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1. BBenenue.
Omnpenenenue ocHOBHbIX NOHATHIL. HanboJsee 001mue KOHIENIMH.

1.1. IToHATHSA «KOHIIEIIIIUSI» U «ECTECTBO3HAaHMEY. KoHIemmu
00BEKTUBHOTO CYIIIECTBOBAHUS U «EAUHCTBA MUPa»

KoHuenumsi - npoucxoaur OT JaTHHCKOrO cjoBa CONCEPLio - «BocmpusATHE» U
O3HauyaeT CHCTEMY B3IVIAJOB HAa T€ WJIM HMHBIE SIBJIEHHSA, CIIOCOO PACCMOTPEHHUs, NMOHMMaHUE.
MokeT Takxe 03HadaTh OOLIUIl 3aMbICeT TBOPLA YEro-IMO0 HOBOTO - HAYYHOW TEOPHUH, KHUTH,
ApPXUTEKTYPHOI'O COOPYKEHHUS U T. 1.

EcTrecTBO3HAHME - COBOKYITHOCTh HAyK O IPUPOJIC - €CTECTBEHHbIX HAYK.

KOHHeHHHH COBPEMCHHOI'0 €CTECTBO3HAHUA - 3TO COBpeMeHHblifl B3IJIS Ha
OKpY:KaIuii Mup, o0luee mnpeacraBjieHre (u3NUeckoil KapTuHbl Mupa. Dusznueckas
KapTHUHa MHpa HE €CTh HEUTO MOJTHOCTHIO 3aBEPLUICHHOE, HA POTSHKEHUH YeJIOBEUECKOW UCTOPUHU
M0 Mepe HaKOIICHUs 3HAHUM OHAa TOCTOSHHO BHUIOWU3MEHsUIaCh U 0O€3yclIOBHO Oyner
BUJIOU3MEHATHCS  BOpeAb. 10, YTO Mbl Ha3bIBa€M KOHLENUHSAMH COBPEMEHHOI0
€CTeCTBO3HAHUS, BKIIOYaeT B ceOf UM NPUHIUNBI 0000IeHHS BHOBbL MOSIBJISIOIIMXCS
(axToB, npuBoAAIINE K U3BMEHEHUIO B3IJISAa HA MUD.

B camoM Haganme momuyepKHEM, UYTO KOHIICMIIMU TPEACTABISIOT COOON OCHOBY st
00001eHUs, JUIsl BBISBICHUS W OMNHCAHMS CBSA3eH MEXAYy OTAEIbHBIMU (aKTaMu, MEXAY
NPUPOIHBIME O00BEKTaMH U siBJICHUSAMU. [lanbiie Mbl OyaeM mojpoOHee pa3Ouparh MOYEMy Tak
HEO0OXOMMO HE TOJIHKO 3HaHHE (PAKTOB, HO, U TJIABHBIM 00pa30M, CBSI3€H MEKTy HUMHU.

Boo01ie B3rmsi1 Ha Mup, TpECTaBICHUE 000U yelocmHOol KapTHHBI, 2 HE OTPHIBOYHOTO
Habopa ciyyaiiHeIX 00pa30B Bcerna 6a3upyercs Ha ONpeAeNIeHHBIX KOHYenyusx, CyleCTBYIOIINX
B HamieM Mo3ry. OHU IPOHMKAIOT B MO3T M 3aKPEIUISIOTCS TaM MEePBOHAYAIBHO MOMUMO Halleu
BOJIU KaK MHTYUTHBHOE OOOOIIEHHE OIbITa Kak COOCTBEHHOTO TaK W HAKOIUIEHHOTO IPYTHMHU.
Bocnpuanmasi okpykarommii Mup, MbI Bcerma OasmpyeMcs Ha KaKWX-TO KOHIICTIIHUSX,
00pa3yromux ONpeesIeHHYIO CUCTEMY, Ja)Ke €CIM HE 0OCO3HAaeM ITOro, TaK K€ KaK He OCO3HaBall
W3BECTHBIN JUTEPaTypPHBIN T'epOii, 4TO B Pa3roBOpe OH YIOTPEOISET MPo3y.

3nech MBI PAacCMOTPUM cucmeMy KOHLIETIIHUN, JEXKaluX B OCHOBE COBPEMEHHBIX
HAYYHBIX TPEJCTABICHUN 00 OKPYKAIOIIEM HAaC MHUpPE M O MYTSAX €ro Mo3HaHUs. JTa CHCTeMa
CO3HATENIbHO CO3/aBallach U MPOJ0JIKAET COBEPLICHCTBOBATHCS JIYUIIMMU YMaMH YeJIOBEYECTBa,
Y Ha €€ OCHOBE BBIPOCIIM BCE COBPEMEHHBIEC HaAYUHBIE U TEXHUUYECKUE NOCTHXKeHus. Ee ycBoeHue
HEOOXOAMMO IS TUIOJJOTBOPHOM NEATEITLHOCTH B JIFOOOW 00JacTH M TpeOyeT ompeneseHHBIX
YMCTBEHHBIX YCHIIHH.

I'oBopst 0 du3MYecKolt HayuHoU KapTUHE MUPA, Mbl IPUHUMAEM TEPBYIO KOHIICTIIIHIO -

KOHIICIIITHIO 00HLEeKTUBHOI'O CylieCTBoBaHusl Halllero Mupa. DTa KOHIEHIUI HE



CaMOOYEBH/IHA U B UCTOPHUM HAYKH SIBJISUIACH NMPEIMETOM MHOTOYMCIECHHBIX NUCKyccuil. [leno B
TOM, 4TO, [TI03HAaBasi MUP, Mbl IMEEM JI€JI0 HE HEMOCPEACTBEHHO C MPEAMETAMU U SIBJICHUSIMH, A C
X o0pa3amMH B HalleM CO3HaHWH. VIMEHHO ITHMH 00pa3amMH MAaHHITYJIMPYET Hallle MBIIUICHHE,
3aHUMasACh 000OIEHUSIMH, OTHICKUBAsI 3aKOHOMEPHBIE CBSI3U MEXY SIBICHUSIMH, U allpHOPH HE
OYEBHUHO, YTO TAaKU€ 3aKOHOMEPHOCTH JOJKHBI CYIIECTBOBATH M BHE HAIIETO CO3HAHUS.
CymiectBoBaHNE 00bEKTHBHOI KapTHHBI MUPa U OJJHOBPEMEHHO CITIOCOOHOCTD HAIIIETO CO3HAHUS
3Ty KapTHHY a0eK8amHo OTPaKkaThb MOITBEPKIACTCI BOCHPOUIBOOUMOCHIbIO PE3YIIbTATOB,
MOJIYYEHHBIX HE TOJBKO OJHUM, HO M Pa3HBIMH HCCIIEIOBATENSIMH, B Pa3HBIX MECTaxX U B pPa3HOE
Bpemsi. OHAKO MPHU STOM BCET/Ia OCTAETCS MECTO ISl COMHEHHI, 0COOCHHO, KOTla MBICIICHHBIC
o0pa3bl He MOTYT OBITH COMOCTAaBJICHBI C MpAMbIMU HAOTIOJEHHUSIMH, KaK 3TO HUMEET MECTO,
HaIrpuMep, NpU ONMUCAHUU SBJICHUN MuKpomupa - 31€MEHTapHbBIX YaCTUIl, KBAHTOBBIX SIBJICHUM.
Tem He MeHee, BCe pa3BUTHE HAYKH, KaKIbId HOBBIM €€ Iar, camMO €€ CYIIECTBOBaHUE WU €€
HEOOBIKHOBEHHAsI IPAKTUUeCKast 3PPEKTUBHOCTH YTBEP)KIAIOT BHICKA3aHHYIO KOHIICTILIUIO.

Kpome ectecTBeHHBIX OOBIYHO pacCMaTpUBAIOT IIMPOKHM KilacCc T'yMAHHUTAPHBIX HayK,
M3y4alOUMX BCE, YTO CBSA3aHO C TaK Ha3blBAEMOW JAYXOBHOM U MHTEIEKTYaJlIbHOMN
JIESATEIbHOCTBIO YEIOBEKA U YEJIIOBEUECTBA, MOPAJIbI0 U HPAaBCTBEHHOCTHIO, B3aNMOOTHOILICHUSIMU
JIOJICH U opraHu3aIueil oo1ecTna.

M ecTecTBeHHBIE M T'yMaHHMTapHbIE HAyKH SBIAIOTCA 4acTbio KYJBTYPBI. KynbsTypa -
MOHITHE OYEHb HIUPOKOE. DTHUM CJIOBOM 0003HAYAIOT pa3HbIe MPOLIECCHI U SBICHUS, CBSI3aHHBIE C
YeJIoBeYeCKOn JesTenbHOCThIO0. [lone3Ho onpenensth ee Kak uncmpymenm. B 0IHOM U3 MEPBBIX
y4€OHUKOB IO KOHLEMIHUSAM COBPEMEHHOI'O €CTECTBO3HAHHUS ObUIO JaHO TAaKOe OIpe/ieieHHE:
«Kynomypa - smo cucmema cpedcmé uenogeueckol OesmenbHocmu, 01a2o0aps KOmopou
NPOCPAMMUDPYEMCs, — peanu3yemcs,  CMUMYIUPYemcs  aKMUSHOCMb — UHOUBUOA,  2PYhN,
yejnogeuecmea 6 UX 63aumMooelicmeuu ¢ Npupooou u medxncoy cobouy. B 0oCHOBe BCAKOH
NEeSATENIbHOCTH JISKHUT UH(pOpMaLMs U caMa JesTeNIbHOCTh CBsi3aHa C HEMpPepbIBHON 00padoTKOM
3Toi mHpopmanuu. B Ham Bek MHPOPMATUKU KYJIbTYpy B UEJIOBEYECKOM OOIIECTBE MOKHO
paccmaTpuBaTh Kak HEUYTO IOAO0OHOE ONepaloHHON cucTeMe Kommbiotepa. [Iporpammel,
apdektuBHO padoraromme B cucteme MS Windows, otkassiBaroTcs paboTath B cpele
Macintosh. To ’ke ¥ ¢ 4YelTOBEKOM: BOCIUTAHHBIA B CBPOMEHUCKON KYJIbTYpPE HHIMBHIYYM HE
CMOKET HOPMAIIbHO CYIIIECTBOBATh, TOIMAB B KYJIBTYPHYIO Cpely MPUMUTHBHOTO aMa30HCKOTO
MIJIEMEHU WM JaKe BBICOKOPA3BUTOM, HO BCE-TAKU UYKJIOW eBporeiiam Amnonuu.

OO01ee MOHATHE «KYJIBTypa» BKIIOUAET B Ce0S TPHU YaCTH: MaTepuaibHas KyIbTypa -
COBOKYITHOCTh BEIIECTBEHHBIX KOMIIOHEHTOB OBITHS YENIOBEKa; COIUalbHas KyJIbTypa -
COBOKYITHOCTH TIPAaBHJI TIOBEJICHUS JIFOJICH B OOIIECTBE; TyXOBHAS KyJIbTypa - CHCTeMa 3HAHUH U
COCTOSIHMI TICUXMKHU 4esoBeka. [lociaennss BKIOYaeT B ce0s HapsIy ¢ MOPAJIbIO, UICOJIOTHEH,
HCKYCCTBOM U T.JI. TAK)XXE U HAYKYy.

['ymanuTapHble HAyKH WHOTJA MPOTUBOIOCTABIISAIOT €CTECTBEHHBIM U, 110 KpaiiHel mepe,
CUMTAIOT MPUHIUIHAIBEHO OTIMYAIONIUMHUCS OT HUX. OTinune AeWCTBUTENHHO eCTh. UenoBek u
YeJI0BEYECKOe OOILEeCTBO - ATO BBICHIMI M3BECTHBIM HaM YPOBEHb OpraHU3allud MaTepHhH, Ha
KOTOPOM HAYMHAETCSl MPOIIECC CAMOMO3HAHUS - KAYeCTBEHHO HOBBIM BHUJ OOPATHOW CBSI3M,
NPUBOJAIINM K MPUHIMITUAILHO HOBBIM CTPYKTypaM. Kpome Toro, mo3HaHue 4eI0BeKOM CamMoro
ceOst MOHEBOJIe JOHKHO OCYIIECTBISITHCS «U3HYTPH». MBI HE MOXEM B3TJISHYTh Ha ceOs «co
CTOPOHBI» U, TeM Oojee, «CBEpXy» - B OJTOM €IIe OJHO, «CYOBEKTHUBHOE», OTJIHYHE
TYMaHUTapHBIX HAyK OT E€CTECTBEHHBIX. TeM He MeHee, YENOBEK - YacTh MPUPOILI U IS
COBOKYITHOCTH JIFOZICH - 001IeCcTBa - MPHU BCEM €r0 KaueCTBEHHOM CBOeoOpaznu Hanbosiee oo1me
3aKOHOMEPHOCTH OKa3bIBAKOTCS TEMU K€, YTO U JJI1 OCTAJIBLHOM KUBOM M HEKUBOW NpUPOIbL. B
nociieiHee BpeMsi TyMaHUTapHbIE U €CTECTBEHHbIE HayKU Bce Oojiee CONMXKAIOTCA U B CMBICIIE
KOHIIENTYaIbHBIX OCHOB M B CMBICIIE METOIOB. Hampumep, mMaTemaruka, Kak YHUBEpCaIbHBIN
A3BIK JJIS OMHMCAHMsI 3aKOHOMEpPHOCTEN ceivac HCIOIb3yeTCsd BCEMH T'YMaHUTapHBIMH HayKaMmu



TaK K€ KaK M €CTECTBEHHbIMHU. MBI BUAMM mepen co0oil equHYI0 HAYKY, KOTOpas OTpaskaeT
eMHCTBO MHPA.

EI[I/IHCTBO MHPA - 3TO BTOpas Haubolee 06H1a51, koHuenmusa. KoHnenusa equHcTBa
MUpa MPEANoIaraeT, 9T0 MUp MPEACTABIAET cOO0I HEKYIO I[ETOCTHYIO CHCTEMY, KOTOPast JKUBET
CBOCH UETBbHOW YNOPAJAOYEHHOM KW3HbIO. B Mupe Bce B3aMMOCBSI3aHO, W BEChb MHUP
MOMYUHSETCS €IUHBIM 3aKOHAM, KOTOPBIC OJIMHAKOBEI BO BCEX €T0 YaCTSIX.

Konuenmus enuHcTBa MuUpa MOSBUJIACh KaK TOJBKO YEJOBEK HAdall «I10-Y€JIOBEYECKU»
BIUISJIBIBATHCSI B MUP BOKPYT ceOsi, HO MepBOHAYATBHO OHA BBITJISIIENA HE Tak Kak ceifuac. Jls
NEPBOOBITHOTO U AHTHYHOTO YeJIOBEKa MUP ObUT €UH anpuopu, UHTYUTUBHO; OH paccMaTpHUBall
OKPYKAIOIIM MUP KaK HEKOE JKMBOE CYIIECTBO, BCE €ro YacTH COCTABIUIM IS HETO €IUHOE
[eloe Kak 4acTUu ero COOCTBEHHOTO OpraHu3Ma. B penuruo3HbpIX KapTHHAX MHUpa OH TakKxke
CUMTAJICS €IMHBIM I10 OIIPENICIICHHIO, KaK TBOpeHue bora, co3nanHoe 1Mo e1MHOMY TUIaHy.

3areM, Korja MOSBHJIACh HAayKa, W YEJIOBEK CTall ILieJICHANpaBlIE€HHO COOMpaTh (PaKThl,
WHTYWTWBHAs KOHIICTIIMS €IWHCTBA cTana paspymarhcs. KommdecTBo (hakToB pociio ropaszio
ObICTpee, YeM KOJMYECTBO YCTAHOBJIEHHBIX CBSI3€Ml MEXIy HUMHU, U B TO XK€ BpeMsl UX OBLIO
HEJOCTAaTOYHO MJII KPYMHBIX OOOOIIEHWH, Ja YeloBeK elle W He HaydusIcs JenaTh TakKue
0006menusi. UtoObl crmenaTh mporecc A0ObIBaHMS HOBBIX (akToB 3 (EeKTHBHEE U TIIyOKe
BHUKHYTh B KaXJIO€ SBJICHHE €JIWHAs HayKa pa3[euiach Ha MHOXKECTBO BETBEH, KOTOpHIC
BCKOpE pa3OlUIMCh CTOJb JalleKO, YTO MOYTH MOTEpsUld CBA3b Apyr ¢ apyrom. llossuiuck
¢dusnka, XUMHs, 300J0TUsI, OOTaHWKA, TeoNIoTHs. 3aTeM Oonee Menkoe apoOienue. Hampumep,
bu3mMKa pa3nenmiach Ha MEXaHUKY, TEIIOPU3NKY, (PU3KUKy TBEpAOro Tena, (U3UKY KHIKOCTEH,
ra3oB, 3aT€M aTOMHYIO U sJepHyI0 Gu3uKy, u T.A. Kaxmoe y3koe HampaBlieHUE CO3/[aBaI0 CBOU
HauoJiee 3 PEeKTUBHBIC METOABI TTOTYUCHUS 3SHAHUI

OpHako, paclIMpeHre W yriTyOJIeHWe 3HAHWW B KaXAOW 00JIacTH MPHUBENO OMATh K HUX
COMMKEHWIO W B3aMMOINPOHMKHOBEHHIO. Bcé Oosiee mmpokue u riayOokue o000ImeHus,
CIeNaHHBIC B PAa3HBIX YaCTHBIX O0JACTAX HAYKH, HaYalld TIEpEeKphIBaTh Apyr Apyra. Kak depeso:
€AMHBIA CTBOJI JEIUTCS HAa MHOKECTBO BETBEHl, KOTOpbIE HAaBEpPXy TECHO IMepeIuieTalTcs,
o0Opa3yst enuHyr0 KpoHy. [IOSIBISFOTCSI CMEXHBIE HAyKH, Takue Kak (pu3Xumus U XuMQU3HKa,
reodusnka, onopusnka, OMOXuMus, 1 T.1. ACTpodHu3nKa 1 KOCMOJIOTHS COTMKAIOTCA ¢ PU3UKOM
3JIEMEHTAPHBIX YAaCTHUI] U TEPMOJMHAMHUKON, a B KOHIIE-KOHIIOB U ¢ Omonorue. [lpuuem Hayku
CpacTaloTcs HE TOJbKO METOJaMH U B3aUMOBIHUSHHUSMU, HO U OCHOBOIOJAraroluMu
KOHIENIIUSAMH, MPUHITUIAMH, 3aKOHaMHU. (3aMETUM, YTO B Ha3BAHUSX OOJBIIMHCTBA CIOKHBIX
MEXIUCUUIUIMHAPHBIX HAyK MNPUCYTCTBYET «(dusuka». D10 He ciydaitHo. Pu3nka 3aHUMAaeT
0c000€ MECTO Cpely €CTeCTBEHHBIX HayK, U CaMO CJIOBO IMEPBOHAYAIBHO O3HAYAIO HAYKy O
IpUPOJIe BOOOIIE - TO, UTO celyac Ha3bIBAIOT CJIOBOM «ECTECTBO3HAHUE.)

Omnoxa, Korjia TOCIo/ICTBOBAJI CHHTETUYECKHIA B3TJIS HA MUD - IPEBHUX, - OCHOBAHHEIH, B
OCHOBHOM, Ha Bepe W HHTYHIMH, CMEHWIACh D5IIOXOH aHaiu3a, yriayOJleHus B JeTalH,
HAKOIUICHUS JIaHHBIX, a Telepbh CHOBAa MBI BXOIMM B JIOXY CHHTE33a, HO Ha HOBOM Ooiee
BBICOKOM KOHIIENTYaJIbHOM YpPOBHE.

Konnenuust eouncmea mupa He TOJABKO COMMKAeT BCe HAyKH, HO U CONMKAET €IUHYIO
HAYKY C JIpYro 00JacThIO YEIIOBEYECKON K)/Ibmypul - HCKYCCTBOM. BCE MCKYyCCTBO OCHOBaHO
Ha [EeJTHbHOM BUJICHUU MHpPA, 00pa3bl UCKYCCTBA - ATO BCETJa OTPOMHBIE 000OIIEHUS, CACTaHHbIC
Ha unmyumusHom ypoBHe. Hayka - 310 TOXe 0000mIeHHE, HO 000OIICHHE B 3HAYUTEIHHOU
CTENEHHU J102UYECKOe.

Yacto BoOOIIE MOA HAYKOM MOAPAa3yMEBAIOT JIUIIb JIOTUYECKHWE YMO3AKIIOUEHHd, a
HCKYCCTBO, HA00OPOT, CYUTAIOT MPUHIIUIIUATHFHO HE COBMECTHMBIM C JIOTHKOM. Ho 3TO He BepHo.
KpymnHbie HayuHble 0000uIeHMs, oOecreurBalouiie NpopeiBbl HA HOBBIM YPOBEHb MOHUMAaHMS,
NENal0TCs HA WHTYHTHUBHOM YPOBHE, a CTpOrasl JIOTUKAa UTpaeT B HAyKe Ty K€ POJib, YTO H
TEXHHKa PUCYHKAa M NHUChbMa B TBOPYECKOM IIpolecce XyAoxHukKa. M camble Bblaronivecs
00pa3Iibl HCKYCCTBA HEMOTPEIIUMBI C TOYKH 3pEHUs JOTHKU. He ciiydaiiHO BBITAIONTUECS yUeHBIC



Bcerja ObutM OJM3KU MCKYCCTBY, @ TaKue TUTraHThl, kKak Jleonapno Jla-Bunum nim Ham Muxann
JIoMOHOCOB, COBMEIIAIA U TO U IPYTOE.

EnnHcTBO MHUpa B €CTECTBEHHBIX HAayKax - 3TO eOUHCME0 Mmamepuu, U3 KOTOPOU OH
COCTOUT - JIO0ON TpeaMeT Ha 3emiie COCTOMT M3 TeX JK€ AJIEMEHTOB, YTO M OTAAJICHHEHIIAs
TaJlakKTHKA - U eOUHCMBO 00UWUX 3aKOHO8, UM YIIPABISIONIUX - OHH OJIMHAKOBBI B JIFOOBIX YACTSIX
HaIlero MUpa, OBTM TAaKUMH K€ B MPONIUIOM M OyIyT TaKuMHU XK€ B Oyaymiem (eciau He
3arisipIBaTh U TyAa W TyJa CIMILIKOM YX Janeko). Kpome Toro, oIMHaKOBBIMH OKa3bIBAIOTCS
HauOoJiee OOIIME 3aKOHBI ISl PA3IMYHBIX «IOJCHCTEM» MHpa, HANpHUMEp, OOIIHME 3aKOHBI
MOBEJCHUSI CIIOKHBIX CAMOPTaHU3YIOIMMUXCA JUHAMHUYECKUX CHUCTEM OKAa3bIBalOTCA OJHUMU U
TEMH Ke JIJIs1 TAKUX Pa3HBIX OOBEKTOB KaK TAJIAKTHUKH, BYJIKAHBI, TTOMYJISINH KUBBIX CYIIECTB U
XO3SIMCTBEHHBIE CHUCTEMbI OTHENBHBIX CTPaH B PBIHOYHOW BSKOHOMUKE. Jlamplie, 1mo mepe
W3JI0KEHUSI OCHOBHBIX KOHIICTIIIMI, MBI Oy/IeM BHOBb U BHOBb BO3BPAIIATHCA K ATOM KOHIICTIIIHH
Y WUTIOCTPUPOBATH €€ IPUMEPaMHU.

3/1ech U paHbIlle Mbl YIOTpeOIsieM cloBocodyeTaHue Hauwi mup. 1o STUMHU CIOBaMH MBI
MOHMMAaeM Ty OOJIaCTh MPOCTPAHCTBA W BPEMEHHU, KOTOpas 6 npuHyune IOCTYITHA HAIIEMy
no3Hanuo. Jlanpie, korga Mbl OyeM TOBOPUTH O CaMbIX OOIIMX KOCMOJIOTHYECKHUX TEOPHSX,
MbI KOCHEMCSI BO3MOKHOCTH CYIIECTBOBAHUS IPYTUX MUPOB, HE MEPECEKAIOIIUXCS C HAILIUM HU B
MPOCTPAHCTBE, HU BO BPEMEHH.

1.2. 3auem 4enoBeKy Hy>KHa KapTHHA MUpa?

[IpeacraBnsaTe cebe oOUIyI0 KapTHHY MHUpa HEOOXOAMMO HE TOJBKO YYEHOMY-
nodeccronany, HO ¥ JIIOOOMY YEJIOBEKY IO HECKOJIBKUM MPUYMHAM. 3/1€Ch 51 HA30BY TPU U3 HHUX.
IlepBas - 3T0 ecTecTBEHHAasI MOTPEOHOCTH B SICHOCTH H ONMpPeIeIeHHOCTH.

He Tonpko 4yenoBeky, HO JI0OOMY KUBOMY CYILIECTBY Ui HOPMAJIbHOTO CYIIECTBOBAHUS
HEOOXOJMMO OINyIICHHE CTAOWJIBHOCTH U TIPEACKAa3yeMOCTH OKpykaromero mupa. Takas
CTa0MIIBHOCTh U ONPEAEJICHHOCTh CYIIECTBYET, KOTJIa MHpP YNOPS/0YeH U OSTOT MOPSAOK
U3BeCTeH. B jXMBOI Mpupoae KaKIbIH BUI IMEET CBOO, TaK HA3BIBAEMYIO 2KOJI0SUUECKYIO HUULY,
a Kaxkaas TPyIa, MONyIsSlus M KaXIbI WHAMBHAYYM Y OYE€Hb MHOTHX BHJOB - CBOIO
meppumoputo. Ha cBoe#l TeppuUTOpHH XUBOTHOE 3HAET BCE, YTO ISl HETO JKU3HEHHO BaKHO,
MOXET JeCTBOBATh aBTOMATUYECKH, HEM3MEpUMO P PEKTUBHEE, YEM B HE3HAKOMOI MECTHOCTH,
M, TOSTOMY YYBCTBYeT ce0si KOMQOPTHO, 3amMIIeHHO. [lepeHeCeHHOe B HE3HAKOMYIO
00CTaHOBKY OHO HCIIBITHIBAET CHJIBHBIA CTPECC, BCE €ro IBMXKEHHUS PE3KO 3aMEeUIAIOTCS, OHO
BBIHY)KJICHO OYKBAJBbHO ONIYNBIBATh KaXABIH Iar. B OlaronpusTHBIX YCIOBUSX CTpecC
CTUMYIIUPYET UCCIe008AMENbCKYIO AKMUEHOCMb, HANPABICHHYIO Ha TIOUMCKU mopsaka. Yem
HETPUBBIYHEE 00CTaHOBKA, TEM CHJIIBHEE CTPECC M CHIIbHEE aKTUBHOCTh, HO €CJIH OH YpE3MEpEH,
MOYET HACTYMHTbh KaTacTpo(a - moyiHasi OCTAHOBKA aKTUBHOCTH U THOEIb JKUBOTO CYIIECTBA.

Eme pa3 ocobo moguepkHeM HEOOXOIUMOCTh MPEACKa3yeMOCTH OKPYKAIOLIET0 MHpA.
Ororo TpedyeT KaXKAblil 1miar He TOJIbKO (UTypaibHO, HO U OykBasibHO. Korja Mbl cTaBUM HOTY
IIPY OYEPETHOM IIare, MbI IOJKHBI OBITh YBEPEHBI, YTO HE MPOBAIMMCS HEOXKHUIAHHO B TPSICHHY,
HE IOCKOJIb3HEMCSI, HE HAIlOPEMCsI Ha HEUTO ropsiuee WU eIKoe. A JJIsl 3TOTO MbI IOJIKHBI YMETh
10 BHEIIHEMY BHUY MOBEPXHOCTH [IEJIaTh 3aKIIOYCHUS O €€ CBOWCTBAaX, MOJDKHBI 3HAmMb Kak
CBSI3aHBI 3TH CBOMCTBA C BHEIIHUM BUIOM. A KOT'/Ia MbI JIeJlaéM MPUHIMITHAIBHO HOBBIE «ILIaru»,
HaIrpuMep, IorpykaeMcsi B IIIyOWHBI OKeaHa, MpeooieBaeM 3BYKOBOU Oapbep B arMocdepe win
JETUM B KOCMOC, POJIb HAYKH BO3PACTAET THICSYEKPATHO.

[lo oOTHOmEHHWIO K HOBOMY 4YEIIOBEK BeNeT ceOs aHaJOrHYHO >KUBOTHOMY, HO
NPUHIUIHAIBHOE OTJIMYHME €r0 OT KUBOTHOTO B TOM, YTO €20 IKONOSUHECKAS. HUWLA - 8eCb MUP.
be3yciioBHO YeoBeKy HYKEH CBOH JIOM, HYXKHA CBOS, YIOPSAIOYCHHAST OOBIYasiMHU, TPAIUITUSIMH
U 3aKOHaMHM, HaIlMOHAJbHAS M COLMAIbHAs Cpela, CBOSl CTpaHa, HO €My A3TOrO YK€ Mao.



YenoBeK OLIYTHII eOUHCME0 Mupa M JJIs IOTHOW CTaOUIBHOCTH M TICUXO0JIOIMYECKOro KoMpopTa
eMy MoTpebOoBaJIOCh YNOPSAOYUTH BECh MHUP, YETKO OMpEIENIUB cBoe MecTo B HeM. OH Hayal
CTPOUTH CBOIO KAPTHMHY MHMPA C TO'O MOMEHTAa, KaK CTaJl YEJIOBEKOM, U, 51 AYMa0, YTO UMEHHO
NOTPEOHOCTh B TaKOM KapTUHE - OCHOBHOE, YTO OTJIMYaeT 4YeJlOBEKa OT XUBOTHOIO (a He
yrnotpebiaeHne opyauil WK coluanbHOe oBeaeHne). Muaneen mieMenn SIku, «4enoBeK 3HaHU,
0o0ydJaBIIMi aMepUKaHCKOTO ydeHoro, »THorpada u conuoncuxonora Kapmoca Kacrtanemy
CBOEMY IOHUMAHUIO JXKU3HH, TOBOPUJI €MY: «Thl 0OpeyeH Ha TO3HAHUE TMOTOMY, UYTO THI -
YEJIOBEK».

Bo-BTOpBIX, MO3HAHKE MHPA - 3TO TO, YTO [JaeT HENPEKPAIAKIIUICA HHTEepec K
JKU3HM. YenoBeKk CTpeMHUTCS K YJOBIETBOPEHUIO CBOUX (PYHIAMEHTAIbHBIX MOTPEOHOCTEH,
TaKuX Kak MOTPeOHOCTh B MUIIE, YKPBITUH, OOIIEHWH, HHPOPMAIIUH, BOCIPOU3BEACHUS ceOs B
MIOTOMCTBE. JTO CTPEMJICHHUE - €CTh ABUKYILAS CUJIA PA3BUTHSI, IBHXKEHUS BIIEPE, KOTOPOE OJHO
U TOAJIEPKUBAET MHTEPEC K KU3HU. DTOT MHTEpEC MPOMaaaeT, Korja MCUe3aeT NEepCHeKTHBa,
KOI'/Ia 1ajblie HEKy1a UJITH.

Y4eHble, 3aHUMAOIIKECS MPOOIEMON TOWCKA BHE3EMHBIX ITUBUJIM3AIINIMA, MPEXKIE BCETO
NBITAIACH OLIEHUTh UX BO3MOXHOE KOJMYECTBO M, 3HAUUT, PACCTOSAHMS MEXKIy HUMH. {1151 3TOrO
OIICHUBAJIACh BEPOSITHOCTh BO3HUKHOBEHHUS PA3yMHOM >KU3HU M BEPOATHOE BpEMS KU3ZHU
pa3yMHOW IMBHIM3AIMKA. MOUaIuBO, U3 OOIMX COOOpaKEHUH MPU3HACTCS, YTO BPEMS KU3HHU
T000W TUBWIIM3AIMM KOHEYHO, KaK KOHEYHO BpeMsl JKM3HH OpraHu3Ma, BHUAA, JTHOCA.
TimarenbHO aHATM3UPOBAIMCH BO3MOYKHBIE MPUUMHBI THOENN UBUIN3AUHU (UCXO0/Is, pa3yMeeTcs
U3 HAOOJIEHUI €TUHCTBEHHOW, JOCTYITHOW HaM - Hailei) U OCHOBHOW, Hambosee HaJeKHOM,
a0COIOTHON M HEMpPeo0IMMOM Oblila MpU3HAHA TaKas MPUYNHA, KaK nomeps unmepeca NHaue -
ckyka. [loryOWTh 4enoBEUECTBO CIOCOOHBI HE CTONBKO O€ICTBUS W TATOTHI, CKOJIBKO
Onarononyure. I BOT TYyT €IMHCTBEHHOE, YTO MOKET MPOUIUTH XHU3Hb LUBWIM3ALMU Ha
HEOTpeAeNeHHO OOJBIION CPOK - 3TO mpormecc mMo3HaHus Mupa. CTeneHb YIAOBIETBOPEHUS
KU3HEHHBIX MaTepHallbHBIX MOTpeOHOCTEH 4YelloBeKa MOXKET JAOCTUTHYTh HacChIIICHUS B
CPaBHHUTEIHHO HEOOJBIIOE BPEMS, a TIPOIECC MO3HAHUS OECKOHEUEH.

HemnocpenctBeHHO M00BIBAaHWEM HOBBIX 3HAHWW, MPOHUKHOBEHHEM B TaliHBI [Ipupossl
3aHUMAETCS JIUIIb HUYTOXHAsL YacTh YEJIOBEUECTBA - MPOILICHTOB JIBA/ALIATh OT YMCIA «HAYYHBIX
PabOTHUKOBY», KOTOpBIE, B CBOIO OUYEPEIb COCTABIISIIOT MAJIyIO JOJI0 IPOLEHTa HACEIeHHs 3eMIIH;
W JIMIIb €AWHUIBI U3 ATHUX JBAJLATH MPOLEHTOB YYEHBIX-TBOPIIOB JE€JAlOT JACHCTBUTENBHO
OpUHLMINATIbHBIE mard Brepen. OaHaKo, OCTaJbHOE YEJIOBEYECTBO TOXKE CIIOCOOHO K
COYYacCTHIO B PaIoCTU OTKPBITHS. CIequTh 3a IBMKEHUEM MBICIIA TBOPLIOB, OLIYIIasi U OHUMAI,
YTO OHHU CHEJalld, TOXKE MOXKET ClIeNaTh KU3Hb OECKOHEUHO MHTEPECHOM Jlaxe Ui YeJIOBeKa He
CIIOCOOHOTO K CaMOCTOSATEIHbHOMY HAyYHOMY TBOPYECTBY M MPECHIIMIEHHOTO BCEMHU OOBIYHBIMU
Osraramu. Ho 11t 3TOTO HY)KEH OTNpeeieHHbI 00pa30BaTeIbHBIA M KYJbTYPHBIA YPOBEHb, U HE
CTONBKO OOIIMpHAs SPYIAUIHS, CKOIBKO COBPEMEHHOE BHUACHHE MHpa B 1EJIOM, MOHMMAaHUE
OCHOBHBIX KOHLEMIINM €CTECTBO3HAHUS, HAIIPABICHU! PA3BUTHS MUPA U YEJIOBEYECKOW MBICIIH.

N Tperbsi mpu4YMHA - NMOTPeOHOCTH NPAKTHKH. MHp JEHCTBUTENBHO €IUH U, HE
MPEACTABIISIL €r0 B LIEJIOM, HEJb3sl CTaTh CHELUAIUCTOM BBICOKOIO YPOBHS HU B OJHOM Y3KOU
obnactu. CIenuaaIucTOM BBICOKOTO YPOBHS Sl HA3bIBAIO TAKOTO, KOTOPHIN CIIOCOOCH BBIXOIUTH 32
CYLIECTBYIOIIME paMKH M JellaTh KaKuhe-TO KaueCTBEHHO HOBBIE IIAaru B CBOeH 00acTH,
MPeo0eBaTh HECTAHAAPTHBIC CUTYAIlUU, HE PEAYCMOTPEHHBIC IPOrPaMMOii €ro 00ydIeHHS.

[Ipeomonenre HEOOBIYHBIX CHUTYyaIlMi - BCErJa TBOPUYECTBO, Ja)X€ B CAMOW IMPOCTOM,
NpelenbHO perJaMeHTHpOBaHHOW paborte. TBopuecTBO ke TpedyeT wummyuyuu, KOTOpas
OCHOBaHa Ha TIOJICO3HATEILHONH 00pabOTKE BCEro MacCWBa 3HAHMM M HJIEH, OTHOCSIIHUXCA K
o0miemMy ycTpoiicTBy Mupa. B mr060# TBopuecKoil paboTe mpu MoucKax Moaxo/1a K HOBOH 3aade
MOIIHEMIIIMM HHCTPYMEHTOM SIBIIAFOTCS aHaAIO2uy C JPYTUMH TPUPOJHBIMHU SBJICHUSAMU H
00BeKTaMH, UHOTJA BECbMa JAJeKUMHU OT paccMarpuBaeMbix. [IpudeM 4acTo MMEHHO HalieKue
aHAJOTUM MOTYT TIOJaTh HaubOoJee IEHHYI0 HECTaHAapTHYI wuuaer. Ytoowl 3ddexkTuBHO



UCIIOJIb30BaTh aHAJIOTUU HAA0 00JalaTh JOCTATOYHOM 3pyIUIMEd, HO, TIaBHOE, MPEACTaBIATh
o0IKe KOHIENIUHU, XapaKkTep caMbIX OOIIMX CBA3€H M MMETh BHYTPEHHIOI YOESKICHHOCTH B
JENCTBUTENBHOM €IMHCTBE MHPA.

B cBsA3u ¢ aHanorusMu noJ4epKHEM, YTO OHM CIIOCOOHBI MOAATH NI0OOMBOPHYIO UOEIO,
HO HE IOTOBBIM penent pemeHus. [IpsMoi nepeHoc 3aKOHOMEPHOCTEH «I10 aHAJIOTHMU» MOXKET
IPUBECTH K HEOXHUIAHHBIM U Cephe3HbIM olMOKkaM. M 4ToObl 3TOro He MPOU30LIO ONATh-TAKH
HE00X0/IMMO MOHUMaHNEe UMEHHO 00wux KoHyenyuil, oOmel KapTUHBI MUpA U €ro pa3BUTHUS, a
HE TIPOCTO HAOOP 3HAHMI U3 Pa3HBIX 00JIaCTEH.

1.3. Kaxk ctpousiach 4eI0BEKOM KapTHHA MHpa?
1.3. Yto Takoe «Hayka»?

[lepBOOBITHBIIT 4YeNOBEK Malo 3Hal 00 OKpYXarolleM MHpe, VyJIaBiuBal JUIIb
NOPOCTEHIINE CBSI3U MEXIY SIBJICHUSAMHU, U 4YTOOBI MOCTPOUTH HEOOXOIUMYIO €My ILEIbHYIO
KapTUHY OH HacelwJl MHUp JyXaMH - OpPraHU3YIOIIMMH CHJIAMHU HEMaTepHalbHON MpPHUPOJBI,
OpUYeM CHayajla He OTJAEISUT JKUBOTO OT HEXHBOIO MU JYXOB OT MaTepHaJIbHBIX MPEAMETOB.
Kaxmoe nmepeBo, pydeek W Jake KaMeHb MMENH CBOIO aymy (ayx, OoxkecTtBo). IlosBumuch
NPUMUTHBHBIC TTOJIMTEHCTUYECKNE PeJIUTHM, KaK CPEJCTBA OOBSICHEHUS U YIIOPSIIOUEHHS MUPA.

[To3xe, B aHTHUYHbIE BpeME€Ha, HA4YaJlOCh pa3[elIeHHe JYXOBHOTO M MaTepHUaJbHOTO B
co3HaHWM dYenoBeka. llempHas kapTWHA MHpa Hadala HApyIMIAThCs, W, YTOOBI MPHUBECTH €€ K
€AMHCTBY M OpPraHM30BaTh, CTAJ0 HEOOXOJUMO MOTYMHHUTH MaTEpUI0 TyXy WM Haobopor. Ha
ATOM JTale€ CTPEMJIEHHE K YIOPSAJOUEHHIO MHpa IPHUBENO K BO3HUKHOBEHHUIO (uiaocopuu,
KOTOpasi BBIMOJIHSAJA ATy 3a/ady Hapsaay c penurueid. Bosuuknm ¢unocodckue HampablieHUs
yeann3Ma U MaTepuain3Ma, KOTOpble BCTYIIUIM B 0’)KECTOUEHHYIO O0phOY.

Ha omnpenenenHoMm »5Tame pa3BUTHSA YEJIOBEYECKOTO OOIIECTBA IMOIUTEUCTUYECKUE
pEeUTUM CMEHUJIMCh MOHOTEUCTHUYECKUMH C €IUHBIM OpraHM3yIOHNIMM HadaioM - borow,
obecreunBaroUM OOJBIITUN TOpsiIOK B Mupe. [Ipu 3TOM ero ponp crajga WHOM, 4YeM pOJIb
OecurCIeHHbIX OOroB MepBOOBITHOrO mMaHTeoHa. Exmublii bor mepecran ympaBisiTh KaxIou
OyKamko# (XOTS ¥ TOBOPUTCS, YTO JaKE BOJIOC C TOJOBBI HE yIajeT 0e3 ero BOJM) - OH CO37all
MHp, YCTAHOBUJI JJISi HETO 3aKOHBI M OOJbIIEe MX MOKa HE MEHsET (pa3Be YTO KPaTKOBPEMEHHO
pazy COTBOPEHUS UyJiec).

OcnoBHas poib bora 3akioyanach B yCTaHOBJIGHUM 3aKOHOB MOPAJIH M HPABCTBEHHOCTH
U B 00€CleYeHUH WX BBINIOJHEHUS, TO €CTh B YIHOPSAOYEHHH YelloBeueckoro ooOuiecta. Beeit
CBOEH JTyXOBHOH JESATETBbHOCTHIO YEIOBEK CTPEMMJICSI HE CTOJBKO YIOPAIOYUTH MHUpP BOOOIIE,
CKOJIbKO ONpENENIUTh B HEM CBOE MECTO M YHOPSAOYUTH cBoe obmiectBo. [leTanu ycrpoiicTBa
MHpa Ha 3TOM OJTalleé B OCHOBHOM OOBSACHSUIUCH MHM(OJTOTHYECKH, CIOCO0aMH,
YHACIEOBAHHBIMU OT MOJIMTEUCTHUYECKON 3IMO0XH, HO B 3TO K€ BpeMsl BO3HHMKJIA U HayKa B
HBIHEIIHEM TOHUMAaHUH 3TOTO CJIOBA.

Hayka onpeznensierca kak cdepa 4eIOBeCKOl JeSTeJbHOCTH, QYHKIUSA KOTOPOH -
BbIPAa0OTKA M TeopeTH4YecKass  CHCTeMATH3alUsl  OOBEKTUBHBIX  3HAHHH 0
aelicTBUTENIbHOCTH. Hayka mM3ydaer okpyKaloIuili yenoBeka Mup (M camMoro 4esjaoBeKa, Kak
4acTh 3TOTO MHpa) — OTBEYAET Ha BOIIPOCHL: U3 4e20 Y KAK OH IOCTPOEH (B IPOCTPAHCTBE U BO
BpeMeHH). Bompoc o ToM, 4TO sIBiIsieTCS MEPBUYHBIM OPTaHU3YIOLUIMM HayajioM B 3TOM MUDE,
nouemy MUp TaKOH KakoW OH €CTh - 3TO BONpPOC (UI0coO(pHUH, KOTOPYIO YACTO CUUTAIOT 0COOOM
Pa3HOBUIHOCTHIO YMCTBEHHOM JESATENHOCTH YEJIOBEKa, OTIMYHONW OT HayKu (XOTS HEKOTOpPbIE
pasgensl ¢unocopuu, Takue Kak H3ydyeHHE IMpOIEecca MBIIUICHHS, JOTHKa, SBISIOTCS YHCTO
HAyYHBIMU JUCIUIUINHAMHU).



OnHOBpeMEHHO ¢ Haykod M (Quiocodueld MPOAOIKACT CYIIECTBOBATH U PeJIMTHSA -
HaunOoJiee IpeBHss, IEpBUYHAsA CUCTEMA YIOPSA0UYEHUs MHUpa YyenoBekoM. Ee oTiimuue ot apyrux
CHCTEM B TOM, YTO MOPSIOK CTPOUTCS HAa MH(OIOTHYECKOH, a HE Ha OOBEKTHBHOH OCHOBE.
[Touemy 5T pa3HbIE CHCTEMBI B3aHMOTHOLICHMM YEJIOBEYECKOTO CO3HAHMS C OKPYKAIOIIUM
MHUPOM [POJOJIKAIOT CYIIECTBOBATh OJHOBpeMEHHO? JloipkHa JM penuruss co BPEMEHEM
OTMEpPETh, KaK CUMTAIOT OJHU, WU, HA000pOT, BO300JalaTh HAJ BCEMH APYTHMH cdepamu
YEJIOBEYECKOI0 CO3HAHUS, KaK CUMTAIOT Apyrue?

[TocMOTprM Ha B3aMMOOTHOUIECHUS PEIUTUU C HayKou. ['ocnocTByoKe celyac B MUpe
MOHOTEUCTUYECKUE PEIIUIUU YTBEPXKIAIOT CYIIECTBOBAHME HEKOM BbICHIEW cwibl - bora, -
KOTOpPBIM CO3Jal MHMp, M 3ajajl Bce 3akOoHbl uM ynpasisaromue. CoxepkaHue Bcex
Pa3HOBUIHOCTEN CBAILLEHHBIX KHUT, IPUIHUCHIBAEMBIX bory, 3akirodaercss B yCTaHOBIEHUH HOPM
MOpajld ¥ HpPAaBCTBEHHOCTH, IIpaBMJ IIOBEJEHHUsA uyeinoBeka B obmectBe. O 3akoHax,
YIPaBISAIOLUX MaTEpUaIbHbIM MUPOM TaM HE TOBOPUTCS MOYTH HUYETO, TIPOCTO YTBEPIKIAETCS,
YTO BCE BOKPYT co3aHo borom. Penurus (B HbIHELIHee BpeMs B OTJIMYME OT CPEAHEBEKOBbs) B
IPUHLINIIE HE 3alpellaeT YeJIOBEKY U3ydaTh U MOCTUraTh CO3JaHHbIE BOrom 3aKOHBI NPUPOJBL,
BOCXBassAgd MyapocTh BeesblHero. KpoBaBas 0opp0a penuruu npoTUB HAyKH, U, BPEMEHaMH,
Takas ke OoppOa aTeHCTOB MPOTHUB BEPYIOUIMX KOHYMJIACH WM KOHYaeTcs, HOO CTalo
JIOCTaTOYHO $ICHO, YTO CPEACTBAMM JIOTMKM M HAyKH HEJIb3d HHU [IOKa3aTb HU OIPOBEPTHYTH
CYILIECTBOBAaHHME BBICIIEH CHJIBI, CO3JaBIIEH HAIl MUP, U OJHOBPEMEHHO SICHO, YTO HHUKAaKHE
JOCTHKEHHS HAYKH HE MEIIAIOT BEPUTh B bora ToMy, KOMy 3TOr0 X04eTCsl.

Bepa - 510 00s3aTenbHBIA 3IEMEHT YEIIOBEYECKOTOo CO3HaHWs. PasneneHue moned Ha
«BEPYIOIIMX» M «HEBEPYIOIINX» MPUBBIYHO, HO HE JIOTMYHO. Bepyromue - Bce, TOIBKO OIHU
eéepam B TO, 4T0 bor ectp, a Ipyrue onsarh xe gepsim B To, uro bora Her. Ta win unHas Bepa
HEo0XoauMa Uil 3aMblKaHUs CUCTEMBI YIOPSIIOUEHUs, AJI OTBETAa Ha BONPOC «IIOYEMY OHO BCE
MMEHHO TaK KaK OHO €CTb?».

S ynmotpebuin ClOBO «3aMbIKaHME» B TOM CMBICIE, B KOTOPOM OHO YNOTpeOJseTcs B
MaTeMaTHKe: 3aMKHYTOM CUCTEMOM YpaBHEHUN Ha3bIBACTCA TaKas, B KOTOPOU YHUCIIO YPaBHEHUU
B TOYHOCTH PaBHO YHMCILy HEU3BECTHBIX U KOTOpaAs MO3TOMY Pa3pelinMa U UMEET €AUHCTBEHHOE
pemenre. HayyHoe mo3HaHuMe MHUpa HEBO3MOXXHO IyTeM OIHOH JIOTUKU. B ocHOBe m0OBIX
JIOTUYECKHUX ITOCTPOCHUM BCET/A JIEKAT HEKOTOPBIE MOCTYJIATHI - IIOJOKEHUS, IPUHAMAEMbIe Ha
Bepy. Hu oqHa HayyHast kapTuHa MHpa He 00XOIUTCS 0€3 3IeMEHTOB BEpbI, MEPBBIN U3 KOTOPBIX
- 9TO Bepa B O0OBEKTHBHOE CYIIECTBOBAHUE M €JUHCTBO MMpA; pa3HUIlA B MTOAXO0JAaX B TOM, UTO
OJIHM CUMTAIOT 3TH IOCTYJNAThl yCTaHOBIEHHBIMU borom, a apyrue - Her. Kpome Toro eepa
penucuo3nas abconromua u ciend, €€ He MOXET MOKosiedaTh He TOJIbKO JIOTUKA, HO U JIOObIe
(baxThl, a Hayka TOHUMAET ONPEICICHHYIO YCIOBHOCTh U OTHOCUTEIILHOCTh JIIOOBIX MOCTYIaTOB
U B Bepe ececoa ocmaensem mecmo comHeHusm. OCHOBHBIM TNPUHIMIIOM HAayKU SBISETCS
NPUHIUIHATIBHAS ONposepeaemMocms T000T0 ee MONI0KEeHUA. DTHM HayKa OTJIMYAeTCsl HE TOJIBKO
OT pEJINTMH, HO U OT TAaK Ha3bIBACMBIX JIJ/CEHAYK, KOTOPBIE BpeMs OT BPEMEHU BO3HHMKAIOT B
YeJI0BEYECKOM OOIIECTBeE.

CymecTBoBaHue (M JaXe TPOIBETAHWE) MHPOBBIX PEIUTHH TOBOPUT O HEKOEH
BHYTPEHHEH MOTPeOHOCTH OONBIIMHCTBA JI0IeH B HUX. YacTo M aTeucThl CYUTAIOT, YTO PEIUTHS
HeoOxoauMa AJis OOJIBIIMHCTBA, TaK KaK TOJbKO OHA MOKET BHYUIMTb MOPAJIbHbIE MPUHIIMIIBL.
OpnHako, peIuruo3Has Bepa He Tak 00300uaHa. Crenas Bepa, yBepeHHOCTb B €IMHCTBEHHOCTH U
a0COJIFOTHOCTH PEIMTHO3HBIX UCTHH MOPOXKJIAeT (aHATU3M M HETEPIUMOCTh K MHAKOMBICIHIO.
becuncieHHbIE PEIMTUO3HBIE BOMHBI, Pe3HA apMsH B Typuuu, ryreHoToB Bo PpaHuuu, Teppop
II0 OTHOIICHHIO K cTapoBepaM B Poccuu, CaMOCOMXOKEHMs TEX K€ CTapOBEpOB BMECTE C
MaJIOJIETHUMU JI€TbMH, HBIHEIIUH MYCYJIbMAHCKUH TEppop HE KpPacUT COOTBETCTBYIOILNE
PENIUTuHU, YTBEPKIAIOLIIEe MIJIOCEPANE B CBOUMX (DOPMaJIBHBIX 10TMax.

[Touemy oguu BBIOMpatoT Bepy B bora, a npyrue - aremsm? S mpeanounTtaro 0ObSICHATH
9T0 Tak (mo3uiusi ateucta). Bepyromme B bora - 310 «pabel Boxxum» mo ompeneneHuro.
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[Tonoxxenne paba cBoero cocena OOBIYHO YHHU3HUTENBHO, OJHAKO, YeM MOTYIIECTBEHHEE
TOCTIOJIMH, T€M OOJIbIIIEe YUCIIO JII0JIe He TIPOYb CTaTh ero padbamu. beITh paboM Bcemorymero
co3marens - ocobast 4ecTh. [ TaBHOE MPEMMYIECTBO TOJOXKEHUsT paba B TOM, YTO OH MOXKET
MO3BOJIUTH cebe He ymaTh MpU MPUHITUM MHOTUX pemeHuil. Ero cBobonga pe3ko orpaHuyeHa,
3aTO €My HaMHOTO Jierye *uTh. Bce mpaBuia MOpaiu U HPaBCTBEHHOCTH (M HE TOJBKO OHH)
ompezeNeHbl pa3 M HaBcerma «cBepxy». OueHb MHOTHE UYBCTBYIOT ce0si koMmdopTHee,
3aIUIICHAEe, 3Hasl, YTO UMM YIPABIIIECT HEKas MepCOHU(PUIIMPOBAHHAS BBICIIAS CHJIA, KOTOPAs
MPEUChIBAET HOPMBI TIOBEJICHUS, KapaeT U MUIIYET - 3TO «Bepylolire». PacTBopeHue JIMYHOCTH
B bore m30amiser deroBeka OT YyBCTBA OJIMHOYECTBA, OOBEAMHSIS €ro ¢ eAumHoBepramu. Te,
KOTOpBIE MPEANOYUTAIOT PEIIaTh MPOOIEMbl CAMOCTOSITENILHO, KOTO YTHETaeT MOJIoKeHue pada,
JIaXKe TOCIOJHET0, MPEANOYUTAIOT ATEU3M.

Kak HUM cTpaHHO, yCIIENIHO 3aHMMATbCA €CTECTBEHHBIMU HAayKaMH MOXHO B O0OUX 3THUX
cocrosiHUSIX. VM Bpoze Obl Jake ¥ TYMaHUTAPHBIMH TOXE, XOTS TYT BOIPOC JIOBOJLHO TOHKHIA.
[To-moemy, 3aHATHE HAyKOW O 4YeIOoBeKe (MMEHHO HAYKO#, a HE MPOCTO YEIIOBEKOM) TPYIHEE
COBMECTHTbH C PETUTHO3HOCTHIO, YEM 3aHATHE, HAIPUMEP, ACTPOHOMUEH WIN siIepHOH (HDU3HKOIA,
HO MHOTHE CYMTAIOT HA00OPOT.

Eme oaHo 3ameuanne o Hayke. To, 4YTO HaliicHHbIE HAyKOH OOBEKTHUBHBIC
3aKOHOMEPHOCTH MOTYT MpPHUHECTH OOJbIIYI0 TMOJb3y MNPAKTHKe ObUIO 3aMEUeHO JaBHO
(reomeTpusi W BOOOIE MaTeMaTWKa HCIIOJIB30BajacCh B CTPOUTEIBCTBE, 3aKOH, OTKPBITHIN
ApxumenoM ObUT MPUMEHEH UM ISl OTIPEJICTICHUST IPUMECH cepedpa B 30J10Te 03 pa3pylieHHs
u3nenus u T.4.) B mocnenHee ke CTOJNETHE HayKa, KaKk TOBOPAT, MPEBpaTUIach B MOILIHYIO
npouzeooumenvryto cuny. Ha Hayky oOpaTuin BHMMaHHE OYE€Hb MHOTME M TMOSBHWINCH Tak
Ha3bIBAEMbIC «IIPUKIJIAJIHBIE HAYKH». DTOT MOCIEIHUA TEPMHUH MPUKUICS B HAIEM S3bIKE, HO,
BOOOIIIE TOBOPSI, OH MPOTUBOPEUUT OMPEIEICHUIO HAayKH, MPUBEACHHOMY BbIlle. Hayka - smo
HOUCK UCMUHbL pAOU CAMOU UCTNUHBL, NOUCK 00bEKMUBHBIX 3AKOHOMEPHOCMeElN padu CO30aHUs.
VROPAOOUEeHHOU KapmuHbl 3mo2o Mupa 6 nawem coznanuu. Llenb Hayku - 3HaHue. Bee ocranbHoe
- 3TO NPUJIOKEHUSI HAYKH WU T€XHOJIOTUM.

Panblie u nydine Bcex ONMpenean CyIIHOCTh HayKH U B3aUMOOTHOILIEHUS €€ C TEXHUKON
M.B.JlomoHocoB B cBoeM 3HamMeHUTOM «CiioBe O moib3e XxuMum». OH TOBOpUI: «Yuenuem
npuobpemenHvle NO3HAHUA pA30elaomcs Ha HAYKU U Xyooxcecmea. Hayku nooaiom scHoe o
6ewax NOHAMuUE U OMKPLIGAIOM NOMAeHHble OeUCMBULl U CEOUCME NPUUUHBL, XYOOHCeCmed K
NPUYMHONCEHUIO — YelloBeyecKoll  Noib3bl  OHble ynompebagiom. Hayku  0doeonvcmeyiom
8DOJHCOEHHOE U BKOPEHEHHOe 68 HAC JI0OONbIMCMBO; XYO0dHCecmea CHUCKAHUeM NpubblmKa
yeecensiom. Hayku xyooowcecmeam nymov nokaszwiearom, Xy0oxrcecmea NpOUCXOHCOeHUe HAYK
yekopsiromy. «Xypaoxecrsamu» JIOMOHOCOB Ha3bIBal KakK pa3 TO, YTO Mbl ceidyac Ha3bIBaeM
TexHojorusiMu. B stom ke «CrnoBe..» 4yTh Janbllie OH TOBOPUIL: «Medwcdy Xyooxcecmseamu
nepeoe Mecmo, no Moemy MHeHUI0, UMeem Memaiiypeus.... .

Hasnauenne mexnonoeuti - co3MaHWe TIPEAMETOB W YCTPOWCTB, OOJIETYAIOIUX,
YKpamaomx, 000raaninmx Ku3Hb, B TOM YHCIC W MOMOTAIOIIMX HCKaTh MUCTUHY TEM, KTO
3aHHMaeTcsi Haykod. Hampumep, ectb Hayku: Teopus HH(pOpManuu, MaTeMaTHYecKas JIOTHKa,
KBAHTOBas MEXaHWKa, PU3MUKA TBEPAOTo Tena. M eCTh TEXHOJIOTUH, SBISIONINECS HEKOTOPBIMU U3
MPWIOKEHUH 3TUX HayK: CO3[aHHe MOJIYINPOBOAHUKOBBIX MPUOOPOB, KOMIBIOTEPOB U BCETO HX
MPOrPaMMHOTO OOECIICUCHHs, CO3JaHHME JIa3epOB M OCCUMCICHHBIX OCHOBAaHHBIX Ha HHX
npubopoB. KocmoHaBTHKa, Hampumep, - 3TO HE HayKa, a TEXHOJOIHs (XOTd U BecbMa
«HayKOEMKas»), 00CTy)KUBAIOIIAsl B 3HAYUTEIILHOMN CTETIEHU HAYKY.

Pazymeercsi, MHOTHE TIPUIIOKEHUSI HAYKH MOTYT OBITh YHOTpeOJIeHBI (M, K COXKaJICHHUIO,
BO-BCIO YIIOTPEOISIOTCS) HE TOJIBKO BO 0J1aro, HO M BO 3J710. DTO CBA3aHO HE C MPUPOAOI HAYKH, a
¢ mpupojoii dyenmoBeka. OcyxIaTh HayKy (Kak 3TO 4acTO JeNaloT) 3a TaKhe BEIU Kak
COBPEMEHHBIE CPEACTBA MACCOBOTO YHMUTOKEHHUSI CTOJNb K€ TJYNO, KaK OCYKJaTh OTOHb 3a
MO’Kaphbl WK BOAY 3@ MOTOIIBI.
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1.4. O mHayuynom metoqe. KoHuenuus «pocToTsl TPUPOIBLD)

Kak paboraet Hayka? Kak yueHble HIIIYT UCTUHY?

Bbl, HaBepHOE, CIBIIANN, YTO YUEHBIC JETSATCS HA IKCIEPUMEHTATOPOB U TEOPETUKOB?
OKCMEPUMEHTATOPhl  JT0OBIBAIOT  (aKThl, TEOPETUKH OTH (GakThl 0000MmMAIOT, HIIYT
3aKOHOMEPHOCTH U CO3Aal0T Teopuu. K sKcrepuMeHTaTopaM OTHOCAT TakKe W HaOIroaaTenei,
U3YYAIOIIMX MPUPOJIHbIE SIBICHUS HEMOCPEACTBEHHO (B 3TOM CiIy4dae TOBOPAT O HAMYPHOM
9KCcnepumenme), HO B OTJIMYME OT NPOCTO MPA3JHBIX HaAOIOIATeNel y4deHbIe 3aHUMAIOTCS
¢dukcanyell omnpeAeNeHHbIX XapaKTEPUCTUK SBJIECHUM, MpUYEeM Be3de, I/€ 3TO BO3MOXKHO,
XapaKTEPUCTUK KOJMYECTBEHHBIX - 3aHUMAIOTCS U3MEPEHUSIMU.

Llens HayKW — W3y4YeHHE MPHUPOIHBIX OOBEKTOB W SBJICHHH M 3aKOHOMEPHOCTEH, HMX
CBSA3BIBAIOIIMX B OKPY)KAIOIIEM MHUpPE, MOITOMY I[EPBOOCHOBA HAYKU — HENOCPeOCHBEHHOe
Habawoenue. OnHAKO, OONbIIAs YacTh HAYYHBIX (DAKTOB B HACTOAIIEEC BpeMs JOOBIBACTCSA B
CIEIMANILHO TIOCTaBICHHBIX dKkcnepumenmax. CrienuanbHbIe IKCIEPUMEHTHI MIO3BOJISIOT OBICTpEe
U TIy0ke M3y4UTh TO WIM MHOE CBOMCTBO MaTEpHUM WM IMPOliecca, TaK Kak B ATOM CIIy4ae OHO
U3y4aeTcsl B 3apaHee 3aJaHHBIX KOHTPOJIUPYEMBIX YCIOBUSAX, PU MUHHEMYMe momex. Ho Hamo
MOMHHUTb, YTO B CJIO)KHOM IIPUPOJHOM SBJIEHUU BCErJa MOTYT MpPOSBUTHCS HEOXKUJAHHBIE
KOJUIEKTHUBHBbIE YP(EKThI, KOTOPbIE HEBO3MOXKHO MPeayragaTh Ha OCHOBAaHUHU YKCIIEPUMEHTOB C
MOXO0XKUMHU, HO Oosiee mpocTbiMu cucreMamu. [loaTomy o00a moaxoja - HEMOCPEICTBEHHOE
W3YYCHUE MPUPOIHBIX SIBICHUN U CIICIUATBHO MMOCTABICHHBIC SKCIIEPUMEHTHI - COCYIIECTBYIOT U
OyIyT BCerja cocyliecTBOBaTh B HayKe.

®DaxThl - 9T0 XJe0 Hayku. [lepBoHAYAEHBIM UCTOYHHUKOM HCTHHBI MOXET OBITh TOJIBKO
onbIT. TONBKO OH MOXET HAay4YuTh HAc 4yeMy-I100 HOBOMY U TOJBKO OH MOKET BOOPYXHUTh HAc
JIOCTOBEPHOCTHIO. «CHUMHTE WISy Tepel rocrnoguHoM (aktom» - roBopun MBan IlerpoBud
[TaBnoB. A kakoBa ke posib Teopuu? CylIecTByeT MHEHHE, YTO TEOPHUs - 3TO YKpaIlICHHE,
aHTypaXK, UTpa yma; HayKy JIBUTAET TOJHKO JKCIIEPUMEHT, & KPUTEPUEM HCTHHHOCTH HOBOTO
3HAHUS ABJISETCS MPAaKTHUYECKas MoJib3a. DTO MHEHUE HEBEPHO B MpuHLHUIIE. Jlydie Bcero ckasai
00 3TOM OJMH M3 BENUYANIIMX MaTEMAaTUKOB M (uU3MKOB Hamied miuaHetsl Aupu Ilyankape B
cBoeit ctathe «Hayka u rumorezay. Mbl OyieM IpUMEPHO CIIEI0BATh €r0 U3JI0KEHHUIO.

Jeno B ToMm, uYro ¢akKTaMHd HAI0 TMOJB30BAThCS, a M OTOrO0 HAIO0 00001ATH.
DKCrepuMeHT 0e3 TeopeThdeckux o0o00meHnuit O0eccmbicied. AHpu I[lyankape, paccyxmas o
pOJIK TUTIOTE3Bl M TEOPUU B HAyKe, TOBOPUI: «YUEHBIM AOJKEH CHCTEMaTH3WPOBATh;, HayKa
ctpoutcs u3 (GakToB, Kak JOM M3 KHPIHUYEH; HO MPOCTOe coOpaHue (HAKTOB CTONH KE Majo
SIBJISIETCS. HAYKOM, KaK Ky4da KaMHed - JoMom». CMBICT HayKH B YIMOPSIOYCHUU OKPYKAIOIIETO
MUpA, B YCTAHOBJICHUH 3aKOHOMEPHOCTEH, MO3BOJISIIOIINX MPOTrHO3MPOBATD.

@akt (akTy po3Hb. MOXXHO caenaTh MAJUTMOH U3MEPEHHUH U HE MOJYYUTh B Pe3ylbTaTe
HUYETO0 B CMBICIE BO3MOXKHOCTU TNpeABUACHUA. [ mpeaBuaeHus HEoOXOAUMO 00O0OIIeHHE.
Ecimu Obl BMECTO MHJUTMOHA M3MEPEHHI MBI CHENAIH BCEro CTO, HO, MPOAHATU3UPOBAB U
0000IMB WX, BHIPA0OTAIM THUIIOTE3Y, MO3BOJISIONIYI0 WX YIOPSAJOYUTh B BUJIE HEKOTOPOM
3aKOHOMEPHOCTH, CJIEAYIOIINE CTO M3MEPEHUI MbI MOTJIM OBl JIeNaTh YXKe IeJICHANIPABICHHO B
paMKax OmNpeaesIeHHON CTpaTeruu, AUKTyeMOW TumnoTe3oi. [Ipu 3ToM mHPOPMATUBHOCTH 3TOM
MOCIIEAHEH COTHU (PaKTOB MOXKET OKa3aThCS BBIIIE, YeM COTHHU THICSY, JOOBITHIX OECIOPSI0UHO.
bnaronmapsi 0000mIeHNI0 KaXIblii HAOMIOAEHHBIN (DAKT IMO3BOJIAECT Mpedsudems MHOXKECTBO
npyrux. W yem Gombiiie, TeM BBILIE €T0 IIEHA, BBIIIE #POU3E00UMENbHOCHb TIPOIIecca IO3HAHMS.

A. Ilyankape B yIOMSIHYTOM BBIIIIE CTAaThE JaJ €I OJWH HArJISAHBIA 00pa3: «S mo3BoIo
ceOe CpaBHUTh HayKy C OHONMOTEKOH, KOTOpas [OJDKHA HENpEpbIBHO pACHIUPATHCS; HO
O0ubIMoTeKaph pacroyiaraeT Juisi CBOMX MPHUOOPETEHUH JIMIIL OTPAaHUYEHHBIMU KPEIUTaMU; OH
JOJIKEH CTapaThCs HE TPATHUT MX MOHampacHy. Takas 00s3aHHOCTh JeNaTh MPUOOPETCHUS JICKUT
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Ha SKCIIEPUMEHTAIBHON (pr3KKe, KOTOpasi OJJHA JIUILb B COCTOSIHMM oboramars 6ubanoTeky. Yto
KacaeTcsi MaTeMaTH4ecKod (U3MKH, TO €€ 3aJadya COCTOMT B COCTaBlieHMH Kartajora. Ecmu
KaTajor COCTaBIIEH XOpOINO, TO OWOIMOTEeKka He JenaeTcs OT IToro Oorade, HO YHUTATEIIO
oOjeryaercs TMoyb30BaHHE €€ cokpoBumiamu. C Jpyroil CTOpOHBI, KarTajor, YKa3blBas
O6ubnmoTekapio Ha MpoOeIbl B €ro COOPAHUsX, MO3BOJISIET EMY JIaTh €r0 KpEeAUTaM palliOHaIbHOE
ynotpeOieHue; a 3To TeM 0oJiee BaXKHO BBHUJlY UX COBEPIICHHON HEI0CTATOYHOCTH.)

Wrak, noObIBaHNE HOBBIX LIEHHBIX (PAKTOB PE3KO ycKopsieTcs, Oiarofapsi 0000LIICHUSM.
U, Gonee TOro, OHO MPAKTHYECKH OKAa3bIBAETCS HEBO3MOXKHBIM 0Oe3 0000mmieHus. Ilyankape
nucair: «Hepeako TOBOPST, YTO CIEAyeT SKCIEPUMEHTHPOBATH O€3 MPEAB3SITONH HAeU. ITO
HEBO3MOKHO; 3TO HE TOJBKO CJIE1ai0 Obl BCSIKUIM OMBIT OECIUIOHBIM, HO 3TO 3HAUMJIO OBl XKeJlaTh
HEBO3MOXXHOTO. Besikuii HOCUT B ceOe cBOe MHUPOIIpE/ICTaBlIeHHE, OT KOTOPOTo HE TAK-TO JIETKO
ocBoOonuThCs. Hampumep, Mbl Moyib3yeMcsi SI3bIKOM, @ Hall $3bIK MPOMUTAH MpPeIB3SThIMU
UJCSIMH M OTOTO HEJb3s U30€KaTh; IPUTOM ITH NPEAB3STHIC UIACH HEOCO3HAHHBI, U IOATOMY OHU
B ThICSIUY pa3 onacHee Apyrux». OH NPUXOJUT K BHIBOAY, YTO OCO3HAHHBIE MPE/IB3SATHIC UJIEU HE
TOJILKO HE YCHUJIMBAIOT BpEJ OT HEOCO3HAaHHBIX, HO HA00OpPOT, KOMIEHCHPYIOT €ro, CTaBsT
CUTYyAIMIO TIOJ CO3HATENbHBIH KOHTPOJb. Jlake Ta mepBas cOTHA (DAaKTOB, O KOTOPOH MBI
TOBOPHIJIM BBIIIIE BCE PAaBHO IMOJIyYajach He clydallHbIM 00pa3oM, JaKe MONMyTHBIE, BPOoAe Obl HE
1eJICHaIIpaBJICHHbIEe HAOIIOCHHs BCE PABHO MOJBEPraloTCs B HalleM MO3Ty 0ecco3HaTeIbHOMY
0TOOpY: Ha YTO-TO MBI OOpaIlaéM BHIMAaHKE, Ha YTO-TO - HET.

Kaxmoe o006o0menune comepxutr B cebe rumoresy. Korma depes  cepuio
IKCMIEPUMEHTAIBHBIX TOYEK MBI IPOBOJIUM JIMHUIO, MBI 3aMEHsIeM HA0OP OTAENBHBIX JUCKPETHBIX
(aKTOB HEKOTOPOW HEMPEpPHIBHOM 3aBHUCHUMOCTHIO. DKCIIEPUMEHTATOP HUKOTAA HE TMPOBOJUT
JUHUIO 4Yepe3 BCE TOYKH, Takas JUHHUS uMena Obl 3aMBICIIOBATHIA BUA, MO0 W3-3a pPa3HBIX
CIIy4aifHBIX OOCTOSTENbCTB TOYKM MOTYT pacHojiaraTbCs BECbMa MPUXOTIMBO; OH MPOBOAUT
MedcOy TOYEeK NPUOIM3BUTENIBHO MM COOTBETCTBYIOILYIO ApOCMYIO, OIHCBIBAEMYIO TPOCTOU
bopMyII0i, THHUIO - IPAMYIO, Mapadoiy, THIEpPOOTy MM SKCIIOHEHTY. DTO yXKe runore3a. Jla u
cama IOCTaHOBKa KCIIEPUMEHTA, ero TNIAHUPOBAHKE, BEIOOp U (HUKCAIMS YCIOBHH 005S3aTEIBbHO
COJIEPKUT MPEB3ATYIO UCIO.

Hano cka3ath, 4TO HE BCE OMPEACHSAIOT TUIOTE3y TaK Kak 3TO CHEIaHO 3/1eCh.
B.N.Bepranckuii npeajaraetr pa3inudarh smnupuieckoe 060oweHue n eunomesy, mojaras, 4ro
NepBOe HE JOJDKHO COJEpKATh HUKAKOW TMEpBOHAYANBLHOM WAEH, a TUIOTE3bl BBIJIBHTAIOTCS
MMOTOM Ha OCHOBE AMIUpPHYECKOTro 0000meHus. Ho Bemb 0000mIeHHE - 3TO BCerjaa Kakas-To
rpynnupoBka (akToB, Kakas-TO MX Kiaccu(ukanus, KOTopas HE BO3MOXXKHa 0e3 BbIOOpa
MIPU3HAKOB, TIOJIO)KCHHBIX B €€ OCHOBY. Takoii BEIOOP HEM30EKHO COJEPIKUT B ce0e THIOTE3Y.

['umoTe3a - He aOCONIOTHAS UCTHHA, OHA MOXKET OBITh MOATBEPKIACHA JOTIOJTHUTEILHBIMU
SKCTIEpUMEHTaMH, a MOXKET ObITh M oTBeprHyra. Ho B mobOoM ciayuae oHa He Oecrojie3Ha:
OTBEpPrHYTasl THIIOTE3a 3aKPHIBACT IIEJIOC HAMpPaBICHUE M TaKXKe SKOHOMHUT CHIIBI M CPEACTBA,
HEOOXO0UMBIE 1JI TO3HAHUSI UICTUHBI.

Ecnmu rumore3a mMOATBEpXKACHA JOCTATOYHO HANEKHO, OONBIINM  KOJUYECTBOM
IPOBEPOYHBIX  AKCIHEPUMEHTOB WJIM OJHMM, HO TaK HAa3blBAEMbIM KPHUTHYECKHM
IKCIEPUMEHTOM - OHA MEPEXOANT B PAHT meopuu. B 001eM MOKHO CKaszaTh, 4YTO TEOPHS (KakK U
TUIIOTE3a) PUCYET KapTUHY C6A3U sA61eHUll MEXIY COOOMU, BbIpaXkas B KakKIOM YaCTHOM cCllydae
KOHIICTIITUIO eOUHCIEA MUPA.

Ncxons u3 3TOM KOHUENIIMU, MOXXHO JIONYCTUTh CYIIECTBOBAHHME, B MPHUHIMIIEC, HEKOU
o0mielt BceoOBeMITIONIEH TEOpUH, ONUCHIBAIONICH CBS3U BCEro co BeeM. IlpakTudecku ke 3To He
peaibHO, TaK KaKk B MHpE CYLIECTBYET HEHCUHCIMMOE MHOKECTBO OOBEKTOB U CBS3eH, a, Kak
COBepIIIeHHO crmpaBennuBo otMedan Koszpma [IpyTKoB, «HHKTO HEe OOHHMET HEOOBSTHOE» (BO
BCAKOM CJyyae, 3a OrpaHMYEHHOE BpeMs U OrpaHHuYEHHBIMH cpeacTtBamu). [lostomy mnpu
CO3MaHMM JIOOOW TEOpUM KaKWe-TO CBS3M HE YUYUTHIBAIOTCS, TaK KaK HMX IOKa HE YIaloCh
O0OHApYXXHTh, WM CO3HATEIBHO OTOPACHIBAIOTCS, KaK HecyliecTBeHHbIE. JItoOas Teopusi ecTh
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YIIPOILIEHHAs: MOde1b PEaIbHOTO siBieHus. Ho 310 He numaer ee 00bEKTUBHOCTH M 3HAYUMOCTH.
3aBeplUICHHAs TEOpUs, KaK IPABUIIO, CTAHOBUTCSA MOIIHBIM MHCTPYMEHTOM M JUIsSl IPAKTUYECKUX
NPUIIOKEHUN pe3ylbTaToB HayKu. KTO-TO M3 BEMMKMX CKazal: HET HUYero 0osee MpakTUYHOTO,
4YEeM XOpOIllast TEOPUs.

B03MOXHOCTP OCTPOUTH JOCTATOYHO MPOCTYI0, HO aJeKBATHYIO, TO €CTh IPAaBUIBHO
ONMCBHIBAIOIIYIO BCE BaXXHbIE I HAC CTOPOHBI M 4YEPTHl SIBICHHS, MOJEJIb BBITCKACT U3
KOHIICTIUHN Hpocmombsl IPUpobl. be3 MpuHATHS 3TON KOHLENIMH TPYAHO ObUIO ObI 3aHUMATHCS
0000IICHUSIMU: OCHOBHOM KPHUTEPHU BBIOOpA - MTPOCTOTA; U3 OTPOMHOTO KOJIMYECTBA BApUAHTOB
0000111eHNsT BBHIOMpAETCsl CaMblii IPOCTOi. MBI YyBCTBYeM MHTYUTHBHO, YTO HCKOMBIN 3aKOH HE
MOXET OBITh OYEHb CIOXKHBIM U Yepe3 JO0BOJIbHO OECHOPAIOYHYIO Kydy SKCIEPUMEHTAIbHBIX
TOYEK MIPOBOJUM MPSAMYIO WU IJIaJKYy0, HENPEPBIBHYIO aHAIUTUYECKYIO KpHuBYIO. KoHueniuei
MPOCTOTHI pykoBojacTBOBaJIcs M.HprOoTOH, KOorma co3gaBai cBowo Teoputo TaroteHus U H.bop,
KOTJ]a co3aBajl MoJiesib aroma. Kaxiplii U3 HUX CTPEMUIICS HANTU HaumeHbuiee Yucio Haubouee
NPOCMBIX NPUHYUNOB, KOMOPble NO3GONUNU Obl ONUCAMb U OOBACHUMb HAUDOIEe WUPOKULL KIACC
ABNEHUL.

Kak ormeuan IlyaHkape, KOHLENIHA MPOCTOTHI HE CTOJIb OYEBHMJIHA, KAaK KOHLEMIUSA
enuHcTBa Mupa. [loBBIIIIEHHE TOYHOCTH U3MEPEHHUI MOXET TOJ] IPOCTHIM 3aKOHOM OOHApPYKHUTh
CJIO’KHBIN, HO 0oJjiee 1eTallbHOE MCCIIEIOBAHNE OISTh OTKPBIBAET B 3TOM CIIOKHOCTHU MIPOCTOTY U
T.7. Ha yeM ocTaHOBUTCS Takas LENOYKAa 4YEPENOBAHMM IpelcKa3aTb HEBO3MOXHO. [Ipocrora
KXl pa3 OKa3bIBaeTCs Kak Obl xadcywetics. OaHako, 4ToObI HayKa ObLTa BO3MOXHOM HAJO
OCTaHaBJIMBATHCS UMEHHO Ha IPOCTOTE.

31ech BOZHMKAET TaKOH BOIPOC: MOXKET OBITh MPOCTOTA HE €CTh CBOWCTBO MPHUPOIBI, a
JIMIIB CBOWCTBO HAIIMX MOJIENEH, pe3ysbTaT Hallel HeCIIOCOOHOCTH OMUCATh pealbHOE sIBJICHUE?
Benp mox mpocTtoToi Bcerma mpsdeTcs ClokHOCTh? OMHAKO, O CHUX TOp JIFOOYI0 HOBYIO
CJIO)KHOCTB Y/1aBaJIOCh OOBSICHUTH MPOCTO, U MIPU 3TOM IMPEbIAYIIast npocmas MOACTHh TaKXkKe He
Tepsjga CBOETO 3HAYEHUS M BKIIOYAJach B HOBYIO, Oosiee OOLIyIO KaK IpeNesIbHBIA citydail.
CymiecTBOBaHHE TaKOH IPEEMCTBEHHOCTH TEOPHM MpeACTaBiseT co0oi oOmmii 3aKoH,
Ha3BaHHbIN Hunbcom bopom npunyunom coomeemcmeus. Otcroga MOXKHO CIienaTh BBIBOJ, YTO B
3TOM OECKOHEUYHOM IIpoIecce MO3HAHUS KadxCyuelcs OKa3bIBaeTCs KakK pa3 CIOKHOCTh, KOTOpast
BBITJISLAMT TAKOBOM M3-3a HEJOCTATOYHOCTH HAILIETO 3HAHUS.

C xoHUenuuei mpocToTH CBsA3aH MPUHLIUN KpacoTbl. OH He cTONb (yHIaMeHTalleH, KOO
B U3BECTHOM Mepe CyObeKTHUBEH. Bcskas mpaBuwiibHas Teopus 00s3aTeNbHO KpacuBa; KpacoTa
TaKXe MOXET OBITh KpUTEPHEM BBHIOOpA OJHOTO M3 MHOTHX BapHaHTOB 0000meHus. Kpacora -
9TO COBEPILIEHCTBO, & COBEPLICHCTBO BCErZa CBSI3aHO C MPOCTOTOM, JAKOHMYHOCTBIO. KpacuBel
Oerymiast aHb M IUIBIBYIIUH A€Ib(QHUH IMOTOMY YTO OMOMEXaHHMKa MX JABWXCHHMH COBEpIICHHA —
IpeJeabHO IpocTa U 3KOHOMHA. OiHa U3 Hanbosee KPacuBbIX TEOPUH - IBKJIMJIOBA FE€OMETPHS,
OCHOBaHHAasi Ha HEMHOTMX IPOCTBIX MOCTyJaTaX, U C €€ IOMOULIbI0 BCE 3aKOHBI NPUPOJBI
BBIPa)KaIOTCsl Hanbosee KPacuBO U MPOCTO.

Croma e NpUMBIKAeT M IOHATHE Tak Ha3piBaeMoil OpuTBBI Okkama (Oxkam -
aHTIIMCKUK ¢unocod Havanma 14 Beka): «OTCeKail Bce JMIITHEE», «HE H300peTail HOBBIX
CyIIHOCTEH 0e3 HeoOXOIUMOCTH», «HAMPACHO MBITAThCS CHENaTh IMOCPEIACTBOM OOJBIIETO TO,
YTO MOXKET OBITh CJAEIaHO IOCPEACTBOM MEHbBILNEro». 3eCh BBIPAKEH MPUHIMI HAY4YHOTO
MBILLUIEHNS], BBITEKAIOIUN W3 KOHLENLINU MPOCTOTHI MPHUPOJAbL. DTO HEKHIl aHAJIOr NpUHIMIA
HaMMEHBUIEro ACUCTBUS B (M3MKE: U3 MHOTMX BO3MOXHBIX IyTEH, NEPEeBOJAIIMX CUCTEMY U3
OJTHOTO COCTOsIHMSI B japyroe, Ilpupoma BbIOMpaeT Takoil, Ha KOTOPOM BeIMYMHA JIEHCTBHA
HauMEHbILIAs.

Kax MbI yxe roBopwn TEOpUM HE BEYHbBI, OHH PAHO WJIM IO31HO CMEHSIOTCS HOBBIMH.
To, 4TO TEOpUM CMEPTHBI POAHUT UX C TMIIOTE3aMHU, HO B TOM KaK OHM YMHUPAIOT 3aKIH0YaeTCs
KaUECTBEHHOE OTJIMYME MEXAY ITUMH IBYMsl KaTeropusMu. B ornuume oT rumoresbl crapas
TEOpHsl TIOClie 3aMEHbl €€ HOBOH He BbIOpachlBaeTcs Ha CJIOM. 3Jech paldoTaeT yxe
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YIOMUHABIIUICS HAaMHU NPHHIHUI COOTBETCTBHMS, KOTOPBIM TIJIACUT, YTO HOBAsA MEOpus He
ommemaem cmapyio, Ho NPOCMO YKA3bl8aem Ha 02PAHUYEHHOCMb 00acmu ee NPUMEeHUMOCMU U
00JIXICHA BKTIOHUAMb ee 8 ceOsl KaK HeKOmopblll npedenvuslil ciyyai. Hamo cka3arh, 4TO MPUHITHT,
M3BECTHBIM HAM KakK TMPHUHIIUMII COOTBETCTBUS bopa eme panbiie chopmymuposan Ilyankape,
KOTOPBI MILTIOCTPUPOBAT €r0 TAKUM HATJISTHBIM 00pa3zoMm:

«/IBmkeHre HAyKW MOXHO CPaBHUBATh HE C MEPECTPOUKON KaKOTO-HHOYIh ropoja, Te
CTapble 3/1aHUS HEMHJIOCEPIHO pa3pylIaroTcs, YTOOBl JaTh MECTO HOBBIM MOCTpOiiKam, HO ¢
HENPEPHIBHON 3BOJIOIUEH 300JIOTUYECKUX THUIOB, KOTOpble OECHpecTaHHO pPa3BUBAIOTCA U, B
KOHIIE-KOHIIOB, CTAHOBSITCSI HEY3HABAEMbBIMH JUISl IPOCTOTO IJ1a3a, HO B KOTOPBIX ONBITHBIN IJ1a3
BCEra OTKPOET Cjelbl MpeAlIeCTBOBaBIICH paboThl MPOIUIBIX BeKOB. MTak, HEe Hamo Tymarthb,
YTO BBIIIEIINE U3 MOJIBI TEOPHH OSCIUIOAHBI HIIA HE HYKHBL.»

Knaccuueckum mpumepom 31ech sBisieTcs HbIOTOHOBa MeXaHHMKa, HA CMEHY KOTOpPOU
OPUIUIM PENATUBUCTCKAas MEXaHUKa OWHINTEHHA M KBAHTOBas MeXaHMKa. Mbl 3HaeM, 4TO
HproToHOBa MEXaHHWKa MOXET pacCMaTpUBAThCS KaK MPEAENIbHBIN Ciiydald pelsTUBUCTCKON MpHU
CKOpPOCTSIX 3HAYMTEJIbHO MEHBIIMX CKOPOCTH CBETa M IMPU CPAaBHUTENBHO HEOOIBIINX
rPaIMEHTAX TPABUTALMOHHOTO MOJIS; WIHM KaK MPEeAeNIbHBINA Cilydail KBAHTOBOM MEXaHHUKH, KOTJa
BEIMYMHA Oelicm6us 3HAYUTEIBbHO IIPEBOCXOIUT MOCTOsAHHYyI0 Ilmanka. Ho umeHHo »31n
IpeAeybHbIE CIydal M HMMEKT MECTO MOYTH BO BCEX CHUTyalUsAX C KAaKUMHU CTaJIKUBAETCA
YEJIOBEK, U MI03TOMY 3HAUEHUE HBIOTOHOBOM MEXAHHMKHM HHMCKOJBKO HE YMEHBUIWIOCH, XOTS U
MOSIBUJIMCh 00Jiee COBEpIIEHHBIE TeOpuH. S yBepeH, 4To cO BpeMeHeM OyaeT co3jgaHa Oolee
oOrm1ast Teopusi, KOTOpasi BKIFOYUT B Ce0S ¥ PEISATUBUCTCKYIO U KBAaHTOBYIO KaK YacTHBIE CIIyYau,
HO 00€ 3TH Teopuu OYIyT padoTaTh Kak U ceyac HbIOTOHOBCKAsI.

WuTepecHo, 4TO 4acTo Aa)xe TEOPHUM, MOCTPOEHHBIE HA OIIMOOYHBIX, BIIOCIEICTBUHU
OCTaBJIEHHBIX, MPUHIMNAX (TUIIOTE3aX), MOJHOCTHIO COXPAHSIIOT CBOE 3HAUE€HUE, HECMOTpS Ha
NPUHIUIHAIBHOE W3MEHeHHe HMX (usznyeckoro Qynnamenta. Takas BO3MOXKHOCTB SIBIISCTCS
OpsIMBIM ~ CIIEICTBUEM eduHcmea W npocmomsl Mupa. IlepBelii mpumep - 3TO Teopus
TEIIoNpoBoAHOCTH Dyphe, NEPBOHAYAIBHO HUCXOAMBINAS M3 KOHLENUMU TEIUIOpoAa,
npernoiaraBpiield, 4ro TEII0O - 3TO HEKOTopas MaTepuaibHas cyOcTaHLus, MepeTeKaroias
BHYTPU T€JI U OT Tena K Telay. Bropoil mpumep - BOJHOBas TEOpUs ONTHUYECKHUX SIBJICHUM,
MOCTPOCHHAs MCXO/Is U3 MPEANOJIOKEHHS O CYIIECTBOBAHUS MEXaHUYECKOU cpeabl - adupa, - 1o
KOTOpPOM pAacIpOCTPaHSIIOTCSl BOJIHBI CBETA, AHAJIOTMYHBIE B 3TOM CMBICIE BOJIHAM 3BYKA.
MaremaTtuueckuil anmapaT U Bce BBIBOJbI 00€UX TEOPH MOJHOCTHIO COXPAaHUIUCh, XOTS AaBHO
CTaJIO SICHO, YTO HET HUKAKOH TEIUIOBOM CyOCTaHIIMU U HET 0CO00# cpenbl — aupa.

Kpatkue utoru riassl 1

B sT0if rmaBe MBI chOPMYTUPOBATN OCHOBHBIC TIOHSTHS - KOHYENnyus, ecmecmeosHanue,
Hayka, - pa3o0pany CBsI3aHHBIE MEXIY 000U (yHIaMEHTAIbHBIC KOHUECIIHUH 00bEeKMUBHO2O
Cywecmeosanusl, eOuHcmed U HNpPoCMoOmyvl Mupa W TO3HAKOMWJIUCH C OCHOBAMHU HAYYHO20
Memooa.

KoHuenuusi - cucrema B3IJIS0B HA Te€ WM MHBIE SBJIEHUS, CIIOCOO PacCMOTPEHMUS,
NOHMMaHue. MOXET TakKe 03Hayamsb OOIIMI 3aMbICEN TBOPIA YEro-JIM0O0 HOBOTO - HAYYHOU
TEOPHUH, KHUTH, APXUTEKTYPHOIO COOPYKEHUS U T.J.

