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Beonroyust MATEPHH

VBaxaeMblil UUTaATEID !

JIxoObIe sIBJICHUS TPUPOIBI ATIEMEHTAPHO OOBSICHSIOTCS B paM-
Kax kinaccuuecko ¢pusuku. M ecnu Bel ocHOBaTeNnbHO 1OA3a0bLTH
MaTeMaTHKy, ’TO HM KOMM 00pa3oM He momernraeT Bam noHsITs npu-
pony. [Ipupoxaa e€ BooOI1ie HE U3ydana...

ITpupona mpocta 1 Bce YTO ITOMY
MIPOTUBOPEUUT, JOIDKHO OBITH OTOPOILICHO.
M. Jlomonocos.

Jns Toro yTo OBl OOBACHUTE B IPUPOAE BCE,
JIOCTATOYHO JIBYX JIEKTPUUECKUX 3apsI/IOB.

1. BBEJEHHE

""Kakue 061 omKpvimusa He 0e1anuch 6 chepe KOHKPEmHbIX
HayK, 014 ux ukcuposanus mpeodyemca a3viK. /laxce uzoopema-
omces cheyuanbhble A3blKU 011 3mozo. Ho éce onu, mak unu unaue,
npeononazaiwom 00uepa3zo8opHLLIl A3bIK, 03 KOmMopo2o OHU 80-
o0we nenonamuwl. Bce omnmonoczuueckue mepmunsvl, Komopule
mpeoylomca 014 ORUCAHUA IMUX AGNEHUI U OMKPLIMUIL, MOZYMm
Obimb onpeoenenvl He3A8UCUMO OM IMUX OMKPLIMUIL U NOACHEHDL

Ha npumepax camozo 00bI1UHO020 dHcumelickozo onvima..." (A.3uno-
6be6. OCHOGbI 102UYECKOIl MeoPUN HAYYHBIX 3HAHUIL. )

«...Bca xeanénan cospemennasn gpuszuka npeocmaensiem co-
001l cniownoe Hadysamenvcmeo.» (P.®einman.)

«O0bluHO HOBBIE HAYUHbIE UCHUHBL NO0EHCOAOMm He MmAK,
UMmo ux nPoOMUBHUKOE ybercoarom, Ho Yauie max, Ymo mu npo-
MUGHUKU NOCMENEHHO bIMUPAION, d HOBOE NOKOIEHUE YCeaAUsaent
ucmuny cpasy». (M.Ilnanx.)
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EcTp 1Ba acniekra no3HaHus Mupa, IPaKTUYECKUI U TeOpeTHYe-
ckuil. I ecni 3eMHast Hayka B PaKTUYECKOM aCIIEKTE IOCTUTIIA OIpe-
JIENIEHHBIX YCIIEXOB - CPEICTBA CBSA3M, KOMIIBIOTEPHBIE TEXHOJIOTUH,
KOCMOC, TO B TEOPETUYECKOM IIJIAHE OHA JI0 CUX IOp TOMYETCS HA pY-
Oexxax 17 Beka.

MHorue TEXHOJIOTMYECKUE MPUEMBI, OCBOCHHBIE YEIOBEKOM,
MPAKTUYECKH OCBOSHBI METOJIOM ThIKA, 0€3 TOHMMAaHUs UX MEXaHU3-
MOB. OOBSICHECHHSI OY€Hb MHOTHUX SIBJICHUW TIPHUPOJIBI, 4 TaK K€ MpPo-
1IECCOB, UCTIOJIB3YEMbIX YEJIOBEKOM B TEXHUKE, HE COOTBETCTBYIOT pe-
ATBPHOCTH M TIPEACTABIISIIOT coO0W Oe3mapHbie (haHTacTHUUECKHE 00-
pasibl CJIOBOOTY TS,

Jaxe mipu GeryioM 3HaKOMCTBE ¢ Teopueil bonbiioro B3psiBa u
CranmapTHOl MOJenbpl0 Mupo3aanusi, TOJILKO COBEpPIIEHHO Oe3rpa-
MOTHBIN MOXET HE 3aMeyaTh, 4YTO OHU MPOTUBOPEUaT PyHIaMEHTAIb-
HOMY MPUHLHUITY TPUPOABI — BTOPOMY Hauaay TEPMOAMHAMUKH.

Mopnens atoma Pesepdopna-bopa, nexamas B ocHoBe CraH-
JApTHON MOJIEINH, 110 CYTH, MPEJICTAaBIISET COOOM 3JIEeMEHTapHBIH BeY-
HBII IBUTaTeNb, KOTophle naxe [laprkckas akagemus He paccMaTpu-
BAET ¢ MO3anpouuioro Beka. [1o cBoel rirynocTu oHa MOKET KOHKYpPH-
pOBaTh TOJIBKO C MOJENBIO TNIOCKON 3eMIIH, MOKOSIIEHCS Ha TPEX KHU-
Tax.

VY4éHble —TeOpEeTUKU B YIIOp HE 3aMEYaloT, YTO JI00bIe TEOPUH,
OCHOBaHHBIE Ha MJIE€ BEUHOT'O JBUKECHUS - MOJIEKYJISIPHO-KUHETHYE-
CKasl WJIM TE€OpUsl CTPYH, NMPUHLHUIHUAIBLHO HECOCTOSATEIbHBI MO TOU
MPOCTOM MPUYUHE, YTO JBUKEHUE — 3TO TOJIBKO CIEACTBUE, a HE YCIIO-
BHE CYIIECTBOBAHUSI MaTEPUHU.

ATOMBI HE MOTYT UMETh SIJIEP, COCTOSIIMNX U3 OJHOUMEHHO 3a-
PSAKEHHBIX YaCTHUII, TAK KaK OHU HEM30EKHO PA3JIETATCS B pa3HbIE CTO-
POHBI U3-3a CUJI OTTajKuBaHus. U naxe eciu Ob1 3TO OBLIO BO3MOXKHO,
3JIEKTPOHBI BCE PAaBHO HE MOIJIM Obl BEYHO BOKPYT HHUX BpallaThC,
Tak KaKk OHM Hen30eXHO Obl Ha HUX YIMaIH, U3-3a TIOCTOSIHHOTO JICH-
CTBUSI CUJI IPUTSKEHUSI. Tak e HEBO3MOKHO BpalllEeHUE BOKPYT JAPYT
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Jpyra OMHAKOBBIX 3apsAA0B, KOTOPBIE M3-3a CHJI OTTAJIKUBAHUSA pa3-
JIETeNUCh ObI B pa3Hble CTOPOHBI.

A, Tak Ha3bIBaeMas, Teopus bosbIoro B3pbIBa, Kak yooras KOM-
MU OMOIecKo KHUTH BhITHS 0 00KECTBEHHOM TBOPEHUH Ma-
TEPUU U3 HUYETO, BOOOIIE MPEACTABISIET COO0H spUalinii oOpasery
IICeBJIOHAYYHOr0 Mpakobecus u mapnaranctsa. [lo cyTH, 3To pyka
pEeNUruy B HayKe. ..

Ji1s Toro, 4To 661 YOUTH Ha KOPHIO JII0O0YIO TEOPUIO, JOCTATOUHO
HATH B Hell XOTs Obl eIMHCTBEHHOE POTUBOPEUHE, & B COBPEMEHHON
HAy4YHOW mapagurMe uX CTOJIbKO, YTO OHM YK€ MpeBpaTtuiu e€ B Oa-
HAJIbHYI0O HYMEpOJIOTHIO, OCHOBaHHYIO Ha MaTeMaTH4eCKHX IOATa-
COBKax U MOJTOHKaXx.

OueBuHbIe (HaKTHI, JEKALIUE HA TOBEPXHOCTH, TIO]] CAMBbIM HO-
COM Yy JIFOJIeH, Ha3bIBAIOMINX Ce0sl yUEHBIMHU, TIO3BOJISIOT OMKUcaTh Mu-
pO3/1aHue MPOCTON U U3SIIITHON TEOpHel, N30aBIECHHOM OT JFOOBIX MPO-
TUBOPEYMI U HATPOMOXKICHUN MaTEMaTUYECKUX YPaBHEHUM.

[Ipupona HacTONBKO MpocTa M MO3HABAEMA, YTO BIIOJHE J0-
CTyIIHA Ul MIOHUMAaHUsS JaK€ BOCBMHUKJIACCHUKY, UMEIOLEMY TBEp-
JIyI0 TPOHMKY 1O (U3MKE, TaK KaK Bce €€ MHOrooOpasue 3MKIeTCs Ha
JIBYX DJEKTPUYECKHUX 3apsiiax M ABYX 3JEMEHTApHBIX B3aWMOJEH-
CTBUSIX - HPUMANCEHUU U OMMAIKUEAHUU, TPUHATHIX 32 MOCTY/IAThI.

HIMeHHO Ha 3THX MOCTYJaTax BBICTPOEHA MpejjiaraeMasi Huxe
teopus (Teopus rpaButanun). B €€ ocHOBY JIerI0 BTOpOE Ha4yallo Tep-
MOJMHAMUKH U DJIEMEHTapHas JJOTMKa ¢ MUHUMAaJIbHO HEOOXOIMMBIM
UCITIOJIb30BAaHUEM MAaTEMaTHYEeCKOro amnmapaTa KJIacCHYecKo Qu-
3UKH.
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2. Ob OCHOBHOM
'"3AKOHE" ITPUPOIbI

Crtporo roBopsi, HUKakixX 3aKOHOB B IIPUPOJIE€ HE CYLIECTBYET,
IIOTOMY UTO 3aKOH - 3TO IIPOCTO I0IOBOP O ITpaBUJIax B3aUMOJEHCTBUS
MEXy KaKUMHU-TH00 CyObeKTaMH, B KOTOPOM OTOBapHBAaIOTCS CaHK-
I[UU 32 UX HapyllIeHue, a TaK )K€ MEXaHNU3M uX BbIsiBIeHUs. Ho Tak kak
B IIPUPOJIE BCE B3aUMOJICHCTBUS 00YCIOBIEHBI HCKITIOUUTEIBHO CBOM-
CTBaMU CaMUX B3aHMOJICHCTBYIONIUX MaTepUaibHbIX 00BEKTOB, TO HU
B KaKUX 3aKOHAaX OHa He Hyxaaercs. IIpocTo HekoTophle XxapakTep-
HBbIE 0COOCHHOCTH B3aUMOJICHCTBUH, JTIOU [Tl ce0s1 POpPMYITHPYIOT B
BU/JIE 3aKOHOB.

A, cnenoBaTenbHO JTI00bIE, OTKPBIThIE YUYEHBIMHU 3aKOHBI, SB-
JSIFOTCSL BCETO JIMILB KOHCTATAllMsIMU KaKUX-JIMOO (hakTOB, KOTOpHIE
caMu ce0s1 ¥ IOATBEPIKIAIOT.

OTH, TaK Ha3bIBa€MbIE 3aKOHBI, TOJILKO OMUCHIBAIOT KaK Mpo-
UCXOJAT KaKHe-TO SIBJICHUSI, HO HUYET0 HE TOBOPAT O TOM, I0YEMY OHU
MIPOUCXOAT TaK, a He uHavye. B cuiy Toro, 4to ;ro0ble B3auMoiei-
CTBHSI MAaTEPHAIbHBIX 00BEKTOB OJHO3HAYHO OIIPEJIENIAIOTCS UX CBOM-
CTBaMHM, TO HUKAKUX HApyIICHUH, HEONPeaeIEHHOCTEH, HEOOBIYHBIX
3¢ PEeKTOB WK MapaTOKCOB B IIPUPOJIE HE CYIIECTBYET.

Korna Heonpenen€éHHOCTh BBOAUTCS B MPUHLUII, HAyKa YMU-
paeT u nmpeBpanaeTcs B 0aHAIbHYIO PEIUTUI0, OT KOTOPOM OJIUH JHIIb
niar A0 MpUHIMIA HETI03HABAEMOCTH, MO3BOJISIONIEM HECTU JHO0YIO
yynib. HeBO3MOXXKHOCTh OMHMCAaHMSI PEaTbHOCTH MaTeMaTHYeCKUMU
dbopMynaMu mpuBena K TOMy, y4€HbIe-TEOPETUKN HACOUMHSIIIN TaKoe
KOJINYECTBO OECCMBICIICHHBIX TEPMUHOB U M300peNu Takoe KoJnde-
CTBO HECYILIECTBYIOIIUX B IPUPOJE CYLTHOCTEH, UTO CaMH YK€ HE MO-
T'YT B HUX pa3o0parbcsl.

OTO pa3iauyHbIE [TOCTOSHHBIE, TAKUE KaK IpaBUTAllMOHHAs, I10-
crosinHas Ilnanka, mocrossHHas bosibiMaHa U emigé 1enbliii COHM pas-
JUYHBIX KOHCTAHT, 0€3 KOTOPbIX, I0 MHEHHIO TEOPETUKOB, HE MOTJIa
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OBl CyIIeCTBOBATh BeeneHHas. OJHAKO BCE 3TU MOCTOSTHHBIE OKa3bIBa-
I0TCS TAKMMH HETOCTOSIHHBIMH, YTO MX IMPUXOAUTCS NEPUOJUYECKU
YTOYHATH. [ paBUTAIIMOHHYIO TIOCTOSHHYIO, HAIIPUMED, YTOYHSIIN yXKE
11 pa3. U »3To, no-BUAUMOMY, €IIE HE TTPEae.

N3-3a ucka)x€HHOro 0OBIBATENBCKOIO MPEJCTABICHHUS O MeXa-
HU3Max MPUPOJIHBIX SBJICHUN, COBpEMEHHAs HayKa OOBIICHAET X, KaK
IIPABUJIO 33]I0M Hamepé, IepeBOpayrBasi BCE C HOT Ha 'OJIOBY U ITyTast
IIPUYUHBI CO CIEACTBUSIMMU.

Benp naxe 3a HampaBleHHME JIEKTPUUYECKOTO TOKAa B (pusmke
IPUHATO JBUKEHUE HE OTPULIATEIbHBIX, KOTOPBIE IPE00IIaaoT, a Mo-
JIOKUTENBHBIX 3apsifioB. TO €CTh MPOTUBOIOJIOKHOE PEATbHOMY, YTO
IPUBOJUT K IIyTaHULE IPU OOBACHEHUH.

A y0orue npeacTaBiIeHUs O MPUPOJIE TPABUTALMH, TTO3BOIUIN
TEOPETUKAM COCTPSNATh TAKyl0 HEJEMyIo U 0e3rpaMOTHYIO TEOPHUIO
o0pa3oBaHus 3BE3]] U IUIAHET, YTO OHA 3aTMEBAET CBOEH TIIYNOCTHIO
pacckas3bl 3HaMEHUTOro O0apoHa MIOHXTay3eHa O BBITACKMBAHWUHU Ca-
Moro ce0s 3a BOJIOCHI U3 00JI0TA.

CambIMu ke IpeMyduMH 3201y /IEHUSIMH B COBpeMEHHOU (hu-
3MKE SIBIISIOTCS MOHATUS UHEPLMOHHONW MACCHl U 3aKOHA COXPAaHEHUS
JHEPruy, KOTOPBIA 10 CUX NOP CTUMYJIUPYET HEYTOMUMYIO JESATEIIb-
HOCTh OTPOMHOW apMHUU U300peTaTesiell BEUHbIX JBUTATEICH.

[Tocneanue CTO JET MOUCTUHE "YMOMIOMPAYUTEILHOTO" B3JIETA
HAYYHOH MBICIIH, XapaKTepU3yIOTCs peHeOpeKeHNEeM yUEHBIMHU-TE0-
peTUKaMU OCHOBOIIOJIATalOIIMM IMPUHIUIIOM HAyYHOTO IO3HAHUS -
TaK Ha3bIBaeMon OpuTBOI OKKama.

W 5T0 mpuBeno K TOMy, YTO HAayKy 3aMyCOPHJIM TaKHMMH Oec-
CMBICIICHHBIMU TEPMUHAMH M NOHATHUSAMH, YTO OHA y’K€ HE B COCTOSI-
HUM OOBACHUTH JaXe TaKHX, B OOILIEM-TO NPOCTEHININX BelleH, Kak
TPaBUTALMA U MaTHATHOE MOJIE.
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3. O CTPOEHHU ATOMA,
I'PABUTALIMHN
1 TEMHOW MATEPHAH

Jlst Toro, 9TOOBI CO3AaTh YTO-TUO0 MPETEHYIOIIEE Ha CTPOM-
HYIO TEOPHUIO, B MEPBYIO O4Yepeb HEOOXOIMMO OJJHO3HAYHO OIpee-
JUTH OCHOBHBIC MTOHATH. Bellb TEPMHUHBI U ONIpEICTICHUS IPUTyMaH-
HbIC yYEHBIMU HACTOJBKO TYMAaHHBI ¥ MHOTOCMBICICHHBI, YTO CIIO-
KUTh U3 HUX OoJiee WM MEHEee MPUEMIIEMYIO KapTUHY MPUPOIBI HE-
BO3MOJKHO.

[Ipesxae Bcero Hy>kKHO ONPEEIUTh OCHOBHOE MOHSATHE — 3TO T0-
HATUE Mamepuu. ECTb OYeHb MHOTO OINpeAeNieHul MaTepuu, COuu-
HEHHBIX Puocodamu U y4EHBIMU, HO MBI, PYKOBOJCTBYSICh OPUTBOM
Oxkama, BO3bMEM caMO€ KOPOTKOE.

Mamepusa — 3mo mo, umo cyuiecmeyem ¢ npupooe.

JIroOble MaTepuanbHbIC NMPEeIMETHl MOXHO, IO KpaiiHel Mepe,

nomymnarb. I[.HH Hayajia HaM 3TOI'o 6y;[eT AJ0CTaTO4YHO, HO B I[aHBHefI-
[IEM 3TO OTPEJIEIICHNE MOKHO Oy/IeT yTOUHSTh.

Martepusi UMEeT YaCTUYHOE CTPOCHUE M MOXKET APOOUTHCS Oec-
KoHeuHO. U cienoBarenbHO €€ CBOMCTBA HA JTIOOOM YPOBHE CTPOCHUS
COBEpIIECHHO OJINHAKOBBI.

Amom — 3mo_nycmomenoe_mamepuaibnoe 00pazoeanue u3

J1IEMEHMAPHLIX _YACMUY, UMEIOUee 8 _ONPEOeIEHHBIX _YC108UAX
Heu3MeHHble C8OIICMEd.

dnemenmapuas_yacmuya — I3mo_nycmomesnoe_mamepua,iv-

HOe 00pa3zosanue u3 cyddieMeHmapHblX 4acmuu, umerouiee 6 onpe-
0€/1ICHHbIX YC08UAX HEU3MEHHbLE CBOIICEBA.

Bewecmeo — 3mo mamepuanvrnoe obpazosanue, cocmosauiee

U3 AMoMO8 ¢ 0OUHAKOBLIMU CEOUCH 8AMU.
Crtpoenue BemecTBa Haiield 00J1acTH BCEJIGHHOW TTOKa3aHO Ha
pucyske (puc.1) Cam aToM 1Moka3aH CEpbIM I[BETOM, JICKTPOHBI — Oe-

JIbIM, a MO3UTPOHBI - YCPHBIM.
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ATOMBI TBEPABIX TEJI U KUIKOCTEH PACIIOIararoTCsl BILIOTHYIO
IpYT K IPYTy, @ 3JIEKTPOHBI U MO3UTPOHBI, B IPOMEXKYTKAX MEXKIY
HUMHU. ATOMBI Ta30B M3-3a IPe0OIagatoINX CUJI OTTAIIKUBAHUS, pac-
M0JIaral0TCsl HA HEKOTOPBIX PACCTOSIHUSIX.

Monens atoma Pesepdopna-bopa, Ha KOTOpO#l mocTpoeHa
CrangapTHas MOJIeIb MUPO3/IaHus, TPECTABISIONIAs COO0M aHaIor
BEYHOI'0 ABUTATENA, IPOTUBOPEYALIETO OCHOBHOMY 3aKOHY IIPUPOIBI
- BTOpOMY Hayajly TEpMOJAMHAMUKH, 3J€Ch HE pacCMaTpUBaETC.

CrnenyrolmuM MyHKTOM OIPEAEISEM MOHATUE C8OIICHE Mame-
puu. JoObie MaTepHaIbHBIC

anexrponss | OOBEKTBHI BCET/Ia MOYKHO OXapaK-
TEpU30BaTh KAKUMHU-TO CBOM-
crBamMu. Bo3pMEM 111 mpumepa
crekino. CTekno, KaKk H3BECTHO,
wopos | 00JTAJIAET CIOCOOHOCTBIO TIPO-
MyCKaTh CBET U 3Ty €ro CIoco0-

HOCTHh HIIN CBOﬁCTBO, MBI HAa3bI-

BaeM Ipo3pauHocThio. Cye-
CTBYET JIM IIPO3PAYHOCTD B IPUPOJE, KAK MaTEPHAJIbHAS CYIIHOCTb?

OHa KOHEYHO € CyLIECTBYET, HO TOJIbKO HE Kak (u3nuecKas
CYIIHOCTb, @ KaK XapaKTEpUCTHKAa JOBOJIBHO OOJIBIIOrO Kjacca Be-
LIECTB, MPOIYCKAIOIINX CBET. A pa3 OHa CYIIECTBYET, KaK HEKas Xa-
PaKTEpUCTHUKA UM CBOKCTBO, TO IOIIYNIAaTh €€ HEBO3MOXKHO. MOXKHO
MOIIYNATh CaMO CTEKJIO WJIM aJMa3 MJIM JaXKe BOJY, a BOT Mpo3pau-
HOCTb HUKAK HE IMOIYNAEIIb.

Bot TyT-TO MBI M IIOIIaAaEM B JIOTHYECKYIO JIOBYLIKY. M Takux
JIOBYLICK B HAYKE CTOJIBKO, YTO HA MX IIOYBE BBIPOCIIH LIEIIbIE NICEBIO-
Hay4HbI€ HAaIIPaBJICHUs, TAKHE KaK KBAaHTOBas (PU3MKa, KOCMOJIOTHS U
TEOpUsI OTHOCUTEIIBHOCTH.

Kak MbI yxe onpeaenyiv BbIlIe, MPO3pavyHOCTh — 3TO CBOM-
CTBO cTekJa. M ecTeCTBeHHO, UTO J1H000€ CBOMCTBO MOXKET CYILIECTBO-
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BaTh TOJBKO C TEM 0OBEKTOM, KOTOPOE OHO Xapakrepusyet. Wmu npy-
TUMH CIIOBaMH, CaMO C80ICHE80 HEMAMEPUATIbHO, XOTS UMEET Mame-
PUAIbHLLIL HOCUmMEND.

