
KO TYMaHOB OXnaxeHns. BogHOCTb TYMaHOB UCNapeHus, HanpoTmB.,
npy NOBbILWEHWW TemMMepaTy pbl BO3AyXa yMeHbllaeTcA. 3TO CBA3AHO
C TEM, YTO NPV MOHMKEHUU TemnepaTypbl BO3AyXa YBelMymBaeTCs
pa3HOCTb TemMMepaTy p MeXAY 3eMHO MOBEPXHOCTbI M KaKuM-1n6o
(hMKCMPOBAHHLIM YPOBHEM (Hanpumep, 2 M), 4TO NPUBOAMUT K ycusne-
HUIO Typ6YyNEHTHOro NOTOKAa BOAAHOrO napa.

Tabnuua 7.1
BogHocTb TymaHoB (r/M3) pasNMyHOl UHTEHCUBHOCTM
NHTEHCUBHOCTb TyMaHa

TymaH fC N o o
cnabelii YMEpPEHHbI CUJIbHbBIN

AJBEKTUBHbIV >0 0.02-0,09 0.04-0.18 0,10-0.76
McnapeHus <0 0,02-0,04 0,05-0.11 0,08-0.37

Opyrumun KonmM4yecTBEHHbIMU MOKa3aTeNaMuU TymMaHa AB/AOTCA
4Yucno W pacnpegefieHne Kanenb no pasMepam. IKCNepuUMEHTanNbHO
YyCTaHOBMEHO, YTO E€CTECTBEHHbIe TyMaHbl COCTOAT W3 yacTul, pas-
NINYHOTO pasmepa, T.e. ABAAKTCA NONUAUCNEPCHLIMU. Yucno Kanesnb
B 1cm3usmenserca ot 0,5 fo 93 B afBEKTMBHbLIX TymaHax OT 50 go
860 B pagnaymoHHbIX TymaHax u ot 70 go 500 B TymaHax mucnapeHus
cpefHeil NHTEHCMBHOCTU. Pa3mepbl 31eMEHTOB TyMaHa Takxe usme-
HAKTCA B LUMPOKMX Npefenax: oT 4oneil MUKPOMETpa A0 HECKOMbKNX
[LecATKOB (B KpucTannax - coTeH) MUKpomeTpoB. lMpeob6najatouyee
YMCNO Kanefb UMeeT paguyc 2-18 mMKM. Pasmepbl KpUCTanioB nbAa
B TyMaHax ucnapeHus coctaBnaloT 3-125 MKM B cnabblXx TymaHax,
9-355 MKM B YMEpPeHHbIX 1 9-475 MKM B CUJIbHbIX.



7.7. Obnaka. Knaccugpukauma o6nakos

O6nakoM Ha3sbiBalOT BUAUMYI COBOKYMHOCTb B3BELUEHHbIX Ka-
nefb BOAbl M KPUCTANNOB fibfla, HAXOAALLMXCA HA HEKOTOPOI BbiCOTE
Haj 3eMHON NMOBEPXHOCTb. C TOUKM 3peHMs U3NUYECKUX YCN0BUI
06pas3oBaHMa Mexay 06/akaMy M TyMaHammn HUKaKUX pasndunii Her.
OfHako MeTeoponormyeckme ycnosusa obpasosaHua 061akos, a Tak-
e UX BepTUKanbHas MPOTAXEHHOCTb CYLLECTBEHHO OTAMYAOTCA NO
CpaBHEHWIO C TYMaHamu.

O6naka M3MeHAIT TEMJIOBOI M pagnaLuOHHbIA pexxmum aTMocde-
pbl, BANASA TakuM 06pasom Ha (hOpMMPOBAHME NMOroAbl U KAMMara.

Mo a3oBOMYy COCTOSHWUIO 061aYHbIX 3N1EMEHTOB 06naka 4endaT-
CSl Ha TpM Knacca: BoAsiHble (KanenbHble) 06naka, cocToslL e TONbKO
M3 Kanefb; OHU MOTYT CYL,EeCTBOBATb He TO/IbKO NPY MOMOXMUTENbHbIX
TemnepaTtypax, HO U nNpu oTpuuatenbHbiX (-10°C 1 HUXE), B 3TOM
cnyyae kannum 6yAyT HaxoAWTbCA B NepeoX/IaXXAEHHOM COCTOSHUK;
cCMeLlaHHble 061aKa, cocToAw e U3 CMecK NepeoxnaxAeHHbIX Kanenb
M NefsHbIX KPWUCTannoB; OHW MOTYT CyLleCTBOBATb, KakK Mpasuno,
npu Temnepatypax oT -10 fo - 40°C; neasiHble (KpUcTaninyeckue)
obnaka, cocTosiliMe TONbKO M3 NefAHbIX KPUCTanaoB; OHU MOTYT Cy-
L ecTBOBATb, KaK nNpasuio, Npu Temneparypax Huxe - 40°C.

MDXpohusnueckme xapakTepucTukn 061akos M TymaHoB 61u3-
K1 mexgy coboii.

AOGCONOTHAsA BOAHOCTb BOAAHbIX 06/1aKoB cocTaBnset oT 0,01
00 X r/M3 B KpucTaninyeckux obriakax oHa 3HaUYMTENIbHO MeHbLUE:
COTble U ThiCAYHbIE J0AM /M3, Pa3mepbl 06n1a4HbIX Kaneab U3MeHs-
l0TCA B LWUMPOKMX npefenax - OT foneill 40 COTEH MUKPOMeTpoB. B
3aBMCUMOCTU OT YCNOBMiA 06pasoBaHns W cTaguu pas3BUTUA 061aKo
MOXeT COCTOATb M3 Kanenb Kak CPaBHUTENbHO OLHOPOAHbIX, TakK K
pasnnyHbIX Mo pasMepam. MNpu TagHUN KPUCTAIOB U NPU B3aVUMHOM
CANAHUK Kanenb B o6nakax o6pasytoTca kanam paguycom go 100-200
MKM. Bonee KpynHble Kannu BbiNagalwT u3 o6naka B BMAE MOPOCU
nnn goxas. Yucno kanenb B 1 cM3M3MEHAETCA OT COTEH O efUHUL,.
CopepxaHue KpucTtannos MeHblle - nopsgka 0,1 B cm3.

MpuHATO ABa nogxoda K knaccupukauum obnakos. B ocHoBy
O4HOT0 MONOXEH BHEeWHMI BUL (popma) 06/1aKoB M BbICOTA UX pac-
nonoXeHua-mopgonormyeckas (Mnm MexxayHapoLHan) knaccuguka-



uus 06nakoB. Lpyroin NnpuHLMN OTpa)kaeT 0COBEHHOCTU PU3NYECKNX
npoueccoB 06pa3oBaHus 06/1aK0B - TeHeTUYecKaa Knaccupukayms.

Me>kayHapogHas knaccugumkaums 06nakos cogepxut 10 € CHOB-
nbiX opm (poAoB) 061aK0OB MO UX BHELWHEMY BUAY, KOTOPbIA AensT
Ha YeTbipe CeMelicTBa (Apyca). B Kax/oM CeMeiicTBe pas3nMyarT He-
CKONbKO Pa3HOBUAHOCT el 061aKoB.

O6ume cBegeHnss 06 obnakax gaHbl B Tabnuue 7.2.

OcHoBaHMe 0611aKOB BepXHero sipyca HaxoAWTCA B NONAPHbIX
WMpOTax Ha BbICOTax OT 3 A0 8 KM, B YMepPeHHbIX - 0T 5 a0 13 km, B
TPpOMMYecknx - oT 6 o 18 kM. OcHoBaHMe 061aKOB CPeAHEr0 fApyca
pacrnonaraeTcsa COOTBETCTBEHHO Ha BbICOTaX - 4 KM, 2-7 KM N 2-8 KM.
HuXHAs rpaHuua 061aKOB HUXHErO fipyca HaxXo4UTCH Ha BCeX LWMpPOo-
TaxX NPakTUYecKn OT 3eMHOIN NMOBEPXHOCTM A0 2 KM. OCHOBaHus 06-
NaKoB BEPTUKANIbHOTO Pa3BUTUA 0ObIYHO HAXOAATCA B HUXKHEM fApYcCe,
a BepLlUMHbI MPOHUKAIOT B CPELHUI U faxKe B BEPXHUI apyc.

Jagnm KpaTKyt XapaKTepUCTUKY OCHOBHbIM hopmamM 06/1aKoB.
BHewHNn BUA OCHOBHbLIX (hOpM 06/1aKOB U MX Pa3HOBUAHOCTENR Npu-
BefleH B «ATnac o6nakos» (2007).

Tabnuuya 7.2
Mopdonornyeckas (MexgyHapogHas) knaccugpukauus 061akos
CemeiicTBO ®opmia Bua Yucno pasvHo—
(apyc) BUAHOCTEN
A. BepxHuit apyc 1. MMepucThbIii - 1 HuTeBUAHBbI
Cirrus (Ci) (fibratus, Cifib.)
2. TNoTHbIE 2
(spissatus, Cisp.)
2. Mepucrto-kyuyesble — 1. BonHUCTbIE 1
Cirrocumulus (Cc) (undulatus, Cc und.)
2. KyyeBoobpasHble 1
(cumuliformis, Cc cuf.)
3. MepucTto-cnouctble - 1. HATEBUAHbIE
Cirrostratus (Cs) (fibratus, Csfib.)
2. TymaHooGpasHble -
(nebulosus, Cs neb.)
b. CpegHuii spyc 4. BbiCOKO-Kyu4eBble - 1. BonHucTble 4

Altocumulus (Ac) (undulatus, Ac und.)
2. KyueBoo6pasHble
(cumuliformis, Acful.)



CemeiicTBO Yuncno pasHo-

(apyc) ®opma Bua BUAHOCTEN
5. BbICOKO-C/IOUCTbIE - 1 TymaHoo6pa3sHble 3
Altostratus (As) (nebulosus, As neb.)
2. BonHuctble 3
(undulatus, -Is und.)
B. HuxHuii apyc 6. Cnoncto-Ky4eBble - 1 BonHucTble 3
Stratocumulus (Sc) (undulatus, Sc und.)
2. KyuyeBoobpa3sHble 4
(cumuliformis, Scful.)
7. Chouctble - 1 TymaHoo6pa3sHble
Stratus (St) (nebulosus, St neb.)
2. BonHucTtble
(undulatus, St und.)
3. PasopBaHHble 1
(J'ractus. Stfr.)
8. CnoucTo-Aoxaesble - -
Nimbostratus (Ns)
I. O6naka Beptn- 9. Kyuesble - 1. Mnockue 1
KanbHoro passu- Cumulus (Cu) (humulis, Cu hum.)
™A 2. CpegHue
(mediocris, Cn med.)
3. MouwHble 1
(congestus, Cu cong.)
10. KyueBo-foxaeBble - 1. Jlbicble 1
(Cumulonimbus, (Cb) (calvus, Cb calv.)
2. Bonocatble 3

(capillatus, Cb cap.)

MepucTble o6naka BbITNAAAT KaK OTAeNbHble HUTW, Tpsgbl Unn
MONOCbl BOSIOKHWUCTOW CTPYKTYPbI.

MepucTO-KyyeBble 06naka npeAcTaBnAalOT CO60M rpsagbl unm
MnacTbl, COCTOAWME U3 OYEHb MENIKMX X/10MbeB, WAPUKOB, 3aBUTKOB
(6apawkoB). Yacto OHM HanoOMWHAKT PAbGb HAa MOBEPXHOCTU BOAbI
WM necka.

MepucTo-cnoncTble obnaka npeAcTaBnsaoT co60/ TOHKYHO NpPo3-
payHyto 6esecoBaTyto Byanb, HaCTUYHO UM MOMHOCTLH 3aKPbIBAKOLLYIO
HebocBoA. IHOrAa OHM UMEHT BOSIOKHUCTYIO CTPYKTYPY.

BbICOKO-Ky4eBble 06naka npeAcTaBnsaOT coboi o6navHble nna-
CTbl UAu rpagbl 6en0ro uau ceporo useta (MM 0JGHOBPEMEHHO 060-
nXx). TO LOCTATOYHO TOHKMe 0bnaka, 605ee UM MeHee 3aTEHAOLW ME



ConHue. MnpacTbl (MW rpAgbl) COCTOAT M3 MAOCKUX BasioB, 4WCKOB,
NAacTuH, 4acTo PacnoONOXEHHbIX pAfaMu.

Bbicoko-cnoncTble ob6naka - NpeacTaBnsioT COO0WA CBETNbIM,
MOJ/IOYHO-CepPbIl 061a4HbIA MOKPOB PasIMYHON NAOTHOCTK, 3acCTuNa-
OWNin He6OCBOL LENMKOM MAM YacTM4YHO. Yepe3 MeHee MOTHbIE
yyacTKn MOryT npocseymBatb ConHue u JlyHa, 04HaKo, B BUAe pas-
MbITbIX MATEH. BbICOKO-CMoOuUCTble 06naka ABAAKTCA TUMUYHLIMU
CMellaHHbIMU 06nakamu: Hapagy C MenbyailwMMKU KanasMu B HUX
cofiepXaTcs 1 MenKne CHeXXUHKK. Takne o6naka fatoT cnabble ocajg-
KW, KOTOpble B Tenjoe Bpems rofa, Kak npaswio, McnapawTcs no
NyTU K 3eMHON MOBEPXHOCTU. 3MMOIN M3 HUX YacToO BbiNagaeT Men-
KWW CHer.

CrnoncTo-A0>K4eBble 06/1aKa MMEKT TaKOe XXe NMPOUCXO0XAeHMeE,
KakK 1 BbICOKO-cioncTble. OfHaKO CNoi ux 60see MOLWHbIA (HECKOSb-
KO KNWTOMeTpPOB). B BepxHeli yacTu OHWM COCTOAT U3 Mefbyalilimx Ka-
nefb Y CHEXXUHOK (CXO0XW C BbICOKO-CNOMCTbIMM 061aKaMu), a B HUX-
Hell MOryT cofepXaTb TakXe KpYMHble Kanin u CHeXUHKKW. [oaTomy
CNoN 3TUX 061aK0B MMeeT TEMHO-CcepbIli UBeT. ConHLe u JTyHa CKBO3b
Hero He mpocseymBalT. M3 aTnux 06nakoB, Kak nNpaBuio, BbinagaeT
06M10XHON [OXAb WAW CHEr, JOCTUralWmnin 3eMHON MOBEPXHOCTH.
Mo NOKPOBOM CMOUCTO-A0XAEBbLIX 06/1aKOB 4aCTO CYL,eCTBYOT bec-
(hOpPMEHHbIE CKOM/IEHUA HU3KUX pa3opBaHHbIX 06/1aKOB, 0COGEHHO
MpayHbl Ha hOHe CONCTO-[0XEBbIX.

CrnoncTo-KyyeBble obnaka MpeAcTaBndalOT c060A rpagbl Wam
cnou cepbix unu 6enoBaTbiX 061aK0B, NOYTM BCerga uMmerowne 6onee
TEMHble yyacTKu. O6naka 3T COCTOAT U3 TAKUX Xe 3/1eMEHTOB, YTO U
BbICOKO-KYy4eBble (M3 AUCKOB, NAMT, BANOB), 04HAKO 60/ee KPYMHbIX.
Kaxyuwnecs pasmepbl ux 60nee 5°. PacnosioxeHbl CTPYKTYpPHble
31eMeHTbl Yalwe Bcero psgamu. Cnoucro-kKyyeBble obnaka cOCTOAT
B OCHOBHOM M3 MEKUX OAHOPOAHbLIX Kanenb (Mpu OTpuLATENbHbIX
Temnepatypax —nepeoxnaXAeHHbIX) U He 4al0T 0CaAKOB.

CnoncTble obnaka - OJHOPOAHbIN Cepblii CNON KamenbHOro
CTpoeHusa. M3 3aTux 06n1akoB MOXeT BbiMagaTb Mopochk. Mpu gocta-
TOYHO HU3KUX OTpULATENbHbIX TeMNepaTypax B 061akax NnoaBAsOTCA
M TBepAble 3/1eMEeHTbI, TOr4a U3 HUX MOTYT BbiNajaTb NefsHble UMb,
MENKWIA CHer, CHeXHble 3epHa. CONHEeYHbI AWUCK, MPOCBeYNBaIOLL U



CKBO3b 06M1aKa, MeeT YeTKue oyepTaHusa. NHorga atn obnaka uvmeroT
BWJ Pa30pBaHHbIX KNOYbeB.

KyueBble 06n1aka - MAOTHble C Pe3KO OYEPUEHHbIMU KOHTypamu
oTAeNbHble 06naka, pa3BMBaloLMecs BBEPX B BUAE XONMOB, KYMooB,
balleH. NIMeloT ocnenuTenbHO Genble KNyo6sAWwmnecs BeplwnHbl (Noxo-
XU Ha KOYaHbl LBETHOM KanycTbl). OCHOBaHUA 06/1aKOB CPaBHUTENbHO
TeMHble. Tpy 60/bWIOM KONMMYECTBE KydeBble 06naka obpasyloT rpa-
4bl. IHOrga oHU MMelT pasopBaHHble Kpas. Kyyesble o61aka cOCTO-
AT TONIbKO U3 BOASAHbIX Kanenb (6e3 KpUCTanfios) M 0CafKOB He [aloT.
OpHako B TPONMKax, r4ae BOAHOCTb 06/1aKa BeinKa, U3 HUX BCNeACTBUE
B3aWMHOr0 CIMAHUS Kaneflb MOTYT BbiNagaTb He60AbLINE AOXKAMN.

KyuyeBo-go>k geBble 06n1aka 06pa3yroTca B pesynbtaTe gafbHew-
LIero pasBuTus Ky4eBbix 06n1akoB. OHM NpeacTaBAsalT co060i MoLy-
Hble Ky4eB0O0O6pa3Hble MaccChl, O4EHb CUIbHO Pa3BUTble MO BEPTUKAIN
B BuAe rop v 6aweH. YacTo NpoCTUPAOTCHA OT HUXKHEFO J0 BEPXHEro
Aapyca. 3akpbiBafd COMHUE OHW CWU/IbHO YMEHbLUAOT OCBEL,EHHOCT.
BepLlwunHbl MX NPURAKOCHYTbI, UMEIOT BONOKHUCTYO mnepucToobpas-
HYI0 CTPYKTYPY W HepefKO XapakTepHyto opmy HakosaneH. KyuyeBo-
foxpaesoe 061aK0 COCTOMT B BEPXHEW 4acTh M3 NefsAHbIX KpucTtan-
NOB, a B CpeAHel - M3 KPUCTannoB M Kanenb pasNnMyHOro pasmepa,
BN/OTb 4O CaMblX KPYMNHbIX. OHKU Jal0T 0CafKu TMBHEBOr0 XapakTe-
pa. C Takummn o671aKamMmmn 4acTo CBA3aHbl FPO30Bble ABAEHUSA, MO3ITOMY
MX Ha3biBalOT elle rpo3oBbiMMK (a TakXe NMBHEeBbIMU). Ha ux ¢oHe
Hepefko Habnwofaetca pagyra. Mo ocHoBaHUAMU 3TUX 061aK0B, Tak
Xe Kak 1 noj CNoucTo-40XAeBbIMU, 4acTo HabnofaloTCA CKOMeHNs
pas3opBaHHbIX 06/1aK0B.

OnpegeneHHy ponb B (hOPMUPOBAHUKN 0BNAKOB UTPalT BEpP-
TUKanbHble ABMXEHWA. B 3aBUCUMOCTW OT TOpPU3OHTaNbHbIX pas-
MepoB ob6navyHocTeil, B npejenax KOTOPbIX BEPTMKanbHas CKOPOCTb
COXpaHseT O4MH U TOT XXe 3HaK, BepTUKaNbHble ABVKEHUA MPUHATO
AennTb Ha TpW Knacca: makpomacwTabHble (NynbcayuoOHHbIE), Me-
30MaclWTabHble U MakpomacwTabHble. C 3TUMK Knaccamu CBSi3aHO
feneHve 061aKoB MO reHeTMYECKOMY NPWHLMUNY, B COOTBETCTBUU C
KOTOPbIM BbIAENAT TPU OCHOBHbIX TUNa 00NaKOB: KOHBEKTWBHbIE
obnaka, BOMHMCTOOGOpa3Hble 06n1aka U 06/1aKa BOCXOAALWEr0 CKO/b-
XeHns (DpoHTaNbHbIE).



KoHBeKTUBHble 06/1aka. OCHOBHbIMU NpoLeccamu, NPMBOAALLN-
MW K 06pa30BaHNI0 KOHBEKTUBHbLIX 06/1aK0B, ABNAKOTCA TepMunyeckas
KOHBEKLMS U TYpOyneH THbIi 06MEeH.

OThenbHble MeperpeTbie Maccbl BO34yXa HauMHaKT YCKOPEHHO
cyxoagmnabaTmyeckn nepemelLaTtbCs NO BEPTUKANM BBEPX WM OXJiaX-
fjatbcd. Ha onpefeneHHOM YpPOBHE HauyMHaeTCA KOHAeHcauus BOAA-
HOro napa. 3TOT YPOBEHb ONpPeAenAtoT C NOMOLLbIO a3pPONOrNYEeCKO
anarpamMmmbl 1 N0 3IMNMPUYECKOW hopmyne:

z=122(V10),(7.8)

roe, zk - YpOBeHb KOHAEHcaLUW B MeTpax, t0- TemnepaTypa BO3gyxa
y 3emnu, r0- Touka pocsl.

