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[pupoma mpocta, u BCe, 4TO ITOMY
MPOTHBOPEYHT, OJKHO OBITH OTOPOIIICHO.
M. Jlomonocos.

Jlst TOrO, 4TO GBI OOBSICHUTH B IPUPOLE BCE,
JOCTaTOYHO JBYX JJICKTPHUYECKHX 3apsI0B.

1. BBEAEHHUE

" Kaxue o0b1 omkpsimus ne 0enanuco 6 cgpepe KOHKpEMHbIX HAYK,
ona ux ¢ukcuposanus mpedyemcsa azvik. /arice uzodpemaromcs
cneyuanbHvie A3bIKU 0na Imozo. Ho ece onu, maxk unu unaue,
npeononazarom oo0uLepa3zo060pHbLl A3bIK, 0€3 KOMOpPOzo OHU 8000uje
Henonammuul. Bce onmonozuueckue mepmunsl, Komopslie mpeoyomcsa
07171 ORUCAHUA IMUX AGNEHUI U OMKPLIMUIL, MO2YM Oblmb onpedeneHl
He3aeucuUMo Om IMUX OMKPbIMUIL, U NOACHEHbI HA NPUMEPAX CAMO20
06b1un020 Hcumeiickozo onvima..." (A.3unoeves. OcHosvl N02UtecKoll
meopuu HayYHbIX 3HAHULL.)

«...Bea coepemennaas nayka npeocmaensem coooii cniouinoe
nadyeamenmcmeo.» (P.Deiinman.)

[Ipennaraemasi Teopusi OCHOBaHA Ha 3JIEMEHTAPHOM JIOTHKE U
3IpaBOM CMBICIIE ¢ MUHMMAJIbHO HEOOXOJUMBIM HCIIOJIb30BaHHEM
MaTEeMaTHYECKOT0 anmnapaTa KJIacCUYecKon (PU3UKU.

Jaxe npu OersoM 3HaKOMCTBE ¢ Teopueil bosbmioro B3pbiBa
n CranjgapTHOM Mozenp0 Mupo3aaHus, TOJBKO CIENON MOXET HeE
3aMEeTUTh, YTO OHHU MPOTUBOpEYaT (PyHIaMEHTAIBHOMY 3aKOHY
IIPUPOABl — BTOPOMY Hadally TEPMOJMHAMHKHM, TaK KaK MOJENb
atoma Pesepdopnma-bopa, nexamas B ocHoBe CraHmapTHOU
MOJICNIH, TIPEACTABISAET COOO0N AJeMEHTAapHBI BEUHBIN JBUTATEINb,
kotopele Ilapwkckas akazeMuss Iiepecrana paccMaTpuBaTh C
o3anpouuioro Beka. Teopus Mupo3naHus OCHOBaHHAs Ha HJEE
BEYHOI'O JABM)KEHHS DJIEKTPOHOB BOKDYT $/pa, NPUHIUIHAIBHO
HEBO3MOJKHA II0 TOW INPOCTOM IPUYUHE, YTO OHU B IIEPBYIO K€
HAHOCEKYH/y, paCTpaTHB SHEPTHUI0, HEN30E€KHO yNaayT Ha HETo.

3



A, Tak Ha3pIBaeMasi, TeOpHusl bOIbIIOro B3phIBa MPEICTABIISICT
€000 MPUMUTUBHYIO KOMIWISIIIHIO OnOeiickoil kHuru beiTus, Kak
00XKECTBEHHOI'O0 TBOPEHHUS MaTepUU M3 HUYETrOo M, CJIelI0BaTeNIbHO,
TaK >Ke SBJseTCs 00pa3loM ICEeBIOHAYYHOTO LIapiiaTaHCTBa. Beab
IUISL TOTO, 9TO ObI YOUTH JIIOOYIO TEOPHIO, JOCTATOYHO HAWTH B HEH
OJIHO €IMHCTBEHHOE MTPOTHUBOPEYHE.

Jaxe deitHMaH OJHAXAbl NPU3HAJICS, YTO BCA COBPEMEHHAs
HayKa MpeACTaBIseT COOOM CIIONTHOE HAAYBATEIHCTBO

Co3pnanune peanbHOM Teopun Mupo3gaHusi BO3MOXKHO, €CIIH
OTOPOCUTH BCSAKHE TICEBJIOHAYYHBIC MOJICKYISPHO-KHHETUIECKHIE U
CTpYHHBIE THIIOTE3bI, YePHBIE ABIPHI, TPABUTAIIIOHHBIC KOJIIAICHI, U
npoyrie Oe3yMHbIE KBAaHTOBBIE CIEKYJISIMH, OCHOBaHHBIE Ha,
pe3ynbTarax MaTeMaTH4YecKUX MpeoOpa3oBaHMi, HE HMEIOUINX
(U3UYECKOTO CMBICTIA.

OueBunanble (PaKThl, JeKallue HAa MOBEPXHOCTH, MOJ CaMbIM
HOCOM Y JIFOJIeH, Ha3hIBAIOIIUX c€0sl YICHBIMH, TIO3BOJISIOT OMUCATH
Mupo3ganue TpOCTOM M M3SIIHOW TeopHel, W30aBIEHHOW OT
POTUBOPEUMI u 0ECCMBICIIEHHOTO HArpPOMOXICHUS
MaTeMaTH4ecKuX (popmyi.

Bce 3Tu kBaHTOBBIE "BBIKPYTACHI SIBIISFOTCS CBHIETEIIHCTBOM
yOO0)KeCTBa MBICIUTEIBHBIX CIIOCOOHOCTEH "BETMKHUX' TEOPETHUKOB,
U UX HECIIOCOOHOCTH MOHSTH MPOCThIE€ UCTUHBI.

[Tpupona HACTOIBKO NPOCTa U IMO3HABaeMa, YTO JOCTYIIHA
JUTSI TIOHUMAHUSI Ja)Ke BOCHMHUKJIACCHUKY, HMEIOIIEMY YETBEPKY 10
¢dusnke, Tak Kak Bce €€ MHOrooOpa3ue MOCTPOCHO BCETO JIMIIL Ha
JIBYX  OJEKTPUUECKHUX  3apsgaXx W JABYX  DJIEMEHTapHBIX
B3aMMOJICHCTBUSIX — MPUTSKEHUH U OTTAJIKHBAHUH.

[TosTomy Hacrosimast Teopusi (ExuHas Teopust TpaBHTAIIH)
npeyiaraeTcsl y4yalluMcsl CTapIiMX KJIacCOB CPEAHEW IIKOJBI,
3/[PABOMBICIIAILIEH MOJIOEKU U CTyIEHTaM, a TaK JX€ BCEM
MHTEPECYIOIIUMCS  MPEICTaBUTENIM YEIOBEYECKOTO pojJa, C
MO3raMy He 3ara)KCHHBIMH "'0€3YMHBIMU KBAaHTOBBIMH' WJICSIMU.



2. OCHOBHOMU
"3AKOH" HPHUPOJIbI

Ctporo TOBOps, HUKAaKMX 3aKOHOB B TIPUPOJE HE
CyIIECTBYeT. 3aKOH, 3TO TPOCTO HEKUW JOTOBOpP O TpaBUIIaX
B3aUMOJICHCTBHUSI MEXAY KaKHMMH JMOO CyObEeKTaMH, B KOTOPOM
OTOBApUBAIOTCS CAHKIIMH 32 HAPYIICHUE 3THX MPABHJI U MEXaHU3M
UX OTClIekuBaHUsA. Ho B Mpupoje Takoro MexaHu3Ma HET, MOTOMY
9TO TPHPOJA HUKOTJIa W HU C KEM HEe 3aKilfoyaja HHKaKUX
JIOTOBOPOB. Bce  B3auMOAEHCTBUS MEXAY MaTepualbHBIMU
O0BEKTaMHU BO  BCEJICHHOHM  OOYCIOBIIEHBI  HCKIIIOUHTEIHHO
CBOMCTBaMH caMuX 00beKTOB. OCOOEHHOCTH PTUX B3aUMOJIECUCTBUIA
01 ¥ POPMYITHPYIOT B BUC 3aKOHOB.

CBoiicTBa MaTepHalbHBIX OOBEKTOB TOYHO M OJHO3HAYHO
ONpeNeNIAIOT  JI0Oble  B3aMMOACUCTBUS ~ MEXAY HHMH U,
CJIEIOBATEIIbHO, HUKAKUX HEOIPEIEICHHOCTEM, UCKIIOUYECHUN, WU
[1apaZiOKCOB B IIPUPOJIEC HE CYLIECTBYET.

C »oTOH TOYKM 3peHMs, MOYTH BCS COBpPEMEHHas (u3MKa
NpEJCTaBIseT COOOM YyAOBUIIHYIO (anbcuuKanuio U3 CMecH
HMIIUPUYECKUX HaY4HbIX JTAHHBIX c, pe3yabTaTaMu
MaTeMaTHUYeCKUX NpeoO0pa3oBaHUM, HE HMEIOMUMHU (PU3UIECKOTO
CMBICIIa ¥ IPEMYYUMH TICEBAOHAYYHBIMH 3a0TYKICHUSIMH.

OTH, N0 CYTH, JDKEHAYUHbIE IIPEJCTABIICHNUS, IPUBEIIN K TOMY,
YTO Y4YEHbIe, NBITASCh XOTh KAaKUM-TO 00pa3oM COIJIacoBaTh
pEeaTbHOCTh C pe3yiabTaTaMU MaTeMaTHYeCKMX IpeoOpa3oBaHuUi,
HAIUIOIMJIA MHOXECTBO CYIIHOCTEH, HE CYIIECTBYIOIUX B IPUPOJIE.
Takux, kak yepHble JbIPbI, KPOTOBBIE HOPHI, TEMHbIE MaTepUU U
SHEPruM, a TaK K€ pa3jIMYHbIE 'TNOCTOSHHBIE", BA)KHO UMEHYEMBbIE
MUPOBBIMM KOHCTAHTaMH. XOTSA C TOYKM 3pEHUS TOM K€
MaTEeMaTHKH, BCE 3TH KOHCTAHTHI MPEACTABISIOT cO00W OaHaIbHBIE
MOATOHOYHBIE KOd()PHUIMEHTH, B BHUAEC OECKOHEUHBIX JApoOeH,
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KOTOpble, TaK k€ OECKOHEYHO, TMPHUXOJUTCA  YTOUHATH.
I'paBuTanMoHHYIO "MOCTOSIHHYIO" yTOUHSIM ke 11 pas.

Bonee TOro, mnpakTHyecKM BCE MEXAHU3MbI IPUPOAHBIX
SIBIICHUI COBpEeMEHHas HayKa OOBSICHSAET 3a/I0M Harepes, Hela Ho
nyras MecTaMM TpUYMHBI M cienctBusd. lmes coBepiieHHO
NEIIepHbIC NMPEACTABICHUS O NPUPOAC TPAaBUTALMM, 3TH BEIHUKHE
MBICIIUTENIM COCTPANAIN TaKyl0 TEOpUI0 00pa3oBaHMs 3Be3] U
MJIaHET, y3HAaB O KOTOpOM, rocroanH Pacme, HaBepHOE, TTOMEp OBl
co cmexy. Ilotomy d4ro Teopus 53Ta, IO CyTH, OCHOBaHa Ha
NPUHIUIE BBITACKMBAHUS caMoro ceds 3a BOJOCHI M3 00JI0Ta,
YKPaJCHHOIO y HM3BECTHOI'O CBOEH HEBEPOSTHOM IIPaBIUBOCTBIO
6apona MioHXTray3eHa.

Obnaka  ra3oB, Bcerga  crpemsmuecs  OECKOHEYHO
pacIMpsATECS, BAPYr HAUMHAIOT CXKUMaTh caMu cels, 10 TakKou
CTENEHHM, YTO B HUX HAUMHAIOTCA 'TepMosifiepHble” peakuuu. bosee
TOTO0, KIyOBI TBUIM, OTKYAA-TO B3SIBIIMECS BO BCEJICHHOW, TOXE HE
OTCTAalOT OT HUX U COOpaBIIMCH B HEOOJIBIIME KyYKH BO3JIE 3BE3[,
pasorpeBaroT ce0si COOCTBEHHBIM TI'PABUTALMOHHBIM IIOJIEM [0
IUIaBJIEHUS, a MIOTOM CHOBA OXJIQXJIAIOTCS, YTO ObI HA HUX CMOIJIH
00pa30BaThCsl JIeca U JKUBbIE OPraHU3MBI.

Camu ke rassl U KIyObl IBUIM, 110 YTBEPXKAECHUIO BEIMKUX
TEOPETUKOB, 00pa30BaJIMCh B pe3yJbTaTe TIPAHIMO3HOTO B3pbIBA
KaKoW-TO, HE UMEIOIIEH pa3Mepa M HAXOSALICHCS HEU3BECTHO TIIE,
TOYKM. A UYTO HMMEHHO MpPOCIYXWIO IPUYMHON B3phIBa 3TOHN
HECYILECTBYIOIIEH TOUKH, YUEHBIE €1IE 10 CUX II0p HE NPUIyMallH,
XOTsl HEKOTOpble W3 HUX BTallHE YCMATPUBAIOT B JTOM HEKHUU
pa3yMHBIN 3aMbICEN.

Ho CaMbIMH YAUBUTCIbHBIMHA n AOJITOKUBYIIUMU
3a6JIy)K,Z[€HI/I}IMI/I B COBpeMeHHOﬁ HAYKC ABJISIIOTCA MOHATHA MACChI
N 3aKOHa COXpaHCHUA OHCPIruH, Kak CIIOCOOHOCTH MaTepunu K
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COBEpIICHHIO pPabOTBI, KOTOPHI 1O CHX TMOp CTHMYJIHPYET
HEYTOMUMYIO  JIeATEIBHOCTh  Hm300peTareneil  BCEBO3MOKHBIX
BE€YHLIX JBUTaTEIIEH. ..

*k%k

Marepusi BCeJICHHOM HAXOAUTCH B NpoLecce IBOJIOLMH,
WIN TOCTOSHHOIO W3MEHEHHs, MPeACTABJIAINIEro co0oM
HelpepbIBHOE YCJI0KHEHHE €€ CTPYKTYPbl — CHHTE3, KOTOPBIH
uAeT ¢ yObIBAHHEM 3JHEpPruM, KaK CIOCOOHOCTHM MaTepuMH K
COBEPIIEHUI0 PadOThlI.

HenpepbiBHOE yObIBaHHE HEPTUU M TPEACTABISIET COOOM
IIPOLIECC BO3PACTAaHUS HHTPONMM, KaK CTPEMJIEHHMsS MaTepuH K
PaBHOBECHIO M TIOKOI0. FIMEHHO B 3TOM M 3aKitodaeTcs (pu3ndecKuit
cMbICH (DyHIAaMEHTaIbHOTO MPHUHIIMIIA B3aWMOJAEUCTBUN - BTOPOTO
Hayaja TepMOJAMHAMHUKH. A Tak kKak BceneHHas OeckoHEYHa, TO
nporuecc yObIBaHHs SHEPTUU TaK K€ OECKOHEUEH, U B CHUIIY ATOI0 OH
HE TIpeanoaraer e€, Tak Ha3bIBaeMOM, 'TENJIOBOH" CMEpTH.

CoOCcTBEeHHO TOBOpSl, HENOHHMMaHHWE CMbICJIa TEpMHUHA
"0EeCKOHEUHOCTh" W MPHUBEJIO K CO3/IaHHUIO MOHATUS MPOCTPAHCTBA,
KaK HEKOEro MyCTOro SIIMKa, B KOTOPOM, SIKOOBI, pa3MeliaeTcs
BCEJICHHAs. XOTS HMEHHO OECKOHEYHOCTh BCEICHHOW JelaeT,
MPUMEHHUTEIFHO K HEW, OeCCMBICICHHBIMH TaKHe MOHSTHS, Kak
MPOCTPAHCTBO U BPEMsl, 3AMKHYTOCTb WJIA OTKPBITOCTb.

BeckoHeyHOCTH TpoIecca 3BONIOLUN MAaTEPUU BCEICHHOW U
yObIBaHUSI €€ SHEPruM MOXKHO OOpa3HO WILTIOCTPUPOBATh, Kak
CKaThIBaHME Koyieca 1O OECKOHEYHOMY CKJOHy. W  jumb
HUYTOXKHYIO JIOJTII0 DHEPTUHU TOTO "KoJjeca', 4eJOBEUYECTBY y/IaeTCs
WCTIOJIH30BATh JIJISl CBOMX HYX]I.

Bce orpoMHOE KOTMYECTBO OTKPBHITHIX 3aKOHOB MPUPOJIBI, HA

caMOM J€JIC, ABJIAIOTCA TOJIBKO CICACTBHAMH WJIN KOMITWIAIUAMHA
7



ONHOrO  (PYHAAMEHTAJIBHOIO0  IPHUHLOMIA, IO  KOTOPOMY
B3aMMO/ICHCTBYET MaTepusi U KOTOPBIN (hOpMYIHPYETCsl KaKk BTOpoe
HAYaJI0 TEPMOJAMHAMHUKH. DTOT IPUHIUI UMEET BCEOOBEMITIOILYIO
o0nacTe NPUMEHEHUs, TaKk Kak OOYCIIOBIEH OCHOBHBIMHU
CBOMCTBAMM MAaTE€PUU U OINIPEAECIAET TeHEPAIbHYIO HAIIPABICHHOCTD
BCEX IPOLIECCOB B IIPUPOJIE.

O1oT  (yHAAMEHTAIBHBIA  NPUHIMII ~ KPAaTKO  MOKHO
chopMyIUpOBaTh CIEIYIONIUM 00pa30M:

"JIoOble mnpomecchl B NpHPoOAE — 3TO TMPoOIECCHI
HENMpepbHIBHOTO  YObIBAHWST JHEPrMd W  BbIPABHUBAHUS
(uznyecknx napaMmeTpoB MaTepun'.

OCHOBHBIE ONPECIICHUS, UCTIOIB3YIOIIUECS B 3TON TEOPHU:

"Marepust — 3TO0 BCe, YTO CYLIECTBYeT HEe3aBHCHMO OT
HAIero CO3HaHMsA'".

" JHeprusi —3TO0 CBOICTBO MaTePHH cOBepHIaTh padoTy".

"Ilore — 3T0 (yHIaMEHTAIbHOE CBOWCTBO MAaTepuH,
NposiBJIAIOIIEeeCT B BHAE€  CHWJ  MNPUTSKEHUA WU
OTTAJIKMBAHUA' .

"Bec — 93TO CHJBbI TPHUTSKeHHs, O0YCJOBJICHHBIE
N0JIO’KeHHEM TeJl B TPAaBUTAlMOHHBIX MOJIAX APYT Apyra'.

Tak xak Heprus —3TO TOJIBKO CBOWCTBO MATEPUH, TO KAKON
Obl TO HM OBUI MOTOK B3HEPruH, 3TO B JIIOOOM ciy4yae, MOTOK
MaTepHalbHBIX YacTull. M, cienoBarenbHO, MUHUMAaIbHAS TOPLHUS
HEPrUM — 3TO MPOCTO OJHA EJUHCTBEHHAs YacTHUIA, KOTOPYIO
YUCTO YCJIOBHO, MOXXHO MMEHOBAaTb KBAHTOM. Eciu 3TO mOTOK
BOJbI, TO KBAaHTOM OyJeT OJHA MOJIEKyJa BOJbI, €CIH 'TOTOK'
KHUPIHYEH, TO KBAaHT B 3TOM CJIy4ae — OJMH KUPIHY.



B mpupome He CymecTByeT KakOro-TO BCEMHPHOTO
TATOTEHUS, TIOTOMY YTO JIFOOBIE KOCMHUYECKHE OOBEKTHI 00JIaTaroT
CBOMM COOCTBEHHBIM T'PAaBUTALIMOHHBIM TIOJIEM  TSTOTEHHS,
UMEIOLUM  3JIEKTPUYECKYIO TPUPOAY, CIEACTBHEM KOTOPOTO
aBisieTcsi ux cdepudeckas ¢dopma. A, cClIeIoBaTeIbHO, BCE
B3aUMOJICMCTBHUSI BO BCEJIEHHOW CJEAyeT paccMaTpuBaTh HE B
NpSIMOYTOJIbHBIX, a B TOJSIPHBIX (ceprueckux) KOOpAMHATAX
reomerpun Pumana.

Marepusi He UMEET TaKOro CBOMCTBA, KaKk Macca, B MOHATUH
HEKOW COOCTBEHHOM M HEM3MEHHON TSKECTH, a HMEET TOILKO BeC,
00yCIIOBJICHHBIT CHJIaMH rPaBUTALMOHHOTO MPUTSKEHUS
MaTepUaTbHBIX O0BEKTOB JIPYT K APYTY.

Ecnu Ob1 MaTepusi Mena CBOWCTBO MAacChl, Tela Maaaiu Obl
Ha 3eMJII0 C, TPOMOPIMOHAIBLHBIM JSTOW Macce, YCKOPEHUEM.
OpHako yCKOpeHHE CBOOOIHOrO TMajeHus Tell, Ha JIIOOBIX
KOCMHUYECKMX  OOBEKTaX, 3aBUCHUT TOJBKO OT  Pa3sHOCTH
TPaBUTAIMOHHBIX MOTEHIIMAIOB MEX]y MOBEPXHOCTHIO OOBEKTA U
BBICOTOM, C KOTOPOM ATO TEJIO MajlaeT.

bonee  TOro, MMEHHO  pPa3HOCTb  I'PaBUTALUOHHBIX
MOTCHIIMAJIOB W SABJSACTCS CIUHCTBEHHOW TPHYUHOW JBUKCHHS
BoOOIIIE.

VYckopeHue, Kak CKOpPOCTb W3MEHEHHS CKOpPOCTH IaJleHus,
U3MEHSIETCd C BBICOTOM TIO 3aKOHY OOpaTHBIX KBaJpaToB,
MPONOPLUMOHAIBHO CHUJIE TPAaBUTALMOHHOTO NPUTSHKEHUS, a €ro
MIOCTOSIHCTBO BOJM3M TOBEPXHOCTH 3eMJIM OOYCJIOBJIEHO JIUIIb
OTHOCHUTEJIPHON OAHOPOAHOCTHI0 T'PAaBUTALMOHHOIO IO Ha
HEOOJIBIINX PACCTOSHUIX, CPABHUMBIX C pa3MepaMy 3eMHOTO 1Iapa.



3. CTPOEHUE ATOMA
N T'PABUTALIUA

[IpuHsTas B HayKe W MOJIO)KEHHAass B OCHOBY CTaHJApTHOM
TEOpUH MHPO3JaHMs, MOJEJb aTOMa, OCHOBaHHAs Ha HEBEPHOM
oOBsCHEHHHM JKcriepuMeHTa Pesepdopma, mo cBoel  cyrH,

MICEBJOHAy4YHa, TaK KaKk SIBHO
MPOTUBOPEYUT BTOPOMY  3aKOHY
TEPMOJUHAMHUKNA ¥ TPEICTaBIISICT
coOOH  3JeMEHTapHBId  BEUHBIH
JIBUTaTENb. Yto 3aKOHOMEPHO
MPUBETIO K 3a0yXKIACHHUIO, KOTOPOE
CyIIeCTByeT yke Ooiee Beka U
CBITPAJI0 CBOIO HETaTUBHYIO pPOJIb B HCTOPUU DPAa3BUTHUS HAYKH.

Haunbonee peanbHOE OO0BSICHEHHE ITOTO OMNbITA IMPEACTABICHO Ha
(puc 1). IMpuuem, pucynok (puclb), mo cyru, wmmmocTpupyer
MEXaHU3M TPO3PAYHOCTH, O YeM OYIET CKa3aHO HUXKE.

AToMBI, TOCTpoeHHble 1O Mozenu Pesepdopna-bopa,
HCKIIIOYAK0T KaKYrO JII/I60 BO3MOXHOCTb CYHICCTBOBAHHA TBCPABIX
TeJ, B KOTOPBIX CHJBI MHPUTSKEHAS HX APyl K ApPyry BeCbMa
3HAYUTCIIbHBI. I[J'I}I TOro, qTOGBI XOTb KakK-TO OIIpaBaaTb
yAepKUBaHUE MPOTOHOB, UMEIOIUX OJHOMMEHHBIE AIIEKTPUUYECKUE
3apsabpl B siApe, NPUIUIOCH HM300pEeCTH HEKHE sIepHbIE CHIIbI, a
TaKKe MacCy JpYyrux HECYIIECTBYIONUX (yHIaMEHTAIBHBIX
B3aUMOJIECUCTBHH.

Ho HecMOTps Ha IexkiapupyeMble HaydHbIE JOCTHIKEHUS,
OOBSICHUTh MEXaHM3M YJEepKUBAaHUS aTOMOB B TBEPAOM TeIE,
COBpPEMEHHasi Hayka J0 CHX IOp He B cocTOSIHMHU. OObsicHEeHHUs
B3aUMOJICHCTBHST OOMEHOM YACTHIl HE BBIICPKUBAIOT HHUKAKOU
KPUTHKHU.
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MOKHO CKOJIBKO YTOJHO JOJI0, CTOS B JIOJKAaX HAIpOTHB
ApYT Opyra nepedpachlBaThCs MAYaMU WM TUPSIMU, HO JOXKIATHCS,
KOrja JIOOKM, B  pe3ylbTaTe JTHUX MepeOpocoB  HAUHYT
npUOMKAThCA APYT K APYTY HE YIAACTCsl HUKOT/AA.

Ho, nocrarouno 3ameHuTh MozieNb aToMa Pesephopaa-bopa,
Ha Moaeab TomcoHa, Bce cpa3y CTaHOBHUTCA Ha CBOM MECTAa H
JIEMEHTAPHO OOBACHAETCS AaXKe TaKOe 3araJlouHoe JAaxe s
COBPEMEHHOW HAyKU SIBJICHHUE, KaK KH3Hb.

Atom mo Moxenn ToMcOHaA COCTOUT W3 IOJIOKHUTEILHBIX H
OTPHUIATEIBHBIX 3aPAJIOB, PABHOMEPHO pACHPENEICHHBIX IO €ro
o0beMy U  YICP)KUBAIOIIUXCS BMECTE CHJIAMH  B3aUMHOTO
MIPUTSDKEHUS, TTOATOMY OHAa HanbOoJee MOJHO OTBEYaeT PEATbHOCTH
u u3baBlieHa OT BCEX NPOTHBOPEYMM, MPUCYLINX IUIaHETapHOU
MO/ICIIH.

B npupose cymecrByer aBa BHAAa  MaTepHH,
o0J1aalomMX NPOTHBOMOJIOKHBIMU CBOWCTBAMH — MAaTepHs,
ob0Jaaomasi MOJMOKUTEJbHBIM YIEKTPHYECKHMM 3apsiioM H
Martepusi, o0Jasalmasi OTPULATEJIbHBIM 3aps0M, KOTOPYIO
YCJIOBHO MOKHO CYMTATH aHTUMaTepuei. in HaoGopor.

O6a BuAa 3apsiioB MPOSIBISIFOTCS B BHJE IJICKTPHUECKUX
MOJIEN, KOTOPBIE SBIAKOTCA CBOMCTBOM MAaTEpPUHU, TaKUM XK€ Kak,
HampuMep, MPO3PAavYHOCTh CTEKIIA, TOSTOMY B OOBSCHEHUH HE
HYXXJal0Tcsl. MOXXHO OOBSICHUTH, TIOYEMY CTEKJIO MPO3pavyHo, HO
OOBSACHITH, YTO TIPEACTABISICT COOOM camMa MPO3pPavHOCTh,
COBEpIIEHHO OeccMbICIeHHO. Tak Kak CyIIECTBOBAaHHE IIOJICH,
OYEBHUIHO M JSKCIEPUMEHTAJIbLHO HalJw0AaeMo0, TO 3TO
MOJIOKEHUE NPUHUMAETCS] B KAaueCTBE E€IUHCTBEHHOW aKCHOMBI.
besmaccoBele W HEC)KUMaeMble ~ MaTepUAIbHBIE  OOBEKTHI
B3aUMOJICHCTBYIOT MEXJIy CO0OH TOJIBKO Ha YpOBHE IOJEH,
HOCHUTEJISIMU KOTOPBIX OHU CaMU U SIBJISTFOTCSL.

11



[Tonst AMEeKTpUYECKUX 3apsAI0B OJAHOTO 3HAKA COBEPIICHHO
HEMPOHUIAEMBI JIpYT Ul Jpyra, MO3TOMY NpU COJMMKEHHUH OHHU
ynpyro nedhopMupyroTcs, dYeM ¢ OOYCIaBIMBAIOTCS  CHJIBI
OTTAJIKHBAHUSI.

[Tons pa3HOMMEHHBIX 3apsioB, HAO0OPOT, HE TOJBKO
MPOHUIAEMBbI, HO U HEMPEMEHHO CTPEMATCA OOBbEIUHUTHCS IPYT C
IpyroMm, oOyciaBiuBasi, TEM CaMbIM, CWJIbI NpUTsKeHus. [Ipu
3TOM Yy HHX TakK K€ TMpPOSIBISIIOTCS CBOMCTBa YINPYrocTd, HO
MPOTUBOMOJIOKHOTO JIEHCTBUSI.

A Tak Kak IMOJisl Pa3sHOMMCHHBIX 3apsI0B, B CHJIY B3aHMHOM
MPOHHMIIAEMOCTH, CIIOCOOHBI CYIIECTBOBATH COBMECTHO, MPOTOH U
9JIEKTPOH, HANpUMEp, MPUTAHYBIIKCH APYr K JAPYTY BILIOTHYIO,
00pa3yloT  HOBYIO  JJICMEHTApHYIO  4YaCTHIly — HeHTPOH,
OKPYXCHHYIO JBOWHBIM SJIEKTPHUYECKUM TIOJIeM, OOpa30BaHHBIM
OJHOBPEMEHHO  [BYyMs,  BIIOXKCHHBIMM  Jpyr B  Jpyra,
ANIEKTPUYECKUMU TIOJISIMU pa3HbIX 3HaKkoB (puc 2). [TonyunBiiasics B
pe3yabTate 3TOro OObeAWHEHHs (CHHTE3a), COCTaBHAs YacTHIIA,
OKAa3bIBAETCS JIEKTPUUECKH HEUTPATHHOM.

JIBoliHOe 3JIeKTPHYECKOE I0JIe, OKpYVKAKIIee HEHTPAJIbHVIO

YACTHUILY, M NIPEACTABJIACT CO00H €€ rPABUTAIMOHHOE 110JIe.

Opnako K OONBIIOMY pPa30YapOBaHUIO HAYYHBIX JesTEINCH,
HUKaKOM "aHHUTWJISIUU", KaK B3aUMHOTO YHUUYTOXEHUS 3aps0B U
MOJIHOTO MPEBPALICHUS] UX B SHEPTHUIO, MPU 3TOM HE MPOUCXOIUT.
st Toro, 9TOOBI MPUNUTH K BBIBOAY 00 JJIEKTPHUUECKOW MPUPOJIE
rpaBUTALlMHU, JOCTaTOYHO MPOCTOrO CPaBHEHHS] OCHOBHBIX (POpMyI
3akoHa Kymnona u 3akoHa "BcemupHoro" tsarorenus Heiorona. Tak
KaK »d9TH 3aKOHBI OMKCHIBAIOT, IO CYyTH, OJHO U TO K€
B3aMMOJICHCTBHE, TO IMOJY4aeTCs, YTO 3TO OAMH M TOT K€ 3aKOH,

“n

"OTKPBITBIA" ABAXKIBL.
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I'paBuTaninoHHOE MMOJIe, B CUJy CBOMX YIPYTHMX CBOWCTB U
OCCKOHEYHOTO  pammyca  JCHCTBUSA,  MPEACTaBIsSET  CcOOOH
BE3JECYLIYIO Cpeay, B KOTOPOM
pacrpocTpaHsIoTCs yapyrue
TpaBUTAIMOHHBIC BOJIHBI a,

CleIoBaTeNbHO, HHUKakoro 3dupa,

¢u3nyecKoro Bakyyma, CKa3oyHOTO

POCTPAHCTBA-BPEMEHH, W

T oo TPUJAEBSTOrO LIAPCTBA, B MPUPOJE
Puc2 | He CYILIECTBYET.

[IpyueM  3TM  TpaBUTAIMOHHBIE  BOJHBI  SIBIISIFOTCS
Nnonepe4YHbIMM, TaK Kak BO3HUKAIOT, MO CYTH, Ha TPpaHHUIlEe JIBYX
Cpell C MPOTHBOIOJIOKHBIMU CBONCTBaAMH, KOTOpas CYILECTBYET,
IIPAKTUYECKH, B JTH000# TOYKe IPaBUTALMOHHOIO TOJIS.

Pacnipeniesienne  TMOTEHIMANIOB — TPABUTALMOHHOTO  MOJIS
M000T0 MaTepHatbHOTO OOBEKTa — IUIAHETHI MM 3BE3[IbI, MOXKET
ObITh  Tpaduyeckd  TPENCTABICHO  PHCYHKOM (puc 3).
I'paBUTAIIOHHBIC CHUJTBI NOPUTSOKCHUS  YBeJIMYHBAIOTCS
IPOMOPLUUOHATIBHO KBAJAPaTy PACCTOSIHUS OT IEHTpA IUIAHETHI H
JIOCTUTAIOT MAKCHUMAJILHOTO 3HAYCHHS Ha ©€ MOBEPXHOCTH, TJIe
CHITY TIPUTSDKEHHSI MOYKHO BBIPa3UTh (hOPMYJIOiL:

Fm:kRz, 20e

K — ycrosnvii  ko3puyuenm nponopyuonarvrHocmu,
onpeoensemblil. KOIULeCmeoM CIMpPYKMYPHbIX eOUHUY 6 eOUHUUHOM
obveme.

(KoaddurmeHT 3TOT HEOOXOIMM JIUIIb IS COTJIACOBAHUS
pa3IMYHBIX €IUHHI] HM3MEPEHHs, OCHOBAaHHBIX Ha COBEPIIECHHO
cllyuyailHBIX BenuuuMHax. Hampumep, Ha JUIMHE IIara WM JJIHHE
JIOKTEBOT'O CycTaBa KakOi-HHOY b MOHApIIEH 0COOBI.)

13



R — paouyc maecomerowezo mena (36e30w1, nianemot).

ITo Mepe ynaneHus: OT MOBEPXHOCTH, CHJIa TPABUTAI[HOHHOTO
MPUTSDKEHUST YMeHbIIAeTcsl 10 3aKOHY OOpaTHBIX KBaJIpaToB H
OMHUCHIBaeTCs POPMYJIION HUXKE.

F=Fu/(r-R)? wiu F=kR?/(r-R)?

A Tak Kak BCe CHUJIbI IPUTSDKEHHUS B LIEHTPE 00BEKTa B3aUMHO
YpaBHOBEUIEHBI, TO CHJIa TpaBUTAlUM 4, CJIEAOBATENbHO, U
JaBJICHHE B HEM, MPaKTHYECKU ONMM3KU K Hyito. [losTomy moObie
KOCMHYECKHUE 0OBEKTHI Ooymyt 30HIUPOBAThCH, KaK
IIYCTOTEJIBIE. IloBbilieHue AaBi€HUS TPU MOTPY>KEHUH B
OKEaHCKHE TIyOMHBI OOYCIIOBJIEHO JHIIb CBOMCTBOM TEKYYECTH
BOJBI, 4 TAK K€ TCM, UTO CUJIbI TATOTCHUSA B ITOBECPXHOCTHBIX CIIOAX

F KOCMHYCCKUX  TCII, MPAKTUYCCKU
3
OOTHOPOJAHBI )51 HUMCIOT
MaKCUMAJIbHYIO HAIMps’>KCHHOCTDb

(obmacte A, puc 3). OmnbiTHOE

IR MOJITBEPKICHUE OSTOTO TIOJOKCHUS
- Puc3 | CTABUT  JKUPHBIK  KpecT  Ha
JHKEHAYYHOM TIOHSATUH ""TPaBUTAIIMOHHOTO KoJjutarca'”. ..

['paBuTalIMOHHOE MOJIE, COCTOSIIIEE U3 AIEKTPUUECKUX TOJICH
pPa3HBIX 3HAKOB, W OJWHAKOBOH BEIWYUHBI - HEHTPAJBLHO
CHMMETPUYHO M €ro BEIMYMHA 3aBUCUT TOJBKO OT (PU3MUECKHUX
pa3MepoB MaTEpUANILHOTO Tejla. ATOMBI TaK e, KaKk MakpoTesia U
KOCMHYECKHE 00BEKThI, MPUTATUBAIOTCS APYT K APYTY B CHILY TOTO,
yTO HUX I‘paBI/ITaLII/IOHHBIC I10JIs CTpeMHTCH B3aMMHO HpOHI/IKHyTB

ZpYT B Jpyra.

Atombl 1o TomcoHy cocrosiiue, NpPaKTHYECKH, u3
OJIMHAKOBOTO KOJINYeCTBA 3JIEMEHTapHBIX YaCTULL c
MPOTHBOIOJOXKHBIM ~ 3apsI0M, OYEeHb CTAa0WJIbHBI, TakK Kak
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CHCMCHTUPOBAHBI MOIIHBIMH CUJIAMH B3aUMHOI'0O MPUTAKCHHUA, HO
npu 3STOM CBOUMMHU T'pPaBUTAIMOHHBIMU IIOJISIMA OHHU MOTYT
3axBaThIBaThb CBOOOJHBIC HJIEMEHTAPHBIE YaCTHUIBl, HAIpUMED,
JNEKTPOHBI WM IPOTOHBI W yIEp)KUBaTb HX. B  arome,
MPUCOECTUHUBILIUM K ce0e YacTHUIBI Kakoro JIMOO OJHOrO 3apsaa,
IpaBUTALIMOHHOE I10JIe, OKpYy)Karollee ero, OyaeT coCTOsTh U3
JJIEKTPUYECKUX IIO0JIEH, HECKOIBKO Pa3JIMYAOIIUXCA [0 Paguycy
JeUCTBUS, YTO MPHUBEIET K HEKOTOPOMY OCIAOICHUIO MPUTSIKECHUS
aTOMOB Jpyr K ApYyry. OTy pPa3HOCTb BEIMYMH 3IIEKTPUUYECKUX
moJiel,  MOXHO  Ha3BaTh  ACHMMeTpHeill.  ACHMMeTpHA

rPaBUTALMOHHOIO MOJSI MOXKET OBITh MOJOXKUTEIBHOM, €CIIN TOJIe
MIOJIOKUTEIBHBIX 3apsioB OOJbIlle, YeM TI0J€ OTPHUIATEIBHBIX H,
OTPHUIIATEITLHON — €ClTi HAa00O0POT.

