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MO,D,eﬂVIpOBaHVIe permoHarnbHbIX 3KOJIOr'M4eCKUX cmyauuﬁ
B AeMOHCTPAUUNOHHbIX IKCNepuMeHTax n 3agavyax-oueHkKax no ¢VI3VIKe

AHHOmMauyus. ModenuposaHue rnpupoOHbIX MPOUECCO8 MpU 3KO/I02UYECKUX uccriedoea-
HUSIX QOYHKUUOHUPOBaAHUS 3Kocucmem Moxem bbimb peasniu308aHo Yepes KOMIeKe ¢husu-
yeckux deMoHcmpauyuu u 3aday ¢ OUeHKoU, c8513aHHbIX C y251e8000P00HbBIMU 3a2PsSI3HEHU-
MU 2udpo- U ammMocghephbl, KUCTOMHbIMU ocadKkamu, MEeCMHbIMU 030HO8bIMU OblpaMu, 3a-
e2psi3HeHuUeM 8030yxa MesikoducrnepCcHbIMU Yacmuuyamu u mak Oanee. Co30aHue U aHarnus
pa3pabomaHHbIX asmopomMm y4ebHbIx mMooesiel 1o bu3uke ro36807AM y4aujumMcs 8bi-
s8Umb rpuUpPoOy peauoHarlbHbIX 3K0/102UYEeCKUX MpobriemM, oyeHUmb UX 0rnacHoCMmb, KOJsu-
YecmeeHHO paccyumame rnocredcmeusi, NPeodIoXUMmb nNymu Ux PeweHUsl.

Knrodyeenie cnoega: skoriocudeckoe obpasoeaHue, obyyeHue husuke, MexripedMemHble
ce53u, ModesiuposaHue rpupoOHbIX MPOUECCO8, peauoHallbHbIE 3KOI02u4YecKue rnpobremei.
Pa3den: (01) nedacoauka; ucmopusi nedazoc2uku u obpa3osaHusi; meopusi U MemoouKa
o0byyeHusi u eocriumaHus (o npedmemHbiM obriacmsm).

Pa3BnTME COBPEMEHHONM 3KOSOrMU BO MHOrOM OOGYCMOBMEHO BIMSIHUEM HE TOJIbKO
€CTECTBEHHbIX, HO U TOYHbIX HayK, B TOM Yncre pusnkn. Takne NnoHATUS SKOMOrMK, Kak no-
TOKM 3HEPrMM 1 KPYroBOpOTbl B NMpMpoAe, TECHO B3aUMOCBSA3aHbl C pyHAaMEHTanbHbIMU
3aKOHaMV OU3MKM 1 SBNSOTCA NPeaMETOM ee UCCINeAoBaHusl.

CopeprkaHue 3KONMOrnYeckmx 3akoOHOB onpeaensieTcs CyLHOCTbI0 METOA0OrMYEeCKNX
MPUHLMMNOB: COXPaHEHUs!, HanpaBneHHOCTW MPOLIECCOB B npupoae, cuMmmeTpun. B 1o xe
BpeMsi HEKOTopble (hM3NYECKMe 3aKOHbl Tak UNKN MHa4e onpegensioT GuocdepHble npo-
LilecCbl, COCTOSIHUE M OUHAMMUKY IKOMOTMMYECKMX SIBMEHWUA, CBSI3aHHbLIX C BO3OEWCTBUEM
BHELUHNX PhaKTOPOB Ha XMBble OpraHM3mbl, a Takke aganTaumio GMOThbl K M3MEHSIHOLLMMCS
13-3a aHTPOMOreHHOro M NPUPOAHOro BO3AENCTBUS YCIIOBUSIM.

dusmyeckme MeTofbl Hay4HOro UCCNeLoBaHMSA NPMPOALI, B YACTHOCTU MOAENUPOBaHNE
3KOJOMMYECKUX CUTYaLIMIA, BaXKHbI MO TOW NPUYMHE, YTO MHOTME 3KOJOrMYecKme peLLeHmnst oc-
HOBaHbl Ha MHTepnpeTauun dusnyecknx 3akoHoB. Hanbonee obLimMe 3akOHOMEPHOCTM NpK-
pOAbl NexaT B OCHOBE peanu3aumny GorblUMHCTBA TEXHUYECKUX pa3paboTok, BHEAPEHME KO-
TOPbIX B NMPUPOAHbIE COOOLLECTBA SABNSETCS [MaBHOW NMPUYMHON HEraTMBHOrO aHTPOMOreH-
HOTrO BMUSIHUSI Ha 3kocucTeMy 3eMin. 3HaHUS U y4eT PU3MYECKMX aCrEKTOB Ha YPOBHE Mpak-
TUYECKUX TEXHOMOMMI BaXHbI NPW NPOrHO3MPOBAHMMN 3KOSNIOMMYECKUX CUTYaLUIA.

PelleHne OCHOBHbIX 3KOMOMMYECKUX MPoBreM HEBO3MOXHO 6e3 pacKpbiTUs CBs3ein
MeXay npupoaon u obLiecTBoM, 6e3 BbISCHEHUS OCHOBHbIX MPUYMH, MOPOXAAOLWMX [I0-
GanbHble 3konormyeckne NpobnemMsbl, 1 Noncka cnocobos ux ycTpaHeHus. NoaTomy ocobyto
pOrfb Mbl OTBOAWM KOMMIEKCHOMY WCCEeAO0BaHUIO COCTOSIHUS SKOCUCTEM U TEXHOCUCTEM,
aHanuay npo6nem 1 NPoeKTUPOBAHUIO M3MEHEHUI HA OCHOBE NOCTPOEHUSI MOAENEN.