Bbllwe ypoBHA KOHAEHCALWW MNOABEM BAAXHOHACHILEHHOTO
BO3fyXa NPOUCXOAMUT MO BAAXHON agmabate 40 YPOBHA CBOGOAHOIN
KOHBEKLMUMN, NPaKTUYeCKN COBMAfaloLWero ¢ BepxHel rpaHuuein 06-
naka (puc. 28). CKOpOoCTb BOCXOASLLUX ABMXKEHUI B KOHBEKTUBHOM
ob6nake cocTaBnsieT 6-9 M/c, HO BOTAENbHbLIX CAyYasx goctmraeT 25-
30 m/c n 6onee. KoOHBEKTUBHbIE 06/1aKa MO MEXAYHApPOAHOW Knaccu-
thukaymum  oTHOCATCA Txv
K Ky4yeBblM W Ky4eBO-
[0XAeBbIM 06nakam.

BonHucToOO06pas-
Hble obnaka. B
atmoctepe 4acto Ha-
6nogaloTcs BOJIHOBbIE
OBWKEHNUS camoi pas-
NINYHO aMnanTyabl
W 4NVHBbI BOMHbLI. Mog
BMAHNEM TaKux [ABU-
XXEHW nNpy onpegeneH-
HbIX YCMOBUAX MOryT
thopmupoBatbCsa  BOS-
HUCTOOOpasHble o06na-
Ka, KOTOpble UMEIKT BUJ
pacnpocTpaHeHHOro no
rOpuU30oHTanu Ha fecsT-

Puc. 28. Cxema Ky4eBO-[0XAeBOro obnaka.
1- KpuBasa cTpaTudukaymu, 2 - Kpmeas
COCTOSHUSA.



KW U COTHM KU/OMETPOB C/10, COCTOALEro M3 BajaoB, MAUT, TPsaj u
ap. 3Tn obnaka UMEKT CPaBHUTENIbHO HebO/bLYI0 BEPTUKANbHYHO
NPOTSAXEHHOCTb - B HECKO/IbKO AECATKOB M COTEH MeTPOB, UHOTAa A0
2-3 KM u 6onee.

BonHOBbIe [ABMXEHMUSA, B KOTOPbIX BO3HWKAOT BOJHMCTOO6pas-
Hble 06/1aKa, BO3HMKAKT B CAeAYKOLWMUX CAyyasx: B CNOAX C MHBep-
CMOHHOW WAM CWUALHO YCTOWYMBOWM cTpatugukauuein, rge gopmu-
pyloTCA rpaBUTALMOHHO-CABMIOBbIE BOJIHbI WMAW BOJIHbI KenbBMHa-
Fenbmronbua; npum 06TekaHUyM yCTOWYMBO CTPATUPULUPOBAHHBIM BO3-
OYLWHBIM MOTOKOM FOPHbIX NPENATCTBUIA; NPU AYEIKOBOW KOHBEKLUN.

Mof VHBEPCUMOHHBLIM CNOEM MPOUCXOAUT HakanauBaHWe BOAAHOMO
napa. B cnoe nHBepcuMm BO3HMKAOT BONHOOOPa3Hble ABUXEHUS 3a cyeT
oceflaHMs BbllUenexalero Xof04HOr0 BO34yXa W KOMMNEHCUPYHOLLUX
BOCXOALLMX ABUXEHWIA MOA UHBEpCUKeld. B pe3ynbTare 3T0ro B rpe6Hsx
00pa3oBaBLUMXCS BOMH NpW agnabaTtnyeckom nogbeme BO3gyxa BOASAHOM
nap MOXeT OCTUYb COCTOAHMA HacblWweHns. o MeXxayHapoAHOl Knac-
cudpmKauum atn o6naka 0THOCATCA K CIOUCTbIM U C/IOUCTO-KYYEBbIM.

Ha noaBeTpeHHOW CTOPOHE FOPHOro xpe6Ta npu ero o6TekaHuu
YCTOMUYMBO CTPATM(NLMPOBAHHLIM BO3AYLWHbLIM NOTOKOM 06pasytoTcs
cneyungryeckune BoMHbl, B rpebHAX KOTOPbIX 06pasytoTca obnaka tuna
BbICOKO Ky4eBbIX (BbICOKO-KYy4eBble YeyeBmnLeobpasHbie-Ac lent).

O6naka BOCXOAALLEr0 CKOMbXeHUs CBA3aHbl C (YPOHTaNbHbIMK
pasgenamu B atmocgepe (puc. 29). ®poHT oTAensdeT NOAOTWIA KAUH
XO0/IOAHOT0 BO3JyXa OT NexXallero Hafg HUM Tennoro Bosgyxa. MMpwu
3TOM pa3BMBaeTCs BOCXOASALLEE ABUXEHME TEMIOMO BO34YyXa MO X0/104-
HOMY K/IMHY CO CKOPOCTAMU OT f0Nel O HECKO/IbKUX CAaHTUMETPOB B
CeKyHay. MeaneHHbll nogbem 60/bLLIOr0 MaccMBa TeNAOro BO3fyXa
Nno XONOAHOMY KAWHY NPUBOAUT K afnabaTUyeCcKOMYy OXNaXAeHUIo
3TOr0 MaccuBa M K KOHAeHcauuu B HEM BOAAHOro napa. B pesynb-
TaTe BO3HUKaeT ob6nayHas cucTema TENAOro aTMocepHOro poHTa.
O6nayHas cuctema CKNaAblBaeTCA M3 CMOMCTO-LOXAEBbIX 06/1aK0B
B HWXKHel Tponocgepe, BbICOKO-CMOMUCTbIX - B CpefHel, mepucTo-
C/IOUCTBIX - B BEPXHEN.

B cnyyae Xx0no4HOro )poHTa BO3HMKAET NPUMEPHO TakKas Xxe 06-
nayHasa cuctema. OTANYMe ee COCTOUT B TOM, YTO 06M1avHas cucTema
X0M04HOro PpoHTa 6onee y3kas.
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Puc. 29. CxemMa BO3HUKHOBEHUSI 06/1aKOB BOCXOASALLErO ABUXEHUS.

CTeneHb MOKpbITUS HebeCcHOro ceofga o6nakamun HasblBalT KO-
NNYeCcTBOM 06/1aKoB My 06/1a4HOCTbIO. O6N1aYHOCTL BbipaXkaeTca B
LecATbIX J0oNax nokpblTua Heba (1-10 6annos). Mpu o6nakax, non-
HOCTbIO 3aKpbiBalOLWNX HeH60, 06/1a4HOCTbL 0603HavaeTcs ynucnom 10,
Npv COBEPLUEHHO ACHOM Hebe - yucnom 0. MNpu BbIBOAE CPefHUX Be-
NINYNH MOXKHO faBaTb W fecATble 4ONM eAuHULbI. Tak, Hanpumep, 5,7
03HauvaeT, YTo 06s1aKka NokpbliBaT 57% HebocBoda. MPUHATO MO OT-
[LeNbHOCTU OLeHMBaTb obuiee KonmyecTBo ob6nakoB (obwyto obnau-
HOCTb) W KOJINYECTBO HMXXHUX 06/1aK0B (HUXHIOK 06/1a4HOCTD).

CyTOYHbI X04 061a4YHOCTUN CMOXEH M B 6GONbLWOK CTeneHn 3a-
BUCUT OT hopmbl 06nakoB. CnoucTble U CNOMCTO-Ky4YeBble 06naka,
CBfI3aHHbIE C BbIXONAXWBaHMEM BO3AyXa OT 3eMHON MOBEPXHOCTU U
CO CPaBHUTENbHO CNabbiM TypOyneHTHbIM MepeHOCOM BOAAHOIO napa
BBEPX, UMEKT MaKCMMyM HO4Ybl M yTpom. KyuyeBoobpasHbie ob6na-
Ka, CBA3a@HHbIe C HEYCTOWYMBOCTbID CTpaTMMMKaLUMM U XOPOLIO Bbl-
PaXXeHHON KOHBEKLMEW, HaNpOTNB, BOZHNKAKT MPENMYLLECTBEHHO B
OHEeBHble Yacbl U McyesalT B KOHLUe gHA. Hag mopem, rae Temnepa-
Typa NnoAcTuialoLL el NOBEPXHOCTM NOYTH He UMeEEeT CYTOUYHOr0 X0Aa,
o6naka KOHBEKLMUN TaKXXe ero noyYTu He MMEKT uan cnabblil makcu-
MYM MPUXOAMTCA Ha yTpo. O61aka BOCXOAALLEr0 ABUXXEHUSA, CBA3AH-
Hble ¢ (DPOHTAMW, HE UMEIOT BbIPAXXEHHOIO CYTOUYHOr0 X0fa.

Ha BbICOKOTOpPHbIX CTAHLMAX, 0COBEHHO NETOM, MUHUMYM Ha-
6nt0faeTcs HOYbIO, Korga o6siaka pacnonabiralnTca HMU3KO, a MaKkcu-
MYM - nocfie MOAYAHS, NPU PasBUTUN KOHBEKLMWW.



7.8. MNMpoueccbl ocagkoobpasoBaHud. Knaccugpmnkayms
aTMocepHbIX 0CafKOB

ATMoc(epHble ocafgky —aTo Kanau BOAbl U KpUCTanibl Nbaa,
Bbinajawume m3 061akoB Ha 3eMHYH0 MoBepxHocTb. Ocagku npeg-
CTaBNAKT cO60 O4HO U3 3BEHLEB BNaroo6opoTa Ha 3emie, ABAAKTCS
OCHOBHbIM UCTOYHMKOM YBNAXXHEHUA CyLIN.

B HauyanbHON cTaguMuM pa3BUTMA o06Maka OCHOBHYK poO/b B
YKPYMHEHUN 06/1a4yHbIX 3apOfbllieBbiX 31EMEHTOB WrpaeT npouecc
KOHJeHCcalumn BogAaHoro napa (cM. 7.5). 3aTeM HauymHaeTcsa npouecc
nepekoHeHcauum BOAAHOTO napa C MenKMX Kanenb Ha 6onee Kpyn-
Hble. OCO6EeHHO 6bICTPO HAYMHAKT pacTu obnayHble 31EMEHTLI MO-
Cfe TOro, Kak B 06/1ake Hapsagy C NepeoxnaXAeHHbIMU KanasaMm noss-
NAKTCA KpucTannbl nbga. MNpoucxoanT neperoHka BOAAHOrO napa ¢
NepeoxaXAeHHbIX Kanenb Ha KpucTanbl Nbga BCAeACTBME TOTO, YT O
[laB/IEHNEe HacCbIWEHHOTO napa Haj NepeoxNaXpAeHHol BOAOW 60/b-
e, YeM HaAo NbAoM.

Bo BTOpO#i cTagum, nocae TOro Kak Kanav v KpucTanibl Abja Bbl-
pacTtaloT 40 pa3meposB 20-60 MKM OCHOBHYIO pPO/b HaYMHaeT Urpatb
npouecc cnmaHus (koarynsymsi) obnayHblx 3nemMeHToB. Koarynsuyus
06MayHbIX 31EMeHTOB 00YyC/M0BfeHa B OCHOBHOM pa3/In4yHOW CKOpO-
CTbI0 WX NajeHusa (rpaBMTauMoHHas Koarynsaums). OnpegeneHHyH
pONb UrpaeT Koarynauusa, cBs3aHHas C TypOYy/neHTHbIM M 6POYHOB-
CKUM [BMKEHWEM 06/1a4YHbIX 31EMEHTOB, 3/IEKTPOCTAaTUYECKUMM CU-
namu un gp. bnarogaps koarynsauum Kanau M KpuUcTanibl BbipacTalT
OT LeCATKOB MUKPOMETPOB 40 HECKOSIbKUX MUMUMETPOB.

BaxHOe 3HauyeHMe Ans YKPYMHEHMA 006/avyHbIX 3/1EMEHTOB M
o6pa3oBaHMA OCafKOB MMEKT BepTUKanbHble ABMXeHUsA. Mpu BOC-
XOA4SLLEM ABMXEHMU TemnepaTypa BO3gyxa NoHMXaeTca no aguaba-
TUYECKOMY 3aKOHY, YTO MPMBOAMT K MepPechiWeHN0 BOAAHOIO napa
n obecneynBaeT LONOJIHUTENbHbIA KOHAEHCALWOHHBI POCT Kanesb
[0 pa3mMepoB, NPU KOTOPbIX AOMUHUPYIOLLYO POb HauYMHaeT urpatb
Koarynaums. Kannu, nogHATble Ha 60/blWYH BbICOTY BOCXOASLLUM
MOTOKOM, MpW MageHnmn NpoxoaaT 3Ha4YUTENbHbIA NyTb B 06n1ake. Mpu
3TOM 3a CYET Koarynsymu Kanam BbipactaloT 40 60/bWNX pa3MepoB.

KonnyecTBo 0CafKOB M3MEPAIOT TONWMNHON CMOSA XULKOWA BOAbI,
KOTOpPbIA 06pasyeTcs nocne BbiNageHns 0CafKoB Ha TOPU30OHTaIbHYHO



MOBEPXHOCTb. TOMWMNHY 3TOTO C/I0A U3MEPAT 06bIYHO B MUNNUMET-
pax. OAWH MWNNIUMETP BbIMAaBLIUX OCafKOB COOTBETCTBYET Macce
0CaAKOB, paBHOl 1Kr. BbiNaBWMUX Ha naowagm 1m2

Ocapgku, Bbinagatwne 13 061akos, KnacCUOULUPYOT NO CTPYK-
Type 1 pasMepam UX 3anemeHTOB (Mopdonormyeckas Knaccuukaumns),
a TakXe Mo pu3nYecKMM YCNOBUAM BO3HWKHOBEHUA (TeHeTMYeckas
knaccudgukauymsa). Kpome atoro, ocagku nogpasfenstot Mo ux arpe-
raTHOMY COCTOAHUIO (KWUAKWE U TBepAble 0CafKu).

Mo aToMy Mpu3HaKy pasnuyaloT cliefyloLwne Buabl 0caLKos.

[o>Kab - XWAKWe 0cafKu, COCTOALLME U3 Kanefb AMaMETPOM
0,5-8 Mm. Kannu 6onee 3HaunTeNIbHbIX pasMepoB Npu nageHun pas-
6uBaloTCA Ha YyacTu. B NuBHEBbIX JOXAAX AMaMeTp Kanenb 60/blue,
4yeM B 06/M10XHbIX, 0CO6EHHO B Hauvane goxasa. Mpu oTpuuaTenbHbIX
TemnepaTypax WHOrga MoryT BblMagaTb MEPeOoXNaXKfeHHble Kannu.
CkopocCTb NafeHnsa Kanenb foxas gocturaet 8-10 m/c. Joxab Bbina-
faet n3 cnoncto-goxaesbiX (Ns) n KyyeBo-f0xaeBbix o6nakos (C/),
MHOTa U3 BbICOKO-CNOUCTbIX (AS).

Mopocb - XWAKME 0CajKu, COCTOAWME U3 Kanefib LUAMETPOM
0,05-0,5 MM c o4eHb Manoli CKOpoCTbi0 MageHusd. OHM Nerko nepe-
HOCATCA BETPOM B FOPU3OHTaNbHOM HanpasneHuun. Boinagaet mo-
pocb K3 cnoucTtblix (St) U cnomcTo-Ky4deBbiX (Sc) 061akoB, a Takxe
npu paccemBaHnmn TymaHa. IHTEHCMBHOCTL 0CafKOB NPU MOPOCK He
npesbiwaet 0,25 mM/yac, CKOPOCTb NafeHUs Karnefb B HENOABUXHOM
Bo3gyxe meHbuwe 0.3 m/c.

CHer - TBepAble 0CafKu, COCTOfALME W3 CMNOXHbLIX JIeAAHbIX
KpucTannos (CHEXMWHOK). ®OpMbl UX OYEHb Pa3HO06pPa3Hbl 1 3aBUCAT
OT ycnoBuit obpasoBaHnsa. CHEXMHKU NPpW NafeHnmn 4acTo cnmnarwT-
€A B KpynHble xnonbs. MNpu Temnepatypax, 6/M3KUX K HYNIO W Bbille
Hyns, BblNajaeT MOKPbIA CHer. Paguyc xnonbeB cHera Kone6nerca ot
0,5 mm o 5 cm, Habnwganuchk xnonba paguycom 4o 15-20 cwm.

MOKpbIA CHer- 3TO 0CafKn B BUAE CHEXUHOK 1 Kanesb Uan Tato-
WMX CHEXUHOK. MOKpbI cHer o6pa3yeTca Torga, korga B61m3un 3em-
HOM NOBEPXHOCTM Temnepatypa 61mn3ka K 0°C UAm HeCKONbKO BbILLE.

Kpyna - ocafku, coctodwme u3 fiefsiHbIX WU CUNbHO 063ep-
HEHHbIX CHEXWHOK paguMycom OT goneit go 7,5 MM, KoTopble obpa-
3yl0TCA B pe3yfibTaTe 3aMep3aHua MNepeoxfaXXAeHHbIX Kanenb BOAb



M 063epHEHNSA CHEXMHOK. B 3aBMCMMOCTM OT COOTHOLUEHUSA MEXI>
NefsAHON N CHEeXHOM 4acTAMM KPYMUHOK 3TOT BWJ OCaAKOB Mnogpas-
LEensioT Ha CHEeXHbIe 3epHa, CHEXHYIO U NefAHYI0 Kpyny.

NepasiHble urnbl - ocafku, coCToAWMe U3 NeAsSHbIX KPUCTaNNO0B B
BMAE WeCTUYTroNbHbIX NPU3M U NNacTuUH 6e3 pa3BeTBeHWiA. OHU Bbl-
najatT 3MMOM NPU HU3KON TemmepaType M3 06/1aKOB HUKHEro Wi
Cpe4Hero sipycos.

NepsaHoli go>KAab - 0Cajku, cCOCTosAWwMe U3 NPO3PaYHbIX Neas-
HbIX LIAPUKOB (3aMep3LW KX B BO3AYXe Kanenb AoXAA) Auametpom 1-3
MM. 3TO OYeHb pefKuii BUA 0CaAKOB.

papg - TBephble 0CafKW B BUAE KyCOYKOB NbfAa LIAPO06pasHOi
(hopmbl (rpaguH) MaMeTpPOM OT HECKONbKUX MUNNMETPOB A0 6 cm
n 6onee. Macca rpaguMH B OTAeNbHbIX cny4yadx npesbiwaet 300 .
pagnHbl COCTOAT U3 6enoro MaToBOro fgpa v ganee M3 nocnefosa-
Te/IbHbIX MPO3PayYHbIX U MYTHbIX CMI0EB NbAa.

[na o6pasoBaHnda rpaguH Heobxoguma 60nblasg BOGHOCTbL 06-
NakoB, NO3TOMY rpaj BbinafgaeT TOAbKO B Tennoe Bpems roga npu
BBICOKMX TemnepaTypax y 3eMHON noBepxHocTu. Hambonee yacto
rpag BbiNnajaeT B yMePeHHbIX WNPOTax, a ¢ HaubonbLl el NHTEHCUB-
HOCTbIO - B TPOMMKaxX. B monspHbIX WMpoTax rpag He HabnogaeTcs.

Mo dusnueckum ycnosuam o6pa3oBaHns (N0 reHETUYECKOMY
Npu3HaKy) ocagku NoApasfensioTca Ha Tpy Buga:

- 06Nn0>KHble O0Cajgky - 3TO MPOLO/KWUTENbHble W pacn-
pocTpaHstolMeca Ha 60MblWY Naowafb 0Cafku CpefHel WHTeH-
CMBHOCTH, BblMajaroWwmne N3 CIOUCTO-A0XKAEBbIX U BbICOKO-COUCTbIX
(Ns -As) 06nakoB B Bufe f0XASA U CHera, MHOr4a MOKPOTO;

- NBHeBble OCafKMW - 0CafKu, BbiNajatoLline U3 Ky4eBo-L0X[e-
BbiX (Cb) 0611aK0B B BUAE [OXAA, CHEra, Kpynbl, rpaga. 3T 0cagku
MMEKT BHe3amnHblil, HO HENMPOLO/KMNTENbHbIA (TMBHEBO) XapakTep,
0N HUX XapaKTepHO pe3Koe N3MeHEeHWe MHTEHCMBHOCTW; BblNafeHne
3TWX 0CAAKOB YaCTO COMPOBOXAAETCA FPO3aMy W LWKBanamu;

-MOpoCALL e 0CafKM - 0CafKU, BbiNajawlime u3 naoTHbIX Co-
MCTbIX U CNOUCTO-KYy4YeBbIX (St, Sc) o6nakoB, KOTopble 06pas3yoTcs B
YCTOMWUYMBO CTPAaTUDULMUPOBAHHBIX BO34YLUHbIX Maccax.

Ba)HON XapaKTepuCTUKOA 0CaAKOB HABMAETCA WX MPOAO/IKM-
TeNbHOCTb U WHTEHCUBHOCTb. [10f WHTEHCUBHOCTbIO MOHWUMAKOT



KONMYeCcTBO 0CafikoB, BbinafjawwWwmnx B eAUHULY BpeMeHn (MM/MUH.
MM/4ac, CYTOUYHbIA MakcuMyMm). Hanbonblied MHTEHCUBHOCTbIO 06-
nafalT NMBHeBble ocafkn. CpefiHNEe 3HAYEHNSA UHTEHCUBHOCTYU 3T UX
ocagkos 0,03-0,05 MM/MWH. HaMMeHbLas UHTEHCUBHOCTb Y MOpO-
CALLMX 0CafKOB.