AcuMMeTpHusi — 3TO, N0 CYTH, MU €CTh JJEKTPHUYECKH
3apsaa.

Y aTroMoB TBepAbIX TeJ, ACHMMETPHUsSI HE3HAYNTEJIbHA,
NM03TOMY TPABUTALMOHHBbIE CHJIbI NPHUTSKEHUS MX JpPYyr K
ApYry, O4YeHb BeJukH. UTo ObI pa3pymiMTh TBepAOe TeJo,
HY?KHO MPHJIOKUTH 10CTATOYHO 0OJIBIIYIO CHITY.

Y aToMOB KHIKOCTH ACHMMETPHUSI TPaBHUTAIMOHHBIX
noJieid HeCKOJILKO 00JIbllle, YeM Y TBEPIAbIX TeJl, YTO MPUBOIUT
K 0CJIa0JIEHUI0 TPABUTAIIMOHHOIO MPUTSIKEHUSI MeKIy HUMH H
BO3MOKHOCTH CB0O0OIHO nepeMemaThcs (cxomB3UTH)
OTHOCHTEJIbHO APYT Apyra. ITHM U 00yCJIABJIUBAETCS CBOWCTBO
TEeKY4eCTH KUAKOCTeM.

AcuMMeTpHsl TPaBUTALMOHHBIX TOJIE aTOMOB >KHAKOCTEU
MOXET OBITh JTMOO TOJIOKUTENHHOM, MO0 OTPHUIIATETLHOW U OT
3TOr0, CBOMCTBA O3THX JKUJAKOCTEH CHJIBHO  Pa3IMYaAOTCS.
AcuMMeTpHell 3JEMEHTapHO OOBICHSIOTCS, TaK Ha3bIBacMbIe,
"XuMHUYecKHe" B3aUMOIEHCTBUA.
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BemectBa ¢ acuMMeTpUER pa3HBIX 3HAKOB JIETKO BCTYIIAOT
B "XMMHUYECKHE' peakuMM Ipyr C JAPYyroM, a C acCUMMETpHeEH
OJIHOTO 3HaKa, HAa00OpOT APYTr K APYrYy JOCTAaTOYHO PAaBHOIYIIHBI.
BermiectBa ¢ pa3HBIMH 3HAaKaMH acHMMETpUHU (3apsga) JIETKO
CMEIIUBAIOTCS JPYT C IPYTOM, a C OIMHAKOBBIMU - PACCIIaNBAOTCSI.

[Ipr KoHTakTe ABYX MeTaioB (BEIIECTB) C pa3IMYHON
BCIMYMHOW  aCHMMETpPHH, MEXKIy HHMH  BO3HHKAeT, Tak
HasblBacMasi,  KOHTAKTHAas  pasHOCTh  MOTEHIHAIOB,  YTO
UCITIOJIB3YETCS B TEXHHUKE, HATIPUMED, TIPH CO3IaHUH TEPMOTIap.

KOHTaKTBI CBEpXYMCTHIX BEIIECTB C ACHMMETPUSIMH Pa3HBIX
3HAKOB, 00JIaJAlOT CBOMCTBaAMHM NPOMYCKAaTh 3JIEKTPUUYECKHI TOK
TOJILKO B OJIHOM HaIpaBJICHUH, YTO MO3BOJIAET CO3/1aBaTh U3 HUX
ANEKTPUUECKHUE pUOOPHI, KOTOpbIE MBI Ha3bIBaeM
MOJIYITPOBOTHUKOBBIMH.

DTOT e MEXaHU3M paboTaeT U MPH AICKTPHU3AIUN TPEHUEM,
a TaK ke JJEKTPU3alMU Kaleldb BOJbI B TPO30BBIX OONaKaX, MpH
IBIKEHUM WX B BO3AYIIHOW cpene. JIBH>KeHHE YyBEIUYMBAET
TUTONIA/Ib COMMPUKOCHOBEHMSI, YTO 00JIeryaeT nepeTekaHue 3apsioB.

Pa3HOCTh MOTEHLMANOB, BO3HHUKAIOMIAsg B pe3yjbTare
KOHTAKTa MEXIY XHIKOCTHIO M TBEPABIM TEJIOM, OOYyCIOBJICHHAs
pPa3sHOCTBIO WM pa3sHBIMH 3HaKaMH AaCUMMETpPHUH, T03BOJISET
co3laBaTh 'XMMHUYECKHE' HWCTOYHUKHM DIIEKTPUUYECKOIO TOKa.
[Tpuyem, Hanbonee 3hPeKTUBHBIC UCTOYHUKH TOKA, MOJIYYArOTCS
IpPU HCIOJIb30BAHUM BEIIECTB C MPOTHBOIOJIOXKHBIMU 3HAaKaMH
ACUMMETPUH.

Y aroMoB razoB acUMMeTpPHsi TPABUTAIMOHHBIX MOJIei
(3apsia) yske HACTOJBbKO BeJIHMKA, YTO, MPeodafaiomme MeKIy
HUMH CHJIbI OTTAJIKHBAHMS, 3aCTABJSIOT ra3bl 0(eCKOHEYHO
pacumpsTbes (puc 4).
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Uem GompIlie acCHMMETPHST aTOMOB Ta3a, TEM MEHBIIE BECUT
ra3 B moJjie Tarorenus 3emud. Bomopos, Hanpumep, 00J1a1aeT O4eHb
OOJBIION aCUMMETpHUEH, TTOITOMY BCTPEUYAECTCS TOIHKO Ha OOJIBIINX

BbIcOTax. ['a3pl, oOyagarone acUMMETPHSIMHU pPa3HBIX 3HAKOB,
~ JIETKO pearupyroT IpYyr ¢ APYroM, C

Twwd | acUMMETpUSMH  OIHOTO  3HAKa,

L/ Nk paccllanBalOTC M IpYr K JpYyry

/ "
. . .| nneprHsL.

i P MOXHO TPEAnoNOKUTH, YTO

Hcuokocmu 2asa Puc4

Iore
ompuyamesnozo —
sapaoa

aTOMBI BOJIOpOA HMEIOT
MOJIOKUTETHHYIO aCHMMETPUIO, B OTJIUYHH OT aTOMOB METaJlIOB,
ACUMMETPHUsI KOTOPBIX, OTPHUIATENbHA, U ITUM OOCTOATEIbCTBOM
OOBSCHSIETCS, TaK Ha3bpIBAEMOE ' OXpyHm4MBaHUE' METAIOB, B
pe3yabTaTe pacTBOpeHHs’ B HHUX aTOMOB BOJAOpoJa. ATOM
BOJIOpPOJa TPH KOHTAaKTE C AaroMOM MeTallla, OTHAeT eMy
U30BITOYHBIE  TIOJIOKUTENBHBIE  3apsiibl, YTO MPUBOAUT K
YMEHBIIIEHUIO BEJIMYUHBI aCHMMETPUHU, U, KaK CJIEICTBUE, K
YMEHBIIICHUIO TIAaCTHYHOCTU. KCTaTu TBEpIOCTh anMmas3a TakK Ke
OOBSCHSIETCS YMCHBIIICHHEM aCHMMETPUH, B Pe3yJbTare JCHCTBUS
Ha TpaduT OYECHHb CHIJIBHOTO JABJIICHHS, B TCUCHUU [JIUTCIHHOTO
BPEMEHH, TMPHUBOAIIETO K
MOBBINICHUIO KOHIICHTPAIIUN

oTpaxeHue

HOCUTEJIE  3apsIoB U

nornowexue

nponycanue
(nepenanyuenue)

: BBIICJICHHUIO nux B
- L - OKPYKAIOIYIO cpeny.
YMmeHnbleHue BCJIIMYHNHBI

.
@ cTekno

IUIOTHOM YIaKOBKE aTOMOB, B pe3y/bTaTe Yero, ajiMas npuodperaet

ACHMMETPUU TIPUBOJUT K
YIOpSAIOYMBAHUIO H Oolee

CBOMCTBO TPO3padyHOCTH. UTO OB BEpHYTh ajiMa3 B HaydalbHOE
COCTOSTHUE rpaduTa, ero J0CTaTOYHO MPOCTO HATPETh.
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AcHMMeTpHel IpaBUTAI[HOHHBIX MOJEH aTOMOB W MOJIEKYII
3JIEMEHTAPHO OOBSICHSIOTCS MEXaHHU3MBI IPOITYCKaHHSI
(mpo3pauHOCTH), MOIJOIIEHHS W  OTpaKeHHsA.  BerecTBo
MPO3PavHO, ECIIH ACUMMETPUS TPABUTAIMOHHBIX TOJICH ero aTOMOB
OJTHOTO 3HAKA M BEJHYHMHBI C aCHMMETPHEH YaCTHIIbI M3TydCHUS
(puc 4a). ®oToH, MpeACTABIAIOMUN c000# "OBICTPHIA" 3ICKTPOH
WK KaKyl0-TO YaCTHILy C OTPHIIATEIBHOM aCHMMETPHUEH, TIoaiast B
aToOM TIPO3PAvyHOrO BEINECTBA, MEPEIACT HMMITYJIBC IO IIEIOYKE
YaCTHIl, COCTAaB/SIONMX aTOM H mepeusiaydaercsa. Eciu
aCHMMETpHsT  aTOMOB  BEIIECTBA  3HAYUTEIBHO  IPEBBIIIAET
acuMMeTputo (OTOHA, OH "OTCKaKWBaeT OT HErOo WIH, IPYTHMH
CIIOBaMH, OTPaKaeTCsl.

BemectBa ¢ Takoli BEIMYMHOM ACHMMETPHUHU, KOTOPYIO
MOTYT "TpoOUTH" TOJBKO OYEHB OBICTPHIC YACTHIIBI CHHETO CBETA,
HO HE MOT'YT YaCTUIbl KpPaCHOTO, UCTIONb3YIOTCS /ISl U3TOTOBJICHHUS
MOKPBITUI TUXPOUYHBIX 3epKal.

B Tom cmywae, ecim acMMMETpUs BEIIECTBA HMEET
IIPOTUBOIOJIOXKHBIA 3HAK C ACUMMETPUEH YAaCTHLBI M3Iy4CHHS -
BEUICCTBO Hempo3pa4yHo. Ero aroM wiaMm Mojekysa mpocTo
IOTJIONIACT YacTULy W3IY4YCHMs,, C HEKOTOPBIM YMEHBUICHHEM
CBOEH aCUMMETpPUHU.

KomnoccanpHoe KOJIMYECTBO BOJIEI Ha 3emie
CBHJICTEIILCTBYET O TOM, YTO aTOMBI KHUCJIOPO/a ¥ BOAOPOIa UMEIOT
HE TOJIbKO Pa3JIN4YHYIO BEJIMYMHY aCUMMETPHUH, HO U pa3HbIC 3HAKH,
MO3TOMY COEJIUHSIIOTCS OHU OY€Hb JIETKO MU OXOTHO, CO B3PBIBOM,
BBIACISAOIIINM 3Ha‘-II/IT€.HBHyIO MOIITHOCTG. A I-ITO6BI paB,Z[G.HI/ITb BO,Z[y
HAa COCTaBISIONIME 4YacTH, HEOOXOJUMO 3aTPaTUTh Tropa3Jo
00'BIIYI0 MOITHOCTH, MPOMOPIIMOHATIBHYIO, BO3HHUKAIOMIEMY TMpPU
3TOM, "H30BITKY" Beca.
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ATOMBI BoJIOpOJia 00Jadal0T OYE€Hb OOJBIIONW acUMMETpHUEH
I'PAaBUTAIMOHHBIX  TOJIEH, IPOTHBOIOJOXKHOIO, OTHOCHUTEIIBHO
KHCTIOpOJIa 3HAKa, TMOITOMY CIOCOOHBI JIETKO OTPBIBATH ATOMBI
KI/ICJ'IOpO,Z[a OT OKHCJIOB I[pyrI/IX BCIICCTB U HpI/ICOGI[I/IHHTB Hx K
cebe.

OTo HEe MemaeT HMMETb B BHUAY pa3jMYHbIM TIOpe
u300perarTesiM, MBITAIOIUMCS CO3JaTh JIBUTATENH, paboTaromue
Ha BOJIE.

Kak Obu10 moka3aHo Bbiiie (puc.3), TpaBUTALIMOHHBIC CHJIBI
TATOTEHUSI OYEHb OBICTPO YOBIBAIOT

C paCCTO}IHI/IeM OT TATrOTCHOIIIUX TECII,
HOE)TOMy CHUJIBbI HpI/ITfDKeHI/IH COJIHL[a
¥ 3eMIH, HanpuMep, Ha pacCTOSHUHN
150 MWUIMOHOB KHJIOMETPOB,
HACTOJBKO CJa0bl, 4TO 3eMiIsl, BO
BpeMs  JBHIKCHHSI, OCTaeTCsi Ha

opbute TOJIBKO Omaronmapst |
BOJIHOBOMY B3aMMO/I€iiCTBHIO C TPaBUTAIIMOHHBIM 11ojieM COJTHIIA.

Jint  toro dro OBl TOHATH TPHPOAY  BOJHOBBIX
B3aUMOJICHCTBUNA,  JOCTaTOYHO  paccMoTpeTrh  3ddekr, Tax
Ha3bIBACMOr0, TPABUTAIMOHHOTO JHH3HpPoBaHus (puc5). OH
3aKIIF0YAeTCsl B TOM, YTO YaCTHIIA, IPOJICTAIOIIAs MEMO MaCCUBHOTO
00BbeKTa, B pe3yiabTaTe BOJHOBOTO B3aWMOJCHCTBHA C €ro
TPaBUTAILIIOHHBIM TI0JIEM, U3MEHSET CBOIO TPACKTOPHUIO B CTOPOHY
3TOro O0BEKTa, CO3/aBasl MUIIO3HMI0 TPHUTSDKEHHUS. OTHUM  JKe
apdexToM  00BACHsAETCA  AUPPAKIUASA  YaCTUIl HA  HIENSIX
(puc 9).00BsCHSIETCA 3TO TEM, YTO BOJIHA, COMPOBOXKIAIOIIAS
YaCTHILY, CO CTOPOHBI OOJIbIICH HANPSKEHHOCTH TOJISI UCTIBITHIBACT
OosblIee COMPOTUBIICHHE, YEM C TPOTHBOIIOIOKHON, UTO M CO3/IaeT
OTKJIOHSIOIIUN MOMEHT, HU3MEHSIOIUN TPAaeKTOPUIO 4YacTUIbl B
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CTOPOHY OOJIbIIICH HANPSHKCHHOCTH, WM B CTOPOHY MAacCCHBHOIO
00BEKTA.

W1 yem BbIIIE CKOPOCTh YAaCTHIl ¥ YeM ONMKE MX TPACKTOPHUS K
TATOTEIOIEMY TEIy, TEM CHIIbHEE OHH OTKJIOHSIOTCS. JTO MOKHO
JIETKO MTPOBEPUTH, MPOITYCTUB, HAIPUMED, JIyd CBETa Yepe3 IpU3My.
YacTuipl, Bo30yxaaroniie 06osiee KOPOTKHE BOJHBI CHHETO CBETa U
uMeromye OOJIBIIYI0 CKOPOCTh, OTKJIOHSIOTCS MPU3MON HaMHOTO

CHUJIbHEE, YE€M YaCTHUIIBI KPACHOTO
(puc 6) 1 370 MpHUIACT 3aKATHOMY

"pa,‘"‘ CONHEeuUHbIE Nyun

%

HeOy KpacHBIA OTTEHOK.

- %

X [MonoOueIM ke 3 dhexTom
00BsICHSCTCS ekt
Buc 6 OPUTSDKCHAS HapauIeIbHBIX

TOKOB, MPUTSIKEHUE CYJO0B Ha
MapajuieJIbHbIX KypcaX, a TakK€ YMEHBIICHUE TABJICHUS KUIKOCTH
WK ra3a MpH JIBMKCHUHU B Y3KOM cedeHUH TpyOs! (puc 7). Tak kak
BOJIHOBBIC TIPOLIECCHl HMMEIOT OJUHAKOBYIO TPHUPOAY B JHOOBIX
cpeaax — BO3JyXe, BOje, TPaBUTALIMOHHOM I10JIe, OHU MOTYT OBIThH

OIMCAHBI dopmymnamu,
UCTOJNBb3YyEeMBIMH B Ta30 WIH
THIPOIUHAMHUKE.

AmHamoruugas CUTYyalHsl

paswocTs cxopocred
nonn pasmrunoi

HanpRxenHOCTH

Tak K€ HaONomaeTcs W TpH

JIBUKEHUM IIJJaHET O OpOHuTaM.
[Ipu nBwkenmn 10 opoOure,
IUTAHETHl BO30YXAAIOT BOJIHY B I'PAaBUTALlMOHHOM II0JI€ 3BE3bl U
Pa3HOCTb CKOPOCTEH OSTOH BOJIHBI, B OO0JACTAX C pa3IAYHOU

Puc 7 —

HAIPSHKEHHOCTHIO T10JIs, U3MEHSIET TPACKTOPUIO IUTAHETHI B CTOPOHY
OoubIIel TUIOTHOCTH MOJs, yaepxkuBas e€ Ha opOurte (puc 8). U
OJTHOBPEMEHHO NPUIACT TUIAHETE HEKOTOPBIN BPAILAOIINI MOMEHT.
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Hayuno danTacTuueckuee paccka3bl y4€HBIX O TOM, 4YTO
nputsbkenue JlyHbl gedopMupyeT 3eMHOM Iap, MPUIIOAHUMAS
IOBEPXHOCTh 3€MJIK WM MWJUIMOHBI TOHH BOJABI B OKE€aHax,
abCOJIIOTHO HE COOTBETCTBYIOT JEHCTBUTENBHOCTH W CHOCOOHBI
NopasuTh JIMIIb ~ yOoroe BOOOpaKEHHWE  HEBEKECTBEHHOTO
oOpiBatensa. Cuibl npuTsHKeHUs JIyHBI HACTONBKO HUYTOXKHBI, YTO
HE TOJBKO HE MOTYT AehOpMUPOBATH 3EMHYIO KOpPY, HO J1aK€ HU B
MaJICHIIIe CTENEHHU, HE BIUAIOT Ha Hall Bec. B mpoTUBHOM cityuae
IpeIMEThl, B JIYHHYIO HOYb BECUJIM OBl ropas3/lo MEHbIIE, YeM B

OE3TyHHYIO.

[IpakTruecku HeBecomasi 3eMJyisi IPOCTO pAacKauyMBAaeTCAd Ha
opOUTEe TpaBUTALIMOHHBIMUA BOJHAMU OT JBMKeHHUs JIyHBI U 3TO
MO’KHO BHJIETh HEBOOPYKEHHBIM IJ1a30M MO OKEAHCKUM MPUIHBAM.
OxeaHbl pearupyrOT Ha packauMBaHME 3€MIIM U €€ CYTOUYHOE
BpallleHUE, KaKk BOJa B Ta3UKE MpU

wom e €ro NOKAYUBaHWUH. O10
sz“ MPEKPacCHO corjacyercs v
' HACTOAILLEW TEOpHer, Tak Kak
o ‘ MPUJIMBHBIE BOJHBI B Pa3HbIX
OK€aHax, pa3JIMYHbl M0 BEIIMYUHE
U HE COBCEM COBHNAIAlOT C
Puc 8 JBHKeHUEM JIyHBI.

[Inanerst B mone TaroteHuss CoJiHIIA, NPAKTHYECKU
HEBECOMBI, HO TPaBUTAIITMOHHBIC BOJIHBI, KOTOPHIE OHU BO30YXKIAIOT
MIpU IBIKEHUM IO OpOMTaM, TaK WM WHA4Ye BIUSIOT HA XapakTep
JOBUXKCHUSA COCCIHUX IINIAHET, UTO Bblpa)KaeTC}I B HC3HAUUTCJIBbHBIX
BOSMyH_IeHI/ISIX nx Op6PIT, KOHGGaHI/I}IX CKOpOCTI/I 158 HaHpaBHeHI/IH.
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4. KOPIIYCKYJSIPHO-BOJIHOBOM
" TYAJIA3M 1
"KPACHOE CMEIIIEHUE"

W3BecTHO, YTO MaTepHaabHOE TENO, BUXKYILEeCsS B JTH000M
OJTHOPOJHOM cpene, BO30yXKAaeT B HEW YHNpyrue MpoaoJIbHBIC
BOJIHBI, CKOPOCTh KOTOPBIX 3aBUCHT HCKIIOUYUTEIHHO OT CBOWCTB
9TON cpenpl. JIBMKYIIMIACS TEIJIOXOM, HampuMep, BO30yKmaer
NPOJIOJIEHBIC BOJIHBI B TOJIIE BOJBI, JABIDKYIIHMECS B HEH cO
ckopocthio 1400m/cex (ckopocTh 3Byka B Boje). HagBoaHas 4acth
KOpabyisi Tak jk€ BO30YXIAaeT NpPOJOJIbHBIE BOJHBI CXKaTHS B
BO3JlyX€, KOTOPBIC PacIpOCTPaHSIOTCS €O ckopocThio 340 m/cek,
WIA CO CKOPOCTBIO 3ByKa B Bo3ayxe. To, 4TO MBI HaOMI0aeM Ha
caMOl TOBEPXHOCTH BOABI - O3TO IONEpPEYHBbIE  BOJHHI,
BO3HHUKAIOIIAE TOJBKO HA TPaHMIE JBYX Cpeld C pa3IndHOU
MIOTHOCTRIO. OHHM TMPEACTAaBISAIOT Cc000W HWHTEphEpPEHIIMOHHBIC
BOJIHBI, BO3HUKAIOIINE B PE3YJbTATE CIOKCHUS MPOIOIBHBIX BOJH
Ha TPaHUIE KOHTAKTUPYIOMIUX Cpell. XapaKTEPUCTHKHU TOMEPEYHBIX
BOJTH OTIPEIEIISIOTCS COOTHOIIICHUEM TUIOTHOCTEH
KOHTaKTUPYIOLIUX CPeJl U CKOPOCTEH MPOIOJILHBIX BOJIH B HUX.

MartepuanbHble 4acTHLBI, ABMXKYIIHMECS B TPABHTALMOHHOM
1oJie, SIBJISIONIEMCS IBOMHBIM AIIEKTPUUYECKUM TI0JIEM, BO30YKIal0T
B HEM JBOIiHbIE MPOJIOJIbHBIC BOJIHBI, Y KOTOPBIX B JIIOOOH TOUKE
IIOJISL TTOJIOKUTEIBHOTO 3apsiia — CXKaTue, a B TOW K€ TOYKE IO0JIA
OTPHIIATENILHOTO 3apsifa — paspexxenue. Mnum Haobopor. To ects
3TU JIB€ BOJIHBI, IO CYTH, NPOTUBO(A3HBI U B, CIEICTBUU
UHTEpQEPEHIINH, Y HUX IPOSIBIIAIOTCS CBOMCTBA MONEPEUHBIX BOJIH.

H3z6ecmno umo snekmpomacHumusle 60JHbI — MO BOJIHbI
nonepeunvie. Ho nonepeunvle 801HbL MO2Ym 803HUKAMb MOLKO HA
epanuye cpeo ¢ pasHulMu NIOMHOCMAMU. Bakyym no mmenuro
Gusuxos, cpeda 0OHOPOOHAS, A BO3HUKHOBEHUE NONEPEYHbIX BOJIH 8

0OHOPOOHOUL Cpede HeBO3MONCHO.
2



B epasumayuonnom none, cocmosuum OOHOBPEMEHHO U3
08YX  2JIeKMPUYECKUX nojell, GI0MCEHHbIX Opye 6 Opyad, epaHuya
MedHcoy HUMU cyujecmeyem, NnpaKkmuyecKu, 8 1000l mouxke 3moco
noas.

JApyrumMmn cjJoBaMH, TIpPABUTAIMOHHBbIE BOJHBI — 3TO
nonepeyYHble BOJHBI, HA TpaHUIEe JABYX cpel (3JICKTPHUCCKHX
oJicH) ¢ MPOTHBOMOJIOKHBIMH CBOWCTBAMHM, BO3HHKAKOIIHE B
pe3yJbTarte uHTepdepeHIUN MPOI0JIBHBIX BOJIH B
3JIeKTPUYECKHX MOJISIX. DTO U €CTh T€ Cambleé BOJHBI, KOTOPHIEC B
(bU3HKe 1 HA3BIBAIOTCS IJIEKTPOMATHUTHBIMU.

[lpy  OBWXKEHUM  YACTHILIBI, B aCUMMETPUYHOM
IPaBUTALIMOHHOM I10JI€, TPaBUTALMOHHAs BOJHA, CO3/laBaeMasl e,
OyzeT 4acTUYHO MOJIsIpu30BaHHOIi. To ecTh ee KOMITIOHEHTHI OyAyT
pa3nuyaTbes MO BETUMYMHE, B 3aBUCHMOCTH OT 3HAKa aCUMMETPHH.
A eciu mosie, B KOTOPOM JIBH)KETCS YaCTHIA, UMEeT mepekoc [6], To
OHa mnpuoOpeTaeT emie M BpallalOIUi MOMEHT, KOTOpBIH B
COBPEMEHHOW HayKe, 10 BUAUMOMY TPAKTYEeTCsl KaK CIIMH.

He cymectByer aOCOJMIOTHO HHKAaKMX MpUYHH, (Kpome
NICEBJJOHAYYHOW  TEOPUH  OTHOCUTEIBHOCTH),  3alpelatolIux
MaTepHallbHbIM TElNaM JBUTaTbCsA B JIOOOH cpene, ¢ JH0ObIMU
CKOPOCTSIMHM, CKOJBKO YrOJHO IIPEBBIIAIOIUMHU  CKOPOCTH
pacrpocTpaHeHHs Bo30yx1aeMblx UMHU BoiH. Hampumep, camorer,
COBEPLICHHO CBOOOJHO MOXET JIETeTh CO CBEPX3BYKOBOH
CKOPOCTBIO M TOTJa OH CTAHOBUTCS MCTOYHUKOM YJIapHOU BOJIHBI,
KOTOpas MpPEICTaBIseT COOOW CKAdyOK JaBJICHMS, ABHKYIIMKACS
Iepes HUM, € TOH 7K€ CKOPOCTBIO.

IIponeccel, IpoUCXOAsIIME B yIapHON BOJIHE, OTINYAOTCS
OT TPOMCXOJAIIMX B OOBIYHOM TeM, 4YTO B HEH, B pe3yjbTare
OBICTPOTO CXKATHs, UMEET MECTO BBIACICHHE OOJIBIIOTO KOJINYECTBA
Teria. DTOT MpOIecC aHaJOTHUYEH IpoLeccy OBICTPOTO CXKaThs
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o0beMa BO3/lyxa B MIIHHAPE, IPH KOTOPOM, B PE3yJIbTaTe PE3KOTO
YBCIMUCHUA KOHICHTpAlIUuU HOCHUTEIIEH 3apsAA0B B 30HC CXKaTH4,
IPOUCXOUT UX OBICTPOE BBIIEIICHUE B OKPYIKAIOIIYIO CPEy B BHIE
tera [8]. Dtum ke 3hdexToM OBICTPOro CKATHS OOBSICHIETCS U
BBIJICJICHHE TEIIA B PE3YJIbTATE TPEHHUS .

Ceet mpencraBisieT cOOOM MOTOK YaCTHI[ ABUKYIIUXCS CO
CKOPOCTSIMH, ONHM3KMMHU K CKOPOCTH PacHpOCTpaHEHHUs BOJIHBI B
rpaBUTAIIMOHHOM TIoe. JIJIMHAa CBETOBOM BOJIHBI OIPEAEICTCS
pa3HOCTBIO CKOpPOCTEW 4YaCTHUIBI M CO3JaBa€MOM €H BOJHBI, U
OTHKCHIBAETCS (POPMYIIOi:

A=(Vs-Va)lt,
I'me V4—CKOpPOCTh YacCTHIIHI,

a Vg — CKOpPOCTh, CO3/1aBa€MOM €1, TpaBUTALIMIOHHON BOJIHBI
( ckopocTh cBeTa).

[lpu mnuue BonHBI BuaMMOro ceera B 550nm B,5E-7m),
CKOpOCTh HacTHll OyzaeT coctaBisaTh npumepHo 99,9999999%or
CKOPOCTH PACHpPOCTPAHCHUSI BOJHBI B TIPABUTAIMOHHOM IOJIE
(ckopocTh cBera B Bakyyme). M yem OimKe CKOPOCTb YaCTHII
COJIHEYHOTO H3JYYeHHs K CKOPOCTH PACHPOCTPAHCHHUS BOJHBI B
TPaBUTAI[MOHHOM I10JIe, TeM OOJIbIlIe IIBET CMEIIECH K TroJyOooMy
KOHILY CIICKTpA.

H3BecTHOE KpacHoe cMelleHHe, KOTOpPOE COBPEMEHHas
HayKa CYHMTAeT MPU3HAKOM 'pasz0beraHus’ TrajakTHK, OOBSICHICTCS
YBEJIMUEHUEM JJIMHBI BOJHBI B PE3Yy/IbTaTe TOPMOXKCHHSI YaCTHI]
U3ITy4eHUs 3BE3/] B TPABUTAIIMOHHBIX MOJSX KOCMHUYECKUX Tel. Ha
caMOM JieJie TaJakTUKU HHKyJa He pa3derarorcs, a MpocTo
CKOpPOCTh HcIycKaeMbiXx uUMH dacTull (V), H3-3a TOPMOXKCHHS B
TPAaBUTAIIMOHHBIX  TOJISIX  YMEHBIIAETCS, YTO TPUBOIUT K

YBEIUYCHUIO JUTMHBI BO30Y)KJTAaeMBIX dYacTUIaMu BOJIH. U,
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COOTBETCTBEHHO, YeM JalbIlIe HAaXOAUTCS TalaKTHKA, TeM OOJIbIINI
OyTh TPEOJIOJICBAaeT dYacTUIla M TeM OOoJblle 'MOKpAacHEHHE
criekTpa'.

IIpyn mnpeBblIEHMH YacTULEH CKOPOCTH BOJIHBI B CpeEle,
(V4>Vs ), BO3HHMKaeT ymapHas BOJHA, TPU KOTOPOW HYACTHIIBI
CKaTOM Cpeapl, B PE3yJbTaTe TOBBINICHUS B 30HE CXKATHUA
KOHIICHTPAllUd HOCUTEJIEH 3aps/loB, HAYMHAIOT ''Pa3BaUBATHCS
CUJIaMH OTTAJIKWBAHUS HA COCTaBHBIC CYO3JIEMEHTAPHBIE YAaCTHIIBI.
OTH CyOdJIeMEHTapHbIE YacCTHIbI W PETHCTPUPYIOTCS B BHUIE
cBeueHus uin 3¢ dexra Basunosa-UYepeHkosa.

Tak kak mpuUpoJe HEU3BECTHO MOHATHE 0OPATHOM CBSI3H, TO
B HE M HE CYILECTBYeT HHUKAKHUX KOJIEeOATEeNbHBIX MPOLIECCOB.
.HIO6BI€ BOJIHOBBIC BO3MYHICHUA  BO BCGHGHHOI\/'I, ABJIAKOTCA
HUCKIIIOYUTCIIBHO CJIICACTBUCM JBUXKCHUSA MATCPUAJTIBHBIX TCJII B
IrpaBUTAllUOHHBIX MMOJIIX KOCMHUYCCKUX OG’bGKTOB.

N xora Bcs BceleHHas 3alojIHEHA TPABUTALMOHHBIMU
BOJIHAMU OT JIBH>KEHHSI MHOXKECTBA KOCMUYECKUX TEJ U Pa3TMUHbIX
YacTHIl, HO YEJIOBEUECKHH TJla3, KaK ONTHYECKUU mpuodop,
BOCIIPUHHUMATH UX HE CITIOCOOCH. DTO 00CTOSITENLCTBO, B YACTHOCTH,
U OOBSCHSAET YEpHBIM I[BET HOYHOro Heba. OmrylieHue cBeTa B
MO3r€ BO3HUKAET TOJHKO IpPHU B3aUMOJEHUCTBUU MOTOKA YACTHIL C
MOJIEKYJlaMH  pOJONMHA B  CEeTYaTKe  IJa3a,  IO3TOMY
rpaBUTAIMOHHBIE (DAHO U CBETOBBIC) BOJHBI - HEBUIUMBI.

Ho umenHO »Ta rpaBuTanmuoHHasi " psidb’ OT JIBWKCHHS
KOCMUYECKMX TeJl M YacTUll, WU TPeAcTaBiseT coOOH, Tak
Ha3bIBAEMOE, "peJMKTOBOE u3jyyeHue" KOTOpOE, 10
"aBTOPUTETHOMY'  MHEHHUIO IOJYTPAaMOTHBIX ' KaHIUAATOB B
JIOKTOpa" ocTanock OoT OMONEHcKOro bombmioro B3phBa W 0 CHUX
MOp HHUKAaK HE MOXET pacceAThCs. DTa K€ I'paBUTAIlMOHHAs PsiOb
ABJIAETCS ¥ IPUYMHON OpoyHOBcKoro nsuxenus. Ho, He cMoTps Ha

25



9TO, YYEHBIE C YIIOPCTBOM, JOCTOMHBIM JIYYIIETO IPUMEHEHHUS], yiKe
MHOIro JICT HIIYT OTU TI'pPAaBUTALIMOHHBLIC BOJIHBI, JaX€C U HC
MoJI03peBasi, YTO MPOCTO >KUBYT B HHUX, MOAOOHO MEPCOHAXKY W3
U3BECTHON Komenuu Mombepa, KOTOpoMy OBLJIO HEBIOMEK, YTO OH
BCIO KH3Hb TOBOPUT MPO30iA.

Kak yxe cka3zaHo BbIlIe, JIIOOOW MaTepHUAbHBIA OOBEKT,
JIBIDKYIIHMICS B JTI000M cpesie, BO30yKIaeT B Hel BoHY. Bo3pMeMm
JUTSL TIpUMEpa TIOJBOIHYIO JIOJKY, JBIDKYIIYIOCS B TOJIIIE BOIBI CO
ckopocthio 30 y3moB, miau 15 m/cex. JlawHa ympyrod BOJHBI,
co3maBaemasl eii, OyJeT paBHa pa3HOCTH CKOPOCTEH 3ByKa U JIOJIKH B
BOJIE,

A=(V5-VIt,  20e V3 - ckopocmb 38yka 6 60de, a V, —
CKOpOCHb JI0OKU.

Oro mpumepno (1400 -15)/1=1386.
Ilepuoo P=V, [\, lcex. Yacmoma, F =1/P, oxono 11y.

Jlogka, npBmKymasics C 3TOM CKOPOCTBIO B IMOJBOJHOM
MOJIOXKEHUH, B JIIOOOM CiIydae HW3Jy4aeT HH(Pa3BYKOBYIO BOJIHY
gactotor okono 1 I'm, mouHOM 1385M. OOHapYyX UTh €€ MOXKHO C
MTOMOIIIBIO TTOJTYBOJTHOBOM "@HTEHHBI , MPEJICTABIISAIONICH co00# 1Ba
JTaTYMKa JaBJICHUS, PacroyioKeHHbIX Ha riayouHe 10-12 metpoB u
pa3HEeCEHHBIX Ha PACCTOSIHUE MOJIYBOJIHBI, TO €CTh Ha 692u.

PasMepbl aHTEHHBI MOXHO CYIIECTBEHHO YMEHBIIHTB,
UCTIONB3Ysl JINHUIO 3aeP)KKHA. TOUYHBIE KOOPIWHATHI TMOBOIHOU
JIOAKHW MOKHO OIpPCACInTb, HUCHOJbB3yd JBC TaKUX aHTCHHBI,
pa3HEeCEeHHBIX Ha 5-8KM...

CkopocTh BOJHBI B TPaBUTALMOHHOM TII0J€ — BEJIWYMHA
IIPAKTUYECKU IIOCTOSHHAsA, 3aBUCAILIAS TOJILKO OT CBOWMCTB IIOJIA.
OTO TO, YTO B KBaHTOBOW (M3WKE, MO HEIOMBICIHIO, Ha3bIBACTCS
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CKOpOCThIO cBeTa. Tak Kak MaTrepusi B3aMMOJICUCTBYET TOJIBKO Ha
YpPOBHE TIOJIEH, TO CKOPOCTh 3THUX B3aUMOJCHUCTBUNA HE MOMKET
IIPEBBIIIATE CKOPOCTU PACIPOCTPAHEHUS I'PABUTALIMOHHON BOJIHBI.
OTUM 00BACHSIETCS M 3aBHCHUMOCTb CKOPOCTH YIPYTUX BOJIH B
PA3JINYHBIX BCUICCTBAX OT ACUMMCTPHU I'PABUTALIUOHHBIX oJjIel ux
aTOMOB M arperatHoro COCTOSAHUSA BCIICCTBA. Yem 6OJII>H_I€
acUMMeTpusi S, TeM OOJbIIMA MyTh MPHUXOAUTCS MPEOA0JIEBAThH
BOJIHE M, €CTECTBEHHO, 3aTpauMBaTh Ha ATO OoJjbllee Bpems. OTa
3aBHCHUMOCTb CKOPOCTHM BOJIHBI OT Cpefbl, B KOTOpPOH OHa
pacrpocTpaHsaeTcs, WILTICTpupoBada pucynkoM (puc 10).

B cBsa3m ¢ 3THUM, BIOJHE YMECTHO YIOMSHYTHh 37ECh
M3BEeCTHBIM  skcnepumeHT H.  bacoBa, mocTaBieHHBII B

MEeCTHACCATBIX TOJax ITPOIIIOTO
BCKa.

