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BBeneHue

EcTtecTtBO3HaHMe npeactaBnseT cobonm HayKy O 3aKOHaxX U ABIEHUAX
OKpyXatowen Hac npupoabl. CoBpeMEHHOE eCTeCTBO3HaHME — 3TO LUMPOKO
pa3BeTBrieHHas 0bnacTb Hay4HbIX 3HAHUM O NpUpPOoAE, XapaKTepuayrLascs
OAHOBPEMEHHO MAYLWLMMKN NpoueccaMn Co3gaHuUs CUHTETUYECKUX OUCLMMNIINH
N Hay4YHOM gudpdepeHunaunm n opueHTUMpoBaHHaa Ha NHTErpaumio Hay4YHbIX
3HaHun. B HacTosilee BpeMsi €eCTeCTBO3HaHWE BKMKOYAET MHOXECTBO
oTpacnen 3HaHun: u3nNKy, BUONOrM, reHeTUKyY, XMMUK, MaTteMmaTuky, omo-
XUMUIO, T€OXUMUIO, IKOSIOMMNI0, acTpoHOMUIO M Ap. B kaxgown aucumnnuHe
€CTeCTBO3HaHNA HaxoOUTCA CBOW acnekt usyvyeHus B npupoge. MHoro-
obpasne acnekTtoB HalUo CBOE OTpaxkeHue B OOMbLIOM vncne KOHUEMNUuHn,
KOTOpble NOCBALLEHbI NpakTUYeckn BceM obbekTam npupopbl, npoueccam u
SIBMEHUAM.

[na coBpeMeHHOro ectecTtBoO3HaHUA XapakTepHbl MIHTEHCUBHO nayLlime
Nnpoueccbl UHTErpauum pasfiMyHbIX HaydHbIX HanpasreHWn, 3BOSTHOLUOHHbLIN
noaxod K UM3YYEHUIO OKpyXawllenW npupoabl, YeTkoe MNOoHMMaHue
LLeNOCTHOCTN ee, a TakKe OCMbICIIEHME pe3ynbTaToOB UCCeaoBaHNN.

EcTtecTBeHHOHay4Hble 3HAHMS B HACTOsILLIEe BPEMSA CTanu OCHOBOM aK-
TMBHbIX Npeobpasyolwmnx NpakTUYEeCKUX JENCTBUIN, @ OCHOBAHHbLIE HA HUX CO-
BPEMEHHbIE TEXHONOIMMN, POPMUPYIOT HOBbLIN XXU3HEHHbIN 0Opa3 yenoseka.
BaxxHenwmne JOCTUXKEHNS €CTECTBO3HAHNA NpeacTaBnatoT cobon pyHaaMeHT
COBPEMEHHbIX HayKOEMKUX TEXHOSOrMn, C NPUMEHEHNEM KOTOPbIX NPOU3BO-
AUTCSA camas pasHas npoayKums.

dyHOamMeHTanbHble 3HaHUA O NpUpoae, TO eCTb eCTEeCTBEHHOHAY4YHbIE
3HaHWUS, O4EeHb BaXKHbl 4N MOHMMAaHUSA TOro, KAaKOW LIeHOW AaeTcs Takada rnpo-
AYKUNSA — BaXKHeKLasi coCTaBnsaLas cCoBpeMeHHON 3KOHOMUKN. OHN BaXKHbI
ANg NOHMMaHWA NepPCrneKkTUB Pas3BUTUS COBPEMEHHbLIX TEXHOSOrMn, KoTopble
TECHO CBSI3aHHbl C cOUManbHbIMU, SKOHOMUYECKUMN N NOSNTUYECKUMMN MPO-
bnemamn. Ha ocHoBe eCTeCTBEHHOHAYYHbIX 3HAHWMA WU OCHOBAHHbLIX Ha HUX
COBpPEMEHHbIX TexXHonorusx popmmpyeTtcsa obpas XMU3HU, N YenoBEK HEe MO-
XeT OMCTaHuMpoBaTbCs OT oyHOAMEHTasbHbIX 3HAHUI 06 OKpyXatoLemM Mu-
pe, He pUCKys okasaTbCA BGeCnomMoLHbIM B NMpodeccuoHarnbHON OeATerbHO-
cTn. NI3ydeHne ecTtecTBEHHOHaYYHbIX 3HAHWW, KOTOPble HaKOMSIEHbI BO BCEX
oTpacrnsix ecTecTBO3HaHus, npeacrasnsetr cobon HeobxoauMbIA, HO OYEHb
CNOXHbI Npouecc. NMNogpobHoe U3NOXEHNE TakMUX 3HAHU HEe NpeacTaBnseT-
CHA BO3MOXHbIM U HEOOXOOMMbIM.



B HacToswee BpemMs OCHOBHble MeTO40SIornM4Yeckne u MMpoBO33peHYe-
CKMe NpUHUMNbl COBPEMEHHOIO eCTECTBO3HAHUS, OCHOBHbIE HanpaBreHnsa nx
pasBUTMS N NOSNOXKEHNE B ODLLEKYNbTYPHOW KapTUHE MUpa, 3HaHWEe KOTOPbIX
SIBNSieTCS HEOOXOAMMbIM COBPEMEHHOMY Cheuuanucty, npegnaratTcs CTy-
AeHTaM pasfn4YHbIX HanpaBfieHUA NOATOTOBKM BO MHOMMX BbICLUMX YYEBOHbIX
3aBefeHunsxX nNpu nayvyeHnn yyebHon gncumnnnmuel «KoHuenummnm coBpemMeHHo-
ro ectecTBO3HaHUA». [Ans pelleHns Takon 3agadn B y4eOHOM nocodbum uc-
nonb3yeTcd NPUHLMMN KOHLENTYanbHOCTU U3NOXEHUs y4ebHOro martepuana.

N3BECTHO, YTO MOHATUE «KOHUENUUsi» BKNo4vaeT B cebst ocHoBonona-
rarowmne npuHUMnebl 1 ngen. Takon noaxon No3BonsieT CTygeHTam MnoslyuYnTb
doyHOAaMeHTarbHble 3HaHUA O NPUPOLE M Ha UX OCHOBE AeTasibHee U3Yy4uTb
cneumannaMpoBaHHble OUCUMNNMHBbI NO NPOoduno NoarotoBkn. KoHuenTty-
anbHOE MbILWIIEHNE N BOCMPUATUE €CTECTBEHHOHAY4YHbIX 3HAHUN Heobxoam-
MO ONS CTYOEHTOB TEXHUYECKUX, ECTECTBEHHbLIX U r'yMaHUTapHbIX Hanpasse-
HUA NOArOTOBKW, TaK Kak OHO MOKa3sblBaeT pOSfib €CTECTBO3HAHWA B COBpe-
MEHHOWN XWU3HWN, NPUMEHNUMOCTb €ro 3aKOHOB M MPUHLNNOB K pa3HbiM chepam
NpakTUYECKON U TEOPETUYECKON AeATEeNbHOCTN YeroBeka u oblecTBa B Le-
oM.

B ycnoBusix coBpeMeHHOro AnHaMmyeckoro passutusa obuiecTtsa u yc-
NOXHEHNA TEXHUYECKOM M coumanbHOU MHPPAaCTPYKTYpbl MHpOpMauuns cra-
HOBUTCA TakuM Xe cTpaTerMyeckum pecypcom, Kak U TpaguumoHHble maTe-
puanbHble N 3HepreTndeckme pecypcbl. CoBpeMeHHble MH(OPMaLMOHHbIE
TEXHOSOMMK, NO3BONSALWIME co3faBaTb, XpaHUTb, nepepabartbiBaTth U obec-
neunBaTb 3PGPEKTMBHbIE CNOCOBLI NpeaCcTaBneHNs MHPOPMALMOHHBLIX pe-
CypcoB noTpebuTento, ctanu BaxkHbIM (pakToOpoM XU3HM oOLLEeCcTBa U CpeacT-
BOM MNOBbILLEHNSA 3FEKTUBHOCTU yNpaBrneHns Bcemu cpepammn obLLeCcTBEH-
HOM OeATesNIbHOCTU. YPOBEHb UCMNOMb30BaHUA MH(OpPMaLUUM CTaHOBUTCH CY-
LLeCTBEHHbIM DAKTOPOM YCMELLUHOro 9KOHOMUYECKOro pasBUTUA U KOHKYpPEH-
TOCNOCODOHOCTM Ha BHYTPEHHEM M BHELLHEM pblHKaX. MIHGopmaunsa ssnaeTcd
Ba)XHENLLUNM CTpaTermvyeckum pecypcom, M HambomnblUMA 3KOHOMUYECKUN W
couuarnbHbIA yCcnex CerofHa CornyTCcTByeT TeM CTpaHaMm, KOTOpble aKTUBHO
NCNOMb3YT COBPEMEHHbIE CPeaCTBa KOMIMbIOTEPHLIX KOMMYHUKaAUUW U ce-
Ten, MHPOPMALMOHHBIX TEXHOSIOTMN U CUCTEM YyNpaBreHUs MHGOpPMaLMOH-
HbIMW pecypcamu. [MoaTomMy B AaHHOM y4yebHOM nocobumn BnepsblE B paMKax
9TON y4ebHOM OUCUMNNUHBI YOENSAeTCsa 4OCTaTOMHO MHOr0 BHUMaHWSA 3TUM
BONpocam.



Llenbto n3yyeHuss y4ebHOM AUCUUNINHBLI 9BNSeTCs hopMupoBaHue y
CTYOEHTOB 4epe3 CUCTEeMY 3HaHUM O 3aKOHOMEPHOCTSAX WU 3aKOHaX, OEeWncCT-
BYHOLUMX B rpupode, Heobxoaumblx Ans mx Oyaywen npodeccrnoHanbHON
AeATenbHOCTN:

1) CMCTEMBbI 3HaHUI O NMPUHUMNax, 3aKOHOMEPHOCTSIX N 3aKOHaX Npupo-
Abl ONA paclwmnpeHnsa npeacTaBneHuin CTYOeHTOB O HarpaBneHuUax U nyTax
pasBUTMS B HAYYHO-TEXHUYECKOM N OpraHM3aLnoHHO-3KOHOMUYECKON cdhepax
AeATenbHOCTN YerioBeKa;

2) cUCTeMbl KOMMNETEHLUUN NO peLleHnto TUMNOBbIX 3aday npodeccuo-
HanbHOWN OEeATeSIbHOCTH;

3) (byHAaMeHTanbHON CUCTEMbI NPOLEOYPHbIX U AeKrapaTUBHbIX 3Ha-
HUW;

4) npyKnagHbIX YMEHUN;

5) HaBbIKOB CaMOCTOATESIbHOrO U TBOPYECKOro MbILUMEHUs ONna pelle-
HUS CNOXHbIX NPO6eM COBPEMEHHON XXN3HU;

6) ymMeHun onpeaensaTb CyLHOCTb SABJIEHUN U 3aKOHOB NpUpOoAabI, B3au-
MOCBS131 B MPUPOAHbBIX CUCTEMAX N UX BNUSIHUE Ha OeATeNbHOCTb YerioBeka;

7) YMEHUN NPUMEHATb B NPaKTUYECKON OeATEeSNIbHOCTU NMO3HaHHble 3a-
KOHbl MpUpoAbl U WUCMONb30BaTb MOSIYYEHHbIE 3HAHUA ONS rapMOHU3aLNK
B3aMMOOTHOLLEHNN B cUCTeEME «0bWecTBO — npupoaa — TexHocdepa» ans
AOCTMXEeHNA cbanaHCMpOBaAHHOIO pa3BUTUA SKOHOMUKN.

YyebHoe nocobue noaroToBrieHO B COOTBETCTBMW C TpeboBaHMAMMU
BbICLLErO NpogeccnoHansLHoro obpasoBaHust B YKpanHe u COCTOUT U3 7 pas-
nenosB. Ero ocHoBHasa 3agjadva caoenatb AN CTYAEeHTOB AOCTYMHbLIM MOHUMa-
HUe pe3ynbTaToB U NpPobsieM pasHbliX NPUKNagHbIX U PYHOAMEHTasbHbIX UC-
cnegoBaHuM B 0b6nacTn eCTeCTBEHHbIX HayK, Ha ypoBHE O6LMX npeacrasrne-
HUM NO3HAKOMWUTb CTYAEHTOB C Hanbosnee BaXXHbIMU KOHUEMUNAMU, NOSIoXe-
HUAMW HaYK O NPUPOLE B NX Pa3BUTUM N B3aUMOCBS3N.

[MoHUMaHuO Toro, 4To cobon npencraBnseT NPOCTPAHCTBO, NMOCBALLEH
nepsBbin pasgen. Pabota ¢ pacnonoXeHHbIMU B MPOCTPaHCTBE, MMEKOLUMMU
KOOPAMHATHYIO NMPUBA3KY 0O6bekTaMu B HACTOsLLEee BpeMs SABNAETCA CYLLHO-
cTbto BGypHO pasBuBatoLLerocs pbiHKa. [MpoCTpaHCTBEHHbIE MNpeacTaBieHus
MCMNOSNb3YTCA U B pasnnyHblix obnactsax busHeca. KOMMbOTEPHbIE CUCTEMBI,
U Tak Ha3blBaeMble reorpaduyeckme MHPOPMaLMOHHbIE CUCTEMBI, ONEpPU-
pyrowmne 6azammn NPOCTPaHCTBEHHbIX JaHHbIX, MO3BOSIAT CO3[aBaTbh N aHa-
nunanpoBaTb KapTorpaduyeckne otobpaxeHust n KapTbl, OCYLECTBATL HABK-
raumio ¢ MOMOLLbI0 MOBUIBHBIX CMYTHUKOBbLIX YCTPOUCTB.
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Bo BTOpoMm pasgene paccmaTtpuBaeTcsi, MoYeMy LUMPOKOe UCMOorb30Ba-
HWE SHEPruu JIeXXUT B OCHOBE COBPEMEHHOM LUMBUNU3ALUM U MO KaKoW Mpu-
YMHEe pasBUTME SKOHOMMKM N KayecCTBa XU3HM B 0oOLEeCcTBe B 3HAYUTENbHOM
Mepe onpeaenseTcd TakMMu rfokasaTendMu, XapakTepusyowmmu ypoBeHb
counaribHO-9KOHOMUYECKOro pa3BUTUSA CTpaH, Kak SHEProBOOPYXEHHOCTb Ha-
cenieHna n yaenbHas 9HeproeMKOCTb BarioOBOro BHYTPEHHEro NpoaykKTa.

TpeTun pasgen NocBsiLeH U3y4eHU0 OCHOBHbIX KOHLUENUWn rnpeacras-
neHus opraHusaumn matepuun. Nccnegyetcsa NoHATME MOns, fiexallero B oc-
HOBE MHOMMX npencTaBfieHUA COBPEMEHHOro0 Mupa, M3MNOoXeHbl OCHOBHbIE
cBefleHnsa 0 konebaHusix U BoMHax B npupode. OT1 BOMPOCHl NpeacTaBnstoT
OrPOMHBIN UHTEpPEC AN MPOMbILLIIEHHOCTU U COBPEMEHHOW 3KOHOMMUKN.

B yeTBepTOM pasgerie pacCMOTPEHbI MOHATUA O COBPEMEHHbLIX TEXHO-
nornax, MUKPO- N HAHOMUPeE, a TakkKe HaHOCTPYKTYpMpOBaHHbIe TBEpPAbIe Te-
na, KOTopble Haxogdatrcs B (poKyce BHUMaHWA  MUPOBOW  Hay4yHOW
N UHXXEeHepHOW obLLecTBEHHOCTN Gnarogaps psgy HeobblYHbIX PU3NYEeCKNX
CBOWCTB.

[aTbin pa3gen nocBsWweH MU3YyYeHU0 eCTeCTBEHHOHay4HbIX rnpeacras-
NeHun uMdpoBOro MyJibTUMEAUNHOrO MUpPa N COBPEMEHHbLIX KOMMYHUKaLN-
OHHbIX cucTeM. B HacTosiwee Bpema passBuTtue niobon cTpaHbl HEBO3MOXHO
6e3 komnbloTEpPM3aunn Bcex cep aeatenibHocTn. OT CKOPOCTU U NOSTHOTHI
0b6paboTkn 1 nepemMelleHnss MHAPOPMALMOHHBIX MOTOKOB 3aBUCAT yCMNexu B
Hay4HOW, obpa3oBaTenNbHOW, 3KOHOMUYECKON OEATENBbHOCTU, B cdhepe nonm-
TUKW N 3aLLMTbl FOCY4apCTBEHHbIX MHTEPECOB.

EcTecTBeHHOHay4Hble MpeacTaBreHnd, nexaiine B OCHOBE nepemMe-
LLIeHMS] MH(POPMALMOHHbIX MOTOKOB M OpraHu3aumn COBPEMEHHbIX TEXHOJI0-
M yrpaBreHna pacCMOTPEHbI B LLECTOM pasferne.

CenbMon pasfen nocesiLeH eCTeCTBEHHOHaYYHbIM MNpeacTaBieHusMm,
KOTOpble SABNATCS OCHOBOW AS151 NPUMEHEHUS JOCTUXKEHUA XuMnn n buono-
Mn B npomsBoactBe U ObITy (BuoTexHonoruu, reHHasi MHXeHepus u ap.).
Takke ygensieTca BHUMaHWE U3YYEHUD eCTEeCTBEHHOHay4HbIX npeacrasne-
HUW O CUCTEME «OKpYXaloLas npupoaa n SKOMorns».

Mpepnaraemoe cogepxaHne y4ebHon OMCUMNNHBI AOSTKHO CnocobCT-
BOBaTb NPMOBpEeTeHnto norn4yeckn Oo6OCHOBAHHOM CUCTEMbI 3HAHWW, COOT-
BETCTBYIOLUNX COBPEMEHHOMY YPOBHIO pPasBUTUSA ecTeCTBO3HaHUS. OHu
AOIKHbI JaTb BO3MOXHOCTb ByayLUMM 3KOHOMUCTaM MpaBuSibHO OLlEHWBATb
AOCTOMHCTBA U HEeJOoCTaTKM MobbIX ynpaBneHYeCcKUX peLlleHnn B pasnnyHbIX



OTpacnax HapoAHOro XO3§MCTBa, OCYLUECTBMIATbL MOUCK N BbIOOP onTumarib-
HbIX JEWUCTBUN U T. A.

OcHoBon HacTosLwero y4ebHoro nocobust ctan Kypc nekuum no y4eb-
HOM AucumnimHe «KoHuenuun COBPEMEHHOrO0 eCcTeCTBO3HAHUS», KOTOPbIN
ynTaeTcsd B XapbKOBCKOM HaUMOHaNbHOM 3KOHOMWYECKOM YHUBEpPCUTETE
CTyZeHTaM Ha NepBOM Kypce oby4yeHus.

[Mpn paboTe Hag cogepXaHueM nocobust aBToOpbl caenanu ynop Ha
dyHOaMeHTanbHble 3HaHUS, NpU oTOOpe MaTepuana CTPEMUNUCL K TOMY,
4YTOObLI OH OTBEYas COBPEMEHHbIM TPebOBaHNAMM U NPaKTUYECKUM 3aJadam,
pellaeMbIiM B HacTosLLee BpeMS.

[Mpn HanucaHum y4yebHOro nocobust aBTOPbl UCMONbL30BaNU LUNMPOKUN
Kpyr nutepatypbl [1 — 19], koTOpaa faHa B Ka4yeCcTBe OCHOBHOW PEKOMEHO-
BaHHOW.

B uenoctHom Buae pewaTb 3agaym obyvyeHUss COBPEMEHHOMY €CTecT-
BO3HAHWIO NMNO3BONSAET y4eOHbIA KOMMNIIEKC, COCTOAWMIA N3 JaHHOIO TeopeTu-
Yyeckoro nocobust U NpakTMkyma no ydebHor AucumMnnuHe, KOTOpPbIA NoAro-
TOBMEH aBTopaMun B BuAe oTAenbHoro nocobus. CoaepxaHve npakTukyma
NMOCTPOEHO Ha UCMONb30BaHUN COBPEMEHHbIX KOMMbIOTEPHbBIX METOA0B Npe-
CTaBfEeHNa N aHanuisa SIBNeHun, NMPOUCXOAALNX B OKpYXarllen OenCTBU-
TEeNbHOCTU, U1 METOLOB MaTeEMaTUYECKOro KOMMbIOTEPHOrO MOAENUPOBAHUS.

B pesynbTate nayyeHna y4eOHOW OUCLUMNIIUHBI CTYOEHT OOSDKEH Mpu-
obpecTu cneayrowme KomrnemeHmHocmu:

1) 3HaTb N yMeTb KBanNnMUUMPOBAHHO XapaKTepn3oBaTb OCHOBHbLIE NO-
HATUA, UCNOSTb3yeMble B COBPEMEHHOM €CTeCTBO3HaHUU, KOTOpble SABMNAITCS
OCHOBOW AS11 MOHUMaHUA TfyOMHHBIX B3aMMOCBSI3EN MeEXAY pasfiMyHbIMU
CTOpPOHaMU COBPEMEHHOW XM3HW 0bLLEecTBa;

2) NnoHMMaTb YNOPSAOYEHHYID CUCTEMY SNIEMEHTOB U CBA3EN Mexay
npousBoauTENAMM W NOTpPedbUTenaMun mMaTtepuasnbHbIX, HemaTepuanbHbIX
6nar n ycnyr, ymeTb KBannduumMpoBaHHO MOACHATb KakMMKU eCTeCTBEHHOHA-
YYHbIMW cpefcTBamMu cosfgatoTca bnara, Heobxogumble ONS XKU3HeaeaTesb-
HOCTM ntogen n 6e3 KoTopbix OBLLECTBO HE CMOXET pa3BMBaTLCS;

3) BbISIBMSATb CyTb OCYLLECTBAALWNXCA TEXHONOMMYecknx npeobpaso-
BaHW, OLEHMBATb NPeUMyLLECTBa U HEAOCTAaTKM TEX CTPYKTYPHbIX COBMUIOB,
KOTOpble COBeEpLUAlOTCH B COBPEMEHHON 3KOHOMUYECKOM CUCTEME, BbISIBMSATb
cneyndunyeckme oCobEeHHOCTN Ha KaXKOoW CTYMNeHu OaHHOro rnpouecca v Ha
9TOW OCHOBE Hay4YHO 0OOCHOBAaTb KOHKPETHbIE pekoMeHaauunu;



4) oueHnBaTb NpenmyLLecTBa U HeJOCTaTKN HOBLUECTB UMY MHHOBALMN,
BO3HUMKAKOLLNX B pes3yrnbTarte TBOPYECKOW UHTENNeKTyarnbHON OeATeNbHOCTH
YyerioBeka, BOCTpeboBaHHbIE PbIHKOM, obecneymBaloLLne Ka4yeCTBEHHbIN POCT
9(PPEKTUBHOCTM MNPOLIECCOB B 3KOHOMUKE, C Ka4yeCTBEHHbIM MOBbILLEHNEM
3P PeKTMBHOCTM NPON3BOACTBEHHbLIX CUCTEM;

5) ymeTb onepupoBaTb (paktamu, rnosy4aemMbiMnU NOCPeCTBOM COBpe-
MEHHbIX MHPOPMALMOHHbLIX TEXHOMOMIM, a Takke BOCNPOM3BOOUMbIMU U BU-
3yanumsanpyemMbiMu C NMOMOLLLIO COBPEMEHHBIX CPeACTB KOMMbOTEPHOrO MO-
AennpoBaHUA 1 KOMMNbIOTEPHOW rpadouKu;

6) ymeTb NpuUMeHATb Ans m3BnedeHus Tpebyemon uHdpopmaumm ob
YCTPOUCTBE OKpYXaloLlero Mmpa M XapakTepucTukax ABWXKEHWA maTtepuu
CMpaBOYHUKU, HAYYHO-TEXHUYECKYIO NnuTepaTypy u Internet.



Paspgen 1. EctecTBeHHOHay4YHble OCHOBbI
npeacTaBrieHMN 06 OKpyXaroLlen AeNCTBUTENbHOCTHU

1. OCHOBbI KOHUEeNnuuun COBpPEeMEeHHbIX npeACTaBneHMﬁ
AeTepMMHMpOBaHHOﬁ CbVI3I/I‘-IeCKOl7I KapTUHbl MaKpoMupa

1.1. EcTecTBO3HaHMe KakK oTpacrnb Hay4YHOro No3HaHus
OKpy»aloLero Mupa

Onpeaenum HeKOTopble OCHOBHbIE MOHATUSA y4eOHOM ANCUNNNNHDI.

Ecmecmeo3HaHue — BaXHasi COCTaBnsoLwWasa cMcTeMbl 3HaHUN, K KOTO-
PON OTHOCATCS MpuKNagHble U obLecTBEHHbIE HayKW, a Takke MaTtemaTuka.
OTO HayKa O 3aKOHax U SIBIIEHUSIX OKpYXXatoLen npmpoapl.

TepMUH «eCcTeCcTBO3HaHME» NPOUCXOOUT OT COeMHEHUs CINOB «eCTecCT-
BO», TO €CTb NpUpoaa, U «3HaHue». Takum obpas3om, 4OCNOBHOE TOSIKOBAHWE
TepMuHa — 3HaHue O npupoae.

CoBpeMeHHOe eCcTeCTBO3HaHME BKMOYaeT Lenbl psn eCTeCTBEHHOHa-
YUYHbIX OoTpacnen: 6uonornio, XMMuio, U3nKy, reoxmmmnio, 6uonsnky, punan-
YeCKyr Xnmu, buoxumuio, reogesuto, reopusmky n gp. OHO oxBaTbiBaeT
LUMPOKNIA KPYr BONPOCOB O PasfiMyHbIX CBOMCTBAxX O0OBbLEKTOB NPUPOAbI, KOTO-
pyl0 BO3MOXXHO paccMaTpuBaTb B Ka4ecTBe eauHOoro uenoro. [loatomy ecte-
CTBO3HaHME — COBOKYMHOCTb HayK O HEXMBOW W XWMBOW npupoae, kotopasd
npeacrasndaeT cobon eanHoe uenoe. Npu aToMm nog NpUpoaon NOHUMaETCS
BCe cyllee, BeCb MUP B MHOroobpasum ero oopm.

[pedmemom ecmecmeo3HaHUs ABNAIOTCS:

e OCHOBHble (POPMbI U YPOBHW OpraHn3aumm matepuu;

e OCHOBHbl€ (POpPMbI BbITUSE — NPOCTPAHCTBO U BPEMS;

e OCHOBHblE€ 3aKOHbl NPUPOAbl, 3aKOHOMEpPHaA B3aMOCBA3b SABMNEHUN
npupoabl U T. A.;

e ecTeCTBEHHOHay4Hble npeacTasneHnsa ob okpyxarLien npupoae;

e eCTeCTBEHHOHay4Hble npeacTaBreHns 06 NCNoNb30BaHUM OOCTUXKE-
HWA eCTeCTBO3HaHUS B TEXHUYECKUX, WHAPOPMALNOHHBLIX, KOMMYHUKALMOH-
HbIX U MYJIbTUMEAUNHbLIX TEXHOJIOMMAX, BaXKHEWLLUMX KOHUENuUn XUMUU Wt
Buonornn B NpakTM4ecKon SesTenbHOCTU Noaemn.

e CBA3b SABMEHUA NpUMpoabl Kak obLiero xapakrepa, KoTopas OxBaTbl-
BaeT pag hopM OBMXKEHUS, TaK N cneumpnyeckoro xapakrepa, OTHOCALLasACcs
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TONbKO K OTAENbHbLIX CTOPOHAM pasfnyHbIX POPM OBUXKEHUS, UX MaTepuarb-
HbIX HOCUTENEN N CTPYKTYPBbI.

Llenu ecmecmeo3HaHus crnegywowme:

e YyCTaHaBNMBaTb CYTb ABNEHWUN NPUPOAblI U 3aKOHblI U HA 3TOW OCHOBE
npeackasbiBaTb UK CO34aBaTb HOBbIE SIBMIEHUS;

e YyCTaHaBnMBaTb M OTKPbIBaTb BO3MOXHOCTU NMPUMEHEHUSA B MpPaKTu-
YeCKOW OeATeNIbHOCTM NO3HAaHHbIX 3aKOHOB NPUPOAbI.

Hayka — obnactb 0esaTenbHOCTU YerioBeKka, OCHOBHOW 3agaden KoTo-
pon siBNsieTcs BblpaboTka U cuctematmsaumsa o6 bekmu8HbIX 3HaHUU O HEXMW-
BOW 1 XXMBOW NpUpoae Kak eauHOM LieSfloM.

Llenib Hayku COCTOUT B OnucaHuu, 06bsACHEHMM N NpeacKasaHun sBre-
HUM N NPOLECCOB B OKpYKatollen npupoae, KoTopble ABNSAKTCA NpeameTom
€€ U3y4YeHns, Ha OCHOBE OTKPbIBAEMbIX €10 3aKOHOB.

KoHuenuusi — cucteMa B3MMSIAOB Ha SIBIEHUS B OKpyXKalLwem mupe,
npupoae n obuiectese. Kpome Toro, 9To0 OCHOBHaAsA TOYKa 3pEHUSI UNn onpe-
AeneHHbI cnocob MOHMMaHWUS, TPaKTOBKA Kaknx-nnbo siBREeHur npupoasbl.
KoHuenuus onpegensieT ctpaternio 4eNCTBUN.

lMNapaduema (OT rped. paradeigma — obpasel) — 9TO CTPOro HayyHas
Teopus, KoTopas sIBNsSieTCS OCHOBHOW B Hay4HOM O0OLLEeCTBE B TeYEHME onpe-
AEeNeHHOro nepmuoaa BpeMeHU. OTO TakKe HaydHasi MoAderb NOCTaHOBKU pas-
HbIX Npob6nem, BKNYas MeTodbl X peLleHnsa n uccrenoBaHus.

Mupoeo3s3peHue npeacrasnseT cobom cuctemy ob600LLEHHBIX B3rngg0B
Ha OOBbEKTUBHLIM MUP N MECTO YEeNioBEKA B HEM, HA OTHOLLEHME YefioBeKka K
camomy cebe 1 oKpyxatoLen npupoae.

[Npupoda — 37O BCe TO, YTO OKpPYXKaeT YyenoBeka BO BCEM MHOroodpasuu
ero cpopm. OHa o4eHb croXxHa, MHOoroobpasHa 1 Hencyepnaema. dopma cy-
LLLleCTBOBaHUSA nNpupoabl — AsmxeHue. NapameTpbl, onucbiBaloLWmMe COCTOSHNE
npupoabl N NPoUEecChbl, NPOUCXOAALLME B HEWN, UBMEHSIOTCS B OYEHb LUMPOKMX
npegenax. lNpupoaga nogaaetca nos3HaHuo. OHa paccmaTpuBaeTcsl He abcCT-
pakTHO, BHE AeATENbHOCTN YEeNoBEKa, a Kak Haxoaswascsa nog BO3enCTBu-
eM yernoBeka. [Mo3HaHue npupoabl AOCTUraeTcs B pesynbraTte TeopeTude-
CKOM W MpakKTU4ecKon OesaTenbHOCTU nogen. Npupoaa cnyxut npegmeTom
€CTeCTBO3HaHMS.

EcTecTBO3HaHME — 3TO OTpakeHMe Npupoabl B CO3HaAHMM YenoBeka, Ko-
TOPOE NOCTOSAHHO M3MEHSIETCS N COBEPLLUEHCTBYETCS B MpoLecce akTUBHOIO
npeobpasoBaHnAa NpUpPoabl B MHTEpecax obLiecTsa.
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EctecTtBO3HaHMe aBnsetca obuwe3HayMmbiM M BbICTyNaeT 3TarloHOM
Hay4yHON OO BEKTUBHOCTH.

OcCHO8Hble U BaxHeliwue O00CMUXeHUs1 ecmecmeo3HaHUsi S6/15110mcs
dyHOaMeHTarlbHOM OCHOBOW A9 COBPEMEHHbIX HayKOEMKUX TEXHOSOrmin, C
NPUMEHEHMEM KOTOPbIX YENTIOBEYECTBO MPOU3BOAUT CaMyld pasHOObpasHyro
NPOAYKLMIO, BKITHOYAA 1 TOBapbl MOBCEAHEBHOIO cripoca Ansg nogeun.

[ns noHMMaHnA TOro, Kak M C KakMMu 3atpaTaMu JaeTcs Takasi npo-
AYKUMS, SBNSAIOLLAsaCA BaXXHENLLEN COCTaBMAIOLLEN SKOHOMUKK, Kakne cylie-
CTBYIOT HanpasfieHUsi U NepPCneKkTUBbl Pa3BUTUS COBPEMEHHbLIX TEXHUKN U
TEXHOSOMMM, HepaspbIBHO CBA3AHHLIX C COUManbHbIMW, 3KOHOMUYECKUMU U
NONIMTUYECKMMM 3afadamMu U npobrnemamu, TpebyrTca yHOaMeHTanbHble
3HaHUs 06 OKpyXxatoLen 4eNCTBUTESNTbHOCTN — eCTECTBEHHOHAYYHbIE 3HAHWS.

B HacTosLee BpeMs Takme 3HaHUA npeactasBnsaoT cobon 6a3oBbin pe-
cypc nobon aKoHOMUKU. OHM CcTann OCHOBHbLIMU B chepe akTUBHbIX OENCT-
BU. 1o cBOEW 3HAYMMOCTU OHU MPEBOCXOAAT MaTepuarbHble PecypcChbl: 3eM-
no, kanutan, paboyyto cuny n 1. N. Camm ectecTBeHHOHay4Hble 3HAHWUSA U
COBPEMEHHbIE TEXHOSIOMMN, OCHOBAHHbIE Ha HUX, hopMuUpyloT B obLLiecTBe
HOBbI 0Bpa3s Xn3HU, NO3TOMY 06pa30BaHHbIN YENOBEK HE MOXET OUCTaHLM-
poBaTbCA OT (PyHAAMEHTanbHbIX 3HaHMM 06 OKpyXakLlem npupoge. MHave
OH PUCKyeT OKa3aTbCs 6eCnoMOLLHbIM B NPOdeCCUOHaNbHON AeATeNbHOCTH.

EduHasi cucmema 3HaHUU 4eryiogeka YCIOBHO LENUTCA Ha eCTeCTBEH-
Hble, yHOaMEHTarnbHbIEe, NMPUKIagHbIE N OOLLECTBEHHbBIE HAYKN.

UeTkon rpaHuubl MeXxay HaykamMmu He cyuiectByeT. Hanpotms, umeet
MECTO NOCTOSIHHOE M BNaroTBOPHOE B3aUMOLENCTBME MEXOY HUMU N B3anUM-
HO€e MPOHUKHOBEHME, HA OCHOBE Yero poXaakTCs HOBblE 3HAHUS.

EcTtecTBO3HaHME urpaeT Begywylo porfib B (pyHOAaMeEHTarnbHOW Hayke.
OHoO unsy4aeT npupoay, ob6bLACHAET ee ABMIEHNA U NPOoLEeCChbl Ha BCEX CTPYK-
TYPHbIX YPOBHSIX.

EctecTtBO3HaHMe cyuiectBoBano He Bcerga. [locteneHHO B TeyeHue
MHOIOBEKOBOMW UCTOPUM Y YerioBedecTBa Hakanmnmearncs onbiT, BbIABSNCE U
PMKCUPOBANUCb MHOrOYUCIIEHHbIE OnpeaesieHHble 3aKOHOMEPHOCTU B (hop-
MMUPOBaHUM N NPOTEKAHUN MPUPOLHbBIX MPOLECCOB.

CoBpeMeHHOe eCTeCTBO3HaHME XapaKTepusyeTCs KaK CrOXHOCTbH
TPaKTOBKNM MHOXeCTBa pa3HOObpasHbiX ABMEHUA B OKpYyXatowen npupoae,
TaK M CIOXHOCTbIO MCCrneayeMblX npoueccoB. Ha OCHOBE HaKOMMEHHbIX 3Ha-
HUW O NpMpoae OHO BasnpyeTcs Ha NEPEOCMbICIIMBAHNN KNAacCUYeCKnX npea-
cTaBrneHun 06 OCHOBHLIX hopmMax ObITUS — NPOCTPaHCTBE, BPEMEHN U MaTe-
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puK, a TakkKe 3aKOHOB, YNPaBfSOLWNX SABMEHUAMW HaHOMWUPA, MUKPOMUPA,
Makpomupa u merammpa.

CoBpeMeHHOe ecTeCcTBO3HaHWe UCMOSb3yeT BECb apCeHan M3BECTHbIX
METOAOB NMO3HAHUS NPUPOAbI, K KOTOPbIM MOCTOSIHHO A00aBNSAKOTCSA U HOBbIE,
Hanpumep, ¢ BypHbIM pa3BUTMEM M MAcCOBbIM BHeApPeHMEM BO Bce cepsbl
XU3HW Nogen B NocrnegHue OecATUNETUS KOMMbIOTEPHON TEXHMKM NOSyYun
LUNPOKOE pasBUTME U MPUMEHEHNE YUCIEHHBIN SKCMEPUMEHT, UMN KOMIMbHO-
TEepHOE MOAENMPOBaHNE.

OrpomMHOe MHoOroobpasne MnposABMEHNA OKpYXaloLen Hac npupoabl
TpebyeT KOMMNEKCHOro, BCECTOPOHHEro 1 rnyboKoro noHMmMaHua pyHaameH-
TanbHbIX NOHATUA O Aobpe n 3ne, maTepuun, NPOCTPAHCTBE N BPEMEHMU, 3a-
KOHe 1 CnpaBeasiMBOCTH, O NOBEAEHUM YenoBeka B obecTse.

BaxHO noHMmMaTb, YTO BHE 3aBMCUMMOCTM OT npodeccumn, 3HaHne u no-
HMMaHMe KOHUEMNUUA COBPEMEHHOIO €CTECTBO3HAHNSA NOMOXET NpeacTaBUTb
N NOHATb, KakuUX 3aTpaT, a MMEHHO WHTENMEKTyasnbHbIX U MaTepuanbHbIX,
CTOST COBPEMEHHbIE UCCenoBaHNA, KOTOpble NO3BOSISAOT NPOHUKHYTL B Ha-
HO- 1 MUKPOMMP, U3y4yaTb U OCBamBaTb BHE3EMHOE KOCMWYECKOE NPOCTPaH-
CTBO, KakOW LleHOM AaeTcsl, HanpuMmep, BbICOKOE KadecTBO COBPEMEHHOW Bbl-
TOBOW TEXHWUKWN, Kakne pearbHble MyTM COBEPLUEHCTBOBAHUS COBPEMEHHOM
KOMMbIOTEPHOM TEXHUKN N MOYEMY OYEHb akTyanbHa M BakHa npobrnema co-
XpaHeHNA OKpyXalLlen Hac npupoabl, KoTopasa AaeT 4YerioBevyecTBy AocTa-
TOYHO pecypcoB ANs yooBreTBOPEHNSA CBOUX NOTPEDOHOCTEN.

1.2. CoBpeMeHHOe NoOHMMaHue Hay4YHOCTH
1.2.1. OCHOBHbIE€ MOHAMUS Hay4YHOCMU

Hayka — chepa geatenbHOCTM YyenoBeka, HanpasfieHHasa Ha BblpaboT-
Ky U cuctemaTm3aumio 06bEeKTUBHBIX JaHHbIX 06 OKpyKatoLlen AencTBUTENb-
HocTn. OCHOBY TakoW OeATENbHOCTM COCTaBnsAaoT: 1) cOop HayyHbIX PaKkToOB;
2) nocTosiHHOe wux ObHOoBreHWe U cucTeMatTmsauus; 3) KX KPUTUYECKUH
aHanus; 4) cMHTe3 Ha 9Ton 6ase HOBbIX Hay4YHbIX 3HaAHMN UNKU 0606LLEHNNA,
KOTOpble ONUCbIBalOT HabnogaemMble OBOLIECTBEHHbLIE UM NPUPOAHbIE SIBME-
HUS, a Takke NO3BONAT CTPOUTb MPUYNHHO-CNEACTBEHHbLIE CBA3WN U BbIMNOSI-
HATb NPOrHo3vpoBaHne. EcTecTBEHHOHAYYHbIE TMMNOTE3bl U TEOPUU, KOTOpPbIE
noATBEPXKAAKTCA onblTaMn UNK pakTamun, PopMynupyrTCa B KadecTBe 3a-
KOHOB oOLecTBa unv npupoas! [17].
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Hayka 3apoaunacbk B gpeBHeM Mupe 1 Hadana popmuposaTtbes B XVI —
XVII Bekax. C Tex nop o6bemM nosiydaembiX 3HAHUM M YUCNO NOLEN, 3aHATbIX
B Hayke, yaBauBalTCs Kaxable 9 —16 net. Ha coBpemMeHHOM aTane pa3BuTus
YyenioBeyeckoro obLecTsa Hayke NPUHaANEXuT BeayLasi porb.

Pas3BuTtuio Haykm npucylle yepenoBaHMe 3KCTEHCUBHBIX WU PEBOSOLN-
OHHbIX NepuoaoB, ATO HayyHble PEBOSIOLNN, KOTOPblIe NPUBOAAT K U3MEHe-
HUIKO CTPYKTYpbl HayKn, METO4OB W KaTeropun, nNpuUHUMNOB NO3HAHUSA, OOpM
ee opraHusauuun. Hayka xapaktepusyeTcs OunanekTU4eCKuM Cco4YeTaHuem
npoLeccoB ee WHTerpauun n andpdepeHumauumn, passutmeMm dQyHoameH-
TanbHbIX N NPUKNagHbIX UCCNeaoBaHUMN.

B Hayke ucmuHHbIM S8519€mMcsi MOJIbKO MO, YTO NOATBEpXAaeTcs BOC-
NPOU3BOAUMBIM OMbITOM, TO €CTb SKCNEPUMEHTOM.

B oTnnune ot Hayku pesiueusi OCHOBaHa Ha Bepe W HUKaKUX [OKasa-
TenbCTB He TpebyerT.

C Haykon cBd3aHa gbusiocohus, KoTopas npencrasnser cobon mupo-
8033peHue, CUCTEMY UAEN N B3rMALOB HA NPMPOAY U MECTO B Hel YerioBeka.
dunocodus ctaBuUT 3agady OTBETUTbL Ha obLlevyenoBeveckMe BOMPOCHI, a
MMEHHO: B YEM CMbICST XXM3HUW, MO3HaABaeM N MUp U T. 4.

Llenu u 3ada4yu cospeMeHHOU HayKu OYE€Hb MHOrorpaHHbl. [naBHas 13
HUX — YIyYWWUTb XU3Hb YerioBedecTBa M COXPaHUTb umBunusauuo. K Bax-
HEeWWMM 3ajavyamM HaykKm OTHOCUTCH CO3[aHWe WHCTPYMEeHTa, CNOCOOHOro
yBUOETb pybex, nepecTynnTb KOTOPbIN Ye0BEYECTBO HE JOSMKHO HU NPU Ka-
Knx obcrosiTenbcTBax. OTa 3afada UCKMIYUTENbHO TpyaHa. [na ee pelle-
HUA noTpebyeTca BpemMs U ycunme 60mnbLUMX KONMEKTUBOB YYEHbIX CaMblX
pa3HbIX cneumanbHOCTEN.

Qunocogus Hayku npeactaBnset cobon MHOXECTBO pasHbIX KOHUer-
UuK, npeanaravwmux pasnuyHblie Moaenn nos3HaBaTesrlbHON OeATeNbHOCTU U
pa3BnTUS Hayku. Ee OCHOBHasda uerfb COCTOUT B YCTAHOBSIEHUN POSN U 3Ha-
YUMOCTU HaYKN, XapaKTepUCTUK HAYKN, KOTOPble NO3BOMAIOT OTNn4aTb €€ oT
MHbIX BMOOB MO3HaBaTeflbHOM AeaTenbHoCcTU nogen. OHa aBnseTcs ogHOW
N3 BaKHenWmnx obnacren NPMMEHEHNS 4YenoBeYeCKOro UHTesnseKkTa, B pam-
KaxX KOTOPOW NOCTOSIHHO MAeT obCyXXaeHne Bornpoca «Kak 803MOXHO docmu-
)KeHue UCMUHbI?».

B pycckoM A3blke CroBO «Hayka» MMEET OYEeHb LUMPOKOE 3HaYeHue.
B aHrnumnckom a3bike CrioBO science UMeeT CyllecTBeHHO 6oree y3koe 3Ha-
YyeHne, O3Hayas To, YTO B PYCCKOM $i3blke Ha3blBaeTCs €CTEeCTBEHHbIMU Hay-
Kamu, TO eCTb Haykamu o npupoge. B aTtom cmbicne n dbygem ynotpebnatb
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CNoBO «Hayka». B gaHHbIN MOMEHT BPEMEHW MOHUMAaHME LEHHOCTU HayKu
onpegensieTcs, rnaBHbIM 00pa3oM, omHoweHUeM K Hell U OCOBEHHO K ecTe-
CTBO3HaHUI0, obuwecmsa.

LleHHOCMb Hayku 4acTO paccMaTpuBaeTCsl C OBYX TOYeK 3peHus: 1 —
YTO OHa JaeT ANS ynydleHUs XU3HU Nogen; 2 — YTO oHa JaeT Marnoun 4actu
nogen, KoTopble N3yvaroT NPUPOAY U XOTAT 3HATb, KaK YCTPOEH OKPY>KatoLLMiA
MuUp. LleHHOM B NepBOM CMbICe CYUMTaETCs npukiadHasi Hayka, a BO BTOPOM
— ¢pyHOameHmarbHas [19].

B npouecce cBoero pa3sutnda Hayka cama BblpaboTtarna cpegcrsa n me-
TOObl ANA NPEeOoaOSIEHUS OrPaHNYEHHOCTN YUCTO AMCUMNIIMHAPHOro noaxona
K U3y4eHUo Npupoabl. OTOT NOLAXOL OPUEHTMPOBAH Ha MU3ydeHue cyrybo crne-
UMAPUYECKUX, YACTHbIX 3aKOHOMEPHOCTEN KOHKPETHbIX sABneHun. OH o4eHb
peako cnocobcTByeT OTKPbITUIO 00LWLMX, Bonee rnybokMx 3aKOHOMEPHOCTEN U
dyHOaMeHTarbHbIX 3aKOHOB, KOTOPblE OTHOCATCA K B3aMMOCBA3aHHbIM Knac-
cam {BfIEHUN a Takke uenbix obrnacten npupoasl, packpbiBarolmnxX ee eanH-
CTBO, B3aMMOAENCTBNE N B3aMMOCBA3b COCTABIAKOLNX ee 06BEKTOB U Mpo-
LIlecCoOB B HeMN.

MoaTomy B nocriegHne OecAaTUneTusl NosiBUSICA M B HaAcTosdLee BpeMs
LUMPOKO pa3BMBaAETCSA BO MHOMMX cdpepax Hay4yHOW OeATeNbHOCTU HOBbIN
noaxod, HasblBaeMbl MeXOUCUUNIUHaPHbIM, Unu UHMeapauuoHHbIM. B Hem
NPOUCXOOUT MHTErpauus Hay4yHblX 3HaHUM, coBepLuaemMas B pasHbix oopmax,
Ha4yMHaga ¢ NPOCTENLLEro NPUMEHEHNSI METOA0B, TEOPUN N MNOHATUA U3 OHOMN
HayKu B OpYyron u npogosmkas BO3HUKWUM B XX CTOSIETUM CUCTEMHbLIM METO-
aoM. Takonm noaxon No3BoNfseT pasHbIM Haykam genatb 6onbline CKayvku B
CBOMX uccrnegoBaHusx. Hanpumep, B nocnegHue rogbl, Ha4yaB NPUMEHSTb B
CBOMX uccnegoBaHusx dusndeckne Metoabl U annapat COBPEMEHHOW maTe-
MaTUKK, Brnosiormdyeckasl Hayka 4OCTUrna 3HauuTesnbHbIX ycnexoB. B pesynb-
TaTte B3aMMOLENCTBMS 3TUX HAYK Ha MUX CTbIKe BO3HUKIIA N BLICTPO pa3BuBa-
etca 6uoduamka. NogobHbIM 06pasoM MNOSABUMIUCE FEOXUMUS, BUOXUMUS,
reogmsnka, OMOHUKa, MexaTpOoHUKa U psa OPYrMx Hayk.

[MpnMeHAeMble B pasfnn4YHbIX Haykax cneuuasribHble, KOHKpPEeTHbIe, YacT-
Hble NpueMbl N cnocobbl ccrnegoBaHNA MOryT BbiTb CYLLECTBEHHO pa3HbIMU,
HO MeTo4 MUccrefoBaHna U OOLWMIK NOAXOo4 K MO3HAHWIO OCTalTCs MO CyTH
TEMU XE€ CaMbIMU. JTO Ha3blBAKOT CUCMEMHbIM MEMOOOM, KOTOPbLIA MO3BO-
naeT paccMmaTpuBaTb SABMEHUS U OOBbEKTbl OKpYXaloLLero Mmpa B UX LIeSoCT-
HOCTU U B3aMMOCBs3N. B HacTosiliee BpeMsi 3TOT MeToA siBnseTcs Hanbonee
9P EKTUBHBIM CPEACTBOM UHMe2payUOHHbIX uccriedosaHud.
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Cmpameausi Hay4Ho20 uccrie0ogaHusi — 3TO obLine meToabl, NpUeMbl 1
NPUHLMIMbI NO3HAHWS OKpY>KatoLLero mMmpa.

Takmuka Hay4Ho20 uccriedogaHusi — 3TO YacTHble MeToAbl U MpPUeMsbI,
KOTOpble NMPUMEHSIIOTCS B Pa3HbIX OTAESbHbIX HayKax.

[Ana noHnMmaHus NpoueccoB 3BOSIOUUN B OKpPYXalolleM Mupe B Ha-
CTosiLee BPeEMSI OYeHb BaXKHbl MexXOucyurniuHapHble uccriedosaHusi, KOTO-
pble NPOBOOATCA B pamkax MOMyrisipHOM B COBPEMEHHOW HayKe KOHLuenuuu
camoopraHmsaummn B npupoge. OHa nonyduna HasBaHwe cuHepeemuku. Ho-
Bble Hay4Hble pe3yrnbTaTbl, MOMyYeHHble B NocreaHue rogabl B 3Ton obnactu
3HaHWN, HageXHo MokasblBalT HEOOOCHOBAHHOCTL MPEXHEro abContoTHOro
NPOTUBOMOCTaBMEHNA HEXUBLIX U XWUBbIX CUCTEM, MO3BOMSAT MO-HOBOMY
B3rMSAHYTb HA NpPobnemMy BO3HUKHOBEHWUS XMBOW MaTepun u3 Hexmson. Ha-
OEeXHble 3KCMepUMEHTbI, Npexae Bcero B xumun n buonornm, n Teopetunye-
CKMUI aHanm3 nokasblBatoT, YTO NPU HaNUYnUM CTPOro onpeneneHHbIX YCroBum
npoueccbl caMoopraHusaumm MoryT nNpoucxoguTb U B HEOPraHU4ecKon npu-
poge. Ncnonb3ys aTy KOHUENUMIO, BCIO OKPYXXaloLLY0 NpMpoay MOXHO npea-
CTaBUTb KaK CaMOOPraHU3yLWNNCA YHUBEPCYM, YTO MO3BOSNUT ny4ylle npea-
CTaBNATb M MOHNUMATb COBPEMEHHYIO €CTECTBEHHOHAYYHYIO KapTUHY MUpa.

1.2.2. HayyHas kapmuHa mupa

HayyHas kapmuHa mupa (HKM) npegnctaBnseTt cobon obLuyto cuctemy
NOHATUM W NpeacTaBneHMn B xode (POPMUPOBAHUS €CTeCTBEHHOHAay4HbIX
Teopun. ATO cuUCTemMa MNOHATUA WU NpPencTaBfieHNn O 3aKOHOMEPHOCTSX U
CBOMCTBax pearibHOM nNpupoabl (4ENCTBUTENBLHOCTUN), NOCTPOEHHAA HA OCHO-
Be CMHTe3a 1 0606LLeHNs HayYHbIX PasfnyHbIX NPUHLIMMNOB U MOHATUMN.

Pa3BuTne Haykm NOCTOAHHO CONPOBOXAAeTCss OBHOBMEHMEM 3HaHUN,
naen n koHuenuun. bonee paHHWe NpeacTaBfiEHUsI CTAHOBATCH YaCTHbIMU
cnyyasimum HoBbIx Teopuit. HKM He siBngeTca HM 4OrMOn, HU abCoSOTHON UC-
TMHOW. Hay4yHble npencrasneHna o6 okpyxarolen npupoae OCHOBbIBAOTCHA
Ha COBOKYMHOCTW Hay4yHO [OKa3aHHbIX PaKTOB U YCTAHOBJIEHHbIX NMPUYNHHO-
CNeACTBEHHbIX CBA3EN, YTO MO3BOMHAET C OonpeaesiEHHON BEPOSTHOCTLIO Ae-
naTb 3aKNiYeHUss U NPOrHO3bl O CBOMCTBAX OKpYKatoLlero mmpa, cnocobceT-
BYHOLLME Pa3BUTUIO YerioBeveckon uusunusaumun. Npu HeECOOTBETCTBUUN pe-
3ynbTaToOB MNPOBEPKM TEOpUM runotese, KOHUEernuuu, YCTaHOBMIEHUN HOBbIX
dakToB, BO3HUKAET HEOBXOOAMMOCTb NepecMoTpa UMEKLUXCA npeacrasne-
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HUW N CO3OaHUSA HOBbIX, Bornee COOTBETCTBYIOLMX peanbHOCTU. B Takom pas-
BUTUM U COCTOMUT CYLLHOCTb HAy4YHOro MeToaa.

PaccMoTpuMmMm KpaTKO Ha OCHOBE COBPEMEHHbLIX NpeacTaBreHnn OCHOB-
Hble Hay4Hble KapTUHbI MUpa.

MexaHuuyeckas kapmuHa mupa (MKM) 6bina paspaboTaHa B HayYHbIX
Tpygax X. lNovreHca, . Nanunes, N. Kennepa, WN. HbioToHa. N. HbIOTOH B
1687 r. BbINOMHWU OCHOBHYIO 3aJa4y — «CMHTE3 CUCTEMbI MUpay. MexaHuka,
KoTopasi Obifia NofioXkeHa B OCHOBY €ro Tpyaa, AaBana HayyHoe obbsAcHeHue
OKpy>XarLlero mupa. YpaBHEeHUss OUHAMUKM HblOTOHA NUHEWHbI, OencTBue
paBHO MPOTMBOAENCTBUIO, MHTEHCUBHOCTb CNEACTBUS ONpeaensieTcsl UHTEH-
CUBHOCTbIO MPUYMUHBI. OTO NO3BOMASMO YyTBEpX4aTb, YTO BCE B MUPE CTPOro
AeTepMUHUPOBAHO U npegonpeaeneHo. B coBpeMeHHOM cMbicrie 3To Gbina
nepBasi Hay4yHaa Teopusi, MO3TOMY 3TOT rog OOblYHO Ha3bIBalOT FOLOM POX-
AEeHNS COBPEMEHHOIO eCTECTBO3HAHMA.

B ocHoBe anekmpomazHumHou KapmuHbel mupa (OKM) nexat ngesa au-
HaMW4YeCKOro aTomMmama, KOHTMHyarnbHOE MOHUMaHWe MaTepum U CBS3aHHOE
C HMM noHsATne 6iuskodeticmeusi, BBegeHHoe M. ®apageem. 3T ngeun oTpa-
3UNUCb B YpaBHEHUSX anekTpoanHamuku k. MakcBenna, Ha OCHOBE KOTO-
pbIX BO3HMKMNO MOHATME Mons 6e3 NoCTPoeHNA MeXaHUYEeCKNX KOpMyCcKyrsp-
HbiIX mogenen. Mogenb atoma H. bopa otnunyanace gyannamom: coyeTaHu-
€M HenpepbIBHOCTU U ANCKPETHOCTW.

KBaHTOBO-MnoneBble NpeacTaBreHns 06 OKpyxalLllem Mupe, Koraa ma-
Tepuss obnagaeTt KopnycKynspHbIMW M BOSTHOBbIMW CBOMCTBAMMU, OTKPbITUS,
CBsi3aHHble CO CTPOEHMEM BELLECTBA M B3aMMOCBA3bIO BELLECTBA N 3HEPIUN,
oTpasuna keaHmoso-rosnesas kapmuHa mupa (KrNKM). Opyrumn ctanu npeg-
CTaBneHnsa O ponun HabnwgaTtend, NPUYNHHOCTU, MaTepumn, NPOCTPAHCTBE U
BpemeHu. [laHHasa KkapTuHa mMupa siBUnacb pesynbTaToM AafibHEeWWero pas-
BUTUS SNEKTPOMArHUTHOM KapTUHbI MUpa.

CospeMeHHasi, unu 380J1I0UUOHHas, KapmuHa Mupa OCHOBbIBAeTCS Ha
NOSIBMIEHMN U LUMPOKOM BHEAPEHUUN MEXAUCUMMNNMHAPHBIX NOAXOA0B U TeX-
HMUYECKMX BO3MOXHOCTEW ONUCAHNSA ABUMXXEHUA N COCTOSTHUIA NMOBLIX CIIOXHbIX
cuctem. JTo NO3BONUMNO paccMaTpmBaTb €4MHOOOPAa3HO ABMEHUSI HEXUBOW U
Xnson npupoabl. CoBpeMeHHbIE NpPeacTaBreHnsa 0 Mupe opMUpYyOTCa Ha
OCHOBe OuddepeHumaunm U MHTerpauum ecTeCTBEHHbIX HayK, eOWHCTBE
doM3NYEeCKOro 3HaHNA U T. Nn.

HoBbIn noaxon, a UMEHHO CUHEPreTUYECKN, OPUEHTUPYETCS Ha n3yye-
HME NPOLIECCOB M3MEHeHUs U pa3sBuTus. Npoueccbl BO3HUKHOBEHUS U dop-
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MUPOBaHNA HOBbIX, 6onee CNoXXHO OpraHNM3oBaHHbLIX CUCTEM B MPUPOAE MNo-
3BONAT U3yyaTb NPUHLMIM cCaMOOpraHn3aLum.

CoBpeMeHHasi kapTMHa Mupa BKMNOYaeT eCTeCTBEHHOHay4Hble N ryma-
HUTaPHbIE 3HAHMS.

CoBpeMeHHasi ecTeCTBEHHOHay4Hasi, 3BOSTIOLUMOHHAsI Hay4YyHas kKapTuHa
MUpa SIBNSIeTCS pe3yrbTaToM CMHTe3a CUCTEM MUpa APEBHOCTU, aHTUYHOCTMN,
reo- MU renMoLeHTpM3mMa, MexXaHUCTUYECKOW, 3NEKTPOMAarHUTHOW, KBaHTOBO-
NMoNeBon KapTUH MMpPa U ONUPaEeTCsl Ha Hay4YHble OOCTUXEHUS COBPEMEHHOIO
eCTeCTBO3HaHUS.

1.2.3. Hay4yHasi napaduama

HayuyHasi napaduama — COBOKYMHOCTb OOCTUMXEHUN B Hayke, B NEPBYHO
oyepenb TEOPUUN, KOTOPbIE NPU3HAKOTCSA BCEM Hay4YHbIM COOBLLLECTBOM Ha On-
peaeneHHOM NCTOPUYECKOM NMPOMEXYTKE BPpEMEHN pa3BnTus obLuectaa.

Mpumepamn napagurm aBnaOTCA: Teopuda asonwoumn Y. [lapBuHa, Teo-
pusa atoma H. bopa, reoueHTpundeckasa cuctema mupa K. Ntonemes, kucno-
poaHas Teopus A. JlaByasbe, 1 T. 1.

[MpMEeHeHne NOHATUA napagurMbl O3HaAYaeT BKIIOYEHWE ucmopuye-
CKo20 rnodxoda B obBCyxOeHMEe MOHATUS HayYHOW KOHUEMUUU N 3TO TECHO U
NPAMO CBA3aHO CO CrlIOBOM "COBPEMEHHOro" B Has3BaHWW JaHHOro y4yebHoro
Kypca.

[MpuHATas B Hayke B JaHHOe BpeMs HaydHas napagurma obosHadaeT
COBOKYMHOCTb NpobnemM, UMEOLLNX CMbICI U pelueHne. Bece, 4To HE BXOAUT B
3Ty COBOKYMHOCTb, HE 3acrnyXxmBaeT paccMoTpeHus. HaydyHaa napagurma
Takke onpegensaeT 4onNyCTUMble METOAbI peLleHnsa 3TUX npobnem.

Ha kaxxgom nctopuyeckom atane pasBuTUS Npuponbl U obuiectsa cy-
LLleCTBYeT Tak HasblBaeMas "HopmanbHag" Hayka, TO eCTb AeWCTBylLas B
paMkax napagurmel. B ee 3agaum Bxoadar:

1) yTOYHEHME (PaKTOB;

2) onpefeneHue noaTeepXaarLmnx akTos;

3) nonyyeHne KoMYeCcTBEHHbIX 3aKOHOMEPHOCTEN;

4) yTOYHEHME KOHCTAHT C MakCUMasibHOM TOYHOCTbIO;

5) pa3suTne camon napagurMmeoil.

CmeHa napaduzam (aHrn. paradigm shift) — 9T0 TepMUH, KOTOPbIN Obin
BBEAEH C LIENbI0 ONMcaHns n3aMeHeHns 6a3oBbIX MOCLINIOK B paMKax BedyLUen
Teopun Hayku (napagurmMbl) uctopmkom Hayku T. KyHom B Tpyae «CTpykTypa
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Hay4yHbIX peBonoumny (1962 r.). B ganbHenwem aTOT TEPMUH CTan noBce-
MECTHO UCMONb30BaTbCA N ANs ApYrMx obnacrten YenoBe4vyecKkoro onbita.

lNoHsmue Hay4dHasi pesonroyus no T. KyHy 3aknioyaeTcss B 3nnUcCTemo-
NorMyeckon cMeHe napagurmMbl, KOTopas NPOUCXoOUT Torga, korga uccnego-
BaTeNU BbISBMAT aHOManum, HeOObACHNUMbIE C MOMOLLbLIO MPUHATON napa-
OUrMbl, B pamMKax KOTOpPOM OO TOr0O MOMeEHTa MpoXOoAus HayYHbIW Nporpecc.
BosHukatowmi B nepmrobl HaydHbIX PeBONIOLUMA KOHAMNKT NapagnrmM 3aknio-
YaeTcH, npexae BCero, B KOHPIIMKTE pasfinyHbIX LEHHOCTHbIX CUCTEM, pas-
HbIX NPMEMOB U CnocoboB pelleHns 3agdad, cnocoboB HabnwaeHUS N n3Me-
PEHUS SABMNEHUN, pasHbiX MNPaKTUK, U, eCTECTBEHHO, pasHbIX KapTUH Mupa.
Hayka BbICTynaeT B BMAE TakOW Urpbl, Kak pelleHne ronososiomok. Npu Ha-
KansvBaHUM OOCTATOYHO YUCNa AaHHbIX O 3HAYMMbIX @aHOManuaX, KOTopble
npoTuBopeYaTt TekyLlen napagurme, B COOTBETCTBUN C TEOPUEN HaY4HbIX pe-
BOJIOLUUM, HayyHas AUCUUNIIMHA BXOOUT B nepuond Kpusuca. [emapkauynoH-
HbIM KpUTEpUEM BbICTYNaeT TOSIbKO HenpoTUBOpeYne COBPEMEHHOM napa-
avurme npegnaraeMon HoBon Teopun. Bo Bpemst 3TOro Kpusmca rnpoBepsitoTcA
HOBble UAeN, KOTOpble, BO3MOXHO, paHee He NPUHMMAIIMCb K PaCCMOTPEHMUIO
unu gaxe 6oinn oTbpolleHbl. B aTOT nepuoa napagurMa pywmtcs n Ha ee
ocTaTkax poXAaltTCs HOBble rMnoTesbl U ANS HaykKu HacTyrnaeT aHomarbHas
dasa. CBOIO XM3HECNOCOBHOCTbL NOKasbiBaeT ogHa 13 rmnotes. OHa ycneLwHo
00bACHSAET Kak CTapble JaHHble, TaK U HOBble, W BbICTyNnaeT Ha4asioM HOBOW
napagurmbel. CTapas napagurmMa CTaHOBUTCSH HeHY)XHoW. HaydHasa pesorto-
unsa ceepwmnacbk. B pesynbtaTte dhopmupyeTca HoBas napagurma u HadnHa-
eTcsa NHTennekTyanbHas «butea» Mexay CTOPOHHMKaMu HOBOMW U CTapown na-
pagurm. Ctapas urpa npogosnkaeTcs no HOBbIM MpaBusiam.

1.2.4. Cneyughuka ecmecmeo3HaHUsI 8 cucmemMe HayK u
e uccnedoeaHuu npupoobI

Y ecTecTBO3HaHUA nepen OpYyrMMu Haykamun umeeTcs psag npenmy-
LWEeCTB B U3yYeHUU NOYTU BCEX Cep OKpyKawLlen Hac OeUCTBUTENBHOCTH.
OT0 0bycrnoBneHo uenbiM paaoMm npuyvH. B nepByto odepenb, 9TO TO, YTO
€CTeCTBO3HaHWe u3yyaem mamepuarsibHy ceepy XU3HeHHOU OesimesibHO-
cmu 4eriogedeckoao obwecmea u rpupody, KoTopad NpoTUBOCTOUT emy (OT
YyerioBeka He 3aBUCMMYIO), a TaKxKe 3aJelCTBOBaHHYIO UM B CBOEW MOBCe-
AHEBHOW MpaKTU4YeCKOW OeATENbHOCTU U, KpOME TOro, TakKxe co3gaBaeMyto
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MM B Ka4yeCTBe MCKYCCTBEHHOW cpefbl (Tak Ha3blBaemasi aHTpOnoreHHas aes-
TEeNbHOCTb).

B3anmocBA3b C TBOPYECKOW POSbI CO3HAHUSA M MpaKTU4ecKon aesd-
TENbHOCTBLIO MpuopuTeTa MaTepuanbHoro obecnedmBaeT rMaBeHCTBO ecTe-
CTBO3HaHMS B MO3HaHUN OKpYyXaroLlero Mmpa.

[Apyron BaXHOM 4YepTOM eCTEeCTBO3HaHUA, KaK CUCTEMbI 3HAHUW (HayK),
BbICTYNaeT ero TeopeTvyeckas M rornyeckas CTPOMHOCTb, CTPOrocTb, AOC-
TYNHOCTb MPUMEHEHUS MaTeEMaTUKU U LUMPOKOe ee MpUMeEHeHue, 4YTo obec-
neyvMBaeT emMy NPUOPUTETHOCTb Nepea ApyrMu obracTtaMu 3HaHUSA Npu Mno-
CTPOEHUN UMW CBOUX TEOPUMN.

BaxHo Takke TO, 4YTO B €eCTecTBO3HaHuUM copmupoBanucb u3sn-
YEeCKUN, NOrMYecKun M HaTypasibHbIA TUMbl dKCnepumeHTa. Bnocnencrtesuun
OHM Nepepocnu B Hay4YHO-NPOU3BOACTBEHHbIN, 06f1agatoWmnin LWMPOKNMU TeOo-
peTuYecCKUMnN N NPUKIagHbLIMU BO3MOXHOCTAMW. B HacTosee BpeMsA OHM
nepepocnn B MalMHHbIA UM MaTeMaTUYEeCKUN. DKCNEPUMEHTbI MPUMEHSIIOT-
CA ONA U3yYeHUsa TPYOHOOOCTYMHbIX UM COBCEM HeLOCTYMNHbIX OPYrMMU Cro-
cobam u cpencrtBam uccriegoBaHus o6beKToB. OHM HYXHbl U BaXHbl Mpu
TEOpPeTUYECKOM KOHCTPYMPOBaHUN OOBHLEKTOB XU3HEHHOW AeATeNIbHOCTU 06-
wectea. C NOMOLLbI 3KCNEPUMEHTOB U3yyaroTcs, obpabaTbiBaOTCA U CO3-
AalTca MatepuasnbHble 0O6beKTbl, KOTOpble BNOCAEACTBMM BbICTYNAlOT B Ka-
YecTBe OpyaMM Ha HOBbIX 3Tanax No3HaHWA unu npu npeobpasoBaHUMKN BO-
BNekaeMblX B COOTBETCTBYIOLLMA Npouecc MatepuarnbHbiXx o0bekToB. B mMa-
LUMHHOM 3KCMNEepPUMEHTE B OTNNYME OT PM3NYECKOro, NPUCYTCTBYIOT UMK Npe-
obnagalT MOTUBLI €CTECTBOBEAEHUS, OH o0LeHay4YeH, MOXeT BbITb npume-
HEeH B criydasx, rge nocTpoeHne matemMaTnyeckon Moaernivm BO3MOXHO.

BaxxHO 0OCOBEHHOCTLIO eCTecTBO3HaHWA B nocnefHue rogbl crasno
npeogosieHne uenbiM psaoM COCTaBIISOLWNMX ero Hayk CBOMX MeTogonornye-
CKUX U OBBEKTUMBHBLIX rpaHuL, UX BblABWXKEHME Ha OOLLueHayYHbIN YPOBEHb.
Cpeawn Hux, npexae Bcero, Takme Hayku, Kak KnbepHeTuka, akonorus omsunka,
aTosornA.

B HacTosLee BpeMsa B PU3NKE CNOXUITUCH KOHLIENUMK, KOTOPbIE NMEIT
OOBACHUTESTbHYIO U 3BPUCTUYECKYIO 3HAYMMOCTb N9 U3YYEeHUA BCEX Cylle-
CTBEHHO BaXXHbIX 4YepT B AMHAMUKE OKpYXaloLlero mmpa OLHOBPEMEHHO C
NPOHUKHOBEHNEM €€ MEeTOLOB B XMMUIO, OMONOrNI0, TEXHUKY U Jaxe B ryma-
HUTapHble cdepbl. NMpuMepoM TakoW KOHUENUMU CRYXUT MHOronraHoBas,
pas3BeTBNEeHHas KOHUEeNUus COCTOAHUIN, Aanekmux OoT paBHoBecus. Ee HblHeLwl-
Hee coepXaHue opMmMpoBanocb YCUNUAMKU psda BblOAKOLWMXCA YYEHbIX,
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cO3[aBLUMX M pa3BMBLUMX Teoputo kaTacTpod. CeroaHs aTa Teopus nonyyaet
Kak TeopeTndeckoe pasBuUTue, Tak 1 HOBYIO MeTogosormio. NpumeHaa Teopun
COCTOSIHUWN, Aarekux OT paBHOBECUS, yOaeTCs MOHATb UMW CHATb MHOrO He-
ACHOCTEN N NPOTUBOPEYUIN, KOTOPbIE BO3HUKIN B Hayke, copmynupoBaTtb
obwmn noaxo K oveHb OONbLUOMY YMCIy SABMEHUW nNpupodbl N obuiecTBa.
Pogunacb n ytBepgunacb HoBas obnactbe 3HaHU, KoTopas UMeeT obuieHa-
YYHYIO 3HAYUMMOCTb. Teopus NpuUHUMNNAaNbHO HEPaBHOBECHbLIX CUCTEM, KOTO-
pasi 3apogunacb B MmatemaTtuke n usnke, ctana oblieHayyYHOW OUCUMNIIn-
HOM N BaXXHbIM «KOHCTPYKTOPOM» B TexHuKe [19].

1.2.5. Ponb MamemamuKu e ecmecmeo3HaHuu

EcTtecTBO3HaHMe ¢BNSeTCA KONMMYecTBeHHOM Haykon. MaTtemaTtuka
npeacrtasnsgeT cobon cUctemMy 3HaHUN O BENMYMHAX U KOFIMYECTBEHHbIX MO-
aensax pearnbHblXx 06bekToB. [103TOMY ecTecTBO3HaHME HEBO3MOXHO ©0e3
3HaHuUM matemaTukn. OHa 4ABMSIETCA OCHOBHLIM annapaToM COBPEMEHHOro
€CTeCTBO3HaHMA W AaeT yaobHble u addekTMBHble CNocobbl onvcaHug
BGonbLIOro MHOroobpasnsi COXHbIX U pa3HOOOpa3HbIX 0COBEHHOCTEN OKPY-
Xarwouero mmpa u ero sisrieHn. CoBpeMeHHOe eCTECTBO3HaHME UCMOoNb3yeT
BECb apceHarsn afieMeHTapPHOM U BbICLLEN MaTEMATUKN.

[MaBHbIM B €CTEeCTBO3HaHUMN ABMISAKOTCA YMCIO, BenvyMHa, doopmyna,
ypaBHEHME, HO elle BaXHee — WX UCToNKkoBaHWe (MHTepnpeTauus). lNpa-
BUSTbHOE W yda4yHOe UCTOSIKOBaHWe NpuMBOAUT K NOHMMaHuo. [NoHMMmaHne —
9TO BeyYHas npobnema, crtoswasn nepeq yenosekom [19].

Hapsgy ¢ dusmkonm n acTpoHoOMMen matemaTtuka npeacrasnseTt cobon
APEBHENLUYD CUCTEMY 3HaHM. B nocnegHue gecatuneTusl npoucxoguT ma-
TemaTtmsaums pasHbiX obrnacten TEXHUKN U HayKu, maTeMmaTuyeckne MeTonbl
NPUMEHSIOTCA BO BCEX chepax npakTudeckon geatenbHocTu nogen. Yuc-
NeHHble MeTodbl aHanu3a un anrebpbl CTanu caMocToATENbHON BETBLIO Ma-
TEMATUKN — BblYUCINTENBHON MaTemaTukon. [lpakTuka nokasbiBaeT, 4TO
AanbHenwee passutue nbon obnactn Hayknm (M 3HAHUK B LIESTOM) HEBO3-
MOXHO 6€3 NpMMEHEHNS1 MaTeEMaTUKN N €€ MOLLHOMO BblYMCIIUTESNBHOrO an-
naparta. icnonb3oBaHNne COBPEMEHHbBIX MaTeMaTUYECKUX METOLOB NO3BOSISI-
IOT OOCTUYb CyLLECTBEHHO Oosblen SACHOCTU U TOYHOCTWU, YEM CrIOBECHOE
ornucaHue, ¢ KOTOPOro Ha4YMHaeTCsa CTaHOBIIEHNe NOOro pasgena Hayku.

B npupoge MHorve npouecchl U sIBieHUsT SIBAAIOTCA CryYanHbIMU Be-
NMYUHAMW U NOAYMHAIOTCA CIyYalHbIM (CTaTUCTUYECKUM, CTOXaCTUYECKUM)
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pacnpeneneHnam. Mo aTon npuymHe B €CTECTBO3HAHUN OYEHb LLUMPOKO Mpu-
MEHAITCA MaTeMaTUyYeckne 3aKOHbl pacrnpenenieHnsa cnyvyamHbiX BESIUYMH U
MeTobl UX aHanusa.

OAHO 13 BaXXHbIX YUCIIEHHbIX MOHATUM B MaTeMaTUKe U eCTeCTBO3HaHNN
— 9TO NOPALOK BESNMYMHBI. B eCTecTBO3HaHMM YacTo He yaaeTcs u He Bcerga
HY>KHO MPOU3BECTN TOYHbIE BblYMCIIEHUS TUNa 2 " 3 = 6. MIHorga orpaHnymBa-
tOTCA NPUBAMKEHHBIMU BblYMUCIIEHNAMU: 277 ~ 6. MeHee TOYHbIE BblYMCEHNS
Ha3blBalOT OLEHKOM nopsaka senuuuHbel. Hanpumep, yncno Asoragpo Ny =
6,02 - 10% monb™" ~ 10** monb™; ckopocTb cBeTa ¢ = 3~ 10° m/c ~ 10° m/c. 3a-
NOMWHaHWE NOPSAKOB BENMUYNH criocobcTByeT 6oriee rnybokoMy NMOHUMAHUIO
Hayk. [1ns nccnegoBaTensa oueHka NOpPsSAKOB BEMNUYUH 3TO NYTb K BbISICHE-
HWIO, Kakne npouecchl U 3P deKTbl HY>XHO Y4ECTb MPU BbIMOSIHEHUN UCCNeao-
BaHUS, @ KAKMMN MOXHO npeHebpeyb Kak HECYLLECTBEHHbIMU B JAHHOM CIly-
vae [19].

1.2.6. Ecmecmeo3HaHuUe u HpaecmeeHHOCMb

YKnsHb yenoBeyeckoro obLlecTBa, pa3BuUTME HAayKNU U eCTECTBO3HAHUS
HY>XXOalTCs B PErynupoBaHnn OeNCTBUIA U NOBEAEHUS cpeaun nogen nocpea-
CTBOM KakK MpaBoOBbIX, TaKk 1 HDABCTBEHHbIX HOPM.

N3BeCTHbl pasnuyHbie U MHOrorpaHHble B3aMMHble CBSI3W €CTeCTBO-
3HaHUS M HPABCTBEHHOCTU KaK CUCTEMbI COUMarnbHbIX HOPM, KOTOpPbIE pery-
NMpyoT NoBefeHne B obLecTBe M HanpaefeHbl HA ero pa3BuUTUE N COXpaHe-
Hue. Kak n BCSKMN 4YernoBeK, yYeHbln-eCTeCTBOMCMbITaTENb, NOABEpPraeTcs
OBOWHOMY KOHTPOJSIKO: MpeXxae BCEero CO CTOPOHbl rocydapctBa (BHELUHUM
KOHTPOSIb), COLManbHOW Fpynnbl M BCero obliectBa, Takke CaMOKOHTPOSb
(BHYTpPEHHWI), KOTOPbIN HasnpyeTca Ha COBECTU, Pa3BUTOM YyBCTBE OTBETCT-
BEHHOCTWN U HPaBCTBEHHOM vaeane.

B 4yenoBeueckom obLlecTBe BO3HMKANW pasfnnyHble HPaBCTBEHHbLIE
ngeansl, HaNnpMMep, rapMoOHNYECKOe eQMHCTBO pa3HOObpa3HbIX MHTEPECOB B
obwecTtBe, eAMHCTBO OOLLECTBEHHONO U NUYHOrO, LApCTBOBaHME Mpasabl,
crnpaBeannBoOCTU, KpacoTbl U gobpa. OHU NOCTOSIHHO MeHANUCh, oborallasch
XM3HEHHbIM OnbITOM. B obLecTBe psaomM C npaBoM OEUCTBYHOT U «Henuca-
Hbl€ 3aKOHbI», KOTOPblE COCTaBMAKT OCHOBY Mopanun — npaBuil HPaBCTBEHHO-
cTn. Hayka, Kak ectecTBo3HaHWe, OKa3blBalOT CUNIbHOE B3aMMHOE BIUSIHUE C
Moparblo.
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O6LwecTtBo 0643aHO orpaHn4MBaTb HayYHbIN MOWUCK, €CNn ero pesysb-
TaTbl BXOOAT B NPOTUBOPEYNE CO CIOXMBLUMMCHA B HEM NpPeACTaBNeHNAaMn o
rYMaHHOCTU N HOPMaMWn HPaBCTBEHHOCTM.

OTBeTa Ha BOMPOC O 3anpeTe NOCTUXKEHUA UCTUHbI BO UMS CrlaCeHUs
Mopanu He cyuecTtByeT. HacTo NpUOPUTETHOCTb UCTUHbBI Mepen Mopanbto
oBoCcHOBbIBAETCH NPOCTbIM CPaBHEHNEM: MOpalib U3MEHYMBA U OTHOCUTENb-
Ha, a UCTMHa BeYHa n abcontoTHa. Ho cnpaBeanueocTb NogobHoro gosoaa
OYeHb COMHUTESIbHA, TaK KakK BCAKask UCTUHA, BKMOYasi U1 eCTeCTBEHHOHAyu-
HYl0, BCerga OTHOCUTENbHA MO OOBEKTUBHBLIM M CYOBLEKTMBHBLIM MPUYUHAM.
Kpome Toro, ganeko He Kaxaasa UCTUHA HyXXHa Nasm, O YeM XOpOoLLO cKasan
dmnocod A. LLoneHrayap: «Bbl npeBOo3HOCUTE OOCTOBEPHOCTb U TOYHOCTb
MaTeMaTUKN, HO 3a4eM MHE C JOCTOBEPHOCTbLIO 3HATb TO, YTO MHE 3HaTb He
HY>KHO?».

1.3. MeToAabl NO3HaHUA NpUpoAbI

MeToabl Hay4yHOro NO3HaHUS NPUPOAbI AatdT BO3MOXHOCTb MpU orpe-
AerneHHbIX ycrnoBusax genatb obobuieHne dakTtoB, popmMmynmpoBatb obLine
BbIBOAbI N NpoBepATb UX. CyLLeCcTBYIOT criegyowme MeTogbl NO3HaHUS Mpu-
poabl:

1) HabnodeHue. ITOT MeTo4 UCTOPUYECKM nosiBUncs nepsbiM. [pu Ha-
6rnogeHMn YenoBek He BMeLLIMBAETCA B U3ydaeMbln npouecc. B 3Hauntenb-
HOW Mepe HabnwgaTenbHbIMU HayKaMn SBMAKTCA aCTPOHOMUS, MEeTEOPOSIo-
M4, KNnMMaTonorna n MHorne apyruve. Pesynbtatel HabnogeHun 6oiBatoT Ka-
YeCTBEHHbLIMWN N KONUYECTBEHHbIMW. HabnioaeHuss nomoratoT yCTaHOBUTb UC-
XoOHble Ans Hayku paktbl. C Hero Ha4YMHaeTCs N3ydYeHus sSBreHnn Npupoabl,
HO 9TUM He 3aKaH4MBaeTCs;

2) 3KcriepuMeHm — Hay4HO NOCTaBIIEHHbIN ONbIT B TOYHO YYUTbIBAEMbIX
ycnosusax. Npu HabnogeHun 9TO He Bcerga MMeeT MeCTO. OKCNepuMeHT
npegnaraeT CTPOro KOHTponvpyemoe, uerneHanpaBfneHHoe U akTUBHOE BO3-
AEenCTBUA nccregosaTtesnis Ha nsdyvyaemMbll OObEKT ONS BbISBIIEHUA N U3y4ye-
HWA TeX UMW UHbIX CTOPOH, CBONCTB, CBA3EN. JKCNepuMeHT obnagaet 6onb-
LUMMWN BO3MOXHOCTSIMU MO CpaBHEHUIO C HabnwgeHnem, n B 3TOM CMbICIe
aBnseTca bonee nporpeccusHbIM. poBeaeHne aKkcnepuMeHTa npegnonara-
eT ero nnaHupoBaHWe, NOCTPOEHME, KOHTPOSb, MHTepnpeTauuo pesynbTra-
TOB. OKCNEPUMEHT npecnenyeT ABe B3aMMOCBA3AHHbIE LieSn: OMbITHYIO Npo-
BEPKY rmnotes n oopmMmpoBaHMe HOBbIX Hay4HbIX rmnoTes. o cBoumM oyHK-
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LUMAM SKCNEepUMEHTbI OeNnATCs Ha: uccnegoBaTtenbCckue, NpoBepoYHble (KOH-
TPOnbHbIE), BOCNPOM3BOASLLME, n3onupytowme. Mo Tuny n xapakrepy nccne-
AyeMbIX 06BHEKTOB BbIAENAT: couuanbHble, XUMUYeckme, buonornyeckme u
dom3nyeckme 3KCNepuMeHThI.

B HabniogeHun n akcnepumeHTe, npexae BCero, U3yyarTca ecTecT-
BeHHble 0ObEeKTbl, YTO HEe Bcerda BO3MOXHO U MO3TOMY BO3HMKaeT Heobxo-
ANMOCTb ONoCpeaoBaHHOIo U3y4eHns 06bLEKTOB Npu NOMOLLM Moaenen;

3) meopusi — 0606LwaeT 1 cornacoBbiBaeT AaHHble HADNIOAEHUI U SKC-
nepumeHToB. OHa, KaK npasurno, ycmaHasesueaem KOJIU4eCmBEeHHbIe 3aKo-
HOMepHOCMU N NO3TOMY SABNSETCS MaTeMaTuanpoBaHHOW. KayecTBEeHHbIMU
MOryT BbITb UICXOOHbIE UAEWN, aKCUOMBbI, NOCTYNaThl U T. .

LLInpokoe pacnpocTpaHeHne B COBPEMEHHOW HayKe MomyYusi MbICu-
TenbHbIA 3KCMEPUMEHT — CUCTEMA MbICIIUTENbHbBIX Npoueayp, NPOBOAUMbBIX
Hag naeanuampoBaHHbIMU OB6bekTaMu. MbICNUTENBbHbBIA 3KCNEPUMEHT — 3TO
TeopeTnyeckaa Moaenb 3KCrnepuMeHTanbHbIX CUTyaunn. 34ecb yYeHbIn one-
pupyeT He peanbHbIMW NpegMeTaMn U YCIOBUSIMU UX CYLLECTBOBaHMUSA, a UX
KOHUenTyanbHbIM1 obpasamu;

4) modenuposaHue — uccrnegoBaHne siIBNEeHUn, NpoueccoB, 06BHLEKTOB
nyTeM MOCTPOEHNA N n3yyeHuss ux mogenen. Mogenb — 3TO UCKYCCTBEHHO
CO3[aHHbIN OOBbEKT B BUAE CXEMbI, YepTexa, Normko-maTeMaTn4ecknx 3Hako-
BbIX (hopMyn, OM3NYECKON KOHCTPYKUUKU U T. M., KOTOPbIN, Byayyn nogobeH,
nccnegyemomy obbekty, otobpaxaeT U BOCNPOU3BOAUT CTPYKTYPY, CBONCT-
Ba, OTHOLUEHMSI N CBA3N MEXAY dneMeHTaMu nccnegyemoro sienexHust B 6o-
rnee NpocToM, YMEHbLUEHHOM BUAE.

Mogenu 6biBaloT HaTypHbIE U TeOpeTUYECKHe.

[Mpy NpoekTupoBaHMM OBBHLEKTOB MCMNONb3yeTca NpuHUMN nogobusa ans
CO3[aHusA UX YMEHbLUEHHbIX HamypHbIX mMoodesied (Harnpumep, Mogenb 3aa-
HUS, camoneTa).

Teopemu4yeckasi MoOesib — ynpouleHHas, abCcTpakTHasa KapTuHa daBne-
HUA NpMpoabl UK npouecca (Hanpumep, U3ydasa OBMXKEHUE pearnbHOro Tena,
€ro 4yacTo paccMaTpuBalOT Kak MaTepuarnbHYyH TOYKY).

Ha ocHoBe pacCMOTPEeHHbIX MEeTOLOB Hay4yHOro no3HaHuUs Npupoabl
CTpoOUTCA MemoOosioausi HayKu:

1) Hayka HauYMHaEeTCHA C HaKOMNeHUs AaHHbIX HabnaeHun N aKcnepu-
MEHTOB;

2) Teopus ocyuiecTBnseT 0600LLeHne N 06bACHEHME HAKOMMEHHbIX OaH-
HbIX, @ TaKKe npeackasbiBaeT HoBble 3pekTbl, 0cobeHHoCTM U T. a. Ecnu
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[0 Hee cyllecTBoBana apyrasa 6onee npocrasi Teopusl, To NOCNEAHAS OOMK-
Ha ObITb NpeaernibHLIM Cly4aem HOBOW TEOPWUMU;

3) npenckasaHus Teopun NPOBEPSIIOTCA B HOBbIX HAONIOOEHMAX U 3KCre-
PUMEHTaX;

4) coOTBETCTBME TEOPUN HAbNIOEHUAM U 3KCNEPUMEHTY CBUAETENbCT-
BYeT O ee npaBWUibHOCTU. [103TOMY KpUTEPUEM WUCTUHBLI SIBNSIIOTCA OMbIT U
SKCMEPUMEHT;

5) ecnn aKkcnepuMeHT He NOATBep)XaaeT OTAeNbHble NpeackasaHus Teo-
puUn, ee KOPPEKTUPYHOT, A0BUBaAsACb Cornacusi C OnbITOM.

1.4. CDpr,ameHTaanble NMPpUHUMNDbI N 3aKOHbI NpUpoAabl

dusnka sBMNSETCA OCHOBOW eCTeCTBEeHHbIX Hayk. OHa cocTaBndeTt oc-
HOBY ecTeCcTBO3HaHus. B cooTBeTCTBUM C pasHoobpasnem nsydaembix popm
MaTepun 1 ee OBWXEHUS OHa nogpasfenisetcd Ha ou3uKy nnasmbl, puU3nky
afieMeHTapHbIX YacTul, saepHyro ousnky, ousnky Teepaoro tTena v T. 4. Ha
ee CTblke C APYrMMnN eCTeCTBEHHbIMU HayKaMn BO3HUKNN Buodmamnka, acTpo-
dusunka, reodpmsnka, pusndeckas Xumuna v ap.

OOHa u3 2naeHbIx 3a0ay PU3NKU — 8bisie/IeHUe caMoz20 pocmozo U
camoeo obwezo 8 npupode.

B coBpeMeHHOM eCcTeCcTBO3HaHWW NoA cambIM rpPocmbiM OBbIYHO Mpu-
HATO MOHUMATb NEpPBUYHbIE OOBLEKTLI: MOSIS, dNEeMEHTapHbIe YacTuubl, aTo-
Mbl, MONEKYnbl, a Nog, caMbiM O0bwuM — OBMKEHWNE, NPOCTPAHCTBO N BPeEMS,
SHEepru n T. .

®dusnka nsyvyaeT pasHoobpasHble ABNEHNA N 0OBEKTbI NPUPOoabl, N NpK
9TOM C/I0KHO€ €c800UMCS K MpOCmMOoOMYy, a KOHKpemHoe — K obwemy. Takum
obpasom, ycTaHaBnNUBAKTCA YHUMBepcarbHble (yHOAMeEHTarbHble 3aKOHbI.
Nx cnpaBeanuBoCTb MOATBEPXKOAAETCA KakK B 3€MHbIX YCIIOBUSX U B OKOJIO-
3eMHOM KOCMWYECKOM MNPOCTPaHCTBE, Tak N BO Bcen BceneHHon. 1o aABNgd-
eTCA OOQHUM U3 BaXXHEWLUMX NPU3HaAKOB PU3MKM KaK dyHOAMeEHTarlbHOW Hay-
Kn. dnsmke npuHagniexut ocoboe MecTo cpefu eCTeCTBEHHbIX HayK, U ee
NPUHATO cHumMame 51UOepPOM eCmecmeo3HaHUs.

B HacTosee BpeMdA M3BECTHO OONbLIOE KOMUYECTBO €CTECTBEHHbIX
HayK, KOTOpble OTpaXalT camble pa3Hble CBOMCTBA PasfnnYHbIX OObEKTOB OK-
pyXatoLien Hac npupoabl. Nx knaccudpukaumsa n nepapxma Bcerga MHTepeco-
Banu uccnegosaTternen.
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OcHoBHast 0COGEHHOCTb pa3BUTUSA COBPEMEHHON (OU3NKM 3aKntovaeTcs
B TOM, YTO Hapsigy C Knaccu4eckMMu, pas3BMBaloTCA KBaHTOBbIE NpeacTaBrie-
HWUsi O NPUPOAE M CBOWCTBAXxX BELLECTBA, HA OCHOBAHWUM KBAHTOBOW MEXaHWUKM
OOBACHSIIOTCS MHOTME NPOLECCHI, MpoMCXoasLime B MUKPOMUPE — B aToMe,
aope M anemMeHTapHbIX Yactuuax. Ha aton ocHoBe MOSBUNUCH HOBbIE Ha-
NpaBneHns B COBPEMEHHON u3nke: KBaHTOBasi Teopusi TBEpAOro Tena,
KBAHTOBas 3NeKTpoANHaMMKa, KBaHTOBas ONTMKa U MHOTME Apyrue.

1.4.1. Mamepus u dsuxxeHue, epeMsi U NPocmpaHcmeo

OaHoM 13 rnaBHbIX 3a4ad eCTeCTBO3HaAHUSA ABMSIETCS CO34aHue ecTecT-
BEHHOHAY4YHOW KapTWUHbI MUpa B BUAe YNOpAgOYEHHOW U LEeNnOCTHOW CuUcTe-
Mbl. [Ina peweHns aTon 3agayvn 6biiv BBEAEHbI N B HacTosILEee BPEMS UC-
NoNb3ylTCA abCTpakTHbIE U 00LME TEPMUHBI-MOHATUSA: MaTepus, OBUXKEHNE,
BpeMS 1 NPOCTPaHCTBO.

Mamepus — dyHOameHTanbHoe huamyeckoe nNoHATUE, — 3TO MHOI000-
pasne BCero, YTo AENCTBYET Ha OpraHbl YyBCTB YenoBeka 1 apyrme ob6bLekThbl
(Mpsasmo nnn koceeHHo). OKpyXatowasi Hac npupoga, Bce, UYTO CyuwecTByeT
BOKpYr, aBnset cobon mateputo, MaTtepmna ToxgectseHHa peanbHocTn. OHa
BKIto4aeT B cebda Kak HenocpeacTBeHHO Habnwaaembie Tena n 00beKTbl OK-
pyXarLien Npupoabl, Tak N He AaHHbIE NI0AAM B UX OLLYLLEHUAX.

Qu3suyeckue S8/1eHUSI — 3TO UBMEHEHNSA BO BPEMEHMW, NpoMcxogsume ¢
pasnuyHbiMKU popmMamMm MaTepun.

OcHoBHOM 3agaven OU3NKK SABMNAETCA ONUCaHME CBOWCTB pPasfiyHbIX
BUOOB MaTeEpUN N ee B3auMOOENCTBUA.

[(MaBHOE M HEOTbEMMEMOE CBOWCTBO MaTepun — aBwxeHune. bes 0su-
XKEeHUs He cywiecmsyem Mmamepuu, u Haobopom.

LsuxeHue mamepuu npeactaBnseT cobon BCSAKME U3MEHEHUS, KOTO-
pble MPOUCXOOAT C MaTepuanbHbIMM 0bbeKTamu Npu nx edaumodelcmeauu. B
OKpy>KatoLeM Mupe HabnogaTca pasHble BUAbl ABMKEHNA MaTepUN: Mexa-
Huyeckoe, kornebaTtenbHOEe, BOSIHOBOE, PaBHOBECHbLIE W HeEpPaBHOBECHbLIE
NpoLeCChI, TENSIOBOE ABMXKEHNE aTOMOB U MOSEKY, SAepHble U XUMUYECKNE
peakuum, pasBuTUE XNBbIX OPraHN3MoB, 3KOCUCTEM, Bruocdepbl 1 ap.

N3 maTepumn obpasyeTcs CnoxHas mepapxumyeckas cuctema matepu-
anbHbIX OOBLEKTOB pa3sHbIX MaclTaboB 1 cnoxHoctu. Mamepusi ecez0a ume-
em ¢bopMy, OHa He Moxxem cyuecmeogame 8 becchopmeHHOM sude.
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OcHoBHast 0COBEHHOCTb €CTeCTBEHHOHAY4YHOro MO3HaHUA COCTOUT B
TOM, YTO ON1S YYeHbIX NPeacTaBnsioT MHTEPEC KOHKPETHbIe BUAbLI MaTepum m
ABWXEHNS, CBOMCTBA pa3HbIX MaTepuarbHbiX OOBbEKTOB, NX XapaKTEPUCTUKN,
KOTOPbIE MOXHO U3MEPUTb C MOMOLLLIO NPUBOPOB.

B HacTtosillee BpemMs B eCTeCTBO3HaHMW uccriegoBaTenn pasnuyarot
crnegywowme Bnabl MaTepUn: BELWECTBO, M3ndeckoe norne n pusndecknin sa-
KyyM.

Bewecmeo npeactaBnseT cobon rnaeHbIM BUO MaTEPUN, KOTOPbIN 00-
nagaeT mMaccon nokos. BellecTBeHHbIMN O6bekTaMn SABNAKTCA aTOMbl, MO-
NeKynbl, 3fIEMEHTapPHbIE YacTuubl U pasnuyHble MaTepuanbHble 0ObEKTHI,
obpasoBaHHble N3 HUX. B XxuMmnyeckon Hayke Bce BuAbl BewlecTBa OenaTcd
Ha NPOCTbI€ (COCTOAT N3 aTOMOB O4HOI0 XMMUYECKOIO 3f1IEMEHTA) U CINOXHbIE
(MX Ha3bIBalOT XMMUYECKMMN coeanHeHusimu). CBOMCTBA BellecTBa onpene-
NAKTCA BHELWHUMU YCITOBUAMW U MHTEHCUBHOCTbLIO B3aUMOLENCTBUS aTOMOB
N Monekyn. 9To obycrnosnuBaeT TPWU pasHble arperaTHble ero COCTOAHUS:
TBEpPOOE, Xuakoe n razoobpasHoe. [pn cpaBHUTENBHO BbICOKMX TeMneparty-
pax popmupyeTtca nnasma. [lepexon BellecTsa U3 O4HOIO COCTOSHUA B ApY-
roe NPUHATO paccMmaTpmuBaTb Kak O4WH U3 BUOOB ABWXEHUS MaTepun.

Qu3su4yeckoe rosne npegcrasnger cobon ocobein Bug matepun. OHO
obecneunBaeT B npupoade uamMyeckoe B3aMMOAENCTBME MaTepuanbHbIX
00beKTOB U nx cuctem. M3BecTHbl crnefyrowme omsndeckme nonsg: rpaButa-
LUMOHHOE, 3MIEKTPOMAarHMTHOE, nosne SIAEPHbIX Curl, BOSTHOBblIE (KBAHTOBLIE)
nosisi, COOTBETCTBYHKOLUME pPasfiMyHbiM YacTuuam. B coBpemMeHHOM ecTecTBO-
3HaHUM CUYUTAETCH, YTO UICMOYHUKOM (bU3UYECKUX rosied BbICTYyNarT pasHble
yacTuubl (Hanpumep, B cnyvyae 3rnekTpoMarHUTHOro Noss — 3TO 3apshKeHHble
yactuubl). CozgaBaeMble YacTUuaMn Usndeckme rnonst NEPEHOCAT C KOHeu-
HOM CKOPOCTbLIO B3amMoLencTteue mexay Humu. B coBpemMeHHOW KBaHTOBOM
Teopun B3aMMoOENCTBME Bbl3blBaeTCsd 0OOMEHOM KBaHTaMu Nong Mexagy 4ac-
TULAMM.

Qu3sudyecKkul saKyym — 9TO HM3LIee 3HepreTmdeckoe COCTOsIHWE KBaH-
TOBOro nossi. AToT TepMUH ObiN BBeAdeH ANnst 06bACHEHNA psiga MUKPOMPO-
LLeCCcoB B KBAHTOBOW Teopuun nonsa. CpegHee 4mcro Yactul, (KBaHTOB Mons) B
BaKyymMe paBHO HYJI0, HO B HEM MOTYT POXAaTbCs BUPTyalbHble YacTuubl,
CYLLECTBYIOLWIME KOPOTKOE BPEMS (YacTULbl B NPOMEXYTOYHbLIX COCTOSAHUSX).
OTM YyacTMubl OKasblBalOT BUsIHNE Ha dm3ndeckne npoueccbl. B dusnye-
CKOM BaKyyMe MOryT poXxaaTbCd napbl YacTula—aHTu4acTuua pasHblX TUMOB.
B HacTosiLee BpeMsi NOATBEPXKOAEHO 3KCrNepuMeHTarbHO, 4YTO npu 60MbLLION
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KOHLUEHTpaumMn 3Heprum (ouUsndecknin Bakyym MOXeT B3auMOoOenCcTBOBaTb C
peanbHbiMK YacTuuamu. B coBpeMeHHOM Hayke npegnonaratT, YTo n3 du-
3MYECKOro Bakyyma, KOTOpbI Haxoausica B BO3OY>KAEHHOM COCTOSIHMMK, obpa-
3oBanacb BceneHHas.

B okpyxatowem Mmupe HabnogatTca passiuyHbie 8ulbl O8UXEHUST Ma-
mepuarsbHbix 06bekmos. X MOXHO KrnaccuduumpoBaTb, y4MTbiBas U3MeEHe-
HUS CBOWCTB MaTepuaribHbiX OOBbEKTOB (BKMNOYas MX BO3OENCTBUS) HA OKPY-
Xarouyto npupoay, Hanpumep:

e MeXaHWYecKoe OBUXKEHUE;

e KonebartenbHOE OBUXEHUE;

e BOJIHOBOE [BWXEHWE;

e pacnpocTpaHeHue N N3MeHeHue pasnnyHbIX nonewu;

e TennoBoe ABWXEHNEe aTOMOB 1 MOSEKYIT,

e paBHOBECHbIE N HEPABHOBECHbIE NPOLIECCHI B MakpocUcTeMax;

e (asoBble nepexodbl Mexay arperatHbIMU COCTOSHUAMW (nnasne-
HWe, napoobpasoBaHue 1 ap.);
pagvoakTUBHLIW pacnag;

XUMNYECKME N ALOEPHbIE Peakuunu;
pasBUTUE XMBbIX OPraHN3MoB 1 Buocepsl;

e J3BOSIOUMA 3BE3[, ranaktuk n BceneHHom B Lienom.

B ecTecTBO3HaHUM MPUHATO cUUTaTb BCEOOLMMU YHUBEPCASIbHLIMU
opmamu cywecmeogaHusi U 08UXEHUSI Mamepuu 8peMsi U npocmpaHcmaeo.

MaTepunarnbHble 06beKTbl ABMXKYTCS (Kak MPOUCXoaaT U pasHble pearib-
Hble NPOoLeCcChbl) B NPOCTPaAHCTBE U BO BPEMEHU.

BaxHenwass ocobeHHOCTb eCTeCTBEHHOHay4YHOro npeacrasfieHna 06
9TUX MOHATUAX 3aKIKOYaeTCs B TOM, YTO BPEMS U MPOCTPAHCTBO MOXHO OXa-
pakTepn3oBaTb KOSIMYECTBEHHO C MOMOLLbIO NPUBOPOB.

Bpewmsi ebipaxkaem rnopsi0oK cMeHbl hu3udecKux CoCmosiHUU N ABnsaeT-
Ccs 0ObEKTUBHOW XapaKTepucTukomn noboro npouecca nnu asneHnd. Bpema —
OLHO M3 OCHOBHbIX MOHATUA PUNOCOPUN U (PU3NKKU. JTO YCNOBHAA CpaBHU-
TenbHas Mepa ABMKEHNA MaTepUn, a TakKe OHa N3 KoopaMHAT KOHTUHUYMa
NPOCTPaHCTBa-BpeEMEHU, BOOMNb KOTOPOW MPOTAHYTbI MUPOBbIE NMHUU PU3M-
Yyecknx Ten. Bpems — 310 TO, YTO MOXHO U3MEPUTH C MOMOLLIbIO MHOMMX pas-
NNYHbIX NpUBOPOB.

B konnyectBeHHOM (METPOSIOrM4YECKOM) CMbICIIE MOHATUE BPEMA NMEET
TpW acnekra:
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1) KoopanHaTbl COBbITUA Ha BpeMEHHOW Ocu. Ha npakTuke 9TO Tekyuiee
BpeM4: KaneHgapHoe, onpegenisemMoe rnpaBuiiamMmu KaneHgapsa, n Bpems Ccy-
TOK, onpenensiemMoe Kakom-nmbo CUCTEMOW CYUCHEHUS BpeMeHU (MpuMepsbl:
MeCTHO€E BpeMs, BCEMUPHOE KOOPAUHMPOBAHHOE BpeMs 1 Ap.);

2) OTHOCUTENbHOE BPEMS, BPEMEHHOMN MHTEpBan Mexay OBYMsS CoObl-
TMSAMU;

3) cyObEKTUBHbBIN NapamMeTp Mpu CpaBHEHUM HECKOSbKMX pa3HO4YacToT-
HbIX MPOLECCOB.

BpemeHHaa xapakTepucTuka pearnbHbIX NMpoLeccoB OCHOBbIBAETCS Ha
noctynaTte BpeMeHU: OAUHaKOBble BO BCEX OTHOLUEHUSX ABJIEHUA MPOMUCXO-
AAT 32 0QMHAKOBOE BpeEMS.

B coBpemMeHHOM ecTeCTBO3HaHWW CYMTaAETCH, YTO BpeMd Bcerga OTHO-
cuTeneHo. 3 Teopum OTHOCUTENBHOCTU criegyeT: 1) npu CcKOpocTH, Brn3Kou
K CKOPOCTM CBeTa B BakyyMe, BpeMsa 3aMegnaeTcd — NpoucxXoauT pensaTuBum-
CTCKOE 3aMeffieHne BpeMEHU; 2) CUITbHOE Nosie TAroTEHNA NPUBOAUT K rpa-
BUTALNOHHOMY 3aMeneHnto BpeMeHU. B 0BblYHbIX 3€MHbIX YCNOBUAX Takme
adrpeKTbl Ype3BLIYANHO Marbl.

BaxHenwum CBOMCTBOM BpeMeHW SABNAeTCA e20 Heobpamumocms.
[Mpownoe BO Bcex getansx u noapobHOCTSAX Henb3s BOCMPOU3BECTU B pe-
anbHOW XN3HWN — npoLlunoe 3abbiBaeTcd. Bpema ogHoHanpasreHo (roBOPAT O
«CTperie BpeMeHn»).

[To coBpemeHHbIM npeacTaBneHnsaM Heobpamumocmbe 8peMeHuU oby-
CNoBJiIEHa CMNOXHbIM B3aMMOLENCTBMEM MHOXeCTBa MPUPOAHLIX CUCTEM, B
TOM 4Yucne aToMOB M MOJSEKyn, U CUMBONUYECKN obo3HavaeTca cmpesiol
8peMeHU, «neTsaLweny Bcerga ns npownoro B dyayuiee.

HeobpaTnMoCTb pearbHbIX NPOLIECCOB B OKpYXXalLlen Hac npupoae B
TepMOoANHaMUKe CBA3bIBAKT C XaOTUYHbIM ABMKEHNEM aTOMOB U MOJSIEKYIT.

[MoHATWE npocmpaHcmea ropasfgo CroXXHee NOHATUS BpeMeHu. Pearb-
HOe NPOCTPaHCTBO B OT/IMYME OT OAHOMEPHOrO BPEMEHU, UMEET TPU n3Me-
PEHUsI, TO €CTb OHO MPEXMEPHO.

B TpexmepHOM npoCTpaHCTBE CyLWeCTBYeT MaTepud, BbIMOMNHAKTCA
dyHOaMEHTarbHbIE 3aKOHbI NPUPOAbI.

B coBpemMeHHON Hayke CyLLeCTBYIOT rMnoTesbl, COrfnacHO KOTOPbIM Npo-
CTpaHCTBO BceneHHoM MMeeT MHOro M3MepEeHUn, XOTS U3 HUX Hawu Op2aHsbl
4yyecme criocobHbl owywams mMoJsibKO mpu.

Mo aHanoruu ¢ abcontoTHbIM BpeMeHeM U. HbloToH BBEN noHATME ab-
COJTIOMHO20 MpocmpaHcmea, KoTopoe CyLleCcTByeT He3aBUCMMO OT Haxoas-
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LLMXCA B HEM (pm3N4ecknx oBBLEKTOB M MOXET OblTb COBEPLLUEHHO MYCTbIM,
ABMASACH Kak 6bl MMPOBOW apeHOoW, rae pasbirpbiBaloTcs omsmnyeckne npoec-
cbl. CBONCTBa NpoOCTpaHCTBa onpefensiTca reometpuen EBknnga. Takoe
npegcrasneHne o NpoCTPaHCTBE NEXUT B OCHOBE MNPaKTUYeCKOW OeATerbHO-
ctn nogen. Nycrtoe NpocTpaHCTBO MaeanbHO, B TO BPEMSA KaK pearibHbIN OK-
pY>XatloLMN HAaC MUP 3anofIHEH PasfnnYHbIMU MaTepuarnbHbIMU OBbEKTaMMU.

NpoeanbHoe npocTpaHCTBO ©e3 MaTepuarnbHbiX OOBLEKTOB JIMLIEHO
CMbICNa faxe, Hanpumep, Npu OnMcCaHUM MEeXaHUYEeCKOro OBWXEHUS Tena,
OS5 KOTOpPOro Heobxo4MMOo yKasaTb OpYyroe Teno 8 kayecmee cucmembl Om-
cyema. MexaHu4eckoe OBWXeHWe Tern OTHOCUTENbHO. ABCOMOTHOrO ABMXe-
HWA, Kak 1 abCcoNTHOro NOKos Ten, B NpUpoe He CyLleCcTBYeT.

[MpocTpaHCTBO, Kak 1 BpeMsi, OTHOCUTESTbHO.

CornacHo Teopun OTHOCUTENBLHOCTU, BCceneHHas umeeT Tpu npocTpax-
CTBEHHbIX U3MEPEHUs N OOHO BPEMEHHOE U3MepeHne. JTU BCe 4YeTbipe U3-
MepeHUs CBsA3aHbl OpraHUYeckn B eQuHOEe Lenoe, ABMASAChL NoYTU paBHOMpa-
BHbIMW 1, B OnpeferieHHbIX paMkax, CnoCOOHbIMX nepexoauTb Apyr B Apyra
Npn CMeHe cuctemMbl OoTCY€Ta Habnwopatenem. 3 gaHHon Teopuu cnegyet
OTHOCUTENBbHOCTb OAHOBPEMEHHOCTWU ABYX COObITUI, MpOUCLUEALWNX B pas-
HbIX TOYKax MPOCTPAHCTBA, a Takke OTHOCUTENbHOCTb WU3MEPEHUN OJIVH U
WHTepBasioB BpeMeHU, NPOU3BEOEHHbIX B pa3HblX cUCTeMax oTcyeTa, ABU-
XyLmxcsa oTHocuTenbHO Apyr gpyra. CneumansHas Teopusi OTHOCUTENbHO-
CTN obbeanHua NPOCTPaHCTBO U BpeMSI B €0UHbIU KOHMUHYYM rpocmpaH-
cmeo — gpems. OCHOBaHUEM S5 TaKoro o0beANHEHUSA CIYXUT MPUHLNMN OT-
HOCUTENbHOCTM N NOCTYyNaT O NpeAenbHON CKOPOCTU nepefayn B3avmopemn-
CTBMA MaTepuarnbHbIX OOBLEKTOB — CKOPOCTU CBeTa B Bakyyme, NpuMepHO
paBHon 300 000 km/c.

Cuutaetcs, 4To B pamkax obLien Teopum OTHOCUTENbHOCTU NPOCTPaH-
CTBO-BpeMs MMeeT eNHY AnHaMunyeckyto npupogy. Ero Bsanmopencteume
CO BCEMW OCTallbHbIMU PU3NYECKUMN OObeKTamMu (Ternamu, nofisgMmmn) — ecTb
rpaButauus. Teopua rpasMtaumm B paMmkax 3Ton 1 Apyrux MeTpuyeckmx Teo-
pUN rpaBUTaUun ecTb TEOPUSA MPOCTPaAHCTBA-BPEMEHU, NONaraeMoro He nro-
CKMM, @ CNOCOOHbIM JMHAMUYECKN MEHATH CBOKO KPUBU3HY.

B cooTBeTCTBMM C COBpPEMEHHLIMU NpeacTaBfEHUSMU MPOCTPAHCTBO-
BPEMSI HEMNPEepbIBHO M C TOYKM 3pEHUA MaTemaTuku npeacTtaBnseTr cobou
MHoroobpasue ¢ JlopeHueBon meTpukon [6].

B cooTtBeTcTBUM C 0obLen Teopum OTHOCUTENBHOCTU CBOWCTBA MpPO-
CTpaHCTBa — BPEMEHW 3aBUCAT OT HanMyus matepuarnbHblXx 06bekToB. JTtobon
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MaTepuanbHbIn OBBLEKT UCKpuessisiem pocmpaHcmeo, KOTOPOEe MOXHO Onu-
caTb He reomeTpuen EBknuaa, a cdepuyeckon reometpmnen PumaHa nnum ru-
nepbonnyeckon reometpuen Jlobayesckoro. lNpennonaraeTcs, YTO BOKPYr
MacCCMBHOIro Tena npu oYeHb 60MbLION NSIOTHOCTU BeELlecTBa MUCKpUBNEHME
CTaHOBUTCS HaCTOJSIbKO CYLLECTBEHHbIM, YTO NMPOCTPAHCTBO — BpeMS Kak Obl
«3aMblkaeTca» foKanbHO caMo Ha ceb4d, oTaenas gaHHoe Teno OT ocTalb-
Hon BceneHHon n obpasysa YyepHyl Ablpy, KoTopas nornowaeTr matepuans-
Hble OOBbEeKTbl M 3MEKTPOMarHUTHOE u3nydeHne. Ha MOBEPXHOCTU YepHOW
Ablpbl ANS BHeLWHero HabrnogeHus Bpemsi Kak 6bl ocTaHaBnveaeTtcsa. B co-
BPEMEHHbIX NpeAcTaBneHUssX B eCTeCTBO3HaHUM npeanosiaraeTcd, 4YTo B
LeHTpe Hawen [[anakTukn HaxoguTca orpoMHas dYepHas ablpa. CyuiecTtByer
N apyras Todka 3peHus. 3BeCTHbI POCCUNCKNA ydeHbin JloryHoB A. A. yT-
BepXOaeT, YTO UCKPUBIEHNSA MPOCTPaHCTBA-BPEMEHN HET, a MPOUCXOOUT UC-
KpUBNEHUE TpaekTopun OBWXKeHUst 06bekToB, 0BYyCNoBrEHHOE N3MEHEHNEM
rpaBUTaLMOHHOrO Mons.

1.4.2. lNMpuHyunbI cogpemMeHHOoU pu3UKU

MpuHUKMN cummeTpuUn.

B Hayke nog cummeTtpuen noHMMaroT OQHOPOOHOCTbL, NMPOonopLMoHarb-
HOCTb, rapMOHMIO JTOBLIX MaTepuarbHbiXx 06BLEKTOB. [1pOTUBONOMOXKHOE MO-
HATUE — acummeTpus. Jllobon maTepuanbHbll OOBEKT COAEPXKUT 3NIEMEHTDI
CUMMETPUN N acuMMeTpun. PaccMoTpumM HEKOTOpbIE NPUMEPbLI CAMMETPUN B
du13KKe, XumMmn n Brosnornu.

B dusuke noHaTne cummeTpumn onpenensieTcsa Takum obpasom: ecnu
dM3nYEeCKME 3aKOHbl HE MEHSIOTCS Npu nNpeobpa3oBaHNAX, KOTOPbIM MOXET
ObITb NOABeprHyTa cuctemMa unm Ob6HLEKT, TO CYMTAETCH, YTO 3TU 3aKOHbI 00-
nagarwT cummeTpuen (MHBapmaHTHbl) OTHOCUTESbHO 3TUX Npeobpa3oBaHUi.

CummeTpumn pasgensoT Ha BHYTPEHHWE U NPOCTPaHCTBEHHO-BPEMEH-
Hble. [lepBble OTHOCATCS TOSTIbKO K MUKPOMUPY.

OcCHOBHbI€ NPOCTPaAHCTBEHHO-BPEMEHHbIE CUMMETPUMK CriefyoLme:

1) cdsue spemeHuU. \ameHeHne Hayana oTcyeTa He U3MeHsieT umanye-
CKMX 3aKOHOB. Bpems ogHOpoaHO No BCeMY NPOCTPaHCTBY;

2) cdsuz cucmemMbl omcyema rnpocmpaHcmeeHHbIX KoopduHam. Bce
TOYKM MPOCTPAHCTBA paBHOMpPAaBHbI, U MPOCTPAHCTBO O4HOPOLHO;

3) nosopom cucmembl omcyema npocmpaHcmeeHHbIX KOopOuHam co-
XpaHseT Pusmyeckne 3akOHbl — 3HaYUT, NPOCTPAHCTBO U3OTPONMHO;
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4) npuHyun omHocumesnsHocmu [anunesi yctaHaBnMBaeT CUMMETPULO
MeXay NOKOeM U paBHOMEPHbLIM NPAMOSIMHENHbLIM OBUXEHUEM;

5) obpaweHue 3HaKka 8peMeHU He N3MeHsieT oyHO4aMeHTanbHbIX 3aKO-
HOB B Makpomupe. B makpomupe HabnogaeTcss HeobpaTUMOCTb NPOLECCOB,
obycrnosneHHast X CBA3bI0 C HePaBHOBECHbBIM COCTOAHNEM BceneHHon.

CumMmmeTpun B XUMUKN NPOSABAAIOTCA B reOMeTpuYeckon KoHJUrypaumm
MONEKYN, YTO onpeaensier XMuMmyeckmne n usandeckme CBOMCTBaA MOSEKYI.
BOMbLWMHCTBO NPOCTLIX MOSEKYN UMEKT OCU CUMMETPUKU, NITOCKOCTU CUM-
meTpun. Hanpumep, monekyna ammmnaka NH; npencrasngeTr cobou npa-
BUITbHYIO TPeyronbHy nupamugy, mornekyna metaHa CH; — npaBunbHbIN
TeTpasgp. lNpeacraBneHna O CUMMMETPUM BaXKHbl NPU aHanu3e CTPOoeHUd
KOMIMMEKCHbIX COeANHEHUN, UX CBOMUCTB U NOBEAEHUA.

CummeTpum B Brosnornmn nsydarTca gaBHO. bonbluyto BaXXHOCTb Npea-
cTaBnsdeT CTPYKTypHask cuMmmeTpusa 6noobbekToB, KOTopasd MposiBAsSeTCs B
BNOE KaKoro-nmbo 3akOHOMEPHOro NMOBTOPEHUS. B XXuBoW npupoae Ha HU3-
LUMX Tanax pasBUTUA BCTpeYarTCHa npeacTaBuTenn BCeX KIacCoB TOHEYHON
CUMMETPUN — NMpaBUsibHbIE MHOTOrPaHHUKK, Wwapbl 1 T. 4. Ha 6onee BbICOKNX
CTYNeHAX 3BoMwouuM B nNpupode BCTpevarnTcss 6MoobbeKkTbl (KMBOTHbIE U
pacTeHusi) bonblle YacTblo C akcuarbHOW (XapaKTepusyrTCs OCblo CUMMET-
pun — Meaysa, UBeToK (pfiokca) n aktTuHoMopdHon cummeTpuen. lNocnegHue
XapakTepuaylTCa — OCbl0 CUMMETPUM U MepeceKkarLMMmUca Ha 3TOW OcCwu
nnockoctamm (Hanpumep, 6aboyka ¢ 4BYCTOPOHHEN CUMMETPUEN).

B npupoge n Hayke XopoLiO M3BECTHA CUMMETPUS KpUcTasnmnos, KOTO-
pas onpegenseTcad CMMMETPUEN NX aTOMHOIO CTPOEHUS. OTO CBOUCTBO Kpu-
cTanmnoB Kak 6bl coBMeLLaTbCA ¢ COBOM B pasfinyHbIX MOSTIOXKEHUSX MyTEM MO-
BOPOTOB, OTPaXeHuin, napansiesibHbiX NepeHoCoB.

Hemeuknm matematnkom 3. Hetep B Hadane XX B. 6bina gokasaHa
dyHOamMeHTanbHas TeopemMa, ycraHaBnmBawLllas CBA3b Mexay CBONCTBaMU
CAMMETPUN U 3aKOHaMU COXpaHeHus. Ee cyTb: HenpepbIBHbIMK Npeobpaso-
BaHUSMW B NPOCTPaHCTBE-BPEMEHU, OCTABMIAOLWNMN NHBAPUAHTHBIM LENCT-
BUe, ABNAKTCA: COABUI BO BPEMEHW, COBUM B MPOCTPAHCTBE, TPEXMEPHOE MNPO-
CTPaHCTBEHHOE BpalleHMe, YeTblpeEXMEPHbIE BpalLEeHUst B MPOCTpaHCTBe-
BpeMeHn. CornacHo Teopeme: U3 MHBapUaHTHOCTU OTHOCUTESNbHO cABUra BO
BPEMEHU crieaqyeT 3aKOH COXPaHEeHUs1 SHEPrUK; U3 MHBAPUAHTHOCTU OTHOCU-
TeNbHO MPOCTPAHCTBEHHbIX COBUIOB — 3aKOH COXPaHEHUs UMMNynbCca; U3 WH-
BapWUaHTHOCTN OTHOCUTESIbHO NPOCTPAHCTBEHHOMO BpaLLEHUS — 3aKOH coxpa-
HEHUST MOMEHTa MMMyJSibca; WHBApPUMAHTHOCTb OTHOCUTENbHO Npeobpa3oBa-
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HUA JlopeHua (4eTblpexMepHble BpalleHUs B MPOCTPaHCTBE-BPEMEHU) —
00006LLEHHbIN 3aKOH ABVMXEHMS LIeHTPa Macc — LEHTP Macc pPenAaTUBUCTCKON
CUCTEMbI OBUXETCH PAaBHOMEPHO U NPSIMOSNIMHENHO. OTa Teopema OTHOCUTCS
Kak K MpPOCTPaAHCTBEHHO-BPEMEHHbIM CUMMETPUSM, Tak U K BHYTPEHHUM: K
NpMMepy, Npu Bcex NpeBpalleHUsIX dNeMeHTapHbIX YacTul, cymma aneKkTpu-
YeCKMX 3apsa0B YacTuL, COXPaHSETCS HEU3MEHHOM.

MpuHUMN OTHOCUTENBLHOCTU

BaxHylo ponb B pasBUTUM €CTECTBO3HAHWUA Cbirpan NPUHLMN OTHOCK-
TeNbHOCTN, BNepBble COpMynnpoBaHHbIv . [anuneem ansg MexaHn4eckoro
ABWXEHNNA: MeXaHNYECKOEe ABMXEHMNE OTHOCUTENBHO, N €ro XapakTtep 3aBUCUT
OT CUCTEMbI OTCYETA.

CucTtema, B KOTOPOW BbINOMHSAETCS NepBbi 3aKoH HblOTOHa, Ha3biBaeT-
cs UHepuuanbHol cucmemol omcyema. Takast cuctema nnbo NoKouTcs, Nn-
60 ABMXETCS NPSIMOSIMHENHO N PaBHOMEPHO OTHOCUTESNBHO KaKOW-TO LpYyrom
CUCTEMbI, HEMOABWXHOWN UM OBMXKYLWENCHA NPSMOSIMHENHO N C NOCTOSIHHOM
CKOpPOCTblO. ECnn cuctembl oTcdeTa OBUXKYTCA OTHOCUTENbHO Apyr Apyra
paBHOMEPHO U NPSIMOSIMHENHO U B OAHOW U3 HUX CripaBeasiMBbl 3aKOHbl Ou-
HaMUKM HbIOTOHA, TO Taknme cUCTeMbl MHepumanbHble. Ons nHepumanbHbIX
CUCTEM BbINOSTHAETCA MexaHu4YecKul rnpuHyun omdocumernibHocmu [anunes:
BO BCEX MHepUMarbHbIX CUCTEMAX OTCYETa 3aKOHbI KITaCCUYEeCKOM OMHAMUKK
NMEKT OAVHAKOBYIO (POpMY, YpaBHEHMNA OUHAMMUKWU MPU nepexoae OT O4HOW
MHepunanbHON CUCTEMbl K ApYron He usmeHsiotcsa. B obobuweHHoMm Buae
NPUHLNN OTHOCUTENBHOCTM OOPMYNMPYETCS Takum 0bpasom: BCE MHepLM-
anbHble CUCTEMbI OTCYETa paBHONPaBHbI Mexdy CoOOM B OTHOLLUEHUM npoTe-
KaHuUsa bU3n4eckmx npoLeccoB, TO eCTb Pusnveckne npouecchbl He 3aBUCAT
OT paBHOMEPHOIO U NPSAMOSIMHENHOIO ABMXEHUSI CUCTEMbI OTCHETA.

BmecTe ¢ npuHUMNOM OTHOCUTENBHOCTU B (bU3nKe YyTBEPAUSTUCH MOHS-
TUSA UHBapuaHmMHocmu, UHeapuaHmos, cuMMempuu U Nx cBs3b C pyHOaMeH-
TanbHbIMM 3aKOHAMWN COXPaHEHMUS.

MHeapuaHmMHOCMb — 3TO HEU3MEHHOCTb (U3NYECKUX BEMUYUH UMK
CBONCTB OOBEKTOB MpMpodbl Npu nepexoge OT OOHOW CUCTEMbI OTcyeTa K
apyromn.

B cneumanbHOM TeOpUM OTHOCUTENBHOCTM NOCTYNUPYETCA MHBapUaHT-
HOCTb 3aKOHOB MPUpPOAbl U CKOPOCTU CBeTa B Bakyyme. 3aKOHbl NpuUpoabl w
CKOPOCTb CBETa HE U3MEHSAIOTCS B pesynbraTe npeobpaszoBaHni KoopanHaT U
BpeMeHu. CrieyuarsibHass meopusi 0mHocuUmesisHocmu BKITtoMaeT NocTynaThbl:
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1) npuHYyUNn omHocuMesIbHOCMU: HUKaKue OnbiTbl B JAaHHOW WHepuu-
anbHOW cucTemMe oTcyeTa He JaloT BO3MOXHOCTU OBHapYyXMUTb, MOKOUTCA Nn
aTa cucTema Unu ABuXKeTca paBHOMEPHO U MPSIMOSIMHENHO; BCE 3aKOHbI MNpu-
poabl MHBApWaHTHbI MO OTHOLLUEHUKD K nepexody OT OAHOW WHepuunanbHOW
CUCTEMbI K ApYrom;

2) npuHUUn uHeapuaHMHoOCMuU CKoOpocmu ceema: CKOpoCTb CBEeTa B Ba-
KyymMe He 3aBUCUT OT CKOPOCTU OBWXEHUS MCTOYHMKOB CBeTa Unu Habnwga-
Tens U ogMHakoBa BO BCEX MHeEPLUMArbHbIX CUCTEMAX OTcYeTa.

CnieyuanbHasi meopusi OmHOCUMEsIbHOCMU BbIXOAUT 3a paMKu Mpu-
BbIYHbIX KIaCCUYECKUX MNpeacTtaBfieHUn O MPOCTPAHCTBE U BPEMEHM, MO-
CKOSIbKYy OHM He COOTBETCTBYHOT MPMHUUMNY MOCTOSIHCTBA CKOPOCTU CBeTa.
[MpoCcTpaHCTBO 1 BpeEMSI B HEM HOCAT HE abCONIOTHbLIN, @ OTHOCUTENbHbLIN Xa-
pakTep. M3 cneunanbHOM TeopuM OTHOCUTENbHOCTU CreaykT HeOobblYHble
NPOCTPaHCTBEHHO-BPEMEHHbBIE CBOWCTBA: OTHOCUTESIbHOCTb ANWH U NpoMe-
XXYTKOB BPEMEHWN, OTHOCUTESNBbHOCTb O4HOBPEMEHHOCTU COBLITUIA.

Obwass meopusi omHocumesibHocmu — 3TO pas3BUTME cneumasibHOu
Teopun OTHOCUTEeNbHOCTU. N3 Hee cnefyeT, YTO CBOMCTBA MPOCTpaHCTBa-
BPEMEHU 3aBUCAT OT MNOSIS TATOTEHUS.