XapakTepucTuKa SMBHEl WCKAKUYNTENbHOW WHTEHCUBHOCTU B
pasHbiX palioHax 3eMHOro wapa npusegeHa B Tabnuue 7.3.

Tabnuua 7.3
XapakTepucTUKN NUBHENR UCKNHOUYNTENBHON UHTEHCUBHOCTH
KonnuecTtso rlpO,D,OJ'I)KI/ITEJ'IbHOCTb, MHTEHCUBHOCTb,

Taiion

0cajKoB, MM MUH MM/MUH
ABCTpanus 650 120 5,42
FepmaHuns 126 8 15,75
Ll Beiiapus 22 5 4,46
PymMbIHUA 205 20 10,20
tOXHas Adpuka 356 15 23,73
OXHaa KanngopHus 26 I 26.0
MaHnama 63 6 12,60
CWA 31 1 31.00
CWA 18 14 12,50
0. Amaiika 195 15 13,00
CWA 300 42 7.10
YkpanHa (Kapnarbl) - 1 9,50
TypKmeHua - - 2,17

Ona onpefeneHna CyTOYHOro Xoda KONMIMYecTBa 0CafKoB Bbl-
LensTca ocajKu, BbiNaBllMe 3a OMNpefefieHHbl 4acoBOW MHTepBan
CYTOK, B NpOLLeHTax 0T 06Lero CyTo4HOro Ux Konuyectsa. Mpu aTom
MCKNYaKTCA abCoNTHLIE 3HAYEHNS 0CAAKOB, CU/IbHO BapbUpYHO-
wne OT OAHOIO MecTa K ApYyroMy u 3aTpyLHAIOLLME CPABHEHME.

CyTOYHbI X0 0CafKOB OYeHb CMOXeH. Ha cylwe pasnuuaioT
[iBa OCHOBHbIX TWUMa CYTOYHOTO X04a 0CaAKOB - KOHTWHEHTanbHbIi
n 6eperoBoil. OfHaKO B CBA3MN C MECTHbIMY YCNOBUAMU HAbNO4AIOT cAa
MHOFOYMCNEHHbIe OTCTYNNEHNA OT 3TUX TUMOB U UX YCTOXHEHNS.

B KOHTWHEHTaNbHOM TUMe [NaBHbli MakCUMyM 0CafKOB OT-
MeyaeTcsi nocne NOAYAHS W Cnabblii BTOPUYHBIA MakCMMyM  paHo
YTPOM; Ff1aBHbIi MUHMMYM OTMeuyaeTcs Noc/ie MOMYyHOUYU N BTOPUM



MuiA MUHUMYM - nepea nonyfaHem. [NaBHbIA MakCMMYM CBSi3aH C
[JHEBHbIM BO3pacTaHMEM KOHBEKLMWW, BTOPUYHBIA - C HOYHbIM 06pa-
30BaHWEM C/IOUCTbIX 06/1aK0B. J/1eTOM F/NaBHbIA MakKCUMYM BblpaXKeH
pesye, YeM 3UMOW, 4YTO 0OBACHAETCH FOAOBbIM XOAOM KOHBEKL WM.
JTOT TMN CYTOMHOTO Xo0ja Haubonee xapakTepeH ANS TPONWUKOB, Tak
Kak 37ecb [AHEBHAas KOHBeKLWs pa3BMBaeTCA CUNbHee, a NoBTOpse-
MOCTb (PPOHTaNbHbIX 061aKOB MEHbLLE.

B GeperoBomM TwuMNe efMHCTBEHHbIA MaKCMMYM 0OCajKoB Mpwu-
X0AUTCS Ha HOUYb MY T PO, @ eAMHCTBEHHbI MUHUMYM - Ha Mocneno-
NyfAeHHble Yacbl. TOT TUMN CYTOYHOIO X0[a BbiPaXeH Ny4lle NeToM,
YyeMm 3UMOIA.

CyTOYHbIA X04 NOBTOPAEMOCTM 0CafAKOB Hafj Cyllieli coBnajaeT
C CYTOYHbIM XOAOM KONM4YecTBa 0CafKoB. MHTEHCMBHOCTb 0CAajKOB
Ha Cylle HauWMeHbllas A0 MOMYAHS, HaMGONbLIAs MOCNE MONYAHS W
BEYEPOM.

7.9. HazeMHble rngpomeTeopbl

KoHgeHcaums u cybnumauma BOAAHOIO Mapa MOXET MNpowuc-
XOANTb HENOCPeACTBEHHO Ha 3eMHON MOBEPXHOCTWM WM HA3eMHbIX
npegMmeTax, ecnm Temnepatypa BO34yXa, CONpuKacarLWwerocs ¢ 3em-
HON NMOBEpPXHOCTbIO (MOYBOW, pacTeEHUAMM, NMpegMeTaMun), OKasblBa-
eTCs HUXKe TOYKM pocbl (MHes). B aTom cnyyae o6pasyloTca HaseMm-
Hble TMApPoMeTeopbl. B 3aBucMMoOCTM OT TemmepaTypbl 3eMHOI MO-
BEPXHOCTU 06pasyoTCca XXUAKUE N TBEPAbIE TUAPOMETEOPDI.

K XngkuMm rugpomeTeopaM OTHOCATCA poca U XXUAKUA HaneT.

Poca. Pocoin HasbiBalOTCA Menbyaiwne Kanaum Bogbl, ob6pa-
30BaBLIMECS B Mpouecce KOHAEHCALMW Ha 3eMHON MOBEPXHOCTH,
0COBEHHO Ha TpaBe, a TaKXe Ha FOPM30OHTa/bHbIX MOBEPXHOCTAX
npegmeToB. OCHOBHOI NMPUYMHON 06pa3oBaHUA POCHI CAYXUT Mo-
Teps Tenna 3eMHON NOBEPXHOCTbIO NOJA BAUAHUEM U3TYUYEHWNS B HOY-
HOe Bpemsa CYTOK. Heo6xo4MMbIM YCNOBMEM BO3HWUKHOBEHWUS POChHI
ABNAETCA ACHAA W TUXasa Noroga, NpuM KOTOPOA HOYHOE W3NYyYeHUe
0CO6GEHHO BE/MKO.

B yMepeHHbIX WKNPOTax Npu poce 3a HOYb MOXET BbIMAcTb C/ONA
ocaakoB TonwmHoi 0,05-0,15 MM, a 3a rog MOXeT BbiMagats 4o 10



50 mm ocagkoB. B nycTbiHAX CpegHeli A3umn B TedeHne rofa Bbinaja-
eT o 30-40 mm ocafKoB.

Xungknin  HadeT - 3TO MJeHKa BOAbl, BO3HMKawLias Ha Xo-
NOAHbIX, NPEUMYLLECTBEHHO BEPTUKANIbHbLIX, MOBEPXHOCTAX B Mac-
MYPHYIO W BETPEHYI0 NMorogy npu ajBekuun cpaBHUTENbHO Tenaoro
1 BAAXHOr0 BO34yXa Moc/e X0/M04HON NOorogbl.

K TBepablM rmgpometreopam OTHOCATCA WHENR, TBepAbln HanerT,
M3MOpO03b, rosiofnes u obnefeHeHne.

MHeeM Ha3biBaKOT NefAHbIe KpuUcTanibl pa3iMyHoin hopmsl, ANN-
HOW nopsfgka HEeCKONbKWX MWAIMMETPOB, BO3HWKAKLUME Ha Tpase,
NMoYBe N Pas/IMYHbIX FOPU30HTaNbHbIX MOBEPXHOCTAX MPU TakKUX Xe
YCNOBUSAX, KaK U poca, HO TONIbKO NpU OTpULaTeNbHbIX TEMNepaTypax
nogcTunarouLeid NnoBepxHocTu. BoasHoi nap u3 Bo3gyxa, Hemocpea-
CTBEHHO COMpPMKacalLerocs ¢ XoN04HOW NMOBEPXHOCTbIO, CybAMMY-
pyeTcs Ha Hell B BUAE KpucTannoB. VHel BO3HMKAET M HA MOBEPXHO-
CTW CHEXXHOr0 NOKpOBa.

TBepabli HaneT BO3HUKAET Ha BEPTUMKANbHbIX MOBEPXHOCTAX,
0COOEHHO KaMeHHbIX (CTEHbI, LLOKOMW 3[4aHunii), ¢ HABETPEHHON CTo-
POHbI MPX TaKUX Xe YCNOBUAX, KaK XWUAKWUIA HaneT, HO Npu Temnepa-
Typax HUXe Hyn4,

M3MOpOo3bl0 Ha3blBAKOT pbiX/ible 6efible KPUCTanabl, HapacTar-
W Me Ha BeTBAX epeBbeB, Ha XBOe, MPOBOJAX, MPOBOJIOYHbLIX U3TOPO-
4AX N OPYTUX TOHKUX npegmeTtax, ITW Kpuctanibl 06pasytoT 4/INH-
Hble, NErko ocbinatrowmecs HUTU. MI3MOpo3b HapacTaeT Npu 3HaAYU-
Te/lbHbIX MOPO03ax U, Kak npasuno, npu TymaHe. MNMepeoxnaxaeHHble
Kanau TymaHa, 3amep3liuve npu CONPUKOCHOBEHWM C NpeamMeTamu,
[alT Havano ganbHelwemy obpasoBaHuUIo KpucTannos. HapactaHue
M3MOPO3N MPOUCXOAUT NPENMYLLECTBEHHO C HABETPEHHOW CTOPOHBI
npesMeToB.

lononepd - 370 o6pa3oBaHMe CN0OSA MIOTHOMO fibAa Ha 3€MHON no-
BEPXHOCTM W Ha NpejmMeTax B pe3ynbTaTe 3amMep3aHusa Kanenb nepeo-
XNaXAeHHOTro f0XAA, MOPOCY UM 06MNBHOTO TyMaHa. fonones, Taknum
06pas3omM, He BbIENAeTCS U3 BO3gyXxa MyTeM HEMOCPeACTBEHHONW Cy-
6MMaLmMy Ha Ha3eMHbIX MpeaMeTax, Kak paCCMOTPeHHble Bbllle BUbI
TBEPAbIX rMapoMeTeopoB. [ns ero obpasoBaHus Heo6XxoAMMO Bbina-
[leH1e nepeoxnaxeHHbIX Kanefb, BOSHUKLINX B aTMoctepe. lononcy



NOTWKAaeT MpPU He CAUILIKOM HU3KUX OTPULATENbHbIX TeMMepaTypax
(ot 0 go- 15°C). Ocagku npu 3TOM BbIMaAaloT B BUAE NEPEOXNaXKAeH-
MY kanenb, HO NPW CONPUKOCHOBEHUUN C 3eMHOI MOBEPXHOCTbIO UK
npegmeTamun 3aMep3atoT, NOKPbIBasA UX NefAHbIM CI0EM.

PasznnyaloT rosiones MNpo3payvyHblili U MYyTHbIA  (MaTOBbI).
MocnegHuii Bo3HUKaeT npu 60nee Menkux kannax (Mopocu) u npu
6onee HM3KMX TemnepaTtypax. Kopka Hamep3LWero fbfja MOXET [0-
CTUTaTb TONWMWHBI HECKONbKWX CAHTUMETPOB W Bbi3blBaTb MOMIOMKY
CyubeB M 06pbiB nMpoBogos. Mpu rononege Ha 1 M nNpoBofa MOXeT
ocegatb oT 10 r go 1kr nbpa.

Ob6nefeHeHne - faBfieHNe POLCTBEHHOE rosonefy. 3TO npoLlecc
OCaXK[eHune 1 3aMep3aHns NepeoxnaxaeHHbIX Kaneib 061akoB, TyMa-
HOB M 0CAAKOB Ha pas3/IMyHbIX YaCTAX CAMONETOB U APYrMUX feTatenb-
HbIX annapaTtoB, a TakXXe Ha3eMHbIX W BOAHbIX BWAOB TpaHcnopTa
(aBTOMOGMAM, Ccypa, noe3ga u gp.)

OCHOBHbIE BbIBObI

1. 3aKOHOMEPHOCTU pacnpefeneHnsi BOASHOro napa B aTMoctepe onu-
CbIBAlOTCA ypaBHEHWEM MepeHoca BOAAHOr0 napa B aTmMocdepe - OAHOro u3
OCHOBHbIX YpaBHeHUN Gn3nMKn aTmochepbl. CYyTOUHbIA M FOA0BOA X04 pas3nny-
HbIX XapaKTepUCTUK BNaXXHOCTW BO3Ayxa, ee pacnpeAefnieHne Mo BepTUKanu 3a-
BUCAT B OCHOBHOM OT BK/aja aABeKTUBHON M KOHBEKTUBHOI COCTaBASHOLLNX
3TOro ypaBHEHMS.

2. OCHOBHbIM WCTOYHMKOM MOCTYM/EHUS BOASIHOrO Napa B aTmoctepy
SIBNAETCA MCNapeHWe B eCTECTBEHHbIX YCMOBUSAX, 06UiMe 3aKOHOMEPHOCTU KO-
TOPOro ONMCbIBAKTCA ypaBHeHWeM [lanbToHa. Ha OCHOBe 3TOro ypaBHeHus, a
TakXXe ypaBHeHWs Tennosoro 6anaHca nonyyeHbl OpMynbl A8 pacyeTa WC-
napeHusi.

3. BogsHoW nap B aTMoc(epe HaxoAMTCA B COCTOSSHUWU MpU TemnepaTtype
N [JaBNEHUN HWXEe KPUTUYeCcKMX. BcnepcTeBue 3TOro B aTMocdepe BO3MOXHbI
npoLecchbl KOHAeHCALUM 1 cybnnmaumnmn, pesynbTaTtoM KoTopbIX SABASOTCA 06pa-
30BaHMe TYMaHOB M 06/1akoB. Heo6X0ANMBbIM YCNIOBMEM KOHAeHcauun (cy6nm-
Mauun) BOASIHOTO Mapa SIBNSETCA ero OX/JaXAeHWe HVbKe TeMrepaTypbl TOUKU
pocbl (MHes). [locTaTo4YHbIM YC/I0BUEM ANIA 3TOr0 MpoLlecca siIBASETCS Hanu4me
B aTMocepe siiep KOHAeHcaLuu.

4. OCHOBHble KnaccuukaLmm 06/1akoB MOCTPOEHbl HA MOP(OIOrMYECKUX
N FeHeTMYeCcKMX npu3Hakax Mx o6pasoBaHMsA. B oCHOBY MOpP®O/0rMYecKom



(MexkayHapoaHon) Knaccnpukaumm NoaoXKeH NPUHLMN BHEWHEro Buga obna
KOB 1 BbICOTbl MX PacnosioXXeHnst. ®usmyveckune ycnosmus obpasoBaHumsa 061ako*~
MCMNO/b30BaHbl B FeHeTUYeCcKol Knaccudukaumm.

5. MepBOHaYanbHbIM ycn0BUEM 06pa3oBaHMsi 0CafKOB siBNsieTcs npouec”
nepeKoHAeHcaLy MefKUX 06/1ayvHbIX 3/1EMEHTOB Ha 60/iee KpynHble. Bo BTou
poi cTaguMm YKpPYNHEHWS Kaneb BOofAbl U KPUCTanaoB Nbaa B 06/1ake 0CHOBHYIO K
pofib UrpaeT npouecc Koarynsymm (rpaBuTauMoHHON, 6POYHOBCKON 1 Ap.).

6. OnpeaeneHHy posib B HAKOM/EHWUM 0CaflKOB UTPalT Ha3eMHble FMapoY
MeTeopbl (poca, UHeWN, N3MOPO3b, Fonosneq n ap.).

KOHTpOsIbHbIEe BOMPOCHI

1 MpuBegnTe obuine gaHHble 0 BNaroo6opote na 3emse.

2. BbiBeguTe U NpoaHanunsnpymnTe ypaBHeHUe NnepeHoca BOAAHOro napa i
TypbyneHTHOI aTmocdepe.

3. OT Kakux (haKTOpOB 3aBUCUT MUCMApPeHNe B eCTECTBEHHbIX YC/I0BUAX')
UT0 Takoe ncnapsaemoctb?

4. Kakue TUnbl CyTOYHOI0 U3MEHEHUS BIAXHOCTU BO34yxa Habnwogawtcs
B6/1M3N NoBepxHOCTU 3emnan?

5. Kak u3MeHsieTcs BNaXHOCTb BO34yXa B F00BOM X0/e U C BbICOTOA?

6. OT Kakmx (haKTOpOB 3aBMCUT KOHAeHcaumsa u cybnmmaums BOASHOr0
napa B atmocdepe?

7. OxapakTepusyliTe HE06X0AMMble U AOCTATOUYHbIE (hU3NYECKUNE YC0BUSA
KOHJeHcauum BOASIHOrO napa B aTMocdepe.

8. [JaliTe Knaccnpukayno TyMaHoB.

9. Kakune meTeoponiornyeckue ycnoBusa 6naronpuaTHbl Ansa obpasoBaHus
aflBEKTUBHbIX, pajMaLoHHbIX TYMaHOB U TYMaHOoB McrnapeHna?

10. KakuMn (hn3NYeCKUMU BeIMUMHAMM XapakKTepusylT TymMaHbl U 06-
naka?

11. UTto npeacTaBnsaT coboli Mopdonornyeckas M reHeTuyeckas Knac-
cuukaums obnakos?

12. Kak namepsieTcsi KoM4ecTBO 0611aKoB? KaKoB UX CYTOYHbI X047

13. Kakue ¢u3nyeckme NpUYMHbI fieXaT B OCHOBE MPOLECCOB 0CaAKo-
obpasoBaHuA?

14. [OaliTe Knaccuukauno ocagkos.

15. KakoBbl 0CO6EHHOCTU FOAOBOr0 X04a 0CagKoB? YTo Takoe MHTEHCUB-
HOCTb 0CaflKoB?

16. UTo OTHOCAT K Ha3eMHbIM rugpomeTeopam? lMpu Kakux ycnoBusiM
OHWN 0bpasytoTca?



Masa VIIl. OCHOBbl AMHAMUMNKWN ATMOC®EPBI

OCHOBHbIe MOHAT USA

1. 3aKOHbI ABMXeHUA HbloTOHA - 1 Bcsakoe Teno npofonkaert yaep-
XMBaTbCA B COCTOAHMU MOKOS WAM PABHOMEPHOrO M MPAMOAMUHENAHO-
ro ABMXKEHUS, NOKa M NOCKO/IbKY OHO He BbIHYXJaeTCs MPUMNOXEHHbI-
MW CUNaMU M3MEHATb 3TO COCTOSIHME. 2. MI3MeHeHMe MMNy/bca Tena
NPOMNOPLUOHANbHO ABUXYLLEN CUAblI U MPONCXOANT NO HanpaBAEHUIO
TO MpAMOIA, MO KOTOPOW 3Ta cuna fgeincteyet. 3. LelicTBUIO BCerga
€CTb paBHOe MPOTUBOMO/IOXKHOE MPOTUBOAEINCTBUE; UHAYE - B3AUMO-
neicTBUS ABYX Ten APYT Apyra paBHbl MeXAy co60li 1 HanpaBneHbl B
MPOTWBOMONOXHbIE CTOPOHbI.

2. LllepoxoBaToCTb - xapaKTepucTMKa HEePOBHOCTe mopcTmnaro-
Weli NOBEPXHOCTH, BANAIOWMNX Ha ABUXKEHME BO3[yXa B MPU3EMHOM
C/noe, MHaye HasbiBaeTca MapamMeTpPoM LLEPOXOBATOCTU WU YPOB-
HEM LLEpPOX0oBAaTOCTU zg LLlepoxoBaToCcTb MMEET pa3sMeEPHOCTb ANN-
Hbl, 3aBUCUT OT XapaKTepa LIepoX0BaTON MOBEPXHOCTW W B 06LLEM
TeM 60/iblle, YeM BONbLIE CPeAHAS BbiCOTa HEPOBHOCTEl. Ha ypoBHe
LIEePOX0BATOCTU CPefHs CKOPOCTb BeTpa obpaliaeTca B Hy/b; HUXE
3TOr0 YPOBHA MMEIOT MECTO TOMbKO TypOy/ieHTHble Nyabcauuu.

3. Cnupanb 9KmaHa - maTeMaTU4yecKoe NpeacTaBieHne pacnpege-
NEeHWA BeTpa C BbICOTO B MOrpaHWYHOM Cnoe aTMoctepsbl Npu gony-
LWEHUWN, YTO KOIPPUUMEHT TYpOYNEHTHOCTU B 3TOM C/IO€ HE MEHSEeT -
CSl C BbICOTOW, ABUXXEHUE FOpU30HTaNbHOE UM YCTaHOBMBLUEECH, W30-
6apbl MPAMONAMHERHbI U NapanienbHbl U reocrpouUecKnii BeTep He
MeHseTCca ¢ BbicOoTOW. KpuBasa (rogorpad), npegcrtaenstowias coboi
reoMeTpuyeckoe MecTO KOHL,0B BEKTOPOB, MPOBEAEHHbIX W3 OAHOA
TOYKM (M3 Hayana KOOPAWHAT) M M306parkallWwmnx roOpPU3oHTaNbHbIE
CKOpPOCTM BeTpa Ha pasfinyHbiX BbICOTax B C/A0€ TPeHWs, ABAAETCH
norapumMmyecKkoli cnupanbto.

