_MHUHUCTEPCTBO OBPA3OBAHUA
AJITANCKNU I'OCYJAPCTBEHHbBIM YHUBEPCUTET

B.A. HOBO’KEHOB

KOHIEIIIIHH
COBPEMEHHOI O

Bapnayn 2001



MaBsa1
PA3BUTUE ECTECTBO3HAHUA

Mwup, okpyxalowun yenoseka, npeacTtaBnseT eauMHoe U Le-
noctHoe obpas3oBaHuMe, B KOTOPOM BCE SBIEHWS W MPeaMeThbl
CBsi3aHbl M B3avMOAENCTBYIOT Apyr ¢ ApyroM. CrneposaTerntsHo,
Halle npeacTtaBneHne O MUpe OOMMKHO OTpaXaTbCs B €AMHCTBE
BCEro Hallero 3HaHus. EQUHCTBO Hay4HOro 3HaHus opmupyeTcs
B npouecce B3anMOAENUCTBUSA, anddepeHumnaumm n nHTerpaumm
3HaHWS B XO4e pPasBUTUSA KOHKPETHOW HayKu.

PasButne Haykm ngeT He TOMbKO MyTeM MOCTENEHHOro Hako-
NMeHnss BCe HOBbIX U HOBbIX [AHHbIX, TaK KaKk B 9TOM criyyae He
NMPOUCXOAUT OTPaKEHWUs! LEMNOCTHOW KapTUHbl Pa3BUTUS HayKW.
Haunbonee pagukanbHble M3MEHEHNSI B HAyKe CBEpLUaloTCs B ne-
pvO4 Hay4YHbIX PEBOMIOLMNA, B pe3ynbTaTe KOTOpbIX nepecmartpu-
BalOTCH MpexHue naen, mMetoabl UCCrefoBaHWs, NepeoCMbICu-
BaloTCA pesynbTaThl (Mapagurmbel Hayku). MNMepexon K HOBOW napa-
Ourme Hayku npexae Bcero cBsi3aH ¢ anddepeHumaLmen n nHte-
rpaumen 3Hanuna. duddepeHumaumnsa — 370 04eHb BaXKHbIW 3Tan B
pa3BuTun Hayku. OHa HanpaBneHa Ha Gornee T aTenbHOE U rny-
Bbokoe n3yyeHve oTaenbHbIX MPOLECCOB U SIBNIEHWI B onpederneH-
Hown obnacTn 3HaHwW. B pesynbTaTe Takoro nccrnefoBaHus nosie-
NSI0TCA OTAENbHbIE HAy4Hble AWCLMMNINHBI, BO3HUKAKT MEXauc-
LMNANHapHbIE CBA3W, KOTOPbIE MOTYT B UTOre TOXe BblAENUTLCH B
oTaenbHble Hayku. B [peBHen Mpeuunmn He Gbino cTpororo pasge-
NeHVs MexXay KOHKpeTHbIMU obnacTaMu 3HaHwuin, He 6bino 1 oT-
OenbHbIX HayYHbIX AUCUMNAVH. Bce 3HaHMa u meToAbl nceneno-
BaHUSA SIBNEHWUA Npupoabl CyllecTBoBanu B eanHon obnactu Ha-
Typchmnocodumn. PasgeneHne ecteCTBEHHO-Hay4YHbIX OUCLUNIIVH
BMNepBble NponsoLno B anoxy Bo3poxaeHus. B aTo Bpemsa nosie-
nsieTca  9KCnepvMeHTanbHOoe ecTecTBo3HaHve. KccneposaHue
NpUpPOAbl HAYMHANOCh C MEXaHWYeCcKnx NpoLLeccoB kak Hanbonee
npocTon bopMbl ABMXKEHUSA MaTEPUMN.

OcHoBbl MexaHuku 3anoxun I. Manunen (1562-1642), 3aHu-
MaBLLUUNCA uUccnegoBaHneM cBobogHo nagatowmx ten. Fanunen
cchopmynupoBan ynpasnsloLlMe MexaHU4YecKMMn mnpoueccamm
3aKOHbl W3MOXWIT OCHOBbI MeXaHuku. B HaydHylo gucumnnuHy
mMexaHuky npespatun U. HbloToH (1643—-1727). 3aTem nocTenex-
HO cdopmupytoTca usnka, xumus, Guonorma n gpyrue dyHaa-
MeHTanbHble Hayku 0 nNpupofe. Kaxaas Hayka npoLurna cBoun NyTb
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pa3suTuda. o mMepe Hay4yHOro nporpecca npouecc NosBneHus
HOBbIX Hay4HbIX AUCLUMMNIIMH BCE YCKOPSANcCcs. HecmoTps Ha TO, 4TO
npyv 9TOM BO3pacTalT TOYHOCTb M rmybuHa HalmMx 3HaHWK O §iB-
NeHusX Npupoabl, OOHOBPEMEHHO MPOMCXOANT ocrnabneHvne cBs-
3en Mexay oTAenbHbIMU HayYHbIMU OUCLMMNIMHAMM N AaXe MEeX-
Oy OTAENbHBbIMU BETBAMU OOHOW U TOW e HayKu. Takum obpasom,
OUCLMNNMHAPHBIN NOAXO04, FpO3un NpeBpaTUTb €AMHYI Hayky B
COBOKYMHOCTb OTAemNbHbIX, 060COBNEHHbIX, Y3KMX HayK.

Hayka cama BblpaboTtana metoabl 1 cpeacTsa Ans npeoao-
NEHNs OrPaHUYEHHOCTN YMCTO AMCUMMIIMHAPHOIO Noaxoaa K usy-
YEHWIO OKpyXatoLero Mvpa. QucumnnuHapHbIn NOAX0A, OPUEHTU-
POBaHHbIN Ha M3y4yeHne cneumdUnyecKkmx, YacTHbIX 3aKOHOMEPHO-
CTeN KOHKPETHbIX SIBMEHWN, He CrnocobCTBYeT OTKpbITUIO Gornee
rnyboknx oOLMX 3aKoOHOMepHoCTel, a TeM OGonee dyHOamMeH-
TanbHbIX 3aKOHOB, OTHOCSLLUXCS K B3aMMOCBSA3a@HHbIM Kraccam
ABMEHUN U Lenbix obnacten npupoabl, packpbiBalLNX eQUHCTBO
npupoabl, B3aMMOCBA3b M B3aMMOLEMNCTBME COCTaBNSAOLLMX ee
0OBEKTOB M npoueccoB. Bcrneactere aToro nosiBNsiETCS HOBbIV
noaxon, KOTOpbl Ha3blBAETCS UHTErPaLUOHHBLIM, UM MeXancum-
nnuHapHelM. B 3ToM nogxode NpovCXOAWT MHTErpauus Hay4yHoro
3HaHWs, KOTOpas CoBepLUaeTCs B pasnuyHbix opmMax, HauvMHas
NpPUMeHEHEM MOHATUA, TEOPUIA N METOL0B OL4HOM HayKu B Apyromn
N KOHYas BO3HMKLUMM B Hallem CTONeTUN CUCTEMHbIM MeToaoM. B
pesynbTaTe Takoro nogxoga Hayku genawT Oomnbline CKayku B
CBOMX uccnenoBaHusax. Tak, buonorns gocTurna oveHb 6onbLInx
YCMEXOoB, Ha4yaB MCNoONb30BaTbh B CBOMX UCCreOoBaHuAX husmye-
ckue meToapl. B pesynbTaTte B3anmMoaencTBust AaHHbIX HayK Ha UX
CTblke BO3HMKMNa Guodusmka. AHanmorMyHo MOSBUNIMCbL OMOHMKA,
reoxmmMmusi, BUoXMmmus 1 gpyrve Hayku.

KoHKpeTHble, YacTHble, cneunanbHble MpueMbl U Crnocobbl
nuccneaoBaHUs B PasnUYHbIX Haykax MOryT 3aMeTHO OTnu4athbCs,
HO OBLWUI NOAXOA K MO3HaHWIO, METOA UCCreoBaHNs OCTaeTcs B
CYLLIHOCTM TEM Xe caMbIiM. OTO Tak Ha3blBaeMbIi CUCTEMHbIN Me-
TOO, KOTOPbI JaeT BO3MOXHOCTb paccMaTpvBaTb OOBLEKTbI U
SABNEHNSI B UX B3aMMOCBSA3U U LLenocTHOCTU. CUCTEMHBbIN MeToq
aBnseTca Hanbornee apdPEKTUBHBIM CPEACTBOM MHTErPaLMOHHbIX
uccnenosaHun. O6LMe nNpuemsl, NPUHLMNLI U METOAbl NO3HaHUSA
MOXHO OXapaKTepmn3oBaTb Kak CTpaTernio uccreoBaHuns, a yacT-
Hble NpMeMbl U METOAbI, UCNONb3yeMble B OTAENbHbIX HayKaX, Kak
TaKTWKY UCCMNEeLOBaHUS.



McTopuyeckn crnoxunocb Tak, 4To MeTon dopmupyeTcs B
pamkax NpakTU4ecKon OesATeNnbHOCTU Kak TpeboBaHue cobrioge-
HWUsI ONpeaeneHHoN nocnenoBaTenbHOCTU AENCTBUA B NpoLecce
N3roToBreHns HeobxoanMbIX NMpegMeToB M Opyaun, a Takke npo-
M3BOACTBa MaTepuanbHbiXx 6nar Boobuwe. C otaeneHnem usu-
YEeCKOro U YMCTBEHHOIO TpyAa U BO3HWMKHOBEHWEM HayKu MOSBMS-
eTcs HeobXxoaMMOCTb B M3y4eHWM CrocoOOB MONyYEHUs] HOBbIX
3HaHUN, a ONs aHanu3a u OLEHKN pasfiMyHbiX MeTodoB — ocoboe
y4eHne 0 MeToe, KOTOPOE Ha3biBAaeTCA METOAOSIOMNEN.

Ha amnunpuyeckomn, nnm onbITHOW, CTaaUn N3y4eHns npupoabl
rmaBHbIM 00Opa3oM WCMOMb3YTCA METOAbI, onvparowmnecss Ha
YYBCTBEHHO HarnsigHble npuvembl U cnocobbl nosHaHus. K Hum
OTHOCSITCA CUCTEMaTU4YecKne HabnaeHWsi, 3KCNEPUMEHT U U3-
MEepEeHUS.

HabntogeHus ABnsTCA nepBoHavanbHbIM UCTOYHUKOM WH-
dopmauun. B Hayke HabnogeHus CyLeCTBEHHO 3aBUCST OT TeOo-
pvn. Begb npexpe 4em HabnogaTtb YTO TO, HEOOXOAMMO MMETb
Kakyto-nnbo naeto, NnpeanorioxeHme unv goragky o Tom, 4Yto crie-
ayeT nckatb. [1oaToMy B Hayke peako OblBalOT OTKPLITUS, CBSI3aH-
Hbl€ CO CIlydYalHbIM, 3apaHee He NPedyCMOTPEHHbIM HabnwoaeHu-
eM. CUCTEMaTUYHOCTb, KOHTPONMPYEMOCTb WM TLWATENbHOCTL —
XapakTepHble TpeboBaHusA ansa HabnwoaeHus.

OKCNEePUMEHT — BaXKHEMLIMIA METOL SMMUPUYECKOrO Uccrie-
[0BaHWs, KOTOPbIV CNeumanbHO CTaBUTCH Tak, YTOObl MOXHO Obl-
no Habnwaatb NpoUecchl U ABMEHUS B YCIOBUSIX, HE WUCMbITbI-
BalOLLMX BIUSAHMS MOCTOPOHHUX (PAKTOPOB. HABMNEHWe nsonupyet-
Csl OT BO3OENCTBUSA KaKUX-NMOO HECYLLEeCTBEHHbLIX (DaKTOPOB.
MHoOre ecTecTBEHHbIE HayKM COBEPLUUIIN TMFaHTCKME CKadku B
CBOEM pa3BUTUM UMEHHO Bnarogapsi 3KCNEPUMEHTY (aToMHas u
agepHasa uanka, monekynspHaa Guonorusi, xumma m ap.). lo-
3TOMY 3KCMEPUMEHT NONyynn Hambonbllee NpUMEHEHNE B ecTe-
CTBEHHbIX Haykax. B HacTosillee Bpemsi OH 3HaYUTENBHO YCMOX-
HWUICS KaK MO TEXHUYECKOW OCHALLEHHOCTU, TaK U Mo TeopeTuye-
ckoMy 060CHOBaHUIO. TO HALWO OTpaXkeHue B MOSIBNIEHUM TeOo-
pyM NNaHWPOBaHWUSI 3KCNEPUMMEHTA M MeTodax CTaTUCTUYECKOM
06paboTkM pe3ynbTaToB.

M3mepeHus He SBNSATCA 0COObIM 3MMUPUYECKUM METOLOM,
a COCTaBnsT HeobXo4MMoe [AOMOoSfIHEHWE IOOro Cepbe3Horo
Hay4HOro HabnogeHus n akcnepumeHTa. B HacTosiwee Bpems
ONS NpoBedeHns N3MEPEHUIN NCMOMNb3YeTCH OYEeHb CIIOXHAs Tex-
HWKa, B TOM YNCIIE U KOMMNbIOTEPHAS.
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Ha TteopeTtnyeckon cragumn npuberatoT K abcTpakumam n ob-
pa3oBaHUIO MOHATUIA, CTPOAT TUMNOTE3bl U TEOPWUW, OTKPbIBAOT
3aKkoHbl Hayku. [pouecc mccnegoBaHWst 0ObIMHO HauMHaeTcs C
BblABWKEHNS npobnembl. NocneaHsis cBMOETENbCTBYET O CIOXK-
HOCTU pas3BUTUSA Hayku, KOra BHOBb OBOHapyXeHHble hakTbl He
yaaeTcsl O6bACHUTb U MOHSATbL C MOMOLLbIO CTapbiX Teopuin. Bos-
HuKWwaga npobnema nnn npobnemHas cutyaums TpebyroT YeTKoro
onpegenexnsi, kakme akTbl U B YEM HE COIMacytoTCs CO CTapbiMu
AMNUPUYECKUMU N TEOPETMHECKMMU 3HaAHUAMK. B kauecTBe npob-
HOro pelleHus nNpobnembl BbIOBUraeTCs runotesa, Kotopas Ha
nocregyroLmnx ctaamsax nccneaoBaHnsa nogpobHo aHanmampyeTtcs
C TOYKM 3pEHUST ee NOATBEPXKOEHUS MMEKLWUMUCS SMIUPUYECKN-
MW OaHHbIMU U TEOPETUYECKUMUN 3HAHUAMWU. 3aTEM M3 TMNOTe3bl
no npasusiam forMKu BbIBOOATCS CNEeACTBMS, KOTOpblEe AOMycKatoT
3AMMNPUYECKYIO NPOBEPKY HEMOCPEACTBEHHO C MOMOLLLIO Habmo-
OEHUs1 N 3KCNepuMMeHTa. dMnupuyeckasl NPOBEPSIEMOCTb CIYXUT
BaXKHbIM YCNOBMEM HAy4HOCTWU MMNOTE3bl, TaK Kak OHa Aonyckaet
BO3MOXHOCTb BblBOAA CMEACTBMM M3 TMNOTE3bl U TEM CaMbIM
no3BonsieT PakTU4eCckn CPaBHUTbL €€ C AaHHbIMW OMbiTa WUIN Ha-
onogeHuin. Ecnn cnegctene M3 runotesbl HE COMNacyrTCcs € 3M-
NUPUYECKMMM AaHHBbIMKW, TO OTBEpPraeTcsa cama rmnortesa. 3Hauu-
TeNnbHO TpyAHee OOCTOMT Aeno C NnoaTBEPXAEHMEM TMMoTesbl,
KOTOpOe He Bceraa CBMAETENbCTBYET 06 MCTUHHOCTU CaMou runo-
Te3bl, TaK KaK COrnacHoO npaBuriam fIorMkn U3 UCTUHHOCTU CReACT-
BUSA HE BbITEKAET UCTUHHOCTb CaMoW rmnotesbl. MoXHO roBopuTb
NMWb O TOW WM MHOW CTEMEHU BEPOATHOCTM TMMMNOTE3bl, TaK Kak
npu panbHenwen nposepke MOryT ObiTb OOHapyXeHbl akTbl,
onpoBeprarwLme rmnoTesy LenmkoMm unmn 4actuyHo. Yem Gonblie
¢aKTOoB, NOATBEPXKAAILLMX TMNOTE3Y, TEM BbiLLE €€ BEPOATHOCTb.
Ho paxe v B 9TOM cry4yae BrojfiHe BO3MOXHO obHapyXeHue dak-
TOB, OMpOBeprarLmMx rmnoTesy. Tak, 3aKOH BCEMUPHOro TAroTe-
HUSA HbIOTOHa MHOrO AEeCATKOB JIET CUMTANCsl HENPENOXHOW UCTU-
HOW, HO c paspabotkon A. SnHwWTenHom (1879-1955) Teopumn
OTHOCUTENBHOCTM €ro UCTUHHOCTL Obina HapyweHa. [anbHenwune
e 3KCNepuMEHTbI, NpoBeAeHHbIe B CBA3M C NPOBEpPKOW obLLen
TEOPUN OTHOCUTENBHOCTU, BbISIBUITM U €€ NPUONMKEHHBIN Xapak-
Tep.

Ocoboe 3Ha4yeHne Ans NoHMMaHUa eguHCTBa He TOSbKO ec-
TECTBEHHO-HAy4YHOro, HO W COLUManbHO-TYMaHUTaApPHOro 3HaHWS
UMEIOT HOBblE MEXOUCUUNIMHAPHbIE MEeTOoAbl MUCCnenoBaHus.
Peub nget o cuctemHom mMeTofe, HOBOW KOHLIENUUU CamMoopraHu-
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3auuK, BO3HUKLLEN B paMKax CUHEepreTuku, a Tawke oblien Teo-
pvn MHopMaLMK, BNepBble NOSIBUBLLMXCS B KMbepHeTuKe.

KubepHeTuka, BO3HUKLLAA OKONO MofyBeka Ha3sag, sBnsieTcs
OOHVMM 13 3ameyvaTeribHbIX MPUMEPOB MEXOUCUUNAMHAPHOIO UC-
cnepoBaHuda. OHa M3yyaeT C eaWHOM TOYKM 3peHusi NpoLeccChl
yNpaBIieHNs1 B TEXHUYECKUX, XUBbIX M COLMANbHbIX CUCTEMAX.
XOTsl KOHKpeTHble MpoLecChbl ynpaBreHusi cTanu wuccrnenosaTb
3a40Mro 4O BO3HWKHOBEHWS KMOEPHETUKM, OOHAKO Kaxkaas Hayka
npyv 3TOM NPUMEHSINa CBOW NOHATUSA U MeToAbl, BCNeACTBUE Yero
TpygHo ObINo BblAeNMTL Hanbornee yHAaMeHTanbHble NMPUHLUMMbI
n MeToabl ynpaeneHud. [Ana atoro TpeboBanocb NOJONTU K KOH-
KPEeTHbIM Mpoueccam ynpaeneHust ¢ 6onee obuien, abcTpakTHoOM
TOYKM 3PEHUSA U MPUMEHUTb COBPEMEHHbIE MaTeMaTu4eckme me-
Toabl uccnegosaHus. OgHMM M3 pe3ynbTaToB Takoro nogxopa
SIBUNOCb LUMPOKOE WUCMONb30BaHWE MaTemMaTU4eckux mMoaenemn u
npMMeHeHne KOMMboTepoB. [1OCKOMNbKy Mpouecc yrnpaBreHus
CBSAi3aH C NonyyYeHneMm, XxpaHeHnem u npeobpaszoBaHneM MHGOpP-
Mauun, NocTomnbKy kubepHeTVMKka Aana MOLHbBIA TOMYOK WM Ans
pasBuTUa Teopum nHpopmauun. KnbepHetrka saBnNSeTcs OAHUM
u3 crneyunanbHbiX BUAOB KOHLENTyanbHbIX CUCTEM, UCCMEaYHOLLIMX
pasHoobpasHble npouecchl ynpasneHus. OTcioga eCTeCTBEeHHO
NoAXoAAT K 0bLLeMy NOHATMIO CUCTEMBI U CUCTEMHOTO Noaxoaa.

Mpn cuctemHoM noaxode OOBLEKTbI MCCNeAOBaHWS pac-
CMaTpUBaIOTCH KaK 3ieMEeHTbl HEKOTOPOW LEeNOCTHOCTU UM CUc-
TEMbI, CBA3aHHbIE Mexay cobou onpeaeneHHbIMU OTHOLLEHUSIMMU,
KoTopble 0bpasyloT CTPYKTypy cucTembl. B pesynbrate B3aumo-
OencTBus 3TUX anemMeHToB obLume, LIenoCcTHble CBOWCTBa CUCTe-
Mbl OyOyT KayeCTBEHHO OTNMYaTbCs OT CBOWCTB COCTaBMSHOLLMX
€€ 9MeMeHTOB N He CBOAMTLCHA K UX CymMe. Takme CBOWCTBa Ha-
3bIBalOT 3MEPOKEHTHbIMW, UMM BO3HMKAKOLMMMW, MOCKOMbKY OHU
NosIBNAOTCA MnM 06pasyroTcs MMEHHO B NpoLecce B3auMoOencT-
BUS 9MNEeMeHTOB cucTemMbl. CBOWCTBa CUCTEMBbI Kak LENoro He
CBOAATCA K CyMMe CBOWCTB YacTel. Tak, CBOMCTBa BOAbI KaK Xua-
KOCTM KayeCTBEHHO OTNMYalTCa OT CBOWCTB OOpasyllmx ee
COCTaBHbIX YacTen: MOrekyn BoAbl, kucnopoda un sogopoaa. Ku-
cnopog v Booopod B CBOOOAHOM COCTOSIHUM MPencTaBnsioT Co-
6on rasoobpasHble BellecTBa, cBoncTBa Monekynbl H,0 otnuya-
l0TCA OT CBOWCTB BellecTBa Boabl. BewectBo NaCl otnnyaetcs
no csomm ceonctBam oT monekynbl NaCl. U takux npumepos
MO>HO NPUBECTU MHOTO.



PasHble cucTtembl, BCTpedatowwmecs B npupoge n obuiecrtse,
MMEIOT pasHoe CTPOEHME U XapaKTepu3yHTCs pasHbIMU NpU3Ha-
Kamun. Tak, XMMU4eCcKNe CUCTEMbI OTNIMYAIOTCS OT (PU3NYECKUX U
ouonoruyeckmx. Cpeam cuctem npexae BCEro MOXHO BblOAENUTb
nepapxm4eckm opraHm3oBaHHbIE CUCTEMbI, KOTOPblE B CBOEM CO-
cTaBe copepXaT MOoACUCTEMbI PasfIMYHOM CTeneHu OBLIHOCTU M
aBTOHOMHOCTU. OCOBEHHOCTM TaKMX CUCTEM Nyylle BCEro MOXHO
MOHSITb Ha MPUMEPE XMBbIX OPraHW3MOB, 3fIEMEHTAMM KOTOPbIX
cnyxat knetku. KneTkm obpasyloT noacucTteMbl, HasblBaemble
TKaHSAMMW, KOTOPble, B CBOK o4Yepeb, COCTABMNAT OpraHbl XXMBOrO
Tena. Kaxpas u3 3tux nogcuctem obnagaeT OTHOCUTENbHOM
aBTOHOMHOCTbLIO, HO MOACUCTEMbI HM3LIEro YPOBHSI MOOYUMHEHDI
cucTemMam BbICLLIEr0 YPOBHSA. B Lenom xe OHW cocTaBnsoT eau-
HbIN, LENOCTHbIN XXUBOW OpraHn3Mm.

[na noHMMaHnA NPoLEeCCOB 3BOMNOLMM UCKITIOUNTENBHO BaX-
HOe 3HayeHue MPUHMMAaKT MEXOMCUMMIMHAPHbIE UCCneaoBaHus,
NPoBOAUMLIE B paMKax HOBOW KOHLEMUMM CaMOOpraHu3auuu,
KoTopasi 6bina HasBaHa CUHepreTukon. HoBble pesynbTaTthbl, Mo-
nyyeHHble B 3TOM obGnactu, nokasbiBaldT HEOOOCHOBAHHOCTb
npexHero abCOMTHOrO MNPOTMBOMOCTABIIEHNS] XKMBbIX CUCTEM
HEXWBbIM M MPOMMBalOT HOBbLIA CBET Ha nNpobrieMy BO3HMKHOBE-
HUS XXMBOTO U3 HEXUBOrO. QKCMEPUMEHTBI U TEOPETUYECKUIA aHa-
N3 NOKasbIBaKT, YTO NPWU HaNMYUM CTPOro onpeaeneHHbIX YCrno-
BUIA NMPOLLECChbl CaMOOpraHn3aumMm MoryT npovcxoguTb U B CUCTe-
Max HeopraHuyeckon npupofbl. OnMpasicb Ha 3Ty KOHLUEenuuto,
MOXHO NPeACTaBUTb BECb OKpPYXalLWMN MUP Kak CaMOOpraHu-
3YHOLLUNACHA YHUBEPCYM M TEM CaMbIM NyyLle NOHATb COBPEMEHHYIO
€CTECTBEHHO-Hay4Hyl0 KapTuMHy Mupa. CoBpemeHHasi Hay4dHas
KapTUHa Mupa UMeeT CBOEW NpeabiCTOpPUen NocTeneHHoe Hakon-
NeHVe 3HaHWI B TeYEHUE ThiCAYeneTuin Mo Mepe pasBUTUS Yero-
Beyeckoro obuiecTea.

Kak yenoBek no3HaBan Mup

3emnsa n BceneHHasi. CMbICn 3TUX CMNOB CErofHs MOHATEH
Kaxxgomy. Ho crnoBa aTu cywectBoBanu He Bcerga. Ha 3ape ye-
noBeYeckorn UCTOPUW FMIOAM KUMKW poaaMn U nNnemeHamm Ha ob-
LWMPHbIX MpocTpaHcTBax EBponbl, Asuun, Adpukn. OHM 3aHMMa-
NNCb KONMNEKTUBHOW OXOTOW Ha KPYNHOro 3Bepsi, pblbHOW noBnewn,
cobupaHmem NnoaoB M KOPEHLEB.



Bonpoca «4To Takoe mMup?» nogn B TO BpeMsi MPOCTO He
noHsinu 6bl. VX mmpom Bbina Ta cpefa, B KOTopol obutanu fgas-
HbI pOA, UK NNeMsi, — C ee pekaMmu u necamu, newiepamm un ob-
nakamu... Hegapom B psge S3bIKOB, B TOM YnCIe U B APEBHEPYC-
CKOM, CMOBO «3eMns» HeKoraa o3Hadano onpefeneHHylo reorpa-
duyeckyto obnacTe UM MECTOXUTENBCTBO NeMeHn, Hapoga. «O
Pycckas 3emns, Tbl yxe 3a xonmom!» — BocknuuaeT asTop «Cno-
Ba 0 nonky Mropese», 1 Mbl MOHUMaeEM, 4YTO peyb UOET HE O 3eM-
HOM Llape, a O paloHe pacceneHus BOCTOYHbIX craesH. Mbl go
cnx nop roeopum: «HoBas 3emnax», «3emna Mapu bepo» — nu
NpekpacHo MOHUMaeM, YTO 3TO — OmnpeferieHHble OCTpoBa WUNU
pPanoHBbI.

A BceneHHaa? Y aToro crnosa TOXe korga-to 6bino uHoe
3HayeHne. OHO £BNSeTCA LEPKOBHOCMABSIHCKMM NEepEBOAOM
OPEBHETPEYECKOro CroBa «OMKyMeHay — 0bracTb Mupa, OCBOEH-
Has 4yenosekoMm. BcnywanTtecb: BceneHHas, T.e. 3aceneHHas,
06xuTaa 4yactb. 3Ha4nT, 1 B 3TOM Cryvae y OPEBHEro 4ernoBeka
peyb Wwna He 060 BcemM MuUpe, a TOMbKO O TOW ero 4acTtu, Kotopas
M3BECTHa 1 06XNTa YEeNOBEKOM.

CnocobHOCTb CTaBMTb BONPOC O MUPE B LIENOM MosiBUnach y
nogen no-eMaMMomMy odeHb faBHo — 10 unu Gonee Tbicady net
Hasag. M3 cobupaTtenst n OXOTHUKA YeroBEeK K 3TOMY BpPEMEHM
cTan semriegenblem 1 pemecneHHukom. Ecnu BHavane nogm He
BblOensanu cebsa u3 okpyxatwen cpepl, CUUTanu, 4to mx npeg-
KaMu SIBNSKOTCA 3BEPU M MTULLbI, PacTeHUs, Aaxe KaMHWU, TO Te-
nepb, MO Mepe pa3BUTUSA CO3HAHWS, YEeNOBEK CTan CpaBHUBATb
OKpyXaloLLylo npupogy ¢ camum cobomr, CO CBOMM BHYTPEHHUM
mMupom. OH ogylieBurn npupogy, CTan BepuTb, YTO CYLUECTBYKOT
OyLn 0epeBbEB U PYYLEB, TOP U MOPEN, PacTEHUI U KUBOTHbIX.

Ho cpaBHeHue aBneHun npupogbl CO CBOMCTBaAMW U Aes-
TENbHOCTBIO YenoBeka WMMENo [Aaneko ugylwime nocneacTBus.
YenoBek koHe4eH, cMmepTeH. OH poxaaetcs u ymmpaeTt. OH cos-
[aeT BeLlu, KOTOpbIX He BbIfo, 1 cam xe ux paspyllaet. N3 bec-
(HOPMEHHOro KOMKa IMUHbI YernoBek nenut cocyd. M3 pygbl oH
BbINMaBNSET MeTann v npugaetr emy copmy — npesBpallaeT B
©0€eBOW TOMOP MM HAaKOHEYHUK cTpenbl. OH 0OTecbiBaeT KaMHU U
cknagbiBaeT u3 Hux xunue. OH 6pocaeT B 3eMni0 3epHa, U no-
nyyaeTcsa Komocsuleecs none. He saBngeTca v u Bce CyllecT-
BYIOLLlee BOKPYr Hac pe3yrnbTaToM AesTENbHOCTU KaKoro-To HeBe-
gomoro TBopua? He aToT nu TBOpew oaHaxdbl npeobpasosan
BeccopmeHHoe BeLLecTBO NpuUpoabl U co3gan M3 Hero Hebo wu
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3eMIt0, BO4y M BO34yX, PACTEHUS M XKUBOTHLIX, HAKOHEL],, CaMOro
yenoBeka? Tak NOCTENEeHHO BO3HMKarno npeacTaBreHne O NepBo-
HayanbHOM MUPOBOM Xxaoce (becnopsigke) n KocMmoce (ynopsgo-
YeHHOW BcerneHHon). CrnoBO «KOCMOC» Yy OPEBHMX TPEKOB YMOT-
pebnsanochb Kak B 3HAYEHUN «MOPSIA0K», «CTPONY, «KpacoTay, Tak
N «BCereHHaa».

Ho BoT BONpoc: KTo npeBpaTtun xaoc B kocmoc? KTo ke Bce-
Takv cosgan myup? OTBET Ha Hero gpeBHWE NIOAW Hawwmu B daH-
TacTU4eCKOM MNPeACTaBleHUn O BceMorywmx 6orax, KoTopble
TBOPAT MUP U YMPaBrsiioT UM.

Mbl He BGyoem 34ecb OCTaHaBMMBaATbLCS Ha BOMPOCe O BO3-
HWKHOBEHMM Bepbl B OOroB — 370 yBeno Obl Aaneko B CTOPOHY.
CkaxeM TOmbKO, YTO MMaBHY POrb B YKPEMNEHUN PENUTMO3HON
Bepbl B 6OroB-BcegepXxutenen cbirpan nepBoHayanbHO CTpax
nogen nepen TaHCTBEHHbIMK CUMaMu NpUPOAbl, a 3aTEM U CU-
namu couuanbHbIMW, Neped HeOorpaHWYEHHOW BIaCTblO 3€MHbIX
BNafblK, CTOSIBLUMX BO faBe NepBbiX rOCyAapcTB, BO3HUKLWINX Ha
3emne, Korga ¢ nepBOObITHBIM PaBEHCTBOM Ntogel Oblfio AaBHO
nokoH4eHo. OAHM rocnoAcTBYIOT, Apyrne M nogynHsoTes. OaHu
npassT, Apyrue Ha HMX paboTatoT. 3eMHON Bragblka, OKPY>KEHHbIN
npucneLHNKamMmn, OgHUM CBOUM CIIOBOM MOXET U3MEHSITb cyab0y
MHOIMMX ThICSY CMEpPTHbIX, HA4YMHATb BOWHY M 3akmoyaTb Mup,
KasHUTb U MunoBaTb. Takas BracTb OAHOrO 4YernioBeka Obina He-
MOHATHA, OHa nopakana u 3actaBnana TpeneTatb. B pesynbTtate
cpeau Bcex GOroe noau ctanu BblAENSITb OAHOTO — BEPXOBHOMO
Bnagblky Heba u 3emnu, CrnocoOHOro CWMon CrnoBa TBOPUTb U
npeobpas3oBbiBaTh MUP.

MomHuTe, B Bubnuu: «M ckasan 6or: ga 6ynet ceeT. U ctan
cBeT. M yBuaen 6or cBeT, YTO OH XopoL, 1 oTaenun 6or cBeT oT
TbMbl. VI Ha3Ban 6or cBeT gHeM, a TbMy HOYbIO. M Obin Bevep, u
6b1no yTpo: aeHb oanH» (BbiTne. 1:3-5). B 6onee paHHUX Mudax
oorun, coszgaBas Mup, TPyAsTcst om3nyeckn, a He cnoBecHo. Ha-
npumep, B 0AHOM U3 ermneTtckux mucos 6or Ly otaenun 6oruHio
Heba HyT ot 6ora 3emnu 'eba n nogHan ee Hag cobon, npespa-
TMB B HebGecHbIn ceoa. CoxpaHuncs OpPEBHUN PUCYHOK, u3obpa-
Xawwun aTo «cobbiTve». B apyrom mude, co3gaHHOM XUTENSMM
Lymepa, roBoputca o Tom, uyto 60or Heba npaoTtel, AHy 1 BOrnHS
3emnu Kn Obinn Hepa3pbiBHO COeAMHEHbI APYr C APYroM, NMoka ux
CTapLUUIA CblH QHMMINb He Hagapes3an MeAHbIM HOXOM Kpasi Hebo-
cBofa, OTAenvB Hascerga Hebo oT 3emMnu. 3TOT MU O4eHb Ha-
NOMWHAET paccka3 O COTBOPEHWW Mupa y Hapoda maopu, obu-
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Talowero Ha octpoBax Tuxoro okeaHa. [Mo npeacTaBrneHUsIM
Maopwu, otaeneHne Heba OT 3emnn Npou3BOAUT GOr pacTuTenb-
HocTu TaHe, noanupatowmin Hebo CBONMM BETBSAMMN.

KoHeuHo, aTn ckasaHua dpaHTacTUYHbl. HO OHM no3BonstoT
HaM y3HaTb, Kak, MO NPeACTaBNEHUAM OPEBHMX, YCTPOEH TOT MUP,
KOTOpbIA co3gatoT Gorn, Kakon BMAO UMeeT co3faHHasa Goramm
BceneHHas.

lMepBoHauyanbHO Hebeca mM3obpaxkanucb BECbMa MOXOXUMMU
Ha 3eMHoM Mup. [opeBHME erunTsiHe, HanpuMmep, Korga-To cuuTa-
nn, 4to HebO — MNocKas paBHMHA MeXAy XOorMamu, Yepes KOTo-
pyto TeueT HebecHbIn Hun. bor conHua Pa exeaHeBHO nyTelue-
CTBYeT Nno Heby B CBOEW COSMHEYHOM Nnaabe, Kak ermnTsHUH no
3eMHOMY Hwuny. B rpobHuly ¢bapaoHa cTaBunu no3aTomy Orpom-
HYI0 MATUBECENbBHYIO Nadblo, HA KOTOPOW 3eMHOM Liapb O0SHKEeH
ObIn nocne cMepTy NoAHATLCA Ha Hebo, Kk Bory.

[lpeBHME BaBWMOHAHE [ONroe Bpemsi Bepwuin, 4To Hebo
npeacTaBnsieT co6ON YeTbIPEXYTONbHbIN LWaTep C NOABELUEHHbI-
MM K €ro HWKHen, obpaLleHHON K 3eMre YyacTu flaMmnamm — 3Bes-
namu. Tonbko nocne wusobpeteHusa koneca Hebo, Mo npepn-
CTaBIEHUSIM [OPEBHUX BaBWJIOHSH, MPEeBPaTUIIOCL B  KPYITbIA
cBOA, MeANIeHHO NOBOPaYMBalOLLMIACS HA CBOE OCMW.

A BOT cBugetenbctBo bubnuu: «U ckasan Gor: ga 6yget
TBEpPAb Mocpean BoAbl, U A OTAENsieT OHa Body OT BoAbl... U
co3gan 6or TBepAb, U OTAEnuI Bofdy, KoTopasi NoA TBEPAb, OT
BOAbl, kOTOpas Hag TBepAbto. M ctano Ttak. M Hassan 6or TBepab
Hebowm... U ckasan 6or: ga cobepeTtca Boga, kKotopas nog Hebom,
B OJHO MEecCTo, U ga siBuTcs cywa. M ctano Tak... I HasBan 6or
cyly 3emrieto, a cobpanune Bog HasBan MopsiMu... VI ckasan 6or:
na byayt cBeTuna Ha TBepan HeOeCHOW... ANS OTAeNeHns aHsS OT
HOYM, U ANsl 3HAMEHWUN, U BPEMEH, U OHEN, 1 rofos; u ga oyayr
OHW CBETUNbHUKaMW Ha TBepAn HebecHoW, 4ToObl CBETUTb Ha
3emnto. U crano Tak... I noctaBun ux 6or Ha TBepau Hebec-
How...» (BbiTne.1: 6-10, 14-15, 17).

B 6ubnenckom pacckase, Kak BUAUM, HE TOBOPUTCS, U3 Yero
Obina usrotoBneHa HebecHas TBepAb. B wymepckon nereHge o
COTBOPEHMM MMpa €CTb HaMeK Ha TO, YTO OHa Obina caenaHa us
onosa. CrnoBO «aHHaKy», KOTOPbIM LUyMepbl HasbiBanu Of0BO,
NPsIMO yKa3bIBaeT, Kak CYMTAOT yYeHble, Ha CBSA3b €ro C MMEHeM
bora Heba AHy. Ob6bsicHeHMe 3Toro obCcToATENnbCTBA [OBOSMBHO
npocTo. XKntenu gonvHbl [Bypeybs Haxoounu orioBSHHYHO pyay B
ropax, okpyxawwmx Meconotamuto. BbICOKO LieHs 3TOT meTann,
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HeobxoauMbIN NPU BbiNNaBke OPOH3bI, OHM caoenanu BbiBOg, YTO
KyCOYKM OfloBa — He MHa4de kak obnomkn bnecrawero HebecHoro
cBoga.

Y OpeBHUX ervnTsiH HEGECHbIV CBOA CUMTAIICS XKENe3HbIM.
CnoBa «buwa eH net», crnyxuBlne Ans 0BO3HaAYEeHUs Xeresa,
OykBanbHO oO3HauvalT «HebecHas pyga», T.e. pyda, ynaswas C
Heba. [leno B TOM, YTO APEBHUE erMnTsHe NO3HaKOMUIUChL C XKe-
ne3oM, NpeacTaBnsiBLUMM OOMblUY peakocTb B gonuvHe Huna,
Bnarogaps MmeTeopuTam, AENCTBUTENBHO ynaBLIMM C Heba.

CoBpeMEHHOro 4erioBeka MopaxaeT Mnpexae BCEro camo
BO3HMKHOBEHWE NpPeacTaBreHnst O Kakon-To HebGecHon TeBepau, K
KOTOPOM MpUKpEenneHbl CBeTUNa W KOoTopas OTAENsieT Hekue
«BEPXHMEY» BOAbl OT «HWXKHUX». YTOObI NOHATL 3TO NpeacTaBne-
HWe, Hado BbIAICHUTb, YTO ObINTO AEACTBUTENBHO N3BECTHO HALUUM
[anekum npegkam o Mupe.

Mpexnae Bcero, KaxgoOoHEBHbIN ONbIT YYWN MOAEN, YTO U3-
BECTHasi UM YacTb MUpa UMeeT BUA NIOCKOCTU, NOCTENEHHO BO3-
BblLatoLLencs k cepeanHe. O6 3TOM roBopuso To, YTo rae 6bl HK
HaxXoAWIUCb NOAMW, MOBEPXHOCTb 3EMIM NITABHO yXOAMmna BHU3, 3a
ropmn3oHT. MoaTomy B 6ONbLUMHCTBE APEBHUX KOCMOTOHWUIA 3eMIs
UMeeT BUA BbINYKOro Ancka vnu ropbl. B niobom HanpaeneHum
3a U3BECTHOWM 4acCTbio MMpa HaxoaUNMMUCb CTpaHbl Marno M3BeAdaH-
Hble, a ewe [fJanee— M BOBCe He u3BedaHHble. Ho 3apaBbii
CMbICIT NoAcKa3sbiBas, YTO, NMOCKOSbKY JIIOOWN XUBYT B LIEHTPE MU-
pa, Ha camoW BO3BLILEHHOW €ro 4actu (a 370 Bedb Kasanocb
BCEM NoasM, rae 6bl OHM HM obuTanu), MMp He MOXET pacrnpo-
CTPaHATLCS BO BCE CTOPOHbI 6ECKOHEYHO, Heu3BedaHHble 3eMnn
OOJDKHBI TOEe-TO KOHYMTBbCA. Y OONbLUMHCTBA HAPOAOB CYLLECTBO-
Barno noaTomy npeacraeneHne o MMpoBOM OkeaHe, OMbIBaKOLLEM
Mup.

MoBceaHeBHble HaOMOAEHMS TOBOPUNKU Takke, YTO 3eMns
HEMNoABMXHA W, KPOME 3EeMHOro Mupa, He MOXET ObITb HUYEro
cywero. HebecHas cdepa, unu tBepap, Obinia NpyM aToM Heobxo-
auma, 4tobbl 0ObsICHUTL, OTkyaa GepeTcs Boda, nagatollas C
Hebec B Buae O0XAs, rpaga UM pochl, U NoYeMy OHa BCe-Taku He
3anueBaeT 3emnio. lNpeacraeneHne o HebOeCHOW TBEPAM XOPOLUO
noAKpennsanocb nageHnemM «HebecHbIX KaMHEN» — METEOPUTOB.

30 OHS B OeHb, U3 roga B rof, YernioBek ybexagancs Ha onbi-
Te, YTO COSHLUE, NyHa, NNaHeTbl U 3Be3Obl OBWXKYTCA MO Heby,
BOCXOAAT Ha BOCTOKE M 3axOAAT Ha 3anage. Ho ecnn yx cnoxu-
nocb npegcraesneHne o HebecHon TBepaun, He ObiNo HU4Yero npo-
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e KakK NpuKpenutb MX K 3TOW cdepe M 3acTaBUTb OBUraThCs
BMecCTe C HeW. s onpoBepXeHUs Takoro B3rnsiga HyXHO ObIno,
no KpaviHen mepe, NpeacTtaBuTb cebe NCTUHHBbIE pa3mepbl 3eMnu
n gpyrmx HebecHbIX Ten, MX B3aMMHble PacCTOSAHMSA, MOHUMATb,
YTO Takoe OTHOCUTENbHOCTb ABMXEHMS U B YEM COCTOUT npupoaa
TAroTeHns. Bce 910 GbINO KHUMOM 32 CEMbIO MeYaTaMu AN Hayku
TOro BPEMEHM.

AcTpoHOMNSA — 0OHa U3 cambIX ApeBHUX Hayk. Elle Ha 3ape
yenoBeyecTBa OXOTHUKM WCKanuM AOpOory K CBOeMy cTonbuLly,
OPUEHTUPYACH MO 3Be3gaM. bonbLuon ToMYoK K n3ydeHunto Hebec-
HbIX IBNEHWI Aan nepexoj nogen ot cobnpartenscTBa N 0XoTbl K
3emnegenvio u ckotoBoactBy. Cpoku neperoHa ckoTa v nonyde-
HUSA npunnoga onpeaensanucb npexae BCero no asam nyHbl.
Ce30Hbl B 3emrefenun CBA3bIBanMCb C BbICOTOW CONHUA Hag
FrOPU3OHTOM, C rOOOBbIMU WM3MEHEHUSMU MOSIOXKEHUS 3Be3[ Ha
Hebe.

Tak noBceaHeBHblE NPOU3BOACTBEHHbIE HYXAbl NIOAEN OKa-
3anncb TECHO CBA3aHbl C pacrnonoxeHneMm HebecHbIx ceeTun. Ho
00BbACHUTE Hay4yHO 3Ty CBA3b YENOoBeK B Ty nopy Obin elle He B
cunax. No3ToMy OH CTan NMOKMOHSATLCS COMHUY U NyHe, nnaHeTam
M 3Be3aM KaK MOryLLecTBeHHbIM 1 npekpacHbiM 6oram. Penuvrus
TECHO nepennenacb ¢ HabnogaTenbHON acTPOHOMMUEN, BO3HUKITU
Tak Ha3blBaeMble «acTparbHbIey, T.€. 3Be3aHble, KynbThl. /1 Takme
NMpoLEecChl COBEpPLUAnMCb TEX TEPPUTOPUSIX HaLlen NiaHeTbl, rae
noan nepexoaunu K oceanomy obpasy XunsHu.

VcTopukn gpeBHEro mvpa roBopsiT, YTO YpOBEHb, AOCTUIHY-
TbIl ApEBHEN acTPOHOMUEN, BbiN OYeHb BbICOK. OTO BepHo. Ho
Henb3s 3abbiBaTh, YTO aCTPOHOMKSA Obina B Ty NMOPY YACTO onuca-
TenbHOW Haykon, 6eccnneHoOn YTo-NMBO NPOTUBONOCTaBUTL penu-
rMo3HbIM npeacTaeneHnsiM o6 yctponctee mmpa. OT Hee Gbina
COBEPLUEHHO CKpblTa AEWCTBUTENbHAsA npupoaa M3ydaemblX elo
ABMNeHWn. [peBHMEe acTpOHOMbI, Hanpumep, 3Hanu MHOXEeCTBO
CO3Be3aui, MOrnn paccynTaTb BpeMs 3axoda M Bocxoda MyHbl,
COmHua, nnaHeT, Hanbonee KpynHbIX 3Be3Ad, NpeackasbiBaTb COI-
HeYHble N NyHHblEe 3aTMeHUs 1 T.N. HO Npu 3TOM OHU COBEPLUEHHO
HWYEro He 3Hanu (U He MOIMKM 3HaTb) O TOM, YTO MpeacTaBnsAlT
cobor 3emns, nnaHeTbl U 3Be3abl, Kakoe OEeNCTBUTENbHOE MOMo-
XeHue 3aHnmaroT OHM BO BeceneHHoN.

MoaTomy pa3smbllneHus OpeBHUX O npupoae Hebec cTpou-
nvch rnaBHbIM 06pa3oM Ha gombicnax, obpactanu aHTacTude-
CKMMM, 4acTo penurmosHbeiMn obpasamu. U1 He cnydanHo, 4To B
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apeBHeM Mupe HabnogeHunem Heba 3aHMManucb, Kak npasuno,
Xpeupl, CAYXUTEN penmnrmo3Horo KynbTa.

BceneHHasa gpeBHUX Obina OYeHb ManeHbkouW U TecHou. U
3TO He yauBUTENbHO: Bedb NIoan, CO34aBasi CBOW NpeacTaBneHuns
O Hew, He umenu apyroro maclutaba, kpome 3emHoro. Takum 06-
pasom, OpeBHME MpefcTaBneHus O macwrabax mupa Ha gene
NnokasbIBaloT, Kak y30K Oblm MUP NPaKTUKK B TO BPeMS. Y APEBHUX
rpekoB Obin MU 0 ToM, 4YTO korda 6or orHa BynkaH ypoHun Ha
3eMM0 CBOK HaKoBarbHIO, OHa neTena LuenbiXx OeBATb AHEN.
MoocyeTbl, OCHOBaHHbIE Ha 3akoOHax CBOOOOHOro nageHus Tern,
NMoKasbIBalOT, YTO HeBO OpeBHUX FPEKOB HAXoOUNoCb, ecrnv Be-
pyUTb NPUBEAEHHON riereHae, YyTb danblie opouTbl JlyHbl — Tam,
roe, C Hallemn ToYkun 3peHus, BceneHHast TONbKO HaYMHaeTCs.

Ho vMeHHO apeBHMe rpeku caoenanv nepBble warM K npa-
BUMbHOMY MOHUMaHWO Mupa. OHW MopBanu C PENUIMO3HbIMU
MudamMm 1 Bnepsble NOMNbITANNCh NOHATH YCTPOWNCTBO U MacLuTa-
Obl MyMpa ¢ no3vumi Hayku. MicxogHble OaHHble AN 9TOro OHU
NONy4mnu u3 nNyTewecTsmi n HabNaEeHNIA.

OpeBHerpeveckun matematuk lMucarop (VI-V B. oo H.9.),
MHOIO MyTeLleCTBOBaBLUNIA, MEPBbLIM BbiCKka3ar MbICib O Lapoob-
pasHocTn 3emnu. dunocod Apuctotens (IV B. 4o H. 3.) gokasbl-
Ban, 4To 3emns — wap, ubo B HXHbLIX CTpaHax Ha Hebe nosaBns-
I0TCS HOBblE CO3BE3aMsl, HE BUAMMbBIE B CEBEPHbBIX, @ YeM Aarblue
Mbl ABUraemcs K ceBepy, Tem Bce bonblue nosiensietca Ha Hebo-
cBofe Hesaxoasawmx 3se3d. OH ccbinancd Takke Ha TO, YTO BO
BPEeMS NIyHHbIX 3aTMEHWUIA TeHb OT 3eMNn NMEET Ha fNyHHOM OUCKe
Kpyrnyto popmy. CnycTsi MHOIO CTONETUIN BO BpPeMS KPYroCBETHO-
ro nnaeaHvs MarennaHa 3TO [OKa3aTenbCTBO LIApoobpa3HOCTy
3eMnu BEpPHYNO MYXEeCTBO €ero Mopsikam, KOTOpble, HaXOAsCb
noyTn TpM Mecsiua B Bogax TUXOro okeaHa, MpuLLIMM B OoTYyasiHue,
Oymasi, UTo HUKOraa yKe He BepHYTCH AOMOW U He YBUASAT CyLUU.

[peBHerpeyvecknin uctopuk [epodoT pacckasbiBan YChbl-
LaHHYI0 MM BO Bpems nocelleHus Erunta nereHagy o nytellecT-
BUWN (PHMKMILEB BOKPYr AGOPUKAHCKOrO KOHTUHEHTA. [epoadoT He
noBepun nereHae, Tak Kak B HeW yTBepxaanock, 6yarto, ormbas
AdpuvKy C tora v NnbiBS C BOCTOKa Ha 3anaf, NyTeleCTBEHHUKU
BUAENWN COfHLEe B MOMAEHb C NpPaBOW CTOPOHbI, T.e. Ha ceBepe!
«QTOro He MOXeT ObITb!» — BocknuuaeTt 'epodoT, XOTs, C Hallen
TOYKM 3pEHUsl, TakoW pacckas Obin NyylwnM OoKa3aTerbCTBOM
npebbiBaHWsa prHUKMALEB B KOXXHOM nonywapum.
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MocTeneHHo naesa o Tom, 4To 3emns — wap, BUCALLUA B NPO-
CTPaHCTBE U HW Ha YTO HEe OMUPAaIOLLMIACS, BCE LUMPE pacnpocTpa-
HANacb cpeam aHTU4YHbIX MbicruTenen. Apxumen nucan: «Apu-
ctapx CamocCkui... nonaraeTt, 4YTO HEMOABWXKHblE 3Be3dbl WU
CornHLue He MEeHSIIOT CBOUX MECT B NPOCTPaHCTBE, YTO 3emns ABu-
XKETCSA Mo OKpPYXHOCTW BOKpyr CornHua, HaxogsLWwerocsi B ee LeH-
Tpe».

HakoHeu, 3a 300 net go Hawewn apbl reorpad OparocdeH
nyTemM OCTPOYMHOro OfbiTa MomnbiTancs onpeaenuTb NOAMUHHbIE
pasmMepbl 3eMHOro wapa. 3aMeTuB, YTO B €Hb NIETHEro CONHue-
ctosiHuA B ropoae CueHe (Tenepb AcyaH) COnHUe CTOUT B 3eHUTe
M NO3TOMy OCBeLLaeT AHO camoro rnybokoro konogua, OH M3me-
pun yron nageHus ComnHeYHbIX NyyYen B TOT Xe AeHb B AnekcaHi-
pun. 3Hasa paccTosiHue Mexay 3TMMK ropodamm, QpaTtocdeH ner-
KO BbIMUCNMN AMMHY OKPYXHOCTM 3eMHoro Lapa. Ero pacuertsl
oKasanucb 65IM3KU K COBPEMEHHbBIM.

Tak war 3a warom ABUranncb Nioam K pasragke TavHbl MUPO-
3gaHusa. OgHako Ha 3TOM MyTW Y HUX ObINM ABa Cepbe3HbIX Mnpe-
nsatcTeus. Bo-nepBbix, niogn He UMenu HeobxooumbIX ANs Ha-
onogeHns HebecHbIX Ten npubopoB. Bo-BTOPLIX, yCNexn aHTU4-
HOW Hayku BbINM HA MHOrO CTOMNETUI NPUOCTaHOBMEHbI BO3HUKHO-
BEHWEM XPUCTMAHCTBA.

Ewe B ApeBHerpeyeckon punocoumm BO3HUKIO TedeHue,
pesko npoTtuBonocTasnsiBwee HebecHoe n 3emHoe. B To Bpewms
Kak Benvkuin matepuanuct gpesHoctu Oemokput (V-IV BB. Oo
H.3.) pa3BeH4YMBan Bepy B 00roB u otpuuan 60XeCTBEHHOCTb
HebecHbix cBeTtun, [MnatoH (V-IV BB. go H.3.), cdunocod-
ngeanucT, roBopus, 4YTo acTpoHOMMUS M3ydaeT Ha Hebe ugeanb-
HbIA MUpP, COOTBETCTBYIOLLUMIA [OCTOMHCTBaAM OOMTalOWNUX Tam
6oros. [1naToH y4urn, 4To BCce HEGECHbIE CBETWMA MPUKPENEHbI K
XpycTanbHbIM chepam u ABUXKEHNE NX PABHOMEPHO U COBEpPLUEH-
Ho. Bce HebecHoe, no yyeHuto lNMnaTtoHa, BEYHO U HEM3MEHHO.
OT0 npeacTtaBneHue nogaepxusan m ydeHuk lNMnatoHa ApucTto-
Tenb. OH cuuTarn, YTo 3eMHOW MUP COCTOUT M3 YeTbIPeX AfIeMeH-
TOB — OrHfl, BO3ayxa, BoAbl U 3emMnu. HO 3TOT u3MeHsALwmncs
«MOASTYHHBINY MWUP NPOCTMPAETCs TONbKO A0 MyHbl, 32 KOTOPOM
pacnonoxeH MMp COBEPLUEHHbIN U HEU3MEHHbIW, rae rocnoacTBY-
€T NATbIN 9NeMeHT — HeBeCcOMbIn 3chump. JlaTnHcKkoe HasBaHue
NATOro drieMeHTa — KBUHTICCEHLUNS — 1 10 CUX MOP COXpaHsieTcs
B HalleM si3blke KaK CMMBOJT YEro-TO Camoro rfaBHOMO B KaXdom
BELLN, ABMEHUN.
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MpenctaBneHus NMnatoHa u ApuUCTOTENs OKasanu CUrbHoe
BNUSIHME Ha KapTUHY MMpa, CO3LaHHY IPeYecKkMM acTpPOHOMOM
Mtonemeem Bo Il B. oo H.3. lTonemen nbitTancad o6bLACHUTL BU-
Oumble OBxeHus no HebocBoay nnaHeT CoONHEYHON CUCTEMbl —
BeHepbl, Mapca, FOnutepa, CatypHa. Kak Tenepb n3BecTHo, NyTb
3TUX CBETUI Ha Hawem Hebe NpnobpeTaeT CIIOXHbIA BUA MOTOMY,
YTO Mbl Habnwogaem KX, CamMm HaxOAsCb B ABWXEHUN BOKPYr
ConHua. [JBa gBWKEHWsT CKNaabiBalOTCA M OAKT CIOXHYH BUOU-
MyLo KpuBYyto. [1Tonemen xe cumtan, 4to 3emns HaXOAMTCS B LieH-
Tpe Mupa M He MOXET ABuratbesi. [10STOMy OH Mpuayman Crox-
HYI0 CXeMmy, cornacHo kotopor ConHLe okasblBaeTCa Ha TPEeTbeM
MecTe oT 3eMnun, a Kaxaas nraHeTa OBWKETCS He TOSbKO BOKPYT
3emnu, HO elle M NO AOMNOMHUTENbHBIM opbutam (dnNuLmKnam),
00 BACHALWMM BUOUMbIE MYTU NNAHET HA 3eMHOM Hebe.

Cuctema ltonemes nerna B OCHOBY XPUCTUaAHCKOW KOCMO-
normun. Mo y4yeHUo XpUCTUAHCKON LIEPKBU, YENOBEK — Lapb npwu-
poabl. Pagn Hero co3gaHbl 3emna n ConHue, HebGeca n npeunc-
nogHsasi. Ho mup, okpyxarLwmin Hac,— MUp BPEMEHHbIN, HEOBXO-
OVMBIM TONbKO ANs TOro, YToObl YeNnoBEK MOI OYMCTUTLCS OT ne-
Xawero Ha Hem rpexa. locrne cmepTu NpaBegHUK NepexoauT B
WHOW, NydLUWA, CKPbITbIA OT HalUMX rnas «A4yXOBHbIA» MUp, a
rPELHUK nonagaeT B noa3eMHbii af. Moatomy B LeHTpe mupa
Haxo4uTCs Xunuile Yyenoseka — 3emnsl, 3a HeW crneayoT cdepsl
ConHua v nnaHeT, ganee pacrnonoxeHa cdepa HenoaBWMXKHbIX
3Be3[, a elle fanblie nepBoABUraternb — Hayarno, ynpasnsemoe
©orom 1 npmBopgsiiee HebecHble cdepbl B ABWMKEHME.

XpuUcTmaHckasi LepKoBb rocnoacTBoBana B CpeaHEeBEKOBOM
obwecTtBe, oceBswas deopanbHOE YrHETEHME U BNacTb OOHUX
nogen Hag apyrumu. Cuctemy 3eMHbIX OTHOLLEHUIM OHa nepeHe-
cna Ha Hebeca. K kaxgowm nnaHeTHOM cdpepe, Mo YyYEHU0 LEPKBM,
NPUKpenneHbl pasHoro poga «HebecHble cunbl»: cepaduMbl,
XepyBMMbI, apXaHrenbl; HA3WWA pas3pss HeGecHOro BOMHCTBA —
aHrenbl — oTBEYan 3a AswxeHue J1yHbl.

Tak, N0 MHEeHWto Nogen, Bbirnsaaeny Hebeca Ha NPOTSXKEHUN
MHOIMX NeT rocnoacTBa XpPUCTUAHCKOW Bepbl. XpUCTUAHCKas KOC-
MOJIOTUsl, Kak U APEBHWE CUCTEMbI MMpa, HE COOTBETCTBOBasa
OEeNCTBUTENbHOCTU, HO OHa XOpOLIO OoTBevyana pPerimrno3HoOMy
NpeacTaBreHNIo 0 MMpe U NpeaHasHa4YeHUn B HEM YerioBeka, a
Bnarogaps NnTonemMeeBCKMM 3anNuUUUKNaMm Aofroe BpemMsi yaosne-
TBOpSANa NpakTnyeckne noTpebHOCTM M HEe OYEHb CUIIBHO Pacxo-
aunacbk ¢ HabnaeHuaMN.
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PaccMoTpeHHble Hamu 3Tanbl NPeACcTaBMNEHUA 4YeroBeka o
3emne n BceneHnHom ABSNMCh, Takmm 06pa3om, CMechio Habrmo-
OeHn 1 JombIcroB. HebecHbIn Mup CTpoMnca no3ToMy MM no
NpsIMOM aHarnorMmM ¢ 3eMHbIM, U1 B NMPSIMOM MPOTMBOMOCTaBIEe-
HUK emy.

Ho Hayka He MOXeT onupaTbCsa TOSMbKO Ha 34paBblili CMbICH,
OrpaHMYnBaOLLIMACA paMKaMK KaxkgogHeBHOM obbigeHHOCTU. OHa
yTBEPXOAeT, YTO MUp BeCKOHeYeH B CBOMX MacluTabax u CBOWCT-
Bax, M TO, YTO OKa3sblBaeTcsl, OECCNOPHO, NMPaBUSIbHBIM B OKPY-
XaloleM YernoBeka 3eMHOM Luape, HENMPUMEHMMO B MUpe Menb-
Yahlmx YacTul MaTepum — MOJIEKYNl U aTOMOB uUnu B Mupe Gec-
KOHEYHO BOnMbLUMX KOCMWYECKMX TEN — 3Be34 M ranaktuk. Habno-
OEeHWEe N ONbIT, Hay4YHble 3KCMEPUMEHTbI, B KOHEYHOM cyeTe, 00-
LLeCTBEHHas M NPOU3BOACTBEHHAs MPaKTUKa — BOT €4UHCTBEHHO
BEPHbIE CPeACTBa OTNUYMTL UCTUHY OT 3abnyxaeHusl, roBopsT
yyeHble. TOMbKO 9TW cpedcTBa MOryT MOATBEPAUTb WM OMNpo-
BEPrHYTb CMerble NPeanonoXeHWs YeNOBEYECKOro pasyma.

Cuctema lMTonemes 6bina noctaBneHa nog COMHEHUe nosb-
CKUM MaTemMaTMKOM W acTpoHomoMm Hukonaem KonepHukom
(1473-1543).

Boligatowmnca mblicnutens, Hukonam KonepHuk B TeyeHue
oonee 4em 30 net paspabaTtbiBan MOe renmoLeHTPUYECKON
KapTuHbl Mupa (oT rpeyeckoro «lennoc»—«CornHue»), B COOTBET-
CTBUWN C KOTOpPOM 3eMrsi oKasbiBaeTCsl pSAAOBON MaHeTon, B YMC-
ne npoumx obpallatowencs BOKPYr LEeHTpanbHOro ceetuna —
ConHua. KonepHuk pelwmTtenbHo oTbpocun Obinblie Nnpeapaccynku
0 TOM, 4YTO 3eMrsi ABNSeTCA LEHTPOM MMpa U LEHTPOM TSXKECTW,
BOKPYI KOTOPOro sikobbl JOMKHbI ABMraTbCHa BCce HebecHble Tena.

TpaktaT KonepHuka «O6 obpaweHnn HebecHbIx cdep» Bbl-
Lwersn B CBET NWLUb He3a[onro 4o ero cmeptu, B 1543 r. OH npous-
BEN HaCTOSLLUIA NepeBOPOT B MpeacTaBleHusX yy4eHbix o Bce-
neHHon. KonepHuk fokasbiBan, 4TO He BceneHHas aBuxeTtcs
BOKpPYr HenoaBwxHon 3emnu, a, HaobopoT, 3emnsa nepemeLLaeT-
Csl B KOCMMYECKOM mnpocTpaHcTee. NMpoBo3rnawasi uaew oTHOCK-
TENbHOCTU OBWXEHUS, BENUKWIA MONbCKUIA YYEHbIA MOCTaBWM BO-
Mpoc O TOM, YTO BUAMMOE HaLUUM B30POM AOSMKHO OblTb MOHSTO C
Y4ETOM OBWXEHUSI TOrO Tena, oTkyaa BeAeTcst HabnogeHue.

Ho npen KonepHuka Obinv noHavany TOfbKO rMnoTe3on, He
nokasaHHon dpaktamu. Begb u B XVI B. acTpoHoMua He obnagana
npubopamun, CNOCOGHBIMM MOMOYb YEenoBeKy MOCTUYb MPUPOAY
HebecHbIX Ten. Bce u3BecTHble Torga acTPOHOMUYECKUE UHCTPY-

17



MEHTbl MMENU 3HavyeHne ANnsa HabnwogaTenbHOW acTpPOHOMUN,
nomoranu u3dyyatb BUOAWMbIE OBWKEHWS U MOMOXEHWE 3Be3d U
nnaHeT Ha HeboCknoHe. DT HabNOAEHUS B KOHLE KOHLIOB TOXE
CbIrpanu CBOK POfib B CO34aHUWN MOAMMHHOW KapTWHbI MUpa, HO
OHUW He MOMNW pacckasaTtb noasMm ob ycTponcTee, pasMepax He-
BecHbIx Ten u macwrabax BceneHHom.

Mnotesa KonepHuka npoTvBOpeYMna XpUCTUAHCKOMY y4de-
HUIO O MecTe 4veroBeka B Mupe. OHa nogpbiBana Ty OPEBHIOK
kapTuHy BceneHHon, kotopasa 6bina 3akpenneHa B CBsLLEHHOM
nucanum (bubnun). OgHako OO Tex nop, Noka runotesa He Gbina
[oKasaHa, LepKkoBb He 0cobeHHO TpeBoXunacb. PelumTensHas
bopbba NpOTUB KOMEPHUKOBCKMX WMAEW Havanacb ulb fnocrne
TOro, Kak UTanbsHCKMA ydeHbln [anuneo lanunen (1564-1642)
HanpaBun B HebGO yBenMUUTENbHYH TPYyOy COOCTBEHHOW KOHCT-
PYKLMN.

Cnyumnocb 310 B KoHUe 1609 r. Tpyba MNanunes Gbina, no
CEroHsILLHMM NpeacTaBfeHNsiM, COBCEM MasleHbKOW: OHa YBenu-
ynBana Bcero B 30 pa3. Ho oTKpbITMS, caenaHHble anuneem B
TEYEHNE HECKONbKUX MECSILLEB, OMPOKMHYNN BCE WMEBLUMECS Y
nogen npegctaBneHnst 0 MMpe, ero Maclutabax u yCTponcTBe.

Mpexae Bcero okasanock, YTO Hebeca COCTOAT U3 Takmx xe
MaTepuarnbHbIX OOBEKTOB, Kak M 3emMnsi: Ha JlyHe oBGHapyXunuco
ropbl, «MOpsi» U OOMNWHbI; Ha CornHue — 3TOM CUMBOJIE GOXecCT-
BEHHOW YMCTOTbl — NATHA (Kak Tenepb WM3BECTHO, BO3MYLLEHUS
COMHEeYHOW aTMocdepbl, Co3aatoLLmMe BUXPU Ha ee NOBEPXHOCTN);
MneuHbin MNyTb pacnancst Ha 6ecyYncneHHoe MHOXECTBO OTAENb-
Hbix 3Be3g U T. A. Okasanocb Takke, YTO HEBEpHa M Teopus O
TArOTEHWMM BCexX HEBECHbIX TeN K LeHTpy Mupa — 3emne. Yxe npu
nepBbix HabnoaeHuax Manunen obHapyXun, YTO BOKPYr NMaHeTsbI
KOnutep ABMXyTCS YeTblpe CMNyTHMKA U YTO, CriedoBaTeribHO, BO
BceneHHon nomumo 3emnu moryT ObiTb Apyrne LIEHTpbl NpUTS-
XKEHuUs.

HabniogeHns BeHepbl 0bHapyxunm, 4To oHa NpPOXOAuT, Mo-
[obHo JlyHe, cMeHy BMaMMbIX has, npuobpeTas BUA TO Y3KOro
cepnvka, To MONHOro Aucka. 3To ObINo NpsAMbIM AoKa3aTenbCT-
BOM ee obpalleHust Bokpyr ConHua.

Tak 3a HecKonbKO MecsiLeB pyxHyna nog ygapamu HOBbIX
dakToB BCH cpefHeBekoBas KapTuHa mupa. Hepgapom [anvnes,
COBEPLUMBLLEIO 3TOT Hay4HbI MOABWI, COBPEMEHHWMKN MPO3Banu
«Konymbom BceneHHomy.
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OrtcrauBasa cTapble NpeacTaBneHus, LepkoBb notpebosana
oT MNanunesi, YToObI OH OTKa3ancsa OT «KOMEPHUKUAHCKON epecuy.
Emy 6b110 3anpelleHo 3aHMMaTbcsa acTpoHoMmuen. Kpome Toro, 3a
Manuneem Obin yCTaHOBMNEH MOXM3HEHHbIM Haa3op. OgHako OBu-
XXEHWE HayKu MHKBM3ULUA He MOrfa yxe oCcTaHOBUTb. HoBble OT-
KpbITUS CregoBanu Of4HO 3a APYrMM, U MPOLIECC 3TOT, pacKpbl-
BalOLUN nepes N3yMrneHHbIM YernoBevyeckumMm B30pOM BCHO HEOOb-
ATHyt0 BceneHHyo, npogosmkaetcs n cenyac. Takum o6pasom,
n3yvyeHne Mupa, OKpyKaBLUero 4eroBeka, NpuBENoO K pacluvpe-
HUIO ero 3HaHW O Npupone, K CO34aHuI0 LIeNon CUCTEMbI Hayk,
n3ydaroLmx npupoay, K cosgaHnio eCTeCTBO3HAHMS.

EcTecTBO3HaHMe — cuctema Hayk O MpUpoAEe, COBOKYMHOCTb
€CTEeCTBEHHbIX Hayk, B3ATas Kak eguHoe Lenoe. EctectBo3HaHue
— OfdHa M3 TPEX OCHOBHbLIX OOMNacTel 4YeroBEYECKOro 3HaHWS
(BMecTe c Haykamm 06 obwecTBe U MbiwneHun). MNpegmeTom
€CTECTBO3HAHMWSA SABMSOTCA pasfnnyHble Buabl MaTepum 1 opmbl
MX OBWXEHUS, NPOSBNSAIOWNECS B NPUPOAE, UX CBA3UN U 3aKOHO-
MEPHOCTU, OCHOBHble hOpMbl OblITUA. CNOBO «ECTECTBO3HAHUE»
npeacTtasnsieT cobow coyeTaHue ABYX CMOB — «eCTeCTBO» (Mpwu-
poga) U «3HaHue». B HacTosiliee Bpems nMof ecTecTBO3HaAHWEM
noHMMaroT popmManusoBaHHoe ((pr3mKo-mMaTeMaTU4eckoe) u He-
dopmanu3oBaHHOE coaepxaTternbHoe  (Hanpumep, 6uonorus,
Xumus, reorpadusi), KOHKpeTHOe (Hanpumep, aHTpononorus) ec-
TECTBO3HaHME, T.e. TOYHOE 3HaHMEe O BCEM, YTO AENCTBUTENbHO
ecTb BO BceneHHon unu, BO3MOXHO, ecTb BO BceneHHon. 310
3HaHME 4acTO MOXHO Bbipa3nTb B BUOE MareMaTudeckux dop-
MyIT.

Mo cBoemy cofepXaHui M MO MeTody WU3YyYeHUs SBIEHUN
npupoabl ECTECTBO3HAHNE MOXET ObITb pa3gerieHo Ha aMnupuye-
CKOe W TeopeTMdecKkoe, a MO XapaKTepy CBoero obbekTa — Ha
HeopraHn4yeckoe u opraHmyeckoe. HeopraHuyeckoe ecTecTBO-
3HaHWEe MMeeT CBOMM NpeaMeToM MexaHudeckue, usundeckume,
XUMMYECKME N UHble sBreHusi. OpraHuMdeckoe ecTecTBO3HaHue
CBOUM MpPegMETOM M3YYEHUSI UMEET SIBITEHUS XKU3HU, UITN XKUBYIO
npupoay. KoHeuyHo, Takoe peneHve eCcTeCTBO3HaHWUs sBrsieTcs
[OBOSMbHO YCIOBHbIM, TakK Kak AOCTaTOYHO CIIOXHO pasfenuvTb
HeopraHn4eckne 1 opraHM4eckne BeLLeCTBa, TO €CTb BellecTBa
OTHOCSALLMECS K KMBOW N HEXNBOW NPUPOAE.

Takvm geneHnem onpeaensieTcsi BHYTPEHHAS CTPYKTypa ec-
TeCcTBO3HaHW4, knaccudukaums Hayk. B cepegmHe XIX B. uenbim
psagoB ecTecTtBoucnbiTatenen uM dunocodos, cpean KOTOPbIX
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Obinn ®. JHrenbc n xumuk ®. Kekyne, Ha OCHOBe TLLATENbLHOrO
N3y4YeHMs UCTOPUU Pa3BUTUS €CTECTBEHHBIX HayK Obinv BbIOBUHY-
Tbl noen ob nepapxum Hayk B hopme YeTblpex nocrnegoBaTenb-
HbIX CTYMeHen: MexaHuka, pumsmka, xumus, oruonorusa. B HacTos-
Lee BpeMsi Haykm O npupoge (unm HayKy o npupoge) nogpasge-
NS0T Ha Takne Oornee WM MeHee CaMOCTOSITENbHbIE pasderbl,
Kak dmsmka, xummsi, bruonorus, ncuxonorusi. MexaHuka BkntoveHa
B omn3mky. Cpeam Hayk o npypoge nosBunack NCUXosnorus.

®usmka MMeeT 4eno He TOMNbKO CO BCEBO3MOXHbIMWU MaTepu-
anbHbIMW TEMamu, HO U C MaTepuen BoobLle. Xumnsi UMeeT geno
CO BCEBO3MOXHbLIMU BMAAMUN CyOCTaHLUMOHANbHOM MaTepuu, T.e. C
pasnu4YHbIMK BellecTBamn. bronorms — co BCEBO3MOXHbBIMU >KU-
BbIMW opraHuamamu. Ncmxonorus nsydaeT pasfnnyHble pasyMHble
cywecTBa. Ho 310 geneHne JOCTATOYHO YCIOBHO, TaK Kak cucTe-
MaTUYECKM BO3HUKAIOT MEXOUCUUNIUHAPHbIE NPOOMeMbl, KOTO-
pble peLlalT NorpaHuyHbIe AMCUMMMHBI (Brnoduraunka, Guoxmmus,
ncuxogusnka, pusmyeckas Xumms u T1.4.).

Hanee nget nepexopn K obLWECTBEHHbIM Haykam U Haykam O
MbILneHnn. Bca nctopusi ectecTBO3HaHUS NOKasbiBAaeT OCHOBY,
Ha KOTOPOW OHO HaxoguTcs. JTO formveckn oboCHOBaHHas Ma-
TemaTuka. bes martemaTvkm HEBO3MOXHO PEeLIMTb HUKakve npo-
Onembl ectecTBo3HaHMsA. OcobeHHO 3ddeKTMBHA MaTemartuka
Npy CUCTEMHOM NOAX0A€e K U3Yy4EHUIO NPUPOabI.

Mexay ecTeCTBEHHbIMU U COLManbHbIMU Haykamy pacnona-
raloTcs TEXHUYECKME Hayku (BKIHOYAsS CENbCKOXO3ANCTBEHHbIE U
MeguumHckue). duddepeHumaumsa Hayk U X MHTerpaumus B npo-
Lecce pasBuUTUS YerNoBEYECKOro obLlecTBa NPUBENU K BO3HUKHO-
BEHUIO HOBbIX HayK (KBaHTOBas MexaHuka, agepHas gpumauka, 6uo-
Xumus, BMOHUKa, reoxmmud, kocmoxmmms u ap.). Ocoboe mecto
3aHUMaeT kmbepHeTuKa, NpeacTaBnsowas cobon pasgen TexHU-
YeCKMX M MaTemaTMYecKUxX Hayk, HO rnyboko npoHuUKawLwas B
Opyrme ecTecTBeHHble M OOLLEeCTBEHHbIe Haykn. EcTecTBeHHble
Hayku BMeCTe C HaykaMu O 4YeNloBeke U oOLLecTBe SBNSATCA CO-
CTaBHbIMW YacTsiMM 0bLLEeYenioBe4eckon KynbTypbl. W3BECTHbI
MHOIMe nuTepaTypHble NPOV3BEAEHNs, BHECLUME BKNag B pa3Bu-
TMe ecTecTBO3HaHMe. Takumu SIBNSTCA Auanorn ApeBHerpeve-
ckoro counocoda MNMnatoHa (428 —348 rr. 0o H.3.), noama «O npu-
poae Bewwen Tuta Jlykpeuus Kapa (1 Bek oo H.3.), «kEcTecTBeHHas
uctopusa» XK. brodpcoHa (1707 — 1788), Tpyasl M.B. JlomoHocoBa.

['ymaHuTapHble Hayku, nutepaTtypa, WCKYCCTBO, pPenurus
CUINbHO BNUSIIOT Ha pasBMTUE eCTECTBEHHbLIX Hayk, Ha hopMupo-
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BaHMEe MMPOBO33PEHUS ecTecTBoucnbiTatenen. Hmxke, Ha cxeme
NnpvBEeOEHO COOTHOLLEHWE Mexay cdepamn Hayku, WUCKYCCTBa,
penurny, obpasyoLMMm TO, YTO Ha3bIBaKOT KyNbTypou. HO Xn3Hb
npoTeKaeT He TOMbKO B paMKax KynbTypbl. O6nacTb ecTecTBeH-
HbIX HayK pauuoHarnbHa, MOCTPOeHa Ha CTPOroM aHanmse U CUH-
Te3e 3HaHWN, He3aBUCMMO OT 0OBbeKTa nccrnenosaHusi. Ho v B Hel
NPOSIBNSAIOTCA TaKMe KayecTBa UNWN MOHATUSA, KaK MHTYUUUS, yme-
HMe npefckasbiBaTh SBMEHUSA UM CODObLITUSI, OCHOBLIBAsiCb Ha
Menbyanwmnx getanax. Hanbonee sipko

x

PanmonansHOE MBIIILIE-
HUE, TyMaHUTapHbIE
HayKW, ECTECTBO3HAHNE

O06pasHoe MbIIIe-
HHE, UCKYCCTBO,
a

Penmurns

NPOSIBNSETCHA MHTYULUSA Y NpodheCcCMOHanNoB BbICOKOro Knacca.

Cdepa nckyccTBa onvpaeTcs Ha 3MoUMOHanbHOe BOCMpW-
ATMe MMpa, HO U 30ecb Heo6XoaUMO M 3HaHWE CBOWCTB NpeaMeTa
W MHTYUUMA T.4.

Bo B3aMmMogencTtBum Hayku, TEXHOMoruu, nurepartypbl, Uc-
KyCCTBa BO3HWKalOT HOBbIE€ BMAbl UCKYCCTB. Tak BO3HUKIIO KHWIO-
neyaTaHue, paguo, KMHO, TeneBuaeHUe, KOMMNboTepHas rpaduka
v ap.

Kaxabln npegMeT npupoabl SBMASIETCA CroXHbIM obpasoBa-
HUEM, T.e. COCTOUT U Kakmx-nmbo yacten. Tak, BeLecTBO MOXET
COCTOSITb M3 MOJIEKYN, MOMEKyrbl — U3 aTOMOB, aTOM — U3 HYKMO-
HOB W 9NEKTPOHOB, HYKMOHbI UM @aHTUHYKIMOHbI — U3 KBAapKOB WK
aHTukBapkoB. KBapku B cBOGOAHOM COCTOSHUM HE CYLLECTBYIOT U
yXKe He UMEIOT OTAENbHbIX COCTaBHbIX YacTen. Ho no coBpemeH-
HbIM KOCMOMOrM4YecKMM npeAcTaBneHusM MNOoTeHUuansHO MoryT
cogepxaTtb B cebe Lenble KBa3“3aMKHyTble MakpOMUpbI, UMELo-
Lwme cobCTBEHHbIE COCTaBHbIE YacTu. M 9TO MOXHO NOBTOPSATbL A0
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©eckoHeyHOCTN. B 3TOM COCTOUT MaKpoMMKpocummeTpus Bce-
NEHHON, UNWN LUUKIMYecKasi 3aMKHYTOCTb ee CTPYKTYP.

AHanorMyHo N ecTecTBO3HaHME Kak CUCTEMA HayK O npupoae
COCTOMT M3 OCHOBHbIX YacTeW, nocneaoBaTenbHO BIOXEHHbIX
Opyr B Apyra: kocMonorusi, usuka, xmmmus, buonornsi, NCUXorno-
rms. Kpome TOro, ectectBo3HaHue BKItoYaeT B cebs MHorve apy-
rme, 6onee 4YacTHble eCTeCTBEHHbIE Hayku (aCTPOHOMUIO, reorpa-
duo n ap.).

Xnumusa, nverwas CBOMM HENnocpeacTBEHHLIM OCHOBaHMEM
dU3NKy, cama sIBNSIeTCA OCHOBaHMEM OMONorMmM M okasbiBaeTcs
XapaKTepHbIM KNIOYEBLIM MPUMEPOM ANA MOoCnefoBaTeNbHOMo
pa3BepTbiBaHNS BCErO €CTECTBO3HAHMSA MO MaructpanbHOMY BOC-
xoasdLiemMy nyTu OT ucxogHon usmku Oo ncmxonoruu. Nemxono-
rmsi, 3aHMMas BbiCLLIEe MECTO, NMOTEeHUManbHO LIMKINYECKN 3aMbl-
KaeTcs C UCXO4HOWN (PU3MKOW:

cuanka 2> xumust > Guonorus > NCUxXoriorngd > ------ |
1 <

OTN OCHOBHble €CTECTBEHHbIE HayKy Pe3oHHO pacnonaraTb
Ha CXeMe He TOJIbKO MO JIOrMYeckum aTanam Wnm rno uctopuye-
CKMM 3MoxaM KX nocriegoBatenbHoro hopMMpoBaHUS, HO U MO
XapakTepHbIM AMS AaHHbIX HayK 3HAYeHWsIM HEKOTOPOW Mepbl
cnoxHoctn M, kotopasa ana oU3nKn, XumMmm 1 61MonorMm NPUHKN-
MaeT nocrnenoBaTenbHble LienoYncneHHble 3Hadenna M =0, 1, 2.
B npepene (ons ncuxonoruu) CHoBa NpuUHMMaET HyneBoe 3Hauye-
HHe M =0. Nckomaa mMepa CMOXHOCTU, WKW Tak HasbiBaeMas
MYNbTUMMETHOCTb M, MeeT BNOSHE OnpenerieHHbIA CMbICIT U Ha
camMomMm [Jene MpUHUMaeT MMEHHO Takue LMKIMYECKM 3aMblKato-
wmecs 3HadveHms M = 0, 1, 2, 0 Ans OAHOTUMHbLIX MO CBOEN CUM-
MeTpUM N AeAyKTUBHO onpeaensemblx No Haanexallen matema-
TUYECKOM WHOYKUMM CcUCTEM (yHOAMEHTamnbHbIX CTPYKTYPHbIX
3NEMEHTOB MaTepum Ha BCEX YeTbIPeX OCHOBHbIX YPOBHAX ee
€CTECTBEHHOW camoopraHm3auun: pmsmdeckomMm (NenToHbl, KBap-
KW, aHTUKBapKW), XUMUYECKOM (aTOMbI), Bruonormyeckom (ammHo-
KMCINOTbI, HYKIEeoTUAbl) U MCUXONOrMYECKOM (TUMUYHbIE pa3yMHble
WHOUBUAYYMbI C XapakTePHbIMU MEeHTarbHbIMU KOMIIeKCamu).