EcrecTBO3HAHME - COBOKYITHOCTh HAyK O IIPUPOJIC - €CTECTBEHHbIX HAYK.

Hayka - cgepa genoBeckoii aesiTebHOCTH, QYHKIUSI KOTOPOil - BHIPaGOTKA H
TeopeTHYecKasi CHCTeMaTH3anusi O0bEeKTHBHBIX 3HAHMH o0 JelicTBUTenbHOCTH. Hayka
U3y4aeT OKPYKAIOLIUI yesloBeka MUpP (M CaMOTo 4YeJIOBEeKa, KaK 4acTh 3TOI0 MHpPA) - U3 ue2o U
KaK OH TIOCTPOEH (B MPOCTPAHCTBE U BO BpeMeHM). Hayka momMoraer uenoBeKky ynopsiio4uTh
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OKPYKAIOIIMA MHUP - OMHKCATh U OOBSICHUTH CYHIECCTBYIOIIUKA B HEM IMOPSIOK, U JEJaeT 3TO Ha
OCHOBaHUU OOBEKTHBHBIX, MMOJYYEHHBIX Ha OCHOBAHUU OCMBICIICHUS OMNBITA, 3aKOHOMEPHOCTEH.
[IpunoxxeHust HAyKu UM TE€XHOJOTHH, OCHOBAHHbBIE HA JJOCTHXKCHUSX HAYKH, UTPAIOT OTPOMHYIO
pOJIb B )KM3HU YEJIOBEKA, HO CAMU HAyKOH HE SIBIISIOTCS.

[Touck orBera Ha BOMPOC: YTO SBJAETCH NPUYMHOH CYIIECTBYIOIIEr0 B MHpe
NMopsiAKa, Mo4YeMy MHUP MMEHHO TaKoM, - 3a7a4ya Guiaocopum, KOTOPYIO MOKHO CUHTATh Kak
OJIHOM U3 HAYK, TaK U CAMOCTOSITEIbHBIM POJOM YEJIOBEUYECKOM NESITEIbHOCTH.

3aa4yn yrnopsioueHus MUpa U 0ObICHEHUS MEPBONPUUYNHBI BCETO CYILIETO PELIaeT TaKxkKe
pesnrusi, oOBSACHSIONIAS U YNOpsAaOoYMBaromas Mup Ha Mugoorudeckoii ociose. B ocHoBe
peUTHH JISKUT Bepa B CYIIECTBOBaHHME bora - mnepcoOHM(UIIMPOBAHHON BBICHICH CHIIBI,
YCTaHOBUBIIEH MHUPOBOM MOpsAAOK. Pennrus u Hayka B MU3BECTHOM MEpE aHTAarOHUCTHI, OAHAKO
OHM YCIICIIHO COCYIIECTBYIOT MAapajuIesIbHO, TaK Kak Bepa B bora He 3aBUCHUT OT IIMPOTHI U
[IyOMHBI HAIIUX 3HAHUH O MHUpe, a MOTPEOHOCTh B HEW 3aJ0KeHa B HEApPax YeIOBEYECKOM
MICUXUKH.

Konuyenuyuu coepemennozo ecmecmeo3nanusa - 35TO COBPEMEHHBIH B3IJIsI] Ha
OKPYKAIIHMA MUP, OCHOBA 0011Iero npeacraBjeHusi (U3N4ecKoil KAPTUHBI MUPA.

T'ymanumapnvie nayku - HayKy, W3YyYarollM€ BCE, YTO CBA3aHO C TAaK Ha3bIBaEMOMU
AYXOBHON M MHTE/VICKTYAJbHON JeATeJbHOCTHI0 YeJI0OBEKA U 4YeJ0Be4eCTBa, MOPAJIbI0O M
HPABCTBEHHOCTHIO, B3aHMOOTHONIEHMSIMH JIIOJeil M  oOpraHmsamueii  oOmecTBa.
['yMaHuTapHbIE HAyKW - 4acTh eauHON Hayku, nX 0COOCHHOCTh B TOM, YTO 37€Ch MO3HAIOIIHA
CcyObeKT SIBISIETCS OJHOBPEMEHHO W IMO3HABAEMbIM 00beKTOM. Cama HayKa SIBJISIETCS 4acThblO
Kybmypbl, TIPEIICTABIISIONICH cOO0H CBOETO POJia «OMEPAIIMOHHYIO Cpeay 000l YeI0oBeUYeCcKOi
JESATEIIbHOCTH, KOHKPETHEE HAayKa - 3TO YacTb OYX06HOI KY/1bHypbl.

Ms1 kpaTko pazoOpanu Tpu GyHAaMEHTaNIbHBIC, HanboIee O0IMe KOHIICTIINH, KOTOPhIC
JeXaT B OCHOBE YCTPOMCTBA HAIIErO0 MHUpAa M BCEH HAY4YHOU NEATECIBHOCTH U HEIPEPHIBHO
MOATBEPKIAIOTCS €€ yCIeXaMu:

B KOHLENUUS O00bEeKMUBHO20 CYUW|ECIME0BAHUA MUpa, YTBEPXKIAOLIAs, YTO MHUpP

CYILIECTBYET BHE HAIIEr0 CO3HAHMs, M YTO Halle CO3HaHHE CMOCOOHO OOBEKTHUBHO,
a0eKkeamHo €ro OTPaXxaTh;

B KOHLIETILUSA eOuHCmea Mmupa, CYyUTHOCTb KOTOPOW 3aKIIIoyaeTcs, MPEKIE BCEro B
€AMHCTBE OONIMX 3aKOHOB, YIPABISAIOIIMX BCEMHU IpOIIECCaMH, MPOTEKAIOIIUMU B
Pa3IMYHBIX €r0 YacTsX, U OOIIel CBA3M ATUX YacTel;

B KOHLIETILHUS HPOCMOmMbl Mupa, YTBEpKIalouIas, YT0 MUP YCTPOEH MPOCTO, U Jarolas
HayKe KPUTEPH BBHIOOpAa OJHOTO W3 MHOTHX BO3MOXHBIX BapHaHTOB OO0OOIICHUS
ONMBITHBIX (akToB. KoHUemuus mpoCcTOTHI HE CTOJNb OYEBHUIHA, KAK KOHIEIIIUS
€MHCTBA MHpA: MO IPOCTOTON OOBIUHO MPSIUYETCS HOBAs CI0XKHOCTh, KOTOPYIO CHOBA
yaaeTcsl omnucarb MNpocTo mojenbio U T.J. OAHAKO, TOJIBKO ABUKEHUE OT OIHOU
HanOoJ1ee MPOCTOM MOJIETN K IPYTroi MO3BOJISIET Pa3BUBATHCS HAYKE.

Ornucanbl cambie OOIIFE OCHOBBHI HAYYHOT0 METO/a, 3aKJIIOYAIONIUecs B JTOOBIBAHUU
HOBBIX HAYYHBIX (PAKTOB INyTeM HAOJIOJeHUNl M IKCIEPUMEHTA M TeOPeTHYECKOM HX
0000menun. O000IICHNE - 3TO THNOTE3a, KOTOPast HAPSIIy C IKCIEPUMEHTOM C CAMO20 Ha4auld
y4acTBYeT B Ipolecce no3HaHus. O0001eHne MHOTOKPaTHO YBEJIMYMBAET LEHHOCTh (PAKTOB U
3¢ heKkTUBHOCTL paboThl MO UX M0ObBaHUIO. Hamge:kHO MOATBEp)KIEHHASI TUTIOTE3a CTAHOBUTCS

meopueii. B oTiuyne OT TWIOTE3BI, TEOPHs, TIOCIIE 3aMEHBI €€ HOBOM, 0ojiee COBEPIICHHOW HE
0oTOpachIBaeTCsl, a BKIIOYAETCS] B HOBYIO TEOPHUIO, KaK OJMH U3 MPEENbHBIX CIy4yaeB COTJIACHO
NMPUHUHILY COOTBETCTBHS.

Bonpocsl k riase 1.

1. OHpGI[eJII/ITe IOHATHA KOHYenyusd U ecmecneo3HaHue.
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UYro Takoe Konyenyuu cospemenno2o ecmecmeo3Hanus?

Konuenmus o6vexmusnozo cywecmeosanus mupa.

UYro Takoe eymanumapuvie HAyKy U 4YEM OHU OTIMYAIOTCS OT €CTECTBEHHBIX ?
Konuenmus eouncmea mupa.

3aueM 4eJI0BEKY HY)KHA KapmuHa mupa?

Kaxk uenoBek co3maBai CBOIO KapTUHY MUpa?

Uro Takoe Hayka 1 KaKOBBI €€ B3aMMOOTHOILICHHS ¢ puitocopueit u peauruei?
B3aumooTHOLIEHNS HAYKU U TEXHOJIOTHH.

0. Yro Takoe sxcnepumenm?

1. Yro Takoe eunomesa u smnupuieckoe 0boouerue?

12. Yro Takoe meopus ¥ 4eM OHA OTINYACTCS OT THIIOTE3bI. [Ipunyun coomeemcmeust.
13. B3anMoOTHOIICHHUE SKCTIEPUMEHTA U TUTIOTE3HI (TCOPHUN).

14. Konuenuus npocToThl NPUPOIBIL.

RBO©OND O~ WN

2. CranuoHapHasi KApTHHA MUpa

2.1. KoHuenuus cTamoOHapHOCTH

Teneppr mepeiinem Kk Oojiee KOHKPETHBIM KOHIEHIUSAM, HCIOJIb30BAaHHBIM MPH
MOCTPOCHUU KapTUHBI Mupa. HauneMm ¢ Hanboiee (yH1aMEeHTAIbHBIX.

[lepBast Takasg KOHIIENIMS, OTHOCSIIASACA K MHUPY B I€JIOM, KOTOpas He3bI0JIeMo
MPOCYIIECTBOBANA O MPUMEPHO MEPBOM TPETH HAIIErO BEKA - 3TO KOHIIEHIUS HEH3MEHHOCTH

Halero mupa - KOHHENIUA CTAIMOHAPHOCTH. YTo-TO, KOHEUHO, BCE BPEMs MEHSETCA:
JeHb W HOYb, JIETO W 3WMa, MOTHOAOT OJHM JIIOJAM M 1ApCTBa, MOSBIAIOTCS apyrue. Mup
IHOCTOAHHO JXHUBCT, U XUBCT 6ypHOI>'I KNU3HBKO - OTHACJIIBHBLIC €0 4aCTu B OTACIIBHBIC OTpGSKI/I
BpeMeHU 0e3yCJIOBHO HecTalmoHapHbl. Ho Bce M3MEHEHUS MTOBTOPSIFOTCS W BCE CHOBA BBIXOIHUT
«Ha KpyTu CBOs». B 11emoM Mup Bce Bpems TOT ke. «Bce 3To ObIJI0 M HET HMYEro HOBOTO O]
ComHiieM» - Tak ToBopI Oubieickuii mpopok Dkkie3nact. Camo xe ComnHile, HeOO U 3BE3IbI,
I‘OpBI U OKC€aH OCTaBaJIUCh a6COJIIOTHO HGSBIG.HGMBIMI/I U BCYHBIMU nepeﬂ rjiazamMmmn ,Z[peBHI/IX
YYeHBIX. MepuiioM, BpeMEHHBIM MacIITaboM, ObLTa KU3HB OT/IETLHOTO YEJIOBEKA.

HOTOM CTajJao sACHO, 4TO U I‘OpBI 1 OKCAHBbI U JaXKE COHHHG U 3BC314bI HC BCUHBI, HO MI/Ip B
1IEJIOM BCE-TaKW TMPEJCTABISIICS CTallMOHApHBIM. [IpuueM He MOoTOMy, YTO Ha ATO YKa3bIBAJIH
npsMble pe3yNbTaThl HAOMIOJACHWN WM JKele3Has Jioruka Teopuu. Kak Temeps sCHO,
HAOMIOZICHUSI W TEOpeTHYecKhue OOOOIIeHUs Kak pa3 YKa3blBalOT Ha HEOOPaTHMOCTh
HpOI/ICXOI[HH_II/IX B MI/Ipe I/IBMGHGHI/Iﬁ U, 3HAa4YUT, HAa €ro HeCTaL[I/IOHapHOCTB. HO Ha I/IHTYI/ITI/IBHOM
YPOBHE YEJIOBEK 3TOr0 HE NMPUHUMAI - CTAIlMOHAPHOCTh €My Oblla HYXHa IS OIIYIICHHS
CTa6I/IJ'H>HOCTI/I CBOCToO CYH_IGCTBOBaHI/IH. C‘-II/ITaJ'IOCB, qTo HpOTHBOpG‘-II/I}I MG)K,Z[y MHOT'UMU
HAOIOZICHUSIMA W CTAIlMOHAPHOM KapTHHOW MHpa YKa3bIBAIOT TOJBKO Ha HEAOCTaTOYHOCTH
HaIlIMX 3HAHUH.

OTMeTuM, YTO CTallMOHAPHOCTh, TaK HEOOXOAWMas YEJIOBEKY TICUXOJOTUYECKH,
3acCTaBjisijia €ro MMCEThb JICJI0 C C€II€ OAHHMM OYCHBb CIIO)KHBIM U prI[HBIM IJIA ITIOHUMAHUS
MOHATHEM - BEYHOCTHIO WJIM 0€CKOHEYHOCTHI0 BO BpeMeHHU. [IpuueM, eciin B uaeanucTuiaecKkon
WIA PENUTHO3HONW KapTHHE MHpa BeueH M OecKOHeueH ToJbKo bor, Hekas mupoBas wujes,
TBOPYECKUU JIyX, HETIOCTIKUMBIA IO OMPEACNICHUI0, TO MaTepHauCTaM HEOO0XOIUMO ObLIO
npu3HaTh OECKOHEYHOCTh W BEYHOCTh MAaTEPHAILHOTO MHUpPA - AKTYAJbHYI0 0€CKOHEYHOCTh,
KOTOpast TIOJDKHA OBITh MOCTHIKHUMA.
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[Tpummm K BO3MOKHOCTH, a MMOTOM U K HEOOXOAMMOCTH OTKa3aThCsl OT CTAIMOHAPHOCTU
JUIIb B TMEpBOM TpeTH Hamiero Beka. llcuxonornyecku 310 ObUIO HaBEpHOE OCOOEHHO TPYIHO
yUeHBIM-MaTepHAIMCTaM, aTeHCTaM, He MPU3HAIONUM 00KECTBEHHBIN aKT TBOPEHUS. DUHIITEIHH
IBITAJICSI UCTIPABIISITH CBOM YPAaBHEHHMsI, YTOOBI M30aBUTHCS OT BO3MOXKHOCTH HECTALIMOHAPHBIX
peuieHui - KOHIENIUsl CTAllMOHAPHOCTH MHpa CIUIIKOM JoBjiena Haa HuM. Korga mosonoit
nerepOyprckuii yueHslii A.DpuaMaH TOIYyYUSl W OIYOJMKOBajd HECTAllMOHAPHBIC PEIICHUS
YpaBHEHU TpaBUTALUU, DUHINTCHH B TeYaTH OOBUHUI €r0 B OIMMOKE, HO TMOTOM B3SJ CBOH
CJIOBa Ha3aJ. A uepe3 IIECTh JIeT 1nocie OTKpbITUs Opuamana ObUTH MOJyYeHbl HAOMI0OAaTEeIbHbIE
JI0KA3aTeJIbCTBA HECTAIMOHAPHOCTU BeenenHou.

31ech MOXHO cJliejiaTh HEOOJBIIOEe OTCTYIUIGHHE O HaydyHOW cmenocTu. Jlemaromum
NPUHIUIINATIBHBIE OTKPBITUS, HUAYIIME Bpa3pe3 C CYIIECTBYIOIIEH, «KaHOHU3MPOBAHHON»
KapTUHOW MUpa, HEOOXOAMMO KpOME 3HAHMH, WHTEJUIEKTa M HECTaHJapTHOCTH MBIIUICHUS
o0nanare eme U OrpOMHOM yOEXKIEHHOCThIO B TPAaBUILHOCTH CBOMX HJICH W pE3ylbTaTOB U
He3aypsaaHOW cMenocThio. CmenocTh momMoria JIobaueBckoMy co3aTh HEEBKIIMIOBY T€OMETPHIO,
€ro COBpEMEHHUK, BEeIMKU ['aycc, mpuimen K TeMm ke BbIBoJaM, 4To u JloOaueBckuii, HO HE
pemmics pa3BUTh UX J0 KOHIIA U OMyOJUKOBaTh, BeHrp bolisu caenan To ke OTKpbITHE, HO, HE
CyMEB JI0 KOHIIa MOBEPUTH B ceOsi, COIIET ¢ yMa, TaK U HE OIYOJMKOBAaB CBOMX pPE3yJIbTAaTOB.
Cwmenocts nomorsia KonepHuky co3gaTh TeIMOIEHTPUYECKYI0 CUCTeMY Mupa, MeHneneeBy -
CBOI0O 3HAMECHHUTYIO TaOmuIly, DWHIITEHHY — TEOopuio OTHocuTenbHOcTH, Ilmanky, Ilaymun wu
['eit3enOepry — KBaHTOBYIO MEXaHHUKY, bopy — ero moaens atoma, ['anya — HOBoe HampaBJICHHUE B
MareMaruke. [IpuHIMNHATBHBIE OTKPBITUSA, KAaK MPABHIIO, JIETAIOTCS MOJOJBIMU YYEHBIMH, U
IPUYMHA HTOTO HE TOJBKO B HE3AIIOPEHHOCTH MHTEIUIEKTa, HO U B CMEJIOCTH, KOTOpas €CTh
CBOWCTBO MOJIOJIBIX.

Ceiluac MpakTUYECKH MOXKHO CUYMTATh JOKA3aHHBIM, YTO Hall MHP HECTALMOHAPEH.
Bcenennas pacmmpsiercs, ¥, O4€BHIHO, KOT/Ia-TO OHa Obla 3aK0OueHa B HEKUH HHYTOKHBIMA
00beM, O CBOMCTBaX KOTOPOTO celuac Henb3sl cKazarh Huuero. (OJHAKO, pacmupsieTcs
Bcenennas yxe npumepHo 15 MuumapnoB ner. M3MeHeHUsT HPOUCXOAST OTHOCHUTEIBHO
MEJIEHHO U, €CJIM MBI He OyJeM 3arisabiBaTh OOJIbIIE YEM Ha Mapy-TPOWKY MUJUIMAPAOB JIET
BIIEpe]l WJIM Ha3aJl, €€ C OYCHb XOPOIIUM MPUOIUKEHHEM MOXKHO CUHUTATh CTAllMOHAPHOM.
CrannonapHasi Mojaeab BceneHHOM TPUBOIUT K adekéamHoM)y OIMHCAHUIO OOJBIIMHCTBA
sBieHnid B Hed. CoBpeMeHHass KapTMHAa MHUpAa TOYTH TOJHOCTHIO OblIa CO3JaHa B
MIPEANOI0KEHUH €r0 CTalMOHApHOCTU. CO CTallMOHAPHOCTBIO MHUPA B ILIEJIOM COTJIACyHOTCS BCE
CYILIECTBYIOIIME TEOPUHU KPOME KOCMOJOTUYECKHUX, PaCCMaTPUBAIOIIMX 3BOJIOLNI0 BceneHHoi,
KaK LEJI0rO0.

TakuM 00pazoM, cTalioOHapHasi MOJIelNbh BCeleHHOU SIBISIETCS npubiudicenuem, X0opoIio
OTMCHIBAIOILIUM €€ Ha MHTEpBajlaX BPEMEHU, HEOOJBIINX 10 CPABHEHHIO C MOJHBIM BPEMEHEM €€
*Ku3HU. TOYHO Tak e CTAaUMOHAPHAsi MOJeJb OKa3bIBA€TCs MPUMEHUMOW [JIsl OMHCAHHS
J1000T0 SBJIEHUS MIPUPOJIBI HA UHTEPBAJIE BPEMEHHU MEHbIIIE HEKOTOPOTO XapaKTEPHOTO JAJIsl HETO.
Xapaxmepnvie 6pemena MOTYT OBITh CaMbIMH pa3HooOpasHbiMu: isi Hamero ConHia —
HECKOJIbKO MMJIJIMAPIOB JIET, Ul 3€MHOI'O OK€aHa — CTO MUJIJIMOHOB JIET, JIJIl TOPHOM CUCTEMBI —
JIECSATh MUJUTMOHOB JIET, AJIs1 OT/AEJBHOIO BYJIKaHAa — JIECSTh THICAY JIET, JUIsl OTJAEIBHOTO YeIOBEKa
— JECATKH JIeT, AJISl MBIIIU — TOJ, A APOXIKEBOro MUKpoOa — NecsATh MUHYT, AJIA TOPEHUS
3apsiia Mopoxa B CTBOJIE MYIIKH - OKOJIO OAHOU THICSYHOM JI0IM CEKYH/Ibl; XapaKTepHbIE BpeMEeHa
CYILIECTBOBaHUS BO30YKICHHBIX COCTOSIHMI aTOMHBIX SIIEP U HEKOTOPBIX 3JIE€MEHTAPHBIX YaCTHUIL
MOI'YT COCTaBJIATb MAaJIbl€ JOJIU CEKYHIBl — BILIOTH IO 10%%, I n1060ii U3 5THX OOBEKTOB M
MPOLIECCOB HAa HMHTEpBaJlax BPEMEHU MEHBUIMX XapaKTePHOTO0 MOXKET OBITh MPUOIUKEHHO, HO
BIIOJIHE a/ICKBATHO OMMCAaH CTAlIMOHAPHON MOJIEIBIO.

[ToaTOMY MOCMOTPHUM CHayana Kak CTPOWJIACh U KaK BBITIAIUT KapTHHA CTAIIHOHAPHOIO
mupa. [loToM MBI 00CYIUM, YTO BHOCHUT B ATy KapTHHY HECTAI[MOHAPHOCTh U PACCMOTPUM
0COOEHHOCTH U CJIEACTBUA IBOJIOIMH Hallel BeelneHHOIA.
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2.2. VI3 4ero nocTpoeH MUp - KOHLEMLHUS 3JIEMEHTA;
KOHUEMIUH - KOHTUHYaIbHAsI U KOPIYCKYJISIpHAs

Konuenuus craimoHapHOCTH OCTaBJISIET NEpe]] HAYKO# JIBE IJIaBHbIC 3a1a4M - y3HaTh U3
YET'O noctpoen mup u KAK on nocrpoeH.

Hacuer «u3 uero» MokHO ObUIO ObI MPOCTO OTBETUTDH «HM3 BCETO TOT'O, YTO MbI BUJIUM», HO
9TO HE TO3BOJWIO Obl YETIOBEKY YMOPSIOYUTH MHUP - BUAMM MBI CIUIIIKOM MHOTO U CIHUIIKOM
paszHoro. YenoBek U3 OMbITA 3HAJT, YTO OFPOMHOE KOJIMYECTBO CIIOXKHBIX MPEIMETOB U OOHEKTOB
COCTOMT U3 0oJiee MPOCTHIX YaCTell, TMePEeKOMIOHOBKA KOTOPBIX JAa€T BCE HOBHIE U HOBBIC
00bekThl. CTpeMIICHHE YIPOCTUTh WM YIOPSAOYUTHh KAPTUHY MHpa (KOHIICIIHMS NMPOCTOTHI!)
MOJBUTHYJIO YeJIOBEKA HA MOUCK MEPBUYHBIX UCXOJHBIX KOMIIOHEHTOB, U3 KOTOPBIX COCTOUT BCE
(KOHLIETILIMS eAMHCTBA MUpa). Tak BO3HUKJIIA KOHIIETILINS 3JIeMEeHTA.

JlpeBuue rpeku (Ommenokn, Panec Munerckuii, AHAKCUMEH) pacCMAaTPUBAIH B Ka4eCTBE
3JIEMEHTOB 3€MIII0, BOJY, BO3yX U OTOHb. BO3HMKaNu U Apyrue KOMOMHAIMH, HO KOHIICTIIIHS
CYIIIECTBOBaHMUS HEMHOTHX MEPBUYHBIX 37eMeHMO8, U3 KOTOPBIX COCTOUT BCe HabOIogaeMoe
MHOTOOOpa3ue OKa3ajlach YPE3BBIYAHHO IUIOJIOTBOPHOW U JIEUCTBUTEIBHO OTPaKAIOIICH
OOBEKTUBHYIO peallbHOCTh. B JaHHOM ciydae B KauyeCTBE OJJIEMEHTOB MIPEJIOKECHBI
HEeNpephIBHbIE CyOCTAHIIMU, HO MPUMEPHO B TE kK€ BpeMeHa B ['peruy BO3HUKIIA M KOHLIETLHUS

atromoB (JIepkunmn, JeMOKpUT, DNHKYp) - HEAENMMBIX, HENPOHHIAEMBIX ONeMEHMapHbIX
yacmuy, IBWKYIIUXCA M OOpa3ylOIIMX pa3iu4yHble KOMOWHAIMM B Imycrore. JleMoKpwr,
MOBUIMMOMY, TIpearnojaral 6eckoHeuHoe pa3HooOpasue (opM aTOMOB, HO B TIOOME PHUMCKOTO
nodta Jlykpeuus Kapa «O mpupone Bemieii», rie OH U3Jaraer, B YaCTHOCTH, aTOMHCTHKY
JleMokpuTa U DNUKypa, TOBOPUTCS O KOHEYHOM YHUCJIE PA3HOBUIAHOCTEH aTOMOB, M3 KOTOPBIX
cmaraetcst Mup (kak ero mosma u3 OykB). Tak, 4TO MOXKHO CUHTATh, YTO YK€ TOTJa TOHSATHE
3JIEMEHTa Hayajo CBA3BIBATHCS HE TOJIBKO C CyOCTaHLIMEN, HO U C Pa3HOBUIHOCTHIO ATOMOB.
Takum 00pa3om, HO CYIIECTBY BMECTE C KOHIEMIMEH 3JeMEHTa MOSBUIHMCH €Ile JBE
KOHIEMNIIMN CTPOCHUS BEIECTBA: KOHTHHYAJIbHAsl, YTBEpPXKJAKOIlas YTO BCE COCTOUT U3
HenpepuleHbIX CcyOcmanyull W KOPHYCKYJSIpPHAs, YTBEPXKIAIOIIas 4YTO BCE COCTOMT W3

Hedenumblx yacmuy. DTA KOHUEMNIUU COCYILECTBYIOT IO CHX HOp, W Juiib B 20-M BEKe CTalo
ACHO, YTO OHU HE KOHKYPHUPYIOILKE, a PEAJbHO COCYIIEeCTBYIOmUE B HameMm Mupe. Conepxanue
MOHATHUS aTOMA CHWJIBHO U3MEHWIOCH CO BpeMeEH J[eMOKpHUTa, HO U celyac KOHUENIHUs 3J1eMEeHTa
TECHO CBSI3aHa C KOPHYCKYJISPHOH KOHLECMNIMEH: KBAHTOBAsh MEXaHUKAa YTBEP)KIAcT
AMCKPETHOCTh BEIECTBA M DHEPIUHM HAa MUKPOYpOBHE. 1 Te ke 3aKOHBI KBAHTOBOM MEXAaHHUKHU
YTBEPKAAIOT Jyaau3M BOJH M YaCTHUL U «Pa3Ma3aHHOCTbY IOJOXKECHHUS U TPACKTOPUN YaCTHULIBI -
HEKUI KOHTHHYYM COCTOSIHHUM.

Ha makpoypoBHE B OCHOBHOM HCIOJIB3YETCSl KOHTHHYaJIbHas KOHILENIMsA. BcromMHuUM
OIATH MPO €JUHCTBO U MPOCTOTY MPHUPOAbl. MHOXKECTBO MPOCTHIX U KPACHUBBIX TEOPUH OBLIO
CO3JAaHO B IPEANOIOXKEHUM HEIMPEPBIBHOCTU BEILECTBA - TMAPO- M adPOAMHAMMKA, TEOPHUs
YIPYIOCTH, TEOpUsA TEIUIONPOBOJHOCTH, - U BCE OHU COXPAHWINCh B HEU3MEHHOM BUJE,
HECMOTPS Ha TO, YTO CTAJIO SICHO, YTO BCE BEIECTBO COCTOUT M3 AMCKPETHBIX YACTHL] U DHEPTHUs
NepeJacTcsl Ha MHMKPOYPOBHE JUCKPETHBIMU mnopuusmu. OrpomHas Macca HEIpPEpPhIBHO
B3aMMOJICHCTBYIOIIMX YacCTHIl YCIELIHO OMMChIBaeTcsi Kak criomHas cpena. (Koneuno, sto
npubimKeHne, Moaeb. B kpailHUX NpeaenbHBIX U B HEKOTOPBIX OCOOBIX CIy4asX JUCKPETHOCTb
UTHOPUPOBATh HENb3s, HO MOYTH BCETAa B NMPAKTUYECKUX 3a]a4aX KOHTUHYaJIbHAs KOHLIECMLUS
pabotaet 6e3 oceukn). 1 B TO e BpeMs MaKpOMHUp SIBIISICT HAM MAKPOCKONUYECKU TUCKPETHYIO
KapTHUHY: ITOYTH BCE BELIECTBO BcesleHHON cocpeoTOueHO B TUCKPETHBIX O0BEKTax - 3Be3/ax,
JKU3Hb IIPEACTaBIIE€Ha OTJACJIbHBIMU KUBBIMU CylllecTBaMu U T.h. Kak mox mpoctoToil mpsdercs
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CJIOKHOCTh, @ IOJ CJIOXKHOCTBIO OISITh NPOCTOTa, TaK M HENPEPHIBHOCTh 4YEpenyeTcss ¢
JTMCKPETHOCTHIO B TIOCIEA0BATEIIBHBIX MOJIEIISAX, ONUChIBatOmKX [Ipupomy.

2.2.1. XuMHYECKHUE DIJIEMEHTHI

W3ydyeHueM cocTaBa BeIECTBa, IpolieccaMu OOpa3oBaHMsS CIOKHBIX BEHIECTB W3
IPOCTHIX 3aHUMaaCh XUMMA. [103TOMY CIIOBO «3JIEMEHT», CTAJIO CO BpEMEHEM YIOTPeOIAThHCS, B
OCHOBHOM, B COYCTAaHUW XMMHYECKHUIi 3j1eMeHT. Llenblii psa BemecTs, NpeACTaBIsIONUX COO0M
XUMHUYECKHE 3JIEMEHTHl ObUI M3BECTEH C TIYOOKOH JPEeBHOCTH, HampuMep, 30JI0TO, cepedpo,
cepa, MOTOM Me/b, OJIOBO, JK€le30, CBHUHEL, pPTyTh. OJHAaKO, TOr/la OHU HE CUYUTAIUCH
AJIEMEHTaMH.

Bonpoc o pgelcTBUTENHHOM CYHIECTBOBAHMM JJIEMEHTOB M O JIOKA3aTElIbCTBE HX
«3JIEMEHTApHOCTU BIIEPBBIC YETKO MOCTaBMI B 1661 rony Benukuii anrnmuiickuil yuensiii Podept
boiine (ObIBIINIA, KCTATH, TIPEK/E BCET0 (GU3MKOM, a HE XUMUKOM, YK€ TOTJa TTPEABOCXUTUBIIIHMA
B3alMOIIPOHUKHOBEHHE Hayk). OH Jan omnpeleneHHE MOHSTHUSL «3JEMEHT» U CBS3al €ro ¢
KOPITYCKYJIIPHOM, aTOMUCTUYECKON TEOpUEH, OH K€ 3aJI0KUJI METOAMYECKHE OCHOBBI U3yUeHUs
COCTaBa BEILECTB M BIIEPBbIC BBEI B HAYKy CcaM TEPMHH «aHalIU3». BOT ero ompexaeneHue
JeMeHTa: «f NOHUMAI0 NOO JNeMEeHmAaMu, 68 MOM CMblcle, KAK HEKOmopvle XUMUKU SCHO
2060psM O NPUHYUNAX, OnpeodeleHHble, NePEOHAUANbHbIE U NPOCMble, GNOJHE HeCMeUlaHHble
meja, Komopwvie He COCMagienvl Opye uz opyea, Ho NPeoCcmasisaom coooll me coOCmasHvle 4acmu,
U3 KOMOPbIX COCMABNIEHbl 6C€ MAK HA3bleAEMble CMEUlaHHble Mead U HA KOmopble NoCcieoHue 6
KOHYe KOHY08 Mo2ym Ovimb paznodiceHvl». P.bolnb cuuTan, 4yTo 3JI€MEHTOB ropaszio Ooiblie,
YEeM TPH, YETHIPE UM MATh, KAK CUUTAIIN JPEBHUE U CPEIHEBEKOBBIC YUEHBIE.

B konme 18-ro Beka Benukuil (QpaHIy3ckuii XUMUK AHTyaH JlaByas3be, 3aj0KUBIIHA
OCHOBBI COBPEMEHHOW XMMUU, BIIEPBbIC KIACCU(DUIIMPOBAT XUMUUECKHE COCIUHEHHUS, BBEM, 1O
CYLIECTBY COBPEMEHHYIO XHMHYECKYI0 HOMEHKJATypy, ONpENeNUB B HEH U XHUMHUYECKUE
AJIEMEHTBI U «IIPOCTHIE BELIECTBA», KaK «BCE BEIIECTBA, KOTOPHIE MBI €II€ HE CMOTJIM HUKAKUM
crocoboM pasnokuThy». JlaByazbe nomyckal B MPHUHIMIE, YTO KAaKHE-TO U3 3THX MPOCTHIX
BEIIECTB MOTYT KOTJa-HUOYIh OBITH paslioKeHbl Ha emle 0ojiee MPOCThIC - AIEMEHTAPHOCTh
CBSI3BIBAIACH C YPOBHEM AHAIUTHYECKUX BO3MOXKHOCTEW. B 3TOM mpu3HaHUU oOmnpeneaeHHON
YCIOBHOCTH MOHATHS 9/7eMeHm 3aKI0YalloCh NPUHIUINAIBHOE OTJIMYUE COBPEMEHHOIO
9KCIIEPUMEHTAIBHOTO MOAX0/Aa OT YUCTO YMO3PHUTENbHBIX MOCTpoeHUU ApeBHUX. OnHako, 0e3
ITOU UX «HUTPBI yMa», 0€3 HHTYUTUBHBIX MPO3PEHHUN K UCTUHE MBI MIPUOIMKAIUCE OBl HAMHOTO
MeJIJIEHHEe.

Hanexnoe ycraHoBieHHE XMMHUYECKOM 3JEMEHTApHOCTH HAYaJloCh JUIIb B 19-M Beke
nocine ycraHoBieHus: JIxoHoMm [labTOHOM 3aKOHA MPOCTHIX KPATHBIX OTHOILIEHUH, 0ObSICHEHUS
€ro Ha OCHOBE aTOMHO-MOJIEKYJIIPHON TEOPUM U OMPEJEICHUS UM OTHOCUTENIBHBIX aTOMHBIX U
MOJIEKYJSIpHBIX Macc. [losToMy MOXXHO cCKa3zaThb, YTO HACTOSIIEE OTKPHITHE XUMHYECKHX
DJIEMEHTOB Hadalioch B 19-M Beke, W B TEUEHUE OSTOT0 BEKa MPUPOJTHBIC SIEMEHTHI ObLIN
OTKPBITBI TIO4TH Bce. Bo BTOpoi#l momoBuHe 20-rO BeKa K HUM NPUOABUINCH HMCKYCCTBEHHO
NIOJIyYEHHBIE PaJUOAKTUBHBIE (B OCHOBHOM TPAaHCYpaHOBBIE) 31eMeHThl. Ceiiuac n3BecTHO 116
3JIEMEHTOB, 88 M3 KOTOPHIX OBLIM HAWEHBI B IPUPOJIE, a 27 morydeH uckyccrBerHo. [lociaenaue
¢ atoMHbIMH HoMmepamu 114, 116 u 118 Obum momydeHsl yke B 21 Beke B KOJIMYECTBE
HECKOJbKNX aToMOB (118-if — 2 aToma).
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2.2.2. CucreMaTruka XUMHUYECKUX IJIEMEHTOB - Ta0Oma MeHaeneeBa

OKOJI0 COTHHU 3JIEMEHTOB - 3TO, KOHEYHO, TOPa3/10 MEHBIIIE, YEM MUJUTMOHBI U MUJUIMAP/IbI
Pa3HOOOPa3HBIX MPUPOIHBIX OOBEKTOB M CIOKHBIX BEIIECTB, U3 3TUX JJEMEHTOB MOCTPOCHHBIX,
HO BCE € He Tak YyX Majo. EcTecTBEHHO BO3HHMKJIA MNOTPEOHOCTh B YHOPSAOYCHHH,
cucTeMaTHuKe 3eMeHToB. CucTeMaruka - 3To 00001eHue, 11 KOTOPOro HeoOXoAMMa OCHOBHAsI
uzes, paboyas TUIOTE3a, OMpeeNoNias Ha0op MPU3HAKOB, MOJIOKEHHBIN B ee ocHOBY. Takas
CHUCTEMAaTHKa - 3TO MEPBbIM MIar K MOHMUMAHUIO NMPUYHMH Pa3IUYUil MEX]y 3JE€MEHTaMU U K
MIPOHUKHOBEHHUIO Ha OoJiee rTyOOKUid YPOBEHB 3JIEMEHTAPHOCTH.

OCHOBHBIM TMPHU3HAKOM IO KOTOPOMY MHOTHE YYEHBIE MBITATNCHh KIACCHPHUIMPOBATH
3JIeMEHTHI ObUT aTOMHBIN Bec (TouHee Macca). Ho kapTuHa nomydanach O4eHb NECTpasi, HUKaK He
yIaBalioch TPOINYNaTh SBHYK U, TJaBHOE, TMPOCTYI0 3aKOHOMEPHOCTh. I[loHamoOuiach
reHuajibHas UHTYuIus U cMenocts Jmutpus MBanoBuua MenaeneeBa, 4ToObl yrajiaTh 3aKOH, a
HEOOBSICHUMBIC B TO BpPEMs PACXOXKICHHS C YraJblBAIOIIMMCS 3aKOHOM [0 Hadally MpPOCTO
otobpocuTh. Ho KOHEYHO, 4TOOBI MMOWTH HA 3TOT CMEJIBIN IIar Hajao ObLIO0 OBITh MeHaeneeBbiM. U
OH OKa3aJICsl TIPaB, BIIOCICICTBUU BCE PACXOXKICHUS OBLTU OOBSICHEHBI. DTO SPUANIIHI MpUMEp
MCIIOJIb30BaHUsl KOHIEMIIMH MPOCTOTHI 3aKOHOB MPUPOIbI (TITyOOKOM BEphI B 3TY MPOCTOTY)!

3akon JI.Ml.MenneneeBa Ha3bplBacTCd MNEPHOAMYECKHMM, TAaK Kak yCTAHABIMBACT
MEPUOIUYECKOE TOBTOPEHHUE CBOMCTB 3JIEMEHTOB, PACIOJIOKEHHBIX B MOPSAJIKE BO3PACTAHUS
ATOMHBIX MacC. JTa MEPUOAUYHOCTb BBIPAKAET HEKOTOPYIO BHYTPEHHIOIO CHMMETPHI) B
CHUCTEME XUMUYECKUX JIEMEHTOB, YKA3bIBAOILIYIO HAa YIOPAIOYEHHOCTh U MO3BOJISIFOLLYIO J1€71aTh
npeackazanus. [Ipoctora u KkpacoTra NepruoIUYECKOro 3aKoHa 3acTaBuiia MeHieneeBa yBepoBaTh
B €r0 HCTUHHOCTh BONPEKU HECKOJIBKUM OTKJIOHEHUSIM. [ OH mepemMecTril HEKOTOPBIE 3JIEMEHTHI
B T€ KJICTKH TaONUIIbI, IJIE OHU Jy4Ille BCETO YKJIAJBIBATNCH B MEPUOJUYECCKHI 3aKOH, XOTs
aTOMHBIE MAcChl YKa3bIBaJIW Ha JPYroil MopsIoK, a KOe-IJe OCTaBWII NycThle KiIeTKH. OH cMeno
IPEIIOI0XKUI, YTO UMEHHO NEPUOOUUHOCb ABNAEMCS PYHOAMEHMANbHLIM 3AKOHOM W, €CIIA OHA
HE BIIOJIHE MPOSBISETCS Kak (PYHKIMS aTOMHOW MaccChl, 3HAYUT OHA €CTh (YHKIUS KaKOH-TO
JpYroi BEJIMYMHBI, CBI3aHHOM ¢ aTOMHOM Maccoil. OH yCI0BHO Ha3BaJl 3Ty BEJIMUYUHY ATOMHBIM
HOMEpPOM, KOTOpBI OBLI NMPOCTO HOMEPOM 3JEMEHTa B TabJuIle, COCTABIEHHOH CTPOro B
COOTBETCTBUU C MEPHOIMYECKUM 3aKOHOM. bosee Toro, 1esipie TPYIIbl 3JIeMEHTOB, OJU3KHUX TI0
CBOMCTBaM, OH CMEJI0O TIOMECTHJI B OJHY KiIeTky Taomuiel. (MaTYnnus MenpaeneeBa
noareBepamiack. Co BpeMeHeM OBUIO YCTaHOBJICHO, YTO €r0 aTOMHBIM HOMEpP JCHCTBUTEIHHO
BBIPAKAET BAXKHEUIIYIO0 XAPAKTEPUCTHKY aTOMa, ONPENEISIONLIYI0 CTPYKTYpPY €ro 3J1€KTPOHHOU
000JIOYKHU ¥ XUMUYECKHE CBOHCTBA 00OPa30BAHHOTO aTOMaMH 3JIEMEHTA, & UMEHHO - 3apsijl apa).

31ech MOXHO TIPOBECTH HEKOTOPYIO AHAJIOTHMI0 C CO3JaHUEM TeJIMOLEHTPUYECKOU
cucrembl mupa KonepHuka. B cTapoil reolieHTpu4ecKol CUCTEME OKa3bIBaJIOCh, YTO IOYTH BCE
HeOeCHbIE Tejla JBMXKYTCS MO MPHUOIM3UTENBHO KPYTOBBIM TPAEKTOPHSIM BOKPYT 3eMIIM U JIHIb
HEKOTOpbIC TJIAHEThl BBIMHUCHIBAIOT BPEMEHAMU HEMOHSTHBIE METJIM, HapylIalollue TapMOHUIO.
KomnepHuk cmeno nocraBui Ha IEPBOE MECTO UMEHHO FapMOHHUIO, JJIsI COXPaHEHUsI KOTOPOU eMy
MPUIIOCH «IIEHTP Mupa» nepenectu ¢ 3emuin Ha COJHIE - BCE METJIM U MOMSATHBIE JBUKEHUS
TJIaHET ucYe3 . ['apMOHHS HEM30€KHO CBS3BIBAJIACH C MIPOCTOTON M KPacOTOH. 3aMbICTIOBATHIC
JBUKCHHS TUTAHET ObUTH OOBSCHEHBI M B TEOLIEHTpPHUECKON cucteme llTonmemes, HO emy uis
3TOT0 MPHUIUIOCH HAarpOMO3JUTH CIIOKHYIO, HE HMMEIOIIYI0 BHYTPEHHEW JIOTHKH, CUCTEMY
SMUIUKIIOB, YTO MPOTUBOPEUMIIO KOHIIEMIMU MpOCTOThl mnpupoasl. Mnes Komepuuka cHoBa
BEpHYJIa IPOCTOTY KapTUHE MUpA.

2.2.3. IlpuHuun cuMMeTpuu
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31ech Mbl BIEpBbIE YHOMSHYIM Takoe (PyHIAMEHTAJIbHOE IMOHATHE Kak CHMMeETPHSL.
OHO 3HAKOMO HaM C JIETCTBA, KaK HEKOTOPOE CBOMCTBO (POPMBI TEJI: CUMMETPUYHBIC TIPEIMETHI
OKpYXXaroT Hac CO BCEX CTOPOH, B OOBIJIEHHOW KM3HU CHMMETpPHs MpEJCTaBIseTcs HaM Kak
HEUTO BHEIIIHEE MO OTHOLICHHWIO K 00BEKTaM, HE 3aTparupaioliee MX cyTb. OJHAKO Ha caMOM
JIeJie CMBICT CHMMETPHUU ropasio riyoxke.

CumMeTpHsl - CJIOBO IpEYECKOE, O3HAYarollee copasmepHocms. llepBoHadambHO 3TO
MOHATUE BO3HHUKJIO KAaK T€OMETPUYECKOE, HO ITIOTOM CTaJl0 TPAKTOBAThCS TOpa3ao IIUpeE.
Cummempus 2eomempuyeckol gueypvl uiu meia - 3mo CE0UCME0 COXPAHAMb C80I0 (hopMY, He
USMEHAMbCSL NPU  HEKOMOPbIX, MAK HA3bIBAEMbIX, OPMOSOHANILHBIX NpeodpaA3’08aHusx, npu
nOCe008AMeNbHOM — OCYWeCMBIeHUY ONpedeeHH020 HAOopa 3epKAbHbIX OMPAdXCeHUll U
08UICEHUN] - NAPALIENIbHBIX NEPEeHOCO8 U No8opomos. Pa3nnyaioT CUMMETPUIO LEHTPAJIbHYIO,
0CeBYW) M mepeHoca (Wi TpaHCaAUHOHHYI0). KoMOuHamms nBmwkeHuil cBsizana c Ooiee
CIOKHBIMU BHJAMU CHMMETpPUH, HalpuMep, BHUHTOBAsl CHUMMETPHUS - HEHU3MEHHOCTb IIPH
OJIHOBPEMEHHOM IIOBOPOTE Ha OINPEICIICHHBIN YroJl U IIEPEHOCE Ha ONPEICICHHOE PACCTOSHUE B
ONpPEIETICHHOM HalpaBJICHUH.

B ¢wusuke monatrme cummerpum pacmupsercs. ['0BopsAT o cummempuu pusuyeckux
3axonos. Eciy 3TH 3aKOHBI HE MEHSIOTCS MPU KaKUX-JIMOO MpeoOpa3oBaHUsiX, TOBOPST, YTO OHU
cummempuynvl (MU UHEAPUAHMHBL) OTHOCUTEIBHO ITHX NpeoOpa3oBaHuil. Hampumep, 3aKoHBI
MEXaHUKH CUMMETPUYHBI IO OTHOLIEHHUIO K MPeoOpa3oBaHUsIM CHCTEMbl KOOPAMHAT TaKUM Kak
CZBMT, ITIOBOPOT, K U3MEHEHHIO Hayaja OTCYETa BPEMEHH, K IIEPEXOY OT HEMOJABUKHON CUCTEMBI
K IBUKYIIEICS C MOCTOSHHON CKOPOCTBIO.

Cummerpuss - 3TO ynopsaoueHue U ynpomieHue. [louck cuUMMeETpuM, HEM3MEHHBIX
KOMITOHEHTOB CJIO’KHBIX SIBICHUI - NHBAPUAHTOB - 3TO, MOKHO CKa3aTh, OCHOBHAS 3a/1a4a HAYKH.
W xoHumenuusi mpocToThl MUpa 3aCTaBISET HAC BCErJa AyMaTb O CUMMETPUU: CTPOUTH TEOPHUH
UCXOJsl U3 mpebosanull cummempuy - 3TOT MyTh BCETJa OKa3bIBAJICA CaAMbIM MPOTYKTHBHBIM.
Tabmuua MenzeneeBa - nepBblii 3ameuaTenbHbld pumep. [lepuoanueckuii 3akoH MeHzenees
NPUHSI, KaK HENPENOXHBIA 3aKOH NPHUPOAbI, HECMOTPS HA BCE HAPYWICHHUS U OTKJIOHEHUS
UMEHHO TIOTOMY, YTO OBLI yOEXIEH B CUMMETPHH 3aKOHOB IMPUPOJBI: MEPUOAUYHOCTH - 3TO
CABUTOBAsl WM TPAHCISALUOHHAS CHMMETPHSI.

CuMMeTpUsi TOBOPUT O COXPAaHEHMHM TE€X WM MHBIX CBOICTB IpU ONPEAEICHHBIX
npeoOpa3zoBanmsix. Hewmenkwmit wmatematuk 3. Herep cdopmynupoBaia B 1918 romy
(GyHIaMEHTAbHYIO TEOpEMY, YCTAHABJIMBAIOUIYI0 CBA3b MEXAY CBOMCTBAMH CHMMETPUHU
¢u3nyecKoil CUCTEMBbl M 3aKOHAMHU COXpaHEHUS. 3aKOHBI COXpPAHEHHUS - MPSMOE CIIEJCTBUE

CUMMETpPHHU.
Tak, U3 NHBAPHAHTHOCTH OTHOCUTENBHO CIIBUTa BO BPEMEHU CIIEAYET 3aKOH COXPaHEHUS
DHEPIrUH, OTHOCHUTEIBHO IPOCTPAHCTBEHHBIX CABUIOB - 3aKOH COXpPAaHEHUs HMIIYJIbCA,

OTHOCHUTEJIBHO MPOCTPAHCTBEHHOIO BpAIICHUS - 3aKOH COXPAHEHUsS MOMEHTA KOJIMYECTBA
JIBUKECHUSI.

KBaHTOBas MEXaHHMKA U TEOPUS dJIEMEHTAPHBIX YACTULl MPAKTUYECKU BCS Pa3BUBACTCS HA
0ase mpencTaBIEHUI O CHMMETPHH, HO TYT pacCCMaTPUBAETCSI HHBAPUAHTHOCTH MO OTHOIICHUIO K
npeoOpa3oBaHUsAM HE MPOCTPAHCTBEHHBIX KOOPJIWHAT, a KBAaHTOBBIX uuced. Jias ymoOcrtBa
TEOPETUKU TYT TAKXKE TOBOPAT O «CIABUTAX», «IOBOPOTax» M T. A. B HEKOTOPOM YCIOBHOM
«IPOCTPAHCTBEY, TNI€ KOOPAUHATAMHU SIBJISIOTCS KBAaHTOBBIE YMCIIA. 3apsoBasi, N30TONNYECKAs,
«1IBETOBas», CHMMETPHSI MEXAY KBapKaMu M JENTOHAMU, MEXAY YaCTUL[AMHU U aHTHYaCTHIAMH,
KaTUOpOBOYHAS CHMMETpPHSI U, HAKOHEI] «CYNEepCHUMMETpPHs» - BCE 3TO B OCHOBE pa3BUTHUS
COBPEMEHHOI TeOpUM MUKpoMHpa. Bes ocTaibHas Hayka - U KOCMOJIOTHMSI M HayKa O JKM3HU U
HayKl 00 OOIIECTBEHHBIX MpoIleccax TAaKKe MPOHU3AHbl UACSIMH CHUMMETPHH. DTO TOHSTHE
OyzeT BCTpevaThCsl HaM Ha KaXKAOM IIary.
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2.2.4. DneMeHTapHbIE YaCTULIbI

YIopsaI0ueHHOCTh  XMMHYECKHX JJIEMEHTOB C 3aKOHOMEPHBIM  MEPUOAMYECKUM
MU3MEHEHHEM HX CBOMCTB B 3aBUCUMOCTH OT Macchl (IpUYeEM Macca U3MEHEHSETCs CTYIIeHYaTo, B
COOTBETCTBUU C 3aKOHOM MPOCTHIX KPATHBIX OTHOUIEHH) €CTECTBEHHO HAaBOAMT HA MBICIIb 00 UX
«HEDIIEMEHTAPHOCTHY - HOBOE Kayecmeo (HOBBIM 3JIEMEHT) MOSBISETCS NPHU MOCIEI0BaTEIEHOM
N00aBJICHUN HEKOTOPOTO CTAaHJAPTHOIO Koauyecmea (ATOMHOM Macchl WM Homepa). B stom
N00aBIIIEMOM KOJIMUYECTBE €CTECTBEHHO OBUIO MCKAaTh T€ KHUPIUYMKU, U3 KOTOPBIX MOTYT OBITH
MOCTPOEHBI ATOMBI XTMTYECKUX 3JIEMEHTOB.

O CJI0)KHOCTH aTOMOB F'OBOPUJIM U JIPYTHE OTKPHITUS KOHIA 19-ro u Havana 20-ro Beka. B
1896 romy Aupu bekkepenem Oblla OTKphITA PaAMOAKTHBHOCTBb, B 1897 romy JIx. JIx.
ToMCOHOM OBUT OTKPBIT 3JIEKTPOH (B KaTOTHBIX JIy4ax, TOT/IA €Ile HE JOTaJbIBAINUCh, YTO OH —
«xupnuauk» atoma). B 1903 rony 2. Pezepdopaom u @. Coaau paaroakTUBHBIN pacman ObuT
UCTOJIKOBAaH Kak TIpeBpalieHue sneMeHToB, a B 1911 romy Pesepdopa Ha ocHOBaHUH
pPEe3yNbTaTOB CBOMX 3KCIEPUMEHTOB IO PACCESHUIO anb(a-yacTHIl MPEAOKWI IJIaHETApHYIO
MOJIe/Ib aToMa.

ATOM OKa3aJcsi COCTOSAIIUM M3 TXKEIOT0 MOJOKUTEIBHO 3apsyKEHHOTO SApa TUaMeTpoM
NPUMEPHO B CTO THICAY pa3 MEHBIIIE aTOMa, HO 3aKJIIOYAIOIIEro B cebe MOYTH BCIO €r0 Maccy, U
PacIOJI0KEHHBIX BOKPYT HETO OTPUILIATEIBHO 3apsKEHHBIX 3JIEKTPOHOB. OKa3anoch, YTO pa3HULA
Macc aTOMOB 3JIEMEHTOB KpaTHa HEKOTOPOI JIEMEHTApHON BEJIIMYMHE, IPUMEPHO PaBHOM Macce
aToMa Bozopoja. IlomoxuTenbHO 3apsHKEHHOE SOpO aToMa BOJOpoJa ObLJIO Ha3BaHO CHadyasa
MIOJIO’KUTEIBHBIM <QIIEKTPOHOM» (M3-3a €r0 3JEKTPUUECKOIo 3apsizia), a 3aTEM - MPOTOHOM. JTO
Obuta BTOpas (mMocie SJeKTpOHA) YacTHIla, MOJMYYUBINAs CTaTyc 3JIeMEeHTapHOW. EctecTBeHHO
ObUIO MPEATONIOKUTh, YTO SAPO aToMa BOAOPOJA MpEACTaBisieT coOOM OAMH MPOTOH, a Aapa
0oJiee TSHKENbIX 3JIEMEHTOB - HECKOJIBKO. DJIEKTpHUecKas HEUTPaTIbHOCTh aToMa 00ecreunBaeTcs
COOTBETCTBEHHBIM KOJMYECTBOM JJIEKTPOHOB. MMeHHO »53Ta BenMuuHa - 3apsa sapa U
COOTBETCTBYIOILIEE €MY KOJMYECTBO JJIEKTPOHOB - W OKAa3alloCh OMNpENeoeld CBONWCTBa
3JIEMEHTA BEJINYMHOM, BEIPA)KaEMOM €ro MopsIKOBBIM HOMEPOM B Tabiuie MeHeneena.

ATomHasi Macca JIF00OTO 3J€eMEHTa KpoMe BOJOpOJa OKa3aiach OOJbllle €ro HoMepa,
KPOME TOI'0 OKa3aJoCh, YTO CYILIECTBYIOT aTOMBbl C Pa3HbBIMH MaccaMH, HO IPEICTaBIIAIOIINE
co00if OAMH W TOT K€ DJIEMEHT (10 BCEM OCTAJbHBIM IOKA3aTeNsIM) - U30monsl. ITU (HAKTHI
3aCTaBUJIM CHayala IpPEIoJIOKHUTh, YTO B AApe KPOME IPOTOHOB COJEPIKUTCS M HEKOTOPOE
KOJIMYECTBO 3JIEKTPOHOB (Maccy sifpa oOecrneuuBarOT BCE MPOTOHBI, a 3apsi - TOJIbKO HE
CKOMIICHCUPOBaHHBIE AJIEKTPOHAMM), HO 3aT€M CTaj0 SICHO, YTO B SJpe KpPOME€ IPOTOHOB
COJIEpKaTCsl YaCTHIIbl C Maccoil MPUMEPHO PaBHOW MPOTOHY, HO 0€3 3JIEKTPUUECKOro 3apsijaa -
HEHTPOHBI. BBIICHUIOCH, YTO HEUTPOHBI MOTYT CYIIECTBOBAaTh M B CBOOOJHOM COCTOSHUH
(aewitpon Obl1 OTKpHIT JIk. YeaBukom B 1932 1.), HO CBOOOMHBIH HEHUTPOH - YACTHUIIA
HecTaOMIIbHAs ¢ BPEMEHEM JKU3HM MPUMEPHO YETBEpPTh Yaca - OHA PACHaJaeTcsl Ha AIIEKTPOH U
poToH. B snpe ke HeUTpoH cTabuIIeH.

Takum 00pa3om, oOKa3alloch, YTO AaTOMbI BCEX H3BECTHBIX XHMHUYECKHX 3JIEMEHTOB
COCTOSIT BCETO M3 TPeX IJeMEHTAPHBIX YACTHMI: 271eKmpoHa, npomona u Heiumpona. K HuM
HaJ10 MPUOABUTH €lIe YACTUILY JIEKTPOMArHUTHOTO U3JTyYeHHUS - (DOTOH.

Kaptuna mupa ynpoctuiace! Oxa3bpIBaeTcs, BCE BOKPYI HAac IMOCTPOECHO BCErO W3
YETBIPEX YACTHIL - OT 3BE3]1 10 IIECUMHOK U OT MPOCTHIX ra30B J0 uenoBeyeckoro mosra! Tounee,
naxke U3 Tpex, u00 (OTOH HE CYIIECTBYET B MOKOE M HE MOXXET y4acTBOBaTh B MOCTPOEHHH
BEIIIECTBA B OOBIYHOM CMBICJIE HTOTO CIIOBA.

B nocnenyromye rojpl KOJUYECTBO OTKPHIBAEMBIX YUEHBIMHU «3JIEMEHTAPHBIX YaCTHID»
CTPEMUTENIBHO POCIIO U JOCTUIJIO HECKOJIBKUX COTEH, HO BCE HOBBIE YACTHIIBI 32 UCKIHOUEHHEM
OJTHOW OB OY€HBb KOPOTKOKUBYIITUMU - HE OoJiee 10°¢. A1o pa3HOro poja ME30HbI, TUIIEPOHBDI,
YaCTUIBI-TIEPEHOCUNKHN CHJIBHBIX M cJa0bIX B3amMmoaeicTBuil. EnuHCTBEHHast crabuibHas U3
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ATUX BHOBb OTKPBITBIX YAaCTHUIL - HEHUMPUHO - OJTHA U3 CaMBIX 3araJlOYHbIX YacCTHL], i1 KOTOPOH
JI0 CHUX TOp HE YCTAHOBJIEHO HAJIMYUE WM OTCYTCTBHME Macchl mokosi. Kpome Toro, kaxmoi
YacTUIIE COOTBETCTBYET CBOS AHTHYACTHUIA, TOJO00HAs YacTUIE BO BCEM, KPOME HEKOTOPBIX
XapaKkTEPUCTUK B3aUMOJEHUCTBUM, HAlpUMEpP, HJIEKTPOMATHUTHBIX JUIsl JJIEKTPOHA M €ro
AQHTUYACTUIBl - NO3UTpoHa. YacTulia M aHTUYACTUIA IIPU BCTPEYE B3aUMHO YHHUTOXKAIOTCA -
AHHUTUIIUPYIOT, - TpEeBpallasich B Ipyrue YaCTHUIIbl, B YaCTHOCTH, B (DOTOHBI.

Takoe oOwiIne <«3IEMEHTAPHBIX YacTUI» B COOTBETCTBUM C (DyHIAMEHTaIbHBIMH
KOHLIETIMAMU €JMHCTBA U IPOCTOTHI [Ipupoasl, BO-NEPBBIX, BBI3BAIO €CTECTBEHHOE CTPEMIICHUE
YUYEHBIX HaBECTH CpPEeIU HUX MOPSAOK - HAUTH B HUX HEKHE OOIIHe XapaKTePUCTHKH, OOBEIUHUTD
UX B CUCTEMATUYECKHE I'PYIIIbl, CHMMETPUYHBIE 10 TEM WJIM MHBIM MPU3HAKAM - U, BO BTOPBHIX,
MIOPOJIUIIO COMHEHHE B UX DJIEMEHTAPHOCTH.

Bce wactunel noapasnensuiuch Npekie BCEro Ha JIenmoHvl U a0poHsl. AOpoHsbl - 3TO,
TaK Ha3bIBa€Mbl€, CUIbHOB3aUMOJICHCTBYIOIINE YacTULIbl. K HUM OTHOCSTCSI IPOTOH U HEUTPOH U
OTPOMHOE KOJMYECTBO KOPOTKOXHUBYLIUX YacTUll. Jlemmousl - ciabOB3aMMOJCHCTBYIOIINE
YaCTHULIBI - BJIEKTPOH, |L - ME30H, T - ME30H, COOTBETCTBYIOIIME MM TPU TUIIA HEUTPUHO W,
pasymeeTcsi, aHTU4acTHIbl. OTIETBPHO CTOUT KBAHT JIEKTPOMArHUTHOTO MOJIS - OTOH, KOTOPBIN
TOX/IECTBEHEH CBOEH aAHTUYaCTULE. 3HAUWUTEIbHAs 4YacTb BHOBb OTKPBIBAEMBIX YACTHI]
OKa3pIBajlaCh HEKUMH BO30YXIEHHBIMH COCTOSHUSIMH HE CTOJIb MHOTHX OCHOBHBIX,
JIEHCTBUTENIBHO AJIEMEHTAPHBIX.

Oco00 CTOMT yAMBHUTENbHAS YAaCTHUIIA - YYACTHUK CIA0BIX B3aUMOACUCTBUI - HEUTPHHO.
Ona 6Oputa npeackazana B. [Maymu B 1930 rogy ¢ menbto OOBSCHUTH KaXKyIIeecss HapyIICHHUE
3aKOHOB COXPaHEHUs PHEPTUM M MOMEHTa UMIyJbca mpu Oeta-pacnazae. [Ipocrota u eauHCTBO
MHUpa, CUMMETpPHUS 3aKOHOB MPHUPOAbI TpeOoBasia BBIMOJIHEHHS] 3TUX 3aKOHOB M «3aCTaBUIIa»
YYEHOTO TOHTH Ha «M300peTeHHE» HOBOM YaCTHUIbI, KOTOPOE, C JAPYrol CTOPOHBI, YCIOXKHIIO
mup. [lanpHeiiee pa3BuTHE HAyKW TMOKa3ano, 4ro [laymum Obul mpaB - HOBas yacTHIla ObLTa
oOHapy>keHa sKcrepuMeHTanbHO. Ho oOHapyXuTh ee He ynanoch Obl, ecnu Obl OHAa HE ObLIa
npelcKa3aHa Ha OCHOBE OOIIMX, MHTYHUTHBHBIX, KOHLEMUUNA M C €€ MOMOIIbI0 He Obuia Obl
coznana J. @epmu Teopus Oera-pacnana. ToIbKO TEOpHs MO3BOJIMIIA CINIAHUPOBATH U MPOBECTH
creluaibHble HE0OX0IUMbIE SKCTIEPUMEHTHI.

DneMEeHTapHbIE YaCTULIbI ONMCBHIBAIOTCS 3aKOHAMHM KBAaHTOBOM MEXAaHUKH, O KOTOPOM MbI
OyZeM TOBOPUTH MO3XKE, U XapaKTepU3YIOTCS TaK Ha3bIBAEMBIMH K8aHmosvimu uuciamu. lpu
KJaccu(UKAUMU 3TUX YacTUI] HCIOJIB30BAIOCH TpeOOBaHME CHUMMETPHM 110 OTHOIICHHUIO K
rpynmnam npeoOpa3oBaHH B YCIOBHOM IPOCTPAHCTBE 3THX KBAHTOBBIX YHUCEN, TOJOOHO TOMY
KaKk T[pHU TEOMETPUUYECKHX KIACCU(PUKAIMIAX HCIOIb3YEeTCS CHMMETPUS IO OTHOLICHHIO K
peoOpa3oBaHuAM KOOPJIMHAT B 3BKJIUOBOM ITPOCTPAHCTBE.

B pesynbrare Takoro ynopsaouMBaHuUs 3TOrO MOps 4acTHUL, AJIs aJApPOHOB, TaK )K€ KakK B
CBOE BpeMs JUIsl XMMHUUYECKUX DJIEMEHTOB, ObljIa cO3/1aHa MmoaoOHass MeHeneeBckoi Tabnuna u
oOHapykeHa BeCbMa HETpUBHAJbHAsl MEPHOAMYHOCTH, IPYNIIUPOBKA YACTUI] B CUMMETPUYHBIC
MYJIbTHILIETbI, KOMIIOHEHTBl KOTOPBIX MOYKHO CYUTaTh Pa3HbIMM KBAaHTOBBIMH COCTOSIHUSIMU
oHOH yacTuupl. OCHOBaHHasl Ha CUMMETPUHM CHUCTEMAaTHKa MO3BOJIWIIA MPEACKAa3aTh HECKOJIBKO
HOBBIX YaCTHII, KOTOPbIE ObTM OOHApPY>KEHBI B CHEIHAILHO MOCTABIEHHBIX SKCIIEPUMEHTAX, YTO
MOATBEPANIIO IPAaBUIIBHOCTH MOAXO0AA.

[TpiTasgich OOBSCHUTH BBIIBUBIIYIOCS CUCTEMY AJIEMEHTAPHBIX YACTHII, YUCHbIE MPUILIN K
HEOOXOMMOCTH JIOMYCTHTb, YTO aJPOHBI HE JIEMEHTAPHBI, & COCTOAT U3 0ojee IeMEHTAPHBIX
YacTUIl - KBAPKOB, U, TaKXXe, JIOMYCTUTh CYIIECTBOBaHHE IJIKOOHOB - YaCTHUIl, MyTeM oOMeHa
KOTOPBIMH KBAapKH B3aUMOCHUCTBYIOT MexIy coOoi. KBapku B CBOOOAHOM COCTOSIHUM He
HaOJII0IATHNCh, U, TO-BUAUMOMY, B IPUHLIUIIE HE MOTYT Ha0JI01aThCs, HO, TEM HE MEHee, ceifuac
KBAapKOBasi MOJEIb CUYUTAETCS JOKa3aHHOW, MO0 JJOCTaTOYHO MHOTHE CJEJICTBUS M3 Hee
MTOATBEPKAECHBI SKCIIEPUMEHTAIBHO.
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ChHauana KBapkOB B MOJEIHU COAEpPXKaAIOCh 3, HO 1O Mepe €€ pa3BUTUI U
COBEPIICHCTBOBAHMS UX YMCIIO YBEIMYWIOCH 10 15 mnum gaxe 18 mutoc 6 JIENTOHOB - AIEKTPOH,
MIO-MC30H U Tay-MC30H, KaX(HBIﬁ CO CBOUM HeﬁTpHHO, 1 BCC OHU CO CBOMMH aHTHYACTHLIAMHU.
OTO Tropa3l0 MEHbIIE MHOTMX COTEH »>JIEMEHTApHBIX YaCTUI, HACUUTHIBABIIUXCS MEpel
MOSIBICHUEM KBapKOBOM MOJElIM, HO BCE e Kak-To MHoroBaro. Konuenmust npocmomsi
IIpupoowl ToNKaeT y4eHbIX K MOUCKY elle 0ojiee 371eMEHTapHbIX YacTHUIl, HO MOKa JIJIsl 3TOTO HET
HUKAKHUX TCOPCTUUYCCKUX HIIN SKCIICPUMCHTAJIbHBIX OCHOBaHHUI.

Kpatkue uroru pazaena 2.2.

KoHnuenmus 3jieMeHTa BBITEKaeT U3 KOHUENIMM €QUMHCTBA W NPOCTOTHI Mupa. Haiitu
IIEPBOOCHOBY, U3 KOTOPOM MOCTPOECHO BCE, YEIOBEK MBITAJICA C TOTO CAMOT0 MOMEHTA, KOIla OH
BIIEPBbIC 33/lyMaJICsl O JETasAX yCTpolcTBa Mupa. HaydHoe, sKkciepuMeHTaIbHO 00O0CHOBaHHOE,
HIOHATHUE d71eMeHm BO3HUKIIO B pe3yJbTaTe pa3BUTUSA XUMHMHU B Hadane XIX Beka U ObLJIO TECHO
CBSA3aHO C KOPIYCKYJIAPHO# KOHIENIUEN U ITOHATUEM aTOM. BIIOCIIEACTBUY ITOHATUE 271eMEHM
HOCTOSIHHO yIIyOssutock. OT XMMHUYECKOTO 3JIEMEHTA OHO MEPELUIO K 3J1eMeHTAPHON YacTHIle.
OCHOBHBIMU KHUPIUYUKAMHU, «UCTHUHHBIMH» amoMamu HAIIETO MUpa HA HBIHEIIHEM YPOBHE
3HAHUSA SBJISIIOTCSL KBAPKU M JICNITOHBL. JTO - 3/1eMEeHMapHbvle Yacmuysl, yIpaBisieMble 3aKOHAMU
KBAHTOBOM MeXaHMKHU. M3 HUX CTPOUTCS BCE BEILIECTBO, BECh OKPYKAOIIUNA MUP U MbI CAMH.

BBeneno pacummpeHHoe (U3NYECKOEe MOHATHE CHMMETPHH, SKBHUBAJICHTHOE IMOHSTHUIO
WUHBAPHAHTHOCTH, C KOTOPBIM CBSI3aHO COXpPAHEHUE OIPEIEICHHBIX CBOWCTB MAaTEPUAIBHBIX
00BEKTOB M 3aKOHOB MX B3aMMOJICHCTBMS IPHU HEKOTOPHIX IpeoOpa3oBaHusix. Bce m3BecTHbIE
HaM 3aKOHBl COXpaHEHUS (Macchl, SHEPruHM, HMIYJIbCA, MOMEHTa MMITYJIbCA) SBISIOTCS
CJIEZICTBUEM CHMMETPUU (PU3UYECKHX CHCTEM - HMHBAPUAHTHOCTH (PU3MUYECKUX 3aKOHOB IIO
OTHOILIEHHIO K TEM HJIM UHBIM NTPeoOpa30oBaHUsAM MPOCTPAHCTBEHHBIX KOOPIAUHAT U BPEMEHH.

B ocHoBe TeopuM 3JI€MEHTapHBIX YacTHUILl JeKaT TpeOOBaHHS CUMMETPUU NpPeoOpa3oBaHUN B
YCJIIOBHOM IIPOCTPAHCTBE , I[I€ KOOPAUHATAMU SIBJIIFOTCS. UX KBAHTOBBIE XAPAKTEPUCTUKHU.

Cummerpust (PU3HYECKHX 3aKOHOB - 3TO OJHO M3 MOATBEPXKACHUN (DyHIaMEHTalIbHbBIX

KOHLICTIIMY €IMHCTBA U IIPOCTOTHI MUPA.

Bonpochl k nepBoii 4acTH rJiasbl 2.

1. Yro Ttakoe koHyenyus cmayuonaprocmu?

2. CmayuonapHoe npubaudicenue IpA OMUCAHUN (PU3NIECKUX MTPOILIECCOB.

3. Uro Takoe Konyenyus s1emenma?

4. KomwmuHnyanvuas u KOpnycKyIApHas KoHyenyuu, WX B3auMooTHomeHHe. lcmomnb3oBanue
KOHTHUHYaJIbHOU MOOenu TIPU ONMCAHUN MaKPOCKOMUYECKHUX TN U MPOLIECCOB.

5. Yto Takoe xumuyeckuii s1emenm? VICTOpUS pa3BUTUS NPEACTABIECHUH O XUMHYECKOM
JJIEMEHTE.

6. VYnopsnouenue snemeHToB. Kak Obu1a coznana MenaeneeBsiM [lepuoouueckas cucmema?

7. Yro Takoe npunyun cummempuu, Kak yHUBEpCaIbHBINA TpuHIUT [Ipupoasi?

8. Uro mpuBeno K BOSHUKHOBEHHIO TOHSTHS 271eMEHMAPHAs Yacmuya W K OTKPBITHIO TaKUX
qacTuir?

9. OCHOBHBIE THIIBI 3JIEMEHTAPHBIX YACTHII.

10. Knaccudukanus aapoHOB ¥ BOSHUKHOBEHUE THIIOTE3bI KBAPKOE.
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2.3. Kak U3 3511eMEHTOB CTPOUTCS MUP?

2.3.1. KoHnenuu npocTpaHCcTBa, BPEMEHU U B3aUMOICHCTBUS

Crnenyrommii Bompoc: kak crpourca mup? Kakum oOpa3om, 3a cuer uero
MHKPOYACTHIBI OPraHU3YHTCd B MAaKPOOOBEKTBbI, a 3TH MAaKpPOOObEKTHI 00pa3yloT
CTPYKTYPBI Bce 00JIbIIero Macmrada u cCJa0KHOCTH?

3nech MOSBISIIOTCS  Cpa3y TpU KOHLENLUUU - TNPOCTPAHCTBA, BpPEMEHH H
B3auMo/ielicTBUA (CHJIbI, KAK MEPbI B3aMMO/JICHCTBHS) U TMIOHATHE CTPYKTYPHI.

Bce cTpykTyphl - 3TO 3aKOHOMEPHO OPTraHU30BAHHBIC, YCTOMUMBBIE KoH@ueypayuu,
B3aMMHbBIE PACIOJOXKEHUS 4YacTULl M Tel B mpocTpaHcTBe. CTPYKTYpbl BO3HHMKAIOT U
pa3BuBalOTCS BO BpeMeHH. OmnucaHue 3aKOHOMEPHOCTEM HM3MEHEHUs IPOCTPAHCTBEHHOMN
CTPYKTYpbl BO BPEMEHH MO>KHO TPAaKTOBaTh KaK OMHMCAaHHWE BPeMEeHHOM CTPYKTyphl. OO0beauHss
OTH TIOHATUS, MOYKHO TOBOPUTH O MHUpPE, KaKk O €IMHOH NPOCTPAHCTBEHHO-BPEMEHHOM
CTPYKType. BO3HUKHOBEHHE M CYIIECTBOBAHHUE CTPYKTYP €CTh PE3yJbTaT B3aHUMOJEHCTBHUS
AJIEMEHTapHbIX 4YacTUI U Tell. KolnyecTBEHHOM XapaKTepUCTUKON B3aUMOJECHCTBUS SIBIISETCA
cuJIa.

Uro xe Takoe mpocTpaHcTBO? KakoBbl ero cBoictBa? [IpakThyecku Mbl €r0 MOXKEM
NPEJICTaBUTh KaK HEKYIO HPOMSANCEHHOCMb, XAPAKTEPUBYEMYIO B3AUMHBIM PACNONIONCEHUEM
HaxXOJSIIMXCS B HEH MaTepualibHbIX Tel. TOYHO Tak K€ BpeMsl MPaKTUYECKH MOXKHO
NPEJCTaBUTh ceO€ TOJNBKO KaK OnumenrbHOCMb, XapaKTEPU3YEMYIO HOC1e008aAmMeNbHOCIbIO
coObImuil, TPOUCXOISIINX C MaTEPUATBHBIMU TeaMu. [IpocTpaHCTBO BHE MaTepUu — aOCOIIOTHO
MyCTOE - IPEICTaBUTh ce0e 3aTPyJHUTENbHO, TAK)KE KaK U aOCTPAKTHYIO JJIUTEIbHOCTb.

[TocnenoBarenbHOCTh COOBITUH TMPOCTO YCTAaHOBUTH B Touyke. UTOOBI yCTaHOBHTH
MOCIIEI0BATEIbHOCT  COOBITHM, MPOUCXOAAIIUX C Pa3HBIMH MPOTSIKEHHBIMU — TEIaMH,
HeoOXo/uMa Iepeadya BPEMEHHOTO CUTHala 4epe3 MPOCTPAaHCTBO. TOYHO TaK Ke OMHCAaHUE
B3aMMHOTO PpACIOJIOKEHUS TeJI B MPOCTPAHCTBE B KaKOW-TO MOMEHT BpEMEHHU Tpelyer
YCTaHOBJIEHHS] TOTO MOMEHTA JUIsl 6cex Tell, TO €CThb YCTAHOBJIEHUSI IOHITUS 0OHOBPEMEHHOCHU
coObITHI (OTIpeeNIeHUI MMOI0KEHHSI Te) B Pa3HBIX TOUYKaX MPOCTPAHCTBA. DTO MOXKHO CIENaTh
TOJILKO Tepe/iaB MHPOPMALIUIO U O BPEMEHH U O TOJI0KEHUH C MTOMOIIIBIO MOJAXO/SIIEr0 CUrHaIa.
U3 aTux paccykaeHHil sICHO, 4YTO IPOCTPAHCTBO U BPEMsI HEPA3PHIBHO CBA3aHBI IPYT C IPYrOM, U
3Ta CBSI3b 3aBUCUT OT MEXaHM3Ma [epEAAUN CUTHAJIOB, KOTOpas €CTh MIPOLIECC MaTepUaANIbHbIN.

OpHako mepBas TeopeTHuYecKas JUCUUIUIMHA B MCTOPUM YEJIOBEUYECTBA - KJIacCHYeCcKas
MeXaHHUKa - abcTparupoBaiia 3Tu NoHATUS. OHa onepupoBaia ¢ adCOJITHBIM ITPOCTPAHCTBOM,
OJHOPOIHBIM U HW30TPONHBLIM, OO0JaNaIOIIUM SBKIMJOBOM TeOMETpHUEil, MNacCHUBHBIM
emecmunueM BCEX MaTepHAIbHBIX OOBEKTOB, U aOCOMIOTHBIM BpPEMEHEM, DPABHOMEPHO
TEKyIIMM B OJHOM HAaINpaBJI€HHH, HE 3aBUCAILIUM HU OT MPOCTPAHCTBA, HU OT HAXOMASIIUXCS B
HEM MaTEepUAIbHBIX Tel. Takoe NMpOCTPaHCTBO U TaKOE BpPEMsS - 3TO MOOENb, MO3BOJIMBILAS
cleNaTh OTPOMHBIA Iar Ha IyTH 0000IIeHUs HaOII0IaeMbIX (DaKTOB - TOCTPOUTH IEPBYIO
¢usnueckyro Teopuio. OHa OKa3anach OUY€Hb XOPOIIUM MPUOIMKEHUEM, TaK KaK CKOPOCTh CBETa
OYCHB BEJIMKA, a BEIIECTBO BO BCeleHHON 04eHBb pa3pekeHo.

Korna roBopsT, 4TO IPOCTPAHCTBO 0OOHOPOOHO - 3TO 3HAYUT, YTO CBOWCTBA €r0 OJHH U T
e B JII000M €ro TOUKe; OHO U30MPONHO - 3TO 3HAYUT, UTO BCE HANPABICHUS B HEM PaBHOLICHHBI.
OmHOPONHOCTh M M30TPOIHOCTh HEU30EKHO TPEOYIOT W 0eCKOHEYHOCTH IPOCTPAHCTBA:
HaJU4Ke JIFOOOW TpaHUIBl - 3TO YKe HeomHOopomHocTh. Ho mpeacrtaBuTh cebe abCOIOTHOE
IOPOCTPAHCTBO - IIyCTOE€ OECKOHEYHOE MPOCTPAHCTBO, CYIIECTBYIOIIEE HE3aBUCHMO OT
OPUCYTCTBUSl WJIM OTCYTCTBUSI B HEM MaTepuHu, - OKa3aJloCch OYeHb TpynHO. HeBo3mMoxkHO
CPaBHUTh MPOTSKEHHOCTH JABYX «IYCTBIX» YacTel MNpOCTpaHCTBA. A i «HEMYCTOrO»
IPOCTPAHCTBA TaK e TPYAHO MPEANOIOKUTh IMOJHYI0 HE3aBUCHUMOCTh OT TOrO, YeM OHO
HaIOJIHEHO.



26

AHanoru4Has TpyJHOCTh BO3HHMKIJIA U CO BpeMmeHeM. Eciu BpeMsi aOCOTIOTHO, €UHO BO
BCEX 4YaCTSIX [MPOCTPAHCTBA, TO [JOJUKHA MMEThb MECTO COBEpIIEHHO ONpe/esIeHHas
MOCIIE0BATEIHFHOCTh BO BpEMEHU (WJIH OJTHOBPEMEHHOCTbH) COOBITUH, TPOUCXOISIINUX HE TOJIBKO
C OJIHUM U Te€M ke O0OBEKTOM, HO U C Pa3HbIMH OOBEKTaMH, MPOCTPAHCTBEHHO Pa3felIEHHBIMH.
OpHako,  YCTaHOBHTH  TaKyl  TOCIEIOBATEIbHOCTh WM  OJHOBPEMEHHOCTH IS
NPOCMPAHCMBEHHO  pa3oeleHHblX OOBEKTOB MOXHO TOJBKO TMpPU TOMOIIM CHUTHaia,
pacrpoCTpaHSIONIErocss MIHOBEHHO, TO €CTh C 0eCKOHEe4YHOM CKOpOCThio. OmniTh BO3HUKIIA
MOTPEeOHOCTh B OECKOHEYHOCTH, KOTOPYIO (PU3UUECKH OCYIIECTBUTH HEBO3MOKHO.

VY BpeMeHH ecThb €llle OJIHO YJMBHUTEIbHOE CBOMCTBO - OJIHOHANpPaBICHHOCTb. Bpems
TEYET MOAbKO B OJHOM HAaINpaBiIeHUH - OT Mpouuioro k Oyaymiemy. C 3TUM €ro CBONCTBOM
CBs3aHa HEOOPATHMMOCTh DBOJIOIWHU, 3aKOH MPHUYMHHOCTH. B TO ke Bpems ypaBHCHHSI,
OTHUCHIBAIONHE OONMBITMHCTBO (PU3UYECKUX MPOIECCOB (B YACTHOCTU BCE YPABHEHHS MEXaHUKH),
CUMMETPUYHBl OTHOCHTEIhHO BpeMmeHH. Kazamoch OBl HET HHUKAKUX NPUYUH, KOTOPBIC
3ampemany Obl BPEMEHH Teub BCIATH (IO KpaliHEH Mepe JIOKajabHO), HO MBI BHJIUM, YTO
HAIpaBlICHUE TEYCHUS BpPEMEHU 3aJaHO a0OCONIOTHO *kecTko. [IpuumHa B TOM, 4YTO 3TO
HaIpaBJICHUE 3aJa€TCA MPOLIECCOM pacCUIMpEHUsl Hawier BceneHHOW, nuccumnanye 3HEepruv u
BO3pacCTaHHEM Xaoca, COMPOBOXKIAIOMIMMHU 3TOT mporecc. [logpodHee 00 3ToM MBI Oymem
TOBOPUTD MO3XKE.

Ceiiuac MBI 3HaeM, YTO U MPOCTPAHCTBO U BpEMsi, caMa T€OMETPHsI MPOCTPAHCTBA U XOJT
BPEMEHHM HEpa3phIBHO CBSA3aHbl C MaTepuaibHbiMU Tenamu. OO 3TOM TOBOPUT Teopus
OTHOCUTEIILHOCTH, KOTOpasi JaeT HOBYIO WHTEPIPETAIMIO MEXaHW3Ma TATOTCHUS W YCTpPaHSET
«ypHble OECKOHEUHOCTH», O KOTOPBIX MbI TOBOPHIIN. Te€opHsi OTHOCUTENILHOCTH TMPECTABIISAET
co00i1 MeXaHWKy OOJBIIMX CKOPOCTEH W TPaJMEHTOB T'PABUTALMOHHOIO TONS M B OOBIYHBIX
cutTyanusax ee 3(pQexThl MpakTUYeCKH He 3aMeTHbl. MBI pacCKa)keM O Hell HEeMHOro IO3XKe a
cefiuac oxapakTepu3yeM KOHIICTIIUIO B3aMMOAEHCTBHSN, KOTOpas IEPBOHAYAIHLHO BO3HMKIIA
BMECTE C MOJIENIBIO0 a0COIIOTHOTO MPOCTPAHCTBA U BPEMEHH.

B o0mieM Ham ceifuac 1OCTaTOYHO SICHO, YTO OPTAaHU30BATHCS B YCTOWYMBBIC CTPYKTYPHI B
MIPOCTPAHCTBE U BPEMEHU AJIEMEHTapHbIE YaCTHUILIbI, aTOMBI U O0Jiee KpyIHbIE Tela MOT'YT TOJIBKO
€CJIM MEXIYy HUMH JEHCTBYIOT KaKHE-TO CHJIbl, KOTOPhIE 00ECMEYNBAOT CBSI3b YACTHI[ U Tell
Mexay coboit. OmHaKO, TaKOE TPEICTABICHUE CYIIECTBOBAIO OTHIOAb HE Bcernaa. [lepBolid, KTO
BBENl TIOHITHE CUlbl HE TOJNBKO KaK MPUUUHbL O8UNICEeHUs, HO KaK (PYHIAMEHTAIbHOIO
opraHm3ywinero Havajga, Oeu1 Mcaak HpIOTOH, co3/maBmidii CBOIO 3HAMEHHUTYIO TEOPHIO
BCeMUpHOTo TsAroTeHus. Jlo HploTOHA MOHSTHE CHIIBI MPUIAraioch TOJIBKO K MEXaHUUYECKOMY
BO3/ICIICTBUIO OJTHOTO T€Ja HAa JPYroe Mpy HEMOCPEJACTBEHHOM KOHTAKTE.

3areM TOHATHE B3aMMOJCHCTBHUS pacmmpuwiock, B [lpupoge Obui0 00HAPYKEHO
0OeCUUCIIEHHOE MHOXKECTBO PA3IUYHbBIX CHUJI, OOECIEUNBAIOIINX CTPYKTYPUPOBAHUE U JABUKECHUE
NPHUPOIHBIX 00BEKTOB. M Tak ke, Kak B clyyae C BBIICHCHHEM CTPOCHHS BEIIECTBA, JACTaIbHOE
U3YYEHUE MPUPOJBI ITUX CUJI IIPUBEJIO K BBIBOAY, YTO CYIIECTBYET JIHIIb HEOOIBIIOE YHCIO TaK
Ha3bIBa€MbIX (PYHAAMEHTAJBHbIX B3aUMOACHCTBUI, HE CBOJAMMBIX APYr K Jpyry, a Bce
OCTaJIbHbIE SIBJIAIOTCS JIMIIL ONPENEICHHBIMH KOMOWHALMAMUA M BapUalUsMU 3TUX HEMHOTHX
B3aUMOJICCTBUM, KOTOPbIE MOXXHO Ha3BaTh TaKkke U 3JeMeHTapHbIMH. (Konuenmus szemenma
paboTaeT U 3/1eCh - KaK «10YepHss» KOHLEMIUS €IMHCTBA U IPOCTOTHI MUPA).

OyHIaMEHTAIBHBIX B3aUMOJCHCTBUIA HM3BECTHO BCETO UETHIpE: TIPaBUTAIMOHHOE,
3JIeKTPOMATHUTHOE, CHUJIbHOe M cjadoe. Mbl HauHEM C XapaKTEPUCTHKU TPaBUTALIMOHHOTO
B3aMMOJICHCTBYS, KaK UCTOPUYECKH TEPBOTO, MOJIOKHUBIIETO HAYATIO COBPEMEHHOW KOHIICTIIIUU
B3aNMOIENCTBUSA BOOOIIIE.
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2.3.2. Hpr0TOHOBCKAas TEOPHSI BCEMUPHOTO TATOTEHUS - KOHLEIIIUSA EHTPAJIbHbBIX
NanpHOAEUCTBYIOIMX cwil. Kitaccuyeckass mexaHuka

OcHoBoit Teopun HploToHa OblTa KOHIEMIUS HEHTPAJAbHBIX JAJbHOAEHCTBYIOIIMX
CWJI, W3MEHSIONUMXCS OOpaTHO TMPOMOPIHOHAILHO HEKOTOPOW CTENMEHH PACCTOSHUS —OT
HUCTOYHHKA. VICTOYHHKOM CHIIBI TATOTEHHS SIBIIsIeTCS JIt00oe Teno. Bee Tena nputaruBaroTcs Apyr
K IpYry C CUJIOH, MPONOPLUMOHATIBHON MPOU3BENCHUIO UX MAacc U 0OpaTHO MPOMOPIUOHAIBHOM
KBaJpaTy PacCTOSIHUS MEXIY HUMHU. 371€Ch MOSBHJIOCh HOBOE MOHSTHE - Macca, ONPEIACICHHOE
KaK Mepa ClOCOOHOCTH TeJia NPUTATUBATH APyrue TeJia.

Konnenmus manbHomeiicTBUsL (TO €CTh JCHCTBUS HA PACCTOSHUM, YEPE3 IIYyCTOTY»)
Obuta mpuHATa HBIOTOHOM C TpyaoM. HpIOTOH OBUT BBIHYXJIEH NPUHATH €€, TaK Kak OHa
MO3BOJIMJIAa KOJUYECTBEHHO OMHUCATh BCE HAOIIOJAaEMBbIC IBMIKEHUS HEOCCHBIX TEJ, XOTS €My,
Tak)Ke KaK M JPYruM, ObUIO HEBO3MOXKHO MPEJCTABUTH MEpeaady KaKoro-InOo MEHCTBUS depes
mycToTy. He mMest 1ocTaTOYHBIX ONBITHBIX TaHHBIX, TTO3BOIMBIINX OBl KOHKPETHO PacCyXaaTh O
CYITHOCTH CHJI TATOTEHHUS U O CIoco0ax WX Tepefadd OT OJHOTO Tena K apyromy, HeroToH
OCTaBHUJI ATOT BOIMPOC OTKPHITHIM. (XOTS MO3KE OH BCE KE MBITAICA PAacCyXIaTh O BO3MOKHOM
POJIM HEKOTOPOI TOHKOW Cpeabl - 2¢hupa - B Tiepeiade TATOTCHUS).