[Mpn nepexoge K KocMuMyecknm Mmaclitabam reomeTpmusa NPOCTpaHCTBa —
BPEMEHN MOXET U3MEHATbLCA OT OAHOM obracTu K opyrom e 3asucumocmu
om KOHUeHmpauuu macc mamepuarbHbix 06bekmos u ux dsuxeHusi. Cuuta-
€TCsl, YTO B Mone TAroTeHUsa NpPoCTpaHCTBO — BpeMs obradaem Kpugu3HOU.
Cnabou kpusu3He COOTBETCTBYET HbHOTOHOBCKasi rpaBuTauud, onpeaenser,
Hanpumep, asmwxkeHne nnaHeT ConHeYHon cucTeMbl. B curnibHbIx epasumayu-
OHHbIX 011X, CO34aBaeMblX MaCCUBHbIMU KOCMUYECKMMW OObEeKTamMu, WUC-
KpMBIiEHNE NPOCTPaHCTBA — BPEMEHU CTAHOBUTCSA CyLLECTBEHHbIM. [1pn 3TOM
ecnn Takon ob6bLEKT coBepLuaeT KonedbaTenbHoe uUnn BpallaTenibHOe ABUXEe-
HWe, KpueU3Ha rnepuoduyYecKku usMeHsiemcs. PacnpocTpaHeHne Takux name-
HEeHWI B NPOCTPaHCTBE NOpOXAaeT epasumalyUOHHbIE 8OJIHbI.

Mo coBpeMeHHbIM KBAaHTOBO-MEXaHNYECKMM NpeaCcTaBneHnaM nogobHo
TOMY, KaK anekTpoMarHuTHas BoSiHa npeactaBnsgeT cobon noTok (POTOHOB,
KBaHTOBaHME rpaBMTauMOHHON BOMHbLI COOTBETCTBYET rPaBUTOHY — YacTuue C
HyneBon Maccom nokosi. [1o HacTosILLEero BpeMeHU rpaBUTaLnNOHHbIE BOSHbI U
rpaBUTOHbI IKCMEPUMEHTaNbHO He oBHapyXeHbl. VIX obHapyxeHne aBnsetcs
OLHMM U3 HanpasfeHnn dyHaaMeHTanbHbIX eCTECTBEHHOHAY4YHbIX Uccrneno-
BaHW aCTPOHOMUN,
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MpuHUMNBLI HeonpeaeneHHOCTU U AONONTHUTENbHOCTU

CornacHo Knaccuyeckon MexaHuke nbas yactuua [OBWXKEeTCS Mo
onpeneneHHon TpaekTopun Tak, 4To B JIl06OM MOMEHT BPEMEHU MOXHO
onpenenuTb ee koopauHaTty n umnynsc. Mukpodactuubl, obnagatowmne Bos-
HOBbIMW CBOWCTBaMM, CYLLECTBEHHO OTNMYAlOTCA OT KNacCUYeCKUX 4vacTtuu,.
OOHO M3 OCHOBHBbIX PasfiNiyn COCTOUT B TOM, YTO HENb3S1 FOBOPUTL O ABUXE-
HUM MUKpPOYacTULbI MO onpeaeneHHoON TpaekTopmum u 06 O4HOBPEMEHHbIX TO-
YHbIX 3HAYEHUAX €e KoopAuHaTbl N MMNynbca. ATO criedyeT U3 KOpnycKynsp-
HO-BOJSTHOBOro Agyanuama. Hanpumep, noHaTne «4nuHa BOSTHbl B 4aHHOW TOY-
Ke NpopCTpaHCTBa» He uMMeeT (PU3MYEeCKOro CMbICra, a TakK Kak UMMynbc
onpegensaeTca 4Yepes ASIMHY BOSHbI, MUKpoYacTuua ¢ onpeaesieHHbIM nMmny-
NbCOM MMeEET HeonpeaeneHHy KoopAnHaTy 1 Ha oBopoT.

Hemeukun cdusuk B. NenseHbepr (1901 — 1976), yuntbiBasi BOSTHOBbIE
CBOWCTBaA MUKpOYacTUL, cpopmynupoBarn rnpuHyuUn HeoripedesieHHocmu: Mn-
KpodacTmua (MUKPOOBBLEKT) HE MOXET UMETb OQHOBPEMEHHO OnpeaesieHHbIN
UMNYNbC P U ONPeaeneHHY0 KOopAUHAaTY X, NMPU 3TOM UX HEONPeAENEHHOCTH
yOooBneTBopsAT ycrnosuio AX Ap = h. CornacHo npuHUuny HeonpeneneHHo-
CTEN, YeM TOYHee (PUKCMpyeTcs MMNyrnbC, TEM 3HaUYMTeNbLHee byaeTt Heorpe-
AEeneHHOCTb Mo KoopauHaTte, n HaobopoT. CooTHOLWEHNE HeonpeaeneHHo-
CTEWN BKNIKOYAET KrnacCcuyeckne xapakTepuCcTUKM OBMKEHUA YacTuubl (Koopam-
HaTy, UMNYNbC) C y4ETOM €€ BOSIHOBbIX CBOWCTB, OHO HE OrpaHn4MBaeT Mo-
3HaHMEe MUKPOMMpPA, a TOSIbKO YKa3blBaeT, HACKOSIbKO NPUMEHUMbI K HEMY MO-
HATUS U 3aKOHbI KITaCCUYECKON MEXaHUKN.

MpuHUMN HeonpeaeneHHOCTU sABNseTcs (PyHOaMeHTanbHbIM 3aKOHOM
MUKpomMupa. Ero MOXXHO cumTaTb YacTHbIM Bblpa)XeHneM npuHUuna gOnoSHU-
TENbHOCTW.

[MpuHyun oOornosHUMeNbHOCMU ABNSETCA OCHOBOMOMararwmm B CO-
BpemMeHHOM dm3unke. [oHATUE [ONOMNHUTENbHOCTU ObINO BBEAEHO B HayKy
H. bopom B 1928 r.: nonyyeHne aKcnepuMeHTasnbHbIX CBeAeHU 06 OOHMX
dr3nYEeCKMX BENMNYNHAX, KOTOPLIE ONUCLIBAOT MUKPOOOBHEKT (3r1eMEHTaPHYHO
yacTuuy, aToMm, MONeEKyny), Bcerga cBA3aHO € notepen nHdopmaumm o psae
APYrnX BENUYMH, OOMONMHUTENbHbIX K MEPBbLIM.

JTrogn B cBOEM OEATENBbHOCTU NPAaKTUYECKN BCerga onepupyroT npuHLn-
NoM OOMNOSHUTENBHOCTU. Hanpumep, Ona XapakTepUCTUKN MHOIMMX dounsnye-
CKMX MNPOLIECCOB WCMONb3YTCA OAHOBPEMEHHO [BE BESIMYMHbBI. Tak, npu
OLEeHKe OBWXEeHUA MmaTepuaribHOW TOYKM — KoopamHaTa TOYKN N ee CKOPOCTb.
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OpHa BenuuuHa Kak Obl JOMOoNHAEeT ApYryto. JTO XapakTepHO MpakTUYecKu
AN nobbiX ABMXKYLLMXCS MaTepuanbHbiX 06BHEKTOB.

Te coCToSAHUSA, B KOTOPbIX B3aMMHO AOMOMNHAKOLWME BENNYNHBI MOTMN Bbl
MMEeTb OOHOBPEMEHHO TOYHO OrpefeneHHble 3Ha4YeHUs, NPUHUUNManbLHO He-
BO3MOXHbI. [py 3TOM ecnu oHa M3 TakMxX BENUYMH TOYHO onpeferneHa, To
3HayeHna gpyron HeonpeneneHHbl. [oaTomy, hakTuyeckn npuHUMN Oonos-
HUTENbHOCTUN OTpaXkaeT OObeKTMBHbIE CBOMCTBA KBAHTOBbLIX CUCTEM, HE CBS-
3aHHble ¢ HabnogaTenem. B obwen dopme npuvHUMN JONOAHUTESNBHOCTU
opmMmynmpyeTca Tak: B 06racTu KBaHTOBbLIX SIBIieHUA Hanbonee obwime u-
3Myeckme CBOMCTBA Kakon-rmbo cuctemMbl A0STKHbI BbiTb BbipaXeHbl C MOMO-
b0 JONOSHSALWNX ApYr Apyra rnap He3aBUCUMbIX NEPEMEHHbIX, Kaxaas u3
KOTOpPbIX MOXeT ObITb Nnyylle onpefeneHa ToNbKO 3a CYET COOTBETCTBYHOLLE-
ro yMeHbLUEeHNS CTeneHn onpeaeneHHoCT Apyromw.

MpyHUMNBI NPUYNHHOCTU U COOTBETCTBUA

B knaccunyeckom npeacraBneHnm NpUHUMN NPUYNHHOCTM O3HAYaeT: Co-
CTOSAHME MeXaHU4YEeCKON CUCTEMbI B HA4aslbHbIn MOMEHT BPEMEHU C N3BECT-
HbIM 3aKOHOM B3aMMOLENCTBUS YaCcTuUL, eCTb rpuyUHa, a ee CoCTosiHMe B MNo-
cneayroLwwmn MOMeEHT — criedcmeue.

[Ons MUKPOOBBHLEKTOB B KBAHTOBOM MEXAHUKE MUX COCTOSIHUE MOJSTHOCTbIO
ornpegensaeTca BOSIHOBOM (PYyHKUMEN B AaHHbIN U NOCrefyrolmne MOMEHTHI
BpeMeHU. [MaBHas 0COBEHHOCTb KBAHTOBOW TEOPUN 3aKSlo4aeTCsl B BEPOST-
HOCTHOM NOAX0A4€e K ONUCaHMI0 COCTOSIHUS MUKPOYaCTULL.

[nsi KBQHTOBO-MEXaHNYECKOro OMMCaHNa MUKPOOBBHLEKTOB UCMOSb3YyeT-
cs BosiHOBaA oyHKums, BBegeHHaa 3. WpeanHrepom B 1926 r. Ee dumsnye-
CKYI0 MHTepnpeTaumto gan Hemeukun pmnsunk M. bopH (1882 — 1970): kBagpaTt
BOJTHOBOW (DYHKUMW onpeaernsieT BePOSATHOCTb HaXOXOEHUA YacTuubl B JaH-
HbIl MOMEHT BPEMEHU B ONpeaesieHHOM orpaHudYeHHoM obbeme. ITO O3Ha-
YaeT, YTO COCTOSIHME CUCTEMbI MUKPOYaCTUL, KOTOPOE onpeaenseTcsa B KBaH-
TOBOW MexaHWKe, OQHO3HAYHO BblTEKaeT U3 NpeaLllecTBYOWEro CoOCToAHUA,
Kak Toro TpebyeT npuHUMN NPUYUHHOCTN.

C pasBuUTUEM HayKW, HaAKOMSMIEHWEM, paclUMpeHNEM W YrnybneHnem
3HaHUMN HOBblE TEOPUWN CTaHOBATCA 6ofee TOYHbIMU, OHW OXBaTbiBAlOT BCE
6onee wunpokme obnactm matepmanbHOro Mmpa 1 NPOHUKaT B paHee Heus-
BeJaHHble rnyounHbl. Ha cMeHy gnHaMmnyeckum TeopusiMm NpUXoaaT cTaTndec-
Kne. Kak n3BecTHO, Kaxgaa doyHOamMeHTasribHas Teopus UMeeT onpenesieH-
Hble rpaHuLbl NPUMEHMMOCTU. [103TOMY NOsIBIEHMEe HOBOM TEOPUWN He O3Ha-
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YaeT MONHOro oTpuuaHnsa ctapon. Hanpumep, OABWXeHWe Ten B Makpomupe
CO CKOPOCTAMM CYLLECTBEHHO MEHbLUMMW CKOPOCTU CBEeTa, BCcerga XopoLlo
OygeT onucbiBaTbCA Knaccnu4yeckon MmexaHukon HetoToHa. Ho npu penatmnsm-
CTCKMX CKOPOCTSAX, COM3MEPUMBbIX CO CKOPOCTbIO CBeTa, MexaHuka HbioToHa
HenpumMmeHnma. OOBLEKTMBHO B NpuUpoade MMeeT MeCTO NpeeMCTBEHHOCTb
dyHOaMeHTarbHbIX PU3NYECKUX Teopun. B aToM 3aknovaeTcs rnpuHyun co-
omeemcmeusi, KOTOpbIn MOXHO cdopMynupoBaTb Takum obpasom: ntobas
HOBasd Teopusi He MOXeT ObITb CnpaBeanIMBON, eCNM OHa He COLEPXUT B Ka-
YyecTBe npefenbHOro crnyyasi CTapyrto TEOpPUID, OTHOCSLLYIOCH K TEM Xe dABne-
HUAM, NOCKOSIbKY CTapas Teopus yxxe onpasgana cebs B cBoen obnactu.

1.4.3. dyHOameHmManbHbIe 3aKkoHbl HbromoHa

3aKOHbI AUHAMUKU

Knaccudeckasg mexaHuka HblOTOHa wurpaetT OO CUX MNOP BaKHEWMLUYHO
ponb B pa3BUTUM eCcTeCcTBO3HaHMA. OHa 0O6BACHAET MHOXECTBO OU3NYECKMX
SIBIIEHUN N NPOLLECCOB B OKpYXaloLlen npupoae, ABMSETCA OCHOBOW Orpom-
HOro KONM4ecTBa TEXHUYECKUX OOCTUXEHUW. Ha ee ocHOBe hopmMmnpoBanmnch
€CTeCTBEHHOHAaY4YHble MEeTOObl UCCeAoBaHMN B pasfiMyHbIX OTpacnsax ecre-
CTBO3HaAHWS.

[lepebiti 3akoH HbromoHa: BCcAKaa maTepuarnbHas Todka (Teno) coxpa-
HAET COCTOSAHME MOKOSA UM PaBHOMEPHOro MPSAMOSIMHENHOrO OBWMKEHUS 00
Tex nop, noka BO34EeNCTBME CO CTOPOHbI APYrnx Temn He 3acTaBuUT ee u3Mme-
HUTb 3TO cocTosiHne. CTpemMneHne Tena COXpPaHUTb COCTOSAHWE MOKOS MK
PaBHOMEPHOro MPSAMOSIMHENHOIO ABWXEHUS Ha3blBAaeTCsA WHEPTHOCTbIO MNU
nHepumen. No aTon NpuymHe Nepsbii 3aKOH HbOTOHA YacTo HasbIBalOT 3aKo-
HOM UHepuyuu.

Bmopol 3akoH HeromoHa: yckopeHune, npuobpetaemoe matepuanbHOn
TOYKOW (Teriom), NponopuUnoHansHO Bbi3biBalOLWLEN ero cune n obpaTtHo npo-
nopuMoHanbHO Macce MaTepuarnbHOM ToYKK (Tena). BTopon 3akoH HbloToHa
cnpaBennne TONbKO B MHEPUMATbHbIX CUCTEMAX OTcYeTa.

Tpemut 3akoH HbromoHa onpenensieT B3auMoaencTBme mexay marte-
puaribHbIMU TOYKaMu (Tenamm): BCAKOe e CTBUe MaTepuarnbHbIX TOYEK (Ten)
ApYyr Ha gpyra HOCUT XapakTep B3aMMOAEWCTBUSA; CUSbl, C KOTOPbIMU OENCT-
BYIOT APYr Ha gpyra ABe MaTepuasribHble TOYKW, BCeraa paBHbl MO MOAYIHO,
NPOTMBOMOSIOXHO HanpaBfeHbl N OENCTBYIOT BAOSb NPAMON, COEANHSIIOLLEN
3TN TOYUKU: F4o= - F5;. DTN cunbl NPUNOXeEHbl K pa3HbiM MaTepuanbHbIM TOY-

36



KaM (TeJ'IaM), BcCerga ,D,eVICTBy}OT napamm n ABNAKKTCA CUNTaMN O4HOWN npunpo-
Abl. OTOT 3aKOH MO3BOSSIET OCyLLeCTBUTb Nnepexo orT ANHaAMUKHU oTaenbHOM
MaTepmaanon TOYKN K OANMHAMUKE CUCTEMbI MaTepUuaribHblX TOYEK, XapaKTe-
PU3YHLLNXCA NapHbIM B3aMMOOENCTBUEM.

3akoHbl HbtoTOHa No3BONSAKOT pewnTb MHOIrMe 3agadyn MexaHuku (eCTe-
CTBO3HaHI/IF|) — OT NPOCTbIX A0 CJIOXKHbIX.

Mo coBpeMeHHbIM npeacrtaB/ieHnAM KracCun4eckad MexXaHuKa UMeEEeT
cBol obnacTtb NnPUMeEeHeHnA: e€ 3aKOHbl BbIMOJIHAKTCA A4 OTHOCUTEJIbHO
MeOSIEHHbIX OABUXEHUN Ten, CKOPOCTb KOTOPbIX MHOIO MEHbLLIE CKOPOCTUN CBE-
Ta B BakKyyMe. npaKTl/IKa NoKasblBaeT: UCTUHHOCTb 3aKOHOB KIlacCU4eCcKom
MeXaHMKN He Bbl3biBaeT COMHEHUN.

1.4.4. ®yHOameHmManbHble 83aumodelicmeusi MamepuasbHbIX
ob6Bexkmos

B3aumodeticmeue aABNAE€TCA OCHOBHOW NPUYMHOW OBWXKEHUA MaTepuu,
MO 9TOW NPUYMHE OHO YHMBEPCAsibHO, Kak U aAswxeHne. OHO npucyLle BCeEM
MaTepuanbHbiM 06beKTaM HE3aBUCMMO OT MUX MPUPOOHOI0 NPOUCXOXKAEHNSA U
cUcTeMHoOM opraHudaumn. OCoBeHHOCTN pasfMyHbIX B3anMOLENCTBUI orpe-
OEnsT YCNoBUS CYLLECTBOBAHUS U cheuuduKy CBOWCTB MaTepuarbHbIX
00beKTOB B Npupoae.

B HacTosiwee BpemMsi U3BECTHO YeTbipe BMAa B3aMMOLAENCTBUA: dnekK-
TPOMarHMUTHoe, rpaBuUTaLMoOHHOE, cnaboe n CUrbHoe.

O6bekTbl NpU B3aMMOAENCTBUN OOMEHMBAKOTCHA IHEPrMEN U UMMYfb-
COM, KOTOpble SBMSAIOTCA OCHOBHbIMW XapakTepuUCTMKamMu UX ABWXeHuUs. B
Knaccuyeckon (pusvke B3anMOLENCTBME OMNpenesiietca CUIion, C KOTOPOW
OQVH MaTepuanbHbI 06BLEKT 4eNCTBYET Ha OPYron.

B ecTecTBO3HaHUM [ONroe BpEMSl CYMTaANoCb, YTO B3aMMOAENCTBUE
MaTepuanbHbIX OOBLEKTOB, HaxoOsLWMXCS Ha NOOM paccTodaHun Apyr oT
apyra, OCyLeCTBSIETCA MITHOBEHHO Yepes MycToe NPOCTPAHCTBO. OTO — KOH-
uenuyusi dasnbHooelcmausi.

B HacTosilee Bpemsi B €CTECTBO3HAHUM IKCMEPUMEHTaNbHO NoaTBEp-
XOEeHa HoBasi KoHuenuusi — 6su3kodelicmeusi, COrfacHO KOTOpOW B3anMo-
AEeNCTBUA MaTepuanbHblX 0ObEKTOB B NpUpPoae NPOMCXOOUT C KOHEYHOW CKO-
POCTbIO (HE NpeBbILlatoLLLen CKOPOCTN CBeTa B BaKyyMme) nocpeacTsomM pusm-
Yyecknx nonen. 3ta, Tak HasblBaemMasd, nonesasi KOHLENUUS B KBAHTOBOW TEO-
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pUM nNongd, AOMNOSMHSAETCA TakuMm yTBepXaeHuem: B npupoge nwoboe B3anmo-
AencTeune conpoBoXxagaeTca 06MeHOM 0CODbIX YacTuL, — KBaHTaMM MNOns.

pasumauyuoHHoe e3aumodelicmeue — NepBoe U3 U3BECTHbIX dyHOa-
MeHTanbHbIX B3aumoagencTenn, OHo obycnaBnmMBaeT B3auMHOE MPUTSKEHNE
noBdbIX MaTepuanbHbIX 0ObEKTOB, KOTOPLIE MMEKT Maccy, nepegaeTcd ¢ no-
MOLLIbIO rpaBUTaALMOHHOIO Nonsa K onpegensaeTca 3akOHOM BCEMUPHOrO TAro-
TEeHUs, KOTopbIn 6b11 cdhopmynmpoBaH . HelOTOHOM. OTOT 3aKOH OnMUchIBaeT
nageHue maTtepuarnbHbIX Ten B Mnosie TAroteHna 3emMnun, OBMXKEHME nraHeT
ConHe4vHon cucTtemsl, 38e3a 1 T. . C yBenM4yeHnem macchl BellecTBa rpaBu-
TaUMOHHbIE B3aMMOOENCTBUSA BO3pacTatoT.

paBUTaLMOHHOE B3ammogencTBne — Hambonee cnaboe M3 BCeX WU3-
BECTHbIX COBpPEMEHHOW Hayke B3ammopgeuncTeun. OgHako 9TWM B3aMMOOEWNCT-
BUSI onpeaensitoT CTpoeHne Bcen BceneHHon: obpa3oBaHMe BCEX KOCMUYE-
CKMX CUCTEM; CyLLEeCTBOBAHME NIIaHeT, 3Be3/ U rafiakTuk.

Bce matepuanbHble 00beKkTbl (Tena, YacTuubl M MNOSs) y4acTBYOT B
rpaBMTaUMoOHHOM B3aMMOAENCTBUN, OHO YHUBEPCAlNIbHO 1 3TUM onpeaenseT-
CHl ero BaxkHasi posib B npupoae.

B cooTBeTCTBMM C KBAHTOBOW TEOPUEN MONS rpaBUTaLMOHHOE B3anMO-
AEenCTBNE NEPEHOCUTCH epasumoHamu — YacTuuamMm UMEKLWUMN HYNEBYIO
Maccy 1 Ha3blBaEMbIMW KBaHTaMW rpaBUTaLMOHHOIO Nonsi.

AnekmpomazHUmMHoe 83aumMooelcmeue, Kak U 2pasumayuoHHoe, SiB-
naeTca yHMBepcasibHbIM U CyLLEeCTBYeT Mmexay NobbiMn Tenamm B MUKPO-,
Makpo- n merammpe. OHO BbI3blBAETCS ANIEKTPUYECKMMM 3apsgaMn, ero ne-
pefava ocyLWecTBSETCS C NOMOLbIO ANTIEKTPUYECKOrO U MarHUTHOMO Mosen.
B npupoge anektpuyeckoe nosie nosiBASETCS MpU HanmMuynm 3neKTPUYECKNX
3apsiaoB, a MarHNTHoE — B peaynibTaTe X ABUXKEHUSI.

OneKTpoMarHMTHoe B3auMogeucTBMe B oM3nKe OMnUcCbIBalOT C MOMO-
Wbl (byHAAMeEHTamnbHbIX 3aKOHOB 3MNEKTPOCTATUKN U 3NEKTPOAMHAMMUKN: 3a-
koHamn Amnepa, KynoHa v gpyrve, a B 0606LeHHOM Buae — NocpeacTBOM
anekTpomarHuTHon Teopun [x. MakcBenna, kotopasa CBA3bIBAET MarHUTHOE
N anekTpudeckoe nongd. [lepemMeHHOe MarHUTHOE nosfe MnopoXaaeT U3Me-
HSOLeecs anekTpudeckoe none. lNocnegHee, B CBOK o4vepedb, NopoxaaeT
nepemMeHHOe MarHMTHoe norse.

Bnarogapst anekTrpomMarHUTHOMY B3aUMOLENCTBMIO BO3HUKAKOT aTOMbI U
MOSEeKynbl, MPONUCXOAAT XMMUYECKNe npeBpalleHna Bellectsa. Xummyeckue
peakuum NpeacTaBnsaoT cOOON NPOoSBMEHNE 3NEeKTPOMarHUTHbIX B3auMoaden-
CTBUN N ABNAKOTCA pesynbTaTaMu nepepacrnpeneneHnss cBsa3en mexay arto-
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MamMu B MOJieKkynax, a Takke KonmyecTBa M cocTaBa aTOMOB B MOJiEKyrax
pasHbIX BellecTB. PasnnyHble arperaTHble COCTOAHUS BeLlecTBa, YnpyrocTb,
TPEHUE 1 Opyrve onpeaensoTcs cuiamm MeXMOoNeKynapHOro B3aMmmMoaencT-
BUS1, 3NEKTPOMarHUTHLIMKU MO CBOeN npupoge. B cooTBeTCTBUM C KBAHTOBOW
9MEKTPOAMHAMUKON SNIEKTPOMArHMTHOE B3auMOAENCTBME NEPEHOCAT ¢homo-
Hbl — KBAHTbI 9SIEKTPOMArHMTHOrO MoJsisi C Hyf1eBOM MacCom NOKOS.

BHyTpu agpa atoma nposiBNAKTCA CUMbHble U cnabble B3auMoLencT-
BunA. CBA3b HYKINOHOB B spe aToma obecnevmBaeT cusibHoe e3aumodelicm-
gue. Ero BenuumHa onpenensieTca a0epHbIMM cunamMmu, Kotopble obnagatT
HacbIWEeHNEM, KOPOTKOOENCTBUEM, 3apAL0BOM HE3ABUCMMOCTBIO U APYrMU
ceBonctBamu. CunbHoe B3ammoaencTeme obecnevymBaeT CTabunbHOCTb aToOM-
HbIX A4ep, YAepXunBas HYKMOHbI (MPOTOHbI M HENTPOHbLI) B S4pe U KBapKu
BHYTPWU HYKMOHOB. AQpo TemM cTabunbHee, YeM CUfbHee B3auMMOLencTBue
HYKINMOHOB B siApe U Tem Oonblue ero yaenbHas aHeprnsa cesasn. C NoMoLLbto
CUNbHOIO B3aMMOAENCTBUS YYeHble 0OBACHUMAN, NoYeMy NPOTOHbI 9apa aTo-
Ma He pasneTarTca nod AeVUCTBUMEM 3NEKTPOMArHUTHBIX CUIT OTTankuBaHUS.
[Mpn yBENMYEHNN KONMYECTBA HYKITOHOB B 94p€e U, COOTBETCTBEHHO, pa3mMepa
aapa, NPOUCXOAUT YMEHbLUEHWEe YOEeNbHOW 3HEprumM CBA3U U S4p0 MOXET
pacnagaTtbCsl, YTO U NPOUCXOAUT C sapaMn 3IEMEHTOB, HAaXOOALWMXCHA B KOH-
ue Tabnuubl MeHgeneesa.

B HacTosilwee Bpemsa nonaratoT, YTO CUNbHOE B3aMMOLENCTBUE OCyLLe-
CTBNSAETCA 2/1100HaMu — 4acTULaMMK, KOTOPblE «CKNEMBAKT» KBApPKW, BXOASA-
LMe B COCTaB HEMTPOHOB, MPOTOHOB U pAga ApYyrnx YacTull.

Cnaboe es3aumodelicmgeue, Kak U CUrbHOEe, OENCTBYET TOSIbKO B MMUK-
poMmupe. B aTomM B3aumoaencTBun NMPUHUMAKOT y4yacTue BCe 3fieMeHTapHble
yacTuubl, Kpome ¢oToHa. OHO Bbi3bliBaeT OOMbLUYK YacTb pacnagoB ane-
MEHTapHbIX YacTul, B3auMOOeNCTBME HEUTPUHO C MaTepuen n pag opyrux
npoueccbl. OHO nposiBNsieTcs, rnaBHbiIM ob6pa3om, B npoueccax beTa-
pacnaga aToMHbIX siaep 0oMnbLMHCTBA U30TOMOB, CBOOOAHBIX HEMTPOHOB U T.
A. Ero oTkpbITME NPON3OLLINO BCrend 3a OTKPbITUEM PaaNOaKTUBHOCTMN.

B coBpeMeHHOM ecTecTBO3HaHUM NPUHATO cymTaTb, YTO criaboe B3aun-
MoOencTBne nepeHocutcs Yactmuyamm ¢ maccom B 100 pa3 6onblue macchl
HEWTPOHOB U MPOTOHOB — MPOMEXYTOYHbIMU BEKTOPHLIMW BO30HaMU (8UOHBI).

KonnyecTBeHHO doyHOaMeEHTarnbHbIE B3aUMOAENCTBUS B OM3NKe 0ObIY-
HO XapakTepusylT C NOMOLLbI0 6e3pasmMepHON KOHCTaHTbl B3aMMOLAENCTBUSA,
onpegensawowen BenMUMHy B3anMogencTems n paguyc gencrtesus (tabn. 1.1)
[10].
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Tabnuuya 1.1.

Xapaktepuctuku doyHaaMeHTanbHbIX B3aMMoaencTBUM

Tun NcTouyHMK KoHcTaHTa Pagnyc
B3anMoaOencTBus B3anMoaOencTBus OencTeus, m
'paBUTaLNOHHOE Macca 10™® o0

OneKkTpoMarHMTHoe OneKTpruYeckn 10 0

3apsAXeHHble YaCcTuubl

CunbHoe YacTuubl, BXoAsILLME B 1 107"
cocTaB sigpa atoma

(MPOTOHbI, HEUTPOHbI)

Cna6oe OreMeHTapHble YacTyuLbl 1074 107®

N3 Tabnuubl BUOHO, 4YTO rpaBUTALUMOHHOE B3aMMOOEWCTBME ropasno
cnabee gpyrmx oyHOamMeHTanbHbIX B3aMmoaencTsun. Pagnyc oenctesma ero
HeorpaHudeH. OHO He UrpaeT CyLweCTBEHHON PONM B MUKPOMNpoLLeccax U B TO
Xe BpeMda aBnseTca JOMUHUPYIOWUM 0N maTtepuanbHbiX 00beKkToB ¢ 00Sb-
UMMM Maccamu (NnaHeT, 3Be3[, ranakTuk 1 T. n.). SNeKTpoMarHMTHoOe B3au-
MOJeNCTBUE ropasfo CuUibHee rpaBUTaLNOHHOIO, XOTS ero pagnyc OencTBus
Takke HeorpaHuyeH. [na cunbHoro u crnaboro B3aMmMoaencTBUn XapakTepHO
KopoTkogenctane. CunbHoOe B3aMMOOENCTBUE MNPOSABSETCHA TOSIbKO B MNpe-
nenax pasmepos sapa (107° m), a cnaboe — Ha ropas3go MeHbLLUEM paccTos-
HUM — 1078 M.

OpgHa 13 BaHENLUUX 3a4ad COBPEMEHHOrO eCTecTBO3HaHUsi — co3da-
Hue eOuHolu meopuu yHOaMeHmMarsbHbIX 83aumodelcmeaul, o0beauHSI0-
LLIe He TONbKO 3NIEKTPOMAarHMTHoe n cnaboe, HO U cunbHoe, u cnaboe B3au-
MoaencTeus. PelleHne Takon OOBOSIbHO CIOXHOW 3afayvn noTpebyeTt cuHTe-
3a eCTeCTBEHHOHAaYy4HbIX 3HaHWN O MaTepuanbHbIX 0ObeKkTax pasHbIX Mac-
LUTAaboB — OT AfieMEeHTapHbIX YacTuly Ao BceneHHom.

EovHasa Teopua cdyHOoamMeHTanbHbIX B3aUMOLENCTBMA 0BECNEYNT KOH-
LenTtyanbHoe 0bobuweHne 3HaH 00 OKpyXxaroLem Mupe.

B ectectBo3HaHuUM npeanonaraeTcs, YTO NpY OTHOCUTENbHO BonbLUMX
aHeprusx Baanumopgeictanst yactuy, (ao 10'° MB) unu npu YpessblYaHO Bbi-
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COKOM TemrnepaTtype Matepun Bce YeTbipe PyHOaMeHTarbHbIX B3auMOOEeNCT-
BUS XapaKTepu3ylTcs OAWHAKOBOW CUMOW, T.e. npeacTtasnsT cobon ogHo
B3auMoencTeume, ornpegensgemoe «cynepcunon». lNpegnonaraetca Takxke,
YTO TaKkue SKCTpemaribHble YCNoBUS CyLeCTBOBaniM B HayarbHblIA MOMEHT
3apoxgeHus BceneHHon. Npu ee pacwmpeHun n BbICTPOM oxraxgeHum ob-
pas3oBaBLLErocs BellecTBa eOuHOe B3avMOAEWCTBUE pasfenunocb Ha Wus-
BECTHble B HacTosiLlee BpeMs YyeTbipe MpUHUUNuanbHO oTnnyarowmnecs apyr
OT Apyra B3auMOLEWCTBUSA, KOTOpble Onpeaenunn CTPYKTYPHYK OpraHusa-
LU0 MaTepumn B HbIHELLHEM ee npeaCcTaBeHUMN.

1.4.5. Ceolicmea npocmpaHcmea — 8peMeHU U 3aKOHbI COXPaHeHUs

[ns NoOHMMaHMA 3aKOHOB, SIBMIEHUMA M MNPOLLECCOB, MPOUCXOOALMX B
npupoae, OYEHb BaXXEH NPUHLMMN MHBAPUAHTHOCTU OTHOCUTENbLHO COBUIOB B
NPOCTPaHCTBE M BO BPEMEHW, TO €CTb NapasnesibHbiX NEPEHOCOB Havar Ko-
opauHaT u otcyeTa BpemeHn. OH popmynmnpyeTcs Tak: CMeleHne BO Bpe-
MEHW N B NPOCTPAHCTBE He BIIMSET Ha NpoTekaHne (pnsnmyecknx NpoLeccosB.

MHBapnaHTHOCTb CTPYKTYpbl, CBONCTB, (hOpMbl MaTepmanbHOro ob6bLekx-
Ta OTHOCUTESIbHO ero npeobpasoBaHUM Ha3biBaeTcss cummeTpuen. lNpume-
POM MPOCTPAHCTBEHHON CUMMETPUM MaTepuarbHbIX CUCTEM SABIIAETCA Kpu-
cTannuyeckas cTpyktypa Teepabix Ten. OHa obycrnosrneHa aToOMHbIM CTpoOe-
HUEM, BHeWHeNn PopmMorn N PU3NYECKUMN CBOMCTBaMU KpuctannoB. Cum-
MeTpUs CBOUCTB KpucTasna obycnosrieHa CUMMETPUEN ero CTPOEHUS.

3 npvHUMNa MHBapMaHTHOCTU OTHOCUTENBHO CABUIOB B MPOCTPAHCTBE
N BO BPEMEHW criefyeT cuMMempusi rpocmpaHcmea U epeMeHU, Ha3blBae-
Mast 00HOPOOHOCMbIO COOTBETCTBEHHO NPOCTPaHCTBa U BpeMeHun. OgHopoa-
HOCTb NPOCTPAHCTBA 3aKni4yaeTcd B TOM, YTO Npu napannensHoM nepeHoce
B NPOCTPaHCTBE 3aMKHYTOW CUCTEMBbI TE€N KaK Lenoro ee usnyeckme CBOM-
CTBa W 3aKOHbl OBMKEHUSI HE N3MEHSIOTCS, UHLIMU CNOBaMu, HE 3aBUCAT OT
Bbl6Opa NonoXeHus Havana KoopavHaT MHEpUManbHOWM CUCTEMbI OTCYeTa.

[ns KONIM4eCTBEHHOrO ONMUCaHNA OBWXKEHUA Tena MUCNonb3yeTcs MOHSA-
TMe umnynbca. OH onpegensaeTcs NpouM3BegeHMEM MacChl Tefa Ha ero CKo-
pocTb. N3 cBOMCTBa O4HOPOAHOCTU MPOCTPAHCTBA CrefAyeT 3aKoH coxpaHe-
HUS uMrnyrnbca: UMMNYnbC 3aMKHYTOM CUCTEMblI HE U3MEHSAETCA C TeYeHUeM
BpeEMEHN. JTOT 3aKOH CnpaBeanuB Kak Ans 06beKkToB Knaccnydeckon unsnku,
Tak U ONS 3aMKHYTbIX CUCTEM MWUKPOYaCTUL, MOAYUHSAKOLLMXCA NpUHUMNam
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KBAHTOBOW MeXaHMKWN. MIMMNynbC COXpaHseTcs U ONa He3aMKHYTOM CUCTEMBbI,
€eCnu reoMeTpuyeckas CyMma BCeX BHELLUHUX CUIT paBHa HyIHo.

3aKOH CoxpaHeHUa MMNynNbca HOCUT YHMBEPCANnbHbIN XapakTep 1 SBns-
eTca (pyHAameHTanbHbIM 3aKOHOM NpUPOabI.

OOHOPOOHOCTL BPEMEHW O3HAYaeT MHBAPUAHTHOCTb (PU3MYECKNX 3aKO-
HOB OTHOCUTENbLHO BblbOpa Hayana oTcyeTa BpemeHu. M3 OogHOPOAHOCTU
BpEMEHU cneayeT 3akOH COXpaHeHUsI MexaHU4YecKoU 3Hepauu:. B CUCTEME
Ten, Mexay KOTOpbiIMW LOENCTBYIOT TOSNbKO KOHCEPBATUBHbIE CUMbl, NOfHada
MexaHun4yeckasi 3Heprmsa He U3MEHSIETCS CO BPEMEHEM.

KoHcepBaTuBHbIE CUMbl OAEWCTBYIOT TOMbKO B MOTEHUManbHbIX MONXx,
XapakTepuayLwmnxcsa Tem, 4Yto paboTta, coBepllaemMas OEUCTBYHOLWMMU CU-
namu npu nepemMeLLeHnn Tena n3s ogHoro NONoXeHUsa B Apyroe, He 3aBUCUT
OT TOro, Mo Kakon TpaekTopumn OHO NepemMeLlanoch, a onpegensdeTca ero Ha-
YanbHbIM U KOHEYHbLIM MOSIOXKEHNEM.

Ecnun paboTta, coBepluaemasa CUon, 3aBUCUT OT TPaekToOpun nepeme-
LLIeHNA Tena U3 O4HOM TOYKM B APYrytlo, TO Takasl cuna HasblBaeTcs guccuna-
TUBHOW (K HEW OTHOCUTCS, Hanpumep, cuna TpeHns).

B auccmnatmBHbIX CUCTEMAxX MexaHUYeckasi 3Heprust MocTeneHHo
yMeHbLUAeTCs n3-3a npeobpasoBaHnsa ee B Apyrne (HemexaHuyeckune) op-
Mbl 3Heprnn. Takon npouecc HasbiBaeTcs duccurnayuel unu paccessHuem
3Hepauu. B npupoge Bce pearbHble CUCTEMbI AUCCUNATUBHbIE.

B cucteme, B KOTOpPOW OENCTBYKOT KOHCEPBATUBHbLIE N ANCCUNATUBHbIE
CUIbl, MOJMIHass MexaHu4yeckasi aHepausi cucmemMbl He coxpaHsemcsi. OgHako
npn ybbIBaHUN MEXaHWYECKOW SHEPruM BCerga BO3HUKAET JKBUBASIEHTHOE
KONMUYECTBO 3HEprum Apyroro BuAaa, Hanpumep TennoBon. Takum obpasom,
3Hepauss HUKoz0a He uc4ye3aem U He [Oosierisiemcsi 8HO8b, OHa NuUWb rpe-
gpauwjaemcsi u3 o0Ho2o suda 8 Opyzsou. B aTom 3akntoyaeTca ousndeckas
CYLLHOCTb 3aKOHa COoXpaHeHUs U rnpespaweHusi a3Hepauu — HEYHNYTOXMMOCTb
MaTepun n ee OBUXEHUS, MOCKOSbKY SHEPrna — yHMBepcarnbHasi Mepa pas-
NNYHBIX (hOpM OBUMXKEHUS 1 B3aUMOLENCTBUS.

[pyroe BaxkHOe CBOWCTBO CMMMETPUUN MPOCTPaAHCTBA — €ro u3ompori-
Hocmb. OHO O03Ha4YaeT MHBAPUAHTHOCTb PU3NYECKMUX 3aKOHOB OTHOCUTESTbHO
BblbOpa HanpasneHusi ocen KoopAnHaT CUCTEMbI OTCHETa, T.€. OTHOCUTESTbHO
ee NoBOpOTa B NPOCTPAHCTBE Ha ntobon yron.

BpawaTtenbHoe [OBMXEHWE MeXaHU4YeCKOW CUCTEMbl OMUCBIBAETCSA C
NOMOLLLIO MOMeHmMa umnyrnsca. Hanpumep, Ans matepuanbHON TOYKM MO-
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MEHT MMMynbca OnNpeaensieTcs NPouM3BefeHMEM ee UMMNynbca Ha paguyc
BpaLLeHus.

N3 M30TPOMHOCTM MpOCTpaHCTBa criegayeT yHOAMEHTanbHbIN 3aKOH
npupoabl — 3aKOH COXpaHeHUsi MoMeHma UMIy/ibca: MOMEHT WMMynbca
3aMKHYTOW CUCTEMbI HE UBMEHSAETCS C TEYEHNEM BPEMEHMN.

PasnunyHble BMALI CUMMETPUN B Npupoae SBNATCA NpeaMeToM Teope-
TUYECKMX UCCNEeLOBaHN pa3HbIX CBOWCTB MaTepuarbHbiX 00bEeKTOB MUKPO-,
MaKpo- U Merammpa C NpMMEHEHMEM AOBOJSIbHO CIIOXHOrO M abCTpakTHOro
MaTemaTU4ecKoro annapara.

1.5. MNMpaKkTnyeckue 3agaHus

1. Hanbonee LWMPOKO B COBPEMEHHOM €CTECTBO3HAHUWU AN ONMCaHus
NONOXEHNA (MEeCTOMOSOXEHUS) U ABMKEHUS YacTuubl UCMOMb3YIOT KOOpOu-
HammHbIU crocob, KOTOPbIN UCMONb3YET MOHATUA «CUCTEeMa OTcHeTa» U «KO-
OpAnNHaTbl TOYKMY.

CoenanTte BblIBO4 O TOM, YeM MpU KOOpAMHATHOM criocobe xapakTepu-
3yl0T MecTonornoxeHue yactuubl (Toukn) M(x1; y1) B ABymMepHOM npocTpaH-
cTBe (Ha NIOCKOCTH).

2. [lomumo koopauHaTHOro cnocoba onmcaHna MecTOrnONOXEHUS B CO-
BPEMEHHOM €CTEeCTBO3HAHUN TakXke MCNOoSb3YyT BEKTOPHbIA crnocob onuca-
HUA OBMKEHUA YacTuubl (MaTtepuanbHOro obbekra).

CoenainTte BbIBOA O TOM, YeM NPV BEKTOPHOM criocobe xapakTepusyroTt
N3MeHeHne MecTononoXxeHnsa Yactuupl (Todkn) M(x1; y1) (nepemelueHne Te-
na) B AByMEPHOM NPOCTPaHCTBE (Ha NIOCKOCTH).

3. MNMpuBeante npumepbl U NOACHUTE, Kak NpU TpPaeKTOpHOM cnocobe
XapakTepusyT WU3MEHEHWe MeCTOMNOSNOXEHUS YacTuubl (MaTepuanbHOro
obbekTa).

4. Ha npaktuke onga xapakTepuCTUKM nepemMeLleHnin B NPOCTPaHCTBE,
MOMMMO KPMBLIX MEPBOro nopsigka — MNPSMbIX JIMHUA, UCMNOSb3YIOT KPUBbIE
BTOPOro nopsgka, ypaBHEHUSI KOTOPbIX B NPSMOYrofilbHOM CUCTEME Koopau-
HaT ABNAIOTCS YpaBHEHNAMM BTOpOK cTeneHn. NpnBeanTte npumepbl U Nosic-
HUTE.

5. CpaBHuBasi BUAbl NOCTyNnaTeNbHOr0 MeXaHW4eCcKoro ABMXEHUA Ma-
TepuanbHbIX 06BLEKTOB BOOMb NPAMOM JIMHUW, caoenante BbiBOG O TOM, YeM
OHM pasnn4yatoTcA.
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OAuH 13 BapuaHTOB BbIBOAOB, KOTOPbIN MOXET OblTb CHOPMYSIMpOBaH
Nno pesysribTatamMm dKCrnepumeHTa:

1) B criyyae, ecnn Mbl UMeeM Leno C NPSIMOSIMHENHBbIM PaBHOMEPHbLIM
nocTtynaTenbHbIM OBWXEHMEM BOOMb OAHOM KOOpAMHATLI, TO ABMXEHME Yac-
TULbI NPOMUCXOOUT C NOCTOAHHOM CKOPOCTbIO (MaTepuarnbHaa ToYKa 3a paBs-
Hble MPOMEXYTKN BPEMEHWN NMPOXOANT OANHAKOBbLIE PACCTOAHUSA);

2) B criyyae, ecnu nNpu OABMXEHUM YacTuubl BOOSMb OAHOM KOOPAWHATHI
N3MEHEHME CKOPOCTU MPOUCXOAUT He MPonopuUnoHaribHO BPEMEHU W, COOT-
BETCTBEHHO, Mbl UMEEM AESI0 C NPAMOSIMHENHBIM HEPABHOMEPHbBIM NOCTYyMNa-
TellbHbIM OBWXEHNEM BAOOSb O4HOM KOOpAMHAaTbl, TO B 3TOM Cllydae CKOPOCTb
N yCcKopeHune ABNSATCA PYHKUNAMN BPEMEHW.

6. PaccmoTpuTe noctynaTenbHoe OBWMXeHUEe MaTepuanbHOro obbekrta
(VN1 YacTuubl) KOrga CKOpPOCTb ABWXEHMUS, a, COOTBETCTBEHHO N YCKOPEHWe,
MEHSIOTCS BO BPEMEHMU MO KAKOMY-TO 3aKOHY.

[MpoaHanuanpynTte rpadukn, xapakrepusyowme, Kak N3MeHAeTCa KO-
opauHaTa X, CKOPOCTb M YCKOPEHWe YacTuubl Npu NocTynaTesibHOM ABWXe-
HUM BOOSb Oocu koopauHat OX, ansa cnydaes, npeactaBneHHbIX B Tabn. 1.2.
Onpepgenute NyTb, NPONAEHHLIN YacTuuen 3a 20 c.

Tabnuua 1.2.
HdaHHble AnA BbINONMHEHUA 3agaHuA

Ne Bua noctynartenbHoro HavanbHas [MocTosiHHOE

n/ OBWXEHNS CKOpOCTb, yCKOpEHHUe,

n m/c m/c?

1 | PaBHOMEpPHO yCKOpeHHOoe 0 2

2 | PaBHOMepHO yckopeHHoe 60 2

3 | PaBHOMepHO 3amenneHHoe 60 -2

4 | PaBHOMepHOe 60 0

7. Mpn KPUBOMMHENHOM CrIOXHOM [OBWXEHUM Hambonee KOMMaKTHbIM
CNnocoboM OnucaHusi TpaekTopuu SIBNSIETCA KpuBasi, onuncbiBaemasi KOHLIOM
paguyc-BeKTopa I' BO BCE MOMEHThbl BpeMeHu — r(t). NMoaToMy NoHATMS cKo-
POCTM N YCKOPEHUs YacTulbl 4acTo yaoOHO NpeacTaBnsATb C TOYKU 3PEHUS
BEKTOPHOro crnocoba onvMcaHns YacTuubl.
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CoenanTte BbIBOL O TOM, YEM XapaKTepusyloT OBMXKEHME YacTuubl, KO-
Topasi OAHOBPEMEHHO Y4acTBYET B HECKONbKMX HE3aBUCUMbIX OBUXEHUSIX
BOoNb koopanHat OX n OY.

OavH 13 BapmaHTOB BbIBOOOB, KOTOPLIN MOXET ObiTb cdhopMynnpoBaH
No pesyrnbTaTtam 3KCNepPUMeEHTa:

1) ABWXEeHMe YacTuubl, Korga OHa COBEpPLUAET CrOXHoe ABUXEHUe, KO-
TOpPOE Ha3blBAETCA KPUBOSMHEWHbLIM, ONPEAEensioT MNOMOXEHUA YacTuubl,
KOMMOHEHTLI €€ BEKTOPOB €€ CKOPOCTU U yckopeHusa no ocam OX, OY;

2) KpOME MrHOBEHHbIX 3HAYEHUN CKOPOCTU, NepemMeLLeHns, YCKOPEeHUs
no koopauHatam X n Y, ABMKEHNE YacTuLbl, KOrga OHa COBEPLUAET CrOXHOe
ABWXEHNE, MOXXHO XapakTepusoBaTb MOLYSIEM BEKTOpA CKOPOCTU U yCKope-
HUS.

8. [1na oTtobpaxeHns MHopmaunm MoryT UCNoNb30BaTbCd OObEMHbIE
(3D) penbemHble kapThl, falowme obbemMHOe TpexmepHoe n3obpaxeHme me-
cTHocTu. Ucnonbaysa nporpammy B Matlab 13 npaktudeckoro 3aHaTus, npo-
aHann3npymTe, Kak BbIrMsanT pparMeHT penbeda, npeacraBneHHbIn B 06b-
€MHOM TPeEXMepHOM Buae, U ero Bug CBepxy, OKPaLLUEHHbIW LBeTamu, COoT-
BETCTBYHOLLMMU BbICOTE.

KOHTpO.ﬂ bHblI€ BOMPOCHLI

1. Cchopmynupyinte (onpegennte) NOHATUA: 1) eCTeCTBO3HaHWe, 2) Hay-
Ka, 3) MMPOBO33peHNE, 4) penurug.

2. lModacHnTe, Kak yCcnoBHO B COBPEMEHHOM €CTECTBO3HaHUWN OENUTCS
enHasa cuMctemMa 3HaHUn YenoBeka.

3. UTo Takoe cucteMHbIn noaxon (metoa)?

4. Y10 Takoe MmexgmcunniMHapHbI Metoa?

5. UTto Takoe Hay4Hasa kapTuHa mupa? Kakue Bbl 3HaeTe? KpaTko nosic-
HUTe.

6. MNModacHuTe, 4TO Takoe napagurma? Kak v rae oHa cywecTByeT U pas-
BuBaeTcs?

7. HasoBuTe U KpaTKO MOSICHUTE OCHOBHblE METOAbl MO3HAHWUSA OKPY-
Xarouwen npupoasbl.

8. lNosicHuTe pyHOameHTanbHblE MOHATUS: camMOe MPOCToe U camoe
obLee.

9. HazoBuTe 1 KpaTKO OXapakTepn3ymTe OCHOBHbLIE BUObLI MaTEPUN.
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10. lNosAcHUTE NOHATUA: NPOCTPAHCTBO N BpeMdA. HasoBuTe MX OCHOB-
Hble OCOBEHHOCTM.

11. MNosiCHUTE NOHATUA: MaTepPUA, ABUXKEHME.

12. B yem 3aknovaeTcsa BaXXHeENLWas KOHLUEMNLUUS COBPEMEHHOIO eCTecT-
BO3HaHNA?

13. HasoBuTe 1 noscHuTe (pyHaameHTarnbHble 3aKoHbl HblOTOHa.

16. [NloscHUTE CTPYKTYPY MUKpPOMMpA.

17. lNosAcHMUTE 0COBEHHOCTM N OTNMYMS criaboro n cunbHoro pyHaameH-
TanbHbIX B3aMMOAENCTBUIN B NpUpoae.

18. Cdopmynupynute npuHUMN OTHOCUTENBbHOCTU. [loACHUTE B 4YeMm
CYyTb?

19. Uto Takoe Hayka? KakoBbl (pyHKLMM HAYKN?

20. Kakne cneundmyeckne 4epTbl XapakTepusyoT Hayky? B 4em cocTo-
NT OTNNYNE HAyKM OT OObIAEHHOrO NO3HAHMA?

21. Kakne ypoBHM Hay4YHOro uccrneaoBaHus BblAENSAT B COBPEMEHHOM
€CTeCTBO3HaHNN?

22. B yem coCTOUT OCHOBHOE OTSIMYME KOHUEMUUN OT 3aKoHa, TeEopUmn U
rmnoTesbl?

23. YTto nsy4vaet ectectBo3HaHne? Kakne aTtanbl BblOeNAOT B PasBUTUN
€CTeCTBO3HaHuA?

24. B 4eMm 3aknioyaeTcsa pasHuiua Mmexay dyHaamMeHTarnbHbIMU U Mpu-
KnagHbIMW HayKammn?

25. UTo B COBpEMEHHOM €CTEeCTBO3HaHUN NOHMMAIOT Mo Hay4YHOU Kap-
TUHOM Mupa?

26. B 4yem 3akno4aeTcss eanHCTBO 3MMUPUYECKOro U TEOPETUYECKOro
3HaHNA?

27. YTO cocTaBnsieT OCHOBY Hay4YHOM Teopun?

28. TlodAcHUTE OTNMYMA CUIMBHOTO U SNEKTPOMAarHUTHOro dyHaameH-
TanbHbIX B3aMMOOENCTBUIA B NPUPOAE.

29. Y10 Takoe HayyHas KapTuHa mupa? Ha3oBuUTe OCHOBHbIE.

30. MNosicHMTe NpUHUMNBLI COBPEMEHHOWN OU3UKM.

31. HasoBuTe OCHOBHblEe BMAObI (PyHOAMEHTAsNbHbLIX B3aUMOLENCTBUN B
npupoae.

32. lNoscHMUTE OTNMYMA rPaBUTALMOHHOIO U 3NEeKTPOMarHUTHOro qoyH-
AaMeHTanbHbIX B3aMMOOeNCTBUN B Npupoae.

33. OnpegenuTte cnegyowme MOHATUA B €CTECTBO3HAHUKU: 1) KOHUeEn-
uus, 2) napagurma, 3) punocodums.
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2. OCHOBbI KOHLUENuun npeacTtaBleHnsa CTaTUCTUYECKON
¢hn3nyeckon KapTUHbI MaKpOMUpa, eCTeCTBEHHOHay4Hble
U LUBUITU3ALUNOHHbIE NPob6sieMbl 3HEepPreTUkn

2.1. OcHOBbI ecTeCTBEHHOHayu4HbIX NpeacTaBleHun
TepMOAMHAMUKU, CTaTUCTUYECKON U MOJIEKYNSIPHOWN (PU3UKKN

B npuvpoge npoucxogsit sIBMEHUs, BHEWHEe 4aCcTO KOCBEHHO Hamnomu-
HaloLwue MexaHundeckoe OBWxXeHune. Takve aABneHus HabniogarTcs npu ms-
MEHEeHUN TemnepaTypbl pa3fnyHbiX MaTepuanbHbiXx OObEKTOB (Ten), Ui npu
nepexoge WX M3 OOHOro arperaTtHoro COCTOAHWA (Hanpumep, TBEPAOro) B
apyroe (kuakoe mnu raszoobpasHoe). Nx HasbiBatoT TennoBbiMu. OHM OKas3bl-
BalOT OFPOMHOE BIIMSIHUE B OKpY)XXaloLen Hac npupoae: XU3HU Ngen, Xu-
BOTHOIO 1 pacTUTENbHOIO Mupa.

B coBpeMeHHOM ecTecTBO3HaHUN NCCneaoBaHUS TEMMoBbIX ABNEHUN U
pasfiMyHbIX CBOMCTB NPUPOAHBLIX MAaKpOCUCTEM MO3BONSAIOT NPOBOAUTL Ha OC-
HOBE [OBYX KayeCTBEHHO pPasfiyHbIX, HO B3aUMHO OOMOJSTHSAOLWNX NOAXOL40B
(MeTo4OB): MepMOOUHaAMUYEeCKO20 U cmamucmu4yecko2o (MOMEKYnsipHO-
KMHeTn4Yeckoro). [epBbi U3 HUX NEXUT B OCHOBE HayKW, HasblBaeMon mep-
MOOUHaMUuKa, BTOPOWN — MOJIEKYISPHOU (bu3UKU.

CoBpeMeHHblE TEpMOAMHAMUYECKME U CTATUCTUYECKME METOoAbl Onu-
CaHNA CBOMCTB NPUPOAHbLIX MaKpOCUCTEM AOMOMNHAKT APYr Apyra M LLUMPOKO
NCNOMb3YyTCSA MPU PELLEHNN Pa3fNYHbIX ECTECTBEHHOHAYYHbIX 3a4au.

OCHOBHbIEe NONOXEeHUA TepMOgUHAMUYECKUX NpeacTaBNneHun

TepmMoOuHamuKka — 9TO Hayka O TEMmnoBbIX SBMEHUSAX, B KOTOPOW He
YYMTBLIBAETCA MOJIEKYNSIPHOE CTPOEHME Ten U TENNOBble SBMNEHUSA XapakTe-
pU3ylTCSA NapameTpamu, pPerncTtpupyemMbiMn npubopamm (TEPMOMETPOM,
MaHOMETPOM U1 Apyrue), KOTopble He pearnpyroT Ha BO3O4eNCTBUE OTAENbHbIX
monekysn. TepmoguMHamuka usydaet Hambonee obuiMe CBOMCTBA MaKpPOCKO-
MNYECKMX TEN N CUCTEM, KOTOPblE HAaXOASATCA B COCTOSAHUM TepMOoAUHaMuye-
CKOro paBHOBECUSA a TakXKe NPOoLECChbl Nepexona U3 04HOro COCTOsIHUS B ApY-
roe. C NOMOLLIbIO 3aKOHOB TEPMOAMHAMUKMA XapaKTepu3yloT TENnoBble CBOW-
CTBa MaTepuanbHbiX OOBHEKTOB (TEN), B KOTOPbIX OYEHb BEMUKO KONNYECTBO
Morekyn. OTu Tena B eCTeCTBO3HaAHUM Ha3biBalT Makpocucmemamu. [Mpu-
MepaMu MaKpOCUCTEM ABNAIOTCS, HAaNpUmep, KUPNnu4 1 oTaernbHasa NecymnHKa,
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BoAa unn nobas XWOKoCTb B €MKOCTW, MeAHbIN (CTanbHOW, ONOBSHHbLIA U
apyrve) npyT u T. n.

[ns XxapakTepuCTUKM TEennoBbIX CBOMCTB MaKPOCUCTEM MPUMEHSAIOTCA
TepmMoauHamMumyeckne napameTpbl (MapamMeTpbl COCTOSAHUS): TemnepaTtypa,
AaBreHne v ygernbHblh 06bem (00bemM eauHuubl Macchkl). B duauke Takne
napameTpbl Ha3bIBaT YHKUUSMU COCMOSIHUS cucmeMabl. Y CIIOBUEM PaBHO-
BECUS KakuMx-NMbo CUCTEM UM YacTen O4HOW CUCTEMbI SBMISIETCS PaBEHCTBO
TemnepaTtyp BO Bcex Touykax. [ns dukcauum cocTosiHMs 0QHOPOAHbIX rasa
NN XXUAOKOCTN HeobxoanMo 3agaHue nodbiX OABYX U3 TPEX BENUYUH: AaBrie-
HUsA p, Temnepatypbl T, o0bema V. OyHKUMOHaNbHas CBA3b MeXx4y HUMKU Ha-
3blBaeTCS ypaBHEHNEM COCTOSIHUS.

Temnepamypa — 3TO (pusmyeckas BenunyMHa, KoTopas XxapakTepusyeT
COCTOSIHME TEepMOOMHAMNYECKOrO PaBHOBECUS MAKPOCKOMNYECKON CUCTEMDI.
B coBpeMeHHOM ecTecTBO3HaHUM NPUHATO UCMONbL30BaTb ABE Temnepartyp-
Hble LWUKanbl — mepMoOuHamu4ecKyro n MexoyHapOOHYH rpakmu4yecKyro, KO-
Topble rpagympoBaHbl B kenbBuHax (K) n B rpagycax Lenbcus (°C) cooTteT-
CTBEHHO. B coBpemeHHOM ecTecTBO3HaHUM yTBepxaaetcd, 4to 0 K (abco-
MIOTHBIA HYMb) B NpMpoAe HeOOCTMXKUM, HO CKOSb YrogHo 6nmskoe npubnu-
XEHMe K HEMY BO3MOXHO.

OCHOBHbIE NOJIOXEHUS COBPEMEHHbLIX MOJIEKYNAPHO-KUHEeTNYeC-
KUX NnpeacTaBrieHumn

MonekynapHo-KMHETUYECKME NPEACTaBEHNA O CTPOEHUN U CBOMCTBAX
MaKpOCUCTEM B COBPEMEHHOM €CTECTBO3HAHMM OCHOBAHbI HA TPEX OCHOBHbIX
NOSTOXEHNSA:

1) mobon matepmanbHbIi OOBLEKT (TeNno), HaxoAAWMNCS B TBEPLAOM,
XNOKOM Unu razoobpasHOM COCTOSHUM COCTOUT M3 OFPOMHOIO YMUCra OYEHb
MarneHbKMX YacTul — MoJfiekyn (aTtoMbl MOXHO paccMaTpuBaTb Kak OAHO-
aTOMHble MONEKyrbl);

2) Morekynbl noboro BellecTBa HaxoadaTcs B MOCTOsSiHHOM Gecnops-
AOYHOM, XaOTMYECKOM, HE MMEILEM KaKoro-nmbo nNpenmMyLlecTBEHHOrO Ha-
npaBneHus ABMXKeHUu;

3) MHTEHCUBHOCTb OBWXEHUS MOJSIEKYSl B BellecTBe, KoTopasa onpene-
NSAETCA CKOPOCTHLIO UX ABWXKEHMUS, 3aBUCUT OT TeMnepaTypbl BeLecTsa.

KonnyecTBeHHbIM OTpaXeHMEM MONEKYNSAPHO-KMHETUYECKUX Npea-
CTaBneHun B ou3nKe ABNAKTCA U3BECTHbIE AMMUPUYECKME Fa30Bble 3aKOHbI
(3akoHbl Wapnsa, Asoragpo, bonna — Mapwuotta, 'en-Jltoccaka, JanbToHa),
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ypaBHeHue cocTtodaHua KnanenmpoHa — MeHpgeneesa, OCHOBHOE ypaBHeHWE
KWHETUYECKON Teopun mnaearnbHbIX ras3oB, 3akoH Makcesenna gns pacnpege-
neHns Monekyn n ap.

3 OCHOBHOro ypaBHEHNSI MONEKYIISIPHO-KUHETUYECKOM Teopuun cneayet
OYeHb BaXHbIW BbIBOA: CPEeAHSAS KMHEeTUYecKas JHeprust noctynatesibHoro
ABWXEHNA OHOW MONEKYIbl naearnbHOro rasa npsiMo nNpornopuMoHanbHa ero
TepMoauHaMMYEeCcKon TemnepaType M 3aBUCUT TOSMbKO OT Hee: E = 1,56 kT,
roe k — noctosiHHas bonbumana; T — TemnepaTtypa. OTO COOTHOLLEHME MOKa-
3blBaeT, 4YTo npu Temnepatype T = 0 K cpeaHsas KMHeTundeckast aHeprns Mo-
NeKys paBHa HymMk, a 3TO 3HAYUT, YTO B TAKOM Crlydae npekpawaeTcd rnocry-
naTenbHOEe OBMXEHMe MOSeKyn rasa, W, Toraa, ero gaBfieHNe paBHAETCS HY-
nto. MNockonbKy Monekynbl Noboro BelecTBa HaxoaAaTca B NOCTOSAHHOM bec-
NOPSAOYHOM (XaoOTMYECKOM), HE MMEIOLLEM KaKOro-nmbo npenmyLiecTBeHHO-
ro HanpasneHust apmxeHun, To E #0, To ectb T # 0, YTO N O3HAYaAET HEBO3-
MOXHOCTb JOCTUXeHus abcontoTHoro Hyns TemnepaTtypsbl (0 K) B npupoae.

TepmoguHamundeckas TemnepaTtypa siBAsieT cobon Mepy KMHETUYECKON
9HEeprnn nocTtynaTesibHOro ABWMXEHUA MOSIeKyn uaearnbHOro rasa, a npeg-
ctaBnieHHasa popmyna E = 1,5 kT oTpakaeT MOSNeKynapHO-KMHEeTUYECKoe MNo-
HMMaHWe Temneparypbl.

OCHOBHble TepMOAUHAMNYECKUE 3AaKOHbI

Jllobas TepmogmMHamMmnyeckasi cUCTeMa B KaXOoOM U3 COCTOsIHUA obna-
Oaem sHympeHHeU sHepauel, COCTOALEN N3

1) aHeprum TensoBOro ABMXEHUS MoOrekyn (nocTtynaTtenbHOoro, Bpallia-
TenbHoro n konebaTenbHOro);

2) noTeHUnansHOW 3Heprun, onpegensowen nx B3anMogemncTame.

BHyTpeHHss1 9Heprus nobon TepMoanHaMUYECKON CUCTEMbI B Npupoae
npu ee B3aMMOAENCTBUN C BHELIHMMU TenaMmm MOXET U3MEHATbCA ABYMS
cnocobamu:

1) coBepLueHne paboTbl;

2) TennoodbmeH.

B Hayke n3BeCTHO, YTO B NpUpPOAe AENCTBYET 3aKOH COXPaAHEHUS1 Mexa-
HMUYECKOM SHEPIrK, OTPpaXkatoLni NpoLecc npespaLleHnsa aHeprun. Tennosoe
ABWXEHNE ABMNSAETCS TOXE MEXAHUYECKMM (OHO He HanpaBfieHHOE, HO XaoTu-
yeckoe). Torga npu Bcex nNpeBpaLleHnaX OOSMKEH BbIMNOMHATLCA 3aKOH CO-
XPaHEHNS SHEPrMM BHELLUHUX W BHYTPEHHUX OBWXEHUN. OTO YyTBEpXaeHue
npeacraBngeT cobon OCHOBHOE MOMOXEHUE r1epeo20 Hayarna mepmoOuHa-
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MUKU: KONMYeCTBO TensioTbl Q, nepegaHHoe Teny, pacxodyeTcs Ha coBep-
LUeHne TenomMm paboTbl A U Ha yBENUYEHUE €ro BHYTPeHHen aHeprum U, To
ectb Q=U +A.

N3 aToro Hayana TepMoguMHaMUKN crieayeT BaXKHbIW BbIBOA: HEBO3MO-
XEH BeYHbIN ABuraTernb NepBoro poga, TO eCTb Takow ABuratesib, KOTOpbIv
coBepLuan 6bl paboTy «M3 HUYero», 6e3 BHELWHErO UCTOYHMKA aHeprnn. Ecnn
NMeeTCH BHELLUHUA UCTOYHUK, TO 4YacCTb 3HeprumM Bceraa nepexoamTt B dHep-
M0 TEMSOBOro, XaoTUYECKOro ABWKEHUSI MOSEKYSl, a 9TO U eCTb NpuYunHa
HEBO3MOXHOCTM NOSTHOrO NpeBpaLleHnsa 3HepPrMm BHELIHEro UCTOYHMKa B MO-
nesHyo paborty.

B oTnnuMe oT mMexaHM4ecKoro OBMXEHWA BCe TennoBble npoLecchl B
npupone sesgromcesi HeobpamumbIMU: O HUX HEBO3MOXHbI 0OpaTHble npo-
LecCbl, B KOTOPbIX pearim3yloTca Te Xe TennoBble COCTOAHWUA, HO TOSbKO B
obpatHom HanpasneHun. Obpamumsie PoOUecckl B NpUpoae NPOUCXOoaaT Kak
B NpsAMOM, Tak M B obpaTHOM HanpasrfieHun. Takue rnpouecchbl ABNANTCS
noeanunsaumen peanbHbIX NPOLIECCOB, NPU NPOTEKAHUN KOTOPbLIX Bcerga Te-
pAeTcs HeKoTopas YacTb 3Heprum (Ha TennonpoBOAHOCTb, TPEHNE U T. A.).

B npupoge niobasi cuctema, ecnn OHa npepocTaBrieHa camon cebe,
CTPEMUTCHA NEepenTn B COCTOAHNE mepMOOUHaMu4YecKo2o pasHogecus. B Hem
Tena no OTHOLLEHUIO OpYr K APpYry HaxogsaTca B COCTOSIHMM nokosi n obnaaa-
0T O4MHAKOBbLIMW JAaBMEHNEM U TEMNEPATYPON.

YcnoBuemMm paBHOBECUS HECKOSbKMX (OBYX M Bonee) cuctem unu OByx
YacTen OOHOWN CUCTEMbl SBMSIETCA PaBEHCTBO TemMnepaTyp BO BCEX TOYKaXx.
Tak dopmynupyetca Hyregoe Hayaro mepmoouHamuku. 1o JOCTUXEHUU
paBHOBECUS!, CUCTEMA U3 HErO He BbIXoauT 6e3 BHELLHEro BO34eNCTBUS.

Ecnn cuctema ten, Haxogntca B TepMOaUHAMUYECKOM paBHOBECUU, TO
B HEN HEBO3MOXHbl HMKaKMe pearbHble npoleccbl 6e3 BHELWHero BMeLla-
TenbcTBa. [103TOMy, C NMOMOLLLIO Tef, KOTopble Haxo4saTCca B TepMoguHaMmu-
YEeCKOM paBHOBECWUWN, HENb3s COBEPLUMTb HWMKAKOW paboTbl, NOCKOMbKY OHa
CBs3aHa C MeXaHW4yeCKuM OBWXKEHUEM, TO eCTb C npeBpalleHMeM TennoBou
9HEpPrun B KMHETUYECKYHD. YTBEPXKOEHME O HEBO3MOXHOCTW BbIMOSIHEHUS pa-
BOTbl 32 cYET 3HEPrnn Ten, KOTopble HaXoASATCA B TEPMOANHAMUYECKOM paB-
HOBECUKMW, COCTaBNSAET OCHOBY 8MOpP020 Havyasna mepmMoOuHaMUKU.

B okpyxatowen Hac npypoge MMerTca KosnoccanbHble 3anackl Tenmo-
BOW aHeprun. Ecnn Gbl aBuratenb paboTtan TOMbKO 3a CYET SHEeprum Haxo-
AAWNXCA B TEMSOBOM paBHOBECUN Tef, TO OH BbiN Obl NPakTUYECKN BEYHbBIM
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apuraternieM. BO3MOXHOCTb CO3aHWA Takoro BEYHOro ABuratens BTOPOro
poda WCKIYaeT BTOPOE Havyano TepMoguHaMuKu.

B Hem BBOOMTCA B pacCcMOTpeHMe coBceM Apyras (PyHKUMS COCTOSHUS
— 3HTponusa. ITOT TepMunH BbIn npeanoxeH P. Knaysumycom (rped. entropia
O3HauvaeT «npeBpaLleHney).

HeobpaTMOCTb TENNOBbLIX NPOLECCOB B OKPYXatoLeM M1Upe HOCUT Be-
POATHOCTHbIN xapakTep. [lepexon Tena u3 paBHOBECHOIO COCTOAHWUA B He-
paBHOBeCHOe 6e3 BHELLUHEro BO34eNCTBUA (CaMOMPOU3BOSbHbLIN) HE HEB03-
MOJX€eH, a /lulllb 04YeHb MasioeeposimeH. HeobpaTUMOCTb TENMOBbIX NpoLec-
COB BbI3bIBAETCS KOSIOCCANbHbIM YMCIia MOSIEKYN, U3 KOTOPbIX COCTOAT Tena.
Mornekynbl rasza cTpeMAaTcsa K Hanbornee BeposasTHOMY COCTOsiHUIO. OHO Xapak-
TepusyeTtca 6ecnopsgodHbIM pacnpeneneHneM Monekyn, Nnpu KoTopom npu-
MEpPHO OAMHAKOBOE MX YMCIO OBUXETCSH BO BCex HanpasneHusx. [pu atom B
KaXxgom obbeme HaxoguTcsa MpUMepHO OAMHAKOBOE KONMYECTBO MOJIEKYIT,
paBHaa 0ONA MeANneHHbIX N BbICTPbIX MOMEKY BO BCEX YaCTSAX Kakoro-nnbo
cocyga. Jltoboe OTKNOHEHME OT paBHOMEPHOro U Becnopsago4vHOro nepeme-
LUMBAHUS MOSEKYN MO CKOPOCTAM U MOMOXEHUsIM (OT Takoro xaoca), CBA3aHO
C YMEHbLUEHNEM BEPOATHOCTU, U npeacTaBnsieT cobon mMeHee eeposimHoe
cobbimue. N HaobopoT, NpoLECChl, KOTOPbIE CBA3aHbl C NepeMeLlunBaHneM, ¢
obpasoBaHMeM xaoca M3 Nopsiaka, yeesuyuearom 6eposimHOCMb COCMOS-
HUS.

B ecTecTBO3HaHUM yTBEpXOAETCs, UYTO TOSMbKO NUWb MNpU HanmMyuu
BHELLIHEro BO34ENCTBUA MOXET poXOaTbCs NOpsiAokK M3 xaoca (MopsiaoK Bbl-
TeCHSeT Xaoc).

[ns KonnM4yecTBEHHON XapaKTEPUCTUKN TEMNSTIOBOMO COCTOSIHUA CUCTEMDI
B oM3MKe BBEOEHO NOHATUE mepModuHamu4deckol BepoaTHocTn W, koTopas
paBHa KONMNUYECTBY MMKPOCKOMUYECKMX CNOCOBOB, C MOMOLLLI KOTOPbIX OHO
MOXeT BbITb gocTurHyTo. Jltobasa cuctema, ecnv oHa npegocTaBrieHa camon
cebe, cTpemMuTCcsa nepenTtn B coctosHne ¢ 6onbmnm 3HavyeHnem W. B pusuke
NPUHATO NMONb30BaTbCH He BEPOATHOCTLIO W, a aHmponueld cucmemsi, ornpe-
aensemon kak S = k InW (k — noctosiHHas bonbumaHa).

BoapactaHue aHTponuu ans HeobpaTuMbIX MpoLEeccoB ecTb criedcm-
gue nepexoda cucmemMbl OM MEHEE 8EPOSIMHO20 COCMOSIHUS K 6osiee 8epo-
SAMHOMY, NPU 3TOM COCTOSIHME pPaBHOBECUA BbICTYNaeT Kak Hanbonee Bepo-
ATHOE.

BTopoe Hayano TepMoguHaMukn, KOTopoe onpefensieT HanpasneHue
TennoBbIX NPoLEeccoB, DOPMYNUPYETCA Kak 3aKOH 803pacmaHusi 3HMpPOnuu.
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NPOLIECCHI B HEXMBOW M XMBOW NPUPOLE B LESIOM COMPOBOXAAKTCA POCTOM
SHTPOMUN B 3aMKHYTbIX N30fIMPOBAHHbIX CUCTEMAX; MPU 3TOM MaKCuMarbHoOe
3Ha4YyeHme 3HTPOMNUM 3aMKHYTOW CUCTEMbI AOCTUraeTCcsa B TEMSOBOM paBHOBE-
cum: AS = 0.

Bce ecTecTBeHHbIE NPOLIECCHI B OKpYXXaloLLEM MUPE MPOUCXOAAT C BO3-
pacTaHMeM BEpPOSATHOCTU COCTOSIHMA. JTO O3Ha4yaeT nepexon OT nopsaka K
Xaocy N NO3TOMYy FOBOPSAT, YTO SHTPOMNUS XapaKkTepusyeT Mepy xaoca, KOTo-
pas 0r15 8Cex ecmecmeeHHbIX MPoueccos8 go3pacmaem.

[Mpn abCconoTHOM Hyne TemMnepaTtypbl SHTPOMNUS MPUHUMAET 3HAYEHUE,
KOTOpOe He 3aBUCUT OT AaBreHund, ha3oBOro COCTOSIHUS M OPYrMX XapakTe-
PUCTUK BeLLECTBA. Takoe 3Ha4YeHNEe MOXKHO MOMOXKUTb PaBHbLIM HYJIO. OTO yT-
BepXXaeHue HasblBaeTcs meriiogol meopemou. OHa He criegyeT u3 nepBblX
ABYX Hayan TepMoauMHaMWKW, NMO3TOMY B CUITy CBOEW OBLLHOCTM Teopema
paccMaTpuBaeTCs Kak mpembe Hadasrno mepmoouHamuku. M. TnaHk cdop-
MynMpoBarn ee B BUOe YTBEPXKOAEHUS: SHTPOMNNSA BCEX TEST B COCTOSIHUN paB-
HOBECUSI CTPEMUTCS K HYMO N0 Mepe NpubnmxkeHns TemnepaTtypbl K HyIo
KenbBuHa: lim S = 0.

Teopemon HepHcTa 3aBepluaeTcsl NOCTPOEHUE KITaCCUYECKOU TEPMO-
ONHaMuUKN. EcTecTBEHHOHayuYHble NPO6fIEeMbl HACTOSILLErO BPEMEHU MPUBENNA
K CO30aHUI0 COBEPLUEHHO HOBOW OTPACiN eCTECTBO3HAHUSA — HepaBHOBECHOU
mepMoOUHaMUKU.

2.2, OTKprTbIe cuctembl U HepaBHOBeCHasA TepMoANHaAMUKa

B okpyxatowen npupoae Bce MatepuarnbHble CUCTEMbl ABMSOTCA Om-
KpbimbiMu. Mexay HAMU N OKpyXKatoLen Ux cpefon NOCTOSHHO NPOoUCXoauT
obmeH BeLLecTBOM, aHepruen, nHpopmaumen n nmnynscom. Hanbonee sax-
HbIM (M HarnNs4HbLIM) TUMOM OTKPLITbIX CUCTEM SBAAIOTCA XMMUYECKUE CUCTE-
Mbl. B HMX NOCTOSIHHO MpPOTEeKalT XUMWUYECKME peakumm (Mpu 3TOM WU3BHE
NPOUCXOANT MPUTOK peareHToB, a OTBOAATCA MPOAYKTbl B3aUMOLEWCTBUS).
Knble opraHuambl U BMOMOrMYECKME CUCTEMbI B COBPEMEHHOM ECTECTBO-
3HaHMM paccMaTpPMBAlOTCS TakKKe KaK OTKPbITble XMMUYECKUE CUCTEMbI. Ta-
KOW noaxon K OMonormyeckum cucTtemMam WU XuBbIM OpraHuamam gaeT BO3-
MO>HOCTb M3y4aTb MPOLECCHl UX XU3HEeOEATENbHOCTU U Pas3BUTUA, NCMOSb-
3yd 3aKOHbl (PU3NYECKON N XUMUYECKON KMHETUKN U TEPMOAVNHAMUKN HepaBs-
HOBECHbIX MPOLECCOB.
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OTKpbITbIE CUCTEMBI B HEOPraHMYecKkon npupoe y4acTteyoT B obmeHe
C pasnyHbIMN CUCTEMaMN BHELLHEN cpefbl, KoTopble obriagatoT aHeprmen u
BellecTBOM. B rymaHuUTapHbIX 1 coumaribHbIX CUCTEMAX KpOMe 3TOro npouc-
XoauT n obmeH nHgopmaumnen. ObmeH nHpopmaumen MMeeT MECTO TakKe B
Buonornyeckux cuctemMax, K npumepy, npu nepegadvye reHeTU4eckonm NHop-
Maumn.,

[MocKosbKy B OTKPbITbIX CUCTEMAaX NPOTeKarT HeobpaTuMble NpPoLEeCChl,
TO B HUX TakkKe M3MeHdAeTcsa 3HTponus. [lpy 3TOM OHa BbLIBOOUTCH B OKpPY-
XaloLLyo cpefly, a He HakannmBaeTCs, Kak B 3aKpbITbIX CUCTEMaxX. QHTPOMNnNA
AN OTKPbITbIX CUCTEM B  HEpPaBHOBECHOM  COCTOSHMM  (JIOKasibHO-
HepaBHOBECHOE COCTOSIHWE), BCneacTBne agauMTUBHOCTU 3HTPONUU, OHa On-
pefenseTcs Kak Cymma 3HayYeHUn SHTPOMUN OTAESNbHbLIX MarblX 3N1EMEHTOB
cuctemMbl. MlsameHeHMe TepMOAWMHaAMWYECKMX MapamMeTpoB CUCTEMbl OT WX
PaBHOBECHbLIX 3HA4YeHU BbI3bIBAOT B HEW MOTOKN BeLWeCcTBa U 3HepPrnn. OTu
npoueccsl (nepeHoca) BbI3bIBAOT NPON3BOACTBO 3HTPOMUU, TO €CTb ee POCT
B cucteme. B 3aMKHyTbIX cucTemMax MPOU3BOACTBO SHTPOMUM CTPEMUTCA K
HYI0, NOCKOMbKY 3HTPONUSA BCerga pacteT U CTPEMUTCSH K CBOEMY paBHOBEC-
HOMY MaKCUManbHOMY 3HAYEHUIO.

B oTkpbITON cucteme MOryT OblTb COCTOAHUA C MOCTOSTHHOW 3HTpOMNuen
(Mpy ee NOCTOSAHHOM MPOU3BOACTBE M OHA AO0SHKHA MpU 3TOM OTBOAUTLCS U3
CUCTEMbI) — 9TO TaK HasblBaeMble cmayuoHapHble cocmosiHus. B Tepmoan-
HaMWKe OTKPbITbIX CUCTEM OHU UrparoT TaKylo Xe posib, Kak U B TepMoauHa-
MUKE pPaBHOBECHbIX MPOLECCOB TepMOANHAMNYECKOe paBHOBeCHe A9 U30-
NUPOBaHHbIX cUCTEM. B TakoM COCTOAHUM 3HTPOMUA OTKPbLITBIX CUCTEM XOTS U
OCTaeTCs MNOCTOAHHOW (OTBOL SHTPOMMU KOMMNEHCUPYET ee MNpou3BOACTBO),
O[HaKO OHO He COOTBETCTBYET ee MakCUMyMy.

OuyeHb BaXkHble CBOMCTBA OTKPbITbIX CUCTEM OBOHapYXXMBAKOTCA NPU He-
NUHENHbIX npoLleccax, Korga B HUX BO3MOXHO MOsIBIIeHME YCTOMYMBLIX Tep-
MOAVHaMMYECKN HEPABHOBECHbBIX COCTOAHUWN, AareKknx OT COCTOSAHUS TepPMO-
AWHaMUYECKOro paBHOBECKS, KOTOpPble XapaKTepusykTcsa onpeneneHHon
ANCCUNATUBHOM CTPYKTYPOU (BPEMEHHOM WM MPOCTPAHCTBEHHOW Ynopsao-
YeHHOCTbH). [1Ns cywecTBOBaHUS Takon CTPYKTYpbl HEOBXOAUM NOCTOAHHbLIN
0OMeH aHepruen 1 BeLweCTBOM C OKpyxatoLen cpegon [19].

AscTpuinckmn pusmk 3. Wpeannrep, (1887 — 1961 rr.), nokasan, 4To B
OCHoBe 06pa3oBaHMsl BUONOrMYECKNX CTPYKTYP NexaT 3akoHbl puanku. OH
nogyepkusarn, Yto Ans 6MoNorn4ecknx CUCTEM xapaktepeH obmMeH aHepruen
N BELLEeCTBOM C OKpyXalLlen cpenon. HenpepblBHOE M3BreYeHne ynopsno-
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YEHHOCTM N3 OKpyXXatoLlen cpenbl ABNSETCS CpeACcTBOM, C MOMOLLbIO KOTOPO-
ro opraHMsm noggepxmeaet ceba Ha AOCTaTOYHO HW3KOM YPOBHE 3HTPONUM
(VN1 Ha 4OCTaTOYHO BbICOKOM YPOBHE YNOPSA0YEHHOCTH.

Cuctema, B3anMoOeWNCTBYKOWAA CO Cpedon, He MOXET ocTaBaTbCs
3aMKHYTOW, TaK Kak OHa BbIHY>XAEeHa Nnosfy4YyaTb HOBYH 3HEPIrM0 UM BELLECT-
BO M3BHE N B TOXE BPEMS BbIBOAWTb MCMOSIb30BAHHOE BeLWeCcTBO N oTpabo-
TaHHYIO QHEPru B OKpYXKatoLLyo cpefy. B npouecce cBoero pa3suTtusi cucC-
Tema NoCTOsIHHO 0OMEHMBAETCA SHEPIUEN C OKpYyXXatoLen cpeaoun, 1 noaTo-
MYy YBENnMYMBaET CBOK SHTPOMUID, KOTOpasa yaanseTca B OKpPYXaloLly cpe-
Ay, a He HakannMBaeTCs B HEW (B OTNNYME OT 3aKpbITbIX cucTEM). Takme ma-
TepunanbHble 0bpasoBaHUs (CTPYKTYpbl), KOTOpble CMOCOOHbLI paccemBaTb
9HEepPruto, HasblBalT AuccunamueHbIMU.

HepaBHOBECHOCTb B CMCTEME pacTeT Npu NOCTYMfeHMM HOBOro Belle-
CTBa uUnn 3aHeprun. B utore, NnpexHss CBA3b Mexay dneMeHTamu CUCTEMB,
onpegenawwas ee CTPyKTypy, PYLUMTCA M HOBblE CBS3N POXAAITCA Mexay
anemeHtamu. OHU NPUBOAAT K KOMNEKTUBHOMY MOBEOEHUIO €€ 3fIEMEHTOB,
TO eCT K. koonepaTuBHbIM rpoueccam. Takum o6pa3omM MOXHO CXxeMaTUyecKu
NnpeacTaBuUTb MpPoUecChl camoopaaHu3ayuu B OTKPbITbIX cuctemax [19].

[Mpoueccbl camoopraHmsaumm HarfsgHo UNICTpupyrTea paboTon na-
3epa: OTHOCUTENbHO XaoTudeckme konebaTerbHble OBUMXEHUA YacTul, B Kpu-
cTanne BCneacTBue MOCTYMNSIEHNA U3BHE 3HEPrnm npuBOAATCA B Cornaco-
BaHHOE ABWXEHWE, a 3TO BbI3blBAET YBENMYEHNE MOLLHOCTU U3NyYeHna na-
3epa. Vccneays npoueccbl caMoopraHnsaumm, KoTopble NpoTekarT B rase-
pe, puauk I'. XakeH Ha3Ban HOBOE Hay4YHOE HanpaBneHue cuHepaemukod, (B
nepeBode C OAPEBHErPEYECKOro — « COBMECTHOE OENCTBUE» UMW B3auMOOeEN-
cTeue).

OTMeTUM, 4YTO poXaeHMEe ONCCUNATUBHBIX CTPYKTYP MMeEET MOpOroBbIv
xapaktep. B HepaBHOBeCHOM TepMoanHaMUMKe MoKasaHO, YTO MOPOroBbIN Xa-
pakTep CBs3aH C HEYyCTOMYMBOCTLIO. Poxgatowasnca HoBasi CTPyKTypa Bceraa
BO3HUKaET M3 onyKTyaumm n gBndeTcsa pesynbTatoM HeyCTOM4YMBOCTU. Ta-
KOW NpoLecC XapakTepusyrlT Kak npuHUun obpasoBaHWA nopsigka depes
donykTyaummn. INockosnbKy onyKkTyaumm UMELOT CrlydanHbIv XapakTep, TO NOsAB-
NleHne HOBOro B NMpuUpoAe Bcerga CBA3aHO C OEWCTBMEM CrlyyaunHbIX (pakTo-
poB. B HepaBHOBeCHOM TepMOAMHaMWUKe YCTaHOBMEHO, YTO CMOCOBHOCTb K
camoopraHmsauumn asnsieTcsl obLMmM CBOMCTBOM BCEX OTKPbITbIX CUCTEM B
npupoae, B KOTOPbIX BO3MOXEH OOMEH 3Heprven ¢ okpyxatowen cpegon. A
MCTOYHUKOM YNOpPSA0YEHHOCTU MMEHHO SBMIIETCA HEPABHOBECHOCTb.
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CoBMECTMMOCTb CNOCOBOHOCTU NPUPOAHbLIX CUCTEM K caMOopraHu3aumm
N BTOPOro Hayana TepMoanHaMUKN SIBNSAETCS OOHO M3 BaXXKHENLLMX LOCTUXE-
HUN HEPABHOBECHON TEPMOANHAMUKN.

O6HapyxeHne sIBEHNS camMoopraHM3auum B NPOCTENLLMX NMPUPOLHbIX
HeopraHM4Yecknx cuctemax, B MepByto ovepeb B XMMun U pusnke, nmeet
OY€eHb BaXXHOE Hay4yHOE N MMPOBO33peH4Yeckoe 3HavyeHue. OHO noaTeepXxaa-
eT TO, YTO NogobHble npouecchbl MoryT ObITb B OCHOBE MaTepun, U TEM ca-
MbIM yKa3blBaeT Ha B3aMMOCBA3b HEOPraHN4YeCKon N OpraHM4eCKOn Npupoabl.
BO3HMKHOBEHME XM3HM Ha 3emMnie C No3vMuUuKM camMoopraHu3auuum He npea-
CTaBNSAETCA B HacTosilee BpeMsda CrnyvyamHbiM U peakum sisrieHmem. Crtarno
NOHATHbIM, YTO BceneHHass n BoobLLe BeCb OKpyXaloLwun Hac Mup, npea-
CTaBNAT cOBOM COBOKYMHOCTb PasfnUYHbIX CaMOOPraHM3YyHLLNXCS npouec-
COB, KOTOpbIE ABMNATCA OCHOBAHNUEM BCAKOW 3BOSTHOLINN.

BaXHO nMOHMMATb, YTO YEM BbILLE CUCTEMA MO NECTHULE 3BOMOLUN,
TeMm 6onee MHOrOYUCIIEHHbIMU, Pa3HOObpPa3HbIMKU N CNOXHLIMU CTAHOBSATCS
drakTopbl, KOTOPbIE ABAAKTCS BaXXHbIMW B CAMOOpraHn3auuu.

MaTtematuk Knog LLIeHHOH npu co3gaHum matemaTUdeckon Teopun UH-
dopMaumn MPUMEHSIN MOHATUE JHTPONUM ONS onpeaeneHna KpUTUYeCcKomn
CKOPOCTM Nepefaym nHopmMaumn U cosgaHns «noMexoyCTONYMBBLIX KOOOBY.
Moaoxon ¢ MCnonb3oBaHMEM BEPOATHOCTHOM (PYHKUMKM IHTponun (U3 cTaTu-
CTUYECKON TEPMOANHAMUKM) BbISIBUNCA BaXXHbIM U MPOLYKTUBHBLIM U B APYrnx
HanpaBfeHUsIX eCTECTBO3HaHMUS (B XUMuUK, Bruonorun n paae apyrux Hayk).

[TOHATME SHTPONUM OYEHb BaXKHO U AN OCMbICIIEHNA MHOIMNX ABMIEHUN
npupoabl N Takke YerioBe4Yeckon aesaTernibHOCTU. B HacTosiee BpemMa ACHO,
YTO C NPUMEHEHNEM BEPOATHOCTHOM (PYHKLMW SHTPOMUM BO3MOXHO MPOBO-
OUTb aHanna Bcex CTagun nepexona CUCTEMbl M3 COCTOSAHMA MOSIHOrO xaoca
(emMy COOTBETCTBYIOT paBHble 3HA4YEHUS BEPOATHOCTEN U MaKCUMaribHOe 3Ha-
YeHMe JHTPOMMN) B COCTOSIHME NpedenibHO BO3MOXHOW YrNopsg0YEHHOCTU
(emy cooTBeTCTBYeT €AMHCTBEHHO BO3MOXHOE COCTOSIHWE 31IEMEHTOB Mpu-
pPOOHON CUCTEMBI).

C nosuuun npoTtekaroLwmx prsnko-XMMmn4eCckmx NpoLLeccoB B XNUBOWN Ma-
Tepun (opraHn3mMme) ee MOXHO paccMaTpuBaTb B KayeCTBE CITIOXXHOM OTKPbI-
TOW CUCTEMbI, KOTOpAs HaxXoAUTCA B HEPAaBHOBECHOM U HECTALMOHAPHOM CO-
CTOSIHMWN. XapakTEPHbIM ANd XXUBOW MaTepun B npupoae aensietca cbanat-
CMPOBaAHHOCTbL MpoLeccoB obMeHa, KOTopble BeAyT K YMEHbLUEHUIO SHTPO-
nun. OgHaKo, NOCKOSIbKY XXM3Hb HE CBOOMTCS K NPOCTOM COBOKYMHOCTU don3K-
KO-XMMWYECKNX NPOLIECCOB N € CBOMCTBEHHbI MHOIME ApYrne CroXHble npo-
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LeccCbl camoperynaunn, To ¢ NOMOLLbK NMOHATUA SHTPOMNN HEBO3MOXHO OXa-
paKkTepn3oBaTtb XN3HEOEATEJSIbHOCTb B LIEJIOM.

2.3. EcTecTBeHHOHay4Hble NPo6sieMbl COBPEMEHHOWN IHEPreTUKU

Onpegenum cHavana oCHOBHblE (OM3MYECKME MOHATUS, OTHOCALLMECS K
SHepreTuke.

KonnyectBeHHON Mepor B3auMOOeNCTBUS MaTepuaribHbIX 0ObEeKTOB B
npupoge (4acTuy B YaCTHOCTMU) CNyXuT cusia. Cuna — 3To BeKTopHas ousun-
yeckad Benun4YMHa, ABNAKLWAACH MEPON MHTEHCUBHOCTU BO3OEUCTBUA Ha
AaHHoe Terno Apyrux Ten, a Takke nosien, To eCTbOHa eCTb pe3yrnbTaT B3au-
MOAENCTBMS MaTepuarnbHbiX 06bekToB B npupoge. Cuna, npunoxeHHasa K
MacCUBHOMY Teny, SABNAETCH MPUYMHON U3MEHEHUSI ero CKOPOCTM UM BO3-
HUKHOBEHNA B HEM fedhopMauuii. Ecrnv npunoXxmnTb cuny, To TeNO MOXHO re-
peMecTUTb Ha HEKOTOpOoe pacCcTosHue. [lencTBme CUnbl MOXET Bbl3biBaTb YC-
KOpEeHWe YacTuubl Unu Tena n nuaMeHeHne opmsbl (aeopmauuio) Tena.

Bce cunbl, ¢ KOTOpbIMX MMeeT Aeno MexaHuka, OBbIYHO YCITIOBHO MoAa-
pasfensaT Ha KOHmMaKmHble Cusibl, BO3HUKAKLWME Npu HENoCpeCTBEHHOM
COMPUKOCHOBEHUN YacTuy, (Cuiibl AaBMeHUs, TPEHUS), U cusibl pu3u4eCcKuX
rnosned, co3gaBaemMbiX B3aMMoLenCcTBUMEM MONen 1 Yactuy, (cunbl rpaBuTaum-
OHHblE, 9NEKTPOMarHUTHbIE).

Bcakaa vactuua (MatepmarnbHbii OOBHEKT) «oKasblBaeT COMpoTUBIe-
HUEe» MNpU MonbiTKax U3MEHUTb €€ CKOPOCTb KaK Mo MOAysio, Tak MU Mo Ha-
npaBneHnto. 3TO CBOMCTBO, KOTOPOE BblpaXkaeT CTeneHb COMpOTUBIEHMS
YacTuLbl UISBMEHEHWNIO CKOPOCTU, Ha3bIBaOT UHEePMHocmbto. Mepon NHepTHO-
CTU MOXET CIYy>XUTb BENUYUHA, HasblBaeMasa maccou. Yactuua ¢ bonblien
Maccou siBngeTcsa bonee MHEPTHOM N HAOBOPOT.

C B3aumopencTBneM martepuasribHbIX OOBHEKTOB TakkKe CBS3aHO WU TO,
4TO Mbl 0603Ha4YaeM B «ObITOBOM» MOHMMaHUWN (Ppas3omn: «COBepLUaAEM yCu-
nnay. B ectecTBO3HaHUM ONA ONMCAHUS YCUNUA, Npunaraemblx Onga nonyye-
HUA pesynbTaTa, NPUMEHSAeTCa camoe TepMuH — «pabomax». Ecnu nog poen-
CTBMEM CUSbl TESIO NepemMeLLaeTcd Ha HEKOTOpPOe pacCcTosiHMe, TO cufa Co-
BepLUaeT Hag 3TUM TeNoM mMexaHu4decKyro pabomy.

MexaHuyeckasa paboTa (A) — ckangpHasa umsndeckaa BennuymnHa, KoTo-
pas onpegenseTca npon3seneHMeM abCoNOTHBIX 3HAYEHUN NOCTOSAHHO AeWn-
CTBYIOLLEN Ha TeNno cunbl F 1 nepemeLleHnas, KoTopoe coBepLluaeT 3To Te-
N0 B HanpasneHun AenctBust cunbl: A =F -s. PaboTa nsmepsieTcs B eanHK-
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uax cuctembl CU kr-m?/cek?=H-m, koTopas B buanke nonyyuna HassaHue
«proynby» (Ox).

B obwem cnydae, ecnn yactuua (Teno) nog Aenctesmem cunbl F co-
BepLlaeT nepemMeLlleHne rno HeKOTOpPOW KPUBOJSIMHEMHOW TpaeKkTopuu mexay

—

Touykamu 1 1 2, BEKTOp cunbl F B npoLecce ABWKEHUS MOXET U3MEHATLCA MO
MOy U HanpasBneHuo. B aTom criyyae paccmaTpuBaloT arneMeHTapHoe
nepemelleHne dr (roe r — paguyc BEKTOP YacTulbl), B Npeaenax KoToporo

— —

cuny F MOXHO cumTaTb NOCTOAHHOW. [lencTtBue cunbl F Ha nepemelleHue

dr xapakTepusyloT BENMYNHOW, paBHOW CKansipHOMY NPOU3BEAEHUIO (IE : dF).

3Ty BeNMUMHY Ha3blBalOT 3neMeHTapHoii paboToit SA cunbl F Ha nepeme-
lweHne ar .

[na onpepeneHna cnocobHOCTM coBepliaTb ycunue, Kpome paboThl,
NCNONb3YyT MOHATUE 3SHepaus (TepMuH 3Heprnsa Been B 1850 r. yyeHbIn
K. FOHr). OHO nponcxoanT OT rPevecKoro CroBa «39Hep20C» — OeATeNbHbIN.

Paboma xapakmepusyem rnpouecc, Kak rocriedogamersibHy CMeEHY
COCMOSIHUU, @ — COCMOSsIHUE MexaHU4YecKol cucmemal.

[Mpouecc — aTo nocnegoBaTefibHasg CMeHa COCTOsIHUM 0b6beKTa BO Bpe-
MeHn. TepMuH «paboTar», Kak hmnsndeckas BenmymHa, ynotpebnserca B AByX
CMbICnax:

1) npouecc nepemeLLeHnsa Tena nog OenCcTBUEM CUSbl U3 OOHOW TOYKU
B APYTYIO;

2) nnbo cmsnyeckaa BenmvyMHa, Xapaktepusyrowas aToT npouecc me-
POV N3MEHEHUS SHEPTUN NPU Nepexoae N3 0gHOro COCTOAHUS B ApYroe.

Kaxxgomy onpefeneHHOMYy COCTOSIHUMIO MaTepuanbHoro obbekta (Tena)
COOTBETCTBYET onpeaeneHHasa aHepruna. lNepexog M3 ogHOro COCTOSIHUS B
Apyroe conpoBOXOaeTcs U3MeHeHUeM 3Hepauu.

B coBpeMeHHOM NoHMMaHUM 06 3HEPINMN MOXXHO FOBOPUTb KakK O HEKOW
YHKUNN COCTOSIHUS, KOTOpasi ONucbiBaeT B3aMMOAENCTBME IIIEMEHTOB Ka-
KON-To Bonee obLien cnctembl. Tak Kak BOKpYr Hac CyLLeCTBYIOT pasfnyHble
NpUpoaHble ABMXKEHUS, COCTOSIHME KOTOPbIX XapakTepusyeTcsl aHepruen, Ha-
npuMep, BO34yLUHbIE TEYEHNSA, TO B 9TOM MNJlaHe, MOXHO rOBOPUTb, YTO BETEP
— WCTOYHUK 3Heprun. KuHeTunyeckast aHeprms BoAbl, ABWXKYLLENCS B pekax,
aBnseT cobon rmapoaHepreTMyecknn pecypc. Ecnm nmeetcs cocrtosiHue, Ko-
roa BHYTpM MatepuarnbHOro obbekta ecTb ABMXKEHUE MUKpoYacTul, COCTaB-
NALWMX 3TO TENOo, TO MOXXHO rOBOPUTL O €ro TENSIOBON SHEPTUN.
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OHepaus MmamepuasibHo20 obbekma — 3TO U TO, YTO B HEM «COCpeno-
TOYEHO N MOXET BbITb MCMONb30BAHO». ATO HEKUIW peCcypC Tena, BO3MOXHbIN
AS151 UICNONb30BaHUsA. QHepausi — 3Mo 8HymMpeHHee ceolicmeo (CriocobHOCMb,
803MOXHOCMb) nrodel u men cogepwamsb pabomy. [103TOMY MOXHO roBoO-
PUTb O KONIMYECTBE SHEPrUn, 3aKNYEHHOW B HEMOABWXHOM Tene, HO HeNb3as
— 0 KonuyectBe paboTtbl B HeM. Hanpumep, ConHue obrnagaeT orpoMHbIMU
3anacamu aHeprun. Jta aHeprusa npespatutca B paboty Ttorga, korga Cont-
Lile CBOMM U3fyYeHNneM Ha4yHeT YTO-TO HarpeBaThb.

[MoTpebneHne aHeprnn, To ecTb nNpeobpasoBaHne ee B paboTy, HEOb-
XOOMMYIO YeNoBeKy, ABNSeTCcs HeobXo4MMbIM YCITIOBUEM CYLLECTBOBAHUA Ye-
nosedvectBa. Mctopmsa Hawen umBunmnsaumm — 3TO UCTOPUST OCBOEHUSI BCe
HOBbIX UCTOYHMKOB SHEPINMN N N300OpETEHNA BCE HOBbIX U HOBbLIX CMOCOOOB
ocBobOXaeHNA aHeprum (NpeobpasoBaHus ee B paboTy).

B npupoge cywectByeT KonoccanbHOe KONMYECTBO pasHbiX MaTepu-
anbHbIX PecypcoB, cpean KOTOPbIX CYLLEeCTBYIOT 3aHep2opecypchbl — maTepu-
anbHble 06BLEKTbI, B KOTOPbIX «COCPeAOTOYEHa» JHEPrus, KOTOPY, npu on-
pefeneHHbIX YCNoBUSX, MOXHO MCNOMb30BaTb ANS Hyx4 4Yenoseka. K aHep-
ropecypcam MOXHO OTHECTW, Hanpumep, pasfmyHblie opraHnyeckme Buabl To-
nnvBea, yronb, HedTb, ras.

OHeprud, Kotopasi xapakrepusyeT CcOoCTosiHMe (Kak U macca, anuHa) —
9T0 huamnyeckasi BenmumHa, 3To0 He 0ObEKTUBHAsA pearibHOCTb, @ UMEHOBAH-
HOE 4YucCno, npuaymMaHHoe nabMU Of9 KONMYECTBEHHONO Bblpa)XXeHWe Co-
CTOSIHUA (CBOWCTBA), XapaKTepUCTUKN YEro-T0 MaTemMaTU4eCKu.

MowHocmb — 31O paboTa, coBepLuaemasi CUIon 3a eguHULY BPEMEHM.
C ee NnoMoLLbtO, B HaCTHOCTU, MOXHO onpeaensTb, KTO BbicTpee YenoBek nnm
No4bEMHbIA KpaH NOAHUMET BECb IPy3 Ha onpeneneHHy BbICOTY U TEM ca-
MbIM OnpeaennTb, MOLLHOCTb Kakoro MnogbeMHOro MexaHu3ma 6onblue.
MoLHOCTb UCNONb3yeTcs ANs XapakTePUCTUKM CKOPOCTU, C KOTOPOW CoBep-

waetcs pabota. Ecnn 3a npomexyTok BpemeHn dt cuna F coBepluaeT pa-
6oty Fdr, To yunTbiBas, 4Yto dr/dt=v, AnNA MOLWHOCTM nony4Yyaem

P, :(IE-V). B ectectBO3HaHUM O5s1 OLEHKM MIHOBEHHOW MOLLHOCTU, Xapak-

Tepusylowen ObICTpOoTy coBeplleHns paboTbl, MONb3YKTCA OTHOLUEHUEM
anemeHTapHon paboTbl dA K 3nemMeHTapHOMY MNPOMEXYTKY BpemeHun dt
dA
P, =—.
dt
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B cnyyasix, korada MOLLHOCTb Marno 3aBUCUT OT BPEMEHU, 4acTO WUC-
Nosib3ylT NOHATUE cpedHel MowHOCMU, ornpenenaeMon 3a Bce BpeMs CO-
BepLUeHuns paboTbl no popmynek, ., = A/(t, —t,).

EonHnuen mnameperHna mowHoctn B CU asnsetca BatT (BT), paBHbIN
MOLLHOCTW CUnbl, coBepLuatoLen paboty B 1 [k 3a 1 cekyHay.

[ns xapakTepuctnkmn npolecca npeobpasoBaHna aHeprm (COCTOSAHNSA)
B paboTy (npouecc), To eCcTb Ans onucaHusa npeobpasoBaHNsa aHepreTuye-
CKOro noToKa B BbINOSHAEMYIO paboTy B €CTECTBO3HAHUM MUCMNOMb3YHT MOHSA-
TN UCMOYHUKa dHepauu (aBuraTens) n cmoka aHepauu (UCNOSTHUTENbHbIE
3BeHbs paboyen malmHbl, paboyne opraHbl). OBbIYHO 3TN NOHATUS YCITOBHDI.
Hanpumep, BMHT camoneTa no OTHOLLUEHUIO K ABUraTento siIBASETCS CTOKOM
9Heprun, a no OTHOLLEHMIO KO BCEMY CaMOSETY UCTOYHUKOM.

Ana cpenbl obutaHus Ha 3emrie OCHOBHbLIM UCMOYHUKOM 3Hepauu SB-
naetca CornHue, koTopoe obecnevnmBaeT NOYTU HEM3MEHHBIN YPOBEHb SHEp-
mun. Ha noBepxHOCTb 3emnn NoCcTynaeT 3Heprms C WUHTEHCUMBHOCTLIO
1360 [x/M? B cekyHay.

B okpyxatLwemMm Mupe CylecTBYyeT MHOro pasfnnyHbiX OpM 3HEpruu.
OpHako B HacTosiLLee BpeMsi, HECMOTPS 3TO pasHoobpasne, onsa ee Npoms-
BOACTBaA NPMMEHSIOTCSA B OCHOBHOM mMpu 8uda UCMOYHUKOB:

1) nckonaemble UCTOYHUKM ToNMBa (HETb, NPUPOAHLIN ras, yrosb),

2) anepHoe TOMNMBO;

3) BOCCTaHaBnMBaeMble UCTOYHUKK: ConHue, ABMXKYLLUMECa Boda U Be-
Tep, u ap.

Ha Hawen nnaHetTe ypoBeHb pPasBUTUS SKOHOMUKU M 6rarococTosiHue
obliecTBa HanpsiMyto 3aBUCAT OT KadecTBa U KonudecTtBa noTtpebrnsiemon
3Heprnn. NoyTn BCa TpyaoBas AeAaTenbHOCTb Nogen TpedyeT notpebneHnsd
9Heprun: ans gobblun None3HbIX NCKOMaeMbIX, BbINfIaBKkM U3 HUX pasHbIX Me-
Tannos, ANs pasfM4HOro CTpouTeNbCTBa U T. . — NOBCloay TpebyeTtcsa aHep-
rms. NoTpebHocTn obuwecTBa B 9HEPrMM MOCTOAHHO PacTyT, YNCNO NOTpedu-
Tenen aHeprum Bce 6orblle pacTeT — BCe 3TO ABNSAETCA MPUYNHON HEODBXO-
ANMOCTN yBeNnn4eHns obbeMoB Npon3BoacTBa aHeprun. MNpupoaHbie aHepre-
TUYECKNEe pecypchbl ABMSKOTCS OOHUM U3 rMaBHbIX MCTOYHMKOB obecneyeHusd
KU3HMW.

OHepreTudeckme pecypcbl 0OblMHO noapasaensT Ha 80306Hoesise-
Mble (CYUMTalOTCA YCNOBHO Be3rpaHnyHbiMKM), — OBUMXXEHUS BO3a4yXa M BOAbl B
npupoae, mnanydeHne CornHua, npupogHas dnopa u T. 4., U He 80306HO8-
ni9emble; yronb, HedTb, ra3 — OHM Hebe3rpaHuyHbl. [locnegHne B OKpyKato-
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wen npupoge POPMUPOBANUCL COTHU MUSIIIMOHOB neT. A Npu HbIHELHUX
Temnax ux notpebneHns oHn OyayT ucyepnaHbl B TedeHne gecaTtkos. [lo-
3TOMYy B HacTosillee Bpems Hapsgy C pauuoHarnbHbIM  MCMOSb30BaHUEM
39HEeprumn yxe OCTpPO CTOMT 3aZaya Noucka HOBbIX BUOOB UCTOYHMKOB 3HEPIUU
N NOBbILLEHUS 3PPEKTUBHOCTU NpeobpasoBaHus U NOTPebrieHns aHepruw.

B HacTosiLlee BpemMs B eCTECTBO3HAHMM Ha OCHOBE KpUTEPUEB, BKITHO-
Yyawlwunx Buabl MaTepuu, POPMbl ee ABWXKEHUS U BUObl B3anMOOENCTBUS,
cywiecTByeT Hay4yHO 0BOCHOBaHHasa Krnaccudgukaums BUOOB SHEPIUN U C ee
MOMOLLbIO UCCnefoBaHbl U OUEHEHbl NX BCEBO3MOXHble B3amMoOrpeBpalle-
HUA. Mpyn aTOM BbISENAIOT CreayoLwmne Buabl SHepruu:

1) aHHUIMNAUMOHHAS; 2) aaepHas; 3) XuMmunyeckasi; 4) rpaBuTalMoHHas;
5) anekTpocTaTuyeckasi; 6) MarHMToctatmyeckas; 7) HeMTpUHOCTaTMyecKas;
8) ynpyrocTHas; 9) Tennosas; 10) mexaHndeckas; 11) anekTpuyeckas (anek-
TpoaMHammyeckas); 12) MesoHHad; 13) oanekTpomarHuTHast (POTOHHas);
14) paBngmHammnyeckas (rpaBuToHHas); 15) HenTpuHogMHaMmyeckas.

MHorga B ocobbii BUA BbIAENAT Guonornyeckyto aHepruto. OagHako
buonornyeckue npoueccbl — 3TO NuWwb ocobasa rpynna PU3nNKo-XxMMmn4ecKnx
NpoLECcCOoB, B KOTOPbIX Y4aCTBYIOT T€ Xe BUAbl AHEPrnn, 4YTO 1 B Apyrux. lNo-
S9TOMY npaBuribHee roBopuTb 0 Buornornyecknx npeobpasosBaTendax 3aHeprum
— pacCTEHUSIX U XXUBOTHbIX.

B HacTosilee Bpemsa B eCTeCTBO3HaHMWM npegnonararT CyLlecTBOBa-
HMEe «BaKyyMHOW 3Heprum». Kocmumyeckun Bakyym paccMaTpuBaeTcsl Kak
CBEPXNSIOTHas cpeda C MEeNKOAMCNEPCHON CTPYKTYpPOW, a obbldHas matepus
— KaKk ee paspexeHHoe cocTosiHue. [Npu HeBoobpasvmon NIOTHOCTU B
10% r/cm® mMexay «3epHamu» Bakyyma [JeNCTBYIOT OrpPOMHble rpaBUTaLMOH-
Hble CUMbl, N 9HEpPrusa BakyymMa okasblBaeTCs Kak bbl «3aneyaTtaHHOM». YToObl
BO36yanTb BakyyM M 0CBOBOAMTL 3Ty SHEPruno, Hago cxkaTb MaTeputo 4o Or-
POMHOM MNSIOTHOCTU, YTO B 3E€MHbIX YCITIOBUSIX NOKa He npeacraBnseTcsl BO3-
MOXHbIM.

N3 n3BeCTHbIX (MepeyncrieHHbIX) BUOOB SHEPrun B HacTosiLiee BpeMs
NpaKTUYECKOEe MCMNOSb30BaHME UMEIOT: siAepHasl, XMMU4eckas, ynpyroctHas,
rpaBUTaUMOHHAs, TennoBasi, MexaHu4yeckas, arnekTpuyeckas, anekrpomar-
HUTHas, 3NeKTpocTaTMyeckass U MarHMToctatmyeckas. HenocpeaCrBeHHO B
HacTosiLee BpeMsi NoKa YeriloBEKOM MCMNOSib3yeTCs B OCHOBHOM YeTbipe BU-
na: tennosas (70 — 75 %), mexaHndeckas (okono 20 — 22 %), anekTpuyeckas
(okono 3 — 5 %) n anektpomarHMTHas (ceetoBasi) — MeHee 1 %.
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OCHOBHbIM NCTOYHUKOM HEMNOCPEACTBEHHO UCMONb3yeEMbIX BUOOB SHEpP-
Mn B HaweMm obLLecTBe CMYXUT B HacToslLLee BpeMsi B OCHOBHOM XUMUYe-
CKasl aHepausi MUHeparsibHbIX op2aHu4yecKkux sewecms (yronb, HedTb, Npu-
pOOHbIN a3 u T. A.), 3anacbl KOTOPOM Ha 3emrle HaxogAaTCHa Ha rpaHu UCTO-
WweHnsa. NoaToMy Ha Hallen nraHeTe yXe OYeHb OCTPO CTOUT BOMPOC O HO-
BbIX MCTOYHMKAX 3HEPrMm N HOBbIX BUAaX SHEPrUN, KOTOPbIE YENOBEK CMOXET
MCNonb30BaThb B CBOEW AeATENbHOCTH.

[MoTpebnsiemasn YenoBEKOM 3HepPrus siBAsSeTCs pesynbTaTtoMm npeobpa-
30BaHUS MHbIX TUMNOB (BMAOOB) 3Heprun. M3BecCTHbl criegyowne OCHOBHbIE
cnocobbl ee npeobpasoBaHus:

1) nonyyeHve Tenna B pe3yrbTaTe CXUraHuM UCKOMaemoro unn pacTu-
TenbHOro Tonnuea u ero notTpebnexHuy;

2) npeobpasoBaHne TEMNSIOBON IHEPrun (M3 Tonnmea) B MeXaHUYECKYH
paboTy, K npuMmepy, B pe3ynbTaTe CXUraHus COCTaBASWNX nepepadoTku
HedpTn ana obecneyeHuss OBMXEHUA pasHbIX MexaHu3mMoB, obopyaoBaHuUS,
MaLlWH, Noe3aoBs, CaMosieToB U T. 4.;

3) npeobpasoBaHune Tenmna, KoTopoe MnonyyaeTcd B pesyfnbTaTe cropa-
HWA TOMNMBa UNU SO0EPHOM AENEeHUs, 8 3a/IeKmMpuYecKyro aHepauro. Bnocnea-
CTBMM OHa NoTpebnsaeTca AN pasfiMyHbIX Lenen.

[[MaBHaa oCOBGEHHOCTb HACTOSLWEro BpeMeHn (pa3BuUTUS YeroBeYecKo-
ro obuiecrtea), noxarnyn, COCTOUT B MOBCEMECTHOM U rnobanbHOM UCMOMb30-
BaHUWN 9NEKTPUYECKON IHEPIUM KaK OYeHb «yA0OHOro» Buaa aHeprun.

ONEKTPO3HEePrmus NPoOM3BOANTCA CaMbiMX PasfnUYHbIMKM cnocobamu, Ha-
npuMep, Ha TEeNnoBbIX ANEKTPOCTAHUMNAX 3a CYET CKUraHUsS UCKOMaembliX pe-
cypcoB (yrosib, HedTeNpPOAYKThl U Ap.), B pe3ynbTtaTte npeobpasoBaHns aHep-
mMun aBuxyLlencs soabl unu Betpa U T. N. OHa BbIMOMHAET POSfib HEKOEro
BaXXHOroO NOCpeaHMKa MeXAY UCTOYHUKAMKN SHEPTUK 1 ero noTpedbutensamu.

[MoTpebneHne aHeprum B BuAe 3nekTpuyecTBa B Hawem obuiectse
NPUBOOUT K POCTY LIEH BCNeacTBMe NoTepb Npu npeobpasoBaHuUM SHEPIUnN U3
oAHoro Buga B gpyron (NogobHoO AeaTenbHOCTU NocpeaHuKka Ha pbiHKe, KOTo-
pas NPUBOAMT K MOBbILLEHMIO LEeH). BaXXHO nNoHMMaTb Npu 3TOM, YTO B psage
CrnyyaeB He nNpeacTaBnseTCd BO3MOXHbIM WUCMOMb30BaTb 3HEPIrU0 apdek-
TMBHO, He Npeobpa3oBaB ee B ANEKTPUYECKYIO.

B HacTosilee Bpems 3HauuTenbHasi 4YacTb 3SIEKTPUYECKOW 3HEeprum
NPON3BOAMTCA HA TEMNSIOBbIX ANIEKTPOCTAHLUMAX MPU CKUFAHUKN UCKOMAemoro
Tonnmea (BblpabaTbiBalOTCA TEMNSO M Nap, KOTOPbLIM NogaeTcs Ha TypboreHe-
paTopbl ANs NOfyyYeHus anekTpoaHeprumn). Kak Tonnnmeo NPUMEHSIIOT Yrosb,

61



HedTenpoayKTbl UMK ra3, a Ha aTOMHbIX 3TIEKTPOCTaHUMAX — SAepHoe TorM-
nnBo. MpuHUUNbLI paboTbl pasHbiX 3MEKTPOCTaHLUMA BO MHOMOM OOWHAaKOBbI.
OHu pasnuyaloTcs cnocobom nornyvYeHnsa Tenna nu3 NepBUYHONO UCTOYHMKA —
A0EPHOro UM OpraHN4YecKoro TonnMBea.

B HacTosilee Bpemsi oQHOM M3 caMbIX 3HEProeMKux oTpacren npo-
MbILUNIEHHOCTN aBnsdeTcs xmmuyeckas. OgHa u3 rnaBHbIX 3aay COBEpLUEH-
CTBOBaHUS TEXHONOIMMM XUMUYECKUX MNPOU3BOACTB SBISETCA MOBbILEHWE
aHepreTuyeckoro K[ npoueccoB u annapatoB. CywecTBYHOT pasfnyHble
Crnocobbl ee pelleHUs: YMeHbLUeHNe KonuyecTsa CTagum TEXHONOrMYeCcKux
NpoueccoB, OMTUMU3AUMS MNPOTEKAHUS XUMUYECKUX peakuuin, MOHMKEHne
AaBneHus n TemnepaTtypbl peakuMoHHOro rnpouecca, npubnuxkeHne Kk 6ruoro-
MYeCKUM XUMUYECKUX MPOLLECCOB, pa3paboTka HOBbIX TEXHOMOMNNA.

[Mpobnema cbepexeHnsa aHeprumn, KOTopas CTaHOBUTCS BCe Donee Bax-
HOW, BKMNIOYaeT Kak caMn XUMWUYECKMe MNpoLEecChbl, TaK U TEeXHONOrMYeCcKui
LMKIT NPOM3BOACTBA KOHEYHOro NMpoAyKTa, BKIYarwmin Aobbidy U nepsuy-
Hyl0 nepepaboTky NPUPOAHLIX Mckonaemblx (cbipbsi). [locTeneHHO pelaTtb
npobriemy cbepexeHuss 3HEPrMn B HacCTosLLLEe BPEMSA MO3BOMSAT HOBENLne
TEXHOSIOrMN U HOBblE METOAbI, MOANMULMPOBAHHbIE annapaTtbl U YCTaHOBKW.
CoxpaHeHne 3HepreTn4ecknx pecypcoB ABNAETCH HEOTHEMIIEMON N BaXXHOM
3aflayen Bcex oTpacrien matepuansHoro npounssogcrea. lNouck, paspaboTtka
N BHEAPEHNE HOBbIX BUOOB 3HEPIMM, CNOCODOOB NOBbILEHNSA 3PPEKTUBHOCTH
NpoOn3BOACTBA SHEPINN — OCHOBHAA 3afadva HacTosLlero n byayuiero speme-
HW. B nocnegHue rogbl B MMpe BO3pacTaeT UHTEPEC K UCTOYHMKAM 3HEeprum
HeopraHM4yeckoro xapaktepa (B HUX He MpUHUMaeT y4dyacTue XMMUYECKUM
npouecc — ropeHne). K HUM OTHOCAT, B OCHOBHOM, BO30OHOBMSEMbIE UCTOY-
HWUKN SHEPTUN: TMOPOUCTOMHUKA, UCMONb3YHOLLME SHEPrnio ABMXKYLLENCS BOAbl
(rMapo- 1 rmMapoakkyMynupylome 3reKTPOCTaHUMK, MPUNNBHBIE 3MEKTPO-
CTaHuuu), reotepmarnbHble WUCTOYHUKKW, WUCMOMb3YIOLWMNE IHEPIrU0 HarpeTom
BOAbl, rENIMONCTOYHUKN (MCMONb3YIT 3Hepruto CornHua), BeTpoBble YCTaHOB-
KN (MCNOMb3YIOT 3HEPruo OBUXKYLIUMXCA MacC BO34yXa), aTOMHble 3I1eKTpo-
cTaHuuu.

FenuoaHepreTuka

ConHue obnagaeTt konoccanbHbIM 3anacomMm aHeprun. Hawa nnaHeTa
nosiydaeT Oo4YeHb Manyk 4acTb ee — MNPUMEpPHOo 2 - 10" BT. OT0i1 3Heprum
AOCTaTOYHO Of4 CYLEeCTBOBaHMUA U pas3BUTUS CaMblX pasHOOBpasHbIX hopm
XunBown maTepum n npoueccoB B 6uocdepe 3emnu [19]. B coBpeMeHHON Hay-
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ke monaratoT, YTo Hambonee adppekTnBHOE Mcnonb3oBaHue aHeprun ConHua
BO3MOXHO, €CNn Mbl AOCTUTHEM BOCMPOM3BEAEHMSA NPUPOLHOro npouecca —
doTocuHTe3a. B HacTosiLee BpemMs BHE pacTUTENbHOW KNeTkn B naboparo-
pUsX y>xe Npon3BoAAT POTOXMMUYECKOE pa3noXeHune Bogbl. Bogopoa, koTo-
pbii NMpu 3TOM 0bpasyeTcs, ABMSETCA OYEeHb XOPOLUMM SHEProHOCUTENEM:
cpean HepagMoakTUBHBIX BELLECTB B NpUpoAe OH MMEET HanbornbLUyto 3Hep-
roeMkoctb. B pesynbrate ¢OTOCMHTE3a B 3€reHbIX pacTeHUsax u3 GeaHbix
9Heprmen coeguHeHnn — yrrekMcrnoro rasa u Bogbl — obpasyoTcs opraHude-
CKue BELLECTBa, CINOXHbIE N0 CTPYKTYpe 1 nmetLwme 6onblune 3anachl 3Hep-
rmun. N3 HUX cnHTeaupytoTcs 6enku, xupsbl, Lenntonosa un 1. n. Cendvac 6onee
4yeM B 75 cTpaHax mupa pa3pabaTbiBalOTCs U OCYLLECTBSATCS renmosHep-
reTmyeckme nporpammbl. [lepcnekTnBHbIM HanpaBfeHNEM ENMO3HEPreTUKN
ABNseTcs paspaboTka POTOINEKTPUYECKUX INEMEHTOB, KOTOpble npeobpa-
3YIOT BHEPIUI0 ANIEKTPOMArHUTHOroO M3ny4veHnst ConHua B 9NEKTPUYECKYIO.

B nocnegHue rogbl B MMpe pasBMBAETCSl HanpasfeHWe no LUMPOKOMY
MCNOMb30BaHNIO BETPOBOW 3HEPreTUKU. JHEPIus OBWKYLLMXCA B 3€MHOM
aTMocdepe BO3AYyLWHbIX MacC ovYeHb Benuka. Ee KonnyecTtBo CyLleCTBEHHO
NpeBbILAET 3anacbl 3HEPrnmn Bcex pek 3emnn. B Hawe Bpems C NpMMEHEHN-
€M BETPOBbIX YCTAHOBOK BblpabaTbiBalOT HE3HAYUTENBHOE KONMYECTBO Mpo-
N3BOANMON BO BCEM MUpPE IMEKTPUYECKON 3JHeprun. HoBble TexHuyeckme
pELLUEHNs MOCNeHUX AeCATUNETUN CyLLEeCTBEHHO pacLUMPUIIM BO3MOXHOCTU
ANA pa3BUTUA BETPOBOW aHepreTukn. PaspaboTaHbl n paboTatoT BbICOKOMPO-
N3BOANTENbHbLIE BETPOBbIE YCTAHOBKW, KOTOPbIE MOTYT BbipabaTbiBaTb 3riekK-
TPOSHEPrno faxe Mpu O4YeHb crabom AOBwkeHuM Bo3gyxa. PaspabotaHo
MHOIO MPOEKTOB BETPOBLIX arperatoB, CYyLLECTBEHHO Oonee COBEPLLEHHbIX,
4YeM BETPSHble MENbHULbI, U1 B HUX UCMOMb3YOTCA HOBEWLLIME LOCTMXKEHMUS
psiAa oTpacrie COBpEMEHHOrO eCTECTBO3HAHWS.

ATOMHas 3HepreTuka

B HacTosiLiee Bpemsi Halle oOLIeCcTBO NMPOM3BOAUT 3MEKTPO3IHEPIuto
HemHorum 6onee 20 % ob6bema MMPOBOrO €e NPOM3BOACTBA HA ATOMHbIX
anektpoctaHuusax (ASC). AgepHoe TonnuBo, B OTNMYME OT yrrepoacoaep-
Xawmx HocuTenen aHeprnn, NpeacTaBnseT NPakTUY4eCKnin MHTepec Ansa Hac B
OCHOBHOM Ans 3aday BbipaboTKM 3MEKTPUYECKON W TEMNSIOBOW SHEPTUMN.
OueHb 6onblUMEe BO3MOXHOCTM AN pasBUTUS aTOMHOW SHEPreTukn nosiBns-
I0TCSl NPU CO34aHUN PeakTOPOB-pa3MHOXUTENEN Ha ObICTPbIX HEMTPOHAX (MX
HasbiBalOT Bpuaepamu, NonyyvyeHMe SHEpPrnm ConpoBOXKAAETCS MPOU3BOACT-
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BOM BTOPWUYHOIO roproyero — niyToHns). 3TO JacT BO3MOXHOCTb KapauHarb-
HO pelwnTb 3agady obecneyeHus SaepHbIM TOMANBOM.

Mpn TepmoAgepHOM CUHTE3e MPOUCXOOUT BblAeNeHue OrpoOMHOro Ko-
nun4yectBa aHeprun. K npumepy, B pesynbTaTe AeneHnsa sapa ypaHa Bblaens-
eTtcsa aHeprum okono 0,84 MaB Ha o4WH HYKNOH, a Npu TepMOsSaePHOM CUHTE-
3e gentepus un Tputnsa — okono 3,5 MaB. [oaTomy npu TepmMosiaepHbIX peak-
LUMAX NPOMCXOAUT BblaenseTcs Hambonbluee KONMM4ecTBO 3HEPTMU Ha eUHU-
LIy MaccCbl «roproyero».