[TogoOHOE MBOMCTBEHHOE MOJIOKEHHE CIIOKUIIOCh B HAyKe C
MOHSITUEM IHep2us. JHEPTUS — ITO CBOHCTBO MaTEPHAILHOIO T CO-
BepIaTh paboTy. DTO caMoe MPOCTOE M KPaTKOE OIpeIeIeHIe YHEP-
TUH, KOTOpas Tak ke, KaK M MPO3PadHOCTb, SBISCTCS XapaKTePUCTH-
KOW MaTepUalbHOTO TeJla U MOXET CYIIECTBOBATh TOJBKO BMECTE C
HUM. TO €CTh dHEpTHUs, TaK Ke KaK ¥ MPO3pavyHOCTh, HIMEET MaTepH-
aJIbHBIA HOCHUTEIIb.

Criekymnsiuu Ha TeMy SHEpruu, 00yCIOBICHHbIE MTOTOJIOBHON
JIOTUYECKOW Oe3rpaMOTHOCTBI0 HAyYHOTO COOOIIECTBa, OYKBaJIbHO
3aroyIOHMNM HaykKy. [1o106HO 3KcTpaceHcam U mapiaTaHaMm BCexX Ma-
CTEeH, y4EHbIE HECYT HECYCBETHYIO Uylllb O KaKMX-TO TEMHBIX DHEp-
THUSIX, JIBIOIIUXCS W3 KOCMOCa Ha 3eMITI0, YTO XOTh BCEX CBSTHIX BBI-
HOCH.

OnHaKo CTOUT TOJIBKO 3aMEHHUTh TEPMUH "dHeprus’ Ha oObIu-
HOE€ CJI0BO "CIOCOOHOCTH" MJIM CBOMCTBO COBEpIIAaTh padoTy, "myph
KaXJIOTO Cpa3y ke CTaHOBUThCS oueBHAHON". Hamo obmanare mowuc-
THHE HeoOy3aHHOoH (paHTa3uel, uToObI MPEACTaBUTh ce0e MOTOKU Ka-
KHX-TO TEMHBIX CIIOCOOHOCTEH, M3Tydaroluxcsi Ha 3eMJII0 U3 KOC-
Moca?

EAMHCTBEHHBII MOTOK HEPrUM MOCTYMNAOIUNA Ha 3eMIII0 —
3TO MOTOK COJHEYHOro m3nydeHus. Ho Tak kak sHeprus — 3TO BCETO
JUIIb CBOMCTBO MAaTepUU, TO CJIEIOBATEIbHO, COJTHEUHBIM CBET — 3TO
U €CTh IOTOK MaTepPUATBHBIX YACTHII, CIIOCOOHBIX COBEPINAThH padoTy.
U 3TOT KOJIOCCANBHBIN MOTOK YaCTHI] COJIHEYHOTO U3ITy4EHUsl, COBEP-
nrast paboTy, MUJUTHOHBI JIET MOAAEPKUBAET HA 3eMiie ONTUMATIbHYIO
TEMIEPaTypy, HE AaBasi el mpeBpaTUTCs B JeAsHYIO TIbI0y. U ToabKO
HUYTOXKHYIO YaCTh 3TOTO U3JIyUYEHUSI Mbl UCIIONIB3YEM IS TOTYUCHUS
AIIEKTPUIECKOTO TOKA C TIOMOIIBIO COTHEUHBIX OaTapeid.
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Beonroyust MATEPHH

Ha sTom Oynem cuuTath, 4TO € SHEPrHEN MbI Pa300panch, a
Tereph monpodyem pa3zodparbesi ¢ padboToit. UTto ke 3TO Takoe, pa-
6ora? Pabota — 3TO HEKOTOpPOE M3MEHEHUE COCTOSHUSI MaTepUasb-
HOTO TeNa, B pe3ysbTaTe ACHCTBUS Ha HEro APYyroro Teia, 00aaaaro-
miero 3Hepruei. Hanmpumep, eciim Mbl ypOHMM THPIO Ha KYCOK IUTACTH-
JMHA, OHA PACIUTIONIUT €ro B Jenéuky. To ecTh u3MEeHUTCs dopma
KYCKa IUTaCTUJIMHA.

OOBIYHO TOBOPSIT, YTO SHEPTHSI TUPH IPOU3BEIIa paboTy 1Mo U3-
MEHEHHUI0 (POpMbI KycKa miuacTuinHa. M 3Ta BecbMa pacipocTpaHEH-
Has omMOKa MMEET MOCTOSHHYIO INPOIUCKY NMPaKTUYECKU BO BCEX
yueOHuKax. Ho, kak Mbl yXe Onpeesuin Bhlle, SHEPrisl HeMaTepu-
aJIbHA U CJIEZI0BATENIbHO HUKAKOH paboThI MPOU3BOAUTH HE MOKeET. Pa-
00Ty IPOU3BOAMT HE SHEPIHsl, a TUPSL, MAJAIONIAsl O] JeHCTBUEM pas3-
HOCTH I'PaBUTALMOHHBIX [TOTEHIIUAJIOB.

W xorzma Bam ToBOpAT, YTO YENOBEK HMCIOJIb3YET, HAIIPUMED,
SHEPrUI0 BOJH JUIsl IPOU3BOJCTBA 3JIEKTPUUECTBA, TO IO CYTH, 3TO
OOBIKHOBEHHOE BpaHbe. UeIOBEK MCIONB3YyeT PHEPIUi0 HE BOJH, a
BOJBI. A BOJIHBI — 3TO IPOCTO MEXAHU3M, MIO3BOJISIOLIUHI 3Ty SJHEPTHIO
HCIIOJIb30BATh.

Jpyrumu cioBaMH BOJIHA — 3TO MEXAHW3M B3aUMOJICUCTBUS.
DTO JIETKO MOHATH Ha MpocToM npumMepe. Korna mbl Be3€M CaHku 3a
BEpPEBOUKY, TO BEPEBOYKA HE SIBISIETCS CBOMCTBOM CAHOK WM YeElO-
BEKa, OHA SIBJISIETCS MEXAHU3MOM B3aUMOAECUCTBUS MEX 1y HUMU. W
IIPOCTO MOCPEIHUKOM MEXAY CAHKAMHU U YEJIOBEKOM.

Bot teneps, korga Mbl IPOSICHUIIN HEKOTOPBIE OCHOBHBIE TEP-
MUHBI, MOKHO TIEpeX0uTh K pazpaboTke Hamieil Teopun. [lepBeiM u
OCHOBHBIM IIOCTYJIaTOM Halllei Teopuu, OyAET MOJ0KEHHE, YTO B IIPH-
pozie CyIIECTBYET TOJIBKO MaAMepust.

To ecTb Bce TO, UTO MOKHO MOIIYNaTh. B mpupoie Bce cocTouT
U3 MaTepHH, a CJIEN0BATENIbHO, IPUPOJA — 3TO U €CThb MATEpHs, IO-
TOMY HUYETO HEMATEPUAIBLHOI0, BPOJE KAaKUX-TO BUPTYaJIbHBIX Ya-
CTHII WJIK MU(PHUUECKUX "IBIPOK", B IPUPOJIE HET U OBITH HE MOXeT. B
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Anexcandp BECEAOB

HEl HET Tak)Ke HUYEro OTPULIATENbHOTO WM MHUMOTro. OTpuliaTesb-
HBIE BEJIMYMHBI TPUAYMAIA TOPTOBIIBI JJIs1 0003HAUEHUS 10JITa, a IPH-
pOAa HUKOMY U HAYETO HE JOJIKHA.

Kpome sHeprum, oAHMM M3 OCHOBHBIX (PYHIAMEHTAJIBHBIX
CBOWCTB, MPUCYILIUX MATEPUU, SIBIIACTCS 2JTIEKMPUUECKUIL 3apA0. JKC-
MEPUMEHTAIBHO JaBHBIM-JaBHO YCTAHOBJIEHO U 3TO JIETKO MPOBEPUTH
0e3 Kakoi-mM0o CIOXKHOM anmaparypsl, YTO SJIEKTPUUYECKUN 3apsin
OBIBaeT JBYX MPOTHUBOIOJIOKHBIX TUIIOB WJIHM, KaK TOBOPST Y4YEHBIE
JIBYX 3HAKOB - MOJIOKUTEIbHBIA U OTPULATEIbHBIN.

Mpumevanune! Imu mepmunvt enocam 6 Quszuxy onpedenénuyio
nymanuyy u 0ovl10 0bl 20paA300 J10ZUYHee HA36AMb 3apsodbl, Hanpumep,
Kpacuvim u cunum. Ilomomy umo, Kaxk cKazano vluie, OMpuUYAMeEnbHblE
6€/1UHYUHDbL — MO ampuﬁym mamemamuxu. A 6 mamemamukxe, 6 omjinduu
Om npUpoOsl, NPU CIOHCCHUU NOJIOHCUMETILHBIX U OMPUUAMETILHIX Ge-
auyun, noayuyaemcs uyns. To ecm — nuuezo, nycmoe mecmo. A é npupooe
Hem nycmomal.

DNEeKTPUYECKUI 3aps]l MPOSBISETCSA B BUJIE 2J1eKMPUUECKO20
noaa. DKCIEPUMEHTANIBHO TaK K€ YCTAHOBJIEHO U 3TO TOXKE JIETKO
IIPOBEPUTH, YTO TEJIA NUMEIOIINE OJUHAKOBBIE JIEKTPUUECKUE 3apsIibl,
OTTAJIKUBAIOTCS, @ UMEIOIME pPa3HbIE 3apsibl, MPUTATUBAOTCA. TO
€CTb TeJIa, B 3aBUCUMOCTH OT THUIIOB WJIM 3HAKOB 3apsA10B, B3aUMOJEH-
CTBYIOT I10 Pa3HOMY.

Ilo anasioruu ¢ MpoO3pavyHOCTBHIO, KAK CBOMCTBOM IIPOITYCKaTh
CBET, MBI C ITOJHBIM [TIPAaBOM MOKEM ONPEEITUTH 3apPA0, KaK CBOMUCTBO
WIH CHOCOOHOCTh MaTepuH B3amMoJeicTBOBaTh. (CIemnoBaTEbHO
npumasadicenue 1 OmmaiKueanue — 310 U €CTb 63aUMO0EUCM UL,

A BOT CWJIbHBIC 3TU B3aUMOJCWUCTBUS WIH Cla0ble, 3aBUCUT
TOJIBKO OT PacCTOSHUS MEX]ly B3aUMOJICHCTBYIOIIMMH 00bekTamu. U
HEIOHSATHO 3TO, IO BUAUMOMY, TOJIBKO TEOPETHKAM.

A Tak Kak MaTepHaJIbHbIC T€Jla, UMEIOIINE 3apsJibl, B3aUMO-
JIEHCTBYIOT Ha HEKOTOPOM PACCTOSIHUH, CJIEI0BATEIBHO 3apsil — 3TO
ceolicmea mamepuu 63aumooeiicmeogams Ha paccmoanuu. Mare-
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Beonroyust MATEPHH

pHUANBbHBIE TEJa BCETJa B3aMMOJICHCTBYIOT Ha PACCTOSIHHH, Yepe3 Mo-
CpPEeIHUKA, KOTOPBHIM SIBISIETCA noae 3apada. Y1 Tak kak moie, 3TO
BCEro JIMIIb MOCPEIHUK, TO TPU B3aUMOJEHCTBUSIX OHO HE H3MEHS-
eTcsl.

Korna mbl mpubnmxaem Opyr K Apyry ABa MaTepHaIbHBIX
TeNa, UMEIOINE OAMHAKOBBIE 3apsijbl, OHU OTTalKuBatoTcsa. HyxHO
UMETh B BUJY, YTO OTTATKUBAIOTCS HE 3apsi/ibl, a Telna. DTO MPOUCXO-
JUT TIOTOMY, YTO HOJIA OOUHAKOBBIX 3APAO0E8 HENPOHUUAEMbL IPYT
JUTSL ApyTa U TpU CONMMDKEHUU OHM YIpyro AeGOpMHUPYIOTCS, YeM U
00yclaBIuBalOTCs CUJIbl OTTaNKuBaHus. Korna Mel mpulmmkaeM apyr
K JIpyr'y MaTepHajibHbIe TeJla, UMEIOIIHE MPOTUBOIIOJIOKHbBIE 3apsIbl,
OHM IPUTATUBAIOTCA. OIATH K€ MPUTATUBAIOTCS HE 3aps/Ibl WIH OIS,
a Tena.

OTO MPOUCXOIUT MOTOMY, UTO HOIA PAZHBIX 3APAO0E cmpe-
mamcesa caumoea opye ¢ Opyzom. 1lpu 3ToM y HUX TOKE MPOSIBISIOTCS
CBOMCTBA YIIPYIOCTH, HO TOJIBKO IIPOTUBOIIOJIOKHOTO IEHCTBUS.

Ecnu nBa Tena ¢ mpOTUBOMOJIOKHBIMH 3apsiaMH MPUTITHUBA-
IOTCS 10 CONPUKOCHOBEHHUS, TO OHHM OKAa3BIBAIOTCS OKPYXEHHBIMHU
JIBYMsI IPOHUKIIUMHU APYT B JIpyra U CIMUBILIMMUCSA BMECTE IJIEKTPHU-
YEeCKUMU TMOJISIMU. B uTore 3To mMpuBOAUT K TOMY, YTO 3apsiibl, Kak
CBOICTBa MaTepuu OOBEIUHSAIOTCS, UX OelCHEua YaCTUIHO B3aUMHO
KOMIIEHCUPYIOT JpYT ApyTa v COMU3UBILINECS Teja, B 00IEM U 1IeJIOM,
OKA3bIBAIOTCS 2/1IeKMPUYECKU HEUMPAIbHbIMU.

Cnedyem umembv 6 6udy, Umo KOMREHCUPYIOMCA MOJIbKO
oeiicmeus 3apa0oe, camu xce 3apaovl, AGAAIOUUECs HEOMDbeMIle-
MbIM COTICHIEOM MAMEPUU, HUKYOA He UCHE3alom.

Bot aTH, cnuBmmecs BMecTe, 3JEKTPUUECKHUE OISl TPOTHUBO-
MOJIO’KHBIX 3apSAZI0B U 00pa3yIOT ZpasumayuoHHoe nojie MaTepuab-
HOT'O 00BEKTA.

N ecnn MbI nonpoOyeM npUOIU3UTh ABA TAKUX IEKTPHUECKU
HelmpanbHpIX MaTEPUATIBLHBIX TEJA IPYT K IPYTY, TO ANEKTPUUYECKUE
HOJIs, OKpYXKaloIlIue WX, OyAYyT CTPEMHUTHCS YK€ B3aUMHO IOMAapHO
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Anexcandp BECEAOB

CIUTBCS APYT C APYTOM, YTO NPUBEAET K MPUTSITUBAHUIO ITUX T
JIpyT K APYry. A cienoBaTelbHO Teja, 00Jalalolue cpasgumayuon-
HbIMU noAMU OYIYT 6ce20a MPUTATUBATHCS APYT K Apyry. M 310 3Ha-
YUT, YTO HUKAKOM aHTUTPABUTALMU B IPUPOJIE CYIIECTBOBATh HE MO-
JKET, TOTOMY YTO OTTAJIKUBATHCSI MOTYT TOJIBKO TEJIA, UMEIOIINE OJIU-
HAKOBBIE AJIEKTPUUECKUE 3aPsIbI.

3a mpuMepaMu alieko XOAUTh HE HAJl0, TI00BIE TeNa, HaX 0 Is-
IMeCcs Ha IUIaHETe, IPUTATUBAKOTCA K HEW € ONpeIeIEHHON CUJIOHN, 3a-
BUCSILEH OT PacCTOSHUS 70 €€ MoBEepXHOCTH. JI00ObIe Tella BO BCEIeH-
HOM, 3B€3/1bl, IJIAHEThI, ATOMBI, 00J1aAaI0T CBOMMH I'PaBUTAIUOHHBIMU
MOJIIMU, KOTOPBIE XOTS U UMEIOT OECKOHEUHBIHN paauyc AeHCTBUs, HO
OYCHb CHJIBHO OCJIA0EBAIOT C PACCTOSTHHEM MO 0OpaTHO KyOMUYeCKOM
3aBUCUMOCTH.

U B cuty cBoero GECKOHEUHOTO paauyca NeHCTBUS, ITH MO
SIBIISIIOTCSL. @e30ecyuieii ynpy2oil cpeooil, B KOTOPOl pacrpocTpaHs-
I0TCSI TPAaBUTALMOHHBIE BOJHBL. JTO TOBOPUT O TOM, YTO HHKAKOTO
adupa, GU3NYECKOTO BaKyyMa, CKa30YHOTO MPOCTPAHCTBA-BPEMEHHU
WJIM KaKOT0-TO TPHUAEBSTOrO IapCTBa B MPUPOJE HE CYIIECTBYET.

W kak Mbl yCTaHOBWJIY BBILIE, TPABUTALIMOHHOE 10JIE, KaK I0JIE
00pa3oBaHHOE DJICKTPUUECKUMH TOJISIMHU, TaK JK€ 00JaJaeT yrnpyro-
CTBIO M TTIOATOMY JIF000€ TeJo, ABUTasCh B TPaBUTALMOHHOM I10J1€, OY-
JIET CO3/aBaTh B HEM YIPYT'YIO BOJIHY CXKaTHUsl, CKOPOCTh KOTOPOM I0-
CTOSIHHA, TOTOMY YTO ONPEAENSAETCS TOJbKO YIPYTMMH CBOMCTBAMHU
AIIEKTPUYECKUX TOJIeH, OOpa3yIImUX 3TO TPABUTAIMOHHOE IOJIE.
JlnuHa 3Toii BOMHBI OyJaeT OnpeaensiThCsl pa3HOCThIO CKOPOCTEH ca-
MOM YaCTHIIBI U BO30Y)K1aeMOH €10 BOJIHBI.

E€ M0>kHO onucaTh CleyOINM BbIpaXKEHUEM:

A=(Ve-Vu)lt,
rae Vua— CKOpOCTb YaCTHIIBI,
a Ve — CKOpOCTH, CO3/1aBa€MOM €10 TPaBUTAIlMOHHOW BOJIHBI (CKO-
pocmb ceema) (puc 14).
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Beonroyust MATEPHH

Kak u3BecTHO, CKOPOCTH BOJIHBI B TPABUTAILIMOHHOM IIOJIE CO-
crapyisieT 300 000 KMIIOMETPOB B CEKYHY. DTO TO, UTO YUEHBIE OIIU-
00YHO HA3bIBAIOT CKOPOCTHIO CBETA U KOTOPAS SBISETCS MTOCTOSHHOM.
CKopocCTh pacnpoCTpaHEHUsI BOJIHBI B TPAaBUTALIMOHHOM I10JIE, BEJIU-
YUHA JEHCTBUTEIBHO MOYTH ITOCTOSIHHAS U ONPEIEISAETCS TOJIBKO €ro
CBOMCTBaMHU. A Tak Kak MaTepHaJIbHbIE Te€JIa MOT'YT B3aUMOJICHCTBYIOT
TOJIBKO C ITIOMOIIBIO MOJIEH, TO CKOPOCTH BOJIHBI - 3TO U €CTh CKOPOCTh
B3auMoieiicTBus. CaMa jke 4aCTHIla MOXKET JIBUTAThCsl B TPaBUTAIU-
OHHOM I10JI€ C KaKOM YroJHO CKOPOCThIO, XOTh MUJUIMOH KHUJIOMETPOB
B CEKYH]y.

JIBurasice B crieniuyuecKoi cpesie, KOTOPYIO IIPEACTABIISIET CO-
00l rpaBUTALIMOHHOE T10JIe, 00Pa30BaHHOE PJIEKTPUUECKUMHU MOISIMHU
MPOTUBOMOJIOKHBIX 3HAKOB, YACTHUIIA BO30YKJAeT B HUX CUHXPOHHbIE
npoTHBO(ha3HBIE BOJIHBI CKaTUsS. TO €CTh, €CIIM B KAKOH-TO TOUKE I10-
JIOKUTENBHOTO AJIEKTPUIECKOTO IOl Y BOJIHBI cxkatue (rop0), To B
TOM e TOYKE OTPULATEIHHOTO MOJIsl, UMEIOIIET0 TPOTUBOIOIO0KHbIE
CBOWCTBA, OyJeT pa3pexeHue (BaauHa).

JlpyruMu cioBaMH, BOJIHBI B 2PAGUMAUUOHHOM nojle — 3TO
nonepeunwle BOJIHBI HA TPAHUIE ABYX Cpell (JIEKTPUUYECKUX MMOJIEH) C
Pa3IMYarOIIMHUCS IPOTUBONOJIOKHBIMA CBOMCTBAMM.

DTO U €CTh T€ CaMbI€ 2PAGUMAUUOHHbIE BOJIHBI, KOTOPBIE B
bu3uKe OMmMOOYHO HAZBIBAIOTCS 21eKmpomazHumusimu. Jla v oOb14-
HbI€ 3BYKOBbBIE BOJIHBI U BOJIHBI HA TOBEPXHOCTH BOJIBI TaK K€ UMEIOT
TPaBUTALMOHHYIO IPUPOAY.

Mpumeuyanne! Bakyym, mak sce Kak u Igpup, no npedcmagieHuo
duzuxos, cpeda 00nopoonas, a 603HUKHOGEHUE NONEPEUHBIX GOTIH 6 OOHO-
POOHOIL cpede Heso3modicho. Ho 6 zpasumanuonnom none, oopazosannom
610IHCEHHBIMU OPY2 6 Opyea INEKMPUUECKUMU NOSIAMU, ZPAHUUA MENHCOY
HuUumu cyuiecmeyem, npaKkmuiecku, 6 J110001 mouKe Imoz2o noJi.

J1Jist TOTO, 94TOOBI MPUITH K BEIBOLY 00 IEKTPHUSCKON IPUPOIe
IPaBUTAIIH, TOCTATOYHO YJIEMEHTAPHOTO CPABHEHHSI OCHOBHBIX (hOp-
Myn 3akoHa KynoHa u 3akoHa "BceMupHoOro" taroreHust HeroToHa.
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Tak Kak 3TH 3aKOHBI MPAKTUYECKU OMKUCHIBAIOT OJTHO U TO K€ B3aUMO-
JIEUCTBUE, TO MOJTYYAETCS, YTO ATO OJIMH U TOT K€ 3aKOH, "OTKPBITHINA"
HEOJHOKPATHO.

Bbonee Toro, 3akoH ATOT, MO-BUAMMOMY, BBIBEJACH YHUCTO TI'€O-
METPUYECKH, TaK KaK B OOIIIEM BUJIC OH ONKMCHIBAET 3aBUCUMOCTh MJ10-
wiadu cedeHus I0OOTO TEIECHOTO Yria, OT PACCTOSHHUS CEKYIIeh
MJIOCKOCTH JI0 €TI0 BEPIIUHBL.