KoHnenmuss ganpHOMEHCTBUS TOTpeOoBaia TPHUHATHS KOHIICMIHK  a0COJHTHOTO
NMPOCTPAHCTBA U A0COJIOTHOIO BPEeMEHHM B KOTOPBIX OCYIIECTBIISIIOTCS TpPaBUTALMOHHBIC
B3aUMOJICUCTBUSL.

3arem HproToH copmynupoBans CBOM TpU 3aKOHA MEXAHUKH, TIEe TaKke (UTYpPHpPYET
Macca, HO YK€ KaKk Mepa MHEePIUM TeJla, Mepa CITIOCOOHOCTH COMPOTHUBIATHCS JACHCTBUIO CHJIBI.
Ona oka3anach YHCJICHHO B TOYHOCTH PaBHOUM Macce, 00ecnednBaromield TIrOTeHHE, YTO OBLIO
JIOKa3aHO HKCIEPUMEHTAbHO caMHM HBIOTOHOM MOCPEACTBOM OIBITOB C MasiTHUKAMH, €
NEHCTBYIOT KaK CHJIBI TSKECTH TaK W CHUJIBI MHEPIMU HAa OJHH M TE€ ke Teia. JTO ObLIOo
YAMBUTEIBLHO M HEMOHSATHO, HO 3TO ObUIO Tak. Yepe3 aBe COTHU JeT DUHINTEHWH ITOJIO0KUI
TOXKJIECTBEHHOCTh TATOTCIONICH W WHEPIMOHHONM Macc B OCHOBY CBOeil oOmeil Teopuu
OTHOCUTEIIBHOCTH, OH MOCTYJIMPOBAJ 3TO PABEHCTBO KaK OCHOBHOM 3aKOH MPUPOIBI.

Konuenmusi 1meHTpanbHbIX adbHOACUCTBYIOMIMX CUJI OINpeAenia KapTUHY MHpa Ha
CTOJIETHS. 3aKOH BCEMHUPHOTO TATOTCHHSI - 3TO OBUI MEPBBIH BCEOOBEMITIONIUN (PU3NUECKUIA
3aKOH, 3KCIIEPUMEHTAJIBHO MMOATBEPKICHHBINM, MO3BOJMBIINN Ha OCHOBE OYEHb ITPOCTOM UIEHU C
€IMHON TOYKH 3pEHHS OOBSICHUTHh M BCE JBMKCHHUS HEOSCHBIX OOBEKTOB M TMaJCHUE KapaHjalia
CO CTOJIa Ha TOJI U MHOTOE JIpyroe. Takoro ypoBHs 00001IeHus U yrnopsigodenus 10 Heiorona
Hayka He 3Hajna. Teopus HproToHa onumcana orpoMHBIN Kiacc HAOIIOAAEMBIX SBJICHUH HE TOJBKO
KAaueCTBEHHO, HO M KOJHWYECTBCHHO. bojee Toro, oHa I0O3BOJMIA CACIaTh MHOXKECTBO
MpeCKa3aHui, KOTOPbIE OMPaBIAIUCh C YAUBUTEIBHON TOYHOCThIO. IMEHHO mipeacka3arenbHas
CHUJIa OTIpEeJIeIIieT MOIIb TEOPHUH, U TYT MexaHuke HproTOHA He OBLIO paBHBIX.

[Io cymectBy Ha ocHOBe HBIOTOHOBCKOW KOHIEMIIMA ObUTA CO3MaHAa W TEOPHUS
ANEKTPOCTATUUECKUX B3aUMOJEHCTBUI: 3akoH KyioHa - 3To TOT ke 3akoH HbioTOHA, I/ie BMECTO
Macchl CTOMT HJeKTpuueckuid 3apan. Ilotom u apyrue cuibl, UMEONIME B CBOEW OCHOBE
AIIEKTPOCTATUYECKUE B3aMMOJICHCTBHS OBLIM OMKMCAHBI KaK pe3yabTaT KOMOMHAIIUY MPOCTEUIITIX
KYJOHOBCKMX  B3aUMOJICHCTBUH  ClIaralolIMX  CJIOXKHOE TeJIo  yYacTuil. Takue  Kak
MEXMOJIEKYJIApHbIe BaH-nep-BaanbcoBCcKue CUIbl IPUTSKEHUS, NPONOPLUOHAIBHBIE CEIbMOU
CTETNEHU PACcCTOSIHUS, M UM TI0100HBIe. Ha ocHOBEe HhIOTOHOBCKOM KOHIIETITUH IIEHTPAIBHBIX CHIT
CTPOUJIUCH U TEpBbIe Mojenu aToma. KoHlenus eHTpaabHbIX CHUJl, MTHOBEHHO JIEHCTBYIOIINX
Ha PAacCTOSSHUM B a0COJIFOTHOM IPOCTPAHCTBE M BpEeMEHHU, co3faHHas HpIOTOHOM, 10 cuX TOp
paboTaeT Mo4TH BO BCEX MPAKTUICCKUX MPHUIIOKEHUSX.

HproToHOBCKasi Teopusi MO3BOJWJIA CO34aTh MEPBYID 3aKOHYEHHYIO MOJEIb MHUpa B
ueiaoMm. Orpomublid ycriex Teopur HblOTOHAa TpHBEd K BO3HUKHOBEHHMIO TaK Ha3bIBAEMOI'O
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MEXaHHCTHYECKOr0 MOAX0a - CTPEMIICHUS OOBSICHUTH a0CONIOTHO BCE SIBJICHHS MPUPOJBI C
ITOMOIIBIO HBIOTOHOBCKOM MEXaHHKH

C HBPIOTOHOBCKOM MEXaHHMKOH CBsi3aHA U KOHIeNIUA AeTepMuHU3Ma. OHA yTBEpXKIAET,
YTO B TPHUHITUIIE BO3MOXXHO TOYHO ONHUCATh COCTOsIHUE BceneHHO# B m1000H MOMEHT Kak B
MPOIIIOM TaK U B OyIyIlleM, €CIId TOYHO U3BECTHO €€ COCTOSIHUE (KOOPAMHATHI U UMITYJIbCHI BCEX
COCTABJISIFONIUX €€ YaCTHI[) B HACTOSIIIIMK MOMEHT. J[eTepMUHN3M HCKIIOYAeT MPUHIUITHAIIBHYIO
CIIy4allHOCTh, OH OTHOCHT €€ TOJIbKO Ha CUET HaIlero He3HAHUSI.

BriocneactBuu, mo Mepe MpOHWKHOBEHHS HayKW Bce naibline B riayounsl Kocmoca u B
MUKPOMHP ObLTH OOHAPY>KEHBI TPAHUIIBI MPUMEHUMOCTH HbhIOTOHOBCKOH MexaHuku. OKa3alioch,
YTO B 00JIACTSAX MAapaMETPOB NAJEKUX OT T€X, C KOTOPHIMH MbI IMEEM JIEJIO B OOBIJICHHOW JKU3HH,
Teopusi HploTOHA He BepHA, U TaK)Ke HE SIBISIETCS BCEOOBEMITIONICH KOHIEIIUS IETePMIUHI3MA.
bria co3naHa Teopusi OTHOCUTEIBLHOCTH M MPAKTUYECKU OJJHOBPEMEHHO C HEW - KBAHTOBAsl
MexaHuka. M ta u gapyrasg B mpenene, NpU YAAICHUM OT KpPaWHUX, NPEAEIbHBIX 3HAYCHUU
CKOpPOCTEM, MacC M DHEPrui, MEepexOoAUT B MPUBBIYHYIO HBIOTOHOBCKYI0 MEXAHUKY B IOJIHOM
COTJIACUU C NPUHYUNOM COOMBEMCMBUSL.

2.3.3. Teopus OTHOCUTEIBLHOCTU

Teopuss OTHOCHUTEIBHOCTH TII0-HOBOMY OOBSICHSIET TSITOTEHUE, CBS3BIBAs BOEAMHO
JBIDKYIMECST W TATOTEIOIIME MAacchl, IpocTpaHCTBO W Bpems. OHa pemaer u npoGiemy
JabHOJICHCTBHSA, OTKA3aBIINCh OT KOHIIETIIIUH a0COMIOTHOTO, HE 3aBUCAIIETO OT COAepKaleics
B HEM Martepuu, npoctpancTBa. CHauvana, B 1905 roxy, Anpbeprom DHHIITEHTHOM OblIa CO3/1aHa
TaK Ha3blBaeMas CHelUaJTbHAsi TEOpUS OTHOCHTEIBHOCTH, IMPEJCTABIAIONas CcoOoi 1o
CYIIECTBY MEXaHMKY OOJBIIMX CKOpPOCTEH, a MAeCAThI0 TroJaMH IO03XKe - o0lasi Teopus
OTHOCUTEJIBHOCTH, MPECTaBIISAIONIast COO0M TEOPHIO TATOTECHHUS.

B ocHoBe cmemmanbHoii Teopuu otHocutenbHOocTH (CTO) nexar nBa mocTyiara:
1)pasnoyennocme unepyuanbHvlx cucmem omcdema - 3aKOHBI TPHPOABI OAMHAKOBBI BO BCEX
cucTeMax KOOPJHMHAT, KOTOPbIE JBUXKYTCS PABHOMEPHO M MPSAMOJIMHEHHO OTHOCUTEIBHO JIPYT
Apyra; 2) ckopocmu céema 6 8aKyyme 60 6cex UHEePYUANbHBIX CUCTeMAaX 0OUHAKO8A U AGNAemCs
MAKCUMANbHOU 803MOICHOU CKOPOCMbIO PACHPOCMPAHEHUs TI00bIX 83AUMOOEUCEUI.

IlepBp1ii  mocTynar  BblpaxkaeT co0OM  NPUHIMII  OTHOCHTENBHOCTH,  YETKO
chopMyTUpPOBaHHBIN TSI MEXaHUYECKUX cucTeM eme [ ammneem. BTopoil moctymar cBs3aH ¢
U3YYaBIIUMUCS TEOPETUYECKH M SKCIEPUMEHTAIBHO OCOOCHHOCTSIMU  PaclpOCTPaHEHHS
JIEKTPOMArHUTHBIX M3Iy4E€HUH U, B 4aCTHOCTH, cBeTa. KOHEYHas CKOpPOCTh paclpoCTpaHEHMs
ayieKTpoMarHuTHoro mnouis, pasHas 300000 kM B cek, cienoBaia U3 Teopuu MakcBenia, OHa ke
Obula HaliZleHa SKCIEpPUMEHTAJIbHO CHAadaja IMpU IOMOIIM ACTPOHOMHYECKUX HaOIIOAEHUM
3aTMeHHMi cmyTHHKOB FOmuTepa, a 3areM W B 1aOOpaTOPHBIX IKCHEpUMEHTaX. M TeopeTuku u
9KCHEPUMEHTATOpPbl NpPEANoyarajgyd, 4YTo CBET IpPEeACTaBIseT Cco00M KojgeOaHUs HEKOM
THIIOTETUYECKOM CpeIbl ¢ COBEpIICHHO OCOOBIMM CBOMCTBaMHU - 3¢upa, TaKkKe Kak 3BYK -
KOJIeOaHMs BO3TyXa.

B sTom cinydae nomkHbI ObulM ObI BO3HHKHYTH ONpeeieHHble 3(PQeKTl B ciyyae
U3JIY4EHUS U MOIJIOIIEHHs CBETa TeJIaMU JABMKYIUMUCS OTHOCUTEIBHO JAPYT APYyTra, IPUYEM ITH
3 PEKTHI TOMKHBI OBITh Pa3HBIMU B 3aBUCUMOCTH OT JIBWXKEHHS CaMoro 3¢upa, B 4aCTHOCTH OT
TOrO yBIIEKaeTcsl 3(Up IBUKYIIMMUCS TelaMM WM HeT. M BOT TyT SKCHEpUMEHTaJbHbIE
pe3yabTaThl BCTYMWIA B IPOTHBOPEYHE MEXTY COOOI.

HaOnronaBmasics acTpoHOMaMu abeppayusi - CMEIIEHUE BUAMMOIO IOJOXKEHMS 3BE3,
HaOJII01aeMBIX B TEJIECKOII, 3aBUCSINEE OT HANPaBJICHUS JABWKEHHUS 36MHOTO IIapa OTHOCUTEIBHO
9THX 3B€3J - YKas3blBajla Ha OTCYTCTBME YBJIE€UeHHMs 3(upa. OTOT pe3yabTaT CUUTAICS
3aKOHOMEPHBIM — 3(¢up abCOMIOTHAS HEMOABMXHAS CpeJia, OJIMIETBOPSIONIAs caMO abCOIIOTHOE
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npoctpacTBO. OKOHYATEIBHBIM MOJATBEPKAECHUEM a0COMIOTHOCTH 3Upa MODKEH ObLI CTaTh
3HaMEHMTHIM ONbIT MalikeabCcoHa MO M3MEPEHHUI0 Pa3HOCTH BPEMEHHU NPOXOXKIEHHS CBETOBBIM
CUTHAJIOM OJHOH M TOM ke 0a3bl B HANpaBJICHUU JIBUKECHUS 3eMJIM U NEPHCHIUKYISIPHOM E€MY.
OpnHako, BONpPEKU OXHMJIAaHUSIM H3MEpEHHas ¢ HEOBbIBANOH TOUHOCTBIO 3Ta Pa3HOCTh OKa3ajach
paBHOM HYIIO, CKOPOCTh CBETa OTHOCUTENIFHO MpHOOpa OKa3ajach OJAWHAKOBOW B HANpPaBICHUU
JBYDKEHUS 3€MJIM M B MEPIEHAUKYIIpHOM eMy. Takoil pe3ynbraT Mor ObITb OOBSICHEH TOJBKO
€CITU JIOIYCTUTH NIOJHOE yBiIeueHue 3¢gupa 3emieit u mpudbopom MaiikenbcoHa.

JlopeHI MpenIokKUl BBIXOA U3 HOJOXKEHU, MPEANOI0KHB, YTO B ONbITe MalikeabcoHa
3pUp TOXKE HE YBJIEKAeTCs, HO BCE pa3Mepbl B HANpPABICHUM MABIKEHHUS COKpALIAlOTCA B
COOTBETCTBUU C (hOPMYJION:

/:/O

N

OWHIITENH K€ TPUHSIT CBOM MOCTYJIAT MOCTOSTHCTBA CKOPOCTH CBETA KaK 3aKOH MPUPOJIBI,
HE CBSI3aHHBIN ¢ 3(UPOM W BBIBEN W3 3TOTO TOJIHBIA HAOOP CIEACTBHIA, MOATBEPAMUBIIUNACS B
skcriepumenTax. (Hago ckazarh, 4yTO OONBIIMHCTBO TaKHUX CJIEACTBUNA M COOTHOIIEHUH OBLIO
MOJTy4eHO 10 DUHIITEHHA, HO JTUIIb OH CBEJ MX BCE TOJI OJTHOM Hjeel, He CBSI3aHHOU C 3QHupom).
OCHOBHBIE CIIEICTBUS - 3TO COKpPALIEHUE PACCTOSHUI B HAIPABJICHUU JBUKEHUS U, YIJINHECHHE
MPOMEKYTKOB BPEMEHU B JIBIXKYIIEHCS OTHOCUTEILHO HAONIOJATENss CHUCTEME W BO3pacTaHUe
MaccChl IPU YBEITUYEHUU CKOPOCTH.

Eme ogHo crnencrBue (Takke MOJYyYEHHOE elle A0 DWHIITEeHHA) - 3TO CBSI3b MacChl U
sHepruu. KuHeTnmueckas SHepruss B TEOPUM OTHOCUTEIBHOCTH ONPENETSAETCA CIEAYIOIIUM
obpasom: E=mc*(1-v¥/c?)*. Tlpu v=0 KkuHeTHuecKas SHEPIHs MOKOS OKA3HIBACTCS PABHOM
E=mc’, a korxa CKOpPOCTh NpUONMKAaeTCsI K CKOPOCTH CBETa OHEPrus CTPEeMUTCS K
O0eckoneyHocTH. [Ipu CKOPOCTSIX 3HAYUTENBHO MEHBIIMX CKOPOCTH CBETa OHA MPUOIU3UTEIHHO
paBHa mc®+mv?/2. O cootromennn E=mc? ciemyeT cka3zarb 0c000. HacTo ero HHTepIpEeTUPYIOT
KaK SKBUBAJCHTHOCTb MAacChl M DHEPrUU U JaXKe KaK BO3MOXKHOCTh MPEBPAIIECHUS MAacChl B
SHEPruI0 U HAo0OpoT. DTO HE COoBCeM BepHO. Macca u sHeprusi - 3To (pyHIaMEHTAJbHbIE
XapaKTePUCTUKU MATEPHH, KAXKIAs U3 KOTOPBHIX COXPAHSIETCH TIPH J1H0ObIX NPeoOpa3o8anusx,
IIPU 3TOM Macca U 3HEPTUs NpOnOpYUOHAIbHbl IPYT ApYyry. B Teopun OTHOCUTENIBHOCTH MPOCTO
pacmmpsieTcsl TOHSATUE JHepeuu, B KOTOPOE BKIIOYACTCS TakkKe W dHepeus noxos. Jlroboi
MIPUPOCT MACChl HA BEJIMYMHY M YBEIUYMBAET SHEPTUIO MOKOSAIIET0Cs Tea Ha BEJIMYNHY mc?, a
mr000e TpupalleHue SHEePruyd Ha BENHYMHY E YBEIHUYMBAIOT MAacCy Tella Ha BEIHYUHY E/c?.
CBeTOBOM KBAaHT C YaCTOTOW V W 3Heprueil hv, mBmKyImiics co CKOPOCTBHIO CBETa, BOOOIIE HE
CIIOCOOHBIN HAaXOIUTHCS B MOKOE U MOTOMY HE OONaNaloluil Mmaccoii noxkos, TeM HE MEHee
oGmanaer maccoii paroit hv/c?,

DHeprus - 3T0 Mepa CIOCOOHOCTH MOPOXKAaTh IBHKeHHEe. Macca - Mepa MHepUuu WUIu
TSCOTEHHS. MC® - 9TO SHEPrUsl MOKOSI YACTHUIIbI, «KyCKa mMarepuu» ¢ maccoi m. Ecam y Hac,
JIOIIyCTUM, AaHHUTHUJIMPYIOT 3JIEKTPOH M MO3WTPOH M MPEBPATATCS B raMMa-KBaHTHI, TO €CTh B
AJIEKTPOMATrHUTHOE U3JIyY€HHE, Macca He IPEeBpaTUTCs B d3Hepruto. [Ipocto sHeprus nepener us3
OZIHOI (pOpMBI B JIPYTyI0 - U3 SHEPTUU MOKOS B DHEPIHIO U3JIy4eHHUS - 0€3 M3MEHEHUsl CBOen
BenuuuHbL. [Ipu 3TOM Macca, kak TAroTeromnas Tak 1 MHEpLIUOHHAs, HE U3MEHUTCS TaKXKe.

Mo>kHO cKa3aTh U Tak. Teopuss OTHOCUTEIBHOCTH YTBEPKIAET YTO CYHIECTBYIOT J1Ba BUAA
MaTepuH, CIIOCOOHBIE IEPEXOIUTh OJUH B JPYTOM: OJUH BHJ O00JIaaeT MacCOi noKos, IPYrou -
HEeT (HO Maccod BOOOIIE, KOHEYHO, 00JlajlaeT W AITOT BHUJ MaTepuu). DJIEKTPOMArHUTHOE
U3ITy4eHUE W, MO-BUAMNMOMY, HEKOTOPBIE OPYTHe BUIBI M3Ty4YCHHS, HE OO0JaJaroline Maccou
MIOKOSI, MOTYT CYIIECTBOBATh TOJBKO B COCTOSIHUM JBH)XEHHS C MOCTOSHHOW MaKCHUMAalbHOU
CKOpocThIO0. [{ist mr000# MaTepun ¢ KOHEYHOW MacCOil MOKOS 3Ta CKOPOCTh HenocTmxkuMa. Ecnu
coo0ImaTe Jactuile, o0Jaaroeil MacCcoi MOKOs, BCE OONBIIYI0 SHEPTHIO, MPUPOCT CKOPOCTH,
CHavaja MPOTMOPIIMOHATHHBIA KOPHIO KBaJpaTHOMY U3 OJHEpruu OyaeT HempepbhIiBHO
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YMEHBIIATBCS TaK YTO CKOPOCTb HUKOTJAa HE JOCTHTHET CKOpocTh cBera. JloOaBisiemas xe
sHeprus Oyner Bce OoJblIe MEePEeXOIUTh B SHEPTHUIO, MPOMOPIIMOHATIBHYIO BO3pacTaollell Macce
HIOKOSL.

Bce cooTHomieHUs TEOPUM OTHOCUTENIBHOCTH C BBICOYAMINEH TOYHOCTHIO MPOBEPEHBI
DKCIIEPUMEHTAIbHO, IPEXKIE BCErO0 Ha DSJIEMEHTAPHBIX YacTHUIAX, CKOPOCTH KOTOPBIX B
9KCIIEPUMEHTAaX YacTO OYeHb OJM3KO MNPUONMKAIOTCS K CKOpocTH cBera. Hampumep, B
3JIEKTPOHHOM CHHXPOTPOHE CKOPOCTH 3JIEKTPOHOB BIUIOTHYIO MPUOIIKAIOTCS K CKOPOCTH CBETA,
U OOJBIIYI0 YacTh BPEMEHU YCKOPEHHUS SJIEKTPOHBI JABMXKYTCS MPAKTHUYECKH C TOCTOSHHOU
CKOPOCTBIO, M HEPTHUS UX MPOJOJIKAET YBEIMUUBATHCSA IIPU KAKJIOM OYEPEAHOM IPOXOXKACHUU
pe30HaTOpa ¢ YCKOPSIOIIUM IOJIEM MOYTH MCKIOYUTENBHO 33 CUET MPUPOCTA MACCHI. [L-ME30HBI,
MOPOKJAaEMble KOCMHUYECKHMMH JIydaMd B BEPXHHUX CIOSIX aTMoc(hepbl, UMEIOT BpeMs KU3HU
okono 10° ¢, 3a kotopoe omM Moryr mpomererh He 6omee 300 MerpoB. OxHAKO
BBICOKOOHEPTUYHBIE [1-ME30HBI JOCTUTAIOT MIOBEPXHOCTH 3€MJIH, MTPOJIETAs IECATKU KHJIOMETPOB,
U3-32 PENSTHBHCTCKOTO 3aMEIUICHHS BpPEMEHU JUII OOBEKTa, IBIIKYILIETOCS CO CKOPOCTBHIO
OJIM3KOM K CKOPOCTH CBETa: COOCTBEHHOE BpeMs 3THUX OBICTPBIX YACTHIl AJI HEMOJBUKHOIO
HaOJr0AaTeNs PACTATUBACTCS B JICCATKU Pas.

CTO ycraHnaBIMBaeT HEPA3PBHIBHYIO CBSI3b MPOCTPAHCTBA U BpeMeHU. BMecTo pa3nenbHo
CYLIECTBYIOIIUX MPOCTPAHCTBA M BPEMEHM CIIEAYET pacCMaTpUBATh €IMHBIN 4YeTbIpeXMepHbIi
KOHTHHYYM - «IIPOCTPaHCTBO-BPEMs», - IJI€ BPEMECHHAas KOOpIWHATa uMmeeT Bun ICt (rme c¢ -
CKOpOCTh CBETA, a | - MHUMasl eJMHMIIA). DTa KOOPJAWHATA BBEJICHA YCIOBHO KaK MHUMAasI, OJTHAKO
HHTEPBAJ, PaBHbIII KOPHIO KBAIpaTHOMY U3 CYMMBbI KBaJpAaTOB Pa3HOCTEH KOOPAUHAT Hadajaa u
KOHIIa OTpPE3Ka B UETBIPEXMEPHOM IPOCTPAHCTBE - BEIMYMHA BELIECTBEHHAs, U MMEHHO OH
MPEACTABISIET COOOM MHBAPUAHT - HE MEHSCTCS MPU TEpexoJie OT OJHOW HHEPIUaTbHOU
CHCTEMBl KOOpIMHAT K Jpyroil. Eciam B KiaccMueckoil MeXaHHKE OBUIO JBE HE3aBUCHUMBIX
COXPAHSIOIIMXCS BEJIMYMHBI - IJIMHA OTPE3Ka U MPOAOKUTEIBHOCTh HMHTEPBAJIA BPEMEHHU, TO B
CTO ocrazics nuiib OAVH WHBAPUAHT - HHTEPBAJI 8 UemblpexmepHOM NPOCMPAHCMBEE-8PEMEHU.
Mo>HO cka3aTh, UTO KapTUHA MHpa YIIPOCTUIACh U MUP CTaJ BBITJIAIETh O0Jiee eAMHbBIM.

O6mas Teopusi otHocuteabHOCTH (OTQO) ocHOBaHA HA MOCTYJIaTe IKBUBAJEHTHOCTH
CHJI TATOTEHHUS M MHEePIUMH, CICIYIONIEM U3 PaBEHCTBA TATOTEIOIIEH U MHEPTHOM Macchl. Ecin
B CTO ytBepxnaercs, yTO 3aKOHbI ()M3UKU OJMHAKOBBI BO BCEX UHEPYUATbHBIX CUCTEMaX
KOOPAWHAT MpPH YCJIOBUU TOCTOSTHCTBA CKOPOCTH CBETA BO BCEX Takux cucteMax, To B OTO
YTBEP)KIACTCsS OJWHAKOBOCTh 3aKOHOB (PM3MKH BO BCEX HeUHepyudanvbHvlx (IBUKYIIUXCS C
YCKOPEHUEM OTHOCUTEJIBHO JIPYT JpYyra) CUCTEMaxX OTCYETa, IPH YCIOBUM SKBHUBAJICHTHOCTH CUII
TATOTEHUS! U UHEPLIUH.

DTy SKBUBAJECHTHOCTh CJEIyeT MOHMMAaTh TakK: HE CYIIECTBYET Takoro (Hhu3HuecKoro
IKCIIEPUMEHTA, KOTOPBIM MO3BOJIMI Obl B M30JMPOBAHHOM OT BHEIIHETO MHpa KabuHe Judra
ONPEACIIUTD ABUKETCS JIU OH «BBEPX» C YCKOPEHHEM ( T/Ie-TO B "ycTOM'" MPOCTPAHCTBE BAAIU
OT KaKuX-110O0 Macc, WM CTOUT HETOABHKHO HA MIOBEPXHOCTH 3eMJIH, Ie J - YCKOPEHUE CHIIBI
TshkecTH. Mnnm uHauye: B 3aKkpbITOM KaOMHE KOCMHMYECKOTO KOpabjsi KOCMOHABT HE CMOXKET
HUKAKUMH ONBITAMU OMPEIEIUTh BUCUT JM OH HEMOJBUXKHO B MPOCTPAHCTBE BIAIHM OT KaKWX-
100 MacCUBHBIX TeJ HJIM CBOOOIHO Ma/laeT C YCKOPEHUEM Ha 3BE3]ly WJIHU TIaHETYy.

BooO0ie, ecii ObITH TOUHBIM, TO M B peaibHbIX CUTYyalUsX PAa3IUUYUTh TH JABa CIydas
BO3MOXXHO. /[0 B TOM, YTO €CJIM T'PaBUTALIMOHHOE MOJIe co3AaeTcs chepruueckKuM OOBEKTOM
(unmu BOOOIIIE 0OBEKTOM KOHEUHBIX Pa3MEpPOB), TO OHO YOBIBAET C YBEIHMYECHHUEM PACCTOSIHUS OT
€ro ILeHTpa, MO03TOMY BHYTPH JI000W KaOMHBI OHO Takke OyleT MEHSThCS, U TPaJUEHT €ro
MOXET OBITh B IpUHIIMIIE H3MepeH. CTPOro roBopsi, HUKAKHE HKCIIEPUMEHTHI B KAOMHE HE CMOTYT
HaM TOMOYb OTJIMYHUTH TSATOTEHHE OT YCKOpPEHHS JHIIb TOr/a, KOIrJa pa3Mepbl 3TOM KaOWHBI
0ECKOHEUYHO MaJlbl 0 CPAaBHEHUIO C PACCTOSIHMEM OT IIEHTpa TAroTeHus. lloaTomy Takue
9KCIIEPUMEHTBI OOBIYHO HA3bIBAIOT MbICIEHHBIMU, YTO HE MEIIAET UM OBITh OU€Hb HATJISTHBIMU.
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[Manenue Ten B rpaBuTaniioHHOM mose paccmarpuBaercs OTO kak cBoOOAHOE ABUKECHHE,
a cBOOOJIHOE NBM)KEHUE COBEPIIAETCS IO TaK HAa3bIBAEMOM «T'€0JIe3MYECKOM JIMHUWY», KOTOpas
€CTh IpsiMasi B 3BKJIUJOBOM «IIJIOCKOM» MPOCTPAHCTBE. B IpaBUTAllMOHHOM TMOJE JIBH)KCHHE
IPOUCXOAUT B OOHIeM cily4yae HE MO MNpPSAMON JUHUM, KOTOpas, OJHAKO, TaKXke IOJDKHA
NPENCTaBIsITh CcOo00N reomesmueckyro. ClenoBaTeNIbHO TMPOCTPAHCTBO CIIEIYEeT CYHTATh
VCKPUBJICHHBIM. YCKOPEHHE MOJ| JECUCTBUEM TATOTEHUS BMECTE€ C M3MEHEHHMEM HAIPABIICHUS
JIBUKCHHS TaK )K€ OIMUCBHIBACTCS KaK CBOOOTHOE IBUKCHHE B MCKPUBICHHOM YETHIPEXMEPHOM
«TpocTpaHCTBe-BpeMeHn». Onucanue ABMKEHUS B MOJI€ TATOTEHUSI KAK C80000H020 08UNCEHUs
(«m0 WHepUUHM») B HCKPUBIEHHOM MPOCTPAHCTBE-BPEMEHH MO3BONIWIO A. DHWHIITEHHY
MOCTPOUTH 3aKOHYEHHYIO CTPOWHYIO TEOpPHUIO TpaBUTAIMM, OOBSICHSIONIYI0 BCe HabogaeMble
(bakThl, BKJIIOYAs T€, KOTOPHIE HE CMOTJIa OOBSICHUTH Teopusi HploToHA.

Takum o0pa3oM, OKa3bIBACTCsI, YTO P OOJBIIEH MaTEMaTHYECKON CIOKHOCTH TEOPHUS
OWHIITEeHA HE TOJIbKO JIydYllle, aJeKBAaTHEE, OIHCHIBAECT JBW)KEHUE W B3aUMOJCHCTBHE
MaTepuaibHbIX 00BEKTOB, HO U ynpoujaen 3TO OMHCAHUE PU3NYECKH B TOM CMBICIIE, YTO JEJIaeT
ero Oosee OOIMIMM, YMEHBIIAET KOJIWYECTBO MEPBOHAYAIBHBIX CYIIHOCTEH, HEOOXOIUMBIX IS
TaKoro OINHCAHMS. B MexaHuke rpaBUTAMOHHO B3aWMOJICHCTBYIOIIUX TEJI OCTACTCS MOJbKO
osudiceHue no unepyuu. Hanpapnenue u xapakrep (yCKOpPEHUE) IBMXKEHUS 3aa€TCsl FTEOMETpUei
IIPOCTPAHCTBA-BPEMEHH, KOTOpasi, B CBOK O4YEpEelb OIpeAessaercs pacnpeneneHueM maccol. C
JIBUKEHHUEM CBSI3aHO TeueHue BpeMeHU. To ectb OTO CBSI3bIBAET BOSAUHO MPOCTPAHCTBO, BPEMSI
U MaTEpHUIO.

Ho B 1O xe Bpemsi, eclii BHUKHYTh B MPOOJIEMy T'paBUTAIIUU TIy0XKe, MO YIIPOIIeHUEM
MO>XHO YBHJETb HOBBbIE CIOKHOCTH. [Ipexzae Bcero, «reomerpuyeckas», «HeMaTepualbHas»
NpUPOJA TATOTEHHUS BBIACISIET €r0 M3 BCEX JAPYTUX B3aUMOJCUCTBHUH, 3aTpyOHSET MOAXOA K
3a7la4€ TOCTPOCHUSI €IUHOM TEOpPUM BCEX B3aMMOJCHCTBHI, KOTOPYIO CTaBUT IMEpell HaMu
KOHILIETIIHS eIMHCTBA MUpA. [IONBITKK MOCTPOEHUS TaKOW €IMHON TEOpUU MPEANPUHUMAIIUCH U
OPENIPUHUMAIOTCS, O YeM MBI emnle Oy/leM TOBOPHUTb, W, MPU ATOM, YUYEHBIE MBITATHCh Kak
«r€OMETPU30BaTh» BCE B3aUMOACHUCTBUS (Takue IMOMNBITKH Jeiaj caM ODWHIITEWH B IOCIEIHUE
roJpl JKU3HM), TaK U TOCTPOUTH TEOPHUIO I'PAaBUTALMU, HE TMPUBJIIEKas CIOXKHYIO T€OMETPHUIO
npocTpaHcTBa. Tak WM WHAuYe, TPABUTAIUS OCTAETCS MOKAa OCOOBIM BHJIOM B3aWMOJICUCTBUS,
BBIPAXKAIOIIUMCSI M01bKO B TPUTSHKEHUU, MPUCYIIUM B OJWHAKOBOM CTENEHU J1H000MY BUIY
MaTepuud M HE MOJJAIOLIMMCS SKPAaHMPOBAHUIO (HE 3aBUCAIIMM OT CBOMCTB Cpelbl, udepes
KOTOPYIO OHO Tiepenaercsi). OTH CBOMCTBa TpaBUTAlMM W TPUBEIH K OOBSICHEHUIO €€
T€OMETPUUECKUMU CBOMCTBAMH TMPOCTPAHCTBA, B TO BpeMsl KaK OOBSCHUTH TaKUM ke 00pa3zom
MPUPOAY APYTUX B3aUMOJICUCTBUM HE YIaloCh. 3A€Ch €UIe KAYT HAC HOBBIE CIOKHOCTH, IO
KOTOPBIMH HEMHUHYEMO OOHAPYKUTCS CHOBA M3SIIHAS IPOCTOTA.

2.3.4. DnexkTpoMarHuTHOE B3auMojercTBue. Konuenuus noss

Bropoe  gynoamenmanvnoe  (3nemenmaproe) gzaumooeticmaue, ONMCAHHOE
TEOPETUYECKH - 3JJIEKTPOMArHUTHOe. OTO B3auUMOJEHCTBUE Oojiee CIIOKHOE, YeM
IpaBUTAllMOHHOE, HO HMEEeT ¢ HUM MHOTro oOmero. Cuibl B3aUMOICUCTBUS MEXKIY
HEMOJIBIKHBIMU  3apsOKEHHBIMH ~ OOBEKTaMU  TaKke MPOMOPLHOHAIBHBI  MPOU3BEICHUIO
XapaKTePHBIX BEIIMYUH - 3apsiioB (MMOAOOHO MPOU3BEICHUIO MAcC B TPABUTAIINN) U U3MEHSIOTCS
o0paTHO MPOMOPLMOHAIBHO  KBaJpaTy pacCTOSHUS - O3TO TE€ KE  LEHTpaJbHbIE
JNANbHONCUCTBYIOIINE CHWJIbI, Ha3BaHHbIE anekmpocmamuyeckumy. OAHAKO, B OTIUYHE OT
rpaBUTAlMU, 37€Ch BO3MOXKHBI /IBa 3HAKa 3apsja W JiBa TUIA B3aUMOJEWUCTBUS: NMPUTIKEHUE U
OTTaJKHWBaHUE. DIEKTPUUECKOE B3aMMOJICHCTBUE B OTJIMYUE OT TPABUTAIIMOHHOTO MOXET OBITh
U3MEHEHO C IOMOIIBK 3KpaHOoB. Kpome TOro, okas3anoch, 4TO OTHOCHUTEIBHOE JIBH)KCHHE
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ANEKTPUUECKUX 3apsiIoB MOPOXKAACT €II€ U MarHUTHBIE CHUJIbI, KOTOPbIE OTPAXaloT JPYrylo
CTOPOHY €IMHOTO 91eKMPOMASHUMHO20 B3aUMOICUCTBHUSI.

MaFHI/ITHoe BSaHMOHeﬁCTBHe GBIJIO OTKpBITO HC3aBUCUMO OT BJIeKTpI/I‘-IeCKOI‘O U JOJITO
CUUTAJIOCh C HUM HE€ CBs3aHHbIM. OHO Takke HMeENIO JBa Tuma '3apsaoB" W JBa BHUAA
BSaHMOﬂeﬁCTBHH - HpI/IT}I)KeHI/Ie U OTTAJIKMBAHHUEC — HO 3THU 3ap;1;[1>1 HC MOI'JIN CyH_IGCTBOBaTI:
OTJAEIBHO APYT OT Apyra. MarHuThl CYIIECTBOBAIM TOJBKO B BUJIE Aunojed. ExwmHas Teopus
BHGKTpOMaFHI/ITHOFO I10JI1 BMECTE C TeOpI/IeI\/'I CTpOGHI/IH aToMa BIIOCJIICACTBUU O6’b$ICHI/I.HI/I 9THU
0COOECHHOCTH HaMarHW4YEHHBIX TeI.

[Ipy wu3yyeHUM SIEKTPOMArHUTHOrO (CHayajda OTHENIBHO - BJIEKTPUYECKOTO U

MarHMTHOTO) B3aUMOJICHCTBUS BIEpBbIE ObLIa BBEJIEHA B HAYYHBIH OOMXOJ KOHLEMIUS MOJS,
KOTOpast SIBUJIACh PA3BUTHEM KOHLENIMHU OJTU3KOAEHCTBHA.

[TonsTHE TONS (NMIEKTPUIECKOTO M MAarHUTHOTO) OBbLTO BIiepBbIie BBeneHO M. Dapaneem B
30-x romax 19-ro Beka. Dapaaeil MPeaNONIOKIII, YTO 3apPsSHKEHHBIC Tella B3aMMOJCUCTBYIOT HE
HETOCPEACTBEHHO Yepe3 IMyCTOTY, KaKk HbIOTOHOBCKHME MAacChl, a CO3JIAalOT BOKPYT cebs ocoboe
COCTOSTHUE MPOCTPAHCTBA, KOTJa KaX0i TOUKE MPOCTPAHCTBA COOTBETCTBYET ompezaeneHHas (1o
BEJIMYMHE U HAIIpaBJICHUIO) CHJA, JEHUCTBYIOIIAs Ha MOMEUIEHHBIM Tyna Apyroi 3apsa. Cuna
JEHCTBYET BJOJb «CWJIOBBIX JIMHUW», COCIUHAIONIMX 3apsAabl Kak ynpyrue Hutu. CHavana
IPENoNaragoch, YTO 3TH CHJIBI CO3JAIOTCS HATSDKEHHEM 0co00il TOHKOW cpensl - 3¢wupa, -
3aMOJHSAOIIEH BCE MPOCTPAHCTBO, HO MOTOM, IOCIE CO3JAaHUsl TEOPUU OTHOCHUTEIBHOCTH, IOJIE
CTaJlO  MHTEPIPETUPOBATHCS, Kak ocobas  (¢u3uyeckas, MaTepuajbHas  CYIIHOCTbD,
o0OecnieunBaromias B3aWMOJCWCTBHE, U, KaKk BCE MaTepHalIbHOE, PACIPOCTPAHSIOMIAsICS CO
CKOPOCTBIO, HE MPEBBIIIAOLIEN CKOPOCTh CBETA B BAKYyME.

Teoputo 3JIEKTPOMAarHUTHOTO TIOJIST CO3/1aJT TPUILATHIO rogaMu no3zxke [x. Makcsemt. U3
TEOPHH CIIE0BAJIIO, B YAaCTHOCTH, YTO IOJ€ CIOCOOHO CYIIECTBOBATH HE TOJIBKO BOKPYT
«3apsaa0B», HO U CAMOCTOATENIBHO B BUJIE€ AJIEKTPOMATHUTHBIX BOJH. DJIEKTPOMAarHUTHBIE BOJIHBI
NPECTaBISIOT c000i 0c000€ COCTOSIHME MAaTepUH, B KOTOPOM OHa He 00J1aJjaeT Maccoi MOKOs, U
CrocoOHa CyIIeCTBOBATh JIMIIb B JBMKEHHMM C MAaKCHMajlbHO BO3MOXKHOH CKOPOCTBIO -
CKOopocThi0 cBeTa. CBeT W TpeAcTaBisgeT coOO pacmpocTpaHsionieecss B IMPOCTPAHCTBE
3JIEKTPOMAarHUTHOE TOJIE.

31ech, MO-BUAMMOMY, BIIEPBBIC, C TAKOW SPKOCTHIO MPOSIBUIACH MOIIL TEOPUHU - OBLIO
MIPEICKA3aHO COBEPILICHHO HOBOE, HEW3BECTHOE sBICHUE. JIMIb MO3qHEE 3JIE€KTPOMArHUTHBIE
BOJIHBI ObUTM OOHApY)XEHbI B 3KCIIEPHUMEHTE U €lle Mo3ke ObUIO J0Ka3aHO, YTO M CBET TaKXkKe
IpescTaBiIsieT cO00M IEKTPOMAarHUTHBIE BOJIHBI.

A Kak mpenctaBUTh cebe HENOJBIXKHOe, cTaunoHapHoe moie? [IpencraBnenue o
HEIMOJABUKHOM CTAllMOHAPHOM 3JIEKTPUYECKOM WJIM MAarHUTHOM IIOJI€ SIBJISIETCS TAaKUM JKe
MPAKTUYECKH YIOOHBIM U BIIOJHE a/ICKBATHBIM B OOJIBIIMHCTBE CIydaeB MPUOIMKCHHEM, KaK U
MPEJCTABICHUE TATOTEHUS LEHTPAIBHOW NalbHOJEUCTBYIOMEH cwioi. Ho 3To Bcero numb
npubimxenne. Boobie nose cienyer paccMaTpuBaTh B PAMKax #POCMPAHCMBEHHO-8DEMEHHO20
KOHMUHYyMa, TOE, CTPOrO TOBOPs, BOOOIIE HEJNb3sl ONPEAETUTh MOHATHE CTAllMOHAPHOCTH, U,
KpOME TOro, K IIOJI0 CJIEAYeT MNPUMEHSATb U IOHATHE IUCKPETHOCTH, KEAHMOBAHHOCMU, O
KOTOPOM MbI NoOJpoOHee OyleM ToBOpUThH JAajblle. B KBaHTOBOIl Teopuu paccMaTpUBaIOTCS
KBAaHTBl 3JIEKTPOMAarHUTHOTO TMOJS - (DOTOHBI, - W B3aUMOJEHCTBHE JIOOBIX 3apsaoB, Kak
OBUKYIIMXCS TaK W HEMOABM)XHBIX, OOECIEUMBAETCS HENPEPbIBHBIM  0OMEHOM, Tak
Ha3bIBAEMBIMU 8UPMYATbHbIMY (POTOHAMH.

KoHuenuus mosst, poAMBIIAsCS NPU ONMCAHUU 3JIEKTPOMATHUTHOIO B3aUMOJACHCTBUA,
Obula 3aTeM paclmpocTpaHeHa W Ha BCe Apyrue Buabl B3aumojeiictuii. Ilpome Bcero ona
IpUIAraeTcs K YK€ OMMCAaHHOMY HaMM TPaBUTAllMOHHOMY B3aWMOJECHCTBHIO, XOTS 3/1€Ch €€
TPYAHO MHTEPHPETUPOBAaTh COBMECTHO ¢ Teopued rpaButanuu OTO, onuceiBaromen
rpaBUTAIMIO KaK Pe3yJbTaT UCKPUBJIECHUSA MPOCTpAHCTBa-BpeMeHU. CaM DUHINTEWH MOCIEIHUE
JECATUIIETUSL CBOEH >KU3HM MBITANCA O0BEIMHUTDh TEOPHIO TPABUTALMHM M AJIEKTPOMAarHeTu3Ma B
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pamMKax HJeU HMCKPUBICHHOT'O MPOCTPAHCTBEHHO-BPEMEHHOT'O KOHTHHYyMa, HO Oe3ycremHo. B
HACTOsAIIEe BpeMsl TPOJOHKAIOTCS TIOTBITKU CO3JJaHMsI TEOPUH T'PaBUTALIMN KaK TEOpUH MoJisi 0e3
MIPUBJICYCHHS] TEOMETPUIECKHIX UACH, HO TaK JKe TIOKa HEJIbh3s TOBOPHUTH O OOJIBIIIOM ITporpecce.

BooOie, KoHIeNIMKU eIUNHCTBA U MPOCTOTHl MUPA HEMPEPHIBHO MOATAIKUBAIOT YUYEHBIX K
0000mienuto Teopuil. OHM Bce BpeMsi UIIYT 00IIee, CAMMETPHIO, HHBAPUAHTHI, 00BEANHSIONIHE
uaeu. UHTyUTHBHO 4yBCTBYETCS, YTO BCE B3aMMOJACUCTBUS JOJIKHBI UMETh €IMHYIO MPUPOIY U
€€ YeJIOBEK IMBITACTCSI OOHAPYKHUTb.

B koHE4YHOM HTOre 3JeKTPOMAarHUTHYIO MPUPOLY HMMEIOT NPAKTHUYECKH BCE CIIOKHbBIE
B3aMIMOJICHCTBUS W CUJIBbI, HAOIIOJaeMble HAMH BOKDPYT CeOsl: CHIIBI YIPYTHe, BS3KHE, aare3us
(mpununanue), TpEHHUE. JIroOb1e KOHTaKTHBIC MEXaHUYECKHE B3aUMOJICHCTBUS
MaKpPOCKOIMMYECKUX TN - ITO PE3ybTaT B3aMMOJCHCTBHS aTOMOB COCTaBISIOIIUX ITH TeEJa.
CoOCTBEHHO TOBOpSI, CaMO CYIIECTBOBAHHE OTIEIbHBIX MAaTEPUAIBbHBIX OOBEKTOB, MPEIMETOB,
OKPYKCHHBIX OTUETIMBOM TIOBEPXHOCTBIO M HE OOBECIUHSIOMUXCS APYr C JIPYroM Tpu
CONPUKOCHOBEHHH, BO3MOXXKHO MOTOMY, YTO aTOM COCTOMT W3 JABYX THUIIOB 3apsKEHHBIX YaCTHUIL
pPa3HOTO 3HaKa, a HE MPOCTO U3 HEUTPAILHOTO BEIIECTBA U UMEET CPEPUUECKU CUMMETPUUHYIO
CTpYyKTypy. bmaromapst 3ToMy MOBEpXHOCTh JII0OOTO aToMa, NpelCTaBisIoNmas cooou
AIIEKTPOHHYIO 000JIOUKY, 3apsKeHa OTPULIATETHHO U OTTAIKUBAET IPYTYIO0 TAKYIO TOBEPXHOCTD.

HecmoTpss Ha oOTTaJKMBaHUE SJIEKTPOHHBIX O0OO0JIOUEK, aTOMbl CIOCOOHBI TaKkKe
O0BEANHITHCS - U ¢husuyecku, oOpa3ys OJHOPOIHBIC Tela, U XuUMuuecku, o0pasys pa3InyHbIC
COEMHEHMS. DTO TOKE CBA3aHO CO CTPOCHHEM aToMa. B3auMoelcTBrue 0JJHOro aTomMa ¢ IpyTuM
neopMUPYET €ro JJIEKTPOHHYI0 OO0O0JIOUKYy, CMelas €€ OTHOCHUTENBHO SApa, Hapyliaer
chepuuecKyl0 CHMMETPHUIO - aToM noadpusyemcs. llosBisercss BO3MOXKHOCTb HE TOJIBKO
OTTAJKWBAaHUS, HO W TMPUTSHKCHUSA. DOJNBIIMHCTBO MOJIEKYJ, MPEACTABISIOMIUX COOOU
COCMHEHUS TaKUX aTOMOB, HE BIOJHE CHMMETPUYHBI M O00JIAAalOT JUIOJIbHBIMH,
KBAJIPYIIOJIbHBIMU U 00Jiee BBICOKOTO MOPSIKA SJICKTPUUECKUMU U MATHUTHBIMH MOMEHTAMHU.
Haunbosiee mnpodHble XWMHYECKHE CBS3M OOYCIOBJICHBI OCOOCHHOCTSIMH CaMOl BHEIIHEH
DJIEKTPOHHON OOO0JIOYKH, 3JIEKTPOHBI KOTOPOW CIIOCOOHBI MEPEXOAUTH OT aTOMa K aToMy HIIU
CTaHOBUTHCS OOLIUMU JIJIS IBYX aTOMOB.

Bce atu pazHooOpa3Hble B3aMMOACHCTBHSI OUY€HB CIIOKHBI U 00€CIIeYNBAIOT 00pa3oBaHue
0OECUNCIIEHHOTO KOJMYECTBA CIOKHEHUIINX CTPYKTYp, BIUIOTh /10 OMojorndeckux. Bee mponeccsl
KU3ZHEJEATEIIbHOCTH Pa3IMYHbIX OPTaHU3MOB, BKJIOYAsl U YEJIOBEUECKOE MBIIUICHUE, OCHOBAHBI
Ha TOHYANIIEH UIpe B3aUMOICHCTBUN DJICKTPOHOB B CIIOKHBIX MOJEKYJSPHBIX CTPYKTYpax, TO
€CTh B KOHEYHOM HUTOre Ha 3JEKTPOMArHHUTHOM B3aUMOJACHCTBHH, KOTOPOE B MHpPE aTOMOB U
MOJIEKYJ YIPaBIseTCs KBAHTOBBIMU 3aKOHAMHU, O KOTOPBIX MBI CKa)KE€M B CIIEYIOIIEM pa3jele.

B 10 ke Bpemsi 60raTcTBO MOJIGKYJISIPHBIX CTPYKTYpP 3aBUCUT OT Pa3HOOOpaswsi CBOKCTB
aTOMOB, KOJMYECTBA M KOH(UTypalU{ 3JIEKTPOHOB B HMX O0OJOYKAX, YTO, B CBOIO OUYEpelb,
OTIpE/ICNACTCS 3apsAoM siapa, KOJIMYECTBOM MPOTOHOB B HeM. CBOIMCTBA K€ aTOMHBIX silep U
cama BO3MOYKHOCTb CYILECTBOBAHHS aTOMHBIX SII€P, COCTOSIINX M3 MHOTUX YacCTHII, 3aBUCUT OT
OCTaBIIUXCS ABYX (DyHIAMEHTAIbHBIX B3aUMOJEHCTBUN - CHIBLHOTO U CIa00TO, KOTOPHIE MBI
PaccMOTPHUM Jlajbllle.

2.3.5. KBaHTOBast MEXaHUKA, TUCKPETHOCTH MUKPOMHUPA.
CunpHoOe U cl1aboe B3auMOJICHCTBUSA

JBa mociaenHux GpyHIaMEHTAIBHBIX B3aMMOJICHCTBHS - CHJIbHOE U ¢J1aboe - IeHCTBYIOT B
00JIaCTH TaK HA3bIBAEMOT0O MHKPOMHPA - MHpa 3JIEMEHTAapHBIX YacTUIl, aTOMOB M MOJEKYII,
KOTOPBI  YIpaBIAETCS 3aKOHAMU KBAaHTOBOM MEXaHMKH. OTH B3aUMOJICHCTBUA HE
HpO}IBHHIOTC}I B HOBCGHHGBHOﬁ KNU3HU HeHOCpeI[CTBeHHO (KaK BHGKTpOMaI‘HI/ITHoe NN
TPaBUTAIMOHHOE), OJIHAKO OT HHUX 3aBUCHUT CYIIECTBOBAHHME CaMUX JJIEMEHTAPHBIX YACTHIl U
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aTOMHBIX siziep, OOpa3yIoUIMX OCHOBY HAIEr0 MHpa, U TaKMe KOCMUYECKHE MPOIECCHl, Kak
BbIJIEJICHHE YHEPTUH U TeHEepallus TSKeNbIX 3JIEMEHTOB B 3Be3/ax, 0€3 4ero Hail MUp He MOT Obl
OBITH TAKUM KaKOW OH €CTb.

WTak, Kak MbI y)K€ TOBOPUJIM B OOJBIIMX MaciiTadax, s OONBIIMX MAacC M CKOPOCTEH
HeroToHOBCKass MeXaHHWKa JOJHKHA OBITh 3aMEHEHa MEXaHUKOH TeOpuu OTHOCHTENnbHOCTH. U
NpUBENIM YYEHBIX K JTOH TEOpUU TPYAHOCTH C ONHMCAHUEM paclpocTpaHEeHUs cBera. B
MUKpPOMHPE, B MUPE aTOMOB U DJIEMEHTAPHBIX YACTHI] KJIACCHYECKasi MEXaHHUKa TaKKe MoTepriena
¢uacko u OblIa 3aMeHEHAa KBAaHTOBOM MEXAHMKOW, W TOIYKOM K 3TOMY OISATH MOCITYXHIN
TPYAHOCTHU CO CBETOM - C OIMCAHUEM CIIEKTpa U3IY4YEeHHUsI HArpeToro Tea.

Knaccuueckas Teopusi u3nydeHHs TpeOoBaja, 4YTOObl HHTEHCHUBHOCTh H3JIyYCHHS
BO3pacTaja ¢ YMEHBIIICHHEM JJIMHBI BOJHBI, HA CAMOM JK€ JIeJie OHa CHadaja Bo3pacTraia, a
3aTeM, MPoMas yepe3 MakcuMyM, najaana. OObsICHUTh TAaKOW X0J1 3aBUCUMOCTH, a TAK)KE U JIPyTHe
3aKOHBI U3Ty4YeHHs yaanoch Makcy [InaHky mpu moMoru runote3sl KBaHTOB. OH MPenoIoKu,
YTO CBET M3JIy4aeTCs MOJIEKYJaMH HAarpeToro Tejla HEe HENPEPHIBHO, a MOPLUUSIMH - KBaHTaMH -
SHEPTHUsl KOTOPHIX MPOMOPLUOHATIBHA YACTOTE H3ITyUCHHS.

E=hv
rae h - ynuBepcanbHas Guznueckas IOCTOSHHAS - «KBAHT JIEUCTBHS», h = 6. 1073 IDK.C.

Heckonbko mo3xe DiHIITENHH caenan Bropoi mar. OH nmoctpoust Teoputo ¢porodddexra,
MPEIOJIOKHUB, YTO CBET HE TOJIbKO M3Jy4yaeTcs MOPUHUSMH, HO M BOOOIIE CYUIECTBYET B BHJE
OTJENBHBIX CTYCTKOB SHEPruM, KOTOpbIE JEHCTBYIOT Ha BEUIECTBO Kak 4acTHIBL. [Ipu
B3aMMOJICHCTBUM C AJIEKTPOHOM CBET MOXKET NepeaTh €My TOJIbKO MOPLMIO SHEPTUU PABHYIO
TOM e IIIaHKOBCKOHM BenmnunHe hv. Takum o0pazom nosryuus oObsicHeHHne (akT CyIIeCTBOBAHUS
nopoza dotoddpdexra — GororhPexT BO3MOKEH TOJBKO €CITH YacTOTa U3IIYYCHHS TTPEBOCXOIUT
HEKYIO TOPOTOBYIO BEJINYMHY BHE 3aBUCUMOCTH OT MHTEHCUBHOCTH.

OTmeTHM, YTO OMKMCAHHASA TEOpHs, KaK 1 OOJIBIIMHCTBO JPYTHX, paCCMaTPUBAEMbIX HAMH,
OTHOCHUTCSI K TaK Ha3bIBa€MBbIM JTUHEHHBIM TEOPHSIM, KOTOPHIC CIPABEAJIUBHI MOYTH BO BCEX
MPAKTUYECKUX CUTyalusx. B mpenenbHbIX ciydasx BO3HUKAIOT HenuHeliHvle 3¢pgexmoi. Ha
camoM aene GorodPeKT He 3aBUCUT OT HHTEHCUBHOCTH CBETAa TOJIHKO JI0 M3BECTHOTO TpE/ena.
[Ipy ouyeHb BHICOKOW HMHTEHCHBHOCTH BO3MOKHO IIOTJIOIIEHHME 3JIEKTPOHOM BTOPOTO KBaHTa
paHbllle YeM YCIeeT CHATbCS BO30YXKIEHHE BBI3BAHHOE TNIEPBBIM. OHEPrHH KBAaHTOB
CYMMHPYIOTCSI M 3JIEKTPOH MOXET OBbITh BBIOMT JaK€ €CIM SHEprus KaXIOoro KBaHTa
noanoporosasi. Ho B 0oObiieHHON kM3HM Takoe He Habmomaercs. [lonoOHbIe A3 deKTsl yaanoch
HaOJI0/1aTh B JIaOOPaTOPHUH TOJBKO MOCIE CO3AaHMUS JIa3epOB, CIOCOOHBIX B KOPOTKOM UMITYJIbCE
CO3/1aBaTh MHTEHCUBHOCTh CBETOBOT'O IIOTOKA, MPEBOCXOMAALIYI0 WHTEHCHBHOCTb COJIHEYHOTO
CBETa Ha MOBEPXHOCTH 3eMJIM B MIJLTUAP/Ibl U TPUIUTMOHBI pas.

Eme ogna mpo6GiiemMa BO3HMKIIA MPU TONBITKE MOCTPOUTH MOJENb aTOMa U OOBSICHUTH
CHEKTphl ero uziydeHus. Pesepdopn cBormH OnecTAUMMHU SKCHEPUMEHTaMH IO PaCCESHUIO
anb(a-yacTHIl T0Ka3ajl, YTO aTOM COCTOUT M3 OUCHb MAJICHBKOTO IMOJIOKUTEIBHO 3apsSHKEHHOTO
AIpa W PACIOJIOKEHHBIX Ha OOJBIIOM PACCTOSHUM BOKPYI HETO 3JEKTPOHOB, B TOYHOCTH
KOMIICHCUPYIOIIMX €ro 3apsa. OKCIePUMEHTHl YKa3aBalldi Ha TaKyl0 CTPYKTypy aToma
OJIHO3HAYHO, OJIHAKO TOMBITKM ONKCATh €€ Ha OCHOBE CYIIECTBOBABUIMX TEOPETUUYECKUX
MPE/ICTABICHUI HATOJIKHYINCh HA HEMPEOJOINMbIE TPEMATCTBUSA. ENMHCTBEHHO, YTO MOTJIO OBI
NPEeNOTBPAaTUTh TMAJCHHUE OHJIEKTPOHOB Ha SAApPO TMOJA JCHCTBHEM 3JIEKTPOCTATHYECKOIrO
NPUTSOKEHUS. - 9TO LEHTpoOekHas Cuiia, O00YCIOBJICHHAs OBICTPHIM BpAIlCHHEM 3JIEKTPOHOB
BOKPYT sJipa (TOYHO Tak K€ KaK 3Ta CHUjia YACpKUBAeT IJIaHeThl OT majeHus Ha CoiHie Mo
NEHCTBUEM CHJI TATOTEHUs). Ho 3MEKTpOHBI HE IUTAHETHI, OHU WUMEIOT 3apsj, a JABMKYIIMHACS
YCKOPEHHO 3aps]l JODKEH HU3JydaTh OSJIEKTPOMAarHUTHBIE BOJIHBI M OBICTPO TEPSTh CBOIO
KUHETHYECKYIO SHEPIHI0. DJIEKTPOHBI )K€ B aTOME B OOBIYHOM COCTOSIHMM HE M3Iy4aroT, a €CIH
aTOMBI BEIIECTBA, HAXOMALIUECS B BUJIE JOCTATOYHO Pa3pekKEHHOro (YTOOBI KaKIbIH aTOM MOT
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U3JIy4aTh HE3aBUCHMO) ra3a HarpeTb OHM HAUMHAIOT M3JIy4aTh, HO HE KaK «aOCOJIOTHO YepHOE
TEJ0», & TOJIBKO HA COBEPLICHHO ONPEIEICHHBIX JUCKPETHBIX YaCTOTAX.

Urobbl 00bsicHuTh Bce 3T0 Humbcom bopom Oblia mpeasio’keHa COBEPLICHHO HOBas
MOJZIeJIb aTOMa, OCHOBAaHHAs Ha PAAC NPEANOJIOKEHUH, MOIY4YMBIIMX HA3BaHHE IOCTYJIATOB
Bopa. Bop mocrynupoBan cCymecTBOBaHHE OIpPEAEICHHOro Habopa CTallMOHApHBIX OpOWT,
HAaXO0JIICh Ha KOTOPBIX AJIEKTPOHBI HE M3my4aroT. C OJHOM Takoil OpOUTHI HAa IPYTYIO AJIEKTPOH
MOJKET IEpPEXOAUTHh TOJIBKO CKAuKOM, U3Jydyas WM IOIJIomas TIpUd OSTOM  KBAHT
3JIEKTPOMArHUTHOTO M3JIyYEHUs C YaCTOTOW PaBHOW Pa3HOCTH MCXOAHOM M KOHEUYHOW SHEpPrui
3NIEKTpPOHA, JeNeHHOM Ha mnoctosHHylo [lmanka. bop ¢opmynupoBan cBouM TOCTydaThl B
OTHOILEHUH 0pOuUm 31EKTPOHOB, HO OCOOEHHOCTHU MOBEEHHS YaCTHIl B MUKPOMHPE TaKOBBI, YTO
B IIpeJiesiax aToMa Hellb3s TOBOPUTH 00 opOuTax B OOBIYHOM CMBICIIE CJIOBA, U Ceiiuac TOBOPSAT O
JUCKPETHBIX 9HEpeemu4eckux COCmoAHuAX JIEKTPOHA B aTOME.

Taxkum 06pa3oM BHEAPSIIOCH B CO3HAHUE (PU3MKOB MpeCTaBIeHHE O KBaHTax. OKa3aocs,
YTO MHUKPOMHUDP NPHUHLMIIMAIBHO JAMCKPeTeH. ATOMAapHYyH IUCKPETHYIO CTPYKTypy HMMeEEeT He
TOJBKO BEIIECTBO, HO M DJHEpreTHYeckue mpouecchl. M 0Oonee TOro mMOTOK M3ITydeHUs,
IPECTaBIIAIOIIEro cCOOOH SABHBIM BOIHOBOM MPOIECC, B HEKOTOPBIX CIIydasiX MPOSBISAET ce0s Kak
NOTOK YacTHII.

N, nakonern, B 1924 rony /Jle-bpoiisib BbICKa3asl UAE0, YTO HE TOJIBKO AJEKTPOMAarHUTHOE
U3JTy4YEHUE NMEET OJHOBPEMEHHO CBOMCTBA BOJIH M YAacTHUII, HO U BCE DJIEMEHTAPHbIE YaCTULBI B
OIpENIeIEHHBIX CUTYalUsIX BeyT ce0sl Kak BOJIHBL. B MUKpOMHUpe MMeeT MECTO YHUBEpPCaIbHBIH
Ayaau3M BOJH U yacTul. Mneu Jle-bpoiing Bckope ObUTH MOATBEPKICHBI SKCIEPUMEHTAIBHO U
3aTeM OuYeHb OBICTPO Ha MX OCHOBE LIEJIOH IJIEsIOM 3aMedaTesIbHbIX YYEHBIX Oblia pa3paboTaHa
KBAHTOBAasl MEXaHMKA - TEOPUS OINMUCHIBAIOIAs NTOBEJICHNUE U B3aUMOJICHCTBUE 3JIEMEHTAPHBIX
YacTHIl U aTOMOB.

JIMCKpeTHBIMU, KBAHTOBAHHBIMHU OKAa3aJIUCh BCE CBOWMCTBA aTOMHBIX YACTHII, TaKUE Kak
MEXaHUYECKUH MOMEHT MJIM CINHMH, MarHUTHBIH MOMEHT U psJ ApPYyrux Oosiee SK30THYECKUX
cneunuyeckux Ui MHKpoMmHpa cBoicTB. Kpome camMoro mnpuHIUNA KBAaHTOBAHUS OBLIH
copMynupoBaHbl Takue (pyHnaMeHTaabHbIE 3aKoHbI [Ipupoasl kak npuHoun 3anpera Iayim,
KOTOpBIM TJIACHUT, YTO B CBA3AHHOW CHUCTEME YacTHUL, MOJUMHSIOIIMXCS cratuctuke depmu-
Jupaka, niu (epMHOHOB HE MOXET OBITh JABYX OJMHAKOBBIX YaCTHUI], HAXOAALIUXCS B
OJIMHAKOBBIX KBAaHTOBBIX COCTOSHUSX, U MPUHIUI HeonpeaejaeHHocTu I'eiizendepra, cornacHo
KOTOpPOMY Jisi JH00OM YacTHLbl NPUHLUUMIHAIBHO HEBO3MOXXKHO OJHOBPEMEHHO TOYHO
ONpEACIUTh €€ IOJOXEHUE M BEIMYMHY HuMIyJabca. HeompeneneHHOCTh KaxaoH M3 ITHX
BEJIMYMH BBITEKACT U3 COOTHOILICHHUM:

ApxAX > /2, ApyAy > h/2, Ap,Az > h/2
W3 HuxX cnenyer, B 4YaCTHOCTH, YTO €CIM MBI CYMEEM MOYHO OIPEAEIUTh, HaIpPUMED,
KOOPJIMHATBI YAaCTHIIbI, TO O BEIMUYMHE UMITYJIbCa HElb3sl OyAeT CKa3aTh HUYEro BOOOILE.

OOBIYHO PUHIUIT HEOPEEICHHOCTH CBA3aBAIOT C MPUHIMIHUAIBHON HEBO3MOKHOCTBIO
UCKJIIOUUTh BO3JEHCTBHE MpolLecca M3MEpPEHHs Ha €ero pesyiabTar. YToObl OnpenenuTh
II0JIO’)KEHUE YaCTUIBl Mbl JOJDKHBI HAIPAaBUTh HA HEE CBETOBOM CHUTHAJ U NPUHATH €0 IOCIe
orpaxkeHHs. CHUTHaJI HE MOXET COIEpXKaTb MEHEe OJHOrO KBAHTA CBETA, U C €r0 MOMOIIBIO
HEJb3s ONPEAEIUTH MOJI0KEHUE YaCTHUIIBI C TOYHOCTHIO MEHBIIEH JUIMHBI BOJIHBI. bosiee TouHOE
ONpe/ieIEHNuEe IMOJIOKEHHUsI 4YacTUIbl TpeOyeT MCIOJIb30BaHMUs 0Oosiee KOPOTKOBOJIHOBOTO
U3JTy4EHUs, KBAHTBI KOTOPOTO 00J1aAat0T OOJBIIEH SHEprHel U MO3TOMY CHIIbHEE BO3JICHCTBYIOT
Ha DHEPIHIO ¥ UMITYJIbC YACTULBI, YMEHbINAS JOCTHKUMYIO TOYHOCTh U3MEPEHHUS ITUX BEJIUYHH.

Hunbe bop cdopmynupoBan OGonee oOUIMi MPUHIMI JTONOJHUTENbHOCTH, YaCTHBIM
CIy4aeM KOTOPOIO SBJIIETCS NPHHLMI HEONpeleleHHOCTH. COINIacHO 3TOMY IPUHLUIY
CYIIECTBYIOT JOTOJIHUTENbHBIC IPYT K APYry (pU3HuecKue BETUUMHBI, MOIydYeHUuEe UH(OpMAIH
00 OJHOW W3 KOTOPBIX HEW30EKHO CBsA3aHO ¢ moteped uHopmammu o apyroi. Kpome
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KOOPJMHATHI U UMITYJIbCA AOMOIHUTENBHBIMU APYT K APYTY SBISIIOTCS HANpaBiICHUE U BEIMYUHA
MOMEHTa UMITYJIbCa, KHHETHUYECKasl U MOTEHIIMaIbHAas SHEPTUU U HEKOTOPBIE IPYTUE BEIUYUHBL.

Jns popManbHOrO MaTeMaTHUECKOTO ONMHUCAHUS MOBEIEHUS U B3aWMOJICHCTBUS YaCTHII,
MOTYMHSIONINXCSI 3aKOHaM KBaHTOBOUM Mexanuku Llpeaunrepom, ["aitzeno6eprom u Jlupakom Obu1
CO3/1aH CHELUAJIBHBIN ammapar, B OCHOBE KOTOPOTO JIEKHUT 60.1H06oe ypasneHue [llpedunzepa.
OTO ypaBHEHUE OTpa)XaeT KOPIMYCKYJISIPHO-BOJHOBOM Jyanu3M dYacTull. YacThiia B HEM
OIMCBIBACTCSI KOMIUIEKCHON 601HO60U @hyHKyuel, KBaApaT MOAYJS KOTOPOH HMEET CMBICI
6eposimHocmy HaXO0XKJIEHUS YacTHUIbl B OMPEJECIIEHHON TOYKE M B OIpPENEICHHOM KBAaHTOBOM
coctossHuu. [Ipyu 3TOM HoOTydaeTcst TUCKPETHBIA HA0Op TAKUX COCTOSHUI.

Onucanne TUCKPETHOCTH C TOMOIIBI0 HEMpEephIBHOW (QyHKIUHU U IudPepeHITnaIbHOTO
YPaBHEHHUs, KOTOpPOE IO CBOEH MPUPOAE MPEAHA3HAUYEHO MJI ONHUCAHMsI HENPEPBIBHBIX
MPOLIECCOB, OTPAXKaeT TIyOMHHYIO CYHTHOCTh MpUpPOAbL. Takoil ayanu3m HaOm0gaeTcss U Hpu
ONKCAaHUH OOBIYHBIX MAKPOCKOITMUECKUX KOJIEOATEIbHBIX CUCTEM: MBI HIMEEM JIUCKPETHBIH Habop
TapMOHHK C y/BaMBAIOIIMMHKCS YAaCTOTaMHU B KOJEOIIoLIEics CTpyHe, B TpyOe, rapMOHUYECKUIA
3ByKOBOW psa. [lomoOHas ke BONHOBas (yHKIMS OKazaiach CIOCOOHA OmMucaTh M MMEIOIIHe
IpYTyIo (PU3UYECKYIO IPUPOAY, HO AaHAJIOTUYHBIN Ayaln3M MPOIECChl B KBAHTOBBIX CUCTEMAX.

Bce 3T0 BBIMIAINAT CIOXHO U HEMPHUBBIYHO, IIE-TO NPOTUBOPEUUT 3IPAaBOMY CMBICITY, HO
BCE K€ B KaKOW-TO Mepe MUpP CHOBa CTasl 00Jee €AMHBIM U TPOCTHIM. Te0oprsi OTHOCUTEILHOCTH
Jlaja COOTHOIIEHHE MEXAY MAacCOd IOKOS M JHEpPrued, KOTOpas MOKET CYIIECTBOBAaTh U B
dbopMe, He WMEIONICH MacCchl TMOKOs, OHA YMEHBIIMIA pa3Iu4Msi MEXKIY BEIIECTBOM U
n3inydeHrueM. KBaHTOBasg e MEXaHMKa MOCTYJIMPOBaja MPAKTUYECKH MOJHYK HIACHTUYHOCTH
TuX ABYX Gopm. KBaHTOBBIN MPUHIIUI 8ceoduyeli OUCKpemHOCcmy - KOHUENIHUA KBAHTOB - TI0
CYILIECTBY SIBUJIACh HEKUM IPOJOJKEHHEM U Pa3BUTHUEM KOPNYCKVAAPHOU KOHYEnyuu, BIEPBBIC
IIPOSIBUBLLIEHCS B TUIIOTE3€ ATOMOB.

Jyanu3M BOJH M 4YacTHI[ MpPHUBEJ HAa MHKPOYPOBHE K OYEPEAHOMY COJMKEHUIO
KOPITYCKYJIAPHOW M KOHTMHYaJbHOW KOHLENUMWA. BolHOBOE mpencraBieHne CHOBa MPUBOIUT K
HEKOH HENPEephIBHOW KapTHHE 1074, U BCI KBAHTOBas MEXaHMKa, BeCh ee (popMalibHBIN anmapar
OCHOBaH Ha Ju(QepeHIrnaTbHbIX YpPaBHEHHSIX, KOTOPhIE MAaTEMaTHYECKH OTPaKaoT
Henpepvighocmb. (OIHAKO, CMBICH 3TOHM HENPEPBIBHOCTH JIPYroil: COCTOSHHUE YacCTHUIbI
OMNUCHIBACTCS BOJHOBOM (QyHKUMeH, KBaJpaT KOTOPOM HMEET CMBICI GeposAmHOCIU
HaXO0KICHUA NJAaHHOW YaCTHIEI B TOM WJIM MHOM TOYKE B JaHHBI MoMeHT. KBaHTOBasg MexaHuKa
BBEJIa B HayKy MPUHIMIHAILHO BEPOATHOCTHBIA moaxoa. Oka3ajioch, YTO HEONPEIEICHHOCTD
MOXET BBIPaXKaTh HE TOJIBKO MEpYy HAIler0 HE3HaHWs, HO M caMy CYTh 3aKOHOB IIPUPOJIBI.
KBanToBass MexaHuWKa  pa3pyliliia  MEXaHHCTUYECKYI0  KOHIENIUI0  JAeTePpMHHHU3MA,
YTBEPKAAIOIIYIO, YTO €clii Obl MBI 3HAJIM TOYHO KOOPAMHATHI M HMMITYJIbCHI BCEX YacTHIl BO
BcenenHoii Mbl, B IpUHIINAIIE, MOTTU OBl OMKCATh COCTOsSIHUE BceneHHOM U 000 ee JacTu B
M000i1 MOMEHT KaK B MPOIIIOM TaK U B OyIyIIeM.

Ecnu B mpouecce y4acTBYIOT JOCTaTOYHO MHOTO YacTHI], TO, XOTs KaKJas U3 HUX HE
MMEET CTPOro JACTEPMUHUPOBAHHON TPAEKTOPUU U MOXKET OKa3aThCs MPAKTUYECKHU I€ YTOJIHO C
OOJIBbIICH WM MEHBIIEH BEPOATHOCTHIO, CyMMAPHBIA pe3yIbTaT UX MOBEACHUS OyIeT UMETh BH]I
HEMPEPHIBHOW CTPOr0 3aKOHOMEPHOW BOJIHOBOW KapTWUHBI. Ha mpakThke Takyr0 KapTUHY Mbl
Bcerna u Habmogaem, n0o nocrosinHas [1nanka u, 3HAYUT, SHEPTHUS OJTHOTO KBAaHTA OYCHH Maja, a
U3MEPSEMOE YUCIO MX OOBIYHO BeNUKO. OJHAKO, CHEIUAIbHBIMU TOHKUMH SKCIIEPUMEHTAMU
MO>KHO IT0Ka3aTh CIIY4allHOCTb U HENPEICKA3yeMOCTh TPACKTOPUU KAKIOU OTICIBHONU YaCTHUIIBI
WJIM KBAHTA 3JIEKTPOMArHUTHOTO U3TyYEHUSI.

CBolicTBa KBAHTOBBIX CHCTEM OMNpPENEIHIA U OCOOCHHOCTH OCTAaBIIUXCS JABYX
(byHIaMeHTaIbHBIX B3aUMOJCHCTBHI, OCYIIECTBIAIOMUXCS B MUKpoMupe. [lepBoe u3 HuX - Tak
Ha3bIBAEMOE CWJIbHOE B3aMMO/JEHCTBHE - CBS3BIBACT HYKJIOHBI B s/ip€ (HYKJIOHAMU HA3bIBAIOT
COCTABJISIFONIUE SIIPO YACTHUIIBI — MPOTOHBI M HENUTPOHBI). Ci1adoe B3auMoaeilicTBHE UMEET MECTO
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npu -pacnaje u BooOIIe BO BCEX PEaKkIUsaX C y4aCTHEM HEUTPHUHO. XapaKTepHask OCOOCHHOCTb
ATUX B3aUMOJICHCTBUH - UX KOPOTKOJACUCTBHUE: PAANYC NEUCTBUS SAACPHBIX CHJI (CUIIBHBIX) - 10"
M, a cnabsix - <10 M. Takne manble paccTosiHUs B3aUMOJCHCTBUSA CBA3aHBI C TEM, UYTO OHO
OCYILECTBIISICTCSI TyTeM OOMEHa YacTUI[aMHM UMEIOIIUMH KOHEYHYIO MacCy MOKOs. DTH YaCTULIBI
00pasyroT noie IACPHBIX CHIL.

CunbHble U crnabble B3aUMOJCHCTBUS Ha TEPBBIA B3I HUKAK HE TMPOSBISIOTCS B
OKPY’KaIoIIe Hac 0OBIYHOM KM3HHU, OJTHAKO, BCE YCTPOUCTBO HAIIIETO MUPA OMPEEIAETCS UMHU.

Cnaboe B3aMMOACWCTBUE OIpENCNseT NpPEBpalleHHe HEUTPOHOB B TPOTOHBI U
3JIEKTPOHBI, U UMEHHO OT €ro 0COOEHHOCTEH 3aBUCUT COOTHOIIEHHE 3TUX YACTHI] B HAIlIEM MHpE.
YMeHblIeHHE BEPOATHOCTH paciajia HEeMTpoHa BCEro B IBAa-TPH paza MPUBEIO OBl K TOMY, YTO BO
BcenenHol mpakTHUecKd HE OCTaJIOCh Obl BOAOPOJA, BCA OHA COCTOSUIa OBl TOJBKO M3 TENHS.
Torna crano 651 HE BO3MOXHBIM CYIIECTBOBAHUE 3Be3]1, TOJOOHBIX COJHILY, IUTAHETHBIX CUCTEM,
BCEX OpraHMYEeCKUX coeauHeHu u xku3Hu. CrnabbIM B3auMMOJCIHCTBHEM OIpeAenseTcs u
COOTHOILLIEHHUE MPOTOHOB U HEUTPOHOB B ATOMHBIX SI/Ipax.

CunbHOE B3aMMOJICUCTBUE OMNpPENESET CTPYKTYPY M pa3Mepbl aTOMHBIX saep. [louemy
NOCJIEAHUM, HAMIEHHBIN B PUPOJE IIEMEHT — 3TO ypaH ¢ HoMepoM 92?7 Ilotomy, 4To CUIbHOE
B3aMMOJICICTBHE UMEET paaAnycC ACHCTBHS MPUMEPHO PaBHBIM paguycy MPOTOHA U MPUMEPHO B
CTO pa3 CUJIbHEE D>JIEKTPOMarHUTHOro. Kakaplli IPOTOH Ha MOBEPXHOCTH sjApa aToMa
NPUTSTUBAETCS JIMIIb CBOMMHU HEMOCPEJCTBEHHBIMU COCEISIMHM, a OTTaJIKHUBAETCS BCEMU
OCTAJIbHBIMU TPOTOHaMHu siipa. [TosToMy, Korja 4ucio MPOTOHOB MPUOJIMKAETCS K CTa, CHIIBI
MPUTSDKEHUS U OTTAIIKUBAHUS CTAHOBATCS COU3MEPUMBIMH, a PO — HEYCTONYHBBIM.

TouHO Tak k€ MMEIOT HAIJISIAHBIE CIEJCTBUS B OKPYXAIOIEM HAac MAakKpOMHMpE U TaKUE
MPUHIIMITBI KBAHTOBOW MEXaHUKH, KaK npunyun 3anpema llaynu v IpuHyun HeonpeoerenHocmu
letizenbepea. IlpuHIMI 3aripeTa ONpeeNsaeT BCIO CTPYKTYPY 3JEKTPOHHBIX 000JOYEeK aroma H,
3HAYUT CTPYKTYpY Tabmuiel MenzaeneeBa. Kaxnas snekTpoHHas 000J109Ka COIEPIKUT AIIEKTPOHBI
C OIHOW 3HEpPruel, OTIMYAIOUIMECS APYT OT Apyra APYrMMHU KBAaHTOBBIMU XapaKTEPUCTUKAMH.
Yucno pa3nuyHbIX KOMOHMHALMM 3THUX XapaKTePUCTHK W OIpeNeisieT B COOTBETCTBUU C
IPUHLIMIIOM 3aIpeTa J0IMYyCTUMOE KOJIMYECTBO 3JIEKTPOHOB HA JAHHOM DHEPreTUUECKOM YPOBHE
WK (4TO TO Ke) JJIMHY COOTBETCTBYIOUIETO MEPHO/Ia B IEPUOANUECKOIN CCTEME 3JIEMEHTOB.

[TpuHIMT HEONPEAETCHHOCTH TIO3BOJISIET OOBSICHUTH CaMy BO3MOKHOCTB TaKOT'O SIBIICHUS,
KaK paJlOaKTUBHBIN pacraj U 3aKOHbI, KOTOPHIMHU OH yIIPaBIISIETCS.

KBanToBasg MexaHMKa NpuBeiga HAC K IOHMMAHWIO KBAaHTOBAHHOCTH BCEM Marepuu U
SHEPrud B MHUKPOMHUpPE B TOM 4YHCIE€ M KBAaHTOBaHHOCTH mojis. Henb3s roBoputh o
MaTEMaTUYECKU HEIPEPHIBHOM 3JIEKTPOMarHUTHOM moje. OHO Bcerza IOTOK KBaHTOB.
DNEeKTPOMarHUTHOE B3aMMOJICICTBHE CBSA3aHO ¢ OOMEHOM TaKMMM KBAaHTaMH - 4YacTHIIAMH, HE
UMCIOIIMMHU MacChl TOKOs. ['paBHTaluMi0 TOXXE MOXHO paccMaTpUBaTh Kak OOMEH HEKHUMH
0e3MacCOBBIMU «T'PABUTOHAMU», UOO OHA JIEHCTBYET HAa HEOIPAHUYECHHBIX PACCTOSHUAX (XOTA B
HKCIIEPUMEHTE TAKUE€ YaCTUILIBI MIOKa HE PETMCTPUPOBAINCH U BO3ZMOXKHOCTDH CYIIECTBOBAHMS MX
OCTIapUBACTCSI MHOTUMHU TEOpPETHMKAMH, HauMHas ¢ DUHINTEHHa). B cooTBeTcTBUM C 00mUM
OPUHLMIIOM JyaJu3Ma BOJIH M YacTHIl YacTHULIbl, HMMEIOLIUE MacCy II0KOS, TaKK€ MOIYT
paccMaTpuBaThCsi KaK KBAaHThI HEKOEro IOJisl, 00ECIeunBaloero B3auMOeCTBIE, KOTOPOE B
3TOM ciy4ae OyJeT UMeTh KOHEUHBIH pagauyc neiictBust R=h/mc, rae m - macca mokost 4acTHIIBI.

2.3.6. ITonbITKY cO31aHUs €UHON TeopuH (GyHIaMEHTAJIbHBIX B3aUMOJIEHCTBUI

KBanrosas Mexannka YMCHBIIACT NPONACTb MCKAY HaCTUIAMHU UMCIOIIIUMU MAaCCy IMOKOA
U YacTUI[AMH M3JIy4Y€HHUs, MOITOMY, HECMOTpPS Ha HU3PSAHBIE pazIuyusi B CrocoOe IeHCTBUs
TAITBHOACHCTBYIONIMX U  KOPOTKONEHCTBYIOIIMX, CHUJ TONBITKM OOBEAUHUTH BCE OJTH
B3aMMO/JICUCTBUSI, HAYaThie DUHIITEHHOM, TPOIOKAIOTCS U UMEIOT HEKOTOPBIE YCIIEXH.



38

OTn ycmexw, Kak M BCE YCIEXHM B TEOPUM DJIEMEHTAPHBIX YaCTHUL, CBS3aHBl C
UCIOJIb30BaHUEM MpHUHIMNA cUMMeTpuu. Cummempus meopuu O3HaA4aeT HEU3MEHHOCTb 6uoda
YpagHeHuii, ONHCHIBAIOINX (U3NUECKHUE 3aKOHBI, NMPH TEX MM HHBIX NpeoOpa3oBaHUsIX. B
YaCTHOCTH, YpaBHEHHS KBAHTOBOM MEXaHUKH CHUMMETPUYHBI (WM HMHBapUAHTHBI) IO
OTHOLLIEHUIO K, TaK Ha3blBaeMOMY IJ100ajJbHOMY (ha30BOMY NpPeoOPa30BAHHUIO, KOTOPOE
BBIpAXAEeTCsI B YMHOXEHUH 601HOGOU (DYHKYuU, OMUCHIBAIOIIEH KBAHTOBO-MEXaHHUYECKYIO
CHCTEMY, Ha TIOCTOSHHBIA azosvii mHodcumens. Ecau e 3TOT MHOXHUTENIb 3aBUCHT OT
KOOPJIMHAT U BPEMEHH, TO TOBOPAT O JIOKAJIbLHOM ()a30BOM Npeo0pa3oBaHMHU, U B 3TOM CIIydae
cumMMmeTpus Hapymaercs. OnHako, 4yTOOBl €€ COXPaHUTh JOCTATOYHO BBECTU OIPEACICHHOE
npeoOpa3oBaHre  TOTEHIMANa  AJEKTPOMAarHUTHOTO  MOJIA,  KaJMOpPOBOYHOe  TOJIe,
B3aMMOJEMCTBHE YaCTHIL] C KOTOPBIM CKOMIIEHCUPYET BOSHUKIINE OTKIOHEHUS OT CUMMETPHUH.

AwmepukaHckue ydeHble SIHr 1 Music B 1954 roay npeanonoxuin, 4To camo nossieHue
NEKMPOMASHUMHO20 NOJsl (pomonos) 6 smom cayuae ecmb creocmeue HeoOXo00UMoCmu
COXpaHeHUus cumMmempuu npu JOKAIbHOM ¢hazoeom npeoodpazosanuu. W, OGomee TOro, OHU
BBIIBUHYJIM HJEK0, YTO BO BCEX Clydasx HApyLIEHUS CUMMETPUU NPHU JOKAJIbHBIX
npeoOpa3oBaHUAX  JODKHBI — TOSBISATHCS ~ COOTBETCTBYIOLIME — KOMIEHcHUpyomue  (Win
KAJIHOpPOBOYHBIE) 0JIs C COOTBETCTBYIOILUMU YaCTULIAMU-TIEPEHOCUUKAMH,
BOCCTAHABIIMBAIOIME CHUMMETPHIO (MHBAPHUAHTHOCTH). MBI BUJIUM 37€Ch TOT K€ OOIIMHA MOIXO0,
yro U 'y MeHnpeneeBa (a B ApeBHocTH Yy Iludaropa): rapMoHus, CUMMETpHUS MIPEXkKIE BCEro, OHA
JIOJIKHA JIEXKATh B OCHOBE BCeX 3aKOHOB IIpupospi.

Ota ujes okasaiach UCKIIOYMTENBHO IUIOJOTBOpHOM. Ha ee ocHoBe Obuta paspaboraHa
TEOpUsl CWJIBHBIX B3aWMOJEWUCTBUN, a 3aTeM OHa e Oblla MHCIONb30BaHa B TIOMBITKAX
00BETMHUTD B €IMHONM TEOPUU HECKOJIBKO B3aMMO/ICHCTBHIA.

Hano ormetuts (310 cienan A.A.AHCEIbM B CBOEH cTaThe B xypHaie «I[Ipuponmay), 9to
BIIEPBBIE HCIIOJB30BaJ MJEI0 KOMIIEHCUpyroumx nosied A.JuHmrelH 3a 40 sner no SHra u
Munca. [IedcTBUTENBHO, COIIaCHO DWUHIITEWHY BCE CHCTEMBI, ABMKYIIHUECS MPAMOJIUHEINHO U
PaBHOMEPHO, - SKBUBAJICHTHBI, TEOPUSI MHBAPHAHTHA OTHOCUTEIHHO IpeoOpazoBanuii Jlopenua.
Jlis cuctem, OBHKYIIUXCS YCKOPEHHO MHBAPUAHTHOCTH (CUMMETPHS) HAPYLIAETCS, HO MOXET
ObITh  BOCCTAaHOBJIEHA IIyTeM  HWHTEpHpPETAllMM  BO3ZHUKAIOMIMX CHJ  HMHEPUMH  Kak
COOTBETCTBYIOIIETO KOMIIEHCUPYIOIETO HN3MEHEHMS rpaBuTaMoHHoro mnoisist. To ecThb
IPaBUTALIMOHHOE TI0JI€ TOXKE MOYKET PacCMaTpPUBAThCA KaK Ka1ubpo8oyHoe, BOCCTaHABIMBAIOIIEe
HapyILIEHHYI0 CHMMETPHIO TEOPHUHU.

Teopuss CHIBHBIX B3aUMOJCHCTBHH, a 3aTeM M TepBas OObEIUMHEHHAs TEOpHUs -
3EKTPOCIa0bIX B3aUMOJCHCTBHUI ObUIM MOCTPOEHBI C HCIOJIb30BAHUEM HJEH KaJTUOpPOBOYHOM
CUMMETPHUHU U UJCH €€ CIIOHTAHHOT'O HapyIIeHHs (HECUMMETPUYHBIN Pe3yIbTaT B3aMMOACHCTBHS
IIPU CHUMMETPUYHOM €T0 XapaKkTepe).

Ilocne ycmemHOro OOBEIWHEHHMS B OJHOM TEOPHH 3JIEKTPOMArHUTHBIX M CIA0BIX
B3aMMOJICCTBUM Ha OYepenH CTal CICAYIONIMW IIar - BKIIOYEHUE B 3Ty TEOPUIO CHIIBHBIX
B3aUMOJICHCTBUN - Genukoe oOveourneHue. Bce OHM TPEACTABISIOT 000 KalTuOpOBOYHBIE
B3aUMOJICHCTBUS, CBS3AHHBIEC C Pa3IMYHBIMU IpynniaMu cuMMeTpuu. Hano HaiiTu Takyro rpynmy
CUMMETpPUHU, KOTOpasi BKJI04ana Obl BCE, COOTBETCTBYIOIIME TPH TPYNIBI B3aUMOACUCTBUI Kak
YACTHBIE CIyYaH.