CocTaBnsioLLEeN YacTbio Hay4yHOro No3HaHWA ABNsSeTcs Memod aHanoaul. AHanorus —
3TO NpMEM MNO3HaHWs, NPU KOTOPOM Ha OCHOBE CXOACTBa OOBHEKTOB B OAHWUX MpU3HaKax Ae-
naeT 3akntoyeHne 06 X CXOACTBE C APYrMMM MpU3Hakamu. YMo3aknoveHe no aHanorum
COCTaBmsieT rHOCEONONMYECKY0 OCHOBY ModesiuposaHusi. MogenupoBaHue Kak CoCTaBrsito-
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H3Y4HO-METOANHECKUIA

SAEKTPOHHbBIA XXYPH3A
LLiasi HAY4YHOro NO3HAHUA SBNAETCS aHanornemn, Tak Kak UCTUHHbIE 3HaHUSA MOTyT BbITb NOny-
YeHbl B pesyrbTaTte N3y4yeHns TONbKO Takor Modenn, KoTopas aHanormyHa nsydaemMomy oob-
€KTy B CTPOro onpeaeneHHomM oTHoweHun. B obiem cmbicne tepmmHa B. A. Wtod [1] onpe-
aensieT Mooesib Kak nobyto cUCTeMy, MbICIIEHHO NPEACTaBISEMYIO UMK pearibHO CyLLEeCTBY-
IOLLIYIO, KOTOpas HaxoauTCsl B OnpedeneHHbIX OTHOLIEHWAX C ApYroM cuctemon (OBbl4HO
Ha3blBaeMoW OpUrMHanomM, O6BbLEKTOM, HATYpOr) Tak, YTO NPU STOM BbINOMNHATCH Creayto-
Wwme ycrnosus: 1) ycrioBne OTpaXXeHUsa unm aHanoruu, Tpebytowee, 4Tobbl Mexay Moaenbto
N OpPUrMHaNoOM UMernocb Bbl COOTHOLLEHME CXOACTBA, ABHO BblpaXXEeHHOE Y TOYHO 3adUKCU-
pPOBaHHOE; 2) yCcroBme penpeseHTaumm, B COOTBETCTBMM C KOTOPbIM MOAENb AO0MKHa ObiTh
3amMecTuTenemM opurmHana B npouecce No3HaHus; 3) ycrioBne aKCTpanonsaumm, no KOTopomy
n3yyeHne mMoaenun JOSMKHO NO3BOMATL NonyyYaTb MHpopMaumo 06 opurnHane.

B apyrmx uctouHukax [2] mogenb onpeaensieTcs kak co3fgaHHasa unm BblibpaHHas cyob-
€eKTOM cucTemMa, ynpoLLEeHHO BOCMPOM3BOASALLANA CyLLECTBEHHbIE A4S JaHHOW Lesiv No3HaHnS
CTOPOHbI U3y4aemoro o6bekTa 1 B CUIYy 3TOM0 HAXOAALWASCS C HUM B TaKUX OTHOLLIEHWUSIX CXO4-
CTBa N 3aMeLLeHust, UM nsomopgumnsma (romomopcurama), YTo ee uccrnegoBaHue unu onepu-
POBaHUE €0 CINYXXUT ONOCPEAOBaAHHBIM CNOCOBOM NonyveHns 3HaHUM 06 obbekTe. Hanbonee
pacnpocTpaHeHo NOHUMaHWe MOAENN Kak MbICIIEHHO NPeACTaBsSeMON U MaTepuansHoO pe-
ann3oBaHHOW CUCTEMbI, KOTOpasi, OTobpaxas UM BOCNPoM3BOAs OOBEKT NccneaoBaHus, Cro-
cobHa 3amelLaThb ero Tak, YTo ee n3yvyeHne gaet HoBOe 3HaHne 00 0OBbEKTE N3yveHUS.

AHanun3 aKonornyeckmx npobrnem npoBoaUTCA ONS BbISCHEHUS MPUYMH HapyLUEHUI
9KOJSIOrMYeCcKoro paBHOBECUS U UX yCTpaHeHnd. Ha ocHoBe pesynbTaToB, NOSTyYeHHbIX B
npouecce HabngeH U U3MEPEHUI NoKa3aTenen 3KOCUCTEMbI, CTPOATCSA pasfiMyHble MO-
AENn: ee getanbHbIN NNaH, onucaHus, rpadukn, guarpaMmmbl, YypaBHEHUSA N3MEHEHUI Na-
pamMeTpoB OCHOBHbIX (0akTOpOB, AIMNUPUYECKME COOTHOLLEHUS.