4. BbicoTa obpalleHNs - BbICOTa, Ha KOTOPOI HanpaB/ieHWe BeTpa



MEHSEeTCs Ha NPOTWBOMOMIOXHOE WU GM3KOE K NPOTUBOMONOXHOMY
BC/IECTBME, HAMPUMep, COOTBETCTBYHOLLET0 U3MEHEHUs O6LEro ro-
PU30OHTANbLHOTO 6apnMyeckoro rpagueHTa nog BAUSHUEM pacrpegene-
HWS TeMnepaTypbl B KPYNHOM MacliTabe unu nepexoga ot 6pusa unu
rOpHOro BeTpa K BblLlefexaliemy BCTPEUYHOMY MOTOKY U T.A.

5. Cmepy (TOPHAA0)-CUNbHBIA BUXPb, C NPUGAN3NTENBHO BEPTUKASb-
HOW, HO YacTO M3OrHYTOW OCbl, AMAMETPOM B HECKO/bKO [LECATKOB
MeTpoB. [laBfieHne BO3gyXa B CMepuu MOHMXKeHO. CMepy MMeeT BUf
TEMHOT0 06/1a4HOr0 cT0N6a: YacTo OH OMYCKAeTCs B BUAE BOPOHKN U3
HWU3KOTO OCHOBaHMUS Ky4yeBO-[0XAeBO 06/1aKa, HABCTPeUY KOTOPOii C
MOBEPXHOCTW 3eMIN MOXET NMOAHUMATLCS APYras BOPOHKA W3 GpbI3r U
MblIM, cCOeAMHAOWANACA ¢ nepBoii. HamGonee yskas 4acTb cTon6a - B
cepeanHe. Hag cylweii NnpuMeHsieTcss CUHOHUM TPOMG MM TOPHAZO.

8.1. OCHOBHbIe CUNbI, AeNCTBYHOLWNE B aTMochepe

ATmoOcC(epa Haxo4MTCA B COCTOAHUM HEMPEPbIBHOTO ABMXKEHHUSA.
HenocpeACTBEHHOW MPUUYMHOW 3TOr0 ABMXXEHUA ABNSETCA HEpaBHO-
MEpPHOCTb pacnpefefneHuns fLaBneHwns, 006ycnoBneHHasa npoueccamu
Tennoo6MeHa. PaccMOTpuUM cusbl, NOA BAUSHUEM KOTOPbIX COBepLUa-
I0TCA aTMOC(epHble ABUXEHNUSA.

Cwunbl, geiicTBylolwme B aTMocdepe, NoApasfensoTca Ha mac-
coBble (06bEMHbIE) U NOBEPXHOCTHbIE. K NepBbIM OTHOCATCA CUNbI,
LENCTBYIOLME Ha KaXAblA 3/IeMeHT Macchbl (MM obbema) HesaBuUCK-
MO OT TOro, CyL,eCcTBYIT N1 PAAOM C BO3AYLWIHON YacTuueln gpyrve
BO34YLWHbIe YacTuubl. K 3TUM cunam OTHOCATCA Cufla TSA>XKECTU U
WHEPLUOHHbIE CUMbI: OTK/IOHAKOLWAA cMNa BpaweHua 3emnm (Kopuo-
NIMCOBa CMNa) n LeHTpobe>kHasa cuna.

MOBEPXHOCTHbIE CUAbI - 3TO CU/bl B3aUMOLEWCTBUA HEKOTOPON
maccbl (06bemMa) BO3fyxa C OKpyxXalolweil cpefoin. STW cuabl Npu-
NOXeHbl K MOBEPXHOCTHLIM YacTulam BblAefleHHOro o6bema. K Hum
OTHOCATCA CU/bl 6APMUECKOTr0 rpajMeHTa 1 CUibl BA3KOI0 TPeHus.

Cuna Tsa>KecTwn (g) npeacTaBnseT cob0il pa3HOCTb HOPMasbHbIX
COCTaBAAOLWMX CUMTbI NPUTSXKEHNA K LEHTPY 3emMan F 1 LeHTpo6exHOol
CWAbI C, HANpaB/EHHON MO pagnycy-BeKTOpy BpauweHus, (puc. 30.), i.e.



Puc. 30. K onpegenieHUIO CU/ibl TSXECTH.

Bocnonb3oBaBwnch 0603HaYeHMAMN pucyHKa 30, 1erKo NOMy4YmM:

9 - - i102R cos2 (8.2)

roef/ = 6.67 'i0O-11 m3/Kr- c2-rpaButayMoHHas NocToaHHada,M
- macca 3emnu, R - cpegHuii paguyc 3emam, co = 7,29 -10“' c-1
- yrnosas CKOpPOCTb BpauieHus 3emnu, ® - reorpaduyeckas wupora.

OTKNOHAWLWas cuna BpaleHna 3eman (Kopmonmcosa cuna). 31o
MHEPLMOHHAs cuna, 06ycnoBneHHas CyTOUYHbIM BpalleHWeM 3eMaun ¢
YIrN0BOW CKOPOCTbIO (Xi. OHA NpoABASETCA TONbKO B TOM CAy4yae, KOr-
fa BO34ylIHaa yacTuua ABUXETCA CO CKOPOCTbIO C MO OTHOLIEHUIO
K 3eMHON nNoBepxHOCTU. B obuiem cnyvae Kopuonucosa cuna, gei-
CTBYHOLWas Ha eMHNYHBIA 06BbeM (M ) BO3AyXa, paBHa:

K=2p(c*bl), (8.3)

rge p - NAOTHOCTb BO34YyXa; BEKTOP LU HAaMpaB/eH BAO/b OCK Bpalle-
HWA 3eM/IM MO HarnpaB/EHUIO K CEBEPHOMY MOMHOCY.
MpoeKLM KOPMONNCOBOI CUMbI HA OCU X, Y, Z PaBHbI:



Kx m—2p (gjz'3—a?rw),
K,. — 2p(io.,w — s U),
K. = 2p(u)y U —ox'3). (8.4)

roe U, W —npoeKuus BekTopa ckopoctu C; WX, coy. co, - Npo-
eKLUMM BeKTOpa CM Ha OCU X, Y, Z COOTBETCTBEHHO.
OueHKacnaraemblX, BXoaswWwux B (8.4) nokasbiBaet, uto A', « Kx:
K < Ky.w Ha 2-3 nopagka meHble U n B.
Torga, MOXHO 3anucarb:

K.. = 2pw?2 m'?, Kv — —2p<ar «U. (8.5)

Fopu3oHTanbHas cocTasfdwoLLas KOpI/IOI'II/ICOBOI7I CUNbl paBHa:

K- = v'K; -r Kr = 2puw2c, (8.6)

roe = bl Sin (- BepTMKanbHas NpoOeKLUUs yrnoBOi CKOpPOCTM Bpa-
weHms 3emnm, C —VU2-ft?2.

Onpegenum HanpasneHne LeiACTBUA KOPUOIMCOBOW CUbl MO OT-
HOLEHWUIO K HanpaBfeHUo ABVMKEHUS BO3AYLWHOW YacTuubl. Mpumem
MOSIOXKUTENbHOE HamnpaB/ieHWe OCK X C 3amaja Ha BOCTOK, a OCU Y -
C tora Ha ceeep. Torga 1J>0 npu HanpaBneHun BeTpa C 3anaja Ha
BOCTOK, 17>0 - c tora Ha cesep. lNpu BocTouyHOM BeTpe U < 0, npu
ceBepHOM - $<0. CoOTBETCTBYHLWMNIA 3HAK BYAeT MMeTb U MPOEKLUS
KOPMONNCOBOW CUMbl HAa OCK X A y. [lanee B cCeBepHOM MonyLIapuu

>0, B t0XXHOM t<R<0.

Ecnu ocb X HanpaBuTb MO HanpasB/ieHWIO CKOPOCTU BeTpa, TO MNo-
ayuum U>0, $-0, Kx —0, Kv < 0. Takum o6pa3om, B CEBEPHOM MO-
Nywapun KopuoamcoBa Cuia OTKJIOHAET ABUXYLWYHCA BO3AYLIHYIO
YyacTuLy BMpPaBO OT HamnpasfieHUa ee ABUXXeHUA. COOTBETCTBEHHO B
I0OXXHOM nonylwapuun Bo34yLHaa vyactuua 6yaeT OTKNOHATLCA BAEBO.

Cuna 6apuyeckoro rpajuMeHTa - 93TO CWUNA, BO3HUKAKO-
was B pe3ynbTaTe HepaBHOMEPHOro pacnpefenceHna [aBfeHus.
M306apnyeckne NoBEPXHOCTU HAK/IOHEHbI MO HEKOTOPbIM YINIOM K
YPOBEHHbIM MOBEPXHOCTAM (puc. 31).

Kak BUAHO M3 pPUCYHKA, Pe3ynbTUPYIOLLas BCEX CUMT JaBfieHus,
pencteyownx Ha o6vem ABCD, no abCconTHOW BeNnYMHE paBHa



P-(P-dP) =-dP. o
Hanpas/ieHWO OHa coBMa-
LaeT C MNONOXMUTESNbHbIM
HanpaBneHnem Hopmann K
n306apny4ecKoin NOBEPXHO-
cTun.

OyeBugHO, 4YTO MO-
OyNb pe3ynbTUpYHOLW el cun
faBneHus,  AelCTBYIOLWNX
Ha 1M ' Bo3fyXa paBeH:

Puc. 31. K BBefleHMIO MOHATUA
pe3ynbTUPYHOLWEl CUbl AaBAEHUS

WP
- 8.7
dv = C (8.7)
raoe dN - paccTosiHue Mexay M306apuyecKMMmn MOBEPXHOCTAMM.
Mpoekumna rpagueHTa fgaeneHna G Ha ocu X, Yy, z 6yget

'D'P AP AP (8.8)

ax ay 0z
Fopu3oHTanbHas cocTaBasiloLLas rpagueHTa gasneHus (6apuye-

CKWIA rpaguneHT), paBHas:

c, = - ;I (89)
ABNAETCA TOW cnow, noj AeACTBUMEM KOTOPOA BO3HWUKAET FOPM30H-
TanbHOe [BMXeHUe Bo3fyxa (BeTep).

Cwvnbl BA3KOr0 TPEHUA. DTU CUbl BO3HUKAIOT TOrga, Korga pas-
NNYHble 00bEMbI ABMXYLLEroCs BO3LYyXa UMEIOT PasHYyo CKOPOCTb.

Tak Kak B aTMoc(epe BepTUKaNbHbIM rpagueHT CKOpoCcTU BeTpa
3Ha4YNTeNbHO 60/bLIE TOPU3OHTANLHOMO, TO Hanmbo/bliee 3Ha4yeHue
MMEIT CUbl, CBA3aHHbIE C U3MEHEHNEM CKOPOCTW BeTpa C BbICOTOMN.

BbIACHUM PU3NYECKNIA CMbICN BA3KOTO TPEHWA C TOUKU 3pEHUA
MONEKYNAPHO-KUHETUYECKOI Teopuu.

MpegnonoXXnMm, YTo Ha YPOBHAX Z M z+dz CKOPOCTM BeTpa Co-
OTBETCTBEHHO paBHbl C 1 C —dC. B pesynbTaTe Xa0TUYECKOro ABU-
XXEHUA MOSMEKY/bl BO34YyXa NEPexofdT C OLHOr0 YPOBHA Ha APYroi,
nepeHocs npu 3TOM CBOMN umnynbCc. Takum 06pa3oM, CO CTOPOHbI



HVKHETO YPOBHS MOSABNSETCS CWa, TOPMO3SALLas 4BUXKEHUNE MOMEKY
Ha BEPXHEM ypoOBHe. HampoTuB, MOJIEKY/Ibl BEPXHETO0 YPOBHS CTpe-
MSTCS YCKOPUTb [LBUXEHWE MOMEKYN HUXHEr0 YpOBHSA. Bo3HMKaeT
napa cun, Kotopas 6yay4n NPUNOXEHHOW K efWHWLE NMOBEPXHOCTH,
Ha3blBAeTCS HAMPSAXKEHWEM MOJIEKYNAPHOIO TpeHHA (T,,). OueBUgHO,
UTO HanpsHKeHWe TPeHWs NPOMOPLUUOHANLHO BEPTUKANLHOMY rpaju-
eHTY CKOpPOCTU BeTpa:

= A <8/10)

roe - gUHaAMWYeckuii KO3 WUMEHT BA3KOCTU, U3MepseMblii B
Kr/mc.

VHorga BBOAAT BEWYMHY KMHEMATU4YECKOro KoaguumneHTa

BSI3KOCTW, KO TOPbIi1 pPaBEH OTHOLLEHUIOY = —(p—fN0THOCTb BO3AyXa).
P

B cnyvyae TypOYneHTHOro ABWKeHWUS, 0OMEH MMNynbCOM Mpo-
NCXOAUT MexXay 60nblW MK NO 06bEMY MaccaMmm Bosfyxa. [Ang atoro
LBUXEHMNA Hanpsa>XeHne TypOoyneHTHOro TPeHns, No aHanorum ¢ mMo-
NeKyNApHbIM TPEHUEM, MOXHO 3anucaTb B BULE:

ac o
r,qea ------ rpagneHT cpeaHen CKOpPOCTM BO3AYLWHOIo NOTOKa MeXAay
z

OBYMSA YPOBHAMU; A - KO3D(HUUMEHT TypOYNeHTHOW BA3KOCTU, K -
KO3 pULMEHT TypOYNEeHTHOCTK.

B obwem cnydae HanpshkeHue TpeHWs npefcTaBaseT cob6ol
CYMMY Hanps>XeHuin MOMeKYNAPHOro U TypOyNeHTHOTO TPeHus:

2=(, +ALL (.12

Cwuna BA3KOro TpeHUs, LeAcTBYOWAasA Ha e4MHUYHBIA 06bEM BO3-
Ayxa, paBHa:

A=A(V+A)fz (8.13)

I'IpoeKme 3TOl CU/bl Ha OCK X, Y, Z COOTBETCTBEHHO paBHbI:



dz dz

KonnyecTBeHHble OLEHKW MOKa3biBalOT, YTO BJ/INSHUE LIEPOXO-
BATOCTM 3eMHOI MOBEPXHOCTM pacnpocTpaHsieTca B aTMocdepe Ao
BbICOTbl OT HECKOJIbKUX COTeH MeTpoB Ao 1- 1,5 Kkm.

B cBo6ogHOli atmocepe posib TPEHMA Mana Mo CPaBHEHUIKO C
apyrumu cunamu. OfHaKo Tam, rgae rpajueHT CKOpoCTU BeTpa BeNuK,
pofib TPEHMA cneyeT yUnTbiBaTb. ATO OTHOCUTCH K TaKUM aTMocCHep-
HbIM 00beKTaM, KaK POHTaNbHble 30HbI, CTPYHbIE TEYEHNA 1 Ap.

LleHTpob6e>kHas cuna BO3HUKaeT B TOM cCiydyae, Korfa ABuUXe-
HUe BO3AYLHON YacTuLbl MPONCXOANT BAOSIb KPUBONIMHERHON Tpaek-
Topuun. OHa onpegensercsa no opmyne:

Z —o (8.15)
r

roe r - paguyc KpuBM3HbI TPAeKTOPWMU, C - CKOPOCTbL BeTpa.

8.2. YpaBHeHUA ABUXKeHUA TypOyneHTHO aTMocdepbl

CornacHo BTOpOMY 3aKOHY HblOTOHa, Npon3BeeHne Macchl Tena
Ha ero yCKOpeHne paBHO reoOMeTpUYEeCcKoi CyMMe cun, LeiCTBYIO L X
Ha 3To Teso, T.e.

p— TG +K+P+R (8.16)

3T0 ypaBHeHMWe ABNAETCA ypaBHEHUEM ABU>KEHUS aTMocdepbl a
BEKTOPHOI (hopme.

Vcnonb3ys npoekuwu cua Ha OCWM X, Y, Z MOAYYUM COOTBET-
CTBEHHO CMCTEMYYpaBHEHWI ABM>KEHNA aTMocgepbl B KOOPAMHAT -
HoW chopme:



A0 - P oo, w-mw) + = 2+ /B (B 1A
a ay dz dz
dW— dP+2 (a>u tox&)+C ('|‘|+A)dW

Prgt = @ P az dz

Ynpoctum cuctemy (8.17), npuH1UMan BO BHUMaHUE cregytouue
coobpaxkeHMs: BEPTMKaNbHaA COCTaBNAKOLWAA CKOPOCTM (M9 mMana no
CpaBHEHUIO C TOPU3OHTaNbHLIMU (H 1 >5); B TpETbEM YpaBHEHWUWN BU-
XeHna NopsafoK BeIMUYMHLI ee Y/leHOB MO3BOJIAET CBECTU ero K ypas-
HEHWIO CTAaTWUKW; pa3fienuB fieBble W MpaBble YacTW ypaBHEHUN Ha p,
MONIyYMUM B JIEBbIX YaCTAX MPOEKLNN YCKOPEHMUA; a TaKXKe 3aMeHUM Ij
Ma Yepes Vv u«.

C y4yeTOM BbIMO/IHEHHbIX YNPOLWEHWA, NONYYUM CUCTEMY YpaB-
HeHWI ABUXXEHUSA aTMoc(epbl B BUJE:

du_ L 0 dh gyl
dt p dx ‘ dz dz
N
o . ap 2CoM d (v + k')gu
dt p dy T dz dz (8 19)
dpP
~ N = Pg

Bo3ayx, Kak ufeanbHbI ras, yaoBAeTBOPSAeT YC/AOBUIO CNiowW -
HOCTM cpefbl. ®N3NYECKU 3TO 03HAYAET HEYHMUTOXAEMOCTb Macchl
rasa (MM XugkocTtun). Ans CNAOWHbIX Cpes CnpaBeA/iNBoO YypaBHEHME
HepaspbIBHOCTU.

MoToK Macchl BO34yXa Yepe3 eAMHUYHYIO MOLaaKy, NeprneHm-
KYJSIPHO K MOTOKY, B eAWHWLY BPEMEHM, PaBeH MPOU3BELEHMWIO MNOT-
HOCTM BO3A4yXa Ha CKOPOCTb MOTOKA. [POeKL MM 3TOr0 NOTOKA Ha OCK
X, Y, Z paBHbl pu, pg4, p\v.

MpUTOK Macchl K efMHUYHOMY 06bLEMY 3a eJMHNLY BPEMEHM pa-
BEH [MBEpPreHL MM NoTOKa Macchl (B3sATOW ¢ 06paTHbIM 3HAKOM), T.€.

&, <3(pm) , a(p$) . A(P'N)

3710 YpaBHEHWNE HEPa3pbIBHOCTU, MNKN CNNOWHOCT WU CPeEALI.



BbinonHue guddepeHynpoBaHne NpPoOn3BELEHUIA pu, PV T pv:
W BOCNOMb30BABLUUCL BbIpaXXEHWEM ANA MNOMHOW MNPOU3BOAHON Oi
NAOTHOCTU NO BPEMEHMU

d ,
Po AP A2 1A, Ay
dt Qt LX dv ar

Nnosy4Ynm ypaBHEHMNE Hepa3pbIBHOCTU B BULE:
dp v A3 dw_pg
dt gx gy dz
nm
— +dive = 0 (8.20)
dt

YpaBHeHUA ABUMKeHUA aTMocdepbl (8.18), ypaBHeHUE HepaspblB-
HocTM (8.19), a TakXXe ypaBHeHMe NPUTOKa Tenaa u nepeHoca Bnaru
BMECTe C ypaBHeHMeM COCTOAHMA BNAXHOI0 BO3AyXa NPeLCcTaBAAlOT
€060 CUCTEMY OCHOBHbIX YPaBHEHUIA.

B obwem cnyvae cuctema ypaBHeHUH METEOPONOTMU UCKTOUMN-
TENIbHO C/I0OXHA KaK C TOYKUN 3peHnsa ee peleHuns, Tak U ¢ TOUYKK 3pe-
HUA PU3NYECKOTO COAepXXaHWUA OTAe/bHbIX Y/EHOB 3TON CUCTEMBI.
Tak Kak ypaBHeHUA MEeTeoposiorun asnaoTca gudhepeHynanbHbIMm
YPaBHEHUAMM B YaCTHbIX MPOU3BOAHbBIX, TO 415 UX peLleHns Heo6Xxo-
AVMO 3afiaBaTb HayalibHble U rpaHuWuHble yciosua. X Bupg 3aBucut
OT (PU3NYECKOro COfepXKaHUA U3Yy4YaeMoro npoLecca uin ABfeHus.

8.3. JInHun ToKa N TpaekTopumn

Mpy n3y4vyeHMM Nons BO3LYLWHbIX TEYEHUA BOMbLWION HarnsagHo-
CTbl0 0bnagaet rpagmyeckoe npefcTaBieHMe 3TOro Mons, ¢ MOMoO-
Wb TaK Has3blBaeMblX MMHWIA ToKa. JIMHUM TOKa - 3TO TaKue NUHUMK,
KacaTesbHble K KOTOpPbIM COBNajatT C HanpaBfieHUEM ABUXEHWUA B
JaHHbIli MOMEHT BpemeHu. Ecau u, W - NpoeKunyu cKopocTu B
CMCTEMe MPAMOYTONbHbIX KOOPAWHAT, TO AnddepeHLManbHoe ypas-
HeHWe NUHWIA TOKa MOXHO 3anucaTb B BUAE:



Uem 60/blUe CKOPOCTb B laHHOM MeCTe, TeM Tylle MNUN TKU.

