prFOBOpOT MaTepuu B npupoae u rpaBuTauMoHHbIe BOJIHbI

Ycnbilwae no  Tenesusopy coobuieHne, o6 3KcnepuMMeHTanbHOM  OBHapyxeHuu
“rpaBUTaLMOHHBIX BOMH”, B NEpBY0 o4yepeab NopazoBarncsd, YTO HakoHEeL-TO dKCNepuMeHTanbHoe
noaTBepXaeHue Toro, YTo ONMCaHO AaBHbIM-AaBHO B nepsou rnase “lNone” — caenaHo. Hy, He
oKasanoch y nogen Teopun, Hevem ObIno Ha3BaTb SKCNePMMEHTAaNbHO 3ahMKCMPOBaHHOE SBIIEHNE
M 4yTO ocTaBanock Aenatb? lNpuBAsanu pesynbTaT HabMAEHW K TOMY, YTO umenu. A umenu
TonbKO nepedpasnpoBaHHyto (Pogxepom Kotecom) runotesy WM. HbtoToHa. Hago 6bino HetoToHy
Kak-To 0603Ha4YMTb CamMoO B3aMMOLENCTBMe, NPUYMHBI KOTOPOro OH Tak, 3@ BCHO CBOI XW3Hb U He
Hawen. MNoatomy, B Matematndeckux Hauyanax HatypanbHon dunocodumn, cpasy xe 3a CrIoBOM
«MPUTSHKEHNE», B TEKCTE CaMOoro HblOTOHa CTOWUT MOSICHEHWE, KOTOPOE S TOXE LMTUPYIO B FNaBe
“Mone”. TlloBTOpsAld 4acTb ero: "HasBaHuWe Xe «NpUTsKeHue» (UEHTPOM), «HaTUCK» UNn
«CTpemneHne» (K LeHTpy) 9 ynotpebnso 6e3pa3nnyHo oaHO BMECTO ApYroro, paccmartpusasi aTu
Cunbl He (bM3nYeckn, a MaTemMaTUyeckn, NO3TOMY YnTaTenb AOMMKEH 03ab60TUTLCA, YTOObLI BBMAY
Taknx HasBaHuM, He OyMaTb, YTO A WMW XO4vy OnpefenuTb Camblil XapakTep OeWCcTBUA unm
dusnyeckme NpuUrHbl  NPOUCXOXKOEHUS TUX CUN, UMW Aaxe MPUNUCbIBaTb LleHTpaMm (KOTopble
CyTb MatemaTuyecKkne TOYKWN) OEeNCTBUTENBbHO N PU3NYECKME CUIMbl, XOTS A 1 Byay roBoputb O
cunax LEeHTPOB M O MpUTsbkeHun ueHTpamn." [M. “Hayka” 1989 ctp. 29, 30]. Pogxep Kotec, B
CBOEM NpeauncrioBunun, He YNoMsiHyr O Takon oroBopke HbloTOHa BO BpeMsi nepeckas3a OCHOB TEKCTa.
Tak 6e30roBOpOYHO BO3HUKITO CIIOBO “NPUTSDKEHNE”, HE UMeEtoLLee OOBbSICHEHNST CBOErO AENCTBUS.
Kak ocylecTBnsieTcs camo AeNCTBUE «MPUTSHKEHNSA» He BbINo HUKOMY NOHATHO. Ho, peanbHo noam
YyBCTBOBAIW, YTO Kakoe-TO AEVCTBME Ha Tena okasbiBaeTcs. [1oaTomy, ¢ nogaym nagartens (4neHa
konneruun cB. Tpouubl 1 MNniomeeBckoro npodeccopa acTpOHOMUU U ONbITHOW hn3unkn) Pomkepa
Koteca, ntoan goaymanu, oodaHTasnpoBanu, HENOHATHOe. Tak poannock “rpaBuUTaumoHHOE none”.
370 He Mou BblAYMKU. JTO pacckas 0 noa3abbiTon uctopumn. A, B “rpaButaLMoHHOM none” BrnosfHe
MOryT BbITb 1 BOMHbI — 0CODbIE NEPEHOCUNKN CaMOro B3auMOAENCTBUS: “rpaBUTaLMOHHbIE BOMHbI”.
MpaBga, nony4yaeTcs, YTO MeXaHU3M MX OEeNCTBUSA AOMKeH BbiTb HEODbIYHBIM — HE TakK, Kak Bce
ocCTanbHble BOMHbI — TOMKAKT Tena B HanpaeneHuu csoero G6era. Het. “'paBuTaLMoHHbIE BOMHLI”
CTArMBaKOT KakMM-TO Hedpmanyeckum obpasom Tena nbon npupodsl. Hy 4To X nogenaTb, ecnu
ucxogHas nges HototoHa Obina nuTepaTypHO OTpeaakTupoBaHa. Yntatb natbiHb MatemaTuyeckmnx
Hayan — cnoxHo (Hwke B TekcTe ecTb untatbl I.HbtoToHa B nepeBoae AH. KpbinoBa, - nonpobynte
NnpouTUTE B NEepeBoae CTp.275); MHOIMe NPUMEHEHHbIE CIOBa OAHO3HAYHO Ha COBPEMEHHBIE SA3bIKU
He nepeBogsaTca. O6 3TOM CBMAETENbCTBYET pas3nnyue TEKCTOB MepeBoda Ha eBponemnckue
A3bIKM, NpoaHanuanpoBaHHoe AnekceeM Hukonaesuyem KpbinoBbiM B TO BpeMs, Koraa OH cam
B34MICA 3a nepeBof Bcero, 4To 6blno Bo BTOpOM (NpwknsHeHHoMm) udgaHum “PHILOSOPHIAE
NATURALIS PRINCIPIAMATHEMATICA” ¢ naTUHCKOro Ha PyCCKMI S3blK U CPaBHEHWEM CBOETO
nepesofa C Apyrumu eesponenckum ngaHnam. Kpatkoe nsnoxeHue P. KoTeca umTtaTh npotle u
ObicTpee. Tak M Monyyunocb, 4YTO eBponenckumu nepesogdmkamu Tpyaa W. HeloToHa, B
y4yebHuK/ BBEAEHO CrOBO “nputsxeHue” TabynnuposaHHoe He WN. HetoToHOM, a P. KoTecom.

B rnaee “lNone” ecTb, 8 Aymato, AOCTAaTOHMHO NoapobHoe obbsiCHEHUE TOro, Kak (C Y4ETOM
HaKOMIEHHbIX  (OU3NKOM  3HAHUW) TrpaBUTALMOHHOE B3aMMOAEWCTBME B  pearibHOCTU
ocywecTBnsieTcd. BonHbl-To n Ha camoM gene ecTb, HO OHM OENCTBYIOT POBHO TakK Xe, Kak Bce
ocCTalnbHble U3BECTHbIE B DU3MKEe BOJSHbI, a8 HE HAa0BOopOT.

[MoBTOPATL BCIO MPOCTOTY MeXaHW3Ma BO3HUKHOBEHUS rpaBuTauun, 3gecb, HET CMbICNa.
Mpountarte 10 cTpaHuMyek ¢ pucyHkamu rnasbl [one (HatypanbHbix Havan Matemartunyeckon
dunocoum) 1 BC& HarnsagHO CTaHET NOHATHO.

A Tenepb, He B nNocrneaHen rnaese, NOXOXe, NPULLNO BpeMs paccka3aTb CBOK rMnoTesy:
KaK 3(pmp CTPOMUT HaLl MaTepuarnbHbIi MUP, U Kakne NposIBNEHUs NoAM MOryT (pukcmMpoBaThb:

1 Kak ycTpoeHo Bcé BeliecTBO BO BeceneHHom

Bcé npocTpaHCTBO BHE 1 BHYTpU NMoOOM MaTtepumn HanomnHeHo cpeaoun acump.

Mexay Toukamu-yactmyamm agmpa ecTb NPOCTPaHCTBO.

Odup HE nogobeH ky4ve necka, rae NECYUHKN CKaTbl COCEAHUMU U ABUraTbCS MOTYT TOSMBKO C
COCeAHUMM NecUMHKaMn. SUp — HE KOHTMHYYM “MaTeMaTuyecknx Tovek”, rae npu 6eCKoOHeYHOM
ManocTn obbeKTOB, PaCCTOSHUA MEeXZY HMMMU HEeT U MOXeT ObITb MOABMKHBIM TOMBbKO BECb
KOHTUHYYM Cpa3y, U TONbKO B napannenbHOM ABWXeHuun. [1py 3TOM HEBO3MOXEH pasfnyHbIv
XapakTep nepemelleHnst cocefHux Toyek. B octanbHoOM, 3cump Obin Obl MOAOOEH CKOMMEHWUto
MaTemMaTM4YeCKMX TOYEK, HaxoadaLLMXcs Apyr OT Apyra, B Cpe4HeM, Ha paccTosHMK BornbLuem, Yem
pasmep OTAENbHO B3ATOM TOYKM-yacTuubl. HO, Mockonbky mMaTemartumdeckas TOdka cama eCTb
Benu4ynHa 6eckoHe4Ho Marnas, To, B Ka4ecTBe MoAenu ANng pearnbHoro admpa, MatemMaTnyeckas
abcTtpakuma — HenpumeHuma. Yactuua adupa oveHb Marna, HO BCE ke huanyeckui pasmep
umeeT. HyxHO npeacTaBuTb CKOMMEHME OYeHb MENKUX OOBLEKTOB, W HaXOAsLIMXCS B
“ocTaHOBMNEHHOE” MrHOBEHWe, B CpefHeM, Apyr OT [pyra, Ha pacCTOSIHUN HECKOMbKO BorbLuem,
YeM pearnbHbI pasmMep Kaxaoro 3 oobekToB (Hanogobue puc. 5.16a).
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Kaxxgasa yactuua admpa ewé He MMeeT Takoro CBONCTBA Kak macca (rnasa “lNone” c1p.10).

Y camunx Yactuy, adupa, HaxoaaLLMXCS B ABUXKEHUMN, HET HU MHEPLIMU, HX NITOTHOCTMW.

Camu yacTuubl admpa ynpyroctbio He 061agatoT, B CUITy OTCYTCTBUS Y HUX HEOOXOAMMON
BHYTPEHHEN CTPYKTYpbl ANsi 3TOr0 CBOWCTBA. YMPYrocTb — BO3MOXHOCTb Aedopmaumm obbéma
TpaekTopun C BOCCTAHOBMEHNEM POpMbl MPU CMELLEHNMN C HEE PaBHOLIEHHON YacTULbI-MOMEXN.

BapuvaHTbl unknnyeckoro 06 bEMHOIO ABWKEHMS YacTUL, HE UMEIOLLMX MacChbl U MHEPLUN —
cTabunbHbI (CTP.262, 263). MOXHO Ha3BaTb ABMXKYLLMECS LIMKITMYECKM YacTuULbl 3dhupa 1 “kBapkamn”,
TaK Kak MMeIoT BCero 3 BO3MOXHbIX BapuaHTa CTPYKTYpbl dOpMbl CO34aBaeMon U3 “HeyTo” eLué
bonee wmenkoro. (Heckonbkmmun abs3auamu Huxe - onuwy 3TM BO3MOXHOCTU CO3[aHHbIe
nBuxeHneMm). Ho, bnarogaps Tomy, 4TO OTBEPrNU CNoBO “achmp” B Hadane XX Beka, a kK cepeamHe
TOro e XX Beka ondATb NoHagobunocb npuaymartb Ha3BaHue AN Yero-tTo Gornee Menkoro, n3
KOTOpPOro Mornu 66l COCTOATb YacTuLbl, COCTaBMSOLIMNE SKCMEPUMEHTANbHO HaWAEHHbIE Mano
XMBYLLME CTPYKTYpbl “Kak 6bl yactuy’ - “6030HbI", ONATH NpuaymManu Ha3BaHue (0T HeMeLKOro
“quark” - “yenyxa” unu “TBOpOr” UM CO3BYYHO KPUWKY Yaek), U, NoSiBUAacb BO3MOXHOCTb CTPOUTb
TeopeTnyeckne mogenn u3 4Yero COCTOAT “adpoHbl”. A croBoM “KBapkuM” MONb30BaTbCs
BO30EpPXKYCb. XOTH, BO3MOXHO, CXOACTBO B MbICIIEHHO MPUAYMaHHbIX CBOWNCTBax U TOM, YTO U3
HMX NONy4YaeTCs, Kak CKnaablBaTcs KOMOMHaumu, - noxoxe, ectb. Ho, S He oTBepran nsgpeene
CylLleCTBOBaBLUee Ha3BaHue 6a3oBon cpenpl “admp”, Kak 3TO Mpou3oLwsio B Hadane XX Beka
(cm. rmaBy “I"onbin Koponb”). [oaToMy — He TpebyoTcs NOKa HOBOMPUAYMAHHbIE 3aMEHUTESN.

YacTtuubl acpmpa camm no cebe He obnagatoT Tem, 4to M. Hbl0TOH onpegenun B noHATME
macca. Ho niobas yactvua BellecTBa, YK€ MMELEero maccy, 370 Ta e vactuua adupa ¢
onpeaené&HHbIM XapakTepoM LIMKINUYEeCcKoro AsmkeHus (cM. rnasy “lMone” n 3geck puc. 5.2, 5.3, 5.4).

(Mo HbIHE cyllecTByOLIEMY BEpPOBaHUIO SOEPLUMKOB, CBOWCTBA MacChl 4acTuuam,
(“appoHam”) cocTaBnALLMM BCE 3NIEMEHTapHble YacTulbl, paspyllaeMble Ha yCKOpUTensax u
Konnamgpax npuaaét Kak pas TOT CaMblil, TEOPETUYECKU HAa3BaHHbIN, HO TaK U HE YNOBMEHHbIN
6030H Xurrca. loToMmy ero Tak ynopHO wulyT, 4yto 6e3 ero dwmkcauumn, Mo cyuwecmesyrouel
“CmaHdapmHol modenu’, eecb Haw Mup rnoka 6e3maccoenill.) [Ans oObACHEHNA B pamKax
npegnaraemon B “HaTtypanbHbix Havyanax Martematnyeckon dunocodumn” runotesbl U Mogenm -
He TpebyeTcs oTAenbHasi crneumanbHas vactuua, YTobbl OOBACHUTL BO3HMKHOBEHUE CBOWCTB
“macchl’ y NoObIX 3N1eMEHTapHbIX YacTUL, BELLECTB.

CBoICTBO nony4aTb 1 OTAAaBaTb 3HEPIMNIO HA CO34aHME BUHTOBBIX U CNYparbHbIX TPAeKTOPUN
nosiBNsieTcs y vactuubl acompa TONbKO, KOrda OHa yXKe HaxoguTcs B LIMKIIMYECKOM BMHTOBOM
apwxkeHnn. I umeHHo 310 cBOMCTBO: GpaTh Ha cebs (U OToaBaTb) AHEPruo, BblAenss eé u3s
nNpoxoasaLLMX no nomto 3cupa BOrMH, OCTaHaBNMBas €é B 00bEMe CBOEN TpaeKkTopun, U eCTb Ta OCHOBa
Hawero Mupa, koTopoe nioau onpegenunu B noHaTne “MACCA”. OTa aHeprus, pacxogyemas Ha
yAepKaHne KOHKPETHON TPaeKTopun — NOMOMHAETCS U3BHE NPU CTONKHOBEHUSAX, B OCHOBHOM, C HE
3aUMKITEHHBIMU YYaCTHMKaMM Nepegayn BOSH Yepes JaHHoe MecTo npocTpaHcTBa. Cama Touka-
YyacTuua admpa — Maccbl He MMEET, a €10 Co3aaHHasi TPaeKTopus — MOPOXAaeT JaHHOE CBOMCTBO.

O6a Bupa BOMH (MonepeyHas U NPOAOSbHAs) KaXOOoW OTAENbHO B3ATOW TOYKOM 3dwpa
nepedaroTcs Ha KaKAoOM aTane — Kak NMHelVHble, NpoAorbHble nepemelleHuns. lNepegada BonH
NMPOUCXOAMT, TaK Kak B Mpouecce 3ade/CTBOBaHa HE OfHa Leno4vka nepemMeLLatolnxcs ToYek-
nepegatyunkoB. pybas 3puTenbHas AByXMepHas aHanorus, Ho, MOXeT HaNmOMHUT MPOLLeCC Urpbl
B B1NbApA MHOMMMU MrpoOKaMu Ha NNOCKOCTU 6e3 orpaHmyeHnsa 6opTukamm, Npu TOM, YTO LLapbl He
UCNbITbIBAOT TPEHUS MO CYKHY, HE NMeT COBCTBEHHOW MaccChl, abCONOTHO Heynpyru.

Moka 4vacTuua adupa, coBepluaroLllas XaoTU4eckue (Ha nepBbin B3rnsa) konebaHus,
nMwb yyacTHULA nepefadn OABUMXEHUSI BOMH OOHOBPEMEHHO BO BCEX HarpaBrieHUsX, OHa He
XpaHuT B cebe ONUTENbHO HUKAKOW nepefaBaeMon konebaHusiMy aHeprumn (CKONbKO B3sna,
CTONbLKO TYT Xe 1 otaana). Ho, ecnu npomcxoamt cobbiTne, 3acTaBnstoLlee Yactuly npuobpectu
LUUKIMYeckoe OBWXEHWe, OHa Kak-Obl BbinagaeT M3 obLliero npouecca MpocTo nepefaroLlero
konebaHus. Y yacTuubl, 3HEPrUS C MOMOLLLIO ABWKEHUS, NOMNyYaeTcs, 3anaceHa, HO €€ MeHbLUe,
4YeM Yy OKpYXKaloLMX YacTuL, Y4acTBYHOLLIMX B MPOCTON nepedaye BOIMH (SHeprumn) yepes gaHHoe
MECTO NpOCTpaHCTBa. Ha Luuknmyeckoe ABWKEHWE SHEPIUSI pacxodyeTcs: OTAAETCS OKPYXatoLLUM
YacTuLaM Kak y4yacTBYHOLLMM B XOA4e BOSH MO cpede advmpa, Tak U pyruM ydyacTHMLAM KPYroBbIX
OBWKEHU. Y JacTuupbl adhmpa HET MacChbl — HET U UHEpPLMK, KOTopasa cTpemunacb Obl BbIBECTU
YyacTuLy M3 LUukna.

Y OKpyXalLlmMx 4acTuu, KOTopble B KonebaHusx BOMH 3Heprvio nepeparoT Aanblle, B
Kaxkgoe MrHoBeHue sHeprum Oornblie, YeM y TOW, YTO nepeluna Ha uumknuyeckue konebaHus.
Lnknuyeckune konebaHusi — 370 NPOCTO BpaLLeHNE MO OKPY>KHOCTU (OKPY>KHOCTb - 3TO Kak Bbl OCb) U
BOKPYr 9TOM OCM CO CMelleHueM Toxe uaét BpalleHue. Puc 5.1 — npoekuum TpaekTopum Ha
nnockoctu. Ecnu cMoTpeThb “no YacoBor cTpernke”, nMbo “NPoTUB YacoBOM CTpenku”. Y BOKpyr ocu -
BpalleHne MOXeT ObITb HarnpaBreHo NMMbo B OAHy, MO0 B APYryld CTOPOHY. Takum obpasom,
TPaeKTopusi MPaKTUYECKN “MaTematmdeckon Toukn” (“HeyTo” “GecKOHeYHO” Marnoro B CBOEM
pa3mepe) npuobpeTaeT NPOCTPaHCTBEHHYIO ycTonumByto chopmy (Puc 5.1 (a, 6, B, r)), UMetoLLyto
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pa3Mep MHOro-MHOro 60’ NbLUMIA, YeM ABWXKYLLASCA Mo 3TOW TpaekTopuM cama Yactuua acupa.

BpaweHue 10 yacoeoli cmpesike 0603Ha4eHO KpacHbIMu cmpeskamu, [TIPOTUB — kopu4yHesbIMU.
Ocb deuxeHus ¢ HanpaeneHuem HA Habnrodamernsi — o603HavYeHa moykoli, OT Habnrodamersi — Kpecmom.
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OT1a hopma MOXeT HanomuHaTtb 6ybnuk (Top) (Pnc.5.26) - ecnn anameTp BpaLLleHUs BOKPYr
OCU MeHbLLIE AnaMeTpa OCeBOro kpyra; unm opex (Puc.5.2a) - ecnu guameTp BpalleHus BOKPYr
ocu 6nmn3oK nnm Gonblue, YemM AMaMeTp Kpyra OCeBOro BpalleHus. 30echb 2 BapyaHTa CTPYKTYpb
dopmbl. U, 3a cHéT HanpasneHui, Bcero 4 BapuaHTa ABWKEHUST KaXO0ro U3 BapuaHtos. dopma —
3TO YX€e, MOXHO cKa3aTb, 3aHMMaeMbli OBbEM B MPOCTPAHCTBE, KOTOPOE 3aHumatoT
O[HOBPEMEHHO, N ApYyrne 4acTULbl-TOYKM 3adhmpa, TOMbKO nepeparoline konebaHms oT nobbix
npoLeccoB B3anmMoaencTeusa ¢ HUMu. Takum obpasom - Touka-4acTuua co3gana yxe 8 pasHbix

dopm.

Puc. 5.2a

“Opex” - paguyc BpalleHusi MO BWHTOBOW JNMHWMM BOKPYF
OCW-OKPY>XHOCTU — BOnblUE UMK PaBEH paanycy OCU-OKPYKHOCTH.

NE E-E

“Top” - pagunyc BpalleHMsi N0 BUHTOBOW NMHUM BOKPYT
OCU-OKPYXXHOCTM — MEHbLLIE paanyca OCU-OKPY>KHOCTH.

Puc. 5.26

Ectb n ewé oguH BapuaHT (OOMKHO Obl ObITb MX 2, HO, MOCKONIbKY MpPU MepemMeHe
“HanpaBneHuns B3rnsaa” Ha OOHO M TO Xe ABWXKEHWe, ero MOXHO BOCMPUHATL Kak ABWXKEHue B
NMPOTMBOMONIOXXHOM HarpaBfeHWK, NONy4aeTcsi, YTO 3TO eCTb €AMHCTBEHHbIV BapuaHT (Puc 5.3):
HanpaBnsoLen kak 6bl CNYXUT OKPYKHOCTb B MOMEPEYHOM MMOCKOCTU (TaK, Kak B OCTarbHbIX
BapvaHTax HaBMBaeTCS BUHTOBAs MNWHKSA), a CMELLEeHNe BOKPYr HanpasnsioLen npoucxoanT no
pacLIMpSIOLLENCA N CYyXaloWencs cnupanu, napannenbHo MNNoCKOCTU, B KOTOPOW Yy OpYrnx
BapVvaHTOB [BWXEHUSA pacnofoXeHa UeHTpanbHash OCb-OKPYXHOCTb. [lockonbky [aHHoe
BpalleHue, nNpu M3MEHEHUW HanpaBneHus1 B3rnsga Ha Hero, BbIMAAUT Kak BpalleHwe B
NPOTUBOMOMNOXHOM HarnpasneHun (ecrnvm cMOTpPeTb “CBepXy” Unu “cHU3y”), AaHHOe LMKInYeckoe
konebaHue nonyvaeTcsa “HenTparnbHbIM” 1 €ro HE 3aKPEMUTb HUY 3a KaKUM “3IIEKTpUYECKM 3apsgom”.
(Tem He MeHee, B MIHTEPHETE CyLLeCTBYET MyNnbTUK, FAe YTBEPXAaeTCs, YTO yY4EHbIE HaLnmM cnocod
“cpoTorpacmpoBaTth” nocnegoBaTerbHbIE MOMOXEHWS SNIEKTPOHA U MOKa3aHa ANHaMUKa MUMEHHO
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“Budumasg” (nod naockocmb Aucma) Yacmb

Mo4Ka A Crgpany

‘Hebudumas” (Had naockocmsm Aucmal Yacs
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HAd nAockacmem /ucma
MoYKd Hd Crupaid

Takoro BpalleHusl, HO, Npu B3rNsiAe NUWb C OAHOrO HanpaeneHus “ceepxy”. Ha camom pene,
[aHHOe BpallleHNe TOYKM He COOTBETCTBYET HU ABMKEHMWIO 3NEKTPOHA, HU ABWKEHUIO “NO3UTPOHA”
(noyemy 3TO Ha3BaHWE 51 MOCTaBWUI B KaBbIYKM — CTAHET SICHO HIDKE), HU OBWDKEHMIO NPOTOHA. Tak
BeayT cebs HeittpoH U HEMTPWHO, yero aBTopbl 3TOr0 HACTOALLErO OTKPLITUS — HE OCO3HanM.
“CopoTorpacmpoBanu” Heobbl4aHO CMOXHOE SIBNEHME, HO, 6€3 MOHUMaHWUS OCHOB, HE MOHSNU
CcaMu YTO 3acHANM 1 0603Banm TeM, YTO OHU U3HAYArbHO MbITANIUCE 3aCHATD.

HblHe cyLlecTByOLWYIO MOAeNnb MUKPOMMPA, KOTOPYH HasbiBaloT “CTaHgapTHast mogens” —
S1 CYUMTal0 HaoyMaHHOW OLIMOKONM, CO30aHHON, YTOObI XOTb KaK-TO CIEMUTb B OAHY “TEOPUIO” COTHM
NONy4eHHbIX 3KCNepUMEHTanbHO KOPOTKOXMBYLLIMX HYacTumL, “B030HOB”, “MIOOHOB” (3a 3Ty KBA3UTEOPUIO
npucyounn ax 20 Hobenesckmux npemun). Ho...He npuaymanu OCHOBLI, Ha 6a3e KOTopoWn Ha
camoM pene obbsacHsATcs BCE aTu akcnepuMMeHTbl U 0T 6e3blcXoaHOCTU cobpanu oTaernbHbIe
pe3ynbTaTbl HEMOHATbLIX 3KCMEPUMEHTOB B HbIHELLHIOK MOAENb, KOTOPYHO Ha3Banm “CtaHgapTHON”.

Mpoumntupyto Michio Kaku no pycckomy nepeBoay ero nonynsipHowW kHuru “®dusmka
HeBoamoxHoro”: «Ho CrangapTHas MOJelb, HECMOTPS Ha IKCIEPUMEHTAJbHBIN YCIIEX,
o0amaeT OgHUM OYEHb CephE3HBIM HemocTaTkoM. Kak roBoputr CTuBeH XOKHHT, “OHA
HEKpacuBa M JIOCTaTOYHO Npou3BoibHA”. B Heil mo kpaiineit mepe 19 cBOOOIHBIX
MapaMETPOB [HeuasecTHbI] (B TOM YMCIIE MACCA YaCTULbI M CHJIa €€ B3aUMOJICHCTBUS C IPYTUMU
yacThIamMn), 36 KBapKOB M aHTHKBAPKOB, €IIE TPH BaKHBIE CyOATOMHBIC YACTHIIBI U UX
AQHTHYACTHUIBI U MHOXECTBO JPYIMX CyOaTOMHBIX YACTHI[ CO CTPAaHHBIMU Ha3BAHUSIMH,
TaKUX Kak TI00HbI SIHra-Mmnnza, 6030861 Xurrca, W-0030HbI U Z-4acTHIIBL. XYKE TOTO,
CrangapTHas MOJIENTb HUYETO HE TOBOPUT O IpaBUTALUU. TPyAHO MOBEPUTH, YTO IPUPOJIA

Ha caMOM IIEpPBUYHOM, 0230BOM YPOBHE MOXKET OBbITh CTOJIb 3aIIyTAHHOM U B BBICILICH CTENIEHH
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HE3JIETaHTHOH. DTy TEOpHI0 MOT OBl MOTIOOUTH TOJIBKO YETIOBEK, BIOKHBIINHA B HEE CBOIO
nymry. OrcyTctBue KpacoThl B CTaHZApTHOM MOJZIENHM OKa3aJoCh JOCTATOYHO, YTOOBI
(GU3HKN 3aXOTENIM 3aHOBO MPOAHATM3WPOBATH CBOW MPEICTABICHUS O Mpupoae. Yto-to
371€Ch OBLIO HE TaK.

Ecnu BHUMATENbHO pPacCMOTPETh pa3BUTHE (DU3HKH 32 TIOCIEIHHE HECKOIBKO
CTOJIETHM, OKAXKETCSI, YTO OJHUM U3 BAXXHEHUIINX JOCTYDKEHUIH MOCIEIHEr0 U3 HUX CTaJIo
CBeZIcHHE BCeX (yHIAMEHTAIBHBIX (PU3NYECKUX 3aKOHOB B JIBE BEIMKHE TEOPHUH:
KBAaHTOBYIO TeopHio (mpeactaBieHHyr0 CTaHIapTHOM MOAENbI0) U OOIIYI0 TEOpHUIO
OTHOCHUTEJIBHOCTH DWHIITENHA (KOTOpasi ONHUCBHIBAET I'PaBUTALMIO). 3aMEYaTeNIbHO, YTO
BMECTE OTH JBE TEOPUU TMPEACTABISAIOT BCIO CyMMYy GU3HUYECKUX 3HAHWA Ha
dbyHIaMeHTaTbHOM ypoBHe. IlepBasi Teopusi OMHMCHIBAET MHP OYEHb MAajoro —
Ccy0aTOMHBIN KBAaHTOBBIM MHUp, TJI€ YACTHUIIBI UCHOJHSIOT CBOM (DAaHTACTUYECKHUI TaHeIl,
BO3HMKAIOT U3 HUYETO U TYT K€ MPONaJal0T CHOBA U K TOMY K€ YMYAPSIOTCS HAXOIUTHCS
B JIByX MECTax OJHOBpEMEHHO. BTopasi Teopus ONUCHIBACT MHUpP OYEHBb OOJBIIOTO; €€
MHTEPECYIOT TaKue MPEAMETHI, KaKk YEPHBIC IbIPbl U BONBINIONW B3PHIB; OHA MOJIB3YETCS
SI3BIKOM TJIAJIKMX IOBEPXHOCTEM, PACTAHYTOrO MOJIOTHA M MCKAaKEHHOIO IMPOCTPAHCTBA.
OTU TEOpUM BO BCEM MPOTHUBOIOJIOXKHBI JIPYr JPYry, OHU MCHOJB3YIOT Ppa3HYIO
MaTeMaTHKYy, pa3Hble aKCHOMBI W pa3Hyio (pu3udeckyro kaptuHy mupa. [Ipu B3rmsime Ha
HHUX CO3Ja€TCs BIEYATIIEHUE, YTO Y MPUPOJIBI IBE PYKH, COBEPIIEHHO HE CBSI3AHHBIX JIPYT
¢ apyroM. Majio TOro, BC€ TOMBITKH OOBEIUHHUTHL 00€ TEOPUH HE TMPUBEIN HU K KaKUM
pasyMHBIM pe3ynbTaraM. Ha mpoTspKeHMH MofyBeKa KaxIblid (PU3MK, MBITAaBIIUICS MO
JTyJIOM TIUCTOJIETa TIOKEHUTh KBAaHTOBYIO TEOPHIO M OOIIYI0 TEOPHUIO OTHOCHUTEIBHOCTH,
HEOXKUJAHHO JIJIs1 ceOst 0OHapYKUBaJ, YTO TPH JIF0OOH MOMBITKE TOOUTHCS CBOETO TEOPHUS
pasneraercs B KJIOYbsI U IaET B OTBET OECKOHEYHOCTD, TUMIEHHYIO BCIKOTO CMBICTIA. »

3abaBHo, HO, B NpMBEaEHHON LnTaTe, Apbi NpUBEPKEHeL, 06oux Teopuin “aByx pyk dnsmkn’
ONMUCbIBAET TE € NPUYMHbI, N3-3a KOTOPLIX i C CaMOro Havana yTBepxaato, YTo He BepHbl 0be
Teopun M, BMecTo oboux, npeanaratd M3HavanbHO eauHylo u3nyeckyto Moaernb, KOTOPYH
ONMMCbIBalD Ha CaMblX MPOCTbIX NpUMEepax W KapTUHKax. HWYero CrnoXHoro M HEMOHSITHOro
06blyHOW forukon — B Mpupoae He cyecTByeT 1 He paboTtaeT. [pocTo, No Havany, No He3HaHWI,
nioay Nownm He TemM NYTEM M CTanu Ha HECYLLECTBYOLLME MPUYMHBI HaKpyuMBaTb HadyMaHHble
cnencTeusi. HeBepeH nyTb JiHLWTERHA C 06bsSICHEHNEM rPaBUTaLMM, Kak He YAAnocCb CPOCTUTL
3TOT nyTb C Teopuen Makceenna npumeHeHunem upen Teopopa Kanyua (1919 rog). Ho,
MaTemMaTM4yecKu, NOSABUIIOCh YeTBEPTOE MPOCTPaHCTBEHHOE M3MepeHue 1 3TO He npeaen.
Celtyac nobsaT roBoputb Npo TEOPUKO CYMEPCTPYH, KOTopasi Taku MOXET “NMOXEHUTb” Teopun
Makcsenna v QUHLITENHA. .. HO HE HAaNOMUHAIOT, YTO TEOPUSA CYNEePCTPYH CyLLecTBYeT TONbKO B
oauMHHaguaTumMmepHom mupe! CTpyHa konebrneTtca M Kaxgas 4actota KonebaHusa 3TO ecTb
YyacTuua Myukpommpa. CKONMbKO YacTuL, — CTOMbKO M CTPYH. NSl HATSHKEHWS! KaXXaoW CTPYHbI HY)XeH
KaKOM-TO “UHCTPYMEHT”. “UHCTpymeHTa” He BWAOHO... MOTOMY, YTO Mbl CaMW KUBEM TOSIbKO B
YETBLIPEXMEPHOM MUpE (TPU N3MEPEHNST B MPOCTPAHCTBE M BPEMS), @ “MHCTPYMEHTbI” OpKecTpa — B
CKPbITON OT Hac OPKECTPOBOW siMe (eLLE 7 U3MEPEHMUI NPOCTPaAHCTBA K HALWMM 06bIYHbIM 3-M). He
CINULLKOM JIN CIOXHble HaBopoThl? [lpu Tom, 4yTO 3a npowepwmne 100 net uU3MKM He
obHapyXunu aaxe Haméka Ha peasibHyt BO3MOXHOCTb YETBEPTOM KOOPAMHATLI MPOCTPAHCTBA.

Bbonee Toro, npoBepkn nokasanu, YTO MPOCTPAHCTBO MMEHHO TpéxmepHo! Ho, 06 atom
nyylle mon4yaTb, NPOAOIMKas Nouckn. M, He CTOUT Takke pacckasbiBaTb, YTO B MUPE C XOTA Obl
YeTbIpbMS MPOCTPAHCTBEHHLIMU U3MEPEHUAMU, peanbHO paboTatowasl B Hawem Mupe dopmyna

M M
H;Z OOIKHa 6blTb  MHOM: F=Gn;e3

Hetotoa F=G - B YeTbIpEX MPOCTPAHCTBEHHbIX

U3MepeHUsIX, BennuuHa cunbl obpaTHonponopuuoHansHa He keBagpaTty, a Kyby paccTtosHus!
MHoxecTBO nabopaTtopuii No Bcemy 3anagHomy Mupy (22 nabopaTtopun) KWUHYNUCb NepenpoBepsTb
3akoH HbtoToHa akcnepumeHTansHo! A pesynbTat?... HeT, Bcé-Taku kBagpat pacctosHusi! A BoT
BENUYMHA “rpaBUTaLNOHHON NOCTOSHHON” — HWN Y KOTO HEe MOoNy4mnach npu U3MepeHusix Takom, kak
3anucaHa cenvac B CrnpaBoYHMKax. W aToT pesynbTaT Toxe — TpMBMANbHOE CNeAcTBME TEOPUM,
KOTOPY!O S MpoaoIPKato pacckasbiBaTh, kKak “HaTypanbHble Hauana Matematuyeckon dunocodunn’.

Bcé HenoHATHOe ¢ NErkocTbio 00BbSACHAET Teopusi HavaTasa B rnase “[one” (rpaButaums,
Macca, BpeMsl) U NpogoriKeHHas 34eCb — CTPOEeHNe MUKPOMMPA, OCHOBAHHOE Ha TeX e CaMblX
NpuYMHax, rge HeT NpPoTMBOPeYnNss Mexay obpa3oBaHMEM 3fieMEeHTapHbIX YacTul, U MaTepum 13
HUX... OT NepBbIX MMKpoYacTuL, 0o Moboro BeLwecTBa U ero arperatHoro CoctosHus. Yytb Huxke
(cTp. 235) 9 pacckasbiBato Kak UMEHHO yaanocb HanonyvaTb Te SKCnepumeHTarnbHble “G030HbI” 1
“MIOOHbI” U3-3a KOTOPbIX CTanun ndobpeTtaTb CTONb HecycBeTHYI0 “CTaHaapTHY0 Moaens”.

CHoBa BepHYCb K HEBEPHO UCTONKOBAHHOMY MYIbTUKY U3 MHTEPHETA, YTBEPXAAtoLeMY, YTO
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Tak, Yepes CKaHPYOLLNA TYHHENbHbIN MUKPOCKON, 3anevaTtnéH aneKkTpoH. JTO, Kak pas, TUMUYHbLIN
npumep, Koraa B OTCYTCTBUMU 06Luert 6a30BOM MOAENN, KOTOPYIO U NPOBEPSIOT IKCMEPUMEHTOM,
aBTOpbl OTKPbITUS OWNOAKOTCS M NPENOAHOCAT pe3ynbTaT C HEBEPHbIM OOBACHEHVWEM: YTO OHM
0BHapyXnnu n 3acmkcmpoBanu. 3TUM, TONMbKO 3anyThiBalOT obLyto kapTuHy. (Katactpodmuecknii
np1mep Takoro HeMnoHMMaHWs oWNBOK JOMYLLEHHbIX B COOCTBEHHOM 3KCNEepUMEHTE, HeJOyMEHME B
pesynbTatax M co3gaHum owmnboyHon “6asoBoit Teopun” NogpobHO nokasaH (C aKTUYECKUMMU
NPOPUCOBKAMMW: YTO YBMAEIN 1 33 YTO NPUHANN) B rraee “I onbii Koporsb”).

MynbTUK B MHTEPHETE — NOKa3bIBaeT “CcBepXy” TO Xe, YTO nokasaHo Ha puc 5.4 ¢ pasHbIx
paKypcoB.

Ecnu kaxeTcs, 4To 310 owwmbka - Tak (puc. 5.4) nokasbiBaTb OA4HY U TY Xe hopMy TpaeKkTopuu,
Korga siBHO To4Ka HaxoauTcs nmbo ¢ ogHoM nMBOo ¢ Apyron CTOPOHbLI TpaeKTopun oT HabnaaTens.
Ho, npogomkas BpalleHne, BCKOpe TOYKa, HE MEHHAS HanpaBfeHWsl, OKaXETCs UMEHHO C TOW
CTOPOHbI TPAEKTOPUU, FTAE B HACTOSLLMIN MOMEHT He HapucoBaHa. A 3Ha4uT, - BCE NpaBUMbHO — eé
HanpasBneHue BpaLLeHUsi HaNnPsIMYH 3aBMCUT TOSNbKO OT CTOPOHbI HALLEro B3rnsga Ha TPaekTopuio.

MonyyaeTcs, 4TO B OOHOM U TOM e hU3M4eckoM 00BbEME NPOCTPAHCTBA COCYLLECTBYHOT U
“OVKNA” acpmp, nepeHocawmn nHdopmMaumi o060 Bcex B3aMMOAENCTBUSIX BCE aanble 0es3
pacxo4oBaHUS 3HEpPrMM Ha ABWKEHWe BONH (y “AMkMX’ 4actuu, nepeparowmnx konebaHus HeT
MaccChbl, HET YMPYrocTu, HET UHEPLMN, OHU HE HarpeBalTCA U He pacxXoAylT nepedaBaemMyto

~

3HEPINI0 — HET SHTanNbMMX) N “O4OMAaLUHEHHbIA” — UMEIOLLMIA 3anacEéHHYI0 SHEPTUIO.

HayanbHoe rnonoxeHue gpopm mpaeKkmopuli MOXXHO oripedesiums 10 MOSIOXEHUI0 ocell KoopOuHam:
X — KpacHasi;

Y — 3enéHas;

Z — cuHsis.

o ocu-okpyxHocmu — no 4.c. Bokpye ocu — 1o 4.c. o ocu-okpyxHocmu — o y.c. Bokpye ocu — 1o u.c.

Pwuc. 5.5a

Mo ocu-okpyxHocmu — o 4.c. Bokpya ocu - npomus

Puc. 5.56 Puc. 5.5e
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o ocu-okpyxHocmu — npomus 4.c. Bokpya ocu — o y.c. S

o ocu-okpyxHocmu — npomus 4.c. Bokpya ocu — o 4.c.

Puc. 5.58
Pwuc. 5.5x

o OCU-OKpPY>XXHOCmMu —ripomue 4.c. BOpr2 Oocu —rpomusy.c.

i

o ocu-okpyxHoCcMU — MPOMmMue 4.c. Bokpya ocu — npomus 4.c.

Pwuc. 5.5r Pwuc. 5.53

HeoxungaHHo onga MeHda, 9 BapuaHTOB ABWMKEHUSA TOYKM MO LMKINYECKOW TpaekTopuu: 4
“oyonuka” (Puc.5.1, 5.26), 4 “opexa” (Puc. 5.2a) n ewé 1 BapuaHT “Oybnuka” c nepeMeHon MecT
ocen BpauweHuns ans HentpuHo (Puc. 5.3; 5.4), okazanucb Bcero 3ms BapuaHtamu ¢popmbl, Kak
TONbKO npopucoBan 2 (no npoekumsim pasnuuHbix (A u b)) BapuaHTta asmwkeHns (Puc.5.5 (5.2a)).
Mpw B3rNsige Ha 3X MEpHy MPOPUCOBKY, HEBEPOSITHOE OKa3anocb O4YeBWAHbIM. Bce BapuaHThl
BpaLLeHUs no TpaekTopun Topa CBENUCh BCEro K 0OHOMY BapuaHTy U 4M HanpasneHusm oTkyaa
HY>KHO CMOTpPETb, YTODbI O4HO BpaLLleHNe CTarno BbIrMsaAeTb Kak Apyroe. To ecTb Nobor U3 pUcyHKOB
5.1 MOXeT okasaTbCs ApYrMM, AOCTATOYHO NULLb U3MEHUTb MECTO HabnaeHUsa nnvm nNoBepPHYTb
TpaekTopuio (Balle HanpaBneHue B3rnsga Ha fIUCT — HE MEHSIETCS — TPAEKTOPUN YKe NOBEPHYTHI).

CobcTBEHHO, - 3TO M ecTb TOT 3HaK “-” gobaBneHHbIn [Nonem [OupakoM K 3HaMeHUTOMY

anHwTenHosckomy E =mc’. Mpopucoska fana HarnggHO yBuaetb, uYto aeno HE B uvacTtuue ¢
ob6paTtHbiM 3apsgom (Mpupoge 0o 3Tow epyHAbl — HET aena). Bcé aeno B HanpaeneHuu, otkyaa
CMOTpETb Ha BbibpaHHyto Yactuly (‘10" BbIGpaHHOMY HaMnpaBfeHUIo Nyda unu “npoTuB” Hero).
A Tpupoaa cknagbiBaeT M OOMHAKOBO HamnpaBrieHHble BpalleHUs 4acTuL, U NPOTMBOMOSIOXKHO
HarnpaBfeHHble — B MOYTU OOWHAKOBblE aTOMbl M MONEKYMNbl OOHOMO M TOFO Xe XUMUYECKOro
anemMeHTa (pasHuLia B CTPYKTypax opTo- U napa-sogopoaa — Hwke (puc.5.14, 5.13)).

AHanNorMyHo (NOCKOMNbKY MPUHLMNUANbLHOE pasnuune TOMNbKO B COOTHOLUEHUSAX paguycoB
BpaLleHun), Bce 4 BapmaHTa “OpexoB” oka3anucb BCEro OAHWM TUMOM BpaLLeHus.
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He 8 pa3Hbix BapuaHTOB (4 opexa n 4 Topa). Bcero 1 dpopma anga opexa u 1 opma ans topa.

O BO3MOXXHOCTU 3TUX (DOPM MMETbL pasHblli pa3aMep — Noka He roBOpIO.

“OpgomMallHuBasch” YacTuubl 3dupa camu B pasMmepe He yBenuuunucb. Pasmep cosgaH
TONMbKO TPAEKTOPUEN ABWXKEHMS “TOYKN” 1, NO CYTU - €CTb NyCTOTa (3anofiHEHHasi AUKUM 3¢hrpom).

Top MOXET nepenTtn B Opex, a opex B Top (6y6nuk) — 3aBUCUT TONbKO OT TOro “Kak”
nobaBneHa unm oTHATa aHeprusi oT Nons adpmpa K LMKNMYECKon NpOCTPaHCTBEHHOW BOJTHE.

Kak Tonbko aHepruio HauMHaeT 3anacatb U TpaTuTb BHYTPW OOHOW TPaekTopuM He ogHa, a,
Ckaxkem, ABe, TOYKM “ogoMaluHeHHoro” agupa (Puc.5.6). Macca o6bekTta yBenuumBaeTcs B 2 pasa.
W ato He npepgen. Mpu Tom, YTO pasmep TPaekTopuu, pa3mep 0ObekTa — HE YBENUYMBArCs U
Nno-npexHemy — 3To Torbko hopMa 6rmskas k hopMe pa3MbITOro S610Ka, a BHYTPH, - Tak 1 BooOLLe
nyctota. Tak MU Nony4aeTcs, 4YTo, XOTb Macca MU yBenu4uBaeTcsl, pa3amep He yBenuumBaetcs. B
NpOCTPaHCTBO, pUcyemoe B BWAE Opexa, Ha caMOM [fefe, OaBreHue (CTONKHOBEHWS) MOTyT
BMUXHYTb MHOrO GosblUe OAUHAKOBLIX CTPYKTYP BpalleHun, Yem B oopMy Topa. OnpeaenéHHoro
pasMepa TOp MOMELLAeTCs MOBEepX Oopexa, HO M BO BHYTPb opexa MOXeT ObITb cnpsitaHa
CTPYKTYpa, He nepecekalwLasicsa C BHELHEN TpaekTopuen Todek, opex obpasoBaBlMUX. To
€CTb, CTPYKTypbl B Buae OpexoB, MOryt obrnagaTb 3HauuTenbHO 6GonblWMMKM MapameTpamu
yAEPXKMBaAHMSA BHYTPY cebs SHeprmmn, KOTOPy NOCTOSTHHO MNOOHOCST UM MPOXOASLLME HACKBO3b
yepes HMX BOJTHbI “Ankoro” achmpa, Yem CTpPyKTypbl B Buge Topa (6yonuka).

[ ]
@

@

9 vyactuu
) 7 ‘
achupa B S/
) Puc. 5.6a % W Puc. 5.66

sape - oTop ——————e— oW

Tak, Haxo0sicb cryyalHbIM 06pa3oM 8 pasHbIX Yacmsx 0OUHAKOB8bIX mMpaekmopul, MHo2ue Yyacmuubl
aghupa, 3aHUMarom oOUH U mom xe 06bEM 8 rpocmpaHcmee He cmarkusasicb Mexo0y coboli daxe 8 y3/108biX
moykax mpaekmopull. Ho kaxdasi yacmuua aghupa, Haxo0sCb 8 UUKIUYECKOM O8UXKEHUU, 3ariacaem cmosibKo
XKe sHepauu om rpoxodsawux rno “Oukomy” aghupy 605H (nMuHelHbIX KomebaHul dYacmuy “Oukozo” aghupa),
CKOJIbKO U KaxkOasi coceOHsIs Yyacmuua, Haxodsuascs 8 obuiem 051 cex HUX obbEme mpaekmopuu.

Mpn yBenuyeHun konuyecTsa nogaHHOW “OAOMalLHEHHON” YacTuue SHeprum no ogHomy
W3 HarnpaBneHwn, 3Heprus “sanacaeTcs” B BUAE YBENMYeHWUs OuMameTpa Kpyra no AaHHOMY
HanpaBneHuto. Pasmep moxeT BbiTb yBENMYEH, €Cnu U3BHE B ABWXEHUE WUMEHHO MO [aHHOW
TpaeKkTopum BHOCUTCHA [JOMOMHUTENbHas aHeprusi. Pasmep MOXeT ObiTb YMEHbLUEH, ecnuv
pacTpata 3Heprum Ha [OBWXKEHWE MNpPeBbICUT €€ MpPUXOA4 WM3BHE OT CTOMKHOBEHUW C “AMKUM”
acpmpom. [Ba unu Bonblue (OecATKM U COTHWU) abCOMOTHO OAMHAKOBBLIX ABWXKEHUN TO4vek
MOryT OKa3aTbCH ynakoBaHHbIMW B Npegernax o0bémMa O4HON U TOW XKe TPaeKTOpUMN.

BnonHe ectecTBeHHO, 4TO B Boree “pasayTyo” 3HEPIUSAMN TPAEKTOPUIO OrpaHNYNBaIOLLIYHO
“NMyCcTOTY” CBOMM KOHTYPOM, MOXHO BnucaTb 00’Nbluee KONMYECTBO COBEPLUEHHO OAHOTUMHbIX
TpaeKkTopuiA, OHM BMecTe Kak Obl OyayT pucoBaTb OOHY U Ty xe ¢hopmy ckopnynbl, “Oonee
LWMPOKUM MaskoM”. Ho, o onpeaenéHHoro (ganékoro 0o AOCTWXKeHus)) npegena. NoTtomy wm
eCTb (pm3myeckasi BO3MOXHOCTb OTKpPbIBaTb BCE HOBblE XMMWUYECKUE INIEMEHTbI U NPUYEM, He
TONbKO “aKTMHOMABI” U “NaHTaHonabl” (T.e. 3NeMeHTbI, CO3AaHHble Mo TUNy AKTUHUSA unu JlaHTana).

Kaxgon mn3 Toudek, OBWXKYLUMXCS MO AaHHOW TpaekTopwuw, OOMKEeH MNOMOMHATbLCS 3anac
3Heprum n gomkeH 6bITb onpefenéHHbIn AemunT Mecta BHe opexa, YTobbl YacTulbl He cTanu
noaaepmBatb OTAEMNbHO CBOM (POPMbl TPAEKTOpUWA. ITO BMOMHE AOoCTaTovyHasi NpuyMHa no
KOTOPOM MOTYT OOHU U T€ Xe 3NMEMEHTbI, B OQHUX YCNOBUSAX, UMETb CTabunbHyo 60nMbLLYI0 Maccy
unu “sapyr’ (Npy U3SMEHEHNM BHELLHMX YCINOBUIA (YMEHbLLEHWE OaBMNEHNSI U3BHE OT TaKMX XKe YacTuL))
HayaTb pa3genaTbCs Ha O0’MblUee KONMMYECTBO TakuMx XXe TPaeKTOpWW, HO, B KaXXOOW 3anaceHa
MeHbLLas 3Heprus (M MeHbllas macca). TONnbKO YTO s onucan rmnotesy pagnoakTMBHOCTM B
pamkax runoTtesbl CTPOEHMS BelllecTBa N3 OQHOro arneMeHTa U 3x HanpaBneHun BpaLleHus.

Kak n noyemy cTpykTypa TSHKENOro (COCTOSILLEro M3 MHOrMX OOHOTUMHBIX BpaLleHuin)
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aneMeHTa HauMHaEeT pas3aensiTbCs — YMEHbLUUNOCH AaBNeHue (KONUYECTBO CTONKHOBEHMWI CHapYXN)
BXWUMaloLLLee BCE TOYKM B OOHO M TO XXe NPOCTPaHCTBO TpaeKkTopui nonéTa.

Kak TONMbKO W3MEHUNOChb KOSIMYEeCTBO TOYEK B OO4HOM WM TOW Xe CKopnyne, CTPYKType
MOXeT He noTpeboBaTbCs BCA 3HEprus, 3anacéHHas B BuAe AMameTpa BpalleHUs MO KOHTYypy
AaHHon ckopnynel. [poun3oweawee genexHve saep — BbiAensieT 3Hepruio.

AHanornyHoe OewcTBue (3anacaHve W BblOeNeHuMe 3Heprum) MoXeT MpoucxoouTb U B
CTPYKTypax Topa, HO B CMITy 0COGEHHOCTM (POPMbI, B OCHOBHOM, 3a CYET N3MEHEHNS AnameTpa OCu
BpalleHns (nepexon SMneKTPOHOB C OAHOW OpOuTbl Ha OPYryld WM U3MEHEHMEe arperaTHoro
COCTOSIHMA BellecTBa). Takum obpasom, Top, B cuny opMbl, U 3anacaeTt v BblAenseT MeHbLLe
aHeprun, Yem opex. Ho, Takke Kak 1 CTpyKTypa siapa, CTPYKTypa anekTpoHa cnocobHa pacnagaTbes
W TOXe C BblAeneHneM, NyCTb B MEHbLUEN NPONOpLUN, HO TOXE C BblAENEHNEM SHEPruu.

OceBoe BpallleHre 1 BpallleHne BOKpYyr ocu TpebyeT pasnnyHon nepefaHHON B KaxaoMm
HanpasneHun aHeprun. U, kak pas, nony4yaeTcs npuvynHa oBHapPY>KEHHOro 3KCMepuMMeHTarnbHO
dakta OTCYTCTBUSA Yy 3IIEMEHTAPHbIX 4YacTul, cocTosiHMS (“aHeprun”) nokosi. Kak Tonbko
nonbITaTbCs YCMOKOUTb JOOYI0 U3 TPaekTopui BpalleHusi, - He cTaHeT O0ObEMHOW (hopMbl,
KoTopyto chmKcupoBanu npubopbl B KadecTBE Kakoro-HMbyab adpoHa, SMeKTpoHa, MpOTOHa,
0030Ha..., Ho, cCamMa TouKa, NpeXxae BpaLlaBLIasics U OrpaHMYMBaBLUAs HEKUIA OObEM — He MponaaéT
dusmyeckn. OHa nNUWb CTaHEeT CHOBa 4acTuuen “gamkoro” admpa, vactuuen “mexaHumsma’
nepegayu BosiH. U 1o He cpasy. [IByxmMepHoe BpalleHne Toxe oM3nyYeckn He 3anpeLleHo.

3anucaHHble B CpaBOYHMKAX MacChl NMOKOSA SNeMeHTapHbIX YacTuL, — 3TO BblAYMaHHbIE MO
HenoATBEPXAAatoLLENCs TEOPUM — pacy€THbIe Ldpbl. M3MepuTb NX SKCrepuMeHTanbsHO He yaanoch.

Linknnyeckoe BpalleHne aaxe B OAHOM MNMOCKOCTM 3anacaeT HEKOTOPYH SHEPruio, Ho,
TOYKM, Bpallawuimecs Takum obpasoMm, MeHee NoABepXKeHbl CMOXEHUI0 CBOMX ABMXEHUN B
OLHO U TO e npocTpaHCcTBO. OOGBLEM, 3aHATLIN NIOCKUMU BpaLLEHUSAMU TPyMnbl TOYEK cam
CUHXpoHU3upyeTcs. Beab, gonyctum, ecnvm ogHa M3 TOYeK BpallaeTcd “He B Ty”, a B APYryto
CTOPOHY, TO AOCTaTOYHO €€ NPOCTO NepeBEPHYTb, YTOOLI BCE HanpaBneHWs NOCKMX BpaLLeHUi
coBrnaganu. A MpOCTPaHCTBO BOKPYr HUKTO He MpeBpallan B AByxmepHoe. B TpéxmepHom
NpOCTPaHCTBE MOBOPOT OCYLUECTBMTCSH 3a CHET 4YacTW JHEPruv, CoAepXKallencsl y CoCedHuX
KOmnbLEBbIX BOMH. Takum 06pa3om, ecnm nmeem NpoCTPaHCTBO C KOMNbLIEBbIMY BOMTHAMW, KaXkdas 13
KOTOpbIX MMEEeT NII0CKoe BpalleHne, AaHHOe COOBLLEeCTBO BOMH CaMOCUMHXPOHU3MpyeTcs. Jlioaw,
paccmaTpuBas IBfieHne CO CBOEW CTOPOHbI MakpoMupa, NPUCBOMIM TaknMM CKOMMAEHUSAM MII0CKO
BpaLlaloLLMXcs TOYeK Ha3BaHwe “none” (anekrpuyeckoe, MarHuTHoe). PasHuua — B opueHTauum
NMOCKOCTEN BpaLLleHUSA: HACKOMbKO CMOW NOCKOCTEN NapannenbHbl U NeprneHamKynspHbI.

B obwem cnydyae — aTo anekTpomarHutHoe none. I anektpuyeckoe n MarHMTHoe none
(3aBMCUT OT pakypca, C KOTOPOro sABfeHne ocmaTpmBaTh). Kak BO Bcex KOMbLEBbIX LIMKINYECKMX
OBUMXEHUAX, 30eCb 3anacaeTcs (Ha BpalleHue 4acTuy acumpa) SHeprus, a 3HauuT, none, Toxe
UMEeEeT HEKOTOPYH (MHOIO MeHbLUE, YeM 3anacaeTcs B OObEMHbIX BpaLLlEeHMsX) Maccy.

CvHXpOHM3aUUs BpaLLEHUIN MITIOCKO PaCKpPyYEHHbIX BOMH U OGBEMHO pacKpy4eHHbIX BOJSH
MOXeT MpMBOOAUTb K HEEeCTEeCTBEHHOM Mnepefadye OOBLEMHBIM CTPYKTypam BpalleHusi
pononHutensHon aHeprn. OOGbEMHbBIE CTPYKTYPbI — YBENMUMBAKOT pa3mMepsbl (M Maccy), a nrockue
CTPYKTYpPbI, OTAaB 3HEPIUIO, NEPEXOAsT B psiabl “OMKUX” ToYek achmpa, 1 BKIOYAKTCA B 0OLLYIO
nepegady BoOSiH Yepes none agupa. Mo akty, OKOHYaHUe NNOCKOro BpaLleHUs BOSH MO UMKy
NPOVCXOAMUT C BPEMEHHbIM NUHENHbIM KonebaHnem (KameHb, BpallaBLUMICA B NpaLye no Kpyry,
BblNeTaeT M3 npawiy — No MpsMOKM), KOTOpoe Moan BOCMAPUHUMAKOT Kak “cBeT”. [Mockonbky
konebaHve CBETOBbIX BOMH MMeeT Havano (OT KOMbLEBOW CTPYKTYPbl OBWXEHMUS) U KOHeLl
(obwee “xaoTnyeckoe” ABMXKEHME YacTuy acupa), To NOAM NPUCBOUNU AaHHON “NOPLIMOHHON”
BOMHe Ha3BaHve ncesgovacTUlbl “POTOH”, NepeaaroLlMin CBON KBaAHT 3Heprun (nepeq Tem, Kak
pacTBOpUTLCSA Cpean Mupuaz OOHOTUMHbIX YacTuy. “@OToH”, NpeacTtaBnss M3 cebs nMHenHoe
OBWKEHME BOSHbI, NepefatoLLencs NnpocTbiM KonebaHnem Todek agupa (He NMeroLwmnx Macebl) —
He 3aTyxaeT nepemewjasicb no agpupy. “©PoToH” — BomnHa. MoToOMy M cyllecTByeT MPUBbLIYHbIN
HaM BUAOMMBIA CNEKTP, a TakKe HEBMANMBIN YNbTPadMoneToBbI U UHAIPaKpaCHbIA CAEKTP, YTO
CBeT, B LenoM, 3TO nepefjaya naketa BofiH 6nu3kon, HO B o6LleM criyyae, pa3HOW ANVHbI.
Kaxxgas nopumoHHas BOSHa, MOHMMaeMas MiogbMu Kak CBET, NepecTaéTt CyLecTBoBaTb, TOMbKO
nepefas CBOK MOPLUIO SHEPTUN OOBEKTY, KOTOPbIN MOXET NOrnoTUTb NPUHECEHHYIO SHEPIuIo —
06BLEMHON BpaLlatoLLencs YacTue acupa, KoTopas umeeT Maccy — Yyactuue “Bewectsa’. (Ecnum
He Npon3ona&T BeTpeun “oToHa” (BOMHLI B adupe) 1 “BellecTtsa”, Bbl cBeTa He yBuauTte). Ecnu
NPUHECEHHas BOMHaMW SHeprnsi CBeTa COBMAaAET B pe3oHaHce C kornebaHneM BOKPYr OCU KaKMX-TO
U3 MUKPOYACTULL — XUMUYECKMX SNIEMEHTOB, TO PE30HAHC NOPOAMUT U3MyYeHne OT STUX YacTuL, Ha
pPe30oHUPYIOLLIEN YacTOTe U, MOAM CNOCOOHBI BOCNPUHSATL 3TO Pe30HAHCHOE NepeoTpaxeHue Kak
onpeaenéxHbin “ugeT”. Ecnn B pe3oHaHC aToMbl HE NonaayT, HO NPUMYT 3HEPIUI0 CBETOBOW BOSTHbI,
TO NMKOAN HA TOM MeCTe yBUAAT “4épHoe”. Ecrin pe3oHnpoBaTh MMKPOYacTULbl BELLECTBa byayT cpasy
Ha MHOMMX YacToTax, - Moan BOCMPUMYT OTPaXEHHbIE BOMHLI Kak “Oenbin ceBeT”. MoaTtomy 0e3
CBOWCTB aTMOCep paccemBaTb B pa3Hble CTOPOHbI MpuLledwne u3BHe BOSHbl 1 06pa3oBbIBaTh
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CBeTSALLMECH Kynornbl BOKPYr NriaHeT, NOMUMO atMocdep — B KOCMOCE TEMHO, HECMOTPS Ha TO, YTO
BOSHbI CBETa OT MMpUaz CBETALLMXCS OO BEKTOB, MPOHN3bIBAKOT KOCMOC BO BCEX HanpaBeHusX.

lMockonbKy CBET — BOSHbI, U B OBWKEHUM CBOEM KONEBNIOT BCE Te e YacTulbl 3gupa, 4to u
BOITHbl U3-32 KOTOPbIX CyLLECTBYEeT rpaBuTauus, MOMy4aloTcs MPOCTO BCE HOBble MOAYNAUWUM B
KonebaHUsIX OAHUX U TEX XKe YacTuL, 3dmpa (a 3a04HO 3TO NMPUYMHA M MEXaHU3M “AaBreHus cBeTa”).