A Tak KaKk MaTepuainbHble Tela 00Ja1alT 00BEMOM, TO YBEIIH-
YeHHEe ero paanyca B 2 paza, IPUBOJUT K YBEIMYCHUIO 00BEMA 3TOTO
TeJla 1 COOTBETCTBEHHO, KOJMYECTBA €r0 BEIIECTBA, B § pas.

A, cllenoBaTeIbHO, U €r0 CHJIBI
MIPUTSDKEHUS TaK )K€ YBEITUIHBAIOTCS B
8 pa3 wim mponopuroOHaILHO KyOy pa-

aMyca, a He KBaJpary, Kak OIIMO0YHO
cuntanu Hetoton u Kynos.

Pacnpenenenue  moTeHIMANOB

Ir'paBUTAllUOHHOTO I1OJISA 1000r0 Mare-

Puc.2 pUAIBHOTO OOBEKTa — IUIAHETHI WIIH
3BE3/IbI TPaUUECKH MPECTABICHO PUCYHKOM (puc.2). ['paBuTarimon-
HBIE CUJIBI IPUTSKEHUS YBEIIMYUBAIOTCS IPOTIOPIIMOHATIBHO Kydy pac-
CTOSIHUSI OT LIEHTpA IJIAHETHI ¥ TOCTUTAIOT MaKCUMAJIbHOTO 3HAYCHHS
Ha €€ MOBEPXHOCTU. JTa 3aBUCHMOCTb OMUCHIBAETCS BbIPAXKEHUEM:

m=kR3, 20e

k — ycnosnwiii koagppuyuenm nponopyuonanvrocmu,

HeoOX00UMbLU Ol CO2NACO8AHUS PA3IUYHBIX eOUHUY U3Mepe-
HUSl, OCHOBAHHBIX HA CIYYAUHBIX ETUYUHAX.

R — paouyc macomerowezo mena (36e30v1, nianemat).

COOTBETCTBEHHO, IO MEpE yJAIECHUS OT MOBEPXHOCTU MaTEpH-

aJIBHOTO TeJIa, CHJIA €r0 IPAaBUTALIMOHHOTO IPUTSKEHHUS] YMEHbBILIAETCS
10 TOMY K€ 3aKOHY U 3Ta 3aBUCUMOCTH OTHUCHIBACTCSI CJIEYIOIIUM BbI-
paxxeHueM:

F=Fun/(r-R)?
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[pumeuanne! Hmenno usz-3a Kyouueckou zagucumocmu Kaesen-
ouui He cmoz 0oHapycums cuivl npumsadicenusn 150-mu Kunozpammoevix
ooneanox u ucnonvizosan gpopmyiay Kynona ons snekmpuueckux 3apsaooes.
U umenno noasmomy amepuxkanyvt He cmoziu npespamums ceéoii 'NEAR'"'
6 UCKYCCHEeHHbLIl cnymHUK acmepouda Ipoc. Tak snce, kak ne npowrén
amom "'ghokyc'’ ¢ anonckum 3onoom "XAABYC' na acmepouoe Hmo-
Kaea.)

A Tak KaK CHJIbI IPUTSKEHUS, IEHCTBYIONINE B LIGHTPE MaTEpU-
aIbHOTO 00BEKTa, B3AUMHO MPOTHUBOMOJIOKHBI U YPAaBHOBEIICHBI, TO
CHUJIa TPaBUTALINH, a CJIEJOBATEIHLHO U JaBJICHUE B HEM MPAKTUYECKU
paBHbl Hymo0. [ToaTomy mr06as yacTuiia, OKa3aBIIascCs B CAMOM LIEH-
Tpe 00beKTa OyIeT HaXOAUTCS B HEBECOMOCTH U IIPU HE3HAUNUTEIILHOM
CMEIICHUHU €€ B KaKyl0-TH00 CTOPOHY, PAaBHOBECHE CHJI HAPYILIUTCS U
YacTuIla EPeMEeCTHTCS B TY CTOPOHY, /i€ TOBEPXHOCTh OIIMKE.

Yrto B uTOre nNpuBEAET K TOMY, UYTO B LIEHTPE MAaTEpUAIBHOIO
Tena obpasyercs mycroTa. BoT moaTomy at00ble KOCMUYECKHE 00h-
€KThbI, aTOMbI M 3JIEMEHTApHbIE YACTHULIbI, 3TO HyCcHiOmenvle 00paso-
eanus.

OTa MyCcTOTENO0CTh, KaK "TpaBUTALIMOHHAS CKOpJIyna" IpHUIAeT
aTOMaM M YacTulaM, a TaK € 3Be3/llaM M IUIAaHETaM BBICOKYIO
IPOYHOCTh M CTaOMJIBHOCTh. 3eMJIsi, HAlPUMEpP — 3TO ITYCTOTEINBIN
11ap ¢ TOJIIHMHOM CKOPIYIbl IPUMEPHO, OKOJIO 2 THICSIY KMJIOMETPOB,
C BHYTpPEHHEW aTMoc(epoll NPUMEPHO TAaKOH K€ TONIIUHBI H
BaKyyMOM B CaMOM IIeHTpe (puc.25).

['paBuTanIOHHOE 110JI€, 00Pa30BaHHOE OJMHAKOBBIMH 3JIEKTPHU-
YECKUMHU MOJIIMU PA3HbIX 3HAKOB, TEOPETHUUECKU, YEHMPATbHO CUM-
MempuuHo W €ro BeIMYMHA 3aBHCHUT TOJIBKO OT (PU3NYECKUX pa3Me-
POB 3TOT0 MaTepUAILHOIO TEA.

J1st TOro yTOOBI ABUTaThCS Aajiblle HaM HEOOXOIUMO Ha HEKO-
TOpOE BpeMsI BEpHYThCS K CTpoeHuIo aroma. Kak ObII0 cka3aHO BbIIIIE
ruiaHeTapHas Mmoziens Pesepdopna u kBanroBast Mmoaens bopa, o cytu
MpeJICTaBISIoNIMEe COO0M SleMEHTapHble BEYHBIE JBUTATENH, IS

HaIllell TEOPUU COBEPIICHHO HETPUEMIIEMBI.
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Anexcandp BECEAOB

A BOT aToMbI 0 Mojiein ToMcOHa, HanOoJIee MOJIHO OTBEYAIOT
pEATbHOCTH, TaK KaK OHH COCTOST U3 OJMHAKOBOTO KOJHWYECTBA dJIe-
MEHTapHBIX YaCTHI] C TPOTUBOIOJIOKHBIM 3apsIIOM, CLIEMEHTHUPOBAH-
HBIX MOINHBIMH CHJIAMH B3aHlMHOTO
NPUTSHKEHUS. Nmenno  mostomy

—9 «® | aTOMBI O4EHb CTAOMJIEHBI, HO IIPH 5TOM
“Caoran woron' | CBOMMHE TPaBUTALMOHHBIMU TTOJSIMU
OHM MOTYT 3aXBaTbIBATh pa3IUYHBIC

MEXaHM3M NPOIPAYHOCTH CBOOO/IHBIE AJIEMEHTApHBIC U Cy0dIIe-

Puc 3. MEHTApHBIE YaCTULBl U YAEPKUBATH
X Ha CBOEH MOBEPXHOCTH, TaK € Kak IUJIAaHEThbl yJIEp>KUBAIOT Ha
CBOEH TOBEPXHOCTH pA3IMYHBIC TpeaMeThl U atmocdepy (puc.3).
OTOT PUCYHOK TaK K€ WIUTIOCTPUPYET MEXaHU3M IPO3PAYHOCTH UIIU
IPOIYCKaHHsI KAKOT0-JIN00 U3ITydeHUsI.

VY aTtoma, yAep)KMBAIOLIEr0o Ha cebe YacTHIbl IpeuMylle-
CTBEHHO KaKOro-JIMOO OJHOTO 3apsija, TPaBUTALMOHHOE T0JIE, OKPY-
JKarolee ero, yxe OyJIeT He COBCEM CHMMETPUYHBIM.

Ono OyneT cocTosTh U3 IAEKTPUUECKUX MOJICH, HECKOIBKO pa3-
JMYAOIINXCS 110 BEIMYUHE U PAANYCy JEHCTBUS, UTO MPUBEAET K HE-
KOTOPOMY OCJIa0JIEHUIO MPUTSKEHUsI aTOMOB APYT K APYry. DTy pas-
HOCTb BEJIMUUH 3JIEKTPUUECKUX MOJIeH, Mbl U HA30BEM acummempueii
2PasumMayuoOHHO20 NONA.

Ecnu Ha moBepXxHOCTH aTOMa Mpeo0IaaroT YacTULBI ¢ MOJIO-
KHUTEIBHBIM 3apsAI0M, TO ACUMMEmMPUA €ro TPaBUTALIMOHHOTO T0JIS
Oyzer nonoxurenbHoi. Wim orpunaTensHOl, eciau Ha000poT.

Jpyzumu cnosamu, acummempus pagumayuOHHO20 NOA
amoma, Mo €20 6HeUIHUI U30bIMOYHBLIL IIEKMPUYECKUIL 3apPA0.

Bce BemiecTBa B mpHUpo/ie COCTOSAIIME U3 aTOMOB U MOJIEKYI,
BCerja MMEIOT HeOOosbllne H30BITOUHBIE SJIEKTPUYECKHE 3apsiibl
(acummempuio), 3aBucsIre OT U30BITOUHOTO 3apsiia Cpeibl, KOTO-
PBIMU  ONIPEIEISAIOTCS UX azpecammuvle COCHOAHUA U 63aUMOOell-
cmeus opyz ¢ opyzom (puc.4).
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[pumeuyanne! Inemenmapnsie yacmuybl Max rHce UMeEOM acum-
Mempuio 2pasgumayuOHHbIX ROJEll, 00YC1061EHHYI0 NPUTURMMUMU K HUM
cybInemenmapHuvimu yacmuyamu. Acummempusn zpasumayuoHHbIX no-
el yacmuy, anmomos8 u Opy2ux MamepuaibHylX 00beKmos, 00ycios1ena
ceolicmeamu mamepuu, Komopwie (opmupyrom chepuuecKyro mempuxy
6CeJICHHO.

HUmenno onazooapa cpepuueckoii mempuke, mamepus 6Cea1eHHO
He cobpanacv 6 00uH 00abUWLOI KOM, A 00paszyem rjemenmapHvle 4a-
cmuybl, amomol, 36e30bl U NAAHENbl, UMEIOUIUE ACUMMEMPUUHDIE 2DACU-
mayuonnsle nona. B eeknuoosoii mempuke 3601104us 8celeHHON Oblia
Obl HEeeo3MOICHA.

AcuMMeTpUel TPaBUTALIMOHHBIX MOJIEW aTOMOB UM MOJIEKYII
BEIIECTBA OIPENEIACTCS U BEC 3TOI0 BEILIECTBA B I'PABUTALIMOHHOM

ftae ) Hase 110J1€ 3eMJIM WM APYTUX KOCMUYECKUX

— IO WIS O
ORI TG O sapmia

ol 7 ten. IlpeoOnamanme oTpULIATETHLHOMN
g, aCMMMETPUHU TPaBUTAILIMOHHBIX MOJIEH
. ) ., | tsoups | KOCMUYECKHX OOBEKTOB M aTOMOB B
—7 - TOH 00JIaCTH BCEJIEHHOH, B KOTOPOM
s g HAXOJUTCS HAIIE TATAKTUKA, OOBSICHS-

Puc.4 €TCSl HEU3MEHHOCTBIO 3aKOHOB 3BOJIIO-
[IUU JI7151 JTIFOOBIX MAcIITabOB CYIIECTBOBAHUS MATEPHUU.

Taxk KaKk B IIEJIOM BO BCETICHHOW HE MOXKET OBITh pa3HOTO KOJIH-
YecTBa MPOTUBOIOJIOKHBIX 3aPsAJIOB, TO 3TO 3HAYMUT, YTO B HEM TaK ke
CYIIECTBYIOT O0JAaCTH, COCTOSIIIME WU MaTepUH, UMEIOMIEH TMOJIOKH-
TEJIbHYI0 aCHMMETPHUIO TPAaBUTALIMOHHBIX TTOJIEH, KOTOPBIE HUKOT1a HE
OyIlyT OCTYITHBI JJIsl OPTaHOB HAIIIETO 3PEHUSI.

OTO M eCcThb Ta camas TEMHas MaTepusi, KOTOPYIO MBITAIOTCS
HaWTH y4y€HbIe. [ anakThKu, 3B€3/1bl U IJIAHETHI, COCTOSAIINE U3 MaTe-
PUHU C IOJIOKUTEIBbHOM aCUMMETpUEN I'PaBUTALIMOHHBIX ITOJIEW aTo-
MOB, Mbl HUKOT' /I HE CMOKEM YBUJETh, [IOTOMY YTO YAaCTHULBI C I1OJIO-
JKUTEJIbHBIM 3apsI0M, U3JIy4acMbl€ 3BE3JaMH COCTOSILUMHU U3 TEM-
HOM MaTepuH, YMEHBIIAIOT U JaKe MOTYT MHBEPTUPOBATH PA3HOCTh
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NOTEHIMAJIOB B MOJIEKYJIaX POJOINMHA, KOTOPBIM MBI OOS3aHBI 3pe-
HueM. [1o3ToMy OHM /1511 HaC HEBUIUMBI.

VYBUETh UX MOXKHO JIMIIL Ha (POHE YETO-TO CBETIIOr0. ITO, IO
CyTH, CaMblii HACTOSIIHMI MapauIeIbHBIA MUD, C Pa3yMHBIMH OOUTA-
TEJISIMH KOTOPOTO Mbl HUKOT/Ia HE CMOXEM YBHAETHCS BOOUMIO U 00-
IIaThCSl HENMOCPEACTBEHHO. Jlaxe HeOOoNbIIoil KyCOK BellecTBa, CO-
CTOSIIIIMNA U3 MAaTEPUH C TIOJIOKUTEIBHON acCUMMeTpUel, OyaeT BeCUTh
Ha 3eMJle HECKOJIbKO TOHH, IIO3TOMY HM O KaKOM IIOCELIEHUH 3TOT0
NapajuIeJIbHOTO MHMpA HE IMPUXOIUTCS AaK€ U MeuTaTb. ENMHCTBEH-
HBIM [IPEACTaBUTEIEM TEMHOW MAaTEPUH B HAILIEM MUPE SIBISETCS MPO-
TOH. DTO TakKasl )K€ YacTHIla, KaK U 3JIEKTPOH, HO o0Jiajaronias mojo-
JKATEJIbHOM aCMMMETpHUEN rpaBUTAlMOHHOIO moJid. M uMeHnHo u3-3a
MOJIOKUTENBHON aCHMMETPHUH IPABUTALIMOHHOTO 1OJIS, IPOTOH BECUT
B 1800 pa3 Tspxesee IeKTpoHa.

KcraTh, 3aragka TyHT'yCCKOTO METEOpPHUTa MOXKET ObITh 00BsIC-
HEHAa TEM, YTO METEOPUT COCTOSJI U3 OTOM CAMOW TEMHOM MaTepuu C
IIOJIOXKUTEIIBHON aCUMMETPUEHN TPAaBUTALIMOHHBIX 110JIel aToMOB. He-
00JIBIION KYCOK TEMHON MaTepuu Bpe3asicsi B 3eMJII0, IIOBAIMB yap-
HOM BOJIHOM Ta&>KHbIE IEPEBbSI.

Pacceimarecss OH He MOI Tak Kak, oOjiamas HOJOKHUTEIBHOU
acuMMeTpHuel, Ha000pOT Bcocall B ¢e0s 4acTh BBIICISIONIMXCS B BO3-
JYITHON yIapHOW BOJIHE, JIEKTPOHOB. A 3HAUYUT UCKATh HYKHO HE-
60bIIyI0 "NBIPKY" B 3¢MHOH KOpeE.

JlJ1g 3TOro HyKHO HUCIOJIb30BATh IPAaBUMETPHI, TaK KaK B TOUKE
NaJeHUsI METEOpUTa CUJIbl TPABUTALIMOHHOTO NMPUTSHKEHUS JOJKHBI
OBITh HECKOJIBKO yBenuueHbl. OOIIeHne ¢ OOUTaTEeNsIMU ITOTO TEM-
HOT'O MUpPa BO3MO>KHO TOJIBKO MOCPEACTBOM PaTUOCBSI3H, IOTOMY YTO
YaCTULbl M3Jy4YEHHbIE 3BE3IAMH C IOJIOKHUTEIBHOM acMMMeETpHUE
TPABUTALMOHHOTrO MOJIs, COMPOBOXKIAKTCS aHAJIOTUYHBIMM IPaBUTA-
IUOHHBIMU (3M.) BOJIHAMH, YTO W YACTHUIIBI C OTPULIATEIHLHON aCUM-
METpHUEH.
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VYBUAETH 3B€3/1bl, COCTOAIINE U3 TEMHOM MAaTEPUU MOMKHO JIUIIIb
B paJuojuana3zoHe, €clii MPUBECTU TPaBUTALMOHHBIA (OH HIIM TaK
HA3bIBAEMOE PEIIMKTOBOE M3IydeHHE K cepomy 1BeTy. Torna 3Be3abl
COCTOSIIIME U3 CBETJION Marepuu (MaTE€puu C OTPUILIATEIHLHON aCHM-
MeTpHel) OyayT BUIHBI KaK OeJble TSATHA, & COCTOSIINE U3 TEMHON —
KaK YepHBbIE.

C 2T0i1 TOUKM 3peHHs, TaK Ha3bIBa€MbIE IyJIbCAPbl — 3TO ABOMU-
HbIE 3BE€3/Ibl, BPAILLIAIOIIHUECS BOKPYT IPYT APYTa U OJIHA U3 KOTOPBIX
MMEET MOJIOKUTENBHYIO0, a JIpyras — OTPULATEIbHYI0 aCUMMETPHIO
rpaBUTALMOHHBIX ToJel. [Ipuuem Hamia riaHeTa JOHKHA HaXOJUTCS
B IUIOCKOCTH BpPALCHUS 3TUX 3BE3/I.

1) Amomubl meépovix eeuwecme umerwm oueHv HEOONLULYIO
acumMmempuio 2pasumayuoHHbIX noJell (U30bIMOYHbILL 3aps0 OUYeHb
Man), nOIMOMY OHU NPUMAZUEAIOMCA OpYZ K OpyZy HACHIOIBLKO
CUTIbHO, YMO 0J11 M020 YUMo 0bl UX COBUHYMb OMHOCUMENbHO 0PY2
opyza unu omopeambv, Hy)HcHO NPUTLONHCUNL 3HAUUMETbHbLE YCUTIUAL.

W yem MeHbIlle acCHMMETpPHSI TPABUTAIIMOHHBIX TOJIEH aTOMOB
BEILECTBA, TeM OHO TBEp:ke. CaMas BbICOKasi TBEPAOCTb U MPOYHOCTh
MOKET OBITh TOJBKO IPU HYJIEBOW aCHMMETPHH WM aOCONIOTHOMN
CUMMETpPUHU TPAaBUTALMOHHBIX TOJIEH aTOMOB BEIECTBAa, KOTOPas B
CUILy cpepruyecKOil METPUKHU BCEJIEHHOM, TPAKTUUECKH TaK e HEBO3-
MO’KHA, KaK HEBO3MOYKHO CYIIECTBOBaHHE a0COIIOTHOTO HYJIS B CTaH-
JTAPTHOW MOJIEIIH.

DT0 00BSACHSAETCS TEM, YTO HEBO3MOKHO YIOXKHUTH OJMHAKOBOE
KOJIMYECTBO C(hepUIEeCKUX YaCTHUIl, UMEIOIINX MPOTHBOIOIOXKHbBIE 3a-
psabl, B chepuueckuii o0beM aroma. Tak MM MHAUE UX KOJIUYECTBO
OyIeT HEeCKOIbKO pa3nuyaTrhes. M 1oka3aTenbCTBOM 3TOTO SBISETCS
TOT ()aKkT, YTO OTHOLICHHUE JUIMHBI OKPYKHOCTHU K IHaMeTpy — OecKo-
HeyHas Apook. To ects uucno Hu.

TBEpabie Tena MOUYTH HECKUMAEMBI, TaK KaK M3-3a HEOOJIbIION
ACMMMETPHU 3a30pbl MEXAY aTOMaMu MUHUMaIbHBL. HekoTopoe cxa-
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THE BEIIeCTBa BO3MOKHO M3-32 TUX HEOOJBIIINUX 3230POB MEKIY aTO-
MaMH, a TaK)Ke U3-3a COJEPIKAIIUXCS B HEM aTOMOB I'a30B, UMEIOIINX
3HAYUTEIbHYIO aCHMMETPHUIO (puc.4).

Paznom TBEpIOTO TEIa TPOXOAUT MO 00JIACTSM C OOJIBIITUM CO-
Jep>KaHUEM PACTBOPEHHBIX B HEM PA3IMYHBIX MPUMECEH U MOBEPX-
HOCTbH Pa3jioMa H3-3a OOJBIINX CHJI MPUTSHKEHUS MTHOBEHHO OO0JIeTI-
JSETCSl MOJIEKYJIaMH BO3[lyxa. U eclii CII0OXKHUTh pa3ioMaHHBIC YacTH
BMECTE, TO M3-3a MPOCIONKH MOJIEKYNI BO3yXa IIEJIOT0 KycKa IMOTy-
YUTH YK€ HE yIaCTCsl.

[TpunoxuB oueHb OOJNBILIOE AaBIEHUE K KYCKaM MOKHO BbIIa-
BUTH OOJIBITMHCTBO MOJIEKYJI BO3/IyXa U3 Pa3ioMa U KyCKH, HETIOCpe/I-
CTBEHHO CONPHUKOCHYBIIHMCH, COEAMHATCA. OJTO, TaK Ha3blBaemas,
CBapKa JaBJICHUEM, KOTOpas CUJIbHO o0Jsieryaercs B Bakyyme. IMeHHO
U3-3a TOTO, YTO B BAKYyM€ CBAPIIIUCH IAPHUPHI JIFOKA KOCMHYECKOTO
KOpabJisl, IPH BBIXOJE B OTKPBITHIA KOCMOC YyTh OBLIO HE TIOTHO KOC-
MOHaBT JIEOHOB.

2) Amomul HcuoKocmeil umMerOm HeCKOJIbKO OONbULyI0 acum-
Mempuio, yem amomvl mMeEEpOvIX mes, U PAcCnONAaomcsa ¢ He-
CKONIbKO 001bMUMU 3A30paAMU, NOIMOMY UMEION 803MONCHOCHLb
J1€2KO CKOJIb3UNb OMHOCUMENbHO OpY2 Opy2a.