AHanu3 moaenen nNo3BonseT He TONbKO BbIABUTL MOCMNEACTBUS HAPYLLEHWS MPUPOAHOIO
paBHOBECUS, HO U onpeaenvTb usmdeckne ¢akTophbl, Bbi3blBalOLWMeE OAHHOE HapyLUeHue,
Hay4MTbCSA OLEHMBATb OMACHOCTb aHTPOMOreHHOro BMeLLaTenbCTBa B 9KOCUCTEMY, KONUYe-
CTBEHHO paccyMTaTb UX pearnbHble NOCNeacTBUs, NoNy4YnTb NPpeacTaBneHne o MetTodax npe-
AynpexaeHvs 1 NnpegoTepaLLeHnst NOCNeACTBUIA 3KONOrMYecKkoro 3arpsisaHeHuns. lNpoektnposa-
HWe U3MeHeHu npeanonaraeT pa3paboTKy KOHKPETHbLIX NPeasiIoKEeHUN No npeaynpexXaeHunto
BO3MOXHbIX HEXenaTenbHbIX NOCNeaCcTBUI 3arpa3HeHnst B1OreoLeHO30B 1 UX YCTPaHEHWIO.

MmaBHaga akonormnyeckasi npobnema XMAQO — npobnema yrrneBoAopOAHOro 3arpsi3HEHS
[3]. BHauMTENBHOE KONMMYECTBO 3arpSA3HAOLLMX BELLECTB MOCTYNAET B OKPY>KAOLLIYIO cpeay npu
Aobblye, HeNpaBUNbHOM XPaHEHUU U TPaHCMOPTUPOBKE HedTU U HedTenpoaykTos. Obwas
TOKCUYHOCTb HE(PTWN HEBLICOKA. B TO e BpeMs HEKOTOpble KOMMOHEHTbI NPOAYKTOB G1Mopasno-
XeHus HedpTn (K npumepy, nosimapomaTnyeckne n nosIMUUKNMYeckne coequHeHns) otnmya-
HOTCS MyTareHHOCTbHO, KaHLLePOreHHbIMY CBOMCTBaMM M TEPaTOreHHOCTbI0. Ha rpomMaHbIx Tep-
pUTOPUAX NPOAOIHKAETCs 3arpsisHeHne, 3aMasydnmBaHue Nnoa3eMHbIX U NMOBEPXHOCTHLIX BOS,
HedbTenpoaykTamm, 6ypoBbiMu pactBopamn. OgHa TOHHa HedpTK cnocobHa NepeKkpbITb MOHO-
MOIeKynApHbIM crioem 12 KM? NoBepXHOCTV BooeMa, Ansa Herutpanusauun 1 n Hedptu Tpeby-
etcs noytn 0,5 mMnH N yncton Bodbl. MMOYTU NOBCEMECTHO coaepkaHue HedTenpPoayKToB B
BOAE npeBbllaeT npeaenbHo Jonyctumble koHueHTpaumm (0,05 mr/n) B Heckonbko pas [4, 9].
Hanuumne monekyn nneHkn Ha NOBEPXHOCTU BOAbl yMEHbLUAET ucnapenue (Ha 60%), 3atpya-
HSAET ra3o- 1 BnaroobmMeH mexay atMmocgepor n BOOOEMOM, HapyLLaeT paBHOBECKE B BOAHbIX
akocuctemax. MameHeHre npo3pavyHocTn aTMocdepsl, BOAbI BCneacTsve 3aabiMieHus, 3a-
rPSABHEHUS CYLLECTBEHHO BIMSIET HA UX MPOrpeBaHne, YTO MOXET NMPUBECTM K HEOBpaTUMbIM
TENnnoBbIM M3MEHEHNSAM B Bruocgepe.
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Takke 3HauYMTENbHbIA MCTOYHUK 3arpsi3HEHUs Bo3gyxa HedTeaobbiBalOLEro KOM-
nnekca Korpbl — ckuraHue B hakenax HeyTUNM3MpoBaHHOro HedpTsiHOro rasa. lopeHue da-
KenoB SIBMSIETCA MOLUHbIM MCTOYHUKOM Tenna, YTo NpUBOAUT K MU3MEHEHUIO TEMMOBOro pe-
Xuma B aTMocdepe, YCUNEeHUI0 KOHBEKTUBHBLIX TOKOB 3a CHET MHTEHCMBHOW WOHM3aUun, a
Takke obpa3oBaHMIO TYMaHOB. M3meHATCA hmsmnyeckme CBoMCTBa atMmocdepsbl: €€ npo-
3payHOCTb, KOHBEKTUBHOCTbL ra3oB. Bcé 3To BbI3biBaeT 3HauUTEmNbHYO Aerpagauunio ecre-
CTBEHHbIX BuoueHo30B. B pesynbTate gaHHoOro npouecca B atmocdepy BbibpacbiBaeTcs
3Ha4yuTernbHOE KONMUYECTBO OMACHbIX XMMUYECKUX COeUMHEHUN, CXXUraeTCs KUCMopoa, He-
06X0ANMBbIN 4NS OKUCIIEHUS YINeBOAOPOA0B. Tak, npy cropaHumn 1 Kr NpUPOLHOro rasa Cxxu-
raeTtcsa 37,28 n atMocdepHoro kucrnopoaa, Yto coctasnseT npumepHo 30,5 Tbic. M3 npu-
pOLHOro rasa Ha oauH (haken. He B aToM nu KpoeTcs ofHa U3 NpuyunH (NyCcTb U HecyLle-
CTBEHHas) HexBaTK/ Kucrnopoaa B atMocdepe BbllLeHa3BaHHOro panoHa?