OHeprusa Ha vacTuuax acmpa He racuTcs (y HUX HET Macchbl) U Bce npoxoadawme no agupy
BOIMHbI HE MELLaloT U He racaTt Apyr gpyra, nepegaBasiCb OOHOBPEMEHHO OOHVMMU U TEMW Xe
YacTAMK cMCTeMBI. M Tak 4o Tex nop, Noka nepegaBaeMas BofHa CBETa He CTOSIKHETCS HanpsiMyto ¢
rpynnon 3auuKneHHblX 4YacTuu, obpasylowmux “BewecTtso” (Hanpumep, B PelHMaHOBCKOM
“ycunutene curHana’). ... He HauyHETCA pasBeTBNEHHas UenHasi peakumss B YNOMSAHYTOM
“yeunutene curHana”. Ecnu uenHas passeTBNéHHas peakumst Havanach, - He 6yaeT eé NnonoBuHbI
B KOHUe. Tomnbko uenbin “wendyok” B pesynbrate paboTbl ycunutens. Hwukakon MOnNoBWHbI
3BYKOBOrO CMrHasna B KOHLe pa3BeTBMEHHOW LIeMHON peakunu.

Mo dhakTy, adhdeKkT HaCUNLCTBEHHON Nepedadn SHEPrnm OT NNOCKOPACKPYYEHHbIX YacTuLy
K OOBbEMHOpPACKPYYEHHBIM - MCMOMb3YHT BO BCex “yckoputensax” 4actuud, Konnaugpax. B
3aBMCMMOCTU OT TOrO, YTO CTOSIKHYNM C 4eM, MepBOHayanbHO TPeku pasnérta BbImAgaT Kak
0OpbIBKM pacTaHyTbIX cnupanen. Ecnu paspyweHne npousowno A0 OAMHOYHBLIX OOBEMHbIX
CTPYKTYp, YacTuubl, TEPSAS 3HEPruto, PUCYOT YNOBUTENAM BCErda OAMHAKOBbIE VMCKPUBIIEHHbIE
Oyrv, XOTb 1 B pasHbIX HanpasneHusx. W, pactpaTuB aHepruio, TEPSIIOTCA B BUAE NPOYMX YacTuL,
“oukoro” achupa.

Ecnu paspyLueHue He NpoM30LLNO OKOHYaTENbHO B MOMEHT CTOMKHOBEHWSs, HabnogaTcs
pasnuyHble BapuaHTbl “KOPOTKOXMBYLUMX® CTPYKTYp - “DO30HOB”, “MIOOHOB”... KOTOpble
HecTabunbHbl MMEHHO M3-3a TOro, YTO OHW NpeacTaBnsalT cobor cTaguio NPoaorPKatoLLerocs
MrHOBEHMS paspylleHus opMbl CTabunNbHOM npexae Uuknuyeckon BomnHbl. CHavana pasnér
nap-TPoeK... ellé B3auMHO CLEMNMEeHHbIX BpalleHun, HO UX ycTonumBasa CTpyKTypa bbina yxe
HapylleHa ygapom, u pacnag npogospkaeTcs.

Kak Tonbko cocTaBnsiowme OaHHbIA “O030H”, “MIOOH” HECKOSIbKO KOJbLIEBbLIX CTPYKTYP
admpa OKOHYaTenbHO paspyllaT CBOW BIIOXKEHHble B OOHO MPOCTPAHCTBO OOHOM ()OpMbl
TpaekTopuu, ynoBUTENN, Ha HEKOTOPOM PAacCTOSIHMM, CHOBA YNaBnMBaloT Tpeku, hopMa KOTOPbIX
aHanornyHa TeMm, KOTOpble COOTBETCTBYHOT pPa3néTy COBEpPLIEHHO OOMHAKOBbLIX YacTuy —
yacTmuam caMoro agmpa, TEPSIOLLMM 3HEPTUI0 BpaLLleHUs (TOT caMbli, siKobbl “apagokcarnbHbIR,
HO Ha gene - “obwwni cnydan”). A, Kak TOMbKO YK€ OAUHOYHbIE YacTuLbl “0foMaLLHEHHOro” admpa
OBurascb cpeauv yactuy “amkoro” achmpa (BHyTpWM konnawmapa) noTepsitoT nocrnegHue ocTaTku
KPUBU3HbI TpaekTopuu, - BCE, OHM Bonblle HU Kak “G030HbI” MMM Kak 4YTO-TO Apyroe — He
HabnogalTca U He hukeupytoTca npubopamu.

Ecnu B cuny kakon nvbo NpuyuHbI, B OO4HOM U3 HanpasfeHun, “OfoMallHeHHas” ToYka
admpa He MOonyyuT TOM IHEPruun, KoTopas nogaepxmBaeT pasmep (opMmebl, - HE TOnbko dopma
W3MEHWTCS, HO U TO, YTO JIOAM Ha3BanM Maccon (Macca YacTuubl — yMeHbLUnTCsl). Ecnun, aHeprun,
HaobopoT, C N30LITKOM A400aBUTb, TO BO3PACTYT U pasMep M Macca, HECMOTPS Ha TO, YTO cama Mo
cebe 37O BCE Ta e YacTuua MUKPOMUPA TOrO Xe CaMOro XMMMYeCKoro anemeHTa. B npuHumne,
3TO M eCTb NPUYMNHA SBIIEHNH, Ha3BaHHOIO MOAbMU “Hakayka aHeprun’.

Ta e cyTb B TOM, YTO KOrepeHTHOCTb konebaHuii aToMoB JOCTUraeTcs HPUHUURUATIbHO
TONMbKO Mpu Temnepartypax Onu3kmx K abCOMTHOMY HYMO, KOrga 3Heprun y atomoB (U Y
3MEKTPOHOB U Yy MPOTOHOB) CTOMb Maro, Y4TO paguycbl OpOWT BpalLeHWs 3TUX TOPOB (BOKPYr
0beux ocen) — MUHMMAanbHBI, @ 3Ha4YUT — oauHakoBbl. O4MHaKOBbIE KPYTrOBble€ TPAaEeKTOPMU YATAKTCA
KaK OAMHaKOBble YacTOThbl konebaHum — a 3Ha4YnT, aTOMbl CTAHOBATCH KOr€PEHTHBIMU (M MOXKHO
yuTaTb NapamMeTp BOSHbI U3NYYEeHNs U nepedatb OPYrMM aTOMam Ha PacCTOSIHUM Te e 4acToThl).
Ho, HecTbikoBKa y pm3MKOB, cendac 3aHuMMarwmxca npobnemamu TenenoprauuMum atoOMOB B
TOM, YTO nepefaHHble napameTpbl konebaHWs MOXHO BHEAPWUTb TOMbKO TakUM Xe aToMam,
Haxo4sLUMCs Npy Takon xe Temnepartype 6nmskon Kk abcontoTHOMY Hym. To ecTb, nonyyaTernb
curHana usHavanbHO KonebneTcs Tak e, M MMeeT TOT Xe pa3mep, Kak oxuaaercs npu
OKOHYaHUWM 3KCnepumeHTa TenenopTauuun. A nepepadya napameTpoB konebaHusi NPOUCXOaUT
kak? — BonHamu! BonHbl, MogynupytoLme atoMbl MOYT B Kakon cpeae?

OT0 Xe camoe $BneHWe Hanpoyb pa3buBaeT HbIHELWHIOW TEeOPEeTUYECKYHD MPUYUHY
CYLLEeCTBOBaHMSA KBAHTOBAHWUSA 3HEPruin, rae OgHMM U3 MHOXUTENEn B pacyETHbIX dhopmynax
aBngeTca uenoe udncrio! [lnameTpbl KPYroB-oCerl M BUMHTOBBLIX JIMHUI BOONb OKPYXXHOCTEM —
MOTyT MMaBHO BapbMpPOBaTbCA MMes 6oMblue UM MeHbLUe MNPUXOASLIEN U3BHE 3Heprun! —
MNMoaTomy BCe Aaxke ogMHAKOBblE aTOMbl U3HaYarnbLHO HeKozepernmmubl! Liensie uncna B hopmyne
— 9TO CYET KOHKPETHbIX TOYEK 3chmpa YCTPOMBLUMX AAHHYO 3aMKHYTYIO LIMKITUYECKYHO TPAEeKTOpUIO.
He GbiBaeT ApOBHOro umMcna KOHKPETHbIX MUKpoOnpeaMeToB. M OT Kaxaow TOYKUM — 2 4acToTbl
U3NyyeHnss — 4acTtoTa OT BpaLLEHUsI MO OCU-OKPY>KHOCTU M YacToTa BpalleHUs no BUHTOBOW
FNIMHUKN BOKPYT OCU-OKPYXXHOCTU. Tak Ans afekTpoHa, 1 Ansa npoToHa. Ho He Ang HeNTpoHa.
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[MpUMEHNTENBHO K HENTPOHY U HENTPUHO — BbIAENUTE MOXHO TOMNbKO OAHY 4acTOoTy... HO
OHa nepuoamnyeckn n BbICTPO M3MeHsieTcs. OTcioga nonydaeTcs, YTO YNOBUTb CNEKTpanbHO
[aHHY0 4YacTOTy B XECTKON LMGPOBON 3aKOHOMEPHOCTU — HEBO3MOXHO. CrnekTparibHasi mofocka
BblJaBaeMasi OT HENTPUHO — Pa3MbITbIN KOHTYP MO Kpato CNeKTparnbHOro CHUMKA.

Ecnu crnon, B KOTOPOM BpaLLaloTCcs YacTuubl, y)ke obpasoBaBLune opex-sapo — 3aHsT, To,
[ON1s1 Topa-3MekTpoHa OCTaETCs TOSIbKO MECTO CHapyxu. Ecrniv BONM3M HangéTcsa Top-9NeKTPoH ¢
aHanorM4yHbIMK pasmepamu Tpaektopum, obe yactTuupbl 3cpmpa MOryT 3aHATb OAMH U TOT Xe
06bEM npocTpaHcTBa Bpawasch (puc. 5.66). Ecnn, pasmepbl OTAMYHBI (MHAA SHEPrus U MHas
YyacToTa), To obpasyeTcsa unu napannensHas “nepBoMy” 3NEKTPOHY BHELLHAS TPAEKTOPWUS BOKPYT
TOro Xe agpa UMW BHELUHAS OTHOCWUTENBHO HapyXHOW 4actu 6ybrnuka “nepBoro” anekTpoHa
TpaekTopus. Bpallasck 1 ctankueasch Apyr ¢ ApYroM, TOYKM-4acTuLbl adupa, HaxogsaLmecs B
LUMKNUYECKOM BpaLleHUM camMu CUHXPOHU3MPYIOTCA Apyr € Apyrom. Takum obpasom u
3aMNONHATCHA YPOBHU 3MEKTPOHHbLIX OpOuUT. JIMBO TOUKM acdbupa — HaxoaaTcs B 06bEME ofHON
dopmbl Topa. JInbo BOKpyr sAapa C NPOTUBOMOMOXHBLIX CTOPOH HAaxoAsTCs OBe TpaeKkTopuu
anekTpoHa. [Jna Bcex nocnenyroLlmx KOmbLeBbIX BUHTOBbIX JIMHUA — €CTb TOJNIbKO MECTO MOBEPX
YXKe CITOXMBLLMXCS BHYTPEHHUX OyONMKOB.

Bo3amoXxHbI N “aHTMYacTUUpbl”? OTO KacaeTcs TOro camoro 3Haka MUHYC, MPpUAYMaHHOro
Monem [Qupakom Ans MmamemMamu4ecKu NOSHOIO pelleHns ypaBHeHNs1 AriHwTenHa. Ha camom
Jene He “yacTvua NPOTMBOMNOSIOXKHOIO 3HakKa”, a NPOTUBOMONOXHOE HanpasfieHMe B3rngga Ha
OOHY U Ty Xe YacTuuy Mmukpommpa (puc. 5.5). BoobLue-To, YacTuuam “BCE paBHO” B KaKyto CTOPOHY
HanpaBfeHo BpalleHne cocegHen Yactuubl. [axe napbl NPOTOH-3MEKTPOH MOryT WMETb
NPOTUBOMNOSOXHbIE BPaLLEHWS CBOUX OCEN M BUHTOBBIX FIMHWI B MOBbIX codeTaHusax (prc5.13, 5.14).
370 “BCé paBHO” — A0 Tex Mop, Noka AaBfeHue aHanoruMyHbIX nap 4Yactul “n3BHe” He HaYHET
nobyxxaaTb OAMHaKOBbIE MO PopMe TPaeKTopumM Npexae pasHole B NPOCTpaHCTBe —06beANHUTLCH
O6beamHUTBCA MOTYT TONbKO OAWHAKOBbLIE MO HanpasreHusaM BpaweHus (puc. 5.13 C, 5.14 Y).
MMeHHO No 3ToM npuyMHe He HabnogaeTcss NpUHUMN “4ETHOCTU” B peanbHoCcTU. Bce HampeHHble
C TaKUMN HEUMOBEPHbLIMU 3aTpaTaMn OeHEr 1 SHEPrMn YacTulbl “aHTMBeLLLeCTBA” — 3TO BCE Te Xe
0bblYHbIE YaCTWLbI BELLECTBA, KOTOPOE CHavarna pasdbunu Ha OTAEeNbHbIE MPOTOHbI U 3NEKTPOHbI,
a noToM yganocb 3adUMKCMpoBaTb “XaoTUYECKYH HECUHXPOHHOCTL® BpalleHUs 3TUX YacTuy B
MOMEHT pa3pyLLEHMWS CTPYKTYP, KOTOPbIE OHM U3HaYarnbHO COCTaBnANM (6e3 BCAKMX aHHUTUASLNNA).

MoToMy ux 1 “coxpaHaTb” yaaétcsi, 4To, 6e3 NpUnoXeHnst cun BHeAPEHUS “aHTuyactuy’ B
noAo6HbIE UM CTPYKTYpbl, 6€3 pacCUHXPOHM3aUMM HanpasreHui BpalleHus (Yero B kamepax-
XpaHunuiiax, pasyMmeeTcs, He AenatoT) OAMHAKOBbIE MO CYTU TOYKU-YacTULbl achmpa He nonayT
B nobosyto ataky Apyr Ha gpyra. JloboBas aTtaka 0oguMHAKOBLIX YacTuy adupa, 6e3ycnoBHo bbl
3aKOHYUIa MX KOMbLEBble-BUHTOBbIE ABMXEHUS, NpU 3TOM, — CaMU YacTulbl CHOBa cTanu Obl
YacTuuammn gukoro adpupa, a aHeprust oboux, 3anacasLuascs B ABUXEHUN — BbicBoboamnnach.

He Bcsakast maTemaTtmyeckas adbcTpakuma dmsmnyecku MNMprupopaon BonsoweHa.

Onstb umtupyto Michio Kaku: «B 1928 r. Mononoi y4u€nslii [Monb Oupak] MpeiioKui
CBOI BapuaHT ypaBHeHus lIpénuHrepa — 1OCTaTOYHO paguKaIbHYIO €ro MOau(UKAIIHIO,
KOTOpasi B MOJHOM MeEpe COOTBETCTBOBAJIA TEOPUU OTHOCUTEIBHOCTH OWHINTEHHA.
VYuupiii Mup Obul TOTpsCEH. JlMpak OTBICKaN CBOE 3HAMEHHUTOE PEISTHBHCTCKOE
yYpaBHEHUE VIS DJIEKTPOHA MYTEM YUCTO MAaTEMaTUYECKUX MAHUITYJISLHUN C BBICIIUMU
MaTEeMaTHYEeCKUMH OOBEKTaMM, U3BECTHBIMH KaK CIUHOpHI. BHe3amHO MaTemaThueckas
JMKOBMHKA OKa3ajiach IIEHTpalbHOU (urypoit Bo Bceit Beenennoit. (o Jdupaka mHoroe
bu3ukn ObUTM YOEXKJICHBI, YTO BEIUKHE OTKPBITUS B (DU3UKE JODKHBI CTOSTH Ha
NpOYHOU 0a3e SKCIEePUMEHTAIbHBIX NaHHBIX, HO Jlupak BBIOpan MPOTHBOIOJIOXKHYIO

CcTpareruro ...)» Marematuyeckasa abctpakuma [upaka nopoguna maccy HOBbIX abCTpakTHbIX
Teopui M 06 aHTMBelwlecTBe M 00 OTpMUaTENbHOM SHEPrMM U O BapuaHTax BCENeHHbIX,
aHTMBCENIEHHbIX COCTOSILLMX N3 aHTUBELLECTBA, BCEITEHHbIX C 0BpaTHOM YETHOCTLIO, BCENEHHbIE
€ 06paTHbIM 3apsgoM, MyINbTUBCENEHHbIE, aHTUIpaBMTaumio. ..

lMoTom, Ha MaTemaTnyeckme abeTpakuum kpacoTbl Monsa OQupaka npuwnock TpaTuTb BpeMs
W OokasblBaTb, YTO HecobrniogeHne YETHOCTU — HeBo3MOoXHO (Y. Adr m L. Jlu HoGenesckas
npemusa no cusnke 1957 roga). CuMMeTpuUYHasi, OTHOCUTENbLHO Hallen, No 3apsigy U YETHOCTU
BCceneHHasa — HeBo3MoxHa (k. KpoHuHr n B. duty Hobenesckas npemus no cusmke 1980 roaa).
Mpupoaa — nparmaTuU4Hasa U MakcMManbHO HaaéxHaga “aHanoroBas” MawmvHa. Yem npoule — 1em
HapéxHee. Npupoaa eanHa ot 0bpas3oBaHVsi MUKPOOOBHEKTOB, aTOMOB U3 MUKPOOOBEKTOB, KNETOK
N peLléToK M3 aToMoB, Nnasmbl U3 BelecTs. Npupoaa He pasgensieT BELLEeCTBO U BELLECTBO C
NPOTUBOMOMOXHBIMW NapaMeTpaMy BpalleHUs U NPOTMBOMNOMOXHbIM 3apsgoM. Oba BapuaHTa
NPV COOTBETCTBYIOLIEM CONMXEHUM B cryctke — cTposst BCE Bewectso HALUEFO mupa.
AHTUBELLEeCTBO — maTemaTtmyeckas abcTpakuus. AHHUTMNAUMA — 3TO KOrga MAEHTUYHYK Mo
napameTpamM BpaLleHWst U KONMYeCTBY YacTuy adupa BpallawoLwmnxcs no eaUHOW TpaekTopum
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napy 4actuu, cHavana pasBepHYyTb ApYr OTHOCUTENbHO Apyra Tak, 4Tobbl UX BpalleHus cTanu
BbIMA4eTb NPOTUBOMNOSIOXKHBLIM 06pa3oM (pacnpocTpaHuTe CBOK daHTasuio: kak puc. 5.6a
npeacTaBvTb Tak, kak NnokasaHa cepusi puc. 5.5), a 3ateM HacuUnNbCTBEHHO BXaTb OOQHO B ApYroe.
Pa3 yx Bce yacTuubl achmpa B 06enx opexax-TpaeKkTopusix OAMHAKOBbI, CTaNk1BasiCb, OHU MOMTHOCTbLIO
NpeKkpaTAaT CBOW BWHTOBbIE-KOMbLEBbIE-LUMKINYECKUE OBWKEHUS U CTaHyT 4acTuuamu AWKOro
adhmpa. A aHeprus — oceoboauTcs. M HMKaknx matemaTUYeCKMX aHTMOOBEKTOB.

BepHycb cHoBa k Teopumn ctpoeHnsa BCEO maTtepmanbHOro mmpa us 0guHaKOBbIX YacTuLy
adhmpa, Korga 4acTb 3TUX OOMHAKOBbLIX YacTUL-TOYEK 3chmpa co3daéT KombLeBble OOBEMHbIE
TPaeKToOpuM OBWXKEHUS M 3anacaeT B OBWKEHUN YacTuLbl obLwen aHeprum Mons acupa.

WNToro: ckonbKko LUTYK YacTuL adhrpa co3aatoT LMKl BpalleHus (kaxxaas Yactuua agupa-
BellecTBa — MMeeT 2 YaCTOTbl) — CTOMBbKO CMEKTPanbHbIX IMHUA U3NYyYeHUs YNoBUT y4€HbIn. B
3aBMCUMOCTM OT TOFO CKOMbKO YacTuL, HAaBOpayuBalT NyTb MO OAHOW TPAEKTOpUM — LUMpUHA
YNOBMEHHOW MOMOChI YacToTbl U3NyvyeHuss OygeT KpaTHO YMCNy 4acTul,  pacluMpsTbCS.
lMpoMexXyTkM B CMeKTpe Mexay “noriocaMmm msnyveHus” HemsbexHo OyayT, Tak Kak Kaxagas
TpaekTopus Topa-anekTpoHa-0ybnvnka mMoxeT OblTb pacnonoXxeHa TONbKO MOBEPX WIWN BHYTPU
(HemTpoH) cBOGOOHOrO HE3AHATOrO APYro TPaeKTopuern NpocTpaHcTea. M, napameTpbl ABVKEHMS
M 4YacToTbl ANS pa3Hbix 6yGNMKOB NPUHLMNMANbHO OKaXyTCcsa pasHbiMu. Ho, Kaxagas cxogHas no
KONMMYeCTBY OAMHAKOBbLIX TPAEKTOPWUMA M KONUYECTBY Y4acTBYHOLWMX 4vacTuy adwmpa — byget
JaBaTb OOQMHAKOBbIE NPOMEXYTKU B U3Ty4HaeMOM HYacTOTHOM AMana3oHe.

OneKTpOoHbI HEe NaJalT Ha AP0 HEe NOTOMY, YTO HE PacXoAdyHT SHEPruio Ha ABMXEHME Ha
“cTaumoHapHbIX opbuTtax”, a NOTOMY, YTO MOCTOSIHHO MOMyYalroT dHEeprno U oT cobpaTbeB —
O[OMALUHEHHbIX LUKIMYECKM OBUralOLMXCH YacTuL, M OT MONS TOYeK-4acTuy OUKoro admpa,
HeCyLLEero CkBO3b Opexy U OyOnunKM BOSHbI “KU3HU™ MaTepun. ANEKTPOHbI, B BUHTOBOM ABWXKEHUN
BOKPYI OCU-OKPY>XHOCTU, MOCTOSIHHO W “NafatoT’ Ha TpaekTopuio sapa 1 otbuBaroTcst OT Heé
(coymapuBLLUCE C TOUYKOM-YacTULIe Ha opbuTe Topa-“opexa”, coBepLuas ¢ 4 4poM 0OMeH aHepruen).
Moyemy Noan He PerucTpupyoT 3TN YacTOThbl KoNebaHui, a PErMCTPUPYIOT TOMBKO YacTOThl, KOraa
B aTOMe MPOUCXOAAT N3MEHEHWS, HAaNnpUMep, “nepexo 3reKTPoHOB ¢ opbuTbl Ha opbuty”’? Ho ato
nanyyeHne vactotr oto BCEX spgep, anekTtpoHoB, HenTpoHoB... BCEIO Bewectea B MUPE!
Cnuwkom MHororonochki xop. Noatomy, peructpaumer 3Toro “neHms” aBnseTcs ToT OOHOBbIN LUYM,
Ha KOTOpbIV CTapatoTCsi He obpallaTe BHUMaHWS, NPOCenBasi U3 HEro TONbKO YTO-TO OCOBEHHOE.

O ekt HeyMeHNst oNpeaennTb UK paccumTaTh “MeCcTOHaxXoXAeHe” cCaMon TOUKN-4aCTULLbI
B Npeaenax cBoew Tpaektopuu (Npy ABOMHOM BpallleHuM) U eé “CKOPOCTb”, NPUMEHUTENBHO K
CTPYKTYpe Topa nopoaun “npuHumn HeonpeaenéHHocTn” BepHepa [enseHbepra. CobcTBEHHO,
3TO CTano oaHUM M3 JoKa3aTenbCTB TOro, YTo anekTpoH (no uaee Jlyn ae bponns) Beaér cebs
kak BonHa. (B kakoi Gbl cpefe ecTb aTa BOfHa ecnu He B acdmpe? BonHa yero n B 4Em?)

Ho, HeymeHue paccuuTaTb, Ha caMOM ferne — OT OTCYTCTBUS NMOHWMaHWUS Kak yCTpoeHa
JaHHasa CTpyKTypa. YTo MMKPOMUP HaxXOAMTCS BO BpallaTenbHOM ABWXEHUM — coobpasunnu, Ho,
YTO HE MO OCHAM-KOMbLiIaM PacMnofioXeHbl TPAEKTOPUN ABWXKEHMS — OCTarochb 3arafkon, KOTOPYHo
nonbITanucb KOMMNEHCUPOBATb, MPUNUCAB HEKNE “KonebaHnsi” Ha HEKOTOPOE PacCTOSIHUE OT OCHU.
N B pesynbTate — MpPUHUMNMANBHO HEBO3MOXHO MOHSITb: YTO Tam BHYTpU. WM npuwniock
KOHKpETHbIE (hM3nYeckue 3aKoHbl MOOMEHUTb 3aKOHaMK U3 TEOPUUN UMP, KOTOPbIE MPUOAN3NTENBHO
JalT XOTb KaKOW-TO YUCIIEHHbIN HefoKasyeMbl 3KCNepuMeHTanbHO, HO pesynbTaT. A ecnu
pesynbTat pac4yE€TOB C 3IKCMEPUMEHTOM HE CXOOUTCA — Ha TO OH U BBEAEH “npuHUMN
HeonpeoenéHHOCTU” — KakoW YX C 3KcnepumeHTatopa (Mnu pacdértymka) cnpoc. bepértca
BEPOSATHOCTb MMM CyMMa BCeX pe3ynbTaToB cpa3y: OQHOBPEMEHHO W OEeBOYKa U cTapyxa u
XeHLUMHa n 6epeMeHHasa u pagocTHasa 1 nevyansHasi U MépTBasi — BCE U OLHOBPEMEHHO... A BCé
[eno-To B HEMOHMMaHuu npuHUMnuansHon cytn: He konebaHus OKONMo ocu, a BWHTOBOE
BpalleHne BOKpyr KonbLeBon ocu. CBOWCTBaA BOMHbI — MOTOMY 4YTO 3TO MNepUOANYEcKoe
OBWKEHNe un pacTtankmBaHue cocegen. CBOWMCTBO 4acTuubl — MOTOMY, YTO [OBWKEHWE 3TO
yacTuuen-toukon acpumpa m ocyuwectenserca! 3HaunT, HeMsDEeXHO, MO 3aKOHAM MeXaHWKU
noseayT cebsA CTONKHOBEHUST M OTCKOKM. B wkomax Bce pewanu 3agadykm no dusuke
npeHebperas ynpyrocTbio peasbHbiIX 0ObEKTOB?

HayHy nokasbiBaTb Ha pyUcyHKkax. OBGbEMHbIE PUCYHKU TPaeKTopuin ByayT OYeHb 3aciOHATb
KapTUHKY 4N NMOHMMAaHWUSl YTO B KaKOW YacTuue 3aHMMaeT NpubnM3uTENnbHO Kakow pasmep,
Hanpumep, ecnm roBopuTb He 06 OAMHOYHOM S4pe UMW ANEKTPOHE UMM HEWTPOHE, a, XOTHA Obl O
MUKPO Cpe3e Kakoro-To yXe BellecTBa (HadHy rnokas, npaBAa, HauuHas ¢ NpoTus, AerUTepus m
Tputna). Ans obbsacHeHW yaoobHee Nonb3oBaTbCA CTaHAAPTHLIMU MPOEKLMSMU Ha MITOCKOCTMU.
MoaTtomy, cHavyana mnsobpaxeHus Ons nepeBofa OLHOMO M TOro e B 06bEMe M Ha NNOCKon
npoekumun. MNnockux kapTMHOK NpuBeay cpa3y HECKOMbKO, Bapbupysa pas3Mmep, Tak Kak 370 OaéT
BO3MOXHOCTb MOKa3aTb MOYEMY MMEHHO He 3anpeliéH pasnuyHbIi pa3Mep OOHUX U TeX Xe
anemeHToB. Hwxe, npuBegy v OpMynbl CBA3N FeOMETPUYECKMX (KPYrOBbIX WM BUHTOBBIX)
nponopumn. A Ha KapTWUHKaXx, BbINMOMHEHHbIX C 6OMbLWMM yBeNnuYeHeM OT pearbHbiX pa3MepoB
NpOCTO Moka3sbiBato GykBamu u B undpax (4Tobbl cpaBHMBATL Ha rnas cpasy, a He nonsaTtb C
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NIMHENKON MO NIUCTY) COOTHOLLEHMST pa3MepoB. []eno B ToM, YTO apudpmMeTUKa nokasana: pasmep
TpaekTopun, obpasywun nby M3 yactuy, He TabynupoBaH. Paguyc OCU-OKPY)XHOCTU U
paavyc BUHTOBOM JIMHMUN BOKPYT OCU-OKPY>KHOCTU MOTYT M3MEHSITBCS B HEKOTOpPbIX Npedenax. Ho n
BHE 3TWX NPEeerioB... U3MeHEeHMs He 3anpeLleHbl. [POCTo MeHSETCS reoOMeTpUS B3avMOMONIOXKEHWUIA
M BeLecTBO MEHSIET CBOM arperaTHble coctosiHus . [pn aToM, sagpa — ocTalTes sapaMu Bcé
TOrO X€ XMMMWYECKOro 3MeMeEHTa U TakKe W SMEeKTPOHbl U HEWTPOHbI. A HUXe, NMokaxy BCE Ha
KapTuHkax n dpopMmynamu u rpacpmyecku. [oatomy, Anga nokasa, 9 Bbibpan 0gMHAKOBbIM pa3mep
paguyca BWHTOBOW nuHMM obpasywollen sgpo atoma. I OoTHOCUTENBHO OAHOrO CTabMITBbHO
NOKa3aHHOro pasMepa NokasblBa: Kak MEHSAIOTCS CBA3aHHbIE C HUM BENUYMHBI U YTO NPU 9TOM
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Puc. 5.76 OnekTpoH. (“No3nTpoH”)

NPOVCXOAMT C BELLECTBOM (HEBaXHO — dMeMeHTapHas Nu 3To Yactuua, yKe atom, U3oTon nnm
NONy4YeHHbIN CneaylLwmnn XUMUYECKUA SMNEeMEHT nepuoamnyeckon Tabnuubl — BCe NpoxoaaT
yepes3 OOMHaKOBble 3aKOHOMEPHOCTW npeBpalleHun). (Ha punc.5.76 HasaHue (“Mo3nTpoH”) B
CkoDKax v KaBbl4Kax MOTOMY, HYTO 3TO TOT XKe CaMbli QNEKTPOH, HO NPM B3rNsAe C MPOTUBOMONOXHON
CTOpOHBbI. Tak-Kkak Ha gene, Hala TeXHVKa He NMO3BONIAET paccMaTpmBaTh OAMH U TOT Xe npegmeT
OOHOBPEMEHHO C pa3sHbIX CTOPOH, HEyAa4yHO NPOBEAEHHbIV AKCMEPUMEHT NMOMCKa MOPOAMNIT AaHHbIN
r’MNOTETMYECKNA MaTeMaTMyeckmin OOBbekT BoMnnoTu. [MpocTO €ero O4YeHb XOTENM HanTu wu
nosepunu B 310, y6eams camux cebsa n okpyxawowmx. Ha camom pgene, Bcé nposauyHee. B
peanbHon [lpupoae HeT HeOOGXOAMMOCTM nopoXAaTb NapHble aHTuMYacTuubl. [ocTaToyHo
NpoCTO NepemeHbl “HanpaBneHnst B3rnaaa”, NpUMepHo Kak nokasaHo Ha puc. 5.5. PaccmoTpuTte
CHOBa M BHMMaTerfbHee 3TOT O4YeHb BaxHbIM “kasdyc” [Npupoabl. U konebaHne npucyTtcTeyeT
(oaxe oBa umknuyeckux konebaHus cpasy), a 3HaYMT M YacToTbl KonebaHui; u TpyaHOCTb: Npwu
ManoMm pasMepe U BbICOKOM 4acToTe konebaHui, npenckasaTb CKOPOCTb (Kakylo u3 4x:
NIVHEVHbIE UMW YIMOBblE, MO OCU-OKPY)XHOCTU WM BOKPYr OCU-OKPY>KHOCTM ... KaKyld CKOPOCTb
MblTanMcb BBIMUCAATE U NpeackasbiBaTh?). Kctatu, Teopus CTpyH, cuntas 4Yactuubl MUKpoMUpa
konebaHnsiMm Bpoge konebaHunm CTpyH — yacToTamu 3ByYaHus — nykaBuT. Kaxayw CTpyHy
KaXK4on anemMeHTapHOM YacTuubl, NPUYEM He TOSbKO MPOTOHA, ANEKTPOHA MMM HENTPOHA, HO U
BOOOLLE KaXXOoro “agpoHa” HYXKHO BeAb HAaTAHYTb B PaMKax Yero-to — Kakoro-To “MHCTpyMeHTa”,
a To BeAb 0e3 HanpshkeHui, konebaTbca — He OyaeTt! [a v ytobbl nony4nTb konebaHus, camm
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“CTpyHa” U “WMHCTPYMEHT” [OIMKHbl Obl M3 Yero-To CcocToATb. Llenbin Mup HensBecTHOW
“MexaHuKn” 3Toro “CTPYHHOro MHCTPYMEHTa” ANA KaXAoro 3fieKTpoHa, MPOTOHA, HEWTPOHa,
0030Ha, MIOOHa... He crnoXHoBaThbl M KOHCTPYKTUBHO Ae6pyu faHHON MaTemMaTU4ecKkon ngen?

Konebanusa — [JA! PaznnyHblie BO3MOXHbIE YacTOTbl A4S K&XX4O0W JONTO UM Mario XUBYLLEWN
yactuubl — JA! VI ona Bcero aToro — HUKaKue cyrepcmpyHbl; HAKaKMX npupoaHbix 6ananaek
UIn CKpUnok, koHTpabacoB u apd — HE HY>KHO! Kak ocywecTtBnsieTcst “mexaHunka” konebaHum
noapo6bHO nokasbiBak 30eCb pUCYHKaMK. A Kak 3Ta e caMasi cxema konebaHui co3gaéT To, YTo
nogu HasbieaoT TPABUTALIMEN — nokasaHo ewé B rnase 1 “Mone”.
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Puc. 5.78 HelTtpoH. HenTpuHo.

Ha puc. 5.78B — pgBorHas Hagnucb NOTOMY, YTO OAHA M Ta e CTPyKTypa cTana
paccmaTtpuBaTbCs pu3MKamMm Kak “HeMTPOH” — Korga nogobHasa 3amkKHyTasi TpaekTopust cnnpanm
CBA3aHa B pamkax sgpa atoma (puc. 5.9, 5.11, 5.12) u, kak “HenTpuHO”, ecrnn e€ obHapyxumnu
OTOENbHO OT CTPYKTYpbl aTomMa (puc 5.7B BepXHsi CTpoka unu nesbin ctonbeu). Ha puc 5.78
npaBbI CTONGEL, HWXKHASI CTPOKa — TO Xe Ccamoe, YTO CTPOKOW Bbille, HO, Ans obneryeHus
BOCMPUATUA HApUCOBaHO cevyeHne obpasyloliee OKPYXKHOCTWU, OrnucbiBaemble MepeMeHHON
LIMKNUYECKOMN crnparnbio — TpaekTopmen ABUXKEHUSA TOYKN-YacTuLbl achupa.

Ha puc. 5.8 B cTpoke " nokasaHo, YTo, eCnv B MPOCTPAHCTBE eCTb [MPOTOH 1 ONEKTPOH — KX
pa3mMepbl He Bcerga MoryT 6biTe B MOAXOASALLEM COOTHOLIEHUN, YTOObI AaBieHMe OT aHanorMYHbIX
CTPYKTYP BHE WX, @ Takke, BOMHbI (konebaHus YacTuy, AMKOro achmpa), npoxoasiume no gaHHOW
YacTu MPOCTPaHCTBa U MOJaloLne BCEM KOMbLEBbIM BOMHAM 3HEPrui, COBMECTUITU OOBLEMBI,
OrpaHMYeHHble JaHHLIMW TPAEKTOPUSIMM B OOHO YCTONYMBO COXpaHsioLeecst oopMoobpasoBaHue.
B ctpokax [ n E puc. 5.8 — yctonumBas CTpykTypa atoma (Bogopopna). [NpoToH + 3nekTpoH
“cuenneHbl” cBOUMM TpaekTopusamMu. [pn HecoBnagaloLmUX YacToTax ABUKEHUSA KaXO0W U3 3TUX,
Nno CyTW OOMHAKOBbLIX, YacTuL, admpa, OHN HeEU3BEXHO, NEPUOANYECKN COYOAPSAIOTCA BCKOMNb3b
(He B noboBow aTake) U OTCKaKMBalOT APYr OT Apyra COXpaHss opbuTbl 1 B3anMMOMNOMNoXeHune
op6uT. B Mupe, B KOTOPOM Mbl XXMBEM, HET AOCTATOUYHbIX €CTECTBEHHbIX CUI, YTODbI CMECTUTb
OaHHble YacTuupbl Tak, YTOObl OHM UNU NPOBAaNUMUChL BO BHYTPb TPAEKTOPUW Apyr Apyra unm
CTOnNKHynuch B Nob. Bnpoyem, 1 Takasi cuTyauus HUKakux pranyeckux npoTMBOPEYMIn He BbI3OBET
— 9Tu YacTuubl (paBHble MO CyTKM TOYKM 3cbupa) Npu TOOOBOM CTOMKHOBEHWW TOMbKO OTAAOyT
OKpY)XalLnM ToYKkam-4acTuuaM CBOM 3anacéHHble B ABWKEHMSX 3HEeprun v npmbopbl MpOCTO
nepecTtaHyT UMEHHO ux oTMe4yaTb. Ho psiiom aTomoB Tak MHoro! bonblie yem “goHoB MNegpo B
Bpasunum — n He cocunTaTh!”. MNMoaTomy, 6e3 BCAKMX KaTacTpoUIECKNX NOCNEACTBUN, NpmxXaTue
OLHOW TpaeKkTopum YacTuupbl 3cdmpa K Apyron Tpaektopun nobon Yactuubl 3dmpa Bbi3biBaET, B
OCHOBHOM, TOJIbKO TO, YTO Jl0AM, OOHApPY>XMB, Ha3Banu “CUsbHbIM B3aumogencTemem”. Cpasy
Xe pobasnio, 4YTO npuumHa “cnaboro B3aMmoaencTsusa” — 3TO AaBreHUME U3BHE YacCTULL-TOYEK
OunKoro acpmpa, KOTopbl BbIHYKAEHO NMMHAET YacTuLbl Ha LIMKIMYECKNX TPAeKToOpUsaX 1 3anacaet
UM 3HEpPruo ans aABMXeHus. To ecTb U B “cunbHOM” 1 B “cnabom” Bzanmogencteum pabortatot
BCE Te Xe 3aKOHbl TEePMOAUHAMUKW, YTO JIOAM IKCMEepUMMEHTanbHO HalmnM U BCE Bpems
NbITAlTCA OMNPOBEPrHYTb, 3asBMAd, 4YTO B MUKPOMMPE Kaxadasi MUKpodacTuua “BEYHbIN
npuratens”, paboTatoLwwmii 6€3 BCAKOro NpUTOKa SHEPrMM U3BHe... N - He MOryT OnpoBEPrHYTb.
Ho, Ha camom gene, AaHHas HECTLIKOBKA CYLLECTBYET TOMbKO MO HECOBEPLUEHCTBY BEPOBaHWUN
(“3HaHMIA” coBpeMeHHOM h13UNKN), KoTopasa notepsana amp HacensLnn BakyyMm.

KctaTn, kak B rnase 1 “lMone”, npouutupyto M.B. JlomoHocoBa: “Tesia mo2ym ripuxoQums
8 dsuxxeHUe u dguz2ambCsi MObLKO 8 MOM crlyyae, eciiu Ux moskaem Opy2oe mesno unu mena,
MOCKO/bKY O8UXKEHUE HECOMB8OPUMO U HEYHUYMOXUMO”. “Ecnu 8 o0HoM mecme ybydem, mo 8
Opyaom obsi3amesibHO rpubydem u rfpu YEM POBHO Ha CMOJILKO Xe, Ha CKOIbKO ybbiio mam, ede
y6b1710”. HenpmBbIYHO 3BY4UT 3aKOH COXpaHeHUs aHeprun? A mexxay TemM, umeHHo M.B. JToMmoHocoB,
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paHbLLEe BCEX OCTarbHbIX YYEHbIX, €r0 BbIABUHYI. W 3TOT 3aKOH TOYHO cobritogaeTcs cpeaon “acmp”.

A BOT, OpYyron 3akOH, YTO pacCevBaHME 3HEPrun yBenM4MBaeTCs — JHTponus Bcerga
BO3pacTaeT — B cpefe avpa HYKHO HayumTbCs nMoHumaTth wupe! Jlioboe 3akonbuoBbIBAHUE
npexae XaoTM4eckoro kornebaHwsi B BUHTOBYK TPaeKTOpuo — 9TO eCTb MpoLecCc obpaTHbIv
aHTponuu! — YnopsgounBaHue sHeprumn! 3akntoveHne nopumm sHeprum B 06bEM npocTpaHcTaal
To ectb, Ha ypoBHe JOUPA, npouecc uMaET B 06e CTOPOHbI, a 3HA4YUT, BTOPOM 3akoH
TEPMOAMHAMMK/ — YacCTHBbIN Cryyar NepBoro 3akoHa NPUMEHUTENBHO K MatepuarnbHbiM obbekTam!
— JioBbIM CTPYyKTypaMm, CO3haHHbIM M3 4YacTuL, UMKIMYeckn aAwkylierocs adwupa. Ecnu mbl
3aMeyvyaeM TONbKO YacTb ero — paccemBaHue aHeprum (3HTponuio) B Mupe, B KOTOPOM XMBEM,
TO, MO 3aKOHY CUMMETPUM (NpoBepka KOTOPOro He OBHapyXumBaeT HapylueHun), obpaTHas
CTOpOHa — 0Opa3oBaHNe HOBbLIX 3MTIEMEHTAPHbIX YacTuL, U U3 HUX HOBOTO “BelliecTBa” AOSMKHA UATK
NOCTOSAHHO 1 Ha 3emrie, 1 BOKpyr (06pasoBaHue “nbinn” 1 MeaneHHbI NpupocT 06béMa 3emnu)
1 BOKpYr 3emnun B KOCMOCe 1 B JanbHEM KOCMOCE 1 BOOOLe Be3ae — obpa3oBaHme U CryLeHne
BOAOPOAHBLIX 061aKOB 1 NO3TanHbIA CMHTES B MX Hegpax BellecTB Tabnvubl MeHgeneesa. A pas
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Puc. 5.8 YcnoBusi obpasoBaHus 1 paspyLleHnss atoma.
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YK Tak, TO Buaumas BceneHHas HeusbexHO AOMKHA pacWwmMpATbCA. UTO noaTBepkaeHo
HabnogeHuamu. A kak BbiTb ¢ “napagokcom beHTnu”, cunbHo paccTpomBinm W. HetoToHa 1
noctaBvMBWMM B Tynuk A. QuHwTtenHa? (HanomuHaio o 4éM 3TO (CHOBa MO KHure “@usumka
HeBoamoxHoro”)): “B 1692 r. nocromourenHslii Puuapn bentnu nHammcan HeroTony
HEBHMHHOE MTMChMO M 3aJ1aJ1 CTPALIHBIN 1O CYTH Bompoc. ECiii HbIOTOHOBA CHJIa TATOTEHUS
CrocoOHa TOJBKO MPHUTATUBATH, CHpamuBail beHTnn, To mouemy BceneHHas He
cxJonbiBaercsa? Ecau BeeneHHas cOCTOMT M3 KOHEYHOTO YMCHA 3BE3], KOTOPHIE B3aMMHO
MPUTSTUBAIOTCS, TO BCE 3BE3IBI MO MJIe€ TOTKHBI OBLTH OBl CIIETETHCS B OTHO MECTO U TOT/IA
Bcenennas mpeBpatwiack Obl B OWH OTHEHHBINM mmiap! HeloToHa 3TO MHUCHBMO OYEHB
paccTpousio — Be/Ib OHO YKa3bIBaJo HAa BYKHEHUININI HEJOCTATOK €r0 TEOPHH: JTr00ast TEOpHs
TATOTEHUS, KOTOpasi MPEAyCMAaTPUBACT TOJIBKO MPHUTSHKEHHE, 10 CYTH CBOCH HECTaOMIIbHA.
JIroboe KOHEUHOE YHCIIO 3BE3J HEM30EKHO KOJUIANICUPYET TOJ JCHCTBUEM CHIIBI
MPUTSHKCHUS.

HproToH Hammcan B OTBET, YTO €AMHCTBEHHBIN CIOCOO €O31aTh CTAOHMIBHYIO
Bcenennyto, 3T0 cuuTarh, YTO B HEH OCCKOHEYHOE YMCIIO PABHOMEPHO pachpeieiEHHBIX
3BE3M1; MPU STOM KXYl 3BE3Qy TSHYT BO BCE CTOPOHBI, U BCE CHJIBI B3aHMHO
KOMITICHCHPYIOTCSA. DTO OBLIO HETNyrnoe perieHne, Ho HpIoTOH OBLT JA0CTaTOYHO YMEH,
4yTOOBI ITOHUMATh: Takas CTaOMJILHOCTh oOMaHunBa. CaMmble ciaaOble KOJCOaHMS 3aCTaBIT
MOJIOOHYI0 CHUCTEMY DPa3BAIMTHCS, KaK KapTouHbIA foMuk. OHa ‘‘MeracTaOmibHA’”; T.C.
cTabuIibHa /10 TeX MOp, MoKa JItoboe cadoe BO3MYIIIEHHE He BBI30BET e€ Kosutarnca. HpioToHn
3aKITIoUrI, uTo 6e3 bora B 3TOM nene He 000UTHCh; IMEHHO bor 1oimKkeH Bpems OT BpeMeHH
“moanpaBiATh”’ 3BE3BI U CTABUTH UX HA MECTA, YTOOBI N30eKaTh Kpaxa BeeneHHOI .

B “1916 r... DHHIITEHH BBEN B CBOM YypaBHEHHS KOCMOJIOTHYECKUN dIIEH.
[IpemnoxuB rogoM paHbIiie OOIIYI0 TEOPUIO0 OTHOCUTEIILHOCTH, OH TOTAA pa3padaThiBall
e€ KOCMOJIOTHYECKHE CIEACTBHS M OOHAPYKUI — K COOCTBEHHOMY HEMAJIOMY YIHMBIICHUIO,
- yr0 BcenenHnas He cTaTWyHa, 4TO OHA MO0 pacmupsercs, oo cxumaercs. Ho sra

MBICITh, Ka3a1ach, MPOTHBOPEYIIIa (PAKTHIECKUM JaHHBIM'. COBGCTBEHHO, Napagoke BeHtnm,
He paspeLléH 1 Jo cux nop.

A Ha camomMm fene — napagokca-To HeT. ECcTb HegoCTaToK 3HaHWM O CUCTEME B KOTOPOW
cyuiectByeT BceneHHasi. HbtoTOH He Obin yBepeH cyLiecTByeT v 3up 1M BOOOLLE HEMOHATHO
Kakue y Hero CBOMCTBA. OVHLUTENH, Ha OCHOBaHWUM 3anyTaBLLerocs B HeMpaBuibHO NPOBEAEHHOM
akcnepumenTe A. MavkenbcoHa (cM. rnasy ‘fonbI KOPONb”) WCKMOYUA  BO3MOXHOCTb
CYLLIeCTBOBaHWs Takon HeoBHapyxMmMon cpeabl “acoup”... Ho, cyasa no Tomy, 4to 3emns BepTuTcS...
Mpryém BepTUTCA NOCTOSAHHO MEHSAS CKOPOCTb BpalleHus Bokpyr ocu (“3emns” ctp. 130) um
MEHsI paccTtosiHme Ha opbute oT ConHua, TO BpalleHne 3emMnu He OT NepBOTONYKA, a
nogaepKmMBaeTcs “KakuMm-To” aspoguHamMu4eckMm 3akoHoM (rnaesa  “3emnsa” cTtp. 90-92),
Hen3BeXHO CyLLECTBYET Cpefa, B KOTOPOW TENO NOAYMHSAETCS AaHHOMY 3akoHy. Ho, Beab He TONbKo
€[VHCTBEHHas 3emnsi NOAYMHSIETCS 3PUPOANHAMUYECKOMY 3aKOHY BpalleHust no opbuTte no
npuunHe eé apmxeHus B nape ¢ ConHuem. (MageHne 3emnun Ha ConHue nodyxaaeT BO3HUKHOBEHUE
©okoBow cunbl (N0 opbute), He Jarowen Teny coOnManTbCa C Na’pHbBIM TENOM MO KpaTyanwemy
pacctosHuio. Cuna, yBogsilas BOOK OT KpaTdavwen Touku gns nageHus (“3emnsa” ctp. 41),
NPUBOAUT K MHOMY HanpaBrieHno HaberaHus nNoToka (acpmpa, - cpeapl B KOTOPOW TENo BpallaeTcs
BOKPYT OCW), 1 BO3HMKAET HOBOE HanpaBneHne Curbl, KOTOPOE yXKe yBENUUMBAET PACCTOSTHUE MeXay
3emnén n eé napont — ConHueM. Banetas Ha yBenndyeHHoe oT ConHua pacctosiHue, 3eMns TepsaeT
YacTb CBOEW OpOUTaNbHON CKOPOCTH, “NOABLEMHAs” cuna CHUKaeTcs 1 3eMns CHOBa yCTpeMnsaeTcs
K HoBoM Touyke Ha ConHue. Ho, kak Tonbko, nagas Ha ConHue M BpaLlasiCb BOKPYr ocw,
yBENMUMBAETCS CKOPOCTb NafeHusi, Tak cpasdy BO3pacTaeT cuna, TaHywas 3emno no opbute
BOOK 1 nageHme Ha CornHue — npekpalaeTcs, W... HOBbI B3NET... U Tak 6eckoHeyvHo! OTo pexnm
aBToOMoOAAdEpXaHUs TPAeKTOpMM, KOTOpbIA NogbMn ObHapyXeH OaBHO, HO, 6e3 Npu3HaHus, 4To
NpoLLeCC BO3MOXEH TOSBbKO MPU HaNu4MmM cpenbl, B KOTOPOW TEMNO ABWXKETCS - “HEOOBbACHUM”.) A
HarnpaeneHue BpaLleHnst 3eMrm nNo opouTe — NPOTMBOMOSIOXKHOE ANsl TeNa, BpaLlatoLLerocs B cpeae,
Korga Mexay TernoM U cpefon — rpanuua pasgena! (HelHe eqUHCTBEHHAs cxeMa, pacCMOTpPeHHast
aspoavHaMnkon.) HanpaBneHue COOTBETCTBYET 3KCMEPUMEHTY BpalleHust Tena B cpepe, Anis
KOTOpOW Teno npoHuuaemo. Ho, cpena, anst koTopor 3emns npoHnuaemMa — 3TO Kak pas 1 eCTb adup.

W Beab He Tonbko 3emng, nogunHssace 3AKOHY, He MoxeT ynacTb Ha Teno, Ha KoTopoe
TsHeT eé cuna rpasutauum (rnaea “lNone”). Tak asmxkeTtcs BCHA conHeuHasa cuctema. A conHeyHasi
cuctema 1 Bcsa uenukom Tak asmxketca B Manaktuke. I BCA Hawa BCEJIEHHAA Hukak He B
COCTOSIHMM HanpsiMyto “CXJTONHYTbCA”, NOTOMY, YTO He HaNAEHHbIA CO BpeMéH HbtoToHa, 3AKOH
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(cm. “3emns” cTp. 92) He nossonseT BpallaloWwuMcs rpynnaM BpallalolWmMxcs Ten neTeTb

HanpaMyto Opyr K apyry. Bcé KpyxuT — oTaanseTcs, COnmKaeTCs U KPYXKUT, KPYXUT. ..

e aghupe.

3AKOH —ecTtb! Cpegaa, B koTopon 3AKOH BbinonHseTca —ectb! A “napagokca beHtnn’ —HET!

B obLem-To, CX0ACTBO C 03a4ayvvBLUMMK QVHLITENHA “Nynbcaumnsimn” BceneHHom — ecTb.
Tonbko 3TO He urpa “KOCMOJSIOrMYECKOro 4neHa” QuHwTenHa, a adpdpekT 'yctaBa MarHyca
BMecCTe C rpasButaumen Mcaaka HeloTOHa NPMMEHUTENBHO K a3pOAMHaMMKE MPOHULAEMbIX TEr
(obycrnaenuaeT HanpaBneHue BpaweHun (“3emns” ctp. 90-91) Ten Bo BceneHHom).

MakpoMwup n mukpo3akoHbl — Hepa3spbIBHbI. [10aTOMyY, yOeaMBLUKCE, YTO B 3¢hmpe nepBbii
3aKOH TEepMOOWHAMUKN CBATO BbIMOSMHSAETCH, a BTOPOW 3aKOH SABMSETCA YacTHbIM Crlydyaem
nepBoro, NPOAOMKY Noka3 Moaenen (CMMMeTpuyHbIX!) NOCTpoeHus BellecTsa 13 acpupa.

. QA R . i o < s I'I0|<a336H aToM, u3 KO_IIOF’OF?
- - & ot - N MOXeT ObiTb cosgaH Tputuii
Q\ P 175 Q %15 Q\\ X %25 unu Odentepun. BHyTpu 9p6|/|-
N 4@ TN {) /\ S /R/ Tbl 5iA4pa, MEX 1y BHEILHel rpa-
= . HULEeN opexa u obnacTblo, rae
= : 4 iy > 7 &) |vacTMua admpa  HaxoanTes
IR 2 ¢ 2 ¢ = | Hambonee 4acTo — perbunHbIM
Rl NG ol = Matran! % | MayOoM, ferko rnomeluaeTcs
N N TpaeKkTopus 4acTuubl acupa,
& &y & 2 & 3 KoTopas VMeeT NnepeMeHHYH
= - m YacToTy U3NydYeHusa BBuAOY
= s R ® & = S o= s | 3 NOCTOSIHHO MeHsiloLerocs
AN ¢ o y S y pagnyca OpBUTbl BpaLLEHUS.
\\\ RIS N R \ 7 R25 | NUHLI TpaekTopuii y yacTu-
4@ — B\ <© e = / Libl opexa n y HeMTpoHa — NMoyTK
P : - ~ : A~ OOWHAaKOBO ANMHHbIE, 3HAYMT,
N Ne Re o/ "N |3Heprvm onn sanacaioT no4Tu
} B ¢ 5 4 <, | OAMHaKoBO. VX Macchl 6rm3ku.
€ 8 € S . € *°Q A pe3ynbTaT B 2 pasa MaccmB-
& ) & Q & N Hee, yeM B cTpokax [ vnu E

B = = MpV OANHAKOBOM 06bEME.

Pwnc. 5.9 Tskénbin aToM Bogopoaa

MpeogoneHne “6apbepa” TPAEKTOPUN U NMOrPYXEHNE HECKONbKUX OAHOTUMHBIX TPAeKTopui
B OAVH 00BEM NMPOCTpaHCTBa — TOXe He “KpMMMHan’, a BCero nuwb obpasoBaHue sigpa atoma
OpYroro XMMMUYeCKOro anemMeHTa.

CHoBa caenato ManeHbKoe OTCTYMMeHWe — CNMOoWHbIe Heydayn ¢ sAepHbIM CUHTE30M
NPOMCXOAAT NOTOMY, YTO 6€3 NOHMMaHUSA TOro, YTO OHU AOMKHbI 3a4eACTBOBaTb, M0A4M, B OCHOBHOM
cTaparoTcs co3aTb CyneprpoMajHble AaBneHus 1 TemnepaTypbl — “kak B Hegpax 3Bé3a” —a 310
He TOoT nyTb! Peakuusa co3gaHus gaep HOBbIX XMMWYECKUX 3MeMeHTOB TpebyeT u3HayvanbHO
He3Ha4MTenbHOro Tenna, 4Tobbl Nrasma eLLé He Mormna 06pasoBbIBATLCA U HE CTOMb YK BOMbLUNX
nasneHui. MNorpyxeHne TpaekTopun B obLwmin 00 bEM — camO BblAENSIET OrPOMHYK 3HEPTUO U
NpMBOAUT K pa3orpeBy, KOTOPbIA HYXHO adhdeKkTUBHO oxstaxdams!!! B 3Bé3aax “Bellectso” yxe
cywectsyet. Npnyém B arperatHOM COCTOAHMM “Nnasma”. To ecTb: g4pa pasHbIX XMMUYECKUX
3MEMEHTOB — OTAESNBHO OT 3nekTpoHoB! CNekTpoCcKoNMYECKNe aHanu3abl YNTaKT crnegpl a4ep, a He
roTOBbIX XMMUYECKUX 3NeMeHTOB. VI agpa — He obsa3atenbHO CTaburbHbl MPU yMEHbLUEHUM
OaBrneHus u3BHe (Mpu BCMNbITUM M3 rMyOWMH MNO 3akoHy Apxumega). A, MOCKOMbKY 3BE3dbl
CYLLIECTBYIOT U NpoHULI@aeMbl ANns admpa (cobnoaatoTcs TOT e 3aKOH, YTO BpalllaeT nnaHeTsl), TO
3PMp M €CTb UCTOYHWK IHEPTUN U “CTPOUTENBHOrO MaTepuana’, 4tTobbl 3BE3bl, U3Myyas, He Tasnu.