DTON NETKOCTHIO CKONBKEHHUS 00YCIIaBIIMBACTCSI CBOMCTBO Te-
Ky4eCTH HJIKOCTEH M OTCYTCTBHE B HUX TpeHHUs. B cuiy Toro, uro
3230pbl MEXAY aTOMaMHU TOXE JOCTATOYHO MAlIbl, XKHUJIKOCTH TOMKE
MPAKTUYECKH HeC)KUMaeMbl. He3HauuTeNbHOE CKaTHE KUIKOCTEH TaK
K€ BO3MOIKHO JIUIIIb U3-32 PACTBOPEHHBIX B HEM MOJIEKYJ ra30B.

AcuMMeTpHsI TPaBUTAIMOHHBIX TIOJIEH aTOMOB pPa3IMYHBIX
KUAKOCTEN TaK jke MOKET OYeHb CHJIbHO pa3nuyarhes. BemecTsa co
CPaBHUTEIHHO HEOOJBIIONW PA3HOCTHI0 ACUMMETPUI JIETKO BCTYMAIOT
B "XUMHUYECKHE" PEaKLHH JPYT C APYTrOM U JIETKO CMEIIHUBAIOTCS, a C
0OJIBIIION Pa3HOCTHIO, HAOOOPOT PACCIIAUBAIOTCA.

Pa3HOCTh MOTEHIINATIOB, BOSHUKAIOIIAS B PE3Y/IbTaTe KOHTAKTA
MEXY JKUIKOCTHIO M TBEPABIM TEIOM, OOYCIOBICHHAs Pa3HOCTHIO
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ACMMMETpUI T'PaBUTAIMOHHBIX TOJIEW UX aTOMOB, MO3BOJISIET CO3/a-
BaTh "XMMHUYECKHE" UCTOUHUKH BJIEKTPUUECKOro Toka. [Ipuuém, yem
0oJIbIIIe Pa3HOCTh ACUMMETPHM, TeM OoJiee 3 (HEKTUBHBIE HCTOYHUKH
TOKa Moxy4aroTcs. Tak uTo nro0ble, TaKk Ha3bIBAEMbIE XUMUUECKHE Pe-
aKIUU UMEIOT (PU3NYECKHE MEXaHU3Mbl B3aUMOJICHCTBHMA.

AcuMMeTpuel TpaBUTALMOHHBIX IOJIEH TaK € AJIEMEHTapHO
00BSICHAETCS] pACTBOPUMOCTD BeIIeCTB[I1.9].

KunakocTs, umeroriasi ropa3ao OONBIIYI0 ACUMMETPHIO TPaBH-
TAlMOHHBIX IOJIEH aTOMOB, OTHAET 3aps/abl aTOMaM TBEPIOIO Tena,
yBEJNIMYUBas UX acUMMeETpuio. [Ipu 3TOM CHIIBI MPUTSKEHUS MEXKAY
aToMaMH TBEPAOIO Tejla YMEHbIAIOTCA U OHO JIeT4e pacrajgaercs Ha
OTAEJbHBIE aTOMBI (pacTBOpsieTcs ). M yem BhIlIe TemnepaTypa (acum-
METpUs) )KUJIKOCTH, TEM JIETUE PACTBOPSIETCS B HEM TBEPAOE TENO.

C razamu Bce MPOUCXOIUT HA000pOT. ['a3bl, mMeromue ropasio
OOJIBIIYI0 ACUMMETPHUIO TPABUTAIIMOHHBIX TOJICH aTOMOB, YeM KU/I-
KOCTH, JIET4€ PACTBOPSIOTCS B XOJOJHOM BOJIE, TAK KaK aTOMBI Ta30B
caMU OTAAIOT 3apsJ]ibl aTOMaM BOJIbI, YMEHbIIIAsl pa3HOCTh aCUMMET-
Ui, 4TO IPUBOJAUT K YBEIUUCHUIO CUJI IPUTSKEHUS MEXKIY aTOMaMu
ra3a u >KMUJIKOCTHU. U npu HarpeBaHUM >KUIKOCTH €€ aCUMMETpPHUsI, KaK
U aCUMMETpHS T'a3a YMEHbLIAETCS U PAaCTBOPEHHBIC T'a3bl HAUMHAIOT
OypHO BBIIETATHCS B aTMOC]epy.

3) Amomul 2a308 umerom 00601bHO 3HAYUMENbHYIO ACUM-
Mempuio 2pasumayuOHHbIX NONeH (3HAYUMeNbHbILL U3ObIMOYHbLI 3a-
pA0), 6 pe3yibmame KOMOPOU mMexcoy HUMU npeodaadarom cujivl
OMMmManKueanus.

OTHU CUJIBl OTTAJIKUBAHUSA MEXAY aTOMaMH ras3a 3acTaBJIsIOT
ra3pl OECKOHEYHO paciupsThes. Ho mpu BHeNIHEM AaBlIEHUU Ta3bl
JIETKO CX)KUMAIOTCSl U KOTJ[a MEX]ly aTOMaMU ra3a o4t He OCcTaéTcs
MOJIEBBIX MPOMEKYTKOB, T'a3 IPEBpAIACTCS B Hcuokocms. "Camocxka-
TUe" ra3a B CIEACTBHH, SKOOBI, TPAaBUTALIMIOHHOTO MPUTSHKEHUS aTO-
MOB ApPYr K APYTY, SIBJISECTCS MOJHEUIIEH 4ylIbl0, KOTOPYIO HECYT
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JOIU ¢ yOOTUMU OOBIBATEIBCKUMU TIPEICTABICHUSMHU O IPUPOJIE TPa-
Butanuu. [lamenne marepun camoil Ha ce0s, KOTOpOEe MPEICTABIISICT
c000M, Tak Ha3bIBAEMBI TPABUTAIIMOHHBIN KOJUIAIIC, TI0 CYTH, PABHO-
CHJILHO ITOJHATHIO CaMOI'0 ce0s 3a BOJIOCHI.

Yem Oosbllie acCUMMETPHUSl TPAaBUTAIMOHHBIX TOJIEH aTOMOB
rasa, TeM MEHBIIIE ra3 BECHT B II0JIC TATOTCHUSA 3eMIU. ATOMBI U MO-
JIEKYJIbI BOJOPO/Ia, HApUMeEp, 00JIa1al0T OYeHb OOJBIION aCHMMET-
pueit, ci1abo MPUTATUBAIOTCS 3eMITei

" MO3TOMY BCTPCHACTCA TOJIBKO Ha
OYCHb OOJIBIINX BBICOTAX.

Yewm OoJtbiie acCHMMETpUs Tpa-
BUTAIIMOHHBIX TOJICH aTOMOB Tasa,
TEM MEHBIIIE Ta3 BECHT B TIOJIE TSTO-

TPARATAHOHHOE
e

TeHUs1 3eMiu. ATOMBI U MOJIEKYJIbI

Puc.5 BOJOpOJa, HAIIpUMEP, UMEIOT OUYEHb
OOJIBIITYI0 ACHMMETPHUIO U BCTPEUAIOTCS TOJBKO HA OYEHBb OOJBIINX
BBICOTAX.

Kak Op110 OKa3aHo BbIIIE (PHUC.2), TPAaBUTALIMOHHBIE CUJIBI TH-
TOTEHUSI OYEHb OBICTPO YOBIBAIOT C YBEITMUYEHUEM PACCTOSHUS OT THA-
TOTEIOLIUX TeJ, TO3TOMY CUJIbI TpUTsKkeHus: CosHIa 1 3eMiTu Ha pac-
cTostHuM 150 MUIMOHOB KHIJIOMETPOB, HACTOJIBKO HUYTOXHBI, YTO
3emJisi, BO BpeMsl ABUKEHHUsI, OCTa&TCsl Ha opOUTe TOJIBKO Oaronaps
60JIHOBOMY 83AUMOO0EICMEUI0 C TPABUTALIMOHHBIM TTosieM CoJHIIA.

JU1st TOro 4To OBl MOHATH MPUPO,TY BOTHOBBIX B3aMMO/ICHCTBHIH,
JIOCTaTO4YHO paccMOTpeTh "dPPeKT", Tak HA3BIBAEMOTO, 2pasumayu-
OHH020 un3uposanus (puc.S). OH 3aKitovaeTcs B TOM, YTO YacTHIIA,
MPOJIETAIOIAsl MUMO TATOTEIONIEro 00bEKTa, B pe3yabTaTe BOJIHOBOTO
B3aMMOJICHCTBUS C €0 TPaBUTAILIIOHHBIM IIOJIEM, U3MEHSET CBOIO Tpa-
€KTOPHUIO B CTOPOHY 3TOT0 00BEKTa, CO3/1aBasi MILTIO3UIO TPUTSKEHUSI.
[Tono6HBIM "3 dexTom" 00BICHSIETCS B qUGPAKIIHS YACTHUIL HA Y3KUX
IETIAX.
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OOBsICHSIETCS ATO TEM, YTO BOJHA, COMPOBOXKIAIONIAS YACTHILY,
CO CTOPOHBI OOJbIIEH HANPSKEHHOCTHU TMOJI MCHBITHIBAET OOJIbIIEe

: " - COMPOTHUBJICHHWE, YeM C TMPOTHUBOIO-
JIOKHOM, UTO ¥ CO30aET OTKJIOHSIONINH
? MOMEHT, HW3MEHSIOIMNUA TPACKTOPHUIO

/ £ YaCTULBI B CTOPOHY TSATOTEOIIETO

MUWEHL

AR S G oObekTa. UM dem BbIIE CKOPOCTH Ya-
Puc.6 CTHI] U 4YeM OJIKE WX TPACKTOpHUS K

TATOTEIOLEMY TEIy, TEM CUIIbHEE OHU OTKJIOHSA0TCA (pHc.6). OnHako
Oonblye y4€HbIE 10 CUX IOP HUKAK HE MOTYT MOHATh, KAKUM 00pa-
30M CO3Jal0T UHTEP(EPEHIMOHHYIO KapTUHKY YaCTHUIIBI, IPOJIETAO-
M€ CKBO3b Y3KHE IIEIH.

WM n HeBIOMEK, YTO YacCTHLIA, IPOJIETAIONIAs Yepe3 CEPEeANHY
IIEJH, HE OTKJIOHSETCS, a YacTHIa, MPOJICTAIOMAs PAIOM C KpaeM
IIeJH, B pe3ysbraTe 3¢ ¢dexra rpaBUTAIIMOHHOTO JIMH3UPOBAHUS, OT-
KJIOHSIETCSI B CTOPOHY 3TOTr0 Kpas. 1 mosTomy um npuruiock uzoope-
CTM HEKHH XUTPOYMHBIH, HO yOorui

IIPUHLUII KOPITYCKYJISIPHO-BOJIHOBOTO

CONREYNEE NYIM

nyaiau3Ma, o KOTOpOMY YacTHlla MO-
KET MpPEeBpallaTbcs, MOAOOHO JHKUHY
U3 BOCTOYHOW CKa3KH, TO B YaCTHUILY,
TO B BOJIHY. [0 ToM mpuuuHe, 4TO 4Ya-

Puc.7 CTHIIBI, UMEIOIIHNE OOJBIIYIO0 CKOPOCTh

u Bo30Oyxpmaromue Ooyiee KOPOTKHE

BOJIHBI B IPAaBUTAIIMOHHOM I10JI€ TUIAHETHI OTKJIOHSAIOTCSL CHIIbHEE, 3a-
KaTHOE He0O MMEeeT KPAaCHOBATHIM OTTCHOK (pHC.7).

[TonoGHBIM k€ 3¢ (HEKTOM T'PaBUTAIMOHHOTO JMH3UPOBAHHS
00BSCHSICTCS IPUTSKEHUE MapalieIbHBIX TOKOB, TPUTSKEHUE CY/I0B
Ha MapajuieNIbHbIX Kypcax, a TAaK)Ke YMEHbIIECHUE JaBICHUS )KUIKOCTH
WIM Ta3a MpU YBEJIMYEHUHU CKOPOCTU IBUKEHUS B Y3KOM CEUEHUU
TpyOBI, a Tak)Ke aBTO(POKYCHPOBKa Jy4a j1a3epa OOJbIIOI MOIIIHOCTH.

25



Anexcandp BECEAOB

AHaJOTUYHas CUTYaIUs HAOJIIO1aeTCs ¥ TIPU JABMKEHUU TUTAHET
o opoutam. [Ipu nBr>KEHUH IO OPOUTE, TUTAHETHI BO30YXKIAIOT BOJHY
B IPaBUTALIMOHHOM I10JIE 3BE3/Ibl U PA3HOCTh CKOPOCTEN ITOW BOJIHBI,
B 00J1aCTSIX C pa3IMYHON HAPSHKEHHOCTHIO MOJIS, U3MEHSIET TPACKTO-
PHIO IJIaHETHI B CTOPOHY OOJIBIIEH TIIOTHOCTH MOJIA, YAepKUBas e€ Ha
opoure (puc.8), 1 0THOBpEeMEHHO NPUIAET IIaHETe HEKOTOPBIN Bpa-
AL MOMEHT.

Cunel nputsikenus JIyHbl, HanpuMep, HA TAKOM PAcCTOSTHUU
HACTOJIbKO HUYTOXHBI, UTO HE TOJIEKO HE MOTYT Ae(OPMUPOBATH 3EM-
HYIO KOpY WM yAepKaTh €€ Ha OpOUTe, KaK CUUTAIOT yUEHbIE, HO 1aXe
Sk e HU B MaJICHIIEell CTEIEHU, HE BIIHSIOT

o™
o

Ha Ham Bec. Eciu CHIIBI MPUTSHKCHHS
JlyHbl ObUTH OBI CTTOCOOHBI TOTHUMATh

ST
T

.'.-\; MUIJIMOHBI TOHH BOABI B OKC€CAaHC, TO
B3BCCHUBIIIHMCH HA IIPYKUHHBIX BECAX BO

BpEMsA IPUJTIMBA U OTJIMBA, MblL OBl 3a-

Puc.8 METHJIM CYLIECTBEHHYIO pasHULY B
BECE HAIIIero Teja. ..

B peanpbHOCTH, TpaKTUYECKH HEBECOMas B TOJIE TATOTEHMUS
Comnrna 3emi1s TPOCTO MOKAYMBACTCS HA OPOUTE TPaBUTAITMOHHBIMH
BOJIHAMU OT JBWKEHUS JIyHBI M 3TO MOKHO HAOJII0/1aTh HEBOOPYKEH-
HBIM TJIa30M MO OKeaHCKUM IpuirBaM. OKeaHbl pearupyroT Ha packKa-
YMBaHUE 3€MIIM U €€ CYTOYHOE BPALLEHUE, KaK BOJIA B TA3UKE MPHU €TI0
IIOKaAYMBAaHUMU.

DTO MpeKpacHO COIIACYeTCs C HACTOAIIEH TEOpHeH, Tak Kak
HpI/I.HI/IBHBIe BOJIHBI B paSHBIX OK€aHax paSJII/I‘IHH 110 BCJIMYUHEC U HEC
coBnaaaroT ¢ ABwkeHueM JIynsl. Cuisl nputsikenus CosHIa Ha Ta-
KMX PACCTOSIHUAX 110 IJIAHET HACTOJBbKO HUYTOXHBI, UTO TJIAHETHI B
€ro MoJie TATOTCHUS MTPAKTUYECKH HUYETO HE BECHAT.

Ho BoiHBI, KOTOpBIE OHM BO30YXKIAIOT TIPH ABUKEHUU TI0 OP-
6I/ITaM B FpaBI/ITaI_[I/IOHHOM I10J1C CO.HHLIa, TaK WJIN UWHA4YC BJIIUSAIOT HA
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XapakTep JABMKEHUS COCETHUX IIAHET U 3TO BBIPAYKACTCS B HE3HAUU-
TEbHBIX KOJIEOaHUAX UX CKOPOCTH U HANIPaBJICHUsI, KOTOPbIEC Ha3bIBa-
I0TCSI TUOpAIUsIMHU.

ConHlle Tak ke pacKauMBaeTcs rpaBUTALIMIOHHBIMU BOJHAMH
OT JIBIJKEHUS IJIAHET U B €r0 JKUJKON 000JI0YKEe MPOUCXOAT aHaO-
TUYHBIC IPUIUBHBIC SBJICHHUS.

OObIBaTENbCKUE TPEICTABICHUS MHPOBOTO HAYYHOTO COO0-
IIECTBa O MIPUPOJIe TPABUTALIUHU MTPUBEIHU K U300pETEHUIO a0CYpIHOTO
MOHSTHS TPABUTAIIMOHHOTO KOJUIATICA, KaK MaJCHHUS] MaTePUH caMOil
Ha ce0s, 10 CyTH, YTBEP>KAAIOIIEr0 BO3MOXKHOCTh MOAHITHS CaMOT0
ceOst 3a BOJIOCHI.

[IpaBaa 3TO HE OYEHB-TO MOMOTIJIO YYEHBIM B TIO3HAHUU MPU-
pOIbI M OHU YXe OoJsiee cTa JIeT MIIYT TPaBUTAI[MOHHBIC BOJIHBI, HE
MOJI03PEBAas, YTO YEIIOBEYECTBO yiKE IABHO MOJB3YETCSI STUMU TPaBU-
TaI[MOHHBIMU BOJIHAMU TS pAIHOCBs3U. TOIBKO Ha3bIBasi X HE Tpa-
BUTAI[MOHHBIMHU, a AIEKTPOMArHUTHBIMH.

KoHcTaTupys BellieckazaHHOE, YTOUHUM OCHOBHBIC TEPMUHBI.

"Mamepusa, mo ece, umo cyuiecmeyem He3AGUCUMO Om
Hawezo co3Hanua''.

Martepusi, 3T0 Oe3HavanbHas U OECKOHEYHAs BCEICHHASI.

"Mamepusa umeem uacmuunoe cmpoeHue u modxcem Opo-
oumovca beckoneuno''.

Ona mooicem 0p06umc;z Ha amombl, Ha d1emMermapHrble, Cy63ﬂ€M€H-
mapmHole, CGerC)/69JZ€M€Hmaprl€ yacmuyvl U maxk oanee 00 beckoHeuHo-
cmu. A mak xak ceoticmea uacmuy ecex ypO@HEZZ abconromno 0()MH(1K06bl,
mo ux uzydenue pa3iuinvlx KOﬂﬂaddepax Uu yckopumeiax Cmanosunic bec-
KOHEUYHbIM U C1e008amenbHo beccmbiciennbim. enosex npocmo 06pei<aem
ceOs1 Ha DeCKOHEeUHYI0 NYCmyo mpamy cuil u epemetu!

""Ocnoenble ceolicmea mamepuu, 3apao, IHepus U Henpo-
Huuaemocmo, "'

"3apsao, amo ceolicmeo mamepuu, odyciasiusarouiee
63aUMO0eliCMEUs MamepuaiIbHblX 00beKmoe opyz ¢ Opy2oMm.

3ap;11[ MMPOSABJIACTCA B BUAC ITOJIA.
27



Anexcandp BECEAOB

""Ilone, 3mo nocpedHUK npu 63aumMo0eiicCmeusx MamepuaibHvlxX
men''.

[Tone - moTeHMATBHO, TIOATOMY OINUCAThH €r0 B PaMKaX €BKJIH-
JIOBOW T€OMETPUU MPUHIMITHAIIEHO HEBO3MOXKHO.

[Tose o6amaeT CBOMCTBOM YIPYrOCTH, MO3TOMY B HEM MOTYT
BO3HUKATH U PACTIPOCTPAHSITHCS YIPYTHUE BOJHBI CIKATHUSI.

"Boana, 5mo mexanusm 63aumooeincmeusn mexcoy mamepu-
anvHvimu menamu'’.

"Inepzus, Imo ceoitcmeo mamepuu cosepuiams pavomy''.

A TIO3TOMY HHKAaKOW XUMHYECKOH, OMOIOTHYECKON M KaKOH-Ir00
JIPYyroi SHEPTUU HE CYILECTBYET.

""Henponuyaemocms, 3mo c60ilcmeo, UcKilouaruiee 603-
MOMCHOCHb CYUWLECMEOBAHUA MAMEPUATLHBIX 00beKmo8 Opy2 6
opyze''.

CBOIICTBOM HENMPOHUIIAEMOCTH MaTepuu OOBsICHseTCs e€ He-
C)KHUMAaEeMOCTh U MPOTSKEHHOCTh. CKUMAeMOCTh BellecTBa 00yCIOB-
JICHA JIWIIb YIPYTOCTHIO JIEKTPUIECKHX MOJICH, OKPYKAIOIIUX ATOMBI
U3 KOTOPBIX 3TO BEIIECTBO COCTOMT.

""/leusicenue, IMo usmeHenue cocmoanus mamepuu''.

JIBuKeHue — 3TO He MPUYNHA, a CIIEJCTBUE CYIIECTBOBAHUS Ma-
Tepuu, 00yCIIOBICHHOE €€ CBOMCTBAMHU.

OTO HE XAOTHYECKOE METaHHEe M3 CTOPOHBI B CTOPOHY, Kak
YTBEPKAAIOT TICEBAOHAYYHBIC MOJCKYISIPHO-KUHETUYECKAs TEOPHS
WM TEOPUS CTPYH, a OJJTHOHANPABICHHBIN MPOIIECC H3MEHEHUS COCTO-
SIHHSI MATEPUH — CUHHE3.

"Cuna, 3mo oOeiicmeue na mamepuaibHoe meno pasHoCmu
2PasUMAYUOHHBIX UIU IJIEKMPUYECKUX NOMEHUUAN08"".

Huxakux cun Jlopenna, Kopuonnca, Apxumena uiam KOro-To
emé, B MpUPOJE HE CYIIECTBYET, BCE CHJIBI UMEIOT OJIHY U TY XK€ U
€AMHCTBEHHYIO IPUPOAY, PA3HOCTh IPABUTALIMOHHBIX WM 3JIEKTpHYe-
CKHX TIOTEHIUAJIOB.
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"Bec, amo cuna npumsasicenus, 00yci061eHHAA PAZHOCHIbIO
2PasuUmMayUOHHBIX NOMEHUUAL08 6 NOJle mAzomelouie2o mena''.
Wnu nonoxeHueM Tena B IpaBUTALMOHHOM IOJIE IPYroro Teja.

Onupasich Ha BbIIIENIEPEYUCIICHHbBIE (yH/IaMEHTAIbHbBIE CBOM-
CTBa MaTE€pPUHU, MOKHO HE TOJIBKO OOBSICHUTH JIFOOBIC (PH3NUECKHE SIB-
JIEHUs B PUPOJIE, HO JIaXKe MPe/ICKa3aTh U COLUATbHBIE.