[MepcnekTuBa MCNOb30BaHUSA yNpaBrsieMoro TepMOsiAepHOro cMHTe3a
MHOrve rogbl NpUBEKaeT ycunmst 60mbLIoro Yncna y4yeHblX U Hay4YHbIX opra-
Hu3auuin. Ee peanusauma gaet 4YenosBedyeckoMmy oOLLecTBY OOCTYM K NOUCTU-
He HeucyeprnaemMoMmy WCTOYHUKY 3HEprun, Kotopad COAEpXUTCA B aapax
aTOMOB Ierknx aneMeHTOB. Y4YeHble paccyutanu, 4Yto Tonbko B Muposom
okeaHe 3anaceHo okono 4 - 10" T geiiTepns, NOSTOMY HaM HYXHO HaaesTb-
Cs, 4YTO npobnema ynpasnsgemMoro TepMosiiepHoro cuHTe3a B bnwxanme ro-
Abl UNn gecatuneTnsa bygeT ycnewHo peweHa [19].

2.4. dsonwouna BceneHHoMn

[MoHATMEe Kocmoc B3ATO OnA 0DOO3HA4YeHWA BCEro OKpyXarLero Kak
CTPYKTYPHO YMNOPSAOYEHHOIO M OpPraHM30BaHHOIO Lenoro u3 dunocodpum
apesHen peumn. B Hawe Bpemsa 9TO NOHATUE BKNtoYaeT B cebda Bce, YTO
pacnosioXXeHo 3a npegeriamu atmocgepbl 3emnu.

Yacto kocmoc HasbiBaloT BceneHHon (MeCcTo BceneHusi 4denioBeka).
BceneHHas npeacTtaBnsieT cobon 6eCKOHEeYHbI B NPOCTPAHCTBE U BPEMEHM
oKkpyxatowun Hac mup. OHa BeckoHeyHa cBOMM MHoroobpasnem ¢opm 3a-
MOJSTHAIOLLEro ee BeLwecTsa U ero npespaLLeHun.

N3ydyeHne BceneHHon B LefIOM 3aHMMaeTca Hayka acTtpoHomus. Oc-
HOBHbIM METOZAOM MOMNYyYeHUs1 3HAHUIN B aCTPOHOMUM AABNAeTCS HabnogeHune.
OKCnepuMeHT npu n3ydeHnn BceneHHoW, Kak npasBumno, HEBO3MOXEH. B co-
CTaB COBPEMEHHOW aCTPOHOMMUM BXOOAT psig 6onee y3kmx HayYHbIX AUCLMN-
NIMH — KOCMOJIOrMsl, acTpOHOMMYECKas u3nka, acTpOHOMMYEcKasi XMMUs,
pagnoactpoHomus u ap. Kocmorsnorua (ot rped. hosmos — mup un logos — y4e-
HWe) npegcTasnseT cobon obrnacTb Hayku, KoTopas usydaeT BcerneHHyo Kak
eInHoe uerioe, a KOCMUYeckMe cuctemsbl — Kak ee yactu. OHa nsyyaert u yc-
TaHaBnMBaeT YNopsiAO4YEHHOCTb OKpYXXatoLero Mmpa 1 HarpasreHa Ha NoucK
3aKOHOB €ro (PyHKUMoHMpoBaHus. Llenbio nsydeHns BceneHHOM Kak eanHOro
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YNOpPSAOYEHHOrO LIEeNIoro SABMSIETCA OTKPbITUE 3TUX 3akoHOB. Kocmornorug
TECHO CBA3aHa C KocMoroHuen (0T rped. hosmos — Mup, gonos — poXxaeHue).
OTO pasgen acTpoHOMWUM, B KOTOPOM U3y4aeTcs MPOUCXOXOEHWE KOCMUYe-
CKNX OOBEKTOB M CUCTEM.

Okpyxatowasi Hac npupoaa (Mup) eanHa, rapMOHUYHA, OHa UMEET MHO-
roypoBHEBYIO OpraHusaumto. BceneHHas npencraensiet cobon mezamup. B
COBPEMEHHOM €CTECTBO3HAHUM HET YEeTKOW rpaHuubl, KoTopas OAHO3HA4HO
pas3gensieT MUKPOo-, Makpo- 1 mera Mmpbl. OHM B3aMMOCBSA3aHbl, HO MPU 3TOM
KadeCcTBEHHO oTnun4yatotcsa. Hanpumep, 3emnsa npeacraBnseTr MakpomMup, HO
Kak ogHa 13 nnaHet COofHEeYHOM CUCTEMbl OHa B TOXE BpEMS sBASeTCs U
9fIEMEHTOM Merammpa.

B coBpemeHHOM ecTecTBO3HaHWM BceneHHyo npeactaBnsaloT B Buae
YyNopsiA04EHHON CUCTEMbI MHOIOYMUCIIEHHbIX OTAESNbHbLIX B3aMMOCBA3aHHbIX
9NIEMEHTOB PasfnMYHOro Nnopsiaka, KOTopble BKOYaloT B Ce0s1 pasnnyHble He-
BecHble Tena (3Be3abl U UX CUCTEMbI, NNAaHETbl U UX CAYTHUKW, acTeponipbl,
KOMETbI), CUCTEMbI 3BE3OHbIX NNAHET, CKONMeHus 38e3a, ranaktukum [10].

38€30b/ SABNSAKTCA TUFAHTCKUMKM packaneHHbIMU CaMOCBETALLUMUCS
HebeCHbIMK Tenamu.

[MnaHemb! aBnaT cobon obpawatromneca BOKPYr 3Be3bl XONOAHbIE
HebecHble Tena.

CnymHukamu rnaHem SBNAKTCA obpallatolmecss BOKPYr nraHeT Xo-
noaHble HebecHble Tena. Hanpumep: ConHue — saBnsieTcs 3Be3gon, 3emns
npeacTtasnseT cobon nnaHeTty, a JlyHa — AaBnaeTcsa cnyTHUKOM 3emru.

Haxogswmnecs B 30HE CUNbHOIO AEWUCTBUA CUMbl TATOTEHUS 3BE34bl He-
BGecHble Tena, obpasylT ee naHemHyto cucmemy. Hanpumep, ConHeyHas
cucTeMa sIBNSETCA COBOKYMHOCTbIO HeBECHbIX Ter, KoTopble obpauiatoTcs
Bokpyr ConHua nog OeNCTBMEM CWUSbl €ro TAroTEHUHA, OTO — MSIaHeThbl, UX
CMNYTHUKK, acTepounabl, komeTbl. CONHeYyHas cuctemMa CoCTouT M3 9 nnaHeT U
nx cnyTHMkKoB, 6onee 100 ThicaY acTeponaoB, OFPOMHOrO YMcria KOMET.

B coctaB ConHe4Hon cuctemMbl BXOOAT acmepoudsbl (Maribie rniaHemsl),
npeacrtasndawowme cobon HebonbliMe xonogHble HebecHble Tena. Wx gua-
MeTp cocTasnsieT ot 850 KM 0o coTeH MeTpoB, BOKpyr ComnHua oHn obpaula-
IOTCH MO TEM Xe 3aKOHaM, 4To 1 bonbluMe NnaHeTbl.

Komemsbi — HeDecHble Tena, MetoLmne B1Ua TyMaHHbIX NATHLILWEK C Sp-
KAM CrycTtkoMm (sgpom) B ueHTpe. OHM Takke BXogaT B cocTaB CoSiHeYHOU
cuctembl. Pasmepbl siapa KOMET COCTaBMSAKT HECKONbKO KunomeTpoB. [1o
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mMepe npunbnmxkeHna Kk ConHuy y sipkux KomeT obpasyeTca XBOCT B hopme
CBETALLENCA NOSIOChl ANTMHON 00 AECATKOB MUSIITMOHOB KUITOMETPOB.

BmecTe co cBoMMM NNaHeTHbIMU CUCTEMaMWU U MEeX3BEe3QHOW cpenou
3Be3bl 00pa3yloT 2anakmuku. anakmuka npegcraBnseT cobon rmraHTCcKyto
cucTeMy 3Be3[ C WX CrNyTHUMKaMu, cocTosilwyo mn3 bonee, yem 100 mnpa.
3Be3[, KOTOpble BpaLLlalTCA BOKPYr ee LeHTpa. BHyTpu ranaktukm nmeroTcd
ckonneHus 3Be3p, (Mnn 38e30HbIe CKOM/IeHUsl). ATO MaccuBbl (COBOKYMHOCTW)
3Be3q, KoTopble pasfgerneHbl Mexgy cobon pacCTosHMEM, MEHbLUMM, 4YeM
0OblYHbIE MeX3Be3Hble paccTosiHUA. B Takon rpynne pasHble 3Be3bl UMeKoT
obLLee NponCxoxaeHne, oHN cBsi3aHbl OBLLNM ABMXKEHMEM B NPOCTPaHCTBE.

TpyaHoBoobpasMmas COBOKYMHOCTb OTAENbHbIX ranakTuk U Ux ckone-
HUW npencTasBndeT Memazasiakmuky. NoHATUSA «meTaranakTuka» m «Bce-
NeHHaa» B HayKe 4acTo OTOXAeCTBNAKT. MIHoraa noa noHATUMEM MeTaranak-
TMKa NMOHMMAaeTCH TONbKO BuaMmas Yactb BceneHHon, a BceneHHada csoanT-
cs K beckoHeyHOCTU. B coBpemMeHHOM HayKke CyLlecTBYyeT rmnoTtesa, cornacHo
KOTOpOM 3a npejenamMv MeTaranakTuKuM CyLleCTBYeT KOCMUYECKUN BaKyyM.
ITy (hopMy mMaTepumn 3aTpyaHUTESNTbHO OTHECTU KO BcerneHHowm B cuny Toro,
YTO B HEM HE CYLLEeCTBYET HMU YCTONYMBBIX 3EeMEHTapHbIX YacTul, 1 aTOMOB,
HW 3Be3[, HM ranakTtuk. CornacHo aTou runoTtese Ans okpyxawuwero (becko-
He4yHoro) Mwupa bonee agekBaTHO PMNOCOMCKOE NOHATUE MaTepuaribHOro
MUpa, cocTaBndawoLwen (HacTblo) KOTOPOro asnsetca BeceneHHaa nnu metara-
NaKTuKa.

YpaneHHble OT Hallen ranakTMKM Ha pacCTOAHUM HECKOSTbKUX MUSn-
apOoB CBETOBbIX NeT KocMuyeckne obbekTbl, Mo u3nydaemMom MOLLHOCTU
npeBocxosmne 0bblYHY0 ranakTuky U UMerLme OTHOCUTENbHO HebonbLune
pasmMepbl HasblBalOT ke8azapamu. B HacTosiwee Bpems HescHO, 4YTo 060 3a
00bekTbl. IHOraa nx npeactaBnsalT B BUAE CBEpXranakTukui, nHoraa — B3op-
BaBLUMMWCS ranaktnkamu, MHorga — 3apogpiwamuy dyayuwmnx ranakTuk.

Mex3ee30Hasi cpelda. NpocTpaHCTBO Mexay 3Be3aMu 3aroSIHEHO BU-
ANMBIMW N HEBUANMBIMW flydaMn, MarHUTHbIMW MOMASMU, MbifblO, ra3amu n3
pasfiMyHbIX aTOMOB, MOHOB M Monekyrn. Obwas macca mexsBe3gHon cpeabl
NOUCTMHE OrPOMHA, HECMOTPS Ha TO, YTO 3Ta MATEpPUs OYEeHb paspexeHa.
CoBpeMeHHbIMU UccregoBaHNAMM YCTAHOBIEHO, YTO B MEX3Be3HbIX Mpo-
cTpaHcTBax rpeobnadaem 6000p0O0, OH BO MHOIO pa3 NpPeBOCXOAUT YacTuubl
BCEX OCTasIbHbIX 3NIEMEHTOB, BMECTe B3sATbIX. B KOCMOCe 3TOT ras paspexeH
YypesBblYaHO CUMNbLHO U pacnpeerieH HepaBHOMEPHO: AaXe B MeX3Be34HOM
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npocTpaHcTBe BOMM3WM NIOCKOCTU [anakTuku oguH aTtom BoAgopoda Npuxo-
ANTCS Ha OBa-yeTblpe Kybudeckmux caHTMmeTpa.

HelmpoHHble 38e30bl — npepnonaraemMble HaykoW 3Be3fbl, KOTOpble
COCTOSAT U3 HEUTPOHOB. CuuTaeTcsd, 4YTO, BEPOSATHO, OHN obpasyTcsa B pe-
3ynbTaTe BCNbILWEK CBEPXHOBbLIX 3BE3[.

UepHble Obipbl (MX Ha3bIBalOT Takke «3acTbiBLUMMMK 3Be3damu», «rpa-
BUTALMOHHLIMW MOTrMNamMmmn») B COBPEMEHHOM Hayke MNpencTaBnAlT Hekue
00bekTbl BO BceneHHon, B KOTOpble, NpeBpaLwlaTcs 3Be3nbl Ha KOHEYHOW
cTagumu cBoero cyuiectBoBaHusA. CuyntaeTcs, YTO NPOCTPAHCTBO YEepHOU Abl-
pbl Kak 6bl BbIpBAaHO M3 MPOCTpPaAHCTBA MeTaranaktukn. WsnyyeHue n Belue-
CTBO «MCHYE3alT» B HEM N 0OpaTHO HE MOTYT «BbINTUY.

B kocmornorum npu msyvyeHun obbekTtoB BceneHHOW, pacnosfioXeHHbIX
Ha cBepxborblnX paccTosHUsxX, Anga ygobctea (Npy nx nsamepeHum) npume-
HAIT crneunanbHO BBEAEHHbIE eANHULbI:

¢ acTpoHoMuMYeckada eagnHuua (a. e.) — 150 MnH KM, NnpegcTaBnseT pac-
ctosiHne ot 3emnn Ao ConHua u 0bbIMHO MCnonb3yeTcs Ans onpeaeneHus
paccTosHun B kocMmoce B npefenax ConHeyHon cuctembl. K npumepy, pac-
ctoaHne ot ConHua go lNnyTtoHa (3To camast yaaneHHasi OT Hero nnaHeta) —
40 a. e.;

¢ cBeToBOI rog — 10" kM, NpeacTaBnNseT paccTosHVE, NPOXOAMMOE Ny-
4YOM CBeTa 3a OAWH rog v aswxywmmcs co ckopoctbto 300 000 km/c; 1 a. e.
paBHdaeTca 8,3 cBeTOBOM MUHYTbI. B 3aTMX eguHuuax onpenensatT paccTtod-
HWe OO KocMuyecknx obbekToB (Hanpumep, 40 3Be3d) 3a npegenamu Con-
HEYHOW CUCTEMBI;

¢ napcek (nK) — cocrtasnseT paccrosHue B 3,3 cBeToBbIX roga. lNpume-
HAeTCS ANs oLueHKU (M3MepPEeHUs) pacCTOSIHUIW B 3BE3HbIX CUCTEMAX U Mexay
HUMMW.

[Ona onpegeneHuss pacCTOAHUN MeXAy ranakTukamu MNpUMEHSIIoT
Gonblune eanHnLbl — kunonapcek (Knk) — 10° nk, meranapcek (Mnk) — 10° nk.
HakonneHHble YyenoBeyeckm obLLeCTBOM cBefleHna o BceneHHon sBRS0TCS
pesynbTatamu HabnoaeHnn.

MpoucxoxaeHne n passutue BceneHHoun

B HacTosiwee Bpems 6ornbluas 4YacTb acCTPOHOMOB ronararoT, 4YTO 3Bes3-
Obl obpasyloTcsa B pesyrnbTaTe OEeWCTBUS MPUTSXKEHUS YacTul (B3aUMHOrO)
ra3oBO-MNblneBbliX 06M1aKkoB, KOTOpble paccesiHHbl BO BceneHHon. BeinonHutb
SMMNUPUYECKYIO MPOBEPKY pe3ynbTaToB MccnegoBaHU npu nsydeHun Bcee-
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NIEHHOM He npeacTaBnseTca BO3MOXHbIM. 10 3TOM npuynHe BbIBOAbI KOCMO-
NorMu HasbIBalT MOAESAMU MPOUCXOXOEHNA N pa3BUTUA BceneHHoM.

OcHoBOWM COBpPEMEHHOW KOCMOSOrMu siIBNAETCA 3BOSIOLMOHHBIN NOAX04,
K M3y4YEeHNIO BO3HUKHOBEHUS 1 pa3BuTusa BeceneHHon. CornacHo emy B Hayke
pa3paboTtaHa mogenb paclumpsitowencsa Becenennon [10; 19].

YyeHble, nonaras, 4To BceneHHas B HacTosllee BpemMs HaxoauTCHA B
COCTOSIHUWN pacLIMpeHns, Ha OCHOBE MaTeMaTUYeCKUX MoLenen, yCTaHOBUIN,
yTo 12 — 14 MnpA neT Hasag Bcs matepusa BceneHHon Bbina CKOHLEHTPUPO-
BaHa B Ype3Bbl4aliHO Manom obbeme nopsigka 10 cm®, umena TpyaHo Bo-
obpasumble nnotHocTb — 10% r/iecm® n Temnepatypy 10 K.

[MepBOHavyanbHOe cocToAHMe BceneHHOM (ero HasblBalT «CUHTYNsAp-
HOW TOYKOM») XapakTepusyeTca NpakTuyeckm 6GeCKOHEeYHbIMU MAOTHOCTBIO U
KPUBU3HOM NPOCTPaHCTBa, CBEPXBbICOKOW TEMMepaTypon.

B coBpeMeHHOM ecTecTBO3HaHUM MnosfiaratoT, 4To Habngaemas B Ha-
cTodwee BpeMa BceneHHada BO3HWMKIA BCNeACTBME MMIrAHTCKOro B3pbiBa Ta-
KO MCXOOHOM KOCMWYECKOW MaTepun. OTO HasblBalT Losbuwum 83pbieoM
BceneHHol. MNpeactasneHme o bonblwiom B3pbiBe BceneHHom siBNSIeTCS Co-
CTaBHOW 4YacCTbio MOAENMU paclumpsaowencsa BeceneHHon. 3Ta KoHUenumsa no-
MYHO OBBACHAET MHOrMe MOMEHTbI pas3BuTus BceneHHon, ogHakO OHa He
AaeT OTBEeTa Ha BOMPOC, U3 Yero OHa BO3HUKMA. ATy 3ajada HaxoauT pelle-
HWe B Teopusa MHNALMN.

NcxogHoe cocTosiHne xaoca, byayynm HeyCTOMYMBLIM, BbI3Bario B3pbIB,
KOTOpbIN MOpOoaun ckadkoobpasHbI nepexon K paclumpsiowlencs Bcenen-
HOMW.

Cambi paHHMIK aTan pa3BuTUS BceneHHon HasbiBaT UHQISAUUOHHbLIM
[10, 19]. OH 3aHMMaeT npomexyTok BpemeHn Ao 10™° ¢ nocne B3pbiBa (OH
HUYTOXHO Marn). B Havane TpyaHoBoobpa3nMmMo ObICTPOro (CTpeMUTENBHOIO)
paclumpeHunsi BO BceneHHOM BO3HMKAET NPOCTPaHCTBO U Bpemsi. B aTo Bpems
OHa pasgyBaeTcs OO0 TMMraHTCKUX pa3MepoB, KOTOpble MPEBbIWAOT Ha He-
CKONbKO NOpsiAKoB paanyc HblHewwHen BceneHHon. B 3TO BpeMsi NOSTHOCTLIO
OTCYTCTBYIOT Ntobble YacTuubl BewecTBa. BceneHHas Gbina nyctom u xonoa-
HOW K OKOHYaHU0 dhasbl MHNALMN.

[Mocne nHpnaumoHHon a3kl B pa3sutum BeceneHHon Havanca 2opsyul
amar. OrpoMHbIn POCT Tenna Obin Bbi3BaH TPyAHOBOOOpaA3nMMbIM 3anacom
9HEeprun, 3akniyeHHbIM B «JIOKHOM» Bakyyme. (Teopust MHGQNAUMM yTBEpP-
Xgaet, Yto BeceneHHas Bo3HMKNA U3 HUYero. «Hnyero» B Hay4yHoOm TEPMUHO-
NorMu HasblBalOT BaKyyMOM.
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CornacHo coBpeMEHHbIX Hay4HbIX NpeacTaBfieHnin B BakyymMme OTCYTCT-
BYIOT oM3nYecKne nosnsi, 4Yactvubl U BOMHbl. HO B HEM MOryT cyLlecTBoOBaTb
BUPTYyaribHble YacTuLbl, POXAAIOLMECS 3a CHET SHEPrMn Bakyyma u cpasy xe
ncyesawuwme). Bolgenusliasacs B BUAE M3NyYeHUs SHeprnda nocre pacnaja
Bakyyma pasorpena Bcenennyto go 10%’K. C atoro BpemeHun Bo BceneHHoik
cTanu cyuwlecTBoBaTb M3BECTHble HblHE BWAbl (PyHOAMEHTamNbHbIX (Pusnye-
CKMX B3aMMOLEWCTBUN — rpaBUTaALMOHHOE, 3reKTpoMarHuTHoe, crnaboe u
CUIbHOE.

PaHHut nepuod passumusi BcerneHHoU 3aBepllaeTca nenTOHHO-
¢>OTOHHOW 3POK, BO BPEMSI KOTOPOW YacTuLbl N aHTUYACTULbI aHHUTUINPYIOT,
npu 3TOM nopoXxgarTca (POTOHbI N IHEPrnA. ATO COCTOSAHME OblNo 4vepes
0,01 ¢ nocne Havana passutna. Korga TemnepaTtypa noHU3mMnacb nodtn o
10 mnpa rpagycoB (B TeyeHMe MepBOW CEKyHAbl) NPOM3OLNO0 oTaeneHue
HEUTPUHO U aHTUHEUTPUHO OT ra3oBOM CMECK NPOM30LLIIO.

lMpouecc coegMHEHUs N aHHUTUAAUUM NO3UTPOHOB M 3NEKTPOHOB NPO-
nsowen Ha 14 cekyHge passButug. TemnepaTtypa cHuM3Uacb 40 3 MIIH rpa-
aycoB. [NonoXuTenbHbIN 3apsg MPOTOHOB CKOMMNEHCUPOBasn MU30bITOK afiek-
TpoHoB. Onpeaenunocb COOTHOLLEHME MPOTOHOB M CBOBOAHbLIX HEWTPOHOB
8:1, OHO coxpaHunocb 00 HacToswero BpeMmeHn. Bo BceneHHon yctaHoBne-
HO TaKOe K& COOTHOLLEHNE BOAOPOAA U Fenus.

®opmuposaHue paHHelU BcerneHHOU 3akOHYMNOCb 4Yepe3 3 MUHYTHI
2 CeKyHAbl C Ha4Yyana pas3BuTusa. Imarn MeodrieHHo20 0Cmbi8aHUsI ANNICS OKO-
no 0,5 mnH net. BceneHHas ctaHoBunacb Bce bonee paspexeHHon, ocTaBa-
SICb Npun 9TOM ogHopoaHon. Korga ee Temnepartypa onyctunacb o 3 Thicad
rpagycoB sigpa Bogopoda (MpOoToHbI) U 9apa aTOMOB refnns yXxe Mornm npe-
BpawaTbCa B HENTparbHble aTOMbl BOOOPOAA U renusl, 3axeaTbiBasi cBO6OA-
Hble 9NneKTPOHbI. Mpon3oLwwno oTaeneHne nanyyYyeHuUss OT aToOMapHOro Belle-
cTBa 1 0Opa3oBanoch pesiukmoegoe Usfy4yeHue, KOTopoe cenvac CyLecTByeT
B BMAEe pPaAMOBOSIH CaHTUMETPOBOrO AnanasoHa, paBHOMEPHO MOCTyNarLLmX
CO Bcex Toyek HebocBoga (OHM He CBA3aHbl C KaKMM-NMBO pagnonCcTOYHU-
kom). Bo3Hukna o0HopoOHasi BcerneHHasi, KOTopas SABSeT COCTOUT U3 CMecu
J1ermoHo8 (HENTPUHO U aHTUHEWUTPUHO), PEsTUKMOBO20 U3/YyHEHUS W seule-
cmea (aToMOB BOOPOAaA, refnivs U nx N3oToros).

CornacHo coBpeMeHHOM Hayke, rnepexod om 00HOPOOHOU BcerneHHoU K
CMpyKmMypHoU npoxoausn B TedyeHne npumepHo 3 mnpg net [19]. B aT1o Bpe-
Msl, KaKk rnonaratoT, B paclumpsiowiencs BeceneHHon cny4yanHo BO3HMKAOT Y-
NOTHEHHbIE YYaCTKM C MOCTEMNEHHO BO3pacTaroLen NNoTHOCTLID. ITO Npuse-
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N0 K BO3HWKHOBEHUIO KpynHOMacLUTabHbIX CTPYKTyp BO BceneHHon. CoBpe-
MEHHbIE pacyeTbl MOKa3bIBAKOT, YTO U3 3TUX YNNIOTHEHUI OOSMKHbI BbIIN Nos-
BUTbCS MNSiockne obpasoBaHus guckoobpasHon dopmbl. OHM paspyLlanmnch
Ha 6onee menkne obpasoBaHuUs, KOTOPbIE CTann OCHOBOW (3apoabllamu) ra-
NakTUK. 3apoabllin ranakTuk paspywanmcb Ha 6onee menkne obpasoBaHug,
nopoamBeLUNe 3apoabllLn 3BEe3 NepPBOro NOKOSIEHUS.

OuyeHb BaXXHbIM aTanoM pa3suTna BceneHHon ctano obpasoeaHue co-
80KYMHOCMU 8CEX XUMUYECKUX 3/1eMEeHMOo8, KOTOpble NOSABUINUCE B npoLecce
3BE3HOro HykneocuHTtesa (B 3Be3fax). B 3Be3gax, HasbiBaeMbIX KpaCHbIMU
rmraHTamm (MX macca B HECKOSNbKO pa3 npesbiwaeT maccy ConHua), obpaso-
BasIMCb TSXKENblE 3NIEMEHTHI.

YKN3HEHHbIN UMK 9TUX 3BE3[4 OTHOCUTENbHO KOPOTKUM (COCTaBnsieT
nopsiaka gecaTka MUISIMOHOB feT) U B pesynbTaTe CpaBHUTENbHO ObICTPO
NPOMCXOAUT HAaCbIWEHNE MEX3BE3QHOW cpedbl XMMUYECKUMMU 3feMEHTaMu
TshKenee renus.

Ha cnepyowem atane gopmMmpoBaHusi 00bEKTOB U CTPYKTYp BceneH-
HOW npoucxoanT ob6beduHeHUe amomMo8 XUMUYECKUX 351eEMEHMOo8 8 MOJIeKy-
Jibl. DTN npoueccbl 06ycrnoBneHbl 3NEKTPOMarHUTHLIM B3aUMOOENCTBUEM.
OHn wupoko pacnpoctpaHeHbl BO BceneHHon. OBpasyoTcs rasoBble MeX-
3Be3aHble obnaka U3 MOSIEKYISIPHOro BOAOPOAA U renusi, a N3 CKONfeHun ra-
30B C NbIfIMHKaMK — 2a3080-rbliesble obraka.

CoBpeMeHHble nccnegoBaHms NO3BONMNKM OOHapPYXUTb B KOCMOCE pas-
NNYHbIE OpraHM4yecKkne MomeKyrbl, BKNYas aMMHOKMUCIIOThl. Cenyac mux ymc-
no cocrtaensiet 6onee 50 BMOoB B Mex3Be3dHbIX obrakax. YCTaHOBEHO
TaKkke, YTO OpraHM4Yeckme Mosnekysnbl OGHapyXmnBatTCst BO BHELLUHMX 0605104-
Kax psga He O4YeHb ropsiunx 3Be3d U B MatepuarnbHbIX CTPyKTypax (obpaso-
BaHMAX), TeMmnepaTtypa KOTOPbIX Mano oTnMyaeTca OT abCoNTHOro Hyns.
Takum obpasom, CUHTE3 MOMEKYS, BKAOYas opraHnyeckne, pacnpoCcTpaHeH-
Hoe aBfieHne Bo BceneHHoM.

CoBpeMeHHble nccnegoBaHMs MO U3YYEHUO NpeaenbHO Aanekux ra-
NaKTUK Jann BaXHEWLUNE OTKPbITUSA, KOTOPble Bbi3BanvM HEOH6XOOMMOCTbL Kap-
AWHaNbHOro nepecmoTpa npeacTaBfeHnn ponn obbl4HOM MaTepumn Bo Bce-
NEHHOM N O OMHaMUKe ee paclupeHud. YCTaHOBIIEHO, YTO B HacTosee
BpeMS NPOUCXOOUT YCKOPEHHOE paclumpeHne BceneHHoOW. OTO yCKOpeHue,
Kak nonararT y4eHble, 0bycrnoBrneHo memHoul aHepaued. MNpupoga ee B Ha-
cTosiLee BpeMsi HEM3BECTHa.
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2.5. OCHOBbI ecTeCTBEHHOHaYyu4YHbIX NpeacTaBneHun
o ConHue v nnaHeTte 3emns

Hawa [anaktuka HasbiBaetca Mrneynbit [lyms. MneyHbin yTb ono-
AicbIBaeT BeCb BUANMbIN HEOOCBOA KaK rMraHTcKasi CBeTdAlaaAcsa neHrta. 1o
AoBofbHO 6onbluas ranaktuka, umetrowasa anametp okono 100 Twic. cBeTO-
BbIX NeT u Bkrovawwasa B ceba 6onee 100 mnpa. 3Be3n, B Tom vncne CorH-
ue. lNonHasa macca Nanaktukn pasHa 150 mnppg conHeyHbix Macc. bornee ap-
Kne, 6nuskue 3Besgbl pacrofioXeHbl TEM rylle, YeM OHU Brivke K cpegHeu
nnHun MneyHoro MyTtn. CpegHioto nuHM MneyHoro NyTy HasbiBalOT ranak-
TUYECKMM 3KBATOPOM. [111I0CKOCTb ranakTu4eckoro akBaTtopa — 3TO MNOCKOCTb
CUMMETPMN HaLLEN 3BE3OHON CUCTEMDI.

ConHeyHasa cucrtema

B HacTosiwee Bpems npobrniema npoucxoxaeHns COnHeYHoM CUCTEMBI
BCe eLle ocTaeTcs OTKpbIToN. CyLlecTByolWMNe B HaykKe OCHOBHE rMnoTesbl ee
BO3HMKHOBEHNSA crneaytowme:

1) nnaHeTbl CONHEYHON CUCTEMBI ChopMUpOBanNuUCb Nytem obbveanHe-
HUSA TBepAbIX, XONOAHbIX TeN U YacTul, BXOASALWMX B COCTaB TYMaHHOCTH, KO-
Topas Korga-Tto okpyana ConHue;

2) cnyTHUKKN nnaHeT ConHevHom cuctembl obpas3oBanncb M3 MHOXECT-
Ba 4YacTuL, KOTOpPble OKPY>Xanu ninaHeThbl;

3) opbuTbl BCeX NNaHeT ABNSAKTCA MOYTU KPYroBbIMU U nexaTt B O4HOM
NSIOCKOCTN, COoBnagarLlen ¢ akBaTopmarnbHom nnockocTbto ConHua. ObLwas
Macca Bcex nnaHeT CosiHe4YHOW cucTeMbl cocTaBnseT okono 2 % OT macchl
ConHua.

MNnaHeTbl CONTHEYHOU CUCTEMDI

3emHas epynna: kpynHenwmmmn nocne ConHua obbvektamm ConHevHom
CUCTeMbl SBNAOTCS MaHeTbl U UX CYTHUKU. VIX cymMapHaa mMacca cocTaBs-
naet 1/750 yacTtb maccbl ConHua. NnaneTtbl ConHeYHOM cucTeMbl 4OCTATOM-
HO CUNbHO oTnMyarTca Apyr oT gpyra. bnvwxkanwwme k ConHuy nnaHeTbl —
Mepkypun, BeHepa, 3emna n Mapc — HasbiBalOTCA TBEpPAbIMU MNyiaHeTaMu,
MOCKOJSTbKY MMEIT NIOTHOCTb, B 4 — 5 pa3 npesblWatoLLyo NAOTHOCTbL BOAbI,
N TBEpAY NOBEpPXHOCTb. [NyToOH npeacTasnseT cobon HechopmMmpoBaBLLY-
loCs TBEPAYHO MMaHeTy, N0 CBOMM XapaKTepucTUkam HanoMUHAIoLWYO niaHe-
Tbl nepBon rpynnbl. Kpome Toro, y NnyToHa ecTb CNyTHUK XapoH, NULlb B ABa
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pa3a MeHbLunin [nyToHa. CywecTByOT NpeanosiokeHnst o 6onbLLION AeCATON
TEMHOW NnaHeTe.

[asoenie: KOnutep, CaTypH, YpaH, HenTyH — ra3oobpasHble, bonbLune,
¢ NnoTHocTbio 0,7 — 1,7 r/cM® (4yTb MeHbLUe UMK YyTb Gomnblue MIOTHOCTY
Boabl). KOnutep sBnaetca kpynHenwen nnaHeton ConHeyHon cuctemol. Ma-
cca KOnutepa B Tpu pasa NpeBOCXOAUT Maccy BCeX ocTarnbHbIX nnaHeT Con-
HEYHON CUCTEMBI.

Komemsi, acmepoudbl, MemeopHoe gewiecmao. Kpome 9 KpyrnHbIX Ccny-
THUKOB (nnaHeT) ConHue MMeeT OrpoOMHOE KOSIMYECTBO MESIKUX CMYTHUKOB,
HasblBaeMblX actTepovgamMmu. BONbLWMHCTBO U3 HUX HAXOAUTCSA B NOSACe acTe-
pougos, mexay opbutammn Mapca u KOnutepa un ABMXyWwyTCs no opbutam,
nogo6HbIM opbMTamM NNaHerT,.

CornHe4Hyo cnuctemy nepecekaroT komeTbl. 1o coBpemMeHHbIM NpeacTa-
BNEHUAM, KOMeTbl NPeACcTaBnsalT cobon orpoMHble bbbl U3 Niba U KaMHS,
KOoTopble ncnapswTca npu nogxoae K ConHuy n obpasyoT ras3oBbii U Nbisie-
BOW XBOCThbI, HanpassieHHble oT ConHua. Co BpeMeHeM KOMEeTbl pacchbinaroT-
c4, octaBnsas nocne ceba obnaka neinu.

NnaHeta 3emns

3emMna aABnseTcss 06bEKTOM N3YYEHNA MHOMUX HayK: OT CENCMOSIOMNN U
reonornn o omnocodumn n KynbTypbl.

Hawa 3emnga B HacTosillee BpeMda 4acTo paccMaTpuBaeTcs Kak cde-
poua UNKU 3NSMNcou BpalleHus — Lwap, CrSIlCHYTLIW Y NOSIKOCOB U pacLum-
PeHbIN K 9KBaTOpy. B nocnegHue gecatuneTtusi 6bio yCTaHOBEHO, YTO UC-
TUHHaa dopmMma 3eMnn CroXHee Kn3-3a HeOQHOPOAHOro CTPOEHUS Heap W
BpaweHna 3emnu. M3BecTHbIn ydeHblin BepHagckmn B. . HasBan Takyko
dopmy reoma(«3emnenogobHeiny). eong npencrasnget cobon urypy, no-
BEPXHOCTb KOTOPOW Be3fe nepneHauKynspHa HanpaBfiEHUIO CUMbl TSXKECTH.
[loBepxHOCTb reovaa coBnagaeT ¢ ypoBHeM MupoBoro okeaHa u coobuiato-
LLINXCS C HAM MOpPEN Npu HEKOTOPOM CpeaHEM YPOBHE BOAbl, OTCYTCTBUM Te-
YeHWUI, BOSTH, NPUNUBOB U Ap.

B HacToswee BpeMs C UCMOMb30BAHNEM KOCMUYECKON TEXHUKN N Me-
TOOOB UCCeAoBaHUs yyYeHble C XOpPOLUen CTeneHbd TOYHOCTU MOryT cocTa-
BUTb MOAENb NOBEPXHOCTM 3eMnn, KOTopasl yYnTbiBaeT HEOOHOPOAHOCTL ee
NOBEPXHOCTH.

HaszoBeM HeKkoTOpble OCHOBHE MapamMeTpbl 3eMnu: NONSpPHbIN pagnyc
3emnun — 6 357 km; akBaTopmanbHbln pagnyc — 6 378 km (6onbLue NonNspHOro
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Ha 21 KM); 3eMHast oCb — 9TO Boobpaxxaemasa npsimasi, Kotopasa npoxoauT Ye-
pe3 ueHTp 3emMnu. [1Be TOYKM, Yepeld KOTopble NPOXOoAUT OCb 3eMnin, Has3bl-
BatoTca nositocamun. Mx aga — CeBepHbIN U KOXKHbBIN, HA OANMHAKOBOM pacCTo-
SIHAM OT MOJIIOCOB NPOXoaAMT BooOpaxkaemas nuHua — akeatop. K cesepy oT
akBaTtopa — CeBepHoe nonywapue, K tory — KOxHoe. [InnHa akBaTopa cocTta-
BnseT HemHorum 6onee 40 000 km. 3emHas opbuTa (TpaekTopusa) BOKpYr
ConHua wumeeT copmy annunca. CpegHee pacctosiHne ot 3emnu o CosH-
ua 149,6 mnH kM. Ocb BpaweHns 3eMnnM HakKOHEHa K MIOCKOCTM 3eMHOM
opbuTbl Nog. yrnom 66,5°. Bcnencreue obpaweHna 3emnu Bokpyr ConHua u
NOCTOAHHOMY HaKMOHY 3€MHOM OCK Ha HalLen NNaHeTe CMEHSIITCSA BpeMeHa
roga v CyLecTBYIOT nosica ocBeLleHHOCTU. HabntogeHus nokasbiBatoT, YTO B
Hawy 9Mnoxy nofiokeHne nnaHeTbl B CONMHEYHOM CUCTEME MNPAaKTUYECKU He
MEHSNOCb N 3€MHOM rof, — BENMYMHaA OCTAaTOYHO NOCTOSAHHAS.

NMoHaTue o nutocdepe 3emnu

3emMns CoOCTOUT U3 3eMHOW KOpbl, MaHTuUK 1 aapa. Jintoccepa (0T rpeu.
lithos — kameHb U sphaire — Wwap) — 9T0 BEpPXHAS TBepaas obonoyka 3emMnu,
KoTopasi BKMo4aB B ceba 3eMHY0 KOPY M BEPXHIOK YacTb MaHTUM U COCTaB-
nsaet B cpeaHem ot 70 oo 250 km

BepxHaa yactb nutocdepbl — 3TO 3eMHad Kopa, OHa He Be3ae umeer
OAMHAKOBYIO TOMLWMHY. PasnnyatoT ABa OCHOBHbIX TUMNA 3eMHOW KOpbl: MaTte-
PUKOBbIN U OKkeaHu4veckuin. og okeaHaMn HMKHASA rpaHuLa 3eMHOW Kopbl
yXoauT Ha rnybuHy okono 510 kM, nog paBHUHamu — Ha 35 — 45 kM, a nog,.
ropHbiMn maccnmamm — go 70 km. Crion 3eMHOM KOpbl COCTOSAT U3 FOPHbIX MO-
po4 U MUHepanos.

MNog 3emHoOM KOpon pacnonaraetca crnoun TonwmnHon okono 3000 km, Ko-
TOpbI HasbiBalT MaHTMen. Ha rnybuHe 100 — 250 KM noa KOHTUHEHTaMU n
50 — 100 kM nopg okeaHamMmu, pacnonaraeTcsi Crion rnoBbILLEHHOW NNaCTUYHOC-
TW BeLllecTBa, KOTOpbIM HasblBalOT acTeHocdepon. B coBpemeHHOM Hayke
npegnosiaraeTcd, YTO MaHTUS MMEET OYeHb BbICOKYHD TemnepaTypy — A0
2 000 °C n cocTouT N3 MarHus, xernesa u KpeMHUs.

Anpo 3emnu Bce elle ocTaeTcsa 3aragkoun ans Hayku. lNpeanonaraeTcs,
4yTO ero paanyc okono 3500 km 1 TemnepaType okono 4 000 °C.

NMoHsaTue o penbede 3emnu
Penbed — 9T0 COBOKYMHOCTb HEPOBHOCTEW 3EMHOM MOBEPXHOCTU pas-
nnyHoro macwraba (Mx Yyacto HasbiBalTX opmamu penbeda). OH dopmu-

73



pyeTcs B pe3yribTaTte BO34eNCTBUSA Ha NNTochepy BHYTPEHHUX (SHLOMEHHbIX)
N BHELLHNX (9K30reHHbIX) NpoLEeCcCoB.

Mo coBpeMEHHbLIM Hay4HbIM NpenCTaBreHnaM, nuTocgepa CoCToUT U3
XKECTKMX NOABUXHbIX NSIUT, KOTOPbIE NepemeLLanTcs no nNnacTUYHON MaHTUN.
[paHuubl Mexay nnMtamu bbiBatoT Tpex TUMNoB: 1 — okeaHudeckne XpebTbl
(BOOSb HMX HA NOBEPXHOCTb NOAHUMAETCH BELLECTBO MaHTUM U OPMUPYET-
CSl HOBOE MOpPCKoe OHO), 2 — Xenoba (BOoSfib HUX KpaeBble YacTu NnauT pas-
pyLLAKTCS, ONYCKasiCb B MaHTUIO) U 3 — TpaHCcOpMHbIe pa3noMbl (OHM obpa-
3yl0TCA B pe3yfibTaTe CKOMNbXEeHWUSa NNUT BAOMb ApYr Apyra).

OcHoBHbIMKU (hopMbl penbeda 3emnu ABNSATCA MaTEPUKM N OKeaHbl, a
Takxe ropbl U paBHUHbI, 0Opa3oBaHMe U JMHaAMKKa KOTOPbIX 06ycrnoBnMBaeT-
CA TEKTOHMYECKMMUN, KOCMUYECKUMM N NNaHETapHbIMKU npoueccaMmn. B HbiHe-
LLIHIOKO Fe0STIOMrMYECKYHo 3NOXy Ha Hallewn nraHeTe CyLecTByeT 6 MaTepukos —
EBpasus, Adpuka, CeepHas Amepuka, KOxHaa Amepuka, ABctpanua n As-
Tapktuga, kotopble gensat MupoBon okeaH Ha 4 okeaHa — Tuxun, ATnaHTu-
yeckunin, Mugnmncknin n CeBepHbin JlegoBuUTbIN.

"opbl 0Opa3syTca B pesyrnbTaTe TEKTOHUYECKUX NOAHATUN, @ PaBHUHLI
— B pe3ynbTaTte paspyLwleHust rop. OHM pacnonoXeHbl Kak Ha MaTepukax, Tak
N B okeaHax [loBepxHocTb 3emnun coctasnseT 510 mnH km?. Ha gonto cyLum
npuxogutcs okono 29 % nnowaan 3emnun. Bece octanbHoe (71 %) 3aHumaeT
MwupoBon okeaH.

MwuHepanbHble pecypcbl nnTocdepbl rpomMagHble. B HacTosLwee Bpems
ncnonb3ytTcs HeMHorum 6onee 200 nx pasnuMyHbIX BUAOB, B OCHOBHOM, 3TO
yrrnepogHble (yronbHble), yrneBogopoaHble (He(pTAHbIE U ra3oBble) N pasnu-
YHble pyaHbIE.

NMoHsaTue o ruapocdepe 3emnu

BogHas obonoyka 3emnu, kotopas npegcrasnseT cobon COBOKYNMHOCTb
OKeaHOB, MOpPEN, KOHTUHEHTarnbHbIX BOAHbIX GacceHoB (peku, o3epa, 6ono-
Ta N gp.), NOA3EMHbIX BOA, NTEAHUKOB U CHEXHbIX MOKPOBOB, Ha3blBalOT rMa-
pocepomn (oT rped. hydro — Boga v sphaira — wap).

B coBpemeHHOW Hayke nonaratoT, 4TO ruapoccepa obpasoanach
npumepHo 3800 MnH. feT Hasaj Korga Ha Hawew nnaHeTe ycTaHoBUach
TemnepaTypa, Npu KOTOPOM BOAA MOrfia HaXOAUTbCSA B 3HAYUTENBHOM Mepe B
XWOKOM arperatHoMm cocTosHuu. B rugpocdepe npumepHo okosio 3 500 MIH.
neT Hasapj 3apoaunach Xusasi MmaTepust Ha Hallen nnaHeTe.
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B coctaB ruapocdepbl BXOOAT MOBEPXHOCTHbIE U NOA3EMHbIE BOAbI.
[MoBepXxHOCTHbIE BOAbI rmapocdepbl nokpbiBatoT 70,8 % 3eMHOM NOBEPXHOC-
™ n coctasnsaoT 1/800 obwero obbema Hawen nnaHeTbl. K yncny nosepx-
HOCTHbIX BO4 OTHOCAT MupoBoOW okeaH, KOHTUMHEHTanbHblE BOAHbIE BACCENHBDI
N matepukoBble Nbabl. MMpoBon okeaH BKNo4YaeT B cebsi BCe MOPsi N OKEaHb!
3emnun. KoHTUHEeHTanbHble BoAHble 6accerHbl NpeacTtaBnsoT cobon pekw,
o3epa, 6onoTta, BogoxpaHunuwa. OHm coctasnsaoT 0,35 % oT obuien macchbl
NOBEPXHOCTHbIX BoA rngpocdepnbl. MaTepukoBble nbabl coctaBnaoT 1,65 %
OT 0bLen maccbl NOBEPXHOCTHbLIX BoA rmapocdepsbl, 99 % nbaa HaxoauTcs B
AHnTapktnge un 'pennangum. Obwasi macca cHera U nbga Ha 3emre OueHu-
BaeTcs B 0,0004 % macchl Halen nnaHeTol.

MoaseMHble BOAbLI rmapocdepbl cogepaT OCHOBHOM 3anac npecHOWm
BOAbl HA Hallen nnaHeTe. Y4YeHble npegnonaratT, YTo 06beM NOoA3EMHbIX
BOZ NpumepHo 28,5 Mnpa KM°, 4To npuMepHo B 15 pas Gonblue, Yyem B Mu-
POBOM OKeaHe. B HacTosiLee BpeMs cYMTaeTCs, YTO MMEHHO 3a CYeT noaase-
MHbIX BOZ NOMONHSATCA BCE NOBEPXHOCTHbLIE BOLOEMbI.

M'mopocdepa 3emnu BbINOMHAET BaXHenwme yHKumn: 1) perynupyert
TemnepaTypy nnaHeTtbl (bnarogapsi 04HOMY M3 BaXXHbIX CBOMCTB BOAbl — 6o-
NbLLOW TENSIOEMKOCTK); 2) obecnevnBaeT KpyroBopoT BeLecTB (rmgpocdepa
HaxoguUTCcAa B NOCTOSAHHOM B3aMMOAENCTBUM C aTMOCAEPON, 3EMHON KOPOWU U
Buocdepon); 3) ABnNseTCs COCTaBHOM YacTbio Buocdepsbl; 4) ABNAETCS BaX-
HEeNLINM UCTOYHMKOM BromMacchi.

NMoHsATHMe 06 aTMOochepe 3emMnu.

ATmocdepa (0T rped. atmos — nap, ncnapeHue v sphaira — wap) — a1o
raszoBasi obonovka 3emnum, cocTosLaa M3 Bo3gyxa, B COCTaB KOTOPOro BXO-
ANT psf ra3oB M B3BELLEHHbIE B HAX YacTuLbl TBEPAbIX U XUOKUX Npumecen —
asposonen OHa BpallaeTca BMecTe C nnaHeTon. Macca atmocdepbl co-
ctaBnsieT M,~ 5 - 10" «r. Y nosepxHocT 3emnu aTmocdepa COCTOUT Ha
78 % (oT obwero obvema) u3 asota N,, Ha 21 % — u3 kucnopoga O,, Ha
0,9 % — u3 aproHa Ar n Ha 0,03 % — u3 yrnekucnotbl CO,, a Takke U3 apyrnx
MarnbIX npumecen. Takon cocTaB MeeT MecToO Ha BbicoTax z < 100 km (06-
nacTtb romocepsbl). Ha 6onblunx BbicoTax (B rerepocdepe) ¢ yBenmyeHmem
BbICOTbI NpeobnagatoT 6onee nerkme xmmmyeckune anemeHtol O, He n H.

[MpnynHammn nosiBneHus adpo3onen B atMocdepe ABMSATCS MblfbHbIE
Bypu, n3BepXKeHMs BYSIKAHOB, NoXapbl, METEOPbI, XN3HEAEATENbHOCTb opra-
HWU3MOB, XO3ANCTBEHHas AeATeNbHOCTb Yenoseka u T. 4.
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ATMOCdepa No CBOeMy COCTaBy HEOAHOPOAHAa MO BbICOTE U FOPU3OH-
TanbHOMy pacnpegeneHuto. 1o ocobeHHOCTAM pacnpeneneHus Temneparty-
pbl, NIOTHOCTMN BO34yXa U HEKOTOPLIM APYrMM napamMeTpam pasnunyatoT cne-
aywume crnou atmocdepsbl: Tpornocdepy, ctpatocdepy, mesocdepy, TepMo-
chbepy n ak3ocdepy. BblCOTHbIE y4acTkm aTMocdepbl, 3aHMMaroLWwme npome-
KYTOYHOE MONOXEHNE MeXay I3TUMKU CrOSIMWU, COOTBETCTBEHHO Ha3biBalOT
Tpononay3ou, cTpaTonay3on n mesonay3oun.

OcCHOBHbIMK NapamMmeTpamMu atmocdepbl SBASAOTCA NNOTHOCTb p, AaB-
neHve p n Temnepartypa rasa T. OHn cBa3aHbl Mexay coborn 6apomeTpuye-
ckon dopmynon. [laBneHne B atmocdepe ObICTPO yObIBaET C yBENMYEHNEM
BbICOTbI: Kaxgble 15 KM yMeHbLuaeTcs Ha nopsaaok, n Ha BbicoTe 100 KM OHO
B MWUIIMIMOH pa3 MeHblUe, YeM Yy noBepxHocTn 3emnun. Bblwe HaymHaeTcs
OKOS103E€MHbIN KOCMOC (r€OKOCMOC).

OCHOBHbIM WCTOYHMKOM Tenmna ana atMocdepbl SABNSIETCS MNOBEpPX-
HocTb 3emnu. ConHevHas paguauusi CpaBHUTENBHO XOPOLLIO MponycKaeTca
aTMocdepHbIM BO34YXOM K MOBEPXHOCTM 3eMnu, Npy 3TOM OHa YaCTUYHO
norrnoLaeTca atMocqepon — rnaBHbIM 06pa3om, BoASHbIM NApoOM 1 O30HOM
(Mpy 9TOM NPOUCXOAUT €€ Harpes).

ConHe4vHas pagnaumsa, gocTurarowas noBepxHOCTU 3eMinun, YacTUYHO
oTpaxaeTcsl OT Hee. BennunHa oTpaKeHUsi 3aBUCUT OT OTpaxKaroLlen Cro-
COBHOCTM KOHKPETHOro y4acTka 3eMHOW MOBEPXHOCTW, TaK Ha3blBAaeMOro
anbbeno. CpeaHee anbbeno 3emnu — okono 30 %, npu 3TOM BeENUYMHA
anbbeno coctaenser 7 — 9 % ans 4vepHosema n oo 90 % aons ceexe-
BblMNaBLLEero cHera. [Npun HarpeBaHUn 3eMHas NOBEPXHOCTb BblAENsSET Tenso-
Bble y4n B aTMOCepy 1 HarpeBaeT ee HMXKHUE CIOM.

PasnnyHbin pasorpeB atMocdepbl B pasHbix obnactsax 3emnun Bbl3bl-
BaeT HeOAMHAKOBOE pacnpefeneHne gaBneHus, YTo NpMBOAUT K BeTpaMm —
nepemeLleHnio BO34YLLHbIX Macc BAOSMb NOBEPXHOCTM 3emnu (M3 obnacten ¢
BbICOKMM [aBneHMemM B obnactum ¢ HuM3kum aasrieHnem). CKOpocTb BeTpa
MOXeT BbITb o4eHb B6onblion, oo 30 m/c n 6onee (6onee 30 m/c — xapaktep-
HO NS yparaHa).

CeeoeHust 0 noroge nony4arT M3 HabNAeHUn Ha COBOKYMNMHOCTU Me-
TEOPONOrMYecKNX CTaHUNN U METEOPOSTOMMYECKUX CMYTHUKOB.

CoCTOsiHME HWXKHEro crnosi aTMocdepbl B 4JaHHOM MECTe U B AaHHOEe
BpeMsi Ha3biBaloT no2odol. OHa xapakTepusyeTcs TeMmnepaTypon BO3ayxa,
BENIMYMHON M XapaKTepoOM OCadKOB, HanpaBneHMemM n curon setpa, obnau-
HOCTbIO, BMAXXHOCTbIO BO34yXxa U aTtMocdepHbiM gasneHuem. orogy onpe-
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AEensaT YCNoBUA UMPKYNauuMmM B aTMocdepe 1 reorpadpuyeckoe rnosoxeHue
MeCTHOCTU. Hanbonee yctonymea noroga B TpOnukax U Hanbonee nameH4n-
Ba B CPEAHUX N BbICOKMX LUMPOTaXxX. Xapakrep norogbl, ee ce3oHHas AuHamu-
Ka 3aBUCAT OT KrnnmMarta Ha aHHOWN TEPPUTOPUMN.

Knumam 3emMnun — 3TO COBOKYMHOCTb YCPEeAHEHHbIX MO BPEeMEHU Mo-
rogHblX gaHHblx. OH 3aBUCUT, NpeXxae Bcero, OT yria nageHns CoSTHEYHOro
N3y4YeHns Ha NOBEPXHOCTb 3emMnin (OT reorpamnyeckon WNpoThl).

OCHOBHbIMK KnMaToObpasyloLWmMmn npoueccamm sBRASOTCA Tennoob-
MeH, BraroobMeH un uupkynauus atmocdepbl. Bce aTm npoueccbl MMerT
OAWH UCTOYHUK 3Heprumn — ConHue.

KnumaTt dopmupyeTtcsa B pesynbtate B3auMOOENUCTBUS KIMMaTUYECKNX
NOACUCTEM, K KOTOPbIM OTHOCATCA aTmocdiepa, rngpocdepa, nutocdepa,
Kpnocdepa n buocdepa, n mexagy KoTopbiMU CyLLECTBYHOT MHOIOYMCIIEHHbIE
npaMble U obpaTHble CBA3W. JHepreTnyecknin banaHc B aTUX nogcucremax
onpegensieT COCTosHME Knnmara.

Knumat 3aBuCUT OT XapakTepa OKeaHU4YeCKUX TeyeHun, Tenrnosas
SHeprusa KoTopbiX 3HayuTenbHa. Ha knumat MoryT noBnusTb (B Te4eHne He-
CKOSbKMX J1E€T) U3BEPXKEHUS CUSbHENLUNX BYJIKAHOB, BbIOPOCHI KOTOPLIX 3a-
TPYOHSAIOT MPOXOXAEHNE CONHEYHOro U3MydYeHns.

KnumaT 3emnun cylecTBEHHO 3aBUCUT OT U3MEHEHUs NapameTpoB Op-
6uTbl 3emnu.

PassButne armocepbl 3aBUCUT OT FeONOrMYeckUx M reoxXMMuyeckumx
npoLeccoB, NpoMcxogaLwmx Ha 3emre.

Knumat 3emnu 3a nocnegHue 100 neTt 3ameTHO noTennen. 3To, MNo-
BMOMMOMY, CBSI3aHO C pe3kuMm yBenundeHuem BblbpocoB CO, B pesynbraTte
CXKUraHus yrnga, HedpTu 1 rasa.

CuntaeTtcs, 4To KNUMaT Ha 3emrie MOXET CYLLEeCTBEHHO (M1, CKopee Bce-
ro, HeobpaTnmMo) nsmeHuTbCs B Brvkanwme 250 neT 3a cyeT Bce yBENU4U-
BaoLLEerocss NPpomM3BOACTBa (a 3HAYUT, U pacCedaHUs) IHepruu, KoTopas cpas-
HUTCS C aHeprnen, noctasndemon 3emne ot ConHua

ATMocdepa ABMSETCA HENpPeMEeHHbIM YCrnoBueM na Bcex hopM Ku-
BOM Matepun. Hanbonbluee 3Ha4YeHne ONnd XXU3HeaeAaTeTbHOCTU OpraHM3MoB
MMEIOT criefyoLme rasbl, BXogsLmMe B COCTaB BO3yxa: KMCnopos, a3oT, BO-
AAHOW nap, yrnekucnoeln ras, o3oH. Kncnopopg Heobxoanm ans AblxaHUs no-
Aasnsowemy 60MbLUMHCTBY XUBbIX OpraHM3moB. A30T, yCBauMBaeMbll U3
BO3yXa HEKOTOPbIMW MUKpPOOpraHusmamMmu, Heobxogum Onsi MUHepanbHOro
nMTaHUsa pacteHnn. BogsaHom nap, KOHOEHCUMPYSCb U Bbinagas B BUae ocaj-
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KOB, SIBNSAETCA UCTOYHUKOM BOAbI Ha cylle. YTneKUcnbllii ra3 — UCXOQHOe Be-
LecTBO Ans npouecca gpotocuHTesa. O30H nornowaeT BpeaHoe Ans opra-
HU3MOB XecTkoe Y®d-uanyyeHue.

B ecTtectBo3HaHMM MonaratoT, YTO COBpeMeHHasi atMocdepa mmeeT
BTOPUYHOE MPOMCXOXAEHUE: OHa obGpasoBanach rnocrne 3aBeplUeHust obpa-
30BaHus nnaHeTbl okono 4,5 Mnpa NeT Hasaa U3 rasos, BblAENSEMbIX TBEp-
OblMu obonoykamu 3emnu. B TeuyeHue reonoruyeckor uctopumu 3emnu art-
mMocdpepa nog BRusiHAEM pasnuyHbIX (DaKTOPOB npeTepreBana 3HaunuTerb-
Hble U3MEHEHNsI CBOEro COCTaBa.

OKONno3eMHbIN KOCMOC

OKONO3eMHbIN KOCMOC (F€OKOCMOC) — 3TO 0611acTb OKONIO3EMHOr0O MNpo-
CTpaHCTBa, 3aHUMaroLwas aunanasoH BbICOT ~ 102 — 10° kM. OH COCTOUT U3
BepXHen atMmocdepbl, MOHOCKEPLI U MarHUTOCAEPBI, KOTOPbIE CyLLEeCTBEHHO
OTNMYalTCa No napameTpaMm u PU3NYeCcKUMm npoueccam, NpPouCXoasiwmm B
HUX.

MoHochepa 3emnu

MoHocdepon HasbiBaeTCAa MOHU3MpPOBaHHas 4Yactb atmocdepbl. OHa
HayMHaeTcs Ha BbicoTax ~ 60 kM gHeM 1 ~90 KM HOYbIO, a 3aKaH4YMBaETCS Ha
BbicoTe — 1000 km.

B noHocdepe ras yactmyHo noHmsnposaH. OCHOBHbLIM MCTOYHMKOM WNO-
HM3auMn (TO eCTb OTpbiBa 3NIEKTPOHA OT MOJSIEKYSibl UM aToMa) SABMSETCS
ynbTpaduonetoBoe msnyvyeHne ConHua. MIOHM3MpoBaHHbLIN ra3 HasblBaeTcd
nnasmon. Ee oCHOBHOE CBOMCTBO — KBA3MHENTPanbHOCTb. [1py 9TOM KOHLEH-
Tpauus anekTpoHoB N NpUMEPHO paBHa KOHLEHTpaumn noHoB. Hapsagy ¢ mno-
HU3aumen B nnasme maet obpaTHbIN Npouecc pekombnHaumn. Yepes MoHO-
chepy ocyLecTBNSAETCA pagnocBA3b C MOMOLLBbIO PaanNOBOSTH.

MarHutocdepa 3emnu

MarHuTocdepon HasblBaeTCsl YaCTb OKOSI03EMHONo MPOCTPaHCTBA, «3a-
NOMHEHHas» MarHUTHLIM nonem. Ha BbicoTax Ao ~ 10% kM MarHWTHoe none
3emnum nogobHo nonto OonbLIOro MarHuTa, To ecTb AunonbHoe. CuuTaeTtcs,
4YTO Hambonee BEPOATHO, CyLLECTBOBAHME MarHUTHOMO MOSis, CBA3aHO C OBU-
XXEHMEM XMNOKOro metannmyeckoro sapa 3emnu (Teopusa «ruapoamHammnde-
CKOro guMHamoy). Y noBepxHOCTM 3emnu B cpegHeEM MHAOYKUUS MarHUTHOro
nons B ~ 5 -10° Tn. CyliecTBylOT foKanbHble aHoManuu nosns, odycnos-

78



NEHHbIE HaKoMnsIeHNeM xenesHon pyabl BoNu3n nosepxHoctn 3emnun. MeHb-
lWne Bapuaumm B Bbi3biBalOTCA MOHOCHEPHLIMM TOKaMU N MOTOKaMKU 3apsi-
XXEHHbIX YaCTUL, KOCMMUYECKOro (CONHEeYHoro) npoucxoxaeHus. C ysenmyeHum-
€M pacCTOSAHUSA OT NOBEPXHOCTU 3eMnnN MHAYKUUS ObICTPO yObIBaET.

Ha BbicoTax 6onee 10* kM MarHMTHoe none 3emMnu 3aMeTHO OTNNYAETCS
OT Nnonsa mMarHuTa: co CTOPOHbI CofiHUa OHO «CMSIKOCHYTO», a C NPOTMBOIMO-
NOXHOW CTOPOHbI TAHETCSA ANMHHbLIA «XBOCT». [Jedopmaumsa marHmtocdepsbl
Bbl3BaHa «HarneTawlumM» Ha Hee CconHeyHbiM BeTpom. [locnegHun npen-
cTaBnseT cobon NOTOK CONHEYHOW nnasmbl, KoTopada asmxeTtca oT ConHua.

MarHutocdepa 3anonHeHa nnasmoii ¢ N ~ 10° — 10" m°. Temnepartypa
yacTuy nnasmel ~ 10° K. Kpome aTtux yactuu, B marHutocgepe BOOSb Mar-
HUTHbBIX CUIOBbLIX FIMHWA MO CruparnbHbIM TPAEKTOPUSAM OBUMXKXYTCHA BbICOKO-
9HEepruyHble 3NeKTPOoHbl N NPOTOHbI. « TemnepaTypa» TakMx YacTuL, CyLLecT-
BeHHO Bbilwe — oT 107 go 10" K (cnoBo «TemnepaTypa» B3SiTO B KaBbIUKM,
NOTOMY YTO 3TO HE HacTosLaa TemnepaTypa, XapakrepusyloLwas xaoTuye-
CKOE [OBWXEHMEe, a IKBMBASIEHTHAs Mepa KUHETUYECKOM IHEPrnn 4vactuu).
OTa obnactb MarHuTocepbl HasblBaeTCa paduayUoHHbIM rosicoM. B Hem
ABWXYLLMECS YaCTuubl NU3Ny4valoT 3NEKTPOMArHUTHbIE BOSHbLI, BpeaHble Ans
KOCMWYECKMX anrnapartoB 1 Yyenoseka [19].

BrnuxHul kocmoc npocTtupaetcs B npegenax CofiHEYHON CUCTEMBI.

HanbHultl kocmoc Haxogutcs 3a npegenamy COSTHEYHOW CUCTEMBI.

[anbHnin KOCMOC uccneayT acTPOHOMUYECKMMUM (B YaCTHOCTW, acT-
pPOPU3NYECKMMU, PASNOACTPOHOMUYECKMMU U Op.) MEeTO4AMMN.

B nocnegHue pgecatunetns actpoHoMusi ctana BceBonHoBoW. OHa
BKMto4aeT B cebsa pagno-, peHTFeHOBCKYHD, ONTUYECKYHD, raMMa- N HENTPUH-
HYIO aCTPOHOMMUN. ITO MO3BONUIO CYLLECTBEHHO pPacCLLUMPUTL HaLUW 3HAHUS O
BceneHHon, o npoueccax B HEW, YTOYHUTb TEOPUIO NMPOUCXOXOEHUA N 3BO-
nounn BeceneHHown.

2.6. NMpnmepbl NpakTU4YECKNX 3a4aHUN
1. 3ayunTte, Kakon Bug 6yayTt nmeTtb rpadoukm 3aBUCMMOCTU HEU3MEH-
HOW cunbl 1 paboTbl B 3aBMCMMOCTU OT NepeMeLLeHns, ecru cuna coernaoda-

em ¢ HarpassieHuUeM riepemMeu,eHus.
ChopmynumpynTe, 4TO XapakTepHO 414 Takoro Bnaa paboThbl.
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2. N3yunte, kakon Bng 6yayt MMeTb Ha CTaguuM paBHOMEPHOro nogbe-
Ma nudTta B MHOrO3TaXXHOM 34aHUU rpadoukm 3aBUCUMOCTU CUSTbl HATAXKEHUS
KaHaTa, BbICOTbl NogbemMa nudTta n paboTbl B 3aBUCUMOCTM OT BPEMEHM.

3. OnpegenuTte, Kakaa Heobxogmma paboTa 1 Kakon BESIMYMHBI HYXXHa
MOLLHOCTb MOTOpa, YTOObl OCYLLECTBUTL CTaauio pPaBHOMEPHOro nogbema
nudpTa, KOTopas BbIMOSNHAETCA B TedeHne 3 CeKyHA,.

4. OueHuTe BennUMHy paboTbl, KOTOpas coBeplUuaeTcd aBuraTenem npu
pasHOMEPHOM 20pU30HMarsrlbHOM repemMeuweHuUU ea2oHemku maccon 1,5 T no
penbcam Ha pacctodaHue 600 m, ecnn KO3OPUUMEHT TPEHUS KadeHNs paBeH
k = 0,008.

5. 3yuunte, kakon Bug 6yayT nmeTb rpadoukm BpEMEHHOM 3aBUCUMOCTH
BbICOTbI T€Na, ero CKOpoCTU, a Takke NoTeHUumanbHON N KNHETUYECKON N 00-
Len 3Heprmn npu BepTukanbHOM nageHwun Ttena, maccon 100 Kr ¢ BbICOTbI
h =40 m, ecnv npeHebpeyb TPEHNEM O BO3OYX.

Onpenenute, Kakon BeSMYMHbI paboTy MOXET COBEpPLUUTb TESo npwu
CTOSIKHOBEHUN C 3EMIIEWN.

CoenanTte BbIBOL O TOM, NMOAYUHSAETCSA NN Teno, nagatllee C BbICOTbI
h, 3aKOHy COXpaHeHUs1 NOSIHOM MEXaHUYEeCKOW 3HEPTUN.

lNpumep peweHuss u omeema

Teno, nagatowee ¢ BbICOTbl, HAXOAUTCS B KOHCEPBATUBHOW CUCTEME, B
KOTOPOW, N3-3a OTCYTCTBUSI COMPOTMBIIEHUS BO3AyXa, HET HENOTEHUMANbHbIX
cun. MNMoatomy Ans Takoro Tesia BbINOSIHAETCH 3aKOH COXPaHEHUS MOJSTHOM
MEXaHNUYECKOM SHEPIUUN: B MHEPLMATIbHON CUCTEME OTCcYEeTa NOSfHask MexXaHu-
Yyeckad 9Heprns 3aMKHYTOW CUCTEMbl YacTuy, (NoTeHumarbHOW, KUHEeTU4e-
CKOW, BKIOMasa 9HEpruo BpawlaTtesibHOro ABMXeHUs ), OCTaeTcsl HEM3MeHHOM
(coxpaHsieTcs B npouecce ABUKEHUS).

[padurkm CBUAETENBCTBYIOT O CreAyoLWeEM:

1) ecnu Teno NOAHATO W 3aKpernrieHo Ha BbICOTe, TO 40 Hadana nage-
HUSI €ero KMHeTMYecKas IHeprnsa paBHa Hymo M NofiHasg MexaHu4yeckasl aHep-
rma 6yaeT paBHa NoTeHUManbHON aHepruu;

2).npu OBMWXEHUU Tena B NOO60N NPOMEXYTOYHOM TOYKE TpaeKTopun
nageHns aHeprnsa Tena cocTouT U3 NOTEHUMANbHON N KUHETUYECKON SHEPTUN;
Nnpu 3TOM COXpaHsieTCca NnonHasa mexaHudeckas aHeprusa. KnHetmnyeckasa m no-
TeHumanbHas 3Heprus B obLiem crnyyvyae U3MEHSTCs, HO Bcerga Tak, 4To
npupaLleHne 0gHoOM N3 HUX B TOYHOCTU paBHO YbbINn Apyrou;
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3).B MOMEHT nageHna Ha 3eMnio NoTeHuuanbHas aHeprust Tena pasHa
HYMt0, @ MNoJSiHad SHeprus B 3TOM Cllydae CTaHOBUTCH paBHOW KMHETUYECKOMN.

B MOMeHT nageHus noTeHunanbHaa aHeprus MosIHOCTbIO NepexoauT B
KMHETUYECKYHD. 3a CYeT KMHETUYECKOW 3HEepruyM ynasluee Teno MOXEeT CO-
BepwnTb paboTy, nopsaaka 40 kunomgxoynemn.

6. Nccneoynte, Kak MEHSAOTCA MokasaTenn 3KCTPEHHOro TOPMOXEHUS
aBTOMOOUNSA, ABMXKYLLErocs co CKopocTbio 70 KM/4ac, ecrim aKCTpeHHoe Top-
MOXEeHMEe OCYLLECTBIIAeTCHS Ha MOKPOM acdanbsTe.

7. Onpegenute N NosiCHUTe Kakow OyaeT TennoTta cropaHusi (To ecTb
TennoBon 3adoekT MOMHOro OKUCNEHNA HEeOpraHN4YecKoro BeLLecTBa KUCHOo-
poaoM npu u3obapHOM npouecce ¢ obpa3oBaHWMEM OKCUAOB 3F1EMEHTOB,
BXOOSLMX B JaHHOE BELLECTBO) NPy COeANHEHUN yrnepoaa u Kucnopoga.

KoHTponbHbIe BONpoOCHI

1. Kakne siBneHusi B npupoae HasbiBaoTCs TENSIOBbIMU?

2. VlccnepoBaHna TensoBbIX SABEHUA U CBOUCTB MaKpOCUCTEM MO3BO-
NAKT NPOBOAUTb HA OCHOBE [BYX Ka4eCTBEHHO pasfinyHbIX, HO B3aUMHO O0-
NOJSTHAKOLWMX METOLOB: HA30BUTE N NOSICHUTE.

3. UTo Takoe TepmoguHammka?

4. OnpepenuTe NOHATUE TemnepaTtypbl.

5. B ocHOBE MOSEKYNSAPHO-KNHETUYECKNX NPEeaCTaBeHnn O CTPOEHUN K
CBOMCTBaxX MaKpOCUCTEM fnexaT TPU OCHOBHbIX MOSOXEHUA: Ha30BUTE U MO-
SACHUTE.

6. [MosiCHUTe NOHATUS: «TepMoauHaMmn4eckas TemnepaTtypa» m «abco-
FNMIOTHBIN HOJSTbY.

7. Bcsikaa TepmoanHammnyeckasa cuctema B nobom coctosiHuM obnaga-
€T BHYTPEHHEN 3HEPIMEN: HA30BUTE U MOSACHUTE.

8. BoaMoxHbI aBa cnocoba nameHeHNss BHYTPEHHEN 3HEPrn TEPMOaN-
HaMW4YECKON CUCTEMbI NMPU €€ B3aMMOLAENCTBUN C BHELLHUMMU Tenamu: Ha30-
BUTE N NOSACHUTE UX.

9. Kakon xapakTtep HOCAT B OKpyXatowen Hac npupoae Tensrosble npo-
Leccbl?

10. YTO gaBnsieTca KONMYECTBEHHOW XapaKTEePUCTUKOW TEennoBOro co-
CTOSIHNSA CUCTEMBI?

11. YTO XapakTepusyeT HTPONUS CUCTEMBI?

12. lNoAcHNTEe NoHATNE — CUHEpPreTuka.
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13. Kak cxemaTtnyeckm MOXHO onucaTb Npoueccbl caMmoopraHnsaumn B
OTKPbITbIX cUcTeMax?

14. B npupoge cyLiecTByeT MHOXeCTBO 0OpM 3Heprun. HecmoTtpa Ha
OorpomMHoe pasHoobpasne opM IHEPrnn, Ans ee NpPoM3BOACTBa UCMOSb3Y-
IOTCA B OCHOBHOM TpU BMAa UCTOYHMKOB: HA30BUTE N NOSICHUTE.

15. MNMoTpebnsemasn aHeprus NPoM3BoAUTCSA B pesynbraTe npeobpaso-
BaHUS Opyrmx BuaoB aHeprn. CywecTBYOT TpU OCHOBHbIX criocoba ee npe-
obpasoBaHusa. HasoBuTe 1 NosicHUTE.

16. lNoscHMUTEe noHATWE — renimosHepreTuka. HasoBuTe OCHOBHblE ee
OOCTOMHCTBA U HedOCTaTKM.

17. lNosicHuTe noHATUe — BceneHHas.

18. losicHMTE NOHATUA — ranakTuka, MeTaranakTuka, KBasap, MexX-
3Be3qHas cpeaa.

19. MNosacHuTe cyTb Teopuun bosbLioro B3pbIBa.

20. MNosicHnTe NoHATME K CTpoeHne aTtmocdepsbl 3emnu.

21. Ha3oBuTe 1 KpaTKO NOSCHUTE, YTO XapakTepusyeT ANHAMUKY aTMO-
chepbl 3emnu?

22. [NodcHUTE NoHATUE — Noroaa.

23. [losicHUTEe NOHATME — KNuMmar.

24. [losicHUTe MOHATUE — OKOJTI03EMHbIN KOCMOC.

25. MNMosAicHnTe noHaTne — BNMXKHUIA KOCMOC.

26. [NosicHuTe NoHATME — AanbHUN KOCMOC.

27. [NoAcHUTe NOHATME U CTpPoeHWe rmapocdepbl 3eMnu.

28. HasoBuTe 1 KkpaTko oxapakTepusynTte nraHeTbl CONHeYHon cucTe-
Mbl.

29. NMosacHUTe noHsATHE penbeda 3eMnu.

30. NoaAcHMTe NOHATME — caMOOopraHM3auus B Npupoae.

82



3. OcHOBbI KOHLUENUun npeacraBneHuns
opraHusauun matepun. KonedaHuma n BosnHbl B npupoae.

B HacTosulee BpeMsa B €CTeCTBO3HAHUU MPUHATO pasrpaHuUyMBaTh OK-
pyXxaroLme Hac 06BbEKTbI MaTepranbHOro Mmpa (4acTto UCMOoNb3YHT TEPMUH —
MaTepus) Ha ABa BGoMbLIMX N CaMOCTOATENbHbIX Kacca: eew,ecmaeo u rnorse.
BewecTBo B oTnnMyme o1 nons obnagaet MHEPTHOW MacCoW, LLEeHTPOM Macc U
np. B OObIMHOM MeXaHW4ecKkoM cMbicrie. [IBuxeHne MakpocKonmyecknx obb-
eKTOB, COCTOSAILLMX U3 BELLECTBA, ONUCLIBAETCHA U3BECTHbIMU 3aKOHaMU Mexa-
HUKN HblOTOHa.

[ToHssIMue rnoss NeXNT B OCHOBE MHOIMX NMpeAcTaBreHnin COBPEMEHHOIO
oKpyxatwLero Hac mupa. PopmarnbHO TEPMUH «MNoSie» NPUMEHSAETCA Toraa,
Korga Hago COMOCTaBUTb KaXJoW TOYKe NMPOCTpPaHCTBa HEKOTOPYH husnye-
CKYI0 XapakTepucTuky. B obuiem cnyyae roBopsiT, YTO B NPOCTPaHCTBE 3aja-
HO NoJSie HEKOTOPOW BENUYUHBLI U, €CIN B KaXOOW TOYKE NpoCcTpaHcTBa (M
HEKOTOPOW €ro 4Yactun) onpeaeneHo 3Ha4YeHne 3ToW BenuuuHbl. Mo-gpyromy,
— HeKkoTopon obnactn nNpocTpaHCTBa NpUCBaMBalOT HEKOTOPYIO OYHKLNIO U,
KOTopasi 3aBUCUTU OT NMPOCTPAHCTBEHHbLIX KOOPAMHAT UK paaunyc-BekTopa r .

B pearnbHOM XMU3HN Mbl UMeeM [eno CO CKanspHbIMU UM BEKTOPHbLIMA
BeNUYMHaAMM U COOTBETCTBEHHO pasnuyaloT ABa BuAa MONen: ckassipHble u
8eKMOpHbIe. B COOTBETCTBMM C 3TUM NOMS ONpeaeniaTcs 3aJaHUeEM B KaX-
AON ToYKe paccmaTpuBaemMon obnactm NpocTpaHcTBa NMOO HEKOTOPOUW CKa-
JIpHOU (BENWYMHBI, KOTOpasi XapakTepusyeTcsa 4ucnom) nmbo HeKoTopown
8€KMOPHOU BeNNYMHbI (KOTOpas XapakTepusyeTcsa YUCIIOM U HanpasrieHneMm
B NPOCTPaHCTBe).

HarnagHo npegcraBntb B rpadoMyeckoM BUAE BEKTOPHOE MOJSIE CrOXHO.
[ns aToro Mcnonb3yT pasfnuyHble «yxuwpeHuay. Hanpumep, rpadpuyecku
CUNOBble BEKTOPHbIE MOMS OKa3sblBaeTca yOOOHO u3obpaxaTb C NOMOLLBIO
KapTUH CUNOBbLIX FIMHUN — MPOCTPAHCTBEHHbLIX KPUBbLIX, KOTOpble obriagatoT
TEM CBOMCTBOM, YTO B KaXXOOW MX TOYKE BEKTOP MOMS HanpasBrieH BAOSb Ka-
caTeribHOW K KPUBOM.

K HacTosiLwemy BpeMeHN Hay4yHO [JOKa3aHO CyLeCTBOBaHWE OBYX CUMO-
BbIX MONen — rpaBUTaLMOHHOIO N anekTpomMarHuTHoro. Cunel, cosgaBaemble
STUMM NONAMMU (MOITOMY MX Ha3blBaKOT CUIOBbLIMW), OEWUCTBYIOT Ha paccTos-
HUM MeXy NOKOALWMMUCA U OABMXKYLLIMMUCS YacTuuaMn unm Tenamu.
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Bcto COBOKYMHOCTb 31IEKTPOMAarHUTHbIX SIBIIEHWIA MPUHATO pa3aensaTtb Ha
ABe rpynnbl: 3MeKTpUYECKMe U MarHUTHble siBNeHusi. BsaumopencTtene 3aps-
)KEHHbIX YacTuL M Ten OCYLeCTBMSIeTCs Yepe3 MaTepuarnbHOro nocpegHuka,
Ha3blBAEMOro 3asiekmpuyeckum rosnem. MNoapobHO M3y4yeHue CBOWCTB CTa-
LIMOHAPHOrO 31EKTPUYECKOro Mo U M3yvyeHne NocpeacTBOM MoAenvpoBa-
HUS OCHOBHbIX MOHATUN, CBA3AHHbLIX CO cmauuUOHapHbIM Ma2HUMHbIM MOfeM
Mbl BbIMOSTHAM Ha NabopaTOPHOM 3aHATUMN.

3.1. CTpyKTypHble YPOBHM OpraHusaumum matepum

B ectectBO3HaHMM (U B Hayke B LieNOM) AN XapakTePUCTUKN MaTepu-
anbHbIX CUCTEM MPUMEHSIOT KOPMycKyndapHyto (oT naT. corpuskulum -
YacTuua) 1 KOHTUHYyanbHyo (0T nat. continium — HeENPepPbIBHbLIN) TEOPUMN.

B KoHmMuHyanbHOU Teopuu paccMatpumBaloTcs npoucxogswme B6NU3M
HEKOTOPOro cpeaHero NonoXeHns HenpepbiBHbIE NOBTOPSOLLMECH NpoLecChl
n konebaHus. PacnpoctpaHeHue konebaHun B cpeae Bbi3biBaeT BOMHbI. O6-
nacTtb U3nNKK, KOTopas udyyaeT 3TN 3aKOHOMEPHOCTU, Ha3bIBaeTCH Teopuen
konebaHun. Takum obpasom, B KOHTUHYaNbHOW TEOpUM OMUCLIBAOTCS BOJ-
HOBble Mnpoueccbl. BmecTe ¢ BONMHOBBIM OnMMCaHMEM MPOLECCOB 4YacTo MNpwu-
MEHSIeTCA NOHATME KopnycKynbl (4actuubl). C NO3NUUN KOHMUHYyarnbHOU KOH-
Lenumm oKpyxarolias Hac mMaTepusi paccmaTpuBanacb B KayecTBe (hopMbl
nond, KOTOpOe PaBHOMEPHO PaCNpOCTPaHEHO B MPOCTPAHCTBE, a B pe3ysib-
TaTe ero Cry4yamHoro BO3MyLLEHUS MOSIBUINCL BOSHbI, XapakTepusyemMble Kak
YacTuubl C pasnUYHbiMU CBOMCTBaMW. Pe3dynbTaToM B3aMMOOENCTBUSA ITUX
obpasoBaHuin CTano nosiBfieHMe aTOMOB, MOJSIEKYS, MakKpoTes, KoTopble 06-
pasyT makpomup. Micnonb3ys Takom KpUTepuin, B eCTECTBO3HAHUN BbIAENSAOT
Takme YpOBHW MaTepun: MUKPOMWUP, MAKPOMUP M Merammp M no3aToMy LOC-
TyNHasi YenoBeKy NpMpoAda B eCTeCTBO3HAHUKN Noppasfgensercs YCrOBHO Ha
Takne YPOBHW:

1) MUKpPOMUpP — 3TO MUP OYEHb MarnblX, He HabngaemMbIX HENOCPEeACT-
BEHHO MaTepuanbHbIX 06BLEKTOB; UX pa3mMep HaxoauTcs B AvanasoHe 10° —
10"® cm, a Bpems xu3HKn — oT BeckoHeuHocTM Ao 102 c. OTo Mup BknoYaeT
B cebs MmaTepmanbHble 06bEKTHI OT aTOMOB A0 3fieMeHTapHbIX YacTtuy,. Cum-
TaeTcs, YTO BCEM MM MPUCYLLM BOSTHOBbBIE Y KOPMYCKYIISIPHbIE CBOWCTBA.

B nocnegHve rogbl B NPakTUKy €CTECTBEHHOHAYYHbIX 3HAHWW MPOYHO
BOLUSIO MOHATUE HaHOMUpP — 3TO MUKOMWUKPOMWUP MaTepuanbHbIX OOBEKTOB,
pa3mep KoTopbix MeHbLLe 107 cm;
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2) Makpomup npegcrtaBndeTr cobo Mup MaTepuanbHbiX OOBLEKTOB,
MacLlwTabbl KOTOPbIX COM3MEPUMbI C POCTOM 4YerioBeka. [1pocTpaHCTBEHHbIE
BEeNIMYMHbI Ha 9TOM ypoBHe mamepsitotces oT 102 go 10° m, a Bpemsi — oT ce-
KyHO A0 neT. OTOT MUP COCTOUT U3 MaKpOMOSEKyr, BELLECTBOM B pasHbIX
(pa30BbIX COCTOSAHUSAX, XKMBbIMW OpraHMu3MamMu, 4YesloBEKOM U NPOaYyKTaMun ero
XU3HeoesaTenbHOCTH;

3) mecamup aBNAeT cobon MecTo TPyaHOBOOOPa3NMbIX OFPOMHbBIX KOC-
MUYecknx maclutaboB n ckopocTen. PaccTtosiHus B HEM M3MepsieTcsl acTpo-
HOMUYeckumun eanHuuamm (1 a. e. = 8,3 CBETOBbIX MUHYTbI), CBETOBbIMU TO-
Aamu (1 ceetoBon rog = 10 TpnH Km) 1 napcekamn (1 Nk = 30 TpnH kM), a
BPEMS XU3HM KOCMUYECKMX OOBEKTOB COCTaBNAET MHOMMe MUMSTIMOHBI U MUI-
nnapgbl net. 3TOT MUP COCTaBNAT Haubonee KpynHble MaTepuarnbHble
00beKTbI: 3Be3Mbl, NNaHEeTbl U UX CUCTEMbI, ranakTUKN U UX CKOMMNEeHUs, meTa-
ranakTuku,

Mcnonbayoa 3Ty npeactaBneHns BblAenstoT:

1) eeoueHmpuyeckul Mup — 3TO pearibHbI MUP Ha YPOBHE MakpomMupa.
[Mpoueccbl N ABNEeHUs B 3TOM MUPE OMUCLIBAOTCH C NMOMOLLBID €BKNnaoBa
NpOCTpaHCTBa, HbIOTOHOBA (abCONIOTHIO U OAHOMEPHOr0) BpeMeEHN 1 nemnob-
HUUEeBa KadecTBa, B KOTOPOM ueroe Bcerga 6osbLue 4acTu.

2) HezeoueHmMpu4eckul Mup — 3TO MUKpOMUP U Meramup. poueccol n
SIBMIEHMUS B HEM ONUCbLIBAKOTCSA HEEBKNMOOBbLIM MPOCTPAHCTBOM (reomeTpuen
Jlo6a4veBckoro-PrumaHa), HEHbIOTOHOBBLIM BpeMeHEM, HenenbHUUEBbIM Kade-
CTBOM (TEOPUSI OTHOCUTESTBHOCTN, KBAHTOBAs MEXaHMKa).

CTpyKTypa MUKpoMuUpa

B coBpeMeHHOM ecTeCTBO3HaHUM B MUKPOMUPE BbIAENAOT Takne ypos-
HU seuwjecmsa:

1) MONEKYNAPHbLIN;

2) aTOMHBbIN;

3) HYKIMOHHbIM (YPOBEHb aTOMHOrO s4pa);

4) KBapKOBbIMN.

B nocnegHue rogbl B €CTECTBO3HaHUN akTUBHO BedeTcs obcyxaeHue
BO3MOXHOMo 00nuKa rsimoeao ypoBHS BellecTBa — CynepCcTpyHHOro. [ns kax-
A0ro BHOBb OTKPbLIBAEMOrO YPOBHSI XapaKTepHO KaydeCTBEHHOE OTfiMyune oT
N3BECTHbIX, OH XapakTepusyeTcs ApYrMMyM CBOWCTBAMU COOTBETCTBYHOLLUX
yacTtuu. B ectecTBo3HaHUM Bcerga CTpeMUNCbL HAWTU caMble NPOCTble Yac-
TUubl. B pesynbTaTe Takoro novcka B payke npuLinm K NOHMMaHUKO TOro, YTo
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B npupope abcosnomHou aneMeHmapHocmu He cyujecmeyem, 4To ntobas
yacTvua Ha nobomM ypoBHE CroXHa B CBOEW CYLLUHOCTM M nposiBieHnax. B
€CTECTBO3HaHUM NPUHATO CYMTaTb 3/1eMeHmapHbIMU me Yacmuupl, Y KOTO-
pbIX HayKoW elle He YCTaHOBIIEHa BHYTPEHHAS CTPYKTypa, a UX pasMepsbl
elle HeOCTYMHbl NU3MEPEHNAM (B HaACTOSLLLEee BPEMS 3TO NPUMEPHO MeHbLUEe
10 cm). Mcnonb3ysi 3HaueHWs BHYTPEHHel cTeneHu cBoGOAbl ABUKEHUS
YacTuubl (CrvHa), BCe U3BECTHble 3fleMeHTapHble YacTuubl OendaT Ha ABe
rpynnbl: 1) YacTuubl € yeso4YuceHHbIM CruHOM (UX HasbliBaloT 6030HaMun B
yecTb (pmuamka bose). Ha Hux 3anpetT [laynn He pacnpocTpaHAeTcHa, U OHU
MOryT HaxoauTbCs BMecTe B ntobom konudectse. [Nons 6030HOB nepexogaT
B Krnaccudeckue nosnsg. B makpomupe 6030HbI NposBnsoT cebs oObl4HO Ha
YPOBHE MONeENn;-2) Yactuubl C rnosiyuensiM 3HadeHuem cruda (1/2, 3/2 ..., wnx
HasbIBalOT pepMnoHamMn B 4YecTb 3. Pepmu). DepMUOHBI MOTYT HAXOOUTbLCS
BMECTe TOJSIbKO MPU YCITIOBUN, YTO UX (PU3NYECKME COCTOAHUSA N NapamMmeTpsbl
pasHble. OTOT 3aKOH B KBAHTOBOM MeXaHWKe HasbiBaloT 3arpemom [laynu.
[Mona depMMOHOB BCerga OCTalTCA KBAHTOBaHHbIMU U NErko nepexoasaT B
Yactuubl. B Makpomupe gepMuOHbI NPOSBIAIOTCA Ha YPOBHE BeLlecTBa.
depMUOHbI JEeNATCA Ha KBapKWU N NENnTOoHbI. JlIenToHbl BKNtoYaeT B cedsi no 6
YacTuu 1 aHTU4acTuL,.

Knaccudumkaumsa anemeHTapHbix yactuy [10]

OrneMEHTapHbIE YacTuubl ABMSKOTCS OCHOBHbIMW CTPYKTYPHbIMU 3rie-
MeHTamMu B Mukpomupe. OHM BbiBatOT cocmagHbIMU (NMPOTOH, HEUTPOH) U He-
cocmasHbIMU (3NIEKTPOH, HEUTPUHO, (POTOH). B Hae Bpemsi OTKpbITO Bonee
410 yacTvy M nx aHTMyacTuu. Pag anemeHTapHbIX YacTul MMeKT Heobblu-
Hble cBoncTBa. K npumepy, paHee cunTtanu, 4to Yactuua HENTPUHO HE UMeeT
Maccbl nokosi. Bnocneacteum yyeHble YCTaHOBWUIIA, YTO Macca MOKOSA Heu-
TPUHO OTNIMYHA (XOTS M HEHAMHOIO) OT Hyns. AHTUYacTMUaM NPUCYLLUN MHO-
rme M3 Tex NPU3HaKoOB, YTO U MX YacTULaM-L4BOMHUKaAM (Macca, CrvH, BpeMs
XU3HM U T. 4.), HO OHM PasnNUYaloTCs 3HaKaMu JNEKTPUYECKOro 3apsga uUnm
APYrMMN XapakTepucTukaMmn. YCTaHOBIEHO, YTO BCE 3fieMeHTapHble YacTu-
Ubl, 3@ UCKMIOYEHMEM HENTpPanbHbIX, MMEKOT CBOU aHTUYacTuLbl. B pesynbTa-
T€ CTONKHOBEHWUSI YacTULbl M aHTUYaCTULbl COBEPLUAETCA MX aHHUTMNAUUA
(ot nat. annihilatio — npeBpaweHne B HUYTO), TO €CTb NPOUCXOAUT NpeBpa-
LLIeHMe 3reMEeHTapHbIX YacTuL, N NX aHTUYacTuL, B Apyrne Yactuubl, YNCO U
BN, KOTOPLIX ONpeaensaiTca 3akoHamMun coxpaHeHus. K npumepy, npu aHHU-
rMMNAUMN Napbl ANIEKTPOH — MO3UTPOH BO3HUKAKOT OOTOHBDI.

86



KonnyecTBO OTKPBITbIX 3fIeMEHTapHbIX YacTul, CO BPEMEHeM pacTer.
OpHoBpeMEHHO B Hayke maeT MoUCK (PbyHOaMeHTanbHbIX YacTuu, KOTopble
Mornn Obl BObITb 9NEeMeHTapHbIMU COCTaBHbIMU «KUPMUYMKaMU» Of19 MO-
CTPOEHNA U3BECTHbIX YacTuu. B 1964 r. omsmnkom M. N'enn-MaHom 6bina Bbl-
CKasaHa runoresa O CyLeCcTBOBaHMM TaKOro Tuna 4acTtuu, KOTOpble Ha3BIM
KBapkamu. [0ns anemMeHTapHbIX YacTul, XapakTepHO Hannume 60Mbloro Ko-
nn4yecTBa XapakTepucTuk. BaXHON OTNNYUTENBLHON YepTon KBapKOB ABNSAET-
cA TO, YTO OHM obnagatoT ApPOoOHbIMK AneKkTpudecknmm 3apsgamu. CoegmHe-
HWe KBapKOB ApPYr C OPYroM MOXeT NpOoUCXOAUTb napamu u Tpoukamu. [Npu
o0beanHeHUN Tpex KBapkoB obpasyeTcs 6apuoH (MPOTOHbI U HENTPOHLI). B
npupoae B cBOOOOHOM COCTOSIHMM KBapku Mnoka He ObHapyXeHbl. BaXHbIM
ABNSETCA TO, YTO C MOMOLLLIO KBAapKOBOM Moenun yaanocb onpenenntb
KBaHTOBbIE YMCNa Lenoro psaga N3BeCTHbIX B HAyKe areMeHTapHbIX YacTuL.

B Hayke Bce anemMeHTapHble YacTuubl KraccununpyoT No Takum npu-
3HakaM: Macca 4YacTuubl; ee 3MeKTPUYEeCcKn 3apsd; TUn omusn4eckoro B3ammo-
OENCTBUS, B KOTOPOM Y4acTBYIOT 3fIEMEHTapHble 4YacTuubl; BPEMS XU3HU
YacTuu; CNuH 1 ap.

Mo Benu4nHe mMacchl MOKOS YacTuUbl (€€ Maccy MOKOsi onpeaenstoT no
OTHOLLEHUIO K Macce NOKOS 3MNeKTPOoHa, KOTOPbIM cYUTaoT Hanbonee nerkom
cpeaun YacTtul, MMEeLWNX Maccy) BblAensaT: (pOmMoHbI — YacTuLbl, KOTOpble
He MMET Macchbl MOKOS U ABMXKYTCS CO CKOPOCTbIO CBETA; /1eMMOHbI — Nerkme
YacTuubl (SNEKTPOH N HEUTPUHO); ME30Hbl — CpefHne YacTuubl, UMetoLme
Maccy OT OHOM [0 TbICAYM MacC ANEKTPOHa (MN-Me30H, Ka-Me30H 1 ap.); ba-
PUOHbI — TAXerble YacTuubl, UMetoLme maccy bonee TbICAYM Macc NEKTPo-
Ha (NPOTOHbI, HEUTPOHBI U Ap.); 2UNepPOHbl — CBEPXTSKESble YacTuLbl.

Mo Benu4unHe arekmpuyecko2o 3apsida BbliOeNaoT:

e YacTULbl C OTpULATENbHbBIM 3apsaoM (HanpuMep, 3NeKTPOHbI);

e YacCTULbl C NONOXUTENbHBLIM 3apaa0oM (Hanpumep, NPOTOH, NO3UTPO-
Hbl);

e YacTULbl C HyNeBbIM 3apaaoM (Hanpumep, HENTPUHO).

M3BeCTHbI 1 YacTuubl C APOBHbIM 3apsiaoM — K8apPKU.

Mo muny ¢yHOameHmManbHo20 83aumodelcmaeusi, B KOTOPOM MOryT
NPUHUMATL y4acTue YyacTuubl, BblAENSHOT:

e alpoHbI (epey. adros — KpyrHbIU, CUMbHbIU), y4acTBYKOLLUNE B dnek-
TPOMarHUTHOM, CUfIbHOM 1 criabom B3aMMoLenCcTBuu;

e JIe[IMOHbI, Y4aCTBYIOT B 3JIEKTPOMArHUTHOM U cnabom B3avmonemn-
CTBUMU;
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e yacmuubl, KOTOPble NEPEHOCAT B3anMoaencTeus (¢homoHs! — nepe-
HOCAT 3NeKTPOMarHUTHOE B3aMMOOEWNCTBUE; 2pasumoHbl — NEepPeHOCAT rpa-
BUTALUMOHHOE B3aMMOOEWNCTBUE; 2/TH00HbI — NEPEHOCAT CUNbHOE B3auMoaen-
CTBUE; MPOMEXYMOYHbIE BEKMOPHbIE 6O30HLI — NEPEHOCAT criaboe B3anMo-
aencrseue).

B 3aBMCUMOCTUN OT 8peMEHU XXU3HU YacTuubl pasgenstoT Ha ctabunb-
Hble, KBa3nucTabunbHble U HecTabunbHble. bonbliasa 4YacTb U3BECTHbIX afe-
MEHTaPHbIX YacTuL, ABAAITCA HECTAOUIbHLIMKU, UX BPEMSI XKU3HM COCTaBnsaeT
10— 102 ¢. CTabunbHble YacTuubl He NoaBeprarTCca pacnagy anMrenbHoe
BpeMsi U MOTyT CYLLeCTBOBaTb OT H6eckoHeyHocT o 107° c. CTtabunbHbIMU
yacTuuamm cumtaroT OOTOH, HEMTPMHO, MPOTOH U 3NEKTPOH. KBasnuctabunb-
Hble YacTuUbl pacnagarTcs Npu 3NeKTpoMarHUTHOM U cnabom B3aumoaen-
CTBMWN. YacTo MX Ha3blBaAlOT pPe30HaHCaMW, BPEMSA UX XU3HU MOXET ObiTb B
npepenax 10%* - 10% ¢,

MaTepuanbHble CUCTEMbI MUKPO-, MaKpo- U Merammpa oTnumyarTcs Me-
Xay cobon pasmepamu, xapakmepom OOMUHUPYOWUX MPOoUecco8 U 3aKoHa-
MU, KOTOPbIM OHM NoguuHATCA. [MpoCTpaHCTBEHHbIE MacLUTabbl U pa3mepsbl
(B MeTpax C TOYHOCTbIO OO0 OAHOro Nopsigka Yncen) HEKOTOPbIX MaTepuarnb-
HbIX 06BEKTOB npeactaeneHbl B Tabn. 3.1. [19].

OTHoweHne camoro 6onbLIOro pasmepa K camMOMy Mariomy, cCOCTaB-
naweT cerogHsa 44 nopsigka u 6yaet Bo3pacTaTb MO Mepe HAKOMMEeHUs ecTe-
CTBEHHO-HaY4HbIX 3HaHUN 06 OKpYyXKatoLemM MUpe.

BaxxHeUwasi KOHUenuusi cCoepeMeHHO20 ecmecmeo3HaHUs1 COCTOUT
8 MamepuaribHOM eOUHCMBEe 8CEX CUCMEM MUKPO-, Makpo- U mezamupa. B
HayKe yTBepXJaeTcs O eANHON MaTepuaribHOM OCHOBE reHesuca Bcex mate-
puanbHbIX CUCTEM Ha pPasnUYHbIX 3Tanax aBonoumn BeceneHHoM.

MaTepuanbHble 00bEeKTbl MUKPO-, Makpo- U Merammpa pasnunyarTcs
Apyr OT gpyra Kpome CBOMX pasMepB, U UHBIMMU KOSMYECTBEHHBLIMU Xapak-
TEepPUCTUKaMMN.

CBonctBa 1 0COBEHHOCTM MaTepuanbHbiX 0OBbEKTOB MUKPO-, MaKpo- U
Merammpa ornuckl8aromcs pasHbIMU meopusiMu, rnpuHyUnamu U 3aKkoHamu.

Ona ob6bACHEHNS NPOLIECCOB, NPOUCXOOALMNX B MUKPOMUpPE, NPUMEHSI-
IOT MPUHLUMMbI U TEOPUN KBAHTOBOM MEXAHMKN, KBAHTOBOW CTATUCTUKM U T.4.

MaTepunarnbHble 00bEKTbI MakpocucmeM U3y4arTca Ha OCHOBE 3aKOHOB
N TEOPUIN KNACCUYECKON MeXaHMKN HbloToHa, TEPMOANHAMUKA U CTAaTUYECKOW
dom3UnKK, Knaccuyeckomn anektTpoanHammkm Makceenna.
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BakHo, 4TO 60MbLIOE YMCIO NOHSATUA U KOHLENUWUA (SHEepPrus, MMNynbe
N Opyrue), KotTopble GbinNM BBEAEHbLI B Knaccuyeckon usnke npu onnucaHunm
CBOWCTB MaTepuarnbHbiX 0OBHEKTOB MakpoMupa, yaayHO MPUMEHSIOTCS Ans
0ObSACHEHWS NPOLLECCOB B MUKPO- U MErammpe.

Tabnuua 3.1.

npOCTpaHCTBeHHbIe MacLwTabbI HEeKOTOpPbIX MaTepunarnbHbIX 06beKkToB

MaTepuanbHbii 06BbEKT MacwTab, m
Pafmnyc KOCMUYecKoro ropusoHTa (Habnogaemoii BecenenHoit) | 107
OuameTp Hawel ManakTvku 107’
PaccTtosiHue oT 3emnu Ao ConHua 10"
OuameTp ConHua 10°
Pasmepsbl Yenoseka 10°
[lnnHa BOSHbLI BUOAMMOrO CBeTa 10°- 10"
Pa3mep B1pYycoB 10°-10°
NuameTp aToma Bogopoaa 1070
[nameTp aTOMHOrO SiApa 10
MUHMManbHOe paccTosiHUe, AOCTYNHOe COBPeMeHHbIM cpea- | 107°
cTBaM N3MepeHUm

@yHOameHmMarsibHble hududecKue 3aKOHbl xapakmepu3yrm BrOJSIHe On-
pefeneHHble MaTtepuarbHble OObeKTbl HE 3aBUCMMO OT TOrO, rge OHW Haxo-
aatca. MNoatomy dpyHOaMeHTarnbHble 3aKOHbl SBMSKOTCA YHUMBEPCanbHbIMU —
OHM MOTYT NPUMEHATLCA K MaTepuanbHbiM OB6beKkTamM BCEro OKpyKatoLlero
Hac Mupa, KOTopble AOCTYMHbl HAbMOEeHUAM. YHMBEpCarbHbIN Xapaktep
dyHOaMeHTanbHbIX 3aKOHOB MNOATBEPXOAeTCH 3KCnepuMeHTanbHbIMU pe-
3ynbtataMmyM MHOFOYMUCIEHHbLIX UCCNedoBaHNn pa3HbiX CBOWMCTB Martepuasib-
HbIX OOBEKTOB B MUKPO-, MaKpo- U Merammpe 1 ykasblBaeT Ha MaTtepuarbHoe
€OWHCTBO Npupoabl n BceneHHon B Lenom.
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3.2. CTpyKTypa atTomoB

KoHuenuusa atommnama

C pas3BuUTMEM €CTECTBEHHOHAY4YHbIX NPEACTaBMEHUA O BHYTPEHHEM
CTpOeHUN BewlecTBa ObiNO yCTAHOBNEHO, YTO aTOM XMMWYECKOro 3rieMeHTa
COCTOUT U3 siapa, KOTOPOE MMEET MOSTOXUTENbHbIN 3apsid, U SNIEKTPOHOB, KO-
TOopble ABWMXKYTCSA BOKPYr siapa. COBOKYNHOCTb 3fIEKTPOHOB B aTOMe Has3biBa-
IOT €ro aneKkTpoHHoM obornouykon. 'padmyeckoe nsobpaxxeHne 3aTon Moaenu
aToMa, rae 9neKTPOHbl ABWXKYTCS B KIAaCCUMYECKOM CMbICAE MO 3aMKHYTOM
TpaekTopumn (opbute), npuBegeHo Ha puc. 3.1. B cooTBeTCTBMM C Takon Mo-
AEnbio, 3NEKTPOHbLI aTOMa LOSMKHbI ABUraTbCA OTHOCUTENBHO A4pa.

Puc. 3.1. U3o6paxeHne mogenu atoma. [ivameTp atoma — BefiviMHa no-
paaka 10" m, a anameTp sgpa — BennuunHa nopsgka 10" - 10" m

[danbHenwmnm pasBuTMeM No3HaHUs aToma crasio onpeneneHne To4HOM
BenMYNHbI 3apsda ssapa v Y1ucna 9fIEKTPOHOB Y aTOMOB pasfnyHbIX TUMOB.

®du3nk Makc lnaHk onpegenus, YTO TENNOBOE M3MyYeHue (dneKkTpo-
MarHuTHasi BOSfiHa) nany4vaeTcda nopumamm (KBaHtamm), a He CAMNoLHbIM NOTO-
KOM. QHEprus Kaxgoro KBaHta E = v nponopumoHanbHa YacToTe 9NeKkTpo-
MarHUTHOM BOMHbI v (TYT % = 6,62 - 10™* I ¢ — nocTosiHHas MnaHka).

Mcnonb3ysa kBaHTOBbIE npeactasneHuns, A. QnHwTenH B 1905 r. paspa-
6oTan Teoputo poToaddEKTA U YCTAHOBUA, YTO CBET obnagaeTt KOpnycky-
NAPHLIMU 1 BOMHOBbIMK cBoMcTBamMu. OH M3ny4vaeTcs, pacnpocTpaHseTcs m
nornowiaetca nopunsammn (kBaHtamm). KBaHTbl CBETa B HayKe cTanu HasblBaTb
doTOHaAMM.
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Ha ocHoBe 3TuX OTKpbITUN, (PpaHuy3CcKMn y4veHbin Jlyn ae bpounb B
1924 rogy BbIABUHYI MMMNOTE3YO TOM, YTO BCHAKas ABMXKYLLASCA YacTvua Be-
LecTBa NMOMMMO KOPMYCKYNSPHbIX CBOMCTB LO/MKHA MMETb BOSIHOBblE CBOW-
cTBa (CBOMCTBA 3NEKTPUYECKMX U MArHUTHbIX MOMen, KOTopble U3MEHSOCS BO
BPEMEHU N PacnpOCTPaHAKTCA B NPOCTpaHCTBE). TakMe BOMHOBbIE CBOMCTBA
MO>HO XapaKTepusoBaTb, MOCPELCTBOM COMOCTABIIEHNS YaCTULE HEKOTOPOU
BOSIHY, AfIMHA KOTOPOM CBsi3aHa C MMMYSIbCOM P =MV COOTHOLUEHUEM
A=h/p=nh/mv,roe m —mMacca 4yactTuubl, Vv — ee CKOPOCTb.

Ha ocHoBe naen ae bponna B 1925 — 1926 rr. B Tpyaax B. 'enseHbepra
n 3. WpeauHrepa 6bina paspabotaHa HoBasi TeOpuUs B Ppu3nke — KBaHTOBas!
Teopust (KBaHTOBad MexaHuKa). JKCnepuMeHTasribHO Obifno HangeHo, 4To
9NEKTPOHY OAHOBPEMEHHO MNPUCYLLUM CBOMCTBA 4acTuubl (KOPNyCKynsipHble
CBOMCTBA) U CBOWMCTBA BOSHLI (BOSIHOBbIE CBOWCTBA), TO €CTb OH obragaer
ABOWUCTBEHHOM npupoaon. oaToMy B KBAHTOBOMEXaAHMYECKOW Moenu aTo-
Ma GopoBcCKMe opOuUTbl OBMXKYLLETOCA BOKPYr siapa 9NEeKTPOHOB 3aMeHunmn
NPOCTPAHCTBEHHbLIE CTOSAAYME BOJSHbI (ABMXKYLLEMYCSA BOKPYr siApa 3neKTPOoHY
COOTBETCTBYET BOSIHA A M NpU 3TOM, KpaTHOE LIENI0E€ YMUCIIO ITUX OSNH BOSH
AOJHKHO COOTBETCTBOBATb AfiMHE opbuThl). MM03TOMY KBaHTOBas MexaHuka
onpegenseT 3aKOHbl OBMXEHUS U B3aUMOOENCTBUS MUKPOYaCTUL C y4eTOM
NX OBONCTBEHHbIX KOPMNYCKYISAPHO-BOSTHOBbLIX CBOMCTB.

dyHOamMeHTanbHbIM NOSIOXXEHNEM KBAHTOBOWM MeXaHuKku, obycrnoBneH-
HbIM BOJTHOBbLIMW CBOMCTBaMM OBWXYLLENCS YacCTuLbl, SBAAETCA HEBO3MOX-
HOCTb €e TOYHOMW foKanusauum B onpedesieHHON Toyke npocTtpaHcTtea. [lo-
9TOMYy B KBAHTOBOW MeEXaHWUKE MOHATUS NOSIOXKEHUSA (KOOPAWHAT) N TpaeKTo-
pUN OBUXKEHNS MUKPOYACTUL, HE MMEIOT CMbICSIa, XOTH B HEM COXPaHSAT CBOE
3Ha4YeHue Takne NOHATUS, KaK Macca, UMMyrbC U MOMEHT MMMynbca 4acTu-
ubl. [1BMXXEeHMe MUKpoYacTULbl ONUCLIBAETCA HE ypaBHEHWEM KracCUYeCKOn
MexaHukM HbloTOHa, a ¢ NoMoLLb0 BOSMHOBOro ypaBHeHusi LpeguHrepa, B
KOTOPOM YYUTbIBAKOTCSH €€ BOSIHOBble CBOWCTBA. PelleHne 3Toro ypaBHeHUs
He onpeaenseT TOYHO MOSIOXKEHUE UMNN TPAEKTOPUID OBMXKEHUS MUKPOYACTU-
Libl, @ MO3BOSISIET YCTAHOBUTb BEPOATHOCTb €€ ODHapYXXeHUs1 B TEX UIN UHbIX
TOYKax 3aaHHOro NpoCcTpaHCTBa.

B kBaHTOBOW Teopun nonararT, YTO COCTOSAHWE 3NeKTpoHa, Kak npo-
CTPaHCTBEHHOW BOMHbI B aTOMe, MOXHO NPeACTaBUTb B BUOE INIEKTPOHHOIO
obnaka c onpegeneHHoM MIOTHOCTbIO JNEKTPMYECKOro 3apsiga B Kaxaow
TOYKe npocTpaHcTBa. [1pocTpaHCTBO BOKPYr d4pa, B KOTOPOM HaxoXaeHue
9NeKTpoHa Hanbonee BepOSATHO, HasblBalOT opbumarbio. OTO Ha3BaHWe OT-
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paxaeT reomMeTpuyeckoe npPOCTPaHCTBEHHOE MpeacTaBfieHne O TOM, YTO
CTaLUMOHApPHOE COCTOsIHWE JMEKTPOHA B aTOME XapaKTepusyeTCd MHTEHCUB-
HOCTbIO BOJSIHbI B Pa3fn4YHbIX TOYKax NPOCTpaHCTBa. MIHTEHCUBHOCTbL BOJSIHbI B
pasfiMyHbIX HanpaBfeHUAX MNpPOCTpaHCTBa onpefensieT BeposTHOCTb TOro,
YTO 3NIEKTPOH HaxoauTCs B AaHHOM Todke. C nomoLllbo opbutanen MOXHO
npeacraBnTb, KAk BMECTO nepexoga ¢ OAHON opbuTbl Ha APYryto NponcxoauT
nepexon M3 OOHOro COCTOSAHMS (KOTOPOMY COOTBETCTBYET onpeaerieHHas
NPOCTPaHCTBEHHAas BOSIHA) B Apyroe.

[MpocTpaHCTBEHHbIE BOJSIHbI PAa3HOW MHTEHCUBHOCTU (3MEKTPOHHbIE 06-
naka) pasfiMyHbIX 3NEKTPOHOB HAXOOATCS Ha pasHbIX PAcCTOSIHUSX OT a4pa U
MMetoT pasHyto dopmy. «dPopmbl» opbuTanen npeactasnaoT cobon rpaduku
dyHKUMI, n30bpaxatowme obractu matemaTUyeckoro npoCTpaHCcTBa, rae
HaXxOoXXAeHne aneKkTpoHa B AaHHOW opbutann Hambornee BepOsITHO.

[eomeTpuyeckoe npeactaBneHne opbutanum atoma — obnactb npo-
CTpaHCTBa, KoTopad oOrpaHM4yeHa MNOBEPXHOCTbIO PaBHOM  MNIOTHOCTU
BEPOATHOCTM Unn 3apsia. 3HavyeHne MOoTHOCTU BEPOSITHOCTU Ha FPaHUYHON
NOBEPXHOCTN BepyT OTTaNKMBaACh OT peLlaeMoun 3a4aym, U 4acTo Tak, YTobbI
BEPOATHOCTb HaxXOXOEHMWsI ANEKTPOHa B OrpaHMyYeHHon obnactu coctaBndana
0,9 — 0,99. Ecnu pasnuyHyo 3NeKTPOHHYIO MIOTHOCTb B OTAENbHbIX y4acT-
Kax, Hanpumep, HeBO3BYXOEHHOro atoMa BogopoAa nepedaTtb TOYEYHOW
LUTPUXOBKOW pasfiM4HON MHTEHCMBHOCTU, NOSTYYMUTCHA CXEMaA ANEKTPOHHOWN Op-
butanu (puc. 3.2a). [NloBepxHOCTb, OXBaTblBalOLaad s4p0 atomMa, 3a npege-
FIOM KOTOPOW BEPOATHOCTb NpebbiBaHMsI 3MEKTpOHa ucyesarolle mana, Ha-
3bIBAOT rPaHNUYHON NMOBEPXHOCTbIO opbutanu (puc 3.2.6). 3Ta NOBEPXHOCTb
nepenaét oopmy opbutanu.
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Puc. 3.2. U3o6paxeHune pacnpenerneHus 3nNeKTPOHHOM NOTHOCTU
3NeKTpoHa B aToMe BogopoAaa

92


http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D0%B5_(%D0%BA%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0)
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%97%D0%B0%D1%80%D1%8F%D0%B4

ONEKTPOHHbLIE opbuTann 3aHMMaloT onpeaenieHHoe MosioXKeHne B Npo-
CTPaHCTBE, MMEIT pasHble pasMepbl U opMmy, onpeneneHHbiM obpasom
pacnonoXeHbl B npocTtpaHcTBe. VX pasmepbl onpeaensaiTcsl pacCTOSHUEM,
Ha KOTOPOM 3SIEKTPOH HaxoauTcs OT siapa. [pyn 3TOM 3NEKTPOHbI HAaXxoasaTCs
Ha BMOSIHE onpeaeneHHbIX PacCTOAHUSAX OT sapa. OIEKTPOHbI, KOTOpble Ha-
XOOATCS Ha 0QMHAKOBOM PacCTOsIHUKM OT siapa, obpasytoT OAUH 3MEKTPOHHbIN
CNOW. ONEeKTPOHHbIE CIOU MOTYT XapakTepu3oBaTbCsa NOObIMU LenbIMK MO-
NOXUTENbHLIMU 3HAYEHUSAMUN, HAYNHAsA ¢ eguHunubl (n = 1,2,3, ... «©) unm obo-
3HayaTtbca natuHckummn byksamum K, L, M, N, O, P, Q. 3nekTpoHHble opbuTta-
N UMEKT pasnnyHyto opmy: cdepbl, raHTenn v ap.

[ns noHMMaHWA KBaAHTOBOW Teopun yaobHO cyrybo martematndeckue
napameTpbl OOBACHATb C TOYKM 3PEHUS aHANOrMn, KOTpble BCeraa nosesHbl,
MOCKOJSIbKY OHW MO3BOSISAOT MOHUMAaTb HOBbIE B3aUMOCBS3WN U 3anoMUHaTb OC-
HOBHOW X0 paccyxaeHun. cxoas ns aToro MoXHO npeactaBuTb, YTO Haxo-
AAWKMACA B aTOMe 9NEKTPOH ABMsieT cobon Kpyrnoe TBepaoe Teno (Lapuk).
CornacHo Knaccm4yeckon mMexaHuke HbloTOHa MU «nnaHeTapHoOM» MoAenn ero
nepemMeLleHNsa SNEKTPOH B aTOMe B 3TOM criydae mor 6bl y4acTBoBaTh B ABYX
BnOax OBMXEHUS: B opbUTanbHOM OBUMXEHUM OTHOCUTENBHO aapa n B cobCT-
BEHHOM BpawlaTtenlbHOM ABWXeHun. [oaTomMy, ANns NOMHOro onMcaHusa Cco-
CTOSIHMSI 9NEKTPOHA B aTOMe B TaKOM criydae Heobxoaumo 6birio Obl 3HaATh
cnegyowmne YyeTblpe napameTpa:

1) 3HEpPrno ANEKTPOHa;

2) BENUYNHY OpOUTANBbHOr0 MOMEHTA KONMYECTBa ABMKEHUS,

3) HanpaBneHne opduTanbHOro MOMEHTa KONMYECTBA OBUXEHUS;

4) HanpaBreHne co6CTBEHHOrO MOMEHTA KONMUYECTBA ABMKEHUS.

BTopon n Tpetun napameTpbl XapakTepu3yroT ABMKEHNE ANEKTPOHA OT-
HOCUTENbHO A4pa, a YeTBEPTbIN ONUCbiIBaeT COOCTBEHHOE OBMXEHMUE IMEK-
TpoHa.

B KBaHTOBOM TEOPUU CUYMTAETCS, UTO COCTOSIHME 3JNEKTPOHA B aTOMeE
TOXE OnpenensieTcsl YeTblpbMs KBAHTOBbIMU 4Yucnamn. dopmanbHO 4MCHO
napameTpoB OAWHAKOBO, HO MpPU 3TOM MPUHUMMNNANBHO HOBbIM SBMSIETCS
KBAaHTOBaHME (PU3NYECKNX BENUYMH. B Knaccuyeckon mexaHmke omsnyeckune
BENUYUHbI, XapaKTepusyloLme ykasaHHble 4 napameTpa, MOrfn N3MEHATLCS
HenpepbiBHO. B KBaHTOBOM Teopunm — 3HEPrusi atoMa MOXET NPUHUMATb
NUWb onpeaernieHHble ANCKPETHbIe 3HayYeHud. o aTon npuynHe Bce 3Tn Ye-
Tbipe napameTpa (Habop YeTbipeX KBAHTOBLIX YMCEN: FMaBHOro n, opburtans-
HOro /, MarHUTHOrO M WU MarHUTHOrO CMWHOBOMO M), ONUCbIBaKOLLME COCTOSA-
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HWEe 9NeKTpoHa B aToMe, BCMNeACTBME BOSIHOBbLIX CBOWCTB AOSMKHblI MPUHU-
MaTb NULWb KBAHTOBAHHbIE (ANCKPETHbIE 3HAYEHNS), TO ECTb BCE X BO3MOX-
Hble 3HayeHus oba3aTenbHO OMKHbI ObITb MPOMNOPLMOHanbHbl onpeneneH-
HbIM UernbiM Yucnam, HasblBaeMblM KBaHTOBbIMW. CNOBO «KBaHT» O3HayaeT
«nopuma» — MMHUManbHoe, Hegenumoe 6onee KONMYECTBO Kakoe-rnmbo doum-
3M4YECKOWN BENNYMHDI.

B MHOroanekTpoHHOM aToOMe C 3apsiaoM, paBHbIM Ze, 3NEKTPOHbI ByayT
3aHMMaTb pasnuyHble «opbutbl» (0bonoykn). Mpu aBwkeHUn BOKpYr sagpa Z-
9NIEKTPOHbI pas3meLLalnTca B COOTBETCTBUN C KBAHTOBO-MEXaHUYECKNUM 3aKo-
HOM — npuHUunom lNaynu:

1) nobon aToM He MOXeT cofepXaTb ABYX OLMHAKOBbLIX 351EKTPOHOB,
onpegensieMblx HabopoOM 4YeTbipex KBAHTOBLIX YUCen: rnaBHOro n, opbu-
TanbHOro /, MarHNTHOro M U MarHUTHOIO CMIMHOBOIO Mg;

2) B aTOMe B COCTOSIHUSIX C onpeferieHHbIM 3Ha4YeHMeM MOryT Haxo-
anTbest He Gonee 2n” anekTpoHoB. MoaToMy, Ha nepBoit o6ornoyke («opou-
Te») MOryT HaxoOuTbCs TOSMbKO 2 3MIeKTPOHA, Ha BTOPOM — TONbKO 8, Ha
Tpetben — 18 n 1. A.

COBOKYMNHOCTb 3fIEKTPOHOB B MHOMO3fIEKTPOHHOM aToMe, KOTopble
MMEIT OAMHAKOBOE [flaBHOE KBAHTOBOE YMCIIO N, Ha3blBAKT 3/1€KMPOHHOU
oborioykol. B kaxgon obonoyvke aNekTpoHbl pasmellarTcs Ha modoborsoy-
kax. ogo6bonoykn CooTBETCTBYIOT onpeaesieHHOMY 3HadeHuto /. MockonbKy
opbutanbHoe kBaHToBOE 4ncno / usameHsietcs ot 0 go (7 — 1), TO KONNYECTBO
nogobonoYek paBHO NOPSAKOBOMY HOMEPY 0BOM0OYKM 1. YMCNOo 3NEKTPOHOB B
nogobonoyke obycnaenmBaeTcad MarHUTHbIM KBAHTOBbLIM YWCIOM M, U Mar-
HUTHbLIM CMNHOBLIM YUCIIOM M.

3.3. IUCKpPEeTHOCTb U HeNnpepbIBHOCTbL MaTepumn

B coBpeMeHHOM eCcTeCTBO3HaHMK nosfiaratoT, YTO BCE BUAbLI MaTtepum —
BellecTBo, om3ndeckoe nose n msndecknn Bakyym — obnagatot ouckpems-
HOU cmpyKmypou.

Mo coBpeMeHHbIM NpeacTaBneHNAM, B COOTBETCTBUN C KBAHTOBOW TeO-
puen nons, B cBepxmarblXx MacwTabax NpoCcTpaHCTBO U BPEMS COCTaBMSAOT
eAVHYI0 NPOCTPaHCTBEHHO-BPEMEHHYIO cpeay C siyeiikamu pasmepom 107%° m
n BpemeHem 10 c, koTopasi xaoTMYeCckn MeHsieTcs. Pa3mepbl aTUX siyeek
Tak Marsnbl, YTO Ha HbIHELLHEM YPOBHE Pa3BUTUS HALUMX 3HAHUA UMW MOXHO
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npeHebperatb (He yyuTbiBaTb) MPU ONUCAHUM CBOMCTB aTOMOB, HYKIOHOB
W T. 4., nonarasi (POCTPaHCTBO U BPeMS HernpepbI8HbIMU.

OcHoBHOM BN MaTtepumn — BeLWEeCTBO, HAX04ACh B TBEPAOM UIN XXNOKOM
arperatHOM COCTOSIHUW, — KaK MpaBuo BOCMPUHMMAETCA HaMW KakK Herpe-
pbiBHas, cnnowHas cpega. Npn aHann3e U onucaHuM ero CBOMUCTB OBbIYHO
YUNTBIBAKOT TOMBbKO ero HenpepbiBHOCTb. OgHaKo Npu UCTONKOBaHUM Tenso-
BbIX ABNEHUN, XUMUYECKUX CBA3EW, INEKTPOMArHUTHONO WU3NyyYeHuss u T. n.
9TO Xe BEeLLeCTBO pacCcMaTpuBaEeTCs yXe B KKkadecTBe AUCKPETHOM cpenbl,
COCTOSILLIEN M3 0YeHb BOMbLLOro Yncna atoMoB M MOMEKYN, KOTOPble MOCTO-
SIHHO B3aMMOLEWNCTBYIOT MeXay cOboMn.

[ANCKPETHOCTb N HENPEPbLIBHOCTb CBOMCTBEHHbLI U (PU3NYECKOMY MOJIHO.
B Hayke npu peweHun pasnuyHbix U3nMYeckux 3agady rpaBuTalMOHHOE,
aMeKkTpuyeckoe, MarHUTHOe W Apyrne pus3nyeckue 4acTto nofaratT Hernpe-
PbIBHbIMW. Pa3BuUTMe KBaHTOBOW TEOPWUM MOSMS CYyWECTBEHHO (NPUHUMNNAaNb-
HO) M3MEHUNO NpeacTaBneHnss 0 B3auMOLENCTBMN: BCSKOE MNOSie He ABMSeT-
CHA HenpepbiBHbIM, OHO OUCKPeTHO. K npumepy, B KBAHTOBOW Teopun Mnonsd
9NEeKTpOMarHMTHOe B3aMMOENCTBME NpenCcTaBnsaeTcs crneacresneMm obmeHa
YacTuL, KBaHTaMW 3NIEKTPOMarHMTHoro nonsa — otoHamu. NMogobHeim obpa-
30M W Opyrve Buabl B3aMMOLAENCTBUA MOPOXOAKTCA B pesynbTate obmeHa
KBaHTaMW COOTBETCTBYIOLUMX nonen. CyutaeTcs, 4YTo B rpaBUTaLMOHHOM
B3anUMOLENCTBUN Yy4aCTBYIOT rPaBUTOHbI.

B noneeol koHuenuuu yTBepXaaeTcsl, YTO YacTuubl, KOTOpblE y4acTBY-
0T BO B3aMMOLENCTBUN, (DOPMUPYIOT B OKPY>KatoLWEM UX MPOCTPAHCTBE OCO-
B6oe cocTosiHne — none cus. ATo nosne NPosIBASIETCS B CUNOBOM BO34ENCTBUM
Ha Apyrne 4yacTuubl, KOTOpPble MOMELLEHbI B Takoe NPOCTpaHCTBO. B Teopun
OTHOCUTESNBLHOCTU BbINI0 OTOPOLLEHO MOHATUE «3dchmpa» Kak ocobon ynpyrom
cpeabl U ogHOBpPEMEHHO Obin npugaH yHOaMeHTanbHbIA CMbICT NOHATUIO
nonsi Kak nepBuYHON M3NYECKON pearibHOCTH.

B coBpeMeHHOM eCcTeCTBO3HaHUN YyTBEPXOAETCH, YTO HEMPEPLIBHOCTL U
ANCKPETHOCTb SABMSAKOTCA HEOTbEMMEMbIMU CBOMCTBAMU MaTepuUn, TO €CTb
Ang ogHUX N TeX XXe BMOOB MaTepun ABMSOTCA XapakTEPHbIMU Kak Henpe-
PbIBHOCTb, Tak U ANCKPETHOCTb.

[ns Knaccuyeckoro ornuvcaHus SABMNEeHU B OKpYXalLlew npupoae u
CBOMCTB pasHblX MaTepuarnbHbiX OOBHLEKTOB [LOCTATOYHO YYUTbIBATb Hernpe-
PbIBHbIE CBOMCTBA MaTepuun, a afst onmMcaHus pasnuyHbiX MUKPOMPOLIECCOB —
€€ OUCKpPeTHbIE CBOWCTBA.
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B knaccuyeckon gumsmke ANCKPETHbIE U HEMpPEPbLIBHbIE CBOMCTBA MaTe-
pUKN B3aMMHO NMPOTMBOMOSIOXHbI U HE 3aBUCAT ApYr OT Apyra. PassuTtue anek-
TPOMarHUTHOM KOHLENUMX NONS NPUBESO K MOHMaHUI X OuasieKmu4yeckoao
eduHcmea. B coBpeMeHHOW Hayke Takoe eOWHCTBO MPOTMBOMNOSOXHOCTEN
ANCKPETHOro U HEMPEPLIBHOrO NMosy4nsio o60CHOBaHWE B KOHLUENLMU KOPI1yC-
KyrisipHO-80/1H08020 Oyarsiu3ma.