Hapagy C NUHUAMKU TOKa MOXHO rpaduyeckum npegoaunsnm.
TPpaeKTOpUN 4YacTuL, KOTOpPble ONpesenstoT U3MEHEHUE CO BpeMe-
HeM MOMOXEHWUSA OTAENbHbIX YacTuL,.

Ecnn pBu>xeHue ycTaHOBMBLUEeCS, T.e. COCTaBNAKOT,Me CKOpO-
CTW He 3aBUCAT OT BPEMEHU, TO YPAaBHEHUSA NMMHUIA TOKA U TPAeKTOpPUii
CTAHOBATCHA MOJIHOCTbIO TOX[AECTBEHHbIMU. [ pyruMu crnosamu, nu-
HUW TOKa 1 TpaekTopuu coenagaroT. [1pu HCYCTaHOBUBLIEMCA ABUXeE-
HUW TPAEKTOPUM N NUHUWN TOKA MOTYT CYLLECTBEHHO pa3fnnyaTthCs.

YacTto gns rpamyeckoro npeacTaBieHUs Nons CKOPOCTU MOJb-
3yl0TCA M30Taxamum - JUHUAMKU OAMHAKOBbLIX CKOPOCTEA BeTpa, W
N30rOHaMW - NIMHUAMMW OJMHAKOBbLIX HanpaBneHWin BeTpa. Oco6bIl
WHTEepec npeAcTaBnsdeT rpa@uueckoe npejcTaBneHWe TakKUX armo-
chepHbIX ABWKEHWI, KOTOPbIE XapaKTepusyrTca Haauymem CXO[u-
MOCTU UAN PacXxogMMOCTW JIMHNIA TOKa.

CXogMMOCTb NUHWUIA TOKa B HEKOTOPOM Touyke HabnwpgaeTcs B
06MacT HU3KOro faBfieHWa y noeepxHocTu 3emnun. B obnactu no-
BbILIEHHOTO JaBfieHNs, HANPOTKUB, MPOUCXOANT PACXOAUMOCTb NNHWNIA
TOKa OT HekoToporo ueHTpa (puc. 32). CXoAMMOCTb WAWM pacxopu-
MOCTb JIMHUIA TOKA MOXET MPOUCXOAUTb BAONIb HEKOTOPbLIX MNHWIA
NPy HaNMYUU LBYX BO3AYLIHbIX TEYEHWIA.

ABMEHNA CXOAUMOCTU WU PACXOLMMOCTM BO3HUKAKT Mpu ABU-
XEHUN BO3[YLWHbLIX MOTOKOB B MEPECEYEHHON MECTHOCTM, FAe OHU
noj BAUSHUEM pefibeda CYXKMBAOTCA UNKN paclinpsatoTcs. MNpu aTom
MOXET U3MEHATLCA CKOPOCTb BeTpa.

Puc. 32. Toukn cxoguMOCTU U PaCXOAMMOCTU B LUKNOHE (2) n aHTuumknoHe (1)



8.4. leocTpohmyueckunini BeTep. bapnyeckunin 3aKoH BeTpa

Ecnu 6bl Ha BO3AYLWHYH YacTuuy AelicTBOBana TONbKO cuna
rOpM3oHTaNbHOro Gapuyeckoro rpagueHTa, To B COOTBETCTBUM CO
BTOPbIM 3aKOHOM HblOTOHa, ee ABVMXXeHUe Gblfio Gbl PAaBHOYCKOPEH-
HbIM. Onpegenum nopsAoK 3TOr0 YCKOPEHWs, KOTOPOe YMCMEHHO
pPaBHO BEMYMHE CWUMbl FTOPU3OHTANbHOTO GapUUYecKOro rpagueHTa.

1
OTHECEHHON K eAMHWUYHON Macce---------- . MnoTHOCTb BO3AYyXa Mpw
p Aan
HOpMalibHbIX aTMocepHbiX ycnosuax (P(=1000 rMa, T=21b K)
paBHa 1,273 kr/m3 Opu30HTaNbHbI 6apuyeckuii rpagueHT NprUMem
paBHbIM 1rl1a/100 km. Torga, NOACTaBUB YMCNEHHbIE BblpPaXeHUs p

n AP g BblpameHme-----l--'g-F-), Mosy4YnM, 4TO YCKOpeHue GyheT npu-

an p Aan

mMepHO paBHOo 10'3m/c2

Kak ToNbKO BO3fyLlWHaA yacTuLa HAYMHAET NepemMeLLaTbecs B CTO-
POHY HW3KOrO [aBfieHUs, ceilyac e NOABNAETCA KOPMONMCOBA CUNA,
Hanpas/eHHas Mo HOpManu K CKOpPOCTW BMpasBo (B CEBEPHOM MOY-
Wwapuun). Bo3HMKawoLiee nNpyu 3TOM YCKOpPEHME eAUHWUYHON Macchl
paBHO 2c0sin ¢p-0, rAe o - YrnoBas CKOPOCTb CYTOYHOrO BpalleHus
3emnn, @- WMpoTa MecTa, U - CKOPOCTb ABUXEHWA BO3AYLIHOW Ya-
cTuubl (Betep). Onpenenum NOpAfOK 3TOr0 yCKopeHus Ha wupoTte 30°
(5w30°=0,5) npu ckopoctn BeTpa b=10 M/c. Tak Kak yrnoBas CKoO-
pocTb ABWXeHUA 3emnn co = 7,29 «10°5c'] To NoNy4uMm, 4TO BENUYNHA
KOpuosnncosa yckopeHua 6yneT cocTaBnatb okosio 0,75 <10 3m/c2 T.e.
OHa MMeeT TOT Xe MopsAfOK, YTO U CKU/ia TOPU30OHTANbHOTO 6apnyecko-
ro rpagmeHTa.

Mop feicTBMEM KOPMOMAMCOBON CWMbl BO3AYLWHas vacTuua Oy-
[eT noBopayuMBaTb BNpaBO A0 TeX MOP, NOKa OHa He ypaBHOBECUT
CUNY TOPU3OHTaNbHOrO 6apuyeckoro rpagumeHta. 3To nNpoucxoguT
TOorfga, Korga BO3JyX HayHeT ABuUratbCcs BAONb M306ap. Takoe nps-
MO/NIMHEHOE paBHOMeEpPHOe ABUXeHUe 6e3 TPeHUsA Ha3blBAeTCA reo-
cTpouyeckum BeTpom (puc. 33). CKOpPOCTb reoCTpPOhUUYECKOro
BETpa MOXHO ONpejennTb M3 YC/0BUA PaBHOBECUA [LECTBYIOLLIMNX
Ha YacTuuy cun:



1 ap

p An
M3 (8.22) nonyyunm:
1 aP
20w (022
nnu:
Ce=- I an (8.24)

roe /=2co T/ HasbiBaeTca napametpom Kopuonuca.

N3 npeablAywinx paccy>XneHuidi cnegyeT, 4TO CKOPOCTb FeocTpo-
(hmyeckoro BeTpa Mo HanpaBiAeHUIO coBMajaeT ¢ u3obapamu. Mpu 3TOM
HW3KOe AaBfieHue, eCAN BCTaTb /INLOM MO HanpaB/ieHUIO BeTpa, OCTaeT-
CA CNneBa B CEBEPHOM MNOMyLLApWM, CMIpaBa - B IOXKHOM noaywiapmu. 310
YTBEPX/EHNE HOCUT Ha3BaHMe 6GapuyecKoro 3akoHa BeTpa.

a

_p-l

>N

K

Puc. 33. K onpegeneHuto reoctpohuye-
CKOro BeTpa.

p np-1 - un3obapbl. A - 06/1aCTb HU3KOIO
aTmoctepHoro gaeneHus, B - obnacTb
BbICOKOr0 aTMOC(EPHOro AaBfieHus,

G - cuna ropus3oHTanbHOro 6apMyeckoro
rpaguveHTa, K- kopuonucosa cuna,

C - CKOpOCTb reoCTpOMYECKOro BETpa.

Onpegenum NopafokK Be-
NINYMHBI  TeoCrpoinyecKoro
BeTpa. [lna 3atoro B hopmyny
(8.24) nofcTaBUM YUCNEHHbIE
3HayYeHns BXOLALLUNX B Hee Be-
nnymH. Mpu 6apnyeckom rpa-
LneHTe Ha wwupote 55°, pas-
HoM 1 rMa/100 KM. nofyymm

CS: 5,8 m/c.
BbipaxeHua png npo-
eKLMN CKOPOCTU TreocTpo-

thunueckoro Betpa (L, ,9r)
MOXHO NONYUYUTb W3 ypaBHe-
Husg (8.18), npuHumasa, 4TO
du ds$

dt dt

paBHOMEpPHOE U npeHebpe-
ras CUI0i BA3KOE ru):

=0 (gBWXeHue



n = . , 9 =—m (8.25)
g pi dy g pi dx

Ecnv npuHATb paccTosiHWe MexAay cocegHMMKU nsobapamu, KOTo-
pble NMPOBOAAT HA CUMHOMTUYECKUX KapTax yepe3 5 rlla. uepes Jr, 10
thopmyna Ana MOLYNA CKOPOCTM reoCcTPoUUecKoro seTpa NpuMeT BUA:

C. %in(-An (8.26)

roe a = 3.42 «106m2c.
Beegem B (hopmynbl (8.25) BMeCcTO faBfieHUA reonoTeHuuMasb-

g
HYH0 BbICOTY M306apuyeckoin nosepxHoctn . Tak Kak &kI>- — dz,

dP °
a, gdz = --—--- TO 3TU POPMYy bl 3aNULLYTCHA B BUAE: g
P
n =-E+ $ =1+ 80
1 py' g | 'ox (8.27)

B ypaBHeHuUU BennmynmHa ® gaHa B reonoTeHLUManbHbIX METpax.
O4eBUAHO, YTO TeoCTPOhMYECKMNIi BeTep HanpaBfeH BAOMb M30TWMC
abcontoTHOM Tonorpauu. YunTbiBasd TO, YTO Ha 3TUX KapTax U30-
rmncel NpoeoaAT yepes 40 rn.m., nonydyaem pabouyw gopmyny ans
pacyeta CvHa KapTax abCONOTHOW Tonorpagunu:

/sin <p-An'> (8.28)
roea’ = 4090/ 2co- MOCTOSIHHAsA BEIMYMHA 419 BCEX M306apMyecKmx
MOBEPXHOCTEW.

B peanbHbIX yCNO0BUAX ABUXEHUE aTMOCHepbl, Kak NpaBuno, He-
YCTAHOBWBLLEECHA W HE CTPOro ropu3oHTaNnbHOeE, a M306apbl He BCcerga
NMPAMONNHENHbIE N paBHOOTCTOAWME APYT OT gpyra. Moatomy, cTpo-
ro roBops, BeTep B cBO6OAHOW aTmocepe He ABAseTca reocTpodu-
yeckuMm. OfHaKo 419 KpynmHOMAacWwTabHbIX ABUXEHWUI B CBOGOLHOIA
atmocepe BeTep 61M30K K reoctpodumyeckomy. Mogenb atmocde-
pbl, B KOTOPOI CKOPOCTb BETpa NpMHUMaeTCA PaBHON reoctpoduue-
CKOMY, Ha3blBaeTCA KBa3NreoCTpPOMUECKON MOAENbIO.



B cBo60oaHO aTmocepe BETEp MOXET MEHATLCA MO CKOPOCTU
W HanpasfieHW0 NOA BAUAHUEM W3MEHEHWA TOPU3OHTaNIbHOrO rpa-
OVeHTa JaBfieHWUA, CBA3AHHOIO C HepaBHOMEPHbLIM pacnpefefieHnem
Temnepartypbl.

PaccmoTpuM, Kak 370 mpoucxoguT. MycTb B HEKOTOpPOil ob6na-
CTU Ha YPOBHE MOpPS FOPU30HTaNbHbIN Gapuyecknin rpagueHT paBeH
Hynt0. 3TO 03Ha4aeT, YTO 4aB/ieHMe BO BCeX TOUKax O4MHAKOBO (puc.
34). OpHako TemnepaTypa pacnpegensercs HepaBHOMepHO. B ogHon
yacTu paccmaTpuBaemoli o6nacTu Tensee, B Apyroii xonogHee. 3T0
NPUBOAMT K TOMY, 4YTO BO3HMKAeT rOpMU30HTaNbHbIA TeMMepaTypHbIii
rpagueHT - V71 HanpaBfeHHbI N0 HOPManu K M30TepMe B CTOPOHY
y6blBaHUA TeMnepatypbl. Tak Kak B X0N04HOM BO3Ayxe 6apuyeckas
CTYyNneHb MeHblle, YemM B TeMJoM, TO u3obapuyeckne MOBEPXHOCTHU
CTQHOBATCA HaK/NOHHbIMU. [py 3TOM HAK/MOH OT TENAOro BO3jyXxa K
X0N04HOMY 6yfeT yBeINUYNBaTbLCS C BbICOTOA.

Takmm 06pa3om, BO3HMKaeT rOpM30HTaNbHbI 6apnyeckunii rpa-
OWEHT, KOTOpbI/ C BbICOTOW OyaeT yBenmymBaTbCA MO Mepe BO3pac-
TaHWS HaK/N0Ha n306apnvecKUX NOBEPXHOCTEN.

Ecnn Ha ypoBHe Mopsi 6apuyeckuii rpagueHT He 6bin paBeH
HY/l0, TO C BbICOTOW BO3HWKAET AOMOJIHUTENbHbIA Gapuyeckuii
rpagveHT, BbI3BaHHbIi HepaBHOMEPHbLIM pacnpefeneHnemM Temne-
patypbl. Uem 6onble BbicoTa, TeM 60nblie OyaeT LOMNONHUTENbHAA
cocTaBnfouias. Ha goctatoyHo 60MblWONA BbiCOTe 6Gapuyeckuii rpa-
OVeHT 6ygeT 6/11M3KO cOoBMagaTh Mo HaNpPaBAeHUIO C TOPU3OHTANbHBIM
rpagMeHTOM cpefHel TemnepaTypbl B pacCMaTpuBaeMoM cnoe. 3TO
3HaYUT, YTO B Ten/blX 061acTaAX faBfieHWe 6yAeT NOBbIWEHHbLIM, & B
XONIOAHbIX - MOHWXEHHbIM.

Bo3moxeH cnyuvaid, Korga 6apuyeckuii rpagmeHT Ha HUDKHEM
YPOBHE HamnpaBneH MNPOTUBOMOMNOXHO TeMMNEPaTypHOMY TrpajueH-
Ty. Torga c BbICOTOW, Nonyyas AOMOJHUTENbHYK COCTaBAAKLYIO
MPOTMBOMO/IOXKHOIO HanpasieHus, oH byaeT ybbiBaTh. Ha Kakoii-To
BbICOTEe 06paTUTCA B HY/b W, U3MEHWB HaNpaBfieHWe Ha NPOTUBOMO-
NnoxHoe, 6yneT Bo3pacTathb.

PaccmoTpum cnegyrowmin cnyyaid. MNMycTb Ha HEKOTOPOWN Bbl-
cote z= 1 KM TOpPM3OHTaNbHbIA TPagUEHT AaBfeHUs paBeH Nyl W



Puc. 34. CBasb mexay
ropu3oHTa/IbHbl MU FpagneHTaMmu
TeMnepaTypbl W faBfeHus.

cneposatenbHo, iy=0 (puc. 35).
TemnepaTypa cTon6a Bo3gyxa
Haj TOYKO A Bbille TemmepaTy-
pbl BO3AyXa Hafj Toukol B. Torga
BbILUE YPOBHA 2z MOABASETCA
FOPM3OHTaNbHbIA  Bapuyeckuii
rpagueHT / , HampaBneHHbIA OT
A K B. 3T0 cBA3aHO C Tem, 4TO
B Tensoi BO34YLHON macce fas-
NEeHNe YMEHbLUAETCA C BbICOTOW
MejaJ/IeHHee, YeM B XO/IO4HOWA.

Mog BAUSHMEM [406aBOYHON0 6apuMUEcKOro rpajuneHTa BO3HUKa-
eT BUXKEeHNe, KoTopoe GyAeT NPOUCXOANTL BAO/b M306ap. B HUdKHEl
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Puc. 35. Cxema M3MeHeHUA

reocT POMUYECKOro BeTpa C BbICOTO Mnog
B/IMSIHWEM FOPU3OHTANLHOIO FpagueHTa

TemnepaTypbl.

yacTu pucyHka 35 npusepge-
HO pacnpefeneHune faBneHuns
B FOPU3OHTaNIbHOW MOCKO-
CTW Ha ypoBHe z =3 KM. U3
NpuBeLEHHbIX paccyxge-
HUIA 1 pUCyHKa cnefyeT, 4To
obycnoBieHHoe ropu3oH-
TanbHbIM rpagueHToMm Tem-
nepatyposl [ npupaweHue
reocTpoymyeckoro BeTpa
OCT HanpaBneHo nepneH-
OVUKYNApHO K [T Tak, 4To 06-
NnacTb X0/i04a OCTaeTca cie-
Ba, a 06n1acTb Tenja —cnpasa
OT HanpaBfeHUs [BUXeHUA
(B ceBepHOM nonywapum).
Takum o6pasom, reo-
CTpoGhnyecKnii BeTep Ha Npo-
N3BO/MIbHOIM BbLICOTE Z MOXHO

npeAcTaBUThL B BUE BEKTOPHO CYyMMBbI, COCTaB/EHHOMW M3 reocTpogu-

UeCKOro BeTpa Ha UCXOAHOM YpOBHE £3g 1 BeTpa, 3aBUCALLErO OT FOpu-

30HTaNIbHOTO rpagneHTa TemnepaTtypbl B C10€ OTZ A0 Z, T.e..



Jo6asok [, C THa3biBalOT TEPMUYECKUM BET POM.

TepMmunyeckuin BeTep HanpasieH BAOMb W30TEPM CpefHel Tem-
nepaTtypbl €0, a ero MoAy/b NPONoOpUNOHaNeH ropu3oHTalbHOMY
rpaguMeHTy TemMnepatypbl B C/0€ W TONLWMHE 3TOFO CNOA.

B 3aBucMMOCTM OT abCOMIOTHOW BEAWNUYMHBI FOPU3OHTANILHOIO
6apuyeckoro rpajueHTa Ha ypoBHe zZy U CpeHEro ropu3oHTanbHOro
rpagueHTa B C/ioe z-z , a TaKXe OT yrfia Mexgay aTumu rpagueHrTa-
MU HabntopgaeTca 60/bWOe pasHoo6pa3ne BePTUKaANbHbIX Npodunel
reocTponyeckoro seTpa. PaccMoTpuMM ABa Cnegylowmnx cnyyas.

B nepsom cnyuvae (puc. 36 a) nepeHoC MPOUCXOAWUT M3 06nactu
Tenna (T) B o6nactb xonofa (X), T.e. HabngaeTcqd aABekKUMs Tenna.
BeKTOp CKOPOCTK BETpa CyBe/IMYEHMEM BbICOTbI MOBOPAYMBAET BMPaBo,
NpPUGMXKaACh N0 HanpasfeHWo K n3otepmam (LTPUXOBBIE IUHUN).

Puc. 36. Mi3meHeHMe reocTponMUeCcKOro BeTpa ¢ BbICOTOMA.
a) NpaBblii NOBOPOT NpY ajBeKLun Tenna,
6) neBbIi NOBOPOT NpY afBeKLUN X0104a.

Bo BTopom cnyuae (puc. 36 6) nepeHoC nNpoucxoauT u3 obnacTu
xofofa B 06nactb Tenna, T.e. Habn faeTca afBekUna xonoga. Bektop
CKOPOCT 1 BETPa NOBOPAYMBAET BEBO C YBE/IMYEHNEM BbICOTHI.

CnepoBaTtesibHO, C MpaBbiM NOBOPOTOM BeTpa B CBOOOLHOWN aT-
mMoccepe cBsisaHa ajBekuus Tenna, ¢ NeBbIM MOBOPOTOM aABEKLUSA
xonofa.



8.6. FpaAneHTHbI BeTep B LUMK/OHAX M aHTULMK/IOHAX

PaccMOTpMM YCTAHOBUBLLEECA FTOPU3OHTANbHOE ABMXKEHUE BO3-
AyXa npy OTCYTCTBMU TPEHWS, HO NPOUCXOLALLEE MO KPYrOBbIM K30-
6apaM. Ha BO3AyLWHYO 4YacTULy B 3TOM Cny4yae, KpOMe CWUA Fopu-
30HTaNbHOro 6apMyYecKoro rpaguneHTa n KOpMonmcoBoi cunel, byaet
feiicTBOBaTb LEeHTPOOeXxHasa cuna. Takoe ABMXKEHUE, KOTOPOe MOXET
HabngatbCca Kak B LMK/OHAaX, Tak U B aHTULWKNOHaX, Ha3biBaeTcs
rpagueH THbIM WM FeoUUKI0CTPONUYECKUM BETPOM.

B LuMKNOHe BO3A4yLIHAA YacTuLa nog AeiicTBUEM CUbl TOPU30H-
TanbHOro 6apMyeckoro rpagueHTa nofiyyaetT YCKOPEHWe M HaumHaeT
ABUraThbCa BAONb pagunyca K LeHTpY LuKNoHa. Kak ToONbKO BO3HMKaEeT
LBUXEHME, MOSABAAETCA KOPMOAMCOBA CUA, OTKNOHAKOLWaA YacTuuy
noa NPAMbIM Yr/iOM BNpaso (B CEBEPHOM MoOnyLapumn). PasBopoT CKo-
pocTu U ee yBenuyeHue 6ynyT NpoOMCXOA4MTb LO Tex Nop, Moka cuna
6apuyeckoro rpagueHta, cuna Kopuonuca n LeHTpobexHas cuna He
YpaBHOBECAT Apyr fpyra. Takum o6pa3omMm, npu ycTaHOBUBLUEMCH
OBUXEHUM YacTuua BO3AyXa B LUKNOHe OyaeT nepemeliatbCcs BAONb
n3obap NPOTMB 4YacOBOW CTPESIKM B CEBEPHOM nonywapun (No yaco-
BOV CTpesike B KOXXHOM Monywapumn).