Hapo nogvepkHyTb, YTO M — 3TO He MaccuB WMHopmaLmu,
KOTOpbIM pacroriaraet Hayka. OTO YypOBHEBas BENWYMHA, YKa3bl-
BaloLLas Ha ypoOBEHb, 3aHMMAaeMbI TON UMK MHOW Haykown. cxopn-
Hoe nonoxeHne M = 0 gns u3nkn U coBnagaroLmin ¢ HAM npe-
OenbHbIn ypoBeHb M = 0 gns ncuMxonorum o3HadarT 6asncHbIN,
yHOAMEHTamnbHbIA YPOBEHb 3TUX HAyk B CUCTEME €CTEeCTBO3Ha-
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Huda. OHM ONepupyT MUHUMAarbHBIM YUCIIOM MPUHLUMIOB U 3aKO-
HOB NMpMpOAbl, HO MPUHLMMNOB M 3aKOHOB Hambonee obLWUX, yHU-
BepcanbHbIX, NpuyeM B3aMMOCBHA3aHHbIX Apyr ¢ Apyrom. Benp
BCE Hewncuyeprnaemoe pasHooOpasve npupoabl OCHOBBIBAETCS Ha
dyHOaMEeHTanbHbIX PU3NYECKUX MPUHUUNAX M Ha HepaspbiBHO
CBSI3aHHOM C HUMMU CTOfb Xe PyHAaMeHTanbHOM Ansi KOCMOMOrnn
aHTPOMHOM NpUHUMNE.

B kakmx e cny4asix COBOKYMHOCTb YacTel MOXeT COCTaB-
NATb HEYTO Lienoe, a B Kaknx HeT?

Kakune cBoncTtea JomkHa UMETb COBOKYMHOCTb €CTECTBEHHbIX
Hayk, 4Tobbl OHa Morna paccmaTpmBaTbCs Kak Lienoe? PelueHue
3TOro BOMPOCAa MOXHO HaWTWM B CMCTEMHOM MOAXOo4e, UMW cuc-
TEMHOM aHanuse u3ydaemMblx 06bekToB. CyTb CUCTEMHOro noa-
Xoda nerde MOHHATb, paccmaTpuBasi pasBUTME XMMWM B MEPBON
nonosuHe XIX B. B 1830-x rr. wBeackun xumuk U.A. Bepuennuyc
BbIABVHYIT 3MEKTPOXUMUYECKYID TEOPUIO XMMMWUYECKOW CBSI3W, CO-
rnacHoO KOTOPOW MOreKyrnbl obpasyloTCa U3 aToMOB 3a CYET arek-
TPOCTATMYECKOrO MPUTSKEHNS PaA3HOMMEHHO 3apPSKEHHbIX aTo-
MOB UNKU aTOMHbIX rpynn. Tak, Hanpumep, xnopua Hatpus obpa-
3yeTcsl Npv NPUTSXKEHUN MOMNOXMTENBHO 3apPSPKEHHOIO HaTpUs U
oTpuuaTensHo 3apsxeHHoro xnopa: Na'Cl™. Mpu aTom KakabIn 13
3TUX 93MEMEHTOB MOXET CylecTBOBaTb CaMOCTOATENbHO. Wnu
cynbgat HaTpus Na,SO, coctont u3 asyx okengos Na,O n SO;,
KOTOpble 3a CYET 3NEeKTpPOCTaTUYeCcKOro B3aumondencTsns obpa-
30T OaHHy0 Monekyny. W B aTom criydyae oba okcuaa MoryT cy-
LLleCTBOBaTb CaMOCTOATENbHO.

Ho B 40-x rr. XIX B. kpynHenwunn ppaHuysckuin xumuk Lapnb
»Kepap yctaHoBun, 4to Teopust bepuennuyca moxeTt OblTb npu-
MEHeHa TOMbKO K pedkuMm npumepam NOCTpoeHust mMonekyn. B
nogaBnsiioWeM OONbLUMHCTBE MOJIEKYIbI COCTOAT M3 aTOMOB U
aTOMHbIX Fpynn, Tak NPOYHO CBSA3AHHbLIX, YTO UX CaMOCTOATENb-
HOe cyllecTBOBaHMe 6e3 CylleCTBEHHOrO U3MEHEHUS UX KayecT-
BEHHOIO COCTOSIHMSA HEBO3MOXHO. Pacnag monekyn Ha 4vacTtu
NPVBOAWT K Ka4eCTBEHHO HOBbIM BellecTBaM. Tak, meTaH CHy,
Tepsas TOMbKO OAMH aTOM BOAOPOAA, NpeBpallaeTcs B paaukan
MEeTW, KOTOPbI B CBOOOAHOM COCTOSIHUM CYLLECTBOBATb HE MO-
XeT u obpasyet ataH: CH; + CH; > C,Hg Npu notepe asyx aTo-
MOB Bogopoaa obpasyetcss metuneH CH,, Takke He CyLLecTByto-
LWniA B cBOGOOHOM COCTOSIHUM 1 0Bpa3sytowmii atuneH CoHy.

Monekyny >Kepap HasBan yHUTApPHOW CUCTEMOW. Y4eHbIN
TakKkKe nokasan, 4YTo CyLLecTBYyeT [Ba BMAA MHOXECTB: MHOXeCTBO
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CyMMaTUBHOE, WUNW agauTMBHOE (MOMy4YeHHOe nyTeM MpPOCTOro
CINOXEHNS1) U MHOXECTBO CUCTEMHOE, WM MpOCTO cuctema. B
oTnn4yMe OoT agauTUBHOIO MHOXECTBa, CUcTeMa npencraBnsaeT
coboli Takoe MHOXECTBO 3JIEMEHTOB, B KOTOPOM BCE 3fIEMEHTbI
He TONbKO TECHO B3aMMOCBSA3aHbl APYr C APYrOM, HO BRUSAOT ApYyr
Ha Apyra v KayecTBeHHO npeobpasyoT apyr apyra. »Kepap npu-
Ben ybeauTenbHble MpuMepbl, NOATBEPXAAKOLIME STO MONOXe-
Hue. Tak, OOUH N TOT XXe 3MEMEHT BOAOPO4 B COCTaBE PasfiMyHbIX
MOneKyn nposiBnAeT cebs B COBEPLUEHHO pasfMyHbIX KayecTBax.
B monekyne Bogopoga oH HerTpaneH U odeHb NPOYHO CBSA3aH CO
BTOpPbIM aTOMOM BoOAopoda: 3Heprus cBsa3nM H-H pasHa 432
kbx/monb. B Monekyne 6Gpomuctoro Bogopoga HBr Bogopoa
npeacTaBnseT coboii NONOXWTENbHO 3apsPKeHHbI KaTroH H', u
3Heprua cesasn H-Br cocrtaBnsetr 358,9 k[x/monb. B rvagpuge
HaTpus NaH Bogopoa sBnsieTcss OTpUUAaTESNIbHO 3apsKEHHbIM
moHom H™, n aHeprna ceasm Na—H coctaBnsget Bcero 196,7
k[bxk/monb. Takum obpasom, BKNOYaa OOuH U TOT XKe 3NEMEHT,
cucTema fenaeT ero pasfnmyHbiM B 3aBUCUMOCTU OT CBSA3@HHbIX C
HUM NapTHEpPOB.

OTtkpbiTve XXepapa 3anHTepecoBano ¢unocodoB, KOTopble
C ero nOMOLLb0 HaWnNn OBbACHEHWEe AManeKkTUYEeCKOMY 3aKOHY
nepexoda KonmyecTBa B Ka4eCTBO, WM Nepexony KONMYeCTBEH-
HbIX M3MEHEHNI B Ka4yeCTBEHHbIE. CKONbko Gbl Mbl HU Npubasns-
NN KaMHEN K Kyde TaKuUX XXe KamMHeWn, KadyeCTBO KaMHen He uame-
Hutcsa. CoBcem apyroe aeno Habnogaem B cucteme. ATOMapHbIn
kncnopog O MMeeT ogHM CBOMCTBA, MOSEKyNnsapHbIA kucnopog O,
uMmeeT Apyrme CBONCTBa, a 030H O3 UMeeT CBOWCTBA, OTNNYHbIE
OT OBYyX npepwecTByowmx. CnegoBarternbHO, UBMEHEHNE KavyecT-
Ba Nofg, BIIMSSHUEM KONMMYECTBEHHbLIX M3MEHEHNN MOXET NPOUCXO-
OUTb TONMbKO B TOM Crlyyae, ecrnm OObeKkT UMeeT CUCTEMHbIV Xa-
pakTtep.

Taknm obpasom, cuctema — Takasi COBOKYMHOCTb 3NTEMEHTOB,
B KOTOPOW CYLLECTBYIOT UX B3aMMHOE BIMSIHNE U Ka4YeCTBEHHOe
B3aMMHOe npeobpasoBaHne. Cucrtema npencTaBnseT enuHoe
Lernoe, N3 KOTOPOro Hemnb3s OTHATb HU OLQHOr0 3MIEMEHTA, HE U3-
MEHUB MpW 3TOM KayecTBa BCErO Lienoro.

Y4yacTBys B BblpaboTke eCTeCTBEHHO-Hay4YHON (Mnn cusnye-
CKOW) KapTWMHblI MWpa, €CTECTBO3HAHME CBOEN TEOpEeTUYECKOWn
yacTblo (MOHATUSA, KaTeropun, 3akoHbl, TEOPUMU, TMMNOTE3bI), a Tak-
Xe pa3paboTkon NPMEMOB M METOOOB HAy4yHOro WCCreLoBaHMS
TECHO NpuMbIKaeT K gunocodpun. OHO BNMSET HENOCPEACTBEHHO
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Ha pas3suTne unocodumn, 3akOHOMEPHO OBYCNOBNUBAET CMEHY
dopMm maTepuanmama B 3aBUCUMOCTM OT CO34atoLLuUX AMOXy ecTe-
CTBEHHO-Hay4HbIX OTKPbITUI. C ApYyron CTOPOHbI, ECTECTBO3HAHNE
TECHO CBA3aHO C TEXHUMKOM W MNPOLLeCCOM Mpou3BoacTBa. Tem
CaMblM €CTEeCTBO3HaHMEe BbICTYyNnaeT Kak cBoeobpasHas Heno-
cpencTBeHHasi Npon3BoguTenbHas cuna.

O6wnin xoa pasBUTUS €CTECTBO3HAHUSA — OT HErnocpeacT-
BEHHOIO CO3epLaHus npupoabl (B APEBHOCTU), Yepe3 eé aHanu-
Tuyeckoe pacuneHeHune (XV-XVI BB.), 3akpennéHHoe u abconto-
TU3NPOBAHHOE, K CUHTETUYECKOMY BOCCO3[4aHNIO KapTWHbI NPpUpo-
Obl B €€ BCeCTOPOHHOCTU, LLEeNOCTHOCTU U KOHKpeTHOCTM (XIX—XX
BB.). B LeHTpe coBpeMeHHOro ectecTBO3HaHust 00 cepeauHbl XX
B. CTOSANa (husmka, Hawlewas cnocobbl NCNONb30BaHMUS aTOMHOWN
W A0EpHOWN 3Hepruun, npoHukwas B obnactn Mukpomupa, Briybb
arneMeHTapHbIX YacTul. Pusmka cTMMynupoBana pasBuTue Apyrux
obnacTtel ecTeCTBO3HaHNSI — aCTPOHOMUM, KOCMOHaBTUKN, Knbep-
HETUKU, XUMUK, BUOHUKK, Bronorumn n ap. Pranka BMecTe ¢ XUMU-
€, MaTemMaTuKon N KNbepHEeTUKON NOMOraeT MOSEKynsipHon Bmo-
norMm peluatb TEOpPEeTUYEeCKMe W IKCNepuUMeHTarnbHble 3ajauu
WCKYCCTBEHHOro GnocmHTEe3a, CnocobCTBYET pPacKpbITUIO MaTepu-
anbHOW CYLUHOCTW HacneAcTBeHHOCTU. du3uka nomorna nosHa-
HWUIO NpUPOAdbl XMMUYECKOW CBSI3U, PEeLUeHuo npobrem KOCMOoro-
HUW 1 KOCMOJOTUN.

B coBpemMeHHOM eCTeCTBO3HaHNM HAYMHAET NMANPOBaTh YKe
He ogHa hmsmka, a uenad rpynna Hayk (MonekynspHas éuonorus,
WHpopmaTuka, MMkpoxmmus). Bcé BospacTarowasi porib ecTecT-
BO3HaHUA B XM3HU obLiecTBa OCODEHHO CKasbiBaeTCA B COBpe-
MEHHOW Hay4YHO-TEXHMYECKON PEBONIOLMM.

Cospemel-u-loe ecTeCTBO3HaHue

CoBpeMeHHasa Hayka npeactaBnseT cobOn LEenoCTHbI An-
HaMWU4eCKM OpraHM3oBaHHbLIN U CaMOpPa3BMBAIOLLMIACS OpPraHun3Mm.
BmecTe ¢ coumanbHO-NpPakTUYECKON OCHOBOW NMPOUCXOXAEHUS U
pasBUTUS HayKK, C €€ MPUITOXKEHUSMUN HA MPaKTUKE B HEN CUSbHbI
Takke M TeHOaeHUuMn cOBCTBEHHOW 3BOMOUMW, MPOAUKTOBAHHbIE
BHYTPEHHUMU MpUYMHaMKU. Takoe COBEpPLUEHCTBOBAHME Hayk
BNUSET KaK Ha Hay4YHO-TEXHUYECKUIA NpOrpece, Tak U Ha coumanb-
HbI. TpaguLMOHHO NMPUHSITO CUYUTaTb, YTO HaMbonee akTUBHO Ha
coumanbHbI NPOrpecc BrMSAT obLEeCTBEHHbIE Hayku, a ecTecT-
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BO3HaHWEe — NULIb Ha Hay4yHO-TEXHUYeCcKuh nporpecc. Bmecte ¢
TEM COBPEMEHHbI YPOBEHb COCTOSIHUS €CTEeCTBO3HaHudA, obpe-
TeHue uMm Bonee rnybokMx B3aMMOCBS3eN C APYrMMUM Haykamu,
npsiMoe 1 onocpefoBaHHOE BMWSHWE HAa AMHAMKKY MPOU3BOOU-
TeNbHbIX CUM NO3BOMAIOT U EMY BKMOUNTLCS B peLleHne obLieco-
uManbeHbIX 3agad. Hapsagy ¢ maTtepuanbHbiM a¢hdekToM OT npu-
MEHEeHNs AOCTUXEHUI eCTeCTBO3HaHUA 1 matemaTtuku obpasyeT-
CA W OpPYron, He MeHee 3HaYUMbIN 3PdEKT, O KOTOPOM nucan
n3BecCTHbIN pun3uk B. MenseHbepr: «Camo no cebe... TpeboBaHme
TWAaTeNbHOCTU M TPe3BOCTU (uaylliee OT eCTeCTBO3HaHWA) Yxe
NPUHAANEXUT K yNopsago4MBatoLLMM CUNaM HaLlen arnoxm».
YpoBeHb pa3BUTUSA MPOWU3BOAMTENBHBIX CUM, OCODEHHO KX
XapakTep, 3aBUCUT, pasyMeeTCs, He TOMNbKO OT €CTeCTBO3HaHMS,
HO Mpexae Bcero oT cnocoba couunanbHOro YyCTpoWcTBa, a Hepes-
KO 1 OT B3rnsifoB, popMmpyeMbiX FOCMOACTBYIOLEN UAEONOrMen.
OpaHako 1 ngeornorus, Aaxe cnocobHasa «oumaTbcsi» OT CyObek-
TUBUCTCKUX HACMOEHWU, HE MOXET He CYMTATbCS C AOCTUXEHUSAMMN
1 NporHo3amu B 06r1acTu nccregoBaHns NPOM3BOAUTENbHBIX CUf,
C HabopOM CKOHCTPYMPOBAHHBLIX U KOHCTPYUPYEMbIX HayKOW uae-
anbHbIX 0OBEKTOB, Onepauui, OTHOLLEHWIN, KOTOpPbIM MPEeaCcTouT
Tak UNn nHave nNpeBpaTUTLCH B pearnbHOCTb «BTOPOM» NPUPOAbI,
B POPMbI U TUMbl UCKYCCTBEHHOW Cpeabl 0bUTaHNs YeroBeka.
CTnxuinHas ctagusa AMHaMUKU NPOU3BOAUTENbHbIX CUI, nep-
BOHa4yanbHO BbICTyMawLlas B kayecTBe onpefensioLlen, B ycro-
BUSIX  yCuUneHuss cybbekTMBHOro  ¢haktopa  OOLLECTBEHHO-
MCTOPMYECKOro npoLiecca, oka3biBaeTcs Bce boree nogYnHEHHON
CO3HaTeNbHOM CTagun, XOTs U He Bcerga CrnocobHOW KOHTpOMu-
poBaTb OelCTBME NEPBON. ATO €CTECTBEHHO U, BUOUMO, HEeyCTpa-
HUMO, MOCKONbKY CO3HaTernbHOe Bcerga AvanekTuyecku Oonon-
HSAETCS NOACO3HATENbHbLIM UIN NPESIOMIIAETCS B HEM, a OEeNCTBU-
TenbHOE Kak peann3oBaHHOE BO3MOXHOE BbIHYXOaeT 0O0BbEKTUB-
HbI MPOLECC MATW 4Yalwle BCero no OAHOMY MyTW, OTCekas Mnpu
3TOM, KaK MokasblBaeT MUCTOpUS, He Bcera camble HeyaaudHble
BapuaHTbl. [1ogobHO Tomy, kak, Nno ®. JHrenbcy, CTOMNKHOBEHME
MHOXEeCTBa MHTEPECOB, NOCTYNKOB MOAEN poXaaeT paBHOOENCT-
BYIOLLYIO, MHA4ye roBopsi, OO bEKTMBHYHO CoLMarnbHyl0 cTaTucTnye-
CKYI0 3aKOHOMEPHOCTb, TaK U AeNCTBME CO3HATenbHOro gakropa,
conpsbkeHHoro ¢ 6eccosHaTernbHbIM, a Takke C OOBLEKTUBHOW
HeonpeaeneHHOCTbIO, BHOCHLLEN CBOW KOPPEKTUBLI B CO3aBae-
MbI/ NPOLIECC, BbI3bIBAET M HEKOTOPbIA OTXO4 OT MiaHMPyeMbIX
pes3ynbTaToB, NPUBOAUT K UTOrY, CNNaBneHHOMY M3 HeoBXxoaumo-
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ro u crny4yanHoro, NOAYNHEHHOMY pauVoHanbHOMY 3aMbICAy U He
KOHTPONMMPYEMOMY UM.

OpHako nonoxeHve aen npu peanusaumm HapoOHOXO3ANCT-
BEHHbIX, COLManbHbIX U APYrux MiiaHoB, KOrga 3MfemMeHT CTUXUR-
HOro HeycTpaHuM, He sIBNseTcHa Bce-Taku 6e3HagexHbiM. Ha no-
MoLpb B O6opbbe CO CTUXMMHOCTLIO, C LIENb MOUCKOB CnocoboB
apdeKkTMBHOrO ee npeasuaeHUs U KOHTPONs, NPUXOaaT ecTecT-
BO3HaHME W MartemaTtuka. Bmecte ¢ npuvHUMnnanbHbIM O6LWMM
noaxoaoM K HeobXxoAMMOCTU M CryYamHOCTU, XapaKTepHbIM Ans
Hay4yHOM cpmnocodckon ux MHTepnpeTauun, obpeTarT 3IHa4u-
MOCTb YaCTHOHay4Hble 1 obLleHay4YHble KOHUenuuu, BblpocLune
n3 9TUX Hayk. Peub nget npexge BCero 0 TeOpuUn BEPOATHOCTY,
KoTopas bnarogapsa MexaHuke, cusvke, kubepHeTuke, duonorum
obperna wupokue npunoxeHunsi. BepoaTHOCTHBINM NoaxoAd, pacnpo-
CTPaHEeHHbIi B €CTEeCTBO3HaHUW, MOCTENEHHO CTan NpoHuKaTb B
rymaHuTapHble HayKu 1 NpakTuKy, MO3BONUN NpuaaTe cTaTyc Ha-
YYHOCTU CTaTUCTUKE, MPOrHO3MPOBAHWIO, MPOEKTUPOBAHMUIO, Bbl-
SIBUTb HEKOTOPbIE OCHOBAHUA OS99 OPUEHTALMUN YYEHbIX U MPaKTyW-
KOB B TPYAOHbLIX UM BOBCE HEOMPELENEHHbIX CUTYaUUsiX. DTOT xe
noaxon BHEC KOPPEKTUBbLI U B oMIocockoe NOHMMaHue criyvam-
HocTu. B chepe pasBmBatoLLECA Haykn CTaTUCTUYECKME 3aKOHO-
MEPHOCTUN OKa3biBalOTCA Gonee maclwTabHbIMK 1 Yalle NPUKOBbI-
BalT K cebe BHMMaHue wccrnegoBaTenen, Yem AUHAMUYECKUE.
Bcé aTto npuBoguT K TOMy, YTO MCMONb30BaHWE OAHHOTO NOAxoda
B MMaHMpoOBaHMM CoLManbHbIX MNPOLECCOB cAenaeT 3Haunmown
nonpaeKy Ha UX HeOMNpeaerieHHOCTb, MOMOXET TOYHEE KOHCTPYU-
poBaTb B HUX TO, YTO MO CYTN CBOEN PYKOTBOPHO.

Ocos3HaHMe TOro (pakta, YTO cCouUManbHbIA U  Hay4YHO-
TEXHUYECKUA MPOrpecchbl B HacCTOsiLlee BpeMsl TECHO CBS3aHbl,
B3aMMO3aBMCKMbI, NMOMOraeT yBMAETb BO3pacTawllee BhVSHME
€CTEeCTBO3HaHMSA Ha couuanbHbIA NPOrpecc, Ha kavyecTBo obLue-
CTBEHHOro yctponctBa. OCOBEHHO 3TO 3aMEeTHO Ha npumepax
peLleHns npobnem nnaHMpoBaHWs, NMPOEKTUPOBAHUS, SKOMOTUN U
ap. Hanbonee 3Haunmble, acpdeKTMBHBIE TEOPETUYECKME NOOXO-
Obl K paspeLleHno 3KOMOrM4yeckoro Kpuauca, UCnorib3oBaHue
€CTECTBEHHO-Hay4HbIX KOHLENUWUA, MaTeMaTU4ecKoro 3Kkcnepu-
MeHTa NpMBOAAT K BbIBOAY O HEOOXOAMMOCTU COrfacoBaHHOro
OEencTBMa coumanbHOM M HayYHO-TEXHUYECKOW KOMMOHEHT npu
nocTpoeHuu noboro obLiecTaa.

lMpn npoekTMpoBaHWM OMNTUMAIBHOW CTPYKTYpbl oOLlecTBa
Heobxoauma Gonee TecHas cBA3b Mexay ¢hmnocodamu, ynpas-
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NIEHYEeCKUM annapaTtoM, 3KOHOMUCTaMW M BCEX MX BMeECTE — C
ecTecTBoUCNbITaTeNsMKU, knbepHeTukamm, 3Kororamu, npegcrta-
BUTENSIMU OBLLEHAYYHOrO0 CUCTEMHO-CTPYKTYPHOro noaxoaa.

Bonee TOro, «nopckaska», naywias oT KMOepHeTUKK, Teopun
cucteM, MHAOPMATUKKL, TEOPUU YNPaBIEHUS, ONUPAKOLLMXCS Ha
MaTeMaTUKy, OKa3blBaeTCs 3HAa4YMTENbHO APEKTUBHEE N OHTOSIO-
rMyeckn npepnoyTUTenbHee, YeMm Jpyrne, NocKosbKy OCHOBbIBA-
€TCA Ha Hay4yHOM MPOrHO3MPOBAHUWN, KOHCTPYMPOBaHWW, NpeaBu-
neHun. PasymeeTcsl, Henb3si OTpbiBaTb €CTECTBEHHOHAYYHbIN
Noaxod OT FYMaHWCTMYECKUX uenen obLecTBEHHOro pasBuTUS,
(POPMMPOBAHMNE KOTOPbLIX B 3HAYMTENBLHON Mepe 3aBUCUT OT ryMa-
HUTapHOM cdepbl 3HaHUA 1 gestensHocTn. OgHako 1 Takne Lenm
OOMKHbI COM3MEPATLCSA C OOBEKTUBHBIMU BO3MOXHOCTSIMU, MHAYe
He usbexaTb coumarnbHbIX yTonui M gedopMaumii Kak CylecT-
BYHOLLMX, TAK M UCKOMbIX OBLLLECTBEHHbLIX YCTPOWCTB.

Tem cambiM, NNOAOTBOPHOE WCCMELOBaHWE U peLleHune
Hanbornee CNOXHbIX U akTyarnbHbIX NPOONEM CTPOUTENbLCTBA H0-
©oro ob6uectBa He MoxeT 0b6oNTUCh ©e3 LUIMPOKOro NPUMEHEHUS
€CTEeCTBO3HaHMA W MaTeMaTukn, a COBCTBEHHO €eCTEeCTBEHHO-
Hay4YHble Npobnembl He MOryT GbiTb CBOGOAHBIMY OT COLMaAlIbHbIX
3ajad, coumanbHbIX YCNOBUWA OblTUS MOBOA HaykMm U Hay4HbIX
coobuiecTtB. NMoaTtomy Haubonee BaxHble pe3ynbTaTbl OOCTWKMW-
Mbl Ha NyTWU UHTErpaLumn BCeX HayK.

EcTecTBO3HaHME Kak cMcTema Hayk O NMpMpoAe B CBOEM pas-
BATUM MpeTepneno psa Mopudukaumi. Mctopuyeckn pasHbim
npeacrtaeT ero o6bEKT, XOTA 37O Bcerga npvpoga. PasnnyHa u
ncTopuyeckasli porib 3TOM CUCTEMbI B AMHAMUKE B3aVMOCBSI3M
Haykn n npakTukn. CoBpeMeHHOEe OCMbICIIEHME eCTeCTBO3HaHWS
npegnonaraeT BbisiBieHNe CNoco60B hyHKLUNOHUPOBAHMS; CTPYK-
TYpPHOro, NPeAMETHOro, MeTOA0MNOMMYECKOro OCHALLIEHUS; a Takke
3BOJIOLMOHHON ANHAMUKM €ro KOHLENUMIN, NCTOPUYECKMX U NOrW-
YeCKMX B3aMMOMNepexodoB OTpaXkaTeNbHbIX W KOHCTPYUPYHOLLMX
BO3MOXHoOCTel. Bbibop Hambonee akTyanbHbIX BOMNPOCOB AN
nccrnegoBaHnst 3aBUCUT M OT OLEHKU PONM BHYTPEHHUX MEXaHu3-
MOB B MpOrpecce 0TMe4YeHHOro 6510ka 3HaHWA UMW OTAENbHbIX ero
AVCUMNINH, N OT CONPSDKEHHBIX C HUMW BHELWHNX dhakTopoB. Pas-
BMBasiCb BHa4arne nog BnvsHueM TpeboBaHWiA MPOMbILLIIEHHOCTH,
AaHHbIN 6ok 06pen 3aTeM OTHOCUTENbHYID CaMOCTOATENBbHOCTb,
CMOCOBHOCTb OnepexaroLero oTpaxeHus 3anpocoB NPOU3BOACT-
Ba, onpedeneHHbl KOHCTUTYUPYIOLLUIA CTaTyC B pa3BUTUM Npoun3-
BOAMTENBHBIX CUM, B (DOPMMPOBAHNM «JINKAY» LIMBUNU3ALNN.
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MaTtepuanbHblii MUp, B3ATbIM BO BCEM MHOroobpasum, co
CTOPOHbI NOKaNbHbIX U rOGanbHbIX, YaCTHLIX M OBLMX XapakTe-
PUCTUK, Ha30BEM OBBLEKTOM €CTECTBO3HaHUS. JTO onpeaeneHune
oXxBaTbiBaeT 1 obLeCcTBO, XOTA OTBIIEKAETCS OT €ro CrneLmnguKu.
Wccnenysa rmaBHbIM 06pa3om matepuarnbHy0 CTOPOHY obLLecTBa,
€CTeCTBO3HaHue BCTynaeT B OTHOLUEHUSI C PSAOOM TYMaHUTapHbIX
OUCLMNIWH, C TEXHUYECKMMU HayKaMu. YyacTue ecTeCTBO3HaHUs
B M3y4yeHumn obLecTBa NO3BONSAET roBOpUTL 06 0OBLEKTHOM efuH-
CTBE 06LLECTBEHHbIX, ECTECTBEHHbIX M TEXHUYECKMX HayK.

EcTecTBO3HaHMe cerogHs BMMAOTHYKO MOAOLWINO Takke K UC-
CnefoBaHuio CBATas CBATbIX PUIIOCOUN 1 NCUXONOMMN — K CO3-
HaHMo. VIMeHHO 3Ta obnactb cuuTanacb paHee HeLoCTYMHOW
HaykaMm O matepuanbHOM MUpe, MOCKOSbKY MaTepusi U CO3HaHue
NpeacTaBAANUCh NULWb Kak UCKMYarwme pyr gpyra npoTuBo-
nonoxHocTn. Mexay Tem, OuaneKkTuyeckoe NOHUMaHWe OaHHbIX
NPOTUBOMONOXHOCTEN COCTOUT B MPU3HAHWMU UX €OUHCTBA, B3au-
MO3aBMCUMOCTU. B yacTHOHay4YHOM NO3HaHUU OHU BbICTYMNanu Kak
«nepecekaroLmecs», HeAOCTYMNHbIE OQHOW U TOM Xe crneumansHom
aucuunnuHe. B HacToswee xe Bpemsa wmayT MNOUCKM (PU3UKO-
fbuonornyeckux, gaxe U3NYECKUX OCHOBaHWMA CyLLEeCTBOBaHUS
CO3HaHuU4.

OT BO3MOXHOW KBAHTOBOW «COCTaBMAOLLLEN» YenoBeYecko-
ro opraHvamMa (Hapsiay ¢ ero coumarnbHOM U BUONOrMYeCcKon OCHO-
BOM) MOXET 3aBMCETb MU3MEHEHME UMMYNbCa U SHEPrUU dNEeMEH-
TapHOW yacTuubl B JAHHOM OpraHmsme, YTO BeAeT K peayKLuu
BOJTHOBOIO NakeTa U M3MEHEHMWIO BEPOSATHOCTU pe3ynbTaToB Mpo-
BeJEHHOro usmepeHusi. Tem caMblM SIBNEHUs], CBA3aHHbIE C CO3-
HaHMeM, NpY HEKOTOPbIX YCIoBUSAX BeayT cebst nogobHo umanye-
CKMM MOMSsIM U B TO XK€ BPeMSI MOryT CYLLECTBEHHO OTNu4aThCcs OT
HWX, NPeAcTaBnAaTb COOON HEKYIO HOBYIO — OTIIMYHYIO OT YacTul, 1
nonen — u3anyeckylo peanbHoCTb. HenocpeacTtBeHHOe OCO3Ha-
HWe CBOEro Tena Kakum-To 06pas3oM CBS3aHO CO CMOCOOHOCTbIO
BOCMpPVYHMMATb (PU3MYECKME XapaKTEPUCTUKM MUKPOYaCTUL, U3
KOTOpbIX COCTaBfieHO Temno. WM3-3a BO3MOXHOCTWM peanu3aumm
ManoBEPOSTHbIX CUTYaLMN OKa3blBaeTCsl BO3MOXHbIM «CaMOBU-
XeHuey» Tena.

KBaHTOBbIE KOHLIENUUU CO3HAHUSI COEOMHSIIOT UNN OTOXAe-
CTBNSAKT Kasanocb 6bl COBEPLUEHHO HECOBMECTMMblE obnactn —
U3NYECKyl0 KBaHTOBYIO peanbHOCTb (MaTepuanbHoOe) U NCuxu-
yeckyto (ngeanbHoe). OHM ycTaHaBMMBAOT CBA3N PU3NKN MUKPO-
MUpa, a BMeCTe C Hel U KOCMOMoruun, ¢ Gruornornen kak teopuen
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XKM3HW, NMCUXONOrMENn U coumnarnbHOM TeopUen NMPOUCXOXKOEHUS U
cywiHocTn 4emnoBeka. OTBnekasdcb OT pakTa rMMNOTETUYHOCTU
[aHHOW KOHLEeNuuW, umesi B BUAY XOTSA Obl naen «BblIpasumMocTuy»
obrnacTu co3HaTenbHOro cpeacTsaMm OU3nKM, MOXHO PacLLNPUTb
00BbEKTMBHYIO cbepy MOHATUSA CO3HaHUSA, a Takke (PU3N4EeCKon
KapTvHbl MUpa, BKITKOYMB B HEE HE TONbKO (PU3NYECKUI YHUBEP-
CYyM B LIENOM, HO W pearibHOCTb KOPMYCKYNsiPHO-BOSTHOBOrO TuNna
(He cBoAMMYIO K YacTULaM M MOMsIM), BO3MOXHO, OTBETCTBEHHYHO
3a cosHaHue. CpeactBamu U3MKM MOTYT ObiTb BbIpaXeHbl He
TONBbKO HEKOTOpble XMMUYeckue, Guonormyeckue, npom3BOACT-
BEHHO-TEXHMYECKME OOBLEKTBI M NPOLIECCHI, HO U Mpouecchl NMnbo
NpPeanoChINKN MbILLSIEHUS.

Opyron Haykon, ele Gonee akTMBHO BToprawwencs B 06-
nacTb CO3HaHusl, aBrnsieTcs kmbepHeTuka. Kak 6bl HM Gbin abcT-
pakTeH ee NoAxoAd, ogHako Grnarogaps eMy cosgarTcs OyHKLMO-
HamnbHble MOAENW MbILWEHNs, NPaBgonogobHOCTb KOTOPbIX Bbl-
SIBNSIETCA B XO4€e Pas3BMTUSI HAYYHOrO MO3HaHWUSI U NpakTukK. Ku-
OepHeTnka crnocobcTBOBana ynpoyeHuno cgunocodckon, a 3atem
n Guonornyeckon goragky O BedylleM HanpasneHun Guonornye-
CKOW 3BOSIlOLMN, NPUBOALALLEN K couManbHOM dhopmMe OBWMXKEHUSA
mMaTepun. MOCKOMbKY XUBble OpraHM3mbl SIBMSIOTCA B KOHEYHOM
cyeTte cBOeOOpasHbIMU WMHAPOPMALMOHHBIMW CUCTEMaMK, TO B
€CTECTBEHHOM OTOOpe BbLIKMBAKOT Te€ M3 HUX, KOTopble Gonee
acphekTBHO nepepabaTbiBalOT MHOpMaLMo (Opyrne ycnoBus
CYLLECTBOBaHUSI TAKUX CUCTEM MPUHUMAIOTCA paBHbIMM). Tak Kak
yXKE 3KCMepuMMeHTarnbHO YCTaHOBMEHO, YTO nepepaboTka BHELU-
Hel nHdopMauun naeT 3a cHeT npeobpasoBaHNsi CTPYKTYP HepB-
HbIX MMNYNBbCOB, TO AaHHadA nepepaboTka TeM aPPeKTUBHEE, HYEM
CrNOXHee HepBHas cucTema OObeKTa, pearvpyroLlero Ha MocTy-
nawLLyo n3BHe MHopMauuio. ATO 03HaYaeT, YTo Buonorudeckas
3BONIOLNS co3daeT Heobxoaumble NpeanochikM A5 BO3HUKHO-
BEHUS YernoBeka, a knbepHeTuka, buonorusa n Teopusi MHpopma-
UUM B CBOEM PasBUTMM U B3aUMOAEWCTBUM OpPYr C OPYroM OTpa-
XalT He TOMbKO onpeaeneHHble opMbl €AMHCTBA XXMBOW MPUPO-
bl (BKIHOYas 1 YernoBeka), HO U HAaXoOsAT aHanormi Mexay npuH-
LUMOM yMpaBreHnsi B XXUBOW nNpupoge u obecTse, C OOHOW CTO-
POHbI, N CaMOpPErynMpoBaHMEM OOBLEKTOB HEOPraHU4ecKkon npu-
poabl — C opyron.

B nocnegHune pecatunetua XX B. NPOUMCXOOUT KOPEHHOM
caBur B crnocobax, cpeacTBax, OHTONOMMYECKMX BO3MOXHOCTSIX
Hay4HbIX OUCUUNIMH B UCCMefoBaHUM Co3HaHus. K npexHum ero
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aucunnnnHamM NpucoenmnHATCS HOBbIE, U, BUAMMO, 3TOT NpoLecc
3aKoHOMepeH. Ecnm MHeHne 0 KBaHTOBbIX OCHOBax CO3HaHUS
npobnemaTnyHo, 3TN KOHLENLUN MOXKHO CYMTATb TMNOTETUYHBIMN,
TO «CaMOOPraHuM3aLMOHHbIE», KMDepHeTnyeckne (T.e. reHeTnye-
Ckue n hyHKUMOHanbHbIEe) noaxoabl cTanu siBblo. Mpeacrasnser
WMHTepec oNTUMUCTUYECKOe 3asBneHne akagemuka A.H. Konmoro-
poBa: «S NpuMHaanexy K TeEM KpanHe OTYasiHHbIM KMbepHeTuKam,
KOTOpble HE BUAST HUKAKUX MPUHUUNUATBbHBIX OrpaHUYeHun B
KnbepHeTU4eckomM noaxoae K npobrneme XXM3HW U nomnararoT, YTO
MOXXHO aHanM3MpoBaTb XXM3Hb BO BCEN €e MOSHoTe, B TOM 4uche
M YenoBevyeckoe CO3HaHME CO BCEW €ro CIOXHOCTb, MeToaamu
knbepHeTtukm». lytem psga ybeantenbHbiX COOBpaXkeHui OH
Jaxe npegnonaraeT, YTO BO3MOXHO «CO3[aHWE WUCKYCCTBEHHbIX
XMBbIX CYLLECTB, CMOCOBHbIX K Pa3MHOXEHMIO M MPOrpPecCUBHOMN
3BOMNOLMM, B BbICLUMX hopmax obnagaromnx amoumen, Bonen m
MblLieHeM». NogobHas Touka 3peHnst MOXET BOCMNPUHMMATbLCS
Kak dpaHTacTMyeckasi, 04HaKO BO3MOXHO, UTO OHa MMEET onpeae-
NEHHbIN paunoHarbHbIA CMbICH.

B HacTosiwee Bpemsi He OOMKHO Bbi3blBaTb COMHEHUSI He
TONbKO MPUMEHEHWE €CTEeCTBO3HaHUS K MCCNedoBaHUio OO
obnactn obbeKkTMBHON OEeNCTBUTENbLHOCTW (BKNOYas BCH Marte-
puanbHyto cdepy obLLecTBa, a Takke cpeacTBa U pesyrnbTaTtbl ero
NPaKTU4ECKON AEATENbHOCTN), HO U K UCCNEeL0BaHUI0 CyObeKkTUB-
HOW [OencTBUTENbHOCTU. XOTS €CTeCTBO3HaHMe, Kak W nobble
apyrne 6noku Hayk, BUOUT CBOW OOBEKT, CBOK peanbHOCTb MoA
[OCTYMNHBIM €My YITIOM 3pEHUS, OOHAKO TOSbKO B TaKOM pakypce 1
N3BECTEH Hayke 3TOT OObEKT, T.e. MaTepuanbHbI MUP Kak Lienoe
nnbo oTaenbHble ero acnekTbl, dparmeHTbl. [lpeacraBneHus,
obobuwatolime noaobHble TOYKM 3peHUs OO MX CUCTEMHOMN UNu
CUHTETUYECKON LIENIOCTHOCTU, HE TOSIbKO OMUPAtoTCA Ha AaHHbIN
BnoK Hayk, HO M OCHOBbIBalOTCS Ha HeM. [MogobHbIMKM 0606LLe-
HUSMW OKa3bIBAOTCA COOTBETCTBYHOLLME Hay4HblE KAPTUHBLI MUpa,
ABRSOWMECH crnaBoM PUNocodCkUx coOoOpaKeHNn OHToorn4ye-
CKOrO 1 MEeTOAOSIOrMYECKOro xapakrepa, yHaamMmeHTanbHbIX Teo-
puiA, @ Takke KOHKPETHO-HAy4HbIX TEOPUM C WX IMMMUPUYECKOMN
WHTepnpeTaumen. KapTuHa CyOBEKTMBHOMO Mupa CTPOUTCH Ha
OCHoBe hmnocodckoro no3HaHWs, ogHaKo M OoHa He obxoauTcs
0e3 ecTeCTBEHHO-Hay4YHbIX JAHHbIX.
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Cneuundmka ecTeCTBO3HaHUSA B CUCTEME HAyK
M B UccrefoBaHUM 0eNCTBUTENBHOCTU

Y ecTecTBO3HaHWS UMEIKTCA onpeaerneHHble NpenMMyLLecTBa
nepeng OpyrMMu Haykamn B MCCINeAOBaHUM NOYTM BCex obnacten
OENCTBUTENbHOCTN. OTO OBYCMOBMIEHO MHOMMMU OOCTOATENbCT-
Bamu. MNpexae BCEro TEM, YTO OHO M3y4aeT MaTepuanbHyto cde-
Py XusHegesTenbHOCTH obLWwecTBa, NpMpoay, He TONbKO NPOTUBO-
CTOALLYI0 eMy (He 3aBUCMMYIO OT HEro), HO 1 npupoay, 3afemncT-
BOBAaHHYIO MM B MPaKTUYECKOW OeATenbHOCTM, a Takke «COTBO-
pPSEMyIO», CO3aBaeMy0 B Ka4eCTBE UCKYCCTBEHHOW cpeapl. Mpu-
opuTET MaTepuarnbHOro B ero B3avMOCBS3M C TBOPYECKOW POSbo
CO3HaHMWS, NpaKTUKOW, obecneynmBaeT NPEVMMYLLECTBO €CTECTBO-
3HaHWS B MO3HAHWMM MUpa. [lpyron BaXKHOW YepTon AaHHOro Groka
Hayk sIBNSIETCA €ro TeopeTUKO-Normyeckasi CTPOrocTb, CTPOWR-
HOCTb, BbICOKasi MaremaTu3npoBaHHOCTb U JOCTYMHOCTb Matema-
TM3aumMK, YTO NO3BONSIET eMy ObITb NPMMEPOM ANns Apyrux obnac-
TEN 3HaHWUS NPU MOCTPOEHMM UMK CBOUX Teopun. Pasymeetcs,
nogpaxaHve 3g0ecb He BCErga yMeCTHO, HO eCTb psif Hayk, Ans
KOTOpbIX OHO Aaxe Heobxoaumo, B onpeneneHHoOn mepe 3Bpu-
CTMYHO, CTPYKTYPHO OnpaBgaHHoO.

Kpome TOro, B eCTeCcTBO3HaHUU CcHOpPMUPOBAnnNCb MbICHEH-
HbI U HaTypanbHbIA, (PU3NYECKUI, TUMbI SKCMEPUMEHTA, 3aTeMm
OHW NMEepepocnn B Hay4yHO-NMPOM3BOACTBEHHbBIA C €r0 TEOPETUKO-
NPUKNagHbIMM BO3MOXHOCTSIMM, @ B HacTosiLlee BpeMsi — B Ma-
LUMHHBIA, UNN MaTemMaTUyYecKUn. JKCNEPUMEHT NMPUMEHSIIOT B MO-
3HaHMN OOGBEKTOB, TPYOHO AOCTYMHbLIX NMMOO BOBCE HE AOCTYMHbLIX
WHbIM CpeacTBaM MCCMEeLOBaHUsl, HEOOXOAMM B TEOPETUYECKOM
KOHCTPYMPOBaHUN NPEAMETOB XU3HeAesATeNbHOCTN O0LLleCTBa.

B skcnepumeHTe obpabaTbiBalOTCA UK CO3aat0TCA MaTepu-
anbHble CTPYKTYpbl, KOTOpbIE 3aTEM TaK UMM UHaYe BbICTYNawT B
poONn OpyAuIi AN HOBbIX 3TamnoB No3HaHus Nnbo npeobpa3soBa-
HWUsi BOBMieKaeMblX B COOTBETCTBYHOLMI npouecc obbekToB. Ta-
KM€ CTPYKTypbl CTAHOBSTCA MpegmeTaMu-nocpeaHukamn Mexay
CyOBLEKTOM MO3HABATENbHOM MU NPaKTUYECKOW AESATENBHOCTU U
«BHELUHNM, ECTECTBEHHO BO3HVKLLIMM npeameTomy. Co3gaHHble B
3KCMEepPUMEHTE, OHU HecyT Ha cebe oTne4yaTok OOBLEKTMBHOIO U
CyOBEKTUBHOIO, COBCTBEHHO MPUPOAHOIO WM COUMAarbHOro, cre-
UMPMYHO NPOSIBMAIOT COLManbHO-MPaKTUYECKUIA XapaKkTep ecTe-
CTBEHHO-Hay4HOr0O MO3HaHWS, ero OOBbLEKTUBHOCTb U COLMArbHYO
«OKpAaLUEHHOCTbY, OKa3bIBalOTCA OOBLEKTUBHOM (HOPMON «Bblpa-
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)KEHUS1 NO3HaBaTeNbHLIX HOPM, 3TarloHOB, OOBLEKT-TMNOTE3Y, Npe-
BpaLLalTCs B «CTPYKTYpoobpasytoLme KOMNOHEHTbI MO3HaHUS».

MogobHbIM KayecTBOM 0BNagaroT M NPeaMETbI-NOCPELHUKM
B MaLUMHHOM 3KCMEPVMMEHTE C TOM NNLWb PasHULEN, YTO OHW Kak
Obl MUHYIOT 3Tan NpeBpaLLleHUss 0O bLEKTUBHBIX (hOPM B KOMMOHEH-
Thbl MO3HAHMS, @ Cpa3y BbICTYMNalT COCTABHOW YaCTblO €ro formye-
CKUX CTPYKTYP. MalumMHHbIA 3KCNEPUMEHT OCHOBLIBAETCH Ha 4uUC-
FMIEHHOM WIM aHanMTUYECKOM peLleHMM MaTeMaTu4ecku nocTas-
NEHHOW 3ajayn, MHaye roBopsi, Ha MaTemMaTUYeCKON MOLENU, YTO
He TpebyeT cneumansHOro U3NYECKOro 3KCMEPUMEHTUPOBAHUS,
a nuwb npegnonaraet o60CHOBaHUE MPaBWUIIbHOCTM MaTemaTtu-
yeckon mogenu. bnarogaps MawMHHOMY 3KCNEPUMEHTY OTKpbI-
BalOTCA BO3MOXHOCTWU ONEpPaTUBHOIO pearmpoBaHus Ha CrOXHble
cuTyaumm nonydYeHus TpyaHOA4OCTYMHOW MHpopmaumn, He nprbe-
rast K onacHblM A5is Yenoseka HabnAeHNsaM U T.4.

B oTnuumne oT pm3n4ecKoro akcnepumeHTa, B MOAroTOBKeE,
npoBeAeHUN n pesynbTatax obpaboTku KOTOPOro HanMyecTByOT
unun npeobnagatT ecTecTBOBeAYECKME MOTMBbI, MALLMHHBIN 3KC-
nepumMeHT obLLeHay4eH, NMPUMEHUM B MOObIX cCUTyauusix, rae
BO3MOXHO MOCTpOeHMe MaTematudeckon mogenu. OgHako cama
dopmMa 3KCnepuMeHTa Kak MeToa Hay4yHOro no3HaHuUs BO3HMKNA
M passBuBanacb B €CTeCTBO3HaHWM, obpena xapakTepHoe Ans
HEro MeTodosIorM4yeckoe U onepaTMBHOE COAEPXaHWe, MO MPUH-
Luny NpeeMCTBEHHOCTU «CHATOE» U B Mocreaylwmux gopmax.

3aMeTHbIMM  4YepTaMu MPEEMCTBEHHOCTM  E€CTECTBEHHO-
Hay4YHOro 3KCrnepuMeHTa B OOLLEeHay4YHOM SIBNSKOTCA CTpeMIieHne
K YMCTOTE OnbITa, K TOYHOCTM MpPaBUST ONEepUpPOBaHUS BCEMU €ro
KOMMOHEHTaMW, LUMPOKOE MCMONb3oBaHWe ngeanusauumu, abctpa-
rmpoBaHus. OgHako npeacTaBUTENW TYMaHUTapHbIX Hayk, OCO-
O€eHHO onucaTenbHbIX, He BCerga roToBbl K OCO3HaHHOMY MpuMe-
HEHMWIO naeanuaaummn n gpyrux HaydHbix abctpakuuin. OHu nHoraa
HaVBHO MonaralT, YTO aHanM3upyemble MOHATUSA B MX Haykax
obnapgatoT Bcen cBoen NonHoTon. Hanpumep, KoHUEeNUmst Hay4dHo-
ro KOMMyHU3Ma 06bSBNAck MMM TEOPUEN, a He abCTpPaKTHON cxe-
MOW; MOSOXEHNEe O BbICOKOW OYXOBHOW KynbType pearlbHOro co-
BETCKOro YesnioBeka BOCMPUHMMAIIOCh Kak JOKa3aHHOe yTBepXKae-
HWe, a He abcTpakums (koTopasi, K TOMy e, He cTarna Hay4yHoWw,
MOCKOJNbKY HE MOCTaBflieHa Ha Cepbe3Hble coumarbHble Onopbl) U
T.n. MNpy Takmx oWNBOYHBIX KOHLENUMsAX, BblAaBaEMbIX B Ka4ecT-
BE TEOPWUN, NPW HEMOHUMAHWM CYLLHOCTU U ponu abCcTpakuuin B
coumanbHOM 3KCMepUMeEHTE HEBO3MOXHO 3(hdEKTUBHOE ero npo-
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BefeHue. MpaBumbHbIN Xe Noaxon AOMKEH MoBredb 3a cobol u
Dbornee OTBETCTBEHHOE OTHOLUEHME K BblABUraeMbiM KOHLENUUSM
n 6onee rnybokoe TONKOBaHME WHCTPYMEHTapusi, MeTOL4ONOrmm
€CTEeCTBEHHO-Hay4YHOro 3KCNeprMeHTa.

Ewe ogHon BbIMIMPLILIHON OCOBEHHOCTLIO €CTECTBO3HAHMS
cTano npeogosieHMe MHOMMMKU COCTaBMSOWMMU €ro  Haykamu
CBOUX OOBEKTUBHBLIX U METOAOMOMMYECKMX TPaHUL, BbIXOL UX Ha
obweHayyHbI ypoBeHb. Ocob0 Hago OTMETUTL TakMe Hayku, Kak
dusnka, kmbepHeTuka, atonorus, akonornsa. Macwrtabbl nx adg-
PEKTUBHOIO MPUMEHEHNS] MPEB3OLNAM TPaHWLbl BbIYITIEHEHHbIX
0OBbEKTOB, TaK UMM MHA4Ye oxBaTUNN BCe apyrme obnactn HayyYHo-
ro No3HaHus. B dusmke Hapsay ¢ NPOHWKHOBEHMEM ee METOAO0B B
XUMUKO,  Bromnorno, TEeXHUKY ccdopMMpOoBannCh  KOHLEMLMHU,
umerowmne OObACHUTENBHYIO N 39BPUCTUYECKYID 3HAYUMMOCTb AnS
nccrneoBaHNst BCEX CYLLLECTBEHHO BaXKHbLIX CTOPOH B AMHAMUKE
mMaTepuaneHoro mupa. OOHOW M3 TakMx KOHLUEeNuuni SBnsieTcs
yrnomsiHyTasi paHee MHOronsiaHoBasi, pasBeTBMNEHHAs KOHUenums
COCTOSIHMW, fJanekux ot paBHoBecus. Ee coBpemMeHHoe coaepxa-
HWe NoAroTaBNMBarnoch YCUNMAMN psifa BblAARLWMXCst (OU3MKOB U
OPYruX Y4YeHbIX, a TakkKe rpyrnnon mMaTtemMaTuKoB, CO34aBLUMX M
pas3BMBLUMX Teoputo kaTacTtpod. B nx pabotax gaHHasi Teopus
nonyyaeT CerogHs He TOMbKO TEOPETUYECKOE pa3BUTUE, HO U
HETpPagULMOHHYIO METOAOMOTYIO.

Ha ocHoBe Teopuint COCTOSAHWIA, Janekux OT paBHOBECKS,
yoanocb MOHSITb WM CHATb psig NPOTUBOPEYUIA, BO3HUKLIUX B
Hayke, chopMynMpoBaTb OOLMI MOAXO4 K LeNION COBOKYMHOCTU
SABMEeHU npupoapl 1 oblectea. Takum o6pa3oM, BO3HMKIIA HOBas
obnacTb 3HaHus, uMetoas obLleHayyYHyo 3Ha4YMMocTb. OHa He
TONbKO 0OYCNOBMMBaET HOBYHO Napagurmy COBPEMEHHOM (hranku,
HO M PEBONIOLMOHU3NPYET BCHO HAyKy, N3MEHSAET HEKOTOPbLIE yXKe
YCTOSIBLUMECS BbIBOAbI O MUPE, MOCKOSbKY MO3BONSET U3YYNTb B
Hem Gonee obwme un rnybokme B3aMMOCBSA3N (KOPPENATUBHbIE,
KoonepaTuBHble, COOCTBEHHO BpPEMEHHbIE, MNPOCTPAHCTBEHHO-
BPEMEHHbIE N Ap.). DTN CBA3N TEeM 3aMeTHee, YeM darnblie OT
paBHOBECUS X cyOCTpaThl.

Yem pganblie nwobas cuctema OT paBHOBECHOIO COCTOSIHUS,
TeM OonbLUMA MPOCTOpP Yy Hee ONs pas3BUTUS, TEM CIOXHee ee
CcTpykTypa. [pnyem yCroXHeHUe CTPYKTypbl COMPOBOXOAETCH
yBENUYEHMEM 4YMCNa U rMyOnHbI HEYCTOMYMBOCTEN, BEPOSTHOCTU
Ovdypkaumm, T.e. pa3HOOOpa3nss COCTOSIHMI, BapuaHTOB HOBOW
opraHusauuun. B onvcaHum nogoBHbIX NPOLECCOB CYLLECTBEHHOE
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3Ha4yeHe npuobpeTaloT MOHATUS HeonpedeneHHOCTU, cToxac-
TUYHOCTW, YMpaBfeHusi, koonepauun, HeMMHEWHoOCTN n gp. Yem
fonblle OTKIOHEHME OT paBHOBECUS, TEM BhILWE €OMHCTBO MpPO-
LeCCOoB, Jaxe NpOTeKalLmMX B OTAanNeHHbIX obnacrsx u, Ha nep-
Bblii B3rNad, He CBA3aHHbIX Apyr ¢ Apyrom. Camu npouecchl B
cucTtemMax, Jarnekmx OT PaBHOBECKS, XapakKTepu3yloTCsl HENMHEN-
HOCTbIO U CBSI3aHHBbIMU C HEN BO3MOXHOCTSIMWU YNpaBrisitoLLero
BO3OEWNCTBUSA Ha CUCTEMY M HanmmuMeM obpaTHbix CBsA3en. 3ako-
HOMEPHOCTW, BbISIBNSIEMblE AN MOObLIX CUCTEM, Janekux oT pas-
HoBecwusi, 00nagaT He TOMbKO BbICOKOW OBLLHOCTLIO, HO U LLUMPO-
KO CUCTEMHOCTbLIO, OXBaTblBAlOT CTPYKTYpbl, Kasanocb Obl, He
umelowne poacTBa, Korga ux usyyanu gpyrme obnactu 3HaHus.
Bonee CnoXHbIM M BaXHbIM A7 HAayKM COCTOSIHUEM CUCTEMBI
ABMAIOTCA €€ OTKPbITOCTb U OTXOA4 OT paBHOBECUS (UM OTCYTCT-
BME paBHOBECUS), YEM €€ 3aMKHYTOCTb U CTPEMITEHNE K paBHOBE-
cuio.

KoHuenunsi 3aMKHyTOCTM CUCTEMbI CTAHOBUTCA MO COopepXka-
HUIO NOKanbHOW (Kak, Hanpumep, duandeckasi TEOpust 3aMKHYTbIX
TEPMOOVHAMUYECKNX CUCTEM), OTYETNIMBEE BbLISBMSETCA U €e
abCTPaKTHOCTb, MOCKOMbKY UCCMeQyeTcsa He Mpouecc B LenoM, a
OTAenNbHbIE Er0 CTOPOHbI, HEPEAKO MaeannampoBaHHble. KoHuen-
Uus XKe, CTPOSILLAsACA C Yy4eTOM (OYHKLMOHANbHOW MOSIHOTHI He-
pPaBHOBECHbLIX MPOLIECCOB M YCMOBUIA UX MpPOTEKaHMs, cnocobHa
onncatb MUP B €ro CTPYKTYPHOM U AMHAMWYHOM MHOroobpasuu,
0OBbACHUTL SIBMEHUS], O KOTOPbLIX paHee He 3Hanu nubo npeacTas-
nsanm mx HeagekBaTHo. OrpaHMYeHHOCTb MMpa 3aMKHYTbIX CUC-
TEM, UX CTPeMIeHne K hn3nm4eckomy ogHoobpasnio U B UTore K
TENIIOBOA CMEpPTM JIMBO Xaocy CMEHSIoTCsl 6e3rpaHUyYHOCTbIO
CTPYKTYPHOro pasHoobpasns HepaBHOBECHbLIX CUCTEM.

OGHapyx1Baemble B COOTBETCTBUM C TeOpMeln CUCTEM, Oa-
NeKnx OT paBHOBECKUS!, YCTONYMBOCTM, MOSABNSAOLLNECS B AUHAMU-
KE HEepaBHOBECHOIO COCTOSIHUSA M MHULMMPYIOLLME MOUCK addpek-
TUBHbIX MPUNOXeHUn B niobon cgepe YenoBeveckon AeaTernbHO-
CTMW, BbICTyNalOT MOMEHTOM pa3HOOOpasHbIX, Kak MpaBuiio, He-
npepckasyembix MoauduKauni C YCNOXHSAIOWMMUCS CTPYKTypa-
Mu. MlHaye roBops, B JaHHOW TEOPMU UMMAHEHTHO NpeacTaBieHo
€OVHCTBO YCTOMYMBOCTU U U3MEHYMBOCTM, Cpeaun KOTOPbIX Beady-
Len asnsaeTca nocnegHas. B Takon Teopun CUCTEM KOHKPETU3u-
pyeTcs Auanektuka yCTOMYMBOCTM UM U3MEHEHMS, @ NPUHLMMbI
€OWHCTBa M pasBuUTMS MONy4aloT obuiee, NpUYEM KOHKPETHOE WU
HeTpuBManbHoe coaepxaHue, obnagatolLiee BbICOKMM PUOCOd-
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CKUM W MMPOBO33PEHYECKMM MNOTEHUManoM. Takum obpasom,
Teopus MPUHUUMMANBHO HEPaBHOBECHbLIX CUCTEM, BO3HWKHYB B
u3mKe, MmatemaTumke, nepepocna B obLeHayqYHyo AUCLUNINHY Y
cTana BeCoOMbIM MaearnbHbIM «KOHCTPYKTOPOM» B TEXHUKE.

B cBoe Bpems knbepHeTnka 6bina nuwb obnacteto Guonormm
n matemaTukn. CosgaHme coBpeMeHHbIXx ABM, komnbloTepoB 4-ro
MOKOMEHUS U Bbllle, UHOPMATUKA, OOpeTEHNE €t MaLUMHHOTO
cTtaTyca cgenanu KubepHeTuky oOLleHay4yHOW AWCUMMNIMHON W©
aTpubytom TexHukM. COBpPEMEHHBLIN Hay4YHO-TEXHUYECKUA Mpo-
rpecc, MOXHO ckasaTb, onpedensieTca CroCOOHOCTbI MCMONb30-
BaTb MOMyYEHHbIE B 3TON 06nacTM 3HaHUS U UX MpaKTU4ecKkne
NPUIOXEHWS.

O6 obuieHaydyHOM XxapakTepe COBpeMEHHOW KubepHeTuku
OTYETNMNBO CBMAETENbCTBYHOT MHOMOYUCIIEHHbIE ONpedernieHns ee
dyHKUMIA, 3adad, obbekTa uccnegoBaHusi. Kakumu 6bl pasHbiMu
OHW HM BbINK, HO NOYTU BCEX UX 0ObeANHSAET NOAXOA K 3TOW Hay-
Ke Kak yHuBepcarnbHoOM obnactu 3HaHus. [prvBeaeM ogHo onpe-
JeneHue, B UENOM npeacTaBnswouieecs Ham Hambonee ontu-
ManbHbIM: «OBBLEKTOM M3y4eHUs KMOEpHETUKN SBNSAOTCA ynpas-
fieH4yecKkne NpoLecchbl N CUCTEMbI MOON NpUpoabl (BKIOYasa Xu-
Bble OpraHu3Mbl) B MH(pOpMaUMOHHOM acnekTte». KnbepHeTude-
CKWe acnekTbl XapaKTepHbl ANS BCEX U3BECTHbIX M TakK UM UHaye
BOBJIEYEHHbIX B MO3HaBaTerbHbIN npouecc cuctem. K Tomy xe
MHOIMEe U3 HUX, TPYOHOOOCTYMNHbIE ANSA NO3HAHUSA APYrUMU OUCUU-
nnvHamu, OOCTYNHbl KNOepHeTUKe. OTO O3Ha4aeT, YTO AaHHas
Hayka BbICTyNnaeT He TONbKO OOLLeHay4YHOW BETBbIO 3HAHWS, HO U
obweHayyHon meTtoponoruen. LLupokme xe n acpdekTMBHble ee
(kMGepHeTMKN) NPUOXKEHMS B MpaKTUKe YTBEPXKOAKT CTaTyC 3TON
OVCUMNIMHBL U KaK OTpacnu, onpeaenstowen npeobpasoBaHue
TEXHUKM, NPOV3BOACTBA, OOBEKTUBHBIX KOPPENATOB MbILLUIIEHMS,
BMECTE C [OpyrMMu OOWMMM Haykamu YyTBEpXKOatolwen HOBbIN
CTUITb MbILUSIEHUS — CUCTEMHbIA, MOO UMEHHO OH MPUCYLL YeroBe-
KY, BOOPY)XEHHOMY 3MEKTPOHHLIMU U APYTMMU CHOXHBLIMWA Mallu-
HOOOpa3HbIMU KOMMIEKCaMMU.

06 obLLeHay4HOCTM 1K1, NO KpanHen mepe, perMoHansHOCTU
OTAENbHbIX €CTECTBEHHO-HAYYHbIX OUCLUMMIMH, TakUX Kak 3TOMno-
rsi, 9KONOrusl, CBUAETENLCTBYET UX 3HAYMMOCTL B UCCe0BaHMM
HEKOTOpPbIX CTOPOH 4YernoBeyeckoro obwexutus. Kasanocb Obl,
3TOMNOMMSA Kak Hayka O MOBEAEHWM BbICOKOOPraHU30BaHHbIX XW-
BOTHbIX M UX COOBLLECTB HE MOXET MMETb MPSIMOrO OTHOLLEHUS K
yenoBse4yeckomy obuwectsy. OfHako HenocpeacTBEHHAsd CYHK-
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LMoHanbHasa u, Tak ckasaTtb, reHeTM4Yeckas CBA3b COLManbHOCTU B
XVMBOTHOM W 4enoBeyeckoMm coobuiecTBax, NpuUCyLiue nepBoMy
onpefeneHHble YepThbl, NposiBNAeMble B NOBEAEHUN rpynn Moaen,
1 HaobopoT, POPMUPYIOT YCIOBUS ANS NPUMEHEHUS psda naemn o
NOBEAEHUN XMBOTHbIX B OTHOLLUEHUW 4enoBeka. AHanornyHoe
MO>HO CKa3aTb M O Baneoriornm — Hayke o 300pOBbe.

B aTonoruyeckon n 6uonornyeckom nutepaType B LLENOM BCe
yalle MpPOBOAATCHA HEKOTOpble aHanornM Mexgy coobliecTBamu
TEPMUTOB, Nyer, 06e3bsiH, MOPCKMUX KOTUKOB, C OAHON CTOPOHbI, U1
cneunuYHbIMA B3aMMOOTHOLLEHNSIMU YEITOBEYECKUX UHAMBMAOB
— ¢ gpyron. HasBaHHbIe BONPOCHI eLle He NOMyYUnn y Hac CKOMb-
KO-HMOYyAb YOOBNETBOPUTENBHOIO OCBELLEHUs, Tem Bonee pelue-
HUH, HO 3a pyGEeXOM OHW [AaBHO MOCTaBfiEHbl U MOCUMbHO peLla-
toTCca. BO3MOXHO, YTO B CKOpPOM BpeMEeHM npoumsongeT cMeHa
OTHOLLEHUS K HUM. [Ing 3TOoro HeobxoamMMbl pa3BuTME COOCTBEHHO
3TONOrMYyecknx, BGMoNorMyecknx uccrnegoBaHWA, a Takke nepe-
CMOTp rnyboKo YKOPEHUBLUUXCS (CO BPEMEH rOCMnoAcTBa cpeaHe-
BEKOBbIX [OrM) MpeACTaBIieHWA O YeroBeKe Kak «MOCIaHHMKe
6ora Ha 3emne», o ero abcontTHOM MPEBOCXOACTBE Haj BCEM
XVBbIM.

XoTda mexay npegcrasneHnsMm o6 abcontoTHOM NPeBOCXoa-
CTBE YenoBeKka M COBPEMEHHbIM (PMIoCcodCKo-HayYHbIM MUPO-
BO3pEeHUeM nexaTt paboTbl KacCUKOB ucTopum dunocopum u
ybeaunTenbHble Hay4YHble M3bICKAHWS, OOHAKO MHOTME aBTOPUTETHI
B Hayke N UOEeOnorum He XOTAT BCEPbe3 OTHECTUCh K TakuM nofa-
Xo4aMm B Hayke, KakK CTPYKTYPHbIA, OpraHu3MeHHbIn, GyHKLMO-
HanbHbIN. TeM He MeHee AaHHble NOAXOAbl HE YHUUTOXAlT pe-
anbHbIX NpevMyLLecTB oblecTBa nepeq XMBOTHbIM MMPOM, HO
OHU MOAYEPKUBAIOT U UX onpefeneHHyo (pyHKUMOHanNbHY, op-
raHM3aunoHHyo 1 Aap.) aHanoruto. CoBpeMeHHasi 3TONornst 1 npu-
3blBaeT pasobpatbCsi B 3TOM, TeM 6Gornee, 4To Teopusi CUCTEM,
Janeknx oT paBHOBECUs, KubepHeTvka, reHeTuka, 3KOMOrnsl cos-
JatoT HeobxoarMble NPeANOCHINKU.

Korga pedb nget o npeBpalleHUn Kakow-nmbo oTpacnm ec-
TECTBO3HAHWSA B perMoHanbHyo nunm obLieHayyHyto, To He umeeT-
Csl B BuAy, YTO 9Ta OTpacib MOMHOCTBI OTMNOYKOBanack OT HEro.
Moyt B kaxaom w3 OTAENUBLUMXCS Hayk, NpuobpeTwumx craTyc
06LLEHayYHOCTU UM PErMOHANbHOCTU, BMECTE C OOLMM 3HAaHNEM
CyLLIeCTBYET M YaCTHOE, XapaKTepHoe Ans crneyunanbHbIX AUCLnm-
nVH. U1 B aTONOrMK, 1 B 3KOMOMMK, HE TOBOPS yXKe 0 hr3uke, nme-
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HOTCA KOMMJIEKCHI npo6neM, 3aja4y, KOTopble pelarTca 3TUMU
HayKaMun Kak 4YaCTHbIMW.

KOHTPOIbHBLIE BOIMPOCHI 1 3BA0AHNA

. Uto Ha3bIBaeTCst eCTeCTBO3HAHNEM?

. Kakne Hayku cocTtaBnsioT ectecTBO3HaHMe?

. KakoBa knaccudmkaumns eCteCTBEHHbIX HayK?

. Moyemy Ncnxonornto OTHOCAT K €CTECTBEHHBIM Haykam?

lMoyemy reorpacmio He BbIOENSAT B MEpapXun eCTECTBEHHbIX

Hayk?

6. YTo noHmmatoT nog anddepeHumnaumen u MHTerpauuen Hayk?

7. KakoBo 6bIno pasgeneHue Hayk B ApeBHEM MUpe.

8. HasoBuTe ectecTBeHHbIe Hayku B anoxy BoapoxaeHus.

9. lNpvBeoute VMeHa BENWKMX YYeEHbIX-eCTeCTBOUCTbITaTENEN
CpeOHEeBEKOBbS.

10. KakoB Bknag M. Manunes B pa3BuTne eCteCTBO3HaHNA?

11. KakoB Bknag M. HetoTOHa B pa3BuTue eCTeCTBO3HAHNS?

12. B yeM 3aknio4vaeTcs AUCUUNNMHAPHBIA NOAX04 K U3Y4YeHUHO
oKpyXatoLero mupa?

13. B yeM cCyTb MEXAMCUMMMMHAPHOIO noaxoda K W3ydeHUHo
npupoabI?

14. B 4yem cyTb CUCTEMHOrO MeToaa?

15. KakoBO COOTHOLLEHME 3KCMEPUMEHTASTLHOIO N TEOPETUYECKO-
ro MeToaoB B U3y4eHnu npupoabl?

16. Kak wno paseutne npencraBneHnii yenoBeka o6 OKpyxato-
wem mupe?

17. C kakummn maTepuanbHbiMM 00beKTaMn UMeeT ferno dusmka?

18. C kaknmm matepmanbHbiMn 06bEKTaMn UMEET Aeno XmMmmna?

19. C kakumm obbekTamMun numeeT geno éuonorna?

20. YT0 n3yyaet ncmxonorma?

21. Y70 NeXuT B OCHOBE pasnuyuin 61Monornm n NCMxonorum?

22. KakoBo nonoxeHne matemMaTukm B cucteme Bcex Hayk? Obb-
SCHUTE NPUYMHY 3TOrO.

23. MosicHNTE CMbICN MEpPbI CIOXHOCTU, UMW MYNbTUNNETHOCTH, B

Hayke.

24. KakoBo 3Ha4eHue pr3mnkn B pa3BUTUN €CTECTBEHHbIX HaYK?

25. KakoBo 3Ha4YeHne XMMUmn Ans Xn3Hu odliectsa?

26. KakoBa pornb 6rvonorum ans xusHu obwectea?

27. KakoBO B3aMOENCTBME ECTECTBEHHbIX HAayK?

AR WN
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28.

29.

30.

31.

32.

33.
34.

KakoBO BnusiHMe eCTECTBEHHbLIX HayK Ha pasBUTME TEXHWUYe-
CKMX HaykK?

KakoBo BnusiHe eCTeCTBEHHbIX Hayk Ha couuwarbHble Mpo-
Liecchl B obulectse?

KakoBo BnusiHue obLiecTBa Ha pa3BUTME ECTECTBEHHbLIX Ha-
YK?

MoyeMy oOLLECTBO HE MOXET YCMewHo pasBuBaTbcs 6e3
pa3BUTUS ECTECTBEHHBIX HayK?

B yeM nposiBnsieTcs cneumdmka eCTeCTBO3HAHUSA B CUCTEME
HayK?

KakoBa ponb aKkcrnepvmeHTa 1 TEOpUN B ECTECTBO3HAHNMN?
HazoBuTe paBHOBECHble W HEPaBHOBECHLIE COCTOSIHUS W
CUCTEMBbI.
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naea 2
MPOCTPAHCTBO U BPEMA. QHEPIUA
CTPYKTYPHOCTb U CUCTEMHOCTb MaTepuu

CTpyKTYPHOCTb M CUCTEMHOCTb SIBIISIIOTCS BaXKHEALUMMU aTpu-
6ytamu matepumn. OHM BbipaXaroT YyNopsg04EeHHOCTb CyLLEeCTBOBaHUS
MaTepPUN U Te KOHKpPEeTHble (hOpMbl, B KOTOPbLIX OHA MPOSIBMSETCS.
Mog CTpyKTyporM mMaTepum MOHUMAIOT ee CTPOeHue B MUKPOMUpE,
CyLLECTBOBaHWE B BWAE aTOMOB, MOJSEKY, 3NIEMEHTAPHbIX YacTuL, U
Op. B noHsATME CTpyKTypbl Matepuy BKAYAOTCA Takke pasfnnyHble
MaKpOCKOMUYeCKNe Terna, BCe KOCMUYECKME CUCTEMbI Meramupa.
Takum obpa3om matepusi B LLeNOM MPOSBISETCS B CyleCTBOBaHUN
6eckoHe4Horo MHOroobpasmsi CUCTeM, TECHO CBSA3aHHbIX Mexay COo-
oon. N3 Bcero mHoroobpasusa opm Matepum OOCTYNMHOW Ansi Ha-
ontogeHns KoHevHas obnacTb MaTepuanbHOro Mypa, Kotopasi nexuTt
B o6nactv ot 107° cm go 10%° cm (npumepHo 20 MIPA CBETOBBIX
net). Bo BpemeHu ata obnactb npoctupaeTca 4o 210" net. B atux
MaclTabax CTPYKTYpHOCTb MaTepuy OCYLLECTBMSIETCA B BUAE MHO-
KeCTBa Mepapxmyeckn cBs3aHHbIX cuctem: MeTtaranaktuka, oTaenb-
Hasi ranakTuka, 3BesfgHasl cuctema, nrnaHerta, oTgaenbHble Tena, mMo-
nekynbl, aTOMbl, 3flEMEHTapPHbIE YacTuLbI.

CncTeMHOCTb MaTepum — 3TO BHYTPEHHE WX BHELLHE Ynops-
[OYEHHOE MHOXECTBO B3aMMOCBSI3aHHLIX 3/1EMEHTOB, onpenesneH-
Hasi LenoCTHOCTb, nposiBrisiowas cebs kak HeYTo eamMHoe Mo OTHO-
LIEHUIO K ApYrMM obbekTam Unm BHeLWHMM ycrnosusM. Bo Bcex ueno-
CTHbIX CMCTEMAX CBSI3b MEXAYy 3NeMEeHTaMn BHYTPU CUCTEMbI SBMIS-
eTcs Gornee yCTOMYMBOW, YNOPSOOYEHHOW, N BHYTpPEeHHe Heobxoau-
MOW, YeM CBS3b KaX0ro U3 3feMeHTOB C OKpyxatoLen cpegon. Tak,
B HEOPraHW4eCcKow NpMpoAe MHOXECTBO OObEKTOB OyaeT LienoCcTHON
CUCTEMOW TOMbKO B TOM Cllyyae, eCIN JHEprusi CBA3WM MeXay HUMU
fonblle UX CyMMapHOW KMHETUYECKOW 3HEPrnMM MO CPaBHEHUIO C
3HEeprmen BHELLHMX BO3OEWCTBUIW, HampaBfeHHbIX Ha paspylleHue
cuctembl. B npoTuBHOM criydae, cuctema He BO3HWKAET MU pacna-
[aetcs. OHeprus BHYTPEHHUX CBSA3EN — 3TO o0wias 3Heprusi, KoTo-
pyt0 HEOOXOAMMO MPUNOXNUTbL K KaXOO0MY M3 3N1EMEHTOB, YTObbI yaa-
NUTb ero u3 cucTembl. BHYTpEHHSI 3Heprus CBA3M MOXET UMETb
pasnuMyHoe 3Ha4YeHWe B 3aBUCUMOCTWM OT XapakTepa cun, obbeam-
HAKLWWX Tena B cucTembl. C MepexogoM OT KOCMUYECKUX CUCTEM K
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MaKpOCKONMU4eCcKMM Tenam, Moriekyram, atoMmam, K rpaBuTaloHHbIM
cvnam Jo6aBnsiTCs SNEKTPOMarHUTHbIE, KOTOPbIE HAMHOTO MOLLIHEE
rpaBMTaLUOHHBIX. B aTOMHBbIX sapax 4encTBYIOT elle 6onee MoLLHble
cunbl. Yem MeHblue pasmMepbl MatepuanbHbIX cucTemM, Tem Gornee
NPOYHO CBsI3aHbl Mexay coboin nx anemeHTol. [1pn nepexoae K ane-
MEHTapHbIM YacT1LaM 3HEPIMs BHYTPEHHUX CBSI3EN BO3pacTaeT eLle
fonbLue 1 conoctaBnma ¢ UX COBCTBEHHOWN SHEPren.

[onroe BpemMsa aTom cuntany nocneaHnM npeaenomM AennmmocTu
MaTepuUm U TEM KUPMUYNKOM, U3 KOTOPOrO CroXeHbl BCe NpeaMeThbl 1
ABNEHNs1 Hawero Myvpa. Ho yxxe k Hayany gBaauaToro Beka BbISICHU-
NOCb, YTO 3TO He Tak. BbbiNn OTKPbLITLI 3NEKTPOH, MPOTOH, HEUTPOH "
Opyrve arnemMeHTapHble YacTuubl. YMCro OTKpPbIBAEMLIX 3fIEMEHTap-
HbIX YacTuy Bce 6Gonee Bo3pacTaeT U cenvac Mx U3BecTHo Bonee
300. Y GonbLUMHCTBA 3fIEMEHTAPHbBIX YacCTUL, U3BECTHbI aHTU4acTu-
Ubl, OTNNYaOLLMECS NMPOTMBOMNOSIOXKHBIMI 3HaKaMu 3apsda U MarHuT-
HOrO MOMEHTA: 3NEKTPOH — MO3UTPOH, NMPOTOH — AHTUMPOTOH, HEW-
TPOH — @HTUHEWUTPOH, HENTPUHO — aHTUHEWUTPUHO U T.4. Bce gpyrune
CBOWCTBa aHTM4YacTUL, aHanorM4yHbl CBOMCTBaM ODObIYHbIX YacTul,.. U3
HUX MOryT obpa3oBbIiBaTbCH YCTOMYMBbLIE aTOMHbIE f4pa , aTOMbI,
MOJIEKYSbl U aHTUBELLECTBO, NOAYMHSAIOLLEECH TEM XKe 3aKOHaM, YTo
n obblvyHoe BellecTBO. pn CONPUKOCHOBEHUN BeLLecTBa C aHTUBE-
LLIECTBOM MPOUCXOOUT aHHUTUASAUMS: NpeBpalleHne 4YacTtul U aHTu-
YyacTmy B OTOHbI U Me30HbI BOMNbLUMX 3HEPTUN.

BewecTBO M none

OcHoBHble hOpMbl MaTepmm 4YacTo AeNnaT Ha BELLECTBO U none.
Takoe geneHve MMeeT HEKOTOPbLIN CMbICST, HO OHO orpaHu4yeHo. og
BELLECTBOM NMOHMMAIOT pasfnnyHble YacTuubl U Tena, koTopble obna-
[alT mMaccon nokosi. lons m ux kBaHTbl MacCbl MOKOS HE UMEIOT,
XoTa obnagalwT 3JHepruen, WUMNYNbCOM U MHOXECTBOM ApYrux
cBONCTB. [one 1 BelecTBO HeNb3s NPOTUBOMOCTABNATL APYr APYrY.
B cTpykType BellecTBa BCe BHYTPEHHEE MPOCTPAHCTBO «3AHSATO»
nonamu. Ha ponto coOGCTBEHHO 4YacTuL, MPUXOOUTCHA HUYTOXHAs
yacTb obuero obvema cUCTEMbI- NPUMEPHO 10°® - 10 o6bema,
T.e. MONs BXOOAT B CTPYKTYpy BewlecTBa. B Toxe Bpemsi kBaHTaMu
nonew BbICTYNalT YacTuLbl, OTHOCALUMECH K BellecTBy. B aton He-
paspbIBHOM CBA3WN BUAHO OOHO M3 BaXKHEMWLLUX NPOSIBIIEHUI eANHCTBA
NPepbIBHOCTU U HENPEPBLIBHOCTU B CTPYKTYpE Matepumn.
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YacTtuubl obnagaloT OTHOCMTENBHOW MPEPLIBHOCTLIO U NOKanu-
30BaHHOCTbLIO B NPOCTPAHCTBE, NOJIS e HEMPEPbIBHO pacnpeneneHsbi
B HeM. [Mpu aTOM Nons He ABNAKTCA abCOMTHO KOHTUHYanbHbIMU
cpedamu, T.e. He SIBMSIOTCS CMSIOWHbIMU MaTepuarnbHbiIMUA CpefamMu.
Mpn mnsnyyeHUn M NOrMAOLEHUN OHWU MPOSABASIOTCA OTHOCUTEMBbHO
[OUCKPETHO -—B BUAE KBAHTOB, (DOTOHOB, ME30HOB U T.4. KBaHTbI no-
nen B3aMMOOEWNCTBYIOT C YacTuLaMu BellecTBa Kak AUCKPETHble
obpasoBaHus. YacTuubl BellecTBa Takke Hemnb3sd NpeacTaBnsaATb B
BMOE KaKUX-TO MUKPOCKOMUYECKMX LUAPUKOB C abCOMIOTHO YeTKO
OYEpPYEHHBIMM TpaHsaAMU. YacTuubl HEOTAENMMbI OT MOMIEN U HE Cy-
LecTByeT abConioTHO pes3kon rpaHuLbl, rae KOHYaeTcsd 4vacTtuua u
HayMHaeTcs ee BHellHee none. B norpaHnyHon obnacTtu cyuiecTsyeT
HenpepbIBHbIA B3anmmonepexod nonen u 4vactuy. MwukpodacTuupl
BellecTBa o6ragaloT ABONCTBEHHOW MPUPOOONA: NPUPOAON YacTuubl
M BOSHbl OOHOBPEMEHHO. VX BOMHOBbLIE CBOWCTBA OMMCLIBAKOTCS

h
ypaBHeHueM BOnHbl Ae bpownns A =— rge h- noctosiHHas MNnax-
mv

Ka, m —mMacca YacTuubl, V — CKOPOCTb €€ OBWKEHNS.

W none, u BellecTBo 0bnagaoT onpeaeneHHbIMU PU3NYECKUMU
napameTtpamu. Tak, BosiHa onucbiBaeTca ANWHON, ¢hason, amniuTy-
0OV 1 UX U3MEHEHMSIMW BO BPEMEHU U MpOCTpaHCTBe. YacTmua xa-
pakTepu3yeTcs UHbIM Habopom napameTpoB: CMWH, 3apsg, macca
MOKOS1, BPEMSI XKU3HW U PSS KBAHTOBbIX YMCEN.

BaxHenwwen xapakTepucTMKoOn MWUKPOYacTULbl SBNAETCA ChWH,
COBCTBEHHbIN MOMEHT KonuMyecTBa ABwmXeHus. B knaccuyeckon me-
XaHWKe Takas BenvuvMHa xapakTtepusyeT BpaweHve Tena. Ho ans
MUKpOYaCcTUL, Takoe onpeaeneHve TepsieT CMbICH, TaK Kak dneMeH-
TapHble YacTuLUbl HEBO3MOXHO MpeAcTaBUTb BpaLaloLUMUCH Kpo-
XOTHbIMW BOMYKaMu.. [Ins MMKpOYacTuL, CNUH XapakTepuayeT BHYT-
PEHHIOK cTeneHb cBoboabl, obecneunBaroLyto en AONONTHUTENbHOE
dusnyeckoe coctosiHMe. B oTnmume OT Knaccu4eckoro MOMeHTa
KONMM4ecTBa ABWXEHUS, KOTOPbIN MOXET MPUHMMAaThb nobble 3Haye-
HWUSI, CMUH KBAHTYeTCs, T.e. MPUHMMAaET onpeaerneHHble OUCKPETHbIE
3HayYeHund, NponopunoHarnbHble NocTosHHOW MNnaHka. KoadhduumeHT
NPOMNOPLMOHANbHOCTN Ha3blBAETCH CMMHOBbLIM KBAHTOBLIM YMUCIIOM. Y
O[HUX YacTuL, OH MMeEeT LeroYncrneHHoe 3Hadvenne (0,1,2....), a 'y
apyrux — nonyuensle 3Hadenus (1/2, 3/2...).