3.4. KopnycKynsipHO-BOJIHOBOW Ayariu3m

KopnyckynspHo-eosiHogoul Oyarnu3m siBnsieT coObon npuHUMN, B COOTBET-
CTBUM C KOTOPbIM BCAKNN OOBEKT N3 MaTepuanbHOro Mmpa MoxeT ObHapyXu-
BaTb BOJSIHOBbIE M KOPMNYCKynsipHble cBoncTBa. KoHUenuusi KopnycKymnsipHO-
BONMHOBOro Ayanuama 6biria BBedeHa rnpu paspaboTke KBAHTOBOW MeXaHWKM
ansa obbAcHeHMs1 HabngaeMblX B MUKPOMUPE SABMEHUN C TOYKM 3pEHUs
Knaccudeckux KoHuenuumn. [anbHenwumMm passuTMeM 3TOro npuHuuMna crana
KOHLeNuus KBaHTOBaHHbIX MOfien B KBAHTOBOMW Teopuu nons. bbino yctaHoB-
NEeHOo, YTO YacTULbl HEOTAENMMbI OT CO3[aBaeMbIX MU nonen n noboe none
BHOCUT CBOW BKIaj B CTPYKTYpYy 4Yactuy n obycrnaesnmBaeT ux cBoncTsa. B
STOW Hepa3pblBHOW CBA3W 4YacTul, 1 rnonen BugHo Hanboree BaXkHoe NPosiB-
NeHnn eOuHcmea npepbIBHOCMU U HEINMpepbIBHOCMU 8 CMpPyKmMype mamepuu.
[na XxapakTepucTukM NPEpPbLIBHOrO U HENPEpPbLIBHOrO B CTPYKType MaTtepun
crnefyeT ykasaTb U HA €QUHCTBO KOPMYCKYNSIPHBIX U BOJTHOBbLIX CBOWCTB BCEX
YacTu, U pOTOHOB.

Hanpumep, BMOUMBIA CBET MOXXHO WCTOSNKOBbIBATb B KadecTBe MNOTOKa
yacTuy, (poTOHOB), KOTOPbIE BO MHOMMX (Pm3NYecknx adppekTax npoasnaroT
CBOMCTBA 3MEKTPOMAarHUTHbIX BOSIH, Hanpumep, npyu andpakumm n nHtepde-
peHuMM Ha maclitabax, KoTopble CpaBHUMbI C AFIMHON BOSTHbI CBETA.

EOVMHCTBO KOPNYCKYNSIPHbIX M BOMHOBLIX CBOWCTB OOBLEKTOB MaTtepwu-
arbHOro Mupa BbICTYNaeT Kak 04HO M3 (pyHAAMEHTasnbHbIX NPOTMBOPEYMIA B
COBPEMEHHOM eCTECTBO3HaHMK (bn3nKe) N B npoLecce No3HaHUS MUKPOSB-
neHun KoHkpeTnampyetca. COBpPEMEHHbIE eCTEeCTBEHHOHaYYHble 3HaHUA O
npouecccax Makpomupa MoKasblBalOT, YTO MPEPbIBHOCTb U HENpPepbiBHOCTb
CyWecTBYOT B npupode B popme ednHOro B3aumMOCBHA3aHHOIO npoLecca.
[Mpn onpedeneHHbIX YCroBUSX B MakpoMUpe MOXET MPOUCXOOAUTb «TpaHC-
dopmaums» MUKPOOObEKTa B YacTuLy unuv none n 6yayTt NposaBnATbLCA COOT-
BETCTBYHOLLNE UM CBONCTBA.
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B HacTosLlee Bpems B KBAHTOBOW (pu3nKe yTBEpPXKOaeTCs, YTO KBAHTO-
Bble 0OBbEKTbl HE ABMNAITCS HU KNacCUYEeCKMMWN BOSTHAMU, HU KIaCcCUYECKNMMU
yacTuuamu, npossnss (npnobpeTas) cBOMCTBA NEPBbIX UM BTOPbLIX NULWb B
HeKoTopoM NpunbnmxkeHnn. bonee KOpPpeKTHOM (METOAOSOrMYECKN) CcHUTaEeTCS
nponaraTopHasi opMynnMpoBKa KBaHTOBOM Teopun (NOCPeaCcTBOM MHTerpana
no tpaektopuam). OHa cBobOogHa OT NPUMMEHEHUST KNAacCUYECKUX MOHATUN.
dopmynmMpoBKa NOCPeCTBOM MHTErpana no TpaekTopusam npeacraBnseT co-
6o onucaHne KBaHTOBOW Teopuun, obobLiatoLiee NpuHLMN 4ENCTBUS Kaccu-
yeckon mexaHuku. OHa Obina npeanoxeHa B 1948 r. Pnyapgom denHmaHoM.

OTa (bopMynupoBKa 3aMeHsIET Knaccudeckoe onpeneneHne oauHou-
HOW, YHUKaNbHOW TPaeKTopuM CUCTEMbl AN pacyeTa KBaHTOBOM aMnnnTyabl
PYHKUMOHANbHBIM MHTErpanom (NosiHOM CyMMOW) No BGeCKOHEYHOMY MHOXe-
CTBY BCEBO3MOXHbIX TpaekTopui. Nponaratop (yHKUMS pacnpocTpaHeHus )
— (byHKUMSA, onpegensowas aMmnianTyay BeposTHOCTU pacrnpoCTpaHeHus pe-
NATUBUCTCKOro nong (4actvubl) Mexay AByMs aktTamu B3anmogenctems. OH
NO3BONSET YYECTb BANAHNE BUPTYarnbHbIX YacTuL,.

MeTogonorndyecks nponaraTopHas (OpMynMpoBKa KBAaHTOBOW Teopumn
6rmska K npuHumny MonreHca — ®peHerns U3 Knaccu4eckon Teopum BOJIH.

3.5. ArperaTHble COCTOsIHUA BellecTBa

B npupoge Bce BelwecTBa MOryT HaXoauUTbCA B pasdHbiX arperaTHbIX CO-
cTosHuAX: 1) TBepAoMm; 2) xugkom; 3) rasoobpasHom; 4) nnasmeHHoM. M3me-
HEeHMe arperatHoro COCTOSIHUSI MOXET COMpPOBOXOATbCA CKaykoobpasHbIiM
n3meHeHnem csoboOHOM SHEPTUKN, SHTPOMUN, MAOTHOCTU U OPYTNX OCHOBHbIX
dmanyeckmx cBoncTB. OnbITbl MOKa3bIBAOT, YTO rpaHULbl MeXay arperaTHbl-
MU COCTOSIHUSIMM BecbMa ycnoBHbl. OHO onpefenseTca PU3nyeckumMmm ycrio-
BUAMMW, B KOTOPbIX BELLEYTBO HaxoAuTCHA. Hanuume HecKomnbKux arperaTHbIX
COCTOSAHUWN Yy BeLllecTBa onpenesieHo OTNNYNAMU TENMOBOro ABWXKEHUSA ero
aTOMOB M MOSEKYN a Takke B UX B3aMMOAENCTBUMN MPU Pas3finHbIX YCITOBUSX.

U3meHeHUs1 agpeaamHO20 COCMOSIHUS BELWECTBa NpeacTaBnsaoT cobon
TepMoanHaMMyeckne npoLecchl, KOTopble HasbiBaloT ha3oBbIMU nepexoaa-
MU. B HacTosLee BpeMs BblOENAOT Takne Ux pasHOBUAHOCTU: U3 TBEPLOIO B
XUOKoe — nnaBfeHue; N3 XUAKoro B ra3oobpasHoe — ucrnapeHue U KureHue;
n3 TBEPAOro B raszoobpasHoe — cybrumauus; n3 rasoodbpasHoro B Xugkoe
Unn TBEpPAOE — KOHOeHcauusi; U3 XWUOKOro B TBEPAOE — Kpucmarsnu3ayus.
OTnnunTenbHon oCOBEHHOCTbID ABNAETCS OTCYTCTBME PE3KOW rpaHuubl ne-
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pexofa K nrasmMeHHOMY COCTOsHUIO. [lpuBeaeHHble onpeneneHuss arperar-
HbIX COCTOSIHWA BELLecTBa He Bcerga {BnsTCs cTpormmui. Hanpumep, B
npupoae CyLLeCTBYIOT aMoOpbHbie mesia, KOTOpble COXPaHSAKT CTPYKTYpY
XNOKOCTM 1 obnagatoT HEGONbLIOW TEKYYECTbIO U CNOCOBHOCTLIO COXPaHATb
dopmy; Kuldkue kpucmarsssbl 0bnagatT TEKy4eCcTblo, HO Npu 3ToM obnagarT
pAOOM CBOWCTB TBEPALIX TES, B YAaCTHOCTU, MOryT MONsSipu3oBaTb NPOXOAs-
LLilee Yepes3 HUX dNeKTPoOMarHMTHoe Usny4vyeHue.

a3 — cba3oBoe (arperaTHOE) COCTOsIHME BELLECTBA, B KOTOPOM YacTu-
LUbl O4eHb crabo cBs3aHbl UMK He CBs3aHbl BOOOLWE cunamMu B3auMOLENCT-
BUS; KNMHETUYECKAA IHEPINSa TEMIOBOro ABMKEHUS MOSIEKyn M aTOMOB rasa-
CyLleCTBEHHO 0ornblue MOTEHUManbHOM 3JHEPrUM B3aUMOLENCTBUN MeXOy
HUMW. 10 3TOM NpUYMHE YacTuLUbl B cOcyae OABWXKYTCA NOYTM cBOBOAHO, Nos-
HOCTbIO 3anosfiHAA ero, U npuHUMarT opMy aToro cocyga. VMiameHeHuem
AaBreHNs N TeMnepaTypbl BCSAKOE BELLECTBO BO3MOXHO MepeBecTu B raso-
obpasHoe cocTosiHME.

XKudkocmpb — 9TO arperaTtHOe COCTOSAHME BeLllecTBa, NPOMEXYTOYHOEe
Mexay TBepabiM 1 razoobpasHbiM. XKXnOKoCcTaM NpUCYLLUM HEKOTOPbIE YepTbl
TBEPOOro BewlecTBa (CoxpaHsieT cBon 00beM, obpasyeT NOBEPXHOCTb, obna-
AaeT onpeneneHHom NpPoYHOCTLIO Ha paspbiB) U rasa (NpuobpeTtaeT opmy
€MKOCTN, B KOTOPOW HaxoamTcd). TennoBoe OBMXEHWE MOSEKyn U atToMoB B
XMOKOCTU BbICTYNaeT B BUAe KOMObUHauma manbix konebaHun B6nu3m nono-
XEHUI paBHOBECKS M YacTblX NEpPEXooB M3 OQHOro NOSIOXKEHUA paBHOBECUS
B apyroe. OQHOBPEMEHHO MPOUCXOOAT MeLSIEHHbIE NEepeMeLleHNsT MOSEKYI
N UXx KonedaHus BHYTPU Masbix 06BbLEMOB, YacTble NEPECKOKNM MOSIEKYST Ha-
pyLlatoT ganbHUA NOPSAOK B PacnonioXXeHUn YacTtul, n obycnoBnmBatoT TeKy-
4YeCTb XUAKOCTEN, a Marnble KonebaHns OKONo MOMOXEHUN paBHOBECUSA O0Y-
CMNOBNUBAKOT CYLLECTBOBAHUE B XMAKOCTAX GrAvkHero nopsgka. B xungkoctu
MOMEKynNbl pacnosiaraloTca Ha OYeHb MarieHbKOM PacCTOSAHUK ApYyr OT Agpyra.
Mo 3TOM NpPMYMHE NNOTHOCTb XWUAKOCTU 3HAYUTENbHO NPEBLIAET MNOTHOCTb
rasa (npu1 HopmanbHoM gasneHun). CBOMCTBA XMOKOCTU BO BCEX Hanpasrie-
HWUAM N30TPONHbI (0gMHAKOBbI). [pn HarpeBaHUN XXUOKOCTU UNU YMEHbLUEHUM
NSIOTHOCTM €e CBOWCTBA (TEnNonpoBOAHOCTb, BA3KOCTb U OpP.) U3MEHSIOTCS,
Kak npaBuno, B CTOPOHY CXOXECTM CO CBOMCTBaMU rasoB. B xugkoctn tenno-
BOE [OBWXEHME MOSEKYN 3aKnyaeTcs B COMETAHUHUM KOSSEKTMBHbBIX KOorle-
B6aHui (konebaTenbHbIX OBWXEHMIA) MOSIEKYN U MPOUCXOOALWMNX 3nM3oanye-
CKM CKa4yKoB MONEKYS U3 OOHIo NOsioXeHns paBHoBecus B gpyroe. [Npn gnu-
TeNbHOM BO34ENCTBUM HanpaBfeHHOW BHeLWHen cunbl (bonblue anntenbHo-
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CTU MHTEpBasnoB Mexay CKaykaMy MOreKysi), Monekynbl ABUralTCcs B Ha-
npaBfieHNUN 3TOM CUMbl U 3TO NMPUBOOUT K TEKYYECTU XXNOKOCTH.

Teepdbie mena — arperaTtHoe COCTOSIHME BellecTBa, A4S KOTOPOro xa-
paKTEPHbIMU ABMIAKOTCA CTabUMBHOCTLIO €ro (OOpMbl N XapakTep TensioBoro
aBxeHus atomoB. OHM coBepluatoT mMarnble konebaHns BO6NM3M NONOXeHU
paBHOBECUA C aMnnNuUTygoW, Masrnon MO CpPaBHEHUKD C MeXaTOMHbIMK pac-
CTosiHUSIMU. TBepable Tena MMeKT MHOroobpasHyo CTpykTypy. OBbIYHO nX
pas3fensdlT Ha Kpucmarnsiudyeckue U amopghHbie mena. B kpuctannuyecom
BellecTBe (B KpucTtanmax) aToMbl UMM MOHbI pacronaratTca B y3nax Kpu-
CTannmMyeckon peLlleTkn n cosepluatoT konebaHus okosno Hux. Ctporas ne-
PUOOMYHOCTb B MECTOMONOXEHNUN aTOMOB obycraBnmBaeT cOXpaHeHue Mo-
psaka Ha BoMbLUMX PAacCTOAHUSAX.

B amopHbIX Tenax atombl coBepLuatoT konebaHus BONn3m xaoTuyecku
pacrnofioXXeHHbIX TOYeK. Takue Tena M30TPOrHbl, OHN HEe UMEKT (OUKCUPO-
BaHHOW TeMnepaTypbl NNaBneHns, Ang HUX XxapakTepHa TeKy4ecCTb.

[lo muny xumu4deckou ces3u Mexay atoMmamu TBEpable Tena pasgens-
0T Ha Tena C MOHHOW, KOBANEHTHOW, MeTarinyeckon n ap. Xapakrep OBuxe-
HUA BHELUHUX 3JIEKTPOHOB B aTOMax TBEpPLOro Tefa B OCHOBHOM onpeaenss-
€T ero areKTpuYeckne N HekoTopble Apyrue CBOMCTBA,

o eudy 30HHOU cmpyKmypbl TBEPAbIE TeNa CUCTEMATU3NPYIOT Ha Npo-
BOOHVKMN, NONYNPOBOAHUKU N OUINEKTPUKMN.

Cwun, pencTBylomMe Mexagy atoMmamMmm U yactvuamu onpegendgroT Kpu-
CTanmnmn4eckyto CTPYKTypy TBepabIxX Ten.

lMonumopgusm — 3TO CNOCOOHOCTL psfa BeLLECTB HaxoguTbCHA B CO-
CTOAHUAX C pa3HOM aTOMHO-KPUCTansIM4eckon CTpykTypon. Hanpumep, cepa
N KpeMHe3eM UMeloT Bonee ABYX NONMMOPMHbBIX MOANdUKaL M.

OauHOYHbIE KpuCcTansbl HOCAT HasBaHWe MOHOKpUcmarsnos. Y HUX pag
CBOMCTB SIBNSAETCHA aHU3OTPOMHbIMU (OHU 3aBUCAT OT HanpasfieHus1), Hanpu-
Mep, MexaHn4eckme, onTuyeckne n anekTpuyeckmne. [na KpucTansoB xapak-
TepHa eCTeCTBEHHasa aHW30TPONus, Hanpumep, NracTuHa cngbl Nerko pac-
LennsgeTcs Ha TOHKMe NIacTUHKM BAOJSTb HEKOTOPOW NITOCKOCTU (Napansenb-
HO el CUnbl CUEenneHna Mexay Jactuuamu crogbl HammeHblne). Teepgoe
Teno, KOTopoe COCTOUT M3 BOMbLIOrO KONMYecTBa MarieHbKUX KPUCTasmos,
Ha3bIBaIOT rosiukpucmarnaudyeckum. Takue BewecTsa N30TPOMHbI.

CBonctBa TBEPAbIX TEN M3y4arTca B pasgene ousnkn, HasbiBaemMoMm
duaukon TBEpAROro Tena. Ero passutne obycnasnueaeTca NoTpebHOCTAMM
pa3BUTUA TEXHUKN. B HacTosiwee BpemMs (puamka TBEpLOro Tena coCTouUT U3
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paga obnacten mnanyecknx 3HaHun. MIx otaeneHne npoucxoamuT nocpenct-
BOM BblgeneHuns nmbo obbekTa nccnegoBaHusi, Hanpumep — dusnka meTtarn-
nos., msnka nonynpoBOAHNKOB, (pn3nka MarHeTUKOB U T. 4.; U1 meToda uc-
cnefoBaHusi, HaNpUMep — PagnmoCheKTPOCKOMNNUS, PEHTFEHOBCKUA CTPYKTYp-
HbI aHanu3 1 T. 4.); U onpeaesieHHbIX CBOMUCTB, HanpuMep, MeXaHU4YeCcKumx,
TENNOBLIX U T. A.

lMnasma — 4aCTUYHO UMW MOSTHOCTBIO MOHU3MPOBAHHLIN ra3, B KOTOPOM
NSIOTHOCTM OTPULATENbHbLIX U NOMOXUTENbLHLIX 3apsa0B OAMHaKoBbI. [Tnasma
MOXeT ObITb KaK KBa3MHeNTpanbHOW, Tak U HEKBA3MHENTpanbHou. [1pncyTcT-
BMe CBODOAOHbLIX 3NIEKTPUYECKMX 3apsaoB AefnaeT nnasMmy NpoBoAsLEeEN cpe-
aoun, yto obycnaeBnuBaeT €€ 3aMeTHO bonbluee (M0 CPaBHEHUIO C OPYrUMM
arperaTHbIMMU COCTOSIHUSIMW BeLLEeCTBa) B3aUMOLENCTBME C MarHUTHbIM U
3MEKTPUYECKMM MONSAMN.

[Mnasma obbl4HO pasgendeTcs Ha udeasibHyr0 U HeudearibHy, HU3KO-
mewmrepamypHyo U 8biICOKOmMemMriepamypHyr, pagHO8ECHYH U HepagHO8ecC-
Hyto, NpWN 3TOM JOBOJSIbHO 4YacTo xonogHas nnas3ma bbiBaeT HepaBHOBECHOW,
a ropsiyas paBHoBeCHOW. [pu cMnNbHOM yBenuyeHnn TemnepaTypbl (Harpesa-
HUK) BCSIKOE BELWECTBO NpesBpallaeTcs B ras. [pun ganbHenwemM yBennyeHum
TemnepaTypbl MPOUCXOANT pe3Koe yCuneHue npouecca TEPMUYECKON MOHMU-
3aumn. HaunHaeTtcsa npouecc pacnaga MOJSeKyn rasa Ha COCTaBfisoWne nx
aTOMbI, KOTOpPble BNOCNEACTBMM NpeBpaLLatoTCAa B NOHbI.

B nnasmeHHOM COCTOSIHMM HaxoAMUTCS OCHOBHAasl YacTb BewlecTBa BO
BceneHHon: 3Be3gbl, ranaktMyeckne TyMaHHOCTM M Mex3BesgHasi cpefa.
Bonuan 3emnu nnasma nmeeTcsa B BUAE MOHOCEPHOM NnasmMbl U CONTHEYHO-
ro setpa. B6nunsn saeMHo NOBEPXHOCTU B OBbIYHBLIX (ECTECTBEHHbIX) YCNOBU-
SIX Nria3Ma BO3HMKAET TOSIbKO Mpu rpo3ax B BMAE BCMbILWEK MOMHUIA B aTMO-
chepe. B nabopaTopHbIX yCrioBusix nnasma srnepsble bbinia nonyyeHa B Buae
raszoBoro paspsiga. OHa HaxoguTCs B nnamnax AHEBHOrO CBETA, B CTEKIISHHbIX
TpybKax HEOHOBOW peknambl 1 T. 4.

B nocnegHue rogobl Mcrnonb3oBaHME MNriasmbl 3HAYUTENBHO pacLUnpu-
nock. BbicokoTemnepatypHas nnasma (T ~ 10° — 10°%K), cocTosiwas n3 cmecu
AenuTepus U TPUTUS NPUMEHSIETCS ONSA OCYLLECTBIEHNSA ynpaBngemMoro Tep-
MOSIIEPHOrO CUHTE3a; HM3koTemnepaTtypHasa nnasma (T < 10° K) npumenseT-
CSl B pasHbIX rasopaspsgHbix npubopax: rasoBblX nasepax, MOHHbIX Npubo-
pax, MI'[]-reHepaTopax n 1. 4.
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3.6. Koneb6aHus n BonHbl B npupoae
3.6.1. KonebaHus

OkpyxatoLWwmmn Hac MUP HarmoSIHEH BOSIHAMW: pacnpoCTpaHAoLWMecs B
BO34yXe M OPYrnX BeLleCTBax BOSHbI 3BYKA; UCMOMNb3yEMbIN B BbITY U TEXHU-
KE MepeMeHHbIN TOK; BOSTHbl MeXaHU4ecknx kornebaHum B CTpyHax Unm Kpu-
cTannax Keapua, NpuMeHsemble onga ctabunusauumn 4acTtoT paguonepeaaT-
YmKa UM B Yacax; BoSiHeHne 1 3blbb Ha BOAHOM NOBEPXHOCTU; BOJSIHbI, MOPO-
XOaeMmble 3eMNeTpACEHUSIMU; SNEKTPOMarHUTHble BOMHbI, KOTOpble obpasy-
IOT CBET M C MOMOLLbIO KOTOPbIX NepenatroT nHopmMmaumo nNo terne- u paguo-
KaHanam; BOJSIHbl BEPOSAATHOCTU, UCMOSIb3yeMble B MUPE KBAHTOB ANsA npen-
CKaszaHus noBedeHuUsa MUKpodacTuy, u Bornee CrnoXxHblx )OpM BeLLecTBa.
BonHoBbIM 3aKOHaM MOAYMHAKTCS MHOrMe MpoLecchbl B 9KOHOMUKE, XUMUW,
buonoruun, akonormm N psge Apyrux HayyHbiX 3HaHuiW. C BOnMHaMmn uMmMmeroT
MHOro O6LNMX 3aKOHOMEPHOCTEN M TEeCHO CBs3aHbl konebaHus, mmerowme
pasnn4yHyo mnanyeckyro npmpogy. Nosatomy Takme 3aKOHOMEPHOCTU U3y4a-
toTCA 0006LWEHHON Teopmnen konebaHnn 1 BOSH.

KonebaHusi npeactaBnaloT cobon npoLecc N3MeHeHUs COCTOAHUM CUC-
TeMbl BONM3M NOMIOXKEHMSA(TOYKM NN COCTOSIHUA) paBHOBECUS!, KOTOPbIN B TON
NN UHOW CTeneHn noBTopsieTcsl co BpemeHeM. OBbI4HO KonebaHna poxaa-
I0TCA B pe3ynbTaTe HapyLeHNa YyCTOMYMBOrO COCTOSIHUS PaBHOBECUSI CUCTE-
Mbl (paBHOOENCTBYIOLLAA CUIT MPU 3TOM OTNUYHA OT Hyns). [Npn 3TOM B cUC-
Teme OO0SKeH ObiTb M3GbITOK SHEPrMM M ogHa M3 CUN OOfMKHA 3aBUCETb OT
BpemeHn. KonebaHuss mMoaym ebi3bleambCsi Hanu4uem yrpyaux Ccusl, curbl
msxecmu; AnekTpndeckme konedaHus (HanpsbkeHun n cun TOKOB) coBepLUa-
IOTCS B 9NEKTPUYECKMX Liensx, a BOAn3n aTux uenemn KonebniTca HanpsKeH-
HOCTWU 3IEKTPUYECKOrO0 U MarHUTHOro nosien. HecMoTps Ha pasnUYHyo npu-
poay Takmx konebaHun, B HUX BbISIBASAOTCA 00LLMe 3aKOHOMEPHOCTH.

OcumnnaTopom HasbiBalT PU3MYECKYID CUCTEMA, KOTOpasi CoBepLUato-
eT konebaHus. NpocTenwmm NpMMepoM rapMOHNYECKOrO OBMXEHUS BNAeT-
cs rapmoHunyeckun ocunnnatop. OH onpegensieTca konedbaHnsaMmn HEKOTOPOM
Macchbl, KOTopasi MPUKpensIeHHa OAHUM KOHLIOM K MPYXXUHE.

"apMoHUu4Yeckmne konedaHus onucbiBaloT YHKUMEN, N3MEHSIOLWENCS MO
3aKOHY CuHyca unm kocunyca: S(t) = A sin((wt + @), rae A, o — NOCTOSHHbIE
BENMYMHbI; A — amnnntyaa konebanun, (wt + Qo) — dasa; w — Kpyrosasi Yac-
ToTa (2rm/w = T — nepuog konebanun; 1/T = v —vacTtoTa).
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Ecnu co BpemeHeM amnnuTyga ymeHbllaeTcs, TO KornebaHna cTaHo-
BATCSA 3amyxaruumu; eCriv OHU COBepLUaoTCa nog AencTeMeMm nepuognye-
CKM NOBTOPSAIOLWENCSA BHELLHEN CUMbl, TO NX Ha3bIBAOT 8bIHY)XXOEHHbIMU, €CIN
Xe konebaHusa criyqaloTcs 3a CHET BHYTPEHHUX CUI CUCTEMbl NOCHe BbiBeae-
HUA ee N3 NOSIOXKEHMUS paBHOBECUA, TO UX Ha3blBalOT c80600HbLIMU Koneba-
HUMMWN.

B okpyxatwem mupe konebaTtenbHble MPoOUECcChbl UMEHT pPasfinyHyto
npupoAay, Ho YacTto obnagatT oOLWMMN NpU3HakamMm 1 NOQUYMHSATCSA 0BLWMM
3aKOHOMEPHOCTAM. ITO JaeT BO3MOXHOCTb NPUMEHATb €ANHbLIN Noaxon, npu
paccMaTpeHnn MexaHU4eCcKnx, anekTpuyecknx n gpyrux konedaHumn. No aton
NpPUYNHE KX Knaccudukaumoo NpoBoasAT MO TakMMm npusHakam: 1) no gusnye-
CKOW npupofe: MexaHuyeckme (3ByK, BMOpauus); anekTpomMarHutHbole (CBeET,
paanoBOSIHbI, TEMMOBbLIE); CMELLAHHOIO TUNa — KOMOUHaALMKN NEPEYNCNEHHDIX;
2) No cnocoby NOpPOXAEHUST UNN XapaKTepy B3aMMOLAENCTBUSA C OKpYyXXatoLlen
cpenon: BblHYXAEHHble — KonebaHnda, KoTopble MPOUCXOAAT B CUCTEMe MnoA
AEeNCTBMEM BHELLUHEro nepuoandeckoro Bo3genctBus. [pu BbIHYXXOEHHbIX
KonebaHnsx BO3MOXHO BO3HMKHOBEHWE SIBfIEHUSI pe30HaHca: pe3koe BO3pac-
TaHve amnnuTyabl KonedbaHnn npu coBnageHun cobCTBEHHOW 4acToTbl OC-
LUUNATOpa M 4YacToTbl BHELLHEro BO34eNCTBUS; cBOBOAHble (MK COBCTBEH-
Hble) — 9TO KonebaHus B cucteme nog AeNCTBUMEM BHYTPEHHUX CUM, nocne
TOr0 Kak CMCTeMa BblBEEHA M3 COCTOSAHUSA paBHOBECUS (B pearibHbIX yCno-
Bnax ceobogHble KonebaHua Bcerga 3aTyxawowme); aBTokonebaHma — 3To
konebaHus, Npu KOTOPbIX CUCTEMA MMEET 3anac MNoTeHUManbHOW JHepruum,
KOTOPbIA pacxodyeTcsl Ha coBepLueHne konedaHun (npumep — MexaHm4yeckune
yachbl). BaxHoe otnuune asTokonebaHnn ot cBoboaHbIX konebaHum cocTouT
B TOM, YTO MX aMnnuTyda onpegenseTca He HadyanbHbIMW YCIOBUAMMU, a
CBOMCTBaMM CaMOW CUCTEMbI; NapameTpuieckne — ato Bug KonedaHuin, Ko-
TOpble poOXJalTCcs NpyU N3MEHEHUM Kakoro-nmbo napameTpa konebdaternbHon
cUCcTeMbl Mo, BANSHWEM BHELLHErO BO3L4EWNCTBUS; CriyvyanHble — 3TO BUL KO-
nebaHnn, kKorga BHELUHAA WM napamMeTpudeckasa Harpyska npegcraBnsieT
cobon cnyyanHbIn npoLiecc.

B knHemaTuke pasnuyaloT nepuodudeckue u HeriepuooudYeckue Kosie-
b6aHus. JTiobas cuctema, koTopasi copepLuaeT konebaHud, obnagaet cBoMM
cnocobom konebaTenbHOro ABWXKEHWUS, eMy COOTBETCTBYHOT COB6CMBEHHbIEe
KonebaHus, a UM — cobcmeeHHble Yacmombl. OHM MOryT BbITb Bbl4EMNEHbI B
nodom konedaHuu.
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B npupoge BcAKkoe MOBTOpPSIlOLLEECS BO BPEMEHWU ABWKEHWE MOXHO
NpeacTaBnATb Kak pes3ynbTaT CHOXEHUA MPOCTbIX FAapMOHMYECKUX Koreba-
HUK, a Nboe BOMHOBOE ABWXEHWE — KaK CYMMY MPOCTbIX FapMOHUYECKUX
BOJTH.

OTO yTBEpXOeHne ABMSEeTCS OCHOBOM MPU U3YYEHUM MOBTOPSAIOLLMXCA
SIBMEHUN B CaMbIX pasfiMyHbIX 0bNacTax Halmx 3HaHUKW O Npupoae u aes-
TENbHOCTU NOOEN.

BonHoBble cBoMcTBa cBeTa M MUKPOYACTUL, MONOXEHbLI B OCHOBY CO-
BPEMEHHOMN (CUHTETUYECKOMW) HAaYHYHO KapTUHbI MUpa.

KonebaHna rapMoOHMYECKOro Tuna UrpaeT BaXKHEWMLLYH POSfib Npu M3y-
YyeHun Nbbix konedaHun B npupoae, a OCOOBEHHO B aKyCTUKE U OMTUKE.

BaxHo noHumaTtb, 4TO B npouecce konebaHnin HET nepeHoca aHepruu,
NPOMCXOOUT TOMbKO Npeobpas3oBaHNA AHEPINN KMHETUYECKOM B NOTEHLNamNb-
HY0 U HaobopOT.

3.6.2. BosnHbI. BonnHogoe onucaHue npouyeccos

BoriHa — nsmeHeHne cocTosiHUA cpefpbl (BO3MYLLEHME) Unn r3nyecko-
ro nons (BO3MyLleHME), KOTOPOE pacnpocTpaHAeTcs unm konebnetcsa B rnpo-
CTpaHCTBE M BpeMeHU (B 3TOM cpee) unu B (pasoBOM NPOCTPaHCTBE U nepe-
HOCMKT C cOBOW SHEpPTUIo.

Apyroe, no-suanmomy, 6onee npaBunbHOE onpeaeneHue: BofHa — 370
npouecc (siBneHne) pacrnpocTpaHeHus B NMPOCTPaHCTBE N BO BPEMEHMU BO3-
MYLLEHNA PU3MYECKOMN BENUYUHBLI, Hanpumep, NNoTHOCTU BeLLEeCTBa, Hanps-
XXEHHOCTM 9NEKTPMYEeCKoro nongd, temnepartypbl. HacTto NpMMEHSIOT N Takoe
onpeaeneHne: 80/1HO8bIM MPOUECCOM UIN 80JTHOU

— HasblBaeTCcs NpOLEecC pacnpocTpaHeHusa kKornebaHuin B CANOLIHOW
cpege.

OCHOBHbIM CBOMICTBOM BCEX BOJSIH ABNSETCS NEepeHoC aHeprimn 6e3 ne-
peHoca BeLlecTsa.

B npupooe BONMHOBOM MpPOLECC MOXET UMETb pasHyl (U3NYECKYHO
npupoay: MeXaHWYeCKyt, XUMUYECKYI0, 9NeKTPOMarHUTHyH, rpaBuUTaLMOH-
HYIO, CMMHOBYO, MNOTHOCTM BEPOATHOCTU U T. 4. bonbluada yacTb BOSH Npea-
ctaBndeT cobon konedbaHna HEKOTOPOW cpeabl, BHE KOTOPOM BOJSTHbI JAHHOIO
TNa He CYLLEeCTBYIOT (Hanpumep, 3ByK B Bakyyme).

B npupoge ectb BOSHbI, KOTOpblE ABMNAIOTCHA HE «PSAObHO» Kakon-nnbo
Apyron cpeabl, a NpeacTaBnsaoT cobo MMEHHO HOBble (hn3ndeckne CyLyHo-
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cTn. Hanpumep, anekTpoMarHuUTHble BOSIHbI B COBPEMEHHOW Hayke npea-
CTaBndalT He B Buae konebaHum HekoTopon cpefbl (B XIX Beke ee HasbiBanu
a(hupom), a camoCTOATENbHOE U camonoanepKuBarolleecsa none, KotTopoe
cnocobHo pacnpocTpaHaTbes B Bakyyme. [ogobHbiM obpaszom obCcTouT geno
N C BOSTHAMU BEPOATHOCTU MaTepuarbHbIX YacTu,.

Pag asneHnn B npupoe 4acto TOXe HasbiBaloT BOSTHAMU, OOHAKO Ka-
aast U3 Hux obnapgatT cobecTBeHHOU cneundukon. Hanpumep, ¢ pagok onpe-
AENEHHbIX OrOBOPOK, YTBEPXOAKT O TOM, YTO UMEKT MECTO: TemMnepaTypHble
BOJIHbI, BOSTHbl B 9KOHOMMWKE, BOSIHbI BEPOATHOCTM 3fIEKTpPOHA U APYrnx vac-
TWL, BOJSIHbl FTOPEHUS, BOSMHbI XMMUYECKOW peakuunun, BOSHbI NSIOTHOCTU pea-
FeHTOB, BOJSIHbI MMOTHOCTU TPAHCMNOPTHbLIX NOTOKOB, U Ap. BaXXHO noHMmaTb,
YTO pAL ABNEHUN, KOTOPble BbIrNaaaT Kak BOSHbI, HO He CNOCOBHbI caMu pac-
NPOCTPaHATbLCA (Hanpumep, necyaHble AOlOHbI), B NpUpoade BOSIHAMWU He SB-
nqaTCca. Ynpyrumm (Mnn MexaHu4yeckMmmn) BoSTHaMU Ha3blBaKOTCA MexaHuye-
CKMe BO3MYLLEHNSA, pacnpoCTpaHsoLWmnecs B ynpyron cpege.

OrpomHoe pasHoobpasne BOMMHOBLIX NPOLIECCOB B Npupone He No3BO-
naeT BbIAENUTb KakMX-NMbo abContoTHbIX 0bLmMX cBOMCTB BOMNH. OgHUM 13
4acTO BCTPeYaLLMXCHA NPU3HAKOB BOJSTH B HAayKe 4YacTo cumTatoT 6nmskogen-
ctBne. OHO NposABSETCA BO B3aMMOCBS3M BO3MYLLEHUN B COCEAHUX TOYKaX
cpenbl Unu nons, ogHako B obLem cnyvyae MOXeT OTCYTCTBOBaTb M OHO [12].

B Hayke 13 orpoMHOro konmyecTsa BOJSIH 4acTo (06bIYHO) BbIAENAOT He-
KOTOpble NpOCTENLLME TUMbI BOSTH (OHM BO3HMKAKOT OYEHb 4YacTo B LENIoM ps-
ae pusnyeckux cutyaumn) n3-3a MaTteMaTm4eckoro CXo4crTea OnucbiBatroLLMX
nx duanyeckmx 3akoHoB. B TakMx crniydyasix 3TWU  3aKOHbl Ha3blBalOT
BOJIHOBbIMUW _ypaBHEHUAMU. [Ona HenpepbiBHbIX CUCTEM OHW BbICTYNalT
06bl4yHO B hopme anddepeHunanbHbiX ypaBHEHUI B YAaCTHbIX MPOU3BOAHbIX
B ba30BOM MPOCTpaHCTBE 3TOM cUCTEMBbI. [Ins cpen nx 4acTo CBOAAT K ypaB-
HEeHUsIM, KOTOpble CBA3bIBAlOT BO3MYLLEHNSA B COCEAHUX TOYKaxX cpeabl Yepes
NPOCTPAHCTBEHHbIE W BPEMEHHble MPOU3BOLHbIE 3TUX BO3MyLLeHun [12].
BaXHbIM 4acTHbIM crnydaem BOMH B Hayke (Npupoae) sBASATCA JIMHENHbIE
BOJSTHbI. [N HUX cripaBenne NpUHLMN Cynepnosnumn.

B ecTecTBO3HaHMM BOSHbI NO CBOEMY XapakTepy oObl4HO noapasgens-
0T Ha criegyowme Tunbl: 1) N0 NpU3HaKy pacnpocTpaHeHUs B NPOCTPaHCTBE:
cToaume, beryuwme; 2) Nno xapakTepy BOSHbl: KorebaTenbHble, YeOUHEHHbIE
(ConuTOHbBI), yoapHble BOSMHbI UMW HOpMarsibHble pa3spbiBbl; 3) MO TUMNY BOJSH:
nonepeyHble, NPOAOSIbHbIE, CMELIAaHHOro Tvna; 4) no 3akoHaMm, OnuChbIBato-
LLIUM BOSTHOBOW MpoOLECC: NMHEWHbIe, HeNMHeNHbIe; 5) N0 cBOMCTBaM cpeabl
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panpocTpaHeHNA: BOMHbI B AUCKPETHbLIX CTPYKTypax, BOJIHbI B HEMPEPbIBHbIX
cpepax; 6) no reometTpun: cepmnyeckmne (MPOCTPaHCTBEHHbIE), OAHOMEpPHbIE
(nnockue), cnvparneHble.

lNMpoucxoxaeHne BOJSIH

B npupoge BONHbLI MOryT reHepvpoBaTbCHA pasfnyHbIMU crnocobamu,
Hanpumep: 1) reHepaums NoKannM3oBaHHbIM MCTOYHUKOM KorebaHui (Manydate-
NeM, aHTeHHOW); 2) CNoHTaHHas reHepauumsi BONH B cpefe Npu BO3HUKHOBEHUN
rmopoaMHaMmNYecKux HeycToOMYMBOCTEN. Takyk npupogy MOryT MMeTb, Ha-
npumMep, BOMHbI Ha BoAe Npu SOCTAaTOYHO BOSbLION CKOPOCTU BETpa Haj BO-
AHoWM rnagbto; 3) nepexod BOMH O4HOro TUNa B BOSMHbLI Apyroro tuna. Hanpu-
Mep, Npu pacnpocTpaHeHUN 3MEKTPOMAarHUTHbIX BOSIH B KpUCTasN4yecKom
TBEPOOM Tere MOryT reHepMpoBaTbCS 3BYKOBbLIE BOJSIHbI.

OnucaHue BONMHOBbIX NPOLECCOB

N3-3a MHOroobpasusi, HENMMHENHOCTN CBOWCTB cpedbl, 0COBEHHOCTEN
rpaHuL 1 cnocoboB BO3BYXAEHUS, B (PU3MKE MONb3YOTCS CBOMCTBOM passio-
XeHus nobbix konebaHnn B CNeKTp No YactoTam OTKIMKa cpeabl Ha BO36OYX-
AeHne. BeoanTca psg yrnpoweHu 1 NoHATU. Hanpumep: MoHoxpomamu4ye-
CKOU HasblBalOT BOJSIHY OT rapmoHu4yeckoro uctovHuka. OHa npeacraBnseT
cobor CTpOro cnHycouaanbHyto (rapMOHUYECKYIO) BOSTHY C NMOCTOSAHHLIMWU BO
BPEMEHU 4acTOTOW, aMMNTYgOM N HadarbHOM hason. [MpakTnyeckn MoHO-
XpomaTuyeckas BofiHa He MOXeT ObITb OCyLleCTBIIEHa, MOCKOSbKY OOSMKHA
6bina 6bl 6bITb HECKOHEYHOM — NpeXxae BCEro, BO BPEMEHM.

PeanbHble npouecchl N3nyyYeHust B NpMpoae SBMsTCSA orpaHNYeHHbIMN
BO BpemeHu. o aTon NpuymMHe B Hayke nog MOHOXpomMaTudeckon O0Bbl4HO
NOHMMAIOT BOSTHY C OYEHb Y3KUM CNEKTPOM. [OBOPAT, YUTO YEM YXKE MHTEpBan,
B KOTOPOM HaxogsTCsl 4acTOTbl peanibHOM BOSHbI, TEM «MOHOXPOMaTUYHEEY
nanyyenue. B npupoae n texHmke Hanbonee 6N3KUM K MOHOXPOMAaTUYECKO-
My SABNSETCS MU3Ny4YeHue OTAENbHbIX NIMHUIA CNEeKTPOB UCMyckaHust cBoboa-
HbIX aToMOB U monekyn f = (Eq — E;) / h. OHn COOTBETCTBYIOT nepexony ato-
Ma U3 COCTOSIHUA C DONbLUEN SHEPrvMen B COCTOSSHME C MEHbLLERN, a YacTOoThl
COOTBETCTBYHOLLUNX MOHOXPOMHbIX BOSIH paBHbl pasHMLE YPOBHEW JHEPruu,
NoL4enEHHON Ha NOCTOsIHHYO NnaHkKa.

[ns HarnsagHoOCTU N YNPOLLEHUS ONUCaHUS BOSIHOBbLIX MPOLECCOB BBO-
AAT TaKKe MOHATUE rapMOHMYEeCKOW BOISHbl. [lpn 3TOM peanbHyk BOSHY
npeacTaBnalT B BUAE OOMbLUON COBOKYNMHOCTU FAapMOHUYECKMX BOJSH (Ha-
npumMep, Tak HasblBaeMoe pasfioxeHue B psag dypbe).
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YpasHeHue rnnockol 80sHbI. [yCTb TOYKM, KOTOPbIE PaCMONOXEHbl B
nnockoctn x =0, konebntotcsa no 3akoHy -£(0,t).= A cos wt. v — CKOPOCTb pac-
npocTpaHeHna konebaHum B faHHon cpeae (puc. 3.3).

..—;....—..._.,

Puc. 3.3. N'padmk rapmoHunyeckoro KkornebaHusi (BosnHbI)

KonebaHnusa yactnubl B cpefbl, pacnonoXeHHOW Ha pacCTOAHUM X OT
MCTOYHUKA KonebaHnn O, ByayT npomcxoauTb MO TOMY Xe 3akoHy. Ho, no-
CKOMbKY ON51 NPOXOXAEHUS BOSTHOM paccTosdHmnsa x TpebyeTtca Bpems T = X/v,
TO ee konebaHunsa 6yayT oTcTaBaTb MO BPEMEHM OT KonebaHnsa NCTOYHMKA Ha
1. YpaBHeHue konebaHun yactuy, umeet Bua: &(x,t) = A cos o (t — x/v). B

obLwem crnyyae ypaBHEHME MNSIOCKOW BOJIHbI: g(x,t):Acos[a)(t—%)+¢O]

2r 2w

(0
Onpegenum BOSTHOBOE YMCNO Kak: K :7 —. Torpa ypaBHeHue nro-

VT v
ckon Geryuien BonHbl MOXHO 3anucatb B Buae: &£(x,t) = Acos(wt —kx + ¢,).
[nvHoM BOMHbI A Ha3bIBaeTCA paccTosiHUE Mexay GrnvkanwnmMmm Yyactuuamm,
konebnownmmncs B ognHakoson ase: A = v unn v = A v, rage v — 4acrtoTa

. dx
konebaHui, v — CKOPOCTb pacnpocTpaHeHusi BomnHbl. CKOPOCTb V = p B 9TUX

YPaBHEHUSAX €CTb CKOPOCTb pacrnpocTpaHeHusa dpasbl BOSHbI U €€ Ha3blBaloT
ga3oeol cKopocmbto. BOHOBbIM MakemoM HasblBaeTCa Cynepno3nums
BOJTH, Mario oTnuyarowmxca gpyr ot gpyra no 4acrtore, 3aHMMaroLWasa B Kax-
Abl MOMEHT BPEMEHM OrpaHuyeHHyr obnacTb npocTtpaHcTea. [pyrnnosol
CKOPOCMbIO U Ha3blBAETCS CKOPOCTb ABWXEHUS Fpynnbl BOSH, 06pasyowmx B
KaXkgbl MOMEHT BPEMEHMU JTIOKanmn3oBaHHbLIM B MPOCTPaHCTBE BOSIHOBOW MNa-
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KET, WM CKOPOCTb [OBWXEHUS LEHTpa BOSHOBOro naketa: u :% :d—w.
dt dk
CB4A3b rpynnoBon 1 ¢pa3oBon CKOPOCTEN: U =V — /13—;.

OTnuume rpaduka BOMHbI OT rpaduka rapMoHMYEeCcKoro konebdaHus:
rpadouK BOSHbI NPeacTaBrisieT 3aBUCMMOCTb CMELLEHUST BCEX YacTul, cpeabl
OT PacCTOAHUA OO0 MCTOYHMKA KoriebaHun B JaHHbIA MOMEHT BPEMEHMU; rpa-
1K rapMoHMYeckoro konebaHus 3To0 3aBUCMMOCTb CMELLEHUS OaHHOW Yac-
TUUbl OT BpemeHn &= &£ (x = const, t).

beeywumu gosiHamMu Ha3sbIBaAlOTCA BOJSIHbI, KOTOPbIE MEPEHOCAT B MNpPO-
CTpaHCTBe 3Heprmnto. [lepeHoC 3Heprnm KonmMYecTBEHHO XapakTepusyeTcd
BEKTOPOM MSIOTHOCTW NOTOKa aHeprun (Bektop YmoBa). MNMpumepamu 6eryymx
BOJTH ABNAKOTCA Mrockas u cdepunyeckas BOSMHbI. BonHa HasbiBaeTcs risio-
CKoOU, ecnn ee BOJIHOBblE MOBEPXHOCTU MPenCTaBMAT COBOKYMNHOCTb MOC-
KOCTen, napannenbHbIX apyr apyry. BonHa HasbiBaeTca cghepuyeckou, ecnm
ee BOJIHOBble MOBEPXHOCTU WMMEKT BUA KOHUEHTpudeckux cdep. LeHTpobl
9TUX cdrep Ha3sbIBAOTCH LEHTPOM BOJIHbI. BosiHO8bIM ¢hpOHMOM Ha3blBaeTCA
reomMeTpuyeckoe MecTo TOYekK, OO KOTOpbIX AOXoaAaT konebaHus K onpene-
NEHHOMY MOMEHTY BpeMeHu t. BoriHo8oU rnoeepxHOCmMbH HasblBaeTCHa reo-
METPUYECKOE MECTO TOYEK, KONEBNoLWNXCs B OANHAKOBOW (hase.

HanoxeHue 8osiH. N3ny4eHuns, oanHakoBble No oM3nyeckon npupoae ¢
pasHOM [OSIMHOW BOSHbI, MOryT B3auMMOAEWCTBOBaTb Apyr C OpPYyrom,
nHTEepepupoBatb. MHMepgepeHyuel BOSTH Ha3bIBAETCA ABNEHME HarnoXe-
HUA BOSH, MPU KOTOPOM MPOUCXOOUT YCTOMYMBOE BO BPEMEHU UX B3aUMHOE
yCUneHne B O4HMUX TOYKax NPOCTpaHCTBa M ocnabneHve B Apyrux B 3aBUCK-

MOCTM OT COOTHOLLEHMS MeXay dhaszamm 3TUX BOSH (puc. 3.4a).

]
%
N

A \\ ' _/\Q—VI.// s a 6

Puc. 3.4. NMpumepbl nHTepdepeHunn ABYX BONH (a) u audpakumm nno-
CKOW BOJIHbl HA OTBEPCTMM ManbiX pa3mepos (0)
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B aTom crniydae mMoryT BO3HWMKHYTb crieaylolmne YactHble apdekTbl: 1)
obpasoBaHne CTOAYMX BOJSTH; OHM OBpasyloloTecs nNpu HanoxeHun Osyx be-
ryLMx BOJSIH, pacnpoOCTPaHSAKLLNXCA HaBCTpedy Apyr Apyry ¢ OAWHaKOBbIMU
yactoTamMu U amnnuTygamn. ATN BOSHbI HE NEPEHOCAT 3Hepruto; 2) obpaso-
BaHWe Geryuwmx BOSH, KOTOpble NEPEHOCAT 3HepPruto; 3) reHepaumsa oneHnmn —
nepnoanyeckoe YMeHbLUEHNE U yBeNMYeHne aMmninTyabl CYMMapHOro mnsny-
YyeHusi; 4) reHepauna BOSIHOBOro naketa — obpasyloTcss MakCUMyMbl ammin-
TyObl, MMeloLLMe NpepbIBUCTOE pacnpeaenieHme (BonHoBow naket [Naycca); 5)
nposiBneHne adpgoekra [onnepa — M3MeHeHne ANIMHbI U aMnnTyabl BOSH
Npw OBMXEHUN NPUEMHMKA UM UCTOYHMKA U3NYyYeHus. B ntore KOHeYHbIN pe-
3ynbTaT NPOSIBIEHUS OT HaNOXEHUs BOSIH 3aBUCUT OT MUX CBOWCTB: pm3nde-
CKOWV MpUpoabl, KOrepeHTHOCTU, NONSpU3aunn 1 T. 4.

HeneHue pe3oHaHca. Pe3oHaHC ((p. resonance, oT nat. resono — oT-
KNnKaltcb) — sIBfieHMe Pe3KOoro BO3pacTaHuUs aMniuTyabl BbIHYXXOEHHbIX KO-
nebaHnn, KOTopoe HacTynaeT Npu NPUBNMXEeHUN YacTOTbl BHELLHErO BO34eN-
CTBUS K XapaKTepblM 3HaYeHUsIM (PE30HAHCHbIM YacToTaMm), onpegensieMbim
CBOMCTBAMM CUCTEMbI. YBENMYEHNE aMNNTyabl ABMSETCHA CneacTBUMEM pe-
30HaHca, a NpuYMHa coCcToMUT B COBMaAdEeHNN BHeLWHeN (BO3DyxaatoLen) yac-
TOTbl C BHYTPeHHen (cObCTBEHHOM) 4YacToTon KorebaTenbHon cuctembl. B
npupoae Npu NOMOLLM SBIIEHUS pe30HaHCa MOXHO BblAENUTb U/NNN YCUIUTb
Aaxe oyeHb cnabble nepuoandeckue konebaHusi. CTeneHb OT3bIBUMBOCTMU
CUCTEMbI B TEOPUM KONebaHnn OnNUCbIBalOT C NOMOLLLIO BESTMYMHBI, KOTOPYIO-
HasblBaloT 4OBPOTHOCTL. Hanbonee n3BecTHa aAnsa ngen MexaHndeckas pe-
30HaHCHasa cuctema — 3To 0OblyHble Kayenu. Ecnu nogTtankmBaTb Kayenun B
COOTBETCTBUMN C UX PE30HAHCHOW 4acTOTOMW, pa3Max ABUXeHna OyaeTt yBenu-
YnmBaTbCH, B NPOTMBHOM cny4yae ABwxeHus 6yayT 3atyxaTb. Pe3oHaHCHble
SIBMIEHNS1 B OKpYXaloLWeM MUMpe MOryT MHULMMPOBATb HeobpaTumble paspy-
LUEHNS B pasHbIX MeEXaHW4eckux (U Opyrux) cucrtemax, Hanpumep, B Henpa-
BUNbHO CNPOEKTUPOBaHHbIX 3AaHusX, moctax. OcHoBy paboTbl mMexaHu4ye-
CKUX pe30oHamopoes ObblYHO npeacTaBnseT npeobpasoBaHME KMHETUYECKOM
3Heprumn B NOTEHUManbHyo 1 obpaTHo. B yCTponcTBax anekTPoHUKU siIBIIEHNE
pe3oHaHCca BO3HMKAET Ha Kakom-TO onpenenéHHOM YacToTe B MOMEHT, Koraa
MHOYKTMBHAsA U EéMKOCTHAsA COCTaBfsOWME peakumm CUCTEMbl YpaBHOBELLIE-
Hbl, YTO MO3BONSET SHEPIUM LIMPKYNNMPOBATb MEXAY MarHUTHbLIM MOSIEM B UH-
AYKTUBHOM 3NEMEHTE M 3MEKTPUYECKUM NonemMm B KoHaeHcaTope. MexaHusm
pe3oHaHca COCTOUT B TOM, YTO MarHUTHOE Mone B MHOYKTUBHOCTU reHepupy-
€T 3NeKTPUYECKMN TOK, KOTOPbI 3apskaeT KOHAEeHcaTop, a B npouecce pas-
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PAOKM KOHOEHcATopa CO34a€Tca MarHUTHoe none B WHAYKTUBHOCTM — 3TOT
npoLiecc NOBTOPSAETCA MHOMOKpPaTHO, MO aHanorum ¢ MexXaHn4eckMmMm MasiTHU-
KOM. JnekTpnyeckoe YyCTPONCTBO, KOTOPOE COCTOUT U3 EMKOCTU U UHAOYKTUB-
HOCTW, HasblBalOT KosiebameribHbIM KOHMypom. Ero anemeHTbl MoryT ObITb
NOLKMOYEHbl UM NocnegoBaTenbHO MNW NapannenbHo. Pe3oHaHCHble npo-
LileCCbl B 3neKTpu4ecknx KonebatenbHbIX KOHTYpax NMPUMEHSIIOTCA B 3N1EKTPO-
HUKE B 3JfIeEMeHTax HaCTPOMKHK, AneKkTpudyecknx punoTpax. PesoHaHckaa vac-
ToTa (Ha KOTOPOW MPOUCXOAUT PEe30HaHC) obycnoBnMBaeTCA HOMWHaNammu
(Benn4MHamun) ncnonb3yemblx 3fieMeHToB. YacTto B npupoge u TeXHUKE SAB-
neHne pe3oHaHca MOXeT ObiTb U BpedblM, €CNM OHO POXOAETCA B HEOXMU-
AaHHOM MecCTe, Hanpumep, M3-3a NoBpeXOeHUd, HeOOCTaTOYHO KayeCTBeH-
HOro MPOEKTUPOBAHUA UM NPOM3BOACTBA 3AJIEKTPOHHOrO YCTPOMCTBaA. Takoe
SIBIIEHNE MOXET Bbl3blBaTb MapasuUTHbIN LLYM, UCKaXXEHUSA curHana, u B HEKO-
TOpbIX CryYyasax nospexneHne KOMNOHeHTOoB. [ANa pearbHbIX CUCTEM MNOHATUE
pPe30HaHCHOM YaCTOTbl TECHO CBA3aHO C NMOHSATUEM NOSOChlI NPOMYCKaHUSA, KO-
TOPYHO XapaKTepusyrT Kak Anana3oHoM 4acToT, B KOTOPOM peakumsi CUCTEMBI
Mano OTfiMYaeTcs OT peakuun Ha pe3oHaHCHou 4vactoTte. LWnpuHa nonocol
nponyckaHna obycnosnmBaeTca OOOPOTHOCTLIO CUCTEMBl. ABreHue peso-
HaHCa ABNAETCH BaXXHEeMWUM PU3NYEeCKUM MpPOoLLeCCOM, KOTOPbIN NUCMNOMb3Y-
eTCs Mpun NPOEKTUPOBaHNN 3BYKOBOCMNPOU3BOAALWMX YCTPONCTB, BOSMbLUMHCT-
BO KOTOPbIX cogepXaT pe3oHaTopbl, Hanpumep, CTPYyHbl U KOPNYC CKPUMKW,
TpyOka y dnenTol, Kopnyc y 6apabaHoB. CBoncTBa pe3oHaHca 4YacTtoT obec-
neynBarT CTabunbHOCTb BpalleHun n obpaweHnn B CONMHEYHOM cucTeme.
BpawueHune JlyHbl sBNsieTca pe3oHaHCHbLIM K ee obpalleHuto. [NMpunmebl Nopo-
xpatotca ConHuem un JlyHon kak B BOAHOW obonodvke 3emnu, Tak TBepaou
3emne (oHa yanuHsaeTca go 30 cm). Hawa nnaHeTa Takke «BblTarmaeT» Jly-
Hy npumMepHo Ha 40 cm. BaanmHoe mecTtononoxeHne ConHua n JlyHbl name-
HAET BenMYMHY NpunMeoB. Bo BpeMsa MOSTHOMYHUS UAN HOBOMYHUSA UX MpU-
NBHbIE AENCTBUS CKNagblBalOTCH, B 9TOM crnyyae npunmebl 6onblumne — cu-
3urnnHble (OT rpeyd. syzygia — coeaunHeHue, napa). Ecnn JlyHa HaxoguTca B
NnepBoOn UNN TPEeTbeN YEeTBEPTU, TO NPUNNBLI CYLLECTBEHHO MEHbLUE N X Ha-
3blBalOT KBagpaTypHbiMU. Becrnegctene BANAHUSA NpuUnuBHbIX cun JlyHa obpa-
LLleHa K 3emMne o4HOW CTOPOHOW N ee nepuon BpaLleHUA BOKPYr CBOEN OCU
CPaBHSASICS C ee «rogoMy.

S¢pppekm Ldonnepa — N3MeHeHNe PerncTpmpyeMbix NPUEMHMKOM Yac-
TOTbl M ONVHbI BOMH, KOTOPOE BbI3BAETCH ABWXEHUEM UX UCTOYHMKA WU/Mnu

109



ABWXKEHNEM MPUEMHUKA. DTOT aPdEKT MMeeT NpuUcyLl BCEM TUNaM BOSMH —
3BYKOBbIX B aTMOcdepe, ynpyrux B TBepAoM Terne, BOSH Ha BOAe, CBETOBbLIX
BOMH. CyLIHOCTb SIBMEHUSA: €CfiM UCTOYHUK BOSH ABMXETCA OTHOCUTENBbHO
cpeabl, TO paccTtosiHMe mexay rpebHaMuM BOMH (O5vMHa BOMHbI) 3aBUCUT OT
CKOPOCTM W HanpaBneHnsa OBWXeHUs. Ecrnv NCToYHWK ABWMXKETCS 10 Harpas-
JIEHUI K MPUEMHUKY, TO €CTb JOMOHSET UCNyCKaemMble UM BOSIHbl, Mo OfluHa
80/1HbI yMeHbwaemcs. Ecnn ypansieTca — AnuHa BOMHbI yBENUYMBAETCS.
Yactota w, pernctpupyemas npuémHukoMm:w =, -[(1+u/c)/(1-v/c)], roe

roe wo — 4YacrtoTa, C KOTOPOM UCTOYHUK UCMYCKaeT BOJSIHbI, C — CKOPOCTb pac-
NpoOCTpaHEHNA BOSMH B cpefe, V — CKOPOCTb MCTOYHMKA BOSIH OTHOCUTESTbHO
cpenbl (NONOXUTENbHAsA, €CNM UCTOYHUK NpubnmxaeTca K NPUEMHMKY N OT-
puuartenbHasa, ecnu yganseTcs), U — CKOPOCTb MPUEMHMKA OTHOCUTESIbHO
cpeabl (NOMNOXUTENbHAsA, €CNN OH ABMKETCS NO HanpaBfIEHUIO K UCTOYHUKY).
[MockonbKy ABneHne xapakTepHo Anga nobbix konebaTenbHbIX NPOLLECCOB, TO
ero o4eHb nerko Habnwgatb Ans 3Byka. HactoTta 3BYKOBbIX KonebaHuin BoC-
NPUHMMAETCS Ha CryX Kak BblCOTa 3ByKa. OdydekT [Jonnepa oYeHb LWMPOKO
pacnpocpaHeH B OKpYXXaloLlen npupoae n nNnpuMMeEHSEeTCs B HayKe, TEXHUKE U
T. 4. Hanpumep, ¢ nomowbto adpdpekta [onnepa no cnekTpy HebecHbIX Ten
ornpegensdeTca uUx fyyeBas CKOPOCTb; AOMMEPOBCKME pafapbl LUMPOKO Mpu-
MEHAITCA B CaMblX pasHbIX obnactax: ona onpeneneHus CKOpocTu neta-
TenbHbIX annapaTtoB, kopabnen, aBTomobunen, rMAPOMeTEOPOB (HanpMmep,
00nakoB), MOPCKNX MU PEYHbIX TEYEHUN a TaKke OpYrnx Oob6BLEKTOB; C NMOMO-
Wwbto addekta [Jonnepa nM3MepsitoT CKOPOCTb NMOTOKA XUOKOCTEN (MpU 3TOM
He TpebyeTcs nomellaTb JaTYMKM HENOCPELACTBEHHO B NOTOK) U Ap.

BonHbl MoryT B3aumoaencteBoBaTb C MaTepuanbHbIMU OOBbEKTaMun
(renamu) n rpaHuuamu pasgena cpea. Ecnn Ha NyTy BOSHbI BCTpeYaeTcs
Kakon-nnbo aedekT cpendbl, TENO UNU rpaHuua pasgena gByx cpef, To 31O
NPUBOANT K UCKaAXXEHUIO HOPMAarbHOro pacnpocTpaHeHUs BOSHbl. B pesynb-
Tate aToro HabniwgatoTca cnegywowme siBneHus (3ddekTbl, BO3HMKaOLWME
npwn 3aTUX npoueccax, 3aBUCAT OT CBOMCTB BOSHbI N XapaKkTepa NpensaTcTBus):
1) oTpaxeHue; 2) npenomneHne; 3) paccesaHue; 4) aundpakuus; 5) pe3oHaHc.

SeneHue dugppakyuu (oT nar. diffractus — pasanomaHHbI) nosiBNSETCA
B Crlyyae, ecnu nriockas BosiHa C ANMHOW A nonagaeT Ha nperpagy C Wwenbio
lWmpuHOM S. KapTuHa nonsi, Kotopast BO3HMKAET Npu 3TOM, 3HAYUTENBbHO 3a-
BUCUT OT COOTHOLUEHMUSI pa3MepoB MNPEnATCTBUM M ANMHbI BOMHbI. Ha puc.
3.46 nokaszaHO MMEHeHMe CTPYKTYpbl NOSIs NSIOCKOM BOJSTHbI, KOTOpas «npoca-
YMBaeTCaA» Yepes3 OTBEPCTME Marblx pa3mMepos. B psge cnydaeB aHanms gu-
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doparnpoBaHHOro Mons BO3MOXHO CHOBa BbIMOSIHUTL HA OCHOBE paccMOoTpe-
HUA 3riemMeHTapHbIX BOSH M npuHumna X. lNoureHca. JugpakyuoHHas Kap-
muHa nony4yaeTcs, eCnn paccTosaHUSa Mexay wensammn Hebonblume (nopsiaka
300/1 mm). Takyto cuCTeEMY LLENEN HasblBalOT OUpPaKyUOHHOU pewemkod.
[Myyok Genoro ceBeTa npu nonagaHum Ha Hee pasbpacbiBaeTcs A4OCTAaTOYHO
LLNPOKO, U N0 06enm CTOpoHaM OT Yy3Kon 6enon LueHTpanbHOM nonockl dyayT
BUOHbl LUMPOKME LIBETHbIE MOSIOChI — CMNEKTPbl. M3y4eHnem n mamepeHuem
CMEKTPOB 3aHMMaeTCs chneuunanbHas Hayka — criekmpockornusi. C NOMOLLbIO
CrekTpockonun Obln yCcTaHoOBSiEH cocTaB atmocdepbl 3emnn n HebecCHbIX
Ten. [nuHbl BOMH M3MepsitoT ¢ norpeluHocTbio Ao 107'°, a cmeleHus — ewe
ToyHee. McknountenbHas y30CTb CREKTparnbHbIX NIMHWA, CTporad 3akKOHO-
MEPHOCTb pacrpeneneHus nx no LKane 4actoT U CMeLLeHne CrneKkTpanbHbIX
NMNHUA B 3NIEKTPUYECKOM M MarHUTHOM MOSIIX MO3BOSIUM MOMYYUTb MHOrO
CBEEHUN O CTPOEHUN aTOMOB M MOCTPOUTL pa3HoOOOpasHble MOAENN CTpoe-
HMUA atoMa. BO3HMKHOBEHWE [OOMONMHUTENbHLIX aKyCTUYECKUX WU INeKTPo-
MarHUTHbIX NOMEn B pesynbTate audpakumm BOfH Ha NPEnsiTCTBUSX, NOMe-
LLIeHHbIX B cpeay, Ha HeOAHOPOAHOCTAX Cpebl, a TakKe Ha HEPOBHbIX U He-
OLHOPOAHbLIX rpaHuLax cpe, Ha3blBaeTCH paccesiHUeM BOJSH.

Mpn paccesHun pesynbTupylollee nosie MOXHO NpeacTaBuUTb B BUAE
CYMMbl NEPBUYHON BOSIHbI U pacCessHHOW (BTOPUYHOW) BOSHbI, BO3HUKLLEN B
pesynbTaTte B3avMOLEWCTBUSA MEPBUYHOM BOSHbI C nNpenaTcTBuamMu. Ecnn
NpenaTCTBUN MHOro, To obuwas KapTMHa nons obpasyeTcs CyMMUPOBAHUEM
NOBTOPHO W MHOFOKpPaTHO pacCedHHblIX BOMH. Ecnu cBoncTBa cpenbl,
BNUSIOLLNE HA CKOPOCTb PacrnpoCTpaHeHUs1 BOMHbI, MEHAKOTCS, TO MOXET Ha-
bntogaTtbCcs Takoe siBfneHue, Kak pedpakumsa. Peghpakyuel HasbiBaeTca UC-
KpUBIIEHNE TPAEKTOPUM pacnpocTpaHeHMst BOSTHbI B HEO4HOPOAHOW cpeae.

ABneHve nonsipu3ayuu, CBOMCTBEHHO TOSbKO MOMepeYHbIM BOJSTHAM.
OHo 3akno4vaeTcd B crieqylowem: nyy ceeTa, NponyckaeMbln Yepes aBa no-
napusartopa (Hanpumep, KpucTanna WCraHACKoro Lnarta), nogsepraeTcd
ABOWMHOMY IydenperioMneHmio B 3aBMCUMOCTU OT B3aMMHOW OpMEHTaLUn
oCen KpucTansos.

B npupoge 6onbliad 4acTb MCTOYHUMKOB WUCMYCKAeT HEKOrePEeHTHbIN U
HenonApu3oBaHHbIN CBET, KOrga HanpasfieHMe BeKTopa Hanpsh»KeHHOCTU
ANeKTpn4eckoro nons E HenpepbiBHO MEHSETCS B MSIOCKOCTU, NeprneHauky-
NAPHOW HanpasfiEHUO pacnpocTpaHeHnda. HenonapusoBaHHbIN CBET NONSPU-
3yeTca npu NponyckaHum yepes nonspusaTtop. M MoxeT ObiTb 3KpaH 13 ps-
Aa TOHKMX napansienbHbiX NPOBOMOYEK A1 MUKPOBOSHOBOIO M3MyYeHUs nnm
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PUNBbTP U3 KPUCTaNSIMYECKON NAAacTUHKN (TypManuHa, UCraHACKoro wnaTta,
KBapua, NSeHKN KpUCTanmoB repanaTtnta, HaHECEHHOM Ha CTekno). Henons-
PU30BaHHbIN COMHEYHbIN CBET NpuobpeTaeT nonapusaumio Npu oTpaKeHuu
OT NMOBEPXHOCTEN BOAbI, Necka, 3eMmnun u T. 4. [Npn aTom, ecnm ocb Nonspoun-
Aa nepneHaukynspHa MNNocKOCTU nonspusauum OTPaXKeHHOro ceeTta, oTpa-
KEeHMe racHer.

[MoNApM30BaHHLIM CBET LUMPOKO MPUMEHSAETCA 4YesIOBEKOM B Hayke,
TEXHUKE N B ObITY, HANpUMep, OH NPUMEHSAETCH ANS ralweHust 3epKarbHbIX
«6nukoB» npu doTorpadmupoBaHnmn, NpeaynpexXaeHnsa ocnenneHnsa BoguTe-
N9 BCTPEYHbIM TPAHCMNOPTOM, PErynnmpoBaHUSA OCBELLEHHOCTU u ap. Uany-
YaeMbll KaxablM aTOMOM CBET CTpOro nonspusoBaH. B aTtom cnyyae Ha-
NnpaBfieHNs1 BEKTOPOB MNonisipnsaumm oT BCEX aTOMOB 00YCnoBAMBaKOTCSA Chy-
YaHbIMW MPUYMHAMWN N HE UMEIOT onpeaeneHHoOn opueHTauuMm B NPOCTpaH-
cTBe. M cBeTOBOM fyd MOXXHO NPeAcTaBUTb B BUAE HUTU, KOTOpAs COCTOUT 13
MHOXECTBa CBUTbIX BOSTHUCTbIX BOSIOKOH. NS nonapusauuu nyya Hago npu-
BECTM 3TOT XaoC B NOPSAOK A 3TO AenartT C NMOMOLLbK pasfnyHbIX NONspu-
3aUMOHHbIX PUIBTPOB.

38yK08bIMU Ha3bIBAKOT YMNpyrMe BOSHbI, Bbi3blBaKOLLIME Y YenoBeka
owyuwieHne 3Byka. Cpean HUX pasnuyalroT: TOHbl UMW MYy3blKalibHble 3BYKMU;
LUYyMbl; 3BYKOBble yaapbl. Habop 4acToT ¢ ykasaHMeM WUHTEHCUBHOCTEN KOM-
NMOHEHT Ha3bIBAKT aKyCTUYECKUM CMEKTPOM. MHMeHcUu8HOCMb 38YKO80U 801J1-
Hbl NponopuuoHanbHa KBagpaty aMmnnuTyabl U onpeaensieTcs Kak CKOpoCTb
NoTOKa SHEpPrum 4Yepes eauHM4HOEe NnornepeyHoe cedeHue. HammeHblias uH-
TEHCMBHOCTb 3BYKa, KOTOPYIO CMbILLMT YenoBeyeckoe yxo, nopsaka lp = 10"
BT/M?, ee HasblBalOT MOpPoO2OM crbiuMocmu. YenoBeyeckoe yxo CrocobHO
BOCMPUHUMATb TOSIbKO YacTb 3BYKOBbIX KofiebaHui, KOTopble, nonagas Ha
B6apabaHHyo nepenoHKy, Bo30y>xaatoT HEPBHYHO peakumio. BeicoTa 3ByKa on-
pegensaeTcs 4YactoTton kKonebaHun: oHa Tem Bblle, Yem Oonblie YyacTtoTa.
NHTepBany BonH anvHon ot 20 m go 1,6 cm, BOCNPUHMMAEMbIX YXOM, COOT-
BeTCTBYeT [AuanasoH dactot mexay 16 u 20 000 'y cootBeTCTBEHHO. CKO-
POCTb 3BYKa MMEET KOHEYHYIO BESTMYNHY, NPUYEM HE OOUHAKOBYHIO M58 HU3KNX
N BbICOKMX TOHOB U CYLLECTBEHHO 3aBUCUT OT MSIOTHOCTU cpenbl, B KOTOPOW
OH pacnpocTpaHsieTcs.

[MockonbKy BOSfIHA NEPEHOCUT IHEPINIO U UMMYIIbC, TO €€ MOXHO WUC-
nonb3oBaTtb 0715 rnepedayu uHgopmayuu (dalle Bcero pedb MAET 06 anek-
TPOMarHUTHbIX BOMHax). Npun 3TOM CKOPOCTb nepefaym MHgpopmaumm HUKO-
roa He MOXeT MnpeBblilaTb CKOPOCTM CBEeTa B BakKyyMe, 4To ObIfIO noatBep-
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XOEHO 9KCrepuMeHTanbHO. OTO CBUCTBO BOSIH B MOCNeAHUEe AeCATUNeTus
OYEeHb LUMPOKO (NPaKTUYECKN MOBCEMECTHO) UCMONb3YeTCHA YENIOBEKOM B pa-
ANOCBA3N, paanoHasuraummn, cuctemax Internet n gp.

3.7. MNpakKkTnyeckue 3agaHus

1. MosicHuTe, kakon BUA ByaoyT MMETb KapTUHA CUMOBbLIX MMHUW B CNY-
Yyae, Korga arekTpuyeckoe rnosie co3gaeTcs HEeCKONTbKUMU 3apsagamu.

2. Ha ocHOBaHWM KapTUHbI NMUHUW HANPSXKEHHOCTU 3N1EKTPUYECKOro Mno-
N9 1 3HaKa y NOTOKa CUMOBbLIX NIMHUIA, cOaenanTe 3aknovyeHne o TOM, SBNnsieT-
CH TOYEYHbIN NOJNTOXUTENbHbLIW 3apsi UCTOYHMKOM UITM CTOKOM.

3. KpaTko onuwnTe, Kakme TunuyHble oparmMeHTbl CTPYKTYPbl SNeKTpu-
4YeCKoro nons WMMeKTCA B KapTUHE CUNOBbLIX NMIMHUW TOYEYHOro oTpuuaTtesib-
HOro 3apsga (aBndaeTcs nu Besge none ogHopPoAHbLIM)?

Cdopmynupynte, 4TO NpeacTaBnaldT COBOM NUHUN HaNpPsHKEeHHOCTU
3M1eKTpnYecKoro nons?

Ha ocHOBaHUM KapTUHbI NIMHU HaNPsXXeHHOCTU 3IEKTPUYECKOro nosis 1
3HaKa y rnoToka CUroBbIX JIMHUW, cAenamTe 3akrt4YeHue O TOM, SBMAeTCH
TOYEYHbIN oTpULaTenbHbIN 3apag UICTOYHUKOM UM CTOKOM.

4. PaccmoTpute cnyyau, Korga cHadana nornoxuTeribHas, a 3atemM OT-
puuaTesnibHO 3apshkKeHHas NbifnHKa (UNn Monekyna rasa), nonagaeT B Kakylo-
TO TOYKY anekTpoctatnyeckoro nonsa. O6bACHUTe, YTO OyaeT NPOMCXOanTb C
NbIFIMHKAMW C TOYKU 3PEHUST TOro, Kak MEHSTbLCS NOTeHUMan v noTeHumanb-
Haa aHeprus npu nx nepemMelleHuun. lNposegute aHanorvo ¢ ynpyrum Maydm-
KOM, nonaswum B aMy. Caenante 3aknioyeHMe O TOM, Kakou BUL, ABWKEHUSA
ByneT y NbINMMHOK (paBHOMEPHbIN, PaBHOYCKOPEHHbI, paBHO3aMeaNEeHHbIN).

5. 3yunte n nosicHnte kakon Bua OyayT MMeTb NOTeHUuanbHas gua-
rpamma (puc. 1), ceMencTBo 9KBMMNOTEHUMANbHbLIX JIMHUKA (pUC. 2) U KapTUHa
NMUHUIA Hanps>KeHHOCTU nons (puc. 3), B criydae, Koraa afekTpoctaTtndeckoe
none cosgaeTcsa JSIMHEMHOW CUCTEMOW (PacnorfioXeHbl Ha FMHWUK) MOSNOXN-
TernbHbIX 3apsa0B.

lMpumep peweHus 3adavyu

Puc. 1 no3BonsieT MNOHATb, YTO 3HAYUT TEPMWUH — rOMeHyuasbHbIl
bapbep. NoTeHumanbHaa guarpamma npeacrtaBnsieT coborm HeKoe BO3BbI-
LUeHne, pacnpegeneHHoe BAOSb O4HOW KoopanHaThl. Ero n HasbiBaloT Bapb-
epom. CornacHo Hawmx Ob6bIYHbLIX NPeacTaBfEHNN, MOXHO FOBOPUTb O TOM,
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4YTO BCHAKaA MOSIOXUTENbHO 3apsKeHHas 4Yactuua, nogxons K 6apbepy co
CTOPOHbI €ro LUMPOKOW 4acTu CMOXEeT npeogorieTb ero, ecrnm en ygactcs
«nepenpbirHyTb» Yepes3 Hero. Ecnn nonHas aHeprus Takon 4YacTuubl MeHbLUE
9Heprun rpedbHa noTeHumanbHoro 6apbepa, To, €Cnm cyauTb MO pacnonoxe-
HUIO CTPENOK, XapaKTepusyLwmx OAencTBne cunbl Ha MPOBHbIN eOUHUYHBIN
NONOXNUTENbHLIW 3apsig, NONOXUTESNBHO 3apsiKeHHas YyacTuua OCTaHOBUTCA U
noBepHeT obpaTHo.
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To ecTb OHa He CMOXeT NponTu ckBo3b Bapbep. lNpeogoneTe Gapbep
(«nepenpbIrHyTb» €ro) MoOXeT NUWb Ta YacTtuua, Kotopas obrnagaeTt gocTa-
TOYHO OonbLUIOW 3Heprnen (OBwxeTcs Bblwe rpebHa dapbepa). Bonpeku Ha-
LWMM npeacTtaBneHnsM, o0YCNOBMEHHbIM KITaCCUYECKON MEXaHUKOW, B KBaH-
TOBOM MexaHuke ecnu bapbep O4YeHb Y30K, TO YacTuua CMOXeT C onpege-
NIEHHOM BEPOSATHOCTbLIO NPONTU CKBO3b Bapbep (kak Bbl MO TYHHEN). ITO sAB-
NeHne npeofosneHnst Y3Koro noteHunanbHoro bapbepa HasbliBalOT TYHHESb-
HbIM 3dpdeKTOM. [1pMYMHBI Takoro napagokcanbHOro rnoBeAeHUs 3apsaKeH-
HOW YaCTULbl — B BOJTHOBbIX CBOMCTBAX YacTuL, Manon Maccbl (MUKpoYacTuL).

6. CBOMCTBa 9NEKTPOCTAaTUYECKOro MONS HaxXOAAT LUMPOKOE MpUMeHe-
HUWE B NPaKTUYECKOW XU3HM U B MPOMbILLNEHHOCTU. B yacTHOCTK, BO3OENCT-
BME 3IIeKTPOCTAaTUYECKOro Mosisi Ha 3apshkeHHble Tera Mno3BondeT pellaTtb
pPAL HACYLHbIX TEXHOJIOrMYeckux 3agau.

LLinpokoe pasButne Nosyumnsin TEXHOMNOMKU, KOTOpble BKITHOYAOT TPU OC-
HOBHbIX MNpoLecca: anekTpusauuio BellecTsa, popMnpoBaHNe OBWXKEHUA B
SNeKTpUYeckoMm rnorsne 1 pacnpeneneHne rotoBoro npogykra. Hasosurte u no-
ACHUTE rae M Kak UCrnonb3yT B3anMoaenCTBMe 3apsAKeHHbIX YacTuL, C anek-
TPUYECKNM NOMeM.

6. 3yunte n nosicHute, kakon Bua OyayT MMeTb KapTMHa MarHUTHOMO
Nnosist B Criydae ecrnv ero BUXpeM sIBNAeTCHa NeTnsa ¢ NOCTOSHHbIM TOKOM (Kpy-
rOBOW TOK B MSTIOCKOCTH XY).

7. Ha ocHoBaHun aHanusa nsobpaxeHwin, norydaembix NyTeM Bu3ya-
nmnsauum CTPYKTYpPbl NONS CKOPOCTEN B NOTOKE XNOKOCTU, caeranTe BbIBOAbI
O cneayroLwemM.

MmeeT nn none CKOpoCTEN B MNOTOKE XUOKOCTU CTOKU U UCTOKN?

NmetoTca B kapTuHe TypOyneHTHOCTb, CBMAETENbCTBYOWAs O Hanu-
Yun BUXpEen B NoToke Xuakoctn. Cchopmynupynte, siBAseTca nNu ncenepye-
MO€ MoJie CKOPOCTEN B MOTOKE XMAKOCTU MOTEHUManbHbIM WS CONEHOM-
AarnbHbIM

8. M3yunte n nodacHute, Kakon Bua BGyayT MMeTb COBMECTHasa KapTuHa
BM3yanbHOro NpeacTaBfieHUss Pa3BUTUS TAKOrO CIIOXHOMO SIBMIEHUA Kak pas-
BUTUE aTMOCdepHbIX BUXpeK (Tvna cmepya) B NPOCTPaHCTBE.

KoHTponbHble BONpoChI

1. Onpegenute noHaTne nong. lNpueeauTte NnpuMepsl
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2. llosicHUTe NOHATUA BEKTOPHOE nore n BeKTopHaa pyHkuus. puse-
auTe NpuMepsl.

3. UeMm 1 Kak onpeaensitoTca afekTpuyeckme ceoncTtea ten? Yto osHa-
YaeT NOoHATUE: ANEeKTpocTaTUYeCcKoe ANeKkTpuyeckoe none?

4. HazoBuTe 1 NOSAICHNTE OCHOBHbIE XapaKTEePUCTUKN BOSIHBbI.

5. YUem BonHa otnnyaeTMs ot konebaHma?

6. UTo npeacrasnaoT cobon konebaHna? MNpusegute NpUMepPbI U3 OK-
pyXxaroLiero mmpa.

7. MMNosACHUTE CYTb KOPMNYCKYSIAPHON U KOHTUHYanbHON TEOPUMN.

8. [NosicHMTE 4YTO 0O3HaYaeT NOHATME — KOPMYCKYJISPHO-BONMHOBOM aya-
nn3Mm B nNpupoae.

9. lNosicHMTE Ha KaKue ypOBHW YCITIOBHO pa3fenseTcd AOCTynHaa Ham
npupoaa.

10. MNosicHUTEe NoHATNEe HaHoMUpa.

11. YTO O3Ha4aeT NOHATUE — reOLEHTPUYECKUN MUP?

12. Kakne 4eTbipe ypoBHS BeLLeCTBa BblAENATCA B COBPEMEHHOW Hay-
Ke B MUKpomMunpe?

13. YT0 Takoe arperaTHoe cocTosiHMe BellecTBa? NpmBeauTe xapak-
TepHble NpUMepbI.

14. YTO Ha3bIBalOT 3afieMEHTapHbIMK YacTuuamm?

15. B 4eM COCTOUT BaXKHENLLAsA KOHLENLMNA COBPEMEHHOIO eCTECTBO-
3HaHNA?

16. Uto Takoe opbutanb? NpuBeguTte xapakTepHble NPUMEpPbI N KpaTKo
NOSICHUTE UX.

17. OxapakTtepusymnte CoBpeMeHHOE npeacTaBrieHne NosIoKeHUs arnek-
TPOHa B aTOMe.

18. OpdekT [lonnepa — ero cytb U 3Ha4YeHNe ONs HayKu U TEXHUKN.
[MpuBegnTe 1 NOSICHUTE NPUMEPHI.

19. B yem coctout aBneHne gngpakumm BosH?

20. YTto Takoe nHTepdepeHUns BONH?

21. B yem coctouT siBneHne pesoHaHca?

22. Kakumn cnocobammn MoryT reHepmpoBaTbCH BOSTHbI B Npupoae?

23. B 4em cyTb pOpMYNMpPOBKM KBAHTOBOW TEOPUM Yepes uHTerparsbl no
TpaekTopusim (nponaratopHasi)?

24. lNosicHnTe, YTO Takoe nnasma?
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4. OCHOBbI COBPEMEHHbIX TEXHOJIOMUMN.
KoHuenuun Mnkpo- n HaHomumpa

4.1. OCHOBHbIE NOHATUA O TeXHONOrmaAx
4.1.1. lNoHsmue mexHoso2uu

OpHa 13 rnaBHbIX 0COBEHHOCTEN HbIHELLIHETO BPEMEHU COCTOUT B TOM,
4YTO NPV NOAroTOBKE CreunanMcToB B By3ax Heob6xoanMo pa3BmBaTb NHTEpPEC
K TexHonornn. CogepXaHne TepMmHa TEXHONOMMS: OT rpey. Téxvn — YMeHue,
MCKYCCTBO, MacTepCTBO; Ap.-rpey. AOyo¢ — MbICNb, MPUYMHAE; METOoOuKa,
crnocob npomu3BoACTBa — KOMIIEKC Op2aHu3alUOHHbIX Mep, ornepauyud u
rpuemMos, HanpaslieHHbIX Ha W3roToBrieHWe, ObCnyXuBaHWe, PEMOHT, 3KC-
nnyatauuio uvnu ytunusaumio mnsgenna (npegmeta TEXHOMOrMmm) ¢ HOMU-
HanbHbIM Ka4eCTBOM M OMTUMAarbHbIMW 3aTpaTamMu, U OBYCIOBMEHHbIX TEKY-
LLIMM YPOBHEM PasBUTUSA HayKU, TEXHUKN 1 0BLLeCcTBa B LIESTIOM.

[Moa TexHomnorven criegyeT NOHUMaTb UCMONb30BaHWE eCTEeCTBEHHbIX
Hayk U1 MaTeMaTuKM B MHTepecax obuwecTBa (4enoBeka), TO eCTb NPUIoXe-
HWEe eCTeCTBEHHOHaY4YHbIX N MaTeEMaTUYECKUX MPUHLUNNOB AN1s onpeaeneHmns
N OOCTUXKEHNA NpakTU4eckux uenen. TexHonorns — aTo MCKyCCTBO UCMOMb30-
BaHUS HayKW, OCMbICIIEHHOE, PacKpbITOe B onpeaenieHHOM 3Ha4YeHuu, B CBO-
MX UCTOKaX M MexaHu3Max. YacTto ucrnonb3ylT criegyrowee onpeneneHue:
TEXHOMNOMNs — 3TO COBOKYMHOCTb METOA0B, MPOLIECCOB U MaTtepmnanos, KOTO-
pble MPUMEHSIOTCS (MCNOMb3YTCS) B KaKor-rMbo oTpacnun OesaTenbHOCTH, a
TaKKe Hay4yHoe onncaHue crnocoboB NPoM3BoACTBA.

[Mpy 3TOM TepMUHLI cnegyeT NoHMMaTb Tak: u3desiue — nNbon KoHeu-
HbI NPOAYKT Tpyda (MaTepuanbHbI, UHTenneKTyarnbHblA, MoparbHbIA, MO-
NNTUYECKUIN W T. N.); HOMUHalIbHOE Ka4Yecmeo — NpPOrHo3npyemoe unu 3apa-
Hee 3aJaHHOe KayeCTBO, OrOBOPEHHOE TEXHUYECKMM 3aJaHWeM U cornaco-
BaHHOE TEeXHUYECKUM NpeanoXeHweMm; ornmumalibHble 3ampambl — MUHU-
MarnbHO BO3MOXHble 3aTpaTbl, KOTOpPble He BIieKyT 3a cobon yxylleHue yc-
NoBU Tpyada, CaHUTaPHbIX U 3KONOrMYECKUX HOPM, HOPM TEXHUYECKOW U MNo-
XapHoN ©6e30MacHOCTWN, CBEPXHOPMATUBHbBIA M3HOC Opyaun TpyAda, a Takke
PUHAHCOBBIX, 9KOHOMUYECKMX, NOSIUTUYECKNX U MPOYUX PUCKOB.

Kak 9TO 4acTo NpUHATO B HayKe MOHATME TEXHOSOrMs TPaKTylT 8 Wu-
POKOM U y3KOM cMbicrie. B nepBoM cnyyae — 370 06BbEM 3HAHWIN, KOTOpble
MOXHO MCMNONb30BaTb A4S NPOU3BOACTBA TOBAPOB U YCIYT N3 3KOHOMUYECKNX
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pecypcoB, a BO BTOPOM — 3TO cnocob npeobpasoBaHus BeLLeCTBa, SHEPIUN,
MHpopMaUuK B Npouecce U3roToBreHna npoaykumm, obpaboTkm U nepepa-
B6oTKM MaTepunanos, cOOPKM N30eNUN, KOHTPOMA Ka4ecTBa, yrnpaBneHus.

TexHornoeaus ekro4aem 8 cebe MeToabl, NPUEMbI, peXxnm padoTbl, No-
cnegoBaTenbHOCTb onepauun 1 npoueayp, OHa TeCHO CBsi3aHa C NpuMeHse-
MbIMW cpeacTBamu, obopyaoBaHMEM, UHCTPYMEHTAMMU, UCMOSb3yeMbIMU Ma-
Tepuanamu.

OnuncaHne TexHoMNorMM B pasHbiX cepax OeATenbHOCTM niogen pas-
nn4yHo. Hanpumep, B NPOMbILLINEHHOM N CESIbCKOXO3SIMCTBEHHOM MPOU3BOa-
CTBE OHO BbIMOJSTHAETCSA B AOKYMEHTaX, KOTOpPble Ha3blBalOTCSA OrnepayuoHHas
Kapma mexHosio2u4ecko2o rnpouecca (npn nogpobHoOM onncaHumn) unn map-
wpymHasi kapma (Npyu KpaTtkoM ONUCaHuM); B 3KOHOMMUKE U NOSNTIKOHOMUMN
Npn M3MEHEHUM OBbLLEeCTBEHHOIO MHEHUs ucrnonbadyetcs TepMuH lu-Ap (oT
aHrn. PR — Public Relations — cBA3b C wWmMpokon obLeCTBEHHOCTbIO), KOTO-
pbIl YacTO HernpaBUNbHO BOCMPUHMMAETCHA OOLLECTBEHHOCTBIO KakK pekram-
Has N MHOPMaLMOHHAas akUmA.

OcHOBOWN co8peMeHHbIX mexHosio2ul ABNSATCA OOCTUXEHUA HayYHO-
TexHunyeckoro nporpecca. OHM OpPMEHTUPOBAHLI Ha NPOM3BOACTBO MaTepu-
anbHOro nNpoaykTa, KOTOPbIN CO3JaET mMamepuasibHasi TEXHONOMNSA WUNn WH-
dhopmMaLMOHHOro NpoayKTa, Co3gaBaeMoro UHEOpMaUuUOHHbIMU MEXHOJI0-
ausmu (AT).

B HacTosilee Bpemsi TEXHOMOMS SABMSIETCA BaXXHOW Hay4yHou u y4eb-
HolU OQucuurnuHol, paspabaTtbiBalollen M COBEPLUEHCTBYHOLLEN, METOAb,
cnocobbl N MHCTPYMEHTbLI MaTepuanbHOro U MHOOPMaLUMOHHOIO NPOM3BOACT-
Ba.

Yacto B 6bITy TEXHOMOMMEN HasblBalOT ONUCAHUE PasfnUYHbIX MPOun3-
BOACTBEHHbIX NPOLIECCOB, UHCTPYKLMM MO UX BbIMNOMIHEHUIO, TEXHONOMMYECKME
TpeboBaHma u T. 4. NoaTOMy TEXHONOIMMEN UM TEXHONOMMYECKUM NPOLIECCOM
4YacTo Has3bIBaKT TakKe camu onepaunn Aobbiun, TPaHCNOPTUPOBKMN U nepe-
paboTKkK, KOTOpbIE ABNSAKOTCA OCHOBOW NPOM3BOACTBEHHOIO NMpoLecca.

BakHOM 4YacTbio TEXHOMOMMM Ha NPOU3BOACTBE SABMSAETCA TEXHUYECKUN
KOHTpPOIb.

Pa3paboTkon TEXHOMNOrMM 3aHUMarTCA cneumanuctbl B COOTBETCT-
BylOLLUMX obnactsax maTtepuanbHoro m uHOPMaUVMOHHOIO MPOU3BOLCTBA:
TEXHOSOrM, NHXEHEpPbI, KOHCTPYKTOPbI, NPOrPaMMUCTbI, TEXHUKA N Op.

Mo meTogonormn OOH TexHonorus onpegernieHa Tak: 1) NGO TeXHOMo-
s B YACTOM BuAe, OXBaTblBaloLWasi METOAbl M TEXHUKY NPOM3BOACTBaA TOBa-
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poB n ycnyr (dissembled technology); 2) nnbo BonnoweHHaa TexXHOoMorus,
oxBaTbiBaloLas MalUnHbl, 06opyaoBaHNE COOPYXEHUSs!, Lerble NPOMU3BOACT-
BEHHblE CUCTEMbI U MPOAYKLUMIO C BbICOKUMU TEXHUKO-3KOHOMWYECKMMW Na-
pameTpamu (embodied technology).

Bbicokune TexHonorum (aHrn. high technology, high-tech)

Hanbonee HoBble, NnepenoBblie N MPOrpeccuMBHbIE TEXHOMOMMN COBpe-
MEHHOCTWN Ha3bIBalOTCH 8bICOKUMU mexHosio2usiMu. Nepexon K nx Ucrnonb3o-
BaHMIO U COOTBETCTBYHOLLEN UM TEXHUKM HA COBPEMEHHOM 3Tane SABMseTcH
BaXXHeNLWen cocTaBnsawwen Hay4yHo-TexHudeckon pesontoummn (HTP). K Bbl-
COKWUM TEXHONOrMsiM 0ObIYHO OTHOCSAT CaMble HayKOEMKME OTpacnun npoMbiLL-
NIEHHOCTN: MUKPO3SEKTPOHMKA, BblYUCIANTESNbHAA TexXHWKa, poboTOTEXHUKA,
aTOMHas aHepreTuka, aBMaLMOHHAA U KOCMUYECKasd TEXHWKa, MUKpobuono-
rmyeckasi NPOMbILLEHHOCTb, reHeTuKa.

Knaccudumkaumsa texHonornm

C yyeTOM COBpPEMEHHOro pasBUTUA Halwlero obecTBa akTyasrbHO pac-
CMOTpPETb CrneayrLLyo Knaccuukaumio.

MawuHocmpoumersibHble mexHosio2uu — pa3paboTka MpoLEecCoB KOH-
CTPyMpOBaH1US N NPOM3BOACTBA PasfU4YHbIX MalunH, NPpMbOpoB M MeXaHWus-
mMoB. OHuM BKMOYaloT B ceba: TeXHMYeckme pacyéTbl, BbIGOp mMaTtepuanoB U
TEXHOSIOrMM NPOU3BOLCTBA, NPOEKTUPOBaHME MAaLUMHOCTPOUTENBHbLIX 3aBO-
0B 1 OpraHn3auuns npon3BoACTBa Ha HUX.

UHopmayuoHHble mexHonozauu (MT, anrn. information technology,
IT) — 6onbluon Knacc gucumnimH n obnacten OeATenbHOCTU NoLEN, KOTO-
pble OTHOCATCS K TEXHOSOrMsM yrnpaBneHusi, HakonneHus, xpaHeHus, obpa-
6oTkn N nepegavn nHgopmaumm (B OCHOBHOM Ha KOMMbOTEpax) Afist Nony-
YeHns nHdopmaLmMm HOBOro KadyecTBa O COCTOSIHUM 0ObekTa, npouecca unm
saBrneHns (MHOpMaUNOHHOro npoaykra). B HacToswee Bpems nog vHGOp-
MaLMOHHbIMU TEXHONOMMAMN OObIMHO NoApa3yMeBatOT KOMIMbIOMEpPHbIE mex-
HO/M02UU C WUCMONb30BaHMEM KOMMbLIOTEPOB U MporpaMMHoOro obecneveHunsd
ANA nonyvYeHnsa, xpaHeHud, npeobpasoBaHus, 3awmTbl, 06paboTkn n nepe-
Aaym mHpopmauun. CneumannctoB No KOMMbOTEPAM 4YacTo HasbiBaloT [7-
creumnanmcTamum.

TernekoMMyHUKayUOHHbIE MEexXHOs102UU — 3TO COBOKYMHOCTb MPOBOLHbIX
n 6ecnpoBOgHbIX CpeacTB, cnocoboB (MeTogoB) U cuctem cBasu. Baaumo-
AencTsune ngen yepes TerIeKOMMYHUKALMOHHY0 CUCTEMY UIKN YenoBeKa C
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TEXHUYECKMMN CPeaCTBaMU OCYLLECTBIISETCA Yyepes cneumduyeckme nHTep-
dencobl, KOTopble CTaHOBATCA Bce Horiee NpocTbiMU U 9PrOHOMUYHbLIMU. Ta-
Kas aBonouna MHTepdencoB CTaHOBUTCA BO3MOXHOM TOSIbKO 3a CYET YC-
NOXXHEHUS1 TEXHOMNOrMM (BbICOKMX TexHonorun). Ona moaoepHusaumm cetu
AocCTyrna n TPaH3UTHOM CeTU CerogHsa MoryT 6bITb MCMOSIb30BaHbl CUHXPOHHAs
undpoBas nepapxma (SDH), naccusHele ontuyeckme cetn (PON), acummeT-
pUYHbIE UMPpoBble aboHeHTckne nuHum (ADSL), rmbpungHble cuctembl "on-
TMYecKoe BOSIOKHO-KOakcuanbHbi kabenb" (HFC), kabenbHoe TenesuaeHue
(CATV), acvHXpoHHbIN pexum nepefayv (ATM), npeaHasHa4yeHHbIA NS Wun-
POKOMOSOCHbIX ceTen ¢ uHTerpaumen ycnyr (B-ISDN). IMeHHO Lwmpokono-
NOCHblE CETU CTaHyT OCHOBOW, Ha KOTOpOW OyayT passBuBaTbCA yCryrn ons
NPOBOOHbIX CPEACTB CBA3MN.

MHHOBaUUOHHbIE MEXHOI02UU — COBOKYMHOCTM METOAOB W CPencTs,
KOTOpble NoagepXmBatoT aTanbl peanu3aumm HosoBBefeHus. Cenyac 4acTto
BblOENAT BUAbl WHHOBAUWOHHBIX TexHonorun: 1) BHeOpeHue; 2) TPEHWUHT
(noaroToBKa KagpoB M MHKYBauus ManbiX npeanpusatuin); 3) KOHCaAnNTUHS; 4)
TpaHcepPT; 5) MHXUHUPWHT 1 Ap.

XU3HEHHbIN LMKN TEXHONOruu

XKU3HEeHHbIU YUKIT mexHonoauU — 3TO COBOKYNHOCTb CTaguni OT 3apoXx-
AEHUS1 TEXHOMNOMMYECKMX HOBOBBEAEHMI OO0 UX pyTMHM3auuKn. B Hayke cuuTa-
0T, YTO OH COCTOMUT U3 CreayoLmnX 3Tanos:

1) Hoseliwass mexHooaus — nobasi HoBas TEXHOMNOMSA, MMetoLLLasa Bbl-
COKMI NoTeHuunan;

2) nepedosasi mexHoI02us — Ta, KoTopasa 3apekomeHgoBarna cebs, Ho
elle JOCTaTOYHO HoBasl, MMeeT HeBONMbLLIOE pacnpoCTPaHEHNE Ha PbIHKE;

3) cospeMeHHasi mexHos102usi — NPU3HAHHas TEeXHOSIOrnA, sBnAeTcd
CTaHOapToOM, pacTeT CNpocC Ha Hee;

4) He HoBasi mexHO/I02Usi — BCe elle Mnosie3Has TEXHONMOMs, HO yxe
cywecTByeT 6onee HoBasd TEXHOMOMMS, NO3TOMY CNPOC HAYMHAET nagaTb;

5) ycmapeswasi mexHosio2usi — TEXHOMNOMMSA ycTapeBaeT U 3aMeHSeTCs
bonee coBepLIEHHON (MMEET MeCTO OYEeHb Marsbli CNPOC UAW NOSTHbIA OTKa3
OT 3TOW TEXHONOrMM B NOSib3y HOBOW).

Tunbl noTpebutenen TexHonorun: 1) Hoeamopbl — 3TO Te, KTO Cre-
AAT 3a TEXHONOMMYECKUMN HOBMHKaMKM, BCErga crtapatoTcs MomyyYnTb K HUM
AOCTYN euwe OO0 LMPOKOro MOSABIIEHNA UX Ha pPblHKE; 2) paHHUe nocredosa-
mernu — KaTeropusi noTpebutenen, peLeHns KOTopbix BasnpyroTca Ha 0COo3-
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HaBaeMoOn MU CTerNeHN COOTBETCTBUS MeXAy NnpeumMyLiectBamm HOBOW TeXx-
HOSOrMn U UX UHTepecamu; 3) paHHee 6obWUHCMBO — NSt 3TON KaTeropum
notpebutenen BaxHO B MepBYH oyepedb MPakTUYEeCKoe 3HaYeHWe HOBOM
TexHonormn; 4) no3dHee b605bWUHCMBO — 3Ta KaTeropus notpebutenen
XOyT, NOKa NPOAYKT He CTaHeT obLenpu3HaHHbIM cTaHgapToMm; 5) omcemaro-
wue — aTa kateropma notpebutenen He cneaguT 3a TEXHONOMMYECKUMN HOBU-
HKamMu, OHW nNpuobpeTaloT TEXHOSIOrM, eCnyu OHa BHedpeHa B Kakown-nnbo
TOBap, HO He MNOJSb3YHTCA EMN.

4.1.2. CoepeMeHHbIe U nepcrieKmuegHble mexHosio2uu

Hoeble (cosepemeHHble) mexHonoauu — 3TO0 Te TEXHUYEeCKMe HOBOBBE-
AEeHUs1, KOTopble NPeacTaBriSOT NPOrpecCuBHbIE U3MEHEHUS B pamkax o0-
nacTu KOHKypeHTHOro npeumyliecTtsa. B nioboe Bpemsa B obuiecTBe cyLiecT-
BYIOT pasfiMyHble MHEeHUs MO BOMpPOCYy O cTaTyce, 3Ha4YMMOCTM, Lenecoob-
Pa3HOCTN N SKOHOMMYECKOM KM3HECNOCOOHOCTM pasHbIX HOBbIX TEXHOMOMMN.
[To3TOMYy NO MHOIMM HOBbLIM TEXHOSOMMAM U MUX NOCHeacTBMAM Ans obLecT-
Ba MOyT NOCTOSIHHbIE OBLLLECTBEHHO-NONIUTUYECKNE OUCKYCCUMN.

[MpBeAeHHbIN aanee CrMcoK HOBbIX MEPCreKTUBHbLIX TEXHONOrMmM Co-
AEPXUT HEKOTOpPble U3 CaMblX BblAAOLWNXCA TEKYLUX COObITUIA, AOCTUXEHUN
N UHHOBALMI B pasnunyHbIX 06nacTsiXx COBPEMEHHbIX TEXHOOMIA:

1) cenbCckoe X034UCmMe0o: MACO U3 Npobupku, BepTUKarbHOE BblpalLn-
BaHWe;

2) buomexHorioauu U 30pasooXpaHeHuUe. TeHeTU4eckas WHXEHEepPUS;
cMHTEeTUYeckaas Ouonormss M TreHOMMKA, WCKYCCTBEHHbIM (POTOCKHTES;
fleKkapcTBa OT CTapeHusd; KPMOMNPOTEKTOPLI; aHabuos; rnevyeHne CTBOSIOBLIMU
KneTkamu; NepcoHndULMpoBaHHag MeauumHa, nonHas paclundpoBka reHo-
Ma; MMNJaHTaTbl U NPOTE3bl; pereHepaTuBHasg MeanuunHa; poboTuamposaH-
Hasa XMPYprus; HAHOMeAMLUNHA; TKAHEBAsA UHXEHEPUS;

3) saHepeemuka: ynpasnsemMbli TepMOSIAEPHbIN CUHTES; reoTepmarbHas
9HepreTuka; GMoTONNMBO; BOAOPOAHAA SHEpPreTuka; HaHOMNPOBOAHUKOBbIN akK-
KyMYIsiTOp; MOHUCTOpP; 6ecnpoBoagHada nepegada anekTpuyecTsa; opraHmyec-
Kne conHeYHble 6aTtapeu;

4) mpaHcropm: 3NeKTPOMoOUNb; NepCoHarbHbIN aBTOMaTUYECKNIA IKO-
NOMMYECKN YUCTbIA TPAHCMOPT;, NEepCOHanbHbIN _BO3AYLWIHbLIM _TPAHCMOPT;
NpeaoxXNaXAEHHbIN peakTUBHbLIN ABUraTenb; rmnep3ByKOBOW ABUratenb; Mno-
NéTbl B KOCMOC 6e3 pakeT Ha OCHOBE PasfnyHbIX PU3NYECKUX ABNEHUI — O-
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TOHHbIN OBuraTenb, 3NEeKTPOMarHUTHaa KaTanynbTa, KOCMUYecKasl MyLlka,
KOCMUYECKNN NNAT, KOCMUYECKNIN (DOHTaH;

5) UHOpPMaUUOHHbIE MEXHOI02UU: WUCKYCCTBEHHbIN _ WMHTENNEKT;
MobunbHaga cBa3b 4G (MOGubHas LLUMPOKONONOCHOCTb, MOBUIIbLHOE TENEBU-
OeHue, MHTEpaKTMBHOE  TeneBUAEHWe, TpEXMEPHoe  TeneBuaeHue);
MaLUMHHbIA NepeBon; MaLUMHHOE 3pEHUE; pacCLUMPEHHOE MaLUMHHOE MNO3Ha-
HUE, BHELUHME YCUIUTENN MO3ra; CEMaHTMYecKasd NayTuHa Unv oTeBeyatroLLas
MalLMHa; rpadnyeckuin NpoLeccop obliero HasHayeHus (yckopeHue naparn-
nesnbHbIX BbIYUCNEHUN); TBEPAOTESNbHbLIM HakonuTens (bbicTpas, becuymHasd
NamMATb C HU3KNUM 3HepronoTpebrieHnem); o6 bEMHAA onTUYeckas NamaTb Un
ronorpaduyeckas naMmaTb; CIMHTPOHMKA (MarHUTOPE3UCTUBHAA onepaTuBHas
NamMsaTb); ONTUYECKUN KOMMbIOTED; KBAHTOBLIM KOMMNbLIOTED; KBAHTOBAA KpPuWM-
Torpacust; becnpoBogHasi cBA3b; 6€33KpaHHbIN ANCNIEN (JONONHEHHAA pea-
NbHOCTb, BUPTYalibHasg peanbHOCTb); CTEPEOANCHNEN; OPraHNYECKMUIA CBETO-
avoa; nasepHbln Teneesu3op (TpexmepHoe TenesuaeHue); 3D-NpuHTEp;
Norpy>XeHmne B BUPTYalbHYH pPeanibHOCTb;

6) pobomomexHuka u rnpukrnadHas MexaHuKa: rpynnosas poboToTex-
HUKa (@BTOHOMHbLIE CUCTEMbI, KOCMUYECKME KOHCTPYKLIMK); MOSIEKYNspHas
HaHOTEXHONOrMA, HAHOPOBOThI; SK30CKENET (NEPEHOCKA TXKECTEN, Napanuy,
GonesHn MYCKYIIOB, BOEHHbIE CPEeACTBa, CTPOUTENLCTBO); MUKPOSNEKTPO-
MEXaHUYECKME CUCTEMbI; MOMEKYMNSAPHbLIE POTOPbLI, MOMNEKYNSAPHbIE Nponesn-
nepebl;

7) mamepuarnogedeHue: BbICOKOTEMNEPATYPHass CBEPXMPOBOAMMOCTD;
BbICOKOTEMMEPATYPHAA CBEPXTEKYYECTb; YINepodHble HAaHOTPYOKKN; MeTama-
Tepuanbl (MUKpoOcKon, poToannapar, MackMpoBKa); CaMOBOCCTaHaBMAW-
BaKOLLUMECS MaTepuanbl; nporpaMMmuypyemMas MaTepusi; KBaHTOBasi ToOYKa
(Da3ep Ha KBAHTOBbLIX TOYKax C MOCreaylolwmnM NpMMEHEHMEM B KayecTBe
nporpamMMmmpyemMon Matepum npu NpoMs3BoaCTBE AMUCNIIEEB, ONTUYECKON CBS-
31 (BbICOKOCKOPOCTHadA nepefava [aHHbIX), B MeAuUnHe (J1a3epHbIN CKalb-
nenb)); dynnepeHsbl; rpadeH; HAaHOKPUCTaNMbI; a3porensb;

8) npoyee: cBETOAMOAHbLIE NaMrbl; cUioBoe rnofne (nJaasMeHHOe OKHO
ANS 3aWnThl BaXHbIX OOBHEKTOB); YCKOPUTENIbHOE OpYXMWEe; dHepreTnveckoe
opyXue; anekTponasep; aHTUrpaBUTauUuUs; KOCMUYECKUN NUAT; COMHEYHbIN
napyc; ropog nog kynonom (NASA paspabaTtbiBaeT 'eogesnyecknin Kynon
ANA NYHHOW KONoHuW); agnabatnveckoe pasmarHuyuBaHuve (6onee adpek-
TUBHOE OXSlaxaeHue).
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http://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%81%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
http://ru.wikipedia.org/wiki/%D0%90%D1%8D%D1%80%D0%BE%D0%B7%D0%BE%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D1%8D%D0%BA%D1%80%D0%B0%D0%BD
http://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BF%D0%BE%D0%BB%D0%BD%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BF%D0%BE%D0%BB%D0%BD%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%80%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D1%80%D0%B5%D0%BE%D0%B4%D0%B8%D1%81%D0%BF%D0%BB%D0%B5%D0%B9
http://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%81%D0%B2%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%81%D0%B2%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D0%B7%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D1%82%D0%B5%D0%BB%D0%B5%D0%B2%D0%B8%D0%B7%D0%BE%D1%80
http://ru.wikipedia.org/wiki/3D-%D0%BF%D1%80%D0%B8%D0%BD%D1%82%D0%B5%D1%80
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B3%D1%80%D1%83%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5_(%D0%B2%D0%B8%D1%80%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C)
http://ru.wikipedia.org/wiki/%D0%93%D1%80%D1%83%D0%BF%D0%BF%D0%BE%D0%B2%D0%B0%D1%8F_%D1%80%D0%BE%D0%B1%D0%BE%D1%82%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%93%D1%80%D1%83%D0%BF%D0%BF%D0%BE%D0%B2%D0%B0%D1%8F_%D1%80%D0%BE%D0%B1%D0%BE%D1%82%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/w/index.php?title=%D0%90%D0%B2%D1%82%D0%BE%D0%BD%D0%BE%D0%BC%D0%BD%D1%8B%D0%B5_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%9A%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%BA%D0%BE%D0%BD%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%86%D0%B8%D0%B8&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B0%D0%BD%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B0%D0%BD%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BD%D0%BE%D1%80%D0%BE%D0%B1%D0%BE%D1%82
http://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D0%B7%D0%BE%D1%81%D0%BA%D0%B5%D0%BB%D0%B5%D1%82
http://ru.wikipedia.org/w/index.php?title=%D0%9F%D0%B5%D1%80%D0%B5%D0%BD%D0%BE%D1%81%D0%BA%D0%B0_%D1%82%D1%8F%D0%B6%D0%B5%D1%81%D1%82%D0%B5%D0%B9&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%BB%D0%B8%D1%87
http://ru.wikipedia.org/w/index.php?title=%D0%91%D0%BE%D0%BB%D0%B5%D0%B7%D0%BD%D0%B8_%D0%BC%D1%83%D1%81%D0%BA%D1%83%D0%BB%D0%BE%D0%B2&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%92%D0%BE%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%81%D1%80%D0%B5%D0%B4%D1%81%D1%82%D0%B2%D0%B0&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%BE%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D1%81%D1%82%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B
http://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D1%8B%D0%B5_%D1%80%D0%BE%D1%82%D0%BE%D1%80%D1%8B
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D1%8B%D0%B5_%D0%BF%D1%80%D0%BE%D0%BF%D0%B5%D0%BB%D0%BB%D0%B5%D1%80%D1%8B
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D1%8B%D0%B5_%D0%BF%D1%80%D0%BE%D0%BF%D0%B5%D0%BB%D0%BB%D0%B5%D1%80%D1%8B
http://ru.wikipedia.org/wiki/%D0%92%D1%8B%D1%81%D0%BE%D0%BA%D0%BE%D1%82%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D0%B5%D1%80%D1%85%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%80%D1%85%D1%82%D0%B5%D0%BA%D1%83%D1%87%D0%B5%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BD%D0%B0%D0%BD%D0%BE%D1%82%D1%80%D1%83%D0%B1%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%81%D0%BA%D0%BE%D0%BF
http://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D0%B0%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D0%BA%D0%B8%D1%80%D0%BE%D0%B2%D0%BA%D0%B0
http://ru.wikipedia.org/w/index.php?title=%D0%A1%D0%B0%D0%BC%D0%BE%D0%B2%D0%BE%D1%81%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B2%D0%BB%D0%B8%D0%B2%D0%B0%D1%8E%D1%89%D0%B8%D0%B5%D1%81%D1%8F_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8B&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%A1%D0%B0%D0%BC%D0%BE%D0%B2%D0%BE%D1%81%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B2%D0%BB%D0%B8%D0%B2%D0%B0%D1%8E%D1%89%D0%B8%D0%B5%D1%81%D1%8F_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8B&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D1%83%D0%B5%D0%BC%D0%B0%D1%8F_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D0%B7%D0%B5%D1%80_%D0%BD%D0%B0_%D0%BA%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D1%8B%D1%85_%D1%82%D0%BE%D1%87%D0%BA%D0%B0%D1%85
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BF%D0%BB%D0%B5%D0%B9
http://ru.wikipedia.org/w/index.php?title=%D0%92%D1%8B%D1%81%D0%BE%D0%BA%D0%BE%D1%81%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D0%BD%D0%B0%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%9B%D0%B0%D0%B7%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D1%81%D0%BA%D0%B0%D0%BB%D1%8C%D0%BF%D0%B5%D0%BB%D1%8C&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%9B%D0%B0%D0%B7%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D1%81%D0%BA%D0%B0%D0%BB%D1%8C%D0%BF%D0%B5%D0%BB%D1%8C&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BB%D0%BB%D0%B5%D1%80%D0%B5%D0%BD%D1%8B
http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84%D0%B5%D0%BD
http://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BD%D0%BE%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB
http://ru.wikipedia.org/wiki/%D0%90%D1%8D%D1%80%D0%BE%D0%B3%D0%B5%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%BE%D0%B2%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5_(%D0%BD%D0%B0%D1%83%D1%87%D0%BD%D0%B0%D1%8F_%D1%84%D0%B0%D0%BD%D1%82%D0%B0%D1%81%D1%82%D0%B8%D0%BA%D0%B0)
http://ru.wikipedia.org/w/index.php?title=%D0%9F%D0%BB%D0%B0%D0%B7%D0%BC%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BE%D0%BA%D0%BD%D0%BE&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%A3%D1%81%D0%BA%D0%BE%D1%80%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%BE%D1%80%D1%83%D0%B6%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D1%80%D1%83%D0%B6%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D1%80%D1%83%D0%B6%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BB%D0%B0%D0%B7%D0%B5%D1%80
http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D0%B3%D1%80%D0%B0%D0%B2%D0%B8%D1%82%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BB%D0%B8%D1%84%D1%82
http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%BF%D0%B0%D1%80%D1%83%D1%81
http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D0%B5%D1%87%D0%BD%D1%8B%D0%B9_%D0%BF%D0%B0%D1%80%D1%83%D1%81
http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D0%B4%D0%B5%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D1%83%D0%BF%D0%BE%D0%BB
http://ru.wikipedia.org/wiki/%D0%90%D0%B4%D0%B8%D0%B0%D0%B1%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%80%D0%B0%D0%B7%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%87%D0%B8%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5

4.1.3. lloHssmue «mexHosno2u4yeckull yKkinao»

B wupokoMm noHMmaHum noHatune "yknag"' obosHadaeT 06yCTpOMCTBO,
YCTaHOBUBLUNNCA NOPSAOK Yero-nmbo.

TexHonoau4yeckul yknad XxapakTepusyeT eOuHbI TEXHUYECKUN Ypo-
BEeHb COCTaBMAOLWMX €ro Npon3BoACTB, KOTOPble CBA3aHbl MOTOKAMMU KavyecT-
BEHHO OOHOPOAHbLIX PecypcoB N BasnpyoTcs Ha obLWMX pecypcax KBanugu-
LMpoBaHHOM paboyen cunbl, 0bLLEM Hay4YHO-TEXHMYECKOM NoTeHUmnane n ap.

TexHonorn4yecknn yknag — 9To MHONKaTop, CBUOETENLCTBYHOLLUIA O TOM,
4YTO Mo BIUSIHNEM HaYYHO-TEXHUYECKOW PEBOSIOLMN COBepLUaeTCa KayecT-
BEHHbIA CKaA4YoK B pPa3BUTUM MPOU3BOAUTENBbHbLIX CUS, CKNadblBaeTcsli HOBas
CTPYyKTypa OOLLEeCTBEHHOIO MPOU3BOACTBA, CYLLECTBEHHO YBENMYMBAETCS
porfib YenoBeYyecKoro dakrtopa, YCOBEpPLUEHCTBYHTCA OpMbl M MeTOAbI
ynpasneHna npon3BoaCcTBOM, YBENMYMBAETCA POSib MUPOBbLIX XO3SUCTBEH-
HbIX CBA3eW U, KaK crneacteme, MoanduumpyroTca TEXHOOrMYeckne yknagbl.
OH Takke oTpaXkaeT To, YTO B HACTOsILLLEE BPEMSI CTPEMUTESIbHLIMU TEMMAMMU
B 9KOHOMUKE pa3BUTbIX CTPaH pacTeT 0b6nacTb BbICOKMX TEXHOSTOMMN.

TexHonorn4yeckue yknagbl (BOsnHbI)

B cooTtBeTCcTBMM C Teopuen ONUHHbLIX BONH KoHapaTbeBa Hay4HoO-
TEXHUYecKasi peBosSitoLnSA pa3BnBaeTcsl BOTHOOOpa3HO, C UuKIamMmn anntesb-
HOCTbIO MPUMEPHO B NATbAECAT neT. B Hayke BblAENSOT HECKOMBbKO TEXHOIO-
MMYecKnx yKnazos (BOJTH).

lNepsasi sonHa (1785 — 1835 rT.): ee pe3ynbTaTom cTan nepBbIn TEXHO-
NOrMYeCcKNn ykrag, ero OCHOBOM CTalniM HOBble TEXHOMNOMMU B TEKCTUNbHOW
NPOMbILLIIEHHOCTU, B NPUMEHEHUN 3HEPTUM BOAbI.

Bmopasi eonHa (1830 — 1890 rr.): ee pe3ynbTtatomM cTasn BTOPOWN TEXHO-
NOrnM4yecKnMn yknag, ero OCHOBOM CTanu YCKOPEHHOEe pa3BuTME TpaHcnopTa
(cTpONTENBCTBO XenesHbIX LOpOor, MapoBoe CYLOXOACTBO), poXAeHue Mexa-
HU4YeCKOro NPon3BOACTBA BO BCEX OTPACNAX Ha OCHOBE NapoBOro ABuratens.

Tpemebs gosniHa (1880 — 1940 rr.): ee pe3ynbTaTtoM CTan TpeTUn TEXHO-
NOrnM4YeCcKnn yknag, oCHOBOW KOTOPOro cTanu npMMeHeHue B NPOMBbILLSIEHHOM
NPOU3BOACTBE 3AMEKTPUYECKON 3HEPrnKn, pasBuUTUE TSXKENOro MallnHOCTpoe-
HMA W 3MNEKTPOTEXHUYECKON MNPOMBILLSIEHHOCTM HA OCHOBE MPUMEHEHUS
CTasflbHOro NpokKarta, HOBble OTKPbITUA B XUMUW. Bbinn BHeapeHbl B XU3Hb pa-
AnocBsa3sb, Tenerpad, aBTOMOOUNW. BO3HWUKNKN KPYMHble OUMPMbI, KapTenwu,
CUHOMKaTbl U TpecTbl. B 9TOT nepuoa Ha pbIHKe rocrnogcTsoBasiv MOHOMOMUK
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N CTPEMUTENBHO Hayana pacTu KOHUeHTpauus 6aHKOBCKOro U ¢omHaHCOBOro
Kanutana.

Uemeepmas sosiHa (1930 — 1990 rr.): ee pesynbTaTOM CTas YeTBEPTbLIN
TexHonornyecknn yknag. OCHOBOW €ro ctanu ganbHenwee pasBuUTUE SHEpP-
reTUkM C MUCNonb30BaHWEM YyrnesoaopoaoB (HedTM N HeddTENPOaAYKTOB, ra-
3a), CpeAcTB CBSA3W, HOBbIX CUHTETUYECKUX MaTepunasnoB. 3TO Nepuos Macco-
BOro NpPOW3BOACTBA aBTOMOOWNEN, TPAKTOPOB, CaMOJSIETOB, PasfiNYHbIX BU-
A0B OpYXMsi, TOBAapOB HAapOAHOro notpebreHus. Nossunmcb U MaccoBo pac-
NPOCTPaHUIINCL KOMMbIOTEPLI (BOnblUMEe W HaCTOSMbHbIE) U NPOrpamMMHbIE
NpOAYKTbl AN1s HUX, padapbl. B BOEHHbIX M NO34HEe B MUPHbLIX LIESsiX UCMOfb-
3yeTcsa 3Heprusa atoma. Ha ocHoBe KOHBEWEPHOM TEXHOMNOrmm co3gaHo mac-
COBOE MPOU3BOLCTBO pasHbiX TOBapoB. Ha pblHKe rocrnoacTByeT KOHKYypeH-
UMS, BO3HUKMIN TPaHCHAUMOHAsbHbIE U MeXHaLMOHanbHble KOMMNaHUW, KOTO-
pble OCYLLLECTBASNN NPSMbl€ MHBECTULMN B PbIHKM PasfnYHbIX CTPaH.

lMamas eonHa (1985 — 2035 rT.): ee pe3ynbTaToM cTasn NATbIA TEXHOMO-
rmyecknn yknag. OCHOBOW ero ctanu AOCTMXKEHUS MUKPOINEKTPOHUKWN, WH-
dopmaTukn, BUOTEXHOMNOIMIN, TEHHOW UHXEHEPUN, HOBbIE BUAbI 3HEPrMN, Ma-
Tepuanbl, OCBOEHNE KOCMUYECKOro MPOCTPAHCTBa, ChyTHMKoBas cBA3b. Co-
BepLlaeTcsa nepexoq OT pa3pO3HEHHbIX PUPM K €OUHON CETU KPYMHbIX N Mef-
KNX KOMMNaHWUN, COEOVHEHHbIX Ha OCHOBe VIHTepHeTa 9NeKTPOHHOW CeTbIo.
OHM peanu3oBbIBalOT TECHOE B3aMMoOAeNCTBME B 0611acTU COBPEMEHHbIX
TEXHONMNOMM, KOHTPONS KayecTBa NpoayKuuu, nriaHupoBaHWa MHHoBauun. K
afieMeHTaM CerogHsa AeNCTBYHOLEro NATOro TeXHONOrMYeCcKoro yknaga oTHo-
CAT TakMe OTpachnu: dNeKTPOHHAs MPOMbILLSIEHHOCTb, BblYUCIIUTENbHAsS TeX-
HWKY, NporpaMmmHoe obecneveHne, aBnauMOHHASA MPOMBbILSIEHHOCTb, Tene-
KOMMYHUKaLMnN, MHGOPMaLMOHHbIE YCNyrn, Npou3BOLACTBO U NoTpebneHue
rasza. OcHOBOM pas3BUTUSA yKNaga CTAHOBATCA OMOTEXHOMOrMu, KocMuyeckas
TEXHUKY, TOHKasi XUMWUS, MUKPOINEKTPOHHbIE KOMMOHEHTbI, POBOTOTEXHMKA.
Krto4eBbiMM NpenmyLLiecTBamMm 3TOM0 TEXHOMOMMYECKOro ykrnaja B cpaBHe-
HUM C YETBEPTbLIM YKNaaoM SIBAAITCA Takue: nHamesmayanmsaumsi npon3Boa-
cTBa 1 NOTpebneHnsa, JOMUHUPOBAHUE IKOSTOrMYECKMX OrpaHUYeHnin Ha aHep-
ro- u matepuanonoTpebneHne Ha OCHoBe aBTOMaTM3auMm MPOU3BOLCTBA,
pasMelleHne pasHbIX MPOU3BOACTB U HAcesleHUs B MarblX ropogax Ha OCHO-
BE HOBbIX TPAHCMNOPTHbIX U TENEKOMMYHMKALNOHHbBIX TEXHOMOMMI N Ap.

CerogHa MUp HaxoauTCSA Ha Nopore wecmoa20 mexHOI02U4eCcKo20 YK-
s1ada. Becb Mmmnp cenvac BctynaeT B Hero. 1o gaHHbIM aMepUKaHCKUX aKkcnep-
TOB N PasfiMyHbIM OLlEeHKaM, 3TO Npou3onaeT B pa3BuTbix cTpaHax B 2014 —
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2018 rogy. OuepTaHus 3TOro TEXHONOMMYECKOro yknaga TOSIbKO HayuHakoT
dopMmnpoBaTbCa B pas3BUTbIX CTpaHax Mupa, B nepsyto oyvepedb B CLUA,
AnoHun n KHP. Nx xapaktepusyoT HaueneHHOCTb Ha pa3BuTue U npumeHe-
HWEe HaYKOEMKUX «BbICOKMX TexHomormmy». OCHOBOM LuecToro yknaga 6yayt
OMOTEXHOMOrMN, MUKPO- U HAHO TEeXHoslorMmM, poboToTexHWKa, HOBad mMeau-
LUWHA, noriHomacliTabHble TEeXHOMOormm BUPTyanbHOW peanbHOCTU, HOBOE
npupoaononb3oBaHne. ITO TEXHOMNOMMYECKUN yKIad CTPOUTCHA Ha TakuUX Ha-
npaBneHnsx pasBuUTUS, Kak rnodanbHble NHPOPMaLMOHHbIE CETU, anbTepHa-
TMBHas 3HepreTuka. PoxageHue v pa3Butne TEXHOMOMMN 3TOro yknaga npowuc-
XoOuT yxe B TedeHue npumepHo 20 net. Ha nepenosble nosuumm cendac
BbIXOOAT MUKpOMeEXaHWKa, BMOTEXHOOrMnN, HaHOTEXHOIOMMN, MeMOpPaHHbIE U
KBAHTOBbIE TEXHOMOrM1, reHHas WHXeHepuda, (OToHMKa, TepMosaepHas
SHepreTuka. [JOCTXKEeHUs Ha 3TUX NepefoBblX HaNpaBlieHUAX pPasBUTUS Hay-
KN, TEXHUKU U TEXHOSOMMN LOSMKHbI NPUBECTU K CO3L4aHUI0, Hanpumep, KBaH-
TOBOIO KOMNbIOTEPA, NCKYCCTBEHHOIO UHTENNEKTa U B KOHEYHOM c4éTe obec-
neyaT BbIXOA Ha Ka4eCTBEHHO (MpMHUMNNANbHO) HOBLIN YPOBEHbL B CUCTEMAX
yrnpaBneHus obLecTBoM, 3KOHOMUKOW N rOCYy4apCTBOM.

4.2. BakyyMm. BakyyMHbIe TeXHONOrmu

OCHOBHbIEe NOHSATUSI O BaKyyMme.