Haunbosiee MHTEPECHBIM U BaXKHBIM CIIEACTBUEM TaKOTO OOBEAMHEHUS CHIIBHBIX U CIa0bIX
B3aMMOJCHCTBUI  JODKHA OBITh  BO3MOXKHOCTH — B3aMMOIIEPEXOJOB  MEXAY  aJIpOHaMU
(CMIIPHOB3aMMOJICHCTBYIOIIMMH  YacTUI[AMHM) U JIENTOHaMHU  (c1ab0B3auMOJICHCTBYIOIIMMU
YacTUIIAMU), B YaCTHOCTH, Takasl TE€OpHUs MpeACKa3bIBaeT pacnaj NpoToHA Ha HEUTpanbHbIN T-
Me30H M mo3uTpoH. OAHAKO BEpOSITHOCTh pacmaja MpoToHa od4eHb Mana. Hawubonee
pa3paboTaHHBIE BapHaHThl TEOPUU BEIMKOIO OOBEAMHEHHUS MPEICKA3bIBAIOT BpPEMS KU3HU
npotoHa Mexay 10 1 1 10® ner. Dro ouens maio - npuMepHoO ofuH pacnaa B rog Ha 10-1000
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TOHH BellecTBa. TeM HE MeHee SKCIIEPUMEHTATOPHI JIENAI0T MOMNBITKA 3apPETUCTPUPOBATH AKTHI
TaKOr'o pacrnaja, Ho IoKa 6e3yCHelHO.

Pa3paboTka Teopuii, 00ObEAMHAIONIMX BCE YEThIpe (hyHIAMEHTAIbHBIX B3aUMOJICHCTBUS,
TaK)K€ Hadajach, HO IIOKa IPOJBHMHYJIACh HE JAJIEKO M CBsS3aHA C MHOYKECTBOM BECHMa
PEBOJIIOLIMOHHBIX W TPYAHO TIOHUMAEMbIX IPEJICTaBICHMM M TOHATHUH, TakKUX Kak
MHOIOMEPHOCTb TPOCTPAHCTBA C KOMIAKTU(UKAMEH (COKpaIlleHHEeM A0 HUYTOXXHO MabX,
HopsIAKa 10%%m pa3MepOB U MEHBILE) BCEX <(UIMILIHUX» HM3MEPEHUH KpPOME TpEX, WIH
3JIEMEHTAPHBIC YACTHUIIBI B BHJIE OJJHOMEPHBIX OOBEKTOB - «CTPYH» TOJIIIUHON MEHEee 10%%cm. 06
3TUX TEOPHSIX MBI TOBOPUTH HE OyneM ceiuac, TOJbKO OTMETHM, YTO TEOPETHKH pPaboOTaloT,
MBICJIb YEJIOBEKA HE CIUT, U PYKOBOASIIMMHU KOHLIENIIUSAMH OCTAIOTCS KOHLENIUU €IUHCTBA U
npoctotsl [Ipuponst.

Kpatkue utoru paznena 2.3.

Onucanuy MaKpOCKOIMYECKOW CTPYKTYPbl MHpa OCHOBAaHO Ha HCIOJIb30BAHUU
KOHIIEMIIMI MPOCTPAHCTBA, BpEMEHU U B3aMMO/1eiiCTBHS.

Camo ormnpefenenre TpoCTPAHCTBA, KaK MPOTSXKEHHOCTU U BPEMEHU KakK JJIUTEIbHOCTH,
HEPa3pbIBHO CBS3aHO C MaTepUaJbHBIMU OOBEKTaMH, OJHAKO, MepBas aJeKBaTHas TEOpUs -
HBIOTOHOBCKasi TEOpUs TATOTEHHMs] M KJIACCHYECKas MEXaHWKa - MCIOJb30Bala MOJEIb
a0COTIOTHBIX MPOCTPAHCTBA M BPEMEHHU, HE 3aBUCSIIUX OT MaTepuaibHBIX 00bEKTOB. CBs3b
MPOCTPAHCTBA M BPEMEHM C MaTEepUEd OIMCAaHA DSWHIITEHHOBCKOW MEXAaHUKOW TEOpUU
OTHOCUTEIIbHOCTH, OJIHAKO, B OOJBIIMHCTBE NPAKTHUECKU BaXHBIX CIy4yaeB KilaccHyecKas
TEOPHsI COXpAaHMIIA CBOIO 3((HEKTUBHOCTb.

OOpa3zoBaHrWe 3aKOHOMEPHO OPraHM30BaHHBIX BO BpPEMEHH U  MPOCTPAHCTBE
KOH(MUTYpaIHii - CTPYKTYP - TpeOyeT Hamu4us CBsI3ell MeXIy YacTUIIaMU U TEJIaMU, KOTOPBIC
obecrieunBaroTCs B3amMojeicTBUsiMH. K B3aMMOJEHCTBUSIM TaK K€ KaK M K BEIIECTBY
MPUMEHUMA KOHIENIHS 21emenma - Bee HabmojaeMble B3aMMOACHCTBHSI HITH CHITBI, B KOHEYHOM
UTOTE MOPOKIAIOTCSA YETBIPbMS 3JIeMEeHTAPHbIMH 1581071 (pyHramMeHTAIBHBIMH
B3aMMO/ICUCTBUSIMHU.

Ms1 pazoOpasin 4yeThipe (PyHIAAMEHTAJBHBIX B3aMMOJAEHCTBHS - TI'PABHUTAIMOHHOE,
3JIeKTPOMATHUTHOE, CHJIbHOE W ¢J1a00e. DTH YEThIpe B3aMMOJICHCTBHS JIekKAT B OCHOBE BCEX
IpYTrux, 6ojiee CIOXKHBIX B3aUMOJEHCTBUM, U 00€CleYrBalOT B KOHEYHOM UTOT€ BOSHUKHOBEHHE
U CYIIECTBOBAHHE BCEX MAaKPOCKOMUYECKMX OOBEKTOB, CTPYKTYpP H IMPOILECCOB, KOTOPBIC MBI
HaOJI0IaeM B OKPYIKAIOIIIEM MHPE.

IlepBbie 1Ba - TpaBUTALMOHHOE MW  JBJIEKTPOMArHUTHOE -  B3aUMOJEHCTBUS
aaabHoaeiicTByomme. OHU JCHCTBYIOT Ha CKOJb YrOJHO OOJBIIMX PAaCCTOSHUSIX, U UX CHUJA
yOBIBaET MPOMOPIMOHAIBLHO KBajapary paccrosHus. Jlpyrue 1Ba - cuwibHOe W ciaboe -
Om3koAeicTByomue. x aelcTBUE OrpaHUYEHO PAAUyCOM MEHBIIUM 1013 CM, M OHH
MPOSIBISIOTCS JIMIIb TIPU B3aUMOJIEHCTBUM 3JIEMEHTAPHBIX YaCTHII.

[Ipu ommcanum MexaHW3Ma B3aWMOJCHCTBUN HMCIOIB3YETCS KOHIICTIIHS MOJIst - 0CO00TO
COCTOSHUSI TPOCTPAHCTBA, BO3HHUKAIOMIETO BOKPYT KAaXKJIOTO MAaTEpPHAILHOTO OOBEKTa,
00J1a/1al01er0 COOTBETCTBYIOIIUM 3apsiioM, B KaXXJOW TOYKE KOTOPOro Ha JApPYrou 3apsn
JEHCTBYET COOTBETCTBYMOIIAs cuiua. [lome pacmpocTpaHseTrcss ¢ KOHEYHOM CKOpPOCTBIO M
MO3BOJISIET U30ABUTHCS OT KOHIICTIIIUU MEHOBEHH020 OAIbHOOeUCmEuUs depe3 abCOoMIOTHOE yCTOe
IIPOCTPAHCTBO, KOTOpass wucnojb3oBasiack M.HBIOTOHOM ©IpM IHOCTPOEHHH NIEPBOM TEOPUU
rpaBUTALUN.

CoBpemenHast Teopusi rpaButanuu A.JWHIITElHHA (00mas Teopus OTHOCHTEIHLHOCTH)
UCXOJUT W3 TOCTYNAaTa 3KBUBAJICHTHOCTU CHUJI TPABUTALMM M HMHEPLUMM M HHTEPIPETUPYET
JIBIKEHHUE TeJa B IMOJE TATOTEHUsS KaK JIBMXKCHHE MO MHEpLUHH (IO Te0Je3WYECKOM JIMHUM) B
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I/ICKpI/IB.HeHHOM HpOCTpaHCTBe. CHGI_[I/IaJII:Ha}I TeOpI/I}I OTHOCUTCIIbHOCTHU HOCTy.]II/IpyeT
CYIIIECTBOBAaHUE TIPENETbHON CKOPOCTH PacCHpOCTpaHEHHUs JIOOBIX B3aUMOJCHCTBUM, pPaBHOU
CKOPOCTH CBETa B IYCTOTE, M BMECTE C OOIIei Teopuell ycTaHAaBIMBAET CBS3b MPOCTPAHCTBA,
BPEMEHU U MaTEPUH.

Onucanne MeXaHW3Ma OCTAIBHBIX (KpOME T'PaBUTAIMOHHOTO) TPEX B3aMMOJCHCTBHUH Ha
MukpoypogHe (Ha ypOoBHE 3JIEMEHTAPHBIX YaCTHUIl M1 aTOMOB) OKa3ajJ0oCh BO3MOXXHBIM Ha OCHOBE
KOHIENIINM KBAHTOB, KOTOpas MpPEICTaBIsieT COOOW, MO CYIIECTBY, pacHpOCTpaHEHHE Ha
B3aUMOJICHCTBUSI KOPIYCKYJIAPHON KOHIICTIIIUH, WCIIOIh30BABIICHCS TMPU OMHUCAHWUU CTPOCHUS
BemiecTBa. KBaHTOBas Teopusi YTBEPXKIACT OUCKPEMHOCMb B3aMMOJCHCTBHM Tak ke Kak H
BemecTBa. OIHOBPEMEHHO OHa YTBEP)KIAET BOJIHOBYIO MPHUPOJY MATEPUATBHBIX YaCTHIl H
MPUHIUIIAATIEHO BEPOATHOCTHYIO IPUPOAY ITPOLIECCOB HA MUKPOYPOBHE.

B cooTBeTcTBHM C KBaHTOBOW TEOPHEH nose TakKe MOJDKHO OBITh KBAHTOBAHO, M OHA
MHTEPIPETUPYET B3aUMOJEHCTBUE YAaCTULl Yepe3 II0jie, Kak OOMEH COOTBETCTBYIOIIUMU
MOJICBBIMH YacTUIIAMH. B mipeenax cTaTH4ecKoro mosisi 00pa3yronye ero 4acTUIlbl BOSHUKAIOT U
UCYE3aI0T B BakyyMe 0€3 HapylieHUs 3aKOHAa COXpPAaHEHUS MacChl WM WX Ha3bIBAIOT
supmyanvhvimu. (JloOaBneHne HEOOXOIUMON SHEPIHMM MOXKET TMPEBPATUTh BUPTYaIbHYIO
YacTUIly B PEAIbHYIO - TaK MPOUCXOIUT poocoenue dacTul). s 3IeKTpOMarHUTHOTO TOJIS
TaKue 4YacTUIBl - OTOHBI, I TPABUTAIIMOHHOTO - BO3MOXXHO THIIOTETHYECKHE I'PABUTOHBI;
JUISL CUJIBHOTO U CJIA00TO - COOTBETCTBYIOIIME OOMEHHBIC YAacTUIBI - Me30Hbl. DOTOHBI (W,
OYEBHIHO, TPABUTOHBI, €CJIM OHU €CTh) HE 00JIaal0T MacCOM TMOKOS M JIBHXKYTCSI CO CKOPOCTBIO
CB€Ta, 4YTO O6GCH€‘-II/IBaeT HaﬂbHOﬂeﬁCTBﬂe COOTBGTCTByIOH_II/IX CHUIJI. MGSOHBI HMCHOT Maccy
MOKOS U, TI0O3TOMY, PaANyC JEHCTBHS COOTBETCTBYIOIIETO B3aUMOICHCTBHS OTPAaHUYCH.

HeHaIOTC}I IIOIIBITKHU CBA3AaTh BCEC quHpe (bYH,Z[aMeHTa.HBHBIe BSaHMOﬂeﬁCTBHH BOCAHUHO,
OOBSCHUTh MX KaK pa3HbIe MPOSBICHUS OAHOTO «hyHIamMeHTaiabHelero». O ToM, 4TO 3TO
JIOJKHO OBITH BO3MOXHO, TOBOPAT JOBOJIEHO BECKHE COOOpaXKeHMsI, CBA3aHHBIE C cUMMeTpueil. B
HACTOSIIIEe BPEMs MOCTPOCHA W TMOATBEPXKICHA TEOPHs, OOBCAUHSIIONIAS 21eKMPOMACHUMHOE W
cnaboe B3anMoericTBus. CyIECTBYIOT HECKOJIIBKO BAPUAHTOB TEOPUHU, OOBEAUHSIONINX C 3TUMU
JBYMSI B3aUMOJICHCTBUSAMH U CUlbHOE, OHAKO TYT 0 OKOHYATEIHHOTO yCIieXa eIle 1ajaeKo.

Bonpocekl kK BTOpOii 4acTH rJjaBbl 2.

1. Kak MOXHO ONpeNenuTh npocmpaHcmeo?

2. Kak MOXXHO onpenenuTsb gpems?

3. CBs3p mpocTpaHCTBA W BpPEeMEHU cO cmpykmypou mamepuu. OTpeneneHne TOHATUS

cmpykmypa.

Monens abcontomnoeo IPOCTPAHCTBA U BPEMEHHU.

Konuenmus gzaumoodeticmeus Kak OpraHU3yIOIIETo Havyaa.

[onsarue o pynoamenmanoHvlx B3aUMOACHCTBHSIX.

Konuenmus yenmpanvheix danvrnooeticmayrouux cui. HplIOTOHOBCKasi TEOpUs TATOTEHUSI.

[Toctynarel, nexarniue B OCHOBE cneyuanvrot meopuu omuocumenvrocmu (CTO). CymHOCTb

Teopuu. CBsI3b MPOCTPAHCTBA U BpEMEHU. UeThIpEXMEPHBIN UHmepsal.

9. Kakue npoTuBOpeurs B pe3yibTaTax 3KCIepUMEHTOB noTpedoBanu coznanus CTO?

10. Hekotopsie ocHoBHbIe cienctBus CTO.

11. OcHoBHOIi TOCTYNAT 06Weti meopuu omuocumenvrHocmu (OTO).

12. I'eomempuueckas npupona tsarorenus, yreepxkaaemas OTO. CBs3b mpocTpaHCTBA, BPEMEHU
U MaTepuu. YTPOIIEHUE U YCIIO)KHEHNUE KapTUHBI MUDA.

13. DnexkTpuueckoe W MarHUTHOE B3aUMOJEHCTBUS, HMX OTJIWYUS OT TPAaBUTAIMOHHOTO.
Kounuenmus nozs.

14. O6venunenne PapaneemM 1 MakCBEIIIOM AJIEKTPUIECKOTO U MArHUTHOTO B3aWMOJICHCTBUI B
€AMHOE 271eKMPOMACHUMHOE.

15. DeKTpOMarHUTHBIE BO.IHbL.

NG
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16. CoBpemMeHHBIC TPEICTABICHUS O MPUPONE cmayuoHaprozo 1o, CTallMoHapHOE TOoJe Kak
MpUOJIMIKEHHE.

17. DnekTpoMarHuTHOE B3aWMOJCHCTBHE KaK OCHOBAa OTPOMHOTO KOJMYECTBAa HAOIIOJaeMBIX B
MPUPOJAE B3aUMOJECHCTBUI?

18. YUto Ttakoe curvbHoe W craboe B3aUMOJCUCTBUS U KAKOBO HX OCHOBHOE OTJIHYHE OT
IPaBUTALMOHHOTO U AJIEKTPOMArHUTHOTO?

19. B ueMm cyTb k8anmogou mexaHuxu?

20. Yto Takoe dyanusm 601H u yacmuy?

21. Ilpunyun 3anpema llaymu w npunyun neonpedenennocmu I aiizenOepra. OObscHeHUs
CTPYKTYpPBbI 3JIEKTPOHHBIX 000JI0UEK aToMa.

22. arepnperaius Ayanu3Ma BOJH U YacTUIl. [I[pUHIIMTIUANBHBIN uHOemepmMunusm B SBICHUSIX
MUKpPOMHUPA.

23. OObsCHEHHE OTIENBHBIX B3aMMOJACHCTBHUI KaK pa3HbIX MPOSBICHUN eduro2o Gonee o0Iero
B3aUMOJICHCTBUS 1 TIOTIBITKH CO3AAHUS eOUHOU Meopul 83aumMo0etiCmeull.

3. HectanuonapHasi KapTHHa MHpPa

3.1. Kak cTpoutcst MakpoCTpyKTypa Mupa?
CI10KHBIE KOJUIEKTUBHBIE B3AUMOICHCTBUSI, CHHEPTETHKA.
HecranmonapHocts

Mpl pa3o0panu COBpPEMEHHbBIE MPEJICTaBICHHUS O KHUPIHUYMKAX MHPO3TaHUS U O
NEPBUYHBIX, (PYHIAMEHTAIBHBIX B3aUMOJCHCTBUAX MEXKIYy HUMH. B3amMoOIelCTBUS - CHIIBHOE,
cnaboe U 3JIEKTPOMAarHUTHOE - B COOTBETCTBHM C 3aKOHAMM KBAaHTOBOW MEXaHHMKHU ONpPEAEISIOT
CTPYKTYpPy aTOMHBIX SIJI€P, aTOMOB, 3aKOHOMEPHOCTH CTPOCHUSI XUMHUYECKUX 3JIEMEHTOB —
CTPYKTYPY MUKpoMupa. IAEKTPOMArHUTHOE B3aUMOJEUCTBHUE, OISATH KE B COOTBETCTBHM C
3aKOHAMH KBAaHTOBOM MEXAHUKH, OIPEIEIseT, B KOHEUYHOM CYeTe, BCE XHUMHUYECKHUE
B3aUMOJICUCTBUS, CTPYKTYPY XHMMHUYECKHX COCIMHEHMI M BMECTE C T'PAaBUTALIMOHHBIM BCEX,
OKpYXaIOIIUX HAaC, MAKPOCKONU4eCcKux mei — CTpyKTypy maxkpomupa. CTpykrypy BcenenHnoii B
LEJIOM — Me2amupa — ONPENENSIOT, TOUYTH UCKIFOYUTENIBHO IPABUTALIMOHHBIE B3aUMOICUCTBUSI.

BooO6ie, ponb oTAenbHBIX (GyHIAMEHTAIBHBIX B3aUMOJICHCTBUN B IOCTPOCHUU CTPYKTYP
OKpPY’KAIoIIero MUpa pa3HbIX MAaclITabOB MOKHO IMPEACTABUTH B BUJAE CIEIYIOIIEH HUEpapXHH.
CunpHoe U ciaboe B3aMOACUCTBHUE UTPAIOT ONPEAEIISAIONIYIO POJIb B MacliTabax aTOMHBIX sIEp
- g0 10" cMm. KsanTOBBIME AJIEKTPOMATHUTHBIMU ~ B3aUMOJECHCTBUSMHU  ONpENEsAeTCs
MPaKTUYECKH BCE B MacITabax aTOMOB M MOJICKYI - 10® cm. B Gonbumx Macmrabax BeTyIIast
pOJib TOCTENEHHO MEPEXOJUT K TrpaBUTALMU, OAHAKO SJIEKTPOMArHUTHBIE B3aMMOJICUCTBUS
IPOJOHKAIOT BHOCHUTH CYIIECTBEHHBIM BKJIaJg B (QOpMHpOBAaHUE CTPYKTYp BIUIOTH MO
TaJIaKTHYECKUX MAcIITabOB - TBICSYU CBETOBBIX JIET (MPU ITOM KBAHTOBBIE d(PPEKTHI yxke He
cKa3blBaloTca). B MacmTa®ax, mNpeBbILIAIONIUX TajJaKTHYECKHE, CTPYKTypa IOJHOCTBIO
ONpEAENSAETCA TPAaBUTALUCH.

Ternepb BCTaeT BONPOC: KAK MPU MOMOIIU 3TUX YEThIPEX B3aMMOACHCTBUI U3 HEMHOTHX
«QIEMEHTAPHBIX KHUPIUYUKOB» CTPOHUTCS BCE OECKOHEUHO CIOKHOE MHOroobpasue mupa?
Hecmotps Ha npocToTy QpyHAaMEHTAIbHBIX 3aKOHOB OTBET Ha ATOT BOMPOC BEChMa HE MPOCT U
JI0 OKOHYATEIBHOTO €r0 MOJIYYEeHHUS €Ille JaIeKO.

JIeCcTBUTENbHO, HBIOTOHOBCKMH 3aKOH TpAaBUTALIMM  YTBEPXKIAIONIUMKA, YTO CHia
OPUTSDKEHUST MEXAY IBYMS TEJIaMH TMPOTOPIMOHATbHA TPOU3BEICHUI0 UX Macc U 00paTHO
MPOMOPLMOHANIbHA KBaJApPaTy PAaCCTOSIHUSI MEXY HUMH, MO3BOJISIET aOCOIIOTHO TOYHO OMHCATh



42

JBIDKEHUE 3TUX IBYX TEJ MOJbKO €CIU OHU MMEIOT OECKOHEUHO Maible pa3Mepbl (SBISIOTCS
MamepuanrbHbIMU MOYKamu) U B OKPECTHOCTH OTCYTCTBYIOT JIpyrue Tena. Jlaxe eciu Mbl nMeeM
BCEr0 mpu Tejla, HbIOTOHOBCKUE YPABHEHMS ISl UX TPAEKTOPHUM U CKOPOCTEH MpU ABUKEHUHU O]
JICUCTBMEM B3aMMHOW TpaBUTAllMM HE HMMEIOT TOYHBIX pemieHui. [IpencraBisiTe TpaeKkTOpUu
IUTAaHET JUTUIICAMH MOXHO TOJIBKO B JIOBOJIEHO TPYOOM MPUOJIMKEHUU U YIAETCS JIUIIb TTOTOMY,
YTO Macchl UX MO cpaBHEeHUIO ¢ COJHIIEM O4YeHb Majbl, a paccTosHUus oT CoJHIa JOCTaTOYHO
Benukd. Ha camom fene TpaeKTopuu IUTaHET HMMEIOT HEOOBIYaliHO CIOXHYI0 (opMy H
pPacCUMTHIBAIOTCS C MOMOUIbI0 OYEHb T'POMO3IKUX MPHUOIMKEHHBIX MeTonoB. Hampuwmep,
npuOJIMKEHHOE YypaBHEHHUE JABWKeHHUA JIyHBI, MCHoib3yeMoe JUIsi HEKOTOPBIX MPAKTHUYECKUX
pacyeToB, BKIOYAET MHOTO COTEH YJICHOB.

Toxe camoe n B MUKpomupe. KBaHTOBas MeXaHMKa C MCIOJb30BAaHUEM MOJENIN aToMa
bopa naer BO3MOXHOCTb TOYHO PAaCcCUMTATh CIEKTP HM3IYYEHHs TOJBKO ISl aToMa BOJOPOAA,
COCTOAIIETO M3 OJHOTO MPOTOHA M OJHOTO 3JeKTpoHa. JI106oii Goee CIOXKHBIA aToMm Tpedyer
CJIOKHBIX Y TPOMO3AKUX MPUOIHKEHHBIX METOJIOB.

Ho u aroM u conmHeuHasi cucTeMa - 3TO BCE-TaKU OTHOCUTENIBHO IPOCTBIE CHUCTEMBI C
LHEHTPaJIbHBIM TEJIOM, MPEBOCXOAAIIUM TI0 Macce OCTallbHbIe B Thicsiuu pa3. K Takum cucremam
YCIEIIHO TPUMEHSIOTCS TaK Ha3bIBa€MblE METOMABl Meopuu B03MYUeHUll, T03BOJISIIOIINE
CPaBHUTEIHHO MPOCTO MOJYYUTh OYEHb Xopoiue npubamxeHus. Ho kak ObITh ¢ ramsakTHKOM,
coepKallein 10 3Be3g MPUMEPHO OJMHAKOBOW MacChl U MHOXKECTBO JIpyrux o0bekToB? U, Tem
OoJjiee ¢ HEKOTOPOM Maccoi BemiecTBa (HAampuUMeEp rasa), CoIep Kaliei 10%°-10* u Gounee
B3aMMOJICHCTBYIONINX MEXKIY COOOM MOIEeKy?

Onucarb MOBEACHUE TAaKOW MacChl TENl Yepe3 OMUCaHUE MOBEACHUS KaXKIOro U3 HHUX B
OTJIENIBHOCTU 0KAa3aJI0Ch HEBO3MOXHO HE TOJIBKO M3-32 OTPOMHOCTH 3aJadyd, HO U IOTOMY, YTO
KOJLIeKMUu6Hoe TIOBEACHHE OKa3aJoCh OTJIMYHBIM OT MPOCTOM CYMMBI WIH CYnepno3suyuu
WHIVBUAYAJIbHBIX TOBEJACHUM. B OCHOBE JekaT, KOHEYHO, IIPOLECCHl 3JIEMEHTAPHBIX
B3aMMOJCHCTBUI dYacTULl M Tel, OOyClOBIEHHbIE (YyHIAMEHTAIBHBIMU CUJIaMH, HO
KOJIJIGKTHBHBIM XapakTep MNPUBOJUT K KAueCTBEHHOMY CBOEOOpa3uio, TMOPOXKIACT SIBICHUS,
ONKCHIBa€MbIe 3aKOHAMU, He 6blMeKarwuMy 13 3aKOHOB 3JIEMEHTAPHBIX B3aUMOJICHCTBUH, B
YaCTHOCTH, K CAMOIIPOM3BOJIBHOMY YIIOPSIOUEHHUIO, CTPYKTYPHPOBAHUIO.

Obaacmob 3HaHULL, 3AHUMAOWYIOCS 0OUWUMU NPOOIeMAMU BO3HUKHOBEHUS U PA3DYULEHUSL
CMPYKMyp NPU CIONHCHBIX KOJIEKIMUBHBIX 3AUMOOEUCEUSIX, HA3bI8AION CHHEPTeTHKOM.

[Tponecchl KOJIJIEKTUBHOIO IMOBEACHUSI CHUCTEM, MPOIECCHl CAMOOPraHU3AUMU HUTPAIOT
peIIaloNIyl0 posib B 00pa3oBaHUM CTPYKTYpP HMPOMEXKYTOUYHOrO MaciiTtaba - 3Be3d M IUJIAHET,
TOPHBIX MOPOJ MUHEPAJIOB, MOpEl U peK, paCTEeHHM M KMBOTHBIX - BCEX KOMIIOHEHTOB CpEJibl,
OKpYXKarolllel 4eJI0BEKa, U CaMOI'o YEJIOBEKa.

W3ydyeHrne KOJUIEKTHBHBIX MPOLECCOB CaMOOpPraHM3allMl MaTepuu U 00pa3oBaHUs
CTPYKTYp CHOCOOCTBOBAJO, B YAaCTHOCTM OKOHYATEIbHOMY MPU3HAHUIO MPUHIMIHAAIBHOMN
HecTallMOHAPHOCTH BceneHHol. 3akoHOMepHasi MAKPOCKONUYECKasi YNOPSAJA0YEHHOCTb,
cymiecTByOIiass B HalleM MHpe, MOIVIa BO3HHKHYTb TOJbKO B YCIOBHSX ero
HEeCTAIMOHAPHOCTH.

HecrannonapHocTs noapa3syMeBaeT HENPEPBHIBHOE HAIIPABICHHOE U3MEHEHHE MUPA - €r0
Bosonnio. CTpyKTypa MHpa HENPEPHIBHO MEHSETCS M 3ajJaya HayKd BBISICHUTH CYILECTBO,
HaIIpaBJICHUE U TEMII 3TUX M3MEHEHMU. [ 0BOpAT, YTO B OCHOBE COBPEMEHHON HAYKH JICKUT
KOHIeNIKS I100a71bHOI0 IBOJIIOLMOHU3MA.
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3.2. Tepmogunamuka. DHeprus u suTponus. Oolee HanpaBIeHUE
sBomonuu Beenennon

B ocHOBEe CHHEpPreTHKH JIEKUT OJHA M3 CaMbIX (YHIaMEHTAIBHBIX HAYK, M3yYaroIInX
00111e CBOMCTBA CIIOKHBIX KOJLIEKMUBHBIX CUCTEM, - TEPMOMHAMMKA.

TepMoguHamMuka ONEPUPYET C  XApAKTEPUCTUKAMU  COCTOSIHUS M IOBEACHUSA
MaKpOCKOITMYECKHUX TEJI, TO €CTh C HEKOTOPBIMH YCPEAHEHHBIMHU U 000OIIICHHBIMH PE3yJIbTaTaMU
AJIEMEHTAPHBIX B3aUMOJICUCTBUN aTOMOB U MOJIEKYI.

3.2.1. [lonsitue 3neprun. IlepBoe Hayano TEPMOJIMHAMHUKM.

OnHUM U3 CaMbIX OCHOBHBIX MOHSTHA TEPMOJUHAMUKY SBIISIETCS ITOHSATUE IHEPTHU. DTO
MOHATHE HaM NPUBBIYHO, HO, Kak Bce (yHIaMEHTalbHBbIE TMOHATHUS TOYHO OINPEAEIUTH €ro
TpyaHo. OnpenensioT ero, HampuMmep, Kak OOy KOJMYECTBEHHYI0 Mepy ABHKeHUS U
B3aUMOJEHiCTBUA BCeX BHAOB MaTepuu. MOXHO cKazaTb, 4YTO JHEPrust - ITO
(pynagamenTanbHOe coXpaHsiOlleecsi CBOMCTBO MAaTepHH, CHOCOOHOe H3MEHATH CBOIO
¢bopmy, KOIHYECTBEHHO U3MepsieMoe BEeJIUYUHOM MeXaHM4eCcKOl padoThl, B KOTOPYI0 OHA
NPH ONpeeICHHbIX YCJIOBUAX MOKeT ObITh NpeBpameda. MoXHO cKka3aTh, YTO SHEPTUs - ITO
TO, YTO MOXET OBITh MPEBPAIICHO B MEXaHUYECKYIO PabOTy, BBIPAKAIOIIYIOCS, HAPUMEpP, B
MOJABEME TSKEJIOr0 Tejla Ha HEKOTOPYIO BBICOTY HAJl OBEPXHOCTHIO 3EMJIM WJIM Pa3rOHY €ro 10
HEKOTOPOU CKOPOCTH.

BceoOuum 3akoHOM MPUPOABI SBJISETCS 3aKOH COXpaHeHHsl 3Hepruu. Ero HazpiBaroT
elie MNePBbIM HAYAJIOM TEPMOJAMHAMHMKH. OTOT 3aKOH IMOATBEPKICH OeCUHCICHHBIMU
HAOJIO/IEHUSIMU M ONBITAMU KaK HaIpsMyl0, TaKk W 4Yepe3 pa3HOOOpa3Hble €ro CJeICTBUS.
OTKppITHE BCE HOBBIX CBOWCTB MaTEPUU HE Pa3 MOPOKIAAIO COMHEHHUE B €TI0 CIPABEUIMBOCTH, HO
BCErJia B KOHEYHOM MTOTE 3aKOH TOPKECTBOBAJI, XOTS MIOHATHE SHEPTUH PACUIUPSIIOCH.

31ech Hajgo OTMETHTb, YTO BHEPIUs - BEIWYMHA omHocumenvHas. KuHeTmdeckas
SHEPIHs JIeXKAIEero Ha CTOJIE KapaHJalla paBHA HYJII0 OTHOCHTENIBHO CTOJA, HO OHAa HE paBHA
HYJII0 ¥ UMEET Pa3JIMYHYyI0 BEJIIMYMHY OTHOCUTENBHO LeHTpa 3emun, CollHIa, 3B€31 U T.1., TaK
KAaK Halll KapaHJall y4acTBYET BO BpalleHUU 3€MJIM BOKPYT OCH, ABMXeHUHU ee Bokpyr CoiHIa,
BOKpYr 1eHTpa lamaktuku u BMmecte ¢ [amakTukoil B oO0IIeM Mpolecce pacHIMpeHHs
Meraranaktuku. [loaTromy peanbHO i1 NPOBEPKH 3aKOHA COXPAHEHMS YHEPTUU U3MEPSIOTCA U
CPaBHUBAIOTCS HE a0COIOTHBIC BEIMUMHBI, & NpUpayeHss SHEPTUH (PU3NIECKUX Tell.

Bunel sHeprum MHOrooOpasHsl. B MexaHuke Mbl 3HaeM JBa BHUJA DSHEPTrUU -
KHHETHYECKYI0 U NOTeHINAIbHYI0. KuHeTnueckas - 3T0 SHEprus ABHKeHHM s, TOTCHIMaIbHAS -
SHEprusi moJioxkeHusi. B Oonee MmUPOKOM cCMbICie MOTEHLIMAIbHOW Ha3bIBAlOT U JHEPTHUIO
cocrossHusl. Hampumep, ¢usmdeckas cMech BOJOpOAa M KHCIOpoJa 00lajgaeT MOTeHIHATbHOM
XUMUYECKOU HSHEPTUEH, B CXKATOM MNPYKUHE COIAEPKUTCS MNOTCHUHUANIbHASA Ynpyedas SHEPrusl.
OcoObIif BU YHEPTHH, UMEIOIIUH MPUHIINITHATFHOE 3HAYCHUE B TEPMOJIUHAMUKE - 3TO TEIMJI0Ta,
0 KOTOPOH MBI CKaXXeM MOAPOOHEE HECKOIBKO JalblIIE.

[TogHATHIN Hax MOBEPXHOCTHIO 3eMJIU (3aHUMAIOIIMK ONPEACIIEHHOE HON0JCeHUe B TI0JIE
36MHOT'0 TATOTCHHS) TIpeaAMeT 00JagaeT MOTCHITHAIBHOW dHEPTUed, KOTopas MOXKET MEepPEHTH B
KHMHETHUYECKYI0, €ClId JaTh €My BO3MOXKHOCTh mHagaTh. Cujaa 3€MHOTO TSATOTEHUSI Pa3TOHUT
MpeaMET O HEKOTOPOW CKOPOCTH — MOTEHIMAIbHAs SHEPrus NMepenIeT B KHHETUYECKYI0. 3aTeM
peIMeT YOapUTCs O MOBEPXHOCTh 3eMiIM U ocTaHoBUTCs. Kyna nenercs kuHerndeckas 3Heprus?
OHa mepeiier 4aCTUYHO B YNPYTYIO SHEPruio AchOopMalvy MOBEPXHOCTH 3€MJIM M HAIETro
IIpeIMeTa, HO B OCHOBHOM B TEIJIO, KOTOPOE MOKET, PACCEAThCS B TPYHTE, HEMHOT'O MOAOIPEThH
Hall NpeIMeT U B KOHIIE-KOHIIOB B BHJE DHEPTUU TEIUIOBOIO 3JEKTPOMArHUTHOTO H3Iy4YEHUS
VATH B MEXIUIAHETHOE MPOCTpPaHCTBO. OOMIast YHEPTUsi CUCTEMBI 3eMIIS-TIPEIMET YMEHBIIIUTCSI.
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UroObl ee BOCCTAaHOBUTH (OMSATH MOTHATH HAIIE TENO) HAaXO MPOU3BECTH padory. Dta padora
OyJeT MoYTH TOYHO paBHA YHEPTUH, BBIICIMUBILEHCS MIPH yaape B BUJE Terja (HEMHOIO MEHbIIIE,
100 TIpH MOAbEME HAM MOTYT IIOMOTaTh OCTATKH YIIPYTUX CHII).

BennunHa, Ha KOTOPYIO YMEHBIIUTCS DSHEPTUs CHCTEMbI <«3eMIIS-TIpeAMET» TOocie
naJicHus MpeaMeTa Ha 3eMITI0, MOXKET OBbITh Ha3BaHa JHeprueil cBsi3m cucrembl. C sHepruen
CBSI3U MBI TTIOCTOSTHHO MMeeM aeio. B Henpax CoiHIla U B BOJIOPOIHON O0MOE MPOUCXOIUT (ecin
TOBOPUTH YIPOLICHHO) CIUSHHUE SAep aTOMOB BOJOpOJa C 00pa3oBaHHMEM s1pa Tenus |
BbIJIEJICHEM OTPOMHOW JHepeuu c65A3u B BUJE KUHETHYECKONW SHEPrHMH IMPOJYKTOB sIEPHOU
peakuuu, KOTOpas pacceMBaeTCs B OKPYXKAWIIEH cpeiae B BUAE Tella W HU3NydeHHs. B
ABTOMOOMWJIBHOM JIBUTaTelie BOJOPOA U YIiepoa OeH3WHA CBS3bIBAIOTCS C KHCIOPOAOM -
BBIJICJISICTCS] M TIPEBPAIIAETCS B TEIJIO ONATh 9Hepeus c6:A3u (B JAHHOM Cllydae - XMMUYECKON).
Yem mpouyHee CBsA3b - TEM OOJBINE BBIACISICTCS SHEPTUU MPU €€ 00pa30oBaHUU M TEM OOJIbIIIE,
COOTBETCTBEHHO, IOTpeOyeTcs 3aTpaTUTh SHEPruH, YTOOBI ATy CBS3b CHOBa pa3opBaTh.
O6pa3oBanue TIOOBIX cmpyKkmyp BeEerAa CBA3aHO C BBIICIEHUEM U PAacCESHUEM DHEPIUU CBA3H,
TO €CTh BCEr/la CBSI3aHO C AUCCUNIAlEn (paccestHUEM) SHEPTUHU B OKPY KaloIIeH cpee.

Kcratu, mpexnae uem o0pa3oBaTbCsl yriaepoA-KUCIOPOAHBIM U BOJOPOA-KUCIOPOAHBIM
CBSI3SIM TPU CXKUTAHWU TOIUIMBA JIOJDKHBI OBITH Pa30pBaHBI CBSI3U MEXKIY YIJIEPOIHBIMH U
BOJIOPOJHBIMU aTOMaMH B YIJIEBOJOPOJax O€H3MHA, a TaKKe MEX]y aTOMaMH KHCIIOpOJAa B €ro
MOJIEKYJIE, Ha YTO HYXXHO 3ampauueams dHepruto. Ho MexaToMHbIE yIIepoAHbIE U BOAOPOIHBIE
CBS3M B MOJIEKYyJaX TOIUIMBA U CBSI3M B MOJIEKYJIE KHCIOpOJa HaMHOro ciabee KHUCIOPOIHBIX
CBs3e B TPOAYKTaX CropaHusi, M 3aTpaThl TOpa3l0 MEHBIIEC BBIUTPHINIA. DHEPIHs,
3aTpaurBaeMas Ha pa3pblB CBs3e B KOMIIOHEHTaX Troprodeil cmecu (M Ha COIMKEeHHe
OCBOOOJIMBIIIUXCSI aTOMOB C aTOMaMH KHUCJIOPOJa), HA3bIBACTCS JHEPrueil akTHBAUMU U
yepriaeTcsi U3 TEIJIOBOro JBMXKEHHsS Mojekyil. [lomkuranue cMecu UCKpoMl - 3TO cooOuieHue
MOJIEKyJaM HEOOXOJUMOM NepBOHAYAJIbHOW SHepruM axkTtuBauuu. Jlameme ropenue
MOJJICP’KUBACTCS yXKe 3a CUET TEeIUIa, BbIAEIsIeMOro B ero npoiecce. Eciu 651 He HE00X0MMOCTh
B DHEPTUM aKTUBAIUM BEIIECTBA, CIIOCOOHBIC CBS3BIBATHCS C BBIICICHHEM YHEPIHH (HAPUMED
OpraHvKa B 3eMHOM KHCIOPOJIHOUM aTMocdepe) BooOIe He MOTJIA ObI CYIIECTBOBATh B COCEICTBE
ApYT € ApYyTOM.

B ypaHOBBIX sIIepHBIX pEaKTOpax, € IMOMOUIbI0 KOTOPBIX YXKe ceiuac MpOu3BOIAT
npuMepHo 10% >7eKTpO’HEPruu B MUpPE, UCTOUYHHKOM PHEPTUU CIYXKUT OeleHue SAep ypaHa.
Ho, Tem He MeHee BbIIEsSeTCs OMATh-TaKH YHEPIHsl CBSA3H: B «OCKOJKAX» pa3/eIUBIIErocs sSapa
ypaHa HYKJIOHBI CBS3aHBI MPOYHEE, YeM B HCXOJHOM SIIpE, W Pa3HUIA DHEPTHHl CBS3U H
MEPEXOIUT B KNHETUUECKYIO SHEPTHUIO MIPOJYKTOB JIEJIEHNUs, a 3aTeM B TEILJIO.

Bonmopoa - ocHOBHOM »neMeHT BcelleHHOM, M CHHTE3 Trelus M3 HEro - OCHOBHOW,
NEPBUYHBIN, UICTOYHUK SHEPTUM I BCeX HAOII0AaeMbIX HaMM MpoleccoB. Bce Hamm 3emHbIE
rOproYre MCKOMaeMble U KUCIOpPOJ aTMoc(hepsl - 3TO MPOAYKT BO3JIEHCTBHS Ha 3eMITI0 SHEPTUH
Conniia, KkoTopasi o0yclIOBJIieHa CHHTE30M renus u3 Boaoponaa. Mzmydenne ComnHila pa3pbiBacT
XUMHUYECKHE CBSI3U U 3aITyCKAET CIOKHBIC IIETOYKU PEAKIIUi, KOTOPBIC MPUBOIAT K HAKOTUICHUIO
MOTEHIMATBHON XMMHUYECKON YHEPTUHN UX MPOTYKTOB.

3.2.2. TennoBas sHeprusi. [lonarne kaudectBa sHepruu. Bropoe Hayano
TEPMOJMHAMUKH.

B npuBeneHHBIX MpuMepax, Ipy BCeX peaklUsax, BBICBOOOKIAIOIMIMX SHEPTUIO CBS3H, 3Ta
OHEPIUA NMEPEXOIUT B KOHEYHOM HUTOTC B TEIJIOTY (I/I OTHaCTHU B U3JIYUCHHUC - B Ty €ro 4acTthb,
KOTOpasi yXOAUT B TPOCTPAHCTBO, HUT/E HE MOTJomasch). Yto xe Takoe terora? Kak BbI,
HAaBCPHOC, TIOMHUTEC, TCIJIOTA - 3TO, 10 CYHICCTBY, TOKC KUHCTUYICCKAs SHCPIUA, HO 3TO SHCPTHUA
HeyNops/I04eHHOr0, Xa0THYeCKOro JBIKEHUs Mosiekyna. M3 HaOmrogeHuit Mbl BHIUM, YTO



45

nepexo BCeX BUIOB SHEPTUH B TEIUIO - 3TO HanboJiee pacpoCTpaHEHHBIN MPOLECC BOKPYT HAc.
TpeHue npucyTcTByeT Be3Jie, U OHO MPEBpaIIaeT YIOPAI0UEHHOE JABM)KEHUE MaTepUAIIbHBIX Tell
B Xa0THYECKOE JIBM)KEHUE COCTABJISAIOLIMX MX MOJIEKYJN, Harpesas Tpyluecs nosepxHoctu. llpu
paboTe J0OBIX AIEKTPUUECKUX MAIWH, IPU Mepeaaye SHEPruu Mo MPOoBOJaM 4YacTh €€ BCerjaa
IIpeBpallaeTcs B TEIIO.

[Tepexon MexaHUUYECKOW, XUMUYECKOW MJIM HHOW SHEPTHH B TEIUIO - HeoOpaTuM. JIro0o0ii
U3 ATUX BUAOB YHEPIMM PAHO WU MO3IHO CAMONPOU3BONLHO U NOAHOCMbIO TIEPEXOAUT B TEILIO.
XaoTHUeCKoe K€ JBMKEHHUE MOJIEKYJ YK€ HEllb3sl J1aXe ¢ MOMOIIbIO CIeIHATbHBIX YXUIIPEHUMA
HOJIHOCMbI0 TIPEOoOpa3oBaTh B KAKYO-IMOO TOJIE€3HYI0, CBS3aHHYIO C VNOPAOOYEHHBIM
JIBUKEHHEM, paboTy, TaKylo Kak MOABEM Ipy3a Ha HEKOoTopyio BbicoTy. KadecTBO 3Hepruu
NOHMKAETCHA B pe3yJIbTaTe NMepexoa ee B TeIIo.

W3 Hamumx paccykIeHUH CclieyeT caMO OINpeJesIeHHuEe IOHATUSL noNe3Has paboma.
[ToBTOpHUM €ro euie pa3. B TepMOAMHAMUYECKOM CMBICIIE HOIE3HOU CIeAyeT Ha3bIBaTh TaKYIo,
NMPOU3BECHHYI0 HAJl HEKOTOPOH cucmemoit padoTy, pe3yjbTAaTOM KOTOPOil SIBJSETCS
yBeJIH4eHUe nopA0Ka B 3TOH cucTeMe.

Heckonbko cioB 00 wusnyuenuu. Bple, KpomMe TeIIOTHI B KauyecTBE KOHEUHOTO
pe3ysbTara MpeBpalleHusl 3HEPTUN Mbl YIOMSIHYJIM U3JIy4YEHUE, YXOAAIIEE B IPOCTPAHCTBO. JTO
TaK €CJIM Mbl UM€eM BBHIY Tpolecchl B Hamied ConHeyHo# cucteme. [ 1e-To 0YeHb IalieKo 3TO
U3JIyYEHUE UMEET BEPOSATHOCTh TOXKE B KOHIIE-KOHIIOB IOIVIOTUTHCS U nepeltu B Temno. Ho
KpOME TOT'0 M3JIy4YeHHE B 3aMKHYTON CHCTEME MOXKET SIBJISTHCS U HOCUTENIEM TEIJIOBOM SHEPruu
B IIPSIMOM CMBICIIC. DHEPIrHsl KaKJ0W MOJIEKYJIb BKIIIOUAET B €01 IHEPTHUIO €€ MOCTYINAaTeIbHOTO
BpalllaTeIbHOIO U KO0Je0aTeNbHOr0 IBUKEHHSI, HO KPOME TOT0, (KOTr/1a OHa I0CTaTOYHO BEJIHKaA) -
SHEPTHUIO, CBSI3aHHYIO C BO30YXJIEHHUEM 3JIEKTPOHHBIX YpOBHeW M ¢ moHmzauueil. IIporecch
MEPEXO0/I0B MEXAYy BO30YXKICHHBIMU COCTOSHUSMHU W IPOLIECCH MOHU3ALUU U PEKOMOMHALIUU
MOHOB CBSI3aHbI C UCITYCKAaHUEM U IOTJIONICHUEM KBAaHTOB 3JIEKTPOMArHUTHOTO U3JIy4YeHUs. DTH
KBAaHTBI, OECIOPSIOYHO HU3IY4asiCh W IMOTJIOLIASICh, HAXOISATCS B MENI080M pAGHOGeCUU C
BELIECTBOM U BHOCSIT CBOM paBHOIIPABHBIN BKJIAJ] B €T0 MeEN106)10 SHEPTHUIO.

Temo oOpa3yercs B OOJNBIIMHCTBE MPOLIECCOB HEPABHOMEPHO, Mbl BUJIUM Te€Jla HarpeThie
no-pazHomy. KonudecTBeHHass Mepa CTENEHHM HAarpeTocTH Tejla, KOTopas MpOoNOpLHOHAIbHA
cpenHEel BeIMYMHE KHHETUYECKOM OSHEPrHMHM COCTABIAIOIIMX €ro MOJIEKYJ, Ha3bIBaeTcs
Temmeparypoii. I3 omnpeaeneHuss scHO, 4YTO Temmeparypa (KOTOPYIO Ha3bIBalOT €LIe
TepMOJAMHAMUYECKOH TemmepaTypoii u wu3MepsioT B KeJbBHHAX) HE MOXKET OBITh
OTpULIATENIBHOM, MHHUMAalbHas TeMmieparypa, paBHass (0, COOTBETCTBYET 6 KIACCUHUECKOM
npubudceHuy HYIEBOW KHUHETHYECKOM SHepruu OecropsAoYHOro JBMKEHHS MOJEKYl U B
pEANBHBIX Mpolieccax, MOCIeA0BaATETbHBIMU MTPUOIIKEHUSIMU JOCTUTHYTA OBITH HE MOKET.

(MBI Hamucanm «B KJIACCHUYECKOM MPHUOJIMKEHUNU», B TOM MPUOIMKEHUU MBI U OyaemM
U3JIaraTh TaKyl «KJIAaCCHYECKYI0» HayKy, KaK TEpMOJAMHAMHKA, HO HAJ0 HE 3a0bIBaTh, 4YTO
BOJIM3U aOCONIOTHOTO HYJSI CTAHOBSITCS CYHIECTBEHHBIMU 3aKOHBI KBAaHTOBOM MEXaHHKH, TaKue
KaK MPUHIUI HEONPEIEICHHOCTH M MPUHLMII 3ampeTa. Y MEHBIICHHE aMIUTUTYIbl TETIOBBIX
Kojie0aHUN MOJEKYyJabl 10 HYJS JIOJDKHO MPHUBECTH K TOYHOM (UKcAllMM €€ TOJNIOKEHHS U
uMIyiabca (paBHOTO HYJIIO), YTO 3alpelieHO MPUHLUIIOM HeompezaeneHHocTH. Kpome Toro B
VIOPSA0OYEHHON KBAaHTOBOW CHCTEME @epMuoHsl, K KOTOPHIM OTHOCSTCSI U DIIEKTPOHBI H
MPOTOHBI, HE MOTYT HAXOAUTHCS B OJIMHAKOBBIX KBAHTOBBIX COCTOSIHUSIX M, 3HAYUT, OAUHAKOBYIO
(HyJleByI0) SHEPruI0 MOXXET UMETh JHIIb HEeOOoJbIIoe WX 4ucio. JIJis oCTalbHBIX HAaWHU3MIAS
BO3MOXHast sHeprus Oyzer 6onpiie Hyst. CylecTByeT MOHIATHE HYJIeBble KoJIe0aHUsA aTOMOB, C
KOTOPBIMU  CBSI3aHBI HEOOBIUHBIE HHU3KOTeMIlepaTypHble 3(P(DEKTh, HEOOBICHUMBIE C
KJIACCUYECKOM TOYKHM 3PEHHUS, TaKUE KaK CBEPXTEKYUYECTb JKUIKOTO TIelHsl U HEBO3MOYKHOCTb
MEPEBECTHU €r0 B TBEPJIOE COCTOSHUE HU MPU KaKOW TeMIeparype.)

IIpu KOHTaKTE TEII ¢ pa3HOM TEMIIEPATypOU IIPOUCXOAUT MEPETOK TEIIa OT ropsAYero rea
K XOJIOJJHOMY JI0 TIOJIHOTO BBIpaBHHUBaHUS TeMIiieparyp. [Ipu 3ToMm, XOTs NMOJHBIN 3amac SHEepruu
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COXpaHsieTcs, Ka4ecTBO e¢ MmoHmxkaercsa. llon xauecmeom sHepruu Mbl OylIeM MOHUMATh €¢
CIIOCOOHOCTH MEHSTH CBOW BUJ M, B YACTHOCTH, NIEPEXOAUTh B MEXaHUUECKYIO padoTy. Kauecmeso
9Hepauu mem @vluie, 4em 6 OobuLee YUCIO OPY2UX BUOO8 OHA MOdiCem nepetumu u yem 60abuasl
ee yacmov Modcem OblMb nepegedeHa 8 MexaHuieckyio pabomy. Mbl 3HaeM, 4TO, UMes TOPSTUUi
HArpeBaTeNIb U XOJOMHBIN XOJOIMIBHHUK, MOKHO MMOCTPOUTHh TAKYIO MAIIUHY, KOTOPas MMO3BOJIHT
YyacTb HU30BITOYHON ([0 CPAaBHEHUIO C XOJOJWJIBHUKOM) TEIJIOBOM SHEPrUU HarpeBaTens
MEepPeBeCTH B TMOJIE3HYI0 paboTy, MpHUYeM 3Ta 4YacTh TEM MEHBIIE, YeM MEHbINE pPa3HOCTh
temneparyp. Ilocie BripaBHUBaHUS TeMIepaTyp 3TOTrO cleaTh yKe Helb3sd. KadecTBo sHepruu
cTajo HWxke. Pa3nuume Temmeparyp pasHBIX TeJl - 3TO TOXE DJIEMEHT YNOpsA004UeHHOCU,
BbIPaBHUBAHUE TEMIIEPATYP ATY YINOPSIOYEHHOCTh YHUUTOXKAET.

[Iepexon mOTEHUUANBHOM M KMHETHYECKOM SHEPrUU YIOPSAOYEHHOTO ABUKEHUS WIIHU
pacmojio’)KeHusT B TEIJIO, a 3aTeM BbIPABHHBAHHE TEMIEPATyp - 3TO MNEPEXOJ CHUCTEMBI W3
COCTOSIHUSL MeHee 8epoAmHOo20 B COCTOSIHUE Oonee geposamuoe. Takue MPOIECChl MPOTEKAIOT
CaMOIIPOU3BOJILHO MPU OTCYTCTBUM BHEUTHUX BO3JCHCTBUI Ha CUCTEMY.

Bor 3Ty HampaB/ieHHOCTHh BCeX CAMONPOU3BOJILHO NMPOTEKAKIIUX MPOIECCOB B
CTOPOHY YBeJMYeHHS BEPOSTHOCTH COCTOSIHUSI CHCTEMbI U IMOHUKEHHSI KauecTBa SHEPTUu -
X HEOOPATHMOCTD - HA3BIBAIOT BTOPHIM HAYAJIOM TEPMOIMHAMHKHU.

(Kpome stux nByx Haunbosee Ba)XKHBIX, OMPEICNIAIONINX MPOTEKaHHE BCEX IMPOLIECCOB B
HaIlleM MHpE, WHOTJAa Ha3bIBAIOT €Ie J[Ba Hayaia, KOTOPhIE s Ha3Bald Obl BCIIOMOTATEIbHBIMHU:
HYyJIeBOe, KOTOpOe, 10 CYIIECTBY, IPEACTABISIET COOOM onpeaeseHNe MOHATUSL TEMIIEPaTyphl, U
TpeThe (Wi Teopema HepHcTa), KOTOpO€ MOCTYJIHMPYET PaBEHCTBO HYIIO SHMpOnuu TpPH
TeMITepaType abCOIIOTHOTO HYJIS.)

OOpatHble MpoIECChl, EPEBOAAIINE CUCTEMY U3 00Jiee BEPOSITHOTO COCTOSIHHSI B MEHEe
BEPOSATHOE, CAMOMPON3BOJIILHO IPOTEKAaTh HE MOTYT, OHU BO3MOKHBI TOJIBKO MPH CIELHUaIbHBIM
00pa3oM OpPraHU30BAHHOM n00800e IHepeuu W3 KaKOTro-TuOO BHEMIHEro ncrouHuka. C TakuMu
MpoLecCaMH YeJIOBEK MO3HAKOMMJIICS M Hayal MX U3ydaTh ¢ M300peTeHHeM MapoBON MAIIUHBI -
MEepBOM MAIIUHBIL, TSI TPEOOpa3OBaHUsI XaOTHUECKOTO JIBUKCHHSI B OPTaHU30BaHHOE - TEIIa B
paboty. Kak BbI Bo3MOkHO moMHUTe KapHO g0Ka3an, 4Tro Takoe mpeodpa3oBaHre HE MOXKET ObITh
MOJIHBIM - 4YacTh TEIUIOBOM SHEPruu o00s3aTeNbHO JIOJDKHA OBITH paccesHa (OTAaHa
XoNoaWiIbHUKY). OTciofga cienyeT Apyras (GOpMylIHpOBKa BTOPOro Hayana TEPMOJWHAMUKH
(popmynupoBka KensBuna): HeBo3MoO:KeH mnpouecc, eIMHCTBEHHbIH pe3yJbTaT KOTOPOIo
€OCTOS1JI ObI B NMOIJIOLIEHUHN TEIUIOTHI OT HarpeBaTess W IOJHOIO0 NMpeo0pa3oBaHMs ITOM
TeIJIOTHI B padory.

HauGonpmas monst temia, KoTtopas, B Hicalie, MOXKET OBITh MpeBpalieHa B padoTy,
OTIpE/ICNICTCS PA3HOCTHIO TEMIIEpAaTyp HarpeBaTelis M XOJOMWIbHHKA W pPaBHAa OTHOIIECHUIO
pPa3HOCTH OSTUX TeMmIepaTyp K TeMIeparype HarpeBarens. OTa BeJIMYMHA Ha3bIBAETCS
KOX((UIMEHTOM TOJE3HOTO ACHCTBHS (K.I.J.) UACATLHOTO IUKIA TEIJIOBOM MarmuHbl. JlroOoi
LUKJI OTJIMYHBIM OT U1€aTbHOTO UMEET MEHBIINHN K.I1.]1.

Bmopoe nauano mepmoournamuxu O3BOJSIET Pa3ACIUTh BCE MPOLIECCH HA ecTeCTBEHHbIe
- Tepexo]1 paboThl B TEILIO, MEPETOK TeIjIa OT 0oJiee TOPSYEro Telia K 0ojiee X0JIOJHOMY, CIoJIa
MO>KHO JI00aBUTh U TAaKOH HEOOPATHUMBIH Mpoliece, Kak MepeMennBaHue Pa3HOPOIHBIX BEIIECTB -
U NMPOTHBOECTECTBEeHHbIe. KOTMYEeCTBEHHON XapaKTEPUCTUKOM, BETMYMHA KOTOPOU onpeaesier
NPOTEKaHWE TMPOIECCOB B HW3O0JIMPOBAHHBIX CHUCTEMaX, SIBISCTCS JHTPONHS, KOTOpas
oTpezeNseTcs TaK, 4YTO OHA BO3pacTaeT MpU MPOTEKaHUU JH0O0ro caMOIPOU3BOJIBHOTO Tpoliecca,
BO3MO>KHOT'O B MU30JIMPOBAHHON CUCTEME UJIM ecrmecmeeHHo20 MpoLecca.

[Tpupamenue >HTponuu OBLIO ompeaeneHo (HOpMaTbHO KaK OTHOLIEHHE MPUPALICHUS
KOJIMYECTBA TEIUIOTHI K TeMIIepaType:

AQ
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T




47

JIr060i1 caMOITPOM3BOJILHO MPOTEKAIOIMINN B 3aMKHYTOH CHCTEME MPOIECC JIOJIKEH yBEIHMUUBAThH
9Ty BenuuuHy. [locMoTpum kakoBa OyneT 3Ta BeJIMYMHA NPU BBIPAaBHUBAHUU TEMIIEpaTyp B
HEpPAaBHOMEPHO HarperoMm Tene. IIpu 3ToM HEKOTOpOoe KOJMYECTBO TEIUIAa MEPEHAET OT ropsiuei
YacTH K XOJIOJHOHM - OJIHa 4acTh MOTEpsieT, a Apyras MpUOOpETeT OJHO U TO K€ KOJIUYECTBO
TeIU1a. DHEPIUsl CUCTEMBl HE W3MEHMTCS, HO Tropsdas 4acThb CHCTEMbI IOTEpSIET TEIJIO IIPH
OosblIel TemMIepaType, YeM XOJIOoAHas ee MPHOOpeTeT, U, 3HAYUT, MOTEPsl DHTPONUU Topsuen
4acThI0 OyIeT MEHBIIEH, YeM €€ YBEJIIMUCHUE B XOJIOTHON - SHTPOIHUS BCEH CUCTEMBI BO3pAcTeT.

DHTPOMHUST KaXKETCAd BEChbMa 3araJlouHOM M HENPUBBIYHOW XaPAKTEPUCTUKON COCTOSHHS
TEPMOJMHAMHYECKON CHCTEMbI, HO Ha CaMOM JIeJI€ OHa HE XYK€ M He Jydlle sHepruu. Eciu
JHEPIrus - 3TO Mepa HEKOTOPON nomeHyuaibHol BO3MOKHOCTA CUCTEMBI COBEPIIUTH MOJIE3HYIO
paboty, To ecTb ynopsadouenHoe delicmsue, TO IHTPOMHUS - 3TO Mepa KauyecTBa YHEPTUH, TO €CTh
peanbHoll CTIOCOOHOCTH €€ TPOM3BECTH padoTy 0e3 NPHBJICUCHHsS] BHEUTHETO BO3ICHCTBU.
OHTponus BO3pacTacT IpPU PACCESHUU DHEPIMM, IPU BO3PACTAaHUU  HEYNOPSAIOUYEHHOCTHU
CHUCTEMBI, IPHA BO3PACTAHUM XaocCa.

Hemenkuii ¢usuk JlrogBur bBonbiiMaH Halmen KOJWYECTBEHHYIO CBSI3b JHTPOIUU C
HEYIOPSAI0YEHHOCTHIO CUCTEMBI (UJIH C BEPOSITHOCTBHIO COCTOSTHUSI CUCTEMBI ):

S= klog W

Benmnunna W npencraBiser co0oil 4MCIO CIOCOOOB, KOTOPHIMH MOXXHO OCYIIECTBUTH
JAaHHYI0 CHCTEMY, M 3Ta BEJIMYMHA OIPENCISIET BEPOSITHOCTb PEAIBHOIO €€ OCYLIECTBICHMS.
Beskas, mo6as, ymnopsIO4YeHHOCTb OrPAaHMYMBAET YHCIO BO3MOXKHBIX KOHQUTYpaluid,
YMEHBILIAET BEPOSTHOCTh U BHTpomnuio. [lepememinBanue, MPOCTPAaHCTBEHHOE BbIpAaBHUBAHME
KOHILIGHTpAllUil YBEJIMYMBAET YHUCJIO BApPUAHTOB B3aMMOPACIOJIOKEHUN KOHKPETHBIX MOJIEKYII
o0ecreynBaoIUX JAHHYI0 KOH(PHUTypaIHio, a yBeJIUUYEeHUE TeMIIepaTyphl HJIM BHIPABHUBAHHUE €€
YBEJIMYUBAET YHUCIIO BAPHAHTOB paclpeiesieHUs: SHEPTUH MEKy MOJIEKYyIaMH, 00eCcTIeYuBaIOLINX
JAHHYIO CPEIHIO0 SHEPTHUIO.

Bropoe Hawano TepMOAMHAMUKM TOBOPUT O TOM, YTO BCE€ CaMOIPOU3BOJIBHO
IPOTEKAIOIIME TPOLECCH B 3aMKHYTOM (M30JMPOBAaHHOM) CHUCTEME BEAYT K YBEJIWYCHUIO
Oecriopsiika, K XaOTU3alUU U K CHIDKCHHMIO KadecTBa 3HEPTUU. 1O eCcTb K paspyuienuio ecex
CMPYKMYp U 3aMyXanuto 6cex npoyeccos (KOTOpble TOXXE MOKHO TPAKTOBATH KaK «CTPYKTYPBI»,
HO HE B IIPOCTPAHCTBE, a BO BpeMeHH ). Bropoe Hauano MOKeT cTaTh OYEHb HATJISAHBIM, €CITU Mbl
BCIIOMHHUM, KaK JIETKO «caM co00il» BO3HHKaeT OeCropsA0K B KOMHATE, U KaKUX YCHJIUH CTOHT
Mo/ /IepKaHUe TOpsAIKa.

[Tockonbky BceneHHyro B 1LI€JIOM Mbl JOJDKHBI pacCMaTpuBaTh KakK H30JUPOBAHHYIO
cucteMy (MO OTHOIIEHWHM K HEM HET HHUKAKON «BHEIIHEW Cpelbl»), TO Hall MHP AOJKEH
HEMpEepbIBHO JerpaaupoBarb. HalOmiogeHus roBOpST, YTO TaK W MPOUCXOIUT: OCHOBHBIC
UCTOYHUKH BBICOKOTEMIIEPATypHOU (AOCTATOYHO BBICOKOIO KayecTBa) TEIUIOBOM SHEpruu
HENPEPBIBHO €€ PACCEUBAIOT U, B KOHIE-KOHIIOB, OCTBIBAIOT, TO €CTh BBIPABHHUBAIOT CBOIO
TEMIEPATypy € TEMIEPATypol MeXrajakTU4eckoi cpeibl (KOTopas paBHa B HACTOsIIEE BpeMs
npubimsutensho 2,7 K). Ecnu 651 Beenennast cymiectBoBaia BeYHO, OHa JaBHO YK€ Oblia Obl
MepTBOM. OJHAKO, OHAa >KWMBa, U JAaxe Oojiee TOro, Mbl BHAUM, YTO CIOKHOCTh €€ BCE
YBEJIMUUBAETCS, BO BCAKOM CIIy4ae CJIOKHOCTh YBEIMUYMBAETCS B HAILIEM MaJI€HbKOM YTOJIKE - Ha
3emuie.

B cBoe Bpems Knaysuyc Beickaszan uueio o Heu30exHOM mennogou cmepmu BceeneHHOM.
A pa3 y BcenenHoli HeM30€KeH KoHey 3HAYHMT JTOJDKHO OBLIO OBITH M Hauano. IIpoTUB 3TOTO
BOCCTQJIM MaTE€pPHUAIMCThI, HOO OHM HE MOTJIHM IMPEJICTaBUTh ceOe Hayallo WHAue KakK B BUJE aKTa
00’KECTBEHHOTO TBOPEHHUS, TPUYEeM TBOpEHUsI BceneHHO# cpa3y Takol Kakas OHa €cTh cerdac,
TOYHee Jaxe OoJiee CIOXKHOW, nuddepeHrpoBanHoi (Beap no Kiay3nycy Bce MOXET TOJBKO
BbIpaBHUBATbCd U ymnpomiatbes). [loaToMy OHM TOBOpPWIM YKJIOHYMBO: BTOpPOE Hayaio
TEpPMOJMHAMHUKH, KOHEYHO, BEpPHO B Halled 4Yactu BcelleHHOU, TrAe TeMmiepaTypbl
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BBIPABHUBAIOTCS, a PHEPTHUs PACCEUBAETCSl, HO OYEBUIHO BO BCE beckoneunoul Beenennoii 3T0 He
TaK.

Ceifuac MBI BUIUM, YTO HAYAJNO0 HAwe20 Mupd, TIOBUAUMOMY, IACUCTBUTEIBHO Obllo,
JIOCTaTOYHO 3araJlo4yHoe, HO BIIOJHE MaTepuanucrudeckoe. lIpeciaoByras CHHIYJISPHOCTD,
KOTOpasi, pacUIMpssch, MpeBpaTHiach B Hamy BceeneHHyro, Morja OBITH MPOCTO HEKOTOPOM
KBAaHTOBOM (pIIyKTyalHel HaXOJUBIIErocsi B 0COOOM COCTOSIHMM BaKkyyMma, OJOOHON 3apObIiry
[IapOBOI0 IIy3bIPbKA B NIEPETPETON KUIAKOCTU. Pa3zyBasch, ropsYuil My3bIpeEK MOPOAUI BCE, YTO
MBI BUJIUM U U3y4aeM.

Kax »xe oH Bce 310 mopomwn? Bce pe3ynbraTel COBpEMEHHOro M3ydeHMsi BceneHHoi
TOBOPAT, YTO HA HAUYAIbHBIX CTAIUSAX PAa3BUTHS OHa IpeJCTaBisia cOo00M OAHOPOAHYIO
COBEpIIEHHO OECCTPYKTYpHYIO, CBEPXIUIOTHYIO OY€Hb TOpSUYI0 pPAGHOBECHYIO  CMECh
JIEMEHTAPHBIX YacTULl U (OTOHOB, HEMPEPBHIBHO IpeBpallarouuxcs Apyr B npyra. Kak xe
HOSIBUIIUCH (M TPOJIOJIKAIOT MOSIBIATHCS) CTPYKTYPHI - aTOMBI M MOJIEKYJIbI, TATAKTUKH U 3BE37bI,
a IIOTOM IIAHETHI U MBI C BAMU?

OTOT BONPOC JOIT0 CTABUJI B TYIIUK YUEHBIX, U TOJBKO B JBAJALIATOM BEKE OTBET Ha HETO
CTaJI IPOSICHATHCS, XOTS JAJIEKO HE BCE SICHO U ceiuac.

3.3. IlpyunHa BOBHUKHOBEHUS CTPYKTYp. JJMHAMHYECKUE CUCTEMBI U
JIVCCUIIATUBHBIE CTPYKTYPBI

Kak ™Mbl BBIICHWIM, JJI1 BO3HHKHOBEHHUS CTPYKTYp, TO €CTb 3aKOHOMEPHO
OpPTaHW30BaHHBIX, YCTOWUYUBBIX KOH(HUTyparuil, COCTABJICHHBIX U3 TE€X WIH HHBIX DJIEMEHTOB,
HEO0OXOJUMO CYIIECTBOBAaHHE OCTATOYHO MPOYHBIX CBA3€H MEXAy 3TUMHU diemMeHTamu. Jlis
o0pa3oBaHHUSl TaKUX CBs3e HEO0OXOaMMa BO3MOXKHOCTH IUCCHIIAIINU, PACCESHUS Kyla-TO B
okpydcarouyio cpedy sHeprum cBs3u. HyxHa "okpyxkaromas cpena’, To €CTh KaKas-TO UCXOHAs
HEOJTHOPOAHOCTD.

[lepBonpruunHa CTPYKTYpUpOBaHUSI Hamed BceleHHOWl B €€ HeCTalMOHAPHOCTH —
MCXOJIHOM HEOJHOPOJHOCTH BO BpeMeHH. BceneHHass pacimupsieTcss U OCTBIBAET, HHEPrHUs
paccenBaeTcsl, JHTPOIUS PACTET, HO 3TO PACIIMPEHUE MPUBEIIO K MOSBICHUS HOMOKA PACCEAHUA,
HEIMPEPHIBHOTO JIBM)KEHUS W HAIPABICHHOTO M3MEHEHUS COCTOSIHUSI BEIECTBA. DTOT MOTOK U
IpuBeI K 00pa30BaHUIO0 MAKPOCKONMYECKUX HEOTHOPOAHOCTEH - CTPYKTYp BCeX MaclITadoB.

MpsI BUIUM OY€HBb KPYMTHOMACIITAOHBIE HEOIHOPOIHOCTH: BEIIECTBO CKOHIIEHTPHPOBAHO
B 3B€3/1aX, 3BE€3/Ibl - B raJaKTUKaX, TAJIAKTUKHA B CKOIUICHUSAX M CBEPXCKOIUIEHUSX, U TOJBKO B
Maciradax, 3HAYUTENbHO OOJNBIINX, YeM pa3Mepbl CBEPXCKOIUICHHUS (3TO COTHH MUJLTHOHOB
CBETOBBIX JIET), BceleHHas NpPOCTPAaHCTBEHHO OJHOPOAHA. JTa OJHOPOJHOCTH OTpa)KaeT
OJIHOPOJIHOCTh MEPBUYHOTO 3apOJblIlIa, BO3HUKILIETO U3 CUHTYIApHOCTH. OHA COXpaHseTCs, Tak
KaKk BceneHHas B 1eIOM TPEIACTaBiseT COOOW HW30JUPOBAHHYIO CHCTEMY, B KOTOPOM
ONPENIETSAIOMIUM SBOJIOLUIO SIBISETCS MPOLIECC PacCesHUs BEIEeCTBA IMPU PACIIMPEHUU, HO
paccestHus 0e3 IPUBHOCA U BHIHOCA BEIIECTBA «3a MPEIEIIbI».

HeonHOpoaHOCTB, CTPYKTYpUPOBAHHOCTH OTACNIBHBIX 4YacTeld BceneHHOM CBA3aHa ¢ UX
KOHEYHOCTBIO M OTKPBITOCTBIO: JJISl KaX/JI0M TaKoW 4acTU MOKHO TOBOPHUTH O HeuiHell cpede, C
KOTOPOH MpOUCXOAUT OOMEH SHEpruei W 3HTponuei. MHUKPOHEOAHOPOIHOCTH, (IIYKTYallHuH
BO3HHMKAIOT M HCYE3al0T HEMpephIBHO, CIy4yailHBIM 00pa3oM W3-3a NPHUHLUIHAIBHO
BEPOSTHOCTHOH MPUPO/IBI MUKPOTIPOLIECCOB U MPOIIECCOB B OOJBIINX CTOXaCTHUECKUX CUCTEMaX.
Jns npeBpamenusi ke Qpaykryauuii B MAKPOHEOJHOPOAHOCTH W B CJIOKHbIE, pa3BUTbIE
CTPYKTYPBI He00X0IMM HANIPABJIEHHbIN MOTOK JHEPTUM U BelIeCTBA, KOTOPbIH N3HAYAJIBHO
U 3212€TCH paccesiHMEeM NP PACIIUPEHHH.

[Ipy BO3HUKHOBEHMHM M YCIOXHEHUH CTPYKTYPhl MPOUCXOJUT MECTHOE YBEIUUYCHHE
NOpsKa U, COOTBETCTBEHHO, YMEHBIICHUE SHTPOIMUHU, HO MPU ITOM B OoibllieM MaciTtade B
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CHCTEME, BKIIIOYAIOLIECH TAaKKE M 4acTh BHEIIHEW Cpelbl, SHTpOIUs Bo3pacTtaer. M3 Bcero, 4ro
HaM M3BECTHO K HACTOSLIEMY BPEMEHH, CIEYET, UYTO BCE CTPYKTYphI BO BceneHHoi BO3ZHUKIN B
pe3yabTaTe MPOTEKAHHWS TMPOLECCOB AMCCHUNMAIMM TIEPBOHAYAIBHO KOHIICHTPUPOBAHHOM
Tem1oBoi sHepruu. [Ipu 3Tom sHTponHs BeeneHHoM B 11€710M HEMPEPBHIBHO BO3pacTala, Kaxioe
MECTHO€ YMEHBIICHHE SHTPONUH MPU BOSHUKHOBEHUU YIOPSIOUYEHHBIX CTPYKTYP C U30BITKOM
KOMIIEHCHPOBAJIOCh €€ YBEJIMUEHUEM 3a CUET PACCESTHUS SHEPTUH.

[IpakTudyeckn Bce HamOoOJee CIOXKHBIE CTPYKTYpbl BOKPYT HAc - 3TO CTPYKTYPBI
AMCCUNATHBHBIC, OHU MOTYT CYIIECTBOBATh TOJBKO MPU HAIMYHUH HENPEPBIBHOTO «CKBO3HOTO»
IIOTOKA JHEPruM WM BemecrBa. [IpocTedmmi, KIaCCUMYECKUHM IIPUMEDP IUCCUIIATHUBHOU
CTPYKTYpBI - 3TO TaK Ha3bIBacMble siUeKU beHapa - nmpaBUIIbHBIE IECTUTPAHHBIE KOHBEKTUBHBIC
SIYEUKHU, BO3HUKAIOIIUE B IJIOCKOM CIIOE€ >KHJAKOCTH, MOJOTrpeBaeMoi cHU3y. OHU MOSBISIOTCS
IIPU YBEIMYEHUM TEIJIOBOTO MOTOKA JO OIPEAEICHHOW NOpPOroBOM BEIMYMHBI. BHYTpeHHsA
CTPYKTYypa 3eMJIH - TaK)K€ IUCCUMIATHUBHASL CTPYKTYPa, MOPOKIECHHAs KOHBEKTUBHBIM MIEPEHOCOM
TeIUla ¥ MOJBHKHBIX JETKUX KOMIIOHEHTOB BEIECTBA U3 IIIyOMHBI K moBepxHocTU. CTpyKTypa
3€MHOM TOBEPXHOCTH - PE3yJbTaT KaK BHYTPU3EMHBIX JUCCUIIATUBHBIX MPOLIECCOB, TAK U MOTOKA
COJIHEYHON 5SHEpPruu, KOTOPBIM IMOIJIOMIAETCS B BHUJAE BBICOKOTEMIIEPATYPHOTO H3IyYEHHUS H
pacceuBaeTcs B BUJIE TEIUIA.

Kak »xe BO3HHMKaIOT CTpYKTYyphl Ha poHe nuccumanuu? Benp ecTecTBEHHBIE MPOIECCHI -
3TO CaMOIPOMU3BOJBHO MPOTEKAIOIINE IPOLECCHl, CBSI3aHHBIE C BO3PACTAHUEM SHTPOMNHUH, a
npoU3800CME0 IHMPONUY SKBUBATICHTHO Npouzso0cmesy 6ecnopsaoka M CBSI3aHO € pa3pylleHneM
CTPYKTYyp?

Kax mokazano nmaypearom HoGenesckoii npemun W.IIpuroxuHbpIM MpOTUBOpEUHUs 371€Ch
HeT. BO3HMKHOBEHHME [IMCCUIMATUBHBIX CTPYKTYp CBS3aHO C IIPOU3BOACTBOM H30BITOYHOM
HTponuu. [Ipu onpeneneHHbIX yCI0BUAX, BTN OT PAaBHOBECHS HEPAaBHOBECHAs CTallMOHApHAs
cHUCTeMa CTAaHOBUTCS HEYCTOMYMBOW M €CTECTBEHHBIM OOpa3oM IEpPEeXOJUT B HOBOE OoJee
OpraHW30BaHHOE COCTOSTHUE (C MEHBIIEH PHTpOMHUEH), KOTopoe oOecreuynBaeT B IeJIOM Ooliee
3pPeKTUBHOE, «U30BITOYHOE», TMPOU3BOACTBO OHHTPOIMU B Oojiee IMIUPOKOH cHUcTEMe
(OenapoBCcKasi KOHBEKIIMSI HAa HECKOJIBKO MOPSAKOB Oosiee 3¢h(HEKTUBHBINA CIOCOO TepeHoca u
paccesHMsl Temia, YeM TEIUIONPOBOJHOCTh). Takue TEepecTpOMKH MPOUCXOIAT  Ha
MAaKpOCKOITMYECKOM YPOBHE M MEXaHHU3M UX 3aKIIOYATCI B pa3pacmanuu HEKOTOPBIX
OTpECNIEHHBIX CIIy4allHO BO3HHKAIOMIMX (IyKTyanuil. 3amgada omucaHus W OOBSICHEHUs
BO3HHUKHOBEHHUS HA0JI0IaeMBIX CTPYKTYp pacraaercs Ha JABE: ONHMCaHuEe MPUPOABI U MEXaHHU3Ma
BO3HUKHOBEHHUS TMEPBUYHBIX (IYKTyalluii W ONUCaHWE MeEXaHW3Ma MpeBpalleHus] UX B
MaKpOCKOITUYECKHE CTPYKTYPHI.

HarnsausiMu mpumepaMu JUCCUTIATUBHBIX CTPYKTYp KpoMe siueek benapa siBisiroTCH,
HaIpUMep, [UKJIOHBIL, TOPHAA0 U CMepUH B atMocdepe, a Takke o0JlauyHble CTPYKTYpbI, HHOT 1A
OYEHb CJIOKHBIE M KpacuBble. Bce 3TO KOHBEKTHBHBIE CTPYKTYpbI, PE3KO YBEIUUYMBAIOIINE
3¢ (PeKTUBHOCTh TUCCHUMAMM TEIJIOBOW SHEPrUU U, 3HAYUT, MPOU3BOACTBO SHTPOIUHU.
JluCCUMaTUBHBIMU CTPYKTYpamMH B TMPHUHIIUIE TOW K€ MPUPOJIBI, XOTS U HEU3MEpPHUMO Ooee
CJIOKHBIMU SIBJISIFOTCSI M BCE JKMBBIE CYIIECTBA M 3KOJIOTMYECKHE CUCTEMBI, MOAIEPKUBAOIINE
CBOE CYIIIECTBOBAaHUE MyTEM HEMPEPHIBHOIO 0OMEHA BEIIECTBOM M SHEPTUEH C BHEIIHEH CPEIOi.

Hano ckaszatb, 4To KpoMe MAMCCHUIIATUBHBIX CTPYKTYp MBI BHUIUM BOKpYr ce0si U
PaBHOBECHBIE CTPYKTYPBI, CYIIECTBYIOLIME BHE MOTOKA SHTPONUH, HANpUMEpP, Kpuctamuibl. s
UX CYILIECTBOBAHMS HE HYXXHO INOCTYIUICHUS W PACCESIHUS SHEPIMH U YBEIUMYECHHS SHTPOIIHH,
OJTHAKO, JJISl 603HUKHOBEHUs TAKUX CTPYKTYp Bce 3TO Obu10 HeoOxoaumo. Kpucramn pacrer Kak
JUHAMHU4YECKasi CTPYKTypa B YCJIOBHMSX JHCCHUINALIMM M 34 €ro COBEPLICHHYIO OPTraHU3alHI0
3aIIau€HO YBEJIIMUEHUEM SHTPOMIHUH B OKPYXKAIOIIEH cpejie.

HOBTOpI/IM KOpPOTKO TO, YTO MbI I'OBOPpHJIM O POJIKX BTOPOIO Havdalla TCPMOJUWHAMUKH B
yCcTpoiicTBe MHupa. BTopoe Hawamo yTBepkmaer, 4yTo B JI000H HW30JUPOBAHHOM CHCTEME
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CaMOIIPOU3BOJIBHO TMPOTEKAIOT TOJIBKO IPOLECCHl, BEAYIIME K BBIPABHMBAHWIO TEMIIEpaTyp U
KOHIEHTpAIUH, PACCENBAHUIO U MOHIKEHUIO KayecTBa SHepruu. Takue mporecchl HeOOpaTUMBI.
B pe3ynbrare n0KHBI 3aTyXaTh BCE MIPOLIECCHI U pa3pylIaThesl BCE CTPYKTYpbIl. To, 4TO Halll MUp
CTPYKTYPUPOBaH M B HEM IMPOTEKAIOT AKTUBHBIE IPOLIECCHl, BCTYNWIO B IMPOTUBOPEUHE C
CYyILLIECTBOBABLICH KOHIIENIMEN CTAlIMOHAPHOCTH BceenenHoi: cymecTByomnas Be4Ho BeeneHnHas
JOJIKHA OBITH «MEPTBOI.

Jo cepenunabl XX BeKa 3TOT NApaJoKC Pa3pellacs MONYLICHHEM, YTO BTOPOM 3aKOH
TEPMOJMHAMHKHN HE UMEET CUJIbl B MaciiTabax Bceil BeceneHHOM, 4To CylIecTBYIOT HEM3BECTHBIE
HaM IIPOLIECCHl, HE MOAUYMHAIOINECS 3TOMY 3aKOHY, KOTOpBIE MOJAECPKUBAIOT CTALIMOHAPHOCTh
HaOmomaemoit Beenennoit. Celiuac crtano scHO, 4To BceneHHass HecTallMoHapHa, YTO HaAuwld
Bcenennas umeer Ha4yano M KOHEL M MPOTUBOPEYHS CO BTOPBIM 3aKOHOM TEPMOJIMHAMUKU HET.
Bce cymectBytomue BO BceneHHONW HEOMHOPOAHOCTH M CTPYKTYpPhl - pe3yibTaT €€
HECTAllMOHAPHOCTH, PACIIUPEHMs, U CBA3aHHOE C HHUMHU JIOKAJBHOE IOHM)KEHUE DHTPOIHU B
OTIIENbHBIX YacTAX Mwupa HE BCTymaeT B MPOTUBOpPEYHME C OOIMIMM €€ BO3pacTaHHEM.
MUKpOHEOJHOPOAHOCTH TOCTOSIHHO BO3HMKAIOT CIY4YalHBIM 00pa3oM, MpPEBPaTUTHCS KE B
CJIOKHBIE MAaKpOCTPYKTYPhl OHH MOTYT JUIIb IPU HAJIMYMKA CKBO3HOI'O IOTOKA BEIIECTBA U
HHEPTUH, 00YCIOBIEHHOTO JUCCUTIAIIUEH.

WTak, MBI )KMBEM B YCIIOBHSX JMCCHUIALMH, 3a BCE BBICOKOOPTraHW30BaHHBIE CTPYKTYPBI
MBI IUTATUM YBEJIMYEHHUEM Xa0oca U CHUKEHUEM KauecTBa dHEPIUH, U KOIJa-TO BCE ATO, IOXOXKE,
KOHYMTCS. BCTaer Bompoc: a Kak e Bce 3T0 Hadanoch? Kak CKOHIIEHTpUPOBAJICS TOT OTPOMHBIN
3arac YHEPTrUU BBICOKOTO Ka4eCTBA, KOTOPBIN ceiiuac pacxomyercs?

Hama Bcenennas pasneraercsa. 12-20 MwumapaoB JeT Ha3zal Bcs OHa Obuta
COCpPEeOTOYEHA B HHUYTOXKHO MAaJIOM OOBEME M HaXOIWJIaCh B TAaKOM COCTOSIHHM, KOTOpPOE
COBpEMEHHasi HayKa OINHCHIBaTh HE yMeeT. B 3Toil Touke ObUIO CBEPHYTO U MPOCTPAHCTBO U
BpeMs M BEIIeCTBO. IJTO ObUIO 0co00e cocTosiHME (U3NYECKOro Bakyyma. M B 3TOM
«IOMHPOBOM» COCTOSIHMH TMpou3onuia GIyKTyalus, KoTopas ¥ MOpoAuia Halll MUpP, TaK ke Kak
ceifuac (hIyKTyallMd MEHBIIETO TOPSIKA, pa3pacTasich, HOPOKAAIOT TUCCUITATUBHBIE CTPYKTYPHI
BOKpYT Hac. Bo3MOXHO, TaKkuX MUPOB BO3ZHUKIIO U BO3HHMKAET OECUMCIEHHOE MHOXECTBO, Kak
Iy3bIPbKOB BO BCKMIAIOIIEH BOJIE, HO OHM HE CBSI3aHBI IPYT C IPYrOM M MPUHIUINAIBHO HUYETO
HE MOTYT «y3HaThb» JIPYyT O JIpyTe.

Hamy BceneHHyro B LIeTOM MBI MOJKEM paccMaTpHUBaTh TOJBKO KaK H30JUPOBAHHYIO
CUCTEMY, KOTOpas pPacXoJlyeT 3amac SHEPIruu «BBICOKOTO KayecTBay, (3Ta HSHEPrusi TepsieT
Ka4ecTBO, JUCCUIINPYET), o0ecreunBas «Ku3Hb» Beenennoi. Ecnu B34Th 110001 orpaHUYeHHBIH
00beM Bo BceeneHHOM, OH OyAeT MpeACTaBIsITh COO0M HEU30JIUPOBAHHYIO, OTKPBITYI0, CHCTEMY,
KOTOPasi B3aUMOJCUCTBYET C OKPYXKAIOILIEH Cpelod. B OTKpBITON crucTeMe, KOTOpasi HENPEPHIBHO
0OMEHHMBAETCSI BEIIECTBOM M SHEPIrHEH ¢ OKPYXKAIOIIEH Cpeaoid, ITOT 0OMEH MOXKET 00eCTIeUHUTh
MECTHOE YBEJIMYCHHE TMOpSAAKA M YCIOKHEHHE CTPYKTYP, BKIIOYAIONIUX, B YACTHOCTH, OOJIACTH
BPEMEHHOM KOHLIEHTPAllMU YHEPTUH, JUCCUTIALN KOTOPOU CO3/1aeT yCIOBHUS JIJIs1 BOSHUKHOBEHUS
CTPYKTYp CIEIYIOUIero mnopsaka. Takue o00JacTH 4YacTO B TEPBOM NPUOIMKEHUH MOTYT
paccMaTpuBaThCsl KaK M30JMPOBAHHBIE U MEXAHWU3M CTPYKTYPHPOBAaHHUS MX B LIEJIOM TAaKOW ke
Kak 1 BceneHHol B nienom.

[Ipumep Takoil OrpaHUYEHHOW B MPOCTPAHCTBE OOJACTH, KOTOPYIO MOXXHO CUHUTATh
U30JIMPOBAaHHOM, MpeHeOperas B TMEPBOM MNPHOIIKEHUH JIOOBIMH B3aUMOJCHCTBUSMHU C
OKpY’KaloIIe cpenoi, sieisieT coboit Hama ConHeuHas cucrema. B TakoM mpuOMkeHWH 3Ta
CUCTEMA SBJIAETCA YMCTO AUCCUIIATUBHOM, M TOJIBKO IUCCUMALMS OINpPENEISIET €€ IBOJIOUHIO,
KOTOpasi IO3TOMY MOKET OBbITh I0CTAaTOYHO JETaIbHO MPOaHATU3UPOBAHA.
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3.4. Kak BO3HHMKAIOT HOBBIE CTPYKTYPbI? Y CTOMYHUBOCTD CTPYKTYPHI.
MexaHu3M 3BOJIIOLIUU

Crnenyrouii  BONPOC: KAK KOHKPEMHO NPOUCXOOUM B03HUKHOBEHUe (u3MeHeHue)
cmpykmyp? Mpbl TOCTaBWJIM 3TOT BOINPOC, HUMES B BHAY TEPMOJUHAMHUUYECKYIO TEOPHUIO
JTUCCUMATUBHBIX CTPYKTYp, HO TOpPa3/o paHbIIe ATOT BOMPOC ObUI MOCTaBJIEH Kak BOMPOC O
MEXaHU3ME JIBOJIIHHN, TO €CTh 3aKOHOMEPHOI'O, HAMPABIEHHOIO HM3MEHEHUSI E€CTECTBEHHBIX
00BEKTOB U CUCTEM.