MPOCTPAHCTBO n BPEMA — ocHoBHble hOopMbl CyLLECTBO-
BaHUS MaTepum M B 3TOM MPOSIBNSAETCA UX YHUBEPCAIbHOCTb M BCE-
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06LWHOCTb. TpagMLMOHHO CUMTaEeTCH, YTO NPOCTPAHCTBO TPEXMEPHO.
Bpemsi umeeT ogHO namepeHue. MNpocT-paHCTBO BbipaXkaeT Nopsgok
pacnonoxeHnss OAHOBPEMEHHO CyLleCcTBYyOLWUX 0O6beKToB. Bpems
nokasblBaeT NOCnegoBaTeNbHOCTb CYLLECTBOBAHMS CMEHSAOLINX Opyr
Apyra siBNeHn — ot npoLuroro kK 6yaywemy. Passutne ectecTBosHa-
HWSI NOKa3ano, YTO MPOCTPAHCTBO U BPEMS He MOryT CyLleCTBOBaTb
He3aBMCMMO OT MaTepuanbHbIX NPOLIECCOB U OTAENbHO ApYr OT ApYy-
ra. [lpocTpaHCTBO U BpeMsi He NPOCTO CBA3aHbl C ABUXKYLLENCH Ma-
Tepuen. [IBMxeHue maTepum — 3TO CYLLLHOCTb MPOCTPaHCTBa U Bpe-
MeHun. EctectBo3HaHmne XVII-XIX BB., TpakTyss 06BbEKTUBHOCTL MpO-
CTpaHCTBa M BpeMeHu, paccmaTpusarno ux, Bcrieq 3a HeloToHoMm, B
OTpbIBE APYr OT Apyra, Kak HeYTO CaMOCTOATENbHOE, CYLLEeCTBYoLLee
COBEPLLEHHO HEe3aBMCMMO OT MaTepuun 1 AsmxeHus. B cootBeTCcTBUU
C aTOMMUCTMYECKMMN B3rNggamMmmn ApeBHUX Hatypdunocodos ([emok-
puT, 3NnNKyp) ecTecTBoUCNbITAaTENW NOYTK BNNOTb A0 XX B. OTOXAe-
CTBNSAMNM MPOCTPAHCTBO C MyCTOTOMW, cuuTasi ero abconoTHbIM, BCe-
roa v NOBCOAY OAMHAKOBbLIM U HEMOABWXHbLIM, @ BPeEMSA — MpoTeKato-
WM paBHomepHo. CoBpeMeHHas humaunka oTbpocuna ctapble npea-
CTaBneHns 0 BpeMeHu Kak equMHOM Ans Bcen 6eckoHeuHon BceneH-
HOW 1 O NPOCTPaHCTBE KaK MyCTOM BMECTUIULLE Ter.

MNepeBoOpoOT B NpeacTaBneHusX
O NPOCTPaAHCTBE U BPEeMEHU

Makc ¢oH Jlaya, aBTop nepBori MoHorpagum nNo Teopun OTHOCU-
TenbHOCTH, Bblweawen B 1911 r., ykasbiBan nosgHee B ceoen «Uc-
TOpUN OUINKM» HA TO, YTO C aHTUYHBLIX BPEMEH HambornbLlee BOSHe-
HWe y noaen Bbi3biBany Te msmdeckme Teopum, KOTopble nocsiranu
Ha TpPaaMUMOHHbIE NpPeacTaBfeHNs O MPOCTPAHCTBE M BPEMEHW.
MmeHHO nosTomMy paboTbl A. QrHWTERHA NO 3TUM npobriemam npu-
BNeknu k cebe ctonb HeobbIYHO BonbLioe BHMMaHWe. bbinu onybnu-
KOBaHbl ThICSUYM KHUI U BPOLLOP, aBTOPbLl KOTOPLIX BbICTYNanu Kak B
3aLUNTY TEOPUN OTHOCUTENBHOCTU, Tak 1 NPOTUB Hee.

NccnepoBanms ORMHLWITENHA MO TEOPUU OTHOCUTENBHOCTM OT-
KpblBanucb crtatben «K anekTpognHamuke OBWXKYLIMXCS Ten» obbe-
MoM B 30 nevaTHbIX CTpaHuy, onybnmkoBaHHom B 1905 r. B XypHane
«AHHaneH gep usuk». MimMeHHO 3Ty cTaTblo M cnegyeT cuutathb
(PaKTUYECKMM «CBUOETENBLCTBOM O POXOEHUN» TEOPUM OTHOCUTESb-
HocTW. B ToM xe 1905 r. B ynoMsHYyTOM XypHarne nosiBunoch cylie-
CTBEHHOE [OMOofIHeHME K nepBo cTaTbe. CTaTbsi HOCUNA Ha3BaHue
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«3aBUCUT N UHepuMs Tena OT coAepXKallencss B HEM 3Heprum?»
O6e 3Tn cTtatby BOWM B onyonunkoBaHHbIN B 1913 1. ToMUkK «lpuH-
LUMN OTHOCUTENBbHOCTUY, NPeacTaBnaABLNA cobon cOOPHUK OCHOBO-
nonaratLwmux JOKYMEHTOB MO NCTOPUN TEOPUU OTHOCUTENBHOCTU.

KakoBo 6b1no nonoxeHue B usmke ¢ BONpocamu NpocTpaHCTBa
1 BpEMEHW, KOTOpble paccmMaTpuBan SUHLWITENH B CBOUX UCCNeaoBa-
HUSAX MO TEOPUN OTHOCUTENBHOCTU?

B XIX ctonetuu nepBoHayanbHO rocrnoacteoBasnia MexaHuye-
ckas Teopusi ceeTa. CornacHo 3TOM Teopuwu, CBeT npeacTaBnsaeT
coboli BOMHOBOE [ABWXEHWE HEKOTOPOW yMpyron cpenbl, KOTOPYH
HasblBanu CBETOBbIM 3PUPOM MnM NpocTo acmpom. [Npegnonara-
Nnocb, YTO 3hvp NPOHMKAET Yepes BCe Tena, He MpUHUMasi, OgHakKo,
yyacTtus B nx ABuxeHnn. [NockonbKy ¢ TedeHneM BpeMeHUn cTano Bce
TpygHee cornacoBbiBaTb HOBble pe3ynbTaTbl UCCNEefoBaHUA B 06-
nacTm ONTUKM C MeXaHM4eCKOon rmnoTeson acupa, PU3NKM peLumnu
TpakToBaTb CBET Kak Hekoe ocoboe «cocTosiHne» adumpa. Takoe co-
CTOsiHWEe npegnonaranocb paccmaTpuBaTb Kak 3NEKTPOMarHUTHoOEe
curoBoe none, Kotopoe Obirio BBeAeHo B Hayky Papageem u onuca-
HO MakcBennom ¢ NOMOLLbID YyAUBUTENBHON CUCTEMbl abCTPaKTHbIX
MaTeMaTU4ECKNX ypPaBHEHWN.

YyeHne o cBeToBOM acpupe OblNo TECHO CBSA3aHO C B3ATbIM M3
«MexaHukuy» W. HotoToHa npegcTtaBneHneM o6 «abcomnmoTHOM npo-
cTpaHcTBe». HboTOH nucan: «ABContoTHOe NPOCTPaHCTBO OCTaeTcs
B Cuny cBoen nNpmpodbl 6e30THOCMTENBHO K KAKOMY-IMOO0 BHELUHEMY
npeameTy Bceraa oO4MHaKOBbIM 1 HEMOABWVKHBIMY.

B cooTBeTCTBMM C NpeacTaBreHNeEM O HEMOABMKHOM CBETOBOM
admpe, ero cumTtanu kak 6bl BonnoLwleHunem «abconTHOro npo-
CTpaHCTBa» U paccMmaTpvBany Kak abconioTHyl0 cuctemy otcyeta. B
Takow cucTemMe MOXHO 6bino 6bl 0AHO3HAYHO OMNUChIBaTb BCE NPOUC-
XOoAsiLLMe B MMpe OBWKEHMS, yka3bliBas abCOMTHOE NOMNOXeHMe Ten.

Kpome Toro, HeloTOH NpuaepxmBancs MHEHUs, YTO CyLLeCTBYeT
n «abcontoTHoe Bpemsa». OH nucan: «ABCOMNTHOE, UCTUHHOE U Ma-
TemaTtndeckoe BpeMsi TeyeT camo no cebe u B curny CBoen Npupoabl
paBHOMEpPHO 1 6E30THOCUTENBHO K KaKOMY-NMOO BHELUHEMY Mpeame-
TY».

CornacHo 3TOMy BO33peHUio, CyLleCcTBYyeT paBHOMEpPHOE Teye-
Hue BpemMeHu. CnepoBaTenbHO, MOXHO NpeAcTaBuTb cebe, 4TO BO
BceneHHon MmeeTcsi HEYTO BpoLe «HOPMarbHbIX 4YacoB», MO3BO-
NSWUX OTCUMTBIBATBL X0, 3TOro «abCcontoTHOro BpemeHmn» 13 nibo-
ro mecta. HakoHeL, B COOTBETCTBUM C NpeacTaBneHnsiMm o «abco-
NIOTHOM MPOCTPaHCTBE» U «abComnoTHOM BpemeHu» HbOTOH roBo-
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pun n o6 «abconTHOM ABWXEHUM»; OH ONpedensn ero kak «nepe-
MeLleHne Tena 13 ogHOro abCconiTHOro mMecrta B Apyroe abcontoT-
HOE MeCTOY.

HecmoTpsi Ha BO3paXkeHusi, BbiCKa3biBaBLUMECS B CBOE BpeMS
JlenbHnuem, HbIOTOHOBCKOE npeacTaBneHne o6 abconoTHOM Bpe-
MEHMU, MPOCTPAHCTBE U ABMXEHUN CYMTANIOCh HEOCTIOPUMbIM Ha Mpo-
TSKEHUM OBYXCOT neT. Hu oguH dmsuk He Mor cepbe3HO MOMbICINTL
1 Tem 6onee OTBaXUTbCS NOCTaBUTb MO COMHEHWE NPUHLMNbI Hbto-
TOHa.

lMepBbIM, KTO BbICTYMWIT C KPUTUKON STUX NPUHLMMOB, 6bin SpHCT
Max. B cBoeln «MexaHuke» OH nogBepr Hanagkam B3rnsgbl HbtoToHa
Ha abConTHbIE BPEMS, NPOCTPAHCTBO U ABWXEHME U NOMbITancs mx
onpoBeprHyTb. KpuUTukys HbIOTOHOBCKME JorMbl, Max pykoBOACTBO-
Barsics NosioXKeHMEM, YTO «4yBCTBEHHO HEOOHapYXMBAeMOE» NULLEHO
ONS eCTECTBO3HAHNS KaKoro-nmbo 3Ha4yeHust U1 He MMeeT npaBa Ha
cywectBoBaHme. TpeboBaHue, 3aknoyatoleecsi B TOM, YTO B ecTe-
CTBEHHO-HAy4YHOE pacCMOTPeHUE crnedyeT BOBMEKaTb TOMbKO Ha-
OnogaemMble BENUYMHBI U HE MPUMEHSITbL 3aKOHbI (PM3MKM 3a npeae-
namu Ton 06nacTtu, B KOTOPOW OHM UMET CMbICH, Urpasno Anst Moso-
[0ro OMHLITENHA BaXKHYI0 3BPUCTMYECKYO pofb B nepuop ero pabo-
Tbl Haf, TEOPUE OTHOCUTENBHOCTW.

B akcnepumeHTanbHON (OU3UKE HBIOTOHOBCKME AOrMbl O MNpO-
CTpPaHCTBE, BPEMEHU U OBWKEHUM TaKKe OKasanucb NocTaBlieHHbIMU
nogd, COMHeHue. 3emrnsa ABMXETCS Mo cBoen opbute Bokpyr CornHua
co ckopocTbto okono 30 km/c. Hawa ConHevHasa cuctema netut B
MMPOBOM MPOCTPAHCTBE CO CKOPOCTb okono 20 kwm/c. HakoHeu,
Hawa ManakTuka Takke CO 3HAYMTENbHOW CKOPOCTLIO OBWMXKETCS OT-
HOCUTENbHO APYIruX, yOaneHHbIX OT Hee ranaktuk. CrnegoBaTenbHo,
€crnn cBeTOBOWN 3hup NOKOUTCSt B «abCOMIOTHOM MPOCTPaHCTBEY», a
HebecHble Tera NpoxoadaT Yepes Hero, To UX ABWMXXEHME MO OTHOLLE-
HUIO K 3PMPY AOMKHO BbI3blBaTb 3aMeTHbIN «3(PUpPHbLIA BETEp», KO-
TOPbIA MOXHO ObINO Obl OOHAPYXWUTb C MOMOLLBI) TOHKMX OMTUYECKUX
npnbopos.

[1ns BbISCHEHUA 3TOro BONpoca aMepuKaHCKU U3nK NoSbCKO-
ro npovicxoxaeHna Anbbept MankenbcoH, paboTtaswun B 1881 r. y
lenbmronbua B bepnvHe n NMoTtcgame, NocTaBul CBOW NEPBbINA 3KC-
nepumeHT. CornacHo runotese O HeMnoABMXXHOCTM 3cupa, MOXHO
HabnogaTe «3OMpHbIA BETEP» MpPU ABWKEHUN 3emnn CkBO3b 3domp.
CnepoBaTenibHO, CKOPOCTb CBETa MO OTHOLLEHWIO K 3emre JormKHa
3aBUCETb HaMpaBlieHNsl fy4ya CBeTa OTHOCUTENbHO HanpaBleHns ee
OBWXeHus B adupe. MaikenbCoH NPOBOAM CBOW ONbITbl C MOMOLLLHO
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CKOHCTPYMPOBaAHHOIO UM WHTepdepoMeTpa C pasHbIMU Nnevyamu:
OOHVM MO OBWXEHWUO 3eMnuv, OPYruM — MNeprneHAUKYNspHO K HeMy.
Ecnu admp HenoasuxeH, To npu nosopoTte npubopa Ha 90° pasHoCTM
Xoda Nnyyewn OOSMKHbI MEHSATb 3HaK U MHTepdepeHUNOHHas KapTuHa
cMmellatbes. Ho cmelleHne nHtepdepeHUMOHHON KapTuHbl He Bbino
o6HapyxeHo. OTpuuaTenbHbI pe3ynbTaT IKCNepUMEHTa eLle Hemb-
39 ObINO cuuTaTh BMNOMHE y6eanTenbHbIM, MOCKOMbKY 3KCNepUMEH-
TanbHas ycTaHOBKa B TO BpeMs obriagana HekoTopbiMy AedeKkTamu.
Yepes Heckonbko neT (B 1885-87 r.), Haxoasack B CLUA, MankenscoH
CoBMEeCTHO ¢ Y. Mopnu noBTOpui 3TOT 3KCMEPUMEHT C MOMOLLbIO
pa3paboTaHHOro UM N M3rOTOBIIEHHOIO C GOMbLLION TOYHOCTbLIO 3€ep-
KanbHOro uHTepdepomeTpa. HoBas mM3mepuTenoHas yctaHoBka Obl-
na HaCTONbKO NPeuu3noHHON, YTO Morna Obl OTYETNNBO 3aperncTpu-
poBaTb AaXe CaMblii He3HaunUTemnbHbIA 3dekT, 0B6YCrOBNEHHLIN
«9dUpHbIM BeTpoM». OHAKO M Ha 3TOT pas, Kak U npu Bcex nocre-
OyoLWwnx NonbiTKax NOBTOPEHMS OMbiTa, HUYEro NOXoXero Ha nogo6-
HbI 3dpekT obHapyxeHo He 6bino. CKOpoCTb CBeTa oOkasanacb
COBEPLUEHHO MOCTOSIHHOW W He 3aBMUCALLEN OT ABWXKEHUS UCTOYHMKA
cBeTa 1 HabnogaTtend. «OnblIT MankenscoHay», OAWH U3 CambIX 3Ha-
MEHWTBIX 3KCMEPUMEHTOB B MCTOpUM (PU3NKK, nMen cbyHOamMeHTarnb-
HOe 3Ha4yeHue Ans Teopun OTHOCUTENBLHOCTK, YTO NOATBEpXKaan cam
OMHWTENH, BOCXULLABLUUACA  3KCMEPUMEHTAlbHBIM  UCKYCCTBOM
MarikenbcoHa. B 1964 rogy amepukaHckue u3nkM NOBTOPUNN ONbIT
MankenbcoHa C UCMOMb30BaHMEM B KayecTBe MCTOYHUKA CBeTa ABYX
OLMHaKOBbIX rennit-HEOHOBbLIX Na3epoB, obnagarwLLmMx OYEHb BbICO-
KOW CTEMNeHbd MOHOXPOMAaTU4HOCTU WM MPOCTAHCTBEHHOW KOTEpPEeHT-
HOCTW, M CHOBa NONy4MnuM oTpuLLaTENbHbIA pe3ynbTarT.

OTpuuaTenbHbIn pe3ynbTaTt aKcnepumeHTa MaikenbcoHa onpo-
Bepran cyliecTtsoBaHune agupa. NepBoHavanbHO Aenanucb NOnbITKU
cornacoBaTb YKOPEHUBLLYIOCS B CO3HaHUM OU3MKOB runoTtesy adupa
¢ aKTOM NOCTOSAHCTBa CKOPOCTU CBETa U Taknum obpa3omM «crnactuy»
adup. Tak, Hanpumep, ronnanackmi usmnk A, JlopeHy B 1895 r.,
T.€. 32 AecATb NeT A0 JVHLWITENHa, NbiTancsa cornacosaTb pesynbTart
onbiTa MankenbcoHa ¢ MEXaHUCTMYECKON KapTUHOW Mupa C ee cBe-
TOBbIM 3hMPOM U «aBCOMOTHBLIM MPOCTPaHCTBOM». [ns 3TOro OH
BBEN MpeanornoXeHue, YTo BbiCTPO ABMXKYLLUMECS Tera UCMbITbiBaoT
COKpallleHMe B HanpaBfeHuM CBOEero ABMXeHUsA («cokpalleHue Jlo-
peHuay»). 3To BbINI0 XOTA M O4EHb OCTPOYMHOE, HO BCE Xe JoCTaTouy-
HO MCKYCCTBEHHOE JomMyLleHne, KOTOpoe SBHO UMENO XapakTep cre-
unanbHO NPWAyMaHHOW AN AaHHOro criydasi rMnotesbl, U NMo3ToMy
He MOrno Hagomnro yaoBnNeTBOpUTbL (OU3NKOB-TEOPETUKOB.
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PesynbTaThl onbiTa MankenscoHa co3ganu Ansi TEOPeTUKOB fo-
r’myeckne TPYOHOCTU, KOTOpble Kasanucb HenpeogonumbiMu. IOTO
Obln cBOEro poaa HepaspeluvMMmbli ropaveB ysen. Monogon OwnH-
LUTENH pa3pyowun ero.

Ewe LWKONbHUKOM JONHLITENH obpaTun BHUMaHWE Ha Ty Porb,
KOTOpPYHO MrpaeT ckopocTb cBeTa. OH MHOrO pas3mblILLIIAST O TOM, Ka-
Kyt KapTuHy Buaen 6bl Habnogartenb, ecnu 661 OH MOr crefoBaTh 3a
CBETOBOW BOJIHOM CO CKOPOCTbIO CBeTa. OTOT MEpPBbIA MbICNIEHHLIN
9KCMEPUMEHT B COMEeTaHuM C anekTpoanHamunkon Makceenna, oTpu-
LaTtenbHbIM pe3ynbTaTtoM onbiTa MankenbCcoHa U MaxOBCKOW KpUTU-
KOV OCHOB MexaHvku HbtoTOHa ner B OCHOBY TEOPWUN OTHOCUTENBHO-
CTW.

B cBoer aBTOGMOrpacdhmv SWHIWITENH CReaylLuMU croBamu
oXapakTepu3oBas OTMPaBHY TOYKY 3TUX UccrepoBaHuii: «Heobxo-
Oumo BbIno cocTaBuTb cebe AcHoe npeacTaBneHne o0 TOM, YTO O3Ha-
yarT B on3MKe NMPOCTPAHCTBEHHbIE KOOPAMHATBLI U BPEMST HEKOTOPO-
ro cobbITUS».

AHanns3 ponu BpeMeHn HenocpeacTBEHHO NPMBEN K UCCriefoBa-
HUAM MO TEOPUW OTHOCUTENBHOCTU. JWHLUTENMH Hayan C MU3ydeHus
MOHSATUS OOHOBPEMEHHOCTU. [lonydeHHble MM pes3ynbTaTbl MOryT
ObITb pestomMupoBaHbl criegyolmm obpasom. Ecnu 661 nepenasae-
Mble CUrHamnbl MOMMN PacnpoCTpaHATbCA C 6eCKOHeYHO OBorbLUon
CKOPOCTbIO, TO C HAY4YHON TOYKM 3pEHUSI UMENO Obl MOMHbIA CMbICH
rosopuTb 06 abContoTHOM OAHOBPEMEHHOCTU COOBLITUIA, NPOUCXOAS-
LWKMX B OABYX yOaneHHbIX Apyr oT Apyra Tovkax. Ho Tak Kak ckopocTb
CBeTa, npeacraenaowas cobor MakcMMarnbHy0 CKOPOCTb Nepenayu
CUrHarnoB, BCE X€& KOHeYHa M Npu TOM UMEET OOHY U Ty Xe BEUYMHY
Ons Bcex Habnwopgartenemn, NoHsTMe «abConioTHOW OLHOBPEMEHHO-
CTU» NULLEHO (OU3NYECKOrO CMbICMa U MO3TOMY HE MOXeT npume-
HATbLCSI B TEOPUM.

lMockonbKy BCe CyXOEeHWsl, B KOTOPbIX KaKyl-TO pOfb urpaet
BpeMs, Bcerga NpefcTaBnsioT CyXaeHnss 06 ogHOBPEMEHHbIX COObI-
TUSAX, BBeAEeHWe npeacTtaBneHus 06 OTHOCUTENbHOM XapakTepe no-
HATUSI OAHOBPEMEHHOCTU C JTOTMYECKON HEOBXOAMMOCTBIO BreYeT 3a
cobon 1 penaTnBM3aunto NOHATUA BpemeHu. Ecnm HeBo3MoOXHa ab-
COMTHas OAHOBPEMEHHOCTb, TO HE MOXET CyllecTBoBaTb U abco-
nTHOE BpeMs, OMHAKOBOE BO BCEX cucTemMax koopauHat. Kaxpaas
cucTema oTcyeTa UMeeT CBOe COBCTBEHHOE BpPEMS, CBOE «JloKallb-
Hoe Bpemsi». KniovyeBbiIM MOMEHTOM BCel Mpobnembl, Kak OTMEeTUn
BMOCNeACTBMM OWHLWITENH, ObINO MOCTOSHCTBO CKOPOCTM CBETa B
nycTomM npocTtpaHcTBe. [MpM3HaB 3TO NOCTOSAHCTBO, KOTOpoe Obino
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[okasaHo onblToM MarikenbcoHa, yxKe Henb3s 6bino usbexatb pens-
TMBM3aLNN BPEMEHW.

YyeHne JMHLWITENHA O BpeMeHN BbINo coBepLUEHHO HOBbLIM ClO-
BOM B Hayke. Hn oguH pmsmk nnu domnocod 40 HEro He pasmbILLNAN
Tak rnyboko O MOHATMM OOHOBPEMEHHOCTW UM He Mpullen K CTonb
Aaneko vaywmm BbiBogam. PykoBogcTtBysacb TpeboBaHusM Maxa o
TOM, YTO MOHATUSA U BEMNYUHBI, HE UMeloLLMe (PU3NYECKOro CMbICNa,
He JOIMKHbI (PUrypupoBaTh B TEOPUN, MOCKOMBKY OHW MPUHLMNNANIBEHO
He MoryT BbiTb MPOBEPEHbLI Ha ONbITe, DUHLUTENH NpuULLen K BbiBoA4Y O
HeoOXOAMMOCTU OTKa3a OT HbFOTOHOBCKOTO MOHATUS «abCoMTHOro
BPEMEHY.

Tak Kak Bpems M ABWXKEHUEe TEeCHO CBS3aHbl ApYr C OPYroM —
BpeMms, Kak rosopun Mapkc, ecTb «konuuecTBeHHoe ObiTue ABuxe-
HUsI», — B pe3ynbTaTe NpU3HaHUsA OTHOCUTENbHOCTM MOHSTUS BpEMe-
HW YCTpaHSIeTCA Takke U NoHsATME «abconoTHoe ABuxeHue». [1Bu-
XEHue Tena unm cMcTembl oTCHeTa MOXHO CpaBHUBATb NULLb C OBU-
XeHvnem [pyroro Tena Wnu Opyro CUCTEMbl OTcYeTa U TOMbKO MO
OTHOLLUEHMIO K HUM MOXHO YUCIIEHHO ero onpegenstb. «ABCONOTHOro
OBWKeHUA» He cyuwlectByeT. «CneumanbHbid NPUHUUN OTHOCUTESb-
HOCTU» OWHLUITENHA YTBEPXKAAET, YTO BO BCEX CUCTEMAxX OTCYETa,
OBWXKYLLUXCS MO OTHOLUEHWIO ApYr K ApYry NPsSIMOMNMHENHO U paBHO-
MEPHO, OENCTBYIOT OOHM M Te e 3akoHbl Npupodbl. Mpu nepexoge ot
OLHOW CMUCTEMbI OTCYeTa K ApYroi, NpOCTPaHCTBEHHbIE U BPEMEHHbIE
KoopaunHaTbl nMpeobpasytoTcsi B COOTBETCTBMM C OCOObLIMW ypaBHe-
HUAMMK, KOTOPbIe Ha3biBalOTCs NpeobpasoBaHusiMu JlopeHua. JlopeHL,
BbIBEN cBoM npeobpasoBaHusa B 1904 roay. MNyctb t n t' —WHTepBarbl
BpEMEHU B CUCTeMax, KOTOpble ABUXYTCS CO CKOpOCTbio V, X — npo-
CTpaHCTBEHHas KOOpAMHaTa, C — CKOPOCTb CBeTa. Toraa

CobbITusA, ogHOBpeMeHHbIe aAns oaHoro Habnoaartens (t=0) 6y-
OyT HEOOHOBPEMEHHbIMU Ansi OpYroro (t1 #0). Otcioga, noHsaTHe
OHOBPEMEHHOCTN OTHOCUTESBHO.

CospgaHHas B 1905 r. Teopus OTHOCUTENBHOCTM NpUBENa K TOMY,
YTO rMnoTesa agupa Kak HOCUTENS CBETOBLIX BOJSIH Gbina ycTpaHeHa
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13 gusnyeckon kapTuHbl Mupa. Kak nosaHee nucan OMHLLTENH, cBe-
TOBOWM 3cup n 6e3 Toro Bradni «nNpu3padHoe CyLeCTBOBaHME» B
dusnyeckon Hayke. ONHLITENH 3amMeHUn 3Up 3NeKTPOMarHUTHbIM
noneM, KOTOpoe OH paccmaTpuBarn Kak CamMOCTOSATENbHYH uanye-
CKyl0 peanbHOCTb. JTO Takke Obino CMenbiM HOBOBBEAEHWEM.
MpaBga, yke OO0 Hero paHuysckun usmk lNyaHkape npegnaran
0OTKasaTbCH OT rmMnoTesbl adupa, HO OH He MONoXun 310 TpeboBaHme
B OCHOBY HOBOW KapTWHbl npupofbl. «be3admpHas dusmka» Obina
co3fiaHa OWHLUTENHOM.

OpaHako npounsBefeHHbI Teopuen DNHLITENHA NEPeBOpOT B On-
TUKe He cpasy nonydun npusHaHne. MHorme n3BecTHble OU3MKK eLle
OOMro He MOIMU NPUMUPUTBCA C OTKA3OM OT TMMOTE3bl CBETOBOIO
acpmpa. Jaxe JlopeHu, KOTOpPbIN BHEC CTOSb 3HAYUTENbHbLIA BKag B
MOAroTOBKY CreunanbHON TeopUn OTHOCUTENBHOCTU, A0 CaMOn CBO-
en cmepTn, nocnegosasLen B 1928 r., He MOr NONHOCTBIO CMUPUTb-
Cs1 C MbICIbI0 O TOM, YTO 3Upa Kak HOCUTENS CBETOBbIX SBNIEHUN He
cyliecTByer.

CerogHsi runotesa cBeTOBOro acmpa crana B TakoM e CTeneHu
[OCTOSIHMEM MCTOPUM DU3MKK, KaK, Hanpumep, ydeHne o crorncro-
He, Unn ocobon «OrHEHHOW CYOCTaHLMMY, YXOASLIEN U3 Ten npu mx
cropaHuu. lNMogobHo ApyruMm pabodmm runoTesam, KOTopble Ha Mpo-
TSPKEHWM OMpederneHHOro BpeMEeHW BbIMOSHANM CBOK 3agadvy u crny-
XUnun geny Hay4yHoro UccrnefoBaHusi, OHa cbirpana CBOK porfib U BO-
LIfa B UCTOPUIO HayKM.

YcTpaHeHue rmnoTesbl CBETOBOrO achmpa ObIfo reHnanbHbIM ak-
TOM oTpuuaHus. MNMO3UTUBHBIM XE€ MOMEHTOM B TeopuM OWHLITENHA
Obina npexae Bcero hopMynmMpoBKa NpUHLKUNE, COrfacHO KOTOPOMY
CKOpPOCTb CBeTa B nycTtoTe (0bo3HavaeMas GykBol ¢) BBOgunachb B
KayecTBe YyHUBEpPCanbHOW MOCTOSIHHOW BO BCE OCHOBHble hu3nde-
CKUWE 3aKOHbI.

OWHLITENH nepBbI 3aMeTur, YTO CKOPOCTb CBETa UrpaeT B Me-
XaHWKE TaKylo Xe BaXKHyl posb, kak U B onTuke. CKOpOCTb cBeTa
BbICTyMNaeT 30eCb Kak HeLOCTWXMMbIN BEPXHUI NMPenen CKOpOCTEN
0N BCexX MNpOLEeCcCoB, COMPOBOXAAOLWUXCA nepegadven cunbl Wnm
nepeHocoM aHeprun. CKOPOCTb 3TUX MPOLIECCOB HUKOr4a HE MOXeT
OOCTUYb CKOPOCTW CBeTa M Tem Oornee npeB3ovTU ee, AaXe B TOM
cnydyae, korga K HavanbHOW CKOpPOCTU AobaBnsieTcs CKOMb YrooHO
00nbLLOE YNCIO CKOPOCTEMN.

M3 nocTosHCTBa CKOPOCTM CBeTa BbITEKalOT [ABa 3HAMEHUTbIX
«napagokcay» Teopum OTHOCUTENBHOCTU, KOTOPbIe NMPUBMEKNN K cebe
O4YeHb 6onblLIOe BHMMAHWE U B TEYEHWE MHOTMX INeT SABMAANUCH

49



npegMeTom ropsumx crnopoB. ®Pusnkm u dpunocodsl, KoTopble GbINK
HEe B COCTOSIHUM M30aBUTLCS OT TPAOULMOHHBIX MEXaHUCTUYECKM-
MeTadm3nyecknx NnpeacraBneHmin, Nbo SpOCTHO BO3pakanu npoTmBe
3TUX «BECCMbICIIEHHbIX» CNEACTBUA TEOPUN OTHOCUTENBHOCTK, MO0
BbicMenBanu nx. Ho gaxe tem, KTo Obin rOTOB creaoBaTb 3a OWH-
LUTEAHOM B €ro HeoObIYHbIX PaCCYXAEHUSAX, nogyac Obino Hemnerko
cornaiaTtbCsi C HUM.

OavH 13 napagoKCoB 3aKryaeTcs B TOM, YTO pa3mepbl 6bICTpo
OBUXYLLMXCA TeNn COKpallalTCs B HanpaBneHuuM ux OBWXKEHUsSI Mo
CpPaBHEHNIO C MX OJIMHOW B COCTOSIHMM MoKos. IMeHHO 3Ta npobne-
Ma, BO3HMKLLAsA B CBA3U C pe3ynbTaTom onbita MavikenscoHa, noby-
auna JlopeHua BblOBUHYTb €ro 3reKTPOAMHAMMYECKYO TMnoTesy co-
KpaLleHns. QUHLWITENH NoKasar, YTO COoKpalleHNe MOXHO OOBACHUTD,
paccmaTtpvBas OTHOCUTENbHYIO CKOPOCTb ABWXEHUS obenx cuctem
oTcyeTa.

[pyroi napagokc kacaeTcsi 3amMenfieHWst Xxoda 4acoB B ObICTPO
OBUXYLLENCS CUCTEME MO CPaBHEHMIO C YyacaMu, HaxOoAsLMMUCS B
cucteme, NOKOALLENCA NO OTHOLLEHMIO K nepBon. NpeackasbiBaeMbli
pensaTMBUCTCKON Teopuen adhdekT 3aMeaneHns BPEMEHU COCTOUT B
TOM, YTO C TOYKM 3PEHUS OBWXKYLLErocsi OTHOCUTESNbHO paccMaTpu-
BaeMoW cuctembl Habniogatens Bce MHTepsanbsl Bpemenu (t'), xa-
paKTepusytoLme npoLecckl B 3TON cucteme (KkornebdaHus MasTHUKOB
YyacoB, pacnaj HecTabuibHbIX 4YacTul, CTapeHue OMonornveckmnx
OpraHn3MoB U T.4.) YBENMYMBAKOTCS MO CPABHEHUIO C MHTEpBanamu,

HabniogaembiMu B camoii aToii cucteme (1, ):

t
(1) t=—2—— >t

\J1-(v/c)?

[na HaxogdaWwmxca e B caMOi paccmaTpyMBaeMol cucteme Habrto-
paTtenen npoucxogsiime B HEN NPOLECChl NPOTEKalT COBEPLUEHHO
HOpMarnbHO, a BPeMs y ABWXYyLIerocs Habniogatensa “reyer 3amepn-
NEeHHo”.

OdbdbekT cokpalleHnss PacCTOAHUIA COCTOUT B YMEHbLLUEHUU ASVH
OTPE3KOB C TOYKWN 3peHMst HabngaTenen, nepemeLlarLLmnxcsa Baosb
3TUX OTPE3KOB (OTPE3KWN, OPUEHTMPOBAHHbIE NEPNEHAMKYIISPHO CKO-
POCTU OTHOCUTENBHOIO ABUXKEHWUSI COXPaHSAIOT CBOK AMMHY HEU3MEH-
HOR):
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%F lyv/1-(v/c)®
Ho=k

OnucaHHble 3dhPeKTbI NMPOSIBASAOTCA NMULLb NPU CKOPOCTSIX, CpaB-
HMMbIX CO CKOPOCTbIO CBETa M B HACTOsLLEe Bpemsi IKCrepuMeH-
TarnbHO 3apPErMCTPUPOBAHbI B MyYKax YIbTPapensTUBMUCKCKUX YacTuL,
co3faBaeMblX Ha COBPEMEHHbIX YcKopuTensx. Hanpumep, kopoTko-

KMBYLLIME YacCTMLbI (BPeMs XuU3Hu T ), ABUrasiCb C OKONIOCBETOBbLIMU

CKOpPOCTAMU, BOMNPEKN Knaccun4yeckum npencrtaBrieHnam, OOCTUrarT
npuemMHuKa, yganeHHoro Ha pacCtodHue, 3Ha4YnuTernbHO MnpeBblillato-

Liee l=c |j'0. C TouKM 3peHNA HenoaBMXHOIo HabnogaTtensa aTo

ABNEHNE MOXHO OOBbSCHUTL 3PdEKTOM 3amenneHuns Bpemenun (1),
“YONUHAKLWMM” XM3Hb YacTuubl, C TOYKU 3peHust Habnwoaartens,
OBWXYLLErocss BMeCTe C vacTuuen - addheKkToM cokpalleHusa pac-
CTOSIHUSA 00 MuLleHW, “neTtswen emy HascTpewy  (2). 3gecb peub
noeT o «gunataumm» BPEMEHW, KOTOPYH Ha3biBalOT TakkKe pacTshke-
HUEM UNWN NCKaXXEHNEM BPEMEHMN.

M3 Hee, Hanpumep, OOMKHO CriefoBaTth, YTO KOCMOHABT B KOC-
MMYECKOM Kopabne, KOTOpbIN B TEYEeHWe ONMTENbHOMO BPEMEHUN C
0o4yeHb OONbLUOM CKOPOCTbIO NETUT 4vepe3d BceneHHyt, npu cBoem
BO3BpalLleHMM Ha 3eMIilo OKaXeTcs MoNoxe cBoero ©Oparta-
OnnsHeua, ocTaBaBLUErocsl Bce 37O Bpems omMa. 910 obbsicHseTcs
TEM, YTO Yacbl KOCMOHaBTa, a BMECTe C HMMU U BCce dunanonormye-
CKMe npouecchbl uayT MeasieHHee, 4eM 4yacbl (M COOTBETCTBEHHO
aHanornyHble npoueccol) Ha 3emne. Pa3ymeeTcs, Ans Toro 4tobbl
MOXHO ObINO 3aMeTUTb «MapagoKC YacoB» (MNn «napagokc brnuaHe-
LLOB»), CKOPOCTb [ABWXEHUS KOCMMWYECKOro kopabns aomkHa ObiTb
[ocTaTovyHo 6nM3ka K CKOpoCTM CBeTa — YCIoBME, KOTOPOE B COBpe-
MEHHOI KOCMOHABTUKE HE BbIMONHAETCH Aaxe OTAaneHHo.

Mpn GOMbLUMX CKOPOCTAX MEHSETCA TakkKe 3aKOH CrIOXKeHMUs
cKkopocTen

()

_VitV,
VlVZ .

C2

Vv

1+
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M3 ypaBHeHUS BWMAOHO, YTO MpPU CHOXEHUU pe3ynbTUpytoLLas
CKOpPOCTb BCerga MeHblue ckopoctu cBeTa. CkopocTb cBeTa, Crio-
XXeHHas ¢ Nbor CKOPOCTbIO, AaeT OOHO U TOXEe 3HaYeHue C.

[Moka oTcyTCTBOBaNM aKCNepUMeEHTasnbHble JoKa3aTenbcTBa pe-
NATMBUCTCKOrO pacTsKeHWs BPEMEHW, CYLLLeCTBOBaHME 3TOro siBne-
HUS ocnapmBanocb 0CobeHHO ropsido. B koHue 30-x rr. OHO, oAHakKo,
ObIno 6eccnopHoO YCTaHOBMEHO B OMbiTax C BO3OYXAEeHHbIMWU BOAO-
poaHbiMun atoMamn. Ho ¢ ocobon ybeamTenbHOCTLI0 OHO BbIfo Aoka-
3aHO Mo3gHee npu N3y4eHUM KOCMUYECKMX Nyden, rae vyacTuubl ABU-
XYTCS C Ype3Bbl4aiHO BOMbLIMMU CKOPOCTSIMM, Y MO3TOMY pacTsaxe-
HUe BpeMeHU JOCTUraeT CpaBHUTENBHO BONbLUNX 3HAYEHWUIA.

CneumanbHas Teopuss OTHOCUTENbHOCTM AMHWTeNHa (1905 r.)
O3Hayana KOHeL, MeXaHUCTUYecKoW KapTuHbl npupoabl. OHa npea-
cTaBnsana cobor oguH U3 BenMyaninx nepeBopoToB B UCTOPUM €c-
TECTBO3HAHUA U OOHOBPEMEHHO TOPXECTBO AManekTUKM B OCHOBaX
PUINYECKON HaYKU. DNHLLUTENH «CHAMN» B OUANEKTUYECKOM CMbICre
MEeXaHUCTUYECKN-MeTahmanyeckoe npeacTaBneHMe O BPEMEHU WU
OBWKEHWM, Hallelee BbIpaXKeHNE B KMacCUYeCKMX 3aKoHax ABUXe-
Hua HeloToHa. Tenepb yyeHble paccMaTpumBaroT 3akoHbl HbloTOHa Kak
3HayeHus bonee obLero 3akoHa Asi CKOPOCTEN, MasbIX MO CpaBHe-
HUIO CO CKOpOCTbio cBeTa. Metadmanyeckoe mMupoBo33peHme Hblo-
TOHa, KOTOPOE B CBOE BpeMsi Obiflo HEOOXOAMMbIM 1 ONpaBAaHHbIM,
CTOMKHYINOCb B X04e (PM3UYECKOro nporpecca ¢ HenpeogonumbiMu
TpygHocTaMU. Cwunon CBOEro OuaneKkTM4ecKoro MblWwneHns OWH-
WITEMH npeogonen 3TM TPYOHOCTU M HaMeTun NyTW AanbHenLlero
passuTusa usmki. Ero 3acnyrm HUCKONbKO He ymansieT To o6cTod-
TENbCTBO, YTO Apyrve uccrnegosatenu elle OO Hero paspabortanu
dopmMarnbHO-MaTemMaTMyeckme peLleHns Has3peBLux npobnem anek-
TPOANHAMUKM OBWXKYLLUXCS Ten.

JIMWb HeMHOrMe PU3MKM CMOIMN Cpasy Xe MOHATb, YTO Teopus
OnHWTEeNnHa npeacrasnseT cobon reHnansHoe oTkpbiThe. K ux uncny
npuHagnexan Makc lnaHk — nepBbld U3BECTHbLIN TEOPETUK TOro
BPEMEHU, KOTOPbIM OLIEHMN 3noxXarbHOe 3HayYeHne cTaTbl JMHLLTEN-
Ha «K anekTpoguHamuke OBWXKYLLMXCA Teny. «QMHLITENHOBCKAs! KOH-
uenuus BpemeHu, — Tak 3asBun lNnaHk B ogHOM CBOEW nekuuu, —
NpeBOCXOAUT MO CMENoCTU BCe, YTO A0 3TOoro Obio co3gaHo B ymMo-
3pUTENBHOM €CTECTBO3HAHUM U Aaxe B Unocodckon Teopum no-
3HaHusI». OgHaKo MHOrve Bblgarolmecs cneumnanmctbl, B 0COGEHHO-
CTU cpean hU3MKOB-IKCNEPUMEHTATOPOB, eLle OOMroe BpeMs OTHO-
CUMNNCb K YYEHUIO QMHLUTENHA C HEQOBEPUEM.
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MaTtemaTtunyeckoe 3aBepLUeHWe cneuuwanbHasi Teopust OTHOCU-
TeNbHOCTU nonyyuna B paboTtax epmaHa MUHKOBCKOro, KOTOPbI
paHee 6bin yuntenem AuHwTeNHa B Lifopuxe, a 3aTem 3aHuman noct
npodeccopa mateMaTukn B eTTUHreHe, rge oH ymep B 1909 r., Gy-
Oy4u elle B NONHOM pacLBeTe cun. B cBoeM BbI3BaBLLUEM CEHCALUIO
Jokrnage O MNpPOCTPaHCTBE WM BPEMEHW, MPOYUTAHHOM KM OCEHbIO
1908 r. Ha cobpaHum ecTtecTBoucnbiTaTenen B KenbHe, MUHKOBCKMIA
ckasan: «[lpegcrtaBneHnsi 0 NPOCTPaHCTBE U BPEMEHW, KOTopble £
cobupatocb pa3BuTb Nepen BaMu, BbIPOCMM Ha MOYBE IKCNEPUMEH-
TanbHOW hmsmkn. B aTtom 3akntovaetcs mx cuna. OHM npuBeayT K
pagukanbHbiM cneacteuaMm. OTHbIHE NPOCTPAHCTBO caMo No cebe u
BpeMsi camo Mo cebe MOMHOCTBI0 yXOOAT B LAPCTBO TEHEW, U Nvllb
CBOEro poga cow3 obomx I3TUX MOHATUN COXpaHAEeT CaMoCTos-
TenbHOE CyLLEeCTBOBaHUEY.

C Tex nop YeTbipexXMepHbIN KOHTUHYYM MPOCTPaHCTBA-BPEMEHM,
TaK HasblBaeMbln «M1p MUHKOBCKOIO», CTasmi HEOTbEMITEMON YacTblo
TEOPUN OTHOCUTENBHOCTH.

[Ba BaXHbIX crneacTBuA

M3 cneumanbHOW Teopun OTHOCUTENBbHOCTU BbITEKAKOT ABa
BaXHbIX cneactBuss. OHM KacalTCs B3aMMO3aBMCMMOCTU MeXay
MacCoW N CKOPOCTbIO, a TaKkke Mexay Maccou u aHepruen. Ouanek-
TUYECKUA XapakTep 3Tux npobnem npeacTaBnseTcs O4YEeBUAHBIM.
HarigeHHoe OMHLITENHOM pelleHve BbIXOAUT MO CBOEMY 3Ha4YeHuto
Janeko 3a npefenbl Kpyra pes3ynbTaTtoB, MpeacTaBnsAlWMX YUCTO
Hay4YHbIN NHTEpEeC.

o OnHWTenHa uHepTHas Macca, T.e. MHepuuMarnbHOe COonpo-
TUBMNEHWe Tena, paccMaTpuBanacb kak HeMsMeHHas BenuyuHa. JTo
COOTBETCTBOBANO MeXaHUCTUYEeCKM-MeTamanyeckum npegcrasre-
HUSAM HbIOTOHOBCKOWM HaTypdunococun. Ewe B 1895 r. B goknage Ha
CobpaHumu ectectBoncnbiTaTenen B Jliobeke OcBanbg ccbinancs Ha
Knaccuyeckoe npeacTaBrneHne O HeM3MeHHOCTM Maccbl. OaHako
BCcKope nocrne aTtoro, B 1901 r., pnsmkmn-skcnepumMeHTaTopbl 0OHapy-
Xnnn B onbiTax ¢ BGbICTPO ABUXKYLLUMMUCS 3NEKTPOHaMKM, YTO Macca
3MeKTpoHa BO3pacTaeT Npu YBENMYEHUW CKOpOCTW. Tenepb 3TOT
dakT nony4un HaydHoe OOOCHOBaHWE B JMHLUTENHOBCKOW Teopuu
OTHOCUTENBHOCTN.

lMoka ckopoCTb ABUXKYLLErocs Tena Mana no CpaBHEHUIO CO CKO-
poCTbi0 CBeTa, BO3pacTaHue MaccChl, ODYCIOBMEHHOE [OBWKEHNEM,
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OoCTaeTcsl HesHauuTernbHbIM. [103TOMY B KMacCU4eCcKon MeXaHuKe,
UMeloLEen Aerno ¢ MarnbIMyM CKOPOCTAMM BOMbLUMX TEr, Takoe BO3pac-
TaHue He obHapyxmBaeTca. HaobopoT, B pensaTUBUCTCKON MeXaHuke
yBENMYeHne Macchbl UrpaeT BaXKHYI porib. [1paBUNbHOCTbL 3TOrO Bbi-
BOoOa OWHLWITENHA Oblna NpakTUYecKn goka3aHa aTOMHOM OM3MKORN,
Korga Obinv Co34aHbl FTMraHTCKME YCTaHOBKW ANl YCKOPEHUS 3reMeH-
TapHbIX YacTuu,.

BTopoe cnepncteue ewe 6onee BaxHo. Ero aHayeHne BbIxoguT
naneko 3a npegenbl puankm n TexHukn. OHO onpefenseT cyaobbbl
HapogoB 1 byayllee Bcero YenoBeyecTBa.

Bckope nocne onybnukoBaHus ctatbu «K anekTpogmHamuke
OBWXKYLLMXCS Ten» UHLITENH nucan ceoemy apyry KoHpagy Mabux-
Ty: «MHe npuLWno B ronosy eLle O4HO CreacTBUE 3NeKTpoauHaMu-
yeckon paboTbl. M3 mpuHUMNA OTHOCWUTENBHOCTU B COYETaHUN C
dyHAaMeHTanbHbIMU ypaBHeHNsIMM MakcBenna cnegyet, 4To Macca
[OJMPKHA OblTb HEMOCPEACTBEHHOW MEPOW 3HEPIrUX, COAEPKALLENCH B
Tene; CBeT NepeHoCcuT Maccy. Y paans OOMKHO NPOUCXOAUTb 3aMeT-
Hoe ybbiBaHMe Macchl. ATO coobpaxeHue paayeT u nogkynaet. Op-
HaKO He cMeeTcs Nu No 3TOMY MOBOAY U HE BOAWUT NN MEHH 3a HOC
rocnogb 60r — 3TOro s1 He Mory 3HaTb».

PesynbTaTbl, BbiTeKaloLllMe M3 TaKOro «pagyollero u nogky-
narLLero coodpaxxeHus», QUHLWTENH U3NOXNI B YKe YyNOMUHaBLLEN-
CS BbllLe CTaTbe O CBA3WU MEXAY MHepLMen Tena n cogepxallencs B
HEM SHeprun. YnomsHyTtasi ctatbss 0OObEMOM B TPW MeYaTHbIX CTpa-
HULLbI MPUHAANEXMUT K CaMbIM KOPOTKMM U B TO XK€ BPEMS! HU C YEM He
CPaBHMMbIM MO BaXXHOCTW MOCNEACTBUA MyGNUKauusM B MUPOBOM
uctopum ectectso3HaHud. OHa COAEPXKUT OCHOBHbIE MOMOXEHMUS
3aKkoHa 00 3KBMBANEHTHOCTUM MaccChbl U 3HEpPrMn. 3aKOH M3MEHEHUSI
MaccCbl CO CKOPOCTbIO UMeeT BUA:

roe m —macca ABUXKYLLLerocs Terna, my, — Macca nokosi.
Otcloga, macca Tena M ero 3Heprnst OKasblBalTCA CBA3aHHBbIMU
BeNnMYMHaMu: Macca Tena ecTb Mepa COAepXKaLlenca B HeM IHepruu.
Ecnn aHeprns E meHsieTcs Ha BenuumHy AE, TO macca meHsieTcd
COOTBETCTBEHHO Ha BENUYMHY Am.
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MaTemMaTmMyeckum BblpaXEHMEM 3akoHa JWHLWITENHa SABNSeTCA
BCEMMPHO 3HAMEHWTasi, TENEpPb yKe NMOoYTU BOLUEALlas B MOroBOPKY
dopmyna E = mc®. Ona rnacut, 4Yto noborn nepeHoc aHeprun (E)
BCerfa CBsi3aH C NEPeHOCOM COOTBETCTBYHOLLEN Macchl (m), a KBaa-
paT CKOpPOCTU CBETa C UrpaeT 34ecb posib KoadpduumeHTa npornop-
LUMoHanbHocT. JTa opmyra TakKe TPaKTYyeTCsl Kak BblpaXeHue,
onucbiBalollee «npeBpaLleHne» maccbl B aHepruto. VIMeHHO Ha 3Tom
npeacTaBeHMn OCHOBaHO OObsCHEHME TaK HasbiBaeMoro gedekra
Maccbl. B MexaHM4eCcKnX, XMMUYECKNX, TEMMOBLIX U 3NEKTPUIECKNX
npoLieccax OH CITMLLIKOM Man M No3TOMYy OCTaBariCd He3aMe4eHHbIM.
OpHako B aTOMHOM on3nke OH umeeT bonblioe 3HadeHue. [dedekT
Maccbl 3aKro4yaeTcs B TOM, YTO CyMMa Macc OTAENIbHbIX COCTaBHbIX
yacTen aToOMHOro sigpa MoxeT 6bITb Bonblle Maccbl aTOMHOroO saapa
B Llenom. JTo criegyeT NoHMmaTh Takmm obpasom, 4To HegocTaroLas
Macca npeBpaTunacb B SHEPrno CBA3NU, HEOOXOANMY ANS yaepxKa-
HUS B siApe BXOASALWMX B €r0 COCTaB YacTeil. ATOMHasi SHeprusi ectb
He 4YTO MHOE, KaK NpeBpaTMBLLAsCS B 3Hepruo macca. B uckyccreen-
HO BbI3bIBAEMbIX SAEPHBIX peakumsix MPOUCXOAUT OCBODOXAEHNE
3TOW MOry4Yen aHepruu.

OTKkpbiTass ONHLUTENHOM 3KBMBANIEHTHOCTb MAacCbl M 3HEprum
no3sonuna ynpoctTuTb BCe puanyeckme 3akoHbl coxpaHeHus. Oba
3aKOHa — COXpPaHEeHWs MacCbl U COXPaHEHUs1 3Hepruu, — o 3TOro
CylllecTBOBaBLUMEe OTAerbHO ApYr OT Apyra, NpeBpaTUuch Tenepb B
OLMH OOLMI 3aKOH, KOTOPbIA MOXHO CGOPMYNMPOBaThL CrEAYHLNM
obpasom: AN 3aMKHYTOW MaTepuarnbHOM CUCTEMbl CyMMa MacChbl U
3HEprum ocTaeTcsl HEM3MEHHON Npu NMOObLIX Npoueccax.

[MaBHbIM BbIBOAOM TEOPUM OTHOCUTENLHOCTM JMHLITENHA SiB-
NSeTCs Kak pa3 yCTaHOBIIEHUE TOro, YTO NPOCTPAHCTBO M BPEMS Cy-
LLleCTBYIOT He camu no cebe, B OTpbIBE OT MaTepuu, a HaXO4ATCA B
Takon TeCHOW yHMBepCasibHOW B3aMMOCBS3U, B KOTOPOW OHU TEPSIOT
CaMOCTOATENbHOCTb U BbICTYNAOT KaK OTHOCUTESbHbIE CTOPOHbI
€4VHOro U HegenMmoro NpocTpaHCcTBa-BpeMeHU. Haykon gokasaHo,
YTO TEeYEHME BPEMEHM U NPOTKEHHOCTb TEN 3aBUCAT OT CKOPOCTMU
OBWXEHMUS 3TUX TEM, U YTO CTPYKTYpa WM reoMeTpuieckme CBonCTea
3TOr0 YETbIPEXMEPHOro KOHTUHyyma (MpOCTpaHCTBa—BpEMEHU) U3-
MEHSIIOTCS OT CKOMJIEHNsI Macc BeELLECTBa U NOpPOXAaeMoro MMu noss
TAroTeHUsA. TAroteHne — 3TO MCKPMBIIEHME NPOCTPAHCTBA-BPEMEHMN.
OT0 npepnonoxeHne 6bIno noareepxaeHo B 1919 r. actpoHomMu4e-
CKMMU HabniogeHnsiMn, nokasasBLUMMK, YTO Ny4 cBeTa 3Be3dbl Kak

55



npoobpas npsmMon NMHUU uckpmenseTcs Bénusmn ConHua BcrneacTeune
€ro nong TAroTeHus..

B cosgaHun coBpeMeHHOW Teopuu MpPOCTPaHCTBaA U BPEMEHU
cbirpanu 6onblyto ponb naeun Jlobavesckoro, Pumana, Maxa, Mayc-
ca, QNHWTeNHa 1 apyrnx y4éHoix. OTKpbITUE HEEBKNNOOBOW reOMeT-
pvM ONPOBEPIIIO KAHTOBCKOE YYEHME O MPOCTPaHCTBE M BPEMEHM Kak
O BHEONbITHbIX hopmax YyBCTBEHHOro BocnpusaTtus. MccnegosaHus
Bytnepoea, ®énopoBa 1 ux nocnegoBarteniel 0OHaPYXUIM 3aBUCK-
MOCTb MPOCTPAHCTBEHHbLIX CBOWCTB OT (pM3Myeckon npupoabl mare-
puvanbHbiX Ten, O6YCNOBMEHHOCTb (PU3NKO-XMMUYECKUX CBOWCTB
MaTepun NPOCTPaHCTBEHHbLIM pacnonoXeHnem atoMoB.

B HacTosduwee Bpemsa B dunocodckon nutepatype onpegenu-
NNCb HECKOMbKO 3HaYeHWI, B KOTOPbIX YNOTPebnsanTca NOHATMSA Npo-
CTpaHCcTBa M BpeMeHu: Havmbornee pacnpoCTpaHeHHble 3HaYeHus -
peanbHoe, nepuenTyanbHOE W KOHUEeNTyarnbHOE MPOCTPaHCTBO WU
Bpemsi.

Mo peanbHbIM NPOCTPAHCTBOM UM BPEMEHEM MOHMMAKOTCS YC-
NOBUSI COCYLLIECTBOBAHUSA U CMEHbI COCTOSIHUIA MaTepuarnbHbix 06b-
€KTOB U $BMEeHUN, 0OGBEKTUBHO pearibHble (POpMbl CyLLIECTBOBAHMS
maTepuun. [NepuenTyanbHble MPOCTPaHCTBO U BPeMS CyTb YCMOBUWS
COCYLLIECTBOBAHNS M CMEHbl HalUUX OLLYLIEeHUA U ApYrux ncuxude-
CKUX aKkToB cybbekTa. KoHuenTyanbHble e NpoCTPaHCTBO M BPeMSs
npeacTaBnsalT cobon abCcTpakTHble MaTeMaTudeckue CTPYKTYpbl,
KOTOpble MOryT MoOAenvMpoBaTb pealbHble MPOCTPAHCTBEHHO-
BPEMEHHbIE OTHOLLEHMSI.

MepuenTyanbHble NPOCTPAHCTBO M BPEMS OTPaXaloT pearibHoe
NPOCTPAHCTBO N BpPeMS Ha YPOBHE YyBCTBEHHOrO OfMbiTa UHANBUAYY-
Ma. Ha paumoHanbHOM e ypOBHE MO3HaHWS OTPaXEeHUEM pearnbHO-
ro npocTpaHCTBa W BPEMEHU BbICTYMNalT KOHLEeNnTyanbHble Mpo-
CTpaHcTBO M Bpems. [pn M3y4yeHun ponmm M MecTa MOHATMI Mpo-
CTpaHCTBa U BpPEMEHU B CTPYKType (PU3NYEeCKON Teopuu UHTepec
NpeacTaBnsalT B MEPBYI0 OYepedb KOHLUEeNTyalbHble NPOCTPaHCTBO U
BpeMS KaK afieMeHTbl TEOPETUYECKOrO 3HAHWS.

B wunpokom cMmbicrie nog KOHUENTyarnbHbIM NPOCTPaHCTBOM MO-
HUMaeTCa MHOXECTBO, B KOTOPOM BBe[eHbl onpeaeneHHble CUCTEMbI
OTHOLLEHUN Mexay anemeHTamu. NpumMepomM Takmx OTHOLLEHUIA MEX-
Oy aneMeHTamMu cnyxat MeTpuyeckue OTHOLLEHWs, BBOAUMbIE C MNO-
MOLLIbIO «aKCMOM PacCTOAHUSY.

Bce koHLUenTyanbHble NPOCTpPaAHCTBA MOXHO YCIMOBHO pasfe-
NWTb Ha Tpu TUna. TO KOHLENTyarnbHble NPOCTPaHCTBA:
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1) unMcTon reomeTpuun, He UMEILLME IMNNUPUYECKON MHTeprpe-
Tauum 1 He UCMonb3yemble B (OU3MKE;

2) He nMeloLLme SABHOW 3MMMPUYECKOW UHTepnpeTaunm, HO UC-
nonb3yeMmble B (u3nke B kavyecTBe yAoOHOro MaTemMaTu4eckoro
dopmanuama. B panbHenwemM 3TU NPOCTpaHCTBA MOryT MOMyYUTb
AMMMPUYECKYI0 UHTEpNpeTaumio 1 nepentn B paspss prsnvecknx
NPOCTPaHCTB;

3) u13nKK, KOTOpbIE NONYYMIM B PaMKax AaHHOW TEOPUN 3MMNU-
PUYECKYI0 MHTEPNpeTaLMio U BXOAAT B CTPYKTYpY PU3NYECKON Teo-
pun.

B aTom knaccudukaumm KoHUenTyanbHble MPOCTpaHCTBa Mo
CBOEMY IOrM4yeckomMy oObemy MayT MO HWUCXOZsLIEeW, T.e. Kaxgoe
npegbigyliee BkNiovaeT B cebs nocneayollee B Ka4ecTBe YacTHOMO
cnyvasi.

MprmepoM NPOCTPaHCTB NEPBOro TUMa MOXET CIY>XUTb Hexayc-
[0pdOBO TOMOMOrMYECKOe MPOCTPAHCTBO, KO BTOPOMY TUMY MOXHO
OTHECTU N-MEepHOe €EBKNNAOBO MPOCTPaAHCTBO unu HeckoHevHoe
rmnb6epToBO MPOCTPaAHCTBO, U, HaKOHeL, MpUMEpPOM MPOCTPaHCTB
TpeTbero Tvna SABMASKTCA TPEXMEPHOE EBKNNAOBO MIN YeTbipexmep-
HOEe pMMaHOBO NPOCTPaHCTBA.

Haykon, nayyatoLlen koHLenTyanbHble NOHATUS BCEX TUNOB, SiB-
ngetcsa reomeTpus. dusmyeckass reomeTpusi u3ydaeT KoHUen-
TyanbHble MPOCTPaHCTBA, MOMNYYUBLUME TY UMM MHYIO SMMUPUYECKYIO
WHTepnpeTaunio B paMmkax AaHHOM (PM3N4EeCcKon Teopun 1 cryxaliue
MOZENbI0 pearbHbIX MPOCTPAHCTBEHHbBIX OTHOLLEHWN.

KoHuenTyanbHble BpeMeHa noboro tuna usydaeT cpaBHUTENb-
HO Mofodas Hayka — XPOHOMETpUS. XPOHOMETPMEN 3aHMMaeTcs
OOVH U3 pa3fernoB reoMeTpun, obyCnoBMneHHbIN HEKOTOPbIMU Orpa-
HUYEHVSIMW, HaKMagbiBaeMbIMM Ha MOLENW, OMNUCHIBAOLLIME BPEMEH-
Hble COOTHOLLEHUS. 3TU OrpaHUYeHUs CBs3aHbl CO cneumMduKkon Bpe-
MEHUW: ero HeobpaTMMOCTbI M OAHOHanpaBreHHOCTb. CnenoBa-
TEnbHO, XPOHOMETPUEN MOXHO Ha3BaTb HayKy O NOObIX BPEMEHHbIX
OTHowWeHusAX. B Takom criydae dusmyeckasd XpoHOMETpUst — aTa Hay-
Ka O TaK UMM MHa4Ye SMMNUPUYECKN UHTEPNPETUPOBaAHHbLIX MOAENAX
BPEMEHW.

Mpn panbHenWweM WU3y4eHUU KOHLeNTyarnbHbIX MPOCTPaHCTB U
BPEMEH BO3HUKIa HeobOXOAMMOCTb B €OUHON Hayke, UcCrneaylollen
NPOCTPaHCTBEHHO-BPEMEHHbIE MoAenun. Takasa Hayka Obina cosgaHa
W nony4yuna HasBaHue xpoHoreomeTpun. C Haubornee oOLWENn TOYKU
3peHNs ee MOXHO OnpefenuTb Kak TEeoputd Takux MNpPOCTPaHCTB,
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«reoMeTpusi» KOTOpbIX onpenenseTcs OTHOLWEHUEM MpealecTBOBa-
HUST TOYEK.

Mo aHanorun ¢ Bbiecka3aHHbIM MOXHO BbIAENUTD:

1) YNCTYIO XPOHOTEOMETPUID;

2) abCTpaKkTHYl0 XpPOHOreOMETPUI0, HE WHTEepnpeTUpOBaHHYHO
AMMMPUYECKN, HO UCMONb3YEMYIO B (PM3UNYECKNX TEOPUSAX MIU TUMO-
Tesax;

3) hm3MYECKY0 XPOHOreOMETPUIO, MOSYYMBLLYKO B paMKax OaH-
HOW TEeopuu IMMNUPUYECKYID MHTepnpeTauuto. MNprmepom abcTpakT-
HOW XpPOHOreOMETPUN MOXET CITY>KUTb BapuaHT XpOHOroMeTpum, pas-
pabaTtbiBaembivi E. KpoHxenmepom u P. NeHpoy3om. OHM BBOAAT Tak
HasblBaemoe Kay3arbHOe MPOCTPaHCTBO, MO KOTOPbIM MOHUMAaETCS
MHOXECTBO, YNopsigoYeHHoe OnpeaeneHHbIMU OTHOLLEHUSIMU Npea-
LLIECTBOBaHMWS, CBOWCTBEHHLIMU PENSTUBMUCTCKOA XPOHOrEOMETPUN.
Mpumep  pM3NYECKON  XPOHOrEOMETPUM —  NPOCTPAHCTBEHHO-
BpEeMEeHHasi MOAeslb KIacCUYeCKon MexXaHWKu, crneumanbHOn u ob-
LLer TEOPUN OTHOCUTESNBHOCTMN.

lMpocTpaHCTBEHHO-BPEMEHHOE OMUCAHNE MOXHO MOHMMaTb B
OBYX CMbICIax: LUMPOKOM U Y3KOM. B y3koM CMbICIie NpOCTPaHCTBO U
BpeMs crnyxaT HeoOXOoAMMOWM MpeanocChIIKON npoBedeHus nboro
aKcneprMMeHTa. Ha aMnmprnyeckomM ypoBHE NO3HaHWS NPOCTPAHCTBO U
BpeMS SIBMSOTCS B NMEPBOM NPUOMKEHUM HEMNOCPEACTBEHHO Ha-
ontogaembiMy 1 MOryT BbITb ONpeaeneHsbl onepaumMoHansHo.

lMpocTpaHCTBEHHO-BPEMEHHOE OMMCaHue B LUMPOKOM CMbICIE
He CBOAMTCS K A3blKy HabnogeHW, a OTHOCUTCS K TeOpeTUYeCKOMyY
YPOBHI0. B OCHOBE 3TOro onucaHus NeXnT MCXodHash XpoHOreomeT-
pudeckas Moaenb, npeacraBngawollas cobon abCTpakTHYyHO reoMmeT-
PUYECKYIO KOHCTPYKLMIO, KOTOpasi B paMKax [aHHOM (OM3MYecKon
TEeopum Nonydmna SMNUPUYECKYI0 1 CEMaHTUYECKYHO MHTEPNPETaLMIO.
OTa reomeTpuyecKkasl KOHCTPYKLUUS OTHOCUTCS K DU3NYECKON XPOHO-
reoMeTpun.

WTak, nNpoOCTpPaHCTBEHHO-BPEMEHHOE OMUCaHWE B LUMPOKOM
CMbICrie npeanonaraer:

1) NCXOOHYIO XPOHOrEOMETPUYECKYHO MOAENb;

2) ee aIMNUPUYECKYIO MHTEPNPETaLMIO;

3) ee cemaHTM4eCcKyo MHTepnpeTaumio.

dusnyeckoe nNpPOCTPaHCTBO, BXOAsLLEEe B MWCXOOHYH XPOHO-
reOMEeTPUYECKYI0 MOAENb, SBMAETCA WHBAPUMAHTOM OMNpPeAerieHHbIX
reomeTpuyecknx npeobpasoBaHun.

Kpome TOro, koHuenTyamnbHble (U3NYecKne NPOCTPaAHCTBO U
BpeMsi, BXoAsliMe B XPOHOTEOMETPUYECKYID MOAENb, UMEKT psif
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NPU3HAKOB, OTMMYAKOLWMX WX OT KOHLENTyalnbHbIX MPOCTPaHCTB U
BPEMEH, NpUHaanexalmx K Knaccy 4ncton reometpumn. dusnyeckune
NPOCTPaHCTBO U BPEMSI:

1) NpUHUMNMANbLHO COMOCTaBUMbI C SMMUPUYECKMMU MOHATUAMMA
N HEMNOCPEeACTBEHHO HabntogaemMbIMn OU3NYECKMMU BENNYMHAMM;

2) obnagarT 4pes3Bbl4aNHO OOMbLIOW CTENEHbl OBLIHOCTU U
CNOCOBOHOCTbLIO ONMCbIBaTb LUMPOKUIA Kacc SBMEHUH,;

3) 6e3 gononHUTENbHbLIX CTyneHen abcTpakumm obecnevmsaroT
onucaHue OBWKEHUS N B3anMoaencTBnst U3NYeCKnx 0O bEeKTOB;

4) apekBaTHO OTpaXalT pearibHble NMPOCTPaHCTBEHHO-BPEMEH-
Hble OTHOLUEHUSI (KOHEYHO, MpW YCIOBMU WCTMHHOCTM TOW pumau-
YeCKoM Teopumn, B KOTOPYHO OHW BXOAST).

MprHUMN 3aBMCMMOCTW MPOCTPaAHCTBA OT HaXOAslLLeNcs B Hen
MaTepun nony4un B U3NYECKON NUTepaType HasBaHUE «MpPUHLMN
Maxa». B cBoen «MexaHuke» Max nokasblBaeT HeJOCTaTOYHYHO IO-
rMYECKyHo OnpaBAaHHOCTb psAa NPeAnocChiNIoK HbIOTOHOBCKOW Mexa-
HUKW, NPUHUMABLUNXCS A0 3TOro BpeMeHn B hun3mke Kak HeYTo camo-
oyeBmgHoe. B knaccmyeckor mMexaHuke psg (oMsMyeckux sIBreHuin
00bsACHAETCA yepe3 OTHeceHne ux K abContoTHOMY MPOCTPAHCTBY.
Max >xe 06BbsACHAET nx no-gpyromy. BoT kak oH, HanpumMep, onpoBep-
raet 3HaMeHMUTbIA HbIOTOHOBCKUIM SKCMEPUMEHT C BpaLLaroLLMMCS
COCyOoM, C MOMOLLBbI0 KOTOPOro siIkobbl 0OHapyXMBaeTcst «abcontoT-
Hoe nNpocTpaHCcTBO». «OnbIT HbOTOHa C BpallalLLMMcsa COCyaoM C
BOZOW NMoKasblBaeT TOJbKO TO, YTO OTHOCUTENbHOE BpalleHne BoAbl
MO OTHOLUEHMIO K CTEHKAM He MobyxaaeT 3aMeTHbIX LeHTPOOEXHbIX
cun, HO 3TU nocriegHue nobyxaatTcs OTHOCUTENBbHBIM BpaLLEHUEM
Mo OTHOLUEHUIO K Macce 3eMnu M ocTarbHbIM HebecHbIM Tenam.
HVKTO He MOXeT ckasaTb, kak npoTtekan Obl OMnbIT, ecrnn Obl CTEHKM
cocyfa CTaHOBMIMCb BCe TOSLWE M MacCUMBHee, MoKa, HaKoHeL, ux
TOMWUWHA He JOCTuUrma Obl HECKOMbKMX MUMb». XOTs Ans Maxa noHs-
Tve Ten (MaTepun) «CyTb NULb abCTpakLms, CUMBOMbI AN KOMMNeK-
COB 3I1IEMEHTOB («KOMIJIEKCOB OLLYYLLIEHMI» )», OCHOBHY €ro MbICIb,
MOXHO BbIpa3uTb Tak: BCE, YTO NPOUCXOAUT B MUPE, eCTb pe3ynbTar
B3aMMOAENCTBUS MaTepuarbHbIX TEN.

OnHWTEenH BocnpuHan y Maxa npuHUun OTHOCUTENBHOCTU NPOo-
CTPaHCTBa, HO MHTEpPNpEeTUpoBar ero C eCTeCTBEHHO-HAY4YHbIX, CTU-
XUNHO-MaTEPUanMCTUICKNX nosnuun. Cam TepMuH «npuHumn Maxa»
BrnepBble nosiBunics B 1918 r. B pabore OnHwTenHa «lpuHUMIK-
anbHoe cogepkaHue obuien Teopun OTHOCUTENbHOCTU» U Bbin on-
pegeneH Tak: «G — none (rpaBMTaLMOHHOE) NOSTHOCTLIO OnpeaerieHo
Maccamu Teny.
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B aTon xxe cTaTbe DMHLLTENH NUcan: « Teopusl, Kak MHe KaXeTcs
CerofHsi, MOKOMTCSH Ha TPeX OCHOBHbIX MOMIOXEHUSIX, KOTOPble HU B
KOeWN CTeneHu He 3aBUCAT ApYr OT gpyra... a) MNpuHUMN OTHOCUTENb-
HOCTW...; 6) MNpuHUMN SKBUBANEHTHOCTW...; B) MNMpuHuun Maxa».

OTO gano noBoA4 HEKOTOPbIM aBTopam CAenaTb BbIBOA O TOM,
4YTO OVHLWTEWNH YCMEewWHO OCYyLIeCcTBMI nporpammy 3pHcTta Maxa B
PENSITUBMUCTCKOM OLIEHKE WHepuManbHbIX CBOWCTB maTepun. Bor,
Hanpumep, 4To nuweT @. dOpaHk: «OVHWTENH NPEANnPUHSAN HOBLIN
aHanM3 HbOTOHOBCKOM MEXaHWKM, KOTOPbIA B KOHLIE KOHLIOB OMnpae-
nan nepecdopmynmpoBky Maxa (HbHOTOHOBCKOW MexaHuku)». B no-
[obHOM >xe ayxe BbickasbiBaeTca n M. xemmep.

Hwxke Mbl monbiTaemcsa gokasaTtb, YTO Uctopus oblien Teopum
OTHOCUTENBHOCTM He NOATBEPXKAAET 3TOM TOYKM 3pEHUd, U nNpeoao-
fieHne MomMbITOK BHECTU B KOHLENTYyarnbHbIA annapaTt COBPEMEHHOW
HaykM MNOHATMS «abcomnTHOoe MpOCTpaHCTBO» B Ayxe HbloToHa
npeacrtaBnsieT cobow «npouecc, KOTOPbIX, NMO-BUAMMOMY, HE 3aKOH-
4YUNCH eLLe U NOHBbIHEY.

B nucbme 3niHwTerHa Maxy oT 25 uioHa 1913 r. oTmevatoTcs
Tpu adhekTa, CyllecTBOBaHME KOTOPbIX crnefyet oxuaaTb, €cnuv
npyHuun Maxa ¢ Heo6xoaMMOCTbI0 BXOAUT B OOLLYt0 TEOPUIO OTHO-
cutenbHoCcTU. CyTb 3TUX 3PPEKTOB COCTOUT B CrieayoLlem:

1. Macca npobHoro Terna gofbkHa Bo3pacTaTb npu npubnmke-
HWUW K CKOMNMeHM0 60onbLUMX Macc.

2. YckopeHue 60nbLIon Macchl BrieyeT 3a co0OM OAMHAKOBO Ha-
npaBreHHOe yCKopeHue Haxoasuerocs B6nunsm npobHoro tena.

3. Bpawarouieecs nonoe Teno AOMKHO co3daBaTb BHYTpU cedsi
«none cun Kopuonucay.

MepBbIi achdekT OblT paccMOTpeH OWHLLTEMHOM, HO OH OLIU-
fancsa, nonaras, 4To B €ro Teopun UMeeT MecTo 3TOT (PEeHOMEH. Y
ONHLWTEeNHa OH BO3HMKAET fLb B ONpeAerieHHON cucTeMe Koopau-
HaT, T.e. ABNAETCH KoopauHaTHbIM. BTopon adhdhekT, kak 310 6bINO
nokasaHo JWHLUTENHOM, YYUTbIBAETCS MaTeMaTM4YeCKUM annapartom
obLen Teopun OTHOCUTENBHOCTU. TpeTun aheKkT NoNoXKUTENLHO
paccmaTtpuBarncs B pamkax Teopumn TaroteHnd . TuppuHrom.

Takum obpasom, B obLLeN TEOPUN OTHOCUTENBHOCTM NpeacTaB-
NeHbl BTOPOW 1 TpeTUin apdeKTbl, HO He NMpeacTaBneH nepebli. JTO
CBUAETENBLCTBYET O TOM, YTO MpuHUMN Maxa JOomkHbIM 0Bpa3om He
Bblpa)aeTcs B TEOPUN TATOTEHUST QMHLLTENHA.

CnepoBartenbHo, cornacHo A. [lMyaHkape, mexay reometpuye-
CKOM N oM3NYECKON KOMMOHEHTaMN hN3NYECKON TEOPUN CyLLECTBYET
onpegeneHHas B3aMMOCBA3b, Bblpaxalolasacs B TOM, YTO U3MeEHe-
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HWe OfHOW N3 KOMMOHEHT BreYeT 3a COBON COOTBETCTBYIOLLEE U3ME-
HeHne Opyron. 3Ta MbICb U COCTaBMNSAET OCHOBHOE COAepXKaHue
NpyHUMNa AOMNOMHUTENBHOCTUM reOMEeTpUN U OU3UKU UMK, MHAYe ro-
BOp4, NpuHUMNa gonosniHuTenbHocth A. lNyaHkape.

MyaHkape nomnaran, Y4To OMbIT HE B COCTOSIHUM AaTb OOCTaTou-
Hble OCHOBaHWA ANSA MPUHATUS TON NN MHOW XPOHOreOMETPUYECKON
mogenu. OH nucan: «Bcsikui onbIT ... gonyckaeT UCTOMKOBaHWE Ha
noyBe eBKNNOO0BOW rMNoTe3bl, HO OH AOMYyCKAeT ero 1 Ha no4se rmno-
Te3bl HeeBKNMAOBOWY». WHaye roBopsl, OH MbiTancs gokasatb, 4TO
BbIOOp XPOHOreoMeTpuU4eckorn Modenu BCeLerno 3aBWCUT OT Haluux
cornalueHun.

Mpobnemy AONONHUTENBHOCTUM reoMeTpuM u buanku paccmart-
puBan B cBoux pabortax A. SNHWTENH. XOTHa ero peLleHue Bonpoca
COCTOUT B 0BOCHOBaHWM MpeanoyYTUTENBHOrO Xxapakrepa reomeTpu-
Yyeckux npegcrasneHnn O6Len Teopumn oTHocuTensHocTn (OTO), oH
NPU3HaeT NPUHUMNUANbHYH HEONMPOBEPXMMOCTb TOYKM 3peHus A.
MyaHkape, oTMevas criegytowee: «Mbl MOXeEM ckasaTb, YTO TOSbKO
cymma (IN)+(®) saBnsieTcss NpeamMeToM MPOBEPKM Ha onbiTe. Takum
0o6pas3om, MOXHO MPOU3BONLHO BbIOpaTh Kak (), Tak N oTaenbHble
yacTu (@): Bce 3TW 3aKOHbI NpepfcTaBnsaT cobon cornawenunsi. Bo
nsbexxaHne nNpoTMBoOpeY Mt HeobxoaMMo OocTaBLUMecs YacTu (@) Bbi-
OpaTb Tak, uTobbl () n NnonHas (@) BMecTe onpaeabiBanUCL Ha OMbl-
Te». B bonee nosgHen ctatbe «OTHOCUTENBHOCTL M Npobrema npo-
ctpaHcTBay (1952 r.) A. QNHWTENH nUwWeT: « TOHKOCTb NOHATUS Npo-
CTpaHCcTBa BO3pocna C OTKPbITUEM TOrO, YTO abCOMTHO TBEpPAbIX
Ten He cywecTByeT. Bce Tena saBnsoTcsa ynpyro agecdopmMupyeMbiMm
N U3MEHSIIOT CBOW OObEM C M3MEHeHMeM Temnepartypbl. [1oaTomy
CTPYKTYpPbl, B3aUMHbIE PACMNONOXEHNsST KOTOPbIX AOMKHbLI ONUCLIBATL-
Csl eBKITMOOBOV reoMeTpuen, He MOoryT 6biTb OTOpBaHbl OT humsmde-
CKMX NOHATUI. HO Tak Kak dmarka npyu yCTaHOBMEHUN CBOUX NMOHSATUN
B KOHLIE KOHLIOB AOIDKHA WMCMOMb30BaTb r€OMETPU0, TO aMnupuye-
CKOe copepXXaHue reomeTpum MoxeT ObITb COOPMYNMPOBaAHO U MPO-
BEpPEHO B pamkax Bcen onsnKkmny.

MOHATMSA NpOCTpPaHCTBa U BPEMEHU BXOASAT B CTPYKTYpY (husm-
YeCKOW Teopun Yepe3 MOCPEACTBO XPOHOTEOMETPUMYECKON MOAEenw,
KOTopasi, Kak yxe oTMedvarnocb, npeactaBnseT cobon KoHuenTyarb-
HOE reoMeTpuyecKoe NPOCTPAHCTBO, MOMyYMBLLEE B paMKax AaHHON
TEOpUM IMMUPUYECKYIO M CEMAHTUYECKYI0 MHTEPMNPETALNIO U SBNSIO-
LLieecs MHBapMaHTOM Npeobpa3oBaHWi, UMEOLLMX B AaHHOW Teopuu
rnybokui usmyeckni cmbicn. HanomHum, 41O nop uanyeckon
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Teopuen B 3Ton paboTe NOHMMAaEeTCs ONpeAeneHHoro poga MoAErb,
BKIIOYaoLWasa B cebs, Hapsay ¢ MatemaTudeckum opmann3mom, u
HEKOTOpble HarnsiaHble hM3NYEeCKNe NPeacTaBNeHNs.

PaccmoTpum, kakum 06pa3oM Mpou3BOAUTCS 3MMIMpUYeckas
WHTEepnpeTaumMs XpOHOreoMeTPUYECKOM MOZEeNn. JIMMIMPUYECKYHD
WHTEepnpeTaumio 3Ta MoAernb NonyvaeT nyTem ee conocTtasneHus (Mo
npaBunaM COOTBETCTBUSI) C HabnogaembiMm B (PU3NYECKOM 3IKC-
nepumeHTe BenvyMHamu. B cBA3W c aTMM npexage Bcero BO3HMKaeT
HeOOXOAMMOCTb MNpPOaHanM3npoBaTb 3HA4YeHWe ansi NPOCTPaHCT-
BEHHO-BPEMEHHOI0 OMUCaHWsa npvHUuna Habniogaemoctn, Tem 60-
rnee, 4YToO HEKOTOPbLIE ABTOPLI MofaratT, YTO MOHATUA NPOCTPaHCTBA
W BPEMEHW OOMMKHbI OblTb U3rHaHbl U3 PU3UKM MUKPOMMPA Kak HEHa-
bnopaemeble.

YacTo BbiOensT TPU OCHOBHBIX 3HAYEHUS TepMUHa «Habnto-
naemocTb»: 1) HenocpeacTBeHHas HabnigaemMocTb; 2) NPUHLMMNK-
anbHasi HabntogaemocTb; 3) onbiTHas npoBepsieMocTb. Henocpea-
CTBEHHas HabngaemMocTb NpeanonaraeT Hanuume B CTpykType du-
3M4eCcKoM Teopum Muvb TEX BENWYUH, KOTOPble WMEKT onepa-
uuoHanbHble onpeaenenus. MpuHuMnuansHas HabngaemocTb Tpe-
OyeT TONbKO MPUHLMNNANIBLHON BO3MOXHOCTU NPSIMOTO MU KOCBEHHO-
ro namepeHnsi pmanyeckmx BenuumH. W, HakoHel, onbiTHas NpoBe-
PSEMOCTb CBSi3aHa C MPOBEPKON He Camoro (pmamyeckoro norioxe-
HUSI, BXOASALLEro B CTPYKTYPY (U3MYECKOW TEOPUK, @ TeX CreacTBuM
13 Teopuu, KOTOpble NPOBEpPSOTCS Ha nNpakTuke. OBLWen3BecTHO, YTO
B NEPBOM CMbICNe TEPMUH «HABMN4aemMoCcTb» B COBPEMEHHON hun-
31Ke He ynoTtpebnseTcs. Bonpoc o ToM, «paboTatoT» v B eCTECTBO-
3HaHUM ABe Apyrue («ocnabneHHble») OPMYNUPOBKU STOFO TEpMU-
Ha, BbI3bIBAET CMOpbI. Tak, HEKOTOPbIE aBTOPbl CYUTAIOT, YTO TEPMMH
«HabngaeMoCcTby NPUMEHUTENBHO K MPOCTPAHCTBY U BPEMEHM, KaK
W K OPYTMM TEOPETUYECKMM OOBbEKTaM, MOXHO MPUMEHSATb NUb B
TpeTbeMm, caMmoM «criabom» ero 3Ha4veHum. Mo nx MHeHuo, abcontoT-
HO€E MPOCTPAHCTBO M abCOMTHOE BPEMS B KITACCUYECKON MEXaHUuKe
HbloToHa nMpuHUMNUanbHO He Habnogaembl, HO UX NPUMEHEHWE B
Teopumn BeAET K OMbITHO NpoBepsieMbiM criegcTeusam. OTmeTuM, oa-
HaKo, YTO C COBPEMEHHOW TOYKM 3PEHUSI KNacCUYECKYH) MeXaHWUKy
MOOHO M3noXxuTb 6e3 npuBneyeHus MNoHATUS abCoMTHOrO npo-
CTPaHCTBa, O YeM NMOWAET peydb HUXeE.