L s"
s | I: Coserckuii yuenblii bacos co
S
OOOOOO CBOCH  TpyNmoW  TMOCTaBWIA
ot

IIPpOCTOM  dKcmepumeHT.  Jlyd

Puc 10 JIy4a, OJIUH Ien

HEMOCPEICTBEHHO Ha MHMILIEHb, a BTOPOM MPOXOAUI uepe3
YCHJIMBAIOIIYIO STUCHKY. Slueiika 3Ta mpecTaBisiia coO0H TaKou ke
pyOMHOBBIN  J1azep, paboTaromUii B PEKUME  YCHUIICHHS.
EctecTBeHHO, UTO JIyud JOCTUIVIM MULIEHH HE ogHOBpeMeHHo. Ho
0KAa3aJI0Ch YTO JIy4, MPOLIEAIINNA Yepe3 KPUCTAIUT STUYCHKH, TPUIIEI
Ha MMUILIEHb paHbllle Jy4a, MpoLIeAlmero mo Bo3ayxy. [Ipuuem
pasHuia OwpuIa MpocTo orpoMHoM. OHA MpeBbImana B JECATKU pa3
BCC MBICIIUMBIC W HCMBICIIUMBIC TIOTPCHIHOCTH H OH_II/I6KI/I. .HY‘-I
mpoxoaunjsi CKBO3b quﬁKy, MPAKTUYCCKNU MIHOBCHHO C, IIOYTHU
0ECKOHEUHOW CKOPOCTHIO.

YcaoBus SKCIICPUMCHTAa HU3MCHAINM, HO PE3yJIbTaT HC

MeHsIicsa. bojee Toro PE3yJIbTaT HC UBMCHUIICA, OAaXKC KOraa KTO-TO
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3a0blT BKJIIOYUTH NHUTAaHUE YCUIUTENS M BTOPOM Jyd MPOCTO
npoiuen 4yepe3 pyOMHOBBIM Kapangam. Jlyd mpoxoaun uyepes
PYOMHOBBIN CTEp)KEHb C OECKOHEYHOU CKOPOCTHIO, U pa3HMIIA OblIa
paBHa JJIMHE KpHUCTaJLIa.

Ha3peBan ckanpman, moToMy 4TO pe3ysbTaT SKCIEPUMEHTA
CTaBWJI Ha TEOPUU OTHOCUTEIBLHOCTA OTPOMHBIN KMPHBIN KpecT. A
Benb KpuTuka TO mpupaBHUBaaCh B T€ BpeMeHa K M300pETEHUIO
BeyHOro napuratens. Kak Torma BBIIUIM M3 3TOTO IIEKOTIMBOTO
MoJIOXKeHUs, He 3Har0. CKopee Bcero, "CmyCcTUiIM Ha TOpMO3ax .

Tak kak MaTepuagbHble 00BEKTHI B3aUMOJCHCTBYIOT MEXKIY
coboii Ha YpOBHE TIOJNIEH, CKOPOCTh JTOTO B3aUMOICHCTBUSA
ONpeNEeNsAeTCsl, B OCHOBHOM, CKOPOCTBIO PACIIPOCTPAHEHUS BOJIHBI B
TpaBUTAIlMOHHOM T0JIe¢ (CKOpPOCTh CBETa), TO M Ppe3yJIbTaThl
sKcnepuMeHTa bacoBa, ¢ TOYKHM 3peHHMS HACTOSIIEH TEOPHUH,
OOBSICHAIOTCS OYEHD MTPOCTO.

Jly4, npomreamuii mo pyouHy (TBepaomy Teiy), Ipeooert
ropas3[ 0 MEHbILEEC PACCTOSIHUE B TPaBUTALMOHHOM IIOJE TBEPIOTO
tena (3.S;), 4yeM Jyd, paclpOCTPAHSIOUIMICS B TPaBUTALUOHHOM
nojne Bo3aymHo# cpensl (3.S;) (puc 10). Ilepenaua sxe umimyibca
HEMOCPEICTBEHHO C aTOMa Ha aTOM B TBEPbIX TeJIaX U KUIKOCTSIX,
B CWIy HX MPAKTHUYECKOH HECKMMACMOCTH, IPOUCXOIUT CO
CKOpOCThIO, Onm3Kkoi K Oeckoneunoi (puc 1b). TTosTomy iyd,
MPOIICAIINI Yepe3 pyOWMHOBBIM KPHUCTAILI, MpPHIIET Ha JCTEKTOP
paHbIIIe JIy4ya, PaCIPOCTPAHSIIOIIETOCS 110 BO3YXY, Ha BpeMsi:

t=2Se- 2.S))/c, rne

>'S; — CyMMapHBIH IyTh JIyda B TPAaBUTAIIMOHHOM TIOJIE
pyouHa,

>'Sg — CyMMapHbIi MyTh Jy4a B TpPaBUTAllMOHHOM TIOJIE
BO3AYILHOW CPEIbI,
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C — CKOpPOCTb BOJIHBI B T'PaBUTALIMOHHOM T0Jie¢ (CKOPOCTb
CBETA).

310 JOTIOTHUTEIbHBIN apryMeHT OOBSICHEHHUS
skcriepuMenTa Pesepdopaa (puc 1b).

Jlornueckast 0e3rpaMOTHOCTH JIIOJIEH, HAa3BIBAIOIIMX Cce0s
VYEHBIMH, TpHUBEJIa H300pPETCHUIO, HEKOETO0 KOPIMYCKYISpPHO-
BOJIHOBOTO JyaJIi3Ma, CMEIIUBAIONIETO OO0XHUI Jap C SIMYHULICH.
Benukue TeopeTUKHM yMYyApPWINCH IEpenyTarb MaTepUalbHbIC
00BEKTHI C MEXaHU3MOM UX B3aUMOJCHCTBUS, KOTOPHIMH SIBJISTFOTCS
BOJIHOBBIE Mpoliecchl. HeMyapeHo 4To, mMpakTUYeCKH, MaJIO KTO U3
HUX 3HAKOM C pabOTaMH HAIIEero T€HUATBHOTO COOTEUYECTBCHHUKA
AJtekcaHipa 3UHOBBEBA, KOTOPBIMA MPU3HAH OJHUM U3 CHUIIbHEHIINX
JIOTUKOB MUpa.

TpyAHO NMpEenCTaBUTh C KAaKMMHU IJ1a3aMU  BEJIMKHAE YYCHBIE
OyAyT oOIpaBAbIBaTh  CTPOUTEIBCTBO  TAaKOrO, COBEPLICHHO
0€ecIoJIe3HOr0 COOPYKEHU, KaK OOJIBIION apOHHBINA KoJIaiaep.

HaBepHoe TeMm, 4YTO OTpHUIATEIbHBIA pPE3YNbTAT — TOXKE
pe3ynbraT. Benp cTONBKO J€HEr HalOroIIaTeNbIIMKOB HaIlpacHO
3aKOMNAaHO B 3€MJIIO. ..

5. DQHEPI'Us

DHeprus — TOHITHE B COBPEMEHHOW HayKe, MPSIMO TaKH,
(danTactuueckoe. M kak Toibko ee, OenHyt0, He CKIOHI0T. OHA U
U3NIy4aeTcsl, U TOIJIONIAeTCs, M JaXe IpeBpaliaercs B MaTepHUIO
(maccy)! U xakoii TOJIBKO SHEPTHS HE OBIBACT, U MOTCHIUAIBHOM, U
KUHETUYECKOM, U TEMHOM, U Jla)Ke )KU3HEHHOW U TyXOoBHOU. Kpome
BCET0 NpPOYEro, KaKuM-TO HEMOHSATHBIM 00pa3oM Oblla MOJydeHa
COBEpIICHHO OeccMbICIeHHass (opMyna, sKOObI, OMHMCHIBAIOIIASL
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S9KBUBAJICHTHOCTh MATCPpUHU W OSHCPIruHh, HaA KOTOPYIO YYCHBIC
MOJIATCS, KaK Ha UKOHY.

XoTs Ha caMOM JIeJIeé CMBICI 3TOrO IOHATUS IPOCT, Kak
KYKHII, SHEPrus — 3TO BCEro JIMIIb CIIOCOOHOCTh MAaTepHH K
COBepIIEHHIO pa0boThl. Takol pu3nyecKol CyHITHOCTH, KaK YHEepIus,
B IIPUPOJIE HE CYLIECTBYET. JTO MPOCTO OJHO M3 HEOTHEMIIEMBIX
CBOMCTB MaTepuu, Takoe >Ke, KakK, Hampumep, Mpo3pavyHOCTh -
HEOTHEMJIEMOE  CBOMCTBO  CTEKJIa  MpomyckaTth  cBer. U
MPO3PAYHOCTh 3TY HENb3s OTOpBaTh OT CTEKJa W 'TPUICTHUTH ,
Harpumep, K Gpanepe i TOro, YToObI OHA CTala MPO3PAYHOH.

B cuny Toro, 4ro TOJIBKO MaTepus SABISETCS HOCHUTEIEM
DHEPIrUH, OTAEIUTHh €€ OT OJHOI0 MAaTEpUAIbHOIO TeJla U Mepeaarhb
Ipyromy HeBo3MoXkHO. [ToToMy uTo 11060#1 "MOTOK" SHEpruu, 31O
BCEr/la NOTOK KaKUX-TO MaTepPHAIbHBIX YaCTHULI.

ConHeuHbIH CBET, HAPUMEP, 3TO MOTOK Pa3IUUHBIX YACTHUI]
"CoTHEeYHOT0 BeTpa" — 3JEKTPOHOB, MPOTOHOB, aTOMOB BOJIOPOIa U
T.J., COIPOBOXKIAEMbIX I'PaBUTALIMOHHBIMU BOJIHaMu. W dem BbilIe
CKOPOCTb YaCTHUIIbI, TeM 0oJiee KOPOTKHE BOJIHBI OHA BO30OYKIaeT H,
TEM BBIIIIE €€ MPOHUKAIOIIAsE CIIOCOOHOCTb.

CaMa BOJHA HE HECET HMKAKOM HHEPIMHM, M HE MOXKET
OKa3bIBaTh HUKAKOI'O JIAaBJIEHUS - 3TO MPOCTO MEXAHWU3M Iepeadyu
B3aMMOJICHCTBHS MKy MAaTepPUAILHBIMH TellaMU, KOTOPbIE MOTYT
B3aMMO/JIEMCTBOBATH JAPYT C APYIOM TOJIbKO Ha YPOBHE TMOJIEH.

Mpbl BUAMM CBET HCKIIOYUTENIBHO Ojarofaps TOMY, 4YTO
MOTOK MaTepUAIbHBIX YacTHI] - (POTOHOB, KOTOpHIE MONaAas B IJias3,
COoBepUIalOT paboTy, TMOIJIOMIAACh MOJIEKYJIOW pOJONHHA B
ceryatke. W moToK »THX (OTOHOB, HauboIee BEPOSATHO,
MPEJICTaBISIET COOOM MOTOK AIEKTPOHOB WJIM KAKUX-TO IMOJAOOHBIX
€My, JOCTaTOYHO YCTOMYMBBIX AJIEMEHTAPHBIX YAaCTHUIl, UMEIOIINX
ANEKTPUYECKUN 3apsi.

B pesynpraTe mormioieHuss GoToHa, y MOJIEKYJbl POJAONUHA
B CETYaTKE YBEJIMYMBAETCS AaCHUMMETPHUS U, COOTBETCTBEHHO
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BO3HUKACT PA3HOCTh IOTEHIMAJOB, B pe3yjibTare KOTOPOU
BO3HUKACT JIBWKCHHE JJIEKTPOHOB WM JJEKTPHUUECKUH TOK,
MHTEPIIPETUPYEMBIIl MO3TOM, KaK CBET.

[TonsiTHe KBaHTa CBeTa, KaK MOPLUUH H3JIy4CHHUS, BOSHUKIIO
UMEHHO H3-32 TOTO, YTO ()OTOH SIBISCTCS MUHMMAIILHON IMOpIHEH
CBETOBOTO IIOTOKA, B pe3yJbTaTe KOTOPOH BO3HUKACT OIIyIICHHUE
cBera B Mo3re. KBaHT — 310 npocTo 0JHa CAUHCTBCHHAA YaCTUllA -
¢hoTOoH.

OHeprus He MOKET MPEBPAILaThCs HU B KHHETHYECKYIO, HU
B MCXAaHHUYCCKYHO, HU B XHUMHUYCCKYIO — 3TO TOJIBKO CBOMCTBO
MaTepuu  CcoBepIIaTh  paboTy, OOYCIOBICHHOE  Pa3HOCTHIO
IPaBUTAIIMOHHBIX ITOTECHIINAIIOB.

Korma MmbpI roBOpMM O miepenade d3JIEKTPOIHEPTHH, TO
UMEeTCs B By, YTO IEepelaeTcss MOTOK BIIOJIHE MaTepUaIbHOTO
HOCHUTENSI — OJJIEKTPUYECKH 3apsDKEHHBIX YacTHIl, KOTOpbIE |
COBEpLIAIOT padoTy.

6. "MAI'HUTHOE" I10JIE
U JEKTPUUECKHHA TOK

Bplie OblTM paccMOTpPEHBI MOJIETTH aTOMOB C Pa3IMYHON
aCUMMETpHUEH DJJIEKTPUYECKUX TMOJEH W Tenepb IMOHITHO, YeM
paznInyaroTcs TBEpAbIE TeNa, KUAKOCTH U rassl. OIHAKO cpenu
TBEPABIX TeJl CYIIECTBYIOT TaK K€ aTOMbI C 0COOCHHON BHYTpEHHEMN
CTPYKTYpO - HEpaBHOMEPHBIM PpAaCIIOJIOKEHUEM JIIEKTPUYECKUX
3apsnoB. llpencraButensmMu 3TONH TPYIIBI BELIECTB  SBIISIOTCS
aTOMBI CEMEICTBA, TaK HA3bIBACMBIX, (DePPOMATHETHKOB - JKEJIe3a,
KoOanbTa, HUKens (puc 11). B cuiy ocoOeHHOCTE BHYTPEHHETO
CTPOEHHUSI 3TUX aTOMOB, AJIEKTPUYECKUE TOJIA UX 3apsA0B JIMHEUHO
CMeEILIEHbl OTHOCUTEIBHO APYT Apyra U OOBIYHBIA MAarHUT, SIBJSETCS
MPOCTO OOJIBUINM 3JIEKTPUYECKUM JAUIIOIEM.
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OTO JIMHeiHOe CMelleHHe DJIEKTPUUYECKUX  IOJIeh
OTHOCHUTENIHO JpYyr Jpyra, MOXXHO Ha3BaTh IepPeKoCcoOM
rpaBuTanmoHHoro nosis. Ilepexoc rpaBUTAIMOHHOTO MOJSI — 3TO
TO, 4TO B (pM3UKE HA3BIBACTCS MATHMUTHBIM moJieM. [Ipupona, kak
Mbl BHIHWM, BIIOJIHEC OGXOI[I/ITCH MHHHUMAJIBHBIMHU H HpOCTBIMI/I
CpelICTBaMH.

B cuMMeTpHYHOM IpaBUTAIMOHHOM I10JIE€ TEJA, MOTEHIIHAI
M000 TOYKH, KaK B TOJIE MOJOKHUTEIbHBIX, TAK U OTPUIATEILHBIX
3aps/iOB, OJIMHAKOB. 3apsiabl HEUTPAIHU3YIOT APYT ApYyra, Mo3TOMY
Pa3HOCTh MOTEHIIMAIOB B JIF000 TOUKE MOl paBHA HYJIIO.

B acumMmerpuyHOM 1I0)IE€, B
K@KJIOM €ro TOYKE  CYILECTBYET
HEKOTOpasi Pa3sHOCTb IOTEHLHAJOB,
KOTOpasi IPHUBOJUT K CMEUICHHUIO
3apsloB B NPOOHOM Tene MM K
MOJIIPU3aLUHY, KOTOpast pu

MepeKoc FPaBHTaLMOHHOTO NONA.

nepeMeIeHIH pOoOHOTO Tena

Arom deppovarverna P MC 11

OCTAaeTCI HEU3MEHHOW. DTO IMOKAa3aHO

Ha rpajuke (puc 12). Ilpm nBwkeHunm npoOHOTO Tena B
"IepeKOIIeHHOM "' T'PaBUTALMOHHOM I10JI€, U3MEHSAETCS U Pa3HOCTb
IEKTPUUYECKUX MOTCHIMANOB, B PE3yJIbTAaTe YETO B HEM BO3HMKAET
IBMDKEHUE DJIEKTPUYECKHUX 3apsiioB WM AJIEKTPUUYECKHM TOK. JTO

SBJICHUE B (DM3UKE HA3bIBAETCS IJIEKTPOMATHUTHOW WHIYKIHEH
(puc 13).

Tak kak gr00BIE dJEMEHTApHBIC YACTHUIBI COCTOST M3 OoJiee
MEJIKMX CyOdJIeMEHTapHBIX YacTHIl, OHM BCerja OO0JaaaroT, JU0O
acUMMeTpHueH, 00 HEOONBIIMM TEPEKOCOM TPABUTAIMOHHOTO
I10J1s, B pe3y.]'H>TaTe KOTOpOFO, HpI/I ABUXXCHHUU B aCI/IMMeTpI/I‘IHBIX
Nniin HepeKOHIeHHBIX I‘paBI/ITaHI/IOHHBIX IIOJISIX I[pyrI/IX OGBGKTOB,
OHHU TIPUBOJISATCS BO BpPAIIEHUE, KOTOPOE TPAKTYETCS COBPEMEHHOM

HAYKOM, KaK CIHH.
32



NMeHHO mepekochl TIpaBUTAMOHHBIX TIOJIEM  3BEHBEB
JUTMHHBIX OpraHu4YecKux moiiekyn pe3unsbl, JJHK u MHOrMX npyrux
BBICOKOMOJIEKYJISIDHBIX ~ COCIMHEHUH,  SIBISIIOTCA  NPUYUMHOU
CBEpPThIBAaHUSA HMX B CHUpaIH. [ paBUTALIMOHHBIE B3aUMOACHCTBUSA
MEXAYy MaTepUaIbHbIMU TeJlaMU HE MPUBOASIT K BO3HUKHOBEHUIO
NoJIsIpU3aluy, IMO3TOMY TPAaBUTALMOHHOE TI0JIE SKPAHUPOBATH
HEBO3MOKHO.
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Puc 12

Kak nmumyt B yueOHUKAX (PU3HUKH, dJIEKTPUUECKHN TOK — 3TO
MOTOK 3apsDKEHHBIX 4acTHIl — dJeKTpoHoB. Ho orpomuoe
KOJIMYECTBO  DJIGKTPOHOB  JIBIDKYILIHMXCS B IPOBOJHMKE,
MPEJICTaBISIET COO0M MHOKECTBO MapaUIENbHBIX TOKOB, KOTOPHIE
M0 3aKOHY TMPUTSDKCHUS  MMapaJICIbHBIX  TOKOB,  JIOJDKHBI
CTATMBAaTbCI B TOHKMM IIHYp, MPOXOAAIIMM IO LEHTPY
npoBoHuKa.[3] (puc 7) B 3ToM citydae, HUKAKOTO 3JIEKTPUYECKOTO
M0JIs. BOKPYT MPOBOJIHMKA HAOIOIaThCS HE JAOJKHO, TaK Kak OHO B
CHJIy 3aKOHa OOpaTHBIX KBAApPaTOB OYEHb OBICTPO YOBIBaEeT ¢
paccTosHHEeM U, BJI00OABOK CHJIBHO JKpaHHpyeTcs aToMaMu
MIPOBOJIHUKA, OKPY>KAIOIIETO TOKOTIPOBO AU "IHYP".

Ecnu sxe 1omycTuTh, 4TO 3JIEKTPUUYECKHI TOK MpEeICTaBIsSeT
co00i1 /1Ba BCTPEUHBIX MOTOKA 3apsiIOB Pa3HOro 3HAKa, TO U TOT U
JIPYroi MOTOKH, B CHITy 3aKOHA MPUTSKEHHS MapajuIebHBIX TOKOB,
OyIyT CTPEMHUTHCS 3aHITh MECTO B IICHTpe poBoaHKMKA. Ho Tak kak
MOJIST Pa3HBIX 3apsIoB MPOHMUIIAEMBI APYr IS Jpyra, a camu
YaCTUIbl MAaTEepUabHbI, E€IWHCTBEHHBIM BBIXOJOM M3 3TOU
CUTyallH, SBISIETCS MPEANON0XKEHUE, YTO BCTPEUYHbIE IOTOKU
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IIEKTPUYECKUX 3apAI0B 3aKPYUMBAIOTCS CIIMPAIbI0 BOKPYT APYT
Apyra.

B sTOoM ciyyae 3akpydeHHbIE IOTOKH 3apsiioB B CHUPAAX
OyAyT CTpPEeMHUThCS K TIOBEPXHOCTHM TMPOBOAHMKA, UYTO U
MOJATBEPKIAETCS ONBITOM. B 3TOM ke ciayuyae BOKpPYI MpPOBOJHUKA
MOSIBUTCSL ~ CIIUPAJIbHBIM ~ MepeKoc  TI'PaBUTAI[MOHHOTO  IOJIS
(MarauTHOE TOJIE) YTO OyIeT YyBCTBOBATh, HANPHMEp, CTPENKa
komnaca. llpu mepemeHe HampaBiIeHHs TOKa, HalpaBieHHE
nepeKoca TOXKE€ M3MEHUThCS U MarHUTHAas CTpeNiKa OTKJIOHHUTCA B

JPYTyI0 CTOPOHY.

[Ipn npoxoxAeHUM IO NPOBOJHUKY MEPEMEHHOIO TOKa,
MOTOKU 3apsAA0B OyOyT BBIHYXKACHBI B TAaKT C HUM MEHSTH
HAlpaBJIEHUE JBUKEHMS U, COOTBETCTBEHHO, HAalpaBICHUE
BpallleHUs CHupaneld, 4YTo NpPUBEAET K OBICTPHIM H3MEHEHUSIM
IIepeKoca TPaBUTALMOHHOIO TMOJSI BOKPYI IMPOBOJHUKA W
PacIpOCTPaHEHUIO 3TUX U3MEHEHUH B BUJE IPABUTALIMOHHBIX BOJIH,
KOTOPBbIE Mbl HA3bIBAEM PAJAHOBOJTHAMH.

OTH  BOJHBI BOKPYT TPOBOJHHMKA C  IEPEMEHHBIM
DIIGKTPUYECKUM  TOKOM, HMEIOT CHEPUUYECKYI0 Jauarpammy
HANpaBICHHOCTH H OCIa0eBalOT C pACCTOSIHUEM TI0 3aKOHY
00paTHBIX KBAJPaTOB.

Ilpumeuanue.  Cywecmeosanue ecmpeuHvlX HOMOKOE
3apa00e o00ycnoe1eHo meMm, UmMO 6 MAamepuanax O0o0blUHBIX
npPOGOOHUKOS8  6cec0a  npucymcmeyem  04eHb  Oonbuioe
KOu4ecmeo pAasziuyHulX HpuMeceil ¢ PA3HbIMU  8UOAMU
acummempuu.

HampaBrnenue 3akpyuuMBaHHsS — IOTOKOB, OIpEAEIsAeTCs
MEPEKOCOM TpaBUTAMOHHOTO moJis 3emyn. CaM Ke mepeKoc
IPaBUTAI[MOHHOTO MMOJIs 3eMin (€€ MArHMTHOE MoJie), 00YCIOBICH
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KPYrOBBIM  JIBUKCHHEM  3apsDKEHHBIX ~ YAacTHUIl  COJHEYHOTO
U3Y4YCHHUS, 3aKpy4CHHBIX CYTOYHBIM  BpAICHUEM  3EMHOMU
atMocdeps! (puc 14). Takum oOpa3om, 3emiiss HaXOJIUTCsS, KakK Obl,
BHYTPH OOBIYHOH KaTyIIKH C

TOKOM. [TonsipHOCTH u
HAMpsDKEHHOCTh ~ «MarHUTHOTO
TOJIS», C03/1aBa€MOro
BpalicHuEM aTMocdepsl,
HampsiMylo OyZIeT 3aBUCETh OT
COOTHOIIEHUS MOJIOKHUTENbHBIX 1

Q%Wm

Puc14

OTpULATCIIBHBIX 3apsAa0B B

OTOKe cojHeuHoro ceeta (puc 14a). Onpenenuth KaKue MMEHHO
3apsiiel  MPeo0IagaloT B MOTOKE COJIHEYHOT'O CBETa, 3Has
HalpaBJIeHUE BpAIIEHUs 3eMJI, MOXKHO T10 TpaBMIly OypaBuuKa.

B Tom cnywae, eciu coaepkaHuEe NOJIOKHUTEIbHBIX U
OTPULIATENIHBIX ~ 3apsiIoB B IOTOKE  paBHbI, MOJSPHOCTH
"MarHuTHBIX" TOJIeH, OOpa3yrIIUXCS MPH HX IBUKCHHUH, OyIyT
MIPOTHBOIIOJIOKHBI, B PE3YJIbTATe YETro, OHU CKOMIICHCUPYIOT IPYT
Jpyra M TUTaHeTa BOOOIIIe He Oy/IeT UMETh «MarHUTHOTO TTOJISI».

Kak npaBuiio, iiaHeTsl, He UMerole atMochepsl, He MOTYT
UMETh U MarHUTHBIX TOJEH, B CHIIy TOTO, YTO TPA€KTOPUU YACTHII
COJTHEYHOT'O H3JIyUYE€HHsS B HUX HE 3aKpyuMBaIOTCs, U IepeKoca
IPaBUTALMOHHOTO TIOJSI HE MPOMCXOAUT. XapaKTEpHBIM ToMy
npumep - JIyna.

Takum 00pa3om, CTpamiHble CKa3kd O TJIOOATbHBIX
KaracTpodax, sIKOObI CBSI3aHHBIX C IMEPENOIIOCOBKOM MAarHUTHOTO
mois 3eMiiM, HE WMEIT 04 COo00il aOCONIOTHO HHUKAKUX
ocHoBaHuU. [lepenontocoBka MarHUTHOTO TOJISI 3€MJIM BO3MOKHA
JUIIb B JABYX CcIydasx - B Cllydae HW3MEHEHHUS COOTHOIICHUS
COJIEp’KaHUsl TMPOTUBOIOJIOKHO 3apPSHKCHHBIX YACTHI] B IMOTOKE
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COJIHCYHOI'O U3JIYYCHUS, UJIN JKC B CIIy4aC U3MCHCHU S HAIIPaBJICHUA
ee cyrouHoro BpamieHus. COBEpIIEHHO SCHO, 4YTO TIOCIEIHEE,
a0COJIIOTHO HEPEATbHO.

Heo0OxomuMo 3aMeTHTh, YTO COOTHOIICHHUEM COICPKAHUS
MPOTUBOIMOJIOXKHO 3apsKEHHBIX YACTHI[ B COTHEYHOM HU3ITyYEHUH,
ompezaensierca, Hanpumep, wmakcumanbHbld KIIJ[ comHeuHbix
Oatapeii. B cnydae paBeHCTBA TIOTOKOB TIOJIOKUTEIBHBIX H
OTPHUIIATEIILHBIX YACTHIl, COJTHEUHBIC OaTaper BOOOINEe padoTaTh HE
O0ynytr. COOTBETCTBEHHO, YeM OOJIbIIIe Pa3HMIA B UX COJICP’KaHWH,
teMm BbIe Oyzaer ux KITI.

[MonsipHble cusiHUSL 00YCIIOBIICHBI TTOMaaHueM B aTtMochepy
3eMiIM TIOTOKOB YacCTHI], BHIOPONICHHBIX MOIIHBIMH COJHEYHBIMH
BCIIBIIIKAMH W HMEIOIINX CKOPOCTH IPEBBIIIAIOIIYI0 CKOPOCTh
paclpoCTpaHeHUS] BOJHBI B TPABUTALMOHHOM TMOJE  3eMIIH
(CBEepXCBETOBYIO CKOPOCTH). DTO 0OBIMHOE MposiBiicHUE d(pdeKrTa
Basunosa-Uepenkosa.

A "marautHble" OYypH TpPEICTaBISAIOT COOOH CIEICTBUS
pe3KOro KojeOaHHsi COOTHOIIEHHUS! MPOTUBOIIOJIOKHO 3apsKEHHBIX
YacTUI] B TOTOKE H3Iy4YeHHs, B PE3yJIbTaTe TEX >K€ COJHEYHBIX
BCTIBIIICK.

Bonee Toro, Ge3rpaMoOTHBIE YTBEPXKIEHHUS YUEHBIX O TOM,
YTO MarHUTHOE II0JIe SBJISETCS 'HIyOoi'", 3amMiaromeil Hac ot
COJHEYHOM  paJuallid,  COBEPUIEHHO HE  COOTBETCTBYET
NEUCTBUTENIBHOCTH, IOTOMY 4YTO MArHUTHOE IIOJ€ SBISETCA
CJICZICTBHEM HTOM K€ CaMOW COJTHEYHOM pajualinii.

[Iy6a >xe — 3TO ¥ ecTh cama Ta3oBas aTMoc(epa IIaHeTHI,
MOATOMY KaKHUX-TO OCOOCHHBIX TJIOOATBHBIX KaTaKJIU3MOB TIPH
MEPEINOIOCOBKE MAarHUTHOTO MOJISI 3€MJIM, HE MPOU30UAET. XOTH
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BIIOJJHE  BO3MOJKHBI  KaKHE-TO  HE3HAYUTCIIbHBIC  H3MEHEHUs
aKTUBHOCTH aTMOC(EPHBIX IPOIIECCOB.

BemectBo ¢ wuaeanbHOM CHUMMETpUEH T'PaBUTALMOHHBIX
MoJIe aTOMOB SIBJISIETCSI MJI€ATbHBIM H30JSTOPOM, TaK KaK B HEM
MOYTH HET CBOOOAHBIX 3apsiaoB. KpemHuii, Hampumep, B YUCTOM
BHUJIE — XOpoIHii u3ossitop. Ho Haimune B HEM pUMecei BEIeCTB
C OTPUUATEIbHOM aCUMMETPHUEN TPaBUTAIMOHHBIX MOJIEH aTOMOB,
JenaeT ero TPOBOJHUKOM C Mpeodiamaromeid  AJICeKTPOHHOU
MPOBOJUMOCTBIO.

[Iprmecu BelIECTB C MOJIOKUTEIBHOM acCUMMETpHUEl — ¢
npeoOagaroniell MO3UTPOHHONW WM, TaK Ha3bIBAEMOM JBIPOYHOU
MPOBOJUMOCTBIO. B JIETUPOBAHHBIX MOJYTPOBOTHUKAX
AIEKTPUUYECKUNA TOK, MPEUMYIIECTBEHHO, OCYIIECTBIISIETCS OJHUM
TUTIOM  3apsA0B, JHOO JJIEKTpOHAMH, JHOO IMO3UTPOHAMHU.
Bcerpeunbie ke INOTOKHM 3apsioB, B CIEACTBUU OYEHb BBICOKOU
YHUCTOTBI MOJTYITPOBOTHUKOBBIX MaTepHaoB, OYCHB
HE3HAUYNTECIIHHEI.

OTO aeT BO3MOXKHOCTH CO3/1aBaTh MPUOOPHI, B KOTOPBIX
MOTOKAaMH 3apsI0B MOXHO YIPABJIATH 3JIEKTPUUYECKUMHU MOJSAMHU —
MI0JIEBBIE TPAH3UCTOPHI.

7. IITAPOBAS MOJIHUA

Ha ocHOBe BbIlIe HU3JI0XKEHHOTO JIETKO OOBICHSETCS U
MEXaHU3M 1apoBoil MoiHMHU. OObIYHAS JMHEHHAss MOJHUSA
MPEJCTaBIsAET COOON KPaTKOBPEMEHHBIN TOKONPOBOIAIINN KaHa B
BOo3ayxe. Eciau mocMOoTpeTs BEICOKOCKOPOCTHYIO CHEMKY, 3TO JAXKE
MOXHO 3aMETUTh HMHOIJAa U HEBOOPYXXEHHBIM IJIa30M, MOJIHUSA,
IpeXxae 4YeM IIoracHyThb, pa30uMBaeTcs Ha MHOIOYHCIICHHBIE
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KOPOTKHE OTpe3KU. Tak BOT Ka)KIbIl TaKOM OTPE30K, B MPHUHLIMUIIE,
MOJKET CIIY>)KUTb ''3arOTOBKOH' I1apOBOW MOJIHUH.

B rpo3oBeix oOnakax, Kak MpPaBUJIO, IOCTOSIHHO HUIYT
MHTCHCUBHBIE BHMXpEBble BO3MylleHMs. llpu omnpeneneHHbIX
YCIIOBUAX, HEOOJIBIIOW OTPE30K JIMHEHHON MOJIHUHU, CBEPHYBIINCH B
pe3ysibTaTe€ BO3JEHCTBUSA BO3AYIIHBIX BHXpEW, a TakK XKe€,
CIUPAIBHOIO IEPEKOCca I'PaBUTALMOHHOIO IOJsI, B TOp WM IIap,
CMOJKET HEKOTOPOE BpEMS CYIECTBOBATh CAMOCTOSITENILHO, B BUAC
BUXPEBOI'0 BO3MYIIIECHHUS, TOAJIEPKUBAsI caM ce0s1 HEKOTOPOE BpeMs,
KaKk TeHeparop C camoBo30yxnaeHuem. Jlo Tex mop, Moka He
pacTepsieT SJHEPTHIO U TUXO UCUYE3HET.

Ho ecnum Takoil BHUXph HATBIKAETCS Ha NPENATCTBUE,
IPOUCXOAUT  Pa3pyLICHHE  TOKONPOBOAALIMX  CIMpaleH, B
pe3ysibTare 4ero, 4YacTHULbl, HUX COCTaBIISIIOIIME, Ppa3JIeTaroTcs,
0o0pa3yst 00JIaCTh C TOBBIIIEHHONW KOHLIEHTPAIUEH AIIEKTPHUYECKUX
3apsi10B pa3HbIX 3HAKOB.

B Hell cpa3y Ke HAUMHAIOTCA HWHTEHCUBHBIC IIPOLIECCHI
camonpon3BosibHOro cuHTe3a [10] Oosiee CIOKHBIX YacCTHIl C
BBIJICJICHUEM UMITYJIbCAa 3HAYUTEILHON MOLITHOCTH, B BUJIC B3PbIBA.

8. IIOHATHUE
TEMIIEPATYPbI

Hcxons W3 BBINIEH3IOKEHHOTO, MOXHO TaK JK€ JIETKO
0o0OCHOBaTh TOHATHE TeMmmeparypsl. [lpu HarpeBanuu Tena'
pacIIUpSIOTCS W CTAHOBATCS JIETY€ — 3TO SKCIEPHUMEHTAIBHO
YCTaHOBJICHHBIH MPOCTON OBITOBOM (haKT.

Bo3pMeM TBepmoe TENO W NPOBEAEM  MBICICHHBIN
skcniepuMeHT. Kak ObUIO CKa3aHO BbIIIE, aTOMBI BEIIECTBA
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00JIa]af0T TPAaBUTAIIMOHHBIMH MOJIIMHU, OJIarofapsi KOTOPbIM OHHU
NPUTATHBACTCS K 3eMJye. [ paBUTAIIMOHHBIC MOJISI AaTOMOB TBEPIOTO
Tella UMEIOT OYCHb HE3HAYUTENbHYI0 acuMMeTpuio. [Tpubasisem k
Ka)XIOMy aTOMY 10 3JIEKTPOHY WJIM MO3UTPOHY. [Ipu 3TOM y aToma
HECKOJIKO YBEJTHMUYHUTCS aCHMMETPHS €r0 MPaBUTAI[HOHHOTO MOJISI U
cUja MPHUTSHKCHHUS Tela K 3eMJIe YMEHBIIUTCS MPOMOPIHOHATBHO
BosHukiieMy nedekrty Beca [10]. To ecTh aTom cTaHeT Jierde, a
00BEM €r0 YBEIUYHUTCH.

Bor, no cytu, HaMu U 0OHApY)KEH HOCHTENb Teruta. Takoi
CBOEOOpPA3HBIN TEMIOpPOJ, POJNb KOTOPOTO MOTYT HIpaTh, Kak
MIOJIOKUTEIbHBIE, TaK M OTpULATENbHble 3apsabl. M KoTopblil
OoJsblIMe y4YeHbIe, BTOPOISX, YK€ YCIENU "3aKphITh", MPUAYMaB
B3aMEH BEUHBIM JIBUraTellb, B BHUJE MOJEKYJIIPHO-KUHETHUUECKOMN
TEOPHH.

[IpogomkuM CBOM MBICIICHHBIN SKCIIEPUMEHT, T00aBIss B
aTOMBbl Tella MO 3apsaay. ACUMMETpHUsi TPaBUTALMOHHBIX TOJIEH
aTOMOB OyZIeT YBEITUYMBATHCS, TEJIO OyJEeT CTAaHOBUTHCS BCE JIETYE,
a CBSI3UW MEXIy aroMaMu OyAyT CTaHOBUThCSA Bce ciabee. OHuU
MOJIy4aT BO3MOXHOCTh MEPEMEIAaThCsl OTHOCUTEIBHO IPYT Apyra u
BELIECTBO MPEBPATUTCS B )KUJIKOCTh, TO €CTh PACIIABUTCH.

[Ipu nanpHeimeM TpuOABICHUH 3apsAI0B, aTOMbl HAYHYT
OTTaJIKUBaThCA M OTPHIBAThCS APYr OT Jpyra, U B 3TOM CIlydae,
BEUIECTBO IMpeBpaTuTca B ra3. BoT Mbl ¥ momyumian oObsiCHEHHE
MeXaHu3Ma HchnapeHus. B uacTHocTH, HcIapeHHe  BOBI,
00YCIIOBJICHO Pa3HOCTBhIO acCHMMETpHil Bo3ayxa M Boabl (puc 15),
MOATOMY JIaKe 3aMep3iuas Boja (J1e/), O4eHb XOPOIIO UCTIaPsIeTCs.