MeperpeToe BellecTBO 3T0 puc. 5.8 cTpokn K n 3 — nnasma. [AnuHa TpaekTopui Yyactuy, ¢
OLIMHaKOBOW MoAayen UM IHepPrumn yBennmumMBalTCs OAMHAKOBO. HO nameHeHne aTo Mexay OCbto-
OKPYXHOCTbIO U paZinyCoM BOKPYr OCU-OKPY>KHOCTM, OKa3blBaeTCH, NPOUCXOAUT He OAMHaKOBO
ans opexoB v gna TopoB. B pesynbrate, pasmep ngpipkm oT Oybnuvka yBenuudvBaeTcs
ahheKkTnBHEE, YEM HanMBaeTcsa S4po0 opexa. M anekTpoHbl yxKe He 3auensieHbl 3a 9apa u Bce
OBWXKYTCS NMOPO3Hb — 3TO arperaTHoe COCTOSsIHME BELLECTBa HasbiBaeTcsa nnasma (puc.5.23, 5.24
n ctp.260). Kak cknagbiBatoTCa aTtoMbl Tak YTOObI M3 ra3oobpasHoro coctosiHus puc. 5.10 — 5.12
obpasoBanach XUAKOCTb UK TBEPAOE TENOo nokasbiBaw Ha puc. 5.16, 5.17.

A, ¢ nepBbIx cTpaHuy HaTypanbHbix Havyan MaTtemaTtudeckorn dunocodpumn yteepxaan,
yTO, pa3s y YacTu acpmpa HeT CBOMCTB YacTUL, HaLlero Mmpa (Macchbl, ynpyroctu), To cam agup
nepepaét Bce konebaHus 6e3 3aTyxaHun, 6e3 Harpesa. [lopa pobaBuTb, YTO 4acTuua B
BVHTOBOM 3aKOJIbLIOBAHHOM ABWKEHUM (NPOTOH, 3NIEKTPOH) Y B KOMbLIEBOM CNpanbHOM ABWDKEHUM,
(HEeMTpoH) — aTO nepBasi CTaaus, Korga aHeprusa Bcero adpmpa “gaHa” Touke adpupa, 3aHsABLUEN
KOHKPEeTHbIA 06BEM, MHOro 6onbLUMIK, YeM cama Touka-yactuua agupa (puc.5.16-5.16a).
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“3akoHcepBupoBaHHan” B OObEME TpaeKTopum IPUPUHKM IHEPrUs — NPSIMO NPOMOpLMOHarbHa
ONUHe TpaeKTopum 3a CTONbKO LIMKMOB, CKOMbKO YKNaablBaoTCS 3a 060POT BOKPY OCU-OKPYKHOCTH,
a HapyLLEeHVe-BOCCTaHOBIIEHNE TPAEKTOPUN — poXaaeT CBOWCTBO ynpyroctu. Ho, geno B Tom, 4To
Yy OpYron yacTtuubl, BpeMsS MPOXOXOEHUS €€ BWHTOBOW SIMHUM BOKPYr €€ OCU-OKPYXKHOCTU —
MOXeT oTnmyatbcsd. VI 9To BOBCe He MellaeT KaXgow U3 HMX CyLecTBOBaTb PSAOM OpPYr C
OPYrOM M UHBIMU TPAEKTOPUSIMMN.
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B Ctpoka K. HauGonee yctom-

MMBOE COCTOSIHME aToMa BOLO-
\ poda npv MUHMMYME 3HEpPruw,
3anacéHHoW Ha TpaekTopuu
anekTpoHa. bonee wwmpokoe
KonbLO — 6onbLUe 3aTpaT SHep-
mn gns ero noggepxaHus.
KonbLio y>xe —npoLye cny4yanHo
COCKOJMIb3HYTb C OKOHEYHOCTW
opexa. Ho, npn atom, ¢ ogHow
CTOPOHbI aToma, 0b6e TpaeKTo-
pun, Kak Obl 0OpPa3OBbLIBAIOT
‘CTbIKOBOYHYIO” nnowagky. [1sa
aToMa B OOMHaKOBOM MOSOXe-
HUW, noATankuBaHWe [AWUKOro
9dmpa CTbIKyeT CTOpOHaMu, No
KOTOPbLIM SiApa rpaHnyaT C arek-
TpoHamu. MNpu aTom co3paértcs
yCINoBUe, YTO ecrin 06a aNeKkTpo-
Ha MMEeIOT OIMHAKOBbIE HaMnpaB-|
NeHus BpalleHusl, To, oHn 063
COCKONb3HYT B MPOCTPAHCTBO
oLHON TpaekTtopum (cTpoka 1),
O6Lan TpaekTopusi ABYX 3S1eK-
TPOHOB yAepxuBaeT oba aapa
OT pasfernbHOro CyLleCTBOBa-
HWs. ATOM YCTOMYMB.
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AHarnorMyHo nokasaHHOMY
B cTpokax K n f1, nioboe u3
agep Bogopoda MOXeT Co-
aepxaTb BHYTpuM cebs yactu-
ubl acmpa C TpaekTopusammu
LMKIIMYEeCKUX cnunpanen
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HENTPOHbI.

CoBepLUeHHO N0 TakoMy xe
NpUHUMMNY, Kak B cTpokax K u
JI, cTpemneHue cuctemsl 13
OBYX 3NEKTPOHOB K MUHUMYMY
NoTEeHLUnanbLHom 3HEepruu,

Heobxoaumon ansa co3gaHus
OaHHOW CTPYKTYypbl Op6bUTHI,
obbeauHsaeT agpa B nobom
coyeTaHUM  Hanuuus  Unu
OTCYTCTBUS AOMOSNTHUTENbHbIX
YacTUL, — HENTPOHOB.
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Puc. 5.11 Monekyna gentepus
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AHanornyHo ctpokam K,
Jl, M, H, na gByx aTtomoB,
cogepxawmx no OAHOMY
HEeWTPOHY, obpasyeTcs Tpu-
TUN — nocnegHui ctabunb-
HbIi 6€3 NOBLILLEHHOrO AaB-
NeHnst M30Ton Bogopoaa.

Tonbko BbICOKOE paaBne-
HWe B obnake, B KOTOPOM
npoTekaeT peakLns CMHTes3a
CMocoBHO yaepxmBatb
BHYTPU OpPEXOB He Mo
O[HOMY HEWITPOHY B KaXXKOOM
atome, a 6onee. Ecnu
[aBneHne CHATb, aToMbl
Hen3beXXHo NoTepsoT N30bI-
TOYHbIE HEMTPOHbLI CTPEMSICh
K MWHMMYMY noTeHumarnb-
HOW 3HEPrNKN B CUCTEME.

Mepwuog nonypacnaga
TpUTNs °H = 12,32(2) ner.

Puc. 5.12 Monekyna Tputus
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Puc. 5.14 opTto-Bogopon

HanpaeneHuss 80kpye oceli-okpyxHocmel 0603HavYeHbl cmpesnikamu. Yacmuubl 3chupa Ha
mpaeKkmopusix — CUHUMU mouYyKamu. HarpaeneHusi no ocaM-OKPY)XHOCMSM — cmpeniaMmu: moyka u
OKPYXHOCMb — HAKOHEYHUK CMPEerbl, OKPYXXHOCMb U Kpecm — oriepeHue.

Jliogn BCE mn3mMepsloT B CeKyHAax Unu Aonsx cekyHa. [MapameTp OnuHbl CEKyHObl camu
MOAM MHOTO pa3 NMPOM3BOMIbHO MEHSNN B TeYeHVWe CBOEN WCTOpUM, MogoOBUras NMpOMEXYTOK
CEeKyHAbl TO K O4HOMY CBOEMY YMO3PUTESbHOMY 0OBACHEHMIO, TO K ApyromMy (“3emnsa” cTp. 50-51).
W, paxe ecnv NpuHsTb, YTO Yexapaa C ANMTEeNbHOCTBI0 CEKYHAbI, HAKOHEeL,, 3aKOH4YeHa, MUKPOMUP
HallUM MHTepBanam BCE paBHO He noauvnHsieTcs! YacToTbl konebaHu BOKPYr OCEeN-OKpYXHOCTEN
OY€eHb BEJNKM, NMOCKOSbKY ANaMETPbl 3TUX OCEN-OKPYKHOCTEN O4eHb Marnbl. [o3ToMy, B cekyHay,
NPOUCXOANUT MHOro 060pPOTOB U MO OCU OKPY>KHOCTM (3TO OAHa YactoTa) U MO BUHTOBOW NUHUU
BOKPYI OCU-OKPY>XHOCTU — 3TO Apyrasi YactoTa (3Tu-TO BpallaTernbHble NepemMeLLeHns n obo3sanmu
BHavyane konebaHmsMun YacTuubl Ha e€ opbute M NpyM HEBO3MOXKHOCTU BbIYUCAATL ABYXMEPHOE
nonoXxeHne TPEXMEPHOro npouecca, Aa Mo ABOWHOMY BpaLLEHUIO U poaunu muaew “npuHuun
HeonpeaenéHHoctn” [en3eHbepra (HEBO3MOXHO OLHOBPEMEHHO 3HATb TOYHOE 3HA4YeHue
KOOpAWHATbI, MOMEHTA, S3HEPTUUN UM BPEMEHM 3NEKTPOHA (CnpaBeasinBo A1s Nnobor 13 yactuu)).

Ho, HeT cTporon MaTemaTnyecKkon Nnm n3n4eckon rpaHumLbl (MpUMep NPUBEAY YYTb HUKE),
3acTaBrsOLWEN BCe paguychbl BCeX BpalleHU Nog4YMHUTBCA OQHOMY cTporomy npasuny! A pas
YK HET eOQuHOro npasuna, TO U pa3mepbl BpalleHWA WM 4acTOTbl y BCEX OAHOTWMHBLIX YacTuy
TONbKO NOAOGHBI, HO HE OAMHAaKOBbI! TO N eCTb TO cCamMOe CBOWCTBO, YTO MOMYYWnM B OMbITax C
nasepamm 1 CBETOM, HO, Ha camMoM fene obllee CBOWCTBO BOOOLLEe ANA BCEro BeLecTBa: BCe
aTOMbl, MPOTOHbI, 3MEKTPOHbI, HEWTPOHbI — N3HAYarbHO He COCTaBMAOT KOrePEHTHbIE CKOMNeHNs!

EcTb TOnbKO onpeaenéHHble npaBuna-rpaHuLbl 4ns ouanasoHoB U, Kak TONbKO YTO-TO
MEHSIETCS, MOTYT MEHATBLCA XapaKTEPUCTMKM Nap BpalleHui. Ecnn nameHeHus npuHLMnMansHo
3HaYUTENbHbI, JIIOON CYATAIOT, YTO MEHSIOTCS arperaTtHble COCTOSIHUS BellecTBa. HA 4YyTb HMXe
nocrtapawcb OOBACHUTL KapTUHKaMW M apudPMETUKOWN (HMKAKOM CIOXHOCTM B MaTemaTtuke
3aKOHOMEPHOCTEWN) B YEM CTPYKTYPHO pasHMUA@ MeXAy arperatHbIMW COCTOSHUSIMM M KaK cam
“XMMMYECKUI aNeMeHT” Npy 3TOM HE MEHSAETCA OT TBEPOOro COCTOAHNA A0 nnasmbl. Hageroch, 4YTo
370 06 bACHEHNE NOMOXET YBMOETb KaK BOMMIOLLE OLLNOaOTCS PEKOHCTPYKTOPbI SAEPHbBIX CUHTE30B,
Y KOTOPbIX, UICXOAS U3 HbIHELLHWNX NX MPeACTaBNeHN — HUYEro He Mory4YaeTcs co3aathb.

MpMeHNTENBHO K CTPYKTYpe “opexa” He peuvnnchb yTBepkaaTb O “HeonpenenéHHocTn”
NPOCTO NOTOMY, YTO AyMarnu, YTO YCTPOEH OH (CO BpemMeHu NoAcHETOB Macchl aapa Pesepdopaom)
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NPUHLMNMANBbLHO NHaYe.

CTpyKkTypa B BUe HanomHEeHHOW ToYKaMu “3aBUTON” NO ABYM paguycam TpaekTopum (puc.
5.6a) — 10, uTO 3acTtaBuno Pesepdopaa, nocne “HeoxmaaHHOro” pesynbtaTta 6oMOapANPOBKN O
yacTuuamm (CTosb xe “3aBUTbIMU” TPaeKTOPUSIMU OAMHOYHBIX TOYeK 3dmpa) 3omoTon onbru,
TonwwmHon 0,0005 mm, a 3aTeM, NO HapacTaloLwen, naketa Takux nnactuH gonberi, npuaymaTtb
“NnaHeTapHyl0 MoAernb CTpoeHus atoma”. (HeoxngaHHOCTb 3akntovanacb B TOM, YTO OTCKOK, B
OCHOBHOM, MpOUCXOOUNT Hasag OT HanpaeneHus nognéra). CornmacHo mogenu TOMCOHa,
TonwmHa c¢onern B 0,0005 mm — 310 cnon n3 2000 aToMOB 30510Ta. OKCMNEPUMEHTUPYS C
pasnUYHbIM KOMMYECTBOM JIMCTKOB 30510TOM (POnbr UM NOACUYUTBIBAA CKOMbKO O-4acTul
nNponeTuT nperpagy HackBO3b, CKONbKO OTKNOHUTCA B BoKa, cKonbko 6yaeTt oTbpolleHo Hasag,
Pesepcdopa conoctaBumn KONUYECTBO MPENATCTBUA Ha MyTU O-4acTuL, CNOCOGHLIX OTpaxaTb
yaap v BCé ocTanbHOe NPOCTPaHCTBO (POMbrn, Takke YemM-TO 3anofiHeHHOe, HO, NpoHULaemMoe
ansa a-vactuy (ANng cnpaeBku: a-4acTuua, 3TO S4p0 atoma renus 1 no pasmMepy, JOMMKHO ObiTb
TakuMm-xe, Kak 94po BoOopoAa, HO MMeeT B 2 pasa 0onbluyo Maccy (cMm. puc. 5.6a, 5.16a), HO
ecnn 6bl TaM ObINO BCero 2 Wwapuka Ha CBOMX OAMHAKOBLIX opbuTax)). Agpo, kak “conHue” B
LEHTPE M BOKPYr MaCCMBHOIO COfHLUA-s4pa BUCST 3MEKTPOHHbIE OCU-MYCTO Thl, NOAAEPXKNBAaEMbIE
Heu3eecmHbIMU cuJslamu Mpu omcymcmeuu npomMexymoyYyHol cpeosbl.. ..

...1 ata “novtn” nyctoTta (pasMasaHHble No 06BLEMY BONHOIO BpaLLEHNss MHOXECTBEHHbIe
TOYKM 3chmpa, CocTaBnALMe ssapa aToMoB 3o510Ta (puc 5.2a, 5.6a), B KoTopbIx 79 YacTuy, adupa
Ha OOMHAaKOBbLIX TpPaekTopusax “‘opexa”, a BO BHYTPEHHEM MPOCTPaHCTBE Kaxaoro “opexa”, ewé
90 yacTuL Ha LMKIIMYECKNX HENTPOHHBIX cnupansax (puc 5.78) pacnonoxeHsl B 2000 ypoBHen B
KaXX10M crioe honbrn) akTUBHO OTPaXaroT Takune xxe 06 bEMHbIE TPaeKTopMmM OAMHOYHBIX (puc 5.6a),
(B KOTOpbIX MO 2 YacTulbl 3Upa Ha OOMHAKOBLIX TPAEKTOPMUSAX) TOYEK CTPYKTYpUPOBAHHOMO
achmpa, nponeTeBLIEro 4epe3 MNPOCTPAHCTBO COPOKAa, OKPYXaLWUX Kaxagoe aapo 6ybnukos
(TOpoB) - OPBUT 3NEKTPOHOB (pUC.5.66)...

ATOM He HacTonbko “nyct” (puc. 5. 8 — 5.14), yToObI AP0 M 3NEKTPOHBLI HE COMpPUKacanuch,
W, TEM HEe MeHee, TpaeKTopusi — 3TO NUWb crieg U cosgaBaemas ¢opma (puc. 5.16-5.16a).
[MosToMy, oOHOBPEMEHHO, M NMYCTOTa, Yepe3 KOTOPYyl CrneayloT BOMHbI, naywue no sduvpy u
3aHATbIN 0OBEM, CO3aaloLMiA CTPYKTYPbI ewé bonbluero pasmepa. A 3a “aapo”, u no cen AeHb,
NPYHUMAIT NULLL YacTb peanbHOW CTPYKTYpbl f4pa, MOTOMY W CTOMb BblyypHa ero dopma
(BbIpE3aHHbIN N3 peanbHOCTU KYCOYEK).

OnekTpoHHble doTorpadum sapa artoma, MoKasblBalT pPasMbITy0 KapTUHKY HEKOW
ctheponofobHOM CTPYKTYpPbl, BUA KOTOPOW MO KpasiM crierka pasMblT, @ CPeHAS YacTb CHUMKA, Kak
Obl 3HAUUTEMNBHO 1 NPOMNOPLIMOHANBHO ryllle, HO He CNIOLHAsA — Kak ByATO 3a BpeMsi 3KCMo3nLmu,
TaMm, “B OKyce” YTO-TO MenbTELUUIO, HE 3aHUMasa BCE NPOCTPaHCTBO OAHOBPEMEHHO (ONMcaHHoe
nokasaHo Ha Pwuc.5.2a ctatuyHO M paspexeHHo, 4ToObl nokasatb npuHuun). lMpuyém, aTa
“Oonee rycrtaa” TeHb BHYTPEHHEN 06nacTu MOXET MMETb Mo opMe Kpyr UM 4YeyeBuuy.
MocmoTpute Ha Puc. 5.2a unn 5.6a n goragantecsb noyemy.

U yeueBunua, 1, B opyrov NpoeKLun, Kpyr — 3TO TONbKo Boree “ryctas” TeHb CpegHen 4Yactu
agpa aToma, - HO camo A4po — MHOro Gonblie, YeM OofHa NMUWLb €ro ueHTpanbHasd 4actb. A
3a00HO — He BeCb OOBLEM sigpa OAMHAKOBO 4acTO COAEPXUT Bpallalouecsd no TpaekTopusm
BUHTOBBIX KOJbLEBbIX JIMHNA 3OUPUHKN (3UPUHOK).

Y UMKNUYecknx “ofoMallHEeHHbIX” YacTuL, B CUIY TOrO, YTO OHM NepecTany HanpsmMyto ObiTb
nepeHocuYMkamu, nepegarLmmMm 3BeHbsIMU, BOMH Mo adupy eCTb 1 ApYyroe CBOMCTBO: Kaxaas 13
HUX Kak Obl BbiderneHa n3 obulero konuvectsa Apyrux (“Aukmx”) touvek. Kaxxgas uuknuyeckas
yacTuua B cuny pasmepa Co3faHHOMW (POpMbl BbIXOOMT M3 peXuMmMa HenocpeacTBEHHOM
nepegaun konebaHui OT OAHMUX “AMKUX” YacTuL, K ApyrMMm. 3HauuT, Takas “ogomMallHeHHas”
yacTuua MOXET nepemellaTtbCsl B MPOCTPAHCTBE HEe3aBMCUMO OT TOro, ABMXETCS Nu Kyda-
HMOYOb BCE ocTanbHOe none “amMkux’ Yactuy adupa. Kaxpgas oToenbHO B3sTas LUKNM4Yeckas
yacTMua MOXEeT YyyacTBOBaTb B [ABWXEHUM NepeHoca eé B HanpasBneHuu, BPEeMEHHO Wunu
NMOCTOSAHHO KakoW MO0 M3 BOJIH, MPOX0OAALLMX MO nosito adupa.

MockonbKy, 3HEpPrno Ansi 06BbEMHOIO LMKIIMYECKOro OABWXEHUS “OAOMalLHEHHbIE” TOYKM
no-npexHemy nony4alT OT BOSH, Mpoxoasawux rno adupy, 3TO B3aMMOAEWCTBME OTAENbHbIX
“06BbEMHBIX MYCTOT” C POACTBEHHBIMU UM, “AUKUMU” CTPYKTYpPaMn MOXET BbiTb 3aperMcTpupoBaHo
cnegdawmmn npubopamu, Hanpumep kak “bpoyHoBckoe ABvKeHne” nnu “éenbin wym”.

Y rpynnbl LMKIMYECKNX YaCTUL, HaxoasLwWwmuxcs Bonu3n apyr ¢ Apyrom, B CUMy CIULLIKOM
pPasnn4HbIX HanpaBNeHUN TOMYKOB KaXKAOW U3 “O4OMalLHEHHbIX” 4acTul, CO CTOPOHbLI “ANKNX”
yacTuy, acprpa, HUBENUPYIOTCS HanpaBneHUs TONYKOB. JHEPTUI0 “OgoOMalLUHEHHble” YacTuLbl —
no-npexHemy nonyyawT, HO oOllee AOBWXeHMEe Trpynnbl — yXe He “OpoyHoBCKoe”, a
He3aBucMMoe. Tak 0ObACHSAETCs rnoTesa “He yBrekaemoro” maTtepuen adupa. inn matepum
He cnefyoLlen 3a acmpom.
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U3 moeo, ymo nokaszaHo 8 cmonbuax A b u B — npu cunbHOM oxnaxdeHuu, koeda npomoOHbI, 3/1€KMPOHbI U
HeUmpOoHbI MPUMYm MUHUMasIbHbLIU pa3Mep U cmaHym KO2epPeHmHbI, Jiioboe HesHadumersbHoe OasrieHue
gopmupyem nnéHoYHbIE CMPYKMypbl — XUOKUU 8000p00. [Npu amom, - He 8aXXKHO: U3 Yacmuy, unu ‘aHmudacmuy”
cocmoum Kaxdbili omoOeribHbIU amoM 8 nnéHke-xudkocmu. Ha o0uHakoebix opbumax Hem KoHmpepaweHud.
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To e camoe, ymo Ha puc. 5.16, HO cmép: ocu, MpeKu, cmpesiku HarnpasaeHul epawieHull, KOHMYypbl MOopOo8.
Ocmasur 8 mex xe caMmbiX MOSIOXKEHUSIX, YmMO Ha puc.5. 16 morbKo camu moyku-4acmuusl aghupa, cozdasasiuue smu
06BéMbI. MzHoB8eHHas ‘tbomoepaghusi” moeo, Ymo cocmaensem nnéHKy xudkoeo eo0opoda MonuyuHol 8 OOHY
mornekyiy. Hackonbko 0aHHbIU 06EM 3aHSIMbIl 3aUUKITEeHHbIM 3¢bUpOM c80600€eH U rnpoHuuaem 0151 “0ukozo”?

Puc.5.16 a 249 AepezamHoe cocmosiHUe - XXUOKOCMb



Mepen Tem, kak HayaTb NoKasbiBaTb OCOBEHHOCTW BOOAOPOAA, KOTOPble HE MO3BOMAT
nony4nTb TBEPAbIA MeTannmyeckun Bogopoa n tem 6onee B ctabunsHOM nnm metactabunsHOM
COCTOSIHMM, CHavana yKpyrnHEHHO, CHOBa, MOKaXy PUCYHOK OLHOW MOJIEKYIbl BOgopoaa:
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CuHsisi obnacmb 8 ueHmpe — mo, Ymo 8 Hacmosujee 8pemsi, eQUHCMEEHHOe, NPUHUMaemcsi Kak i0po.
PearnbHbill pa3mep, no Komopomy dsuxxemcsi yacmuua achupa Ha mpaekmopuu sidpa — amo 2osnybas u
cuHsiss obnacmu emecme. BuHmogoe yukiuyeckoe spaujeHue Yyacmuubl aghupa Ha opbume anekmpoHa —
Kopu4Hesas u xénmas obnacmu. [ns HaensOHocmu, ece criedbl mpaekmopul “c 06pamHOU cmopOoHbI” —
cmép. Yacmombi nokasaHbl He 8 Macuimabe (npaesurnibHo Ha cmp. 261), a 30eck bbina bbi Krsikca.
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a3o006pa3Hbiti 6000pod 0o memnepamypsi -252,87°C, a npu memnepamype -259,14°C xudkul 600opod
yXe 3amep3aem mak U He cmag MemassioM o ceoum ceolicmeaM. 30echb roka3aHbl 08€ M/IEHKU
)udkocmu 8 kaxdol no 8 amomos godopoda. OxnaxdeHue Oerlaem amombl KO2EePEHMHbIMU U OHU
cmbiKytomcsi 8 nnéHku Kak Ha puc. 5.17. lpu nrwbom yesenuveHuu daereHuUsi orycmumbacsi HUXe odHa 8
Opyeyro (8ud A) nnérHku u3 opbum epawjeHuli — He moacym. [lpu cxamuu — 6yGym conpomuesnisimsCs.
Touku agbupa Ha opbumax si0ep 6yOym cmankueasicb C MmMoOYKaMu Ha aHasro2Uu4HbIXx opbumax -—
npensmcmeogambe HapyuweHurw mpaekmopud. (cunsHoe g3aumodelicmeue) C80600HbIX 311EKMPOHO8 —
Hem. — [Juanekmpuk. [lpoyHocmu Ha cdgue — Hem. Criou 5ie2ko CKoJsib35im Apye o dpyeay.
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lpu 83pbIsHOM Cxxamuu XUdKo20 800opo0da NMpPoUCcxXxoOum Yacmu4yHOe paspyweHuUe niéHOK U 8bip8aHHbIE
u3 niaéHoK omaoesibHble amoMbl 3aHUMarom omaoesibHble Pa3pPO3HEHHbIE Mecma MeXOy CrI0é8 XUOKUX
rnnéHokK. 30eck, Ha puc. 5.176 makue omdersibHbIe amOoMbI-IPOCMasKu nodnucaHbl crI08o0M “‘cmonbuku’.
lMnomHocmeb u 8ce ¢husuKko-MexaHUYeckue ceolicmeaa y “meépobix” 8000p0OA08 01y4YeHHbIX 10 Memodam
Ha puc. 5.17a u 5.176 — pasHble. [lpu cHIMuUu O0aefnieHus U ysenudeHuUU memrnepamypbi — 8 meépoom
aspezamHOM COCMOSIHUU, meM bosiee 8 “Memarnu4eckoMm” — MpUHYUNnuanbHO He 0CMaHymcs.
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Mo mMoum npednosioXeHUSIM Ha OCHOB8aHUU U3Y4YEHUST Pe3ysibmamo8 COMHUMEbHO20 MoJTy4YeHUst
Memarnu4ecko20 8000p0o0da U Ha OCHOBaHUU MHO2UX MPOPUCOBOK CIMPYKMYP, Yacmb U3 KOMOpPbIX IoKa3aHa
eblle, HU ceepxdasrieHUsIMU HU STH06bIM y8erudeHUeM uniu yMeHbWeHUeM memnepamypsi 0aHHyo 3adadvy
He pewums npuHyuUnuansHo. [Npopbie 803MOXEH MOJLKO ecru coeflamb cHayasia peskoe ysenudeHue
anekmpocmamuku  (0obasumb 8 XXUOKOCMb-8000p00 MHO20 C80000HbIX anekmpoHos). (flubo
HerocpedcmeeHHOU oOpeaHu3auuel mpeHusi crioée Xudkoeo eodopolda unu rnepemokomM c80600HbIX
3/IEKMPOHOB r0JIy4YeHHbIX Ha eeHepamope.) Ymobbi 6ybruku 371eKmpoHO8 cmarsu CMbIKOBOYHbIMU
nnowadkamu MexaAy crmosibukamu U CriosMU XUOKOCMU maKUM e 06pa3oM, Kak C MOMOUbIO S5TEKMPOHHbIX
Koneuy (puc 5.9-5.15) cmbikyromces sidpa. lNpasda, oxudaembix ceolcme C8epxnposodswe2o Mmemarna
unu cynepmornnuea — nonyqdums He ydacmcs. [lpexHuee ‘npo2HOo3bi” 8bldaroujuxcsi ceepxceolicma
memarnnudeckoao eodopoda, coernaHHble 6e3 MOHUMaHUsI €20 CMPYKMmMypbl — HU Ha YEM HE OCHOBaHhbI.

Kvokun nn unun TBEpPAbIN obpasel, BoaopoAda Obin PacCMOTPEH Bhille, HE B HEM CyTb.
HaHHas popma cOnmnsmBLUMXCSA OTAENbHbBIX CTPYKTYP, 06pa3oBaBLUUX N3 pa3pO3HEHHbIX aTOMOB
(LMKNMYECKNX CTPYKTYP ABMXKEHUSA ManeHbKUX 3(hMpPUMHOK) - CTPYKTYbI XapakTepHon Ans nboro

R onucar. oKpUXH:
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“rBEpOoro” Tena. PucyHok 5.18 — 370 AeMOHCTpauus reoMeTpuyeckux 3aKOHOMEPHOCTEN, U3
kotopbix [lpuvpoga nocTpouna BeCb Hall MPUBbLIYHBIA - Usnyeckun mup. PaccmoTpro
3aKOHOMEpPHOCTM noapobHee, MoNnb3ysicb NMokasaHHbIM Ha puc. 5.18. lNMpocTteniwasa reomeTpus
U3BECTHbIX 3a7lay C TPEMS OKPY>XHOCTAMU. [103TOMY, HE PUCYI0 AOKa3aTeNbCTB NOCTPOEHWU, a
cpasy HasblBal pesynbTaTthl pelleHun. (PKenarwwme MOryt camv HarWTu gokasaTesnbCTBa U
NMOCTPOEHUS UMW MOUCKaTb B WMHTEPHETE UMM KHUrax Mo reoMeTpuu pasfnunyHble BapuaHThbl
peLleHnin 3a4ad C TPEMS OKPY>KHOCTSAMU.)

A — TpU OKpPYXHOCTW OOMHAKOBOro paguyca kacawTtcsa Apyr gpyra. PacctosHue mexay
TOYKaMM KacaHus OBYX OKPYXXHOCTEW TpeTben, paBHO paanycy OKPYXHOCTU. Ecnu aBe mn3 Tpéx
OKPY>KHOCTEWN He KacalTcsa ApYr Apyra, a TONbKO TPeTbeN OKPYXXHOCTU, TO pacCTosHUE Mexay
TOYKaMu KacaHUs paBHO MOMNOBMHE PACCTOSHUSA MEXAY LieHTpamMu ABYyX NGO pasaBuHyThIX 6e3
KacaHuns Nnbo nepecekatoLLnXCs OKPYKHOCTEWN. ..

B — Mexay Tpems KacawlVMMUCA WM He Kacalwumucs Apyr gpyra OAMHaKOBbIMU
OKPYXHOCTSIMW BCerga MOXHO BMMCaTb KacalolyrCs WX OKPYKHOCTb Maroro um 60MbLioro
pagunyca. MUHMManbHBIM pasMep Marion OKPY)XHOCTU Kacalollencs TpeX Apyrux nosiydyaetcd
Npu KacaHuUM TPEX OOMHAKOBLIX OKPY>KHOCTEN Apyr Apyra.

B n I' — lNokasbiBaloT OAMHAKOBOE, HO MPWU pasHbiX MPOMOPUMAX, Koraa ABe U3 TPEX
OKPY)XHOCTEN nepeceKalTcsl, a TpeTbs OKPYKHOCTb TOSbKO KacaeTcs ux oboux. B obuimx
BblpaXxeHUsAX, NokasaHHoe Ha B n I — oguHakoBo. B YMCMEHHbIX 3HA4YeHUAX ABE OKPYXHOCTU Ha
B nepecekatoTca Ha paccTtosiHue B 2 pasa Gonbluee, 4em Ha . Ecnu pacctosaHue, Ha KoTopoe
nepecekalwTCsl [BE OKPY>KHOCTM pasfenuTb MononaMm U Kaxaas MnonoBuHa — 3TO AnameTp
Manon BCNoMoOraTenbHOM OKPY>XHOCTU (KpacHble Ha 4YepTexe), TO OKPYXHOCTU TaKkoro xe
OnameTpa SBnsOTCA KacaTenbHbIMU MO OTHOLLEHUIO K ABYM HE nepeceKnMCs O4MHAaKOBbIM
OKPY>KHOCTAIM BO0MbLLIOro paguyca U npsMON NMHUKW, COeAMHSoWeNn UX LeHTpbl. Ha yeptexe
(Pvc. 5.18) nmognucaHo, 4TO paguyc TakoOW (KPacHOW) OKPYXHOCTM COCTaBnsieT MpoCcToe

4

r
reomeTpuyeckoe cooTHoweHue: R I”T [5.1]. Torga, no Teopeme [Nudparopa, 3TOT xe

paanyc no3BonAeT onpenenntb NoNOBUHY PAaCCTOAHUA MeXOy LUEeHTpaMuU He KacalLwnxca opyr

Zpyra OKpy>XHOCTeiA: [5.2]. YOBOEHHOE Takoe paccTosiHue SBMNSeTCA OCHOBaHUEM

2r, —0,5R,

paBH06eﬂ,peHHOFO TpeyroribHuKa. Pap,myc OKPYXHOCTU OMMUCaHHOW OKOJo TpeyronbHMKa C

2
o

BEPLWIMHAMU B LIEHTPaX TPEX PaBHbIX OKPYXHOCTEN: ———o—— O
1/1’0‘21’0 +R, ’

OMNMUCaHHOW Yepes3 BEPLUMHbI paBHOOEOPEHHOrO TPeyrosnbHMKa (Mo LLeHTpaM TPEX OKPY>KHOCTEMN),
ABNSAETCA U LIEHTP Masio OKPY>KHOCTU, KacaTerbHOM K TPEM paBHbIM Oonblinm. Torga, paguyc
_ 2y
OKPYXXHOCTM TOpa BOKPYr OCW: 1, = —————< "7 [5.4]. 3Hasa 7, n ucnonbsya Teopemy
Jr, (2, +R,)

[5.3]. LleHTpom aToM

Mudbaropa, BbIMUCIIAETCS pagnyc OCU-OKPYXHOCTK Topa (BopoBCKMI paamyc OCU-OKPY>KHOCTU ONst
anekTpoHa): R, =/ rT2 +2r.r, + R, [5.5] (cooTBETCTBYET HUXHEN CTPOKE Ha puc. 5.9-5.12).

'oe, npu paguycax CToAT MHAEKCHI “0” - “opex” — aa4po; “T” - “TOp” — ANEeKTPOH.

Ha puc.5.18 ansa Bcex COOTHOLLEHWn NpuBeaeHbl U pacdHE€THble POPMYIbl U pesynbTaThl
NPSIMOro U3MepPEHUS MO PUCYHKY, OKPYrMNéHHbIe A0 6 3HaKa MaHTUCCHI (*10"2M).

Kak BuguTe, ons onnucaHus COOTHOLUEHWA pa3MepoB B noboin mornekyne, noHnmas, 4to
3TO He HeobOCHOBaHHbIE NPOU3BONbHbIE KONebaHus, a BpalleHUs no 3afaHHbIM TPAeKTOPUSAM, He
notpeboBanacb HU Teopusa Urp, HU BoobLle BbICllas MaTemaTtuka. Bce cooTHowleHus —
OMKMCbIBAIOTCSA Ha YPOBHE LUKOMBHOIO Kypca. [JocTaTouyHO M3MEHUTBLCA XOTS Obl 0OQHOMY pa3mepy,
Kak aBTOMaTMYeCKN HAYHYT U3MEHSATLCH M OCTarnbHble pa3Mepsl B JH060M Monekyrne BellecTBa.

Ecnn anekTpoHbl U NPOTOHLI He BUCAT “T10 WyyYbemMy BENEHUI0” B NYCTOTE HA OrOBOPEHHbIX
paccTOAHUAX HUYEM He nojaepkusas OucTaHuuu, To Npuaétca npusHasaTb, 4TO B [pupoge
npeaycMoTpeHbl pa3mepbl U (hOPMbl TPAEKTOPUI, KOTOPbIE B KAKMX-TO NPONOPLMAX MOTYT ObITh, a
B KaKux-To — HeT. Mcxoasa us yxxke nokasaHHbIX npornopumn TopoB (puc. 5.18 b, B) 6onbLumx n

MarneHbKWX, BEIYUCTISIETCS CrieaytoLLasl 3aKOHOMEPHOCTb: 2/\@ *r <r < (\/5 - 1)* r, [5.7].

To ecTb, paccka3 O TOM, YTO COOTHOLLUEHNE pa3mMepoB MyCTOThbl OT s4pa 40 OpOUTbl ANeKTpoHa
(maxxe ecnu 3a BCE AOpO MPUHUMATb TOMbLKO pasMep ero BHYTPeHHen obnacTtu) paccTosiHue
nopsiaka ThiCsSY €AVHWL, pa3MepoB siapa — He BbIAEPXKUBAET KPUTUKM dncen. ATu “Tbicaun” —

npuaymatbl. B undpax [5.7] seirnsgut Tak: 0,1732r, <r, <0,4142r, .
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R, - papnyc ocu-okpyXHOCTW opexa U I, - paguyc BOKPYr OCU OKPYXXHOCTU Opexa — HUYTO He

orpaHuMyMBaeT COOTHOLLUEHNE MX pa3mepoB. Bcé octanbHoe — noacTpamMBaeTcs - “npupoga He
TEpPNUT NYCTOThbI”, HO pe3ynbTaT, KOTOPbIN Nony4YaeTcs B pe3ynbTarte NoACTPONKN:
2r?

= ———t " —7 [5.4]; R, =1} +21,7, + R, [5.5] He OTNIN4AETCA OT UCXOAHBIX 7, U
,/r{,i2rn + Roj

R, paxe B foecsiTok pas, He roBopsi Y Npo ofHy Teicsvy pa3. Ho, BOT, Npo pasnuuuns 4acToT, ¢

KOTOpbIMK 0DpaLLaTcs 3PMPUHKM Ha TPAEKTOPUSX SNEKTPOHA UK SApa — TAKOro HE CKaXKellb.
CuuTtaeTtcs, 4To Macca sapa Bogopoaa 6onblue maccol anekTpoHa B 1837 pas (npumepHo).
Ho, macca n y anektpoHa M y NpOTOHa MOSBNSAKOTCHA TOMbKO Ha 3Tane BO3HWKHOBEHMS
3aKOMNbLIOBaHHbIX TPAEKTOPUIA (Kak OHM BbINM ONMCaHbI BbILLE) Y YacTuL-Todek acpmpa. [NoaTomy,
NIOTMYHO, YTO WM OJIMHbI BMHTOBbBIX TPAEKTOPWIM 3a OAMH OBOPOT BOKPYr OCU-OKPY)XHOCTU MO
MEHbLUEN U3 4acTOT, OTIIMYAOTCS BO CTOJSTIbKO e pas.
CuuTaertcs, Takke, 4YTO ydanocb MOMNydYnTb HEKOTOPbIE COOTHOLLUEHMSI pa3MepoB AJis

MOIeKyInbl BOgopoaa. Tak, pa3mMmepoM MOJieKyIbl Ha3blBakOT pacCToAHNE B 25A ,a pacctoaHune

Mexay ueHtpamu aaep atomos 7,4 A . 1 A =0,1HM. BoT, c abcontoTHbIM pasmepom, eLé nagHo,
VXK KaK MU3Mepunu, Tak U3aMepunu oguH pasMmep BMECTO Tpex. A, C pacCTOSTHUEM MEXAy LLeHTpamu
a4ep — BbILLIIO cMeLHee. 3a LeHTPbI SAep NPMHUMAaKOT CHHIO 06n1acTb Ha BCex MOKa3aHHbIX MHOM
pUCYHKax — perbniiHbIv MaY. B LLEHTP KaXkaoro Takoro mMsiya, admpurHKa, CocTaBnsaoLas Ha opbute
opexa — a4po aneMeHTa — HMKorga He 3anetaeT. Ho, no konmyecTBy pas nepeceyeHnsa ahmpuHKon
WMEHHO 3TOW BHYTPEHHEN 0bnacTn TpaeKkTopuu, - 3TO MMEHHO Ta 30Ha, rage, No Teopuun urp, eé
0OXuJarT BeposiTHEE BCEro (Ha CaMOM Aerie — BEPOATHOCTb — He MPUYEM, BCE 4en0 B COOTHOLLIEHNM
Y4YaCTKOB TPAEKTOPUN: CYMM AMMH YHaCTKOB MO BHELLUHEN M NO BHYTPEHHEeN obnacTtam). 3HauuT, ecnu
peanbHO N3Mepsnu, To MOrNn U3MEpPUTb, A1a, N0 OCK, MPoXoasLLen Yepes LLeHTPbl 06enx peronnHbIxX
MSYEeN, HO... BO3MOXHO W3MEPUTb MNULLb PACCTOSIHUE MEXAY BHYTPEHHUMU Bnumxanimmm
y3roBbIMU TOYKaMu TpaekTopun. Toraa, no BbienpuBeaEHHbIM (hOPMYMamMm Nerko BblYUCAUTb
BCE HeaoOCTaloLLMe pasmepbl U YXe N0 HUM HavyepTuTb, cobniogas Bce nponopLumu, cHavana

aHrcTpemsl, nepesefs B HAHOMETpPbI, a 3aTeM, HAHOMETPbI B MeTPbI (1HM=1x10'9M).
819048167129

P14, 12274

s1o0000211

21087726
d=74*10"%m
. d/4=18*10"m
S 4ry=250*10"2m
1,=62,5*10"%m
R,=57,06137*10"2m

r,-Ro=5,43863*10"2m
rr=10,737828*10"%m

7399999789

R7=95,240806*10"?m
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NamepuTb ONUHY BUHTOBOW JIMHUM MPOCTO: HY)KHO NOCTPOUTb TPEYrONbHUK, TAE OTNOXNUTb
no ocu abcumce AnvHy NyTn, Ha KOTOPOM caenaH oaunH obopoT, a N0 OCK OpAUHAT - ANNHY 3TOro
obopoTa. B Hawem crniyyae, no obemm ocaAM HYXHO OTKNagblBaTb MO OAHOMY OOOpOTY Mo
OKpYXHOCTU. Bce pasmepsbl yxxe npuBedeHsl Ha puc. 5.19. NockonbKy Npyn nepeHeceHnn B TEKCT,
MaclwTab pacnonaraemMoro pyucyHka MOXeT U3MEHUTbCH, 9 MOBTOPS0 MacliTab U COOTHOLLIEHNE
1HM=1x10"°m. Bce noanucaHHble Ha YepTexe uncna: x10 meTpa.

[OnnHa ogHoro obopoTa no TpaekTopuu
opexa: 531,74645903*10 *m.

MonHaa A4nuHa TpaekTopum  opexa
(npoToHa) 1106255,970853*10 '?m
[nvHa ogHoro obopoTa Mo TpaekTopun
Topa: 602,20758847*10"2m.

4 -9
=10

s S R A A R B
1020 30 40 50 60 70 80 90

M

3926991

40220758847

674737623

3585271645 —_—

598415634

Puc. 5.20

WHbIMK crnioBamun, AnvHa ogHoro obopoTa YacTuubl adupa no opbute opexa — MeHbLLE, YeM
OnuHa ogHoro obopoTa Takom Xe YacTuubl No opbuTe Topa. IMeHHO npu Nonéte no TpaeKkTopusim
opexa, Topa Ui HEMTPOHA, 3anacaeTcs U PacxoayeTcs AHeprus, nepedarLLascs OT OCTarbHOro nons
konebntoLerocs agupa. AHEpPruto, pacxoayemMyro Kaxaon afieMeHTapHOM YacTuLen Ha nogaepkaHme
TpaekTopun gy onpeaenvinm NoHaTneM “macca”. CnegoBatenbHO, Macca KaXKaow areMeHTapHOM
YyacTuubl (YacTuupl achmpa, CocTaBnsaoLLEN hOpMO CBOE TPAaeKTOpUM OpeX (S4p0), TOp (SMEKTPOH)
U NEPEMEHHYIO 3aMKHYTYIO Cnvparnb (HEATPOH)), 3aBUCUT TONBbKO OT ANMHbI 3TOW TpaeKkTopun —
CKOMNbKO 3SHeprumn (M3 3anacéHHOW) pacxodyeTcsl Ha UWMKN B ONpeaenéHHoW NnioabMu cucteme
nponopLmmn (cucteme eamHuL) — TakoBa 1 Macca B 3TON cucTeMe eaAnHUL.

[na Toro ytobbl Macca sapa Bogopoaa (Npotud) 6eina 6onbLue Macchbl anekTpoHa B 1837 pas,
HeobxoaMMO, YTOObI ANMHE pa3BEPTKU TPaeKTopuKM dnekTpoHa (rMnoTeHy3e Ha puc.5.20 gnvHon
602,207931874*10'12M) COOTBETCTBOBArIa TPAEKTOpUsl Opexa, pa3BEpPTKa KOTOPON COCTaBUT YXKe
602,207931874*10'%*1837=1106255,97*10"°m. B maclutabe pucyHkoB 5.19 n 5.20 310 0O4YeHb
OonbLLOEe paccTosiHME BBEPX 1 Ha puc5.19 cnpaBa kpacHas gyra—aTo rmnoTeHy3a 602,2079318741 02
NoBEpPHYTa ropm3oHTanbHO. OT NpsAMOro (NpaBoro) yrina TpeyrosfibH1ka, 0003HaYaLWero pasmepbi
TpaekTopun opexa, BBepX MAET BepTUKanbHasa NMUHUSA — KaTeT pasmMepoMm 1106255,2819*10"%m, a
cnesa BMAHA 4acCTb MMNOTEHY3bl C pa3mMepom 1106255,97*10"2M. MonHOCTbI0, BCE n3obpaxeHne B
MaclTabe, 4ToObl MOMECTUIIOCh Ha JUCT, NPeaCcTaBnsieT TONbKO OAHY BEPTUKAIbHYH (KPaCHYH)
NNHWIO, NPU KOTOPOW AaXe TOYKOW He npeacTaBlieHo BCE, YTo cocTarnseT puc.5.20, unu, 4tobbl B
mMacwwtabe puc.5.20 nokasaTb BEPLUMHY TPeyrorbHMKa C pasMepomM TpaeKkTopum opexa (sapa npotus),
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npuwnock 6bl pucyHok 5.20 npoanuTb BBepx eLwé Ha 830 nmucToB. BBuay He cogepkaTtenbHOCTU
3TUX NIUCTOB, HA KOTOPbIX Oblnn Obl N300paXXeHbl TONbKO ABE NMHUW, NPUXOaUTCS nsobpaxeHne
ONUCbIBaTb CIIOBamMu B OMOSIHEHME K Lndppam.

Ho, Takoe yauBMTENbHOE COOTHOLLUEHME ANWH TPAEKTOpUI sigpa BOO4OPOAA M 3NEKTPOHa,
Mo3BOSISIET OCO3HATh BOMPOC Nepexoaa arperatHbiX COCTOAHMI BellecTBa. [lodyemy, Hanpumep, u
B COCTOSIHUK NIia3Mbl, MMEEM BCE PaBHO siapa TOro XXe CaMOro XMMUYECKOro 3fieMeHTa, YTO Obin
n3HavarnbHO 1 TBEPALIM U XUAKUM U ra3006pasHbiM, HO, B COCTOSIHMK “Nia3ma’ oT sapa 3NEKTPOHbI
oToenunuce. Het 6onblue coeaMHUTENBHOM NOWaakn Ang saep, - “ybexana”.

OxkasbiBaeTcs — Bcé npocTo! NprBHeceHne Monekyne unv atomy AONOMHUTENBHON SHEPrK,
O3Ha4yaeT, YTOo Ha BEenuUYUHY, NPONOPLUUOHANbHYID 3TOMY AOMOMHEHUIO yBenuuMBaeTcsd AnvHa
TpaekTopumM — Ha OONHaKOBYIO BENNYUHY YBENMUYMBAIOTCS MNoTeHy3bl (pnc.5.20) “opexa” un “Topa”.
Ha oguHakoByto BENUYMHY, MOCKOMbKY MPUBHECEHWE Pa3HOro KONmMyecTBa OTAENLHO aapam OTAEeNbLHO
3MEKTPOHaM — HEBO3MOXHO BBUAY Marioro pasnuyuns ayis Hac ux abcontoTHbIX pa3mepoB. Ho, kak
BbISICHSIETCS, HE BCE PaBHO B KaKyto U3 rMNoTeHy3 Jo0aBneHa aTa ogHa v 1a e BenuynHa. B kopoTkon
rMNoTEHY3e 3NEKTPOHA (Topa), pacrnonararoLLencst NOYTU FOPU3OHTANbHO, AONONHUTENbHbIN Y4aCTOK
yBENMYMBAET, B OCHOBHOM, aDCLIMCCY, FOPU3OHTAlbHbIA y4acToK Ha puc.5.20, a 3Ha4nT, B OCHOBHOM
NMPUBHECEHME 3HEPIMM U3BHE YBENMYMBAET PaAAMYC OCU-OKPY)KHOCTWU. Takoe Xe Mo BenuvmHe
yBENMYeHne OnvHbl TpaekTopun, 4obaBrneHHoe K MMnoTeHy3e, koTopasi, B MacwTabe puc.5.20 yxe
3aHMmaeT 830 NMCTOB MO BEPTUKANM, korga Ha 1 NonHbI 060OPOT NO TpaeKTopum Topa NPUXoanTCs
nouTn 1837 060pOTOB Mo TpaekTopumn opexa (4obaBoYHYO BENUUMHY K TMNOTEHY3e CHavana criegyeT
pasgenutb Ha 1837, 1 3aTeM yxXe NpocneauTb: KAaKOMY KaTeTy Kakoe npupalleHme 4OCTaHeTcs, a
KaTeTbl TPEYrofibHUKa, 3TO YMHOXEHHbIE Ha 2 71 paguycbl BpaLeHUN BOKPYr OCU-OKPY>KHOCTU U MO
OCU-OKPY>XHOCTH), a 3Ha4YUT, UBMEHEHNE paguyca BpalleHus no nobomMy U3 pagumycoB BpalleHust
opexa—sgpa — HUYTOXHO. VIHbIMM crnioBamMu: Nony4YnB OOUHAKOBOE OOMOSHUTENbHOE KONMYECTBO
3HEprMM, SAOPO 93NeMeHTa MpPaKTUYEeCKM He MW3MEHSIeTCs,, a 9JIeKTPOH, MNpU TakoM Xe
[OMONHUTENIBHOM MOJSTYYEHUN SHEPTUN — YBENMUMBAETCS B pa3mepax, U, paguyc OCU-OKPYKHOCTH
pacTéT 3HaunTenbHee, YeM paguyc BOKPYr OCU-OKPY>KHOCTU. [1pn BHECEHMU B CUCTEMY 3HEpPruu,
BHYTpeHHAA “Ablpka 6ybnvka” - nyctoe NpoCTpaHCTBO BHYTPW TpaekTopun Topa yBenuynBaeTcs
GbicTpee, Yem nobble Apyrue pa3mepbl aTtoma Um Morekynbl. BepHo u obpaTHoe.
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B Criydae Hann4dma He MOJeKyrnbl, a TONIbKO aToOMa, CXxemMa U3BECTHbIX pa3MepoB TpeyrosibHMKa

2r,r It ! 1Ry
nokasaHa cnpasa BHM3y Buma I R, =—2+2 |- R +-12+R; 1, =—* [56]
RT RT RT RT

(BepxHAs cTpoka Ha puc. 5.9-5.12).
Tenepb, Te e CaMble COOTHOLLIEHUS], HO TakK, Kak OHW BbIrMAAUT B pearibHOM aToMe U Morekyne
Bogopoaa:

5100000211

7399999789

BOI8E22T400
822733172551
B19048167129
B, 12274
#1087726
%
)
7 Q
%
7 ] .
e D) ar'd
Ns}
R S
R =N
Q S
> S
S =
#21195917689
#8239 1227
9 00
.7HM:7X70 M
W I I I RN R I
020 0 05060 7080 w0 " Puc. 5.22

Ha puc.5.21 n 5.22 HarnagHo, ¢ cobnogeHnem nponopumii nokasaHo (*10'12M), yTO, KOrAa
OBa aTtoma Bogopoda (CTbIKylOTCH, eCcnvM [Be TpaeKTopuu 3neKTPOHOB, OKasaBLUMCb C
NMPOTMBOMOSIOXHbBIX CTOPOH CBOMX aTOMOB, OKaXXyTCS OAMHAKOBO HarpaBfeHHbIMA U MO OCK-
OKPY>KHOCTU 1 BOKPYI OCU-OKPY>KHOCTU (€Cnu opbuThl aNeKTPOHOB He coBnagyT, byaeT 10, 0 Yém
rosopuTt puc.5.15 A X n 5.15 B X)), paguyc n Tpaektopus OBWXEHUS MO OCU-OKPYKHOCTU
yMeHbLUAeTCH 3HaunTenbHee, YeM paanyc BpaLleHUs1 BOKPYT OCU-OKPYXXHOCTW.
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3KCI‘IepI/IMeHTaJ'IbH0 I/I3MepeHHbII7I (*)aKT' Korga 2 OTAENbHbIX aTOMa CoeaunHATCA B OOHY
MOJeKyny BOAOPOAA, KaXabl U3 HAX YMEHbLUAEeT CBO 3Hepruto Ha 0,72 aB.
(1 2B=1 6021766208(98) 10"°Ix=1,6021766208(98)*10 “ape. Unu, yuumsieasi gpopmyry

SuHwmeiina E = mc?, 19B=1,782661907(11)*10%ke [5.7] (unu, 1ke=5,609588650(34)*10"3B))

Ho, Be4b UMEHHO 3TO 1 NONYYUNOCh UCXOAS U3 pacyéTa Nno reoMeTPUYECKNUM COOTHOLLIEHUSIM
opbuT: [Ins kaXaoro anekTpoHa Ha opbuTe, NoKazaHHOM KPaCHbIM LIBETOM, U ANMHA OCU- OKPYXKHOCTH,
W ONVHa BUTKa BOKPYr OCU-OKPYXHOCTU Bonblue, YeM aHanorvyHble napameTpbl Ha opbuTte,
NMOKa3aHHOW XXeNnTbiM N KOPUYHEBLIM LBETOM. PasHuuy OANWH TpaekTopuii MOXHO yBUAETb Ha
puc. 5.21 — nokazaHa 3enéHbIM LBETOM. O|<a3b|BaeTc;| YMeHbLLUEHNe ANUHbI TpaekTopumn opbuThbl
O[HOro arekrpoHa Ha 116, 50162737*10 ' MeTpa 9KBMBaneHTHo otaaye 0,723B BO BHeLLHIOHO
cpeay! MNonyymnack B3anMOCBA3b MEXAY ANMHON NO opbuTte u aHepruen!

Torga, nonb3ysicb nogobwem TpeyronbHMKOB CO CXOACTBEHHLIMU CTOPOHaMM, MOXHO
BbIYMCMUTb PaanycChbl, KOTOpPblE JOIDKEH NMPUOBPECTU TOP 3MEKTPOHAa, YTOObl 3NEKTPOH MOr Obl
“BbICKOUNTL” U3 NOXOWHKM Mexay OBYyMS sapamu. Ecriv nsBecTeH pasmep TpaeKkTopum 3NeKTpPoHa,
Npu KOTOPOM 3JIEKTPOHbI OCTaBAT S4pa, TO U3BECTHa M ANMHA JaHHOW TpaekTopuun. 3Has nepenag
ONWH TPaeKkTopuM 3reKTpoHa npu obpas3oBaHMM MOMEKyNbl U3 OBYX OTAENbHbIX aTOMOB U
BblcBOBOXAatoLLyoCcs nNpu aTom aHepruto (0,72 3B (*2)), npssmon nponopuuein MOXHO NONy4mTb
BEMUUYMHY SHEpPrnn, KOTOPYK HYXHO A00aBUTb 3MEKTPOHY B Morekyne, 4Ttobbl Monekyna
BOJOpOAa nepeLuna B COCTOAHME Nra3Mbl: aHeprus B 4 pasa bonbLuas, 4em Ans 0gHOro U3 AByx
3NEeKTPOHOB Ha “nosice” (Ha “Tanuun”, B “nOXx6uHKe”) Monekynbl (Kaxaomy U3 aaep — Toxe no Va
NopLIUN SHEPTUK, YTO, OOHAKO HEe NPUBEAET K 3aMETHOMY POCTY pa3MepoB caMux saep.
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Puc. 5.23
MonyunB, 4YTO U3MEHEHWe ONUHBI op6vm>| OLHOTO 3MEKTPOHA OT COCTOSIHUS HaxOXAEeHUs
oKono otgenesHoro atoma (718,70821 58*10" MeTpa) o COCTOFlHI/IFl HaxoXxaeHus Ha opbuTe BOKpyr
Monekynbl Bogopoaa ymeHbluaetcs Ha 116,501 6273710 MeTpa W, MO N3MEepPEHNto, caenaHHomy 4o
MEHS1, 3TO SKBMBASIEHTHO BbIAENEHMIO B OKpYKatoLwyto cpeay aHeprim 0,72 3B (KaxxabiM 3N1EKTPOHOM)
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MOXHO COCTaBUTb HECKOIbKO pa3 npsmMble NPonopLmnn 1 NonyyYnTb criegyoulee:

Kaxabi u3 2x ctabunsHo BpallatoLmxcsa (Ha bopoBckuii opbute) anekTpoHOB B MOrekyne
BOogopoaa, 3anac B cebe aHeprumn 3,72175924 aB. DupuHKka B BUKEHMM MO OpOUTE INEKTPOHA,
cornacHo [5.7] umeeT maccy 6,63463843*107° kr (“Macchl NOKOS” y aNEKTPOHA (PU3NUECKN - HET).

YTto6bl cTabuibHYO MONEKyNy BOAOPOAA MEPEBECTU B COCTOSAHME “nnasma” (3NEeKTPOHbI,
KOTOpbIE CNYXXWUIU CTbIKOBOYHbIMM OyGnvkamu-nnowagkaMmm gByM sapam npuobpenu “abipkn’
fonblwne MO pasmepy, YEeM HapyXHbIi AnameTp opbutbl agpa) Kaxabld 3NEKTPOH MOMEKyIbl
[OOMKeH NoNy4nTb AONONHUTENBHO HE MeHee YeM 1,54413102 3B (macca ot 9,3873011976%1 03¢ Kr).

Mockonbky, aHeprust obaBnseTcs He ABYM OTAENbHO B3ATbIM 3MekTpoHam Ha Boposckoin
opbute, a Takke U agpam, OOHOW MONeKyrne BOAOPOAA HYXXHO MpuaaTb SHEpPrum He MeHee, YeM
6,17652407 3B.
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Kaxpoe u3 sagep Bogopoda obnagjaeT MUHUMAaNbHOW SHEpPrnem mn3 MnpouYuX XUMUYECKMX
3anemMeHTOoB (y OCTanbHbIX U TPAEeKTOPUS ANMHHEE U He NO OAHOW YacTuue adupa Ha opbuTe), HO
aTa “MMHMManbHas” aHeprus ogHoro sapa (“npotoHa”) ectb 6836,871729 aB (macca ABuxeHus
npoToHa 1,21878307959138*10™% kr (“Macchl NOKos” — y MPOTOHa — HeT)).

OagHomy 060pOTYy aPUPUHKN MO OCU-OKPY>KHOCTU COOTBETCTBYIOT 2817,057697 o6opoToB
80KpPY2 OCU-OKPY>KHOCTU N obpasyeTcs obnacTb, KOTOPYH Ha3Banm “NPoTOH”.

OnuHa opbutbl ahnprHKK, KpyKaLlencs kak “npotoH” coctaensiet 1106255,970853*1 0™"2m.