Bakyym (OT nat. vacuum — nycTtoTa) — 3TO MaTepuanbHasi cpefa, B KO-
TOPON COOEPXUTCA ras nNpu AaBreHUsIX CYLLECTBEHHO HUXE aTMOCHEPHOro.
Bakyym xapaktepusyloT COOTHOLIEHMEM MeXay ANMHoM cesoboaHoro npobera
MOIieKyn rasa A n xapakTepHblM pasmepom npolecca d. B 3aBucumocTtu ot
BESNIMYMHbBI COOTHOLWEHNA A/d pasnuyatot: 1) Hu3kmin (Md << 1); 2) cpegHui
(AMd ~ 1); 3) Bbicokun (A/d >> 1) Bakyym. BakyymOM Ha3biBalOT N COCTOAHUE
rasa, Ang KOToporo cpefHsis anvHa npobera ero Monekysn cpaBHMMa C pas-
Mepamu cocyaa unu 6onblue aTUX pasmepos.

B Hayke pasnuyatoT MOHATUS (PU3MYECKOro Bakyyma U TEXHUYECKOro
BakyymMa. Ha npakTuke CUMbHO paspeXeHHbIN ra3 HasblBalT MexXHUYeCKUM
gakyymom (ra3s B Nobom cocyae ¢ JaBreHneM HUXe, YeM B OKpyXKatoLlen aT-
mMocgoepe).

TexHnyeckne ycTpomcTBa, KOTOpble MPUMEHSIOTCA AN LJOCTUXKEHUS U
nogaepxaHus Bakyyma, HasblBalT 8aKyyMHbIMU Hacocamu. OBbIYHO HU3KO-
BaKyyMHbIA HAcOC pacrnonararT Mexay aTMocqepHbIM BO34YXOM U BbICOKO-
BaKkyyMHbIM HacocoM. C ero nomoLlbl co3galoT npenBapuTenbHoOe paspe-
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XEeHune rasa, NoSTOMY HU3KUN BaKyyM HasbiBalOT popBakyymoMm. B npouecce
AanbHeunwero NoOHWXeHNa aaBfeHnsl B Kamepe, pacTeT cpeaHss AfnnHa CBO-
bogHoro npobera A monekyn rasa. pu A/d >> 1 mMonekynbl rasa yxe He
ctankusatTcs gpyr ¢ gpyrom. OHM cBODOAHO nepemeLlaloTcs MexXay CTeH-
KamMu 1 B 3TOM Clyyae roBopsiT 0 8nicokom eakyyme (107> Topp) (1 000 mo-
nekyn Ha 1 cm®). [laBneHue rasa B CBEpXBbICOKOM Bakyyme cocTasnsieT 107°
Topp n Huwxe. B cBepxBbICOKOM Bakyyme, Harnpumep, obblMHO NpoBOOATCHA
9KCNEPUMEHTbI C UCMNOSIb30BAaHNEM CKaHMPYHOLLEro TYHHEbHOro MUKPOCKONa.
3amMeTuM, YTO B KOCMOCE [JaBlieHNe Ha HEeCKOJSIbKO MOpsSAKOB HUXe, B Adalb-
HeM e KocMmoce 1 BoBce MoxeT gocturate 107°° Topp 1 MeHbLue (1 Moneky-
na Ha 1 cm®). B npupoae BcTpeyaeTcsi M NOHOe OTCYTCTBME MOSIEKY.

Kpome BakyyMHbIX HAaCOCOB Ans NOrfoWeHNsa ra3oB N CO34aHnsa Heob-
XOOMMOW CTEMEHU BaKyyma MCNomnb3ylTcs eemmepbl: B HebonbLMX 00be-
Max BbICOKMW BaKyyM MOJSlydaloT MyTEM XMMMUYECKOW CBA3W MOJSEKYS rasa c
NoBepXHOCTbIO MaTepuana. OBbbIYHO Takas peakuumsi NpoTeKaeT Npu BbICOKUX
TemnepaTypax ¢ MaTepuanom, HasblBaeMbIiM reTTepom. [eTTepbl LUMPOKO UC-
MONb3YKTCA B 3MEKTPOBaAKYMHbIX Npubopax Arfis Co34aHnsA BbICOKOrO BaKyy-
Ma ¥ noggepXaHus ero B npouecce akcnnyatauuu npubopos. B kayectse
ncnapsiemMoro reTtepa vaile Bcero npuMeHsaT bapuin, KOTOPbIM HarpeBaroT U
MCNapsitoT C NOMOLLIbIO TOKOB BbICOKOM YaCTOThbl B 9N1eKTPOBaKyyMHOM npubo-
pe nocrne ero oTnamkm oT oTKadmsarLlero yctponcrea. Ocaxaascb Ha CTeH-
Kax, rettep obpasyeT NnéHKy, KoTopasi CBA3bIBAET OCTaBLUMECH NOCIe OTKau-
KM Monekynbl rasa. Hanér, obpa3oBaHHbI reTTEPOM, MOXHO yBUOETb Ha
CTEHKax BaKyyMHbIX flammn Uin KNHECKOMOoB.

TepMyH 8aKyyMHass mexHUKa siBNsieTcs bonee LWMPOKUM U BKOYAET B
ceba Takke npubopbl ANS U3MEPEHUA N KOHTPOSIS Bakyyma, MaHUnynuposa-
HUA OOBbEeKTaMM WM BbINOSIHEHUS TEXHOSOrMYECKNX onepaunin B BaKyyMHOM
Kamepe, N T. 4.

BbicokoBakyyMHble HAcOCbl NPeacTaBnsaloT COBON CNOXHble TeXHUYe-
CKne npunobopsl.

OCHOBHbIe TUNbI BbICOKOBAKYYMHbIX HAacocoB: 1) duggy3uoHHbIe —
OCHOBaHbl Ha YBlEYEHUM MOSIEKYST OCTATOYHbIX ra3oB NOTOKOM paboyero ra-
3a; 2) eemmepHble — OCHOBaHbl HA BHELPEHUM MOJIEKYST ra3a B retTepbl (Ha-
npumep TutaH) n 3) KpuocopbyuoHHbIe (B OCHOBHOM AN co3faHus opea-
Kyyma).

Bakyym obnagaet MHOrMMW MONE3HbIMM CBOWCTBaMM, KOTOPblE Haxo-
AAT NPUMEHEHNE B pasnmymnsx ob6rnacTax Haykn U TEXHUKN.
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Hanpumep, B Bakyyme pe3Ko CHUXaemcs XumMuyeckash akmueHOCMb
Kucriopoda 8 rpouecce OKUC/1eHUs Memarisios.

[Mpn o4YeHb BbICOKMX CTEMEHSX pa3pexeHusi Bo3ayxa NOBEPXHOCTU Ten
OCTalOTCH YNCTbIMU B TEYEHME HECKOSTbKMX YacoB, YTO NO3BONSET NPOBOAUTL
NX uccrnegoBaHue.

B ycnosusx Bakyyma pasnuyHble 4YacTuubl MOryT npoxoauTtb 6e3
CTONKHOBEHUN BonbluMe paccTosHuA. Takad 0COBEeHHOCTb Bakyyma NO3BO-
NAeT yrpasesisimb ¢ MOMOWbIO 3/IEKMPUYECKUX U Ma2HUMHbIX roned osuxe-
HUEeM 3apsi)KeHHbIX Yacmuy, — 9NEKTPOHOB, MOHOB N NPOTOKOB, YTO OCYLLECT-
BNAETCS B YCKOPUTENSX 3apsiKEHHbIX YacTul, 3MEKTPOHHbIX MUKPOCKOMax,
KMHEeCKomnax TerieBuM3opoB M OpYyrov dnekTpoHHoM annapartype. [1ockoribKy
pacnpocTpaHeHue 3ByKa, TEnso M MacconepeHoc 3aBUCAT OT NAOTHOCTU ra-
3a, TO C YMEHbLUEHMEM [aBfeHUs YKasdaHHble SBfIeHUS CyLeCTBEHHO ocnab-
naTcs. Ha aToM npyHUMne ocHoBaHa TepMOU30SSaLmMS B TEPMOCE.

Bakyym ucnonbayetca e nuuwieeol rnpombiwneHHocmu 0ns cybrnuma-
UUOHHOU CywKuU rMpo0yKmMos, YTO NO3BONSET COXPaHUTb B HUX Bonbllee Ko-
NNYECTBO NOJSIE3HbIX BELLECTB, YEM Npy OObIMHON CyLLKE.

B 3aBMCMMOCTU OT NpMMeEHEeHUs BakyyMa M crnocoboB ero nonyyeHus

BeCb [Mana3oH OOCTMXMMbIX BEMUYMU paspexeHns OenaT Ha HEeCKOSbKO
nogavanasoHoB (tabn. 4.1). Obnactu NnpyumMeHeHNs Bakyyma NpuBeOeHbl B
Tabn. 4.2.

Tabnuua 4.1
MpaHMLbl NOAAWAaNa30HOB BaKyyMa
[laBneHune, lNa HasBaHne nogavana3oHOB Bakyyma
10° - 10’ Huskuin Bakyym
10" - 1072 CpenHuii Bakyym
10-2 - 107° BbICOKWI BaKyyMm
10° =107 CBepXBbICOKMIi BaKyyM

Moo gbusuvyeckum eakyymMoM B COBPEMEHHOM €CTECTBO3HAHWM MMOHMU-
MatoT MOSTHOCTBLIO NULWIEHHOE BELLEeCTBa NPOCTpPaHCTBO. KBaHTOBas Teopus
nons yTBepXaaeT, YTo B COrfiacum ¢ NpUHUMNOM HeonpeaenéHHoCcTH, B doun-
3M4YECKOM BaKyyMe MOCTOSIHHO pOXOAlTCa N McYe3aloT BUPTYarnbHble YacTu-
Lbl: MPOUCXOOAT Tak Ha3blBaeMble HyreBble kKonebaHmna nonen.
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[aBHbIN CMbICINT HOBEULLUNX MWUPOBLIX OTKPbLITUA TakKoB: BO BCEJIEHHOW
AOMUHUPYET (PU3NYECKNN BaKyyM, MO MIOTHOCTU SHEPrUM OH MNPEBOCXOAUT
BCe 0OblYHble POpMbl MaTepun BMecTe B3ATble. XOTb BaKyyM 4valle BCero
Ha3blBAlOT KOCMWYECKUM, OH MPUCYTCTBYET BCHOAY, MPOHM3bIBAs HACKBO3b
BCE MPOCTPAHCTBO N MaTeputo. Pn3nyecknin Bakyym ABMSETCA CaMblM 3HEpP-
rOeMKuMm, B MPAMOM CMbICIIE€ CNoBa HeucyepnaeMblM UCTOYHUKOM XXU3HEHHO
Ba)XHOW, 3KOMOIMMYECKN YUCTON dHeprum. Pnsmyecknn Bakyym — 910 eguHoe
9HEepPro-nHopmMaLUnoHHOE Nosie BCESIEHHOMN.

Tabnuua 4.2

Ucnonb3oBaHue Bakyyma B Hayke U TeXHUKe

[aBneHwue, O6nactn npumeHeHns
10° - 10’ [Mpecchbl n NnogbEMHbIE MeXaHM3Mbl. BakyyMmHoe dpopmoBa-
HVe
10° - 10 BakyymHas nnaBka
10°-10° M3roToBRneHne TOHKNX MNEHOK
1-10" BakyymHoe obesraxvBaHue B nevax.
10°-10° OneKTpoHHas MUKPOCKOMUS.
107"'- 10" OreKkTpoBakyyMHble Npubopsl.
102- 10° doTOIMUCCHS
10*- 10" TexHonorns NonynpoBOAHNKOB.
10— 107 Yckoputenu YacTu
10°- 107" MogenmpoBaHue yCroBuil B KOCMOCE.
107- 107" VlccnenoBaHue NOBEPXHOCTE

B coBpemMeHHON bu3MKe cknagbiBaeTcs NPUHUUNMANbLHO HOBOE Ha-
npaBneHne Hay4Hblx uccnegosaHuin. OHO CBA3aHO C U3y4yeHMEM CBOWCTB U
BO3MOXHOCTEN (PU3NYeCcKoro Bakyyma. OTO HayyHOe HarnpaBfieHMe CTaHO-
BUTCS rocnoacTBYOWUM, a pedynbTaTbl UCCNeaoBaHnn, BHeAPEHHbIE B Npu-
KnagHblx cdepax cnocobHbl poauTb NepenoBble NPOPbIBHbIE TEXHOMOMMN B
HepreTuke, SNEeKTPOHUKE, KONOrMn 1 T. 4.

Pasmep aTtoma, KOTOpbIN BXOAUT B COCTaB TBEPLAOro Tena, CyLlecTBeH-
HO MeHblue nboro M3BecTHOro B nNpupoge npeameTra, O4HAKO OH 3Ha4vn-
TenbHO Gornblle pa3mMepa sapa, PacnosioKeHHOro B LeHTpe aTtoma. B agpe
COCpefoTOYEHO MOYTU BCe BELLEeCTBO atoma. A Mexay 9neKTpoHamu U

128



A4POM MMeeTCcHa rpoMagHoe NPOCTPaHCTBO, KOTOPOE He 3aroflHEHO BeLllecT-
BoM. OQHako 9TO NPOCTPaAHCTBO He MNyCcToe, 3TO OCoObIn BuO MaTepumn —
dom3nyecknn Bakyym. BbIxoguTt, 4TO gaxe BHYTpU TBEPAOro MU MacCUBHOIO
npeamMeTa BakyyM 3aHMMaeT Hem3mepumo borbluee NpoCTPaHCTBO, YEM Be-
LLIeCTBO.

B coBpemMeHHOM Hayke YCTaHOBMEHO, YTO B OCHOBE MNPOUCXOXOEHUS
BellecTBa NeXnT matepmarnbHaa cybcTaHUus Bakyyma, U BCe CBOWCTBA Be-
LLleCTBa onpeaensanTcs cBOMCTBaMN (ON3NYECKOro Bakyyma.

4.3. HaHOMUpP U HaHOTEeXHOJornmn

NMoHATUE MUKPO M HaHOTexHosorun. CoBpeMeHHble HAHOTEXHOJSO-
rmn.

Bo BTOpon nonosmHe XX B. BGbISI0 MONOXEHO Hayano OCyLeCTBNEeHUs
psaga OOSITOBPEMEHHbIX Hay4dHbIX nporpamm. VX BaKHOCTb 0N pasBUTUSA
Haykm n onga obuiectsa B LENTIOM HECOMHEHHA. OHM BbIMOMHAKTCA U B Ha-
cTtodwee Bpems. Cpean HMX — nporpaMmma uccnegoBaHust kocmoca. Obbe-
AVHEHHbIMU YCUNUSMU HaY4YHbIX KOMSIEKTUBOB PasfMYHbLIX CTpaH Mupa Ans
N3y4yeHnsa kocMmoca (Kak OnuxHero, Tak 1 oTAaneHHbIX yronkos BeceneHHown) B
pesynbTaTe peanusauuMm 3TOM NpOrpamMmmbl yXXe yaanocb cosfaTb YCreLwHo
PYHKUMOHNPYIOLLYIO MEXOYHapOOHYH KOCMUYECKYH CTaHUWUIO, UCMONb3ys Ha
Hen HoBewwee obopyaoBaHMe U T. A. Takon nNporpamMmon SIBAAETCHA Takke
rpaHgMo3Has no 3ambiCily M Mo obbemam maTtepuanbHbiX U UHAHCOBbLIX
BNOXEHUN MexayHapoaHas nporpamma «l'eHom 4venoBekay». Kak nM3BecTHO,
ee uenb 3akni4yaeTca B paclumM@poBKe reHHOro koga 4denoseka. [lapan-
nernbHO peanuayrTcs NporpaMmbl «[ €HOMbI XXMBOTHbIX». YCNELWHO OcyLecT-
BATCA pAL MeXAyHapoOHbIX 3KOMOrMYecknx MnporpamMmm, MHoOrve MexayHa-
poaHble nporpaMmbl MOHUTOPMHIA 06bEKTOB nMpupodbl U T. 4. B nocnegHue
rogbl Ha OCHOBE eAMHCTBA Haykm U TEXHWKWU Mnoslydymna ObiCTpoe pasBuTue
OYeHb MEPCNEKTUBHAA U MPaKTUYECKM BaXKHEWLIad HayvHas nporpamma —
«Pa3BuTne HaHOTEXHOMNOIMMNY. YXe HbIHELLHME ee OOCTMXKEHUA BnedaTnsio-
LLKEe, U N0 MHEHUIO MHOMMX YYEHbIX, peanu3aunsa 3Ton nporpaMmmbl NnpueBeaeT
o0LecTBO K cneayrowen NpoMbILLIIEHHON peBontounn. HassaHme aTon npo-
rpaMmMbl OTpaXaeT ee NPUKIagHOM XapakTep.

YTO e 9To Takoe — HaHoTexHonorm? Mcnonb3yoT NOHATME HaHOTEX-
HOMOMMK B LULMPOKOM U Y3KOM CMbICIIE.

129



B cooTBeTCTBUM C WUPOKUM oripedesieHUeM HaHOmexHos102us npea-
cTaBnsgeT cobon COBOKYNHOCTb METOOOB U MPUEMOB, NMPUMEHEHUE KOTOPbIX
obecrneymBaeT BO3MOXHOCTb co3faBaTb U MoanduumpoBaTb 0ObEKTbI (KOH-
TponupyembiM oBpasom), KOTopble BKOYAOT B ce0s1 KOMMOHEHTbI C Xapak-
TepHbIMK padmepamn meHee 100 HM KU MMEKT NPUHLMNUANBLHO HOBLIE Kade-
CTBa, MO3BOSIAOT peann3oBbiBaTb UX MHTErpaumio B MNOSTHOLEHHO (PYHKLMO-
HUpYyoLLME cUCTEMbI DonbLlero maclutaba.

B cooTBeTCTBUM C y3KUM orpedesieHuUeM HaHOMmexHos102usi npeacras-
naeT cobon KOHCTpyMpoBaHMe BeLlecTBa METOLOM CHU3Y BBEPX, C NMPUMEHe-
HMEM HaHOpPODOOTOB.

K HaHOTEXHOMOMMAM MPUHATO MPUYNCNATL NPOLLEeCChl N OOBbEKTLI C Xa-
pakTepHbiM pa3mepoM oT 1 oo 100 HM. BepxHsasa rpaHuua HaHoobnactu co-
OTBETCTBYET MUHMMArbHbIM 3fieMeHTaM B 605bLUMX MHTErpanbHbIX cxemax,
KOTOpblE€ LIMPOKO NPUMEHSAIOTCA cendac B MOJSTYNPOBOAHUKOBOM U KOMIbIO-
TepHoW TexHuke. Paamep HWXHen rpaHuubl B 1 HM (1 BONK3M Hero) obycnos-
NnMBaeTCHa TeM, YTO OH ABNAETCHA XapaKTepHbIM N9 OTAENbHO B3ATLIX MOrle-
Kyn. OTMeTum, 4To paguyc ABonHon cnnpanu monekynsl [JHK paBeH 1 HM, a
MHOrne Bupycbl UMetoT pasmep okosio 10 HMm.

HaHomexHooauss — apxumekmypa Ha MOJIEKYIIsipHO-amoMHOM ypOo8-
He, no3eongawwas BolpabotaTb PYHKLUMOHASbHbIE COEOMHEHUS N ANTIEMEHTbI
HeobbIYHO MarbiX pa3mMepoB, 3TO NPOM3BOACTBEHHAsA TexHonorna éyayulero,
obecneumBatowass Hegoporne cpencrTea Ansa NOSIHOMO KOHTPONS Hag CTPyK-
TYpOW BeLlecTBa.

TepMnH «HaHomexHonoausi» 6ein npegnoxeH B 1974 r. ANOHCKUM UC-
cnepoBaTenemM TaHuUrydm gna onncaHums TEXHOSTOrMYECKMX MpoLeccoB, one-
pupytowmx yactuuammu pasmepom ot 0,1 go 100 HMm.

B yem cocTouT oTniMumMe HaHomMupa OT HaHOTeXHosormn? Yacto nytaroT
HaHOMMP C HAHOTEXHOSTOMMAMN, MUKPOMUP C MUKPOHaAMW U T. 4.

Mukpomup — 3mo mup Mukpoobbekmos. K MMKpoOMUpPY NPUYUCHSAIOT U
XMBble KINETKM (C X MUKPOHHbIMM pa3MepamMn), N aToMbl (C UX aHICTPEMHbI-
Mu, — 1077 m, paamepamu) a Take sigpa aToMOB (MX pasMepbl M3MepSIoTCS
dbemtomeTpamu, — 107"° m). MoOHSATME HAHOMEXHOI02UU OMHOCUMCS UMEHHO
K MUKPOMUPY, HECMOTPSI Ha TO, HaHOMeTpbl — aTo 10 meTpa.

A 4TO Xe npeactaBnsetr cobon HaHoOMUpP? HaHOMUp — 3TO MUKPO-
MUKpomMup. B coBpeMeHHON om3nke nonaratoT, YTO Cmpykmypa HaHoMmupa —
9TO CTPYKTypa pagnoadupa Papages — Makcsenna. OneMeHTbl 3TON CTPYK-
Typbl obnagatot paamepamu 10°%° M, T.e. Ha 25 NOPSOKOB MEHbLLE aToMa BO-
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aopoaa. TexHonorven HaHoMupa SABRseTcs raHk-mexHomnoaus (plank-
technology), nockonbky peyb MOET O NIAHKOBCKUX pa3Mepax 3fIEMEHTOB pa-
avoacupa (107%° m).

[MoAoBHO LWIMPOKO MPUMEHSEMBIM B HaCTOsILLEE BPEMS MUKPOTEXHOSIO-
MAM B HAHOTEXHOMOMMSX OMNepUpyryT BennYMHamu nopsiaka HaHOMETpa,
MMEIT AeNnio C BeSIMYMHAMK, KOTOpble B COTHM pa3 MeHblUe ASIMHbl BOSHbI
BMOMMOrO CBeTa U CONoCTaBUMbl C padMmepamu atomoB. o aTon npuydnHe
nepexoq OT «KMUKPO» K «HAHO» SABNAETCS Ka4YeCTBEHHbIM, a HE KOSIMYECTBEH-
HbIM NepexoaoM. ATO Nepexon OT MaHUNyNAUMA BELLECTBOM K MaHUNYNALM-
M OTAEeNbHbIMX aTOMaMMU.

B kBaHTOBOM (hU3MKe NPOLUSIOro CTONETUS NpU U3y4YeHUM OOBLEKTOB
MUKpOMUpa onepupoBanu (MaHunynMpoBanu) 6onbllen YyacTblo NX MaTemMa-
TUYECKUMN MOaENAMN.

B HacTosiee Bpems ydeHble MOryT HemnocpeacTBEHHO OnepupoBaTtbhb
(MaHMnynupoBaTb) OObEeKTamMuM MUKpOMUMpA: co3daBaTb WUCKYCCTBEHHO MUK-
pPOO6BLEKTLI, NPOBOAUTE C HUMWU pasfnyHble NepemMeLLeHnsa B NPOCTPaHCTBe,
TO ecTb paboTtaTb Takum obpasom, 6yaTo Mbl MMeeM AEN0o C NPUBbLIYHBIMU
HaM MakKpooOBbEKTaMM.

lNpakmuyeckasi HaHomexHomnoausi pogunacb B 1981 r. ¢ n3obpeteHus
CKaHUpyruw,ea2o myHHesrlbHo20 MUKpockorna. C ero NOMOLLBbID MOXHO nepe-
MeLwaTb OTAeNbHbIE aTOMbl M MONEKYNSApHble dparMeHTbl B 3apaHee orpe-
AeneHHble MecTa. JTO NO3BOMNSIO OCYLECTBUTL NpOrpaMMmpyemMmoe atToMHoe
NMMCbMO — NEPBbIN HAHOTEXHOSOIMYECKMIA NpoLecc cobupaHna aTomMoB B Ha-
HOpa3sMepHbIE «KYYKN» N BbICTPaMBaHUM UX B COOTBETCTBUN C 3aaHHbIM pU-
CYHKOM.

HoBble NOHATUSA: K8AHMOBbIE MOYKU, K8AHMO8bIe OUrosiuU, K8aHMOo8bIe
MPOBOJIOKU — OTHOCATCS K KBAHTOBbLIM MHTErpanbHbiM CXeMaM HaHopa3sMmep-
HbIX KOMNblOTEPOB Byayliero. OgMHOYHbIE K8aHMOBbkIe MOYKU, 0Bpa3oBaH-
Hble rpynnon aToMOB M fOKann3oBaHHbIE B 3aJaHHOM MeCcTe OCHOBHOMW MarT-
puubl, cobupaloT B BUOE MPOBOJIOKU, U3 KOTOpon aanee phopMupytoT nose-
Bbl€ mMpaH3ucmopkl U NPOCTENLLUNE NHTErparibHble CXeMbl — HelpOHbI, pabo-
TaloLlme 3eMEHTbl KBAHTOBbLIX KOMMbIOTEPOB.

B HacTosllee BpemMs B Hay4YHbIX M TEXHOMNMOMMYECKMX LEHTpax Hallen
nfaHeTbl HAHOTEXHOMOMK, BbICTYyNaloLWNe B Ka4eCTBE TEXHOMOMMM NU3roToB-
NEHNA CBEPXMUKPOCKOMUYECKUX KOHCTPYKUUA U3 MeNbYanumx matepuarb-
HbIX YacTul, pa3BMBalOTCA B OCHOBHOM MO TakUM HanpaBfeHUsiM:
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1) U3roTOBIIEHNE CXEM 3NIEKTPOHUKM (BKITOHaA O0ObeMHbIE) C aKTUBHbI-
MU 3rieMeHTaMu, BeNnYnHa KOTOpbIX NopsaaKka pasMmepa cpeaHen Mosiekynbl;

2) paspaboTka M MU3roToBfieHNe HaHOMalUWH, TO €CTb MeXaHM3MOB WU
poBOTOB TAKOro e pasmepa;

3) HenocpeACcTBEHHAs MaHMNyNAaAUns atoMamMm U Mornekynamm n cbopka
N3 HUX BCETO CyLLero.

10 9TOM NPUYMHE OHU KaXXYTCS OYEHb NEPCMNEKTUBHBbIMU N9 NONyYeHUs
HOBbIX KOHCTPYKLUWOHHbIX MaTepuanos, NosynpoBOgHMKOBbLIX NpMbBopoB, yCT-
POMCTB ANsa 3anucyn nHopMauum, LeHHbIX hapMaleBTUYECKMX npenapaTos
n 1. A. PasButne HaHOTEXHOMNOMMMU MOXET NMPUBECTU MUP K HOBOW TEXHOJIOIM-
YeCKOW peBOIOLNN U CYLLLECTBEHHO U3MEHUTb cpeay obutaHna nogen.

B HaHOTexHonormax Haxogat obbegnHeHne Bce TeXHUYecKue npouec-
Cbl, KOTOPbIE M3Yy4alOTCA B PasfnUYHbIX €CTECTBEHHbIX Haykax U CBA3aHbl He-
NOCPEeACTBEHHO C aTOMaMu U MOSeKynamu. OTo XxapakTepusyeT Mexancumn-
NMMHApPHbBIA XapaKkTep HOBOro HanpasfieHUs B Hayke U ecTeCTBO3HaHuW. Pas-
BUTUE HAHOTEXHOSOMMN BMECTe C PALOM OPYIrUX MeXOUCUMMINHAPHBIX HayY-
HbIX HanpaBfiEHUN B €CTEeCTBO3HaHUWN (CUHepreTuka, KnbepHeTuka, cUcCTem-
HbI METOA) BbICTyNaeT Kak O4YeHb LIEHHOEe HayyHoe Hacrnegue npoLusioro
CTONETUA, KaK CBA3yloLee 3BEHO, KOTOpoe obecneymBaeT NpeeMCcTBEHHOCTb
Hay4YHbIX HanpaBfeHNN B COBPEMEHHOM €CTECTBO3HAHUM.

B Hawe BpemMsi HAHOTEXHONOrMM OYeHb ObICTPO U LUMPOKO BXOAAT B
Hawy XM3Hb. Hanpumep, obbiAEHHLIM B HEKOTOPbLIX 00NacTaX NPOMbILUSIEH-
HOCTW cenyac cTan HaHOTEXHONMOMMYECKUN KOHTPOIb U34eNUA U MaTepmarnos
Ha ypoBHe aTomoB. K npumepy, npounssoactso DVD-gmMckoB HEBO3MOXHO 6e3
HaHOTEXHOSOrMYecKoro KoHTponsa martpuy. Cenyac B MPOMbILLMIEHHbIX YCT-
pPOMCTBaxX OYUCTKM MUTBEBOW BOAbl M MPU MOSTYYEHUM CBEPXYNUCTON BOAbI
OYEHb LUMPOKO NPUMEHSAOTCSA HAHOMUITbTPALMOHHbIE MeMOpaHHble PUnbT-
pbl, NO3BONAIOWME 3a0ePXKMBATb YacTULbl MOSEKYNISIPHOrO pasmepa. Peanb-
HbIMW CTanu KBaHTOBbIE TOYKM B TEXHOMOIMW MOSYyYEHUA NOoMynpoBOLHMKO-
BbIX MaTepunanoB (nx adpdektnBHoctb B 1 000 pa3 6onblue U3BECTHbLIX).
Cpeawn nocnegHux BaXXHENLINX HAHOHOBLLECTB MOXHO OTMETUTb:

¢ «HAHOTPYOKM» N «HAHOHUTUY» («HAHOBOMOKHAaY), KOTOPbIE COCTOSAT M3
6 070 moneKkyn, Kak HOBOe€ COCTOAHME MOBEPXHOCTU BellecTBa U Co3aHue
CBEpPXIEerkux Matepuarnos,

4 HaHo3epKano And fasepoB CO CBEPXBbLICOKOW OTpaatollen cnocob-
HOCTbIO;
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¢ aTOMHas urra — CBEepPXTOHKas urna, CyarwLlasca Ha OoCTpue MnouTu
Ao ogHoro atoma. C ee NOMOLLBIO U3yvaeT MOXHO M3ydaTb penbed nosepx-
HOCTW Ha MOSEKYNAPHOM YPOBHE (Kak aTOMHbIN LLyn);

4 HaHOPOOOTbI-MaHMMNYNATOPLI, KOTOPbLIE CO34al0T Pas3fNdHbIE NMOBEPX-
HOCTW NEPEHOCOM OTAEMbHbIX MOJIEKYT;

4 HaHoreHepaTopbl ANEKTPMUYECKOro 3apsiaa BHYTPU YeroBEYECKOro op-
raHM3mMa ansi AaNeKTponuTaHus MMNMaHTaToB;

4 CBEPXCKOPOCTHOM HaHo-Internet ¢ noTeHunanomMm yBenMYEeHNs CKOpO-
CTW B COTHWU pas;

¢ OMarHocTMKa KavyecTBa MULLEBbLIX MPOAYKTOB C NOMOLLLbK HAHOCEHCO-
poOB (KBAHTOBbIX TOYEK) ANS BbISABIEHNA ONACHbLIX XUMUYECKUX U Bruonoru-
YeCKUX 3arpsasHUTENen NULLEBLIX NPOAYKTOB;

¢ HaHorpaHynbl, KOTOpble BHYTPM 4YerioBe4ecKoro Tena [OCTaBndaloT
MONEKyNy NeKapCTBEHHOrO npenapaTta npsiMo K peuenTtopy (a He npocTo K
OpraHy-MuLLIEHMN), KOTOPLIN Takke ABNSAETCA MOSIEKYNION U OTBeYaeT 3a pea-
nn3auyuo r3nonorn4eckoro adodekTa;

¢ HaHOKO, TO eCTb MOJSIEKYSibl aHTUTEN, MMMOOUNM30BaHHbLIE Ha MNO-
BEPXHOCTU HAHOHUTEN ANS UAeHTUdMKAUUM aHTUIEHOB (YY>KEPOOHbIX Be-
LLIeCTB) MO UMMYHHOW peakuuu;

¢ HaHo4YacTULbl KOCMETUYECKOrO Kpema, npoxoasdiime yepe3 membpa-
Hbl KITETOK KOXW, ANs1 HACTOSALLLEro KNeTOYHOro NUMTaHus AepMbil.

OTO Oaneko He NOMHbIM NepeyYeHb UCNOMNb30BaHUS HAHOTEXHOMNOIMMA B
coBpeMeHHoM mupe XXI B.

UTO-TO M3 NepeymnCrieHHOro yxe Ctano peanbHOCTbIO, YTO-TO €lle Ha-
XoguTca B cTagumn gopaboTku. BaxHo, 4TO yxXe cendac Bce 310 paboTaeT u
NPUHOCUT OFPOMHYHO MOSIb3Y.

PasButble CcTpaHbl, NepexuBalome O4vYepeaHy TEXHONOMMYECKY —
y>K€ HAHOTEXHOSOMMYeCcKyo — peBoniouUnto, yaenstT ocoboe BHUMaHUE pas-
BUTUIO OBnotexa.

buomexHosioauu — 3TO TOT UHCTPYMEHT, C MOMOLLBbIO KOTOPOro MOoryT
ObITb pa3paboTaHbl NPUHUMNNANBHO HOBbIE NEPCOHMMULMPOBAHHLIE NEKap-
CTBEHHblE CpeacTBa, NO3BONAOLWME, KaK AeknapupoBan korga-to ['mnnokpar,
neuntb He 6onesHb, a 6onbHOro. OHM MoryT obecneynTb 340POBbE HaUUW,
e€ 6umobe3onacHOCTb, CTaTb HAAEXHbIM WCTOYHMKOM MNATEHTOCMNOCOOHbLIX
TEXHOMNOINMN.
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AnnoTtponua B npupoae u HaHomaTepuarbl

B okpyxatowien Hac npupoge pag XMMUYECKUX SNEMEHTOB CyLLEeCTBYeT
B BUAe ABYX 1 Boriee nNpoCThbiX BELLECTB, PA3fiMYHbIX NO CTPOEHUIO U CBOWUCT-
BaM. B eCTeCTBO3HaAHUN 3TO CBOMCTBO Ha3blBalOT asisiompornued (OT Ap.-rpev.
aAdog¢ — «apyrom», TpoTTo¢ — «CBONCTBO»). OHa MoxeT 6bITb 00ycnosreHa
obpasoBaHMeM MOSEKyn C pasnuyHbiM YMCIIOM aToMOB. [pyrmmu cnosamu,
annoTponusa — CyLLeCTBOBaHWE XMMWUYECKUX SIEMEHTOB B ABYX WUnn Oonee
MOMEKYISPHbBIX UMW KpucTannuyecknx copmax. Yauwle Bcero annoTponus
cBsizaHa ¢ obpa3oBaHMEM KPUCTanoB pasfiMyHbliX Mogudukaumn.

AnnoTtponamu saBnAKTCA 00bl4HbIA kKncnopog O, n 030H Oz; O, — Ku-
cnopog n O3 — 030H. Kucnopopn 6ecuBeTeH, He UMeeT 3anaxa, O30H Xe na-
Xyd, nmeeTt 6rnegHo-domoneToBbIN LBET, OH bonee 6akTepMunaeH.

Bopgopoa moxeT cyuiectsoBaTtbh B ABYX hopmMax (Mogudukaumsx) — B
BMAe opTo- U napa-sogopoda. B monekyne optoBogopona o-H, (temnepaty-
pa nnaenenus — 259,10 C, Temnepatypa kuneHumsa —-252,56 C) agoepHble
CMWHbI HanpaeneHbl OAMHAKOBO (MapanmnenbHbl), a y napasogopoga p-H,
(TemnepaTypa nnaeneHunsa — 259,32 °C, Temnepartypa kunenums — 252,89 C) —
NPOTUBOMOSIOXHO ApYr Apyry (aHTUnapannesbHbl).

Cepa BCTpeyaeTcs B ABYX KpUcTaninyeckmx moamukaumax: pomou-
Yyeckomn (a-S) n MOHOKNUHHOM (b-S); n3BecCTHbI MO KpaHen Mepe Tpu ee He-
Kpuctannudeckme opmel: I-S, m-S n puonetosas.

[ns docdopa xopoLo nayvyeHol 6enast n KpacHaa mogmukaummn, onm-
CaH Takke 4epHbln bocdop; npu Temnepatype Hmwxke — 77°C cywecTByeT
elle ogHa pasHoBMaHOCTb B6enoro docdopa. benbin bochop sooBuUT, cBe-
TUTCS B TEMHOTE, CrnocobeH camoBOCMNIIaMEHATLCS, KpacHbin hocdhop He-
S40BUT, HE CBETUTCS B TEMHOTE, caM no cebe He BOCnamMeHdaeTCs.

O6HapyxeHbl annoTponHble moaudukaumm As, Sn, Sb, Se, a npu Bbl-
COKMX TemnepaTypax — enesa n MHOrmx Apyrnx afieMeHToB.

Yrnepog — 3TO BELWECTBO C camMbiM OOMbLUIMM YMCIIOM annoTponuye-
CKnx mogudmkaumm (ux yxe obHapyxeHbl 6onee 8). AnnoTponHble moamdun-
Kauuu yrrnepoga no CBOMM cBoncTBaM Hauboriee paOukasibHO omiiuyaromcs
dpya om Opyaa, OT MSArKOro K TBEPAOMY, HENPO3PAYHOro K npo3padyHomy, ab-
Pa3nBHOMO K CMa3oYHOMY, HELOPOroro K JOporomy. 3Tu ansoTponbl BKIIO-
YyaloT amopdHble annoTponsl yrnepoga (yronb, caxa), Kpuctannmyeckme an-
noTponbl — HaHOTpybKa, anmas, noHcaaneut, dynnepeHsl, rpaput, 1 ue-
paduT (puc. 4.1). MoHocrnon rpaduTta npeacrasndeT cobon yxe oTaenbHoe
BELLECTBO — rpadpeH, KOTOpbIA, B NPUHUMMNE, TAKKEe MOXHO OTHECTU K anno-
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TPOMHbLIM dpopmaMm yrrepona, NOCKosrbKy OH obnagaeT yHuUKanbHbIMU On3n-
YeCKMMU CBOMCTBaAMMU.

Puc. 4.1. CxeMbl CTpOEHUA pa3nUyYHbIX Moaudmnkauumn yrnepoaa: a —
anmas, 6— rpacduT, B — noHcaennur, r — coynnepeH — 6ykméon Cgp, A —
dynnepeH Css, € — bynnepeH C;y, XX — amopcHbIN yrnepoa, 3 — yrne-

poaHasi HAaHOTpYyOKa

K annotponHbiM Moanukauuam yrnepoga crieayet OTHECTU Takke U
CEMENCTBO (pynsiepeHos:

1) (Hn3kmne dpynnepeHbl — Cyyg, Cog, Cao, Ca2;

2) cpeaHue qynnepeHbl — Csg, Ceo, Cro;

3) runepdynnepenbl — Czg, Crg, Csy;

4) Cag4, Co0, Cos, C102, C106, Ci10;

5) dpynnepeHbl-ruravTbl — Ca49, Cs40, Coeo);

6) HaHOTPYBKN (O4HOCTEHHbIE U MHOTOCTEHHbIE), a TaKKe

7) amopdHyto dopMmy yrnepoga — CTeknoobpasHoe, He umetoLlee
ynopag0YeHHON KpUCTaninn4yeckon peLleTkn BeLecTBo.
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KombuHauum npaBunbHbIX NATU-, LLECTU- N CEMUYTOSIbHUKOB NO3BOMA-
0T nonyyaTb pasHoobpasHble (PopMbl YrIEepoaHbIX MogepxHocmel 8 mpex-
MepHOM ripocmpaHcmee. [[eoMeTpna 3TUX HAHOKOHCTPYKUUK onpegensaeT nx
YHUKarnbHble (Pusnyeckne n xmmmyeckne CBOWCTBA W, criefoBaTesibHO, BO3-
MOXHOCTb CYLLECTBOBaHUA MPUHLMNNAIIBHO HOBLIX MaTepuarioB U TEXHOSIO-
M1 UX NPON3BOLCTBA.

AnnoTponHele opmbl yrrepoga (rpadut, anmas, ynnepeHsl, yrre-
poaHble HaHOTPY6KN, anmasonogobHble U ynnepeHonogobHble CTPYKTYpPbI)
obnagarT YHUKanbHbIMU N CYLLECTBEHHO PasfiMyHbiMU (PU3NKO-XUMUYECKN-
MU CBOWCTBaMM, YTO MO3BOMSAET MNosfiydaTb Matepuarbl C LUMPOKUMWU Aunana-
30HaMM 3HAYEeHNN PasfINYHbIX CBOUCTB.

Pag KOMNO3ULUMOHHBLIX MaTepuanoB Ha OCHOBE arsiIOTPONHbIX (POpM Yr-
nepopja, Hanpumep, ucnonbayLme moanuumMpoBaHHblie opmbl rpacuTa B
Ka4yecTBe CBA3YHOLLEro U OOAHOMEpPHbLIE YrrepoaHble CTPYKTYpbl B KayecTse
HanoOMNHUTENA, MNOSy4YUST LMPOKOE MPUMEHEHME B U3OENUSAX CMNEeLTEXHUKH,
obecne4vnBasa Npu BbICOKOM MPOYHOCTU, TEPMOPAANALNOHHON N XUMUYECKOMN
CTOMKOCTW NErKOCTb M3Lenui Nosfyynst LUMPOKOE MPUMEHEHME B MU3Oennax
crneuTexHukn, obecrneymBas Npu BbLICOKOM MPOYHOCTU, TEPMOpaANaLNOHHOM U
XMMUYECKON CTOMKOCTU NETrKOCTb N3Oenunn.

B 1985 rogy Gbina OTKpbITa COBepLIEHHO HOBas popma yrrnepoga —
ynnepum, NPUHUMNMANBLHO OTNMYaroWwascsa u ot rpaduta, n oT anmasa (1
nx mogmdukaummn). B npoTMBOMNOMOXHOCTL ABYM MOCHEOHMM, CTPYKTypa KO-
TOpPbIX NpeAcTaBnsgeT cobon nepmoanyeckyto peLweéTky atoMoB, TpeTbs op-
Ma YMCTOro yrrepoaa siBfngdeTcsa YMCTO MosiekynspHon. OTaenbHble YacTuubl
(gbyrinepeHbl), N3 KOTOPbIX MOCTPOEHO 3TO BELLECTBO, NPeacTaBnsAoT cobom
3aMKHYTYO NOBEPXHOCTb cdepbl (MM cpeponga), COCTaBMEHHYIO N3 aTOMOB
yrrnepoga.

QyrnepeHbl — MOMNEKYNAPHbIE COEAUHEHUA, MPUHaAnexawue kraccy
annoTponHbiX dopM yrnepoaa, npeacrasndtowme cobon BbiNyKrble 3aMKHY-
Tbl€ MHOrOrpaHHMKN, COCTaBIIEHHbIE U3 YETHOIO Yncna TPEXKOOPANHMPOBAH-
HbIX aTOMOB yrrnepoaa.

Okasanocb, YTO aToMbl yrnepoga MoryT obpasoBaTb 8bICOKOCUMMEM-
puyHyro monekyrny Ce. Takasg moriekyna coctout u3 60 atomoB yrnepoaa,
pacnosioXXeHHbIX Ha cdepe ¢ anameTpom npmbnmanTenbHO B OANUH HAHOMETP
N HanoMuHaeT pyTdonbHbIn Mady. dynnepeH Cg NpeacTaBnsieT cobon cBa-
3ylollee 3BEHO MeEXOy OpraHn4Yeckom u HeopraHmyeckon matepuen. OH u©
Monekyna, n yactmua ogHoBpeMeHHo. Ero reomeTpuyeckasa gopma nmeet
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yOMBUTESTbHOE CXOACTBO C BaXKHEWLLMMU BUONOrMYEeCKUMU CTPYKTYpPaMm Xn-
BbIX OpraHnamMoB — parmeHTamu monekynsl OHK, TpeTuyHOn CTpyKTypon
6enkos, BUpycamu 1 Tak ganee. Ecnu k atomy gobasutb cnocobHOCTb oyI-
nepeHa, B OTNu4Me OT rpaduta n anmasa, pacTBOPATLCS B OpraHM4eCcKux
pacTBopuTenax n obpasoBbiBaTb MHOXECTBO HOBbIX COEANHEHUN C pa3HbIMK
afieMeHTamMu, TO CTaHOBUTCS MOHATHO, MOYEMY OT HEro crtanum oxugaTb 4y-
pec. Ounametp monekynbl Cgy cocTaBnaeT Okono 1 HM, YTO COOTBETCTBYET
rpaHvLe OMCNepCHOCTU Mnporerarwen Mexay KOnmnonaHbIM U «UCTUHHBIMY,
MONEKYNAPHbIM COCTOAHMEM BewlecTB. BHyTpn doynnepeHa mMbl 0BGHapyXum
TONbKO MYCTOTY, MPOHU3AHHYO 3MEKTPOMArHUTHbIMK NONSAMU, AUMaMETPOM OT
0,4 HM wn 6Gonee. [loaToMy MorneKkynbl @ynnNepeHoB MOXHO Ha3BaTb
BaKyYMHbIMU NY3blpbKaMW.

B nocnegHee Bpemsi MHOrve u3 doynnepeHoB nonyyYnnm OYeHb LIMPO-
KOe npuMMEHEeHMe B pasHbiX 06MacTsX TEXHUKM U ObITy: KpUCTannumyeckue
doynnepeHbl U NIEHKN NpencTaBnaloT cobor NonynpoBOHMKA C LLUMPUHOW
3anpeleHHon 3oHbl 1,2 — 1,9 3B 1 obnagatoT poTonpoBOAMMOCTLIO; (hyn-
nepeHbl HU3KOW CUMMETPUM — CBEPXNPOBOAHUKU, «MOSEKYIIbl B KreTKke» —
noTeHUManbHble «KBAHTOBbLIE OGUTLI» B HEKNACCMYECKUX KOMMbOTEpPAX; Npu-
cytctBue cynnepeHa Cgy B MUHEPANbHbIX CMa3kax UHULMMPYET Ha NoBepx-
HOCTAX obpasoBaHue 3aWuTHON GOyNNepeHO-NMOTHOMEPHOW MAEHKNU TOSLWM-
Hon 100 HM, KOTOpada 3awmwaeT OT TEPMUYECKON U OKUCNUTESNTbHOW OECT-
PYKUWUK, yBENNYNBAET BPEMS XKU3HU Y3NOB TPEHUS B aBapUMHbBIX CUTYyaLmMsX B
3 — 8 pas, TepmocTabunbHocTb cmasok o 400 — 500 °C n Hecyyto cnocob-
HOCTb Y310B TpeHua B 2 — 3 pasa, pacumpsaeT paboymin nHTepBan gaBfieHNN
y3noB TpeHus B 1,5 — 2 pasa, ymeHbLlaeT BpeMsi NpupaboTkn KOHTPTEN; Tak
UM MHa4vye Ucnonb3yTca OobaBku (PynrepeHoB B akKyMynsaToOpbl U 3rEK-
Tpnyeckne batapen; ynnepeHbl HaWM NPUMEHeHNe B kayecTBe 06ABOK B
BCMy4MBaKLLMECS OrHesalmnTHble Kpacku; doynnepeHbl MoryT 6biTb MCMNOMb-
30BaHbl B hapmaumm ong co3gaHns HOBbIX NEKApPCTB U T. 4.

B HacToswee BpeMsa MHOrMe 13 nepcrnekTUBHLIX HanpaBfieHUN B MaTe-
punanoBegeHnn, HaAHOTEXHOMNOIMMWU, HAHOSMEKTPOHUKE, MPUKIaQHON XUMUK
CBSA3bIBAOTCA HE TONbLKO C hynnepeHamu, HO U PYrMMU NOXOXKMUMU CTPYKTY-
pamMu, KOTOpble Ha3blBalOT OOLMM TEPMUHOM YriepoaHble KapKacHble CTPYK-
TYpbl. YernepodHblie KapkacHble cmpykmypbl — 9TO 6onblume (MHorga ruraHT-
CKME) MOJEKyIbl, COCTOsILLME N3 aTOMOB yriepoga. OTo HoBasd anaoTponHas
dopma yrrnepoga (B OOMNOSHEHWE K OABHO U3BECTHbIM anmasy v rpadury).
[(MaBHas 0COBEHHOCTb 3TUX MOJSIEKYN — UX KapKacHas bopma: OHU BbIrNagaT
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Kak 3aMKHYTble, MycTble BHYTpPU «obonodkn». Camasi 3HameHuTast u3 yrne-
POOHbIX KapKacCHbIX CTPYKTYp — 3710 pynnepeH Cgo (pycC. 4.2a), OTKpbITUE KO-
Toporo B 1985 roay BbI3Bano uenbii 6ym nccnegoBaHum B aTom obnactu.

Puc. 4.2. O6beMHOe nsobpaxeHme cpynnepeHa Cgy, KAK CAMMETPUYHO-
ro MHororpaHHuka ¢ 60 atomamu-BepwimHamm (a) U yrnepogHom Ha-
HOTPYOKM (0)

Ocoboe mMecTo cpean HaHOCTPYKTYpPUPOBaHHbLIX TBEPAbLIX Ten 3aHUMa-
0T yerepodHble HaHompybKu, OTKpbITble COBCEM HeAdaBHO. M3 yrnepoaa
MOXHO MOMyYnTb MOMEKYSbl C TMraHTCKMM YMCIIOM aTOMOB. Takasi Moriekyna,
Hanpumep C =1 000 000, moxeT npeacTaBnsaATb cO60M OQHOCIONHYIO TPYOKY
C OWaMeTpoM OKOSl0 HaHOMeTpa M ONMHOW B HECKOSIbKO OEeCATKOB MUKPOH
(cM. puc. 4.26). YrnepoaHble HAaHOTPYOKM npencTaBnsaoT cObon NMPOTAKEH-
Hble UMINHOPUYECKUE CTPYKTYpbl AMaMeTpoOM OT OOHOro A0 HECKOSMbKUX Ae-
CATKOB HaHOMeTpoB. OHM COCTOAT M3 OLHOW UM HECKONbKUX rekcaroHasnb-
HbIX rpacUTOBBIX MSIOCKOCTEN, KOTOpPblEe CBEPHYTHI B TPYOKY (CM. puc. 4.26).
HaHoTpyOka 3akaH4ymBaeTca OObIYHO MOSychepmnyecKon rosIoBKON, KoTopas
MOXET paccMaTpmuBaTbCs Kak NOSIoBMHA MOSIEKY bl oynnepeHa.

YrnepogHble HaHOTPYOKM GbiBalOT OAHOCHOWHBIMU U MHOTOCIIONHBIMM.
HaHoTpybkn nepBoro Tuna MoOryT ObiTb MOMy4YeHbl B BUOEe OOHOMEPHOW
CTPYKTYpPbl NOCTEACTBOM CBEPTbIBAHUS rpadMTOBOM MOBEPXHOCTU B TPYOKY.
Hanbonee TunnyHa Ans MHOrOCAOWHBLIX HAHOTPYOOK CTPYyKTypa PYCCKOW
MaTpELLKX, Koraa TPyOKM MeHbLIero pasmepa BnoxeHbl B 6onee KpynHble.
OTKpbITUE yrnepoaHbiX HaHOTPYBOK OTHOCUTCA K Hambornee 3HaYUTENbHbIM
AOCTWXKEHNAM COBPEMEHHOM Hayku. OTa popma yrrepoda no CTPyKType 3a-
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HAMaeT NPOMEXYTOYHOE TMOSoXKEeHMe Mexay rpadutom u dynnepeHamu.
OAHako no MHOMMM CBOMCTBaM OHa pasvUTeNnbHO OTNMYaeTCsl Kak OT NepBoro,
TaK 1 OT BTOpbIX. [109TOMY HaHOTPYOKM paccmaTpuBalOT Kak HOBbIN MaTepu-
an ¢ yHuKasnbHbIMU OU3NKO-XUMUYECKMMIN CBONCTBaMM, OTKPbIBaOLLMA BONb-
LUMEe BO3MOXHOCTW ONs LUMPOKOro npumeHeHusi. HaHoTpybkn obnagatoT ps-
A0M HeObbIYHbIX (PU3NYECKMX CBOMNCTB, OCHOBHbIE U3 KOTOPbIX TaKue:

1) HaHOTPYOKM 06nagaloT OYEeHb BLICOKOW NMPOYHOCTBLIO HA pacTsKeHune
N Ha N3rno;

2) MHOrocrionHasi yrnepogHas HaHoTpybka ABnseTcs npekpacHbIM Lu-
ANHOPUYECKUM MNOAWMUMHUKOM (MUHMATIOPHbIE HaHOMOALMMHUKA C NpeHe-
BpeXxumo MmasnbiMu cunamm TpeHus);

3) B KayecTBe MNPOBOLHMKOB (NpOBOASLLME HAHOTPYOKW) B HAHOIMEK-
TPOHMKE OHW MO3BOSIAT NOABOAUTL TOKM Ha TpU—uyeTblpe nopsigka 6onblue,
YyeM OBblYHbIE MPOBOAHUKY;

4) nepcnekTUBHbIM ABNSETCS UCMONb3oBaHME HAHOTPYOOK Ans co3fa-
HWA MONYNPOBOAHUKOBBLIX reTEPOCTPYKTYP (CTPYKTYP Tvna MmeTtann/monynpo-
BOOHWK UINK CTbIK ABYX Pa3HbIX MNONYyNnpOBOAHNKOB);

5) pasnuyHble CXeMbl CBOpaYMBaHus rpaddMTOBOM MIOCKOCTU MNO3BOMA-
0T co3gaBaTb HAHOTPYOKWM, KOTOpPblE MOTYT ObiTb Kak NPOBOAHMKAMW, TaK U
NoNnynpoBoAHUKaMn. ATO B NMO3BONUT CO34aBaTh 3anoMmMHalLWMe YCTPONCTBA
C nNNoTHoCTbIo 3anucn ao 10 ™ 6ut/cM®. Yke NoCTpoeHbl NPOTOTMMbI TOHKUX
NNOCKMX OUCNIEEB, KOTOpble paboTaT Ha MaTpuLe N3 HAHOTPYOOK;

6) co3gaHMe 9NEeKTPOHHbIX NPUOOPOB € XONOAHBLIMKM  KaTo4amu
Ha OCHOBE HaHOTPYOOK (B YaCTHOCTM, C UX MOMOLLbIO MOXHO co3gaTb Mno-
CKME TENEBU3NOHHbIE 3KPaHbl OFPOMHbIX pa3MepoB);

7) Ha OCHOBE YHMKamnbHbIX MarHUTHbIX CBONCTB Yy CKOMMEHU HAHOTPY-
6ok pearnbHbIM CTano co3gaHne OOHOSNEKTPOHHbLIX TPaH3MCTOPOB W YMMOB
Cc nnoTHocTbio 3anucu 10 ™ 6ut/cm 2, nnockux aucnnees, KoTopble NoTpe6-
NAT N5 CBoen paboThbl 9NEKTPOIHEPINN Ha NOPSLOK MeHbLUE U T. 4. HaHo-
TPYOKKN yKe NMPUMEHSIIOTCA B aTOMHO-CUITOBbLIX 3JTIEKTPOHHBLIX MUKpPOCKOMNax, C
MOMOLLbHO KOTOPbLIX MOXHO YBUAETb OTAESbHbIE aTOMbl M MOMEKYIbI;

8) HaHOTpyOkn obnagatoT aHOManNbHO BbICOKOW yAerbHOW MOBEPXHO-
CTblO; NMYCTOTbl BHYTPU HAHOTPYOOK (M YrnepoaHbIX KapKacHbIX CTPYKTYp B
Lenom) OakT BO3MOXHOCTb BBOAUTb aTOMbl M MOMEKymnbl MNOoAuHO4YKe. A
TaKkKe «BNuBaTb» BELLECTBO BHYTPb €€. 3TO OYEHb CYLLECTBEHHO, Hanpumep,
Ans MeguumHbl, dapmMaueBTUKM U T. 4.
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B 4yem cocTouT yHUKarbHOCTb HOBbIX MaTepuanoB? OTMETUMM TOJSIbKO
TPW BaXKHbIX CBONCTBA:

1) ceepxrnpoyHble mamepuarsbl. CBA3NM Mexay atoMamu yrriepoga B
rpaduTOBOM NUCTE ABMSOTCA CaMbIMU CUSbHBIMU CPeaM U3BECTHbIX, NO3TO-
My GesgedekTHble yrrnepogHble Tpybku Ha ABa nopsgka npodHee ctanu U
Npnbnn3nTenbLHO B YeTbipe pasa nerde ee. BaxHenwasn 3agada B obnactu
HOBbIX YrrnepoaHblX MaTepuanosB (TEXHOSOrMn) COCTOUT B CO34aHUM HaHOT-
pybok "GeckoHeuHoM" AnuHbL. M3 HUX MOXHO M3rOTOBUTL Jierkme KOMMO3UT-
Hble MaTepuarnbl C rpedesibHOU MPOYHOCMbLIO AN HYXO TEXHUKM Hallero
BpemeHn. Cpean HUX CUNoBble dNeMEHTbl MOCTOB M CTPOEHWUN, Hecylime
KOHCTPYKUMN KOMMNAKTHLIX fleTaTeNbHbIX annapaTtos, afieMeHTbl TypbuH, cu-
noeble 650kM ABuratenen ¢ npeaenbHO ManbiM yaenbHbIM NoTpebneHnem
Tonnmea u T. n. B HacTosdLWwee BpeMsa yxe n3rotaBnvBaloT TPyOKu OnMHON B
OECATKN MUKPOH Npu AuameTpe nopsiaka 0gHoOro HaHOMeTpa;

2) ebicoKorpogodsiwue mamepuarisl. I3BECTHO, YTO B Kpuctannude-
CKOM rpaduTe NpoBOAMMOCTb BAOSMb MAOCKOCTU Cros Hamboree BbiCOKas
cpeaun M3BECTHbIX MaTepuarnoB, a B HanpasfieHUN, nepneHauKynsapHoOM Jimc-
Ty, Mana. B cBA3n ¢ 9TMM nonaratoT, 4TO anekTpudeckme kabenu, caoenaHHble
N3 HaHOTPYOOK, NpU KOMHATHOW TemriepaType OyayT UMeTb 3NIeKTPOnpoBOa-
HOCTb Ha ABa nopsiaka Bbile MedHbIX. B HacToswee BpemMsi BeQyTCs NOUCKM
TEXHOSIOrMN, KOTOPbIE NO3BOSIAT U3roTOBMATbL TPYOKM HEOBXOANMON ANUHLI U
B HY>XHOM KOJSIMYECTBE;

3) HaHoknacmepbl. Cpean MHOXecTBa HaHOOOBEKTOB MMEKTCHA CBEPX-
Marble YacTuubl, KOTOpble COCTOAT U3 OECATKOB, COTEH UMW ThiCAY aTOMOB.
CBonctBa KnactepoB KapauHanbHO 0bpa3om OTNMYakTCs OT CBOMCTB Mak-
pockonuyecknx o6bLeMoOB MaTepuarnoB TOro Xxe coctasa. /3 HaHOKnacTepos,
Kak U3 KPYMHbIX CTPOUTENbHbIX BIIOKOB, MOXHO LiefieHanpaBrieHHO KOHCTPYU-
poBaTb HOBble MaTepuarnbl C 3apaHee 3ajaHHbIMW CBOMCTBAMU N UCMONb30-
BaTb MX B KaTalMTUYECKUX peakumsax Ons pasgeneHusi rasoBbiX CMECcen U
XpaHeHus ras3oB. O4yeHb NepcrnekTUBHbl Ma2HUMHbIe Kriacmephbl, KOTOpble
COCTOSAAT N3 aTOMOB NepexofHblX MeTanmoB, NaHTUHONAOB, akTUHONAOB. OHK
obnapatoT COOCTBEHHBIM MarHUTHLIM MOMEHTOM, a 3TO [JaeT BO3MOXHOCTb
ynpaBnsTb C NOMOLLbIO BHELIHEro MarHMTHOro nonisi ux ceoncTeamu. HaHo-
MarHuTbl MOryT ObITb OYEeHb MOJSIe3Hbl NPU MPOEKTUPOBAHUN MPOLIECCOPOB U
NamMATK ANS KBAHTOBbLIX KOMMbIOTEPOB.
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Ocoboe mecTo cpean HaHOCTPYKTYPUPOBAHHbLIX TBEPALIX TEN 3aHUMa-
0T Takke epagheHbl — CBEPXTOHKUA U KpanvHe MpOoYHbIN MaTepuana, npea-
CTaBNAKLLNN cOBOM yrnepoaHyto NIIeHKy TONWMHON B OANH aTOM.

Y rpacdeHa okasanucb CBOMCTBA, KOTOPbIX HET HX Y OAHOro MaTtepuana:

1) rpadpeHoBbIN COPOEHT XMMUYECKN MHEPTEH, 3NEKTPONPOBOAEH, Ma-
pod0o6eH, YCTONYMB K arpeCcCUBHbLIM Ccpeaam, 3KONorndeckm Ynct. [lmanasoH
pabounx Temnepatyp: ot -60 °C go +3 000 °C;

2) rpadeH o4YeHb NPOYEH U MMOOK, TaK Kak ero CTpyKTypa «COTKaHay» un3
MPOYHBIX CUrMa-CBSi3el Sp? — rMBPUAHBIX 3MEKTPOHHbIX opbuTanein u uMmeet
O4YeHb Marno gedektoB. 'padeH coBMeLLaeT BbICOKYH XPYNKOCTb U usrnbae-
MOCTb (OH Nnerko obpasyeT cknagku);

3) rpadbeH He nponycKaeT rasbl, axe renun,

4) BbiCOKasi NOABWXKHOCTb HOCUTENen 3apsga B rpadeHe genaet ero
NepCnekTUBHLIM MaTepuanom Ons MCMoSfib30BaHMUS B CaMbIX PasfiMyHbIX
NPUNOXEHNAX COBPEMEHHON 3NEKTPOHUKN. B HacToswee BpeMsa cuynTaeTcs,
4YTO yrrnepogHble MaTepuanbl B Heganekom Oyayuwem npuayT Ha CMEHY
KPEMHWIO B MUKPOINEKTPOHHOW NPOMBbILLIIEHHOCTN;

5) nepcnektuBHasi o6nactb NpPUMeHeHUsa rpageHa — ero UCnosnb3oBa-
HWe ONA U3roTOBIEHUS ANEeKTPOAOB B MOHWUCTOpax (CynepkoHaeHcaTopax),
KOTOpble MNPUMEHSIOTCA B KadecTBe MepesapsikaeMblX WCTOYHUMKOB TOKa.
OnbITHblEe 0Bpa3Lbl MOHUCTOPOB Ha rpadeHe UMET yaernbHY 3HEepProém-
KocTb 32 BT'u/kr, cpaBHMMYO C TakKOBOW [ONA CBUHLOBO-KUCIIOTHbIX
akkymynatopos (30 — 40 Bt-u/kr);

6) ncnonb3oBaHMe rpadpeHa B Ka4ecTBe AeTeKTopa NeTy4Ynx opraHnye-
CKMX BELLEeCTB U YyBCTBUTESIbHOMO ceHcopa ANl ObHapyXeHUs1 OTAEeSbHbIX
MONeEKyn XMMmuyecknx sewlects, Hanpumep, NHz, CO, NO,. [1na nony4vyeHus
AeTeKkTopa UCnosib3ylT rpadpeHoBbIe NUCTLI, O4YUCTUB UX OT NMPUMECEN.

4.4. NpakTnyeckue 3agaHus

[MosicHnTe, nUcnonb3ys KBAaHTOBOMEXAHWYECKYD MoAenb atoma BOLO-
poaa, kakon Bug dyget umeTb rpadmk obLen aHeprm anekTpoHa Ha AaHHOM
opbuTanu B 3aBUCMMOCTW OT rf1IaBHOrO KBAHTOBOrO Yucna n.

lNpumep peweHusi 3adaHusi

M3BeCTHO, 4YTO NonHasa 3Heprus anekTpoHa (CocTosLwas U3 ero KUHeTn-
Yeckon M NnoTeHumanbHOW 3HEPrMn) Ha opbutansax, XxapakTrepusyemblx rnas-
HbIM KBAHTOBbIM YXCINOM N, onpegenseTcs OpMYyon:
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W = — m_e
n 2 23227
8n-eyh

rae m,=9,11° 103! kr — macca 9M1EKTPOHa,;

e =1,602 10" Kn - 3NeMeHTapPHbIN ANTIEKTPUYECKUIN 3apsia;
n — NOpPsIAKOBbI HOMEP MMaBHOINO KBAHTOBOMO YMCNa;

& =8,854" 10?2 d/m — anekTpuyeckasa nocTosiHHas;

7= 6.626 - 10°* Ixc — noctosiHHas MnaHka.

Ob6paTtnTe BHMMaHME Ha TO, YTO onpegeneHHoe B cucteme CU 3Hade-
HWE QHEeprun, BblipaXeHHOEe B [AKOYnsX, 0OblMHO OKasblBaeTCA A0CTaTOYHO
ManbIM.

[MockonbKy, roBopss 06 aTomax, NPUXoaUTCS UMETb AESNI0 MMEHHO C Ta-
KUMW JHEPrnaMU, TO YCTynasi €CTECTBEHHOMY 4YerlOBEYECKOMY KeraHuio
nonb3oBaTtbcs Yncnamm B npegenax ot 0,1 go 100, yacTo oTKa3bIiBalOTCS OT
MCMNONb30BaHNUSA €OuHUL, SHEepruKn, ycTaHoBMeHHbIX cuctemon CU. Bmecto
PKOYNEN UCNONb3yT 3NIEKTPOH-BONbT — €ANHULY, YUCITIEHHO PaBHYK JHep-
MK, KOTOpPYK NpuobpeTaeT 3MeKTPoH nog AENCTBMEM Pas3HOCTM MOTEHUMa-
nos 1 B (BonbT). To ecTb ucnonb3ytot 1 9B = 1,6 - 107" [Ox.

[MoaocTtaBuB Bce HEOBXOANUMbIE KOHCTaHTbI MOXEM B UTOre 3anmcaTtb

_2.7‘I991-10‘18 ~13.6058
2 2

W, = () = (3B).

O6paTuTe BHMMaHWE, YTO Ha rpadukax 3a HyneBOW YypPOBEHb IHEPruu
NPUHMMAETCS YPOBEHb dHEPrMn Ha OECKOHEYHOM yaaneHuu oT aapa aTtoma
(3TO 4OCTOBEPHO YCTAHOBIIEHHbIM HA OCHOBE 3KCMEpPUMEHTarbHbIX UCCneao-
BaHWUI ypoBeHb, KOTOPbIN XxapakTtepusyetcs aHeprveit -2,18 - 1078 x unu
13,6 aB). 3HaKk MMHYC B 3HA4YE€HUM SHEPrUM, O3HAYaET, YTO IHEPrusl ITOro
YPOBHSI H/XKE TOr0, YTO NMPUHAT 3a HYJIeBOW.

OTpuuaTtenbHble 3HAa4YEHUST IHEPTUN dNEKTPOHa ybbiBalOT No abcontoT-
HOW BESIMYMHE N MOXHO CYMTaTb, YTO SHEepreTnyeckme ypoBHU NOBbLILLAKTCS.
CnepoBaTenbHO, C YBENIMYEHNEM HOMEPA MaBHOMO KBAHTOBOIrO YKcna, Koraa
yBenmumBaeTcsa paguyc opbutanu n 3nekTpoH «ypanserca» oT agpa, ero
3HEepreTMYECKMin ypoBeHb NOBLILLAETCS.

2. lNosicHnTe, NCNonb3ysa KBaHTOBOMEXAHMYECKY0 MoAefNlb atoMa BO-
aopoaa, Kakas MCnyckaeTcsl NopuMst SHEpPrum U Kakon 4acTtoTbl 6yaeTt uany-
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YeHue Mnpu nepexone 3feKTpoHa ¢ opbuTtanu, xapakTepusyemon rnaBHbIM
KBaHTOBbLIM 4YnUCrOM , (bonee yganeHHon oT agpa), Ha 6onee 6nm3skyto K aapy
opbutane. Bosbmute n=1,2,am=2, 3, 4 ,5.

OnpepenuTe, B kKakon AnanasoHe ONTUYECKOro uanyyeHus (ynbtpadu-
ONneToBOM, BUANMOM, MHpaKpacHOM) ByaeT nanydeHue.

3. MNosicHUTEe, ncnonb3ysi KBaHTOBOMEXaHMYECKYD MOoAernb atomMa, no-
YyeMy YMeHblLUeHWe B cTpaTtocdepe coaepaHusi 030Ha COCTaBndeT B Ha-
cTosllee Bpemsi 0gHYy u3 Hanbomnee ocTpbiX Npodbnem rnobanbHOM 3KONOrmn.

4. Vcnonbays WHTepHeT-pecypc 1 MHTepakTuBHyto Tabnuuy (Periodic
Table) npeacraBbTe cBegeHUs O CTpoeHUM opbuTanen aToMoB BOOOPOAA,
renusa, atomoB anemeHToB Li, Be, C, N, O, F, Ne.

5. PaccuuTtanTe BeNMYMHY yaenbHOro 06bLeMHOro cConpoTUBIEHNUS are-
KTPUYEeCKOMY TOKY MOSlynpoOBOAHMKOBOro Opycka, ecnu OH W3roToBfneH u3
cOBCTBEHHOrO MNONYNPOBOAHUKA KPEMHMA U apceHnaa rannunsa. Ha ocHoBaHuu
pacyeToB caenaTb BbiBOAbl O TOM, KAKOM U3 MaTtepuanoB MOXHO CYMTaTb MO-
NYyN30MATOPOM.

6. KpaTko onuwnTe, 4YTO NpeacTasndeT B COBPEMEHHOM NMOHUMaHNK
Takas CYLHOCTb, KaK XMMun4yeckas CBsi3b.

7. Olna pasHoBMAOHOCTEN MPUMECHbLIX KPeMHUEBbLIX MOJSTyNpPOBOLHNKOB,
OTNNYaKLLMNXCA CTEMNEHBLIO NErMpoBaHust, onpeaenuTe BO CKOSIbKO pa3s oThnu-
YalTCA KOHLUEHTPaunn OCHOBHbLIX U HEOCHOBHbLIX HOCUTENEeW 3apsaa npu Ko-
MHaTHOW TemnepaType.

[ns HUX Takke cpaBHUTb MNPOLEHTHOE CoAep)KaHMe OCHOBHbLIX HOCUTE-
nen B obuiemM KoNMYecTBe HOCUTENEN U caenaTb BbIBOA O TOM, Kakasi 4ons
npuMecen MOHM3NPOBaHa NP KOMHATHOW TemnepaType U noYyemy OOHU HO-
CUTENN Ha3blBalOT OCHOBHbIMUW, a ApYyrMe — HEOCHOBHbLIMM.

KoHTpoOnbHbIe BONPOCHI

1. Onpegenurte NOHATUA: Meramup, MakpoMump, MUKPOMUP, HAHOMMIP.
CBA3aHbl N1 OHN?

2. YTto Takoe HaHoMUpP? YTO Takoe HaHOTexHonorna? Hasosute nx oT-
nm4yms.

3. UTto aBnseTcsa TexHonornemn HaHommpa?

4. Yto Takoe dynnepeHbl? Yem OHWM oTnmn4YarTCca OT (hynneputos?
[MpuBegute npumepesl. MNpuBegnte npumepbl NPUMEHEHUI (PynepeHos.
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5. B 4eM OCHOBHOE CXOLCTBO M OTnn4mne mexay rpadomtomMm n anMmasom?
UTo 13 HMX TBEpXKe (Kpenye) n novemy? N3BecTHbl N B Npupoae unu B Hay-
Ke bonee TBepable BewecTBa? Ecnu ga, To Kakne?

6. YrnepoaHble HAHOTPYOKM — 4TO 3TO? ['Ae MX HaxoOaT unn nony4varoT
N npuMeHstoT? UTto o3HavaeT BbipaxeHue: Cgy? A — Cyg, Csa0?

7. Hazosure 1 nosicaute Bo3MOXKHbIE MPUMEHEHHUS B TEXHUKE HAHOTPYOOK.

8. KpaTtko cchopmynunpyimnte, no4emMy YenoBek CTPEMUTCS NO3HaTb «Tan-
Hbl» HAHOMMpA.

9. AnnoTtponHble dopmbl. [NosicHnTe yTo aT0. [NpnBeanTe NpUMepsI.

10. HasoBuTe OCHOBHbIE HarnpaBneHUss COBPeMEHHbIX HAHOTEXHOSTOMMN.

11. Ha3oBuTe OCHOBHbIE HanpaBfieHNA COBPEMEHHbLIX NPUMEHEHUIN Ha-
HOTEXHOJSIOMMN B MeguLUMHE.

12. MNoAcHNTe NoHATHE: CKaHUpyoLWwast TYHHENbHas MUKPOCKOMNUS.

13. Ha3oBuTe n3BecTHble BaM COBPEMEHHbIE HAHOYCTPOWCTBA.

14. Ha3oBuTEe 1 NOSICHUTE Ha Kakne 3 OCHOBHbLIX Kriacca AensiTcs HaHo-
0O beKTHI.

15. MNosicHnTe, 4TO 03Ha4vaeT BblpaxeHune: Cgy? A — Cog, Css0?

16. Uem oTnn4yaeTcss HAHOMUP OT HAHOTEXHOMOMMN?

17. Kakne npevmyllectBa gaeT MCNofb30BaHME CBOWCTB HaHOMUpa U
Kakne nepcnekTuBbl 3TO OTKPbIBAET ANS HAHOTEXHOSTOMNN?

18. lNoscHUTE, NnoYemMy B NOMynpOBOLHMKOBBIX MaTepuanax ogHN HOCU-
Tenwu HasblBalOT OCHOBHbIMU, a APYrMe — HEOCHOBHLIMN.

19. lNosicHMTe, YTO O3HA4YaeT IHepreTnveckaa gnarpamma ogHOMEpPHO-
ro NpubnmxeHnst NoNynNpoBoaAHNKA?

20. HasoBuTe, Ha Kakue rpynnbl pasnuyaroT Matepuarbl Mo cnocobHocC-
TV npoBoauTb TOK. [NpmnBegnTe NnpuMepbl TUMNYHBIX NPeAcTaBUTENEN KaXaoun
n3 rpynn.
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Moaynb 2. EctecTBEHHOHay4YHble OCHOBbI
npeacTtaBneHUn o6 UCNonb30BaHUU OOCTUXKEHUN
€CTeCTBO3HaHNA B UHPOPMALMOHHbLIX,
KOMMYHUKALMOHHbLIX U MYJIbTUMEAUNHbIX
TEeXHONMOIrMUsIX, BaXXHEeMLLUNX KOHUenumMm Xmmmu
U GMoNornm B NPakTU4eCcKon AeATeribHOCTU noaen

5. ECTeCTBeHHOHayHHbIe npeacTtaBJieHuA, nexaluiue
B OCHOBe€ LIMd)pOBOFO, MyanMMe,D,VIVIHOFO MUpa
n coBpeMeHHbIX KOMMYHUKAUUNOHHbLIX CACTEM

5.1. OnekTpomMmarHuTHoe none

MprBegemM OCHOBHbIE NOHATUS.

AnekmpomagHUmMHoe rosie — 3To ocobbil 8ud Mamepuu, nNpeacTas-
nawowmmn cobon B3anMocCBsi3aHHble KornebaHus anektpudeckoro (E) n mar-
HUTHoro (H) nonen. 3TOT BUA MaTepun omsiudaemcsi HenpepbiBHbIM pac-
npegeneHnemMm (SNeKTpoMarHUTHbIE BOSHbI) W MPOSBNASIET AUCKPETHOCTb
CTPYKTYpbl (POTOHbI), OH Xapakmepu3yemcs CnocOOHOCTbIO pacnpocTpa-
HATbCS B Bakyyme (B OTCYTCTBME CUJTbHbIX IPaBUTALMOHHBIX MOJIEN) CO CKO-

POCTbIO, BNn3kon K 3 - 108 M/C N OKa3sblBaTb Ha 3apsKEHHbIE YacTulbl CUMO-
BOEe BO3[eNCTBUE, 3aBUCSLLIEE OT UX CKOPOCTU. HaCTHbIM CriydaemM aneKkTpo-
MarHMTHOro NoNg ABNAITCSA CBET U PaANOBOJSTHbI.

B coBpeMeHHOM ecTecTBO3HAHUM 3NIEKTPOMarHUTHbIE MONs OnucbliBa-
IOTCA BEKTOPHLIMU OYHKLMSIMU U ABNSAKOTCS BEKTOPHBLIMU MNOSISIMM.

OneKTpoMarHMTHOe noJsie aBnseTca pyHaaMmeHTanbHbIM PU3NYECKUM
nonem.

OneKTpoMarHMTHoe norse (U ero usMeHeHne BO BPEMEHMN) ONUCbIBaeTCA
B 3NEeKTpOoAMHAMMUKE B KIACCUYECKOM MPpUBAMKeHnn nocpeacTtBOM CUCTEMBI
ypaBHeHnn MakcBenna. B coBpeMeHHOM ecTeCTBO3HaHUM 3SIEKTPOMarHuT-
HOE Mnosfe OMNUCLIBAlOT C NMOMOLLLID TEH30pa ANEKTPOMArHUTHOroO Mosisd, KoM-
NOHEHTaMM KOTOPOro SABMISAIKOTCA TPU KOMMOHEHTbI HaMps)KEHHOCTU 3NEKTPU-
4YecKoro nosns (Mnn ANEKTPUIECKON MHOYKLNK) N TPU KOMMOHEHTbI HANPSHKEH-
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HOCTWU MarHUTHOro nons (UM — MarHUTHOM MHAOYKUWK) a TakKe YeTblpeXmep-
HbIM 3JTIEKTPOMAarHUTHbIM NOTEHLUMANOM.

[lencteme 3neKTPOMarHUTHOrO MoSisi Ha 3apshKeHHble MaTepuarnbHble
0ObeKTbl NpUpOAbl ONUCbIBAETCA B KnacCcu4YeckoMm npubnvxkeHnn nocpenct-
BOM cunbl JlopeHua. KBaHTOBbIE CBOMCTBA 3NEKTPOMArHUTHOIO Mosid U ero
B3aMMOOENCTBUS C 3apshkKeHHbIMM 4YacTuuamum (M KBAHTOBbIE MOMNPaBKU K
Knacccuyeckomy npubnmxeHuto) nsyyaeTt KBaHToBas Af1IeKTpogMHaMumKa.

Bo3myuieHne 9nekTpoMarHMTHOro Mond, pachnpocTpaHsioleecs co
BpEMEHEM B NPOCTPAHCTBE, HA3biBAETCA SNTIEKTPOMArHUTHOW BOSTHON.

5.2. ANeKTPpOMarHUTHbIe BOJIHbI

ArnekmpomazHuUmHble kosiebaHusi — 3TO B3aMMOCBSI3aHHble KonebaHugd
anekTpudeckoro (E) n marsmutHoro (H) nonen, coctaBnslowmx eanHoe anek-
TpomMarHuTHoe none. B npupoge pacnpocTpaHeHue 3NeKTPOMarHUTHbIX KO-
nebaHnn npoucxoauT B BUOE 3/IEKMPOMagHUMHbIX 80J1H, CKOPOCTb KOTOPbIX
B BaKyyMe paBHa CKOPOCTM CBeTa C, a AfIMHA BOSHbI A CBSI3aHa C Nepuoaom
T nyacToTOon ® COOTHOLWEHNEM: A =cT = 2rn c/o.

Mo cBOen Npupoae 3neKTpoMarHUTHble KonebaHusa npeacTtaBnstoT Co-
GO COBOKYNHOCTb (POTOHOB, M TOMLKO Npu B60sbWoOM 4vncne POTOHOB WX
MOXXHO paccMaTpuBaTb Kak HEMPEPbLIBHbIN Npouecc.

B ecTecTBO3HaHUMN pasnuyaloT 8bIHY)XOEHHbIEe 3NEKTPOMarHUTHbIE KO-
nebaHna, nogaepXuBaemble BHELHMMU WCTOYHMKAMKU, U cObCmeeHHbIe
3NeKTpoMarHuTHble KonebaHus, cylecTaytowmne n 6e3 Hux.

B HeorpaHM4yeHHOM MPOCTPaHCTBE UMM B CUCTEMAX C NOTEPSIMU SHEpP-
mn (auccmnaTmBHbIX) BO3MOXHbI CODCTBEHHbIE 3MEKTPOMarHUTHble Koneba-
HWS C HENPEpPbIBHbIM CNEKTPOM YacToT.

AnekmpomazHumHasi 8oslHa — 93TO [MpouUecc nocneaoBaTenbHOro,
B3aUMOCBSI3aHHOIO M3MEHEHUSI BEKTOPOB HaMNpPsKEHHOCTU ANIEKTPUYECKOrO U
MarHMTHOro nosfen, HanpaBneHHbIX NePneHANKYNsSpHO ny4dy (HanpaBfeHuto)
pacnpocTpaHeHNA BOSIHbI, MPU KOTOPOM W3MEHEHWE INEKTPUYECKOro Mnons
Bbl3blBaE€T M3MEHEHUSI MarHUTHOrO MOnsl, KOTOpble, B CBOK OYepenb, Bbi3bl-
BalOT M3MEHEHUNSA 3rneKkTpuyeckoro nond. B coBpeMeHHOM eCcTeCTBO3HaHWUK
pacrnpocTpaHeHMe 3NEeKTPOMarHUTHbIX BOSIH B Cpefax XapakrepusyeTcs
BPEMEHHBLIMN 3aBMCMMOCTAMWU BEKTOPOB HaMpsiKeHHOCTEN 3NEeKTPUYECKOro

E(t) v marnuTHoro H(t) nonen.
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B TOM cnyyae, ecnn BofiHa, N3MEHAETCA BO BPEMEHWN MO rapMOHMYe-
CKOMY (CMHycouaanbHOMY) 3aKOHY, TO €€ Ha3bIBalT 2apPMOHUYECKOU 80/THOU.
YpaBHEHME NIIOCKOM rapMOHMYECKOM MOHOXPOMAaTUYECKOW BOJSHbI (4115 BEK-
Topa aMnnuTyabl Z\(z,t)), pacnpocTpaHsiloLLEencs, Hanpumep, Boonb ocn 0Z B

cpene oes noTepb MMeeT BUA.
A(z,t) = A cos(wt —kz + p,), (5.1)

roe (ot — kz + ¢,) — nonHas dasa BOrHbI;
K — BONTHOBOE 4MChO;
@, — HavanbHasa dasa;

A,&, — MakcManbHas amnnuTyaa.

OnekTpoMarHuTHas BOJMHa XapakTepusyeTcsi Hannumem TpéX B3anMHO
neprneHauKynspHbIX (B BakyyMe) BEKTOPOB: BEKTOpa CKOPOCTU V, BEKTopa
HanNPsPKEHHOCTW 3NEKTPUYECKOTO MONSA £ W BEKTOPA MarHUTHOW MHOYKUMK B

(HanpsHKEHHOCTM MarHuTHoro nons [H ) (puc. 5.1).

H _,
X\ ; S
-
-
=
0 j,'/’ ,/’:4"}*’ -

b

A

A
1

Puc. 5.1. Fpadhmueckoe npeacraBneHne nNioCKo-nonsApn3oBaHHOMN
3N1eKTPOMarHUTHOM BOJIHbI ( S — HanpaBneHue pacnpocTpaHeHus

BOJIHbI)

SﬂeKTpOMaFHI/ITHbIe BOJIHa ABIdeTCd nonepequPl — BEKTOpbI EM é

nepneHanKynsapHbl Apyr ApYyry W nexart B NOCKOCTU, NepneHanKynspHom Ha-
NpaBreHno pacnpocTpaHeHUs BOMHbl. HanpaBrneHue aTUX BEKTOPOB ornpe-
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[ensiloT eiNHNYHbIe OPTbIE _ 1 £ . B Kaxaon TouKe NpOCTpaHCTBa 3MeKTpU-

YecKne N MarHUTHbIE NONA MEHSOTCA BO BPEMEHU NEPUOONYECKN.

B oTnnune ot 0BbIYHOIO xonebanus MasiTHUKA BOSTHbl MMEKOT OBE OCHOB-
Hble XapaKTEPUCTUKN. 8PEMEHHYIO MNepuoOUYHOCMb — Ha3blBAEMYIO yacToToi
BOJSIHbl v (CKOPOCTb U3MEHEHUs (pasbl C TEYEHMEM BpPEMEHUN B KaKOW-TO 3a-
AaHHOW TOYKE); NMpocmpaHCMEEHHY0 nepuodu4YHOCMb — Ha3blBaEMYHO mauHoi
Bouel A (CKOPOCTb M3MeHeHuda hasbl B onpenenéHHbI MOMEHT BPEMEHU C
N3MEHEHMEM KOoopauHaTbl). BpeMeHHas 1 npocTpaHCTBEHHAA NepuoauyHO-
CTW B3anMoOCBs3aHbl. B ynpoLLéHHOM Buae Ans BOJSIH, pacrnpoCTpaHAOLLMXCH
B OQHOPOAHOM W M3OTPOMHOM MPOCTPaAHCTBE, 3Ta 3aBUCUMOCTb MMEET Ccrie-
aywowmn Bua: v =V, /A, rae V, — dasosasa CKOPOCTb pacnpocTpaHeHns Bon-
Hbl B laHHOW cpefe (Ana BakyyMa oHa paBHa ckopoctu ceeta V, =c¢ = 2,998
“10° m/c)

OHeprus U CKOpocTb BOJIH

PacnpocTpaHsiowasaca B matepuansHOW cpefe BonHa, nogobHo rto-
bomy aBuxyLemMycs 06beKkTy, HECET SHEepPrnio OT OAHOW TOYKWM MPOCTpPaHCTBa
K ApYron (OT UCTOYHMKA K MPUEMHUKY). BaxkHO NOHMMaTb, 4TO NEpPEHOC aHep-
mn npoucxoaut 6e3 nepeHoca BellecTBa cpedbl, XOTA cama cpeja BOBIie-
YeHa B BOJTHOBOW MNpOLeCC nepeaadn aHepruun.

BenvynHa sHeprumn, nepeHoCcMMon BOSTHOM, MOXET MEHSTbCH B LUMPO-
KX npegenax. Hanpumep, NANOTHOCTb MNOTOKA MOLHOCTU 3NEKTPOMAarHUTHOro

2
Nons, co3aaBaeMoro nasepom, MoXeT cocTaBnATb Ao 10 B1/m BONu3n anek-
Tpu4yeckoro npobos Bo3gyxa. MoOLLHOCTb e 3BYKOBbIX BOJIH YENOBEYECKOro
ronoca o4yeHb HesHauyuTenbHa. Hanpumep, MHTEHCUBHOCTb 3BYKOBbIX BOJIH

Ha Nopore CrbILWMMOCTU UX YenoBekoM Ha YacToTe f = 1kl'u cocTaBndaeT Bce-

-12 2
ro10 Bt/m.

CKOPOCmb rfieKmpomacHUMHbIX 80J/IH OMEHb BEJIMKa U B BaKyyMe paB-

8
Ha 3 °~ 10 wm/c. Ckopocmb aKycmu4ecKux 60JIH Ha HECKONbKO MOpSALKOB
MeHbLUe. Hanpumep, 3BYyKOBLIE BOSHbI PACnNpOCTPaHAITCA B CyXOM BO34yXe

0
npu Temnepartype t =0 C co ckopocTbio 331 M/c.
[nsi KONNYECTBEHHOW XapaKTEPUCTUKN NEPEHOCUMOWN BOSIHOW JHEprum

—

MCMNOSNb3YEeTCH BEKTOP He aMnnnTydbl, a NIOTHOCTU NOoToKa 3aHeprun | . MMpu
HebonbLINX amnnMTyp,ax:T = Z,kA?, rae A — amnutyaa; k — KoadhULMEHT
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NPONOPLIMOHANbBHOCTU, 3aBUCALLMIA OT NPUPOAbLI BOMHbI U CBOWCTB cpeabl, rae
3Ta BOMHa pacnpocTpaHsaeTcs, Z, — eAWHWUYHbIN BEKTOP B HaNpaBneHun pac-

NpocTpaHeHna BoMHbl. [lepuon anekTpoMarHUTHOM BoOMHbI T (4acToTa
v =1/T ) paBeH nepuopay (4actoTe) KornebaHunini UCTOYHUKA SNEKTPOMArHUTHBLIX

BOMNH. [N 3neKkTpOMarHUTHbIX BOSMH CnpaBeafiMBO COOTHOWeEHue A =v /v,
rae v — CKOpOCTb pacnpoCTpaHEeHMs BOMHbI, v — YacToTa BOSHbl. B Bakyy-
Me 4, = c/v— AnvHa BomnHbl HanbonbLiasi No cpaBHeHWo ¢ A B nobon apy-
rov cpege.
OneKkTpomMarHMTHasa BOSIHa NEPEHOCUT SHEPTUIO, NPUYEM NEPEHOC IHEP-
M COoBepLLAeTCs B HanpasfeHun pacnpocTpaHeHust BomHbl. O6bemHas
MNNOTHOCTb 3HEPrun 3NEKTPOMAarHUTHOW MONSA onpefenseTcs BblpaKeHnem
. g, E? . B?
2 2 i,
BaKyyMma, ,— UX MarHUTHbIE NPOHULLAEMOCTN COOTBETCTBEHHO.

, TAe &,&, — ANANEKTPMYECKNE NPOHULIAEMOCTUN cpedbl U

LLikana 3neKTpoMarHMTHbIX BOJIH.

ONEKTPOMarHMUTHbIE BOSHbI (MHOrOa UX HasblBalOT 3N1EKTPOMAarHUTHbLIM
N3ny4eHnem) 3aHMMalT OYEeHb LUIMPOKUW Ananas3oH ASNIMH BOSH — OT HaHO-
METPOB A0 edMHUL, KUIIOMETPOB, YTO OnpeaeniieTcs pasfnmnyHbIMU UCTOYHM-
KamMun B OKpyXalLeM Hac mupe (Tabn. 5.1), KoTopble nopoxaatT mux. Boob-
LLle TOBOPSA 3NEeKTpOMarHUTHbIE BOSHbI MOTYT CyLleCcTBOBaTb ft06OM ASNMHbI
BOSHbI. [JnanasoH aNeKTPOMarHUTHbIX BOSIH HEOAHOPOLEH, NO3TOMY €ero ge-
NAT Ha NogananasoHbl, B KOTOPbIX (hnanyeckne CBOMCTBA ANIEKTPOMArHUTHbIX
nonewn B onpegeneHHon CTeneHn ogMHaKoBbl.

Buanmbin gnanasoH onTUYecKoro uanyyeHus (puc. 5.2) aBnsieTcs oco-
6bIM 8UOOM 371EKMPOMAa2HUMHO20 U3/1y4EHUS, NOCKOSIbKY OH BOCMPUHMMAET-
Csl Yyenosevecknm rnasomM. Mbl 06bIMHO ONTUYECKOE MU3NYyYEHWEe BUOANMON Ya-
CTW OMTUYECKOrO U3Ny4YeHNsa HasblIBaeM C8€EMmom.

[Mogasnaowee KonmMyectBo MHGopmaumm o6 OKpyxalwwem Mupe 4e-
NOBEK MOfyYaeT NOMOLLbIO TOro, YTO Mbl Ha3blBaeM CBETOM, a 6oiee TOYHO —
C NOMOLLIbIO OMTUYECKOTO N3SyYEHUS.

OnTuyeckoe mnsnyyvyeHne, Kak n3BecTHo, obnagaet 0gHOBPEMEHHO 80/1-
HOBbLIMU U KOPIYCKYrSPHbIMU CBOUCTBaMU. TO eCTb, C OAHOW CTOPOHbI, 3rek-
TPOMarHMTHOE M3MNy4YEHNEe ONTUYECKOro AnanasoHa 3TO BOSIHOBOM MPOLECC C
4yacToToW KonebaHun v unu AnvHON BonHbl A, a ¢ APYro — NoToK aNemeH-
TapHbIX YacTul, HasblBaeMblx poToHamu, ¢ aHeprmen Wqy: (0BbIMHO M3Meps-
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€MOMN B 3neKTpoHBosbTax — aB). [MoaToMy, COOTBETCTBEHHO, UMEKTCA OBE
Teopuun: BONHOBAas (3NIEKTpOMarHMTHas) 1 KopnyckynspHasi (kBaHToBas).

Tabnuua 5.1
Ovana3oHbl 3f1IeKTPOMarHUTHbIX BOJH
HasBaHue gnanasoHa |[dnNuWHbI BOMNH, A YacTtoThbl, V NcTOYHMKMN
CeepxanuHHble | 6onee 10 km meHee 30 k'Y ATMOCepHbIe K
MarHuTocgepHble
Paauo- OnuHHbIE 10 kM — 1 Km 30 kl'u — 300 kl'y SBRenus.. Paavo-
BOJIHbI
CpenHvie 1 kM — 100 M 300 kl'y — 3 My | CBA3E:
KopoTtkune 100m—-10m 3MlMy —-30Mly
YnbTpakopoT- 10M—-1MMm 30 MlNy, —
Kne
300 My,
NHppakpacHoe nanydeHne | 1 Mmm — 780 HM 300 My — N3ny4eHne mone-
Kyn 1 aToMOB npu
429 Thy TENMOBbIX U 3Mek-
Buaumoe (ontuyeckoe) us- | 780 — 380 HM 429 Tly — TPU4ECKNX BO3AEM-
nyyeHne CTBUSIX.
750 Ty
380 — 10 HM 7,510 My — /3ny4yeHne aToMoB
3-10" Iy noa BO34ENCTBMEM
YnbTpadumonetosoe YCKOPEHHbIX BrIEk-
TPOHOB.
ATOMHbIE nNpouec-
Cbl MNPy BO3OENCT-
BUWN YCKOPEHHbIX
PeHTreHoBCKue 10 HM — 5 Nm 310" - 6-10" [y | 3@psKeHHbIX Yac-
TN,
ApepHble n kocMmu-
19 YecKne NpoLecchl,
Mamma MeHee 5 v bonee 6:10° Ny,

pagnoaKkTUBHbLIN
pacnag.
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CBeT — 3TO 3neKkTpoMarHUTHasi BOSfiHa, BEKTOPbI HaMpPs)XEHHOCTU 3nekK-
TPUYECKOro M MarHUTHOrO MOJSIsi KOTOPOW PacnosioXeHbl B NSOCKOCTU, nepne-
HOMKYISIPHOW HanpaBfieHUIO ee pacnpoCcTpaHEHNA U NEPUOLSNYECKUN N3MEHS-
IOTCS MO BENIMYMHE U HaNpaBnNeHUIo.

[MPUHATO cuynTaTh, YTO ONTMUYECKOE U3STYYEHUE ITO ANEeKTPOMarHUTHbIE
BOMHbI C ANMHOM BonHbl A oT 10 HM o 1 mm. Mo cdursmyeckum cBoncTBam
ONTUYECKNN AuanasoH BOJSIH, COCTOAWMA U3 WMHPaKpacHOro, BUAUMOrO,
ynbTpadomMoneToBOro y4acTKoB CrekTpa, Takke HeogHopoaeH. oatomy on-
TUYECKUN gunanas3oH OeNAT Ha nogamnanasoHbl, B KOTOPbIX pusnyeckme cBou-
CTBa B ornpeaesieHHoN cTeneHn ognHakossbl (puc. 5.2, Tabn. 5.2).

1 HM 10 Hm TOmER 01 w1 ram
A I 1 I L1 A
YNeTpadMoneToeoe Buoumoe MuthpakpacHoe
M3y EHME M3 Ny EHME MMy HEHME
L Ll 1 I | L. v,y
17 12 i
10 10" 10
| | | | 1 | | .
] W, o8
100 100 | 1828 | 436 1 0,01
D,SB L - L —_— D,?E‘
e ] ] 1 | B A

Puc. 5.2. MpeactaBneHue onTUYecKoro AvanasoHa B Buge psaga wkan
3N1eKTPOMarHUTHbIX BOJTH

OnTnyeckoe n3nyyeHne CornacHo COBpEMEHHON Teopun obnagaet oa-
HOBPEMEHHO KOPMYCKYMSPHbIMA M BOSIHOBbIMM cBOMCTBaMu. [ns ygobcTtea
0OBbACHEHNSA C TOYKMN 3PEHUSI BONTHOBOW TEOPUM CMEKTP BUOAMMOro AmManasoHa
ONTUYECKOro U3NYy4YeHUs1 AENAT Ha CEMb OTNIMYAKOLWMXCS ASIMHOW BOMHbI A
LUMPOKKMX NOSioc (LUBETOB): (PMONETOBbLIN, CUHUI, TONyOON, 3eNEHbIN, XENTbIN,
OpaHXeBbIM N KpacHbI (CM. Tabn. 5.2).
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Tabnuuya 5.2.

I'Ipe,QCTaBneHMe CneKkTpa BuANMOro cseTta

LiBeT [nanasoH nanasoH [nana3oH aHeprum
OTNWH BOJTH, HM yacTtoT, Ty, dooToHOB, 3B
DduroneTosbIit 380 — 440 790 — 680 2,82 - 3,26
Cuhuii 440 — 485 680 — 620 2,56 — 2,82
Tony6oit 485 - 500 620 — 600 2,48 — 2,56
3enéHbii 500 - 565 600 — 530 2,19-2,48
Kéntoiit 565 — 590 530 -510 210-2,19

CI'IeKTp N CNeKTpalibHble UBeTa XapakKTepu3yroT TO, YTO B COCTaBe be-
JIOr0 cBeTa NMEeKTCA 3NeKTpoMarHnTHble nomnd C pa3HbiMU OJTIMHAMW BOJIH.
JT0 pasrpaHn4yeHmne He pe3Koe, a CKopee, oaAuH uUBeT MnjiaBHO rnepexoanTt B

OPYrow.

HekoTopble napamMeTpbl 3NeKTPOMarHUTHbIX BOJIH.

1. OCHOBHbIM UCTOYHMKOM CMEKTPA 3NEKTPOMArHUTHbIX BOSIH ABMSIETCS
3se3ga ConHue.

2. HacTb cnekTpa aneKkTpoMarHUTHbIX BOSTH (OMNTUYECKOro guanasoHa)
BMOUT rnas vyenoseka.

3. OneKkTpoMarHUTHbIE KonedaHusa ¢ pasnM4yHoOn ANMHOW BOSH Bbi3blBa-
IOT B OpraHu3Me 4enoBeKa OLllyUleHMe cBeTa C pasfiMyHOM OKpacKou
(puc. 5.2).

4. YacTb cnekTpa aneKTpoMarHMTHbIX BOSMH (paguOoOBOSiHbI) UCMOMb3yeT-
Cs ANns uenen pagnoTenesmM3MOHHONO BELLLAHUSA, HAaBUraLmMm 1 CUCTEM CBA3N.

5. AICTOYHMK aneKkTpoMarHUTHbIX BOMH — cpea (Hanpumep, ons pagvo-
BOJIH 3TO MOXET ObITb NPOBOA) (aHTEHHA), B KOTOPOM NponCXoauT konebaHme
9NEeKTPUYECKMX 3apsaos.

6. DNeKTpOMarHMTHY BOSHY B NOOOM TOYKe NPOCTpaHCTBA O4HO3HAY-

HO 3aJaeT NPaBOBMHTOBAs TPOiiKka BekTopoB £, H u V. OgHako BekTopbl £
M H MoryT 6bITb MPOVN3BONBHO OPUEHTUPOBAHBI OTHOCUTEMNLHO HaMpaBMeHus!
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http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BE%D0%BB%D0%B5%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BE%D0%BB%D0%B5%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D0%B8%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D0%B8%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D1%83%D0%B1%D0%BE%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D1%83%D0%B1%D0%BE%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BB%D1%91%D0%BD%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BB%D1%91%D0%BD%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%96%D1%91%D0%BB%D1%82%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%96%D1%91%D0%BB%D1%82%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82

pacnpocTpaHeHnsa BOSHbI (BekTopa ckopoctn V). B aTon cBs3m ontuyeckoe
N3nyyYeHne MoxeT OblTb ECTECTBEHHBIM U MNOMNSIPU30BAHHLIM.
[Ons ecmecmeeHHO20 (Henosspu308aHHO20) ONTUYECKOro WU3nyyYyeHud

HanpaBneHusi korieGaHuii BekTopoB £ 1 H 6bICTpO M 6ecropsifoyHo cme-

HAOT Apyr apyra.
OnTuyeckoe n3nyyeHne HasbIBalOT 10/19pU308aHHbIM, €CIN Hanpaene-

— —

HUA BEKTOpoB E n H mnameHsalTCA NO onpeaesieHHoOMY 3akoHy. Ecnu BekTo-

— —

pbl E vwH BO BpeMA pacnpoCcTpaHeEHUA nexaTt B OOAHUX U TEX XKEe MIOCKOCTAX

— —

(Mpn n3MeHeHn BO BpEMEHM HanpaBreHus BeKTopoB E u H ocTatotcs no-
CTOSIHHbIMW), TO B 3TOM Clly4ae onTu4eckoe nsnyvyeHme HasblBatoT FIMHENHO -
NITN NJTOCKO-NOSISIPU30BAHHbIM.

[Ana BblgeneHna nNMHenHO NONsSPU30BAHHOIO CBeTa U3 eCTECTBEHHOro
OMTMYECKOro U3Ny4YyeHNa UCMOoMb3YyKT cneumasrbHble ONnTUYecKkne YyCTPpoMCTBa,
HasblBaeMble nongpusaTopamu.

5.3. BzaumogencTeme nsnyvyeHusi ¢ BeLecTBOM

B okpyxatowen Hac npMpoae NOCTOAHHO MPOUCXOAST NMpoLEeCcChl B3aun-
MOAEWNCTBME INIEKTPOMArHUTHOIO U3MNyYeHUs1 C BELLLECTBOM.

B obwem cnyvyae B3aMmMoOencTBME INEKTPOMAarHUTHOrO M3nyYeHust C
BELLECTBOM CBOAUTCS K COBOKYNMHOCTWN 3NeMEHTAaPHbIX MPOLECCOB paccesHUs
(Yynpyroro m Heynpyroro), rno2s0WeHusi n 2eHepayuu 3TOro N3nyyeHus.

B ecTtecTBO3HaHMM 3TU MpoOLIECCHl U3y4yaloT Yalle BCEro Ha OCHOBe
cnekTpanbHOro aHanusa. B 3aBUCMMOCTM OT XapakTepa B3auMOAENCTBUSA
9NEKTPOMAarHUTHOIO N3NyYeHUs1 C BELLLECTBOM CMEKTPbl AENATCA Ha CrieKmpabl
rnoanoweHus (abcopbuyuu), paccesiHUs, ompaxXeHusl U UCIyCcKaHusi (amuc-
cuu).

UoHusupyrowum usny4eHuem HasbiBaeTcs nobdoe mnanyvyeHve, B3auMo-
AEeNcTBMe KOTOPOro C BELLECTBOM NPUBOAUT K 0O6pasoBaHUIO MOHOB pPasHbIX
3HaKOB.

Abcopbuusi (Hanpumep, rnoasiouwjeHue ceeta) — 3TO CBOMCTBO BeLlecTBa
npeobpasoBbiBaTb MNOrMOLLEHHOE N3yyeHune (B JaHHOM crny4vae, CBeT) B ApY-
rme oopMbl 3HEPTUU, FNaBHbIM 06pa3oM, B TEMSOBYIO.

OmpaxkeHue — cnocoBbHOCTb MaTepuana oTpaxaTtb 3feKTPOMarHMTHoe
nanydyeHne. PasnuyaloT HeCKOSbKO BMOOB OTPaKEHWs: 3epKaribHOe, CMe-
LLaHHOE, NOJSTHOCTBI PAcCeAHHOE N HeperynsipHO paccesiHHoe.
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Hanpumep, BO BHYTPEHHEM OCBELLUEHUM MOMELLEHUA UCMOSb3yeTcHd B
OCHOBHOM paccesiHHoe (anddy3Hoe) oTpaKeHme.

TpaHcmuccusi — 9TO CBOWCTBO BellecTBa (matepuana) 6ecnpenaTct-
BEHHO npornyckaTb BCTpeyHoe mnanyyeHne. Mepon ee aBnaetcs Koadduum-
€HT TpaHCMMCCUWN.

PasnuyaloT HenocpeacTBEHHO WMOHU3UPYIOLLEE WU KOCBEHHO WOHWU3U-
pyloLLee nsny4yeHme.

HenocpedcmeeHHO UOHU3UpYyOwee u3sfydeHue npeacrtaensieT cobomn
NOTOK 3apPSKEHHbIX YacTuL, KUHETUYECKast HEPIUS KOTOPbIX JOCTaTOYHa ANns
NOHM3aUMM NPU CTOSIKHOBEHUN C aTOMaMu BeLLECTBa.

KoceeHHO uoHu3upyrowee usnydeHue npeacrtaBnset cobon noTok He-
3apshKeHHbIX YacTtuy (HEMTPOHOB, POTOHOB), KOTOPbIE MOryT co3gaBaTb He-
NOCPEeACTBEHHO WOHM3MpYOLLee u3nyvyeHne un (MnNun) Bbl3biBaTb SOEPHbIE
npeBpaLLeHnsa Npu B3anMogencTBmn co cpenomn.

NoHunaupyrolee msnyvyeHune, npeacrasnsawowee cobom yactuubl C He-
HYNeBOM MacCOW NOKOS1, HA3blBAKOT KOPMYCKYISIPHbIM.

K ¢ghomoHHOMY UOHU3UpYrOWEeMy U3/y4eHUr OTHOCUTCA ramma-
N3nyyYeHne N PEHTFEHOBCKOE U3MyYeHme.

OHeprnen NOHMU3NPYHOLLLEro N3ryyYeHunst HasblBalOT CYMMapHY 3HEPIUIo
NOHM3NPYIOLWKNX YacTuy (6e3 ydeTa 3HEPrnn NOKosi), UCNYLLEHHYIO, nepenaH-
HYIO UMK MOrNOLWEHHY. EANHULEN 3HEPTMN NOHU3MPYIOLLEro U3NyyYyeHust B
CW asnsetca pxoynb (IX).

U3nyyeHue e3aumoldelcmeyem nNPeNMyLLEeCTBEHHO C 3I1EKTPOHaMU
aTtomos. [pn 3TOM MOXET NPOMCXOAUTb NPOMCXOOUT BO3OYXOeHMEe aTOMOB,
HO B OCHOBHOM MAeT NpoLecc MoHM3aumm aToMoB, KOTOPbIN COCTOUT B OTPbI-
BE OT aToma Mo KpanHel mepe OfHOro anektpoHa: M — M+ e (cTpenkon
3gecb 0603HaYeHO BO34ENCTBME NOHMU3NPYIOLLLETO U3ITYYEHUS).

BaanmogencTene nanyyeHus C aToOMHbIMU siApamMn UCMONb3YOT TONbKO
Anst obHapyXeHNa He3apsPKeHHbIX, HENMTPOHOB, He obragalowmx MOHWU3U-
PYIOLIUM OENCTBMEM: MPU YAPYrNX CTONKHOBEHUSX HEMTPOHOB C A4pamMu BO-
aopoaa obpasytoTca NPOTOHbI OTAA4YM, KOTOpble MOryT ObITb OBHapYXeHbI Kak
3apshKeHHbIe YacTuubl.

[poHukarwyo crnocobHocme pasfNYHbIX BUOOB MU3NYYEHUS MPUHATO
XapakTepun3oBaTb TOSLIMHOM Cros BELWEeCTBa, NPM KOTOPOM MHTEHCUBHOCTb
N3yYeHUs1 yMeHbLUAaeTCa HanosIoBUHY, NPUYEM TOSLLMHY OObIYHO BbipaXkatoT
MacColl BellecTBa Ha eAMHWLY MOBEPXHOCTW, r/cm® unu mr/cm? (Macca Ha
eaNHULLY NMOBEPXHOCTU paBHa MIOTHOCTU, YMHOXEHHOW Ha TOSILLMHY CIlo4).
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[Mpouecc NPOXoXAEHUS MOHU3UPYIOLLErO U3nydeHus, Hecyuwero 60onb-
LLIOW 3anac 3Heprum, Yyepes BELLECTBO, OCTABMSET CBOW cCreq B BUAE M3Me-
HEeHWUN CTPYKTYpbl BeLLEeCTBa.

UoHusupyrowee usnydeHue (paduauyusi) — NOTOK YacTul, Uin KBaAHTOB
9NEKTPOMAarHUTHOrO W3ryvYeHns, B3aMMOLEWCTBME KOTOPOro C BELLECTBOM
NPUBOANT K MOHM3aLUMN N BO3BYXOEHNIO ero aToMoB M Monekyn. K noHusm-
pYHOLLEMY M3MYYEHUIO OTHOCATCSA MOTOKM 3NEKTPOHOB, MO3UTPOHOB, MPOTO-
HOB, AENTPOHOB, O-4YacTUL, U OPYIrUX 3apsPKEHHbIX YacTul, a TakkKe MOTOKM
HENTPOHOB, PEHTIEHOBCKOE U raMma-uany4veHue.

B3amogencTene MOHU3MPYIOLLETO M3MYyYEHUS C BewecTBOM ObiBaeT
ABYX TUMOB: YNpPYyroe u Heynpyroe. Yrpyesoe paccesHue 4Yacmuuy — NpoLecce
CTOSIKHOBEHUSA YacTul, B pesynbTaTe KOTOPOro MEHSAITCHA TOMbKO WX WUM-
NynbCbl, @ BHYTPEHHEE COCTOSIHUSA OCTalTCHA HEU3MEHHbIM. Heyrpyeoe pac-
cesiHUe 4Yacmuy — CTOSIKHOBEHME 4acTuu, NpMBOASLLIEE K U3MEHEHUIO MUX
BHYTPEHHEro COCTOSAHWUA, NpeBpaLleHuto B ApyrMe YacTuubl Unn OOrMOoSHU-
TENbHOMY POXAEHUIO HOBbIX YacTuL,.

[na Konn4yecTBEHHON XapaKTePUCTUKN SHEPTUN MOHMU3UPYIOLLETO N3IY-
YeHus1, MOrnoLweHHON B eanHULE Maccbl 0bryyaemMoro BeLlecTBa, BBeAeHa
BeSfiMYMHa, HasblBaemMas roasoueHHoU 0030l NOHU3NPYIOLLLEro nanydeHus. B
3aBMCMMOCTW OT MOFOLEHHOWN A03bl MOHM3NPYHOLLErO U3Ny4YeHns HapyLlaeT-
Csl CTPYKTypa BellecTBa, B YaCTHOCTU, CTeneHb AENCTBUS MOHU3UPYHOLLErO
N3Ny4YEeHNs Ha KOHCTPYKUMOHHbIE MaTepuarbl U apyrne o6beKTbI.

MoHusauua n Bo3byxaeHue

UoHu3zayusi — npeBpalleHme aToOMOB MM MOSEKYN B MOSIOXUTESNbHbIE
MOHbI B pe3yfibTaTe OTpbiBa OQHOIMO UMM HECKOJSTbKUX 3NEKTPOHOB. OHeprus,
HeobOxoaumasa Onsa OTpbiBa 3NeKTPOHAa, Ha3blBaeTCA aHepauel UOHU3auuu.
NoHnzauua nponcxogut npwu MOrfnoweHnn 3MneKTPOMarHUTHOrO U3nyyYeHus
(boTOMOHM3aALMS), NMPU HarpeBaHWU rasa (TepmMuyeckas MOHM3aund), Npwu
BO3JENCTBMN 3MEKTpPUYEeCcKoro nosis (nosiesasi MoHM3auus), Npu CTONKHOBE-
HUW YacTuL C ANEKTPOHaMKU, MOHaMK, aToMamMu (CTONKHOBUTENbHAsS MOHM3a-
uuns) u ap. HentpanbHble aToOMbl M MOMEKYSTbl MOTYT B OCODbIX Cryyasix npu-
COEaUHATb ANEKTPOHbI, 06pasysa oTpuLaTenbHbIE NOHBDI.

Bo36yxdeHHoe cocmosiHUe K8aHMmo8o-MexaHu4yeckol cucmemMbl — He-
YCTONYMBOE COCTOSAHWE C 3HEPrneu, npeBbillatowen 3HEPrnio OCHOBHOIO CO-
CTOSIHUS.
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B3aumogencreme cBeTa C BEWECTBOM MNpeaoCcTaBnseT LUMPOKNE BO3-
MOXHOCTW KaK Af1s yrnpasneHus CBETOM, Tak U A4S UccriefoBaHnA BelecTsa.
Bnarogapsa B3aMOOENCTBUIO 3fIEKTPOMArHUTHONO U3MNyyYyeHUs ¢ BeLeCTBOM
Mbl MOXeM ero obHapyxumBaTtb, ycunusaTb, reHepupoBaTb, NpeobpasoBbl-
BaTb U T. A.

Hac vHTepecyeT Kak BbIXO4HOE U3ryyeHue, Tak U npouecchl, NPOUCXo-
Asdume ¢ BelecTBOM Nnpu B3aumoadencTemn. lagum HEKOTOPYHO Kraccuduka-
LMo 9P EKTOB B3aUMOLENCTBUS.

1. Bo3Oelicmeue sewiecmea Ha U3flydeHue — Kakue-nmbo xapakrepu-
CTUKN U3NYYEeHNA Ha BbIXOAe OT/NYaTCA OT BXOAHbLIX. Takne adpdeKkTbl ns-
BECTHbI, HanpuMmep OTpaXxeHwe cBeTa OT BOAHOW MOBEPXHOCTU, nperiomrie-
HWe ceeTa. PasnoxeHune 6enoro ceeta ¢ NOMOLLLIO NPU3Mbl B CMEKTP, ABOW-
Hoe ny4yenperioMmrieHne cBeTa B KpucTtasnsne mcrnaHgckoro wwnata. BewecTtso
BCerfga AencTByeT Ha U3nyyYeHue Kakum-nmbo obpasom.

2. Bosdelicmeue u3srydyeHuss Ha sewecmeo — napameTpbl BewecTsa,
XapakTepuUCTUKN BeLlecTBa, ero opma, COCTOAHNE U OPYroe MeHSTCH npu
ero obnyyeHun. CokycnpoBaHHOE CONTHEYHOE U3NyYeHUEe MOXET MNpoXKeyb
bymary, 3axeyb koctep M T.4. OgHako Hambornblee pasBuTUEe 3PdeKTb
BO3ENCTBUS M3NYYEHUS Ha BELLECTBO, MX UCCMeLOBaHUA U NPUIOXEHUS,
Nony4mnun nocne nosiBfeHnsa nasepos. [locTuraemble 34ecb MAOTHOCTU SHEpP-
M1 NO3BONSAIOT Bbl3BaTb B BELLECTBE Kak obpaTumble, Tak U HeobpaTumble
nameHeHnda. K obpaTtuMbiM M3MEHEHUSIM OTHOCATCA OUHaMWYecKue roro-
rpamMmMbl B OTOXPOMHbBIX U (hoTopedpakTUBHbLIX N APYrKX, K HeobpaTUMbIM —
peska, cBapka, CBepfieHMe OTBEPCTUN Nas3epHbIM fy4HOM.

3. Spghekmbl camogo3delicmausi — N3Ny4YeHne OeUCTBYET Ha BeELLEeCT-
BO, @ U3MEHEHMNEe ero CBOMCTB NPUBOAUT K UBMEHEHUIO NapamMeTpoB U3rny4e-
HUA. MNMpumepbl: caModoKyCcMpoBKa U camoedOoKyCMpPOBKa CBETOBbLIX MYyYKOB,
pacrnpocTpaHeHUsi COSIMTOHOB, U T. 4.

B o6wunx YyepTax B3anMogencTBme U3nyy4eHus ¢ BeLecTBoOM npeacras-
ngaeTcsa cnegyowmnm obpasom.

OreKTpoOMarHUTHOE MnoJsie CBETOBOW BOJSTHbI BO3OENCTBYET Ha 3apAXKeH-
Hble YacTuubl cpefbl, 3acTaBrisis UX COBepLUATb BbIHYXAEHHble KonebaHus
Ha 4actote nonid. [lpy 3TOM 4acTb SHeprum CBETOBOro Mons nepegaetcs
YyacTvuam — cBeToBas BOSHA nornowaetcs. Konebniowmeca aneKkTpoHbl, B
CBOK o4epenb, CTAHOBATCH UCTOYHMKaAMW BTOPUYHBLIX CBETOBbIX BOSH. WH-
TepdepeHUns aTUX BOSTH NMPUBOAUT K TOMY, YTO CKOPOCTb pacnpoCcTpaHeHnd
CBETOBOM BOJSIHbI B Cpefle CTaHOBUTCA MeHbLUe, YeM CKOpPOCTb CBeTa B Ba-
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KyymMe 1, KpoMe TOro, 3aBMCUT OT 4acTOTbl CBeTa. JTO ABNEHMNE Ha3blBaeTCs
oucriepcuell ceeTa.

OAHO 13 apKMX NPOSBIIEHN Ancnepcnn aTo pasnoxeHne 6eroro ceeTa
B CMEKTP C MOMOLLbIO CTEKNAHHON NPU3Mbl BbISIO NPOAEMOHCTPUPOBAHO eLle
HboTOHOM.

[dpyron npumep usmeHeHUe popMbi U OrUMeIbHOCMU ¢c8emogoao UM-
ryribca Npu ero pacnpocTpaHeHNn B QUCNeprupytowen cpeae.

OuyeHb cBOeobpasHble ONTUYECKMEe SABMEHUSI NPOUCXOAAT U Ha epaHuye
pa3soersna cped. 30ecb BTOPUYHOE U3NYyYEHUe, ucnyckaemoe yactuuamm obe-
nx cpen, nHTepdepupyet Takmm obpasom, 4TO UMEET MECTO CUNbHOE Hapy-
LUEHNEe NPAMOSIMHENHOCTU PacrnpOCTPaHEHUsI CBEeTA: BO3HMKAIOT OTPa)KEHHbIN
N NPESIOMIIEHHbIN NyYu.

Ha oTpaxeHun n NpenomMmneHMm cBeTa OCHOBAHO OEWCTBME 3epkKan,
FINH3 N NPU3M.

FABneHne NOMHOro BHYTPEHHErO OTPaXXeHUs MO3BOMHAET nepenaBaTb
CBET MO ONTUYECKOMY BOSTOKHY.

Cunbl CBETOBOroO AaBfieHMs], BO3HMKAOLWLME NPU OTPaAXEHUN U NPenom-
NEeHNN, MOXXHO MCMNONb30BaThb 4SS YNpaBneHus ABMKEHNEM MUKpOYacTuL,.

B aHuszomponHbix cpedax (Kpucmarsnax) CMeLeHne 3apsKeHHbIX vac-
TVL No4 OENCTBMEM 3M1EKTPUYECKOrO MO CBETOBOW BOSMHbLI MPOUCXOAUT HE B
HanpaBfeHMn Nons, a B HanpasfeHnn, onpeaensaemMomMm CTPYKTYPOn KpucTan-
na. Bcnegcreme 3TOro pacnpocTpaHeHWe cBeTa B Kpuctanne uMmeet psg
cneundudecknx ocobeHHocten. OgHa N3 HUX — deoUHoe JlyderpesioMieHue
ceema Ha epaHuue aHuU30mporiHou cpeosbl.

HakoHeLl, B CUITbHOM CBETOBOM Mofie, JOCTUraemMom B COOKYyCUpOBaH-
HbIX Na3epHbIX MNy4yKax, CTaHOBUTCS CYLECTBEHHOW HENTMHENHOCTb (aHrapmo-
HU3M) BbIHYXXOEHHbIX KorebaHui anemMeHTapHbIX ocumnnaTopoB cpefbl. C
Hel CBS3aH LEenbli KnacCc HOBbIX ONTUYECKUX SIBNIEHUA. OTO ABMNEHUS Herlu-
HelHoU onmuku, obLLen YepTon KOTOPbIX SIBASETCSA CUNbHAA 3aBUCMMOCTb OT
MHTEHCUBHOCTMK cBeTa. K HUM OTHOCATCSA Takune SIBMIEHUS Kak: reHepauusi on-
TUYECKMX rapMOHUK; CcaMOdOKyCUPOBKa N BbIHY>XAEHHOE paccesiHMe cBeTa.

5.4. OcHoBbI NpeacTaBneHns MHcopmauum

B OKpyXawuwemM HaCc Mupe eCTb HEYTO, YTO NpunHUUNmMaribHoO OTiin4aTCA
OT pecypcoB MmaTepunalibHbIX N SHEPreTn4ecknx. Ha NPOTAXXEHUN BCEW CBOEWN
NCTOpUN 4erioBe4veCcTBO Hakarnsmeaso 3HaHuA, NnoJiyd4eHHble U3 Ha6mop,eva
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N onblTa, NbITaNoOCb COXPaHUTb UX U NepedaTb NOCMeAYWMM MOKONEHUSM,
TO eCTb YerioBe4yeckoe Bcerga Hakannusearno M To, YTO HasbiBalOT MHpopMa-
LMOHHbIM pecypcoM. B noBcegHeBHOW OeATESNIbHOCTM YerioBeka HEU3MEHHO
npucyTtcTeyeT nHdopmauus. OCHOBOMOMNOXHUK KnbepHeTukn HopbepT BuHep
onpegenun ato noHaTue Tak: «MHgopmauma ectb MHGoOpMauma, a He marte-
pua n He aHeprna». To ectb BuHep oTHOCMN MHOpMaUMIO K PyHOAMEH-
TanbHbIM MOHATUAM, HE BbIBOAMMbIM Yyepesd 6oree npoctole. K coxaneHuo n
B HacTosllee BpeMsA He CywecTByeT eOuHOro onpegerieHns TepMuHa UH-
gopmayus. B cnpaBoYHMKaAX MOXHO HaWUTW onpenerieHme, Yto nHdopmauma
(ot nart. informatio — ocBegoMnieHMe, pasbsCHEHWE, WU3NOXeHue, OT
nat. informare — npugaBaTb dOPMY) — B LUMPOKOM CMbICie abCTpakTHOe Mno-
HATUE, MMeloLLlee MHOXECTBO 3Ha4yeHUW, B 3aBUCUMOCTU OT KOHTekcTa. H-
dopmauumsa Bcerga cessdaHa ¢ matepmarnbHbIM HOCUTENEM, C MaTepuanbHbIMU
npoLeccaMmn U UMeeT HeKoTopoe npencrasnenHne. IHpopmaumsa, npeacras-
neHHas B kKakon-nnbo cdopme, HasbiBaeTcs cooblieHnem. CoobueHus npea-
CTaBNATCH B BUAE CUTHANOB U AaHHbIX. CUrHanbl UCNONb3yKTCA ANsa nepe-
Aayn nHdopmMauum B NPOCTPaAHCTBE MEXAYy MCTOYHMKOM W nonyyaTtenem, a
AaHHble — ANa XpaHeHna (TO eCcTb ANs nepefadn BO BPEMEHM).

CurHan — U3MeHSILWNNCA BO BPEMEHN (PU3NYECKUIA NMPOLLECC, UBMEHE-
HWEe napamMeTpoB KOTOPOro U HECET MHAOPMALIMIO K NoMyYaTen:o.

[aHHble — pe3ynbTaT domkcauumn, otobpakeHns HpopMaLnmn Ha KakoM-
nmbo matepuanbHOM HocuUTene

NHdbopmaums npefcrasnser cobom ogHO U3 OBbLMX MOHATUA, CBSA3AH-
HbIX ¢ MaTepuen. OHa cyllecTByeT B N0OOM MaTepuanbHOM 00beKTE B BUAE
MHOroobpasunsi ero CocTostHU U nepegaeTcsl oT ob6bekTa K 06bEKTY B Mpo-
uecce ux BzammogencTansi. MoXHO Takke OTMETUTb, YTO B XO4e B3anMoaemn-
CTBUS Mexay obbekTamu oguMH OoObekT nepenaéTt ApYyroMy HekoTopyk cyb6-
CTaHLUMIO, HO Npu 3TOM caM e€ He TepseT. CneacTtBMeM HemaTepuanbHOM
npupoabl MHPOPMaLUKN ABIISIETCS BO3MOXHOCTb €€ HeOrpaHMYeHHOro Tupa-
XNpOBaHWSA, KOTopasi 03Ha4YaeT HeMc4YepnaemocTb MHPOPMALIMOHHLIX pPecyp-
COB W cBMAETENbCTBYET 00 MX NPUHLMMIMANBHOM OTIMYMKM OT PecypcoB Ma-
TepuanbHbIX.

CywectBoBaHne MHpopMaunmm kak oObEKTMBHONO CBOWCTBA MaTepumu
NOMMYECKN BbITEKAET M3 U3BECTHbLIX PyHOAMEHTasbHbIX CBOMCTB MaTeEpUn —
CTPYKTYPHOCTU, HEMPEPLIBHOIO U3MEHEHUA (OBWXEHUHA) U B3auMOLENCTBUSA
MaTepuanbHbIX O6bEKTOB.
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KnBas npupoga crnoxHa v pasHoobpasHa. ICTOYHMKaMu 1 npuemMHum-
Kamy nHdopmMauum B HEN SIBASAIOTCA XUBble OpraHn3mbl U ux KneTtkn. Opra-
HNU3M obnagaeTt paaOM CBOWCTB, OT/IMYAKOLWMX €ro OT HEXMBbLIX MaTepuarnb-
HbIX 0OBbEeKTOoB. Mexay BCeEMW ITUMWU YPOBHSMU LMPKYINIMPYKOT MOTOKU He
TOJSIbKO BELLECTBA N SHEPINU, HO 1 MHOPMaLNW.

MHdopmaLmOHHbIE B3aMMOOEUCTBUA B XUBOW MpUpoae MNpoucxoaaT
TakK e, Kak U B HeXXnBon. BmecTe ¢ TeMm, mMBaga npupoga B npoLecce 3BOsto-
UMM co3gana LuMpokoe pasHoobpasme UCTOYHMKOB, HOCUTENEN U NPUEMHM-
KOB MHbopMaumn.

B coBpemeHHOM Mupe uHdbopmMauus npeactaBnsieT cobon oanH n3
Ba)XHENLLUNX PECypCoB U, B TO e BPEMSA, OOHY U3 OBWXYLLMX CUM pasBUTUSA
yenoBe4eckoro obuwectea. MIHopMaUMOHHbLIE NPOLECCHl, NpoMcxoasiwime B
MaTepuanbHOM MUpe, XUBOW NPUPOLE M YerioBe4YeCcKOM oOLLecTBe M3yyatroT-
ca (Mnu, No KpanHen Mepe, YYUTbIBAKTCS) BCEMU HayYHbIMU OUCUMNIIMHAMU
OT douriocodmn 40 MapKETUHra.

BospacTatowas crnoXXHoCTb 3agay HayyHbIX UccnegoBaHUW npveena K
HeoOXOANMOCTN NPUBIIEYEHUS K UX peLLUeHNO BOSbLUMX KOMNSTEKTUBOB YYEHbIX
pasHbIX cneuunanbHocTen. [o3ToMy npakTU4eckn BCe OTMeYeHHble Bbllle
Teopun ABNAKTCS MexXancumnnuHapHbeiMn. ICTOpnYeckn CroXunoch Tak, 4To
nccrnegoBaHMEM HENOCPEeACTBEHHO MH@oOpMaumMn 3aHUMaltTCa [OBE KOM-
NNEKCHbIX OTPacnun Haykn — knbepHeTuka n nHopmaTmka.