N30pITOuHBIe 3apsiabl M3 MOJEKYJ BO3/AyXa, IepeTekas B
MOJIEKYJIBI BOJBI, YBEIIMUYUBAIOT CHJIbI OTTAJIKUBAHUS MOJIEKYJI BOJBI
Opyr OT JApyra, KOTOpBIE IIPU O3TOM IOJY4alOT BO3MOXKHOCTb
OTOpPBaTbCsd OT IOBEPXHOCTH M MOAHATHCS B Bo3ayx. llpum
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3HAYUTEIHHOM YBEIHUCHUH KOHIIEHTPAIIMH H30BITOYHBIX 3aps/IOB B
aToMax, OHU YyKe OyIyT OTTAJIKUBATHCS OT HUX M ' MePENphIruBaTh"
B COCCHHHUC, TAC CHIIBI IIPUTAKCHHUA CHIC BCJIUKH, CTapasiAChb
pacIpenenuTbCcss paBHOMEPHO MEXAY HUMU.

Takum 00pa3oM 00OCHOBBIBAETCS MeXaHH3M BTOPOIo
= Havyajaa TePMOAUHAMMKH u
IPUHLOMII BO3pacTaHUsA JHTPOIHH,

Boayx

KaK BBIPABHMBAHUS (PU3HUECKOTO

Tt | mapamerpa MAaTepHH, HA3bIBAEMOTO
.' . TemnepaTrypoid. B KOHIIE KOHIIOB,
diiend 3apsAabpl TIEPECTAHYT YAEPKUBATHCS
CHJIAMH TIPUTSDKCHHSI aTOMOB M BEIIECTBO IMPEBPATHTCS B CMECh
"ropsiaux" aTOMOB C DJIEMEHTAPHBIMHU SJIEKTPUUECKUMH 3apsIaMH.

Boxa

To ecTb B m1a3my.

OCHOBHOMI BBIBOJI M3 BCEro CKa3aHHOI'O OYEBHUCH.
TeMIieparypa MaTepHUabHOTO Tella He MOKET  TOBBIIIATHCS
6€CKOHe‘IHO. HpI/I JOCTHMXKCHHNU COCTOsSHUA I1JIa3Mbl, IIOHATHUC
TEMIIEpaTypbl IpPOCTO TepseT cMbIca. lloaToMy yTBepKIeHUs
yueHblX, 4ro Ha Comune 10 MIIITMOHOB TIpaaycoB Kaphl, BECbMa
COMHUTCIBbHBI U B 66360H€3H€HHOM nponeTe KOMCTBI .HaB,Z[)KOH
CKBO3b COJIHEUYHYIO KOPOHY, HET HUYETO HEOOBITHOTO.

N 1O, 4TO OXOr' OT pPACKAJIEHHOTO >XEJIE3HOro mpyTa u
BBICOKOBOJIbTHOTO IPOBOJIa, COBEPIICHHO OJMHAKOBBI, SIBISETCA
elle OJHMM JI0OKa3aTelIbCTBOM, 4YTO TemIepaTypa oOOyCIOBJIEHA
TOJIBKO N30BITOYHBIMU 3apsiIaMHU.

TeMmeparypa — 3TO0 BeJUYHMHA PAa3HOCTH acCMMMeTPHUil
rPABUTALMOHHBIX II0JIell aTOMOB MAaTepPHAIBLHOIO Tejla |
aTOMOB OKPY:KaKOLIeH cpeasbl.
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[lorox Terma — 3TO MPOCTO TMOTOK JIOOBIX 3apsKEHHBIX
YacTHUIl, 3JEKTPOHOB WM IO3UTPOHOB, KOTOPBI MBI HYBCTBYEM
Onarofaps yBeJIMYMBAIOIIEHCS aCHMMETPUH MOJIEKYJ HAIllero Tena.
Ecnu ke 3TOT MOTOK YacTHIl yMEHbLIAET aCUMMETPUIO MOJIEKYI
HAIIIeTo Teja, Mbl Oy/1eM 4yBCTBOBATh OXJIaXKJICHHE.

AOCOJNIOTHBIM  TEeMIlepaTypHbIi HYJIh — OTO TMPOCTO
PaBEHCTBO WJIM HYJIEBas Pa3HOCTh aCUMMETPUN TPaBUTALIMOHHBIX
MOJIEH aTOMOB TeJIa U OKPYXKAIOIIEH CPEebI.

To, uyto mompasymeBaercst mox aOCOIIOTHBIM HYJIEM B
COBPEMEHHOW Hayke — 3TO0 3a0iyxaceHue, OOyCIOBICHHOE
HEKOPPEKTHBIM ~ HEPEHOCOM  PE3YyNbTaTOB  MaTeMaTHYECKHX
npeoOpa3oBaHuii Ha (PU3UIECKYIO PEATbHOCTh. AHAJIOTUYHBIM JKE
3a0JIy’)KIICHUEM SIBIISIETCS M MOJIEKYJISIPHO-KWHETHYECKasi Teopus,
MPOTHBOpEYAIas BTOPOMY Hayalry TEPMOJIMHAMHKH,
o0yclOBJeHHas, Kak W B cioydae ¢ omnbIToM Pesepdopaa,
oMO0YHBIM O0BSICHEHUEM PE3yJIbTaTOB dKcIepuMeHTa bpoyHa.

Hcxons w3 ompeneneHus TeMIepaTypbl, MPUBEICHHOTO
BBIIIIE, BJIEMEHTApPHO OOBSCHACTCS NPUHIMI PaboThl OOBIYHOTO
xonoaunbHuka. Ilpm coxatum pabouero Tema - (¢peoHa,
KOHIIEHTpanusi M30BITOYHBIX 3apsiioB B HEM, 110 CPaBHEHHUIO CO
CTEHKaMH €MKOCTH, YBEIWYHMBACTCA M OHH, TOAYHHSSACH BTOPOMY
HayaJly TEPMOJUHAMHUKH M CTPEMSICh PaclpeaeInThCsl pPaBHOMEPHO,
HAYMHAIOT TEpEMENaThCss B CTEHKH eMKocTH (pamuarop). Jlanee,
IPOXOJIsl Yepe3 TOHKOE OTBEPCTHE B JPYTyHd €MKOCTh (pamuarop
MOpO3WJIBHOW  KaMepel), pabouee Telno  paciuupsercs, |
KOHILIGHTpALUsl 3apsJoB B HEM pe3Ko yMeHbliaeTcs. CoriacHo
BTOPOMY Hayaily, 3apsbl HAYMHAIOT MEpeTeKaTh B pabodee Teio
y’Ke U3 CTEHOK MOPO3WJIBHOW KaMephl, OXJIaxast ee.

Korz[a MBI TIpUKACacMCsa MHajJjbliEM K MCTAJUIMYCCKOMY
npeaAMeTy, OH HaM KaXKCTCA XOJIOAHBIM, ITIOTOMY YTO M3-3a PA3HOCTH
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ACUMMETpUH MOJIEKYJ HAIIero Tela W MeTallia, H30BITOYHBIC
3apsiibl HAILIETO Tejla HAYMHAIOT MEepeTeKaTh B METalll, CO3/]aBas
omymieHrue xonoga. [Ipukacasich K JEpEeBSIHHBIM TIPEIMETaM,
UMEIOIINM TTPUMEPHO OJMHAKOBYIO aCUMMETPHUIO C HAIIMM TEJIOM,
MBI OIMYIIa€M HX TEIUIBIMH, IMOTOMY YTO H3-3a OTHOCHTEIBHOTO
paBEHCTBA aCUMMETPHH, IEPETEKAHUS 3apsI0B HE TPOUCXOIUT.

Ewe o00un  xapakmepuwlii  npumep,  O00Ka3pléaouwjuil
Inekmpuyeckyro - npupody memnepamypol. Ecnu naockocmmuoit
ROJIYRPOBOOHUKOGBLIL OUOO0 NOOKIIUUML 6 3ANOPHOM HANDAGICHUU K
UCMOYHUKY HOCMOAHHO20 Hanpscenus 6 5-10 eonem, mo ¢
pe3ynbmame 00eO0HeHus N-P nepexooa INeKmpuuecKumu 3apaoamu,
0100 00601bHO cuibho oxaaoumcsa. Ha smom npunyune pavomarom
HOJIYRPOBOOHUKOBBIE XO0I00UTLHUKU .

9. IBUKEHUE U
"CBEPXITPOBOJIUMOCTDB"

JItoboe MaTepuanpbHOE TEJIO MPUXOIUT B JIBHIKCHUH TOJIBKO
noj neictBueM cuiibl. Eciii Ha Teno He NeMCTBYIOT HUKAKUE CHUIIBI,
WM PaBHOJCHCTBYIOLIAs BCEX JECMCTBYIOIIMX HA TEJIO CUJI, paBHA
HYJTI0, TO TEIO B MPSAMOYTOJBHOH CHCTeMe KOOpAWHAT Oyaer
HAaXOJUTbCSI B TMOKOE€ WJIM B COCTOSSHUM  PAaBHOMEPHOIO
npsAMOJIMHEHHOTO ABIKeHus. B chepuyeckoit reomerpun Pumana —
9TO JBUXXEHHE [0 TMOBEPXHOCTHM PABHOTO NOTEHUIUATA WU MO
SKBUMOTEHIMAJIBLHONU TpaekTopuu. I[IpsamosinHEeiiHOe paBHOMEpPHOE
JIBU)KEHUE, WU JIBUKEHUE IO TPACKTOPUU PABHOIO IMOTEHIMAJA,
SABJSIETCS 4YacTHBIM ciydaeM nmokosi. [lostromy, mnpu Takom
JBIDKEHUH pab0Ta HE COBEPIACTCS.

Jletsiimii camoneT, Hanpumep, B YCTAHOBUBIIEMCSI PEKUME
nojieta, MO CyTH, JABWXKETCA IO HMHEPUUH, TaK Kak
PaBHOJEHCTBYIOIAs BCEX CUJI, JEHCTBYIOLIUX HA CaMOJIET B 3TOM
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pexume, paBHa HyN0. Cuiia TATOTEHHUsS] ypaBHOBEIIEHA MOBEMHOMN
CUJIOW KpBUIbEB, CHJIA CONPOTHUBIICHUSI BO3AyXa YpaBHOBEIICHA
cunoil tarm asurarens. CiaeqoBaTenbHO, CaMOJIET B 3TOM Cilydae,
JBHOKETCS 110 MHEPLMH WK M0 SKBUIMOTEHIIMATHOU TPACKTOPHH.

Ha Teno, Haxoasuieecs Ha HEKOTOPOW BBICOTE HAJl 3€MIIEH,
JNEUCTBYET CUJa MNPUTSHKECHHS, 3aBUCAIIAs OT IMOJOXKEHUS STOrO
Tella B IOJie TAroTeHus. Ilox melicTBHEM 3TOUM CWJIBI TEJIO ManacT
BHU3, U IIPU 3TOM CHJIA, ACHUCTBYIONIAsl HA TEJIO BO BpeMsl MajcHUs,
W3MEHSIETCA TI0 KBaJApaTU4YHOW 3aBHUcUMOCTH. CornacHo 3Tou
3aBHCHMOCTH, CHJIa TMPUTSHKCHHSI HAa TTOBEPXHOCTH 3emuid OoiblIie,
YeM CHJIA MPUTSKEHUSI HA HEKOTOPOU BBICOTE.

Jpyrumu cioBaMu, MEXAY MOBEPXHOCTHIO 3€MJIU U BBICOTOM,
C KOTOPOM MaJaeT Teso, CYIIECTBYET Pa3HOCTh IPABUTALMOHHBIX
noreHuuanoB. AF=F,-F [3] u Teno moxm naeicTBHeM 3TOM
Pa3HOCTU MOTEHLHAJIOB JIBUKETCA C yCKOpeHueM. UyryHHasi Tups
U ApOoOWHKA, MO NEHCTBUEM OJUHAKOBOW PA3HOCTH MOTEHIHAJIOB,
MaJIaloT ¢ OJMHAKOBBIM yCKOpeHHeM. M macca npu 3TOM HE UMEET
a0COJIFOTHO HUKAKOI'0 3HAUCHMS, B CBA3U C YEM MBI MOXKEM ClIEIaTh
3aKJII0YEHHe, YTO MaTepHsl BOOOIIEe HE MMEET TaKOro CBOMCTBA, KaK
Macca. I ToapKo ABUTasCh C YCKOPEHHUEM TOJ JEHCTBUEM PA3HOCTH
MOTEHIINAJIOB, MAaTEPUATIHLHOE TEJIO CIIOCOOHO COBEPIATh PadoTy.

Ecni K KOHIIAM MNpPOBOAHMKA MPUIOKUTH HEKOTOPYIO
Pa3HOCTh  DJIEKTPUYECKMX IIOTEHUIMAJOB, B HEM BO3HUKHET
NBWKEHUE  DJIEKTpUUECKUX  3apsanoB. [lpuuem, mo  wmepe
MPOJBIKEHUST AJIEKTPUUYECKUX 3apsiiIoB K  IPOTHUBOIOIOKHOMY
MOJIFOCY, Pa3HOCTh MOTCHIIMANIOB OyIeT H3MEHSTHCS, U CKOPOCTH
JBUKCHHUSI 3aps/10B Oy/ieT BO3pacTarh.

CrnenoBarenbHO, AJIEKTPUYECKHII TOK — 3TO YCKOpEHHOe
BCTPeYHOe JBIKEHUE 3JIEKTPUUECKUX 3apsiioB MO MPOBOIHUKY. U
MMEHHO TOATOMY JJIEKTPHUYECKUII TOK MOXET COBEpIlaTh padoTy.
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Hcxonda u3 3T0ro yrBep:KAEHUs, MOKHO JIETKO IMOHSTh MEXAaHU3M
CBEPXIIPOBOJUMOCTH.

KombprieBoe ~ HempepblBHOE ~ JBMIKEHHE  3apsijioB B
OXJIKJICHHOM TPOBOTHHUKE (BUXpb) — 3TO AQHAIOT JBMXKCHHS IIO
OKBUJIUCTAaHTHOW  TpaeKTopuu (WO  OPSIMOJIMHEHHOTO U
PaBHOMEPHOIO [IBIDKCHUS 110 HMHEPIHH), NPH KOTOPOM padoTa
IPaKTHYECKH He coBepuraercss (mapoBas MOJHHS, TOPHAJO,
LMKJIOHBI), XOTS TIOCTOSHHO MPOUCXOJHUT HEKOTOpas MOTeps
MOIIIHOCTH, B PE3yJbTaTe YEro, BUXPh 4Yepe3 HENpOAOJDKUTEIFHOES
BpeMs IIPEKpalaeT CBOe CyIIeCTBOBAHUE.

JlocTatouHO pazopBaTh KOJBIIO, JJIsS TOTO 4TO OBl OTOOpaTh
MOIIHOCTh, KaK JIBFOKCHHE 3aps/I0B OYCHb OBICTPO TMPEKPATUTCS H
BUXpB ucue3HeT. [1o cyTH, 3TOT BUXph MpeICTaBIseT COOOH aHAIOT
CBOOOMHO  BpaIAONIErocs  MaxXxoBHUKa.  YeJIoBEYecTBO, IO
BUJUMOMY, HHKOTJa HEe OyJeT MMEeTh CBEPXIPOBOJSIINX JTHHHMA
3neKTp0Hepez[aq, HOTOMy YTO BCYHBIC ABHUTIATCIIN HpI/IHI_II/IHI/Ia.HBHO
HEBO3MOXKHEI.

10. IE®EKT BECA U
"CBEPXTEKYYECTDB"

Macca u »oHeprus B HacTosllee BpeMs SIBISIFOTCS
byHIaMeHTaIbHBIMU MOHITUSIMH B TeopeTHdeckoi ¢usuke. Macca,
KaK KOJMYECTBO MATE€PUH U DHHEPrusi, KaKk CBONCTBO MaTepuUU
coBepuiath paboty. Tak kak MaTepus HE MOXKET MPEeBPALIaThCs B
CBOE CBOWCTBO, TO €CTh B SHEPTHUIO, HE MOXKET BO3HUKATh U3 HUYETO
M ucYe3aTh B HHKYyJAa, TO TOHATHE JedeKTa MacChl, Kak
MCYE3HOBEHMS KaKOM-TO 4acTH MaTepUU SIBISIETCS, IO CBOCH CYyTH,
aHTUHay4HpIM. Ho Tak Kak »93TO SIBJICHHE YCTaHOBIECHO
AKCIIEPUMEHTAJIbHO, CIEA0BATENIbHO, peYb MOXET UJITHU HE O Macce,
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a 0 Bece, KOTOPbII MOXET HU3MEHATbCS B 3aBUCUMOCTH OT
U3MEHEHMs CWJI MPUTSDKEHHS B PE3YJIbTaTe U3MEHEHHs PacCTOSHUSA
oT Taroreromiero tena. IloaToMy BmecTo mnoHATHA 'Macca',
HE00X0IUMO yIoTpeOIATh MOHATHE "Bec'.

Cyts siBneHus nedexra Beca JOCTATOUYHO JIETKO 0O0BsICHUMA.
JIrob6as MaTtepuaibHas JacTUIla BEIIECTBA oOamaer
IPaBUTALMOHHBIM IIOJEM U, CJEIOBATEIbHO, IPUTITUBAETCS K
JIPYTUM MaTepHalbHBIM TelaM C HEKOTOpPOW CHIiIoi, 0oOpaTHO
IIPONOPLUUOHAIIBHON KBaJApaTy PAacCTOSAHMS MEXIy HUMHU. Mexny
JBYMsI 4aCTULAMH, HAXOAAIIUMHUCS APYT OT Ipyra Ha PacCTOSHUH,
HaMHOTO TIPEBBIIIAIOIIEM HX pa3Mepbl, CHIIbI NMPUTSHKCHUS OYCHb
HE3HAYUTEIIbHBI U HE UTPAIOT HUKAKOH POJIN.

Ho ecnu 3TH yacTHILIBI OKaXKYyTCsl AOCTATOUHO OIM3KO JIPYT K
Ipyry, Ha pPacCTOSHUU CPaBHHUMOM C HX  pa3Mepamy,
IPaBUTALIMOHHBIE CHUJIBI MPUTAHYT UX BIUIOTHYIO JIPYr K ApPYry U
00pa3yroT HOBYIO COCTaBHYIO yacTuily. Bec 3Toit HOBOW cOCTaBHOM
YacTUIBl B CHJIy TOTO, YTO YacTh CHJI NMPHUTSHKEHHUS 4acTHIl OyzaeT
"n3pacxojoBaHa" Ha yJep)KaHUE MX OKOJO JAPYT JIpyra, OKakeTcs

cunnt npra O ocTammon wacrmss MCHBIIC, 4Y€M HUX BEC 110

ornensHoctd  (puc 17). To
€CTh BO3HHUKHET JIe(heKT Beca.

IIo cBOeH CyTH,
Puc 17

o0beIMHEHNE JBYX YacTHI] B
OJTHY, 3TO W €CTh MpoIlecC CHHTEe3a, MPU KOTOPOM COBEpPIIACTCS
pabota, TpOMOpPIHOHANILHAS ATOMY nedekTy Beca. B mganHOM
ciydae, 3Ta pabota OyJeT coBepllieHa MPOTHUB CHJI NMPUTKCHUS
3emiM, TaK KaKk YMCHBIICHHE BECa, PAaBHOCHUJIBHO IIOJHSATHUIO
MaTepUaIbHOTO TeJia Ha HEKOTOPYIO BBICOTY B €€ TpaBUTAIIIOHHOM
TnoJe.
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Tak Kak CHJIBI MPUTSDKEHHS YaCTUIl MKy COOOH M 3eMiiell OYeHb
Majbl, A WX OOHapyXKeHuss TpeOyeTcss BechbMa CIIOKHOE
obopynoBanue. 3aech MpenaraeTcss MPOCTEUITUN SKCIIEPUMEHT,
WUTIOCTPUPYIOIINUN BO3HUKHOBEHHE JIe(eKTa Beca, KOTOPBIA MOKHO
MPOJIEMOHCTPUPOBATh B MIOOOM mikone. [[mst ero mpoBeneHHs
HY>XEH TOJIbKO JIOCTaTOYHO UYBCTBHUTEJIbHBIA AMHAMOMETpP U Mapa
ITOCTOSIHHBIX Mar"HuToB. [IpuMepHas cxema SKCepUMEHTAa OHATHA
u3 pucynka (puc 18).

CuHTe3 MM YCJIOKHEHHEe CTPYKTYPbl MaTepuH Bcerga
NPOUCXOUT CAMONPOU3BOJILHO, B pe3yJibTaTe AeiicTBUSA CHJI
NPUTSKEHNs, a U1 pacnajga Heo0X0AMMO 3aTPaTUTh PadoTy Ha
UX MpeooJieHHe.

DBOJIIOIMST  MaTepuu  MPEACTaBIsIeT Cco00M  mporecc
CaMOIIPOU3BOJILHOTO HEMPEPHIBHOTO YCIOKHEHUSI €€ CTPYKTYpHI B
pesynbrate oObequHEHUsT (CMHTe3a) Oojiee MPOCTHIX YACTHI[ B
0oJiee CIIOXKHBIE CTPYKTYpHBIE oOpa3oBanus. [Ipu sTom mporecce
BCETJa BBIACISACTCS MOIIHOCTB, MPOMOPIUOHANbHAS AedeKTy Beca,
KOTOPBI B COBPEMEHHOW HAayKe XapaKTepHU3yeT, TaK HA3bIBAEMYIO

SHEPruIo CBs3M yactul. U yem
“mmw MEHBIIIe MaTepHUaTbHOE
oOpazoBaHWe, TEM CHJIbHEE
CBSI3aHBI B HEM YacCTHULbI U TEM

H 0oJblle BbIAENsAEMasl MPU STOM
= CUHTE3€ MOIIHOCTh. CuHTE3

reJisl U3 aToMOB Boaopojaa ("TepMOSIIEPHBIH B3PBIB") MPOUCXOINUT

C BBIICIECHHUEM KOJOCCAJIBbHOM MOUIHOCTH, COIPOBOXKIAAEMOMN
3HAYUTEIIbHBIM IMOBBIILICHUEM TEMIIEPATYPHI.

IIpu cuHTE3e MONEKYJSPHBIX COCOUHEHUM, BBIICICHUE
MOIIHOCTH M TIOBBIIIEHUE TEMIEPAaTypbl MEHEE 3HAUYUTENbHO.
OObIuHOE TIaMsl, HAIIPUMED, TaK e MPECTaBIsieT co0oi mporecc

CHUHTC3a MOJICKYJI TOprHOYMX BCHICCTB C MOJICKYJIaMU KHUCIIOpOJaA,
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COMPOBOXKAAEMbIA OTHOCUTEIBHO HE3HAUYUTEJIbHBIM BBbIJICJICHUEM
MOIIIHOCTH U HEOOJBIINM TOBBIIICHHEM TeMIeparypbl. HeTpymHo
MpeICTaBUTh ce0e, Kakas BBIIEISIETCS MOIIHOCTb, HApUMEp, MpHU
CHUHTE3€ MPOTOHA U3 Cy03JIeMEHTapHbIX YaCTHII.

A cremoBaTelnbHO, YTOOBI '"packoiioTh' MPOTOH, HYKHO
3aTPAaTUTh MPHUMEPHO TaKYyl K€ M JaKe HECKOJIbKO OOJIBIIYIO
MomIHOCTh. OTHAKO YEJIOBEK TOKa HE PacroJiaraeT MCTOYHHKAMHU
TaKOM MOIITHOCTH, IMO3TOMY BO3HS C aJ[pOHHBIM KOJUIaHIEpOM,
BIOJIHE MOJXKET OKa3aTrbCsA, ToBOps cioBamu DeiiHMaHa,
OOBIKHOBEHHBIM Ha/TyBaTEIIbCTBOM.

CaMomnpou3BOIBHBIE K€ TIPOIIECCHl pacraga MaTepuH,
CO3JaloIIe W30BITOK BeCa, MPUHIMITAATHHO HEBO3MOXHBI, TaK KaK
NpoOTUBOPCUYAT BTOPOMY HaA4Yaly TCPMOAWMHAMHUKU U aAHAJTOTMYHBI
CO3JaHUIO0 BEYHOI'O ABUTaTCJIA.

IIpoueccnl pacnaga Bceraa TpedyOT 3aTPaThl MOIIHOCTH,
MO3TOMY OHU BO3MOYKHBI TOJILKO KaK CJIeJICTBUS WJIN MOO0YHbIE
3¢ ¢PexThI 001€€ MOUIHBIX U MPUOPUTETHHIX MPOLECCOB CHHTE3A.

[Ipocreitmmii nmpumep. Ilpomecc “"pazpyineHus” >keme3HBIX
KOHCTPYKLIIMH B pe3yibTaTe KOPPO3WH, MPEACTABIAIOMUN cOOOH
Ipoliecc CUHTE3a 00JIee CIIOKHBIX BEIIECTB — OKUCIIOB JKee3a, UAeT
CaMOIIPOM3BOJIbHO. A uis paszneneHus (pacriaja) OKHCIOB Ha
COCTABIISIIOLINE YaCTH HEOOXOOUMO 3aTpaTHTh PabOTy, HCIONIB3Ys
Ooslee NPHUOPUTETHBIM IMPOLIECC CUHTE3a YIJIEKUCIOro rasa, B
pe3ysbTare KOTOPOro, YIVIEPOJ OTPBIBAET aTOM KHCIOpOda OT
MOJIEKYJIbl OKHCIIA ¥ IPUCOEAUHSET ero Kk cebe. OTCroa Mbl MOXKEM
TaK ke IPUNTHU K BBIBONY, YTO YIJIEpOJ, KaK M BOJOPOJ, 00nagaer
IIOJIOKUTEIIbHON AaCUMMETPUEN I'PaBUTALIMOHHBIX I10JIEH aTOMOB.

OTo mpolecchl, MPOUCXOASIIME HANpUMEp, B JIOMEHHBIX
nmeyax. B pesynbTaTe TOTO, YTO BO3HMKAIOMUK NEe()EKT Beca MpH
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CUHTE3€ VYIJIEKUCIIOrO ra3a, MPEBBIIIACT BO3HUKAIOIUNA H30BITOK
Beca IPHU pacliajie OKUCa >KeJe3a, TO BBIACISIOMENCS MOIIHOCTH
CHUHTE3a, ¢ M30BITKOM XBaTaeT Ha TMOKPBHITHE 3aTpaT Ha pacnaj
OKHCIIA.

[Iporecc cuHTE3a TSKETBIX 3JIEMEHTOB B IPUPOAE UAET 10
OIIPEJICTICHHOTO Tpejena, Tak Kak € POCTOM AaTOMHOTO YHCia
nedexT Beca MPONOPHUOHAIEHO yMeHbIIaeTcs. CHIIbI TPUTSIKSHUS
YacTHIl B aroMe ocia0eBaloT HACTONBKO, YTO OH MOXKET
Pa3pyLIUTHCS TaKe OT BO3JCHCTBUS YacCTHUIIBI C OUYCHb HEOOIBIION
ckopocteio.  CremoBarenbHO,  aToM  ypaHa,  Hampumep,
CaMONPOM3BOJILHO HHKOI/IAa HE pacmajieTcs, AJIs 3TOro HYXKHO
3aTpaTuTh HEOONBIIYI0, HO BIIOJHE OINpPENEICHHYI0 MOIIHOCTD,
UHaue OH MmpocTto OBl HHUKOr/AAa He cMor obOpazoBarbcs. UM ero
€CTECTBEHHAs PAJMOAKTHBHOCTh - 3TO pacmaj, O0OYCIOBICHHBII
TOJIBKO KaKMMH-TO BHEIIHMMH Bo3jaeicTBusimMu. Hampuwmep,
HOTOKaMHU KOCMHYECKHX YaCTHII.

Ecnu panmnoakTUBHBIC 3JIEMEHTHI UICATBHO SKPAHUPOBATH OT
JTFOOBIX MOTOKOB YACTHII, TO OHH MOTYT XpaHUThCS 0Oe3 pacrajna,
CKOJIb YTOJTHO TIPOJIOJKHTEIBHOE BpPEeMs, JaKe eciu OyIyT MMETh
o0beM (Maccy) HaMHOTO MPEBBIMIAIONINKN, TaK Ha3bIBAEMBIH,
kputnueckuii. 11o Bcell BUAMMOCTH, TaKHUE YCIOBHUS BO BCEICHHOU
UMEIOT MECTO, MHAaye TaKHe AJIEMEHTHI, KaK YpaH U HEKOTOphIE
TpaHCypaHbl, HUKOTAa Obl He cMorin o0pa3zoBartkcs. MHaue roBops,
camMa 1o cebe paaMOAKTHBHOCTh TSDKENIBIX JJIEMEHTOB U
PaZMOAaKTUBHBIX M30TOIMOB - 3TO BCErO JIMIIL BTOPHUYHAS IMUCCHS,
BO3HHKAIOIIAsl B pe3yjbTare OOMOApAWPOBKH HX KOCMHUYECKHMU
YacTUIIaMH. A TIPOILECC aTOMHOTO B3phIBAa HMMEET COBEPIICHHO
JPYroii MeXaHu3M, B KOPHE OTIMYAIOIIUNCS OT, ONMHCHIBAEMOTO B
y4aeOHHKaX (PUBHKH.

IlemmHyl0 peaknuiO B AaTOMHOM 3apsifie ' KPUTHYECKOro"

o0beMa, MOXET WHUIMHPOBaThH Jo0as dyacTtuia (OHOBOTO
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KOCMHUUYCCKOTO U3JIYyYCHHA, HUMCHOIIAss AOCTATOYHYHO SHCPIrHUIO,
IIPEBBIIIAIONIYIO 3HEPIUI0 CBS3M 4acTULl B arome. B pesyibrare
3TOTO BO3JIECHCTBHSI, aTOM ypaHa PacIaiacTcsi Ha OCKOJIKH - aTOMBI
OoJiee JIETKMX DJICMEHTOB M DJIEMEHTAPHBIX YAaCTHI[I — MPOTOHOB,
MO3UTPOHOB M BJIEKTPOHOB. YacTh 3THX OCKOJKOB BCTYIAIOT B
peakimio cuHTe3a [9] ¢ aToMamMHM OKpyJKaromied Cpeabl, ¢
BO3HMKHOBEHHEM Jedekta Beca, KOTOPBIM M ONPEICIACTCS
MOIITHOCTL, BBIACIAIOMIAACA IIPpU B3PbIBC. OcraBmiasicss 4acTh
OCKOJIKOB, pa3pyliiasi APyrre aTOMBI ypaHa, MOIAEP/KUBACT ICITHYIO
PEaKIuIo.

*k%k

JanbHeilmumii mpomecc 3BOJIONUUA MATEepUH B NMpHUPOJe,
UIET YK€ MO IMyTH OOpa3oBaHUS W YCIOKHEHUS MOJEKYI, C
BO3HUKHOBEHHUEM TOPA30 MEHbINEro JedeKTa Beca U BhIICICHHEM
HE3HAYUTENIbHON MOMIHOCTH. I 3TO 00CTOATEIHCTBO UMEET JTAICKO
UIyIIMe TOCIAEACTBUS, OSTUM TMPOLECCOM TMOCTOSIHHOTO H
HENMpepbIBHOIO CHHTEe3a, WM MEJICHHOTO M IOCTOSHHOTO
YCIIO)KHEHUS CTPYKTYpbl MaTepud Ha MOJIEKYJISIPHOM YpPOBHE,
AJIEMEHTApPHO OOBSACHACTCS HeM30e:KHOCTh 'BO3ZHUKHOBEHUS
JKU3HHU' BO BCEJIEHHOI.

"Xusup" [14] HeuszOCKHO BO3HHMKAET BE3JE, IJIE TOJBKO
HOSIBJISIFOTCS, TOAXOIAIIUE IS 3TOrO, IIPUPOIHBIE YCIIOBHS.

BepositHOCTB TOTO, UTO HA Mapce BO3MOXKHO CyIIECTBOBAaHUE
NPUMHUTUBHBIX OPraHW3MOB, B BHJE KakKuX-MuOO OakTepHi,
HUYTO)XKHO  Maja. JKuBble"  OpraHu3Mbl, JaXXe  camble
NPUMHTUBHBIE, 00Pa30BaThCS MPOCTO HE YCIIENH, B CHIIY TOTO YTO
Mapc, uz-3a Gombiero paccrosHus ot CosHI@A, OYeHb OBICTPO
octell. Kpome Toro, mu3-3a MEHBIIMX  pa3MEpoOB, €ro
IpaBUTALIMOHHOE TI0JIe HAMHOTO cllabee 3¢MHOTO U HE B COCTOSIHUU
yrnepxathb Oosiee ioTHyt0 atMocdepy. K Tomy e opbuta Mapca
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MMEET JOBOJIbHO 3HAUMUTEJbHBIA HKCIEHTPUCET, a 3HAUUT
NPUPOJHBIE  YCJIOBHS, B  TEUYEHMH T0/Ja, MEHAIOTCA B
OUYEHb MIMPOKUX Mpeseax, I03ToOMy 00pa3oBaHUe
BBICOKOMOJIEKYJISIPHBIX OpPraHUYE€CKHX COEAMHEHUN Ha HEM, KpoMme
pa3Be YTO caMbIX MPOCTEHUIINX, BECbMa TPOOIEMaTUYHO.

HedekToM Beca Tak Ke JIETKO OOBSCHACTCS SIBICHHUE
CMA4YMBAaEeMOCTH M IIOBEPXHOCTHOIO0 HATs:KeHUsl. MoseKyisl
KUAKOCTH, KOHTaKTUPYIOIIME C MOJIEKYJIAMH CTEHOK COCY[a,
IOPUTATUBAIOTCA K HUM C BO3HUKHOBEHHMEM JedeKkTa Beca, B
pe3yJbTaTe 4Yero CTaHOBSITCS HECKOJbKO Jierde W ''BCIUIBIBAIOT
BBEPX IO CTEHKE, 00pa3ys BOTHYTBHIM MEHHUCK. B ciyyae ¢ pTyThiO
WIN KUJKAM TeIHeM, BCE MPOUCXOAUT HA00OPOT — B 3TOM Cllydae
"BCIIJIBIBAIOT CTEHKH COCYZAA U MPOUCXOJIUT "OIyCKaHUE" MOJEKYJI
PTYTH, CO3JAOILIEe BBITYKIbIM MEHHUCK. VIMEHHO 3TO sBlIEHHE U
ABJICTCS. TIPUYUHON CBEpPXTeKy4YecTH. B pesynbrare yBennyeHus
CHJIBI TSDKECTHU B 30HE KOHTAKTa CO CTEHKOM COCYHa, PTYTh, a TaK XKe
HEKOTOpbIE APYrHe *KHUJIKOCTH, aTOMbl KOTOPBIX MMEIOT OOJIBIIYIO
aCUMMETPHUIO T'PaBUTALMOHHBIX TOJEH, OYEHb OBICTPO BBITEKAIOT
JaXe 4epe3 MUKPOCKOIHMYECKHe OoTBepcThs. Hampumep, Kuakuii
TEJIUH.

Marepusi, Kak yxe ObUIO CKa3aHO, 00J1aIaeT TOJIBKO BECOM,
KOTOPBIN OIPENEISICTCS CHIION IPUTSIKEHUsS Teln APYr K Ipyry.
Bripaxasce, 6o1ee HayqHBIM SI3BIKOM, BEC Tella ONpPEIeIsieTCsl ero
[IOJIO)KEHHEM B TPAaBUTAlMOHHOM II0JI€ JAPYroro Tejla WIH
NOTEHLMAJIOM TOYKHM TPABUTALIMOHHOTO TOJs,, B KOTOPOH OH
HaXOOUTCA. OTO TOBOPHUT O TOM, 4YTO MAacChl, B IIOHITHH
HEU3MEHHOTO CBOMCTBAa MaTEpUH, KaK HEKOH CaMOCTOSITEIbHOMU
TSDKECTH, HE CYIIECTBYET — 3TO BEJIMYMHA, XapaKTePU3YIOLIast JINIIb
KOJINYECTBO KAKHMX JIMOO CTPYKTYPHBIX EIMHUI], COCTaBJIIOLINX
TEJO0, OT KOTOPOM 3aBUCHUT CUJIa IPUTSHKEHHUS.
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B nonHoM cornacuu ¢ TperbuM 3akoHoM Hprotona, CosHue
NPUTATUBAET 3eMJII0 C TakoW Ke Cujo, ¢ Kakol 3emis
nputsruBaer CoJIHIIE WM, WHaye TOBOps, BeC 3eMJIU B
rpaButaiiuoHHoM nosnie  CousHia, paBeH Becy ConHuma B
rpaBUTAIlMOHHOM mojie 3emuid. TO ecTh TpH TpeoOpa3zoBaHUU
dbopmynsl “"BcemupHOro" TATOTeHMs, Macca CoHIIA TMOTydaeTcs
paBHOI Macce 3emid, 9YTO OYEBUIHO aOCYpAHO, TaK Kak pa3Mepbl
3emsn 1 CoslHLIa HECpaBHUMBI. DTa HECypa3ula TakK )K€ SIBISETCS
JI0Ka3aTeJIbCTBOM, OTCYTCTBHSI MACCHI.

N3-3a OrpOMHBIX PACCTOSHUM, CHIBI IPUTSDIKEHUS MEXIY
KOCMHYECKUMH OOBEKTaMH HACTOJIBKO HUYTOXKHBI, YTO BCEJICHHAS,
[0 CYTH, 3aIll0OJIHCHA HEBECOMBIMM 3BE€3/1aMH, BOKPYI KOTOPBIX
BpalaroTcs eiie, 6ojiee HeBECOMbIE, TIaHETHI.