[IpencraBiaenue o HameM MHUpPE, KaK O HEMPEPHIBHO 3BOJIIOIMOHUPYIOLIEM, CTAHOBICHUE
U pa3BUTHE KOTOPOTO MPOAOHKAETCS U B HACTOAILIEE BpeMsi, ObUIO BIIEpBble HAYYHO 0OOCHOBAHO
UYapnszom JlaiieneM B ero 3HaMeHUTOM Tpyae «OCHOBBI T€0JIOTMMY, BblLIeAIEM B cBeT B 1830-
1833 romax. Drta paboTa mpou3Beaa PEBOJIONHMIO BO B3TJAJAX HAa MPOUCXOXKICHUE BCETO,
OKpyXaromiero Hac. B Hell ObUI0O mMOKa3aHO, 4YTO MpUPOAA OONATAET CHOCOOHOCTHIO
camopazeumusl, 4TO JJi 3TOTO He TpeOyeTcs He TOJIbKO ycunui TBoplia, HO U BOOOIIe KaKUX-TO
BHEITHUX MCKJIIOUUTENBHBIX TOTYKOB. Ha ocHOBe aHanu3a ¢akxrtos Y.JIaiiens mpuien K BBIBOY,
YTO «...BCE U3MEHEHMS, KOTOPbIE MPOU30ILIN B TEUEHHE T'€0JOTHUECKON UCTOPUH, POUCXOINIIN
MOCTENIEHHO TMOJ] BIHUSHUEM (DAKTOPOB, KOTOphIE JEHCTBYIOT M B HACTOSIIEE BpPEMH.
CnepnoBarenbHO A1 OOBSICHEHUS 3TUX H3MEHEHHMH COBEpIIEHHO HE HYXHO mpuberatb K
MPEJICTABICHUSIM TPAHIUO3HBIX KaTacTpod - HEOOXOIUMO JUIIb JOMYCTUTh OYCHb JTUTEIbHBIN
CPOK CYIIIECTBOBAHMS 3€MIIN.

OonronmoHHbIe uaen Jlaiiens ceirpany CBOIO posib U B co3gaHuu Yapabs3oMm JlapBuHOM
€ro TEOpPHHM NPOUCXOKIEHUS BHUJAOB, IOCJIE MOSBICHUS KOTOPOM YYEHBIMU CTajld aKTUBHO
pa3zpabarbIBaThCsl TPOOJIEMbI KOHKPETHBIX MEXaHU3MOB OJBOJIOLHUU TMPEXKIE BCEro IO
OTHONICHUIO K OPraHUYECKOMY MHPY, a MOTOM K MUPY BooOIe. bbijio 3aMedeHo, 4yTo 3BOJIOLHUS
JKU3HU UJET B CTOPOHY VCIOMCHEHUs, a caMa >XU3Hb €CTh TPaHIAMO3HOE YCIOXXHEHHUE I10
CPaBHEHUIO C HEXHUBOM mpupoaol. M mMMeHHO 3arajgka BO3HMKHOBEHUS »KW3HHU, KOTOpasd,
Ka3aJ10Ch, MMPOTUBOPEUMIIA OCHOBHBIM 3aKOHAM TEpPMOJMHAMUKH, noaToikHynaa WM. [Ipuroxuna
Ha CO3/IaHUE €r0 HOBOM TEPMOJAMHAMUYECKON TEOPHH.

B npobneme »Bomtonmu, HauumHas ¢ JlapBuHA, OCHOBHBIMH BOIPOCAMH OBLIH: YTO
SABIISICTCSL Osudicywelt cunoti dBomonnn? Kax OCYIIECTBISCTCS TEPEXo] K HOBOW CTPYKType?
KoHkpeTHO B OTHOIICHUH Ouo102Uu4ecKkoll 360m0oyuu JIapBUH MPEUIOKII B Ka4ECTBE ABIKYIICH
CWJIBI CIIy4aiiHble U3MEHEHUS! U €CTECTBEHHBIH OTOOp, a B KaueCcTBE MEXaHH3Ma - MOCTENEHHOE
HAKOIUICHHWE TMPU3HAKOB, YIYYIIAIONINX KOHKYPEHTOCIIOCOOHOCTh. DTH TojoxkeHus [lapBunHa
OCHapUBAJINCh MHOTMMH YYE€HBIMH, OCHApHUBAIOTCA M CeWYac, HO HE CTOJIbKO B IMPUHIIMIIE
CKOJIKO B KOHKPETHBIX JCTAJIAX.

BriocnencTBuu napBUHOBCKHM 3BOJIOLMOHHBIN MOIX0/] OBbLI PacpoOCTPaHEH U Ha APYTue
MPUPOJHBIE OOBEKTHI: TeorpadudecKkue ITaHAMAPThl, TE€OJOTUYECKHE CTPYKTYPHI, TUIAHETHI,
IUTAHETHBIE CUCTEMBI, 3BE3/bl, TAJIAKTUKH U, HakoHell Beenennyto. [Ipu 3Tom OH ObUT yTOYHEH U
CKOPPEKTUPOBAH C MOCACAHUMU JOCTUKEHUSIMU HAYKH.

B otHOmeHun obweil s6om0yuy Haweeo mMupa cervac MOKHO CKa3aTbh, U4TO O08udCyujell
cunou sABIseTCs pacmMpeHue BceesleHHOM M quccunmanms, a €€ MexaHu3m OKa3alcs HE TaKuM
rIagkuM, Kak npeanosaran JapsuH. OH BKIIOYAET pe3Kkre CKAa4YK000pa3Hblie peodpa3oBaHus
CTPYKTYp. W3MeHeHue u, B YACTHOCTH, YCJIOXKHEHHUE CTPYKTYp HPOUCXOAUT HE IyTEeM
HEIMPEPBIBHOIO HAKOIUIEHHWSI MaJIbIX HM3MEHEHHH, a IYyTeM CKayKOB, CBA3AaHHBIX C PE3KOU
rIIyOOKOW MEepecTporKoid. DTo MocienHee MOJO0KEHHUE, OYEBHIHO, CIEAyeT B 3HAYUTEIbHOM
CTEMEeHH PACHpPOCTPAHUTh U Ha OMOJOTHYECKHE CTPYKTYPbI, MOAKOPPEKTUPOBAB B 3TOM CMBICIIE
teoputo JlapBuHa.

JleficTBUTENBHO, MBI BUJIUM, YTO Halll 3BOJIFOIMOHUPYIOIIUNA MHUP JHUCKPETEH: BELIECTBO
coOpaHO B TallaKTHUKH, 3BE3[bl, IUIAHETHI, 3BE3bl 3aKOHOMEPHO 3BOJIOIMOHHUPYIOT, MPOXOJIs
HECKOJIBKO JIUCKPETHBIX, YETKO pAa3JIM4YMMBbIX CTagud, Ha 3emMie€ Mbl BHIUM YETKO
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pa3liyaromuecss TUIbI TE€OCTPYKTYp Takue, KaK MaTepUKM U OKEaHbl, TOpbl U PAaBHUHBI, B
OMOJIOTUM - MHOXKECTBO OTYETJIMBO pasfuyalomuxcsi BugoB. Ecmu  Obl  3BOIIONUSA
OCYILIECTBIISIACh IIYTEM HOCHMENeHHbIX TIEPEXOAO0B W3 OJHOIO COCTOSHUS B JpPYroe, Takou
JUCKPETHOM KapTUHBI Mbl Obl HE BHUIEIUW - BCE TpaHUIBl ObUIM OBl CMa3aHbl, BCerAa
IPUCYTCTBOBAIHM ObI MHOTOYHCIICHHBIE TPOMEKYTOUHBIE (POPMBI.

Mpbl BUAMM JUCKPETHOCTh W B BELIECTBEHHOW - HMPOCMPAHCMBEHHOU - CTPYKTYpe
BcenenHoii u kaX10# ee 4acTH U B MPOTEKAHUU JTIOOBIX IBOIOMUOHHBIX MPOIECCOB, MEHSIOIUX
3Ty CTPYKTYPY - AUCKPETHOCTDH 80 8pemenu. OaHO cBa3aHo ¢ ApyruM. EqnuHeTBO Mupa Tpedyer,
yTo0bl Ha0JII0JaeMasi JAUCKpPeTHAs NPOCTPAHCTBEHHasi CTPYKTypa €031aBaJjach
AUCKPETHLIMH BO BpeMeHH MPOoLecCaMu.

Kak ocymiecTBisiioTcs ckaukooOpa3HbIe Mepex0/bl OTHONW CTPYKTYPBI B IPYTyIO?

Kaxgas nuccunaTuBHAs CTPYKTypa HpPEICTaBIsieT COOOH JAMHAMHYECKYH) CHCTeMY,
KOTOpasi COXpaHSEeT CBOIO MJIEHTHYHOCThb, CTAOMJIBHOCTB, OJlarofapsi HEmpepbhIBHOMY OOMEHY ¢
OKpYKalollel Cpeol M TaKOMy XapaKTEepPHOMY CBOMCTBY KaK YCTOMYHMBOCTb. Y CTOMYHMBOCTH
CBOMCTBEHHA KaK CTAaTMYECKUM, PaBHOBECHBIM CTPYKTypaMm, Tak U JIUHaMHueCKUM. CMBIC
MOHATHUS YCTOMYHUBOCTH B HEYYBCTBUTEJBHOCTH CTPYKTYPbl K H3MEHEHHI0 BHEIIHHX
yCI0BHI (B oOmNpeleeHHbIX KOHEYHBIX MpeAeaax) M B BO3MOMKHOCTH ISl JAAHHOM
CTPYKTYPbI BOCIIPOU3BOAUTHCS MPU BOCIIPOU3BEAeHNH TeX 7Ke YCI0BHI.

Bce 31 ycroBHst yCTOWYMBOCTH B TOYHOCTH MOTYT OBITH BBIIIOJIHEHBI TOJIBKO 6 uoedse, B
pPETbHOCTH BCErJa YTO-TO MEHSETCS M HHUKOTJa HE BO3MOXKHO, IOBTOPSS OIbBIT, TOYHO
BOCIIpOM3BECTU Bce ycioBuda. lloatomy npaxmuuecku ycTOMYHBOCTB O3HA4aeT OTCYTCTBHE
CylIeCTBEHHbIX OTKJIOHEHHH, COXPAaHEHHWE OCHOBHBIX, BaXXHBIX JUIsI HAC XapaKTepUCTHUK
CTPYKTYpPHI PY MPUOJIM3UTETbHOM BOCIIPOU3BEACHUU YCIOBUM.

Ecnu 651 cTpyKTypbl He 00J1ajalid YCTOMYUBOCTBIO, MBI HE MOTJIM ObI TOBOPUTH O HUX KaK
0 CTPYKTYpax BOOOIIE, OHM pPACCHINAIUCH OBl MOJ JACHCTBHEM IOCTOSIHHO HMMEIOIIMX MECTO
¢aykryanumii - ciaydallHBIX KoJieOaHWMW BHEIIHUX YCJIOBHM M TIapaMETPOB BHYTPEHHETO
COCTOSIHMSI CHUCTEMBI. YCTOMYMBOCTb CBSI3aHA C pEaKUME CHUCTEMbI, HAIPAaBICHHON Ha
nemrupoBanne QUIyKTyanuid: B yCTOWYMBOM cHcTeMe Bcien 3a (IyKTyarued BO3HHKAIOT
MPOIECCH, TPHUBOIANINE K HW3MEHECHUSM TMPOTHUBOIMOJIOXKHBIM (IYKTyalllH, TacsIiuM €e.
Hanpumep, ciydaiiHoe HW3MEHEHHE IUIOTHOCTH Ta3a B HEOONbLIIOM O0beMe NPUBOJUT K
BO3HUKHOBEHUIO TPAJMCHTA KOHIICHTPAIIMM MOJIEKYJ Ha ero rpaHulle, u nuddysus HemeaIeHHO
HAUYMHAET CTJIaXHUBATh 3TO U3MEHEHHE IIOTHOCTH.

B Oonee cnoxHBIX cucTeMax Oojiee CIOXHBI M MHOT0OOpa3Hbl W TPOILECCHI,
oOecneunBaromye ycroiunBocTh. CONMPOTUBICHHE CyJHA MEPEBOPAYMBAHHIO OOYCIOBJICHO
dopMoii ero Kopryca U 3aKOHOMEPHOCTBIO paclpenelieHus rpys3a, oJaronaps uemy Mpu KpeHe
BO3HMKAET BO3BPAIIAIOIINN B BEPTHKAIbHOE MOJ0XKeHHEe MOMEHT. [loaHsTHE TOp aKTUBU3UPYET
MPOIECChl MX pa3pyIIeHHs, a NporudaHue BIAAWH — IMPOIECCHl UX 3aMOJHEHUS OCAIKAMH.
[ToaTomy 3emiiss ycmouiuuso CoXpaHseT OuYeHb OJIM3KYI0 K HIealbHO HIapooOpasHoil (opmy.
OCOOEHHO CIIO’KEH KOMILIEKC MPOIECCOB, CIIOCOOCTBYIOMIMX CTAOMIBHOCTH BHETPEHHEH Cpeibl
JKUBOTO OpraHu3Ma IMpH OYEHb CHJIBHO MEHSIOIIMXCS BHEIIHMX YycloBusix. Hampumep,
TEMIEpaTypa Tejla TEIUIOKPOBHOIO >KMBOTHOTO COXpaHsieTcs ¢ TouHocThio a0 0,1 rpamyca mpu
M3MEHEHUU TeMIlepaTyphl BHELIHEHN cpeibl Ha BEIMYMHY BO MHOT'O IECATKOB I'PaTyCOB.

3.4.1. Mexanu3m notepu ycTonunuBocTu. MaremaTudeckas ‘“reopusi
Karactpod”

Ham Mup CcTpyKTypupOBaH, 3HAUMT BCE €ro CTPYKTYpHBIE 3JIEMEHTHl 00JIaJaloT
YCTOMUYMBOCTBIO, U B TO K€ BPEMsI OH MEHSETCA, BOIOIMOHUPYET. OTCI0/1a CIIEYeT, YTO BpEeMsl
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OT BpPEMEHHM HMEET MECTO M KaueCTBEHHas, CYIIECTBEHHAas IEPECTPOMKa CTPYKTYpPbl HIIU
COCTOSIHHSI CHCTEMBI. B 3TOM cilydyae Mbl TOBOpHM O moTepe ycrouuuBocTu. [Ipu morepe
YCTOHYMBOCTH OMpPEIEICHHbIE (IYKTyalluu TMEpecTaloT KOMIICHCHPOBATHCS, a Hao0OopoT,
KaTacTpo(UYECKH PacTyT 0 TeX MOp MOKa KaYyeCTBEHHOE, CYIIECTBEHHOE M3MEHEHUE CHUCTEMBbI
HE IOJIOXKUT 3TOMY pocTy KoHell. [lepexosa cucteMel B HOBOE COCTOSIHUE MPOUCXOAUT CKAYKOM,
KOTOPBIA ~ NOATOTaBIMBAETCA  W3MEHEHUSMHM  [1apaMeTpOB, OOBIYHO  Ha3bIBaEMBIX
ynpaBiasimumMu. MOMEHT CKauka ONpenensercs HEKOTOPbIM KPUTUYECKUM 3HA4YeHHEM
napaMmerpa, IpuOIMKeHHEe K KOTOPOMY MOXET OBbITh MEJIEHHbIM U IUlaBHBIM. [locnemusis
COJIOMHUHKA JIoMaeT xpebet BepOmoay. [locneaneee HUYTOXKHOE, B Tpesee OECKOHEUHO MaJloe,
M3MEHEHHUE KaKOTr0-TO MapaMeTpa MPUBOAUT K MOJTHOM, KapIMHAIIBHON NEPECTPOMKE.

Ecniu MBI craHem HarpeBaThb TE€pPMETHUYECKH 3aKPBITBIA COCYH, JO TOJOBUHBI
HAIOJTHEHHBINA BOJOH, TO JOJTOE BpeMsl Mbl OyJieM BUJETh B HEM OJIHY U Ty K€ KapTUHY - BOAY U
nap Hajg Hed - nBe (as3bl pas3zeseHHble PE3KOW TpaHuleil. ITO COCTOSHUE MOIAEPKUBACTCS
JUHAMHYECKHM paBHOBECHEM ITOTOKOB MOJIEKYJ M3 BOJbl B map U oOpartHo. M mumb 1o
JOCTHKEHUHU KPUTHUUECKOIN TeMIepaTyphl TPAHNLIA MEXKAY BOAON U APOM MCHOBEHHO NCUYE3HET -
CUCTeMa NepelJeT B KAauyeCTBEHHO HOBOE - HaOKpumuyeckoe COCTOsiHHME. TOYHO TakK xe
MTHOBEHHO MO JOCTH)KEHMHM KPUTHYECKOM BEJIIMYMHBI TOTOKA TEIJa BO3HHUKAET YETKO
CTPYKTYpUpOBaHHasi KOHBEKLM. [Ipy KpuTHYECKOM KpeHe CyJHO MIHOBEHHO NIEPEBOPAYNBACTCSA
BBepX AHOM. [0 JOCTMIKEHMM KPUTHMYECKOM MacChl ypaHa IPOUCXOIUT siAepHBIA B3peIB. [Ipn
W3MEHEHUH BHEIIHUX YCIOBUH JAJIbIII€ KAKOTO-TO MPEENA )KUBOE CYIIECTBO YMUPAET.

PaccmoTpuM 4yTh moapoOHee MoTepro OcTOMuMBOCTH CyqHOM. CyaHO C HOMEPEYHBIM
CEUYEHHEM KopmIyca MpUOIU3UTEIbHO MPSAMOYTrOJbHONH (OpMBI HMMEET JiBa YCTOWYMBBIX
MOJIOKEHUS - HOPMAJIbHOE U MEPEBEPHYTOE, - €CIU €r0 LUEHTP TAKECTH HAXOAUTCS BBIIIE IIEHTPA
IJ1aBy4decTd. ECM HEHTp TSHKECTH PacHoIOKEH HUXKE LIEHTPA IUIABYYECTH, TO YCTOWYUBO JIUIIb
HOPMAJIbHOE TMOJIO)KEHHE, HO NPAKTUYECKH TaKOW BapHaHT JUIsl HAJBOAHBIX CYIOB HE
BCcTpedaeTcs. B mepBoM cilydyae B HOPMAJIBHOM IOJIOXKEHUHU J1aXKe NMPU 3HAYUTEIBHOM KpEHE
CYIHO CIOCOOHO BO3BPAaTHTHCA B MCXOJHOE COCTOSIHHE caMO COOOM, TaKk KaK MpU €ro HakJIOHe
BO3HMKAET  BO3BpAlAIOMUA  MOMEHT, OOYCIIOBJICHHBI  OJHOBPEMEHHBIM  JCHCTBHUEM
MIPOTUBOIIOJIOKHO HAMPAaBICHHBIX CHJ TSDKECTH U IiaBydecTH. OJIHAKO CYIIECTBYET TaKOM
KPUTUYECKUIM yroJl KpEHa, NPEBBIIIEHHE KOTOPOrO MNPHUBOAUT K HM3MEHEHHMIO HANPABIICHUS
MOMEHTA CUJI U MOJHOMY MEPEBOPAYMBAHUIO CyJHA BBEPX KHIIEM - K MEPEXOAY BO BTOPOE €ro
yCTOMUMBOE cocTOsiHUE. OCHOBHBIX YNPABIAIOIINX MapaMEeTPOB B 3TOM CIIydae JiBa - MOJIOKEHUE
LEHTpA TSHKECTH CYJHA OTHOCUTENLHO €T0 IIEHTpa IUIaBYYECTH U YroJl KpeHa.

Takue ckaukooOpa3Hble TMEpPEeCcTpPONMKM NPHUHATO Ha3bIBaTh «KaTacTpopamu», U
MaTeMaThyeckass Teopus, Cco3JaHHas [UIi WX ONHUCaHUA, I[OJy4yusia Ha3BaHUE meopuu
kamacmpod. TlonuepkHeM cpa3y BO H30ekaHUE MYTAHUIIbL, YTO 3TU «KATACTPOQBD» HE UMEIOT
HUYEro o0IIero ¢ KaracTpodaMu, CYUUTABIIMMHUCS NpUYUHOU U3MEHEHUHN B IPUPOIAHON cpee 10
nosienenus tpynaa Y. Jlaitens. Te karactpodsl Obutn kKaTtacTpodamMud ¥ B OOBIYHOM CMBICIIE,
BBI3BAHHBIMM BHEIIHUMH, HHKAaK HE CBS3aHHBIMU C BHYTPEHHUMH XapaKTEPUCTHUKAMU
paccmaTtpuBaeMoil cuctembl, obcrositenbcTBaMu. «KaracTpodsl», 0 KOTOPBIX MBI TOBOPHUM
ceiyac, ONUCHIBAIOT HE NPUYMHBI M3MEHEHUN B MPUPOJHBIX CHCTEMAaX, a MeXaHusM ITUX
W3MEHEHUH U SBISIOTCS CIIEACTBUEM UX BHYMPEHHUX XaPAKTEPUCTHK.

MexaHu3M U YyCIOBUSI TOSIBICHUS TAaKUX CKAuKOB OIMCHIBAIOTCS TaK HAa3bIBAEMOM
TeopHueil KatacTpod, SBISIONICIHCS YacThI0 0OJiee MTUPOKON TEOPHH JUHAMHYECKHX CHCTEM.
DT0 MaTeMaTu4ecKasi TEOpHsl, O3BOJISIONIAs AHATH3UPOBATH OCOOCHHOCTH PEaTbHBIX MIPOIECCOB
C MOMOMIBIO MPOCTHIX MoJenell. Ee kauecTBEHHbIE PE3ysIbTAaThl IOKAXXEM, PACCMOTPEB €I1I€ OJIUH
MpUMeEp - MPOIIEIKUBAHUE H30THYTOM IIIACTUHBI (TIOJOCKH, WIHHEHKH).

VYnpyrasa miacTuHa, BBITHyTas BBEpX MMeeT BUJ apku. Eciau ee HarpyxaTh nocepeavHe
OHa Ha4yHeT NedOPMUPOBATHCS, HO OYIET OCTaBaThCS apKOH, BHITHYTOW BBEPX, XOTS U HEMHOTO
KpUBOW, 10 T€X IOp IOKa Harpy3ka HE JIOCTUTHET KPUTHYECKOW BEJIMYMHBI, MPU KOTOPOU
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IUTACTHHA «IIPOIICTKHET» U 3aiiMEeT CBOE BTOPOE YCTOMYMBOE IMOJIOKECHHE - MPOTMOOM BHU3.
BropbiM ympaBisiioliuM MapamMeTpoM B TaKOM KOHCTPYKIIMM MOXET OBbITh OOKOBOE CXaTHe,
obecrnieunBaroIiee UCXOAHYIO BBITHYTOCTh BBEPX: UeM OOIbIIE OHO, TeM OOJbIe KPUTHUYECKAsS
Harpy3ka ¥ CWJIbHEE MPOLIECIKUBAHKE.

Ecnu Takyro MIaCTUHKY MOCTaBUTh BEPTUKAIBHO M MOJIBEpraTh €€ BEPTUKAIBHOMY
CKaThi0O U OOKOBOM Harpy3ke B LIEHTPE CIpaBa WM CJ€Ba Mbl MOJIYYUM CHUCTEMY C JBYMS
MOJIHOCTBIO CUMMEMPUUHbIMY YCTOMUUBBIMU COCTOSIHUSIMU - BBITHYTOCTH BIIPABO M BBITHYTOCTD
BleBO. JleiicTBMe OOKOBOW HAarpy3Kd CHMMETPUIO HapyIIaeT, HO €CIM Harpy3ka TOJBKO
BEPTHKAIbHASI, 002 COCTOSIHHSI COBEPIICHHO PaBHOMPABHBL. MeX Ty HUIMH HAXOAUTCS COCTOSIHUE
CTPOTOM BEPTUKAIBLHOCTH, HEYCTOMYMBOE MPU HAIMYUHU COKUMAIONIEH BEPTUKAIBHON HAarpys3KH,
OHO pa3pylIaeTcs MpH JHO0H CKOJIb YrOIHO MAOH (PIyKTyalHH.

31ech XOpoIlo BUHA BakKHAsi 0OCOOCHHOCTh MOBEICHUSI TUHAMUYECKUX CHCTEM B MOMEHT
HEYCTOHYMBOCTH - HEOOHO3HAUHOCMb OdlbHelule2o nosedeHus. IIpy BO3HUKHOBEHUH TOJBKO
BEPTUKAIBHON CKUMAIOIIEH CHUJIbI JIMHEHKA MOXET BBITHYThCSI B JIIOOYIO CTOpPOHY, IpHYEM
BapHaHT, BBIOPAHHBIN €10 3aBUCUT OT CI)VYAUHLIX CKOJb YrOJHO MaNbIX (IYKTyalllii BHEITHHX
YCJIOBHM WJIM BHYTPEHHHX MapaMeTpoB. Ilociie Toro kak myTh majgbHEWIEH SBOJIONUHA BHIOpaH
(u3rubaHue HAYaJoCh B OIMPEACTEHYI0 CTOPOHY), CHUCTEMA YK€ HEe MOXKET CBEpHYThb C HETo, HO
caM BBIOOp TyTH - cjy4yaeH! Touka HEYCTOWYMBOCTH B ITOM CJIydae Ha3bIBACTCS TOYKOM
Oudypranuu wuIM pa3nBoeHUS. B moBeneHUE CHCTEMBbl B TOYKE OMQYpKAIMd BHOCHUTCS
MPUHIUIUAIIBHBIA SJIEMEHT CIYYatHOCMU.

OTO oOueHb BaXXHbIH MOMEHT. OKa3bIBae€TCs Mbl HMEEM [€J0 C MNPUHIMIHAILHOU
HEONPEIEICHHOCThI0O HE TOJBKO B MHUKPOMHpE, B MHpPE KBAaHTOB, HO MU B MHpE
MaKpPOCKOIMMYECKUX, HEMTOCPEACTBEHHO HAOII0JaeMbIX HAMH, SIBIICHUIA.

PaccmoTpuM  cHOBa  Hamly  BepTUKAJIbHYIO  YOPYTYIO  IUIACTUHKY  (JIMHEHKY),
n300paxeHHyro Ha pucyHke 1. Ee cocTosiHue onmuchiBaeTCss KOJTUYECTBEHHO BEIMYMHON CTPEIIBI
nporu6a X. M3MeHeHue 3Toi BENIWYMHBI ONPEJENSIOT 1Ba YHPaBIAIONIMX HapaMerpa: cuia Fy,
NEeHCTByIOMIAst BIOJIb Hee (BIOJL OCH Y), KOTOPYIO OyAeM CUMTaTh MOJOKUTEIHHON, KOT/Ia OHA
pacTsaruBaronias U OTpUIATEIbLHOM, KOT/Ia OHa CxuMaromas, u cuna Fy, aeiicTByromas Ha ee
CepenuHy B MEPIEHINKYIIpHOM HampaBieHuu (BHoyib ocu X). Cuma Fy momoxutensHa, eciu
HaIpaBJICHUE €€ ACHCTBUS COBMAJAET ¢ HampaBiieHHueM ocu X. Ecim cuna Fy oTcyTCTBYET, a cuna
Fy nosoxxurenbHa - TMHEHKA OpsMas U IPU 3TOM CUCTEMa HAXOAUTCS B YCTOMYHMBOM COCTOSHUU
(ecmn mosiBuTCs cuna Fy oTinyHas ot Hyns JMHEWKa MPOTHETCs, KaK MoKa3aHo Ha puc. la, HO
€CIIM 9Ta CHJIa MCYE3HET - UCXOJHOE COCTOSIHHE BOCCTAaHOBUTCA); eciau cuia Fy oTpunarenbHa
COCTOSTHUE <JIMHEIKa MpsiMas» CTAaHOBUTCS HEYCTOWYMBBIM: JII00O€ CllydallHOE CKOJIb YTOIHO
MaJjoe BO3JIEUCTBUE CKAUKOM MEPEBEAET €€ B OJJHO U3 COCTOSIHUMU - «JIMHEIKa BBITHYTa BIPABOY»
WJIH «JIMHEHKA BBITHYTA BIEBOY.

Kakoe u3 3TUX COCTOSIHHI peanu3yercs Mpu OTCYTCTBUU OOKOBOW CHIIBI MPEACKA3aTh
HEBO3MOXKHO: IIPH Iepexojie CUIIbl Fy OT MOJIOKUTENBHBIX 3HAYEHNUI K OTPULIATENBHBIM CHCTEMA
IpOXOAUT TOUKy OMpypkaunum. [lapameTp, BO3AEHCTBYIONINI Ha CUCTEMY MOJAOOHBIM 00pa3zoM
HA3bIBACTCSl pacCUIeNJIIIOIMM, TaK KaK €ro M3MEHEHHE MPUBOAUT B Touke Oudypkamuu K
pAaCILEIUICHUIO €IMHOW KPHUBOM, OINKCHIBAIOLICH IMOBEACHUE CUCTEMBI, HAa JBE PaBHO3HAYHBIX.
Br16op Mexay 3TUMH IBYMS IMHUSMU MOBEICHUS MOKET ONPEAEIISATHCS CIydaeM.

Ecnu cuna Fy orpunarensHa u JmHelKa BBITHYTa BJIEBO, MOJNOXKUTENbHAs cuna Fy Oyner
nehopMUpPOBATh JTUHEHKY, HE3HAYUTENIbHO YMEHbIIas CTpelry nporuda B cepeirnHe JTUHEUKH X,
MOKa HE TPOU30iAeT mMpolleiIKuBaHue BOpaBo (puc. 10). [lis Takoro mpoIeIKuBaHUs
noTpelyeTcst TeM Ooublast cuna Fy, aem Oomble oTpumarenbHast (CKUMAaroas) BeTUINHA CHITBI
Fy. I'padmuecku 3aBUCUMOCTD CTpeIbl Iporuda JMHEHKU OT CUIIbl Fy 1pu pa3inuHbIX 3HAYEHUSIX
cuibel Fy mokaszana na puc. 2. Mel Buaum, uro npu Fy > 0 5Ta 3aBHCMMOCTH OJHO3HA4YHA -
mo0oMy 3HaueHHI0 Fy coorBercTByeT eamHcTBeHHOe 3HadeHue X. Ilpm Fy < 0 xaxnomy
3HaueHuto Fy B ompe/eneHHoi o0acTu 0TBEYaeT y)Ke TPU 3HAUYCHUS X, COOTBETCTBYIOIIUX ABYM
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YCTOﬁqHBBIM COCTOSIHUSIM MU OJHOMY HGYCTOP'I‘{I/IBOMY, MOKa3aHHOMY HNYHKTHPHBIM Y4YaCTKOM
kpuBoi. (HeycToHYMBOMY COCTOSTHHIO B 9TOM CIIy4a€ COOTBETCTBYET CIIOKHas KOH(MUTypaIus
u3ruba JHHEWKH, KOTOPYID MOXHO CO3/IaTh HCKYCCTBEHHO, HO KOTOpasi HE peaau3yercs B
€CTECTBEHHOM IIPOIIECCE).

Iy AY
R>0 l F<0
'Fx |:x F
«—— | —> —*Xp) F
—p
> >
-Xq X1 X X1 X X

Puc. 1. Ilpocreiimas cucrema c «karactpodoii» - ympyras JUHeWKa Moj JeicTBUeM
MPOAOJBbHOM M TonepeyHol cuia. HWKHMI KOHEI JMHEWKU 3aKpeIUIeH MIAPHUPHO B Hayaje
KOOPJIMHAT, BEPXHUN HE 3aKPEIUIEH, HO MOXKET JBUTaThCsl TOJBKO BJOJIb BEPTUKAILHOM OCH. Q)
eciau Fy > 0 cTpena nporu6a X npsiMo ¥ 0JHO3HAYHO 3aBUCUT OT BEIMYMHBI CHIIbI Fy; 0) ecan Fy<
0 ogHOMY M TOMY K€ 3HAYEHUIO Fx COOTBETCTBYIOT JBa YCTOWYMBBIX MOJIOKEHHS JIMHEHKH - C
nporudamu X; u Xy, Mepexoa MeKAy KOTOPBIMUA BO3MOXKEH TOJIBKO CKAYKOM.
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Puc. 2. 3aBucumocts X 0T Hopmanvrozo napamerpa Fy pu pa3InyHbIX 3HAYEHUAX
pacwennsioujezo napamerpa Fy. IlyHKTHpHBIE yuyacTKH KPUBBIX 0003HAYAIOT 00JacTH
HEYCTONYUBBIX COCTOSTHUM.
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Puc. 3. 3aBucumocts X 0T pacujennarouezo mapameTpa Fy Ipyu pasaInuHbIX 3HAYCHHAX
Hopmanvro2o napamerpa Fy. IIpu F,=0 nepexon Fydepes 0 npuBoAXT K pacIlEIIEHUIO HA JBa
PaBHOIPABHBIX YCTOMYHMBBIX COCTOSIHUS, BEIOOP MEXKY KOTOPHIMHU IIPOUCXOIUT CydalHBIM
obpazom. Eciiu F,>0 npu  ymenbiienuu Fy 10 oTpuLaTeIbHBIX BEINYUH OJHO3HAYHOCTh
COXpaHsETCA.




58

Puc. 4. 3aBucumocts X 0T ynpasisomux napamerpos Fy u Fy, n3o0paxxeHHas Ha TpeXMepHOM
rpaduKe: nosepxHocmv pasHosecusi C OCOOEHHOCTbIO THIA «cOopka». Omobpadsicenue
Kamacmpogel Ha TIOCKOCTH YHPABIAIONIMX HapaMeTPOB MMEET BHJ yIJIa C OCTPHEM, KaKIOH
TOYKE ¢ BHYTPH KOTOPOTO OTBEYAIOT TPU TOYKH Ha TOBEPXHOCTH paBHOBecus - b, ¢ u d. B
obsactn KatacTpo(pl TPH HW3MEHEHHH YIPABIAIONIMX apaMeTpOB KOHEYHOE COCTOSHHE
CHCTEMbI 3aBUCHUT HE TOJBKO OT KOHEYHBIX 3HAUCHHW 3THX IMapaMeTpoB, HO U OT MYTH, IO
KOTOPOMY 3TH 3HA4€HHs OBUIM JOCTHUTHYTHI - MEPEXoJ B TOUKY @ M3 TOYKH O HA IUIOCKOCTH
YIPABISIFOIIMX AapaMETPOB MOXKET MEPEBECTH COOTBETCTBYIOUIYIO TOYKY Ha IOBEPXHOCTH
paBHOBECHUS B TOUKY @, €CIIM OH OCYLIECTBIIICTCS 110 MPAMON depe3 ONMKalIIyio CTOpOHY yrIia,
¥ B TOYKY O, eciiu myTh nepexojia uaeT B 00X0 TOYKH COOPKH.

Ha puc. 3 noka3ana 3aBuCHMMOCTb BenuuuHbl Iporuba X ot mapamerpa Fy. BugHo, urto
npu Fyx = 0 nepexon Fy uepes 0 mpuBOIUT K PACIIEIUIEHHUIO IPAMOM JINHUX HA JBE PABHO3HAYHBIX
KpuBblX, a npu F>0 npu mepexome Fy uepes 0 coxpassercs equHas IUIaBHas KpuBasd,
pacmojiokeHHasi Bbllle ocu abciucc. OTaenpHas KpHUBas, pacrlojoKeHHas HHUKe ocu alciucc,
OIMCBHIBAET COCTOSIHME, NOKa3aHHOEe Ha puc. 106 cmeBa oT ocu opauHat. [lepexon ¢ BepxHei
KPHBOIl Ha HI)KHIOIO HE BO3MOJKEH HU IPU KaKMX M3MEHEeHusx Fy, a oOpaTHO — BO3MOXKEH IO
JOCTHKEHUHM PACHICIUIAIOIIMM I1apaMeTPOM BEJIMYMHBI, COOTBETCTBYIOLIEH TOYKE IOBOPOTA
HIDKHEW KpuBOM. BepxHss, mpuxaTas K OCH aOCITUCC, BETBb HWIKHEHW KPHUBON COOTBETCTBYET
HEYCTOMYMBBIM COCTOSIHMSIM, U IIpU pocTe Fy n3o0paxaromias Touka B TOUKE I0OBOPOTA CKaYKOM
MEPEXO/IUT Ha BEPHIOIO KPUBYIO — JIMHEIKa MPOIIETKUBAET BIIPABO.

Ha puc. 4 3aBucumocts X(Fy,Fy) nokasana Ha tpexmepHoM rpapuke. OHa npeacraBiseT
c000# M30THYTYIO MIOBEPXHOCTh C OCOOCHHOCTBIO THIIA «COOPKA». DTO IEUCTBUTEIBHO COOpKaA -
XOpOILIO 3HAKOMasi HaM J€Tallb MOKPOs Ok Ibl. OHAa COCTOUT M3 ABYX CKJIAAOK, CXOASIIUXCS
BMECTE€ B OIHOM TOYKE — TOUYKe cOopku. Ckimanku u cOOpKa — 3TO CTaHJAAPTHBIE OCOOCHHOCTH
MHOro0o0pa3usi KaTracTpobl - HOBEPXHOCMU paAGHOGecUs, OTPAKAIOUIEH 3aBUCUMOCTb
UCCIIETyeMON XapaKTepUCTUKU CUCTEMbI OT YIPAaBIAIOMIHUX MapameTrpoB. Kaxkmas Touka Takoi
MIOBEPXHOCTU OIHUCHIBAET HEKOTOPOE COCTOSHUE CHCTEMBl M Ha3blBaeTCsi H300pakaromiei
TOUKOI. /Ipoexyus cOopku Ha IIIOCKOCTD YIPABJISIOLUIUX [TapaMETPOB UMEET BUJI YIJIa C OCTPUEM
Y Ha3bIBaeTcs oTo0paxkeHHeM KaracTpodnbl. Kax10il Touke BHYTpH 3TOr0 yIiia COOTBETCTBYIOT
TpH 3HaUeHUs X, BHE yIiia - OJIHO.

Ha tpexmepHoMm rpaduke nydiie BUAHO BIHMSHHE KaXJOTO W3 JIBYX YIPABISIFOIINX
napameTpoB. Ilpu u3MeHeHuMu pacwenasaroweco napamempa Fy npoekuus uzobpaosicarouyeri
MoyKy Ha TUIOCKOCTh YIPABIAIONUX IAapaMETPOB IBIMIKETCS BAOJIb OCH YIja, oOpa3yeMoro
npoekuuen cOOpKu, U, eciiu HopmanwbHulil napamemp Fy paBeH 0, MPOXOIUT yepe3 OCTpHE yIia.
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[Ipu 5TOoM nUIIL OT Cilydass 3aBHCHUT IO BEpXHEMY WJIM IO HIDKHEMY JHUCTY COOpku Oymer
JIBUTATHCS AJIbIIe cama n3o0paxaromas Touka Ha MHOrooOpasuu katactpodsl. Eciu Fy 60mbImie
WIM MEHbIIIE HYIIS MPOCKIUS U300pAKAIONIEH TOUKU MPOUIET CIpaBa WK CIeBa OT OCTpHs (WK
OT mouKku cOOpKu), W, COOTBETCTBEHHO, caMa H300paxkaromias TOYKa OJIHO3HAYHO W BITOJTHE
JETEPMUHUPOBAHHO MOMET MO BEPXHEMY WJIU 110 HUKHEMY JIUCTY.

N3menenune Fyx mpoBoauT mpoeKIuio n300paxkaromieil TOUKH Ha TNTOCKOCTH YITPaBIISIOIINX
napaMeTpoB mnomepek mnpoekuuu cObopku u npu Fy<O Tpaexropus wuzoOpaxkaroumeid TOUKU
nepecekaer ee rpaHuibl. Ha camoil cOopke 3TO MPUBOAUT K CKAyKy TOYKH, OIMCHIBAIOIICH
COCTOSIHME€ CHCTEMBbI, C OJHOI0 JIUCTAa TOBEPXHOCTH X Ha JApyrodl (Ha puc. 4 mokaszaHa
TPACKTOPHS M300paKAIOIICH TOYKH CO CKAYKOM C HIDKHETO JHCTa Ha BepxHuid). [Ipu sTom B
HallleM CcJydae peaju3yeTcss TaK Ha3blBA€Mbl NMPUHLIMI MAKCMMAJIBHOrO NPOMEAJICHUs -
CKa4yOK, KaK MpsAMOM Tak M OOpaTHBI MPOUCXOAMUT y AalibHEH TpaHMIIbl YIJa, 3aBUCUMOCTD
o0pasyet nem.to eucmepesuca (3T0 XOPOLIO BUIHO HA pUC. 2).

JIBukeHune m3o0paxaromeldl TOYKU MO TMOBEPXHOCTH PaBHOBECHS [TOMOTAET MPOCIEeINUTh
Kak OyJeT JBOIIOIMOHUPOBATH CUCTEMAa MPH OJHOBPEMEHHOM HM3MEHEHHH O0OMX MapaMeTpoB.
[Tpu 5TOM KOHEYHOE COCTOSIHUE CUCTEMBI ONPEAEIISETCS HE TOJIbKO JOCTUTHYTHIMU B KOHIIE TIYyTH
3HAUEHUSMHU OSTUX TapaMeTpoB, HO U camum nymem, TO KOTOPOMY OTH 3HAa4CHHs OBLIH
JIOCTUTHYTHI - TPAEKTOPUEH M300pakaroIIe TOUkH Ha 0ToOpakeHnu katactpodsl. Ha pucynke 4
BUJTHO, YTO TIEPEMEIICHHE N300pa)karolieil TOYKM Ha TUIOCKOCTH YIPABISIOMIUX MapaMeTPOB U3
TOYKH «0» B TOYKY «@» KpaTd4allIlMM IIyTeM I@epeBeleT Ha TMOBEPXHOCTH pPaBHOBECHUS
COOTBETCTBYIOIIYIO TOYKY B TOUKY «b» Ha HMKHEM JIUCTE, a MEPEMEIICHUE B Ty K€ TOUKY «a»
BOKPYT OCTPHS yIJia - B TOUKY «0» Ha BEpXHEM JIHCTE.

Oka3zbIBaeTcs, 4TO TOJIBKO YTO MOJyYE€HHas HAMH B IPOCTOM IpUMEpE KapTHUHKa
KaTacTpogbl CcOOPKM ONKCHIBAET OrPOMHOE YHCIO pealbHO HAOIIOAaeMbIX IPOIECCOB
BO3HUKHOBEHHUS M TPEeoOpa3oBaHUsl CTPYKTYp, MEpexo/a IUHAMUYECKHX CHCTEM H3 OIHOTO
YCTOMYMBOTO COCTOSHHMSI B APYroe. DTO U Pa3JIMUHbIC CIydyal MEXaHWYECKOW YCTOMYMBOCTU U
da3zoBble MEpexoibl, IAUHAMHKA 3BE3JHOM OBONIONMH ¢ TOMYJSAUNA JKUBBIX CYIIECTB,
SKOHOMMYECKHE KPU3UCHI U PEBOJIIOLIMU. XOTS U HE BCErja BCE Tak MPOCTO KaK B pa300paHHOM
npuMepe, HO JI000M CI0KHBIN CiTydail CKauKo0Opa3HbIX U3MEHEHHH CTPYKTYPhl MOXKHO CBECTH K
KOMOMHAIMKU KaTacTpod ckiIagku U cOOpKu. OCHOBHBIE 4YEPThl TUHAMUYECKOTO MOBEICHUS
CaMBIX Pa3HOOOPA3HBIX CHCTEM OKA3bIBAOTCS €AMHBIMHU U OMHCHIBAIOTCS MPOCTON KaueCTBEHHOU
3aKOHOMEPHOCTBIO - €Il OJNH 3aMeuaTeNIbHbIN MpUMEp €AUHCTBA U MPOCTOTHI MUDA.

Ckiaikul ¥ COOPKH - 3TO CTPYKTYPHO YCTOiYHBbIEe 0COOEHHOCTH, TO €CTh OCOOEHHOCTH
HE MCYEe3alolIMe MPU MajblX U3MEHEHUSAX apaMeTpoB. AHIVIMHCKUM MaTeMaTUKOM YUTHU ObLIO
JI0Ka3aHo, 4To Jitobast Gosiee ClIoKHAsT 0COOEHHOCTH MPHU MAajioM “HIEBEJICHHUU paclajaeTcs Ha
CKJIAJIKK U COOPKH.

IIpakTHuecku NpoaHAIM3UPOBATh IOBEICHUE KOHKPETHOM IUHAMUYECKOM CHUCTEMBI C
MOMOIUIbI0 TEOPUH KaTacTpod paszymeercs MPOCTO OTHIOAL HE Bceraa. ['nmaBHas mpobiiema -
ONPENIETUTh M KOJIMYECTBEHHO OXapaKTEepPU30BAaThb OCHOBHBIE YIPABISIIOLIUME MapaMmeTpbl. ITO
clenaTh OYEHb JIETKO JUIsi MEXaHWYECKUX CHCTEM, HECKOJIBbKO CIIOKHEE JUIsl XUMHUYECKUX,
TEPMOJMHAMHYECKUX, W YacTO YPE3BBIYANHO CIOXKHO JJisi OHOJIOTUYECKUX H, OCOOEHHO,
COLIMATIbHBIX CHCTEM.

Tenepb DOMYCTHM, YTO y HAC TaKUX BEPTUKAIBHBIX TIACTUHOK MHOTO (CTOUT ThICSYa
METAJITMYECKHUX JIMHEEYEK MEXy JBYMs CTaIbHBIMU IUIMTAMHU), U Mbl UX HaYMHAEM Harpyxarb
OIHOBPEMEHHO M CTPOr0 BEpPTUKAIbHO. BOKOBOI HAarpy3ku HET, W HampaBlieHHE H3ruda
TJIACTUHKH JOJIKHO OMPENEISThCS CIydaiHoU (iykTyanuei. Oka3bIBaeTCs TaKe B 9TOM Cllydae
HaIpaBlIeHUs] U3rM0Oa MIACTMHOK HE OYIyT coBceM OecropsaouHbiMu. DIyKTyauu (3T0O MOTYT
OBITh, HampuMmep, (QUIYKTyallud IUIOTHOCTH BO31yXa BOJW3M TUIACTUHKH) CIyY9alHBI W TIO
BEJIMYMHE ¥ M0 HAIMpPABICHUIO BO3ICHCTBHUS W 1O BpeMmeHU. llepBas ¢uykTyarusi BBI3OBET
MPOLIEIKUBaHUE TEPBOIl MIACTUHKU, ATO MPOLIEIKHUBAHUE BBI3OBET JIOKAIBbHYIO AePOpMaIuio
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CTaJIbHOM IUIMTBI U JBHKEHUE BO3/1yXa, KOTOPOE BO3JIEHUCTBYET HA COCEIHUE IUIACTUHKH, U
MOMOXET KM TPOTHYThCS B Ty JK€ CTOpPOHY. OTa ojHoponaHas nedopmauus Oyner
pacnpoCTpaHIThCA KaK BOJHA, MEPEIaBasich OT MPACTUHKHU K IUIACTUHKE, TOKA HE BCTPETUTCS C
JIPYrof TaKOW e «BOJIHOW», MOPOXKIECHHOW Ipyroi ¢uiyKTyanued B Apyrom mecte. B urore
BO3HUKHYT JOBOJIEHO OOIIMpPHBIE 00JIACTH OJMHAKOBO M30THYTHIX JIMHEEK, a €CIIM UX BOOOIIE He
CIIMIIKOM MHOTO, TO BEChbMa BEJIMKAa BEPOSATHOCTh, YTO BCE OHM H30THYTCS OJMHAKOBO -
BO3HUKHET TMOPSIIOK B Pe3ybTaTe€ YUCTO CIydalHOTO COOBITHS M3ruba mepBod nuHeiiku. Ecnm
K€ CHUCTeMa UCHBITAeT OMPEEIICHHOE Jake MpeAeNbHO C1adoe 3a0aHHoe GHeulnee BO3CICTBIE,
TO OHO MOXET TIOJHOCTBIO ONPEACIUTh pEe3yJNbTaT - BO3HHUKHET OOJbIIas XOpPOIIO
YIOpAIOYEHHAs! CTPYKTYpa.

TonbKO YTO OMMCAHHBIA TPUMEP MO CYIIECTBY MPEACTABISET COOOH MEXaHHMYECKYIO
MoJieJIb HaMarHMYuBaHusl (peppoMarHeTuka, ocTeiBaroiiero Huxe Touku Kiopu. Bosnukaromas
Opd 3TOM CIOHTaHHAs HAaMarHWYeHHOCTb ((UKCHUPOBAHME OIPEICICHHOW OpHEHTAIUH
«@JIEMEHTApHBIX MarHUTUKOB» - aTOMOB) 00pa3yeT OpHUEHTHpPOBaHHBIE CIy4ailHBIM 00pazom
JIOBOJILHO KPYIHBIE OJHOPOJHBIE O0JACTH - JAOMEHBI, a MPU HAIUYUM JTOCTATOYHO CHIIBHOTO

BHCIIHCT'O MAarHUTHOI'O I10JI BCA HAMAarHM4CHHOCTb OPUECHTHPYETCA I10 IT0JIIO.

brnarogapss Takomy 3¢ (dekTy B TOpHBIX Mopoaax (UKCHPYeTCs HamnpaBlIeHHE MarHUTHOTO ITOJIS 3eMIIH,
KOTOpOe ObLJIO B ONpEJENCHHbIE MOMEHThI WX CTaHOBJIEHHsA. Tak B MarMaTHYeCKMX MOpOJaX, COJepIKAIIUX
MAarHUTHBIE MUHEpaNbl, (UKCUPYETCS MOMEHT HX OCTBIBAaHHs HWXKE TeMmIiepatypsl Kropw, Koraa HadyuHaer
HPOSIBIATECS (eppoMaraeTu3M. [Ipu pa3pylIieHHH MOPOJAbI S€CTECTBEHHBIMU MPOIIECCAMH MEIbUalIlue YaCTHUKU
OKa3bIBAIOTCS HaMarHWYeHHBIMH. OHH TMEPEHOCATCS PEKaMH M, B KOHIIC-KOHIIOB OCAXKJAIOTCS HA JHO OKCAHOB,
Mopeit u 03ep. B mporiecce MEAICHHOTO OCEAaHUs B CIOKOMHOI BOJI¢ MAarHUTHBIC YaCTUYKH OPHCHTHUPYIOTCS 10
MarHUTHOMY MOJTIt0 3emiin. TakuM 00pa3oM B MOCIIEAOBATEIBHO HAKATUTMBAIOIIUXCS CIIOSX OCAIKOB TaK XKe KakK W B
MOCJICIOBATENLHBIX MOPIMAX H3JIMBAIONIUXCSA U 3aCTHIBAIONIMXCS BYJIKAHHUCCKUX JIaB KaK Ha MAarHUTHOW JICHTE
3aIUChIBACTCS UCTOPHSI M3MEHEHUS B3aMMHOM OPHEHTAI[MK 3€MHOTO MAHUTHOTO TIOJISl M JIAHHOTO y4acTKa 3€MHOM
MOBEPXHOCTH. AHAIIU3 TaKUX 3amuceil 1o Bceil 3emiie MOo3BOIHI OOHAPYKUTh KaK W3MEHEHHS MarHUTHOTO IO,
BKJTIOYAMOIIME €r0 «IIePeBOPAYMBAHUS», KOTJa CEBEPHBIN MOJIOC CTAHOBHUTCS IOKHBIM W HA00OpOT, Tak u
MepeMeIIeHHs 1 Pa3BOPOTHI KPYITHBIX YYACTKOB MOBEPXHOCTH 3EMITH.

Ckauko00pa3HOi TmepecTpoiKoi CTPYKTyphl (KaTacTpodoif) sBISAIOTCS Bce (a3oBbIe
NEepEXO/bl, HAIpUMEpP, MEPEXO] KUIKOCTh-IIAp WIH XKUIKOCTh-TBEPAOE BELIECTBO, KOTOPBIE
JIEMOHCTPHUPYIOT €I11e OJJHY 0COOEHHOCTh Kamacmpoghvl coopku. Pe3kuil mepexo/, OMMChIBaeMBbIi
KJIACCHYECKOW COOPKOHM C TeTJel rucrepesnca, BO3MOXKEH M TYT, KOTJIa TeperpeTast KUIKOCTh
B3pBIBOOOpA3HO ucmapsiercs, (MepeoxaxIeHHas - MIHOBEHHO KPUCTAIUIM3YeTCs), HO OOBIYHO
MBI HaONIOlaeM nocmenewHoe WCIAPEHUE JKUIKOCTH TMPH  COXPAHEHUH NOCMOSHHOU
TEMIEPATyphl U JABJICHUS JO TEX MOp MOKa He OYJeT MOJHOCTHIO 3aBEpIICH Mepexoi B HOBOE
cocTosiHME. B mepBoM ciydae peanusyercs yKe YNOMUHABIIMKCA MPUHLIHUII MAaKCHUMAJIbHOIO
NMPOMEJICHUS, a B IOCIEAHEM - TaK Ha3blBacMbld NpUHUMI MakcBe/u1a, KOTOPbId HMEET
MECTO TpPU BBICOKOM YpPOBHE «IIyMa» (CIydallHbIX BHEIIHHUX BO3JEHCTBHUI, MOPOXKIAIOIINX
GuyKTyarum), He MO3BOJISIOIIETO OCYIIECTBUTHCS NPUHYUNY MAKCUMATLHO20 NPOMEONEHUSL.

3.4.2. HekoTopblie mpuMeEpbl TUCCUTIATUBHBIX CTPYKTYP

Ouenb 3¢ (eKTHBIC TUCCUTIATUBHBIE CTPYKTYPHI IOCTOSIHHO BO3HHKAIOT y BCEX Ha Iila3zax
U 4acTo SIBJIIOTCS «KaTacTpodamu» HE TOJbKO M0 MEXaHH3MYy CBOETo 0Opa3oBaHMs, KOTOPBIN
OTIMCBIBACTCSl meopueu Kamacmpogh, HO U B OOBIYHOM CMBICIE IO CBOEMY BO3JCHCTBHIO Ha
JKU3HDb YeJIoBeKa. DT, MPEX/E BCEro, pa3inyHble aTMOC(hepHbIE SIBICHUS, a TAK)KE U3BEPIKCHUS
BYJIKAHOB U 3€MJIETPSACEHUS.

Oo6saka - HaBepHOE camble pa3HOOOpa3Hble U KpacuBble 00pa3oBaHUS, HMEIOIIUE
OTYETJMBYI0O W HATJSHYIO JAMCCUIATUBHYIO CTPYKTYpy. ODTO JAMHAMHUYECKHe OOpa3oBaHMUS,
CYIIECTBYIOIINE JIHILb MIPH YCIOBUU HEMPEPHIBHOTO MEPeHOca Biaru NoTokaMu Bosayxa. Obmaka
OUEHb YIOPAJIOYEHHBbIE CTPYKTYpPbl, U CYILECTBYET HE TaK MHOIO CTaHAAPTHBIX THIIOB
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00JIAYHOCTH, CBS3aHHBIX C COBEPIIEHHO ONPECICHHBIMU JWHAMUYECKUMHU TpPOIecCCaMU B
atMocdepe (XoTst Menkue AeTanu (HopMbl 00JIaKOB OY€Hb Pa3HOOOPA3HBI M MIOATOMY JI0 CHX TOP
HE YJAJIOCh aBTOMaTU3HPOBATh HAOIIOACHUS 32 00JIaKaMu ).

Tponuyecknii HUKJIOH (TaiidhyH, yparaH) - 3T0 BUXpEBasi CTPYKTypa, 0OecTieunBaromas
CKa4yKOOOpa3HOE YCUJICHUE PACCESIHHSI SHEPryuu, HAKOIUICHHOW B HArpeTodl BOJIE HEKOTOPOTO
ydacTka okeana. Harpepaemas CoiHIleM BOJa OKeaHa JIJIMTEIbHOE BPEMsI CITOKOMHO OTIAET CBOE
TEIUI0O W BJary arMocdepe, TaM BO3HUKAIOT KOHBEKIIMOHHBIC TOKH, MOSBISIOTCS OO0IaKa,
BBIMAal0T O, YacTh TeIJla B BUJE JJIMHHOBOJHOBOTO H3iaydeHus: yxomuT B Kocmoc. Ho
BIPYT, TIO JOCTHMXKEHUH IMOTOKOM TEIUIa, OTJABAEMOT0 OKEAHOM, OMPEACIEHHON MHTEHCUBHOCTU
Ha YYacTKe IOBEPXHOCTH JOCTATOYHO OOJBIION IUIOIIAAH, XapakTep TEeIJIO0TAaYd pe3Ko
MeHsIeTCSl - BO3HUKaeT Tai(yH. OrpoMHas CKOpPOCTh BETpa W BOJHEHHE MOpSI MPUBOIAT K
YBEJIMUEHHUIO TEIJIOOTAAYM C €ro MOBEPXHOCTH B JECATKU pa3. OCHOBHOE KOJMYECTBO TeIUIa
OTHHMAETCsl y BOJIBI MyTeM ucnapeHus. Korga Brmara KOHACHCHpYyeTCs B OOJiakaxX, OHa OTHAeT
CKPBITYIO TEIUIOTY mMapoOpa3oBaHus aTMocdepe - O3TO O4YeHb OSOPEKTUBHBIA MEXaHU3M
terionepenayn. Yacte Teria mpeoOpasyercs B OHEPrUI0 BETpa, KOTOPBIM YCHJIMBAET
TerooTaady. Pa3 HauaBImuCh, Oylaromapsi TaKOW ANOA0NCUMENbHOU 0Opamuou c85A3uU, TUKIOH
OueHb OBICTPO HAOMpPAET MAKCUMAIbHYI0O WHTEHCHUBHOCTH - MPOHUCXOJUT CKAYOK CHCTEMBI B
HOBOE COCTOSTHHE C OIpPEACIICHHBIM 00pa3oM YyHOPSIA0OYEeHHOW BHXPEBON CTPYKTypoH. A mo
CYIIECTBY - ATO TaKasl ke MEPecTPOrKa, YCIOKHEHUE CTPYKTYPBI, CHOCOOCTBYIOIIEE VCULEHUIO
ouccunayuu, Kak BOSHUKHOBEHHME MPABWJIbHBIX KOHBEKTHUBHBIX S4YEE€K B IOJOTPEBAEMOIN CHU3Y
KUJIKOCTH.

VYparan - cTpykTypa ycmouuueas: pa3 BO3HHUKHYB, OH COXpaHSETCS M MpPHU JOBOJIBHO
3HAUUTEIPHOM HM3MEHEHHH YCIOBUHM, TMEpeMelasch MO TOBEPXHOCTH OKeaHa Ha OOIbIIIHe
paccTosiHuA TyZAa, TJleé OH HUKOTAa Obl HE MOT 603HUKHYMb, U AK€ BBIXOAUT HA CyUIy. 37ech
paboTaeT NPUHIMIT MAKCUMATLHO20 NPOMEONEHUSL.

SBnenne ab-HuHbO - meperpeB OONBIIMX Macc BOABI B BOCTOYHOM 3KBAaTOPHAIBHOU
3oHe Tuxoro okeaHa, ociabieHHe MaccaToB, OTTECHEHHE K IOory XojogHoro IlepyaHckoro
TEUEHHUsS] - OTO OMNATh NEPEeCTpPOHMKa CTPYKTYpbl aTMOc(epHOM UMPKYIALHUHU, TOJIBKO elle
Oonpiero Macirabda, yem TaiyH.

Haxkomner, emie 6osnee KpymHble NEPECTPOHMKH - TI00ATbHBIE OJieieHeHHs, JICTHUKOBbIE
Nepuobl. JTO TOXKE CKAUYKH U3 OJHOTO YCTOMYMBOTO COCTOSIHMSL B Jpyroe. OleneHeHue, pas
BO3HHKHYB, CIIOCOOHO TIOJIJEpKMBaTh camMo ceOs: Jiem W CHer o0JamaroT  OOJbIIoN
OTpaXaTeIbHOW CIOCOOHOCTHIO M CHUJIBHO YMEHBIIAIOT MOTJIOMIEHHE TOBEPXHOCTHIO 3eMIn
comHeyHoro rtemna. Oxuaxpaoniee  JEHCTBUE  IMOCTOSHHBIX — JIEAHHUKOB  IPOJJIEBAET
IIPOIOJKUTEIIBHOCTD CHEXXHOT'O IIOKPOBA TaM, IIe OH HE IIOCTOSHHBIN. Jlec 3aMeHseTcs TyHIpOH,
KOTOpas TaKe MOTJIONIaeT TeIjia MeHbIIIE, a OTpaxkaeT Ooiblie. TakuM 00pazoM, pa3 HayaBIIKUCh
noclie  TPEOJOJICHHS KAaKON-TO KPUTHUYECKON TpaHW TMpoIecc OJISASHEHHS Croco0eH
NOJJIEPKUBATh caM ce0sl JUIMTEeNbHOE BpeMsl - OMSITh Mbl MMEEM JeNI0 C MOJIOKUTEIbHOU
oOpaTHOM CBsI3pI0 W TPHHIMIIOM MaKCHMalbHOTO TmpoMmemieHus. Ho mepexom or
MEXJICAHUKOBBS K JI€THUKOBBIO U 0OpAaTHO MPOUCXOJUT OYEHb PE3KO, KATACTPOPHUUECKH.

Bo3HHKHOBEHHE U KU3Hb BYJKAHOB - 3TO TPOIECC B U3BECTHOM CMBICIIE aHAJIOTUIHBIN
MPOLECCY BO3HUKHOBEHHS U JKM3HU YyparaHoB. 3JeCh TaKkXkJ€ BO3HHMKAIOT YCTOHYMBBIE
TUCCUTIATUBHBIE KOHBEKTHUBHBIE CTPYKTYpPBhI, PE3KO HMHTEHCU(MUIUPYIOUINE paCcCEsHHE
BHYTPUIUTAHETHOM TeIIOBOW sHepruu. BynkaHbl (ByJKaHMYECKHE ILIEHTPhI) TaK XK€ Kak u
yparasbl 3apOkKIal0TCS B ONPEICICHHBIX TEKTOHUYECKH aKTUBHBIX palioHaX MU OIMpeNeIeHHBIX
YCIOBUSIX W TaKK€ Yepe3 KaKoe-TO BpeMsl MPEeKpallaloT CBOIO AaKTUBHOCTb. 3HAYUTEIBHO
OombIiee BpeMs KU3HU BYJIKAHHMYECKOTO IEHTPa MO CPaBHEHHIO C BPEMEHEM >KHM3HU yparaHa
CBA3aHO C 3HAUUTEIBHO OOJBIIMMH XapaKTEPHBIMH BpEMEHaMH IMPOIECCOB TEIMJIO- U
MaccolepeHoca B Heipax 3eMIId 0 CPAaBHEHHIO C aTMOC(EPO.
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AHaJOrMYHYI0 KapTHHY MOXHO YBUAETb UM B 3KOHOMHKE. J[Ba JMCTa NOBEPXHOCTU
paBHOBecHs (COOpPKM) MOTYT OINHCHIBaTh, HAIIPUMEP, COCTOSHUS, COOTBETCTBYIOIIME HU3KOMY
YPOBHIO HPOHM3BOJICTBA B COYETAHWU C HU3KUM YPOBHEM IOTPEOJICHHS U BBICOKOMY YPOBHIO
MPOU3BOJICTBA C BBHICOKMM YpPOBHEM MOTpPEOJIEHUS. DTH COCTOSIHMSI OTYETIMBO BUIHBL: MHP
pa3fiefieH HaJBOE - Ha TPYIMIY MPOMBIIICHHO PAa3BUTHIX M TPYMIY OTCTAJIBIX (JIOBOJBHO
JUIEMEPHO Ha3bIBAEMbIX «Pa3BUBAIOIIMMUCA») cTpaH. [Ipomacte Mexay STUMH TpYIIaMu CTpaH
IPOIOIDKAET YIIyOJIAThCS, @ IPOMEXKYTOUHbIE YCTOWYHBBIE COCTOSIHUSA OTCYTCTBYIOT. Ilepeiitu
u3 OemHoi B Ooraryio Tpymnmy MOXKHO TOJBKO CKAaukOM. 371eCh TakKe MpPHUCYTCTBYET
IIOJIOKUTECIIbHAs 06paTHa;1 CBsA3b. CHUKCHUC HOTpGG.HGHI/I}I CY’KacT PbIHOK, 3aCTAaBJISICT CHUXXATH
MIPOU3BOICTBO, TIOPOKAas 6€3paboTHIly, ¥, TEM CaMbIM JlajbIlle CHUXas nmoTpediaenue. bemHocts
NPUBOJUT K CHIDKEHHIO YPOBHSI OOpa30BaHUs, KBAaTH(PHUKAIMM M TEXHOJOTMH, YTO Jablie
yCUJIMBaeT 3Ty OeAHOCTh. Pacwenngiowum napamempom 310€Ch MOXKET CIY)XUTb CTEleHb
TUBEpCU(PUKAIIMM U MOHOIOJIU3AIMHM TPOU3BOJCTBA: MPH HATYPAIBHOM XO3SHCTBE KPU3HCHI
UCKJTIIOYEHBl (KaK CKauky BHU3, TaK U CKAYKU BBEpPX), OHM BO3MOXKHBI TOJBKO, KOTJa €CTh
00IIeCTBEHHOE pa3jieliecHre TpyJa U MIyOMHA MX TeM OOJIbIE, YeM CHIIbHEE TaKoe pa3ielieHue 1
YeM MOHOMOJU3UpPOBaHHEE OTHeIbHbIe oTpaciu. C HoOpMmanbHbIM TTAPAMETPOM 3/1€Ch CIIOXKHEE -
MHE (1, TOBUJUMOMY, U BCEM OCTAJIbHBIM) IIOKA HE SCHO KaK y4ecTb NpH (HopMaTU3aluy 3a1a49H
bakTopel MHAMBUIAYaTbHOW W MAacCOBOW IICHXOJIOTHH, WJCOJIOTHH W TONHTHKU. [Ipoctoit
cOOpKoil 3meck He 000imenIbcs, HO Ha HEKOTOPYI KOMOWHAIIMIO COOPOK B COOTBETCTBHH C
o01el Teopre 0YEBUTHO MOYKHO PA3JIOKUTh U SKOHOMUKY.

3.4.3. OBomonus HauboJIee CIOKHBIX OMOJIOTHYECKUX CTPYKTYP

Ha ocHOBaHWU BCceX 3TUX MPUMEPOB M BOOOIIE, TSI BOKPYT ce0sl, MbI yOexKaaemcsi, 4To
IBOJIIOIMS TMPOUCXOAUT HE TJIaAKO. OTa HEMNIAAKOCTh CBs3aHAa C OOpa3oBaHHEM U
npeoOpazoBanueM cTpykTyp. [IprueM xapakTepHO, YTO Majblii TOJYOK, HE OUYEHb 3HAUUTEIHHOE
W3MEHEHHUE JIUIIh OJTHOTO WJIM HEMHOTHX MapaMeTPOB YacTO MPUBOAMT K (pyHIAaMEHTaIbHEHIIICeH
nepecTporKe CTPYKTYpbl, MHOTJA K OY€Hb CHJIBHOMY €€ YCIIOKHEHHUIO. S JymMaro, 4TO UMEHHO ¢
HEYYETOM 3TOU 0COOEHHOCTH IMOBEACHUS TUHAMUUECKUX CUCTEM CBS3aHBI OTMEYaeMble MHOTUMH
YUEHBIMH MPOTUBOPEUHS KIIACCHUECKON TapBUHOBCKOM TE€OPUH BOIIOLIMU KUBOTO MUPA.

[IporpamMma cTpoeHHs M BCel >KM3HM CYILECTBA 3alliCaHa B €ro I'€HOME, IPU IOMOILU
MOCIIEI0BATEIHbHOCTH YEThIPEX HYKJICOTHUIOB - aJleHHAa, T'yaHWHa, TAMUHA U HUTO3UHA. AnaBUT
HACJICICTBEHHOCTH COCTOMT BCETO W3 YeThblpeX OYKB M TEKCT €€ HalHhcaH TPeXOYKBEHHBIMU
cinoBamu, KoTopbie B Mojekyne JHK o0Opa3yroT 1enodky IBYXMETPOBOW JIMHBI, CIIOKHBIM
00pa30M MHOTOKPAaTHO CBEPHYTYIO cIHpanbio. Ha oTaenpHBIX yyacTKax 3TOW OrpOMHOM 3amucH
3aKOJMPOBAHBI BCE OENKU, U3 KOTOPBIX CTPOUTCSI OPraHu3M, BCsSl IporpaMmma Mociea0BaTeIbHOro
NOCTPOCHHUS ATUX OENKOB, MX COYETaHUS B Oojee CIOXKHBIE CTPYKTYphl M COBMECTHOTO
¢byHkmonupoBanus. Kak Takylo TpaHIHO3HYI0 NpOrpaMMy MOXKHO ObLJIO CO34aTh IyTeM
ciydaitHbIX MyTaiuii u or6opa? M Kkak HOMECTHTh €€ B TAKOM OTpaHUYEHHOM 00beme?

HcuepnpiBaromiero OTBeTa oka HeT, HO HEKOTOpble cooOpaxeHust uMeroTcsi. OueBUIHO Y
[Ipupoasl ecTb HEKME 3aJ0KEHHBIE B €€ CYIIHOCTH, BCTPOEHHBIE INPOTrpamMMbl CO3IAHMS
nporpamM, oOIue aJrOpUTMbI, OJIMH M3 KOTOPHIX OYEBHAHO, TaK Ha3blBacMble (paKTaJIbHbIE
CTPYKTYpPbL. DpakTanbHbIe CTPYKTYpbl OBUIM OTKPBITBI MaTeMaTHKaMH, KaKk HEYTO BEeChbMa
a0OCTpaKTHOE, HO MOTOM OKa3aJloCh, YTO OHU OYKBaJbHO OKPYXKaloT Hac. [ J1aBHas 0COOCHHOCTH
¢dpakranoB - camonogobue: CTPyKTypa OECKOHEYHO MOBTOPSETCS BO BCE MEHBIIUX U MEHBIIUX
Mmaciitabax. dpakTaiabHble CTPYKTYpPHl - 3TO M CHEXHHKM M MHOTHE pacTeHUs (BeTBsIleecs
JIepeBO, JIMCT MANOPOTHHUKA) U CJIE]] YaCTHIIBI P OPOYHOBCKOM JIBXKECHHU U CTPYKTYPa MHOTHUX
OpraHOB YEJIOBEKAa W XKMBOTHBIX M Takue moJiekynbl kak JHK, mpuuem B JIHK dpakranshyto
CTPYKTYPY UMEET U T€OMETPHS MOJIEKYJIbI U «KapTa» PacHoOkKeHHUs B IIeTI0UKe OYKB KOa.
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[Ipu momomm (QpakTasoB OYEHb CIOXKHYIO CTPYKTYPY MOXKHO <«3alucaTbhy) B BHJE
OTHOCHUTEIIEHO KOPOTKOW M MPOCTOM MporpamMMbl. BeposiTHO 4TO-TO MOJ00HOE W MMEET MECTO
IPY TIOCTPOCHUH M SBOJIIOLIUN OMOJIOTHYECKUX OOBEKTOB.

Bonpocsl k rinase 3.

1. MoxHo 1M onmcaTh CTPOCHHUE MUPA, MOJNb3YACh MOIbKO 3aKOHAMHU B3aUMOIEHCTBUS

AJIEMEHTApHBIX YacTUll?

Yro Ttakoe cunepeemuxa?

Uro takoe anepeus? Ilepsoe nauano mepmoOuHaMuKu.

OxapakTepu3yiTe ocHOBHblE 8UObL SHEPTUH.

Urto Takoe snepeusi CBA3U?

Yro Takoe nonesnas paboma, n Kauecmeo Hepeun?

Bmopoe nauano TepMOIMHaMUKH U TIOHSITUE SHMPONUU.

Uro Takoe mennosas cmepmo Beenennoui?

[Touemy Haw mup cTpykrypupoBaH? UTo Takoe duccunamuenas cmpykmypa?

0. [Touemy ‘“‘camoOmnpoM3BOJLHOE” BO3HUKHOBCHHE YIOPSJIOYCHHBIX CTPYKTYp HE
IPOTHBOPEYUT BTOPOMY Ha4ay TePMOJUHAMUKH?

11. Yro Ttakoe ycmotiuusocms cmpyKmypvi?

12. Yro Takoe ss010yua? Kakos ee MmexaHuzm?

13. Yto takoe 6ugyprxayus? CnydalitHOCTb B MAKpOIBOJIIOIUH.

14. KauecTBeHHass meopus kamacmpogh Ha nipumepe aeGpopMaluu ynpyroi IIacTHHKH.

Yro Takoe kamacmpodgha coopru?
15. [IpuBeauTe MpUMephl TUCCUIIATUBHBIX CTPYKTYD.

RO ~NoOORMWDN

4. CoBpeMeHHasi KApTHHA MUPa

4.1. O6miee ycTpoiicTBO U 3BOIIOIMS Beenennoi

Mpl pa3oOpany B 00IIMX YepTaX OCHOBHBIE KOHIIETIIMH, BBIPAOOTaHHBIE K HACTOALIEMY
BPEMEHH 4EJIOBEKOM, OCHOBHBIC IIPUHIMIBI U NPaBUIIA, 110 KOTOPBIM ITOCTPOCH U Pa3BUBACTCS
Hail Mup. Teneps ¢ y4eTOM 3TUX KOHIETIUI U MpaBUII MONPOOyeM HapHCOBaTh KAPTHHY TOTO,
KaK MHD BBITVIIUT, KAK OH K HBIHEIIHEMY COCTOSHHUIO IPUIIEN, U YTO HAC MOXKET OKUIaTh B
Oymyiem.

Kak MBI yxe roBopuiu, Hama BceneHHass HECTallMOHApHA, TO €CThb OHA HEIPEPBIBHO
U3MEHSeTCs, B MPEKHUE BPEMEHa BBITJIAE]a WHAUYe W He OyJeT CyLIEeCTBOBAaTh B HBIHEITHEM
BHJC BCYHO - Hama BcenmeHHas umena Havajao M JODKHA MMETh KoHel. Heomposepxkumbie
CBUJIETEJILCTBA ITOT'0 MOSIBUIUCH JIUILIB B XX BEKeE.

Cuauvana (B 1922-1924 romax) HeOOXOAUMOCTH HECTaIlMOHApHOCTH BcenenHoi Obuta
nokazaHa A.A. ®puiMaHOM Ha OCHOBAHMM aHaM3a PELICHUM ypaBHEHUN pENSITUBUCTCKON
teopuu TaroreHus. Hamuoro nozxe 3.MusiH n B.Makkpu nmokasaiu, 4To TOT K€ BBIBO/JI CJIETYET
u u3 HeloroHoBckoil Teopuu. HaOmionaemass BceneHHas B NpUHIMIIE HE MOXET OBITH
CTALlMOHAPHOM - COCTABJIAIOLIAs €€ Marepus IpU OECKOHEYHOM BPEMEHH CYIIECTBOBAHMS
JIOJKHA Obl1a MO0 pas3neTeThesi, 00 coOpaThes B OTHOM MECTE. DTOT BBIBOJ OBLI IMOIYYEH TaK
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MO3/IHO TOJIBKO H3-3a TIyOOKON IIOJCO3HATENbHOW YOEKICHHOCTH BCEX HCCIIeoBaTeNneii B
«HEU3MEHHOCTH» CYyIIeCTByoUlero mupa. B 3ToM ObiiM  yOeXIEHBI M MaTE€pHAMCTHI,
OTPHIIABIINE aKT TBOPEHUS U BEPYIOIIUE, CUMTABLIME YTO MUDP ObLI cOTBOpeH borom, HO Takoe
yOexIeHre He ObLII0 OCHOBAHO Ha (haKTax.

B 1929 rony, amepukaHckuM acTpoHoMoM . Xa0O0iiom ObI0O OOHApPYXKEHO Tak
Ha3bIBAEMOE KPACHOE CMellleHHe B CIIEKTpax JaJleKHX raJlakTUK - CIIBUT BCEX JIMHUM CIEKTpa B
CTOPOHY JJIMHHBIX BOJIH, - KOTOpOE OBbUIO MHTEPHIPETUPOBAHO UM KaK CMEIICHUE U3-3a dPdeKTa
Jonmuiepa, BbI3BaHHOE MX YyoOeranueM. Ilpm 3ToM oOka3amoch, 4TO dYeM Jajblle OT Hac
pacroyio’keHa TajJakTHKa, TeM ¢ OOJIbIIeH CKOPOCThIO OHA OT HAC yAajseTcs. DTO He 3HAYHUT, YTO
MBI PacToOJIOKEHBI B IIEHTpe BceneHHoi - oT 000N Apyroil TOYKM TajJaKTUKH paz0erarorcs
TOYHO Takxke. PasbOeranume - pesynbraT obwezo pacwupenus BcenenHoi. XaO06m mnepBbIif
onpenenua Ko3(pGUIueHT NponopLUUOHATBHOCTH MEXIY CKOPOCTbIO yOEraHusi U pacCTOSHUEM.
On Hamen BenuyuHy paBHYI0 npumepHo 500 xm/c.Mnk. BmocnenctBum 3tor xo3dduiment
MOJIYYHJI Ha3BaHUE TMOCTOSHHOM XabO0ma W oOo3HayaeTcsi MepBOM OYKBOM HWMEHH €ro
oTkpbiBaTend - H. bosee TOuHble M3MEpEHHUs B MOCIEAYIOIIME IECATHIETUS IOKa3aliH, 4YTO
Xab6m 3aBeicua BenmumunHy H moutu B 10 pas, HO cam 3akoH pa3OeraHusi ObLI MOATBEPIKICH C
IIOJIHOM HAJEKHOCTBIO.

Pazberanue rajakTHK MyTeM HEMOCPEICTBEHHBIX M3MEPEHUN OBUIO OOHAPYKEHO IMO3KEe
TEOPETUYECKOr0 MPEACKA3aHUsd HECTAlMOHAPHOCTH, TaK KakK CTajJO0 BO3MOXHBIM JIMIIb B
pe3yabpTaTe 3HAUYUTEIBHOIO YCOBEPUIEHCTBOBAHMS ACTPOHOMMUYECKHMX HPUOOPOB M, TIJIABHOE,
METOJIOB OIIPEAEIEHUSI OTPOMHBIX KOCMUUECKUX paccTOsIHUM. OnpeneneHue Takux pacCTOSIHUM -
OUCHb CJI0XKHAA 3aJjaua HaJl pelIeHueM KOTOPOH IMPOI0JIKAIOT paboTaTh YUEHbIE U B HALIE BPEMSL.
[Mocrostnnas Xa006a mpoaoHKaeT yTOUHATHCS.

[IpssMo#t ¥ TOYHBIM TEOMETPUUYECKUA Memo0 napaiiakcos — MO BEIWYUHE YIriia MEXIY
HalpaBJICHUSIMHU Ha OOBEKT C MPOTUBOIMOJIOKHBIX CTOPOH 3€MHOM OpOUTHI - paboTaja TOJIBKO 110
paccrossHuii mpuMmepHo B 30 mapcek (COTHS CBETOBBIX JIET) - Majias 4acTh JAWaMETpa Hamlei
lanaktuku. YUToObl NMPOABUHYTHCS Jaliblie OBLIM ONpPEICNCHBl PACCTOSHUS 10 HEKOTOPBIX
3BE3/IHBIX CKOIJICHUH C TIOMOINBI0 HM3MEPEHUW COOCTBEHHBIX [BIKCHHH 3Be3n. CKopocTH
XAOTUYECKUX JBMKEHMM 3BE3]] B I'DPABUTALIMOHHO CBS3aHHBIX CKOIUIEHMSIX DPACIpPENEIEHBI 110
BEJIMYMHE ONPEACICHHBIM 00pa3oM BHE 3aBUCHUMOCTH OT HAIIPABICHMS: MAaKCHMalbHbIE
CKOPOCTH OJIMHAaKOBbl KaK B HaIlpaBJIIEHUU BJOJIb Jiyda 3pEHHUs, Tak M nonepek. Brosp nyua
3pEHHUs. OHM MOTYT OBITh M3MEpEHBl 110 CMEIIEHUIO CIEKTPAIbHBIX JMHHUHA, a HONEpeK — IO
YIJIOBOMY CMEIIEHUIO H300pakeHUs 3Be3/bl Ha CHUMKax 3a JOCTaTOYHO JJIMTEIbHBIA
POMEXYTOK BpeMeHM. llocieaHee 3aBUCHT KpoMe COOCTBEHHOH CKOpOCTH 3Be3[bl M OT
paccTosiHUA 10 HEe, YTO M MO3BOJIAET HAaMTH 3TO paccTosHue. Tak ObLIM HAWJEHBI PACCTOSHUS
npuMepHO 10 10 ThICAY CBETOBBIX JIET. 3aT€M B 3THX 3BE3HBIX CKOIJICHUAX OBLIM ONpPE/EIEHBI
VCTUHHBIE CBETUMOCTU OIPEIEIIEHHOIO Kjacca 3Be3[, M MOTOM II0 TakuM 3BE3JaM, Kak IIO
UHAUKaTOpaM OBbUIM OIpeNesIeHbl pacCTOsIHUA [0 emle Oosiee nanekux ckomuieHui. Jlanee
UCIIOJIb30Bajach HailIcHHas Ha 3TOM 3Tal€ 3aBHCHUMOCTb MEXKAY CBETUMOCTBIO U IIEPHOJIOM,
oOHapykeHHass AJsl 0cO0Oro Kjacca NEpUOJUYECKHUX IEPEMEHHBIX 3B€3[l, TaK Ha3bIBA€MbIX
nedenn. Spkue nepemeHuble nedenapl, 0OHapy)KEHHBIE B APYTUX TaJlaKTHUKaX, TTO3BOJIMIN HAaUTH
paccTosiHUA O HUX IyT€M CPaBHEHUS BUAMMOM CBETUMOCTH C MCTHHHOH, ONpEAETICHHOH 1o
nepUoAay MyJabcaluii, KOTOPbI U3MEPSIETCS HAAEKHEE, UEM CBETUMOCTb.

Ilepennpl ynaercs OOHapyXUThb B TrajlaKkTHKaX, yJAJEHHBIX Ha pacCcTosHUA 10 4
MUJUIMOHOB Iapcek. JlalbHEeWIMK Iar - CpaBHEHHE CBETHMOCTEH IIAPOBBIX CKOILIeHHH. Ilo
IIapOBBIM CKOIJIEHUAM OBLIO OIPENENIEHO PAcCTOSHUE 10 CKOIUICHHs TalaKTHK B CO3BE3JUU
JeBpl - 17 MWIIMOHOB mapcek. 3Has PacCTOSHUE A0 CKOIUIEHHS, MOYKHO HAaWTH HCTHHHYIO
CBETMMOCTb sipuaillliell rajJjakTUKM B HEM, a 3aT€M IO BUIAMMBIM CBETUMOCTSIM spyaiIlnx
raJlakTUK B APYTHX CKOIUICHHUSIX HAMTH paccTOSHUS U 10 HuX. (Bce 3T mocnenoBaTenpHbIe Maru
OCHOBAHbl Ha KOHIENLUU eOUHCmea Mupda, Ha HE MPOBEPSIEMOM HNPSIMBIMU 3KCIIEPUMEHTaMU
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OPEINONIOKEHHH 00 OJMHAKOBOCTH 3aKOHOB TPUPOABI BO BCEX YacTAX HaOIOgaeMoid
Bcenennoit). C moMOIIbI0 BCEX ITHX YXHUIIPEHUH MOCTOsSIHHAsS Xa00s1a HeMPEPhIBHO YTOUHSETCS,
HO BCE JX€ BO3MOXKHAs OIIMOKAa B €€ ONpEICNICHHHM OCTaeTCs 3HAUMTENbHOW: 3HaueHue H
HaxoJIuTcs B parioHe 55 - 75 km/(¢c.M1ik).

3Hasi CKOpPOCTH pa30eraHus U PacCTOSIHUS /0 TaJaKTUK B HACTOAIIEE BPEMs, MOXKHO
OTIPENIeTUTh MOMEHT, KOTJla 3TO pa30eraHue Ha4daoch - HalTH Bo3pacT BcenenHoit. C yyeTom
BCEX BO3MOXHBIX OHIMOOK B ompeneneHud H 3ToT Bo3pacT okaseiBaercsi B mpenenax 10-20
MUJUTHAPIOB JIeT (HauOoJiee BEpOSATHOM MUGPO HENAaBHO CUMTANHM 12 MIUITHApAOB JIET, HO B
camMoe TOCJIeqHee BpeMsl MOSBHIUCH CBHJETENBCTBA Ooyiee cTaporo Bo3pacta BceneHHOI,
MOBUIMMOMY, HE MEeHee 15 MumnapaoB JieT).

Uro 6but0 B Havasie Mupa? MBI TOBOPUM: CHHTYJSIPHOCTB, TO €CTh HEKOE COCTOSIHHE,
JUIL KOTOPOT'O 3KCTPAaNosiuus paciiupeHus BceeleHHo Ha3ag B COOTBETCTBUHU C KIIACCHYECKOM
TEOpHEW TMpelCKa3blBaeT OCCKOHEYHO Mallblii pasMep U OECKOHEUHO OOJIBIIYI0 IUIOTHOCTD
sHepruu. Ho  oAHOBpeMEHHOE CyIIeCTBOBAaHME TakuMX OECKOHEYHOCTEH  3aIlpeleHo
KBaHTOBOMEXAaHWYECKUM  IPHUHLMIIOM  HeomlpeaeiaeHHocTd. K omMcaHuio  COCTOSIHMSL,
MPEIIeCTBOBABIIEIO  paclIMpeHuio  BceneHHO#, HE NPWIOXKHUMBI 3aKOHBI  IPHUPOJIBI,
JIEUCTBYIOLKE B Halleld BeeneHHol. B 3TOM COCTOSSHMM KaKUM-TO HEM3BECTHBIM HaM KBaHTOBBIM
3aKOHaM JIOJDKHBI TIOJYUHSTHCS M MPOCTPAHCTBO U BpeMs. XapaKTepHbIE pa3Mephl, BpeMeHa U
IUIOTHOCTH, 32 KOTOPBIMH 3aBEOMO IEPECTAIOT ACHCTBOBATh ITPUBBIYHBIE HAM 3aKOHBI IIPUPOJIBL,
OLICHUBAIOTCSI M3 COOOpaXeHWM pa3MepHOCTH M 3HAYeHMH (QyHAAMEHTaJbHBIX MHUPOBBIX
KOHCTaHT - TpaBUTAllMOHHOW IOCTOSHHOM, nocrossHHOW IlnmaHka u ckopoctu cBera. OTu
XapaKTepHble BEJIMYMHBI HA3bIBAIOTCS MJIAHKOBCKMMH. [lonOuparoTcss Takue KOMOMHAIMH
KOHCTaHT, KOTOpbIE MMeNU Obl pa3MEpHOCTh COOTBETCTBYIOILICH BEIWYHMHBI. Tak, XapakTepHOe
paccTosiHuE, Ha3bIBAEMOE MJIAHKOBCKOM JJIMHOM, TOJTy4aeTCs U3:

Gh -
rp =3 ~10 ® M
C
[lomenuB 95TO paccTOSHHME HA CKOPOCTh CBETAa, TONYYHM ILIAHKOBCKOE BpPEMS:
t, =10 c. lnankoBekas maoTHOCTH p,=c’/G*h=10% kr/v’. Haumnas ¢ 5Tux mapameTpos, o

nporeccax, NPOUCXOJANIMX MPHU PACIIMPEHUN BEIIECTBA, YK€ MOXHO YTO-TO T'OBOPHUTH, XOTS
peaTbHO JOCTATOYHO HAJEKHO OIHUCHIBATH U PACCUUTHIBATH MPOUCXOIAIINE MPOIECCHl MBI
MO>KEM JIUIITb HAYUHAS C SAAEPHOU IIIOTHOCTH - p,m~1017 Kr/n°.

Uto e mpeaCcTaBIIsio cOO0H 3TO BRICOKOIIOTHOE BEIIECTBO B TE JAaJIEKUE BpEMEHA U KaK
OHO paciupsuiock? YUToObI BBISICHUTH 3TO €CTh TOJIBKO OJMH CHOC00: JAenaTh OonpeiesieHHbIE
pa3yMHBbIE MPEANOJIOKEHUS, 3aTEM IIyTEM pacyeTa Ha OCHOBE M3BECTHBIX HaM 3aKOHOB IPUPOJIbI
HaxOJWUTh K Y€MYy A3TH MPEANOJIOKEHHUS MOTYT INPHUBECTH B HaIlle BpeMs W CPaBHUBATH 3TOT
pe3ynbTar ¢ HaOIIOCHUSIMH.

[Ipexne Bcero, 04EBUIHO, YTO MPHU IUIOTHOCTH BEIIECTBA, IPEBOCXOASIIEH SIEPHYIO, HE
MOTJI0 OBITh HE TOJBKO 4ero-aubo, HANOMUHAIONMIETO COBPEMEHHYIO MAaKpPOCTPYKTYPY
BceneHHol, HO M KakuX-JIMOO aTOMOB XHMMYECKHX DJJEMEHTOB. Bce 3TO JOMKHO OBLIO
BO3HUKHYTH B TIpoliecce pacumpenus. [loaromy nepBoe, 4To J0KHA HaM 00BSCHUTH TUIIOTE3a O
HavyaJILbHOM COCTOSHHMU BceneHHO U ee 3BOTIOLNH, - 9TO XMMHUYeCKHil cocTaB BeejleHHOM.