[MTpn rpagMeHTHOM BeTpe B LWK/IOHE CYLECTBYET paBHOBecHe
Tpex cun: 6apuyeckuii rpagmeHT ypaBHOBELIMBAET KOPUOAMCOBY U
LeHTpo6eXHYy cunbl (puc. 37 a):

G2 = Ks—z nnn

-?-=epCu+ ~ -, (8.30)
or r

rge r - paccTosiHMe OT LeHTpa LUuknoHa, C - CKOPOCTb FPagueHTHOro
Berpa B LMK/OHe.
3710 ypaBHeHMe BTOPOrO nopsaka OTHOCUTENIbHO

p or
PeweHne atoro keagpaTtHoro ypasHeHua (8.30) OTHOCMTENBHO
Cuwnmeert Bua:



M3 (8.31) cnepyer, 4To B LeHTpe UuknoHa (r=0) rpagueHTHbIN Be-
Tep Bcerfa obpalyaetcs B Hynb. C yaneHneM oT LieHTpa nNpu coxpaHe-
HWUW TYCTOTbI M306ap CKOPOCTb FpajMeHTHOro BeTpa Bo3pacTaeT. Kpome
3TOr0, BO3HMKAIOT LUKIOHWYECKNE BUXPU C IIOOBbIMU rpagueHTamu.

B Tponuueckmx LMUKNOHAX, KOTOpble 3apOXAalTcs B MecTax,
rae (p Mano, Kopuonucosa cuna ToXe Mana WU cuna 6apuyeckoro rpa-
LVEeHTa ypaBHOBELW WBaeTCA B OCHOBHOM LEHTPOOGEXHOW cunoin. B
cMepyax, TOpHajo0 v Heb6OMbLINX BUXPAX C BEPTUKANbHON OCbiO, BO3-
HUKaLWMX NpU HeyCTOWYMBON cTpaTUmMKaLmm aTmocdepbl, paguyc
TPaeKTopuil YacTul 0YeHb Man (MHOr4a LEecATKM MeTPOB U MeHbLUE).
B 3TOM cnyvae OTKAOHAWOLWMWIA CUNOA MOXHO NpeHebpeyb Mo cpa.-
HEHUIO C LeHTpo6exHoi. Torfa paBHoBecue mexpay cunoii 6apuue-
CKOF0 rpagueHTa u LEeHTPOBEXHOW CMIo MOXeT HabnwgaTbca npu
no6bIX HanpaBneHusx spalieHus. MoaTomMy B HE6OMbLINX BUXPAX
BO3JYLUHbIE YACTULbI MOTYT NepeMelLaTbCa Kak N0 4acoBOM CTPesKe,
TaK ¥ NPOTMB 4acOBOIA.

B aHTMUMKNOHAX Takxe HabnwpaeTcs paBHOBecue Tpex Cu:
KOPMONINCOBa CWfla ypaBHOBELINBAETCA CYMMON CUAbl TOPU3OHTaNb-
HOro 6apuyecKoro rpagueHTa u LeHTpo6exxHoi cunbl (puc. 37 6):

(8.32)
nnn
(8.33)

PeweHune (8.33) nmeet Bug:
(8.34)

M3 (8.34) cnepyeTt, UTO B LEHTpPe CTALMOHAPHOIr0 aHTULUKNOHA
(r=0) BeTep ob6bpautaerca B Hynb. C yfaneHneMm OT LEHTPa CKOpPOCTb
BeTpa pacTerT.



B ot/nimMyme oT yuKNoHa CKOpPOCTb rpagmMeHTHOro BETPa B aHTU-
UWK/MOHE OrpaHM4YeHa. OT0 06bACHAETCA TEM. YTO B AHTULUWK/IOHE

— < O(paBneHue y6bIBaeT C yAaneHUem OT LLeHTpa), MO3TOMY NOAKO-
ar
PEHHOe BbipaXeHue B (8.34) Npu o4YeHb 6OMbLINX 3HAYEHWUAX MOAYNSA

AP MOXET O0Ka3aTbCA PaBHbIM HY/NIO.
ar

Puc. 37. 'pafMeHTHbIN BeTep B LLMK/IOHE (&) M aHTULNKOHe (6).
P, p-1 np-2 - unso6apbl, G- cuna ropusoHTaNLHOro 6apMyecKoro
rpaguenTa, K - kopuonucoBa cuna, C - LeHTpo6exHasa cuna,

- CKOpPOCTb FpajMeHTHOro BeTpa.

N3 PUCYHKa BUAHO, YTO B aHTULMNK/OHaX CEBEPHOIO nonywapuma
BO34YyX BCerfga ABMXXETCA Mo 4yacoBoi CTPE/IKN, B aHTULUK/TOHAX HX-
HOro nonyuwapmnsa npoTme 4acoBOIA.

8.7. BnnaHmne TpeHNAa Ha CKOPOCTb U Hanpas/ieHNe BeTpa
B MOrpaHMYHOM cfoe aTMmocepbl

B6113M 3eMHOW NMOBEPXHOCTU BeTEp CU/bHO ocnabeBaeT Mof
BAINSHUEM CU/T TPEHWS U TaK Ha3blBaeMOro npuavnaHus, T.e. o6pa-
L EHNS CKOPOCTM BETPa B HY/b HA 3eMHOI MOBEPXHOCTU W B TOHKOM
Cfoe TONMUWMHON z , KOTOPbI/i Ha3bIBAETCSA C/IOEM LLUEPOXOBATOCTM.
CKOpOCTb BETpa Ha LUEPOX0OBATOW MOBEPXHOCTU 06paLLaeTcs B Hy/b
Mo TOV MPUYMHE, YTO MOJIEKY/IbI BO3JyXa COYapstoTCs C HEPOBHOCTS -
MW MOBEPXHOCTU W TEPSIOT CKOPOCTb MOCTYNATeNIbHOTO [BUXKEHUS.



XaoTnyeckun CTafiKMBasfchb C APYrUMM MOJEeKY1aMW OHWU YMeHbLUato!
CKOPOCTb UX ABMXXEHUS. BO3HMKaeT cuia MONEKYNAPHOTO TPeHus.

Mpn CTONKHOBEHUMW C HEPOBHOCTAMY NOBEPXHOCTM CKOPOCTH icC-
PAIOT He TONbKO MOEKY/bl, HO U OTAeNbHblE BO34YLUHbIE 06bEMbI
TypbyneHTHble MONW. VX XaoTuueckoe ABMKEHME MO BEPTUKANW NpU-
BOAWUT K NOTEPe CKOPOCTMW B C/I0€ LLEPOXOBATOCTH.

Cwnna TpeHus Haubonee 3HaUMTeNbHa B6/IM3N 3eMHOI NOBEPXHO-
cTn. C BbICOTOW OHa ybbiBaeT 1 Ha ypoBHe 0Koso 1000 M cTaHOBMTCSA
MHOFO MeHbLIe APYTUX CUM, AeNCTBYOWMNX HA BO3AYLIHY YacTuuy.
BbicoTa, Ha KOTOpPO cuia TPeHWS CTAHOBUTCA MPEHebpexmmo Mma-
NOW, Ha3blBaeTCA YyPOBHEM TPEHUS.

OnpepfeneHHoe BAWAHME Ha MOLWHOCTb C/I0S TPEHWUA OKa3blBa-
eT cTpatudukayma atmoctepsl. Mpn HEYCTONUYMBOA cTpaTUduUKaLmm
BNSHWE TPeHWA pacnpocTpaHseTcs Ha 6onee MOLWHbBIA CNOA aTMO-
chepbl U YpOBEHb TPEHWUS pacnonaraeTcs Bbllle, Yem MPU YCTONWYU-
BOV cTpaTuukauun. Y 3eMHON NOBEPXHOCTU BAUSHWE TPEHUA Ha
CKOPOCTb ¥ Hanpas/ieHWe BETPa NPU HeyCTOWYMBON cTpaTUdUKaLUK
MeHbLUe, YeM NpU YCTONUYUBOIA.

CKoOpoCTb BeTpa BO3pacTaeT C BbICOTON M Ha BbicoTe 1-1.5 km OT
MOBEPXHOCTU 3eMAn NpUbBAMXKAETCA K CKOPOCTU reocTponyeckoTo
BeTpa. B npegenax HwxkHero 50-100 M cnos BepTMKaNbHbIA Npopunb
cCKopocTy BeTpa 6/1M30K K norapuiyMuyeckoMy npu cyxobespasinyHoii
cTpatudukauum. MNpu ycTonumMBOin cTpatudumkaLmm CKOpoCTb BeTpa
BO3pacTaeT ObICTpee, Yem Npu cyxo6e3pa3nyHON, Npu HeYyCTONYNBONA
cTpaTugmKaLmm npo@uab CKOPOCTW CTAHOBUTCA 60/iee NNaBHbIM.

PaccmMOTpMM, Kak cuna TPeHWs BAMAET Ha Hanpas/ieHWe BeTpa.
MpenctaBuM paBHOMEPHOE NPAMOJIMHENHOe [ABMXKEHWe BO3AyXxa
NPy HanU4nK CUNbl TPEHUA. DTO NMPOUCXOAUT NPU PABHOBECUMN TPeEX
cun: 6apnyeckoro rpagueHTa, KOpUoanucoBOMN CUMbI U CUMbI TPEHNSA
(puc. 38). Tak Kak cuna TpeHWUA BCerga NpoOTMBOMONOXHA BEKTOPY
CKOpOCTU, TO cuna 6apuyeckoro rpagneHTa 4O/MKHA YPaBHOBECUTb-
CA BEKTOPHOW CYMMOW KOPWONMMUCOBOW CUAbI U CUAbl TpeHMa. Kak
BMAHO M3 PUCYHKa CKOPOCTb BeTpa OyfeT HanpaBfieHa He no nsoba-
pe, a 6yfeT nepecekaTb UX, OTK/IOHAACb MPU 3TOM OT HUX BEBO, U
CTOPOHY HWU3KOro AaBfieHns. MNpu 4BMKEHUUN BO3YXa NPU KPYTrOBbIX
n3obapax B LMK/IOHE B €ro HMXKHUX CNoAX BeTep 6yaeT AyTb Npo ivm
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Puc. 38. BeTep B cnioe TpeHus (paBHO-
MepHOe NPSAMOSINHENHOE ABUXKEHMNE BO3-
ayxa npu HanM4unm cuibl TPEHUS).

G - cuna ropusoHTanbHOrO
6apuyeckoro rpaguneHTa, K-
Kopuonucosa cuna, R -cuna TpeHus,
C - cKopoCTb reocTpodhmyeckoro BeTpa,
C ckopocTb BeTpa.

4acoBOW CTpenku, mepecekas
n3obapbl B CTOPOHY LeHTpa
LUMKnoHa. [lpoBefsa NUHUK
TOKa, MOXHO O06HapyXuTb,
YTO OHM NpPeACcTaBNAOT cCobO
cnupanu, 3akpyuymBaroLmecs
MPOTMB  4acoBOW CTPEnKM,
CXOAflIMeCs K LEeHTpY LuMu-
KNOHa, T.e. LEHTP LWKNOHa
ABNAETCA TOYKONW CXOAUMO-
ctu (puc. 39).

Nlerko noHATb, 4TO B
aHTUUMKNOHAX BO3AyX Oy-
LeT pacTekaTbCA OT LeHTpa
K nepudepun, Bpaw,ascb Mo
4yacoBOW CTpenke, a UeHTp

aHTULUUKNOHa OyfAeT NpeAcTaBNATb COOOM TOYKY pPacxXxogMMOCTW K-
HWUI ToKa. B H0)KHOM MOAywapumn LeHTP LUKIOHA CTAHOBUTCA TOYKOWA
CXOAMMOCTM, & LLEHTP aHTULUKIOHA - TOYKON PacXxo4uMOCTH.

Yron, Ha KOTOpbI/ OTKMOHSAETCSA BeTep OT M306apbl Y MOBEPXHO-
CTW 3eM/IM COCTaBNAET B cpeAHeM Hag cywein 30-40°, Hag mopem 20-
30°. C yBennyeHmem BbICOTbI CUna TpeHUs ocnabesaeT, BCeACTBUE
Yero CKOpOCTb BETPa He TO/IbKO BO3pacTaeT Nno MOAY/I0, HO U NOA BN-

Puc. 39. M306apsbl (1) v nvHUKM ToKa (2) B
HDKHUX YacTaX LMKIIOHA (a) 1
aHTuumKoHa (6).

AHWEM KOPWONMNCOBOI CUMbI
noBopayvBaeT BNpaBo, Npu-
6nmxkascb K reoctpogude-
CKOMY BETpY.

Ecnn ckopocTb BeTtpa
Ha pasHblX BbICOTax CMpoO-
eKTUMpOoBaTb Ha OAHY W Ty
€ NN0CKOCTb, TO MNONy-
ynm rogorpag ckopocTei,
KOTOPbIA MOKa3blBaeT, 4YTO

Ha Kax/[1°M 605ee BbICOKOM
YPOBHE  CKOpPOCTb  60/b-
Wwe No MoAynw u 6amxe K



reocTpopuyeckoMy BeTpy No HanpaeieHuto (puc. 40). MonyyeHHas
KpvBasi Ha3bIBAeTCHA CMMpasblo JKMaHa.
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Puc. 40. PacnpeaeneHne CKOPOCTM W Hanpas/ieHWs Be Tpa C BbICOTOWA
B NOrpaHM4YHOM C/l0e aTMocdepbl (CeBepHOe nonyluapue).

B cnoe TpeHus o6Hapyxu-
BAETCA XOPOLIO BblIPaXXEHHbIW Cy-
TOYHbI X0f CKOpPOCTWM BeTpa. Y
3eMHOI/i MOBEPXHOCTM Hajg Cyluei
MaKCMMyM CKOpPOCTM BeTpa Ha-
6ntogaeTca okono 14 yacos, MUHU-
MYM-HOUYbK WUAN yTPOM. HaunHas
B cpegHeM c BbicoTbl 150-200
METPOB, CYTOUYHbI X0 06paTHbI:
MaKCMMYM HOYbD U MUHUMYM -
aHeM (puc. 41).

OCHOBHO MPUYNHOIW CYTOY-
HOro X04a CKOpoCTU BeTpa ABNfAeT-
CA M3MEHAILLAACA B TeYEHU CYTOK
WHTEHCUBHOCTb  TYpPOYNEHTHOro
obmeHa. [llog BAvaHWeM Typoy-
NEHTHOro obmeHa NPoMCXoauT ne-
pepacnpefefnieHne UMnynbca Mex-
4y pasMyHbIMK CNOAMM BO3LyXa
B npefenax norpaHW4YHoro cnos

Puc. 41. PacnpefgeneHne cKopocTu
BeTpa o BbICOTE NO CPEAHUM [aH-
HbIM 3a 29 CyTOK.
Oknaxoma, CLUA (=37° c.w.).
1- CyTKW, 2 - HOYb. 3 - [EHb.



aTMmocgepbl. lHEM C yCUeHNeM TEPMUYECKON HEYCTOMUYMBOCTM YBe-
NNYNBAETCA BEPTUKaNbHbIA TYpOy/NeHTHbIA 06MeH U, COOTBETCTBEH-
Ha., B3aMOLENCTBNE HUXHUX N BEPXHUX CNOEB aTMocdepbl. Mo aToi
NPUYNHE CKOPOCTb BETPa B HUXXHEM C/10€ (OT NOBEPXHOCTU 3EMAMN [0
HEKOTOPOW BbICOTHI T pacTeT, a B BepXHeM cnoe (Bbilwe j) ybbiBaeT
MO CPaBHEHUIO CO CKOPOCTbIO BeTpa HOUYbHD. Y POBEHb Z, Ha3blBaeMblii
BbICOTOW 06palleHns CyTOUYHOro Xxofja CKOpPOCTM BeTpa, 3aBUCUT B
OCHOBHOM OT CpeAHEero CyTOYHOro 3HauyeHus KoapduuneHTa Typby-
NeHTHOCTKW. Mpu 60bWNX 3HaAYEHUSAX KOaduumneHTa TypOyNneHTHO-
CTK (NeTom) BbicoTa 0bpalleHUs cocTaBNAeT COTHU MeTpoB (200-250
M), MPU ManbiX - AECATKW.

M3MeHeHNe UHTEHCUMBHOCTW Typ6yneHTHOro o6MeHa B TeyeHue
CYTOK OKasblBaeT B/AMAHWE W Ha HanpaBneHue BeTpa. lNpu AHEBHOM
ycuneHun obmeHa HanpaBneHWe BeTpa B MPW3EMHOM C/0e nNpu6au-
XaeTcs K HanpaBneHWIO BeTpa B BEPXHeR 4acTu Cnos TpeHus, T.e.
K HanpaBfieHuto u3o6ap. COOTBETCTBEHHO, BO3pacTaHWe CKOPOCTU
LHEeM COMpOBOXJaeTCA MpaBblM BpaweHueM BeTpa. Houblo BeTep B
HUXXHEM Cfioe BpaliaeTcs BneBO. B BepxHeM cfioe 3a CYET TypOyneHT-
HOro obmeHa HanpaBneHue NpPUGAMXKAETCA K HanpaBieHWIO BeTpa B
HWXHeM cnoe. NMo3ToMy gHeM B 3TOM C/10e MPOWCXOAMUT feBoe Bpa-
weHne npu ocnabneHWyM CKOPOCTU, HOYbIDO MpaBOe BpalleHue npu
YyCWJIeHNEe CKOpPOCTHU.

8.8. MeCTHbIE unpkynsauum

Bo3gywHble TeyeHUs HEBONbLWOro rOPU3OHTANBHOIO MPOTsXe-
HWA, OT HECKOMIbKUX COTEH MEeTPOB A0 AeCATKOB U MepBbiX COTEH Me-
TPOB, NOPOXAAaeMble 0COOEHHOCTAMM NOACTMUNAIOLEN NMOBEPXHOCTH,
Ha3blBAT MECTHbIMUN LUPKYNALUAMU, UM MeCTHbIMUW BETpamMu.

CyLwecTBYyOT fBa BMAa BO3AENWCTBNIA 3eMHON MOBEPXHOCTU Ha
aTmocgepy: TepMUUYeCKOe U MexaHu4yeckoe. Pasnuuue B Tennou-
3MYECKUX, pajunalMOoHHbIX W APYTUX CBOMCTBAX COCeEAHMX 4acTei
3eMHOIi NOBEPXHOCTW MNPUBOAWUT K BO3HWKHOBEHWIO TOPU3OHTaNb-
HOM pasHOCTM TemnepaTtyp, KoTopas, B CBOK O4epedb, NOPOXAaeT
rOpU30oHTaNbHbI GapuyYyecKWin TpPagueHT, ABAAKOWMIACA MPUYNHONR
BO3HWKHOBEHMA BeTpa. K Takum BeTpam OTHOCATCA 6pu3bl, FOPHO-



0ONVHHbBIE W NEfHNKOBbIE BETPbl. ITW BETPbl BbIPaXEHbl TeM OTYET-
NnBee, YeM MEHbLUEe CKOPOCTb BO3AYLWIHOIO noToka 60nee KpPYynHOro
macLTaba.

Moa BAMAHMEM MEXaHWYECKUX BO34EeNCTBUI CO CTOPOHbI MECT-
HbIX NPenATCTBUIA (rop, BO3BbIWEHHOCTEN, IECOB) BO3AYLUHbIA NOTOK
MCNbITbIBaeT BO3MYLEHUA. B fONMHaX U FOPHbIX YLl enbaX CKOPOCTb
NOTOKA U3MEHAETCS BCMep 3a U3MEHEHMEM UX NMOMEePeYHOro CevyeHus,
Ha HaBeTPEHHbIX CKAOHax HabnlAalTCca BOCXOAAWME ABMXKEHUS,
Ha MOABeTPeHHbIX - HUcxoadAwme. K aTum BeTpam OTHOCATCA (DEHbI,
6opa, CTOKOBblE BETPbl U BETPbl FOPHbLIX NPOX0A0B.

K MecTHbIM BeTpam OTHOCATCA TakXe CUbHble U 06nagatoLymne
0c06bIMW CBOWCTBAMW BETPbl B HEKOTOPOM palioHe, KOTOpble, N0 CY-
LEeCTBY, ABAAOTCA TEHEHUAMU 06 el LupKynaumm. MIHTEHCUBHOCTb
MX MPOABNEHUS W XapaKTepHOCTb AN AaHHOro reorpaguyeckoro
paiioHa sBnseTCA CNeLCTBMEM CaMOro MexaHu3ma o6LWwein Lupkynsa-
UMM 1 reorpaduyeckoro pacnpejeneHns CUHONTUYECKUM MpoLec-
coB. K Takmm BeTpam OTHOCATCA CUPOKKO Ha Cpeau3eMHOM MOpe,
atraHel Ha tOro-soctoke CpegHeil A3umn, KokaHgeuy—s ®epraHckoi
JONVHE W pAL LPYTMX MHOTOYMC/IEHHBbIX BETPOB B Pa3/IMUHbIX Me-
cTax 3emnu.