B HacTosiwee Bpems pasutme nobon cTpaHbl HEBO3MOXHO 6e3 KOoM-
nbtoTepmsaumm scex cdep gesatenbHocTn. OT CKOPOCTM U NONHOTLI 00paboT-
KN 1 nepegaym nHpopmaumm 3aBUCAT YCNEXN HE TOSbKO B Hay4yHon, obpaso-
BaTENbHON, 9KOHOMMUYECKON OEeATENbHOCTU, HO U B cdhepe NONNTUKK, 3aLUNThI
rocy4apCTBEHHbIX MHTEPECOB.

KomnbloTepmsanpoBaHHblE CUCTEMbI CTaNM HEOTHLEMITEMOW YaCTbIO TEX-
HWYEeCKOro nporpecca, aBToMaTu3aumm npou3BoAcTBa, 0OpaboTKkM OaHHbIX
Hay4HbIX UCCnegoBaHun.

O6opynoBaHmne ctano npakTUYeckn aBToMaTUYEeCKUM, NOBCHOAY MOSIBU-
NNCb «NPOMBbILLIIEHHbIE pOobOThI». Be3ae paboTtatoT cpeacrtea cuctem cbopa,
06paboTKn, XpaHeHUda, rnoucka, BblgaynM U nepegavm MHgpopmaumn. Hosble
NHGOPMALMOHHbIE TEXHOMOMMN OOCTUINN Takoro pasBuUTUSA, YTO, YXKe He OcC-
Tanocb cdep YenoBeveckon OesATENbHOCTU, HE 3aTPOHYThLIX €Lle OAHOW WH-
dopmaumoHHom cuctemom — WWW (World Wide Web, B nepeBoge ¢ aHrnmm-
CKOro «BCEMMpPHAs NayTuHa»), M3BECTHOM Kak IHTepHeT.
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Cucrembl cuncneHus

Cucmema c4ucrieHUsi — 3TO COBOKYMHOCTb MpaBuf HaMMEHOBaHUA U
n3obpaxeHnsa yncen ¢ NOMOLLb Habopa 3HakoB (umdp). Pasnuyatot Heno-
3MLUMOHHbIE N NO3ULMOHHbIE CUCTEMbI CHUCIIEHUS.

B HenosuyuoHHOU cucteme cumcrnenuss ansa obo3HayvyeHnst Yncen BBO-
AATCA crneumanbHble 3HaKW, KONIMYECTBEHHOE 3HA4YeHWe KOTOpbIX Bceraa
OAVHAKOBO U HE 3aBUCUT OT UX MecCTa B 3anucu Yymicna.

B nosuyuoHHOU cncteme ons 3anncm YNces UCnosib3yeTcs orpaHnyeH-
HO€ YNCNO 3HAKOB, UHTEPNpPEeTaUns KOTOPbIX 3aBUCUT OT UX MEcTa B 3anucu
yucna. Konmyecteo pasnuyatrowmxcs umdp (3HakoB, CMMBOJSIOB) COOTBETCT-
ByeT OCHOBaHWIO cucTeMbl cuncneHnd. Lndpel, 3anncaHHble B psg, obpasy-
0T uncno. MNosvumsa undpbl B M306paxxeHnn Ynucna HasblBaeTcsl pas3psaaom.
“Bec” umdpbl 3aBUCUT OT 3aHUMAEMON €0 NO3NLINN.

Yuncno B NO3MUMOHHOM CUCTEME CUYMCIIeHUs npeacTaBngeT cobon cym-
MYy CTerneHen OCHOBaHMUA, YMHOXEHHbIX Ha COOTBETCTBYHOLLUNN KOSPPULMNEHT,
KOTOpbI AofmKeH 6biTb 04HOM M3 LMdp AaHHOW CUCTEMBI.

B obwem Bnae B NO3ULMOHHOMN CUCTEME YUCIIO N(X) c ocHoBaHnem X

MOXHO rnpeagcTtaBnTb B BUAE:
n n-1 1 0 -1 -m
N =KX +K X+ KX +K- X +K X +.+K X, (52)

roe n — Konn4ecTBO paspsgoB LEenon YyacTy;
m — KONM4eCTBO pa3psaoB ApobHOM YacTh vmcna.

Hanbonee m3BecTHad MO3UMLUMOHHAsi CUCTEMA CUYMCIEHNA — OECATUY-
Hasl.

B nHdopmaTtmnke LWMPOKO nNpuUMeHsieTcs aBoundHas cuctema (X = 2), B
Hewn A58 3anncu Yncna ucnone3ytoTtesa ase undpbl: 0 n 1.

Mpumep: ymcno 101001 B 4BONYHOW CUCTEME CHUCIIEHUSA MOXHO rnpea-
CTaBUTb cneayrowmm obpasom:

5 4 3 2 1 0
101001(2)=>1-2 +0-2+1-2+0-2+ 0-2+1-2.

OaunH 08ouyHbIlU pa3pssd cOOTBETCTBYET OgHOMY 6umy nHdopMauunu.
LLnpoko ncnonb3yeTca YKpynHEeHHas eavHuua uHdopmauun — badtm,
BKNtoYatoLasa 8 ABONYHbIX pa3psaos (8 ouT).
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[ns cokpalleHus anvHbl 3anMcu KoJoB KoOMaHd 1 aapecoB Npu cocTas-
NEHUN NporpaMm WUCMONb3yeTCs 80CbMEPUYHasi UNn wecmHaduamepuyHasi
cucteMbl cumcnenns. OHM yaobHbl TEM, YTO UX OCHOBaHME — Lienasi CTeneHb

4
ymcna 2. Tak, 16(10) =2 10y [MoaToMy Ans nepesoga yucna n3 3ToM CUCTEMBI

CUYMCIIEHNSA B ABOUYHYIO OCTATOYHO 3aMEHUTb KaXKayHo WecTHauaTepUyHyro
uMcpy 4BONYHOM TETPaLOWN.
Hanpumep, uncno 14A,1 B(m) B ABOMYHOM hopMe nmeeT BUA;:

1 4 A 1 B = 101001010,00011011,,

0001 0100 1010 0001 1011

B tabn. 5.3 npuBoaMTCS 3annchb YMcen B pasfiMyHbIX CUCTEMAaXxX cYmche-

HUA.
Tabnuua 5.3
3anucb Yncen B pas3niMyHbIX CUCTEMAX CYMCNEHMUA
HecatnyHas [BonyHas BocbmepuyHas LlecTHaguaTepnyHas

0 0 0 0

1 1 1 1

2 10 2 2

3 11 3 3

4 100 4 4
5 101 5 5
6 110 6 6
7 111 7 7
8 1000 10 8
9 1001 11 9
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
16 10000 20 10
17 10001 21 11
18 10010 22 12
19 10011 23 13
20 10100 24 14
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Cnoco6bl 1 chopmbl npeacrtaBneHns MHopmaumm

BolgensatoT cnegylouwme TpyM OCHOBHbIX crnocoba npencraBfeHns UH-
dhopmaunun: aHao208bIu, Yucioeou (Lugpoeou) U cUMBOSIbHbIU.

Mo MHeHWO gpyrMx aBTOpOB (PpOpMbl NpeacTaBrieHns MHopMaummn —
CUMBOJIbHas, meKkcmosas U epagu4veckas.

CumeoribHasi OCHOBaHa Ha WMCMNOSIb30BaHUN CUMBOSIOB — BYKB, LuMdp,
3HaKOB, B TOM YMCr1e 3HAKOB MyHKTyauuu N gpyrux 3HaKoB.

Tekcmoeas Takke ncnonb3yeT obpasyolme TEKCTbl CUMBOSIbI, HO pac-
NOMOXEHHbIE B ONpeaesieHHOM Mnopsiake.

lpagpuyeckas — camas eMkas n crioxxHas. K Herm OTHOCATCA pasfinyHble
8UObI U30bpakeHud.

NHdpopmaumsa, npeactasneHHas B Buge, yaobHom ans obpaboTtkn, Ha-
3blBaeTcsl daHHbIMU. OnpegeneHHasa CTpykTypa MHOPMaLMOHHOIO 06beKTa,
nogsepraemoro o6paboTke, UMeHyeTcs ghopmMamom.

Ocob6eHHOCTU aHanoroBoro U UUPPOBOro CrnocoboB XpaHeHUS
M nepeaayn nHdopmaummn

[MpeacrtaBum, YTO B KOMHaATE OOSMKHA ropeTb Nnamna MOLLHOCTbIO B 250
BaTT. Mbl XOTUM perynupoBaTb ocBelleHne oT 0 BaTT (nonHaa TemHoTa) 0
Makcumyma. OguH 13 cnocoboB A0OUTLCS 3TOrO — BOCMNOSb30BaTbCS BbIKIHO-
yaTenem C perynaropom. 1o — npumep nHdopmMauuu, xpaHuMou 8 aHarslo-
2o080Mm gule. lonoxeHne pydkn perynsatopa COOTBETCTBYET YPOBHK OCBe-
LeHns. M3amepss nnu onucbiBasi To, HACKOSbLKO MOBEPHYTa py4dka, Mbl Ha ca-
MOM Jene coxpaHsieM MHGopMaunio He 06 ypOBHE OCBELLEHUS!, a O ero aHa-
niore — NOsIOXKEHUN PyYKU.

AHanorosy MHGOPMALMIO MOXHO HakannmBaTb, XpPaHUTb N BOCMPOU3-
BOOMTb, HO OHa HemMoOYHa U, Ymo Xyxe, rnpu Kaxoou rnepedaye cmaHo8UMCs
8ce MeHee moYHoU.

PaccmoTpuMm He aHanoroBbin, a yugposol Memold XpaHEeHUs1 U nepe-
Aadun nHhopmaumn.

IMobon Bma nHopMauMm MOXHO npeobpasoBaTtb B YMUca, MOMb3ysACh
TONbLKO Hyrnsamu u eduHuyamu. Kaxabln Hynb Unn eguHnua — ato 6um. lMpe-
obpa3oBaHHy TakuMm 06pa3oM MHGOPMAaLUIO MOXHO nepedaTb KOMMbOTe-
paM U XpaHUTb B HUX KaK OfMHHbLIE CTPOKM BUT. DTK YMucna n nogpasymeBa-
t0TCA noA “umndposon nHGopmMaumnen”.
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Myctb BMecTo ogHoun 250-BaTTHOM namnbl byget 8 namn, kaxpas mu3
KOTOpbIX B 2 pa3a mouwHee npeablaywen — ot 1 go 128 BatT (1, 2, 4, 8, 16,
32, 64, 128 BatT). Kpome TOro, kaxgasi namna coeirtHeHa CO CBOMM BbIKITHO-
yaTenem, npudyem camasi crnabas pacnonoxeHa crnpaBa. Takas cuctema
obecneuvnBaeT TOUHYKO 3aMNCb YPOBHEW OCBELLEHHOCTU ANSA UCMNONb30BaHNSA
N nepegavn OpyruMm, y Koro B KOMHaTe aHanormMyHbIi NopsiaoK MoaKmoye-
H1A namn. [Mockonbky cnoco® 3anucmn BOMYHOW MHGOPMaUUKM YHUBEpCaneH
(Mnagwve paspsgbl cnpaBa, cTaplivMe — CreBa, Kaxaasa nocnegywouwasa no-
3Mumsa yaBamBaeT 3HayeHue paspsga), HeT HeobXoaMMOCTU yKasbiBaTb MOLLL-
HOCTb KOHKPETHbIX namMn. Bbl NpoCTo onpegensieTe COCTOsIHUE BbIKNKOYaTe-
nen: “BKN-BbIKMN-BbIKI-BbIKMN-BKI1-BbIKM-BbIKN-BKIT". YTOObLI ewwe 6onblue cokpa-
TUTb 0003HAYEeHUs!, MOXHO 3amMeHuUTb “Bblkn” Hynem (0), a “Bkn” — eauHULEN
(1). Tem cambiM BMeCTO “BKM-BblIKM-BbIKI-BbIKI1-BKI1-BbIKI1-BbIKI1-BKIT' (Mogpa-
3ymMeBasd, YTO Hago BKIOYMTb NEPBYHO, YETBEPTYIO MU BOCbMYIO fnaMrbl, a OC-
TanbHble BbIKMIOYNTL). Bbl 3anuweTe 10 XXe camoe nHave: 1,0,0,0,1, 0,0, 1
nnu asonyHbiMm Yncrnom 10001001, OHo paBHO gecatnyHomy 137.

OnucaHHbIn cnocod NNMCTPUpPyeT TEOPUIO ABOMYHOIO NpeacTaBneHns
MHGOOPMaLINK, NEeXallyo B OCHOBE NMobOOro COBpeMEHHOIO KOMMNbIOTEpPA.

OTnuuuTenbHasa YepTa COBPEMEHHOW MHG OPMaLnK U nHdopmaunn by-
ayuiero — ee umgposasa popma

NMpeobpasoBaHne nHpopmauum B umdpoBou BUA,

[BOon4yHbIE YMcna MCNoNb3yTCA ONA XpaHEeHUs TeKCcTa B NepcoHarnb-
HbIX KOMMNblOTEpPaX, My3blKM Ha KOMNakT-guckax v T. A. [Npexge yem otnpa-
BUTb MHpOPMaUUIO B KOMMbIOTEP, €e HaZo npeobpasoBaTb B ABOUYHLIN BUA.
A mMalwwuHbI, UMpoBLIE YCTPOUCTBA, BO3BpaLLaT NMHOpMaLMN ee nepBOHa-
YanbHY OOpMy.

NMpeoGpa3oBaHue uucen. lNpumep C BblKAYATENAMM famn nNpoae-
MOHCTpPUpOBar, 4To nboe YMCNo MOXHO NpeacTaBUTb B JBOUYHOM BUAE.

NMpeobGpa3oBaHue Tekcta. Kaxxgon 6ykee andgasuta cTaBUTCA B COOT-
BETCTBUE ornpeaerieHHoe 4ncro. Hanpumep, ymicno 65 kogupyeT 3arnaBHyH
naTtuHckyto BykBy A, uncno 66 — B 1 1. 4. B KoMnbloTepe KaXgoe uU3 3aTux Yu-
cen BblpaXxaeTcs ABOMYHbLIM KOAOM, NMO3TOMY 3arfiaBHas natuHckas byksa A
(oecatndHoe udmucno 65) npeBpawaetca B 01000001, a 6ykea B (66) — B
01000010. MNpoben koampyetcsa vncnom 32, nnm 00100000. Takum obpasowm,
BblpaxxeHne “Socrates is a man” (“CokpaT ecTb 4enoBek’) ctaHoButcs 136-
pas3pagHON nocnenoBaTesibHOCTHIO eOVHUL, N HYTEN:
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01010011 01101111 01100011 01110010 01100001 01110100 01100101
01110011 00100000 01101001 01110011 00100000 01100001 00100000
01101101 01100001 01101110.

NpeoGpa3zoBaHue 3BykoBoMu (ayauo) nHdpopmaummn. B npupoae sce
ayauo- 1 Buaeo-npolecchl NpoTekaT B aHanoroson opme, 1 cyliectsyeT
npobriema nx npeactaBrneHna B ANCKPETHOM BUAE, KOTOpasi paccMaTpmBaeT-
CSl B TeOpUN OUCKpeTU3aLumu.

3anncb Ha BUHWUMOBOW MNNacTUHKE — 3TO aHanoroBoe npeacTaBrieHne
3BYKOBbIX KosfiebaHun. AyanonHdgopmMauus XpaHUTCA Ha HEN B BMOE MUKPO-
CKOMUYEeCKnx OyropkoB, pPacrnofioXXeHHbIX B ClMpasibHbIX KaHaBkax. OTu Oy-
FOpKN ABMISKOTCA aHanoramMm UCXodHbIX KorebaHunm — 3BYKOBbIX BOJSIH, yriaB-
nmBaeMbIX MUKPO(OHOM. [IBUrascb No KaHaBKe, Urorika npouvrpbiBaTtens no-
nagaet Ha 6yropku n Bubpupyet. Ee Bubpaumsa — aHanoroBoe npencrasre-
HWe 3ByKa — YCUNMUBAETCS U 3BYYUT U3 AMHAMMUKOB KaK My3blKa.

Ha komnakm-0ucke my3blka XpaHUTCHA Kak MocriegoBaTesibHOCTb [ABO-
NYHBIX YnUcen, Kaxablh OUT KOTOpbIX NpeacTaBrieH MUKPOCKOMMYECKOW BMa-
AVNHKOW Ha MNOBEPXHOCTU AMCKa. Ha COBpPEMEHHbIX KOMMaKT-AUCKax TaKux
BnaguHok 6onee 5 munnnapgos. OTpaXkeHHbIN NasepHbIN NyY BHYTPU MPOUr-
pblBaTeNid KOMMNAKT OUCKOB LMU(PPOBOro yCTPOUCTBA — MPOXOAUT MO KaXKaou
BMaguHKe, a crneunanbHbin gaTymnk onpegenset ee coctosiHme (0 unm 1). Mo-
NYYEHHYIO MHAOPMALMIO MPOUrpbiBaTeNb PEKOHCTPYUPYET B UCXOLHYK MYy-
3bIKy, FeHepupys onpeneneHHble 3feKTPUYecKne CUrHanbl, KoTopble AuHaMu-
K/ NpeobpasytoT B 3BYKOBbIE BOSIHbI.

NMpobnema nepepaun 6onbWKMX 06bLemMoB MHhopmauuun. CxaTtune
nHdopmauuu

YnobHo npeobpasoBaTb BCHO MHOpMaUuio B LMMppoBYD hopMy, HO
BO3HUKaeT rpobriema obpabomku ee b6onbwux obbemos. Crnvwkom 605b-
LLIOEe YNCNOo OMUT MOXET NepenosiHMTb NamaTb KOMMboTepa unu notpeboBaTtb
MHOrO BPEMEHM Ha nepeaayvy Mexay koMmnbrotepamu. BoT noyemy Tak BaxkHa
(1 cTaHOBUTCA BCe BaXkHee) CNOCOOHOCTb KOMMbloTEpa CXMMaTb LMpoBbIe
OaHHble U XpaHUTb UK NepefaBaTth UX B TAaKOM Buae, a 3aTeM BHOBb pPa3Bo-
padunBaTb CXKaTble AaHHbIE B UCXOAHY0 hopMmy.

BudeodaHHble MeT HanbonbLne obbemMbl N3 BCeX BUOOB MHDOpMa-
umn. Anroputmel cxatma u bopmaTtbl NpeacTaBneHna NOTOKa BUOEOOAHHbIX
Ha CerodHs CyLLECTBYIOT pasHble, HO HaMbOONbLUY NONYNAPHOCTb MOMYYUIIN
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ctaHgaptel cepun MPEG. 3tn ctaHgapTtbl paspabaTtbiBaeT rpynna Motion
Picture Expert Group MexxayHapogHown opraHusaummn no ctaHgaptam (1ISO).

MepBbin cTaHpoapT aton cepun, MPEG-1, pa3pabaTbiBanca cneuunanb-
HO Ans pacnpocTtpaHeHnsa Buaeo Ha CD-ROM u 6bin NpuHAT B KayecTse
odomumnanbHoro ctaHgapTa B 1992 r. OTOT cTaHgapT NOSy4ns LWMPOKoe pac-
npoctpaHeHne 6narogapst auckam VideoCD (VCD). OcHoBHOWM HegocTaToK
VCD 3aknto4ancs B TOM, YTO NOSIHOMETPaXKHbI bunbM B 3TOM dhopmarte no-
MellaeTca Tonbko Ha gea CD. B 1994 rogy nosiBuncsa Ha CBeT CTaHaapT
MPEG-2, koTOpbIin NO3BOSIUN YBENNYNTL CKOPOCTb NOTOKA AaHHbIX 00 3 — 15
M6uTt/c. 3TOT (popmMaT aKTUBHO UCNOMb3YeTCs B LMEMPPOBOM TeneBeLiaHnm u
npu 3anucn guckoB DVD-Video. Ctangapt MPEG-3 paspabartbiBancs ans
TeneBnaeHus Bblcokon YeTkoctn (HDTV), oH gormkeH 6bin obecnevntb Cko-
POCTb NoToka AaHHbIX 20 — 40 M6uT/c, HO Koraa BbIACHUNOCH, YTO NPUHLM-
nnanbHon pasHuubl B nogxogax MPEG-2 n MPEG-3 HeT, paspaboTka no-
cnegHero Obina npekpaweHa, a ctaHgapt MPEG-2 6bin pacwupeH. B 1998 r.
6bino obbsBNEHo 0 co3gaHun ctaHpgapta MPEG-4. bnarogapsa ©6onee co-
BEPLUEHHOMY arropuTMy CXXaTusa NoABUIIacb BO3MOXHOCTb 3anucbiBaTb MOJ-
HOMETpPaXxHbIn purbM Ha ogHoMm CD ¢ kadecTtBoM gaxe nyduwe, 4yem y VCD
(MPEG-1). OgHako B HOBOM CTaHZapTe yBeNUMYUIMCh annapartHble TpeboBa-
HUA. MacwTab pa3paboTkm U MHOXECTBO 3anOXXeHHbIX NOTEHUManbHbIX BO3-
MOXHocTeun caenanu MPEG-4 yHuBepcanbHbIM CTaHOAPTOM C OYEeHb LUMPO-
Kon obnacTtbto npumeHenusa. B MPEG-4 BugeooaHHble paccMaTpuBaloTCS
yXXe He nNpoCTO KakK WHMOOPMALMOHHBbIN MaccuB, a Kak OOBLEKTHO-
OpPUEHTUPOBAHHAs cpeda U onpenensatTca 3akoHbl B3anMOgenCcTBUS 06bek-
TOB. /13 06beKTOB CTpPOATCA CueHbl. CLueHa MMeeT CBOKO CUCTEMY KOOpAMHAT,
B COOTBETCTBME C KOTOPOW N pasmMellatoTcs 06bekTbl. OkoHYaTenbHasa cbop-
Ka CueHbl (C BO3MOXHOCTbIO pasfnyHbiXx npeobpasoBaHUin) NpPoUCXOanT Ha
NPUEMHOM KOHLE — B KOMMNbIOTEPE, MPUCTABKE UMW TeNeBU3ope nonb3oBaTe-
ns. 9Ta 0COB6EHHOCTb OTKPbLIBAET NONCTUHE Be3rpaHnyHble BO3MOXHOCTM A4
NOCTPOEHUS CUCTEM UHMepakmueHo20 mernesudeHusi (WTB), HaunHas oOT
Bblbopa Kamepbl U MacwTabmnpoBaHna oTaenbHbIX 0OBHLEKTOB M 3aKaH4MBas
nepemelieHneM OOBLEKTOB BHYTPU CLEHbI U KakKMM-MOO BO3LENCTBMEM Ha
HWUX MPY NOMOLLM, HanpuMep, KOHTEKCTHBIX MEHIO.

B ocHOBe Bcex TEXHOSMOrMN MHTEPAKTUBHOIO TENEBUAEHUS NEXUT
TpaHCNAUMSa OUMGPOBAHHOIO CXXaToro BUAEON306paxXeHNsa MO BbICOKOCKOPO-
CTHOW ceTu, NnogaepXxmnBaroLllen OBYCTOPOHHIOW nepefadvy AdaHHbix. Cneuwm-
anbHass TB-npuctaBka npyHUMaeT M gekoauvpyeT BuaeousobpaxeHue, a
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Takke NnocbinaeT ynpasnawLme curHanbsl ¢ NyfibTa Nofb30BaTesNis Ha cepeep
nposangepa ycnyr UTB. [ing opraHuMsaumm CKOPOCTHOW CeTu fnydlle BCero
noaxoAauT MCNonb30BaHME ONMTOBOJSIOKOHHOIO Kabensi, cnocobHoro obecne-
4nTb nepegady 500 kaHanoB n gaxe donbwe. PaspaboTka cuctem NTB Be-
AeTca cerogHs cpasy no HeCKOSIbKMM HanpasfieHUsM, a co3fgaBaeMble Tex-
HOMOrMK NpegnonaratT pasHyl CTeneHb MHTEPAKTUBHOCTM.

NMpencrtaBneHne nHgopmauum B undposou 3BM

NHpopmaums, ncnonbdyemaa B8 9BM, moxeT ObITb pa3dbuta Ha rpynnbl:
1) cuctemMHas, 2) nporpammHas n 3) obpabartbiBaemas MHGoOpMauus.

Ans kogupoBaHusa obou uHgopmauuu 8 yugposou 3BM ucronb3y-
emcsi 080UYHasi cucmema CYUC/IEHUS, TaK KaK BblYUCAUTENbHbIE MalUMHbI
BbIMNOSTHEHbI HA ABYXMNO3ULUMNOHHbIX 3MEKTPOHHbIX 3neMeHTax. [1ByXno3numnoH-
Hble 3NIEMEHTLI B KaXXObli MOMEHT BPEMEHM HaxXo4ATCsl B OQ4HOM M3 ABYX YC-
TOWNYUBBLIX COCTOSIHUW, KOTOPble COOTBETCTBYIOT 3HaKamM ABOUMYHOW CUCTEMBI
cuncnenus: 1 unmn 0. YcTaHOBMEHO, YTO MPU COBPEMEHHbIX MUKPOSSIEKTPOH-
HbIX TEXHOMNOIMSX U UCNONb30BaHUM HEMMAHOBCKOro NpuHUMNA agpecauum K
namMsaTn UMpPoBbLIE 3MEMEHTbI HA OCHOBE ABOWYHOW CUCTEMbI CYMUCIIEHUS
obecrneymBaloT MakcumarnbHyt0 npoussoauTensHocTe OBM. Kpome Toro,
NPUMEHEHNE OBOMYHOM CUCTEMbI cYMcneHna ans obpaboTkn nHdgopmauum B
OBM nosBondeT ynpoCcTuTb NOCTPOEHME annapaTypbl U 06nerynTb NPoeKkTu-
poBaHME MaLLUVHbI.

5.5. OcHOBHbIe UM poBbIe YCTPOUCTBA, UCNONb3yeMble AN
nony4yeHus, XxpaHeHus, npeobpa3oBaHUA U NpeacTaBlieHUs1 ABOUYHOMN
MHopmMauum

B HacTosLee BpemMs BO BCEM MUpE LUMPOKO NMPUMEHSAETCH KOHUEenuns
cTaHgapTmM3aunmm YCTPOUCTB LMEPPOBON TEXHUKM KaK OCHOBA MOBbILIEHUS
TEXHUKO-3KOHOMUYecKkon adpdekTMBHOCTU. brnarogapa ycnexam MMKpoanek-
TPOHUKM B Hally MOBCEOHEBHYK XW3Hb MPOYHO BOLUMW Tak Ha3biBaemble
undgpoBble ycTponcTea. be3 UMPPOBLIX YCTPOMUCTB HEMBLICIIUMbI BbIYUCIIN-
TenbHas TexHuKa, cpeacTBa nepenayn nHgopmaumm, delToBaa annapartypa,
COBpPEMEHHbIE YCTPOUCTBA NnevaTu U MHOroe apyroe.

OrneMeHTbl LMdPOBON 3NEKTPOHUKM BbINOMHAOT PYHKUUKM npeobpaso-
BaHWA MHopmaumn, npeacrtaBneHHon B umMgpoBOM BUIE.
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[MoaBneHne uHTerpanbHbIX CXEM CO CBepPXOONbLION CTENeHbl WHTe-
rpauumn aNemMeHToB, peanuayoLnx CroXHbIe norndeckme yHKUNN, OyHKLUK
namaTn n gpyrve npogornkaeT N3MEHATb UCMOSTHEHME 3MEKTPOHHOW annapa-
TYpbl N ee OTAENbHbIX YCTPOUCTB.

[Mopgasnatowee 60SbLMHCTBO COBPEMEHHOM 3IEKTPOHHOM annapaTypbl
peanM3oBaHO C UCMNONb30BaHNEM LIMPPOBON dNEMEHTHON Basbl.

OCHOBHbIMU 3a51IEMEHMapHbIMU «KUprudukamuy 6osnbwuHcmea yugpo-
8bIX ycmpoucme S8/1AI0mcsl Jlo2udeckue 3/ieMeHmbl, TO eeCTb dNeKTpuye-
CKME CXeMbl MOoCpeACcTBOM KOTOPbIX BbINOMHAKTCA NOrMyeckne onepauuu.
OHu oTnnyaoTca 60NbWNM KOHCTPYKTMBHBIM — pa3Hoobpasvem n Habopom
peanusyembix NorM4ecknx 4emncTBun.

B ocHoBy Teopuu, NOsIoXXeHHOW B OCHOBY (PYHKLIMOHUPOBAHUA LMAGPO-
BbIX 9fIeMeHTOB nonoxeHa byrneesa anzebpa unu anzebpa s102UKU, KOTOpas
MCNonb3yeT NorMyeckme BblpaKeHUsl, KOTOpble MOryT UMeTb TOMbKO d8a 3Ha-
YeHUST — «UCMUHHO» USU «J10)kHO». [Ans 0603Ha4YeHNA NCTUHHOCTU UITN NOX-
HOCTWM Nonb3yroTcs cumeonamu 1 m 0.

[1BONYHbIE NepeMeHHble MOryT 0bpasoBbIBaThb Js102udeckue hyHKuUU n
Had HMMW MOXHO OCYLLUECTBNATb Jlogudeckue ornepauuu. Cnocobbl npea-
CTaBNneHus 4BOMYHOU MHopMaunm B LNMAPOBBIX MUKPOCXEMAX, NOrmyeckme
OCHOBbI UMGPOBON TEXHUKM OOCTATOMHO MNPOCTbLI U BMOMHE AOCTYMHbI A4
NOHUMaHWS.

B npouecce pa3sutna UMgpoBon dNEKTPOHNKN BbIAENTMNOCH HECKOSLKO
TUMOB JIOrMYECKNX JNEMEHTOB, YAOOHbLIX ANS MNpaKTUYECKOW peanuaauuu.
OHun cnyxaT 6a3on coBpeMEHHbIX UMEPOBbIX YCTPOUCTB. Ha npakTuyeckmnx
3aHATMAX Mbl U3YYUM, KaK UCMOSHEHbI 3TN 6a30Bble 3NEeMEHTbI, Kakon Cxe-
MOW OHU peann3oBaHbl, KakKMMK napamMmeTpaMmmn XxapakTepumsyroTcs.

Obwme cBegeHust o0 npeactaBneHUN MHdopmauun ABOUYHBLIMU
Yynucnamm 1 OCHOBbI TEOPUU NTOTNYECKNX CXEM

B undpoBon TexHuke OBOMYHAA MHMOpMaUMa MOXeT OblTb npeacTas-
neHa B BUAe 3r1IeKTPUYECKMX CUrHanoB ABYyMS crocobamu: nomeHyuasbHbIM U
UMIYT1bCHbIM.

Mpn nomeHyuanbHoM criocobe norndeckme curHanbl «0» n «1» npea-
CTaBMAT CYLLECTBEHHO pasnMyaloWLMMUCA YPOBHAMU MOTeHunana (Hanps-
XEHNA Ha BbIBOAE OTHOCUTESNBHO TOYKW HYNeBOro noteHumana) «BbICOKUM» U
«HU3KNMM». CyMTaeTcsl, 4TO MHTepBan BpeEMEHU MexXay COCEeOHUMMWU U3MeEHe-
HUAMW MNOTEeHUManbHOro curHana 3HayuTeNnbHO Oonblue BpPeMEHW OTKIIMKa
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CXEeMbl B KOTOPOM OH ucnonb3yeTtcs. [lpn 9ToM cyuwecTByeT corrfalleHus o
«NONOXUTENLHONY» U «OTpULIATENBHOMN» JNOTUKE.

Mpwn nosoxumernbHoU roauke 3a YPOBEHb NOrMYyeckon «1» MNPUHATO
3Ha4YeHne HanpsXKeHUs1 BbICOKOrO YpoBHSA (K npumepy, +5 B), a 3a nornyeckni
HOMMb — HanpsbkeHne HM3Koro ypoBHs (~ 0.2 B). Ecnn 3a «0» NpUHAT BbICOKUI
noTeHuman, a 3a «1» HU3KUN, TO UMEeT MEeCTO NpeaCcTaBlieHne OBOUYHbIX Yu-
cen B ompuuamersibHoU riocuke. B HacTosiLee BpemMs Hanbonblluee pacnpo-
CTpaHeHue nony4una rnosoxumesibHasl J/lo2uKa.

Mpwn umnynscHoMm criocobe COCTOAHME BbLIXOOHOIO MHAOPMALMOHHOIO
napameTpa npeacrasisgeTcs Hanndnem unm oTCyTCTBMEM MMNYyNbCca onpene-
NEeHHoM amMnnnTyabl U gnntenbHocTU. CurHan B LM(ppoBON TEXHUKE CUUTAET-
CS1 UMNYSbCHBIM, €CNW ANUTENbHOCTb €ro TOro Xe nopsgka, Yto N Bpems oT-
KnuKa cxemMbl (Cxema [OSfmKHa oTpearMpoBaTb Ha BO3eWUCTBUE MMMYFbCHOro
CUrHana, a OH JOJSMKEH 3aKOHYMTLCH Cpasy Ke Mocsie OKOHYaHUsA B Cxeme ne-
pexogHoro npouecca). IMnynbCHblE CUrHanbl NOPOXOATCA U3MEHEHUSIMU
noTeHuunanbHblx curHanos ¢ 1 Ha 0 n (nnun) ¢ 0 Ha 1.

[ns Toro, 4Tobbl MOXHO 6bINIO NpPeacTaBnsaATb U onNUcbIBaTb MHpOpMa-
LMI0 B IBOMYHOM CUCTEME CHUCIIEHUS BBOAAT NOHATUNE BUTa.

bum (ot aHrn.binary digit —gBonyHasa uucpa) — aTO paspsag yucna,
npeacTaBrieHHOro B ABOWMYHOM CUCTEME, KOTOPbLIA MOXET NPUHUMATb TOJSIbKO
aBa 3HadeHnsa «0» n «1».

Ecnu paccmaTtpuBaTtbh OUT, Kak Hekyto abCcTpakTHy0 BykBY, TO LIEMOYKM
n3 BUTOB MOXHO YNOO0OUTb HEKMM «CrnoBam», NPeAcTaBfeHHbIM B LBOUYHOM
cucteme cuyucrneHmnda. Cnoea — 31O rpynnbl OUTOB, KOTOPbIE MOTYT BbITb MPO-
YnTaHbl U MHTEPNpPEeTUpOoBaHbl. Hanpumep, undgpe 2 Ha CEMUCErMEHTHOM WH-
avkaTtope (C geuumaribHOM TOYKOW) COOTBETCTBYET 8 OMTOBOE CNOBO, MOKa-
3aHHOe Ha puc. 5.3. B HWXKHeEN cTpoke Tabnuubl. [pyron undgpe 6ygeTt cooT-
BETCTBOBATb Apyroe 8 GBUTOBOE CroOBO.

AHaNoOrn4yHo, Kakaown Krnasuwe, HaXXMMaeMon Ha KnasBuaType KOMMbH-
Tepa, COOTBETCTBYET CBOE BOCbMMOUTOBOE CMNOBO B ABOWMYHOM Koae. 3Hauye-
HWe croBa onpefendeTcsa KOAOM aMepUKaHCKOro ctaHgapta ans obmeHa
nHgpopmaumen ASCII («<ACKWN»). Hanpumep, undpe 5 cooTBeTCTBYET CNOBO
1011010 1. B atom crnose ctapwumin paspsg (ctapwmi 6ut, Haxogawmmnca
cnesa) ObbI4YHO BbICTYNAET, Kak KOHTPONbHbIN BUT YyeTHOCTU. Ero 6epyT pas-
HbIM 1, ecnin obLee KONMYeCcTBO eQUHUL B CITIOBE YETHOE.

BocbmnbuToBoe crnoeo, paccmatpuBaeMoe Kak ogHa MHGopMaunoHHasa
eanHuua gnsa odbmeHa umdposon nHpopmaumen, HasbiBaeTcs 6almom.
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Puc. 5.3. lNpeacraBneHne nHcpopmauum o cumBone 2 Ha
cCeMUcerMeHTHOM UHAUKaTope B Buae BOCbMMOUTOBOro crnoBa (6auTa)

Ansa oueHkn nHpopmauumn UCrnonb3yoT TaKkkKe cneaywme eanHnLbI:

1 024 6uta (2'°) — kunobut, 1 024 Ganta (2'°) — kunobait, 1 048 576 (2%°)
oanT — merabant u T. A.

CnoBo MoXeT ObITb NpeacTaBrieHo B rnapasiesibHoMm sude (koge). Kak
NPy UMMYNbLCHOM, Tak MU NOTeHUMansHoOM cnocobe npeacrasrneHns nHopma-
LUnn BCe paspsaabl ABONYHOIo yucna (Bce butbl) npeactaBneHbl OHOBPEMEH-
HO (B OAHOM BpeMeHHOM MpoMmexyTke, TakTe). B aTtom cnyyae ons mnx nepe-
[ayn HeobXoauMO 3aencTBOBaTb KOMUYECTBO MOTEHUMarnbHbIX MPOBOAOB,
COOTBETCTBYIOLLMX KONMYECTBY pas3psagoB U OAWH NMPOBOOHUK, UMEKLWNN Hy-
neBow NnoTeHuman (roBOpsAT Ha4o UCMONb30BaTh LUMHY).

Ecnu cnoso npeacrtaeneHo B riocriedogamerisHOM Kode, TO ANA ero ne-
pefayvn Hy>XeH OfNH KaHan (aBa NpoBOAHMKA — MNOTEHUMalbHbIA U HYNEBON) U
Tpebyetca 8 TakTOB AnA nepegayu Bcero cnoea. CKOpoOCTb nepefayn MH-
doopmMaumn Npmn 3TOM MEHbLLE.

JNlornyeckue pyHKUMM 1N 3nemMeHTbl ULMPPOBOU UHTErparibHOM cxe-
MOTEXHMKU UX peanusyroLime

B OyneBon anrebpe ncnonb3yloTca TpU MaTeMaTUYeCKUX onepauunmn —
UHBEepCUU, JT02UYECKO20 CIIOXEHUS, JT02UYECKO20 YMHOXEHUS. B anekTpoH-
HbIX CXeMax BbIMOMHAKT 3TN JIOrMYECKUe onepauumn sio2udeckue 3reMeHmel.
Mo aTOM NpUYMHE NPOCTENLLIMMU JIOrnM4eckuMmmn anemeHTamu (J19) umdposon
NHTEerpanbHOM 3NEKTPOHNKN ByayT cneayrouime:

1) uHeepmop (anemeHm «HE» (NOT)). OH BbINOSHAET NOrMYeCcKyto
dyHKUMIO UHBepcusi: Y = X. YepTa Hag X yKasblBaeT Ha TO, YTO JIOrMYEeCKUM
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CuUrHan uHeepTupoBaH. Ecnn nocnepoBaTenbHO BKMNIOYUTL OBa MHBEPTOPA,
TO NONy4YMMm norndecknn nostoputenbyY = X ;

2) noeudeckut anemeHm UJIN (OR).O1oT JIQ peanusyeT yHKUMIO s10-
auyeckozo crioxeHus (OusbroHkyuro) Y = X, + X, = X,vX,.O6o3HauyeHne V ot

natuHckoro VEC — nnu;
3) noauyeckut anemeHm U (AND). Takon J1Q peanunayet onepawuto s1o-
a2u4yecKo2o yMHOXeHUs (KoHbroHKuuu) Y = X, - X, = X; A X,.

Kak nokasana npakTtuka, npowe npu cOo34aHuUM CHOXHbIX NOrMYecKmx
YCTPOWNCTB 1 uenecoobpasHee (TpebyeTcss MeHbLUEE YNCIIO LUAPOBBIX UHTE-
rpanbHbIX MUKPOCXEM) UCMOMb30BaTbh He MPOCTENLLME FIOrMYecKne arnemMeH-
Thbl, @ TaK Ha3biBaeMble 6asosble J1O. Takne «CTpouTenbHbIE KUPNUYMKN» AB-
NATCA YHUBEpPCcanbHbIMU U C UX MOMOLLbIO MOXHO peann3oBaTb BeCb HAabop
normnyeckux onepauui. Kpome Ttoro, oHu gewesne B nsrotosneHuun. K yncny
6a30BbIX NOMMYECKUX ANEMEHTOB, Kak Hanbonee npeanoyTUTENbHbIX, OTHO-
caT cnegytowme J19:

4) noauyeckud anemeHm N — HE (AND) "anemeHT LLedepa". OH pea-

nuayet onepauunto Y = X, - X, = X, A X, WHBEPCUM NOrMYECKOro npousse-

AeHus;
5) noazuyeckud anemeHm UJIN - HE "Cmpernka lNupca”. Takon J13 pea-

nu3yet onepaunio Y = X, + X, = X, v X, WHBEPCUM NOTMYECKOro Croxe-

HUS.

Cneayet nmeTb B BMAy, YTO cpean 6as3oBbix J1IO Bce xe Hambonbluee
pacnpocTpaHeHne nony4nnu normyeckne anementol M — HE. Ux Hanbonee
4acTO UCMOSIL3YIOT MPU NOCTPOEHUN CIOXHbBIX FTIOMMYECKNX CXEM.

[na ocylwecTBneHna psga apumMeTnyeckux onepaumn, onepauum ro-
rMMYeCKoro cpaBHEHUS N paga OpYrnx BaXkHbIX 3aga4y B LMGPOBOM 3NIEKTPOHU-
Ke UCMNOSb3YIOT eLle ABa NOrMyecknx arnemMeHTa:

6) noauyveckuu anemeHm «Hcknovarowee U ». Takon J1O peanusyet
ornepaumio fiorMyeckoro crioxeHusa no moayno asa Y = X, @ X, ;

7) noeu4veckul anemeHm «Ucknrodarowue NN — HE». Takon 19 pea-
nn3yeT onepaunio nornyeckas paBHO3HaA4YHOCTb.

CxemoTexHMn4yeckas peann3auuna norn4yeCkKkux afiemMeHToB
B HacTosiwee BpeMA MPOMbLILLIIEHHOCTbIO BbIMYyCKalOTCA CrieayoLine
KnaccCbl NNOTMYECKNX 3NEMEHTOB:

e TPaAH3UCTOPHO-TPaAH3UCTOpHas noruka (TTJ1);
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e TPaAH3UCTOPHO-TPAH3NCTOPHas noruka ¢ gnogamu LWottkm (TTIILW);

e OMUTTEPHO-CBA3aHHas noruka (3CJ);

e JlOrMKa Ha OCHOBE KOMMMNEeMeHTapHbIX Knwoden Ha MOIrl-
TpaHauctopax (KMOTI);

e UWHTerpanbHas WHXeKkumoHHas noruka (U2N);

e JIOrvKa Ha ocHoBe apceHuga rannus Ga As.

Hanbonee pacnpoctpaHenbl TTJ1, TTJIW, KMOI. Kaxabin n3 knaccos
NOrMYecknx anemMeHTOB OTnn4yaeTcsa Apyr OT Apyra no ObiCTPOAEenCTBMIO U
notpebnsemon mowHocTn. Hamnbonee ObicTpogencTeytowmm ssngetca NC
OCIJ1, HO OHU 1 NOTPEONAT HaMBOSbLLYIO MOLLHOCTb.

CaMbIMW 3KOHOMWYHbBIMUW, HO U HaMMeHee ObICTPOOENCTBYHOLLMMN SAB-
natotca UC KMOTT. TTJILW 3aHumatoT cpeaHee NosnoXeHue.

OcHOBOW Kakgoro Knacca Jiorm4yeckmx anemMeHToB ABNSETCS UCMOSb30-
BaHWe TUNoBoro 6a3oBOro NOrM4YEcKoro arieMeHTa. ATOT INEKTPOHHbLIN y3er
aBnseTca 6a3on NOCTPOEHNs BCEX Pa3HOBUAHOCTEN LIMPOBbLIX YCTPOMUCTB. B
4YaCTHOCTU, BOMbLUMHCTBO COBPEMEHHBIX LMPPOBLIX UHTErpanbHbIX MUKPO-
CXeM peanu3oBaHO Ha JIOTMYECKOM 3rieMeHTe, BbINOMHAKLWEeM PyHKUMIO «
— HE».

5.6. Busyanusaumsa gaHHbIX

MeToabl BU3yanusauuu, B 3aBMCUMOCTU OT KONMMYECTBA UCMOMb3yeMbIX
N3MEPEHNN, NPUHATO KraccununpoBaTb Ha ABe rpynmbl:

« MNpeAcTaBrieHME OaHHbIX B OOHOM, OBYX U TPEX N3MEPEHUSX;

« npeacTaBrfieHNe AaHHbIX B YETbIpeX U bonee namepeHusix.

B cooTBETCTBMM C KONMMYECTBOM M3MEPEHNN NPeACTaBreHNs 3TO MOryT
6bITb cnegytoLmne cnocoobi:

e OAHOMepHoe (univariate) nsmepenue, nnu 1-D;

e [ByMepHoe (bivariate) nsmepenue, nnu 2-D;

e TpexmMepHOe Unn NpPoekUnoHHoe (projection) namepexue, nnm 3-D.

Hanbonee eCcTteCTBEHHO 4YenOBEYECKUI rMNa3 BOCMPUHMMAET OBYXMeEp-
Hble NpeacTaBneHns nHgopmaumu.

Ecnun Habop gaHHbIX nmeeT 6onee Tpex n3MepeHnin, To BO3MOXHbI Ta-
Kne BapuaHTbl: WUCMONb30BaHWE MHO20MEPHbLIX Memodo8 npeacTaBleHns
MHAOPMALUNKN; CHUXEHUE pasdmepHocmu 00 OOHO-, O8yX- Uil MPEXMEPHO20
npeacraBneHus.
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CyLLeCcTBYIOT pasfnunyHble Crocobbl CHUMXEHUS pa3mepHOCTU. [ns cHu-
XXEHUs pasmepHOCTU U O4HOBPEMEHHOIrO BU3yasnbHOro NpeacTaBreHnsa MH-
dopmMaunm Ha OABYMEPHOM KapTe UCMONb3YTCA CaMOOpraHu3ylLmecs Kap-
Tbl KOXOHeHa.

[MpeactaBneHnsa nHopMauumn B YeTbipeXMepHOM 1 Bonee namepeHusix
HeJOCTYMHbI ANa YenoBeyveckoro Bocnpusatus. OgHako paspaboTaHbl crneum-
anbHble MeToAbl ANs BO3MOXHOCTM OTOBPaXXeHNs 1 BOCNPUATUS YENTOBEKOM
Takown nHopmMauum.

Hanbonee wn3BecTHble Cnocobbl MHOrOMEpPHOro npeacTaBfeHUs WH-
dopmaunn: napannenbHele KoopOuHamsl;, "nuua YepHosa"; nenecTkoBble
anarpamMmmeil.

Knaccudukauma coBpeMeHHbIX CUCTEM BU3yanbHOro otobGpaxe-
HUA UHopmaunmn

OCHOBHbIM YCTPOWUCTBOM BbiBOAA BM3yanibHOW MHMOpMauun, a Takke
KOHTPONS W ynpasneHna paboTon cuctembl sisngetca oucrined (display —
YCTPONCTBO OTOBpaxeHus). [ucnnen (B aNeKTPOHWUKe, MHopmaTuke 1 ap.
4acTo NPUMEHSOT TEPMUH MOHUTOP) MOXET OblTb OCHOBaH U paboTaTb Ha
pasnn4YHbIX OU3NYECKUX MPUHLUMNAX.

MOHUTOpPbI pasnuyaroTcs No XxapakTepucTnkam B 3aBUCUMOCTU OT:

1) TMnNa akpaHa (PU3MYeCKnxX NpuMHUMNax, 3anoXeHHbIX B ero paboTy):
Ha 3MIEKTPOHHO-INy4eBbIX TpyOkax — J3JIT; Xuakokpuctannuyeckme OUCen
(nhgukatopbl, MmoHuTOopbl) — KK, XKW [LCD —- Liquid-Crystal Display] (ak-
TMBHbIE M NACCMBHbIE); “Nfia3amMeHHble”; “OneKTPONMUHECLEHTHbIE”; “OpraHu-
YyecKkne cBeToamoaHble”; “BakyyMHble dONIOOPUCLEHTHLIE”; “ nonunnaHapHble
onTuyeckune”; “ aBTOSNEKTPOHHOW aMuccun’; “ rnbpuaHbie” n T. A4.;

2) BO3MOXHOCTM UuBeTonepenayn (“uBetHble” u “MOHOXpoMaTU4eckue”);

3) TMna ucnonbL3yemMoro BuaeoaganTepa W paspellarolien cnocob-
HocTu (Bugeoapantepbl: MDA, CGA, Hercules, EGA, VGA, SVGA n gp.);

4) pa3amMepoB 3KpaHa (M3MepSATCSA Mo AnaroHanu B gronmax).

MoHuTopbl paboTatloT B ABYX peXMMaXxX: TEKCTOBOM U rpanyeCcKoMm.

B TekcToBOM pexmnme akpaH MOHUTOpa (aucnnen pasdbuBaeTcd Ha OT-
AenbHble ydacTku (Hanpumep, Ha 25 ctpok no 80 cMmMBOMoOB), B KOTOPbIE MO-
ryT ObiTb BbiBeAEHbI N300paXeHns 3apaHee 3agaHHbIX dOpPMaTOM CUCTEMBI
cumBornoB (6yks, uMdp, 3HaKoB, NceBAorpaddMyYeckMx CMMBOSIOB U T. M.) B
AONYCTUMbIX OS5 KaX40ro KOHKPEeTHOro Tuna MOHUTOpa M ero BuaeoaganTte-
pa crnocobax ux npeactaBneHns (LBET, APKOCTb, pa3mMep).
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B rpadhmnyeckom pexmme aKkpaH MOHUTOpa pasfensieTca Ha MHOXEeCTBO
“yepHo-0enbIX” nnu “uBeTHbIX” ToYek — “nukcenos ” (pixel — picture element),
ynpaBreHNneM ApKOCTbI0 CBEYEHUS KOTOPbIX MOrYT BbIBOAUTBLCA rpadovkn pu-
CYHKM U CMMBOSbl B MPOU3BONbLHON (hopMe nx npeacrtaBneHus. Paspeuwato-
was crnocobHocmb u3obpa)keHusi Ha dKpaHe N3MepSIeETCA NX YUCITIOM B CTPO-
ke n no Beptukanu (Hanpumep — 860 x 640). BenuunHa paspelsatoLen cno-
COBHOCTU Kaxgoro Tuna MOHUTOpPA, a Takke KONM4yecTBO OTobpakaeMbiX UM
rpagauuni useta n apkoctn (“‘ypoBHeW ceporo”) onpenensitotcsl TUNoM BU-
Aeoajantepa n KOHCTPYKUMEN ero aKpaHa.

Onpegenum crnegywowme OBa MOHATUA: 3eslieHbll MOHUMOop [green
monitor (display)] — MOHUTOpP, KOHCTPYKLMS KOTOPOW COOTBETCTBYET TpeboBa-
Huam HauuoHaneHon nporpammbl CLUA Energy Star n AreHTcTBa 3awumThl
oKpyxatowen cpeabl [Environmental Protection Agency] no cokpatieHuto no-
TpebneHus aHeprnn KoMmnboTEPaMn (B pexmnme “xonoctoro xoga” He Bornee
30 BT), He NCNOSIb30BaHMIO TOKCUYHBIX MaTepmnanoB N BO3MOXHOCTU MOSTHOM
yTunu3aumm no wuctevyeHmn cpoka cnyxbol; LR-moHumop [Low Radiation
monitor] — MOHUTOP C HU3KMM YPOBHEM W3fydeHusi, oTBevarowmn Tpebosa-
HuaM cneumdukaumn TCO, KOTOPbIN B HAcTosILLEE BPEMS LLMPOKO NUCMOSb3Y-
€eTCs BO BCEM MUpE.

AnbTepHaTUBHbIE TUNbI MOHUTOPOB

o MoHumopsil Ha 3JIT [Cathod Ray Tube — CRT]. JocTonHCcTBaMn Mo-
HUTOpPOB Ha JJIT ABNATCA: MX BbICOKas paspellarolias cnocobHOCTb, He3a-
BMCMMOCTb OT yrra HabnogeHus akpaHa, xopollas usetonepegada u OTHO-
CUTENbHO HEBbICOKAst CTOMMOCTb. OCHOBHbIE HEAOCTATKN: 3HAYUTENbHbIE ra-
6apuTbl, 3HepronoTpebneHne 1 ypoBeHb BPEOHbIX ANEKTPOMArHUTHbIX U3Iy-
YEeHUN.

« Kudkokpucmannudeckue MmoHumopsl, *KK-moHumopsi, XKK-0ucnneu
[Liquid Cristal Display — LCD] — TeXxHONOrnsi, O0CHoBaHHasi Ha 0CODbIX CBOWCT-
BaxX rpynnbl NPO3payHbiX XUMUYECKUX COEOUHEHUN CO “CKPYYEHHBIMU MOJie-
Kynamun’, HasblBaeMblX XUOAKMMWN Kpuctannamu. NocnegHne cnocobHbl name-
HATb NOA LENCTBMEM 3NEKTPUYECKOro Mosfs CBOK CTPYKTYPY WU MNONOXeHWe
NSIOCKOCTN nondpu3aummn ceeTa, a crnegoBaTenibHO — yNpaBnsATb KONYECT-
BOM MPOX0OALLEro Yepes HUX CBETOBOro nany4deHus. [ina co3gaHna LBETHOro
n3obpaxeHna naHenb gononHaeTca matpuuen RGB-dunbtpoB. C yy4éTOM
ocobeHHocTen KOHCTpyKuumn pasnuyatot LCD ¢ naccuBHon matpuuen (nac-
cusHble JKK-Oucrineu) w LCD c aktuBHonm wmatpuuen (akmueHble MXXK-
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oucrinneu). B LCD ¢ akTuBHOM MaTpuuen ans ynpasreHus KaxablM areMeH-
TOM M306pakeHust (MMKCENOM) NCNOMb3YITCS 3NEKTPOHHbIE NepeksiyaTenn,
COXpaHALWMe COCTOSTHNE IANEKTPUYECKOro Nnomnsa B KaX4OW TOYKe 3KpaHa Ha
HEeKOTopoe BpemMms Mocre ero akTususauuum. OTO MNO3BOSIIET UCMONb30BaTb
MeHee MHepPUMOHHble (“ObICTpble”) Xunakme Kpuctanmbl U Takum obpasomMm uc-
KniounTb appekT “cmasbiBaHMs” mM3obpaxkeHusi, xapaktepHbin ans LCD c
naccusHon matpuuen. Kpome Toro nepekniovartesib, B Ka4eCTBe KOTOPOro
MCNONb3yeTcsl TOHKOMMNEHOYHbIN TpaHauctop (TFT — Thin-Film Transistor
Display), npenoxpaHaeT nukcen oT BO3AENCTBUA COCEQHMX AYEEK U YCTpaHs-
€T NepeKkpecTHbIe MOMEXKU, YTO AenaeT m3obpaxeHue bonee 4Y€TKMM. Oue-
BUAHo, 4to LCD c akTMBHOM MaTpuuen saBnarTcs bonee CnoXHbIMU U 4OPO-
rmmun yctponcteamm. OCHOBHbIMU JOCTOMHCTBaMU XKK-MOHMTOPOB SIBASAIOTCS:
Manas TomnwmnHa n macca, Hebornblloe 3HepronoTpebneHne, YTo caenano mux
npegnoyYTUTENbHLIMA NPU UCMONb30BAHUN B KOMMAKTHbLIX YCTPOWCTBAX (HO-
yTOYKN, 3NEKTPOHHbIE ceKkpeTapu, umdepbnaTbl YyacoB u T. 4.). Kpome TOro,
BpeaHoe N4 340p0Bbs YernoBeka nanyvyeHme npaktmyeckm otcytcreyeT. Oc-
HOBHble HEeOOCTaTKU: CPaBHUTESIbHO BbICOKasi CTOMMOCTb, KOTOpasd 3aBUCUT
OT pa3MepoB 3KpaHa, 3Ha4YUTeSlbHas 3aBMCUMOCTb KadecTBa U30bpaxeHuns
OT yrra BU3nMpOBaHUS 3KpaHa a Takke 3aMmeTHas MIHEPLUMOHHOCTb.

« OpeaHuyeckue ceemoduoOHble moHumopsl [Organic LED — OLED] —
ocHoBou ansa noctpoeHna OLED cnyxaT TOHKONMEHOYHble MaTepuarnsl, KO-
Topble B oTnun4dmne ot XK camum aBnsaoTCs MICTOMHMKaMM CBETOBOIO U3nyYyeHns
N NO3TOMY He TpebylT AONONMHUTENBHON NoACBETKU. OTo obecnevmnBaeTt 60-
fiee BbICOKMW AnanasoH SIPKOCTU M MeHbLlee 3HepronoTpebrieHne MOHUTO-
poB. OLED-akpaHbl ToHbLUe YKK-3KkpaHOB 1 MOryT ObiTb BbIMOSIHEHbI HA pas-
NMNYHBIX TOHKMX OCHOBAaXx, HanNpumep Ha nnactuke. HegoctaTkom AaHHOM TeX-
HOJSOrMM ABNSAITCA onpeneneHHble NpobnemMbl C TOYHOCTLIO LiBETONEpEaauH,
a Takke HeobXxoOMMOCTb MCMNOMb30BaHUSA AN KOHTPOSS KaXdoW TOYKU U30-
BpaXXeHNs HEeCKONbKUX TPaH3UCTOPOB, YTO MOXET 3aMeTHO COKpaTUTb WX
npeumMyLLecTBa No aHepronoTpebreHnto 1 CTOUMOCTN.

o [lnasmeHHble MOHUMOPBI, M1a3MeHHbIe 3KpaHbl, rrasMeHHble Ouc-
nneu [plasma display, plasma display panel — PDP] — Tn “nnockoro” MOHu-
TOpa, B KOTOPOM MUCMOSb3yeTcsa a(PdeKkT NoHM3auum rasa Mmexay OByMs na-
HensiMM C TOKONPOBOAALMMN pelueTkamun. Kaxabln nukcen ycTpoeH nogobHo
MWHWATIOPHOW NMIOMUHUCLEHTHOW NaMnbl, KOTOpas U3riydaeT KpacHbIW, 3ené-
HbI NN CUHUI LBET.
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« [lonunnaHapHblie onmudeckue oucrineu [Polyplanar Optics Display -
POD] — npvHumn paboTtbl POD ocHOBaH Ha UCNonb30BaHUN ONTUKOBOSTOKOH-
HOW TEXHOMOrMu: My4oK ONTUYECKNX BOSIOKOH B CeYeHun obpasyowum nps-
MOYrOSIbHUK, B KOTOPOM TOpPEL, KaXKAoro onTUYeckoro BoNokHa (guameTp ~ 25
MKM) COCTaBndeT TOYKY 3KpaHa, nepenaeTt nsobpaxeHune, oopmmpyemoe C
MCMNONb30BaHNEM NA3epPHOro UNU Apyroro UCTOYHUKA U3STyHEHUS.

o BakyymHbie cprnroopucuyupyrowue moHumopsi [Vacuum Fluorescent
Displays — VFD] — ocHOBaHbl Ha WCMOMNb30BaHUN BbICOKO3(MEKTUBHOIO
dochopHOro NMOKpbITUS, HAHECEHHOIO B BUAEe MaTpuubl Ha aKkpaH. Kaxabin
9NEMEHT MaTpuubl CIYXUT aHogoM. MoHUTOpbI 06ecrneynBatoT BbICOKYO Ap-
KOCTb M306paXeHns, NO3BONAIOLLYI0 XOPOLIO ero BuaeTb Npu 9pKOM CBeTe.
OpHako paspelualouias cnocobHOCTb MX HeBenuKa, NOCKONbKY OrpaHn4nBa-
€TCs pa3MepamMn HaHECEHHbIX Ha 9KpaH To4vek hocdopHOro nokpbiTus. Nc-
NONb3yeTca NPenMyLecTBEHHO B 60MbLUNX MHOPMALMOHHbBIX NaHenax.

o MoHumopsb! (Qucrineu) aemoanekmpoHHou amuccuu [Field Emission
Display — FED] — HoBasi u ObICTpO pasBMBaloLLaACs TeXHONorusi, oTnu-
yatowiasicss Tem, 4YTo B otnuume ot JAJIT, B KOTOPLIX MMeeTcss OT OAHOM A0
TPEX AMEKTPOHHbIX NyLLEK, UCMONb3YeTCs aneKkTpopaspagHas matpuua.

o MoHumopsb! (ducrnineu) ycuneHHou amuccuu [High Dain Emission
Display - HGED] — asnstoTtca passutnem FED -TexHonorunu.

o [ubpudHbie MoOHUMOPbLI asmoanekmpoHHou amuccuu [Hybrid Field
Emission Display — HyFED] — TexHonorug, paspabatbiBaemaa ompmamum Sl
Diamond Technology un Micron, ycoBepLUueHCTBYET MOHUTOPbLI aBTO3MEKTPOH-
Hon amuccun (“FED”) nyTém ncnonb3oBaHns B MaTPUYHOM MOKPbITUM 3KpaHa
TPMOOHOWN CTPYKTYPbI NOMAYNPOBOAHMKOBOroO cybcTpara, BMECTO ANOAHOMN, Kak
910 Mmeno mecto B FED. Beuay 6bICTporo coBepLUEHCTBOBAHUSA AaHHOW
TEXHOSOrM1 €€ NepcneKkTUBbl OLLEHMBAKTCHA JOCTAaTOYHO BbICOKO.

B HacTosdlwee Bpems Haumbornbluee pacnpoCTpaHeHue nonyYnnn guc-
Nnen Ha 3NEeKTPOHHO-MYYEBbIX TPYOKaX W XNOKOKPUCTANIMYECKNX MaTpuLax.

5.7. Nepepaya AaHHbIX

NHpopmaums — 3TO Takke CBedeHus1, nepeaaBaemMblie NCTOYHUKOM MO-
nyyatento (npmémHuky). OHa Bcerga cBsidaHa C MaTepuarnbHbIM HOCUTENEM,
C MaTepuanbHbiMK NpoLeccaMn U UMeeT HekoTopoe npeacTtaBneHue. H-
dopmauus, npeactaBneHHasa B Kakon-nmbo opme, HasbiBaeTCs COObLLEHN-
eM. CoobuweHus npeacTaBnsalTCs B BUAE CUrHaNoB n gaHHbix. CoobweHuns
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npeacTasnaoT cobon nmMbo nocrnenoBaTelbHOCTb UMMYNbCOB, O3HAYaKLLYHO
NMNHENHBIN KoA (B Nosioce nponyckaHus), nnbo orpaHnymBaeTcs Habopom He-
NPepbIBHO MeHSALWEeNCa OpMbl BOSTHbI, UCMOSb3YA METOA LMdpoBOMN MOAY-
naumn. Takon cnoco® moaynauum M COOTBETCTBYHOLLASA eMy AeMoaynsund
ocyLecTBNATCS MogeMHbiM obopyaoBaHueM. CueHaribl NCNonb3yTesa Ansg
nepegayn Mexay MCTOMHUKOM M noslyyaTerniem, To eCTb B MPOCTPaHCTBE, U3-
MEHSAIOWMXCA BO BPEMEHU COOOLLUEHUN, a OaHHble — ONS UX XPaHeHUa Wt
npeacraBneHus.

CueHarn — nameHsiowmmnca Bo BpeMeHn dmsanyecknin npoLecc, NaMeHe-
HWe napamMeTpoB KOTOPOro U HECET MHAPOPMALIMIO K NonyyaTen:o.

LaHHble — pesynbTaT oMKCaumn U XpaHeHusi, oTobpaxeHus NHgopma-
Uun Ha nobom maTepuanbHOM HocuTene, TO eCTb 3aperMcTpupoBaHHOE Ha
HocuTene npeacraBrieHne cBedeHUM He3aBUCMMO OT TOro, JOLWMW Nu 3Tu
CBEEHNA 0O KaKoro-HMbyab NPUEMHMKA N UHTEPECYHOT NN OHU Ero.

[Nlepedaya OaHHbIX (Opyrne TepMuHbl: 0O6MeH JaHHbIMU, undpoBasa ne-
pegava, umgpoBas cBA3b, Nepegadvya MHopmaunn) — gpusuyeckuli nepeHoc
OaHHbIX (LMbpoBoro GUTOBOro NOTOKA) B BMAE CUrHaNoB OT TOYKM K TOYKE
NN K HECKONbKMM TOYKaM CpeacTBaMu 3MEKTPOCBA3N MO KaHany CBs3M, Kak
npasuno, onsa nocneayrowen odbpaboTkm cpeacTBamMm BblYUCIIUTESNTBHON TEX-
HUKKW. [MyTb, NO KOTOPOMY AaHHbIE OT MCTOYHMKA MOCTYNaroT K nosiydaTento,
4YacTO Ha3blBalT KaHasioM (mMazaucmparibto). KaHan xapakrtepusyetcs pas-
MEPHOCTbIO «eANHULbLI OOMEHa» — YUCIOM CUrHamnbHbIX NUHUIA (NPOBOAHU-
KOB), KOTOpble OTBeAEHbl Ha Nepenady coobLLeHMs.

[Mpumepamn NOogoOGHbIX KaHaNoB MOryT CAYXWUTb MeOHble UK antoMu-
HMeBble NPoBOAA, ONTUYECKOE BONOKHO, 6GecnpoBOAHbIE KaHanbl CBA3U UMK
pasnn4yHble 3anomMuHarowee ycTpoucTea.

[Mepenada AaHHbIX MOXeT ObITb aHasio2o80U wnn yugposol (To eCcTb
NOTOK OBOMYHbLIX CUTHanNoB), a Takke MOAYNMPOBaAH NOCPeACTBOM aHasio2o-
gol modyrnsauuu, Nnbo NocpeacTBoM Uugposo2o KoOupoesaHus. lNepenasae-
Mbl€ JaHHble MOryT 6bITb LMPPOBLIMU COOBLLIEHUSAMU, NOYLWMMU N3 UCTOYHU-
Ka OaHHbIX, HAanNpuMep, U3 KOMMNbITEPA UNKU OT KNaBmnaTypbl. 3TO MOXET ObITb
N aHanoroBbl CUrHan — TenedOHHbIN 3BOHOK UMW BUAEOCUrHan, oundgpo-
BaHHbI B BUTOBbLIN MOTOK, MCNOMb3Yd MMMYNbCHO-KOAMPYIOLLYIO MOAYASALNIO
(PCM) nnn 6onee pacwmpeHHble CXeMbl KOOMPOBAHUS UCTOYHMKA (aHanoro-
LndppoBoe npeobpasoBaHne n cxxaTue AaHHbIX).

KoanpoBaHne UCTOYHUKA U OEKOAMPOBAHUE OCYLLECTBNSETCA KOAEKOM
NN KoanpyoLwmm obopygoBaHUEM.
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NocnepoBaTtenbHasa M napannenbHas nepegaya

[Mepegava paHHbIX (MHOPMaUUKM) MOXET ObiTb NocreaoBaTeNbHOM
nnu napannenoHoWn. [laparsnenbHolu nepedayel B TeNEeKOMMYHUKaAUMAX Ha-
3blBaeTCA O4HOBPEMEHHas nepefada dfieMeHTOB CUrHana ogHOro cumMmBoOsia
unu gpyroro obbekta AaHHbIX. B undpoBon CBA3M napannesibHon nepena-
YyeW HasblBaeTCA OOHOBPEMeHHad nepefada COOTBETCTBYIOLIMX 3SIEMEHTOB
cuUrHana no Asym vnu 6onsliemy 4Yncny nytam. [Npyn napannensHom cnocobe
nepegayn MHMopMauun OT MUCTOYHMKA coobLieHust K nomnydaTento (korga
OCyLLeCcTBNAeTCa nepefadvya vHgopmaumm cpasy no HeCcKOSIbKUM MPOBOLAHM-
Kam MarmcTpann OgHOBPEMEHHO) B [JaHHble KaHane Ha CUrHarnbHbIX NPOBOA-
HWKax npeacTaBnaAlTCa OAHOBPEMEHHO W NepemMeLllaroTca cpasy rpynnamu
6uT (cnosom). [na aTOM LEeNM UCNosb3yeTcs Habop pPSAOM PacCnONOXEHHbIX
NPOBOAHWNKOB (HasblBaeMbln LUMHOWN). LLIluHa — 9TO (hmnamnyeckasa rpynna JIMHUN
nepegadn (3NEKTpUYECKMX MNPOBOAHMKOB), obnagarowmn yHKUNOHANBHON
OOLLHOCTLIO, MOCKOMBKY MO KaXA0W NMHUW rnepefaeTca OAUH OBOUYHbLIN pas-
pag nHdopmauuun. ObblMHO NapannensHo nepegatoTca ApyxbanTtosble (16
6uT), yeTbipexbanTtoBble (32 OuT) Unn BocbMmbaunToBble (64 6UT) crosa.
[aHHble B BMAe GanTHbIX CrioB nepegatotca no 16, 32, 64, COOTBETCTBEHHO,
OTAENbHbIM  «CUTHaNbHbLIMY» NpoBoAaM (MNKC OAMH «HYNeBOW» NpPOBOA,
UMEIOLLINIA HYNEeBOW NoTeHuman), obpasyowmnm LWMHY OaHHbIX.

Llugbposasi nocrniedosamerbHasi repedadya — ITO NocriegoBaTenbHas
oTnpaska OMTOB MO OOQHOMY MPOBOAY WU ONTMYECKOMY MyTW. Tak Kak 3To
TpebyeT MeHblen 06paboTkM cUrHana u MeHblUle BEPOSATHOCTb OLUNOBKKU, YeM
npwv napannensHon nepegadve, TO CKOPOCTb Nepefayn OaHHbIX MO Kaxgomy
OTAENbHOMY NYTU MOXeT ObITb ObiCTpee. ITOT MEXaHU3M MOXET MUCMONb30-
BaTbCA Ha 6oniee JanbHUX pacCTOSHUSAX, MOTOMY YTO JIerko MOXeT ObITb ne-
pegaHa KOHTponbHas uudpa unm 6ut 4étHocTu. [Npn nocnegoBaTenibHOM
crnocobe nepegayn nHoOpmMauMmM OT UCTOYHMKA COODLLEHUsT K nonyyaTernto
AaHHble, COCTaBNAKLLME CrOBO (MakeT AaHHbIX), NepedarTcsa No OgHOMY Ka-
Hany, ouT 3a 6uToMm. B 3TOM nNpocTenwem criydae LWnHa AaHHbIX, COCTOUT U3
2 npoBoAoB. [1Ba napannenbHbIX U30IMPOBaHHbLIX MNPOBOAA MOTYT CIRYXWUTb
npuMepoM OBYXNPOBOAHOrO KaHana nepegadn AaHHbiX. Ecnv npu atom npo-
BOJa CKpy4yeHbl BMecTe. To KaHan HasblBalOT CKpy4yeHHoW napon. CkpyymBa-
HWe OBYX NPOBOLOB YMEHbLUAET NoMexun (HexenaTernbHble BHELHWE BO34en-
CTBUSA Ha kaHan). B cnoxHon nomexoBon OOGCTaHOBKE WMCMOSb3YKT KOoaKcu-
arnbHble Kabenun unm aKpaHMpPOBaHHbIE ABYXMPOBOAHbLIE NIUHUM.
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Tunbl KaHaNoB CBA3U

« Cumnnekc — kaHan, gonyckawuwen nepegady gaHHbIX TOMbKO B OA-
HOM HanpaBneHun, NpUMep — pagmoTpaHCNAUnNd, TeneBnaeHune;

« [lonydynnekc — pexum, nNpu KOTOPOM nepegadvya BedéTtcsa B 0b6omx
HanpaBsneHusix, HO C pasgeneHnem. B kaxabli MOMEHT BpeMeHu nepegada
BeAETCS TONbKO B OAHOM HanpasfeHuu.

o [ynnekc — pexum, npu KOTOPOM, B OTNYME OT MNOSYAYNSIEKCHOrO,
nepefaya AaHHbIX MOXET NPOM3BOAUTHCA OLHOBPEMEHHO C MPUEMOM LaH-
HbIX. IHOrOa ero Takke HasblBatOT «MONMHOAYMNIIEKCHBIMY» PEXMMOM ANs TOro,
4YTOObI ACHEE NOKasaTb pasHULY C NOMyaYNNEeKCHbIM.

Tononornn kKabenbHbIX (KOMNBLIOTEPHbLIX) ceTeM ANA nepenayvun
AaHHbIX

Bce ceTn 0BbIMHO CTPYKTYpPUPOBaAHbI, TO €CTb COCTOAT U3 3NIEMEHTOB,
00begMHEHHbIX onpeaesieHHbIMU CBA3SIMU.

CmpykmypupoeaHHasi kabernbHass cucmema (Structured Cabling
System, SCS) — a1o0 Habop kabenen, KOMMyTaUNOHHbIX 3fIEMEHTOB (pa3sbe-
MOB, KOHHEKTOPOB), a Takke MeToAuKa UX COBMECTHOIO UCMONb30BaHNSA, KO-
TOpas Mo3BOSISET co34aBaThb perynspHble, HaAeXHble, Nerko pacumpaemMble
CTPYKTYPbl CBSA3EN B BbIYUCNUTENBHbIX CETSX.

B Takux ceTax kabenu OCyLLeCTBSOT He TONbKO HENOCpenCTBEHHOE
dm3nyeckoe coeanHeHNE KOMMbIOTEPOB APYr C APYroM (Kak roBopsT, coeam-
HEeHWe y3noB NOLKMOYEHNS CETU Kabenem Mo CXeMe «ToYKa - TOUKa»).

B CTpykTypupoBaHHbIX KaberibHbIX CUCTEMaxX WMCMNONb3YT U apyrue
CXeMbl PU3NYECKOro CoeANHEHNA KOMMbIOTEPOB, KOTOpPble Ha3biBalOT TOMO-
nornen ceTu.

Cemesas monosnozausi (OT rpey. TOTT0C, — MECTo) — crnocob onmMcaHus
KOHUrypaumm ceTn, cxema pacrofioXeHUsi U COeaMHEHUs CEeTeBbIX YCT-
poncTe. CeTeBas TONOMOMNS MOXET ObIThb:

1) pusmyeckon — onncbiBaeT pearibHOE PacrofoXeHNe N CBA3N Mexay
y3rnamu ceTu;

2) NOrnM4yecKon — ONUCLIBAET XOXAEHME curHana B paMmkax qomsan4eckom
Tonosnoruu;

3) MH(MOpMaLMOHHOMN — ONUCbIBAET HarnpasfieHne MOTOKOB MHopMa-
Uuuun, NepegaBaeMsbiX MO CeTY;

4) ynpasneHuss o6MeHOM — 3TO MPUHLUMN Nepedadun npasa Ha Nnonb30-
BaHWe CeTbIO.
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CyliectByeT MHOro crnocoboB coeanHEHNSA CeTEBbIX YCTPOMUCTB, U3 HUX
MOXXHO BbIAEeNUTb BOCEMb Ba30BbIX TOMNOSOMNNA:

1) wuHa; 2) KonbLo; 3) ABOMHOE KOMbLo; 4) 3B8e3aa; 5) ayencraqa Tono-
noruns; 6) peweéTka; 7) aepeso; 8) Fat Tree.

OcTanbHble crnocobbl ABNATCA KOMOMHaAUMAMY Oa30BbIX.

B obwem cnydyae Taknme TOMOMOrMM Ha3blBAlOTCA CMELLAHHBbIMU UMK
rMOpPMOHLIMKU, HO HEKOTOpPbIE U3 HUX MMEKT CODCTBEHHbIE Ha3BaHWSA, Hanpu-
mep «[epeBo».

Tononoeusi cemu, TO ecTb buamyeckas cxema, otobpaxawuias pac-
NonoXeHne ys3noB (TOYEK NoakrnoyeHus kabenen) n coegnHeHne mnx kabe-
nem, MOXeT ObITb creayrLwmx TUMOB: «0o0Las WKHa», «3Be3na», «KomnbLoy.

1. Touyka - TOYKa — 3TO NPOCTENLLNIA BUL KOMMNLIOTEPHOW CETU, NPU KO-
TOPOM [Ba KOMMbOTEPA COEAUHSOTCA MeXay cobon HanpaMyro 4yepes KOM-
MYHUKaUNOHHOE 0bopyaoBaHME.

[1OCTOMHCTBOM Takoro Buaa CoeMHeHUs ABMSeTCS NpocToTa U Aelue-
BU3HA, HEQOCTATKOM — COEAMHNTb TaknM 06pa3oM MOXKHO TONbKO 2 KOMIMbLO-
Tepa. YacTo ncnonbdyetcsa B criydasx korga Heobxoaumo 6bICTpo nepenaTb
MHGOPMAaLMIO C OAHOro KOMMNbIOTEPA, HAaNpUMep, HoyToyka, Ha ApYrown.

2. MHoroToyveyHas:

1) B WUHHOU (MaaucmparibHol) morosioauu UCNofb3yeTcss OanH KA-
6enb, MMEeHyeMbI MarncTpasnbio NN CErMEHTOM, K KOTOPOMY NOAKHOYaTCS
BCe KoMnbtoTepbl (puc. 5.4a). B kaxgblh MOMEHT BPEMEHU OTNPaBNATbL CO-
obLLeHne MOXET TOSMbKO OAMH KOMMbIOTEP, MO3ITOMY YMCIIO MOAKMHYEHHbIX
MalUMH 3HaYMTENbLHO BNKUSIET Ha MX ObicTpogencTeue. Mo kabento Kaxabin
OUT OaHHbIX KOAUPYETCH OTAESIbHbIM 3MEKTPUYECKMM WM CBETOBbIM WM-
NynbCOM, BeCb kabernb MUCNob3yeTca B Ka4eCcTBE OAHOro KaHana CBs3u, TO
€CTb OAHOBpPEMEHHada nepefaya ABYX CUrHanoB HEBO3MOXHA;

2) Npwn KosnbuesolU morosio2uu BCe KOMMNbIOTEPbLI NOAKMNIYATCH K Ka-
6ento, 3aMKHyTOMY B KOnbLO (puc. 5.46). CurHanbsl nepegatoTcst B OAHOM Ha-
npaeneHnn. B Takon ceTu Kaxabl KOMMNbIOTEP BLICTYNaeT B POSiM NOBTOPU-
Tens, ycunueas curHanbsl U nepegasast Ux cnegyrowemMy KoMnbloTepy;

3) npn 38e30006pa3Hol mornonoauu (puc. 5.4B) BCe KOMMNbLIOTEPDI C MO-
MOLLbIO CEermMeHToB kabens noAKNi4YarTCca K MOLYSIbHOMY KOMMOHEHTY —
KoHueHTpaTopy (Hub). 3Be3ga — 6a3oBasi TONoMOrnMa KOMMbLIOTEPHOM CETU, B
KOTOPOW BCEe KOMMbKOTEPbl CETU NPUCOEOUHEHbI K LEeHTparbHOMY Y3ny
(0BbIYHO ceTeBOM KOHUEHTpaTop), 06pasysa rU3n4eCKU CErMeHT CeTMW.

179


http://ru.wikipedia.org/wiki/Fat_Tree

KoHueHmpamop ABNseTcs y3roBOW TOYKOM CETWU, K KOTOPOW MOAKIIO-
4yarTCA KOMMbIOTEPbLI U NepudepurHble YCTPOUCTBa C CEeTEBbIM NUHTepden-
COM.

KoHueHTpaTopbl COeauHSAT CEerMeHTbl, UCMOoMb3ylume OAMHAKOBbIE
N pasHble Tunbl HocuTens. OHM BOCCTaHaBMMBAOT CUrHas, yBenu4yMBas
AanbHocTb nepegaydn. OHM nepenatoT AaHHble B 060MX HanpaBneHusiX.

Kommymamop (switch), 3a cyeT TOro 4To KaXablh ero nopT CHabxeH
COBCTBEHHbLIM MPOLECCOPOM, KaXabl M3 KOTOpbIX paboTaeT napanfensHo,
NO3BONSAET HanpaBUTb NOCTYMUBLLUUA B HU3 CUrHaN TONbKO B TOT MOPT, K KO-
TOpPOMY NoAKmtoyeH Tpebyembln komnbtoTep. Opyrumu cnosamu. KommyTtartop
BbIMOSMHAET LeneHanpaBneHHyo nepegady nHdopmaumm mexay ABymsi nop-
Tamu Ha ocHoBe hunsundeckoro (MAC) agpeca nonyyatens (MAC-agpec — a1o
LWecTHaguaTepuyHblil - M OEHTUPUKATOP, KOTOPbIN Ha3Ha4vaeTca CceTeBOMYy
YCTPONCTBY €ro npousBogutenem). OTo BO3MOXHO Onarogapsi TOMy, 4ToO
KOMMyTaTop obnagaeTr BCTPOEHHbIM MPOLLECCOPOM U MaMSATbI, B KOTOPOW
XpaHuTtcsa Tabnuua cootBeTcTBYOWMX MAC-agpecoB KOMMNbIOTEPOB M MNOpP-
TOB, K KOTOPbIM OHW NOAKITHOYEHbI;

r

Puc. 5.4. NMpumepbl 6a30BbIX CeTEBbLIX TOMONOrMN
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4) sayeucmasi moriosioeusi (puc. 5.4r) — 6asoBas NONHOCBA3HAsS TONOMO-
Ms KOMMbIOTEPHOW CETU, B KOTOPOM Kaxaasi paboyas ctaHuus ceTu coegu-
HAEeTCH CO BCEMMU APYruMn pabounmMu CTaHUMSMWU 3TOM Xe ceTu. Xapakrepu-
3yeTCsl BbICOKOW OTKa30yCTOMYMBOCTbLIO, CIIOXHOCTbIO HACTPOMKN U Nepens-
ObITOYHBbIM pacxogom Kabend. Kaxabli KOMNbloTep UMEET MHOXECTBO BO3-
MOXHbIX NyTen coeAnHEeHUs1 ¢ Apyrumun komnbtotepamu. ObpbiB kabens He
NPUBEAET K NOTepe COeQMHEHUA MexXay OBYMSI KOMMNbIOTEPAMM.

BecnpoBoaHble TEXHONMOrMM NnepeaaYvn AaHHbIX

GecrniposodHbie mexHonoauu rnepedadyu daHHbIX — NoaKnacc nHhopma-
LUMOHHBbIX TexHonormn. OHu cnyaTt gna nepegaym nHoopmMauum Ha paccTos-
HUe mexay AByMs 1 bonee Toykamu, He Tpebysa CBA3M UX NPOBOAAMMN.

Ans nepenayv nHgopmMaunn Moxem UcCrosib308ambCs:

1) MH(ppakpacHoe nsny4veHue;

2) paguoBOIIHbI;

3) onTnyeckoe;

4) nasepHoOe n3nyyeHme.

B HacToswee BpeMs cyllecTByeT MHOXeECTBO BeCrnpoBOAHbIX TEXHOSIO-
rMn, Hanbornee 4YacTo M3BECTHbLIX MNONb30BaTENAM MO UX MAPKETUHIOBLIM Ha-
3BaHUAM, TakuM, Kak: Wi-Fi, WiMAX, Bluetooth, Wireless USB. Kaxxgasa TexHono-
rms obnagaeTt onpeaenéHHbIMM XapakTepucTukamm, KoTopble onpeaenstoT
e€ obnactb npumeHeHusi. B HacTosLlee BpeMsi HaMbosbLIyO NONYNsiPHOCTb
B MOBUNbHbIX cuctemax nonyumnu npotokonel Wi-Fi (ctanpgapt |EEE
802.11a/b/g/n) n Bluetooth (ctaHpgapT IEEE 802.15.1).

Wi-Fi npencraensetr cobon TexHonorno, obecnedmnsatrolyto becnpo-
BOAHOM OBMeH AaHHbIMU ¢ Gonblon ckopocTbio (108 M6uTt/c) Ha cpeaHux
paccTosaHusax. Bluetooth. Bluetooth ecTb TexHonorns nepegaym OaHHLIX CO
cpegHumMn ckopoctamm (4o 3 M6ut/c) Ha manble U cpegHue gucTaHuuu, a
Takke TexHonorms 6ecnpoBoaHbIX NIOKANbHbIX CETEN.

Wi-Fi — ato abbpesunatypa ot Wireless Fidelity. Takoe Ha3BaHue nony-
ymn cTtaHgapTt 6ecnpoBOAHOM Mepedadn AaHHbIX No pagnokaHanam |EEE
802.11b. Onsa nepepaun gaHHbix Wi-Fi ncnonbsyet yactoty 2,4 [Ty. Cko-
pOCTb Nepegavn gaHHblx 54 M6ut/c, ogHako BeayTcs paboTbl, YTObLI obec-
neYnTb CKOPOCTb nepenayn gaHHbix o 320 Méut/c. Wi-Fi ato TexHonorus,
KoTopasi, npexae Bcero, obecneymBaeT KommnbkoTepy, HOyTOyky, KIK wmnn
cmapTdoHy (MobunbHoMy TenedoHy ¢ gononHuTenbHbiMU yHKUnaMn KIK)
BbICTpyo K yaobHyto 6ecnpoBoaHyto cBa3b. Ha cerogHsawHuin geHb Wi-Fi no
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npaBy CYMTaAEeTCA OAHOM U3 MEepPCneKTUBHOM U ONTUMAanbHOM MO COOTHOLUE-
HUIO UeHa-kayecTBo TexHonornen B WHTepHeT-mHaoyctpun. Wi-Fi opraHuay-
l0TCS Ha ©a3e COOCTBEHHOM LUMPOKOMOSIOCHOW ceTu nepenavn AaHHbIX. Mc-
nonb3oBaHne UMdpPoBbIX MeToaoB 06paboTkM U nepefayn MHgopmMauuu,
NPUMEHEeHNE COBPEMEHHOro 0bOopyAoBaHMA YIyudlalT TeXHUYEeCcKne napa-
METpbI CBA3N, obecneymBatoT e€ 6e30MNacHOCTb U rapaHTUPYT YCTONYNBLIN
BbICOKOCKOpOCTHOW agoctyn B VIHTepHeT. Nonb3oBartenn MoryT nepemMmewatb-
CA MeXay ToYykamu gocTtyna no tepputopun nokpbltna cetn Wi-Fi, octaBasch
Ha cBA3n. MobunbHble ycTponcTBa, OCHaLWEHHble KnneHTckumn Wi-Fi npué-
MO-nepefarLnMmn yCTpomcTBaMmn, MOryT NOAKNIOYATLCA K JIOKanbHOW ceTu U
nonydaTb JOCTYN B VIHTEpHET Yepe3 TOYKM JoCTyna (XOTCNoThl).

Apxutektypa ceTen Bluetooth MoxeT OblTb MOCTpOEHa Kak «ToudKa-
TOYKa», TaK U «ToYKa-MHoroToukar». Kaxgomy mnsgenuio ¢ Bluetooth npu mnsro-
TOBMNEHMN NpuUcBamBaeTCa yHUKanbHbIN 48-pa3psgHbii agpec. PagnoobmeH
B Bluetooth nponcxogut Ha yactotax 2,4 — 2,4835 [Tu. Becb 3TOT AManasoH
pasfgenéH Ha 79 kaHanoB. B kaxgbll MOMEHT BpemMeHn oBMeH npoucxoauT
TONbKO NO ogHOMY M3 HuX. Nocne nepegavn ogHOro NakeTta AaHHbIX 0OMeH
nepexoguT Ha Apyron kaHamn. Yacrtota nepexodoB C KaHara Ha KaHan go
1600 4. Takon nNpuHUMN nepefayn faHHbIX, OCYLECTBSEeMbIA NOCPencT-
BOM 4acTOTHbIX ckaykoB (FHSS), HasbiBaloT nceBgocnyyvyarHoOM nepectpomn-
ko paboyen yactotbl (MMPY). MocneagHss Bepcus Bluetooth 2.0 + EDR
MMEET pacLUMPEHHbIN Habop ckopocTen. ATO o3HaA4yaeT, 4YTo, NoMMUMOo 6a3o-
Bon ckopoctn 1 M6uTt/c, BoaMmoxeH obmeH co ckopoctamun 2 n 3 Moéut/c.
YBenuyeHne CKOpoCcTU nepedayvn nMpoUCXoamT 3a CYHET U3MEHEHUSI METOLOB
MoAynNAUMN.

NMoaxoabl K knaccudukaumm 6ecnpoBoAHbIX TEXHONOIMMN

CyLecTBYIOT pasnunyHble Noaxoabl K knaccudgukaumm 6ecnpoBogHbIX
TEXHOSOrMN.

Knaccugukauyusi no danbHocmu delicmeusi:

. becnpoBogHble nepcoHaneHble cetn (WPAN — Wireless Personal
Area Networks) (o 10 m). lNMpumepsbl TexHonornn — Bluetooth.

« becnpoBogHble nokanbHble cetn (WLAN — Wireless Local Area
Networks). NMpumepsbl TexHonorun (ao 100 — 150 m) — Wi-Fi.

. becnpoBogHble cetn macwtaba ropoga (WMAN — Wireless
Metropolitan Area Networks) (o 50 km). NMpumepsbl TexHonorun — WiMAX.

[lo mononoauu:
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"Touyka -Touka".

« "Touka - MHOroTO4Ka".
[lo obrnnacmu rnpuMeHeHusi:

. KopnopatueHble (B€OOMCTBEHHbIE) BECNPOBOAHbBIE CETU — CO34at0T-

CSl KOMMaHNAMM oA COOCTBEHHbIX HYX[,.

. Onepatopckne 6ecnpoBOAHble CETU — CO34alTCs onepaTtopamu

CBS3M 119 BO3ME34HOro oka3aHua yCryr.

KpaTkum, HO EMKMM cnocobom Krnaccudmkauum MOXET CRyXUTb OQHO-
BpeMeHHoe oTobpaxeHune OByx Haumbornee CyweCTBEHHbIX XapaKTepuUCTUK
BGecnpoBOAHLIX TEXHOMNOIMM Ha ABYX OCSAX: MakCMMaribHas CKOpPOCTb nepeaa-
4M MHOPMAaLMN U MaKCUManbHOE paccTosiHME.

OTnnuna npoBOAHbLIX U 6ecnpPoBOAHLIX TEXHONOMMN nepeaayYn AaHHbIX

XapakTepucTuka MpoBogHbIE BecnpoBogHble
Cpena nepegaum Kabenb (MeaHbIn, Kabenb He TpebyeTcs, nepegava
ONTUYECKUN) NpY NOMOLLUN SNEKTPOMAarHUTHbIX
BOJSIH
[MponyckHaga cro- Bbicokas OrpaHunyeHHas
COBHOCTb
PacctoaHusa mex- Bonblune Kak npaBuno, orpaHnyeHbl
Ay ToYKamu
Mo6unbHOCTb He obecneunBaetcs MoxeT 6bITb 0becneyeHa
aboOHeHTOB

5.8. NMpumMepbI NpakTU4ECKMUX 3aaHUN

1. OnpegennTte, 3a Kakoe Bpems ByaeT nepegaHa MHgopmMaumnsa o cur-
Hane noTpebuTento, ecrnn Ucnonb3yeTcs napannenbHbl cnocob nepegaydn
AaHHbIX.

2. OnpegennTte, 3a kakoe BpeMs byaeT nepegaHa MHGOpPMaUnNa O CUr-
Hane noTpebuTento, ecnm Ucnonb3yeTca napannenbHbii U nocnegoBaTenb-
HbIK crnocob nepeaayn AaHHbIX.
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3. MNMokaxnTe, Kak NpeacTaBnslTCa AECATUYHbIE LUNMdPbl B 4BOUYHOM,
LecTHaguaTepn4yHoMm Buge v npu OBONYHO-AECATUHYHOM KOOMPOBAHWUU, Ha-
3biBaemoM Takxke 8421 BCD (8421 Binari—-Coded Decimal).

lMpumep peweHus 3adaHusi

[ns nepeBoja OeCATUYHOrO Yucra B ABOUYHYKO CUCTEMY CHUCNEHMUS
ncnonbsyetcsa gyHkuna DEC2BIN. B ckobkax nepBbii aprymMeHT ABnseTcs
AECATUYHBIM YMCITIOM, KOTOpPOe Hado NepeBecTu B ABOWUYHYO dOpMy, a BTO-
pO€ YMCIIO — KONMYECTBO BUT B ABONYHOM YnCHE.

30ecb U ganee nepeBogMMoe YUCHOo onpeaenisieTcs CYMMON Tpex 4u-
cen: uncna 100, Homepa y4yebHoM rpynnbl U HOMEpPA CTyAeHTa No XypHany
y4yebOHown rpynrbl.

[na nepeBoga AeCATMYHOIO YMcna B LUeCTHaAUaTepUYHY0 CUCTEMY
cumcneHunsa ncnonbadyetca pyHkumsa DEC2HEX. B ckobkax nepBbii aprymeHT
ABNAETCA OECATUYHbIM YMCITOM, KOTOPOE HaJo NepeBecTu B ABOUYHYHO dop-
MY, @ BTOPO€ YMCII0 — KOSIMYECTBO LUNMP B LLECTHAALATEPUYHOM YUCHe.

[na npeacrtaBneHUss KakaonW AOeCATUYHOW undpbl ABOMYHO-KOOMPO-
BaHHOW rpynmnbl OBbIMHO MCNOMb3YHT OBOMYHO—OECATUYHOE KOOMpPOBaHME,
HasblBaemoe Takke 8421 BCD (8421 Binari — Coded Decimal). MHoro pas-
pagHble gecsatndHble yucna B koge 8421 BCD npencrasnsatoTcs nytem obbe-
AVHEHNA TPYyNn, KOAUPYHOLWMX OTAENbHble AeCATUYHble undpbl. Mpu aTom
4ncno GUToB B KOOMPYHOLLMX rpynnax siBAsSieTCA CTPoro ouKCMpoBaHHbIM. Jle-
Bble Hynn BO BCeEX AeCATUYHbIX undpax ot 0 go 7.

[lna nepeBoga OECATUYHOrNO Ymucra B OBOUYHO-OAECATUYHLIA Kog 8421
BCD (8421 Binari — Coded Decimal) Tpun pasa nonb3yemcsa yHKunen
DEC2BIN. B ckobkax BTOpoe 4YMCriO — KONMYEeCTBO OMT B ABOMYHOM 4ucre —
yCTaHaBnMBaeM paBHbIM 4 (Kaxagas umdpa 4ecaTMyHOro yicna npeacrasns-
eTCHa ABOUYHOW LeNoYKon U3 YeTblpex but — TeTpagon).

Onsa pecatnyHoro vucna 658 BBogum K komaHaHoe okHO MATLAB:
a10w2tetr3 = 0110 a10w2tetr2 = 0101 a10w2tetr1 = 1000.

OKOH4aTenbHO npeacTaBfneHne B [OBOUYHO-AECATMYHOM koge 8421
BCD: 0110 0101 1000.

4. MNokaxnTe, Kak OCyLLEeCTBNSAETCS NnepeBo AaHHbIX, NpeaCcTaBEHHbIX
B ABOMYHOM, LLUECTHaAAUATEPUYHOM BMOE U B OBOUNYHO-OECATUYHOM KOAMPO-
BaHWK, HasbiBaeMoM Takke 8421 BCD (8421 Binari — Coded Decimal) 06-
paTHO B AeCATUYHbIE LNPPHbI.

lNpumep peweHusi 3ad0aHusi
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[Ana nepeBoga ABOWYHOIO Yucna B OECATUYHYIO CUCTEMY CYUCIEHUS
ncnonobayetcs pyHkuna BIN2DEC. B ckobkax B KaBbl4kax ABOMYHOE YUCHO,
KOTOpOe HaZlo NepeBeCTU B AECATUYHYIO hopMmy.

[nsa nepesoga wecTHagUATEPUYHOrO 4YuUCNa B OECATUYHYKO CUCTEMY
cuncneHusa ucnonbdyetca yHkummn BASE2DEC nnn HEX2DEC. B ckobkax
nepBon (PYyHKUMN YUCNO, KOTOPOE YyKa3blBAaeT OCHOBAHWE CUCTEMbI CYUCIIe-
HWS, B KOTOPOW NpeacTaBfieHO YNCHO.

Ana npeobpasoBaHna OMAWHHOMO [OBOMYHOE YMCNO B [OBOMYHO-LUECT-
HaguaTtepu4yHoe Hago pas3buTb OBOMYHOE YWUCHO Ha rpynnel no 4 6uta, npo-
ABUrasicb OT pas3fesiMTesibHOM TOYKM BrpaBo U BrieBo. Kaxgown rpynne m3 ye-
Tbipex BUTOB 3aTeM CTaBUTCHA B COOTBETCTBME LWeCTHaAuaTepuyHas umdpa.

[MycTb 3agaHo aByx6antoBoe ABOMYHOE YNCHO:

1110001101011100.

PasbuBaem gBOMYHOE YMCNO Ha rpynnbl no 4 6uTta:

1110 0011 0101 1100.

Kaxxgon rpynne u3 yeTblpex OUTOB 3aTeM CTaBUTCHA B COOTBETCTBUE LUe-
CTHaguaTepuyHaa uudpa.

a2w16tetr1 = C a2w16tetr2 = 5 a2w16tetr3 = 3 a2w16tetr4 = E.

OkoHuaTenbHO aByx6antoBoe aBouyHoe 4dmcrno 1110001101011100 B
ABOWYHO-LLEeCTHaguaTepnyHoe npeacrasneHun dyaget nvets sug C53E.

5. Paccuntante, Kakme 3HayeHus OyayT MMeTb AaHHble Npu aHanoro-
LUMPOBOM NpeobpasoBaHNN aHaNoOroBoro CUHyCoMAanbHOrO HanpsXXeHus B
Habop 16 YeTbIPexbUToBbIX ABOUYHbLIX YMCEST, ECIN BECb AMana3oH aHarnoro-
BOro curHana pasgeneH Ha 16 ypoBHen (Ha 16 KBaHTOB), M YNCNO Pa3fINYHbIX
KoOoBbIX cnoB 6yaeT 16.

6. NonyyuTe, ncnonb3ys 3agaHme 6ykB CBOW (haMUiMn Ha aHTMNCKOM
A3blke B BUAE AecAaTuUYHbIX undp B cumonax koga ASCII, onpegenurte, kak
ObyneT npeacrasneHa Bawa hamunua B Buae dpanna B WecTHaguaTepuyHoOM
N OBONYHOM MNpeacTaBreHuMn.

7. TlonyynTte, ucnonb3ya 3agaHue 6ykB CBOWM haMUMM Ha PYCCKOM
A3blke B cumBonax koga Unicode. Onpepenute, kak 6yaet npeacrasneHa
Balwa hamunna B Buae dpanna B LecTHaguaTepuyHoM npeacraBneHnn.

8. 3agaHo ooHO 4Mcno B OBOMYHOM cucTeme cuucnenusa. OHo npeg-
CTaBnAT cObon aprymMeHT norn4yeckon oyHKLmN.

Onpeoenutb, Kak OygeT BbIMMsSAeTb 3HAYEHME NOrnvyeckon dyHKLUK
ans anementa «HE» (NOT) ons OCHOBHbIX JTOTMYECKUX SNEMEHTOB.
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9. 3agaHbl gBa uyucna B ABOWYHOM cucTemMe cuucnenusa. OHu npea-
cTaBnAT cobON apryMeHTbl NOrm4eckon gyHKLNN.

Onpepenutb, Kak bygeT BbIMMs4eTb 3HAYEHWE NOrM4yeckon yHKUNK
ans anementa UJIN (OR).

KoHTponbHbIe BONpOCHI

1. NosAICHMUTE NOHATUE — ANEKTPOMArHMTHOE rnone.

2. Kak B3anmocBsidaHbl BpEMEHHasi 1 NPOCTPaHCTBEHHAs1 NepuUoagnyHo-
CTW BOMHbI?

3. Kak onucbliBaloT B COBPEMEHHOM (POPMYNMPOBKE 3NIEKTPOMArHUTHOE
none?

4. 3annuwnTte n NOsICHUTE ypaBHEHME MNITOCKOW rapMOHUYECKOW BOJHHbI,
pacnpocTpaHsoLLENCH, Hanpumep, BOOSMb OCK Z B cpeae 6e3 noTepsb.

5. Bce BOMHbI MOXHO pas3fenuTb Ha ABa Tvna: yrnpyrue n anekrpomar-
HUTHbIE. [1oAcHUTE.

6. Kaknmu ceBonictBamm obrnagaeT onTUYeckoe nsnyyeHme?

7. MNMosicHUTe KpaTKo pacnpeneneHne BOSH MO YacToTe.

8. MNosicCHUTE, YeM INEKTPOMArHUTHYIO BOJSTHY XapakTepu3ylT N KaKoBbI
€€ OCHOBHblE CBOMCTBA.

9. MNosicHMTe NOHATME: onTuyeckas obnacTb CnekTpa 3NEKTPOMarHUT-
HOrO U3ny4YeHus.

10. Buanmbln gnanasoH ONTUYECKOro manydeHua. [odacHuTe, 4To 3TO
O3Hayvaer.

11. lNoAcHUTE NOHATNA: SHEPTUs N CKOPOCTb BOJIH..

12. Ha3zoBUTE OCHOBHbIE NapamMeTpbl ANEKTPOMarHUTHbIX BOJIH.

13. MNoAcHnTe noHATME: nonapu3aunsa paguoBosiH.

14. B yem nposiBngeTcsa B3anMogencTBme narnyyYeHusi ¢ BeecTBsom?

15. Ha3oBUTE OCHOBHbIE TUMbl B3aUMOAENCTBUSA U3NYYEHUS] C BELLECT-
BOM.

16. B3anmogenctame MOHM3NPYHOLLEro U3nyyYyeHus ¢ BewecTBoM bbiBa-
eT AByX Tunos. HasoBuTe n nosicHure.

17. NoHnsauus n Bo3byxaeHue. MNMoacHure.

18. Mo dunanyeckmum cBOMCTBaAM OMTUYECKMA AMana3oH BOSIH COCTOMUT
N3: NepeyncnnTe n noACHUTE.

19. Kakoe aBneHune HasbiBaeTcsa ancnepcuen ceeta?
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20. OnekTpoMarHUTHblE BOJSIHbI B KBAHTOBOM MpeacTaBfiEHUN MOXHO
TpaKToBaTb, KaK NOTOK .... Yero? c aHeprmuen W, (06bIYHO n3mMepsieMon B ...
Yem?) MNpusegute hopmyny.

21. KpaTko onuwmnte, 4TO npeactaBndeTr coOOM 3neKkTpoMarHuMTHas
BOJHA.

22. Kakon BEKTOpP UCMOSb3yeTCcH ONA KOSIMYECTBEHHOW XapaKTepUCTUKN
nepeHoCcMMoun BOMHOW 3Heprmn? C 4em coBnagaeT ero HanpasneHne? Hemy
paBHa ero abcontoTHas BenuymMHa?

23. OnTn4yeckoe n3rnyvyeHne HasbiBalOT NOSIIPU30BaHHbLIM, ecnu ... [o-
SACHUTE.

6. EctecTBeHHOHay4Hble NpeacTaBneHus,
nexaiiue B OCHOBe nepemMelleHusi UHPOPMaLIMOHHbIX
NOTOKOB U OpraHU3auuu COBpPeMeHHbIX
TeXHONOrM ynpasneHus

6.1. BBegeHue B H(phopMaLIMOHHbIE TEXHONOMUN

Onpenenvm HeKOTOpble OCHOBHbIE MOHATUS, CBSAA3AHHbIE C MOHATUEM
MHPOPMALMOHHbIE TEXHOSTOTUMN.

Cbop uHhopmayuu — 3TO OeATEeNbHOCTb CyObekTa, B npouecce KOoTo-
pOM OH nony4aeT ceBeAeHns 06 MHTepecyoLweM ero obbLeKTe.

ObmeH uHopmayuel — 3TO NMPOLECC, B TEYEHME KOTOPOr0o MCTOYHMK
NHpoOpMaUnKN ee nepeadaeT, a nonyvaTesnib ee NPMHUMaeT.

XpaHeHue uHgopmayuu — 3TO NpPoLEeCcC NoaaepXKaHus UCXOAHOW WH-
dopmauum B BMae, KoTopbi obecrneymBaeT Bbligadvy LaHHbIX MO 3anpocam
KOHEYHbIX NoSib3oBaTenen B yCTaHOBINEHHbBIE CPOKMN.

Obpabomka uHgopmayuu — 3TO YNopsaOYEHHbIN npolecc ee npeob-
pa3oBaHMsa B COOTBETCTBUM C anrOPUTMOM peLLEHNs 3adauun.

UHpopmayuoHHass mexHonoausi (UT) — 9TO COBOKYMHOCTb METOO0B,
NPOM3BOACTBEHHbLIX MPOLECCOB M NPOrPaMMHO-TEXHUYECKMX CPEeACTB, 0bObe-
ANHEHHbIX B TEXHOSOMMYECKYo Lenoyky, obecneuvmpatoLlyto cbop, obpaboT-
Ky, XpaHeHue, pacnpocTpaHeHne n oTobpaxeHne uHdopMauum C Lenbto
CHWXXEHUS TPYAOEMKOCTU NPOLLECCOB UCMONb30BaHUA MH(POPMaLMOHHOIO pe-
cypca, a Takke NOBbIWEHNA NX HAAEXHOCTN N ONEPaTUBHOCTMW.
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Llens co30aHusi U WUPOKO20 pacripocmpaHeHuss UHgOopMauyUOHHbIX
mexHosio2ul — pelleHne npobnembl pas3BuTuUs MHopMaTusaumm obecTea
N BCEN XN3HeOesaATeNbHOCTU B CTPaHe.

UHpopmamu3zayus obwecmea — NOBCEMECTHOE BHeEAPEHME KOMMIIeKca
Mep, HanpasrieHHbIX Ha obecrneyeHne NosIHOro U CBOEBPEMEHHOIO UCMOfb-
30BaHNA OOCTOBEPHOM MHMopMaumn, 0600LLEHHbIX 3HAHUIA BO BCEX COLMU-
anbHO 3Ha4YMMbIX BUAAX YerioBe4YeCKon AeATerNbHOCTH.

UHopmayuoHHass uHpacmpykmypa — CTPYKTypa CUCTeMbl WUHGOp-
MaLUMOHHOro obecneyvyeHnss Bcex notpebutenen MHopmMmauumn B CTpaHe, Ko-
Topasa npefocrtaBndeT MM BO3MOXHOCTb UCMOSMb30BaHUA HOBbIX MH(opMa-
LUWMOHHbLIX TexXHOMnormn Ha 6ase WUPOKOro NpUMEHEeHUs WUHJOPMaLMOHHO-
BblYMCIINTENBHBIX PECYPCOB 1 aBTOMATU3MPOBAHHOWN CUCTEMbI CBA3N.

NMoHsATMEe NHPOPMALMOHHON CUCTEMDI

UHpopmayuoHHass cucmema (MC) — 3TO KOMMYHUKALIMOHHAs cuctema
no cbopy, nepegadve, nepepabotke nHdopmaummn od obbvekTe, cHabxatoLas
pabOTHUKOB pasfnMyHOro poga WHdopmaumen aOns peanusauum yHKUNK
ynpaBneHust.

MHdopmaumoHHaa cuctema Bcerga co3gaeTtcsl Ansl KOHKPETHOro obb-
ekta. B apdekTmBHON MHMPOPMALMOHHON cucteme obs3aTenbHO Yy4nUTbiBa-
IOTCA pasnuuns Mexay YPOBHAMU ynpaBneHusi, coepammn AeNCTBUS, a TakkKe
BHELWHUMN OOCTOATENLCTBAMM W KaXXOOMY YPOBHIKO YyNpaBfeHust AaeTcs
TONbKO Ta MHOpMaUMs, KoTopasd emy Heobxoauma anst apdekTnBHON pea-
nmn3aunmn yHKUMK yrnpaBneHus.

BHegpeHne MHMOPMALMOHHBIX CUCTEM BbIMOSTHAETCA C LEefbl MOBbI-
LWEHNA 9PPEKTUBHOCTM MPON3BOLACTBEHHO-XO3SANCTBEHHON [OEATENbHOCTH
opraHusauumn, npeanpuaTus, dMpMbl U T. 4. 3a cYeT Kak 06paboTkm n xpaHe-
HUS PYTUHHOM WHOPMaUuKM, aBTOMaTM3aLMM KOHTOPCKMX paboT, Tak M 3a
CYeT NPUHUMUNUANbHO HOBLIX METOAOB YNpaBneHus, OCHOBAHHbLIX Ha MoAae-
NMPOBaHNN OENCTBUIA CreunanmncTtoB opraHMsauum rnpu nNpuHATAN peLleHum
(MeToabl UCKYCCTBEHHOIO UHTEMNNEKTa, 3KCNepTHbIE CUCTEMbI U ApYyrue), uc-
NOSIb30BaHNN COBPEMEHHbBIX CPEACTB TENEKOMMYHUKaALMA (SNEKTPOHHAs MoY-
Ta, TeNeKoHgepeHLmmn), rnobanbHbIX N SIOKaNbHbIX BbIMUCAUTENBHbLIX CETEN U
T. A.

B coBpeMEHHbIX YCOBUSX OCHOBHbIM TEXHUYECKMM CpencTBOM obpa-
BOTKM MHGOPMaUUKM SBNAETCA NepCOoHanbHbIM KOMMNbloTeP. BonbLUMHCTBO

188



coBpeMeHHbIX NIC npeobpasyoT He nHdopmMauuto, a gaHHble. NoaTtomy vac-
TO UX Ha3blBalOT cucteMamm o6paboTkM AaHHbIX.

B 3aBucumocTn om cmeneHu (ypoeHsi) asmomamu3ayuu BbloensatoT
PYyYHble, aBTOMaTU3MPOBaHHbIE N aBTOMaTUYECKME WH(POPMALNOHHbLIE CUC-
TeMbI.

PyuyHble IC xapaKTepusyoTcsa TeM, 4TO BCe onepaumm no nepepaboTke
MHGOPMAaLIMK BbINOSHAKTCSA YEeN0BEKOM.

Asemomamu3supogaHHble UIC — B HUX 4YacTb (yHKUMIA (nogcucTem)
ynpasneHns mnm obpaboTKm AaHHbIX OCYLLECTBSETCA aBTOMaTUYecKu, a
4YacTb — YEITOBEKOM.

Asmomamuueckue IC — B HUX BCe PYHKUUM ynpasrieHna n obpaboTku
AAHHbIX OCYLLECTBIAKTCA TEXHNYECKNMU cpefcTBamu 6e3 yyacTusa Yenoseka
(Hanpumep, aBTOMaTUYECKOE ynpaBrieHne TEXHONOMMYeCcKMMm npoLeccamm m
ap.)-

Mo cebepe npumeHeHuUsi OBbLIYHO BLILENAKT Creaylowmne Krnaccbl WH-
dopMauUnoHHbIX cuctem: 1) HaydHble UccnegoBaHus; 2) aBTOMaTU3NPOBaH-
HOoe npoeKkTupoBaHune; 3) OpraHu3aunoHHOe YynpasrieHune; 4) ynpasreHue
TEXHOSIOrMYeCKNMM rnpoLieccamu.

TeHaeHUUM pa3BUTUA MHPOPMALMOHHLIX CUCTEM

TeHOoeHUMN pasBUTUS MHAPOPMALMOHHBIX CUCTEM TECHO CBS3aHbl C
pa3BUTMEM KOMMbIOTEPOB, KOMMBIOTEPHON TEXHUKM U KOMMbLIOTEPHbIX CETEN.
[MoaTomy pasnuyaroT HeCKOSbKO nokoneHun C:

1) nepeoe nokosneHue NC (1960 — 1970 rr.) ocHoBbIBanocb Ha 6ase
LeHTpanbHbix 3BM no npuHumny "ogHO npeanpuatne — oAuH LeHTp obpa-
6oTkM", a B Ka4eCcTBe CTaHA4ApPTHOM cpedbl BbINOSTHEHUS NPUNOXEHUN (dYHK-
LUMOHarbHbIX 3aZa4) ncrnosib3oBanachk onepaunmoHHasa cuctema pupmel IBM —
MVS;

2) emopoe rnokoneHue AC (1970 — 1980 rr.): nponcxogunu nepeble LWa-
M K geueHTtpanusauum VC, B npouecce KOTOpoM Mofb3oBaTenu cranm uc-
Nosib30BaTh MH(POPMALMOHHbIE TEXHOSOMMN B opucax U OTAeNeHnsx Komna-
HUKW, UCNonb3ys MUHKU-KoMMbOTepbl TUNa DEC VAX. lNMapannenbHo Hayanm
aKTUBHO BHeapsATbCsa BbicokonpoussoanTenbHble CYB[ tnna DB2 v nakeTbl
KOMMEpPYECKUX NpuKnagHblX nporpamm. MNMoatomy, KapauMHanbHbIM HOBLUECT-
BOoM C 3TOro nokoreHus crana gByx- U TPexXypoBHEBas MOAeSb OpraHu3a-
unum cuctembl 06paboTkn gaHHbIX (LeHTpanbHad OBM - MUHU-KOMMbIOTEPHLI
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oTAeneHnn n oducos) ¢ MHPOPMALMOHHLIM PYHOAMEHTOM Ha OCHOBe [de-
LeHTpann3oBaHHOW 6a3sbl AaHHbIX U MPUKNagHbIX NAKETOB;

3) mpembe nokoneHue NC (1980 — Havano 1990-x rr.) maccoBoe npu-
MeHeHWe pacnpegeneHHon ceteBon 06paboTkM Ha OCHOBE MacCOBOro nepe-
xo4a Ha nepcoHarnbHble koMmnbtoTepsbl ([K). Jlornka koprnopaTuBHOro dbmusHeca
noTpeboBana obbeanMHEHUST pa3pO3HEHHbIX pabdovnx mect B eanHyto NC. B
3TO BPEMS MNOSABUINUCH BbIMMCINTENBbHLIE CETU N pacnpeaenieHHas obpaboT-
ka. Mpu passutum NC TpeTbero nokoneHus maes 4Ynctom (0gHOPaHroBOW)
pacnpeneneHHon obpaboTkn CyllecTBeHHO ocnabna n yctynuna Mecto ue-
papXxmMyecKkon MOAESNN KINNEHT-cepBep;

4) yemeepmoe rokosieHue MIC B HacTosillee BpeMsa HaxoauTCH B CTa-
ann passutus. OTnMumTenbHOM YepTon coBpeMeHHbix C ssnseTtcs, B nep-
BYIHO oudepefb, nepapxmyeckaa opraHusauus. B Hen ueHTpanusoBaHHaa 06-
paboTka n eguHoe ynpasneHue pecypcamm NC Ha BepxHEM ypOBHE co4eTa-
eTcs ¢ pacnpegeneHHon obpaboTKON Ha HUXKHEM U OHWU ONPEeaensitoTCA CUH-
TEe30M peLleHni, anpobupoBaHHbIX B cMCTeMax npeablaymx nokonexHmn. IC
4YeTBEPTOro MOKONEHUSI XapaKTEpPU3yoTCA TaKMMMU OCHOBHbIMU OCOBEHHOCTS-
MMU:

« MakCUManbHoe MCMosib3oBaHWe MnoTeHunana HacTOSMbHbIX KOMMbOTE-
pOB U cpedbl pacrnpeaeneHHon obpaboTku;

« MOlyITbHOE MOCTPOEHNE CUCTEMbI, KOTOPOE npennonaraeTt CyLLecTBO-
BaHMEe MHOXEeCTBa PasfnyHblX TUMOB apXUTEKTYPHbIX PELUeHUA B pamkax
€MHOro KOMMeKca;

« SKOHOMUSI PECYPCOB CUCTEMbI) 3a CYET UeHTpanusaumm XpaHeHus U
00paboTKM faHHbIX HA BEPXHUX YPOBHSX nepapxumn UNC;

o HaNM4ume 3PPEKTUBHBLIX LLEHTPaNM3oBaHHbIX CPeACTB CETEBOIO U CUC-
TEMHOro aiMMHUCTPUPOBAHUS;

« PE3KOE CHWXEHME "CKPbITbIX 3aTpaT" — 9KCMyaTaunoHHbIX pacxonoB
Ha cogepxaHue VC, Bkntovalowmx 3aTpatbl, TPYAHO BblAendemMble B SBHOM
BMAe, KOTOpble HEeNnpoCcTo NpedycMoTpeTb B OwgpkeTe opraHusauuu (noa-
aepxaHue (YyHKUMOHMPOBAHUA CeTu, pe3epBHOE KonupoBaHue daunnos
nonb3oBaTtesien Ha yaarneHHbIX cepBepax, HacTpouka KoHdurypauumn pabo-
YMX CTaAHUMK M NOAKMNIYEHNE MX B CeTb, obecneyeHne 3alnTbl JaHHbIX, 06-
HOBMEeHWe BEPCUN NporpaMmMHOro obecrneyeHus u T. a.).

B HacTosLee BpeMsi MOXHO BblOENUTb XapakTepHble YepTbl U ONacHble
TeHAEHUMM COBPEMEHHOIo MHOpMaLUNoHHOro obLecTsa.

XapakmepHble 4epmbl:
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« pelleHa npobrnema MHPOPMALMOHHOIO KpmU3nca, TO ecTb paspeLLeHo
npoTMBopeYne mMexagy MHPOPMaLNOHHON NaBUHON U MH(POPMALMOHHBLIM TO-
nogow;

. obecneyeH npnopuTeT MHMOpPMaLUMN MO CPaBHEHUIO C OPYrMMU pe-
cypcamu;

« rNMaBHOW (POPMON pas3BUTUA ABMAETCA MHPOPMALMOHHAA 3KOHOMMUKA;

« B OCHOBY o0OLlecTBa 3arnoXeHbl aBTOMaTU3MPOBAHHbLIE reHepauus,
XpaHeHune, obpaboTka U NCnonb3oBaHME 3HAHUN C NOMOLLbLIO HOBENLLEN WH-
dopMaUMOHHON TEXHMKN N TEXHOMOINN,

« MH(PbOPMALMOHHbIE TEXHOMOrMM npuodbpenu rnodanbHbIM XapakTep,
OXBaTUB BCe chepbl counanbHON AeAaTeNbHOCTU YENOBEKa;

« COOPMNPOBAHO EOMHCTBO BCEW YETOBEYECKOW LMBUNU3aLmu;

« peanu3oBaHbl ryMaHUCTUYECKME MPUHLMMbI yripaBneHna obLecTsoMm
N BO3OENCTBUA Ha OKPY>XXatoLLyto cpeay.

OnacHble meHOeHUUU UHghopmayuoHHo20 obuwecmesa:

- BO3pacTarowiee BnnaHne Ha obLecTBo cpeacTB MaccoBOM MHGOpMa-
unu;

« BCe Oonbluee HapyweHune (unu paxe paspylleHue) nocpeacTtBoM
MH(POPMALMOHHBLIX TEXHONOMMNU YaCTHOW XWU3HU FT04EN NN OpraHn3auni;

« YCRoXHsawwasaca npobrnema otbopa KayeCTBEHHOW M OOCTOBEPHOW
MHdOpMaLnW;

« YBENMMYEHNE pa3pbiBa Mexady paspaboTtyMkamum M notpebutensamm
MHGOPMALMOHHBIX TEXHOMOIMMN 4O CTpaTeErMyeckn onacHom BENNYUHDI;

« yCHneHne npobnembl agantaumm 4Yactu nogen K cpege nHhopmauu-
OHHOro obuiecTBa.

6.2. Ctpyktypa n knaccucpukaumsa nHpopmMaLMoHHbIX CUCTEM

CTPYKTYPHO MHAOPMALIMOHHbIE CUCTEMbI COCTOSIT U3 COBOKYMHOCTU OT-
AernbHbIX €e 4YacTel, KoTopble HasbiBalT noacuctemamun. lNodcucmema
npeacTaBnsieT cobom YacTb CUCTEMbI, BblAENEHHY0 MO KaKOMY-NMbo nNpu3Ha-
Ky. OOLLUY0 CTPYKTYpYy WMHMDOPMAaLIMOHHOW CUCTEMbI BO3MOXHO paccMaTtpu-
BaTb KaK COBOKYMHOCTb MOACUCTEM HE3aBUCUMO OT Cdepbl NMPUMEHEHUS.
CTpykTypa nobon MHpOpMaLMOHHON cUCTEMbI MOXET ObiTb NpeacTaBreHa
COBOKYMHOCTbIO 0GecrneuYnBaroLLmMxX NoACUCTEM, cpean KOTOPbIX OObIYHO Bbi-
AensT MHPOPMaLMOHHOE, TEXHMYECKOE, MaTemMaTUyYeckoe, NporpaMMHoE,
OopraHu3aUMoHHOE U NpaBoBoe obecrneyeHue.
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HasHayeHne nogcuctembl MHPOpPMaLMOHHOIo obecneyeHmnss COCTOUT B
CBOEBPEMEHHOM (POPMMPOBaAHUM N Bblgaye LOCTOBEpPHOW MHGopMaumn ang
NPUHATUS yrNpaBreHYeCKNX peLleHunn.

UHpopmayuoHHoe obecriedyeHue npencTtasnseTr cobon COBOKYMHOCTb
YHU(PULUMPOBAHHLIX CUCTEM [LOKyMeHTauun, eOuHOMN CUCTEMbl Kraccuduka-
LUKN 1 KOOMPOBaAHNA MHpOpMaLNKN, CXeM MH(POPMAaLIMOHHBIX NOTOKOB, LMPKY-
NUPYIOLWMX B OpraHn3aummn, a Takke MeToaonorns noctpoeHna 6as gaHHbIX.

TexHu4yeckoe obecriedyeHue npeacrtaBndeT cobom COBOKYNMHOCTb (KOM-
NNIEKC) TEXHUYECKNX CpPenCTB, KOTOpble npeaHasHayeHbl Ons paboTbl WH-
dopmaumoHHon cuctembl. Croga ke BXOAUT U COOTBETCTBYIOLAA AOKYMEH-
Tauusa Ha 9TU cpeacTBa M TEXHOSOrM4yeckue npoueccol. B HacTosiee Bpemd
cchopMupoBanncb ABe OCHOBHbIE (POPMbl OpraHn3aumm TeXHUYecKoro obec-
NevyeHns: LeHTpanm3oBaHHas M 4aCTUYHO WMNIM MOMHOCTLIO AELeHTpanm3o-
BaHHas.

Cpenctea mamemamudeckoeo obecriedeHusi COCTOAT 3. CPeacTB MO-
AenMpoBaHns NpoLEeCcCOoB YrNpaBreHns; TUNOBbIX 3a4ay ynpaBrieHUs; MeTo-
AOB MaTeMaTM4yecKoro nporpaMMmMpoBaHus, MaTeMaTU4eCcKon CTaTUCTUKW,
Teopun MaccoBoro obcnyxmBaHns n ap.

CpeacTtBa npogpaMmHo20 obecriedeHusi COCTOAT U3 OOLLECUCTEMHbIX U
cneumanbHbIX MPOrpaMMHbIX MPOLAYKTOB U TEXHUYECKOW AOKYMEHTaLUUMN.

OpraHusauunoHHoe obecneveHne BKAOYaeT B cebst KOMMNeKC MeToaoB
N CpencTB, KOTOpbIE pernaMmeHTUMpYyroT B3anmMmoaencteme paboTHMKOB C Tex-
HU4YEeCKUMM cpeacTBamMu U Mexay cobor B npouecce pa3paboTky 1 aKcnnya-
Taumm NHoOpPMaLMOHHON CUCTEMBI.

lNpasosoe obecrieyeHue npencTaBnseT cobor COBOKYNMHOCTb NPaBOBbIX
HOPM, KOTOpble ONpeaensitoT co3fgaHne, Kpnanvyeckum ctatyc n PyHKLUNOHMU-
poBaHMe MHMOPMALMOHHBIX CUCTEM, perfnameHTUPYIT NOPAa0K MOMyyYeHus,
npeobpasoBaHMAa N UCNOSb30BaHNSA MHOPMaLUK.

B coctaBe MHMOPMaLMOHHON CUCTEMbBI MOXHO BbIOEMUTL TPU BaXKHbIE
noacucTeMbl, NpeacTaBfeHHbIe Ha puc. 6.1.

NHpopmaumMOoHHBIM 90poM (MHAPOPMALMOHHLIM (POHAOM) NOACUCTEMBI
npeacTtasneHus n obpaboTtkn nHgopmaunmn ANC, To eCTb BHYTPEHHUM HOCU-
Tenem 3HaHUW B npegmeTHon obnactun aensaetca 6asa daHHbix (BL). MNoHs-
TMe 6asbl JaHHbIX ABNSETCHA LEeHTpanbHbiM B cpepe TEXHOMOMMM aBToMaTu-
3MpPOBaHHbIX NHPOPMaLNOHHLIX cuctem (AUNC).
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NHpopMaLMOHHaA cucTema
OPraHHMIaUMOHHO- MoacHeTeMa HopraTHeHD-
TexXHONOMMHEeCKan NPeaCTaBNEHS yHKLMOHANEHAS

NOACHCTEME NoACHCTEME
cbopa ﬂHOEEESETTH EblQ&qM
MHD D MELLMK dhopmall WMHDOP R ALK

[ynna
Kanan bl oTBopaEBoLa: MNone2oBaTENK-
NoCTYANEHWA hopMBl E}HHI';M:.I A0OHeHTL !
I'IOCTQJJ,HHH' BMA; gemlapm PEXtiMB BILEHR,
' ' G opMel BBIDA4YM,
: TREaHCAALMK.
chOprMAaT M 00Ky - Dma E=Ib-LI - ST 1 AOKYMEH-
MERTHROBAHNE by A S THROEAHWE BelgaH:
EXOOHOR obpaboTka; ~
HOH MHAODMELMM
HMHC O RELLAK Fanpochl.
AOMUHWCTPATOPR L

Puc. 6.1. CoctaB 1 pyHKLMOHarbHbIe rpynnbl MHPOPMaALMOHHOMN
cUCTeMbI

Opyrum dpyHOameHTanbHbIM NOHATUEM, KOTOPOE MPsIMO CBSA3aHO C aB-
TomaTuamposaHHon WC, aensietca cucmema yripaesreHuss 6azamu OaHHbIX
(CYEB/[). CYB[] onpenensieTca Kak KOMMEKC NPOrpaMMHbIX CPenCcTB, KOTO-
pble peanu3yloT co3gaHue 6a3 gaHHbIX, UX noagepXaHne B akTyarlbHOM CO-
CTOAHUM, M obecrneymBaloT pasHbIM KaTeropusim Mnosib3oBaTesien BO3MOX-
HOCTb nony4vatb u3 B[] Tpebyemyto nHpopmaumio.

CoBOKYNHOCTb KOHKpeTHOW 6a3bl gaHHbiX, CYB[, npuknagHbIX KOMMO-
HeHTOB AMC (Habop BXOAHbLIX U BbIXOAHbLIX POPM, TUMOBbLIX 3aNPOCOB AJ1S
peLlleHns NHPOPMaLMOHHO-TEXHOSOMMYECKMX 3aday B KOHKPETHOW NpeaMeT-
HOM obnacTtun), a Takke KOMMMeKca TEXHUYECKUX CPEeACTB, HAa KOTOPbIX OHU
peanun3oBaHbl, 00pasyoT 6aHk OaHHbIX (BHL), nnn nHavye — aemomamu3supo-
8aHHbIU baHK OaHHbIX (ABL).