[eMOoHCTpaums cnegyoLlero xapakrepa HatankMmBaeT Ha MbICIb O BO3MOXHOCTU pe-
LUeHMs akorormdeckon npobremeol. LLUIMpoKyto CTeknaHHYO TpybKy ycTaHaBNMBaem B BEPTU-
KanbHOM MOMOXEeHUK, 3axkaB ee B Nnanke wraTuBa Ha U30nMpoBaHHOM noacTtaske. B HMx-
HIOK YacCTb BBOAMM KYCOK NaTyHHOW d0ONbrn, COrHYTOW B HENOSHbIN LUWUHAP, BLICOTON He-
CKONbKO MeHbLUen, 4yeM cama Tpybka. CKBO3b CTEKMNSAHHYH TPYOKy nponyckaem ynpyryto
NPOBOJIOKY U YKpennsemM ee B ABYX APYrux nankax wratuea ¢ U3onupyowmmMm pyKoaTKkamm
Tak, YToObl NPOBOSIOKA pacnosiaranacb No 0CeBOW NMUHUK TPYOKW. Mpyn NomMoLLM 3aXKMMOB
OQVH KOHeL, MPOBOSOKN U Ponbry coeguHaeM COOTBETCTBEHHO C OTpuuaTeSibHbIM U NoJio-
XUTENbHbIM NOMIKOCOM UCTOYHMKA BLICOKOIO HanpsiXXeHusi. B MOMEHT BKIMIOYEHNSA NCTOYHUKA
MeXay CTeHKaMm TpyOKM 1 NPOBOSIOKOW CO34acTCs anekTpudeckoe none. Ecnv BBeCcTy gbim
B COOpaHHYyI0 M Haxogswycs nod HanpsXKeHWeM YCTaHOBKY Yepes3 HWKHee OTBepCcTue
TPYOKM, TO BO3OYX, BbIXOOALNA U3 BEPXHErO OTBEPCTUSA TPYOKM, ByaeT ounLleH oT AbiMa.
UTto cnocobeTByeT ounLeHunto Bosayxa? ObbscHAeTCs JaHHOe SBfieHNe TeM, YTO NoA Aewn-
CTBMEM 3NEKTPUYECKOro NOJis YacTuubl AbliMa, HAa3IeKTPMU30BaBLUNCL NPY TPEHUU O BO3aYyX
B BOCXOsLLeN cTpye, OyayT ocaxaaTbCsa Ha NpoBosfioke. HeobxoanmMo oTMETUTb, YTO AaH-
HbIA 3KCMEPUMEHT MOAENMPYET OUYUCTHLIE COOPYXKEHUS (PUNbTPLI), NOMeLLaeMble B AbIMO-
Bble Tpybbl Ans OYNCTKN BblBpacbiBaeMoro yepes HuMX Bo3gyxa. 3arpa3HeHue Bo3gyxa B
3HaYUTENbHOM CTENneHU CKasblBaeTCA Ha 3NEeKTPUYECKOM COCTOSAHUW aTMocdepbl: Yem
Bbllle cofepXaHue B aTMocepe NOCTOPOHHUX YacTuy, Tem BornbLuee YNCrio MOHOB oce-
AaeT Ha HUX. JTO oTpuLaTenbHO CKasblBAaE€TCA Ha NEKTPONPOBOAHOCTM BO3ayXa U ero cro-
CODOHOCTU K CAMOOYULLIEHMIO.