MecCTHble BETpbl TEPMWUUYECKOTO NPOUCXOXAEHUS 061agaloT Xo-
pOLIO BbIPaXEHHON CYTOYHOW NMepUOAUYHOCTbLIO.

la. Bpu3bl - 3TO BeTpbl Yy 6eperoBoii NMHUU MOPER 1 60NbLWINX
03ep, CBA3aHHble C CYTOYHbIM XOAOM TemmepaTypbl MOBEPXHOCTM
cywwn. [lHem cyla Harpeta u TemnepaTtypa ee MOBEPXHOCTU BbllLe,
4yeM MOBepXHOCTM Mops. [Mo3aToMy n3obapuyeckne NOBEPXHOCTU Hafg
CYLIei HeCKONIbKO MPUMNOAHMMAIOTCA NO CpaBHEHUIO ¢ mopem (pwuc.
42); Ha KakKO-TO BbICOTE CO3[AETCH FOPU3OHTaNbHbIN Bapuyeckuii
rpagveHT, HanpasieHHbI/i B CTOPOHY MOPSA, U HauyMHaeTCs OTTOK BO3-
4yXa B HanpaBfeHUW K MOpPI. Takol OTTOK BO34yXa Ha BbICOTe Mpu-
BOAUT K NajeHWi0 AaBMeHUA Yy 3eMHOW MOBEPXHOCTW Hapj Cylei u
K poCTy ero Haj mopem. M0o3ToMy HWXHWe n306apuyeckme noBepx-
HOCTW npuobpeTaldT 06PaTHbIA HAaKMOH —BHW3Y YyCTaHaBMBaeTCs
6apuyeckunii rpagueHT, HanpaBAeHHbI C MOPA Ha Cylly, a COOTBET-
CTBEHHO €MYy W MepeHOC BO3[yXa B HWXHEM C/0e, KOTOPbIV npej-
cTaBnsieT coboii 4HEBHON MOPCKOW 6puna.



MpoTMBOMNONOXHbIE YCNOBUS OYAYT HOULIO, KOF4a CyLla OXnax-
[laeTca M CTaHOBMTCA X0N04Hee mMopsA. Torga BHU3Y co3jaeTcs nepe-
HOC BO3fyXa C 6epera Ha Mope - HO4YHOI 6eperoBoi 6pn3, a Haf HUM
obpaTHoe TeuyeHue. Beuepom nNponcxoguT CMeHa MOPCKOro 6pusa Ha
6eperosoii, a yTpom HaobopoT.

Bpu3bl Hanbonee OTUYET/IMBO BbipaXKeHbl B ACHYH MOrogy v Kor-
fJa obwunii mepeHoc BO3fgyxa cnabblii. Takne yCnoBMS BO3HUKAKT B
ManorpagmeHTHbIX 6apuuyeckux Mnonsx, Hanpumep, BO BHYTPEHHUX
yacTAX aHTULMKNOHa. O6LMiA NepeHOC BO3AYyXa MOXEeT CyLLeCTBEH-
HO MCKa3nUTb NpPaBUAbHYI KapTuMHY o6pas3oBaHus 6pu3oB. CKOPOCTb
BeTpa B 6pm3ax cocTtasnsfeT 3-5 M/c, B Tponukax 6onbLue.

Bpu3bl 3axBaTblBalOT CNOU B HECKO/MbKO COTEH MeTPOB, MHOrga
80 1—2 kM. JHeBHON 6pn3 HabnwfaeTca B 601ee MOWHOM C/0€, YeM
HOYHO. B Tponukax mMowHoOCTb 6pn30B 60MblIE, YEM B BbICOKUX
wupoTtax. OT 6eperoBoil NMHUM 6PKU3bl PacnpoCTPaHATCA B rNybb
CYWW UM MOPA Ha AECATKU KUIOMETPOB.

Mopckoin 6pu3 mmeeT o6uUMe 4YepTbl C XONIOGHBIM (POHTOM.
[ HeBHON 6pn3 HECKO/IbKO MOHMXXAET TEMMNEPATYPY Ha CyLle U yBenu-
4ynBaeT OTHOCUTENbHYIO BNAXHOCTb; 0COBEHHO PE3KO 3TO BbIPAXEHO
a TpoNUuKax.

16. FOpHO-A40NIMHHbIE BETPbl - 3TO BETPbl, BO3HMKAKOLWME KOS
BUSHWEM TOPU30HTANbHON pPasHOCTU TeMMNepaTyp MeXAY CKIOHOM
ropbl 1 aTMOC(epHbIM BO34YXOM Ha TOIi XXe BbICOTe Haf JOSNHOWA.

[ HeMm cknoHbl rop, obpaleHHble K COMHLY, MMeloT 6onee BbICO-
Kyt0 Temnepatypy, Yem BO3[yX Ha TON >Xe BbICOTE Haj LO/IUHOWN, T.e.
BO3HMKAET rOPU3OHTasNbHbIM rpagueHT Temnepary pbl, HanpaB/ieHHbIN
OT CK/OHa ropbl B CTOPOHY AOMUHbLI. [oj BAWAHUEM 3TOr0 rpagven
Ta BO3HMKaeT 3aMKHYTOe ABUXEHWe BO3fgyxa. B HuxHem crnoe BeTep



HanpasneH U3 LONUHbI BAO/b CKNOHOB ropbl, B BepxHem 0Ol 1k mwm
ropbl B CTOPOHY A0nuHbI (pyc. 43). HOUbIO CKNOHbI KOPbl NXLWIM.ILLOLM
6biCTpee, 4eM BO34YX Ha TOM Xe BbICOTE, BCieACTBME HET HK-HAMH U U
OBUXEHWE BO3fyXa, MPOTMBOMO/IOXKHOE Harnpas/eHNo AMer.nomy.

JeHb Houb

Puc. 43. Cxema ropHO-fJ0/IMHHbIX BETPOB.

K BeTpam CK/I0HOB MPUCOEAMHAETCA MepeHoc Bo3fyxa B 6osee
KpynHOM macwitabe, Mexay AOMVHON B LENOM W NpuerakwLen pas-
HUHOW. JHem TemnepaTypa BO34yXa B AOJIMHE B LLe/IOM BbIlle, YeM
Ha COOTBETCTBYHOLLMX YPOBHAX Haj pPaBHUHOM, TaK KakK Ha Hee BAuA-
IOT NMPOrpeTbie CKNOHbI rop. Mo3ToMy aHanorMyHo TOMy, Kak Hag 6e-
perom npv MOpcKkom 6pu3e, faBfeHne B [OAMHAX [O CamMOro rpe6Hs
xpe6Ta CTAHOBUTCA HUXE, YEM Haj PaBHWHON, a Ha 60/bLINX BbICO-
Tax - Bblwe. Ha pucyHke 43 370 BUAHO MO HAK/IOHY M306apnuyecKux
NMOBEPXHOCTeW. B pe3ynbTaTte AHEM HUWXE YPOBHA rpebHA ycTaHas-
NMNBAETCA NOTOK BO34YyXa C PaBHUHbI B JONIMHY - AONWHHbIA Berep, a
Bbille - 06paTHbIM npouecc. Houblo BO3AYX B LONMHE XONOLHER, YEM
Haf paBHWHOW, W BHYTPMW AONWHbI yCTaHaBAuBaeTCcA 60/ee BbICOKOE
JaBneHune; BO3HWKAlOT Gapuyeckume rpagueHTbl, co3jatroliune nepe-
HOC BO3JyXa BHU3 MO J0/NHE, HA PAaBHUHY - TOPHbIA BeTep. Hag Hum
ycTaHaBnnBaeTCcA 06paTHbI NEPEHOC B CTOPOHY rop.

OpHO-40NMHHbIE BETPbI XOPOLUO BbIPaXXeHbl BO MHOTUX JOMMHAX
n KotnoeumHax Anbn, Kaekasa, lMamupa, TaHb-LUaHa v B Apyrux rop-
HbIX CTpaHax, rnaBHbIM 06pa3oMm B Tenjoe nonyrogue. BepTukanbHas
MOLLHOCTb MX 3HauYUTeNbHa U U3MEPAETCA KUIoMeTpaMu: BETPpbl 3a-
MONHAKT BCe MOMNEpeyHoe cevyeHWe [ONUHLI, BNAOTb A0 rpebHeit ee
60KOBbIX XpeOTOB.

18. /leAHNKOBbIE BETPbI - 3TO BETPbLI, AYOLWMe BHNU3 NO NefHN-
Ky B ropax. B 3aTom cnyuvae, Korga CK/IOHbl ropbl MOKPbITbl NefHU-



KOM, FTOPW30HTaNbHbIA rpagueHT TeMnepaTtypbl AHEM W HOYbIO Ha-
npasneH OT LONWHbI B CTOPOHY nefHWKa. M03TOMYy NeAHUKOBbIN
BETEp B HWXHEM C/ioe BCerfja HamnpaBfeH Or fiefHWKa K AO0NUHE,
B BEPXHEM - OT AOJIMHbI K NegHWKy. Mpyu 3aToMm Haj NeAHUKOM Ha-
6nojaetca HUCXoAsLWee, a HaA4 AONMHOW - BOCXOAAlLee ABMXXEHUe
Bo3gyxa. CKOpOCTb BeTpa YBE/NWYMBAETCH HOYbID M YMeHbluaeTcs
AHem. CKoOpoCTb BeTpa MOXeT gocTturatb 3-7 m/c. BepTukanbHas
MOLWHOCTb NOTOKa NIeJHNKOBOI0 BeTpa COCTABAAET NMPUMEPHO He-
CKO/IbKO [eCATKOB METPOB.

MecCTHble BETPbl MEXAHWUYECKOTO MPOUCXOXAEHUS.

2a. ®eH - Tennblil, Cyxoii NOPbIBUCTLINA BeTep, AYHOLWUIA C rop B
JONUHBI. PEH npeAcTaBNdeT LOBOSbHO PacnpoCTPaHEHHOe fAB/EeHUe
B FOPHbIX palioHax.

Knaccuuyeckum BapmaHTOM o6pa3oBaHus (héHa aBnseTca npo-
Lecc nepeBaiuBaHUA BO34YLIHbIM MOTOKOM ropHoro xpe6rta (puc.
44). Tlpn BbIHY>XEHHOM MOAbEME MO HaBETPEHHOMY CK/OHY Xpeb-
Ta BO34YyX OyAeT oxnaxgarbCcs cHayana cyxoagunabaTtmyecku, a 3aTem
(BblWe YpOBHA KOHAEHCaLUKW) ncesgoangnabatmyeckn. M3 o6pasosas-
lWerocsd Ha HaBETPEHHOM CKNOHe o6n1aka MOTyT BblMajaTbh O0CafKw.
Mocnegytolee onyckaHe Bo3fyxa no NOABETPEHHOMY CKNOHY OyaeT
MPOMCXOAUTbL CyXxoaanabaTtnyecky nNoToMy, YTO OMYyCKarLWUAca BO3-
OyX MPU HarpeBaHUM yXo4uT OT COCTOAHUSA HacbiWweHus. B pesynbTaTte
K OCHOBAHWIO MOABETPEHHOr0 CK/0HA BO34YX NpuaeT 6onee TennbiM
M CYyXMM, Yem Mnpullen K OCHOBaHWIO HABETPEHHOro CKAoHa. J9ToT
TeNnbliA N CyxoW BO34YyX Ha MOABETPEHHOM CK/OHE XpebTa M Hasbl-

Bator ¢éHom. [llpousseaem
HekoTopble pacyeTsbl. MycTb
rpebeHb xpebTa BO3BbllWa-
eTca Haj YPOBHEM [O/IUHbI
Ha 3000 M, Temnepatypa
BO34yxa [0 Hayana (éHa
+10°C, cpegHuini rpagueHT
Temnepatypbl  0,6°/100 wm.
Ha ypoBHe xpeb6Ta Temnepa-
Typa 6yger +10-(0,6-30)
Puc. 44. CxeMa héHa. - 8°C. OnycTnBWUCHL Cyxoa-



gnabaTuyeckn MO MOABETPEHHOMY CKJ/IOHY Ha MPeXHWii YypOBEHb,
TemnepaTypa Bo3fyxa Bo3pacTaeT Ha 30°C u cTaHeT paBHoOl +22°C.
Takum obpasom, TemnepaTypa Bo3fyxa nosbicuTcsd Ha 12°C. BmecTe
C TeM OTHOCMTeNbHaA BAaXHOCTb, paBHaa 100% Ha ypoBHe xpebTa,
noHmsnTcs o 17% npu HEM3MEHHOM BflarocofepXaHun BO34yXa.

Takoro pofa ®&H 06bIYHO BO3HMKAET TOrfa, Korga ¢ 04HON CTO-
POHbl TOPHOro XpebTa MMeeTcA 0671aCTb MOHWXXEHHOIO [aBieHUSA.
XapakTepHoil oco6eHHOCTbIO fBNAeTCcA o06pa3oBaHuWe 061a4HOro
Basia, C pe3K0 OYEPYEHHOI HVIKHEN rpaHuLein, KOTopbI HabngaeTcs
Ha NOABETPEHHON CTOpOHe xpebTa. ®EHOBOE 06/1aK0 NULLIL KaXeTcs
HEeNnoABVXXHO BUCALLMM Haj FOpHbIM XpebToM. B gelicTBUTENbHOCTH,
NMPOMCXOAUT HenpepbiBHOE 06HOBNEeHMe aToro obnaka. Mpu onycka-
HUKN (DEHOBOTO BO3jyXa MO MOABETPEHHOMY CK/IOHY cofepKalynecs B
obnake Kanaym ucnapsOTCA, a Ha HABETPEHHOM CK/1I0HE OHW, Hamnpo-
TUB, BCe BpeMsA 06pasyoTcs 3aHOBO.

Crnefyetr umeTb B BMAY, YTO NMOABLEM BO3fyXa MO CK/AOHY ropsbl
COMpPOBOX/aeTca YBENMYEHNEM €ro MOTEHLMANbHON 3HEPTUK 3a cyeT
YMEHbLUEHUA KMHeTU4YecKo. CKOpPOCTb ABMXKEHMS BO3fyXa MO Mepe
nogbema 3ame4nseTca U Ha HEKOTOPOU BbiCOTe 06OpaliaeTcs B Hyfb,
BC/IefICTBME Yero NPOMCXOAUT HaKOMIEeHWe BO3fyXa U YBENYEeHNe faB-
NEHNA Ha HABETPEHHOM CK/OHe Xpe6Ta. B aTom cnyvae, noMMMO nepe-
Ba/MBaHUS BO3JYLUHOMO MOTOKA Yyepes3 ropbl, 4acTb ero HaymMHaeT cTe-
KaTb 06paTHO MO rOPHOMY CK/OHY HaBCTpeyy OO6LLIEMY MepeHoCYy BO3-
OyLWHOI macchl. Mpu 3TOM BO34YX TakXe HarpeBaeTCcs M MCCyLlaeTcs,
a CKOpOCTb BeTpa MOXeT foCcTuratb 60/blWNX 3HaYeHn (TakoBo Npo-
MCXOXAEHNE CUNbHOTO HOr0-BOCTOYHOIO BETpaA B palioHe Anmartbl).

[pyroii pasHOBMAHOCTbIO (hEHA ABNAKTCA TaK Ha3blBaeMble
aHTUUMKNOHaNbHbIe (heHbl. OHM HabmogaTca Ha KaBkase, Anbnax,
TaHb-LaHe. Hanpumep, Korga Hag KaBkasoMm ycTaHaBnuBaeTca 06-
WWPHbIA 1N BbICOKUIA aHTULMKIOH, TO ONycKalwmninca Bo3gyx pac-
TeKaeTcs BO BCE CTOPOHbLI Mo fonuHam 3akaBkasba M CeBepHOro
KaBka3a B Buae (heHoB. MNMpun TakoM (hEHE CKOPOCTU BETPA HEBENUKY,
a NOBbILEHNE TeMNepaTypy MOXET NPOUCXOANTL Ha 060MX CKIOHAX
XxpebTa 04HOBPEMEHHO.

MpojomKNTeNnbHOCTL (hEHa MOXET BObiTb OT HECKONbKUX 4YacoB
[0 HECKOJIbKUX CYTOK, UHOTfa C nepepbiBamu.



O NoBTOPAEMOCTU (PEHOB MOXHO CYAWUTb MO CPELHUM K/IUMATO-
tolnyecknum paHHbIM. Hanpumep, B KyTaucum B cpefHeEM 3a roj
HacuuTbiBaeTca 114 aHeil, B Tounucu 45, B BnagukaBkase 35, Ha
leneykom o3epe go 150, B MHCOpyke (ABCTpUA) - 75. BTallKeHTe-49.

Mpw nepeBanmBaHum xpebTa B BO3AYLIHOM TEYEHUN MOTYT BO3HM-
KaTb CTOAYME BOJIHbI, TaK Ha3biBaeMble PEHOBbIE BOMHbI C aMNANTY 0N
NMPUMEPHO HECKONMbKUX KUJIOMETPOB, WHOTAA NpuBOAALLIME K 06paso-
BaHWIO 4eyeBMLUeobpasHbiX 06M1aK0B. OTWU BOJIHbI PACMPOCTPAHAKTCS
BBEPX 40 BbICOTbl B HECKOMbKO pa3 60nbLueli, Yem BbicOTa XpebTa.

26. bopa - CUbHbI XONOAHbIA U MOPLIBUCTLIV BETEP, AYH LN
C HU3KWUX TOPHbIX XPebTOB B CTOPOHY [A0OCTaTOYHO TEMJION0 MOPS.
B o6pa3oBaHuy 3TOro Betpa 60/bLWYH PO/ib UTPaeT cuUfla TAXKECTMU.
Bopa topmupyeTcs nNpeMMyL,eCTBEHHO 3MMON, KOrga Hag XO0nofa-
HbIM KOHTUHEHTOM YyCTaHaBNWBAaeTCHA, aHTULMKNOH, a Haj TernbiMm
BOLOEMOM - 0611aCTb HU3KOTO AaBneHunsa. Habnwogaertca tam, rae He-
BbICOKUIA xpebeT (300-600 m) oTAensdeT OT MOPSA KOHTUHEHTa/bHbIe
Haropbs, Hafj KOTOPbIMW HAKanjaMBaeTCA MAOTHbIA XOMOAHbIA BO3-
AyXx. Ha HaBeTpeHHOW CTOpOHe XpebTOB pa3BMBAKOTCA BOCXOAALLME
OBUXEHUA, a Ha MOABETPEHHON HauMHaeTca Bo3gyxonag (puc. 45).

B psAge mecTHocTel 60pa MOXeT HabnwpateCs U B rnybuHe
KOHTWHEHTA, TaM, rge ecTb YCN0BUA AN HAKOMNJEHUA XONOLHOI0 BO3-
JyXa Ha HAaBETPEHHON CTOpPOHE HEBLICOKOTO W AAMHHOIO Xxpeb6Ta u
BO3HMKHOBEHUA 06Bana BO34yxa Ha NOABETPeHHON, 60nee Tennoin u
HWU3KOW cTopoHe rop. K Takoi pasHOBUAHOCTM 60pbl OTHOCUTCA Kn3e-
nosckas 6opa, Bo3HMKaloLLas Ha 3anagHoMm Ypare.

K nepsomy Tuny 60pbl OTHOCUTCA HOBOpOCcUiicKas 6opa, BO3-
HUKalowasa B pailoHe HoBopoccuiickoih 6yxTbl B YepHOM MoOpe,
agpnaTuyeckas 6opa Ha Agpuatvyeckom mnobepexbe HKOrocnasum
B paiioHe TpuecTa, HOBO3eMenbckad 6opa. Xapaktep 60pbl uMe-
I0T capMa W Apyrve CTOKOBble BeTpbl Ha 03. balikan, opocu Ha
OKeaHCKOM nobepexbe HAnoHuWW, Hoph B paiioHe baky, mucTpanb
Ha Cpegn3eMHOMOpPCKOM nobepexbe ®paHuyum, oT MoHnenbe Ao
TynoHa, HopTcep B MekcnkaHckom 3anuse (Mekcuka, Texac).

CkopocTtb BeTpa npu 6ope gocturaet 30-40 m/c, nHorga 60 m/c.
O6bIYHO BO3HMKAET 3HAUYUTENbHOE MOHWXXEHWE TEMMNEPATYypbl BO3AY-
xa. Mafas BHWM3, BO3QyX Gopbl afgmabaTvyeckun HarpesaeTcs, Kak H



Puc. 45. CxemMa HaKoMIeHUs1 X0N04HOr0 BO3yXa Ha HaBeTPEHHOW CTOpOHe
ropHoro xpe6Tta (cnesa) n obBan ero Ha NOABETPEHHOM CKJIOHE (cnpaBa) npu
6ope.

npu ¢éHe. Mo n3-3a He6ONbLWIOWK BbICOTHI XPe6TOB 3TO MOBbILIEHMNE
OKa3blBaeTCsH He3HauYUTe/lbHbIM MO CPaBHEHUIO C TemnepaTypoli ony-
CKalLwerocs xono4Horo sosgyxa. MpofonxnTenbHOCTL 60pbl 06bIY-
HO 1-3 cyTOK, HO MHOrga 4o Hegenu. 3a rog B HoBopoccuiicke Habnto-
faeTcs BcpegHem 46 fHel ¢ 60poii, Yawe BCEro ¢ HOAGPA Mo MaprT.