A, clenoBareiabHO, HHUKAKUX OO030HOB XWITCA, SKOOBI,
MPHUAAIONINX MAaTEPUU MacCy, B MPUPOIE OBITH HE MOXKET. ITO OJHA
U3 PSAJOBBIX DIIEMEHTAPHBIX YacTHUI, KOTOPOM YYEHBIMH, IIO
HEBEXKECTBY, NPHUIHUCHIBAIOTCA HECYIIECTBYIOIIME  CKa30YHBIC
CBOMCTBA. A aJpOHHBIA KOJIJIAWIep, B MPHUHIUIE, TaK K€
Oecrofie3eH, KaK ETUIeTCKUe THUPaMHUABl M JPYrHe KYJIbTOBBIC
coopyxeHusi. OQHAKO OH BIIOJHE MOXET CIYXHUTh MNPEKPaACHOU
MOTHUJION Ji1 KBAaHTOBOUW (pu3mku. XOTs 3TO 3a0myKIeHUE, KaK H
Hekorna cuctema lltomomes, nymaro emie O4YeHb JONTO OyneT
rOCIIOJICTBOBAaTh B HayKe, IOKa YYEHBIE HE YOemsarcs B €ro
abCypIHOCTH.

OCHOBHBIM apryMEHTOM IMPOTHUB OTCYTCTBUS Y MaTEpHUH
MacChl, OOBIYHO TPHUBOMAAT 'JOKA3aTENbCTBO', YTO HHUYETO HE
BECAIINE KOCMOHABTHI HAa CIIyTHUKE 3eMJIM, TIpHU MEpeMEelIeHUN
rpy3a ONIYIMIAIOT €ro TSIXKECTh, TO €CTh HEKYI HHEPIIMOHHYIO
Maccy'. Ho 9To Joka3arenbCTBO OCHOBAaHO Ha AJIEMEHTapHOM
HEMOHMMAaHHUU CaMOr0 MEXaHU3Ma IIOTEepH Beca.
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Tak Kak CHYTHUK BMECT€ C KOCMOHAaBTOM HaxoJsSTCS B
COCTOSTHUU CBOOOJHOTO TMAJCHHs, TO KOCMOHABT, KaK MacCaXXup B
OTOpBaBIIeMCs TU(TE, HUKAKOTO BO3JACHCTBHUS Ha CIIYTHHK (OIOPY)
He oka3biBaeT. Ho mpu 3TOM, MOJI0KEeHNE CITyTHUKA M KOCMOHABTA B
TPaBUTAIIMOHHOM TIOJIE 3eMJIM, WM WX T'PaBUTAIMOHHBINA
MOTEHITMA, OCTAIOTCA IOCTOSIHHBIMHM, TaK KaK OHHU JBHXKYTCA,
NPAKTUYECKH, MO TPACKTOPUU PABHOrO  MOTEHIHMama. A
CJIeI0BATENIbHO, X BEC HUKY/Ia HE UCUYE3AET.

[Ipy momBITKE K€ HW3MEHUTH MECTOTOJOKECHHE Tea,
BO3HMKAIOIAS PAa3HOCTh I'PABUTAIIMOHHBIX MMOTEHIIUATIOB, IPUBOJIAT
K BO3SHUKHOBEHHIO CHUJIBI, CTPEMSIIICICS BEPHYTh TEJIO B MpEKHEE
MOJIOKEHUE, YTO U OLIyIIAaeTcd KaK TsHKeCTb, WM  Kak
"HHepIroHHAs Macca'. AHAJOTUYHO OOBSCHSETCS U CBOMCTBO
COXpaHEHHUs TIOJIOKEHHUSI B MPOCTPAHCTBE IUIOCKOCTU KOJICOAHUIA
MasTHHKa WM BPAIAIOIIETOCS MaXxOBHWKAa THPOCKOIMA, a TaKkKe
SBOJIIOLUH JUTHIITHYECKUX OPOUT B KPYTOBBIE.

OtcyTcTBUE MacChl MOXHO 3JIEMEHTapHO JOKa3bIBaeTCS
IOPOCTBIM  JKCIEPUMEHTOM. J[OCTaTOYHO TOIHATH  OOBIUHBIE
OamaHCOBBIE Yachl Ha JOCTaTOYHO BBICOKYIO, Hampumep,
reoctanoHapHyo, BbIcOTOM 30-40 ThICAY KHJIOMETPOB, OpOUTY.
Ecnn marepust uMeeT Maccy, TOYHOCTh X0/1a 4YacOB HE U3MEHUTCS.
Ecnu maccel HeT, TO yMeHbIIIeHHE Beca OajaHca, IpU HEeU3MEHHOU
YIOPYTOCTH CIIMpaJIM BOJIOCKA, NMPUBEIAET K YMEHBIICHHUIO NEPHOJA
Kosie0aHuil cucTeMbl OanaHc-CIUpalib U OHU OYEHb CHIILHO YOEryT
BIIEpEL.

Wnorpa Berpeyaromuecs: B HAyYHbIX KypHajJaX COOOLICHHS O
TOM, UYTO B PC3YJbTATC CIOXHBIX HAYYHBIX JSKCIICPUMCHTOB, C
TOYHOCTbIO [0 JECATOr0 3HaKa, YCTAaHOBJEHO PaBEHCTBO
TPaBUTAIMOHHON W HMHEPIIMOHHOM MacC, MOKHO CpPaBHUTHb pPa3Be
YTO C YTBEPXKACHUSM CPETHEBEKOBBIX CXOJIACTOB O pPaBEHCTBE

KOJIMYECTBA aHI'CJIOB U qepTeﬁ, YMECAIOMUXCA HA OCTPUEC UIJIBI.
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3nech OynmeT O4YEeHb YMECTHO 3aMETHTh, YTO CYyAsS IO
XapakTepy ABMKCHUS aMEPUKAHCKUX aCTPOHABTOB HA KMHOKAJpaXx,
CHSATBIX, AKOObI, HA JIyHe, OHM TaM, CKOpee BCEero, HUKOI/1a U He
ObutH. 3a0iyXIeHUsT OTHOCHTEIBHO TOrO, YTO MaTepus HMEeT
Maccy, ChIrPajio ¢ HUMU 37YyI0 IIYTKY.

XOpomio BUIIHO, YTO ATOT CIOXKET CHUMAJICA Ha 3eMJie U C
MOBBIIIEHHOW 4YacTOTOM CMEHBI KaApOB, IOATOMY JBH)KEHUS
ACTPOHABTOB Ka)XyTCsl HECKOJBKO IJIABHEE M MEJICHHEE OOBIYHOTO.
A B CHJIly MEHBIIETO Beca, HO HEW3MEHHOW MBIIICYHOU CHIIBI,
XapakTep IBMKEHHS Jofed Ha JlyHe noikeH OBITh COBEPIIEHHO

IPYTUM.

Pannyc 3emnu cocraBnser — 6300km, a paguyc Jlynsr 1700
kM. To ectb paguyc JlyHsl MeHbIIe 3eMHOro B 3,7 pa3a MEHBIIIE.
CrnenoBarenbHO, coracHo (opMyine, MpHUBEIEHHOW B TIJIaBe,
[3]cuma nputsokenns Ha Jlyne Gyzner B (3,7F = 14pa3s MenbIe, 4eM
Ha 3eMIie.

[TosTOMy JIBW)KEHHS acTPOHABTOB JIOJDKHBI OBITH Oosiee
OBICTPBIMH M PE3KHUMH, KaK Yy Ky3HEUMKOB. W Heocrmopumble
JI0Ka3aTeNnbCcTBa 3TOr0 OyAyT TOJY4YeHbl TMpH TIEPBOM  IKe
HACTOSIIEM ITOCEIIEHUN KOCMOHABTAMH HAIIETO CITyTHHUKA.

11.IMPOCTPAHCTBO
N BPEMA

N3 camoro ompeneneHuss Marepuu COBEPIICHHO $ICHO, YTO
OHa HEe HYXIAeTCs B TAKUX CYIIHOCTSIX, KaK MPOCTPAHCTBO U BpEMs.
Takue mMOHATHS, KakK MPOCTPAHCTBO, BpEMs, Macca, JHEprus,
TeMIlepaTypa, JAaBJICHHE U TMpOYee — H3TO TOJBKO TEPMHUHBI,
MpUAYMaHHBIC JIOABMHU MJii OOO3HAUEHUS CBOWCTB MaTepUH W

OTACJIBHO OT HEC HE CYHICCTBYIOIIHC.
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IIpocTpaHcTBO — 3TO CBOWCTBO MNPOTSHKEHHOCTH CaMOM
MaTepud W TOBOPUTH O HEM B OTCYTCTBHH MaTepuH, BOOOIIE
OeccmbiciieHHO. Marepust cama 1o cede u ectb 00beM. IMeHHO 3TO
CBOMCTBO MPOTSHDKEHHOCTH MaTepuud M JaeT HaM BO3MOXKHOCTD
nepeMeniaTbcsi B He Kyna yrogHo. I[loaToMy MbI Bcerna umeem
BO3MOXKHOCTh Ch€3/IUTh B COCEIHIOIO JIEPEBHIO, Ha Jauy, B Typuuio,

Ha Jlyny...

Bpemsi — 3TO CBOWCTBO YEJIOBEYECKOTO  CO3HAHUSA
3allOMUHATh KaKHE-TO MPOMEKYTOYHBIE COCTOSIHUS IPOIIECCOB.
Ecnu OBl JIOOM HE MMENH TAaKOTO CBOMCTBA, KAaK CO3HAHUE U
naMsITh, OHU HUKOT/Ia ObI HE U300PENTH TAaKOTO TIOHATHS, KaK BPEeMs.
N3mepenne BpeMEHH — 3TO TPOCTO CpPaBHEHHE, KaKOro Jmbo
mpoiiecca, ¢ MPOU3BOJIBHBIM TPOIECCOM, MPUHATHIM 32 3TaJOH.
[Ipydyem >TalIOHOM MOXET OBITh TOJIBKO MEPUOIUYECKHI TpoIece,
MOTOMY YTO CPAaBHEHHE HEMPEPBIBHBIX MPOIECCOB — HEBO3MOKHO.
Otcroa JIOTUYECKH BBITEKAET HEBO3MOXHOCTh CYIIIECTBOBAHUSA
TaKOM HEMpPEPHIBHOW KaTeropuu, Kak Bpems, BooOmie. Marepus
CYIIECTBYET B BEUHO JJISIIIEMCS HACTOSIIIIEM.

PasznuyHoe TeueHne BpeMeHU B pa3HbIX CHUCTEMaxX OTCYETa Mo
JHKEHAYYHOH TEOPHUU OTHOCHTEIBHOCTH, IIPECTABIAECT cOO00U Open
YUCTEUIIEN BOJIbI, KOTOPBIA CTAHOBUTCSI OYEBUIHBIM, CTOUT TOJIBKO
HECKOJIbKO mepedpa3supoBarh yTBepkIeHue, uto. "B cucreme A
npoxoauT OoJibllle BpeMEHH, YeM B cucTeMe B 3a onHO U TO ke
Bpems'. K ToMy ke CUCTEMBI C 3aMENJIEHHBIM WU YCKOPEHHBIM
TEYCHHEM BpPEMEHH, JIOJDKHBI ObUTH OBl MCYe3aTh U3 BUAY, TaK Kak
HEBO3MOKHO OBLJIO ObI BUAETH Cpa3y MPOILIoe U Oyayiiee.

Tak kak BpeMeHH, KaK (PU3UYECKON KaTeropuH, B IPUPOJIE HE
CYIIECTBYET, MEpEeMEIIeHNEe B MPONUIoe WiH Oymymiee BO3MOXKHO
JWIIG B HAalleM BOOOPaKEHHHM WM B (PAHTACTHYECKHX pPacCKa3ax.
Ecnim Om1 Takas ¢Qusmyeckas kareropusi, Kak BpeMs, MOIJa
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CYIIECTBOBATh, Y Hac Obljla OBl BOBMOXKHOCTD TEepeMenIaTbcsi B Hel
KyZa yrogHo. XoTh B IIPOILIOE, XOTh B OyayIee.

Wrak, B pe3ynpraTe NPOCTBIX JIOTUYECKUX IOCTPOEHUH,
YCTaHOBJICHO:

Eciim aroMpl BemecTBa HMMEKT OYeHb He0OJIBUIYIO
acHMMETPHI0 TPABHTANMOHHBIX TMoOJel (M30BITOUHBIA 3apsj
OYCHb Mal), OHM NPUTATHBAKIOTCH JIPYr K JPYry HACTOJBKO
CHJIBHO, YTO JJIS1 TOT0 YTO ObI MX CABHHYTh OTHOCHUTEJIbHO APYT
Apyra WM OTOPBaTh, HAI0 NMPHUJI0KUTH 3HAYUTEJIbHbIC YCHIHA
—TO 3TO TBepAble TeJIa.

TBepable Tena TMOYTH HECKUMAEMbI, TaK Kak U3-3a
HEOOJbIION aCUMMETPHH, 3a30pbl MEX]Y aTOMamMH OY€Hb Mabl.
Hekoropoe cxatve BO3MOXKHO JIHIIb H3-32 COJAEpXKAIIUXCS B
J000M  BelIecTBE, AaTOMOB TIa30B, HMEIOUIMX 3HAYUTEIbHYIO
acummertpuio. Paznom TBepaoro tena mpoXOOUT MO 00JacTsIM C
OOJBIIMM  COJEP)KAaHUEM PACTBOPEHHBIX B HEM  Pa3IUYHBIX
npuMecel, ¥ TMOBEPXHOCTh pa3jioMa, u3-3a OOJNBIIUX  CHJI
MIPUTSIKEHUST, MTHOBEHHO OOJICTUISCTCS MOJIeKyIaMu Bo3ayxa. Eciu
CIIOXHUTh 4YacTH BMECTE, M3-3a MPOCIOMKH MOJIEKYJ BO3]yXa,
LEJ0ro Kycka TMOJy4YuTh YK€ He ynactcs. IIpuinoxxuB oOdYeHb
0oJbIIOE JaBJI€HHE K KyCKaM, MOKHO BBIJAaBUTH OOJBIINHCTBO
MOJIEKYJ1 BO3[yXa W3 pa3joMa M KYCKH, HEIOCPEICTBEHHO
CONPUKOCHYBIIUCH, COETUHSITCS.

Ecian rpaBuTaninoHHble MOJIsi aTOMOB MMEIOT HEKOTOPYIO
acuMMeTpu  (Hajiuyre HW30BITOYHBIX  3apS/OB) MW CHJIBI
NPHUTSZKEHUs M3-32 3TOr0 0cJIad/1eHbl, aTOMbI BellleCTBa, XOTH H
pacnoJiaraloTcsi no4Tu 0e3 3a30poB, HO NMPHU I3TOM MOIYT JIErKO
CKOJIB3UTh OTHOCHTEJIbHO JAPYT APYra —TO 3TO KMIKOCTH.
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JIerKoCTh CKOJBXKEHHsI 00YCIIaBIMBAET CBOMCTBO TEKY4YECTH.
Kugkocty TOXKE NPAKTUUECKU HEC)KMMAeMbl B CHIIY TOIO, 4TO
3a30ppl MEXKJy aTOMaMHM MUHUMalbHbL. He3HauuTenbHOE cxkaTHhe
KUAKOCTEH, TaK K€ BO3MOXHO JIMIIb M3-3a PACTBOPEHHBIX B HEH
MOJIEKYJI a30B.

B cBsA3u ¢ TeM, 4TO MOJIEKYJIbl TOBEPXHOCTHOIO CJIOSI BOJBI,
KOHTaKTHPYS ¢ MOJIEKYJIaMH BO3/AyXa, "OTOMPAIOT y HHUX 3apsbl, B
pe3yabpTaTe 4ero UX CUJIbl IPUTSHKEHUS K BOJE YMEHBIIAIOTCS, a K
BO3YyXY YBEIMUYUBAIOTCS, OHU MOJY4Yar0T BO3MOXHOCTb BMECTE C
"NIPpWIMNIIMMU K HHMM MOJIEKYJaMH BO34yXa, OTPBIBATbCSA OT
OCHOBHOM MaccChl BOJIbI M IOJHATHCS BBEPX, 00pa3ys o0aka.

Monekynsl BO31yXa, KOHTaKTUPYIOIIUE C MOJIEKYJIaMHU
MOBEPXHOCTHOTO CJIOSI BOJIbI, 00Pa3ylOT Ha €€ MOBEPXHOCTH CJIOH ¢
YMEHBIIEHHON aCHUMMETPUEH HMX TIPaBUTALMOHHBIX IIOJIEH U C
ropaszio 60'bIIMMHU CHJIaMU TPUTSHKEHUS APYT K APYry. DTOT CIOU
MOJIEKYJI BO3/1yXa, CBI3aHHBIX ITOBBIIICHHBIMYA CHJIAMU NIPUTSIKEHUS
U 00pa3yeT IUIEHKY TOBEPXHOCTHOI'O HATSKEHUS.

[IpaBma GonplnKe ydeHbIE OMMOOYHO CUMTAIOT, YTO TIJICHKA
MOBEPXHOCTHOTO HATSDKEHHUS COCTOUT M3 MOJEKYN BOJbL. OmHAKO
JIOCTaTOYHO TIOMECTHTHh BOJYy B BaKyyM, KakK IUICHKa 9Ta,
MPAKTUIECKH NCUYC3HET.

Eciu aromMbl BemecTBa HMMEWT 3HAYHTEJbHYIO
acHMMeTpPHI0 (3HAYUTEIbHBIC H30BITOUHBIC 3apsbl) W MEXKIY
HUMHM NPe00JIaIal0T CUJIbI OTTAJTKHBAHUS —TO 3TO ra3bl.

OTH Cculbl OTTAJIKMBAHUS 3aCTaBIISIOT Ta3bl OCCKOHEUHO
pacHIupsTHCS, a IPH BHEIIHEM YCHIIMH CONMXKAThCS, IOATOMY Ta3bl
XOpOIIO CXXUMaeMbl. [Ipw CHIBHOM JaBJIEHUH, KOTAa MEXKIY
aTOMaMHU HE OCTaeTCs TMOJIEBBIX MPOMEXKYTKOB, U OHU MPUXOJIST B
HEIMOCPEICTBCHHBIM KOHTAKT, Tra3 TMPEBPAIIACTCA B KHIAKOCTD.
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"CamocxkaTtne" Ta3a B CIEICTBUU, SKOOBI, TPaBUTAIIHOHHOTO
MPUTSDKEHUST aTOMOB JPYT K JIPYTY, SIBISIETCS MOJHEUIIEH YyIIblo,
KOTOPYIO  HECyT JIIOJAW, HE HMEIONMe HHU  MaJIeUIero
MIPEACTABICHUS O IPUPOJIe rpaBuTanuu. [1o CyTu 3T0 yTBEpKIeHHE
PaBHOCHJILHO TIOJTHSITHIO CAMOTO €051 3a BOJIOCHI UJTH YK€ CO3/IaHUIO
BEYHOI'O JIBUTaTEIs.

BTopoe Hayajlo ¥ TNPUHOUN BO3PACTAHUS SHTPONUH
NpPoCcTO O0SI3LIBAIOT MATEPHI0 NMOCTOSIHHO YCJOKHSATH CBOIO
CTPYKTYPY, YTO yxKe caMoO IO cede NMPUBOAUT K HEU30eKHOCTHU
BO3HUKHOBEHHSI, TAK HA3bIBAe€MbIX, 'JKMBBIX OPraHuU3MOB BO
BCEJICHHOM.

12.0 ABUKEHUU
IIVTAHET

Ha pucynke (puc 19) cxemaTn4HO NOKa3aHO JIBU)KCHHE
CIyTHUKA TI0 DJUIMITHYECKOW opoOute. EcTecTBEeHHBIMH IS
JBUKCHHSI CIIYTHUKOB W TUJIAHET, SIBISIOTCS KPYroBBIE OPOUTEHI, TIE
NBUKEHUE MPOUCXOJUT IO SKBUMOTCHIMAIBHOU TPAEKTOpPUHU, HE
HapyliaeéMol HUKaKMMHU BO3MYLICHHSMU. CHyTHUK, ABMKYIIUHCS
10 KPYyroBoil opOuTe, B MNPSAMOYrOJBbHOW CHCTEME KOOpIHMHAT,
y4acTBYET OJHOBPEMEHHO B JIBYX JIBUXKEHUSX, TOPHU30HTAIBHO IO
KacarenpHOl ¢ 141 kocMumueckor V, IS [OaHHOW IUIAHETHI,
CKOPOCTbIO U CBOOOJHO Tmajaas BEPTUKAIBHO, MOJ JACHCTBUEM
IPaBUTAIMOHHBIX CWJI €€ mpuTsbkeHus. B pesynbTaTe 3TOrO
JBUKEHUSI, B KaKIbII MOMEHT BPEMEHHU PACCTOSIHUE OT CITyTHUKA
JI0 LIEHTPA MJIAHEThI TOCTOSTHHO.

JUis  TONSpHOM  KE CHUCTEMBI KOOpAWUHAT JTO OyaeT
JBUKEHHE T10 SKBUIOTEHIMAIBHON TpaeKkTopuu, rae R=const mpu
STOM Pa3HOCTh I'PABUTALIMOHHBIX MOTEHIMANOB, ACUCTBYIOIIAs Ha
CIyTHUK paHa HYIIO.
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JIBiokeHHe 10 DJJUIMNTHYECKOW OpOWTE CYIIECTBEHHO
ornnyaercs. [Ipu nBUKEHNH CyTHHKA U3 anores 10 y4acTKy A, Ha
HEro JNEUCTBYET pa3HOCTh

: & smgcin TPaBUTALMOHHOTO TOTeHIMana Q,,

y KOTOpas, MPEBBIIIAsT
TOPU30HTAIIBHYIO  CKOpPOCTh  V,

nod ’ . | orknomster cryrhuk, 3acraBuss ero

; , nuratbcs mno kpuBoii C. B

4 MIePUTEIINH, Hao0bopoT, €ro

Pve1® | ropusonTanpHas ~ ckopocTh

IPEBBIIIAET PA3HOCTh TI'PABUTALMOHHOrO NoTeHnuana Qp, u3-3a
4ero, BbIXOJA HA y4yacTok B, cmyTtHuk asumxercd no kpusoi D. B
pe3yabTaTe 3TUX CMEILICHH, BBI3BAHHBIX Pa3HOCTHIO CKOPOCTEH Ha
ygactkax A wu B, ommnrtuuyeckas opOWrta  HadYMHAET
MoBOpayMBaThes (MMPELECCHPOBATh) B CTOPOHY, TPOTHBOIOIOKHYIO
BpAlllCHUIO CIYTHUKA. OTa JIMHEHHas mpeleccus MNPUBOAUT K
"oOkarpiBaHMIO" (DOKyca OIJUIMIICA BOKPYr IIEHTpa IUIAHETHI H
MEJIEHHOM 3BOJIOINH JUIUIITUYECKOW OpOUTHI B KPYTOBYIO.

Mexanuzm 3TOH 3BOIIOINU JIOBOJILHO MPOCT.
Bo3nukaromasi, B pe3yiabTare OTKJIOHEHUS TPACKTOPUH  OT
AKBUIIOTCHITMAIBHONW, PA3HOCTh TPABUTAIMOHHOTO TMOTEHIHAIA,
MPUBOAUT K BO3HHUKHOBEHHUIO CHJIBI, KOTOpas CTPEMHUTHCS
BOCCTAHOBUTH KPYTOBYIO OpOHTY.

[IpockakuBass TOYKY OKPYXHOCTU C HYJEBOW Pa3HOCTHIO
MNOTCHIMAJIOB, CIYTHUK OTKJOHSETCS B  IMPOTHBOIIOJIOKHYIO
CTOPOHY, YTO MNPHUBOJAUT K KojeOaHHsM opOutel. B pesynbrare
3aTyXaHus ITUX KoJIe0aHUH, IUTUNTHYECKAS opbura
HBOJIIOIMOHUPYET B KpyroByro. Kpome Toro, HecoBmajaeHue
IUIOCKOCTH OpPOUTHI € JAMAMETPAIbHON IIOCKOCTBIO IUIAHETHI,
NPUBOJNT €IIe M K BOSHUKHOBEHHIO YTJIOBOW MPELECCHH, KOTOpas
TaK K€ MMOCTETIEHHO BHIPABHUBAETCS.
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Crporo TrOBOpsi, CHOYTHHK JBUXETCS JaXke HE IO
AIUTUNITUYECKONH OopOuTe, a MO HEKOTOPOH, OJIM3KOW K JIUIHIICY,
OBaJILHOU TPaeKTOPHH, oJ JNIEUCTBUEM N3MEHEHUA
IPABUTALMOHHOIO TOTEHLIHAJAa Ha pa3n4YHbIX €€ ywacTkax. llo
JJUIAINCY OH JABUTAaThCS HE MOXET B CUIIy TOTO, TATOTEIOLIEE TEJIO
HaxoguTcst B (OKyce JJUIMICA, I/I€ Ha SJUIMINTUYECKOW KpPUBOI
CYHIECTBYET YYacTOK, TPEIACTABIAIOIMNUNA COO0OW TPaeKTOPUIO
PaBHOTO TPABUTALIMOHHOIO TMOTEHIMANIa, MOKUHYTh KOTOPBIH, Yy
CIIyTHUKA HE OYyJeT HUKAaKUX OCHOBAHUM.

Tak xak KA3Hb Ha 3eMJI€ 110 MaJ€OHTOJIOTHYECKUM JAaHHBIM
HACYMTHIBAET OKOJIO YETHIPEX MUJUIMAPIOB JIET, ITO 3HAYUT YETHIPE
MUJIApAa JIeT Hazal, opOuTa Haleld TUIaHeThl Yxke Oblia
MIPAKTUIECKH KPYTOBasi.

Ha muanerax, ZIBMXKYIIUMXCS 10 OBaJbHBIM OpOHMTaM C
OOJIBIIINM SKCLUEHTPUCETOM, CYIIECTBOBAaHHME "KUBBIX' OpPraHU3MOB
HEBO3MOXKHO, B CHJIy MEHSIOIUMXCA B OOJNBIIMX Mpeaenax,
IPUPOJHBIX YCIOBHM NpHU Iepexoae U3 nepurenus B adenuil u
o0OpaTHoO.

13. OBPA3OBAHME
IIVTAHET

OCHOBBIBasICh Ha HAYYHBIX JTAHHBIX U MPOCTHIX (PU3HUECKUX
3aKOHAX MOXHO JIETKO MOCTPOHUTH JIOTHYECKH HEMPOTHBOPEUHBYIO
TEOPHI0, OOBSICHSIONLYIO OOJIBITUHCTBO SBICHUH B KOCMOCE.

Bo-nepBbix, HUKaKoro OOJBIIOTO B3phIBa HE ObUIO U OBITH
HE MOIJIO - TBOPEHHE MATEPUH M3 HUYETO MPOCTHUTEIBHO TOJBKO
Uit OMONEeNHCKUX CKa30K, a He Ul Hay4YHbIX TeopHil. Beenennas —
0e3HayaJbHA 1 OECKOHEYHA, OHA CYIIECTBOBANA BCET/A, M BCEraa

Oyzner cyumecTBoBaTh. Hukakux nmpuyuH €€ BOSHHUKHOBEHHS HET U
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HUKOorna He Obuto. EE sBomronuss WAET MO TPOCTOH CXeme
YCJIOKHEHHsI  CTPYKTYpPbl  MAaT€pUH, COMNIACHO  IPUHLMITY
BO3pPACTaHUs SHTPOIMH U BTOPOMY 3aKOHY TEPMOJANHAMUKH.

Teopuss 0GoabHIOr0 B3pbIBAa OCHOBaHA Ha HEBEPHOM
OOBSICHEHUH, TaK HA3bIBAEMOT'0 "KPAaCHOTO CMEIIEHUs', TPUUYNHON
KOTOPOTO, OImUO0YHO CUHTACTCS ahdexr Jomnmepa,
OOYCJIOBIICHHBIA ~ ylaJleHHeM  KOCMHYECKHMX  OOBEKTOB  OT
HaOmonatens. VMeHHO Ha JKCTpamosSiuu ATOr0  yJaJICHUS
BBICTPOGHA Teopusi OOJBIIOIO B3pbIBA M, COOTBETCTBEHHO,
BBIUMCJIEH "'BO3pAcT’ BCEJIECHHOM.

Cynda mo mOTOKY KOJOCCAJIbHOWM MOIIHOCTH, H3Jy4aeMoil
3Be37aMM, B UX MOBEPXHOCTHBIX CJIOSIX, HAXOISIIMXCSA B KUIAKOM
COCTOSTHUM, WAYT TPOIECCHl CHHTE3a aTOMOB, MPAKTUYECKHU, BCEX
DIIEMEHTOB TEPUOANYECKONH CHUCTEMBI M3 DIIEMEHTAPHBIX YaCTHII.
Jlerkue MpOIYKTHI 3TOTO CUHTE3a, B BHJIE CMECH PA3JIMYHBIX Ta30B,
BCIUTBIBAsI CKBO3b XKHJIKYIO 000JI0YKY HaBepX, GOPMUPYIOT Ta30BYIO
atMocdepy 3Be3/Ibl, BEPXHHE CIIOU KOTOPOH, B CIICICTBUH OOJIBIION
aCUMMETpUU TpPAaBUTAIMOHHBIX TIOJIEH aTOMOB U  MOJIEKY,
o0pa3ymomux ee, BMECT€ C IOTOKaMU BBICOKOIHEPI€TUYECKUX
YacTHll, UCTEKAIOT B KOCMHYECKOE MPOCTPAHCTBO. DTH MPOILIECCHI
MOJMUTHIBAIOTCS TPOIECCAMH CHHTE3a 3JIEMEHTAPHBIX YACTHII, U3
Kakux-To 0oJiee JEeTKUX CyOdJIeMEHTapHBIX, UAYIIUMH B Oojee
rIIyOOKHUX CJOsX 3Be3/bl. B riryOuHe 1eHTpanbHbIX 00acTel 3Be3,
BEIIIECTBO, IO-BUMMOMY, HAXOAMTCS B COCTOSHHUM eme Oosee
MEJIKUX CBepPXCcy03J1eMeHTAPHBIX YaCTHUIl, B KOTOPOM HaxXOJIUIach
BCS MaTepHsl BCEICHHOM MOpSAJKAa COTEH MUJUIHAPIOB JIET Ha3ad U
Oosiee. ITO €€ COCTOSTHUE MOXKHO YCIIOBHO Ha3BaTh MpaMaTepHei.
CepxcyOdyieMeHTapHble YacTHIIBl HMMEIOT TaKyl0 BBICOKYIO
MIPOHMKAIOIIYIO CTIOCOOHOCTh U BO30YKIAIOT TAKUE CBEPXKOPOTKHE
IPaBUTALMOHHBIC BOJHBI, YTO JJISI UX PETHCTPAIH YEJIIOBEK IMOKa
ele He UMEET COOTBETCTBYIOIIUX MTPHOOPOB.
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I[lo mnpomeccaMm, mnpouCXOJsilIUM B 3Be3/laXx, B CBETE
HACTOSIIE  TEOpHHM, MOXXHO JIETKO  MOCTPOUTH  MOJEINb,
OOBACHSIONTYI0 00pa3oBaHWE IUIAaHET. B MOBEPXHOCTHOM clioe
3Be3/Ibl, KaK y>Ke ObLJIO CKa3aHO, UAYT pEeaklUU CUHTE3a Pa3InyHbIX
AJIEMEHTOB M3 JJIEMEHTapHbIX dYacTull. Jlerkue siIeMeHThl —
BOJIOPO/I, TEIUH, a TaKXKe Pa3IMYHbIe YACTHUIIbI BCILIBIBAIOT BBEPX U
M3-32 CUJ OTTAJKUBAaHUA TMOKUAAIOT 3BE3/ly, pa3ieTasch B
KOCMHMYECKOE TMPOCTPAHCTBO, B BHUJE  3BE3JHOrO0 BeTpa'.
[locTeneHHO B TMOBEPXHOCTHOM CJIO€ 3BE3/lbl HAKAIUIMBAIOTCA
TSDKEJBIE DJIEMEHTBl - YIJIEpOM, KaJbLHWW, XKEI€30, KPEMHUH H

Opyrue.

Hakorienne — TSDKENBIX — DIEMEHTOB  COMPOBOXKIACTCS
CHIDKCHHEM TEMIIEpaTypbl BEPXHUX CIOEB M YMCHBIIEHUEM UX
CBETUMOCTH. BepxHuii cioii 000J0YKH, OCTBIBas, HaYWHACT
3aTBepleBaTh M, KaK IMOKPHIBAJIOM YKPBIBAET U YICPKHBACT
NPOAYKTHl pPEaKIWi CHHTE3a, HIyINIHNEe MOJ HHM, CIIOCOOCTBYS
MOBBINICHUIO JaBieHus. Jl0o TeX mmop, MoKa OHO HE JOCTUTHET
HEKOTOPOI KPUTHUYECKOW BEIMYMHBI H, B PE3yJIbTaTe YET0, pa30pBET
1 pazOpocaeT 000JI0YKYy B KOCMHUYECKOE MPOCTpaHcTBO. U 3Be3na,
OCBOOOJIMBIINCH OT HEE, MPEBPATUTCS B CBEPXHOBYIO. Tak Kak B
caMoM IIeHTpe 3Be3bl [3] He CyIIeCTBYeT, MPAKTHYECKH, HUKAKOTO
JAaBJICHUS, TO pa3pyliaeTcs, B OCHOBHOM, TOJBKO BHEIIHSS
000I0uYKa, pacIyiaBIeHHbIE OOJOMKM ©  OpBI3TM  KOTOPOH,
pasJeTaroTcs o KacaTeIbHbIM, IPEUMYIIECTBEHHO B IJIOCKOCTH €€
BpaleHust. DTH 00JIOMKH, COOPABIIMCH CBOUMH TOJISIMH TATOTCHUS
B OOJIBIIIME W MaJIbIC MAPUKH, 00Pa3yIOT IJIAHETHI.

B pe3yJyibTaTe BOJIHOBOT'O B3aUMOJICHCTBUS c
I'PaBUTALMOHHBIM oJIeM 3BE31BI, OHH IIOCTEIIEHHO
CTaOMIIN3UPYIOTCS. HA OBAJIBHBIX OpOUTaxX BOKPYT Hee. CKIOHHOCTh
OBaJIbHBIX OPOUT K JIMHEHHOW M YIJIOBOHM IMpPELecCHH, MPUBEAET K
O0NBIION BEPOSTHOCTH UX MEPECEUCHUSI U CTOJIKHOBEHUSM ILJIAaHET
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Ha opOuTtax. B pe3ynbrare uero, u o06pa3yrorcs mosica acCTepouIOB.
Hekotopble 00JOMKHM 3THX pa3pylIMBIIUXCSA IUIAHET OyayT
3aXBa4YeHBI APYTUMH IUTAHETaMH U TIPEBPATATCS B UX CITyTHUKH.

Tak xak Bce ruIaHeTsl 00pa3ylOTCsl U3 00JIOMKOB 00O0JIOUYKH
3Be3/1bl, XUMUYECKUI COCTaB UX OyAET, MPAKTUYECKH, HICHTHYEH.
Ha mnpoTspkeHMM MHOTMX MHJUIMApAOB JIET, OBAJIBHBIC OPOUTHI
IUITAHET HEW30€XKHO OSBOJIIOLUOHUPYIOT B KpPYroBble, 4YTO U
HaOMIOaeTCsl B COJIHEYHOM CHUCTEME B HACTOSIIEE BpeMs.
He3HaunTenpHBI SKCHEHTPHCET IUIAHETHBIX OpOUT — 3TO
CBHJIETEJILCTBO MPOIIECCOB, MPOUCIIEIINX B T€ JAJIEKUE BpeMEHa.

Bpamasicb BOKpyT 3Be3/Ibl, IIAHETHI MIOCTETIEHHO OCTHIHYT,
M Ha  HUX  BO3HUKHYT  TIOAXOMASANIME  yCJIOBHA IS
HU3KOTEMIIEpaTypHOro cuHTe3a [9] pasnuyHbIX OpraHMYeCKHX
COEIMHEHUH, KOTOpbIE, Yepe3 COTHH MHJUIMOHOB JIET, 00pa3yloT
PaCTUTEIbHBIN U JKUBOTHBIN MUP.

A Ha 3Be3le HayHeTcs cienyromuid nukia. Eciom 3Be3na
JOCTaTOYHO OOJBINasi, TO TAaKUX IUKIOB OHAa MOXET TEePEKHUThH
HECKOJIBKO, XOTsI MacIITa0bl ¥ TIEPUOBI UX C KAXKIBIM pa3zoM OyayT
yMeHblIaThCs. W ecnum Ha HEKOTOpBIX IJIAaHETaX K TOMY BPEMEHHU
YCHEIOT BO3HUKHYTH 'KUBBIE" OpraHWU3MBI, TO JJII HUX 3TO Oynmer
MPEICTaBISITE onpeAeneHHyto omnacHocTb. Hame CounHie yxke
NpONUIO TAaKOM IHMKI. A BO3MOXKHO M HE OJUH. XOTS H
MaJIOBEPOATHO, HO JAOMYCTUMO, YTO HAC €IlIe *AET HeYTO M0I00HOE.
EauHCcTBEHHOE yTElIeHHE, YTO YEeJIOBEUYEeCTBO K TOMY BpPEMEHHU
HaleT peabHbIN CrI0co0 M30eKaTh THOCIH.

HuszkotemmnepatypHblii  CHHTE3  TSDKEJIBIX  DJIEMEHTOB
NEepUOMYECKO TaOmuIpl, a TaKk K€ M BBICOKOMOJEKYJSPHBIX
OpraHUYECKUX COCAVHEHUM, IPOJOJDKAETCS B TIOPSYMX HeIpax
IUTaHETHl W B HacTosiiee Bpems. [e-To B riiyOMHE, Ha TpaHHIEe
3eMHOH KOpbI U MAHTHH, HaXOI[HHIGfIC}I B JXUJAKOM COCTOSAHHU, UOAYT
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nporecchl cHHTe3a [9] TSHKENBIX JIEMEHTOB — KeJie3a, KajbIlus,
KHCJIOPO/Ia, a TAaK)Ke BHICOKOMOJICKYJIIPHBIX COCAMHEHUI - MeTaHa,
He(TH, KaMeHHOTO yriia. M Tak Kak Mmporecc 3BOJIONUN MaTepPUH
HEOCTAaHOBUM, TOTUIMBHBIM T'OJIOJT YEJIOBEUYCCTBY, MPAKTHUCCKH, HE
YIPOXKaeT, MPOCTO TOIUIMBO TMPHAETCA J0OBIBaTH C TOpPaslio
00'TBIIUX TITyOHH.