NmeeTca n gpyras ctopoHa gaHHon npobniembl. KonoTb, BO3HMKaOLWAs OT nfiaMeHun
ropenku, MoxeT BbiTb NMMKBUOMPOBAHA, €CNN NOAHECTN CBEPXY BEPTUKAIIbHYIO CTEKINAHHYIO
TpybKy. MI3BECTHO, 4TO NpW NOBbILEHMM TEeMNepaTypbl BO3ayxa ero nioTHOCTb YMeHbLUa-
eTcs. OTO NPMBOAUT K KOHBEKLMUW: HArpeTbl, MeHee NITOTHbIN BO34yX, 06eaHEHHbIN KUCMOo-
pogom, nogHumaetcd. Ha ero mecto noctynaeT 6onee xonogHbl Bo3ayx, obecnevnsas
TEeM caMbIM NPUTOK KMCropoaa, HeobxoaMMoro Ans ropeHus nnameHun. B npouecce KOHBEK-
UMM NOTOKU BO3AyXa, OBWXKYLLUMECS B MPOTMBOMOSIOXKHBLIX HanpaBfeHUsax, TOPMO3AT Apyr
Apyra, 4acTM4YHO cMewmnBasch. Mpn orpaHu4eHMn gOCTyna kucrnopoda nnams Kontut (co-
AEepPXUT BONbLUOE KONMYECTBO CaXu — HECrOpeBLUEro, He okucnmellerocs yrnepoga). Oa-
HaKO eCnun cBepxy NOAHECTU BEPTUKANbHYIO CTEKMSAHHYIO TPYbOKy, coO30aeTcsi 3aMeTHbIN No-
TOK BO3yxa, 00yCNnoOBNEeHHbIN pa3HOCTbIO AaBNEeHUs Ha KOHLax Tpyoku. [Npu aTom B3ammo-
AENCTBMNE CO BCTPEYHBLIM MOTOKOM OTCYTCTBYET, YTO 06YCNOBNMBaET BbICOKYIO CKOPOCTb MO-
TOKa XONogHOro Bo3ayxa (Bo3ayx B BOCXOASALLYO CTPYIO nonagaeT Nuulb CHWU3Y, rae Aasne-
HWe MaKCuManbHO) 1 yaaneHne NpoayKToB CropaHna u3 obnactu ropeHuns. [laHHas 4eMOoH-
cTpauus N03BONHAeT caenaTtb BbiIBOA O BO3MOXHOCTU, NYCTb U TEXHUYECKM CIIOXKHOW, YMEHb-
LWNTb KONN4YeCTBO BblbpacbiBaeMbIX, HECTOPEBLUNX XUMUYECKUX COEOUHEHUN.
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C nosuummn akonornm ampdysna — 3To sBreHne NPOHUKHOBEHNA 3arps3HUTENnen B Te
BeLLleCcTBa, KOTopble obecnevymBaloT XU3HeOEeATEeNbHOCTb PacCTUTENbHOIMO M XXMBOTHOMO
Mupa. Ana HarnsgHon AeMOHCTpaumm B XXUOKOCTU TPaguULUMOHHO UCMONb3YIOTCH Takne Be-
LecTBa, Kak NnepMaHraHaT kanus unu megHoli kynopoc. OgHako JaHHble BeLlecTBa OTHO-
CATCA K HEraTMBHO BNUAIOLWLNM Ha akocucTemy. Mbl npeaniaraem nUcnonb3oBaTh SKOMornye-
CKMN YUCTbIN BapuaHT AEMOHCTpaUUN AaHHOIO SIBfIEHUS, TO €CTb 3aMeHUTb NnepmaHraHat
Kanuna nmbo Kpenko 3aBapeHHbIM YaeMm, MMbo CBEKONbHbIM COKOM, 06nagaroLmnmM NMHTEHCUB-
HoM okpackon. Micnonb3oBaHue UM poBOro MMKPOCKOMa No3BonseT oTCnexmnsaTb NpoLecc
npoTekaHusa auddysnmn aTnx BewecTs B Boae. [JaHHble BewecTBa Takke MoryT 6biTb Npu-
MEHEHbI NPU AeMOHCTpauun KanunmnspHblx ssneHnn. Heobxoammo cmogenvposaTb Npo-
Lecc Tak, YTobbl NPOAEMOHCTPMPOBATb NPOLECC NOAHATUSA NO «Kanunsipam pacteHnmi» U3
MOYBbl HE TOMbKO PACTBOPEHHbLIX B BOAE MOMe3HbIX BELWECTB, HO U BpedHbIX, YacTb M3 KO-
TOPbIX HaKanMBaeTCs B pacTEHUSIX N MOXET B AanbHeWWeM nonacTtb B NULLY, NPUYNHAS
Bped. [na HarnggHoro onbiTa MOryT ObiTb MCMOMb30BaHbl MOMOCKM PUNbTPOBanbHON By-
mMarn BbicoTon He meHee 10 cMm. B nepBbIN cocyq HanvBaem YUCTYKO BOAY, @ B APYron —
BOAY, MOAKPALUEHHYI CBEKOSIbHbIM COKOM. [lorpyxaem B Kaxabll U3 COCYAOB MOSOCKY
dunbTpoBanbHoM bymarn n Habnogaem NOAHATUE BOAbI NO NOMIOCKaM — uMnTaTopam pac-
TEHUN, Npu4em B NEpPBOM cocyae BoAda byaeTt uucta, B ApYroM — 3arpsisHeHa, oKpalleHa B
COOTBETCTBYHOLLMI «3arpsa3HUTENto» LBeT. B npouecce M3yvyeHnsa KanunnsipHbiX SBRNeHUN
yCTaHaBNMBaeM xapaKTepHble 3aKOHOMEPHOCTU, BAUSIOLLME HA UHTEHCUBHOCTb NoAbeMa
XNOKOCTEN, paccyHNTbIBAaEM guMaMeTp KanunnspoB U Tak garnee.

KnucnoTHble ooxamn Takke ogHa M3 akonorndeckux npobnem XMAO. Takue ocagku xa-
pPaKkTePU3YOTCA KMCIOTHOCTLIO HUXE YeM 5,5 (MHorda AaHHbIN nokasaTeslb MOXeT A0CTU-
rate YpoBHS B 2,5) U CNOCOBHbI HAHOCUTb 3HAYUTESbHbIN YLLEepO TEXHUYECKMM COOpYXe-
HUAM, NAaMSATHUKaM UCKYCCTBa, NPUPOAHbLIM 3KOCUCTEMaM. 3akucneHne ocagkoB obycros-
fieHo nonagaHnem B aTMocdepy okcrMaoB cepbl 1 azota. OCHOBHOM UCTOYHMK SC2 B Hux-
HEBapTOBCKOM panoHe — NPOoAyKTbl CropaHnsa HeddTU U NPUPOOHOro rasa, cogepxaiume B
CBOEM cocTaBe cepaopraHuveckune coegmHeHnda. Okeung cepbl SO2 B pesynbtate OOTOXU-
MMYECKOro OKMCIEHMSI B aTMochepe npeBpalLaeTcs B CEPHbIN aHrnapua, obpasyrowmin ¢
aTMocdepHOM Bnaron cepHyto kucnoty. [datymnk pH-meTp (guanasoH namepenus 0-14 eam-
Huy, pH) undposor nabopaTtopumn «Apxnmea» no3BonsieT M3MepsATb ypoBeHb pH ocagkos
N, COOTBETCTBEHHO, fenaTb BbIBOAbl O COCTOSIHUM OKpYXKatoLlen cpeabl.