MMo-Bugumomy, B MNPUMEHEHUM K MOHATMAM MNPOCTPaHCTBA U
BpeMeHN HeobXoAMMO UCMOofb30BaTb BTOPOE 3HAYeHWe TepMmuHa
«HabngaemMocTby, B YaCTHOCTU MOTOMY, YTO MPOCTPaHCTBO U Bpe-
MS1 CBSI3aHbl C caMMM (DaKTOM CyLLeCTBOBaHUS (hr3n4ecknx obbek-
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ToB. Ecnu oTkasaTtbcsa OT NpuHUUNuaneHon HabniogaemMocTu XpoHo-
reoMeTpnyYecKkon Mogenu, OCTaBnsas, TEM HE MeHee MOHATUE «Mpo-
CTPaHCTBO M BpeMs» B CTPYKType hU3MYECKON TeopuKn, TO C HEOOXO-
OMMOCTBIO MpuAeTest caenaThb BbIBO4 O MpUMHUMNUanNbHOW HeHabno-
[aeMoCTU onucbiBaeMbIX U3NYECKON Teoprnet 0O HEKTOB.

CemaHTnyeckas MHTepnpeTaunsi MOHATUI NPOCTPaHCTBa U Bpe-
MeHU PU3NYECKON TEOPUN eCTb BbIsIBNEHNE NX (PU3MYECKOro CMbIcna
(copepxaTtenbHbIX xapaktepuctuk). OBbIMHO OHa NPOU3BOAMTCA C
MOMOLLIbIO pasnnyHbIX HEeCTporux, nonycnan4eckmnx-
nonydunocoqCkUX MNOCTPOEHUI Ha YPOBHE MeTaTeopun, KOTOPOW
SABNSAETCH, KaK NpaBuno, usmdeckas kapTnHa Mmupa, T.e. ngeanbHasi
MOZenb Npupoabl, BKovarwasa B cedst Hanbonee obLume NoHATUS,
NPUHLMMBI 1 TUNOTE3bl PUNKM U XapakTepuaylollas onpeaeneHHbIN
NCTOPUYECKNIA 3Tan ee pasBUTUS.

OMNupmnYecknin ctaTyc NMOHATUM NPOCTPAHCTBA U BpeMeHn u-
3M4ecKon Teopun ycTaHaBMNMBaeTCA MyTeM COMOCTaBIiEHMS MO npa-
BUMNaM COOTBETCTBUSA OCHOBHbIX MOSIOXEHUA XPOHOreoMeTPU4EeCKon
MoOenu C A3bIKOM HabmnogeHWs, OHTONOTMYECKUI Xe CcTaTyc, CBH-
3aHHbIA C OCHOBHbLIMW CMbICIIOBBIMWU XapakTepUCTUKaMMU, XPOHOreo-
MeTpuyeckasi MoAerb MoryyYaeT COMoCTaBfieHMEM C OOBbEKTHOM 06-
nacTblo OPYron, yXXe UHTepnpeTUpoOBaHHOM (OPU3NYECKON Teopun unu
C (hn3n4ecKom KapTuHOM Mmpa.

B pasnuuHbix dusnyeckux Teopusx npobnema COOTHOLUEHUS
AMMMPUYECKON M CEMaHTUYECKON WHTeprnpeTauunm BCTaeT no-pas-
Homy. Tak, B knaccudeckon mexaHuke U. HeloToHa co3ganack BUMau-
MOCTb, YTO CEMaHTMYeCKas U aMNUpUYEcKas MHTepnpeTaumm nosiHo-
CTbi0 coBnagatoT. Takasi BAAMMOCTb BO3HUKNA M3-3a TOro, YTO Krac-
cuMyeckas MexaHuka Mmena [eno C HernocpeacTBEeHHO Habnwopae-
MbIMW BENUYUHAMU, N XOTS TaKMe TeOPETUYECKUE MOHSTUS HbIOTO-
HOBCKOW MEXaHWKW, KaK BEKTOPbI CUIbl, CKOPOCTU, YCKOPEHUS U T.M.,
N He CBOAMMUCH NOMHOCTLIO K OnepaLMoHanbHbIM onpeaeneHnsm, ux
HarmagHoOCTb Npov3BoAuia BrevaTiieHMe Yero-To AMNMpUYEcKn gaH-
Horo. BnepBble ABHOe pasgeneHne aMNUPUYECcKon U ceMaHTU4ECKON
WHTEpnpeTaumm Npons3oLLSo B KBAHTOBOW MEXaHUKe.

B obuwem xe crnyyae amnupuyeckass U1 cemMaHTMyeckas UHTep-
npeTaumMm XpoHOreomMeTpuyeckor Mogenu He coBnagarT. OMnmpu-
yeckast WHTepnpeTauus BblpaxaeT (EHOMEHONOMMYECKMN acnekT
NPOCTPaHCTBEHHO-BPEMEHHOW MOENW, KOrga Kak CemaHTuyeckas
WHTepnpeTauns faeT CyLHOCTHO-TEOPETUYECKUIN acrnekT MpoCcTpaH-
CTBEHHO-BPEMEHHOIO OMUCAHWS.
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M3 n3noxeHHOro criefqyeT, YTO NOHATMS NPOCTPaHCTBa U Bpe-
MEHW BBOLATCH B CTPYKTYpPbl oM3MYECKon Teopun no goopmManbHOMY
M CMbICNOBbLIM Mpu3HakaM. B nepBom cnyyae ctaTyc NpocTpaHcTBa U
BpeMeHn npuobpeTaeT Ta 4acTb MaTeMaTUyecKkoro dopmanusma,
KOTOpas HaxoauTcs Gnvke BCero K A3blky HabnioaeHnn, BO BTOPOM —
Ta ero 4yacTtb, KOTOpasi MOXeT OblTb AOCTATOYHO ydarneHa OT Hemno-
CpPeACTBEHHOrO OMbiTa, HO NO3BOMNSET BBECTU €ANHYI0 MKOHUYECKYHO
MoAenb hmsnyeckorn peanbHOCTH.

BoobLue roBopsi, NOHATME NPOCTPaHCTBa BBOAMTCSA B CTPYKTYpY
dm3myeckon Teopun 1 Npu NOMOLLM Takux mMaTemaTmdeckux gopma-
nn3moB, Kak abCcTpakTHble hu3nyeckue NpocTpaHcTBa — KOHurypa-
LMOHHOE, da3oBoe, rmnbLbepToBo 1 T.4. He NCKNoYeHo, YTO HEKOTO-
pble N3 3TUX NPOCTPAHCTB CO BpeMeHeM npuobpeTyT MpPOCTpPaHCT-
BEHHO-BPEMEHHOW cTaTyc. QTOT Cnocob BXOXAEHMSI MOHATUIA Mpo-
CTpaHCTBa 1 BPEMEHU B CTPYKTYPY (PM3NYECKON TEOPUU MOXHO 060-
3HAYNUTb KaK abCTPaKTHBIN.

dopmarnbHoe BXOXAeHWe MOHATUM NPOCTPaHCTBa U BPEMEHU B
CTPYKTYPY (PM3NYECKON TEOPWUM CBA3AHO WCKITHOYMTENbHO C 3MNUpU-
Yeckon nHTepnpeTaumen ee opmannama, CMbICITIOBOE Xe — npexae
BCEro C CEMaHTUYECKOM UHTepnpeTaunen, B YaCTHOCTH, C UCMONMb30-
BaHWEM HEKOTOPbIX (hUNOCOPCKNX UK «NonydPuUnocoCcknx» noro-
XEHUN, Taknx Kak nonoxeHune o peanbHOCTU «Mupa MUHKOBCKOro»,
npuHumn Maxa u 1.n. OTMETUM, 4TO onpegeneHne PuU3n4ecKkon Teo-
puvM Kak CBOEro poga MOAenu no3BonisieT paccMaTpvBaTth 3TW MOJO-
XEHUS He TOMbKO Kak MeTaTeopeTuyeckne CyXKOEeHUs, HO 1 Kak ane-
MEHTbI (PU3NYECKOWN TEOPUU, YTO BbINO Obl HEBO3MOXHO, €Cnn pac-
cmaTpvBaTb (PU3MYECKYID TEOPUIO Kak HEKOTOpbl TeopeTU4eCKUn
doopmanuam, CBA3aHHbIN TOMbKO C sI3bIKOM HabMAEHWIA.

Buonornyeckoe NPOCTPaHCTBO M BpeMmsi

Mpobnema npocTpaHCTBa U BPEMEHU B CTPYKType Ouonorude-
CKUX Teopwun Janeko He paspaboTtaHa. N3BecTHbl Tpyabl akageMuka
B.W. BepHaackoro, B KOTOpbIX OH MblTancs onpegenuts cneunduky
Ouonornyeckoro BpeMeHn M npocTpaHcTBa. Ho B 3Tol pabote n B
psi4e Opyrvx paccMaTpuBatoTCsl acrnekTbl, CBA3aHHbIE B OCHOBHOM C
«Buonornyeckummn Yacamm» n «BeCTMbYNApHbIM annapaTtom», Mpu-
4YeM cam haKT CyLLeCTBOBaHUS NOAOOHbIX CUCTEM Y KUBbIX CyLLECTB
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COMHeHUA He Bbi3biBaeT. OCTaeTcsl OTKPbITbIM NULLBb BONPOC O JlOKa-
nuM3aumy 1 Npupoae 3Tux BUoNorMYecKnx NPOLLECCOB.

[na uenen gaHHOro nccnegoBaHUsl BaXkeH BONPOC O MEcTe Mo-
HATUIA MPOCTPAHCTBA M BPEMEHU B CTPYKType Ouonorndeckux Teo-
puin. Kak oTme4vanocb, B CTPYKTYpPYy €CTeCTBEHHO-Hay4HbIX Teopun
BXOASAT ocobble KOHUenTyanbHble MNPOCTPaHCTBa, Mofyyawwme B
pamkax TeopuuM CEMAHTUYECKYHD U IMMUPUYECKYID MHTeprnpeTauuio.
MoaTtomy HeobxoOMMO YCTaHOBWUTb, Kakoe KOHUuenTyanbHoe npo-
CTPaHCTBO COOTBETCTBYET GMONOrM4yeckomMy NpPOCTpPaHCTBY N Bpeme-
Hu. B ykasaHHoW pabote B./. BepHagckoro otmevaeTcsi, 4To duoro-
rmyeckoe NPOCTPaHCTBO MOXHO COMOCTaBUTb C OAHUM N3 PUMAHOBbIX
NPOCTPAHCTB, HO AOCTATOYHO MOSHOMO AoKasaTenbCTBa 3TOro Moso-
XeHus He npuBeaeHo. bonblion nHTepec npeacTtaenseT B Guonoru-
YeCKOW HayKe MOHHATME 3KOMOrMYecKoro NpoCTPaHCTBa U 3Komoruye-
CKOro BPEMEHMU, HO 3TN MOHATUSA, KaK NpaBuUIo, He CBA3bIBAKOTCS He-
NOCpPeACTBEHHO C MaTeMaTUYeCKMMM CTPYKTypamu.

Bonpoc 06 ocHOBHbIX cnocobax BBOAA MNOHATMIA NPOCTPAHCTBA U
BPEMEHW B CTPYKTYpy BMONOrmyeckmx Teopuii BCTaeT Muvllb Ha ypoB-
He COBpEeMEHHOW TeopeTudeckon Guonoruu, NpeacTaBnsiollen co-
fon JocTaToOYHO MaTemMaTM3MpPOBaHHYIO TEOPUIO.

B TeopeTtuueckon 6monorum ¢ TOUKM 3peHUs pasgeneHus B Hen
NPOCTPaHCTBEHHO-BPEMEHHOM N YMCTO BMONOrMYecKon YacTenm BCTa-
0T Te e BOMNpOChl, YTO M B PU3NKe, B YHAaCTHOCTU, BOMPOCHI O CNOCO-
DOax BBOAA MOHATWUIA MPOCTPaAHCTBA M BPEMEHU B CTPYKTYpY TEOPUN.
dopmarnbHbiM 06pa3oM B CTPYKTYpy TeopeTuyeckon Guonorum npu
MOMOLLM 3MMMPUYECKON MHTepnpeTauun dopmanmama Teopum BXO-
OAT eBKMMAOBO MPOCTPaAHCTBO M BPEMSs Hallero Makpommpa. Yto xe
KacaeTCs CMbICIIOBOrO MyTW BXOXAEHWUSI MPOCTPaHCTBA U BPEMEHU B
CTPYKTYPY 3TOM Teopuu, TO OH CBSI3aH C €e CEeMaHTUYECKOW UHTep-
npetaumen Ha obbekTHOM obnacTn Guonormyeckon kapTuHbl mupa. C
3TMM Ccnocobom CBA3aHO BBeAeHWe B CTPYKTYypy OGuonorum Takux
crneunduyecknx BUOOB MPOCTPAHCTBA U BPEMEHM, KaK 3HOOrEHHbIE
Buonoruyeckme 4acbl, 3KONOrM4Yeckoe NPOCTPaHCTBO 1 BpeMS U T.A4.

CnepoBaTtenbHO, MOXHO KOHCTaTMpoBaTb, 4TO Buonornueckoe
NPOCTPaHCTBO U Bpems obnagaloT onpeneneHHon cneumdukon,
3aKro4atoLLencs B TOM, YTO CMbICIIOBOW cnocob BBEOEHWS MX MOHS-
TN B CTPYKTYPY (pyHOAMEHTaNbHbIX BUONOrM4yecknx Teopun getanu-
3upyeT 0CoH6EHHOCTM OMONOrM4YeCcKon XpOHOreOMETPUMN.

UTo e kacaeTcsa abcTpakTHOro cnocoba BXOXAEHMS NPOCTPaH-
CTBa 1 BPEMEHW B CTPYKTYpPY TEOPMU, TO B CUITY HEAOCTATOYHOMN pas-
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paboTaHHOCTN TeopeTNUYECKOM BUONOrMNM OH B COBPEMEHHON BUOMOo-
rMYEeCKon Hayke He NCMNOoSb3yeTcs.

Heobxoanmo oTMeTUTb, YTO 3a nocnegHee Bpems B omnocod-
CKOW nuTepaType NosSBMITMCb paboTbl, B KOTOPbLIX BbISBIISETCSA Cre-
umdurka buonormdeckon kapTuHbl Mupa. Npexae Bcero otmedaeTcs,
yTo Guonorvyeckas kKapTMHa Mupa, B OTiMyMe oT (pmM3mdeckomr, He
UMEET APKO BbIPaXXEHHbIX «TEOPETUYECKNX KOHCTPYKTOPOBY. Mpuyem
n B Oyaywem Bpsg N Gruonorus «4opacTteT» A0 YPOBHSI KOHCTPYK-
TOB, MOCKONbKY TEOPETUYECKUIN KOHCTPYKT CTaTU4YEH, U C ero nomo-
Wb MOXHO pellaTb Nub OTAernbHble Guonornyeckue sagayn. B
uenom xe Ouonorvs MMmeeT feno ¢ Takumym yHOaMeHTanbHbIMU
MOHSATUSIMKN, KOTOPbIE HEMOCPeACTBEHHO BblpaXaltT UCTOPUYECKOe
Bpemsi. B 3ToM cMmbIcnie OCHOBHOE pasnuyune uonornvecknx n omsm-
YECKMNX KapTMH MMpa COCTOUT B UX OTHOLUEHMM K NMPUHLMY UCTOPU3-
Ma. Ecnun Teopetudeckan cusmka 3advactyio obxogutcs 6e3 obpa-
LLEHMS K MOHATUIO UCTOPUYECKOrO BPEMEHU, TO (byHAaMeHTanbHen-
e MNOHATUA BMONMOrM4eckon Haykum HenocpeacTBEHHO CBHA3aHbl C
Hum. OTcloga BbITEKAET, B YaCTHOCTU, YTO BKIag, KOTopbin Gruonoru-
yeckasi Hayka MOXeT BHECTW B MOCTPOEHWEe eCTECTBEHHO-Hay4yHOW
KapTWHbI MUpa, CBsA3aH C pas3paboTkon maen rnobanbHOro 3BOsto-
LMOHU3MA W MPUHLMMNA pasBUTKS.

XuMun4yeckoe NPOCTPaHCTBO U BpeMsi

HecmoTps Ha TO, YTO MeTOAbl UCCNEeAOBaHUS B XMMWUYECKUX U
PU3NYECKNX HayKax BO MHOrOM COBMAfalOT, BCE XE€ MOXHO HalTu
onpegeneHHyto crneunduky XmMmmyeckoro 3HaHusi. CormacHo Touke
3peHns MHOTUX aBTOPOB, XMMUYECKas kKapTuHa MuMpa 3aHMMaeT npo-
MEXYTOYHOE MONOXeHNe Mexay pmandeckon n Gruonornyeckon kap-
TMHaMM Mupa. ATa ABONCTBEHHOCTb XUMWUW CBsid3aHa C TeM obcTos-
TENbCTBOM, YTO B HEW peanuayetcd CUHTE3 (PU3NYECKOro 3HaHWus,
[OKa3aBLUEro CBOK 3BPUCTUMYECKYID POSib B MO3HAHWM XMMMU3Ma, U
©uonornyeckoro, BHeCLIEro 3BOMIOLMOHHbLIE NOEN B TakMe pasgensl
COBPEMEHHOW XMMWU, Kak OMOreosnorusi, naneoxmmusi, 3BOJTOLIMOH-
Haa Guoxumua n kocmoxumus. Cneumduka Xumumdeckorn ¢opMbl
OBWXEHMS N OTpaXkalolasa ee XMMnieckas KapTuHa mupa mMoryT ObiTb
MOHATLI NULLL NPX OBpaLLleHnn K NpUHLMNY uctopmama n obocHoBa-
HUM 0CcOoBOro aTana 3BOSOUMM MaTepun, NPEeALLECTBYOLLETo BO3HUK-
HOBEHUIO XXN3HW.
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Uto KacaeTcs OCHOBHbIX CMOCOOOB BBEAEHUSA MOHATUIA MpPO-
CTPaHCTBa M BPEMEHU B CTPYKTYPY XUMWUYECKUX TEOPURN, TO, Y4UTbI-
Basi ycrnexu npuUMEHeHWss B COBPEMEHHOW XUMUW KBAaHTOBOMEXaHu-
YecKnx MeToAoB OnMcaHUsa, MOXHO cAenaTb BbIBOA O TOM, YTO OC-
HOBHble CMocoObl BBEAEHUSA MOHATUM NPOCTPaHCTBA M BPEMEHU B
CTPYKTYPY XMMMWYECKMX TEOPUI aHanornyHbl crnocobam BBeAEHMS
3TUX MOHATUA B CTPYKTYPY KBAHTOBOW MeEXaHuKW, KU npobnemel,
CcTodlMe nepen COBPEMEHHOM XMMWEW, CBSA3aHHblE C MPOCTPaHCT-
BEHHO-BPEMEHHbBIM OMUCAHWEM, aHanorMyHbl npobnemam, BO3HUW-
KaloLWUM B KBAHTOBOW MEXaHUKe. MIMerTcsl, KOHEYHO, onpeaereHHble
rpaHuLbl B MPUMEHEHUN METOOO0B KBAHTOBOW MEXAHWKM Ons onuca-
HUSA XMMUYECKMX MPOLIECCOB, HO MOWUCKN OaHHbIX rPaHuL CBSi3aHbl C
OyayLimmM pasBUTUEM XMMUYECKMX HayK M C TEM MHOIOKpaTHO [oKa-
3aHHbIM (paKTOM, YTO Ntobasa umsmdeckas Teopus UMeeT CBOW npe-
nenbl NPUMEHMMOCTU N Be3rpaHNYHO SKCTPanonMpoBaTh €€ BbIBOAbI
Ha gpyrne o6racTv 3HaHWUsI HENb3s.

Jllobble usnyeckme, xmmmdeckne n Guonormdeckne npoueccol
COMpOBOXOAatTCA U3MEHEHNEM SHEPTreTUYECKOrO COCTOSIHUSI CUCTEM.
MMeHHO 3HepreTnyeckne aktopbl U CBA3aHHbIE C HUMW SHTPOMUR-
Hble (baKTOpbl OOBACHAIOT NPAKTUYECKN BCE NPEBpaLLEeHMs BELLECTB
M NPOLECCHI B XMBOW N HEXMBOW Npupoae.

OHeprua v 3HTponusA

MepBble NOMbLITKM HAY4YHOrO OnpeAeneHuss 3TUX MOHATMI Bbinu
caenaHbl 6onee copoka neT Hasag. TeicsdeneTuss 4O 3TOro noau
nonb3oBanncb TeM, YTO TeNepb Ha3blBaKT «3HEPrusi», COBEPLLUEHHO
He 3aQyMblBasiCb Hag CYLWHOCTbH MPOUCXOOSLLEr0O M He 3Has He
TONbKO 3TOr0 TEPMUHA, HO N €ro COAEpPXKaHUS KakK UCTOYHUKa Oes-
TenbHbIX CUIT U Mepbl ABUXEHUS Bcex hopM MaTepuun. SHTponus —
3TO Mepa paccesiHNs 3Heprun 1 yeenuyeHmns scex doopm becrnopsaka
B cucteme. OHa BOOOLEe Haxoaunack 3a npegenamm BO3MOXHOCTEN
co3epLaTenbHOro 1 3MNMPUYECKOro NO3HaHWs, Aa U ee porib B OKPY-
)atoleM YernoBeka Mype bbina ewe HeBenvka.

MHoruve Tbics4YeneTus TakMe MOHATUS, Kak aHeprusi, paboTa, M-
nynbc, KONMYECTBO ABWXKEHUS, COOCTBEHHO cuna u apyrue obosHa-
Yyanuchb Yallle BCero ogHMM TEPMUHOM «CUMay.

MoHsATME «3HEPrUsi» CTano NOCTEMEHHO BblAENSATbLCH U3 MHOrO-
3HaAYHOro MOHATUS «Cunay, Korga cTtanu UCnonb30oBaTbCA NapoBble
MalLWHbI, TOe TEeNNO OT CXKUraHus Yrisi npeBpallanocb B MexaHuye-
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CKylo paboTy NOpPLUHS, KOTOPbIN NepemMeLLancs nog AaBneHnem napa.
OOHVMM 13 NepBbIX TEPMUH «3HEPTUS» NMPUMEHMUTENBHO K XXMBOW CuIe
ctan npumeHaTb B 1807 r. aHrnunckun ydenbin T. FKOHr. [No3xe aHep-
TMI0 OBVXKYLLENCA CUCTEMbI CTany HasbliBaTb KMHETUYECKOW, a SHep-
rMI0 CUCTEMbI, MPUBEAEHHON B COCTOSIHME «HamnpshKeHusi», KOTopoe
No3BOSISIET MOSYYUTb OBWKEHUE, XOTS TAKOro eLle noka HeT — NoTeH-
LmanbHOMN.

lMocTeneHHo NMaM HayvyMnuMcb pasnuyaTtb BUAbl maTepum (Mak-
poTena, MMKpPOYacTuULbl, 3NIEKTPUYECKME U MarHUTHbIEe nons u ap.),
dopMbl ee OBWKEHUS (MexaHu4eckasi, arieKTpudeckasi, Xummdeckas
W Ap.) 1 BUAbl B3auMOAENCTBUIN (SOepHble, 3NeKTpOMarHuTHble, cra-
Oble, rpaBUTALUMOHHbIE M Op.), @ BCNeACTBME 3TOrO CTany MUCMosb30-
BaTb TEPMUHblI «MEXaHU4eCcKasi JHeprusi», «aneKkTpuyeckass aHep-
sy, «XMMmyeckas aHeprnsa» u ap. Tak CTUXMNHO BO3HUKIO MOHATUE
«BUAbl SHEPTUNY.

Bce mMHoroobpasue duanyeckux B3aMMOLENCTBUA Ha 3emne u
BO BceneHHoM cBOAMTCA K CneayloLwyM OCHOBHbIM TUNaMm:

1. paBUTAUMOHHOE B3aMMOAENCTBME, KOTOPOE OODBACHSET WU
XOPOLLO ONMUCLIBAET 3aKOH BCEMWUPHOIO TAroTeHusl. 3TO0 camoe cna-
0oe n3 Bcex B3aumopgencTeui. B makpomupe oHO nposBrsieTcs B
COOTBETCTBMM C Maccon Tena: Yyem Gornblle Macca Tena, TeM Bbllle
rpaBuTauus. B MrkpomMupe OHO 3HAYMTENbHO YCTynaeT OpPYrMM BU-
fam B3aumMogencTBusa. Tak. JnekTpocTaTuyeckoe OTTankmBaHue
3NEKTPOHOB 10% pa3 6orblle X rpaBUTaALMOHHOIO NpUTshkeHus. Ho
npy SKCTpPeMarnbHO BbICOKMX MMOTHOCTSAX BeLLeCTBa, paBHbIX 10%
rlem® rpaBMTaLMOHHOE B3aUMOOENCTBME CTAHOBUTCA ONM3KUM Mo
CBOEN BenuunHe C OpYrMMu B3auMOOENCTBUSMU, OEWCTBYIOLWMMN B
MUKPOMUpE.

B knaccuueckon ¢uavke rpaBuMTaLMOHHOE B3auMOAEWUCTBUE
OMUCLIBAETCS 3aKOHOM TAroTeHWst HbloToHa.  [paBUMTaAUWOHHBbIE
B3aMMOaencTBusa obycrnosnuBaloT obpa3oBaHMe BCEX KOCMUYECKUX
CUCTEM, a TaKkKe KOHLEHTpaUM pacCesiHHOM B XOAE SBOJIHOLMU
3Be3/ 1 3BE3HbIX CUCTEM MaTepun 1 BKMOYEHNE €€ B HOBbIE LIUKIbI
pa3BuTuA. CKOpPOCTb pacnpoCTpaHEHUS TPaBUTALMOHHbBIX BOJIH CYM-
TaeTcs paBHOM CKOPOCTU CBETa, HO JOCTOBEPHOCTb rPaBUTaLMOHHBIX
BO/IH elle 3aperncTtpupoBaHa Wu3MepuTenbHbIMU npubdopamu.Ho
amepukaHckum dusnkam P. Xancu u [x. Tennopy yaanocb KOCBEH-
HO NMoATBEPAUTb CYLLECTBOBAHME rpaBUTALMOHHbLIX BoNH (Hobenes-
ckas npemusa 1993 r.).

C TOYKM 3peHMst KBAHTOBOW TeOpuu rpaBuTaumm, nomne tsaroTe-
HUA KBaHTyeTcH. KBaHTaMu rpaBuTaLMOHHOrO MOMs SABNSAOTCA rpaBu-
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TOHbI. CUnbl TArOTEHUSI ABNAIOTCSA Pe3yrbTaToM NMOCTOSIHHOrO obme-
Ha Mexgdy Ternamu rpaBUTOHaAMW UMW TPaBUTALUOHHBIMK BOJTHAMMU.
OHM  nepeHocAT  3Hepruio, o0bnagalT  NPOCTPaHCTBEHHO-
BPEMEHHBIMU XapaKTepUCTMKaM1, UMMYNbCOM, MPUCYLLUMMU MaTepu-
anbHbiMn obbekTam. Ho B obuen Teopum otHocutensHoctn (OTO)
CyLLeCcTByeT MOHATME rpaBUTaLMU Kak NPOSiIBIIEHUE KPUBM3HbI Mpo-
CTPaHCTBEHHO-BPEMEHHOIO KOHTUHYYMA, T.€. rpaBUTaLust OTHOCUTCS
K MeTpuyecknm ocobeHHOCTSIM MpocTpaHCcTBa-BpemeHun. one taro-
TEHUS CcOo3JaeT WCKPUBIEHWE MpocTpaHCcTBa, TeM 6onbliue, 4yem
Sonblle TAroTeloLlas macca.

2. JnekTpomarHuTHoe B3aMMoAencTBMe — 3TO AanbHOO4ENCT-
BYHOLLIEE B3aMMOOEWNCTBUE 3apsKeHHbIX Yactuy, unm Ten. Cuna anek-
TPUYECKOTO NPUTSHKEHUST UINN OTTANKMBAHUS TOYEYHbIX HEMOABMXKHbIX
3apsiaoB BblUMCNSAETCA Ha ocHoBe 3akoHa KynoHa. B 6onee obuimx
crnyyasix UCnonb3yrT ypaBHEHUS anekTpoaMHamukn Makceenna. 370
B3aumogencTene obnagaeTt yHMBepcarnbHbIM XapakTepoM U CyLLecT-
ByeT mexay nobbiMm Tenamm. OHO MOXET MPOSIBNSATLCHA U Kak Npu-
TSXKEHVE (MeXay pasHOMMEHHBbIMW 3apsidamMu) U Kak oTTanKvBaHue
(Mexay oogHOMMEHHLIMU 3apsigamu).

Bnarogaps aneKkTpomMarHMTHOMY B3avMOAENCTBMIO BO3HMKaOT
aToMbl, MOSEKYmnbl 1 MakKpOCKONMYeckne Tena, OHO Bcerda npepjlle-
CTBYeT OpYyrMM Bugam B3aMMOOEWCTBUSA. Tak, XMMUYEeCcKue peakumu
Ha4YMHAIOTCHA C SNEKTPOMArHUTHLIX B3aMMOLENCTBUN, B pesynbTarte
KOTOPbIX MPOUCXOAMT MepepacnpeaerneHne dneKTPOHHbIX MIOTHO-
CTeln B3auMOLENCTBYIOLLMX aTOMOB, NepecTponka SNekTPOHHbIX 060-
rfloyeK aToMOB M MOSEKYIT.

C Hadana pasBuTus (OU3NKN INEKTPUYECTBA SNEKTPUYECKME U
MarHWTHbIE COCTaBMAKLME 3TOTO B3aMMOAENCTBMS paccMaTpuvBa-
NnCb Kak He cBsidaHHble Apyr ¢ gpyrom. Ho MakcBenn gokasan, 4to
3TW CWIbl - NPOSIBNIEHNE OJHOMO WM TOrO Xe B3auMOAENCTBUSA. Ornek-
TpoauMHamuka MakcBenna sIBASIETCS KNacCUYeckon Teopuen anek-
TpomarHeTn3Ma, COXpPaHsIoLWENCcs 1 B HaLLe BpeMs.

CoBpeMeHHasa ¢usnka paspabortana 6onee coBepLUEHHYO Teo-
pVIO 3MEKTPOMAarHUTHOIO B3auMoencTBns. JTa Teopus Ha3biBaeTcs
KBAHTOBOW 3NEKTPOAMHAMUKON. Teopusi Ha4YMHaeTCs ¢ NOCTynupoBa-
HWUSI CYLLECTBOBaHMSA 3NEKTPOMAarHUTHOrO 3apsifa, Tak Kak mpupopa
3TOro 3apsja HeusBecTHa. 3apsa cos3gaeT norne, KBaHTOM KOTOpOro
aBnsaeTcs 6030H C Maccoln NOKosi, paBHOW Hymo — QOTOH CO CMMHOM,
paBHbIM eanHULE. DNEKTPUYECKUA 3apsa MMeeT OBa 3Haka: oTpuua-
TeNbHbIN (MPUCYLLUIA 3NEKTPOHY) U MONOXUTENbHbIA (MPUCYLLUIA NPO-
TOHY M NO3UTPOHY). Baanmopgenctene 3apsgoB obecneynBaeTcs 06-
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MEHOM BUPTYyanbHbIX (POTOHOB. B cnyyae pasHOMMEHHbIX 3apsaoB
obMeH cos3gaeT apheKkT MPUTSXKEHUS, @ B CIydae OAHOMMEHHbIX
3apsgoB — oTTankmeaHue. Bo Bcex npoleccax ¢ ydacTuem anekTpo-
MarHUTHbIX 3apsAoB BbIMOSMHAETCA 3aKOH COXpaHEHUs 3apsidoB,
SHEepru1, UMMynbLCoOB U T. 4.

3. Cnaboe B3aumopenctesne 0OYCMNOBMMBAET HEKOTOPblE MNPO-
Leccbl B MMpe 3neMeHTapHbIX 4YacTul, T.e. CyLeCTBYeT TOMbKO B
Mukpomupe. NMprMMmepoM Takoro npouecca SBNsieTCs WU3BECTHbIA [3-
pacnag, B pesynbTaTe KOTOpOro HEMTPOH MpeBpallaeTcsl B MPOTOH,
3MEKTPOH M 3NEKTPOHHOE aHTMHENTpUHO. Pacnag Bbi3biBaeTcs npe-
BpalLleHNeM BHYTPU HENTPOHa KBapka apomMata d B KBapKk apomarta u.
Bbinetarowuin  anektpoH obecneynmBaeT COXpaHEHME CYMMapHOro
3NEKTPUYECKOro 3apsja, a aHTUHEWTPUHO MO3BOMSIET COXPaHWUTb
CYMMapHbIA MeXaHM4YeCKUn MMNyNbC cucTembl. B aTom B3aumogen-
CTBUU NOCTYNUpPYeTCH CyLlecTBOBaHUE yHAameHTanbHoro cnaboro
3apsiga, NPUCYLLEro HEKOTOPbIM YacTuuam M3 Kracca Jf1enTOHOB U
kBapkoB. Cnabbin 3apag obpasyeT Tpu pasHOBUAHOCTW Nons ¢ Tpe-
Msi OOMEHHbIMN BO30HHLIMK YacTULLAMU, UMEIOLLIMMN 3HAUYUTENBHYHO
mMaccy. Cnaboe B3anmoencTBME MEPEeHOCUTCS BEKTOpPHbIMU 6030-
HaM¥ U UMeeT paguyc AeNCTBUA nopsaaka 10" cm. B LIEeCTNOECATbIX
rogax gsaguatoro Beka C. BamHbepr n A. Canam npegnonoxunu,
yTo cnaboe M SNekTpomMarHUTHOE B3aUMOLENCTBUS - pasHble CTOpPO-
Hbl NPOSABMEHUS OAHOro B3aMMOLEMNCTBUA, Hanogobue anekTpomar-
HUTHOro. JTa TEopUs UCXOOUT U3 CyLLECTBOBaHUSA eaunHoro dyHaa-
MEHTanbHOro 3apsaa, oTeevaroLero 0AHOBpPeMEHHO 1 3a cnaboe, u
3a 3N1EKTPOMArHNMTHOE B3anmoaencTeums. [1pn o4eHb BbICOKMX TEMMe-
paTtypax (3Heprusix) CTpPyKTypa BakyymMa HapyllaeTcs U He MoXeT
nomelLaTb MPOSIBIEHMIO TaKoro 3apsga. Torga crnaboe n anekTpo-
MarHUTHOe B3aMMOLENCTBUSA CNMBAIOTCA BOEAMHO, a 3apsq NopoXx-
[aet obuiee nomne, KBaHTOM KOTOPOro cnyxut 6eamaccoBas 6030H-
Haga yactuua ¢ 6eckoHeYHbIM paauycom aencteus. [pu NOHWXEHUU
TemrnepaTypbl HacTynaeT KpPUTUYECKUMA MOMEHT, MOCNe KOTOPOro
BakyyM nepexoaut B Bonee ynopsagodeHHyr Moaudurkauuio, YTo
MEHSIET XapakTep ero B3auMoAeNCTBUS C 3NeKTpocnadbiM 3apsaom.
B pesynbTaTte 3apsaa pacnagaetcsa Ha ABe 4acTu, OHa U3 KOTOPbIX
npeacTaeT Kak 3reKTPOMarHUMTHbIA 3apsg, a gpyras — kak cradbin
3apsaa. bosoHHasa yacTuua ¢ HyneBon Maccom NoKost pacnajaeTcs Ha
yeTblpe cocTaBnsAwwmx. Bbligenserca 6030H 3MEKTPOMarHUTHOroO
B3aMMOAENCTBUA - OH ocTaeTcss OToOHOM. A TpeM nonam cnaboro
3apsiga COOTBETCTBYHOT Tpu Tshkenbix 6030Ha CO CBOMMW Maccamu,
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NosfyyYeHHbIMK B pesynbTaTe B3aMMOLENCTBUS CO CTPYKTYPON mMoau-
MUMPOBaAHHOIO Bakyyma.

OTa Teopus gonycTuna 3KCNepUMMEHTanbHYIO MpoBepky. Tak,
OHa npeAckasana 3HayYeHUs MacC BEKTOpPHbIX OO30HOB, KOTOpble
ObInM NOATBEPXKAEHBbI B X0O4€e 3KCNepuMeHTOB Ha yckopuTene (Hobe-
neBckas npemus 1984 r.).

OTO KOpOTKOAEMWCTBYyWLLee W, Ka3anocb Obl, ManooLllyTumoe

B3aUMOZENCTBME MMEeT camoe MpsSIMOe OTHOLLEHWE K Tepmosaep-
HbIM peakuusiM, B XO[€e KOTOPbIX B Heapax 3BE3[ BOOOPOA NpeBpa-
LaeTcs B renvi, U K gpyrum npoueccam, COnpoBOXAatoLLMM 3BOSIO-
LMo 3B€31, pasHbIX TUMOB.
4. CunbHoe B3aMMOAEWNCTBME — KOPOTKOOAEWCTBYOLLEE B3anMO-
nencTteue (pagnyc OEeNCTBUSA OKONO 107" CM) MPUMEpPHO Ha Tpu no-
psiaka MeHblle paguyca cnaboro B3aMMOAencTBUA. TO B3aMMOAeN-
cTBMe obecneynBaeT MPOYHYID CBSA3b MEXAY HYKMoHaMu B siapax
aTOMOB U, BEPOSATHO, CBA3bIBAKOLLEE KBApKU BHYTPWU 3reMeHTapHbIX
yactuy. Kak n cnaboe B3aMMopencTBue, OHO UrpaeT BaXkHYH pPosb
BO MHOTMX Mpoueccax, NPOUCXOAALLMX B NMpMpoae U UCMOoNb3yeMbiX B
TEXHUKE.

OcHoBHas (PyHKUMS CUNBHOrO B3auUMOAEWCTBUS — COEOMHATb
KBapKW M aHTUKBApPKN B agpoHbl. Teopusi CUNbHOTO B3aUMOZENCTBUSA
ABMSETCH TUNUYHOWM NOSIEBON Teopuen U Ha3BaHa KBaHTOBOW XPOMO-
anHamukon. OCHOBHBLIM MOJIOXKEHUEM €€ CMYXMT NocTynaTt O cylle-
CTBOBaHMM TpeX TUMOB LBETOBbLIX 3apsiA0B: KPACHOro, CUMHEro u 3e-
NIEHOTO, BbIpaXalLWmUX CMoCOBHOCTL K OObEAMHEHMIO KBapKOB B
cunbHOM B3anmopencTeun. Kaxabli U3 KBApKOB COAEPXKUT HEKOTO-
pyt0 KOMOMHaUMIO Takux 3apsigoB, HO MPU 3TOM He MPOUCXOOUT UX
MOMHOWM B3aMMOKOMMEHCAUUN N KBapk obnagaeT pesynbTUpyoLLum
LBETOM, T.€. COXPaHSIET CMNOCOOHOCTL K CUITbHOMY B3aUMOAENCTBUIO
C Opyrumu kBapkamu. Ho korga Tpu KBapka unv KBapk M aHTUKBapK
00beMHATCA B aApOH, CymMMapHas KOMOMHauusi LBETOBLIX 3apsi-
[OB B HEM TakoBa, YTO afpOH B LenoM obnagaeTt LBETOBOW HeW-
TpPanbHOCTLIO.

LiBeToBble 3apsabl CO34aOT MOMA C MPUCYLLUMMM UM KBaHTamu —
6o3oHamu. OBmeH BupTyanbHbIMUM LIBETOBbIMM 6030HaMu mMexay
KBapkamy 1 aHTUKBapKaMu CIY>XUT MaTepuaribHON OCHOBOW CUMbHO-
ro B3aumogencTeus. 3apsabl co3galT 8 nonen ¢ COOTBETCTBYOLLU-
MW BOCEMbIO BO30HHBIMY YacTMLaMU, KOTOPbIE HA3bIBAKOT FMHOOHAMMU.
MM npunucbiBaloT 3K30TUYECKUME CBOWCTBA: OHW HE MMEKT Macchbl
MOKOS1, YEM CXOXM C (POTOHOM U FPaBUTOHOM. HO wWecTb 13 BOCbMU
rMIOOHOB UMEIOT LiBETOBLIE 3apsiabl, Kak U Te (PEPMUOHBI, ANS KOTO-
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pbIX OHW Cry>kaT NepeHocYMkaMu B3anmogencTems. Hu ognH gpyron
0030H, PUrypMpyroLMIn B NOMNEBLIX TEOPUSIX, HE SABMNAETCA HOCUTe-
nem 3apsiga, NO3TOMY paHee cuMTarnoch, YTO UMETb 3apsia — NpUBK-
nerns epMMOHOB. [MOOHbI C H}/nesom Maccon MOKOsi MMeIT orpa-
HUYeHHbIV paguyc aericteust 107~ cm, a UX LBETOBOW 3apsg NpoBO-
LUUpYeT CunbHewnlee BO3MyLLEHME Bakyyma, Tak Kak Bbl3blBaeT ak-
TMBHOE BblAENEHWEe B Bakyyme obnaka BMPTyamnbHbIX [MIOOHOB U
KBapK-aHTUKBApKOBbIX Map, KOMMEHCUMPYKOLWUX 3TO BO3MYLLEHNME.
O6pa3soBaBlUueecs MNpuM 3TOM MNPOCTPAHCTBEHHOE pacnpeneneHne
LBETOBOMO 3apsija yMeHbLUAeT CUIly B3auMOLEWCTBUS Mexady KBap-
KaMu npu mx conmkeHun. Ha oveHb ONM3KMX PacCTOSHUSIX BaKyyM-
Hasi KOMMNeHcaums LUBETOBbIX 3apsA0B MPUBOOUT K TOMY, YTO KBapKM
nepecTaroT BNUSATb Apyr Ha Apyra u BeayT cebs kak cBoboaHble Yac-
Tmubl. C yBENMYEeHMEM pacCTOSIHUS MeXay KBapkamu cuia B3anMo-
OencTBust Bo3pacTaeT. [4na pasgeneHns OByX YacTul C LBETOBLIMM
3apsgamu noHagobunack 6bl 6eckoHeyHO Gornbluas aHeprus. Ho kak
TONbKO BBOAMMAs 3SHEPrusi MPEBbLICUT HEKOTOPLIN ONpeaeneHHbIN
YPOBEHb, BaKyyM BblAENSAET y)Ke He BUpTyalbHble, a pearnbHble Yac-
TUUbI (KBapKuW-aHTUKBAPKW), KOTOPbIE COEOMHSIOTCS C MEPBUYHBLIMU
yacTuuamu n obpasyoT NOTOK aApOHOB, YTO M HabMOaeTcs B 3KC-
nepumeHTax Ha yckoputensix. CunsHoe B3aMmogencTeue npu noodbix
YCNOBUSIX COXpaHAET 6eCcLBETHOCTb YacTuL.

Jonroe Bpemsi 4O OTKPbITUS KBAapKOB (hpyHOAMEHTANbHbIM B3au-
MOOEVCTBMEM CUYMTANKM sgepHoOe B3aMMogencTBue, obbeguHsiolee
NPOTOHbI U HEWTPOHLI B sigpax aTtoMoB. C OTKpPbITUEM KBapKOBOrO
YPOBHS BELLEeCTBa, NOA CUMbHbIM B3aMMOAEWCTBUMEM CTanv MOHU-
MaTb LBETOBble B3aMMOLEWCTBUSI MEXOY KBapkamu, 06beanHsoLWwm-
MUCS B aApOHbl. SoepHble CUrbl JOIMKHBI Kak TO BblpaXaTbCs Yepes
uBeToBble cunbl. Ho 3TO He NpocTo caenatb, Tak kak 6apuoHbl (Npo-
TOHbl W HEWTPOHbI), COCTaBnsAlWMe f4pa, SBNSATCA LIBETOHEWT-
panbHbIMK. Teopus npepnonaraet, 4o npu cbnmxkeHnn 6apuoHoB
Ha PacCTOSIHUS MeHblune, YeM 107° cM, OHW TepsiioT CBOW UHAVBY-
AyanbHble 0COOEHHOCTU. MIOOHHLIN OOMEH Mexay kBapkamu, yaep-
XMBaLWWA UX B agpoHax, NPUHMMAET KOSNEKTUBHBINA XapaKTep, CBsi-
3blBas kBapku Bcex OapvOHOB B €OuHYD CUCTEMY — aTOMHOE s4po.
lMepemelyeHve OOHOrO U3 KBApKOB B CTOPOHY APYroro HapylaeT
nokanbHyl0 HerWTpanbHOCTb LIBETOBOro 3apsiaa. Bakyym pearupyet
Ha 3TO pPOXAEHNEM BUPTYanbHOW Napbl KBapk-aHTUKBapK. KBapk aTon
napbl 3amMeLLaeT «HapyLUMTENS» Ha ero MecTe, a aHTMKBapK BMeCTe
c Oerneuom o6GpasyeT BUPTyamnbHbIA MUOH (NMN-ME30H), NPUHMMae-
MbIi 32 OOMEHHYI0 YacTuLy SA4EPHOr0 B3aUMOAENCTBUS.
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PaccmoTpeHHble YeTbipe Tvna pyHaaMmeHTarnbHbIX B3auMoaencT-
BUIA NneXaT B OCHOBE BCEX OPYrMX M3BECTHbLIX POPM OBUMXKEHMSA MaTe-
pun, B TOM YMCNEe BO3HUKLLNX HA BbICLUMX CTYNEHSAX pasBUTUS.

B 1986 r. nosiBunocb cooblieHne 06 OTKPbITUM «NATOW CUMbI»,
UnNn «nAToro B3aumogdencTBusi». CornacHo 3ToM runoTese, «nNsToe
B3aMMOAENCTBMEY — 3TO curia OTTaslkMBaHWs, NPOMNOpLMOHanbHas
B6apuoHHoMy 3apsagy Tena. bapuoHamu HasbliBalOT rpynny TsKEnNbIX
anemMeHTapHbIX YacTuy, (MPOTOH, HEUTPOH, MNepoHbl 1 ap.). bapuo-
Hbl NPUHMMAIOT y4acTue BO BCeX BuMaax pyHOaMeHTanbHbIX B3auMo-
nencteuii. bapuoHHbIM 3apsg ons 6apMOHOB MPUHUMAOT PaBHbBIM
eavHnue, ons aHTMbapuoHoB 3apsa paBeH —1. [Ins ocTtanbHbIX Yac-
TUL OapuOHHBIA 3apsg paBeH Hymnto. BbapuoHHbIM 3apsig cUcTEMB
YacTuL, paBeH pPasHOCTU Mexay YMcnamm 6apuoHoB U aHTMGapUOHOB
B cuctemMe. B yacTHoCcTM GapmoHHbLIN 3apsag saep paBeH MX Macco-
BOoMY uucny. Macca MoxeT ObiTb pasnuyHa npu O4MHAKOBOW CyMMe
NPOTOHOB N HEWTPOHOB (BCcneacTene gedekra macc). BoamoxHo, 3T1o
B3aMMOAENCTBUNE ABNSAETCA HEM3BECTHOM COCTaBMSAOLWEN CUMbl TAro-
TEHWs, pasHoW ONns Ten oguHakoBoW Maccbhl. Ho aTo B3aMmonenct-
BME OYeHb craboe M NpakTUYEeCKN HUYEro He U3MEHWUT HM B HaLlen
NMoBCEOHEBHOW MeXaHuke, HU B HebecHon Mexanuke. lNMpaega, ons
U3MKN BNIEMEHTAPHBIX YacTuL, «NSAITOE B3aUMOLEWCTBUE» MOXET
OKa3aTbCs OYEHb BaXKHbIM.

®du3nkn Bcerga meytanu cosgatb TEOpMo, 00 BbEONHSIOLLYIO BCE
dumsmyeckne B3ammogencTeus. Hayanom cosgaHus Takon Teopuu
Obino obbeanHeHWe 3NEeKTPOMarHUTHOro 1M cnaboro B3aMMOLEWNCT-
Bua. Ectb nonbiTkn cosgaTtb Teopuio Bonbloro o6beauHeHus,
00beauHSIOLWYI0 aneKkTpoMarHutoe, cnaboe n cunbHoe B3avMoaewn-
ctBus. Ewe 6onee rpaHamosHa uaeda cosgaHus CynepobbeauHe-
HUS, OXBaTbIBAOLLYK BCE YETbIPe B3aNMOOENCTBYS.

®PU3NKM cUMTaloT, YTO 3TY TEOPUIO OHM MOTYT CO3A4aTb HA OCHOBE
TEopun CynepcTpyH, KoTopas nosiBuacb coBceM HegaBHO. Ee cos-
patensamu sisunucb M. 'puH (Benukobputanus) u k. Weapy, (CLUA).
OTa Teopus ONUCbIBAeT HEKMe NPOTSXKEHHble OOBbEKTbl - CTPYHbI.
CTpyHbl - 3TO MPOCTPAHCTBEHHLIE OTPE3KN C XapakTepHbIM pa3me-
pPOM MMaHKOBCKOW AOSUHBbI 10 cwm. MpegnonaraeTcst YTO Ha TaKuUx
MarnbIX PaCCTOSHUSIX OOIDKHbI NPOSABNATLCA 6 AOMONTHUTENBHbBIX MPO-
CTPaHCTBEHHbIX M3MEPEHUN, KOTOPLIE B OTNNYME OT OObIYHBIX YEeTbI-
pex W3MEpPEHUI KOMMaKTUMULMPOBAHbI, T.€. CBEPHYTbl B TOYKM,
3aMKHYTbl, OrpaHu4eHbl B OnpedeneHHbIX obnactax m He pacnpo-
CTpaHsATCA B 061acTb MakpoMumpa.
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OTa Teopus sIBNSETCS CneactsneM ob6beanHeHUs1 KBaHTOBOM
Teopun nons ¢ obLien Teopmuert 0THOCUTENBHOCTU. MOHATUE CTPYHDI
B Hel CTaHOBUTCH CUHOHWMOM MOHSTUS MUKpOYacTULbl WNn BOOG-
e JIOKanu3oBaHHOIO B MNpPOCTpaHCcTBe obbekTa. Bce um3BecTHble
yacTuubl nNpeactaBnAlT cobor onpegeneHHoe BO3ByXAeHHOe Co-
CTOSIHME CTPyHbl. Takme COCTOSIHUS MOXHO CpPaBHWUTb C Habopom
3BYKOB, Bbl3blBa€MbIM KOriebaHnem CTpyHbl (Hanpumep, rutapbl Unu
ckpunkn). bonee BbICOKME 3BYKM MOXHO COMOCTaBUTb C HOBbIMM Yac-
TMUaMun, Macca KoTopbix 6onblle Macchbl npeablayLumx Yactul. Bee-
OeHne NOHATUSA CTPYHbl MOJSTHOCTBIO UCKIOYAaET ToYeYHble npeacTaB-
NeHVa n3 CTPYKTYpbl MUKpOMUpa. OTa Teopusi B CYLUHOCTW CBOAUT
PU3MKY K FEOMETPUUN OYEHb CIIOXHbIX MPOCTPAHCTB.

Teopusi cynepcTpyH TECHO CBsi3aHa C HOBbIMW NpeaCTaBNeHUs-
MW O CUMMETPUM — C KOHLENUMENn CynepCcMMmMeTpumn, oTkpbiTon B 60-
70-x ropax, koTopasi cBA3ana Mmexay cobon 6030HbI U PEPMUOHBI.
MpeobpasoBaHna cynepcMMMETpUM NEPEBOAMT UX Opyr B gpyra, u
Takke CBA3bIBAOT PU3NKY ¢ reomeTpuenn. CornacHo Teopuu cynep-
CTPYH, byHOAMEHTanbHbIM 00 bEKTOM COBPEMEHHON OUINKM SABNSAET-
CS KBaHTOBaHHOE CyMepcTpyHHOe norne, BO36Yy>XOEeHUAMWU KOTOpPOro
ABMAKOTCHA CyNnepcTpyHbl, B3aUMOAENCTBYOLWME Apyr C APYroM U Ba-
KyyMOM (BO3HMKalLWmMe 1 nornowlarolimecsa B Hem). CTpyHbl, B CBOIO
ovepedb, MOPOXAAKT NeMEHTapHbIE YacTuLbl.

Teopusi cynepCTpyH BeAeT K HEKOTOPbIM HETpUBUATbHbLIM Ccrief-
cTBUsIM. Tak, cpeau MOPOXAEHHbIX CTPyHaMu 3MeMEHTapHbIX Yac-
TUU, OOMKHbl OblTb TMMNOTETUYECKME YacCTULbl TaXUOHbI — OBVKY-
LIMecs CO CKOPOCTSIMM BbILE CKOpoCTM cBeTa. CneacrtBuem 3Ton
Teopumn ABNSeTcs 0ObSCHEHNE «TEHEBOrO MUpa», OTKPLITOrO acTpo-
HOMamu pakTa, YTO ranakTUKM M CKOMMEHUS ranakTuk cogepxar
OonbLUyld Maccy HEBUOUMOrO BeLLecTBa, B LECATKM pa3 MpeBOCXO-
OSLero Maccy caMmx ranakTuik.

3aKoH coxpaHeHUs 3Heprum

B 1845-1847 rr. nony4mn TwaTtensHoe 060CHOBaHNe BCEOOLL M
3aKOH NpUPOAbl — 3aKOH COXPaHEeHUs1 KONMYeCcTBa aHeEprun: B U3onu-
POBaHHOW CUCTEME KOMMYECTBO 3JHEPrMM OCTAeTCs MOCTOSIHHbBIM.
OTOT 3aKOH 4acTO Ha3blBalOT MNEPBbIM 3aKOHOM TEPMOOUHAMMUKMW.
OpHako nepBoe CTpOroe onpeaeneHne 3HeprnyM NosIBUIOCh TOSBKO B
1857 r. Ero gan B. TomcoH (nopa KenbBuH): sHeprusi matepuarnbHon
CUCTEMbI B OMnpeaenieHHOM COCTOSIHUM eCTb M3MEPEHHas B eauHuLax
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MexaHudeckon paboTbl cymma BCeX OeWCTBUMW, KOTOpble Mpou3BO-
OATCA BHE CUCTEMbI, KOrga OHa mnoObiM Ccnocobom nepexoguT u3s
3TOr0 COCTOSHMSA B MPOU3BOSIbHO BblOpaHHOE HyneBOe COCTOSHUE.
3ameTuB, YTO BCE BMAbI 3HEPrMM MpeBpaLlalTCcsa B TEMNo, KoTopoe
nepexoamt Ko Bcem Gonee XonoAHbIM Tenam U B KOHEYHOM uTOre
paccevBaeTCa B OKPY)XalLEM MPOCTPaHCTBE, M3Ny4ascb 3aTeM B
MUPOBOE MPOCTPAHCTBO, ECTECTBOMCNLITATENN BBENN MOHATUE «3H-
Tponusa» Kak Mepy paccesiHus aHeprun. Yem 6Gonblue paccemBaeTcsi
3Heprud, Tem Gorblue pacTeT IHTPOMNUA.

OHeprvs 1M 3HTPOMUS — CNoBa TPEYECKOro MPOUCXOXOEHUSI.
«OH» 0603Ha4YaeT «By», UMM «CcodepKaLlascs», «3pr» — KOPEHb Cro-
Ba «paboTa», a «Tpone» — «npeBpaLleHne». Beibop aTux TepMmMHOB
obo3Hayan xenaHve OTpasnTb B HUX CYLLHOCTb COOTBETCTBYHOLLNX
UM MOHATUN: U3MEHEHUE 3HEPrnUM WU30NIMPOBAHHON cUCTeMbl AE =
E ;- E, BblpaxaeT MakcMMarsibHoe KonmyecTBo paboTbl Wy, KOTO-
pyl0 cucTtema TEOpPeTUYeCKM Morfa COBEepLUMTb (Hanpumep, nap B
LuunuHape), nepexoasa u3 coctosdHus 1 B coctosiHne 2. MlameHeHue
aHTponuun AS = S;— S, o3Ha4vaeT Ty Yyactb Q = TAS 3anaca 3Heprum
E, xoTopass B peanbHbIX YCIOBUSIX Mepexoda npu TemnepaType
OKpyXXatoller cpedbl npeBpawiaeTcs B Tenno, paccenBaeTcs,
yMeHbllUas BenuyuHy aencteutensHonm pabotel o Wp = Wi —
To AS. P. Knaysuyc, npegnaras B 1865 r. cnoBo «3HTponusi», nucarn,
yTOo ynoTpebun ero ans GonbLIEro cxoAcTBa CO CMOBOM «3HEPrusi»,
Tak kak 0b6e COOTBETCTBYHOLUME 3TUM Ha3BaAHUAM BENMYUHBLI BGIIM3KM
no oM3n4EeCKOMY CMbICITY.

MIaMeHeHMe 3HeprMm cuctembl OnpedensieTcs TOoNbko pas-
HOCTbIO €€ 3Ha4YeHNs1 B HAa4YanbHOM N KOHEYHOM COCTOSIHMAX Nepexo-
na. Noatomy aHepruto HasbiBaloT PYHKLMEN COCTOSAHUS CUCTEMBI.

OHTpONUA ToXe fABnseTCs OYHKUMEN COCTOSIHUS CUCTEMbI, HO
konnyecTtBo Tenna Q = TAS, Bbipaxaroliee NoTepo 3HEPriK, CBSA3a-
HO C XapaKTepOoM MpPOTEKAILLEro NpoLecca, Tak Kak OT HEro 3aBucCuT
KONMnuyecTBO Tenma, paccemBaroLLerocs B CUCTEMY BCrneacTBue nps-
MOW TEMNoOoTAAa4M CUCTEMbI B OKpYXaloLlyl cpedy U B pesynbraTe
TpeHus. NoaTomMy-To 1 peanbHas paboTa Toxe 3aBUCUT OT XapakTe-
pa npouecca u HuMKoraa He ObiBaeT paBHa TEOPETUYECKOW, T.e. U3-
MEHEHWIO SHEPTUM.

OnbIT cBUMOETENBCTBYET, YTO BCE MPOLIECCHI B pearbHbIX YCIo-
BUSIX COMPOBOXAAKTCA TPEHUEM M TENNOoOMEHOM C OKpyXaroLlen
cpeaon. ATo NPMBOAUT K YBEJNTMYEHUIO SHTPOMUU B MU30JIMPOBAHHbBIX
cuctemax. B OTKpbITbIX cMCTEMAxX 3HTPOMUST MOXET U3MEHSTbCS Noa
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AencTBneM BHelwHux cun. 1o gano P. Knayauycy, B. ToMCOHy K
OpYyrMM nccrnegoBaTtensMm copMynnpoBaTh HOBLINM 3aKOH — 3aKOH
BO3pacTaHus 3HTPONUU (BTOPOW 3aKOH TEPMOAMHAMMKW): Kakme Obl
N3MEHEHNST HU MPOUCXOANNN B pearibHbIX U30JSIMPOBaHHbIX CUCTEMAX,
OHU BCeraa BeayT K YBENUYEHUIO SHTPOMUMK.

OpHako 9TOT 3aKOH, OCHOBaHHbIA Ha OKONO3eMHbIX Habnwoae-
Huax, P. Knaysnyc pacnpoctpaHun Ha Bcto BceneHHyto. OH yTBeEp-
Xgan, 4To yepes Kakom-nmbo NpOMEXYTOK BPEMEHM BCS SHEprus,
umerollasica Ha 3emne u B Apyrux yacTtax BceneHHou, npueeet K
BbIpaBHMBaHUIO TeMnepaTypbl U K MOSIHOMY MpeKpalleHno npespa-
LLIEHWIA SHEPTUN — K «TEMMNOBON cMepTn BeceneHHomy.

OrpaHn4eHHOCTb AENCTBUS 3aKOHa BO3pacTaHUSA 3HTPOMUU Obl-
na pgokasaHa aBCTpuickuM dusmkom Jl. bonbumaHom B 1871-—
1872 rr. cxogs 13 Toro, 4To TennoTa ecTb 3Heprus 6ecnopsiioyHoro
Xa0TUYHOrO ABUXEHMS YacTul, BellleCcTBa, OH Ha OCHOBE MOMeKynsip-
HO-KMHETMYECKOM TeopuUn nokasar, YTo 3aKOH BO3pacTaHUSA 3HTPOMUK
He nNpuMeHM K BceneHHon, NOToOMy YTO OH crpaBeanuB NULlb ANs
CTaTUCTUYECKNX CUCTEM, COCTOSALLIMX U3 BOMbLLIOrO YMCNa XaoTUYECKN
OBUXYLLMXCA (UNN XaoTUYECKU pacnonoXeHHbIX) 06beKkToB, noseae-
HWEe KOTOpbIX, ONpeaensieMoe N3MeHEHMEM MapaMeTpPOB COCTOSHMS
(onsa rasoB — 3aTO gaBneHue, Temnepatypa, obbem), nogvnHseTcs
3aKOHaM Teopun BepPOSiITHOCTEN. Bo3pacTtaHme SHTpoOnuM Takux Cuc-
TEM yKa3blBaeT NuLlb Ha Haubornee BepoATHOE HanpasreHue npoTe-
KaHus npoueccoB. M He MCKoyaeTcss BO3MOXHOCTb MarioBEPOSATHBLIX
COBbITUIN, Ha3biBaeMbIX (ONyKTyaUMs My, Korga SHTPONUsSt YMeHbLUa-
eTca. OToT BbiBOA4 bonmbumMaH caenan Ha OCHOBE NPSIMOWN CBA3M,
KOTOPYHO OH YCTaHOBUN MEXAY 3JHTponuern U TepMoauHaAMUYECKON
BEPOSATHOCTBIO COCTOSIHUS paccMaTpUBaeMOW CUCTEMBI, T.€. YNCIIOM
MUKPOCOCTOSIHUI — pacnpeneneHnii YacTul B NPOCTPaHCTBE MO CKO-
POCTSIM M 3HEPTUAM, C NMOMOLLIbIO KOTOPbLIX MOXET ObITh OCYLLIECTBIIE-
HO [JaHHOe MakpOCOCTOsiIHMe, onpeaensieMoe COOTBETCTBYHOLLUMU
napameTtpamu coctosHud. M. MNnaHk npmBen oTKpbITY0 BonbumaHom
3aBWCUMOCTb MeXAay SHTponuen S N TepMOAMHaMUYECKOW BEpPOAT-
HocTblo W kBuay S = kinW , roe k= 1,380 1078 /K — noctosiHHas
BonbumaHa.

MockonbKy Gecnopsagok Bcerga BeposiTHEE, YeM OTHOCUTESb-
HbIN NOPSOO0K, TO MOXHO 3anucaTtb NPUMBEAEHHOE BhilE BblpaXeHne
Heckonbko nHade: S = kinD, rge D — konnyectBeHHas mepa Gecro-
psgka B cucteme. Pasbunacb Tapernka, cropenu gposa B Neuvu u
T.[. — 3HTPONUSA YBENNUMBAETCSH U CTAHOBUTCA MakCMMarbHOW, Koraa
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Ona gaHHOW CUCTEeMbl HacTynaeT MakcumanbHbi Becrnopsgok. Cre-
[OBaTeNbHO, C MOHWXKEHMEM TemnepaTtypbl ynopsgoYeHHOCTb CUC-
TEMbl pacTeT, COOTBETCTBEHHO YMEHbLUAETCH 3HTpONUs. 3TO NO3BO-
NUo HemeuKoMy U3NKO-XMMUKY B. HepHCTy npegnonoXxuntb, YTO C
npubnmxkeHnem abCcontoTHOM TemnepaTypbl K HYNIO SHTPOMUSA ToxXe
CTPEMUTCS K HYIM0. DTO BbIpaXEHME U3BECTHO KaK «TensioBasi Teo-
pema HepHcTa», nnu TpeTun 3akoH TepMmoanHamMukn. OCHOBBLIBasICb
Ha 3TOM 3aKOHe, 3a HYIEBYI TOYKY OTCYEeTa SHTpOnuM fnobor cucte-
Mbl MOXXHO NMPYHMMAaTb €€ MakCMMarbHYy0 ynopsgo4YEeHHOCTb.

BospactaHue 3HTponMM COOTBETCTBYET yBenuueHuto 6ecnopsia-
Ka B cucteme. Toraa BTOPOW 3aKOH TepMOAUHAMUKK bopMynmpyeTcs
TakK: «QHTPOMMSA 3aMKHYTON CUCTEMbI, T.€. CUCTEMBI, KOTOpasi He 06-
MEHUBAETCS C OKPY)XXEHMEeM TernmnoM 1 aHepruemn, NoCcTossHHO Bo3pac-
TaeT». OTO O3HaAYaeT, YTO TakKMe CUCTEMbI SBOJSTHOLMOHUPYIOT B CTO-
POHY yBenuyeHus B HUX Gecnopsaka, xaoca u gesopraHusauum, noka
He OOCTUrHYT TOYKM TEPMOOUHAMUYECKOTO PaBHOBECUSI, B KOTOPOM
BCSIKOE MPOM3BOACTBO pabOTbl CTAHOBUTCS HEBO3MOXHbLIM. JHTPO-
NS B KIMAcCUYECKOM TepMOAMHAMUKE BbICTyNaeT B KayecTBe Ha-
npaeneHusa (cTpensl) BpemMeHu. B TepmoanHamuyecknx npoueccax
Henb3s BEPHYTLCS K MepBOHaYarnbHOMY COCTOsIHMIO. TepMoanHaMumka
BBerna B (pM3uKy NOHSATUE BPEMEHN B OMeHb CBOeobpasHou opme —
dopme HeobpaTMMOro npoLecca Bo3pacTaHust S3HTPOMMU B CUCTEME.
Yem Bbille 3HTPONUSA CUCTEMBI, TEM BOMNbLUNA BPEMEHHOW MHTEpPBAr
CYyLLLECTBOBaHMSA UMeeT AaHHas CMCTeMa, TeM Aanblue MpoaBUHY-
nacb OHa B CBOeM 3Bonouun. Takoe NOHATUE O BpeMeHu u o6 aBo-
NOUMN CUCTEMBI KOPEHHBIM 006pa3oM OTNIMYaeTCs OT MOHATUS 3BO-
noummn JapeuHa. B Teopun dapBuHa aBontouuns HanpasfieHa Ha Bbl-
XnBaHue 6onee coBepLUEHHbIX OPraHNM3MOB U YCIIOXKHEHME UX Opra-
Hu3saumn. B TepmoguHamuke xe 3BOMIOLMSA HanpasneHa Ha aesopra-
HU3aUMo cUcTeM. ATO NPOTUBOPEYNE Pa3pPELUNIIOCh TONbKO B 60-X IT.
XX B. C NosiBfiEHNEM HOBOW, HEPaBHOBECHOW TepMoAuHamuKku. He-
paBHOBECHAs TepMOOUHAMMUKA ONMPaeTCs Ha KOHLEeNUMo Heobpatu-
MbIX MPOLIECCOB.

Knaccnyeckas TepmoguHaMmka okasanacb HecrnocoOHOM pe-
WNTb KOCcMonornyeckne npobnemsl Ans npoLeccoB, NPOUCXOOsALLNX
BO BceneHHo. NepByto NOMbITKY pacnpoCcTpaHUTb 3aKOHblI TEPMOAM-
Hamukn Ha BceneHnyto caenan P. Knayanyc (1822—-1888 rr.), BolaBu-
HYBLUWI OBa nocTynaTa:

— 3Heprusa BceneHHow Bcerga NOCTOAHHA;
— 3HTponusa BceneHHon Bcerga Bo3pacTaer.
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Ecnu npuHATbE BTOpOW nocTynat, To He06X0AMMO Npu3HaTb, YTO
BCe npouecchbl BO BceneHHoM HanpasfieHbl Ha AOCTUXEHUE TepMo-
OWHAMUYECKOro paBHOBECKS, NMPU KOTOPOM SHTPOMUS MakcMMarbHa.
OTO COCTOSIHME XapaKTepu3yeTCd MaKCUMarbHOW CTEMNeHblo Oe30p-
raHnsaumm n 6ecnopsigka. B atom cnyyae Hukakas nonesHas pabota
BO BceneHHOM HEBO3MOXHA, HACTYMUT «TEMnoBas CMepPTb». ITU
NMOMNOXEHWs, KOHEYHO, BCTPETUNU KPUTUKY CO CTOPOHbI MHOMMX y4e-
HbIX 1 hnnocodos. HekoTopble N3 HUX Nonaranu, 4To Bo BceneHHon
KpOMe MpOLLeCCoB, MAYLLMX C BO3pacTaHMeM 3HTPONUKU, NpoucxoaaT
NpoLEeCcChbl C YyMEHbLUEHWEM 3HTPOMUK, KOTOpble MPEnsiTCTBYIOT Ha-
CTYNNIEHMIO «TEMNSOBON CMepThy». [pyrme BbiCcKasbiBann COMHEHUSI B
NpaBOMEPHOCTU PaCMpOCTPaHEHUST 3aKOHOB TepMOAWHaMMWKW C OT-
OenbHbIX cnuctem Ha BceneHHylo. TpeTbn aoragbiBanncb, YTO MOHS-
TMe M30NMPOBAHHON CUCTEMbl HE OTpakaeT peanbHOro xapakrepa
CUCTEM, BCTpeYaloLLMXCcs B NpuMpoae, YTO M30NMpoBaHHbIE CUCTEMBI
COCTaBMSAOT TONbKO HEBGOMbLUYI0 YacTb CUCTEM, CYLLECTBYOLUX B
npupoae.

OTKprTbIe CUCTeMbl U HOBad TepMOoaAUMHaAMUKaA

OTKpbITbIE CUCTEMbI OOMEHMBAOTCA C OKpYXXatoLlen cpeaon
3Hepruen, BeLLeCcTBOM, UMMNYNbCOM U MHdopmaumen. Bce peanbHbie
CUCTEMbI SIBNSATCA OTKPbITbIMU. K Hanbornee BaXXHOMY TUMy OTKpbI-
TbIX CUCTEM OTHOCATCS XMMUYECKUE CUCTEMbI, B KOTOPbLIX HENPEPbIB-
HO MPOTEKalT XUMUYECKME peaKkummn (peareHTbl NOCTynarT U3BHe, a
NPOAYKTbl B3aMMOAENCTBMS OTBOAATCS). buonornyeckme cuctemsl,
XVBbl€ OpraHvM3mbl, MOXHO TaKkKe paccMaTpuBaTb KaK OTKpbITble
XUMUYECKME CUCTEMBI. TaKOW Noaxon K KMBbIM OpraHuM3mMam Mno3Bo-
nsieT ncenegosaTtb NPOLECCHl UX Pa3BUTUSA U XKU3HEAEATENbHOCTM Ha
OCHOBE 3aKOHOB TEepMOAMHaMUKU HepaBHOBECHbLIX MpoLeccoB, du-
3M4YECKON U XMMUYECKOW KMHETUKW. B HeopraHuyeckoun npupoge oT-
KpbITble CUCTEMbI OOMEHMBAIOTCA C BHELLHEW CpeaoW, KoTopas Tak-
)K€ COCTOWT M3 pasfnyHbIX CUCTEM, OBNadaroLLmMX SHeprven n Belle-
cTBOM. B coumanbHbIX U r'yMaHWTapHbIX cUCTEMax K aTomy fobasns-
eTcs elle 0bmeH nHdopmaumnen. MHopMaUMOHHbIN 0OMeH Habnto-
[aeTcsa Takke B GMONOrMiecknx cuctemax, Hanpumep, npu nepegaye
reHeTnyeckon nHgpopmaumm. CBoONCTBa OTKPbITbIX CUCTEM Hambonee
NpoCTO ONuCbIBalDTCA BOMM3N COCTOSIHUS TEPMOAUHAMUYECKOrO
paBHOBecus. B aTom cnydae HepaBHOBECHOE COCTOSIHUE MOXHO
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oxapakTepu3oBaTb TEMW Xe napameTpamMu, YTO U pPaBHOBECHOE:
TemnepaTypon, XMMUYECKMMU NOTEHUManamMmm KOMMOHEHTOB CUCTEMBI
W Op., HO He C MOCTOSIHHLIMU ANsi BCEW CUCTEMbI 3HAYEHWUSIMU, a C
3aBUCALLMMM OT KOOPAUHAT U BpeMEHW. B OTKPbITBIX cUCTEMAaXx Takke
N3MEHSIETCSI SHTPOMUS, MOCKOMbKY B HUX MPOUCXOQsAT HeobpaTumble
NpOLECChl, HO SHTPONUSI HE HaKanMBaEeTCs, Kak B 3aKpbITbIX CUCTe-
Max, a BbIBOOUTCS B OKPYXKaloLLyto cpeay.

OHTPOMMS OTKPbITLIX CUCTEM B HEPABHOBECHOM COCTOSHUM (10-
KanbHO-HEpPaBHOBECHOM COCTOSIHUM) ONpeaenseTcs Kak Cymma 3Ha-
YEHUN JHTPOMUIN OTAENbHbIX MarblX 31EMEHTOB CUCTEMbI, Haxoas-
LUMXCSA B NOKanbHOM paBHOBecuW (BCNELCTBUE aaaUTMBHOCTU 3H-
Tponuu). OTKMNOHEHWe TepMOoAUHaMUYeCcaknux napameTpoB OT WX
PaBHOBECHbLIX 3HAYEHWI BbI3bIBAOT B CUCTEME MOTOKU SHEPIMU U
BellecTBa. [lpouecchkl nepeHoca NpMBOAAT K pOCTY SHTPONWUM cucTe-
Mbl (NpoOM3BOACTBY 3SHTponun) B 3aMKHYTbIX cucTeMax 3SHTpoNMs
BO3pacTaeT U CTPEMUTCS K CBOEMY PaBHOBECHOMY MaKCUMarbHOMY
3Ha4YeHUI0 (MPOU3BOLACTBO SHTPONUN CTPEMUTCS K HYMNt0). B OTKpbITON
crucTeMe BO3MOXHbI CTaLMOHapHbIE COCTOSHMS C MOCTOSHHOW 3HTPO-
nuen nNpu MOCTOSAHHOM MPOW3BOACTBE 3JHTPOMUM, KOTOpasi AOMKHA
npv 9TOM OTBOAUTLCS OT cucTeMbl. CTauMoOHapHOe COCTOsAHME urpa-
€T B TEPMOOUHAMMKE OTKPbITbIX CUCTEM TaKyH XXe porib, YTO urpaet
TepMoaMHaMU4ecKoe paBHOBECWE AN W30NMPOBaHHbLIX CUCTEM B
TepMoaVHaMUKE PaBHOBECHbLIX MPOLLECCOB. JHTPOMNUS  OTKPbITbIX
CUCTEM B 3TOM COCTOSIHUM XOTSl U OCTaEeTCsl MOCTOSIHHOW (NPOu3BOoa-
CTBO 3HTPONUN KOMMEHCMPYeTCs ee OTBOAOM), HO 3TO CTauuoHapHoe
COCTOSIHME HE COOTBETCTBYET €€ MaKCUMyMy.

Haunbonee nHTepecHble CBOWCTBA OTKPbITbIX CUCTEM BbISBIIS-
IOTCS NPV HEMMHEVHbIX NMpoLeccax, Korga B HUX BO3MOXHO MOsiBre-
HWEe TepMOOUHAMMUYECKN YCTOMYMBLIX HEPABHOBECHbLIX COCTOSIHWUNA,
Janeknx oT COCTOSIHUSI TEPMOAMHaMUYECKOro pPaBHOBECUS U Xapak-
TEPUIYIOLLMXCA onpeaeneHHONn NPOCTPAHCTBEHHOW UMW BPEMEHHOM
YNOpSAOYEHHOCTBIO (OUCCMnaTUBHOM CTPYKTypon). CyliecTBOBaHME
Takowm CTPYKTYpbl TpebyeT HenpepbiBHOrO obmMeHa BeLLeCTBOM U
3HEepruen ¢ oKpyxaroLlen cpegomn.

Taknm obpasom, B HOBOM TePMOAUHAMUKE MECTO 3aKpbITOW,
N30NMPOBAHHON CUCTEMbI 3aHANO MOHATME OTKPbITOW CUCTEMBI, CMO-
COBHOM 06MEHUBATLCH C OKPYXXEHWEM 3Hepruen, BeLlecTBOM U WH-
dopmauuen.

OfHUM 13 nepBbiX OMNpefeneHun OTKPbITOM CUCTEMbI Aan
0. WpeaunHrep, BbigatoLwwmiics aBcTpumncknin ousnk (1887—1961 rr.). B
cBOen kHure «4YTto Takoe Xn3Hb? C TOUKkM 3peHnsa usnka» OH noka-
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3ar, 4YTO 3aKOHbl (PM3UKM nexaT B ocHoBe obGpas3oBaHusa Guonorude-
Ckux cTpykTyp. LWpeauHrep nogyepkmear, 4To xapakrtepHas ocobeH-
HOCTb BMONOrM4eckMx CUCTEM COCTOUT B 0OMeHe aHepruen u Belle-
CTBOM C OKpyxatowen cpegon. Cpefctso, Npy MOMOLLM KOTOPOro
opraHusMm nopaepxvBaetr ceba Ha [A0CTaTOYHO BbLICOKOM YPOBHE
YyNOpsiAOYEHHOCTM (Ha OOCTAaTOYHO HU3KOM YPOBHE 3HTPOMNWM), CO-
CTOUT B HENPEPLIBHOM M3BMEYEHUN YNOPSAOYEHHOCTU U3 OKpYXKato-
wen ero cpeabl. BaanmogencTaytowas co cpegon cuctema He Mo-
XKET ocTaBaTbCs 3aMKHYTOWN, TaK Kak OHa BbIHYXAEeHa Norny4aTb U3BHE
HOBblE€ BELLECTBa UMM 3HEPIUNIO U OOHOBPEMEHHO BbIBOOUTH B OKPY-
XaloLlee NpoCTPaHCTBO MCMOMb30BaHHOE BellecTBO U oTpaboTaH-
HYl0 3Hepruto. Tak Kak Mexay Maccow (BeLLeCTBOM) U SHEPruen cy-
LLleCTBYET B3aMMOCBA3b, BblpaXaemMas ypaBHeHneM JNHWTeNHa E =
mc?, TO MOHO CKa3aTb, YTO B XOfe CBOEi SBOMIOLMMA CUCTEMA MO-
CTOSIHHO OBMEeHUBaETCsl SHEPruen ¢ OKpyxaroLLen cpeaown, a, cnefo-
BaTeNbHO, yBENUYMBaEeT SHTponuio. Ho B OTNnYME OT 3aKpbITbIX CUC-
TEM 3Ta SHTPOMUS He HaKannMBaeTCsl B HEW, a yaanseTcs B OKpy-
Xatowy cpegy. Takoro poga martepuarnbHble CTPYKTypbl, CMOco6-
Hble paccenBaTb 3HEPIUIO, KaK yXe yKasblBanu Bbille, Ha3bIBAKOTCA
ONCCUNaTUBHBIMN.

C nocTtynneHvem HOBOW 3HEPruM Unu BeLlecTBa HepaBHOBEC-
HOCTb B CMCTeMe Bo3pacTaeT. B KoHe4YHOM uTore, mMpexHssi CBA3b
MEeXay 3nemMeHTamMu CUCTEeMbl, KoTopasi onpefenseTt ee CTPYKTypy,
paspywaetcsa. Mexay anemeHTamu BO3HUKaOT HOBblE CBS3M, KOTO-
pble NPMBOAAT K KOOMNepaTUBHLIM NpoLieccaMm, T.e. K KONMEKTUBHOMY
NnoBedeHNI0 ee ANEMEHTOB. Tak CXeMaTU4eCKn MOXHO OnmucaTtb Nnpo-
Leccbl camoopraH1M3aumm B OTKPbITbIX cucTtemax. HarnsgHon unnto-
cTpaumen npoLEecCOB CaMOOpraHuM3auum MOXET ChyxuTb paboTta
nasepa. JoctaTto4yHO xaoTudeckue konebatenbHble OBWMXEHUS Yac-
TIy KpucTanna 6narogapsi NOCTYMNEHNIO SHEPTUM U3BHE NMPUBOAATCSH
B COrMacoBaHHOE ABWXeHWEe. DTO NPUBOAUT K YBEMWUYEHUIO MOLLHO-
CTM nasepHoro uanydeHus. Maydas npoueccbl camoopraHvsauuu,
npovcxogsiime B nasepe, Hemeukun ¢usnk . XakeH Ha3Ban HOBoe
HanpasfneHne uccrnegoBaHUA CUHEPreTMKoW, 4YTo B nepeBoge C
OPEBHErPEYECKOro 03Ha4YaeT «COBMECTHOE AENCTBMEY, MU B3aMMO-
Jencreue.

Opyrum npyMepom MOXET CIyXUTb CaMOOpraHum3auusi, BO3HW-
KaloLlas B XMMUYECKMX peakumsix. B xumuyecknx peakuusx oHa cBd-
3aHa C NOCTYyNneHneM M3BHE HOBbLIX peareHToB, BeLlecTB, obecneyn-
BalOLLMX MPOAOIKEHNE peaKkLn, C OAHON CTOPOHbI, U BbIBEAEHNEM B
OKpY>XaloLLyto cpedy MPoAYKTOB peakuun, ¢ APYron CTOPOHbI. Henu-
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HeWlHble npoueccbl B OTKPbITbIX CUCTEMAxX MCCReaylT Ha OCHOBE
YPaBHEHUIA XUMMWUYECKOM KMHETUKK: BanaHca CKOPOCTEN XUMUYECKMX
peakuun B CUCTEME CO CKOPOCTbIO ModayvM peareHToB U oTBoAa
NPOAYKTOB peakuun. HakonneHne B OTKPbITbIX CUCTEMAX aKTMBHbIX
NPOAYKTOB peakuun unu TennoTbl MOXET NpUBECTU K aBTokoreba-
TenbHOMY (CaMonoaaepXUBaKLEMYCS) PEXUMY peakuuin. [ns aToro
Heo6xoaumMo, 4Tobbl B CUCTEME peann3oBbiBanach obpatHasi CBs3b:
YCKOpEHUe peakuumn nog BosgencteneM nubo npoaykTa (aBTokaTa-
nn3), nnéo TennoThl, BbIAENAIOWENCS Npn peakunn. B xumuyeckon
OTKPbLITON CUCTEME C MOJIOXKUTENBHON 0OpaTHOM CBSI3bI0 BO3HUKAOT
HesaTyxawllme caMoperynupylowmecs XMMUYECKME — peakLuu.
BHellHe camoopraHm3auus nNposiBrsieTcss C MNOsiIBNIEHNEM B XXUOKON
cpene KOHLUEHTPUYECKMX BOMH MM B NEPUOOMYECKOM WU3MEHEHMMU
uBeta. OcobeHHO XOpoWo 3TO BMOHO B aBTOKONeGaTenbHbIX UIK
NepuoaMYecKnxX peakumsix, oTKpbiTbix B. benoycoBbiM u uccneno-
BaHHbIX A. >)KaboTuMHCkuMM. Ha akcnepuMMeHTanbHOW OCHOBE Mepuo-
aundeckux peakumn W.P. MNpuroxunH noctpoun TeopeTUHeckyro Mo-
[enb, HasBaHHyl OptoccenaTopoM. 3Ta Moenb Ierna B OCHOBY
HOBOW TEPMOANHAMUKN — HEPABHOBECHOW, UM HENNHENHOW TepMO-
OuHamukn. op HeNMHENHOCTBID B TEPMOAUHAMUKE N B TEOpUM Ca-
MOOpraHvM3aumm NoHMMaeTcs TO, YTO B HUX UCMONb3YHTCA HENUHEN-
Hble MaTeMaTudecKkue YpaBHEHMUSs, codepKalluMe MNepemMeHHble BO
BTOPOW WMWK Bbille CTeneHu. JInHenHble ypaBHEHUS B YCrOBUSIX OT-
KpPbITbIX CUCTEM W B YCIOBUAX UHTEHCMBHbBIX BO3OENCTBUMA Ha CUC-
TeMbl OKa3blBalOTCH HeaaeKBaTHbIMM.