Takum oOpa3oMm, cam mporecc oOpa3oBaHUs 3BE371 — ITO
JeNla y)Ke JIaBHO MHHYBIIMX JHEH, MO TMOBOJIY YE€r0 Mbl MOXKEM
TOJIBKO CTPOMUTH THITIOTE3bI, XOTsS, B IIPHHIINIIE, JOTUICCKH MOXKHO
MPENIONIOKHUTh, YTO OOpa3oBaHHWE 3BE3]l OYCHb IOXOXE Ha
o0Opa3oBaHMe IUIAHET, TOJIBKO B 00Jiee IPaHANO3HBIX MacITabax. ..

OrpomHast MIPOTO3BE3/1A, cocrosas u3
cyOcyOdnieMeHTapHbIX — yacTull  (mpaMaTepuu), TPOXOAs, B
pe3yabTaTe CUHTE3a, aHAJOTMYHBIA LUK Pa3BUTHSA, B3PbIBACTCS U
o0pa3yeT OBAIbHYIO TaJaKTHKY, KOTOpas, Bpallasich, MOCTENIEHHO
[IpEBpaIlacTCs B CIOMPAJIbHYIO. bpbI3ru  3TOM  IpamaTrepuy,
oOpasyromuecss TpU B3pbIBE, (OPMHUPYIOT HOBBIE 3BE3/Ibl. A
00010YKa TPOTO3BE3/IbI CHOBAa HAYWHAET 'OCTHIBaTh U TEPATH
"CBETUMOCTD".

To, uro acTpou3uku HAOMIOAAIOT B IIEHTPAX TajlakTUK U
CUMTAIOT YCPHBIMH JIBIpAaMH WJIM TEMHOW MaTepHel, 3TO U €CTh
MPOTO3BE3/IbI, COCTOSIIME M W3JydaloNIue HACTOJIBKO JIETKUE
cyO3JIeMeHTapHbBIE YaCTHIIBI, YTO HAIl TJIa3 MPOCTO HE CITOCOOCH UX
BOCIIPHHATE. A HamM  OpubOpsl  HECHOCOOHBI  TIOKa
3apEruCcTPUPOBATH TAKUE KOPOTKUE BOJTHBI.

Takum  oOpa3zoMm, Teopunm OOpa3oBaHUS 3BE31 W3
MEX3BE3/IHOTO TIa3a, BBIIYMAaHHbIE TE€HUSAMH TEOPETUUYECKOU
¢u3uKy, MATKO TOBOpPs, JDKEHAydyHbl M 3aTMEBAIOT CBOEH
DJIYIIOCTBXO ~ pacCKasbl,  WM3BECTHOIO  CBOECM  HEBEPOATHOU
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NpaBIUBOCThIO, OapoHa MionxrayzeHa. He roBops yx 00
00pa30BaHUM IIJIAHET U3 MBUIEBBIX IUCKOB.

14. BTOPOE HAYAJIO 1
NUMMYHUTET

Bropoii 3akoH TepMoauHAMHUKH, CHOPMYIUPOBAHHBIN s
OO0BSICHEHUS! TEPMOAMHAMHYECKUX IPOIECCOB, SBISETCS, 1O CYTH,
OCHOBHBIM ¥ EIWHCTBEHHBIM (DYHIaMEHTAIbHBIM 3aKOHOM, IO
KOTOPOMY  B3auMozeicTByer Marepusd. DopmyianpoBka ero
JIOCTaTOYHO IPOCTa AJIs MOHUMAaHMs, HO, HECMOTPsl Ha 3TO, OYEHb
MHOTHE 3aTpYAHAIOTCS OOBSICHUTH €ro cmbici. OCHOBHas €ro
dbopMyaupoBKa TakoBa: 'TeIao BCEraa IMEepPeXOJUT TOJBKO OT
ropsiuero Teja K XOJ0JHOMY' .

JleicTBUTENBHO, €CIIM OCTaBUTh CTAKaH C FOPsTYMM YaeM Ha
CTOJIe, Yepe3 HEKOTOpOE BpeMsl €ro TemIeparypa CpaBHSETCS C
TEMIIEpaTypOl OKPY’KAIOIIETO BO3yXa, YBEIMYHUB €T0 IHTPOIIHUIO.
Wnu, npyrumu cioBamu, paBHOBecue. Bospactanue sHTponuu —
9TO CIEACTBUE ACHCTBHS BTOPOTO 3aKOHA WJIM BTOPOrO Hayaia
TEPMOJMHAMUKH IO BHIPABHUBAHUIO JTFOOBIX MapaMETPOB MaTEpPHH
— JaBlieHUS, TEMIIepaTyphl, KOHIICHTpPAIMK U T. 1. Tak 4To 0e3
9TOr0 ITOHSITHUS BIIOJHE MOXKHO OBIIO OB OOOMTHCE. ..

Ecnu BBl mpokoyieTe IIMHY aBTOMOOMIIS, BO3IAyX H3 Hee
BBITEUET U, €ro JaBJICHHE CpaBHsETCS ¢ aTMoc(epHbIM. Eciu BbI
BBIITYCTUTE KIYO JIbIMa, TO Yepe3 HECKOJbKO MHUHYT €ro YaCTHUYKU
PaBHOMEPHO paCIpeneIIsITCs 110 KOMHATE.

HCOHpe,Z[e.HeHHOCTb IIOHUMAHUA HpI/IHI_[I/IHa B03paCTaHI/I$I
3HTpOHI/II/I, HUHOraa HpI/IBO,Z[I/IT K TOMy, YTO OaXKCE HCKOTOpre yquLIe
3a0y)KJIAl0TCs, YTBEpXKOasi, 4YTO JKW3HB, SKOOBI HJIET C €€

yobiBanueM. UTto OBl yOemuUThCs, YTO OTO JaJleKO HE Tak,
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pPacCMOTPUM HEKOTOPBIE MPOILECChl, MPOUCXOISAIIME B 'KUBOM'
opranusme. Hanpumep, nporuiecc apixanus.

BceM, KOHEYHO, W3BECTHO, YTO [BIIIUM MBI JICTKAMHU.
Jlerkme  mpencraBisAOT  coboi  "mMemok" ¢ BHyTpeHHeH
IIOBEPXHOCTBIO OKOJIO 15 KB. METPOB, I'yCTO NPOHU3AHHBIN CETHIO
KPOBEHOCHBIX COCYZI0B — KanmuIsipoB. OHU BMELIAlOT B ce0sl OKOJIO
3 JuTpoB BO3ayXa. OTH 3 JUTpa BO3AyXa KOHTAKTUPYIOT C
KPOBEHOCHBIMHU COCYyZlaMU Ha TaKOW OIPOMHOM TIIOIIAIH.

Tak KaK KOHIICHTpAIMs KUCIOPOJa B BO3JyXE INMPEBBIIIACT
KOHIICHTPALMIO  KUCJIOpoJa B KPOBH, BTOpPOE  HAYalo
TEPMOJAMHAMUKH "00s3BIBaCT" BO3yX MOJAEITUTHCI UM C KpOBhIO. B
pe3ysibTaTe pa3InIHOW KOHIICHTPAIMU KHUCJIOpPOAa B BO3JIyXe M
KPOBH, BO3HUKAIOIIEE OCMOTHYECKOE JaBJICHHE MPOTAIKUBACT
MOJ'IeKy.HBI Kncnopona CKBO3b HOHprOHI/ILIaeMBIe CTCHKHU
KPOBEHOCHBIX COCY/IOB B KPOBB, HACHIIIAS €€ KUCIOPOIOM.

Hacbimennass ~ KUClIOpoJOM — KpPOBb  Pa3HOCUTCSA 1O
opranu3my. Tak Kak KOHIIEHTpAIHs KUCIOPOJa B KPOBH BHIIIIE, YEM
KOHIIGHTpALlUsI €r0 B MEXKKJIETOUYHOM KUIKOCTH, OCMOTHYECKOE
JABJICHUE BBITAIKMUBACT MOJEKYJIbl KHUCIOPOJa B MEXKJIETOUHYIO
KHUJIKOCTh. AHAJIOTHYHBIM O00pa3oM KHCIOpPOJ IOMAagaeT BHYTPb
KJICTKH, TJ€ YJacTBYET B mMpoleccax e€ KHU3HEACITeIbHOCTH. MBI
He OyneM paccMaTpuBaTh BCE OTH IPOIECCHl, UX OYECHb MHOTO,
OTpaHUYUMCSl JIMIIbL TE€M, YTO B pe3yJbTaTe JTHUX IPOIECCOB, B
UTOT€ MOJTYYaeTCs YTIAECKUCIIbIH Ta3.

OnH HayMHAET HAKAIIJIMBATHLCSA B KJIETKAX M TOYHO TaKHM JKE
o0pa3oM, C TOMOIIBI0 OCMOTHYECKOTO /JABJICHUS, BBIBOJHUTCS W3
opranmu3ma B atMmocdepy. AHAIOTUYHBIE MTPOLIECCHI MPOUCXOAT U B
JIPYTUX OpraHax — KeJayJIKe, IEYeHH, KUILIEYHUKE. . .
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Hpyrue, coaeprkaimecs B BO31yXe I'a3bl, TaK )K€ IPOHUKAIOT
B KpOBb, HO €CIM OHM HE MWCHONB3YIOTCS B IIpoLeccax
KU3ZHEJEATEIIbHOCTH, UX KOHIIEHTpAlMsl B KPOBH MPOCTO OCTAETCS
NMOCTOSAHHOM. C 3TOM TOYKHU 3pEHUSI OYEHB JIETKO MOHSTh, IOYEMY B
JKUBBIX OpTraHM3Max, HECMOTpPS Ha OrPOMHOE KOJIHYECTBO
BO3MOXXHBIX BapHMAHTOB OEIKOBBIX MOJIEKYII, HCIOIb3YIOTCSI BCETO
JUIIb J1Ba JIeCATKa aMUHOKHUCIOT. IIpocTo B cuily IIMTENBHOTO
€CTECTBEHHOT'O 0TOOpA OCTAIMCH JIMIIb T€ AaMUHOKUCIIOTHI, KOTOpPBIE
MOTYT 00pa30BbIBaTh OEJIKH, CIOCOOHBIE yYaCTBOBATh B 3aMKHYTHIX
LIENIOYKAX B3aWMOCBS3aHHBIX U NOJJEPKUBAIOUIMX JPYTr Apyra
IIPOLIECCOB, MPOUCXOMAUIMX B opraHusMe. Bce ocranbHbIe
BapHaHThI IPOCTO OTCEUBAIOTCS HBOJIIOLIMEH, KaK TYmUKoOBbIe. [laxe
Ha 3TOM ypOBHE, T€OpHs SBONIOIMH cTapuKka JlapBUHaA oKazanach Ha
BBICOTE, XOTsI caM JlapBHH, HaBEpHSIKA 3TOTO U HE Mpeioiarall.

A Temepb monpoOyeM pacCMOTPETh C TOUYKH 3PEHUS BTOPOTO
HayaJla TEPMOJMHAMHUKHA MEXaHHM3M JEUCTBUS MMMyHUTeTa. Jlis
ATOTO HaM HY)KHO CHauajia BBIACHHTH, @ YTO )K€ Takoe OO0Je3Hb, C
TOYKH 3peHHS (DU3UKH M TOYEMY SIUJEMUHU HOCAT, B OCHOBHOM,
CE30HHBIN Xxapakrep. ['pumm, Hampumep, CBHUPENCTBYET Bceriga B
Hayvaje 3UMbl. A TJe )X€ OOMTAr0T BO30YIUTENIN TPHIIA BECHOU H
JeTOM?

Mbl He cTaHeM 37eCh IMOBTOPATH CKAa3KU MEAMIIMHCKHUX
PabOTHHKOB O 3JI0BPETHOCTH BUPYCOB, KOTOPBIE TOJBKO U MEUYTAIOT
HaC  3apa3uTh  KakoOW-HUOynp  ApsHBIO, a  oOparumcs
HermocpeAcTBeHHO K ¢u3uke. Ilpuumna, snuaemuii, mo Bcel
BUJMMOCTH, KPOETCSl B KAKUX-TO INIOOAIBHBIX C€30HHBIX SIBICHUSIX.
CaMoe JIOTMYHOE, 4YTO MOJYKHO MPEANOIOKUTh - 3TO OCCHHHE
JAMCTONMabl, MMeole Iio0anbHble MaciuTaObl. Berep Tperuier
BBICOXIINE JIUCThS JIECHBIX MAacCHBOB, 00JIaMbIBA€T UX, NOJHUMAET
B BO3AYX OIPOMHOE KOJIMYECTBO MHUKPOUYACTHL], MOJEKYN, M HX
00JIOMKOB U Pa3HOCHUT Ha OOJIbIINE PACCTOSHHS.
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Mpbl BIBIXaeM BO3/AYyX HACHIIICHHBIM OOJOMKAaMH MOJIEKYJ
PacTUTENILHOTO MPOUCXOXKACHUS, KOJMYECTBO BAPHAHTOB KOTOPHIX,
MOXET ONpPeNeNIATHCA ACTPOHOMUYECKUMH IH(paMu. DTH 00JIOMKH
MOJIEKYJ, C IOMOIIbIO ONHCAHHOTO MEXaHH3Ma OCMOTHYECKOTO
JaBJICHUS TPOHHMKAIOT B KJIETKH M HCIOJB3YIOTCS HMH, Kak
CTPOUTENbHBI MaTepuan npu AeideHud. HykHO 3aMeTuTh, 4TO
MPAKTUYECKH JII000H OOJIOMOK OpraHMYeCKOW MOJIEKYIIbI, TONaB B
JIETKUE, OOBOJIAKMBAETCS OEJIKOBOM CIIM3BIO, HAXOMAIIEHCS TaM, U
IpeBpalaeTcs B NOJHOLEHHBII BUPYC.

OOJIOMKH MOJIEKYJ, €CTECTBEHHO, HE HMEIOT MEXaHH3Ma
NIEJICHUS], I03TOMY OHU HE PA3MHOKAIOTCS U HE MYTUPYIOT, KaK HaM
aBTOPUTETHO  3aJMBAIOT  MEAMIIMHCKHE  cBeTmina.  Kierku,
WCIIOJB3YIOLIUE 3TH BUPYCHI B KAUECTBE CTPOUTEIHLHOTO MaTepHaia,
[0 CyTH, CaMH UX U Pa3MHOXKAIOT, B PE3yJbTaTe€ 4YEro, TEPSIOT
CIOCOOHOCTh y4acTBOBaTh B 3aMKHYTBIX LUKJIaX
MOJIEP>KUBAIOIIUX JIpYyra MPOLIECCOB B OPraHU3Me U MOTUOAroT.

Hanpumep, Takas crpamHas Oone3Hb, KakK pak,
CTOINPOLIEHTHO TMPUBOAMT K JIETAJbHOMY HCXOOy, TakK Kak
npejncTaBisieT  co0oil  pa3BUTHE  TYNHUKOBOTO  Ipoliecca,
BBINA/IAOIIEr0 U3 LEMOYKH B3aUMHO MOAJIEPKUBAIOIINX IPYT Ipyra
nporeccoB. I cMepTh HOCUTENS paka, B 3TOM cllydae, SBIsETCH,
BO3MOXXHO, 3allUTHBIM MEXaHH3MOM OJBOJIOIHH. MexaHu3ma
MMMYHHTETa K PaKy HSBOJIIOIHS HE CMOTJa WM MPOCTO eIle He
ycrena BeIpaboTaTh, U 3TO, BUAUMO, MPUACTCS CIENATh YEIOBEKY,
TaK KaK CIaceHHE YTOMAIONINX — 10 PYK CAMUX YTOIAOIIUX.

Takum o00pa3oM JeUUTh pak Hayraja, Kak 3TO JIEIaercs
ceifyac, MPaKTUYECKU OECIONIe3HO, TaK KaK IMOKa HEU3BECTEH caM
MEXaHM3M €ro JeHCTBUS, XOTS OH HaBepHAKA JIEKUT Ha
MOBEPXHOCTU. A TaK >X€ TOYHO HEH3BECTHBI U BEILIECTBA,
CHOCOOHBIE HAPYIIUTh MPOILECCHl HOPMAIBHOIO JIENEHUS KJIETOK U

HampaBUTh WX IO TYMUKOBOMY NyTH. XOTs, B IPHUHLHUIE, CaM
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MCXaHU3M HUMMYHUTCTA, MAOOCTATOYHO MNPOCT U OCHOBAH Ha
HCKIIIOYCHHHU 3TUX BCUICCTB UJIM BUPYCOB U3 ITPOLCCCOB ACTICHUS. J41
MCXaHU3M OITOT, TaK XK€ OINpCaACLICTCA BTOPBIM Ha4daJloOM
TEPMOANHAMHKH.

A TIPOMCXOIUT 3TO ciexyromuM obpaszoM. Opranudeckue
BCIIIECTBA, IIOMABIIME€ B OpPraHU3M, ' CTUMYJIUPYIOT' €ro Ha
BBIPA0OTKY, TaK HAa3bIBAEMbIX AHTHUTEI, MOJIEKYJIbl KOTOPBIX, UMEs
"3epranbHy0" KOH(DHUTypamuio, JErKko COCAMHSIOTCS C OITUMHU
BeniecTBaMu. TakuM 00pa3oM, MOJIEKYJdbl OSTHX BEIIECTB,
YBEIMYMBAsACH B O0BEME, YK€ HE MOTYT INPOHUKHYTH CKBO3b
MeMOpaHbl KJIETOK, M MOCTENIEHHO BBIBOJATCS W3 opranusma. Bce
3TH MPOLECCHI MPOUCXOISIT TaK Ke aBTOMATUYECKH, B CHIIY BTOPOTO
Havaja TePMOIUHAMUKH.

A BOT Kak paloTaeT 3TOT MEXaHU3M CTUMYJSIUH U
0o0pa30BaHUsl aHTHUTEJ, YYeHbIE eIIe JA0Jr0o OyAyT BBISICHATE.
[Toromy uTO OHM, BUJAS TOJBKO BEpIIMHY aiicOepra Bce Bpems
OBITAIOTCST  OOpOTBCA CO  CIEACTBUSAMHM, HE IIOHHMMAs, YTO
OJIMHAKOBBIE CIIEJCTBUS, MOTYT OBITh INOPOKIEHBI, COBEPLICHHO
Pa3HBIMH U HEITOXOKMUMH IPUYNHAMMU.

Ecnm HeMHOTro Hampsyb MO3TH, TO CTAHOBUTCS COBEPIIIEHHO
OYEBHIHBIM, YTO, COOCTBEHHO, MPEACTABIISICT COOOM ATa CTpaIIHas
6ose3Hb. OTHAKO €CTh HEOOJIBIIONW HIOAHC, IIOHWUMAHMsI KOTOPOTO,
MeauKaM B Onwkaiinee BpeMs, €lIBa JIM yIacTCs JOCTHYL. A
3HAUUT, [0 HEBEIEHUIO "OONbIIMX' YUYEHBIX, HAyKa eIle JOJITO
OyZIeT CTOSITh Ha TOJIOBE.

I'maBa He 3akonuyeHa. OHa OyJeT OmyOJMKOBaHA MO3HEE
€CIM  TPEICTABUTCS  BO3MOXKHOCTH  TPOBEPUTH  HEKOTOPHIC
JIFOOOMBITHBIE JOTAIKH. ..
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15. OKU3HM U

CMEPTU
Kak mnumyr B HayyHOM nuTepaType, 3HTPONHS — 3TO
CTpEMJIEHME MaTepuM K Xaocy. XOTA Ha CaMOM Jele — 3TO

onpeJielIeHue JO0CTaTOYHO PaCIUIbIBUaTOE M MAJOMOHATHOE, BEIb
KaK-TO HEJIOTMYHO Ha3BaTh XaOCOM COCTOSTHHUE PaBHOBECHSI.

Ho kak ObLIO MOKa3aHO BbIllE, 3aKOH BO3PACTaHMS
JHTPONUH TNPOCTO  0O0sI3bIBaeT MAaTepPUIO, HeNpPepbHIBHO
YCIOKHATHCS.

[MoaTBepxkneHueM 3Toro (Qakrta sBISETCS HaTUYHE B
MPUPOJIC MHOXKECTBA OOBEKTOB PA3IMYHON CIOXKHOCTH, OT aroma
BOJIOPOJA, /10 aTOMOB TPAHCYPAaHOB M OTPOMHBIX OPraHUYECKHX
MOJIeKYJl. B MpPOTHBHOM ciy4ae, 3BOJIONUS BCEIECHHOW ObuIa ObI
HEBO3MOKHAa. VIMEHHO dSTH MEIJICHHBIE W  HENpPEPHIBHBIC
YCIIOKHEHUS B TE€YCHUH MHOTHUX MIJLIHAPAOB JIET, U TNPHUBEIH K
MOSIBJICHUIO  BBICOKOMOJICKYJIIPHBIX ~ OCIKOBBIX COCIUHCHHH U
AMUHOKHCIIOT, a B TOCIEACTBUU, U K OOPa30BaHUIO CIIOKHEHIIMX
OMOJIOTMYECKUX OPTaHU3MOB, KOTOPBIE Mbl HA3bIBACM KUBBIMH.

VYyensle W (QuIOCOpBHl HACOUMHSUIIA yXKE MHOMKECTBO
onpeeIeHUN MOHATHUS )KU3HU, OJTHAKO, HU OJHO U3 HUX HE MOXKET
OBITh UCTUHHBIM, ITIOTOMY YTO MIPOBECTU TPAHUILY MEXKY KUBBIM H
HEXKUBBIM TaK K€ HEBO3MOXHO, KaK HEBO3MOXHO OTACIUTH
MIPOBOJIHUKHU OT JUAJIEKTPUKOB. [ paHuIla 3Ta Bechma yCIIOBHA, U €€
MOXHO TIPOBECTH TJ/I€ YrOJHO, B 3aBUCHMOCTH OT TPUHATHIX
KPUTEPHUEB ONPEICIICHUS KUBOTO.

7Ku3HH, KaK TaKOBOM, B IPUPo/e BOOOIE He CYIIeCTBYeT
— 3TO0, NPOHU3BOJIBLHO OIpe/ieJIeHHbIi YPOBeHb OPraHU3aluH,
WM CJIOKHOCTH CTPYKTYpbI MaTepun. Ilotomy uTo, 1axe Takas
BBICOKOOPTaHM30BAHHAS MaTepHsi KaK MO3I, COCTOHUT, IO CYTH,
13 O0BIYHBIX 'MEPTBBIX aTOMOB H MOJIEKYJI.
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A, cienoBaTelbHO, HE CYLIECTBYET U CMEPTH, Kak
(U3NUECKOro yHUUTOXKEHUS HekoW "xuBoil" marepuu. CmepTh —
9TO Takas K€ 3aKOHOMEpHas U HEOThbEeMJIEMas COCTaBHAs 4acTb
nporecca 3BOJIIOLUU. OTO OCTAaHOBKA BCEX B3aMMOCBSA3aHHBIX
IPOLIECCOB OPTaHU3Ma, B pe3ysbTare cO0sl OTHOTO MM HECKOJIBKUX
U3 HUX, U3-3a HEN30€KHOIO0 HAKOIUIEHHs OIIMOOK B MEXaHU3MeE
JIEJIEHUs KIIETOK.

be3rpamoTHbIe 3asABICHUS HEKOTOPBIX YUYCHBIX O TOM, YTO
">)KU3HB", SKOOBI, HE MOJUYMHSACTCS BTOPOMY Haydaly W HACT C
yOBIBAaHUEM DHTPOIHH, HE UMEIOT MOl OO0 abCOMOTHO HUKAKUX
OCHOBaHUH, TaK KaK TaKHUe MPOIECCHl HEBO3MOXKHBI B PUHITUTIE.

Henonunmanue cytu npoiiecca 3BOJIIOLMHA MaTEPHUH, IPUBEIIO
K COYMHEHUIO TEOpHUM, O KAKOM-TO CIy4YallHOM BO3HUKHOBEHUHU
OCNKOBBIX MOJIEKYJT B Ppe3yJibTaTe »JJICKTPUUECKUX pa3psIoB B
atMochepe. XOTs pa3psiibl M Wrpalid OMPEICIIEHHYIO pOJIb B
CUHTE3€ OPTaHUYECKUX BEIIECTB, HO OHU OBLIM MPOCTO OAHUMH U3
MHOTOYHUCJICHHBIX OJIATOMPUITHBIX (PAKTOPOB, CIIOCOOCTBYIOIINX
3TOMY mporieccy. EcTecTBeHHO, YTO CHHTE3 BBICOKOMOJIEKYIISPHBIX
coeuHEeHuH, Hanboee MHTEHCUBHO MPOTEKadl MMEHHO B TEIUIBIX
OOJIOTUCTBIX ~MECTHOCTAX, TPOIMUYECKUX U CyOTpPONMUYECKUX
obnacteld 3eMHOro Iapa, TJ€ CYIIECTBOBAIH OJarompUsTHHIC
TEMIIEpPAaTypHbIC  YCIIOBUSA, OTKyJa M Hadaja paclpoCTPaHSATHCS
YKU3HbB.

N eme ogHo Gomnbinoe 3a0iyxaeHUE OHMOJIOTOB, COCTOUT B
TOM, 4YTO MHOIu€ M3 HUX CUHUTAKOT MPOLECC ISBOJIIOLNUA
nocienoBarenbHbIM. TO €cTh, MO WX MHEHHUIO, (OpPMHUpPOBaHHE
PA3JIMYHBIX BUJOB OPTraHU3MOB IIPOUCXOAUIIO IMMOCIICA0BATCIIBHO, OT
CaMbIX TPUMHUTHBHBIX CYIIECTB, CKaXeM, 4YepBeH U 10
miiekonuTaonmx. Ho majgeoHTomornyeckas JETOMUCh TOBOPUT
COBEpIIEHHO O JpyromM. Bce BHABI KHBBIX CYIIECTB — 3TO

CaMOCTOATCIIBHBIC TapalJICJIbHBIC BETBU, IOSABUBIIHUCCA Ha 36MHC,
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o TICOJIOTMYCCKUM MCPKaM, IMPAKTUYCCKH OAHOBPCMCHHO, TO
HUKAKUX MPOMCKYTOYHBIX 3BCHBCB B MNPHUPOAC HHUKOIJa HC
CYIIECTBOBAJIO U CYIIECTBOBATh HE MOI'JIO.

Bonee Toro, mpoBo3riamieHHbIH JAPBUHUCTAMHU MPUHIAIN -
"BBDKMBACT CWJIBHEHIIUWI', MPUPOAOH HE HCIIONIB3YETCs, IPUpOa
BIIOJTHE JIOBOJILCTBYETCSl MPUHIIMIIOM - 'MOTHOaeT ciabeimmii’, B
MIPOTHBHOM CITy4ae, YEIOBEK Pa3yMHBIM HUKOT1a ObI HE MTOSIBHIICS.

Jlpyrumu c0BaMH, MPOLECC 3BONIONHUUA — 3TO MHOXKECTBO
HapajyIeNIbHbIX IPOLIECCOB  YCIOXKHEHHUS CTPYKTYpPbl MaTepHH.
YenoBek HUKOIJa HE MPOUCXOAMI OT 00€3bsHbl, W NTHILIBI,
HECMOTpPs Ha CXOXKECThb IPOLECCOB Pa3MHOXKEHHs, HE MOIJIHU
MPOU30MTH OT 3€MHOBOJHBIX. Bce BUABI KMBBIX OpraHU3MOB
(bopMHpOBATUCH YCIOBUSMH cpenbl oOuTanusi. B BomHOi cpene
sBOJIOIUS chopMupoBana Bce MHOrooOpasue pplO, Ha cyme —
CYXONYTHBIX KHMBOTHBIX M NTUL. [lpudeM HEKOTOpBIE BHIBI
"CyXOnyTHBIX" >KMBOTHBIX OJHOBPEMEHHO 'HAyYMJIUCh JKUTh B
BOJI€, @ HEKOTOPbIE BOJIHBIE OPraHU3MBbl — Ha CYIIIE.

lenmit [lapBuHa TOHSUI W OOBSICHHI OOIIMA MEXaHHW3M
BO3HUKHOBEHHUS U 3aKPEIJICHUS TOJE3HBIX U OTCEMBAaHUS BPEIHBIX
npu3HakoB. Ho mporiecc mpoucXoxICHUS BHIOB KMEET MEXaHH3M,
OYCHb CXOXKHHA C MEXaHU3MOM CIICIHATU3AIUN  KJICTOK IIPH
BHYTPUYTPOOHOM pa3BUTHH IuIoga. OH ONpenesseTcss He CTOJIBKO
CBOMCTBaMH KJIETOK, a CKOJIBKO YCIIOBHUSMHU CPEJIbl, B KOTOPOU OHH
pazBuBaroTCs. M B 3THX chydasx Tak k€ padoTaloT MpPOCTHIE
(bu3nUecKre 3aKOHBI U 9YTOOBI ATO MOHSATH, YK€ HEAOCTATOYHO OBITH
Ouosiorom, a HYXHO ObIThb eme W ¢uzukoM. M moka Hayka
pasneneHa Ha 000COONEHHBIC [UCHUIUIMHBI, TIOHATH 3TO, B
Ompkaiinee Bpemsi, OyJIeT 3aTpyTHUTEIBHO.

Bor Takoil XapakTepHBIM IPUMEP. YUEHBIE COBEPIUCHHO
yBepeHsl B ToM, 4to B Modekyne JIHK, sko0b1, 3amucana
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uHpopmanus 000 BceM OpraHu3Me, M Pa33BOHWIM HAa BECb MHP O
pacmnppoBKe I'€HOTHIIA YellOBeKa, YK€ B KOTOPBIM pa3, obemias
co37aTh BBICOKO3((EKTUBHBIE JIEKApCTBa OT JIFOOBIX OoJesneit. U
Jlake TIONyYWJIM 3a 3TO HOOENIEBCKHE INPEMHUH. XOTSA HHUKAKHX
JeKapcTB 10 CHX HOp HET W B moMmuHe. M Mamo KTo 3HaeT, 4To
TEHOTHUI YENIOBEKa, IOYTH HE OTIMYACTCS OT I'€HOTHUIA KPYIJIOro
YyepBs. YUCHbIE MOKAa HUKAK HE MOTYT B35Th B TOJIK, ITOYEMY K€
95%renoB "Momyar” u He paboTaIoT.

B peansnoctn ke monekyna JIHK mpeacraBmser coboit
BCEro JIMIIb (GopMy A "IITaMIoBKU' MoJseKynbl Oenka. dopma
3Ta COCTOUT M3 ABYX 'TMOJOBHUHOK' — MAaTEPUHCKON M OTILOBCKOM,
no3TOMy OeJoK "OTIITaMIoOBaHHBIN" B 3TOH " Qopme” He MOXOK,
HU Ha MaTEpUHCKUI, HU Ha OTLIOBCKHUM, M HE COBMECTUM HU C TEM,
HU ¢ JpyruM. YTo [Jis MEOUIUHBI SIBISETCS TOBOJBHO OOJBIION
poOIeMOii TIpHU TepecajKe OpraHoB. A crienu(pUKaus KICTOK IPH
BHYTPUYTPOOHOM Pa3BUTUU OpraHU3Ma HUMEET COBEPILEHHO APYroi
MEXaHM3M, MOHSITh KOTOPBIM, C HAUIMMH IPEACTaBICHUSIMH, €IIe
noJiro Oy/IeT He 10 3y0aMm.

Tak 4T0 HOOENEBCKUE MPEeMHUH OBLIU MOTYYEHBI, TIO CYTH, 3a
MbutbHBIE Ty3bIpu. JIHK — 31O mpocto dopma 11 M3roToBICHUS
"KMUPIMYUKOB", M3 KOTOPBIX (popMupyeTcs opraHusM, a J1odomy
3/1paBOMBICIISIILIEMY UYEJIOBEKY COBEPLIEHHO SICHO, YTO apXUTEKTypa
3/1aHUs ONpeAETseTCs, OTHIOAb HE POPMOl KUpIHYeHd. ..

Kak yxe ObLIO CKa3aHO BBIIIE, Pa3BUTUE OpPraHU3Ma, W HE
TOJILKO BHYTPUYTPOOHOE, TMOAYMHEHO TMPOCTHIM (PUINIECKUM
3aKOHaM U OOYCIIOBJICHO CBOWMCTBaMH CpeIbl, B KOTOpPOM
MPOUCXOAMUT MpoIecc ero pa3putus. OmucaTh 3TOT Mpoliecc, Ha
KOTOpBI Yy TPUPOJBI YILJIO OrPOMHOE KOJMYECTBO BPEMEHU B
HeOOJIbIION cTaThe HEeBO3MOXKHO. Ho camoe Havamo u oOmmii
MPUHILIMII MOKHO MOMpPOOOBaTh OMKCATh, TeM OoJjiee 4TO MpUpoaa
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HEM3MEHHO TIOBTOPSAET €ro NpHU BHYTPUYTPOOHOM DPa3BUTUHU
Ka)KJI0r0 HOBOT'O OpraHu3Mma.

HauneMm c Toro, 4ro marepuHcKas M OTLOBCKas IOJOBbBIC
KJIETKH, COCIWHUBIINCH, OOpa3ylOT KIETKY, OO0JaJaollyto
CIIOCOOHOCTBIO ~ JICNIUTHCSA, W KOTOPYH y4Y€HBIE HAa3bIBAIOT
cTBOJIOBOM. [IuTanme oOHa mMoJydaeT OT IUIALEHTHI, K KOTOPOU
npukperieHa. [lo Mepe yBenmnueHus MX KOJUYECTBA B PE3yJIbTATe
NENCHUS, KJIETKH, HaXOMSIIMECs Maiblle OT IJIAICHTHI, MOTy4YaoT
MEHBIIIC THUTATEIBHBIX BEIIECTB M  BBIHYXICHBI YaCTHYHO
WCIIOIb30BaTh MPOJAYKTHI KU3HEAEATEIbHOCTU COCEIHUX KIIETOK,
KOHTAKTUPYIOIIKUX HEMOCPECTBEHHO C TUIALlCHTOM.

YTo M NPUBOIUT K BO3HUKHOBEHHIO MEXAY HUMH TaKOI'O
ABIICHHUS, Kak cuMOM03. Kpome TOro KJI€TKH BBIHYXJIEHBI
IpYyNIUPOBATHCS B HEKOE 1M0100Me KaHala, JUIsl TOro, YTOObI ObLIO
Jerdye Mo HeMy IMOJy4aTh MUTaHWE OT IUJIALlEHTHl. DTOT KaHal, B
nanpHelmeM, u o0pa3yeT MyHNOBHHY, BOKPYI KOTOPOH HAaYMHAIOT
(bopMHpOBAThCS OCTAlbHBIE OPraHbl — JKEIYIOK, JIETKUE, NE€YEHb,
CepAle U Ipyrue.

Jloka3aTenbCcTBOM TOTO, 4TO (POPMUPOBAHUE OpPraHHW3Ma, B
OCHOBHOM, OOYCIIOBIICHO CpPeIIOH, B KOTOPOW OH pa3BHBACTCs, a HE
kakoi-To Tam "3amuceio” B JJHK, MoxeT ciykuTh TOT ¢akr, 4To y
OJIHMX W TE€X XK€ POJUTENIEH MOTYT POXKIAThCs, KaK "HOpMalbHBIC"
JeTH, TaK U JICTH C PA3JIMIHBIMUA YPOJCTBAMHU.

Ecmm Ob1 mporpamma pasButus Obina "3amucana’ B JIHK
KJIETKH, TO CYIIECTBOBaja Obl BO3MOXXHOCTH BBIPAIIUBATH JKUBBIC
OpraHu3Mbl U3 E€IUHCTBEHHOW €ro KIJIETKH, B MpoOOHpKEe ¢
MUTATENBHOM cpefoil. I moTOMCTBO, BBIpAalIEHHOE U3 OJMHAKOBBIX
KJIETOK OBLITO ObI A0COTIOTHO UACHTUYHBIM, HO B PEATHHOCTH TaXKe
OJM3HEIIBI HIMEIOT 3aMETHBIE OTJIMYUS APYT OT APYTa.
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Jlnst Toro, 4ro OBl KUBOW OpPraHu3M MOT ChPOPMHUPOBATHCS
U3 €MHCTBEHHOH KJIETH, HE0OXOAUMO KOE YTO €Ille, a UMEHHO TO,
9TO UMEET KaKaas )KeHIIMHA —3TO MaTKa...

Orta rj1aBa He 3aKOHYEHA. ..

*k%k

"XXu3Hp" - 3TO YHCTO OBITOBOE PEIMTHO3HOE TOHSTHE,
O0OYCIIOBJICHHOE JOPEeMYYHM 3a0JIyXIE€HHEM, YTO B MaTepUaIbHOM
TEJE YeIOBEKa CYIIECTBYET HEYTO HEMaTepHalbHOE, KOTOpOE U
nenaet ero »kuBbIM'. Ha camoM ke nene, KMBOM OpraHu3M — 3TO
OpocTo  OMONOTMYECKMHA  MeXaHu3M, C(HOPMHUpPOBABILUICST B
pe3ynbrare JJIMTENbHOW HBONIONMH MAaTEpPHH, B KOTOPOM
NEHCTBYIOT MHOYKECTBO aBTOMAaTUUYECKHX, B3aMMOCOTJIACOBAHHBIX H
MO TYUHSFOIITUXCS TIPOCTHIM (PU3MUECKUM 3aKOHAM, MPOIIECCOB.