EcTb eLé ognH HTEepeCHbIi MOMEHT, Ha KOTOPbIN HaTankMBaeT COOTHOLEHNS puc. 5.21:
YX Oo4veHb Gornbluas AnvHa TpaekTopun 3UPUHKM, 4TOObI 06pas3oBanochk A4PO XMMUYECKOro
arnemMeHTa... A He CBsi3aHa N “CKOPOCTb CBETA” C OBWXEHUEM 3UPUHKM No opbute? Ecnu
pasgenvTb ANWHY TpaekTopuu sapa Bogopoaa (1,106255970853*10'6 M) Ha CKOpPOCTb CBeTa B
Bakyyme (299 792 458 wm/c), nonydnm Bpemsi O4HOro nonHoro obopota Mo TpaekTopunm sapa
Bogopoga: 3,69007272*10 " c. 3a 1 cekyHay adupuHKa (NpoToH) Aenaet 270 997 369 414 232
obopoTa no ocu-okpyxHoctu ('u) n 763415225375 105067,2771 (1) oGopoTa BOKpYr ocu-
OKpYXHOCTU. [MponopunoHanbHO, TpaekTopus 3UPUHKMA Ha opbuTe 3aneKkTpoHa, CBA3aHHasi B
aTome (Bogopopaa), coctouT n3 412788113962 895,911496 (I'u) — obopoToB B 1 cekyHAy no
OCMK-OKpYXHOCTU N 13 46543 515106 342,698295 (1) — obopoToB 3a 1 cekyHOy BOKpyr ocu-
OKPY>KHOCTU, MPY CKOPOCTU — MEHbLLIEN, YEM CKOPOCTb CBETA (4TO Kak pa3 1 MO3BONSIET ANEKTPOHY
yBENUUMBATbL 3HEPIUIO, CrieTaTb C TanMm MOnekynbl 1 06pa3oBbIBaTh ANEKTPOHHBIN ras). To ecTb,
ckopee BCero, U3Mepssi 4acTOTHble CMEKTPbl, Mbl M3MEPSIEM MMEHHO CMNEKTPbl, U3rnyvyaemble
pasnMyHbIMU SAPaMK — U Pa3NNYUs B KONMYECTBE TeX 3UPUHOK, KOTOPbIE B HUX KPYTHATCS.

COOTBETCTBEHHO, KaXAbIi OPYroh XMUMWYECKUA 3NEMEHT MMEEeT CBOK COBCTBEHHYIO
ranepet 4acToT MOrMoLLEHUS 3HEPrun oT Nons AUKOro acdmpa, KOTOPYK MNoAN yKe Hay4yunucb
yYnTaTb Kak CnekTparbHbIA aHanma.

Bo3MoXHO, nepexoa B COCTOSIHME “Nnasma’” SBMAseTCs pa3BeTBEHHOWN LIEeNHON peakumnen
N HECKONbKO MepBbIX pa3pyLUEHHbIX MOMEKyN, OCTbiBas U CTPeMSACb COeQUHWUTLCHA CHadvana B
aToMbl, AeCTabunuanpyloT HECKONbKO OKPYXKaloLWMX MONEKyr, nepeBoAs MX B COCTOSHME
“nnasma”. Tak Mbl, MOCNe NepBOro nompxkura, Habnogaem “oroHb” B peakuumn ropeHus. Begb He
TONbKO YUCTbIN BOAOPOS XOPOLUO rOPUT, HO N MHOTME Apyrue arnemMeHTbl CTaHOBATCA “aposamn’
peakuuun, a BblgeneHHasa aHeprus nepexoia BellecTBa B COCTOAHME “nnasma” — 9To TO Tensno,
KOTOpOEe rpeeT Hac, pexeT MeTanmn Unn, B HEKOHTPONMPYEMOM criyyae, - NpMBOAUT K “noxapy’.

lMpumMeHeHne maTemaTnyeCckmx MeTOL4O0B, Bpoae pasnoxeHus B psg dypbe 3anucu Lwyma
MOXET BbIENATb YaCTOTHbIE FAPMOHMKN, FOBOPS O BOMHax B acdupe. ToNbko BOT, U CTAaTUCTUKY
Taknx pasnoXeHun Lyma fno YyactoTaM HyXXHO HabupaTb. U ewwé TpyaHee npuBasaTb HangeHHbIe
rapMOHMKMN K CODbITUAM, YCTPOMBLUMM 3TWM BOJIHbLI. BOMBLWMHCTBO BOSMH, MAyLMX no adupy —
BOJIHbI OT 0Opa3oBaHus “0fOMaLUHEHHbIX” YacTuL M3 “ONKMX” — BOJTHbI OT caMoro obpasoBaHus
MaTepum 13, Kak MPUHATO cunTaTb cenyac, — U3 “nyctoTbl” BakyyMa (U3 “TEMHOM maTepun”), U CBET.

Linknnyeckne oO6bEMHBLIE CTPYKTYPbl (POPM, COCTOSILLME M3 TOYEK — YacTul admupa — 3TO
BCE KOPMYCKYIbl HALLero NpMBbLIYHOIO 41151 XXM3HU Mupa. V3 “ogomMallHeHHOro” agoupa cocTosaT BCe
afieMeHTapHbIe YacTuLbl, CrIoXeHne opM KOTOpbIX, Mexay cobol, obpa3oBbIBalOT NEPBUYHbIE
aToMbl YNCTbIX BellecTB. OgHM “BpalleHns” NorpyxarTcs B Apyrne, OOHOTUMHBIE MO NapameTpam
BpaLleHun. [pyrue 3aHUMaloT OHY U Ty XXe TPaekTopmio BMECTE C OOAHOTUNHBIMU BpaLLEHUAMU.
TpeTbm (6y6nMKU - ANEKTPOHbI) MOryT BbITb Kak Bbl HaAETbl NMOBEPX OPEXOB - MPOTOHOB.

OKcnepuvMeHTanbHO BbIYUCIEHHbIE MpaBuna: CKOMbKO OAHOBPEMEHHO 4acTul B Tope,
CKOIMbKO TOPOB B OOHOM Crioe MOryT HaxoAuTbCs — camasi Xopowo paspaboTaHHasi 4YacTb B
NpyKNagHbIX Haykax 0 MUKPOMUPE - XUMUS.

W cunbHble 1 cnabble B3anmMoaenctausa no npupoae CBoew, npeanonarato, OTHECTU BCE K
TOW Xe MexaHuKe B3auMOLEWCTBUA CTPYKTYP BpalleHWn, Korga ofdHa dopma He MoxXeT
NnpoBanuTbLCA B OPYryto, Tak Kak oba, BpaLlaroLMXCsl C BLICOKOW 4YacTOTOW, aremeHTa adupa,
CTankvMBasCb, MPensaATCTBYIOT 3TOMY U Kaxdasi CTPYKTypa noagepXvMBaeT CBOK (hOpMy U CBOE
nonoXxeHune - “cunbHoe” B3aMMoAencTBMe. BonHam-cTpykTypaMm abCconioTHO BCE paBHO Kakoe
HanpaBfeHne 3agaHoO BpaLLEHVIO PSAOM PacrofioKEHHOW CTPYKTypbl. A He pasBanvBaloTCs
NPOTOHbI U 3NEKTPOHbI — MO TOW e NPUYMHE, YTO 1 CYLLEeCTBYET rpaBuTauns — yaapbl U3BHe, CO
CTOPOHbI AUKOrO adhmpa, NPUHOCSLLME SHEPIMO U OTAAloLWME €€ YacTb YacTMuaM Ha 3auMKIeHHbIX
TpaekTopusx. [laBneHne Ha 4YacTuLy CHapyxu eé Tpaektopum - “cnaboe” B3auMoaencTame.

OueHb rpybbI aHTU-NpUMeEp: NONpobynTe cuenuUTb CKPYYEeHHble AMNWHHBbIE MPYXUHKU.
OanHakoBOCTb BpaLLleHWI (HanpaBneHne HaBMBKM NMPYXXMH) BaXKHA TOSNbKO, YTOObI Macca CTPYKTYpbl
Bo3pacTana (0AMHaKOBO HaBWUTblE MPYKMHbI BKMAAbIBAOTCA APYr B Apyra) npu coxpaHeHun eé
obbémMa B MpOCTpaHCTBE (COBMECTHOrO BpaLleHWs MO TPaeKTOpUW, PUCYIOLLEW OAHY U Ty Xe
obonouky). Korga cTpykTypbl OOGBEMHBIX BOJIH PaCMOSIOXKEHbl: CTPYKTypa Topa NoBepx opexa, -
abConTHO He BaXkHbl HanpaBneHnst X BpalleHns BOKPYr ocu. HanpaBneHwus, Kak s yke nokasan
Ha rpynnax pucyHkoB 5.4, 5.5 n 5.14 — nerko camu CMHXpOHU3UpyeTcs B Npouecce obpasoBaHns
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Camoro BellecTBa U3 OTAEMNbHbIX KOMbLEBbLIX CTPYKTYP.

[MpoTNBOMNONOXHO HaBUTbIE NPYXWUHKW, kKoraa oHuM HE cBWTbI B KOnbLa, BCTaBUTb BUTKaMu
apyr B gpyra — He nony4utcd. CTOUT MPYXUHKN CBEPHYTb B KOmbLa, Kofbla 3auenuTb Apyr 3a
Apyra — ygacTtcs He3aBMCMMO OT HanpaBneHusi HaBuBKW. Boree Toro, ecnu npoTMBOMONOXHO
CBUTbIE MPYXWHKN CBEPHYTb B KOfMbLA W MNEpeBEpHYTb OAHO KOMbLO, Bbl BMAOXWTE OOHY
NPYXVMHKY B APYryl0, Y4TO ObIO COBEPLUEHHO HEBO3MOXHO C ABYMSI MPOTUBOMOMOXHO HAaBUTbIMU
NPAMbIMW BUHTOBBLIMU NMHUAMUW. HO, Bedb eLlé u CTPYKTYpbl KonbLeBblx BorH — HE cnupanu, a
TONBbKO CnuparnbHble TpaekTtopuu. BpalueHuto Todek - HapucoBaHHble haHTa3ueln cnupasnbHble
NUHUM — He Nomexa, a coygapeHusl BO3MOXHBLIX cocefen MPUBOAAT Kak pa3 K peakumsam no
yOepXaHUo TpaeKkTopuin (M BO3HUKHOBEHWIO CBOMCTBa “ynpyrocTb”). Takum obpasoM, cocegHue
CTPYKTYpbl, camu no cebe, ecnn HaxodsaTCA Ha PacCTOSHWW, Korga WX TPaekTopun Havanm
conpukacaTbCsl, CaMn 1 He MOryT NOrpy3nTbCs APYr B Apyra u oTopBaTbCa Apyr OT Apyra — He
MoryT. OHM UCMbITBIBAKOT NWLLb KonebaHusa mexay ABYMsi 3TUMU COCTOSIHUAMM (Kak Ha puc. 5.15).
®usmyeckn, B MakpoobObeKkTe, - 3TO ynNpyrocTb. A MOCKOMbKY, Aa@HHbIX CTPYKTYp CTPOEHMS Yy
OTAENbHO B3ATbIX TOYEK-YacTuL admpa — HET, TO M pacckasbiBasi O CBOMCTBaxX yacTuy, advmpa, 5 B
CaMOM Havarne onucaHus ckasan, 4To: YacTuubl 3cmpa ynpyrocteto He obnagatoT. YnpyrocTb
NnosiBNsieTCcs B pe3yrbTaTe ABMKEHMS YacTulbl achmpa no BbloLEeNncs 06bEMHOM TPaEKTOPUM.

OTkyna BooOLe B3snack MbICilb 00 YCTONYMBOM BpaLleHumn TopoB-6yonnkos? OveHb AaBHO
nonanacb Ha rnasa marneHbkas ctaTbsa M3 XypHana “KBaHT’- mepeneyaTtka: Kak Bblgatowminica
amepuKaHcKkuin pusmk-akcnepmmeHTaTop Pobept Bunbamc Bya, aktueHo paboTaBLumnin B Havane
NPOLLIOro Beka, OnN1cbiBan CBOW ONbIThl C Fa30BbIMU KOMbLAMU: Kak co3aBar, kak pukcmpoBan,
Kak Aenan BuaumbimM ABMKeHue u poTorpacmposan; genan npopmcosku no cotorpacuam. Kak
BO3AYLUIHOE KONbLIO NOAOMTY yAEePXKMBanNo CTPYKTYPY BpaLLasiCb N0 OCU OKPYXXHOCTU U KaK BUAHbI
CTPYWKY, BpaLLaloLmecs BOKPYr OCM OKPYXHOCTW. Yaap O MPensTcTBMe Takoro Korbla NpUBOAMI K
nocneacTeusaM, kak 6yaro He Bo3ayX AyHYM, a BPOAE Kak HEKTO HEBUAMMBIN ycTpoun 6on
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nogyLkamu: ygap oT HeyTo HeBuaumoro (ecrnv 6e3 npumecyu ObIMOBbLIX BU3yanu3auui), HO C
KOHKPETHOW OLLyTUMOW cunol. Mpuyém, n nocne yaapa Top-6ybnuk n3 Bosgyxa He paspyLuarncs, a
ynpyro otckakman. CtaTtbst u3 “KBaHTa” ecTb B MHTEpHeTe. Kaxabiin MoXeT caenaTtb ang cebs
YCTPONCTBO MO ONMCAHWUI0 M BAOBOSb HAYAUBNATLCA NOBEAEHMIO ABaXAbl 3aKPYYEHHbIX CTpyek
BO34yxa. A 34ech NPOCTOo Ans UisocTpaummn npuroxnn (puc.5.25) Heckonbko npopucoBok P.B. Byaa.

lMoyemy xe ABWXEHME CTpyeK rasa, rae Moriekyrnbl COBCEM Jaxe He CBs3aHbl curnamu B
YK€ roTOBbIE LIEMOYKN — CTPYWMKM NOTOKA, CaMU BbICTPaMBAOTCHA B CTPYWKM U BbIOTCS] BOKPYT OCK-
OKPYKHOCTM M MO OCU OKpPYKHOCTM? Qu4eBMOHO, 4TO MpuYMHA He packugpiBaowas HE
CKpennéHHble Mexay cobon Monekynbl pasHbiX ra3oB BO3dyxa M npumecen (ObiM Ans
BU3yanusaumm opmbl OBWXKEHWS) BOMPEKN OENCTBYIOLLEN Ha KaXAyl MONekyny (MMeloLLyto
Maccy) LeHTpOoBeXHOMY YCKOPEHUIO, AENCTBYET CUIbHEE YCKOPEHUS, CTPEMSLLLErocst packmaaTb
BCe OTAernbHble MOMNeEKynbl ABUXYLIMECHA B KonbLe. Ho, kaxaas monekyna rasa He npuBsi3aHa
HUKaKUMK “nayTmHKammn” K cocedHuM. 3HauuT, NpuynHa, 3acTaBnsiollasl CyLeCTBOBaTb BUXPb
OEeNCTBYeT Ha KaXxAayr OTAENbHO B3ATYHO MONekyny B AaHHom Buxpe! W, ecnun ncuesnu 6bl Bce
OpyrMe Mornekyrnbl, OAHa €eOWHCTBEHHasi OcCTaBLIasiCs, MO-MpexHeMy morna Obl yCTON4MBO
cobnogaTtb opMy OBWKEHUS] BOKPYT OCU-OKPY)XXKHOCTU M MO OCU-OKPY>KHOCTM.

Tak TanaHTNuBbLIE AEMOHCTPALMOHHbBIE OMNbIThl PobepTa Bunbsimca Byga noMornu noHsiTh,
BCE TO, YTO 5 onucan Bblwe, 1 4YTo lNprupoaa ucnonb3yeT MIMEHHO 3TO CBOMCTBO CO3aB MaTepuio
M3 Yero-To OYeHb MarneHbKoro, HoO CO3aatoLLErO 3HAUYNTENbHO 6OMbLUNN 0OBLEM, YEM ecTb camo. A
3a0[HO MNOHATb, YTO NoBoe NNOTHOE BeLLEeCTBO, Ans TOro, U3 Yero OHO COCTOUT, eCTb CTPYKTypa
npoHuuaemas. Hy n nanee, BCé 1o, YUTO 4 yKe Hanucar Npo CBOMCTBA BeLLEeCTBa U CBOMCTBa adupa.

Mo Takomy >xe npuHUMMY, Kak obpasoBanacb oAHa Monekyna
Bogopoda (nNpoTusi), ecrnm C MNPOTMBOMOMOXHOMW CTOPOHbl C HeWn
COCTBLIKYEeTCS eLé KOmbLo Topa (3MeKTpoHa), TO MONeKyna MOoXeT c’
YBENMNUYUTBCA €LLEé Ha aToM M nony4ntcs obpasoBaHMe C mMaccom
OenTepus, HO Apyron CTPYKTypon, 4em Ha puc 5.11. A, ecnn Tak xe
NPUCOeaUHNTCA eLwé aToM, To ByaeT Mmacca TpUTKs He Kak puc 5.12 C> <~>
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Cnocob pacyéTa TpaeKTopui COCTaBNAOLWNX SAPa XMMUYECKNX INIEMEHTOB U MPUMEHEHMNE
0N CBA3KW pasfMYHOro KonmnyecTsa TOPOB 3MNEKTPOHOB NMOBEPX NONy4YMBLUMXCSH O6BEMOB aaep,
MO3BOJIAET HE TONbKO HApPMCOBaThb YCTPOWCTBO KaXKOoro anemeHTa Tabnvusl MeHgeneesa u rnags
Ha TO, KaK COBMELLAIOTCA TPaekTopuu OOBACHWUTb KOHKPETHble (M3NYEeCKMe CBOWCTBA Kak
OTAENbHbIX 3MIEMEHTOB, TaKk W WX KOMOMHauuMi. MOXHO W MpPOrHO3MpoBaTb CBOWCTBa WU
BO3MOXHOCTb CUHTE3a MPUHLMMIMAnbHO Ha 3eMiie HOBbIX BELLECTB.

Insa Toro, 4TobbLI 3arHaTb OOAUH Opex B opbuty apyroro, a Topbl obpasoBanu 6bl obLime
cnou “obpyyen” NoBepPX HUX, HYXXHbl 2 NPUYKHbI:

1) Temnepatypa — yBenuvyeHue amnnuTya BpalleHui (oxpaHa Tepputopun ocnabesaer);

2) paBneHWe Wu3BHe — 3acTaBnsollee MPUHLUMNMANBHO OAMHAKOBO HarnpaBneHHbIe

TpaekTopuun, obpasytoLime oTAenbHble Opexu, MPOCKOYUTL OrpaxaeHue “o0bpydent”, kaxaas

MUMO CBOero, obpa3oBaTb 06LLMI OpeX B TeX Xe npeaenax, Ho ¢ 06LLEe Maccon B LIEHTpe U

obwum obnakomM 13 cymmbl TopoB. [JaBneHne n Temnepartypa MOryT U ¢ TOpaMn Takoe xe

npogenaTb — 3aCTaBWUTb HECKOSBKO TOPOUAAnbHbIX BOMH BpaLLaTbCA N0 OOHOMY U TOMY-Xe

NPOCTPaHCTBY, B Npegenax ogHon oopmbl. TeM caMbiM U3 HOBbIX OPEXOB M HOBbLIX TOPOB

obpasyeTcsi MHOM YCTOMYMBBLIA XMMUYECKUA 3nemeHT. (Mbl TONMbKO 4TO paccMOTpenu

“TepMosiAepHbLIN CUHTES”).

JIWHAS ons HOBOW CTPYKTYpPbl SHEPrs — BbICBOOOXAaeTCA U MAET U Ha nepegadvy BOSH
no “gmkomy” achmpy 1 Ha yBENMYEHMNE aMNNUTy, kKonedaHun paaom nexatimx npocTPaHCTBEHHbIX
KOMbLIEBbIX CTPYKTYP. TO €CTb, Ha pa3orpeB OKpYXaloLlero BeLlecTsa.

Odump, He MMes MaccoBbIX CBOMCTB — He rpeeTces.

TemnepaTtypa BeLlecTBa MOBbLILLIAETCS, a JaBNeHne B BelleCTBE — MOXET U NOHUXKaTbCs
(3 oBYX 06BEMOB — MOMYYMAN NPUMEPHO OAMH TaKOW Xe, Kak Obin, NuLlb He Ha MHOMO, MOXeT
ObITb (a MOXeT 1 He BbITb), 6onbLue).

Peakuua aaepHoro cuHTe3a MoxeT OblTb NaBUHOOBPA3HOW, - TONBKO HauMHas U3HYTPU
fonblMX CKOMMEHWIA BeLWlecTBa, Korga MoTepu [OaBfeHUs BHYTPUM MecTa MpOXOXAeHus
npouecca KOMMEHCUPYIOTCH AaBeHeM U3BHE Ha NPOCTPaHCTBEHHbIE CTPYKTYpbI, [Ae Havanach
peakuuss. Ho, B mnwbom cnydae, Hadvano SOEpHOr0 CUMHTE3a OAHUX 3JNEMEHTOB MOXeT
NPOCTUMYNMPOBaTb W CIUSHUSA APYrMX OSMEMEHTOB, €CNU BMSIOTHYK pPacrnosyioXeHbl WHble
CTPYKTYpbI, @ pgom 3anyLleHa peakuus TepMOsSIAEPHOro CMHTe3a.

Y pasnuyHbIX XMMWUYECKUX 3NEMEHTOB, Kak OKa3blBaeTCsl, eCTb CMOCOOHOCTb yCTpauBaTb
UNn He ycTpavBaTb HOBblE MEXaHUYeCKMe COeQUHEHMs MeXOy CTPYKTypamm OpexoB U Topos. A
Janblue, Npu HaKoMmneHMnM Macc MaTepum, XmMn4eckme npeobpasoBaHus nocne TepMOsiAEPHOro
CUHTE3a U nepemMeLLnBaHns MOryT Bbi3blBaTb M NOCHeAyoLLMe peakunun S4epHOro cMHTesa.

lMepBoHayanbHO XOMOAHbIA KOMOK BHOBb 0OOpa3oBaBLUMXCA 3NEMEHTapHbIX YacTul
npespallaeTca B aToMbl BOAOPOAA METOAOM HaZeBaHUSA OOHUX CTPYKTYp obGpas3oBaBLUMXCS U3
OOHOr0 9remMeHTa Ha [pyrue Takue Xe CTpykTypbl. Korga obpasoBaHo sapo B Buge
OPEXOBUAHOW CTPYKTYPbI, rAe B NPOCTPaHCTBE OOHOWM 1 TOM Xe TPaeKTopunm-oB00YKN CrOXUINCH
YK€ MHOTUME KOfbLieBbIE€ CTPYKTYPbI, 3@ HEE YCTONYMBO 3aLENNSTCA U TopouaanbHble CTPYKTYPbI.
O6pasoBaBLiascsa cTpykTypa u3 oopm, 06pa3oBaHHbIX OAMHAKOBLIMU 3fIEMEHTAMN CTaHOBMUTCS
ycTonumBon. Ho, npu BO3MOXHOCTM (Hanuymne camon CTPYKTYpbl 1 AaBfEHME), B CTaHOAPTHYHO
“CpeaHecTaTUCTUYECKYD” CTPYKTYpY aTtoma Bogopona MoryT ObiTb 4oOGaBneHbl BO BHYTPb opexa
[ONONHUTENbHbIE OOHOTUMNHbBIE CTPYKTYPbI TOpa-“HenTpuHo” (puc. 5.3, 5.4, 5.16) (obpa3oBbiBad
nentepuii U TpUTUI), 4aBas pasnuyHbIA UCXOOHbIV MaTepuan byayliemMy saepHOMY CUHTE3Y.

Ona Hanuuus oBpas3oBaHMsa HOBbIX BellecTB — TpebyeTca MpOCTO Hanmuyue CKonneHumn
BapvaHToOB aTOMOB Bogopoa. Ha atombl Bogopoaa Bo3aencTByeT BCE TO e none adumpa Tak,
Kak onncaHo B rnaee “lNone”. Ha ocHoBaHMM npouecca, Ha3BaHHOro NAbMU “rpaBUTaUmen”,
ahmp, CHapyXm OT CKONMEHUS, CXUMAET U YNNOTHAET aTOMbl U MOSIEKYTbI.

MoagpoObHee, Kak NPOXoAAT BOSHbI “ONKOr0” adoupa Yepes HEMOABMKHOE BELLLECTBO MOXHO
yBnaeTb B rnaee “None”, ecnu BewecTBO yXXe NOABWKHO, HanpuMep, BpallaeTcs - nokasaHo Ha
npumepax rnaebl “3emns’.

B pesynbtate, B UuUeHTpe obnaka, [aBreHve BO3pacTaeT HaCTOMbKO, YTO HavMHaeTcH,
nepBoOHavanbHO, XOMNOAHbIN sAepHbIn cuHTe3. Ho, Bogopon — “mMeTann’, He CBHA3aHHbIN
KpUCTannmM4yeckon peLuéTKon, M3Ha4YanbHO HaxoAsLMNCa Npu TemnepaType Ha3BaHHOW (MouTw)
“abcontoTHbIi HOMb” (Ha 3° Bbiwe). BcnomHuTe “ocobble cBOWCTBA” MeTanna npu Takou
Temnepatype. Ha namatb cpasy npuxoauTt “cBepxnpoBoaAMMOCTb”. CBOBOAHbIE 3NEKTPOHbI — TOXe
B N30bITKE — CTPYKTYPbI TOPOB-6YONMKOB 06pa30BbIBABLLUMXCA BMECTE CO CTPYKTYpamMu OPEXOB, HO
He npoy4acTBOBaBLUMEe B 0bpa3oBaHUM aToMOB Boaopoaa. B pesynbTate, HensbexHo, B obnake
HayHyT npoberaTb XaoTUYeckMe anekTpuyeckne Toku (Mpu obBpasoBaHWM NPOTUS, OeUTepus u
TPUTKSA) — CUHXPOHHbIE MepeMeLLeHNs cBODBOAHbIX TopouaanbHbIX CTPYKTYP OT MECT CUITbHOro
ckatus “gukum” acompom k 6onee cBoOOAHBIM MecTaMm Ha nepudpepumn obnaka (HackBo3b obnaka).
XaoTnyeckne — 3HA4YUT nepemMeHHble. [lepemMeHHble TOkM B MeTanne — BO3HUKHOBEHMWE
NnepeMeHHOro MarHMTHOrO MOoJIsA (MrocKkonapanfenbHble 3aKpyTKN O4epPeHbIX TOYEK Nons “aAmMkoro”
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achupa), KOTopble B CBOK OYepefb, 4ECTabUNU3NPYIOT U YBENMYMBAKOT aMniuTyabl konebaHui B
yxe obpasoBaBLUMXCA aTomax — Bo3pacTaeT Temnepatypa (ao 1000°-1300°C), wunu, uHbIMK
crnoBamu, UOET NHAYKLMNOHHBIN HarpeB CKOMIEHNss aTOMOB MeTanna.

Hannuuve 1) paBnenus. Hannuue 2) temnepatypbl (1100°-1300°C). 3HaunT, HaunHaeTcs
peakums TEpMOSIAEPHOTO CHTe3a. VIToro: BHyTpM NepBOoHavanbsHoro obnaka ckonneHms Bogopoaa,
npu OOCTaTOYHbIX €r0 pa3mepax, MPOXOAUT peakunst CMHTe3a anemMeHToB. Peakums npekpatuTcs
WK NpU JOCTWKEHUN rpaHnL, obriaka unv npu NnageHun BHYTPEHHEro AaBneHus B obnake.

B oTHocuTeneHO manom obnake, peakuusi TepMOSiAEPHOro CMHTE3a NPekpaTuTCs cama npu
NpUBNMXKEHNN K rpaHnuamMm — OyoeT M HeQOCTaTOYHBLIN Pas3orpeB M HeAOCTAaTOYHOE AaBliEHUE.
OGpasyeTcst HeYTO acTepouganbHOe, OKPYroe, NPaKTU4eCKM MOHONMUTHOE Mo cocTaBy. OcTaTku
NOABWXHbLIX, HE CBSI3aHHbIX peakLueln, aToMOB M MOJIEKYST BOOOPOAA, CO BPEMEHEM pacCeroTcs,
nogynHasice bpoyHoBckoMy ABWXEHUO, He Byay4u MpuBA3aHHLIMKU K acTepouy A0CTaTOYHOM
BEMWYMHON cun rpasuTauun. Ho “gmkoro” acpmpa BCE 3TO NpPaKkTUYECKM HE Kacarnocb M CUIbl,
npexge oxumasline obnako BOAOPOAA, HMBENMPYHOTCS 3a CYET 0Opa30oBaBLUMXCA BMECTO
npesBpaLLEHHOro B HOBbIE 3fIEMEHTbI BOAOPOAa “NyCTOT’ B BELLLECTBE U, NO-NPEXHEeMY, Hann4yno
“oukoro” agoupa.

[na camoro actepouga, ons ero mMonekyn, Bpemsa byaeT Tedb menrieHHo. ([ouemy? -
MogpobHee onncaHo B rnaee “lMone” ctp.11). [JanbHenwmne n3mMeHeH1s BeLLecTBa B actepounge
BO3MOXHbl TOMbKO B Cfy4ae ero CTOJIKHOBEHMS el C KakuM-HMOyAb KOMKOM Yxe
obpasoBaBliencs matepuni. Ecnvm BCTpeyeHHOe Teno WMeeT [OCTaTOYHY BENUYUHY W
napameTpbl CBOEr0 BpalleHusi, YTOObl BHYTPWM HEro LUen MOCTOSIHHBLIA MHOYKLUWOHHBLIA Harpes
(nnaHeTbl TMNa 1 pasmepa 3emnu, Mapca...), To BO3MOXHbI 3 BapuaHTa:

1) Mpu HanuumMm atMocdepbl 1 BbICOKOW CKOPOCTM BCTPEYM: NEPErpeThes, pasBanmTbes U
BbINacTb Ha MOBEPXHOCTb MMAHETHLI OMSaBMIEHHLIMU OCKOMKaMW WM TaK nexatb “A0 NyyLmx
BPEMEHR”, NOAUYUHSIACb XOA4Y BPEMEHM NNAHETHI.

2) Mpn oTcyTCcTBUM aTMOChepbl U HE BLICOKON CKOPOCTWU BCTPEYN: yOapuBLUUCE, OCTaTbCS
nexaTb Ha MOBEPXHOCTN HO B BOPOHKE.

3) Mpn poctaTovyHOM Macce acTepoupa, 4ToObl MPOGUTE TOHKYH OCTBIBLUYHO MAEHKY
LIMaKoB, OrpaHuWuMBaloLLYyl0 pas3orpeTble Hedpa MnaHeTbl (KOpy): acTtepoud nonagét BO
BHYTpPEHHMe pasorpetble, crnou, rage Oyget pacnnasneH u Gyget yd4acTBoBaTb B AarbHENLEM
CYHTe3e BellecTBa.

. Hanpumep, ons cnyyasi, (PUMEHUTENBHO K NaHeTe 3emns, C JaBHUX BPEMEH, MMEIOLLYHO
BoAy (ConéHyio BoAy); Cronm noa Kopon 06pasoBaHHbIA XKUOKAM, XUMWYECKU YUCTbIM
(cMHTesnpoBaHHbIM) XenesoMm (p=7,87 T/M3 [r/cm3]); nNpoueccoM npedblaylwero cuHTesa, korga
obpasoBaBLasica cepa (p=1,92 1/m3 [r/cm3]); yxe Bcnnbina (Mo 3akoHy Apxumena) Hag CIoem
Xernesa: - NnpobvBaHMe KOpbl MPMBOAWT K MPOTEKaHUIO COMNEHOW BOAbl HUXE 4X KMIIOMETPOBOro
cnosi BHyTpu Kopbl. Boga cmbiBaeT cepy B CroW xernesa M HadyvHaeTCs 3K30TepMuyeckas
XMMMyeckas peakums obpasoBaHus mMarmbl (peakuus nMpoTekaeT He TOSbKO C pasorpeBoM U
BblJeNIeHeM Tensa, Ho U C yBenuyeHnemMm usn4eckoro obbEmMa pesyrnbTarta peakumm (Marmbl no
06bEMy Gornblue, YeM Obin CyMMapHbI 00bEM BCTYNUBLLETO B XMMUYECKYHO peakuumto)). Marma
BbITEKAET Yepe3 Npobutoe oTBepcTUE B KOpe U 0Opa3oBbIBaET BYNKAHUYECKUI KOHYC 4O TeX Mnop,
noka He 3aKOH4YMTCSl 3anac cepbl B JAHHOM MECTE U He 3aKOHYMTCSl NPUTOK CONéHomn Boabl. Ecnn
yaap, BbI3BaBLUUIA BYNKAHUYECKYIO AeATENbHOCTb, BMECTE C BOAOW, CMbIST BHWU3 CIOU CKOMUBLUMXCS
OpraHMYecKknx oCcTaTkoB, TO, CFOPEB, OHM BMeCTe ¢ 061akom neperpeToro napa 6yayT BbIOpoLLEHbI
HapyXy B Buae obnakos nenna (4To B o6LLEM Cryvyae U3BEPXKEHUS ByrikaHa — He 0653aTenbHO).
lMpn OTCYTCTBUM KAKOrO-TO KOMMOHEHTa ANnsi 0bpa3oBaHus MarMbl (ByrKaHW4ECKOW NaBbl),
HanpvmMep, Boda MOCTynaeT He COonéHas MOpcKasl, a NpecHas, unvM B 4aHHOM MeCTe Cepbl HeT...
TO UMeeM B MOBEPXHOCTHOM Cfoe JAaHHOrO MecTa - MPOCTO BbIXOA ropsvMx BOA — TepMaribHble
WCTOYHUKM, B3SIBLUME TEMIIO HE N3 XMMWYECKOW peakumm, a OT pa3orpeToro Cros xenesa.

Ho, HyXHO cka3aTb OTAENbHO, YTO COOLITWIA, ONUCBIBAEMbBIX AMEPUKAHCKUMU YYEHBIMU, O
nageHun 60nbLIOro MeTeopuTa B panoH MeKcrkaHCKoro 3anmea u o rrnobanbHon rmdeny Bcero Ha
OpeBHen 3emne — He GbINO B TOM BUAE, Kak UX paspeknamupoBanu. JTo Obio He BHE3EMHOE
TENo U CKOPOCTb NPOGMBaHKSA Kopbl Obina He Ta, YTO NoAcTaBneHa B pacyéTbl. COOTBETCTBEHHO. ..

Pa3smep nnaHeTbl, BHYTPM KOTOPOW NPOUCXOANT PeakLmsl pa3orpeBa BELLECTBA, HE CTOSb YK
Benuk. [loctatouHo 6biTb NPUMEPHO Ha YeTBEPTb BonbLUe, YeM AMaMeTp HblHeLIHel JTyHbl, YTOObI
MUMETb Mo CaMOW NMOBEPXHOCTLIO, OXNAX4aeMOM OTKPbITbIM KOCMOCOM, aKTUBHYH TEPMUYECKYHO
neaTtenbHOCTb. [MaBHOe B npouecce: pa3mMep U Hanuyine cobCTBEHHOrO OCEBOr0 BpaLLEHUS,
poctatoyHoro ans dopmupoBaHus opoutel. CobCTBEHHOE OCEBOE BpalleHuWe, BMecTe C
dopmMmmpoBaHuem opbuTbl, NPUBOOUT K YMEHBLUEHWIO MPUBHECEHUS 3HEPTNA, NONy4YaeMbiX OT
“OnKoro” adoupa BCEMU NPOCTPAHCTBEHHLIMU CTPYKTYpamMu BHYTPWU MnaHeTsbl (rmaea “3emns” cTp.
103-106). CBobogHble TopouganbHble CTPYKTYpbl (kak Hambornee nérkMe u MNoABWXKHbIE)
BblJABNMBAIOTCA B HanpasneHun obpasoBaBllerocs peduumrta (4em KpynHee Teno, Tem
fdonbwui gedvumnT TopomaanbHbIX CTPYKTYP Yy Hero BHyTpu). Tak obpasyloTcs xaoTuyeckune
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3MNeKTPUYECKME TOKM OT MOBEPXHOCTU BriyOb nnaHeTbl. TOKM TopouganbHbIX YacTul, NPpUBOAST K
obpa3oBaHMIO NepeMEHHOro BHYTPEHHEro MarHUTHOroO Nons (XaoTUYECKOW MMOCKOW NOOKPYTKe
yactuy “gukoro” acupa). lNepemeHHoe (He HAacCTPOEHHOE B OAHOW MITOCKOCTM M HE MOCTOSIHHOE)
MarHWTHOE Mosie MPMBOAUT K YBEMNWYEHMIO OMaMETPOB KPYroB BpalleHWsi NMPOCTPaHCTBEHHbIX
“ofOMaLLHEHHbIX” CTPYKTYP — pa3orpeBy U CUHTE3Y HOBbLIX “XUMUYECKN YNCTLIX” 9N1EMEHTOB.

[axe oTHocWUTENbHO KpynHble HebecHble Tena He SABMSATCA MiaHeTamMu, UMesi rogoBON
nepvopg obpalleHns no opbute 6rM3kMM K COGCTBEHHOMY NMepuoay BpallleHus BOKpyr ocu. Ecnn
HEeT CBOEro BpalleHus, NpUBOAsLLIEro K obpasoBaHui0 COBCTBEHHONO MarHUTHOrO MOMs — 3TO
He CMOTpSA Ha pa3mMmep, He nnaHeTta, a cnyTHUK (BeHepa n Mepkypuii (B COnNHEYHOW cucTeme) —
He nnaHeThbl, a cnyTHUKM ConHua).

Ecnu HebecHoe Teno nmeeT manytlo COGCTBEHHYIO OCEBYIO CKOPOCTb (nepuog obpalleHns
BOKpYr na’pHOro Tena npMMEPHO COOTBETCTBYET Nepuoay BpalleHUsi BOKPYr CBOEW OCU) U He
pasorpeBaeT camMo CBOUX HeAp COOCTBEHHbIM MarHUTHbIM MOMeM, BO3MOXEH BapuaHT (6nn3ocTb
3Be3fbl (YeM oTnmnyaeTcs 3Be3ga OT MiaHeTbl, PaCCMOTPMM Ha npumepe Hawero ConHua 4yTb
Hke)) 6GombapanpPOBKM MOBEPXHOCTU MITAHETLI YXKe rOTOBbIMW MPOCTPAHCTBEHHO-CNMPArbHbIMU
CTPYKTYpamMm OPEXOB U TOPOB CO CTOPOHbLI 3BE3/bI. “3aroToBKW” aTOMHbIX 4ep (opexu), cocTosime
Ha pasHbIX CTaaUsaX BrIOXEHHOCTU “KOMbLEBbIX BMHTOB” M Cnupanen B MpPOCTPaHCTBO OAHOWM
TpaeKkTopuun, u, ToporaarnbHble CTPYKTYPbI (3IEKTPOHOB U NO3UTPOHORB), Byay4umn “BbICTPENEHHbIMMK”
npu npoueccax, NPOXOAsALUNX Ha 3Be3de, HeCyT C coboV COBCTBEHHYIO 3HAYUTENMbBHYIO SHEPTHIO.
Taknm obpasom, akTuBHast bGombapamMpoBka NOBEPXHOCTM HEGECHOro Tena Bbi3biBAET Ha HEN, a
He BHYTpW Tena, Nnpouecc BOMBaHMS OAHUX 000N0OYEYHbIX CTPYKTYP BOBHYTPb APYrUX, CryYanHo, C
OOVHAKOBbLIM BpaLLEeHWEM; UMK, YNpyrine OTCKOKW (eCNy BpaLLEeHUs He COBManu); unu ogeBaHue
“GoHaapHbIX 00pyder” Ha “knénkn”’. HacunbHoe BHeapeHue oaHMx  0BONoYeKk-opexoB B
NPOCTPaHCTBO APYrMX He COMpPOBOXAAEMOe AaBfieHUEM TOMLWM aHanornyHbIX CTPYKTYP W3BHE,
NPMBOOUT K TOMY, YTO BHOBb CO3[JaHHas CTPYKTypa — He cTaburnbHa U CTPEMUTCS K MPOU3BOSIbHOMY
pacnagy. o noBepxHocTM HebGecHoro Terna npoberatT “gaepHble B3pbiBbl” B OOMOJIHEHNE K
OombapanpoBKke CBEPXY BHELIHMMWU “SHEPTrUYHLIMK® YacTuuamu. Tak, nofy4vaeTcsl, YCTpoeHa
“YpaHoBaga [onkoHaa” Ha BeHepe, nyTellecTBMEe K KOTOPOM OMMCanu Hawu, MHOrMo peasribHO
3HawLwme, “daHTtacTtbl” Apkaguii u bopuc Ctpyraukme (“CtpaHa 6arpoBbix Ty4d”).

Manbin pasmep 6bICTpO BpalLatoLlerocss HebecHoro Tena — He JOCTaTo4dHOe OCHOBaHue,
yTObbI HE YBUAETH B TE€NE OCHOBHbIE CBOWCTBA MITaHEThl — aBTONOAAEPKaHNe NapaMeTpoB opouThbI
(konebaHua ckopocTu No opbuTe ymeHbLLEHWE paauyca opbuTbl U yBenuueHne paguyca opouTbl).
Hanpumep, MnyToH UMeeT CyTKM, ANsMecs B 3EMHbIX CEKYHAAX, BCEro 6 4acoB, 24 MUHyTLI. A B
MnytoHosom rogy 34 091,149 lMnyTOHOBLIX CYTOK — TUMWYHbLIE MPU3HaKM nnaHeTbl. He yeTa,
Hanpumep, Mepkyputo, KOTOpbIN AenaeT rogoBon obopoT 3a (B 3eMHbIX eauHuuax uukna) 88
CYTOK, 38 MUHYT, 41 cekyHay, a COBCTBEHHbLI 0BOPOT BOKPYr OCU (B TEX Xe eanHuuax) 3a 58 cyTok,
11 yacos, 45 munyT, 11 cekyHa. B MepkypmaHckom rogy npumepHo 1,5 MepkypuaHCKnx gHs.

Mpouecc, kak npu “nageHnnM” ogHoro HeGecHOro Tena B CTOPOHY APYroro (B CUITy Hanmyuns
ABMEHUS rpaBMTauLnm), BO3HMKAIOT CUIbl, 3aCTaBnsAoWMe Tena npuobpeTtaTb KpyroBble opobuThl,
W noaaepXxuBartb Ux - onvcaH B rnaee “3emnsa” ctp. 98-99 (u cTp.46).

Teno, “nagas” B CTOPOHY APYroro Tena, ecfiv MMeeT 0CeBOe BpalleHue, TO n3HayarbHo,
0oCb coBCTBEHHOrO BpalweHnst BCEIMJA nepneHavkynsipHa nnockocTn opouThl.

HakrnoH ocu BpaleHus nnaHeTsl — 310 BCEIMA pe3ynbTtaTt CTONKHOBEHWS C APYron NnaHeTomn.
He c actepongom, a ¢ Tenom, MmetoLLmM CO6CTBEHHOE, BblpaXKEHHOE OCEBOE BpaLLeHME.

Apxrnmea, n3obpeTsa 1 NpoAeMOHCTPUPOBaB AeNCTBME pblyara (M 6rokoB) Npou3HEC cpasy,
nepeBeaEHHYIO Ha PYCCKMM A3bIK, Kak: “[lariTe MHe TOUKY Onopbl, 1 st nepeBepHy 3emnto”. [ina noboin
MeXaHU4YECKON CUCTEMBI HY>KHa TOYKa Onopbl, YTOObI OTHOCUTENBHO HEE NMPOU3BECTM MOBOPOT.

A rupockonsl, Npu KacaHuu, obHapyKMBalT TOUKY onopbl B camux cebe. MNoapobHee o
npu4mnHax, Bbl3bliBalOLWKUX “Npeueccutio”, “HyTaumio”, HanpaBneHne Cunbl peakunun, npu geNcTemm
Ha OUCK MM OCb BpaLllaloLerocs rupockona — pas3bsicHeHo B rnaee “[ewxkeHne ten” (ctp.15; 25
COOTBETCTBEHHO).

Celvac, onsa npMmepa, BKpaTLe, pacckaxy: Kak HblHELHASA 3emns npuobpena HakIoH ocu,
a 3a0[HO U kak obpa3soBanacs JlyHa.

2 Kak obpa3oBanacb nnaHeTta 3emns Takasi, Kakylo Mbl 3HaemM

Ecnu gBe nepBuYHbIE NNaHeTbl, BpalLaroLMecs BOKPYr OCU COMNacHO CBOMM MEPBUYHBIM
3aKOHaM paBHOBECUSI Ha opbute (C NepneHauKynsipHbIMU OTHOCUTENBHO MIIOCKOCTU OpOUTLI
COOCTBEHHBLIMW OCSIMM BpaLLEHUS) U NULIMBLUMCL COCTOSIHUS OMHAMWYECKOrO PaBHOBECUSI Ha
CBOUX opbuTax, Ha KaxaoM BUTKE 0BOPOTOB, HAYHYT CONMXKATLCHA, OHU HEU3BEXHO MeaneHHO
HaBansaTcs Apyr Ha gpyra. OCTbifnble KOPOYKW, YAEpXKUBaOLLME pasorpeTbie 1 Xuakue, Bsa3Kue
BHYTPEHHOCTU MfaHeT — NpONOMSATCH, U OBa MpPOCKOMNa COMbIOTCS B OAUH rvpockon. CornacHo
npaeBunam BpalleHusa nnaHet (cmoTpuTte rmasy “3emnsa” cTp.46, 96-99), umes oguHAKOBOE
HanpaBneHne BpaleHusd Mo opbute, MMET M OOUHAKOBOE HanpaBfieHWe BpalleHus BOKpYr
COBCTBEHHbIX OCEW.
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[1Ba rmpockona BO3OEeNCTBYIOT ApYr Ha Apyra B6rusu csoux sksaTopoB. Oba akBaTopa
Haxo4saTCs B NNOCKOCTU X OPBUT BOKPYT LieHTpansHoro Tena. MNnockocTn akBaTopoB He naeansHo
COBMagalT: 3KBATOP MEHbLUEN (BHYTPEHHeW) nnaHeTbl (Mpu B3rnside CO CTOpPOHbI “ceBepa’”)
okasarcs YyTb “BbllLe” 3KBATOpPa HaBanMBLUENCH (BHELLHEN) NIIaHeThl.

'Mpockonuyecknm npasunam MNOAYMHWUINCE XKWAOKO-BA3KME MAHTMM U KYCOYKM KOpPbl Ha
noBepxHocTu. XXugkue BpallatoLmecss Maccbl 06pasoBany eauHbii BpallatoLwMnes rmpockon m
MMEHHO Ha Hero pacnpocTpaHAnocb MpaBuNO Kyda pasBopavMBaeT OCb  rMpockona
nogevicteoBaBLlas cuna (“[wkeHne Ten” ctp.21, 22). Hawnachk “Touka onopbl” BHYTPU CUCTEMBI
XMOKMUX Macc rMpoCKOmNoB U e4uHOoe, CrMBLLEeECs Teno, No BCEM NpaBunamM — NoBEpPHYNO OCb.

BHYTpY, CrnuBLUMXCA XUOKUX MacC, ABUranucb kak bunbspaHble Lapbl — sapa nnaHert.
Appo (TBEpOoe N MacCHBHOE) BHELLIHEW NNAHETbI MOLOLLNO K AApPY (TBEPAOMY U MEHEE MACCUBHOMY)
n 9apa coyaapunucb. BHelHas nnaHeTa goroHsna MeHbluyto. Yaap 6bin HaHECEH He TOYHO Mo
HanpaBfeHUIO B LIEHTP S4pa MeHbLUEN NraHeTbl, U OTCKOK MEeHbLLEro 13 aaep npousoLén He B
MMOCKOCTU 3KIUMTUKN, @ C OTKIMOHEeHWeM B CTOpoHy ConHua M HeMHOro BBepx (3KBaTop
Oonbluei M3 NnaHeT HaxoguIicsi HEMHOIO “HWXke” SKBaTopa MEHbLUEW M3 MIaHeT, No3ToMy, B
TAKOM >X€ MONOXEHUN CTONMKHYNMCb W SApa MnaHeT (npy B3rnsige Ha opbutbl CO CTOPOHbI
HbIHELLHEro ceeepHoro nontoca 3emnu)). bonbliee u3 sagep, crnerka oTkoBaB CBOW OpPMY O
MeHbLLEee 13 saep, 3aMeAnuIio CBOE NocTynaTtensHoe ABWKEHWE, Nepeaas UMMynbC MEHbLLIEMY U3
a0ep, KOTopoe, CoBepluasi OTCKOK “BO BHYTpb” M “BBepx” (MPMMEPHO Ha 5° oT nnockocTu
opbuTbl), Nnepegano uMnynbC Aanblle — akTU4Yeckn CTpye MaHTUKM, KOTopas coBepLuuna
BbIiNneck 3a O0DO0MoYKy nnaHeTbl Bcero, 4To ObINO Hag SA4POM MO HanpasfeHulo nepefaydn
nBuxeHnsa. fAppa, obpabotaB yaapom cebsi, npuobpenu mexay cobon obume nnockue
rpaHulbl, HO 6yayyn TBEpPAbBIMM U He NMaBKMMW — HE CRWMMUCb BOeAWHO, npuobpeTts obLiee
BpalleHne no 3akoHy (onucaHHoMmy B rnase “3emns” cTp.134-139) BHyTpU rpaHuL, BHOBb
obpasoBaHHOro HebecHoro Tena. A Xuoko-Bs3kMe maccbl obline, nocrne ChuaHUa, MaHTUR
noBepHynuch Ha 23,45° (23°27'). Utoro, nonyyaeTtcs, YTO NOBEPXHOCTb BpallatoLLlerocs wapa
noBepHYyra NoCKOCTb CBOEro 3KBaTopa (Npv B3rnsae n3BHe opbuT) No 4YacoBon cTpesnke Ha 23,45°,
a 94p0 BHYTPEHHEN (MeHblueW) nnaHeTbl nepegano MMMynbC OT yAapa BHELUHEro siapa yxe
npUMeEpPHO noA yrriom 5° npoTuB 4YacoBoW CTpenku. MecTo MakcMmarnbHOro BblflieTa Macc
W3HYTPU NNaHeTbl MOATBEpPXOaeT pacnonoxeHne Haubonee WM3BECTHbIX M BbLICOKMX FOPHbIX
nukoB. Hanpumep: 3Bepect 27°59'c.w., 86°55' B.AO., Yoropu 28°42° c.w., 83°30' B.A., TO ecCTb,
Kak pa3 u ectb Te camble 5°+23,45°= 28,45° c..w. U Becb panoH BOKpYr noan HasBaHUSMMU
pasgenunu Ha ropHble CUCTEMbl, @ 3TO NPOCTO OTrofIOCKM TOro camoro “‘rugpoyaapa” oT sapa
Hapy>Xy MOBEPXHOCTU. W He HyXXHO AymaTb, YTO MPOLLEeCC OT MOMEHTa HaBanmBaHus nNnaHeT Ao
NnoBOpOTa rMPOCKOMNa MaHTUM U A0 yaapa “OMnbapaHbIX WwapoB” saaep 6bin pacTaHYT BO BPEMEHM.

AHanns pacrnonoXeHusi ropHbIX BEpLUMH CUCTEM, KOTOpble noau Hassanu: [umanaw,
Mamnp, Tubet, MHaykyw, TsaHb-LaHb, Kapakopyw Ho, Ha camom gene, obpa3oBaBLUMMUCS
NoYTN OOHOBPEMEHHO U3 ObIBLUMX TEPPUTOPUIN OKeaHa U OCTPOBOB, MOBOPUT, YTO BCE NOAHATUE
N BbIMECK BCEX “NMOSIE3HbIX UCKOMAeMbIX” HbIHELWHEN 3eMnun (kpome yrns u HeddTu) NPOM30LLSIO
npumepHo 3a 40 muHyT. OT MOMEHTa HaBanMBaHUSA BHELLHEW NNaHeTbl A0 BbIMEecKa BCEX XUOKNX
fasanbTOB, CTaBLUMX BNocneacTsmu JIyHOW, BCero NpoLuno YyTb Gonblue ABYX YacoB.

[lnsa cnpaBku: 3a Yac HblHELHAA 3emnsi nponeTaeT no ceoen opbute Bokpyr ConHua, 8,5
CBOMX 3KBaTOpManbHbIX AnameTpoB. W, 3a kaxabl Yac, noBopaymBaeTcsa Ha 15°2°. A nnocKkocTb
op6uThI JIyHbI, KaK pa3 1 HaKNoHeHa K NNOCKOCTN opbuTbl 3eMnNn Ha Te camble 5°, nof KOTopbIM
W NPOU3OLLEN caMbli NepBbIn yaap 1 Bbibpoc BellecTBa. OT TpaekTopum JIyHbl U BblUMCNSETCA
HanpasreHue OTKyaa HaBanunacb nnaHeTa, Obina oHa BHELUHE NN BHYTPEHHEN N0 OTHOLLEHNIO
K MnaHeTe, Ha KOTOPYIO HaBanunace.

He Tonbko BelecTBa, obpa3oBaBLUMECS B MAHTMM MeHbLUEN U3 NNaHeT, OT yaapa s4poMm,
Oblnn BbIGpOLIEHbI HAa4 MOBEPXHOCTBIO UM CTanuv BbiNagaTb BHWU3 Hag pasHbIMU TEPPUTOPUSMM.
OpHoBpeMeHHO, MHOMME 0CadouYHbIe NOPOoabl, CKanmnvMBaBLLNECS ThicAYeneTusiMm, 6binv nponeyeHsl
Xapom Hefp, yepe3 ob6pasoBaBLUMECH B pa3opBaHHOMN KOpe TPELMHbl U, MOMYYUIINCh YXKe He
nnacTuyHble KameHHble cknagku. ObpasoBanucb He TOMbKO OYHWUTbl U TPaHUTbl, HO U TOPHbIA
XpycTanb. bbinv yactu kopbl, KOTOpbIe OT yaapa sapa B34blOuUnuch U nepeBepHynuUCb. Takos,
HanpumMep, Becb KONbCKMI NONYOCTPOB, Y KOTOPOrO rpaHUTbl okaszanncb 06pa3oBbiBalOLLMMUCA
B HWXKHUX CMOSIX M3 UMAUCTbIX Macc ObIBLUMX npexae noj NOBEepPXHOCTbI0 OkeaHa. A [ApeBHue
nopoAbl, YTO B ApPYrMX MecTax COCTaBfseT HWXHWE crnou kopbl, Ha KonbCckom nonyoctpose —
SABNSETCA €ro BepXHWUMW OTKPbITbIMM “3anexamu nonesHbiX wuckonaemblx”. [Oa npocTto
nocMoTpuTe Ha hopMy NOBEPXHOCTU BHYTPEeHHUX obnacTen Konbckoro nonyocTposa...

Kunsme macchl BbiNnecHyBLUENCA N3-Nof pa3opBaHHON MaHTUEW KOpbl, B COMETaHuu ¢
unamm obpasosanu rpaHuTel CkaHaMHABCKOro NosiyoctTpoBa. Boga, nonagas Ha xuakoe xeneso
MaHTUW, MTHOBEHHO NMpeBpaLlanach B nNap v BbiNfnéBbiBana CH13Yy BCE, YTO NepeMeLlrBasich, Tyaa
nagano. B pesynbTtate, MaHTUs, Yepes He 3acTbIBLUME IPaHUThI, BbINNIEBbIBANa BOASHbIM MapoM
OrPOMHOE KOJNTMYECTBO 3aMeLLaHHbIX, HO He 3aCTbIBLUMX Kanenb TOro Xe rpaHuTa, KoTopble nagas,
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3acbinany rpaHUTHBIMU BarlyHaMn U NECHYUHKaAMW OrpOMHbIE Tepputopun. Kapenbckuin nepelueek
obpasoBann He “OABwxeHMe neAHnkoB co CkaHOWHABCKMX rop” - CIULLIKOM HWU3KWEe ropbl Anis
ABuxkeHus negHukoB. MaccuBbl CKkaHOMHABCKUX rop M OTAeNbHble BanyHbl Kapenbckoro nepetuerika
obpasoBanucb MNpakTU4YeckM OOHOBPEMEHHO, HO, BanyHbl Kapenuum — paxe crapue
CKaHAMHaBCKUX rop, MOTOMY, Y4TO Obinn 3ameluaHbl 1 BbIMMOHYTEI 3eMnén, korga npouecc obin
B HayanbHOW cTaguu 1 Gonee akTuBeH. JleaHukM oGpa3oBanucb MHOIO MO3Xe, KOraa He TOMbKO
pesKo noxorogano, HO M MHOroO BoAbl HAMEP3No Ha ocThiBLUME rpaHuTbl. Boga Tyma nonana
KOHOEeHcaToM M3 aTMocdepbl. A 0 3TOro, AONTUIA NEPUOS BPEMEHWN CBEPXY ChIMannch U KpynHble
Kannu u pasopBaHHble napa’My MbIMHKA (MECYMHKM) COCTaBHbIX YacTew rpaHuTa. Takum
obpa3oM, kaMHM Ha Kapenbckom nepellerike noxoxu Ha CkaHAWHaBCKME Topbl, HO HUKaKue
NefHUKM MX OTTyga He nputackuBanu. Besa CkaHanHaeusi M Becb Kapenbckui nepelleek m3
BanyHoOB W neckoB, GeperoBble rpaHUTHble ckanbl Konbckoro nonyoctpoBa — obpasoBanuch
NpPakTU4eCcKn OAHOBPEMEHHO.

AHanornMyHo co3faHHbIMK, Yy Pa3opBaHHbLIX KPOMOK KOpbl, U BbIOPOLIEHHBIMU BOASIHLIM
napom KamHsiMM, 0oOpa3oBaHHbIMKU K3 MOGOro Matepuarna, BbICYLUEHHOIO >XapoM XWAKOro
)Kernesa MaHTWUW, 3acbinaHbl NPaKTUYECKN Bce Tepputopmmn 3emin. 3a UCKMYEeHNEM TEpPPUTOPUI
ObIBLLEr0O MOPCKOro AHa NpoTo3emnu, 3acCenéHHOro KopannaMmm 1 MMEBLLUETO 3anexu He una, a

KopannoBoro necka. lNMponeyYéHHble >XapoM UNNCTble MacChl — TOXE 3aHMMaKT HEMAanO HblHELLHEeN
CyLLUW, HO, Brivke K NoNsipHbIM 06racTam.
PaspblB TBEpAbIX NOBEPXHOCTEN KOPbI NPOTO3EMIN, MOBEPX KOTOPbLIX Nexarn KopannoBbli

NecoK He COMPOBOXAarncs 3amecoM rpaHUToB. TONCTLIN CNow necka 1 0GrIOMKOB KopanmnoB, Kak
OChbIMK 3aMOHAN PasfoMbl pa3bexaBLUNXCS B CTOPOHbI Y4aCTKOB NEPBUYHON KOPbI NaHeTbl Kak Obl
natas wenun. OCKOMK1 NepBMYHON TBEPOON KOpbl M KopansoBble (nepeMonoTble pbibamu 3a
MHOTMe ThiCAYENneTUs B MeCOK) M3BECTHSKM COMPMKOCHYBLUWCb C Xapom Hedp obpasoBanu
oYeHb crneunduryeckme MpamMmopbl (LLBET M KOMNOTblE BKPaNnieH1sl B CEYEHUSX MOXHO YBMOETb B

Sy oo, Z
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LWMcpOBaHHLIX NANTKAX U OTAENKe 3a4aHui. .. B ErvnTe, nnu nrobor npuKpacHoMOopCKowm CTpaHe).

Korga TonwmHa necyaHbix 3anexen Obina pacTsHyTa Ha MOKPbITUE pacLuMpuUBLUENCS
TeppuTOpuN, COOTBETCTBEHHO, YPOBEHb MOBEPXHOCTEN MECKOB, CTAHOBUIICS HUXE.

Bonblwme nnowaau BAONb pa3fgBrHYBLLUMXCS Pa3fioMOB, BMECTE C OCTaBLLUMMUCS XONTMaMu 1
prdamm, OCenu HUXe... HUXe HbIHELLHEro ypoBHs BoA. YacTb ObIBLUMX NOABOAHbBIX KOParnoBo-
necyaHbix 6apxaHOB — oKasanacb HblHeWHMK Geperammn KpacHoro mops (310, Hanpumep, Te
ropbl, KOTOpble BCe BUOAT Mexay nobepexbem KpacHoro mops n pekon Hun. Hun, no Erunty,
TEYET MO TakoMy >xe MpoBany, kak u oeper KpacHoro mopsi. TonbKo KopamnmnoBble MNEecKu nog
KpacHbiM Mopem 3anaTanu 60’ nbLUy0 TEPPUTOPUIO N OKa3anuchb Tenepb NexallnuMm HXKe, Yem
Oepera. BricTynatowme BBepX BEPLUMHBI APEBHUX KOPAnoBbIX KOMIOHUA U BEPXYLUKX NecYaHbIX
OapxaHOB OCTaBLUMECS MOA BOAOW — MOCMYXWUIM OCHOBaHUSIMW ANS POCTa KOMOHWI KopasnnoB
HblHeLwHUx pudcos. Best Caxapa — ObiBLUNIA kOpannoBbIi 6acceriH TENMOro okeaHa NpoTo3eMnu.
(PoTorpadum ¢ ronybeiM TOHOM — 3TO Necok KpacHoro mops Ha rnybuHax 30-45 meTpoB, a cnegom
doTorpacpum necka Caxapsbl, rae BUOHbI TOYHO TakMe XK€ MOPCKUE BKIIHOYEHMS (Tak MeHsieTcs
€eCTecTBeHHasi uBeTonepenava u Ha rinybuHe XEnToe 1 po30BOe CMOTPUTCA Kak ronyboe), a ckaTbl
BbIKaMbIBaKOT W €4AT TOYHO TaKMUX XKE MOSSIOCKOB, OCTaBIIsAsl PAKOBUHbI MeXaTb Ha ThiCSYeneTus).