OTKpbITME CamoOopraHu3auum B NPOCTENLUNX CUCTEMAX Heopra-
HU4YeCKoN npupoabl, Npexae Bcero B ousmke n XMMun, UMeeT orpom-
HOe 3Ha4yeHue, Kak Hay4yHoe, Tak U MMpoBo33peH4deckoe. OHO Moka-
3bIBaET, YTO TakMe NpoLeccbl MOryT MPOMCXOAUTb B OCHOBE Marte-
pun, N TeEM cambiM MPOSMBAET CBET Ha B3aMMOCBS3b HeOpraHude-
CKOW 1 opraHmyeckon npupoabl. OTcoga 1 BO3HUKHOBEHUE XU3HWN Ha
3emMne He KaxeTcs Tenepb peakMm U crnyvyanHbiM siBneHvem. C no-
3ULMIN caMoopraHn3aLmMm CTaHOBUTCH ACHBIM, YTO BECb OKpPYXKatoLLMN
Hac Mup 1 BceneHHas npeacTaBnsitoT COBOKYMHOCTb pa3HOOOpa3HbIX
CaMOOpPraHu3yoLLMXCA MpOLEeCcCOoB, ChnyXalliMx OCHOBaHWeM nobon
3BONOLMMN.

CoBpeMeHHasa Hayka 1 cuHepreTMka 06 BbACHAKT NpoLecc camo-
opraHuM3aLmm CUCTeM crieqyroLmm obpasom.

1. Cuctema gomxkHa ObiTb OTKPbITON. 3akpbiTass cuctema B CO-
OTBETCTBUU C 3aKOHAMMW TEPMOANHAMUKN OOJPKHA B KOHEYHOM mUTOre
NPUNTU K COCTOSIHUIO C MakKCUMaIibHON SHTPOMUEN.
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2. OTKkpbITaa cuctema [ormkHa OblTb OOCTATOMHO Adaneka oT
TOYKM TEPMOOUHAMUYECKOTO paBHOBeCKsi. B Touke paBHOBecUsi CUC-
TeMa obnagaeT MakCcMMarnbHOW 3HTPONUen 1 NO3TOMY He CrocobHa K
Kakon-nnbo opraHnsaumm: B 3TOM COCTOSIHUM OOCTUrAaeTCsl MakCUMyM
ee camopesopraHusaumn. B coctosHun, ©nNn3kom K paBHOBECUIO,
cucTemMa Co BpPEMEHEM MPUOMM3UTCS K HEMY U NPUAET B COCTOSIHME
NoSTHOW Ae3opraHM3aumnn.

3. ®yHOameHTanbHbIM MPUHLUMOM CaMOOPraHu3aunm CryxuT
BO3HMKHOBEHWE W ycurneHwe nopsiaka yepes dnyktyauun. Takue
GnyKTyaumm, Unn criydyamHble OTKITOHEHWS, CUCTEMbI OT HEKOTOPOro
CpeaHero NonoXeHus, B CaMOM Havane noAaBnsitoTcs U NUKBUANPY-
loTCA cucteMor. Ho B OTKpbITbIX cucTemMax Onarogapsi yCUITeHWUto
HEpPaBHOBECHOCTU 3T OTKIIOHEHUSI CO BPEMEHEM BO3pacTalT N B
KOHLIE KOHLIOB MPUBOAAT K «pacLlaTbiBaHWUIO» MPEXHEro nopsgka u
BO3HMKHOBEHMIO HOBOro. OTOT MPOLIECC OObIYHO XapaKTepusytoT Kak
npuHUMNn obpasoBaHus nopsgka depes donyktyauun. Tak kak dnyk-
TyaLun HOCAT CnyvyanHbIA XapakTtep, TO CTaHOBUTCHA SICHO, YTO MOSIB-
NeHVe HOBOrO B MWpe BCerga CBsI3aHO C AEWCTBMEM CIlydanHbIX
daktopoB. O6 3TOM roBOpUNU aHTUYHbIE hunocodbl Anukyp (341—
270 po H.3.) n Nykpeuwnn Kap (99—45 po H.3.)

4. BO3HMKHOBEHME CaMOOpraHM3auMm OMMPaeTCs Ha MONOXu-
TenbHYt0 0b6paTHYO CBA3b. PYHKLMOHNMPOBAHUE pasfNNYHbIX aBTOMa-
TUYECKNX YCTPOMCTB OCHOBBLIBAETCH Ha MpUHLUMNE OTpuLaTenbHOn
obpaTHOM CBA3M, T.e. Ha Nony4yeHne obpaTHbIX CUrHaroB OT MCMOJ-
HUTENbHbLIX OPraHOB OTHOCUTENIbHO MONOXEHUA CUCTEMbl U Mocne-
OYIoLLEe KOPPEKTUPOBKM 3TOrO MOJSIOXKEHUST YNPaBSOWMMN YCTPOK-
cTBamu. B camoopraHuayloLlenca cucteMe M3MEHeHUs, MNosBNSA-
LmMecsa B CUCTEME, He YCTPaHSIIoTCH, a HakanJuBalTCs U ycunmea-
I0TCH, YTO M NPUBOANT B KOHLIE KOHLIOB K BO3HMKHOBEHUIO HOBOrO
nopsiaka n CTPYKTypbl.

5. lMpoueccbl camoopraHM3aumn, Kak U nepexogbl OT OAHUX
CTPYKTYP K APYrMM, COMPOBOXOAIOTCA HapyLLleHneM cumMmMmeTpun. Tak,
Mbl YK€ BMAENMW, YTO Npy OnMcaHMM HeobpaTUMbIX MPOLECCOoB Mpu-
LUMOCb OTKa3aTbCsl OT CUMMETPUN BPEMEHW, XapaKTepHoW A5is obpa-
TUMbIX NPOLECCOB B MexaHuke. lNMpoueccbl camoopraHmsaunm, cBs-
3aHHblEe C HEODPaTUMbIMU U3MEHEHUSMU, MPUBOAAT K Pa3pyLLEHUIO
CTapbIX M BO3HUKHOBEHMIO HOBbIX CTPYKTYP.

6. CamoopraHnsaumsi MOXeT HayaTbCA NMb B cucTeMax, ob-
nagarLmx AoCTaToMHbIM KONMMYECTBOM B3aUMOLENCTBYOLLMX MEXAyY
coboli 311eEMEHTOB, MMEILNX HEKOTOPbIE KpUTMYEecKkne pasmepbl. B
NPOTMBHOM cry4yae addeKTbl OT CUHEPreTMYeCcKoro B3anMoaencTBus
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OyayT HegocTaTouHbl ANt MOSIBIIEHUS KOMNEKTUBHOrO NoBeAeHus
3M1EMEHTOB CUCTEMbI U TEM CaMblM BO3HMKHOBEHUS CaMOOpraHu3a-
uun.

Mbl nepeuncnunmn Heobxoanmble, HO JaNeko He OOCTaTOYHbIE
YCNoBMS ANl BO3HUKHOBEHWSI CaMOOpraHusaummM B pasfnyHbIX CUC-
Temax npupogbl. [axe B XMMUYECKUX CaMOOPraHWU3YHLLMXCS CUCTe-
Max, KpOMe BbllLenepeyvmcrneHHbiX, y4acTBylOT U apyrue ¢akTopbl,
Hanpumep, npouecchl katanusa. B Buonormyeckux cucremax Takux
dakTopoB eLle 6onblie. Mo3aToMy MOXHO caenatb BbIBOA, UTO YEM
BbILLIE MO 3BOSIOLMOHHONM NECTHULE cucTema, TeM BGonee CrioXHbIMM
W MHOFOYUCIEHHBIMWU OKa3blBalOTCA (QaKTOpPbI, UrpalwLliMe ponb B
camoopraHusauumn.

Tpu 3akoHa TepMOAMHaMMKU BMECTE C MOMEKYNspPHO-KUHETU-
Yeckon Teopuen CcOoCTaBUNM OCHOBY TepMOAWHAMUKKM, CHOPMUPO-
BaBLUENCHA HblHE B YHMBEPCANbHYK CTPOro NOTMYECKY Hay4HYHo
OVCUMMITUHY.

Knaccudmkauma Bugos aHeprum

B HacTosiLLiee BpeMs MOXHO COCTaBUTb Hay4yHO ODOOCHOBaHHYHO
Knaccudunkauuio BUOOB 3HEPTUN U C €€ MOMOLLbI UccnegoBaTb U
OLlEHUTb UX BCEBO3MOXHbIE B3amMMonpeBpalleHusi. BasB 3a ocHoBy
KPUTEPUA, BKMOYAKOLWMIA BUAObl MaTepuun, OpMbl ee ABMXKEHUA U
BMUAbI B3aMOAENCTBMS, BbIOENAIOT Crieaytolmne Buabl 3HEpPriu.

1. AHHUIMNSUMOHHAA 3HEPrnsa — NosiHasi IHEPrust CUCTEMbI «Be-
LLIECTBO-aHTMBELLLECTBOY», 0CBOBOXAAOLLAACS NP aHHUTUNALNN.

2. AnepHasa aHeprus — 3Heprnsa CBsia HEMTPOHOB M NPOTOHOB B
anpe, ocBoboxaarowwasncsa npy AeneHun n CUHTe3e sgep atoMoB.

3. XuMunyeckasi a3Heprus — aHeprus CUcTembl U3 AByx unu bonee
pearvpyroLmx BeLlecTB. OTa sHeprust 0cBobOXaaeTcs B pesynbraTe
NnepecTpomrKnN 3NEKTPOHHbIX 060NoYeK aToMOB 1 MOMEKYN NpU XUMK-
YECKNX peakLmsX.

4. ['paBuTaLMOHHas (rpaBUCTUYECKAs) IHEpPrus — NoTeHuuanb-
Hasa 3Heprus ynbTpacrnaboro B3aMMOAEWCTBUS BCEX Terl, npornop-
LMoHarnbHas nx maccam.

5. OnektpoctaTuyeckass sHeprusi — MoTeHuMarnbHas 3SHeprusi
B3aMMOLENCTBUA INEKTPUYECKUX 3apsadoB, T.e. 3anac 3Heprumn arnek-
TPUYECKM 3apsKEHHOro Tena, HakanuMBaeMblli B NpoLecce npeoo-
NEHUs UM CUN 3NEKTPUYECKOro Nons.
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6. MarHutocTaTnyeckas oSHeprua — noTeHuuanbHas aHeprus
B3aMOOENCTBUSA «MArHUTHbIX 3apsO0B», UMK 3anac SHepruu, Haka-
nnvBaemoin Ternom npu nNPeoaoneHNn CUn MarHUTHOro nomns B MNpo-
Lecce nepemeLleHns NpoTUB AeCTBUSA 3TUX CUTI.

1. HenTpuvHocTaTMyecKkass aHeprus — noTeHumansbHas aHeprus
cnaboro B3anmMoaencTBnst «kHEMTPUHHBIX 3apsiAoBY, UMK 3anac 3Hep-
run, HakannMeBaeMbli B NpoLecce NpeodoneHnsa cun b-nonsa — «Hew-
TPUHHOrO nonsy. BcrnegcTeme orpoMHON NPOHMKaOLLENR CMOCOOHOCTH
HEWTPMHO HaKannNMBaTb TaKylo SHEPruo NPaKTUYECKU HEBO3MOXHO.

8. YnpyroctHasa aHeprus — noTeHuUmansHas 3Heprus MexaHuye-
CKM YMpyro U3MeHeHHOro Tena (cxaTas NpyXuHa, ras), ocBOOOX-
JaloLasics NPy CHATUMU Harpy3ku Yalle BCEro B BUAE MeXaHW4YeCcKon
3Heprun.

9. TennoBasi aHeprus — 4YacTb 3IHEPINM TEMSIOBOTO OBMKEHUS
YyacTuu, koTopasi ocBODOXAaeTCs NPy HanmMuMu pasHoOCTU Temnepa-
TYp TEena n OKpyXatoLLen cpeabl.

10. MexaHu4yeckas aHeprnsi — KMHeTn4Yeckas aHeprus ceobop-
HOABWXKYLLMXCS TeN M OTAENMbHbIX YacTu,.

11. OnekTpudeckas (anekTpoanHaMmmyeckasi) SHeprus — sHeprus
3MNEeKTPUYECKOro Norsi.

12. Me3oHHasa 3SHeprus — 3Heprusi OABWXKEHUSS Me30HOB (Muo-
HOB) — KBAHTOB SiA€PHOro nonsi, nyTem obMeHa KOTOpbIMW B3anMO-
OENCTBYIOT HYKIMOHbI.

13. OnekTtpomarHuTHas ((POTOHHasi) — SHeprusi ABWXKEHUa ¢o-
TOHOB 3MIEKTPOMArHUTHOrO Nons.

14. [paBuguHammnyeckaa asHeprus (rpaBUTOHHasl) — 3JHeprus
OBWKEHWS TMNOTETUYECKUX KBAHTOB rPaBUTALMOHHONO MOMs — rpaBu-
TOHOB.

15. HentpnHognHammyeckas aHeprusi — SHepPrmus ABMXKEHNS Hen-
TPUHO.

Yacto B 0COObIN BMA BblAENsOT Guonornyeckyto aHeprmio. Ho
Ouonormvyeckne npoueccbl — BCero nuwb ocobas rpynna cuanko-
XMMWYECKMX MPOLIECCOB, B KOTOPbIX YHACTBYIOT T€ Xe BUObl S3HEpPruu,
4yTo N B Apyrux. OBbIYHO B pacTeHUsX SMeKTpoMarHUTHas 3Heprusi
COITHEYHOIO U3MyYeHUs NpeBpaLlaeTcsl B XMMUYECKYHO, @ B OpraHma-
MaX >XUBOTHbLIX XMMMWYeCKasi SHeprus NULLM NpeBpaLlaeTcst B TEMNo-
BYH0, MEXaHNYECKYI0, SNTIEKTPUYECKYI0, @ MHOrAa U B CBETOBYHO (dmek-
TpomarHuTHyto). MoaToMy npaBunbHee roBOpUTb He O Guonorude-
CKOM 3Heprumn, a o Buonornyecknx npeobpasoBaTensix 3Heprum —
PaCTEHUSIX U XKUBOTHbIX.
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BOMbLWMHCTBO CNEUnanmMcToB CHMTAET, YTO NOKA HET OCHOBAHWN
BblOENATb B OTAENbHbIA BUA NCUXMYECKYI0 SHEPIUIO, TaK Kak HESACHO,
Kakum maTtepuanbHblM HOCUTENAM, hopMaM OBWKEHUS MaTepun U
BMAAM B3aMMOLEWCTBUS MOXHO COMOCTaBUTb 3Ty aHepruto. OgHako
HW OOWH aKT YenoBeYecKon AesATEeNbHOCTU He MOXeT obonTuch 6es
MOTMBALIMOHHOIO, @ 3HAYUT U «MNCUXO3HEepreTuyeckoro» obecneye-
HWUSI, UCTOYHWKOM KOTOPOrO CIYXUT (PU3MKO-XMMUYECKasl 3HEpPrus
opraHusma.

B nocnegHee Bpemsi Ha OCHOBE W3y4YEHUSI KOCMUYECKUX ABrE-
HWA, B YACTHOCTU, CONTHEYHON aKTUBHOCTW, TEOPETUKN NpegnonaratT
CyLeCTBOBaHNEe «BaKyyMHOW 3aHepruuy». Kocmudeckuin Bakyym pac-
CMaTpuBaeTCs VMW KaK CBEPXMIIOTHasA cpeda C MenkoAMCNepCHOW
CTPYKTYpOW, a obbldHas maTepusi — Kak paspeXeHHOe COCTOsiHUE
aTon cpeabl. Mpu daHTacTuyeckoit nnotHoctn B 10% r/em® mexay
«3epHaMu» Bakyyma OeWCTBYIOT OFPOMHbIE rpaBUTaLMOHHBLIE CUSTbI, U
3HEprnsi Bakyyma OKasblBaeTCs kak Obl «3aneyaTtaHHOW». YToObl
BO30YyOUTL BakyyM M OCBOOOAMUTL 3Ty SHEPIUIO, HALO CXXaTb MaTeputo
[0 OrpOMHOM MIIOTHOCTU, YTO B 3EMHbIX YCIOBUSIX HE MpeacTaBnseT-
Cs1 MoKa BO3MOXXHbIM.

M3 Bcex BMAOOB 3HEPrMM MPaKTUYECKOe UCMOfMb30BaHWe MMET
Bcero 10 BUOOB: sigepHas, XMMUYecKas!, ynpyrocTHas, rpaBUTaLMoH-
Hasi, TeNnoBasi, MexaHN4eckasi, areKTpm4eckasi, AaNeKTPOMarHnTHas,
anekTpocTaTMyeckass U marHutoctaTndeckas. NMpu aTom Henocpepn-
CTBEHHO MCnonb3yeTcs Bcero 4etbipe Buaa: Tennosas (70-75%),
MexaHudeckas (okono 20-22%), anektpuyeckasa (okorno 3-5%) wu
anekTpomarHuTHas (csetoBasi) — meHee 1%. MaBHbIM UCTOYHMKOM
HEenocpeacTBEHHO UCMONb3yEMbIX BULAOB 3HEPIUM CIYXWT Moka Xu-
MUYeckasi 3Heprmsi MUHepasnbHbIX OPraHU4ecKnx BeLwecTB (yroneb,
HedTb, NPUPOAHKIN ra3 1 T.4.), 3anackl KOTOPOM Ha 3emne HaxoasT-
Csl Ha rpaHn uctoweHns. No3ToMy OCTpPO CTOUT BOMPOC O HOBbIX
WCTOYHMKaX 3HEPrMM M HOBbIX BMOAX 3HEPrUM, KOTOPbIE YeroBeK
CMOXET UCMONb30BaTh B CBOEN AeATENbHOCTY.

Tenepb BepHeMCs Kk 3HTponuu. M 3gecb obHapyxunBaeTcsi, 4TO
3HTpOMMS He nepegaeT BCEro MHoroobpasus aHeprun. Ee Buabl He-
MHOrFQYMCIIEHHbI M He coBnaalT ¢ Buaamu 3Heprn. OCHOBHLIMM
BMOAMMN SHTPONUW SIBNSKOTCA: TEnnoBas, CTPYKTypHas 1 MHdopma-
UMoHHas. C TenmnoBon SHTPOMUEN Mbl yKe 3HaKOMbl (3TO Mepa pac-
cesHns aHeprum). CTPyKTypHast SHTPOMUSA CIYXUT MEpPON Heynops-
[OYEHHOCTU CTPOEHNst cucTeM. Tak, eCnn 13 CTPOUTENbHLIX AeTanen
cobpaTb OOM, TO 3HTPOMUS YMEHbBLUWTCS, TaK Kak ynopsgo4yeHHOCTb
cuctembl Bo3pacTteT. [peactaBneHme o6 MHGOPMALIMOHHON 3HTPO-
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nMnm MoOXeT faTb cnefywowwmi npumep. Npu oxnaxgeHun rasa [o
TemnepaTypbl abCONIOTHOTO HYNS OH CHayana NepexoauT B Xugkoe
COCTOsiHME, a 3aTeM B TBepAaoe, T.e. MepexoauT M3 Heynops-
[OYEHHOrO COCTOsIHME BO Bce Gornee ynopsigoveHHoe. CooTBeTCT-
BEHHO pacTeT 1 nHdopmauusa o pacnonoXxeHnn Yactuy rasa. B raso-
o6pasHOM COCTOsIHMM cucTema becnopsgoyHa, U CyauTb O pacnorio-
YKEHUM YacTUL, MOXHO MKLLb Ha OCHOBE TEOpUK BEPOATHOCTU. B xuna-
KOCTM HabniogaeTcs OnvKHUIA NopsgoKk — HEMOCpPeACTBEHHOE OKpy-
XeHue yxe ctaHoButcsa 6onee onpeaeneHHbIM. MakcumanbHas yno-
pSA0YEeHHOCTb HabngaeTcs B TBEPAOM COCTOSIHUWM, OCOBEHHO Mmpu
abconoTHOM Hyne. B TBepaoM COCTOSIHUM M3BECTEH U BRVKHUN U
OanbHWIA NOPSAAOK, T.e. CTAHOBATCS U3BECTHbIMU U JalnbHUE COCeaMu.
MakcumanbHas ynopsiioMeHHOCTb COOTBETCTBYET M MakCUManbHON
WHOPMUPOBAHHOCTU U MUHUMAITbHOW BenMYuHe MHGOPMAaLUOHHON
aHTponuu. Takmum obpas3oM, UHpoOpMaLMs IKBMBANEHTHa OTpuua-
TENbHOW 3HTPONWUKU, UMK, Kak HasbiBan ee J1. BpunmnaH, «HEraHTpo-
nun». OTcloga MHOPMaLVOHHas SHTpONUS — 9TO Mepa Heonpeae-
NEeHHOCTU nHdopmauuu.

TepmoanHamMuka u 340pOBbe

Bcskuin yenoBeyveckun opraHnam MOXHO ynofobuTbe OmKpbI-
mou TepMOLMHaMUYECKOM CUCTEME - OH OOMEHNBAETCS BELLECTBOM
N SHeprven c okpyxawwen cpegon. Mbl Takke ynomMuHanmM O TOM,
4YTO BCSIKMIA OpraHmaM «paboTaeT» C YMeHbLUEHWEM 3HTPONWUU, TO
€CTb B CBOEWN AeSATENbHOCTM CTPEMUTCS MaKCUMarbHO yAanuTbCcs OT
PaBHOBECHOIO COCTOSIHUSI, KOTOpPOe O3Ha4yaeT CMepTb OpraHusma.
OTa 6opbba TpebyeT OrpOMHbIX 3HEpPreTUYecKkux 3aTpar, No3TOMYy
BCHO XKM3Hb Mbl BbIHY>KAEHbI MOrnoLaTh nuLly.

OveTtonorus

Y MeankoB ecTb ocobas Hayka o nuTaHum - guetonorus. OHa
3HaeT MHOroe Npo MuLieBbIe NPOAYKTbI, UX Nonb3y 1 Bped. OgHa uns
BaXXHbIX KONMMYECTBEHHbLIX XapakTEPUCTUK MULLN - €€ KanopuAHOCTb.
A 9TO HMYTO UHOE, KaK TeNNoBON 3PAEKT XMMNYECKOWN peakunn ro-
pPeHUs NN, TO eCTb YUCTO TepMoauHaMmyeckoe noHaTue. NHade
KarnopuMHOCTb eLle Ha3biBaloT TEMNOTBOPHON CMOCOBHOCTBIO NMULLN.
TepmogmHamyka yTBEpXKAaeT: BCE peakun ropeHnst - 9K30TepMnY-

86



Hbl, TO €CTb UAYT C BblAeneHueM TEMMOTbl, KOTOPYD U UCNONb3yeT
Haw opraHuam. He cny4yarHO eguHUUbI U3MEPEHUSA KarOpUMHOCTU
nMLLM COBNaaoT C eAMHULAaMU U3MEPEHUS TEMNMNOThbl U SHEPTUN.

B TepmoguHamuke yalle BCero TensioBon agppekT peakumm
onpefensloT B n3obapnyecknx ycrnoBusix, TO €CTb Npu NOCTOSSHHOM
AaBrneHun. 3TW yCroBMs NOAXOAAT U OIS YerI0Be4EeCKoro opraHmama
- B HalleM opraHv3Me NOoAJepXMBaeTCH NOCTOAHCTBO AaBneHus, u
OaXe He3HauyuTemnbHble ero KonebaHusi CUIMbHO OTpaXarTcHa Ha ca-
MOYYBCTBUMN YErOBEKA.

Tennosor acpdekT B n306apnyecknx yCcrnoBmsiXx CTaHOBUTCS
yHKLMEN COCTOAHNS U 3aBUCUT TOSNbKO OT Ha4YarbHOro COCTOSAHMUS -
3HEPreTUKM NULLEBBIX BELLECTB, K OT KOHEYHOIO COCTOSIHUS - SHepre-
TUKWN NPOAYKTOB pacLlenneHuns.

M Bce Obl XOpOLLO, HO NULLEBbLIE NPOAYKTHI - 3TO Yalle BCero
CMecH, U MO3TOMY paccunTaTb MX TEMNOTBOPHYD CNOCOBHOCTL Ha 1
MOJS1b HEBO3MOXHO, €€ pacCUMTbIBalOT Ha 1 rpaMm NULLN.

3Hepr0HOCMTe.I1VI - IPOAYKTbI NUTaHUA

M3 opraHmMyeckon XMMmm mMbl 3HaeM, YTO BCE MULLEBbIE MPO-
OYKTbl BKIIOYAOT B cebs Tpu Krnacca OpraHU4eckux COoeaunHEeHWn -
Genku, Xu1pbl 1 yrnesoap.

Bonblias yacTb 3Heprun, B KOTOPOWM HyXAaeTcs Halwl opra-
HM3M, MOCTyNaeT U3 yrneBodoB M XMPOB. B npouecce nuiiesapeHus
yrnesoAbl pasnaratoTcsa Ha rnoko3y CgH1,0 . OHa nepeHocuTcs TO-
KOM KpOBM K KreTkam opraHusma, rge pearnpyeT ¢ O,(ras) B He-
CKONMbKO CTafun, npesBpaluasich B koHue koHUoB B COy(ra3) n Hy0(k)
C BblaeneHnem sHeprum AH®.

CeH1206(T.) + 60,(ras) = 6C0,(ra3) + 6H,O(k); AH® =-2816 kIx.

PasnoxeHve yrnmeBogoB NpovCXoauT ObICTPO, MO3TOMY WX
3HEprns cpasy xe nocTtynaet B opraHnaM. CpefHsis KanopumHOCTb
yrneBooB paBHa 17 k[x/r (okono 4 kkan/r).

MopobHO yrmeBogam, Xupbl B pesynbtate meTabonuama
Takke npespawatotrca B C0, n H,0. Hanpumep, cropanne TMNMYHOro
Xunpa cteapuHa Cs7H11906(TB.) NponcxoanT no ypaBHEHUIO

2057H11006(TB.)+ 16302(ra3) > 114002(r33)+
110H,0(x). AH=-75 520 k.

XvMudeckass aHeprus nuLin, KoTopasi He pacxogyeTcs Ha

nogaepxaHve TemnepaTypbl Tena UM Ha MYCKYIbHYH aKTUBHOCTb

87



nnbo, HaKoHel, Ha NeperpynnMpoBKN aTOMOB MULLKW B KNETKU opra-
HM3Ma, 3anacaeTcs B HEM B BuAe XUpoB. CyLLECTBYIOT MO KpanHewn
Mepe ABe NPUYMHbI, MO KOTOPbIM XMPbl OKa3biBalOTCA yAOOHbIMK ANd
XpaHeHus n3bbITka 3HEPTNW B OpraHm3me:

- OHW HepacTBOPMMbI B BOAE, YTO MO3BONSAET MM Hakanmu-
BaTbCs B TEnNe;

- Xupbl BblaensitoT Gonblue 3HepruM B pacyeTe Ha OAWH
rpaMm, 4em Genkn Unu yrneeodbl, YTo AenaeT ux Hambornee adpdek-
TMBHBIM UCTOMHUKOM 3Heprun. CpeaHsisi KaropuiiHOCTb XXUPOB paB-
Ha 38 k[Dx/r (okono 9 kkan/r).

Benkn ncnonb3yloTcs OpraHn3MoM B OCHOBHOM Kak CTpOU-
TenbHbI MaTepuan Ans KNeTok CTeHOK pasfiMyYHbiX OpraHoB, KOXW,
BOIOC, MYCKYJIOB U Tak ganee. B cpegHem npu metabonuame 6enkos
BblaensieTca 17 kx/r (okorno 4 kkan/r).

Kak namepsitoT KanopMiHOCTb NULLEBbIX NPOAYKTOB

MHTepecHo, a kak M3MepSIIOT KaNoOpPUNUHOCTL MULLEBLIX MPO-
ayktoB? Camum mepgukam 6bio Obl TPYAHO CMpPaBUTLCA C 9TUM,
Beb OPraHu3Mm - O4eHb CIoXHas cuctema. 34ecb Ha MOMOLLb CHOBaA
npuwna TepMoaMHaMmka.

Tennoson adphekT B YCrOBUSIX CYLLECTBOBaHUS OpraHusma
€CTb (PYHKLMS COCTOSIHUS, TO €CTb HE 3aBUCUT OT TOrO, rAe U Kak Be-
LLIECTBO BCTyMaeT B peakuuio npu YCNoBWUM, YTO NPOOYKTbI peakumm
OCTaKTCs HEU3MEHHbIMU. [1oaTOMy Ans onpefeneHns KanopumnHo-
CTU MWLM MCNONb3YIOT KanopumeTp cropaHnsi. He cnvwkom gocTo-
BEPHble pe3ynbTaTbl MOy4alTCsa TONMbKO Ans G6EenkoB - B Kanopwu-
MeTpuyeckon 6ombe a3oT, cogepxkalumncsa B 6enkax, Bblaensercs B
Buae N, mnm okcngoB as3oTa, a U3 OpraHn3ma OH BbIBOAWTCS B BUAE
moueBuHbl CH4NLO.

C nomolpbto KanopuMeTpa nogcuntany, Yto B CpeaHeM Mno-
TpebGHOoCTb opraHuMama B 3Heprum coctaBnset 6300 k/[x (okono
1500 kkasn). Ho ans kaxpgoro M3 Hac ata uudpa pasnnyHa. O6bsac-
HeHWe 3aToMy faeT [lepBbli 3akOH mMepMoOOUHaMUKuU: TENNOTa,
nonydyaemasi CUCTEMON, MAET Ha U3MEHEHNe €€ BHYTPEHHEWN 3Hep-
rmn n coBeplLLeHne paboThbl

Q = AU+A.
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Moa n3mMeHeHWeM BHYTPEHHEN 3Heprun Mbl NoapasyMmeBaemM
eé 3aTpaTbl Ha NOAAepXaHvue TemnepaTypbl Tena, neperpynnmpoBky
aTOMOB MULLM B KMNETKM OpraHusMa W, HakoHel, 3anac 3Heprum B
BMAE XMpoB. 3Has 3TO, AMETONOrM MOryT CMeno COBEeTOBaTb Xe-
nawoLwmM yBenNuYNTbL CBOM BEC B COCTOSIHUM NOKOSA (KOraa BenuyvHa
coBepluaeMon paboTbl Mana) nornowatb Kak MOXXHO Gornblue BbICO-
KOKanopUMHOW MWLM - XWPOB M YrNeBOAOB: Toraa M3MULLHAS BHYT-
PEHHSAA SHeprns NonaeT Ha OpraHM3auMio 3anaca XXMPOB B OpraHu3-
me.

HanpoTus, xenawowmm noxyaeTe 0ObIYHO PEKOMEHAYIOT Mo-
Bonble ABUraTbCa U NOMEHbLUE eCTb BYNOYeK N NUPOXKOB (TO ecTb
YMEHbLUUTL KOMMYECTBO 3HEPrUM, NOCTyNarLen B BUAE NULLN).

N ewe. YToBbI 3MMON HE MEP3HYTb Ha ynuue 1 He NPOCTy-
XaTbCH, MEAMKN COBETYIOT XOpoLwo nuTaTtbecs. B ronogHom coctos-
HUW OPraHn3M «BbIHY>XOEH» PacxXOAoBaTb MEHbLUE 3HEpPrny Ha noja-
AepXaHue TemnepaTtypbl Tera U npoTekaHWe BHYTPEeHHMX npouec-
COB, a 0CcnabneHHbIN OpraHM3mM MOXET Nnerdye «noaxBaTUTb» MPOCTY-

ay.

OHTponusa n 60ne3Hn

Kctatn, o 6onesHsix. OHM ToXe B BeAeHUN TepMOaANHaAMUKN.
rlpaKTl/I'-IECKVI BCe 00ne3Hun - HaunHasi ObbIYHBIM rpynnom n 3akaH4un-
BadA nyrarvowmmMm pakoM - pa3BMBalOTCA MO 3aKOHY, OYE€Hb MOXOXeMy
Ha CTaTUCTUYECKYKO TPAKTOBKY SHTPOMUA BonbumaHa:

S = KInW
PaccMoTpuM eanHyto BMONOrMYeckyto CUCTEMY - HaceneHne
coBpeMeHHoro meranonunca. O6Lwasa aHTPoONUs 3TON CUCTEMBI

Sobw. = 2 Si

roe S;,— SHTPONUS OTAENbHOro YenoBeYecKoro opraHmama.
MycTb B cucTeMe MosAIBUNCA OOWH HOCUTEnNb 3aboneBaHus.

Ynopsao4yeHHOCTb paboThbl €ro opraHuama YMeHbLUAeTcss - BUPYC
BHOCWUT XaoC B OTINaXEHHYI cucTemy. Sus,, CNefoBaTernbHO, TOXe
NOBLILLAETCA M PE3KO YBenuMuMmBaeT BEpOATHOCTb HAaCTyMN/eHus co-
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ObITUA - 3apaxeHnss BUPYCOM APYrux yneHoB meranonuca. lNpu 3a-
paxeHUn BTOPOro opraHnsmMa Sys,, CHOBa BO3pacTaeT M CHOBA Pe3ko
«nopgckakmeaeTy BennyuHa W. BO3MOXHO, Takasi TpakToBKa pacrnpo-
CTpaHeHns 3aborneBaHust BbI3OBET COMHEHME, HO 3KCMepuMMeHTasb-
HbIMW OaHHbIMW [O0Ka3aH 3SKCMOHEHUManbHbIN XapaKTep pasBuTus
aNnaeMnn cpeau Noaen 1 XMBOTHbIX. Mo03TOMy Bpaun OOMKHbI ObITb
MaKCUMarnbHO BHUMATESbHbI - NPU HECBOEBPEMEHHLIX MEeONLIMHCKNX
Mepax anuaemMus NnoyYTu MrHOBEHHO OXBaTbiBaeT ropod. Mbl He 3ps
roBOpUNN O Meranofnimce - Kak U B TepMoaMHaMuke, yem Oornblie
uncro OOBLEKTOB B COCTaBE MaKPOCUCTEMBI, TEM TOYHEE OEWCTBYET
3aKOH.

MogoOHasa 3KcnoHeHuuanbHas 3aBUCUMOCTb AEWCTBYET U
BHYTPWU OTAENbHOrO opraHusama. PaccMoTpyMM pacnpocTpaHeHue B
HEM OOHOro M3 caMbiX CTpallHbIX 3aboneBaHun - paka. 340poBble
KNeTKWU opraHmama BblCOKO AndbdepeHUnpoBaHbl - KINeTKU NeyveHwu,
MO3ra, MbILEYHbIX TKAHE He MOXOXW APYr Ha gpyra, OHU UMERT
CINOXHOE CTPOEHWE M CTPOro BbIMOMHAKT CBOK (OYyHKLMIO. Bbicokas
MX OpraHM3auusi 03Ha4YaeT OYeHb HU3KYID BEJTMYMHY SHTPOMMK 3[40-
POBOW KNETKN Sspop. MNPV BO3HNKHOBEHUM OMyXOMew KINeTku HauMHaoT
cebs BecTn NogobHO OOHOKITETOYHLIM OpraHn3Mam - Pa3MHOXatoTCS.
Mpu aToM Kaxkgasi KneTka Onyxonn MOCTENEHHO TepsieT CBOK Aud-
depeHUMaLmio - ONyXoreBble KMNEeTKM MOo3ra, MeYeHu, Xernyaka Bce
MeHee oTnu4yaloTcs Apyr oT Apyra. Ix cTpyKkTypa CTaHOBUTCS MeHee
YrNOpsiAOYEHHON, a AEeATENbHOCTb - MEHee crneuuanu3npoBaHHOMN.
OTO 03Ha4aeT, YTO SHTPOMNUS ONYXOSEBbLIX KNETOK Bonblue, Yem 340-
poBbIX. Takum 0Opa3omM, Ans npouecca obpa3oBaHUSA OMyXOnu:

Sonyxonvl >0

[onroe Bpemsi nekapctea, 3aMeansoLmMe passuTne ony-
XOnu, uckanu Haolynb. OCHOBbLIBasiCb HA TEPMOANHAMUYECKUX Bbl-
BOAaX, MOXHO ckasaTb - NIeKapCTBO MPOTMB paka AOJIKHO AEWCTBO-
BaTb TaKMM 00pa3oM, YTOObI NMPUOCTaAHABNMBATbL POCT IHTPONUN B
cucteme. o npuHUMny «nogobHoe neun nogobHbIMY, OEWCTBME
nekapctea AO/MKHO OMUCHLIBATLCA BO BPEMEHU 3KCIOHEHUUanbHOU
3a8UCUMOCMbIO, NMPUYEM BENUYMHA YMEHbLUAOLLErO SHTPONUIO Ael-
CTBWSI NeKapcTBa JOMKHA. NepekpbiBaTb YBENMYMBAIOLLYIOCSH 3HTPO-
N onyxonu, Toraa paseutue 3aboreBaHUsi NPUOCTaHABNNBaETCS.
Cenvac athbdekTUBHOCTb NnekapcTea OnnCbIBaOT BENNYMHOMN
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N = f.KOHTp./fOI'I.,
rAe fourp- - CTENEHb AKCMOHEHTbI B ypaBHEHWUN AWHaMUKM 0bpa3oBa-
HKA onyxonu 6e3 neyenuns; f,, — CTeneHb SKCMOHEHTbI NpW AeNCTBUN
nekapcTBa.

Yem Gonblie N, Tem adppekTuBHEE NEKAPCTBO.

WUtak, TepmoanHamMumka BHOCUT CBOW Bkrag B 60pbby ¢ cambl-
MM CTpallHbIMK 3aboneBaHMaMM YenoBevecTBa. Ho B 3anace y me-
[OUKOB ocTancsa cambli rnobanbHbIN BONPOC: NoYeMy YernoBek BCIo
XW3Hb NbITAETCH yaanUTbLCA OT PaBHOBECUS], NOTPEDSAA HEF3HTPO-
nuio, 1 BCe PaBHO B KOHLE KOHLIOB CTapeeT U ymmpaeTt?

Mpouecc cTapeHns xapakTepeH TONbKO A5t MHOrOKIIETOYHO-
ro opraHvamMa, COCTOsILLEero n3 MHoxecTBa AuddpepeHUUpoBaHHbIX
KneTok. Bce KneTkn MOXHO pasaenvTb Ha ABe rpynnbl:

-KneTKK, CnocobHble K AeNEHUI0 - KNeTKU pasHbIX OPraHoB;

-HeJensaLwmecs KneTku - KIeTKM NonepeyHo-nosiocaTon MblLu-
Ubl M ronoBHoro moara. Takum obpa3om, cTapeHue cBsa3aHO Nnbo C
[eATenbHOCTbIO KINETOK MEPBON rpynnbl, MO0 C AereHepaTUBHBbIMU
npoLieccamm KneTok BTOPON rpynnbl.

MHorga cTapeHne opraHuama ynoaoOnsT M3HaLLUMBaHUIO
MalwwuHbl. Hanbonbluemy ns3Hocy, o4eBUAHO, AOMKHbI NOABEpraTbCs
HegensLwmecs KNneTkn, U 3TOT M3HOC O3HAYaeT yBENMYEHNE SHTPOMUK
— Becnopsgka ux AencTBMsa U CMepTb.

Ho nyTem CroXxHbIx 3KCNepuMMeHToB Guonoram yganocb no-
KasaTb, YTO XW3Hb Hedensllencsa KneTkn npeacrasnsdet cobon He-
NpepbIBHbIA Mpouecc agantaunm K YCroBUSM Cpedbl, 3TO O3Ha4vaeT
NOCTOAHHOE YMEHbLLUEHNE IHTPONUN HEeAENSLUUXCH KIEeTOK.

Taknm o00Opas3oM, NpoLecc CTapeHust U CMEepPTU opraHuama
CBsiI3aH C [OeATENbHOCTbI0 AENAWMNXCA NapeHXMMAaTO3HbIX KMEeTOK.
3Haunt, ang obecnedyeHus OONroneTust Bpad [O/MKEH COBETOBaTb
CBOMM MNaumeHTam noborblle HarpykaTb paboToON KNeTKN rofiloBHOrO
MO3ra W MOonepeyHo-NonocaTon Mbllllbl W, HanpoTue, wusberatb
CUMbHbIX pasapaxuTenen n 3agaBatb YMEPEHHYHO (PYHKLMOHANbHYHO
Harpysky napeHxmmaTo3HblM OpraHam - neveHu, novkam, dHOOKPUH-
HoMy annapaTty. Ha 6onee NOHATHOM si3blke 3TO O3HAYaeT - He 3I10-
ynoTpebnaTe CAMPTHBIM, TabayHbIMW N3AENUSMU, XKapEHON N XUp-
HOWN NULLIEN, He HapyLIaTb TOPMOHanbHbIM GOOH OpraHn3ama.
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TepmoanHamuka B 06 EeCTBEHHbIX OTHOLLUEHUAX

O6LecTBO TepMoaUHaAMMKa TOXE paccMaTpuBaeT Kak efu-
HYIO CUCTEMY, OTKPbITYIO C TEPMOAMHAMMUYECKOW TOUKM 3peHust. Kak u
YyenoBe4veckuii opraHMamM, oOLLECTBO B LIENTOM NOCTOSIHHO NoTpebns-
€T 3HEeprni 1 BELLECTBO, U He TONbKO B BUAE MWLM, HO U B BUAE
3aTpaT Ha opraHmM3auuMio NPOM3BOACTBEHHON AeATEeNbHOCTU, Npeod-
pa3oBaHue cpeabl 00OMTaHUS 1 npoyee.

3apagum cebe Bonpoc - ansa vero obpasoBanocb obLecTso
M YeM BbI3BaHO €ro NOCTOSsIHHOE CTpeMsieHMe pa3BuBaTbca? He ako-
HOMWYHEE NN BbINO CyLEeCTBOBATb KaXOOMY YEnoBeKy B OTAENbHO-
ctn?

OkasbiBaeTcsl, HeT. NonHasa pa3obLeHHOCTb nogen o3Hava-
na 6bl yBenmMyeHme xaoca B YenoBevyeckoM coobuiectse. Yem 6orb-
e xaoca, Tem bonblle BENUYMHA SHTPOMUKN, TEM ONMXKE COCTOSIHME
paBHoBecus. [ns obLecTBa kak TepMOAMHAMUYECKM OTKPLITOW CUC-
TeMbl paBHOBecue O3HayaeT cMepTb. NS KaXgon YenoBedeckomn
0cobu B OTAENBHOCTM BbIXOA W3BECTEH - CTpemrieHue ybexaTb OT
paBHOBECUS NPOSIBMSIETCS B MOAABMEHNM YBENMUMBAIOLLENCS B XO4E
MPOLIECCOB XU3HEAEATENbHOCTM SHTPOMUKU 3a CYET noTpebneHus
BELLECTB C HU3KOW 3HTPONUEN B BUAE NULLM 1 BblAENEHNs BELLLECTB C
Oonee BbICOKOW SHTpoNMen B cpeny obuTaHus. Tak noctynaet BeCb
XNBON MUP.

MpvHUMN guccunaunmn aHeprum

OpfHako 3Heprvio B BMAE NMULLM Mbl MOSTydaeM He B Mpous-
BOMbHOM KonuyecTBe. [ina nobon X1BOW CUCTEMbI AENCTBYET NPUH-
umn, cdhopmynmnpoBaHHbli H.H. MonceeBbIM: Npu NPoYnX paBHbIX yC-
noBusAX B CUCTEME peanuayloTca Takme dopMbl opraHmnsaumm (nose-
OEHNs1) ee COCTaBMAKWMNX, NPU KOTOPbIX AdaHHasd cucTtemMa Mpo-
W3BOAMT MUHUMYM SHTPOMUM, TO €CTb UCMONb3YEeT 3HEpPru Makcu-
MarnbHO 3KOHOMHO. QTOT MPUHLMN Ha3blBAETCS MPUHYUMOM MUHU-
Myma duccunayuu 3Hepauu.

C MOMeHTa nosiBreHust B NpMpoge 4YenoBedeckoro coobue-
CTBa, ABWXYLLEN CUNON ero pasBuUTUSA SBMSIETCS CTPEMIIEHNE CIKO-
HOMWUTb 3HEPIUIO, N HE N3-3a BbICOKOW CO3HATENbHOCTU YErIOBEKa, a
n3-3a eCTeCTBEHHOro HefocTaTka Havbonee AOCTYMHOrO UCTOYHMKA
NOTEHLMaINbHON SHEPTUN - MALLW.

Kaxxgoe AocTuxXeHue HOBOro YpOBHSI 9KOHOMUM obecneyvBa-
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eT 6onbLUY YCTOMYMBOCTL CUCTEMBI. O3TOMY NMPOUCXOAUT CaMOOp-
raHmsauust 4yenosedeckoro obulectsa. Bce Mbl 3Haem no cebe -
XWUTb COBMECTHO 3KOHOMHEE, YEM B OOVHOYKY: M MULLM pacxoayeTcst
MEHbLLE, N 3HEpPrMM Ha oborpes xunbs Toxe. [la n B xoge asonoouum
YK€ B NOACO3HAHWMM 3aKPEMUIIOCh - YENOBEK CYLLECTBO ODOLLECTBEH-
HOe, 3TO 3KOHOMHEE U1 Tak Nlerye BbKNUTb (Ha SI3bIke TEPMOAMHAMMKM
- n3bexatb paBHoOBecus). Ha gene ato sBNseTcs npsiMbiM NposiBrie-
HMEM MPUHLMNA MUHUMYMaA OUCCUMAaLMM SHEPTUN.

YyTb nosgHee 4YenoBeyeckoe OOLLECTBO HayvHaeT cosda-
BaTb HOpPMbl noBefeHusi. CHayana oHW MposIBMSIOTCS B PENUrNos3-
HbIX BEPOBaHUSX, NMO3XKe - B HOpMax Mopanu u 3akoHax. OgHu no-
CTYMKN YerioBeka OKasblBalOTCS MpeanodTUTENbHbIMU, APYTUe - He-
raTUBHbLIMW.

[enctBuTenbHO, NONOXUTENbHLIM ANS KaXXA0W HepaBHOBEC-
HOM CUCTEMbI SBMSIETCSA Takoe noBeJeHWe ee 4vacTen, KoTopoe
obecneynBaeT, roBopsi A3bIKOM (PU3UKK, MUHUMATIbHbIE BHYTPEHHNE
NnoTeEpPU SHEpPrn, MMHMMarbHOE BHYTPEHHee TpeHue. [nsi yenose-
Yyeckoro obLecTBa K TakMm MOTEPSIM OTHOCATCS pe3ynbTaTbl Hacu-
NS 1 BOPOBCTBA, MECTU U 3aBUCTU. I HAOOOPOT, CHWXAIOT «Tpe-
HMe» munocepane n noboBb (OHM 0bOecneyYnBalOT MUHUMYM BHYT-
PEHHUX SHEPronoTepPh).

Ho, kasanocb Obl, KaXkabln U3 Hac obnagaeT cBoOoaol B Bbi-
Gope NoBeAeHUs, BONIEH NOCTyNaTb BOMPEKN 3anoBeAsM U 3aKOHaM.
30ecb HeT HMKaKoro NpoTneopeymnsi. BcnomHuTe, Npu paccMoTpeHun
MUKPOMMPA Mbl HE MOINN TEPMOAMHAMMYECKM onuncaTb noBedeHue
OTAENbHOM YacTULbl, HO, NONb3YSCb MOHATUEM BEPOSTHOCTU, MOXEM
onucatb CUCTEMY B LeloM (Ha 3TOM OCHOBbIBanMCb BbIBOAbI
BbonbumaHa). Ecnn 6bl Hawerncss HekTo, morywimii paccMmaTtpuBatb
YenoBeYeCcTBO TakK, Kak YerioBek paccMmatpmBaeT 06bekTbl MUKPOMU-
pa, TO A4S HEero noeegeHue nogen obino Obl MOXOXe Ha NoBefeHue
MUKpoYacTuL,.

anIHLIMﬂ MUWHUMYMa Npou3BoAcTBa IHTpPpONUK

B yenoseyeckom obLiecTBe MPUHLMMN MUHUMYMa NPOU3BOA-
CTBa SHTPONUM NPOSIBRSIETCS B BUAe ectecTBeHHoro otbopa. Ctpoe-
HVe opraHu3ma wnvM MnoBedeHWe XMBOro cyllecTBa B coobLiecTBe
MOXET OTNM4YaTbCsA OT OMTUMANbHOro, HO OTOOP OCTaBMSIET TaKOMY
0ObEKTY Mano LWaHCOB Ha BbbKMBaHWE - 3TO 00s3aTenbHO NpuBeneT
€ro K MOpaXXeHUt0 B KOHKypeHTHol Gopbbe (ecrnn 31O npodheccmo-
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HanbHas OeaTenbHOCTb), K 6onesHu (ecnv aTo 0bpas XnsHu), Hera-
TMBHO OTPa3nTCA Ha HEM M ero NoToMKax (ecnu aTo CBA3aHO C Hop-
Mamu mopanu). lNocneaHee obbacHAETCA TeM, YTO AEUCTBYSA Bomnpe-
KW OrpaHu4eHunsiM, HaknagbiBaemom [MpruHUMNOM, YEnoBEK HE TOMbKO
yXyaLaeT cBoe COCTOSIHME, HO U YBENMUMBAET 3HTPOMNUIO OKpyXKato-
Len ero cuctembl - obwecTBa, a 9To, B CBOK o4vepedb, CHwKaeT
XN3HECTOMKOCTb BCEN 3TOM CUCTEMbI, YTO HE MOXET He OTpa3uTbCs
paHo UNM NO3AHO Ha €€ YneHax U B KOHEYHOM UTOre Ha HEM CaMOM,

OueBnaHbLIN NpUMeEp - Ta IKOMOrM4yeckas cutyauusi, ¢ KOTo-
POV Mbl CTOSIKHYNUCb. YenoBek cTanm HE3KOHOMWYHO pacxogoBaTb
[obbIBaeMyl0 MM SHEPruo - YacTb €€ paccerBaeTCs B OKpyXatoLlemn
cpefe, Bbi3blBas TEMMOBOE 3arpsi3HeHuWe, 4YacTb BbliOpacbiBaeTcs C
0TX04aMu, BMNOMHE rogHbIMU K UCNONb30BaHUID. Takoe HeornpasaaH-
HO GornblUoe npupalleHne 3HTponun B buocdepe HECOMHEHHO OTpa-
3UIOCb Ha YenoBeke - bonesHu (o3HavaloLmne yBenmyeHne aHTponuu
B OpraHusmMe), yxydweHue yCrnoBui CyllecTBOBaHUS (4TO O3HayaeT
OOMONHUTENbHbIE 3HEPrETUYECKUE 3aTPaThbl HA XWN3Hb) — BCEM 3TUM
Mbl pacnnadmBaemcs 3a HecobnogeHve lNMpuHUMna MUHUMYMa npo-
W3BOACTBA J3HTPOMUU UM MaKCUMyMa WCMONb30BaHUS HaKOMMEeHHON
MHdopMaumn.

B3anmocBA3b 3HTpoNun 1 nHdopmauum B obecTtee

OT ocTanbHOW XMBOW NPUPOAbl YerioBeKk OTNMYaeTcst Tewm,
yTo obragaeT CNOCOBHOCTLIO MbICNUTL, NonyyYaTb U 0BGMeHMBATLCSA
MHdopmaumen. Mo TepmogMHaMUYECKOMY 3aKOHY MHGIOPMaLNA N SH-
TpONusa B3aMMOCBSA3aHbI:

Sher- = A/ TINJ(Y),

roe T — Temnepatypa, S,er.=-S.

Yem 6Gonbwen wuHdpopmaumen obnagaeT opraHmsMm, Tewm
Donbllue OH MOHWXaEeT CBOK 3HTPOMUIO, CriefoBaTeNbHO, NOBbILLAET
AHTPONUIO OKPYKatoLLen cpebl. YiTas aTOT HayYHbIn Tpy4, Bbl NOMy-
YaeTe HeKOTOpYyH WHGOPMaLMo, TO eCTb COBepLiaeTe Nnpu 3TOM
YMCTBEHHYI0 paboTy, Bblgenssa 6Gonblie Tenna, 3HTPONMM, YeM B
cocTosiHum Ge3genbs. MNpaeaa, B SHTPOMUIHLIX €4MHMLAX nnaTa 3a
WHdopMaLMio Mana 1 coctasnseT 2,510 kan/rpaa. B aToM cMbicne
HanMcaHne BCEX KHWI, CO3OaHHbIX 33 BCIHO MCTOPMIO YenoBe4vecTBa,
YBENWUUIO 3HTpoNuo BceneHHowm MeHblue, YeM OfWH BCKUMEBLUMIA
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YanHuK.

Bo3MOXHO, 3Ta 3HTPOMUIHAA «3KOHOMHOCTb» WHpopMaumm
N OOBACHSIET CTOMb 3HAYUTENbHbIA HAay4HbIA NPOrpecc YernoBeYeCT-
Ba: MO AaHHbIM coumonoros, kaxable 10-15 net yaBamBaeTcsa 4Mcno
pedepaTUBHbIX KYPHAINOB, YACMO Hay4HbIX PabOTHWMKOB, YTO Xapak-
TepuayeT pocT 00bemMa Noy4eHHOM Hay4yHOW MHAOpMaLUN.

Mcnonb3oBaHue nonyyeHHOM uHdopMaLmm (B YacTHOCTH, B
3[,paBOOXpaHEHUN) NO3BONSAET YEIIOBEKY YMEHbLUUTL TEMMN HapacTa-
Hua aHTponuu (dS/dt) B opraHuame, TO eCTb OTAANUTb NPOLLECCHI
cTapeHuss n cMmepTu. B HacTosilee BpemMs M3-3a yBENUYEHUS Mpo-
OOIMKNUTENBHOCTU KU3HWU U YMEHBbLUEHNS CMEPTHOCTU KpvBasi MUPO-
BOr0O MNpUpOCTa HaceneHust npubnmxaeTca K 3SKCMOHEeHLUuanbHOn
3aBNCUMOCTU, 0bHapyxeHHon bonbumaHoMm, To ecTb S = KInW .

3HaunT, NPU BO3MOXHOCTW MOSHOCTBLIO NPeoaosneTb YBeENu-
YeHne sHTponum opraHmnama (AS=0) Mbl NPUXooUM K MOCTOSIHHOMY
BO BpeMeHU 3HayeHuto W, 4To npakTudecks o3HavaeT beccmepTue
YenoBeYEeCKoM 0CO0M M SKCMOHEHUMANbHbIA MPUPOCT HACeNeHns BO
BpemeHu. Takum oOpasom, M MpoLecC perynvpoBaHus npupocTa
HaceneHnss Mbl BbIHY)XAEHbI YBA3bIBATb C HANIMYMEM SHTPOMUMN.

B koHUe elle pa3 xodeTcs NOATBEpAUTb BaXXHOCTb 3aKOHOB
TEpMOAMHaAMMKN Onsi yenoBeyeckoro obuiecrtea. CornacHo ogHom m3
OPEBHENLLMX PEnUIniA Mupa - UHAYU3MY, - BCe B MUpe onpegensieT
TpueauHoe 6oxecTBo: BuwHy - 6or Bcero cyuwero, LUnBa - yHU4TO-
XaloLwmn MatepuanbHblin Kocmoc U bpaxma - cosgatomin Bce gop-
Mbl >XM3HW. TPYAHO HE 3aMeTUTb, YTO OCHOBHblE MOCTyNaTbl TEPMO-
OVNHaMUWKM COOTBETCTBYIOT 3TUM pearnusim:

=> 3aKOH COXpaHeHUs1 SHePrUK - 3aKOH CYLLIECTBOBaHWS,

=> BTopoe Hayano - 3akoH rubenu,

=> [pUHLMMN MMHMMYMa Anccunaumm - 3akoH XXU3HMU.

OKOHOMMYeckoe pa3BuTue obLlecTBa TECHO CBSA3aHO C MO-
TpebneHnem BCe BO3pacTalLMX KONMYECTB aHeprun. B 3aBepLums-
LUMMCA CTONETMM HaceneHne Mmpa BO3POCIO BTPOE, a UCMNONb3oBa-
HWe sHeprumn - gecatukpatHo. W aTo, 6e3ycnoBHO, He BpeMeHHas
TeHAeHUms.

OCHOBHOWM MCTOYHWK MPOU3BOAMMON NIOABMU SHEPTUN — MU-
HepanbHoe cbipbe, rMaBHbIM obpa3oMm yronb u HedTb. Crepyer,
O[HaKo, UMeTb B BUAY, YTO PECYPChl MCKOMAeMoro TonsmBa HeYKIoH-
HO McToLlatTcs. ATo 3acTaBnsieT Hac gymaTtb O NoBbIEHUN addhek-
TMBHOCTU KX ucnonb3oBaHus. C Opyro CTOPOHbI, HEOBXOAMMOCTb
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3alUNTBI OKpYXKatoLLen cpefbl CTUMYNUPYET YCUMKs, HanpaBreHHbIe K
CO30aHMI0 9KONMOMMYECKM YMCTbIX NCTOYHUKOB 3HEprnn n paspaboTke
YCOBEPLLEHCTBOBAHHbIX TEXHOMOMMN NCMNOMb30BaHUA TpaguLUOHHOIo
ChIpbS.

Bce Bbllecka3aHHOE OTHOCUTCS K Makpomupy. B mukpomumpe,
MUpEe 3reMEeHTapHbIX YacTuu, M Meramupe — Mupe Kocmoca —
npu OBWXEHUU C OrPOMHBLIMU CKOPOCTAMWU MPU UCKPUBMNEHUAX MPO-
CTpaHCTBa M 3amearieHUn BPeMEHW PacCMOTPEHHbIE BbilLE 3aKOHO-
MEpPHOCTU MOryT HapylwlaTtbcs. PaccmoTpum xe kak wno cgpopmupo-
BaHWe Makpo- 1 Merammpa, BO3HWKHOBEHME HEXMBOW W XUBOW MaTe-
pun Ha GeckoHeuHbIx npocTpaHcTBax BceneHHon u B ConHeuvHon
cucteme.

KOHTPOIbHBLIE BOIMPOCHI 1 BA0AHNA

1. PacckaxuTe 0 pasBuTUM NpeacTaBfieHWn O NPOCTPaHCTBE U Bpe-
MEHMU.

2. B 4yem cyTb mgen HbioToHa 06 «abCOMTHOM» MPOCTPAHCTBE U
BpeMeHu?

3. Kakune akcnepumeHTanbHble oakTbl ONPOBEPIIIN MAen «abcontoT-
HOro» NPOCTPaHCTBa U BPEMEHU?

4. KakoBa pornb A. QNHLITENHA B pa3peLleHun npobremMbl NpocTpaH-
CTBa U BpeMeHn?

5. Kakyto BENUYMHY MMeeT CKOpOCTb cBeTa?

6. MpuneeaguTe ypaBHeHNE, CBA3bIBAIOLLLEE MACCY U SHEPTUIO.

7. MNpvBeanTe OBa OCHOBHbLIX CNEACTBUS N3 TEOPUM OTHOCUTESbHO-
CTW.

8. KakoBo 3HadeHue OTKpbITUI nankn XX B. ONSA XU3HW YernoBede-
ckoro obLiectea?

9. KakoBbl kKoOpaMHaThl NPOCTpPaHCTBa?

10. KakoBbl koopaunHaTbl BpemeHn? MoxeT nn BpemMs Te4b BCMATh?

11. JanTe onpeageneHnsa pearnbHOro, nepuenTyanbHOro U KOHUEeNTy-
arnbHOro NPOCTPaHCTBA U BPEMEHM.

12. Kakne Haykm n3yyaroT KOHLENTyanbHOE NPOCTPaHCTBO U BpeMsi?

13. Kak peluatotca npobnemsl NpoOCTpaHCTBa U BpeEMeEHU B husnye-
CKUX U XMMWNYECKMX CUCTEMAX?

14. Kak pelwatotcs npobnembl NpocTpaHCTBa U BpeMeHu B Buornoru-
Yeckux cmctemax?

15. NanTe onpeneneHne NOHATUA «IHEPTUA» U «IHTPONUSI».

16. MNepeuncnute Buabl aHeprun. Kakve Buabl aHEPrnn HenocpencT-
BEHHO UCNONb3YyeT YenoBek?
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17. Kak cBsi3aHbl Macca v aHeprua?

18. lNMosicHUTe BbIpaXXeHUe «3HTPOMNNA — 3TO Mepa pacCesHHON IHep-
rmm».

19. TMosicHUTe BbIpaXXeHUe «3HTponus — 3To Mepa becnopsigka B
cuctemey.

20. Kak nameHsieTca aHTponna B cUCTeMe ANA CaMOMpPOM3BOSIbHbIX
npoueccos?

21. Y710 NOHUMAIOT NoA MHAOPMALIMOHHOW SHTPOMNUEN?

22. KakoBO COOTHOLLEHMNE SHTPOMUIHOIO M 3HTANLNUNHOIO haKTOpPOB
npouecca?

23. BoamoxHa nn «Tennosas cMepTb» BceneHHon?

24. B yeM nposiBNnsieTcs pasnnyne OTKPbIThIX U 3aKpPbITbIX CUCTEM?

25. Kak HasblBalOTCs MaTepuanbHble CTPYKTYpbl, CNocobHble pac-
cenBaTb SHEPTUI?

26. Kak npoucxoamt npouecc camoopraHusaumnm B OTKPbITbIX CUCTe-
max?

27. Y70 nsyyaet cuHepreTuka?

28. Ha ocHoBe kakux xumudeckux peakuun W.P. MpuroxunH 3anoxun
OCHOBbI HEMMHENHOW TepMOAMHAMUKA?

29. Bo3amoxxHa nn camoopraHm3auus B HeOpraHM4eckmx cuctemax?

30. KakoBbl ycrioBusi camoopraHusaumm cuctem?

31. Kak cBsizaHa aHTponus ¢ uHcpopmaumein?

32. KakoBo nposiBNeHve aHTponun B YernoseveckoM obuiectse?
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Masa 3
3BONOLUNA BCENEHHON

Mo Beuyepam B Hebe 3aropatoTcsa 3Be3gbl. B scHyio norogy
HEBOOPYXXEHHbIM Na3oM UX MOXHO HacuuTaTtb Ha HebocBoge A0
Tpex Tbicay. Ho 310 nuwb oyeHb Hebonbluasi 4YacTb TeX 3Be3a U
OPYrux KOCMMUYECKMX OOBEKTOB, KOTOpble CYLLECTBYIOT B Hallew
obnactn mupa...

B 6e3nyHHble HOYM xopowo BuaeH MneuHbin nyTh,
NPOTAHYBLUMACA OT OLHOW CTOPOHbI ropudoHta go apyron. OH
KaXeTCA CKOMMEHUEeM CBEeTAWUXCA TyMaHHbIX Macc. Ho ctout
HanpaBuTb Ha MneyHbI NyTb TeNeckon, U Mbl cpasdy OBHapyXum,
YTO OH COCTOUT U3 MHOXEeCTBa 3Be3d. JTa 3Be3fgHasd cucTtema, K
KOoTopon npuHagnexut u Hawe ConHue, nonyyuna HasBaHue
Fanakmuku. Ham oHa kaxeTtcsa 3Be3gHon nornocon. Ho ecnu 6ol
MOXHO ObINIO B3rMAHYTb HA HEE OTKYA4a-TO CO CTOPOHbI, U3 MMPOBOTO
NPOCTPaHCTBa, Mbl yBMAeNu Bbl, YTO OHa HaANMOMWHAET CMMOCHYTLIN
Wwap, 3anornHeHHbln 150 munnuapgamu 3Be3n. pasmepbl Hallewn
ranaktuku okono 40000 napcekoB, TOMLWMHA B LEHTPanbHON YacTu
okono 5000 napcekoB. Hawe CornHue HaxoguTcs Ha pacCTOsiHUU
8000 napcekoB OT uUeHTpa [anakTukn M OBUXKETCH CO CKOPOCTLHO
okono 300 km/cexk.

M3yyaTb Hawy ManakTtuky Heobbl4alHO CMOXHO. OTO ogHa u3
TpygoHenwux 3agad Haykn. Bedb Mbl HaxoaMMCHA BHYTPU 3TOM
[anakTMkm n He MOXeM HM BbileTeTb 3a ee npegenbl (4ToObI
B3IMSAHYTb HAa Hee CO CTOPOHbI), HW MOObIBaTb B pPa3fU4HbIX €e
Todykax. Tem He MeHee Hayka mMpeogoneBaeT 3TW TPYOHOCTW.
TuwarenbHO U BCECTOPOHHE y4eHble UCCNeaYIOT 3MNeKTPOMarHUTHbIe
N3nydyeHusi, npuxogsdlime u3 pasnuyHbix parnoHoB [anaktuku. Ho
Hepeako KOocMuyeckme cobbiTUs He  ydaeTcs  uccnegoBaThb
HEenoCpeACTBEHHO; TOrda Ha MOMOLb acTpoHOMam MpuxoanT
Teopusa. OHa cBsA3bIBaeT BOEAMHO pe3ynbTaTbl MHOMOYMCIEHHbIX
HabnogeHun, obobliaeTr wnx, HaxXOAUT B HUX oONpeaerneHHble
3aKOHOMEPHOCTU U Takum obpa3om BOCCTaHaBNMBaeT HegocTalwue
B HaWWX 3HaHUSAX 3BEHbS KOCMWYECKMX npoueccoB. BceneHHas
UMeEeT MraHTCKMe pasmepbl, a 9TO O3Ha4aeT, YTO ANs U3y4eHus ee
00BEKTOB HEOOXOOUMO NPUMEHATb ApyrMe eavHULUbl WU3MEpPEHUS,
OTNIUYHBbIE OT eauHuy, m3mepeHus Ha 3emne. [ng uamepeHun B
KOCMWYECKOM NPOCTPaHCTBE UCMOMb3YIOT:
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- CBETOBOW rof, KOTOPbIN COOTBETCTBYET PacCTOSHUIO,
KOTOpOEe NpOVAET CBET 3a OOMH rOf;

- acTpoHoMu4eckasi eguHuua — COOTBETCTBYeT paguycy

op6uTbl 3emnu (1 a.e. pasHa 1,49610"" km)

- napcek (napannakc-cekyHaa), COOTBETCTBYET PaCCTOSHUIO,

C KOTOpPOro paguyc 3emHow opbuTbl BuaeH nopf yrnom 1
cekyHaa. [lop Taknm yrnoMm ogHOKoneeyHas MOHeTa BuAHa
¢ pacctosiHns 3 km. Camasg 6nukHAs 3se3na ot ConHua —
310 [llpokcuma LleHTaBpa Haxogutca Ha pacctosiHum 1,3
napceka vunv 4,110 kwm.

CpefHsass nNNOTHOCTb ranaktuk B Habniogaemonm 4acTtw.
BceneHHonm coctaBnsieTr okono 3 Ha 1 KyOGuyeckurm MWNINOH
napcekoB. TunNUYHaa CKOPOCTb ABWXEeHWA ranaktuk okono 1000
Km/cek. [ns nNpoXoXOeHWst pacCcTosiHus [0 Onvpkanen cocepnku
TpebyeTcs okono munnuvapga net. OTcioga BMAHO, YTO 3a BpeMs
cywecTBoBaHus BceneHHoOM kaxgasi ranaktvMka Morna ucnbitaTe no
MeHbLLEN Mepe OAHO CTONIKHOBEHME C APYron ranakTUKon.

CerogHs Mbl yXXe O0CTaTOYHO YBEPEHHO MOXEM FOBOPUTb O
TOM, KaK >Xe BbIMAAUT Haw 3Be3dHbli OcTpoB. B uUeHTpe ero
HaxoOuTCca S4p0, OKPY>KEHHOEe MHOXecTBOM 3Be3d. [duameTp sagpa
okono 9 rpagycos, NuUHenHble pa3mepbl — okoro 4000 cBeToOBbIX MeT.
OT agpa oTXOAUT HECKOMNbKO MOryydmx cnupanbHbiX BeTBew... Hawa
[anmakTvka CcTONMb Benuka, 4YTO ee pasMmepbl Hererko cebe
npeacTaBuMTb: OT OOHOIO ee Kpas A0 ApYyroro CBETOBOW Myd
nytewectsyeT okono 100 TbICAY 3eMHbIX NneT.

bonbwasa yacte 3Be3q Hawen [anakTukm cocpegoTtoyvyeHa B
rTMraHTCKOM «amcke» TonwmHon okono 1500 ceBeTtoBbix net. Ha
pacctosiHum okono 30 Teicay cBeToBbix net 8000 napcekoB) oOT
ueHTpa ManakTukm pacnonoxeHo Haiue ConHue.

HecmoTpss Ha TO, YyTOo MneuHbli NyTb NpeacTaBNAeTCa Ham
BeCbMa «ryCcTON» 3BE3HOWN CUCTEMOW, B AENCTBUTENBHOCTU 3BE3bI
B [anakTuke pacnonoXxeHbl AOBOSbHO peako. Tak, B OKPECTHOCTSX
ConHua cpegHee paccTosiHMe Mexay [AByms  bnvxanwmmu
3Be3gamu npubnuantensHo B 10 MUNNMOHOB pa3 NPEBOCXOAUT KX
COOCTBEHHbIE NMOMNEPEYHNUKM.

OcHoBHOe «HaceneHue» [anaktukm — 38e30bl.. Mup 3TuX
HebecHbIX Ten HEOObIKHOBEHHO pa3HOOOpas3eH. U xoTa Bce 3Be3apl —
packarneHHble rasoBble Lwapbl, NOoAo6Hble ComHuy, Ux dusmyeckme
XapaKTepUCTKN pasnuyalrTcs BeCbMa CyLleCTBeHHO. EcTb, Hampu-
Mep, 3Be3dbl MraHTbl U CBepXruraHTbl. [10 CBOEN Benu4YMHE OHM
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3HaunTenbHO npeBocxogaT ConHue. O6bem ogHOM M3 3Be3g B
cosee3ann Lledpes 6onble obbema Hallero AHEBHOro ceetuna B 14
MuUnnapgaoB pas. Ecnn Obl 3Ty rpomagHylo 3Be3gy MOXHO 6bifo
nomectutb Ha Mecto CornHua, B LEHTpe Hawen MnnaHeTHon
CUCTEMbI, TO HE TONbKO 3emrisi, HO U opOuTbl Bonee ganekux nnaHeT
— Mapca, KOnutepa, gaxxe CaTtypHa — okasanucb Gbl BHYTPU 3TOrO
CBEpPXIrMraHTCcKoro apa.

Kpome 3Be3g-rMraHTOB CYLLECTBYWOT W  3Be3[bl-Kaprvkuy,
3Ha4YMTEmNbHO ycTynaroLwme no ceomMm pasmepam ConHuy. N3BecTHbI
Kapnuku, KoTopble MeHblue 3eMnu 1 gaxe JlyHbl.

Ho B TO e BpeMsi 3Be3[dbl He CIMLIKOM CUIIbHO OTNMYatoTCs
Apyr OT gpyra no Konu4yectBy BewecTBa. MUHMMaANbHO BO3MOXHas
Macca 3Be3dbl — OKONo oaHon pgecaton  Maccbl  ConHua,
MaKkCcMManbHO — HECKONbKO [OECATKOB COJIHEYHbIX Macc. Takue
OrpaHUYEeHUsT OTHIOAb He ChydaWHbl: UCTOYHMKOM SHEpPrun 3Be3f
SBNSAIOTCA TEPMOSAEPHbIE peakuun, NnpoTekamLlme B nx Hegpax. Kak
M3BECTHO, [Ans NoAobOHbIX peakuun Heobxooumbl 4Ype3BblHaNHO
BbICOKME TeMMepaTypbl — Nopsiaka HECKOMbKUX AECATKOB MUITITMOHOB
rpagycoB. [Mpu HebomnblOM Macce p[aBrneHMe U Temnepatypa B
Hegpax HebecHOro Tenma OKaXyTcsi HeAOCTaTOYHbIMW  AnS
NoAAepXKaHus TEPMOSIAEPHOro MpoLecca, U Takoe Teno He Oyger
3Be3gon. HaobopoT, 3Be3ga € 4epecuyp 6Gonblwion Maccoun
HEN30EeXHO OKaXKeTCsl HeycToMuMBOM — OHa He cMoxXeT
CyLLIeCTBOBATb ANUTENbHOE BPEMSI.

Ho ecnu cTo ConHeYHbIX Macc pacnpeaenutb No obbemy yxe
3HaKOMOW HaM 3Be3dbl-CBepxruraHta u3 cossesgunsa Lledes, To
NIOTHOCTb BeELWEeCTBa OKaXeTCs BecbMa He3HauyuTenbHon. W
OENCTBUTENbHO, 3BE3Abl-TUraHTbl W CBEPXTUraHTbl Heobbl4anHO
pa3pexeHbl. [NOTHOCTbL UX BellecTBa B ThbICAYM, AaXe B OECATKU
TbICAY pa3 MeHbLLE NIIOTHOCTU TOro BO34yXa, KOTOPbIM Mbl AbILUNM.

3Be3abl obnapatot pasnUYHbIMM NOBEPXHOCTHLIMM
TemnepaTypamm: OT HECKOSIbKMX TbICAY [0 [OEecATKOB ThiCAY
rpagycoB. COOTBETCTBEHHO pa3nuyeH 1 UBeT 3Be3a. CpaBHUTENBHO
«XOmnoAHble» 3Be3abl — C TEMMNepaTypor okono 3—4 ThicaY rpagycoB
— KpacHoBaToro ueta. Hawe CornHue, MNOBEPXHOCTb KOTOPOro
«Harpeta» [0 6 ThicAd rpagycoB, obnagaeT XenTo-3eNeHbIM
usetoMm. Camble ropsiume 3Be3abl C TeMnepaTypomn, NPeBOCXOAsALLEN
10-12 TbiCAY rpagycoB, —6enble n ronyboeartble.

XoTs1 3Be3dbl M BecbMa pa3Hoobpa3sHbl, UX MOXHO pasfenvTb
Ha Knaccbl OQHOTUMHBIX OOBEKTOB, KOTOpble 06MagatdT CXOOHBIMMU
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nyTamun pa3sutus. Cambli «HaCeNeHHbINY KNacc — Tak HasbiBaemas
rmaBHasi nocriegoBaTeNnbHOCTb 3Be34, K KOTOPOW MPUHAAMNEXUT U
Hawe ConHue. B a3Bomouun 9TUX 3BE3[4 Y4YEHble BbIAENSOT
ONUTENbHBIN Nepuog YCTOMYMBOIO COCTOSHMS, KOrda peakumst B KX
Hegpax npoTekana 6e3 ocobbix konebaHun un dusnyeckue
XapaKTePUCTUKUN MOYTUN HE MEHSNNCS.

Boobwe cnegyer 3amMeTutb, 4TO BOMbLLWWHCTBO  3BE3[
pa3BMBaETCS O4YEHb M OYEHb MEeASIEHHO (C TOYKM 3PEHUst 3EMHbIX
mMacwitaboB BpeMeHu). [MoaTomy ocobbii MHTEpPEC ANs acTPOHOMOB
NpeacTaBnsitoT Tak HasbiBaeMble rnepemMeHHbIe 38e30bl, n3ndeckme
napameTpbl KOTOPbIX MEHSIIOTCA 3a CpaBHUTENBHO KOPOTKME
npomMexyTkn BpeMeHu. K uncny takux 3sesq oTHocdaTcs uedeunapl —
3Be3dbl, KOTOpble TO pasropakwTcsi, To 3aTyxatT. Kak nokasanu
nccnegoBaHus, nodobHble konebaHua Gnecka cBs3aHbl  C
nynbcaunen 3TUX 3Be34: OHWN TO CKUMAIOTCS, TO «pasgyBaloTCcsay.

OaovH 13 cambiX rPaHAMO3HbIX (PM3NYECKMX MPOLLECCOB BO
BceneHHonm — BCMbIWKM Tak Ha3blBA€MbIX HOBbIX W CBEPXHOBbIX
3Be3. HasBaHme 3to He coBceMm yaayHo. B pgenctButenbHOCTU
3Be3fa CywecTBYeT U 00 BCnbiwkM. HO B Kakow-TO MOMEHT noA
aenctenem  OGypHbIX  (PU3NYECKMX MPOLEeCCOB Takas 3Be3aa
HEOXMOAHHO  yBenuuMBaeTcs B  00beme,  «pasgyBaeTcsy,
cbpacbiBaeT CBOIO ra3oByto 060104KY N B TeHEHUE HECKOIbKUX CYTOK
BblOENSAET YYAOBULLHYIO 3HEPruio, CBETS, Kak MunnvMapgbl COMHL,.
3aTem, McyepnaB CBOWM pecypchl, 3Ta 3Be3[a NOCTENEeHHO TYCKHEeT,
a Ha MecCTe BCMbILLKN OCTaeTcs ra3oBas TyMaHHOCTb.

OgHa 13  TakMx TyMaHHOCTEMW, MOMyyYMBlLIas 3a CBOK
xapakTepHyto ¢opmy HasBaHue KpabGoBugHon, obpasoBanacb Ha
MeCTe BCMbIWKA 3HAMEHUTOW CBEPXHOBOW 3Be3fbl, 3aMeYeHHOW
actpoHomamn B 1054 r. KpaboBugHas TyMaHHOCTb — MOLLHbIN
NCTOYHMK KOCMWYECKOTO pagnomnanydeHust. A 310 3Ha4MT, YTO BHYTPM
Hee NPOMCXOAAT NHTEHCUBHbIE h3NYECKUE MPOLIECCHI.

Hawe ConHue — «oguHokaa» 3Be3ga. OHa nuweHa nogobHbIX
cebe ropsumx cnytHukoB. Ho BO BceneHHow ecTb [BOWHbIE,
TPOVHblIE U Oornee CnoXHble 3BE3L4HbIE CUCTEMBI, YNEHbI KOTOPbIX
CBSA3aHbl ApYyr C [OPYroOM CcuiamMy B3avMHOTO MPUTSDKEHUS W
obpalatoTcs BOKpyr oduiero LeHTpa mMacc. HekoTopble ckonneHus
cogepXaTt [OeCaTKW, COTHM W ThicauM 3Be3d. A unicno 3Be3g B
GonbLUNX LIAPOBbIX CKOMMEHMAX JOCTUraeT AaxXe COTEH ThICAY.
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Mexx3Be3gHoe MpPOCTPaHCTBO TOoxe He nycTto. OHO 3anosyiHEHO
rasoBbIMU U MbIFIEBbIMU YacTMLAMMK, KOTOPblE B HEKOTOPbLIX MecTax
00pasyoT rmraHTckne obnaka — TYMaHHOCTU, CBETSIbIE N TEMHbIE.

3Be3fgbl, cocTaBnswwme [anakTtuky, OBWXKYTCS BOKpYr ee
LEeHTpa Mo Oo4YeHb CroXHbIM opbuTam. C OrpoMHOM CKOPOCTbIO —
okono 250 kunomeTpoB B CeKyHOy — HeceTca B MWPOBOM
npoctpaHcTBe U Hawe CornHue, yBrekast 3a cobon CBOWM MMaHETHI.
ConHeyHasa cucTema coBepLlaeT OOUH MNOMHbIM 06OPOT BOKPYr
ranakTundeckoro ueHTtpa 3a 180 MunnnoHoB ner.

Bnuwxkanwmve k Hawewn ManakTuke 3Be3Hble CUCTEMbI yAaneHbl
OT Hac Ha paccTosiHue okono 150 Thicay cBeToBbIX NEeT. OHWM BUAHbI
Ha Hebe KOXHoro nonywapusi Kak ManeHbKMe TyMaHHbIE MSATHBILLKMW.
BnepBble 3TM BHeranakTMyeckue TyMaHHOCTM Obinn nogpobHO
OonucaHbl CrnyTHMKOM K Guorpacdom Marennana [NuradgerTon BO
BPEMSI 3HAMEHWUTOro KpyrocBeTHoro nytewecTsBusi. OHM BoOwn B
UCTOPUIO HaykM nop HasBaHumem MarennaHoBblx 00nakoB —
Bonbworo n Manoro.

HayuyHble wuccnegoBaHus nocnegHuMX feT, B YaCTHOCTU
paguMoacTpoHOMMYEecKkne, nokasanu, 4Tto MarennaHoBbl obnaka —
3TO CcBOeO0Opa3Hble CNyTHMKU Haluen [anakTuku: oHu obpallatoTcs
BMECTe C Hel BOKpyr obLiero LeHTpa. A NOCKOmMbKY B 3TOW «TPOMHON
cucteme» Hawa [anakTuka no cBoen Macce Haubonbluas, TO
MarennaHoBbl o651aka MOXHO CYMTaTb €€ CNyTHUKaMM.

Ha paccTosiHMM OKOMo 2 MUISIMOHOB CBETOBbLIX feT OT Hac
HaxoOuTCA XOPOLIO M3BECTHasd Tenepb MHOMMM TYMaHHOCTb
AHgpomegbl. [lo cBOeMy CTPOEHMI0 OHa HanoMWHaeT Halwy
"anakTuKy, HO 3HAYMTEITbHO MPEBOCXOAUT €€ CBOMMU pas3MepamMu.
Mo-Bngumomy, 3TO OAHA M3 CaMbiX OOMbLUMX ranakTMK B Hallewn
obnactn BceneHHon. TymaHHOCTb AHApoMeabl MOXHO Habnwoaatb
Oaxe B OBblYHbI BUHOKMB, a nNpu 6NaronpuUaTHBLIX YCHAOBUAX — U
HEBOOPYXXEHHbIM rMa3oM. Ho TO, YTO Mbl BUAUM, MNULLb LeHTpanbHas
YacTb TYMaHHOCTW: AeNCTBUTENbHbIE ee pa3Mmepbl ropasao Gonblue
BuaMmon 4Yactu. [logobHo Hawenm [anakTuke, ranakTuka
AHppomenbl MMeEeT CMyTHUKOB — [BE JJUUNTUYECKUE TYMaHHOCTW,
COCTOSILNE N3 OrPOMHOIO KONM4ecTBa 3Be3f.

TymaHHOCTb AHOpoOMeabl BMecTe C Hawen [anaktukon u
OPYrMMK  cocefHMMM  3BE34HbIMM  CUCTEMaMu oOpasyeT Tak
HasblBaemylo MecmHyo cucmemy e2anakmuk. B ee coctasB Bxoaut
16 ranakTuk, a nonepevyHnk ee paBeH 2 MUNIMOHaM CBETOBbIX fleT.
VMiccnenoBaHusa MoOKasbiBalOT, YTO 3BE3AHLIE OCTPOBA, ranakTuKM —
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TUNU4YHble 0b6bekTbl BceneHHow. AcCTpoHOMam Tenepb W3BECTHO
BEIMKOE MHOXECTBO ranakTuk BO BCeX y4acTkax HebecHown cdepbl.

ManakTukn nmerT pasHoobpasHy ¢dopMy M cTpoeHue. EcTb
ranakTvku LapoBble U ANNUATMYECKUE, ranaktukm B oopme AucKa,
cnupanesugHble, nogo6Ho Hawewn, HakKoHeLl, ranakTukm
HenpaBunbHoW dopmbl. B «Habniogaemon BceneHHon», T.e. B
obnactn, OOCTYMNHOW COBPEMEHHbIM CpeacTBaM acTPOHOMMYECKUX
NUCCregoBaHUM,  HacuuTbiBAOTCA  MunnuMapgbl  ranaktmk.  Ux
COBOKYMHOCTb y4eHble Ha3Bann Memaezanakmukou.

KaptnHa BceneHHOW, KOTOpYH Mbl HapucoBanuM Ha OCHOBe
COBPEMEHHbIX AaCTPOHOMUYECKUX [AaHHbIX, HECKONbKO HanoMUHaeT
MOMeEHTasnbHYy0 dpoTorpadnio, Ha KOTOPOM 3anedyaTiieHO B3auMMHOe
pacnonioXeHne pasnuyHbiX KocMUYeckmx obbekToB. Ho BeenernHas —
3TO BOBCE He MpocTasd COBOKYMHOCTb HeOeCHbIX Ten, B Hen
MOCTOSIHHO MPOUCXOOAT YPE3BbIYANHO CMOXHblE U MHOroobpasHble
domamyeckme npoLecchl.