Jlnst ommcaHusl TIporiecca pacIlIupeHus OT sSASpHOM | emie 0osiee BBICOKOW IUIOTHOCTH
NepBOHAYAILHO OBUIM BBIIBUHYTHI JBE THIIOTE3bl: X0JA0AHON 1 ropsayeii Becenennoii. ['unoresa
XooHOW BceneHHoM, KoTOpas mpeamnonarajia Npu SJICpHON IUIOTHOCTH XOJOJHYIO Maccy
HEUTPOHOB, OBLTa BCKOPE OTBEPTHYTA, TaK KAaK U3 HEE ClIe0Baa HEOOXOAMMOCTh MPEBPAIICHUS
MIPaKTUYECKHU BCEro MEPBOHAYAIBHO HEMTPOHHOTO BEIIECTBA B IEJMi B MPOLECCE PaCIIUPEHHUs,
YTO MPOTUBOPEUYUT HAOIIOAAEMOMY PE3KOMY MpeoOiIaJlaHrui0 BOAOPOJA HAJ BCEMH IPYTHMH
3neMeHTaMu. JIeHCTBUTENbHO, TPU YMEHBIICHUW IUJIOTHOCTH HWXKE SICPHOW HEUTPOHBI
HayaHAIOT pacnajaTbCsi HAa MPOTOHBI U BJEKTPOHBI, W MOSBISIOIIMECS MPOTOHBI Cpa3y ke
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00BETMHSIOTCS ¢ HEHTpOHAMU ¢ 00pa30BaHUEM S/IEp Telus, B KOTOPbIX HEMTPOHBI yCTOMYUBEL. B
ropsiueil BeceneHHON BbICOKasi SHEpPrusl YacTHIl HE MO3BOJSET B TEUEHHE HEKOTOPOrO0 BPEMEHHU
00pa30BbIBATHCS YCTOMYMBLIM SiApaM TeJHsl — OHU pa30MBAIOTCS MPU B3aMMHBIX CTOJIKHOBEHUSX
MEXAy co0oi W c ¢GoTOHaMH. YCTOWUYMBBIC spa HAYMHAIOT OOPa30BBIBATHCS JHIIH II0
UCTEUYEHUU BPEMEHM, JOCTATOUHOT'O JJIsl CHM)KEHMS SHEPIUU 4acTULl HUXKE DHEPIUU UX CBS3U B
A1pe, KorJa ycleBaeT pacnacThbes y)ke Oosblias yacTb HeMTpoHOB. [1o cyiiecTBy, COOTHOLIEHHE
BOJIOpPOJa M Tenusi B IEPBUYHOM BelIEeCTBE BceneHHONW OJKHO ONpPENeNsIThbCsl TEMIIOM
ocTbiBaHus. [Ipyu oueHb MEAJIEHHOM OCTBIBAHMM IOYTH BCE BEIIECTBO MOTJIO MPEBPATUTHCS B
BOJIOPOJL.

[Ipu BpemeHax MEHBIIUX, YEM 10° ¢, TeMmreparypa ObUIa CTOJIb BBICOKA, 4YTO
IPOUCXOJWIO MAacCOBOE POXKIACHHE M AHHUTWIILMS Nap HYKJIOH-aHTUHYKJIOH M BELIECTBO
MPEACTABISIO COO0M PAaBHOBECHYIO CMeCh (DOTOHOB YaCTHIl M aHTHUYACTHI]. Uepes 10” ¢ mocie
Hayaja pacUIMpEeHUs POKIEHUE Nap HYKJIOH-aHTHMHYKJIOH NPEKPaTHJIOCh U BCE CYLECTBYIOIINE
napbl aHHUTUIUPOBaA. CooOpakeHNss CHMMETpUH (KOHIIeTIHs TpocToThl [Ipupoier) TpeboBan
paBEHCTBAa KOJIMYECTBA YacTHUIl M AaHTHYACTHI], OJHAKO, IOCJIE€ CHMKEHUS TEMIEPATypbl M
QHHUTUJISIIUH B HAIlIEM MUPE OCTAJICS HEKOTOPBIA M30BITOK YaCTHI] (XOTS U HUYTOKHO MaJbIH 1O
CPaBHEHHMIO C KOJMYECTBOM (OTOHOB, MOPOKIACHHBIX aHHUTWIANKEH). C uem cBsA3aHa Takas
acuMMeTpus, 6arofaps KOTOpoil Mbl U CyHIECTBYEM, IIOKa HEM3BECTHO - 3TO OJIHA U3 3arajiok,
KOTOpBIE MPEACTOUT PEUINTh Hayke. MBI K€ pacCMOTPUM JajbHEHMIIYIO0 3BOJIIOLMIO TOPSYEro
BEIIEeCTBA.

SInepHast II0THOCTH 10" kr/m® G112 JNOCTUTHYTA 4epe3 10 ¢ ot Hauama pacuupenus. B
9TO BpeMsi Marepusi BcenmeHHO# mpescTaBisiiga co00M Maccy HENPEPBIBHO MPEBPAIIAOITUXCS
JpyTr B Apyra caMbIX pa3HOOOpPa3HbIX 4acTHIl U (oToHOB. IIpuyeM KonmdecTBO M 00IIas Macca
(GOTOHOB TMPUMEPHO B MILIMAPJ pa3 MPEBOCXOJWIM KOJIWYECTBO M MAacCy YAacTHIL.
AHTHHYKJIIOHOB YK€ He OBUIO, HO Mapbl 3JEKTPOH-NMIO3UTPOH MPOAOJDKAIN POXKAATHCS H
AHHUTUITUPOBATb.

Bo3zneiictBue  BBICOKOPHEPTHMYHBIX  ()OTOHOB HE TO3BOJIMJIO BCEMY  BEILIECTBY
MPEBPATUTHCS B renuil. B ropsiuell cMecu IpoucXoauiio HETPEpbIBHOE MpeBpallieHne IPOTOHOB B
HEUTPOHBI M 00paTHO, TaK YTO CHayajla WX OBUIO MPHUMEPHO MOPOBHY, HO MO MEpE CHIKEHUS
TEMIEPATypbl OTHOCUTENIbHOE KOJIMUYECTBO HEHMTPOHOB YMEHBIIAIOCh, TaK KaK UX 0oOpa3oBaHUE
TpeOyeT HECKOJBbKO OOJbIIe SHEPruH, 4YeM oOpa3zoBaHHME MPOTOHOB. OCTaHOBUTH MEPEXOX
HEHUTPOHOB B MPOTOHBI MOTJIO BKJIIOYEHHE HX B COCTAaB aTOMHBIX S/I€p, HO MPH BBICOKOU
TEMIEPATYpE JaXe spa Tenus MO-NPEKHEMY CYILIECTBOBaTb HE MOIVIM - OHU HEMENJIEHHO
pa3OuBaiNcCh, €/1Ba BO3HUKHYB. ['enuii Hauanm MOSBIATHCS JIMIIL KOTAAa TemIepaTrypa W,
COOTBETCTBEHHO, JHEPrusi (DOTOHOB OOCTATOYHO TMOHU3HIACH (TPUMEPHO [0 10° K, na uro
noTpeOoBajIOCh 5 MHUHYT) M HEUTPOHOB OBLIO YK€ 3HAYMTEIBHO MEHBINE, YeM IPOTOHOB.
CornacHo pacueraMm Ipu TopsyeM Haydaje Mocje CTaOuiIM3allMy BEIIeCTBa B HEM JIOJHKHO OBLIO
obITh puMepHO 70 % mo mMacce Bogopona u 30 % renus. [IpumepHo Takoi cocTaB M HUMEET
HaOmromaemas BeerneHHas (Bce OCTalibHBIE 3JEMEHTHI KPOME BOJOPOJA M TEIHs COCTaBIISIOT
OuYeHb MaJIYIO YacTh BellecTBa BeenenHoil 1 00pa3oBaiuck B OCHOBHOM MO3Ke B HEpax 3Be3]l U
npu B3pbiBaX CBEpXHOBBIX). B 3TOT MOMEHT Bce BELIECTBO MPEACTABISIIO COOOW Mmiazmy —
PaBHOBECHYIO CMECh IPOTOHOB, SIAEp TeIus, SIEKTPOHOB U (POTOHOB.

Urak, yto >xe mpoucxoausno npu pacmupenuu? Ilpu miuotHocTH Oojblle sIEpHOM U
Temreparype mnopsiiaka TpuuinoHa KenbBUHOB BEIIECTBO MPEACTaBISIO COOOM pPaBHOBECHYIO
CMeCh BCEBO3MOXKHBIX B3aUMOIIPEBPAILAIOIIMXCS YacTUI, AHTHYacTULl U (OTOHOB. DTOMY
COCTOSIHHIO COOTBETCTBYET BpPEMs OT Hayaja pacIIMpeHUus MEHee 10° cekyHabl. OK0JIO 10° ¢
QHHUTHIIMPYIOT HYKJIOHBI M AaHTHUHYKJIOHBI, OCTA€TCSI TOJBKO HEOONBIIONW H30BITOK HYKJIOHOB.
3aTeM, MPUMEPHO TpPHU 10% ¢ AHHUTWJIMPYIOT Pa3JIMuyHbIE ME30Hbl C MacCaMu MEHbBIIE YeM
HYKJIOHBI, M, HAaKOHEI], Yepe3 HECKOJIbKO IECITKOB CEKYyHJ IEpeCTaloT BO3HUKATh AJIEKTPOH-
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MO3UTPOHHBIE TIAPBI U OCTAETCS TOJBKO OOBIYHOE BEIIECTBO, KOTOPOE MBI ceiyac u HabIoaaeM B
BU/JIE 3B€3]1 U IIPOUYUX KOCMUUYECKUX OOBHEKTOB.

Chauana, Korjga YyKe TNI€pecTajii BO3HUKATh HYKJIOH-aHTHMHYKJIOHHBIE TMapbl, HO
MIPOJIOJKAIIOCh BOBHUKHOBEHUE JIEKTPOH-TIO3UTPOHHBIX Map, B3aUMOJECHCTBUE C 3JIEKTPOHAMU U
MO3UTPOHAMH TPUBOJIMIO K HENPEPHIBHOMY IMPEBPAIICHUIO0 HEHTPOHOB B MPOTOHBI U OOpaTHO.
[Ipu cHIKEHHMH TeMIlepaTypbl Hadajl MpeoOianaTh MpolecC MPEeBpallleHUuss HEUTPOHOB B
IPOTOHBI, TaK KaK 3TO PHEPreTHYecKH Oojee BBHITOAHO (Macca MPOTOHA MEHbIIE, YeM Macca
HENTpOHA), a B KOHIE-KOHIIOB U 3TU MpeBpallleHusl MpeKpaTuiauch. KonnyecTBo ocCTaBIIMXCS
HEHTPOHOB OMpPENENIIOCh TEMIIOM CHI)KEHHUsI Temrieparypsl. [Ipu oueHb OBICTPOM CHIKEHHH
TEMIEPATyphl MPEBPALEHUS TOJKHBI ObUTH ObI 000PBATHCS PE3KO, MPU PABEHCTBE HEUTPOHOB U
IPOTOHOB, BCE BEIIECTBO JIOJKHO OBLIO OBl MPEBPATUTHCS B TelUi; MPH OYEHb MEIJICHHOM
CHIKEHUHU TEMIIEPATypbl MPOLECC 3aTSHETCS JOCTATOYHO JOJIT0, HEUTPOHBI MMOYTH BCE YCIEIOT
UCcue3HyTh U BceneHHast OyneT cOCTOSATh MOYTH M3 YHUCTOro Bojxopona. B namieir Beenennoit
OCYIIIECTBUJICS BapHaHT, Korjaa renusi oOpazoBasioch okoio 30% mo macce. MiIMeHHO Takyio
BEJIMYMHY NPEICKa3bIBA€T MPOCTEHINas Teopus pacliupeHus [‘aJakTMKM ¢ HCIIOJIb30BaHUEM
XapaKTEPUCTHUK €€ HBIHEIIHEr0 COCTOSHUS M HEKOTOPhIX Haubojee pa3yMHbBIX JTOMYIICHHH.

CooTHoleHre BOI0po/ia U refusi Bo BeeneHHoit - 3To GakT, Mo3BOJISIONINA HaM BEIOPATh
BIIOJIHE OTPEICTEHHYIO TEOPETUUECKYIO CXEMY pa3BUTHs BceneHHoM.

CooTHOIlIEHHE TTPOTOHOB W HEUTPOHOB (M, 3HAYMT, BOAOPOJA W renus) BO BceneHHON
«3aMOPAKUBACTCS» MPHU CHUKEHUH TeMIIepaTypbl HUke nmpumepHo 100 MmuinmuapoB KeabsBUHOB.
OO6pa3oBaHue »HJIEKTPOH-TIO3UTPOHHBIX Map MOJHOCTHIO TPEKpallaeTcss MpU CHIDKEHUH
temnepaTypsl HUxe 5 muumapaoB KensBunos. [Ipu 3Toil Temneparype BemecTBo BeeneHHol
IpEeCTaBIsieT COOON IUIa3My M3 NMPOTOHOB, SJEP TS U AJIEKTPOHOB ¢ HUYTOXKHON MPUMECHIO
aqep AeiTepus U JIUTUSL U OTPOMHOTO KOJIMYECTBA BEICOKOIHEPTUUHBIX (DOTOHOB.

OxoHuaTenbHBIM, HanboJee CUIBHBIM apryMEHTOM B IOJIB3Y «ropsyeit» Bcenennoii
SABWJIOCHh OTKPBITHE TaK HA3bIBAEMOI'0 PEJIMKTOBOI0 KOCMHUYECKOr0 M3Jy4YeHHS - U30TPOITHOIO
U3ITy4EHUs, 3aloJHSIOIIET0 BCIO BceeneHHyro, IO CBOMM XapaKTEPUCTHKAM IOJHOCTBIO
COOTBETCTBYIOILIETO TOMY H3JIyYEHHUIO, B KOTOPOE JOJKHBI ObUIM MPEBPATUTCS K HACTOSALIEMY
BpEMEHU NepBUYHbIE (OTOHBI. M3-3a KpaCHOro CMEIICHUs MepBOHAYAIbHAs 4acTOTa W, 3HAYHUT
SHEprus ATUX (POTOHOB CHIIBHO YMEHBLIWJIACh U UX pacHpelielieHHe M0 PHEPrusiM B HACTOSIIIEE
BpEMsI COOTBETCTBYET CIEKTPY U3ITy4eHHsI aOCOIIOTHO YEPHOTO Teja ¢ TeMiieparypoit okoso 3 K.
DHeprus Kaxoro (oroHa oueHb MaJjia, HO X TaK MHOTO (109 (hOTOHOB Ha KaXBIH MPOTOH), YTO
CyMMapHasi SHEpPIHsl pelIMKTOBOro u3iydyeHus B 30 pa3 mpeBOCXOIUT SHEPTHUIO U3ITYUEHHs BCEX
3BE3/1, TAJIAKTUK U APYTMX HCTOYHUKOB BO BCEX AMANa30HAaX 4acToOT.

B Buge Takol TEpMOJMHAMUYECKM PABHOBECHOM IUIa3Mbl BelEeCTBO BceneHHOU
CYILIECTBOBAJIO IPUMEPHO | MWIIIMOH JIET, A0 TEX NOp Moka Temneparypa He ynana ao 4000 K.
[Tpu Takoii TeMneparype NpoOUCXOAUT PEKOMOWHAIUS HOHOB - BO3HUKAIOT HelmpaibHble amombl
Bozopoza u renus. C 3Toro BpeMeHu BceeneHHas crana npo3padHoi A U3Iy4eHHs, KOTOpOe ¢
HEUTpPAJIbHBIMM aTOMaMU NPAaKTUYECKH He pearupyer. VIMEHHO 53TOT MOMEHT OIpeAesser
«TIPAKTUYECKUN» 20pU3OHmM GUOUMOCMU, TO €CThb Ty NIPEAECIbHYI0 I'DAaHUIy OO KOTOPOH MBI
MOXeM MMeTh HHpopMaIuio o BeeneHHol: nanbine BemecTBO HEMPO3pavyHo, a ¢ ATOM TPaHUIIBI
NPUXOIHUT PENMKTOBOE M3nydeHue. Habmronas ero, Mbl, 1o CYIIECTBY BHAUM 3TY HENPO3PAYHYIO
chepy, ynamsatomyiocs oT Hac ¢ kpacHeiM cmemenueMm 1000. (Kcratm, cambie nanekue
CBETSIIUECS KOMIIAKTHbIE OOBEKTHI, HA0I0JaeMble B TEJECKOIbI - KBa3apbl - UMEIOT KPacHOE
cMmereHue He 6omee 4,5).

3/1ech OYE€Hb HHTEPECHBII MOMEHT, KacaloLUIiCs IPOCTPaHCTBA-BPEMEHH JIsl BeeneHHon
B LIEJIOM. YBEIMYMBash MOIIb HAMIMX MPUOOPOB, MBI 3ariggplBaéM BCE JAajiblle BIIyOb
BcenenHoll - B MPOCTPAHCTBO - U OJHOBPEMEHHO IPOJBUIAEMCS BO BPEMEHU K €€ Hayaily -
BUJUM Bce Oosiee U Oojiee paHHUE CTaluu ee pa3BUTHUS. [Ipy ’TOM MbI BUAUM 3TH paHHUE CTaIUU
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€O BCeX CTOPOH OT HAC - B JIIOOOM HaIpaBIeHUH. MBI BUIUM MX HA TIOBEPXHOCTH «TOPU30HTA,
KOTOpasi MpeJICTaBIIsAIeT co00i cdepy Bce OObIIEro v OOIBIIETO AHAMETPa. A Belb MBI IIPH ATOM
BUJUM BEIIECTBO B Hadyalleé PaCIIMPEHHs, TOT/A, KOTJa OHO 3aHMMAJI0 «TOpa30 MEHBIIHUN
00bem»! Eciu 661 MBI IPOHUKIIM B30POM CKBO3b HETIPO3PAYHYIO IUIa3My MEPBOTO MUJUIMOHA JIET
(ToTyCTUM C TOMOIIBIO HEHUTPUHHOTO TENECKOoNa) M0 CaMOW CHHTYJISIPHOCTH, TO M 3TO
«o0pa3oBaHuE» pPazMepoOM <10® ¢cm MbI yBUJenu Obl pa3MazaHHBIM 1O chepe paamycom
IPUMEPHO B 15 MUJUIMApIOB CBETOBBIX JIET!

MaremaTtukamM Takoe MpPEICTaBIsIeTCs JIETKO: Yy HHUX JaBHO CYHIECTBYET IOHSATHE
«OeCKOHEYHO yJaleHHas TO4Kay (3aMeTTe: OoHa oaHAa). EcTh TONBKO OfHA HamOolee yaaleHHas
Touka (OT JaHHOW) Ha TmOBepXHOCTH cdepbl, ecimu chepy OECKOHEUHO pa3ayBaTh OHa
peBpaTUTCS B OECKOHEYHO yaleHHYI Touky. Ecnmu Bcenennas 3amMkHyTa, TO OHa MOJO0OHA
TpeX- WIM YeThIpexMepHou cdepe. A ecnu He3amkHyTa? Tem He MeHee CHHTYISPHOCTH MBI
MO>KEM yBHJIETh TOJIBKO BOKPYT ceOsl.

[Tocne pexomMOMHaLMKM aTOMOB BEIIECTBO, 3amoiiHAIIee BceneHHyro, MpeacTaBisiio
co0Oi ra3, KOTOpBI BCIEJACTBHE T'PABUTAI[MOHHONW HEYCTOWYMBOCTH CTal COOMpPAThCS B
crymenus. Pe3ynbraTel 3TOr0 mpoiiecca Mbl BUJUM B BHJE CKOIUICHUH TajlaKTUK, TalaKTUK U
3Be3a. CtpykTypa BceeneHHol BecbMa HENpOCTa, U U3ydeHHE MeXaHU3Ma ee 00pa3oBaHUs - 3TO
OJlHa M3 CaMbIX MHTEpPECHBIX 3a/ay HacTosIero BpeMeHu. Kak HM CTpaHHO, OHa JajeKa OT
pemeHust - Mbl Oosiee SICHO TpeACTaBisieM cebe YTO MPOUCXOAMIIO B MEPBbIE CEKYHIBI MOCTe
00JIBIIOrO B3phIBA, YEM B MIEPUOJI OT MUJUIMOHA JIET /IO HAILLIETO BPEMEHHU.

[TepBu4HBIE HEOJHOPOTHOCTH JOJIKHBI OBLITN OBITh OYSHH MAJIBI 10 aMILTUTYAE (Pa3HOCTh
BO3MYIIIECHHONH M HEBO3MYIIEHHOW TIUIOTHOCTEW Obl1a OuYeHb Maja) - 00 ASTOM TOBOPHUT
ype3BblYaiiHasi OAHOPOJAHOCTb PETUKTOBOIO u3nyueHus. [loka He pereHHas 3a1a4a - BhIACHEHUE
IPUPOJBI, Pa3MEPOB M KOHKPETHOTO MEXaHH3Ma pOCTa MEPBUUYHBIX HEOJHOpOIHOCTEH. Bribop
MEXIy CYIICCTBYIOIIUMHU TEOPUSMHU TIOMOTYT CHIeNaTh TOJBKO HAONIONCHUS, BaXKHEHUIINE U3
KOTOPBIX - 3TO HaOItoeHUsT BeeneHHo# Ha caMoii paHHEH cTaauu BO3HUKHOBEHHS TajaKTHK, TO
€CTb HAONIOZCHHE TAaKMX MJAJeKUX ee o0jacTed, M3 KOTOPBIX CBET BBINIEN Ha 3TOW paHHEH
CTaJIu{, a TaKXe MOBBIIIEHNE TOYHOCTU W3MEPEHUN MHTEHCUBHOCTH PEIMKTOBOTO M3JIYUYEHHUS C
LIEJIbI0 TIONMCKA HEOITHOPOAHOCTEHN B €0 pacipeelIEHNN.

B nenmom ctpyktypa BceeneHHON BO3HHMKIIA B pe3ybTaTe PocTa CIydalHbIX (IyKTyarui
IUIOTHOCTA BEIIECTBA PAa3HOr0 MaciiTaba, HO KOHKpETHas MeXaHWKa JTOro Ipoliecca,
OOBSCHSIONIAS BCIO CTPYKTYpPY OT CKOIUIEHUH TaJakTUK JO 3Be3]] U IUIAHET KauyeCTBEHHO W
KOJIMYECTBEHHO €IIle He BIIOJIHE SICHA, M HAJl HeW aKTUBHO PabOTaroT.

4.2. OCHOBHBIE KOMIIOHEHTHI Beesiennoit

Kak »xe Bwirsiaur Bceenennas B Hacrosiuuii MoMmeHT? IlpakTuuecku Bce BUIUMOE
BEUICCTBO 3aKIIOYEHO B TaJaKTUKaxX - 3BE3IHBIX CHCTEMax pa3MepaMH B JECATKU ThICAY
CBETOBBIX JIET, COJEPKAIIUX JCCATKU U COTHU MUJIJTMAPAOB 3BE3J1, a TaKXKe 00JIaka ra3a u MbLIH.
[NanakTuKK OOBEIUHSIOTCS B CKOIUIEHUS M CBEpXCKOIUIEHUs. CBEpPCKOIUICHMS - KpyIHeHIue
HEOJHOpOAHOCTH BO BcenmeHHon. Mx pasMep MOXET JOCTUIaTh MOPSAJKA COTHH MWJIJIMOHOB
CBETOBBIX JIET, HO B MaciuTabax MHOIMX COT€H MWJUIMOHOB M MWIJIMAPIOB CBETOBBIX JIET
Bcenennas opgHoponHa. Pa3Mepsl CKOIUIEHHMM TaJlaKTUK OTBEYAalOT pasMepaM IMEPBUYHBIX
HEOJHOPOAHOCTEH, CIIOCOOHBIX SBOJIIOLMOHHUPOBAaTh B KOCMHYECKHE OOBEKTHl COIJIACHO
CyLIECTBYIOIIMM TeopusiM. Kpome ramaktuk Bo BceneHHONW mNpUCYTCTBYET paBHOMEPHO
3allOJIHSAIONIEE €€ PEIMKTOBOE IEKTPOMArHUTHOE H3JIeYeHUE, HEOOJbIIOEe KOJUYECTBO OYEHb
Pa3peKEHHOTO MEKTaTaKTHYECKOr0 OOBIYHOTO BEILIECTBA M HEM3BECTHOE KOJIUYECTBO MOKa HE
HNOJAIOLIErocs HAONIOACHUIO, HO TMPOSIBJIAIONIET0 ce0s B HEKOTOPbIX TI'PaBUTALMOHHBIX
s deKTax BemecTBa, 00pa3yIoIero Tak Ha3bIBAEMYIO CKPBITYIO Maccy.
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OcHoBHOI1 »ieMeHT Bceenennon - ramaktuka. OCHOBHOH DJIEMEHT TaJaKTUKHU - 3BE3da -
MAaCCHUBHBIN IUIOTHBIA Ta30BBIA (TOYHEE - IJIA3MEHHBIM) OYCHBb TOPSYHMI IMap, WU3JIyYarolluil B
OKpY’Kalolllee MPOCTPAHCTBO OTPOMHYIO JHEPrHUI0 B OCHOBHOM B BHJE 3JEKTPOMArHUTHOIO
u3nydeHusi. Bo Bcex rajakTukax OoJjblllas 4acTh BEIIECTBAa 3akjlOYeHa B 3Be3Jax - B
KPYIHEHIINX, TaK Ha3bIBAEMbBIX SJUIMITHUUYECKUX TaJaKTHKAX Ha 3BE3/bl MPUXOJUTCS CBbIIE 95
IIPOLICHTOB MacChl. B ciMpanbHbBIX rajakTUKax, TAKMX Kak Halla, J0JIs ra3a v MbUIM 3HAYUTEIbHO
6onbire 5%, HO Bce K€ TOPa3/l0 MEHBIIIE YeM JI0JIS 3BE3/I.

OOmiee cTpoeHHME TalaKTUK OMNpENeNserTcs CHIaMd TpaBUTALMHM, BpallleHUEM,
KOJUIEKTUBHBIMU «T'a30IMHAMUYECKUMI» (P (HEeKTaMu MpU B3aUMOJCHCTBUU T'a30BBIX OOJIAKOB U
3B€3]l M TFaJIaKTUYECKHMMHM MarHUTHBIMHU MOJSMHU. BaKHBIM pe3yiabTaTOM B3aMMOJIECHCTBUS ITHX
cut (TIPeKe BCETO Ta30JUHAMUKH) SBISIFOTCS HAOMIOJaeMble Y MHOTHX TaJlaKTUK M Y Halllel B
TOM YHCJI€ CIUpANbHBIE pyKaBa, B KOTOPHIX COCPEIOTOUYEHBI OCHOBHBIE MAcChl ra3za u odpasyercs
OCHOBHAasi Macca MOJIOJBIX ropsAyux 3Be3]l. CnupanbHbIe pyKaBa 1O COBPEMEHHBIM BO33PEHUSM
MPEJICTaBIISIIOT COOOM BOJTHBI TUIOTHOCTH TaJaKTUUYECKONW MaTepuu - THHAMUYeCKHe 00pa30BaHuUs,
o J00HbIe «oporpadudecKkuM» obJaKaM, BOZHUKAIOLINM HaJl BEPIIUHAMU TOP.

HenasHo mporiecc 00pa3oBaHust CIUPATBLHBIX BETBEH OBLI CMOJEIMPOBAH B TaOOpATOPUH
C MOMOILIBK BpAUIAIOLICHCS «MEJIIKOM BOIBD» € M3MEHSIOUIEHCA O Paauycy CKOPOCTBIO
BpaieHus. Ha moznenu HaOmroganoch oOpa3oBaHue CHPaIbHBIX BETBEW W aHTHIIMKIOHUYECKHX
BUXpPEU Y OCHOBaHUs 3TUX BeTBeil. CreruaibHO MOCTABIICHHBIC OYE€Hb TPYIOEMKHE HAOIIIOICHUS
Y W3MEPEHUS MO3BOJUIN OTKPBITh TAKUE TMT'AHTCKUE BUXPU U B CHUPAIBHBIX T'AJIAKTHUKAX. MbI
YK€ TPHUBBIKIA K MOJCIMPOBAHHUIO B JIADOPATOPUHM JWHAMUKH IOTOKOB BO3JlyXa W BOJBI,
o0TeKamux Kopaliau, caMOieThl U TUAPOTEXHUYECKUE COOPYKEHUS, HO 3/IeCh OUHAMUYECKOe
no0obue OBLIO YCIEHIHO HCIOJIB30BAaHO HpHU MOI[GJII/I?OBaHI/II/I MPOLIECCOB, MPOTEKAIOIINX Ha
00BeKTax MPEeBOCXOASAIMINX MOJENb [0 pa3MepaM B 10 pa3 ¥ HaXOJAUIMXCS Ha PACCTOSHUAX B
MUJUTHOHBI CBETOBBIX JIET OT HAC. Y AMBUTEIBHBIN NpUMep €AUHCTBA Mupa!

KakoBbl pasmepsl W Macchl 3Be3n? s WX BBIPpAKEHHS OOBIYHO TOJIB3YIOTCS
COOTBETCTBYIOIIMMHU BenuuuHamu uist CoJIHIIA, KOTOPOE CPEeAM 3BE3J TUIUYHBIA CEPEeIHSUOK.
Pamnyc Connna — 6,96.108 M, Macca CoaHia — 1,99.1030 Kr. MuHNMaJIbHAs BO3MOYHasI mMacca
3Be31bl uyTh MeHblie 0,1 comHeunoil — 3Be3ga MeHbIIEH Macchl yxe He OylIeT CBETUTHCH;
MakcUMayibHasi - OKOJo 90 CONHEYHBIX - MpU OONBIIMX Maccax B POXKIAIOMICHCS 3Be3JIe
BO3HUKAIOT KoJeOaHUs, KOTOphIE €€ pa3phlBalOT Ha 0OojJee MeJNKHe 4YacTH eme J0
OKOHYATEJIbHOTO CO3PEBAHMS.

N3nyyaet HopManbHas 3B€3/1a 3a CUET SEPHBIX PEaKLMi CUHTE3a TSAKENbIX JIEMEHTOB U3
BOZIOPO/Ia B €€ HEJpaxX, B OCHOBHOM 3a CUET pEakKIMu IpeBpallleHusl Bogopoaa B renui. [locne
«BBITOPAHUS» TAKOTO SAEPHOTO «TOILIMBAY 3BE3/bl MIPEBPAILIAIOTCS B BHICOKOILUIOTHBIE, TOPSYHE,
MEJIEHHO OCTBIBAIOIUE OOBEKTHl - Oejible KapJIUKH, HeHTPOHHBIE 3Be3[Abl U 10 CHUX MOp
3araJioyHbie YepHble AbIPbI. [Ipy 5TOM 3HaUNTENBHYIO (4acTo OOJIbIIE IMOJTOBUHBI) YacTh CBOCH
Macchl MOJ KOHEI[ ‘“KM3HU OHHU PacCeUBAlOT B OKPYXKAIOIIEM MPOCTPAHCTBE, MOMOJIHSS 3arachl
MEX3BE3IHOTO PACCESHHOTO BEIIECTBa, M3 KOTOPOTO CHOBA MOTYT OOpa30BBIBATHCS 3BE3[IBI.
Cpenu HaOMI0Aa€MbIX HaMU 3Be37] MOaBIIsIONIee OOJBIIMHCTBO — HOPMaJIbHBIE 3BE3/Ibl, KOTOPHIE
OOBIYHO HA3BIBAIOT 3BE3IAMHU 21A6HOLU NOCIe008amMeNbHOCMU. DTO CBSI3aHO C TEM, YTO B CTAJUH
YCTOMYMBOTO SIIEPHOTO “TOpeHUs” 3Be37a IMPOBOAUT OOJBIIYI0O YacTh CBOEH >KM3HU. Takas
cpenHss 3Be3na kak ConHIEe CyHIecTBYeT Kak 3Be3ia npuMmepHo 10 MuwuinapAoB J€T, W JIMILIb
nopsiaka 10 MUJUTMOHOB M3 HUX 3aHMMAaeT mpoliecc (OpMUPOBAHUS €€ U3 ra30IbLIeBOro obdaka
U eIle MEHBIIEe 3aBeplIaloIINe CTaauud cOpoca YacTH MAacChl M TMPEBPAICHUS B 3BE3THBIN
OCTaToK.

PaccesHHOEe BemiecTBO COCTOMT W3 Ta3a (TJIaBHBIM 0O0pa3oM BOJOpPOJAA) W IBUIH.
Kocmuueckass mpultb - 3TO B OCHOBHOM  Mejbyaillliie, CyYOMUKpPOHHBIE  YacCTHIIbI
CKOH/ICHCUPOBABIIIUXCS XUMUYECKIX COCTUHEHHI TSKEIbIX aTOMOB, 00pa30BaBIINXCS B HEJIpax
3Be3d. Kak ras, Tak ¥ mbUIb B TaJIakKTHKaX paclpeielieHbl HEpaBHOMEPHO, o0pa3ys Oosbline
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00J1aKa, pa3MepoM B JECATKH CBETOBBIX JIET U MAaCCOM B JIECATKH ThICSY cojiHeuHbIX. HexoTopoe
KOJIMYECTBO PACCESIHHOIO BEIIECTBA C OYEHb HHU3KOW IUIOTHOCTBKO HAXOAMTCS U B
MEXTaJJaKTHIEeCKOM TpocTpaHcTBe. [I1oTHOCTH MaTepuaibHBIX 00bEKTOB BO BeenenHoit (kpome
YEPHBIX JbIP, O INIOTHOCTH KOTOPBIX TOBOPUTH TPY/IHO) CJIEAYIOIIHE:

Haubonee ninoTHbIE - «HEUTPOHHBIE) 3BE3/IHI - 3.10 kr/m,

«Cpennsisi» 38e31a - Comniie - 1400 KI/M°

[anakrudeckue razosbie obmaka - ~ 1077 kr/m® = 10'° atomos na 1 M°,

B Mex3Be31HOM MPOCTPAHCTBE TATAKTHK - 10° atomoB Ha 1 M°.

MexranakTu4eckoe IpoCcTpaHcTBO - 1 arom Ha 1 M.

Bce 3TO MIOTHOCTH «BEHIECTBAa», MMEIOIIEro maccy mnokosi. Kpome toro Bcenennas
MPOHM3aHA U3JIYYEHUEM, MPEXKIE BCETO pPeruKmosbiM U3IYyYEHUEM - MEPBUYHBIM H3ITyYEHHUEM,
OCTaBIIUMCSI OT «OOJIBLIIOTO B3pBIBA» - U M3IYYEHHEM 3B€3Jl M MPOUYMUX CBETAUIMXCA OOBEKTOB.
Macca penukToBoro usnydenust B 30 pa3 Oouibliie, 4eM Macca BCEro OCTAIBHOTO M3IYYCHHS, HO
MIPUMEPHO B 2 THICSIYM pa3 MEHbIIIE, YEM MaACCa BEILECTBA.

Eme Bo BceneHHOM MPUCYTCTBYIOT KOCMUYECKUE JYUYH - MOTOKU 3JE€MEHTAPHBIX YaCTHUII
Y aTOMHBIX SIZIEp BBICOKOM 3HEPrUH, UCHYIIEHHBIE MPU TPAHAMO3HBIX KPOCMHUYECKUX B3phIBaX
WIM TIONYYMBIIUX YCKOPEHUE HEKOTOPBIMH IPYTHMMH CIOCOOAMH, HEUTPUHO, KaK PEIUKTOBEIC,
TaKk M WCIYIICHHbIE IIPU SACPHBIX pEaKUMsIX B HEAPAaxX 3BE€3J M, IOKa T'MIOTETHYECKHE,
IrpaBUTAllMOHHBIE BOJHBIL. Macca KOCMHMYECKHMX JIydeld II0 OLICHKE II0 KpalHel mepe Ha S
MOPSIIKOB MEHBIIIE MAcChl BEIIECTBA 3BE3/ U I'a3a, a MacCy HEMTPUHO M I'PABUTAILMOHHBIX BOJIH
MOKa OILIEHUTh HEBO3MOXKHO, HO OHA (OCOOEHHO HEHUTPHHO) MOXKET OBITh 3HAYUTEIHLHOM,
COM3MEpPHUMON C Maccoi BemecTBa. Tak k€ HEM3BECTHO HACKOJIBKO PABHOMEPHO 3TH OOBEKTHI
pacrpeziesieHbl B TPOCTPAHCTBE.

YepHble ABIPHI - 3TO MacCCUBHbIE OOBEKTHI, HAPSHKEHHOCTh TPABUTALIMOHHOTO TOJISI Ha
MOBEPXHOCTH KOTOPBIX TaK BEJIHKA, YTO JAXKE CBET HECIIOCOOCH UX MOKUHYTh. OHH MOTYT OBITh
pPe3yNbTaTOM KoJlanca MAacCHBHBIX (C Maccoil ocTaTKa IOcCie KoJularca U B3pbiBa OoJbIIei
NPUMEPHO 2,5 COJHEYHBIX) 3BE3]l MOCJIEe HMCYEpIaHus B HUX sJepHOro roptouero. Ilamenue
JIOTIOJIHUTEIBHOTO BEIIECTBA HA TAKYI0 YEPHYIO ABIPY MOKET YBEJIIMUUThH €€ MAcCy 3HAUNUTEIBHO.
[Ipennonaraercsi, YTO CBEPXMAacCHUBHbIE YEpHbIE JbIpbl (MUJUIMOHBI COJIHEUHBIX MAacc),
oOpa3oBaBIIMecs TaKUM 00pa30M, HAXOJIATCS B SApax HEKOTOPHIX TaJlaKTHK.

C depHBIMH JABIPaMH, TMOBUIUMOMY, CBS3aHBI M TaKWE YAUBUTEIbHBIE OOBEKTHI Kak
keazapwl. IlepBrie KBazapbl ObLIN OTKPHITHI B 1960 roay. OHHM MpeacTaBsiOT cO00M OOBEKTHI C
OTPOMHBIMHM KPACHBIMH CMEIICHUSMHU, TOBOPSIIUMU 00 HMX YJAJICHHOCTH Ha PACCTOSHUS BO
MHOTME€ MWJUIMApAbl Mnapcek. X HCTHHHAs CBETHUMOCTb, MOJCYMTAaHHAs C YYETOM ITHX
OTPOMHBIX PAaCCTOSHMM, OKa3aidach B JECSATKA W COTHH pa3 MPEBOCXOMSIIECH CBETUMOCTb
TUTAaHTCKUX TaJIaKTHK, COAEpXaIUX COTHH MWIIMApAoB 3Be3l. B To ke Bpems pa3Mepsl
KBa3apoB II0 KpallHEH MEPE B COTHIO THICSY Pa3 MEHbUIE TalaKTUYECKUX. Takas MOIIHOCTb,
BBIICTISAIONIAsCS B CTOJNIb MajoM OObeMe, 1O COBPEMEHHBIM MPEJCTaBICHUSIM MOXET OBITh
o0OecrieueHa TOJBKO BBIICICHUEM T'PABUTAIIMOHHOW JHEPTHU TPU MAACHUH OOJIBIIUX Mace
BEILIECTBA HA CBEPXMACCHUBHYIO YEpPHYIO JAbIpy. VICTMHHYIO Npupoly KBa3apoB HENb3s IOKa
CUMTaTh OKOHYATEIHHO BBISICHEHHOH, HO C HAMOOJNbIIEH BEPOSTHOCTHIO OHA TaKOBA )K€ KaK U Y
TaK Ha3bIBAEMBIX AKMUBHBIX S0ep 2alaKmMUK U CBA3aHa C BbIIEJICHUEM IPaBUTALIIOHHOM SHEPTUU.
[Ipenmomnaraercsi, 4TO KBa3apbl M MPEICTABISAIOT COOOW TaKWe aKTUBHBIC S/Ipa, a CBEUYCHHE
OKPY’KAIOIIEH SO TaJlaKTUKU HE BUIHO H3-3a OIPOMHOHN yhaneHHocTu. KBazapwel HamOolee
JaJIeKe U, 3HAYUT HanboJiee paHHUE O0BEKTHI B HaOII01aeMoii BeeneHHOi.

C rajakTUKaMH CBsI3aHa W TaK Ha3blBaeMmasi NpodJieMa «CKPbITOH Maccbl». IJTa
npo0iieMa BO3HUKIIA B PE3yJbTaTe U3yYCHHS COOCTBEHHBIX CKOPOCTEH TaJlaKTUK B CKOTUICHUSIX.
CrnyuaiiHple COOCTBEHHBIE CKOPOCTU CTpPEMSITCsS pa3dpocaTh TajJakTUKU MO MPOCTPAHCTBY, B TO
BpeMsi, KaK B3aUMHOE TITOTEHUE - YIUIOTHUTH CKOIUIeHHE. CTPYKTypa HEKOTOPBIX CKOTUICHHA
YKa3bIBa€T Ha TO, YTO OHU HAXOMATCS B PABHOBECHOM COCTOSIHMM, U B ITOM CIIy4ae TEOpHs
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MO3BOJISIET MO PACHPEICICHUIO COOCTBEHHBIX CKOPOCTEH TallaKTUK HAWTH BEIMYHHY IOJHOM
Macchl CKoruieHus. Takue pacueTsl ObUIM MPOBEIEHBI ISl MHOTUX CKOIUJICHUH M OKa3aloch, YTO
rpaBUTHpYOIas Macca Kaxnaoro m3 Hux B 20-30 pa3 Oosblie, yeM CyMMapHas macca BCex
BXO[SIIUX B HHUX HAOMIOMAaeMbIX OOBEKTOB. TO ecrh OOJbIAs 4YacTh Macchl BceleHHONn
Hes8UOUMA.

[Ipupona 3ToM, Tak HA3bIBAEMOI CKPBITOM MACCHI JI0 CUX MOP HESACHA, XOTS CYIIECTBYET
MHOT'O TPEAINOJIOKEHUH. DTO MOTYT OBITh U MOJHOCTHIO MOTYXILIUE 3BE3IblI U JAPYrHe TEMHBIC
TeNa, a MOTYT OBITh U HEUTPHUHO, €CIIM OHU HE Oe3MacCOBbIE YACTHUIIbI, a 00JIaJal0T XOTS U OYECHb
Majoi, HO KOHEYHOM Maccod mokos. Ecim ckpeltas Macca 3akiro4eHa B HEHTPHUHO,
OTJICIIMBIIMXCS OT OCTaJbHOTO BEIIECTBA HA PAHHMX CTaAusIX pacuupeHus BcenmeHHoil, To
MMEHHO HEOJHOPOAHOCTH B IUIOTHOCTH O3TUX HEHUTPUHO J[OJDKHBI CIYXHUTb OCHOBOW MJIs
BO3HUKHOBEHHMsI CKOIUIGHWM TaJakTUK. BO3MOXHO, pemeHrne mpoOJeMbl CKPBITOM Macchl
MIOMOJKET pazodpaTbcs U B IO CUX IOp 3araJlodyHOM MEXaHHW3Me OOpa30BaHUS CAMHX TalTaKTHK.
['maBHBIN K€ MHTEPEC K CKPBITOM Macce CBs3aH ¢ mpobiemoii Oymymiero Beenennoii: Oyaer nu
OHA PacCIIUPSTHCS BEUHO WM B KAKOH-TO MOMEHT PACIIUPEHNE CMEHUTCSI CKATUEM?

4.2.1. DBOIIONMS 3BE3

Mexanu3M 00pa3oBaHMs U BOJIIOLMU OCHOBHBIX 00BEKTOB BeeneHnHoii - 3Be31 - nzyueH
Haubosee XOpoIo. 37ech YYEHBbIM MOMOIJIa BO3MOXHOCTh HAOJI0/IaTh OTPOMHOE KOJIMYECTBO
3BE3]] HA CAMbIX Pa3HbIX CTAAMSIX Pa3BUTHUSA - OT POXKACHUS 10 CMEPTH, - B TOM YHUCIIE MHOXKECTBO
TaK Ha3bIBAEMBIX «3BE3JHBIX ACCOLMALMI» - TPYII 3BE3[, POAUBIIUXCS MOYTH OJHOBPEMEHHO.
[lomorna u cpaBHUTENbHASI <«IIPOCTOTA» CTPOEHUS 3BE3/bl, KOTOPOE JOBOJIBHO YCIIEUIHO
MO//1a€TCA TEOPETUYECKOMY OITUCAHUIO U KOMIIBIOTEPHOMY MOJEIIMPOBAHHUIO.

3Be3/1bI 00pa3yloTCs U3 Ta30BbIX 00JIAKOB, KOTOPBIE TIPU OIPENICIIEHHBIX 00CTOATEIbCTBAX
pacmajgaroTcs Ha OTHENbHBIE «CTYCTKH», KOTOpBIE Jaiblle CKHUMAKTCA I0J JEUCTBUEM
COOCTBEHHOTO TAroTeHHs. C)KaTHIO ra3a moJ AeUCTBHEM COOCTBEHHOTO TATOTEHUS IMPEMSTCTBYET
noBbllIatonieecs nasiaeHue. [pu agrnadbaTuueckoM c:kaTHUHU JOJKHA TOBBIIIATHCS U TEMIEpaTypa
- B BUJIC TEIUIa BBIJCISACTCS T'paBUTAIMOHHAS 9Hepeus ceéasu. Iloka obmako pa3pexeHHOE Bce
TEIJIO JIETKO YXOOUT C HM3JIy4EeHHUEM, HO MOTOM B IUIOTHOM SJIp€ CTYILIEHHS BBIHOC TEIUIA
3aTpyAHAETCS M OHO ObIcTpo paszorpeBaerca. COOTBETCTBYIOLIEE TIOBBIIICHUE JaBICHHS
TOPMO3UT CKATHUE U OHO MPOJOJIKAET MPOUCXOJUTH TOJIBKO 3a CUET MPOJIOJIKAIOIIETO MMaJaTh Ha
pokaarontyrocs 3Be3qy rasa. C pocToM Macchl pacTeT JaBICHHE U TEMIIepaTypa B LIEHTpPE, MOKa
HaKOHEIl MOCJEAHSA HE JOCTUraeT BeJIM4uHbl mpuMepHo 10 MumonoB KenbBuHOB. B 3TOT
MOMEHT B LIEHTPE 3BE€3/lbl HAaUMHAIOTCS SIACPHBIE PEAKLUU MPEBpAIlAOIIUE BOAOPOJ B TEiHil,
KOTOpBIE€ MOJJEPKUBAIOT CTAIIMOHAPHOE COCTOSIHME BHOBH 00pa30BaBIIEHCs 3BE3/1bl MUJIJIMOHBI,
MUJIMAP/Ibl UM I€CATKY MUJUIMAP/AOB JIET B 3aBUCUMOCTH OT MaccChl 3BE3/1bl.

3Be37a MPEBPAIIACTCS B OTPOMHBIA TEPMOSIAEPHBIN PEakTop, B KOTOPOM YCTOMYHMBO U
CTaOMIJIBHO MPOTEKAET B OOIIEM Ta JK€ peakius, KOTOPYIO YeIOBEK IMOKa HAYUUJICS OCYIIECTBISTh
TOJILKO B HEYNPaBIsiEMOM BapHaHTE - B BOJAOPOAHON OomOe. Briensemoe npu peakiuu Terio
CTa0MIIM3UPYET 3Be3/y, MOJIEPKUBasi BHYTPEHHEE aBJICHUE U MPENSATCTBYS € JalbHeHmemMy
ckaruo. Hebonpimoe ciyyailHoe ycuieHHME peakIMM CJerka «pasllyBaeT» 3Be3ly, U
COTBETCTBYIOIIEE YMEHBIICHHWE IUIOTHOCTH TPHUBOJUT CHOBA K OCHA0JCHUIO pPEAKUUU H
cTabunu3anuu nporecca. 3Be3a «rOPUT» C MOYTH HEU3MEHHOM SIPKOCTBIO.

TemnepaTypa U MOIIHOCTb U3JIy4EHUS 3BE3/Ibl 3aBUCUT OT €€ MacChl IIPUYEM HEITUMHEMHO.
['pybo TrOBOpsl, TpHW yBEIHMYECHHH Macchl 3Be3bI B 10 pa3 MOIIHOCTh €€ W3IydeHUs
yBenuuuBaercst B 100 u OGonee pa3. [losromy Oosiee maccuBHBIE, Oojiee TopsuMe 3BE3JbI
pacxoAyloT CBOM 3amachl TOIUIMBA TOpa3fo ObICTpee, YeM MEHEEe MACCHUBHBIE U JKHUBYT
oTHOcUTeNnbHO Henoaro. Hame CosHile 1Mo MOHATHBIM MPUYKMHAM SIBIISIETCS HanOoJiee N3y4eHHOM
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U3 3BE3JI M OHO XK€ MMEEeT OJM3KHEe K CPeIHUM mapameTphl. [1oaToMy, KaKk MBI YK€ TOBOPHIIH,
XapaKTePUCTUKU 3BE3/1 IPUHSITO BbIpaXaTh Yepe3 COIHEYHBIE.

Hwxnuii npenen Macchl 3Be37bl, PU KOTOPOM €IE€ BO3MOXKHO JOCTHKEHHE B LIEHTPE
TeMIepaTyp JOCTaTOYHBIX JJIsI Hadajla TEPMOSIACPHBIX peakuuid, cocrabisieT npumepHo 0,06
comHewyHoU. Bepxuuit npenen - okono 90 comHeyHsix macc. COOTBETCTBEHHO, CaMble Clia0bie
3Be3/bl CBETAT B HECKOJIBKO COT pa3 ciabee CojHIA U MOTYT TaK CBETUTh COTHIO MUJUIMAPJOB
Jet, ropaso OoJbllie BPEeMEHHU CYyIIeCTBOBaHUS Haiell BeeneHHol. MacCHBHBIC TOPSYHE 3BE3IbI
MOTYT CBETUTh B COTHHU ThICSY pa3 cuiibHee COHIIA U JKUBYT JIMIb HECKOJIBKO MUJUTMOHOB JIET.
M3BecTHa 3Be3ga CO CBETUMOCThIO B | MHJUTMOH COJHEUYHBIX. Bpems cTaOuiabHOTO
cymiectBoBanusa ComnHua npumepHo 10 MHUIUIHApIOB JIET, U U3 3TOr0 CPOKa OHO MPOXKHIO MOKa
MOJIOBUHY.

CTabuIbHOCTH 3BE3/Ibl HAPYLIAETCSI, KOTJa BHITOPAET 3HAUUTEIbHAs YacTh BOJIOPO/A B €€
Henpax. OOpa3yercs JIMIIEHHOE BOJOPOa 2euesoe A0po, a TOpeHUe BOJOpOoa POI0JKAETCS B
TOHKOM CJO€ Ha ero moBepxHocTu. IIpum 3TOM sAapo CKMMaeTcsi, B LIEHTPE €ro JaBlieHUuEe U
TEeMIIepaTypa MOBBIIIAETCS, B TO K€ BPEMsI BEPXHHE CJIOM 3BE3[Ibl, PACIIOJIOKEHHBIE BBIIIE CIIOS
TOpeHHusl BOIOPOAa, Hao0OpOT pacuupsioTcs. JuameTp 3Be3abpl pacTer, a CpeaHsis MIOTHOCTD
najgaeT. brmaromaps pocTy IUIOMIAAM M3Ty4Yarolled MOBEPXHOCTH MEIJIEHHO pPacTeT Takke U
MOJIHAsl CBETUMOCTb, XOTSI TEMIIepaTypa MOBEPXHOCTH 3BE3/bI MaJaeT. 3Be3/la MpeBpalaeTcs B
KpacHoro ruranta. Eciu Macca 3Be3/1bl IOCTaTOUYHO BEJIMKA, B KAKOM-TO MOMEHT TeMIlepaTypa
U JIaBJICHHUE BHYTPU T'eJIMEBOTO SApa JOCTUTAET BETUYMHBI JOCTATOYHON I Havyala CielyroInX
peakuuii cuHTe3a OoJee TSKENbIX SJIEMEHTOB - YIJepoJa M KHCIOpoAa - U3 Telus, a Ha
CIIETyIOIIEM dTare U ele oosee TskenbiX. B Hepax 3Be3/1bl MOTYT 00pa3oBaThes U3 BOJOPOA U
renus Bce dneMeHThl [lepuoaundeckoii CucTeMBI BIUIOTH JI0 XKeje3a, 001aaloero HanoobIei
SHEprueil CBs3U, MPUXOAIIeHcs Ha OIHY 4YacTHUIly. boiiee TspKenble 3JeMEHThl 00pa3yloTcs B
Ipyrux 0ojee pelIKux Mmpoleccax, ¥ MO3TOMY B MPUPOJIE X MAJIO.

OTMeTHM HWHTEpPECHOE, TMapaJoKCAIbHOEC Ha TEPBBIA B3TIAL 0OCTOATENHCTBO. Iloka
BOJIM3U IIEHTPa 3BE3/bI UJET TOPEHHE BOJOPOAA TeMIepaTypa TaM HE MOXKET MOMHSITHCS 0
nopora reiaueBoi peakiuu. s 3Toro HeoOXoauMO, 4YTOOBI TOpEeHHE MPEKPaTUIOCh U SIIPO
3B€3/1bl Hauajno OcCThiBaTh! OcThIBalomiee SAPO 3BE3Ibl CHKUMAETCSA, MPU HTOM MOBBIIIACTCS
HANPSDKEHHOCTh TOJIS TSTOTEHUS U BBIIENSETCS TPaBUTAIMOHHAs SHEPIus, KOTopas HarpeBaer
BeriecTBO. [Ipu MOBHIIEHHON HAMPSHKEHHOCTH TMOJIE HeoOXoAnuMa 0oJiee BRICOKAsl TeMIIeparypa,
YTOOBl JaBJIEHHUE MOTJIO MPOTHUBOCTOSNTH CHKATHIO W TPaBUTALIMOHHOM SHEPIHMHM OKa3bIBAeTCS
JOCTaTOYHO, YTOOBI OOECIIEUUTH ATy TeMIepaTypy. AHAIOTUYHBIA MapaoKC MBI UMEEM IpH
CHIDKEHWH KOCMHYECKOTO aIlfapara: 4YToObl ePEeBECTH e€ro Ha 0oJjiee HU3KYI0 OpOHTY, €ro Hajo
APUMOpPMO3Ums, HO TIPYU ATOM OH CTaHET OJIKe K 3emiie, Il CHJIa TSDKECTH OOJIbIle, B CKOPOCTh
ero Bo3pacter. OCThIBAHHE YBEJIUYUBACT TEMIIEPATypy, a TOPMOKEHHUE YBEIMYUBAET CKOPOCTH!
TakumMu KaXylnuMucs napajoKcamH IOJHA MPUPOJA, U JAJIEKO HE BCErJa MOXHO JOBEPSThHCS
«31paBOMY CMBICITY».

[Tocre Hayanma ropeHus Telus PacxoJ0BaHUE YHEPTHUH UAET OYCHb OBICTPBIMHU TEMITAMU
TaK KaK 3HEPreTUYECKU BBIXOJl BCEX PEAKIUi C THKENBIMHU 3JI€MEHTaMHU HAMHOI'O HUXKE, YeM
IpH peaklMyd TOPEHHsI BOJOPOJa M, KPOME TOro, OOIasi CBETUMOCTh 3BE3/bI Ha ATHX dTamax
3HAYUTENIbHO Bo3pacTaeT. Eciau BoIOpoA TOpUT MWILIHAPIBI JIET, TO TeIUil MIIJIMOHBI, a BCe
OCTaJbHBIC DJIEMEHTHI - He Ooiee Thicsd neT. Korma B Heapax 3Be3NbI Bce SIACPHBIC peaKluu
3aTyXalT, HUYTO YXKE€ HE MOXKET MPEensTCTBOBaTh €€ IPaBUTALMOHHOMY C)XaTHIO, U OHO
MPOUCXOIUT KaracTpodudecku ObICTpo. BepxHue cClloM MagaroT K HEHTPY C YCKOpEHHEM
CBOOOJHOrO MaJEeHMs, BHACISAS OTPOMHYIO TPAaBUTAIMOHHYIO SHEpPruio. BemecTBo cxumaercs.
Yactp ero, mepexojsi B HOBOE COCTOSIHME BBICOKOH IIOTHOCTH, 00pasyeT 36e30)-0Cmamok, a
4acTh (0OBIYHO OOJIBINIAsT) BHIOPACKIBACTCS B MIPOCTPAHCTBO B BUJIC OTPAKEHHOMN yJAapHON BOJIHBI
¢ orpoMHO# ckopocThio. [Ipoucxomut B3peiB CBepxHOBOIi 3Be3bl. ([loMuMoO rpaBUTAIMOHHON
SHEPruu B KHWHETHUYECKYIO SHEpPIrHi0 yIapHOW BOJHBI BHOCHT CBOW BKJIaJ M TEPMOSAEPHOE
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JIOTOpaHUE YacTU OCTAaBILIErocs BO BHEIIHMX CJIOSAX 3B€3/bl BOJOPOJA, KOTAa MaJalolluid Tra3
CXKUMAETCS BOJIM3H 3BE3/IHOTO sJIpa — MPOUCXOIUT B3PHIB T'PAHINO3HOHN “BOAOPOJTHON OOMOBI”).

Ha uem octaHoBuUTCS ckatue M 4YTO OyIeT MpencTaBisATh cO00i octaTok CBEepXHOBOM
3aBUCHUT OT ero macchl. Ecim 3Ta Macca MeHee 1,4 comHeYHOW - 3TO OyAeT Oesblii KapJauk -
3Be3za ¢ mwiotHocthio 10° /M3, MemteHHO ocThIBaromas 63 BHYTPEHHUX UCTOUHUKOB SHEPIHH.
OT nanbpHEMIIero ckaTusi ee yIEp>KUBAET MaBICHUE BbIPONCOCHHO20 IJIeKMPOHHO20 2d3d,
oOpa3yromierocss ocie pa3pyluieHUs] OTPOMHBIM JIaBJICHHEM JJICKTPOHHBIX 000JIOYEK aTOMOB.
JanpHeinemMy yIjaoTHEHUIO TAKOTO AJIEKTPOHHOIO ra3a npensaTCTBYeT NpuHIUN 3anpera [laymnu.
[Ipu Gonpieit Macce (mpumepHo ot 1,4 mo 2,5 comHeyHOH) oOpa3yeTcss HeHTPOHHAN 3Be3/1a C
IUIOTHOCTBIO MPUMEPHO PAaBHOM MJIOTHOCTH aTOMHOTO sjipa. B 3ToM ciyuyae 37eKTpOHBI Kak Obl
BJIaBJIMBAIOTCS B MPOTOHBI, 00pa3ysi HEHTPOHBI, M JAIbHEUIIEMY YIUIOTHEHUIO MPEMSTCTBYET
TaK)Ke MIPUHIIMII 3aMpeTa, Y>Ke [0 OTHOILIEHHUIO K «HEUTpOHHOMY Ta3y». Ilpu emie Gonbiieit macce
oOpa3yercs 4epHasi AbIpa - 0€3yAEepPKHO COKUMAIOIIUNICS OOBEKT, KOTOPBIA, OJHAKO, HOJKEH
Ka3aThCsl BHEIIHEMY HaOJIOAATENI0 3aCTBIBUIMM H3-3a PEISTUBUCTCKOTO 3aMEJICHUS BPEMEHHU.
Uepnast aplpa HMYEro HE H3JIy4aeT caMa, TaK KaKk OrPOMHOE TI'paBUTAIMOHHOE II0JI€ Ha €€
MOBEPXHOCTU HE MOXKET BBITYCTUThH Jake (DOTOHBI, HO MOXET ObITh Ha0JI01aeMa M0 U3ITyYEHUIO
MaJaroIIero Ha Hee BellecTBa (OHO M3JIyYaeT 3a CYET pa3jIMYHbIX MEXaHH3MOB B IpOIECCe
NaJieHus 10 TOTO KaK yHJAeT MO 2opu30Hm, OTKyJa HUUTO YK€ BBINTH He MOxeT). MHTepecHo,
YTO MPOIIECC MAJIEHUs BEIECTBA HAa YEPHYIO JBIPY — 3TO CaMblil MOIIHBIM U3 M3BECTHBIX HAM
VMCTOYHMKOB JHEPTUU: TECOPETUYECKH IMPU ITOM MOXKET IMEPEUTH B U3IYYEHHE O IOJOBUHBI
SHEPTUHU MOKOS MaJA0IIET0 BEIIeCTBa.

HNmenno mnpu B3pbiBax CBEpPXHOBBIX HPOUCXOAMT OOpa30BaHUE 3JIEMEHTOB TsKelee
kKelesa, I KOTOPBIX HYKHBI YPE3BBIYAIHO TIOTHBIE MOTOKU YaCTHIl BEICOKOW SHEPTUHU, YTOOBI
OBLIM IOCTATOYHO BEPOSTHBI MHOTOUYAaCTUYHBIE CTOJIKHOBEHHS.

TakuM 00pa3oM, 3Be3/IbI SBISIOTCS HE TOJHKO MOIIHBIM HCTOYHUKOM DHEPTUU BBICOKOTO
KayecTBa, paccesHHe KOTOPOH CHOCOOCTBYET BO3HMKHOBEHMIO CJOXHEHIIUX CTPYKTYD,
BKITIOYAIOIIUX U KU3Hb, HO M PEAKTOPaMH, B KOTOPBIX MTPOU3BOIUTCS BCs Tabnuiia Menueneea -
HEOXOAUMBIN Marepuan Il 3TUX CTPYKTyp. B3pbIB 3akaHUMBAroOmIield CBOIO >KU3Hb 3BE3Ibl
BBIOpachiBaeT B IMPOCTPAHCTBO OTPOMHOE KOJIMYECTBO PA3HOOOPA3HBIX D3JIEMEHTOB TSIKEIEe
BOJOpPO/JA M TE€NHs, KOTOpPbIE CMEIIMBAIOTCS C TAJAKTUYECKHM Ta30M. 3a BpEMs KU3HU
BcenenHoii 3aKOHUMIM CBOIO JKM3Hb OYeHb MHOTO 3Be3l. Bce 3Be3nnl Tuna ConHila u Oonee
MAacCCUBHBIC, BO3HUKIIHME M3 MEPBUYHOIO ra3a yKe MpPOLUIM CBOM KU3HEHHBIM MyTh. Tak 4TO
ceituac ConHIlE U eMy MOAOOHBIC 3BE3/IbI - ITO 3BE3[bI 8MOPO20 NOKOJeHUs (& MOXKET OBITh U
TPETHET0), CYHIECTBEHHO O0OTallleHHbIE TSKEIbIMU 3JeMeHTaMu. be3 Takoro oboraiieHust Bpsij
JIM OKOJIO HUX MOTJIU OBl BOSHUKHYTH IIJIAHETHI 3€MHOTO THIIA.

4.2.2. O6pa3zoBaHuE MJIAHETHBIX CUCTEM

Tenepb paccMOTPUM MOXKET OBITh CaMblii OJIM3KHI YeIOBEKY BOMPOC - 00 00pa3oBaHUH
miaHeT. Kak oOpaszoBamuchk mmaHeTsl ConHeYHOM cucTeMbl © modemy?  Hackonbko
pacnpoCTpaHeHbl IIJIAaHETHbIE CHCTEMbl BO BceneHHo#? Hackoinbko pacrpocTpaHEHbl BO
Bceenennoii cuctemsl, momo0OHnle CONTHEYHOM, ¢ IUIaHETaMH, MOJNOOHBIMU 3eMiie, Iae MoIyia Obl
CYIIECTBOBATH M0100HAs HaIIeH )KU3Hb?

BepHeMcst CHOBa K MOMEHTY POKJICHHUS 3BE3/IbI.

Ha cxxatue razoBoro ob6naka M Ha JalbHEUIIYIO Cyab0y 3Be3/bl OKa3bIBAIOT BIMSIHUE
KpOME TSTOTEeHHUs ellle MHOro ¢akTopoB. OTMETHM ceifuac NepBbIi U3 HUX - MOMEHT KOJMYECTBa
nBIKeHUs. ['a30Bble oOsiaka HAXOAATCS B OECHOPSIOYHOM TYpOYJIEHTHOM JABHXKEHHH, YTO H
IPUBOIUT K 00pa30BaHUIO BPALIATEIbHOIO MOMEHTA B OTIENbHBIX MX 4acTsaX. [Ipu cxarum BO
MHOIO Pa3 MOMEHT BpalllEHUsl COXPAaHSAETCS HEU3MEHHBIM, & MOMEHT MHEPLUU YMEHBIIAETCS
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MPOMOPIMOHAIIBHO KBaJAPaTy CTEIEHH CXKaTUs, U, 3HAYUT, BO CTOJIKO K€ pa3 JO0JKHA BO3PACTH
CKOPOCTb BPAILICHHUS.

Bricokasi ckopocTh BpalleHHs MPensaTcTBYeT cxkaTuio B cdepy. Ilo aToit mpuumze
OOJIBIIMHCTBO TaJaKTUK UMEIOT JUCKOOOpa3HyIo (popMy, HO 3BE3/Ibl, KaK MPABUJIO - IIAPUKH, OHU
KaK-TO M30aBISIOTCA OT CBOEro MoMmeHTa. HaOmrioneHus yKkasplBalOT Ha JBa IYTH: MEPBBIA -
o0pa3zoBaHME TBOWHBIX 3BE37; BTOPOHM - 0Opa3oBaHHE IJIAHETHBIX CHUCTeM. B mepBom ciydae
MOMEHT BpalleHUs1 OOJjaka TMEepexXOoAUT B MOMEHT BpallleHHs 3Be3]l BOKPYT OOIIEro MEeHTpa
TSYKECTH; BO BTOPOM - MEPENAETCs IUIAHETaM, BPAILAIOIIMMCS BOKPYT LIEHTPaJbHON 3Be3/bl. B
Hameil ConHeyHoM cucteme Ha raHeTsl npuxoautcs Bcero 0,13% maccsl, HO pumepHO 98%
MOMEHTA KOJIMYECTBA IB>KCHMUSI.

JIBOifHBIE 3BE3/bI YAAIOCH MOTYYUTh B KOMIBIOTEPHBIX MOJIEISIX, TyTH UX 00pa3oBaHUs
JIOBOJIBHO SICHBI, M HAaOJIIOICHHsI TIOKA3aJIu, 4TO 0 KpaitHeit mepe 70% Bcex 3Be311 - IBOWHBIC WU
eme OoJpIIeld KPaTHOCTU - TPOWHBIC, YETBEpHbIE M T.I. (MakCHUMyM, 4TO HaOII0Janoch -
ceMepHasi).

CymiecTBoOBaHUE IJIAHET HAAEKHO, MPSMBIM CIIOCOOOM, yJAJIOCh MOKa J0Ka3aTh JIUIIb Y
HECKOJBKHMX 3Be3]l Kpome Hamero CoiHIa, U 3TO, B OCHOBHOM, IUIAHETHI, MPEBOCXOIAIIUE TI0
macce Omurep — mouTH 3Be3/bl, HO MOKHO TPEAINOIararb, YT0 OOJIBIIMHCTBO OJUHOYHBIX 3BE3]
(xotopbix B Hameid [anakThuke MHOTME MWJUTHApAbl) JOJKHBI MMETh IUIAaHETHbIE CHCTEMBbI U
Cpeau HUX JOJDKHBI OBITh U TIJIAHETHI, MOA00HBIE 3eMIIe.

Hacuer mexanu3ma o0pa3oBaHus MUIAHETHBIX CHUCTEM (KOHKPETHEE - HAIIeH CHCTEMBI) JI0
CHX IOp HET OKOHYATEJIbHO C(OPMHPOBAHHOTO MHEHUS. ECTh OBOJBHO CTPOWHBIE TEOPHH, HO
HU O/IHA TOKAa HE MOXET OOBSCHUTH 6cex (aKTOB, OTHOCSIIMXCS K IUlaHeTaM. B Hacrosiee
BpPEMS MOXHO CUMTATh JJOCTATOUYHO TOYHO YCTAHOBJIEHHBIMM CIIEAYIOLINE JIBA ITOJIOKEHHUS:

1) ITnaneTsr 0O6pazoBaINCh MPUOMH3UTENHHO OAHOBpeMeHHO ¢ COJIHIIEM M3 MaTepualia
TOTO € ra30-TbUIEBOTO 00JIaKa.

2) OOpa3oBaHHe TUIAHET MPOMCXOIWIO M3 XOJOJHON MaTepUH W TUIAHETHl HUKOT/AA HE
NPOXOAWIM 4Yepe3 CTaaui0 IOJHOTO pacIUlaBieHUs (XOTS pacijiaBlieHHe OOJbIIed YacTH
BEIIECTBAa Ha PAHHUX CTA/IUSAX JKU3HU HEKOTOPBIX IUIAHET BEPOSATHO).

Hcxonst U3 3TUX MOJNOKEHUH CTPOSITCS OCHOBHBIE TEOPUU O0pAa30BaHMS M HAYAIbHOM IBOIIOIUH
IJIaHET.

B ConHeuHOl cucTeMe BCETO HACUUTHIBAIOT 9 OONBIIMX IUTAHET: 4 TUIAHETHI «3EMHOM
rpynnsl» - Mepkypuii, Benepa, 3emiist 1 Mapc; 4 nnanersi-ruranta - FOnurep, Catyps, Ypan u
Hentyn; u crosimuit ocoOnsikom Ilmyton. Kpome toro k ConHeuHOW IIaHETHOW cHUCTEMe
OTHOCUTCSL OOJBIIOE YHCIO TaK Ha3blBAEMbIX «MaJbIX I[IJJAHET» WU  acTEePOHUOB,
PacroJIO)KEHHBIX B OCHOBHOM Mexay Mapcom u Onurepom, OTHOCUTENBHO "KPYIHBIX'" MajbIX
miaHeT (200-500 KUIOMETpOB AMAMETPOM), paclookeHHBIX 3a HenTynom B mosice Koiinepa,
KOMeT, 00pa3yoluX Tak HazbiBaeMoe obaaxko Qopma, pacnojoxeHHoe 3a opouroii Ilnyrona, u
MHOTOUYHCJICHHbIE CITYTHUKU OOJIBIIMX TIaHET.

[TnaneTsl 3eMHOM Tpynmbl pacrosioskeHbl Ommke K COJNHILy M TPEICTABISIOT COOOMU
TBEpJbIE IIAPBI, COCTOAIINE B OCHOBHOM W3 CHUJIMKATOB C OTHOCHUTEJIBHO TOHKHMH T'a30BBIMHU
atMocdepamu. [loBUAMMOMY y BCEX 3THUX IUIAHET MPHCYTCTBYET XKEJIE3HOE SIPO PA3IUYHOTO
pasmepa (OoTHOcUTENbHO Hamboibinee y Mepkypus). ATMocdepsl CHIBHO pa3iuyaroTcs I10
IUIOTHOCTU U cOCTaBy: y Mepkypus - npuMepHo Ha 10 mopsaKoB MeHee IUIOTHasA, YEM 3E€MHas
aTMoc(epa COCTOMT B OCHOBHOM M3 Tellvs, MOCTABJIIEMOTO COJIHEYHBIM BETpoM; y Mapca u
Beneps! npeoOnanaronum KOMIOHEHTOM (cBbliie 95%) atMocdepsl SBISETCS YIISKUCIBIN Ta3,
HO TUIOTHOCTH aTMocdepsl Mapca B 160 pa3 mensIne, ueM 3emuin, a Bereps! - B 90 pa3 6ombiie.

3eMiIsl €IMHCTBEHHAsh 00JaiaeT KUCIOPOAHOM arMocdepoit u ruapochepoil - KumaKon
BOJIOWM Ha MOBEpPXHOCTU. He HCKIroueHo, 4To KOTrAa-To KHUKas Bojaa Oblia U Ha Mapce, a ceifuac
OHA MPUCYTCTBYET B BUJIE 3aXOPOHEHHOT'0 MO/ MbUIBIO JIBJA.
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BHyTpeHHee cTpoeHune IIaHeT U3y4eHo BecbMa ciiabo. bombiie Bcero Mbl 3HaeM o0 3emiie,
0 KOTOpOH Jajbllle MOroBopuM 0c000. Mojenu BHYTPEHHEr0 CTPOSHHMSI JIIsl OCTAIbHBIX IJIaHET
36MHOM TPYIIIBI CTPOSTCS 110 AHAJIOTUU C 3EMIIEH.

[InaHeTbI-TUTaHTBl TNPEACTaBISAIOT CO0OI OrpOMHBIE Ta30Bble IIAaphl, BO3MOXKHO HE
UMEIOIIME TBEPJOU MOBEPXHOCTH, KaK y IUIAHET 3eMHOU rpynmbl. biarogaps cBouM O0JIbIINM
MaccaM M IOCTaTOYHOM ynaneHHOCTH OT COJIHIIA OHU YAEPKalIu NOYTH MOJTHOCTHIO JETKUE Ta3bl,
npeoOiagaBIIve B MPOTOIUIAHETHOM OOJaKe, - BOJOPOJ M Teluil, U3 KOTOPBIX U COCTOST, B
OCHOBHOM, MX HEOOBIYaiHO MOIIHBIE aTMoc(hepbl. B riyOnHe BEpOATHO BCE K€ MPUCYTCTBYIOT
TBEp/IbIC 51/1pa, COCTABIIAIONINE OYeHb HEOOBIIIYIO YacTh IIJIAHETHI IO Macce.

[IpyunHa paznmuuuil B CTPOCHHUM IJIAHET 3€MHOM I'PYNIbl U IUIAHET-TUTAHTOB OYEBHJIHO
cBs3aHa ¢ uX paccrossHueM oT CoiHua: caMas ynajeHHas IJJaHeTa 3eMHOHM rpynmnel - Mapc -
HaxoauTcs Bcero B 1,52 a.e. (a.e. - acTpOHOMHYECKasl €IMHMIIA, PAaBHA CPETHEMY PACCTOSHUIO
3emiu ot Conana - 149,5 muH. kM.) ot ConHila, a Ommkaimmii rurant - FOmutep - B 5,20 a.e.
B6mu3u ConHia nmpakTU4ecKH Bce JIETKHE Tas3bl MPOTOIJIAHETHOTO O0siaka OBLIM «BBIMETEHBI»
COJIHEYHBIM M3JIyueHHEeM B Oosiee najnekue o0JacTH, W aTMoc(ephl IUIAHET 3EMHOM TpPYIIIBI
BTOPUYHBI — OHM 00pa30BaHbl T'a3aMH, BBIICTUBIIMMUCS U3 HEAp B mpolecce AuddepeHunanuu
BEIIIECTBA YK€ MOJTHOCTHIO CPOPMUPOBABIICHCS TIIIAHETHI.

4.3. CTpoeHue 1 XKU3Hb 3EMJIU

Teneps morosopum noapodHee o 3emie.

Uto mbl 3Haem o 3emie? HemocpencTBeHHbIE HAOMIOIEHUSI TMOKA3bIBAIOT, YTO 3E€MIIS
npezcTaBisieT co0o0i TBEpIOe TeNo, OKPYKEHHOE BOAHON M ra30BoH 000JI0YKaMH - THAPOCHEpoit
1 aTMOC(EpOi.

Cpennuii paguyc 3emnu - 6371 kM, mIOTHOCTH - 5517 Kkr/m°, Macca - 5,973.10%* kr, Ha
ruapocdepy npuxoauTcs okoio 1,4. 10%! kr (aytb menee 0,025%) u Ha atmMocdepy - 5,16.10" kr
(OKOJIO OJTHOYM MUJUTMOHHOMU TTOJIHOM MAacChl).

[ToBepxHOCTh 3emin CHIIBHO HeomHopoaHa. [Ipexnae Bcero OpocaroTcs B TJla3a TaKHe
KpyIHEeHIe o0pa3oBaHusl KaKk OKEaHbl U MAaTEPUKHU. 3aTe€M - HEPOBHOCTh MOBEPXHOCTH CaMHX
9TUX 00pa30BaHW M UX BEIIECTBEHHAs HEOJTHOPOJHOCThH (B OCHOBHOM Ha Marepukax). TBepmoe
Teno 3eMJIM M3y4aeT TeOJIOTHsl, KOTOpas HA4YMHAIach KaK NPUKIATHAs HayKa, MpU3BaHHAS
pa3pabarbIBaTh METO/bI IOUCKA MOJIE3HBIX HCKOMIAEMBIX.

I'eosiorn 10BONBHO OBICTPO YCTAaHOBWJIM, YTO 3€MHasl TBEPIb OTHIOJIb HE He3blOiema.
Opo3us MOHMKAET BHICOKHE FOPBI B CPETHEM Te-TO Ha HECKOJBKO NECATHIX JOJIeH MUJUIUMETpa
B ro/1. TO ecTh Ha HECKOJIBKO COTEH METPOB 32 MHJUIMOH JIeT. ITO O0bIIasi CKOPOCTbh. Jlaxe eciu
oHa Obuta Okl B 10 pa3 MeHbIIe, IEPBBIX COTEH MHIJJTMOHOB JIET XBAaTHJIO OBl YTOOBI Pa3pOBHATH
Jr00bIe TOpBI. A 3eMIIsl CYLIECTBYET IO COBPEMEHHBIM OIIEHKaM MpHUMEpHO 4,6 MWILIHapAa JIeT.
CrnenoBarenbHO TOpbl HE TOJBKO pPa3pyllIalOTCs, HO M PacTyT, Tak ke Kak oOpa3yroTcs u
MECTOPO’KICHUS MOJIE3HBIX UCKOMaeMbIX. Bee 3To ceiiuac HabmogaeTcst U U3y4aeTcs.

Cpeassisi CKOPOCTh POCTa FOp OJHOTO MOPSAJIKA CO CPEAHEN CKOPOCThIO UX Pa3pyILEHUS —
I7Ie-TO OKOJIO MIJIJITUMETPA B I'OJ] U MEHBIIE, HO 3TO cpedHss ckopocms. Ha KOPOTKUX OTpe3Kax
BPEMEHH CKOPOCTh MOXKET OYEeHb CHJIBHO OTJIMYAaThCsl OT cpedHeil. ['opbl pacTyT oueHb
HEPAaBHOMEPHO, MHOIZIA IPHU 3€MIIETPSICEHHUAX OHU MOTYT “NOJCKOYMTH  Cpa3y Ha METPHI, a
MOTYT M OCTAaHOBHUTHCS B POCTE M JakKe IOHHM3UTHCI Ha KOPOTKOE BpeMs Ha (QoHe
IPOJIOJDKAIOIIETOCs,, B CpeaHeM, MOAHATUSA. Tak ke HEepaBHOMEPHO HJET U pas3pylleHHe:
KPYIHBIA 00BaJI (KOTOPBIM Tak)Ke€ MOXKET OBITh CBSI3aH C 3EMJICTPSICEHHEM) MOXKET MOHU3HUTH
BBICOTY TOpBI Cpa3y Ha JECSATOK METPOB, a MOTOM OHA OyIeT COXpaHATbCA ACCATUICTUSIMU
HEU3MEHHOM.
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Bce reonoruueckue CTPYKTYphlI SIBISIFOTCSI KUBBIMHU, JUCCUIIATUBHBIMU CTPYKTYpPaMH,
KOTOpBIE BO3HUKAIOT U TMOJAECPKUBAIOTCS 32 CUET JUCCHUIALMM BHYTPEHHEH sHepruu 3eMiH u
OJIHOBPEMEHHO U3MEHSIOTCS 3a CUET IMOTJIONICHUS U paccestHust sHeprun CosHua.

Uto Takoe BHYTpeHHsIsi SHeprus 3emiu? 3emiis BO3HHMKIA B PE3yJabTaTe aKKpELHH
MEepPBOHAYAILHO XOJOJHOTO pAacCesHHOro BemiecTBa. lIpeamornaraercsi, 4to Ooiblias 4acThb
Macchl 3emMiid coOpajiach 3a CPaBHUTEIBLHO KOPOTKOE BpeMsl (MOpsAKa COTEH THICSY JIET) B
OCHOBHOM 3a CUeT OOBEOUHEHHS JOBOJBHO KPYHMHBIX (TOpSAOKAa KWJIOMETPOB) Tl -
mnaneresumaneit. Ilocie Toro kak Macca 3eMid JOCTUIVIA 3aMETHOM JOJIM COBPEMEHHOM
NaJeHue OYEpPEAHBIX TMOPIUN MaTepuud MNPUBOAWIO K  BBIICICHUIO  3HAYUTEIHHOU
IpaBUTALMOHHON 3Hepruu W HarpeBy. [Ipuuem mons termia, uayiias Ha HarpeB HEApP MOJIOIOM
TUTAHETHI ObUTa TeM OOJIbIIe, YeM KpyIHee ObutH majnatomniue Tena. CUIbHBIC YAaphl IPUBOAUIN K
YaCTUYHOMY IUJIaBJICHHUIO BEIECTBA B OrpaHMYEHHOM oO0JacTh, HO B LEJIOM TeMIleparypa
pactyieit 3eMiu AalieKo He JOCTUTalla TeEMIIEpaTyphl IJIABJICHUS.

Kpome TemnoBbIAeeHUsT 3a CYET AaKKPEIUU CYIIECTBOBaJI W JPYrod 3HAYMTEIbHBINA
ucTOouyHUK Teruia. CoJHIE - 3Be3Jla BTOPOrO IOKOJIEHHUS, TO €CTh OHO O00pa3oBaJoCh HE U3
NEPBUYHOTO Ta3a, a B 3HAUUTENBHOM CTEMEHH M3 BEILIECTBA, BBIOPOLICHHOIO B3PbIBAMU
CBEPXHOBBIX 3BE3]l MIEPBOTO MOKOJICHHUS, 00OTAIIEHHOTO TSDKEIBIMU JIEMEHTaMH, B TOM YHCIIE U
paaroakTuBHBIMU. [IprueM, KpomMe U3BECTHBIX HaM JOJIT0KUBYIIMX PaJUOAKTHUBHBIX AJIE€MEHTOB
- ypaHa, TOpUs U KaJdus B HEM MPUCYTCTBOBAIM U KOPOTKOKUBYIIUE PATUOAKTUBHBIEC JIIEMEHTHI
(c mepuomoM modypacmaza IMopsijiKa JECATKOB MHJUTHOHOB JjeT). ONEeHKH IOKa3bIBaloT, YTO
PaAMOAKTUBHOTO TEIUIa MOTJIO OBITH JOCTATOYHO HJIsi CHJIBHOTO Pa30rpeBa U pacIUIaBICHUS
3HAYUTENIbHOM YacTH 00beMa IIaHEThI.

PazorpeB u pacmiaBneHHe CrIOCOOCTBOBAIM YCKOpeHUIO0 muddepeHnnanuu Heap
wianetsl. ['paButanmonnas nuddepeHnmanys TMpuBeNa K PacClOCHUIO BEIIECTBa, B
COOTBETCTBUU C IUIOTHOCTBIO T€X WM MHBIX XUMUUYECKHX COCIMHEHHH - TsDKEIble, HEeNeTy4ue
KOMIIOHEHTHI TOHYJIU, a JIETKUE, JIeTY4YHe - BCIUIBIBAJIU (TaK, B YACTHOCTH, BO3HUKJIO KEJIE3HOE
AIpo B IIeHTpe U atMmocdepa ¢ ruapochepoir Ha moBepxHOcTH). uddepennmanus Takxke
MPUBOJMIIA U K JIOTIOJIHUTEIHLHOMY BBIJICJIEHUIO IPAaBUTALIMOHHON SHEPTHH.

Ceiluac BbII€JICHHE PAJAMOAKTUBHOTO TEMJIa MPOJOJDKAETCS TOJNBKO 3a CYET Tpex
JTOJTOXUBYIIUX PAJUOAKTUBHBIX DJIEMEHTOB U TPUMEPHO YpaBHOBEIIMBAET TIOTEPU B
OKpY’Kalrollee MPOCTPAaHCTBO. BO3MOXXHO, OHO HECKOJBKO MEHbIIE 3TUX MOTEeph (M 3eMilsd
MOHEMHOT'Y OCTBIBAE€T), XOTS TOYHO 3TOTO YTBEPXKIAaTh Helb3s. Bo BCskoM ciyuyae, HECMOTpPS Ha
TOBOJBHO (D (eKTHBHOE paccioeHrne 3emils elle Najieka OT PAaBHOBECUS U MPOJOJIKACT KUTh H
COBEpIICHCTBOBATH CBOIO CTPYKTYPY.

CBegeHuss O BHYTPEHHEM CTpyKType 3eMJM HaM JaloT CEeWCMOJOTUYECKHE,
IrpaBUMETPUYECKHE, DJIEKTPUUYECKHE M MarHUTHbIE U3MEPEHHUS B COYETaHHM C JaOOpaTOPHBIM
MCCJIEI0BAHMEM BEIIECTBA ITPU BHICOKUX TEMIIEPATYpax U AABICHUSIX.

B camom rpyOoM mnpuOmmkeHUM CTpOoeHHE 3eMIM MOXXHO TPEICTaBUTh B BHUJE
KOHI[EHTpUYECKUX cnoeB. CBepxy J0 TIYOWHBI B HECKOJIBKO JECSITKOB KHJIOMETPOB
MPOCTUPAETCA 3eMHasi Kopa. ToJlrHa ee HepaBHOMEpPHA: MaKCUMaJIbHA MMOJT ropamu - 10 70 kM
- 1 MUHUMaJIbHa MoJ1 okeaHaMu 5-10 km. [logoiBa Kophel onpeensieTcs: Kak rpaHula pasjena, Ha
KOTOPOW CKOPOCTh CEHCMHUYECKUX BOJH CKauYKOM YBEITWYHBaeTCs Ha 1,5-2 km/c. ITO yBelnMUeHHE
CB3aHO C M3MEHEHUEM IUIOTHOCTH, KOTOPOE, B CBOIO O4YEpedb, CKOPEE BCETO, CBSI3aHO C
M3MEHEHHEM XMMHUYECKOr0 COCTaBa BEIIECTBA.

Kopa B cBo ouepenp Takxke MOApa3AeNsIeTCsl Ha HECKOJIBKO CIOEB: CaMbld BEPXHHUM —
OCaJIOYHBIM, COCTOSIIIMNA U3 IMJIOXO KOHCOJUAMPOBAHHBIX OCAJAKOB — MPOAYKTOB pazpylICHUs
KOPEHHBIX TOpPOJ, - 3aT€M CIIEAYeT «TPaHUTHBIM» WM ''TpaHUTO-MeTamopduueckuit" cioi
(ckopocTH  CEHCMHYECKMX BOJH COOTBETCTBYIOT TAaKOBBIM B TpaHUTax) U  HIDKHUN
«0a3anbToBBI». TONIMKUHBI ATHX CIOEB BaphbUPYIOT OYCHH CHIIBHO. Be3ie mpucyTCTBYET JHIIb
caMblii HWKHUA — "Oa3aJbTOBBIA" CJIOW;, "TpaHWUTHBIM" CIIOH MPAKTUYECKH OTCYTCTBYET B
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OKeaHax, TO €CTh Ha OOJIbIIEH YacTH MOBEPXHOCTH 3€MJIM; OCAJI0YHBINA CIIOW MOXKET MPEBBIIIAThH
no tonmuHe 10 KUIOMETpOB B OOMACTAX JJIMTEIBHOIO MpOruOaHus 3eMHOM KOpPHI M BOOOIIE
OTCYTCTBOBAThH B OOJIACTSAX MOTHATHA.

ITon xopoil pacmojiokeHa MAHTHSA, 1 KOTOPOH NPEANoJiaraercsi Tak Ha3bIBa€MbIU
yIABTPAOCHOBHOHN cOcTaB (MEHbIIIE, 4YeM B 0a3ajbTax, KPEMHHUS U aJTIOMUHUS U OOJIbIIE JKene3a u
Mmarausi). Kopa BMecTe ¢ camoii BEpXHEH 4acThI0 MAaHTHUU 00pa3yeT JUTOC(EPY — COCTOSIIYIO U3
KECTKOTO HEIUIACTUYHOTO MaTepuaia chepy, ToImuHon okoso 100 KM, MOKPHIBAIOIIYIO 3eMITIO.
Hwxe naxoautcs acreHocdepa (ocmabnenHas cdepa) - CIOH ¢ TOHMKEHHOM O CPaBHEHHIO C
IUTOC(Eepoll BSI3KOCTBIO M CKOPOCTBIO CeCMHUYECKUX BOJH. [yOxe 250 KM CKOpOCTH BOJIH H
BA3KOCTh CHOBA HAapacTaloT.

Mantus npoctupaercss 10 riryounsl 2900 kM, rie MPOXOIUT IpaHHUIa ¢ AAPOM. Sapo
3emutn pactuiaBiieHHOE, kujikoe 10 rayounsl 5000-5100 kM U COCTOMT B OCHOBHOM U3 KeJje3a U
HuKend. [y0xke HaxoIuTCs BHYTPEHHEE TBEPIOE SAPO TMOBUIAMMOMY TOTO ke cocTaBa. Ero
TBEP/I0€ COCTOSTHUE TOBOPUT O TOM, UTO POCT TEMIIEPATypPhl IJIaBJICHUs, 00YCIOBIEHHBIH POCTOM
JIaBJICHUS, HA 3TOM TITyOMHE ONEepEeKaeT YBEIMUCHNUE TEMIIEPATYPHI.

Bce HaOmiomaeMble Ha TOBEPXHOCTH 3€MIIM KPYIHBIE mMeKOHuYecKue TPOIecChl -
HOTHATHS TOP, OMyCKaHUS KOTJIOBHH, MEPEeMELICHUs KPYIMHBIX OJIOKOB 36MHOI KOPBI CBSI3aHBI C
IpoleccaMy B MaHTHHM 3€MJIM, a TOYHEEe, MO-BUAMMOMY, JIMIIb B TaK HAa3bIBAEMOU GepxHeu
manmuu. 1lepBONIPUYMHON TEKTOHMYECKUX [BUKEHMM SIBISETCS KOHBEKIMS B MaHTHH,
00YyCIIOBIICHHAs] TUCCUTIAITEH BHYTPEHHEH SHEPTUU 3eMJTH.