Bcé ckasaHHOE MOXeT NMUYHO YBUAETb Kaabl, ecrnim BygeT He TONbKO HbIPSATb B AMBHO
KpacuBbIX KOpasifoBbIX cagax MHOrovMcrneHHbix pudoB KpacHoro mopsi Ha rnybuHax 10-30
MeTpOB NOBYSACk YAMBUTENbHLIMU pbiGamu, HO BbIMOMHWT BAOMb BHELWHUX CTEH pudoB Gonee
rnybokme norpyxeHus xots 6ul Ha 40-50, a To n 6onee MeTpoB (KUCIOPOO, CxxambIl 8 cocmase
8030yxa, 8 basirloH akearnaHaa, CmaHO8UMCS MOKCUYEH HadyuHas ¢ 57 mempos, noamomy, Oss
bonbwux 2nybuH nospyxeHusl, U napuuasnbHoe 0aernieHue (MPOUEHMHOe COOMHOWEHUE 2a3a 8
cMecu) KucriopoOa Oenalom MeHbuwle, U Hapkomudecku delicmeyroujuli nod OasreHueMm a3om
3ameHsitom Ha 2enul (Hwke 50-57 mMempoe ucronb3ytomcsi 2e/IUOKUCIOPOOHbIe CMecU)), C
OCMOTPOM CTEH W OCHOBaHuI pucoB. A 3To Aenan Ao TOro, kak CpaBHMBAM NeCoK U BKpanieHus
B MECOK OCTaTKOB KOpAaIioB U PakoBWH ErvneTckon nycTbiHM, U CTan pacckasaTb O NpeabicTopun
JaHHbIX TEPPUTOPUIA.

Mo nmpuunHe Toro, yto Caxapa — 3TO AHO APEBHEro TEMSIOro MOps, cpean eé neckoB
HaxXoAsITCA He TONbKO PaKOBMHbI M OKaMEHEeBLUME Kopariibl, HO U CKeNneTbl KUTOB (cunTaeTcs,
4yTO Bospacaﬁ,u,eHHblx B Caxae, KMTOBbIX ckeneToB — 40-45mnH. neT)

MoTomy HbiHewHsin Caxapa u Bce Gepera KpacHoro mopsi M eCTb MyCTbIHA, YTO 3TO
n3HavanbHO — necyaHoe AHO Mops, rae He obpasoBarcs NIoAOPOAHbLIN CIOM rymMmyca unv una.
BuiBlne Oepera gpeBHEro mMopsi — U Tenepb XOPoLWo BUAHbI — Gepera, no-sugumomy, Obinu
COBEPLUEHHO PAaBHUHHBLIMMW, MOCKOSIbKY TENEPb 3TO ropbl C NIIOCKMMM BEPLLUMHAMM U HA 3TWX NITOCKMX
BEpPLUMHAX, HE CMOTPS Ha Te e camble LUMPOTbI U BEYHYH XKapy, NPEKPACHO, 3a CYET Hannunus
NnoaopoaHoro crnosi, obpasoBaBLUErOCst B OPEBHOCTW, NPoM3pacTalT pacTeHusi. ATO U ropbl
CypaHa, c 03épamu, Yepes koTopble NpoTekaeT Hun, 310 U BepxHee nnaTo 60MbLIOro kKaHboHa B
Ns3paune, BepxHMe nnato rop BOKpyr MEpTBOro Mopsi M BOKPYr mecvaHoro napka TuMHa,
M3BECTHOrO CBOMMMW MECHAHO-U3BECTHSKOBbIMU urypamm (ObiBlUME KOpannoBble pudbl) U
Kannsamm camopogHON YNCTON Mean OCbiNaHHbIMKM NECKOM Kak nyapon. Kak, oTkyaa v koraa megb
W KaMHW Ha OCHOBe conen Mmeau nonanv B TumHy (konu uaps ConomMoHa) paccKaxy YyTb HUXE,
Korga nogpobHo 06BACHIO NpoLecc 0bpa3oBaHUSA HbIHELHEN 3eMnu.

[aHHble ons nepecyéta TOro gaBHEro cobbiTMs B 0O6paTHYHO CTOPOHY, MOCTOSIHHO MMEEM
nepepn rnasamu.

CymmapHbIi 00BbEM [BYX y4acTBOBaBLUMX B MpoLecce MraHeT — 3TO cymMma O0O6bEMOB
3emnu u JlyHbl. B3rnsHuTe Ha rnobyc. Y Koro He BO3HMKaro accounauni CrioXuTb MaTepUKM u
ocTpoBa 6e3 pa3pbiBOB Ha MOps 1 Nponuekl? MpaBubHoe xenaHune. N oHo yxxe 6bino npogenaHo

269




(pnc.5.27). MNpaBga, ¢ ownbkon. B caenaHHom rnobyce, roe Bce MaTepukm 06pasyloT efuHbIn
LapuK, 0XXKHYI0 AMEpUKY MpUNoOXuUnM He ToW cTopoHon K Adpuke. lNMpuknagbiBanu — Kak oHa
cenvac noeépHyta. A, Ha camMoM [fene, KXHYI0 AMepUKY MOBEpHYNo npaktuyecku Ha 180°.
BoCTOYHy0 4acTb OKHOW AMEpPUKM OTOpBanO OT HblHELHEeN BOCTOYHOM YacTu CeBEpPHOM
Amepukn. CTbIK MeXZy KyCKOM NOBEPXHOCTU Pa3opBaHHOrO Llapa, KOTOpbI cenvac Ha3biBaeTcs
Adbpuka (3anagHasa cTopoHa) 6bim BMECTE C KyCKOM, KOTOPbIA cenvac toxkHass AMepuka n Toxe
3anagHas cTopoHa. [loBepHyno To camoe nageHwe, GOnblIOW Macchl, Crnefbl KOTOPOro u
OBHapyXunM B HblHEWHeM MekcukaHCckoM 3anuvBe. YyTb HMXe 9 BEpHYCb K aToMy. A ecnu
paccMoTpeTb penbed aHa Kapnbckoro Mopsi — BUAHO Kak UMEHHO pa3fsuranucb U paspbiBanvcb
nnacTbl KOPbl ApeBHEN NPOTO3eMy NpU pasBopoTe KXHOW AMEPUKN.

X
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Eweé ogHa nogckaska-mogernb. Bam Hy»XHO COBMECTUTb 06 BbEMbI ABYX MSAYMKOB. [lonycTum,
Bam aTo yganocb caenatb, HO... 0OpbIBKaMU LLKYPKM OOQHOMO M3 MSAYMKOB HEBO3MOXHO MOKPLITh
yBenuumBLLMICA 06bEM Ge3 obpasoBaHus nponnewnH U 6e3 cMATUS OBPbLIBKOB LLKYPKM 3TOrO
MsiYMKa, KOTOpon Bbl nonbiTaeTechb NPUKPbITL 06LLMIA 06BEM. U KpMBM3HA NOBEPXHOCTU Apyras.

Kakoro pasmepa 911 “06pbIBKM LLKYPKK” cendvac:
AscTpanust 7 614 500 km”; Adpvka 30 320 000 km*; AHTapkTuaa 13900000 kM, ceBepHas
Amepuka 24 250 000 km?; toxHas Aveprka 17 830000 km?; EBpasusi 54 500000 km?; OkeaHusi
1365500 km?; Bcero: 149 780 000 km’. OTo COOTBETCTBYET paauycy lwapa 3 452,4 k.

Pwuc. 5.27 T
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Ha camom gene, pacyéTt He TOYHbIN, KakK M NOKa3aHHble Ha unncTpaumm ot Poccuinckom
AkageMnn KocMoHaBTUKM UM. Linonkosckoro rnobycel pocta wapa 3emnu. B aaHHon cucteme
3abbinM pacnpsiMMTb U BbIMUCNUTL L00ABOYHYKO MNowanb HOBLIX FOPHbIX MaccuBoB (AHAbI,
Kopavnbepbl), n 3abbinu aobasutb Nnowais, KoTopas NpocTo 6bina B Lap BMATa HaBanuBLUMMCSA
BHELWHUM TenoM. BmsiTble yacTu — He BCMNbINM LenbiMK, a NOy4acTBOBanM B TEPMOSIAEPHbLIX
peakumusix BHYTpM nnaHeTbl. (C 4YacTbld BMSATbIX BO BHYTPb Y4acCTKOB KOpbl, OaBrEeHUE U
TemnepaTypa, 4O WX BCMMbITUS MO4 MOBEPXHOCTb (MO 3akoHy ApxvMMeda) HOBOW KOpPbl HOBOM
nnaHeTbl NpoAaenany MeTamopuyeckne N3MeHeHUs CTPYKTYp.)

WToro, peanbHbi NepecyET MMEIOLLIECA Mo aam NOBEPXHOCTU U YTpaYeHHOM NOBEPXHOCTH
nosgonsieT (Ha 15 utepauun) nonyunTb paguyc wapa npoto3emnu: 4446 269,372 M, 0ObEM:
368 193 333 056,29 kM°, nnowaab nosepxHocTn: 248 427 492,94 kM®. W, ucxodsi U3 0CoOBEHHOCTM
BpaLLleHUs1 HblHEWHeW JIyHbl, 3TO Oblna BHYTPEHHSAS M3 napbl NIAHET, COXpaHsiBLIas CBOWU
napamMeTpbl ABUXEHUS NO opbuTe 1 CKOpoCTb 0BpaLLleHns BOKpYr CBOEN ocu, 4O caMOoro MOMeHTa
HaBanuBaHWS BHELUHeN nnaHeTbl. BHelHas nnaHeTa umena paguyc: 5 603 640,830 m, nnowanp:
394 593 971,656 kM® 1 06BEM: 737 054 296 986,75 km°.

Ha obpaTHowm cTopoHe nesoro rnobyca — sikobbl TO, YTO HE MOKpbIBana cylla — nepBuyHOe
mMope. Ho, oTkyaa 6bl, ecnv mope 6bIfo TONbKO B OAHOM “yrny” OT BCero wwapa, otkyaa obLumpHbie
MOPCKME OTIIOXKEHUS cenvac Ha Bcex KOHTMHeHTax? Het! Tam npocto He nokasaHa ob6onovka,
cnenoB KOTOPOW He Halwmm — 0boroyka — BMsiTasi BO BHYTPb NilaHeTbl HABaNUBLLENCS C BHELUHEN
CTOPOHLI €€ opbuThl, Apyron nnaHeTon. PasHuua nnowiagen pacyéTHon npoTo3emMnu 1 feBoro
rnoGyca rosopuT, 4TO Ha rmoGyce NoTepsAnu Nnowanb, paBHyo cymme Acdpuku, AHTapKTUAbI
v EBpa3unm (OBa neBbIX pUcyHKa LwapoB pu1c.5.28). A mexay nesbiM 1 npasbiM rnobycamu — 2 Yaca.

Takmum obpasowm, - HaBcerga 3ABYbTE 06 nctopum ¢ MNaHreen n NoHaBaHow. Hukorga Ha
3ewmnie He ObINO pa3opBaHHOroO Ha Kycku npotoMartepuka. PasopeaHa obonouka Lienon nnaHeThbl.
M npuunHa BnonHe onpeaenéHHas: M3-3a CAMsHUA MacC ABYX nnaHeTt, 60’nblias nnaHeta
YHUUTOXEHA MPaKTU4eCKn C €€ KOpOoM — BCE MOLUNO Ha pacnnaB U CUHTE3 9MEMEHTOB, U B
MeTamopduryeckue nopoapi.

O60nouky MeHbLUEeN NNaHeTbl — pa3opBano Ha KyCcku (M 9TO KaXeTcs YAUBUTESbHbIM, HO
pacyéT nokasbiBaeT, YTO COXpPaHUBLUAACA Kopa MNEPBUYHOW MMaHETbl — MpuHaanexana 4yTb
MeHbllen no AuameTpy nnaHete). OOonoyka MeHbLIeW MfaHeTbl pasopBanacb, a
“BbINnecHyBLUNeC” Xngkue, BA3Kne Maccbl MaHTUN — 3anunun U NornoTUM Bpe3aBLUMIACH B HUX
rMMPOCKOM aHanorM4Hom NraHeTbl BMecTe C €€ Kopon. KyCcku Kopbl MeHbLUen nnaHeTbl NyCTUNNCG B
nnaesaHvWe Mo MOBEpXHOCTM 06ulero o6bEMa, MOCKOMbKY KOpa — 3TO OCThbIBLUME LUNakM U KX
CPefHsIsl MNOTHOCTb P=3,89 T/M° (WWNaKkM — Kak B AOMEHHOW Meuu, COeAMHEHWs] METanmoB C
HemeTannamMmm u oKUcrnaMmm UMET MEHbLLYIO MIOTHOCTb, YeM BbiNnaBnsieMoe xeneso, n 6onee
Tyronnaekue LUMaky BCMMbIBAOT Ha MOBEPXHOCTb 0Opasys KOpPKy), a NIOTHOCTb MeTanna noj
kopon p=7,88 T/™° [I’/CMS] — Xeneso - ero B COCTaBe Mopod 3eMHOWN Kopbl NpumepHo 34,6%
(nogpobHee B rmaee “3emnsa” cTp.50 n ganee), cpedHss MNOTHOCTb 9apa 3emnn p=21,922 /™
(rmasa “3emnsa” cTp. 134 n panee).

Y KaxOonW M3 nnaHeT peakumm aOepHoOro cuHtesa OopMUPYIOT U3 OPEXOBUAHLIX U
TOpomaanbHbIX CTPYKTYP, CTPYKTYPbl CTOfMb MIIOTHbIE M CTabunbHble, YTO CO34aHHas BHYTPU
nnaHeTbl TemnepaTypa yXe He OEpXWUT UX B XMOKOM arperatHom COCTOsiHUW. TakoBbl BCe
nnatuHongbl. OQHOBPEMEHHO, Y NNaTMHOMA0B camas 6onbLuasi NNOTHOCTb U3 M3BECTHLIX Ha 3emne.
MIMeHHO MoaToMy y nnaHeT, NoA XUAOKUMWU U MOABWKHBIMWA CMOSIMU MaHTMU eCcTb TBEpAble
TshKEnble agpa. VIMEeHHO MOSTOMY Y HblHEeLWWHeNn nnaHeTbl 3emnst — ABa agpa. OHKM He cnnaBunnch
Mexay cobon, Ho, ABHO MOMpaBuin KOBKOW CBOM Npexae wapoodbpasHble hopmbl. IMEHHO Takoe
BHYTpEHHee CTpoeHue 3emMnu sBnseTcs MPUYUMHOW HEOAHO3HAYHOro MNpPOMyCKaHWsi CUrHarnosB
axorpamm (B3pbIBOB) Yepes TOrLLY 3eMHbIX MOPOL Ha NPOTMUBOMOMNOXHYIO CTOPOHY NOBEPXHOCTMU.

Y nepBuyHO 0Bpa3oBaBLUNXCS MNaHeT ¢ COBCTBEHHOM OCbIO BpalleHus NnepneHamKynspHOm
NNOCKOCTUN OPBUTBI — HUKAKMX MOME3HbIX MCKONaeMblX B BUAE MECTOPOXAEHUI Ha NOBEPXHOCTU —
HeT 1 BbITb uandeckm He moxeT! LUnaku, rasel, kpuctannbl. H/UXHIOK YacTb KOpbl NEPBUYHON
3emnu Bctogy obpasoBbiBany 6asanbThl. He rpaHnTbl. Bpems 1 ycrnoBusi 06pa3oBaHUst rpaHUToB
Hayanochk TOJbKO Mocrne paspbiBa 060M0YKM MaHEThI, KOrga CMeLanvcb CXXUraemble B XXUOKOM
MeTanne ocado4Hble MOopoAbl, elWé nnacTuYHble Wnbl, KBapuuTbl, WnNatel U Boga. Kak B
OeToHax (oTBepXxgaeMbiX BOOON), B rpaHnUTax Takke cogepxutcest oT 10 oo 15% xuakon Bogpbl.

Ha pucyHkax 5.28 cxeMaTudHo n3obpaxeHbl (KpOMe NoKa3aHHbIX COOTHOLLIEHWIA pa3MepoB)
2 npouecca, NPoUCXoaMBLUNX OOHOBPEMEHHO: KaK KOBanu Apyr Apyra sapa nnaHeT, OKasaBLUWCh
pPSOOM, NOAYMHSASCE HBIOTOHOBCKOW MexaHuke. W kak, oToenbHO OT s4ep, pa3BepHynucb no
rMPOCKOMMYECKOMY MpaBuny XuakMe Maccbl OO0beAUHEHHOW MaHTUM (C nnaBaBLIMMW Ha
NMOBEPXHOCTU OCTaTKaMu Kopbl MeHbLlen u3 nnaHet). (KpacHbl 3nnunc Ha nNpaBoOM PUCYHKe
COOTBETCTBYET N0 hopMe NOBOPOTY Kpyra akBaTopa Ha 23°27’ B NNOCKOCTU, NeprneHANKYNsSpHOM
pucyHky.) Npu aTom, yaapsl TSXKEMbIX “MOMOTOB” siAep ycTpamsanu “ruapoyaapbl” No BeLlecTBy
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MaHTUW, BbiIGMBABLUME YaCcTU MaHTUM 3a npeaenbl nnaHeTbl. MoABMKHOCTE MEHbLLENO U3 Aaep
Gbina Bbllle, COOTBETCTBEHHO W BCMMECKM TaMm, rOe OHO HaHOCWUMO yaapbl, MNOMYyYUNUCh
WHTEHCMBHEe. A HaM OHM Tenepb 3aMeTHbl Kak rPOMagHble TOPHbIE MacCWBbl, MOCKOSIbKY
okasanucb NPoGUTLI Yepes CYLLIECTBOBABLUYIO KOPY M3HYTPY HapYXy.

bca HeiHewHss

JEMHOA CUWa

Lymmaprsil 00bEM:
npomo3emns +

/yHa

npomo3emns

Habanubwasacsa niarema
(/lerypus)
|

= Jemng + //5\/%/0
232!

Pwuc. 5.28 CoOTHOLLIEHWE NNOCKNX NPOEKL M LLIapoB

HomkeH caenath elé ogHO BaxHOe 3aMevaHue: BHellHAsa nnaHeTa, HaBanmBLUAsaCcHa Ha
BHYTPEHHIOIO, - 3TO He Obina nponaBwasa nnaHeta ®astoH! ®astoH Obin yHuuTOXEH O
obpasoBaHusa HblHelHen 3emnu M3 Asyx nnaHet. Kak A yxe roBopun, BHYTPY BpallaloLLnXCS
nnaHeT UAyT peakuun CUHTE3a 3NEMEHTOB, a MOBEPXHOCTb COCTABNAIOT CMOXHbIE COeAMHEHUS
wnakoB. [Mpobnembl OpeBHeEW reonorMM He MO3BONANM HUKAKOM [OObIMU HYXHBIX YUCTbIX
BELLECTB Yepes KOpKy 1 crion pacnnaBoB. [JobbiTb YNCTbIe BELeCTBa MOXHO TOMbKO MOMHOCThIO
paspyLmB nNnaHeTy n cobpas oxnaKgEHHbIE KOCMUYECKMM XONOAOM bIObl HYXKHbIX BeLecTB. A
KaMHM ObIBLUEN KOpbl — OCTalOTCA NeTaTb MO €€ npexHen opbute B BuAe Mycopa wnm
pasneTatoTcs, 0bpasys actepoungpl.

Mocne HaBanuBaHWS OOHOW MMaHeTbl Ha OPYrylo, B COOTBETCTBMM C FMPOCKOMUYECKUM
npaBuroM, Havyancsa noBOPOT OCY BpaLLeHUs Nnog NpsiMbIiM YrIIOM K BO3HUKLLMM (B OOHY U Ty Xe
CTOpPOHY noAencTeoBaBLUMM) cunam. Ho, ogHoBpeMeHHO, Ha aapax, nogenctsosan |l 3akoH
HbloToHa: “UA3MeHeHue konudecTBa OBWXKEHWUS MPOMOPLUOHANbBHO MPUMIOXKEHHON [OBUXYLLEN
cune v NPOUCXOAWUT MO HampasfeHuo TOW NPAMON, MO KOTOPOW 3Ta cuna JAencTeyert.”
CnepoBaTtenbHO, MO HanpasrieHWo, MO KOTOPOMY BHELLHEe AP0 CTYKHYNO Mo s4py npoTo3emnu,
noLuna peakuusa nepegayun 3Heprum Ha BbIOPOC XKUOKUX MAcC MaHTMM BMECTE C OTOPBaHHbIMU
OT s4ep nnaHeT TBEpAbIMU YacTaMu. Bce BbIOpoLLEHHbIE HAaBepX, Ha4 MOBEPXHOCTbLIO, XUOKNe
MaccChbl BELECTB MaHTUM NpuHaanexanm MMeHHo npoto3emne, a Nno 06bEMY BbIOPOLLIEHHOro —B
cymme, 6nmusko k o6bEMy sapa npoto3emnu. lMpobmBas nyTb HaBepx, BHYTPEHHWE MaccChl
B34bIOVNN MNUCTbIE MacChl NPUOPEXHBIX PAaioHOB NPOTO3eMnM 1 packugany B atmocdepy v 3a
€€ npegenbl OrPOMHOE KOMNMYECTBO BOAbl BMECTE C 0buTaTensiMu, una, noysbl, KYCKOB KOpbl.... B
3aBUCUMOCTU OT MacC KyCKOB MW TMPUIIOXEHHbIX K HWM B pe3ynbTate Ccwuf, uxX BbineT
OCYLLECTBMMCA Ha pasHOe pacCTosiHME (CNULLIKOM TSKENnoe Wnm ChuKoM nérkoe — netaeT
Nnoxo, He BbICOKO). Hanpumep, TonbKO odeHb 6Gonblume “kannn”’ okeaHa, BMecTe ¢ obuTaTensamu,
MOFMM MPUHANK OKpyrnble OopMbl U, 3aMEP3HYB B KOCMWYECKOM XOriofde, cTaTb KoMeTamu
(vHorpa BosBpalLalWmMnca U k 3emne, HO, B OCHOBHOM, obpallatolimecs no TpaekTopuu ¢
ConHuem B ¢okyce). MoaTomy, cTpenbba BOMHCTBEHHbIX aMepUKaHLIEB NO KOMEeTaM — YUCToe
BapBapCTBO — TaKoe e, Kak ecrnv Obl OHM 3aTeanu cTpenbby no myseto MeTtpononuteH, JlyBpy
unn SpMUTaXKY NOTOMY, YTO HE MOFYT CXOAMTb MOCMOTPETb AKCMOHATLI. 3aMép3lume B TomnLax
BOAbl 3KCMOHATbI — YHUKamnbHbl. OTO OHW, OTTauBasi U cropasi, o6pasytoT “XBOCTbI” KOMET.

Kaxxgoe BosBpalyeHne KoMmeT K ConHUy — eCTeCTBEHHbIE HEBOCMOMNHMMbIE yTpaThl. Bogy
BbINIieCcHyna He Tonbko 3emns. B kocMoce neTtaet MHTEpNIaHeTHbIA BMoNorMYecknii Mysen, a
NI0AM BbIXOOAT Ha HEr0 CMOTPETb Kak Ha KocTép [hxopaaHo bpyHo.

Korga ocb BpallleHVs1 MaHTUIA CIIMBLLMXCA NNaHET YKe OTKMOHUMIachk NpuMepHo Ha 23,45°
ObIn NuK, MakcuMmyM Bbibpoca noa yrrom 5° k aknunTuke. Ho Ha 3ToM npouecc He 0CTaHOBUICS.

MnaTuHomgHble sapa — ynpyru (p=21,922 T/M3) (Tnasa “3emnsa” ctp.134-138). Pacnnassl
BeLLlecTB MaHTuMu — BA3kM (p=10,514 T/M3) (cTp.122-133). MNosTomy uUenb yaapoB noBTopunach
HEeCKONbKO pa3 npoxoas B 0b6e CTOPOHbI 1 KaXAbIN pa3 yBenuumBas yron (LUmMpoTy) Ha KOTOPOW
npovcxoamn BbIGPOC BELLECTB C YyTb MEHbLUEN 3HEPrnen, Yem nepBoHadvanebHo. [lpu aTtom,
MeHblUee siAPO BbIOMBANO MacCbl MaHTUM 4epe3 OocTaTkuM Kopbl npoto3emnn, a Gonbliee —
yepes3 y4yacToK, rge kopa ewé He obpasoBanacb BHOBb. [1oaTomy, co cTopoHbl EBpasuu
HabnaaTCs ropHble CUCTEMBI C MMKaMM 1 COCTOAT OHM U3 OKaMEHEBLUUX MOPCKNX OTIOXEHWN,
rPaHNTOB N “nonesHbIX MckonaeMbiX” — YaCcTUYHO 3aCTPSIBLUMX B UIUCTLIX Maccax BelecTsBax us
MaHTMK. A, C NPOTMBOMOJIOXHOW CTOPOHBI LWapa, Ha AHe Tuxoro okeaHa — xpebTbl 1 BNaguWHbI.
[aneko oTnetenu BbIOPOCbI TOMBKO CaMOro MOLLHOITO — MEpBOro TON4Ka, 3TU >Xuakue
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fbazanbToBble Maccbl — He BepHynucb obpatHo. MecTto Bbibpoca: 3OBepect 27°59'17"c.w.,
Yoropu 28°42'c.ww., Karnnac 31°04'c.w. — aTM Maccbl He BEPHYNUCb, BUAMMO, U3 3TOr0 yaapa u
cocTaBneHa JlyHa. Ynpyrun Bo3spaT MeHbLLEro u3 aaep u ygap no 6o'nbwemy Bbibpocun rmoidy
CO CTOPOHbI KXKHOTO MonyLiapws, rae He 6blro chopMMPOBaHHON KOPbI, a, TO, YTO COOTBETCTBYET
LUMpOTe BO3BpaTa BbIOPOLLEHHON MaccChl, MPOOMITIO KOPY U YTOHYNO B MaHTUW, 06pa3oBaB ByrikaH
Kunumanmpkapo 3,066°10.1W... Ynpyrue Mmaccbl MaHTUn, nepeaany uMnynbc obpartHo, 6onbLiemy n3s
agep v garnee, Ha MeHbluee u3 sgep. COOTBETCTBEHHO, CyAs MO yrriam Bbibpoca macc, 3To:
KoHryp 38°35'62". Myartar-Arta 38°16,5'c.w., Ucmann Camanun 38,95°c.ww., nuk JleHnHa 39,33°c.w.,
nuk KopxkeHesckuin 39,057°c.ww., nuk Pesontouun 38,51°c.w., nuk Mapwana >Kykosa 39,3167°c.Lu.

Mpouecc, korgaa a4po nocre nepefayv ABUXKEHUS MaccaM MaHTuW, BO3Bpaliano yaap
Opyromy siapy nof yBenmunMBaBLUMMCS K NIIOCKOCTM OpOUTbI YrNoM, yBenMumMBar v yron nepeaayu
Ccunbl Maccam MaHTUM (aHanorM4Ho ONMCaHHOMY M HAapPUCOBAHHOMY), U, MOBTOPUSCSH HECKOIbKO
pa3 C NOCTENEeHHO CHWXaBLUenca cunon yaapos. [103TOMy, rOpHble MUKW pacrnonaralTcs Ha
noBepxHocTn EBpasun guckpeTHbiMu rpynnamu: TudeT, MNamup, KaBkas, bankaHbl, Anbnbl.

Kpome npsiMbIx HanpaBneHvun ygapoB OT f4pa HenocpeACcTBEHHO BBEPX, KOMblllallmecs
BSAA3KME MacCbl MaHTUWM BbINNECKMBANMCb U 4Yepe3 gpyrve paspbiBbl ObiBLIEN TBEPOOW KOpbI
npoto3emnu. Hanpumep, Ypanbckve ropbl — BOBCE HE ApPEeBHEE MpPO4YMX FOPHbIX MaCCUBOB.
Yepes TpelumHy B 605bLLIOM 06pbiBke 060104KM NPOTO3eMnu (a TpeLLMHbI BO3HUKaNN Hen3bexHo,
Tak-kak 060noyvkon “cluMTOon” MO Mepke MEeHbLUEeN U3 MiaHeT HEBO3MOXHO ObiNio MpUKpLIBATb
HOBbIN 0BLWMIA 06BEM (pafmyC KpUBU3HBLI YBENNUUICS U TBEPAOE — CTano nonartbes). Yepes Takue
TPeLLMHbI TOXE LUNM BbIBpOCHI BeLLecTB U3 MaHTun. Ho, Tam, rae u3HavansHo 6bina noBepXHOCTb
CyLUK, CNOW rymyca 3HauYMTernbHO TOHbLUE, YeM OBpasoBaBLUMECH HA AHE MOpen-OkeaHOB-03Ep
cnov nna u kopannoBoro necka. CooTBETCTBEHHO, NONYYMBLUMECS FOPHbIE XPEDTbl — HMKE, YeM
caenaHHble 13 bbIBLLIEro MaTepuana MopcKux OTrnoxeHuni. Boaa (korga npuywino Bpems BCEMUPHOro
noTona) BNocneacTBMU CMbina 3TOT rymyc 1 obpasoBaBLUMECS rOpbl BbIMMSAAAT Kak 6yaTo cTapble
W 0aBHO paspyLlleH UX BEepXHWI CIoM He CoaepXaBLUMA “nosiesHbiX uckonaembix”. Ja u cuna
yaapoB ocnabeBana, BeAb NpOAoIKancs B3anmHbln Gunnuapg sgep — MHOro CyTOK nogpsa.

[ns Toro, 4ToObl OLIEHNTB NPOLLECC B pearbHbIX BENMYNHaX, NpuBeay NpuonmKeHHo umdpbl:

Macca MmeHblero ns agep 9608546218039,16 MH. TOHH. Hag HUM CROW MaHTUKU U KOpbI
mMaccon 36 207 590 192,2595 MrH. TOHH. TO eCTb, MeHbLLEee U3 9aep, MacCuBHee TOro, YTo NPAMO
Hag HUM Ha 9 572 338 627 846,9 MIH. TOHH (B 265,37 pasa);

mMacca 6onbLuero u3 sgep 19234515245062,5 mnH. TOHH. Hag HMM cnon MaHTUu 1 Kopbl
maccoin 43 398 785 016,892 mnH. TOHH. To ecTb, 6onbLuee U3 agep MacCcUBHEE TOro, YTO NPSIMO
Hag HuUMm Ha 19 191 116 460 045,6 mMnH. TOHH (B 443,2 pa3a).

Bonbliee 13 agep — 4ytb 6onee, Yem B ABa pasa MaccuBHee MeHbLuero. [oatomy yaap
fonbluero U3 sgep nNo MeHblUIEMY, Bbi3blBan 3HaYUMTENbHO BonblUne nepemMeLLeHns, Macc Hag
MOBEPXHOCTLIO NMaHEeThl, YeM NoCreaoBaTeNbHOCTb yAapoB B 00paTHylo CTOpoHy. [NepemelleHns
agep No AeCSTKY KUNOMETPOB BHYTPM MnaHeTbl — Manbl. A nogobHoe nepemelleHne ctonba
MaHTWM B CTOPOHY MOBEPXHOCTU — OFPOMHO.

BbIOpoLLeHHbIE MpK NOBTOPHLIX yAapax SAep, Macchl, yxe, He yaepXanucb Ha NMOCTOSHHO
Ha KakoM-nMMbO OKOJI03eMHON OpOuTEe M NMOCTENEHHO ynanu 1, He Ha TexX LMpoTax, Ha KOTOPbIX
Ob1nn BbIOpoLeHbI. [oka sapa nuHanu gpyr gpyra, NPOXoAuno BpeMs, TMpOCKON BA3KOW MaHTUK
nepeHoCcun y4acTkM KOpbl MNPOYb OT MNepBOHaYanbHbIX MOMOXEHUA, N3 KOTOpbIX, MNpobus
060nouKy, 661N BeIOPOLLEHBI BHYTPEHHWE MACChl. AT MacCbl HEKOTOPOE BPeEMS NneTanun BOKpyr
3emnu ¢ yrnoBoOKW CKOPOCTbI0 3aJaHHOM BpallaBlienica 3emMnén (To ecTb Benu cebs noyutn Kak
HblHEWHAs JlyHa), HO OHM ObinM BbIOGPOLLEHbI yXKe MNoA YrrioM K 3KNMNTUKe 6onblunmMm, 4em
nepsbln BbIBpoOC (cosgaBwmid JlyHy), M NOBEepxHOCTb 3emnu, 3a Bpems WX Monérta, Toxe
yBenuumMna yron BpalleHUs BOKPYr OCUM MO OTHOLWEHW K aknunTuke. [1o3ToMmy, Kaxabln
nocneaylwmnn ygap oT sgep no noBepxHOCTW, NPOUCXOAW U B HOBOM MO LUMPOTE MECTe U C
MEHbLUEN 3Heprven, Yyem npeabigywimi yoap. Macchl, BbIOPOLIEHHbIE C MEHbLUEN 3Hepruen,
yem npegbiayLwnn BeIGpoc, ObicTpee Bo3Bpallanucb K 3emrne n naganu y>ke COBCEM He Ha Te
Yy4acTKM KOpbl, OTKyda Obilnn BbiOpoLleHbl. Ecnn BepHyBLUMECS BbIOPOCHI CBeEpXy npobuBanu
y4aCTOK KOpbl, TO B 3TOM MeCTe BO3HUKIU ByrnKaHbl (1 KntoyeBckas conka, u LWneenyy, n Snsbpyc,
n Kunumangxapo, n Besysuii...). CHoBa oTMeYy, YTO NOKa Macchbl KAMHEN U BbIBPOCOB 13 MaHTUU
netanu, 06pbIBKM KOpbI NiaHeTbl ABUranmcb N0 MaHTUM U pa3BopavMBannck, NO3TOMY cneapl, rae
npobuBLLne KOpY Maccbl obpa3oBanu ApeBHUE BYIKaHbl, HE TOYHO COOTBETCTBYIOT MO LUMPOTE
yyacTkaM KOpbl C KOTOpbIX Macchbl 6binv BbibpolleHbl. Ho, coctaBuB 06BLEMHYIO MoAenb
KOOPAMHAT TOPHbIX MUKOB W BYNKAHOB, C YYETOM MOHMMaHUS B KakoOW nocrefoBaTenbHOCTU
CMeLlanucb yaapbl NO MOBEPXHOCTM OT s4ep W Kak 3a 3TO BPEMS MEHSNCS HaKMOH Ocu
COBMECTHbIX MacC MaHTMW TMpOCKOoMa BHOBb OOpa30BaHHOM MNMaHeTbl - AMHaMuKa npouecca
npocrnexvBaeTcs OgHO3Ha4YHO. s npumepa MOXHO B3ATb BTOPOM yaap OT sgpa npoto3eminuy no
NMOBEPXHOCTM CEBEPHOTO NnonyLuapus. QHeprum ObIno NepeaaHo MHOMO, HO YyTb MEHbLLE, YeM Mpu
nepBoM yaape (Maccbl BbIOpOLIEHHbIE MpU MEPBOM yAape — He BEpPHYNUCb Ha MOBEPXHOCTb
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3eMnn 1 cocTaBnAT HblHELWHIoW JlyHy, 6a3anbT aToro BeiGpoca No4 BO3AEWCTBMEM OTKPbLITOrO
KOCMOCa HECKONbKO M3MEHUI LIBET M CTan KOpMYHeBaTbIM (Takke, Kak MeHsAeT LBeT 6asanbT Ha
3emMne nog AenCTBUEM XECTKUX M3nydeHun)). JlyHa He cepasi n He YépHOo-6enas kak Ha NIéHKax
amepukaHcknx “‘noceTtutenen JlyHbl”. JlyHa cBeTno-kopuyHeBasa. Kcratu, 310 Haubonee
CepbE&3HOe CBMAETENBLCTBO NOAIOra B aMepuKaHCKon NyHHOM nporpamme. [1a, y HUX 1 4o cux nop
HEeT TEexXHONornmn ABuraTenem CcrnocodHbIX JoneTetb Tyaa U obpatHo. Ho rnaeHoe
JokasaTenbCcTBO nognora — uBeT JlyHbl Ha UBETHOW CbEéMKe. He 3Haa peanbHOro uBeTa,
KMHOOMepaTopbl B MaBUINbOHE cAenany UBeT TakMM, Kak BUAenu ¢ 3eMnuv — cepbiM.

Mepebin yoap “ncnopg 3emnu” — ato Tnbet. BTopon yaap “ucnog semnn” — ato MNamup. Ho,
NonyyYnB Npu TONYKE IHEPrUn, NLLb HEMHOIO MEHbLUE, YeM OT NepBoro yaapa, OrpoOMHbIe MaccChl
fasanbTa BbINeTeENN Ha AOCTATOYHO BbICOKYIO M AOMry0 OpbuTy (HEMHOMO HKE MyHHOWN) U nopg
yrnom npumepHo 11-12° K NAOCKOCTU IKNUMTUKN, TO €CTb, B MpoLecce CBOEro Aonroro nonéra,
OHW NNOCKOCTb opbutbl 3emnu nepecekanu He pa3. Korga OHM BepHynMCb, OCb BpalleHus
nnaHeTbl A4aBHO YX Obina He 90° K akNuNTMKe, a Ha 23,45° meHblle. lMonyynnoch Tak, YTo MX
NMOCKOCTb BpaLLEHMS M MOBEPXHOCTb 3EMIM NEPECEKNCH YXKe B JOCTAaTOYHO BbICOKMX LUMPOTAX,
a He BOMM3M akBaTopa. Tak BO3HWUKNM BYrKaHbl: BuMHCOH 78°c.w. 85°3.4.; Mak-Kunnn 63°c.w.
151°3.4.; CnHdopa 62°c.w. 144°3.4.; ABrycTuH 59°c.w. 153°3.4. (3TK kKaMHM 1 cTanu NpUYNHON
o4epenHon CMEHbI KnMMmaTa 3emMnm 1 ouepegHo NPUYNHONM NOSHON NEPEMEHDI XKM3HW Ha NnaHeTe.)

KoHryp, nuk Pesosntoumn, Myastar-Ata unm nuk Mapwana >XykoBa ABnAOTCS HavanbHOM
TOYKOW rMbIBbI, NPOBMBLLEN KOpY 1 yCTpomBLLei ennoyCToyHCKMI “HaLmoHanbHbIN nanawadt”
— He BaxHo. [NpocTo kopa Gbina npobuta aTMMK, Ky4HO ynasLlimmn rmeidamu. Noa HUM 1 xeneso
€CTb 1 cepa M BoAa... HET TOMbKO Xnopuaa HaTpusa (ganeko OH OoT okeaHa). BoT u knokouet
pasbuTbln y4acTok Kopbl 6e3 obpaszoBaHUA N N3BEPXKEHUS Marmbl. A, BOT, NponeTeBLllas YyTb
Aanblue mbiba obpasoBana Ha TOW Xe LUMpoTe ApYryto A0CTONPUMEYaTenbHOCTL — CTONb4YaTyto
ckany “bawHs abasona”. Kopa He 6bina npobuTta n MHOpOAHAas No COCTaBy MECTHbIX NOYB ckana
TOPYUT M3 NMOBEPXHOCTU 3emnn. TonbKo BOT — MPOUCXOXAEHUE Yy HEeé Toxe 3emMHoe. MoXHO
naxe nogobpartb 06HaXeHNsIM Kaknx 6a3anbTOB CpoaHM CTPyKTypa “bawHu gpsisona”.

Tspkénble arneMeHTbl — He yrneTenu ganeko u, nx obnaka, “pasmasaBlUMCh’ BOKPYr 3emiu,
BbiNanu Ha NOBEPXHOCTb, 06pa3oBaB HALUWN HbIHELLIHME “MEeCTOopOXaeHUS”.

BoT TyT MOXXHO CHOBa BCMOMHUTL TUMHY (B M3paune) raoe usgpesBHe niogn, HECMOTPS Ha
agckyto >xapy (csepxy nbiweT 60°C M MOBEpXHOCTb OTAAET CTOMBKO Xe), BblKanbiBanu u3
cnexaBLuerocs KopannoBoro necka MHOroYMCIEeHHbIe Kannm — MegHble caMopokM (MX 1 cenvac
TaM nornHo). Ho, aTm camopogku, obnenneHHble MeCcKOM, TOSMbKO B BEPXHUX Criosix 3emnu.
Hukaknx noasemMHbIX MeOHbIX Xun B ToMm pamnoHe — HeT! OTkyga B3sdnacb 9Ta Medp U
nonyaparoueHHble KaMHU Ha OCHOBE MeHbIX coeaAnHeHU?. A npocTo TMMHa — MecTo npunéTa
BbIOPOLLEHHON B APYroM MecTe MegHoOW CTpyu. e 3To MecTo? — o4eHb NPOCTO HaWTW 3Ty
HayanbHyl Touky. OT TWMHbI, B CTOPOHY tora, No HampaBieHWI0 BpalweHus 3emMnu, OTNoXuTe
NUHUIO oA yrnom npuMmepHo 23,45° 1 okaxeTcs, YTO 3Ta NUHUA nepecekaeT tor UHguun. U,
Oonee Toro, Bel nonagéte B ropHell mMaccuB B MecTtHocTM KapHartaka. Ecnu npogomxkaTtb
yBenuumMBaTtb macwTab (Hanpymep CMyTHUKOBOW KapThl), Bbl YBUAMTE CTPAHHbIE 3ereHoBaThble
Kpatepbl B ropucton mectHoctu (Perdamapanaxonnu). B aTmx ropax ¢ gaBHUX BpeMéH
pa3pabaTbiBanocb MHOIO MECTOPOXAEHWA U Mean B TOM uucre, NpM4EM U C MOBEPXHOCTU U
rnyboko B LaxTax. Y4apoB CHU3Y ObifNo OOCTAaTOMHO MHOMO, OHU NPOOOIMKanMCb HECKOMbKO
CyToK (3emnsa yxe npuobperna HbIHELHUN 06BLEM M Maccy, NO3TOMY, CHET AHEN U MecsUEeB, C
MOMEHTa CNUSAHUSA NNaHeT, - HblHELWHWIA, COBPEMEHHbIN HaM). Yaapbl 13-No4 3emMnu co3ganu He
TONbKO MMraHTCKME ropHble MaccuBbl. VI Be3ae B HMX CHU3Y M3 MaHTUU BHEOPUNM MHOXECTBO
TOro, YTO Npexae coaepXanochb TOMbKO B MAHTUN — MeTansbl... U Xene3o n Mefb B TOM YuChe.
Meab Ha NOBEPXHOCTU — FOBOPUT, YTO CTPYA Obina BbibpoLleHa 3a npefernbl 3eMHOoM Kopbl. Ho, yaap
ObIN yXe He CTOMb CUNEH (WM 4YeTBEPTble CYTKM BHYTpu3eMHOro ounnuapga sgep), uToObl
obpa3oBbIBaTh CNYTHMKK 3emIie, a Mefb — AOCTAaTO4YHO Tshxkena (p=8,78 /™3 [F/CMS]) W B MaHTUK
nexuT rnyoxe xernesa. Beidopoc 13 iHamm nponeten Hag (HbIHELHMM) APaBUINCKMM MOSTYOCTPOBOM,
n, Nony4yaeTcs, NPU3EMINICS B CBEXe3aMellaHHble KopasnsoBble NEeCKM TOMbKO YTO BbICTYMNMBLUNE
co gHa. lNockonbky BCe MOABWMXKU KOPbI, Pa3pbiBbl U NepeMeLLMBaHNS Macc NPOMCXOANN NOYTH
OLHOBPEMEHHO (3eMneTpsiceHUs OT yaapoB CHU3Y coTpscanu 3emno M CHoBa pas-3a pasoMm
elweé meHanu eé obnuk), kopannosble Neckv (TUMHbI) BbINK CbINYYUMN N NEpemMeLLMBanmCb. Tak
npuneTtesLUne n3 MHaUKM Kannu 3aHANN HEKOTOPbIV CNON NECKOB Mo rnybuHe.

A, B kOHUe rnaBbl “3emnsa”, yXe BblYUCNUI U AeHb CTOMKHOBEHMS (3TO npousoLno 23
CeHTAbpS Kakoro-To AaBHEro roga — nepsblvi AeHb NepBOro roga 3emnu Havarncs ¢ 23 HblHELLHEro
CeHTAbpS), 1 nepuon cob6CTBEHHOrO BpalleHUs aaep BHYTPU CNoéB MaHTuu 3emnu. [oatomy,
He cocTaBwuIO TpyAa nepecymTaTtb KOrga MeHbllee U3 saep caenano ToT ygap cHusy no MHaww,
OopraHn3oBaB Nepenét Mean B TUMHY: 3TO Obinn YeTBEPTbIE CYTKM CYLLECTBOBAHUS HbIHELLHEN
3emnu: 27 ceHTAOps. Y BCeX rop U MECTOPOXAEHUN — eCTb KOHKPETHbIE AaThl 0bpa3oBaHus. ..

MHorMe MecTopoXOeHUs MeTanoB — HEKOTopble U3 rMybuHbl Ha MOBEPXHOCTb BbIXOOAT
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Xunamu n KannsiMm camopOAKOB B APYrol nopoae u Bcerga B ocTaTkax ropucton MecTHOCTU —
MecTa BblfieTa CTpyWn.

[pyrne MecTopoxaeHusi — BHe 3aBUCUMOCTM OT pernbeda 1 coctaBa OCHOBHbIX MOpog —
pOCCbINM CaMOPOAKOB B MPUMNOBEPXHOCTHOM Croe, - a B rmybuHe — Huyero HeT. N mopckue
KOHKpeLuun — obpocLune OTNOXEHUSIMUM CaMOpOOKM MPUeTEeBLUUX M3BHE BewecTB. ITO MeCTa,
Kyda BbIOpOCHI MaHTUUN NMPU3EMITUIUCE.

Bcé, uyto BbiNagano BHU3, MpUCbINano TO, YTO yxXe BHWU3Y ObiNo (Hanpumep, neca u
bonota). MeHee KpynHble Kycku B Buae Ooree NErkux BeLECTB W MbiNW, HAZOMro 3aBUCNN B
BEPXHMX CNosiX aTMocdepbl.

Ho, MHorne 6asanbTbl, eLLé B )XMAKOM COCTOSIHMM, OTNeTenu AoCTaTo4HO Aaneko, YTobbl
obpaTHO Ha 3emn He BbiNacTb (OT MepBOro Tonyka sapa npoto3emnu). N Bcé xe, cuna
rpaBuTaumu (BonHbl B “AvkoM” acpupe (nogpobHee cm. rnasy “llone”), noatankueBas aTw,
Heganeko Apyr OT [Jpyra pasneTeBlUMECs kannu, 3actaBuna ux cnuvBatbes.  Kopkw,
obpasoBaBLUMECs BOKPYr XUAKUX Macc 6asanbTa, NponiambiBanuch, NornoLasi CocegHue Kannw.
MoBepxHOCTK 3acTbiBanu. Tak obpa3oBanock NepBoHaYanbHO TO, YTO M0AW Tenepb HasbiBaloT
“NyHHbIE MOps1”. 3aTem, rpaBUTaLUsa YPOHWUNA Ha 3acCTbiBalOLLYH0 MOBEPXHOCTb MEHEEe KpyrHbie
rMbibbl, HO BCE e JOCTAaTOYHOM MaccChl, YTOObI OHM NPOMOMMUIM YK€ 00pPa30BaBLUYIOCS KOPKY.
Bcnneckn Ha kocMuUYeckoM xonoAe 3acTbliM U MOAM Ha3Banu 3TW KPyTble CKIMOHbI BOPOHOK
rpomMagHbIMM “NyHHbIMK KpaTepamun”. [lockonbKy BHYTpeHHero nogorpeBa Yy JIyHbl — HeT, a
3acTbiBaHME LUMO TMOCTENEHHO, MpU BCTpACKax W nageHusx rmblb, JlyHa BHYTpUM MoOXeT
cofepxatb Hebomnblloe KOnM4ecTBO norocTten M newep. Ho, ckopee Bcero, - AOBOSMBHO
MOHOJSIUTHBLIA KaMeHb — MOTOMY M 3BEHUT MpW ygapax Mo MOBEPXHOCTU — KaK 3BEHWT Lenasi
nocyzna. “fNonesHble” - e nckonaemMble, C TOUKM 3peHns reonornum, Ha JlyHe HaxogdaTcs (nérkve no
NAOTHOCTU) U B MUHMMaIbHOM KOSTMYECTBE.

Cnepcteve Il us Il sakoHa HeloToHa: “Konuyecmeo 0suxeHus, rnonydyaemoe bepsi
cymMmy Kornudecme Q8UXKeHusl, Koeda OHU cogepuiaromcsi 8 00HY CMOPOHY, U pasHOCMb,
Koe0a OHU cosepwaromcsi 8 CMOPOHbI MPOMUBOINONOXHbIE, HE U3MEHSemcs om
g3aumoldeticmeusi men mexoy coboro. Tak kak 1o 3akony I1I gelicTBre U MPOTUBOACHCTBIE
MEKITY COOOI0 paBHBI M TIPOTHUBOIIOJIOKHBI, TO 10 3aKOHY [1 OHM POM3BOIAT paBHBIC N3MEHEHHUS
KOJIMYECTB JBYDKEHUSI, HAIpaBJieHHBIE B TPOTHBOTOJIOXKHBIE CTOPOHBL. TakuM 00pa3om, ecim
JIBUJKEHUS [IBYX T€Jl HAIIPABJICHBI B OJIHY CTOPOHY, TO YTO IPUIIOKUTCA K KOJIMYECTBY JIBUKECHUS
TeJa, UAYILIETO BIEPEIX, TO BBIUTETCA M3 KOJUYECTBA ABUKCHUS TEIA, 34 HUM CIIECIYIOLIETO, U
CyMMa KOJIMYECTB JIBWKCHHUS OOOMX TeNl OCTaHEeTCS MpexHssa Ecim ke Tema IBIKYTCS B
MPOTUBOIOJIOKHBIE CTOPOHBI, TO BBIYUTACTCA IIOPOBHY M3 KOJIUYECTB JBHKCHHS KAXKIOIO U3
HUX, W CJICIOBATEIILHO, PAa3HOCTh KOJIMYECTB JBIKCHUS, HAIIPABIICHHBIX B OOpaTHBIC CTOPOHBDI,

octaHeTcs 0e3 nmepeMenbl.” (1o uutarta WM. HetotoHa B nepesoge A.H. Kpbinosa)

Ecnu roBopuTb He TOYHbIM £3blkOM W.HblOTOHA, a npowe, TO OTMNEeTEBLWMM Kanmsm mux
OBvXeHne 3ajana 3emnsi, No3ToMy, kak Obl OHM He cTankmeBanucb Mexay cobow u He
cnuBanucb, ux obllee nonoxeHwe, oTHocuTenbHO 3emnu Bcerga ©OyaeT ocTaBaTbes
HeunsmeHHbIM. Ewwé 6onee obpasHbin npumep: Bac Beab He yauBNSET, YTO nexaline Ha Bawem
cTorne npegmeThbl He KyBbIPKaKOTCH, XOTH M MacCbl y HUX MOTYT ObiTb pasHble, U BCE NX BMECTe
nepeHocut N Kpytnt 3emnsa (Bmecte co ctonom). Kacanne u HagaBnuBaHve Opyr Ha gpyra
Mexgy cobol npeamMeToB Nexallmx Ha CTOre TOXEe He NPUBOAUT K UX MOCTOSIHHbIM NepemMeHam
MecCTa U KyBbIPKaHWIO, XOTsi CTON, BMecTe ¢ 3emMnén, amkytca HE npsiMmonuHerHo n BecbMa
ObicTpo. U TO e camoe ByaeT, ecnv NpeaMeT CBsA3aH ¢ 3eMNEN He CTONOM, a BbICOKOM BbILLKOM.
Korga nmapameTpbl ABMXEHUSA BCEX YYAaCTHMKOB YXe 3adaHbl, OPYr Apyra OHW He 3acTaBsiT HU
BpalLlaTbCA HM NOBOpPAYMBATLCS MHA4ye, YEM UM yKe 3aJaHO ABWXKeHue. Takum obpas3om: He
HY)XXHO yaMBNATLCA, 4T JlyHa noBépHyTa k 3emne BCEIMOA ogHon ctopoHon. 3emns BeinycTuna Ty
mMaccy, 4Tto obpasoBbiBaeT JlyHy n B MOMeEHT Bbibpoca BbIno onpeaeneHo nornoxeHne Bcex mMacc
yacten JlyHbl K 3emne Bcerga ogHoM CTOPOHOW. [103TOMy Tak TOYHO COBNaaaeT He LeNoYMCNEeHHbIN
nepvoa obpatteHus JlyHbl BOKpyr 3emnu u JlyHbl BOKpYr CBOei ocu B NpoCTpaHCcTBe. Hukakomn
XUTPOCTU U “NpullenbLeB” 34eck He crnpaTaHo. PaboTaeT HeloTOHOBCKas MexaHuka. AHanoroBbIw,
a He uMdpoBO NMpUpPOaHbIN anroputMm. He cTporite cebe unmo3nm Ha OCHOBaHWMW, Hanpumep,
amepuKaHckoro gunbma «Anokanuncuc». NokasaHHble B HEM acTepouabl — He OU3NYHbI — He
CyLeCcTByeT NPUPOAHbIX NMPUYVH, AaXe NpU pas3pyLLeHnn niaHeT, YTobbl co3aaTth NokasaHHbIe B
dunbme 6penoBblie No coctaBy, hopMe U cogepkaHuo CTPyKTypbl. Kpome Toro, - pas nertsit
BMeCTe, TO rAe-TO BbiMyLUEHbl U3 OAHOIO UCTOYHMKA, HO TOrAa OHU He BpaLlalTCs OTHOCUTENBHO
XaoTUYECKU pacronoXeHHbIX CBOMX ocen 1 Aapyr-apyra. JaHHbI hnnbM — BbIMbICEN HEBEXM.

MakcumyM BbInnecka U3 Hegp NPULLENCHA Ha NPUBPEXHbI PalioH OKeaHa M OH Tenepb —
Tubet n Mamup. (MpeactaBbTe nnowanb 3TUX FOPHbIX MAacCMBOB, a BeAb 3TO MNnolladb TOro
“NOPLLUHA", YTO BbITONKHYN BOAY, CTaBLLUYO KOMeTamu.) Y BHYTPU rop He TOMbKO 3aCTbIfN UNUCTbIE
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Macchbl, CKeneTbl KUTOB, 06pa3oBaBLUMECS rPAHNUTBI, HO 1 MHOTME COCTaBNSAOLLME HEAP MaHTUN.

Bonee Tsxénble Kannu 1 Kannu, KOTOpble He MOMy4YMnM AOCTaTOYHOro MMMynbca, YTobbl
yneTteTb Ha opbuTy HbiHeLwHel JlyHbl, Hen3bexxHo Nnaganu Ha nnaHeTy. VIMEHHO K Takum Kanmsm
OTHOCUTCA Ta, YTO Hawu no cregam B MekcukaHckom 3anmBe. OHa gopasopBarna 6onbLuyio
nnowaab Kopoykn, obpasoBbiBaBLLy0 00e AMepukn. [py NOBOpOTE HXKHOM AMEPUKU UITUCTbIE
MSrKMe eLlé cknaaku cobpano B ropHble MaccuBbl (AHALI). W, 4ONOMHUTENBHBIM MMMYLC Npuaan
OBWXKeHWe AN CKOMbXeHna AMepuK, No CNoko xenesa, OT TOro, Y4To Tenepb ctano Adpukon.

He oavH Oonblio kaMeHb (OCKONKM pas3buTon TBEPOOW 4acTy KOPbl BLITOSIKHYB BOAY,
ynanv obpaTHO Ha nnaHeTy) nonan B AmMepuky. /I cenyac TypucCTbl 3arnsgbiBaloTcs Ha pa3nombl
KaHbOHOB W Topyawme obenuckn ctonboB. M GecnonesHo uckaTb y TexX rpoMaavH criefbl
BHe3eMHOoro npovcxoxaeHus. OHn — 3emMHble. Ho, ckopocTb nonéta Gbina He Benuka 1 noBepXHOCTH
OHUW He Npobunn, a 3Ha4uT, - HE BCE YCTPOWUNU BYMKaHbl U HE NOAENUNU AaHHYK KOPOYKY Ha
eLé meHbLUne Kyckn. (Kak npocnexuBaeTcs N0 ceBePHbIM TEPPUTOPUSAM HblHeLHe KaHaabl).

YTto cTano c kopou, koTopas Oblia BMATa HaBanuBaHMEM Cpa3y B MaHTWIO, BO BHYTPb
nnaHeTol? [INOTHOCTB M CcaMOW KOpbl, MNMOTHOCTb [dEepeBbeB, COCTABMNSABLUMX Ileca Ha
MOBEPXHOCTU, - MHOTO MEHbLLE, YeM MIOTHOCTb MaHTWKW. [pucyTCcTBOBaNu n ocagoyHble Nopoabl
OT BCSIKOM XKN3HW Ha MOBEPXHOCTU MnaHeThbl. M1 Bogoémbl Obinn 1 B HAX U un 1 men... W Bcé aTo, 3a
MUWHYTbI, 6bINO BMATO B ThiCAYe-ABYXCOT-YETbIPEXCOT FPadyCHBbIN Xap, NePEMOrIOTO U, MTOABEPTHYTO
rpomMagHoMy pJaernieHuio. Bcé, 4To He npopearmpoBano XMMMWYECKU C XXWOKUMU Hegpamu,
TepMmuyeckn 6bino obpaboTaHO NpU MUHMMYME KUCMOPOAa, 3HA4YuT, He cropeno B nenen, a
noaBeprnocb  CTPYKTYpHOW  TpaHccopmauumu. Ho,  nockonbky, NNOTHOCTb  3TUX
TpaHCHOPMUPOBAHHBLIX 3MNEeMEHTOB Obina MHOMO MeHbLUe, YeM MMAOTHOCTb MaHTUM W Aaxe
NNOTHOCTb BEPXHEro Crnos (>keresa), BCe 9TWM 3MEMEHTbI, N0 3aKOHY Apxumena, BCnnbiBanu B
XVOKOAW MaHTMM CHU3Y, NOA KOpY Ha MOBEPXHOCTW MnnaHeTbl. A KOpa MeHblUelh W3 MnnaHerT,
pacTaHyTasa Ha obwnin 06bEM, Aana M CKMagku U TpeLluHbl, Bbina BO MHOMMX MecTax npobuta
rneibamu, NagaBwnMmn cBepxy... M no atum TpewmHam, npobonHam 1 cknagyatbiM NOAHATUAM
YCTPEMMUITOCH BBEPX TO, YTO ObINIO MEHbLUE MO MIIOTHOCTU, YEM Keneso — rpaHuTbl, rpaduThbl,
anmMasbl, MpamMop... MectaMm BrepeMeLLKy, MHOrga KpynHbIMU KyCKaMu, KOTOpble MOXXHO Ha3BaTb
n “mecTopoxgeHnamn’ (mpamop, rpaduT), u “KMMOepnmMToBbIMK TpyOkamun” (anmasbl). Tak, B
NPOXOXAEHUN Yepes Xap 1 AaBfieHne, NpomnsoLLa Kpuctannmyeckasi Metamopdosa 3/1IEMeHTOB,
UMELWMX N0 XMMUYECKOMY COCTaBy, HO He MO CTPYKType, aHanoru C arieMeHTamu B Apyrux
“MecTopoxaeHusx”. “MectopoxaeHusa” meTamopguyeckux Nopoa 3anatany CHU3Yy MHOrmMe abipbl.