Knaccudumkaumsa nHpopmMaLMOHHbIX CUCTEM

Mo xapaktepy npencraBneHns M NIOrMYEeCcKOn opraHmsaunm XpaHumom
nHgopmaunn ANC nogpasgenstoT Ha ghakmozpaghudeckue, OOKyMeHmarlb-
Hble U 2e0UHOPMaUUOHHbIE.
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B ghakmoepagpuyeckue ANC HakannuBarwTCA U XPaHATCA OaHHblEe B
BUOE MHOXECTBa 3K3eMMNSIAPOB OLHOMO UMM HECKOSNBKUX TUMOB CTPYKTYPHbIX
31eMEHTOB (UHGOpMayUOHHbIX 06 bEKMOS).

B dokymeHnmarnbHbix AUC eanHNYHBIM 3f1EMEHTOM NHOPMaLMKN ABNA-
€TCHA HepacureHeHHbIn Ha bornee Menkue aremMeHTbl AOKYyMeHT. [pu aTom
MHpopMauusa npu Beoge (BXOAHOW AOKYMEHT), Kak NpaBumio, He CTPYKTypu-
pyeTcs, Unm CTPYKTYpUpyeTcs B OrpaHUYeHHOM BuJe.

B eeouHgpopmayuoHHbIx AVC gaHHble OpraHn3oBbIBaOTCA B BUAE OT-
AenbHbIX MHPOPMALMOHHbLIX 06BHEKTOB (C onpeaerieHHbIM HabopoM pekBU3u-
TOB), KOTOpble NPUBSA3aHbl K 00LLEeN 3NEeKTPOHHOW Tonorpadgmnyeckon ocHoBe
(aneKTpoHHOM KapTe). [eOMHMOpPMaLMOHHbIE CUCTEMbBI MPUMEHSAIOT ANS UH-
dopmaunoHHoro obecrneyveHns B Tex NpegmMeTHbIX 06nacTax, CTPyKTypa WH-
dpopMaLMOHHbBIX OOBEKTOB M NPOLLECCOB B KOTOPbIX MMEET NPOCTPaHCTBEHHO-
reorpapuyeckmn KOMIMOHEHT, Hanpumep MapLlpyTbl TpaHCNopTa, KOMMY-
HanbHOE XO3ANCTBO U T. M.

NHpopMaLMOHHbIE CUCTEMBI TaKXe KNacCUULNPYIOTCA:

e N0 PYHKUMOHANIbHOMY Ha3HaYeHWUIO: NPOU3BOACTBEHHbIE, KOMMepYe-
Ckue, PHaHCOBbIe, MapKEeTUHIOBbIE N AP.;

« N0 0ObeKTam yrnpasneHnsa: HPOPMaLNOHHbIE CUCTEMbI aBTOMAaTU3N-
POBAHHOIO MPOEKTUPOBAHUA, YNpPaBNEeHUs TEXHOMOrMMYeCcKuMn npoLeccamu,
ynpasneHusa npegnpuatuem (ocmcom, upmon, Kopnopaumnemn, opraHnsaum-
en)mnT.n,

« M0 XapakTepy MCnonb30BaHUS pes3ySibTaTHOW MHgopMaumn: NHGop-
MaLMOHHO-MOUNCKOBbIE, NpefHa3HavyeHHble Anis cbopa, XpaHeHus U Bblaayu
MHJOpMaLMK MO 3anpocy nosib3oBaTtesnis; UHPOPMaLMOHHO-COBE-TYHOLLNE,
npegnaratowune nonb3oBaTento onpegerieHHble pekoMeHaauum Anst npuHa-
TUSA pelleHnn (CUCTeMbl NOOAEPXKKU NPUHATUA peLleHnin); MHpopMaLMOHHO-
yrnpaBsnsawLwune, pesynbtTatHasg HPOpMauns KOTOpPbIX HENOCPEACTBEHHO y4ya-
CTBYeT B dOpMUPOBAHUM YNpaBnAoLLNX BO3OAENCTBUN.

YacTo knaccugukaumo AVIC npoBoaaT No byHKUUSIM U pewiaeMbiM 3a-
da4am, rnaBHbIMWN CPean HUX MOryT ObiTb: CPaBOYHbIE; MOMCKOBbIE; pacyeT-
Hble; TEXHOMNOrn4yeckue.

JTobas nHpopmaunmoHHasa cuctema paspadbaTtbiBaeTCca U NPOEKTUPYeT-
CSl HA4YMHasA C NOCTPOEHUS KOHLeNTyanbHOM MOAEeN ee NCNOoMb30BaHus. JTa
MOAESNb yCTaHaBNMBaET, npexae Bcero, Habopbl KOHKPETHbIX 3ada4 U OyHK-
UuKn, KoTopble obecnedymBatoTCs CO3gaHMEM W dKcnsyaTaunen nHpopmaum-
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OHHOW cncTeMbl. OHa ke yCcTaHaBnMBaeT Takke cuctemy cbopa, HakonmeHus
1 Bblaaun nHdopmaumu.

6.3. HekoTopble coBpeMeHHble MHCTPYMEHTbI U MeToAbl
o6paboTKM 1 aHanusa MH(pOPMaLMOHHbIX NOTOKOB

B HacToswee BpemMsa Anga pelleHna 3agad B 9KOHOMUYECKOW cdpepe Ya-
CTO MCMONb3YKTCA Takne metoabl 0bpaboTkm 1 aHanmsa MHGOPMaLMOHHbIX
NOTOKOB:

1) agpucmuyeckue — OHN NPUMEHSAIOTCA B TEX Cry4vasiX, Koraa Konnyec-
TBO MH(OpMaUUM HEAOCTAaTOYHO U HET BO3MOXXHOCTM TOYHO BblAENUTbL rpa-
HULbI NPUMEHEHUsT bopMarnmM3oBaHHbIX METOAOB, OLUEHUTb OOMYCK OLLUNBKMN.
Cpean HUX: MeTo KOSNEeKTUBHOro B1I0KHOTa; MO3roBOM LWITYPM; NPUEM CUHE-
KTUKN; KENC-MeToA;

2) mpaduyuoHHbIe MemMOObI: METO/, CPaBHEHUS; METOL, OTHOCUTENBbHbIX
N CPaBHUTENbHbIX BENUYUH; rpadnyecknin MeTod; MeTo rpynnmpoBKu;

3) crnocob demepMUHUpPOBaHHbIX ¢hakmopoes: cnocob uenHbiX noacra-
HOBOK; cNoco6 abCcontoTHbIX pasHuL,; CNocob OTHOCUTESNbHbLIX PasHUL;

4) criocobbl cmoxacmu4ecko20 hbakKmopHO20 aHasu3a: KOppenaunoH-
HO-PErpecCcnoHHbIN aHann3; AUCMEPCUOHHLIM aHanm3; KOMMOHEHTHbIN aHa-
N3; MHOTOMEPHbIN PakTOPHbIN aHanus,;

5) crnocobbl onmumu3upoBaHHbIX okalamersiel. 3KOHOMUKO-MaTeMa-
TUYEeCKMEe MEeTOAbl; NPOorpaMMMpoOBaHNE; TEOPUSI MAcCOBOro obcrnenoBaHus;
Teopus Urp; uccriegoBaHue onepawmn.

MOXHO BblOENUTbL HEKOTOPbIE Takne MeToabl obpaboTkM M aHanuaa
MHGOPMAaLIMOHHbIX MOTOKOB, Hanpumep, u3 cepbl COBPEMEHHOIO pbiHKa: 1)
MemoObl cmamucmu4yeckol obpabomku uHgopmMayuu. DTOT NOAXO4 BKIIO-
YaeT B cebs XOpowo pas3BUTblE M M3YyYEeHHble Kraccuyeckne MeTodbl, a
MMEHHO PerpecCuoHHbIN, KOPPENSAUNOHHBIN aHanus, 1 T. 4.; 2) Memood 380-
JTYUOHHO20 rpo2paMmMuposaHus. OTOT MeToq npeactaBnseTr cobon AnHa-
MWYHO pa3BMBalOLLIEECH HaMpaBfieHMEe aHanm3a MHOFOMEPHbLIX MHopMaLum-
OHHbIX NOoToKoB. OCHOBHasi naest MeToga COCTOMT B 3arnCu Ha BHYTPEHHEM
A3blke NpPOorpaMMuUpoBaHUSA psida npeaBapuTenbHbIX rmMnotes. [locne aTtoro
CUCTEMOW reHepupyeTca anropmuTM, KOTOpbIA MakCMManbHO TOYHO BbipaXkaeT
MCKOMYIO 3aBMCUMOCTb, W MOCIIE€ 3TOr0 HAa4YMHAET CaMOCTOSATENbHO ee Kop-
pekTupoBaTb. B KOHLE KOHUOB M3 OONbLIOro Konndectsa MoanduumnMpoBaH-
HbIX Nporpamm oTbupaeTcss Hanbonee ygadHbl BapuaHT; 3) reHemu4yeckue
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aneopummel. OCHOBHasa unaes meToda COCTOUT B Bblbope onTMMaribHbIX
(Hannyywunx) peweHnn no paHee dopmanusoBaHHbIM KpuTepuam. lNMpouecc
onTUMM3auMmM B 3TOM Crlydae HarnoMWHaeT MpouecCc eCTeCTBEHHOW 3BOJ0-
Uuun: oTbop Nyylmx peweHun (CUNbHENLWNX), cKpewmBaHme n mytauuu; 4)
HelUpoHHble cemu. HenpoHHast ceTb 0ObIMHO npeacTaBnseT cobon MHOro-
CINOVHYIO CETEBYIO CTPYKTYPY, COCTOALLYIO N3 OQHOTUMHBIX 9NIEMEHTOB — HEN-
POHOB, KOTOPbIe COeaVHEHbI MexXay cobour n crpynnMpoBaHbl B Crion (MHOro-
CrnonHble HenpoceTn). OueHnBaHne NOCTOSAHHO N3MEHSIIOLLUNXCHA BHELUHUX YC-
NOBUN N COOTBETCTBEHHO CTEMEHU BIIUSAHUA pasfnyYHbIX NapamMeTpoB BbIMosl-
HAETCS HEeMPOHHOW ceTbio Briarogaps camomMy MPUHUMNY MNOCTPOEHUs; 5) He-
yemkas rioauka. HaumHas ¢ 60-x rr. npowsioro cToneTns B pesyrnbTaTe pas-
paboTku J1. 3age Teopun HEYETKMX MHOXECTB, Oblnn paspaboTaHbl HECKOSb-
KO Teopumn, KOTopble MO3BOSIAT popmMann3oBaTtb HeonpeaeneHHoCcTb. B Ha-
cTosiLee BpeMsi B 3Ton 06nactn 3HaHUn Be4yTCst MHOrOYUCIIEHHbIE N UHTEH-
CUBHO pa3paboTkm N HaxoauTca Uenbi psag HOBbIX NMPUMEHeHU. B ocHoBe
TEOPUN HEYETKOM NOTMKU NEXUT TO, YTO, aHanoOrm4yHoO OBbIYHBIM YncnaMm, C
pacrnpeeneHnssiMn HeYeTKOCTU MOXHO MPOM3BOAUTL pPasfuyHble onepauuu,
Hanpumep, cknagbiBaTb U YMHOXaTb; 6) mexHudeckul aHanu3. OCHOBHOW
NOCTynaT TEXHWYEeCKOro aHanuMsa COCTOUT B fefyloleM: LeHa Yy4YuTbiBaeT
BCe, NMOATOMY OOMbLUMHCTBO MaKeTOB MNpPOrpaMMHOro obecneveHus, noces-
LLIEHHbIX TEXHMYECKOMY aHannay, 6asmpyloTcsa Ha NpeacTaBneHnn 0 TOM, YTO
BCSA MHGOpMaLms O konebaHusx LeH N NnpudnHax aTux konebaHnn HaxoauTcs
B camMux konebaHusix. 34ecb e MOXHO OTMETUTb U LLUMPOKO UCMOSb3YEMbIN,
Hanpumep, npu paboTte ¢ NOTOKaMn prHaAHCOBOW UHGOPMaLMK, Memod 80J1-
HoB020 aHasiuiza (nogasnstollee 60MbLMHCTBO METOAOB TEXHUYECKOrO aHa-
nn3a COCTaBMSAT Tak Ha3biBaeMble «OCUMINATOPbLI» — MeTOoAbl MOuUcka u
aHanmsa UuKnmyecknx konebaHum).

6.4. NoHaATMe pacnpeaeneHHbIX UH(POPMaALMOHHbIX CUCTEM

C nogBneHWeM mnepcoHanbHbIX KOMMbLIOTEPOB BO3HMKIA Heobxoau-
MOCTb BblpabOTKM HOBOro noaxoda K opraHusaumm cuctem obpaboTkum gaH-
HbIX U CO34aHUI HOBbIX MH(OPMALMOHHbBIX TexHonormn. HensbexHo poau-
nocb noruyeckn obocHoBaHHOe TpeboBaHue nepexoga OT UCMOfb30BaHUA
oTaenbHbix OBM B cuctemax ueHTpanmaoBaHHOM 06paboTkM AaHHbIX K pac-
npegeneHHon obpaboTke AaHHbIX. PacnpegeneHHas obpaboTka OaHHbIX —
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9T0 0OpaboTka AaHHbIX, BbINOSIHAEMAaa Ha HE3aBUCUMBbIX, HO CBA3aHHbIX Me-
XOy cobon kKomnbloTepax, NpeacTaBNALWKNX pacrnpeaesieHHyo CUCTeMy.

Moo pacnpedeneHHoU uHopMauyuoHHoU 6a3ol NMOHMMAaT HeorpaHu-
YeHHoe Konm4yecTBO 6a3 AaHHbIX, KOTOpble OUCTAHUMOHHO yAaneHbl Apyr ot
apyra (pacnonoXeHbl Ha pasnuyHbIX y3rax ceTn KOMNbITEPOB, U, BO3MOXHO
ynpaenstTca pasnmyHbiMi CYB[) n nmetroT Habop obLumx xapaktepuctuk: 1)
YHKUMOHUPYIOT MO eauHbIM NpaBuiam, onpeneneHHbIM LeHTpanmM3oBaHHO
Ans Bcex 6a3 AaHHbIX, BXOASLWMX B pacnpeaenieHHyo MHpopMaunoHHyto 6a-
3y; 2) obMeH OaHHbLIMW MPON3BOANTCH NO MpaBusiaM, KOTopble 3afaHbl LiEH-
Tpann3oBaHHO.

PacnpegeneHHas 6asa faHHbIX BbIrMAgUMT C TOYKM 3pEHUsT MONb3oBa-
Tenen n npuknagHbiXx nporpaMmm kak obbldHas nokanbHas 6asa gaHHbIX. B
3TOM CMbICNE CrnoBo "pacnpegeneHHas" oTpaxaeTt crnocob opraHusaunmn b6a-
3bl AaHHbIX, HO HE BHELLHIO €€ XapakTepucTuky ("pacnpegeneHHocTb" 6asbl
AaHHbIX HEBMONUMA U3BHE).

PacnpedeneHHass uHghopmalyuoHHasi cucmema obbl4HO onpedenseTcs
KaK KOMMMEKC NOrM4Yeckn MHTErPUPOBaHHLIX N TeppUTOpUarnbHO paccpenoTo-
YeHHbIX B[], TexXHM4yeckux, MPorpamMmMHbIX, S3bIKOBbIX W OPraHM3auMOHHbIX
CpeacTB, KOTOpble NpeaHasHayeHbl A8 HaKOMSeHUs, BeOeHNA U UCMNOSb30-
BaHUS MHopMaumn. [1na Takux CUCTEM xapakmepHbl makue yHKUUU:

1) HakonneHue, obHOBMEHME N XpaHEHWE [OaHHbIX B reorpaduyecku
yOaneHHbIX y3nax ceTu;

2) norudeckasi MHTerpauusi TepputTopuarnbHO pacnpeferneHHbliX OaH-
HbIX, NpoLeccoB 0bpaboTkn, 0BHOBNEHUS N NoUcKa MHOpMaLUWK;

3) obecnevyeHne aBTOMATUYECKOrO B3aMMOAEWNCTBUS MeXAy JoKanb-
HbIMM 6a3aMmn JaHHbIX B NpoLiecce UCMOSTHEHNSA 3anpoCoB N pelleHns 3adad
nonb3oBaTesnen.

PacnpenenéHHble C oObl4HO pa3aenstoT Ha:

1) gpann-cepepHble C (UC ¢ apxutekTypon «ann-cepsep»);

2) knneHT-cepBepHble NC (VIC ¢ apxXnTekTypon «KnneHT-cepeep»).

B dann-cepBepHbix MC 6asa gaHHbIX HaxoguTcsa Ha hannoBoM cepse-
pe, a CYB[] n knueHTCKkMe NpUnoXeHus pacnosaratoTca Ha pabounx ctaHum-
ax. B knueHT-cepBepHbix MC 6a3a aaHHbIXx 1 CYB[l HaxogaTcs Ha cepBepe, a
Ha paboymx CTaHUMAX HaxXoOATCHA KIMEHTCKME MpUnoXeHus. KnueHT-
cepBepHble IC pasgenatoT Ha ABYX3BEHHbIE U MHOro3BeHHble. B OByX3BeH-
HbIX (aHrn. two-tier) C TonbKo ABa Tuna «3BeHbLEBY»: cepBep 0a3 JaHHbIX, Ha
koTopom Haxogsatca bl n CYB[ (back-end), n paboune craHumm, Ha KOTOPbIX
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HaxoOaTca KrneHTckne npunoxeHus (front-end). KnneHTckne npunoxeHus
obpawatotcs k CYB[ Hanpamyto. B MHorosseHHbIx (aHrn. multi-tier) IC po-
B6aBnATCA NPOMEXYTOYHbLIE «3BEHbSI». cepBepbl NpunoxeHunn (application
servers). [Nlonb3oBaTenbCKNEe KIMEHTCKUME MNPUITOXKEHUA He obpallarTcs K
CYB Hanpsmyt, OHM B3aMMOAEWUCTBYIOT C MPOMEXYTOYHbIMUA 3BEHBSIMW.
TUNUYHBIN NpUMEpP MPUMEHEHUST MHOIO3BEHHOCTU — COBPEMEHHble BeO6-
NPUNOXEHNS, ncnonbaylowme 6a3bl AaHHbIX. B Takmx nNpunoxeHusx Kkpome
3BeHa CYB/[l 1 KnMeHTCKOro 3BeHa, KOTOpPOe BLINOMHSAETCA B Be6-6pay3sepe,
MMeeTCs O4HO MPOMEXYTOYHOE 3BEHO (Kak MMHMMYM) — BeEB-cepBep C COOT-
BETCTBYHOLLMM CEPBEPHbBIM NporpaMmMHbiM obecneveHunem (M0O).

PacnpeneneHHble 6a3bl JaHHBIX HEBO3MOXHO paccMaTpuBaTb BHE KOH-
TekcTa 6onee obwen n 6onee 3Ha4YMMON TEMbI pacnpeaenieHHbIX MHpopma-
LIMOHHbIX CUCTEM.

[MocTpoeHne coBpEeMEHHbIX pacrpeerieHHbIX MH(OPMAaLMOHHbBIX CUC-
TEM CEerogHs HanpsMyld CBA3aHO C PEendAuuoHHbIMU U OBBLEKTHO-
opueHTupoBaHHbIMN CYB/,

B HacTosdwee Bpemsi cywlecTByeT OrpOMHOE KOMM4YECTBO CUCTEM
ynpaeneHus 6asamu gaHHbix (CYB[) v gpyrux nporpamm, KOTOpble BbIMO-
HAIT cxoAHble dyHKuMn. MHCTpyMeHTanbHble cpencrtsa Oracle aBnsaroTcs
OLHMMU 13 NYYLWNX U Hanboree MOLLHBIX MMEIOLLNXCA UHCTPYMEHTOB pa3pa-
B6OTKM NpodeCcCMoHanbHOro Kracca.

Knaccudukaumnsa mogenen nocTpoeHust 6a3 gaHHbIX

Uepapxu4veckasi modesib

B3anmocBA3M M OTHOLLUEHUS B 3TOM MOAENN AaHHbIX OpraHn3oBaHbl B
BMAe COBOKYNHOCTeN fOepeBbeB. [lepeBo npencraBnseT cobon CTPYKTypy
AaHHbIX, B KOTOPOM TWUMN CerMeHTa NOTOMKa CBSA3aH TOJSIbKO C OOAHMM TUMOM
cermeHTa npegka.

Cemesasi modersib

CeTn npencraBnaloT cOb6ON eCTeCTBEHHbIN cnocob nNpeacraBneHns oT-
HOLEeHNn mexay obbekTamn. B cemesgol moldenu paHHble NpeacTaBrieHbl
ceTeBbIMU CTPYKTYpamMu TUNOB 3anvcen N cBsi3aHbl OTHOLLEHUSMU MOLLIHOCTU
OOMH K OOHOMY UM OOWH KO MHOrMM. B aTom mogenw cyuiecTtByeT [Be OC-
HOBHbIE CTPYKTYpPbl AaHHbIX — TUMbl 3annucen n Habopsbl: Tun 3anuced npea-
ctaBnsgeT cobon COBOKYMHOCTb FIOMMYECKN CBSA3AHHbLIX 3NIEMEHTOB OaHHbIX;
Habop — B mogenn DTBG oTHOLWEeHWe OAnH KO MHOTMM MexXxay ABYMSA Tunamum
3anucen. CTpyKTypa LaHHbIX, B KOTOPON BCe BUHApPHbIE OTHOLUEHUS UMEKOT
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MOLLIHOCTb OAMNH KO MHOMMM, Ha3bIiBaeTcs rnpocmou cembto. CrioxXHOU cembro
Ha3bIBaOT CTPYKTYPY AaHHbIX, B KOTOPOW OAHO UIIM HECKONbKO BMHAPHbLIX OT-
HOLLEHNN MMEKT MOLLHOCTb MHOrMe Ko MHorum. Tun 3anucu ces3u — op-
ManbHas 3anucb, KOTopasi co3gaHa Ana npeobpasoBaHUsA CNOXHOWM CEeTU B
9KBMBASIEHTHYIO €N NMPOCTYIO CETb.

PensyuoHHass MooOesb.

B 1970 — 1971 rogax Kogoom E. ®. 6bina BBegeHa pensaumMoHHas Mo-
Aenb AaHHbIX N PENSILMOHHbIE S3blkM 00pabOTKM JaHHbIX — pENnsSUMOHHas an-
rebpa n pensunmoHHOE WCHUCIIEHUE: pesfisyuoHHas arnzebpa npencrasnsier
cobon npouenypHbIn sA3blk 06pPabOTKM PensUMOHHBIX Tabnuy, pesisyuoHHoe
ucyucrieHue — 3To HenpoueaypHbIN A3blK CO34aHNSA 3arnpoCcoB.

[MpUMEHAIT Takne noaxoAdbl K NPOEKTUPOBAHMIO pensauMoHHON 6a3sbl
AaHHbIX. [1epebiti M0OX00 COCTOUT B CeAyoLweM: Ha 3Tane KOHUEeNnTyanbHoro
NPOEKTUPOBAHUS CO34aeTCa HENOCPEeACTBEHHO pensunmoHHasa cxema 6asbl
AaHHbIX (@ He KoHuenTyanbHas mMogerb AaHHbIX, Kak 0bbl4HO), KOTOpas Cco-
CTOUT U3 onpedeneHnn pensumMoHHbIX Tabnuy, noaBeprarwmxca HopManm-
3aunun.

CyTb Bmopo2o rnodxoda 3akno4vaeTcs B MexaHn4yeckom npeobpasosa-
HMM CO3[aHHOMN paHee (PYHKUMOHANbHOW MOOEeNU B HOpMasiM3oBaHHYK pe-
NAUMOHHY0 MoAenb. Takon nogxod OBbIYHO MPUMEHAETCH MPU NPOEKTUPO-
BaHUN BONbLUMX U CNOXHbIX cXeM 6a3 gaHHbIX (OHU HeobxoanMbl A4St KOpMo-
paTUBHbIX MHHPOPMALNOHHbBIX CUCTEM).

HekoTopble ocobeHHOCTU ynpaBrieHUs B pacnpeaeneHHbix NC

[Mpouecc ynpaBneHuss NCMOTHEHNEM OCHOBHbIX oyHKUuM NC peanunso-
BbIBaE€T KOMMMEKC NporpamMmMHbIX CpeacTB, KOTOPbIM OObIMHO BKIKOYAET B ce-
65 Takue anemMeHTbI:

1) cucmemy ynpaeneHusi pacrpedenieHHbiMu 6azamu daHHbIXx (CYPB[)
Kak OCHOBHOMN KOMIMOHEHT;

2) ceTeBYy0 onepaLmoOHHY0 CUCTEMY;

3) cuctemy pasrpaHudeHust goctyna wm ap.

Monatne CYPBL BkntoyaeT B cebs cuctemy, KoTtopasi peanuayet
NPUHLMN NOrMYECKON WHTerpauum AaHHbIX, (PU3myeckn pacnpeneneHHbIX
Mexgy pasfiMyHbIMM  B3aUMOCBA3aHHbIMM - KOMMboTepaMn.  OCHOBHbIMU
dyHkunamm CYPBL obbl4HO SBNAKOTCA aHanu3 n pacnpegeneHue 3anpocos,
N yrnpasfeHne nx NpoxXoXxaeHnemM.
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Cnocobbl pacnpefeneHns OaHHbIX MO y3ramM KOMMbOTEPHOW CeTu
MOXHO KraccudpumumpoBaTb NO pasHbiM npuaHakaMm. OCHOBHbIMU N3 HUX Bbl-
CTynatwT Hanuyue oybnvpoBaHnsa MHOPMaLMA U KOSIMYECTBO Y3MN0oB, coaep-
Xalmnx Konuu AaHHbIX. B cOOTBETCTBUM C yKa3aHHbIMU KnacCcudukauMoHHbI-
MU Mpu3Hakamu obbIMHO BbIAENAT Takne anbTepHaTUBHbIE CTpaTernm pac-
npeneneHns:

1) ueHmpanusayusi (eguHcTBeHHaa konusa B[l, pacnonoxeHHas B oA-
HOM y3ne);

2) pacyrneHeHue (eguHcTBeHHaa konusa B[, Henepecekatowmecs dpar-
MEHTbI KOTOPOW pacnpeaeneHbl N0 HECKONBbKUM y3nam);

3) dybrnuposaHue (Heckonbko konun B, B kaxgom ysne pacnonaraet-
c4 nonHasa Konust Bcen 6asbl);

4) cmewaHHas (Heckonbko konun B[, B kagom ysne pacnonaraetcs
NPOUN3BOSIbHBIN hparMeHT 6asbl).

PaHasgeneHve ctpaTternn no npeanoyvTUTEeNbHOCTM UX UCMONb30BaHNSA
B obuem cnyyae He npeactaBnseTcd BO3MOXHbIM. HaxoxxgeHue ycnosun, B
KOTOpbIX Ta UMM UHasa cTpaTerus asndetcsa Hanbonee noaxogsilen, paumo-
HasflbHO MOCIe YCTaHOBMEHUSA NPEeMMYyLLECTB U HEAOCTATKOB KaXXOOW U3 HUX.
[MepBooyepeaHble Npobnemsbl, CBs3aHHbIE C pacnpeneneHnemM OaHHbIX B ce-
TW, OOMKHbI ObITb paspelleHbl Ha cTagun npoektupoBannsa PBI. OTta ctagnd
MMEET MHOIO BaXXHblIX OCOOEHHOCTEN NO CPABHEHUIO C NPOEKTUPOBAHNEM J10-
KanbHblx B. C uenbio ynyyleHus npousBoanTESNIbHOCTU N HagexHoctn NC
B pacnpeneneHHon nHOpMauVOHHOW cucTemMe normyecku uenoctHas bl
MOXeT ObITb ¢hpazmeHmMuUposaHa U WUpOKo pacripedesieHa no cemu. dpar-
MeHTaumMsa 1 pacnpegeneHme AaHHbiX 6e3 LeHTpann3oBaHHOro niaHMpoBa-
HUSA 4acTo ABMAKOTCA NPUYNHON HECOrnacoBaHHOIO UCMOMb30BaHUS OaHHbIX.
[MoaTomMy nocnegoBaTenbHOCTb 3TanoB npoekTuposaHna PBL gormkHa yyu-
TbiBaTb 3TOT (PAKT.

6.5. NMNoHnaTne GRID-TexHONOrMM"

B nocnegHue roabl B cchepe 06paboTkm NOTOKOB pasnmuyHon nHdopma-
UMM chopmMmnpoBancya HOBbIN NOAX0L K CO34aHUI0 MOLLHbBIX BbIYUCINTENBHbBIX
cuctem B Bnge Cpeabl PacnpeneneHHbix Bolumcnenunn (CPB, B aHrnosasbly-
Hou nuTtepaTtype npuHAT TepMuH GRID). lNpu 3TOM BaxHeunwwasi posib B KOH-
uenunn CPB oTBOAUTCA CMCTEMHOMY NporpammMmHoMy obecneyveHuto (M0).
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OcHoBHble noHATUA GRID

KoHuenumsa GRID (Ha3BaHne no aHanormm ¢ anNeKTpU4eCKUMmn CETAMU —
electric power grid) npegnonaraeT co3gaHue KOMMNbOTEPHON UHAPACTPYKTY-
pbl HOBOroO Tuna, obecneymBatowen arnobasnbHy0 UHMezpayur UHgopmauu-
OHHbIX U 8bI4UCIUMESIbHbIX PECYPCO8 HAa OCHOBE YnpasnsaoLero nu onTMMm-
3upyrowlero nporpammHoro obecnedenusi (middleware) HOBOro NOKOMNEHUS.
GRID saBnsietcsa reorpacunyeckn pacnpeneneéHHon MHMpacTpykTypomn, odbe-
ANHSIOWEN MHOXECTBO PecypCcoB pasHbIX TUMOB (Npoueccopbl, AosiroBpe-
MEHHasi 1 onepaTtMBHasa NamsaTb, XpaHuUnuia n 6asbl JaHHbIX, CETK), OCTYnN
K KOTOPbIM MOSfb30BaTeNb MOXET NOSy4YnTb U3 Nobon TOYKM, HE3aBUCUMO OT
MecTa ux pacrnonoxeHusi. CeTeBon pecypc SBMSIETCS CBA3YHOLMM 3BEHOM
mMexgy pacnpegeneHHbiMu pecypcammn GRID-cuctembl. OCHOBHOW XapakTte-
PUCTUKOW CETEBOIO pecypca SBAFeTCs CKOPOCTb Nepenayn AaHHbIX.

Takke kak u anektpundeckme cetn, GRID — aTto coeanHeHne mexHorsno-
a2uu, UHgbpacmpykmypbl U cmaHdapmos.

TexHornozausi — aTO cneyunanbHOe NporpaMmmHoe obecneveHne, KoTopoe
NO3BONSAET OpraHM3auusiM WM YacTHbIM NUuaM NPeaocTaBfisaTb Pecypchbl
(KOMMbIOTEpPDI, XpaHUNULia AaHHbIX, CETU U Apyrve) B obLiee nosfib3oBaHue, a
noTpebutTensam — ncnonb3oBaTtb KX, Koraa Heobxoanmo.

UHpacmpykmypa COCTOUT U3 annapaTtHbIX cpeacTts un cnyxb (Ha oc-
HOBE FOACKMX N MPOrpamMMHbIX PECYPCOB), KOTOPbIE AOSMKHbI ObiTb OpraHu-
30BaHbl, 1 NOCTOSAHHO NOAAEPXKMBATLCA AS1s1 TOro, YTodbl pecypcbl MOrfN CO-
BMECTHO MCMOSb30BaTbCA.

CmaHOapmbl AOMKHBLI onpeaensaTe popmaT U NpoToKosbl obmMeHa co-
obLeHuaMmU, Kak Mexay cnyxbamu, Tak n mexgy cnyxbamu n nonb3oBarte-
namMmu, a Takke npasuna pabotbl GRIDa.

[Mockonbky GRID-uHbpacTpykTypa OCHOBaHa Ha npefocTaBfieHUn pe-
cypcoB B 0o6Llee nonb3oBaHWe, ¢ O4HOM CTOPOHbI, U HA UCNONb30BaHUU Ny6-
NNYHO OOCTYMHbIX PECYPCOB, C APYron, OOHUM U3 €€ KNHYEBLIX MOHATUN SB-
naeTca supmyarbHas opaaHu3dauyusi (BO) — coobliecTtBo niogen, Kotopble
coBmecTHO ucnone3ytoT GRID -pecypcbl B COOTBETCTBUM C COrflaCoBaHHbIMU
MeXay HUMKU 1 coBCTBEHHMKaMN peCcypCcoB npaBuiamu.

B cywectByowmx GRID-cuctemax BupTyanbHble opraHusaumm obpa-
3ylOT cneumanucTbl U3 HEKOTOPOW MNpuknagHon obnactn, KoTopble ob6beam-
HATCA ANS OOCTUXEHNA obLlen uenu.

Oobwwme 3agaum GRID
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OcHoBHbIMK 0bWwKMK 3agadamu GRID obbi4YHO aBNAOTCS:

1) cosgaHue n3 cepurmHO BbinNyckaemMoro obopyaoBaHWA LUMPOKOMAC-
WTabHbIX pacnpefeneHHbIX BblYMUCIUTENbHBIX CUCTEM U cucTem 0bpaboTku,
KOMMNJIEKCHOIO aHanu3a M MOHUTOPUHra aHHbIX, UCTOYHUKN KOTOPbIX TakKKe
MOryT ObITb (rnobanbHO) pacnpeaeneHs;

2) noBbleHne 3PFPEKTUBHOCTUN BbIYUCIUTENBHOM TEXHUKU NYTEM npe-
poctasrieHna B GRID BpeMeHHO npocTamBatoLmMx pecypcos.

MpuoputeT TOM UNn MHOM obLLen 3agayun, KoTopasa pelaeTcs ¢ NoMo-
weto GRID, onpegensetca tunom GRID n xapaktepom npuknagHbix obnac-
TeWn, B KOTOPbIX OH UCMONb3yeTCA.

Tunbl GRID-cucteM ¢ ToYkM 3peHnn pewlaeMbix 3agau

B HacTosiLee BpeMsi MOXKHO rOBOPUTb O TPEX OCHOBHbLIX HanpaBneHnsx
pa3sutnsa GRID-TexHonornu:

B HacToswee Bpema cywecTtsyeT Tpu Tuna GRID:

1) ebiqucriumensHele GRID (Computational GRID) — opueHTUpoBaHbI
Ha TO, YTOObI 0OBLEANHATL BbIYUCINTENBHY MOLLHOCTL AN PEeCypCOEMKUX
BblYMCIINTENBbHbLIX NPOEKTOB;

2) nHepopmayuoHHblie GRID (GRID ans nHteHcuBHOM 0OpaboTkmn OaH-
HbiX — Data GRID) — o6ecneunBaloT BblMUCIUTENBHbIE PECYpPChl, A9 aHanu-
3a KpynHomacLuTabHbIx 6a3 gaHHbIX KOMNMIEKTUBHOIO NOSb30BaHWS;

3) konnabopayuoHHblie GRID (MHOrga NpUMEHSAIOT TEPMUH CEMaHTUYe-
ckmn GRID Semantic GRID) HaueneHbl Ha paboTy ¢ BOMNbLUMMWU CIIOXHBIMU
rpynnamm B3aMOAEWCTBYIOLWKNX Monb3oBaTenen (NPUMEHSOT, Hanpumep,
OS5 COBMECTHOro MogenupoBaHna 1 nNpoektupoBaHus). Cioga MOXHO OTHe-
CTW U TEXHOSOMMIO Tak Ha3biBaeMblIX "BUPTYarnbHbIX OpraHn3aumn”.

Grid-TexHonorna He sBNSETCS TEXHOSIONMEN napanmnesnbHbIX BblYMche-
HUW, OHa NpedHas3HayeHa Ans yOoaneHHoro 3anycka oTAerbHbIX 3a4ad Ha
TeppuTopmarnbHO pacrnpenerieHHble pecypchl.

YpoBHu Grid-cuctem no ux Tononoruu

Mo cBoen cTpykType GRID-cnctembl 06bIMHO COCTOAT M3 TPEX COCTaB-
NAKOLLNX:

1) pacnpedenieHHble pecypcbl Orisi BbINOSTHEHUS MNPOM3BOAUTENbHbIX
BbIYUCNEHUN,

2) pacripedesieHHble cucmeMbl COXPaHEHNSA OaHHbIX U

3) cucmembl obecriedeHUs pacnpeneneHns Harpyskm Ha KaHanbl CBA3W.
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OnpepgenstoT Heckonbko ypoBHen GRID-cuctem no nx Tononormn.

Camon Hu3kon ypoBeHb — 370 Intragrid (BHyTpeHHne GRID — co3gaetcsa
AnNs OTOENbHbIX OpraHM3auun).

Odpyrum npumepom onpegenenna macwrtaba GRID-cuctem no mx tono-
noruu aensetcsa Extragrid (BHewHun GRID — co3gaeTtca gna psiga opraHusa-
LW, pasHbIX PErMOHOB, CTPaHHbI).

HamBbicluen 3a ypoBeHb MacwTtaba pasmepa GRID-cuctem ectb
Intergrid — cosgaeTtcsa Anga mexayHapoaHoro CoTpyaHuyecTBa.

mobanbHble GRID pasmewatotcs B IHTepHeTe, OHM NpeaoCcTaBnsitoT
OTAeNbHbIM Nofb3oBaTensm unun opraHnsaumam mowHocte GRID He3aBucu-
MO OT TOro, rae B Mmpe 3TU norib3oBaTenn Haxogsartcs. MIHaye ux HasbiBaloT
NHTEepHET-KOMNLIOTUHIOM. HacTo uX pasgensioT Ha BOJSIOHTEPCKME U HEBO-
noHtepckne GRID. [Ina pacnpeaeneHHoro KoMnboTUHra BosioHTepckue Grid
NO3BONSAT nonb3oBaTtensaMm WMHTepHeTa npenoctaBUTb CBOM HEWUCNOSb3ye-
Mbl€ KOMIMbIOTEPHbIE PECYPCbl AN KOJINEKTUBHOrO, HEKOMMEPYECKOrO Bbl-
NOSTHEHUS CITOXKHbIX HAaY4YHbIX 3a4ad, KoTopble TpebyoT 60MbLLIOE KONMYECTBO
BblUMCrNTENbHbIX MoLHOCTen. [oTpebrneHne npenoCTaBreHHbIX PecypcoB
CTPOro orpaHM4mBaeTCsl CMMCKOM KOHTPOSIMPYIOWMX OpraHu3auum n npuno-
xeHnn. HesonoHtepckne GRID cogepxaT TOMNbKO T€ MaLUWHbI, KOTOPbIE UM
onpegeneHbl 3apaHee.

HauuoHanbHble GRID obnagatoT KOMMbOTEPHbIMU pecypcamu, KOTO-
pble OOCTYMHbI B rpaHuuax CoOTBETCTBYyWeEero rocygapcrea. K HaumoHanb-
HbiIM GRID mnmelT OOCTyn TOSMbKO OpraHu3auum HauuoHarbHOro 3HaYeHus,
OHM 0BbLIYHO NOAAEPKMBAKOTCA NPaBUTENBCTBEHHBIMU (POHOAMM.

MpoekTHble GRID 4acTto HasbiBalT npeanpuHUMaTeSibCKUMU UIn na-
pTHEpPCKUMU. 1o cBOEN CTPYKTYpe oHM Nog06HbI HaunoHanbHbiM GRID, HO no
OTHOLLEHUIO K 06begMHEHNIO PECYPCOB OHU HE OrpaHUYMBalOTCA pecypcamu
OAHOro rocygapcrsa, a 00beguHsT MHOMO reorpauyeckmx 1 agMmMHUCTpa-
TMBHbIX obnacten. Takme GRID [ocTynHbl TONBKO ANs 3aperncTpupoBaHHbIX
YSIEHOB U COTPYAHUYaKOLWMX OpraHM3auuim, NPOBEPKY KOPPEKTHOCTU AOCTyna
OCYyLLEeCTBNAET cneumanbHas agMUHUCTpaTMBHAA BNacTb.

OpraHusauuoHHasa cTpyktypa nepcoHanbHbix GRID yacto (06bl4HO)
SBNSAETCS OYEHb OrpaHnMyYeHHon. [Joctyn K HUM pa3pelleH Ha nepcoHanbHOM
ypoBHE COBCTBEHHUKAM U psay Apy3en cobCcTBeHHMKOB. epcoHanbHble Grid
HaxoO4ATCA NoKa Ha HavanbHOW CTagun CBOEro pa3BuUTUS.

MpumeHeHne 6ecnpoBoaHbix GRID no3sonseTr paclwumputb HOMEHKNa-
Typy GRID-pecypcoB nocpeacTBOM BKNHOYEHMSA OeCcnpoBOAHbLIX YCTPOWCTB
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pasHbIX pa3MepoB N CBOWCTB, Hanpumep, AaT4NKoB, MOBUNbHLIX TENEdOHOB,
HOYTOYKOB, cneuuanbHbIX WHCTPYMEHTOB WU CeTEBbIX MHTEP(ENCHbIX YCT-
poncTtB. MobuneHble GRID gatot goctyn Kk GRID-cny>x6am yepes MobunbHble
yctponctea Tnna PDA n cMapTdOHbI. Takme ycTpomncTBa 4acTo CYMTalOTCS B
camMoOM Iydwem criydae MapruHanbHo npurogHsiMmn ana GRID-KOMMObOTUHTA,
MOCKOSbKY Y HWUX, KaKk NpaBuino, He4OCTaTO4YHble PecypChbl: BbIYUCIUTENBHON
MOLLIHOCTW, NOCTOSIHHOW AOSITOBPEMEHHOW MaMsATU, NaMATU BPEMEHWN UCMNOS-
HEHWUS, BPEMEHN XN3HN BaTapen, pasmepa 3KpaHa, KOMMYHUKaBenbHOCTU U
nosiocbl nponyckaHus. Henb3a urHopupoBaTb MUMNMNOHbLI €XerogHo npoa-
BaeMbIX MOBUNbHBIX YCTPOMUCTB; HENOCPEACTBEHHYHO BbIYNCINTESbHYIO MOLLb
HEeKOTOpPbIX 3TUX YCTPOMUCTB TPYAHO Ha3BaTb HE3HAYUTENbHOW, N HEe HaLOo 3a-
OGblBaTb MX MOBUMBHOCTL. B 4pesBbl4anHbIX CUTyauusix, Taknx, Kak ecTecT-
BEHHbIE KaTacTpOMbl U aKTUBHblE BOEHHble orepauun, 6ecnpoBogHblE MO-
OunbHbIE YCTPOMUCTBA MOrYT OKa3aTbCHA €AMHCTBEHHbIM OOCTYMHbIM CPeaCT-
BOM KOMMYHUKaLUN U BbIYUCIINTESILHOITO ODCIY>KMBaHUS.

Kak n B cnyvyae 6ecnpoBoHbIX YCTPONCTB, B HACTOsILLLEE BPEMS CyLLie-
CTBYIOT [[Ba noaxoda And uHTerpaumm mobunbHbix yctpoucts B GRID-
cuctembl. [pu nepsom nogxoge GRID cogepxuT, no kpanHen mepe, oauH
MOBUNBHBIN y3€en, KOTOPbIN aKTUBHO NpeaoCTaBnseT CBOU BblYUCNUTENbHbIE
CepBuCbl U cepBuCbl daHHbIX. B gpyrom nogxoge mMobunbHble yCTpOWCTBaA
cnyxat uHtepdencom Kk craumoHapHomy GRID, nocpeactsom KOTOpPOro oT-
NpaBnsanTCA 3anpochbl U MPUHUMAKOTCA pesynbTaThl. Takou MeTod UHTerpa-
LUK YacTo HasbiBaloT MObunbHbIM goctynom K GRID-uHdpa-cTpykType, nnm
npocto GRID mobunbHoro goctyna.

6.6. NoHaTne reonHdopmaumnoHHbix cuctem (FMC)

CoBpeMeHHble TeEHAEHUMN pPasBUTUS CUCTEM YNpaBfieHNA TECHO CBS-
3aHbl C MepexogoM K LMGPOBbIM TEXHOSOrMsiM, KoTopble obecneymBatoT
BO3MOXXHOCTb CO3[aHNSA MHTENPUPOBAHHbLIX CUCTEM. BbbICTpoe pa3sBuTne pas-
NMNYHOW BbIYUCIINTENBHON TEXHUKU U TENTEKOMMYHUKAUWNA, CUCTEM CMYTHUKO-
BOW HaBurawuumm, UMpoBon KapTorpagpum cosgano B nocrnegHme rogbl 00bek-
TMBHbIE YCITOBUS A1 LUMPOKOrO NMPUMEHEHNA N pas3BUTUA Ka4yeCTBEHHO HO-
BOM 0bBnactn 3HaHUMU N TEXHUYECKMX peanu3aumn — reomHpopmatnkn. OHa
BO3HMKNA Ha CTblke reorpadun, reogesvn, Tonosiornm, obpaboTkm AaHHbIX,
NHAOPMATUKN, UHXEHEPUN, SKONOIrMN, SKOHOMUKN, BU3HECa, OPYrMX OMUCLMM-
NNH 1 obnacTen YyenoBeyeckon gesaTenbHOCTU. Hanbonee BaXHbIMM NpakTu-
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YECKUMWN TMPUNOXEHUSMU TEOUH(OPMATUKN KaK HayKu, peann3oBaHHbIMU B
nocrnegHee Bpemsi, ABNAKTCA reomHpopmaunoHHble cuctemsl (MMC) n cos-
AaHHble Ha WX OCHOBe 2eoUuHopmMmayuoHHble mexHonoauu (M'NC-
TexHosnorun). lNepBoHavanbHO TexHosnorus M'MC oTHocunack K YNCy KOMIMb-
IOTEPHbLIX METOLOB CO34aHuUA U aHanusa UMMPOBbLIX KapT U MPUBA3AHHOM K
HUM TemMaTnyecKon nHdopmaumm ons ynpasneHna MyHuUmnanbHbIMu 06 bek-
Tamu.

"eorpacmnyeckass MHoOpMaUMoOHHaAa cuctema (reonHdopmaunoHHas
cuctema, — N'MC) — ato MHpopmaumoHHaa cuctema, Kotopas obecneymsaet
cbop, xpaHeHue, obpaboTKy, aHanM3 M oToOpakeHne NPOCTPaAHCTBEHHbIX
OAHHbIX (U CBA3AHHbBIX C HUMW HENPOCTPAHCTBEHHbLIX), MNOyYeHne Ha Ux oc-
HOBe MH(popMaLmn N 3HaHNN O reorpado4ecKoM NPOCTPaHCTBE.

MpumeHeHune MTMC gaeT BO3MOXHOCTb NOMYYUTb BaXKHbIN KOHEYHbIN pe-
3ynbTaT U B HarnsagHon oopme oTpasuTb COCTOAHME U NoBedeHne 06BHEKTOB
ynpaBneHus, npegcraenaa obpabaTbiBaeMyto MHOpMaUUIo U cpeacTtsa ee
00paboTkn B MOHATHOW eCTeCTBEHHOW dhopme — B BuAe KapT u cxem. [pu
3TOM BCerga cyuwecTByeT BO3MOXHOCTb BbIMOMHATL NPOCTPAHCTBEHHYIO Bbl-
B6opKy 0OBEKTOB N MPUMEHATL OPUrMHarnbHbIE MeTOAbl aHanm3a. TexHONormm
MC paloT BO3MOXHOCTb B yOOOHOM BuAe nNpeacTaBrisiTb MPOCTPaHCTBEHHOE
pacrnpegenieHe o6bEKTOB NHMPPACTPYKTYpPbl MW CUTYyauM0 Ha MECTHOCTU B
pasfMyHbIX MacwTabax, B ABY- WKW TPEXMEPHOM MpeacTaBfeHnn, Makcu-
MarnbHO NPUBIIMKEHHOM K peanbHOMY MUPY.

CospgaHne n ucnonb3oBaHne MIC npegnonaraet TecHoe B3aMmoaemn-
CTBME C OpPYrMMU aBTOMAaTU3MPOBaAHHLIMW reonpPOCTPAHCTBEHHLIMU CUCTEMA-
MU 1 B6aHkamu (6aszamu) gaHHbIX, KOTOpble codepXaT KapTorpauyeckyto u
TemMmaTU4ecKyo MHoOpMauuo B aHanoroBomM nnu Lmgposom Buae.

O6blyHO cTpyKTYpHO TUC COCTOUT M3: TEXHMUYECKUX WU MPOrpaMMHbIX
cpencTtB, 6a3bl JaHHbIX, KaHanoB MHMOpMaUMOHHOro obmeHa 1 cneuuanu-
cToB, obecneumBarolmnx nonyyveHme, obpaboTKy, XpaHeHne, pacnpocTpaHe-
HWe 1 COBEpLLEHCTBOBAHWE NOSIb30BaHUS reornpoCTpaHCTBEHHbIMU AaHHbIMU.

B HacToswee Bpema MTMC-TexHonormm pasnmyHoro ypoBHs (MaciTtaba)
OYEeHb LUMPOKO MPUMEHSIOTCSA B pasfiMyHbIX cdhepax M HanpasneHnax 4veno-
BeYeCKOM OeATENbHOCTU, B TOM YUCIe:

e KapacTp (3emernbHbl, BOAHbLIA, NECHOW, HEeABMXUMOCTb U T. 4.);

e [PagoCTPOMTESNILCTBO U MyHUUMNANbLHOE yrnpaBreHune;

e POEKTUPOBaHME, CTPOUTENBCTBO, AKCMyaTauns o6bLEKTOB;
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e reonornyeckne mnccrnegoBaHus M JKcnnyatauus pasfimyHblX MecTo-
POXOEHWUM;

e CeribCKoe, IeCHOEe U BOAHOE XO3SMUCTBO;

e 13y4YeHue N NPOrHo3 noroasbl;

e MpPUPOOONOSIb30BaHMNE U IKONOrMYECKNA MOHUTOPWHT,;

e TOProOBSISi U MAPKETUHT;

e Ou3Hec, ynpaBneHne omHaHcamn n 6aHKOBCKOE Aero;

e aHMpoOBaHWE U NPOrHO3MPOBAHUE;

e 06opoHa, 6e30MacHOCTb M Ype3BblYanHble CUTYaUWK;

e ONUTUKA M yripaBneHne rocyaapcTBOM;

e Hayka n obpasoBaHue.

Hanbonee BaxHbIM Npu co3gaHun U ganbHeENWem PyHKLMOHNPOBAHNN
MMC noboro ypoBHS 1 Ha3Ha4YeHNa 3aHMMaeT MHGOPMAaLMOHHOE obecneye-
HMEe, a UMeHHO: 6a3bl KapTorpaduyeckon U TeMaTUYeCcKoON reornpoCTPaHCT-
BEHHOM WHGOpMaUUK, NPUHATAA CUCTEMA KrnacCudukaumm n KoOAUPOBaAHUSA
AaHHbIX, KOMMSIEKC OpraHn3aLMOHHbIX BOMPOCOB (HOpUaNYECKUX, NPaBOBbIX U
PMHAHCOBbIX), KOTOPble CBA3aHHblI C OOMEHOM UM Bblgavyen MHpopmaumn pas-
nn4yHbiM nons3osaTtenam TMC. MNpu cosgaHnm TIC Ha ocHOBe COBPEMEHHbIX
reoMHOpPMaLMOHHbIX TEXHONOIMMN 0653aTENbHO HYXXHO ChOpMUPOBaTL KOM-
NSeKC B3anMOCBSA3aHHbIX MH(OPMAaLMOHHbBIX NMOTOKOB (PecypcoB) No Teppu-
Topumn obcnyxmeanusa N'MC, To ecTb co3gaTtb pacnpegerieHHyo 6a3y AaHHbIX
McC.

[MoHaTHe pacnpegeneHHon 6a3bl gaHHbIX NpeanofniaraeT pasgenbHoe
XpaHeHMe reonpoCTPaHCTBEHHbBIX JAHHbLIX O MECTHOCTU U 3eMrie B LEeroMm,
KOTOpble, B 3aBUCMMOCTM OT TeMaTU4YeCKOW HamnpaBneHHOCTU, XPaHATCS B
pasfnn4YHbIX MUHUCTEPCTBAxX W BeAOMCTBax, FoCydapCTBEHHbIX LeHTpax W
ApYrnx opraHM3auunsx, BKNYas reonHopMaLUnoHHbIE CUCTEMbI Pa3SIMYHOIO
YPOBHS1 U HasHadeHus. [Mpn aTom obasaTenbHbIM SBASETCA TO, YTO B TEXHMU-
YeCKOM, NPOrpaMMHOM WM WMHAOPMALMOHHOM MSiaHe 3TU AdaHHble LOSMKHbI
OblITb 06bEeANHEHBI NO eduHbIM npaBunam, 4Yto obecnevmBaeTca TOMbKO B
YCNoBUAX e4UHON reONHAOPMaLMOHHOWN MOSNUTUKMN.

Mpn noctpoeHun obbeanHeHHOW pacnpeaeneHHon 6asbl gaHHbIX TYIC
nobOro YpoBHA U Ha3HAYEHUS HY>XHO BKIKOYUTL B HEE:

e KapTorpadguyeckyto 6asy gaHHbIX;

e TemaTun4yeckyto basy AaHHbIX;

e 0asy meTagaHHbIX.
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Kaptorpaduyeckas 6a3a gaHHbIX, 06bIMHO JOSMKHA BKNOYaTh B CEOS:

e UMdpoBbLIE TONOrpacunyeckne KapTbl U NaHbl pasHbix MacwTabos;

e adpOKOCMUYECKMe JaHHble B aHanoroBomM nnu UMgposom Buae;

e CrpaBOYHble rpacunyeckne matepuanbl: aTnacbl, OeXypHble KapThbl

00 M3MEHEHMNsIX HA MECTHOCTU, CXeMbIl U T. 4.

B coctaB Tematnyeckon 6a3sbl AaHHbIX AOMKHbI BXOOUTD:

e LN(PpOBLIE TEMATMYECKNE KapTbl NO NPOUNI0 PYHKLMOHUPOBAHUA
MGC;

e CrpaBOYHble AaHHble TemMaTU4YecKoro xapakrepa B UMGPOBOM WU
aHarnorosom Buze.

B coctaB 6a3bl MeTagaHHbIX (aTpubyTuBHas 6asa) OOMKHbI BXOOUTb
cBefeHus 06 ob6beKTax MECTHOCTU U reonpoCTPaHCTBEHHbIE AAHHbIE O 3eM-
ne B LEeNnoM Unn Ha MHTEPECYOLLNN PanoH.

[ns obecneyeHna onepaTMBHOW Bbldavn MHQopmMaumn (No 3anpocy
nonb3oBartens) nobasa pacnpeneneHHasa 6asa gaHHbix TMIC cooepxut one-
paTuBHYl0 6a3y aaHHbIX, KOTopas obsa3aTenbHO AomMkHaA bblTh 06beanHeHa B
TEXHNYECKOM M MHJOpMaLMOHHOM nnaHe ¢ [ocyaapCTBeHHOM pacnpepne-
neHHon 6ason reonpocTpaHcTBEHHbIX AaHHbIX (lTocbl), eguMHbim 6aHKoM
LUMdPOBbLIX AAaHHbLIX O MECTHOCTU K Bazamu gaHHbIX apyrux MNAC.

CTpyKkTypa pacnpegeneHHoun 6asbl gaHHbix TMC kpome cneumanuanpo-
BaHHbIX 0a3 AaHHbIX (KapTorpaduyeckon, TemaTndyeckon n 6asbl MeTagaH-
HbIX) COOEPXUT onepaTuBHY0 6a3y AaHHbIX, @ TakKe KaHamnbl CBA3W ONS WH-
dopmauymoHHoro obmeHa ¢ apyrummn NMC n BbIMUCIIUTENBHBIMU KOMMIEKCa-
MU, UMEIOLLMMWN reonpoCTPaHCTBEHHYIO MHGOPMaLMIO.

O606wWweHHble dyHKUMu M’MC-cuctem

C nomouwbto 6onbwen yactn MMC BbINoNHAETCA KoMmMnekcHas obpa-
B6oTka nHgopmaumnmn. OBbIYMHO NCMONbL3YTCS criegyowme QyHKUNK:

1) BBOA N peaakTUpoBaHWE OaHHbIX;

2) nogaepxka mogenen NpoCcTpaHCTBEHHbIX JaHHbIX;

3) XxpaHeHne nHdopmauuu;

4) npeobpasoBaHMe CUCTEM KoOpAMHAT U TpaHcopmMauus KapTorpa-
Jomyecknx NnpoeKkumi;

5) BEKTOPHO-pacTpOBbIE Oonepaunu;

6) namepeHus;

7) nonuroHanbHbIe onepauunuy;

8) NpOCTpPaHCTBEHHbIN aHanuns,;

207



9) npoCcTpaHCTBEHHOE MOAENNPOBAHNE;
10) undpoBoe MogennpoBaHne penbeda 1 aHanm3 NoOBEPXHOCTEN;
11) BbIBOA pe3yfibTaToB B pa3Hbix hopmax.

Knaccudumkauma rmc

TMC cuctembl paspabaTbiBatloTCs AN pasnUYHbIX LENen ans peleHus
Hay4HbIX W MPUKNaAHbIX 3a4ad Mo MOHUTOPUHIY 3KOMOMMYECKUX CUTyaLun,
paunoHaribHOMY MCMOSIb30BaHUIO MPUPOAHLIX PecypcoB, AN UMHAPACTPYK-
TYPHOrO MNPOEKTUPOBAHUSA, PEerMoHasribHoro nraHUpOBaHWUA, AN NPUHATUS
onepaTUBHLIX MEP B YCMOBUAX YpE3BblYaNHbIX CUTyaUnn ap.

B HacToswee BpeMa MHOXeCTBO pasfnnyHblix TMC moryT knaccngpuum-
poBaTbCs MO CreayrLwmM npusHakam:

o gbyHKUUOHaIbHbIM 803MOXHOCMSIM:

e nosiHoyHKunoHanbHble N'MC obLero HasHavYeHus;

e cneumnanusnpoBaHHble NC, KOTOpble OPUEHTUPOBAHLI Ha peLleHne
KOHKPEeTHOW 3ada4yn B Kakon nNnbo npegmeTHon obnacTty;

® VNHJOPMALMOHHO-CNPABOYHbIE CUCTEMbI AN AOMALUHErO U MHAOP-
MaLNOHHO-CNPaBOYHOIro Nosfib30BaHUS.

PyHKUMOHarbHble BO3MOXHOCTU [IC onpenensaoTca U apXUTEKTYpOun
NX NOCTPOEHMUS:

1) 3aKpbITble CUCTEMbI — OHU CMOCOOHbLI BbIMOMHATL TONBLKO TOT Habop
JOYHKLUNW, KOTOPbIN onpeaenieH Ha MOMEHT MOKYMKW;

2) OTKPbITblE CUCTEMbI — UMEKOT BO3MOXHOCTAMWU pacLUMPEHMS NOSb30-
BaTenemM npu nomoLwM cneuuanbHOro annapara (BCTPOEHHbIX A3bIKOB MPO-
rpaMMmMpoBaHus).

[lo npocmpaHcmeeHHOMY (meppumopuasibHOMY) oxeamy:.
rnobanbHble (NnaHeTapHble);
obLLeHaunoHanbHbIE;
pernoHarnbHbIE;

e rloKasbHble (BKOYad MyHUUMNANbHbIE).

o npobriemHO-MemMamu4eckol opueHmauyuu:.

e obuwereorpaduyeckue;

e JKOSIOrMYeCKME N NPUPOaONONbL30BaTENbCKUE;

e OTpacnesble (BOOHLIX PECYPCOB, Neconosib30BaHNSA, reoriormdeckme,
Typusma un 1.4.);

Mo cnocoby opeaHu3ayuu eeoepaguyecKux OaHHbIX:
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® BEKTOpPHbIE;
® pacTpoOBbIE;
e BeKTOpHO-pacTposble NC.

MUCTOYHMKM faHHBbIX U UX TUNDI

e KapTorpadguyeckune matepuansl (Tonorpadguyeckne n obuwereorpa-
donyeckne KapTbl, KapTbl agMUHUCTPATUBHO-TEPPUTOPUASIBHOIO AeneHusd,
KagacTpoBble NnaHbl 1 ap.);

e [1aHHble OAUCTAHLMOHHOrO 30HAMPOBaAHUSA (Npexae Bcero, nosiyvae-
Mbl€ C KOCMUYECKMX HOCUTENEN, adP0- N HA3EMHbIE CLEMKN);

e [aHHblE MNOSIEBbIX N3bICKAHUN TEPPUTOPUN (BKMOYAKOT AaHHbIE TOMO-
rpadpuyecknx, MHXEHEePHO-reoge3nyecknx n3bliCKaHUW, KagacTpOBON CbEMKM,
reogesmyeckme namepeHnsa o6bLEKTOB);

e CTaTUCTUYECKNEe [aHHble (faHHble rocydapCTBEHHbIX cTaTUCTUde-
CKMX cryx0);

e nnTepaTypHble JaHHbIE.

Ncnonb3oBaHue B NTMC coBpemeHHbIx TexHonorn CYBL n UHTepHeT/
NHTpaHeT gaeT BO3MOXHOCTb ObICTPOro OBGHOBMEHUS, IKCMOPTUPOBaAHNE WU
pacnpocTpaHeHne reorpaduyecknx gaHHbIX Nofb30BaTENSAM.

6.7. NMpnmepbl NpakTU4YECKMUX 3aaaHUN

1. KpaTko onuwunte, noyemy noBbilLeHNe ponn MHopMaummn n NHGop-
MaLMNOHHbIX TEXHOMOMN — BaXHbI (pakTop pas3BuUTUS ODLLECTBa Ha coBpe-
MEHHOM 3Tare.

2. lMokaxunte c nomowpbto nporpammbl MATLAB, kakon Bug OygyT
MMETb CUrHanbl NPy BbINOSHEHUN OUMAPOBKKN (B HAOOP 16 YeTbipexbuToBbIX
OBOWYHbIX YMCEST) aHanoroBoro KOCMHycouaasribHOro curHama C MOMOLLbHO
aHanoro-undgposBoro npeobpasoBaTensi, eCnn BeCb AManas3oH aHanoroBoro
curHana pasgeneH Ha 16 ypoBHen (Ha 16 kBaHTOB). Onpegenute CKOpOCTb
NOTOKa OTCYETOB [Unn ButpenT (aHrn. bit rate)], To ecTb KonuyecTBo obpaba-
TbIBAEMbIX OUT MHOPMaLINK 3a CEKYHOY BPEMEHMU

3. lNokaxute ¢ nomowbio nporpammbl MATLAB, kak ocyuiectBrieHa
oumdpoBka OOHOrO0 M3 3BYKOBbLIX CUrHanoB, npeactasneHHoro B Windows
HecxkaTbiM WAV-hannom (dpopmata PCM). Onpegenute CKOpOCTb MOTOKa
OTCYETOB, TO €CTb KONn4ecTtBO obpabaTbiBaeMbix 6GUT MHpOpMaumn 3a ce-
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KyHAOY BpeMeHn nnu butpent. Paccuntante pasmep namatun, Tpebyemeln ons
XpaHeHua Takoro gpanna pas

4. Tokaxute ¢ nomowbtlo nporpammbl MATLAB, kKak mMeHsieTca Bua
N300paxxeHnsa Npu OCyLLECTBEHUM KOMNPECcUn (Cxatnumn darnna) naobpaxe-
HUA oTnevaTka nanbLa, Nosly4YeHHOro B pesyrnbTaTte CKaHMPOBaHWUSA WU, COOT-
BETCTBEHHO, NPeacTaBfieHHOro rpadpuyecknm gannom 0onbLION pasmepHo-
cTn (Tpebyetca obbem namatn npumepHo 800 kbanTt) Paccuntante, pasmep
namsaTun, Tpebyembln nsa XpaHeHust cxaTtoro channa.

5. Kpatko onuwmte, 4TO MUCNOMb3YyT ANA YMEHbLUEHUS N YCTPaHEeHUs
owmnboK, BO3HMKAOLKNX B KaHanax nepegavm nHgopmauuu.

KoHTponbHbIe BONpOCHI

1. MosACHMUTE NOHATUSA: NHPOPMALIMOHHBLIE TEXHOMNOIMU; NHPOPMAaLIMOH-
Has cuctema; MHpopMaumoHHble npouecchl (MIM); TexHudeckme cpencrsea
06paboTkn 1 nepegaymn nHpopmaumm B UHOOPMALMOHHBIX CUCTEMAX.

2. lMoAcHnTe noHATUA: pacnpeferneHHas MH@opMauMOHHas cuctemMa
(6a3a); nHpopmaumnoHHble cetun (UNC).

3. TeHOoeHUMM pas3BUTUS Kak cpeacTtB obpaboTknm m pacnpeneneHus
nHgopmaumn, Tak 1 IC B LENOM B HACTOSLLEE BPEMSA XapaKTEpU3YTCa C
ABYX CTOpPOH. HasoBute n nosicHure.

4. Yto Takoe coBpeMeHHas NHOPMaLMOHHasA CeTb?

5. MNoAcHUTe noHATUA: bmusndeckad, normyeckas, MHPOpPMaLNoHHaa n
MapLLpyTHaa CTPYKTYpPbI, @ Takke NoHATUE apxuTtekTypsbl NC.

6. MNMosaAcHMTEe KakK KnnaccnuumpyoT KOMMNbIOTEPHbIE CETMW.

7. TosicHUTe NOHATUNA: Basbl AaHHbIX U TEXHOMNOrMs xpaHunuu, (ckna-
A0B) faHHbIX. Ha3oBUTe X 4JOCTOUHCTBA.

8. lNosicHMTe NoHATME: Nepedada gaHHbIX.

9. HazoBuTe 1 NOSAICHUTE OCHOBHbIE TUMbI NEpeaYvn OdaHHbIX.

10. HazoBuTE N NOSACHNUTE OCHOBHbIE TUMbI KAHAMNOB CBA3N.

11. Ha3oBuTE N NOACHNTE OCHOBHbLIE NPOCTENLLUNE BUObI KOMMbIOTEP-
HbIX CeTeMN.

12. MNosicHnTe noHATUE: 6ecnpoBoLHbIE TEXHOMOMNN.

13. lNosAcHUTE NOHATUA: pacnpegeneHHas MHpopMaunOHHaAa cuctema
(6asa) n uHdopmavrmoHHble cetu (UC).

14. Yto Takoe GRID?

15. MNosacHuTe ocHoBHble BUAbI GRID n nx Ha3HaveHue.
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16. HazoBuTe N NOSACHUTE COBPEMEHHbIE NHCTPYMEHTLI aHanmMs3a un me-
TOAbl 06paboOTKM M aHanNM3a MHPOPMAaLIMOHHBIX MOTOKOB.

17. lNosicH1Te NOHATUE — MHOPMAaLMOHHAA TEXHOMOIMUA.

18. MNoacHnTe TeHaeHUNN pasBnTUA MHPOPMALMOHHBIX CUCTEM.

19. MNosicHUTe NoHATUE — TEXHUYEecKoe obecnevyeHne nHdopmMaunoH-
HbIX CUCTEM.

20. lNpuBegnTe n NosiCHUTE NpUMeEp Kiraccupukauu nHHOPMAITHOHHBIX
CUCTEM.

7. EcTecTBEeHHOHay4Hble NpeacTaBreHUsA, nexaiwme
B OCHOBE NPUMEHEeHUA JOCTMXKEeHUN XUMUKN 1 uonorum
B npousBoacTBe u 6bITy. Mpupoaa n akonorus

7.1. XXuBas npupopaa (matepus)

B okpyxatowem Hac Mype N3BECTHbI ABe (POopMbl MaTepum — HexmBad
n xusas. XuBas martepusd, Kak u Bcs matepusi B0 BceneHHown, cocTouT 13
aTOMOB W MOJeKyn, ANs KOTOPbIX B COBPEMEHHOM €CTECTBO3HAHUM YXe U3-
BECTHbl oOnpeferfieHHble 3akoHbl MOoBeAeHUs (BKM4Yasi KBAHTOBO-MOrle-
KynsipHbIA ypoBeHb). [1o3ToMy Npyv Hay4YHOM MO3HAHUM XMBOW NPUPOAbl AB-
naeTca BNosiHe BO3MOXHbIM NPUMEHEHNE NXBECTHbIX OU3NYECKUX NpencTa-
BNEHUN N Mogenen Ons u3ydeHus pasBuTUa Npupoabl U 3aKOHOMEPHOCTEN
NnpoLEeccoB, NPOXOASALLUMX B XUBbIX opraHnamax. 3BeCTHbI OU3NKO-XUMUK U
6rnodmsnk BonbkeHwTenH M. B. no atomy nosogy nucan: «B 6uonoruu, kak B
HayKe O XXMBOM, BO3MOXHbl ABa NyTW: NMOO Npu3HaTb HEBO3MOXHbLIM O0OBSC-
HEHWe XXN3HM Ha OCHOBE (PU3MKM U XUMWUKN, NMMBO Takoe 06 bSCHEHME BO3MOX-
HO M ero Hago HaMTu, B TOM YUCSEe Ha OCHOBE ODLLMX 3aKOHOMEPHOCTEN, Xa-
paKTePU3YIOLLINX CTPOEHNE 1 NPUPOAY MaTepun, BELLLECTBA N NOMSA».

CoBpemMeHHOe eCcTeCcTBO3HaHWEe UCXOOUT U3 TOro, YTO XXMBOW U HEXU-
BOW MPUPOAOUN , BEPOATHO, YNPaBnsalT O4HW 3aKOHbl, OOHAKO MEXaHU3M UX
NPOSABNEHUA pa3Hbiv, YTO NOATBEPXKOAETCA HayKOM O HepaBHOBECHbLIX CUC-
TemMax U caMmoopraHmsaumm CUHEPreTUKON.

lNog xnBown matepuen B COBPEMEHHOM €CTECTBO3HAHUM MPUHATO TMO-
HAMaTb OOCTATOYHO CROXHbIM MOMNEKYNAPHbIA OpraHnu3M, CNoCOBHbLIN pas-
MHOXaTbCA U NoABepravLmMinca B npoLecce agonwoumm mytaumm. Mytauyus —
9TO BO3HUKAKLLLEE €CTECTBEHHO UMK Bbl3blBaEMOE NCKYCCTBEHHO U3MEHEHNe
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HacneacTBEHHbIX CBOMCTB OpraHM3ma B pesyribTaTte NepecTtpoek 1 Hapylue-
HWIM B reHeTUYEeCKOM MaTtepuarne opraHmama — XpoMocomMax 1 reHax.

Mo coBpeMeHHbIM NpeaCTaBNeHUAM Xnusas matepus obpasoanachb u3
HEXMBOW okono 3,5 Mnpa neT Hasag. YCTaHOBIEHO, YTO BO3pacT 3eMin co-
cTaBnseT okosio 5 mnpa net. lNpusHakn Hannunsa NepBbIX XNBbIX OPraHM3MoB
obHapyxeHbl B nopogax gokembpumnckoro nepuoga. BospacTt xmBon maTte-
pun (KN3Hb) cpaBHMMa C Bo3pacToMm 3emnn. M3 aToro crnegyer, 4To camo
NPOUCXOXOEHNE XXNBOM MATEPUN HA HaALLEW NfiaHeTe TECHO CBS3aHO C onpe-
AeneHHbIMN XUMUYECKUMW npoLieccaMn U peakuusiMm Ha NoBEPXHOCTU 3eM-
nn. OgHMM N3 OCHOBOMOJSTOXHUKOB TEOPUM BO3HUKHOBEHUS XMBOW MaTepumn
Ha 3emne 6bin akagemuk OnapuH A. W.. CornacHo ero Teopun anekTpomar-
HUTHOEe n3ny4deHne ConHua 1 aNekTpu4ecknx paspsiaoB B atmocdepe bbinm
9HEpPreTM4eckom OCHOBOW abMOreHHOro MNPOUCXOXOEHUSI XMBOW MaTeEpUN.
[Mog vx BO3oencTBME NpoTekan npouecc obpasoBaHMsa BUOMNOrMYECKNX Mo-
nekyn: nonucaxapngos, aMUHOKUCIIOT, HYKNeoTUA0B, OeNKOoBbIX KOMMNEKCOB,
a BMNOCNeacCTBUM U KNETOK, KOTOpble SBMAAKTCA OCHOBOM XXUBOW CTPYKTYpbI. B
HacTosiLee BpeMsa Xmnpas matepus obHapyxeHa nuilb Ha 3emMsne B TOHKOM
NPUNOBEPXHOCTHOM croe — bruocdepe.

Mpu3sHakun xMBOoM matepumn

KvBasi MaTepusi, BO3HUKLLAS N3 HEXMBOW, COXpaHsieT B cebe cBoNCTBa
nocnegHen. Oba BMaa matepun ycmpoeHbl U3 0OHUX U mex Xe MOJIeKysl uniu
amomos. BmecTe c TeM XuBasi Matepusi UMeeT psag NpPU3HakoB, KOTOPbIEe Mo-
3BOSIAOT OTNIMYUTL €€ OT HEXXMBOW:

1) xuBas matepus (opraHn3mbl) 0OMeHNBaAETCH BeLLeCTBOM, SHepruemn
N MHOpMaLMEN C OKpyXKaloLlen cpedon, oHa obnagaeT cnocobHOCTLIO ac-
CUMUAAUMKN MONYyYeHUs BeLLecTBa M3BHe, npeobpasoBbiBaTb €ro B TKaHU
cBOero obbema;

2) CTpPOEHMEe U CUCTEMHAA OpraHu3auns y >XMBOW MaTepumn CyLLeCTBEH-
HO BblLLE, YEM Y HEXNBOW;

3) xmBaa matepus (opraHmambl) cnocobHa copmupoBaTb NOPAOOK U3
Xaoca HadmHaa C MONEKYNApPHOro YpoBHA U MPOTUBOAENCTBOBaTb TEM Ca-
MbIM BO3pacTaHUIO SHTPOMNUK;

4) xuBasi maTepusi crnocobHa pearMpoBaTb Ha BHELLUHME pa3gpaxuTe-
nn, oHa obrnagaeT CBOUCTBOM akKTUBHOCTU U ABWXKXEHUS NPU B3auMogencTBmm
C OKpy>XatoLLen cpenom;
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5) xxmnBaa matepuss obnagaeT CBOMCTBOM CamMoopraHusaumm, en npu-
CYLWM NOCTOSIHHOE pa3BUTUE, UBMEHEHUNE U YCITOXKXHEHME;

6) cNOCOBHOCTL pasMHOXaTbCHA, TO €CTb BOCNPOU3BOLCTBO. ATOT NPO-
Lecc npoTtekaeT B M3BbITOYHbIX KONMYECTBaX M 3TO COAENCTBYET €CTECTBEH-
HoMy OT6opy;

7) HacneaCcTBEHHbIE MPU3HAKN XUBbIX OpPraHM3mMoB 0OycnoBrmnBaeTcs
reHeTU4YeCKMM annapaToM, a M3MEHYMBOCTb — YCIMOBUSIMUA B OKpYXaroLLen
cpene v OTKIIMKOM OpraHM3MOB Ha HUX;

8) BbIcLLIME (POPMbI XKMBOW MaTepun obnagarT pasyMmom. 3TO JaET BO-
3MOXHOCTb M3y4aTb, aHanM3anpoBaTb U MO3HaBaTb OKPYKaoLWNM MUp 1 cebs.

OTU NPU3HAKN OTNIMYAIOT XUBYIO MaTepPUI0 OT HEXMBOW, MOCKOSbKY OHU
B COBOKYMHOCTW MPUCYLLN TONBbKO XXMBOMY.

KneTka Kak aneMeHTapHasa eguHULIA XXKUBOIO

YKuBasi matepusi COCTOMT U pasMHOXaeTCsl U3 OTAENbHbIX KMNETOK, KO-
TOpblE MPUHATO paccMaTpuBaTb Kak MenbYanLlyro eguHULY XXMBOWU MaTeEpPUN.
KneTke npucyuwim Bce npusHakyi XuBOro. B Kaxgowm Knetke coaoepXutcs BCA
reHeTM4yeckas MHdopmauus, Heobxoaumas onsa BOCNPOU3BELEHNSA BCETO Op-
raHM3Ma, OHa SBMSIETCS HOCUTENEM XU3HWU. Pa3Bntne nobon KneTkn opra-
HM3Ma NOAYMHEHO pPa3BUTUID opraHM3amMa B uenom. Knetka obnagaet scemu
Npu3Hakamu >XMUBOro: nepegada HacneacTBEeHHbIX MPU3HaKoB, OOMEH Be-
LLLeCTB, pasgpaXxumMocTb, camoopraHmsaumst U camoperynauus. B ee coctas
BXOOMUT OONbLUOE YMCNO COrfacoBaHHO M TOYHO (PYHKUMOHMPYHOLWKMX opra-
HOMAOB, OHa nNpeacTaBnaeT cobon CNOXHYD CaMOOPraHU3YHOLLYOCS BMOXKU-
Muyeckyto «nabopartoputo». CamMOCTOATENBLHO CyWEeCTBOBaTb B npupoae
CNOCOOHbI OTAENbHLIE KNETKN, KOTOpble NpeacTaBnstoT cCOOON OOQHOKMETOou-
HbI opraHnam. OTaenbHbIE KITETKU N3 MHOMOKIIETOYHOIO OpraHmamMa B OTKpbI-
TOW cpefe He obnagatoT CNOCOBHOCTLIO CAMOCTOATESTbHOIO CYLLECTBOBaHUS.

OcCHOBY KNeTKnm COCTaBnsloT Guononumepbl, obecnedmBarollne Bax-
Henwmne yHKUMM B ODLLEN CUCTEME COrfacoBaHHbLIX aBTOKaTanUTUYECKUX
LMKMOB, COCTaBNAOLMX OCHOBY KMU3HN JTOObLIX BMONOrMYECKNX CUCTEM.

[(MaBHOW (PYyHKUMEN KIeTKN ABMAETCA ee pa3MHOXeHWe MnocpencTBOM
aeneHna. B npouecce pocta KNneTkn NponcxoauT NoCTPOEHUE KOMUIA 3fIEMEH-
TOB €e cocTaBnsawwmx. B kaxxgom opraHuame B TeYEHUE BCEW XXU3HU MPOUC-
XOOMT NOCTOSAHHOE (HenpepbiBHOE) 0b6pa3oBaHME HOBLIX KIETOK M 3aMeHa
MMWU CTapbiX. YCTAHOBMNEHO, YTO cpeadHee BPeEMS XXU3HWU KIETOK 4erioBeka —
20 — 50 yacos. B yenose4yeckom opraHM3ame B Te4YeHue cyTok nornbaet npu-
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onuantenbHo 70 MNpa KNETOK KALWEYHOro 3nuTenns U OKomno 2 Mnpa apuT-
POLMTOB, OHM MOCTOSIHHO 3aMEHSTCS HOBbIMU. B KpOBM 4yenoBeka nosHas
3aMeHa KrneTok nponcxoaut B TeveHne 115 — 120 cyTok. HekoTopble KneTku,
Hanpumep, HEMPOHbLI (MX Ha3biBalOT HEPBHbLIMU KreTKaMn) He BOCCTaHaBIIM-
BalOTCHA, HO HenpepbiBHO MepecTpanmBaloTCs B MpoOLecCe XU3HWU YernoBeka.
PasnnyHble XMBbl€ CUCTEMbI COCTOAT M3 PasfnUYHOrO KONMMYecTBa KIEeTOK.
Hanpumep, y NPUMUTUBHBLIX 6ECNO3BOHOYHbLIX OHO MOXeT ObiTb 10° — 10% y
BbICOKOOPraHM3oBaHHbIX opraHuamos — 10" — 10". Macca knetku GbiBaeTt
10° =107 r., a TUNNYHBIN AMameTp COMaTUYECKON KNETKN XUBOrO OpraHM3ma
coctaBnseT 10 — 20 mkm n 30 — 50 MKM y pacTUTENbHOWN.

CBsA3b (PM3NYECKNX MONen pasnnyHomn Npupoabl U XMBbIX OPraHM3MOB
npeactasngeT 60nbLLON MHTEPEeC. ATO OOYCNOBMEHO C packpbiTueM dursnye-
CKOW CYLLHOCTM XXMBOW MaTepum M B3aMMOLEWCTBUEM MOSIEN XUBbLIX opra-
HW3MOB C MONSIMU OKPY>XXalLLero Mupa, Kotopble 06yCcrnoBneHbl, B OCHOBHOM,
obpasom renmo- n reounsnyeckumm haktopamn. 3T B3aUMOOENCTBUSA MO-
CTaBNSAKT XMBOW MaTepum B NPOLIECCE €€ KM3HEeOeATeNbHOCTU Heobxoaun-
MO€ el KONM4ecTBO MHPopmMaumn. PyHKLMOHNUPOBAHNE BCEX CUCTEM XKNBOIO
opraHuama gMHamMm4HO OoTobpaXkaeTcsl B MHOroobpasnmn pasnudHbix ousnde-
CKMX Monen n nsny4yeHnn, KoTopble nayt u3 Hero, kKotopble. OHU, B CBOKO O4e-
peab, 3aBUCAT OT PasfUYHbIX U3BMEHEHUN €CTECTBEHHbLIX (POHOBLIX MOMnen u
N3Ny4YEHNN, KOTOPbIE OKPYXaloT >KMBYIO mMateputo. MiccrnegosaHne u naeH-
TUpmnKaumsa pasnmuyHbIX NOSIEN N N3NTYYEHUN, K NPUMEpPY, OpraHM3ama 4yenoBe-
Ka, B HacTosiLee BpeMS LUMPOKO UCMOMb3yeTcs, Hanpumep, B MeguumHe c
Lenbtlo BbIACHEHUS AMHAMUKN pasHbIX OM3NOSIOMMYECKMX NPOLIECCOB U HaXo-
XOEHNA «Henonagok» B OYHKLMOHNMPOBaAHUKN OopraHoB. 1o aTon npuynHe um-
3MyecKkne nosnst U N3ryyYeHust XXMBom maTtepumn (opraHmama) BbIiCTYNaloT HEKUM
cBoeobpa3HbIM «Tabno» prnanonormyecknx NpoLeccoB B HEW. YCTaHOBIEHO,
K NTpUMepy, YTO YenoBeyecknin opraHnam obnagaet cnocobHOCTbIO NpoayLm-
poBaTb 3NIEKTPOMArHUTHbIE MOSIS U U3NYYEHUSA, WU3MYyYEHUS CBEPXBbICOKOM
YacToTbl U HGpakpacHoe nanyyeHme n 1. 4. OBbIMHO rOBOPAT, YTO MO CYTH,
XXMBOW OPraHM3M OKpYy>XeH Hekum Buononem. Noag aTMm TEPMUHOM  OBbIYHO
MOHMMAaIOT COBOKYMNMHOCTb (PU3NYECKNX MOSEN, KOTOpas XapakTepHa emy.

B HacToslee Bpems cuyuTaeTcs, UYTO AN KMBOW MaTepun (opraHms-
MOB) OCHOBHbIMW BUAAMU U3ITYYEHUS ABMNSAKOTCS dNEeKTPOMarHUTHbIe NONs U
nanyyveHusa. Moyt Bce HocuTenn MHoOpMauMn, BOCIPUHUMAEMbIE HALLMMMU
opraHaMmn 4YyBCTB, UMEIOT 3NEKTPOMArHUTHYIO Npupoay. ONeKTpoMarHUTHbIE
B3anMoOAencTBMs obycrnaBnmBaloT CBSA3M MeXOy MOonekyrnamu pasHbiX Be-
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LLleCTB, AN aTOMOB XapakTepusyroT UX CTPYKTYpY M noBeneHue, TEM CaMbIM
onpegenss xMmudeckue n buonorudeckue sieneHus B npupoge. Ha nwobom
YPOBHE OpraHusauumn X1UBOW MaTepum 3T B3aMMOLEWNCTBUS BbICTYNalOT He-
oTbeMnemMblM aTpmbyTom ee cyLecTBoBaHUSA. XXuBble opraHn3ambl HaxogsaTcA
B MHOroobpasmn BCEBO3MOXHbIX (PU3NYECKUX MOSIEN — KakK BHYTPEHHUX, KO-
Topble BblpabaTbiBTCA CaMnUMK OpraHnamMamu, Tak u BHewHux [10].

CBfA3b XXMBOMN N HEXXMBOW MaTepuun

CoBpeMeHHas Hayka yTBepXaaeT, YTO XuBasi MaTepusl BO3HMKMNA U3
HeXXMBOW. BnocneagcTenm OHK CyLLECTBOBaNN U pa3sBnBanmcb COBMECTHO.

YKuBast matepusi yepnaeT BELLECTBO, SHEPINIO U MHOPMaLUNIO N3 He-
Xusown. IameHeHne KocMn4eckon paguauum, CoOfHEYHON aKTUBHOCTU, TeMne-
paTypbl NOBEPXHOCTN N aTMOcdepbl 3emMnn n gpyrne oakTopbl BAUSKOT Ha
XUBYIO MaTepuIo Ha nnaHeTe. XKuBass maTepusi B CBOK o4Yepedb BO34eNCTBY-
eT Ha Hexusy. Hanpumep, bruonornyeckme opraHn3Mbl MOTyT CYLLECTBEHHO
BNUATb Ha COCTaB rpyHTa, oborawasa ero. PacTMTenbHOCTb HacbIWAeT BO3-
Ayx kncnopogom. XXuBble OopraHM3amMbl ouuwaroT rugpocdepy n T. 4. Ona
oboux TMNOB MaTtepun B NPMpPOLE XapakKTepHbl bonbluoe pasHoobpasne, ue-
NOCTHOCTb 1 B3aUMOOENCTBIE.

Criocob cywecmeogaHus Xugol U HexXusol mamepuu — OBMKEHWE B
NPOCTPAHCTBE U BO BPEMEHW.

O6oum BMOaM mMaTepum CBOMCTBEHHbI Kak camoopeaaHu3ayusi (To eCcTb
npouecc npespaLleHnst NPOCTOro B CrOXHOE), Tak n degpadayus (0bpaTHbIN
npouecc). bnarogapsa 6anaHcy mexay npoueccamu camoopraHmsaumm n ge-
rpagauum BO3HUKIIA N 3BONIOLMOHUPYET BceneHHas u Xu3Hb B HeW. B OoCHO-
Be BCEX MPOLIECCOB B HEXMBOW Mpupoae nexaT 3akoHbl €CTECTBO3HaHuS,
ToYHee PU3MKM N xumnn. lpouecchl, NpoTekarLme B XNBOW NpUpoLe, Takke
NOQYMHSAOTCA 3TMM 3akoHam. CrnpaBegnMBOCTb 3TOr0 YyTBEPXKOAEHUS NpoBe-
peHa BCEM OrbITOM Hay4YHOW OeATerIbHOCTM YyernoBedecTBa. Ha cerogHs He
SICHO, CrneaylT M 3aKOHbl XXMBOW MPUPOLbl U3 3aKOHOB (PU3MKU U XUMWUMU,
CBOAATCH NN OHU K HUM?

CTpPYKTYypHble YPOBHU OpraHusauum XMBou matepumn

Bo Bcem MHOroobpasuu XxuBow npupoaown npeactaBneH Guonoruye-
CKMUM ypOBEHb OpraHusauun matepun. XXuUByto npupoay nsy4yaet B OCHOBHOM
6uonorusa. B coBpeMeHHOM ecTeCTBO3HAHMM OCHOBHbLIM MOSIOXEHNEM CUYMTa-
€TCH, YTO XU3Hb ABMSETCA 0COBO0M hOPMON CyLLLECTBOBAHNSA MaTepuanbHOro

215



Mupa. B coBpemeHHOM Guonorum B o6Cy>KaeHnn Bonpoca O CYLLHOCTN XXNBOW
MaTepun 4acTo MCMNOSb3YKT MPOCTOE NepeyucrieHne rnaBHbIX CBOUCTB XU-
BbIX OpraHM3MoB. Yalle Bcero ytBepxgaeTcs, YTO npeacTaBrieHne o crneum-
dorKe XN3HM MOXET OdaTb TONbKO COBOKYMHOCTb 3TUX CBOWMCTB. HO cTporoe
Hay4YyHoe pasMeXeBaHWe XMBOrO U HEXMBOIO HaTarkMBaeTCAa Ha pag TPyLHO-
cTen. Hayke M3BeCTHO, 4YTO B NMpupoae CyLEeCTBYIOT Tak Ha3biBaeMble nepe-
XOOHble POPMbl OT HEXMBOIO K XXMBOMY. 2KuBble OpraHn3mMbl, 3a UCKIMIOYEHN-
€M BUPYCOB U (paroB, COCTOAT M3 KNeToK. Mo aToMy npu3HaKy opraHuambl
AEeNATCA Ha OOKMNEeTOYHble U KIeTOoYHble. Bupychl, Kak JOKIeTOYHble (OOpMbI
XUBOM MaTepun, 3aHMMAKT MPOMEXYTOYHOE MOSIOXKEHNE MeXOY KMBbIM Y
HexxuBbIM. OHM coBMeLLaloT B cebe CBOMCTBA XUBOro U HexuBoro. B npupo-
Ae BUpYCbl MMerTCa B dOpMe BapUOHOB (MOKOSALLMIACS, BHEKNETOYHbIA BU-
pyC, KOTOpbIN BeaeT cebs Kak HeXnBoe BeLeCTBO) U penpoayLmnpyoLLLerocs
BHYTPUKIIETOYHOrO BMpYyca, KOTOPbIN NPosBASEeT cebs Kak XXMBOE BELLECTBO.
B cocTtaB BupycoB BXogAaT 6enkoBble MOMEKyrbl U HYKNEUHOBbLIE KUCMOTHI.
Bupycbl He nmetoT cobCTBEHHOro 0OMeHa BeLLECTB N O4EHb CUITbHO OTNMYa-
IOTCH OT APYrux OpM XUIHW.

KrneTouHble uBble opraHn3mMbl ObIBalOT O4HOKNETOYHBIMU U MHOTOKIe-
TOYHbIMU. OHOKMNETOYHbIE OpPraHMU3Mbl, cpean KoTopbix 6akTepuun, npocTten-
LuMe, HeKoTopble BOAOPOCHN U rpubbl, COCTOAT U3 OOQHOM KNEeTKN. OTn opra-
HNU3Mbl NOAPA3AENATCHA HA NPOKaApPMOTOB (MX KreTKa He CoOoepXuT agpa) u
9yKapuoToB (UX KneTka coaepXxuTt a4po). MHorokneToyHble opraHuambl CO-
CTOAT M3 OrPOMHOrO KonuyectBa kneTtok. K npumepy, 4ernoBeyvyeckun opra-
HM3M cocTouT npumepHo u3 10' kneTok. B MHOrokneTo4HOM OpraHv3me
KNEeTKWN BbINOSTHAOT pasHble crneumanmampoBaHHble 1 obwmne pyHKumMn. PyHK-
UM U CBOMCTBA MHOIOKMETOYHbIX XUBbIX OPraHM3MOB He CBOASTCHA TONbKO K
YHKUMAM OTAENBbHBIX KNETOK (MM UX CyMMbl), OHWU HamMHoro 6onee MHoro-
obpasHbl. B coBpeMeHHON Hayka O KIeTO4YHOM CTPOEeHUU MaTepun — LUTONO-
MW — KNETKY XapakKTepu3yrT Kak O4YeHb CrOXXHOOPraHM3oBaHHy buonornye-
CKyto cuctemy. B coctaB kneTtks BxoauT oboroyka, 3anofiHeHHasi NpoTo-
nrasmon. B Hen pacnonaratoTcs BbINOMHAKOWME NpegonpeneneHHble cre-
LUnanm3anpoBaHHble PyHKLMM opraHonabl (0ObMeH BelecTB, AblXxaHne, CUHTE3
Bernka u gpyrne) n Hykneotua (Mnu 54po) C reHeTUYeCKUM annapaToMm.

[Ana onpegeneHna NOHATUA XU3HUM Heobxoammo 3adukcmpoBaTb BCe
3TN PyHKUMOHAsbHble Npu3Hakn. >Kn3Hb o4eHb MHOroobpasHa, CroXHa, MHO-
FOKOMMOHEHTHAa N MHOropyHKUMOHarNbHa. Ee Henb3s onpegensatb MO Kakomy-
nmbo ogHOMY KpUTeputo unu Hambonee 3Ha4yMmoMy npuaHaky. o aton npu-
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YMHEe B HaCTosLLiee BpeMs B HayKe HeT OOBOSIbHO SICHOrO onpeaeneHns Xns-
HW. PasHO- M MHOronmnaHoBOCTb MOHUMAaHUS MOHATUS KU3HU MOSICHAETCS
MHOrOrpaHHOCTbIO NMOAXOO0B K ee onpefeneHnto B HayvyHon cpene. Hanbo-
nee nogxogawmm u 4yacto ynotpebnsemMbiM eCTb Takoe onpeneneHne: Xu3Hb
npegcrasnseT cobon BbICLWYO POPMY OBMXEHUA MaTeEpPUn B NpUpoae, KOTo-
pas xapakTepusyeTcs camoperynsaumen, camoobHOBNEHMEM U CaMOBOCHPO-
n3BegeHMeM MHOroobpasHbIX OTKPbITbIX CUCTEM pasHbIX YPOBHEWN, BeLlecT-
BEHHON OCHOBOW KOTOPbIX ABNSAKTCA Oenkn, HyKNemHoBble KMCAOTbl U doc-
dpopoopraHnyeckne coeguHeHus.

Bce maTtepmanbHble 06beKTbl B XXMBOW Npupoae BbICTyNnarT cUCTEMa-
MU, BaXXHOM OCOBEHHOCTLIO KOTOPLIX ABMAETCH CTporas uepapxus B COMoa-
YNHEHUN BXOOALIMX B HUX dNeMeHTOoB. Ha ocHoBe Takoro nogxoga npeg-
CTaBNAT bUOI02UYECKYI0 KOHUEMNUUK CMPYKMYPHbIX yposHel opraHnsaumm
Xn3Hu. CornacHo en, Bce CUCTEMbI XXMBOW MaTepumn nogpasgenatoTca Ha Ta-
Kne ypoBHU (B BMONOrMmn nx HasblBatOT KNacCM4eCKUMmN YPOBHSAMN):

1) MONeKynapHO-reHeTu4Yeckuin (pusnko-xmmmyeckmne npoLeccobl, KoTo-
pble NPOTeKaloT B XMBbIX OpraHn3Max: obMeH BeLecTBa N SHeprun);

2) OHTOreHeTUYEeCKNn (M3y4aroTCH XMBble CUCTEMbI Ha YPOBHE KMETOK,
TKaHewW, OpraHoB, CUCTEM OpPraHoOB N OpraHnU3mMa);

3) NonynsiLMOHHO-BNO0BON (M3yYatoTCA NPoLEeCChbl MMKPOIBOMOLUN);

4) BMOLEHOTUYECKMI (AKONOrMYECKME NMPOLIECCHI AKOCUCTEM);

5) BrnocepHbIn (M3y4aroTcs Bonpockl GBuocdepsbl, rmodanbHOM 3KONo-
run, TexHocoepsol). CywecTBYOT U paL OPYrMX pasHbIX rpagaunn CTPYKTyp-
HbIX YPOBHEWN OpraHM3aunm >XMBou MaTepumn.

[MOHMMaHWe XN3HM B COBPEMEHHOM €CTeCTBO3HaHUN He UCKNIYaeT ee
CYLLIeCTBOBaHM1S B ApYrMx Mectax (Ha gpyrux nnaHetax) Bo BceneHHown.

YacTo K ypOBHAM OpraHu3aunm XMBOW MaTepun OTHOCAT cregyroLime
[19]: 1) MONeKynaApHbIN; 2) KNETOYHbIN; 3) OpraHN3MeHHbIN; 4) nonynsauMoH-
HO-BMA0BOW; 5) 06LLEeCTBO Ntogen.

1. MonekynspHbili yposeHb. B Monekyne cogepxwutcs ot 2 go ~ 10°
aToMoB. K cambIiM KpYMHbIM OTHOCATCA Brnonornyeckme Mosnekynbl
— CTPYKTYpHas OCHOBa >XMBbIX OpPraHnM3mMoB, pas3mep KOTOpbIX B
OECATKN - MUIMNOHBI pa3 6osnblue pasMepoB OTAENbHOrO aToma.
Ha MmonekynapHOM ypoBHe XuBas matepus uccnegyetcs ousnko-
Xnmuyeckoun buosioaued.

2. KnemouyHnblil ypoeseHb. KneTka npeacrtasnaeT cobon anemeHTap-
HYIO >KMBYIO CUCTEMY, OCHOBY CTPOEHUS U KU3HELEATESIbHOCTU
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)KMBOTHbIX U pacTeHuin. Pasvep kneTku — oT 107 o 0,1 M. K Hau-
MEHbLUMM KIeTKaM OTHOCATCSA BGakTtepun, K Hanbonbwum — anuo
(Hanpumep, AnUO cTpayca MMeeT ONKnHY okorno 16 cm). Ha kne-
TOYHOM YPOBHE XMBYKO MaTEPUIO U3yvaeT AMCUMNNMHA, Ha3blBae-
Mas yumosioaued.

3. OpeaHu3meHHbIU yposeHb. OpraHnam COCTOUT 13 BOMNbLLIOrO Ync-
na Knetok (Hanpumep, B YeroBeke codepxutcs okono 2 — 102
KNeToK). Ha TakoM ypoOBHe XWBYI npupoay udydaeTt ambpuorio-
a2usl, aHamomusi, chusuosioausi u Opyaue UCUNNVHDI.

3. TlonynsayuoHHo-8udo8oU yposeHb. [pn TakomM noaxoae nay4varoT-
CH 3aKOHOMEPHOCTWN NOBeLEHNA AaHHOW NOoNynaAuumM U ee B3anuMo-
AEenCTBMe C OKpyXXarLwmmMm MMpoM. Ha 3ToM ypoBHE XuBas rnpupo-
Aa nu3yvaeTca TakKMMu gucuuninHamu, Kak_buoreorpadus, akono-
ma unT. n.

4. Obwecmeo nodeu. YenosekonogobHoe cyllectBo (aBcTparnonu-
TEK) NosiBUNOCb Ha 3emre B pes3ynbTaTte 3BOMIOLUNKN XNBOWN MaTe-
pUM OKOMO S MIH NfeT Hasagd, NAn COBPEMEHHOro Buaa (Kpo-
MaHbOHUbI) — 40 TbiC. NeT Ha3ag.

7.2. NMpoucxoxaeHue N CyLHOCTb XXU3HU

Bonpoc 0 NponcxoXXaeHun XM3HM Ha Hallen nnaHeTe sBNAeTca O4HOM
N3 BaXKHenLWux npobrnem Hallero 3HaHus 1 ecTeCTBO3HAHUS B YacTHOCTU. B
pesynbTaTe MHOMOBEKOBbIX UCCIIeg0BaHMN B 0OLLLECTBE BO3HUKIN Pa3fiNYHbIE
KOHLENUUN BO3HUKHOBEHUS XKU3HMU:

1) B KpeayuoHuU3Me nonararoT, YTO XN3Hb COTBOpeHa borowm;

2) KOHLEeNUUs caMorpou38osibHO20 3ap0oXX0eHUsT N3 HEXNBOW MaTepuu;

3) B KOHUENUUM cmayuoHapHO20 COCMOSIHUS NMonaraeTcs, YTO XXWU3Hb
cywiecTBoBarna gceaoa;

4) B KOHUENUMW raHcrnepmuu rnonaraeTcs, YToO XWU3Hb 3aHeceHa u3
Kocmoca;

5) KOHUENUNA NCTOPUYECKOTO NPOUCXOXKAEHUS XMN3HN B Npouecce buo-
XMUMWUYECKOMN IBOSTIOLINN.

Cnopbl O CYLWHOCTU XU3HU NPOAOITKAKTCA U B Halle BpeMs: siBnseTcd
NN XN3Hb NPOCTO YpEe3BbIYANHO YNOPSAOYEHHBIM COCTOSSHUEM aTOMOB U MO-
NeKyn, N3 KOTOPbIX COCTOUT «KMUBasi MaTepus», UMK Xe B Npupoae ectb eule
HE BbISIBIIEHHbIE 3IEMEHTApPHbIE «4YacCTulbl XMU3HWY», KOTOpble nepeBoasAT
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0OblyHble BewecTBa (XMMUYECKMe N Pusnyeckne) B XxXmeoe coctoaHune. [loc-
TaTOYHbIX JoKa3aTeNbCTB N apryMeHToB, NOATBEPXKOAOLWMX CNpaBeasiMBOCTb
OAHOW UNn OpYron ToYeK 3peHusi, He cyulecTByeT. B coBpeMeHHOW Hayke
Hanbornbllee oKa3aTenbCTBO UMEET MOCnedHaAsa rmnoTtesa — rmnoresa UcCTo-
PUYECKOro MPOUCXOXOEHUS XU3HU B rpouecce DMOXMMUYECKON 3BOSNOLINN.
OHa npeanoxeHa 6uoxummkom akagemmkom A. OnapuHbiM (1923 1.) n aHr-
nuncknm cpmnamnonorom C. XongenHom (1929 r.).

CornacHo runotese A. OnapnHa COBpeMEHHOW HayKe, XXM3Hb BO3HMKNA
N3 HEXMBOro BellecTBa B npoLecce AMUTESNIbHOW 3BOSOUUN MaTepun B pe-
3ynbTaTe eCTeCTBEHHbIX MPOLECCOB, nponcxoameLumnx Bo BeceneHHon. XKnsHb
AABNSIETCA CBOMCTBOM MaTtepuu, NOsIBUBLUMMCS Ha Hallewn nnaHeTe B onpeae-
NEHHbIK MOMEHT ee nctopudeckoro passntusi. OHa npencraenseT cobon pe-
3ynbTaT NpoueccoB, KOTOpble cHayana npoTtekanyM MHOro Munnvapgos et
BO BceneHHon, a BnocneacTsnmn B TeHEHWE COTEH MUSSIMOHOB feT Ha 3emre.

B coBpemMeHHOM ecTecTBO3HaHWWM nonaratwT, 4To Hauboriee pasymMHO
crnefyeT paccMaTtpuBaTbh XU3Hb KakK 0cobyto ¢hopmy O8UXEeHUS Mamepuu,
Komopasi 3aKOHOMEepPHO 803HUKI1a Ha oripedesieHHOM 3maHe ee pa3gumus. B
BO3HMKHOBEHWNWN XXM3HN He Oblfo abCoMTHOM CRy4YanHOCTU, B HEW NPUCYTCT-
BOBas 3rieMeHT Crny4YyanHoCTU. JTOT NpoLecc B CBOEW OCHOBE Oblfl 3aKOHO-
MepHbIM, HeobxoaMMbIM. B Hayke nonaratoT, YTO XWU3Hb NosiBMNach B nepu-
oA, Korga nocne ogHoM M3 MHOrMX Todek Budypkauum XMmmudeckasi 3BOsto-
LUuns Bbi3Basia NosiBiEHNEe XMBOro opraHM3ma 1 npmeena Kk Hadyany éuonoru-
yeckon aBosnoumn. Akagemuk B. BepHaackun BO3HUKHOBEHME XU3HM Ha
3emrne ob0OCHOBbIBAN MOLLHENLLMM CKaykoM, KOTOpbIM npepsBasnt 6e3xnsHeH-
HYIO 3BOSIOLMNIO 3EMHON KOpbl. JTa Budypkaumnsa npuBHecna B NpoLecc 3Bo-
UMM OFPOMHOE YMCINO NPOTUBOPEYUNIA, KOTOPbIE U MPUBENUN K CO34aHUIO YC-
NOBUI NS 3apPOXKAEHNS KUSHMW.

B ectecTBOo3HaHMM NokasaHo, 4TO Nobasd HenvHenHaa camoopraHu-
3ylollasaca cuctema, sBnSOLWasCa OTKPbITOW, Bceraa nopsepxeHa koneba-
Huam. Takas cuctema B rpouecce KoriebaHnnm npoxoguT pasBuTne U OBMXKET-
Csl K OTHOCUTESTbHO YCTOMYMBBLIM CTPYKTYpaMm, YTo obycnaBnmBaeTca NocTo-
AHHbIM OOMEHOM CUCTEMbI BELLECTBOM U 3HEPIrMen C OKpyXawLen npupo-
aon. V13 cocToaHna AMHaMMYECKOro paBHOBECUSI TaKyld CUCTEMY CMOCOOHBbI
BbIBECTW aHOMallbHble N3MEHEHNS B Cpefe M Torda oHa CTaHeT HepaBHOBEC-
Hon. Cuctema MOXeT nepexoanTb B COCTOSIHME Xaoca Npu OOCTMKEHUN ee
napamMeTpoB HEeKOTOpbIX (onpefeneHHbIX) KPUTUYECKUX 3HaYeHUn. TOouKon
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Buypkaummn B Hayke HasblBalOT COCTOSIHME C MaKCMMasribHOWM XaoTUYHOCTbLHO
HepaBHOBECHOIO npoLiecca.

Touyku bugbypkayuu — KPUTUYECKOE COCTOSIHME CUCTEMBbI, B KOTOPOM
OHa CTaHOBUTCH HEYCTOWYMBOM MO OTHOLUEHMUIO K (PNYKTyaunamMm 1 BO3HUKAET
HeonpeaeneHHOCTb: CTaHeT NN COCTOSIHME CUCTEMbl XaOTUYECKUM WU OHa
nepenget Ha HoBbIK, Bonee BbLICOKMA U AN depeHLMpPOBaHHbIN YPOBEHDb
ynopsiAo4eHHOCTU. OTO TEPMUH N3 TEOPUN camoopraHusauuun. [ns cuHepre-
TUKN BaXXHLIMWN ABNAKOTCA HEYCTOMYMBbBIE COCTOAHUA. VX noasneHne popmu-
pyeT MoTeHUMarnbHy0 BO3MOXHOCTb Nepexoga CUCTEMbl B KAYECTBEHHO HO-
Boe cocTosiHne. OHo bydeT xapakTepu3oBaTbCs HOBbIM PEXUMOM ee (pyHK-
LMOHNPOBAHMA M HOBbIMM napameTpamMu. B Todkax Oudypkaunm BaxHoe
3HayYeHne NMEKT cryyYanHble konebanusa (dnyktyaumm). Mo aTon nNpuyuHe
Ansl ecTecTBO3HaHNA Hauboriee NepcnekTUBHLIM HanpasfieHMeEM cyMTaeTcH
nccnegoBaHne 3apoXKaeHUd XXU3HN Ha Hallen nnaHeTe U3 HEXMBOW MaTepun
B pesysibTaTe NpoLLeccoB camoopraHM3aLunm.

'MnoTesa npoucxoxgeHus xm3Hn OnapuHa A. . ctana nepBon Hayu-
HOM KOHUEMNUWEN, B KOTOPOM Ha OCHOBE 3KCNEPUMEHTOB Oblfia AoKa3aHa BO3-
MOXHOCTb €CTECTBEHHOIro BO3HWKHOBEHMUS MPOCTENLLUX XMBbIX OPraHn3mMoB
N3 HeopraHn4yeckmx BellecTs. B nepuog, korga 3emns 6bina 6e3kKM3HeHHON
(B Havane CBOEro CyLLecTBOBaHUS), HA HEN NPOMCXOAMNKN NpoLecchbl abnoTu-
YeCKOro CuMHTe3a yrnepogHbIX COeAUHEHU N BNOCNeaCTBUN UX npeabuono-
rmyeckas aBonwoums. 3a Her NPoMcxXoaurio NOCTENEHHOE YCINOXHEHUE TaKUX
COeANHEHUN, M3 HUX OPMUPOBANUCbL WHAMBMAYaNbHble 060COBNEHHbIE
CUCTEMBbI, KOTOpblE 3aTeM MpeBpallanucb B NPOTOOMOHTLI, U Janee B nep-
BUYHbIE XMBblE BellecTBa.

Ha npoucxoxgeHue Xu3HM Ha Hawen nnaHeTe CYWEeCTBEHHYI posib
cbirpanu onpeneneHHbIX XMMM4eckne rnpouecchl U peakumm Ha NoBEPXHOCTH
3emnun. ['eonornyeckasi 9BOMIOLMS TECHO CBSi3aHa C 3eMnNu C HayanbHbIN
aTanom nosBneHus xusHu. B Havyane csoen nctopmm 3emngd dbina o4eHb ro-
psveit (4 — 8) * 10° °C). B npouecce ANMTENBLHOMO OCTLIBAHWS B pesynbTaTe
BpaLLEHNA aTOMbl TSDKENbIX 3NIEMEHTOB Nnepemelanncb K LeHTpy. Bonuan
NOBEPXHOCTN 3eMMN KOHLUEHTPUPOBANNCh aTOMbI NIErKUX 3NIEMEHTOB — BOJO-
poAd, asoT, yrrepon, kicrnopod. BnocrneactBum B npouecce oxnaxneHus
3emMnun 3apoansiMcb XUMUYECKNE COoedMHEeHUs: Boda, aMMuak, MeTaH, OBY-
OKMCb Yrrepona, MonekynapHbin Bogopon, as3ot. B aToT nepmog B atmMmocde-
pe CyLlecTBOBanu Tosbko crnegbl cBobogHoro kucrnopoga. OHa 6bina Hachkl-
LLleHa MHEePTHbIMW rasamu: resiuemM, aproHom, HeoHoM. BaxHenwwve uanye-
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CKME N XMMUYECKMe CBOMCTBA BOAbl, TaKMe KakK BA3KOCTb, argesnd, Koreaus,
BbICOKas TEMIOEMKOCTb, MOMNSAPHOCTb, CBOMCTBA XOPOLUEro pacTBOPUTENS U
apyrve, a Takke yrrnepoga (ero OCHoBHble CBOMCTBA — CNOCOBHOCTL 0b6pa3o-
BblBaTb JIMHENHbIE COEOAMHEHUS, TPYOHOCTb 0B6pa3oBaHNA OKCMAOOB, CNOCO6-
HOCTb K BOCCTaHOBJIIEHWNIO, KOBANeHTHas CBA3b) Onpeaernivuinm BaXXHENLWYy nx
pOJSib B BO3HUKHOBEHWUN XXM3HW Ha NnaHeTe.

OnapuH A. . paccmaTpuBan BO3HUKHOBEHME XW3HU Ha MNilaHeTe Kak
€eCTECTBEHHbIN npouecc. CornacHo ero Teopum OH COCTOSAST U3 HavasibHOM
XUMUYECKOWN 3BOSTIOLMKN, KOTOpas MPOXOAwSia Ha paHHUX 3Tanax pasBuUTUd
3emnun, 1 3aTem 3TOT NpoLEecC NOCTENEHHO NepeLlen Ha Ka4eCTBEHHO HOBbIN
YpOBEHb, KOTOPbIA Ha3blBalOT GMOXMMUYecKon aBonoumen. ['eonornyeckasd
apontoums 3emnum 6binia HepaspbIiBHO CBSAi3aHa C 9TUM MPOLLECCOM U C CamMOoro
Ha4ana okasblBarna CyLecTBeHHOe BIvsiHMe Ha ero xon. B cBoen teopumn
OnapvH A. . BbIOBUHYN MNpegnonioXeHne u 3aTeM Aokasan 9KChnepuMeH-
TanbHO, YTO B pe3yrbTaTe OEeWCTBUSA 3MEKTPUYECKUX pas3psaoB, TEnroBou
SHeprun, onykTyaumin gasfieHUM N BIIA@XHOCTU, yNbTpadouMoneToBoro usny-
YeHUs B CMeCsX rasoB, KOTOpble coAepXanu napbl BOAbl, aMMuaka, LuaHu-
CTOro BogopoAa, MetaHa v pyrux, NosiBAsSANCL aMUHOKUCIOTbI, HyKIeoTu-
Abl, nonunenTuabl U pag ApYyrux BeLLecTB, NPUCYLLNE XUBbIM OpraHu3amam.
[MpoTekaHne XMMUYECKUX peakuun mexgy OpraHMYecKMMU COoeANHEeHUSIMU
obecneynBanocb 3Heprnen NocpencTBOM yrbTpaduoneToBoro nanyvyeHms. B
9TOT Nepuo cpeay MHOXeCTBa XMMUYECKUX peakumin (B UX Xxaoce) caMomnpo-
N3BOSNIbHO HAYMHaNUCb U (PUKCMPOBANNCL Peakunmn LUKITUYECKUX TUMOB, KO-
Topble obnaganu cnocobHOCTLIO K camorioddepixkaHuro. B pesynbTtaTe Takux
peakuumn nosiBRsMCbL NPOCTPAHCTBEHHO 060cobumBLLUMECSA LENOCTHbLIE CUCTe-
Mbl, KOTOpble B HayKke HasblBalT koauepsamamu. OOHOW U3 rMaBHbIX U Cy-
LLIEeCTBEHHOM OCOBEHHOCTLIO Obifla UX CNOCOBHOCTb MorfowaTh pasfiMyHble
opraHuyeckne BellecTBa U3 BHELWHeW cpedbl. ATa 0coObeHHOCTb no3Bonsana
BECTM MEpBUYHbLIN OOBMeHa BeLLeCTBOM C BHelwHen cpegon. Hambonee yc-
TOMYMBbIE KOALlepBaTHbIE CUCTEMbI COXPaHSANUCH B NpoLecce eCTeCTBEHHOro
oToopa. MNpegnoxeHHass OnapuHbiM A. U. cuctema, asnsana cobom oTKpbITYHO
XUMUYECKYIO MUKPOCTPYKTYpY. OHa yxe obnagana crnoCcobHOCTbIO K OOMeHY
BELLLECTB, HO B TOXE BpeEMS y Hee elle He Oblfo cuctembl Ans nepegayn re-
HeTU4YeCKon MHOopPMaUnN Ha OCHOBE (DYHKLMOHMPOBAHUS HYKIMENHOBbLIX KU-
cnoT. lpouecc ectecTBeHHOro otbopa 0bycnoBusn BO3HUKHOBEHNE BaXXHEWN-
LUMX CBOWCTB XW3HW, KOTOpble OTNU4YaloT ee OT MpeawecTByoLero arana
pa3BnTuA. Bo3HMKaOT LEenoCTHbIE MHOFOMOMEKynsipHble cuctembl. OHKM Yac-
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TO 060CObNEHbI OT OKpYyXKatoLlen cpeabl onpeneneHHon rpaHiuen pasgena,
HO NPW 3TOM COXPaHST CO Cpeaon B3aumMoaencTBme No TUMNY OTKPbITbIX CUC-
TeM. Tonbko nogobHble CMCTEMbI B NPOLIECCe CBOEro pocTa n pasBuTuUs, no-
Tpebnsawwue pasnnyHble BELWECTBa U HEPIUIO U3 BHELLHEN cpedbl, CMOrMun
NPOTMBOCTOATbL POCTY SHTPOMUM U COLENCTBOBATL €€ YMEeHbLUeHWUo. A 3TO
CBOWCTBO SIBNSAETCS XapakTePHbIM NPU3HAKOM BCEX XMUBbIX CYLLECTB.

B npouecce ecmecmeeHHo20 ombopa coxpaHsiucb Takue LenocTHbIe
CUCTEMBbI, KOTOPbIE UMEeNK Bonee coBepLUEHHYIO PYHKLUNIO 0OMeHa BELLECTB.
OHa cnocobctBoBana onTMManbHOMY POCTY CUCTEMbl U €e AUHaMUYECKOW
YCTOMYMBOCTN B KOHKPETHbIX NPUPOAHLIX YCrnoBusix. CUCTeMbl, KOTOpPbIE Bbl-
XuBanu B npouecce ecTecTBEHHOro otbopa, obnaganu cneyndundecknm
CTPOEHMEM DENKOB N HYKNEeOoTMOOoB, YTO U 06ycriosurio 3apoxo0eHue Hacrieo-
cmeeHHocmu. B Hayke nx otbop v BblKMBaHME paccMaTpuBaloT Kak Hambo-
nee BEPOSATHbIN KaYeCTBEHHbINM CKa4yoK, KOTOPbIA CO34an BO3MOXHOCTU And
nepexoga OT XMMMYECKOM aBonoumm K duonormyeckon. OOHOBPEMEHHO C
npoueccamn otbopa U COBEPLUEHCTBOBAHUS LMKINYECKMX KOMMMEKCOB NpPO-
Tekan oTbop M COBEPLUEHCTBOBAHUE Pa3NUYHbLIX OPraHMYeCcKUX MOSeKyn, Ko-
TOpble y4acTBOBASIM B TaKUX peakunsx.

B HayyHOM mupe koHuenuus OnapuHa A. W. aBnseTca npusHaHHOM U
oYyeHb nonynsapHon. B HacTosilee BpeMs ero yyeHuMKM W nocriegoBaTenu
NpogomKalT M pasBMBalOT UCCeaoBaHnd, HavaTble M. Ho, kak n y nobon
KOHLENuuun, y Hee NMeTCH Kak CUMbHble, Tak U crnabble CTOPOHbI.

OcHoBbI 3BOSIIOLUMOHHOMN Teopus Y. [lapBuHa

[MoHsaTMe aBomouun (OT naTt. evolutio — pa3BuTME) B €CTECTBO3HAHUN
BKMtoYaeT B cebda npouecc AnuTenbHbIX, MOCTENEHHbIX, MeAEHHbIX N3MeHe-
HUW, KOTOPble NPUBOAAT K CyLLLECTBEHHBbIM U KAYECTBEHHO HOBbIM U3MEHEHU-
AM — 06pa3oBaHUIO NHbIX POPM, CTPYKTYP, OPraHN3mMoB U UX BUOOB.

YyeHne [apBuHa (OapBuMHU3M) — 3TO Teopus aBosiouuun. KrioueBbimu
NoHATUAMM yyeHus Y. [apBuHa aBnsoTca: 1) MUSMEHYMBOCTL; 2) HaAcneacT-
BEHHOCTb; 3) oTOOp.

UsmeHyusocmb siBnsieTca 6a3on ANns BO3HUKHOBEHUSI HOBbLIX NMPU3Ha-
KOB B CTPOEHUUN N OYHKLUMAX Buonornvecknx obbekTos. HacredcmeeHHOCMb
3aKkpennsieT 3TuU npusHakn. EcmecmeeHHbIl ombop cnocobcTByeT rmbenu
00BbEKTOB, HE NPUCNOCOBNEHHbIX K YCIOBUSAM CYLLECTBOBaHMS.

[apBvHU3M nNponmMBaeT CBET Ha MeXaHW3Mbl CaMOLBWXEHUSA XUBOW
matepuun. Y. lapsuH u ero npegwectseHHukn K. JlnHHen m XK.-B. Jlamapk no-
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Kasanu, YTo YenoBeK ABNAETCS NnocrnegHuM u Hanbornee COBEpLUEHHbIM 3Be-
HOM B 3BOJTHOLMM XKMBOW NpUpoapbl.

7.3. OCHOBHbI€ NONOXEHUA COBPEMEHHON TeOPUN IBONOLUN

Ycnexu reHeTukn B paclumMdpoBKe reHeTUYecKoro Koaa, OOCTUMXKEHUS
MOMEKYnsipHOM Guonorun, ambpuonornn, 3BOSIIOLMOHHON Mopdonornun, no-
NYyNAPHON FEeHEeTUKN, SKONOrMn 1 psaa OpYyrmx Hayk npuBenu K Heobxoammo-
CTn 06beanHEHNS] COBPEMEHHOM FrEHETUKN 1 3BOSTIIOLMOHHON Teopun Y. [dap-
BWHa. B pesynbtaTe Takoro o6beanHeHUss BO BTOPOW NonoBuHe XX B. poau-
nacb HoBag napagurmMa B BMONoOrMn — cuHmemu4eckasi meopusi 380JirouuU
(CTO). B Hayke ee mHorga HasblBalOT HeogapBUHU3MOM. Ero onpegenstoT
Kak TeopuI0 OpraHN4ecKon 9BOMLMM NYTEM eCTECTBEHHOro oTbopa npusHa-
KOB, KOTOpble OeTEePMUHUPOBaHbI reHeTU4Yeckn. B pamMkax CUHTeTUYeCKOn
Teopuu 3BOMIOLMN yaanocb NpeoaosnieTb NpoTUBOpPeYns Mexay reHeTuKoun u
9BOMOUNOHHOW Teopuen. B HacTosiwee Bpemst CTO aBnsieTca MHOTOCTOPOH-
HUM KOMMJIEKCHbIM YYEeHUeM, JfiexallMm B OCHOBE COBPEMEHHOM 3BOJTHOLMOH-
HOM BuoniorMu, odHako B Hen ewe HeT dmsndeckon mogenu asonwouun. B
CTE anemeHTapHOM eouHuuen aponounmn senaetca nonynsayus. Obycnos-
NIeHO 3TO TeM, YTO UMEHHO B €e paMKax OCYLLeCTBMATCA HacnenCTBEHHbIE
N3MEHEeHUs1 reHodhoHaa.

B pamkax CTO mexaHu3Mm 3BONIOLNN paccMaTpmMBaeTCs COCTOALLNM U3
ABYX cocTaBnsawwmx: 1) cnyvyamHole MyTauuuM Ha FEHETUYECKOM YPOBHE;
2) HacnefosaHve Hanbonee NPUCNOCOBMNEHHbIX K YCNOBUAM B OKpY»KatoLlemn
cpefe MyTauumr, NOCKOSIbKY HOCUTENW UX BbRKMBAKOT U obecneymBatoT Mo-
TOMCTBO. [NaBHble nonoxeHna CTO Oblnn cchopMynupoBaHbl B Tpydax Mo
NONynspHON reHeTuke pyccknum ydeHoiM C. YeTtBepukoBbiM B 1926 r. B ero
paboTax 6bIno NokasaHo, YTO OTOOPY NoaBepraeTcsl reHoTUN BCer nonynsg-
UMK, a He oTAenbHble Npu3Hakm u ocobun. PeHOTUNUYECKNE MNPU3HaAKM OT-
AenbHbIX ocoben obecnevnBaoT OTOOP reHOTUNOB NOMNYASLNKN, KOTOPbIA Bbl-
3blBaeT pacnpocTpaHeHne nosiesHblX naMeHeHuin. NosgHee bonbLIon BkNag
B CO3[aHMe HOBOW TEOPUWN BHECNWN Y4YeHble U3 pasHbiX CTPaH U UX KOSIIEK-
TUBHbBIMU YCUINUSIMU 1 Bblfla NOCTPOEHA CUHTETUYECKAs TEOPUST IBOSIOLMN.

OcHoBHble nonoxennsa CTI: yTBepXaeHNe O TOM, YTO 3fIEMEHTAPHOM
COCTaBnALLEN IBOMOUNKM aBnseTca nonynauma (no Y. [JapsmHy — 3TO BUA,
no X. Jlamapky — 310 0ocobb), a Npouecc MyTauuu Cry>XUT Of8 NOCTaBKM
9fIEMEHTApPHOro 9BOSIOLUMOHHOIO Matepuana; nonynsumMoHHbIE BOSTHbI Npe-

223



cTaBnAT cobon konedaHns YMCIIEHHOCTN ocoben Nonynaunm oT NX cpeaHen
YMCNEHHOCTU; B NPOLECCE M30NAUNA 3aKPENNATCA OTInYmMa B Habope reHo-
TUMOB M BbI3bIBAETCS AeSfIeHNne UCXOAHOM nonynauum Ha psag caMOCTOSATESb-
HbIX; €eCTeCTBEHHbIN 0TOOp NpeacTasnsieT cobon nbmpatenbHOe BbKUBaAHWE
C BO3MOXHOCTbK) COXpPaHEeHUsi NOTOMCTBA OTAeSNbHbIMU OCOBSAMU, KOTOpbIe
AOCTUMMN penpoaykTuBHoro Bo3pacta. OTbopy noaBepraeTcs BCs NOMyns-
LS, ee reHoTmn (HO He oTaernbHble Npu3Haku nunm ocobu). Takon otbop pea-
NN30BLIBAETCA M3MEHEHNEM (PEHOTUMUYECKUX MPU3HAKOB OTAENbHbIX OCO-
Ben, a 9TO BbI3bIBAET NOSIBIIEHNE HOBbLIX NMPU3HAKOB NPy cMeHe buorornde-
CKMX MOKOMEHUN. ONeMeHTapHOW eauHULEN HacneaCTBEHHOCTUM sBRdeTcs
reH, npegcrasnsawowmm cobon yyactok morekynsl OHK (unu xpomocomsl).
["eH onpegendeT pa3BuTue onpeaeneHHbIX NPM3HaAKoB opraHnama.

CtpyktypHOo CTO BKntoyaeT B ceba Teopmn MUKPO- N MaKpPO3BOSTHOLNMN.

B meopuu mukpoagonoyuu n3yyarotcs HeobpaTUMble U3MEHEHUS re-
HETMYECKON M 3KOSOrM4yecKkon CTPYKTYpbl nonynsummn (B npupoae Bua cyule-
CTBYET B BMAe nonynsuuin. TornbKo oHa eCTb 3fIEMEHTAPHON edNHULEN IBO-
noLmmn), KoTopble CNocobHbl BbI3BaTb (OPMMPOBaHME HOBOMoO BuAa. OBOSO-
LUMS NPOMCTEKAET Ha OCHOBE MYTaUMOHHOW U3MEHYMBOCTU MPU CTPOroM ec-
TeCTBEHHOM oTOOpe. MyTauum cnyxaTt €aUHCTBEHHbIM UCTOYHUKOM BO3HUK-
HOBEHMUS KAa4eCTBEHHO HOBbLIX NPU3HAKOB.

B meopuu makpossosnoyuu U3y4arTca reHe3anc HadsudosbiX makco-
Ho8 (OTpsAa0B, CEMENCTB, KNaccoB U T. A.), MaBHble 3aKOHOMEPHOCTU U Ha-
NpaBneHns BO3HMKHOBEHUSI N (POPMUPOBAHNSA XU3HW HA MNaHeTe B LIENOM,
BKINIOYasi MPOUCXOXOEHMNE N pa3BUTUE YeroBeka Kak brnornorndeckoro snaa.

N3y4yaemble B paMkax MUKPO3BONOLMN Moandmkaumnmn, aBnsrTca 4oc-
TYNHLIMWU B NpAMbIX HabnogeHnax. B MakpoaBoniounm HET XxapakTepHbIX A4
Hee MexaHM3MOB M OHa peanuM3oBbiBaeTCH NOCPEOACTBOM MPOLIECCOB MUKPO-
9BOSIOLUMM, COBEPLUAETCH B TeYeHMEe ONUTENbHOrO UCTOPUYECKOro nepuoga
BpeMeHu. 1o aTon npuymHe ee Npouecc MOXET BblTb TONIbKO PEKOHCTPYUPO-
BaH. Ha ypoBHe MakpoaBontoumn obHapyxmBatoTcsa o0LLme 3aKOHOMEPHOCTH,
HanpasneHus 1 TeHOEHUUX B 3BONIOLNKN XXUBOW NPUPOAbI, KOTOpPble HE NOoA-
aatoTca HabnogeHnaM Ha YPOBHE MUKPOIBOSTOLMMN.