Ero BmonHe MOYHO CpaBHUTh, HapuMep, ¢ pabOTaroIUM
JBUTATEIEM  BHYTPCHHETO  CropaHusi, B KOTOPOM  TaKke
OCYILIECTBISIIOTCA aBTOMAaTUYECKUE IIPOLECCHI — ITONAETCS FOproYee,
CMEIMBAETCA C BO3JYyXOM, CKMMAeTCs B LWIMHIApAaX, B HY)KHBIN
MOMEHT 3aKpbIBAIOTCA KJIANIaHbI, CMECh MOJKUTACTCA U TaK Jajee.
JlocTarouHo HapymUTh XOTS OBl OAMH M3 HHUX, KaK JBUTATENb
3aria0xHeT. To ecTb yMper.

To e camoe MpPOUCXOAUT U ¢ JMOOBIM opranuzMom. COoit
OTHOTO  WJHM  HECKOJIBKMX  TpPOIECCOB,  HapymaeT  HX
COIJIACOBAHHOCTh, OTTOYCHHYIO MHUIMOHAMM JIET 3BOJIOLUH, U
OpUBOAUT K ero ocraHoBke. IlpaBma aBurarens  JIeTKo
peaHUMUpPOBaTh, AOCTATOYHO 3aMEHUTh KakKHe-TO JeTalld WM
HOYHUCTUTh KOHTAKTHI, YTO C OCTAHOBHMBIIMMCSI OpPraHU3MOM HeE
BCEr/Ia MOJXET TMONy4uThes. IloToMy dYTro B OHOIIOTHUECKOM
OpraHm3Me, IOYTH cpa3y K€ HAuMHAIOT MpeodsafaTh JApyrue
IPOLIECCHI CHHTE3a, JeNAfONINe PEaHNMAIIHIO HEBO3MOXKHO.
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Teno yenoBeka, Tak ke Kak | JIIOOOTO JPYroro XMBOTHOTO,
0 CYTH, TMpPEACTaBIseT co0oi CcooOmecTBO WiIH CcUMOUO03
MHO)KECTBA MHOTOKJICTOYHBIX OPraHU3MOB (OpPraHoB), KOTOpBIC
BO3MOYKHO KOT/Ia-TO M MOIJIM CYIIECTBOBATh ABTOHOMHO, HO B
nporecce SBOJIONUN OOBEIUHWINCH U Pa3BUBAINCH COBMECTHO,
HaBCeT/Ia MOTEePSIB CaMOCTOSTENILHOCTE. [10 CyTH, 3TO TOT ke camblii
CHHTE3, TOJILKO Ha 00Jiee BHICOKOM YPOBHE OPraHU3aIlMN MAaTePUH.

MexaHu3M JOEUCTBUS CHMOMO3a JIOCTATOYHO WPOCT JIs
noHuManus. J[Ba win Oojiee OpraHM3MOB, CBS3aHHBIX CUMOHO30M,
UCIIOJIE3YIOT OOJIBIIYIO YaCTh MPOIYKTOB )KU3HEACATEITLHOCTU JIPYT
apyra (OTXOIbl WM, MOMPOCTY KaKallKWh), KaK CTPOMTEIbHBIN
Matepuan Uil ceOs, YTO B WTOT€ NPUBOJUT K YMEHBIICHUIO
MOTpeOJIeHUsT THIM W DHEPrUU U3 OKpYKaWIIeH cpenbl W,
COOTBETCTBEHHO,  OOJbIIEH  HE3aBUCUMOCTH  OT  BHELIHUX
MPUPOIHBIX YCIOBUU.

Hanpumep, mnuBO, KOTOpOE€ OYEHb JIIOOSAT MHOTHE
MPEACTABUTENN YEJIOBEYECKOr0 poja, 23TO, IO CYTH, OTXOIBI
KU3ZHEICSITCIIbHOCTH OaKTEepHil MUBHBIX APOXoKer. ChIp — OTXOBI
HEKOTOPBIX IJIECHEBBIX TPUOKOB. B mipupoe, mpakTHYecKu, HUIero
HE TIPOIIaiaerT.

XKemynas xemeza  (My3bIpb), HAIpHMEP, HCIOIB3YET
IPOYKTHI KU3HEACITEIBHOCTH JKEeIyJIKa M, B Ka4eCTBE OTXO[OB,
BBIJICIISIET JKEIT4b, KOTOPYIO JKEIIY/IOK, B CBOIO OYepe/ib, UCTIOIB3YET
1Sl IepepaboTKH HEKOTOPBIX MPOIYKTOB MHUTaHMs. Ecinu ymanuth
U3 OpraHM3Ma JKEIYHBIH MY3bIph, IKEIYAOK HE CMOXKET
UCIIOJIb30BAaTh HEKOTOPHIC BEIIECTBA, B PE3yJIbTAaTe YErO, YEIOBEK,
XOTS U OyIeT >XuTh, HO OylIeT BBIHY)XIEH OTpaHUYHUTh ceOs B
yIOTpeOIeHNH HEKOTOPBIX BHJIOB ITHIIH.

[ToBpexxaeHue cepalna HEMEUIEHHO IPUBOJUT K CMEPTH, TaK
KaK Ceplle BBIIOJHSIET OYeHb BaKHYIO (YHKIMIO IO TEepeKauke
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KpoBu. W XoTs 3Ta QyHKIMsS OUYeHb BaKHA, OHA, TEM HE MEHee,
JIOCTaTOYHO TMPOCTA, U MOATOMY CEpJIle BIOJIHE MOXHO 3aMEHUTHh
MEXaHHYECKUM TPOTE30M — MPOCTHIM HacocoM. UTo, cOOCTBEHHO,
YK€ JOBOJIBHO YCIICITHO JCJIAl0T MEINKH.

[ToBpexeHre neyeHu, Tak k€ CMEPTENIbHO OIMACHO, TaK KaK
IPOAYKTHI (OTXO0/IbI) €€ JKU3HEACITEIbHOCTH — 3TO KPOBb, KPacHbIE
KPOBSIHBIE IIAPUKU KOTOPOM, HCHOJIB3YIOTCSI OPraHU3MOM B
KauyeCcTBE IEPEHOCUUKOB Kuciaopoja. be3 meueHu, mnepecTaHeT
OOHOBIIATBHCS KPOBb, @ ATO OUYEHb OBICTPO TPHUBEIAET K COOI0 U
OCTaHOBKE OY€Hb MHOTHMX IPOLIECCOB B OPraHU3ME U €r0 CMEPTH.
[ToaToMy 3aMeHUTH TEUYEHb, KAaKUM JIMOO YCTPOWCTBOM, €IBa JIU
nonyuutcs. Tem Oonee, YTO IUIa3Ma KpPOBU HCIOIB3YeTCS
OpraHM3MOM, eIle © Kak pabodee TeIO0 B MEXaHU3ME
TEPMOPETYJISIIUH.

Korma ydeHsle CMOTYT MOHSTH, Kak pabOTarOT OpraHbl
HAIIeTo TeNa, TO 0e30 BCAKHX PacHIM(PpPOBOK HECYIIECTBYIOMIETO
TeHETUYECKOTO KOJa, TMOSBUTCA BO3MOXHOCTh CO3JaBaThb OYEHb
s dexTuBHBICE JIEKApCTBa OT pPa3aUYHBIX OoJje3Her. XoTd
MOJIHOCTBIO U30ABUTHCS OT HUX, YEJIOBEUECTBY HE yJIACTCSl HUKOT/A.
OCTaHOBUTH 3BOJIIOLIMIO MATEPUH HEBO3MOXHO, @ BOSHHUKHOBEHHE
00J1e3HeN —HTO MPUHIMITHAIBHO 3aKOHOMEPHOE €€ CIIeACTBHUE.

Jlornueckoe pa3BUTHE €IMHOW TEOPHH, HEU30EKHO
MPUBOJIUT K COBEPUIEHHO OIICJIOMIISIOIIEMY BBIBOIY, YTO TO, YTO
MbI Ha3bIBae€M 'KH3HBIO", HE ABJISICTCS YEM-TO MCKIIIOUMTEILHBIM U
TaWHCTBEHHBIM, a SIBJIAETCS MPOCTHIM U 3aKOHOMEPHBIM CIIEJICTBUEM
mpolecca  JBOJIOLMM  MaTepud  BCeleHHOW. M Tombko
HEIIOHMMAHHUEM 3TOr0 OOCTOSTEILCTBA OOBSACHICTCA TO, YTO EIIE
MHOTHE YYE€HBIE JI0 CHX TMOp OE3yCHeIIHO TMHITAIOTCA HaAWTH
pa3rajKy OTJIWYUS MUBOTO OT HEXHUBOrO, MO CYTH, JIOMSCh B
OTKPBITYIO 1Bepb. [[OTOMY 4TO TaKOro OTJIUYHUS MPOCTO HET.
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HeBexxecTBO W mToOKa emie JeTCKas OTrPaHUYCHHOCTh
YelIOBEYECKOr0 pa3yMa IMpHUBEIa K BO3HHUKHOBEHHMIO CKa30YHBIX
VU4EHHH O HEKOEM BBICIIEM CYIIECTBE, KOTOpPOE, KaKHUM-TO
HEBEPOSITHBIM 00pa3oM, CO3JaJI0 3Ty BCEJICHHYIO W 'COTBOPHIIO"
Bce 'KMBOE', TOMECTHB €ro Ha IUIaHETy C KOMGpOPTHBIMU
YCIIOBHSIMHA TIPO’KUBaHUSI. AOCYPIHOCTh 3TUX YYCHHH CTaHOBUTCS
O‘IGBI/II[HOI‘;I, CCJIM 3aAaTb aBTOpaM MW HUX TOCICAOBATCIISIM Iapy
MIPOCTHIX BOTIPOCOB.

Bonpoc nepBblii: a 11 4ero, COOCTBEHHO, BCEMOTYIIIEMY
CYLIECTBY, KOTOPOE€ HU B YE€M HE HYXKAAETCsd, ITOT I'E€MOPpOHl ¢
4eJI0BEYECTBOM, KOTOPOE TOJIBKO U JENIAET, YTO NOCTOSHHO BOIOET,
rpabut u yousaet npyr apyra?

M Bompoc BTOPOM: a 4YTO, Yy 3TOTO BCEMOTYILETO CYIIECTBA
HE XBAaTWJIO YyMa pEHIUTh O3TH NPOOJIEMBI €Ile Ha CTaauu
MPOEKTUPOBAHUA?

OTcyTCTBI/Ie OTBCTOB HA 3TU MPOCTHIC BOIIPOCHI JOKA3bLIBACT,
9TO 3TO BCEMOTYIee CYIIecTBO, He Ooiee deM TIoa yOoroi
daHTa3zuu TMIOJEH, CO3IaBIIUX €ro Mo cBoeMy o0pa3y U Moa00wHro.
Beputh B TO, YTO 3TO BCEMOTYyIIEe Pa3yMHOE CYIIECTBO MOXKET
OBITh MPUMHUTHBHBIM M JKECTOKUM, KaK MEPBOOBITHBIA IHKAPh, B
BBICIIICH CTETIEHH HEJICTIO H OECCMBICICHHO.

Bonee Toro HecMoTpsi Ha TO, YTO 3TO CYIIECTBO OOEIIAET
JIIOJIIM BEYHOE OJIAKEHCTBO B 3arpOOHOM MUPE, HUKTO MOYEMY-TO
O0COOCHHO HE TOPOMMTCS BOCIIOJIB30BATHCSA 3TUM OOCTOSITEIILCTBOM,
a COBCeM Jaxke HAao0OpOT, OYCHb MHOTHE Yy4YeHbIE OBIOTCS HaJ
pazpaboTKOit METOJIOB MIPOITICHUS CBOETO OpEeHHOTO
CYH_IGCTBOBaHI/IH, Ha 3TOM CBCTC. HBITEUICI: HO‘IeMy-TO, KaK MO>XXHO
JOJIBIIIC OTT}IHyTB MOMCHT HOHy‘-IeHI/IH BCYHOI'O 6J'Ia)K€HCTBa. I[J'DI
3TOT0 Jaxe HpI/I,Z[yMaHBI KpI/IOFeHHBIe KaMepBI, rac SaMOpO)KeHHLIG
TPYIBI BXKHBIX (C UX TOUKH 3pEHHSI) 0C00, OYAYT XPAHUTHCS 10 TEX
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Iop, IMOKa 4YCIOBCUCCTBO HC HaﬁI[GT crmocoba BBUIEYUTL UX U
OXUBUTD.

A 9TO BCE MOTOMY, YTO JlaXKe camble TIyOOKO BEpyYIOIIUe
penuruosHele  (aHaTHKM, B  TIAyOMHE  JyIIM  OCO3HAIOT
HEU3BECTHOCTH, KOTOPAsi OKUAET UX MOCIe CMepTH. Benp uenoBek
co3ngan cebe Oora MMEHHO W3 CTpaxa CMEPTH, I COOCTBEHHOTO
ycrmokoeHus. M nake MOJAHMMAsCh IO JICCTHHIIC IO3HAHUS, OH
MIOCTOSTHHO COBEPIICHCTBYET CBOKO TIPUTYMKY.

BMecTo BeTX03aBETHOrO ¥ NPHUMHTHUBHOTO OOXECTBa,
Termepp B MO3raX MHOTHUX IICEBIIOTPAMOTHBIX  BEPYIOIINX
burypupyer yXe HEKWH, BIOJHE "HAy4YHBIM', BBICHIMH pazyM,
oburtaromuii MO0 B TIyOMHAX BCEJIEHHOH, JMOO B KaKOM-TO
[apaJuleJIbHOM MHUpPE, U KOTOPBIM, I[O-BUAMMOMY, OT CKYKHU
3aHUMAsICh KUBOTHOBOJICTBOM, CO3/all Y€TIOBEKA B KAKUX-TO CBOUX
HCIIOHATHBIX U 3araoO4HbIX ILICIAX...

"XKu3Hp", Kak yxe ObUTO CKa3aHO, ATO CIEACTBUE Ipolecca
HBOJIIOIMM MAaTEpUU U TIPOLECC 3TOT OECKOHEYEeH. A jKelaHue
OPOAJUTh TO, YTO YKE€ caM0 Mo ceOe OECKOHEYHO, TIyNo u
0ECCMBICIIEHHO.

Kaxnpiii uenoBek WM JKUBOTHOE, Kak MaTepHaJIbHBIN
OMOJIOTUYECKUI  MEXaHW3M,  IOCTOSSHHO  BOCIHPOU3BOIUTCS
OPHUPOJION 3aHOBO W, HE OCO3HABas TOTO, MO CYTH, IPOXHBACT
OECKOHEYHOE KOJIMYECTBO KHU3HEH', Ha OECKOHEYHOM MHOKECTBE
MJIaHET BO BCeleHHOM. M HaumHas KaXayro HOBYIO ">KHU3HB' C HYJIA,
OH TPOCTO (U3MYECKH HE MOXKET IOMHHUTb, HU TMPEABIIYIINE
JKU3HH, HI MECTO, TJIe OH YK€ KOT1a-TO JKHJI.

DOTOT HEOOBIYHBIH BBIBOJ, 10 CYTH, OOOCHOBBIBACT
Oy/yI3M, HO HE KaK pEIIMTHIO, a KaK HHTYMTHBHOE M BIIOJHE

78



HAayyHOE MMPOBO33pPEHME, C 'pEMHKAapHalueill' MaTepHaJbHOrOo
Tena.

CoOcTBEHHO TOBOPSI TO, UTO JIIOJIM, CAMH TOTO HE MOHHUMAS,
Ha3bIBAIOT JyIIOH, 3TO NPOCTO HAIlle CO3HAaHUE, SBISAIOLICECS
CBOWCTBOM BBICOKOOPTaHM30BAHHOW MaTepuH, (HOPMHUPYIOIIUMCS B
pesyibpTaTe OOy4YeHHsS] W BOCIMTAHUS, U HCUe3arolee OeccleaHo
mocie cMepTd opranmsMa. M xoTs co3Hanme wim “myma"’ co
CMEpThIO OecciIeIHO UCUE3aeT, 3TO HE UMeET a0COIOTHO HUKAKOTO
3HAa4YeHHUs, TaK KAaK OHA, TaK e copMupyercs 3aHOBO B HOBOM
tene. U nns sroro He morpedyercss HM Oora, HU JbsBONA, HH
BBICIIIETO pa3yMa.

CMmepTh BeIb TOJBKO C TOYKH 3pCHHsI TIOKa eIle
HCBCKCCTBCHHOI'O YCJIOBCKA, ABJIACTCA Tp&FGI[HGfI, JUUIA HpI/IpOI[BI XKE
3TO PSAAOBOE OOBIIEHHOE SIBJICHHE, TPOUCXOIAIIEE MOCTOSHHO, TaK
ke, Kak U pokJeHue. B HameMm Tene, KaXIyl0 MUHYTY YMHUPAIOT
ThICAYN KJICTOK. " Ka)K,Z[yIO MUHYTY, TBICAYU KIICTOK pO)K,Z[aIOTCH
BHOBb. 1 MBI 3TOro He omymaem U He 3amedaeM. Ho kak TOJbko
MpOIeCChl THOENM KJIETOK HAYMHAIOT CHJIBHO Tpeo0jaaarh Haj
MpoIieccaMy POXKIACHUS, OPTaHU3M 3a00JIeBaeT.

[Tporiecc cTapeHus OpraHu3Ma TaK JK€ XapaKTepU3yeTcs
npeoOaaHuEeM MPOIECCOB THOETM KIETOK HaJ MpoIeccaMu X
POXKICHHS, 9TO HEU30€KHO MPHUBOIUT K CMEPTH, TaK KaK KJICTKH HE
MOTYT JICTUTHCS OECKOHEYHO.

Jlute oco3HaHue TOoro ¢akTa, 4YTO CMEPTH 3TO HEOOXOUMAas
COCTaBHasl 4acTh MpoIlecca 3BOIIONUH, PUBEIET K TOMY, YTO OHA
NnpecTaHer CTPAalIUTh JIoAeid CBOed HEU3BECTHOCTHIO W
0€3bICXO0JTHOCTBIO, a CTAaHET BOCHPHUHHUMATHLCH TMPOCTO KaK
A0CATHASI HEU30eKHOCTD.
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JlocayiHasi, TOTOMY YTO IIOCJIe BO3POXKIEHHs, HY)KHO OyneT
BCC€ JCJIaThb 3aHOBO - CHOBa y‘-II/ITBC}I FOBOpI/ITB, XOAuTh, 4YUTATh,
3aBOAUTH HOBBIX Jpy3eil... Korga uyenoBek, HaKOHEIN-TO, MOMMET
9TO, OH COBEPIICHHO TMO-IPYyroMy OyAeT OTHOCHUTHLCS, KaK K KU3HH
BOOOIIIE, TaK U K KXKIOU OTIEIbHON KU3HU B YACTHOCTH.

Ceilyac 3TO YTBEpP)KICHHUE MOMKET IOKAa3aThCs  KOMY-TO
UHUYHBIM, TaK KaK CKOpOb IO MOKOHHUKY OKa3bIBAETCS HE TaKOU
YK TparuyHod, MOTOMY 4YTO JIIOJIW, HPOCTO yMEpIIHE HIIHN
noru0ive B BoiHaX, B KaTacTpodax, B KOHIUIArepsx U rynarax, B
CUJIY TOT'O YTO MATCpusd BCYHA U HCYHUYTOXKHUMA, YK€ CHOBA XUBYT
cpeau Hac, Jake He Oco3HaBas 3Toro. Jlronu, ObIBIINE paHbIIE
Apucrorensimu, Hptotonamu, ['mtnepamu CranuHbIMH, pabamMu U
MaTPpULMAMU, BO3MOJKHO, CErOJAHS SBIAIOTCA HAIIUMU JETbMY,
BHYKaMU WJIU MPaBHYKaMH, XOTS HUKTO U HUKOT/IA 3TOr0 TOYHO HE
y3Haer.

HO B CI/IJ'Iy BCYHOCTHU MaTepI/II/I 9TO TakK, U ‘IGJ’IOBG‘-IGCTBy (610)
BpEMEHEM MPHUJIETCS MPUBBIKHYTh K 3TOMY M TIEPECMOTPETH CBOE
OTHOIIICHUE K 3JI0/IesIM M THpaHaM mponuioro. M Toraa oTHoOIICHHE
K MaMATH TakuX JroJed kak Xpucroc, JIeHMH u Ap., KOTOpbIE B
YCIIOBHSIX CJIETKAa TOyMHEBIIEH 00e3bsIHbEH cTau, Oe3yCIentHo
TIBITAJINCH KHyTOM nu HpSIHI/IKOM BBIBECCTH 4YCJIIOBCUCCTBO Ha
HOPMAJIBHBIN IIyTh Pa3BUTHUS, U3MEHUTCH. ..

[IpounzoitaeT 3To 0OCO3HaHUE, K COKAJICHUIO €11I€ HECKOPO, HO
npousoiaer ods3arensHo. Hano momnarars, uto ser yepez 300-500,
XOTS BIIOJIHE BO3MOXXHO W paHbIlle, 3Ty TEOPUIO OYAYyT M3y4yaTh B
HayaJbHOW IKoJie. M OHAa OKOHYATENbHO M HABCETJa YHUYTOXKHUT
BCE PEJIUTHO3HbIE U MUCTHYECKHUE ydyeHUusi. HekoTopele mpusHaku
ATOTO OCO3HAHMS YK€ MOKHO 3aMETHUTh U ceidac, o HeObIBAIOMY,
M0 CYTH, MPEACMEPTHOMY pas3Tyily PEIUTHO3HOTO0 MpakoOecus u
HEBEKECTBA.
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BreIBog U3 BCero cka3aHHOTIO, JOCTATOYHO ONMTUMHCTHUCH —
YeNOBEK, KaK CIOKHEHIHNA MaTepuanbHbI OOBEKT, JKUBET BEYHO,
MMOCTOSIHHO OOHOBJISIACH B BHJIE MATepUATBHOTO Tela U, B
MPUHIIAIIG, OH HUKOTJa HE CMOXET IMOOeAWTh HH OOJIE3HH, HHU
CMEpTh, TaK KaK OHU — 3aKOHOMEPHBIE COCTAaBJISIIOIIHUE MpoIecca
ABOJTIOIIUU MaTepud. [t Toro yToObl HEe 00JIETh, HY’KHO MPOCTO HE
€CTh, HE IIUTh, M HE JABIMATh... €JIBa JIM KTO Ha 3TO COTJIaCUTCH.

N36apmsisick or ogHUX OoOJie3HEH, YeIOBEYECTBO OyaeT
HEM30EXKHO TMOJy4yaTh IPYrue W, HaBEepHsKa, Oojiee CTpaIrHbIe.
[TpomuTh OTIENBHYIO )KH3HB paza B MOJATOPA, YEIOBEK, BO3MOKHO
CyMeeT, HO CTaTb OECCMEpPTHBIM OH HUKOT/Ia HE CMOXXET, TIOTOMY
YTO OCTAHOBUTH 3BOItOIMIO, NpuHIMnuainsHo HEBO3MOKHO.

16. CO3BHAHHUE

Hepeaxo mnpuxomurcs 4yuTarh COYMHEHUs (uiaocodos, u
OYCHb [JIPEBHHX, M HE OYEHb, O CO3HAHWHU, KAK O HEKoeH
HEMaTepHUaJbHOM CyOCTaHIMM, CYHIECTBYIOIIEH TIJe-TO cama I10
cebe. DTO MPOUCXOAUT OT HEMOHMMAHUS TOTO, YTO B IPHPOJIE
HUYEro HeMaTepualIbHOro He cymiecTByeT. Co3HaHUE — 3TO NMPOCTO
CBOMCTBO BBICOKOOPTaHM30BAHHOM MaTepUU — KOPbI YEJI0BEYECKOT0
MO3ra, KOTOpO€ OTAEIbHO OT MAaTepHalbHOIO  HOCUTEIs
CyllecTBOBaTh He MOKeT. M ero GpyHKIus 10CTaTOYHO NMpOCTa, OHO
3aHUMAeTCs JJEMEHTApHBIM CPaBHEHHWEM CHUTHAJIOB C OpPraHoB
YyBCTB, ¢ 00pa3amu, 3arneyaTieHHbIMU HEHPOHHBIMU CTPYKTYPaMHU.
A Tak Xe KOMOMHUpOBaHHEM, IPeoOpa3oBaHUEM U COXpaHEHHEM
3TUX 00pa30B B MAMSITH.

Mo3r cOoCTOMT M3 OTrPOMHOIO 4YHCJa HEPBHBIX KIETOK —
HEUPOHOB, OOBCAMHEHHBIX B CIIOKHEUIYI0 HEHPOHHYIO CETh H
CIOCOOHBIX ~ MCIIOJIB30BaTh B IPOLECCE JKU3HEAEATEIbHOCTU

AJIEKTPUYECKUE CUTHAJIBL. KaXaplii HEHpPOH HMMEET MHOMXKECTBO
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OTPOCTKOB — JEHAPUTOB, KOTOPHIMU OH COEIUHSETCA C JIPYyTUMHU
HelipoHamMu. OT CIOXKHOCTU 3TUX COEAMHEHUHN 3aBUCUT Pa3yMHOCTb
WIM UHTEJUIEKT uHAuBHIA. OOpa3HO, maMsATh MOXKHO CPaBHHUTH C
00JIBIIION 00BEMHON MO3aWYHOW KapTHUHOW Mupa. M dyeM MeHbIe
3JIEMEHTHI 3TOM MO3aWKH, TEM BBILIE JAETAIA3ALUS KAPTUHBI.
[Tpouecc 0OyueHus: — 3TO U €CTh MPOIECC CO3TaHUS HOBBIX
CBSI3€M MEXIYy HEWpPOHAMH, MPOLIECC MOBBIMIEHUSA IETATN3ALUN
3TOM KapTuHbl Mupa. ['ubenp unm paspyiieHue, OJHOTO WIH JTaXe
JECSATKOB M COTEH JTHUX JJIEMEHTOB, HE MPUBOAHUT K (haTaIbHBIM
MOCNEACTBHSIM, TaK KaK TMOYTH JIO0OW  JIIEMEHT  JIETKO
BOCCTAHABJIMBAETCS IO COCEIHUM. UeI0BEK pOXKAAETCS C MO3TOM, B
MOJIKOPKE KOTOPOTO 3BOJIIOLMEH yxke c(hHOpPMUPOBAHBI HEKOTOPHIE
0a30BbIE CTPYKTYPHI CBsI3eld HEHWPOHOB, OMPEACISIONINE MOICITH
CTaHIApPTHOIO  NOBEACHUS  WJIM  CTAPTOBbIE  WHCTUHKTHI,
HEOoOXOIUMBIE NJIsl BBDKHUBAHUS IOCJIE POXKAEHHA. A Kopa Mo3ra
MPEJICTABISIET COOON CTPYKTYPHI C XaOTUYECKUMU CBS3SIMH MEXIY
HEWpOHAMH, KOTOpBIE YIOPSAOYMBAIOTCA U  YCIOXHSIOTCA B
pesynbrare BocmUTaHUs M oO0ydeHws. W mporecc 3TOT OuYeHb
MEJUICHHBIM W HHEPrOEMKHil, MOTOMY 4YTO 3HAHUS JAOJKHBI, B
OyKBaJIbHOM CMBICIIE CJIOBA, NMPOPACTH B BUJE CBS3EH MEXITYy
HelipoHaMH. 3allOMUHATh IO JAPYroMy, NPHUPOJA, K COKAJICHHIO,
IPOCTO HE yMEeT, W OOelaHus 3aMEHUTb MO3T 3JIEKTPOHHBIM
YUIIOM, Kak NpeajararoT, HalpuMep, OpraHu3aTopbl IPOEKTa
"Poccusa-2045", sBastoTcs, MO CyTH, OOBIYHBIM IIIAPJIATAHCTBOM U
HaJyBaTEeIIbCTBOM. XOTS CAMH aBTOPBI 3TOT0 JaXKe U HE OCO3HAIOT.
KonuuecTtBO HEHPOHOB B MO3re, UCKIIOYas €CTECTBEHHYIO
yOBbLIb, BCIO JKU3HBb OCTAETCS MOYTH HEU3MEHHBIM, TaK KaK OHU HE
UMEIOT MEXaHU3Ma JIeJICHUs, IIOTOMY 4YTO OHO ITOCTOSIHHO
Hapymano 0wl padotry mo3ra. Ho apyroro cmocoba oOydeHus y
JKUBBIX OPraHM3MOB HET U, B 0003puUMOM OynyiieM, eaBa JH
nosiBuTcs. [loaTOMy uenoBeuecTBy, 4YTO OBl HE OCTAHOBHTH
pa3BUTHE UHTEJUIEKTA, CTOMT M03a00TUTHCSI O TOM, YTO ObI BEPHYTh
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B LIKOJIBI TUIAKAThI CO CJIOBAMU. 'YUUTHCS, YUUTHCS U YUUTHCS , KaK
3aBellla] OJMH BECbMa HEIIIYIbIN YEJIOBEK.

B cBsi3u C BBIIEU3I0KEHHBIM, HECKOJIBKO CJIOB O TaKOM
"3arajoyHoM" SIBJICHUH, KakK 'AeskaBr"’. OOBIYHO MajgorpaMOTHBIC
pENUTHO3HbIE JIIOJU OOOCHOBBIBAIOT MM CYIIECTBOBAHHME JIYIIIH.
OpHako C TOYKM 3PEHHUS TEOPUH DBOJIOLMU OTO SBJICHHE
o0BsicHAETCST BechbMa MpocTo. Kak W3BECTHO, CYyLIECTBYIOIIHME B
HACTOSIIEE BpEMsl >KUBBIC OPTaHWU3MBI IS JTAHHBIX MPUPOTHBIX
YCIIOBUU SIBIISIFOTCS ONTHMANbHBIMH. TO €cTh OMOJIOTMYECKH OHU
MMEIOT BIIOJIHE 3aKOHYEHHBIA BUJ M €CIU MIPOUCXOMAT KaKUe-TO
OMoJIOTNYeCKHE U3MEHEHHUS, TO OHH OYE€Hb HE3HAYUTEIIbHBI.

[lo MHeHuI0O MHOrMX OHOJIOTOB, B HACTOsIEE BpeMs
HauMHAeT Mnpeobiafarh, TaKk HaszbIBaeMasi, KyJIbTYpHAsl HBOJIIOLIMS
WIN KyJIbTYpHOE HAacleOBaHHE. JTO MOXKHO Ja)Xe 3aMETUTh IO
TOMY, 4TO TOpOACKHE Opojsyre COOaKHM HAyYMJIUCh NEPEXOIUTh
YIUIBI Ha 3€JIEHBIA CUTHAN CBETO(Opa, TaXKe €CIIM Ha Iepexo/ie HeT
monen. IMEeHHO ¢ TOYKM 3peHHs] TEOPUM HBOJIIOLUU OYEHB JIETKO U
JIOTUYHO OOBSICHAETCS U SIBIIEHUE "Ie)XKaBio".

Kakue-To  odeHb  sipkue  COOBITHUS WU KAPTUHBI
OKpyJ)Karomieid  OoOCTaHOBKH, B  KOTOPOHM  YEJIOBEK  JKHUBET
MPOJOJKUTENILHOE BpPEMsl, 3aKPEIUIIIOTCS B  TOACO3HATEIbHBIX
CTPYKTypax MoO3ra U, ¢ MOMOIIbI0O HACJEICTBEHHBIX MEXaHH3MOB,
MOTYT YaCTHUYHO MepeaaBaThCsl IOTOMKaM.

EctectBeHHO B MOCIENYIOIIMX TOKOJEHUSX IOTOMOK,
OKa3bIBASICh B OUEHb MOXO0XKHMX YCIOBHUSX U CPAaBHHMBAsl YBUJIEHHOE C
XpaHAIMMMUCS B TOACO3HAHUM (hPparMeHTaMu Kakux-TO 00pa3os,
BIpPYI OCO3HAET, YTO OH KOrjza-to yxe 3To Buaen. He ymesd
OOBSCHUTH TakKoe 'dymecHOe" SBJICHHE, YEJIOBEK MPUXOJUT K
BBIBOJY O CYILECTBOBAHUHU YEro-TO OECCMEPTHOTO M BEYHOTO, a
MMEHHO - Jyllid. Penurum ecTtecTBeHHO, MOAJIEPKUBAIOT ATH
3201y /I€HUS B CBOMX KOPBICTHBIX HHTEpEcax.
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B CBsA3HU C 3THUM JIOT'MYHO Hpe,Z[HO.HO)KI/ITB, YTO 4YEM IIO3JHECC
YCJIOBCK 3aBOAUT ITOTOMCTBO, TEM 60J'IBI_HG BepOHTHOCTL nepezlatm
eMy 9Toi HacnencTtBeHHorW wuHbopmaruu. [lo3mHumu Opakamu,
BO3MOXKHO, M OOBSACHSICTCS PBHIBOK B TEXHHUYECKOM PA3BUTHH
€BPOTECHCKON ITUBHIIN3AINH, B OTJIWYUU OT OJMYKHEBOCTOYHOM WIIH
apuKaHCKOH, TIe BCceraa MPaKTUKOBAIUCH OYEHb paHHUE OpakH, B
14 u naxe 12 ner.

17.3BOJIIOLIUSA
PA3YMA

B mnporecce sBomonMM, Kak HEMPEPHIBHOTO YCIOKHEHUS
CTPYKTYpbl MaTepuu, B TEUCHUU JIUTEIHLHOTO BPEMEHHU, BO3HUKIIO
OTPOMHOE KOJINYECTBO Pa3HOOOpa3HBIX OMOJIOTHYECKHIX
OpPraHU3MOB, MOAYUHSIOIIUXCS UHCTUHKTY JoMUHUpoBaHUdA. CyTb
ATOr0 OCHOBHOT'O MHCTUHKTA 3aKJIFOYAETCs B TOM, UTO JTH00ast 0co0b
CTPEMUTCSl 3aHATH HauOoJiee BBITOJHOE IOJOXKEHHUE, cpenu cede
MOJI00HBIX.

B cuny pedicTBUS 3TOrO MHCTUHKTA, JI00as Tpynna WiH
COO0O0I1IECTBO KUBBIX OPraHU3MOB, AaBTOMATUYECKU OObEIUHSACTCS B
CTaJ0 WU CTalo, HMMEIOIIYI MNHPAaMUIAIBHYI0 HEpapXUUYECKYIO
CTpyKTYypy. Ha BepuinHe 3Toi mupaMu/ibpl BCerja HaXOAUTCS camast
KpylHas U CUJbHAas 0coO0b — BOXAakK, BCE OCTaJbHBIE 3aHHUMAIOT
MeCTa B MEpapXuH, COTJIACHO CBOEMY CTaTyCy, ONpPEIEIIeMOMY B
OCHOBHOM, pa3MepaMH.

Tak kak pa3smepbl Mo3ra y Bcex ocobell mpuMepHO
OJIMHAKOBHI, CHJIa U Pa3yMHOCTh UX OIPENEISeTCS] COOTHOIICHHEM
BEJIMYMH HEUPOHHBIX CTPYKTYP MO3Ta, OTBEYAIOIIUX 33 MOTOPHBIE
U acCOIMaTUBHBIE QYHKIIUU.

Ecnu cTpykTyphl, oTBeuarolue 3a MOTOpPHBIE (DYHKUIUU
KpyIHEEe AacCOIMaTHBHBIX, OCOOb COOTBETCTBEHHO KpyIHEE H
obmamaer Oonbmiel ¢usndecko cunon. Ecmm ke kpymHee
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aCCOIMAaTUBHBIE CTPYKTYphI, 0COOb yMHee, HO (u3HUecKu cladee.
[TosToMy Herpsl, Hampumep, Y KOTOPBIX B CHIY OCOOCHHOCTEU
cpenbl obuTaHus, OOJBIIE Pa3BUTHl MOTOPHBIC (DYHKITMH, BCEraa B
COPEBHOBAHMSX MO OETY WMJIU MPBDKKaM OyayT MOOeXaaTh OeNbIX, Y
KOTOpBIX MpPEeBAIMPYIOT CTPYKTYpPhl MO3ra, OTBEYAIOIIHME 3a
accolMaTUBHbIE (QYHKIMH, cOpMHpOBaBIIMECS B pe3yjbTaTe
MPOXXKUBaHUSL B 0oJiee CYPOBBIX KIMMATHYECKUX YCIOBHUSX W,
TpeOyromux 0oJiee BHICOKUX MBICIIUTEIHHBIX CIIOCOOHOCTEH.

Ho Bepuemcs k Hamum Oapanam. B m10060i cTae OCTOSIHHO
MPOUCXOJIST MEIKHUE KOH(MIUKTHI U CTHIUYKH, B KOTOPBIX KaXKIIbIiA
YJIeH CTal TOJTBEPKIAET CBOE IOJOXKEHHE B HEPAPXHH. ITO
MO3BOJISIET MOJIOJBIM M CHJIBHBIM OCOOSIM B IMPOLIECCE B3POCICHUS
MIPOJIBUTATHCS BBEPX IO Hepapxudeckoii nectauue. [lo cytu, B cTae
ABTOMATUYECKH MPOUCXOJUT TIOCTOSTHHAs pOTalus TpaBsiiei
BEPXYIIKH'".

[Ipu BcTpeue ¢ Bparom, camble CUIbHBIE 0OCOOM BO TJaBe C
BO’KaKOM HE pa3yMbIBas BCTynaroT B 00i. Ho BoBce He s Toro,
9TO0Bl  3AIIUTUTH CTal0, a NPOCTO B CHIYy HWHCTHHKTA
JOMUHHUPOBAHMUS, TTOKA3aTh CTae KTO €CTh KTO. W 4TOo OHM HE 3ps
eIsIT CBOM XJ1e0.

W onu noru6aroT, HO HUKOTJa HEe OTCTYIAIOT, TIOKa CTasi He
cpsyeTcss B 6e3omacHoM Mmecte. ToJIpKO KOrja cTash OKaKeTcs B
0€30IacHOCTH | 3pHUTeNIel He OyIeT, BOKaK MOXKET YApaTh...