Ha oboux cnuBLUmMXCs NnaHeTax Bbinn okeaHsl Boabl. YacTb, B panoHe HblHellHero MNamupa,
Oblna BbIKMHYTa Aaneko u obpasoBana komeTbl. A ocTanbHasi Boga? C pa3opBaHHbIX Yall MPEXHUX
OKeaHOB BOfa cTarna CTekaTb W C OCTaTKOB KOpbl. [1psMO B CroW ropsiienn MaHTuu, B Kuakoe
Keneso, No KOTOPOMY MNnaBanu OCTPOBKW MPEXHEN KOpbl NnaHeTbl. BmecTe ¢ opraHukon, CMbITOM
BOZON, cTanu ob6pa3oBbIBAaTLCHA FPAHUTHBIE KOPKX, KOTOPbIE NTOManuch Nog HaTUCKOM ABVXKEHUS
OCTaTKOB KOpbl MpoTo3emnu u cHoBa 06pa3oBbIBanmnCb rpaHuTbl. [109TOMY Tak MHOMO pasHbiX
nopog rpaHuTa u ero UBeToB — B 3aBMCMMOCTU OT MPUMECEN MeTansoB, KOTOpble nonanu Tyaa
U3 MaHTUW, U OT NEPEMONOThLIX, Npexae obpa3oBaBLUMXCS NOPOA.

A Boga? KoHeuHO ncnapsinacb npu nonagaHuv Ha 6ornee, Yem TbiCAYeBYXCOTrpagyCHble
CKOBOpPOAbl MaHTUW. Vicnapsinack, BbineTas BbICOKO BBEPX, M TaM MIHOBEHHO OXMaxparacb
KOCMUYECKMM XONOAOM B CaMbIX BepXHUX crosix atmocdepbl. ObpasoBanocb HEYTo, 4To
HeKkoTopble nccnegosaTenu npowwrnoro 3emnu obo3eanu “XpyctanbHbiM Kynonom”. OH JoNro
3almuian BHOBb CO3[aBaBLUYIOCH MMaHeTy OT KOCMWYeckon paguauuun. 3aogHo, He Aasan C
3emnu BuaeThb 3Bé3aHoe Hebo. V3-3a “xpycTanbHoro kynona” v neinu B atmocdepe, LBeT Heba Ha
BpeMs BCeW XU3Hu nnaHeTbl Ao Benukoro MNoTtona — 6bin KpacHbIM.

HenocpeacTBeHHO nocne katacTpodbl CrUSHUSA ABYX NNaHeT, NeaHWKM Ha NoBEPXHOCTU
HOBOW MnaHeTbl He obpa3oBbiBalOTCA. [1pakTMYeckn B3PbIBHOM MPOLLECC UCMapeHust BOAbl OT
packanéHHbIX Heap BbirHam BOOY OYEHb BbICOKO, BbILE HbIHELHWX CaMbIX BbICOKMX OOakoB
(ToyHO nogcyMTaTb MOKAa HE CMOM, HY)XHO MNPO3KCMEPEMEHTMPOBATb: CKOJIbKO 3HEpPrnu
BbiCBOOOXOaeTcHd, korga Boda, magasi C BbICOTbl MPUMEPHO 8KM, BbITMBAETCS Ha KapOBHIO
npumepHo 1200°C 1 Kak BbICOKO (C Y4ETOM MOHWMXKEHUS C BbICOTOW NMIOTHOCTU aTMmocdepbl (99%
Macchbl Bceii aTMoccdepbl 3emnu HaxoasTest B 30 KUNOMETPOBOM CrHoOE Haj MOBEPXHOCTbIO
nnaHeTbl, 50% - B 6” KUMOMETPOBOM CMOE)) 3TV Mapbl BO3HECYTCS), A€ BOASHONM Map, Moyt
MFHOBEHHO OXIMaAMBLUUCbL HaMOPO3WM BHELLUHIOK OBONOYKY Haf MMaHeTOM — BHELUHWA, MOMbIi
W3HYTPU LLap — He COMNpUKacatoLLMNCs C NNaHeTon HuYeM. o KOCBEHHbIM Npr3Hakam, Nony4Ynnoch,
YTO HWKHSAS rpaHuLa neasHon cgepbl 6bina He Hke 150 KUNOMETPOB Haj, NOBEPXHOCTLIO BHOBb
obpasoBaBluelica nnaHeTbl. He kocmoc. [MpuMepHO YypOBEHb, Ha KOTOPbIA MOAHUMANUCh
amepukaHckue LWaTTnbl.

MockonbKy NPOBECTM AKCMEPUMEHT U 3aMepuTb Kyaa BO3HECETCHA BOLSHOW Map ecnv Bogy
NNTb C BbICOTbI 8KM (3TO ypOBEHb “HaABOAHOro OopTa” Kycka MaTEepUKOBOM KOPbl TOJSLLMHOM
20KMm, ecnu OH NnaBaeT B XeNe3HoM “Mope”) MHe He NpeacTaBUIloCh BO3MOXHbBIM, HO XOTENTOChb
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BCE-Taku onpeagenntb Kak pacnpefenunacb Boda cpa3y Nocne CrnvsHusa nnaHeT, s pewun
paccuuTatbh TOMLWUHY BHELUHEN nefsHon cdepbl Ha pasHbIX BbICOTax U OT MOMEHTa eé
obpa3oBaHMs 4O MOMEHTa, Koraa noaTrasiB CHM3Y OHa Oblria MponomeHa.

CKONbKO-TO HbIHELUHEN BOAbl 06pa3oBbIBanio 3TOT “XpycTanbHbli Kynon”. dakT ToT, 4To
YPOBEHb MMPOBOI0 OKeaHa, NOoCse CrsAHMSA NaHeT, Obin HKe HbiHewwHero Ha 1200 meTpoB. 370
BMOHO MO crieamM OCHOBaHWI KOpanmoBbiXx ocTpoBoB OkeaHun ¢ y4ETOM TOro, 4YTO Koparsbl He
XMBYT rnybxe, yem Ha 60 MeTpax, OHM MOCENANMCb OONroe BPEMsS Ha KOHycax BOPOHOK OT
yMaBLWKUX KaMHEen, NPpoBUBLUMX TOHKYIO MOPCKYK FPaHUTHYI0 KOPY U 06pa3oBaBLUUX BYIIKaHbI; 1
NpocTo Ha rMbibax ynaBlWKX Ha AHO, AaB, TEM CaMbiM, MMNOWAAKY AONA pocTa KopannoBow
KOMOHMK, eCnn 0 NOBEPXHOCTM BO OKa3biBarnocb MeHee 60 MeTpoB.

OTctoga nepecunTbIBalOTCA YPOBHU OKeaHa.

Kak cnepcteue, nony4mnocs, 4to 433 685 500 km> Bogbl GblNo ucnapeHo. Nomeputb Ha
KakoM TOYHO BbICOTE HaMépana OCTaHOBMEHHasd XOonoAoM nonasd cdepa, 9 He Mor. Ho,
MOCKOMbKY, NO CTapbIM KapTam, Nony4anock, YTo yxe noam Hawen LmMBunusaunm sactanu go- n
nocrie-noTonHoOe BPEMSA W Kak-TO ero Kaprorpadguposanu U Cenurucb Ha MOBEPXHOCTH, £,
nyTeWwecTBYS N MNOrpyXasacb K 3aTOMMEHHbIM NIOACKMM MOCTPOMKaM, onpedenun npuMepHbli
nepenag ypoBHem BoA. Y6eOouTbCs B YpPOBHSIX MO3BONSAOT M MOPCKME KapTbl C OOnblIvMM
KONIMYECTBOM MPOMEPOB M COBPEMEHHLIE NPOrPaMmbl B UHTEPHETE, KOr4a MOXHO U “3aTONUTL” 1
“OCylINTh” BbIOPaHHYK TEPPUTOPUIO MO 3adaHHbIN YPOBEHb. Tak Mofy4nnochb, YTo KONIMYECTBO
BOJ, MoTona MOXHO NpUMepHO noacyutatb Kak 52 166 670 km® aTo COOTBETCTBYIOT TOMY, 4TO
JonoTtonHble 3emnu 6binn 3anuTbl NpyuMepHo Ha 50 MeTpoB BBeEpX, a NOTOM, npumepHo 30um
METPOBbII CMOW BOA BbIMEP3 U OCEN B NOMSAPHLIX 06NacTaxX U Ha NegHUKax.

OctaBanocb npoBapbupoBatb OOBLEM U TOMWMHY MONon cdepbl, HU3 KOTOPOW
pacnonaraetcd Ha onpeaenéHHon BbiCOTe Hah NoBepxHocTbio 3emnu. A 3atem, B obpaTHyto
CTOPOHY, MpOBapbMpoBaTbh KaKoOW TOMNWMHE cdepbl, HaYMHAsA OT BHELUHero paguyca 6yaert
COOTBETCTBOBaTb O0BLEM BOJ, BbINMBLUMIACA C MOTOMOM W 3aTOMMBLLMM U CYLUY U OKeaH Ha 50Mm .

PesynbTaT nokasbiBato Ha rpaduke puc.5.29. o ocu opamHat — paccTosHue oT
NMOBEPXHOCTM 3eMnn B KUITIOMETpax [0 HWXKHEro CcBoAda “XpycTanbHOro kynona” npu ero
06pasoBaHMK, a HaKMOHHbIE NMMHUM COOTBETCTBYIOT TOSLLMHE NOMoW cdepbl 3agaHHOro obbEma
B HayanbHbI U KOHEYHbI MOMEHT €€ CyLLIeCTBOBaHWS.

Ons npumepa, ecnu CcyauTb MO BEMNWYMHE YPOBHS BOL B MEpBble OHU CyLLEeCTBOBaHMWS
HOBOW MNaHeTbl (HWke HblHewHero Ha 1200 M) “XpycTanbHbIA Kynomn” HWDKHSASE KpOMKa KOTOPOro
okasarnacb Obl NpuMepHo Ha 150 KM Hag NoBepxXHOCTbIO 3eMnu, nven 6bl TonwmHy 810 MeTpoB.
A korga Obl HacTano BpeMsi, Korga u Kymon noartasn u 6bin pasbut (HactynnenHne Marnoro
JlegHukoBoro MNMepuoaa), TonwmHa pasduToro nbaa 6eina 97 meTpoB. — Kak-To BCE o4eHb He Mano.
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Ho, ecnu HWxHIo0 rpaHuly nomectutb U Ha 1000 kunomeTpoB Hag 3eMnén, Kyaa TOYHO Obl He
[oneTenuy napbl BoAbl He 3aMEP3HYB eLUE Ha NyTK (rpafuHbl TOXe MOXET 3abpachbiBaTb NOTOKOM
BO34yXa BBEpPX), TO TOMLLMHA N30NMpYIoLLE cdepbl U3 Nbaa B Havyarne Obina 6bl 633 meTpa u B
KOHUe 76 MeTpoB... Kak-To TeMHOBaTO JOIMKHA NPEACTaBNSATLCS XU3Hb Ha NilaHeTe nog TakuMm
“kynonom”. B Takux ycnoBusix, Aa C Mbifiblo0 BO NbAy U aTMocdepe, NepBoHaYanbHO Kyrnosl Obis
OYeHb Manonpo3padeH Ansi COMHEYHbIX fydyer. BO3MOXHO, caM OH CHapyxum u cBepkan u
pacceuBan B Tonwe CBET W CBETWS NfaHeTe MNOYTM BCen cBoen nnowagbito. Ho... kakomn
MEXaHW3M CrnaceHus [OOMKHbl ObiNMyM BKMKOYUTE U UCMOMb30BaTb pacTeHusl, Mofy4YuBLUNe
COBEpPLUEHHO ApYroi ynbTpaduoneT, Yem nonyvanu paHee? bes aKCNepUMEHTOB — HE CKasaTb.
(Xoms, cywecmeyem nodmeepxx0eHue, Ymo Ha 3emse Obinl NpuHyunuansHO Opyaol Kiumam.
Paccka3sbigarom 06 amom dge pouwjuubl Ope8o8UOHbIX MOXXEB8E/IbHUKO8, KOMOPbIX HUKaK He
ydaémcesi pa3MHOXUMb 8 HbIHeWHUX Krnumamudeckux ycnosusix. Obe e Kpbimy. OOHy U3 HUX,
psidom ¢ Ceesacmononem (20e 8 acenmuyeckom e030yxe onepuposan H.U. [lNupoeos) —
8blpybunu norHocmeto. Bmopas ewé cywecmsyem 6 okpecmHocmsix riocénka Hoebiti Ceem
(psidom ¢ Cydakom), HO U OHa coKpamunacb 6 pasmepax om eaHOasnos. [pesosudHble
MoOXOKe8elbHUKU, 8 omnu4yue om Kaeka3cko20 MOXKeeesflbHUKa — 3a 6CH0 CpasHUMEsbHYH0
ucmopuro KpbimMa — pasmHoxumb Oaxe y4éHbiM 6omaHukam — He ydanocb. CemeHa 8
HbIHEWHeEM KiiumMame — He ebi3pesarom. VccriefosaHue eo3pacma amux cmapbix depeebes
rnokasaso, 4ymo um 6onbwe 4000 nem. SHa4yum, 8 me epemeHa, 8 KpbiMy, Hanpumep, Kiumam
ObI/T COBEPUWEHHO UHBbIM U 9Mu 0epesbsi — He Mpucrnocobusnuck K HbIHEWHUM ycrosusiM. Tozda
OHU rpopocsu U me, 4mo He cpybneHbl — xugym. Ho kmo cpedu yKkpauHCKux recopyboe
cpasHuear Kakue UMeHHO nopodbl pybumb Hesb3sl, MOCKObKY 0epesbs HesocronnHUMbI?) Bee
powy Boille 30 METPOB HaZ YPOBHEM MOPS — MO, YTOMIEHWe — He nonaganu.

Cama 3emnsi N1Wb 04eHb MeASIEHHO MOrfa NporpeTb NPOCTPAHCTBO MOA 3TUM JeasHbIM
napHukoM. [oaTomy, nepBoHadanbHO, Ha BHOBb CO34aHHOW nnaHeTe 3emns, HensBexHo
HacTynan oveHb OOnbLION M JONTUA XONoAHbIA nepuog. lNMocTeneHHbIi NPOrpeB BO3dyXa B
30Hax Hag MecTamu paspbiBa MPEeXHeW KOopbl MiaHeTbl HeU30eXHO MPUBOAMIT K MeOfIEHHOMY
noatamBaHuio Kynorna. BoasHble napel B atMocdepe CHOBa KOHOEHCMPOBAaNWCb M 3aMep3anu
CHOBa Ha Kymnorie 1 Ha XONogHOW CTapon MaTepukoBom kope (obpbiBkax kopbl npoto3emnu). U
HaZonro Ha monofgon 3emne Havancs bonbLuon JlegHnkoBbIv [Neprnoa yxke Ha NMOBEPXHOCTM NiaHeThbI.

MocTeneHHo, noagTanBas CHU3Y Kymnor, NponvBarcs AOXAAMW U BOda ocefaria Ha cylle U B
Mopsix. Boga nepekoyeBbiBana ¢ kyrnona BHM3. Kynon ctan TOHKMM 1 Hadan 6ornblue nponyckaTtb
N BUOUMBIA COMHEYHbLIN CBET U ynbTpaduoneToBble nyyn. Mo Kynonom BO3HUK MapHUKOBbLIN
apdekT u nbabl bonblworo JlegHnkoBoro nepuoga Mo BCel NOBEPXHOCTU 3eMnu — pacTasinu.
MockonbKy TasiHWe NEOHUKOB HE MMENIo B3PbLIBHOTO XapakTepa, BOAbl MNpubbiBanu, HO He
kaTacTpocunyHo. Hagonro Hayancsa Becbma 6narogaTHbln TENMbIN nepuo 1 Ha cylle n B OkeaHe.
(B amom nepuod u npopocsiu me dpe8o8UOHbIE MOXXe8ENIbHUKU O KOMOPbIX 51 cKa3an ebiule.)
YpoBeHb Bog OkeaHa NogHSANCS NpMMEPHO A0 YPOBHSA Ha 50 MeTpoB HMke HblHeLWHero. B aTtoT
TENNbIN NO BCEWN NNaHeTe “AONOTONHbIN® nepuo, n AHTapkTuga, u 'peHnadand, n HoelHeWwHne
TyHApbl ceBepa Poccuun Obinn 3enéHbiM UBETYLMM KpaeM. YpoBeHb Bog MupoBoro OkeaHa
MeAEeHHO (nony4mnocb, B TeyeHun 3-4 Tbic. NneT) nogHumancs ot -50 go -20 meTpoB (OT
HblHEeLLHero). Tak ObIo 40 Tex Nop, NoKa yXKe MoYTK NPOo3payHbIi A4S CONTHEYHbIX yYen neastHom
NapHUK He pyxHyn (MMes manyl NPOYHOCTL (TonwmHa neasHon cdepbl 6bira Bo3amoxHo 90-97
MEeTpPOB) NOA HAaTUCKOM BEPHYBLLUUXCH C BbICOKMX OpPOUT kamHel (0T BTOPOro yaapa siaep us-nog
3emnu). OcTaTkn negsiHoOW KOPKM pacTasinu B TEMSOW TONCTOM atMocdepe U NpOoLLEn AOXAb
ycTpomBLInA BcemupHbii oTon, coxpaHuBLUMICA B nereHgax Bcex Hapogos 3emnu. Ho, ¢
OpYro CTOPOHbI, Nepes 3aKn4MTeNbHbIM akTOM CYLLLECTBOBaHUS “XpyCTasnbHbIN Kynon” obpasosarn
Haf, nraHeTon NApHUK U HArAEe He ObINo XonoaHo. Hukakux negHMKOB HY B NONSIPHbIX 0ONacTsaX HU B
ropax. “BeyvHown mep3noTbl” eLLé He 0bpa3oBbIBanock. ATmocdepa rnog Kynosiom napHuka npyuobpena
OpYryto NAOTHOCTb U MHBIM ObINO NPOLLEHTHOE OTHOLLEHME, B YAaCTHOCTU, Kcrnopoaa B atmocdepe
(napumnanbHOe AaBneHue Kucnopoaa — Obino Beile, YeM CTano NoToM, NPV paspyLLIeHN Kynona).

“XpycTanbHbli  Kyrnon” repmMeTusnpoBan 00pa3oBaBLUYHOCS MaHeTy OT BHELLHEro
KOCMMYECKOro NMpOCTpaHCTBa, NpensiTCTBOBan MPOHWKHOBEHMIO COMHEYHOrO CBETa, U He faBarl
noboBaTtbcs 3BE3JaMU, HE MO3BOMMIT C MOBEPXHOCTU YBUAETL Kak naganv u cnuBanucb Opyr ¢
apyrom 6aszanbToBble kannu obpasoBaBwue JlyHy. [naHeta 6bina “3akoHcepBupoBaHa” OT
BHELLHEro Mvpa B negsiHon GaHke. 3a UCKNIOYEHNEM pedpakumm, KapTuHa kak y CTpyraukmx B
“ObutaemomM octpose”. (To xxe camoe cenvac Habnogaetca Ha EBpone — cnyTtHuke KOnutepa).

He Bcsa Boga n3 npotoOkeaHa bbina cnuta Ha packanéHHbIe KapoBHU XeNe3HOW MaHTun
3emnu. Ha gpeBHeM gHe 6binv 1 HU3WHBI-BNaguHbl. Bo Bpemsa bonbluoro oneaeHeHusa 3emnu
N Ténsble XWUOKue BOAbl COXpaHsMcb. B Takmx Bogoémax, He COoOoOLLaloLWMXCA C OCTanbHOWM
YyacTblo BOf, Kak B KacnminckoMm Mope, coxpaHunacbh OT CKUraHna Mopckas XnsHb. IocteneHHo,
JOXOAMU U3-Mo4 NeJsHOro Kyrnora, YpOBeHb MWPOBOro okeaHa Bbipoc Ha 1150 meTpoB un
“pesepBaumm’ MOPCKUX XUBOTHbIX ewé Bo Bpemda bonbuworo JlegHukosoro lMepuoga ctanu
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pacLLIMPATLCA NOYTU OO0 HbIHELIHUX pa3MmepoB MupoBoro OkeaHa. [oTtoM, 3a 3 ThiC. NeT, ypoBEHb
nosblwancsa metpos Ha 30. A, yxxe nocne paspyLueHns “XpycTanbHoOro Kyrnona”, npu notone, BoAbl
nepBOHaYarnbHO BbIMANo CTOMbKO (YPOBEHb BOL, MO OTHOLUEHWUIO K CErOAHALIHEMY, CTan Bbille
npumMmepHo Ha 30M (Ha BeCb Nepenaz ypOBHsI BOA BO BpeMs MOTona NpuxoguTcs npumepHo 50m)),
4YTO BOAHbIE XUTENn npuobpernu, Ha Bpewms, ewwé 6onblune TeppuTopum s pacceneHus.

BosBpalyaBlumnecs us-nog kynomna kamHu obbl4HO He npobuBanu KOpy M B OCHOBHOM
co3gaBanu BOPOHKM Oygywmx 03ép u Oyadywime [OOCTONpMMEYaTenbHOCTM Tuna “GaluHu
ObsiBona”. Yepea TOHKYH0, TONbKO YTO 3acCTbiBLUYIO KOpy, Oyayuiee noxe OkeaHa oborpesano
napHuk. KpynHble rmbiBbl, KOTOpble Takym Npobunn TOHKYK, CBexeobpasoBaBLUYOCA KOpy —
co3fasanu BynkaHbl (Knnumangxapo), KoTopble TOXe nogorpesany Bo3ayx NoA “XpycranbHbIM
Kynonom” — napHukom ang 3emnu. Ho, ons obpasoBaHus BynkaHa, HeobxoouMMO Hanuyue
Xenesa, cepbl U CONEHOW BoAbl, a Nocne Toro, kak BoAbl Ha 3eMne cTtano Mano (Mcnapunacb u
obpasoBana “xpycrarnbHbii Kynon”), u cepa noj ceexeobpasoBaHHYO KOpPY eLlé He BChnbina (He
obpasoBanacb B MaHTUM B 4OCTAaTOMHOM KONUYECTBE), OTBEPCTUS OT NPOOUBLLNX KOPY KaMHEN B
OCHOBHOM CTaHOBMWIUCb HEe BYyrikaHamu, a HanoMuHanu KOBLUW U3MOXHUL, Y NNaBUMbHBLIX Neyven
— rpenu okpyxawowun Bosgyx. Ecnu rge-To Ha NoBEPXHOCTUM CTAHOBMUIOCH CIIMLIKOM Tenno,
NOOHABLUMACA BbICOKO TEMSbLIN BO3OYX KOHOEHCUpOBan BRnary Ha HWKHEN MOBEPXHOCTU
“XpycTanbHOro Kkynoma”, u LWEN JoXab M Hameps3an B BuAe NbAOB Hag Oonee TONCTbIMU
yyYacTkamy pasopBaHHOW KOpbl NpoTo3emMnu. A Kyrnosi — NOCTENEHHO OYeHb MEeANEHHO nogTamearn.

Korpa nén B OCHOBHOM nepekoyeBan C “XpycTanbHOro Kynona” B NeAHUKU Ha
NMOBEPXHOCTU, a Nbiflb U KaMHU Ocenn Ha néa, atmocdepa ouynctunack. Nonydnnca TUNMYHBLIN
NapHUK BOKPYr BCcel nnaHeTbl 1 bonbLuon NeaHunkosbin MNMepuoa 3akoHunncs. flbabl pactasnu.

B uenom, gaxe nop BbICOKMMU LLUMPOTaMM MMAHETbI CTanu NoYTU CyGTPONUKM — Tenno m
BNaxHo. B Takmx ycnoBusax HbIHELLHUIN CcypoBbIn ceBep Poccum (n MpeHnaHams u cesep KaHagbl
n AHTapkTuga MMenu MHOW, YeM cemndac, TEénnbl Knumat) — 6bin GnarogaTHbIM UBETYLLMM
KpaeMm C ryctbiMu necamm v TydHbIMn Tpasamu. [lepeBbs U Tpasbl aKTUBHO POCIN NPU HanIMynm
nUTaTenbHbIX BELWECTB U BbICOKOM COAEepXaHuu Kucropoga W YrnekUcnoro rasa B BO3AyXe...
[MoBepxHOCTb MpMChLINAno CBepXy MecKOM, Mbifblo, Mennom (NagaBlUMKU U3 CIOSi MapHMKa).
lMonomaHHas 1 cbedeHHasi pacTUTENbHOCTb BO BNaXHOM KnMmaTte neperHvBana obpasoBbiBas
TONCTbIA Cnowv rymyca (MAogopoaHOro Crnosi MoyBbl), HA KOTOPOM ObICTPO CHOBAa POCMM HOBbIE
pacTeHus... OTO BUOHO MO HbIHEWHEN “BeYHOM Mep3noTe” AkyTuu: Oonbluoe KONMYEeCcTBO
OCTaHKOB KPYMHbIX TPABOSAHbIX XXUBOTHbLIX — CBUAETENbCTBO POCKOLUHOW nuLieBon 6asbl. Kopma
XBaTano M CnoHamM-MamMOHTaM W HOCOpOraM W TUraHTCKUM OFIEHSIM M TUFaHTCKMM Bblkam.
['MraHTCKUMM OHU BbINKU NOTOMY, YTO BbINKN HacNegHUKaAMM NPEXHEN NNaHeTbl C MeHbLLUEN CUMNoW
TSHKEeCTU. Ho, KpynHbIM XXMBOTHBIM 1 KOpMa TpeboBanocb MHoro. U oH 6bin. (Mx npeaku 4omkHb
ObInn NepexuTb ronoaHebl bonblion JleaHnkoseiv Mepnoa 1, yuntbiBas, YTO pacTUTenbHas ux
nvwa gormkHa 6bina rae-1o pactu (B 4OCTAaTOYHO TEMMbIX YCIOBUSAX pe3epBauui, BUAMMO, OHU
ObInK, HO nocre, crneabl Okasanucb 3aTomnneHbl U CMbIThI)). [pyron nckonaembl “odeBmgeL,”’ Tex
BPEMEH, KOTOPbIA HblHE OAET He MOHMMAaeMble NoabMU OOBbSICHEHMS — KOPHU OepeBbeB. U3
BCEro, YTO POCMO Ha MOBEPXHOCTW, TOMbKO Y JNIMCTBEHHWLUbI (B HALWMX HbIHELIHUX CEBEPHbIX
TeppUTOpUsiX) eCTb CBOMCTBO HE MHUTb M3-3a DOMBLLLOrO KONMYeCTBa Ckunugapa B gpesecuHe. U
uckonaemble OpeBHWE CTBONMbI NMMCTBEHHUL, W MHU MOKa3biBalOT, YTO AEpeBO, 3@ CBOK XWU3Hb,
nyckano ypoBeHb KOpPHEN 3aHOBO A0 7" pas! Noyemy? He noToMy, YTO HIDKHME KOPHU 3aMOPO3MITIO.
Het! lMpocTo y HeKkoTOpbIX OEpeBbEB (M CPEAM HUX NUCTBEHHMUA) LUMpoKasi MOBEPXHOCTHas
KOpHeBas cuctema. JIncTBeHHMLUa XOpoLWo pacTET B YMEPEHHOM U Aaxe TENMom knumare. Ho,
Korga niogopOAHbIV CITON MOYBbI 3aChbINaeT CIMLLKOM FIyO0oKO KOPHEBYK CUCTEMY, - EPEBO MO
BEpXY MIOA40POAHOrO Criosl OTpaLLMBAET HOBbIV CIOW KOPHEN (@ HXKHME CIOW KOPHEN — OTMUpatoT
HO KOPHW NMCTBEHHMLBI - HE CTHMBALOT). [pyrve gepeBbs, 3a npolledllee BpemMs MOXET ObITb Takke
OTMyCKarnm HOBble YPOBHW KOPHEN, HO UX CTBOJIbI C TEX MOP CrHWAM B 6oratom crnoe neperHos ot
NNCTBbI, TPaB., Nenna 1 “9KoNorMyeckn YNCTon” Mblnun, NOCTOSAHHO BbinagasLueln U3 aTmocdepsl.

YXe MHOro nosxe, npu paspylleHun “XpycTtanbHOro kynona”, “napHUKOBbIN 3pdekT”
nepecran cyliectsoBatb. Boabl Tagswero “kynona”’, B Buae mnotona nponuTany TONCTEHHblEe
cnon noys. Ho u knumat mameHuncs. B pesynbTaTe OTCYTCTBUS cOrpeBaroLLero napHMKOBOro
Tenna, Npu ManoM COorpeBaHuUM CONMHEYHbIMU fydamMu (U3-3a HaKNoHa OCU BpaLLleHWs NnaHeThbl U
HaxoXOEHUSA TEPPUTOPUIN HbIHELLIHEW TyHAPbI BONM3M NOMOCOB NilaHeTbl, MOYTW napanienbHO
KIMUMATUKE), HA HUX, NOCMe noTona, cTano nonagatb 3HAYUTENbHO MEHbLUE Tensa OT NPOrpeToro
Hag ApyrMMu TeppuTopusiMu Bo3gyxa. [lponutaHHble BOAOW MOYBLI, 3aMEP3HyB, obpasoBanu
TONCTble neAsiHble NUH3bl, CO BpeMeHeM, oTTamBasi fleToM Mo BepxXy W CHoBa 3amep3as B
pasopBaHHbIX nractax rymyca, pasopsasluMe NNOogOPOAHYIO MOYBY U CO3AaBLUNE HbIHELLHIOW
“BEYHYI0 Mep3noTy”, rae nbAbl CIOMCTbI U cpeaun nbaa, Ha MHOrOMeTpoBOW rnybuHe, “Bapyr”
0BHapyX1BalTCs Crou 0ObI4YHbIX NMOBEPXHOCTHBLIX MOYB.

TonwuHy 3amép3Luero NNogopPoaHOro Cros HblHELLHUX CeBEPHbIX Tepputopuii Poccuu
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Nerko BbIYUCNUTBL MO CNosIM B My3esix Mep3noThl. Yepeaysacb ¢ npocrnovkamu nbaa, beiBline
nnogopoaHble Crion 3eMnn, ¢ ocTaTtkaMy He CTHUBLLUX pacTeHuI, yxoaaT Ha rnybuHbl 6onee 18
MeTpoB. Ecnu BblYeCTb TONWMHY NegsHbIX NPOCMoeK, TO NNOAOPOAHbIA CMOW 3aHMMaeT OKOJO
10-12 MeTpOB TOMWMHBI. OTO XOPOLUO COrfacyeTcsi Co CIOSAMWU KOPHEWN APEBHUX MCKOMaeMbIX
nucTeeHHuy,. Mo TonwuHe ctBona okono 1,2—1,4 meTpa, aTto 6bn 150 MeTpoBble AepeBbs Ha
MOMEHT rMbenu n oHM MMenu Ao 7un ypoBHeN kopHen. Korga crior rymyca CrivLIKOM BbICOKO
3acblnan KoOpHUW, NMUCTBEHHMULA NycKana HOBbIW Cron. [lepeBo pocro, U Kaxabii BbllLenexallun
Cron KOopHen BblpacTtan Ttonwe u wupe. CoOXpaHMBLLMECS MHN UCKOMAEMbIX JIMCTBEHHUL, MMEKT
rnybuHy “nHen” ¢ kopHAMU — okoro 10-121 MeTpoB, YTO COOTBETCTBYET MPSAMOMY MNOACHETY
TOMLMHBI CMOS rymyca 3amép3allero B Mepsnote. B HacTosilee Bpemsi, COXpaHUNUCbL N He
BblKOpYEBaHHbIE MOTOMNOM, HO CITOMaHHbIE N OKaMeHeBLUME fleca — HauWoHanbHble NPUPOAHbIE
3anoBeaHuKN Poccuu... nocMoTpuTe B MHTEPHETE — HanaéTe Takme “yamButenbHble” CTONObI.

He Bcerga 6bina ata mepanota! N meaneHHo AgorHvBaoLlLme B €€ Tonuwiax opraHu4eckme
OCTaHKM MOCTENeHHO obpasyloT TOT MeTaH, KOTOpbIN “BAPYr” 006ECMNOKOWS HbIHELWHUX YYEHbIX
(ntogen He3HaKOMbIX M MOANIMHHOM uctopuen kpas). Ho obpasoBaHue “BeYHON Mep3noThbl” Ha
MecCTe “TYCTbIX F1eCOB M TYYHbIX 1YroB” MPOU3OLLISIO YXKe MHOMO-MHOMO No3xe, YeM CTOSIKHOBEHME
nnaHet. [Mpowrno He O0JHO ThbiCAYerneTMe XU3HM ODpa3oBaBLUENCST HOBOW 3emMnun nog
“xpycTanbHbim Kynosniom”. Korga rpsHyna katactpoda v noaTasBLINM “XpycTanbHbIA Kyrnon” Obin
pasbuT KpynHbIMKM KaMHSMKW, BO3BpaTMBLUMMUCA K 3emrne (BblmeTenu nocrie BTOpPOro yaapa
MeHbLLEro u3 gaep ns-noj NoBepxHocTn), 06pa3oBaBLUMMK ByNKaHbl B BbICOKMX LLMPOTAX, - 6bin
(N0 HbIHeWwHeMy nonoxeHuto 3emnuM Ha opbuTe) nepuod, Korda Ha HbIHELWHIOK CEBEPHYHO
OKOHEYHOCTb 3eMnu COfMHeYHble fy4uM nonajatT BCKOMb3b — OGbina 3uma. W 6e3 ceeta ot
Kynona — Hactana nongpHasi Houb... Pe3koe nogHaTue oA (Ha 50 mMeTpoB), KOTOpblE TYT Xe
cTanu 3ameps3aTtb, - yTonuno obutatene u 3aMOpO3UNO TPyMbl YTOMMEHHUKOB. JOTUM U
06bsAcHAeTCa rrnobanbHOe BbIMUPAHME MaMOHTOB M HOCOPOrOB W OMEHEW..., B 3aMOPOXEHHOM
BMAE, COXPaHMUBLLUMXCA B FPyHTE Mep3noTbl. A ckeneTbl — 3TO Te, KTO yMep paHee W CrHun
ecTecTBeHHbIM 06pa3om. [1oToku BoAbl CBEPXY — CTeKanu MO HanpaBreHUsIM CKIOHOB W, NO
3akoHy ApxmMmepna, Bblapanu u3 Nno4B fieca M XaoTU4YHO pasHecnv GpEéBHa Mo MOBEpXHOCTU. Y
NNCTBEHHUL, — CTBOfbl TShHKenee BOAbl M He BCMMbiBanM camu, NO3TOMY, CIIOMaHHbI€ CTBOSbI
TOHYNU M WX 3acbiNano CMbITbIM C OPYTMX MECT TpyHTOM (BMEecTe C Tpynamu YTOHYBLUWX
XXUBOTHbIX. BbLICOKMM aMepuKaHCKMM CEKBOMSM — nogHATME YpoBHA BoAa Ha 50 meTpoB
BCMNNbIBAaHWEM Haf NO4YBON — He cTpawHo. OHuM Bbiwe. CTapble NUCTBEHHULbI — TOXe Bbille
YpOBHSA noTtona. A npouMMm [epeBbsM, MNanbMam, CaroBHUKY... — He noBe3no. [lockonbky
npornornka necoB NOTOMNOM COMPOBOXAanacb MOPEHUeM CTBOMOB U 3acbiNaHNeM X oceaatoLLnm
rPYHTOM, HO U B OTCYTCTBUM Xapa Heap, - 3TU CTBOMbl He CTanu yrnem. 970 Te OKamMeHeBLUne
CTBOIbl, KOTOPblE TENEpb HAXOOAT U MYCKalT Ha pa3Hble CyBEHUPbl — U CTPYKTypa AepeBa — U
KaMeHb cpady. CuntalTcs 3K30TUYECKNMU YKpaLLEHUSMMU.

Bcem aTanam xum3Hn Ha 3emrie COOTBETCTBOBAIT PasHbI YypOBEHb MOBEPXHOCTU BOS,.

Ho, 4ytoObl BOAa nneckanacb B OKeaHax, CHadana, [[oibkHa Obina obpasoBaTtbesi
rpaHUTHasi Kopa OKEeaHCKOro 5oXa, [AOMKHbI OblM NPOM3OWTU XMMUYECKME peakuun, B
pesynbTaTte KoTopbiXx obpasoBanacb cepa (p=1,92 T/MS) BCMMbIBLLAA Mo, CBeXeobpa3oBaHHYO
MOPCKYHO Kopy nnaHeTbl. Cepa He TONbKO fierye fioboro BewwecTBa, COCTaBMNSOLWLEro MaHTU, HO U
nerye KamHen (LLNaKoB) KOPbl — MO3TOMY, N0 3aKOHY Apxumea BCnibiBaeT Mo nobbiM TpeliHam B
kamHe. Korga ouepeHoun kameHb, NafaBLUni U3 BEPXHUX CITOEB aTMOCdepbl U3-Mof, “XpYCTansHOro
Kynona” npobuBan TOHKYH0 MOPCKYH KOpY, BblCBOOOAMBLUENCA 3Heprun 6bIiNo HegoCTaTOuHO,
yTobbI NCNenenuTb NnaHeTty. B npobutoe oTBEpPCTME yCTpEMNnsnachk CBEPXY - MOPCKas ConéHas
BOAa, a CHM3Y — cepa M Xeneso — BCe KOMMOHEHTbLI A 06pa3oBaHUs MarMbl, U BO3HUKam HOBbIN
BynkaH. XXeneso + cepa + MOBapeHHas conb + BoAa (MMM MPOCTO MOpcKasi Boda) =
3K30TEPMMYECKasi peakuusi obpas3oBaHNs BYNIKaHMYECKOW MarMbl, a Npoyve nonaslive B Marmy
npumecu obecnevmBaloT pasnmuns LBeTa U MexaHW4YecKknx CBOMCTB. [MOCKONbKy 3anacoB BHOBb
CO3[aHHOW Cepbl NMOA MOPCKOM KOPOW ObINIO0 HE MHOrO, BYSfIKaH AEWCTBOBAI He JONro, Co34aBast
KOHYC, Ha KOTOpPOM, MOCIe 3aBepLUEHUs] W3BEPXKEHUsi, nocensnucb Kopannbel. KamHenag wu
BblAeNnsemMoe [OMOSNHUTENbHOE TEMNO MEANEHHO MNOAHUMAanM ypoBEeHb MUPOBOIO OKeaHa W
Kopannbl ycrnesanu nogHMMaTb CBOU MOCTPOVKM BCE Bbllle. TOHKas Ténnas kopa WU ByrKaHbl —
rpenu BoAbl MMPOBOroO OKeaHa, 1, aTMocdepy Noz NapHUKOM Kynona.

OHeprus, npopeasLUasica NpuW CTONKHOBEHMU MnaHeT, GykBanbHO 3aTpayeHa Ha Boay u
co3gaHuo 06050YKN Haf NnaHeTon. M3obunue BoAbl COXPaHUMO YCNOBUS NS XKU3HM.

Tawm, roe ceryac rnybokasi HacTb OKEaHCKOro fioXa, Nocrne oTBePXKAeHNs KOPbl Haf Xenesom
MaHTMKN, obpasoBanncb He3amep3awlwne pesepBaumm conéHonm Boabl. Hepgpa nnaHeTbl
nogorpesanu aTu “akBapuymbl”. Monoape kopannos B BUAe NOABWKHOIO NnaHKToHa ([ns crnipasku:
Kopansl goece He ece2da gedym cudsyuli obpa3s Xu3Hu 8 ceoux domax-ckenemax. Koparnsi —
0d8yriosibie XUBOMHbIE, pasMHOXarouuecs: nosoebiM nymém (coernacoeaHo 8biryckarom & 800y
ceou cekpeuyuu) u umerowjue cmaduro, kozda ornnodomeopEHHasi UKpa rnrnasaem ¢ 80/IHO8bIM
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Opetichom u cmaduro, koeda Mos100b KOPasisioe — MO Yacme MIaHKMoOHa — caMOCMOsIMesIbHO
nepemeuwarowjuecss 8 6ode XuUsomHble, ModbICKUBarowue mecmo, nodxoodsiuiee, Ymobbl co3dampb
Hosyr KornoHuw. Ecnu anybuHa, memnepamypa u mecmo Orid 3akperisieHusi nodowsiu, mo
Ha4YuHaemcsi cmpoumeribcmeo doma-ckennema. Tak u 3apacmarom ymorisieHHble 8 ménsbix 800ax
Kopabrnu u ckenemsl no2ubwux KoroHul. lNomomy mak pasHoobpa3dHa MewaHUHa Koparsnoebix
KoroHul pughos.), BMECTE C MHOrMMMU pblibamu, BMOMHE MOIMO 3aHECTW B Takue pesepsaLuu
nocrnegHVMM MOTOKaMy BOAbI CRMBLUENCS C pasopBaHHOW kopbl npoto3emnu. OcTaBaBLiasics
Xnakon B pesepBauusix-d6acceriHax Boga — He 3amep3ana v He 3akunana. [1oatomy, kopannbl,
OY€eHb YYBCTBUTESIbHbIE K TEMNEPATYPHBLIM YCIOBUAM, MO MHOTY pa3 M MOCENSSUCL HA KaMHAX U
OoTMMpanu, OCTaBMss NWWb CBOW MOCTPONKM-CKENETLI, KOTOPble WHOrga MOKpbiBanu HOBbIE
naBoBble crnou, ocTbiBanu, (korga TemnepaTypHble YCMOBMSI CHOBa MO3BOMANN) 3aHOBO
OnuTenbHO NOKpbIBanMcb GakTepuansHOW NNEHKOMW, a 3aTeM MOMNoAb KOpanmnoB 3aHOBO 3acernsna
Te e, HoO OBHOBNEHHbIE KOHYCbI. BogHast *u3Hb MUrpmMpoBarna K nogxoasiemMy ypoBHKO Tenna.

MonpobyinTe oTpesaTb KyCOK MAYMKa U NpUNagnTb 3Ty LWKYPKY Ha TBEPAbIV AP HEMHOIO
fbonbwero pasmepa. YTo nonyymMTcs Npu NOMbITKE YBENUYMTb PagvMyc NMOpPBaHHOM OOOMOYKM
Maumka? — Ckragku. To ecTb, obonovka OygeT nbiTatbCs M3rMbaTbCs M BHU3 U BBEPX. Tak
NOSABUNUCH “CUHKIMHANU” N “aHTUKNMHaNn”.

Ecnn obonoyka He pe3vHOBas, a MeHee MogaTnuMeBa, TO MHOrMe ckragkm obpasytoT
paspbiBbl. Tak “CUMHKIMHaANW’ WM “aHTUKIMHaNKW” okasanucb AOCTYMHbIMM Onst 00603peHus u
N3y4yeHusi, korga NopoAbl He BbIAEPXKMBANM HanpshkeHUM B KOope U yxe obpasoBasLunecs
CKNnagku CHoBa ObInv pasopBaHbl NPOAOIKALWNUMCH NepeMeLleHneM Cnos Kopbl — B Maclutabe
nnaHeTbl — TOHYanLWen NNéHkn. Ecnn cpaBHUTE MacuTabom 3emrito 1 KypuHoe SnLo, BCS TBepab
MaTepuKoBon 3eMHOI KOopbl TOHbLLE CKOPNYynbI aila B 4 — 5 pas.

Tak, B cknagke Tonw, csoero una, obpasosancsa u bankan. He ot ynapos 13 nog kopbl —
BBEpX. He oT ygapoB 13 atMocdepbl BHU3. Yaapbl NOLWM OT COyaapeHUn saep, a pa3pbiBbl KOPb
1 pa3pbiBbl HA BHOBb 06pa3yeMbIx CKragkax — eLé paHbLle — Kak TOJTbKO CIMITMCh MacChbl MaHTU
nnaHeT 1 yBENUYUICS AuameTp Lapa. Yxe CcylwecTBoBaBLUas 03épHasi BnaguHa Obina yBenvyeHa
BHM3, @ YacTb NPUBOPEXHbIX palioHOB 03epa, HAa0boPOT, CMOPLLNIIO BBEPX, 0Opa3oBaB HOBLIE Gepera
M HOBYIO popMy O3epa. HeBenumko CTapLIMHCTBO, HO, MO CYTW, CKIagka Kopbl, 0O0pa3oBaBLuas, B
yacTtHocTu, u baikan, — ctapwe Tubeta Ha nonyaca unm Ha 40 mMuHyT. BnagmHa bBavikana
obpasoBanach paHblUe Ha nofyaca, Yem BblneTenu kannm 6asanesTta, obpasoBasLume JlyHy.

MockonbKy pa3opBaHa 0BOMoYka Lernon nnaHeTbl, @ Ha Hel BbINn U OKeaHCKoe NoXe U
Cylla, a Ha cylle pekum u 03épa, U BCE 3TO, NOCMe CnUSHWUA NMaHeT, ctano obllen cyulen,
0BHaXnB OT BOAbl U MOPCKME M NPECHOBOAHLIE UINCTLIE MACChl, TO Ha HbIHELLHWUX TEPPUTOPUSIX
CylUuX, BrepeMeLlKy, crnefbl NpexHeh U OKeaHCKOW U CYXOMYTHOW U O3EPHON KU3HWU. HyxHO
COCTaBMATb, €CNN MHTEPECHO, NO reonornyeckuM criegam, atnac TeppuTopuin crefos: Mope-
cyLua; cywa-o03epo. A noka, npaebl oba: n 6apoH ®pugpux Bunbrenom MNeHpux Anekcangp ¢oH
'ym6onbaT (0OHapYXMBLUMIA HA €BPOMNENCKON PaBHUHE Criefbl NPEXHEN MOPCKOW XN3HU (A TOXe
Haxogun nog lckoBom okameHeBluMe kopannbl)) u AH [JomeHukoBud (MiBaH [demMeHTbeBUY)
Yepckun, obHapyxuBwunm Bokpyr bavikana cnegbl NpecHOBOAHOM MpeXHen xu3Hu. Bugnmo,
Bavikan u Ha npoto3emne OblnT NPecHbIM 03epOM, BOAbI KOTOPOro corHano B ob6pa3oBaBLUyOCSA
CKIagKy MeCTHOCTW, COenaB OKpPeCTHble [OHHble Tepputopunm — HOBbiMKM Beperamum.
CooTBeTCcTBEHHO, pblbbl Balikana — gouctopuyeckas LEeHHOCTb.

Takas e LLeHHOCTb 1 03epo TaHraHuka, B KOTOPOM U MO CeV AeHb NnaBatoT JoKa3aTenbCcTaa,
Kakasi CTOpOHAa HbIHELUHEN tXXHOM AMepukn oTopBaHa OT HblHelHen Adpuku. OouHaKkoBble
BHELLHe rpynnbl pbld C OAMHAKOBbLIMM OCOBEHHOCTSIMU HEpeCTa B POT APYIMM CXOAHbIM pbibaM BO
BpeMmsi HepecTa (BblHALLIMBAKOT MKPY BO PTY camubl), HO C pa3HbIMW Ha3BaHUsIMU Tak Kak OOHW B
Adpuke, a gpyrme B BepxoBbsx AMasoHKU. A BCe OHU OYEHb KPUTUYHBLI K CONEHOCTU BOAbl —
nepennbiTb Ha HOBOE MECTO Yepe3 Mops — He MOrMK. 3HaunT, NnepBoHaYanbHO obuTanu B O4HOWM
NPeCcHOBOAHOW CUCTEME Ha e[dMHOW Cylle, KoTopasi Obinia pasopBaHa, pa3gBuvHyTa U MOBEPHYTA.
Tak nony4nnocb, YTO CEPbE3HO YBIEKasACb aKBapUyMUCTMKOW, CbiH cogepxan obe rpynnbl 13
AdPVIKM 1 KXKHOM AMEPVIKM B COCEAHUX aKBapMyMaXx U CXOXKeCTb (He Ha3BaHui) bbina BuaHa HarnsaHo.

HblHewHee YépHoe Mope [o noTtona — ObiNO 3aKpbITbIM OT OKeaHa BOAOEMOM-
pesepBaumen. MNMpubbIBLLIME BOALI NPOMbINM B HU3KUX MECTax HAaHOCHOW FpyHT 1 obpasoBarcs
Bocdop. Bo Bpemsa “Bbicokon Boabl”, YépHoe Mope, yepes yllenbs rop, COeAWHUNOCH C
Kacnuicknum mopem MenkoBOAHbIM NPOSIMBOM, KOTOPbIN MCYES MPU BbIMOPAXXMBaHWUU JNbLOB.

M 6bino ato, B 0bLLeM-TO cOBCEM HeaBHO. He TONbKO NpUYepHOMOPCKUE 3aTOMNMEHHbIe
ropoaa nepebpanuck nosbille (OCTaBMB HaM ANS NMOUCKOB U PacKonok Ha rnybuHax meHee 20 m
n pymHbl © aptedakTel). Ha Pycckon paBHUHe, Hanpumep, B 4YUCTOM none “Bapyr’
obHapyxunBaeTcsa aepeBeHbka OcTpoB. Kakonm Tam “OCTpoB”, Korga v peka-to ganeko. Ho, ecnu
paccMoTpeTb u3obaTbl MECTHOCTHU (MMHUM OOUHAKOBLIX BbICOT), TO NPWU NOAHATUM BoAbl HA 30M
OT HblHELLHEro YPOBHS — MMEHHO 3Ta AEepPeBHS ocTaBanacb €AWHCTBEHHbIM OCTPOBOM BOKPYT.
Bce cTapuHHble KpemMnu M xpambl Ha Pycu pacnonoXeHbl Bbille (MM He HUXKe) HblHEeLUHEW
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otTMeTKn +30 METPOB OT HblHELWHEro ypoBHa BoA. PaccmoTpute kapThll. MHorme kpenoctu (1
Konopbe) Hauanu cTpoutTb Ha Yyctynax 6Gepera Tak, 4TOObl OHWM MepekpbiBanu nyTn BO
BHYTPEHHME, He 3aTonfeHHble HacTonbKo TeppuTopuu. Korga BoAbl CTanu oOTCcTynaTb, -
Kpenoctu nepeHocunu (a Konopbe — NpocTo 0CTanock HUYEro He NepeKPbIBAKOLLUM, KpOME NyTH
no pasHuHe). CO CMYTHUKOBBIX CHMMKOB W Tenepb MpocMaTpvMBalOTCA credbl OTKyAa Kygda
nepeHocunu kpenoctn. O4yepTaHnsa CTapbix CTEH BMAHbI Jaxe nof cnosimv 3emnu. MiBaH ropoa
n HapBa — n3HavyaneHoO — egnHoe 6eperoBoe ykpenneHue — He NpoTuBocTosHME. COXpaHMIUCh
M cTapble KapTbl JOMOTOMHbIX oyepTaHui. KoHeyHo, Korda nyTellecTBOBanu, 3apvcoBbiBanv
HOBblE rpaHUUbl Cyllin U BOA. W, KOHEYHO, He KaxAabl “kapTorpad” nyTellecTBEeHHUK caMm
nocetmn Bce MecTa Ha 3emne. [loaTomy, oceanble kapTtorpadpbl cobupanu 3apucoBKu
nyTeLeCTBEHHUKOB M MOMPaBnsAnNu Te KapTbl, KOTopble Mmenu. [1oaToMmy, B 3aBUCMMOCTU OT
YacToTbl NyTELWeCTBUA K pas3HbiM MecTaM 3aBucena npoOpMCOBAHHOCTb UMM aHTasus 13
MPOLUIOro O Kakux-TO MecTax. HblHewHu pycckuin cesep, no 6eperam pek okasancs O4YeHb
ryctosacenéHHeiM. CnnowHas rapgapuvka. 3HauuT, 6bi1 He TakoW yXK XONOAHbIA Nog KyrnornoMm
napHuka. Hukakoro KaHganakuwckoro 3anveBa n benoro mops. 3ato, 6bino benoe o3epo.
ConoBeLkuin MOHacTbIpb — pacnonarancs He Ha OCTpoBax, a Ha bepery n peka OHera Bnagana
OT Hero crneBa, a He crpaBa kak cenyac. OHera peka — BbiTekana n3 OHexXcKoro o3epa, a He
Kak cenyac. N peky HeBy pucoBanun — MHoro anuHHee... N JNlagoxckoro o3epa, 60nbLIoro, kak
cenyac — He 6b110... M1 BCé 310 BO3MOXHO! Ho ypoBeHb BOf, HMXKE HbIHELIHEro — Ha 20 MeTpoB.
A notom, Bapyr, ucyesaet Hesa. KapTbl npuobpetaioT HeobblyHble ouvepTaHus. Kpenoctu
Opewek 1 Kapena B 1595 roay pucytot Ha 6Gepery orpomMHOro 3anuea...

lMocTteneHHO ocBoboxpatowmecs OT BoA TeppuUTOpuUM 3axBaTbiBalOT ChyCKawoLmnecs ¢
XONMOB ¥ BO3BbILLEHHOCTEN noan. MeHsatoTca odepTaHusa cTpaH. Aoyt 3axBaTHUYECKME BOWHbI.

Korga ypoBeHb BoA Bbille MeTpoB Ha 30, CTAaHOBUTCH MOHATEH CMbICI NYTU “U3 Bapsr B
rpekn”. Mo Bbicokon Boae OykBanbHO BOAOEMbI COEAUHAIOTCH U €CTb CNIIOWHOW BOAHBIN NYTb
mMexgy Mopsamu. Korga BoAbl onagatoT, Ha npexHe 6e30nacHbIX CMIIOWHbIX MNYTAX NOSABASIOTCA U
noporu n Bornoku. HblHewHun BeiwHni Bonoyok. Hy oTkyaa Kyga Tam BOMOYb NoAbu U 3a4em?
A nogHVMWTE YpPOBEHb BOA WM CTaHET MOHATHO, YTO 3TO obmeneBwwasa BogHas gopora. Tak 4yTo
OrPOMHOE KONMYECTBO Ha3BaHWU rOPOLKOB M AepeBeHb Ha Pycu pacckasbiBaeT O JONOTOMNHON
UCTOPUM W paccerneHuy migen BO BpeMs, Korda YpOBeHb BOAbl CTan Bbille HbIHELHEro
npuMepHo Ha 30 meTpoB. MImes JONOTOMNHbIE TEPPUTOPUN C OYEPTAHMSMU CYLLU, KaK ecrnv Bo4
MeHblle Ha 20 METPOB M Ha3BaHWS MOCENEHWUN, KOTOpble MOIMMN MOSABUTLCA Ha KOHKPETHbIX
MecTax, ecrnv obLimn ypoBeHb BOA CTan He Bbilwe, Yem 30 MEeTpOB OT HbIHELUHEero, nony4yaem
NPUMeEpPHbIA YPOBEHb TOrO, YTO BbINano ocagkamu, Korga “XpyctanbHbl Kynon” Obin paspyLueH.
YuntbiBasd, 4TO ypoBeHb BOAbl -20 METPOB COOTBETCTBOBAS €LUE Hanuuuio “XpycTarnbHOro
Kynona”, a 3Hau4uT, Hannuuio NapHuka Hag Bce 3eMnén, n Ha CeBepHbIX TeppuTopusax BbINo
Tenno u Ha CornoBeLkux (B Te rogbl He) OCTPOBax, B €CTECTBEHHbIX YCNOBUSIX, BMNOMHE MOr
pactv 1 BMHOIpag W peanbHO NeTb CONOBbU, YEMY Mbl YOUBMASEMCS Tenepb YmTasi XPOHUKU U
noHumas cesepHble COMOBKN NO COBPEMEHHOMY.

[a, Kak n ¢ NoacYETOM TOMWMHBI FTymyca B HbIHELWHEA BEYHOW Mep3fnoTe, Tak U C
NnoaCYETOM YPOBHS 3aTOMSIEHMs MOBEPXHOCTU, - cxogutcd. [lepenag B 50 meTpoB —
[OCTaTo4veH, 4YToObl YTOMWTb MHOMO KWM3HW, BblApaTb AEPEBbS W 3aHECTU HU3WHbLI CMOSMU
CMbITbIX MOYB. A NOTOM 3acensaTb 3eMn 3aHOBO MO HE CMbITbIM PYMHaM.

YpoBeHb BoA nagan BnnoTb A0 BpeMéH [leTtpa |. HaunHas ctpoutenbctBo Jlagoxckoro
kaHana (ctapo-Jlapgoxckoro), 4tobbl ob6e3onacuTb CygOXOACTBO OT CTMXuM LITOpMOB Jlagoru,
Obina cnpoekTupoBaHa rnybuHa kaHana, JocTaTtodHas Ans cpefHuX cyaoB Toro BpemeHu. Ko
BpeEMeEHN Mycka KaHana, okasanocb, YTO rnybuHbl He OOCTATOYHO Jaxe ANA MEernkux CyOoB.
Mpuwnocb CTPOUTb LLUMO3bl C ABYX CTOPOH U CUCTEMY NPYAOB, COAEPXKAaLLMX HAKONUTENbHYIO OT
noxaen sogy, 4Tobbl 3anofiHATbL KaHan Ha BpeMsi Mpoxoda cydoB (Toxe yepes wnio3bl). Beé
COXpaHunock u paboTaeT, XOTb U HE UCNOMNb3YyeTCH ceryac No NPSIMOMY Ha3HaYEHUIO.

[MeTpoBCKNX BPEMEH rPaHNTHBIE CUCTEMbI ANst CYAOXOACTBA U pasrpy3kn COXpPaHWUIMCh U
B palioHe HblHelwHero Knuposcka. BoT Tonbko ¢ rmybuHammu Tenepb Henopsaaok. Boga Hamepsana
Ha MOMSAPHBIX Lankax M FOpHbIX MaTepuKax, OMyckas MocrnenoTomnHbIA YPOBEHb U TeppUTOpUn
ocBobOXaanuch M3 NoA BoAbl NOYTM A0 cepeanHbl 18 Beka.

EcTb 1 gpyroin, BceM N3BECTHbIN, CBUAETENb NOTOMA, KPOME Kak Ha3BaHWs Ha KapTax.

Bce 3HatoT npo octpoBa OkeaHun — aTonmMbl KOpanmoBbiX OCTPoBOB! A Kak OHW MOrnmu
obpasoBatbcsA? Kopannbl — He pacTyT Hag Bogon! KopannoBble KONOHUKM [OpacTalT He Bbllle,
yem 0,5 mMeTpoB OO0 MOBEPXHOCTM BOAbl Mpu OTnMBEe. W Bbllle He pacTyT, a TO MOrmbHyT!
Kopannbl He BbIHOCAT NpecHoW BoAdbl AaXe OT AOXAeN (NOTOMY HyXeH obssaTernbHbl Cron
CONEHOM BOAbl CBEPXY KONIOHUUN Aaxe Mpu oTnmBax Bog He meHee 0,5 meTpa). NMoaTtomy, chopma
KOpansoBbI KOMTOHUIA - M3 MyOUHbI Ha BepX MOAHMMAOLWMNCA MOYTU OTBECHBIA, MEeOJIEHHO
CYXXaloLWMNCa KOHYC. Y MOBEPXHOCTM 3TOT KOHYC CHoBa paclmpseTtcs. [1punoBepXHOCTHbIEe
Kopansbl He MOTyT pacLUMpATb KOMOHUIO BBEPX, a TOMbKO B Wnpb. MoryT o6pa3oBbiBaTh NaryHsl,
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HO camu Kkopannbl — Tonbko noa Bogon. O6pasyldT 3pr — MOMHOCTLI0 MOABOAHbIN
NPUMNOBEPXHOCTHLIN pud. ECTb nNub OQHO UCKNIOYEHMe, Korda B 30HaX C MHOroMeTpOoBbIM
OT/IMBOM 3KONOrMYECKYK HULLY 3aHAN Kopann rinyboko yMewLwmn npaTaTtbCca B g4erikax CBOEro
cKeneTa U CTPOALLMA KOMOHMIO B BMAE Yallu, B KOTOPOMW Mpu OTNIMBE OCTAE&TCcAa Mopckad Boda.
Oaxe poxab kopann cnocobeH nepecuaeTb CNpPATABLUMCL OO Criegyrollero npunvea, To ecTb,
BpeMs NpsaTok — 6onee 14u Yacos.