Hy a Teneps nmonpoGyem pa3zo0paThkcs B TOM, YTO Ke TAKOE aH-
TUTPABUTAIUS, O KOTOPOH TaK JIFOOAT paccyXIaTh nepes 00bIBaTeNb-
CKOH aynuTopuel, HeKoTopble yuéHsle. Kak U3BeCTHO, pu rpaBUTa-
[[UU TeJla BCerja MPUTATUBAIOTCS APYT K APYTY.

[IpocTeie toruyeckre pa3MbIIUIEHUS IPUBOJAT K BHIBOY, YTO
MOl aHTUTpaBUTALIMEH [TOIpa3yMeBaeTcsl OTTAIKUBAHHE.

B xone nanpHEHIMX pa3MBIIIICHUNH MBI HEU30€KHO MTOHMEM,
YTO rasbl, C UX CTPEMJICHHEM OECKOHEUHO PACHIMPATHCS U3-3a 00JIb-
I0M aCUMMETPHUM TPABUTALIMOHHBIX MOJEH UX aTOMOB, MOCTOSIHHO
HaXOJATCSI B COCTOSIHUM aHTUTpaBUTALMU. TO €CTh MX aTOMBI U3-3a
CHUJI OTTAJIKUBAHUS CTPEMSITCS PA3JIETEThCS B Pa3HbIE CTOPOHBI.

U tyT y) cambie cooOpa3uTenbHbIe MOTYT CIENATh s ce0sl co-
BEPILIEHHO OIIESTOMIISIONIEE OTKPBHITHE, UTO JII0Oble TBUTATENH, CO-
3JTaHHBIE YEJIOBEKOM, 3TO ABUTATEIN paboTaromiye, o CyTy, Ha aHTH-
rpaBUTALIUU.

PeakTuBHBIA IBUTATEND, DTO HE YTO MHOE, KAK OOBIYHBIN aHTH-
rpaBUTALMOHHBIN JBUraTeilb. PEakTUBHbBIE CaMOJIETHI, PAKETHI-HOCU-
TEH CIIYTHHUKOB, J1a M OOBIYHBIE HOBOTOJHUE (heliepBEpKH, BCE OHU
AHTUTPABUTAIMOHHBIE.

Ha anturpaButanmu paboTarOT Iaxe aBTOMOOWIbHBIC JBHTa-
TEeJH BHYTPEHHETO CrOpaHusl.

Benp B kamepe cropanus J1000ro IBUTaTels, B pe3ynbTare co-
€AMHEHHUSI YIJIEBOAOPOJOB C KUCIOPOAOM, MPOUCXOIUT CUHTES3 YIJie-
KHCJIOTO ra3a, KOTOPBIA pacuIMpssich U3-3a OTTAJIKUBAHUS (aHTUTpa-
BUTAIIMHU) €r0 MOJIEKYJ APYT OT APYTa, C OOJBIIONH CKOPOCTHIO BBITE-
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KAeT 4epe3 COILIO U TOJIKAET, B IIOJHOM COIVIACHM C 3aKOHOM COXpa-
HEHMsI IMITYJIbCa, CAMOJIET, paKeTy, 3aps] GpeiiepBepka UK MOpUIEHb
B IIPOTUBOIOJIOKHOM HAaIIPABJICHUU.

OxkaspIBaeTcsl, 4EJI0BEUECTBO YXKE JABHBIM-IABHO HCIIOJb3YET
AQHTUTPABUTALMIO B CBOMX HU3MEHHBIX M KOPBICTHBIX LENAX, a4 BOT
TEOPETUKH JI0 CHX IO ITOTr0 KaK-TO HE COOOpa3miIu.

Hy, npsaimMo kak repoit komeauu Mombepa, KOTOPBIN 1aXe U He
JIOTabIBAJICS, YTO BCIO )KU3Hb TOBOPUII IIPO30H. ..

4. OB DJEKTPUYECKOM TOKE
1 DJIEKTPOMATHUTHOM
AHIYKIAA

Cpenu TBEPABIX TEJ CYHIECTBYIOT BEILIECTBA, ATOMBI KOTOPHIX B
TBEP/JOM arperaTHoM COCTOSTHUM MUMEIOT OCOOCHHYIO BHYTPEHHIOIO

CTPYKTYpY, BecbMa crienupuueckoe
pacrioyio’keHNe 3apsHKEHHBIX AJIEMEH-
TapHBIX YaCTHII, 00Pa3YIOIINUX aTOM.

[IpencraBurensamu 3TOH
TPYNIBI  3JEMEHTOB, HAa3bIBAEMBIX

deppomaznemurxamu, IBISIOTCS Me-
artom cpeppo-MarHeT“Ka TaJJIbl - }Ke.]'le?)o, K06a.]-IBT U HUKECIIb
Puc.9 (puc.9), y KOTOpBIX B CHIIy OCOOCH-

HOCTEH BHYTPEHHEIO CTPOEHHUSI, TPAaBUTALMOHHBIE TOJIsI 00pa30BaHbI
JIMHEUHO CMEILECHHBIMU JJIEKTPUYECKUMU U IIPOCTOM MAarHuT sBJIS-
eTcs OOBIYHBIM JICKTPUYECKUM JAHUIIOJIEM.

OTO AuHeliHoe cMeujeHue dIEKTPUIECKUX M0JIeil aToMa OTHO-
CUTEJIBHO APYT ApYyra MOXKHO Ha3BaTb HePeKOCOM T'PABUTALIMIOHHOIO
OJIS.
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Ilepexoc cpasumayuonno2o noJis — 3To U €CTh TO, YTO B (Pu-
3WKE OMIMOOYHO HA3bIBACTCS MACHUMHbIM noaem. [Ipu HarpeBaHUU

dbeppomarneTuka [1J1.9], 3JI€KTPOHBI,

o

KpHBLIE YOLIBAHWA ANEKTPUHECKHMX
NOTEHLMANO0S NPH aCHMMETPUIA

TPABUTALMONHOrG nons OpUIMNINHAEC MPEHUMYIIECCTBEHHO CO
CTOPOHBI IIOJIA ITOJIOXHTCJIBHOI'O 3a-

noTeHuMan

a
o

psla, HEUTPAIU3YIOT AUIOJBHBIA MO-
MEHT U BEILECTBO TEPAECT MAarHUTHBIC

o
£

- | coiicTBa. IIpupona, kak Mbl BUIUM,

(=]

~paccToane

BIIOJIHE 06XOI[I/ITC$I CaMbIMU MMHHU-

Puc.10a
MaJbHBIMH U IIPOCTBIMH CPEICTBAMH.

B cumMmeTpuyHOM rpaBUTALIMOHHOM TIOJI€ JI000ro Teja, Mo-
TEHIMAaJ JII0O0H TOYKH, KaK B MOJIE MOJOKUTENbHBIX, TaK U OTPHIIA-
TENbHBIX 3aps/10B, OAMHAKOB, IOATOMY Pa3HOCTh IEKTPUUECKUX TIO-
TEHIIMAJIOB B JI000I TOYKE TaKOTO MOJISI paBHA HYJIIO.

B acummempuunom rpaBUTaLlMOHHOM TIOJE B KaXKJIOM €ro
TOYKE CYIIECTBYET HEKOTOpas pa3HOCTb JJIEKTPUUYECKUX IMOTEHIIMA-
JIOB, OOYCIJIOBJIEHHAs! pa3HOW BEIMYMHOMN 3JIEKTPHUUECKUX MOJIEH, KO-
TOpasi MPUBOJIUT K CMEILEHHUIO 3apsiI0B B IPOOHOM TeJe WM K MOJIs-
pHU3alnu, KOTOpasi IpU MepeMeIIeHUH TPOOHOTro Tena OCTaéTcs Heu3-

MEHHOW. DTO MOKa3aHO Ha rpaduke
R (puc.10a). Ilpu ABMOKEHHUH TPOOHOTO

TPaBUTALMOHHOTO Nona

notexywan £

TeJa B NEPEeKOUeHHOM TPABUTAIIMOH-
HOM II0J¢ (MazHummuom), TIE DIIEK-

da_>dq,

TPUYCCKUC II0JIA JIMHEHHO CMCIICHBI

OTHOCHUTEIIBHO JpYyr Ipyra, pa3HoCTb
JJIEKTPUYECKUX  MOTEHIUAJIOB  OT

paceTonHne

Puc.10b
TOYKH K TOYKE U3MCHACTCS, B PE3yib-

TaTe Yero B HEM BO3HMKAET JBUKEHHE IIEKTPUUECKUX 3aps]I0B WU
BIEKTPUYECKUM TOK.

OT0 gBlIeHUE B PU3NUKE HOCUT HA3BAHUE 2J1EKMPOMAZHUMH O
uHOyKyuu v noka3ano Ha rpaduke (pucol0b). 1o mo3Bonser Tak
K€ JIeTKO OOBSICHUTh NPHHIUIN PadOThl, TaK Ha3bIBAEMBIX,
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YHHUIIOJISIPHBIX T€HEpaToOpoB 0e3 MpHBICUYEHUS JDKEHAYYHOH Teopuu
OTHOCHUTENIbHOCTH WM KakuX-To Muduyeckux cui Jlopenma. To 06-
CTOSITENILCTBO, YTO MAarHUTHOE IOJIE — 3TO MEPEKOLIEHHOE IPABUTALH-
OHHOE 10JIe, 00pa30BaHHOE JIMHEWHO CMEIIEHHBIMU AJIEKTPUUECKUMU
MOJISIMU, JIETKO JOKAa3bIBAETCS MIPOCTHIM HKCIIEPUMEHTOM.

B snekTpoHHO-1y4eBOil TpyOKe, 3JIEKTPOHHBIM JIyd OTKJIOHS-
€TCsl BJIEKTPOCTATUUYECKUM I10JIEM IIJIOCKOI0 KOHAEHCATOPa, OTTAJIKH-
BasICh OT OTPHIATEIBHOM W NPUTIATUBASCH K IMOJOXKHUTEIHHON 00-
KJIaaKe. OTO MO0Ka3aHo Ha pucyHKe (puc.lla). Eciou ke oTKIIOHSIO-
Y0 CHCTEMY BBITTOJIHUTH 11O cXeMe pucyHka (puc.11b), umutrposas
MEPEKOC TPABUTALIMOHHOIO MOJIS MEXAY IEKTPOIaMH, TO IIIOCKOCTh
OTKJIOHEHUS 3JIEKTPOHHOIO Jy4a Oyzaer nosépHyTa Ha 90 rpagycos.
To ecTb 3JIEKTPUYECKUMHU TIO-

= R JSIMU JIByX Hap 3JIE€KTPOAOB MBI CO-

ANEHTROH

aTop :|:_ a BHaéM MEPCKOC TpaBUTAIUOHHOT'O

SHpan moJid ujin, ApyruMu CJioBaMH MAarHuT-

3 Tt HOE MOJIE W BJEKTPOHHBIA Jyd, MPO-

XOJsl 4epe3 3Ty CUCTEMY 3JIEKTPOIOB,
OyIeT OTKIOHATHhCS TaK e, Kak B
AJIEKTPOMArHUTHOM OTKJIOHSIIOIIEH CH-

cTEME.

Tak Kak JI00bIC 3JIEMEHTAPHBIC YaCTHUIIBI COCTOSIT U3 OoJiee MeJl-
KHUX CyOdJIEeMEHTApHBIX YaCTHI[, OHU TaK K€ 00JIaJaroT, 00 acuM-
MeTpuei, 1100 HeOOIBIINM MTEPEKOCOM TPABUTAIIHOHHOTO OIS, B pe-
3y/lbTaTe KOTOPOTO MPH JIB)KEHUU B ACUMMETPUYHBIX TPABUTAIIMOH-
HBIX MOJSIX APYTUX 0OBEKTOB, OHU MPUBOAITCS BO BpalICHHUE, KOTO-
po€ TPaKTyeTCsi COBPEMEHHON HAYKOW KaK CHUH.

JIMMoapHBIMA ~ MOMEHTAaMH B OCHOBHOM, Kak IPaBUIIO
00J1a/Tal0T COCTaBHBIC YACTHUIIbI, KOTOPBIC MPU CTOJIKHOBCHHH JIETKO
pacKajbIBalOTCS Ha COCTABHBIC YacTH. JJICMECHTAPHBIC YACTHIIBI,
cocrosmume u3 601ee MEITKUX CyOBITIEMEHTIPHBIX YaCTHI] PACKOJIOTh
HEBO3MOXKHO, TaK KakK y YeJOBEUECTBA MOKA HET TaKHX MCTOYHUKOB
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MOITHOCTH. DJIEKTPOH, MO BCEHl BUAMMOCTH, YaCTHUIA COCTaBHa,
IIOTOMY YTO IIPH CTOJIKHOBCHHWHU C MHUIICHBIO M3 TSDKEIBIX METAJLIOB,
OH pakaiplBaeTcs Ha Ooyiee MeNIKHE 3JIEMEHTAapHbIE YacCTHUIHI,
UMEIOIIME  BBICOKYIO  TNPOHHUKAIONIIYI0  CIOCOOHOCTB.  OTO
PEHTI€HOBCKHUE JTyYH.

Kak numyt B yuyeOHUKaX (PU3MKH, STEKTPUUECKUNA TOK — ITO
MOTOK 3apsHKEHHBIX YaCTHII — AIEKTPOHOB. Ho orpoMHOE KOTMYECTBO
AJIEKTPOHOB, ABIKYIIMXCS B MPOBOJHUKE, TPEICTABISET COOOM MHO-
KECTBO IMapaJuIeIbHBIX TOKOB, KOTOPBIE 110 3aKOHY MPUTKEHUS Ma-

paJUIeTLHBIX TOKOB OyIyT CTATUBATHCS
B TOHKUU IIHYP, MPOXOASIIUHN MO IIEH-
TPy MPOBOAHUKA.

B aTOM ciiyyae HUKaKOro 3J1eK-
TPUYECKOTO MOJIsi BOKPYT MPOBOJIHHUKA

HaG.HIO,Z[aTbC}I HEC JOJI2KHO, TaK KaK OHO

—T B CHJTY 3aKOHA OOpaTHBIX KyOOB OYEHb

e ObICTPO YOBIBAET C PACCTOSHUEM U K
TOMY >K€ OUY€Hb CHJIbHO 3KPAaHUPYETCS aTOMaMU MPOBOJIHUKA, OKPY-
JKaIOIMMH TOKOIPOBOASIIMKI "HIHYp".

MexaHu3M CTATHBAHUS JIBIKYIIUXCS 3apsaoB (puc.12) o0y-
CJIOBJIEH UX BOJHOBBIMM B3aUMOJECHCTBUSAMHM WU PA3HOCTBIO CKOPO-
CTEW BOJIHBI, KOTOPAsi 3aBUCUT OT HANPSXKEHHOCTH WM "TIIIOTHOCTH"
rPABUTALMOHHOTO TOJIsI B KOTOPOM JIBHIKETCS 3apsijl.

dokycupoBka 31eKTpoHHOoro nyda B DJIT 00ycioBneHa Iumb
TEM, YTO Ha (POKYCUPYIOIIMNA IEKTPOJ] MOAAETCS BEICOKOE HaIPsKe-
HUE, YBEIMUNBAIOILEE CKOPOCTh 3JIEKTPOHOB.

B peanvnocmu, snekmpuyeckuit mox npeocmaenaem coooii
084 6CMPEUHBIX NOMOKA 3aPA006 PA3HO20 3HAKA, OGUNICYUWUXCA C
YCKOpeHuem, Kaxcovlii u3 KOmopbwix, é cuiy 3aKOHa RPUMAINCEHUS
napanienbHvlX MoKos, CMpPEMUmCcs 3aHANb MECHO 8 UeHmpe npo-
600HUKA.

33



Anexcandp BECEAOB

Ho Tak kak camu 3apspKeHHBIE YacTHULBI MaTepUaIbHBI U
HETIPOHHUIIAeMBI, a ITOJIS Pa3HBIX 3aps10B HA00OPOT IPOHUIIAEMBI APYT
JUISL IpyTa, TO UX BCTPEYHBIE IOTOKU 3aKPyYHBAIOTCS CIIMPAJIBIO BO-
KPYT ApyT Apyra. B aTom ciydae 3aKpydeHHbIE TOTOKH 3apsI0B B CIIH-
pansax OyayT CTPEeMUTBCS K MOBEPXHOCTH NMPOBOJHMKA, YTO M TO-
TBEPKAAETCs OMBITOM. M B 3TOM k€ ciryyae BOKPYT IPOBOJHHKA C TO-
KOM TOSIBUTCSl HePeKoC TPABUTALMOHHOTO OISl (MazHummuoe noe),
KOTOPBII MO’KHO OOHAPY>KUTh C MTOMOIIIBIO CTPEIKH KOMITaca.

[Tpu nepemeHe HanpaBiIeHUs TOKA, HAIIPaBJIEHUE TIEPEKOCca U3-
MEHUTHCS M MArHUTHAS CTPEJIKA OTKJIOHUTCS B IPYTyIO CTOpOoHY. [Ipn
HPOXOX/ICHUHU TI0 TIPOBOJHHUKY ITEPEMEHHOTO TOKa, TOTOKH 3apsi/ioB
MEHSIOT HalpaBlICHHE JBWKEHUS U, COOTBETCTBEHHO, MEHSETCS
HaIpaBJIeHNE BPAICHHUS CIIUPAICH, YTO MPUBOANT K OBICTPHIM H3Me-
HEHMSIM ITepeKoca rPaBUTAIIMOHHOTO M10JIsE BOKPYT IPOBOJHHUKA U pac-
IPOCTPAHEHUIO 3TUX U3MEHEHUH B BUJIE€ TPABUTAIIMOHHBIX BOJH, KO-
TOpBIE B (PU3UKE HAZBIBAIOTCS 271eKMPOMAZHUMHBIMU U PAOUOBOT-
Hamu.

OTH rpaBUTAIIMOHHBIE BOJIHBI BOKPYT MPOBOHHKA C IIEPEMEH-
HBIM D3JICKTPHYECKHM TOKOM, HMEIOT C(HEpUYECcKyl0 IuarpamMmy
HAIpPaBJICHHOCTH U 0CIa0EBaIOT C PAaCCTOSHUEM I10 3aKOHY OOpaTHBIX
KBa/IpaToB.

Ipumeuanue! Cywecmeosanue 6cmpeuHvlX NOMOKOE 3aAPA008
06_)7(3.7108.7181'!0 mem, umo 6 mamepuaiax 00bIUHBIX nposoduukoe ecezoa
npucymcmeyem He3HauumenbHoe KOIU1ecmeo Yacmuy, ¢ noa0HCUmens-
HOU acmwnempueﬂ cpasumauuOHHblIX noaei — no3umponoe. 3Jl€Kmp0Hbl
U NO3UMPOHDL, RPUMAZULAACD OPY2 K OPY2Y, 00pA3yIom HelimpansHble ua-
CHUYbL, KOMOpPble HAXOOAMCA 6 MEHCAMOMHOM NPOCMPAHCHEE 6ele-
cmea. Kozdapa:mocmb nOMEenRKUA106 6HEUIHEZO0 UCMOYHUKA J1eKmpuie-
CKO020 MOKA pa3pbléaem ux, OH HAUUHAIOM 08U2AMbCA 6 RPOMUGONOTI0MHC-
HbBIX HANPAB/IEHUAX, co3oaeas eCmpeiuHnble nOmoKu 3apﬂdoe.

C oT0ii TOUKH 3peHus: monpoOyeM OObICHUTH MEXaHU3M BO3-
HUKHOBCHHS TOKa caMOMHAyKImH. Korma kK KOHIIaM IpPOBOAHHUKA
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(puc.13) npunoxkeHo HaNpsHKEHUE, B HEM HAaUMHAETCs JABM)KEHUE 3a-
PAOB. DIEKTPOHBI ABMKYTCS O HAMPABICHUIO K TIOJIOKHUTEIIBHOMY
MOJTFOCY UCTOYHHUKA, TTIO3UTPOHBI — K OTPUIIATEIILHOMY.

Tak Kak MOTOK MO3UTPOHOB, B CBSI3U C OTPULIATEIIBHON acUM-
METpHUEH BEIecTBa HAIIEro MUpPa, HUYTOXXHO Majl M JIUIIh HE3HAYH-

TCJIBHO YMCHBIIACT PA3HOCTH

lel':". 3';}:3,2? _:' ANEKTPOHHBIX MOTEHIUAIOB, TO
; ap=p.p. '| MBL  OyleM  paccMaTpuBath

;':3‘ | __ | | TOWBKO JBHKEHHE ONEKTPOHOB.
0—+ — | W XOTS HHYTOKHBIN ITOTOK ITO3H-
TPOHOB SIBJIICTCSI TIPUYMHOM 3a-

S — i KpY4YHBaHUs MTOTOKOB 3aps0B B
Puc.13 cliupalib, Il HAC 3TO IOKa HE

UMEET 3HAUYEHHUS.

DNEKTPOH, ABUTAsICh K MOJOXKHUTEIBHOMY MOIIOCY HCTOYHHMKA
TOKA, HENPEPBHIBHO YBEIMYMBAET CBOIO CKOPOCTb U3-3a MOCTOSIHHO
YBEJIMUYUBAIOLIENCS, COrTIacHO 3aKoHY KylloHa, CHIIbl PUTSKEHUS.

N3-3a 3TON pa3HULIBI CKOPOCTEU 3JIEKTPOHOB HA IPOTUBOIIO-
JIO’)KHBIX KOHIIaX IPOBOJIHMKA, BO3HUKAET Pa3HOCTh X KOHIIEHTpALIUI
i pazHocTh noteHuuanoB dP=P2 —Pi1. 13 Heé BrunTaercs pas-
HOCTb MOTEHIMAJIOB, CO3/laBacMasi BCTPEUHBIM JIBH)KEHUEM MTO3UTPO-
HOB dP+)=P3-P1. Pe3ynpTupyromas pa3HOCTh OTEHIUATIOB OIpe/e-
asiercst popmyioit dP=P2-Ps.

IIpy OTKIIOYEHUU NCTOYHMKA TOKA, IO IEUCTBUEM 3TOU pas3-
HOCTU NoTeHuuanoB dP, 35ekTpoHbl, HAKONIMBIIMECS B OTPULIATENb-
HOM KOHIIE IPOBOJIHUKA IIPOAOKAIOT JBUKEHHE K MTOJIOKUTEIBHOMY
KOHIly M TI0 WMHEpIHHM HaKalJIMBalOTCI B HEM, CO3/laBas YK€ He-
CKOJIbKO MEHBIIYI0 00paTHYIO Pa3HOCTh MOTEHINAIIOB.

B pesynbTaTe nmericTBus 3TON 00paTHOW Pa3HOCTH MOTCHIIHA-
JIOB, JIEKTPOHBI HAYMHAIOT ABUTAaThCA B OOpaTHOM HANpaBICHUH U
IIPOLIECC MTOBTOPSAETCSI.