M MMEHHO C 93TOM TOYKM 3peHuss usyvyeHume BceneHHoun
npegctaBnseT  HanbONMbLWIMIA  MHTEPEC AN COBPEMEHHOrO
€CTeCTBO3HaHUS. Kocmoc -  GeckoHeyHo  pa3HoobpasHas
nabopaTtopusi, rge MOXHO M3ydaTb TakMe COCTOSIHUS MaTepun, Takue
uUsnyeckme ycrnoBms 1 NPOLECChl, KOTOPblE HEAOCTWKUMbI Yy HAC Ha
3ewmne.

CTpemuTenbHbIN NPOrpecc Hayku U TEXHWKU B Nepuog HayyHo-
TEXHUYECKOW PEeBOMOLUN, COBPEMEHHMKAMN KOTOPOW Mbl SBIISieMCS,
BedeT KO BCEe HOBbIM W HOBbIM OTKpbITUSIM, BCce Oornee rnybokomy
MPOHWKHOBEHNIO B CaMble COKPOBEHHble TaWHbl  NPUPOAbI,
AanbHerweMy nosHaHunio yHOaMeHTanbHbIX 3aKOHOB MUPO34aHUs.
M BceneHHas B Hale BpeMsi CTAHOBUTCS Bce Oornee BaXHbIM
WUCTOYHMKOM YHUKANbHOM MHAOPMAaLMK O SIBNEHMSX NPMpPOoabl.

Ewe B nepBon 4eTBepTM TeKyLWEro CTOMETUss Yy4eHble
npeactaBnsnm cebe BceneHwHyld kak HeYTO  HEM3MEHHOe,
CTauMoHapHOE, He MEHSIoLEee CBOMX OCHOBHbIX cBOMCTB. OAHaKko B
1922 r. coBeTckmn maTemaTuk A.A. dpuamaH, pelwlass ypaBHEHUS
Teopun OTHOCUTENbHOCTM A. JWHLWITENHa, Npulen K BbiBO4Y, YTO
MaTepus B Hawen obractu BceneHHom gomkHa nmbo paclumpsTbes,
nmbo  cxuMmatbes, nMbo nynbcupoBaTb. ACTPOHOMBI, B CBOM
odepeb, OOHaAPYXNNN B CNEKTPax U3ryyYyeHns 3Be3HbIX OCTPOBOB —
ranaktuk — «KpacHoe CMeWeHUEe» crekmparsbHbIX JUHUl. 3To
CMelleHVe TeM curbHee, YeM farbllie HaxoguTCd OT Hac Ta WM
MHas ranakTvka. 3T0 CMeLLeHne OCHOBaHO Ha «adhdekTe Jonnepay.
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CyTb adpcpekTa [lonnnepa COCTOUT B TOM, YTO MpU yOaaneHum ot
Hac Kakoro-mmbo MWCTOYHUKA W3Ny4eHUst BOCMPUHMMaeMasi Hamu
yactoTa konebaHuin M3ny4yeHWss OOSPKHA YyMeHbLlaTbCs, a OfvHa
BOINMHbI — COOTBETCTBEHHO yBenuuMBaTtbcd. Korga ke WCTOYHWK
n3nydeHnsi npubnmkaetcs, HabnogaetTca obpatHoe sBneHne. Ecnn
WUCTOYHMK WU3NyyaeT CBeET, TO NpU ero yaaneHuu npoucxoaut
«MOKpaCHeHue», T.e. NMMHUM CNeKTpa COABUraloTCa B CTOPOHY Gonee
ONWHHBIX KpacHbIX BOMH. A ecnu OH npubnuxkaetcs, To Oyager
HabnogaTbca «moneToBoe cMeLleHne». BnonHe ectecTBeHHO, 4TO
yyeHble cBaA3anu ¢ 9TuM  adpdektom [onnnepa wu  KpacHoe
CMeLLleHMe, KOTOpoe OHWU Habnganu B CnekTpax ranakTuk.

lMpn 3TOM oOTKpbINacb COBEPLUIEHHO HeobblyHas KapTuHa
OBWKEHUS TUraHTCKUX KOCMMYECKMX 0ObekToB BO BceneHHon.
Monyyanock, 4TO ranakTvkum pasberaldTcd OT HaAc BO BCex
HanpaBneHusiX, U, YeM Jarnblle HaxOAMTCS Ta WM UHas ranakTuka,
TeM ¢ 6onblien ckopocTbio OHa ABwxeTcs. [Mpoucxoaut obujee
pacwupeHue Memazanakmuku, KOTOpOe COBepllaeTcs TakuMm
obpa3oM, 4YTO CKOpPOCTb B3aMMHOro YyAaneHws ABYX 3Be3aHbIX
C/UCTEM TeM BbllLe, YeM BOornblle pacCTos s HUE MEXAY HUMU.

Utak, mbl XmBem B pacwmpsiowenca BceneHHon, un 3T0
0bCcTOATENLCTBO MMEET BaxHellee 3HavyeHne. Ecnn Gbl ranakTuku
He pasberanucb, a OCTaBanuCb HENOABWXHBIMU UNU cONMXKanNUchb,
TO NNIOTHOCTb M3ny4eHus B MeTtaranaktuke bbina Obl CTONMb BbICOKA,
YTO XM3Hb B 3TWX YCNOBUAX Bbina 66l COBEPLUEHHO HEBO3MOXHA.

KapTuHy B3aumHOro pasberaHumsi ranaktuk MOXHO MbICIIEHHO
06epHyTb BCMATb, M TOrga Mbl NMPUAEM K BbIBOAY, YTO B OTAANEHHOM
NPOLUMOM, OKONo 18 MunnvapaoB neTt Hasad, MaTepust Haxoaunach
B MHOM COCTOSIHUW, HEXENW B Hawy anoxy. Torga He Obifo ele Hu
3Be3[, HM NNaHeT, HU TYMaHHOCTEW, HW ranakTuk. Bcs martepus
Oblna cocpefoTodeHa B OYEHb MNIOTHOM KOMMAKTHOM  CrycTke
ropsiden nnasMbl — CMECUM 9feMeHTapHbIX YacTul BellecTBa WU
n3nydeHus. 3aTtem npousoLLen B3pbIB 3TOrO CrycTka U Havyanochb ero
paclwimpeHue, B npoLiecce KOToporo obpasoBanucb cHavyana aToMmsbl,
a 3aTeMm 3Be3abl, ranakTuKM U BCe ApYrne KOCMUYECKME OOBHEKTDI.

Tak Bo3HWKNa meopus pacwupsroujeticss BcerneHHoU — ogHa 13
Hanbonee BreYATNALWMX HayyHbIX Teopunm XX cTomneTtus.
MpencrtaBneHna o HeM3MeHHOW cTalmMoHapHon BeceneHHon yctynvnm
MeCTO HOBbIM MpeacTaBneHnsM o BceneHHoW, MeHswencs ¢
Te4YeHNEeM BpPeEMEHU. ITO ObiiT HOBbIW, YPE3BbIHAMHO BaXKHbIN LWar B
NMO3HaAHUM CBOWUCTB OKpyXawwero Hac Mupa. [danbHenwwue
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uccregoBaHMsl  Mokasanu,  YTO  pas3fnuyHble  HecTauuoHapHbIe
SIBNEHNs BOOOLLE NrpatoT BaXKHYHO poJib B COBPEMEHHOM BceneHHom.

B 1946-1947 rr. akagemuk B.A. AmbGapuymsH oGHapyxun
ocobble 3Be3gHble CKOMMEHWs, MOMy4YuBLUME Ha3BaHWE 3BE3OHbIX
accoumaumn. JTO Trpynnbl ropAvmMx ronyébix u 6Genbix 3Be3q,
OTNINYaKLLMECS 3HAYUTENBHON HEYCTOMYMBOCTLIO. Takme cKonmneHus
MOCTENEHHO pacnajalwTcs, a 3Be3fbl, BXOAsWMWe B WX COCTaB,
OOBOJSIbHO ObICTPO MEpPEeMELLMBAKOTCA C OKpyXalluMy 3Be3gamu
Manaktukn. lMoacuyeTbl MokasbiBalOT, YTO A NOSMHOro pacnaga
3Be34HbIX accouuaumnm JocTaTodHO 2-3 MUNNUOHOB neT. 3To
3Ha4UT, YTO 3Be3dpbl, BxoAslime B cocTaB nbon accoumauun, —
mMornogble 3Be3gbl. Ecrnm Obl OHM oOpasoBanucb, ckaxewm, 6
MUINIMOHOB NeT Has3ag, accouuauus pdaBHO Obl  pacnanaceb.
CnepoBaTtenbHO, Habniogaemble HaMW  cerogHs  3Be3gHble
accoumauum COCTOAT M3 Monodblx 3Be3d. TeM caMbiM  Obin
yCTaHoBMeH (pyHOaMeHTarnbHbIN hakT — 3Be34bl MOryT BO3HUKATb U
B HaLLy 3Moxy.

[anbHeliwee un3ydeHMe 3Be3[HbIX accouvauuin  NoOMOrno
0BGHapyXuTb ele OOHO Ype3BblYalMHO WHTEPECHOE SIBIEHWE.
Okasanocb, 4TO 3Be3fbl, BXOOSLME B COCTaB 3TUX CKOMMEHWUNA,
obnagatloT pagmanbHbIMU CKOPOCTSAMU: OHWU Kak Bbl «pasberatroTcsa»
oT obLero LeHTpa (MM HECKOMNBbKUX LIEHTPOB) BO BCE CTOPOHbI. JTO
HanomuHaeT pa3bpoc OCKONKOB B30OPBaBLLErocs Tena.

B.A. AmbapuyMsH BbIABMHYN CMeEnyl runoTesy: 36e30b/ 8
accoyuayusix 803HUKaom 6 pesynbmame pacrnada Ha 4Yacmu
Kako20-mo yeHmpasbHO20 C8EPXI/IOMHO20 mefia — rpomo36e30kl.
HabnogaTe npoTo3Be3gy Mbl HE MOXEM, TaK Kak, Oyay4n MOLLHbIM
aKKyMynsaTOpPOM 3HEprum, oHa CBOKO 3HEPruio He uany4vaeTt. Ho korga
13 [03Be3QHOM MaTepun 0bpasyloTcsi 3Be3abl, CUrHanbl UX yaaeTcs
3aperMcTpupoBaTthb.

Bonpoc o npoucxoxaeHun 3Be3q U AOPYrNX KOCMUYECKUX
OOGBEKTOB  Ype3Bbl4aMHO  CIOXEH, W runotesa axkagemuka
AmbapLyMmsiHa 0 NyTAX BOSHUKHOBEHWS 3B€3, U 3BE3HbLIX CUCTEM He
€[OVHCTBEHHasi. Bbonblwon nonynspHOCTLID CpeauM acTPOHOMOB
nonb3yeTcsi MpPeAcTaBfieHMe O TOM, 4TO 38e30bl 0bpasyromcs 8
pesynbmame ceyu,eHusi, unu KoHoeHcayuu, 0b51ako8 KOCMUYECKO20
easa u nbinu.

Kakag wun3 atmx runote3 Gonee cnpaBednvBa — MOKaXyT
Oyoywue wuccnegosaHus. Ho BaxHO OTMeTUTb OOHO BecbMa
CyllecTBEHHOe OOCTOATENbCTBO: M IMMNOTe3a KOHAEHCauuun, U
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rMnoTesa pacnaga UCXOAAT U3 NPeanoriokKeHns 0 TOM, YTO 3Be3fHas
dopma maTtepum obpasyeTcs M3 0OBLEKTOB XOTS U MHON PU3NYECKON
npupodbl, HO Takke BMONHE maTtepuanbHbiX. B ogHoM cnydae aTo
paccesiHHble ra3 W nbiflb, B APYrOM — CBEPXMN/IOTHbIE CryCTKM
O03BE3HOrO BeLLeCcTBa.

Ecnn ngesa akagemnka AmbapuymsiHa O J03BE30HON MaTepuu
MoKa HOCUT T[UMNOTETUYECKUA XapakTep, TO OOBHAapPYXEHHYI UM
HeCTaUMOHAPHOCTb KOCMMUYECKMX OBBEKTOB U UX CUCTEM MOXHO
cuiTaTb [oOKasaHHoW. B vacTHoCcTW, u3yvyeHue MHOrOYMCHEHHbIX
CKOMIEHWUI ranakTuK nokasaso, YTO HeYCTOMYMBLIE CUCTEMbI ECTb U
B MWpe ranaktuk. OTU  CKOMMeHusi, nogobHO  3Be3HbLIM
accouvauusiM, HaxogsaTCsd B COCTOSHMM ObICTPOro pacluMpeHus wu
pacnaga. CosgaeTtcs BnevatrieHue, 4YTO B Hally 3MOXy HE TOSbKO
3Be3dbl, HO W, MO-BUAMMOMY, ranakTukm obpasylTcs U3 CrycTkoB
[03Be3gHON MaTepuu.

Heckonbko neT Hasag B pesynbTaTe pagvmoacTpOHOMUYECKMX
HabnogeHun 6biNo obHapyXeHo, 4To U3 dapa Hawen [anakTuku
npoucxoouT  HenpepbiBHOE uUCTedeHve Bogopoda. 3a rofa
BblbpacblBaeTcqa Macca BogopoAa, NpUMEpHO B nonTtopa pasa
npesocxogswas maccy ConHua. Ho Hawa Manaktuka cyllecTByeT
okono 15-17 munnuapgoB net. 3HaunT, 3a 3TO Bpems U3 ee agpa
Obinio  BbIGpOLLEHO 25 MunnMap4oB COMHEYHbIX Macc. U ecTb
OCHOBaHus npegnonaraTtb, YTO B Ty 3Moxy, korga Hawa [anaktuka
Obia mMomroga u Gorata 3HeprMewn, 3TOT MNPOLIECC LWen ropasgo
6onee GypHo.

Ha nogoGHyt0 MbICIb HaBOAAT SBMeHWs, Habnogaemble B
Agpax HEKOTOPbIX APYrMX ranakTuk.

Tak, B 1963 r. amepukaHckui actpodmsmk A. CaHaeox
3aBeplumn paboTy MO U3YYEHUO OBWXKEHUS rasa B CPaBHUTENbHO
6rnm3kon K Ham ranaktuke M-82. YdyeHbli npuwen K BbIBOAY:
XapaKTep 3TOro ABMXXEHUS yKasblBAaeT Ha TO, YTO NpuUONM3UTENbHO
nonTopa MUNNVOHa NeT Hasag 13 sigpa ranaktukm M-82 npowmsoLuen
BbIOPOC rasoBbIX Macc, B MUMSIMOH C JIMLLUHUM pa3 NpeBOCXOASILLNX
maccy ComnHua. CornacHo nopcyetam, 3TOT  B3pbiB  Obin
3KBMBArNEeHTEH B3pbIBY TEPMOSOEpPHOro 3apsga C Maccon, paBHOM
macce 15 TbicaY CONHL,

MHoro4ncrneHHble (hakTbl TaKOro poga He OCTaBMSAT COMHEHNIA
B TOM, 4YTO sI0pa eanakmukK ueparm 4pe3sbiyaliHO 8aXKHYH POJib 8
passumuu 38e30HbIX CUCMEM U UX CcocmaeHbix 4acmed. He
UCKMIOYeHa BO3MOXHOCTb, YTO OHM SBMSIIOTCS CBOEOOpa3HbIMM
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LeHTpaMmn (popmMupoBaHUA KoCcMUYecKux Ten. BeposaTHo, 3aecb
NPOUCXOOUT nepexod maTtepun u3 ogHon dopmbl B gpyryto. Ho
Takve nepexodbl OOJMKHbI COMPOBOXAATbCA MpeobpasoBaHUAMU
OFPOMHBIX KONTMYECTB 3Hepruun. [1oaToMy MOXHO NpeanonoXuTb, YTO
ranakTnyeckme sigpa —Morydme akkyMynsitopbl SHEpruv, cnocobHble
BblAENATb €e Npu onpeaeneHHbIX YCnoBusax. Becbma BEPOATHO, UTO
B 3TOM Cry4ae Mbl CTOMKHYMUCb C ellle HEU3BECTHbIM Hayke BUAOM
3Hepruu, u3ydeHne KOTOporo B AanbHEnWeM CMOXET NponuTb CBET
Ha «CKpbITbIE NPYXWNHbI» MHOTUX KOCMUYECKMX NPOLLECCOB.

B yacTHoOCTW, aKkTuBHblE Mnpouecchl, npoucxoswne B sapax
HEKOTOPbIX ranakTtuk, BMANMO, ABNAOTCA OCHOBHbIMU
nocTaBLLMKaMu 3Heprum, obecneunBatoLLen WHTEHCUBHOE
pagMounsny4yeHne MHOrMx 38e34HbIX OCTPOBOB.

Henb3sa He cka3aTb elle 06 OQHOM 3HaMeHaTernbHOM OTKPbITUK
B kocmoce. B 1963 r. Ha o4eHb BOMbLUMX PAcCTOAHUSIX OT Hallewn
lanaktvkn, Ha rpaHyuax Habnogaemon BceneHHon, Obinu
obHapyXeHbl yaMBUTENbHbIE OOBLEKTHI, MOMyYMBLUME BMOCHEACTBUN
HasBaHue kea3apos. [lpu cpaBHUTENbHO HeBONbLIMX pasmMepax
(nonepeyvHnKn X COCTaBnOT OKOMO HECKOMbKMX CBETOBbIX Hedenb
UNu MecsUeB) KBasapbl BbIAENSOT KONMOCCANbHYK  SHEpruto,
npumepHo B 100 pa3 npeBOCXOASALLYHO SHEPIUIO U3MNYYEHUS CaMbiX
MMraHTCKMX ranakTuK, COCTOSLLNX N3 OAECATKOB U COTEH MUNNMapLoB
3Be3.

K uncny HeobGbluHbIX 06BbekTOB BcerneHHom oTHOcATCS M Tak
Ha3blBaeMble nynbcapabl - WUCTOYHUKU nepuoanyeckux
pagvouMnynbCOB, Criegywlwmx Apyr 3a ApYyromMm CO CTPOrom
NepuoaNYHOCTbIO, KOTOpasi MOXET COMepHuMYaTb CO CcheuunanbHo
co3gaHHbiMM B nabopaTopusx aTOMHbIMM U MOJIEKYNSIPHBIMM
aTanoHamu BpemeHu. KakoBa npupoaa nynbcapa? B oTBete Ha 3TOT
BOMPOC NOKa HET eAMHOro MHEeHusA. YacTb y4yeHbIX CKMoHSeTcs K
MbICIIM, YTO WCTOYHMKOM «MNyfbCMPOBAHUSA», BEPOSITHEE BCErO,
SABNAOTCA BpaLlaloLLmMecs HENTPOHHbIE 3Be3/bl.

[o HepgaBHero BpeMeHu acTpOHOMbI CHMTanNK, YTO OKpyXKatoLLas
Hac BceneHHas HaceneHa 3Be3gamMu, TYMAHHOCTSIMU U NfiaHETaMu.
lMpegnonaranocb, YTO MMEHHO M3 3TUX OOBEKTOB COCTOWUT Kaxaas
ranaktnka. OgHako B nocrnegHee BpeMsi B XO4e aCTPOHOMUYECKUX
HabnMaeHU Mbl CTONKHYMNUCb C SBMEHUSMW COBEPLUEHHO HOBOIO
TUNa — KBasapamv 1 sapamu ranaktuk. Takum obpasom, BnepBble 3a
3 TbiCAYM NeT acTPOHOMbI Havanu MccrneaoBaTb MPUHLUMNMANIBLHO
HOBble OOBEKTbl, W He WCKMYeHa BO3MOXHOCTb, YTO 3TK
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NccneaoBaHUs MOryT MPUBECTM K OTKPBITUIO HOBbLIX (PU3NYECKMX
3aKOHOB.

KakoBo >xe MecTO HeobObl4HbIX 00bLEKTOB BceneHHom B psgy
OPYrMX  KOCMUYECKMX OOBbEeKToB UM sBneHun? Yto 910 -
cBOoeobpa3sHble MWCKMOYEHNS WU 3aKOHOMEpPHbLIE 3Tarbl Pas3BUTUS
mMaTepun?

CpaBHuM fgBe ranaktukn. OgHa — cnvpanbHasi — u3nydaer
3HEPrno rnaeBHbIM 0Opa3omM B BMAE CBETOBLIX Jyyeln, gpyras —
HenpaBUIbHON OPMbl M C O4YEHb MOLLHBLIM PagUOU3ITYYEHMEM.
CyLiecTByeT v MeXAy HUMU Kakas-nnbdo poacTBEHHas CBS3b?

TwartenbHoe COMOCTaBfeHNe paauoranakTuk ¢ 0BOblYHBbIMK
rokasaso, 4YTo MO CBOEMY CTPOEHMIO U OMTUYECKMM CBOWCTBAM OHMU
He MpeacTaBnsalT coboM HUYero uckmunTensHoro. [nsa nwobon
paguoranakTukm MOXHO HaWTU MOXOXYH Ha Hee «HOpMaIlbHYyH»
ranakTtuky, KoTopas oTnun4yaeTcs TONbKO OTCYTCTBMEM
paguounsnyyeHus. 970, BUOUMO, TOBOPUT O TOM, YTO CMOCOBHOCTb
n3nyyatb MOLUHblE TMOTOKM pPagMOBOSIH BO3HMKAET JUWb Ha
HEKOTOPOW CTaguMu 3BOMOUMM TanakTUK TOro WM MHOro Tuna.
CnepoBatenbHO, MHTEHCMBHOE paguousnyyYeHve — cBoeoOpasHoe
«BO3pacTHoe» SIBNEHWEe, KOTOpoe XapakTepHo TONbko Ans
onpeneneHHoro aTana B pa3BUTMUM 3BE3HbIX CUCTEM.

Ewe cpaBHUTENbHO HEQaBHO B aCTPOHOMMUM FOCMOACTBOBANM
3BOJIOLUMOHHbIE MPEACTaBMNEHNs), KOTOpble SIBMANUCH NPSMbIM
nNpoaormkKeHnem naen KI1lacCn4eCcKomn bunsnKN. Passutne
paccMaTpuBarnocb Kak MeOfieHHbI M MMaBHbIA MPOLEcC nepexoaa
OT OAHOro CTaLMOHAPHOro COCTOSHWMS K Apyromy. Cumtanocb, 4To
3Be3dbl MOCTEMEHHO pacceMBalOT CBOE BELWECTBO, U  OHO
HakannMBaeTcd B BWOE TUrAHTCKUX TYMaHHOCTEN. TyMaHHOCTU
cHoBa crywatTca B 3Be3gbl M T.4. OgHako HoOBble OGBLEKTHI
CBUOETENLCTBYIOT O TOM, YTO CYLIECTBEHHOE 3HayeHne [Ans
pa3BuTnsa matepum B Habniogaemon obnactn BceneHHol, Bugumo,
NMeT HecTalMoHapHbIe, B YAaCTHOCTU B3PbIBHbIE, MPOLIECCHI.

MoxHo npeanonaraTb, 4TO HeCTaUMOHapHble SBMEHMS
npeacTaBnstoT cobon cBoeobpasHble «MOBOPOTHLIE MYHKTbI» B
pasBUTUN KOCMUYECKMX OOBEKTOB, rAe COBEpLUATCHA Mnepexoapl
MaTepum U3 0OQHOro Ka4eCTBEHHOIO COCTOSIHUS B APYroe, BO3HUKAOT
HoBble HebecHble Tena.

B kakol xe cBA3N HaxoOaTCs HecTauMOHapHble, B YaCTHOCTU
B3pbIBHbIE, MPOLIECCHI C paclumnpeHeM MeTtaranaktuku?
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CornacHo rmnotese B.A. AmMbGapuymsHa, koTopas HaxoguT Bce
Gonblle MNOATBEPXKAEHUA B aCTPOHOMUYECKMX HaOMoOeHusX, He
UCKMIOYEeHa BO3MOXHOCTb, YTO WCXOAHBIM MYHKTOM pasBUTKSA
KOCMUYECKMX 06bekToB ABNSATCA N30MMpOBaHHbIE
CBEPXMACCUBHbIE  KOMMNakTHble Jo3Be3gHble Terna. OHu B
OnpeaeneHHble MOMEHTbI CBOEN 3BOMOLUN NEPEXOAST B aKTUBHOE
COCTOSIHME W WCMyCKalT OrpoMHble KonmdecTtBa aHeprun. Becbma
BEpPOATHO, 4YTO  3TWM  rUNOTeTUYeckne  Oo3Be3dHble  Tena
npeacTaBnstoT cobor CryctkM nepBOHAYarbHOro CBEPXMMOTHOro
BellecTBa MeTaranakTuku, KOTOpble MO TEM UMM MHBIM MPUYMHAM Ha
NPOTSXKEHUN ONpPeneNeHHOro BPEMEHU HaXoAWNCh B YCTOMYUBOM
COCTOSHMM.

PasymeeTtcq, BONpPOC O  BO3HWMKHOBEHWM  Pa3NMNYHbIX
KOCMUYECKMX ODOBEKTOB M (hU3MYECKOW MpUPOAE HeCTauMOHapHbIX
SIBMIEHMA B KOCMOCE ellle OKOHYaTesnbHO He pelleH. Hag peweHnem
ero actTpoHoMaMm npugeTcs ewe Hemarno nopabotaTe. B yacTHocTw,
OflHa 13 CaMbIX XMBOTPENEeLLYLMX Npobnem coBpeMeHHON hU3nKn n
acTpodU3NKN COCTOUT B TOM, YTOObI BLIICHWUTbL MPUPOAY [O3BE3AHON
MaTepun (ecnm OHa CyllecTByeT), a TakKe YCTaHOBUTb, B KaKOM
dU3NYeckoM COCTOSHMM HaxOAWNnoCb BeLWecTBO [0 Havana
pacwmnpeHus MeTtaranakTuku.

HecmoTpsi Ha 37O, yxe cellvac SICHO, YTO M MepBOHAaYarnbHbIN
nnasmeHHbI Cryctok, U TO, K3 4ero OH obpasoBancs, Obinm
0cobbIMM hOopMamMm CyLLLECTBOBaHUS mMaTtepun. HekoTopble ydeHble
CUYMTalOT, YTO MEepBOHAYarnbHbIA CrYCTOK BO3HUK 13 BakyyMma. Bakyym,
KoTopbin  pm3mka  XIX  cTtonetuss  cuuMtana  nyctoTon, B
OENCTBUTENBbHOCTU npeacTaBnseTr cobon cBoeobpasHyo dopmy
mMaTtepuu, CrnocobHyl0 npu oOnpederieHHbIX YCIOBUAX «POXOaTby»
BELLECTBEHHbIE YacTuubl 0e3 HapylleHus 3akoHa COXpaHeHus
MaTeEPUUN N ABUXKEHMS.

N ewe ogouH o0O4YeHb WHTEPECHbLI BOMPOC, CBSA3AHHLIA C
N3yyeHnem BceneHHon, - 2eomempuyeckue ceolicmea
rnpocmpaHcmea, €ro KOHEYHOCmb Wnun becKoHe4YHocmb. JTy
npobnemy nbiTanucb pPenTb eLle Benvkne unocodbl peBHOCTU.
OHu wncxogunu, kasanocb Obl, U3 CpaBHUTENbHO MPOCTbIX W Ha
nepBbl B3NS4 HEONPOBEPKMMbIX JTOTMYECKMX COOBPaKEHUN.

MpencraBsum cebe, roBopunmn oHK, 4To y BceneHHoM ecTb KpaW,
1 Yyenosek goctur a1oro kpas. OgHako CTOUT eMy TOMNbKO BbITSHYTb
PYKY, N OHa oKaxeTcs 3a rpaHuuen BceneHHon. Tem cambiM pamku
MUpa pasgBUratoTCsl elle Ha HEKOTOpoe paccTosiHue. Toraa MOXHO
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OygeT NpMbnmM3nTbLCHA K HOBOW rpaHuLEe U MOBTOPUTL Ty e onepauuio
ewe pas. N Tak 6e3 koHua. 3HaunT, BceneHHass He MOXeT UMeTb
rpaHuy,. «HeT HMKaKOro KoHLa HM C OOHOW CTOPOHbLI Yy BceneHHom,
nbo MHaye Kpasi HEMPeMeHHO OHa Obl MMena»,— nucan PUMCKUR
dunocod-matepmannct Jlykpeumii Kap (I B. 4o H.9.) B cBOEN Noame
«O npupoae BeLLen».

W penctButenbHo, ecnn  HeoOblMaMHO  TPYAHO, MNOYTK
HEBO3MOXHO npeacTaBuTb cebe NpoCcTpaHCTBO, KOTOpoe B fobom
HanpaBneHun npocTupaetTca 6GesrpaHNM4HO, TO elle TpyaHee
npeacTtasuTb cebe obpaTHoe — uTo Yy BceneHHowm rae-To cywecTByeT
Kpan, ecTb npeden, rpaHuua. Begb B TakoM criyqae O4eNCTBUTENBHO
BO3HMKaEeT BMOMHE €CTECTBEHHbI BOMPOC: a YTO HaxoauTcs
panbLue?

OpgHako BeCcb OMbIT  MO3HaHWMA npupodbl  ybeauTensHO
OOKa3bIBaeT, YTO «HarnsiAHOCTb» — BeCbMa HEHaAEXHbIN COBETYMK
NPV peLleHMn HaydHbIX BOMPOCOB. Ha MpOTSHXKEHUN UCTOPMM HayKu
npeacTaBrneHuss O TreoMeTpuYecKkMx CBOWCTBax MNpPOCTPaHCTBa
MeHsiMMCb He pa3. Apuctotenb U [lTonemen orpaHu4uBanm
BceneHHylo «cteport HenoaBWMXHbIX 3Be34», Krnaccuyeckasa umsmka
HbioToHa, HaobopoT, npuxoauna K BbIBOAY O 6eCKOHEeYHOCTH
BceneHHon. N nuwb ¢ BO3HUKHOBEHUEM TEOPUM OTHOCUTENBHOCTU
A. OunHwrerHa nosBMNacb BO3MOXHOCTb 6onee  rnyboko
pa3obpaTtbcsa B cywlecTBe aTon npobrnembl. Ecnu dumanka HetloToHa
paccmaTtpvBana NpocTPaHCTBO Kak MPOCTOEe BMECTUNMLLE HeOEeCHbIX
Ten, 1o J1. OWHWTENHY ydanocb BCKPbITb TECHYK CBSA3b MexXay
reomeTpuen NpoCTpaHCTBa U MaTepuen.

...PacckasbiBaloT, YTO ogHaxdbl KakOW-TO raseTHbIN penopTtep
obpaTtuncs K JWHWTENHY C NpocbOOM U3NOXUTb CYTb TEOPUM
OTHOCMUTENBLHOCTN B OAHOMW (ppase u NpuToM Takum oBpa3om, 4TOObI
370 ObINO NOHATHO LWIMPOKOM Nybnuke. NogymMmaB HECKONbKO CEKYHA,
yyeHbln oTBeTUN: «PaHblue nonaranu, 4to ecnu 6bl N3 BceneHHon
ncyesna Bcs MaTepwusi, TO NPOCTPAHCTBO U BPEMSI COXPaHWUUCHL Obl;
TEOpUS OTHOCUTENBHOCTU YTBEPXKAAET, YTO BMEcCTe C MaTepuen
ncyesnu bbl Takke NPOCTPAHCTBO U BPEMSI».

Jlloboe Teno He NpPOCTO HaxoAWTCA B MNPOCTPaHCTBE, HO
onpegensier ero reomeTpuveckMe cBoncTtBa. B6nuan  Ten
NMPOCTPaHCTBO WcCKkpuBnseTcd. brarogaps atomy nyyn cBeTa
pacnpocTpaHsTcs BO BceneHHoW He nNo npAMbIM, a MO M3OTHYThIM
nvHmaM. B noBcedHEBHOM KM3HM Takyld OCODOEHHOCTb  Mbl
MpakTU4YecKkn He ollyllaeM, MOCKOSbKY Ham OObIMHO NpPUXOZUTCS
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UMEeTb OeNo CO CPaBHUTENbHO HebonblwMMK paccTodgHmaMU. OgHako
npuM KOCMMYECKMX MacwTabax WCKPUBMEHHOCTb MPOCTpaHCTBa
nprmobpeTaeT CyLLeCTBEHHOE 3HaYeHNe.

Takum o06pasom, MNPOCTPaAHCTBO, B KOTOPOM Mbl >KMBEM,
NCKPMBMNEHO. A B WCKPUBIIEHHOM MWPE «HEOrpaHWYeHHOCTb» U
«beckoHeyHoCTb» — He ogHo wu TO0 xe. OkasbiBaeTtcs,
HeorpaHM4YeHHOEe MPOCTPAHCTBO, T.€. NMPOCTPaAHCTBO, HE UMeLLee
«Kpasi», rpaHuLbl, B TO )X& BPEMSI MOXET ObITb KOHEYHbIM, Kak Obl
3aMKHYTbIM B cebe. B kayecTBe npumepa MOXHO MNPUBECTU
MOBEPXHOCTb LWapa. [nowagb 3TOM MOBEPXHOCTU Bcerga MMeeT
KOHEYHYIO BenuuuMHy. B To e Bpemsi, npogsurasicb Nno Hew, Mol
HMKOrda He [JocTurHem ee rpadvubl. CnegoBaTtenbHO, OHa
HeorpaHu4eHHa.

Taknm o06pa3om, B MpuHUMNE BO3MOXEH CIyyanl, Korga
NPOCTPAHCTBO HEOrPaHWYEHHO (T.e. He UMeeT npeaena, rpaHnlbl) 1
B TO e BpeMsi KOHEYHO (T.e. 0Obem ero BblipaXaeTcs KOHEYHbIM
4ncriom).

Uto kacaeTca  npocTpaHcTBa  BceneHHon, TO  ero
HeorpaHW4YeHHOCTb He Bbl3blBaeT COMHeHUs. Mup — 3To matepus, a
MaTepusi He MOXeT WMEeTb rpaHuL, B TOM CMbICcfle, 4TO 3a
mMaTepuasnbHbIM MWPOM MoXeT pacnonaratbcsi He4To
HemaTepuanbHoe. W 91O, pasymeeTcsd,  NpUHLMNNANLHBINA
cmnocodckmMii BONPOC — BOMPOC O MaTepuanbHOM eOUHCTBE Mupa.
A ecnv roBopuTb 0 BECKOHEYHOCTM UNN KOHEYHOCTWU TOW obracTtu
mMaTepuanbHOro Mupa, B KOTOPOM Mbl XuBeM, — MeTaranaktuku
(acTpoHOMbI  4acTO  HasblBalOT ee  «Habnogaemonm»,  unu
«acTpoHomMmun4yeckon» BceneHHol), TO B 3TOM cryvae npobnema
OeckoHevyHoCTM npuobpetaeTr yxke He unocodckmin, a u4ncTo
€CTECTBEHHO-HaYy4HbI XapakTep.

N3yyas BceneHHylwo, acTpoHOMbl Ha OCHOBE [aHHbIX
HabngeHun cTpoaT Bce Gonee cnoxHble M Bce OoOnee TOYHblEe
MoAenu, cnocobHble onucatb U OOBbACHUTL Bce Gonbluee 4uCro
KocMuyeckmux siBneHumn. OpHako nwobasi Takasa TeopeTuyeckas
Modenb — 3TO He cama BceneHHasi, a Tonbko ee NpMGNMXKEHHOE
onncaHve, KOTOpoe No Mepe pa3BUTUS Hayku CTaHOBUTCS Bce Gornee
rnybokum n Bce 6onee 6rM3KNM K peanbHOW AeNCTBUTENBHOCTH.

CoBpeMeHHble cpeacTBa aCTPOHOMMYECKUX HabnogeHun —
MOLLHbIEe TenecKonbl U pagnoTenecKkonbl — OXBaTbIBAKOT OrPOMHYIO
obracTtb NpocTpaHCcTBa pagnMycoM OKOMo 12 MnnnMapgoB CBETOBbIX
netr. Kak mbl yxe oTMevanu, OO OAHOM M3 Onwkamwmx K Ham
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ranaktuk — TyMaHHOCTM AHOpOMedbl — CBETOBOW nyd 6exut 2
MUIIMOHa neT. A Bedb OrpOMHbIA NyTb OT ConHua OO OKpauHHOWN
nnaHeTel ConHeyHow cuctembl — [nyToHa — cBeT npeogorneBaeT
BCEro 3a nATb C MOSMIOBUMHOW 4acoB. TaKoBbl CKPOMHbIE pasmepsbl
nnaHetHon cembn ConHua Ha OHE TUraHTCKUX MacliTaboB
MeTaranakTuku.

Ho u «comHeyHasi cemMbsi» — OYeHb CIOXHas cucTemMa Cco
CBOMMM 3aKOHaAMW [OBWXEHWHA, CO CBOMMMU €Lle He pPacKpbITbIMU
TanHamu. O ToM, YTO OHa cobon npeacTaBnseT, YTO O HEW U3BECTHO
nogam, O nocrnefHUX [AaHHbIX, MOMNy4YeHHbIX B pesynbrate ee
N3y4yeHusl, Mbl pacckaxkem aarnee.

Teopus, paccmartpuBatoLLas duamnyeckue npouecchl,
npoucxogslwine Ha paHHUMX CTagumax paclumpeHuss BceneHHom,
HauMHas ¢ NepBON CEKyHAObl NMOCNe «Ha4vanay, HasblBaeTcs Teopuen
«ropsiuen BceneHHony». CornacHo aTor Teopumn paHHAa BceneHHas
HanoOMuMHana rUraHTCKUM YCKOPUTENb «3NIEMEHTapHbIX YacTuuy, B
KOTOPOM, KaK CcuyMTalT OONMbLUMHCTBO UCCregoBaTenen KOcMoca,
BceneHHasa Gbinia He TONbKO OYEHb FrOpsiYenr, HO U OYEHb NITOTHOWN.
Tak, pacyeTbl NOKa3bIBaOT, YTO B MOMEHT Bpemenn t = 107 ¢ fo
Hauana BoMbILIOro BIpbIBA Mpu Temneparype T = 10%® K nnoTHocTb
BelyecTa 6bina okono 10" kr/mM >, a mnoTHocTb BaKyyma — 10”7
Kr/m ° (3TOT BakyyM HasblBalOT «JOXHbIM»). CoBpemeHHas du3unka
O0CTaTOYHO XOpOLLO NpeAcTaBrisieT COCTOSHNE BeLLEeCTBa NPW OYEHb
BbICOKMX TemnepaTypax W JdaBreHusx. OTW nNpeacTaBreHus
onupatoTcs Ha XOpOLLUO pa3paboTaHHyto Teopuio
BbICOKOTEMMEPaTYPHON NasMbl U NMOATBEPXKAEHBI KCMEPUMEHTaMU
B YCKOpPMTENSAX 3apsbkeHHbIX YacTuu. TemnepaTypa BelwecTBa eCcTb
MeBa cpefHen KUHeTMYEeCKOW aHeprmm yactuu. Tak, Temne_egTypa
10" K cooTtBeTcTBYET 9Heprum vactuy 1 MsB (1 aB = 1,610~ [Ox).
CoBpeMeHHble ycKopuUTENnM MO3BOMSAIOT MCCrefoBaTbh YacTuubl C
3HeprusMn nopsiaka 10" 9B, uTo COOTBETCTBYET CpeaHEN aHepruu
YacTul B BellecTBe Mpu Temnepatype 10" K. 3Han Temnepartypy
MOXHO paccyuTatb MOMEHT BPEMEHU, KOTOPOMY COOTBETCTBYET 3Ta
TemnepaTypa C Havana paclLumpeHus no copmyne:

_10™"
TR

3Has BpeMs cobbITUS MOXHO paccuMTaTh NIOTHOCTb BELLecTBa
npu 3Tol TemnepaType:

, A€ BpeM4d BblpaXaeTCd B CEK, TeMmnepartypa B K.
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8

10

P = 3 NMOTHOCTb N3MepAeTCca B KF/M3,

Hauyanom paboTbl 3TOro rMraHTCKOro yckoputens Obin
Bonbwon B3pbiB. 3TOT TEPMWH YacTO MCMOMNb3YT KOCMOIOIW.
Habntogaembin pa3néT ranaktmk — crnieacteve bonblioro B3pbiBa.
3710 BbINT aCTPOHOMUYECKUI B3PbIB, KAYECTBEHHO OTIIMYAIOLUIACS OT
Kaknx-nmbo XMMn4ecknx B3pbIBOB. [aBHOe OTnM4YMe 3aknoyaeTcs B
TOM, YTO XUMWYECKUA B3PbIB OOYCIOBIMEH Pa3HOCTbI OaBMEHUN,
KOTOpas cylwecTByeT Mexay [AdaBrneHMeM BO B3pblBatoLLemcs
BelLlecTBe M [JaBNeHWEM B OKpyxawlen cpege. 3OTa pasHOCTb
JaBneHun co3gaét cuny, Kotopas nNpuaaét yCKopeHue 4YacTuuam
3apsga B3pblBatolLerocss BellectBa. B acTpoHomuuyeckoMm B3pbiBe
nogobHo pasHOCTU [aBneHWn He cyulectsyeT. B oTtnuume ot
XMUMWYECKOrO,  aCTPOHOMWYECKWA  B3pbIB HE  Hayanca  u3
onpenenéHHoro LeHTpa (M NoToM cTan pacnpoCTPaHATbCS Ha BCE
bonbline obnacTu MpPOCTpaHCTBA), a MPOU3OLLEN Cpa3y BO BCEM
CYLLEeCTBYKLIEM TOorga MnpocTpaHcTBe. JTo  TpydHo cebe
npeacTaBuTb, TaK Kak «BCE MPOCTPAHCTBO» MoOrno ObiTb  mmm
KOHEYHbIM (B Cry4ae 3aMKHYyTOro Mwupa), unm 6eckoHeyHbiM (B
cny4ae oTKpbITOro mupa). B xoae bonbluoro B3pbiBa 6ecnpepbiBHO
N CTPEMUTESNIbHO CMEHANW Opyr Apyra npouecCbl poXaeHunsa W
rmbenn (aHHUrUNAUKUA) pasHoobpasHbIX YacTuy. OTW MpoLecchl BO
MHOIOM  npefonpefenunu  BCKO  MOCMEAYOLLYI0  3BOMIOLMIO
BceneHHon 1 co3ganuM  Heobxooumble  MPeAnochinku  Ans
BO3HWKHOBEHWS U Pa3BUTUS XKNU3HMN.

PasBuTre npoueccoB nocne B3pbiBa pasgernieHo Ha HEeCKONbKO
neprvodoB (Kaxabli nepuop nony4yun HasaHue apa). Kaxgas spa
UMeeT CBOE HasBaHWe: 3pa adpOHOB, 3pa NEenToHOB, 3pa (HPOTOHOB
(vnn apa paguauun) 1 spa BellecTBa.

Opa agpoHOB Anunack NPUMEPHO OT t = 10° 0ot =107 cex. O
TOM, YTO TBOPUIIOCb B 3TY 3Py, MOXHO CyauTb No TemnepaTtype (T =
10" K) n nnotHoctn (nopsigka 10" KF/M3). ATOMOB XMMMUYECKMX
3NeMEeHTOB, KOHEYHO, He 6bino. Ho yxe cyuiectBoBanu HyKMOHbI
(MPOTOHbI U HEWUTPOHbBI), MIOOHbI, SNEKTPOHbI, HEUTPUHO Pa3MNYHbIX
BYAOB  (9NEKTPOHHbIE, MIOOHHbIE, Tay-HEWTPMHO), a TaKke
aHTM4yacTMUbl  BCeX YacTuy  (@HTUNPOTOHbI,  @HTUHENTPOHBI,
AHTVMMIOOHbI, MO3UTPOHbI, AHTUHEWTPUHO COOTBETCTBYHOLLUNX TUMOB).
CylecTBOBaro M 3MeKTpoOMarHUTHoOE n3ny4veHme (OoTOHbI), KOTopoe
Haxoaunocb B TepMOAMHAMWYECKOM pPaBHOBECUW C BELLECTBOM.
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lMnoTHOCTL TakoBa, YTO HEWTPUHO, CMOCODOHblE MpoHMKaTb 6e3
paccesiHus 4epes3 CBUHLOBble OpyCku, CyLECTBYWOT BMeCTe CO
BCEMM  vacTmuamm un  ¢doToHamum  Gnarogaps  ObICTpbIM
CTOSIKHOBEHUSAM C HUMW U ApYyr C ApyroM. TemnepaTypa TakoBa, 4YTo
YyacTuubl Tak e, Kak (POTOHbI U HENTPMHO BedyT cebst NpocTo Kak
MHOrO pasHbIX COPTOB M3nyyeHusi. [NOTHOCTb 3HEprun 3TUX
N3Ny4yeHnn KosoccasnbHa: SKBMBArieHTHa MMOTHOCTM Macchl B 3,8
Munnuapga pa3 6Gonblle NMIOTHOCTM BOAbl MPU  HOPMAaInbHbIX
ycnoBusix (nogpasymeBaeTcsl, YTO [gaHHas 3HEeprus nepewna B
Maccy cornacHo copmyrne QuHwTenHa E = mc) Yucno yactuy, m
aHTu4acTuL, BewectBa B eAnHuue oOb6bEéMa paBHO  4ucny
HaxoAMBLUMXCA TaM POTOHOB. [MaBHbIM NPOLLECCOM aApOHHOWN 3pbl
ObIN NPOLECC aHHUMMMALUN HYKMOHOB Y @aHTUHYKMOHOB. HYKMOHbI 1
@HTVHYKITOHbI 06beAMHEeHbl NOA4 Ha3BaHWEM agpoHbl (OT FPEeYEeCcKoro
hadros — Gonbwoi, cunbHbi). Ecnn 6bl B eanHuue obObEMa
copepXanocb OAMHaKOBOE KONMYECTBO HYKIOHOB M aHTUHYKMOHOB,
TO B pe3ynbTate aHHUTUASALMU BCe 3TW YacTuubl ncyesnu 6bl, 1 Mup
ctan 6bl coBcemM MHbIM. HO HYKNOHOB Bcerga Heckonbko Gonblue,
YeM aHTUHYKIOHOB.

Opa nenToHOB Anunacb NPUMEPHO OT | = 10 o t=10cek. K
KOHLYY aToun 9pbl TEMNEpaTypa CHu3MnacL Ao 10° K, a nnoTHoCTb —
no 107 kr/m ®. MenToHbl — Knacc YacTu, KOTOpble He y4acTBYIOT B
CUITbHOM cpmamqecxom B3auMOOencTBun. OTO MPEUMYyLLECTBEHHO
nérkme 4vactuubl (OT rpeveckoro crioa leptos — TOHKWUA, NErkun):
9MNEKTPOHbI, HEKOTOpblE MIOOHbI, HENTPMHO M COOTBETCTBYHOLUUE
aHTMyacTuubl. B Havyane nenToHHOW 3pbl aHHUTUIMPOBANN MIOOHbI U
@HTVMIOOHHbIE Mapbl, a 3aTeM — 3MNEeKTPOHbl C MNo3uTpoHamu. B
pesynbTate KayeCTBEHHO M3MEHWUICS cocTaB nnasmbl 1 npuobpenu
CaMOCTOSITENBbHOCTb HEMTPUHO (Cpeda cTana nNpo3payHon Ans HuX).
HaunHasa ¢ aTOro BpemeHu HEWTPUMHO MepecTanu y4yacTBOBaTb BO
B3aMMOJEWNCTBMAX W Npu AanbHenwem pacwmpeHun BceneHHomn
COXPaHWMM CBOK CaMOCTOATENBHOCTb. OTO PENUKTOBOE HEUTPUHHOE
N3ny4yeHne, B NPUHLMMNE, MOXHO OOHApYXWTb, HO 3TO MOKa He
peanu3oBaHO BCreACTBME BbLICOKOW HEYNOBMMOCTU  HEWTPUHO.
Kpome TOro, B MEnTOHHYH 3py NPOM3OLINO MepepacnpegeneHme
HEPIMN: NOCIEe aHHUTUAALUKN TSXKENbBIX YaCcTUL UX SHEPrus nepeLuna
K Oonee nérkMm wu TpaTtunacb Ha HarpeB usnydveHus. [locne
AHHUrMIAUMM  NErKMX YacTuy, ocBOGOAMBLUAACA 3Heprus crana
pacxodoBaTbC B OCHOBHOM Ha MOBbIWEHWE TemnepaTypbl
n3nyyeHnsi. QHeprvs, BblASNUBLIASCA NPY aHHUMUMALUNA 3NIEKTPOHOB
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N MO3UTPOHOB, fana ¢oTtoHam 3Hepruio Ha 35% OGonble, 4vem
HENTPUHO.

B KOHUe nenTOHHOMW 3pbl — Hayane 3pbl pagnauun Hadan
NPOUCXOAUTb CUHTE3 SAep renusa n gentepus (TSHKENOro Bogopoaa).
OTu sigpa o6pa3oBbIiBaNNChb NYTEM CIUSHUS MPOTOHOB M HENTPOHOB.
Mpryém yxe npumepHo Yepes 100 cek nocne Havyana paclumpeHus
obpasoBanocb novtn 25% sapep renusa (no macce). 75% coctaea
nnasmMbl — sapa Bogopoaa. ATo NOATBEPKAAETCS M COBPEMEHHBLIMM
JaHHbIMK O cocTaBe 3B€3a4. Tak, ConHue n apyrve 3Bé3abl Havyanu
CBOI XWU3Hb, MMES1 B CBOEM cOCTaBe OOonbLUyl YacTb BOgopoda M
nmwb  20-30% renusa. AcTpoHOMamu OBHapyXeHO Takke, 4TO
pacnpoCTpaHEHHOCTb renus B anakTvke HeBenuka U He MeHseTCs
OT MecTa K MeCTy TaK e CWIbHO, KaK MeHseTcs
pacnpoCTpaHEHHOCTbL Ooree TSHKENbIX 3NEeMeHToB. JTO eweé pas
nogTBepxgaetr TO, 4YTO TsKEnble anemeHTbl obpasoBanucb B
3Bé3fax, a renum — B paHHen BceneHHon. Opa paguaunm gnvnacbh
npumepHo ot t = 10 ¢ go 300 Tbicay neT. K koHUy aTOM 3pbl
nnoTHocT, crama 107° kr/m®, a TemnepaTtypa yMeHbLUMnachb o
3000 K. OgHO M3 BaXXHEWMLIMX COOLITUI MPOM3OLLNIO B KOHLE 3TON
apbl. Ero o0bl4HO Ha3blBAOT «OTPbLIBOMY» M3NydYeHUs OT BeLLecTBa.
TemnepaTtypa yMeHbLUUNACh, @ CeA0BaTENbHO, SHEPTUS U3NYYEHUS
yMeHblunack. Tenepb KBaHTbl M3MYYEHUSI YXe He  Mornu
MOHM30BbIBaTb aToMbl Bogopoda. Co3ganuch yCroBuWs, Npy KOTOPbIX
NpUcoeanHEHE SIIEKTPOHOB K MPOTOHaM (pekoMOuHauums) crano
npeobnagatb Hag OTPbLIBOM 3MEKTPOHOB OT MPOTOHOB (MOHM3aLMS).
B pesynbTate cpepa crtana npospadHon ans msnydenus. OTtctoga
noBedeHne BeLleCTBa W MoBedeHue u3nydeHus panee 6ygyT
oTnuyatbcsa. B pacwwupsiowenca BceneHHon wuanydyeHve TepsieT
CBOKO 3HeprMio 6GbicTpee, 4em BellecTBo. Ho Temnepartypa
N3ny4YyeHnst yMeHbLUAETCA MEHbLUE, YeM TemnepaTtypa Bellectea. Ho
BPEMEHM MPOLUO MHOrO, U MO3TOMY, €CMU CYUTaTb, YTO B «IMOXY
oTpbiBa» u3nydyeHnsa ot BewectBa T = 3000-4000 K, To cenvyac
BcenexHas OOImKHa ObITb 3anonHeHa W3rnyyYeHnem c
TemnepaTtypon 3—4 K. OTO0 TOXe noATBEPXKAEHO Ha MpakTUKe:
TemnepaTypa oHa KOCMWMYECKOrO MWKPOBOSIHOBOIO W3My4YeHUs
coctasnset okono 3 K.

Opa BellecTBa (MNn NocnepekoMoOnHaLUMoHHasa apa) AnuTcs 4o
cux nop. lNocne «oTpbiBa» U3NyyYeHWs 1 BellecTBa Hawa BceneHHas
OOBOSLHO CMOKOWHO paclumpsnacs. [MaBHble coObITuS,
NPOUCXOAMVBLUNE B HEW, CBSA3aHbl C 0Opa3oBaHMEM ranakTuk, 3B€3g,
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nnaHet. K Hawemy BpeMeHW 4acTb 3BE€34 W nnaHeT ycnena
3aBEpLUMTb CBOWM XU3HEHHbIN MyTb, Apyras 4acTb BCTynuna B MNOfocy
pacuBeTa, a TpeTba — B cTaguio obpasoBaHusi. Bo BceneHHol B
Halle Bpems BCTpeyalTcs 3BE34bl pasHbIX MOKONEHWUN.

Bo3HMKHOBeHME ranakTuk 1 3Be3q

MpenctaBneHne 00  OTKPbITbIX  CUCTEMax, BBeAEHHOE
HeKnaccudeckon TepMOAMHAMMUKOW, SABWUNOCb  OCHOBOM  ANA
YTBEPXOEHUS B COBPEMEHHOM €CTEeCTBO3HaHUM 3BOMIOLUOHHOIO
B3rNsga Ha Mup. XOTA OTAeNbHble 9BOMIOUMOHHLIE TEopun
MOSIBUNMCb B KOHKPETHbIX Haykax elie B MpoLUSIOM Beke (Teopusi
BO3HWKHOBEHMA ConHeyHomn CUCTEMBI KanTta-Jlannaca "
3BOMOUMOHHAA Teopust [lapBuHaA), TEM He MeHee, HMKaKoMn
rnobanbHOM 9BOMOLUMOHHOM Teopun pa3sutuss BceneHwHol [o
HalLero Beka He CyLlecTBOBaso. ATO U HEeyOMBUTENBHO, MOCKOITbKY
Knaccu4yeckoe €CTecTBO3HaHue OpPMEHTUPOBANOCh
NpevMyleCTBEHHO Ha WU3ydeHVe He [AWHaMWKM CUCTeM, a UX
ctratukn. Takas  TeHOeHuuMss Haubonee  penbedHo  6bina
npeacraBneHa aTOMUCTUYECKON KOHLENUMEN KnacCnu4eckom huamnku
Kak nugepa TorgawHero ectectBo3HaHus. ATOMUCTUYECKUA B3rnsag
Ha npeacTaBneHne COCTOMT B TOM, 4YTO CBOWCTBA W 3aKOHbI
OBWKEHMS pasfUYHbIX MPUPOOHbIX CUCTEM MOryT ObiTb CBeOeHbl K
CBOMCTBAM TeX MeNbYahlnxX 4YacTul, mMaTepun, U3 KOTOPbLIX OHMU
COCTOAT. BHauane TakMmmu nNpoCTEMIMMW 4YacTULAMKU CYMTaIuUCb
MOJIEKYITbl U aTOMbI, 3aTEM 3NIEMEHTaPHbIE YacTULbI, a B HacTosLee
BPEMSI — KBapKW.

BeccnopHo, aTomucTMdeckui nogxon umeeTr  Gonblioe
3Ha4YeHue ans ob6bACHEHUS SBMEHW npupoabl, HO OH obpauiaeT
rmaBHOE BHUMAHWE HA CTPOEHME N CTPYKTYPY Pasfn4HbIX CUCTEM, a
He Ha MX BO3HUKHOBEHWE U pa3BuTue. B nocnegHue rogbl nonyvatoT
pacnpoCcTpaHeHne TaKKe CUCMEMHbIU U 380IOUUOHHBbILU 832/1510bl,
KoTopble obpalsatoT BHMMaHWe ckopee Ha Xxapakrep
B3aMMOAENCTBUSA SNEMEHTOB pasHbiX CUCTEM, YEeM Ha aHanus
CBOWMCTB TEX YacTuL, KOTOpble paccmaTpmMBanvCb B Ka4ecTBe CBOEro
poda nocnegHnx KUpNu4MkoB Mmposgadus. bnarogapsi wmpokomy
pacnpoCTpaHEHMNIO CUCTEMHBLIX MAEW, a B HeOaBHee BpemMs MU
NnpeAcTaBfieHnii 0 caMoopraHmn3aumm OTKPbITbIX CUCTEM, Cervac Bce
HacTOMYMBEE BbLIABUralOTCA pasnnyHble TrunoTesbl U MOAEenu
BO3HMKHOBEHUST 1 aBomnoumm  BceneHHon. OHM  yCUIEHHO
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0obCyXOalnTca B pamMKax COBPEMEHHOW KOCMOMOTUMW — Haykum O
BceneHHOM Kak e4MHOM LLEeNTIOM.

Mogenun BceneHHon, Kak 1 niobble gpyrue, CTposTCs Ha OCHOBE
TeX TeOopeTM4eCKUX MpeacTaBreHn, KOTopble CyLIEeCTBYIOT B
AaHHoe Bpems B kocmonorun. CoBpeMeHHast KOCMOSorus BO3HMKNa
nocrne nosiBrneHns obLien Teopmm OTHOCUTENBHOCTU, 1 MO3TOMY €€ B
OTNMYMe  OT  Kraccu4eckorW  HasblBalT  pesissmusucmcKodl.
Omnupnyeckon  Gason  ang Hee  MOCMYyXUnu  OTKPbITUS
8HezaanaKmu4eckoli aCTPOHOMWUW, BaXKHEMLLIMM M3 KOTOPbIX ObIfo
obOHapyxeHue sBrneHus «pasberaHumsi» ranaktmk. B 1929 r.
amepukaHckmin actpoHoM 3.1, Xa66n (1889-1953) ycraHoBun, 4to
CBET, OYLNIA OT Janeknx ranakTuk, CMeLlaeTcs B CTOPOHY KpacHOro
KOHUa cnekTpa. JTO siBNEHMEe, MONy4vMBLUEE Ha3BaHWE KpacHO20
CMeljeHus, cornacHo npuHumny [donnnepa ceBugeTenscTsoBano 06
yaanenun («pasberaHnm») ranaktuk ot Habnogartens.

MockonbKy penaTMBucTCKas Kocmororus ccpopmupoBanach Ha
OCHOBE uAew 1 NpUMHUMMNOB OOLLEe TeopuM OTHOCUTENBHOCTU, TO Ha
nepBOoM 3Tane OHa Yyaensna rnaBHOE BHUMAHWE [EOMETPUM
BceneHHon 1, B  4YaCTHOCTW, KPUBM3HE  YeTbipeXMEPHOro
NpocTpaHCTBa-BpeMeHU. Kak Mbl yXe ykasbiBanu Bbille, HOBbI 3Tan
ee pasBuTUs Obln CBSI3aH C WUCCRefOBaHUSIMWU PYCCKOrO YYEHOTrO
AnekcaHgpa AnekcaHgpoBuda ®pugmana (1888-1925), koTopomy
ydanocb BNepBble TeOpeTUYeckn [okasatb, 4TOo BceneHHas,
3aMnofiHeHHas  TATOTEKWMM  BELeCcTBOM, He  MOXeT ObiTb
CTaLuMOHapHOW, a [OfkKHa nepuoaudeckn pacwupsmscs  unu
CXXuMambcs. ATOT MPUHLMNUANbHO HOBBLIM pes3ynbTaT Hallen CBOe
NoATBePXAeHNe nocrne obHapy>KeHWs KPacHOro CMELLEHNs, KOTopoe
CTano TpaKToBaTbCH Kak siBfieHne «pasberaHunsi» ranaktuk. B cessm
C 3TUM Ha NepBbI MMaH BblaBUraTca Npobnemsl MccnegoBaHus
pacwupeHus BceneHHom wn onpegeneHus ee Bo3pacTa Mo
NPOOOSPKUTENBHOCTM  3TOFO  paclumpeHusi. HakoHeud, Hadvano
TPETbLEro nepuoga pasBUTUSE KOCMOMOMMKU CBsi3aHO C paboTamu
n3BeCcTHOro amepukaHckoro cwusumka [.A.amoBa (1904-1968),
pycckoro no npoucxoxaeHutio. B HUX unccnepytotcs dusmdeckue
MpoLecchl, MPOUCXOAMBLUME HA pasHbiX CTagWsiX pacLUUPSIOLLENcs
BceneHHon.

Bce 3T 0cOBEHHOCTM pa3BUTMS KOCMOMOMMK HaLLKN OTpaxeHue
B pas3nuuHbix mogensx BceneHHon. OOwum ansg HuMx gBnsieTcs
npeacTaBrneHne O HeCTaLMOHApHOM M3OTPOMHOM W OOHOPOOHOM
Xapaktepe ee mMofenen. HecmauyuoHapHocmb O3HavaeT, u4TO
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BceneHHas He MOXeT HaxoAUTbCA B CTATUYECKOM, HEW3MEHHOM
COCTOSIHUKM, a pJormkHa nmbo pacwmpsatbes, nMbo  CXMMaTbes.
«PasberaHve» ranaktuk, no-BMgMMOMY, CBUAETENbLCTBYET O ee
pacLIMPeHnM, XOTA CYLLIECTBYIOT MOLENM, B KOTOPbLIX Habnwogaemoe
B HacTosllee BpeMsi paclUMpeHue paccMaTpuBaeTCsl Kak ogHa U3
¢a3 Tak HasbiBaeMow nynbcupylouien BeceneHHon, korga Bcnen 3a
pacLUMpeHMEM NPOUCXOOUT €€ CxKaTme.

NsompornHocmb yKasblBaeT Ha TO, 4TO BO BceneHHon He
CYLLIeCTBYET Kaknx-nnbo BblAENEHHbIX TOYEK, U CBOMNCTBA He 3aBUCAT
OT HanpaeneHus. OOHOPOOHOCMb XapakTepusyeT pacnpegerneHne B
cpegHem BELLeCcTBa BO BceneHHon. BblwenpnBeaeHHble
YTBEPXKAEHUSA 4YacTO Ha3blBalOT KOCMOMNorndyeckumu noctynatamu. K
HUM  [oGaBnsAlwT Tawkke npapgonogobHoe TpeboBaHne 06
OTCyTCTBMM BO BceneHHom cun, NpenaTcTBYOLWNX CUNam TATOTEHNS.
Mpn Takux npeanonoXeHusx MoAenu okasbiBatoTca Hambonee
npocteiMn. B ux oOcCHOBe nexar ypaBHeHMs 0Owen Teopun
OTHOCUTENbHOCTN OMHLUTENHA, a Takke NpeacTaBrieHnst O KPUBU3HE
NPOCTPaHCTBa—BPEMEHN U CBA3M 3TOW KPUBWU3HbI C MNIOTHOCTLIO
Maccbl BewecTtBa. B 3aBMCMMOCTM OT KPWBU3HbI MNPOCTPAHCTBA
pas3nuyatloT: OTKPbITYID MOAEnNb, B KOTOPOW KpMBU3HA oTpuLaTernbHa
WUNU paBHa HYMO, 3aMKHYTYIO0 MOJeSb C NOMNOXNTENbHON KPUBU3HOW.

PacctosiHne wmexay CKOMMeHUsMU ranakTuk cO BpeMeHeM
HEMNpPepbIBHO YBEMUYMBAKOTCH, YTO COOTBETCTBYET OECKOHEYHOW
BceneHHon. B 3amMkHyTbIX Mogenax BceneHHaa okasbiBaeTcA
KOHEYHOW, HO CTOSIb XXe HeOorpaHM4YeHHOM, TakK Kak, ABUrasiCb No Hew,
Henb3sa 4OCTMYb Kaknx-nmbo rpaHuu,.

HesaBncumo OT TOro, paccmaTtpuBalTCA M OTKPbITbIE WUIK
3aMKHYTble Mogenu BceneHHONM, Bce yyYeHble CXoOAaTCsa Ha TOM, YTO
nepBoHadanbHO BceneHHass Haxogunacb B YCMNOBMUSX, KOTOpble
TpyaHO BoOOpasuTb Ha 3emne. 3T YCNOBMS XapakTepusylTcs
HanuuMeMm BbICOKOW TemnepaTtypbl W [OaBfneHuMst B  TOuke
CUHIYNSIPHOCTK, B KOTOpoW Bbina cocpepotodyeHa maTtepud. Takoe
JonylieHve BMOSHe cornacyeTcsl C YCTaHOBMEHWEM pacLUUpeHus
BceneHHoNn, KOTOPOE MOTNO Ha4YaTbCA C HEKOTOPOro MOMEHTA, Koraa
OHa Haxogunacb B O4Y€Hb [FOpsAYEM COCTOSIHUM W MOCTEMNEHHO
oxnaxpganacb. Takas mogernb «ropsiien» BceneHHow Brnepeble Obina
BblABUHYTa [.A. [@-MOBbIM 1 BNOCNEACTBMM Ha3BaHa CTaHAapTHOMN.
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CrtaHpgapTHasa mogenb 3Bonouun BeceneHHomn

OTa w™mogenb npegnonaraeT 4YTO HadvanbHas Temnepartypa
BHYTPW CUHIYNAPHOCTM NpeBbllana 10" rpagycoB no abCcomoTHON
wkane KenbBuHa. [NoTHOCTb MaTepumn paBHsANack NpubnuanTensHO
10® r/cm®’. B nogoGHOM COCTOSIHUM HEW3BEXHO [OMKEH Gbin
npovsonTn bonblon B3pbIB, C KOTOPbIM CBA3bIBAOT Havano
aBonwouUMM B CTaHgapTHonm mogenu BceneHHow, HasbiBaeMon
noaTomy Takke moaenbio bonbworo B3pbiBa. [lpegnonaraemsbie
npoLeccsl, NpoxoameLune nocne bonbLloro B3pbiBa, ONUCaHb! BbiLUe.
MpeononaraeTcs, 4TO TakoM B3pbiB Mpousowen npumepHo 20
MUNNVapAOB feT Hasag M ConmpoBOXZancs cHavyana ObiCcTpbIiM, a
notom 6onee ymepeHHbIM paclMpeHneM W COOTBETCTBEHHO
nocTeneHHbIM oxnaxaeHnem BcenenHHon. [lo cteneHn aT0ro
paclWMpEHUs yyeHble CyasaT O COCTOSIHMM MaTepuum Ha pasHbIX
cTagusax ee aponouuun. lNMonaratoT, Hanpumep, 4To 4Yepes 0,01 c
nocrne B3pblBa MfIOTHOCTL MaTepum C HeBooOpasuMmo 6GonbLioin
BENMWYMHbI JoMkHa Bblna ynacTe Ao 10" r/cm®. B aTux YCNoBusIX B
pacwupsiowenca BceneHHoW, NO-BMAMMOMY, OOMMKHbI  Bbinn
cywiectBoBaTb (POTOHbI, 3MEKTPOHbI, MO3UTPOHbI, HEWTPUHO U
aHTUHEWTPUMHO, a Takke HebonbLloe KONMMYEeCTBO HYKINOHOB
(npoToHOB 1M HenTpoHOoB). [lpy 3TOM MOMMM  NPOUCXOAUTb
HenpepbiBHbIE MNpeBpalleHus nap 3/7eKmpoH + [103UMPOH B
¢omoHbl n 06paTtHO — POTOHbI B Napy 37eKmpoH + no3umpoH. Ho
yXe 4epe3 TpM MUHYTbl MOCre B3pbiBa M3 HYKIOHOB OOpasyeTtcs
cmecb nerkmx apep: 2/3 Bopopoga u 1/3 renusa. OcrtanbHble
XMMUYECKME dNeMeHTbl 0bpasoBanvMcb U3 3TOr0  [A03BE34HOM0
BellecTBa B pesynbTate agepHbIX peakuuin. B momeHT, korga
BO3HUKNN HenTpanbHble aToMbl BOAOPOAa W renuvs, BeLecTBO
caenanocb nNpo3payHbiM Anst POTOHOB, M OHM CTanu MU3ny4vyaTbCs B
MUPOBOE MPOCTPaHCTBO. B HacTosllee Bpems TakOM OCTaTOMYHbIN
npouecc HabnwogaetTca B BUAE PESIUKMOB020 U3Jy4YeHus. JTO
SIBNEHne HaxoauTcsa B NMOMHOM COOTBETCTBUM C MOAENbI0 «ropsven
BceneHHon». OHO coxpaHuMoCchb OO0 Halux AHerW u Habnwogaetcs
WMEHHO KaK peslukm, WUnM OocTaToK, OT TOW BeCbMa OTAaneHHoWn
anoxm obpasoBaHUs HENTparnbHbIX aTOMOB BOAOPOAA U renusi.

M3BecTHbI amepukaHckuid acTpoHom K. CaraH nocTtpoun
HarnsagHylo Mogens asositounn BeceneHHon, B KOTOPOM KOCMUYECKUIA
rog paseH 15 munnuapgam 3emHbix net, a 1 cekyHga — 500 rogam.
Torga B 3eMHbIX €AMHULAX BpEMEHW 3BONIOLNS NPEACTaBUTCS Tak:
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BonbLion B3pbIB 1 auBapsa 0 yac. 0 MuH

O6pasoBaHue ranakTuk 10 saHBaps
O6pasoBaHne CorHe4YHon CUCTEMBI 9 ceHTAbpSA
O6pasoBaHne 3emnu 14 ceHTs0pS
Bo3HMKHOBEHME XM3HU Ha 3emne 25 ceHTAbGps
OkeaHCKUI NnaHKToH 18 nekabps
MepBble pbiObI 19 pekabps
MepBble AnHO3aBpPLI 24 pnekabps
[MepBble MnekonuTawoLwme 26 pekabps
MepBble npumartbl 29 nekabps
MepBble roMMHUAbI 30 nekabps
MepBble nogu 31 gekabps npumepHo B 22 yaca 30 MUH.

Mo wmepe pacwupeHus U oxnaxgeHus Bo BceneHHown
NMPOUCXOAUNN MPOLECChl pa3pyLlleHnst CyLLEeCTBOBaBLUMX paHbLUue
CYMMETPUIA 1 BO3HUKHOBEHUS Ha 3TOW OCHOBE HOBLIX CTPYKTYP.

ToTr dpakt, ytO0 mObas  9SBOMKLUMS  COMPOBOXAAEeTCs
paspylleHMeM MpuHUUNa MNONOXUTENbHOM  obpaTHoOM  CBA3W,
cornmacHO  KOTOPOMY  HEepaBHOBECHOCTb M HEYCTOMYMBOCTb,
BO3HMKAOLLME B OTKPbLITON CUCTEMEe, BCMeACTBUE B3aUMOLENCTBUSA
CO Cpegon CO BpEMEHEM He nUKBMAMPYHOTCA, a Haobopor,
ycunuarwTcd. OTO NPUBOAUT B KOHEYHOM CYeTe K paspylUeHuto
MPEXHUX CUMMETPUMA W  BO3HMKHOBEHMIO HOBOW  CTPYKTYpbI.
OueBMaHO, 4YTO O nepBOHaYanbHOM 3BoNOUUM BceneHHom Mbl
MOXEeM CyaAuTb TONbKO Ha OCHOBaHWMM TeX pe3ynbTaToB, KOTOpble
M3BECTHbI HaMm cerogHs. MNoatomy nbas Mmogenke, KOTopasi CTPOUTCS
ONnst OOBSACHEHNS] COBPEMEHHOIO €€ COCTOSHMS, AOMMKHa YYUTbiBaThb
3T hakTbl. [Apyrnumu crnosamu, 0 paHHen aponumm BeceneHHon Ml
MOXeM [enaTb 3aKMiYeHUs TOMbKO MyTeM IKCTpanonsauuu, unm
pacnpocTpaHeHUs1 M3BECTHOr0 Ha HEW3BECTHOE, W BblABMXEHUSA
rMNoTe3 O HEM3BECTHbIX 3Tanax ee pasBuUTuUS.

MpegnonaratoT, 4YTO OOHUMM M3  NEPBbIX Pe3ynbLTaToB
paclmpeHns 1, COOTBETCTBEHHO, oxnaxaeHusa BceneHHon 6bino
HapylleHne CUMMETPUN MeXAy BeLleCTBOM W aHTUBELLECTBOM, a
UMEHHO TakUMU pPa3HOMMEHHO 3apsKEHHbIMW MaTepuanbHbIMM
YacTuuamMm, Kak 3MeKTpOH, HecyllMn oTpuuaTtenbHbI 3apsag e, U
NO3UTPOH C MPOTMBOMONOXHLIM MOMNOXWUTENbHLIM 3apsaom e'. Ux
B3aMMOeNCTBNE MPU CTONIKHOBEHUN NPUBOAUT K 06pa3oBaHuio OBYX
OTOHOB.

Kak BO3HMKNO nogobHoe HapyleHue CUMMMETPUW, OCTarochb
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HEeM3BECTHbIM, MPUXOOUTCHA TONbKO OOoragbiBaTbCs. HesacHo Takke
TO, KakmMm CrnocoboM aHTMBELLECTBO OKa3anocb OTAENEHHbIM OT
BELWlecTBa, W 4YTO YyOEpPXUBaeT WX OT aHHUTUNAUWK, WK
yHUJTOXEHWs.  [lo-BMAMMOMY, 30eCb Mbl  BCTpevaemcs C
NUCTOPUYECKON PEKOHCTPYKUMen. Tak Kak 4acTuubl BellecTBa W
aHTMBeLLlecTBa Npy B3aUMOAENCTBUN aHHUTUIMPYIOT, T.e. € +¢e'
2y, TO npegnonaraT, YTO B JaNEKOM MPOLLIIOM Hall BELLECTBEHHbIN
MUp KakMMm-TO oOpa3om okasancs W30nMpoBaHHbIM OT Mupa
aHTuBelwecTBeHHoro. MHaye oOH He Mor ©Obl cyllecTBoBaTb
BCneaCcTBUE NPOLLECCOB aHHUMMMSALMM BellecTBa U aHTuBeLlecTsa. B
obwmnx yeptax dopmmpoBaHne BceneHHomn, cornacHo CTaHO4apTHOM
mMozenwu, npeacraBndeTcs  crnegywowmm  obpasom. Korpa
TemnepaTypa BceneHHol nocne B3pbiBa ynana [o 6 munnuapaos
rpagycoB no KenbBuHy, nepBble 8 C nocrne B3pbiBa TaMm
cyliecTBoOBafa B OCHOBHOM CMeECb 3M1EKTPOHOB 1 NO3UTPOHOB. [oka
3Ta CMeCb Haxoaunacb B TenfoBOM pPaBHOBECWUM, KONMYECTBO
YyacTuL, pa3HOro poga OocTaBarioCb MPUMEPHO OAMHakoBbIM. Mexay
yacTMuaMuM  MPOUCXOOUNN  HEMpepbiBHbIE  CTOMIKHOBEHWS, B
pesynbTate 4ero BO3HMKaNM napbl (POTOHOB, @ U3 CTOMKHOBEHWS
NocneaHNX —3NEeKTPOH 1 NO3UTPOH.

Ha aton crtagum npoucxogurno HenpepbiBHOE mnpesBpalleHue
BellecTBa B WU3NyyeHUe U, HAOBOPOT, U3NyyYeHWs B BELLECTBO.
BcneacTteue aTOro Mexay BeELLECTBOM U M3NyYeHUeM CcoxpaHsanach
cMMmmeTpus. HapylweHne 3TOW CUMMMETpUM MPOM3OLLNO nocne
JanbHenwero pacwupeHuss BceneHHOM 1 COOTBETCTBEHHO
MOHWXEHUs ee TemnepaTypbl. VIMEHHO Ha 3TOM CTaguyM BO3HWKIIM
bonee Tspkenble SAepHbIE YacTuLbl — MPOTOHbI U HENTPOHbLI. CaMbim
rMaBHbIM pe3ynbTaToM 3TOW CTaguM MUKPOSIBOSIOLMM  HaLLEn
obnactn BceneHHol Gbino oOpa3oBaHMe KpamHe He3HAYMTENbHOro
nepeBeca BeLlleCTBa Hag W3MNy4YyeHWEM, KOTOpPOe OLeHMBaeTCs
NMPMMEPHO Kak W3NWWeK OAHOro MpOoTOHa WM HEeWTpoHa Ha
munnunapg ¢otoHoB. Kak pas u3 aToro umanuka B npoLecce
JanbHenlwen 3BOMOLMM BO3HUKIIO TO OFpOMHOe ©GoraTcTtBo U
pasHoobpa3ve maTepuanbHbiX 06pasoBaHUN, SABAEHUN U POpM,
HauyMHas OT aTOMOB, MOJEKYM, KpUCTansioB, MMHEPanoB U KoH4Yas
pa3HoobpasHbIMM rOpHLIMU 0Opa3oBaHUAMM, NilaHeTaMu, 3Be3gamm
M 3BE3OHbIMKM  accouMaunsiMM, ranakTtukamm U CKOMIeHUsiMu
ranakTuk.

KoHeyHO, B cTaHOapTHOW MoAenn WMeeTCca ewe MHOro
HEACHOrO M CMOPHOIO, HO OHa OMNUPaeTcsa Ha Takonm TBepao
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YCTaHOBMEHHbIN (haKT, KaKk CMeLleHne crnekTpanbHbIX JIMHUIA CBETa,
noywero OT Aanekux ranakTuK, KOTOPbIA MHTEPNPEeTUMPYeTCsl Kak
yoanenue, unu «pasberaHve», nx ot Habmogatensa. Kpome Toro,
3Ta runoTesa OCHOBLIBAETCS Ha Takon (pyHAaMeHTanbHOW naee, Kak
HapylleHMe CUMMETPUIA B MNpouecce 00pas3oBaHWs BCE HOBbLIX U
Bonee CrnoXHbIX MaTepuanbHbIX CTPYKTYP U CUCTEM, KOTOpasi NEXUT
B (pyHOAMeHTe COBpPEMEHHOW KOHUENuUunm CUCTEMHOro noaxoda wu
CUHepreTn4eckom camoopraHmsauun. ATnm, o[Hako, He
OrpaHM4YMBaETCs CBS3b CUMHEPreTUKM CO CTaHAapTHOW MoAErNblo
BceneHHo. Mpoueccel MWKPO3BOSTHOLMM BceneHHon,
npogonxkaewmecs He meHee 10 munnuapgoB neT, NpuMBENN K
00pa3oBaHMO MOJIEKYIT 1 TEM CaMbIM SBUIIMCb NPEeANnoOCbINIKON OIS
Ha4Yana Makpoasosiounn BceneHHon, B pesynbTaTte KOTOPOW
BO3HUKIIN  OKpyXXalliMe Hac MakpoTena, pasHoobpasHble UX
CUCTEMbI BNITOTb 40 ranakTudeckmx. 34ech CyLleCTBEHHOE 3HAYeHne
NpUHaONEeXuT pasnuyHbiM  usudeckum 83aumoldelicmseusm. B
HacTosLee BpeEMS, Kak 0TMeYarnoch Bbille, pa3nuyaloT YeTbipe Tuna
duamyeckux B3aMmoOencTBuin. HenocpeocTBEHHO Mbl  MOXEM
BOCNPUHMMATL ABa UX Tuna:

— epasumayuoHHble B3aUMOLENCTBUS, T.€. CWMbl TATOTEHWUS,
KOTOpble OEeNCTBYIOT Ha BCe MakpoTena M npuToM Ha AOCTaTOYHO
OonbLunx paccTosHUAX. IMEHHO OHW, KaK XOpOLUO W3BECTHO,
onpenenalT OBWKEHUA nnaHeT, 3Be3d, ranaktuk u - gpyrux
KOCMWNYECKNX CUCTEM;

— 97IeKMpoMagHUMmMHbIe Cuslbl, KOTOPble WrpalT peLuatoLLyto
ponb npu o6pas3oBaHUM MOMEKYS, XUMWUYECKMX COeOUHEHUN,
KPUCTanmnoB M BCEX CUCTEM, KOTOPble€ 3aHMMAalT MPOMEXYTOYHOE
MonoXeHne Mexgy MUKPOMUPOM W MErammpom, COCTOSLMUM U3
KOCMUYECKNX 0OBEKTOB N CUCTEM.

OcTtanbHble aBa Tuna (OU3N4ECKUX B3aMMOAEUCTBUIN (SaepHble
n crnabble) HenocpeaCTBEHHO HE BOCMNPUHUMAKOTCA YEernoBEeKOM, HO
UrparT CYLLEeCTBEHHYIO porfb Npu obpasoBaHUM pas3HOOBpa3HbIX
obbektoB Mukpomupa. Cnefyer, BNpovyeMm, OTMETUTb, 4TO
npuBeOEHHas XapakTepUCTMKa YeTbipeX TUMNOB B3aMMOOEWUCTBUN
OTHOCUTCS NULWb K NX COBPEMEHHOMY COCTOSIHMIO. B xoae apontoumm
OHM COOTHOCUIIMCb MHa4e, a Ha NepBOHaYanbHOM 3JTane, Korga
BceneHHasd Gbinia 4OCTAaTOYHO ropsiven, SaepHble CUIbl HAXOAUNCH
B CUMMETPMM C TPaBUTALUOHHBIMW, @ CUIbl 3NEKTPOMarHUTHOro
B3aMMOAENCTBUA — cO crnabbiMn B3auMoOOeNCTBUSAMU. TOnbKo
BCIeACTBUE HAPYLUEHUS CUMMETPUM MEXAY CUMNbHBbIMU SAEPHBIMU U
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rpaBUTALMOHHBIMX  CUIlaMU  CTaro BO3MOXHbIM  0OpasoBaHue
HebeCHbIX Ten, ranakTuk U Opyrnx KOCMUYeckux cuctem. B csorwo
odyepedb, HapyweHWe CUMMETPUU MeXOy SNeKTPOMarHUTHbIMU
curnamm m cnabbiMu B3aMMOOENCTBUAMW MpUBENo K obpasoBaHuio
OFPOMHOI0  MHOXecCTBa Tefn, CTPYKTyp M CWUCTEM, KOTOpble
COCTaBMAIOT OKpYXalWunn Hac BUAUMbIA MuUp. Takum obpasom,
Onarofaps HapylweHW0 CUMMETPUM MeXay pasHbiMM  Tunamu
dusnyeckux B3aMMOOENCTBUA CTano BO3MOXHO He TONbKO
BO3HMKHOBEHUE MUKPO- U1 MaKpOOOBHEKTOB, HO Takke mocneaywoulas
B3aMMOCBs3aHHasi aBonouns MUKPOCKOMMUYECKOM n
MaKpOCKOMMYeCKoV BETBEN Pa3BUTUS.

Mukpoasonouus obecnevnna ycrnoBus Ans pas3BepTbiBaHMSA
MaKpO3BOJOLINMN. OcBoboxaeHune rpaBUTaALNOHHbBIX cun,
npousowegwee BCMEACTBUE pa3pylIeHUs WX CUMMETpUM C
SAepHbIMU cunamu npumMmepHo Yepes 700 Thicsay neT nocne B3pbiBa,
npmBeno Kk obpa3oBaHuMio 3Be3d, ranakTuk, UX CKOMMEHWN U OPYrnx
KOCMUYeCKMx cuctem. B cBoo oyepenb rpaButauMoHHbIE N YOapHbIE
BOMHblI CNocobCTBOBanM BO3HWKHOBEHUIO W Pa3BUTUIO  SOEPHbIX
peakuui BHYTPM 3Be3g W sigep ranaktMk W WX CKOMIEHWNA.
CnepoBartenbHO, MUKPO- U MaKpOIBOMNIOLUKN AOMNOMHANM ApYr Apyra,
BOT no4yemy OHU npeAacTaBnawT cobon [[Be BETBU e€OUHOro
npouecca. OTcioga CTaAHOBUTCS HACHbIM, YTO BO3HUWKHOBEHME W
3BONIOUMNSA  (PUBNYECKMX, XUMWUYECKUX, TEONIOTUYECKNX W  OPYruX
CUCTEM HEOpraHM4eckon NpuUpoAbl MPOYHO YKMNaAablBaeTCA B pPaMKu
KOCMUYECKOM 1 3emMHon aBonounn. OgHako Hamboree BaXKHbIM AMs
NnoHMMaHWss  MecTa YenoBeka BO  BceneHHon — sBnsetca
BO3HWKHOBEHME XM3HW Ha 3emne n coumarnbHO-3KOHOMUYEecKasi U
KynbTYPHO-UCTOpMYECKas 3BOSIOLUS YenoBeYvecTsa.