A Kak xe 3aHecno kopannbl Ha cywy?..[[Ae OHM yMmMepnu, paspywunucb B MNECOK,
obpasoBany Ky4u necka v U3BECTHSIKOBbIX KAMHEW 3Ha4YUTEeNbHO Bbille YPOBHS BOA, U Npu TOM,
YTO MEeCOK CMbIBaOT BOMHbIL. Y Yapnb3a [JapsuHa Obina BnonHe normyHas Teopus obpasoBaHus
KopannoBbIX pucoB 1 naryH. HacTonbko nornyHas, 4to €€ TpygHO OCMOpUTb B OTANYMKU OT €ro
TEOpUU 3JBOMNOLMM (TaK U He MNOATBEPXKAEHHOW HW eAuHbIM (PakToM — BCE BuUAbl, cyad Mo
packornkam, NosSiBRANMCb Cpasy roToBbLIMU UMW HaBCEra4a ucyesanu 1 HUKakux nepexonHbix opm
HKU pa3y He 6bINo 0GHapPYXEHO (He TOMbKO MeXay YenoBekoMm 1 obesbsHon) — HU pasy!). Ho, no
[apBuHy, naryHbl KOpanmnoBbIX OCTPOBOB 06Opa3yroTcs nNpy MOCTOAHHOM OMyCKaHWM AHa Mo
octpoBamu. dopmMa naryH — ga, KOHeYHO norny4daetcs. A CyxonyTHasi 4acTb korga Bbipocra?
CyxonyTHas 4YacTb NnbOOro KopasnoBOro OCTPOBKa Hag MOBEPXHOCTbIO BOAbl Kak BO3HMKNAa?
[Ho nogHsano Becb pud U Bepxyllka Ha cywe ymepria? Tak MOXHO Oblrio Obl MpeanonoxuTb,
ecnu Obl He 3HaTb, YTO M B APYrMx MecTax 3eMHOro wwapa, 6bin nepuog, korga Bogpbl Obio Bbilwe
Ha 30 meTpos.. Nepenag ¢ 4ONOTOMHOIO YPOBHSA Ha NOTOMHbLIN — 50M — 3TO BMOSHE B 30HE pocTa
Bcex kopannos. [Moka oHW nogpacTtanu, nNpecHble BOAbl CMELLANUCb C MPOYUMU OKEAHCKUMM
BOJAMU, CMbIBanu conn C Cywwu... Kopannbl He nonyyunu pesKoro OnpecHeHus u He BCe
normbnun. A mecta norMblumx — 3aHana MonoAdb, OCeBLUas Ha MPOMbITbIX CKeneTtax M 3aHOBO
KonoHusmpoBaBsLasa nx. M 6bin pocT K HOBOM noBepxHocTn BoA. (To eCcTb — He AHO OkeaHa
ocepano, a Boa npmubaeunock) W korga noctporku yx 6einv gobasneHsl Ha 6onee, yem 30u
METPOBYIO BbICOTY, YPOBEHb OKeaHa CTan NOHWXaTbCH U BbIPOCLLME KONTOHUU KOpannos nonanm
Ha Bo3ayx. Hy, a ganblue, obpa3oBaHue aTonmnos U pudoB BOKPYT yKe CyLLECTBYHOLLMX OCTPOBOB
CyLWK — 3TO BnosHe no Teopun Yapnesa dapsuHa.

[a, ypoBeHb BOA MO3BONUI UM BbipacTn! A MOTOM BOAbl MO3amep3anu Ha Morcax v B
ropax. MNoHu3unca ypoBeHb okeaHa. M BCE, 4TO nonano Bbile NPUOOMHONM 30HbI — YMEPIIo U
paspywmnock B Necok. Tak u obpa3oBanmcb KopannoBblie ocTpoBa. Hukakne gBosikogblaline
pbiObl CO AHA Ha NOBEPXHOCTb HE Tackanu KyCOYKM KOpassioB 1 necka obpa3oBbiBas ropku!

B ectectBeHHOM cocTosiHuK, Kopannosble ocTpoBa BCEIJA 6yaoyT paspylartbcs, ecnm
He noAcbkinaTb 06NOMKM KOpanmnoB pacTackusaemMble npnboem B naryHbl CHOBa HaBepX OCTPOBa.

MoXHO N oueHUTb BpeMs nepuoaa BblpacTaHMs KOpannoBblX OCTPOBOB NPW NOTOMHOM
NOAHATUM YPOBHS BOfA,.?

O6bIYHO, cuMTaeTCs, YTO pasHble BUAbl KOParnnoB UMEKT pasHyt CKOpocTb pocTta. Mon,
NNOTHbIE MO3rOBMKWU pacTyT no 1-2 caHTMMeTpa B rod. A rubkue kopannbl U poratbie — MOryT U
no 40 caHTUMETPOB B rofl BbIMaxmsaTb.

Tak... ga He coBceM. PocCT KopanmnoBoW KOMOHUM — 3TO HapawmBaHue eé ckeneta. A
3HA4UT, - CPaBHMBATb HY)XHO HE yanMHEeHue, a yBenudeHue obbéma. U yBennyeHve obbéma
CBOErO0 ckereTa y Bcex kopannos OyaeT BbIrMsAeTb NPU NPOYUX PaBHbIX YCIIOBUSAX — NPUMEPHO
oguHakoBo. Macca ocTpoBa — 3TO B OCHOBHOM MIIOTHbIE KOpansibl, KOTOPbIE MOTyT 1 06nennsTb
nobble nNoaxoasLine UM OCHOBaHUA. A 3HAUUT, NPUBNN3NTENBHO MOXHO MpuU onpeaeneHux
BpeMeHU pocTa OCTPOBOB B npefenax yposBHA 40-50 MeTpoB OpuMeHTMpOBAaTbCH MO MNIIOTHLIM
KOMOHMSIM MO3roBbIX KoparnmnoB — 1-2 caHTuMeTpa B rog. To eCTb, CO BpeMeHeM, paspacTtasch B
pasHble CTOpPOHbI, kopann 6yayliero ocTpoBa, nogHMMancsa Beepx npumepHo 1cm B roq. Ytobbl
BblpactTu Ha 30meTpoB (3000 caHTMMeTpoB) HyxHO 6birio 3 000 net. To ecTb, Ténnasa 4acTb
napHUKOBOro npotunoro 3emnu ot bonebloro JlegHukosoro MNepuoaa ao Manoro JlegHukoBoro,
Korga BoAbl Kyrnomna 3aMopo3viv NpUnonspHbie TeppuTopumn — npowno 3-4 Teicaum net. U camo
TENNOE NapHMKOBOE BpPeMS AJIUIOCH ...3... 4 Thicaum neT. ATO OnATb cornacyeTcs ¢ BO3pacToM
COXPaHMBLLMXCH APEBOBUOHbBIX MOXCKEBEITBHMKOB U C Ha3BaHMSAMM PYCCKMX MOCENEHNIA.

Knumart, nocne TENMOro napHWKa, W3MEHWNICS W MHOrMe Kopanfibl ymepnu. 3a
UCKITIOYEHeM BCEro 0QHOro Br1aa, Koparnibl NMII0X0 NepexunBaroT TemnepaTtypy Boabl Huke +21°C.

Ha YépHom mMope kopannbl Tenepb He XWMBYT. XONOAHO WM. A novyemy camblii
pacnpocTpaHéHHbIN KameHb B APEBHUX MPUYEPHOMOPCKMX MOCTPOMKaX — UMEHHO KOParnoBbIi
n3BeCTHsIK? W pasBanuHbl XepcoHeca 13 Hero u kpenoctb 1 xpambl. I Cypakckasi KpenocTb....
CHapyxun uto-nubo 6onee nnoTHoe, a BCA cepeavHa — NOPUCTLIN KOPannoBbln N3BecTHSAK. OH
KOHEYHO, 13-3a NOPUCTOCTM U Nnerko obpabaTbiBaeTCs 1 B Kapy YKpbIBaeT U OT Xxonoda cnacaet. Ho
rMaBHOE — 3TUX “MECTHbIX” 3anexemn n3BecTHsaka — MHoro. OH gewéBbin. Y n3 Hero CTposT 1 cendac
ooma n Ha YépHom mope m no Bcemy CpeamsemHomopbto. CKOMbKO YK pa3 Haxoaun rhbiobl
NMOPUCTO-AbIPYATOrO M3BECTHSIKA U MOCTPOEK U3 Hero B none npu CpeamsemHom mope B N3paune!
N kpenoctn kpectoHocueB u asopey Mpopa... HbliHe kopannbl Tam He XuByT. CKOMbKO Xe
KOpannoBbiX prdOB BbIPOCO B MAPHMKOBbLIV NEPUOA U YMEPIIO 3aTeM OKa3aBLUMCh Ha cyle!
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3 KTo »xun Ha Halwlen nnaHeTe A0 Hac

Ecnu Ha nnaHeTy nonana Xu3Hb B Buae Gakrepuin, TO Ha4MHatoT 06pa3oBbIBaTLCS Crou 13
WX XXU3HEeOeATenbHOCTU — opraHuka. PadymHas Xu3Hb Ha TakoW NnaHeTe BrNofiHE BO3MOXHA, eCnu
YCIoBWsi Ha NOBEPXHOCTM No3BOnNsAtOT. U Ha npoTto3emne — 6bina pasymHas umsmnuaaums. Mon
KpaTKui pacckas cenvac o BpeMeHu, kotopoe EneHa MNMeTtposHa bnaBaukas Ha3sana “Jlemypuen’”.

Jlemypuiickas umBMnM3aums Xuna OO CTOMKHOBEHWUS OBYX NnaHeT Ha nnaHeTe, opbuta
KoTopow 6bina 6nmke Kk ConHuy (Ha MEHbLLEN N3 NIAHET, O KOTOPbIX A TOJNIbKO-YTO paccKasbiBar).

Jlemypwuiickas uMBMNU3auus pasBuBanacb nNo OGuonornyeckomy nyTM B rapMOHWMM C
nnaHeTon n eé xutenamu. He ObiNno MECTOPOXAEHUIN TOTOBbLIX “YUCTbIX” BELLLECTB — OHU €eLLE U3
HeAp He BbIMMECHyNucb Hapyxy. OTcioga — gpyras AeATenbHOCTb NeMypPUALEB — XUMUYECKUIA
CUHTE3 HYXKHbIX, MONEe3HbIX BUONOrMYeckon LMBUNN3aLmnn, BELLECTB N 3IEMEHTOB.

MpoTto3emns 6bina 3aHATa, B OCHOBHOM, MESIKOBOAHBIM OKEAHOM 1 MHOXECTBOM OCTPOBOB
cywn. MeHbLUMN pa3mep nnaHeTbl — MEHbLLUAsA TSKeCTb Ha eé nosepxHocTu. OTclofa ruraHTusm
dopM XU3HM KOTOpblE Mbl TeNepb packanbiBaeM. Beicokne aepeBbs 1 TpaBbl. XKutenu pasHoro
pocTa, MHOM1e Mo HALUUM HbIHELHMM MepKaM — BECbMa KPYMHbIe, HO TSXKECTb-TO MeHbLUe Bbina u
He aaBuna nx. CooTBETCTBEHHO M HEBEPHA PEKOHCTPYKLMS BCEX UX NOXOAOK (B ounbmax oT CNN).

He HyxHO 6bIN0 AMHO3aBpaM, packonaHHbIM B AHTapKTMAe BnagaTh Ha Nonroga B Crsiuky —
3MMbl He Obino. Bnpouyem, u gpyrux BpeméH roga — Toxe He Obino. BpemeHna roga — aTto
CNeACTBME HAKMOHA OCK BpaLLeHWs nfnaHeTbl. A Npy NepneHauKynspHon K opbuTte ocu, BMECTO
pasHbIX BPEMEH rofa — TOMbKO pasHble KnMMaTtudeckme 30Hbl. Ha nontocax — BOBCe He BeYHas
3MMa, a HblHelWHWe “cpegHue WKnpoThl”. Ha akBaTope — BevyHoe neTo. PeanbHO npenctaBuTb
“OUONOrMYECKY0 LIMBUN3aLMIO” MOXHO nocmoTpeB ¢dunbm [xenmca KamepoHa “Aartap”. A
3a0HO 1 OCO3HATb pearibHbI pasMep NPOTOXMTENEN 3eMnm — Hawunx NpeakoB (He n3 06e3bsiHbEN
nnHum). bes HebecHbIX neTarLwmx kKamHen. XBOCTbl Y pa3yMHOM pachl (y Halux nNpeakos) Aa,
obinn. Ho onsa nnaeaHus, a He Ans o6ueHus. Ha nnaHeTe — B OCHOBHOM Boaa. Jlemypunupl 6binu
He 3eMHO-BOAHbIMU, @ BOAHO-3eMHbIMW. KpynHbi pocT (12-15M), COOTBETCTBYIOLLME POCTY rONOBbI,
B HMX KPYMHbIA MO3r. KpynHas WnwwKoBMaHasA xxenesa BHyTpy rornoeel. [paea 6bina E.MN. bnaesaukas,
roBopsi, 4TO Ansi 06LLEeHNa ucnonb3oBanack Tenenatus. Tenenatuyeckoe obLeHve npegnonaraer,
YTO Cpasy Xe U3BecTHa BCA conyTcTaylowas nHpopmaums. Het tanH. Het rmkun. Het nectu. Het
3nobbl. 3aBUCTb — BMAHA, HEHaBUCTb — BUOHA M HEe MPUBETCTBYIOTCHA OKpyXawowumun. 3T0
BOCMUWTLIBAET OTHOLLIEHMS B coobLlecTBe. VIMeeT MecTo kak Obl “rpynnoBoe co3HaHue”, YTo aenaet
BblOOp pelieHun — ewé 6Gonee pauuoHanbHbIM. A 3aHMManuCb OHU BEKAMM... XUMUYECKUM
CWHTE30M BeLLeCTB N BMOonormyecknm CuHTe3oM. COBpPEMEHHbIM HA3bIKOM ... Halla reHHas
WHXeHepusi AenaeT nepsble WaXKn B 3TOM HanpasneHuu. Jlemypuipl xxe peansHO co3gasanmu
XMBble BUAbl, MPUCNOCOBNEHHbIE K YCIOBUSIM MMaHeTbl U K CBOMM NOTpPebHOCTAM. YnpasneHune
XMBbIMU O6BEKTaMM C MOMOLLbIO CUfbl MO3ra — XopoLuo nokasaHo y [1. KamepoHa. C Tex aaBHMX
BPEMEH, TeM He MeHee, MHOro CrnefioB COXPaHUNocb WM, cMOTps ¢unbm “ABaTap”, NPUATHO
ObIN0 0CO3HAaTb, UTO eLLé MHOrMe Noau 3TK cneabl BUAAT U Aaxe cnocobHbl caenatb 06pasHbIn
nokas anga scex. Kak Bel gymaeTe, korga Ha 3emre NoBceMECTHO Obin MaTpuapxaT? NpaBurbHbIN
OTBET: BO BpemeHa Jlemypuu, 1 Tonbko Torga. icxoas na paumnoHansHOro npeaHasHavyeHus nosioBs —
Tak paumoHanbHee, a Jlemypus, B nepBylo ovepedb — 3TO paumMoHanbHOCTb. MHOroe npaBunbHO
onucana E.lN. bnaeaukasi, Ho 0gHY OLIMOKY BCE-Taku caenarna — HEBEpPHO onucana uBeT Heba Bo
BpemeHa JleMypuu n Bo BpemeHa, koraa Ha Bceln 3emrie yxe 6binv noToMKU nemypuiLeBs, Koraa
HacTynuno Bpems AtnaHTuapbl. Korga 3emnga ctana 3eMnéin atnaHToB U KTO OHU — ByKBanbHO
Heckonbkumun absauamm Huxe. Yuctoe Hebo Jlemypun — Bbino ronybeiM. Bo BpemeHa 3emnu-
ATnaHTuabl uBeT Heba M3MEHANCS Ha KpacHOBAaTbLIN U BbILLE S YXKe pacckasarn: novYemy Tak.

MpurogHbIMU AN XU3HW (MATKMA KNUMAT U Hanuuve atmocdepsbl U BOAbl), obuTtaeMbiMu
ObInn 0be cTonkHyBLUMECs nnaHeTbl. W kaTacTpoda He bbina npupogHon. Cry4yanHo BbILLNO, YTO
nJfiaHete Ha BHelwHen opbute (Gbina BOWHA) NPUTOPMO3WIM CKOPOCTb OCEBOMO BpaLLEHMS
(MpeacTaBbTE YPOBEHb PA3BUTUSA TEX “XMMUKO-OMOMNOrNMYECKnx” LMBUNM3aLNNA).

[ymaeTe, ecnn HeT Ha nnaHeTe “MeCTOPOXAEHWn” mMeTanna, HedTU MU yrnd, Tak wu
BOeBaTb MO-CepbE3HOMY Heuyem? Jlyku-gpotmkn? Owmnbérteck. Jlemypus — 310 B OyKBarbHOM
cmbicrie “KAMEHHbBIV BEK”. W TexHonormm no-kamHi0 1 KpUcTanmnam — Kak HaM U He CHUMKCH.
OfAHO 13 HanpaeneHW, KOTOPbIE HALLM COBPEMEHHbIE YYEHBIE UCCIIEAYIOT cenvac — 3TO fnasepHas
TexHuka. OgvH “3 BMAOOB nas3epoB (MPUYEM OAWMH M3 CaMbIX MOLUHBIX) - TBEPAOTENbHbIN.
OCHOBHON 3nemMeHT Ons COo3daHWsi KOFepPeHTHOro fnyvya — Kpuctann (Hawu COBpeMEHHble
YY€Hble HAaTKHYMUCb Ha TO, YTO B 3TUX LieNsiX XopoLu pybuH (candup ¢ npMMecaMmn xpoma mns-3a
Yyero u NonyyaeT KpUCTann cBoW po3oBbIi LBET). JlemypuiiLbl UCNONb30oBanu Ans pasHbiX Lenen
He TONnbko pybuH, HO K nM3ympyn. CobCcTBEHHO, NpuMecen, NpuaalLmnX Kpuctannam pasHble
uBeTa (M cBOMCTBA) — He Mano. HegoctaTtkom Takoro nasepa siBMsieTcs To, YTO Mpu npokayke
bonblNX 3Hepruni Kpuctann TpeckaeTcsa. [loTpeckaBluMecs KpucTanibl — MO TPELLMHKaMm
pasBanuBaloTCs Ha MeHblune kamHu. CBOMCTBA y nasepa TOXe MOoSly4alTCs crierka pasHble B
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3aBMCUMOCTM OT MCMOMb30BAHHOIO KpucTanna. JOTO YXe MNpOBEepUnvM Hallu COBPEMEHHUKU.
Ceryac niogu yyartcsl BblpaliuBaTb KpucTannbl — candumpbl BecbMa BocTpeboBaHbl. Ho, go
KpUCTanmoB nemypunues, nogsMm eweé paneko. lNpaBga, HawvM COBPEMEHHUKaM HpPaBUTCS
HOCUTb Ha cebe MCMOopPYEHHbIE IOBENMPaMy OCKOSKM paboyvx Ter, paspylleHHbIX peanbHbIM
ucnonb3oBaHneM, KpuctannoB 6o0eBbix fa3epoB. Ho, 3anacbl pasBanuMBLUMXCHA Mocne
BbICTPENOB KPUCTAmNsIoB B “MECTOPOXAEHUSAX” — He B6e3rpaHnydHbl U Noan, He MOHMMAas, YTO 3TO
3a KpacuBble OCKOJIKW, y4aTCs BblpallMBaTb NO4OOHbIE FOBENUPHBLIE KPOLLIKW.

IlymaeTte He ObINo sHeprum, YTobbI HakavaTb Nasepbl? [a B n3dbiTke! Bnages tenenatuen,
HUKTO HEe COMHeBarsicsl B CBOWCTBax admpa, He “3anyTbiBasnl 3MEKTPOHbI” He MOHMMAas, YTO Ha
camom fene genaet. ECTb BO3MOXHOCTb apoMm GpaTb ruraHTckue sHeprum B nobom mecte
npoctpaHcTea. N 6panu! N Hanpaenanu obbl4HO He Ha BOEHHble HYXApbl. [Mpnbopkl Ans aToro
3HAYUTENBLHO MEfbYE U TOHbLUE EMMNETCKUX NMPaMUA, NO3TOMY, 33 AaBHOCTLIO NIET, B OTKPLITOM
[OCTyrne, He COXpaHWUNnch. (XOTS, HA OCHOBaHUM MPOLLECCOB, OMUCAHHbLIX B 3TMX HaTypanbHbix
Havanax Martematuyeckon dunocodpum — BnomHe Bocco3gaBaembl.) MNMupamuabl n Erunta m
MeKCukM — 3TO yKe He NNEMYPUNCKME, HO TOXe NPMBOPBI U OHW TOXE UCTONb3YHOT SHEPTUK — HO ANs
MHBIX LUernen.

WTak, coenaHHbin He M3 Haanexawero mecrta MOLWHbIA “BbICTPEN” CHU3WUM CKOPOCTb
OCEBOro BpalleHusl BHewHen nnaHeTbl. CKOPOCTb BpalleHus, macca nnaHeTbl U pasmep
opbuTbl — cBA3aHbl Mexay cobon. (MpuHUMN, BbIBELUMBAKOLWMA MfAHETY Ha OnpeaenéHHOn
opbute —rnaea “3emng” ctp. 92, puc. 516, 518 1 ganee - BbIBOA pacHETHbIX hOpMyI)

CooTBETCTBEHHO, 3a BpeMsi CBOEro roguMyHoro obopoTta, nnaHeta HEMHOro ymeHbLUuna
paguyc opbutbl. Ko BpemMeHu cxoxaeHusa nnaHet Ha Haubonee 6nmskoe paccTosHME MO UX
opbuTtam, okasanoch, YTO rpaBMTaLUOHHOE paBHOBECUE MEXAY HUMW HapylleHo. [naHeTbl He
MOINN HayaTb BpallaTbCsa OPYr BOKPYr Apyra — OHW Yxe Bpawanucbk Bokpyr ConHua. U, npu
Kaxkgon nocneayollent BCTpeye Ha opbute paccTosiHue Mexay HUMKU yMeHbLuanocb. Takum
obpasom, He ObIfI0O BbLICOKOCKOPOCTHOINO Yyhapa Manoro Tana-actepovga no 6Gonbluon
BpaLlawLerics nnaHete. bbino HaBanveaHve AByx Nogo6OHbIX MO pasMepy NnaHeT, ABWXKYLLMXCS
¢ BnM3KMMK CKOPOCTSMU B OOHOM U TOM e HarnpaBneHun Bokpyr ConHua 1 BpallaloLmnxcs
BOKPYI CBOMX OCEW, OAMHAKOBO, NPOTUB YacoBow cTpenku (“Semns” ctp. 91).

EcTecTtBeHHO, NpegoTBpaTMTh CamMo CODObITUE HAaBaNMBaHWS NaHeT NeMypunLbl HE MOTIIN.
Ho cnporHoaupoBanu, 4To atmocdepbl NiiaHeTa He NULLMTCS M YTO Kakne-TO TEPPUTOPUUN MIEHKM
NOBEPXHOCTM MX, TPeTben oT ConHua nraHeTbl OCTaHYTCA HE NEPEMONOTLIMU U HE NMOPBaHHbLIMW.
Bbinn 1 3akoHCepBUPOBaHbLI Hay4HbIE 3HAHUS B CrieumanbHble XpaHunuiia. bein n cnpordosmposaH
ByayLmi Knumar, KOTOpbIN JOMMKEH CoMpoBOXAaTh HOBYO nnaHeTy. (Mpo “XpycTanbHbI Kynon”,
U3MEHSOLWMIA onefeHeHne — He nogymanu, HO OnedeHeHMe — CnporHo3vpoBanu
(“nHpopmaumoHHOe none” npeLeaeHToB, AOCTYMNHbIX pasymy nemMypuiLeB — He coaepxano). A
Janee, ecnv UMBMIM3aUUs 3aHMManacb TeM, YTO Bekamu co3gaBana (popMbl XM3HWU (KaK Mbl
cenldac — MalluHbl), TO 4YTO OHW cgenann? EcTecTBEHHO, CTanu MOAENMpoBaTb: Kakue
0COBEHHOCTU HYXXHO MpUAaTh XUBbIM OpraHM3mam, YTobbl B MEPBYI0 o4epedb OHW MOTTW BbKUTb
B XONOAE M B YCMOBUAX MNbife U kamHenaga. BeiBeny HEKOTOpbIX MOKPbITLIX LIEPCThI0 (Mpexae, B
TEMMOM KNMMaTe, - HEHy)XHOe npucnocobneHmne) XunBoTHbIX. Mpexae, onyleHHbIe BHU3 HOChI C
Xpsilamy - OblNn He HyXHbl. Ho, B ycnoBusix 3anbiNnEHHOCTW, HO3OpW criepeau U Abixana c
XpsiLlamu-KrnanaHamy BBepXy romnoBbl, yooOHble npu nnaeBaHuw, - OyoyT He HyxHbl. [1po
yMeHbLLEHNEe pocTa, NepBoHayanbHO He 3agymManucb. Korga akcnepuMeHTbl yaanucb, U3 4acTu
reHooHaa caMux NeMypumnueB OHW CaMy cO3ganu KpynHblX, 6e3XBOCTbIX (BOAa BbIMEP3HET U
nnaeaTtb YK He MNpuOETCs, a 3HAYUT, XBOCT C FOPU3OHTamNbHbLIM MMIABHUKOM — PYOAUMEHT), C
XpALeBbIM AblXanoM Brepeau nuua, ¢ nasyxamm nepen KOCTbi, 3almuiarolien Moasr, ¢
YKOPOYEHHOW JIMLEBON N HE YKOPOYEHHOM 3aTblTOYHOM 4acTbio, MPSAMOXOASALMX, CMIOLb
MOKPbITBIX BOFIOCOM ... aTnaHToB. [Ind atnaHToB U3MEHUNN KOHCTPYKLUIO BHYTPU Masa — UHble
noTpebHOCTM B 3peHMM U MHOWM Knumar. [onoBble opraHbl BTAHYTOrO Tuna Obinv yaoOHbl Ans
nnaesaHus n yaobHbl, 4Tobbl HE MOMOPO3uTb. MOXHO, KOHEYHO 0603BaTb MOPO30YCTONYMBBIX
aTnaHToB M runepboperiuamu, Befb YCIOBUS XU3HU Ha MIlaHeTe LEeNIMKOM MEHSANUChb Kak bbl ¢
TPOMUKOB M CYOTPOMMKOB Ha apKTuyeckme (Ho runepbopenubl - “nbicble” aTnaHTbl, Y KOTOPbIX Ha
nvue yxe He paboTalolee Ablxano — HOC... - 9To no3xe). [lopaboTtanu cpeacrtea obpaboTku
kamHs. [Mpyvoymanu cpeacTBa pbiTbsi TYHHENEW (TOXKe nasepHasi TEXHMKA) — KUTb Npu
KamMHenagax nydile He Ha NOBEPXHOCTU, a NoA NoBepxHOCTb. CpeacTBa nepemeLLeHnst He no
MOBEPXHOCTM, @ Haf MOBEPXHOCTbIO — OblNn. B namsaTn HapogHOM OHWM OO CUX MOP COXPaHUIUCH
nog HasBaHuem “kOBEpP-CaMOnéTt” (aHanoruvyHbld npuHUMN paboyero Tena HyXeH W And
NnonyyeHnst SNeKTPOo3HepruM npu nemypumcnx TexHonorusx (6es metannos)). [daxe dpecku
MCMNOSb30BaHUsSI TakMX “KOBPOB” C BOPCOM B CTOPOHY MMaHEThI (MPUHLMM CIIOMCTON MOMY>KECTKON
KaTtadoTbl nepepacnpegensawowen ana “aukoro” acupa, “nAoTHOCTL” Hag M Nog “koBpom”, a
BeNMYMHa MOABLEMHOM CUMbl  perynuvpoBanacb CBEPTbIBAHWEM-Pa3BEPTLIBAHNEM  KOHLIOB,
HanpaBfeHne MnepemMeLleHnss - HakKMoHaMu) C BOCCEJAlWMMM Ha HUX HaWWMK Mpeakamu
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(apuiiamn, NOTOMKaMM aTnNaHTOB) — COXPaAHUNUCb. OTO HEe WHOMMaHEeTHble, a 3eMHble
TEXHOMOMMMU, KOTOPbLIMY aKTUBHO MOMb30BasMCh U NEMYPUNLLbl U aTNaHTbl ANs NepemMeLleHnii Hag
NMOBEPXHOCTLIO MNaHeTbl U B GrvkHeM kocMoce. “[lopor”, Kak y Hac Tenepb — He genanun — He
HY)XHbl Oblnn, C NPUPOOON — He conepHuMyanu. [Ona ganbHUX MONETOB, YXXe BO BpeMeHa
aTnaHToB, OblNla NpyaymMaHa gpyras TeXHonorvsi (ngu Tenepb 3TMM CPEACTBaM NepemMeLLeHns
npuaymanu HaseaHue “netarowme Tapenkn” unu HJ10) n 3TO0 TOXEe M3 HblHE “yTpayeHHbIX”
3eMNIsiHaMu1, HO M3Ha4varnbHO — 3EMHbIX TEXHOMOMMI — 3TO yXKe He Buonornyeckasi uMBUIU3aums
neMypuiLeB, Y KOTOPbIX HE ObINIO XMMUYECKM YMCTbIX METASNOB M OPYINX BELLEeCTB, KPOMe Kak
B3ATbIX WU3HyTpu dastoHa. Ha 3emne, Bo BpemeHa, korga €€ Hacensanu MOTOMKU W
nocnegosaTeny NeEMypuiLEB — aTnaHTbl, YKe Bbinn “MecTOpOXAEHUA” YACTbIX, HE OKUCTIUBLLUNXCS
MeTarnnos.

MomeHT coyaapeHuss nnaHeT W MepBble Yacbl KaTacTpodbl, MepBble aTnaHTbl
nepexvaanu He B NOA3eMernbsX U He Ha MOBEPXHOCTU, a Kak pas, B “OnvkHeM KocMoce” Ha
“koBpax-camonéTtax”...

MHoroe ycnenu. Ho, HensbexxHoe cobbITne CBEepPLUMITOCh. 23 CEHTAOPS NTaHeTbl HABANUITUCH
W CIWMKCb.

To, 4To ObINIO AHOM NMEPBMYHOIO OKeaHa — CTarno Cywen. To, 4YTo cywewn Obifo, cywen n
octanocb. Nnuctele ocagodHble nopodbl M3HayarnbHO He ObinvM NponeyeHbl BblpBaBLLMMCS
KapoMm, NO3TOMY, CITOMaHHble OCTaTKM TBEPAON 060N0UKM “CKIeeHbl”, N0 Havany, NnacTUYHbLIMU
0caflouHbIMKU nopofaamu. Bcé, 4To He BblAepXMBaro xapa — cropano, CTaHOBUMOCh NOPUCTLIM
(kak WnakM B OOMEHHOM MPOU3BOACTBE) BCK CrOpeBLUYIO Maccy fioMarno, nepemansiBano u
NnonocTn NoA AaBfeHMeM CHOBa 3arnofHAMO NaBOBbIMW U MNUCTLIMU Maccamu. [locmoTpuTte Ha
NONUPOBaHHbIE CpPe3bl COBPEMEHHbLIX MPaAHUTHBLIX 0BMMLOBOK — yBMAMWTE: Kak 06pa3oBbiBaNunChL
MHOXECTBO MopoA kKak Obl “nonmMmopdHbIX 6eToHoB”. Kak YépHble nopuctble KapTodernuvHbl
CropeBLLelN OpraHuku, 3anofHeHbl KBapuuMTamu U Lwnatamu, Kak B pavioHax, rae 6bina cnoaa,
Tyronnaskas Crofa nof pasHbIMW yrnamy BrmTa B rpaHunT... 'eorpaduio NpexHern CyLm MOXHO
oTcneauTb Mo “mectopoxaeHuam” yrns. Jleca, NokpbiBaBLLME MOBEPXHOCTb MEHbLUEN MiaHeThI,
OT ygapa noBanuro, a 3aTem 3acbinano TeM rPyHTOM, YTO OT ygapa Obin BeIGpOLLEH BBEPX, HO
yneTen He4OCTaTOYHO BbICOKO 1 CTan BO3BPaLLaThCs (YTO M MPOrHO3npoBanu nemypunubl). To, 4To
ObINo AHOM MOPCKUM — yBUANTE MO MOPCKUM UIMCTBIM OKAMEHENOCTAM. Tak MOXHO BOCCTaHOBUTb
He TOMbKO MPEXHWA pasMep MeHbLlen U3 OBYX MNaHeT, HO W reorpacduio eé cywmn 1 BoAbl.
YBuauTe, 4TO NpakTUYeCcKn BCHO NOBEPXHOCTb NPOTO3eMnu 3aHMMan Menknin okeaH ¢ OrpOMHbIM
KOMNMMYEeCTBOM KPYMHbIX 1 MEfKUX OCTPOBOB. B npuyepHOMOpPCKMX Ckanax B panoHe, Hanpumep,
Hosoro CseTa, Ha Mbice Kanuuk, okameHenbii Ui nomasicb ocBo6oXaaeT U LIKYpbl U KOCTU
KMBOTHbIX M pacTeEHMs1 U Kopannbl (Takke MHOro HaxOQoK Anst Nogen XpaHUT Mbic PUONeHT
okono Cesactonons). A npu ®eogocuu, 6epera —ropbl He NPONEYEHHOr0, a NPOCTO BbICOXLLErO Una.
Kak nomanock nnncto-necyaHoe AHO MOPS XOPOLUO BUAHO MO KPbIMCKUM MIIOCKUM FOpam.

MmMbenb uMBUNM3aUUKN He O3HaYaeT Heu3bexHyw rMbenb JOMMHMpOBaBLIEro Buaa. [a,
OHW NULLIMIIUCb BCEro ANA HWUX NPUBBIYHOTO. JIMWIMAMCL BO3MOXHOCTW BbIXOOUTb Ha Cylly
3aHATYI0 MepeMellvMBaHMeM KaMHen u nNbaoM. B um3meHuBLIEMCs knumaTte cTpajana Koxa.
(ATnaHTam KoXy 3awmwanu Bosnockl No Bcemy Teny.) KoHeyHoCcTn 3a HeHagoOHOCTLIO XOA4MUTb,
CWUMbHO W3MEHMWIUCb: 3aJHWe MONHOCTBI YTpayeHbl, a nepegHne — CcTanu MnaBHUKaMM.
BbikMBLUME, HE NMPEBPALLEHHbIE B CHEXHbIX U MOA3EMHbIX XUTENEW, NeMypuiLbl HaM cendac
M3BECTHbI Kak AenbguHbl. OHM HalK NpsIMblE TeHeTUYecKMe MNpefku (Korga M Kak BO3HUKMW
06e3bsiHbl M MOYEMY He OHU HalwW NpeakM — HWXKe, B CBOE BpPeMsi UCTOpUWM nNnaHeTbl). YTo
o6LLero y Hac HblHEWHUX ¢ aenbdrHamn? [JaBante nepevmcnio: Y Koro 13 XuByLLmx Ha 3emne
Takune e Mo YCTPOWCTBY HOCHI, kak y Hac? — Hu y koro! ¥ 06e3bsiH HOC kak U y cobaku -
KOXMCTbIW. Tonbko y mnogen (M y Aenb@UHOB) HOC XYXe BCEX APYrnX BUOOB >KUBOTHbIX
pasnuyaeT 3anaxu. Pasnnune yepena B Hanuumm NIOOHOM KOCTU M XpsilM  Hoca (gbixana)
0Ka3blBalOTCH HE Ha BepXxy ronosbl, a Ha nuue. Octanocb A06aBNUTb TOMBKO XPsiLl, KOTOPbIN YXKe
He MO3BONSeT NOMHOCTbO paboTaTk KrnanaHam Abixana no NpsMoMy Ha3HadyeHuio (HO 3Ty YacTb
paboTbl no TpaHcdopMaumm cBoero obnuka caenanu atnaHTtbl). Y caMux aTfiaHToB
nepBOHaYarnbHO HOCbI OCTaBanvcCh AbIXaroMm, HO YXXe Ha nuue Mexay rnas. bonbLon pogHNYoK,
3apacTallmin 'y 4ernoBeveckMx MMadeHueB MocnegHUM — MOCnefHuMn crnef NpexHero
NONOXEHUs1 opraHa AblXaHust - “Obixana”, CHabXEHHOro XpsileBbIMWM KnanaHamu. PyoumeHT
“Opixana” y nogen aTo Tenepb Xpsil, KOHYMKa Hoca U Ho3gpu. A B peanbHO paboTaioLllem
NONOXEHUN 3TW knanaHbl (NpUM  OTCYTCTBMM JOOHLIX KOCTEW) [OblXaTernbHbIM  [OpPrioM
COeINHANUCb C TeM MeCTOM, rae Ternepb Y MMafeHUeB MOCTEMNEHHO OKOCTEHeBaeT XpsiLy
“6onbLuon poaHUYoK”. “Manbii poaHWYOK” y MnajeHueB — Ha TOM MecTe, rae y AenbduHOB
MO3BOHOYHMK COEAVHAETCS C YepernoM — NpexHee MeCcTo COeaNHEHUS] HEPBHOW CUCTEMBbI.

YKOpOYEHNEe NMLEBOM YacTu 4depena MpMBENO K COKpalleHuio Mecta anga 3ybos. Ho,
KONIMYECTBO MX — HE U3MEHUITOCH. Y NEMYPUIALEB ObINO B KAXKAOM NOJSTIOBUHE KaXKAOM YENHCTLU Mo
16 3y6oB-konbIwkoB (1 3yd — 1 kopeHb 3yba). Itoro 32 KopHsi B BEPXHEN YentocTn, 32 KOpHS B
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HWKHen yentoctn. lMpy cokpalleHun mecTta, KONUMYeCTBO KOPHEW — He yMeHbluanocb. 3yObl-
KOMbILWKN OBBbEANHANNCH U CpacTanuCb, HO B KaXAOM KOPHe — CBOW OTAENbHbLIN HEPB, a Haj
KOPHEM — MO-MPEXHEMY NepcoHarnbHOe MOAHATUE 3yOHOM amanu. Y nogen ObiBatoT pasHble
KOnn4ecTBa KOpHEeWN B OOHMX U TeX Xe xeBaTenbHbix 3ybax. Ho, Bcerga, y Kaxagoro yenoseka —
no 32 KopHS Ha YentocTb. N y Aenb@uHOB — TO XXe KONM4ecTBO. A y KacaTok, Y KOTOPbIX YacTb
KOIbILIKOB cpocrack, obpasyst 6okoBble 3yObl — ONATh MO 32 KOPHSA Ha YentcTb. A cam cuntan
1 genbMUHbU 1 KacaTKMHbl 3yObl U YenoBeYveckne KOpHU. Hn y Koro n3 gpyrux XMBOTHbIX (B TOM
yncre n 'y 06esbsiH) — He nory4yaroTcs 3T 64 KOpHS.

Tonbko noan, Aenb@mUHbl U KacaTKM MMEKT KOHCTaHTY, KOTOpy OBHapyxun y noaen
OpHCT PudratoBmy Mynpaiues: NOCTOAHCTBO pas3MepPoOB pPafyXKKW rna3 v BOKPYr BUAMMbIN
fenok rnasa.

Yronok y rnasa, obpalléHHbIV BNepéa 1 K HOCY, HW Y ftofaen HY y AenbUHOB HUKoraa He
ObIn TpeTbNM BEKOM. B OTNMUME OT BCEX OCTamnbHbIX XMBbIX CYLLECTB Ha 3eMI1e, MEHSIIOLLUX cpeay
BOZHYIO Ha BO3AYLLHYHO 1 06paTHO, M3MeHeHne (POKyCUPOBKM — He 3a CHET BbIABVXHON NINH3bI, KaK,
Hanpumep, y Kpokoguna. ¥ genbduHa oKyCUpOBKa MEHSEeTCs 3a CHET CrE3HOoM Xenesbl. A, y
YyernoBeka COCTaB Clie3bl, MOCTOSIHHO CMayvMBaloLLEen rnas, 6yM30K K CONEHON Boae, KoTopasi B
peanbHOCTM a3 yxe He OmbiBaeT. Ho HeT n He ObINo TpeTbero Beka (KOHTaKTHOW JNH3bI),
npoTupatoLen rnas.

OMOpMOH 4YernoBeka, B OTNMYME OT BCEX OCTallbHbIX 3MOPMOHOB XMBbIX CYLLECTB Ha
3emne, He NpoxoauT cTaguw, Korga y Hero Mornu bl NOABUTLCA 3a4aTky xabp. B yuyebHukax,
noyemMy-To, NbAT nokasbiBaTb AMOPUOH KypuLLbl UMK CBUHBU. Y 3TUX, - )Xabpbl UMEIOT MeCTO, a
y 4yernoBedvyecKoro 3apofbllla — HeT. 3aTo, Ha CTaauu, KOrda y 4YerioBe4eckoro 3apofpllla
dopmMUpyeTCcst XBOCT, Ha KOHLLe XBOoCTa hOPMUPYIOTCSA ABA FOPU3OHTArNbHbIX NPUMBa — 3a4aTtku
ropu3oHTarnbHbIX nonacTten (Hacnegue nemypum). M, 4ytobbl He BbiBMBaTLCA “HEOBBACHUMBIM®
dakTom 13 “Teopun JapsuHa’, obyvas, ob6bIMHO MOKa3bIBAKOT NOAMNOXHbIN aKT (3IMOBPUOH CBUHBM
UNn Kypuvubl, onpaegpiBasi 3TO 3TUHECKMMU COOBPaKEHUAMN).

Y yenoBeka un y genbduHa OAMHAKOBA KOHCTPYKUWS MOMOBbLIX OpraHoB (BTAHYTOCTb
OpraHoB y AenbduHa GepexeT ux u Npu nnaBaHWM M COXpaHsieT TEMMEepPaTypHbIA pexum (y
aTNaHToOB MOJIOBblE OpraHbl ToXe Oblu cnpsiTadbl)). OenbduH, Kak n 4enoBek, OT MOJSI0BOro
akTa ucnblTbiBaeT YAOBOMbCTBME U HE NPUBA3LIBAET €ro TONbKO K MPOAOIIKEHMIO poaa.

HakoHel, korga ctanum wuccrnegoBaTb pedb, TO y nogen u genb@uHOB MNOCTPOEHUE
oblweHna okaszanocb cosnagawowwimm Ha 100% (3ByK, Cnor, CrioBo, MpeAnoXeHwe, CroXHoe
npeanoxeHune, absal, pacckas), a coBnageHun ¢ 4yernoBekoobpasHbiMu 06e3bsHaMy — TOSbKO
30% (3ByK, cnor, cnoeo). N geno He B HanNuuMu uUnu OTCYTCTBUM ropTaHu. 3adem AenbguHy
roptaHe?. Komy oH OyaeT kpudatb m3-nod Bogbl? CoOCTBEHHO, U Yy NEMypULIEB, O6LLABLUNXCS
Tenenatnyeckn, ¢ NOMOLLBIO LMLLKOBUAHON Xenesbl, Npy OTCYTCTBMM BHELUHEN NOBHOM KOCTU
(Ha aTom MecTe, Kak U y aenbduHOB Obin Xpsill) ropTaHn He 6bino. Tak 3a TbiCAYM NET Hawm
BOAHO-3€MHbIe NPeaKn aganTupoBanuck K cpege obutaHus, B KOTOPOW BbRKUNN. OTO BKpaTLe.

A oxoTa Ha genbgrHOB 1 KacaTok U 0COBEHHO NoefaHne UX — TUMUYHBLIA KaHHMBanMam.
Hu genbMuHbI HYU KacaTkn — Ha Niogen He OXOTATCS. Y>KacTUKM — 3TO KMHOLLHbIE BbIAYMKM Takne
Xe, Kak comunbm “Yentoctn”. Hy, a ecnu obopoHsATCA, Koraa foan HanagawT, a pas3se Noauv
camu He obopoHsaTCA?

UTto-TO yneTeno [oCTaTtovHO Aaneko, 4Ytobbl He ynacTb obpaTHO Ha MOBEPXHOCTb, HO
BornbLUoe KONMYEeCTBO 3eMHOI0 BHYTPEHHErO BeLLeCTBa BepHYnock obpaTtHo. XKenesHble, MeaHble
BblGpochl — 06pa3oBany, nepBoHayarbHO YNCTbIE, HE OKUCTNEHHbIE PYLAHUKN.

Bbibpockl nopoAbl 3acbinany MoBanuBLUMECH MPU CTONMKHOBEHUM feca U Mbl Tenepb
nobbiBaeM VX Kak KameHHble yrnu. bonotHele mxu obpasosanu 6ypble yrnu, a HeKoTopble NopoabI
[epeBbeB OKasanuCb HbIHEWHUM aHTpauuToM. Bce BelwectBa Tabnuubl MeHaeneesa
nepBOHaYanbHO CMHTE3MPYIOTCSH BO BHYTPEHHEM NPOCTPAHCTBE HACTOSALLMX NIaHeT.

ATNaHTbl CMYCTUMMCh Ha TO, YTO OCTaNlOCh OT KOPbI MiaHeTbl U MOCTENEHHO 3acenunu eé
Tepputopun. TexHonorum Jlemypun — y HUX Bbinn. 3HaHUA — MNONHOCTLIO Nepewwnu. Ho, y Hux
nosiBuacb BO3MOXHOCTb MMETb MOMe3Hble MUCKOMaemble He npuberas K paspyLleHuo apyrmx
nnaHeT. 3HaHUs, TEXHOMNOrMK, NoresHble MCKonaemMble — NPedonpeaenun yxxe passuTne MHOW
umBMnusaumm, 4em OGbina Jlemypuinckas. ATnaHTbl He TONbKO BO34eNCTBOBanu Ha npupoay. B
YacTHOCTU, NpupoaHoe obpasoBaHne rpPaHNTOB, NO3BOMMIIO UM OCBOUTL NPOLIECC UCKYCCTBEHHOIO
CTpouTENbCTBA M3 KaMHA Mobbix OpM M pasmepoB, Koraa, M3HadanbHble KOMMOHEHTbl He
npeacTaBnalT u3 cebs TBépable 6I0KN U NX MOXHO AOCTaBMATb U MOKOMMNOHEHTHO U YacTAMMU.
ATNaHTbl CTPOUNM M3 TPaAHUTHBLIX “KaMHEeW” Kak Mbl CTPOMM W3 apMupoBaHHoro 6eToHa
MOHOJSMMTHbIE KOHCTPYKUMW U CROXEHHble U3 oTAenbHbiX 6nokoB. [da, OT MO34HMX BpPeEMEH
ATnaHTuabl, A0 HalwKX OHEW, COXPaHWUNOCb MHOMO “Meranutuyeckux” noctpoek. bonee, Toro,
OHW Nepeaany cekpeTbl CBOUM NMOTOMKaM — LMBUAM3auun ApueB, KOrga noAaoLuso Bpemsi.

Bo3moxHoCTU umBMAM3auum ATNaHTOB ObiNy 3HAYUTENbHO Gonee LMPOKMMM, YeM BO
BpemeHa Jlemypun. TpaHCnopT NemMmypunueB He TpeboBarn HMYEro MOXOXEro Ha COBPEMEHHbIE
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aBTtogoporu. JTiobol ropHbln MaccB He NPeACcTaBNAN HUKaKUX TPyAHOCTEN AocTaBku. [leluve
Tponbl No 3emne. NMog 3eMnén — cUCTeMbl TyHHenNen. BbIHOCKUTL Bbipe3aHHyto nopoay B OTBanbl
— He TpeboBarnoch, Tak-kak BCE HEHY>KHOE MPOXOAMIIO Ty e 00paboTKy, YTO U B “4EPHbIX Ablipax”
(obbsicHeHWe GygeT Hwxe, nNpu pacckase o “4épHbix Aplpax”’). Bugumoe, 6e3 0ObACHEHWUN,
JencTBmne — BeLLecTBO “vcyesaeT” gaxe He “ucnapgaetcs”. [Ana nepemeLleHnin npeamMmeToB B panoHe
MOBEPXHOCTM MniaHeTbl M Gnwkanwmx nnaHet CoOrHeYHOW CUCTEMbl — BCE Te Xe “KOBpbI-
camonétbl”. MOXHO ObIfo, MO NPEXHEMY, 3aHMMATLCS FEHHOW MHXEHEPUEN Ha OYEHb BbICOKOM
(c Toukm 3peHMst Hac cenyac) ypoBHe. ATnaHTaM Obifl0 XOpOLWIO MpPaKTUYECKM 3HAKOMO
BblpalliMBaHWe KPUCTanmnoB, fna3epHasd TexHWKa pJocTurana BbICOT, €Llé He [OOCTUTHYTbIX
COBPEMEHHbLIMW HaM NIOAbMU. ATNaHTbl NOCTUMN CEKPETHI SAEPHON 3HEPrun, anekTpuyecTsa. Y
ATNaHTOB, MNPaKTU4YECKM Ha MOBEPXHOCTM NMaHEeTbl, MOSIBUINCL B YMCTOM BMAE, MOYTU BCe
anemMmeHTbl “Tabnuubl MeHaoeneesa” — Ans nemypuiLeBs — HeAOCTYNHas pockolwb. Bcé BmecTe
Nno3BOMANO CWUMNbHO pPasBUTb LUMBUNU3ALMIO, KOTOpas Yxe npoAsuranacb He TOmMbKo
BMONOrNYECcKUM N XUMUYECKUM MYTEM.

OyeHb CKOpO, aTnaHTbl MOYYBCTBOBAmNMW, YTO HanpacHo He obpaTunu BHUMaHWE Ha CBON
pocT. 12-15 meTpoB, N0 NoAobu0 NeMypUiALIEB, - OKa3arochb He YA0OHO B YCIOBUSX MOSTHOCTbIO
CYXOMYTHOW XWU3HW: N MO MOBEPXHOCTM ABUrATbCHA TSHKENO U cura TSKeCcTu Ha nraHeTe crana
fornblue 1 TOHHeNV HaJo AenaTb BbICOKMMM U LUMPOKMMUK — MOA CTaTb pasmMepam, 1 A1 HOBOW
netaTenbHOW TEXHWKW, MO3BOJISIOLEN MepeMeLllaTbCss MHOro GbicTpee u ganblue, pa3mepbl
nnoxo noaxoavnu (M3-3a YBENUYUBLLEWCS CWUIbl TSHKECTU TPy30NOALEMHOCTL “KOBPOB-
CamMonéToB” — cHM3unacb (BeC atnaHToB — BO3POC, a rpy30nOAbLEMHOCTb UMEBLLMXCS CPeacTB
nepeaBwXxeHnss Hag cywen — yMmeHblwmnace)). B pesynbTtate, Heckonbko pas Bblibupanu cebe
HOBble pa3Mepbl U NOCMeAHME MOKONEHUS aTnaHToB Obinu yxe 4-5 meTpoBbiMKU. BonocsHow
MOKPOB Ha BCEM Temne TOXe oKasancs He HyxXeH, HO ero He ybpanu. Bonoc, ckopo cam
PYOVMEHTMPOBASICS Ha TeNe, OCTaBMss TONbKO HEKOTOPbLIE 30HbLI NMOKPLITLIMU. Bnocneacteum, npu
rmbeny LMBMIM3aumnn aTiiaHToB, 3TOT PYAMMEHTapHbIA BOMOC y BbKUBLLMX, CHOBA NpeBpaTuics
B CMNIIOWHOW MOKPOB Tena. Ho B anoxy pacuBeTa UMBUIIM3auMu, aTnaHTbl UMENn NpuMEepHO
Takoe e NOKPbITUE BOSIOCOM, KaK U Mbl cernyac. I BHELLHWIA BUA — MOXOXWUIW Ha Hac, TOMbKO OHU
ObInu KpynHee, C BTAHYTbIMU NOMOBLIMU OpraHamMmu 1 MHOM hopMo Yepena — ANMHHee 3aTbINoYHas
YyacTb M CKOLUEeHHas NIobHas YacTb (a B LesiloM, Yepern ypaBHOBELLEH HaZ MO3BOHOYHUKOM).

B 6onee nosgHue BpemeHa gopabotanu Hoc. KOHCTpyKUMA Abixana nocpeau nuua — He
onpaBaana cebsi B kayecTBe unbTpa OT NbiNK, a Nna.aTb, - BCE paBHO ObINO NOYTU Herae.
[MporHo3npoBanock M3MEHeHWE KnumaTa M HoBOe noxonofaHue. [1odToMy nosiBUNCA Mexay
XpsiLLlamu abixana ewé oauH yanuHUTENbHbIA XPSLL, U HO34PW CMOTPENW YKe CHU3Y-BBEPX.

YMeHbLUeHe abCcomnoTHbIX pa3MepoB Tena HeoXnaaHHO NpuBerno K npobnemam obLueHus:
Mpuwnock NponopuuoHanbHO TeMy yMeHbLlaTb U rofioBy. VI BMecTe C Hel — LUMLIKOBUAOHYHO
Xenesy, a 3TO B CBOK O4Yepedb, YMEHbLUUIIO TenenaTuveckme crnocobHocTtu (“cnocobHocTun”
OCTaNnucb Ha YpOBHE, KaK HaM Cenvac U He CHWUIMOCh, HO, BCE e, 3HaUYNTENbHO XYXe, YeM Obinn y
nepBoHayvarnbHbiXx ATnaHtoB u Yy JlemypuiueB). HeoxugaHHbih 3GdEKT UCNpaBnsiTbh
YKPYMHEHMEeM TofoBbl He cTanu. BcTpownu ycoBepLIeHCTBOBaHHYK  roOpTaHb, KOTOpY, B
npyHUMNe, yxe onpoboBanM Ha XMBOTHbIX. [losiBANMCE rOMoOCOBbIE  MOAYMAULMU U,
nepBOHa4anbHO, eAVHbIN CTPOW 3BYKOB €A4MHOI0 A3blka. [Ing yoobcTBa ynaBnnBaHus 3BYKOB, B
aHaTOMMKN aTNaHTOB MOSIBUINUCH YLUHbIE PAKOBUHLI — BONe MPUMUTUBHBLIE, YEM CO3aBanuch y
KMBOTHbIX, HO JOCTaTOYHbIE AN U3MEHUBLLETOCS OOLLEHMS.

Co BpeméH nosgHen 3emnu-ATnaHTuabl OO HaAWUX OHEN COXPaHWNUCb HEKOoTopble
MeranuTU4yeckme MOCTPOMKM Ha MOBEPXHOCTU M MOA MOBEPXHOCTbK. M K HUM OTHOCATCH U
“Ervnetckme nupamuabl” 1 “ccomnHkce”. [Ana nobon nupamuapl: U1 HA3eMHOW U NOA3EMHON CaMble
rmaBHble 3NeMeHTbl — 3TO €€ pa3Mep M HaKMOH rpaHen K nrockoctu 3emnu. B rmase “3emns”
NOCMOTPUTE Ha PUCYHKM Ha cTp.104-107. Bpalwatowaaca nnaHeta MeHsieT CTPYKTypy nons
“OuKoro” admpa BOKpyr cebsi, 3abupaeT y nonsg 4acTb SHEPrMM Ha CyLleCTBOBaHME BCEX
BellecTB Ha nnaHete. Ho, aHeprmn BCE Xe He OOCTAaTOYHO AN TOro, YToObl BELLEeCTBO He
crapeno. Nupammaa n3 NNOTHOro BewecTBa (rpaHuTa) — Nnpubop Ansi MECTHOrO UCMpPaBrEeHUs
doHa aHeprnm. HakmnoH rpaHn K OCHOBaHMIO cAenaH He CriydaHO U OYeHb TOYHO COOTBETCTBYET
wmpoTe MecTa. [1oBOpOT rpaHen Toxe He criydyaeH. [Nupamuabl — noaobHble xe KatadoTbl TEM,
YTO MO3BOSIANM NeTaTb, HO B OPYroM pa3mepe, CTaTUYHbl U C APYroN Lenbio UCMOMHEHBI. A yX
OpueHTauus rpaHen No CTOpPOHaM cBeTa — MOMy4yaeTcsl aBTOMaTUYECKN U3 NPUBA3KU K AaHHON
MECTHOCTM OaHHOW nupamugbl. BHYTpM Takmx yCTPOMCTB €CTb 30Hbl, TAe “BPEMS — HE MMeeT
3Ha4YeHUs1, BakHa TOSbKO XXM3Hb": BCE, YTO B HUX HaxOo4MTCs — He cTapeeT Be4vHo. (B KpbiMckumx
nupamugax — nog BOCTOMHOM rpaHblo, B ErMneTcknx nupammaax — B BEpXHEW YeTBEPTM BbICOThI.)
CoOTBETCTBEHHO, €CTb WM Opyrue 30Hbl, Kyga fyylle He nonagaTtb, Tak-Kak BelwlecTsa, w3
KOTOPbIX COCTOSIT aTOMbl >XUBbIX TEN (Ha XXMBOM — CKOpee OTpaxaeTcs, HO cnpaBensiMBo AN
nobbiX NpegMeToB) Hegononydar SHEeprum U ObicTpee, YeM BHE TaKOW 30Hbl, MOCTapelT U
Ha4yHyT paspywaTtbces. CHu3y nobor nupamuabl — JOBOSIBHO LUMPOKA Takasi “30Ha CMepTu” 1 OHa
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— XopoLuas nperpaga Ansi BCero, YTo HY>XXHO CNpATaTh OT LUANOBNUBLIX MOOOMbLITHLIX PYYEHOK.
TakoBbl “Ervnerckue” HazemHble nupamMmuabl (KOTOPbIX HUKAKWE HU erunTsHe HW ux pabbl — He
BO3BOAWMM), TaKOBbl NoA3emMHble KpbiMCKMe nNupamuabl — MONMpoBaHHble 06OMOYKM CBETIIO-
pO30BOro rpaHvTa, 3anoSIHEHHbIE PbIXIIbIM MeNioMm. TakoBa ob6TouyeHHas nog nupamugy ropa
Kannac. lNpu pasmepax HacTodWeEN ropbl, BEepxXHAS 4YacTb ropbl Kannac oO4yeHb CUIbBHO
KOppeKTupyeT aHeprum nons “gumkoro” admpa BOKpyr cebsi. B pesynbraTte, y €€ nogHoxus,
pSOOM C Tak HasblBaeMbiMK “3epkanamu”, HabrogaeTcst OTCYTCTBUE YacTu 00bIMHOM Anst 3emnun
3HepreTnyeckon “ceTkn” (rmaea “3emnsa” puc. 56 n, M, H). ATO OTMEYAOT N HALLN COBPEMEHHMKN,
COBepLUaBLUME NanoMHUYECTBO BOKPYT ropbl. OTMeTun Ha cebe n SpHCT Pudpratosuy Mynaaiues,
3aX0TEBLUMN NOCETUTL “AOMNWHY CMepTu”. ATOMbI, M3 KOTOpbIX COCTOAT Tena O[HO3HA4yHO
pearvpytoT Ha 30HY HEXBATKW SHEPrun Ans UX ABMKEHUS OOBLEMHbIMU CTPYKTypamu (B parioHe
NOAHOXMSA ropbl). A B 30HY, pagu KOTOPOM BECb NpoLuecc Obin 3aTesiH, B 30HY M30biTKa XU3HEHHOWN
3Hepruu, - Hora Hallero CoBpeMeHHUKa Hu pasy He ctynana. O4eBnaHo, BHYTPU €CTb HEYTO, YTO
OOIMKHO ObITb COXpaHEHO A0 HYXHbIX BpeMéH 6e3 goctyna nbonbITcTByOWMX. W, nyTe Tyaa — He
C NMOBEPXHOCTM 3emnn, a BO3MOXEH TONBbKO MPU OCBOEHUM LMBUNU3aLMEN OnpeaenéHHOro ypoBHS
TEXHOJIOMMIA, KOTOPbIM Koraa-To Bnagenu u llemypunubl n ATnantbl. OXpaHon SBNSOTCA NPUHLMNbI
CTpoeHMs M3nyecKor MaTepum, pacckasaHHble B CAaMOM Havare 3T0ro moBeCTBOBaHUS.