35



Anexcandp BECEAOB

[Tocre HEeCKONBKUX 3aTyXalomuX KoJeOaHWH, 3aBUCAIINX OT
JUIMHBI MPOBOJAHUKA, KOHILIEHTPALIUS 3JIEKTPOHOB BBIPABHUBAETCS W
TOK IPEKpaIaercs. ITOT TOK B 3JEKTPOANHAMUKE U HA3bIBAETCS TO-
KOM CaMOMHIYKIIWH.

Ecnu psnoM ¢ mpoBOJHUKOM MOMECTHTH (eppOMarHUTHBIN

v MaTepuai, TO MEepUo] Koyeha-
"pﬂ HUM yBEJIMYUTCS W3-3a MOTEPH
Y ‘ L | Ha TIEpPECTPOMKY CTPYKTYp €roO

aTOMOB.

O1croga MOXHO cAelaTh
BBIBOJI, YTO TPHU IPEKpaIICHUH

Karoa
TOKa, JJICKTPUUCCKUE KOHe6aHI/I$I

AHog

oBnacTe ¢ Manon ofnacTb ¢ GONLWOA BO3HUKAIOT HC M3-3a UBMCHCHUA

oTpULaTENBHON oTpUlaTensHoN
acummeTpHen (+) acuMueTpuei (-) HEKOero MU(pUYECKOr0 MarHHT-

Puc.14 HOTO TIOJIA, a MO COBEPIIEHHO
JpYro MpUYMHE U YTO 3TO MArHUTHOE MO0JIe, HUKAKOTO Yy4acTHs B
npoliecce He MPUHUMAET.

A noIMOMy HUKAKOU I1IEKMPOMAZHUMHOU CAMOUHOYKYUU,
MAK Jce KaK u camo2o MAZHUmMHO20 oA He CYuiecmeyem.

Bricokoii KOHIIEHTpaluel 3JEKTPOHOB TaK K€ OOBSICHIETCS U
TOT (haKT, UYTO HUTh HAKATMBAHUS JAMIIOYKH 4aCTO MEPETOPAET OKOJIO
OTOPHOIO AJIEKTPOAA C KOTOPOTO B MOMEHT BKJIIOUEHUS MOCTYMAIOT
AIIEKTPOHBI, XOTSI JOJKHA OBl TIEperopaTh MOCPEIUHE, TAK AIEKTPOIBI
UTPAIOT POJb TEIIOOTBOAA.

IIpn KOHTaKTe BEIIECTB (METAJUIOB) C PA3JIUYHON BEITUYMHON
OTPULIATENIbHOM AaCHUMMETPUM TPAaBUTALMOHHBIX TOJEH aTOMOB,
MEX1y HUIMH BO3HUKAET HEKOTOPAasi Pa3HOCTh SJEKTPUUECKUX MOTEH-
1IMajoB (MOTeHIUAIBHEIN Oapbep (puc.14)).

[TosToMy nipu NMpOX0KACHUN TOKA YEPE3 TAKOM KOHTAKT B O1-
HOM HaIpaBJIEHUH, 3Ta Pa3HOCTh MOTEHIIUAIOB CKJIAJbIBAETCS C pas-
HOCTBIO IOTEHIIMAJIOB UCTOYHUKA TOKA, a B APYTOM JICUCTBYET IPOTUB
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He€, TO IPUBOJUT K Pa3JINYHOM BEJIMYMHE TOKA, IPOTEKAIOIIErO Yepes
KOHTAKT, 3aBUCAILYIO OT €70 HallpaBJICHUSI.

Jpyrumu cioBamH, Jt00bIe KOHTAKThl METAJIJIOB C Pa3IMYHON
BEJTMYMHON aCHMMETPUHU 00J1aIat0T ClIabbIMU "BBITPSIMUTEILHBIMUA "
CBOMCTBAaMHM, 3aBHUCSIIMMHU OT BEJIMYMHBI KOHTAKTHOW PA3HOCTH IIO-
TeHIMaa0B. KOHTAaKThI C O4eHb OOJBIION, TEXHOJOTHUECKH CO3/1aH-
HOW, Pa3HOCTBIO aCHMMETPH, CO3JaroIue OONBIIYI0 KOHTAKTHYIO
pa3HOCTh MOTEHIMAJIOB (MOTEHIMAIBHBIN Oapbhep), Ha3bIBAIOTCA I10-
JYIPOBOJHUKOBBIMU JUOJAaMH, TOK Y€PE3 KOTOPBIE B MPEENIax 3TOr0
MOTEHLMAIBHOTO 6aphepa, MOXKET TeUb MIPAKTHUYECKH TOJIBKO B OJTHOM
HaIlpaBJICHUU.

[Ipu monKIIFOYeHNH UCTOYHMKA MUHYCOM K 00JIaCTH C MaJIon
OTpHUIIATEIILHON cUMMeTpuel (P), 0003HAYECHHOW MaJIbIM 3HAKOM MH-
HYC(p), TIEKTPOHBI JIETKO MMPOHHUKAIOT B HE€ MOJ| JeHCTBUEM HEOOIb-
oM pa3HoCTH MOTEHIUATOB Umin, TOTOMY YTO CHJIBI OTTaJIKMBaHUS
ciabbl. VX IpOHUKHOBEHHE B 30HY KOHTAKTa el U 00JIerdyaeTcs TeM,
TO B 3TO BpeMs 3JICKTPOHBI U3 00enX 00JIacTel yXOIAT B HAIIPABICHUH
MOJIOKUTEIBHOTO MOJI0Ca UCTOYHHUKA TOKA, YMEHbIIAasg UX aCUMMET-
puro.

[Ipu moakIIOYEeHWH UCTOYHHKA TOKAa MUHYCOM K 0OJacTu ¢
OOJIBIIION OTpHIATEIPHOW acUMMeTpHuel (m), 0003Ha4YeHHOW OOJIb-
IIMM 3HAaKOM MHHYC(n), SJIEKTPOHbI HICTOYHUKA HE MOTYT IIPOHUKHYTh
B HE€ U3-3a CUJI OTTAJIKUBAHMUS, U TOK, €CJIM PA3HOCTh TOTEHIIMAJIOB HE
npeBbiaeT Unp, B 3TOM HANpPaBICHUH Y€Pe3 KOHTAKT HE MPOXOUT.

[TpryeM yacTh 3JIEKTPOHOB, HAKOTIMBIINXCS B KpaitHyil o0a-
CTH 30HBI N, MOBBIILIAET ACUMMETPHUIO €€ aTOMOB U COOTBETCTBEHHO
HarpspKeHus mpoo6os. Takum 00pa3om, HaMpsHKEHUE MPOOOsT 3aBUCUT
OT IIMPHUHBI 30HBI N. HeGombI11ast 4acTh 3JIEKTPOHOB, MPOHUKILUX Ye-
pe3 30HY N B 30HY P, CO3/1aeT TOK yreuku. [Ipu mpeBbimieHnn odpat-
HOM BHENTHEH pPa3HOCTHIO TOTEHIMAIOB MOTEHIIMAIBHOTO Oaphepa
Unp, B CBA3M C OOJBIION KOHIIEHTPALMEH AJIEKTPOHOB B 00JIACTH
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aHOJa, ABJIAOIIUXCA HOCUTEISIMU TEILUIA, TPOUCXOIUT TEIIOBOU MPO-
0011 [r/1.9] 1 BBIIPSMUTETBLHBIE CBOMCTBA KOHTAKTa TepstoTcs. Eciu
aHOJ/IHas 00JIACTh KOHTAKTa YCTAaHOBJICHA HA TEIJIOOTBOIE, TPO0Oii HE
MPUBOJIUT K Pa3pyILICHUIO KOHTAKTA U TO MOCJIE€ CHITHUS BHEIIHEHN pa3-
HOCTH MOTEHIMAJIOB, CBOMCTBA KOHTAKTA BOCCTAHABIIMBAIOTCS.

Ha rpaduke mokazaHo pacmpe/eneHne MOTEHIINAIOB U CTaHO-
BUTCSl MOHSTHO, MOYEMY TAaKOM KOHTAaKT IMPOBOAUT TOK B OJHOM
HaIlpaBJIEHUH, MOKA3aHHOM CTPEJIKOM. 3/1eCh HaIpaIIMBaeTCsl aHAJIO-
THS C HAKJIOHHOM TJIOCKOCTHIO.

Ipumeuanue! Tak kak 6 npupooe Hem HUYE20 GUPMYATLHO20 UTTU
MHUMO20, 00bACHEHUE YUEHDIMU MEXAHUIMA NPOMEKAHUsL MOKA Yepes,
makou Konmakm, Ha3vl8aemblil n-p nepexodom C ROMOULbIO Hecyuiecmey-
ouwux "'0vipok'’, cosepuienno necocmoamenbHo, u AGAAECMCA MAKOIL JHce
uyuivlo, KaK zpasumauuonubtﬁ Kojuianc ujid KaK 603HUKHOBEHUE 6 6AK)-
yme HeKUux eupmyajilbHblX Hacmuy Uiu K6AHMO6 IHepcul. Jroobuvie 63au-
MOOCUCMGUSL 8 RPUPOOE — IMO B3AUMOOCHCHIGUS He MHUMDBIX, KAK 6 Ma-
memamuKe ujin eupmyajibHovlX, A COBEPUIEHHO PeAIbHbIX MaAmMePUailbHblxX
yacmuy,.

Hcxons u3 BBIIEU3IIOKEHHOTO, MOKHO CIIENIATh CIEIYIOLINMI
BBIBO/JI: TPOBOJHUKH — 3TO BEILIECTBA UMEIOIIEe HEOOIBIIYIO OTpHUIIa-
TEJIbHYI0 ACHMMETPHUIO TPAaBUTALIMOHHBIX IMOJIEH aTOMOB, B KOTOPBIX
AJIEKTPOHBI MOTYT MEPEMEIIATHCS MO/ JCHCTBIEM HEOOIBION BHETII-
HEl pasHOCTH MOTEHIUAIOB. A H30JATOPHI, HA00OPOT, 00JaAal0T
OYCHb OOJBINONW OTPHUIATEIIBHOW aCHMMETPUEH, MOATOMY JUIsI TOTO
4TOOBI 3JIEKTPOHBI MOTJIM B HUX TIEPEMENIAThCS, HYKHO MPUIIOKHUTH K
HUM OY€HB OOJIBIIYI0 BHEITHIOI Pa3HOCTh MOTCHIIUAJIOB.

To ecTh BONpPEKH YTBEPKICHUIO OQPHUIIMATHLHOW HAYKH BCE
MPOUCXOUT C TOYHOCTHIO HA00OPOT, BEIIECTBA C OOJIBIINM COJIEPIKa-
HUEM JJIEKTPOHOB — 3TO U30JIATOPHIL, a C MAJIBIM — TPOBOAHUKHU. Hamo
3aMETUTH, YTO B JIIOOOM BEIIECTBE HUKOIIA HE OBIBAET CBOOOIHBIX
anekTpoHoB. OHU Bce BCera CBsi3aHbl ¢ aToMaMu. CBOOOIHBIE DJIEK-
TPOHBI, B OCHOBHOM, COJIEPKATCS B IOTOKE COJIHEUHOTO U3JIYYEHUS U
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B (pU3UKeE U3-3a OOJIBIION CKOPOCTH IBUKECHUS, OHH OITUOOYHO HA3bI-
BarOTCs (HOTOHAMM.

I"a3bl, UMerOLIME OYEHb OOJIBLIYI0 ACUMMETPHIO I'PaBUTALIUOH-
HBIX 10JIEH aTOMOB, COAEPKAIIMX OO0JIBIIOE KOJTUYECTBO AJIEKTPOHOB,
€CTECTBEHHO SBJIAIOTCA U30JsATOpaMu. [ljis  TOro, 4ToObl 3JIEKTPOHBI
MOTJIN JIBUTATHCS B T'a3€, OH JI0JKEH OBITh CUIIBHO Pa3pekeH, YTO MPH-
BOJIUT K YMEHBIICHUIO KOHIIEHTPALUH 3JIEKTPOHOB MWK 0O0IIel OTpH-
L[aTeJIbHOM aCHMMETPHUH, YTO YBEIUYUBAET €T0 DJIEKTPOIIPOBOJIHOCTD.

Kugkocty, MMEIOT TOpa3lo MEHbBIIYI0 ACUMMETPHUIO, YeEM
rassl, HO OOJIBIIYIO, UM TBEP/BIE TEJIa, [IOATOMY MEXAHU3M JJIEKTPO-
IIPOBOJAHOCTH B HUX ropaszo ciiokHee. OH CHIIBHO 3aBUCHUT OT aCUM-
METPUN aTOMOB WJIM MOJIEKYJI CaMOH KUIKOCTH U MaTEPUAIIOB, U3 KO-
TOPBIX CAEIIAHBI YIEKTPOBI.

IIpu morpykeHuu, HalpuMep, MeTala B JKUJIKOCTb, UMEIO-
MIUX HEOOJIBUIYI0 Pa3HOCTh ACUMMETPHH TPaBUTAIIMOHHBIX MOJEH,
IPOMCXOIUT cledytomiee. MoIeKybl )KUIKOCTH, UMEsI TOpa3io 00Ib-
LIYI0O aCUMMETPHUIO IPaBUTALIMOHHBIX IOJIEW OTIAIOT JMILHUE dJIEK-
TPOHBI aTOMaM MeTajlla.

B pesynbpraTe yero acuMMETpHUs IPaBUTALMOHHBIX MTOJIEH aTO-
MOB Me€TajUla YBEINYMBACTCS, CWJIBl NPUTHKCHUS MEXKIY HUMHU
YMEHBIIAIOTCA U OHM HAaYMHAIOT OTPBIBATHCSA OT OCHOBHOM MacChl U
IIPOHUKATH B BOAY. TO €CTh METaJl HAUMHAET PACTBOPSTHCS B XKHUIKO-
CTH U MHTEHCHBHOCTH 3TOTO Ipoliecca OyJIeT 3aBHCETh OT Pa3HOCTH
ux acummerpuii Eciu B34Th BelecTBa ¢ O4eHb OOJIBIION pazHHUIIECH
aCUMMETPUH, TO MPOLECC PACTBOPEHHsI OyJEeT OUYCHb MHTCHCHUBHBIM.
IIpu 5TOM MBI IIOJIy4UM IIPOCTEUIINN TaIbBAHUYECKUHN DIIEMEHT, 1€
HOJIOKHUTEIBHBIM IOJIIOCOM OYJET KHUJIKOCTb.

Onucanue noBeAcHUs: KOHTAKTOB MEXy METAUIAMU U JKH]I-
KOCTSMHU TpeOyeT OTAEIbHON CTaThH, B CBA3M C ITyTaHUILIEH, CO3aH-
HOW yYEHBIMH MEXIY HAIPaBICHUEM IBW)KCHHS JIEKTPOHOB U IIPH-
HATBHIM B HayKe HaIpaBICHUEM TOKa
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SIBiIeHME BO3HUKHOBEHUSI KOHTAKTHOM PA3HOCTH MMOTEHIIMATIOB
HCIIONIb3YETCSl B TEXHUKE MPU CO3JIaHUM TepMoInap. B Tepmonape uc-
MOJIB3YIOTCS METAUTBI ¢ OONBIION KOHTAaKTHOM Pa3HOCTHIO, TIPH
HarpeBaHUU KOTOPOTrO aCUMMETPHS IPaBUTAIMOHHBIX MOJIE aTOMOB
BEILIECTB, BXOAAIIMX B TEPMOINIAPY, YBEIMUUBAETCS HE OTMHAKOBO. TO
€CTh 3TU METAIUIBI JOJDKHBI 00JIaJaTh Pa3HON TEINIOEMKOCTHIO.

[pumeuanune! Umenno nepekocsl cpasumayuoHHbIX nOACH 36e-
Hbee OJIUHHBIX Op2anuyeckux moaexkyn pesunvt, /[HK u mnozux opyzux
6bICOKOMONIEKYTIAPHDBIX COCOUHEHUTL, AGTAIOMCA RPUYUHOIL C6OPAYUGCAHUSA
ux 6 cnupanu, KOmopsle U RPUOAION IMUM BEULECINEAM CEOIICINEA YNPy-

2ocmu.
Heksk

Ilepekoc rpaBUTaLlMOHHOTO TOJSA 3eMIM (MazHummuoe none),
O6YC.HOBJ'I€H prFOBBIM ABUXKCHUEM BapH)KGHHBIX YJacTul COJJTHECYHOI'O
W3IIY9CHHS, 3aKPYUEHHBIX CYTOUHBIM BpallleHHEeM 3€MHON aTMOC(hephl
(puc.15). Takum o6pa3om, 3emiiss HaXOAUTCs, Kak Obl, BHYTPH JIBYX

oBpasooanne

FARTHMTHOND
oran Sanre

OOBIYHBIX KATYIIEK C TOKOM, IO
OJTHOW W3 KOTOPBIX JABHKYTCS

o Dy OTPHUIATENBHBIC 3apsibl, a IO
CONHEYHD
s paauaLmn IPYTOH - IOJIOKUTEIbHBIE.
+ DTH TOKH CO3/IAI0T BOKPYT

/ 3emMan JBa MArHUTHBIX ITOJI,
FAAHA HOH Wbl &

HAaIlpaBJICHHBIX HABCTpedy APYT
Puc.15 apyry. Ilpuuém, Toxk BO BHYT-
pEHHel KaTyIlKke OueHb Mal U 00pa30BaH MPEUMYIECTBEHHO TSIKE-

JBIMH, TIOJIOKUTEIIHFHO 3apsHKEHHBIMH YaCTUIIAMHU — TPOTOHAMH, & BO
BHEIIHE — Ooee J'IéI‘KI/IMI/I, OTpULATCIIbHBIMU — 3JICKTPOHAMU.

OTH TOKU M 00pa3yloT, TaK Ha3bIBacMbIC, pAOUAYUOHHbIE NO-
Aca. Pe3ynpTHUpyloniee MarHUTHOE T10JI€, €ro MOJSIPHOCTh U Hamps-
XKEHHOCTD HANPSAMYIO 3aBUCST OT TOTO, KAKHE 3apsi/ibl Ipeo0IajatoT B
IIOTOKE M3JIy4CHNUS, TOJIOKUTEIbHBIC NI OTPUIIATEIIbHBIE.
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[To HanpaBneHuto BpaleHus: 3eMJIM, MOKHO JIETKO ONPEENINUTD,
YTO B M3JIyYEHUU TPEOoOJIalaloT OTPUIIATENbHBIE 3apsnbl. Tak Kak
HaIa 00JIacTh BCEJICHHON MMEET OTPHIIATEIIbHYI0O aCHMMETPHUIO aTo-
MOB BEIIECTBA, IOTOK IOJIOKUTENBHBIX 3apsA10B HUYTOXKHO MaJl.

IIpumeuanue! Ecau 0bl cooepicanue noioicumenrbHblxX u ompu-
UamenbHbIX 3apA006 6 NOmOoKe U3JIyueHus Obliu pPAgHbl, NOJIAPHOCHU
"maznumnuix'' noneii, odpazyrowiuxca npu ux O0GuUICEHUU, ObvlaU Obl
Pasnbl u nPomMusononoxcusl. B pezynomame smozo onu ckomnencupo-
eéanu 0wl Opye Opyza u nianema 6000uie 0bl He uMenNd «MAZHUMHOZ0
nona».

Kak nmpaBuiio, niuaHeTsl, He UMerolue arMochep, He UMEIOT U
MarHUTHBIX TOJI€H, B CHITy TOTO, YTO TPAEKTOPUU YaCTHUI] COTHEYHOTO
U3ITy4eHUs] B HUX HE 3aKPYUYUBAIOTCS U HepeKoca TPAaBUTAIMOHHOTO
MoJsl HE MPOUCXOIUT. XapakTepHbld ToMmy mnpumep - Jlyna. Ona
MPAKTUYECKH HE MMEET aTMOc(ephl, MOATOMY €€ MarHUTHOE TOJe
MCYE3ar0IIIe MaJo.

[lepemonrocoBka MarHUTHOTO TOJISI 3€MJIM BO3MOXKHA JIUIITH B
JBYX CITy4asiX, B CIy4yae U3MEHEHHUsS COOTHOIICHUS COJIEPIKAHUS MPO-
THUBOIOJIOKHO 3apsYKEHHBIX YACTHI] B IOTOKE COJTHEYHOT'O U3TyUCHUS
WIH K€ B CIIy4ae U3MEHEHUS HalpaBlieHUsl €€ CyTOYHOTO BPAILECHUS.
CoBepILIeHHO SICHO, YTO 3TO a0COIIOTHO HEPEAITBHO.

HeoOxonuMo 3ameTuTh, YTO COOTHOIICHHUEM COJEp>KaHUs
MPOTUBOTMOJIOKHO 3apPSKECHHBIX YACTHI] B COIHEYHOM U3TYYCHHH, J10-
cTurarouieM 3emiu, onpenenserca U MakcuMmanbHbiil KIIJ[ conneu-
HBIX Oarapeil.

B ciiydae paBeHCTBa TOTOKOB MOJOKUTENBHBIX U OTPULIATEb-
HBIX YaCTHII, COTHEUHbIe OaTapeu BooOmie padorats He OyayT. CooT-
BETCTBEHHO, YeM OOJIbIIIe pa3HHIla B UX COJIEP’KaHUU, TEM BbIIIE Oy-
et ux KIII.

[TonsapHbie cUsHUS TaK ke 00yCIOBJICHBI MOMaJaHHEM B aTMO-
cdepy 3eMiIM MOTOKOB YacTHII, BHIOPOLIEHHBIX MOIIHBIMU COJIHEY-
HBIMH BCTIBIIIIKAMHU U UMEIOIUX CKOPOCTH MPEBHIMIAIOINIYI0 CKOPOCTh
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pacnpocTpaHeHus BOJIHBI B IPaBUTALMOHHOM I10JIe 3eMJIu (cgepxcee-
moegy ckopocms). IT0 00bIUHOE TposiBiieHne 3¢ dexra BaBuaoa-
Uepenkosna.

[ToToku 3TUX YacTHll, IPOHUKAS CO "CBEPXCBETOBOM' CKOPO-
CThIO B aTMOc(]epy, CO3Jal0T CBEYEHHUE, XOPOIIO BUIUMOE B MOJISP-
HBIX oOusacTsax 3emin. B skBaTopuanbHON 00NacTH TPaeKTOpUU Ya-
CTHI] OTKJIOHSIOTCS, 3aKpy4YHBasCh BpaIlleHUEM aTMOcdepbl, U Ya-
CTHILIBI TEPSIOT CKOPOCTh. [103TOMY CBeueHHE B IKBATOPHAIBHBIX 00-
JacTAX O4eHb craboe, MPaKTUYECKH HEBUAUMOE TTIa30M.