2B. XapakTepHble BeTpbl BO3HMKAKOT B MecTax, rge noTtoK BO3-
LyXa BbIXOAWUT W3 Y3KMX YLENNA Ha paBHWHY. OTO BeTPbl FOPHbIX
npoxonoB. OHWM BO3HUKAKT Npu 60NbLWINX GApUUECKUX rpajueHTax,
HanpaBNeHHbIX B CTOPOHY paBHUHbI. K TakMM BeTpamM OTHOCMKTCHA
BOCTOUYHbI BETEpP, AYIOLWNIA C yparaHHOM cunoin vyepes [pKyHrapckue
BopoTa (BocTouHbIli Ka3axcTaH) cO CTOPOHbI 03. 36u-Hyp - 26m.
AHanorMyHbl 3TOMy BETPY BeTep ynaH, gywuwunin yepes Boomckoe
yuienbe B CTOPOHY 03. Wccbik-Kynb, ypcaTbeBCKWIA BeTep, BO3HMU-
Kalwmnin Ha BbIxoge n3 depraHcKon JONWHbLI, N PSS GPYTUX BETPOB B
LpYyrux yactax 3eMHOro Liapa.

CkopocTb BeTpa npu aTux setpax gocrturaet 30—40 m/c, nHorga
50-60 m/c. OHM MOryT CyL,ecTBOBAaTb HECKO/IbKO CYTOK noapsa.

MprBeLeM HECKONbKO NMPUMEPOB MECTHbIX BETPOB, OTHOCALLUX-
CA K TpeTbel rpynne.

AraHey - 04YeHb CWUMbHbLIA W MNbIAbHbLIA 3anagHblii UAW HOTO-
3anajHblii BeTep B BOCTOUHbIX Kapakymax 1 Ha tore Y36ekucraHa u
TagxuknucTtaHa. B Tepmese Habntogaetcsa go 70 gHeit B rogy. BosHu-
KaeT «araHey» B CBSI3U C CEBEPO-3anafHbIMN XOMOLHbIMU BTOPXE-



nuamu B npegenbl TypaHckoii Hu3MeHHocTu. OcnabneHue BeTpa
COMNPOBOXAAETCA Pe3KMM POCTOM [aB/eHWUS W HEKOTOPbIM MOX0/0-
faHvem.

Kokangey - cunbHbli (o 20-30 wm/c) 3amagHblii uauM Kro-
3anafHblii BeTep B 3anafHoii yacTn depraHckoi fonuHbl. B KokaHge
Habnpaetcs 35 gHei B rogy. Bo3HMKaeT Npu BTOPXXEHMU XON04HOTO
apKTUYECKOr0 BO34YXa B OXHbIE WNPOThI B ThiNY LUKNOHA.

CamyM - ropfyas, cyxas, BHE3anHO HauyuMHalLwWasacs MbliabHas
6yps B nycToiHAX Manoii A3umn, ApaBumn, Caxapbl, HOXKHOro nobepe-
Xbsi Cpean3eMHOro MOps W CeBEpPO-3amagHoro nobepexos A(puku,
Mapokko. CamyM BO3HWKAET B TeMN/JOM CEKTOPE LMKIOHA, KOTOPbIii
4p,vmxetca BLonb Cpefin3emMHOro Mops K BOCTOKY M CBfi3aH C aKTWB-
HbIM aTMOC(epHbIM DPOHTOM. BO3HUKHOBEHME CaMyMa MOXET 6bITb
00yCNnoBMEHO TakXXe pasBUTUEM MOLLHOW KOHBEKLUW B TEPMUYECKO
fenpeccuu.

8.9. CMepum 1 NblNbHble Oypun

Pa3HOBMAHOCTAMU MECTHbIX LUPKYALWUA MOXHO CUMTaTh LWKBa-
Nbl N MefIKoMacwTabHble BUXPU - CMepyuu, TpPOMObI, TOPHAZO.

a. LLIksasbl.

LLIkBan - pe3koe ycuieHue BeTpa B TEYeHWE KOPOTKOro Bpeme-
HW, COMPOBOXJaloleecd U3MeHEHNEM ero HanpasneHns. CKOpoCTb
BeTpa Npu WkKBasne Hepefko npesbiwaet 20-30 m/c. OBbIYHO LWIKBAN
LNUTCA HECKONIbKO MUHYT. NHorga HabnopaloTca NOBTOPHbIE MOPbI-
Bbl BeTpa. lNpu WwKBane NponMCXoanT CKayok aTMOCHEPHOTo faB/ieHuUs
(Ha 6aporpamme XapaKTepHbIil 3y6eL, - FPO30BOI HOC), OTHOCUTENb-
HOM BNAXHOCTW 1 BbICTPOE MOHMKeHUe TemnepaTypsbl. LLIkBan o0bbiy-
HO COMPOBOXAAaeTCA IMBHEM U FPO30iA.

Pa3nnyaloT BHYrpmMMaccoBble U (PPOHTAaNbHble LWKBaNbl. BHYT-
puMaccoBble LWKBabl CBA3aHbl C MOWHbLIMY 061aKaMN KOHBEKLUUM -
KY4YeBO-[0XEBbIMU 06/1aKaMy, BO3HUKAK MMM B XKaPKY NIETHIOK
norogy Hag Cywei uam B XONOLHbIX HEYCTOWYMBO cTpaTuduumpo-
BaHHbIX BO3AYLHbIX Maccax Haj Tenjoil noAcTUNalLWeidr NOBEPXHO-
CTbi0. PPOHTANbHbIE LWKBa/bI CBA3aHbl B OCHOBHOM C XO/I04HbIMK aT-



MoC(epHbIMU PPOHTaMU, C NpesPpPOHTaNbHbIMU Ky4YeBO-40XAeBbl-
Mu obnakamu. B obomx cnyyasax Habnwgaetca BMXPEBOE ABUMXKEHMWeE
BO34YyXa C FOPU30OHTANbHOI OCbI0 BpalleHWs B 061akax U Nog HUMMU.

B CHI wksanbl nnwb B 10% cny4vaes ABNAKOTCA BHYTpUMacco-
BbIMW, OCTafibHble CBA3aHbI rNaBHbIM 06pa3om ¢ ppoHTamu. LLKBanbl
c/iefyeTt OoT/M4YaTh OT NMOPbLIBOB BeTpa, gnauwmxca 10-30 c. BoigensaioT
oporpauyeckue LWKBanbl, BO3HUKaWOLWMe B pesyfnbTate BAUAHUA
oporpaum Ha OCHOBHble BO3AYLUHble MOTOKM B atmocdepe. K Hum
OTHOCATCS, Hanpumep, 6opa n EH.

B 3aBMCUMMOCTM OT CONYTCTBYHOLWENA NOrofbl pasnuyarT 6enblii
WKBan (BO3HMKAKLW KNI NO AUHAMWYECKUM NpuyMHam npu gedopma-
UMM BO3AYLHOrO NOTOKAa MO BAWAHUEM OCOOEHHOCTed moAcTuNalo-
weli NOBEPXHOCTW WAWM NpWU B3aMMOAENCTBUM Pa3NYHbIX BO3AYLU-
HbIX MOTOKOB), YepHbIi WKBan (COMPOBOXAaKOWMIACA MacMypHOIA
norogoi), cyxoi wkean (B KOTOPOM M3-3a CYXOCTM BO3[yXa 0CajKu
He AOCTUTralT 3eMHOM MOBEPXHOCTMW), TPO30BOI LWKBan (ConpoBoO-
XAaKWwmniica pe3kMM yaapom MOopbIBUCTOr0 BeTpa nepej v npu npo-
XOXAEHUWN TPO3bl), NblIbHbIA WKBan W T.N. JIETOM LWKBabl, CBA3aH-
Hble C MOLLHOW KOHBEKLMEN, MOTyT COMPOBOXAATLCA FPO30ii AaXe B
CpPaBHUTENbHO CYXOM BO3AyXe. B aTux cayyasx ocajku He goctura-
IOT 3eMHOI MOBEPXHOCTH.

B H0OXHbIX WKMPOTax WM Ha BO3BbILWEHHOCTAX LIKBaabl 6GblBAOT
Yalie, YeM Ha CeBepe W Ha paBHMHax. Hampumep, oyar NOBbILIEH-
HO/W MOBTOPAEMOCTW LWKBanoB Habnwopaercs Ha HOXHOM Ypane,
MpuBomkckoii, CpefHepyccKoit, BonblHO-MOAONBCKON BO3BbILWEH-
HOCTAX, B KpbIMCKMUX Alinax n pyrux mMecrax CO C/A0XHOW oporpa-
thuein. Hanbonee yacTo WKBanbl BO3HWKAKOT B FOPHbLIX paiioHax - Ha
KaBka3se, TaHb-LLlaHe, A610HOBOM XpebTe, rae exerogHo (NoyTu no-
BCEMeCTHO) 6biBaeT f0 80 WKBaNoB.

6. MenkomacwTabHble BUXpK - CMepy, TPomb, TopHazo.

Cmepy, TpoMO, TOPHALO - CU/bHbIM Pa3pyLIMTENbHbBIA BUXPb,
ONYCKaKLWNACA U3 MOLWHOTO KYy4eBO-L0X/EBOr0 CMEpPYEBOro (mare-
PUHCKOT0) 06naka B BUAE TEMHOro 061a4HOr0 cTON6a C MPUMEPHO
BEPTUKaNbHOW (M3rmbaroLwelics) ocblo guameTpoM OT HECKONbKKX [0
coTeH mMeTpoB (peako go 1-3 km). HOrga BO3HMKaeT AyroBOi LIKBa
C NPUMEPHO FOPU3OHTANbLHON OChIO.



It 3aBUCUMOCTM OT TOrO, rae BO3HUK CMEpY M YTO OH BOBNEKaeT
(vmu,, necok unu Bogy), pasiNyatoT MNblfibHble, MecyaHble U BOAAHbIE
cMepun.

>IbiibHbIE Y NecYaHble CMepyn HabNA4alnTCa NPeUMYLWEeCTBEHHO
B MYCTbIHAX ¥ CTEMNAX W OT/INYAIOTCA OT CMEPYEidl YMepeHHbIX WHUpoT
TOM, YTO OHM YACTO He CBA3aHbl C Ky4YeBO-40XAEBbIMU 061aKkamMu.

dopmbl cMepueil pa3Hoo6pasHbl: X060TO-, KOMOHHO-, 3Mee-,
Oblye-, BEPEBKO- Y BOPOHKOOGpa3Hble, pacn/biByaTble, CTe/OWMUecs v
NAoTHble. OHY M3MEHAIOTCA MO MEpPe pa3BMUTUA CMepuUeli U B 3aBUCUMO-
CTW OT CTPYKTY Pbl NOPOAMBLUETO UX 06/1aKa U BO3LYLIHOIO NOTOKA.

Cmepuun nepemMelaldTca B OCHOBHOM MO HanpaB/ieHUH Be-
Tpa, rocnofCTBYHOLWEro B HMXHen Tponocdepe, 06bIYHO CO CKOpO-
cTbto 10-20 m/c. onmucbiBas CNOXHble KpuBble (MOAOOGHO BOJYKY).
[BMXeHne MX BONHOO6PA3HO —OHM TO MOAHUMAKTCHA, TO OMYyCKa-
toTca. JnvHa nyTv OAUMHOYHOIO CMepya cocTaBnfder B cpegHem 5-10
KM. onoca paspyLleHnin MMeeT WHUPUHY JeCATKN MeTPOB, a A/INHY -
COTHM MeTpOoB. BcA 30Ha, NnoaBepXXeHHasA AECTBUIO CMepUein, MoxXeT
JoCTUraTh B A/IMHY COTHU KUJTOMETPOB.

Bponb ocn cmepya Habnwpgaetca 6biCTpoe, pe3Koe U CUNbHOE
MOHMXeHne aTMocepHOro gaeneHuns, 6onee yem Ha 100-200 rMa.
4yTO npeBpaliaeT CMepy B MOLLHbI/ Hacoc, cnocob6HbIil BoOpaTh B
ce6a BoAy pekn unm osepa. B cmepuax BO3HMKaKT Bapuyeckue rpa-
AneHTbl go 10 rMa/l100 m, obycnosnuBatrolme 60MbLWYK CKOPOCTb
BeTpa B CTEHKE BOPOHKU, B TO BPEMSA KaK BOKPYI CMepya MOXET Ha-
6nopaTbca WTWUAb. BpalleHne B cMepye MOXET NPOUCXOAUTL MO Ya-
COBO CTpenke u NpPOTHB.

B03HMKHOBEHME cMepya 06YCNOBAEHO CWU/IbHOW HeycTONYMBO-
CTbi0 CTpaTUmKaLmm aTMocdepbl B XapkKoe BpeMs rofa B TpOMu-
4YecKOM BO34yxe. ITo HabnwpgaeTcsd, Hanpumep, NpPU BbIHOCE BRaX-
HOro BO3fyxa ¢ MeKCMKaHCKOro 3anuBa Ha CTenHble painoHbl CLUA,
a TakXXe Nnpun HXXHOM NOTOKE BNaXHOro BO3jyxa co Cpefn3eMHOro u
YepHOro mMopei Ha CUNbHO NpPOrpeTblie CTEMHbIE MPOCTOPbLI Y KPauHbl.
Cmepun 06bIYHO pa3BMBaOTCA Ha XONOLHOM (PPOHTE C BOAHAMU WK
BNepeAn Hero, Ha Kro-BOCTOYHOW Mnepuepum CUCTEMbl MOLLHbIX
Ky4yeBO-A0XAeBbiX 061akoB. BoAsiHble CMepun TakXe CBA3aHbl C
Ky4eBO-[0XeBOI 061a4HOCTbIO.



Bblfenat0T HECKONbKO CTafuii pasBMTUA CMepya: TepMUK. hop-
MUpOBaHWe BUXPSA, ODOPM/IEHMEe pPa3BUTOro CMepya, yracaHue.

B. MbiNbHBIE BYpPU - 3TO NEPeHOC YMEPEHHbIM W CUMbHLIM Bl
TpoM 60MbLWIOF0 KOMMYeCcTBa MblAM W Necka, COMPOBOXAalLWwuiica
3HAYUTENbHbIM YMEHbLIEHWEM BUAUMOCTH.

MbinbHble 6YpW BO3HWKAKOT, KaK NpaBuao, Npu 3acyLwnameoi no-
roge n ysenmuyeHuu ckopocTu BeTpa. CylleCTBEHHOE BAUAHWE Ha
BO3HWKHOBEHUE MNblbHLIX OYpb OKa3blBAeT CTPYKTypa W CTeneHb
YBNaXHeHUA NOYBbI, HaIMUMe PacTUTENIbHOIO0 NOKPOBa 1 oporpapus.
B 3aBMCMMOCTM OT COBOKYMHOCTU MepeyncieHHbIX (DakTOpOB ropwm-
30HTanbHasA MPOTHXKEHHOCTb PaliOHOB, OXBAY€HHbIX NbINbHON Bypeil,
MOXeT U3MEHATHCA OT HECKO/IbKUX COTeH MeTpOoB [0 LeCATKOB U CO-
TEH KUIOMETPOB.

O6bIYHO MblfIbHbIEe B6ypy BO3HUKAKOT B Tensoe Bpema roga. OHu
MOryT 00pa3oBbIBaTbCA M 3MMOI, B TexX Cliyvasax, Korga Habntogaetcs
HebOMbLIOA CHEXHbIA MOKPOB WM OH OTCYTCTBYeT. Takue «4YepHble
6ypu» oTmevatoTcqd Ha CeBepHOM KaBkase u HOre YKpauHbl B rofbl C
HWU3KOW TemMnepaTypoli U HeJ0CTaTOYHOM YBNAXHEHWUW NOYBbI C OCEHMW.

MpOoAOMKNTENBHOCTb NblIbHOW 6YpPU MOXET MEHATLCA B LUMPO-
KUX npegenax: OT YETBEPTU Yaca [0 HECKOMbKUX CYTOK.

Mpun NbIIbHBIX 6YPAX KOMWYECTBO MOAHMMaKLWerocs B aTMoc-
(hepy necka Wau MbIAN MOXeT 4O0CTUYb MUNMOHOB TOHH.

MbinbHbIE 6YpWM OXBaTbIBAOT OTPOMHbIE MaoOWaAnM NYCTbiHb U
nonynycTtbiHb B Ajpnke, Amepuke, Asnn. B CpegHeil A3nmn OHU Ha-
6nogatotcs B Kapakymax un Kbeisblnkymax, B npegropbax Konetgara,
Ha CEBEPHOM M BOCTOYHOM nobepexbe Kacnuiickoro mops, Ha nobe-
pexxbe ApanbCKOro mops.

MbinbHble GypM CUAbHO 3arpA3HAT aTMOC(eEpPYy WM HaAHOCAT
60nbWOW MaTepuanbHbI ywepb pasnMyHbiM OTpPacasaM 3KOHOMUKM,
B NEPBYIO 0Uepenb, CeIbCKOMY XO035CTBY.

OCHOBHbIE BbIBO/bI

1 [Bu1XeHne BO3AYLLIHOW YacTuLlbl BaTMOoc(epe ONUCbIBaeTCs ypaBHEH
eM [BWKeHUS aTMocdepbl B BEKTOPHOW 1 KOOPAMHATHON hopmax. TN ypaBHe-
HUA U ypaBHeHUEe HepaspbIBHOCTU TaKXXe OTHOCATCS K OCHOBHbIM YpaBHEHUSIM
hur3nkn atmocdepsbl.



2. MpuunHOil ABMXKEHUS BO3AYLWIHON 4YacTuubl B aTmocepe sBsieTcs
i I M lopusoHTanbHOro 6apuueckoro rpagveHTa. Mpu ganbHeiwem ABUXEHUN
W1 Hec HauyuHaeT AeicTBOBaTb KOPMOMMCOBA cuna. B npegenax MorpaHuuHo-
| cnos aTMocdgepbl cnefyeT yunTbiBaTb TakXe CWU/bl BA3KOro TpeHus. B cBo-
60AHOI aTMocHepe 9TU CUMbl NMPEHEGPEXUMO Manbl U BUXKEHMNE CTAHOBUTCA
KHasureoctpouyeckum. HanpaBfieHUe TrOpU3OHTaNbLHOTO ABWXeHus (BeTep)
yCTaHaB/MBAeTCA Ha OCHOBe 6apuyeckKoro 3akoHa BeTpa.

3. BepTuKanbHbIii NponbL BeTpa POPMUPYETCA NOJ BAUSHUEM LLIEPOXO-
BaTOCTV 3€MHOI MOBEPXHOCTU B Mpejenax MorpaHMYHOro cnosi atMocdepsl, a
rakxe B pesy/nibTate afBeKLMM TEN0N NN XONOAHON BO3AYLWIHOW Macchl.

4. OgHUM 13 06BEKTOB LMPKYSLMN aTMOCHepbl B I0Ka/IbHOM MacluTa6e
ABNAIOTCA MECTHbIe UUPKYNAUWUW, UMetoL e TePMUYECKYH U MexaHUYecKyio
npupogdy. K nepsoii rpynne oTHocATCS 6pu3bl, TOPHO-A0NIMHHbBIE W NeJHUKOBbIE
BETPbI, KO BTOPOi rpynne - eHbl, 60pa, BETPbl BbicacbiBaHUA. K pa3HOBUAHO-
CTAM MEeCTHbIX LMPKYALMIA OTHOCATCS TaKXe LWKBabl, Nbl/bHbIe 6YpU 1 Me30-
MacliTabHble BUXPY - CMepUm, TPOMGbI, TOPHAAO.

KOHTpOsibHbIe BOMPOCHI

. Kakue cunbl feicTBYIOT Ha yacTuuy Bo3ayxa B aTMochepe?
. Kak Ha Bo3gyLIHYI yYacTuuy felicteyeT cuna Kopuonuca?
. UTo npeacTtaBnaOT cO60M CUbl BA3KOr0 TPEHNSA?
. BbiBegeTe ypaBHeHUA ABUXeHNUS aTMmocdepsbl.
. BbiBefieTe ypaBHeH/e Hepa3pbIBHOCTU. KakoB ero cmbicn?
. YUTo npeacTaBNAOT CO60M NMHUKN TOKA MU TPAEKTOPUN?

7. Mpn  KakuMx YCNOBMAX  BO3HMKAET reocTpouuyeckuin  BeTep?
CdopmynupyiiTe bapnyeckunii 3aKoH BeTpa.

8. Kak 1 noyemMy M3MeHsIeTCSt reoCTPonUEeCKMiA BeTep C BbICOTON?

9. Kak 1 noyemy M3MeHsieTCA reocTpomyecknii BeTep Npu agBeKLUM
Tenna n xonopa?

10. Mpy Kakux ycnoBUAX BO3HUKAET rPagueHTHbIA BeTep B LUUKJ/IOHAX U
aHTULUKNOHAxX?

11. Kak 1 noyemy BAWSIET TPEHWE HA CKOPOCTb M HanpaB/ieHWe BeTpa B
norpaHN4yHoOM cnoe aTmocdepbl?

12. Kakue BeTpbl OTHOCATCA K MECTHbIM LUPKYNALUNAM?

13. OxapaKkTepusyiiTe MeCTHble BETPbl TEPMWYECKOro MPOUCXOXKAEHMNSA
(6pu3bl, FOPHO-A0/INHHbIE, NeIHNKOBbIE)

14. OxapaKTepusyliTe MeCTHble BETpPbl MexaHu4yeckoin npupogbl (éH,
6opa n gp.).

15. OxapaKTepusyiiTe LWWKBasbl, TOPHALO, NblfbHble 6ypu.

o g A WN
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