MupoBo33peH4Yeckue npodnemsbl
KOCMOJIOrM4ecKon 3BONoLnmn

BO3HUKHOBEHME W pPa3BUTUE COBPEMEHHON PENATMBUCTCKON
KOCMOIOrMn uMeroT 0o5blloe MUPOBO33peH4Yeckoe 3HadeHne. OHo
BO MHOIOM WM3MEHWSIO HalUW MpexXHWe MpeacTaBneHus O Hay4YHOW
kKapTuHe Mupa. OcobeHHO pagukanbHbIM ObIIO  OTKPbITUE Tak
Ha3blBaEMOrO  KPaCHOrO0 CMELLEHUsl, CBUOETENbCTBYIOLIEro O
pacwmpeHun BceneHHon. JTOT hakT Hemnb3s ObINo He y4uTbIBaTb
nNpyM  NOCTPOEHUW  KOCMOMormyeckux mogenen. Cuutatb nu

123



BceneHHyto 6E€CKOHEYHON MM KOHEYHOW — 3aBUCUT OT KOHKPETHbIX
AMMMPUYECKUX WCCNedoBaHWA U Npexge BCero oT OonpeaeneHus
NIOTHOCTM MaTepum BO BceneHHon, 4TO uMMeeT pellaroLlee
3HayeHMe Ons OUEeHKUW  KPUBU3HbI  MPOCTPaHCTBa—BpPEMEHM.
OuyeBunagHO, YTO MpPM HYNEBOW UMW OTpULATENbHOW KPUBM3HE MOAENb
JOoMmKHa BOblTb OTKPLITON, NPW NOSNOXUTENbBHOM — 3aMkHyTOW. OfHakKo
OoLeHKa nNNoTHOCTW pacnpefeneHns wmaTtepum Bo BceneHHon
HaTankMBaeTCa Ha cepbes3Hble TPYAHOCTU, CBA3aHHbIE C Hanuynem
Tak Ha3blBAeMOro CKpbITOro (HEBUAUMOrO) BellecTBa B BUAE TEMHbIX
obnakoB kKocMmyeckon maTtepun. XOTS HUKAKOro OKOHYaTeNbHOro
BblBOJA O TOM, siBNAeTCS N BceneHHasa OTKPbLITOW MNN 3aMKHYTOW,
cAaenaTb MoKa elle Henb3s, HO MHOMMe CBUAeTenbCTBa roBopsT, no-
BMAMMOMY, B NOJSb3y OTKPLITON GeCkoHeYHon ee mogenu. Bo Bcskom
crnyyae Takas MoOAenb Jydwe cornacyetcd C HeorpaHW4eHHO
pacwupsitowenca BceneHHon. 3aMkHyTas xxe Mogens npegnonaraet
KOHeL, Takoro pacliMpeHmns 1 JonyLleHre ee NocreayrLero cxaTus.
Kak Mbl yke oTMevanu Bbllle, KOPEHHOW HeJoCTaTOK Takon Mogenm
COCTOMT B TOM, YTO NOKa COBpPEMEHHas Hayka He pacnonaraer
Kakumu-nubo dakrtamu, nogTeepxaatolimmmn nogobHoe cxatme. K
TOMY >X€ CTOPOHHUKM 3amMKHyTon BceneHHOM npu3HaloT, 4TO
aponouns BceneHHon Havanack ¢ Bonbloro B3pbiBa. HakoHel,
OCTaeTCsl  HepelleHHon K  npobnema  OUEHKM  MMAOTHOCTM
pacnpegeneHuss Matepum n CBA3aHHOW C HEW BENWYUHbI KPUBMW3HBI
NPOCTPaHCTBa—BPEMEHM.

BaxxHon npobrnemor octaeTcs 1 oLeHKa Bo3pacta BceneHHoW,
KOTOpPbIN onpedensieTcs no AnMTenbHOCTH ee pacwmupenmns. Ecnn Bl
paclumpeHMe npomucxoaurio ¢ NOCTOAHHOW CKOPOCTbO, paBHOW B
HacTodllee Bpems 75 km/c, TO BpeMs, MUCTeKwee C Hayana
Bonblioro B3pbiBa, coctaBuno 6bl 13 munnuapgos net. OgHako
€CTb OCHOBaHWA nmnomnaraTb, YTO paclUMpeHue npoucxoauT C
3ameaneHveM. Torga BospacTt BeceneHHow 6yaet meHble. C apyrow
CTOPOHbI, €Cnu  JOMNYyCTUTb  CYLLEeCTBOBAHWE  OTTasflKMBaloLLNX
KOCMONOrm4eckmx cun, Toraa Bo3pact BceneHnHon 6yget 6onblue.
3HauuTenbHble TPYOHOCTM CBHA3aHbl Takke C OBOCHOBaHMEM
nepBoHayvanbHO «ropsiien» MOAEenM B CUHIYNSApHOM obnacTw,
MOCKONbKY NpeanoraraemMble NOTHOCTU U TeMnepaTypbl HUKOrAa He
Habnoganv 1 He aHanu3npoBanu B COBPEMEHHOM acTpodumaunke. Ho
pa3BUTME HayKn NPOAOIPKAETCH, U €CTb OCHOBAHUS HadesTbCs, YTO
U 9TU TpyaHenwuve npobnemMmbl CO BpemeHem OyayT paspeLueHbl.
[MaBHLIN Xe NTOr COBPEMEHHbIX UCCReAoBaHNn COCTOUT B TOM, YTO
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OHM nokasanu: BceneHHas He HaxoguTca B CTauMOHapPHOM
COCTOSIHMU, OHa HEMNPEPbIBHO N3MEHSAETCS BCIeCTBUE MOHMKEHUS B
Hen TemnepaTypbl. VIMEHHO B pesynbTaTe Takoro mnpouecca
NPOUCXOANT 3BOMIOLMSA MaTepun, CBA3aHHas C NOsiBNIEHMEM HOBbIX U
CMOXHbIX CTPYKTYP.

B 6Gonbwux MacwTabax MeTaranaktuky MOXHO cCUYMTaTb
OHOPOAHOM W U3OTPOMNHOW, HO B MacwTabax MeHbLIUX
BCTpeYalTCs HEOAHOPOOHOCTU B BUAE CUCTEM ranaktuk u 3Bé3f.
Kak e OHM MOrmuM BO3HWKHYTb B OAHOPOLHOW, W30TPOMHON W
pacwupsiiowenca cpepe? Buoumo, kakume-TO HEOQHOPOAHOCTUM W
BO3MYyLLleHUsA BbinM 1 Ha paHHen cTaguu obpasoBaHus BceneHHomn.
B 1946 r. akagemuk E.M. JluBwuy Ha ocHoBaHum obLier Teopun
OTHOCUTENbHOCTM ONHLITENHA pPacCMOTPEeNl BOMPOC O MarnbiX
HEeOQHOPOAHOCTAX B OAHOpoAHOM cpede. BbidcHunochb, 4TO
HEeOQHOPOAHOCTK, BO3HUKWMWE B T[PABUTALUMOHHO HEYCTOMYUBLIX
cpegax, ¢ TedeHmem BpeMeHu pacTyT. CKOpoCTb pocTa 3aBUCUT OT
COOTHOLLEHUS B HEW BellecTBa u usnyyeHnsi. B npouecce asonoumm
«BBDKMIM» TOMbKO KpynHOMacLUTabHble HeogHopoaHocTH. Ux maccsl
Mornm 6biTb B 10°-10™ pa3 6onblwe maccol ConHua u npogormkanu
CBOW pOCT, OOCTMrasi MaccCbl, CPaBHMMOW C MaCCOW KPYMHbIX
CKONNEeHun ranakTuk. Takne maccusHble obraka rasa npuobpetatoT
He cdepuyeckyto popmy, a CTaHOBATCH MOXOXUMM Ha FUraHTCkue
«bnuHbl». 3TO npoucxoguT Bcneactene  GecnpensaTCTBEHHOro
CXaTusi, KOTOPOEe HEOAMHAKOBO MO pasHbiM HanpaeneHuam. Kpome
TOro, NNaBHOE CXaTue Ha HEKOTOPOM 3Tane npuobpeTaeT xapakrep
CBEPX3BYKOBOW yAapHOW BOJHbI: CKOPOCTb NajeHus rasa B obrnake
npeBbICMIIa CKOPOCTb TEMMOBOrO ABMXEHUS YacTul, 1 obpa3oBanmcb
CKayku [OdaBrieHus, TemnepaTypbl U MAOTHOCTU. B pasHbix 4acTax
pacwupsitowenca BceneHHOW MOMMU BO3HUKHYTb pasHble «BnuHbI».
Te, KOTOpblE POANNUCHL NO3KE, UMENU MEHbLUME MacCy, NNOTHOCTb,
TemnepaTypy. [lpoaykTtel pacnaga «6nvMHOB» TOXe OKasanucb
pasHbIMU: N3 OOHUX «BNMHOB» 0Bpa3oBanmnCb CKOMMEHUS ranakTuk,
n3 apyrux — Hebonblume rpynnbl ranakTuk, U3 TPeTbUX — OOUHOYHbIE
ranakTuku. YaapHble BOMHbI MOMMW CTaTb NPUYMHOM BpaLleHus
ranaktuk. BsaummogenctBys mexagy Cco0OW, «OnuHbI»  MOryT
OOBOJSIbBHO €CTEeCTBEHHO 00pa3oBbIiBaTb rpaHuubl Habngaembix
sYeeKk  KpynmHomaclitabHom  cTpykTypbl  BceneHHon.  MHorve
HedoOCTalLlMe 3BEeHbS KapTWHbl  BOCCO3[4aHUS  COBPEMEHHOMN
A4encTon CTPYKTYpbI CMOCOGHbI BOCMOJSTHUTb HEWTPUHO,
obnagatowme onpeaenéHHon Maccon NoKkost.
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[MpeononoxeHust 0 CyLleCTBOBaHUN MacChbl NMOKOSA Y HENTPUHO
BbICKa3bIBaNMCb HEOQHOKPATHO, MU B KOHUe 80-x rr. 6binv cBegeHus
00 oOHapyxeHuMu Takoro csorcTBa HentpmHo B CCCP wn CLIA.
CornacHo Teopun bonbworo B3pbiBa, HEWTPUHHblIE oObnaka
chopmmpoBanuce npumepHo 4epe3 300 neT nocne Havana
pacwupeHusi, a o0OblMHOEe BeLWecTBO CTano nepexoautb U3
nna3meHHOro COCTOsIHMS B COCTOSIHWE HEWTParbHOro rasa npumepHo
Yyepe3 MUMNWOH NeT Mnocrne Hayana pacwupeHus. [loatomy B
dopMMpoBaHMM CTPYKTYpbl OBbLIMHOIO BellecTBa 60nbLUyld ponb
cbirpanu HemTpmHO. NX MOXHO Ha3BaTb «TECTOM», Ha KOTOPOM
neknucb «6nuHbl». Koraa obblvyHOE BellecTBO cTano cobupartbcs B
LeHTparnbHbIX YacTaX HENTPUHHbIX 0BNakoB, MposiBUIIacb AyeuncTas
CTpykTypa BceneHHon.

Kaxkgas ranakTuka, BO3HMKLIAA M3 pacnaBLUMXCS «BIMHOBY,
nMena CBOM XWU3HEHHbIN NYTb: B HEW BO3HUKaNM LapoBble 3BE3HbIE
CKOMMeHns, 3BE€3abl pasHbiX NOKoSieHun n T.4. Hanpumep, B Hawen
cnnpanbHoM [anakTuke MacCuBHble 3BE34bl MEpBOro MOKOSIeHMUS
3aBEPLUMIM CBOW XM3HEHHbIA NyTb W, B30pBaBLUMCb, oboraTunu
MEX3BE3OHYI0 cpefy TSHKEMbIMU anieMeHTamu. YacTb M3 HMX Bowna
B COCTaB 3BE&3J HOBOro nokoneHus. 3BE3dbl MNocrneayoLmx
MOKOMEHMWI, BKMoYasi Te, KOTOPbIE POXAAKTCA Ha Hawux rnasax,
dopmmpytoTca B 0OHapYyKeHHbIX HeJABHO MOMEKYNsSpHbIX obnakax,
GoraTbix Mofekynamu BOOOPOAa, OPYIMX BELLECTB M MEX3BE3OHON
Nbiblo.  3BE34bl MarblX MacC 39BOMOLMOHWUPYIOT MeANEeHHO, |
NMO3TOMY MHOTME U3 HUX OOXWUW OO HaWnX OHEN.

OyeHb BaxHa ponb B CTPOEHUW W IBOMKOUMM TFanakTuk
MONEKYNsPHbIX 00nakoB. YacTuubl MbIM B HWUX CNOCOBCTBYIOT
obpasoBaHmnto  monekyn  (H,, CO, auetoHa  (CHj;),CO,
unaHoaekaneHtnHa HCyN n gp.) 1 s3awmwaoT ux OT paspyLleHus
ynbTpadbnoneToBbiM  U3Ny4yeHMeMm ropsymx 3sésd. KmeHHO B
MOEeKynapHbIX obrakax poXAalTcs pasnuyHble rpynnbl MOMNOAbIX
3Bé3[: accouuauuu, paccesiHHble CKOMfeHuss U1 Apyrme B
3aBMCUMOCTHK OT Macchbl obnaka.

Monogbim 3Be3gam € Maccon, 6nuskonm k macce ConHua,
npeacTout gonras XusHb — He MeHee 10 mMunnvapgoB net. 3Be3dbl
C Maccow B HECKOJIbKO AeCATKOB pa3 bonblue macchl ComHua XuByT
HEeCKOJIbKO MUITITMOHOB IET, a 3Be34bl C Maccou B jBa pasa MeHbLUe
COJTHEeYHOW, Mornn 6bl CNOKONHO XunTb 4o 100 MMNNnapaoB nerT.

3Be3ga — 3TO OCHOBHAas CTPYKTypHas edvHuua Meramupa.
lanakTukn, MeTaranaktuka, pApyrue CTPYKTypbl KOCMWU4YECKOro
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MacwTaba cocToAT M3 3Be3f. VI3BECTHO MHOro pasfvyHbIX TUMOB
3Be3n. Kak Mbl yxe roBopunu Bbille, Kaxgasi 3Besga MpoXoauT
pasnNUYHbIA 3BOSIIOLMOHHBIA MyTb, MNEpPexoass M3 OAHOro Tuna B
apyron. Wx MOXHO pasgenuTb Ha [ABe Oonbluve  rpynnbi:
OObIKHOBEHHbIE 3Be3dbl M KOMMakTHble 3Be3dbl. K KOMMaKTHbIM
3Be3famM OTHOCAT Genble Kapnuku, HEWTPOHHble 3Be3fdbl, YepHble
ablpbl. X pa3mepsbl nexxaT B npegenax oT HECKOSbKMX KMNOMETPOB
[0 HECKONbKMX ThICAY KMNOMETPOB. PasmMepbl HOpManbHbIX 3Be3f
namensitotcs ot 10° no 10" M. Brnxanwas Kk Ham 3Be3na ConHue.
CornHue ABNseTcs UCTOYHMKOM XU3HU Ha 3emne.

Macca ConHua coctaensier 210%° «r, paguyc — 7-10° kwm.
KonunyecTtBo sHeprum, manydaemon CorHuem orpomHo. B cekyHay
ConHue uanyyaet 410%° [k aHeprun. Ha [onio Halei nnaHeTbl
NpUXoauTCa NUWIb OAHA MWNnuapgHas 4acTb 3Tol 3Heprun. 3a
BPEMSI CYLLEeCTBOBaHMS Xu3HM Ha 3emnie (okono 3,5 mnpa ner)
ConHue manyuuno 410* [Ix. OTkyaa e 6epeTcst Takoe KONMYecTBo
3Heprn? Kakue npouecchl Ha Halem cBeTune obecnevmBairT Takoe
NOCTOSIHCTBO cBe4veHuss? Beaob ecnn 6bl cBeTumocTb ConHua
YMEHbLUUIIOCh 3a 3TO BPEMSI B HECKOJSIbKO pas, XM3HM Ha 3emie He
6b1r10 6bl. [oaTomy, ecnu ConHue M MEHSINO CBOK CBETUMOCTb, TO
He Gonee 4YeM Ha HECKONbKO NPOLEHTOB.

B pasHoe BpemMsi WUCTOYHMKOM 3Heprum ConHua cuymTanu
pasnuyHble NpuyunHbl. Tak, N. HetoToH 1 KO. Mariep cuuTanu, 4To
WUCTOYHMKOM 3Heprum ComnHua ChAyXuT KUHETUYeckas SHeprus
nagalowmx Ha Hero meteoputoB M komeT. . lenbmronby n Y.
TomncoH (nopa KenbBuH) B koHUe XIX Beka npepnonioxunu, 4to
BblgeneHne sHeprum CornHuem obecneudmBaeTcs ero paguvyca nog
OEencTBneM ero coOCTBEHHOM rpaBuTaumm. AcTpoHom [Ik. [DKMHC
NPeanonoXun, 4YTo WCTOYHMKOM 3Heprun ConHua sBnsieTcs
paguMoakTMBHOCTb. [DKMHC Obln ONM30K K MOHMMaHUIO npobremsl,
TaKkke Kak M OOMH M3 MNUOHEpoB acTtpodumanknm A. DOOWHITOH,
KOTOpble CcYMTanu, 4YTO WUCTOYHMKOM 3Heprum ConHua sBnsieTcs
aTtomHoe aapo. B 1939 rogy X.A. beTe noctponn KONUMYECTBEHHYIO
TEOpUI0, ODBACHALLYIO SAepHble Mpoueccbl B 3Be3gax. bbino

YCTAHOBMEHO, YTO 3Be3fbl — OTO [UraHTCKME MPUPOAHbIE
TepMosiAepHblE PeakTopbI.
TepmosigepHble peakuuMm — 3TO peakuuu cuHTesa Gornee

TSKEnbIX  agep w3 nerkux. Camasi  pacnpocTpaHeHHas
TepmosiiepHas peakuusi 3TO peakuusl CMHTe3a sdep renus us sap
BOZOpoAa:
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4'H >*He + 2v + 2 e" + 26 M3B.

Macca o6pasoBaBwuxca sgep renmsa Ha 0,7% MeHbLle
CyMMapHOWM Macchbl YeTblpex sgep Bodopoda Bcreactsue gedekra
macc. lNonb3yscb dopmynon AuHwTenHa E = MG’ MOXHO, npasga
JoctatoyHo  rpybo, oueHuTb 3anac aHeprum B CornHue,
npegnonaras, YTo OHO BCE COCTOUT U3 BOAOPOAA, KOTOPbIA LENTMKOM
npeBpaTUTCs B resini:

0,7M.c* = 12010* Ox.

3710 B 30 pa3 6onbLue, yem Tpebyetca ansa oborpesa 3emnu B
TeueHne 3,5 mnpa net. bonee ToYHblE pacyeTbl NOKasbIBAKT, YTO
3anaca TepMosigepHoro roptodero B ConHue anst obecneveHus
NMOCTOSIHHOIO CBEYEHUSI MOXET XBaTUTbL Ha 10 mnpa ner.

UCcTOUYHUKMN JHeprum 3se3q

PaccmoTpym NpousBOnbHbBIA 3NeMeHT BellecTBa B 3Besfe,
Haxogdawmnca Ha pacctosHum R oT ueHTpa 3Besgbl. Ha aToT
3NeMEHT [OEeNCTBYKT ABE MPOTUBOMOSIOXHO HamnpaBlieHHbIE CUIbI:
cvna rpaBuTauMmu, CTPEMSLLASACS «YTOMUTb» 3NEeMEHT B 3Be3de, U
cvna [aBfeHus BHYTPEHHUX CroeB 3Be3fdbl, CTaparoLiascs
BbITONKHYTb ~ 3NIEMEHT Ha  nNoBepxHoCcTb. [na  anemeHTa,
HaxoasLLerocs B paBHOBECUMN, OHEBNOHO, BbINONHAETCS paBEHCTBO

Froas(R) = Frasn(R)-

PaBHOBecue HapyLlaeTcd, ecnv no kakom-nubo npuynHe ogHa
M3 cun npeBanupyeT Hag Agpyron. Npeanonoxum, 4To B LEHTpe
3Be3bl UCCAKNO TepmosiaepHoe roptovee. [lepeg Hamu OOBLEKT,
TEPSAIOWNA  SHEPTMIO C  MOBEPXHOCTM, TMpuYeM 3Ta noTeps
KOMMEHCUPYETCA MPUTOKOM SHEPrMM 3a CcYeT TepMosaepHbIX
peakumii. Torga B LeHTparnbHbIX YacTsx 3Be3bl ynageT gaBleHne, un
BCS 3Be3ga Nnog AEVCTBMEM CUN FpaBUTaALUKM HAYyHET CXMMATbCS K
ueHTpy. lNpn atom Temnepatypa B LEHTpanbHOW 4acTu 3Be3fbl
OypeT nosblaTbCcA. YAMBUTENbHOE U napajokcanbHoe CBOWCTBO
3Be3[bl: OHa TepseT JHeprui Ha U3nydeHue C NOBEPXHOCTM U, B
TOXE BPEMsl, CKMMAsiCb, pa3orpeBaeTcs BHYTpPU. Tepsis 3Hepeuio,
38e30a Hazpesaemcs. Takme cuctemMbl U3BECTHbI U B oumauke. OHU
Ha3blBalOTCA CUCTEMaMM C OTPULATENBHOW TEMNNOEMKOCTbI. JTO
CBOWCTBO 3BEe3Obl WrpaeT pelawlyld ponb a mnpouecce ee
aponounn. bnarogapsi 3ToMy CBOMCTBY BECb X0 3BOMOLMM 3BE3AbI
HarnpasJieH B CTOPOHY MOBbILLEHNS TEMMepaTypbl €€ Heap.
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3aBnCMMOCTb MAOTHOCTW, AaBMeHus W TemnepaTypbl  OT
paguyca (paccTosiHus OO LeHTpa) 3Be3dbl HasblBaeTCd MoAerbio
3Be3gbl. PacyeTbl mogenu 3Be3dbl (pelleHne ypaBHEHUS OObIYHO
nposogaTcs ¢ nomowpio IBM. o pesynbratam pacyeToB CTPOAT
rpadukn rpacpvkn pacnpegeneHus TemnepaTtypbl U NAOTHOCTU ANS
3Be3bl. N3 aTux rpadmkoB CTaHOBUTCSA BMAHO, YTO Temnepartypa T
BO3pacTaeT npu npubnmxeHun K LIEHTPY 3Be3gbl. Tak, ecnu Ha
nosepxHoctn ConHua T= 6000 K, 1o B ueHtpe T.=15 mnH K.
[aeneHne u nnotHocTb B LUeHTpe CornHua Takke [OCTUrarT
YYOOBMLLHBLIX 3HaueHuit: P=4x10"" atm n p.=1,4x10° kr/m’. BaxHo
Takke OTMETUTb, YTO ANs 3Be3f 6onbluen Mmacchl 3HaveHus Tg, Pe, u
P¢ €LLe BbILLE.

Mo 3akoHy KynoHa, yem 6onbLue 3apagsl aaep, TeMm 6onbLuyo
Cuny oTTankMBaHWsi UM Hago MpeoorieTb, YTOOblI MPOU3OLUNO KX
cnusiime (cuHTes). Ons Toro, 4Ttobbl Mpou3owna TepmosiaepHas
peakuusi, sapa OOMMKHbl MMeTb OOMbLUYI0 OTHOCUMTENBHYIO CKOPOCTb,
T.e. obOnagatb 6GonbwKMM 3aMnacoM KUHETUYECKOW  3HEPIUW.
Hackonbko 6onblwmm? Bce xopowo 3HaT U3NYECKYI0 BESNTUYMHY,
KOTOpas SIBNSETCA MEpPON KMHETUYECKOM SHEepruu yacTtvl B rase, -
37O Temnepartypa.

Kaxnas TepmosigepHas peakuusi npoTekaeT npu
onpeaeneHHon TemnepaType. M yem cnoxHee sapa, yvacTBylowme
B peakuuu, Tem Bblle 3HadeHue 3TON Temnepatypbl. Hanpumep,
peaKLl,lélﬂ cnuaHua atomoB H maet npm 7= 15 mnH K, a ansa cnusaHus
apep C Tpebyetca 3HaumtenoHo 6Gonee Bbicokast: T=800 mnH K.
MmeHHO TeMnepaTypa onpegenseT CKOpOCTb MPOTEKaHWS TeX WMu
MHbIX TepMosiAepHbIX peakuun B 3Be3ge. [Haxe Hebonblioe
NU3MEHeHne TemnepaTypbl Bbi3biBaeT 3aMeTHOE WM3MEHeHue Temna
TEPMOSIAEPHOW peakuun. YBenuyeHne Temnepartypbl YCKOpPSieT X0z
peakuuu, a yMeHbLUeHne — 3amegrisier.

Kaxgasa 3Be3ga 3a BpeMda CBOEW  XKU3HW  NPOXOoauT
ONPEAENEHHbIN  3BOSMOLMOHHBLIA  NyTb. OTOT NyTb COCTOUT U3
Heckonbkux aTanoB. Hawe ConHue, BMAMMO, NPOWIO M eue
NponaeT 3Tu 3Tanbl HA CBOEM XU3HEHHOM MyTW.

MepBbIi aTan 3SBoNOUMM 3BE3AbI — CXaTWe ra3omnbIeEBOro
obnaka, KOTOpoe HauMHaeTcs B pe3yrbTaTe Kakoro-nmbo BHELIHEro
umnyneca. Ha nepBbix nopax, noka obnako ewe npo3padHo,
yBenu4YeHne NAoTHOCTW He NPMBOAUT K BO3pacTaHMIO TeMnepaTypsbl.
M30bITOK TEnnOBOW SHEPrMv, BO3HMKAIOLWWUA MPU CTPEMUTEITbHOM
yBENUYEHNN MNOTHOCTW, MpeBpallaeTcd B  3MEKTPOMarHUTHoOe
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n3nydeHne, KOTopoe O6ecrnpensaTCTBEHHO BbIXOAUT B OTKPbITbIN
KocMmoc.

PaHo unn no3gHo, HacTyrnaeT Tako MOMEHT B 3BOSIOLUN
3Be3bl, Korga nioTHOCTb ra3a Bo3pacTaeT O TakOW CTEMneHwu, YTo
KBaHTbl 3NIEKTPOMAarHUTHOIO MU3NydeHUs HauMHaKT «3acTpeBaTb» B
BeLlecTBe NpoTOo3Be3abl, NnepeaaBasi CBOK 3IHEPru Moriekynam u
nbinvHkam. [lyTe, MO KOTOPOMY 3Heprus BbiIxoAuna U3 Heagp
npoTto3Be3abl, Tenepb OfoKMpoBaH Henpo3padHbiMKU  CIIOSIMU
BewlecTBa. B pesynbTate TemnepaTtypa BHYTPU NpoTO3BE3abI
Ha4YMHaeT CTPeMUTENbHO noBbiwaTbes. [lpoTto3Besga MenneHHo
cKumaeTca u pasorpeBaeTcd. Koroa Temnepatypa B ee Hegpax
JocTuraeTt 3HadeHust okoro 6 MnH K, HauMHatoTca TepmMosioepHble
peakuMuM npeBpalleHns Bogopoga B renun. OgHako gaxe nocne
Hayana TepMosAepHbIX peakuui cxaTue elle HEKOTOpOoe Bpems
npogomkaetca. OHO npekpallaeTcsl TONbKO TOrAa, Koraa sHeprus
TEPMOSIAEPHBIX pPEeakuuin ypaBHUBAET CUITY [OABMNEHUST C CUITON
rpaBuTauun. lpuM 3TOM, MOLLHOCTb «TEPMOSIAEPHOrO peakTopay
BHYTPWY 3Be3bl CTAHOBUTCS PaBHOM MOLLHOCTU U3MyYeHns 3Be3bl.

lMocne npekpalleHns cxaTus 3Be3da BCTynaeT Ha rnaBHYHO
nocrnegoBaTenbHOCTL. JTan ropeHns Bogopoaa B Hegpax 3Be3abl —
camblil ONUTENbHBIN B 3BonoUMn 3Be3abl. lMpnyem, 4em MeHbLue
Macca 3Be3bl, TEM JosblUe OH AnuTcd. [na Takux 3Be3d, Kak Hawle
ConHue, 3TOT 3Tan nNpogosnKaeTcs, No-eManmmomy, okono 10 mnpa.
ner.

Ctagusa rnaBHOM NocrnedoBaTeNbHOCTM 3aKkaHYMBaeTCsi Mocne
TOro, Kak BbliropaeT BECb BOAOPOL B LEHTPASIbHOM «TEPMOSIAEPHOM
kotne». Tenepb BHYTPU 3Be3dbl HaxXoauTCA renveBoe S4po.
TepmosgepHoe «roproyee» B «TOMKEe» KOHYMMOCh, U CUMbl AaBreHus
fonblle He NPensaTCTBYIOT CXaTuio 3Be3dbl. 3Be34a CkKumaeTcs, a
TemnepaTypa B LeHTpe pacTeT. [locne aToro atana XusHb 3Be3[
TMna Hawero ConHua (acTpOHOMbI CuUuTalOT Takue 3Be3fbl
ManomMmaccusHblMu) 6nu3uTca Kk duHany, a 3Be3gam ¢ 6onbLion
Maccou NpeacTouT NPOMTY ELLE MHOMO 3TarnoB 3BOSIHOLMN.

Mockonbky ConHue BbI3blIBAE€T Hally BMOMHE MNOHATHYIO
3aMHTEPECOBAHHOCTb,  PAaCCMOTPMM  KOHE4YHble  CTaguMuM  €ero
aponoumn. lMpumepHo yepe3d 5 mnpa net B sigpe ConHua Becb
BOAOPOA NpeBpaTtuTca B renuin. K sTomy BpeMeHU B OKPECTHOCTSIX
AApa, roe XMMUYECKUA COCTaB He npeTeprnenl MIAMEHEHWUN, HaYHYTCS
TEPMOSIAEPHbIE peakumMn ropeHns Bogopona. ATOT 3Tan HasbiBalT
rOPEHMEM CITOEBOI0 MCTOYHMKA.
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[opeHve crnoeBOro MCTOYHMKA PE3KO MOBbIWAET OaBfeHue
BHELLUHUX CroeB 3Be3fpbl. [lonyvaeTca cTpaHHas Belb: B LEHTpe
3Be3bl NOeT coxatne, a BO BHELWHUX CNosX Frpas( R ) < Fpaen( R ), 1
noToMy OHW paclumpsitoTcs. CHapyxmn bygeT kasaTbCs, YTO 3Be3aa
pa3byxaeT 0O OrpOMHbIX pa3mepoB. OTO MocnegHee, YTO MOXHO
ObIo Obl yBMAETL C Halen obpeyeHHoW nnaHeTbl. LiBeT ConHua
CTaHeT HacCbIWEeHHO-KpacHbIM, a ee pasmepbl O6yoyT TakoBbl, YTO
opbuTta 3emMnu oKaxeTcsd BHYTPW packareHHOW nna3mMbl 3BE34HON
aTMocdpepbl. Mbl 3HaeM MHOroO TakuMx 3Be3[ M HasblBaem WX
KpacHbiMn ruraHtamun. ®asa ruranta gnurca 100 mMnH net w
3aKaH4MBaeTCs MeAJIeHHbIM W MNaBHbIM OTAENEHUEM BHELUHEW
060onoYKN OT renneBoro sapa.

HanbHenwas cygbba ConHua Takke wu3BecTHa. BHelwHne
Crou, MOMyyYMBLUME  Ha3BaHWE  «MNMaHeTapHOM  TYMaHHOCTWY,
pacWupsTCA elwe CullbHeMn W, HaKOoHel, COBCEM pacTalT B
OeckoHeuvHbIX npocTtopax Kocmoca. A renveBoe agpo — «Oenbin
Kapnuk» — OyaeT ocTbiBaTb, NPEBPATUTCSH B KOPUYHEBLIW, @ 3aTeM U
BOBCE MOTYXHET («4YepHbI Kapnuk»). Takass 4vepHas rorioBeLLka
6yneT Be4HO HocuTbesl B ManakTuke.

Korga B pesynbTarte cxaTusi TemnepaTypa B Hegpax 3Be3fpl
pgocturHet 200 mnH K, HauvMHaeTca TepmosiaepHas peakuus
CrnvsiHWA agep renus ¢ obpasoBaHWeM yrrepoga. dTa peakuus naet
Mo CXeMe:

47He="2C + 2v + 7,3 MaB (y-choToH).

Aopa yrmepoga MoOryT  nNpucoeavHATbL  Aapa renus U
obpas3oBblBaTh Kkucropod. TakuM o6pasom, NpoaykTamy siAepHoro
ropeHus renua SBNAOTCA Yrnepoa M Kucropod, obpasylolmecs B
NpUGNN3UTENIBHO PaBHbIX KONIMYECTBAX:

’C+/He- SO +y;
20+ He - Ne+y.

B MaccuBHbIX 3Be3gax, Mocrne TOoro Kak McTollaeTcs
(BblropaeT) BECb renun, LeHTparnibHaa 4acTb 3Be3bl, COCTOoALlaA U3
yrnepoga u Kucnopoga, BHOBb TepsdAeT yCTOIZ‘-II/IBOCTb N HauvnHaet
cknmatbCsi  C  MOBbILEHMEM  TemnepaTtypbl.  TemnepaTtypa
NnoBbIWLAeTCA U B npunerarowem K Apy 3se3bl Crioe, CoCTodllem n3
rennd, a Takke nosbllLlaeTcda U BO BHELWHUX CIlI0AX, COCTOALUKUX U3

Bogopoaa. [MoaToMy HauyuMHaeTcs ropeHve renus M BoJdopoda B
TOHKOW  OBONOYKE  BOKPYr yXKe  HeaKTUBHOro  yrrnepoaHo-
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kncnopogHoro siapa. MNpu goctwkeHnn Temnepatypbl 800 miH K (3T0
BO3MOXHO AnS 3Be3[ C MacCOMW Bbllle LUECTU COSTHEYHbIX Macc) B
SApe HayMHaeTcsa ropeHne yrnepoaa v kucriopoga ¢ obpasoBaHueM
HeoHa, MarHusl, KPeMHUS, cepbl. ATOT NPOLIECC UOET C NepepbIBaMm
Ha [OMOSNIHUTENbHOE CXaTue, COoMpoBOXAarwlleecsi BCe OOMbLINM
pasorpeBom spa 3Be3fbl. B KOHLeEe KOHUOB, kKorga B pesynbraTe
roOpeHus1 3NeMeHTOB C aTOMHbIMU, BRU3KMMKW K aTOMHOMY HOMepy
KpPEMHMS, obpasyetcs 3Be34HOoe a4po, cocrosiLiee
npevMmyllecTBEHHO M3 xenesa U Hukensa. [locne  aToro
TepmosigepHble  peakuum npekpawalTcs. Cunbl  NPUTSXKEHUS
CTAHOBATCA MHOro Bbllle Cun  OTTankmBaHua. Agpo 3Besfbl
NMPaKkTU4YEeCKM MrHOBEHHO CXuMmaeTcss (MPOMCXOAUT Kommanc) wu
npeBpaLlaeTcsl B HEMTPOHHYHO 3BE3AY WITM YEPHYIO ObIPY.

Bo Bpems konnanca MacCUBHOE £4pO CXUMmaeTcss Ao
pasmepoB nopsgka 10 km. pu 3aTOM BblgensieTCca KornoccasibHoe
KONMMYECTBO TPaBUTALMOHHOW SHEPrMM U BO3HUKAET MOLLHas
yOapHasi BOSfiHA, HanpaBfieHHash Hapyxy. OTa BOJIHA pe3ko
noBbILLA@eT TemnepaTtypy W MMAOTHOCTb BHELWHUX CNoeB 3Be3dbl. B
pe3ynbtate obonoyka 3Be3dbl B3pbiBaeTCA KakK KonoccarbHas
TepmosigepHas ©ombGa. JTOT npouecc HasbiBAeTCA BCMbILKOW
cBepxHoBon. brneck 3Be3gbl pes3ko Bo3pacTaeT, CBETUMOCTb
ctaHoBuTcsa novtn B 10 mnpa pas 6onblie ceetumoctn CornHua.

Takux KaTaknMamoB B Hawen ranaktuke npoucxoaut
MHOXecTBo. Tak B 1054 rogy B netonucsix Obinl 3aperMcTpoBaH
Cny4van MNoOsABMEHMSI OYEeHb SIPKOW 3Be3dbl, KOTOPYH Obino BUOHO
naxe gHem. Korga acTpoHOMbI COMOCTaBUIM AaHHbIE NETOMUCEN C
COBPEMEHHBIMU  aCTPOHOMUYECKUMM  LOAHHBIMKW, OHWM MPULLIN K
BbIBOAY, 9TO Oblna BCMbiKa CBEpXHOBOW. Ha mecTe 3Be3gpl
obpasoBanack KpaboBnaHas TYMaHHOCTb.

MaccuBHas 3Be3fa B3pblBaeTCa U Ha ee MecTe obpasyeTtcs
MacCMBHOE SOpO0, KOTOpPOe B KOHLE KOHLOB npeBpawlaeTcss B
HEWTPOHHYIO 3Be3gy. OTO OOBLEeKT 3Be3JHOW MacCbl, B KOTOPOM
BCNeacTBME KornoccanbHbIX [aBfEeHUA SMeKTPOHbl W MPOTOHbI
coeanHAITCA ¢ obpasoBaHMeM HeNTpoHOB. Paauyc Takow 3Be3fbl
nopsigka 10 kM. OTO rMraHTCKas «kKanss» npeacTaBnseT Kak 6bl 94po
3NleMeHTa, KOTOpPOro HeT B  MNEepuOANYECKON CcuctemMe U
obnapgatolero CBONCTBAMM CBEpPXTEKydel XUOKOCTU. 3HadeHue
MNMNOTHOCTU B LEHTPEe HENTPOHHOWM 3Be3dbl aocturaet 10" r/em’.
HenTpoHHasa 3Be3ga yctondmea.
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3Be3dbl CBEpPXIMraHTbl, MpU B3pbiBE KOTOPbIX 06pasyloTcs
HEWTPOHHbIE 3Be3dbl C Maccol Oonblue Tpex COSIHEYHbIX Macc,
NpOOOJIKaT CXXMMAaTbCH NOCre B3pbiBa B COCTOSIHNE C OECKOHEYHOM
NAOTHOCTBIO —«YEPHYIO AbIPY».

Takum obpasom, MOXHO caenatb BbIBOA4, YTO BOZOpOA U
renun obpasoBanuck B pesynbTaTe bonbLioro B3pbiBa, a ocTanbHble
anemeHTbl obpasoBanucb B 3Be3fax, B pes3ynbTate saepHbIX
peakuui. PaccMoTpum pacnpocTpaHeHHOCTb 3fIEMEHTOB B KOCMOCE.

PacnpocTpaHeHHOCTb 35IeMEHTOB B KOCMoOCe

PacnpocTpaHeHHOCTb  3NIeMEHTOB B KOCMOCe  u3y4aet
KOCMOXMMMUSI.

M3yyeHne pacnpocTpaHEHHOCTU SMEMEHTOB B KOCMOCE —
JOBOMbHO CMOXHasi 3afjaya, Tak Kak BellecTBO B KOCMWUYECKOM
NPOCTPaHCTBE HaXOAUTCH B Pa3fMYHOM COCTOSIHUM  (3Be3abl,
nnaHeTbl, NbiNeBble obraka, Mex3Be3gHoe MPOCTPaHCTBO U T. A.).
WHorga coctosiHMe BellecTBa TpyaHO npeactaBuTb. Hanpumep,
CMOXHO TOBOPUTE O COCTOSHMM BeLllecTBa W 3MEMEHTOB B
HEWTPOHHbIX 3Be3fdax, Oenbix Kapnvkax, YepHbIX Ablpax Mpw
KoroccarnbHbIX TemnepaTtypax U AaBrneHusXx. Tem He MeHee Hayke
OOCTaTOMHO MHOIO M3BECTHO O TOM, KaKuMe 3feMeHTbl M B KaKux
KonmMyecTBax €eCTb B Kocmoce. B mex3Be3gHOM npocCTpaHCTBe
BCTPEYaTCA WMOHbI M aTOMbl Pas3NUYHbIX 3NEMEHTOB, a TaKke
rpynnbl aTOMOB, paguKarnbl U AaXe MOMeKynbl, HanpumMmep MoneKynbl
dopmanbgernga, sogbl, HCN, CH;CN, CO, SiO,, CoS wu gap.
OcobeHHO MHOro B MeX3Be3AHOM MPOCTPaAHCTBE WMOHOB KanbLMs.
Kpome Hero, B KOCMOCe paccesdHbl aToMbl BOAOpoAa, Kanus,
yrnepoja, WMOHbl HaTpuA, KMcnopofa, TUTaHa WM Apyrue 4acTuubl.
MepBoe MecTO no  pacnpocTpaHeHHoCTM BO  BceneHHomn
nNpvHaanexvT Bogopoay.

XumMmnyeckum coctaB 3Be3[,

XVMUYeECKMI cocTaB 3B€34 3aBUCUT OT MHOTUX (DaKTOpPOB, B TOM
yucne u oT TemnepaTtypbl. 1o Mepe NOBbILEHUS TemnepaTypbl
COCTaB YacTuL, CYLLECTBYIOLLMX B aTMOCdepe 3BE3bl, YNPOoLLaeTcs.
Tak, cnekTpanbHbIi aHanu3 3Be3d ¢ Temnepartypor 10000-50000° C
nokasblBaeT B X aTMocdepax NMHUN NOHN3MPOBaHHBLIX Bogopoaa u
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renMs U MoHbl MeTannoB. B aTmocdepax 3Be3g C TemnepaTtypown
5000° C obHapyxuBaloTCs yXKe paaukansl, a B atmocdepax 3Be3g C
TemnepaTtypon 3800° C — gaxke MONEKyrnbl OKCUAOB. XUMUYECKUN
COCTaB HeKoTopbiXx 3Be3a ¢ Temnepatypamu 20 000-30 000° C
npueeneH B Tabn. 1.1. BugHo, 4to, Hanpumep, B 3Be3ae y-lNeraca Ha
8700 atomoB Bogopoga npmuxoantca 1290 atomos renus, 0,9 atoma
asotauT. 4.

B cnektpax 3Be3q nepBbiX 4 KMaccoB (CamblX rOpsunX)
npeobnagarT NUHUM BOAOPOAA WU renusl, HO No Mepe MOHWKEHUS
TemnepaTypbl NOABMAAKTCS NIMHUM OPYTUX SIEMEHTOB U AaXe NMHUN
coeiHEHUN. JTO eLlle NPOCTble COEeAMHEHUSA: OKCuAbl LUPKOHMS,
TWTaHa, a Takke pagukansl CH, OH, NH, CH,, C,, C;, CaH v gp.
HapyxHble cnou 3Be3f COCTOST rMaBHbIM 0bpa3om u3 Bogopoga. B
cpegHem Ha 10 000 atomoB Bogopoga npuxogutca okorno 1000
aToMoB renund, 5 atomoB kucropoga u mMeHee 1 atoma gpyrux
anemeHToB. CyllecTBylOT 3Be3[bl C MOBbILEHHBIM COAEPKaHUEM
TOrO UMM MHOTO 3fIeMeHTa: KPEMHWS, Xenesa, Mapradua, yrnepoga v
ap. 3Be3gbl ¢ aHoMarnbHbIM COCTaBOM [OBOSbHO pasHoobpasHbl. B
MoONnoAbiX  3Be3dax Tuna  KpacHbIX  TUFAHTOB  MPUCYTCTBYET
MOBbILLIEHHOE KOMWYECTBO TSHKEMbIX 3ANeMeHToB. Tak, B O4HON u3
noaobHbIX 3Be3a coaepxuTca B 26 pa3 bonblie monvbaeHa, Yyem B
ConHue.

Tabnvuya 3.1
XUMMYECKUI COCTaB HEKOTOPLIX 3Be3A Krnacca B
oOnemMeHT OTHOCUTENbHOE  KONMUYEeCTBO aTOMOB B
3Be3ge
T CKopnuoHa ¢ MMepces v lNeraca
Bogopog 8350 8300 8700
renui 1450 1700 1290
Yrnepog 20 1,5 3,3
AsoTt 3,1 1,7 0,9
Kucnopoa 11,0 9,0 3,7
®1op - - 0.023
HeoH 4.3 3,4 4,05
Marxun 0,46 0,49 0,76
AntoMnH1N 0,032 0,05 0,005
KpemHuin 0,75 0,77 0,094
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docdop - - 0,0028
Cepa - 0,25 0,55
Xnop - - 0,0014
AproH - 0,07

X1UMUYECKMIA COCTaB 3Be3bl OTpPaXkaeT BNuaHWe AByx (pakTopos:
npupoadbl MEX3Be34HOW cpedbl U Tex SAEepHbIX peakuuin, KoTopble
pa3BMBalOTCA B 3Be3[e B TeYyeHue ee XU3HW. HadvanbHbli cocTas
3Be3gbl ONM30K K COCTaBy MeEX3Be3gHOW MaTepuu (ra3omnbineBoro
obnaka), “3 KOTOpOM BO3HMKNa 3Be3da. A COCTaB ra3onblfeBbIX
obnakoB He 0AMHAKOB, YTO U MOFIO MPMBECTU K OTNNYMIO B COCTaBe
3NeMeHTOB, coepXKallumxcs B 3Be3e.

CnekTpanbHbIi aHanu3 nokasblBaeT, YTO HanMyne MHOrmX
3NeMeHTOB B COCTaBe 3Be3[ MoXeT ObiTb OBYCrNOBMEHO TOMNbLKO
AOEPHBIMU peakuMsaMu, NpoTekawlmuMmn B HUX (Bapun, LMPKOHWUN,
TexHeuwnn). CyLLecTBYIOT 3Be3[bl, B KOTOPbIX BOAOPOA MpeBpaTuics
B renun. Mx atmoctepa coctout m3 renus. B Takux renmeBbix
3Be3gax OOHapyXeHbl yrnepop, HEOH, TuTaH, as3oT, KUCINOopOA,
KPEMHUIA, MarHumi. VI3BeCTHbl renveBble 3Be3bl, MPaKkTUYeCKu He
copepxawme Bogopoaa, KOTOpbIN Bbiropen B pesynbTate saepHbIX
peakuumn.

O4yeHb MWHTEpPECHbIMU SABNSAKTCA YrNepofHble 3Be3dbl. ITO
OTHOCUTENbHO XOonoAHble 3Be3fbl (TMraHTbl M CBEPXTUraHThbl), KX
NMOBEPXHOCTHbIE TemnepaTypbl nexaT B npegenax 2500-6000° C.
Mpn Temnepatype Hwxke 3500° C npm paBHOM KonmnyecTse
Kucnopoga wu yrnepoga B atmocdepe 6Gombliasi 4acTb  9TUX
3N1eMEHTOB CBsA3aHa B MoHookcua yrnepoga CO. U3 ppyrux
yrnepoaHblX COeANHEHNI B aTMOCdepax Takux 3Be3a NpUCyTCTBYHOT
pagukansl CN n CH.

WccnegosaHne pacnpoCTpaHEHHOCTM 3MEMEHTOB B KOCMOCE
nokasano, 4YTO C YyBeNIMYEeHWEM aTOMHOW MacCbl 3fieMeHTa
YMEHbLLAEeTCsl ero pacrnpocTpaHeHHoCTb. Kpome Toro, anemeHTbl C
YETHLIMW MOPSAKOBLIMU HOMEpamMu BCTPeYalTcs 4ale, 4Y4em C
HeyeTHbIMW.  PacnpocTpaHeHHOCTb  3MEMEHTOB B KOCMOCe
npueeneHa Ha puc. 3.1.
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Puc. 3.1. PacnpocTpaHeHHOCTb 35IEMEHTOB B KOCMOCE

PaCI'IpOCTpaHeHHOCTb anemeHTOoB B ConHe4YHOM cucteme

UccneposaHue xmmunyeckoro coctaBsa ConHua npousBoauTcs
MeTogaMu CneKTpanbHOro aHanu3a. 3TO OYeHb CroxHas paboTa,
TaKk Kak npu ycnosusix, cyulectBylowmx Ha ConHue, aTtombl
3M1EMEHTOB CUIIbHO MOHW30BaHbl (Tak, aTom xenesa TepsieT 4o 9
3NEKTPOHOB).

Atmocdepa ConHua HaxoguTcsi B MOCTOSIHHOM  [ABWKEHUM.
Temnepatypbl oTocdepbl, XpomMocdepbl, COSIHEYHON KOPOHbI
pe3ko pasnuyatoTcd. TemMm He MeHee, xumudeckuii coctaB ConHua
ycTaHoBneH poctatoyHo nonHo. Ha ConHue obHapyxeHo 72
anemeHTa. CogepxaHue 60 anemMeHTOB onpeaeneHo [OCTaTOYHO
HaOexXHO, HO AN 9NeMEHTOB C aTOMHOW Maccou Bbllle 57 AaHHble
MeHee TOYHbI.

136



BonbLlue Bcero Ha ConHue Bogopoda — noyutn 75% maccel. enus
coagepxutcst okoro 24%, nuwb 1-2% NpuxoanTcs Ha BCe oCTarnbHble
anemeHTbl. XoTa 1% OT CONMHEYHON Macchbl — 3TO HE TakK yX 1 Mmarno.
Macca ConHua pasHa 1,9910%° r. Cortas pgons aToit maccsl
cocraensiet 1,9910%'r, unu 1,99'10%°1, 4to cocTaBnSET BENUUUHY, B
3350 pa3 npesbiwawwyo Maccy 3emnu. [1oBOMbHO MHOrO Ha
ConHue kucnopopga, yrrnepoga, asoTa, HaTpusi, Xenesa, Hukens,
mMarno nutus. bop n Top obHapyxeHbl B COeAMHEHUN C BOAOPOAOM.
Pagwus, ypaHa, BUCMYTa, PEHUSI HUYTOXHO Marno, a pagvMoakTUBHbIX
3MIEMEHTOB, MOflyYaeMblX B YCroBUAX 3eMnM  UCKYCCTBEHHO
(npomeTunsa, acrtaTta), a TakkKe ranoreHos, Kpome Topa, He
obHapyxeHo. B atmocdepe ComHua Ha oauH aToMm Kucropopa
NpUXoanTCs:

Bogopoaa 560 aTomoB;
antoMmHns 0,0040 atoma;
yrnepoaa 0,37 aToma;
KpeMHusi 0,037 aTtoma;
asoTa 0,76 aTtoma;
cepbl 0,016 atoma;
MarHus 0,062 atoma;
Kanus 0,00029 atoma;
HaTpusA 0,0035 atoma;
Kanbuns 0,0031 aTtoma.

XUMUYeckMin aHanmM3 nnaHeT, okpyxawowmx ConHue, eue
bonee TpyAeH, TaKk KaK MMaHeTbl CBETAT TOJIbKO OTPaXXEHHbIM
COMHEYHbIM CBETOM, M O WX COCTaBe MpuUXoauTCs CyauTb MO
CMeKTpam OTPaXeHMusi. AT CMNeKTPbl CIIOXHbI AN paclmMdpoBKU 1
4acTO He [alT OA4HO3HA4YHbIX OTBETOB. Paclmpunm BO3MOXHOCTU
M3yyeHus cocTaBa MNnaHeT, WX aTtMocdep MexXnnaHeTHble
KOCMUYECKne cTtaHuun.

Tabnuuya 3.2
MnotHocTn nnaHeT CONHEYHOM CUCTEMBI
Mnaxeta P, Mnaxeta P, MnaHeta P,
r/lcm® r/cm® r/lcm®

Mepkypuii 5,62 JlyHa 3,35 HentyH 2,43
BeHepa 5,15 HOnuTep 1,35 MnyToH -
3emns 5,517 CartypH 0,71

Mapc 4,00 YpaH 1,60
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CHavana BbICKa3blBanMCb MHEHUS O TOM, YTO BCe MMaHeThl
ConHeyHOM cCUCTEMbI WMEKT OAMHAKOBbLIA COCTaB, HO yXe
CpaBHEHWe MNIOTHOCTEN MoKasarno, YTo cocTaB pasnuyaetcs (CM.
Tabn. 3.2).

Mepkypui, BeHepa, 3emns, Mapc, JlyHa — TBepable Tena. OHu
06pa3oBaHbl CUIMKATHLIMK, antoMOCUIMKATHBIMW, KapboHaTHBIMU 1
OPYrMMU MUHepanamu, COCTaBMSOWMMU UX MOBEPXHOCTHLIE CIOW.
BHyTpu aTmx nnaHeT Haxoautca agpo, obpasoBaHHoe 6Gonee
TSOKENbIMM - MOpPOAaMW, COAEepXaluMU  3NeMeHTbl € GonbLuow
aToMHON Maccon. MepKypun cogepXxut geppomMarHutHoe s4po u
obnapgaet cunbHbIM MarHUTHbIM nonem. OOLlee KONUMYEecTBO
MeTannMyeckoro >xernesa, MO HEKOTOPbIM AaHHbIM, B MepKypum
coctaBnseTr okono 58%. BeHepa u Mapc, kak u 3emnd, umeroT
XenesHble A4pa, OKPYXXEHHble MWHeparibHOMW, NPenMyLLEeCTBEHHO
cunukaTHow, obonodkon. Ha BeHepe MHOro kapboHaToB,
TEPMUYECKOE pa3fIOKEHME KOTOPbLIX MNPUBENO K HaKOMMEHWUIO
anokcmnaa yrnepoga B atmocdepe aTonm nnaHeTbl. 1o AaHHbIM
COBETCKMX KOCMUYEeCKux cTaHuui "BeHepa-4" — "BeHepa-7",
aTmocdepa BeHepbl Ha 97% cocTtouMT M3 Auokcuaa yrnepoaa,
copepxut okono 2% asota, 1% BogaHoro napa u He 6onee 0,1%
kncnopoga. TemnepaTypa Ha NOBEPXHOCTM nniaHeTbl okono 500° C,
a paenexune okono 100 atm.

MnaHeta Mapc wmeeT aTmocdepy 3HauuTenbHo 6Gonee
paspexeHHyto, 4yeM 3eMHad. ATmoccepHoe aasneHne Ha Mapce
coctaBnset Bcero 0,08 3eMHoro. OCHOBHBIMW COCTaBHbLIMU YaCTsIMU
ero atmocdpepbl ABMAAKOTCHA a30T 1 avokeng yrnepoga. Kucnopoga u
BOASHbLIX napoB npubnusmtensHo B 1000 pa3 MeHblle, 4yeM B
3eMHOM aTmocdepe. BrnonHe BO3MOXHO, YTO XMMWYECKMI COCTaB
coeavHeHUn, obpasyLmnx NoBepXHOCTb Mapca, Noxox Ha 3eMHOMN.
OTO HaxogouT NoATBEPXKAEHME B MHOFOYUCIIEHHbLIX 3KCMEPUMEHTaX
Nno MOOENUPOBAHMIO MAPCUaHCKUX YCIOBUIA. DTO XXe NOATBEPXKAAT
CHUMKW, cOenaHHble C [A0CTaTOYHO OrfM3KOro paccTosiHUS C
KocMmnyecknx ctaHummn "Mapc" n "MapuHep".

lmrantckme nnaHetel  HOnutep, CatypH, VYpaH, HenTtyH
obpasoBaHbl MeHee MnoTHbiMM  BewecTBamu. OCHOBY  uX
COCTaBMAT BOAOPOA, renvn, MeTaH, aMMuak u gpyrue rasbl.
CyuiecTBoBaH/Me TBEPAOro f4pa Yy 3TWUX MNMaHeT Henb3sd cuyuTaTb
AokasaHHbIM. CnekTpanbHble unccnegoBaHusa HOnutepa, CatypHa,
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YpaHa n HenTyHa nokasanu Hanuyue B nx atmoccepax metaHa. B
atMmoccepax HOnutepa u CaTypHa OOHapyXeH Takke aMMMak,
KOTOpbIA, BO3MOXHO, €CTb Ha YpaHe u HenTyHe, HO yXe B TBepaOM
cocTosHMKU. ViccrnepoBaHwe nokasano Takke Hanuuve BoJopoda
(okono 60%), renusa (36%), HeoHa (okoro 3%). Kpome Toro, B
aTMocdepe copepXkaTtcs  CrOXHble  MOMEeKynbl:  LMaHOBOOOPOA,
ovnokeng  asota B dopme  N,O4  BOga, cepoBogopoA,
BbICOKOMOJEKYNSAPHbIE MONEKYrbl (MMPEH, KOPOHEH, XpU3eH 1 Aap.).
Tem He MeHee, HECMOTPS Ha MHOrve rogbl WccregoBaHum,
XUMUYECKUI COCTaB NMaHET-TMraHTOB U3Yy4YeH HEAOCTATOYHO.

I'Ipowcxox(p,el-me nnaHeTt

ConHeyHasa cuctema — 3TO npexae Bcero 3ee3ga ConHue u
OeBATb MnaHeT, obfpawatwwmxca BOKpyr Hero. B nopsgke
paccTosiHUIA OT CBETUMAa OHW pacronaralTcs crneayrolwmm obpasom:
Mepkyputi, BeHepa, 3emns, Mapc, FOnumep, CamypH, YpaH,
HenmyH w [lnymoH. Tpu nocnegHue nnaHeTbl ¢ 3eMn MOXHO
HabnogaTb Tonbko B Teneckonbl. OcTanbHble BUAHbLI kKak 6onee vnm
MEHee SIpKMEe KPYXXKM W WU3BECTHbI NOASIM CO BPEMEH rnyboKon
OPEBHOCTMU.

CoBpeMeHHble Ha3BaHUSA NiaHeT CBsA3aHbl C umMeHamu Goros
apesHepumMckon mucponoruun. MNpn 3TOM MMeHa, AaHHble NnaHeTam,
He Cny4amnHbl: B KAKOW-TO CTENEHN OHW XapaKTepu3ytoT X OCHOBHbIE
kauyecTtBa. Tak, Mepkypun (mocnaHel, 60roB) oTimMyaeTcs SpPKOCTbIO U
ObICTpbIM NepeMeleHnem no Heby; BeHepa (6oruHs KpacoTbl U
noben) — ApKocTblo M kpacoTon; Mapc (6or BOWHbI) — KpoBaBoO-
KpaCcHbIM oOTTeHKOM; lOnutep (BepxoBHbIM 60r) — BenuyaBbiM W©
crnokonHblM 6rieckom; CaTtypH (6or BpemeHu n cyabbbl) — CBUHLLOBO-
MEPTBEHHbIM CUSIHUEM W KpalHe MeAJieHHbIM MNepeMELLEHMEM
cpeon 3Be3d. MeTkocTb HasBaHMW B M3BECTHOW  CTEMEHM
cBuaeTenbcTByeT o Oomnblwon  HabnogatenbHOCTU  OPEeBHMX
aCTPOHOMOB. Ho, pasymeerTcs, Kakue-nnbo  dusnyeckue
XapaKTepucTmku nnaHeT B TO Bpems ObluM  COBEPLUEHHO
HEeM3BECTHbI, U pacCcyXAeHus O MniaHeTax OCHOBbIBaNMChb NULb Ha
haHTasnm u penurmosHbIX NpeacTaBneHnsx.

CoBpeMeHHble HayyHble npegcTaBneHns o  ConHe4vyHon
cMcTeMe MMEKT CBOUM Hayariom Teopuio, pa3paboTaHHy BENUKUM
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NnonbCckMM  ydeHbiM Hwukonaem KonepHukom (1473-1543). B
pe3ynbTate MHOrONeTHUX HabnwgeHnn wn pasgymumn  KonepHuk
npuLLEen K BbIBOAY, YTO LEHTP Hallen nrnaHeTHon cembn — ConHue, a
3emnsa npeacraensieT cobon ogHy M3 nnaHet. OTKPbITUE MOSbCKOro
YYEHOro MOSIoXKWUINO KoHel, 6oree 4yeM ThicsdYeneTHeMy rocnoacTBy
reoLueHTPMUYECKON CUCTEMbI, pa3paboTaHHOW [OpPEBHErPeYecKuMm
dunococom 1 yyeHsiM Apuctotenem (IV B. A0 H.3.) U JONONHEHHOW
Bo Il B. 0o H.3. KnaBanem lronemeem. NeoueHTpuyeckasa cucrtema
yTBepxXaana, 4To Habniojaemble ABMXEHUA HebeCHbIX CBeTun
obbscHATCA Mx obpalleHMeM BOKpyr ueHTpa BcenenHon -—
HenogBwxHo 3emnu. Cuctema Apuctotens-lltonemes o4eHb
XOpOLLUO COorfnacoBbiBanacb C XpUCTUAHCKMMU NpPencTaBlEHUsMU O
Mupe, 60)XeCTBEHHOM TBOPEHUN 1 OCOBOM MOJIOXKEHUN YETTOBEKA BO
BceneHHon. [109TOMYy LUEPKOBHUKM BCAYECKM 3alimuianun  aTy
ownboYHYy0 Teopuio. YTBEpPXAEHME HOBOW TrenvMoLeHTPUYECKON
CUCTEMbI MOSIOKMUIO Ha4vano OCBOOOXOEHWUIO €eCTEeCTBO3HAHUS OT
rHeta 6orocnosusi.

3akoHbl ABwxkeHns nnaHeT Bokpyr ConHua OTKPbIN HeMeLUKui
yyeHbln WoranH Kennep (1571-1630). Kennep ycrtaHoBun, 4TO
nnaHeTbl nepemeLlalTCs BOKPYr Hallero AHEBHOro ceeTuna no
HECKOMbKO BbITSAHYTLIM OKPY>XHOCTSIM — 3annuncam, M yem Bnuxe
nnaHeta k ConHuy, Tem 6onblie ee ckopocTb. Ho 3akoHbl Kennepa,
pUCys KapTUHY OBWXEHMS MIaHeT, HUYEro elle He roBOpuin O Tex
cunax, KoTopble 3TUMU ABWXEHUAMMW yrpaBnsoT. PelieHne gaHHon
npobnembl NPULLIIO MO3XKE — B pe3ynbTaTe OTKPbITUS aHMTMACKAM
yyeHbiM Wcaakom HbioTOHOM (1642—-1727) 3akoHa BCEMWMPHOro
TAroteHus. MIMeHHO cuna TAroTeHus yaepXuBaeT NfaHeTbl OKOMNo
ConHua, He paeT UM yneTeTb B KOCMMYECKOE MPOCTPAHCTBO U
3acTaBnsieT obpallaTbCcs N0 3aMKHYTbIM opbuTam.

ConHue Cny>XuT LLEeHTPOM NPUTSXKEHUS HE TONbKO AN AEBATU
BOonbLUMX NAaHeT, HO U AN AeCATKOB (@ BO3MOXHO, U COTEH) ThiCAY
pPasnmnyHbIX KOCMUYECKMX TEN: NITaHETHbIX CMYTHMKOB, acTepouoB,
KOMeT, a TakKe MEeTeopuToB, YacTul, rasonbieBo maTepumu,
paccesiHHbIX aTOMOB Pa3NUYHbIX XUMUYECKUX SMEMEHTOB, NMOTOKOB
aTOMHbIX YacTul, U T. 4.

ConHevHon cucteme npucyLm onpepneneHHble
3aKOHOMEPHOCTU:

- opbuTbl nNnNaHeT nexar no4YTM B OAOHOW  MIIOCKOCTMH,

coBnagarLLen C NI0CKOCTbIO akBaTopa CornHua;

140



- nnaHeTbl BpawakwTcs Bokpyr ConmHua B TOM  Xe
HanpasneHun, B kakom ConHue BpalaeTcsi BOKPYr CBOEN
OoCu, BpaweHne COOCTBEHHbIX  CMYTHUKOB  MMaHeT
NpouCXoAMT B TOM e HarnpasneHun. WcknioyeHne
cocTtaBnseT BeHepa, Bpawaiowascs no 4acoBoOW CTperike,
YpaH, KOTOpbIN BpallaeTcs «nexa Ha Boky» - yron mexay
NMOCKOCTBIO 3KBaTOpa YpaHa M MNIOCKOCTbI0 ero opbuThl
coctasnseT 82°. B obpaTHyl0 CTOPOHY Bpallaetcss TPUTOH
— cnyTHUK HenTyHa, maneHbkas ®eba Bokpyr CaTypHa u
HECKOINbKO MarneHbKMX cnyTHUkoB KOnuTepa.

- CONnHeyHasa cuctemMa obnagaeT YCTOMYMBOCTbIO, HECMOTpPS
Ha B3aMMHOe rpaBUTaLUOHHOE BO3MYLLIEHUE;

- MpaKkTU4yecKu BCce BeLecTBO ConHevHonm cuctembl (99,9%)
cocpenotoyeHo B ConHue. oyt MonoBuHa OCTaBLLENCS
gonu cocpegoToyeHa B HOnuTtepe;

- NNaHeTbl YEeTKO AeNATCA Ha ABe rpynmbl: XKene3oKkameHHbIe,
COCTOSILLIME B OCHOBHOM W3 TSDKENbIX 3IEMEHTOB (Kerneso,
HUKEeNb, KPEMHUI, KUCNOPOA U Ap.) U BOAOPOLAHO-TENUEBbLIE.
K nepBbimM oTHocaTtca Mepkypuii, BeHepa, 3emnsa, Mapc,
pacnonoXeHHble CpaBHUTENbHO Hepaneko oT ConHua (B
npegenax 1,5 acTPOHOMMYECKUX €OUHMLbI) KO BTOPbIM —
KOnutep, CaTypH, YpaH, HenTyH, pacnonoxeHHble
poctatoyHo pganeko ot  ComHua (ot 3 pgo 30
aCTPOHOMMYECKMX eOuHWL). OTK Trpynnbl NNaHeT pesko
OTIIMYaoTCA MO NIIOTHOCTU (Tabn. 3.2)

ComnHe4yHas cucTema, Takum oOpa3om, — BeCbMa CIOXHOE
obpasoBaHue, psa 3aKOHOMEPHOCTEN KOTOPOro cTan JOCTyneH Ang
n3yyeHns nNuwb B nocrnegHue gecatunetus. OrpoMHYI0 porib B UX
uccnegoBaHun npuobpeTaeT cenmyac KOCMOHaBTWKa — Haubornee
MOLLHOE W NepCneKTUBHOE CpeacTBO No3HaHWst BceneHHON.

lMnaHeTHass KOCMOrOHWsi MMeeT cBou cneunduyeckne Tpya-
HoCcTU. B Hew kpaliHe orpaHuMyeHa BO3MOXHOCTb 3KCNepuMeHTa —
nabopaTopHbIM UCCrefoBaHUSM AOCTYMHbI MOKa MWL METEOPUTLI U
o6pasubl NyHHbIX nopofd. OrpaHuyeHbl Takke BO3MOXHOCTU
CpaBHMTENbHOrO MeToda WCCneaoBaHWsi, Tak Kak CTPOEHME U
3aKOHOMEPHOCTU OPYrMX MMaHeTHbIX CWUCTEM TMOKa OCTalTCH
Hen3BeCTHbIMW. Bce Hawm npeacraBneHUs O MPOUCXOXOEHUM
ConHe4yHon CUCTEMBI Mbl OOMKHbI OCHOBbIBaTb Ha
3aKOHOMEPHOCTSAX, MNPUCYLIUX NUWb €W OfHOW. Tak, BaKHOW
3aKOHOMEPHOCTbBIO ABMSAETCH TO, YTO BCE MMaHeTbl ABWXKYTCA BOKPYr
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ConHua B OZHOM HampaBlieHUW, B €OWHOM MIocKocTM (3a
nckntovdeHmem lnyToHa) M noyTM No KpyroBbiM opbutam. C ToukM
3pEeHNs 3aKOHOB HEOECHOM MexXaHVKK, 3TO BecbMa penkuin criyyvan
obpalleHnss Ten noa JewctBneMm cun TaroteHus. Begb cormacHo
3aKOHaM MexaHVK1, TaKkoe [OBWKEHWe [OOIDKHO MpoucxoauTb B
pasHblX HamnpaBfeHUSX W pPasHbIX MIOCKOCTAX, MO BbITAHYTbIM
annunTudyeckum  opbutam. Ecnu 66l ConHevHass  cuctema
obpasoBanacb B pesynbTate cnydanHoro, 6GecnopsgoYHoro
06beanHeHNss HebecHbIX Tern, TO 3aKOHOMEPHOCTU MNITAHETHbIX
OBWKEHUI 3HAYUTENBHO Obl OTNIMYANMCh OT CYLLECTBYIOLLUX.

ObpawaeT Ha cebs BHMMaHME Takke W TO, YTO MO CBOUM
dm3nMyeckumM xapakTepucTmkam nraHeTbl 06pa3yloT 08e passiuyHbie
epynnbl, OTNMYalLMeCss pa3mMepaMu, MMAOTHOCTbI0, XMMWUYECKUM
coctaBoM nnaHetr. OgHa M3 HMX COCTOUT U3 CPaBHUTENBHO
HebonbLIMX NNaHeT 3emMHon rpynnbl — Mepkypus, BeHepbl, 3emnu n
Mapca, koTopble MMEWT 3Ha4MTEeNbHYH MMOTHOCTb M COCTOAT B
OCHOBHOM W3 CWUMMKaToOB M MeTannoB. [pyryio rpynny cOCTaBnstoT
nnaHeTbl-ruranTbl — KOnuTep, CatypH, YpaH n HentyH, obnagatowue
BeCcbMa Marnon NroTHOCTb, Gonee ObICTPbIM BpaLLEHUEM BOKPYr
cBoeli ocu. [NnaHeTbl BTOPOW rpynnbl COCTOAT B OCHOBHOM W3 NErKMX
netyynx anemeHtoB: Ha Hnutepe u CatypHe npeobnagatoT
BOLOPOA M renui, a Ha YpaHe n HentyHe — meTaH, ammuak, Boga.

UTak, ueHTpanbHOe Teno Hawen nnaHeTHONW CucTembl —
ConHye. OHO MOTry4M WCTOYMHWMK SHEPrMu: EeXECEKYHOHO Halle
CBETWIO U3My4yaeT Takoe KONMMYeCcTBO Tenna, KoToporo Obl BMomHe
XBaTUIO, YTOObl PacTonuTb CIION fbAa, OKPYXalLWniA 3eMHON Lap
TOJILLMHOW B ThICSIYY KMITOMETPOB.

Y4yeHble OaBHO 3adymbiBanucb Hag TeM, KakuM 006pasom
ConHue BOCMOMHSAET 3anacbl CBOEW JHEepruu, CToMb LIeApo
n3ny4yaemo B MWPOBOE MPOCTPAHCTBO. ATy MNpobnemy Mbl yxe
paccMoOTpenu B npeablayllen rrnaBe, TEM He MeHee, BCMOMHUM
HekoTopble Npobnembl. Ha nepBbix nopax Hanbonee ecTeCTBEHHLIM
cYaTanocb MNpPeanosfiokKeHUe, YTO SHEeprusi Halero [OHEBHOro
cBeTuna He nononHsietcs. Ho B TakoM cnydae temnepartypa ConHua
OormkHa 6bina 66l 3aMeTHO NoHVKaTbCs (Mo pacyeTam, Ha 2% B rof),
a cnegoBaTtenibHO, HEMPEPbIBHO YMEHbLIANOCh Obl KONMMYECTBO
Tenna u ceeTa, nonyyaembix 3emnetn. Mexagy TeM u3MepeHus,
NPOBOAMBLUMECS Ha MPOTSHKEHUN psiia NeT Ha crneymnarnbHbIX FOPHbIX
CTaHUMAX, FOBOPSAT O TOM, YTO MOTOK CBETOBOMO W TEMfoBOro
nanyyeHnsi ConHua npakTU4eckn He MeHsaeTcs. A 3TO O3Ha4vaeT, 4YTo
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9HEpPrMsi Hawero cBeTuria MOCTOSHHO MOMOSHAETCS U3 KaKoro-To
NCTOYHKKA.

B cBoe BpeMs BbiCka3biBanocb MpearnonoxeHne, 4To Takum
WUCTOYHMKOM MOXET CHyXWUTb HenpepbiBHOe cxaTtne ConHua,
npoucxogswiee nNog eNCTBUEM CUM TArOTeHUs. Tak AeNCTBUTESNbHO
Morno ©Obl nNpoucxoamTb, HO TOr4a WCTOYHMKA Tenna u cBeTa
xBatuno 6bl nuwb Bcero Ha 20 mwunnuoHoB net. Mexagy Tem
reonornyeckue AaHHble ybéeamtenoHO CBUAETENbCTBYIOT, YTO Hawla
nnaHeta cyuiectsyeT He MeHee 5 wmunnuapgoB net. Bospact
ConHua, crnegoBaTensHO, NO KpanHen Mepe He HUXe 3ToW LUndpsbl.

CoBpeMeHHasa u3nka, packpbiB TarHbl aTOMHOrO f4pa U
CNOXHENLWKNX AOepHbIX npeBpalleHuin, Nponuna HOBbIN CBET Ha
3arafKy COJIHeYHow aHeprum. [paBga, Mbl NULIEHBI BO3MOXHOCTU
HenocpeacTBeHHO HabngaTe, YTO npoucxoauT B Hegpax ConHua.
HO O BHYTpEHHel Xu3Hu CBeTuna MOXHO CyauTb MO Mpoueccam,
NPOTEKAILLMM Ha CONTHEYHOM MOBEPXHOCTU, MO TEM NEPUOLANHECKUM
N3MEHEHNsIM, KOTOPbIe 34eCb NPOVNCXOANT.

B HacTosllee Bpems MOXHO cuMTaTb [OKasaHHbIM, 4YTO B
Hegpax ConHua npu OrpoMHenWnX Temnepatypax — B LECHATKU
MUIIMOHOB rpaZlyCoB — M Yy[OBULLHBLIX AaBfEHUAX MPOTeKalT Tak
HasblBaeMble TepMosiiepHble peakLumu, KOTOpble COMpoBOXAalTCH
BblAeNeHMeM OrpoOMHOro konmyectsa aHeprum. OgHOM K3 TakuX
peakuun sBnsieTcs, Hanpumep, cuHTes dgep renus. pyn aTtom
yeTblpe sApa aTtoMa BoAopoda B pesynbTaTe AMVMHHOW  Lenwu
A0epHbIX MpeBpalweHMn obpas3yloT OoAHO H4pO atoma  renus.
MogcumntaHo, 4YTO Kaxayl CeKyHAy B Hedpax Halwero AHEBHOro
ceetuna 564 munnumoHa TOHH Bogopoda npespawiartTca B 560
MWIITIMOHOB TOHH Fenus, a ocTanbHble 4 MUNNMOHA TOHH BoAoOpoAa
nepexoadar B usnyyeHue.

Utak, TepmosimepHas peakuua B Hegpax ConHua 6yget
npovcxoauTb OO TeX Mop, Moka He WUCCAKHYT 3anackl Bogopoaa. B
HacTosilee BPEMS OHM cocTaBnstoT okono 60% maccebl ConHua.
Takoro pesepBa [OMPKHO XBaTUTb MO MEHbLUE Mepe Ha HEeCKONbKO
aecatkoB munnuapgoB net. CnepoBaTenbHO, 4YenoBeYeCTBO Ha
gonrve BpemeHa obecneyeHo CONHEYHbIM TEMNIOM 1 CBETOM.

Hawe ConHue — WCTOYHMK He TOMbKO CBeTa W Tenna: ero
MOBEPXHOCTb U3MNy4aeT MOTOKM HEBUAMMbBIX YNbTpaduoneToBbiX U
PEHTTEHOBCKMX JTydelr, a Takke KOPMYCKYNn — 3apshKeHHbIX YacTuy
BellecTBa. Bo3gencreme aTnx M3nyyvyeHuin Ha xapakrtep npoLeccoB B
3eMHOM aTmocdepe ObINo 3amMeyeHO yxe MHOro net Hasag. Ho
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N3y4yeHne nX Mo-HacTosILLEeMY HavyanoCb NWWb B MOCNEeAHMEe rogbl.
XOTH KONMYeCTBO Tenna 1 cBeTa, nocbinaemoro Ha 3emmnto ConHuem
Ha TMPOTSKEHWA MHOTMX COTEeH MWMMMOHOB feT, OcTaeTcs
MOCTOSIHHLIM,  WHTEHCUMBHOCTb  €r0  HEBMAMMbBIX  W3MyYeHWN
3HaYUTENbHO MEHSIETCH: OHA 3aBWCUT OT YPOBHA TaK Ha3biBaeMmow
COMHEYHOW aKTUBHOCTW.

3ameueHo, 4ytOo B pgeaATenbHoctu ConHua HabnogaTes
cBoeobpasHble LUMKMbl, B TeYEHNE KOTOPbIX COMHEYHask aKTUBHOCTb
JOoCTUraeT MakCMManbHOro 3HayeHusi, a 3aTeM BHOBb yObiBaeT. 370
cnyyaeTcss npumepHo u4epe3d kaxable 11 netr. B Takve rogbl
YBEMMYMBAETCS KOMWYECTBO MNATEH M BCMbILWEK Ha MNOBEPXHOCTU
Hawero [JOHEBHOIMo0 CBeTWMa, HEeBWAMMbIE W3NYyYEHUS [OCTUralT
Hanbonblen MHTeHcMBHOCTU. OOHOBPEMEHHO C 3TMM Ha 3ewmne
BO3HMKAIOT MarHMTHble Gypu, NPOUCXOASAT HapPYLIEHUS PaanoCBA3M,
HabngaeTcs ycuneHme noHM3aumm BEpXHUX CoeB atMmocdepsbl.

Kpome 11-neTHero umkna CofiHeYHOM akTUBHOCTW CYLLIECTBYIOT U
apyrue, B yactHoctu, 100-neTHUIA, UM BeKOBOW. Takme UMKMbl Kak
Obl HaknagpiBaloTcs Apyr Ha pApyra. bnarogaps stomy o6wwn
YPOBEHb COMHEYHOW aKTMBHOCTM 3aBUCUT OT TOro, Ha KakoM aTtane
CBOEro pa3BUTUS HaXOAUTCHA B AaHHbIA MOMEHT KaXAbl U3 LINKMOB.
HeBuammble  unanyyeHuss  ConHua  gocturawoT  Hambonbluemn
WHTEHCMBHOCTM B Te roAbl, KOrga MakCUMyMbl LIMKIOB COBNagaloT.
MopobHoe coBnageHne NpomsoLuno, Hanpumep, B 1957 r.

CornHue okasblBaeT 3aMeTHOEe BIUAHME HE TONbKO Ha Takue
npupoadHble MPOLECChl, Kak mnoroga, 3eMHOW MarHeTusM, HO M Ha
buocgepy — MBOTHBIN U pacTUTENbHbLIN MUP 3eMnK, a TaKkke U Ha
yesiogeka.

BrnusiHne conHe4yHOM akTMBHOCTU Ha GuonorMyeckme Npouecchbl
OoTMevanocb MHOMMMU uccnegosatensmMu. B koHue npowunoro
cTonetTus pycckuin ydeHoln H. LBepoB obHapyxun cBA3b Mexay
TOMWWHON TOAMYHBIX KONewy, y AepeBbeB U LMKNaMW akTUBHOCTU
Hallero AHeBHOro cseTuna. [pyrne y4yeHble YCTaHOBUMWU CBSA3b
MEXAY COMHEeYHOM aKTMBHOCTbIO W POCTOM MOPCKUX KOpanros,
pasMHOXeHMEM pbIO 1 rpbi3yHOB, HAberamu capaHuu.

B 1934 r. no mHMUMaTMBE COBETCKOrO Y4eHOro npodpeccopa
AJl. YnmxeBckoro Obin npoBedeH WHTEPECHbIN 3KCcnepumeHT. B
TeyeHne psiga net MexayHapodHbI WMHCTUTYT MO U3YYEeHUIo
COIMHEYHbIX, 3€MHbIX W KOCMUYECKMX W3MNYyYEeHWA, MNOYETHbIM
npegcegaTeneM KOTOPOrO OH SBAASCS, paccbinan ¢paHLy3CKUM
rocnmtanam 1M GonbHMUAM  crneuvanbHble  WU3BELEHWs O
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npeacTosAwmnx nepuogax YCUIeHWs COMNMHEYHOW akTMBHOCTU. B aTto
BpemMs Bpayu AOMKHbl ObiMM ¢ 0cobow TwaTenbHOCTbI0 OTMeYaTb
pasnuyHble OTKMOHEHWS B COCTOSHMU MaUMEHTOB: W3MEHeHue
KPOBSIHOrO JaBreHus, konebaHue TemnepaTypbl, nosisneHve 6onen.
lMonyyeHHble cBefeHus nepecbinanncbe B MHCTUTYT U3NyYeHUn W
CpaBHMBanNMCb C acTPOHOMUYECKMMUW [OaHHbIMM O KornebaHusax
COMHEYHOW aKTUBHOCTW.

PesynbTathl HabnogeHUN okazanucb BecbMa nobonbITHeIMK. B
BonbHMUAax n rocnutansx 6bino 3apernctpmpoBaHo okono 40 Teicay
OCTpbIX cepaeyHbIX NPUCTYNoB. M Koraa Meavku BbIMEPTUNM KPUBYHO
pacnpegeneHns nNpucTynoB NO BPEMEHW, TO OKasanocCb, YTO OHa
ABMSAETCA MNOYTU TOYHOW Kommen rpadmka U3MEHEHWI CONHEYHOM
aKTMBHOCTM 3a TOT Xe Mepuod, COCTaBNEHHOro acTpoHomamu. B Te
OHW, KOrda akTUBHOCTb AHEBHOrO CBETUNa Jocturana mMakcumyma,
4mncro ceppedHbix 3aboneBaHnii pe3ko Bo3pacTarno. JIeHnHrpagckmi
uccnegosatens b.  PbiGkuH, npoaHanu3upoBaB  6Gonblioe
KONMMYEeCTBO HaKOMMEHHbIX (QaKToB, MNOATBEPAWS, YTO YUCIIO
3aboneBaHuii MHPapKTOM MMoKapaa 3HAaYNTENbHO YBENMUYNBAETCS B
OHW NOBbILLEHHOW CONHEYHON aKTUBHOCTH.

Opyraa rpynna Bpaden ycTaHoBuna, 4to 84% obocTpeHun
pasnuyHbIX XPOHMYECKUX 3aboneBaHnin coBnagaeT C NPOXoXaeHnem
COMHEYHbIX NATEH Yepes LeHTpanbHyo YyacTb Aucka ConHua.

Habntopenus Ymxkesckoro Ha [lanbHemM BocToke nokasanwu, 4to
bonblne BCNbIWKMA 3aboneBaHuy 3HUedanuToMm coBrnaganu c
MakCMMYMOM COSfIHEYHON akTuBHOCTM 1947 r. n 1957 r. Vimetotca
Takke [aHHble, CBMAETENbCTBYIOLWME O HanMyMM CBSA3M MexXAay
KornebGaHWsMN COMHEYHOW aKTMBHOCTU W MOSABMEHUSIMUA  HOBbIX
BapuaHTOB rpUMMNo3HOro Bmpyca.

Kakune xe 3BeHbs Lienun, CBA3bIBalOLLNE COMNMHEYHYIO aKTUBHOCTb
n Guonornyeckme NpoLLecchl, HaM y>xe U3BECTHbI?