Pe3kumu kosne6aHUSIMU COOTHOLICHHSI IIPOTUBOIOJIOKHBIX 3a-
PAI0B B MOTOKE COJTHEUHOTO U3ITy4EHUSs, B pE3YJIbTaTe BCIIBIIIEK, 00Y-
CJIOBJICHBI, M TaK Ha3bIBaeMbIC "MarHuTHBIC" OypH.

A crejoBaTenbHO, HAUBHBIE YTBEPKACHUS YUEHBIX O TOM, YTO
MarHuTHOE ToJIe SBJsgeTcs "mry0oil”, 3aIuIaonei Hac OT CoHeY-
HOWM pajuanuu, MpocTO CMEXOTBOPHBI M COBEPIIEHHO HE COOTBET-
CTBYET JEHCTBUTEIBHOCTH, IOTOMY YTO MarHUTHOE M0JI€ IIOPOXKAECHO
ITOM K€ COTHEYHOU paguarueii. I oHo camo mo cebe HaCTOIbKO clia-
00€, 9TO Y HETO e/1Ba XBaTACT CUJIbI TIOBEPHYTH JIETKYIO CTPEJIKY KOM-
raca Ha OCTpHUE HTJIbL.

A mry0Oolt siBIIsieTcs cama ra3oBasi aTMocdepa IUIaHeThl, XOTS
OHAa TOXe OYeHb €1a00 3alUIIAeT Hac, TIOTOMY YTO MOYTH HE 3ajep-
JKUBAET COJTHEYHOE M3IIy4YeHUE.

5. Ob MHEPIIUH
N OIIUBKE HBIOTOHA

[TonsiTe Macchl B COBpEeMEHHOU (DU3UKE SBIISICTCS OTHUM M3
KITIOUEBBIX (YHIAMEHTAIBHBIX TMOHATUH. B 3TOM riaBe Mbl yBHANM,
YTO (DYHIAMEHT 3TOT MOCTPOCH M3 MecKa. .. Kak HaMm roBoput gusuka,
BEC Tella OMpENesseTCs] CHUJIOW TPaBUTAIMOHHOTO TPUTSHKEHHS K
3emie.
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U Bec aTOT OyaeT 3aBUCETh OT BHICOTHI, HA KOTOPOW Pacmoio-
’)KEHO TeJIO, TOYTH B COTJIACUM C 3aKOHOM "BCEMHUPHOIO" TSATOTECHUS
nenymku HeroTona.

Teno cOpoiieHHOE CO CTONA BCEerja rnajgaeT Ha IMoJl, HO HUKO-
raa Ha nmotosiok. Kak Bel mymaere, moyemy? /la moTomy 4TO Ha MOJy
CUJIa IPUTSDKEHUS OOJIbIIe YeM Ha BbicoTe cTtoua. M emé 6onbiie, uem
Ha BBICOTE MOTOJIKA. Eciau ObI CHIIBI MPUTSHKEHUS OBLITH OJMHAKOBBHI,
TEJIO HUKY/a OBl HE Majaio. B aToM ferko yoeauTcsi, MoI0KUB MSIHK
Ha TOPU30HTAJIBHYIO TOBEPXHOCTb.

OH HUKY/a HEe TOKaTUTCSA, TaK KaK CHJIbI IPUTSKEHUS B JII000H
TOYKE TOPU3OHTAIBHOM IUIOCKOCTH — OoAMHAKoBbl. Ho crout mumib
CJIETKa HAaKJIOHUTb IJIOCKOCTh, KaK Ha HEW MOSBATCS y4acCTKU C 0OJIb-
e CUJIOW MPUTSHKEHHs. ITO YyYaCTKH, HaXOAIIUECs ONFKe K T0-
BEPXHOCTH 3€MJIM. BO3HUKHET pa3HOCTb YPOBHEH U, CIIEJOBATEIbHO
Pa3HOCTh TPaBUTALMOHHBIX MMOTEHIMAJIOB, MO ACUCTBUEM KOTOPOH,
MSTYMK TTOKATUTCS B CTOPOHY HakJioHA. M yem OoIbIe yroi HaKJIoHa,
TEM BBIIIE OYAET CKOPOCTh ABUKCHUS.

COpocuB rpaMMOBYIO JPOOMHKY M ITYAOBYIO THPIO CO CTOJa
MBI YBUJIUM, YTO OHU YIaAyT OJHOBPEMEHHO, TaK KaK MajaTh OYAYT C
OJIMHAKOBOM CKOPOCTBIO, HE CMOTPS Ha TO, YTO TUPS MPUTATUBACTCS
3emut€ii ropa3io cuiabHee, YeM IPpOOHUHKA.

He ymest 00bsicHUTE 3TOT napagokc HpioTOH 1 yu€Hble puy-
MaJIi HEKYIO WHEPITMOHHYIO MaccCy, KOTopas 10 UX MHEHUIO, KaK Obl
"conporuBisercsa” nageHuto. M mo pesynapTaTaMm pazaudHbIX XUTPO-
YMHBIX 9KCIIEPUMEHTOB, Y HUX 3Ta HHEPLIMOHHASI MAcCa MPAKTUYECKH,
coBmajiaeT ¢ rpaBuTanronHoi. To ects ¢ Becom. Ha camom nene, 00b-
SICHEHHE 3TOT'O SIBJIICHUSI DJIEMEHTAPHO MPOCTO.

Ha mro0ble Tena, naxe eciii OHU HaXOJATCS B COCTOSTHUU CBO-
00HOTO MaZeHUs, AEUCTBYET 3eMHOE NMPUTSKEHHUE, N3MEHSIOIIEECs B
3aBUCUMOCTH OT pacCTOsIHUS. IMEHHO Mo 1eHCTBUEM Pa3HOCTH CHUII
NPUTSKEHUSI WK PAa3HOCTU TPaBUTALMOHHBIX MOTEHIMAJIOB HA pas-
HBIX BBICOTaX OHU U MAJaroT.
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EcrecTBeHHO, YTO MX BeC MPH CBOOOJHOM MaJECHUU HE OIIY-
H1aeTcs, TaKk KaKk OHU He JaBsT Ha ONOPY WM IOJBEC, TOTOMY YTO 3TOM
OTOpPHI HET WJIM OHA MaJaeT BMECTe ¢ HUMHU. J[pyrumMu cioBamu Mmpu
CBOOOJHOM IaJICHUU MO/ IeWCTBUEM I'PaBUTALIMOHHBIX CUJT IPUTSDKE-
HUS, Tena' Beca He TepSAIOT. ITO TOIbKO UMHUTALMS WK UIUTIO3US He-
BECOMOCTH.

Jlro6as cuna B mpupojie — 3TO BCET 1A pe3yabTaT ICHCTBHS pa3-
HOCTU TPaBUTAIMOHHBIX MOTEHIIMAJIOB, OJlarogaps KOTOPOM, Teo,
Haxojdlleecs Ha MOBEPXHOCTU 3eMIIM HJIM JIIOOOTO TATOTEIOMIETO
Tena, MPUTATUBAETCS CHIIbHEE, YEM TeJI0, HaXOs1Ieecss Ha HEKOTOPOi
BbICOTE HaJ HUM. Hukakas Macca Ha CKOPOCTh (YCKOpPEHHE) TaJeHUs
He BiuseT. M Kak TOJIbKO OHU KOCHYTHCS TOBEPXHOCTH 3€MIIH, UX BEC
cpasy e 1 0OHAPYKUTCS, B BUEC BMIATUH Pa3HOU BETUUMHBI.

Kocmonastsl B MKC Tak ke noa aeicTBMeM pa3HOCTH I'PaBU-
TalMOHHBIX IOTEHLUAIOB (BEca) HENPEPHIBHO MaJalOT Ha 3eMIIIO.
TosibkO OHU Beca 3TOr0 HE OUIYIIAIOT, Tak nmagatoT BMecte ¢ MKC.
OpnHako Omarofapsi TOpU30HTANIBHOM COCTABIISIONICH CKOPOCTH, PaB-
HOH 1-ii KOCMHYECKOM, OHU HE YCIIEBAIOT HAa HEE YIacTh, IOTOMY UYTO
3eMJIsl MOCTOSIHHO "YXOJUT Y HUX M3-1oj Hor'"'. Y B pe3ysibpTare 3Toro
MKC mocTossHHO HaXOJIUTCS Ha OJTHOM U TOM YK€ HeOOJIBIIIOH, IO CpaB-
HEHUIO C pa3MepaMH 3€MHOI0 11apa, BBICOTE.

[ToaTOMy KOCMOHaBTBHI TaM BECST MOYTH TaK e, KaKk U Ha
3emJie, pa3Be UTO Ha HECKOJIBKO KMJIOTPaMMOB MeHbIIe. Bec 31oT pe-
aJIbHO OIIYIIAeTCs, KOrJa KOCMOHABTHI, HAMPUMEpP, TOJKAIOT APYT
Ipyra Wid TepeMeniaroT Kakue-1ubo mpeameTsl. Ho ecnu cTaHmuo
MOJIHATh HA OPOUTY, BBHICOTOM PaBHYIO WM MPEBBIIIAIONIYIO PAIAYC
maHeThl, TpuMepHo 6300 kKM, KOCMOHABTHI OYIyT BECUTh TaMm, OyK-
BaJIbHO, MUKPOTpPaMMBbl M TpPH TOMYKaX OYAYT JIETKO OTCKAaKUBaTh
IpYT OT JIpyra, Kak BO3AYIIHbIE IIAPUKH.

OT10T 3 (DHEKT TOHKHBI OBLITH UCTIBITHIBATh AMEPUKAHCKHE aCT-
poHaBThI, geTsamue K Jlyne. ..
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Kak pa3 30ecv Oyoem ouenv ymecmuo 3amemumsp, 4mo cyos no xa-
Pakmepy 0suiiceHus AMEPUKAHCKUX ACMPOHABMOE HA KUHOKAOPAX, CHA-
mulx, Akoovl Ha JIyHe, OHU mam HUKO020a He 0blau. 3a01yrcOeHUss OMHO-
CUMENbHO MO020, YMO y MAmMepuu ecmv UHEPMHAA MAccd, Cblzpaio ¢
HUMU 37IY10 WIYMKY, NPespamue ux é ''ooManymuoix 00ManuuKos''

Xopowo 3amemno, umo IMom crodHcem CHUMAICA HA 3eMie U ¢ no-
6bIULEHHOU YACIMOMOU CMEHbl KAOP08, NOIMOMY OBUINCEHUA ACHPOHAE-
MO8 Kax)cymcs HeCKOIbKO niagHee u meodiennee 00bI14HO20. A ¢ cuny
MeHbULe20 8ecd, NpU HeUIMEHH O MbIUEeUHOU CUTle, XapaKmep 08UNCEHU
aroodeii na Jlyne 6yoem coeepuieHHO Opy2um.

Paouyc 3emnu cocmasnsem — 6300xm, a paouyc Jynvr 1700xm.
To ecmb paouyc Jlynvt menvue 3emnozo 6 3,7 paza. To ecms, coznacno
dopmyne, npueedénnoii ¢ 2naee, [21.3] eé 06vem, a cnedoeamenvHo u cuna
npumsancenusn na JIyne oyoem ¢ (3,7)° = 50 paz menvwe, uem na 3emne.

Iloamomy Osusicenusn acmponasmos, eecaujux na JIyne emecme co
ckaganopamu, ne o6onee 3-5 kunozpammos, npu coxpanenuu ux Quzuue-
CKOIl cunvl, 0yoym bosee OblCmpbimMu U pe3KUMU, KAK y Ky3Heuuxos. H ne-
ocnopumsle 00KA3amenbCmea Imozo 0y0ym noJiyyeHsvl HpU Repeom dice
HaAcmoauemM noceu|eHUU KOCMOHAGMAMU HAWLEZ0 CHYNHUKA.

A menepb npukunem, cKobKo Gyoem eecumsv KOCMOHAGH, HARPU-
mep, na FOnumepe. Paouyc IOnumepa pasen 70 000 xm. Oun 6onvuie 3em-
nozo ¢ 11 pas. Cneoosamenwvno, éec kocmonasma co ckagpanopom (150

kI"), mam oonxncen ovimo pasen 150%11° =200 moun. Hoza uenosexa
HUKo020a ne cmynum na nosepxnocms IOnumepa, smo yoen pooomos. bo-
nee mozo, FOnumep, cxopee écezo, npedcmagnsem coboii Oocmamouno
20PAUYIO HCUOKYIO KANTIIO MAMEPUU, MAK KAK €20 NOBEPXHOCHb U3TyUdem
20pazoo 601vuie menaa, uem noayuaem e2o om Connuya.

OnHako BepHEMCA Ha TPEHIHYIO0 3EMIIIO U MPOBEAEM CIIETYIO-
IMA  AKCIIEpUMEHT. BO3bMEM JIETKYIO TENEKKY M TOJKHEM €€.
(puc.16) Ona nerko NoKaTUTCH. ..

A Tenepb N0JI0KUM Ha HE€ MOJATOHHBI IPy3a M BHOBb TOJIKHEM.
OpHako Teneps AJis TOTO, YTO ObI OHA TTOKATHIIACK, TPUAETCS TPUIIO-
JKUTh YK€ NPUIINYHYIO CUITY. ..
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BoT kak pa3 oTcro/1a v pacTyT HOT'H CaMoro OOJIBIIOTO 3a0ITyXK-
JeHHs B Hayke. HBIOTOH, a Tak ke JApyrue yu€Hble U MX MOCIIeI0Ba-
TEJIW, HE IOHUMas MeXaHH3Ma I'PaBUTAIUH, TIPUITYMAJIH U BBEIH B QU-
3WKY HEKYI0 MHEPIIMOHHYIO Maccy, KOTopas, SKOOBI MPUCYIIIa MaTe-
PHH ¥ SIKOOBI, Ta HHEPIIMOHHAS Macca MPOTUBOJICHCTBYET MPHIIOKEH-
HOU K Teny cuiie. DTO 3a0yX/IeHUE OUYEHbB JIETKO O0BSICHSIETCS.

Hauném ¢ toro, uro mr000€e Teno 001amaeT CBOMM COOCTBEH-
HBIM TI0JIeM TSroTeHus. IMeHHO Garoaps 3ToMy IMOJI0, BCE Telia BO

BCEJIGHHOW HMeIT chepuue-
3uuu.o|;guqﬂini1‘iiue___;:-__x
TPacLTOopPHN

ckyto GopMmy, a clieoBaTENbHO,
BCE B3aUMO/ICHCTBHUS BO BCEIICH-
HOM HEOOXOIMMO paccMaTpH-
BaTb B noaapuoii (chepuue-
CKOM) CUCTEME KOOP/IMHAT.

nnaHeTa
Cuita - BeIHMYMHA BEK-

' TOpHAasi, TO3TOMY HampaBJICHUE
Puc.16 JIEWCTBUS CUJIbI, BCET1A NPAMAA
AuHUuA. A B TIOJSIPHOM CHUCTEME KOOPAMHAT, KOTOPOM OIMUCHIBAETCA
METpUKA BCEJIECHHOW, KpOME paauyca, MpsIMbIX JIMHUI HET, a €CTh
Toabko aAyru. [loaromy korma mMel ipukiaasiBaeM cuiny F k Tenexke,
OHa BCEerJa JCMCTBYET IO KacaTeIbHOM K Ayre paBHOIO MOTEHIMAIa U
YTOJI MEXAYy HallpaBJICHUEM JICUCTBUS CUJIbI U JyTOW, 3aBUCUT OT pa-
Juyca KpUBU3HBI 3TOU qyru. B pe3ynbrare 4ero, moTeHIHal TENSKKU
B IPABUTALMOHHOM I10JI€ 3eMJIM CTPEMUTCS U3MEHUThCs OT Ro 10 Ri.

To ecTb, IBUTast TENEKKY, Mbl, [10 CyTH MBITAEMCS MMOJHATh €€
Ha BBICOTY paBHYIO AR, B pe3yibTare KOTOpPOM BO3HHUKAET MPOTUBO-
nerictBytomas cuia Fu, paBHas npoeknuu AR Ha Bektop cuiibl F, ko-
TOpasi CTPEMUTCSI BEPHYTH TEJIEKKY B IPEXkKHEE Mojioxkenune. Bo3Huka-
romas npu 3ToM cuia Fu, HanpaBieHHast npomue NeicTByIOLIEN HA
teno cuiibl F U ecTh cuna unepyuu. Jta cuna MHEPIUU 3aBUCUT OT
yrila NPUJIOKEHUS ACHCTBYIONIEH HA TEJIO CHIIbI K PAINYCy TUIAHETHI.
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W gem Oomnpine 3Ta cuia, TeM OONbBIIE CKOPOCTh IBHMKEHUS H TEM
0oJTbIIIe TPOTUBOICHCTBYIOMIAS €i crjia MHEPITUH Fu.

He monumas u He ymest 0OBSICHUTD, 3Ty cuily Fu, TeOpeTukn
OLIMOOYHO MPUHUMAIOT €€ 32 HEKYI0 HHEPLIMOHHYIO Maccy. JKCIepu-
MEHTAJIbHOE J0Ka3aTeIbCTBO 3TOT0 YTBEPKACHUS dJIeMeHTapHO. J{is
ATOrO JOCTATOYHO TMOAHSTH OOBIYHBIE MEXaHWYECKHE OaTaHCOBBHIE
4achl Ha BBICOKYIO, HAIPUMED, Te0CTallMOHapHYI0 opouty. Ecnu ma-
TepHsl UMEET TaKOe CBOMCTBO KaK Macca, TO TOYHOCTh XOJa 9acoB HE
WU3MEHUTCSI.

B npoTtuBHOM ciydae, Mpu yMEHbBIIEHHOM Bece OajlaHca U
HEM3MEHHOW YIPYroCTH BOJIOCKA, YacTOTa €ro KOJIeOaHWH YBEIH-
YHUTCSI, @ aMIUTUTY/1a HACTOJIBKO YMEHBIIUTCS, YTO YaChl IPOCTO OCTa-
HoBsATCA. Ha opOute BhicoTOM O0see 6300 kM, Jaxe KBapIeBbIE Yachl
OyIyT 3aMETHO CIICUINTh M3-32 HUYTOKHOW CHUIIBI TSDKECTH, BIUSIO-
meld Ha 4yacToTy Kosie0aHWil KpucTala KBapua. YTo MPUBOIUT K
HEOOXOUMOCTH CHHXPOHH3AINHN YaCcOB, HAXOASIIUXCS Ha opOuTe ¢
yacamu Ha 3eMJie, pa3HHUIY B TOKA3aHUSIX KOTOPBIX YUEHBIE MBITAIOTCS
00BSCHUTH U3MEHEHUEM CKOPOCTH X0J1a BpEMEHHU B KOCMOCE.

bonee Toro, ecnu Obl Marepus WMeNna maccy, OpOWTAIbHOE
NBIDKEHUE IUIaHET ObLIO OBl BOOOIE HEBO3MOKHBIM. Belnb O4YeHb
JIETKO MPEeACTaBUTh cebe, Kakas HyXHa cuiia nputsxeHus ConHua,
YTOOBI yAepkKaTh Ha OpOUTE TaKyl0 OIPOMHYIO TUIaHETY, KaK, HalpH-
Mmep, FOnurep.

Ho rpaButanmonssie cuibl npuTsxkeHuss CONHII @ HA TaKOM
KOJIOCCAIBHOM paccTosiHuu 10 FOnurepa HaCTONBKO HUYTOXKHBI, YTO
HU 0 KaKOM yJIep>KaHUU HE MOXKET OBITh 1 peun. [IpakTudecku HeBe-
comblil FOmurep sierko yaepuBaeTcsi Ha OpOUTe BOJIHOBBIM B3aUMO-

JEHCTBUEM C TpaBUTAIMOHHBIM mojieM ConHna[ri.3] (puc 4).

B oowem cyuae o0vacnenue 603HUKHOGEHUA UHEPUUU 1€2KO NOHAMb
u3 pucynxa (puc.17). Cuna unepyuu, nod oeiicmeuem odunaroewvix cun F, npo-
HOPUUOHATILHA PAZHOCHU GO3HUKAIOWUX ZPACUIMAUUOHHLIX nomeHyuanoe MR,
Kxomopas 3asucum om evicomwl opoumut R cnymuuxa C. Imom sexmop cunvi F.,
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pasen npoexuyuu AR na eexmop cunvt F u ecez0a oeiicmeyem ¢ npomueononosic-
Hom emy nanpaenenuu. Cuny uHepyuu MoNHCHO GLIYUCIUMb U3 ROOOOUA mpe-

yeonvnukoe ABD u ACO u ona pasna F, = MR;* cos@. Dma cuna 3asucum

om yena Q.

Ilpu nanpaenenuu delicmeus cuivl, CO6NAOAOULEM C HANPABIEHUEM Pa-

—
_4—""'-(

AKBHNOTOHUMANbHAR
TPaeKTOPHR

nnaveTa

Puc.17

ouyca nianemol, CUNA UHEPUUU PABGHA 8e€CY
mena, a npu HARPAGIEHUU NO KACAMEbHOI,
OHA 20pa300 MeHbUIe U 3a6UCUm Om paouyca
Kkpususznsl naanemolt. Iloamomy uenogex ne
MOdCEm NOOHAMDb IHCEIE3HOOOPONCHBLIL 8a-
20H, HO GNOJIHE MOJCEm NPe0doIemb CULY
unepyuu Fu u cosunyms ezo c mecma no 20-
PU3OHMATLHBIM PEILCAM. ..

(Ecnu  nanpagnenue oOeiicmeus

cunwt F npoucxooum ewié u noo yznom k oua-
MEmpAanvHOl  NJIA0OCKOCMU  MAZOMeIOueco
mena, 603HUKAem eu(é u OONOJIHUMENbHAA
PasHocms nomenyuanos (cuna), HanpPaesien-
Has noo yznom 90 zpadycos K neil, na3vléae-
Mman 6 nayke cunou Kopuonuca.) /lna mex,
KoMy He Xxouemca pazdoupamoca ¢ yepme-
Jcamu, UHEPYUIO MOMNCHO 00BACHUMb eué
npouwe.