OOu1yI0 CTPYKTYpY 3THX JBM)KEHUH IO COBPEMEHHBIM BO33PEHUSIM CIIEAYET ONUCHIBAThH B
paMKax TaK Ha3bIBa€MOW «HOBOIl IOOATbHON TEKTOHUKHU» WM «TEKTOHUKH IUIMT». COriiacHO
3TOW Teopuu JIMTocdepa pa3duTa HA CPABHUTEIHHO HEOOJBIIOE YUCIIO HE3aBHUCHMBIX KECTKHX
OJIOKOB - iumocgepHvlx naum, U BCE U3MEHEHUS, MPOUCXOMASIINE HAa MOBEPXHOCTU IUIAHETHI,
CBS3aHbl C JIBWKEHHE MO HeH d3TUX MmiIuT. [lIuTel MOryr JBUTaThCs MOCTYNATEIBHO,
pa3BOpaYMBATHCS, CTAIKUBATHCS M pacXoAUThCs. OHU MOTYT HBIPATH OJIHA MO APYTYIO U TOHYTh
B MAaHTUU B TaK HA3bIBAEMBIX 30HAX CYOOVKYyuu, 1 MOTYT BHOBb CO3/1aBaThCSl U3 MAHTHMHOTO
BEIIECTBA, MOJHUMAIOIIETOCS K MOBEPXHOCTU B 30HAX cnpedurea. PoxneHue MINT U UX yXO.
o0paTHO B MAaHTHIO MPOMCXOAUT B OKeaHaX. 30HBI CIPEAWHTA PACIOJONKEHBI BJOJb
CpeOUHHOOKeaHuyecKux xpebmos, a 30HbI CYOIyKIIMU - M0 I'PaHULAaM OKEaHOB, OHH OTMEUYEHBI
Y3KUMH W TIyOOKUMU BIATUHAMH - 21YO0KOBOOHBIMU JiCel00aMU U OCMPOSHbIMU Oyeamu. Y
Hamux OeperoB Takoi 30HOMU sBisieTcst Kypuno-KamMmuaTckast octpoBHas ayra.

Iloutn Bce OTM [BWXKEHUS IUIMT ceddac MOATBEPKACHBI HEMOCPEICTBEHHBIMU
U3MEPEHUSIMU C HCIOIb30BAHMEM METOJOB BBICOKOTOYHOW ACTPOHOMHUYECKOW TEOIE3HH,
U3MEPEHBI UX CKOPOCTH, KOTOPBIE COCTABJIAIOT CAaHTHUMETPHI B T'OJl, HO OKOHYAaTEJIbHOW TOYHOMU
MOJIETHU CTPYKTYPhl MAHTUMHOW KOHBEKIIMHU UX MOPOXKIAIOIICH MOKA €Ile HET.

Tem He MeHee, HE3aBUCHMO OT J€Taled MEXaHW3Ma, MOPOXKIAOLIETO U3MEHEHUS JIMKa
3eMiiu, YCTaHOBJEHO TBEPJO, YTO 3TOT JIMK HEMPEPHIBHO MEHSAETCS, MPUYEM TIJI00ATBHO.
['maBHBIM OTKpBITHEM TMOCJEIHEr0 BPEMEHM SBWJIACh HECTAOWIBHOCTH W OTHOCHUTEIbHAs
MOJIOJOCTh OKE€aHOB. Bo3pacT ATIaHTHYECKOrOo OKE€aHa HAaXOJIWUTCS B IMpeAesiax MEPBBIX COTEH
MUJIMOHOB JIeT. OH MOJIO’)K€ MHOTMX TOPHBIX CHUCTEM, Mojoke MHOrux pek. (KpymHele peku,
KCTaTH, KaK MpaBHJIO, BechMa cTapble OOBEKTHI: peka ['aHr, Hampumep, ropa3io crapiie
I'imanaiickux rop, KOTopble OHa mpope3aeT). Takue KpymnHblE NEPECTPOMKHM KaK H3MEHEHHE
KOH(UTypallMi MaTEepPUKOB M OKEAHOB OYEHb CUJILHO BIUSIOT Ha BCE IPOLIECCH B BEPXHHUX
o0omnoukax 3eMiI, B YaCTHOCTH Ha aTMOC(epHbIE MPOLIECCH M Ha KIMMAT.

Snpo Bpsia M BIMSET HEMOCPEIACTBEHHO HA TEKTOHUKY, MO KpallHEW Mepe ONpenesiuTh
3TO BIIMSIHME TPYIHO, HO OJHA Ba)KHEHIas XapaKTepUCTHKA MJIAHETHI, MPOSBISAIONIASICS Ha €€
MIOBEPXHOCTH, JOJKHA 3aBUCHUTh TOJBKO OT sjpa. B sape 3eMiau HaXOAUTCS MCTOYHHMK 3€MHOIO
MarHUTHOTO II0JII, KOTOPOE IO COBPEMEHHBIM BO33PEHUSIM TI'€HEPUPYETCS KOHBEKTHUBHBIMU
JTBUKEHUSIMH B JKHUKOM KEJI€3HOM sIJIpe M0 MPUHIUITY JUHAMOMAIINHBI C CAMOBO30YKICHHEM.



78

3eMHOM MarHeTu3M XOpOIIO HM3Yy4Y€H, MPUYEM HE TOJILKO B HACTOSIIEE BpeMs, HO B
JTAJIEKOM ITPOIIJIOM IO «MarHUTHBIM 3alMCSIM», OCTAaBIIMMCS B TOPHBIX moponax. Oka3anoch, B
YaCTHOCTH, YTO B UCTOPUU 3€MJIM MAarHUTHOE TOJI€ CHJIBHO M PE3KO MEHSUIOCH U 10 BEJIMUMHE U
[0 HaNpaBJIEHUIO, MPHYEM HEOJHOKPATHO MEHSUIO CBOIO MOJIIPHOCTh Ha oOpaTHyro. Takue
W3MEHEHHUS TaKe MOTJIM CHIJILHO BIIUSATH Ha MPOILECCHl B aTMOc(epe 1 Ha TTOBEPXHOCTH 3EMITH.
Tak B mepuoabl OTCYTCTBUSI MAarHMTHOIO MOJs B MOMEHT CMEHBI €ro MOJIIPHOCTH 3eMJIs
OKa3bIBaNach 0€3 MAarHUTHOW 3alIMTHl OT IOTOKOB YAaCTHI[ COJTHEYHOTO BETpa W MSTKHX
KOCMHUYECKUX JIy4YeH.

TouyHOli MoOHmenM KOHBEKIIMM B sIpe, KOTOpas I03BOJMIA Obl OOBSICHHTH BCE
OCOOCHHOCTH TIOBEJCHMSI MarHUTHOTO TOJS TOKa HET, TaK K€ KaKk W MOJEeNH MaHTHITHOU
KOHBEKIIMH, OOBSCHSIONICH BCEe MeTalmd TMIO0ATbHON TEeKTOHWKH. HO IMO3HaHWE MPOIECCOB,
MPOUCXOAAIIMX B HEpax 3eMJIM U MOCTPOEHUE aJCKBATHBIX MOJEIEH JEJI0 HE OYEHb NAJIEKOIo
Oynyiero. YueHble akTUBHO Pa0OTAIOT HAJ 3TUMHU MPOOJIeMaMH, KOTOPhIE UMEIOT HE TOJBKO
TEOPETHUYECKOE, IO3HABAaTEIbHOE, HO OIPOMHOE NPAKTUYECKOE 3HA4YEeHHE, TaK Kak
COOTBETCTBYIOIIIME MPOLECCHI CYIIECTBEHHBIM 00pa30M BIUSIOT HAa COCTOSIHUE 2eozpaghuyeckol
0007104KU, B KOTOPOU MIPOTEKAET KU3Hb U OCYIIECTBIISIETCS BCA ACSITEIBHOCTD YEIOBEKA.

4.6. T'eorpaduueckas o6oouka u 6mocdepa

BepxHsist yacTh, mpexie BCero MoBEpXHOCTh, 36eMHOW KOPBI, BKIIIoUatouias rufpocdepy, u
aTMocdepa oOpa3yeT reorpaguueckyo 000J04KYy - 0co0yI0 TTI00ABHYIO CTPYKTYPY, KU3Hb U
pa3BUTHE KOTOPOH ONpeAeNnseTcs Kak pe3yabTaTaMH AUCCUIIAIMU BHYTPU3EMHON SHEPTUH, TaK U
npeoOpa3oBaHrEM MOTOKA YHEPTrHH, morydaemoi oT ConHIa (M B MaJIOil CTETIeHH BO3CHCTBHEM
JIpYTUX TJIAHET W ajdbHero Kocmoca). ['eorpaduueckas 000JI09Ka - 3TO Ta OKpyHcarowas cpeoda,
B KOTOPOI NMPOUCXOAMT >KU3Hb 4enoBeka. [loaTomy m3ydeHue ee, riy0OKOe NOHMMaHHE BCEX
MPOUCXOSAIINX B HEH MPOLIECCOB - ®U3HEHHO Ba)KHAs 3a]1aya.

I'eorpaduueckast 060104Ka MpecTaBisieT co00i CIOKHEUITYI0 AMHAMUYECKYIO CHCTEMY,
OTHOCHUTENIbHAS CTaOWMJILHOCTh KOTOPOW TMOAJIEPKMBAETCS CHUCTEMOM OOpaTHBIX CBSI3EH,
o0ecreynBarOIuX OallaHC KOHCMPYKMUBHLIX U 0ecmpyKmueHulx TiporeccoB. HeoqHopoaHocTu
MOBEPXHOCTU 3€MJId U BHYTPEHHEW CTPYKTYpbl CaMOr0 BEPXHEro €€ Cj0s, BXOJAIIEro B
reorpaguueckyro 000JIOUKY, CO3JAIOTCSI B OCHOBHOM BHYTPEHHUMH TEKTOHHYECKUMH -
JHAOTe€HHBIMH - CHUJIAMH, BO3HUKAIOIIMMU 32 CUET JUCCUIIAIMU BHYTPEHHEH HEPrUM IJIaHETHI.
OTH HEOIHOPOJHOCTH pPAa3pyMIAIOTCS W CIVIAKUBAIOTCS B OCHOBHOM 3a CYET BHEIIHUX -
IK30TeHHBbIX - (DAaKTOPOB - NEHCTBUS MepenagoB TeMmIepaTyphl, TeKyuel BOJbI, BETpPa, JKUBBIX
OpPraHu3MOB. DK30T€HHBIE (aKTOPBI JIEHCTBYIOT 3a CUET SHEPIUU COJIHEYHOTO H3iIydeHus. B
OCHOBHOM 3TO (PakTOphl AECTPYKTHBHBIC, OJJHAKO OHU HE TOJIbKO Pa3pylIaloT, HO U CO3/AI0T.
PesynbraT neicTBUsL SK30TEHHBIX CHJI - Ppa3HOOOpa3HbIE OCAJ0YHBIE TOpPHBIE MOPOIHI,
cnenuduaeckue Gopmbel penbeda MU, B 3HAYUTEIBHOM CTENEHU, TaKOW CO3UIAIOIMIUNA H
paspymaronuii pakTop Kak KU3Hb.

CoBceM KOPOTKO OXapaKTepH3yeM OT/IeJIbHble KOMIOHEHTHI reorpaguueckoil 000I0UKH.

3emHasa kopa. B reorpajuueckyio 000JI04Ky BXOAMT HE BCS 3€MHas Kopa, a JHUIIb
BEPXHSSI €€ 4acTh, TOJIIMHY KOTOPOIl TOUHO ONpPEAETUTh 3aTPyIHUTEIbHO. MOXHO CKa3aTh, YTO
3TO Ta 4YacTb KOpPBI, BEUIECTBO KOTOPOM HEMOCPEICTBEHHO YYacTBYeT B KpYroBOPOTE,
HEIMPEPHIBHOM B3aMMHOM OOMEHE C JIpyrMMH KOMIIOHEHTaMH - Tujpocdepoit u armochepoit -
obOecrieunBarOIeM CTa0MIBHOCTh Treorpaduueckoil 000MOYKH. DTO HECKOJIBKO BEPXHHUX
KUJIOMETPOB.

Penbed TBepmoil 3eMHON MOBEPXHOCTH CO3AIOT, IMPEXKIE BCEr0, BEPTUKAJIBHBIC U
TOPU30HTANIbHBIE JIBH)KEHUS, TOpOKIaeMble SHAOreHHbIMU cuiamu. Kondurypamnus naubosee
KPYITHBIX, TI00QIBHBIX CTPYKTYp - MAaTePHUUKOB U OKEAHOB - OMPEIEISIETCS TOPU30HTATBHBIMU
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JBIDKEHUSMH JUTOC(EpHBIX IUMT. bojee Menkue ocoOeHHOCTH penbeda - B OCHOBHOM
JIOKQJIbHBIMU BEPTUKAIbHBIMU TMOIHATHSAMH W OIMYCKaHUSIMHU CBSI3aHHBIMU C TJIOOATBHBIMU
TOPU30OHTAIBHBIMU ABIKEHUSIMU. CpelHue CKOPOCTH MOAHATUS OJHHUX OJIOKOB 3€MHOW KOPBHI U
OIYCKaHHUs IPYTHX OOBIYHO COCTABIISAIOT HECKOJBKO MUJUIMMETPOB B TOJ; MPOAOKUTEIHLHOCTD
OJIHOHANPABJIECHHBIX JBUXEHUI MOXET JOCTUTaTh JECSITKOB MHJUIMOHOB JieT. COOTBETCTBEHHO
aMIUIUTY1a JBUKEHUN - IEPBBIX JECATKOB KUIOMETPOB.

[lopHuMaromuecs Tropsl cpa3y HauyMHAKOT pPa3pylIaTbCs HK30T€HHBIMU CUJIaMM, a
nporudaronyecs: BaguHbl - 3aHOCUTHCS MPOAYKTaMHU ATOTO pa3pylIeHus, 00pa3ylomuMu CI0U
ocazakoB. [TosToMy BbicOTa rop u riryOnMHa BIIaJUH HE MPEBBIIIACT HECKOIBKUX KUIIOMETPOB. B TO
K€ BpeMs TOJIIUHA CJIOS OCAJKOB, 3alOJHSIOLUIMX BHEIIHE HErJIyOOKYyI0 BIAaJHWHY, MOXKET
nocturath 20 KM, a Ha BEpIIMHE TOPbI MOTYT OKa3aThbCi IMOPOAbI, CHOPMHUpPOBABIIMECS Ha
ryOMHe BO MHOTO KuiomeTpoB. CrekaBiuecsi, CIEMEHTHUPOBAHHBIE OCAJIKH O0pa3yroT
ocaJ04Hble TropHbIe mMopoabl. Ha Gonbmiol royOuHe Mmojx ACUCTBHEM BBICOKMX TEMIIEpaTyp H
JMaBJICHUM OCaJ0YHbIE TOPOJAbI CHJIBHO HU3MEHSIOT CBOM OOJMK W MpeBpallaloTcs B Tak
Ha3blBaeMble MeTamoppuueckue mopozasl. Ciabo meramMopu30BaHHBIE IMOPOJBI HE OYEHb
CIWJIBHO OTJIMYAIOTCS OT OCaJ0YHbIX, a CHUJIBHO MeTaMOp(HU30BaHHBIE OYEHb IOXO0XKH Ha
MarMatuyeckue. MarmMaTuueckue MOpObl MPEACTABISIOT COO0M MOIHIBIIUECS U3 TIYOUHBI U
3aCThIBIIME paciuiaBbl. Takue pacmiiaBbl IPOHU3BIBAIOT MeTaMOp(UYECKUE U OCaA0YHbIE TOJIIIH,
OHM MOIYT OCTAaHaBIMBAaTbCS M 3aCThlBaTb, HE JOCTUIHYB JHEBHOW IIOBEPXHOCTH, U
00pa30BBIBATh NIYyMOHUYECKUe mend, a MOTYT U3JIUBAThCS HAa MOBEPXHOCTb MPU BVIKAHU3ME, B
BU/IE /1a6bl.

BepTukanbHble [BH)KEHUSI 3€MHOW KOpbl OOBIYHO 3HAKONEpEMEHHBbI - TJIyOOKoe
NOTPY’KEHUE CMEHSETCS] OJHATHEM CTOJIb XKe OOJNbIIoN aMIuuTyabl. Hanpumep, BepiinHa nuka
Xan-Tenrpu (6995 M. Ham ypoBHEM MOpsI) CIIOKEHA MPaMOpPOM - MeTaMOpP(hUUYECKON MOPOJIOH,
Ui 00pa3oBaHMs KOTOPOH M3 OCAaJOYHOM MOPOJBI - U3BECTHSAKA - HEOOXOIUMBI TEMIIEPATYPHI U
JIaBJICHUS, COOTBETCTBYIOIIHE TIIyOnHaM Oosiee 10 KUITOMETPOB MO/ MOBEPXHOCTHIO 3EMIIH.

Takum 00pa3oM, MOBEpXHOCTh 3€MJIM CJIaral0oT TPU OCHOBHBIX THIIA TOPHBIX MOPOI:
MarmMaTtu4yeckue, ocagouHble U MeTamopduueckue. I[locnennue - pesynabTar mepepabOTKU
OCAJIKOB JICCTBUEM BBICOKUX TEMIIEPATYpP U JABJICHUM.

ATtMocdepa - Bo3aymiHas 000j04Kka 3eMIIH, UMEIONasi MPUMEPHBIN cocTaB: a3oT -78%,
kucnopon - 21%, OmaropomHbie ra3bl (B OCHOBHOM aproH) - 1% u coTble AOIM TPOIEHTa
yraekucioro raza. CocraB atmMocdepbl 3emMiin HE TIOXO0K Ha cocTaB atMochep ApYyrux IIaHeT
COJTHEYHOHU CHCTEMBI, TaK KaK B OCHOBHOM OOYCJIOBJICH HAIMYHEM KU3HH.

I'mapocdepa BkiIIOYAaET BOAY MOpPEH M OKEAHOB, PEK M O3€p, JEAHUKOB MOJAPHBIX U
TOPHBIX, TPYHTOBBIC BOJIBL, JieJl BEYHOH MEp3JIOThI, BOASHON map atMocdepsl. Takum o0pas3om,
ruapochepa nepecekaercs ¢ aurochepoit u arMochepoil: e, 0COOSHHO Jiel BEUHON MEP3JI0THI -
3TO, MO CYIIECTBY HOpPMallbHas TOpHas IOpOJa, a BOASHOM Map - OJUH W3 KOMIIOHEHTOB
aTMocepHbIX ra3oB. M Bce ke BCIO BOJY BBIICNSIOT B OTAEIbHYIO 000JOUKY, TaK KaK TOJBKO
OHa Croco0OHa B IpeJenax reorpaduiyeckoil 000JI0UKH 00HO8peMeHHO CYIIECTBOBAaTh BO BCEX
Tpex ¢azax - TBEPAOH, KHUIKON U Ta3000pa3HOM - U UTPAECT B HEH TAKYI0 UCKITIOYUTEIHHYIO POJIb.

I'eorpaduueckast 06onouka 3eMiId MPAKTUYECKH cOBHanaeT ¢ Oumocdepoii - odmacTeio
pacnpocTpaHeHus KU3HU. J)KU3Hb HE TOJIBKO PACMOJIaraeTcsl B 3TOM 30HE 3eMJIU, HO SIBJIAECTCS €€
HEOTHEMJIEMBIM KOMIIOHEHTOM, B 3HAYMTEJIbHOW CTENEHM ONPEIENSIOIIMM BECh €€ COCTaB U
cTpykTypy. CoctaB atmMocdepbl 3eMiu B OCHOBHOM C(HOPMUPOBAH KU3HBIO, U €10 KE CO3JaHa
3HAYUTEIbHAS YaCTh TOPHBIX MOPOJ (Hampumep, N3BECTHIKH). [10THOCTRIO 0053aH KU3HU TAaKOH
BKHBI KOMITOHEHT Teorpaduieckoil 000JIOUKKM Kak Mmo4uBa. Ha OTpoMHYIO T€0JOTHYECKYIO
pOJIb KUBOI'O BELIECTBA BIIEPBBIE YKa3al KPYINHEHUIINNA PYCCKUM YYEHBIH-IEOJIOT U MBICIUTEIb
Brnagumup MBanosuu BepHaackuii.

O reonoruueckoMm 3¢pdekre KU3HH TOBOPUT, HANIPUMEpP, TAKOW (PaKT: ecinu BEpHYTHh B
aTMoc(epy BCIO YITIEKHCIIOTY, 3aKJIIOYEHHYIO B OPraHOTEHHBIX KapOOHATHBIX TOPHBIX MOpOJaX,
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TO arMocepa 3eMiu CTaHeT TaKOM ke IUIOTHOH, kak Ha Benepe. JKuBble OpraHu3Mbl pe3Ko
YCKOPSIIOT IPOLECC pa3pylI€HUsI TOPHBIX MOPOJ, KAaK HEMOCPEICTBEHHO BO3JECHCTBYS Ha HUX
XUMUYECKH U MEXaHUYECKH, TaK M 3a CUeT MOAJIEpKaHHUs COCTaBa XMMHUYECKH arpecCHUBHOM
kuciaoponHoit  armocdepsl. JKuzHM  00s13aHBI  CBOMM  IMPOUCXOXKACHUSIM  OTPOMHBIE
MECTOPOXKACHHS TOPIOYMX MCKOMAaeMbIX — yTiisi, HeTu u ra3a. Ho He Tonpko oHU. OKa3biBaeTcCs
MHOTME MECTOPOXKICHUS METAUIMYECKUX pPYyA TaKKe CBA3aHbl C JIEATEIBHOCTBIO KUBBIX
OpPTaHU3MOB, HaNPUMEpP OOJOTHBIC JKEJIE3HBIC PYIbl WU JKEIE30-MapTraHIIeBhle KOHKPEIMH Ha
nHe oKkeaHOB. KOJOHMHM JKMBBIX OPraHM3MOB CIHOCOOHBI THICSIUEKPATHO KOHIEHTPUPOBATH U
HAKaIlJIMBaTh OINpeICNIiCHHbIE XMMHYECKHE BEIIECTBA, CO3/1aBasi HEOOXOAMMBIE T€OXMMHUYECKUE
Oapbepbl. M, HakoHeN, pa3yMHasl >XKHU3Hb, YEJIOBEK, TOXKE CTall TCOJOTMYECKOW CHJION, Kak
paspyliaroniei, Tak ¥ CO3uJaI0IIEH.

Kuszub - omo BbIcmIag (HauOoJsiee CIOXKHAA) uzgecmHas Ham (PopMa OpPraHu3anMU
MaTepuu, npedcmasiawwas cooou cucmemy KHUBBIX OPraHU3MOB - OUCCUNAMUBHBIX
CMPYKmMyp, CNOCOOHBIX K CAMOBOCNPOU3BEOCHUIO ¢ HAKANIUsanuem u nepeoauei ungopmayuu
Om 00HO20 NOKOAEHUsI K OpyeomMy. IOTO JHIIb OJHO M3 BO3MOXKHBIX OIPENEICHUN KU3HH.
Bricieit popmoit xKu3HH cTasia pa3yMHasi KM3Hb, CTIOCOOHAS K MO3HAHUIO OKPY)KAIOIIEro MUpa
U caMoil ce0s, a TakKe K aKTUBHOMY CO3HATEJIbLHOMY MPUCIIOCOOJICHUIO OKPY)KAIOIIIEro MUPa K
CBOMM HyXx7JaMm. JKMBO€ HACTOJIBKO PE3KO OTIMYAETCS OT HEXHUBOIO, YTO JO CHUX IOpP KU3Hb
MPENCTaBISIETCS HEOOBSICHUMON 3araJikoil, XOTs B OOIIEM OHa YKJIAIbIBaCTCA B OOIIYIO
KOHLICTIIIMIO JUCCUIATUBHBIX CTPYKTYp - 3TO HOBas CJOXHAs CTPYKTYpa, YCKopsowas,
yeunusarowjas 00U MPOLECC TUCCUTIAIINH, TPOU3BOJICTBA U30BITOUHON SHTPOITUH.

Kuznub crana onpenensironuM GakTopom 3BoroIuy Ha 3emute. CyliecTByeT i OHa Tje-
nnb6o eme Bo Bceenennoit? Ecnu cymecTByer, TO CHOCOOHA M OHA CTAaTh OMPENSISIONINM
dbakTopom s3BoIIONMK MHpa B 1enoM? Ha 3Tu BosHyrolMe BOMPOCHI MOKa HET OTBeTa. MBI
MOTOBOPUM O HHUX MOJIpOOHEE B KOHIIE HAIIIETO M3JIOKEHUS, a Ceifuac OCTAaHOBUMCS HA IBOJIOLUU
Hamie Ouocdepsl, pold U MeECTe 4YelloBEeKa B 3TOH SBOMIONMHM W TMEPCHEKTUBAX pa3BUTHUS
YeJIOBEUECKON IIMBHUIIN3AIAH.

Bonpocsl k riase 4.

1. Kak Obuta mokazana Hecmayuornaprocms Haiie BeenenHoi?

2. Kax usmepstorcs MeX3Be3IHbIC U MEKTATaAKTUIECKHE PACCTOSHUS?

3. Uro Takoe cuneynaprocmv? C KakOro MOMEHTa IIOCJI€ Hadajga pPacIIUpPEHUS
BcenenHoii coBpeMeHHasi HayKa CIIoCOOHA OMUCKHIBATh €€ COCTOSTHUE?

4. Kakumu MeToJlaMU HayKa BBISICHSET COCTOSHHE BEIeCTBA HAa PaHHUX CTaAMsIX

paciupenus Beenennoit?

UemMm nokasbIBaeTcs eopsiuee Hayano BeeneHHoM?

OnuirTe OCHOBHBIE 3Tallbl ABOJIIOIMU BeenenHnol oT Havana 40 MOMEHTA MOsIBJICHUS

HEeUTpabHBIX aTOMOB? Kakum ObLT XUMHUUYECKHI COCTaB BEIIECTBA B 3TOT MOMEHT?

Oomtonus BeeneHHoOM nocie BO3HUKHOBEHMSI HEUTPAJIbHBIX aTOMOB.

Kpatko oxapakrepusyite ocrosHbie komnoHenmsl BceneHHOM.

UYro Takoe ckpvimas macca?

0. Kak poxmaroTcs, >KUBYT U YMUPAIOT 3BE3/IbI7

11. Bo uro npeBpalnaroTcs yMUPAIOLINE 3BE3/1bI?

12. Poxb 3Be31 B DBOJIOLIMA BeliecTBa BeeneHHOI.

13. Kak o0Opasyrorcst nianemmusie cucmembl?

14. OcHoBHBIC Munsi MIAHET?

15. DBomronus TIAHET 3eMHOU 2pYynnbl?

16. Buyrpennee crpoeHue 3eMIu.

17. I'eoepaguueckasn ob6orouka 3emMnu u buocghepa.

18. Yro Takoe orcusns?

oo

B2 oo~
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5. JBosarouus ouocdepsl

5.1. Bo3HUKHOBEHME KU3HA ¥ MEXAHU3M €€ DBOJIOINU

Mpbl ycTaHOBWIIM, 4YTO Hall MHP HECTAIMOHAPEH W HENPEPBIBHO HANPABICHHO
ABOJIOLMOHUpPYET. Pacmmpenue BceneHHOW 3aJaeT HanpaBiICHHE TEUYEHHUS BpPEMEHH, BO
BceneHHON TPOHMCXOAWT HENPEPBIBHOE PACCESHUE HSHEPTMM W BEILIECTBA, POCT SHTPOIHH,
KOTOpas sABisgeTcs Mepoit Oecriopsaaka. OqHaKo, paccesHue U pocT Oecriopsaka Bo Beenennoii B
LEJIOM TMOPOXKIAACT JIOKAIBbHBIE CTPYKTYPBlL, CJIOXHOCTb KOTOPBIX ITOCTOSIHHO pacTerT.
[TocnenoBarenbHO BO3HUKIM 3JEMEHTApPHBIE YACTHUIBI - ATOMBI - MOJEKYJbl - XHMHUYECKHE
COeMHEHUS. A TakXKe CrylIeHWs MaTepuM - TaaKTUKA - 3Be3Abl IUIaHeThl. [lnaHeTsl
CTPYKTYPUPOBAINCH, OMSATH-TAKM B pE3YyJbTaTE PACCESIHUS CKOHLEHTPUPOBABIICHCS B HHUX
SHEPruM, BEIIECTBO IIaHeT aud@epeHupoBaioch, BO3HUKIN CIOXKHO B3aUMOJEHCTBYIOIIHE
MEXIy co0oii 000s10ukH. B onpeneneHHbIX MIAHETHBIX CTPYKTYpax MPOUCXOAMIIO JalbHeiiee
YCIIO’)KHEHHE XMMHYECKOTr0 COCTaBa U B3aUMOOTHOIIIEHUI KOMIOHEHTOB. [Ipu 3ToM manera (kak
U Bcs BeeneHHas) 3BOIOLIMOHUPOBANA KaK Yer0CmHaAs cucmema.

W, HakoHel, 1o KpailHEH Mepe Ha OJHOM W3 IUIAHET - 3eMJI€ - BO3ZHUKJIO TaKOE€ SIBJICHUE
Kak ku3Hb. Yto Takoe xu3Hb? Celdac SCHO, YTO JKUBbIE OpPraHU3Mbl - 3TO YCTOHYMBBIE
JTUCCUTIATUBHBIE CTPYKTYPBI, YCTOHYUBOCTH KOTOPBIX 00ECIIEUNBAETCS HEMPEPHIBHBIM OOMEHOM C
OoKpyxarome cpenoi. Ho Takoro ompeneneHuss He agocraroyHo. HasepHoe riaBHeiiiee
CBOMCTBO, KOTOpPOE OTJIMYAET YXUBOE OT HEXHBOTO, - ITO CHOCOOHOCTh K BBICOKOTOUHOMY
BOCIIPOM3BOJCTBY CIIO)KHEHWIIUX CTPYKTYp C COXPAaHEHHMEM HEIPEPHIBHO HaKallJIMBAIOLIEHCs,
Bo3pacraromeid wHhopmanuu. IlopasutenpHa Ype3BbUaliHAsS YCTOMYMBOCTH OSTOM CHCTEMBI
BOCIIPOM3BOJICTBA.

Kak oHa Bo3HMKJIA BriepBbie? DTO HABEPHOE CaMblii MHTEPECHBIN, HO M CaMbIil TPYIHbBIN
BOIpoc B mpobieme xu3Hu. Ha Hero moka Her orBeTra. FIMEHHO 3TO 0OCTOATENHCTBO CHIIBHEE
BCEr0 MOJTAJIKUBAECT YEJIOBEKA K MPU3HAHUIO CYHIECTBOBAHUS HEKOM BBICHIEH HEMaTepHaIbHOU
cunbl - Cozparensa. Best ucropust pa3BuTHS KM3HM Ha 3emile, BCS IOCIIEOBATEIBHOCTH €€
YCIIOKHEHUS, BKIIIOYAIOIIAsl PE3KUE CKA4YKH, TOBOPUT B IOJIb3Y €CTECTBEHHOI'O BO3HUKHOBEHMS
KHU3HH, OJHAKO, OKOHYATEIbHO B 3TOM YOEAUTHCS MOXKHO OyleT, JHIIb 3KCIEPUMEHTAIBHO
BOCITPOM3BE/IS MTPOLIECC MEPEX0/1a OT HEXKUBOT'O K KUBOMY.

buonorudeckue cucreMbl pa3BUBAIUMCh B CTOPOHY YCJIOKHEHMSI B TEUEHHE BCEH UCTOPUN
3emun. IlpuueM 3TO pa3BUTHE M YCIOXHEHHE LIJO NApaJJIEbHO HA HECKOJIBKUX YPOBHSX.
MoxHO Ha3BaTh TaKWe YPOBHH: OMOXMMHYECKUH, KICTOYHBIH, MHOTOKIIETOUHBIX OPTaHU3MOB,
OouorieHo30B, Ounocheprl. IlpuuemM HamoO TOMAYEPKHYTH, YTO BCS 3Ta HEPAPXUS CYIIECTBYET
NapauleIbHO M OJHOBPEMEHHO. OBOJIIOLHSA KaXXIOrO0 OTAEIbHOTO BHJA HEOTAEINMa OT
SBOJIIOLMU BCEH CHCTEMBI OMOCHEPHI.

Jleno B TOM, YTO JUIsl CYHIECTBOBaHMS KaXKIOTO BHUJAA JKUBBIX CYIIECTB HEOOXOIUM
CJIOKHBIM KOMIUIEKC YCJIOBHH: ONpPEICICHHBINM IUala3oH TEMIIEpATYp OKpYKalollel Cpelibl,
HaJIMYMe HEOOXOMUMBIX HCTOYHMKOB BELIECTBA M HDHEPIUH, MPHYEM HCTOYHHUKOB
B0O300HOBIsIEMBbIX U T. A. Co34aTh U, IIaBHOE, MOIIEPKUBATH ITOT KOMILJIEKC YCIIOBUIM OJIMH BH]I
KHUBBIX CYIIECTB HecrocoOeH. buocdepa - 3T0 ycToiuMBasg cucTeMa, MOCTOSIHHO IHTaeMast
SHEpPrueu U3BHE, HO B KOTOPOW MPOUCXOJIUT 3AMKHYMblU KPYTrOBOPOT BemecTBa. UMEHHO 3TOT
KPYTOBOPOT MOJCPKUBACT YCTOMYUBOCTh OMOC(EpHI, MOMICPKUBACT YCIOBUS, HEOOXOIMMBbIE
JUISl CyHIIECTBOBAHHUS KU3HU. Takoil KpyroBOpOT MOYKET OCYHIECTBIATHCSA TOJBKO B €CO00IIECTBE
(pYHKIIMOHAJILHO Pa3HOO00PA3HBIX OPraHU3MOB C MPHHLIUIHAIBFHO Pa3HOOOpa3HbIM HabOpOM
TUnoB nuTaHus. [loaToMy yke B caMOM Hauaje JODKHBI OBUIM CYLIECTBOBATH CIIOKHBIE
coo0IecTBa CaMbIX TNpOCTEHIIUX OpraHu3MoB. [lepBbIii OTMETHI Takyl0 HEOOXOJUMOCTb
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B.M.BepHaackuii mpuMEpHO CTO JIET HA3aJ, B Hadaje IBAALATOrO BeKa, OJHAKO 3TO CTAJIO SICHO
MHOT'MIM JIAIIb B [TOCJIETHEE BPEMSI.

Jlonroe Bpemsi OMOJIOTHS 3aHUMANIACh TOJIHKO BHICOKOOPTAHM30BAHHBIMHU JKUBOTHBIMU U
pacrenusmu. Ha 6a3e ux nzydenus Obuta cozmpana JlapBuHoM teopus sBotronuu. ['eomornueckas
UCTOpUSI KU3HU MPOCTUpaach TOJAbKO Ha 600 MWUIMOHOB JET Ha3zajl, Ha MEepUoj Tak
HA3bIBAEMOTO (haHepo30s - IPbl «CKEJIETHON» KU3HU. JIuIb HeJJaBHO TpaHUIA KU3HU Ha 3emiie
Obula «OTOJABMHYTa» PE3KO HazaJ, IOYTH A0 POXKIeHHA 3emiu: u3 4,6 MUUIMApIOB JIeT
CYIIECTBOBaHUA 3eMJIM HE MEeHee 3,5 MUJIIIMapA0B JIET Ha HEM CyIllecTBOBAJIa *U3Hb. [lepBbie 2
MUJIMAp/a - 3TO OBUIM Tak Ha3blBaeMble NPOKAPUOTBHI - OPraHU3MBI, IPEACTABICHHBIC
0e3bsAepHbIMU KJIeTKaMH. [IpuMepoM MpOKapuoOTOB, HE W3MEHMBIIUXCS 332 MUJUIMAPABI JIET
SIBIISIFOTCS] CUHE3€JICHbIE BOIOPOCIH UIIH LIUAHOOAKTEPHH.

Chauvana 3To ObUIM aHA’POOBI, KUBIIHME B OECKHCIOPOIHON cpeme. MHorne M3 HHUX
IIPOYLIUPOBAIIA KUCIOPOJ, SBIIAIOIINICSA OTPaBOM Ul HUX. Takoe caMOTpaBIIEHUE KUCIOPOAOM
MOPOJMIIO TIEPBYIO TJIOOATBHYIO AKOJOTHYECKYIO KaracTpody — KHU3HH MOTJIa TOTHOHYTH,
YHUYTOXHUB cama cebs. Ho ona He morm6Gna. BrociencTBUM BO3HMKIM a3poO0bl, XKUBYIIHE B
KHUcIopoiHOM cpene. Kucmopoa crmocoOCTBOBall akTUBH3AlMM OOMEHa BEIIECTB U YCKOPEHUIO
IBOJIIOIMH, HO a3pO0bl HE BBITECHWIN IMOJHOCTHIO aHA’pPOOOB, MOCIEAHUM YIAIOCh COXPAaHUTh
CBOIO DJKOJIOTHYECKYI0 HHINYy B enuHoud Owochepe. CHavama adpoObl CYIICCTBOBAIM B
MEHBIIIMHCTBE B «KUCJIOPOJHBIX KapMaHax», 3aT€M OHH MOMEHSUIUCh C aHadPOOaMU MECTAMHU.
OTH MUKPOOpPraHU3Mbl 00Pa30BBIBATIN MOJHOIEHHBIE YCTOWYMBBIE CUCTEMBI C TIOJTHBIM HabopoM
TUIIOB NMUTAHUA: aBTO- U T€TEPO-TPO(DBI, TO €CTh MUTAIOIIUECS 32 CUET OKPYXKAroIel HEeKUBOU
MaTepUu WM 3a CYET APYTUX OPraHU3MOB, U XeMO-, OTO-, JINTO- WIH OPraHO-TPOPHI — TO €CTh
MCIOJIb3YIOLIME I NOAAEPKAHUS CBOEH JKU3HEAEATEIBHOCTH XUMHUECKYI0 S3HEPTUIO, SHEPTHUIO
W3JIy4E€HMS, MUHEPAJIBI TOPHBIX OPOJ WJIM OPTaHUYECKHE BEIIECTBA.

3areM B MpoOIECCE pa3BUTHUsS BO3HUKJIM MHOTIOKJIETOUHBbIE oOpraHu3Mbl. Kak oHH
BO3HUKIM? IloBuaMmMoMy, B pe3ynbTaTe »3BOJIOLMHM CHUCTEM OJIHOKJIETOYHBIX. bHoleHo3
OJTHOKJIETOYHBIX, KOTOPBII B HEKOTOPOM CMBICIIE MPEJICTABIIST cO00i CBOCOOPa3HbII OpraHu3M C
HEKOTOPBIM pazfienieHneM (DyHKUUN, TpeBpaTUiICS B MHOTOKJIETOYHBIH OpPraHU3M Kak Mbl €ro
HaOmromaem ceifuac. Jlanpie cienoBano oOpa3oBaHUE HOBBIX BHAOB, KOTOPHIE CMEHSIH JIPYT
Jpyra, 0 4eM HaM I'OBOPHUT MAJIEOHTOJOTHUsS. MHOTOKJIETOUHBIE, BBICIINE OPTAaHU3MbI UMEIOT YKE
HE BCE THUIBI TUTAHUS W HE MOINIM OBl TOJICPKHUBATh CTAOMIBHOCTH Ouocdepsl 0e3
OJITHOKJICTOYHBIX MUKpPOOPraHu3MoB. Cpean HUX HET HU XeMO- HH JUTOTPO(OB M OPraHOTPOPbI
HE CIOCOOHBI MEPEBOJUTH OPraHUYECKOE BEIECTBO B MCXOJIHOE HEOPraHUYECKOE COCTOSHUE.
Mup MUKpPOOOB CaMOJ0CTaTOUEH, MUP BBICILIUX KUBOTHBIX U PACTEHUIN — HET.

IlepByto mocnenOBaTENbHYIO TEOPUIO OOpa3oBaHMS BHUJOB M BOOOIIE MeXaHU3Ma
SBOJIIONMMA KMBOTO Mupa cosfan Yapnw3 JlapBuH. D10 BOOOmIE ObuTa mepBas 3aKOHYCHHAS
meopus dBOJIOIUH, KOTOpas OKa3ajla OrPOMHOE BJIMSHHE Ha BCE MOCIEAYIOLIME SBOJIIOLMOHHBIE
TEOpPUHU, OTHOCAIIHUECS HE TOJBKO K >KMBOWM, HO W K HEXHUBOW mpupoje. ['J1aBHOEe B Teopuu
3BOJIONMM JlapBUHA - 3TO €CTECTBEHHBIH OTOOp. DTO BBl YYMJIM B MIKOJE: CIy4aiHbIe
U3MEHEHHUS, 3aKpervisieMble HAacJEeJICTBEHHO, M OTOOp IMyTeM KOHKYpPEHIMH, OCHOBAaHHBIM Ha
TpeOOBaHUU JNydYIlleld MPUCITIOCOOIIEMOCTH. DTO OOmMi mpuHIMI. JleTanu oka3aluch HE Tak
IIPOCTHI.

Bo-nepBbIX, 4MCTO CiydaiiHble Maible W3MEHEHHs, U3 KOTOPBIX OTOOp BBLAETSECT U
3aKpervisieT OJaronmpusiTHblE, - CIMIIKOM MEJUICHHBI mporecc sl OOBSICHEHHsS TemIia
HaOromaeMoro BHI000pa3oBaHuA. BoO-BTOpBIX, MHOroe€ TOBOPUT 3a TO, YTO HOBBIC BHJIBI
o0pa3yroTcsi He 3a CHET IOCTETIEHHOTO HAKOIUICHUS OYEHb MAalbIX HM3MEHEHHH, a JOBOJBHO
cepbe3HbIMU ckaukamu. (Hampumep, HEBO3MOXXHO NpPEJCTaBUTH ceOe TOSBICHHUE IITHII,
Onarojaps MOCTENEHHOMY MPeoOpa30OBaHUI0 MEPEAHUX JIall MPECMBIKAIONIETOCs B KPBUIbS:
MIPOMEKYTOUHBIE (POPMBI - yKe 0€3 HOpMATbHBIX JIall, HO elle 0e3 KPbUIhEB - IBHO MPUTPATTU ObI
B KOHKYpPEHTHOH Oopw0Oe.) B-Tperbux, ecnm mexaHu3m otOopa Hambosee MpUCIocoOIeHHBIX
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OCHOBAH JIMIIb HAa KOHKYPEHIIMH, HEBO3MOXXHO OOBSICHHTH TaKOI'O OIPOMHOTO Pa3HOOOpas3us
COCYIIIECTBYIOUIMX BHUJIOB, YACTO OUYEHb OJIM3KUX MO 00pa3y *KHU3HHU, crloco0aM MUTAHUS U T. .
Oosiee TPUCIIOCOOTICHHBIE BBHITECHWIM Obl MEHEe IMPHCIIOCOOJEHHBIX, BO3HUK OBl M3BECTHBIN
MOHOITOJIU3M.

[leproauueck BO3HMKAIM pa3HblE «aHTHIAPBUHOBCKUE» Teopuu. OpHAKO, OCHOBa
JapBUHHU3MA - IPUHLUI €CTECTBEHHOIO0 0TOOpa YCTOsUI, TOJIBKO CTal0 SCHO, YTO MEXaHU3MBI €r0
cioxkHee. Bo-niepBbix, Masble ciy4aifHble (pakTopbl TOMKHBI OBITh CHOCOOHBI BBI3BIBATH KPYHHbIE
Mymayuu, TIEpeCTPanuBaIOIINE YK€ He clyyaliHbiM 00pa3oM 3HauMTENbHbIE OJOKM MH(QOPMAIIHH.
OTO BBITEKAEeT M3 OOIIEr0 MEXaHW3Ma SBOJIOLUUHN CTPYKTYP, BKIIOYAIOIIETO HEYCTOWYMBOCTH H
CKauKOOOpa3HbIe TEPEeCTpPOrKH. Bo-BTOpBIX, OHOJOTHYECKHI BHJI HEJb3s paccMaTpUBaTh
OTJENIFHO OT OMOIIEHO3a U Ornocdepsl B IIeIOM, TOYHO TaK XK€ KaK Hellb3s pacCMaTpUBaTh KIETKY,
BXOJIALIYI0 B COCTaB MHOTOKJIETOUHOTO OpPTaHM3Ma, OTIEIbHO OT Bcero opranuizma. Okasanoch,
YTO OTJENbHbIC BUJBI, HECMOTPS Ha KOHKYPEHIHIO 3a OTIeNbHbIe HEOOXOAMMbIE KOMIIOHEHTHI
cpensl (MUILY, BO3yX, BOAY, CBET) MOMOTAIOT APYT APYTY, NOIJEpKUBas Ha HY)KHOM YPOBHE
obwee cocmosiHue cpedvl. IBOMIONNS OMOIIEHO3a OCHOBAaHA HE CTOJIBKO HA KOHKYPEHYUU CKOIBKO
Ha Koonepayuu. [1o3TOMy B Haile BpeMs BO3HHUK TEPMUH KOIBOJIIOLHSA, TO €CThb COBMeCTHAasl
IBOJIIOLIHS.

buocdepa 3BoNMIOIMOHUPYET KaK cOATaAHCHPOBAHHAS CHCTEMA C 3aMKHYTHIMU LIMKJIAMU,
YCTOMYMBOE CYyIIIECTBOBAaHHE KOTOPOH TpedyeT Bcero pazHoodpasus BuaoB. Korna Mbl roBOpHM 0
cOaTaHCUPOBAHHOCTH, MBI TIOJIpa3yMeBaeM, MPEkK/Ie BCEro, OalaHC MPOAYKIMH OHOJIOTHYECKOTO
BEIIECTBA U €r0 JeCTPYKIHHU WIN PeAyKIUH, TO €CTh 00paTHOro MpeBpalleHUs] B UCXOIHYIO
HEOpPraHMYECKyl0 MaTepuio. B ecTecTBeHHOM OHOLIEHO3€ ATH MPOLECCHl OCYIIECTBISIOT
COOTBETCTBEHHO OPraHU3MBI-1pO0YYeHNMbl U1 OPraHU3Mbl-0eCpyKmopbi.

Kak mblI yxe 3HaeM 1Ji1 TOro, YTOObl O AMHAMUYECKOW CHCTEME MOYHO OBLIO TOBOPUTH
KaK O CTPYKType, OHa J0XHa 001aJaTh TAKUM CBOWCTBOM KaK yYCMOUYUBOCHb, TO €CTh COXPAHSIThH
CBOIO HUJEHTHYHOCTb IPU OINPEACIEHHBIX H3MEHEHHUSAX MapaMeTPOB OKPYKaIOLIEH Cpesbl.
Buocdepa u O6uonornyeckue cucreMbl BooOIIe 0071aat0T OONBIION YCTOWYMBOCTBIO, KOTOpAs
oOecrnieunBaeTcs UX H30bITOYHOCTHIO.

N30BITOYHOCTD 3aKITIOYAETCs] BO-TIEPBBIX B OTPOMHOM MOTEHUHAJbHOH CMOCOOHOCTH K
BOCIIPOM3BOJICTBY, BO MHOIO pa3 IPEBBINIAIONICH pealbHyl0 NOTPEOHOCTh, BO-BTOPHIX, B
OTPOMHOM pa3HOo00pa3uu BHAOB M (pOpM KHM3HM, BO MHOTO Pa3 IPEBHIIIAIOIIEM MUHUMAIBHO
HeoOXoauMoe Jid TOJAEpKaHHs pPaBHOBECHS W CTAOMJIBHOCTH OKpYXKalollell cpenbl, W, B-
TPEThUX, 3HAUUTEIILHOE MPEBbIICHHE M0 3(P(PEKTUBHOCTH JECTPYKTOPOB HAJ MPOIYIIEHTAMHU.

[Touemy HyxHa U30BITOUHOCTH? [leN0 B TOM, YTO pa3IMYHBIC €CTECTBEHHBIE (haKTOPHI
NOCTOSIHHO HApYyLIAIOT NPHUPOAHBIA OajaHC, W WMHOT/A 3T HAPYIICHUS OYCHb 3HAYUTEIbHBIL.
HeoOpr4yaitHo pe3kuii BCIJIECK BYJIKAaHUYECKONH aKTUBHOCTH MOYKET PE3KO IMOBBICUTH COJEPIKAHHE
OKCHJIOB YTJIEpPO/Ia M CEephbl B aTMOC(epe U ee 3albUIEHHOCTh; K OYeHb CHUJIbHBIM HapyIICHHUSIM
KJIUMaTa MOXKET MPUBECTU MaJIeHHe Ha 3eMIII0 KPYITHOTO METEOPUTa-aCTePONIa; K OTPOMHBIM U
PE3KUM HW3MEHEHHMSIM MOXKET TIPUBECTH U TMEPecTpoiika OKeaHW4ecKoil u arMochepHOi
HUPKYJIAIUK, BbI3BAHHAS MOCTENEHHOW TEKTOHMYECKOM TEPECTPOUKON CTPYKTYPhl 3€MHOM
NoBepXHOCTU. Bece 3T KatacTpodbl HE TOJIBKO U3MEHSIOT CPeAy, HO U CHIIBHO OCJIA0IISIOT OUOTY.
YtoOBbl A0CTaTOYHO OBICTPO, TPEKIE YEM OHH CTaHYT HEOOpaTHUMBIMH, CKOMIIEHCHPOBATh
pa3pylIUTEIbHOE BIUSHHE TaKUX KaTacTpo(UUecKux H3MEeHEeHuH Ha Oumocdepy mnociemHss
IOJKHA 00s1amaTh OOJIBIINM 3aracoM "MorHocTH" .

CoxpaHeHHEe YCTOMYMBOCTH BO3MOXKHO TOJBKO HpPHU OYEHb OOJBIIOM pazHOOOpa3uu
OPraHW3MOB M HMX YpPE3BBIYAHO OOJBIIONW CIIOCOOHOCTH K pa3sMHOXKEHHIO. Torma naxe mpu
3HAYUTEIHHOM HW3MEHEHUHU YCJIOBUH, MpPU KOTOpOM NOTHOHYT 99% BHIOB M OpPraHHU3MOB,
OCTaBILIMECS CMOTYT OBICTPO TMOAHATH CBOIO YHCJICHHOCTh M COXPAaHUTh JOCTAaTOYHOE
pasHooOpa3ue, 4ToOBl MOAJAEpKaTh KPYroBOPOT BemlecTBa. VIMEHHO 53Ta MOTPEeOHOCTH B
ycmouyugocmuy W TpHUBeEia B MPOIECCE IBOIOLMU K TAKOMY OTPOMHOMY Pa3HO00pa3vi0 BUIOB
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u GopM XU3HU U K TaKOM OIrpOMHON NMOTEHUHMAJIBHOH CIOCOOHOCTH K BOCIPOM3BOACTBY, BO
MHOTO pa3 TPEBOCXOAAIICH MHHUMAIbHO HeoOxoauMyro. Mcropudeckn BBIpaOOTAIHCH
MOJTHOCTBIO COAJIaHCUPOBAHHBIE OMOIICHO3bI, TAKUE KAK MpPOnu4ecKull iec Ul cesepHas matied,
BKJTIOYAIONTUE JICCATKH M COTHH ThICAY BUAOB. OrpoMHas M30BITOYHOCTH HEOOXOIUMa IS
YCTONYHUBOCTH.

5.2. OOmias cxema 3BOJIIOIUHU U Ouocdepa

Wrax, moBTOpUM ellie pa3: Bce CYIIECTBYIOIIUE HAyYHbIE JaHHbIE U 000OIIECHHS TOBOPST
HaM, 4TO Hall MHp - 3TO MHP HAMNPaBICHHO 3BOJIIOLHMOHUpYROMMI. HampaBineHue sBomtonnu
3a/1aHO TIPOLIECCOM pACCEesHUS NEPBOHAYAIBHO YPE3BbIUAIHO CKOHLIEHTPUPOBAHHON 3Hepruu. B
IpoILleCCE JTOTO pPAaCCesiHUs B  pe3ynbTaTe TIPABUTAUUMOHHBIX W THUJIPOJIMHAMHYECKHUX
HEYCTOMYMBOCTEH BO3HUKAIOT Pa3sHOOOpa3HBbIE CTPYKTYpPhl BO3PACTAIOLICH CIOKHOCTH. OTH
CTPYKTYpbl TMPEACTaBISAIOT COO0OM JUCCUNATHUBHBIE IUHAMHYECKHE CHUCTEMBI, YCTOWYHBOCTH
KOTOPBIX TOJAEPKUBACTCS TEM K€ IOTOKOM pPACCESHUs HHEPruu. TeopeTHUecKHe MPOTHO3BI
TOBOPSIT, UTO TAKOM MPOIIECC YCIOKHEHHS JOKEH Oy/IeT CMEHUTHCS YIPOIIEHUEM, KOria MOTOK
paccestHus CTaHET HEIOCTATOUHBIM JJIs TOAIEP)KaHNS BCEH CII0KHON MEpapXUU TUCCUIIATUBHBIX
cTpykTyp. OpHako ceiddac JIOKaJbHOE YCJI0KHEHHE CTPYKTYP B OTAEJIBHBIX YacTAX
BcesleHHO# - 3TO OCHOBHOM, ONpeaeNdOIIHI IBOTIONHUI0O npouecc. VM TakuM OH ocTaHeTcs
elle MHOTME MUJUIMAP/Ibl, @ BO3MOYKHO U JAECITKA MUAJUTUAPJIOB JIET.

MOXXHO OTMETUTh TaKyl0 3aKOHOMEPHOCTb: BO3HHUKAIOIIME II0 MEpE HBOJIOLUU
Bcenennoii Oosiee ClIOKHBIE CTPYKTYPBI BCe 0oJiee JIOKATbHBI, 3aHMMAIOT MEHBIIHA O0OBEM H
CBSI3aHBI CO BCE MEHBIIUMH MMOTOKaMH 3Hepru. CHCTEMBI 3B€3]l M TAIAKTUK BKIIIOYAIOT B ceOs
BCE BEIECTBO BcCeneHHONW M CBA3aHbl C MOTOKOM paccesHusi dHepruu "bosbiioro B3pbiBa';
3BE€3/bl U IUIAHETHBIE CUCTEMBI CBSI3aHBI C TOTOKOM SHEPrUU pacceuBacMOl 3BE3JI0M; CIIOXKHAs
CTPYKTypa IJIaHET '"3eMHOH TIpyIIbl" BO3ZHUKAET JIMIIL B IUIAHETaX, COCTABJISIONIMX MO Macce
HAaMHOTO MEHBLIE OJHOIO IPOLEHTa OT MAacchl BCEX 3BE3Jl M IJIAHET U CBS3aHA C IOTOKOM
SHEpPruU, PACCEMBAEMOM IUIAHETOM; HAKOHEI, HW3Hb TMOKPHIBAET TOHKOW IIJIEHKOW JIUIIb
MIOBEPXHOCTh HEKOTOPBHIX, @ MOXET OBITh W BCEro OJHOM IUIAHETHl 3EMHOW TpPYMIbI |
olOecrieunBaeTcs SHEpPrued MEUIEHHbIX XHUMHYECKHX peakluii, MpeoOpa3yolux 4YacTb
MOTAIAIONIEH Ha IUIAHETY SHEPTUU U3Iy4YeHHs IeHTpaabHoU 3Be3bl. (IIpaBna, mosBuBIIasCS Ha
CaMOM TIOCJIETHEM JTale pa3yMHasl )KM3Hb UMEET IIAHC C NOMOIIBI0 TEXHUKHU PE3KO YBEIMYUTH
NPCTPAHCTBEHHbIE U YHEPTETHUECKUE MACIITAObI CBOETO Pa3BUTHS).

CymiecTBytoniye CTpPYKTypbl 0Opa3yroT HEpapXHi0 [0 MacmrtadaM U CIOKHOCTH U
00J1aJal0T YCTOWYMBOCTBHIO B ONPEAEICHHOM JMAala30HE YCIOBHMH CYIECTBOBAaHUS, KOTOpbIE
HEINpPEPBIBHO MEHSOTCA. [IpM TOCTaTOYHO CUIIBHOM M3MEHEHMHM YCIOBHUW 3Ta YCTOWYHMBOCTH
HapyIIaeTCs U BO3HUKAIOT HOBBIE THUIBI CTPYKTYp. MexaHU3M BO3HUKHOBEHUS HOBBIX CTPYKTYP
MOXHO Ha3BaTb OMPYPKAUMOHHBLIM, MO CYTH CBOEH OH TOYHO TaKOHW K€ Kak U B
HAWIMpOCTEeHIIeM cilyyae NporubaHus YHpPYro IMIACTUHKU, KOTOPHIM MBI pa3dupaiiu BBIIIE.
31ech MOAKITIOYACTCS AJIEMEHT CJIydyailHoCcTH. B Touke Oudypkammm nmotepsBinas yCTOMINBOCTh
CTPYKTypa MO>KET NEPENTH B OTHO U3 HECKOJIBKUX OJMHAKOBO BEPOSATHBIX COCTOSIHUM, TJI€ CHOBA
BO3HMKAET YCTOMYMBOCTh M JTam JACTCPMUHHPOBAHHOW »HBOIIONMU. BwIOOp cucTemoii
JaNBbHEHIIEero MyTH B TOYKE O ypKaIUK ONpPEAEIsSeTCs CIIydaeM.

Takoit OudypralMOHHON TEPECTPONKONW CTamo Ha 3emiie BO3HUKHOBCHHE >KU3HU H
oOpa3zoBanue 6uocdepsl. Hano moguepkHyTh, uro 6Mocdepa nomKHA Oblla BO3HUKHYTH Cpasy
KaK Iiejioe, Kak cOajaHCHpOBaHHAsl CHCTEMa, 00ECTICUMBAIONIas CBOIO YCTOWYMBOCTE Onaromaps
3aMKHYTHIM ITUKJIAM TpeoOpa3oBaHUsl BEIIECTBA, M MOXHO Mpeanoiarath, 4to Juist [lpuposst
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peaTu30BaBIIMIC Yy HAC BapuaHT B TO JaJieKoe BpeMs OblI HE €IUHCTBEHHBIM BO3MOKHBIM.
VYcioxHeHne CTPYKTyp — MPOLECC 3aKOHOMEPHBINH, HO TO YTO BO3HUKJIA UMEHHO JKU3Hb, TaKas
KAaKOH MBI €€ BUJIUM, OIIPEIEIIUII CIIydai.

Bbuonorudeckas cucrema - 6uocdepa - B nmporecce CBOEH 3BONIIOLNH MOMAJajla Ha TOUYKH
Oudypkauum MeHblIero panra He pa3. Habonee ¢yHaaMeHTaNbHBIX ATANlOB MEPECTPOUKH
O6uocdepsl MOXKHO BbLIENIUTH JBa. IlepBblii MMen MecTO MPUMEPHO JBa MUIUIMApAA JIET Hazal,
KOTJa TOsBUJIACh KHCIOpOAHas arMochepa M a’dpoOHas Xu3Hb. llpu 3TOM H3MEHWINCH He
TOJIbKO NMOTEHIUAIbHBIE BO3MOXHOCTH XHU3HH U TEMII €€ 3BOJIIOLUYU, HO U BCs reorpaduyeckas
000J10YKa ¥ reoornyeckast cpejia BepXHel 4acTH 3eMHOM KOpBI.

BTtopoii Takoii ke 1Mo 3HaYUMOCTH (2 MOXKET ObITh U Oojiee 3HAYMMBINA, PaBHO3HAYHBIN
NOSIBIICHHUIO JKW3HU) 3Tall HEYCTOMYMBOCTH MBI MepexnBaeM ceifuac. OH CBs3aH C MOSIBICHHEM
yes0BeKa, 00safaomero pasymoM. YenoBek NPUHLMIHAIBHO W3MEHWI XapakTep IBOJIOLUU
O6uocdepsl - OH Havyaj MpeBpamaTh ee B Hoocdepy. ITOT TepMUH mpuayman ¢pauniys Teisp ae
[[Tapnen B Hayase HaIIEro BeKa, HO COBPEMEHHBIM CMBICII €My MPUAAT BETUKUI PYCCKUNA YUEHBIN
B.U.Bepuaackuii. B Hoocghepe daxTopom, onpenensionM pa3BUTHE CTPYKTYPbI, CTAHOBUTCS
pasyM. OH MeEHSET KOPEHHBIM O00pa3oM CTPYKTYpy reorpaduueckoil 0O0OJOYKH M TEMITbI
sBomronu. Celyac Mbl CTOMM Ha TOYKe OM(YypKaIlMH - COCTOSIHME OHOC(epbl HEYCTOMUYUBO,
YEJIOBEK JIOMAaeT, MPeoOpa3oBBIBACT COATaHCUPOBAHHBIE CTPYKTYpPhl W KAaKOBO OyneT HOBOE
YCTOMYMBOE COCTOSIHHE - BOZHUKHET JIM CTaOMIIbHAS Hoocghepa, Kak OHA OyJeT BBITISACTh OyIeT
JU 3TO MCKYCCTBEHHAsl mexHocgepa, WIN YTO-TO APYroe, MM pa3yM YHHUTOXHUT caM cels U
pa3BuTHe Ouocepbl MOIET COBCEM HHBIM IIyTeM - I[IOKa MOXXHO CTPOUTH TOJIBKO
OpeanonokeHus.  SIcHO  oAHO:  HMKakas  IpocCTas  AKCTPANOJSALMs  TEHACHIUM
IPEIIECTBOBABIIETO PAa3BUTHA HE MOMOXET HaM CAeNaTh MPOrHO3 M pa3padoTaTh CTPATETHIO
BeDKMBaHUs. Hoocdepy Oyner co3maBaTh pasyM, M TOJIBKO HM3y4€HHE CaMbIX OOIIUX 3aKOHOB
MHUPO3JaHUs U IO3HAHUE CAMOTO ce0s1 MOXKET €My B 3TOM ITOMOYb.

5.3. DBomonus 6uocdepsl MOCIe MOSBICHUS YEITOBEKa.
[TpoGnemsbl 3K0I0THH

Taxk uTo ke Takoe yenoBek? Korna u kak oH nmosBuiics?

[TorckamMu TPEIKOB COBPEMEHHOI'O YeNIOBEKa, IMOMCKAaMU pPa3HBIX «HEIOCTAIOIINX
3BEHBEB» B IICTMIOYKE OT O0E3bsSHBI K YENOBEKY YyUY€HBbIE 3aHMMAIOTCA JaBHO. MBI 3HaeM
MUTEKaHTPOINOB, CUHAHTPOIIOB, aBCTPAJIONUTEKOB, 3MH/KAHTPOIOB, HeaHJepTanblieB. Bo3pact
«IEePBOYEIOBEKA» OTOJABUTAJICS UYTh JIU HE 0 3 MUJUIMOHOB JIET, @ OTBETBIICHNE HAIIUX MPEJIKOB
OT MPEKOB COBPEMEHHBIX 00€3bsH - 10 15 MIJLITHOHOB JIET.

Opnnako nocienuue uccnenopanus (1987 ron), ocHOBaHHBIC HA U3YYEHUU T€HETHYECKOTO
marepuana (JJHK muToXoHApWN KIETKM), MOKa3add, YTO PO YEIOBEUECKHH, MOBUIAMOMY,
Hauvaics Bcero Jumib npuMmepHo 200 Teicay JeT Hasax oT obOmeil mpamartepu. Bee miomu
TeHETUYECKU MPaKTUYECKH TOXJAECTBEHHBI, a TaKHe «IIPEIKH» KaK HeaHaepTalel] U CUHAHTPOI
OKa3aJIUCh TYITUKOBOM BETBbIO T€HEAIOTMUECKOTO APEBA, HE NMPUBEIIEH K YETIOBEKY Pa3yMHOMY.
Bce ykaspiBaeT, 4TO uelOBeKa IMOPOAMIIA HEKas eOuHCMmBeHHAds SIoXajbHas MyTalus,
3alyCTHUBIIAS] MEXaHU3M MbILJIEHUs, KOTOpasi IPOU30IILIa HE OYEHb JaBHO.

MplieHre BBIICIWIO YEIOBEKAa U3 OCTAIBHOM MKUBOW MPUPOJBI. YEIOBEK - 3TO KUBOU
OpTraHW3M, BIIEPBBIC OCO3HABWIULL CaM Ce0s, CBOIO CaMOWJEHTUYHOCTh M OTIUYHE OT BCEro
ocTajgbHOro Mupa. JKuBoTHOE HaXOAUTCA B TAPMOHHUH C OKPYKAIOIIUM MHUPOM, M 3Ta TrapMOHUS
YCTaHaBIMBAETCI HAa HMHCTUHKTUBHOM YPOBHE, >KMBOTHOE€ AaBTOMAaTUYECKH BCTPAMBAETCS B
€CTECTBEHHYIO cOaJlaHCUPOBAHHYIO cucTeMy. YelnoBek ke, OCO3HaB camMoro cels, OKazajics B
U30JISIIAN, ¥ €My MPUILIOCh 3aHOBO, CO3HATENBHO, «CTPOUTH MUPY», YTOOBI HAUTH CBOE MECTO B
HEM U CHOBa COEJIMHUTHLCS ¢ HUM. B pe3ynbraTe yenoBek co3all HOBbIH YPOBEHb OpraHHU3aIiH,
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HA3bIBACMBIN YeJIOBEYECKUM 001eCTBOM, 3aHIICS MO3HAHUEM MUpPA U CaMOTIO3HAHUEM U Havall
MOKOPSATH U MepeAeNbIBaTh NPUPOAY, CO3/1aBaTh TeEXHOC(hepy.

Uro xmer yenoBeka nanbine? OTBET 3aTparvBaeT JBa acleKTa: YTO XKAET YeIOBeKa Kak
OT/EIbHBIA YHUKAIbHBIA OWOJIOTHYECKUN BHUA? M YTO KACT YEJIOBEKa, KaK KOMITOHCHT
o6uocdeprr? (Uto xaet 6uocdepy mocie Toro, Kak IrJIaBHBIM €€ KOMIIOHEHTOM CTall YeJIOBeK?)

Kak cunrtaror HekoTopble OHMOJIOrH, OMOOTHYecKasl IBOJIOLNS YeIOBEeKa MPEeKpaTUIaCh,
TaKk Kak, CO3/1aB ce0e MCKYCCTBEHHO CTA0WJIM3HPOBAHHYIO CpPEAy, YeJIOBEK HCKIIOYHI (HaKTop
ectecTBeHHOro oTOopa. Ho Tak cuntatot He Bce. U 4 monarato, 4To HET JOCTaTOUYHBIX OCHOBAHUMN
JUTSE TAaKOTO BBIBOJIA, & ISl SKCIIEPUMEHTAIIBLHON MPOBEPKU CPOK TMOKa CIUIIKOM Mai. MMerort
OCHOBaHUS U MECCUMUCTHUYECKHE MPOTHO3bI (PU3NYECKOTO BBIPOKICHHS YEJIOBEUECTBa, TaK Kak
yCIexXyu MEAMIIMHBI Ceivac MO3BOJSIIOT BBDKMBATH CIHMIIKOM MHOTHM JIe(DEKTHBIM 0CO0sIM,
KOTOpbIE HOPMAJIbHO JOJDKHBI ObUTA MOTUOHYTH, HE JaB IOTOMCTBA.

Ecth u onTuMHUCTHYECKHE TPOTHO3BL. Jla, 4emoBeK BBINCTWICS W3 MPUPOIBI, HAPYIIHI
€CTECTBEHHbIE MEXAHU3MbI PEryJsiUU 3J0pPOBbS W MPOIBETAaHUS BUAA, HO OH €CJIM €lle He
HAY4YWICS, TO HAYYUTCS KOMIICHCHPOBATH ATH MOTEPH U JOCTUTHET JIYYIIUX PE3yabTaTOB, YeM
Hepa3yMHas PUPO/a.

3M0pOBBI0 UeNOBeKa OOIbIIE BCETO BPEOAT YPE3MEPHBIE CTPECChl, CBSI3aHHBIC C
YCKOPEHHBIM PUTMOM KH3HU M CKYYEHHOCThIO, W TUMOAMHaMHUA. OTCYTCTBHE (PUINYECKUX
HArpy30K MpPHUBOAUT K OYEHb OOJbIIOMY pa30amaHcy B (PYHKUMOHHPOBAHUHM OpraHU3Ma.
WHubapKThl U UHCYIBTHI KaK pe3ysabTaT JE€TPEHUPOBAHHOCTH M MepeeaHus. ABUTaAMUHO3bI, TaK
KaK TIOTPEOHOCTH B €16 YMEHBIIIACTCS, U YEIIOBEK BHIHYKICHHO HEJJOOMPAET BUTAMUHEL: JIHOO OH
JOJIKEH CHJIBHO IepeenaTh U >KUPEeTh, JUO0 KUTh C aBUTAMHUHO30M, TaK KaK KOHIIEHTPALMs
BUTAaMWUHOB B TIPOAYKTAaX MHTaHWUs HeBelWka. Hampumep, cyrodHas mo3a BuTamuHa Bj
conmepxkutcs B 900 rpammax prkaHoro xjeba (OZHOrO U3 camblX OOraThIX 3TUM BUTaMUHOM
MPOJYKTa), a ceyac YeloBeK CheAaeT B JCHb €/1Ba OJIHY JIECATYIO 3TOTO KOJINYECTBA.

YenoBek OOpETCst CO BCEM 3TUM BUTAMUHHBIMHU TaOJIETKaMu U PU3KYIbTYPOH, HO A PexT
HeBeNMHK. [ICHXO0IOTHS TI0X0 MepecTpanBaeTCs.

A eme HapkoTuku, 6one3nu Tuna CITM/]a u T.1.

OpnHako, HECMOTPST Ha BCE ITO, CaM YEJIOBEK MOXET W HE JOXKHUTHh 0 MOMEHTa CBOEH
MOJTHON (PU3WUYECKOM Jerpasaliuu, Tak Kak ropaszio ObICTpee JerpaaupyeT cpeia ero OOuTaHus u
9TO MOKET OKa3aThCsl aTabHBIM. K cHacThiO 4eTOBEUYEeCTBO HAUMHAET MMPOHUKATHCS COSHAHUEM
BO3MOYKHOCTH M JIak€ OJM30CTH IKOJOTHYECKOH KaTacTpodbl, BEI3BAHHONW €ro COOCTBEHHOM
NEeSATENIbHOCThIO, M JTO BCENSIET HANEeXKIy, 4YTO €€ yaacTtcs uzbexarh. B dem ke CyTh
KaracTpodbl?

BoeigenuBImMcyr U3 OCTANIBHON MPUPOJIBI ONaromaps CBOEMY pasyMmMy, HYelOBEK CTall
nepeeNbiBaTh OKPYXKAIOLIYI0 Cpelny, MpHcrnocabiuBas ee K CBOMM HyxAaMm. B pesynbrare
YHUCIIEHHOCTh YEJIOBEUYECTBA MEpecTana PeryInpoBaThCS €CTECTBEHHBIMHU MPOIECCAaMH M Hadaia
HeynepkuMo pactu. OTHOBPEMEHHO pocia U MHTEHCUBHOCTh BO3AEHCTBUS HA MIPUPOAY KaXKIA0Tr0O
UHANBUAYyMa. JKUBOTHOE WU3BIEKAIO W3 OKPYXAIOMIEH cpeapl NHUILY W OYEeHb OBICTPO
BO3BpAIaJI0 BCE B3ATOE, MPUYEM TaM K€, TJie OHO OBbLIO B3STO, MOAEpKMBas OajgaHC BEIIECTBA.
UenoBek U3BJICKAT TOpa3io OOMbIIE, 4eM He0OXOIUMO AJIs MPOTUTAHUS W BO3BPAIAT U3BATOE B
paguKaIbHO TPeoOpa30BaHHOM BHJIC U OOBIYHO HE TaM, /i€ Opall.

UtoOsl MPOKOPMHTHCS, YeIIOBEKY MPHIILIOCH BBIBECTH 0co0bIe
BBICOKOITPOM3BOJIUTENIbHBIE COPTAa PACTEHUM M MOPOAblI >KMBOTHBIX, CO3/1aTh OTJIMYHBIE OT
€CTECTBCHHBIX TaK Ha3bIBacMble KYJIbTYypHBIC JaHIIIAPTHI M COOOIIECTBA >KUBBIX CYIIIECTB.
[Iponykumsi 3TUX COOOIIECTB HM3bIMANach OE3BO3BpATHO, a OOEIHEHHE CpEabl TOJIE3HBIMH
KOMIIOHEHTaMH KOMITEHCUPOBAIOCh HCKYCCTBEHHO M HEIMOJHOIIEHHO. B pesymprare yxke ¢
JIPEBHUX BPEMEH CTajld BO3HUKAThH JIOKaJIbHBbIE KPHU3UCHI MPOU3BOJACTBA MPOIYKTOB NUTAHMUS,
Takue Kak Trubenb IpeBHEW IUBUIM3alMU J[Bypedbss B pe3ylbTaTe CHIDKEHUS ILIOIOPOIUS
opomaemMbix 3emenb. B Hawame XIX Beka aHrimiickuii ydeHbld Tomac ManbTyc mpuIien K
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BBIBOAY, YTO BOOOIIE BO3MOXKHOCTH 3€MJIM OTPaHUYECHHBI, © POCT MPOHM3BOJCTBA MPOJYKTOB
MUTaHMS JOKEH OTCTaBaTh OT POCTA HACEJICHUS, €CIIH MOCIeIHUN He OrpaHUYMBAETCS BOWHAMU
U SIUAEMUSMH.

[TorpebHOCTH B MPOJOBOJILCTBUH 3acTaBiisijia YeJIOBEKa OCBaWBATh BCE HOBHIE U HOBBHIE
TEPPUTOPUH, Npeodpasyst MPHUPOIY, HO BCE SICHEE CTAaHOBWIJIOCH, YTO HEOTPAHWYEHHBIA POCT
HacelleHUs1 3eMJIM HEMUHYEMO JOJIKEH MPHUBECTH K KPU3UCY CBA3AHHOMY C MAaCCOBBIM TOJIOZOM.
A eme mo3xe, BO BTOPOil moyioBuHE XX BEKa CTANO SCHO, YTO MPH COBPEMEHHOM CIOCO0e
CYIIIECTBOBaHMS YeJIOBEUYECTBA HAMOOJIBIIYIO OMACHOCTH MPEICTaBIsAeT co00i He yrpo3a ronoja,
a yrpo3a OTpaBJICHHUS BCETO KHBOTO MPOJTYKTAMHU YEJIOBEYECKOM eATEIbHOCTH.

[Ipexxae Bcero uenoBek 0OpaTui BHUMAHKUE Ha SIBHBIE CIy4Yau I'yOUTENbHOIO BO3JCHCTBHS
NPOMBIIIJICHHOCTH Ha €r0 JKU3Hb U MPHUPOY. 3arpsA3HEHUE aTMOC(ephl TbIMOM, OKCHIaMH CEpHI,
a30Ta, SIIOBUTHIMU OpPraHUYECKHMMH MOJEKyJaMU MpH CKUTAaHUM TOIUIMBA. 3arpsi3HEHHE
BOJIOEMOB >KUJKUMHU OTXOJAaMHU HPOM3BOJCTBA, JECJAIOUIMMU BOAY HETPHUTOMHOW Ui MUTHS U
ryOuTeNnbHON [Uisi OOJBIIMHCTBA JKUBBIX OpPraHU3MOB. 3arps3HEHHE BOABI U BO3AyXa
paznoaKTUBHBIMH O0TX0AaMH. OKCHIIBI CEphI U a30Ta B YTOJILHOM M Ma3yTHOM JIbIME, PacBOPSISIChH
B aTMOc(epHOi Bllare MOPOJWIN KUCIOTHBIE J0K/IM, YTHETAIOIINE U T'YOsIINe pacTUTEIbHOCTh
Ha OTPOMHBIX TeppuTopusix. Katactpodudecku paspacTaroniyecs CBaJKU OBITOBBIX OTXOJIOB,
KOTOpBIE MPU BO3TOPAHUU BBIJCIAIOT OTPOMHOE KOJMYECTBO CAMbIX Pa3HOOOpa3HBIX SAO0B H,
IPEeXJie BCEro, YPE3BbIUAIHO STOBUTHIE U OUEHb CTOWKHE OuokcuHvl. HedTh, BbITEKaOMas MpH
aBapusIX TaAHKEPOB, MOKPHIBAET Ir'yOUTEIHHON IIIEHKOW OTPOMHBIE MJIOIIAAN OKEaHOB.

Bce atm 3arpsisHeHust mu60 BOOOIIE OTCYTCTBOBAIHM B "MOMHIYyCTPHUAIBHON" TIpHpoe
a1n60 00pa30BHIBAIMCH B KOJMYECTBAX HAa MHOIO MOPSAKOB MEHBIIUX 4eM ceifuac. YUenoBek
MOXeT "3aJI0XHYTbCS B COOCTBEHHBIX oTOpocax". OpHako OTOpPOCH, XHUMHYECKHE H
paAMOaKTUBHbBIE 3aTPSA3HEHUS HE SBIISAIOTCS CTOJb CTPAIIHBIMU CAMH IO ce0e, OHU HE SIBIISIIOTCS
HEMpPEOoJOIMMBIM 37I0M. Jlemo B TOM, YTO OT JIOOOTO 3arps3HUTENS MOXKHO H30aBUTHCA H
npobiieMa 3TO YMCTO 3KOHOMHUYecKast. Hampumep, BpeToHOCHEHIIIE OKCUIBI CEPhI U a30Ta MOT'YT
OBITH MOJIHOCTBIO M3BJICUEHBI U3 JbIMA M MCIIOJIb30BAHBI JJIsi IOJTYYECHUSI PA3IMYHBIX MOJIE3HBIX
MPOJYKTOB, IPU 3TOM CTaHYT HE HY)KHbI MHOTHE MPEINpPHUATHS 10 NepepaboTKe CEpHBIX pyI U
[0 CBS3BIBAHHMIO a30Ta M3 BO3AyXa. IIpocTo 3TO MOKa CIMIIKOM JOPOr0 M COOTBETCTBYIOIIAS
HEOOXOANMOCTH €Ill€ HE JTOCTATOYHO OCO3HaHa OOIIeCTBOM. 10 € MOHO CKa3aTb U 000 BceX
JIPyrux OTXoJaX. ABTOMOOMIM MOXXHO IE€PEBECTH Ha D3JIEKTPUYECTBO WIM HA BOIOPOAHOE
TOIIMBO, JIal0lllee Ha BBIXJIONE YHUCTYIO BONY, U T. A. Bce 3T0 B mpuHIUIE TOCTYIIHO YXKe ceilyac,
HO TpeOyeT OYeHb OOJBIINX 3aTparT.

Bo3Hukaer BmewaTiieHWe, YTO IO Mepe pocTa OOIIECTBEHHOTO CO3HAaHUA U
OOIIECTBEHHOTO 0OrarcTBa MOXHO OyJeT BCE TEXHOJOTMU CAeNaTh "4UCTBIMH" M CIIACTH
OKpyXkaromyro cpeny. OIHako 3TO He Tak. UHCTble TEXHOJIOTUU TPeOYIOT HE TOJBKO OOJblle
JICHET, OHU TPeOyIoT Takke Oojbiue 3Hepruu. [IoTpeOHOCTh B PHEPruM HE 3aBUCHT OT BOJH
YyelloBeKa M YpPOBHS OpraHU3allid TMPOU3BOJICTBA — OHA ONPENENIeTCS 3aKOHAMHU MPHPOJBI.
[ToBbIlIeHNE SKOJIOTMYECKON YMCTOTHI NMPOU3BOACTBA SHEPrUM TPEeOYeT OMOJHUTENBHOTO ee
pacxoma "Ha coOctBeHHBIe HYXAbI', mToHWkaeT dddextuHbrii KIIJ[ sHepreTudeckoro
OPEINpUsATHS U, TaKUM OOpa3oM, HEMHHYEMO YBEIMYMBAET TO 3arpsi3HEHHE, OT KOTOPOTO
HEBO3MOXKHO HM30aBUTHCS — TeNJOBOe. 33 COBEPILICHCTBO CTPYKTYpbl HAJO IUIATUTh POCTOM
JVICCUTIAIINN, CHIDKEHHEM KaueCTBA HEPTrUH, POCTOM KOJIMYECTBA PACCESTHHOTO TEIUIa, KOTOPOe
MOJKET IIPUBECTHU K MeperpeBy OKpyXkaromiei cpebl. 3aKOHbl TEPMOAMHAMHUKU HEYMOJIUMBI.

YacTo BUAST BBIXOJ B UCIOJIB30BAHUU TaK HA3BIBAEMBIX AJIbTEPHATHUBHBIX HCTOYHHUKOB
sHepruu. K HUM OTHOCST PHEPrUI0 BETpa, BOJIH, IPUIUBOB, TEIJIOBYIO SHEPTHUI0 OKEaHUYECKOM
BOJIBI U 36€MHBIX HeJlp (reoTepMalibHYIO), COJIHEUHOE M3IydeHue. Horaa u saepHylo SHEpruio,
HO €€ yX€ Yalle CYMTAIOT OAHMM W3 TPaJULHUOHHBIX HCTOYHUKOB. V3 mepedncieHHBIX BUAOB
SHEPTUU reoTepMaibHas YepraeTcsl U3 3alacoB TeIjia B HeApax 3eusif, SHEPTUs MPUIMBOB — U3
KMHETUYECKOM »JHEpruM BpalleHuss 3eMid, B O000UX ciy4asX Temio Jgo0aBiseTcss B
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reorpaduueckyro 000JOYKY TaK kK€ KaK M IPH CKUTAHHH HCKOMAeMOTO XHMHYECKOTO WIIH
aaepHOro ToruBa. [IpeMmymiecTBO JHIIb B OTCYTCTBUM XHUMHUYECKHMX U PaJHOAaKTUBHBIX
0TXO0O40B (XOT}I B FGOTepMaﬂbHOﬁ SHCPIreTUKC Ha MMOBCPXHOCTDH BBIBOJATCA
BBICOKOMUHEPAJIM30BaHHBIE TEPMAJIbHBIE BOJBI, OCHOBATEIIBHO 3arpsi3HAIONINE OKPYKAIOIIYIO
cpeay €Ciin HEC MPUHUMAaTh CIICHUAJIbHBIX Mep). OcranbHble BUJbI SOHCPIUU UMCHOT UCTOYHUKOM
COJITHEYHOE M3JIy4YeHHe, MPUXOoAsilee Ha 3eMIII0, U JOTOJIHUTEILHOTO TeIjla B reorpauueckyio
000JI0YKY HE BHOCHT.

Bce 3Ty MCTOYHHMKYU HCTIONB3YIOTCS YK€ ceiyac, HO TOJBKO B OMBITHOM MOPSJKE U B TaK
HA3bIBAEMOU Maioll HSHepeemuke — TO €CTh KaK aBTOHOMHBIC WCTOYHUKH DSHEPTUU Majou
MOIIIHOCTH, pabOTarIKe B OCOOBIX YCIOBUAX (HAa TaeKHOM METEOCTaHIIMH, KOCMHYECKOM
Kopabie U T. 1.). 3aMEHUTh TPATUIIMOHHBIE UCTOYHUKU B OOIbULOU IHEepeemuKe OHU TIOKA HE
MOTYT Y, MOBHAMMOMY HE CMOTyT HHKoraa. WX rijaBHble HEAOCTAaTKU — HEPaBOMEPHOCTH
MOCTYIUICHHUA HW OYCHb HH3KAad IUIOTHOCTbL IIOTOKAa JOHCPIrurl IIPpU HHU3KOM €€ Ka4dYCCTBC.
HepaBHOMEpHOCTh MOCTYIIIIEHUS TPEOYET MCIOJIb30BAHUS aKKYMYJIUPYIOIIUX CUCTEM OIPOMHOMN
eMKocTd. Hu3kast miIoOTHOCTh ITOTOKA U HU3KOE KAa4eCTBO SHECPTrUU NpUBOAUT K OYCHb 6OJ'IBH_II/IM
pa3MepaM U MaTepUaIOEeMKOCTH SHepreTudeckux craHiuuid v Hu3zkomy KIIJ. Takue cranuum
3aHMMAIOT OOJBIIME IUIOIIAAM, a MX CTPOUTENBCTBO TpeOyeT co3JaHHue LEeJoW HHIYCTPUH,

KOTOpas TaK)K€ HAHOCHUT BpE IPUPOJIE.

Xopormuii mpuMep MPou3BOACTBA "dnucToi" 1 "MapoBoi" SHEPTrUH (TaK CUUTANIOCH, KOTJa OHU CTPOUIINCH) —
9TO HAIIW TUAPOCTaHIHMH Ha Bonre. Hukaknx BpeqHBIX BHIOPOCOB, BEUHBIH, TapOBOi, BO30OHOBIISIEMbI HCTOYHUK
SHEPIHU — pa3 BIOXKKI JCHBIH (XOTS U OONBIINE), TOCTPOUII, a MIOTOM CTPHUTH KYIIOHBI M CTO M THICAYY JIET — B 3TOM
yOexnmanu ceds W HapoI CTPOUTENIH. Temepp sCHO, YTO 3aTOIUICHWE U MOJTOIUICHHUE CEIbCKOXO3SHCTBEHHBIX
3eMJIeNIb U YMCHBIIICHHE BO MHOTO pa3 CTaja OCETPOBBIX PBIO M DS APYTrUX HETaTUBHBIX MOCICACTBUI MPUHECITH
yOBITKM, BO MHOTO pa3 IMPEBOCXOMASANINEC CTHMOCTh BCEH 3JIeKTpOo3Hepruu. I[loTeps BBICOKONPOIYKTUBHBIX
MOWMEHHBIX 3eMeNIb MOTpeOOBajga OCBOCHHS IOJ CEIBCKOE XO3SUCTBO HOBBIX TCPPUTOPHUI U, COOTBETCTBEHHO,
JTATBHEHINETO COKpAIICHUS COaJaHCUPOBAHHBIX OMOINECHO30B. llemouyky HEONArompUsATHBIX CIICACTBUNH MOXKHO
TSHYTh OYEHB JaJEKO.

Ho Bo3geiicTBHe 4enoBeka Ha Owmocdepy He OIrpaHHYMBATCH NPAMBIMH
3arpsi3HeHUsIMH, OHO TOpPa310 CJokHee. MbI ToBOpUIH, 4TO OMocdepa mpeaAcTaBisieT coO0oit
IEJIOCTHYIO COQIAaHCHPOBAHHYIO CAMOPETYIMPYIOIIYIOCS CUCTEMY. DTa CHCTEMa MOAJIEPKUBAET
cTaOUJIbHBIE YCIIOBUSI CBOETO CYIIECTBOBAHUS, CTiakuBas, NeMI(upys Bce HeOJaronpusTHbIe
BHEIIHUE BO3JCHCTBHS, Hapylalomme CcTaOuiabHOCTb. JIJii 3TOro HeoOXoIuMO, 4YTOOBI
CIOCOOHOCTh Omocdepsl K KOMIICHCAIIMM HEOJIaronmpUsITHBIX BO3JCUCTBHI ITPEBOCXOIUIA
MaKCHUMAaJIbHO BO3MOXHYIO UX HHTEHCUBHOCTB. UTO IS TOT0 HYKHO?

buocdepa morpediser pazHOOOpa3HbIE XUMUYECKHUE BEIIECTBA HA CTPOUTEIHCTBO CBOMX
OpPraHU3MOB M BO3BpALIaeT WX OOPAaTHO MPH PaA3I0KEHUU ITHX OPraHU3MOB. DTOT KPYroBOPOT
Jydllle BCEro MPOMJLTIOCTPUPOBATh Ha MPUMEpPE OCHOBHOTO JIeMEHTa JKU3HHM - yriepoja. bamanc
ero Moxer GbITh ToacunTaH. ExXeroaHo mocrymaer B 6uocepy u usbiMaercss u3 Hee 10™ Tomm.
BajiaHc CXOMUTCS ¢ TOYHOCTHIO 107, Kpome Toro, B pesynbrare reoJorm4eckux MpoleccoB B
Oounochepy moCTymaer €XEerojaHo JOMOJHUTEIBHO 10" TonH Heopranuueckoro yriaepona. Kax
MOKAa3bIBAaeT H3Y4YEHHE COCTaBa Iy3bIPbKOB BO3/lyXa, 3aXOPOHEHHBIX B KEpHaxX MOJSPHBIX
JeTHUKOB, coaepkanue CO, B atMocdepe Ob10 HEM3MEHHBIM ocnennue 10 Thicsd JeT, a 3amac
OpPraHMYECKOT0 YIJIepo/a, HAaKOIJICHHBIN B 3aXOPOHEHHOM BUJE B OMochepe COOTBETCTBYET €ro
JIOTIOJTHUTEIBbHOMY MPUTOKY 13 TiyouH 3emiu 3a 100 teicsy net. To ecth Guocdepa (TouHee
Omora - cOalaHCHpPOBAHHAs COBOKYITHOCTb OpPraHM3MOB, CIOCOOHasi KOMIIEHCHPOBATh
HapyleHus OanaHca B Ouocdepe - JoMalIHue )KUBOTHBIE U KYJIbTypHBIE PACTEHHUSI HE OTBEYAIOT
3TOMY YCJIOBHIO) C BBICOKOM TOYHOCTBIO M HAJI€KHOCTHIO KOMIIEHCHUpPOBala 3TOT MOTOK U €ro
ciydaifHple QUIyKTyanuu, moanaep:kuBas coctaB atmocdepnl. (Kcratu, mopmepkuBaercs u
coJiep’KaHue KUCIOPOoa, KOTOPBIN U3bIMAETCSl TEOXUMHUYECKUMHU MTPOLECCAMH).