B 1941 r. anoHckmin ydveHbin Maku Tokata 3ameTun, 4TO
CBOWCTBA KPOBM 4enoBeKka 3aBUCAT OT COMHEYHOro obny4veHus.
TokaTa u3ydan peakuuio BbiNageHusi OenkoBbIX XMOMbEB B
CbIBOPOTKE KPOBW npu [obaBneHnn onpeneneHHbIX peakTUBOB.
Okasanocb, YTO €e UHTEHCUBHOCTb 3aBUCUT OT BbICOTbl ConHua Hag
FOPM3OHTOM: OHa MOCTEMNEHHO HapacTaeT K MOMyAHI0 U CHWXaeTcs K
Beuepy. lMpnyem CyTOYHbLIN XOA4 3TOW peakuun He 3aBUCUT HU OT
TOro, rge HaxoguTCH YenoBeK — Ha ynuue Unu B NMOMELLEHUMN, HU OT
COCTOSAHMSA norodbl. Yenosek okasarncs Kak 6bl XXMBbIMU COSTHEYHBIMM
Yacamu.
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CoBeTtckomy Bpayy-rematonory H.H. LLynbLy BnepBbie yganock
YCTaHOBUTb, 4TO konebaHus COMHEYHOW aKTMBHOCTWM MpPUMBOOSAT K
namMeHeHnsiM coctaBa KpoBu. [lpu Bo3pacTalowen akTUBHOCTU
YBENIMYMBAETCSH YMCMO KPaCHbIX KPOBSIHbIX KNETOK U yMEHbLUAeTCH
uncno 6Genbix. BnusHwe conHeYHOW akTMBHOCTM Ha CcepaeyvHo-
COCYOMCTYI0 CUCTEMY YerioBEKA MOXHO BbISBUTb NPW CaHaTOPHOM
neyeHumn GObHBbIX.

Ho BepHemcs k Hawum coceasm no ConHevyHoM cucteme.
HayHem c Gnwxkanwero Kk Ham HebeCHOro Tena — eCTeCTBEHHOrO
cnyTHuKa 3emnu JlyHbl.

MopobHo ToMmy, kak Hawa 3emnsa obpaltaeTtcs Bokpyr ConHua,
Bokpyr 3emnu gBwketcs JlyHa. JlyHa wmeHbwe 3emnun, ee
nonepeyYHrK COCTaBMseT OKOSO OAHON YeTBEPTU 3EMHOIO AnameTpa,
a macca B 81 pa3 MeHbLUe Macchl 3emnun. [103TOMy cuna TSKecTu Ha
JlyHe B 6 pa3 MeHblle, YeM Ha Hawen nnaHete. Cnabasi cuna
NPUTSXKEeHUA He nossonuna JlyHe yaepxatb atmocdepy, no Ton xe
npu4vHe He MOXeT ObiTb Ha ee MOBEpPXHOCTU U BoAbl. OTKpbITbIE
BOAoOeMbl H6bICTPO ucnapmnucb Gbl, a BOASAHOW nap ynetyymncy 6ol B
KoCcMOC.

MoBepxHoCTb JIyHbl BECbMa HEPOBHAsA: OHa MOKPbITa FOPHbLIMU
XpebTamu, KOnbLIEBBIMU rOpaMy — KpaTepamm U TEMHLIMU NSITHAMMA
paBHUHHbLIX ObnacTen, HasbiBaeMbix MopsiMu. OgHako U B MOpsIX
pPacnosioKeHO MHOIO MENKUX KpaTepoB.

C pas3BnTMEM  KOCMUYECKOW  TEXHVWKM W CO3JaHueM
aBTOMATUYECKMUX KOCMWYECKNX annapaToB y4YeHble NMOMy4mnm B CBOE
pacnopsbkeHme apekTMBHOE CPEeACTBO AN M3ydeHUsT Bnmkanimx
K Ham HebecHbIX Ten, cnocobHoe OOCTaBUTb MPSIMYIO YHUKANbHYIO
MHopMaLM0 HemnocpeacTBEHHO C  «MecTa cobbiTui». JlyHa —
HarngaHbl ToMy npumMep. HaumHasa ¢ 1959 r., koraa ee noBepxHOCTH
BrepBble AOCTUrNa coBeTckasd aBToMaTmyeckasd ctaHumsa «JlyHa-2»,
M 0O HacTosILLEero BPEMEHW KOCMUYECKME annapaTtbl NPUHECHMU
HeMaro HOBbIX CBEAEHWUI O HaLLEM eCTECTBEHHOM CMYTHUKE.

Tak, ogHa W3 WHTEPECHENLMX FyHHbIX Npobrnem cBsizaHa C
3arako MPOUCXOXOEHMUS KONbLIEBLIX NMYHHbIX rop — KpaTtepoB. Ee
peLleHne MOXeT NPOonuTb CBET Ha BCK UcTopuio JlyHbl. BHelwHe aTu
KpaTepbl BeCbmMa HanoMuHaloT BOPOHKM, obpasylolmecss B MecTtax
NageHusl TMraHTCKMX MEeTEeOopUTOB. Takoe CXOACTBO B CBOE BpeEMS
NpMBENnoO MHOIMMX acTPOHOMOB K MbICIIW, YTO JyHHbI€ KOJbLEBbIE
ropbl NpeacTaBnAlT cobo He YTO WHOe, Kak cBoeobpasHble
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mMeTeopuTHble Kpatepbl. Ho 3910 o0ObsicCHEHMe OTHIOb He
€[VHCTBEHHOE.

CyuwiectBoBana u gpyrasi, He MeHee pacrnpoCTpaHeHHas To4vka
3peHus, cBA3biBaBllasg 0bpa3oBaHWE IyHHbIX KpaTepoB C Oblnown
BYITIKAHMYECKON [LeATenbHOCTbO. YAanocb MNONyyYuTb Uenbin psag
OaHHbIX, SIBHO CBMOETENbLCTBYIOWMX O TOM, YTO BYNKaHUYeckune
npoueccol, 6eccnopHo, wurpanM  CYLWECTBEHHY0  pofb B
dhopMMpOBaHMY MYHHOW NOBEPXHOCTH.

OpgHako ana TOoro 4tobbl OTBETUTb Ha BOMPOC, UTO Xe
npeacTaBnsaoT cobor NyHHbIE ropbl — KpaTepbl NOTYXLIMX BYNKaHOB
unu  BOPOHKWM, obpasoBaBlMecs B  pesynbTate nageHus
KOCMUYECKMX Ten (MeTeopuToB), B pacnopsikeHnn nccnegosatenen
JlyHbl He 6bINO OOCTAaTOYHOrO KONMYecTBa HEOOXOAMMbIX AaHHbIX.
Takve gaHHble MOSIBUNWUCH NWWb B pe3ynbTaTe M3y4YeHUs Hallero
€CTECTBEHHOI0  CMNyTHMKA  KOCMUYeckumu  annapatamu.  OHwu
CBUOETENbCTBYIOT B MOMb3y TMNOTE3bl YAAPHOrO MPOUCXOXAEHWUS
GOoNbLUNHCTBA NyHHbIX KpaTeEPOB.

YyeHble cuuTaloT, uto JlyHa noaseprnacb Haubornee
WHTEHCUBHON MeTeopuTHOM 6GombapaupoBke Ha MNPOTSKEHUU
nepBoro  Munnuapaa neT CBOero  CyWeCTBOBaHUA. JTuUM
obbsicHseTca, 4TO B ee Mopsax (BnaguHax), oGpasoBaBLUUXCA
HECKOMNbKO MO3Xe KOHTUHEHTAarbHbIX PaoOHOB, KONUMYECTBO KpaTepos
npumepHo B 30 pa3 mMeHble. B HacTodwee BpeMsA MHTEHCUBHOCTb
MeTeopuTHOM ©OombGapampoBkM BecbMa Hesenuka. CormacHo
OaHHbIM, MOJTYYEHHbIM C MOMOLLbI0O KOCMUYECKUX annapaTtoB, Ha
nnowaan paguycom okorio 200 KMNOMETpPOB MEeTEOPUT C MaccComn
OKOMO OAHOro KumnorpaMmMa nagaet cenvac B CpedHeM MpUMEpPHO
OOVWH pa3 B Mecsl. YTo kacaeTcd MMKpPOMETeopuTOB, TO 3a ABa C
MornoBMHOM roga Ha nnowagke paguycom okono  20-25
CaHTMMETPOB BOOOLLE HE OCENO HWN OOHOW YacTulbI.

OpgHo Bpems cuutanocb, YTo JlyHa MokpbiTa TONCTbIM CroemM
nbinv, obpasoBaBLLECS B pe3ynbTaTe NOCTOSIHHOW BombapanpoBku
Hes3allMLLEeHHOW aTMocdepori MOBEPXHOCTU MUKPOMETEOPUTAMMU.
OpHako pagvoHabnoeHus, a 3ateM aBToMmaTuyeckue KocMmnyeckue
annapatbl W JyHHble 3KCMeAMUMW He MOATBEpPAMnM  3TuX
npegcraBneHnin. ToNWKUHA PbIXOro NOBEPXHOCTHOrO crnos Ha JlyHe
oKasanacb He3Ha4uTernbHOW.

[nuTenbHoe BO3AeENCTBME pa3HOOOpPa3HbIX BHELHMX (DaKTOpoB
npvBeno K TOMy, YTO Ha MoBepxHOCTU JlyHbl oBpa3oBancs pbiXibii
CINOWN, NOKPbIBAOLMA OCHOBHYIO MOpOoAY — PUrONUT, COCTOSALWMN U3
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OCKOMIKOB MarmMaTu4eckux nopof, LnakoobpasHblX YacTuy u
3aCTbIBLUMX Kanefb pacniaBieHHOW MarMbl. TOMWmMHa ero B pasHbix
parioHax KonebneTcs OT HEeCKOMbKUX MUITIIMMETPOB A0 HECKOJbKUX
METPOB (@ MOXeT ObITb, U AECATKOB MeTpoB). YUTO kacaeTcs naBbl,
3anonHALWen nyHHble GacceliHbl, TO OHa WMEeT BHYTpEeHHee
npoucxoxaeHne W He Morna obpasoBaTtbCs B pesynbraTe
MeTeopHbIX yaapoB. Ho Takue yaapbl, BO3MOXHO, Bbl3Banu
HapyLleHne FNyHHOW KOpbl, OTKPbIB TEM CaMbiM BbIXOA, J1ABOBbLIM
NoTOKaM Ha NOBEPXHOCTb.

Ons BbisicHeHNUst uctopun JlyHbl OYEHb BaXHO 3HATb BO3pacT
pasnuuHbiXx ee obpasoBaHuin. C 3TOW LEenbi0 MPOU3BOANNOCH
onpegeneHne Bo3pacTa JTyHHbIX MOpod, AOCTaBMEHHbIX Ha 3eMnto
KOCMWYECKMMM annapataMmyM M3 pasfuyHbIX PamoHOB  JTYHHOMW
nosepxHoctu. Camble mMonogsle naBbl Obinn obHapyxeHbl B Mope
Hoxpen n B OkeaHe Bypb: Mx Bo3pacT okono 2,6 munnuapga net. B
Mope W3obunua, B mecte nocagkm ctaHumm «JlyHa-16», Bospact
nopog coctaesndetr 3,5 munnuapga net. B pacnonioxeHHOM Ha
Tepputopun OkeaHa Bypb KOHTMHeHTanbHOM octatke ®pa-Mayep
naebl MMetoT Bo3pact okono 3,9 munnuapga net. Ewe crapwe
YUCTO KOHTMHEHTanbHble 06nacTn, HO UX BO3pacT He npesocxoauT 4
munnuapgos net. bonee apeBHux obpasoBaHuin Ha JlyHe noka 4To
0BHapyXunTb He yaanoch.

Ha ocHoBe umewLmxcs B HacTosiliee BpeMs OaHHbIX MOXHO
COCTaBUTb Takylo KapTuHy. B nepBble 500 mMunnvoHoB net
npoucxoguno pacnnaeneHne BeuwectBa JlyHbl, XOTA OHO U He
OXBaTuno BCKO Maccy cpa3dy. K koHUy 3TOro cpoka yxe
obpasoBanncb KOHTUHEHTbI, @ B nepuog ¢ 700 MunnmoHoB neTt Ao
1,2 munnuapga net — mop4d. Kak nokasbiBalT uccrnegoBaHus,
npoBeAeHHbIe C MOMOLLLI0 KOCMUYECKUX annapaTtos, npuMepHo 95%
nopog, NOKpbIBaOLLMX NTYHHYIO NMOBEPXHOCTb, NMPOLUSIN B CBOE BPEMS
Yepe3 marmaTudeckoe CoCTosiHMe. pruyem Bce 3TO pasHOBUOHOCTU
6aszanbToB. [paHMTOB, YacTo BCcTpevarLmxca Ha 3emne, Ha JlyHe
HeT coBceM. BnepBble 3TO nokasanu M3MepeHusi, MPOBELEHHbIE
COBETCKMM  UCKYCCTBEHHbIM  ClyTHUKOM  JlyHbl  «JlyHa-10»,
perncTpupoBaBLLMM FamMmma-u3rnydeHme fyHHbIX nopod. [paHWUTHbIN
Cnow gosmkeH 6bin Obl AaTb 6onee MHTEHCUMBHYIO paguauuio, Yem Ta,
KOTOpYIO 3aperMctpupoBany npubopbl CNyTHMKA.

Bonee paHHsa cTagus npoucxoxgeHuss v passutus JlyHbl,
04YEeBUAHO, He OTNMYAETCs OT NpoLecca BO3HUKHOBEHUSI U Pa3BUTUS
ConHe4Hon cucTembl B LIEMOM.
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Kak yxxe 6bIno ckasaHo, Bce nnaHeTbl MOXHO pasgenvTb Ha aBe
rpynnbl. B OgHy M3 HWMX BXOAAT CpaBHUTENbHO Hebonbwve u
nnotHele Mepkypun, BeHepa, 3emns n Mapc. Btopas rpynna —
nnaHeTbl-rvranTbl KOnutep, CatypH, YpaH u HentyH, oTnnyatowmecs
Manow MNAOTHOCTbID M OFPOMHbIMU pa3mepamu. OCOBHSAKOM CTOMT
ewe mano udydeHHold nyToH, oTkpbiTein B mapte 1930 r. [Mo
pasMepam OH MoYTU paBeH 3emrnie 1, No BCEN BEPOSITHOCTU, OOMMKEH
ObITb OTHECEH K nNnaHeTam 3eMHOW Trpynnbl, XOTS €eCcTb
npeanosnoXeHne, 4YTO 3TO OTOPBaBLUMUCA W «3abnyguBLUNACS»
CNYTHWK BOCbMOW NnaHeTbl — HenTyHa.

Bokpyr MHorux nnaHeT obpawatoTtca cnyTHUKM. OcobeHHo
6oraT mn KOnutep, y KOTOporo n3eBectHo 13 cnyTHMKOB. YeTbipe 13
HUX MOXXHO BMAETb B NpOoCTOn BUHOKMNb. Bokpyr CatypHa nommumo 10
KPYNHbIX CMYTHMKOB obpaliaeTcss OrpoOMHOE YMCMO MECHMHOK U
MbITMHOK, 0Opa3yloLMX LUMPOKOE KOMbLO, OMOsiChiBaloLLee NaHeTy.
CnyTHMKM umetoTest Takke n 'y 3emnun, Mapca, YpaHa n HentyHa. Kak
NpaBumo, CMNYTHUKM OYEeHb Masnbl MO CPaBHEHUKD CO CBOMMM
nnaHetamn. Tonbko B cucteme 3emna — JlyHa CRyTHUK
npencTtaeBnsieT cobom KpyrnHoe 1 MacCUBHOE KOCMUYECKOE TeNo.

Bnwkanwasa k ConHuy nnaHeta — Mepkypuli obnagaeT, Kak u
MnyToH, Haubonblwen INAMNTUYHOCTLIO CBOoen opbuTbl, B
pe3ynbTarte 4Yero pacctosiiue ot nnaHeTbl 4o ConHua n3aMeHsieTcs B
npegenax ot 47 munnumoHoB (B nepurenuu) o 70 MUNNMOHOB (B
adenun) kunometpoB. CpegHee xe pacctoaHue ot ConHua Ao
Mepkypusa coctaBnser 58 MUnInIMOHOB KuromeTpoB, B 3 pasa
MeHbLUe, Yem o 3emnn. HecmoTps Ha 3HauNTENbHYK SPKOCTb, 3Ta
nnaHeTa c TPygoM noppaeTcd HabnoaeHuto, Tak Kak HuMKorga He
yaansetca ot ConHua 6onee yem Ha 28 rpagycoB K 3anagy wunm K
BOCTOKY. OTO MPMBOAUT K TOMY, YTO OHa MOYTK BCErga «nNpsyeTcsi»
Ha cBeTnoMm doOHe yTpeHHen unuM BeuvepHen 3apu. U Bce xe
«HeynoBMMasi» MnaHeTa WHOrga [AapuT  Y4Y4eHbIM BO3MOXHOCTb
HabnogaTb ee B AHEBHOE BPEMS, KOrga oHa MefIeHHO NPOXoauT Ha
¢oHEe COMHEeYHOro Aucka. OTO peaKoe acTPOHOMMUYECKOe SIBrEHWe
Habnganock, B YaCTHOCTU, B HOSGpe 1973 T.

Mepkypuii BOKpyr cOGCTBEHHOM ocu obopaumBaeTcs 3a 58,6
3eMHbIX CyTOK, a Bokpyr ConHua — 3a 88 cyTtok. TemnepaTtypa Ha
OCBELLEHHOW CTOpOHE oueHuBaeTca B 325-437° C, Ha HOYHOWM
cTopoHe — oT -123 po -185°C. AMEpPUKaHCKUIA KOCMWUYECKUN
kopabnb «MapuHep-10» B 1974 r. oGHapyxmn Ha Mepkypun
paspexeHHylo aTtmocdepy (masnenve 107" atm), cocrosiylo w3
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renvs n Bogopogda B cooTHoweHun 50:1. MarHuTHOoe none Ha
Mepkypun B 100 pas cnabee 3emHOro, 4to B OOMbLIOK Mepe
CBSI3aHO C MeffIeHHbIM BpalleHWeM MraHeTbl BOKPYr COBCTBEHHOM
ocn. AHanus nepeganHbix kopabnem «MapuHep-10» M306pakeHuin
nokasarn, 4YTO MOBEPXHOCTb Mepkypus MMeeT MHoro obuiero c
nyHHon. B TO e BpeMsi SBHO OTMevaeTcs npeobnagaHue
MaTepuKOBOro penbeda Hag «mopsiMm». Hapsigy ¢ noxoxmmu Ha
NyHHbIE KpaTepamMu pasHbiX pa3MepoB OTMEYEHbl OTCYTCTBYHOLUNE
Ha JlyHe ackapnbl — 06pbIBbI BbICOTOM 2-3 KM U NMPOTSXKEHHOCTLIO B
COTHW 1 ThICSIHM KUJTOMETPOB.

Macca Mepkypus paBHa 0,3310% r, uyto cocrtasnsetr 1/18
maccbl 3emnu. HecmoTpss Ha HeOonbline pasmepbl (gnameTp
nnaHetol 4880 kM), Mepkypuin MMeeT HeoObl4aiHO BbICOKYHO
nnotHocTb (5,42 r/cuv|3), YTO 3HAYMTEINBbHO BbILE MIIOTHOCTU JlyHbI U
GrIM3KO K NIIOTHOCTM 3emMnu.

O xummyeckoMm cocTaBe MOBEPXHOCTHbIX MOpod W Heap
Mepkypyss MOXHO CyAWTb §MWb MO KOCBEHHbIM  AaHHbIM.
OTpaxatenbHas CMocobHOCTb MepPKYpPUaHCKOro peronuTa
CBUOETENbLCTBYET O TOM, YTO OH COCTOUT U3 TEX € Mopo[, KOTopble
cnaratoT NyHHbIA TPYHT. Bblcokasi MNOTHOCTb NnaHeTbl, BUAWUMO,
O3Ha4yaeT HanMyne ropsiyero, BEPOSITHO  PachiaBfIEHHOrO,
MeTannM4yeckoro sapa, Ha KOTOpoe MpUXOAUTCH, MO pacyeTam,
okono 62% Bcen ee macchl. AApPO OKPY>XEHO CUITMKATHOWM 0BO0S0YKOM
TonwmHomn nopsagka 600 Km.

Mepkypuin — HaMMmeHblUas K3 BCeX MNfaHeT, ero guameTp —
Bcero 4880 kmnomeTpoB. B Teneckon oH BUAEH B BUAe cepruka.

JtoGonbITHOM OCOBEHHOCTLIO MMNaHeTbl SABMAAETCA ANUTENbHbIN
nepuog CYTOYHOrO BpaLLEeHUs: MNPOAOIHKUTENIbHOCTb CONMHEYHbIX
cyTok Ha Mepkypun paBHa 176 3eMHbIM CyTkaMm. OTO MPUMBOAMUT K
BeCbMa pe3komy kornebaHuio TemnepaTypbl: OHA MEHSIETCSI MOYTM OT
450 rpagycoB Tenna gHem fo 160 rpagycoB xonoga B HOYHOe
Bpemsi. [nanasoH konebaHusi TemnepaTtypbl, Takum oOpasom,
pocturaet noytn 600 rpagycoB. Takum obpasom, ycrnoBusa Ha
MepKkypuii TakoBbl, YTO OpraHM4eckasl XW3Hb Ha 3TON NnaHeTe
HEeBO3MOXHa: TaM HET KuCcrnopoda W BOAbl, Ype3BblHaMHO BbICOKAs
TemnepaTypa, aTmocdepy nNpPOHM3bIBAET >XECTKOe W3ny4vyeHue
ConHua — paguauusi, cnocobHasi YHUYTOXWUTb XU3Hb B CaMOM ee
3apogblLe.

Btopas ot ConHua nnaHeta — BeHepa, bnwkanwas Halwua
cocenka: npu ee HanbonbLem conmxkeHun ¢ 3emnen Hac pasgenset
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Bcero okono 40 wmwunnuoHoB kunomeTpoB. Opbuta BeHepbl
oTAaneHa ot gHesHoro cseTuna Ha 108 MWUNMMOHOB KUNOMETPOB.
OHepreTuyecknii «naek» 3TOW nnaHeTbl B 2,5 pasa npeBbllaeT
3eMHoI. 3a 225 3eMHbIX cyToK BeHepa coBepliaeT nonHbin o6opoT
Bokpyr ConHua. CKOpoCcTb ee [OBWKEHWst Mo opbute — okono 35
KMOMETPOB B CEKYHAY.

HecmoTpsi Ha cpaBHuTEnbHy0 6nmnsocTte Kk 3emne, BeHepa —
ofHa n3 Haunbornee «HepasragaHHbixX» nnaHeT. 'ycTon obnayvHbIv
nokpoB BeHepbl 3aTpygHseT ee usydeHue. lMonepeyHuk BeHepbl
noyTn paBeH 3eMHoMy n coctaengaeT 12 000 kunomeTpos.

Hannuyue atmocdepbl 1 NoYTn ofMHakoBble ¢ 3emMnen pasmepsl
M Macca [JOoNnroe BpeMs MO3BOMNSNM y4yeHbiM cuyMTaTh BeHepy
«bnuaHeLoM» Hawewn nnaHetbl. Ho nccnepoBaHus nocrnegHux net
3aCTaBMIIM Y4YEHbIX peLIMTEenbHO OTKa3aTbCA OT Takoro B3rnaga.
maBHoe oTnunune BeHepbl OoT 3emMnn — 0COGEHHOCTb €€ CYTOYHOrO
BpaweHusa. Okasanocb, YTO CYyTKM Ha 3TOM MnaHeTe, nogobHO
Mepkyputio, gnvHHee ee roga: obopoT BeHepbl BOKpyr ocu anutcs
Jonble, 4Yem o6paiwieHne Bokpyr ConHua, M coBepluaeTcs B
ob6paTHOM HanpaBfieHWM, YeM Yy OPYrUX MNaHeT 3eMHOW rpymnnbl.
3eMHbIX cyTok. OcCb BpalleHWsi MpaKkTUYeCKn NeprneHaunkynsipHa K
NAoCcKOCTU opbuTbl. ATO 3Ha4WT, YTO Ha BeHepe He npoucxogut
CMEHbI BPEMEH roaa.

Yepes kaxpable nontopa roga BeHepa conukaeTca ¢ 3emnen,
npuyem B 3TO Bpemsl Bcerga ObiBaeT obpalleHa kK 3emne ogHuUM u
TEM e y4aCTKOM NOBEPXHOCTMW.

OTMeueHHble 0CODEHHOCTM ABWXeHus BeHepbl co3ganu
COBEPLLEHHO 0OCOOLIE YCNOBMSI CHAabXEHNsSI ee CONTHEYHOW SHepruen
MW  HawmM CcBOE OTpaxeHWe B OpyrMx ee  OU3NYecKmx
xapaktepuctnkax. MHOrme n3 3TMX YCNOBUI ObiNM BbISICHEHbLI B
nocnegHue nontopa-gea aecatuneTns MeToA0M
paguouccnegoBaHus. OHM Nokasanu, YTO Ha NnaHeTe LapuT O4YeHb
BblCOKasi TemnepaTypa, a ee aTtmoccepa 4YpesBblHaiHO HachlLEeHa
YrnekncnoTon. Atu ceegeHns bnecTswe NoaATBEPAUIIMCHL BO BPEMS
NMoneToB K MMaHeTe COBETCKUX aBTOMATUYECKMX KOCMUYECKUX
ctaHuun «BeHepa-4», «BeHepa-5», «BeHepa-6», «BeHepa-9» wu
«BeHepa-10».

BeHepa obopauvBaeTca ewe MeaneHHee, 4em Mepkypun,
BOKpPYr cobCTBEHHOM OCuM — 3a 243 3eMHbIX AHs, MpuyYemM B
obpaTHOM HanpaBneHuu, B cBA3M ¢ 4vem ConHue Ha BeHepe
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BOCXOOUT Ha 3anaje, a 3axoAuT Ha BOCTOKe. BeHepuaHckunin rog
npogoskaeTcs 224,7 3eMHbIX CYTOK.

Macca BeHepbl 468710°" r, uto coctaBnsieT 81% 3eMHOM
maccbl. CpegHun paguyc nnaHetbl — 6050 kM, cpefHas NOTHOCTb
— 5,245 r/cM® |, yckopeHue cumbl TskecT — 8,8 M/’ Bec
npeameToB Ha BeHepe Tonbko Ha 10% MeHbLUe X Beca Ha 3emne.
MonaratoT, 4TO KOpa NnaHeTbl ManomMoluHas (15-20 kM), a ocHoBHas
YyacTb ee npeacTaBneHa cunukatHoM OB6O0NOYKON, CMEHsSeMon Ha
rmybuHe 3224 kM xenesHbiM  A4poM. PaguonokaunoHHoe
30HOMPOBaHME MO3BOMNWUMNO YCTAHOBWUTb HanuumMe pacyreHEeHHOro
penbeda — C ropHbiMU LensMu BbICOTOM 0 8 KM, C KpaTepamu
OnameTpoMm B OECATKM KUIOMETPOB (MakcumanbHO o 160 kM) u
rmybuvHon o 0,5 km. O6LMpHblE BbLIPOBHEHHbIE MNPOCTPaAHCTBA
MOKPbITbl  KAMEHUCTBIMW  POCCHINAMU  OCTPOYrOfibHbIX  OOMOMKOB.
B6nusn skBaTopa o6GHapyxeHa ruraHTckas nvMHEnHasi BnaguHa
anuHon o 1500 kM m wwupuHonm 150 kM npu rmybuHe OO 2 KMm.
Ckopee Bcero, ee NponcxoxgeHme — pudgToreHHoe.

BeHepa, kak u JlyHa, He umMeeT OUNONbHOrO MarHUTHOro nons.
OTO cBA3bIBAOT C €€ BbICOKOW TemnepaTypon. Ha noBepxHOCTM
nnaHeTbl 3aMepeHHasa TemnepaTtypa okasanacb paBHon 46817° C, a
Ha rnybuHe, Buaumo, coctaenseTr 700-800° C. B TO Xe Bpems
nopoAabl NOBEPXHOCTHN 06nafatoT HamMmarHMYEeHHOCTbIO.

[ns BeHepbl xapaktepHa o4eHb MOLHas atMmocdepa rMmraHTCKon
NNoTHOCTU. Ha NoBepxHOCTM BennynHa aTMOCHEPHOrO AaBIEHNS He
MeHee 90-100 aTm, 4YTO COOTBETCTBYET AABEHUIO 3EMHbIX MOpPEN Ha
rnybuHe 1000 m. Kocmuyeckme annapatbl «BeHepa» n «MapuHep»
Nno3BOMNWAM OMNpeaenvTb CTPYKTYPY M XMMUYECKMW COCTaB aTMo-
cdepbl, KOTOpasi COAEPXUT B OCHOBHOM Auokcug yrnepoga (97%), a
Takke asoT (2%), BoasHble napbl (0,05%), kncnopog, (0,01%), cepHyto
KMCNOTY, XMopucTbin n ¢TOpUCTLIN  Bogopond. CuuTalT, 4TO
atMmoccepa BeHepbl NpMMeEpPHO COOTBETCTBYET 3€MHOW Ha paHHUX
aTanax ee ctaHoBneHus (3,8-3,3 mnpAa. net Hasan).

O6nayHbI cnon atMocepbl NPOCTUPAETCs C BbICOTbl 35 KM A0
70 kM. HwxkHun apyc obnakoB coctouT Ha 75-80% w3 cepHown
KACMNOTbI, KpOMe TOro, MNPUCYTCTBYIOT MIaBMKOBas W COMsHas
Kncnotbl. ATMOCdepa Takoro coctaBa [ormpkHa obnagatb G6onbLuon
XMUMUYECKON aKTUBHOCTBHO.

Haxogsce Ha 50 mnH. km 6nwmke 3emrnm k ConHuy, BeHepa
nony4aeTt B ABa pasa bonblie Tenna, Yem Hawa nnaHeta, 15,06
[X/CM*MUH. DTy SHEpPrio akkyMyrnupyeT yriekucrnasi atmocdepa,
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obycroBnuearoLas OrpoOMHbIA MaPHUKOBBIA 3PEKT U BbICOKMNE
TemnepaTypbl BEHEPUMAHCKOW MNOBEPXHOCTU — ropsyen Wu, no-
BUOUMOMY, CYXOW.

OTMevaeTca cnoxHass pAuHamuka atmocdepbl UM ABUKEHWN
obrnakoB. BeposiTHO, CywWecTBYHOT MOLUHbIE MOMNSAPHbIE BUXPU U
CUnbHble BETpbl Ha BbicoTe okomno 40 KM. Y MOBEPXHOCTU NIAHETLI
BeTpbl crnabble, nopsigka 3 M/C, 4TO, CKOpee BCEro, CBs3aHO C
OTCYTCTBMEM  3HAYMTENbHbLIX  MEpenagoB  MPUNOBEPXHOCTHOM
TemnepaTypbl. lNMpakTuyeckum 6e3BeTpuem, BUAMMO, 0ObACHAETCA
OTCYTCTBME TMbIM B MecTax MOCafoK CryckaeMbix annapaToB
cTaHuun «BeHepan.

lMnoTHaa aTmocdepa Adonroe BpemMs He Mo3Bondsa cyautb O
nopogax BeHepuaHCKow noBepxHocTu. OnpegeneHue ux cocTaBa
Npou3BOAUIIOCH ramMMa-crnekTporpadamu CryckaeMbiX annaparos,
KOTOpble aHanu3MpoBanu COAepXaHue B TIpyHTax €eCTEeCTBEHHOW
pPagvMoaKTMBHOCTM M30TOMOB ypaHa WM Topus, a Takke kanusa. Tun
nopog no 3TMM MoKasaTensm okasancsa OnvM3kKMM K 3eMHbIM
6asanbTam, NAOTHOCTL KOTOPbIX COCTaBnseT 2,7 r/CM , U YaCTUYHO K
rpaHuTam. B cBsi3an ¢ haKTMYECKUM OTCYTCTBMEM KUCIbIX FOPHbIX
nopog 3a npegenamu 3eMnu nocnegHee CyXaeHne COMHUTENBHO.

NTak, no coBpeMeHHbIM AaHHbIM, TemnepaTtypa MOBEPXHOCTU
BeHepbl pgocturaetr 400-500 rpagycoB Tenna, AaBrieHue rasa —
okonno 100 atmoccep — B 100 pa3 OGonbwe, 4yem Ha 3emne.
ATmocdepa Ha 97% COCTOMT M3 YITIEKUCIOro rasa ¢ HebonbLuon
NPMMeEChio oKncu yrnepoga " coaepxnT cnegpbl
XJIOPUCTOBOAOPOAHOM U PTOPUCTOBOLOPOLAHON  (NNIAaBUKOBOW)
kucnoT. Kucnopopga B atmocdepe He 6onee 1%.

CoBeTckme  aBTOMaTuM4eCckMe  MEXMNIaHeTHble  CTaHuumM,
COBepLUMBLUME NOCAAKYy Ha AHEBHYO CTOPOHY MNIAaHETbI, NO3BOMMIM
NpoOu3BECTN 3aMep OCBELLEHHOCTU Ha ee noBepxHocTu. Okasanocs,
YTO HECMOTPS Ha ryctol obnadHbil NOKPOB, MNPEnATCTBYIOLLMIA
NMPOHUKHOBEHWUIO  COJNMHEYHBLIX Fy4yel, OCBeLleHHOCTb BeHepol
CpaBHUTENBHO BbiCOKA. MOBEPXHOCTb MMAHETLI CIOXKEHA PbIXIbIM
FPYHTOM, MO CBOEMY XMMMWYECKOMY COCTaBy OIM3KMM K rpaHuTy.
OueBngHo, BeHepa MNOMHOCTBIO NULIEHA KaKMX-IMBO MpU3HaKoB
KN3HN.

3emnsa — TpeTba nnaHeta oT ConHua. OHa yaaneHa oT Hero Ha
pacctosHne 150 MWNNIMOHOB KUITOMETPOB. JTO pPacCTOsiHME B
aCTPOHOMUM MPUHATO yNoTpedbnsaATb B KavecTBe eaunHuubl (a.e.)
ONVHbL AN M3MEepeHust paccTosHusa Mmexay Ternamu ConHevHon
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cuctembl. To4YyHOE  3HaA4YeHMe STON  eduHUUbI  CcOoCTaBnsaeT
149597892+1,5 Kunometpa. Bcneacteue HebonbLlon
ANNMNTUYHOCTM  0pbuTbl  pacctosHne ot 3emnm go CornHua
N3MeHsIeTCss B npefenax OKOMO 5 MUNMIMOHOB KWMOMETPOB: B
nepuresium OHo Ha 2,5 MUIANOHA KUIOMETPOB MeHbLUe, B adhenun —
Ha CTONbKO e bornbLue.

MonHbIN 060poT No opbute 3emns 3aBepLuaeT 3a 365,25 cyTok,
aBurasicb Bokpyr ConHua co ckopoctbio 30 KMIOMETPOB B CEKYHAY.
Haxogscb Ha 3emne, Mbl caMuM MPUHMMaeM y4dacTue B 3TOM
OBWKEHWMW, COBEPLLEHHO HE OLLyLLas ero.

lopoBoe pswxeHne 3emnu Bokpyr ComHUa M CyTOvHOE —
BOKPYr OCU — rMaBHble ABWXEHUS Hawen nnaHeTbl. Bcero 3emns
coBepLlaeT He MeHee 14 OBWXEHU B KOCMUYECKOM MPOCTPaHCTBE.
Cpeamn HuX Takue 3HavuTenbHble, KakK NMOCTynaTenbHOEe OBWKEHWeE,
coBepwaemoe Bmecte ¢ ComHuem v JpyrMMu nnaHeTamu co
ckopocCTbio 20 KUTOMETPOB B CEKYHAY MO HamnpaBliEHWIO K CO3BE3ANI0
epkyneca, n y4actue B obLiem obpalieHmm ConHua v 38e3n BOKpyr
LEeHTpa Hallen 3Be3QHON cuctembl — FanakTuku.

Ocb CyTO4YHOro BpalleHuss 3eMin HaKMOHEHa K MIOCKOCTM
opbuTbl Ha 66°5' M HanpaBneHa CeBEPHbIM KOHLOM B TOYKY Ha
HebecHon cdepe, pacnonoXeHHyl psaaoM co 3Bes3gon Anbda B
cosBesgun Manon Meaeeanubl. OTa 3Be3ga, HasblBaemas
MonsipHon, ABNsIETCA LEHTPOM BpalleHus HebecHol cdepbl.

CBouM npuTshkeHnem 3emns  yOepXuBaeT BOKpYr cebs
aTtMmocdepy, COCTOSLLY0 B OCHOBHOM W3 asoTa M kucnopoga. B
KadecTBe NMpuvMeceln B ee COCTaB BXOAAT aproH W YrmeKkucrnbli ras.
CyliecTBeHHON OCOBEHHOCTLIO Halleh MiaHeTbl sBnaeTca obunue
BOAbI: MroWwaib MOpPen N OkeaHOB COCTaBMSET MPUMEPHO TPU NATbIX
3eMHoW noBepxHocTU. Boga n BoasiHble napbl B aTMocdepe nrparoT
OfPOMHYKO pPOfib B MPOTEKAHWM PasfnYHbIX FeodU3N4ECKUX U
Guonormnyeckmx npoLeccosB Ha 3emre.

3eMHON Lwap OKpyxaeT MarHMTHoe none — CBOEro poga
NOBYLLKA ANSA 3NEKTPUYECKN 3apSHKEHHBLIX YacTul, NPUXOAsLUX U3
kocmoca. [laneko 3a npepenamu atmocdepbl 3emMnsi onosicaHa
obrakaMu YacTuL, BbICOKMX 3Heprun, obpasyoLmx nosica pagmauun.
OTV nosca 3awWwmwaloT Hawy MNiaHeTy OT XXECTKMX KOCMWUYECKMX
ny4yen, ryéutenbHbIX Ans Bcero xmBoro. bonee nogpo6Ho 3emnio n
€€ XapaKTepUCTUKN Mbl PACCMOTPUM HECKOMbKO HUXeE.

Cnepytowasa nnaHeta — Mapc, opbuta KOTOporo yganeHa ot
ConHua Ha 227 munnunoHoB kunomeTtpoB. OH nonyyaet oT ConHua
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3HauuTenbHO MeHblle cBeTa U Tenna, yem 3emns. Ho, oTnm4yasch
OonblUel CypOBOCTbIO, YyCrioBusi Ha Mapce Bce e He BbIXogaT
CMVLIKOM [Janeko 3a npegenbl TeX, KOTOpble MOXHO cuuTaTb
OOMYyCTUMbIMU ONS CYLLECTBOBAHMUS XUBbIX OPraHN3MOB.

Mapc pacnonoxeH Ha 75 MnH. kM ganbwe 3emnu ot CornHua,
NO3TOMY MapCUaHCKue CyTKM AnaTcs 687 3eMHblX, a COMHEeYHOW
3HepruM K Hemy noctynaeTt B 2,3 pa3a MeHblle M0 CpaBHEHUIO C
3emnen. MNMepuoa obpalleHns BOKpYr OCcu NoyTn kak y 3emnu — 24 4
34 MuH 22,6 cek. HaknoH ocu K NIOCKOCTU opbuThl Takke 6nM3oK K
3eMHOMYy — 24°. 3710 obecneynmBaeT CMeHy CE30HOB roga Mu
cyliecTBOBaHue KKMUMaTUYECKNX» nosicos —  Xapkoro
9KBaTOPUAnbHOro, ABYX YMEPEHHbIX U ABYX MOMspHbIX. B cBA3M ¢
ManbiM KONMYECTBOM MOCTYNarLwen CONMHEYHON 3HEPTMN KOHTPACThI
TennoBbIX MOSCOB U CE30HOB roga cnabee 3eMHbIX.

MnoTtHocTb aTtmocdepbl Mapca meHbLue, yem y 3emnu, B 130
pas — Bcero 0,01 atm. B ee coctaB BXOAsaT AMOKCMA yrrepoaa
(95%), asot (2,5%), aproH (2%), kucrnopog (0,3%), mapbl Bodbl
(0,1%). CyTouHble konebaHua Temnepatypsbl npesbiwatoT 100° C: Ha
akBaTope gHem — okono 10-20°, a Ha nontcax — nopsgka -100°.
Bonblve pa3nuumsa TemnepaTypbl HAON4ATCA MEXAY LHEBHOW U
HOYHOM cTopoHamu nnaHeTsl: oT 10-30 go -120°C. Ha BbicoTe okono
40 km Mapc okpyxeH 030HOBbIM crnoem. Mmetwwasca Ha Mapce
aTMocchepa BecbMa paspexeHa u npospavHa. B rasoeon obonouke
COOEPXNTCS MHOTO YrMEKUCIIOro rasa M OYeHb Mano Kucropoga u
BOASIHbIX MapoB. ACTPOHOMbI 4acTo HabnwogalT B aTmocdepe
nnaHeTbl ronyboBaTble u xenTble obnaka. [lepBble, BO3MOXHO,
COCTOAT W3 BOASAHbIX MapoB, BTOpble — W3 MENKOW Nbinw,
B34bIMaroLLencs Bo Bpems Oypb.

Macca Mapca 0,64-10 r, paguyc — 3394 kM, cpeaHss
NNoTHOCTb — 3,94 r/cm’, ycKkopeHue cunbl Tsxectn — 3,71 m/c’.
MexnnaHeTHble coOBeTCKMe CTaHuun obHapyxunu Ha Mapce
cobCTBEHHOE AMMOMbHOE MarHMTHoe none cnabov MHTEHCMBHOCTU
(Ha akBaTOpe oHO B 500 pa3 cnabee 3eMHOro).

MoBepxHocTb Mapca wu3pbiTa MHOMOYMCNEHHBIMK KpaTepamu
BYINKAHMYECKOTO W METEOpUTHOro npoucxoxaeHus. [lepenagbl
BbICOT MOBEPXHOCTU B cpeaHeM cocTaBnsaT 12-14 KM, HO orpoMHas
Kanbgepa BynkaHa «Hwuke Onumnukc» (CHera Onwumna) BO3-
BblLLAETCA Haf OKpyXKatoLLen NoBepXHOCTbIO Ha 24 kM. unameTp ero
OCHoBaHua paBeH 500 kM, a kpaTepa — 65 kM. HekoTopble BynkaHbl
ABnsATCA gencTeylowmmn. lNMosepxHocTb Mapca — noytn 6e3BoaHas

155



0o6LWKMpHas NyCTbIHS KpacHOBAaTOro LBeTa. Ha noBepxHOCTU NnaHeThbl
MOXHO 3aMeTUTb MHOXECTBO AeTanewn, YTO MO3BOMWMO COCTaBUTb
OOBOJBHO NogpobHble KapThl, Aaxe rnobycsl Mapca. AmepurkaHckme
ctaHumn «MapuHep-6», «MapuHep-7» n «MapuHep-9», a Takxe
coBeTCKasi aBTOMaTuyeckas MexnnaHeTtHas craHumsa «Mapc-3»
hanu Oomnblion MmaTepuan Ans  XapakTepUCTUMKU  MOBEPXHOCTU
nnaHetbl. bBbinu cdoTorpampoBaHbl  OBLWIMPHBIE €e  y4YacTKu,
MHOIMEe M3 KOTOPbIX OKa3anMcb MOKPbITLIMU LIMPKaMK U KpaTepamu,
Kak Ha JlyHe.
Ha cHumkax Mapca HangeHbl cnefbl Kak yaapHO-MeTeopUTHOM,
Tak W BYMKaAHWYECKOMW aKTMBHOCTW, Crefbl MHOMMX MpoLeccoB
BbIBETPMBAHNS MOBEPXHOCTU, NEepeMeLLEHNS N OTIIOXKEHMS HAHOCOB.
Ha  HekoTopbIXx y4yacTkax OOHapyXeHbl TOpHble  XpebThl,
BYFKaHW4YeCKMe KOHYCbl M Kynona. B mHbIx mecTax BuaHbI rnybokme
KaHbOHbl C U3pe3aHHbIMM oOBparamu. BcTpevarwTcs Takke
XaoTU4ecKne HarpomMoXgeHust KameHHbIx obrnomkoB. W xots B
HacTosilee BpeMs Ha Mapce Bpsg nu nmeetcs Boga B CBOOOAHOM
BMAE, HA ero NoBepxXHOCTN OBHapyXeHO MHOXeCTBO obpasoBaHui,
MOXOXMX Ha pycrna BblCOXWNX pek. BoamoxHo, 9Tu pycna
NponoXeHbl He BoAOW, a OypHbIMKM TPSI3EBLIMU  MOTOKaMM,
06pa3oBaHHbIMWN BOA4AMM, CKPbITbIMU B rNyOMHE MapCUaHCKOW KOpbl.
MoxHO nonaraTb, YTO OCHOBHasi 4acTb 3amnacoB Boabl Ha Mapce
cocpegoTodeHa B CIOSIX BEYHOW Mep3noTbl MAM  TPOMagHbIX
neasiHbIX rMblb, pacnonaralLmnxcs Ha HEKOTOPOW rmybuHe.
XapaktepHass 0COBEHHOCTb MoBepxHOCTM Mapca — Hanuume
OFPOMHBIX TEKTOHWYECKMX TpewwuH (Hanpumep, kaHbOH MapuHep
anuHon 4000 km m wwupuHor 2000 km npu rmybuvHe OO 6 Kwm),
HanoMuHawLWnX 3eMHble rpabeHbl. PaHblie, npu HabnwogeHum
noBepxHOCTU Mapca ¢ NOMOLLbIO TEMNECKOMNOB, OHU NPUHMMANUCHL 3a
KaHanbl (C KOTOPbIMK CBSI3aHO OCOBEHHO MHOro 3arafok U Cropos),
OTKpbITbIMK B 1877 1. B Teneckonbl OHW BbIMMSAAT Kak CIOXHas CeTb
ONVHHBIX NPAMbIX NMHUA, oBpa3oBaHMe KOTOPLIX CBA3bIBANoChb C
OEeATENbHOCTLIO TEKYYMX BOA, a B Hambonee cMenbix runoTesax ux
CYATanNM  UCKYCCTBEHHbIMW  coopyXeHusamu. OpgHako  Tenepb
onpeneneHHo MOXHO CKasaTb, YTO 3TW «KaHasnbl» He 4YTO MHOe, Kak
OnTMYecKas WNNI03MS, BO3HMKAKOLWAa Mpy MIOXOM M306paxeHuw..
3admkcmpoBaHbl Takke MHOIMOYUCIIEHHbIE MU MPOTSHKEHHbIE (DOPMBbI,
HanoMuHawLne pedvHble [OMWHbl, MecTamu OeHOPOBUOHOrO
Xapakrepa.
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Ha nosepxHocTM Mapca pasnuyaloTcs panoHbl, UMmetowme
CBETIYI0 OKpaCKy («MaTepuKoBbIE» PANOHbI, CIIOXKEHHbIE, O4EBUOHO,
rpaHUTamMmn), >KenTbil UBET («MOPCKME» PaNOHbl, COXEHHbIE,
o4yeBMAHO, OasanbTamu), OenocHeXHbIn 06nMK (NegHUKOBbIE MO-
ngapHele wankn). WccnegoBaHve TrOpHbIX MOPO4 C  MOMOLLbIO
pPEHTreHOhNYyOpeCLUEeHTHbIX  aHanuM3aTopoB (Ha  aMepuKaHCKMX
annapartax «BukunHr») no3sonuno onpeaenntb Takoe COOTHOLLEHME
XUMUYECKUX ANEeMEHTOB: KpeMHedeM — 13-15%, okucnbl xenesa —
12-16%, kanbumi — 3-8%, antomMuHun — 2-7%, marimum — 5%, cepa
— 3%, kanun, TutaH, ocdop, XpoMm, HUKENb, BaHagui. B uenom
rpyHT Mapca no cocTaBy CXOAeH C BYNKAHUYECKUMMU 3EMHbIMU
nopogamu, HO CylecTBEeHHO oboralleH coeauHEeHUsMU Xenesa.
IMNOTHOCTL MOBEPXHOCTHOMO rPyHTa NPUMEPHO paBHa 3emHon (1,67-
1,8 F/CM3). OpraHu4yecknx ob6pa3oBaHMIA Ha MOBEPXHOCTU He
0oOHapyXeHo.

B npuvnoBepxXHOCTHbIX Crosix nnaHeTtbl (Ha rnybuHe 50 cm u
bornee) rpyHTbl CKOBaHbl BEYHOM MEepP3ri0oTON MOLLHOCTLIO A0 1 KM, a
B Heapax TemnepaTtypa gocturaet 800-1500° C. Ha cpaBHUTENbHO
HebonbLlon rmybnHe TemnepaTtypa rpyHTa, cnegoBaTenbHO, AOIKHA
HaxoauTbcsa B UHTepBane 15-25° C, a Boga MOXeT ObiTb B KUAKOM
COCTOsiHUM. B 39TUX ycnoBmsix MOryT CyllecTBOBaTb MpoOCTenLlne
XVBbIE OpPraHu3mbl, Cnegbl XU3HEeOEesATENbHOCTU KOTOPbIX He
HaNOeHbI.

KpacHoBaTbiln LBeT noBepxHocTM Mapca obycnoBneH, ckopee
BCEro, rematutnsaumen n nMMoHMTU3aumen (OKMCNeHneM >xenesa)
ropHbIX nopod. Ho Ans SToro HyxHbl Boga W KMcopog, KoTopble,
O4YeBMOHO, MOCTynawT WU3-NMOA4 TFPYHTOB MNpW  MpOrpeBaHuu
MOBEPXHOCTM B [JOHEBHOE BpeMA WU TennbiMM  rasoBbiMU
aKcransumnsiMM, KoTopble pacTannuealoT Mmep3noTty. benbin uset
MOMAPHbIX  LIAMoK, BEpOATHO, OObBACHSAETCS  BbiNageHWeM
3amep3LUeint yrnekncnoTbl U, MOXeT BbiTb, BOASHOrO Mnbaa.

[Mo-npexHemy OTKPbITbIM OCTaeTCs BOMPOC O Xun3Hu Ha Mapce.
YcnoBusi NnaHeTbl HE UCKNIOYAaT BO3MOXHOCTb CYLLECTBOBaHUSA Ha
HEell  MUKPOOPraHM3MOB, MNPOCTEWLWIMX PaCTEHUA U OPYrux
BGuonornyecknx obpasoBaHuii. BeIiCHEHWE 3TOro 1 Apyrnx BOMPOCOB
CTOWUT Ha NOBECTKE OHSI COBPEMEHHbBIX KOCMUYECKUX NCCriegoBaHnn

Y Mapca ectb gBa cnytHuka — doboc u [denmoc. lNepBbii —
bonee kpynHbin, 27-21-19 kM; ero opbuTta npoxoaut Bcero B 5000
KM OT nnaHetbl. [leimoc nmeeT pasmepbl 15-12-11 km; ero opbuta
pacnonoxeHa Bbiwe, B 20 000 km oT noBepxHocTn Mapca. Cyasa no

157



doTorpacumam kopabns «MapuHep-9», oba cnyTHUKa ABMSAOTCS OC-
Korkamu actepovaoB.

CoBeplleHHO WHble CBOWCTBA Yy Crnegylowmx nriaHeT -—
Onutepa, CatypHa, YpaHa n HentyHa.

KOnutep, CatypH, YpaH u HenTyH cunbHO oOTnM4yaroTca OT
nnaHeT 3eMHOW rpynnbl. Bonblwoe paccTosiHMe 3TUX NnaHeT oT
ConHua no3BOMUIO UM COXPaHWUTbL 3HAYUTENBLHOE KONUYECTBO
NepBMYHOrO BOAOPOOA W renuvs, NMOTEPSIHHbIX MNiaHeTaMn 3eMHOMN
rpynnbl  No4 BO3LENCTBMEM  «COJSIHEYHOrO BeTpa» W M3-3a
HedOCTATOYHOCTM  TpPaBMTAUMOHHBIX  cui.  XOTA  MMOTHOCTb
BellecTBa BHELIHWMX MNnaHeT cpaBHuUTenbHO Hesenwuka (0,7-1,8
F/CMS), 00beMbl 1 Macchbl UX OrpoMHbl. CaMbiM KpyMHbM SIBRisieTCA
KOnutep, no obvemy B 1300, a no macce 6onee yem B 318 pas
npesocxoadawmn 3emnto. 3a HUM criegyeT CaTypH, Macca KOTOporo
B 95 pas npeBbilwaetr maccy 3emnn. B 3TMx OByX nnaHeTtax
cocpepoToyeHo 92,5% macchbl Bcex nnaHeT COnMHEYHOW CUCTEMbI
(71,2% y tOnutepa n 21,3% y CartypHa). 3ambikaloT rpynny
YAMBUTENbHBLIX BHELUHMX NMaHET ABa ruraHta-onusHeua — YpaH u
HenTyH. NonepeyHnk BTOporo Bcero Ha 3827 km Bonblue agnameTpa
YpaHa, a no o6bemy nobas n3 HUX NPeBOCXoauT 3eMnio B AEeCATKN
pas.

Cpeon nnaHeT-ruraHToB  nNepBoe  MECTO  MPUHAANEXUT
KOnutepy. OnameTp ero B 11 pa3 6onbwe 3emHoro; ot ComnHua oH
HaxoauTcsa B 5 pas ganble, yem 3emns.

KOnutep, ¢ ero xapakTepHbiMW, JABHO M3BECTHBIMW NATHAMU U
nornocaMm Ha MOBEPXHOCTW, KOTOpble MNapanienbHbl 3KBaTOpy W
UMEIT M3MEHYMBbLIE O4YEPTaHUs, SIBNAETCA CaMOW OOCTYMHOW AN
uccnenoBanus nnavetoit. Macca HOnutepa (1,910% r) nuwb Ha gsa
nopsigka MeHblle comnHeyHow. CpegHee  renvMoueHTpUYeckoe
pacctosiHne — 778,34 mnH. kM, nepuoa obpaleHnsa sokpyr ConHua
— 11,86 3eMHbIX NneT, oceBasi CKOPOCTb BpalleHna — 9 4 58 muH,
NpuMYeM OCb MOYTU NEPNEHANKYNAPHA K MIOCKoCTM opbuTel. Paguyc
OnuTtepa no BepxHen kpomke atmocdepbl — 71 359 km. CpegHas
NMOTHOCTb, MCXOO4A W3 ero BOAOpoAHo-renueBoro coctaea, 1,35
r/cM®, HO HanMuMe TBEPOro TENa He UCKIoYaeTCsl. YCKOpeHue Cubl
TSKECTU paBHo 25,8 m/c”.

KOnutep obnagaer MowHOW aTtMocdepoli U CUMbHBIM
MarHMTHeIM noriem (B 10 pa3 cunbHee 3eMHOro), 4YTo onpegenset
OKpyXeHue nnaHeTbl MOLWHbIMWM paguauMoHHbIMKM  MosicaMu U3
NMPOTOHOB M 3NEKTPOHOB, 3aXBayeHHbIX MarHWTHbIM nonem tOnuTtepa
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M3 «comHedHoro BeTpa». CoctaB aTmocdepbl uMccnegoBaH
KOCMWYECKMMM annapaTamu no ee BepxHen kpomke. OHa coaepxuT
77% monekynsipHoro Bogopogaa, okono 23% renvs un pasHoobpasHblie
npMMecu Tuna MeTaHa, ammuaka, OKMCWU yrrepoga, MapoB BoOAbl,
mMonekyn docduvHa, rugpuga repmaHus, LMaHuMcToro Bogopoga, a
Takke Opyrux coeguHeHui. NpucyTcTBme aTUX BELLECTB, BO3MOXHO,
SABNAETCA CrneACTBMEM acCUMUMSLMM PasHOPOOHOro maTepuana u3s
Kocmoca. PaccnoeHHass BogopogHo-renveBas Macca JocTturaet
TonwwuHel 4000 KM ©n, BCneacTBMe HEPaABHOMEPHOrO pacnpeneneHus
npumecen, obpasyeTt NONOCkl U NATHA.

OrpomHaa macca lOnuTtepa npegnonaraeT Hanuvyme MOLLHOro

XWOKOTO MMM MOMYXXUOKOro sgpa acTteHocdepHoro Tuna, KoTopoe
MOXeT OblTb WCTOYHWKOM BynkaHu3Ma. [locnegHum, no Bcew
BEPOATHOCTUN, OOBACHAETCS cyuiecTBoBaHne bonbloro KpacHoro
MatHa, HabnogeHns 3a noBegeHuem kKotoporo Beaytcs ¢ XV B.
TemnepaTtypa BEPXHUX COeB aTMocdepbl N0 U3MepeHNam paBHa -
130°C, B HWXHUX OHa MoxeT pgocturatb 1000°C. lMpu Hanuumm
MONY>XMAKOro MNM TBEPAOro Tena-agpa Ha nnaHete AOMKeH ObiTb
CUMbHbIN NapHUKOBbLIN 3DEKT.
Mo MHeHuIo paga yyeHbix. KOnuTep BbINOMNHAET B Hallen ConHevyHou
cucTeMe pofib  CBOEODOpasHOro «nblnecoca» — €ero  MOLLHoe
MarHUTHO-rpaBMTaLMOHHOE Mone nepexsaTtbiBaeT Bnyxaatolne BO
Mpake BceneHHon KomeTbl, acteponabl 1 apyrue Tena. HarnggHoeim
nNpMMepoM 3TOro sIBUMCH 3axBaT M nageHue Ha tOnutep KOMeETbI
«Wymenkep — JleBn-9» B 1994 r. Cuvna npuTshkeHust okasanacb
HacTonbko 6OMbLION, YTO KOMEeTa packosoniacb Ha OTAerNbHble
0BNOMKN — OrpOMHbIE MbIObl NbAa W rOPHbLIX MOPOM4, KOTOPble CO
ckopocTbto cBbiwe 200 Tbic. kM/Y4 Bpesanucb B atmocdepy Honu-
Tepa. Kaxabln B3pblB 4OCTUran MOLLHOCTM B MUMNMNOHbI MEraToHH, a
Habnogatenu ¢ 3emnu BMaenun NATHa B3PbIBOB U pacxoasiimecs
BOMHbI BO36YXaeHHON aTMocdepbl. 3T cobbiTust cepeaunHbl 1994 r.
ObiNn  3apaHee npefackasaHbl U MNOTOMY [JOCTAaTOYHO XOPOLUO
N3y4eHbl

KOnutep umeetr 16 cnyTHWKOB. YeTbipe cCaMbIX KPYMHbIX:
Manumen, Kannucto, Mo, EBpona — HocAT HasBaHue [anuneeBbiX.
Wx nonepevHukn 6Gonbwe, yem y JlyHbl u Mepkypusi, U paBHbl,
COOTBETCTBEHHO, 5262, 4800, 3630 n 3140 kM; nepuofbl obpalleHus
BOKPYT MfaHeTbl COCTaBMSAT OT 2 A0 12 cyTokK; pacnonaraoTcs OHU
Ha pacctosiHum ot 1881 go 422 km oT noBepxHocTu HOnuTepa.
WccnegoBaBlune OKpyXeHuMe nnaHeTbl KOCMUYecKkue annapathbl
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YCT@HOBWMM, YTO CMYTHUKA  CINOXEHbl TBEepAbIM  KaMeHHbIM
maTtepuanom, BMOMMO, CUINMKaTHOro Tuna. Ha Hux obHapyxeHbl
OeWCTBYyOLWME ByIKaHbl, cnedbl NbOOB M, BO3MOXHO, >XUOKOCTEN,
cpeau KOoTopbIX NpeanoriaralT Aaxe NpucyTcTBue Bodbl.Hanpumep,
Ha cnyTHuKe aHMMe[ C pacCTOsHWSA B 7 TbIC. KM BMAHbI UCNELLPEH-
Hble CTapbiMy KpaTepamu nefoBble NMPOCTPaHCTBA, a Takke bonee
Monogble [ONMHOOOpasHble MOHWXKEHUST WM Lenu JeAHUKOB COo
cnegamm BYNKaHU4eCKOMn OesTeNbHOCTN. YomBuTENBHO
obHapyxeHue Ha MaHMmene cobCTBEHHOW MarHUTOChepbl — 3TO Kak
6bl ogHa marHuTocdpepa BHYTPM APYron, lNUTEpuaHckon. Takoe
ABMIEHNE MOXeT CBUOETENbCTBOBATb O HanmMuMM y CryTHUKA
XenesHoro sgpa. Cuna nputskeHuss Ha [aHMMede, KOTOPbLIA MO
BennymHe paBeH 3/4 Mapca u 6onblue JlyHbl, npumepHo B 6,5 pasa
MeHblle 3eMHon. Ha cnyTHuke EBpona BuaeH negsHon naHuupb,
MOKPbIBAKOLUMA BCH MOBEPXHOCTb, W €ro paspbiBbl W PacKorbl,
BO3HMKLWIME NOA4 AEeNCTBMEM rpaBuUTauuoOHHbIX cun KOnutepa. Ha
OTOENbHbIX CHMMKax, a WX amepuKaHCKas  KOoCMUYeckas
nabopartopus «lanuneo» cgenana c paccTosHUA 692  Kwm,
npocMaTpuBaloTCs NnaBawLlme NbaMHbl — ancbepru. MoatoMy nog
nefoBbIM MaHUMPEM MpegnonaraeTcsl Hanuyiue okeaHa. B psage
MEeCT OTMEY€EHbl MHOTOKUITIOMETPOBLIE NEeAsHbIE NOTOKU—IIEAHMKN U
NPU3HaKN BYNKAHUYECKOW [AOesTenbHOCTU. [1OBTOpHbIE  CHUMKM
NOATBEPAMIIM MOSYYEHHYK KapTUHY M NOpoaunu y nccnegosatenen
MbICIIb O BO3MOXHOCTM CYLLECTBOBAHMWS 34E€Chb KaKOW-TO XKN3HW.
CatypH — B 10 panbwe 3emnu ot ConHua. O3Ta
«OKONbLIOBaHHasA» MriaHeTa, NpeacTaBnsieT He MEHbLUMN MHTEpEC,
yem tOnutep. Ero macca 5,68-10%° r, paguyc 60 400 kM C
aTtmocdepoirt 1 20 765 6e3 Hee. CpeaHsis NIIOTHOCTb, paccYnTaHHas
Mo BUAMMOMY pagunycy, oueHb Huskasi — 0,7 r/cm®, 6e3 aTMoccepbl
OHa nopsgka 5,85 r/icm®.  TonwwuHa aTtMmocdpepHoro  cnos
oueHuBaetca B 37-40 TbiC. KM. [enuoueHTprnyeckoe paccTosiHue
CatypHa — 1427 mnH. kM, nepuopg obpaleHusa Ha opbute — 29,5
3eMHbIX CYTOK, CKOpOCTb ObpalieHuns Bokpyr ocu — 104 14 mMuH,
HaKMOH ocu K nnockoctn — 26°. CyllecTBEHHOW OCOBEHHOCTbIO
CatypHa ¢BndeTcsa Hanuyne KonbLa, PacrofOKEeHHOro BbIle
obnayHoro crosi atmocdepbl. HapyxHbin ero gnameTp — 274 Thic.
KM, YTO noyTu BABoe Gornblue guameTpa nraHeThl; TOMLWMHaA KonbLa
okono 2 kM. HabniogeHusasMM C  KOCMWYECKUX CTaHUMA Obino
YCTaHOBMEHO, YTO KOMbLO COCTOMT M3 psiga Menkux Koneu,
HaxoAsALIMXCHA Ha pas3HOM yganeHuu apyr ot gpyra. BewecTtBo koney
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npeacTaBneHo TBepabiMu O0BNIOMKamMu, CKopee BCEro, CUMMKaTHbIX
nopog W negsHbIX MMblb, pasmMepomM OT MbIIMHKA OO0 HECKOJbKUX
meTpoB. [Mpupoga koney HesicHa. Obwas Macca uX BewecTBa
onpegensietca B 0,01 maccol JIyHbI.

MarHutHoe none CaTypHa MO HanpsPkeHHOCTM MOYTUM BOBOE
MeHbLle 3eMHoro. Ocb AMNons no4vTM TOYHO COBMagaeT C OCbio
BpaLeHnsa nnaHeTol. [onapHocTb nons CaTypHa NpoOTMBOMNOSIOXHA
NONSPHOCTM 3€MHOrO NOnN4.

Y CartypHa 17 cnytHukoB. Cambii ganekun us Hux — Peba
(amametp 110 km) HaxoguTcs B 13 MIMH. KM OT nnNaHeTbl WU
obopaunsaeTcsa Bokpyr Hee 3a 550 aHen. Cambin 6nmskun — Mumac
(anameTp 195 kM) pacnonaraetcs B 185,4 TbIC. KM U fenaeT NosHbIN
obopoT 3a 2266 4. OTOT CMNYTHMK BpawaeTcs BHYTPU Korel,
CatypHa, BMMAA Ha WX OBWXKEHWe, npuvdeM cam nepeMellaeTcs B
obpaTHOM HanmpaBneHMn — HaBCTpeYy BpalleHuio nraHeTbl. Ero
MOBEPXHOCTb pasbuTa rMraHTCKMM KpaTepoM, OUamMeTpoM CBbILE
100 km. Ha camom Gonbwom cnyTHuke CaTypHa — TuTaHe (gua-
MeTp 5150 kM) OoBHapyxeHa AOCTaTOYMHO MNNoTHas aTtmocdepa, a
MOBEPXHOCTb €ro MOKpbITa NbAOM. Takue e MOBEepPXHOCTU MMEIT
apyrue kpyrnHble cnyTtHuku: Pea (guametp 765 km), Tedun (525 km)
n Ouona (560 km). Jleq moxeT ObITb BOASIHOTO cCoCTaBa, a Takke
METaHOBOrO U aMMUaYHOro; MnocrnegHwe rasbl  BepoOsiTHee.
MoBTOpHbIE HabnoaeHns B 1996 r. yctaHOBUNU, 4TOo B aTMocdepe
TutaHa npeobnagaeT asoT, HO €eCTb MeTaH M Apyrue rasbl.
ATmocdepHoe paeneHune 3gecb B 1,5 pasa 6Gonble 3emHoro, a
cpegHas TemnepaTypa noBepxHocTu nopsgka -180°C. 3aragkon
ABMNSiETCA NPUCYTCTBME YrneBogopodoB Ha cnyTHukax CaTtypHa, a
BO3MOXHO, U Ha caMou nrnaHeTe.

YpaH yaaneH ot ConHua Ha 2869 mnH. kM. Oto B 19 pa3 ganblue
3emnu ot CornHua, MNepuon ero obpaweHns — 84 3emHbIX roga,
oceBoe BpalleHue ocyuwectenaetca 3a 10 4 49 MuH; cpeaHas
NOTHOCTb C aTmocgepon — 1,35 r/em®, pacyeTHas MMNOTHOCTb
TBEpgoro tena — 5,55 rlem® (NpeanonoXnTensHO OHO UMeeT
paguyc 15 600 km). MowwHocTb aTMocdepsb! oueHuBaetcs B 8500 km.
Macca nnaHeTbl — 84,910°" ,

Ocb BpalleHuns YpaHa pacnonoxeHa noyTu B NIOCKOCTM opbuThl
— OTKMOHEHa OT BepTuKanu Ha 98°, T. e. nnaHeTa Kak Obl NEXMUT Ha
cBoen opbute. YpaH obrnagaeTr MarHUTHbIM MOfeM, MOMNSpHOCTb
KOTOPOro MpOTWMBOMOMOXHA 3EMHOW, a HanpsPKeHHOCTb MeHbLUEe
3€MHOW.
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B nnotHo aTtmMoccepe VYpaHa OOHapyXeHbl KOmbLEeBble
obpasoBaHusl, NATHA, BUXPW,  CTPYWHbIE  TEYEHWs,  YTO
CBMOETENLCTBYET O HECNOKOMHOW LMPKYNSUMM BO3OYLUHBIX Macc.
HanpaBneHnss BeTpOB B OCHOBHOM COBMaZalT C BpalleHVEM
nnaHeTbl, MNpuY4emM B BbICOKUMX LIMPOTax BeTPbl  CUITbHEE.
3eneHoBaTo-ronybon UBET XONoAHOW aTMocdepbl YpaHa MoXeT
ObiTb  obycrnoBneH Hanuuvem pagukanoB rugpokcuga [OH"].
CogepxaHne renua B atmocdepe okorno 15%. B rnybuHe
aTtMocdepbl 06HapyXeHbl MeTaHOBbIe obnaka.

Y nnaHeTbl ycTaHoBneHol 10 Koney LUMPUHOW OT HECKOMbKUX
COTEH MeTpPOB [0 HECKOMbKUX KuromeTpos, 6enoro n 3eneHosaro-
ronyboro uBeTa. BOMbLWMHCTBO YacTuy, B KOmMbLax okono 1 M B
OnameTpe. BHyTpu koneL [OBWXKYTCS KaMeHHble [Mblbbl  He-
npaBunbHOn  popmbl, gmameTpom  16-24 KM, Ha3BaHHble
cnyTHUKamu-nactyxamu. BeposTHo, aTo actepongbl.

YpaH wnmeetr 15 cnyTHMKoB. [MaTb M3 HUX 3HAYUTENbHbIX
pasmepoB, oT 1580 go 470 kM B guameTpe, ocTanbHble — MeHee
100 Km; Bce OHM TMOXOXM Ha acTepouabl, 3axBadeHHble
rpaBMTaLMOHHBIM Nosiem YpaHa. Tpu 6onblimx cnyTHMKa: YMOpranb
(1170 km B Amametpe), Apmanb (1160 km) n MupaHga (470 km) —
pacnonaralTcs B npeaenax MarHuTocdepbl YpaHa, co3faBas B Hen
BO3MyLleHus. doTorpacum nokKasbiBalOT, YTO CAYTHUKA UMEIT
LWapoBuaHY OPMY; Ha NOBEPXHOCTU HEKOTOPbLIX U3 HUX 3aMeYeHbI
TMraHTCKMe INUHEWHblIe MNOMOCbl — TPEeLUHbl, BO3MOXHO, cnenpl
CKOMb3ALWMX YAapoB METEOPUTOB.

HenTtyH, camasa ypaneHHas ot ConHua peanbHas MnaHeTa,
BpalllaeTca Ha pacctosHuu 4,5 mMnp4d. KM OT Hero, genasi MosHbIn
obopoT 3a 165 3emMHbIx neT. cuctembl. 1o B 30 pas ganbwe 3emnu
ot ConHua. O6bwun paguyc nnaHetbl — 22 870 kM, paguyc
pacyeTHOro TBepgoro Tena nopagka 16 ThiC. KM, MOLLHOCTb
aTtMocdepbl 0kono 7 Thic. KM. CpeaHsis NOTHOCTb C aTMocdepon —
2,2 F/CMs, NnIOTHOCTb TBEPAOro Tena — 5,6 F/CMs, mMacca nnaHeTbl —
1010? r. Ocesas CKOpOCTb BpalleHns — 15 4 8 MyH, oCb BpalleHns
HakMoOHeHa K nnockocTM opbutel noa yrnom 29°. O6naka
aTtMmocdepbl B OCHOBHOM 06pa3oBaHbl MeTaHOM. AMepuKaHCKUN
KocMudeckui annapat «Bosamkep-2» (HblHE yXKe NOKUHYBLUWIA Npeae-
nbl CorHevHoW cucTembl), npongs B 5 ThiC. KM OT MNII@HETHI,
obHapyXun y Hee BTOpOe KOIbLO, COCTOsiLLee, Kak U nepBoe, U3
KaMeHHbIX 065TOMKOB TEMHOTO LIBETA.
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B BepxHuMx crnosx artmocdepbl YCTaHOBMEHbI MOTOKU BeETpa,
Hecyllerocd CO CBEPX3BYKOBOW CKOPOCTbH. JTO O3HadaeT
cywiecTBoBaHMe B aTtmocdepe rpagueHToB TemnepaTypbl U
OaBIieHNs, BbI3BaHHbIX, BUOMMO, BHYTPEHHUM HarpeBOM CO CTOPOHbI
nnaHeTbl, 4YTO MOXET CBMAETENbCTBOBATb O MNPOUCXOOSALLUX
ByNnKaHuMyeckux npoueccax. HenTtyH umeeT 8 cnyTHUKOB, BCe
KaMmeHHble. Tpu U3 HUX 3HAYMTENbHbIX pa3MepoB:

TputoH (anameTtp 2700 km). Hepenpa (340 km) u lMpoten (400
KM); ocTanbHble MeHblue — oT 50 go 190 kM. TpuTOH, Bvkanwmnin K
HenTyHy cnyTHUK, no pasmepam OGonblue nonoBuHbl Mepkypusa wu
paBeH noytn 2/3 JlyHbl, OBWXETCA BOKPYr CBOEW nnaHeTbl B
obpaTHOM HanpaBneHun Ha pacctosHum 353,6 Thic. kM. Opbuta
Hepeungbl npoxogut B 5,6 MnH. KM OoT HenTyHa, monHbIn o6opoT
CnyTHUK coBepwaeT 3a 360 3eMHbIX CyTOK. Y Hepewngbl camas
BbITAHYTas annuntudeckasi opbuta us Bcex cnyTHNkoB ConHeyHon

Takum 06pas3om, MnaHeTbl — TUraHTbl Pe3KO OTnM4varTca OT
nnaHeT 3eMHOM TIpynnbl M MO CBOUM XapaKTepucTvkam, M Mo
yoaneHHoctn ot ConHua. CTonb  OrpOMHbIE  paCCTOSHWS,
n3mepsemMble COTHAMW MUMAWOHOB M MWUNNuapgamMum KUIOMeTpoB,
CKa3bIlBalOTCA U Ha NPOAOIMKUTENBHOCTM NepmoaoB MX obpalleHus
Bokpyr ConHua (cocTaBnstoLwmx cooTBeTcTBeHHO 12, 29, 84 n 165
3€MHbIX NeT) N Ha (PU3NYECKNX YCITOBUAX, FOCMOACTBYIOLLMX HA 3TUX
nnaHetax. Tak, Temnepatypa ux Ha 100— 200 rpagycoB Huxe
cpegHen 3eMHON, aTMocdepbl OTNIMYAKTCH BbICOKMM COOepKaHueM
neryanwmx rasos — Bogopoga u renus. lNo-sngnmomy, 1 B TBEpLOM
BELleCcTBe MMraHToB npeobnagatoT Nerkme XMMUYeckue 3MeMEHTHI,
TaK KaK BCe 3TV NiaHeTbl UMET O4Y€Hb HE3HAYUTENBHYIO NIIOTHOCTL:
cpepHsas nnoTHocTb KOnutepa — 1,3, CatypHa — Bcero 0,7, T.e. gaxe
MeHbLUE NMOTHOCTU BOAbI. [pyrass 0COGEHHOCTb MMaHeT-rmraHToB —
ux ObICTpoe BpalleHne BOKpyr cBoew ocu. [poaomKuUTenbHOCTb
cytok Ha lOnutepe, CatypHe n YpaHe coctaBnsieT Bcero 10-11
yacoB, Ha HentyHe — okono 16 yacoB. Ctonb GbICTpOe BpalleHue
ckasblBaeTcs Ha QOPME 3TUX NITAHET: OHW CMSIOCHYThI CUNbHEE, YeM
3emns. JllobonbITHO, YTO OCb BpalleHus YpaHa noyTu coBnajaeT C
MAOCKOCTbIO OpOUTBI — NaHeTa ABWXKETCS, «rexa Ha Ooky». JTo
0OCTOATENLCTBO CO34AeT COBEPLUEHHO HeobblyalHble YCIoBMS
ocBelleHHocTU. Ha YpaHe, B oTnuvyMe OT Apyrux nNraHeT, HeT
AeneHuns Ha NonsipHble 1 Tponu4yeckune 3oHbl: ConHue Neproan4ecku
OblBaeT 34eCb B 3eHWTE W Ha 9KBATOPOM, W Hag MOfcaMu.
MpaBoa, wn3-3a  OrpomHOM yganeHHoctn o7 ConHua Takoe
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MonoXeHne He  MMEEeT  CYWECTBEHHOro  3HayeHus  Ons
TeMnepaTypHOro pexuma Ha MOBEPXHOCTM MnaHeThl. TemnepaTypa
Ha nnaHete YpaH He nogHumaeTcsa Bbiwe MuHyc 200 rpagycos.
[MoBEPXHOCTM MMAHET-TMraHTOB MOKa HegoCTAaTOYHO WUCCredoBaHbl:
MOLLHble aTMocdepbl, HacbIWEeHHbIE Henpo3pavHbiMM obnakamu,
3aTPYOHAT MX U3ydeHue. ATMocepbl MraHTCKUX NraHeT UMeLoT
COBEPLUEHHO WHYIO CTPYKTYPY M XMMUYECKUIA COCTaB, YeM 3eMHas.
Oa n dusmnyeckne ycnoBusi Tam HUKAK HE HaNOMUHAIOT 3EMHbIE.
OueBnaHO, cKasblBaeTCs pasnuyune B pasMepax HebecCHbIX Ten.
Bnpouem, pasmepbl TBepaoro Tena nnaHeT WU3MepuUTb TPYOHO —
BeAb Mbl BUAWM TONMbKO WX OOLIMPHYIO ra3oBytd OBOMOYKY.
OcobeHHO Xxopowo ee MOXHO Habnwgatb y lOnutepa. [Jaxe B
HebonbLON Terneckon Ha HeM BUOHbl TEeMHble  MOJIOCHI,
nepecekawlne nraHeTy napannenbHo 3keaTtopy. ACTpOHOMam
yaanocb BbISICHATb, 4YTO B arMocdepax nIlaHeT-TMraHToB
COAEPXUTCS 3HAUYNTENbHOE KONMMYECTBO METaHa U aMMmmnaka. Bmecte
C TeM, KaK y)Xe OTMeuvariocb Bbille, ANsi 3TUX MSIaHeT XapaKTepHOo
npucyTCTBME BOoAopoda M renvs. Huskas Temnepatypa M BbICOKOE
JaBneHve, npucyuime ux aTtmocdepam, NPUBOAAT K TOMY, 4TO
BHYTPEHHWE ra3oBble CMOW CryLalTCs HACTOMbKO, YTO MOCTENEHHO
nepexoadar B TBepAoe COCTOsiHME, obpasyd Terno camMoun MnaHeTbl.
UTto kacaetcsa nnaeawolux B aTMocdepax obnakosB, TO OHU MOryT
COCTOSITb TONMIbKO M3 3aMep3lMX KPUCTamnnMKOB amMMuaka -—
COeQVHEHUs BOAOpOAa C a30TOM. Tak BHELUHE BbIMMSAAAT NnaHeTbl-
rMraHTbl. 3HaunTeNbHO TPYAHEE BbIACHUTL WX  BHYTPEHHEe
cTpoeHune. CoBeTckune ydeHble - akagemuk B.I. deceHkoOB 1 gokTOp
umsmko-matemaTudecknx Hayk A.l. MaceBnmd, usydaa Hepgpa
KOnutepa n CatypHa, npuwinm K nobonbITHeIM BbiBogam. CornacHo
NX pacyetaMm, Ha HeaHauuTenbHoW rnybuHe TBepaoro Tena KOnutepa
pasneHne pocturaet 700 Tbicad atmocdep. lMpu atom BOAOpPOA
npuobpeTaeT yaMBuTenbHble MeTannuyeckue ceonctea. C rnybuHom
JaBlneHnMe Tam [AocTuraeT orpomMHon uudpbl — 20 MUNMOHOB
atMmocdep! BmecTe ¢ paanoakTMBHLIM pa3orpeBoM Takoe AaBreHue
gosoauT Temnepatypy Heap pgo 200 Teicay rpagycos! 3710
npeBbIlLIAeT TeMnepaTypy BCEX APYIUX MIIaHEeT, HO elle Oaneko He
AocTuraeTt Temneparyp, rocnogcTByOLNX B Heapax 3ses3q. tonurep,
no cyuwecrtBy, HebecHoe Teno, 3aHMMalolee MPOMEXYTOYHOE
nosioXXeHne Mexay nnaHeton u 3esesgon. I octanbHble nraHeTbl-
rMraHTbl 61IM3KM eMy No CBOEW Npupoae.
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lMocnedHaAs u3 M3BeCTHbIX HaMm nnaHeT — [NyTOH — UapcTBO
xonoga n Houn. OH nony4yaeT Tenna u ceeta B 1600 pa3 meHbLue,
yem 3emnis, U noTomy, 6e3ycrnoBHO, NpeacTaBnseT cobon MpadHyto
0Ge3XKN3HEHHY MYCThbIHIO. [NYTOH, camas AanbHSAs M3 U3BECTHbIX
nnaHeT, OTHIOAb HE MPUHAANEXMT K nnaHeTam-ruraHtam. Ckopee
BCEro, 9TO faxe He nnaHeta, a ObBWWA CcnyTHUK HenTyHa,
NMOTEPSHHbIA UM  MPU  KAKOM-TO  KOCMUYECKOM  KaTaknu3me.
MonepeuHuk MnytoHa okono 3000 kM, a macca B 10 pa3 MeHbLUe
3emMHoW. BbicTpo Bpalasicb BOKpyr ocu (3a 9 vacoB 17 3eMHbIX
MUHYT), MNYTOH MMEET CUNBbHO BbITAHYTYHO AMMAUMNTUYECKYIO OpPOUTY,
n notomy ¢ 1969 no 2009 r. oH 6yaeT Haxoautbcs 6nke k ConHuy,
yem HentyH, — akT, MOXeT ObITb, LOMNOSITHUTENBHO FOBOPSLLMA O
ero «HennaHeTHoOM» npupoae. MoBepxHOCTb MnyToHa
npegnonaraeTcsa neasHomn.

TakoBbl OCHOBHbIEe M3BECTHblE Ha Ha4dano 1997 r. ceegeHust o
nnaHetax COMHEYHON CUCTEMbI M UX CNyTHUKax. Matepun kpanHe
pa3HOOOpasHbIi, BO MHOIOM He MpOaHanuM3npoBaHHbIN K3-3a
OTPbLIBOYHOCTU N HEMOJTHOW JOCTOBEPHOCTU MHGOPMaLIMM U METOA0B
JeLlmdpupoBaHus AaHHbIX AUCTAHUNOHHBLIX HabnoaeHWN.

Becbma no6onbITHEIM NpeacTaBnseTcs yCTaHOBMEHWE KaMeHHO-
CUMMKaTHOrO COCTaBa MpakTU4eCKM BCeX OOHAPYXEHHbIX CMYTHUKOB,
Jaxe TeX, KOTopble MpuvHaanexart rasoBO-XWOKOCTHbIM MnriaHeTam-
rMraHTam, XoTs, BEpOsATHO, W C TBepabiMn sapamu. OTu
pasHopa3MepHble Tena MoryT ObITb actepongamu, 3axBavyeHHbIMM
CWION TPaBUTALUOHHBIX MONEN MMaHeT, M Torda OHU YyXepOoaHbI
cBoMM «pogutenam». Ho oHuM MoryT ObiTb M MNpaKTUYEeCcKM
OfHOBpPEMEHHbIMU 00Opa3oBaHWSMM W TOrga XapakTepusylT OcCo-
GEHHOCTM NMaHeTHOMW cucTeMbl B LEMOM, MHOrda noA4vepkvBas
crneumduky, He YCTaHOBIIEHHYI0 Ha nnaHeTax-xo3seBax. Takou
€[MHCTBEHHBIN CNYTHUK eCTb Aaxe Yy «ncesaonnaHeTbl» MNnyToH —
310 XapoH (anameTtp 1190 km), ¢ opbuton, npoxoaauien B 19 Thic.
KM OT nnaHeTsl, 1 nepuoaom obpalieHns 6,3 3eMHbIX CYTOK.

OGpaTM BHMMaHWE, 4TO, CYAA MO ABWXKEHMWIO MraHeTbl [nyToH,
uccnegoBaTtenu npeanonarany Hanuuve euwle OAHOW (OeCcATown)
nnaHeTbl CONTHEYHOM CUCTEMbI, HACTONbKO YAANeHHON U Manomn, 4To
ee He ypaBanocb OOHapyXuTb BM3yanbHO. M BOT B koHUe 1996 T.
MOSIBUIOCb COOOLLEeHMEe O TOM, YTO aMepUKaHCKUM acTpOHOMam un3
"