Mpobnema 030HOBLIX Ablp BCTana nepen 4YenoBeYeCcKOW LUMBUAM3aUMEN CPaBHU-
TenbHO HeJaBHO, TEM HE MeHee, OHa Npu3HaHa 0QHOM U3 cCaMbIX onacHbIX yrpo3. CornacHo
AAHHBIM MHCTUTYTA 3KOMOrMM pacTeHUn n XMBOTHbIX (r. EkatepmHBypr), npu kaxagom 3a-
nycke KOCMWYeCKOro arnrnapaTa B 030HOBOM crioe 3eMnu obpasyeTtca «Ablpay» annmntude-
ckon chopMbl, pasmepom B nonepeyHuke 1800 kv, KOTopasi Nocre B3neTa pakeTbl-HOCUTENS
«3aTarmBaeTcs» N1b Yepes NATb-4eCATb CYTOK [6]. B pedynbTaTte 3anyckoB ¢ KocMogpoma
«lMneceuk» obpasyeTca 030HOBas Ablpa, NOKPbIBaKOLWAA 3HAYNTENBHYIO YacTb TEPPUTOPUM
XMAO-KOrpsbl. B cBs13M € 3TUM Ha TeppuUTOpumM Hawero okpyra 6bin 3adpmKCcMpoBaH pocT Te-
paT (aHOManun B pa3BUTUM OTAENbHbLIX OPraHOB U TKAHEN >XUBbIX OPraHM3MOoB), KOTOPbIN
MOXET ABNATLCA NPUMEPOM rybmnTenbHOro BO34enCTBUSA CONMHEYHOW paamauumn Ha dnoTy.

Cchopmynmpyem yyebHyt0 3agadvy: uccnegoBatb BO3MOXHOCTb 3amnycka «KOCMU4Ye-
CKMX annapaToBy», UCMNOSIb3Yys 9KONOMMYECKUN YNCTBIN NCTOYHUK SHEPTUM — IHEPTUIO dNEK-
Tpuyeckoro nons 3emnu [7] (Es = 130 B/M) — 9KONOrM4eckmn YMCTOro MCTOMHUKA IHEPTUN.
Wpeanusauna n abcrtparnpoBaHue B JaHHOM crlydae npegnonaraioT psg ynpoLaromx
nNpeanonoXeHUn n ycnosun: 1) He y4nTbiBaeM BpalleHne 3emMnm BOKpyr COGCTBEHHON OcH,
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TO eCTb Vo = 0; 2) npeHebperaem conpoTMBrEHNEM BO3ayXa; 3) KOCMUYECKMIA annapart pac-
cmaTtpuBaeM B Buae Tena cpepuyeckon popmel. [Nponssesem HekoTopble oueHKkn. Paccuum-
TaeMm noteHuman ¢ 3emnu u anekTpnyeckmi sapsag Q:

Q = 4meyR3E ~ 5,9 - 10° Ku,
Q.
Q= TregRs 8,3-10° B.

MakcumarnbHbl 3apsag, KOTOPbIA MOXeT OblTb NOMyYeH MeTanIM4eckon «pakeTom»
chepuyeckon hopmbl pagmycom r, 3a CHET HENOCPEACTBEHHOIO KOHTaKTa ¢ 3eMren MoXeT
ObITb paccynTaH Ha OCHOBE 3aKOHa CoxpaHeHus 3apsga. [Jo Tex nop, noka He CpaBHAKTCS
noTeHumanbl 3NeKTpPUYECKNX 3apsiaoB, OHM ByayT nepeTekaTb OT 3emMnu K cdpepe, Hakannm-
Basi MakcumarbHbI 3apsag.

rQ
Qmax - R3

Ana Toro 4ToBLI paccuMTaTb Maccy pakeTbl, MPEeAnOnoXnM, YTO ee cpeaHsas nnoT-

HOCTb NpnbnuanTtensHo pasHa p = 1000 ke/m3. Macca byaeT paccumTbiBaTbCA NO hopmyne

4.3
m = ETET‘ pP.
Bocnonb3yemcsi 3akoHOM COXpaHEeHWs1 SHEPTUK:
4 3
Mgm‘ p Q%*r

-G + = 0,oTcroza
R 4meoR2 A

_Q 3
"= 41 |e,GpMR,

NTak, TONbKO «MUHMATIOPHas pakeTa» He3HauYnTenbHON Macchl cnocobHa cTapToBaTtbh
oT 3emnu.

Bblumncnvm makcmaneHbin 3apag Q1 3emnu, No3Bonsowmin cpepmnyeckon «kKocMmnye-
CKOWN pakeTe» pearbHbIX pa3mepoB pagnycoMm ri= 1 M (Npu TOW Xe cpeaHen NNoTHOCTH)
cTapToBaTb 6€3 Ha4yanbHOM CKOPOCTU, NONYYMB OT 3eMAN MakCUMarbHbIA 3NEeKTPUYECKUI

3apsa Qmaxi.