OTa KOMIIEHCAlUS OCYIIECTBIAETCS 3a CYET OTPHIATENBbHBIX OOpaTHBIX CBA3CH B
coorBercTBuu ¢ mnpuHnunom Jle Illarense, a HaAeKHOCTh oOecreyuBaeTCs OOJBIION
U30BITOYHOCTBIO: TOTOK BEIIECTBA, ydacTBYIOLIUil B KpyroBopore, B 10000 pa3 mpeBbimaer
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CpeIHUH MOTOK YTIepoaa, MOCTYMAIONINI 3a CYET Ie0JIOTUYECKUX MPOoIeccoB. Takxke N30bITOUCH
U KPYroBOPOT KHUCIOpOAA U JPYIMX XUMHYECKHX BELIECTB. MBI yK€ TOBOPHJIM, YTO Takas
Oonbmas M30BITOYHOCTH HYXKHA s OBICTPOM KOMIIEHCAIMM YIAApHBIX Pa3pyLIUTEIbHBIX
BO3/JCICTBUII Ha Ouocdepy, Hpexie, 4YeM OHM CMOTYT NPUBECTH K BBIMUPAHHUIO CIUIIKOM
MHOTHX BHJIOB M HApYIICHUIO COAIAaHCHPOBAHHOCTU OUOTHI.

HopmanbHo dyHKIIMOHUpPYIOIIas OMoTa MOJDKHA YBEJIIMUMBAThH MOTPEOICHNE U TTEPEBO/] B
HeakTHBHYIO (opmy CO2 mpH yBeTMUYEHUH €ro KOHLEHTpAIMH B atMocdepe 3a cueT JoOBIX
MPOLIECCOB, B YACTHOCTH U 3@ CYET CXKUTAHMSI UEJIOBEKOM IOPIOUMX MCKOMaeMbIX. Tak u ObUIO 10
Hayaja Hallero BeKa, KOTJa YeNOBEK MCIONb30BaJl MEHEe OJHOI0 IMPOLEHTa OMOIOTHYECKOM
npoaykuuu cymu. Ceifuac, Korja 3To ucrnosb3oBanue gocturio 10%, cyma nepecrana paborarh
KOMIIeHCaTOpoM B cooTBeTcTBuM ¢ npuHuunoMm Jle Hlarense. Ceifuac O6uoTa cymm yxe He
TOJILKO HE KOMIIEHCUPYET MHAYCTpuaabHoe nocTymieHne COz, HO BHOCUT CBOM OTPUIIATEIbHbBIN
BKJIaJ], COTIOCTABUMBII ¢ HHYyCTPHATLHBIM.

OTO0 pe3yabTaT ee pa3pylIeHus yeaoBekoM. Bce NCKycCTBEHHBIE, KYJIbTYpHbIE CUCTEMBI -
CENIbCKOXO3SHUCTBEHHBIE YrOJbsl, CaAbl M MapKH U T.I. - UMEIOT Pa3OMKHYTHI 000pOT: OHH
MNOJJIEPKUBAIOTCA B COATaHCHUPOBAHHOM COCTOSIHUM Ojarofaps HCKYCCTBEHHOMY BHECEHUIO
noTpeONIIEMbIX BEIIECTB M YJAJICHUIO TPOAYKTOB M OTXOAOB. Tak TOJEpKUBAeTCA B
CTAIlMOHAPHOM OJIaronoJIyYHOM COCTOSIHUH JIaHHAsl CHCTeMa, HO COCTOSIHUE Onocdepsl B 11€JI0OM
Opd 3TOM yxXyamaercs. B uacTHOCTH, Bce KyJIbTYpPHBIE CEIbCKOXO3SHCTBEHHBIE 3E€MIIH
N00aBISIIOT B aTMOchepy MapHUKOBBIX Ta30B CTOJBKO JK€, CKOJBKO M 3aBOnbI, (HaOpuku u
ANIEKTPOCTaHUUHU. BpIpyOKka secoB, ocyiieHue OOJOT, pacHamka LEeIUHbl BBICBOOOXKAAIOT
OTPOMHOE KOJIMYECTBO 3aMIaCEHHOTO B 3eMJI€ OPTaHUYECKOTO YIiIepoa.

Ho neno He Tonpko B Manoil 3((EKTUBHOCTH KYNbTYpHBIX CaJ0B M TOJEH ais
noJJepKaHus cOalaHCUPOBAHHOCTH MPUPOTHON cpeibl. Y HUUTOXKasi ECTECTBEHHbIE COO0IIeCTBa
OpPraHU3MOB, YEJIOBEK 00ETHIET BUIOBON COCTAB OMOTHI, IPHUUYEM HE TOJIBKO Ha JAaHHOM y4acTKe
3eMHON MOBEPXHOCTH, HO M Ha 3emie B IEJIOM - B MHpPE €XKEroJHO Hcue3alT Omaromaps
YeJIOBEKY mblcsA4Y BUJIOB. A 00elHEeHHE BUOBOTO COCTAaBa PE3KO 0cialIsieT CIOCOOHOCTh OUOTHI
KOMIIEHCHPOBAaTh CIIy4ailHble pe3kue HapylleHus OanaHca. Jlrobasa ecmecmeéenuas npupooHas
Kamacmpogha ¢ Kaxcovim 2000M CIMAHOBUMCSL 8Ce OndacHee 05 buocgepoi.

[TomydeHHBIE K HACTOSIIEMY BPEMEHH PE3YIbTaThl TOBOPSAT, uyTO Omocdepa crocobHa
pabotate B cooTBeTcTBUU ¢ npuHIHNOM Jle [llaTenbe B KOMIIEHCATOPHOM PEXHME TOJIBKO €CITU
U3bITHE YEJIOBEKOM €€ MPOAYKTOB HE MIpeBbIaeT 1%. OTU yclioBHs MOKa €mie CYIECTBYIOT
TOJBKO B OkeaHe. OKeaH elle HOPMAJIbHO pearupyeT Ha HapylIeHHe cocTaBa arMocdepsl, HO U
OH yxke «Ha rpanu». Ha cyme eme ocramuch cOalaHCHPOBAaHHbIE OMOLIEHO3bI, KOTOpBIE
paboTaroT B HYXHOM HampaBieHHH. Ho Takux cOalaHCHUPOBAaHHBIX CHCTEM OCTaJIOCh Majlo, U
IUIOUIA/Ib UX KaTacTPO(PHUUECKH COKPAIIAETCS.

Urak. Yemouuueocmo buocghepwi noooepHcusaemcs OYeHb MOYHOU
cOANAHCUPOBAHHOCIBIO NPOYECCO8 NPOOYKYUU U OeCMPYKYUU U O2POMHOU MOUWHOCMbIO IMUX
npoyeccos, npegocxooawux 6 10000 pa3z cpedHIOl0 MOWHOCHb eCmecm8eHHbIX NPOYeccos,
Hapywarowux 6anranc. CoOaIancupo8aHHoCms NPoYeccos 06ecneyus8aencs 02POMHbLIM 8UOO0BIM
pasHoobpaszuem Kax npooyyeHmos max u oecmpykmopos. Pasnoobpasue u koumkypeHmuocms
obecneuusarom ObICMPYIO U AOEK8AMHYIO DeaKyuro CUCmemvl HA 6HeWHue @ryKkmyayuu u
OMHOCUMENbHYIO MANOCb 6HYMPEHHUX CAVYAUHbIX (QAVKMyayuti - 3aMKHYMbuld KpPY2080pom
gewecms 6bICMpPO 80CCMAHABIUBACTCAL.

UenoBeK YHHUYTOXKAET €CTECTBEHHBIC 3aMKHYThIe, Oorartble U cOallaHCHPOBAHHBIC
OPUPOJHBIE COOOIIECTBA U 3aMEHSET HUX pPA3OMKHYTBIMHU, HE cOajlaHCHpOBaHHBIMHU, HE
CMOCOOHBIMU TacCUTh BHEUIHHE (UIYKTyallMu. DTH HCKYCCTBEHHBIE COOOIIECTBa HE OO0JIAfaroT
BHYTpEHHEH YCTOMYMBOCTBIO M CIIOCOOHBI CaMU OBITh MCTOYHUKOM OTPOMHBIX (IIYKTyalHi.
VIMeHHO 3Ta HEYCTOWYMBOCTH HMCKYCCTBEHHBIX COOOIIECTB, CO3/1aBACMbIX UYEIOBEKOM, M €CTh
HEMHUHYEMbI HICTOYHUK KaTacTpodbl, €CIIU 3aMeHa UMH €CTECTBEHHBIX 3aiIeT CIIMILIKOM JaeKo.
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Haubonee mnponykrtuBHble coobmiectBa Ouocdepsl - 310 Jseca u  Oomora. U
cTabUIN3aTOpaMU €CTECTBEHHOM Cpelbl OHU MOTYT OBITh TOJBKO B €CTECTBEHHOM COCTOSIHHH.
Ecnu yec yHMUYTOXUTh Ha KaKOW-TO IUIOIIAAM, KPYrOBOPOT BEILIECTBA HA HEW Pa3OMKHETCS.
[Ipupona BoccTaHaBIMBAET €ro CilEAYIOUIMM 00pa3oM: cHavaja MOBPEKICHHBIH Y4YacTOK
3apacTaeT OBICTPOPACTYIIMMU MOPOJIaMH, KOTOPble 00pa3ylOT BpEMEHHOE COOOIIECTBO, KOTOpOe
yxke depe3 10 neT yMmeHbIIaeT Pa3OMKHYTOCTh Kpyroobopora co 100% mo 10%, 3atem
cooOmiecTBa TMOCTENOBATEIbHO CMEHSIOT Jpyr Japyra u npumepHo uepes 300 et
BOCCTAHABJIMBACTCSI TEPBOHAYAIBHBIN JIEBCTBEHHBIN Jiec, cOamaHcupoBaHHBI 10 99,99%.
YenoBek, 3aHUMAsICh KYJIBTYPHBIM JIECOTOJIb30BAaHUEM, OOpBIBAET 3TOT IMPOLECC, MPOU3BOISA
pyOku kaxzasle 50 ser, korja MOAPAcTalOT HCKYCCTBEHHO IOCa)XKCHHbIE ILIEHHBIE MOPOJbI
nepeBbeB. [Ipu 3TOM pa3oMKHYTOCTh KPYTOBOPOTA OCTAETCS M TAKOH Jiec HE MOXKET BBIIIOJIHSATH
CBOIO cTabum3upyrontyro Gyaknuo. Heodbxoaumo pyouTs He varie, yem pa3 B 300 ser.

CoBceM HenaBHO, KOT/Ia Hayaiu OUTh B HA0AT MO MOBOAY YHHYTOXKEHHUS TPOIMUYECKUX
JIECOB, MX HAa3blBAIM «IETKMMHU IUIAHETH», TaK Kak OHHM Jal0T HauOOJBUIYI0 MPOAYKLHUIO
kucinopoaa. Ho Bckope crajio siCHO, YTO APYrUM peruoHaM IUIaHEThl OHU B 9TOM CMBICIIE HUYETO
HE JaloT, 100 Bech MPOU3BEACHHBIN KUCIOPOJ OHHM CaMM K€ U MOTPEONSIIOT Ha Pa3sIoKeHHE
PacCTUTENBHBIX OCTAaTKOB. Tpomuueckuil NOXKAEBOW Jiec - 3amkHymas 3Kocuctema. OgHako
MMEHHO IO0ATOMY pOJIb €r0 B JKM3HU Ouocepbl OrpoMHa - OH SBJISETCS CTA0OWJIN3ATOPOM
coctaBa arMoc(epsl, pearupys JOJDKHBIM 0O0pa3oM Ha BbI3BaHHBIE Pa3HBIMU (haKTOpamMH
oTkioHeHus. HenmaBHO ObUTO TMOATBEPXKACHO TOYHBIMU HU3MEPEHHUSIMH, 4YTO JOXAEBOU
TponuuecKkuil jgec B OacceiitHe AMa30HKHM OTpearupoBaj Ha MoBbIIeHHEe KoHIeHTpauuu CO; B
atMocepe caBurom OanaHca B MOJIb3Y NMPEUMYLIECTBEHHOIO MOIJIOMIEHUs 3Toro raza. Ho B
MacmTadax IJIaHEeThl BKJAJ OCTABIIMXCS K HACTOSIIEMY BPEMEHH KaK TPONMHYECKUX TaK H
CEBEPHBIX JIECOB COBEPILIEHHO HEJJOCTATOUEH.

Boo01ie ctabmibHOCTE OMOC(Ephl BO3MOXHA JUIIh €CIH YEIIOBEKOM HCIIONB3YeTCs HE
6onee 1% mnponykuuu Ouocdepsl. Octambhblie 99% AOMKHBI paboTaTh Ha CTAOUIM3ALUIO
NPUPOIHOHN Cpebl B 3aMKHYTBIX, HE JAIOIIUX HUYETO «Ha PHIHOK» LHKIJIAX. DTO HEoOXoaumast
rjiaTa, CBOe0Opa3HbIi MPUPOTHBIA HAJIOT PAId CTAOUIBHOCTH.

Uro xe aenatb yenoeky? Ecnmu octaButh 99% Omocgepbl B €CTECTBEHHOM COCTOSTHHH,
HBIHEIIHEe HaceJeHHe 3eMJIM HE MPOKOPMUTh. BBIXOI MOXKHO HCKaTh B ABYX HalpaBlICHUSX,
pUYeM rapaHTUPOBAHHBIN pe3yNbTaT, HOBUIMMOMY, MOXKET JaTh BCE-TAKU TOJIBKO OJTHO.

[lepBoe HampaBlieHHWE: HANpPaBUTh MAaKCUMYM CpPEICTB W YCUJIUMH Ha CO3JaHUE
UCKYCCMBEHHOU cpedbl 0Oumanus, OCTABUB JIMIIb LENb 3alOBEIHUKOB JISi COXpaHeHHs (Ha
CKOJILKO 9TO OYyJeT BO3MOXKHO) TeHO(OHIa - HE IJIs CTAaOMIM3alud CPebl. DTO, MO CYIIECTRY,
NPOJIOJDKEHUE HBIHEIIHEH CTpaTeruy pPa3BUTHSA, TOJBKO C OIPOMHBIM YBEITHYEHUEM YCHIIHM,
HAIPaBJIEHHBIX Ha MCKYCCTBEHHYIO CTAaOMIM3alMIO OKpyXkaromed cpeasl. Eciu oObeanHUTH
YCHUJIMSI BCEX CTpaH M MpPU ATOM JIMKBUIMPOBATH BCIO BOEHHYIO NPOMBIIIJICHHOCTb, a
BBICBOOOJIMBILIMECS] CPEJICTBA HANPABUTh IMOJHOCTHIO Ha MPOrpaMMy CTaOWIM3alluu, TO HE
UCKJIIOUEHO, YTO MOXHO Oyaer noctuub ycrmexa. OnHAKO BCe paBHO, Jake €CIIU €€ yIacTcs
OCYIIECTBUTH (UTO HE TAPAHTHUPOBAHO), IO 3P(HEKTUBHOCTH U HAJEKHOCTH TaKas HCKYCCTBEHHAs
cucreMa Oy/leT 3HAYMTEIbHO YCTYIaTh €CTECTBEHHOW M BCE PAaBHO MOTPeOyeT CTaOMIU3aIUH
YHCIIEHHOCTH HACEJIECHHUS.

Bropoii Beixom: mepeBect 99% Omochepsl B €CTECTBEHHOE COCTOSIHHE. JTOT TMYTh
rapaHTUpyeT MaKCUMyM HaJIeKHOCTH, HO MOTPEOYeT cokpaweHus Hacelenus npumepHo B 10 pas
U TIOYTH TOJHOTO OTKa3a OT MCII0JIb30BaHMsI HEBO30OHOBUMBIX OPraHMYECKHX YHEPTOPECYPCOB.

B mo6om ciyqae TpebOyrorcs (dyHAaMeHTaldbHAs CMEHA CaMOTO IPUHINIA Pa3BUTHS
[IUBWJIN3ALUH - 3aMEHA IKCTEHCHBHOI'O ITYTH HHTEHCUBHBIM. B Ka)X710M OHMOJIOTHYECKOM BUJIE
3aJI0’Ke€Ha TeHJICHIUsI HEOTPaHUYEHHOT0 SKCTEHCUBHOTO pa3BUTHs. B nouenoBeueckoil Onocdepe
B3aUMOJICHICTBHE PpA3IUYHBIX BHJOB IPH OrPOMHOM HMX Ppa3HOOOpa3uu OrpaHUYUBAIIO
BO3MOXXHOCTH Ka)JI0TO M CTaOMJIM3UPOBAJIO CUCTEMY B LeiaoM. OTaenbHble (PIyKTyaluu Bpoje
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0e3yJep>KHOTO Pa3MHOXKEHHUSI CapaHud OBICTPO TacCHIMCh - Pa3sMHOXKHBILASCS TOMYJISIHS
YHUUTOXKaja Bce€ BOKpyr cebs u mnorubama cama. OnNycTONIEHHAas  TEPPUTOPHUS
BOCCTaHaBIIMBAJIACh, TAK KaK BOKPYT ObUIO JOCTATOYHO TEPPUTOPHI HETPOHYTHIX. UeIOBEK Kak
OMOJOTUYECKHUI BHJI COXPAHUI MCXOJIHYIO TEHJEHIUIO K AKCTEHCUBHOMY Pa3BUTHIO U B TOXE
BpeMsl BBIICIWICA U3 MPUPOJABI U MPHOOpen HeObIBaJOe MOTYIIECTBO Oiarogapst pasymy. OTo
JTaJI0 €My CIIOCOOHOCTh B OTJIMYME OT CapaHuyd OMYCTOLIUTh HE OTPAaHMUYEHHYIO TEPPUTOPHUIO, a
BCIO TJIAHETy, IPUYEM OIyCTOIIUTh HeoOpaTtuMo. Iloryous ceds, yenoBeK CIOCOOEH yTaIIUTh C
co00il B MOTMIIYy U BCIO BBICOKOOPTaHHW30BAHHYIO *HU3Hb. CIIacTH €ro MOXKET TOJIbKO TOT K€
pa3yM, KOTOPBIH Jjall eMy cuily Bce nmoryouts. OqHaKo AymMaTh HaJ0 OYEeHb OBICTPO.

Kak e obctout neno B mupe ? Ceiidyac 0CO3HaHHE OTPAHUUYEHHOCTH PECypCcoB 3eMIIH H
OMU30CTU HKOJIOTHYECKOM KaTacTpodbl MPOUCXOIUT YK€ BO BCEM MHpE, HO JIENAeTCs AJs ee
Ipe0TBpalleHusl KpaliHe Mano. TeM He MeHee MOJI0KUTENIbHbIE TEHACHIIMU €CTh. TemMIbl pocTa
HApOJIOHACEJICHUS! COKPAIAIOTCS OBICTpEE, YeM IMPEAIoiarajil SKCIEPThl €Ile COBCEM HElaBHO,
IIPUYEM OHM COKPAILIAIOTCS HE TOJIBKO B Pa3BUTHIX CTPAHAX, I'/I€ 3TO HAYAJIOCh YK€ IaBHO, HO U B
pa3BUBAIOIIMXCS. DTO CBSI3aHO, MPEXkKAE BCEro, ¢ ypOaHU3aue 1 u3MeHeHneM o0pa3a KU3HU U
0TYACTHU C MpomaraHjaod M agMuHHCTpaTuBHBIMU Mepamu (Kwurtait). C cepenuabr 90-X romoB
HayaJld yMEHBIIATHCS HE TOJIBKO TEMIIbI, HO U BEJIMYMHA AOCONOMHO20 TIPUPOCTA.

OrpomHbIif HCTOUHUK HECTAOMJIBHOCTH B MUPE - HEPABHOMEPHOCTh Pa3BUTHUS OTAEIbHBIX
cTpad. Pa3Huna B 60orarcTBe M KayecTBE *KM3HH MEXKIY OCHOBHBIMU Pa3BUTBIMH CTpaHaMHU H
OCTAJIbHBIM MHUpPOM yBennuuBaerca. Ceiliyac CTOMMOCTh BAaJIOBOI'O HAllMOHAJIBHOTO MPOAYKTA,
NPUXOMAILIErOCs Ha JyIly HAcEJIeHHs, B INEPBOM IO 3TOMY IIOKA3aTeNl0 CTpaHe Mupa -
[Beiiapuu - U B mocienHerd - MozamOuke paznuvaercs moutd B 500 pas. B Oemneimmx
CTpaHax HaceleHUe pacTeT Hambosiee ObICTPO, a MPOU3BOJACTBO (B TOM YHUCIIE M HPOAYKTOB
MUTAHMS) IPAKTUUYECKH HE pacTeT BooOue. AGCOMIOTHAs HUILETA, TIOCTOSHHAS KU3Hb Ha FPaHU
rojofa 3acTaBisieT 3TH CTPaHbl XHMIIHHUYECKH T'YOUTh CBOIO HPUPOAY, UYTOOBI KaK-TO BBDKHUTH
ceifuac. OHM TPOU3BOIAT OYEHb MalO MO CPABHEHHIO C PA3BUTHIMU CTpaHAMH, HO YIepo,
HAaHOCHUMBI HMH TIPHPOJE, U3-32 MPHUMHUTUBHOTO CIIOCO0Aa XO3SIMCTBOBAHUSA COU3ZMEPUM C
yiepOboM, HAHOCUMBIM Pa3BUTHIMHM CTpaHaMH. B 3TOM MM CHJIBHO NMOMOTalOT CaMU DPa3BUTHIE
CTpaHbl, OpraHu3ysd Ha 4YYXOH TEppUTOPUH BpEAHbIE U ONACHBIE MPOU3BOJACTBA 0€3
HEOOXOUMBIX )KECTKHX Mep 3alIUThl, KOTOpbIE TPeOYIOTCS B CBOEH CTpaHe.

Bce nmomkHBI MOHATH, YTO HAIl MUP €AMH, U Omocdepa 3emin - 3TO €AMHOE IIETIOE,
eIuHBIN opranu3M. HeBo3MOKHO 00€CTIeunTh SKOJOTHYECKOE OJIaronojiyare H| B OJTHOM CTpaHe,
HU B OTAEIBHON rpymnme crpad. Bee pa3BuThie cTpaHbl JOHKHBI IOHATH, YTO MOBBICUTH KAYECTBO
JKU3HU, 00pa3oBaTeNbHbIM YPOBEHb U MPOYHUE IOKA3aTEeNM Pa3BUBAIOIIMXCS CTpaH (JIydlle uX
Ha3bIBaTh POCTO OCAHBIMH, TaK KaK C pa3BUTHEM Y OOJIBIIMHCTBA U3 HUX, MATKO TOBOPSI, TJIOXO)
JI0 YPOBHS CTPaH Pa3BUTHIX HEOOXOJUMO HE TOJBKO Pagy CaMUX 3TUX OEIHSKOB, HO pajau BCei
3eMiH, B TOM YHCJIE U Pagyl HAcEJICHHUsS CaMbIX OJIaronmojy4HbIX cTpaH. Ha 3TO MOMKHBI OBITH
HaIlpaBJICHbl YCUINS U CPEACTBA KAK MUHUMYM TaKHUE K€, KAKUEe TPATATCS celyac BO BCEM MHpE
Ha BOCHHBIE LIETIH.

OO0 >TOM BIpPSMYIO CKa3aHO Y€ Ha JBYX MEXKIYHAapOJIHBIX KOHIPeccax, MOCBAIIEHHBIX
npobieMe «yCTOWYMBOTO PAa3BUTHS», MO MJECH MOANUCAINCH MPEACTaBUTENN OOJbIIEH YacTH
CTpaH MHpA, HO JI0 MPAKTUYECKOTO €€ BOIUIOLICHHUs elle naneko. [[is 3Toro HyHO peanbHOe
O00BbEIMHEHUE YCWIMHA, MEXKIYHApOIHBIE 3aKOHBI W HEKOE MHPOBOE IPABUTEIBCTBO C
MOJTHOMOYHSIMU CYIIECTBEHHO OOJBIIUMH, YeM Te, KoTopble ceiiyac mmeer OOH. M Goratsie
CTpaHbl JOJDKHBI MOJHOCTBIO OCO3HAaTh, YTO MMEHHO UM IPHUJETCSA BIOXKHUTH B 3TO JIEJI0
3HAYUTEIbHYIO YacTh CBOETO J0X0/1a, H00 OO0JbIIIe HEKOMY.

3amaya nepexona K «yCTOMYMBOMY», TO €CTb HE 3KCTEHCUBHOMY, HE KOJIMYECTBEHHOMY,
a KaueCTBEHHOMY Pa3BUTHIO BeChbMa TpyaHA. U riaBHOe B TOM, YTO y 4e€JIOBEYECTBA OCTAIOCH
CJIMIIKOM MaJl0 BPEMEHU M BO3MOKHOCTEH [t MaHeBpa. i peanbHOro 0ObeAMHEHHS YCUIIHA
BCEro HacelleHus1 3eMJIM He00XO0JMMO BBIPOBHATH 00pa30BaTEIbHbIN U KU3HEHHBIH YPOBEHb BCEX
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cTpaH. OTO MOTpedyeT OrpOMHBIX 3aTpaT OT OOraThIX CTpaH W 3HAYUT HANPSDKEHUS UX
XO3AMCTBEHHOTO MeXaHu3Ma. B To ke Bpems yxke celyac HEO0OXOAMMO OTrpaHHYHUBATh
noTpelJIeHne SHEpPIrUd, YMEHBIIATh BpPEAHbIC MOMBIIUICHHBIE BBIOPOCHI, MEPEXOIUTh K Oolee
SKOHOMHBIM U, €CTeCTBEHHO, Oosiee AOporuM TexHojorusMm. HeoOxomumo cOanaHCUPOBATh ATH
IPOTHBOPEUYHMBBIC TPEOOBAHMUS.

5.4. EcTp 111 emie )xu3Hb BO Becenennoii?

DTOT BOMPOC Hayajd BOJIHOBATH YEJIOBEKA KaK TOJIbKO OH OCO3HAJl OTPOMHOCTb MHUpa U
BO3MOKHOCTh CYILIECTBOBAHUS APYIMX COJHI] M IutaHeT. [lonroe Bpemss K HEMY NMOAXOIWIH
TOJIEKO ¢ (PUIOCOPCKUX MHUPOBO33PEHUECCKUX MO3UIUHN. VICKIIOUUTENHHOCTh 3€MHOM JKH3HU H
YeJI0BEKa, CO3JaHHOTO Mo 00pa3zy M MOoJ00MI0 0OKbEeMY, YTBEp)KIana XPUCTHAHCKAs IIEPKOBb.
MHOXECTBEHHOCTh ~ OOMTaeMbIX  MHUpPOB, Kak  IpPOTHBOBEC  3TOH  OOKECTBEHHOM
VCKIIFOUUTENIBHOCTH YTBEPKIAIM MPOTUBHUKM MOHOTEMCTHYECKON penuruu. ['oBopuBIIMi 0
XKHU3HHU Ha Jpyrux mupax Jxoprano bpyno 6bu1 B 1600 rogy coxokeH CBATOM WHKBHU3MLIUEH 3a
epech. Ele panbiie o CylmecTBOBaHUHU JPYTHUX MUPOB, MOJTHOCTHIO MOJOOHBIX HAIICH 3eMIie ¢ ee
KU3HBIO, TOBOPWIH aHTU4YHBIE (punocodbl. OMHAKO, BCE YTBEPKACHHS OMUPAIUCH TOJNBKO HA
obmue ¢umocopckue CcooOpaKeHUs, HUKAKUX JTOKa3aTeIbCTB (KpOME CBSTOTO THCAHUSA Y
[IEPKOBHUKOB) HU y OJTHOHM M3 CTOPOH HE OBLIO.

[Tocne n306peTeHus Teneckona, Koraa npsMbele HaOIIOACHUS MTOKa3alld, YTO TOBEPXHOCTh
Jlynsl, a motoMm M Mapca HMEeT CXOJCTBO C IMOBEPXHOCTHbIO 3€MJIM, TPEACTABICHUS O
BO3MOKHOCTH KW3HM Ha ATUX IUIAHETaX MOJYYMJIM JONOJHUTENBHYIO ornopy. Crajo mupoKo
pacIpoCTpaHsAThCS MHEHHE, YTO KU3Hb JIOJDKHA OBITh Ha Beex miaHeTax u aaxe Ha Comuie. Ho
9TO TOXE OBLIN JOMBICIBI «H3 00X cooOpakeHui». HacTosmuii HaydHbIN TOAXO0 K TpodemMe
pacnpoCTPaHEHHOCTH KU3HU BO BCENEeHHON CTal BO3MOKHBIM JIMIIb BO BTOPOH MOJOBHUHE XX
BEKa, Korjga Oblja MOJIydeHa JIOCTOBEepHas MH(OpManus O CTPOSHUH U SBOJIOIHUM TaJlaKTHK,
3B€3/l U TUIAHETHBIX CUCTEM, C OJHOW CTOPOHBI, U O CYIIHOCTH U UCTOPUHU PA3BUTHS KU3HU HA
3emJie — ¢ Ipyrou.

Jo cux mop He UMeeTCs IKCIEPUMEHTAIbHBIX CBUETENBCTB CYIIECTBOBAHUS KU3HU TJIe-
au6o kpome 3emun. [lodToMy MBI MOXKEM 3aHUMATHCS JIMIIbL TEOPETUUYECKON OIICHKOM
BO3MOXXHOCTH BO3HHUKHOBEHUS U BEPOSITHOIN PaclpOCTpaHEHHOCTH >kHU3HU. Oco00 CTOUT BOMPOC
0 BO3HMKHOBEHHWH HE MPOCTO J>KM3HU, a Pa3yMHOH >XW3HM. 3ajmadya pa30OuBaeTcs Ha nBe: 1)
CYIIECTBYET JIM JKU3Hb Ha JIPYTHX TUIAHETaX COMHEUHOU cuctembl? Ha »TOT Bompoc oTBeT Oynmer
JaH B Oyrpkaifiiee BpeMs IMyTEM MPSIMOW SKCIEPUMEHTATBLHON MPOBEPKHU; 2) CYIIECTBYET JIH
JKU3HB elie rae-11u00 Bo BeeneHHol 1 Kak MUPOKO OHa pacipocTpaHeHa?

CoBpemMeHHast HayKa MOKET yKa3aTh Ha0Op yCIIOBUM, HEOOXOIUMBIX ISl BOSHUKHOBEHUS
xu3HU. (MBI 37€Ch TOBOPUM O 3€MHOM OEIKOBOW KHM3HH. B NpHHIKIE MOXHO JOMYCTHTH
BO3HUKHOBEHHE >KM3HM U Ha JIPyrod MaTepuaibHOW OCHOBE (XOTSI 3TO Majo BEPOSATHO), HO
camble OOIIHE YCIIOBUS, HY)KHBIE JUIsl €€ BO3HUKHOBEHUS JIOJDKHBI OBITH TPUMEPHO TEMH XKeE).
OTH yCIIOBUS CIEAYIOLIUE.

Bo-niepBeIX, HEOOXOAMMO TMPHUCYTCTBHUE JOCTATOYHO IIOJIHOTO Ha0opa XUMHYECKHX
3JIEMEHTOB B JIOCTAaTOYHBIX KOJMYECTBAX - HMHAY€ HE MOTYT OBITb MOCTPOEHBI CIIOKHBIE
MOJICKYJIBI HYXKHBIC JUISI OCYIIECTBICHUS (PYHKIMIA )KUBOTO opranu3ma. CliejoBaTeIbHO, KU3Hb
MO>XET BO3HHUKHYTh TOJBKO Ha IUIAHETE Yy 3BE3[bl KaK MUHUMYM BTOPOrO IIOKOJICHHS U3
BEIIECTBA 00OTAIIEHHOTO SJIEMEHTAMH TSKEIIee TeIusl.

Bo-BTOphix, HeoOXoauma BBICOKAas CTaOWJIBHOCTH  YCIOBUH C  YMEPEHHBIMHU
TEMIEpaTypaMd Ha 3HAYUTEILHOM TMPOMEXKYTKe BpeMeHH. OCOOEHHO 3TO CYIIECTBEHHO s
BO3HMKHOBEHHUSI IOCTATOYHO CIIOKHOW JKU3HU, HE TOBOPS yke€ 0 pasyMHOU. Cyls 10 TOMY, 4TO
Mbl BHJMM Ha 3emiie, BpEMsl SBOJIOLMH OT MOMEHTa 3apOXKJICHUS KU3HHU JI0 MOSBIICHUS
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MHOTOKJIETOYHBIX IO CJIOXHOCTH PaBHBIX MOJUIIOCKAM COCTaBJISIET IO KpaiiHel wmepe 3
MuMapaa Jier. B TeueHue STOro BpeMEHHM HE JOHKHO ObUIO OBITh HHU  TOBBIMICHUN
CPEIHETrOZI0BOM TemrepaTyphl A0 BEIHYMH, OMU3KMX K TEMIEeparype KWIIEHUs BOJBI, HU
JUIUTETIbHBIX MOHMKEHHUH IO TeMIEepaTyphl ee 3aMep3aHus. Takue yciaoBHs MOTYT OBITh TOJIBKO
BOJIM3U OJMHOYHBIX 3BE3]] C MACCOW, HE CUIIBLHO OTIMYaromielics oT Maccel COJNHIIA: Y 3aMETHO
0oJiee MAacCHUBHBIX 3B€3Jl MEPHOJ CTAOUIBLHOCTU CIMIIKOM KOPOTOK M OT HHUX HJAET CIUIIKOM
MOILHBIA IOTOK JKECTKOW paJMalliM, pa3pyLIAOLICH CIOKHBIE MOJIEKYJIBI; Y MajJlOMAaCCUBHBIX
3Be3]] HaOJIOAAI0TCsl O4Y€Hb OOJbIINE MyIbCAllMM CBETUMOCTH. Y JIBOMHBIX 3B€3] IUIAHETHI HE
MOTYT UMETh CTaOWIbHBIX opOutr. CtabunmbHas cama mo cebe 3Be3na Tuma ColHIA JOHKHA
HaXOJIUTHCSI B CIIOKOMHOM, HE CIIMIIKOM TYCTO HAacEJICHHOW 00JIACTH TaJIaKTHUKU - BIIAJU OT €€
AKTHUBHOTO IIEHTPA, BAAIHU OT 00JacTeld COBPEeMEHHOTO 3B€3/1000pa30BaHMs, U T. 1.

B-TpeThux, HEOOXOIMMO CYIIECTBOBAHUE KHUIAKON CPEbl, ISl OCYIIECTBICHHUS PEaKIIUi
oOMeHa BeIIeCTB, COOPKHU CIOXKHBIX MOJIEKYJ. Takoi KUIKOH cpenoi Ha 3emiie SBISIeTCs BOJA.
HekoTopsie uccienoBaTenu JOMYCKAlOT, YTO B JIPYTHUX YCIOBUSAX Takoil cpeaoi MOXKET OBbITh
aMMHaK.

Y 10BNIETBOPAIOIINX BCeM HEOOXOIMMBIM YCIOBHSIM 3B€3/ HE TaK YK MHOro. HensecTHo
Kakasl 9acTh U3 HUX MUMEIOT IUIaHeThl. [IpsaMbIMU HAOIOIEHUSIMHU TTOKA HE OOHAPYKEHO TUTAaHET
HU y OAHOH 3Be3/bl Kpome CoJHIIA, XOTS U3 TEOPETUUYECKUX COOOpaKEHUI NX MOKHO OKUIATh Y
OOJBIIMHCTBA OJIMHOYHBIX 3Be37. OJHAKO, OCTAETCs HESICHBIM KaKOBa BEPOSITHOCTh HAIMYHS HE
IIPOCTO IUIAHET, A MJIAHET 3€MHOI0 THUIIA.

Jnis cTabWIIBHOCTH YCJIOBUH BO3JIE CTAaOMJIBHOW 3BE3/bI HYKHO, YTOOBI M IIJIaHETa
HaxoJWJach Ha CTaOWIBHOM, OJM3KOM K KpPYroBOM, pAaCHOJIOKEHHONM Ha MOAXOMISIIEM
paccrostnuu opbure. Becem 3tum ycnoBusiMm B CONHEYHOH cHcTeMe OTBEYaeT B TOJHON Mepe
Tonbko 3emis. B kakoi-to mepe mpubimxkaeTcs k dtomy Mapce. Llensiit psig aeranmeir ero
MOBEPXHOCTU TOBOPUT O BO3MOXHOM CpPAaBHUTEIBHO HEIABHEM CYILECTBOBAHMM Ha €ro
MMOBEPXHOCTU TeKyder Boabl. [lepBoHavansHO Mapc, moBuauMomy, UMeN U 0oJiee TUIOTHYIO YeM
ceifuac, OMU3KYIO MO TUIOTHOCTH K 3€MHOM, arMocdepy. YCIoBUS /Ui BOSHUKHOBCHHSI KU3HU B
CBO€ BpeMsi ObUIH, a, pa3 BO3HUKHYB, )KM3Hb MOTJIa TIOCTENEHHO aJJalTUPOBATHCS U K HHIHEIIHUM
CypOBENIIMM ycI0BUsIM. Borpoc o xku3Hu Ha Mapce 1noka elie He 3aKpbIT.

Ha mnoBepxnoctu Benepsl temnepatypa 450 rpanycoB Ilenbcus He pomyckaer
BO3HUKHOBEHHUS >KH3HH, HO Ha BBICOTE B HECKOJBKO JECSATKOB KHJIIOMETPOB B €€ arMocdepe
YCIIOBHSI COOTBETCTBYIOT 3€MHBIM, M1 MOKHO JOIYCTUTh BOZHUKHOBEHHE IIJIABAIOIINX B BO3AYyXE
MHUKPOOPTaHU3MOB.

OnuH u3 rajuaneeBbIx cnyTHUKOB FOnuTtepa - EBporna - Cruionis NOKPBIT MaHIMPEM JIbJA.
Ha sToM nbAy BUIHBI TPEIIMHBI Pa3IOMbl U Apyrue cienbl nedopmaiinii, TOBOPSINKE B MOJIb3Y
€ro MOJBM)XHOCTM M BO3MOXHOTO CYIIECTBOBAaHUS NOMJIEAHOTO OKEaHa, I0JO0TPEBAEMOI0
BHYTPHUIUTAHETHBIM TETJIOM. B TakoM OkeaHe BO3MOXKHA JKU3Hb BOJHM3H TITyOMHHBIX TePMalIbHBIX
BBIXOJIOB, TIOJIO0HAs TOM, YTO MMEET MECTO y TaKMX BBIXOJIOB Ha JHE 3€MHBIX OokeaHoB. B 2003
rojly HallMOHaNIbHOE KocMHuueckoe areHTCcTBO CHIA miaHupyeT 3amycKk KOCMHUYECKOTO arnmnapara
JUIsL paAMOJIOKallMOHHOTO 30HaAupoBanus EBporbl. B ciydae oOHapyeHuUs: MOJJIeIHOTO OKeaHa
Oyzer 3amylleH ammapar cO CIeHUAIbHOM OypoBOW yCTaHOBKOH Ui B3sTHS MpoO BOIBI Ha
peIMeT aHaliu3a U 0OHAPY>KEHUSI BOSMOKHON KU3HU.

Cyl1iecTBOBaHUE IJIAHETHBIX CHUCTEM Y JPYTUX 3BE3]l, KaK Mbl YK€ TOBOPWJIA BBHIIIE,
BECbMa BEpPOSITHO, XOTS TMOKAa HET BO3MOXXHOCTH TMONYYUTh NpsMble HaOI0AaTeIbHbIe
CBUACTENbCTBA. 3  00mUX  TEOpPETUYECKUX  COOOpakeHHUU  MOXKHO  TPEINOJIOKUTH
CyILIECTBOBAaHUE MWILIMAPAOB IIAHETHBIX CUCTEM B ['anakTuke, U B HHMX, IO KpaWHEW Mepe,
HECKOJbKMX MWIJTMOHOB IUIAHET C YCJIOBUSAMHM, MOIXOIAIIMMHU JIsi BO3HUKHOBEHUS KU3ZHU
3eMHOro tuna. KakoBa BEpOSATHOCTh BOSHUKHOBEHHS KU3HU IIPU HATMYUHU MOAXOASAIIMNX YCIOBUN
MBI HE 3HAa€M, HO XOYETCsl IyMaTh, YTO OHA BO3HUKIIA HE HA OAHOU 3emIie.
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Bce 3Ti BO3MOXKXHOCTH KacaroTCs TOJIBKO MPOCTENIIEH KU3HU. [ mepexona K pa3yMHOM
YKU3HU, TIOBUJMMOMY, HYKHBI CYILIECTBEHHO OoJee xecTkue TpedoBaHus. Kpome Toro, Henb3s ¢
YBEPEHHOCTBIO CKa3aTh, YTO pa3yMHas >KU3Hb JIOJDKHA OBITH 00S3aTeNbHON 3aKOHOMEPHOM
cTaaueit pa3BuTHs. Bo3MOXXHO 3TO peaqaiiimii, MOKET ObITh €TUHCTBEHHBI OCYIIECTBUBITUNACS
BapuaHT. M B TO e Bpems pa3yMHasl )KH3Hb ¢ OOJIBIION BEPOSATHOCTHIO MOJKET MPOSIBUTH Ce0sl B
KOCMHUUYECKHX MaciTadax TakuM 00pa3oM, 9TOOBI €€ MOXKHO OBLIIO 0OHAPYKUTh Ha KOCMHUYECKUX
paccrostHuax. Han aToit mpobnemoit y:xke HemMano MOTPYAWIMCh TEOPETHKH M HMPUHUMAICS P
MPaKTUYECKUX TOMBITOK OOHAPY>KCHMsI MPU3HAKOB Pa3yMHOW KU3HHM BO BceneHHOW, mpexse
BCETO - OUCK PaIMOCUTHAIIOB UCKYCCTBEHHOTO MPOUCX0XIeHHs (porpamma SETI).

Ho noka cBueTenscTB 0 TOM, UTO T/e-TO elie BO BeeneHHol ecTh OpaThs 0 pazyMy, MbI
He nMmeeM. M Gonee Toro, TepeTUUEeCcKHe OIEHKHM BO3MOXKHOM pacHpOCTPaHEHHOCTU KH3HU BO
Bcenennoit mo Mepe yriyOsieHHsl HAIUX 3HAHWNA JAlOT BCE MEHbBIINE M MEHbIINE BEIUYUHBL.
Ecnu B Havanme ceMUAECATHIX TOJIOB SKCIEPTHl OICHHWBAIM pPACCTOSHUE [0 Omkaifmei,
CYIIECTBYIOIIEH OJHOBpEMEHHO ¢ HamMu UuBuiau3anuu B 1000 CBETOBBIX JIET, TO B Hayajie
BochMuiecAThIX yxke B 10000, a ceifuac OONBIIMHCTBO CKIOHSETCS K TOMY, 4YTO MBI
€IMHCTBEHHAs IMBWJIM3ALIMS 110 KpailHEH Mepe B Haleil ['aakTuke.

6. CueHapuu najbHele 3Boonun Beesiennoi

Nrak, B HacTosmumii MOMEHT BceneHHas pacmmpsieTcs, €€ BELIECTBO pa3JIeTaeTcs,
HanOosnee naneKkue OOBEKTHl, BHIMMBIE B KPYMHEHIINME TEIECKONbl, YAAISIIOTCS OT HAac CO
CKOPOCTSIMHM, TPEBBIIAIOIIMMU TPHU YETBEPTH CKOpOCTH cBeTa. [lpomecc pacmmpenus wu
paccesHMsl IEPBOHAYAIBHOM OIPOMHOM TEIUIOBOWM DHEPrMU IIPUBEI K CTPYKTYPUPOBAHHIO
matepun. Ceifuac »HBOJIOLMS MaTepuu HUAET B HANpPABIEHUU Bce OOJBLIETO MECTHOIO
YCIIOKHEHUs AUCCUIIATUBHBIX CTPYKTyp. Ilo kpaiiHell mepe B OJHOM TOo4yke BceneHHOM - Ha
Halledl IJIaHeTe - MOSBHJIACH JKU3Hb, KOTOpas MPOJOJKAET YCIOXKHATBHCS. Y CHOKHAIOTCA Kak
OpraHu3Mbl TaKk W OMOLIEHO3bI, Pa3yMHas >KU3Hb CTPOUT BCE YCIIOKHSIOUIMECS MCKYCCTBEHHBIC
cucTteMbl. BO3MOXHO, CyIIECTBYIOT M JpPYrH€ TaKHE€ «TOYKH POCTa» CIO0XKHOCTH, MOXKHO
IPEII0JIOKUTD TIOSBIIEHUE KaKUX-TO CBA3EH MeX1y HUMU. Bo3HMKaeT BOIIpOC: 10 YETO ke TOT
mporecc Moxker goutu? UTo oXuMmaeT Hac W BCIO Hamy BcemeHHyio BooOmie rae-to B
OCCKOHEYHO OTAAJICHHOM OyIyIem?

Jlnst BeceneHHOM BO3MOJKHEBI JIBa BApUAHTA, BHIOOP MEXKTy KOTOPBIMHU 3aBUCHUT OT CPEIHEH
IJIOTHOCTU BELIECTBA B HEW. ECIM IUIOTHOCTH BEIECTBA MEHBIIE HEKOTOPOM KPUTHUYECKOU
BennunHbl, Beenennas Oyner pacumpsatbes OeckoHeuHo. Ecnm Gomble - CHIIbI TpaBUTALUU
CMOT'YT OCTaHOBUTH pa3jeT HEOECHBIX TeJl M paclIMpeHHe CMEHHUTCA cxartueM. Kputuueckyro
MJIOTHOCTh MOYKHO OIEHUTD, 3Hasl TPABUTAIIMOHHYIO MTOCTOSIHHYIO G ¥ mocTosiHHYI0 Xa06ma H:

Prepum=3H?182G ~ 10 xr/nm®

KakoBa geiicTBuTenpHas IIIOTHOCTh BElIecTBA BO BeeneHHO, TouHee, O0JIbIe U MEHbIIE OHA
KPUTHYECKOW, HENW3BECTHO. EcCiIM y4MTBIBATH TOJBKO BHAMMOE, CBETSIIEECS BELIECTBO,
IUIOTHOCTh OKa3bIBaeTCsl 3HAYUTENbHO (B 30 pa3) MeHblIe KpuTH4ecKoi. OHako, MHOTHE (DaKThI
YKa3bIBalOT HA CYIIECTBOBAaHHWE HAMHOIO OOJBINCH HEBHJIUMOMW, «CKPBITOW» Macchl. Ceidac
CUMTAETCs, 4YTO CpEAHss IUIOTHOCTh BCeneHHOM cKopee BCEro BCE K€ HEMHOIO MEHbIIE
KPUTUYECKOW, HO MOJIHOW YBEPEHHOCTH B 3TOM HET. He MCKIII0UeHO, 4TO OHA B TOYHOCTH paBHa
KPUTUYECKOH M 3TO HE CilydaifHOoe coBmajgeHue. Tak 4To HMMEeT CMBICI PaccMOTpeTh 00a
BAapUaHTa Pa3BUTHSL.
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PaccmMoTpuMm cHauanma TEpBBIA -  «OTKPBITYIO», OECKOHEYHO pPaCIIUPSIONIYIOCS
Bcenennyto.

HenpepsiBHOE pacmimpeHue CONMPOBOXKIASTCS paccestHueM dHepruu. JlokalbHbIe
«pe3epByapbl» KOHLEHTPUPOBAHHOW SHEPTUU - 3BE3Ibl - PACXOAYIOT CBOE fJEpPHOE Toprodyee,
cOpachIBaOT U PacCEMBAIOT B KOHIIE JKU3HHM YacTh CBOEH MAacChl M MPEBPAIIAOTCS B MEPTBBIC,
MEJIEHHO OCTBIBAIOIME OCTaTKU JUOO (IpHU JOCTATOYHOW Macce) B «4epHble AbIpb». U3
COpOIIIEHHOTO Ta3a MOTYT BO3HHKATh 3BE3[IbI CICIYIOIIETO MOKOJEHUS, HO WX CTAaHOBHUTCS BCE
MEHBIIIE 1 MEHBIIIe, I0Ka 3TOT IPOLecC He MpeKpaiaeTcst copceM. [lomHoe yracanue Bcex 3Be3]
JIOJKHO 3aBEPILUIUTBHCS MPUMEPHO 4YeEpe3 10" (cro TpumumoHoB) neT. OcTaHyTCs MepTBBHIE
OCTBHIBIIME 3BE3/IbI M UYEPHBIE ABIPbI, 00pa3ylollye TallakKTUKH, a TaKKe IJIaHeThl, HeOOoJbIIoe
KOJIMYECTBO OYECHb PACCESTHHOTO T'a3a U MBUIA U HETPEPHIBHO TEPSIOIIEE SHEPTUIO U3ITyUCHUE.

Ha crenytomem starne 1oyKHA TPOU3OMTH MOTEPS 3BE3J]aMH CBOMX IJIAHETHBIX CHCTEM U
noTeps ralakTukamu 3Be3/. 1 To u apyroe Oyaer pe3ylbTaToM TeCHBIX CONMKEHUH 3Be3/1, KOra
IPaBUTALMOHHOE B3aUMOJEHCTBHE MPUBOAUT K OOMEHY HMITYJIbCOM, TaK YTO OTAEIbHBIC
00BEKTHI BBHIOPACBHIBAIOTCS U3 CBSI3aHHOW CUCTeMBI. [Ipu 3TOM Tu1aHeThl OyayT OTOpBaHBI OT
CBOMX 3Be3[, Oonbiuas 4actb 3Be3l (mpumepHo 90%) Oyner BBIOpOILEHA, «HCHAPUTCS», U3
TaJlakKTHK, a OCTaBIIWECS, MOTEPSIB MMITYJIbC, COOEPYTCS B MACCHUBHYIO UYEPHYIO IBIPY. DTOT
MPOLECC UIET U ceildac, HO OY€Hb MEJIEHHO. 3KOHYUTHCS OH JIOJKEH 4epe3 10® ner. K 3TOMY
BPEMEHH He OYJeT TaJlaKTHK, OCTAaHYTCS JIMIIL PAaBHOMEPHO PACCESHHBIC MOTACIINE 3BE3/bI U
YEepHBIE JIbIPHI.

[TocnmeaHuie 3Tanbl YBOMIONHMK CBSI3aHBI C KBAHTOBBIMH 3P (EKTaMU U CIEICTBUSIMU EIIe
BO MHOIOM THUIIOTETHMYECKUX TMPEACTABICHUHN, BBITEKAIOIUX W3 TeOopuid OOBEAMHEHUS
(dyHIaMEHTAIbHBIX B3aUMOJCUCTBUN. Teopusi «BEIMKOTO OOBEAUHEHUS» - OOBCIUHEHUS
CHWJIBHBIX M 3JEKTPOCIAa0BbIX B3aUMOACHCTBHIA - MPEACKa3bIBa€T KOHEUYHOE BPEMEHHU KHU3HU
IIPOTOHA, PaBHOE 10%-10% ner. Eciu 510 Tak, T0 yepes3 IPOMEKYTOK BPEMEHU TaKOro MOpsAKa
IIPOTOHBI PACMaAYTCS M BCE BEILIECTBO 3BE3/] MPEBPATUTCS B 3JIEKTPOHBI, TO3UTPOHBI U HEUTPUHO.

OcTtanyTcs elie MaCCUBHBIC YepHbIE AbIphl. HO 0Ka3anoch, 4TO M OHU HE BEYHBI. UepHbIe
IBIPBI  CIIOCOOHBI  «HCHApAThCSA» Onarojgapst KBaHTOBBIM dddextam. B cooTBeTcTBHH C
MPHUHIIMIIOM HEOIPEACTCHHOCTH BOJM3M «TOPH30HTA» Ha TPAHUIE YEPHOU IBIPBI BO3MOXKHO
BO3HHUKHOBEHHE Iap YacTHll, OJIHA U3 KOTOPBIX OCTAETCs MOJl TOPU30HTOM, a BTOpast U3IydaeTcs,
YHOCSI MAacCy M DHEPTHIO OT YEPHOU ABIPBI. DTOT MPOIECC Ui MACCUBHBIX YEPHBIX JBIP OYCHb
MEJUICHHBIA (TeM MeJUIeHHee, 4YeM OoJIbIlle Macca JbIPhl) U 3aBEPIICHHE ero TpeOyeT BpeMEeHHU
nopsiaka 10'® ner. ITocae 3TOro Kpome HEBEPOSTHO PA3PEKEHHBIX AJIEKTPOHOB, IO3HTPOHOB,
HEUTPUHO U (POTOHOB HE OCTAHETCSI HUYETO.

Uro ke OymeT, ecnu CpelHsisl IJIOTHOCTh MPEBBINIACT KpPUTHUECKYr0? B aTrom ciydae
pacimupeHue cMeHuTcs cxarueMm. Kak oHO OylneT MpOHCXOAUTh 3aBUCUT OT TOTO Kak JOJT0
nepes 3TUM OyAeT NpoJOoKAThCS paclIupeHue. Eciau MIOTHOCTh JHUIIb HEHAMHOTO OOJIbIle
KPUTHYECKON B TMpoOIlecce pacliupeHus (a peanbHO, €Cd OHA BCEe-TaKH OOJIbLIE, TO TOJIBKO
HEHAMHOT0), TO K MOMEHTY Hauaya cxxaTusi BeeneHnast OyieT COCTOSTh JIHIb U3 MEPTBBIX 3BE3],
YepHBIX JAbIp, HEUTpuHO W (oroHOB. [lpm cxatum sHeprus ¢GOTOHOB OymeT BO3pAcTaTh
(6maromapsi «(UOIETOBOMY CMEIICHUIO») MPUYEM BO3pacTaTh B OOJBINEH CTEIIEHH, YeM OHa
yObIBaia mpu pacmupeHuu. @OoToHbI pa3oTrperoT U UCHapsT MepTBhIE 3Be3bl. 1lpu yBenudyeHuu
TUIOTHOCTH BCE PACCESHHOE BEHIECTBO OYJET IMOTJIOMIATHCS YEePHBIMU JBIPAMH, 4 B KOHIIE BCE
YEepHBIE JBIPbI COJBIOTCA B OJHY TMTaHTCKYI0. [Ipy 3TOM HE TOJIBKO BCE BEUIECTBO CONBETCA U
KOJUTATICUPYET, HO CaMO TPOCTPAHCTBO CBEpHETCs. MOXKET JIM Takas KOJUIANCHUpYIOoIas macca
NepelTH B CUHTYJISPHOCTh ¢ OECKOHEUHOM IUIOTHOCTHIO M Kak Obl OHAa MOIJIa 3TO CHENaTh -
HEU3BECTHO, COBPEMEHHAs HayKa OIMKCaTh 3TO HEe MOXeT. [IpaBna He MCKIIOYEHO, UTO, MPEXKIe
YeM IUIOTHOCTh CTaHET OECKOHEUHO OOJIbIION, KaKOW-HIUOYAb HEM3BECTHBIM HaM MOKa MEXaHU3M
MOJKET TPHUBECTH K TaK Ha3bIBAEMOMY «OTCKOKY» BCelleHHO#, U CHOBa HAYyHETCS MpOIecC ee
paciupeHus.
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B03MOXHOCTh «OTCKOKa» paccMaTpuBajach W ONUCHIBATACh TEOPETUKaMU. 371€Ch
BEpOSITHA UKIMYHOCTh, KOT/1a LIUKJIbl PACHIMPEHUS U CKAaTHUs dyepeayroTcs. [Ipu aTom Kaxabli
CIENYIOIIMNA UK OKa3bIBAETCS MPUMEPHO BJBOE NPOJOJDKUTENbHEE Npenbiayiero. Takum
00pa3oM MPOJOHKUTEILHOCTD CTaIUU PACIIMPEHHS] MOKET CTaTh TaKOM OOJILLION, YTO 3aXBaTHUT
W 3Tan pacnajna nporoHa. Torja HOBOE CKAaTHE€ HAYHETCS B COCTOSIHMM, KOT/a OTCYTCTBYIOT
aJIpOHBI, a PHEprus ompezensercs (oroHamu, oOpa3z0BaBIIMMUCS MpPHU pacraje MpoTOHOB. B
TOM CJy4yae MPOJOJDKUTEIBHOCTh CIEAYIOIIETr0 LKA YK€ HE YABOUTCS, a YIJIMHHUTCS IO
kpaiineit mepe B 1000 pa3. B koHIIe KOHIIOB OYepeTHON IUKJI MPAKTHYECKH HE OYIeT OTIMYAThCS
0T OeckoHeuHOro pacummpeHus. BooOmie TeopeTnyeckuil aHamu3 TakoW MYJIbCUPYIOLIECH
BceneHHON MPUBOAUT KO MHOTMM BEChbMa MHTEPECHBIM CIIEACTBUSM, HO CIEAYET MOMHHUTb, YTO
CaM «OTCKOK» OCTaeTCsi TUIIOTE30i.

[TocmoTpuM Temepb Kak BO BCE 3TH CIIEHAPUU HBOJIONMM BceneHHOW BOUCHIBAECTCS
ABOJIIOLMSA CTPYKTYp M, MNPEKIE BCEro, XKU3HU. JIMHAMHUYECKHN JUCCUMATUBHBIA XapakTep
CTPYKTYp TpeOyeT [uisi HX CYIIECTBOBaHHMS IIOTOKA paccesHUs OHHEPrMM M BelIeCTBa U
COOTBETCTBYIOIIMX TPaJMCHTOB KOHIEHTpalMu. B Havasie pacimmpeHusi KOHIEHTpausl SHEPTUn
U BEIIECTBA OYEHb BBICOKA, a TPAUEHTHl Mallbl, YTO MPEMATCTBYET OOPa30BaHHUIO CIIOKHBIX
CTPYKTYp. YMEHbIIIEHUE KOHUEHTPAIUi U YyCUJICHUE HEOJAHOPOJHOCTEN B PACTIPEICICHUN ITHX
KOHIEHTPAllui MPUBOAUT K BO3HUKHOBEHHUIO BCe 0OJI€€ CIOKHBIX CTPYKTYpP - 3TO MBI BHIUM
BOKpYT cebs ceituac. OgHako, najabHEHIIee paccessHUe BEIIeCTBA U SHEPTUU JTOJIKHO MPUBECTH K
YMEHBUIECHUIO TPaJMEHTOB M HHTEHCHUBHOCTH TIIOTOKOB JSHEPIrUH, KOTOpPBIE OKaXyTCs
HEJOCTAaTOYHBIMU JJI1 00ECIEUeHHs CYIIECTBOBAHUS CIOXKHBIX CTPYKTYP, TaKHX KaK JKU3Hb.
OueBUAHO, YTO B PA3BUTHUM paCIIMPSIONICics BceneHHOW MOMKEH CylecTBOBATh HEKUH MUK
CTPYKTYPHO# CJI0KHOCTH, TIOCIIE KOTOPOrO OHA TMoimeT Ha yObutb. JloOpamach 1M Haia
BceneHnHas 10 Takoro nuka, Wi MakCUMyM elie Brepean? TodHo cka3aTh Helb3s, HO BO BCIKOM
ClIy4ae MBI TIe-TO B pailOHe MaKCUMyMa, KOTOPBIN JTOJDKEH OBITh OYCHb MOJIOTHM, PACTSIHYTHIM
Ha JECATKH MUJIJIMAPAOB JIET.

Hano ckazate, uto ecnu Hama BceneHHass HE «OTKPBITas» M PACIIMPEHUE KOTJA-TO
CMEHHUTCS C)KAaTHUEM, B Pa3BUTHUHU €€ CTPYKTYPHUPOBAHHOCTHM HUYEro He mu3MeHuTcs. Ha cranum
pacmiupeHusi TOYHO TaK e OydeT MUK MaKCHUMAaJbHOW CIIOXKHOCTH CTPYKTYp U 3aTeM
ynpomienre. Ha craguu ckaTtus HOBOTO YCIOKHEHHS CTPYKTYpbl YK€ He OyAeT - LHKI
HeCcUMMeTpudeH. [1JisT BOSHUKHOBEHHS CTPYKTYpP HE0OX0MMa JUCCUTIAIIS.

[TocmoTpuM Temepb Kak MOXET BBITJIAAETh Halla cOOCTBEHHas cynb0a, CBsi3aHHAs C
Hallleld MAJICHbKOW IIJIAHETOW. YBEIIMYEHUE YMCICHHOCTH JIFOAEH, pa3pacTaHHE MCKYCCTBEHHOM
cpenpl OOWTaHUA YK€ TOJONUIO K CcBoemy Tipeaeny. HeoOxomuma crabunmuzarusi Kak
YUCIIEHHOCTH HACEJICHHS TaK W YPOBHS MOTPEOJICHHUS BCEBO3MOXHBIX MEPBUYHBIX PECYPCOB.
[TpuuemM 111 MHOTHMX BHJOB PECYpCOB HEOOXOAMMa HE CTaOWIM3alUsl a pe3Koe COKpalleHHe
notpebnenus. HampumMep 3amacoB pya METaUIOB IMHKA, OJI0BA, PTYTH U CBUHIIA TP HBIHEIITHEM
NOTpeOJEHUN XBAaTUT JHINb NpuMepHo Jmmb Ha 20 jet. Jpyrux - Oonblne, HO Bce Tak
Ha3bIBAEMBIC HE80300HOGUMbLE PecypPChbl JOTKHBI UCTOIIUTHCS.

Oto, BOOOLIE TroBOps, HE OYEHb cTpamHo. Ha3BaHue «HEBO300OHOBUMBIE» YCIOBHO.
JIroboe BemiecTBO Kak-TO U3MEHEHHOE HIIM PACCESHHOE MOXKET OBITh CHOBA CKOHIICHTPHUPOBAHO,
OUMIIEHO U BOBJIEYEHO B O0OOPOT, TOJBKO IO MEpe HCTOLIEHUS OOraTtblX MPHUPOJHBIX
KOHIIEHTPATOB - pyo0 - 3TO OyAeT TpeboBaTh BCe OOMNBINE 3aTparT 3Hepeuu. 3aTpaThl SHEPTUU
CBSI3aHBI C €€ paccesHhueM, AMCCUIanueld. DTo BCe TOT ke OOLIUN 3aKOH: 8O3HUKHOGeHUe U
cywecmeosanue cmabuilbHblX CMPYKMyp mpeoyem YeeaudyeHus: paccesiHus IHepeull, NOHUNCEHUs]
ee Kavecmea - Npouzeoocmea uzoeimounou swmponuu. HeoOXoIUMBIM MOTOK >HEPrUM HaM
obecnieunBaet ConHue. CieoBaTebHO BO3MOXKHOCTD YCIIOKHEHHS CTPYKTYPBI Cpeibl OOUTaHHS
4YeJOBEKa, B MPHUHIMUIIE, OTPAaHMYEHA BEIWYMHOM moTOoKa HHepruu ot Comnma. W camo
CYILIECTBOBAHUE 3TOU CTPYKTYPBI BO3MOXKHO JIUIIb MOKa cBETUT COJHILE.
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Connaiie Oynet CBETUTH J0ATO, HO He BeuHO. OHO JOHKHO MOTAaCHYTh, MPEIBAPUTEIILHO
pasayBIIMCh U 0e3 B3phIBa WJIM CO B3PHIBOM COpPOCHB 3HAYUTENIbHYIO 4acTh BemliecTBa. Eciu
NPEANONIOXKUTh, YTO YEJIIOBEYECTBO HE HCYE3HET paHblI€e U JOCTUTHET OTPOMHOMU
TEXHOJIOTMYECKONH MOIIM, MOKHO JOMYCTHUTh, YTO OHO CMOXKET 3a0JaroBpeMEHHO BMECTE CO
cBoei muaHeToil (Miam Oe3 Hee) mepeOpaThCcsi K IPYrod MOAXOASAINEH 3Be3le, W Tak Jajee.
OnHaKo, KaXKI0€ yracaHHWe 3BE3Ibl OCTAaBJIIET MEPTBBIA OCTATOK, KOTOPBIM HCKIIOYACTCA W3
JTaIbHEWIUX mpeoOpazoBaHuii. KomudyecTBo raza, u3 KOTOPOro MOTYT OOpa3OBLIBATHCS HOBBIC
3Be3/bl, OBICTPO YMEHBIIAETCS, U B KOHIIE-KOHLIOB 3Be3[bl MOracHyT Bce. OUeHb pa3BUTOE
YEJIOBEUECTBO CMOXKET AEPKAThCS U TYT €IIe OYEHb J0JT0, SKOHOMHO COKHTas B TEPMOSIEPHOM
TOMKE 3amachl BOJOpoAa OONBIIMX TUIAaHET, HO B KOHIIE-KOHIIOB M pa3yMHasl >KM3Hb U BCA
HAKOIUICHHAsI B CO3/IAHHBIX CTPYKTypax HHPOpMAIUs HCUE3HET BMECTE ¢ Hauleli BceneHHO.

K TakoMy BBIBOAY NPHUBOJIUT COBPEMEHHBIH YpOBeHb 3HaHUW. Uto Oymer «amoTtom»?
«[Totom» He Oymer, mO0 BMecTe ¢ Hauiel BCeleHHOW yMpeT W Hawie BpeMsi U Haule
npoctpancTBo. Ho coBpemMeHHass Hayka TOBOPUT O TOM, 4TO Hamia BcerneHHas He MOXET OBITh
€AMHCTBEHHON. DIIYKTyallMl Yero-To MEePpBUYHOIO MOTYT MOPOXKIATh OECKOHEUHOE MHOMXKECTBO
JIPYTUX BCEJIEHHBIX, BOBMOXKHO C JIPYroil pa3MEepHOCTbIO U BOOOIE C JIPYTUMHU CBONCTBaMH, B
KOTOPBIX TOXKE PA3BUTHE MOXKET MPUBECTH K CAMOINO3HAHHUIO.

Msbl npuluM K BBIBOAY, YTO BCE pEalbHOE M KOHKPETHOE BOKPYI HAac KOHEYHO BO
BPEMEHU U MPOCTPAHCTBE TAK K€ KaK KOHEUHA U3Hb YeJI0BeKa. beCKOHEUHOCTh OTO/IBUHYJIAChH B
o0yacTh MPUHIMIHAIBEHO HeJocTHkuMoro. Celyac MBI MOXEM JIOMYCTUThH CYIIECTBOBAaHUE
MHO>KECTBa MHPOB, BO3MOXXHO U OECKOHEYHOTO MHOXECTBA, BO3HUKAIOIIUX U BHIPACTAIOINX U3
GayKTyanuii B HEKOTOPOW TMEPBHYHON CYIIHOCTH KaK IMY3bIPH B TICHSIICHCS >KUIKOCTH. JTH
MUPbI HE3aBUCUMBI U HECTIOCOOHBI 0OMEHMBATHCS MHPOpManMeil. Mbl criocOOHBI 1MO3HATh HAII
MHUpP, KOTOpPBIII HMEEeT CBOI CHEeUU(PUUECKYyl0 METPUKY U TNPOCTPAHCTBEHHO-BPEMEHHYIO
CTPYKTYpy. OH, OUEBHIHO, UMEET «HAYAIO» U «KOHEL». MBI CTaBUM 3TH CJIOBA B KaBBIYKH, TaK
Kak B «Haudalie», MO KpanWHell Mepe, caMoO MOHSITHE BPEMEHH enie He cymiecTtBoBao. C Toro
MOMEHTA, KaK IMOSBHJIOCh BPEMsI B KAUe€CTBE XapaKTEPUCTUKHU HAILIETO MUPA, OH Pa3BUBAECTCS OT
POXIEHUS K CMEPTH KaK OT HAdaJbHOTO OECCTPYKTYPHOTO COCTOSIHHUS K KOHEYHOMY TaKxkKe
0OECCTPYKTYPHOMY Yepe3 OuYeHb MNPOJODKHTEIBHBIA ATl «3PENOCTH», XapaKTepH3YIOIIUHCS
BO3HUKHOBEHHEM OYEHb CJIOKHOW CTpyKTyphl. Cellyac HWIET MPOILECC HENPEPbIBHOTO
YCIIO)KHEHUS CTPYKTYpbl BceneHHOM, KOTOPHBIA, MTOBUANMOMY OyAET MPOJOIIKATHCS €Ie MHOTO
MUJUTHAPJIOB JIET.

Bomnpocs! k ri1aBam 5 u 6.

1. Yto MBI 3HaEM 0 POOIIEME BO3HUKHOBEHUS KUZHU?

2. Kak cBsi3aHa 3BOJTIOIMST OPTaHU3MOB, BHJIOB U OHOC(epb1?

3. IlpuumHa ¥ MexaHH3M HBOJIONUM XKU3HU 10 JlapBuHy. TpyqHOCTH JapBHHOBCKOM

TEOpUH.

Kak B Hacrosiiee Bpems “noampasiieHa” 1apBUHOBCAst TEOpU?

Ocob6ennoctu 6uocheps! kak cucteMbl. YeM oOecrieunBaeTcsi €€ yCTOMYHBOCTh?

CBs13b DBOIIOLMK KXU3HU C 00IIel »Bironrel Harel Beenennoil. EquacTBo 00mumx

MEXaHHU3MOB.

7. OCOOEHHOCTH »JBOJIIOIMHA YEJIOBEKA KaK OWOJOTHYECKOTO BHJIA U DBOJIOLUAA
Ouocdepsl ocIIe MOsSBICHUS YEI0BEKa.

8. KakoBbl OCHOBHBIE HEOJIATONPUSTHBIC PE3YNbTAThl BO3JCHCTBUS UEIOBEKa Ha

ISR

ouochepy?
9. Yewm omacHO co3/1aHUE UCKYCCTBEHHOM OJaronpuaATHON JUIA dKU3HH YEJIOBEKa CPEIbl —
WHTCHCUBHOE  CEJIbCKOE€  XO3SMCTBO, KYJIbTYpHBIE  TapKu,  “Oe3oTxomHas’

MPOMBIINIJICHHOCTb C 3aMKHYTBIMU HHUKJIAMH, - K UCMY CPCMATCA T'YCTOHACCIICHHBLIC
“pa3BUTHIC” CTPaHbI?
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10. Kakue BO3MOKHBI BAPHAHTHI BHIX0/1a U3 TI00aTBHOTO SKOJIOTHUECKOro Kpu3uca?
11. Ectb 51 xu3Hb Ha apyrux mianerax ComHeunon Cuctembi?

12. Ectb 111 )kU3Hb B APYTUX YacTsaX Beenennoii?

13. KakoBa nanpHelimas cyn00a Hamei Beenennoit?

14. Kakoii MoxxeT OBbITh AanbHeMIIast cy1p0a yenoBeyecTa’?

Oo0111ee 3aKJII0UYEeHNE

MpbI HapUCOBaIM COBPEMEHHYIO HAYYHYI0 KAPTHHY MHMPA W MOKa3ajld B CaMOM O0IIeM
BUJE KakuM o0pa3oM OHa cTpousach 4enoBekoM. IlpencraBieHwe o mupe B 1eloM, Kak 00
VIIOPSA0YCHHON CHCTeMe U TIOHMMaHHE CBOETO MecTa B Hel He0OXOIMMO YEIOBEKY IJI €ro
cymecTBoBaHMs. YenoBek Havaj yMmopsI04MBaTh OKPYXKAIOUIMM MHUp Kak TOJIBKO OCO3Hal ceds,
co3naBas cucreMy MudoB. [103:xxe 0OCHOBOW CUCTEMBI MUpa CTalla HayKa.

Hayka - cdepa demoBeueckod IesTEIBLHOCTH, (PYHKIMS KOTOPOM - BBIPaOOTKA H
TEOpETUYECKasl CUCTeMaTH3alusl OOBbEKTHBHBIX 3HAHUN O JEUCTBUTENHHOCTH. [IoTpeOHOCTH B
TaKUX CHCTEMaTHYECKHX 3HAHUSX, B YNOpsA0oueHuu OKPYKAIOIIEro MHUpa 3ajo)KeHa B caMoi
MPHUPOJIC YETOBEKA.

JIBe cTOpOHBI HaykH - JOoObIBaHHE (PAKTOB, XapaKTEPU3YIOIIUX OKPYKAIOIIUNA MUP M UX
CUCTeMAaTH3aIlMsl - CBS3aHBI HEpa3pbIBHO. [lomydeHne HOBBIX OOBEKTUBHBIX HA)UHbLIX JTAHHBIX
IPU OTCYTCTBHH KaKOW-TMO0 MCXOJIHOM TEOPEeTUUECKON KOHIICTIIUU TaK kK€ HEBO3MOXKHO, KaK U
MOCTPOCHUE YUCTO yMO3pUTEIbHOU Teopun. C MEepBOTO B3TJsAA MPEICTABISIETCS, YTO HaydHas
NEeSATeNIbHOCTh  JIOJDKHA  HAUMHATBCA C  «HEMpPEeIB3SATOro»  HAaKOIUIeHHs  (PAakToB, HO
MPUCMOTPEBIINCh, BHUMATEIIbHEE HETPYAHO 3aMETUTh, YTO ITO MPAKTHYECKH HEOCYIIECTBHMO.
OTBeT Ha BOMPOC: «C Yero ClieyeT HauMHaTh?» CTOJb K€ TPYJEH, KaKk OTBET Ha BOMPOC: «UTO
OBLJIO paHbIIIe: KypHUlla WIH SUII0?».

Hayka oTBewaeT Ha Bompoc: «Kak ycTpoeH mup?». Pabora Hayku 3akimoyaeTcss B
MOWCKaxX CBsI3ell Mexay ¢dakramMu, B OOHAPYKCHHH 3aKOHOMEPHOCTE, KOTOpPHIE MO3BOJISIOT
npeockaszvieamvy  HOBble  (axThl. [lpm 3STOM Hayka omnupaerca Ha  OINpejAelieHHbIE
(pynaameHTaNTbHBbIE KOHUENIUH, KOTOPHIE B HM3BECTHOW Mepe HaXOIATCS 3a TMpeieliaMu
COOCTBEHHO HAYKU U UTPAIOT MIPUMEPHO TAKYIO K€ POJIb KAK OCHOBHBIE MTOCTYJATHI B TEOMETPHUHU.
DTO KOHIIETINY 00beKTHBHOIO CYIII€CTBOBAHMNS, €TMHCTBA U MPOCTOTHI MHPA.

3HaHME 3aKOHOMEPHOCTEH IMO3BOJISIET OOBSCHATH M MPENCKa3blBaTh HOBBIE (DAKThI
MOCPEACTBOM  JIOTHYECKUX  YMO3aKJIWYeHWil, OJHAKO  JIOTUYECKas  JKCTPAIoOJISALHUs
3aKOHOMEPHOCTH 3a Mpeenbl TOH 00yacTH, B KOTOpOil oHa Obljla YCTaHOBJIEHA SMITUPUYECKH,
paHO WM MO3JHO MPUBOAHUT K MPOTUBOPEUHSIM C CyIIEeCTBYOImMMH (akramu. HoBbie akThl HE
BCerna yaaercs BOOOIE JIOTMYECKH YBS3aTh CO CTapbIMH MYTEM MPOCTOrO SMIIMPHUYECKOTO
00001IeHNsT B paMKax CYIIECTBYIOIIET0 OOIIEro B3IJsiIa Ha MHP. B 3TOM ciydae ABHMIKEHUE
BIIEpe]l BO3MOXKHO TOJBKO C MOMOINBIO PAJMKAJIBHOr0 MepecMOTPa OCHOBHBIX MOJIOXKEHUI,
BKIIFOUCHUSI HOBBIX UJCH, POXKIAIONINXCS HHTYHTHBHO, HA OCHOBE MO/ICO3HATENBHON 00paboTKu
BCEro MPEeIIeCTBOBABILIETO OMbITA.

KoHKpeTHBIM MTPOIYKTOM HAYKH SIBJISIETCS MTOCIICIOBATEILHOCTh TEOPETUICCKIX MOAeeil
IMPUPOJHBIX MPOLIECCOB U sIBJICHUH. Monenb Bcerna npubaudiceHHo OTPAXKaeT SIBJICHHE, TaK Kak
MCYEPIBIBAOIIIE MTOJIHOE 3HAHUE 00 OOBEKTE HE TOCTHIKUMO 32 KOHEUHBINH MTPOMEKYTOK BPEMCHH.
Ho, HecMoTpst Ha 3TO, BO3MOKHO NMOCTPOCHUE aIeKBATHBIX, TO €CTh MPAaBUJILHO OMHMCHIBAIOLINX
BCE BaKHBIC IJII HAC CTOPOHBI SIBIICHUS, MOJENEH, YTO BBITEKACT U3 (PYHOAMEHMATbHbIX
KOHUenyuti.
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B noctpoennn KapTHHBI OKPY>KaIOILIEr0 MUPa y4acTBYIOT 00Jiee KOHKPETHbBIE KOHIEMIINY,
[JIABHBIE M3 KOTOPBIX 3TO KOHLENIHMH CTAMOHAPHOCTH M HECTALMOHAPHOCTH, 3JIEMEHTA,
KOHTHHYAJIbHAsl 1 KOPNYCKYJsIpHAsl, IPOCTPAHCTBA, BpeMEHHU, B3aMMO/AelCTBHSI.

[TpocTpaHcTBO U BpeMsl COTJIACHO COBPEMEHHBIM MPEACTABICHUSM 00pa3yloT €IMHBIN
NPOCTPAHCTBEHHO-BPEMEHHOH KOHTHHYYM, CBOICTBAa KOTOPOI'O HEPa3paBHO CBS3aHBI CO
CBOWCTBaMH MaTepuu. B TO ke Bpems Uil ONMMCaHUSI YCTPOMCTBA U SBOJIOIMHM MHOXECTBA
CTPYKTYp HaIlero Mupa OOBIYHO [IOCTAaTOYHO pacCMaTpUBaTh MAaTEPUIO, PACIPEICICHHYIO B
HE3aBUCALIUM OT HE€ MPOCTPAHCTBE, U U3MEHSIOIIYIOCS B HE3aBUCUMO TEKYILIEM BPEMEHH.

Celiuac MOYKHO CUMTaTh JOKa3aHHBIM, YTO HAwi Mup HECTAIMOHAPEH, OIHAKO, IpHU
ONMMCAHUU OOJIBIIOTO KOJMYECTBA MPOLIECCOB U SIBICHUN YCHEIIHO HCIOJIb3YeTCS KOHLEMLUs
CTallMOHAPHOCTHU, MOIIECCHI U SBJICHUS OMUCHIBAIOTCS B PAMKAX CTALIMOHAPHOM MOJIeJIH.

KoHuenuny KOHTHHYaAJIbHASl 1 KOPIYCKYJISIPHASI CTaJIM BBITJIAJIETh MO-HOBOMY IOCIIE
MOSIBJIEHUsI KBAaHTOBON MexaHUKU. OCHOBHAsl Mesl KBAHTOBOW MEXaHUKH - MPOCTPAHCTBEHHO-
BpEMEHHAass JAMCKPETHOCTb BCEX CBOMCTB Marepuu. Ho B TO ke BpeMs MNpPUHLHI
HEONPEIENEHHOCTH, MPUHLIMIHAIBHO BEPOSTHOCTHBIA XapakTep KBAHTOBBIX ITPOLIECCOB
pa3ma3sbIBaeT 3Ty JUCKPETHOCTh B COOTBETCTBHUU C HENPEPBIBHBIM PacCIpeeICHUEM IUIOTHOCTH
BEPOSATHOCTH MPOSIBIIEHUS TOTO UM MHOT'O CBOMCTBA.

OcHOBHBIE CBOWCTBAa OOBEKTOB MaKpOMHpa MOTYT OBITh BBIBEICHBI W3 CBOWCTB
AJIEMEHTApHBIX YacTUI] U HUX B3aWMOJCHCTBUNA HAa OCHOBE KOPHYCKYJSPHON KOHLIEMINH, HO
YCHEIIHO ONHUCHIBAIOTCA W AHAJIU3HMPYIOTCA C INOMOIIBI0 KOHTUHYAJIHOM KOHUENUHUHA IPU
HCIIOJIb30BAaHUU YCPETHEHHBIX XapaKTEPUCTHUK.

Cea3u, BO3HUKAIOUIME B pPE3yJbTaTe 63aumooleucmsuti, TPUBOASIT K BO3HUKHOBEHHUIO
CTPYKTYP. 3aKOHOMEPHOE, YIOPSIOYEHHOE PACIOJIOKEHNUE IEMEHTOB M TEJI B IPOCTPAHCTBE
Mbl Ha3blBA€M MNPOCTPAHCTBEHHOM CTPYKTYPOil, YIOPSJOYCHHBIH MPOLECC HW3MEHEHUS
IPOCTPAHCTBEHHOW CTPYKTYpHl BO BPEMEHU MOXKET ObITh Ha3BaH BPEMEHHOH CTpyKTypoii. B
€IMHOM TPOCTPAHCTBE-BPEMEHHM Hall MHpP o0O0pa3yeT NPOCTPAHCTBEHHO-BPEMEHHYIO
CTPYKTYpY.

XOTs B OCHOBE BCEX CIOXHBIX B3aUMOJCHCTBUM  JIeKAaT JIMIIb  YEThIPE
(pyHAaMEeHTANBHBIX, HCIOIb3YS MOIbKO 3aKOHBI ATUX (YHAAMEHTAIBHBIX B3aUMOICHCTBUM,
HEBO3MOXKHO OOBSCHUTH OOpa3oBaHHME BceX HAOMIOMAaeMBIX CTPYKTyp. B Oomibiimx,
MHOTOYaCTUYHBIX CHUCTEMAaX BO3HUKAIOT KOJUIEKTHBHbIE J(@eKThl, MNpuBOIAlIUE K
KayeCTBEHHO HOBBIM sIBJIeHUSIM. M3ydeHueM OONBIIUX CHUCTEM C MOMOIIBI0 MX OOOOIIEHHBIX
XapaKTepUCTUK 3aHUMAETCS TepMoOAUHAMUKA. lV3ydeHHe KOJJICKTUBHBIX J()(EeKToB
MeXaHHu3Ma 00pa30BaHUs MAKPOCTPYKTYP - IPEAMET CHHEPreTHKH.

OCHOBHBIMHU TOHSATUSAMH TEPMOJAMHAMUKH SIBIISIOTCS IHEPrUsl U SHTPONUA. DHepeus
omnpezensercs Kak pyHIaMEeHTaIbHOE, COXpaHSIOLIeecss BO BCEX Ipoleccax CBOMCTBO MaTepuH,
KOJIMYECTBEHHO M3MEpsieMOe BEIMYMHOM MEXaHHYeCKOM paboThl, B KOTOPYIO OHa IIpH
OTIpEe/ICNIEHHBIX YCIOBUSIX MOXET OBbITh MpeBpallleHa. DHMpOonu0 MOXKHO OMPENEIUTh KaK Mepy
KayecTBa DSHEPIUH, COAEpXKalleHCs B CUCTEME, WIM MEPY €€ peaJbHOH CIOCOOHOCTH
npousBecT paboTy Oe3 NpUBIEUYEHHUS BHEIIHUX BO3JEHCTBUI WM Mepy BepPOSITHOCTH
COCTOSIHUSI CHCTeMBbI (CTEIIEHU €€ HEYNOPSI0YEHHOCTH).

Yepez ot moHATHS (OPMYIHPYIOTCS JBa OCHOBHBIX 3aKOHa WJIM HayaJa
TEPMOJMHAMUKH - 3aKOH COXPAHEHHMs IHEPrHM U 3aKOH BO3PACTaHUs IHTponuu. Bropoit uz
HUX TJIACHUT, YTO B U30JMPOBAHHON CHUCTEME MOTYT MPOTEKATh TOJIBKO IMPOLECCHI, CBSI3aHHBIE C
YBEJIMUEHUEM €€ SHTPOIIUH.

Hama Bcenennas B 1eoM npeacTaBisieT coO0H HM30JUPOBAHHYIO CHUCTEMY M TIO3TOMY
SHTPOIUS €€ JIOJKHA BO3pacTaTh, YTO Mbl W HaOmonaeMm. Bo3pacTaHue SHTpPONMHM O3HA4YaeT
BO3pacTaHue Oecropsijika, CriaKHMBaHHE BCEX HEOJHOPOIHOCTEW, TPaJUEHTOB, IMOHIKEHUE
KauecTBa J3HEPruu, HMCUE3HOBEHUE CTPYKTyp. OAHaKo, peaJibHO Mbl BUIUM, uTO BceneHHas
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IyOOKO CTPYKTYpHUPOBaHA, a HEMOCPEJACTBEHHO BOKPYI HAC OHBOIIONHS HIET B CTOPOHY
MTOBBIIICHHS CJIIOKHOCTH. TakoBa 3BOJIONHS Teorpaduaeckoit 0000uku 3emin u Ouochepsl.

[IpyrumnHa 5TOrO B TOM, YTO paclvpeHue BeeneHHOoM NopokKAacT HANPABJAECHHbIN MOTOK
AUCCUNIALMM, KOTPHIH MPHUBOIUT K KaTaCTpOUUYECKOMY POCTY OTICNbHBIX (IyKTyamu u
BO3HUKHOBEHHUIO JAHUCCHIIATUBHBIX CTPYKTYpP. Bo3HHKawomue CTPYKTYphl CBSI3aHBI €
U30BITOYHBIM TPOW3BOJCTBOM DJHTPOINUU, XOTS JIOKAIbHO U HAOIIOJAeTCsl €€ YMEHBLICHHE.
JluccumatuBHBIE CTPYKTYPHI MPEACTABISAIOT COOOW JAMHAMHYECKHE CHCTEMBI, [AlICKue OT
paBHOBECHS], CYHIECTBYIOIIME Ojaroaapsi HEmpepblBHOMY OOMEHY HHEeprueil M BEUIECTBOM C
OKpy>Karolei cpenoil. Ha onpezeneHHbIx 3Tanax OHU MOTYT MEPEXOJIUTh B MeTACTA0OMJIbHbIE
WU KAB3MPABHOBECHBIE CHCTEMBI.

C mnoHATHEM cmpykmypa TECHO CBS3aHO IMOHATHE YCTOMYHMBOCTb, KOTOPOE O3HAYaeT
COXpaHEHHE BCEX OCHOBHBIX KaYECTBEHHBIX XapaKTEPUCTUK CHUCTEMBI MPU JIFOOBIX M3MEHEHMSIX
VApasAlowux napamempog B Ipeaenax HEKOTOpOro KOHEYHOro AuanasoHa. be3 ycrtolunBocTH
MOTEPSIIO OBl CMBICI CaMO TIOHATUE CMPYKMYPA.

OBoirOLMS  CTPYKTYp  HPOUCXOAUT  YEPE3  NOmepr  YCmouyugocmu  IyTEM
CKa4YK000pa3HOro nepexoja B HOBOE YCTOMYMBOE COCTOSIHME, K HOBOM CTpyKType. CKauku Mpu
HBOJIIOIMY O3HAYAIOT AUCKPETHOCTH BO BPeMEHH - HEMHHYEeMoe CJIeJICTBHE CAMOr0 HAJIU4usl
CTPYKTYP - AUCKPETHOCTH B NMpocTpaHcTBe. MOXKHO CcKa3aTh U HA00OPOT, YTO AMCKPETHOCTH
B MPOCTPAHCTBE €CTh CJIeJICTBHE JUCKPETHOCTH BO BPEMEHHU. IIPOCTPAHCTBEHHO-BPEMEHHAs
CTPYKTYPUPOBAHHOCTH — 3TO 00IIlee CBOICTBO HAIIETO MUPA.

DBoJNIOIUS cefiyac WAEeT B CTOPOHY TOBBIINICHHS CIOXKHOCTH CTPYKTYp, HO Oomee
CIOXKHBIE  CTPYKTYpbl  OXBaTbIBAalOT BCE MEHbIIYK d4acTe Mmarepuu. [Ipocreimne
MaKpOCTPYKTYphl - IE€pPBOHAYAIbHBIE TPABUTALIMOHHBIE HEOJHOPOJHOCTH — OXBAaThIBAJIU BCE
BEIIECTBO; O0ObEIMHEHHBIE B TAIAKTUKHU 3BE3/IbI TJIABHOM MOCIIEA0BATEILHOCTH BKIIOYAIOT JHILb
KakHe-TO MPOLIEHThl BCEW Macchl BCeleHHOH; BO3HHMKIIME BMECTE€ CO 3BE3JlaMH BTOPOTO
MOKOJIEHUS] TUIAHEThl 36MHOM TPYIIIBI COCTABIISIIOT JIUIIb MAJIYI0 JTOJIIO0 IPOLEHTa OT MAaccChl
3BE3/]; U, HAKOHEII, HanOoJiee CIOXKHAsI CTPYKTYpa — KU3Hb — COCTABIISIET JUIIh TOHKYIO TIJICHKY
Ha IMOBEPXHOCTH, HUYTOXKHYIO JIOJIFO MTPOLIEHTa OT MacChl HEKOTOPBIX IUIAHET 36MHOU Ipymmbl. A
MOXKET OBITh W HE '"HEKOTOPBIX', a BCEro OJHOW, XOTS 3TO KaXeTCs MAaOBEPOSTHBIM,
POTUBOpPEYAILIMM KOHIIETIINK eInHCcTBa Mupa. Ho mokazarenscTB oOpaTHOro — Oosiee mupoKon
pacnpoCTPaHEHHOCTH KU3HU BO BceneHHoM — moKa HeT.

[Tocnenuuii CTPYKTYPHBIA CKAUOK VCOJHCHEHUsI CBA3aH C TOSIBJICHUEM pa3yMHOU KU3HH,
Oco3HaBIIEH ceOs W HayaBlIed IepeiesblBaTh OCTalbHYIO Ouocdepy, mpeBpamias ee B
Hooc(epy. DTOT ckavyok emie He 3aBepmmicsa. Kakoit Oymer Hoochepa U BOSHUKHET JIM TakKas
ycTOHYMBasl CTPYKTypa BOOOINEe TIMOKAa HEW3BECTHO. [TNaBHas mpoOsieMa crosimas mepen
YEJIOBEKOM — 3TO HE NOTHOHYTh B pe3yJabTaTe IOTEPH YCTOWYUBOCTH OWOchepsl u ee
pa3pylIeHHs U3-3a €r0 AESITEIIbHOCTU MPEXk/Ie YeM BOZHUKHET HOBAasl YCTOMYMBASI CTPYKTYpA.
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