Tak kak B MPUPOAEC CAaMKH BBITIONHSIOT 0o0Jiee CIOXKHBIC
GyHKIIUM, 4eM camilbl, TO MPHOPUTET B BBHIOOpPE MapTHEpa IS
pa3sMHOXEHHUs BCeraa MpHHAUIeKUT camkaMm. OHHM BbIOHMpaloT cebe
CaMmIlOB, IO  Pa3IUYHBIM  OTJIMYHUTEIBHBIM  IPU3HAKAM,
BBIACIIIIOIMM caMlla M3 OCHOBHOM Maccel. MMeHHO mo »Tou
MPUYMHE B IPUPOJIE CaMIlbl UMEIOT Pa3IMYHbIe YKpallleHus, Bpoe
MaBJIMHBETO XBOCTA, JUIMHHOTO HOCA, KPacHOIO 3a/a, PazIuYHbIX
rpeOHel u npouee. M1 MMEHHO MO ATOW MPHUYUHE KPYITHBIE CAMIIBI
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UMEIOT OO0JIbIIIOE KOJIWYECTBO CaMOK, @ BOBCE HE MOTOMY YTO OHHU
UX IPUHYXKAAIOT K ’TOMY CHIIOH.

CaMku Moryr BbIOMpaTb TApTHEPOB M MO JAPYTUM
OTJIMYUTEIBHBIM MpPU3HAKAM, HapUMEp, MO0 Pa3yMHOCTH, YMEHHUIO
YXOAUTHh OT OMAacCHOCTH WJIM yMEHHI0 MackupoBaThbcs. [loaTomy B
JTUKON Tpupofe TMPaKTUYECKH BCE HUMEIOT IIAaHChl OCTAaBHUTh
OTOMCTBO, KPOME Pa3Be y>K CAMBIX XUJIbIX U OOJIbHBIX.

VTBepxKaeHusl TUIa, "BBDKUBACT CHIBHEHIIMI' B mpuUpoje
HE paboTaeT M MOITOMY SBIAETCS OOBIYHBIM 3a0yKICHHEM.
IIpupona uCHONB3yeT HECKOJBKO WHOW IIPUHLHUI, & HMEHHO,
"morubaer cnabedmuii”’, B MPOTUBHOM CiIydae Ha 3eMJie BOJWINCH
OBl TOJIBKO CIIOHBI U KUTHI.

bonee Toro mpupoma 6e3 coxaneHHs XKEPTBYET HauOosee
CHUJIBHBIMH, HO "TYNBIMH" OCOOSMH, KOTOpBIE pEaTH3ysl MPUHIIUII
JOMUHHUPOBaHMsI, TMOHYT B Jpakax, JaBasi BO3MOXHOCTb OoJjiee
C1a0bIM, HO YMHBIM, OCTaBUTh 0OJIEe pa3yMHOE TOTOMCTBO.

YenoBeyeckoe  0oOLIECTBO  HE  ABISETCI  KAKUM-TO
UCKJIIOUEHHEM, B HEM TaK K€ JICHCTBYET MPUHIIUIT JOMUHUPOBAHNS,
TUNEePTPO(PUPOBAHHBIN €llle TOBOJIHHO HECOBEPIICHHBIM PAa3yMOM.
Camble IPUMUTHBHBIE 0COOH, PYKOBOJCTBYIOIIUECS B )KU3HHU YHCTO
00€3bsIHPUMH ~ NPUHLUIAMHU, OOBIYHO JOCTHTAIOT  BBICOKOTO
MOJIO’KEHHUS B O0IIECTBE, TaK KaK UM HUYETO HE CTOUT MEPECTYIUTh
yepe3 J1000ro, crosimero Ha ux myTd. OHU MPEKpPacHO YMEIOT
NOJABJIATH TOJIOC COBECTH M He obOpamarh 0co00ro BHUMaHUS Ha
KaKHe-TO MOPaJbHbIE U HPABCTBEHHBIE HOPMBHI. . .

18.0 TEOPUHA
OTHOCHUTEJBHOCTH

Teopusi OTHOCUTEIBLHOCTH DWHIITEHHA, KaK MPUMUTUBHAS
MaTeMaTu4yeckas MOJielib, OCHOBaHHAs Ha HEMIOHUMAaHUH CYIIHOCTH
rpaBUTAllUY, TOBEJIAa HAyKy IO JIOKHOMY IyTH U Oojiee 4eM Ha
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CTOJIETHE 3aTopMo3uiia ee pasButhe. llombITka OOBSICHEHUS
IpPaBUTAllMd HEKMM ' HCKPUBJIEHHEM' MPOCTPAHCTBA-BPEMEHM, HE
BBIIEP)KMBAET HUKAKOW KpUTHUKH. Beap 4uTo Obl OOHApYXHUTH 3TO
UCKpPUBJICHHE, HYXKHO, KaK MHHHUMYM CpaBHUTb €ro C YEeM-TO
npsmbiM. Ho Tak kak BceleHHass y HAac OJHA-€AMHCTBEHHAs, U
HUYEro MpsiMOro, C YeM MOXKHO ObLIO OBl €€ CPaBHUTH, B Mpeaenax
BUJUMOCTH HE HAOJIOAaeTCs, TO pacCyXkaaTb 00 3TOM MOXKHO
0ECKOHEYHO JI0JIr0, HE oracasch, 4To TeOs ObIcTpo pazobmayar. U
Jake MPHUAyMaTh MHOTO BCEJICHHBIX, MO KOTOPBHIM MOXHO JaXke
MBICIIEHHO TIOMYTEIIeCTBOBATh, MPOHUKAs W3 OJHOH B JPYIYIO,
gyepe3 "KpOTOBBIE HOPBI' WM 'YEPHBIE ABIPHI .

Bce mHayyHoe cooOmiectBO, € 9TOH TOYKH 3pEHHS,
MpeICTaBIsieTcsl  TONMOW  JUKapei, HaleAmuX JABUTaTelb
BHYTPEHHEr0 CTOpaHHsS W NBITAIOIIUXCS TOHATh NPUHIUI €ro
nevictBus. OHM pa3o0payid €ro Ha YacTH, PACTAIIWIN M0 XMKHHAM
U THITAIOTCS C TMOMOIIBI0 M3MEPEHH M TMOJCYeTa KOJIMYECTBA
KaHABOK JJIS TIOPIIIHEBHIX KOJIEIl, YUCIIa 3yOheB Ha BEHIIE MaXOBHKA,
mpoObl CMa30YHOTO Maclia Ha BKYC IOHSTh, KaK € BCE-TaKH
paboTaeT IBUTATEIb.

N ugem Gonbiie oHM YyriayOmisioTCs B M3yUCHHE JCTAlCH H
4yeM OOJIbIlle CTEHBI TMellep HCIUCHIBAIOT (opMmysiamH, TEM Bce
Janblile yXoasaT OT moHuManus. M yxxe Te, KTo mociadei pasymomM,
HAYMHAIOT NMPU3bIBATh HA TOMOLIL CBOUX OOTOB.

I'maBa He 3akOHUEHa. ..

19. MATEMATHUKA
1 ®U3NYECKHUIN CMBIC.JI

Crerioe mpekJIOHEHWE Tepe]] MaTeMAaTHKOH, Kak "Tapuieit
Hayk", okaszaso (hU3UKE MEIBEXKBIO YCIYTy, MPEBPAaTUB €€ B HEKOE
noo0ue XUPOMAaHTUH, CO CBOMMH IIaMaHaMHU, TPOPUIATEISIMA U
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TosiKoBareiasiMu.  CTpemyleHHe, BBIBECTHU U3  MaHUIYJISALUN
MaTeMaTHYECKUMHU CHMBOJIAaMU U (OpMylnaMu Hekue (u3ndecKue
UCTHUHBI, NPUBEJIO K H300pPETEHUIO NMOHATHUN, HE COBMECTUMBIX C
3aKOHaMHU NPHUPOIBI. B oTinuumm OoT MaTeMaTwku, B IPHPOJE HE
CYIIECTBYET HUYETO OTPULIATEIBHOIO MIM MHAMOTO, IOATOMY B HEH
HET HUKaKOM aHTHUMAaTEPHH.

ViKe JIeT uepe3 CTO-ABECTH, MOTOMKH OYAYT MOKAThIBATHCS
CO CMEXY HaJ TaKMMH "Hay4HBIMU I€pJIaMH, KaK YEpHBIE JbIPHI,
pyuku VYwuuiepa, korel Illpeaunrepa M Inpodue MOPOXKICHUS
NPUMUTUBHOrO co3HaHus. Kak ckazan ogHaxAbl ODWHINTEWH,
MaTeMaTHKa — 3TO €IUHCTBEHHBIN crI0CO0 MPOBECTH caMoro ceds 3a
Hoc. M cam ke Ha 9Ty yAOUYKY H ITOMaJICH. . .

I'paBUTalIMOHHBIA KOJUIANIC M aKKpEUHWs, KaK IOJHATHE
caMoro ce0s 3a BOJIOCHI. boybIoi B3phIB, KaK TBOPEHHUE MAaTEPUU
13 HUYEro. MonekynsipHO-KMHETHYECKasi TEOpHUsl U TEOPHUsSl CTPYH,
KaKk OOpa34yMK{d BEYHOTO JBUTATENsl W MHOXKECTBO JPYTHX
OCCCMBICIICHHBIX TEOPHHA W TUIOTE3, HUUYEM HE OTJIMYAIOIIUXCS OT
OMOJICHCKUX CKa30K U counMHeHul (panTtactoB. HeynmuBuTenbHO, 4TO
Teopusi OOJIBIIIOTO B3phIBA, KAaK TBOPEHUS MATEPUU W3 HUYETO, C
0oJbII0M 0XO0TOM ObLIA Haxke Mpu3HaHa BaTukaHowm.

Hukrto He oTpuuaer, 4yTo ¢ MOMOLIBI0 MaTEMaTUKH, MOKHO
JI0Ka3aTh, 4YTO JKEJE€3Has JIMHEHKAa IpHU MWIUIMOHE TpaaycoB
YIUIMHUTBCS B 2,5 pa3za, HO Bcepbe3 OOCYXKAaTh HpU ITOM €€
CBOICTBa, MOT'YT, pa3Be 4TO yMajiuilleHHble. OqHaKo, HECMOTps Ha
3TO, B NI€YAaTH W Ha TEJIEBUICHUM I1€YATAECTCd U TPAHCIUPYETCS
MHO’KECTBO CTaTell W mepeaay, B KOTOPHIX BaKHBIMHU aKaJeMHUKaMH
BCEBO3MOXKHBIX JIMIOBBIX AaKaJeMHH, KPacOYHO paCHUCHIBAIOTCS
CBOICTBA, HECYIIECTBYIOIIMX B NPUPOJE, TEMHBIX MATEpUHl U
SHEpIruu.

Onucanusi  pa3iWYHBIX  MAPAJAOKCOB,  HEOOBICHUMBIX

SIBJICHHM, SIKOOBI CYIIECTBYIOIIUX B TPHUPOE, JABUHOW JIBETCS C
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HKPaHOB OOJIBIIMHCTBA TEJICKAHAJIOB M MPEBPATUIIOCH B IOXOIHBIN
Ou3HEC Ha HEBEXKECTBE OOBIBaTeNeil, HE CHUIBHO OOPEMEHEHHBIX
CIIOCOOHOCTBIO K MBIIUIEHUIO. 1 camoe cTpamiHoe, 4To HacTOsIINe
y4eHbIE NPU 3TOM, XpaHAT rpoOoBoe Momuanwe. M1 B ux cpene
HEBEXECTBO Y)K€ JOCTHIJIO TaKOH CTENEeHH, YTO MHOTHE M3 HHX B
IyIIe BepsT B Oora, a HEKOTOPBIE TaKe M HE CKPBIBAIOT 3TOTO.

HawnBHble Hpe/ICTaBICHUS 0 BCECUIIBHOCTH "
HETIOTPEHIMMOCTH MAaTEeMAaTHUKU NPUBETH K TOMY, YTO (U3UKA U3
OIMIIUPUYECKOW HAyKH TIpeBpaTWiIach B, JIHMIICHHYIO JIOTHKH,
a0CTPaKTHYIO TUCHMIUIMHY. Y MEHHE (DaHTAaCTUYECKU HAyKOOOPa3HO
TPAaKTOBaTh  pPE3yJAbTaThl  MAaHMUIYISALUH  MaTeMaTHUYeCKUMH
dbopmynaMu, CuuTaeTCs MNPU3HAKOM HEOPAUHAPHOTO yMa U
HECTaHIAPTHOTO MBIIIJICHUS, HEIOCTYITHOTO TPOCTOMY CMEPTHOMY.

[TyOnuKkysich B CBOMX 3aKPBITHIX HAYyYHBIX H3IAHUSX, KyJa
3aKPBIT IOCTYI CBEXEH MBICIIU U, 0ECKOHEYHO ITUTHPYSI IPYT Ipyra,
HAy4YHOE COOOINECTBO MPEBPATUIACH B HEKYIO CEKTY, COCTOSIIYIO B
OCHOBHOM W3 JIIOJICH, YMEIOMHX BHUPTYO3HO MAaHHITYJIMPOBAThH
nudpamu, He 0c000 3aAyMBIBAACHh HAJ UX (PU3HMUYECKHM CMBICIIOM.
N naxe, Bpoae Obl MMEET MECTO COBEPIIECHHO Ope0oBO€ MHEHHE,
9TO YeM a0Cyp/Hee TEOpHsl, © YeM OOJIbllle B HE MaTeMaTHYECKIX
(dhopMyI1, TEM OHA TeHUATbHEE.

3a4aTOYHOE COCTOSHUE JIOTWYECKOTO MBIIIICHUS BCETO
HAYYHOTO COOOIIECTBa, SBISETCS MPUYMHOM TOTO, YTO HAayKa HE B
COCTOSIHMU Ooniee WM MEHee MpPaBIONOJ00HO OOBSCHUTH CYTH
Ja’ke O4eHb MPOCTHIX ABJICHUN Mpupoabl. OHU HE MOTYT OCO3HATB,
YTO MOJMEHA peajbHbIX O0BEKTOB MX 3HAKAMHU U OTHOIICHUSIMH,
B3aUMOJICHCTBYIOIIMMHU 10 COBEPUICHHO JIPYTUM, W300pETCHHBIMU
JIOBMH, TPaBWJIAM, IPUBOANT K pe3yiabTaTaM, MPOTHBOPEUALINM
3IIEMEHTApPHBIM 3aKOHAM TPHPOIBL.
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Bmecro m3ydeHuss “SUYHMIBI, Y4EHbIE BCE BpeEMs
MBITAIOTCS PACCYKIATh O CyTH O0XBEro Aapa, KOTOPHIM, O CyTH-
TO, SIBIIACTCS MPOU3BOIHBIM OT O€CCMBICIICHHOTO MOHATHS - 00T .
IToudats, qTO0 OECKOHEYHOCTh BCEJICHHOU HUCKIIIOYAET
CyIIECTBOBaHUE KakKWX JIMOO TapajuiebHbIX MHPOB, JAPYTHX
BCEJICHHBIX, 0OTOB 1 BBICHIMX PAa3yMOB, JIFOAM HE B COCTOSIHUH.

SI3pIK MaTEMaTHKU JOCTAaTOYHO OelleH U MPUMHUTHUBEH, C €ro
IIOMOIIIBI0 HEBO3MOXHO OIUCaTh JaXe IPOCTYI0 OKPYKHOCTb,
IOTOMY 4TO €€ AJIMHA U JuaMeTp IpocTo Hecomzmepumsl. Hukakue
YXUIIPEHUs HE YCTpPaHAT TOro, 4YTO JHAMETp, HJIM He Oyzaer
JIOCTaBaTh /10 OKPYKHOCTH, WM e Oyzaer "Topuarh’ U3 Hee

HapyxXy.

Yucno [Iu — 310 He MHUpoBas "KoHCTaHTa", a OeCKOHEUHas
IpoOb, KOTOPYIO MOXKHO OECKOHEUHO YTOUHATh. B mpuHIune, npu
KeNaHUH JII000€ YMCIIO MOXHO JIETKO IMPEeBPaTHTh B 'MUPOBYIO"
KOHCTaHTY.

Hanpumep:

"Coeécem HedasHo Opumanckue yueHvle, COGEPUWIEHHO CIYYAIHO,
OMKpOLLIU euje OO0HY (HYHOAMEHMANbHYI0O MUPOGYI0 KOHCmaumy. Smo —
eounuua. Ona ovina npeockazana ewie Jleiibnuyem, Kozoa on nPeoOnoI0ICUT,
umo 07 mozo 4UmooObl 6vleecmu U3 HUUE20 6ce, O0CMAMOYHO EOUHUUD.
Tenepov 3mo yice dokazaunvtit nayunuvtit paxm. Ilpu denenuu 1106020 wucaa 6
Hawiell 6CeleHHOll, Ha camozo cebsn, ecez0a nonyuaemcsa eounuya. Ilpuuem,
camoe HeGepoAmHoe 3aKII0UAemcs 6 MoM, YUMo 0ai)ce HPU YMHONCEHUU IMOIL
KOHCMAanmol HA camy ceds u 6036e0eHuu eé ¢ 1100yI0 cmenens, pe3yabmam He
uzmensaemcsn. Yuenvie u3 HACA, Mopon u /lynnapo mamemamuuecku mo4no
0oKazanu, umo ecau Obvl €é eenUUUHA OMIAUYUANACL, XOMA Obl HA OOHY
MUTUOHHYIO 007110 RPOUECHIMA 8 MY WU OPYZYI0 CIOPOHY, HAW MUD He M0o2 Obl
cywecmeosams. Ilpocmo ougy oaeuwtbcs, Kak éce 6 NpUpooe Kem-mo, 6Muxaps,
mouHo paccuumano..."
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Boo0Omie-to B Hayke 3a0myxaeHus ObuiM Bcerga. MHorna
OHH IUIMJINCH CTOJETHSAMHM, a MHOTOA U THICIYMIECTHAMH. JIroObIe
Hay4HbBIC SKCTICPUMEHTHI BCET/Ia TNIAHUPYIOTCS TAKUM 00pa3oM, 4TO
OBI TIOJTYYUTD BITOJTHE OTPEICICHHBIC U OKHIaeMble pe3yabTarhl. U
€CIM TIOJIYYCHHBIC PEe3yJbTaThl PACXOIATCS C  OXKHIAEMBIMH,
BO3HMKAeT COOJIa3H TOJAKOPPEKTHPOBATh WX KaKUM-HUOYIb
3aralouHbiM Ko duuuentom. Ilpunymars, Hampumep, Kakyro-
HUOYns “mocrosHHY0 bombimana”, "TeMHyI0 Matepuio”, WiIH
u300pecTd  KakOW-HUOYIh "OpUHIUIT ~ HEONpPEJEICHHOCTH ",
YBEKOBEUYHMB CBOEC MMS B MCTOPHH HAYKH U 3aKpEINUB B HEU, TaKUM
o0pa3om, CBOM 3a0IyKIeHHUS. A B JaJbHEUIIEM, aBTOPUTET HMECHH
cZeNIaeT CBOE YepHOE JCIIO.

K  macrosimemy  BpeMeHM  3TUX  3a0MyXACHUH U
MPOTHBOPEYUII B HAayKe HAKOMHUJIOCH CTOJBKO, YTO HEKOTOpHIC
yUYeHbIe, Pa3yBEPHUBIIUCH B BO3MOXXHOCTH TIO3HAHUS IIPHPOJIBI, YIKE
JOTYCKAIOT CYIIeCTBOBaHUE Oora.

Hemyapeno, 4To HEKOTOpBIE 0CO00 MepeMyApeHbIe 'TeHUn"
y)K€ TPOJIBUTAIOT "TEOPUH' , YTBEPXKAAIOUIUE, YTO '"JTydd 3PCHHS
UCXOJAT U3 TJIa3, a IOTOMY pPe3yJIbTaThl HAYUYHBIX 3KCIIEPUMEHTOB,
M0 WX TPEACTABICHUSAM, 3aBUCAT OT TOrO, CMOTPHT Ha HHUX
JKCIIEPUMEHTATOP WIH CIy4aliHO OTBEPHYJIC.

W MBUIBHBIN TY3bIpb BCE pa3ayBaerTcs, B pe3ysbTaTe Yero,
HayKa YK€ IMOYTH IPEBpPAaTWIACh B HOBYIO PEJUTHIO, CO CBOMMH
WKOHAMH, B BHUJE IUJIAHETApHOW MOJENHM aTOMa, €BAHTEIUsSIMHU, B
BUJIe OpeooBBIX KBAHTOBBIX 'TeOopui' UM OECCMBICICHHBIMH
KYJTbTOBBIMH  COOPY)XCHHSIMH, BpOJ€ OOJBIIOrO  aJpOHHOTO
Kojutaiimepa. Jlake TEOpHUIO MMPO3JaHMs, [0 AHAJIOTMU C
KaHOHHMYECKOU OnOmei, Ha3Baau "'cTaHIapTHOM' .

B wucropuu Bce, K COXaJeHUIO, MOBTOpsieTCA. B royioBbI
CTYACHTOB YX€ OKOJO CTa JIET, MOJ BHUJIOM BBICOKOW HAayKH,
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"BTIOXMBAIOT', 1O CYTH, HOBYIO IICEBJIOHAYyYHYIO CHCTEMY
[Itonomes.

Xots 320y /IeHUE B TEOLEHTPU3ME, ObUIO HE OT TIIYIOCTH,
a oT He3HaHWs. Benp s TOro, 4To OBl MOHATH, YTO 3eMIIA
neuxercsa Bokpyr ConHua, HyxHO xuTh Ha Comnue. [loaTomy B
UCTOpPUU HaykH, cuctema [ITomomest octaneTcs, Kak HEM30EKHBIH U
3aKOHOMEpPHBIA 3Tall HAy4YHOrO TO3HaHUS. A BOT TeOpus
OTHOCHUTEJIBHOCTH, I'PABUTAILIMOHHBIA KOJIJIAIC, YEPHBIE JBIPHI, yKe
B HemaJeKkoM OyaymieM paslensaT Ccyap0y MHOTOYHCICHHBIX
TPAKTATOB CPEIHEBEKOBBIX CXOJACTOB O KOJIMYECTBE 4YEpTEH HIIU
AHTEJIOB Ha OocTpue Urbl. [IoTOMYy 4TO OHM HHMKOTJIa HE MOJIy4at
MOJATBEPXKICHUN  OKCIIEPUMEHTOM, TaK KaK sBISIOT  COOOM
CBUJICTEIILCTBA TICEBJIOHAYYHOIO HEBEXKECTBA U OTKPOBEHHOMU
[JIYIOCTH. . .

20.BBIBO/IbI

Martepuanbible  O0OBEKTBI ~—  YacTHUIBI, MaKpOTena,
KOCMHUYECKHE OOBEKThl, 00JIaJal0T TIPABUTALMOHHBIM TIOJIEM,
00pa3oBaHHBIM  DJCKTPUUECKUMHU TOJSIMH  TPOTHBOIIOJIOKHBIX
3apsiioB. B 3TOM TIpaBUTAallMOHHOM TMOJE€ PACIPOCTPAHSIOTCA
rPaBUTALMOHHBIE BOJIHBI, Ha3bIBA€MbIE B HACTOSAIIEE BpeMs
AIIEKTPOMATrHUTHBIMU. [ paBUTAIIMIOHHBIE BOJIHBI — 3TO TOMEPEUHBIC
BOJIHBI, oOpa3ymomuecs, pe3ynbrare HHTepGEepeHIINH MPOA0TbHbBIX
BOJIH B DJJIGKTPUYECKUX TMOJSAX, OOpa3yloUMX TIpaBUTALIMOHHOE
noJe.

I'paBuTanmonHoe  moie  0ObEKTa  MOXET  HMETh
ACHMMETPHIO, 00YCIIOBJICHHYIO pa3IMYHOMN BEJIMYUHOU
ANEKTPUYECKUX TOJIeH, 00pa3ylollUX ero rpaBUTALlMOHHOE IOJIE,
KOTOpasi OIpenessieTcsl pa3HOCThIO MOTEHIMAIOB B KakoW JH0O
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TOYKE n, rpaBUTAllUOHHOT'O I10JIA. B ACUMMCTPUYHOM
IrpaBUTAllUOHHOM IIOJIC, T'PaBUTALIMOHHAA BOJIHA — IOJIAPU30BAHA,
TaK KaK HMMCECT aCUMMCTPHUYHBIC aMIUIMTYJAbl ITOJOXHWUTCIBHBIX U
OTpULATCIIBHBIX ITOJTYBOJIH.

A=dg = (-qh — (+ah
rae A = dq —acuMMeTpHs I'PaBUTAIIMOHHOTO TIOJIS,

(+Q)n — moTeHIMAN TOJIA TOJIOKUTEILHOTO 3apsjia B
TouKe N, a

(-Q)n - MOTEHIMAI OIS OTPHUIIATEIILHOTO 3apsiaa B TOM
e TOUKe.

AcuMMeTpHusi MOXET OBITh, KakK IOJIOKUTEIBHOM, Tak M
OTPHUIATEILHOM.

BeanunHoOii  acHMMeTPpMHM  TPaBUTAllMOHHOIO  MOJS
OTIpe/IeIIIeTCS arperaTHoe COCTOSIHUE BEIIeCTBa.

TemnepaTrypa  MaTepuaqbHOTO  Tejla  OINpeaesseTcs
Pa3HOCTHIO ACHMMETPHI TeJIa U OKPYKAIOIIEH CPEIbI.

§ = dA =As— A, = dgs— dqp
rae dA —pa3HOCTh ACHMMETPHIA,
dqo - acuMMeTpus TPaBUTALIMOHHOTO TIOJIsT 00BEKTA,
dgs - acMMMeETpHsI TPaBUTAILIMOHHOTO TIOJISI CPEJIBL.

CaenoBarejibHO, AacUMMeTpusi — 3TO, 1O CYTH,
U30BITOYHBIN  3apsil, KOTOPbIM W ONpPeNeJATCA BCe
B3aNMO/IeHCTBUS B IPUpoOJIeE.
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Kpome »5TOro, rpaBUTalMOHHOE TI0J€ MOXET HMETh
"mepexoc”, 00yCITOBJICHHBII JIMHEWHBIM CMEIIEHUEM
AJIEKTPUYECKUX TOJICH, ero oOpasyromux. ITOT JIMHCHHBIA CIABUT
JIEKTPUYECKUX TOJIeH B HayKe HA3bIBACTCS MATHUTHBIM I10JIEM.

7KM3HB — 3TO NPOU3BOJBHO B3ATHIM YpOBEHb CII0)KHOCTH
CTPYKTYpbl MaTepuu, KOTOpash HaXOIHUTCS B COCTOSHUM IIpolecca
OECKOHEYHOTO CUHTE3a, HEMPEPHIBHO BOCIPOU3BOISCH U OCO3HABAS
ceOsi opraHaMy M3 BBICOKOOPTaHHW30BAHHON MaTepuud — MO3TaMH,
CIIOCOOHBIMU ~ HCIIOJIB30BaTh B TIPOIECCE KUZHEICSATEIbHOCTH
ANEKTPUUECKUE CUTHAIIBI.

21.3AKJIIOYEHUE

beccmbicneHHOe yBI€YEHHE YYEHBIX MaTeMaTHUYE€CKUMU
MOJIETSIMM, YK€ 3aBeJ0 HayKy B HENPOXOAUMBIA TYIHK.
HecooTBeTcTBHE peanbHOCTH MaTEeMaTHUYECKUM YPaBHEHUSIM H
dbopMynaM MNPUBOAMT K TOMY, YTO [UIsl HX COTJIACOBAHUSA
MPUXOAUTCS PUIyMbIBATh pa3Iu4HbIe MOATOHOYHBIE
KOA(p(UIIMEHTHl, TPOMKO Ha3bIBa€Mble MHUPOBBIMH KOHCTAaHTaMH,
KOTOPbIE€ TPUXOJUTCS TOCTOSIHHO YTOYHSTb.

Jlornueckast ~ Ge3rpaMOTHOCTh  HAYYHOTO  COOOIIECTBA
IpUBEIa K TOMY, 4YTO B HAyKe YKOPEHUIUCh TAaKHUE JIOXKHBIC
MOHATHS, KAk  TPAaBUTALMOHHBIA  KOJUIAIIC M aKKpenus,
IIPOTUBOpEYAILlE JIEMEHTApHBIM 3aKOHaM Npupoasl. O YepHbIX
JbIpax YYEHBIMU YK€ COYMHAIOTCA HAYYHO-IIOMYJIAPHBIE PAaCCKa3bl,
KaK O pCaJIbHBIX KOCMHUYCCKUX O6’b€KTaX, XOTs KpOMC BbIBCACHHDIX,
U3 MaHUMYJISAIANA MAaTeMAaTHYECKUMH CUMBOJIAMH, PE3yJIbTaTOB, HET
U HUKOTAAa He OyJeT, HUKAKHX pPeaJbHBIX OKa3aTeIbCTB HX
CYIIICCTBOBAHHS.
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I'myno BooOpakath, 4TO TpUpoJa OyIeT MOACTPauBATHCS
O] pe3yJbTaThl MAaTEMAaTHUECKHUX OMepaluii, 0 KOTOPhIM B HEll He
XBAaTaeT KAaKOM-TO TEMHOM WM CBeTIoW marepuu. I[Ipocto
MaTeMaThKa HECIOCOOHA MPAaBUIBLHO OMHUCATh MPUPOAY, TaK Kak
ONepUpyeT HE peaIbHbIMU MpPEeIMETaMU U  SIBJICHUSMH, a
a0CTpaKTHBIMH CHMBOJIAMH.

Hukomy He mnpuxomaur B TOJOBY, 4YTO MAaTEeMAaTHKa,
u300peTeHHast JIOAbMM Ui YTHIIMTApHBIX HYXI, MPEACTaBISAET
cO0OM JOCTaTOUYHO MPUMUTHUBHBIHN, XOTS M YIOOHBIN S3bIK, KOTOPHIM
MOYKHO HE TOJIBKO KPaTKO OIHUCATh KAKON-TO PealbHbI 00BEKT WK
Ipoliecc, HO M HalKcaTh CKa3Ky WiM (PaHTACTUYECKUH pacckas...

22. TIPUJIOXKEHHUE
* Mojeyii IPpOTOHA U 3JIeKTPOHA

aﬂeKmPOHbl U NPOMOHBL, KAK mMamepuaibHble 06’bel('mbl,
umerwom CJi10JCHoe cmpoenue, nooooHoe CMPOEHUIO amomoe,
MmoJjlibKo us cyﬁaﬂemeumapu blX JJleKmpuueckKux 3apﬂ003.

Dnekmpon, nanpumep - 3mo
ananoz amoma 6000pooa 6
bonee HU3KOM yposne
0EeCKOHeUH020 uepapxuueckozo

Mogenb
3NeKTPOHa.

cmpoenus mamepuu.

Mopenb NpoToHa. _]Ioeullﬂo npedno.llomumb,

Puc 20 .

Ymo 60 6CEeNEeHHOI MOZym
cyuiecmeoeams  Kocmuueckue — o0veKkmol,  00pazoeanHbvie
yacmuyamu 0Oonee Hu3Kux ypoeHeil uepapxuu. Temu once,
Hanpumep, Me30HAMU, MIOOHAMU, KEAPKAMU U Opy2UMU,
KOmopble MOMNCHO CUCMEMAmMU3UPO8ans 8 6Uoe NEPUoOUYecKoil
mabauyst " InemenmapHulx"  wacmuy, KOMOpas OO0NNHCHA
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coenaoamo ¢ madauueil nemenmoe Menoeneesa. Ha ocnosanuu
IMO20 NPEONOI0IHCEHUs, RONPOOYEM CO30amb MOOEIU IIeKMPOHA
u npomona (puc 20).

Hdonycmum, umo Inekmpon cocmoum u3  mpex
cy0I1eMeHmapHbIX Yacmuy — 08yx - ¢ OMPUYaAmMeaIbHblM 3aPA00M
U O00HOU — ¢ nonoxcumenvHviM. B Imom cayuae ezo
2pasumayuonHoe noie  Oyoem  umemv  OMPUUAMETbHYIO
acummempuio pasuyto munyc eounuye (-1). Tak kax 3apsaov
INEKMPOHA U NPOMOHA PAGHBL U NPOMUGONOTIOHCHBL NO 3HAKY,
MO NPOMOH O00NIHCEH UMEMb NOTIOHCUMENbHYI0 ACUMMENPUIO
pasnuyto narc edunuye (+1).

DKcnepumenmanbHo  YCMAHOBIEHO,  YMIO  HPOMIOH
mscenee Inekmpona noumu ¢ 2 000 paz u smo 3nauum, umo
ezo 2pasumayuonHoe noine 3HAYUMENbHO oonvue
2pasumayuonnozo nonsa rnekmpona. CnedosamenvHo, npomon
oomncen cocmoams, npumeprno, uz 1000 nonosycumensuvix
cyornemenmapnvix uacmuy u 999 —ompuyamensuvix. Ymo, c
yuemom Oeghekma e6eca u cocmasum yucao 1800 u
nonoxcumenvuyio acummempuio (+1).

Ecmecmeenno, umo 1100vle yacmuypl 6 npupode umerom
C60UX  AHMUNOO08,  KOMOPHLIX  OWUOOYHO  CHUMAIOM
anmumamepueni. Ilo3umpon, Hanpumep, 33mo yacmuua,
cocmoawas U3  00HO20  OMPUUAMENIbHOZ0 U 08YX
RONONCUMENbHBIX  cYy0OINemenmapHublx  3apaoos.  Iloamomy
HUKAKOI CUMMEMPUU UTU CYREPCUMMEMPUU 8 RPUPOOE Dblmb He
ModHcem.

e Cunres

Cunme3 (00bedunenue) — Mo 00wWAA HANPABIEHHOCHb
npoueccos 3eonwoyuu. ..H3 cyornemenmapuvix uacmuy
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CUHME3UPYIOMCcA INeMeHmapHsle, U3 I1eMEeHmMapPHbIX — AmoMmbl,
uz3  amomoe  —  monexkyavl.  Monekynvt  odpazyrom
8bICOKOMOJIEKYIAPHbBIE COCOUHEHUS, U3 KOMOPLIX, CO 8PeMeHeM,
dopmupyromea pacmumensHble u HcusomHbvle KiemKu.

Knemku o0vedunaromea ¢ MHO2OK1emoUuHble 00pa308anUsL,
Komopule, 6 C6010 04epedb, 6CMYnaom 6 cumMouo3 opyz ¢ opyzom
u 00pazyrom opzaHu3Msvl, MAaK HA3blAEMBIX, " HCUBBIX" Cyuiecme.
Omo pulovl, nmuyvl, npecmviKawuiueca, MjieKonumarwuwue u
yenoeeKk, Kak  Haubolee  pazeumoe u, odaadawuiee
camocosnanuem, cywiecmeo. JIroou oodveounawomcesa 6 poooegvie
2pynnul, 6 niemeHna, cmpanvl u 2ocyoapcmea. Yepes nexomopoe
epems, cmpanvl, 01 MO20 4Moodvl He nOoZubHymv 6 Oopvde co
ceoell  COOCMGEHHOU  2Mynocmvlo,  0yOym  GbIHYHCOEHbL
00be0uUHUmMbCA 8 00HO 2/100a/IbHOE NIAAHEMHOe 20CY0apCcmaeo,
HOMOMY YUMo 6ce, Ymo HAXO00Umca He MObKO HA nilaneme, HO U
60 6CENIeHHOU, He NPUHAONIeHCUM HUKOMY, 4 3HAYUM
NPUHAOTIEHCUM 8CEM.

Cam uenosek — Mo MONAbKO MAMEPUAIbHLIIL 00beKm,
noayyuewuil, € pesyivmame  IGONIOUUOHHOZ0  PA3CUMUA,
cnocobnocms  ocoznamy  ceba  KAK  UHOUBUOYATbHOCHb.
Bozomnuewuil ceba " uyapem npupoowl’, 3mom mamepuaaipHulil
00veKkm, cpazy Jce RNPUHANCA 34 NOKOpeHue 3IMOoU Camoul
HpUPOObL, HACMBIO KOMOPOIL OH CaAM U ABNACHCA.

Ho, monvko nokopue co0cmeeHHyl0 2iynocms, 00U
noumym, umo O0wl10 yHuumodyceno umu ¢ "auye' CCCP.
Cogemckoe obuwgecmeo — Imo  pe3yrbmam  CUHmME3A
(o6veounenus) ma oOonee 6vlcOKOM YpOGHe OpeaHU3AUUU
Mamepuu, Ha npunyunax pagencmea. Hnu, opyzumu cnoeamu,
HA NpUHYURE 603PDACMAHUA IHMPORUU, KAK CHpeMIAeHUsA
Mamepuu K pagHogecuro.
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Kanumanucmuueckaa 3KOHOMUKA, ¢ IMOIU MOYKU 3PEHUs,
Imo npouecc, UOYWUIl C HaApyuieHuUemM 3aKOHA RNPUpoovl -
6o3pacmanus INmMpPonuu. Y mex, y K020 MHO20 OeHez, ux
cmanosumcsa euie 6oavuie, a’y me, y K020 ux maio, pazoparomcs.
Ilosmomy c¢ pazeumuem ypoeHsa pazymMHOCHmU Uel08eyecmea,
Kanumanucmuyeckasn IKOHOMUKA yMPem Hagce20d.

A noka uenoeeuecmeo Oydem  PYKOG0OCHI808AMbCA
azpeccugnvlm 103ynzom Muuypuna, umo "mbl He 00JMHCHBL
JoHcoamsv Mujiocmeil om Rpupoosl, a 63AMb UX )y Hee — Haula
3a0aua’, a mak jce NPUHYUNAMU YACMHOU COOCMBEHHOCMU, OHO
Heu30edxcHo Oyoem oOpeyeHo Ha 00Manwvl, pazoopsvl U OUIHBbL.

Paboma moxcem c60600H0 pacnpocmpansmscs 106bIM U30AMENbCMEOM UTNU YACIHBIM TUYOM, NPU
YCNIOBUU COXPAHEHUs YeNOCMHOCIU U HeUSMEeHHOCIU MeKCMa U, JcelamenbHo, ¢ YKa3aHuem umeHu
aemopa.
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