3HaMEeHUTbIN MHOUNCKUIA CTOND N3 XMMUYECKM YMCTOrO Xemnesda — ToXe NPUHaANEeXuT no
BPEMEHW U3rOTOBIIEHNS KO BPEMEHAaM, KOrga BbIMECK MaHTMKM Obif CBEX U MECTOPOXAEHMS He
OKUCIMBLLMCE coepXanu XUMUYECKM YUCTble IMEMEHTbl, U3Ha4arnbHO CUHTE3MPOBaHHbIE B
MaHTUKU nNnaHeTbl. Bpag nu aToT npeameT, Bo BpeMeHa 3eMnu-ATnaHTuapl, 6bin N3roToBneH kak
namsiTHeln cton6. Ckopel Bcero 3To AeTanb Kakow-TO ApeBHEN MaluHbl. [etanb y3opyartasn?
Moyemy, BNagesi NpoLECCOM CUHTE3a 3NEMEHTOB HYXHO NpuAEepXKMBaTbCA BO3MOXHOCTEWN
TOKapHoOro ctaHka? Yxe cenvac, Mbl, Hay4mBwucbk Aenatb 3D NpuHTEpPbI, NPOrHO3MPYEM, YTO
MOXHO OyaeT Ha HEM pacnedvaTtbiBaTb LeNble MeXaHU3Mbl M3 Pa3HOPOAHbLIX MaTepuanos.
Cenyac nogu He MOryT KOHTPONMPOBaTb CTPYKTYPY Ha aTOMapHOM YpOBHE NMOTOMY, YTO AYyMatoT,
YTO MUKPOMMPOM YMpaBIieT TEOpMs UrP U BMELLATENbCTBO B pe3ynbTaT - HEBO3MOXHO. Ho Takue
MbICIM — OT HecoBepLUeHCTBa 3HaHui o lMpupoae. O6nagas pasBUTON LUMLLKOBUOHOW XXene3on,
eLLE NeMypuiiLibl OCBOUM MPOLLECChl NPaBUbHOMO hOPMNPOBAHNS CTPYKTYP U KPUCTaNMYEeCcKnx
PELLETOK CUHTE3MPYEMbIX 3IEMEHTOB. YTO YK FOBOPUTbL O LIMBUNU3ALMN aTNaHTOB, MOMY4MBLUNX
nodble YNCTble MCXodHble MaTepuansl Ansd 3anpaBku cBoux “3D npuHTepor” . Tak novemy Gbl
AetansiM He ObITb yKpaLleHHbIMU penbedamn? Bee 3apncoBku APEeBHUX MaLLUMH B Yy40M AOLLeALNX
[0 Hac “kHurax” — ykpalwleHbl. MalluHbl U3 KaMHA — nupamuibl — yKpalleHbl. 3Ty Tpaguuuio
cobntoganu npy N3rotoBneHnn NpubopoB BPYUHYIO Aaxe Halun HeaBHUe NpeaKu.

Tak xe kak nemypwiillbl 3HanM 3apaHee O KOHLle CBOEW LMBUNU3auum u HeusbexxHoM
N3MEHEHUN BCEro CYLLIECTBYIOLLIErO Ha NaHeTe, Tak U aTnaHTam b6bin 3apaHee N3BeCTEH CLieHapu1i:
. KamHu, BbineTeBLIME Bblle “XpycTanbHOro Kyrnona” Koraa-Hubydb HauYHYT CHUXKATbCS;
OTHOCUTENBHO MEfKUe KaMHu, neasiHylo cepy He MpobbloT, a MAryT Ha Heé, HO HamayTca u
KPYMHbIE KaMHK, KOTOPbIe MPONOMAT cdpepy; Korga B CKopryne nosiBUTCA Opellb He JoMro 1 ao
NOSTHOro €€ paspyLUeHns;

. “XpycTanbHbI Kynon” — passBanuTcs M BCA Boda BbinageT BHU3. Boga 3atonut Bce
NPUBbIYHbIE TEPPUTOPUN OBUTAHUS LIMBUNU3ALUN aTNaHTOB. YLIEeNeT TOMNbKO Te ropoaa, 4to
pacnonoxeHbl 04EHb BbICOKO B ropax;

. MapHukoBbIN adhdekT ncyesHeT. HacTynuTt Bpemsa YyepenoBaHus BpeMEH roga. B MHormx
MeCTax HacTynuT YepedoBaHNe xonoaa ¢ TensioM; VIsaMeHUTCA COOTHOLLEHME ra3oB B aTMocdepe.

B cooTBeTCTBMM C NPOrHO30M O XONIOAHOM KNMMaTe, aTnaHTbl CHOBa npeobpasunu cebs.
Mpexae pyoMMEHTapHbI BOMIOC CHOBA MOKPbIT Tena, a HOC MPUOOPEN Xpsill NMOBEPHYBLUWIA
Ho3apw BHM3. bonblue yxe Abixana Ha nuue He 6bino. Yxe He atnaHThl, a runepbopenupl.

. CnnbHO n3MeHUTCa Knumart Ha nnaHete. Ocagku ByayT NpomMcxoauTb He TOMbKO B BUAE
[oxnas, Ho n cHera. Tak ByaeTt Ao Tex nop, noka atMocdepa CHOBA HE OUUCTUTCS;
. Yepes ounctmBluytocs aTMmocdepy, bnnkanwasn 3Be3ga cHoBa GyaeT corpeBaTb 4acTb

TEPPUTOPUA N Ha HUX CTaHeT 3HAYUTENbHO Tennee M Hamép3lne NMOBCEMECTHO fbAdbl CHOBA
Korga-Hmbyab OTCTYNAT Ha YacTu NiaHeTbl, 3aTO B OPYrMX 4yacTax, roe OygeT HegocTaToyHOo
nporpesa OT 3Be3[bl — CHOBA BbIpacTyT 6onbluve nbabl.

MpuBLIKWNM K YMepeHHbIM TemnepaTtypam, 6yoeT HEeKOMOPTHO B XapKOM Knumare.
[MpMBBLIKWNM K Xape CTaHeT He KOM(OPTHO B XONOAHOM knumate. W 3HauutensHble nepenagpl
TemnepaTyp OyayT npoucxoamtb perynspHo. Ténnbid KnumaT He B 3KBaTOpManbHOW 30HEe
COXpaHsncHa TOMbKO Ha MecTax, oTannueaeMblx Nnbo BynkaHamy nNnbo TepManbHbIMU BOoAaMU
(Bpoae Toro, kak Bnagumup Adanacsesny ObpyyeB onucan B pomaHe “38emnsa CaHHukoBa”).

Bo Bpemsi 3eMnu-ATnaHTuabl BbIDKUAW K3 XMBOTHbIX nepuoga Jlemypum TOnbKo Te,
MpVBbIYHBbIE K TEMIY, KOTOpble ObliIM OTHOCUTENBHO HEBOMbLIOro pa3mepa. Tak, YToObl pa3mep
TENMbIX “0a3MCOB” MO MPOKOPMUTb HECKONbKO rpynn AaHHoro Buaa. OcTanbHbIX >XMBOTHbIX,
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MOKPbIThIX LWEPCTbIO M MOALLEePCTKOM, CO34anu 3aHOBO aTnaHTbl. be3 mepexoaHbix ¢opm oT
OWHO3aBPOB K MrekonuTaoLwmMm. [pocTo — 3aHoBo. BoT 310 1 He nonyyaeTca no Teopuun Yapnb3sa
[lapBrvHa — HeT HM ogHOW nepexoaHon dopmbl. bepéTtca, n “B nabopatopun” KOHCTPyMpyeTcs
3aHOBO BCH FeHHas Lenovka B COOTBETCTBMM C MO3HAHMEM: YTO 3a YTO OTBEYAET M Ha KaKoM
aTane XusHu npoasuTcA. [pakTuka nokasana, 4To “cnydamHble MyTauuu’, Ha KOTOpble BO3BEN
Hagexabl Y. [apBuH, B OCHOBHOM MNpPMBOOAT K HeydayHblM pesynbTataM u oTbpakoBke
poAaMBLLMXCS. BO3MOXHO NULLb 3akpensieHne HEKOTOPbIX MPU3HaKOB Pa3BUBLLMXCS B OOHY Unn
OpYryto CTOPOHY, HO HE M3MEHEHWE U3 OOHOW FPyMMbl XMBOTHLIX — B ApPYyryl. Tak, Hanpuwmep,
pPYOMMEHTapHO NOTEPATb KOHEYHOCTM — MOXHO, a BblpacTUTb HOBYIO Napy nan — HeT...

Ho, koroa TemnepatypHas kKapTuHa CMEHUTCHA U NOBCEMECTHO CTaHeT Tenno, Toraa Kak
X0noa, MOXeT CoXpaHATbCs NMBOo B NONsipHbIX obnactsax nMbo BbICOKO B ropax, Te, KTo 6binu B
pesepBaumsax OKOMo Tenna Heap — pacLUMpAT CBOM apearibl Ha BCHO MOTENNEBLLY TEPPUTOPULO,
a, Te, KOTopble HAa0BOPOT, AOMXKHbI XUTb B XON0OAE, - OKaXYTCHA 3anepTbiMy B 30HaX r4e MOXeT
ocTaBaTbCs xonogd. B a1oT nepuog, BHOBb BbiBEAEHHbBIE U BbipalLeHHbIE B TEMMbIX pe3epBaLusx,
Nnoabl 3KCNepMMEHTOB — PACcCENATCH MO BCEN NMOBEPXHOCTM MMaHETHI.

Ho, To e camoe cny4nTcsa u ¢ cammm JOMWHMPYIOLLMM Ha nnaHeTe Bugom!

Ecnv rmaBHbIVi JOMUHUPYIOLLIMIA BUA OOMMKEH OyaeT NOTECHUTBCA A0 pasMepoB OTAENbHbIX
pesepBauun, - 3TO HEM30eXHO NPUBEOET K rMbenu LMBMIn3auum Ha nnaHeTe, HECMOTPS Ha TO, YTO
Te, KTO COCTaBMAS 3TOT, paHblUe JOMVHUPOBAaBLUNIA BUA, BOBCE He 06513aTeNbHO A0MKHbI BbIMEPETh.

ATnaHTbl, Kak 1 nemypunubl, 6biny ceegylum B GuonHxeHepun. Nepen Tem, Kak BHOCUTb
NU3MEHEHNs1 B CBOW MEeHHbIV KO, OHU AOMKHbl BbiNu NpoBepUTb Kak noBeayTt cebsd, ndHavanbHO
nNpUcnocobreHHble K XONOAHbIM YCNOBUSM, XUBOTHbIE, HA KOTOPbLIX OTpabaTbiBalOTCA NPU3HaKu,
HeobxoanMble A5 KU3HM B TENSbIX YCNOBUSIX. (UTO HYXXHO caenatb, YTobbl U3 CUIBHO NEHUKOBOIO
nepuoga nepentu B NapHWKoBbIA nepuoa?) KoHeyHo, yoobOHee 3KCMEPUMMEHTMPOBATb Ha He
KPYMHBIX >XMBOTHBLIX M TOMbKO MOTOM, MPOBEPEHO HYXHble MPU3HAKN BHEOPATb XXUBOTHLIM,
KOTOpbIE MOXHO COpa3MepuTb C caMMMu atnaHTamm (pocT 3 - 5 meTpa). Lienb akcnepMmeHToB —
BbDKMBaeMoCTb B ycrnoBusx “3emenb CaHHukoBa”. ECTeCcTBEHHO, 1 “yaayHble” U “He ygaudHble”
XMBOTHbIE — HE YHMUUTOXaNuCb, pa3 yx Lernb Obina “npoBepka BblXXNMBAaeMOCTH”.

ATNaHTbI, KaK 1 NeMypuUiiLibl, NPENMYLLECTBEHHO BCE-TakN Oblnv LMBUNU3aUNEN, OYLLEN
“Ouonornyeckum” nytém. CnporHo3vMpoBaB MOTEMNeHWe, NormyHo 6biNo npegnonaratb, YTO
pacTeHnsa u3 Ténnbix “pesepBaunin’ pasongytca (C noTensieHnemM) no Bcen nnaHete. [NnaHeTa
3apacTéT necamu. /I noTomkam atnaHToOB HYXHO ByaeT XOpoLlo yMeTb fnas3aTb He TOMbKo Mo
KaMHSM, HO M no aepeBbsM. [Mo3Tomy, usHayanbHO oTpabaTtbiBanocb 60MbLIOE KONUYECTBO
9KCMEPUMEHTOB C MOBbLILWEHHBIMX CMOCOBHOCTAMU K Na3aHWio U OAMHAKOBO MOABMXKHbLIMU
nanbLuamMm M Ha BEPXHUX U Ha HWXKHUX KOHeYHoCcTaX. Ho, okasanocb, 4YTO Ans TOro, 4tobbl
XOpOLLO Na3aTb, NPEUMYLLLECTBEHHO, HYXXHO BbIfNI0 MMETb MHOMO MEHbLLLWUIA BEC, YEM Y aTNaHTOB, U,
COOTBETCTBEHHO, MHOIO MeHbLUMI pasmep. MeHbLuMi pa3mep Ten npegnonaran u yMeHbLUeHne
ob6béma Mmosra. K aToMy BpemeHu, aTnaHTbl ke Ha COBCTBEHHOM oOmnbiTe ybeaunucb, 4To
yMeHbLUaTb MO3F — 3HAYUT TEPATb MHOXECTBO KayecTB ANS UUBMNM3aunM BaxkHbiX. Ons BuAaa,
KOTOPbIN OOIMKEH OCTaTbCA AOMUHMPYIOLLUM Ha NiaHeTe — Henb3s UMEeTb COBCEM MarieHbkue
006BHEMBI YepernHbIx KOpoboK. (A y MOAOMbLITHBIX MOAENEN — Kak pa3 Tak u Obino.) B pesynbTaTe,
OTKasanucb OT MOTOMKOB — Jla3aroLwmx no gepesbsm. OTKa3anmcb OT MOTOMKOB, MPAMOXOOSALLUX,
Kak caMu aTnaHTbl, HO CAIMLLKOM ManopocrbiX (Mogenu, n3-3a Manoro Mo3ra, nofy4ynnmcs HapoumTo
rnynsimun). OCTaBUNM CTPOEHME PYK U HOT Crierka pasHbIM, Kak ObIfio U Yy caMnx aTnaHToB.

Korga Gbinu oTpaboTaHbl Ha XMBOTHBLIX BCEe Mpearnonaraemble OCOBEHHOCTU XWM3HU Ha
nnaHeTe Kakou oHa OydeT, aTnaHTbl, U3MEHUNN HEKOTOPbIM BblOpaHHbLIM CBOUM 3MBpMOHaM
HY>KHbl€ FeHHble CTPYKTYpbl. Poannuce aetu. Nx Takke BbipallumMBanu nog npucMOTpOM B TENMbIX
30Hax B6NU3K rpaHuL, ¢ XornoaoM, YTobbl MMeTb NOCTOSAHHbIM AOCTYN Ans 0byyeHus. U rpynn Takux
ObIN10 4OCTAaTOMHO MHOTO. ATNaHTbl 3HaNM 3akOHbl BHOBb OTKPbITbie BureHom ApTaBasgoBuyem
eogaksaHOM: O MMHMMAarbHBIX KONMYeCcTBax ocoben B monynaumm Ons yCTon4vMBOCTM pPasBUTKSA
1 He BbIPOXOEHWS; O eCTECTBEHHbIX 3aKOHaX Mo KOTOpbIM onpedenseTcs Bolbop nona 6yayLiero
peb&éHka; 0 HacnegyeMOoCTV MPU3HAKOB OT KaxkAoro U3 pogutenen... [loatomy, GyayLime nokoneHusi
HaceneHuss 3eMnu npoucxogunu oT MHOMMX TbicaY nap. He Bce akcnepuMeHTanbHble “Oetun”
oKasanucb OaUHaKoBO yAayHbIMU. [109TOMY, 3KCMEPUMEHT MO BbIBEAEHUIO HOBbLIX TEMMONoOUBbLIX
NMOTOMKOB aTnaHToB Oblfl MOBTOPEH ellé HeCKONbKo pa3 C nonbiTkamu koppekuumn. Ho, Bce
BapuaHTbl UMENW OAUHAKOBLIN rEHOTUN N B Aanékom (Mo BpeMeHu) NoCneacTBUmn, MHOMMe rpynmbl
accumunupoBanu mexay cobon obpasoBaB HOBbIE YCTONYMBO COXpaHstoLLmecs opMbl BUAA.

Tak 1 NoNy4nnock, YTO YEeM-TO NOXOXME Ha HaC BHELLHEe NpuMMaThbl, HEKOTOpbIM O0Bpa3om
SABNAOTCA HaLWIMMK NPOTOTUNHBIMKM Moaensmu. Ho HE npeakamu B npamom cmbicne. HekoTopbiM
06pas3oM Mofy4nsnochb Tak, YTO MHOFOYUCIIEHHbIE BbIKMBLUME 00€3bsiHbI HECKONbKO “cTapLue”
Hac, UMeIOT OTAENbHbIE MOXOXMEe Ha Hac YepTbl (UTO MO3BOJSISET YXKE HaM 3KCMEPUMEHTMPOBAaTb
C HAMU 1 “y4nTb” B OXMOaHWUM Korga e 3Ta “BeTBb YEri0BEYECKOM 3BOMOLMMK” pas3oBLETCS XOTS
Obl 4O HalLero AeTCKOro ypoBHS.
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BecnonesHo nckaTb “HegocTalolee 3BEHO” — NepexodHyo Mogenb Mexay obesbsaHamu un
yenosekom! TakoW KOHCTPYKLMM HE MOrNO CylLlecTBoBaTbh M He cylectsoBano! NocmoTpute B
rnasa o6esbsiHe. JTlo6on. HeT Tol yepThl, YTO 0OHapyxun OpHCT Pudratosud Myngawes — HET
TOro Xe pasmepa pagyxku (Kak y denoBeka) OKpY)XEHHOM BuAaMMbIM Genkom rnasa. Ckopee
yBuauTe cobaumi rnas. [pyrme CTPYKTYpHO HOCbI. [lpyroe KOnM4ecTBO KOPHel 3yboB. OTu
NpW3HaKu aTnaHTam MEeHSATb 4119 MPOBEPKN BbXKMBAEMOCTY BUAOB - HE ObINIo HE0OXOAUMOCTM.

OavHakoBO BMAMMbBIE HapyXHble MOroBble opraHbl? [loxoxas KOHCTpykuma? Ho ator
pesynbTat v 6bin NpeagmeTom noncka. O6TekaTb BOAOW MX NMOCTOSHHO HE HYXHO. [1naBaTb — He
nomeluatoT. CorpeBaTb BO NbAax — He HYXHO. HaobopoT, B TENMOM KnMMaTte, Ha cyLle, HY>XHO
oxnaxnaeHue, 4ytobbl He neperpeBannck opraHbl. OTpaboTaHHOe Ha obe3bsiHax peLleHne Bbino
BBeEHO, Kak 0b6a3aTensHoe, Ansi CO34aHus MOTOMKOB aTNaHTOB - apueB.

3aroBopuB O HapyXxHbIX (Y NOAEN) 1 BTATMBaAEMbIX (Y TEMYPUALIEB M aTNaHTOB) MOSOBbIX
opraHax, MOXXHO OCTaHOBMUTbLCS Ha BONPOCe: Koraa v Ang Yyero nosiBunach ogexaa.

Jlemypuiuam npsitaTb Mo O4eXxAow Obirio Hevero. Jliobble “NnaBku” — NULIHWUIA NpegMeT
npy nnaesaHun. M nwobas wepctb M BOMOC — NuWHME. TENMbIN KnumaT npoto3emnun — He
TpeboBan ytennATbca kaxgomy. bbina ogexpa Bpoge ckadaHOpoOB AN HYXO AanbHUX
nonétoB. Ho 1 npMmMeHanu eé nuwb No HeodXoaUMOCTM NONETOB.

ATnaHTaMm, MOKpbITbIM TFyCTbIM BOJIOCOM, 3alUULLAIOWKMM KOXY OT XOroga, ToXe,
NMoBCEeOHEBHO oaexaa Obia HuM Kk demy. Opgexpa HyxHa Obina, 4ToObl COXpaHsiTb BHYTPWU
npoxnagy, Npv BbixoAe B TEMMble 30HbI BOMM3N TepMaribHbIX UCTOYHUKOB U BYNIKAHOB. B 30HHI,
roe sKkcnepyMMeHTUpPOBaNy ¢ BblpaliMBaHUEM OyayLLMX MOKONEHWUI ONS XU3HU B OYMCTUBLLENCS
OT NbInn aTMocepe Ha NoBepxHOCTH 3emnu. U Tonbko.

3710 “GyayliMM MNOKONeHuaM” Ans BbIXO4Aa B OCHOBHOWM MUp ofexaa Obina HyxkHa —
rpetowias cneuogexaa. M ceomx yumtenen BHYyTpWM TEMMbIX 30H Byaylive nokoneHus BUAenu
obnayéHHelMM B ofexabl OT neperpeBa. Tak, y nogewr, M nosiBunacb WM MpuBbibKka WU
HeobX0AMMOCTb B oexae B NMoObIX KNMMaTU4ECKUX YCIOBUSIX.

A 3atem Hactan [llapHukoBbii [lepuog M pesepBauuM apueB pacLUMPUIIUCL Ha BCHO
MOBEPXHOCTb Cylwn. ATNaHTbl NMOMOranu u B paccerieHnM n B OCBOEHWM HOBbIX MecT. Ho, aTo
obio yxe HE Bpemsi mx umBunmsaumu. MHOro Bbille apuveB, Briagewwume TenenaTtuen,
BNageloLlime MaccaMmy 3HaHui — 3TO OHM NepBble boru nogen — yuuTenst u HacTaBHYKKA U BMeCTe
C TeM — reHeTM4ecKkne npedknm (Tak YTO M COBMECTHble OETW BMOSfHE >XU3HEeCMnocobHbl, a
NMOCKOMNbKY Takve AeTn Hacneposanu u 6onee BbICOKUA POCT, U CUNY U coobpasnuTenbHOCTb, TO
B rnasax apueB — Haubonee >xenaHHbl). [epBble penurum n mHoroboxme y BCEX Hapopnos
nogen — aTo BocnoMuHaHmne ob atnaHTax (rmnepbopenuax).

[axe cnporHo3MpoBaHHOE U OXMOoaemoe cobbiTue — Bcergaa nNpuxoauT “HeoXmaaHHo”.
YXe He 0QHO NoKoneHue naen BOCnUMTbIBanock, 0by4anocb U KOHTPONMPOBANOChk aTnaHTamu,
Korga negsHon Kynor noABeprcd Takomy yaapy nafaroLlero KamHs, YTO pacTpeckarncs Becb U
06noMKM, OTTaMBasi B OYMCTMBLUENCS OT MNblNM atmocdepe 3emnu, nonetenu Ha 3emnio.
Moweén poxab C rpagoMm, Kyckamu nbda M NpOCTO MPOfMBHOW [0XAOb. Bce OCHOBHbIE
XWU3HEHHbIE TEPPUTOPUM LIMBMNM3aLMM aTnaHToB M apueB — 3aTonumo. U, kak uuBunmsaums,
MUp aTnaHTOB nepecTan cyuwecTtBoBatb. OCTanucb TOMbKO Te rpynnbl aTtfnaHToOB, YTO MMeENu
ropofa BbICOKO B ropax (06 04HOM 13 COXPaHUBLLMXCHA A0 HaWuUX gHeW ynoMuHan nama Jlob6caHr
Pamna, kak Bo Bpemsa obydyeHus ero Boaun tyaa HactaBHuk MuHrap JoHayn) u “'mnepbopes”
Ha ceBepe 3a nonspHbIM Kpyrom. OcTanucb nM noceneHwss atnaHToB B AHTapkTuae
yrnoMuvHaHumn HeT. HaBepHoe, 6bINu 1 Apyrne pesepBauun Ha OCTaBLUMXCH Ha NOBEPXHOCTbIO
Boa BeplwunHax. O6 ogHOM M3 HWUX, CO CrOB MpedLlecTBeHHMKOB, roBopun [natoH. 310 eé
pasbICKMBAIOT Kak nereHaapHyto AtnaHtuay. HecmoTpsa Ha To, UTO Mbl Camu MPOAOIKAEM XUTb
Ha nnaHeTe-ATnaHtuge, Tonbko Ha 1200 m Bbiwe. Kak u roBoput bubnus, 4to nocne
BcemupHoro notona BoAbl NpubbINIO MHOMO W MIOAM CTanu XWUTb Ha BeplumMHax rop. Hy, He Hago
noHumartb bykBansHo. JiogsM XnTb Ha BepLuMHax ['MManaeB He BCeM NpUXoauTCs, HO, TEpPUTOpUS
XW3HU, C Ha4Yana BpeMéH 3emnu-ATnaHTuabl, nogHanacb Ha 1200 MeTpoB.

'vbenb uMBUNM3aLMn — BOBCE He O3Ha4vaeT rmbernb Buaa, UMBMIM3aUmMio COCTaBMNSBLLENO.
lMpocTo BbRKMBLUME aTnaHTbl CO BpemMeHeMm opudanu. Bo Bpemss gonotonHoe un BO BpeMs
Manoro JlegHukoBoro Neproaa, MHOrMe BbBKMBLUME aTMaHThl XXMM BMECTe C paccenmBLUMMNUCA
no nraHeTe NOAbMU, NpoaomKanu y4ntb ux. OCobeHHO B BbICOKO pacronOXeHHbIX MecTax, rae
Knumart He cunbHo notennen. K aTomy BpeMeHu O0THOCATCS PPECKN B MEKCUKAHCKUX NUpamMuaax
C nsobpaxeHnem 4enoBeka NeTALLEro Ha YEM-TO MOXOXEM Ha KOBEP U C A3blkaMu MNriamMeHu
c3aan. COOTBETCTBEHHO W caMu nupamMuabl MOCTPOEHbl C TEXHOMOIMMSAMW, W3BECTHLIMU
n3gpeBHe — 13 rpaHuTa, ¢ NOMOLLLIO OTNMBKU B6IOKOB Ha MecTe.

dopma cTyneHyaTblX NMpamMug C YriioM HakfoHa rpaHen K OCHOBAHMIO M MPOMopLUUsSMM
CTyneHen — 9To BykBanbHO NaMSATHUK TeM kaTadoTam, bnarogaps koTopbiM “koBpbl” netanu. Co
BpeMeHeM, 3abbInoch 3a4eM co3gaHbl NMpamMuabl Tako opMbl U MPONOPLUNA.
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ATmocdepa ounianacb OT MbiIW, NOcne KpyweHus napHuka. ConHue BcE Gonblue
nporpesano noBepxHOCTb 3eMnn M MOCTENEeHHO Knumat cHoBa Tennen. [pexae OoCTyrnHble
TEppUTOPUN ANsi COBMECTHOIO MPOXMBAHUS JNIOAEN U aTNAHTOB — CTanu CUNbHO HEKOMMOPTHBI
aTnaHTam U1, aTnaHThbl yWnW Tyaa, rae ewe xonogHee. To ecTb, hakTUYeCcKu, B pe3epBaLmu, rae
YKe XUIMN OTAENbHO OT oAEN.

Korga nocnegHue pasymHbie aTnaHTbl Y2Ke NepecTarny X1UTb PsSAoM C NIAbMU, CO BPEMEHEM,
Ha3HauyeHne nupamug 3abbinock. O6pasoBaBLUMECA HOBbIE MNIIEMeHa fAen UCMNonb3oBanm
[OCTaBLUMECS WM OT MNpPefkoB MNaMATHUKM YXKEe MO CBOEMY Pa3yMEHMIO W  Ha3HAYeHUo.
TexHonorua cTpoutenbCcTBa U3 “MArkoro rpaHuvTa” ewé Aonro cyllectsoBana M no3sonsina
[ocTpamBaTb BOKPYr Nupamug Apyrue noCTPONKU, COOPYXXEHUS U YKpaLLEHUS!.

PackonaHHble B toxxHON AMepuke Bonblume vepena, ¢ YANUHEHHBIM 3aTbINTKOM U 06BEMOM
YyepenHon KopobKM OKOMO 4X NUTPOB — 3TO Kak pas He YeroBeveckue, a Yyepena BbiRKMBABLLNX
BMeCTe C NoAbMU NO34HMX aTNaHToB. Yepena KONneKLMOHUPYIOT, Kak AUKOBUHbI, HO fyylle Obl
nokasbiBanu, YTO M Apyrne KOCTW B packonax, npu 3TUX HaWAEHHbIX vepenax oTiuMyanu ux
BnagenbLeB 0onblnM, He NMIOACKMM pocToM. U nbbl ckowweHHble. BOT, B nogpaxaHne MMeHHO
aTnaHTam, B NOCMeaCcTBUM, UMBUNU3ALMN NIOLEN Ha 3emnie KXHOM AMepUKM U gedopmMmpoBanu
CBOWUM [€TSIM Yeperna C paHHero AeTCTBa, Haoesach, YTO AeTU ByayT TaKMMKM XKe YMHbBIMU, KaK Kyaa-To
nponasLwmne yuyntens-atnaHTbl. (Takue xe Haxoaku u B KpbiMe 1 Ha AnTae... KynbT gecdopmMauum
Yyepenos “3HaTn” — Ha 3emrie 4 TbIC. NeT Ha3a — NOBCEMECTHBIN.) Ho... MexaHu4eckas aedopmaums
Yyepena He yBenuyueana 06bEM MO3roBOro BeLLeCTBa, a TONbKO Konuposarna nogobue BHeLLHero
BVAa Ans npuaaHua ctatyca B obuectse. Bo3amMoxHO, He BCce “HauMoHanbHOCTU” aTnaHToB UMenu
CUNMbHO CKOLLEHHble Nbbl. Bbl nocMoTpuTe, Kak pa3HoobpasHbl Yyepena y HblHe CYLLEeCTBYHLLUX
rpynn nogen, nsHavyanbHO ANUTENbHO MPOXUBAIOWMKX B pasHbIX YacTax 3emnu. [NprmepHo To xe
camoe pasnuune, kak Hawén Yapnea [lapBuH Ha ananarocckmx ocTpoBax. XapakTepHble BHELLUHWE
OTNNYMS Y OOUHAKOBbLIX BMAOB, HO OBUTaBLUMX M30MMPOBAHO HA PasHbIX TEPPUTOPUSX (Kak n Y
apveB, BblpalLeHHbIX B pa3HbiX pe3epBaumsax Tenna).

ATnaHTbl, 060COOMBLLNCE B CBOM HOBbIE pe3epBaLun 1 MOTEPSIB BO3MOXHOCTb HAXOAUTBLCS
Ha NOBEPXHOCTU MMAHETbI KPOME KaK 3MMOW U B ropax, MOCTENEHHO nepectann 6biTb OCHOBHbBIM
OOMUHUPYIOLLUM BUOOM Ha 3emrne.

Tenepb Mbl X BCE 3HAEM MOA UMEHaMM “CHEXHbI YenoBek’, “ourdyt”, “netn” nu maccomn
OPYrMX UMEH, MOCKOMbKY XUBYT OA4MYaBLUME MOTOMKU Hawwunx poautenen — no scen 3emne. Ho!
JIn6o nog 3emnén, nnbo B cHerax.

Paamep ronoBbl CHEXHOrO 4YenoBeka NO3BONSIET MMETb B HEW NPUMEPHO 4X NUTPOBLIN
MO3r 1, NO MOACKAM MepKam, rPOMafHYHO LLMLIKOBUAHYIO xenedy. OTcioa 1 HecrnbIXaHHble And
yenoBeka TenenaTtuyeckne cnocobHOCTU y NMBOro CHEXHOro Yenoseka.

["onocoBble CBSA3KM — NOYTM B OCHOBHOM aTpOoUpOBaHbl, MOCKOSIbKY HEMHOTOYUCIIEHHbIE
XMByLLME, 00LaoTCa Mexay coboi Ha paccTosiHuM TenenaTudecku. [1oaTomy, BpsSg Nv KOMy-
HUOYOb 0OBEAETCSH CrbILLATb FOSI0C CHEXHOMO YerioBeka.

He Mbl ero MoXXem yBMAETb UIM MOKMaTb, @ OH CAENaeT Tak, YTO Bbl HAXOOSACb PSOAOM
nponaérte MMMO OTBEPHYBLUMCH UM NMpeacTaBuTe cebe, Ha Hero rmsias, YTo-TO MHOE — KaMEHb,
nepeBo. OHM HaMy MOTYT ynpaBnsaTb TenenaTU4eckM U cnbiwaTb HalM HamepeHus. A noam,
LereHanpaBieHHO Ulla — HalWTu NeTn — He MoryT. 3ameTbTe, YTO criefbl UX HOr — HaxogaT
nepvoamnyeckn. Ho, BOT cnyvan, korga vMx BMAENW rnasamm — pedkus YpesBbldaiHO M Bcerga
CcnyyanHbl — Noan, nepectaBaBLLMe AyMaTb, HE CNyrMBanu Haxo4MBLLErocs Henoaanéky, 4em-To
CBOMM 3aHATOr0 CHEXHOro YeroBeka M OH OBHapyxmBam uX NPUCYTCTBUE HEOXMOAHHO U
nosgHo. Ho, n odyeBmaubl Obinn He TOTOBLI K BCTPEYE M HE 3aroTOBUNW CPEACTB perncrpaumun.
OTTOro 1 Kagpbl C BUAOM CHEXHOro YenoBeka — eLwe 6onee peakn, Yem pacckasbl O BCTpeYax.

B 90e rogbl B rasete «Speed Info» Oblna >xypHanucTckas nomnbiTka paccrefoBaHus Ha
TeMmy “KTo Takon CHexHbIi YenoBek?” Bbina uenas cepus ctaten o Tom, kak B Poccun, B 19
BEKE ropLbl MSEHWUN CITyYalHO MOMMAaHHYIK XKEHLUMHY M OHa MHOro FeT NpoXura C HAMU U
OLHOMY M3 HUX, HECKOJIbKO NEeT poxana geTen, Ho, cpasy Mocrie poXAeHus ycrnesana OKyHyTb
HOBOPOXAEHHOMO B NPOTEKAaBLUMIA NOBN30CTN TOPHbIV pyder u AeTu He BbbkmuBanu. [etu bbinm
MarneHbKMMN, Kak HOBOPOXAEHHbIE YerioBevYecKkne MIafeHuUbl M XUBOTA, BblgaBaBLUEro Obl
BepeMeHHOCTb, MeCTHbIE MO Hayany He 3amevyanu, NO3TOMY, NoHavany, He yaaBanocb oTcrneanTb
MOMEHT POAOB UM KpellleHust B neasHomn Boae. Ho, Tak 6bino He Bceraa. Korga yxe HabniogeHus
3a NMOBeAEHMEM >XEHLUMHbI MO3BONMNN NPEeanonoXuTb O CKOPOM MOMEHTE POLOB, MECTHblE
MYXXUMHbI Hayanu cneguTb BHUMATENbHEE M He Janu nocne poAoB oyepeaHoro MnageHua
NpoCTyauTb B ropHou peke. OH BbIPOC B JOMe OTLa. W )KypHanuCTbl HaLLMKM B apXuBax TOWN CEMbM
doTorpacpuio Toro pebéHka, koraa oH yxe 6bin B 3penom BodpacTe. FBHO bbina BuaHa NoBbILLEHHas
BOJIOCUCTOCTb NiLia, CKOLLEHHbI 106 1 pocT 6onee 2x meTpoB. CenbyaHe pacckasbiBanu, 4To
MPU XU3HU, MY>KYMHA OTNIMYANIca YMOM U MOBLILEHHON hramyeckor cunoi. OH XXeHUncs, y Hero
poannnch AeTU, MOTOM BHYKM... KOTOPbIE MPOXMBAM B TOM Xe Cerle 1 Mo rogpl, Korga XXypHanucTbl
noBenu nouckn. Ho, MOTOMKM — NPaKTUYECKM YyTPaTUM BCe OCOOEHHOCTM BHELLHOCTU U CUJbl
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CBOEro oTua, CTaB Kak obblyHble noan. Ha knagbuule xypHanuctam nokasanu u Moruny Toro
“nonybora” — cblHa “eTu u Yyenoseka. [anblue, XypHanucTel, Bpoae 6bl xotenn aobpatbca A0
OCTaHKOB, YTOObI MPOBECTM 3KCMEPTU3Y, HO MOTOMKM HE MO3BOSIAMM IMYMUTBLCA Hag OCTaHKaMMU.
CobCcTBEHHO, 3KCMEepTM3a HWMYEero “sTakoro” M He nokasamna 6bl, aTnaHTbl ObiNM HaWMMK
NpPAMbIMWU Npeakamu, 3eMnsaHamMu, a He UHonMaHeTsHaMn 1 He “HedoCTaroLWwmMM 3BEHOM” MexXay
YeroBeKoM N 06e3bSHON.

MHoro pas cribilan pacckasbl O TOM, YTO CHEXHbIE JTHOA4M BOPOBASiM B MOCENKAX XXEHLLMH.

3710 BCE roBopuT 06 OOHOM: FrEHETUYECKM, Mbl OHA MPOAOIPKALLIAACS JIMHNUST U HbIHELUHWIA
YEnoBEK W CHEXHbI 4YenoBek M AenbduHbl — OdHa BETBb Pa3BUTUS, - TEeHeTU4eckme
poacCTBEHHMKN. HeCcMOTps Ha TO, YTO HbIHELLHWE “CHEXHble Ntoan” 1 AenbduHbl — NPpeaCTaBnsaT
yXe oanyasLume, “GokoBble” BETBU 0bLLEN Lienn YeNoBEYECKON NCTOPUY Pa3BUTUS.

McTopuss ¢ NNEHEHMEM CHEXHOWM XEHLUMHbI U POXOEHMEM €l OEeTEeW, Ha npakTuke
nogTeepxxgaeT 6onee paHHIO NCTOPUIO U3 KOXKHON AMepukn, KpbiMa..., rae packanbiBaloT MOTrUIbI
n ¢ 6onbwnMK Yepenamn (M ckenetamy GonbLIEro, YeM YEroBEYECKUIA) pocTa M NepexofHble
yepena u ckeneTbl U NPOcTo AedOPMMPOBaAHHbIE UCKYCCTBEHHO Yepena Mnpu YenoBeYEeCKOM UX
006bEME U YernoBevecKknx pasmepax ckeneTtoB. ATnaHThbl (60rM) COXMTENLCTBOBANM C 3€MHbIMU
(4eroBEYECKMMM) KEHLUMHAMN U KEHLMHbI poxanu geten-nonyboros. Ho, Ha cregyowem
MOKONEHWU, BHYKM “OOroB”- aTNaHTOB yXKe He COXPaHSANN BblAAKLWMNXCS NPU3HAKOB CBOUX 0e00B,
NMO3TOMY MX MbITANIMCb UCKYCCTBEHHO 0OpaTUTb B YMHbIX NMONYyOOroB ¢ AeTcTBa gedopmunpys
yepena. Co BpemeHeM, npakTnka aecdopmaumm yepena gomkHa 6bina ctaTb YUCTO pUTyanbHON
Tak Kak oxuaasLuerocs acpdekra — He npuHocuna. To ecTb, Bcaveckne Mmudsl ( 1 Mudsl IpesHen
peumn) no KparHem Mepe KacaTerlbHO COXUTENbCTBA XEHLWMH C keM-To obnagaBlum
3HA4YUTENBbHO OOMbLUMM MOTYLLIECTBOM M 3HAHUAIMK, YEM FIOAN — YncTas npasaa. M npo poxaeHve
epakna u npo Jleay, EBpony, AHgpomeny... MNMony6or Nepakn — goeNCTBUTENBHO AOMKEH 6bin
obnapatb HeYerioBeYEeCKON CUION (Tak Xe Kak U YernoBeK M3 UCTOPUM NOLHATOW XypHanucrTam
«Speed Info»). A petn lepakna — He cunauun... Bot TOMbKO Te “Gorn” — ObIM NPSMbIMK
npegkaMmy verioBeka, A4ENCTBUTENbHO COENaBLUMMN N0AEeN NPOAOIHKaBLUNX UX FTEHOTUI.

M B 3aBepLUEHMM TEMBI O BPEMEHM yragka, TO eCTb 3aBepLUEHMN LMBUIIM3aLMA aTIaHTOB.

3HaHUS 1 HaBbIKW, XUBYLLMX B pesepBauusax, K koHuy Manoro JlegHukosoro [Nepuoga
MOCTENEHHO YTPa4nBarnmchb.

lMocmoTpuTE Ha KapTUHKM C n3obpaxeHneM nraHeT ConHeYHoW cucTembl. Bce KapTUHKM
HapucoBaHbl MO AaHHLIM acTPOHOMMYECKMX HabnwaeHMn n gotorpaduin. bpocaetca B rnasa,
yto B COMHEYHOM CUCTEME HET HM OOHOM MNaHeTbl C OCb COOCTBEHHOro BpalleHUs
nepneHavKynsapHon aknuntuke nnaHeTtbl. Kak s yxe noapobHO pacckasbiBan Ha npumepe
3emnu, nobOM HaKMNOH OCW — pe3ynbTaT He NajdeHus acTepoupa, a pesynbTaT CAUsHUSA
BpaLLaloLLUXCS BOKPYr CBOEW OCu, MOMHOMpaBHbIX nnaHeT. Bosgencrsust cunbl U3BHE Ha OCb
BpaLyatoLlerocs rupockona (nnaHetbl). Cuna, nsHayanbHO BO3HMKIIA U3-3a BO3LEWCTBUSA OpYyr
Ha gpyra napbl NoxXoXxum obpa3om BpalLalLmuxcsl rmpockonoB. Mpy Mx B3auMOZENCTBUK, HA
XNOKO-BSI3KME MacChl KaOoro U3 HMX, HauMHanu OeWCTBOBATb CWMlbl, NMPUBOASLLME HAKIOHbI
OCeli TMPOCKOMOB B OOMHAKOBble CTOPOHbI M, obwasd crnvBliascs Macca OO6BbeaNHEHHOMN
nnaHeTbl, NOBOpPaYMBanacb OTHOCUTENBHO SKIUMTUKN.

HaknoH ocm — 3a CYET CAUAHUA MacC MaHTUM 3TUX KUOKO-BA3KMX TMPOCKOMOB.
CTonkHoBeHMe TBEPAbIX SAep, Kak GUNbAPAHbIX WAPOB, BHYTPU CIMBLUUXCA BOEAMHO MaHTUN,
npMBoAWT K 0O0pa3oBaHWIO BbIMECKA W3HYTPU MMAHETbl  HapyXXy BeELLECTB MaHTUn
(nepBoHa4YanbHO XUMUYECKM YMCTbIX “MONE3HbIX UCKONaembix”), 0Opa3oBaHWMIO  TOPHbIX
MaCcCUBOB, BYNKaHOB, BNafaWH C KAMHSIMWU, U CMYTHUKOB NnaHeTbl. CnyTHMKM — 6€3 ropHbIX MUKOB.

Ha cnyTHuKkax - TonbKo KpaTepbl OT 3aCThbIBLUMX BCMIIECKOB NadeHUst rMblb NX co3aaBLUMX.

Ha noBepxHOCTSAX NnaHeT C OCbl BpalleHWs! NepneHOUKYNsApHOM 3KMUMNTUKE — YUCTbIX
“rnonesHblX uckonaembix” — HeT. Bcsi kopa — 3TO CroXHble coeanHeHust “wnako”. [1oObiTb
“ronesHble UCKoMaeMmble” M3 MaHTUU MNaHeTbl MOXHO pas3bumB nnaHeTy (kak Cry4uriocb C
dastoHom). Ecnn nnaHeTa He pasbunacb M TONMbKO YacTb BELECTB MaHTUKM Gbina BbiMfiecHyTa
Ha NOBEPXHOCTb, TO, NMpaKTU4Yeckn Bce nraHeTbl B COMHEYHOW CUCTEME MOMYYUsIN CIIMLIKOM
CINOXHbIE “KNUMaTUYECKME YCITOBUS” U HE MPUrogHbl AJ1S MOCTOSHHOIO MPOXMBaHUS U 400bIYK
nonesHblXx uckonaemblx 6e3 cneunanbHOM TeXHUMKU. 3emns — egumHcTBeHHoe B ConHeuvHom
cucteme ucknideHve. Ha gByx nnaHeTax nepepf CTONKHOBEHWEM Oblio MHOro BoAbl M BoAda
3awmTUNa Xun3Hb. MNycTb ycrnoBust AN BbPKUBAHUS CTanu CrnoXHbiMU. HO Oblnn BO3MOXHbLIMK
Onsa coxpaHeHus xu3Hu. He 6yab BoAbl B TAKOM KONMYECTBE Ha NpoTo3eMre 1 napHon nnaHeTe,
nony4unncs 6el npuMepHO Takown ewé Mapc.

Moka Ha 3emne npouBeTana umBunusauua Jlemypuu, obnagarolias LOCTAaTOMHbIMU
CpeAcTBaMM ANt OXpaHbl CBOEW NnaHeTbl (M Npu OTCYTCTBUM MOSNE3HbLIX MCKOMaemMbiX Ha
NOBEPXHOCTU) — Ha MMaHEeTy NPULLISIbIE U3BHE “TE0NOrN” He MOKyLIamnuch.
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Ho, kak TonbKO NpPou3oLLnO NoTenneHue KnumaTa, NoTOM Mcue3 “XpycTanbHbIA Kynon”.
Moton. Manbin JlegHukoBbii [lMepuoa. UuBmnusaumss ATnaHToB npuwina B ynagok, a
umBMNM3aums niogen (apunckas uuBunmM3aumsi) He Habpana cunbl, - Ha 3emnio 3a Jobblyen
nonesnu BCsKME npuwenbubl  -‘reorior” (M -“@HHyHaKK”). YHWYTOXUB €CTECTBEHHYIO
BO3MOXHOCTb XW3HW Ha ntobon 13 nnaHeT ConMHEeYHOW CUCTEMBI, OHU HYXXAanucb B Matepuanax
1151 CBOEro TEXHUYECKOro MoryuiecTsa. M Tepputopuii 4ns COGCTBEHHON LIMBUNU3aLIUN.

Hwvikakne aHHyHaku ¢ Hubupy He cosgaBanu nogen. Apkamm B Poccum ¢ ero passuton
MeTannyprmen xemnesa — 3HAYMTENbHO CTaplie (Ha ThiCAYeneTus) MMUHSHbIX Tabnuuek
Meconotamuu. XXutenu mexagypeybs oguyanu, noTepsiB TEXHOMOMMM U Obinu 3axBadeHbl B
pabCcTBO Ha “BUOMNOrMYECKyH0 CTaHLIMIO” re0rioroB, HO He OHM CO3[4aHbl Ha HEN.

“Mnems” apunues, NocenuBLUEecH U ognyaslLee (OT XOPOLIMX YCMOBUIN CyLLECTBOBaHWS)
onucano Kak Ha Hux pakTnyecku Hananu 6Gonee MoryllecTBeHHble (Bragenn KOCMUYECKOW
TEXHUKOW) reonoru-npuwiensubl. OHM U3 MECTHBIX Noern co3aasanu cebe CaMOBOCNOMHAIOLLMXCS
paboB ans paboTbl B WaxTax. BoT ¢ 3Toro yrna 3peHus u cTouT BOCNPUHMMATL LLYMEPCKUE 3anucu
o npuwenbuax ¢ Hnbupy. Kak okazanocb, yBenuyeHHas nponopuusi MenaHnHa B KOXe MeHsna
M XapakTep BHOBb CO34aBaeMblxX Ha 6onee NOKNaaucThbIn U yBenuynBana BbIHOCIIMBOCTb. YTO 1
TpeboBanocb Ans py4HOM paboTbl B KAMEHOTOMHSAX U pyaHUKax AQPUKN.

Ho He TonbKo WymepckMe TabnmMyku COXpaHunM CBeAeHUs O ToTanbHOM 3axBaTe 3emnu
npuwensuamu. To e camoe B ApeBHErpeveckux Mmdax — Kak npuiensubl “6orn” BoeBanm ¢
bonee KpynHbIMX MO POCTY U CUNE aTnaHTaMu “TutaHamu’. TuTaHbl (aTnaHTbl) — HAWW NpPsAMblEe
npegku B aNoxy ynagka ux LuuBMnim3aumnm — npourpanm BOnHY.

Bcem nomHATCS OpeBHeuMHAuckMe Mudbl O BOWHE, KOrga npuwenblbl Ha BUMMaHax
(ctynax) BoeBanu ¢ octatkamu uusunusaumm AtnaHTtoB. BoliHa Gbina aaepHon. M atnaHTel eé
npovirpanu. A niogsam 6eina nepenucaHa Uctopusi B MUkl 1 nereHabl, B anoc Obina 3anoMHeHa
WHpopmMaLms Kak Lapb obesbsH (NpaBuTenb niogen) nogaepkan He aTnaHTOB-TUTAHOB (CbIHOB
3emnu-l'en), a 6onee menkopocnbix npuwenbues-6oros. OTakui [MaeBnmk MoposoB. Haiwm
KPynHble npeakn 6binv 06BbSABNEHbI COKPYLUMTENbHBIMU U 3MbIMW BenvkaHaMmu. [ukrtaT TOYKu
3peHunsa nobegutenen — NOGEXOEHHBIM.

W B pycckux ckasaHusx AOMro coxpaHsanacb namsaTb O 3re, nepemeLlaBliemMcs 6e3 BCsKnx
BMAMMBIX MPUYUH B KaKMX-TO MpeamMeTax, BCE nomarowmx n yHnytoxawwmx. A.C. lMNMywkuH He Ges
NpuYKHbI 3anucan “n ctyna ¢ 6aboto Aron naét-6pen€t cama cobon”. Ctyna — u ecTb Npeamer,
KOTOpbIN AaBUT 1 BLET, hopMy KOTOpOro B ByaAMCTCKMX CTpaHax Ucnonb3oBanu kak obeper-
CTpaLLuMnKy (M3ganeka He BMAHO, MOf, YTO HE HacTosLWas, a yBuaes, bnvwke He nonayT). MNpeamet
Takon popMbl UCMOMb3YHOT, YTOObLI YTO-TO NUCTOMNOYb, COKPYLUUTL — MOTOMY W Ha3BaH CTYMNKOW.

C Tex nop, npuLLensLiam 3a NonesHbIMy ckonaemMbiMun — He TpebyeTca caMmym nx JobbiBaThb.
Bcé penaet mecTHOe HacerneHue, Bepxyllka KOTOPOro OTKPbITO Ha3blBaeTCcHa “loMa3aHHuKamm
ooxbumn”. INMoToMy BO BCEX MUMAX 3MOXM MNOKITOHEHUSA MHOrMM 6oram, 6orv nNpeacTaT YK OYeHb
NopoYHbIMU... CHauana, 6bI10 Kak-ToO MHOro BMeLlaTenbCTBa “00roB” (aTnaHToB) B XKU3Hb JOAEN.
Borm — yuunu nogen, xunu psagoMm. 3atem, (Toxe) “Ooru” (Mpuwenblbl), CMEHMB BIacTb,
oTpaboTanu TakTUKy 1 yoeamnm MecTHoe HacerneHue, 4To “mx HeT”. MecTHoOe HacerneHue nepecrano
HepBHMYaTb U cHabxaeT [OOPOBONBHO MpuenbLeB BceM HeobxoammbiM. “Boram” octaércs
TONMbKO CreguTb, 4TOObI Mporpecc abopureHoB He pasBUBArCS CTPEMWUTENbHO, OCODEHHO B
obnacTsax TEXHUKM U 3HAHWUI, KOTOpble MOrnKn Obl NOBPEAUTL NX FOCNOACTBY “HEBUOUMOK”.

MoToMy 1 ncuyesnu “koBpbl-cCaMOnETbl” N “neTarolime Tapenku” u3 MACKOW MPaKTUKWM,
NCYE3NN TEXHOMOMN OTIIMBKM FPAHUTHBIX MEranuToB (aTnaHTbl ApMuTaxa — U3 UCKYCCTBEHHOTO
rpaHuTa — OHW OTNUTbI B U3rOTOBIIEHHYIO NO MoAeNY OPMY), TOKAPHON TOYHOM 06pabOTKN KPYMHBIX
KaMeHHbIX OnOKOB (TUMa MHOFOYUCIEHHbIX, OAMHAKOBbLIX Pa3MeEpPOM W CTOSLUMX Fpynnamu,
KonoHH B CaHkT-lMeTepbypre), “BknemBaHus” B NPUPOAHbIE TPaHUTHbIE GIOKM MPSAMOYrOfbHbIX
“3annartok”’, nepea TokapHon 06paboTkom Tak, YTO 3a3opa LBa — HET. Py4yHOe M3roToBreHune
abConTHO NAEHTUYHBIX hOPM U B KONMYecTBe Bombluem, 4em 1 LWT. — HEBO3MOXHO — HYXHbI
CTaHKN (OYEHb MOXOXME Ha HbIHELHNe 3yDopes3Hble, HO eLLé C OOHOM NOJavYen U MHOMO KpyrHee).
Ha Bcex TOKapHO W3roTOBMEHHbLIX KOMOHHaX, “‘cBepXy” u “CHM3Y’ BMAHbLI cnegbl BXoda-BbixoAda
obpabartbiBatoLmx dpes — KpacmBble OypTUKM YyTb OOMnbLUEro AMameTpa U paguyc nepexoga ot
Tena KOJMOHHbI K BYPTUKY — OQMHAKOB U CBEPXY U CHM3Y (Ha KONMOHHAX, N3rOTOBMEHHLIX BPYYHYH —
BMAHbI NOZA MOSIMPOBKOW HEPaBHOMEpPHbIE criepbl yaapoB 3ybuna; 6ypTukn He POBHOM TOMLLUUHBI U
dopmbl). A rge cnefbl TOKapHbIX 3aBOAO0B MO KaMHI0? A KONOHHLI icaakneBckoro cobopa — eLulé u
nonble n3HyTpu! 310 TPyObI C TONLLMHOM CTEHKM okorno 30 cM. Y Hac cerndac HeT Takux HU CTaHKOB
HU TexHonorui. OHK Bbinun y aTnaHToB.

AHTUYHbIE KOMOHHbLI, BMOHTUPOBaHHblIE B CTAapWHHbIE Kradku, NErko pasnuyarTcs Mo
crnocoby M3roToBneHus: pyvHass obpaboTka u TokapHad. BwmgHo, 4TO Ha MOMEHT wuXx
MCMONb30BaHNS B KAYECTBE CTPOUTENIBHOIO KaMHS — U T€ U ApYrMe yxe MOCMAYXWIU No CBoeMy
n3HayanbHOMY Ha3HAYEHMIO — OePXKann KpbILKW Co3faroLme TeHb.
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[MoTOMY U MHOrOYMCNEHHbIE “@HTUYHBIE” PYMHBI — 3TO MHOXECTBO OCTaTKOB KOMOHH, YTO OHU
JepXanu KpbIlK, U NpOCTO co3fdaBanacb TeHb OT COMHEYHbIX fy4en B >XapKOW MeCTHOCTW.
3HauunT, Korga “xpycrarnbHoro Kyrnomna” yxke He bbiro, KONoHH TpeboBanocb MHOXECTBO U Aenanm ux
MOTOYHbIM METOAOM, HO, YTOObI KOMOHHLI B psigax ObinvM ogvMHakoBbiMu Mo hopme, TpeboBanoch
NPOU3BOACTBO Ha CTaHKax, a He C 3younbLem.

B HWwkHeM psigy CHMMKOB BMOHO MO pasBaiiMHaM KPenocTu KPECTOHOCLEB, YTO CTPOUTENM
OOWHAKOBO WCMOJb30Bany KOMOHHbI M TOKAPHOW M py4YyHOW paboTbl B KayecTBe CTPOMTENbHOMO
KaMHS B OCHOBaHMW CTeH. 3Ha4yuT, TOKapHble CTaHKW, KOTopble Mornum obpabaTtbiBaTb
MHOFOTOHHbIE TPaHWUTHbIE OMokM B MaeanbHO Kpyrible KOMOHHbI, B AaHHOW MECTHOCTU (Ha
CpenuseMHOM Mope) Obinun 3a40ro 4o Npyxoga KPeCTOHOCLUEB (MOMETMBLUMX BbIOUTLIMU BPYHHYIO
KpecTamm yxxe CyLleCTBOBaBLUME KOMOHHbI (Ha NEPBOM CHUMKE B NEBOM Py — MO PaHUTY U Ha
NSITOM CHUMKE B NPaBOM psigy — N0 Mpamopy)). M npexxHne NocTpounku 6binm yxe pasbutbl.

Ob6pabomka Ha cmaHKe

2paHum Mpamop
TRIE 0




O6pabomka 8pyyYHYyH




Kak cmpoumernbHbIl Mmamepuar

CTapvHHbIE BOMHCKME [JOCMEexXu, KOTOpble MAacCOBO HE WMENT CrefoB BbIKOMOTKA —
N3roTOBEHbl METOAOM LUTAMMOBKM, - @ 3TO NOApPa3yMeBaET CEPbE3HOE Pa3BUTUE CTAHKOCTPOEHMS
B 15-17 Bekax. KyctapHbiMM MacTtepamu 34ecb He 060MTUCh, LOMKHbI Obinn paboTaTb 3aBoApl
no obpaboTke meTanna wWTamnoBkon. [[oe criefbl 3TMX 3aBOAOB M CTAHKOB npoussoacTea? Unum
pbiLapckune gocnexvn EBponbl B My3esiX U 3aMkax — MOAMOr NO34HMX BPEMEH, Koraa yke peasnibHO
ObINIM TEXHONOMUM LUITAMMOBKK, AN CO34aHUA nereHabl 06 NcTopumn, KOTOPOW B peanbHOCTb He
ObIo? Unu... YenoBeyecTBO He pasBMBAro LUMPOKO NMPUMEHSIEMble TEXHOMOMMN, NPUYEM Tak,
4YTO M CrnegoB U YNOMMHAHUIA O HUX He OcTanocb? JTO He roBOPS YXKE O TEXHONOMUAX PbITbs
TYHHenen 6e3 BbiHOCA M3BMNEYEHHON nopofbl. TYHHENU M Bbipe3aHHble B TOMLE KaMHSA Xpambl
WCKYCCTBEHHOIO NPOUCXOXAEHUS — Ha NULIO, @ TEXHOMOMIA, NO3BONSIOLLMX UX CAeNnaTb — HUKTO He
NMOMHUT 1 He 3anucan? W HyxHo Gbl HaMm Takue ke genatb, a HbiHe — He yMeeM. [NogpobHee Ha
TEMbl NOYEMY-TO YTPayYeHHbIX TEXHOSOMN, KOTOPbIM Mbl TENEPb YAMBISIEMCS, @ NPeAKu NpoCTO
MacCOBO MCMONb30Bann, MOXHO y3HaTb, HAbpaB B MHTEpPHETE B noucke nms Anekcest KyHrypoea.

Ho 3apaunm nogOupaTtb hakTbl M CpaBHMBATb WX C COXPAHMBLUMMUCS WU  He
COXPaHMBLUMMUCS, @ HaNMUCaHHbIMU 3aHOBO (MOAJIOXHBIMU) UCTOPUYECKUMMU OOKYMEHTAMU Y
MeHs1 cenyac HeT. PakToB, YTO “M3BECTHAs” UCTOPUS 3a BMNOJSHE 0003pUMbIN Nepuos NogmMmeHeHa
N MOAMEHSIETCS — MHOTO, HO C HUMM HY)KHO 3HAKOMUTBCSI U3 MHBIX MCTOYHMKOB.

O6pe3aHo. PegakTupyetcs.
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