~ 1,8-107%m,a maccam = 0,017 kr.

GeopMR
OQmax1 = 4mry % ~ 3,45 - 107K

HanpskeHHOCTb aneKTpn4ecKoro nonga 3emMnn y ee NnoBEPXHOCTU AOSMKHA COCTaBMNATb
E:1 = 7,58 kB/M, a noteHuman ¢, ~ 4,85 - 101°B. [ina peanvsauuv gaHHoro npoekra Heob-
XOOUMbl UICTOYHUKWN CUMbHbIX 3MEKTPUYECKNX MOMEN.

O6paTtumcs K pesynbTatam uccrefoBaHus, NOfyYeHHbIM C MOMOLLLI0 camorieTa-nabo-
patopun AH-30 «OnNTnK — O» N OoTpaxarLwmM Ka4yecTBO BO34yxa B panioHax HedpTeraszoBon
npombiwieHHocTn [8]. Cdopmynupyem 3agady, Tpebyloulyo noucka n obocHOBaHUSA npu-
YNHHO-CNEACTBEHHbIX CBA3EN HEKOTOPOM COBOKYMHOCTU (PU3UKO-XMMUYECKUX SBITEHUN.

Moa AencTBnmem COMHEYHOro N3NyyYeHnst OKCUAbl a30Ta U3 BbIXMOMHbIX ra30B aBTOMO-
Ounen pasnaratoTca ¢ BolgeneHmem Oz, N0 3TOM NPUYNHE B BO3AYLUHbIX 6accenHax ropooB
coaepXaHue 030Ha MOXeT Bo3pacTaTb B AECATKU ThiCAY pas, A4OCTUras HeCKOmNMbKo Mr/me.
MpeapenbHo gonyctumas koHueHTpauums (MAK) o3oHa (cooepxaHue, KOTopoe eLle He npea-
CTaBMSAIET Yrpo3bl YenoBevyeckoMmy 300poBbi) cocTaBnseT 0,1 Mr/mM3; no Knaccy TOKCUYHO-
CTW 030H OTHOCUTCS K Ype3Bbl4aNHO OnacHbIM coefuHeHusM (knacc 1). (Ons cpaBHeHUs
ykaxem, 4To MOK 6oeBoro oTpasnsoLLero selecTsa docreHa Bbilie — 0,5 mr/m3). MoxHo
N TeopeTUYeCKn OLEHUTb BepTUKanbHOEe pacrnpeerieHne KOHUEeHTpaumMmM 030Ha B aTMO-
cthbepe? Kakune npnbopbl PUKCUMPYIOT coaepkaHme o30Ha B aTMocdepe? Novemy B TennbIn

5
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SAEKTPOHHBIN dKyPHaA
nepuwopd roga Hag HwxkHeBapToBCKOM Ha BbicoTe 400 M BO3HMKaeT «MeCcTHas O30HOBas
ablpax»?

N3y4nB pacnpeneneHuns ra3oBbiXx KOMMOHEHTOB B aTMocepe Haa HxHeBapTOBCKOM,
Mbl BbISICHUNK, 4YTO Ha BbicoTe 400 M, Tam, rae HabnogarTcs Hambornee BbICOKUE KOHLEH-
Tpaumm GonbLUMHCTBA ras3oB, B NEeTHUMM nepuog roga obpasyetcs «MecTHas 030HOBas
ablpar.

PesynbTaTtbl Hay4YHbIX UCCnefoBaHWUA CBUAETENLCTBYOT O TOM, YTO BO3HUKHOBEHME
TeppuTopmarbHbIX 030HOBLIX Ablp €CTb pe3yrnbTaT MOCTOAHHO OeUCTBYLWero dakropa.
[na HaxoXaeHnsa pelleHns AaHHOW 3agadn HeOOXOAMMbI Ka4YeCTBEHHbIE 3HAHUSA XMMWUW:
OCHOBbIBasiCb Ha aHanu3e dKCnepuMeHTarnbHbIX JaHHbIX MO pacnpeneneHnio ra3oBbiX KOM-
NMOHEHTOB BO3yxa B aTMocdepe, Mbl BUOUM, YTO O30H NepexoanT B ANOKCU a3oTa:

NO + O3z — NO2 + Og,

HaxoxgeHne oTBeTa Ha NOCTaBfEHHbIN B 3afja4e BOMNpPOC NoOMOraeT akTyannanpoBaTb
CBSA3M PU3UKU N XUMUN.