B HacTosee BpeMsi y4eHbIMU, KOTOPbIE U3Yy4aloT MUKPO- N MaKpPO3BO-
noumo, cobpaHo BonbLIoe KONMMYecTBo Matepuanos. VX cuctemaTusnpytoTt
B BUOE OCHOBHbIX rosioxeHutl CTO Takum obpasom:

1) ecmecmeeHHbIl 0mbop CAYXWUT rMNaBHbIM ABWXYLWMM (aKTOPOM
npouecca 3BoNoUnn (OH eCTb CNeLCTBUE KOHKYPEHTHbIX OTHOLLEHU BOpbObI
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3a cyulecTBoBaHue, 0CO6eHHO OCTpOoM BHYTpU BUAa unu nonynsuumn). Myma-
UUOHHBIU rpouecc (MyTauuu pasnuyHblX TUMNOB), Opelg 2eHo8 (reHeTunde-
CKne aBTOMaTU4eCKMeE NpoLecchbl) N pasHble hopMbl U30IAUUU TaKKe Coaen-
CTBYIOT 06pa3oBaHuO BUOOB;

2) NpoLecc 3BOSIOLMM B OKpyXKatoLLeM MUpe naeTt nocTeneHHo, auBep-
FEHTHO (B CTOPOHY PacXOXOAEHUS1 NPMU3HAKOB), NOCPeACTBOM OTOOpa crnyyan-
HbIX Menkux mytauun. ObpasoBaHMe HOBbIX POPM MOXET NMPOXOAUTb Yepes
canbTaummn (KpynHble HacneacTBEHHbIE N3MEHEHUST), XKU3HECMTOCOOHOCTb KO-
TOpbIX Takke onpeaenseTca ecteCTBEHHbIM OTOOPOM;

3) U3MEHEHNSa B 3BOMOLUMN ABMAKOTCA C/iyYyalHbIMU U HE HarpaesieH-
HbiMU. [NepBUYHLIM MaTepuanom Afa 3BOSMOUMU CRyXaT pasfiMyHoro Tuna
MyTaumn. CpopmmnpoBaBLLasiCa NepBoHaYanbHas opraHmMsauust Nonynsunm un
nocneayrolme N3MeHEHUs YCNoBU B OKpPYXatoLen cpefe orpaHnymBaloT w
nepegarnT U3MEHEHUS HacnNeaCTBEHHbIX CBOWCTB B HanpaBneHun abcontoT-
HOro nporpecca;

4) MaKpo3BONIOLNSA peann3oBbiBaeTCa Yepes npoueccbl MUKPOIBOSIHO-
LuK, oHa cnocobCTByeT CO34aHMI0 HaABWUOOBbLIX FPYMN U HE MMEET HUKAKUX
0CODObIX MEXAHN3MOB 3apOXOEHNSA HOBBIX (POPM KMU3HW.

CTO saBnsaetcsa passuBawowencs koHuenumen. OHa coOoepXMUT MHOro
TPYAHOCTEN, HA HUX Ba3MpPylOTCS pasnuUYHble HeaapBUMHOBCKME KOHLUENUMU
3BONIOUMN, HaNpuUMep, ryHKmyasusM. B 3TOM KOHuenuuu nomnaratT, 4TO
npoLecc 3BOMAOLMN NPOXOAUT NOCPEACTBOM pPeaKnX U BbICTPbIX CKA4KoB, a B
99 % cBoero npouecca Bug Haxogutcsa B ctasuce (CTabusibHOM COCTOSHUN).
B rpaHW4YHbIX YCrOBUAX CKAYoK K HOBOMY BUAY MOXET MPOUCXOAUTb B Teye-
HWEe OOHOro MMM HECKOSIbKMX MOKOSIEHWUA, N B NONYyNAuuK, KOTopasi COCTOUT
BCero n3 gecatkoB ocoben. OCHOBOW 3TOM rMNoTe3bl ABAAETCA LWNMPOoKas re-
HeTunyeckas 0asa, ocHoBaHHas (pyHAaMeHTanbHbIMU OTKPbLITUSIMW B OMOXU-
MUN U MONEKYNAPHON reHeTuke. B nyHkTyanname cokyCcMpoBaHO BHUMAaHUE
Ha MOJEKYNSPHON reHeTuke ocobu Kak HocuTene Bcex cBoMCTB Buaa. lpwu
9TOM OblNM OTOPOLUEHbLI FEeHEeTMKO-MOoNyNAUMOHHaa Moaernb Bngoobpasosa-
HUS 1 ngea JapBuHa o0 3apoxgarowmxcs Bugax. 3Ha4MMOCTb 3TOM KOHUEn-
UMM COCTOUT B naee pasobLLUEeHHOCTU MUKPO- N MaKpPOIBOMIOLUMN N HE3aBU-
CUMOCTM ynpaensembiX MU paktopoB. B Toxe BpeMsa B COBpEMEHHOM ecTe-
CTBO3HaHMM nonaratT, 4YTO BeposiTHO B byaywem CTO u HegapBMHOBCKME
KOHLEeNuum 3BONILmMn, AONONHAA apyr apyra, oyayt obbeanHeHbl B HOBYIO
€ONHYI0 TEOPUIO XKUSHMW.
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7.4. OCHOBbI reHeTUKM

leHeTMKa (OT rpeyd. yevnTwg — «MNPOUCXOXOeHMEY) npeacTtaBnsieT co-
BGon HayKy O 3aKOHax HacrnegCcTBEHHOCTU U U3MEHYMBOCTU. OCHOBHOE MOHS-
TNE FrEHETUKN — «FeH», KOTOPbIN ABNAETCSH afieMeHTapHON eauHULEN Hacrnea-
cTBeHHOCTU. OH XxapaktepudyeTca HabopoMm MPU3HAKOB. YCMNEXU FEHETUKU
obycrnoBneHbl pa3smuTnemM 60sbLLOro YMucria CoOBPEMEHHbBIX HayYHbIX METOAUK
N TEXHOSIOMMN, HA OCHOBE KOTOPbIX Bblfla yCTaHOBEHA CTPYKTYpa HYKNEeUHO-
BbIX KMCIIOT, paclumppoBaH reHeTU4Yecknin Kog, BbisiBMiEeHbl 3Tanbl 6GMonoru-
4Yeckoro CuHTesa Genka n matpuyHoro cuHTesa. ObpasoBanncb HOBblE Ha-
NnpaBIieHN FTeHETUKN, KOTOpble CTanu camMoCTosTeNbHbIMU Haykamu. Cpean
HUX: 9BOMIOLMOHHAs reHeTuKa, MeauLmMHCKasi reHeTUKa, MoneKkynsapHas reHe-
TMKa, MMMYHOreHeTuKa, reHeTnka NoBeaeHus!, reHoreorpadus n gpyrue.

[lo ceoemy ypoO8HIO reH ABNAETCA BHYTPUKIETOYHOWM MONEKYNApHOMU
CTPYKTYPOW.

[Nlo ceoemy xumuyeckoMmy cocmasy reH npeacrtaBndeT cobon Hykneu-
HOBbI€ KMCIOTbI B nx coctaBe rnaBHyto posib urpatoT a3oT 1 grocdop.

["eHbl pasmewaromces, Kak NnpaBsuno, B sapax knetok. OHW CyLLEeCTBYHOT
B KaXXOOW KNneTke, 1 No 3TOMN NpUYnHe mx obLiee Yncno B BoONbLUMX OpraHns-
Max MOXeT JOCTuUratb COTHU MUNInapaoB n bonee.

[lo ceoeli ponu 8 opa2aHu3Me TeHbl Urpatb posib CBOEOOPaA3HOro «Mo3-
roBoro LeHTpa» Krnetok. OTo 4actb Mornekynbel OHK, koTopasa onpegenset
noTeHuman pa3BnTnsa ogHOro NpmsHaka unm cuHTesa 6enkoBon Monekyrbl.

CneayeTt NoHMMaTb TakMe OCHOBHbIE MOHATUSA:

OOMUHaHMHbIE 2€Hbl — 3TO FeHbl, KOTOPbIE NPOSBASATCA Y rMO6PULOB U
nogaBnsAlT pa3BUTME KaKoro-nmbo ogHOro npusHaka; oHM pacnosiaraloTcs B
TEeX Xe yyacTkax XpOMOCOM W OnpeaensitoT pas3sBuTue 3Toro npmsHaka. Mx
o0603HavatloT NnponucHeiMn BykBamu: A, B ...;

pPEeUEeCCUBHbIE 2€Hbl — 3TO FEHbl, KOTOPble NOAABMATCA AOMUHAHTHbI-
MW, OHN HE NposBAATCA Yy rmbpuaos nepBoro nokosneHuns. Mx obosHavaroT
CTpo4Houn BykBOW: a, B;

annesnibHble 2eHbl — 3TWU TEHbl pacnonaralTCs Ha Tex Xe y4yacTkax
XPOMOCOM 1 onpeaenstoT pasBuTne OHOro Npu3Haka;

2eHomur xapakTepuayeT COBOKYMHOCTb BCEX FEHOB OAHOI0 OpraHn3ma;

gheHomun xapaktepmnsyeT COBOKYMHOCTb BCEX NMPU3HAKOB OLHOro opra-
HU3Ma, KoTopble cdhopMMpoOBannNCh B pesynbTaTte ero MHaMeMayasnbHoOro pas-
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BUTUA. ®eHOoTUN COCTaBNAKT BUAMMbIE, BUOXMMUYECKNE U aHATOMUYECKne
NPU3HaKK;

2eHOOHA XapaKkTepumsyeT COBOKYMNHOCTb BCEX FEHOB, CYLLECTBYIOLMX Y
ocoben rpynnbl, NONynsauMmn unn Bnaa;

20M0O3U20MHble Op2aHU3Mbl — 3TO OpPraHu3Mbl, KOTOpblE UMEKT eau-
Hble HacneacTBEHHbIE NMPU3HaKK (eaMHOOBpasHble annerbHble reHbl — JOMMU-
HaHTHbIE UIN PeLEeCCUBHbIE);

2emepo3u20mHble op2aHU3Mbl — 3TO OpPraHM3Mbl, KOTOPLIE UMEIOT pas-
Hble HacnencTBeHHble NPU3Haku (pasfnuMyHble annesnbHble reHbl — U OOMU-
HaHTHbIE N PELIECCUBHLIE);

2amema — 9TO MosioBas KrneTka, KoTopas MMeeT rannonaHbin (oanHap-
HbI) HABop XPOMOCOM,;

3u2oma — 3TO KreTka, KoTopasa obpasoBanacb B pesyrnbTaTte CrUAHUS
MY>KCKOWN 1 XeHckon rameT. OHa nMmeeT AMnnonaHbi Habop XpOMOCOM.

B reHeTuke nccnenytot oyHoameHTanbHble CBOUCTBA XMUBbIX CUCTEM —
HacriedcmeeHHOCMb U U3MEHYU80CMb, KOTOPbIE OTpaXakT CroCOBHOCTb
XMBbIX OpraHM3MOB nepefaBaTb CBOW NPU3HAKM U CBOMCTBA B criegywouime
NOKoneHns n npnobpetaTb HOBLIE KAYeCcTBa.

HacnedcmeeHHocmb obecneynBaeT HenpepbiBHY NPEeeMCTBEHHOCTb
NPU3HaKoOB, CBOMCTB U OCOBEHHOCTEN Pa3BUTUS B psiay NOKOSIEHNNA.

U3meH4usocmb cHabxaeT martepuanom Ansi eCTeCTBEHHOro otbopa,
OHa co3faeT HOBble BapuaHTbl MPU3HAKoOB U BecuncrneHHoe KOMYECTBO KOM-
BuHaumin paHee CyLeCTBOBaBLUMX N HOBbIX MPU3HAKOB XXNBOW MaTepun.

HacneacrtBeHHOCTBL

NHouBmayanbHble 0COBEHHOCTU pasBUTUA OPraHN3MOB ONpeaesnsitoTCs
Bruoxnummyecknmm npoueccamu, HacrneacTBEHHO 3anporpaMMmMpoBaHHbIMU B
mosnekynax OHK v PHK. Hacnegyemble npusHaku n cBOMCTBa XXMBOro opra-
HU3Ma 3aKpennsTca B reHax yyactkax mornekynst OHK (unv xpomocombt),
KOTopble onpenenstoT noTeHuman pasBUTUS Kakoro-nmbo OOHOro afieMeH-
TapHOro Npu3Haka unmM CUHTEe3 ogHON GENKOBOM MOMEKYIIbI.

OCHOBOWM FreHETUKN cTanu 3aKOHOMEPHOCTU HacneacTBEHHOCTU, KOTO-
pble Oblfnn YCTaHOBMEHbI YelwCckuM yyYeHbiM . Mengenem B pesynbtaTe Onbl-
TOB MO CKPELLUMBAHUIO pasfnMyHbIX COPTOB ropoxa. CkpelunmBaHue OByx opra-
HW3MOB Ha3sblBalOT aubpudusayuel, NOTOMCTBO OT CKpeLLuMBaHUS OBYX OCO-
Genn c pasHOM HacneaCTBEHHOCTbIO Ha3sblBalOT 2UBPUOHBIM, a OTAENbHYHO
ocobb — eubpudom. I'. MeHgenem Obinn yCTaHOBMEHbI KONUYECTBEHHbLIE 3a-
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KOHOMEPHOCTU HacnegoBaHus NpuaHakoB. OH YeTKO U3NOoXun 1 onucan 3a-
KOHbl FEHETUKN, KOTOpble B €ro YeCTb HasBanu 3akoHamn MeHaens (3aKoHbl
MOHOMMOPNOHOrO CKpeELLnBaHUS).

lNepebili 3akoH MeHOerns: B pe3ynbTaTe CKpelwmBaHUs OBYX OpraHus-
MOB, KOTOPbl€ OTHOCATCS K pPasfiMyHbIM YUCTbIM JIMHUSM, BCE NEPBOE MOKO-
neHve rmépmnaos NonyvnTcs eanHoobpasHbiM 1 ByaeT MMeTb NPU3HaK o0gHOro
n3 pogutenen. lNpoasneHne npusHaka obycrnasnuBaeTcs TEM, Kakon U3 re-
HOB SIBNSETCS OOMWMHAHTHbIM, @ KakoW peueccuBHbIM. Bmopou 3akoH Meh-
Oerisl (3aKOH pacuwiernsieHusi). B pesynbraTe CKpelumBaHus Mmexay cobon osyx
NOTOMKOB MEPBOro MOKONIEHNSA ABYX reTepo3nroTHbIX ocoben (Aa) BO BTOPOM
NOKOSIEHNUN MMEET MECTO pacLuensieHne B onpeneneHHOM COOTHOLUEHUMU: Mo
deHoTtuny 3 : 1, no reHotuny 1 : 2 : 1 (AA + 2Aa + aa). Tpemul 3akoH Men-
oessi (KOMBMHMPOBaHUSA MPU3HAKOB) NPMMEHMMbIN K Bapuaumsm Hacrnenosa-
HWA, Korga poauTenbckue ocobun oTnnyarTcs No ABYM M Bonee npusHakam
Apyr OT gpyra: reHbl U1 COOTBETCTBYHOLLUME UM MPU3HAKM HacneayTcs Hesa-
BMCUMO OpYr OT Apyra u KOMOUHUPYIOTCS BO BCEX BO3MOXHbIX COMETaHUAX.

BaXHbiM 3Tanom B yTBEPXOEHWUW TFEHETUKN cTano dqopmupoBaHue
XPOMOCOMHOU meopuu HacriedcmeeHHocmu. Ee cBA3bIBaAlOT C UMEHEM aMe-
pukaHckoro ydeHoro T. MopraHa, KOTopbIM onpenenun 3akoHOMEPHOCTU Ha-
cnefoBaHUs MPU3HAKOB, NEeHbl KOTOPbIX HAaXoasaTCcs B 0gHOM Xpomocome. Mx
HacrnegoBaHME NPOXOAMT COBMECTHO. OTOT NPOLIECC Ha3bIBAOT cuersieHUem
2eHos (3akoH MopraHa). MopraH yctaHoBum, 4To TpeTuin 3akoH MeHaens Bbl-
NONHANCA He BO Bcex cnyyasx. OH caenan 3akntoyYeHne o ToM, YTO Y BCAKOro
opraHua3mMa rnpu3HakoB MHOrO, a YNC0 XPOMOCOM HEBESNKO U, cregoBaTerb-
HO, B KaXXOOW XpOMOCOME AO0STMKHO HaxoamnTbcsa 6ornbloe Yncno reHoB. OH K
YyCTaHOBWIT 3aKOHOMEPHOCTb HacneaoBaHMA TakUX reHoB.

B reHeTuke Hawen obbsCHEHNE N reHe3nc nonoBbix pasnuuun. K npu-
Mepy, Y Yenoseka n3 23 nap XpoMocom 22 napbl O4MHAKOBbIE Y MYXCKOro U
)XEHCKOro opraHuMama, a ogHa napa — pasHad. Jta napa u obycnasnueaeT
pasnuyne OByxX MOSOB. OTU XPOMOCOMbl Ha3bIBAOT 10/7108bIMU. Y XEHLUWH
OHW OMHAKOBbI, WX Ha3blBAOT X-XPOMOCOMaMWU. Y MYXYUH, MOMUMO X-
XPOMOCOMbI MMeeTcs K Y-xpomocoma. Ecnn anuekneTka onnogotBopseTcd
CcrnepmaTo30MaoM, KOTOPbIN HeceT X-XPOMOCOMY, TO MPOUCXOAUT pas3BUTUE
YKEHCKOro opraHmama, ecrniv xe B SWUEKNeTKy nonagaeT cnepmaro3oung, co-
aepxawum Y-xpomocomy, T0 pOpMUPYETCA MYXCKOM OopraHnsm. Y nTuL Bce
HaobopoT — y caMUOB ABE X-XPOMOCOMbI, @ y cCaMOK X- 1 Y-Xxpomocoma.
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Pa3BuTne reHeTnkn nonyymno 6onbWOn MMNynbLC ¢ OTKpbITueM B 30-X
rogax XX Beka ponu gesokcmpmnboHyknenHoson kucnotbl (AHK) B nepenadve
HacneacTBeHHoOW uHopmaumn. C 3TOro BpPEMEHU Havanocb U3yyeHue U
pacwmndgpoBKa reHeTUYEeCKUX 3aKOHOMEPHOCTEN Ha MOSEKYNSIPHOM YPOBHE,
poaunacb HoBasi Hayka — MOJIeKyrIsipHasl 2eHemuka.

B xpomocomax pasmeraetca OHK, koTopas aBnseTca HacneacTBeH-
HbIM MaTepuanom opraHmama. B coctaB monekynsl [HK Bxogar ose nonu-
MepHbIX (06pa3oBaHbl MOHOMEPaMWN — NOBTOPSIOLLMMUCS fIEMEHTaMN) Lenu,
3aKpy4YeHHble B crnvpasib U NOCTPOEHHbIE U3 OrPOMHOr0 Yncna MOHOMEpPOB
YyeTblpex BMAoB — HykrneoTtuaos. B monekyne OHK HacnencreeHHas nHgop-
Maunsa KOQUpyeTcs BCreAcTBME COYEeTaHUsA TpexX HYKNeoTuaoB — TPUMNeTos,
KaXXObl U3 KOTOPbIX COOTBETCTBYET OAHON aMUHOKUCNOTE B CUHTE3MPYEMOM
Benke (KOTopbIM OTBEYaeT 3a pa3BuUTME OnpeaerieHHOro nNpu3Haka).

Mpn nepepade poaUTENbCKOM rEHETUYECKON UHOPMaLNKM NMOTOMCTBY
BaXXHYIO POSfib UrpaloT UMEKT pasnuyHblie TUMbl PUOOHYKITEMHOBOW KUCNOThI
(PHK): TpaHcnopTHasa, uHdopmaumoHHaa u pubocomHasi. bbino HangeHo,
4YTO OCHOBHOW (PYHKLUMEN reHOB SIBNAETCH KoampoBaHuMe cuHTesa b6ernkoB. B
1950 rogy C. beH3ep 6bina onpegeneHa TOHKasi CTPYKTypa reHoB, MONEKY-
NAPHBIA MeXaHn3M PYHKLMOHUPOBAHUS reHeTUYecKoro koga, obin NoHAT an-
ropuT™M, Ha KOTOPOM 3anucaHa reHetTndeckas MHgopmaumsa (asoTUcTble Oc-
HoBaHWA: ageHuH (A), TuMmuH (T), unTtosuH (L), ryanmH ('), natmaTtomMHbIn ca-
Xap 1 octatok pocdopHom kncnotol. Npn 3TOM ageHH Bcerga coegnHseTcd
c TumunHom apyroun uenu AHK, a ryaHuH - ¢ yuto3mHom). Beina ocyuiectsrne-
Ha pacwmngka mexaHusama nepegayun HacneacTBeHHoW nHgopmaumm (pensuv-
kauun) AHK n yctaHOBMNEHo, YTO ee CnycKoBbIM MEXaHW3MOM BbICTYyrMaeT Ha-
nnune OHK-nonnmepasbl (ocoboro pepmeHTa).

N3mMeHuYnBOCTbL

U3MeHYuUB0CMbIO HA3bIBAKOT CMOCOOHOCTbL XMBbIX OPraHM3mMoB Mpuoob-
peTaTb HOBble NMPU3HaKM U cBOUCTBA. I3MEHYMBOCTL, ABNSIETCA OCHOBOW ANS
€CTeCTBEHHOro otbopa u aBonoLuMM opraHn3amMoB. PasnunyatoT HacneacTBeH-
HYyl0 (FrEHOTUMUYECKYHO) N HeHacneacTBEHHY (MOAMMUKALMOHHY) U3MEH-
4YMBOCTb. HacriedcmeeHHasi UBMEHYMBOCTb CBSI3aHa C UBMEHEHUEM reHoTuUna
N COXpaHseTcs B psgy MNokoneHun. PasnuyatoT MyTauuoHHYK U KOMOWHa-
TUBHYIO HAcNeaCTBEHHY M3MEHYMBOCTb. MyTauMOHHAA N3MEHYMBOCTb (UnKn
MyTaumm) npeactaBnseT cobor CrnOHTaHHble cKaykoobpasHble M3MEHEHUS
reHeTU4Yeckoro matepmarna, KoTopble BO3HUKAlOT B pe3yfibTaTe HapyLLleHWU B
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CTPYKTYpe reHOB Uinn XpoMocoMbl. KoMOMHaATMBHAA M3MEHUYMBOCTbL CBA3aHa C
NepecTpPOMKON CTPYKTYPbl XPOMOCOMbI, MOPSAAKOM PacrnonoXeHnsa reHoB (pe-
KOMOUHaumen), Nnpu 3TOM camMu reHbl He nameHaTcd. Npeaensl Moouguka-
UUOHHOU N3MEHYMBOCTU Ha3blBalOTCA HOPMOW peakuuu, OHM OOYCNOBMEHDI
reHOTMNOM. OTa N3MEHYNBOCTb 3aBUCUT OT YCIOBUW Cpeabl, B KOTOPOWN Haxo-
ANTCA OpraHn3m 1 gaet BO3MOXHOCTb NPMUCNOCOBUTLCSA K 3TUM yCnoBusiM (B
npegenax HopMmbl peakuumn). Takme N3aMeHeHus1 He HacneayTCs.

OTKpbITE CNOCOBHOCTU FEHOB K NEPECTPOMKE, U3MEHEHMNIO SIBMSETCSA
KPYMHENLUMM OTKPbITUEM COBPEMEHHOM FEeHEeTUKU. OTa CNOCOBOHOCTb K Ha-
CNeacTBEHHOW M3MEHYMBOCTU MONy4Ynna K reHeTuke HasBaHue mymauyuu (oT
nat. mutatio — nameHenue). OHa BO3HUKaET BCNeACTBME U3MEHEHUSA CTPYK-
TYpbl FeHa U XPOMOCOM M CIY>XUT €AUHCTBEHHbIM UCTOYHUKOM reHeTude-
CKOro pasHoobpasusa BHyTpu Buga. [puymMHON mMyTauuim cnyxaT BCEBO3MOX-
Hble bunsnyeckne (KOCMUYECKME Iyun, pagnoakTUBHOCTb M OPYrMe) u Xmmu-
yeckne (pasHoobpasHble TOKCUYHbIE COEOUHEHUS) MPUYUHBI — MymaceHsl.
bnarogaps noCcTossHHOMY MYyTaLMOHHOMY MPOLIECCY BO3HMKAKOT pasfnyHble
BapwaHTbl FEHOB, COCTaBIAKLLNE pe3epB HAcneACTBEHHON N3MEHYMBOCTMW.

N3MeHUYMBOCTb MOXET ObITb OOYCNOBMEHA HE TOSMbKO MyTaunaMU, HO U
COYETaHUSMWN OTAENbHbIX TEHOB M XPOMOCOM, Hanpumep, nNpu nosioBOM pas-
MHOXEHUN — 2eHemu4yeckasi pekoMmbuHayusi. PekombuHaums Takke MOXeT
NPOMCXOAUTb 3a CYET BKITHOYEHUSI B FEHOM KIETKN HOBbIX, MPMBHECEHHbIX U3-
BHE, reHETUYECKMX ANTEMEHTOB — MUTPUPYHOLLINX FEHETUYECKNX 3NIEMEHTOB.

B nocnegHee Bpemsa Obifnlo yCTaHOBMEHO, YTO JaXe camMo UX BHeape-
HWEe B KNEeTKy AaeT MOLLHbIA TOMYOK K MHOXXECTBEHHbIM MyTaLUAM.

OagHnM 13 Hanmbonee onacHbIX BUMAOB MymazeHo8 SIBASTCS BUPYChI
(oT nart. virus - a4) — MenbYanLlne M3 XMBbIX CYLLECTB, KOTOpPblE HE UMEIOT
KNEeTOYHOro CTPOEHNSA N HE CMOCOBHbLI cCamMu CUHTE3NpoBaTb 6enok, No3aToMy
nosiydaloT HeobxoauMble AONS XU3HEeOEATENbHOCTM BelwecTBa, NPOHMKas B
XXMBYIO KIETKY U UCMNONb3YS YyXXNe OpraHnyYeckme BeLecTBa U SHEPTUIO.

MyTauuun (rnaBHble NOCTaBLUMKM IBOSIIOLUMOHHOIMO MaTepuana), OTHO-
CATCA K M3MEHEHUAM CIy4yarHbIM, OHU MOAYUHAIOTCS BEPOSITHOCTHBLIM, UMK
CTaTUCTUYECKMM, 3aKOHaM M MOITOMY OHM HE MOFYT CNYyXWTb Onpeaensito-
LM PaKTOPOM 3BOSOLIMOHHOMO npoLecca.

B pencrButenbHoOCTU, KpoMe OTbopa — eCTECTBEHHOro UM MCKYCCT-
BEHHOro He CYyLLUEeCTBYET HMKaKoro Apyroro cCpefcrtsa perynupoBaHusa Ha-
CNneacTBEHHOW U3MEHYMBOCTU. TOSBKO CrlydanHble N3MEHEHMUS, OKa3aBLUMECS
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NonesHbIMU B ONpeAeneHHbIX YCNOBUSIX OKpYXKatoLlen cpeabl, oTbunpatoTcs B
NpMpoae U UCKYCCTBEHHO YENOBEKOM AN AanbHeuLlen 3BOMoLnN.

7.5. leHeTN4YecCKasa M KneTto4yHasi UHXXeHepus

"eHeTnyeckasn (reHHasi) MHXeHepus BO3HWUKNa C co3gaHMEM TEXHOMOo-
rmu BblgeneHnsa reHos n3 AHK v MeToanku pasmMHOXEHUA HYXXHOro reHa uc-
cneposatenem 1. beprom (1972 r., CLLUA). BHegpeHne B XMBOW OpraHnU3m
YY)KON reHeTn4eckon MHdopMaummn, reHeTuyecKkoe MaHunynmpoBaHue C Le-
Nb0 N3MEHEHUS CYLLECTBYIOLLNX U CO30aHNSA HOBbIX NrEHOTUMOB COCTaBNAKT
OLHY N3 caMblX NEPCNEKTUBHbIX akTyasibHbIX 3a4a4 reHHOM NHXEHEPUMN.

B HacTosiLLee BpeMsi Ha OCHOBE rEHHOWN MHXEHEPUN BO3HMKNA U LWWNPO-
KO pas3BuMBaeTCs oTpacib hapmMaueBTUYECKON MPOMbILLSIEHHOCTU, NpeacTas-
naowas cobon nepcnekTUBHy BETBb COBPEMEHHOM BUOTEXHOMNOMMMN — MUK-
pobuosnorndyeckn cuHtes. C NoMoLbio MEeTOAO0B FEeHHOW WHXEHepun nosy-
YeHbl KIMOHbl MHOMMX FEHOB, MHCYNWH, TMCTOHBbI, KonnareH v rmobunH mblwin,
KposiMka 1 4yernoseka, NenTuaHble rOPMOHbI N MIHTEPAIEPOH, KOTOPbIE NCMONb-
3yl0T B Nle4ebHOoM NpaKkTukKe.

B Hepa3pbiBHOM CBA3M C pa3paboTKON TEXHOMOMMM reHHOW NHXEHEPUU
pa3BuBaloTCsa (PyHOaAMeHTamnbHble UCCefOoBaHUA B MOJSIEKYNSIPHON Omoro-
mn. OgHUM 13 BaXXHENLUNX HaNpaBfieHW MONEKYNSIPHON BMONOrMK N reHHOM
NHXXEHEPUN SABNSETCA U3YYEeHUE 2eHOMO8 PacTUTENbHbIX U XXUBOTHLIX BUOOB
n paspaboTka cnocoboB MX PEKOHCTPYKLMN. OrpOMHOE 3HAYEeHNEe NMEET U3y-
YyeHue reHoma 4venoBeka. OxuagaeTcd, YTO uccnegoBaTenn onpeaensTt Bce
YHKUMN TEeHOB U paspaboTaloT TeXHOSorMyeckme cnocodbl NCNONb30BaHNA
3TUX OaHHbIX. YXe cenyac MOSeKynsapHasi reHeTMKka OTKpbIBaeT LUMPOKME
NepcnekTnBbl O reHHoW nHxXeHepun. OgHO M3 TakMX NEepPCneKTUBHbLIX Ha-
NpaBfieHNN — CO3aHNE TPaHCrEeHHbIX PACTEHUWN, XXMBOTHbIX, MUKPOOPraHu3-
MOB, TO €CTb TakKmX OpPraHM3amMoB, B COOCTBEHHbIA FEHETUYECKUA MaTepuan
KOTOPbIX «BCTPOEHbI» Yy>XEPOAHbIE IEHbl. YCNexu reHHOM NHXEHePUn no3Bo-
NAKT co3gaBaTb HOBbIE MEHOTUMbI CENbCKOXO3ANCTBEHHbBIX PACTEHUN N XK-
BOTHbIX, KOTOpPbIE XapaKTEpU3YyTCA OTCYTCTBMEM OnNpeAerieHHbIX BonesHen
N yBENMYEHNeM NpoayKTUBHOCTM.

LLInpokoe npnMeHeHne nony4ymnu MeTodbl FEHHOM MHXEHEPUU B Meau-
LUnHe, hapmakonoruu, mmkpobuosnornn. K npumepy, ¢ NOMOLLBbIO MOMEKYsp-
HbIX Npob (dparmeHToB [AHK) MOXHO onpeaenuTb 3apaXeHHOCTb JOHOPCKOM
kposu Bupycom Cl1[a. YXe npMMEHSIOTCHA FeHHble TEXHONOMMM Co3faHugd
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HOBbIX BaKUWH M ynyylleHnsa cyuiecTByowmx. B HacTosiwee Bpema BegyTcd
nccrnegoBaHNA U BHEOPAKTCA B NPaKTUKY pesdynbTaTbl MO reHeTUYECKON MO-
AndomKauum CBOMCTB MWKPOOPraHM3MOB, HEOOXOAMMBbIX AN CblpOBapeHUs,
BUHOOenn4, xnebonevyeHns, Npon3BoACTBa KMCIOMOMOYHbIX NPOLYKTOB.

MoaundunumpoBaHHble MUKPOObI MPUMEHSIIOT B CENIbCKOM XO3SIMCTBE
Ans 6opbObl ¢ BUpycamu, MUKpobamun 1 HaCeKOMbIMW.

CoBpeMeHHas KrneTovHas MHXeHepust yCneLwwHo 3aHMMaeTCs reHeTn4e-
CKAMM MaHUMyNAaunMaMn C OTAENbHbIMU KIeTKaMy UM rpynnamun  KreTok.
Cpean ee OOCTMXKEHUN HYXXHO OTMETUTbL METOAMKY OMNSIO4OTBOPEHUSA B MPO-
Bupke ANLEKNeTKM C NocrneayLwen nMnnaHTaunen ee 3apoablien B MaTky.
OuyeHb BaXXHbIMU ABNAKOTCA UCCNeaoBaHUs U NMpakTUYeCKUe NPpUMEHEHNA Me-
TOOO0B KINETOYHOW NHXEHEPUM B XXUBOTHOBOLCTBE MNPU BbIBEOEHUN XUBOTHbIX
C onpeaeneHHbIMU, Nofie3HbIMK AN YenoBeka kKayecTBaMu.

Mpn BCEM MHOroobpasumn MonoXUTENbHOrO BaXXHO NMOHMMAaTb U Hera-
TUBHbIN acneKkT pa3BUTUS FEHHOW N KIETOYHOW MHXEHepWun:. Hanpumep, cTa-
HOBUTCA peasibHOM BO3MOXHOCTb MOJSTyYEHUS HOBbIX MAaTOreHHbIX BUPYCOB U
CO3JaHNA HOBbIX BUAOB DAKTEPUONOrMYEeCKOro OpyXusl, YTo CTaBuUT Nog yrpo-
3y Gnarononyyve 4Yenoseveckon umsunmMsauuun. Yacto ctann Bo3HMKaTb AUC-
Kyccum no npobneme KnoHMpoBaHUS YyenoBeka. TexXHONormm reHHON NHXeHe-
pUKn yxxe NpnbnmxarTca K peLleHnto aTon 3agayn. Ham obssatensHo crneny-
€T MOHUMAaTb U MOMHUTb, YTO KINOHMPOBAHME YenoBeKa BbI3OBET Lenblin psa
HenpeackasyeMblX 3TUYECKUX, HPUOUYECKUX, PENUIMO3HbIX U psda Apyrnx
npobnem. NoaTomy, HpaBCTBEHHbIE U COLMarbHbIE acnekTbl NCMONb30BaHNS
AOCTUXKEHUIN rEHETUKM B MHTepecax YerioBeka TpebyloT Wnpokoro obeyxae-
HWS, BHUMaHUS N 0BLLECTBEHHOIO KOHTPOSIS.

7.6. NoHATMe o0 buocepe

B npupoge xuBble opraHM3mbl CyLLECTBYIOT U pa3BMBaOTCH B TECHOM
B3aMMOOENCTBUN C HEXMBOW MaTepuen, NnpuyemM npoLecchbl B XXMUBOW NPUPO-
Ae Ha NOBEPXHOCTU Hallen nnaHeTbl cTanu npeobnagatowmmn. lNoa aencr-
BMEM CONMHEYHOW 3HEPrvmM pasBuBaETCA NraHeTapHbIX MacwTaboB cucrema
— buocgbepa. B ee cocTaBe pasnuyator:

Xusoe geuwecmeo, 06pazoBaHHOE COBOKYMHOCTbIO OPraHM3MoOB;

buozeHHOe 8euw,ecmeo, KOTOpoe co3faeTca B MNpouecce XuUsHeaesi-
TENbHOCTN OpPraHn3MoB (rasbl aTMocepbl, Yyrofb, N3BECTHAKN U Ap.);
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KOCHOe gewiecmeo, obpasytoleeca 6e3 ydacTnsa XKMBbIX OpraHn3MoB
(OCHOBHbIE NOPOAbI, TaBa BYfKaHOB, METEOPUTHI);

buokocHoe gewecmso, npeacrasnstoLlee cobon COBMECTHbIN pesynb-
TaT XU3HeLesTeNnbHOCTM OPraHn3mMoB U abMOreHHbIX NPoLeccoB (MOYBbI).

osonoums bruocdepbl 0bycrosneHa TeCHO B3aMMOCBA3aHHbIMU MeX-
ay cobon Tpems rpynnamu (pakTopoB: pa3BUTMEM HaLLEWN NIaHEeTbl Kak KOC-
MMUYECKOro Tera u npoTekawwmx B ee Hegpax XMMUYecknx npeobpasosa-
HUK, BUONOrMYECKON IBOMIOLMEN XUBbLIX OPraHM3MOB U pa3BUTMEM YenoBe-
yeckoro obuiecTtsa.

Buoccepa — obnacte akTMBHOWM XW3HU Ha Halwen nnaHeTe. [paHuub
XW3HM onpeaensTcsa dpakTopamMym 3eMHOW cpefbl, KOTopble NPensTCTBYIOT
CYLLECTBOBAHMIO XUBbIX opraHnamoB. OHa oxBaTblBae€T BEPXHIOK YacTb Nn-
Tocdepbl (Ha rmybuHy npumepHo go 3 KMm), rmgpocdepy, Tpornocdepy u
YyacTb cTpaTocepsbl (Ha BbicoTax Ao 20 km). MiHorga cnopbl NPOCTENLLNX XKK-
BbIX 06bEKTOB OBHapYXMBaAlOT HE TOSMbKO B cTpaTocdepe, HO N Ha BbiCOTax
no 100 km. buocgepa — cuctema, B ee CcoctaB BXOOAT yrnepon, a3oT, BOAO-
poAd, KNCnopoa, cepa U MHOrMe MUKPOSNEMEHTbI. ITU dNEMEHTbI NepexoaaT
N3 HEXMBOM MaTEPUN K paCTEHUSM, OT HUX — K XXMBOTHbIM U Yyenoseky. Nocne
rmbenun XXnBon mMaTepum XMMUYECKMEe 3fIeMEHTbl NepexoasT B HEXMBOE Be-
wectBo. oatomy 6Guocdepa npeacraBnsaeT CobOM rMraHTCKyl0 CUCTEMY, B
KOTOPOW OCYLLEeCTBAAETCSA KPYroBOPOT XMMUYECKNX ANIEMEHTOB Ha 3emre.

Bbuocdepa npencrasnseT cobon OTKPbITYO CUCTEMY, B HEE MOCTOSHHO
NOCTynaeT 3Heprust U3 Kocmoca, B OCHOBHOM OT ConHua. YacTtb 3Heprum
ConHua «KOHCepBUPYETCS» B 3€fEHbIX PaCTEHUSIX, CKOPOCTb YBENUYEHUS
Macchl koTopbIx nopsiaka 10° kr/c Ans Bceit 3eMnu B LieSIOM.

MapameTpbl 6GUochepbl

YKnBoe BeLLecTBO MO CBOEN Macce npeacraBnsieT cobor HUYTOXHYHO
yacTb 6uocepbl. OgHaKo UMEHHO XMBOE BeLLECTBO, MO MHeHUo B. U. Bep-
Ha[CKOro, BbINOSHAET Beaywwme OyHKUMN B (DOPMUPOBAHMN 3EMHON KOPbI.
Macca XuBoro BellecTBa O4YeHb Marna no CpaBHEHWUIO C MAcCCOM HEXMBOIO
BewecTtBa u coctaenset Bcero 0,01 — 0,02 % oT KocHoro BeulectTBa buocde-
pbl. B TO XXe BpeMs XnBoe BEeLLeCTBO UrpaeT rMaBeHCTBYOLWYO POSb B reo-
XUMUYECKMX npoueccax. ExerogHo Gnarogaps XusHegeaTenbHOCTU pacTe-
HUA 1 XUBOTHbIX Bocnpoudsoautcs okono 10 % 6uomaccel. buuomacca pac-
TeHut cocTaBnsieT okono 2 ° 10" kr. Macca *uBoTHoro mupa — okosno 2 - 10"
kr. MOLLHOCTb pacTuTensHoro mvpa 6 - 10" BT. [1ns XXMBOTHOrO MMpa oHa Ha
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ABa nopsiaka MeHble. Takmm obpasom, MOWHOCTb Buocdepbl dakTUYecKn
onpegenseTca MOLHOCTbIO paCTUTENBHOIO MuUpa.

Buocdepa BoinonHaeT buoreoxmmmyeckne yHKLMU, K KOTOPbIM OTHO-
caTca: raszoBas (o6pasosaHne O, CO,, N, Hy, S n gpyrux BeLLecTB); KOHLEH-
TpauunoHHasa (akkymynauus H, C, N. O, Na, Mn, Fe n gp.), okmcnutensHo-
BOCCTaHOBMTENbHas (obpa3oBaHMeE COMEN, OKCMOOB, OKUCIIEHNE BELLECTB U
apyrue), bnoxmmmyeckas (gbixaHue, NnTaHue, pasMHOXEHNE N OTMUPaHMKE).

Brvomacca 3aHWMaeT, B OCHOBHOM, cyLly. B MupoBom okeaHe ee B 10°
pasa MeHbLue.

BuoTtnyeckumn KpyroBopoT OpraHnyYecknx BeLecTB ABNAEeTCA OCHOBOW U
yCrnoBueMm cylectBoBaHus 6uocdepbl. Ero HenpepbIBHOCTbL — 3anor passu-
TUS U CYLLLECTBOBAHUS XN3HM Ha 3emne. HenpepblBHOCTb XU3HU obecneyn-
BaeTcd npoueccaMmn CuHTe3a M pacnaga. [loctynawowas B 6buocdepy con-
HEeYHasi BHEprusl YacTUYHO PacxodyeTcsl Ha CUMHTE3 BbICOKOMOJSIEKYNSAPHOro
boraTtoro aHepruen opraHuyeckoro Bellectsa. [lepefaBadcb ¢ OOQHOro TPO-
do1myecKoro ypoBHsi Ha Opyron, aHeprusi nocteneHHo paccemsaeTtcs. Ocobas
poSib B KPYroBOpPOTE MPUHAANEXUT MUKPOOPraHMamam, KoTopble npeBpalla-
IOT MepPTBbIE OCTaTKM PaCTEHUA U XMBOTHLIX B HEOpPraHMYecKne BeLlecTBa,
ncnosnb3yemMble B AaribHEWLWEM 3efneHbIMU pacTeHUsMU ans OOTOCUMHTE3a.
O6HoBMEHNE BCEro XMBOro BellecTBa Guocdepbl 3eMnm NponucxoauT npu-
6nunantenbHo 3a 8 neT. BewecTBo Ha3eMHbIX pacTeHnin obHoBnseTcs 3a 14
net, a Bcs buomacca okeaHa — 3a 33 AHS.

BepHaackun B. U. BblgensieT Tpu atana passutus buocdepsl. [NepBbin
— BO3HWKHOBEHME MepBUYHON Buocdepbl ¢ BUOTUYECKMM KPYroBOPOTOM Be-
lwecTtB. Begywme daktopbl Ha 9TOM 3dTane — reosiormyeckne n Knumatude-
CKMe U3MeHeHUs Ha 3emre. BTopon atan — yCrnoXXHeHne CTPYKTypbl buocde-
pbl B pe3ynbraTe NoaBNeHMs O4HOKIETOYHbIX U MHOIOKIETOYHbIX 3yKapuoT-
HbIX OpraHn3mMoB. LBMXyLnM ¢dakToOpoM BbICTyrnaeT duonorndyeckasa 3BOSIO-
umsa. TpeTun atan — BO3HMKHOBEHME YernoBeveckoro obuiecTea n npespawie-
Hne 6uocdepbl B Hoocepy. Beaywmm aktopom B 3TOM npoLecce ABnseT-
Csl pa3yMHas OesTenNbHOCTb YeSioBeKa, XapakTepm3ayLwascsa paumoHanbHbIM
perynmpoBaHMeEM B3aMMOOTHOLLEHWI YenoBeKka 1 Npupoabl.

MoHATne Hoocdepbl

CoBpemeHHas brnocdgepa cnoxmnacbk B pesynbtate AnuTenbHOro 3Bo-
FIOLMOHHOrO MNpoLecca XMBOrO M KOCHOrO BellecTBa Hawen nnaHeTtbl. Ponb
YyenoBeka B pasBuTUKN Buocepbl onpenendaeTcs, npexae Bcero, ero 6moco-
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LumanbHoW npupoaon. Jlioam co cBOen LLUMPOKOW N akTUBHOW NpeobpasytoLlen
AeATenbHOCTbIO co3aatoT TexHocdepy (MHoraa ynotpebnsatT TEpMUH — aH-
Tponocdepa), He COCTaBNAKLLYIO LENOCTHYK cuctemy ¢ buocdepon, He
CO34aloLLy0 HOBbIX 3amnacoB aHeprun. [eaTenbHOCTb YenoBeka npeacraB-
naeT yrpody Ons 9KOSIOrMYeckoro paBHOBECUS, AN CyLLecTBOBaHUSA Ouo-
chepbl. BbIXOAOM M3 3KOMOMMYECKOro Kpmanca, no MHEHUIO MHOIUX YYEHBbIX,
AOIMKHO CTaTb co3gaHne Ha 3emne Hoocdepbl. KoHuenuns Hoocdepbl siBU-
nacb norMyecknum pesyribTaTtoM HayydyHou fesaternibHoctu BepHagckoro B. WU,
KOTOpbIM roBopusl, 4To «bunoccepa nepengeTt ogHaxabl B cpepy pasyma —
Hoocepy. Mpounsonger Benukoe obObLEAUHEHME, B pesynbTaTe KOTOPOro
pas3BUTME NaHeTbl caenaeTca HanpasfieHHbIM CUITON pasymay.

N3meHeHus Brnocdepbl OMKHbI MPOUCXOANTb B MHTEpPECcax YyenoBeye-
cTBa, HO 6e3 yuwepba ana camon Guocdepbl. Takoe B3aMMOOTHOLLEHNE Ye-
noseka n 6uoccepbl HasbiBaeTCA KoaBonwuuen. B CTpykType Hoocepsbl
BblOENAT crieaytoume KOMNOHEHTbI: YeNoBeYeCTBO, COBOKYMHOCTb HaY4YHbIX
3HaHNIN, CYMMY TEXHUKM U TEXHOSOIMMIN B eanHCTBE ¢ Brnoctepon. Hoocdepa
npegnosiaraeT He BbPKMBaHWE 4YerioBeYeCcTBa, a COXpaHeHune akocdepbl B
FrapMOHUM XXUBOW N HEXMBOW NMPUpPOAbl, COXPaHEHNEe Npupoabl C COXpaHEHU-
€M pecypca opraHM4yeckoro mupa B buoreoueHo3ax.

B HacToslee BpeMsa OeATENbHOCTb YENOBEKA, K COXaleHuto, ganeka
OT TaKoro naeanusanpoBaHHOro npeactasneHus. NoaTomy Hoocdepon ABIs-
eTcsa dpakTuyeckn Ta obosioyKka, Ha KOTOPYK YEeNIOBEK OKasas CyLleCTBEHHOE
Bo3gencteme. bonee ToyHO ee crnefyeT HasbiBaTb aHTponocdepon, To ecTb
cepon, cdhopMUpPOBaHHOWN YENTOBEKOM.

7.7. Buonornyeckme puTmbl

Mog Guonorndyecknmm putMmamm (MNu KpaTtko GuopntMamm) NOHUMaoT-
Cs nepuogumyeckme npoLeccbl B XUBOWM MaTepun. buoputmbl MoryT 6bITb
BHYTPEHHUMW NN BHELWHUMUW. K nepBbIM OTHOCATCA, Hanpumep, cepauebue-
HWEe M CBSI3aHHblE C HUM LMKNbl, KO BTOPbIM — KOCMuU4yeckne daktopbl. Pac-
CMOTPUM nX nogpobHee.

[Mepeyncnmm oCHOBHbIE KOCMUYECKMe putmbl [19].

1. CymoyHbie pummbl. OHN 0BycnoBreHbl BpaweHneM 3eMnn BOKPYr
cobcTBeHHOM ocu. VIX NpoaosmKNTeNbHOCTb - OKONo 24 yacoB. C CyTOYHbIMU
pUTMaMn CBA3aHbl NPUIMBHbIE Npouecckl ¢ nepnogomM 12 yaco. CyTOYHbIE
PUTMbl —BakHeKnLWIMe, Tak Kak oHM obecneymBaloT ¢homoyuKIu4ecKue rpo-
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ueccnl (T. €. CMEHY OCBeLLEHHOCTN HEOCBELLEHHOCTLIO).

2. MecsyHble (niyHHble) pummebl. [Jonroe Bpemsi CHATANOChb, YTO OHM
Bbl3BaHbl obpawieHnem JlyHbl Bokpyr 3emnu. BenndnHa nyHHoro nepuoga —
oKkono 27 cyTok. [puMepHO ¢ Takum e nepnogom (OKomo 25 CyToK) Bpalla-
eTcsa ConHue BOKpYr CBOen Ocu, ynpasnasa bMonormyeckummn npoueccamu.

3. 'odosbie pummbl. OHN PErynupyoT Ce30HHbIE npouecchl. Mepuoa
puTMOB — 365 cyToK. OHUM Takke OTHOCSATCS K BaXXHENLLMM npoLieccam.

4. CosiHe4Hble pummbl. Jlydwe Opyrnx ndyydeH umkn ¢ nepuogom 11
neT, No-BMAMMOMY, OH Xe saBnseTcs rnasBHenwum. CyuwecTtByoT u bornee
ANUTENbHbIE LUUKITbl COSTHEYHOM aKTUBHOCTU. BCe OHM CBs3aHbl C npouecca-
MU, NPOUCXOOALMMM BHYTPU CBETUNA.

5. [AnuHHONepuoOHble KOCMUYecKue pummbi. AT PUTMbl U3YYEHbI
KpanHe HegocTtaToyHo. [lpyMepoM rMnoTeTUYecKoro KOCMUYECKOro putma
SABMAAETCH UMKN ¢ nepmuoaom 26 mnH neT. Ero cBsasbiBaloT ¢ NpUbnmxkeHnem K
3emne 3Be3abl Hemeanabi.

[MepeyncrieHHble PUTMbI CYLLECTBEHHO BIIMSIOT Ha XMBYIO MaTepuio.
OHW perynupyroT CKOPOCTb NPOLLECCOB B HEWN, CKOPOCTb PasMHOXEHUS U Bbl-
MUpaHUa ocoben U Jaxe ucyesHoBeHME BUAOB (Hanpumep, LMK C nepuo-
AOM 26 MIH. neT). BnusHne BHEWHUX PUTMOB Ha XXUBblIE OpraHn3Mbl CBUAE-
TENbCTBYET O TOM, YTO XKU3Hb - SIBIEHNE KOCMUYECKOE, a HE TOSNbKO 3EMHOE.

7.8. OCHOBHbI€ NOJIOXKEHUA KNeTOYHON TEOPUU B KOHLeNUuun
3BONOUMOHHOMN Buonornu

OHTOreHeTn4YeCcKknn ypoBEHb XMUBOW MaTepumn rnpeacTaBrieH OTAeSbHbI-
MU opraHm3amamm (ocobsimm).

KneTkn Kak anemeHTapHble CTPYKTYpbl AEUCTBYIOT Kak CaMOCTOSATENb-
Hble opraHn3mbl (6akTepuun, NPocTenLlme), a Tak Xe, Kak KNeTku MHOrokne-
TOYHbIX OPraHN3MoB.

OcoBeHHOCTb KNeTOYHOro NoAgYpPOBHSA B TOM, YTO MMEHHO C HEro n Ha-
YNHAETCS XU3Hb.

Knemka — 970 anemeHTapHas XuBas cuctemMa u OCHoBHasi hopma op-
raHu3aumm XUBOWM MaTepuu: OHa ycBamBaeT nuuly, cnocobHa cyuiecTBoBaTb
N pacTn, MOXeT pa3fenuTbCsa Ha ABe, KaXaas U3 KOTOPbIX COOEPXUT reHeTu-
YeCcKun martepmarn, NWAEHTUYHbIN CXOOHOM KIeTKe.

Knetka — 9TO OAWH M3 OCHOBHbIX CTPYKTYPHbIX, (PYHKLMOHANbHbLIX W
BOCMPOU3BOAALLNX 31IEMEHTOB XUBOTO.
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Mexagy Knetkamu pacTeEHUN U XXUBOTHbLIX HET MPUHLUNMASTIbHOW pasHu-
Ubl MO CTPOEHUIO U (PYHKUMSIM, HEKOTOPLIE OTINYUSA JIULLb B CTPOEHUUN MEM-
OpaH 1 HEKOTOPbLIX opraHens.

3a 3 MnpA neT cyLecTBOBaHUS Ha 3emrie XNBOe BELLLECTBO pa3BUIOCh
A0 HEeCKOSTIbKMX MUSIIMOHOB BUAOB, HO BCE OHM — OT BakTepun OO BbICLUMX
XUBOTHbIX — COCTOAT U3 KneTok. CneunpuyHoCTb KIEeTOYHOro NoaypoBHs 3a-
KrtovaeTcs B cneyyanusanmmn KneTok.

B yenoBeyeckom opraHuame fo 10" kneTok. Monosbie knemku cnyxat
Ans pasMHOXEHUdA, comamu4yeckue (rped. soma — Teno) UMeKT pasHoe
CTPOEHME N PYHKUNKN (HEPBHbIE, MbILLEYHLIE, KOCTHbIE). KNeTkn oTnuyatoTcs
cBOMMUK pa3mepamu, popMon, KONMYECTBOM MOrMOLLEHHOIO KpacuTens.

Cpeaun XunBoOro ectb 00HO- U MHO20K/IeMOYHbIe op2aHU3Mbl. Bupychl
npeacTaBnaAtoT COOON HEKNeTOYHble OpraHm3aMbl, OHW PaA3MHOXaAlTCA B 4y-
XUX KrneTkax. HekoTopble BOAOPOCNU NOTEPASIM CBOE KIETOYHOE CTPOEHME.

Ha kneTo4YHOM ypOBHE MPOMUCXOOUT pasrpaHuYeHue u ynopsigodyeHue
NPOLIECCOB XN3HeOesATEeNbHOCTU BO BPEMEHU N MPOCTPaHCTBE, YTO CBSA3AHO C
NPUYPOYEHHOCTBLIO OYHKLMI K pasfiMyHbIM CYBKITETOYHbIM CTPYKTYpPaM.

KnetoyHas Teopus, unun umtonorus (oT rped. kytos. — cocypn, KneTtka),
CnoXxunacb Kak Hayka B TedeHue XIX B., koraa nosasunmce 6onee cosepLueH-
Hble MUKPOCKONMbI (€€ YacTO Ha3bIBaOT BMONOrMEn KIeTkn).

OcHOBa KNeTo4YHOM TEOPUN:

Kriemka — OCHOBHasi CTPYKTYpHas eguMHuua Teopun U eguHuua passu-
TUSA XKUBbIX OPraHN3MOB;

A0p0O — OCHOBHAA COCTaBNAOLWAsA KNeTKu;

KIemku pa3MHOXKXaromcs TONbKO AeNeHNeEM;

BCEM KIieTKam npucylie MmembpaHHoe CmpoeHue;

KIemo4yHoe cmpoeHue — CBUOETENbCTBO €4WHOro MPOUCXOXOEHUS
pacTUTENBbHOIO U XXMBOTHOrO MMpa.

CoBpeMeHHasa KneTovHasi Teopust UICXOAUT U3 eaMHCTBA pacySieHEeHHO-
CTWU MHOIOKNETOYHOro opraHnamMa Ha KfeTku U ero LesiloCTHOCTU, OCHOBaAHHOM
Ha B3aMMOAENCTBUN KITETOK.

Pasmepbl KNeTok namepsitoT B MUKpoMeTpax (MKM) 1 HAHOMeTpax (HM).
Hanpumep, comaTnyeckas XXMBOTHas KneTka cpegHux pasmepos numeet 10 —
20 MKkm B gnameTpe, pactutenbHass — 30 — 50 MKM; gnuHa xnoponsnacra
LBETKOBOro pacteHusi 5 — 10, 6aktepmum — 2 MKM.

Lnsa usydeHuUsi Knemo4yHo20 CMPOEHUST CBETOBbIE MUKPOCKOMbLI HE ro-
AATCA, TaK Kak Ux paspeluatolias cnocobHOCTb orpaHudeHa ONUMHOWM CBETO-
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BOW BOSIHbI (M3BECTHO, YTO YEM MeHbLle ANWHAa BOSHbl, TEM Bbllle paspe-
Larouwas cnocobHocTb). daxe dmMoneToBon NUHUN COOTBETCTBYET paspeLle-
Hue 200 HM, YTO HeOCTaTOYHO A5 U3YYEHUS KNETOYHbIX CTPYKTYP.

Bonee BbicOkOe paspelueHne 6bio 4ocTUrHyTO B 30-€ M. ¢ MOMOLLbIO
3/1IeKMPOHHO20 MUKPOCKOMNa. JNEKTPOHHbIM MUKPOCKOMN YCTPOEH MOYTU Kak
CBETOBOM, HO pOSib My4Ka CBETa B HEM UrpatoT ANEKTPOHbI. [My4OK anekTpo-
HOB obriagaeT BOMHOBLIMW CBOMCTBaMM, a AfIMHA BOJSTHbI 3NTIEKTPOHOB KOpoYe,
yeM y cBeTa. BMecTo OBbIYHbLIX NMH3 MCNOSb3YIOT ANIEKTPOMarHUTHble, Ha-
NpaBnsALME MYyYOK AMEKTPOHOB, KOTOPbIN BbINETaeT U3 3NIEKTPOHHON MYLLIKW.
Ha cpoTonnactnHke nonyyaetca nsobpaxeHne npeamera.

CoBpeMeHHOE eCTecTBO3HaHME YTBEPXKAAET, YTO K/lemkKa — 3mo camMo-
80CIpPoU38005LasACca xumudeckass cucmema, nNo3TOMy OHa AOSMKHa nogaep-
XnBatb GanaHc C OKpyXeHneM, norrowaTtb Te BeLecTBa, KoTopble TpebyoT-
Csl el B Ka4eCTBe «Cblpbsi», N BbIBOAUTb HapYXy HakannnBarLMecs «OTXO-
Obl», T.e. obecrne4ymBaTb romeocTas.

7.9. BuotexHonorumu

NMoHsaTMe GMoTexHonorum

B XXI B. 6uonorus BbICTynaeT Ha nepBble No3vUunM B €CTECTBO3HAHMUN.
OT0 06YyCrnoBneHo, Npexae BCero, BoO3pacTaHNEM €€ MPaKTUYEeCKUX BO3MOX-
HOCTEN, €e NpPOorpaMMUpPYHOLLLEN PONbI0 B arpapHoOn, MeauLMHCKON, 3KONOru-
YecKom 1 Apyrux cepax aesaTenbHOCTU, CNOCOBHOCTLIO pellaTh BaXXHenLWwmne
NpobnemMbl Xn3HeaeaTeNbHOCTN YenoBeka, B KOHEYHOM CHETE Aaxe onpene-
naTb cyabbbl YenoBeyecTBa (B CBA3U C nepcrnekTtnsamm 6GUOTEXHONOIMI, reH-
HOW MHXEHEepPUKN) 1 T. .

OaHon 13 BaXXHENLWNX OOPM CBSI3M COBPEMEHHOM BUonormm ¢ npakTu-
KOW sBNs0TCA BUOTEXHOMNOMNMN.

buomexHoroauu — 3TO TEXHONOrMYEecKne MNpoLeCcChl, KOTopble pearnu-
3yl0TCA C UCMNOSb30BaHNEM BUOMOMMYECKNX CUCTEM — XKUBbIX OPraHnM3MoB U
KOMMOHEHTOB XMBOW KNeTKN. Inu nHbiMn cnoBammn, GUOTEXHONOINMM CBA3aAHbI
C TEM, YTO BO3HUMKIO OMOreHHbIM NyTEM.

buotexHonormm ocHoBaHbl Ha NOCNEeAHUX OOCTMKEHUSX MHOIMMX oTpac-
nen COBPEMEHHOW Hayku: OU3NKKN, BUOXMMUM 1 BNOPU3NKKA, BUPYCONOrmn,
PU3NKO-XMMUN PEPMEHTOB, MUKPOBUOMIOrMn, MonekynsapHon Guonoruum, re-
HETUYECKON WHXEHEepPUN, CENEKUMOHHOW TEeHEeTUKU, XUMUN aHTUONOTUKOB,
UMMYHOSTOMMKU 1 ap.
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TepMUH «BNOTEXHONOIMSA» OTHOCUTENBHO HOBLIW: OH MOSTYYUST pacrpo-
cTpaHeHne B 1970-€ rr., HO YenoBeK UMen aeno ¢ GuoTexHonornaMmn n B ga-
nekomM npowusioM. Hekotopble GBUOTEXHONOrMYeckne NpoLecchbl, OCHOBaHHbIE
Ha NMPUMEHEHUN MUKPOOPraHM3MOB, YENOBEK UCMONb3yeT elle C ApeBHENLLNX
BpeMeH: B xneborneyeHun, B NpUroToBneHMN BMHA W NKUBa, YKCyca, Cblpa,
pasnn4yHbIX cnocobax nepepaboTKM KOXK, pacTUTESbHbLIX BOSIOKOH U T. 4.

CoBpeMeHHble DMOTEXHOSOMMNU OCHOBAHbI MaBHbIM 06pa3oM Ha Kyrb-
TMBMPOBaHUN MUKPOOPraHM3MoB (6akTepuin M MUKPOCKOMUYECKUX rpuboB),
XMBOTHbIX U PACTUTENbHbIX KNETOK, METOA4AaX reHHON UHXEHEepPUN.

OCHOBHbIMU HarpasfieHUs MU pa3gumusi co8peMeHHbIX buomexHOorsIo-
aul ssnawTca: 1) meguunHckne GuotexHonoruu; 2) arpodbmnoTtexHonornu; 3)
aKonornyeckme 6GUoTEXHONOIUMN.

HoBenwunm n BaXHeWWKUM OTBeTBIIEHMEM OBMOTEXHONOrMM ABNsSeTCA
2EHHasi UH)XeHepus.

B HacTosiLee BpemMsa BMOTEXHONOMNKU SABNAKTCA OOAHUM U3 BaXKHEMWLLUX
crnocoboB pelueHns akonornyecknx npobriem. OHU NPUMEHAIOTCH NS YHUY-
TOXEHUs1 3arpA3HEeHUN OKpyXKatlLen cpefbl (Hanpumep, O4YUCTKa BOAbl UIK
O4YMCTKa OT HEeMTHAHbIX 3arps3HEHWU), ONA BOCCTAHOBMEHUSI pa3pyLUEHHbIX
BroueHO030B (TPOMNYECKMX JIeCOB, CEBEPHOM TYHOPbI), BOCCTAHOBIIEHNA MO-
NynaumMm ncyesarwmx BUOO0B UMK akknnuMaTn3aumm pacTeHNN N XXUBOTHbLIX B
HOBbIX MEeCTax obutTaHus.

BroTexHonormm ycnewHo npUMEHSAIOTCA B HEKOTOPbLIX «3K30TUYECKUX»
oTpacnsax. Tak, BO MHOIMX CTpaHax MUKpoBHasi BMoTexHonorna ncnonb3yeT-
Cs1 AN NOBbILWEHUS HebTeoTAauN.

MHorne MmnkKpobuonornyeckne TEeXHOSNOrMM sBAATCS OYeHb ahdek-
TUBHbBIMU N NPU MNONYYEHNN LBETHbLIX 1 B1aropoaHbIX MeTasnoB.

B nocnenHee Bpemsi BO3HMKNA, ObICTPO M yCMNELLHO pa3BMBaeTCs HOBas
oTpacsb MPOMbILLIIEHHOCTU — mpaHceeHHass buomexHoio2usi, 3aHMMmatoLasn-
CHA KOHCTPYyMpOBaHMEM U NPUMEHEHMEM TPAHCIeHHbIX opraHn3mMoB. (Cendvac B
CLUA dyHkumoHupyet yxe 6onee 3 000 reHHO-MHXEHEPHbIX hupm).

NMoHsaTHMe 0 GUOHMKe

BuoHuka — aTo MexgucumnianHapHas cuctema 3HaHuin, KoTopasa nlyya-
€T BO3MOXHOCTU NPUMEHEHUS BUOsI02UYECKUX 3aKOHOMEepPHOCmel 8 3rekK-
MPOHUKe, MexXHUKe, KubepHemuke u OPYrMx OTpacnsax 4YenoBeyeckon Aes-
TenbHOCTU. BUOHMKa Kak cucTema 3HaHW 3apogunach B cepeauHe XX Beka.
daKkTUYeCKM e ee KOpHU yxoaaT B riybokyto nctoputo. OHa Bbipocna u3 3a-
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NPOCOB NPaKTUKN. TepMnH «BrnoHnka» nosisuncs B 1960 e. B pesynbTtate co-
YyeTaHMAa YacTen OBYX CMOB «BMONoOrnsa» n «3NeKTPoHUKa» (Unn «TEXHMKam).
He cny4yanHo ee ambnemon aBnseTcsa ckanbnenb U NasfbHUK, COeANHEHHbIE
3HaKoMm uHTerpana. [lesns 6uoHukn: «brnonormyeckne obbEKTbI — KMOY K HO-
BOM TEXHUKEY.

HanpaBneHus u nepcnekTuBbl BUOHUKN

PasymeeTca, OMOHMKa HEe CTaBUT CBOEW LEefblo NPOCTOe noAapakaHue
XmBbiM 0b6bekTam. OHa cnocobCTBYET pacKpbITUIO NPUHLMNOB 3PdEKTUBHO-
ro oyHKUMOHMPOBAHUS cucTeM. LleneHanpaBneHHoe ncnonb3oBaHme 6uono-
rMYecknx, U3NYECKUX U APYrMX 3aKOHOMEPHOCTEN MO3BOSIUT YESTIOBEKY CO3-
AaBaTb elle bornee coBepLleHHble YCTPOMUCTBA, MaLUMHbI U CUCTEMBI.

BuoHnka MOXeT NoOMOoYbL B peLLeHnn creayowmnx sagay:

e HakonneHue n obpaboTtka 6onbLWNX 06bEMOB MHGOPMaALMK;

e noBbleHne PYHKLUNOHANBHOCTKN, MMBKOCTU, NIACTUYHOCTM U HaOexX-
HOCTW 9NIEKTPOHHbIX 3IEMEHTOB, Y3S10B, YCTPOWUCTB U CUCTEM;

e CO3[aHue camoadanTUPYIOLLNXCA YCTPONCTB U CUCTEM;

e paspaboTka camonporpammmpyembix IBM;

e CO34aHMe NPUHUMNManbHO HOBbIX BUOOB TEXHUKMU;

e MWHMATIOPU3AUUS ANEKTPOHHBIX U3ZeNnn n ap.

Y npupoapl ewe ectb YTO 3aMMCTBOBAaTh. [1okaxkeM aTO Ha npumMepax.

TexHNn4Yeckne cUCTembl INEKTPUYECKOrO U MarHUTHOIO TUMOB MO3BOSIS-
0T HaKkannueaTb 3Hepruto ¢ nnotHoctamu ~ 10% n 10° Ox/m® cooTBeTCTBEH-
Ho. B Guonornyeckux obGbekTax gocTurarTcsi 3HadeHus ~107 — 1080x/m>.
Cepoue 4denoBeka, npeacrtaendwowee cobor XeMOo3NEKTPOMEXaHNYECKUN
Hacoc, B Te4eHue xm3Hu genaet okono 10° cokpaluenuit. Jlyywmne pykoTBop-
Hble Hacocbl JonyckaloT He Gonee 107 nepekmioveHUn. TeXHONOrns UHTe-
rpanbHOM MUKPOANEKTPOHUKM no3sonsieT B 1 cMm® pasmectTb Ao 10° ane-
MeHTOB. B TO e BpeMsi 4Mcno HepBHbIX kneTok B mo3ry ~ 10" cm®, a B oT-
nenbHbIX LeHTpax — Ao 10" cm®. Mepexon K HaHOTEXHOMOrMSIM MO3BOMUT
pewnTb NpobnemMy MuHuatiopmsaumm nsgenun. HagexxHoctb (OyHKLNMOHMPO-
BaHUs Guonormyecknx o6bLEKTOB obecneynBaeTcss CaMOBOCCTAaHOBIEHNEM U
CUCTEMaMKN MHOrokpaTHoro aybénupoBaHus paboumnx anemeHToB. Hanpumep,
3puUTenbHbIE 3NEMEHTblI Y YenoBeka MMEKT CTOKpaTHOE pe3epBuMpOBaHME.
BeposTHOCTb OTka3a Takoii cuctembl ~107%. [Ins coBpeMeHHbIX MaluuH 3Ta
BEPOATHOCTb HAMHOIO MEHbLLE.
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Takum obpas3om, BO3MOXHOCTM BUOHMKN eLle Aaneko He ncyepnaHol.
7.10. NMpupopa n akonorua
7.10.1. Obwue ceedeHus

Bce orpomHoe pasHoobpasune npupoaHbIX ycrnoBun Ha 3emrie HasblBa-
0T Cpenov XU3HWU. N3 Hee XuMBble OpraHn3Mbl nosiydaroT Bce Heobxoammoe
ANs KU3HM N B Hee BbIAensT NpoAyKTbl cBoero obmeHa Bewlects. Ha nna-
HeTe 3emnsa XMBble OpraHn3mMbl NPUCNOCOOMNNCH K OOUTaHUIO B YeTbIpex
cpenax XXM3HU: BOOHOW, Ha3eMHO-BO34YLLHOW, MOYBEHHOW U OpPraHN3MeHHOMN.

Jkonornss — 3To cucTemMa 3HaHUM 00 OTHOLLEHMAX COOBOLLECTB KMBOW
Matepum Mmexay cobom n cpefon obuTaHus, a Takke 06 oxpaHe OKpyXato-
LLen cpeabl U pauMoHanbHOM NMPUpPOoAonoSib30BaHUN.

OCHOBHOWM YacTblo 3Konornu, ee hyHaaMmeHToM sBndeTcs obLiasa 3Ko-
norusi, Kotopas nsyyaet obwme 3akOHOMEPHOCTU B3aMMOOTHOLLEHUI TOBbIX
XUBbIX OpraHM3MOB U NPUPOAHON cpeabl.

[MpegmeToMm n3ydeHus obLien 3KOoMNormm sIBNAKTCA OObEKTbl OpraHm3-
MEHHOro, nonynsauMOHHO-BMOOBOro, OuoLeHoTMYeckoro un BuocdepHoro
YPOBHEW OpraHmM3aunmn B X B3auMMOAENCTBUN C OKpYXXatloLLlen cpenomn.

JKonorma — 3To MeXxaguCcuMniiMHapHoOe HanpaBfeHUe UCCneaoBaHUM,
KOTOpoe npegnonaraeT U LWKUPOKO UCMONb3yeT KOMMMeKkcHbin nogxod. Kak
Hayka OHa OCHOBaHa Ha pasHbIX pasgeniax buonorum n TeCHo cBsa3aHa Cc apy-
MMM Haykamu (Hanpumep, ¢ punsnkon, XuMmen, reorpaduen, nCUXonornen,
negarormkoun, npasom). TONbLKO HA OCHOBE MHTErpaunm aTxX UCLUUNIIUH BO3-
MOXXHO NMPeoaoneTb TEXHOKPATUYECKYIO Napagurmy MblleHus!, BolpaboTaTb
HOBbIN TUM 3KONOrMYECKOro CO3HAHWUS, MbILLNEHNE, KOPEHHBIM 0bpa3om me-
HSOLLLEeEe NMOBeAEeHUE NoAen MO OTHOLWIEHWUK K npupoae. 3agadn, KoTopble
OHa peLluaeT, — MHOrorpaHHbl. ['1oCKOSbKY YenoBeK CBOeN AeATENbHOCTbIO ak-
TMBHO BO34ENCTBYET Ha 3eMsito, atTMocdepy, OKONO3EMHbIN U BIIMXKHUIA KOC-
MOC, crieqyeT roBopuTb 06 9KONOrMm COOTBETCTBYIOLLIETO OOBbEKTA.

OTmeTnm ocHoBHble 3agayn [10]:

1) nccnepoBaHue BINAHUA Ccpefbl Ha CTPOEHUE, XU3HeAeATEeNbHOCTb U
nosegeHne opraHM3mMoB,;

2) nccrnegoBaHne 3aKOHOMEPHOCTEN OpraHM3auumn Xn3Hu, B TOM Yucre
B CBAA3W C aHTPOMOreHHbIMM BO3AENCTBMAMM HA NPUPOAHbIE CUCTEMBI,

3) n3y4eHune 3KOSIorm4eckMx MexaHn3MoB agantaumm K cpeae;
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4) nccnegoBaHMe npoueccoB, NpoTekawwmx B buocdepe, C LENbO
nogaepXaHusi ee yCTonymBoCTy;

5) co3gaHMe Hay4YHOW OCHOBbLI pauMOHanbHOW 3Kchnyatauum npupoa-
HbIX PecypcoB, MPOrHO3MpOBaHNE U3MEHEHUN NpUpPoLbl NoL4 BNUSHUEM Les-
TEeNbHOCTU YesioBeKka 1 ynpasneHus npoueccamm B bmocgepe;

6) NPOrHO3MpPOBaHME M OLIEHKa BO3MOXHbIX OTpuLaTenbHbIX NOCNencT-
B B NPUPOLHOM cpefie Noj BIIMSIHUEM OEATENbHOCTU YEroBeKa;

7) onTMMU3aLmsi SKOHOMUYECKMX, MPaBOBbIX, COUManbHbIX U UHbIX pe-
WweHnn ona obecnevyeHna akonorndyeckn 6es3onacHoro, yCTomyMBoro passu-
VS,

8) BOCCTaHOBIieHWE HapyLEeHHbIX NPUPOAHbLIX CUCTEM, COXpaHeHue
9TaNoHHbIX y4acTKoB Bbruocgepbl;

9) cbopmmpoBaHME IKOSTOrMYECKOr0 MUPOBO33PEHUSA, Pa3BUTUE 3KOISO-
rMMYEeCcKOro CO3HaHUS 1 KynbTypbl Y Jl0en BCcex BO3pacToB 1 npodpeccun;

10) co3gaHne HOBbIX TEXHOSIOMMW, OCHOBAHHbLIX Ha MOHUMaHUK 3KOSO-
rMMYeCKMX BO3MOXHOCTEN JAaHHOIo pernoHa, ero cneumgpuyHocTu.

B coBpemeHHOWN 3KONoOrnyeckon Hayke BnusiHUe cpebl Ha OpraHuU3Mbl
0ObI4HO OLIEHMBAIOT Yepes pasfnnyHble OTAeNbHblIE 3KOTOrMyeckne akTopsbl
noA, KOTOPbIMU MOHUMAaETCHA Nbon 3rnemMeHT UM ycrosue cpedbl, Ha KOTO-
pble OpraHM3Mbl pearvpyrT MpucnocobuTeribHbLIMA peakumMsaMmn unn aganta-
unamun. Kaxgas u3 HasBaHHbIX cpel ObuTaHus OTINYaeTCs XapaKTepHbIMU
0COBEHHOCTAMM BO3LOENCTBUSA COOTBETCTBYHOLLMX SKONOMMYECKUX (PaKTOPOB.
[Mpy aTOM BCe MHOroobpasme Takux IKONOrM4eckmux hakTopoB pasgenstoT Ha
Tpu rpynnbl: abrnoTmnyeckme, BUOTUYECKME N aHTPOMOrEeHHbIE.

K abuoTtnyeckmum caktopam OTHOCAT KOMMOHEHTblI HEXWBOW NpUpOLbI:
Knumatundeckne (Temnepartypa, BNaXxHOCTb, BeTep, CBET, OaBreHne U gpy-
rme), reosiormdyeckme (3emMrneTpsiCeHUsl, U3BEPXEHUS BYINKAHOB, OBWXEHWe
NeJHUKOB, PaguoakTUBHOE WU3NyyYyeHue W Apyruve), fnoYBeHHble (NSIOTHOCTb
noyBbl, €e CTPYKTypa W COCTaB), rugposiorndyeckme (Boda, TedeHue, core-
HOCTb, AaBNeHne) n pag apyrux.

K 6noTnyeckum OTHOCATCA (pakTopbl XMBOW MNpUPOLbl: (PUTOrEHHbIE
(BNUSIHME pacTeHuin), 300rEHHbIE (BNUSHUE XUBOTHbLIX), MWUKPOOOreHHbIE
(BNMSAHNE MUKPOOPraHNM3MOB), MUKOFEHHbIE (BrnsSHUE rpuboB).

AHTpPOMNOreHHble akTopbl OOYCMNOBMNEHblI YefloBEYEeCKOW AeATerlbHO-
ctbto. OHa npmBOANUT, 0COBEHHO B MoOcCreaHne AecATUNeTUd, K cepbes3HbiM
n3mMeHeHnsa B buoreoL,eHoO3ax.
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JKornornyeckme pakTopbl MOryT OKasblBaTb Ha >XMBble OpraHuU3Mbl
npsiMoe OENCTBME N KOCBEHHOE, NOMOXUTENBHOE M OTpULAaTESNbHOE; OHU 00-
nagarT pasnnyHon N3MEHYNBOCTBIO BO BPEMEHU N B NPOCTPaHCTBE.

B nocnegHue rogbl coopmMmpoBanocb HOBOE HanpaBlieHNe — 3K0s102U-
yeckasi 6e30rnacHoCcmpb — 3TO COCTOSIHME 3aLUULLLEHHOCTU NPUPOLHON cpenbl U
KU3HEHHO BaXHbIX MHTEPECOB YenoBeka OT BO3MOXHOMO0 HEeratMBHOrNO BO3-
AEeNCTBNA XO3SANCTBEHHOM U MHOW OeATEeSNIbHOCTU, Ype3BbldauHbIX CUTyauum
NPUPOAHOrO0 M TEXHOFEHHOrO Xapakrtepa, WX MNocneacTBui. AKTyanbHOCTb
aKosiornyeckom nNpobnembl cUnbHO obocTpunack B cepeamHe XX Beka. Oby-
CNOBIIEHO 3TO HAY4YHO-TEXHMYECKOW PEBOSIOLMEN U YBENTMYEHUEM ISHEPrO-
BOOPY>XEHHOCTN YerioBeyecTBa. MOLWHOCTbL U SHEPTUS PYKOTBOPHBLIX (aHTPO-
NOreHHbIX) OOBLEKTOB N U3AENUA B psige CriydaeB He TONbKO AOCTUrMAa, HO U
npeB3oLla COOTBETCTBYOLWME NapamMeTpbl eCTEeCTBEHHbIX NPOLECCOB U UC-
ToYHUKOB [19]. Okasanocb, YTO Hay4YHO-TEXHMYECKasi PEBONIOLMS, POCT AHEP-
rOBOOPY>XEHHOCTWN YerioBeKka He TOSNbKO OrpoMHoe 6niaro, Ho 1 6ornblias be-
aa. lNMapagokcanbHO, YTO MOryWecTBO — 3TO HE TOSIbKO 3aBOEBAHME, HO U
onacHocCTb rnobanbHoro macwraba. MorywectBoM Hafo y4UTbCA pasyMHO
nonb3oBaTtbcs. Kaxabin Xutenb 3eMnu OOMKEH U3MEHUTb CBOM MbILLfEHNE
N OEeUCTBMSA B HanpasneHnn 6epexxHoro oTHoweHus K MNpupoae. B naeane oH
AO0IKeH npeBpaTnTbL 3eMII0 N FeOKOCMOC B cipepy pasyma — Hoocdpepy. No-
9TOMY CTpaTerM4yeckom 3agaden 3Konornm ABnseTcs passutve Teopun B3au-
MoaeuncTeusa npmpodbl n obLlecTBa Ha OCHOBE HOBOroO B3rnsga, paccmartpu-
BaloLLLEro YenoBeyeckoe 06LLECTBO Kak HEOTbEMIEMYIO YacTb Brocgepbl.

JKOSorna ncnonb3yeT WUPOoKMin Habop MeToaoB uccnegoBaHus. Meto-
Abl 3KOSTOrMYECKNX UCCneaoBaHnn — 3TO NyTU U CNOCOBbLI N3yYeHUs1 SKONOrn-
YeCKUX SIBfIEHUI, KOTOPbIE NoApasaenatnTca Ha nonesble U nabopaTopHbIE.

[Nonesbie Memodbl n cnocobbl NpeanonaratT N3ydeHne 3KONOrMYecKmx
NPOLLECCOB U sIBNEHU B npupogHon cpege. C nx nomMoLbio BO3MOXHO ycTa-
HOBUTb B3aMMOCBSI3M OpPraHnM3MoB, BMAOB M COOOLLECTB CO Cpedow, BbisiC-
HUTb OOLLYIO KapTUHY PasBUTUA U XN3HEOEATENbHOCTN BUOCUCTEM.

JlabopamopHbie MemoOb! N cnocodbl NPUMEHAIOTCS BO BpPeMsi NpoBe-
AeHust paboT B nabopaTopHbIX YCIOBUSAX, OHU NepecekarnTcss ¢ MeTogamum U
cnocobamm NoneBbIX UCCIeJ0BaHUNA.

BaxxHoe MecTo B 3KONormm oTBoaAMTCS MeToay moaenuposaHuda. Moge-
NMpoBaHMe — 3TO MeTo ONocpeaoBaHHOIO NPAKTUYECKOro U TEOPETUYECKOrO
MaHUNyNMpoBaHNA OOBLEKTOM, KOrga MccrenyeTca He caM UHTEepPECyHoLmin
yenoBeka OObLEKT HenocpeacTBEHHO, a BCroOMoraTernbHasi, UCKYCCTBEHHas
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NN ecTecTBeHHas cuctemMa (Mogerb), KoTopasa onpeaeneHHbIM OCHOBHLIM
COOTBETCTBYHOLLAA CBONCTBaM pearnbHOro obbekrta. Bcskas mogenb, Kakon
Obl NOSHOM OHa HW Obina, Bcerda ynpolwieHa M oOblYHO OoTpaXkaeT obLuyto
CyTb npouecca.

MoHumopuHz okpyxarouwel cpedbl — 3TO KOMMSEeKCHaa cucrtema Ha-
OGnto4EHNN 3@ COCTOSIHMEM OKpYXKatollen cpedbl, OUEHKM M MPOrHo3a mame-
HEHWI ee COCTOSAHUSA No4 BO3OEeNCTBMEM MPUPOLHLIX U aHTPOMNOreHHbIX hak-
TOpOB. B 3aBMCMMOCTIN OT CTENEHN BbIPAXXEHHOCTU aHTPONMOreHHOro BO34em-
CTBUSA pasnnyatoT POHOBbLIN U MUMNAKTHBLIM MOHUTOPWHT.

®oHos8bIl (6a308bIli) MOHUMOPUH2 — 3TO HabnaeHne 3a ecTecTBEH-
HbIMWU MPUPOLHBbIMU ABFIEHUSAMU U MpoLeccaMmu, NpoTekalwwnMmn B eCcTecT-
BEHHOM obcTaHoBKe (6€3 aHTPONOreHHOro BAUSIHUS).

UmrniakmHbIl MOHUMOPUH2 — 3TO CrieXeHue 3a aHTPOMNOreHHbIMU BO3-
AeNncTBMSMN B 0COB0 onacHbIX panioHax u 30Hax.

B 3aBucumocTn oT macwtaboB HabMoOEHUA pasnuMyadT MOHUTOPUHT
enobarnbHblIl, peauoHanbHbIlU U fI0KasbHbIU. TNobanbHbIn MOHUTOPUHT Npea-
nonaraet HabnwgeHna 3a pasBUTMEM OBLLEMMPOBLIX BUOCHEPHLIX MpoLec-
COB U SABNEHUN; perMoHarbHbIi MOHUTOPUHI — HabnaeHNsa 3a NPUPOAHLIMA
M aHTPOMNOreHHbIMU NpoLeccamMn 1 SBAEHUSMN B npefenax Kakoro-to onpe-
AENEHHOro pernoHa; nokarnbHbli MOHUTOPUHI — HabngeHust B npegenax
HebOoMbLION TEPPUTOPUN.

7.10.2. CoepeMeHHbIe 3Kos1o2udecKkue npobremsi

CoBpeMeHHble 3Konornyeckne npobnembl B OCHOBHOM OOYCIOBEHbI
aHTPOMOreHHbIMM BO34ENCTBUSIMW Ha Npupoay AesATenbHOCTU Noaen, KOTo-
pble CBsI3aHbl C peanusaumnen pasnnyHbIX 3KOHOMUYECKUX, PEKPEALNOHHbIX,
BOEHHbIX, KyNbTYPHbIX U OPYrMX UHTEPEeCOB YenoBeka. [1o cBoemy xapaktepy
OHW MOrYyT ObiTb MOMOXUTENbHBIMU W OTPULATENBbHBIMW, ANUTENbHLIMU Y
KpaTKOBPEMEHHbIMU, LieneHanpaBneHHbIMU U CTUXUAHBIMU, TOYEYHBIMU U
nrnowaaHbIMK, rmobanbHbIMU, PErMoHanbHbBIMU 1 NOKanbHLIMU.

B HacTosiLlee BpeMsi U3 Yncria OCHOBHbIX rMoGanbHbIX 3KONOMMYeCcKnx
NpoGneM Yy4yeHble BbIAENAKT Takue: «NapHUKOBbIN 3PdeKT», UCTOLLEHME
030HOBOIO CIOSl, «KUCIOTHbIE OcadKkuy», Npobnemy yTunmusauum OTXO4oB, 3a-
rPSI3HEHME OKpYXKaloLwen cpefbl, ONycTbiHUBaHWE, Aerpagaunto noysbl, 3po-
310 NOYBbI, BbIpYOKY 1ecoB, COKpallleHMe YUCINEHHOCTU M BbIMUPAHUE KU-
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BOTHbIX, W3MEHEHME KnumaTa, MUCTOLLEHWEe NPUPOLHbIX pecypcos, 3aborne-
BaeMOCTb HaceneHus, poToOXMMNYECKUIA CMOT U Ap.

HepaumoHanbHoe npnpoaonosib30BaHNE YeNoBEKOM MOXET NPUBOOUTb
K 9KOSOrMYeCcKoMy KpPU3UCY M IKONOrMYeckon KaTtacTpodphe. DKonornvyecknm
KPU3MCOM Ha3blBalOT 3KOSormyeckoe Hebnaronosnyvme, KOTOPOe XapakTepu-
3yeTcs YCTONYMBBIMU OTpUUATENbHBIMU U3MEHEHUSIMN OKpY>XKatoLen cpeabl
N NpeacrasnseT yrposdy Ans 340pOBbs NOAEN U XKUBOTHbLIX. OKONOrMYeCcKon
kaTacTpodon (3Konornyeckum 6eacTBMEM) Ha3bIBalOT dKONormyeckoe Hebna-
ronosnyyne, KOTopoe XxapakrepusyeTcs HeobpaTUMbIMU U3MEHEHUSIMU B OK-
pyXaroLlen cpefe 1 CyleCTBEHHbIM yXyLeHneM 300P0OBbs HAaceneHus.

Cpeaun OCHOBHbIX COBPEMEHHbIX rNobanbHbIX 3KONOrM4Yecknx nNpoodnem
KpaTKO OTMETUM criegytoLiue:

1) NnapHUKOBLIN 3PPekT — npeacTasnsieT cobon pasorpeB HUXKHUX CNo-
eB aTtMmocepbl 3eMnun BCReacTBMe ee CnocOBHOCTM nponyckaTb KOPOTKO-
BOJSTHOBYIO COSTHEYHYIO paamaumio, HO 3aJepXunsaTb ASIMHHOBOMHOBOE TENs1o-
BOE W3NnyyeHMe 3eMHOM MoBepxHOCTU. ATMocdepa nponyckaeT K 3emne
BbonbLuyto YacTb nanydeHust ConHua, ogHako n3-3a Hannuna B HEW NapHMKO-
BbIX ra3oB (guokcuaa yrnepoga, peoHa, OKCMOOB a3oTa U Ap.) Npu 3TOM
CYLEeCTBEHHO 3afepXmBaeTcsd obpaTHoe TennoBoe M3fyYeHne 3eMHOWN Mo-
BEPXHOCTWU. NMapHMKoBLIE rasbl 06pa3ytoT Kak Obl NPO3paYHyO0 Kpbllly NapHU-
Ka Hag nnaHeToun, u 6onbliasa YyacTb n3nyvyaemoro 3emnen Tenna Bo3spalla-
eTcsa obpaTtHo. Npu 9TOM NPOUCXOANT HaKOMMEHNE TEMNNOBOM IHEPTUN CIOAX
aTMocdepbl BONN3M NOBEPXHOCTU 3eMnn TEM UHTEHCMBHEE, Yem Bonblue B
HUX KOHUEHTpauuMs NapHUKOBbLIX ras3oB. [ns 4YenoBe4vyecTBa M BCEro XXMBOrO
Ha nnaHeTe oTpuuaTernbHble NOCNeACTBUA NAapHMKOBOro adpdpekTa 3akroya-
I0TCA B NOBbILWEHUM YPOBHA MUPOBOro okeaHa B pesynbTaTe TasHUs fbAoB,
yBENUYEHUN KONMYecTBa OCafKoB, U3BMEHEHUN HanpaBfieHW BETPOB, OKea-
HUYECKNX TEYEHWNI, MNOBbILLEHNN TEMNEPATYpPbl, NOTENNEHUN KNumaTa 1 ap.;

2) KACINOTHbIE OCaKkn — 3TO NOble aTMOcdepHbIe ocaakn (AoXau, Ty-
MaHbl, CHEr), KUCIIOTHOCTb KOTOPbIX MNpeBbiaeT HopMasrbHYk. KnCnoTHble
CBOWCTBaA cpenbl onpenenatTca MoOHaMn BOOOPOSOB — C POCTOM KOHLIEHTpa-
UMM BOAOPOAHLIX MOHOB B pacTBOpE pacTeT €ro KUCMOTHOCTb. [Onsa knaccu-
dourKaLmMm KOHLEHTPaLMN MOHOB BOAOPOAA NPUMEHSIOT €ANHULbI BOOOPOAHO-
ro nokasarens — pH. LWkana pH nameHsietca ot 0 (KpanHe BbiCOKasi KUCIOT-
HOCTb) Yepe3 7 (HenTpanbHas cpefa) oo 14 (kpanHe cunbHas WEenoYHOCTb).
B okpyxatoLwern npupoae B KUCMOTHBIX Ocadkax 4acTo coaepXaTcsa pacTBOpbI
CEpPHOU, a30THOM M OPYrMX KUCIOT, B KOTOPbIE NpeBpaLlaeTcs Brnara Bo3ayxa,
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nornoLas CepHUCTLIM N apyrmve rasbl, cogepxawmecs B Bo3gyxe. KNncnoTHole
ocaku yrHetatoT Nobyto pacTUTENbHOCTb, CHUXKAKOT YPOXaMHOCTb CEeNbCKO-
XO3AMNCTBEHHbIX KynbTyp, NPMBOOAT K 3aKUCIEHNIO BOLOEMOB, YTO Bbi3blBaeT
rmbenb UKpbl, MarnbKoB, NNAHKTOHAa, BO4OPOCHEN U pbIb;

3) paspyLleHne 030HOBOro Crosd — Crnosi aTMocepbl C NOBbILWEHHbLIM
cogepxaHuem o3oHa. KoHueHTpauus o30Ha B HEM OYEeHb HU3Kas U TOmLwuHa
ero Hebonbwaa. O30H nornowaeT KOPOTKOBOSIHOBOE YrbTpaduoneTosoe
nanydyeHne ConHua, NnpeaoxpaHsis XuBble OpraHu3Mbl OT ero rybutenbHoro
Bo3gencTeus. Cumtaetcs, YTO OCHOBHOM MPUYNHON BO3HUKHOBEHUSI «O30HO-
BbIX ObIp» ABNAETCHA 3HAYUTENbHOE coaepXaHue B atmocdepe (PpeoHOoB —
BbICOKONETYYNX XUMUYECKN MHEPTHbLIX Y 3€MHOWN MOBEPXHOCTU BELLECTB, KO-
TOpble WNPOKO MPUMEHSIOTCS B NPOM3BOACTBE U ObITy B KadecTBe xnajoa-
reHToB, pacnbinutenen, neHoobpasosartenen. B pesynbtate oToxmmmye-
CKOro pasrnoXeHusi (peoHOB B BEPXHUX CIosIX aTMocdepbl obpasyeTcst Ok-
cug, Xnopa, KOTOPbIN WHTEHCMBHO paspyllaeT 030H. PAn y4yeHblx, ofHako,
CUMTAOT €CTECTBEHHbBIM MPOUCXOXOEHME «O30HOBOW Ablpbl», KOTOPOE 00Yy-
CITOBJIEHO €CTECTBEHHOW U3MEHYMBOCTLIO 030HOCEPDLI, LNKINYECKON aKTUB-
HocTbto ConHua, npoueccamun gerasaumm 3emnu 1 gp. MictowleHne 030HOBO-
ro cnosi NpuBoanUT K Bonee BbICOKMM YPOBHSAM YNbTpadononeToBoro usnyye-
HUS HA MNOBEPXHOCTM 3emnn, YTo cnocobCTBYET YBENMYEHNIO CyvYaeB 3abo-
neBaHUM PakOM KOXMW, CHUDKEHUIO MPOOYKTUBHOCTU CENbCKOXO3ANCTBEHHbIX
KynbTyp, 3aMeasfieHunio npouecca PoToCUHTE3a B pacTeHUsIX U Ap.;

4) npobnema yTunuMsauum OTXOAOB, T.€. HEUCNOSb3yeMbIX OCTaTKOB
Cblpbsi, Matepuanos, nonygabpmkaToB, UHbIX U3OENUA U NPOLYKTOB, KOTO-
pble obpasyoTca B npouecce Npon3BoaCcTBa NPOAyKUMKM Unn ee notpebne-
HUS. [lo arperaTHOMY COCTOSIHUIO OTXOAbl OENATCA Ha Xuakue, TBepable U
raszoobpasHble. 1o npomncxoxaeHnto oTxoabl KnaccuduumpyroT Ha GbiToBbIE
(KOMMyHanbHbIE), NPOMBbILLIIEHHbIE, CENTbCKOXO3ANCTBEHHbIE, CTPOUTENbHbIE,
pagnoakTmeHble 1 ap. Hanbonee cepbesHbie akonornyeckne npobrnemsl CBS-
3aHbl C ONacHbIMN OTXO4aMK, KOTOpble codepXaT B CBOEM COCTaBE BELLECT-
Ba, obrnagatowune onacHbiIMM CBOMCTBAMM — TOKCUYHOCTb, B3pPbiBYATOCTb,
MHJEKLUNOHHOCTb, NOXapoonacHOCTb U T. 4., N NPUCYTCTBYIOT B KONMYECTBE,
OMacHOM 119 XWUBbIX OPraHM3MoB N NPUPOAHON cpenbl. B akonoruun Boigens-
0T YeTbIpe Kracca onacHOCTM oTxXo4oB: 1 — BewecTBa (0TX0A4bl) Ype3Bblyam-
HO ornacHble, 2 — BellecTBa (OTX04bl) BbICOKOONAaCHbIe, 3 — YMEPEHHO onac-
Hble, 4 — ManoonacH.le.
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OTxoObl ABNATCSA UCTOYHMKOM 3arpsi3HEHUs aTMOCGEPHOro BO3ayxa,
NOA3EMHbIX M MOBEPXHOCTHBIX BOA, MOYB M pacTUTenbHOCTW. [lonroe Bpems
(NnpaBga, 3TO YacTo BCTpedaeTca M cendvac) npobrnema OTXOA4OB pellanacbh
NPENMYLLECTBEHHO WX YHUYTOXEHMEM — 3aKanbiBAHWEM WU CXUTAHUEM.
YBenuyeHne 3arpsisHeHust cpefbl Ha NepBbI NNaH BbIBOAWUT 3KONIOrMYeCKn
bonee npuemnemble Mepbl YCTPAHEHNA OTXOA0B — UX COPTMPOBKY U MOBTOP-
HOEe MCNONb30BaHME, TO €CTb PELMKITMHI, a Takke UCMNOoNb30BaHWE ManooT-
XOOHbIX TEXHOMNOMMIN (MPWN KOTOPbLIX BpedHOEe BO3OENCTBUE Ha cpeny He npe-
BbllLAeT AOMNYCTUMOrO CaHUTaAPHO-TMIMEHNYECKMMN HOPMaMu YPOBHS, MNpU
9TOM 4acTb CbIpbsi M MaTepuarnoB NepexoauT B OTXOAbl, HaNpaBnsieMble Ha
nepepaboTKy unn 3axOpoHeHue). B HacTosuiee BpeMsi ogHa U3 OCHOBHbIX
KOHLENUMA MUHUMU3aLMM OTXOAOB B Pa3NMYHbIX OTPACNAX NPOMbILLSIEHHO-
CTV COCTOUT B TOM, YTO MMHMMMU3ALNA MOXET OblTb JOCTUTHYTA CrneayLWnMm
cnocobamu: ycoBepLUEHCTBOBAHMEM TEXHOJTOMMYECKNX NPOLECCOB B Harnpae-
NEHUN COKpaLLEeHUs KONMYecTBa OTXOAOB; peumknnsaumen otxogqos (ocober-
HO B npouecce nx obpasoBaHus), X nepepaboTKon B Nosie3Hble NOBOYHLIE
NPOAYKTbl; CHMXEHNEeM O0OBbEMOB M TOKCMYHOCTW OTXOOO0B ANsi obreryeHus
nocrneyLero yaaneHms u nepepaboTku.

3arpsaisHeHMe OKpyXxarLlien cpeabl

[[MaBHLIM M CaMblM pacnpoCTPaHEHHbIM BMAOM OTPULATENBHOINO BO3-
AEeNcTBMs YyenoBeka Ha Buocdepy B HacTosLLEee BPEMS SIBMSETCS 3arpsidHe-
HWe, NoA4 KOTOPbLIM NOHMMAIOT MNOCTYNMEHNe B NPUPOLHYIO Cpeay BellecTBa U
9Heprun (cocTtas, CBOMCTBA, MECTOMOSIOXEHNE NN KONTMYECTBO KOTOPbIX OKa-
3blBalOT OTpuLUaTeNbHOE BO3OENCTBME HA OKPYXKaloLLYH cpedy) B KONM4yecT-
Bax, BpeaHbIX ANsi 300POBbS YENOBEKa, KMBOTHbIX, COCTOSIHUS PacTEHUN U
9KOCUCTEM.

B akonornm pasnuyatoT gBa pasHbiX Mo MPOUCXOXOEHMIO BUAA 3arpsis-
HEHWUS: eCTECTBEHHOE, KOTOPOE BO3HMKAET B pe3ynbTate OeNCTBUA NPUpoa-
HbIX sIBNeHnn 6e3 yyacTtnsa nogen, n aHTponoreHHoe, KoTopoe obycnaenunea-
eTcsa Yyenoseyeckon gesaternbHocTbo. OCHOBHOWM COCTaAaBHOWM YacTbio nocnea-
Hero sIBMSeTCs TEXHOreHHoe 3arpsi3HeHne, 0OyCnoBrEHHOE AEATENbHOCTLIO
NPOMbILLSIEHHbBIX MPON3BOACTB.

Mo arperaTHOMYy COCTOSIHUIO BCE 3arpsi3HsitoLLIME BelecTBa aHTpOno-
FEHHOro NMPOUCXOXAEHMS NOAPA3AENATCA Ha TpW rpynnbl: TBEpAbIE, Xuakme
1 razoobpasHbie.
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Mo npupone 3arpasHuTenen BblAeNAT Takne Buabl 3arpsisHeHus: 6uo-
nornyeckoe (NnaToreHHble MUKPOOpPraHn3aMbl, NPOAYKTbl FEHHOW UHXEHEPUUN U
apyrue), xmmumyeckoe (3arpasHeHune buocdepbl nectuuugamn, TSXKeNbIMU
MeTannamMmm, nnactmaccamu, OTAENbHbIMU XUMWYECKMMU BELLECTBaAMU W
anemeHtamu), uamyeckoe (LLymMOBOe, TEMSIOBOE, 3MEKTPOMArHUTHoOe, pa-
ANaLNOHHOE).

Mo TeppuTopManbHOMY (MU NPOCTPAHCTBEHHOMY) MPU3HaKY paccMmart-
pUBaIOT BMAObI 3arpsisHeHus: rnobanbHoe, pernoHanbHoe, fokanbHoe (Ha He-
BbonbLuon TeppuTopUN).

Mo ob6bekTam 3arpsisHeHUs BblAeNsAOT: 1) 3arpa3HeHne aTMocdepHOro
BO34yXa; 2) 3arpa3HeHne NOBEePXHOCTHbIX M NOA3EeMHbIX BOg (rmgpocdepsbl);
3) 3arpsisHeHue nouys; 4) 3arpsaA3HeHMe MUPOBOro OKeaHa; 5) 3arpsisHeHue
OKOSI03€MHOI0 KOCMWYECKOro NPOCTPaHCTBA; 6) 3arpsi3HEHNE NOBEPXHOCTU U
rny6uHbl 3emnu n gp.

B HacTodwee Bpemda Hambonee onacHbIMW MOCNEACTBUAMU BINSHUS
YyerioBeka Ha royebl (noYsa — 3TO PbIXIIblA NOBEPXHOCTHLIN CIOW 3€MHOM KO-
pbl, KOTOPbIN oOpasoBancs B pesdynbTate AMUTENbHOIrO BO3AENUCTBUSA HA JU-
Tocdepy aTMocepsbl, BOAbl, XXMBOTHbLIX U pacTeHnin. COCTOsIHME MOYB, FPYH-
TOB MMEET BaXXHeNLLee 3Ha4YeHne) ABNATCA: 3p03usl, 3arpsisHeHne XumMmnde-
CKMMM BeLlecTBaMu U nectuumgamu, sacorieHue, 3abonadnmBaHue, nsbaTne
NoYB Mo pasfnnyHble coopyxeHus. OTMETUM, YTO 3P03uns NoYBLI BbiBaeT ec-
TECTBEHHOW (MNW reoniorMyeckomn) YCKOPeHHoW. locneaHas BO3HMKAET noA
BIIMAHMEM AHTPOMNOreHHOW OeATENbLHOCTM NIDAEN N YacTo ee HasblBaloT pas-
PYLUNTENLHOMN.

AHTpOMOreHHoe 3arpsaA3HeHne ammocgepHo20 8030yxa CBSA3AHO C Bbl-
Bpocamun pasnUYHbIX 3arps3HSOLWNX BELLECTB B pe3yrbTaTe OeATeNIbHOCTU
nogen. Mo ceoMm macwtabam OHO CyLLECTBEHHO MPEBOCXOAUT NPUPOAHOE.
Takoe 3arpssHeHNE MOXET BblITb:

1) MECTHbIM — XapaKTepuayeTcsl NOBbILLEHHbIM COAEP)KAHMEM 3arpsia-
HAIOLMX BELLECTB HA HEDBONbLLUNX TEPPUTOPUSX;

2) pernoHarnbHbIM — KOrga nof ero Bo3gencTsne nonagatoT GonbLuve
NpOCTpaHCTBa NMaHeThI;

3) rnobanbHbIM — CBSA3aHO C U3BMEHEHUSIMU BO BCen aTMocdepe.

XapakTtep n cTeneHb 3arpsi3HeHNs aTMocepHOro Bo3ayxa 3aBUCUT OT
XUMNYECKOro COCTaBa, KONM4ecTBa BbIOPOCOB BpeAdHbIX BELLECTB, OT BbICO-
Tbl, HA KOTOPOW OCYLLECTBIAKTCSA BblOPOCHI, OT NOroAgHbIX U KIIMMaTUYECKUX
YCrOBUI, KOTOPbIE ONpeaensatoT NepeHoC, paccenBaHne 1 npespaLLeHmne Bbl-
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OpacblBaeMblix BpeaHbIX BewecTB. B nocneaHue gecatunetusi ocoboe Mecrto
cpean WUCTOYHMKOB 3arpsi3HEHUS1 aTMocdepbl 3aHMMaeT XMMuyeckas npo-
MbILLSIEHHOCTb. B pesynbTate OeAaTenbHOCTU XMMWYECKUX NPOM3BOACTB B
aTMmocepy noctynaeT 60nbLIOe KONMYECTBO AMOKCMAA Cepbl, CEpOBOLOPO-
Aa, OKCuaoB asoTa, YrreBogopoaos, ranoreHoB 1 apyrnx selects. OHM Mo-
ryT BCTynaTb B XMUMUYECKME peakunmn gpyr ¢ Apyrom, obpasys BbICOKOTOKCUY-
Hble coenHeHusi. BmecTe ¢ TyMaHOM M HEKOTOPbLIMU APYrMMU NPUPOOHLIMU
SIBIEHUSIMW B MecCTax MOBbILWEHHON KOHLEHTPaUMM XUMUYECKUX BELLECTB
BO3HMKaeT poToxXxnmMmndecknn cmor. B nocnegHue aecatmnetTnsa CywecTBeHHO
BO3pOCAN CyMMapHble BbIOpOChl B aTMocdepy OT aBTOTpaHcrnopTa — B pas-
HbIX ropodax uMx gonda coctaBnseTt oT 45 no 85 % 3arpasHeHuMsa Bo3gyxa.
Bcneacteue atoro okono 30 % ropoackoro HaceneHusa cTpaHbl AbllaT BO3-
AYXOM, B KOTOPOM KOHLIEHTpaunsa BpeaHbIX BELLECTB NpeBbIaeT caHUTapHoO-
rmrmeHnyeckme Hopmatmebl B 10 1 6onee pas.

Hanbonee 3HaunTenbHoe 3arpsisHeHne a2udpocghepbl Ha NnaHeTe Bbl-
3bIBAE€TCS MHTEHCUBHbLIM Pa3BUTUEM MNPOMBbILLIIEHHOCTN, TpaHcnopTa, nepe-
HaceneHMeM pPermoHoB MMNaHeTbl, TO €CTb aHTPOMOreHHOM AEeATENbHOCTbLIO
yenoseka. [1pn aToM Hanmbornee WUHTEHCMBHOMY aHTPOMOreHHOMY 3arpsiHe-
HUIO NOABEpPrarTCs NOBEPXHOCTHbIE BOAbI Cywwn. CYMTaeTcs, YTO HE MeHee
CUIbHO B NOCneaHne OecAaTuneTust 3arpsai3HaTCs HEPTAHbIMM NPOMbICTIaMu
N NpeanpusaTnaAMn ropHo-godbiBaoWwen NPOMBbILLIIEHHOCTH, LUaKOHaKoNUTe-
naMuM 1 oTBanamu MeTannyprmyecknx 3aBogoB, XPaHUULWAMU XUMUYECKUX
OTX0O0B M yoobpeHuin, ceankamm, XXMBOTHOBOAYECKMMWN KOMMSIEKCaMK, KaHa-
NN3aUNOHHBIMU CTOKaMWN HaCenNeHHbIX MYHKTOB N NOA3EMHbIE BOAbI.

B HacToslee BpeMs Ha Hawewn nnaHeTe rmaBHbIMU UCTOYHUKAMU 3a-
rpsisHeHNa rugpocdepbl ABNAOTCA: 1) XO39NCTBEHHbLIE N ObITOBbIE CTOYHbLIE
BOAbl; 2) NPOMBbILUSIEHHbIE CTOYHbIE BOAbI; 3) BOOHLIM TPAHCNOPT; 4) CenbCcKo-
X03SMUCTBEHHbIE NONS; 5) KpynHble XXMBOTHOBOAYECKNE KOMIMMEKCHI N hepMbl;
6) yTeukn HeddTM N HedPTENPOAYKTOB; 7) CTOKM C TEPPUTOPUN HACESIEHHbIX
NYHKTOB M MPOMbILMEHHbIX NAowanok; 8) gpeHaxHble BOAbl C OpOLLUaeMbIX
3emerb.

OCHOBHbIMK BMAAMU 3arpsi3HEHUN TMAPOCAEPLI CUMUTAIOTCH: MEXaHU-
yeckoe, M3NYECKOe, XMMUYECKoe, OpraHmyeckoe, Guonorumyeckoe, Tenno-
BOE, paAnNOaKTUBHOE.

B nocnegHue rogbl B CBA3M C ObICTPLIM POCTOM HEKOTOPLIX OTpacneu
NPOMBILUNIEHHOCTN U YBENUYEHNEM HapoJOHACENEeHUss Ha MnfaHeTe O4YeHb
OCTpoOK cTana npobnema 3arpsa3HEHNS MOPEN 1 OKEaHOB.
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OpHon 13 BaxkHenwmnx npobrnemMm ctaHoBUTCA 3agada obecneyeHust Ha-
ceneHnda Ka4eCTBEeHHOW NpecHOM BOLON.

MexayHapoaHoe cOTpyAHUYECTBO NO OXpaHe NPUPOaAHOU cpeabl

MexayHapoaHOe COTPYOQHUYECTBO B peLLeHnn rnobanbHbIX aKosiornye-
CKMX npobnieM ocyLecTBNSeTCA Ha NPaBUTENbCTBEHHOM U HeNpaBUTENbCT-
BEHHOM YPOBHSIX B paMKaxX MEXroCyAapCTBEHHbIX COrnallieHun, mexayHa-
pogHbix nporpamm OOH, FOHECKO u gpyrue, pasnuyHbiX NporpaMmm u npo-
€KTOB MO 3KOJSIOrMn, KOTOPble OCYLLECTBNSAKTCA YaCTHbIMU U rocygapCTBEH-
HbIMK 3Konorndeckumn poHgammn. OHM HanpaeneHbl Ha ob6beaguHeHne ycu-
NN TOCYAApPCTB, YaCTHbIX UL U OOLLECTBEHHbIX OpraHu3auuMn Ha npeogone-
HWe rnobanbHbIX aKoNorndeckux npobnem Ha Hawen nnaHete. MexayHa-
pooHOe COTPYAHUYECTBO MO OXPaHe OKpYXKaloLlen NpupogHOu cpenbl pery-
nmpyeTca MexgyHapoaHbIM 3KONOrM4yecknm rnpasoMm, B OCHOBE KOTOPOro fe-
XaTt obulenpusHaHHble NPUHLMMBLI U HOpMbl. B nocneaHve rogbl npyoputeT-
HOCTb 9KONOrM4Yeckoro oaktopa B MeXrocygapCTBEHHbIX OTHOLUEHUAX ABNA-
€TCH BbICOKOW U MOCTOAHHO BO3pacTaeT, YTO OD0YCrnoBMeHo pacTywmm yxya-
LUEHNEM COCTOSIHUSI OKpY>KatoLLen cpeabl.

O6bekTbl MexXayHapo4HOro CcoTpyaHudectTBa B 0651aCTu OXpaHbl OKpY-
Xarowen NpupoaHon cpedbl 4enaTcs Ha Heckornbko rpynn. OBbl4HO Bblaens-
0T HauMoHamnbHble N MexayHapoaHble 06bekTbl. K HauuMoHanbHbIM (MK
BHYTPUroCy4apCTBEHHbIM) OTHOCATCA Heapa, 3eMns, BOAbl, )XUBOTHbIWN U pac-
TUTENbHbIA MUP, KOTOPbIE HAXOAATCA HA TEPPUTOPUN LAHHOMO rocygapcrea.
K mMexayHapogHbiM o6bekTaMm oxpaHbl OKpyXatowen cpedbl OTHOCATCA: aT-
MocdrepHbIn BO3ayX, MnpoBon okeaH, ApkTuka, AHTapKTMAa, OKONO3EeMHbIN
KOCMOC W1 apyrve, KoTopble He BXOOAT B HOPUCOMKLMIO TOCYyAapCTB N He SB-
nalTCa YbUM-NTMB0 HauMOHarbHLIM OOCTOSAHUEM. DTN O0OBEKTLI OCBanBatoT-
CSl N OXPaHAITCHA HA OCHOBAHUW MPUHLUUMNOB MEXOYHApPOAHOro COTPpYyAHUYe-
CTBa, 3afeKnapupoBaHHbIX B Pasfnn4YHbIX KOHBEHLMSAX, JOroBopax, NPOTOKO-
nax v gpyrmx OOKyMeHTax, OTpaKalowmx COBMECTHbIE YCUMNA MeXayHapoa-
HOro coobuliecTBa.

JKornorn4yeckoe obpasoBaHume

Kak nokasbiBaeT UCTOpUS pas3BUTUSA YerioBevYecKoro obuiecTtBa, ero
npeobpasyoliee BO3AENCTBME HA Npupoay sBndeTcs HemsbexHbIM, OHO
BO3pacTaeT C POCTOM YMCIEHHOCTW HACerleHns Ha nnaHeTe, B pes3ynbTaTte
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Hay4YHO-TEXHMYECKOro nporpecca, yBefiMyeHnsa ymcrna n Maccbl BELLLECTB, BO-
BNekaeMblX B MPOMbILLIIEHHBIA N XO3SUCTBEHHbLIN 060POT.

BeckoHTponbHOE Mcnonb3oBaHME pPecypcoB npuponbl 6e3 Heobxoam-
MbIX MEpP UX 3aWmuTbl 1 BO3MOXHOCTU BOCCTAHOBIIEHNA, NHTEHCUBHOE U MO-
CTOSIHHO pacTyllee 3arpa3HeHne NpUpoaHON cpeabl NPUBOAAT K Henornpasu-
MbIM M 4acTO HeobpaTUMbIM WU3MEHEHUAM B MpuUpoae, KatacTpoduyecknm
n3MeHeHusiM B brnoccepe. NMNoatomy obecnedeHne akosornyeckon besonac-
HOCTM Bcerga 6b110 akTyanbHO, a B HacTosLlee BpeMsi 0OCOBEHHO, N sBnseT-
CSl BaXHeWlwen eCTeCTBEHHOHAy4YHOM W coumnanbHO-NONMTUYECKON npobrie-
MO coBpeMeHHOCTU. OT npaBuibHOrO peLleHns 3TorM nNpobrembl 3aBUCUT
Bnarononyyne yenoseyecTsa, coxpaHeHne dropbl U doayHbl Ha NfaHeTe.

OcHoBHOWM 3agaden, KoTopasi CTOMT neped HbIHELWHUM MOKOSIEHUEM,
SABNSETCH COXpaHEeHWe rapMOHUYHbIX OTHOLLEHUA YeroBeka 1 npupoabl. Pe-
LUeHne 3Ton 3agayun TpebyeT ee MOHMMaHUS U U3MEHEHUS MHOMMX paHee
CNOXMBLLUNXCA NpeacTaBfieHNn O COU3MEPEHUMN YerIOBEYECKUX LIEHHOCTEN,
HeoBX0OMMOCTM PasBUTUSA Y KaXXOOro YenoBeka 9KONOrmMYeckoro CO3HaHus,
9KOJSTOrMYECKOM KynbTypbl, OpraHn3aunn 1 nNpoBeaeHns NOBCEMECTHOIO 3KO-
norn4yeckoro obpasoBaHns cpean HaceneHus.

[(MoBanbHOCTb COBPEMEHHbIX IKOSTOrMYecKkUx npodbnem, KotTopble CTOAT
nepeg 4enoBe4yeCcTBOM, N HEBO3MOXHOCTb MX pelleHnsa 6e3 nx 3HaHus 1 no-
HUMaHus, 6e3 popMMpPoOBaHNSA IKONTONMYECKON OTBETCTBEHHOCTU, KOMOrn4e-
CKOM KynbTypbl 0BycrnaBnuBaloT akTyanbHOCTb 3KONormyeckoro obpasoBa-
HusA. MNMoaTtomy B nocrnegHue rogbl MHTEHCUBHOE pasBUTUE SKONOrMYecKoro
obpasoBaHua cpean BCeX rpynn HaceneHus n, B NepByto ovepeab cpeam Mo-
noaOro rnOKOMEHNH, CTAHOBUTCS akTyanbHOW 3afavyen BCeX LMBUITM30BAHHbIX
CTpaH M paccmaTpMBaeTCs Kak O4HO U3 rMaBHbIX CPeACTB NPeoaoneHns co-
BPEMEHHOro rnobanbHOro 3KONIOrnM4YeCcKoro Kpmnsuca.

JKOSorma Kak cMctemMa HaydHbIX U Y4eBHbIX ANCUUMNINH YXXe CTaHOBUT-
Csl OQHMM M3 rMNaBHbIX KOMMOHEHTOB coAepXaHus obpasoBaHus B XX| Beke
Ha Bcex aTanax obyyeHnss MONOAEXMN.

KOHTpO.ﬂ bHblI€ BOMPOCHLI

1. OnpegenunTe NOHATUE IKOSTOMMKN KaK HayKu.

2. HasoBuTe 1 NnpoaHanuanpymTe OCHOBHbIE 3aa4un 3KONOrnu.

3. YTo noHMMaeTca nog cpeaon obutTaHms, 3KONOrm4ecknm akTopom?
[MpuBeanTe npumepobl.
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4. HasoBuTe rnobanbHble akonornvyeckne npobrembl COBPEMEHHOCTMU,
MX OCOOEHHOCTM.

5. YUTto noHumaeTca noa 3arpA3HEHUEeM OKpyKarwoLlen cpenbl, KakoBbl
€ro OCHOBHble BMbI?

6. YUTO NoHMMalOT NoA XKMBOW MaTepUeEnN B COBPEMEHHOM €CTECTBO3Ha-
HUN?

7. Yt0o Takoe myTtauma?

8. Ha3oBuTe OCHOBHbIE MPU3HAKK XUBOW MaTepuu.

9. N3 yero cocTouT XuBast maTepua?

10. YUTo aBnsaeTcs BaXXHeNLWen pyHKLUMEN KNeTkn?

11. MNoAcHNTe CBA3b XUBOW N HEXNBOW MaTepUN.

12. MNosicHnTe cnocob cyLecTBOBAHNA XXUBOW U HEXNBOW MaTepun.

13. HazoBuTe CTPYKTYpPHbIE YPOBHU OpraHn3aLnm Xnsonu matepuu.

14. Ha3oBuTe OCHOBHbIE KOHLIEMNUUM BO3HUKHOBEHUSA XU3HN Ha HaLLEN
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	В окружающем мире колебательные процессы имеют различную природу, но часто обладают общими признаками и подчиняются общим закономерностям. Это дает возможность применять единый подход при рассматрении механических, электрических и других колебаний. По этой причине их классификацию проводят по таким признакам: 1) по физической природе: механические (звук, вибрация); электромагнитные (свет, радиоволны, тепловые); смешанного типа – комбинации перечисленных; 2) по способу порождения или характеру взаимодействия с окружающей средой: вынужденные – колебания, которые происходят в системе под действием внешнего периодического воздействия. При вынужденных колебаниях возможно возникновение явления резонанса: резкое возрастание амплитуды колебаний при совпадении собственной частоты осциллятора и частоты внешнего воздействия; свободные (или собственные) – это колебания в системе под действием внутренних сил, после того как система выведена из состояния равновесия (в реальных условиях свободные колебания всегда затухающие); автоколебания – это колебания, при которых система имеет запас потенциальной энергии, который расходуется на совершение колебаний (пример – механические часы). Важное отличие автоколебаний от свободных колебаний состоит в том, что их амплитуда определяется не начальными условиями, а свойствами самой системы; параметрические – это вид колебаний, которые рождаются при изменении какого-либо параметра колебательной системы под влиянием внешнего воздействия; случайные – это вид колебаний, когда внешняя или параметрическая нагрузка представляет собой случайный процесс.
	В природе волны могут генерироваться различными способами, например: 1) генерация локализованным источником колебаний (излучателем, антенной); 2) спонтанная генерация волн в среде при возникновении гидродинамических неустойчивостей. Такую природу могут иметь, например, волны на воде при достаточно большой скорости ветра над водной гладью; 3) переход волн одного типа в волны другого типа. Например, при распространении электромагнитных волн в кристаллическом твёрдом теле могут генерироваться звуковые волны. 
	Высокие технологии (англ. high technology, high-tech) 
	Наиболее новые, передовые и прогрессивные технологии современности называются высокими технологиями. Переход к их использованию и соответствующей им техники на современном этапе является важнейшей составляющей научно-технической революции (НТР). К высоким технологиям обычно относят самые наукоёмкие отрасли промышленности: микроэлектроника, вычислительная техника, робототехника, атомная энергетика, авиационная и космическая техника, микробиологическая промышленность, генетика.
	Жизненный цикл технологии – это совокупность стадий от зарождения технологических нововведений до их рутинизации. В науке считают, что он состоит из следующих этапов: 
	1) новейшая технология – любая новая технология, имеющая высокий потенциал; 
	2) передовая технология – та, которая зарекомендовала себя, но еще достаточно новая, имеет небольшое распространение на рынке; 
	3) современная технология — признанная технология, является стандартом, растет спрос на нее; 
	4) не новая технология – все еще полезная технология, но уже существует более новая технология, поэтому спрос начинает падать; 
	5) устаревшая технология – технология устаревает и заменяется более совершенной (имеет место очень малый спрос или полный отказ от этой технологии в пользу новой).
	Типы потребителей технологии: 1) новаторы – это те, кто следят за технологическими новинками, всегда стараются получить к ним доступ еще до широкого появления их на рынке; 2) ранние последователи – категория потребителей, решения которых базируются на осознаваемой ими степени соответствия между преимуществами новой технологии и их интересами; 3) раннее большинство – для этой категории потребителей важно в первую очередь практическое значение новой технологии; 4) позднее большинство – эта категория потребителей ждут, пока продукт не станет общепризнанным стандартом; 5) отстающие – эта категория потребителей не следит за технологическими новинками, они приобретают технологию, если она внедрена в какой-либо товар, но не пользуются ей.
	4.1.2. Современные и перспективные технологии
	1) сельское хозяйство: мясо из пробирки, вертикальное выращивание; 
	3) энергетика: управляемый термоядерный синтез; геотермальная энергетика; биотопливо; водородная энергетика; нанопроводниковый аккумулятор; ионистор; беспроводная передача электричества; органичес-кие солнечные батареи;
	5) информационные технологии: искусственный интеллект; мобильная связь 4G (мобильная широкополосность, мобильное телевидение, интерактивное телевидение, трёхмерное телевидение); машинный перевод; машинное зрение; расширенное машинное познание, внешние усилители мозга; семантическая паутина или отвечающая машина; графический процессор общего назначения (ускорение параллельных вычислений); твердотельный накопитель (быстрая, бесшумная память с низким энергопотреблением); объёмная оптическая память или голографическая память; спинтроника (магниторезистивная оперативная память); оптический компьютер; квантовый компьютер; квантовая криптография; беспроводная связь; безэкранный дисплей (дополненная реальность, виртуальная реальность); стереодисплей; органический светодиод; лазерный телевизор (трехмерное телевидение); 3D-принтер; погружение в виртуальную реальность; 
	6) робототехника и прикладная механика: групповая робототехника (автономные системы, космические конструкции); молекулярная нанотехнология, нанороботы; экзоскелет (переноска тяжестей, паралич, болезни мускулов, военные средства, строительство); микроэлектро-механические системы; молекулярные роторы, молекулярные пропеллеры;
	7) материаловедение: высокотемпературная сверхпроводимость; высокотемпературная сверхтекучесть; углеродные нанотрубки; метама-териалы (микроскоп, фотоаппарат, маскировка); самовосстанавли-вающиеся материалы; программируемая материя; квантовая точка (лазер на квантовых точках с последующим применением в качестве программируемой материи при производстве дисплеев, оптической связи (высокоскоростная передача данных), в медицине (лазерный скальпель)); фуллерены; графен; нанокристаллы; аэрогель;
	8) прочее: светодиодные лампы; силовое поле (плазменное окно для защиты важных объектов); ускорительное оружие; энергетическое оружие; электролазер; антигравитация; космический лифт; солнечный парус; город под куполом (NASA разрабатывает Геодезический Купол для лунной колонии); адиабатическое размагничивание (более эффективное охлаждение). 

	Технологический уклад – это индикатор, свидетельствующий о том, что под влиянием научно-технической революции совершается качественный скачок в развитии производительных сил, складывается новая структура общественного производства, существенно увеличивается роль человеческого фактора, усовершенствуются формы и методы управления производством, увеличивается роль мировых хозяйственных связей и, как следствие, модифицируются технологические уклады. Он также отражает то, что в настоящее время стремительными темпами в экономике развитых стран растет область высоких технологий. 
	Первая волна (1785 – 1835 гг.): ее результатом стал первый технологический уклад, его основой стали новые технологии в текстильной промышленности, в применении энергии воды.
	2. Поясните, используя квантовомеханическую модель атома водорода, какая испускается порция энергии и какой частоты будет излучение при переходе электрона с орбитали, характеризуемой главным квантовым числом , (более удаленной от ядра), на более близкую к ядру орбиталь. Возьмите n = 1, 2, а m = 2, 3, 4 ,5. 
	Определите, в какой диапазоне оптического излучения (ультрафиолетовом, видимом, инфракрасном) будет излучение.
	4. Используя Интернет-ресурс и интерактивную таблицу (Periodic Table) представьте сведения о строении орбиталей атомов водорода, гелия, атомов элементов Li, Be, C, N, O, F, Ne.
	5. Рассчитайте величину удельного объемного сопротивления электрическому току полупроводникового бруска, если он изготовлен из собственного полупроводника кремния и арсенида галлия. На основании расчетов сделать выводы о том, какой из материалов можно считать полуизолятором.
	6. Кратко опишите, что представляет в современном понимании такая сущность, как химическая связь.
	7. Для разновидностей примесных кремниевых полупроводников, отличающихся степенью легирования, определите во сколько раз отличаются концентрации основных и неосновных носителей заряда при комнатной температуре. 
	Для них также сравнить процентное содержание основных носителей в общем количестве носителей и сделать вывод о том, какая доля примесей ионизирована при комнатной температуре и почему одни носители называют основными, а другие – неосновными.
	14. Назовите и поясните на какие 3 основных класса делятся нанообъекты.
	15. Поясните, что означает выражение: С60? А – С20, С540?
	16. Чем отличается наномир от нанотехнологий?
	17. Какие преимущества дает использование свойств наномира и какие перспективы это открывает для нанотехнологий?
	18. Поясните, почему в полупроводниковых материалах одни носители называют основными, а другие – неосновными.
	19. Поясните, что означает энергетическая диаграмма одномерного приближения полупроводника?
	20. Назовите, на какие группы различают материалы по способности проводить ток. Приведите примеры типичных представителей каждой из групп.
	20. Электромагнитные волны в квантовом представлении можно трактовать, как поток …. Чего?  с энергией Wopt (обычно измеряемой в … Чем?) Приведите формулу.
	6.3. Некоторые современные инструменты и методы 
	обработки и анализа информационных потоков
	В настоящее время для решения задач в экономической сфере часто используются такие методы обработки и анализа информационных потоков:
	1) эвристические – они применяются в тех случаях, когда количество информации недостаточно и нет возможности точно выделить границы применения формализованных методов, оценить допуск ошибки. Среди них: метод коллективного блокнота; мозговой штурм; приём синектики; кейс-метод;
	2) традиционные методы: метод сравнения; метод относительных и сравнительных величин; графический метод; метод группировки;
	3) способ детерминированных факторов: способ цепных подстановок; способ абсолютных разниц; способ относительных разниц;
	4) способы стохастического факторного анализа: корреляционно-регрессионный анализ; дисперсионный анализ; компонентный анализ; многомерный факторный анализ;
	5) способы оптимизированных показателей: экономико-матема-тические методы; программирование; теория массового обследования; теория игр; исследование операций.
	Классификация моделей построения баз данных
	Иерархическая модель
	Сетевая модель
	Реляционная модель.

	12. Поясните понятие: беспроводные технологии. 
	7.8. Основные положения клеточной теории в концепции 
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