Ob6paTtumcs ewle K ogHown akornorndyeckon npobrneme. MNMNOCTOAHHbIM 3arps3HUTENEM
BO3JyXa B ropoAax, HacemneHHbIX NyHKTax, 0COGEHHO B fieTHee BpeMs, ABNAeTCA Nbifb, B
cocTaBe KOTopon npeobriagatoT MUKPOHHbIE U CYOMUKPOHHbIE YacTuLbl (pasmepbl MeHee 2
MKM). [aHHble YacTuubl NpOYHEee BCEro yaoepXMBalTCA B JIEFOYHOW TKaHW M HAHOCAT
Hanbonbwunn yuepb 300pOBLI0 HAaceneHns, noBbias BOCNPUMMYMBOCTL K pecnupaTtop-
HbIM 3aboneBaHWsM U NPOBOLMPYSA pasBUTME anneprui, acTMbl, CHUXas COnpoTUBNAe-
MOCTb K Npo4ymMm 3abonesaHusM. CrieayeT yy4ecTb, YTO JOPOXKHAsA Mblflb oboralieHa CBUH-
LOM U1 KaHueporeHamu [9]. ICTOYHMK NbINN — HacbIMHbIE FPYHTbI, B OCHOBHOM MECOK C Bbl-
COKMM cofepXaHneM MenKoAUCMNEPCHbIX MUHUCTBIX YacTuL, He 3aKpenseHHble TpaBsAHbIM
NMOKPOBOM W He orpaxaeHHble 60pAopHbIM KaMHeM. [MOBbILWEHMIO 3aMbIIEHHOCTM BO3adyXa
CcnocoBbCTBYeT TO, YTO Aarneko He Bcerga npousBoaUTCH CBOEBPEMEHHOE yaaneHue necka
C OOPOXHOro nokpbiTusa. lpeanonoxmm, 4To B aTMocdepe Npu HopMaribHbIX YCrOBUSX
HaxogATCa MenkogucnepcHble YacTuubl Mbiv, nMerwmne maccy m n obbem V. Hangem
3aKOHOMEPHOCTb pacnpeneneHns KoOHUeHTpaumm nbinn ¢ Beicoton [10].

Paccmotpum pgaHHyo cutyaumio. dusmyeckas cuctema COCTOMT U3 YacTul MNbinuv m
BO34yXa, Haxoadwmxcsa B none taroteHus 3emnu. CnegoBaTtenbHO, U MOMEKY bl BO3AyXa,
N YacTuubl NbINW NOAYMHAKTCA pacnpegeneHvtio bonbumaHa. OgHako NpUMEHeHue ero K
YacTvuaMm Mblv MOXET AaTb OWMBOoYHbIE pe3ynbTaTbl.

OTO 0O6BACHAETCA TEM, YTO, TaK Kak YacTuLbl MbISIM HAXOASATCA B BO34yXe, HapaBHE C
CUNOWN TSXKECTU MQ Ha YacTuubl NbiNn AeNCTBYET BbiTankmeatwas cuna Apxumena Fa. C
MOMOLLIbIO MPOCTbIX pacyeToB ybeamMmcs, 4TO No NOpsAaKy BenuyuHbl cuna Apxumega Fa
CpaBHMMa C cunon Tskectn mg. M3 aToro cnegyeT, 4To pasnuunsa mexay cunon Apxmmena
N CUMNON TSXKECTU HeBeNnukW. [na pelleHus 3ajayvvm cHadana BblMMCIINUM 3(PEKTUBHYIO
Maccy 4YacTuL Nbin: Mapg = Mg — Fa N mepg = Mg — psVQg, rAe ps — NNOTHOCTbL BO3AyXa,
corrnacHo ypasHeHuto MeHgeneeBa — KnannepoHa onpegensiemas Kak
pM
pB - RT

Takum obpasowm,

pMV
Mo = M =50

Mcxoos ns cooTHoweHnust bonbumana, onpegenyu pacnpeneneHme 4yactuy nbiiv ¢
BbICOTOWN:

MV
n Mypgh (m-Por)an
'3 =—=¢ kKt =-¢ KT

Ny
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SAEKTPOHHBIA >KyPH3A

[laHHyt0 3aKOHOMEPHOCTb MOXHO BU3yanbHO OTCIEeAUTb Ha 3KpaHe KOMMbioTepa, Co-
CTaBUB COOTBETCTBYIOLLYIO MPOrpaMmmy.

Mcnonb3yembli Hamu NoAxo, ONUparLLIMNCA Ha MogenMpoBaHNeE permoHarnbHbIX 3KO-
NOrMyecknx CUTyauun B AEMOHCTPALMOHHbBIX KCNepMMeHTax 1 3agadvax-oueHkax rno ¢wu-
3UKe, yCuUnMBaeT peanu3auuio MexnpeameTHbiX cBsden [11], cnocobcTByeT LenocTHOMY
YCBOEHWIO (pnaunku [12] yHalmmMmncs ctapLumx Knaccos n opMmpyeT 3KONOrmMyecknin CTumb
MblwneHns [13].

B xoge gaHHOro uccnefoBaHust Mbl U3YYUN COCTOSIHUE pPervoHarbHbIX 3KOmoruye-
ckux npobnem, nx guaakTuyeckoe 3HaveHue, paspaboTanu HeKkoTopble MeXnpeaMeTHble
Moaenn B 06pasHbIX, 3HAKOBbIX, rpadhn4eckmux n apyrux dopmax.
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Modeling of regional ecological situations in demonstration experiments and estimating problems in

physics classroom

Abstract. Modeling of natural processes in environmental studies of ecosystem function can be implemented

through a set of physical demonstrations and evaluating problems related to hydrocarbon pollution of the hy-

dro- and atmosphere, acid precipitation, local ozone holes, air pollution, micro dispersed particles and so on.

Creation and analysis of training models created and developed by the author in physics allows for students

to identify the nature of regional environmental problems, assess their risk, calculate the effects quantitatively,

and suggest solutions.
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