Kozoa  mvt  monkaem  meno
(puc.18a), mo cozdaém neped Hum 60HY
coHcamuA 2pagumayuOHHO20 nojs, é pe3yib-

mame 4e2o0 603HuUKaem pasHoCmbs cpasumauUOHHbIX ROMEHUUA086, 0eﬁcmsylo-

uwasa npomue HanpaejieHun Oelicmeus cunbvl. Imo u ecmsy cuia unepuuu. Kozoa

Puc.18

delicmeyowasn cuia uciesaem, meno Havu-
Haem chudcamo ckopocmes. Ho eonna corca-
mus, Habezarowasn na meno czaou (puc.18b),
He no360./15em emy 0CIaHO8UMbCA U NOOJeEp-
Jrcusaem ogudiceHue. IMo u ecmb O8UNCCHUE
no uHepuuu, NPU KOMOPOM mejio 8 2pasuma-

UUOHHOM noJjie moxcem 08U2amMbCst 04EHb 00.120.
Koraa kocMOHaBTHI, HAKOHEI-TO MONETAT K JIyHe, OHU B 3TOM

cpazy ke u yoensatcs. M 3ToT nmoasyor B OyayIieM JISHKET IPS3HBIM TIST-
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HOM BEITMYaMIIero mo3opa Ha pemyTaluio HayqdHoro coobmiecta Co-
enquuénHbIX [llTaToB. Hax HumMu Oyner cmesatbes Bech mup. Ho 310
CITYYUTCS €IIE€ HE CKOPO, a TOKa YETIOBEK €IIE JJake HE HIOXAJl KOC-
MOCa, HECMOTpPSI Ha TO, YTO MOJITOPHI COTHH JIFOAEH, TPOMKO UMEHY-
FOTCSI KOCMOHABTaMH.

MakcuMyM YTO MOXHO CKa3aTb O HUX, TaK 3TO TO, YTO OHHU
MIPOBEJH TOBOJBHO MPOJIOKUTEILHOE BpeMsl B cTpaTtocdepe, B majia-
IOII[EM BBICOTHOM JI(TE. ..

WNuorna BcTpeyaromuecss B Ie4aTd COOOIICHUS O TOM, 4TO B
pe3yabTaTe CIOXKHBIX HAYYHBIX SKCIIEPUMEHTOB, C TOYHOCTBIO JI0 Jie-
CATOr0 3HAaKa YCTAHOBJIEHO PABEHCTBO IPABUTALIMOHHON M HHEPI[UOH-
HOM Macc, TO 3TO MOXXHO CPaBHUTb, pPa3B€ YTO, C YTBEPKIACHUSIMH
CPETHEBEKOBBIX CXOJIACTOB O PABEHCTBE KOJMYECTBA AHTEIIOB U Yep-
TEW, yMEIIAIIUXCA Ha OCTPUE UTJIbI.

[pumeuanne! Kak yice ckazano eviuie, uz-3a OMCymcmeus y ma-
mepuu UHEPUUOHHOI MACCbl, HA DOIBUX PACCHOAHUAX OM KOcMu4e-
CKUX 00beKm 08, NPesblaArOWUX UX PAOUyc, 8eCc meid d, C1e008ameibHO
u cunvl unepyuu F, okazviearomcs HACMoOabKO HUMHLONCHBIMU, YO KOC-
MuuecKue annapamovl CMO2yn NepemMeiamscsi mam ¢ 0ZpOMHBIMU U CO-
6EPUIEHHO 0e30NACHbBIMU 013 J1I00€il, YCKOPCHUAMU, NPEGbIUAIOUIUMU
moicauu g.

U mak Kaxk 3aKoH COXPAHEeHUs UMRYIbCA 000UMU HE8OIMONCHO,
0J13 nymewecmeuil K Opy2um niaaHemam, 8 ueisx COKpauieHus epemeHu
nonéma, oyoem 603M0HCHO UCHOJIb308AMb PAKECHIHbIE OGULAMENU C OUYECHD
6bICOKOIL (83PbIEHOIL) CKOPOCHbIO UCHIEUEHUS PADOUezo menda.

To ecmb, no cymu, 015 pazzona, a MAK xHce U ROCEOYIOULE20 MOP-
MOMCEHUS MEHCHIIAHEMHO020 KOpaodas 0yoem 6nOJIHE 603MOMCHBIM UC-
nOIb306aHUE AMOMHO20 63DPblea, 0€3 KAKUX-TUD0 ROCIe0Cm UL 0711 Uelo-
6€UECK020 Op2AHU3MA.

Omnpagump Kocmuueckuil kopaonv Ha Mapc, Hanpumep, MOHCHO
npocmo gvicmpenus e2o u3 nyuiku, kaxk é nosecmu Kwav Bepna. Tonvko
RYWKY 3my npudémcsa noonams Ha evicomy ne menee 7000 kunomempos.

H smo, no-euoumomy, eounHcmeeHHblI CROCOO Oo0j1emens 00

Mapca, nomomy umo npu onumenbHoM nojieme 8 ycio08UAX HAcmoAuell
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Hesecomocmu, 4eno6e4ecKuil OPeaHu3M, RPUGLIKUWUIL K 3eMHOMY MA20-
mMeHUI0 e06a iU 8blOEPHCUM.

Cnocoout cozoanusn UCKYCCMBEHHO20 MACOMERUA 6pAULeHUEM KO-
paonsa, npeonazaemvle guzuxkamu, 30ecy ne nomozym. Kopaonw, ona co-
30aHusn éeca KOCMOHA6mM o8, xoms ovt 6 20-30 kI, Hys;cHO 6yoem packpy-
mMump 00 HeCKOJIbKUX MbILCAY 000PONIO6 8 CEKYHOY.

3201y IeHUSIMA OTHOCUTEILHO TTOHSTUS MacChl, 00YCIIOBICHBI
U cTpeMiieHHs] (PU3UKOB HANTH HEKYIO0 YaCTHILY, MPUIAIOIIYI0 MaTe-
PHH 3TO HECYLIECTBYIOLIEE CBOMCTBO.

NMeHHO 715 3TOTO U CTPOSTCS O€CCMBICTICHHBIE MErajuTH4e-
CKHE COOPYKEHHUS, BPOJIE aIpPOHHOIO KoJulaiaepa, rie yuéHble 3aHu-
MarOTCs TOPOTOCTOSITUMH TOMBITKAMH MTOATBEPAUTH CBOU 320y Ie-
HUS ¥ OTKPBITH HEKUH 0030H XUTTCa, KOTOPBIN 10 MX MHEHHUIO MPH-
JTa€T Maccy MaTepuu.

...Hy BOT HakoHen-To, HEAABHO MOSIBUJIOCH COOOIIEHUE YTO,
Bpozie OBl UTO-TO OTKPBUIM. Bpoae kak Obl cTaHaapTHast MOJENb 3a-
BepuieHa. Ho teneps Bo Bech pocT BeTana apyras npoodnema. O0bsic-
HUTb, KaK OH 3TO AenaeT. MoxeT ObITh MPOCTO HAOWBAET KapMaHbI
KaMHaAMHU? MartemaTrKa Ha TaKue BOIIPOCHI OTBETA HE JAET. ..

Ho Hano xe kak-To ompaBaaTh IEHbIH O€3apHO 3aKOIMaHHBIC B
3eMiI0. BOT M OTKOMayin MIer0 MOIyBEKOBOM JaBHOCTH. Bce paBHO
MIPOBEPUTH HUKTO HE CMOXKET, BEb HE Y KAKJIOTO €CTh Ha KyXHE CO0-
CTBEHHBIN KOJLIAUIEp.

6. O KOPIIYCKY.JISIPHO-BOJTHOBOM
"IYAJTA3ME"
M "KPACHOM CMEIIEHUN"

JIroboe MarepualibHOE TENO, IBIKYIIEECsS B JTOO0H OTHOPO-
HOH cpene, BO30Y)KIaeT B HEH ympyrue mnpoaosbHbie BOJHBI. CKO-
POCTB 3THX BOJIH 3aBUCHUT UCKIIFOUUTEIIEHO OT CBOMCTB CPEIbl U SIBJIS-
€TCsl TOCTOSTHHOM. [IBMKYIIMIACS TETUI0X0T BO30YK/IaeT MPOI0IbHBIC
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BOJIHBI B TOJILE BOJBI, PACHPOCTPAHSIONINECS B HEM CO CKOPOCTHIO
1300 m/cex (ckopocTh 3ByKa B Bojzie). HamBogHas yacTe Kopalias Tak
e BO30yKIaeT MPOJ0IbHbIE BOJHBI CKaTUs B BO3/IyXe, KOTOPbIE pac-
MPOCTPAHAIOTCA CO CKOPOCTHIO 340 M/CEK, MM CO CKOPOCTHIO 3BYKA B
BO3JIyX€.

To, uTto MBI HabMOJaeM Ha CaMOM MOBEPXHOCTH BOJBI - 3TO
NIOTIEPEYHbIE BOJIHBI, BOZHUKAIOIINE TOJIBKO HAa IPAHULE JBYX CPEJ C
pa3MyHBIMU CBOMCTBaMHU. ['0pO y BOJNIHBI Ha BOJIE — 3TO BIAgUHA Y
BOJIHBI B BO3/YXE.

DT BOJIHBI IPEJCTABIIAIOT COOON IrpaBUTALMOHHbBIE HHTEp(e-
PEHIIMOHHBIE BOJIHBI, 00pa3ylolIrecs B pe3ybTaTe CIOXKEHHS MPo-
JIOJIBHBIX BOJIH Ha FPAHMIIE KOHTAKTUPYIOIIUX Cpell. XapaKTEePUCTUKU
MONIEPEYHBIX BOJIH OMNPEAEISIIOTCA COOTHOLIEHHEM CKOPOCTEW Mpo-
JOJIBHBIX BOJIH B KOHTAaKTUPYIOLMX cpenax. Eciy B BO3ayxe CKOpOCTh
3Byka paBHa 340 m/cek, a B Boge 1300 m/cek, TO CKOPOCTH moTnepey-
HBIX BOJIH Ha IpaHulle Bo3ayxa U Bozbl Oyner paBHa 340/1300 =0,3
M/ceK.

MarepuanbHas 4YacTula, ABWXKYILAACS B 2PAGUMAUUOHHOM
1oJie, KOTOpPOe SIBISIETCS ABOWHBIM 3JIEKTPUUYECKUM I10JIEM, BO30YXK-
JTaeT B HEM BOJIHY, KOTOpas, [0 CYTH, MIPEACTABISAIOT cOO0H dee cos-
MeuiénHble nPOO0JIbHbIE BOJIHBI B JIEKTPUYECKUX IMOJISAX PAa3HBIX 3a-
panoB. M Tak Kak 3TH IOJISI HAXOAATCS BHYTPH JIPYT Ipyra U UMEIOT
IIPOTUBOIOJIOKHBIE CBOMCTBA, TO 3TH BOJHBI B HUX — CUHXPOHHBI U
npotuBodasHbl. Eciu B HEKOTOPOW TOUYKE MOJISI MOJIOKHUTEILHOTO 3a-
psiaay BOJIHBI TOPO, TO B TOM e TOYKE MOl OTPULIATEIBHOTO 3apsaa
— BIIJIMHA.

To ecTb 10 CyTH, 3TO KOJeOaHUs MOISIPHOCTH NEPeKoca rpaBu-
TallMOHHOTO NOJIS (MTOJISIPHOCTA MAarHUTHOTO T10JIsT), KOTOPBIE U MPE.-
CTaBJISIIOT cO00i1 caMble HACTOSIINE nOREPEeUHble 2PAGUMAUUOHHbLE
BOJIHBI Ha TPAHHUIIE ABYX JIEKTPUUYECKUX MTOJIEH pPa3HbIX 3apsAa0B. JKC-
NepUMEHTalbHasl WUIOCTPAllUs JTOr0 SBJIEHUS IIOKa3aHa Ha
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(puc.11b) B [ri1.4]. Y ecnu rpaHui] MKy BOJAOW M BO3AYXOM, HApH-
Mep, IPEKPacHO BUHA, TO FPAHUILy MEXy MOJIIMU Pa3HbIX 3aps0B
IPEJCTaBUTh ce0e 0UYEHb TPYIHO.

[Tons obnanaroT 06bEMOM U rpaHULA MEXY HUIMHU CYIIECTBYET
IPAaKTUYECKH B JIFOOOH TOUKE 3TOro 00béMa. A cama rpaBUTALlMOHHAS
BOJIHA B OTJIMYMHU OT BOJIHBI HA BOJIE, UMEIOILIEH KPYTOBYIO JUarpaMmy
HAIPaBJIEHHOCTH, PACIIPOCTPAHSIETCS BO BCE CTOPOHBI, TO €CTh UMEET
y’Ke cpepruuecKyro [uarpaMmy HarpaBJIeHHOCTH.

W kak MBI y)Ke yCTAaHOBMJIM BBIIIE, NIPHU JIBUKCHUU YaCTHUIIBI, B
aCUMMETPUYHOM TPaBUTALMOHHOM I10JIe, cO3/jaBaeMas el BoJHa, 0y-
JIeT TaK k€ HeCUMMeTpHuHON. E€ cocTapistonue OyayT pa3nuyarbes
110 BEJIMYUHE, B 3aBUCUMOCTH OT 3HaKa acuMMmeTpuu. Unu npyrumun
CJIOBaMH, BOJIHA OyzeT Nojsipu30BaHHON. BoT nHTEpEecHO OBl y3HATBH,
KaKHe K€ 3TO IPAaBUTALMOHHBIE BOJHBI, C MOMOIIBI0O MHOTOTOHHBIX
00JIBaHOK, YK€ JOOPYIO COTHIO JIET O€3yCHENIHO IBITAIOTCS 00Hapy-
XKHUTh OOJbIINE YUEHBIC?

B npupone He cymecTByeT aOCOMIOTHO HUKAKUX IMPUYHH, 3a-
NPENIAoNX MaTepHAIbHBIM TEJIaM JIBUTaThCs B JI000H cpesie ¢ Jito-
OBIMH CKOpPOCTSIMH, CKOJIb YTOJJHO MPEBBILIAIOIIUMHU CKOPOCTU pac-
IPOCTPaHEHUs1 BO30YXIaeMbIX MMM BOJH. 3a HCKIIOYEHUEM, KO-
HEYHO, OpeloBOM TEOPHUM OTHOCHUTEIIBHOCTH WM IICEBJOHAyYHOH
KBaHTOBOW (pu3nku. CaMoJIETHI, HAPUMEP, COBEPIIEHHO CBOOOIHO
JIETAIOT B BO3yX€ CO CBEPX3BYKOBBIMHU CKOPOCTSIMU U TOT'JIa OHU CTa-
HOBSITCSI ICTOYHUKAMHU YAApHBIX BOJH, KOTOpBIE NPEACTABIAIOT CO-
00l IBIXKYIIMKCS TIepel HUMH CKayOK JTaBJICHUSI.

IIpoueccel, TpOUCXOAIINE B yAAPHOU BOJIHE, OTJIMYAOTCS OT
IPOMCXOJAIINX B OOBIYHOM TEM, YTO B HEW B pe3ynbTare ObICTPOro
CXKaTHs BbLAEIACTCA OONBIIOE KOJINYECTBO TEIIa. DTOT MPOILECC aHa-
JIOTMYEH MpoLEecCy OBICTPOro ckaTHsi 00bEMa BO3AyXa B LIMIMHIpPE
JIBUTATENIs, P KOTOPOM B PE3yJIbTaTe PE3KOr0 yBETNYEHUS KOHLIEH-
TpaLUU HOCHUTENEH 3apsA0B B 30HE CXKATHsI, MPOUCXOIUT X OypHOE
BBIJIEJICHUE B OKPYKAIOLIYIO Cpeny B BUeE Teruia [IJ.8].
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VIMEHHO ITOATOMY CBEPX3BYKOBBIE CaMOJIETBI UMEIOT OCTPYIO
HOCOBYIO 4acTb. OHa pa3gBUraeT CJIOHU BO3AYyXa M CBOJUT HA HET €ro
yIUIOTHEHHE Tiepen camosiétoM. M XoTs camonér g1aBuT OOKOBOM IMO-
BEPXHOCTBIO Ha BO3]/1yX, HArPEBA M3-3a OTCYTCTBUSI TPEHHS B BO3IyX€E,
HE MPOUCXOUT.

[TomoGHBIM k€ APPEKTOM OBICTPOrO CXKATUS MHUKPOOOBEMOB
BO3/lyXa B HEPOBHOCTSX TPYIIUXCS MOBEPXHOCTEH, OOBSCHSIETCS U
BbIJIEJIEHNE TeIUIa [IJ1. 9] B pe3ynpraTe TpeHUs TBEPABIX TEN APYT O
apyra. I uMeHHO u3-3a CBEpPX3BYKOBOM CKOPOCTH METEOPUT, MOIAB-
i B atMocepy CKUMaeT repes co0oi Bo3ayx, 00pa3yeT yaapHyIo
BOJIHY, U B pe3yJIbTaTe MOBBIIICHUS TEMIIEPATyphl B HEH, MJIaBUTCS U
Cropaer.

Ceer, kak u 1000€ Opyroe H3JIy4€HHE - PEHTICHOBCKOE,
raMma, pajuo, IpeCcTaBiIsieT cOO00N MOTOK YaCTHIl JBHKYIIUXCS CO
CKOpPOCTSIMH, OJIM3KMMH K CKOPOCTH PacHpOCTpaHEHHUs BO30yxIae-
MBbIX UMHU BOJIH B TPABUTALIMOHHOM T10JI€, a JUTMHA BOJH OMPEACIIACTCS
Pa3HOCTBIO CKOPOCTEH STUX YaCTHIl U BO30YK/TaeMbIX UMHU BOJIH.

To, 4TO y4€HbIE CUMTAIOT Pa3HBIMU YaCTULAMU, 3TO IO CYTH
OJIHU M T€ € YaCTUILIbI, ABMXKYIIHECS C Pa3IMUYHBIMH CKOPOCTSIMHU.
KorepeHTHOCTP JTyua ja3zepa, HampuMmep, OObIICHIETCS TeM, 4To (o-
TOHBI (YaCTHUIIbI) JBUXKYTCA C OAWHAKOBBIMU CKOpOCTAMH. JlnmHa
BOJIHBI, BO30Y>KIaeMON 4YacTHUIIEH, OMHUCHIBAETCSl MPOCTHIM BbIpaXke-
HUEM:

A=(Ve-Vu)lt,

rae Vu— CKOPOCTh YaCTHIIbI,

a Vs — CKOpOCTb, CO3/JaBa€MOM €10 TPaBUTALIMOHHON BOJIHBI
(cxopocme  ceema) (puc.19). DTOT Xe€ PHUCYHOK WILTIOCTPUPYET
BO3HUKHOBeHHE d(pdekra Jonmnepa. Ecnm Habmomarens HaXoauTCs
B TOYKE 4, JUIMHA BOJHBI YMEHbIIAeTCa (CUHEE CMEIEHUE), €Clu B
oTouke b — yBennuuBaetca (kpacHoe cMemienue). [Ipu ayHe BoaHbI
BuuMoro ceera B 550nm (5,5E-7m), ckopocTs yacTuil OyeT COCTaB-
JSTh TpuMepHO 99,9999999 % oT ckopocTH pacpoCTpaHEHHSI BOJTHBI
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B IPaBUTAIMOHHOM TioJie. M uem Onmke CKOpOCTh YacTHUI] CBETOBOTO
U3ITy4eHUs! K CKOPOCTH PacIpOCTPaHEHUs BOJIHBI B TPAaBUTAI[MIOHHOM
noJie, TeM OOJIbIIIE €ro IBET CMEIIEH K CHHEMY KOHITy criekTpa. LiBeT
—93T0 QYHKIUS CKOPOCTH YaCTHUIL U3ITy4EHUSI.

W3BecTHOE KpacHnoe cmeujenue, KOTOpoe COBpEMEHHAs HayKa

CUMTaeT NMpU3HAKoOM "pazOeranus" ra-

_~Tpelens
A BOIHE

JIAKTHK, 00BsACHSIETCS MPOCTHIM
YMEHBIIIEHUEM CKOPOCTH JIBUKCHHUS
*E)m ¢ | 9actun usnydenus (Va), u3-3a TOpMO-
YKEHUS B TPAaBUTAIIMOHHBIX MOJISX KOC-

e MHYECKUX TeN (ycmanocmu ceema). U,
! Tamem | CTECTBEHHO, UeM Naibllle HAXOIUTCS
KOCMHYECKHIT OOBEKT OT HAOIr0ma-

Ee

Puc.19

TeJIsA, TeM OONBIINN IMyTh MPUXOJUTCS MPEOJOIEBATH YACTHUIIE U3ITY-
YEeHUS M TeM CHJIbHEEe YMEHBIIEHUE CKOPOCTU M OoJblie "MOoKpacHe-
HUeE crekTpa.

EcrecTBEeHHO, YTO YaCTULIBI, U3TYYEHHBIE OYEHD YaJEHHBIMU
3BE31aMH, HACTOJIbKO 3aMEJUISIOTCS B YT U UX JUIMHA BOJIHBI YBEJIN-
YUBAETCA HACTOJIBKO, YTO OHU CTAHOBSITCS HEBUANMBIMHA B CBETOBOM
JUarna3oHe BOJH. DTUM SIBJICHHEM U OOBSICHSIETCS TOPU30HT BUIUMO-
CTH, IO KOTOPOMY Y4Y€HBIE COBEPILIEHHO T'€HHAJIBHO BBIYMCIIMIIN "BO3-
pacT BCEJIEHHOU .

[Ipu npeBbIIEHNN YaCTULIEW CKOPOCTH BOJIHBI B cpenie (ceepx-
ceemogas ckopocmw), (Va>Vg ), BOSHUKAET yapHasi BOJIHA, IPU KO-
TOpPOH YacTHILIA, B PE3YJIbTATE MOBBIILIEHUS B 30HE CKAaTHS KOHLIEHTPA-
LI HOCUTEJIEH 3aps/i0oB, HAUMHAET "pa3BajuBaThCs CUJIAMU OTTa-
KMBaHMsI Ha COCTAaBHbIE Cy03JIeMEHTapHbIE YaCTUIIBI.

Ot cy03eMeHTapHbIe YaCTUIIbI, BCTYIMAIOT B CHHTE3 C OKPY-
JKAIOIMMH YaCTULIAMH, KOTOPBIA PETUCTPUPYETCS B BUJIE CBEUCHMS,
HasbiBaeMmoro ¢ dexrom BaBunosa-Uepenkosa. Tak kak npupoie He-
u3eecmuo NoHATHE 0OPATHOM CBSI3U, TO B HEHM U HE CYIIECTBYET HH-
KaKMX BEUHBIX aBTOKOJIEOATENBHBIX MporeccoB. JItoOble BOIHOBBIE
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BO3MYILIEHUSI BO BCEICHHOH, SBISIOTCS UCKIIOYUTEIHHO CIICICTBUEM
JBUKEHHUS] MaTEpUAJIbHBIX TEJT B IPABUTALIMOHHBIX MOJIAX KOCMHUYE-
CKUX 00beKTOB. M XOTs BCs BCelieHHas! 3al10JHEHA TPaBUTAIMOHHBIMU
BOJIHAMU OT JBUKEHHSI MHOKECTBA KOCMUYECKUX OOBHEKTOB U pa3iny-
HBIX YaCTHII, YeJIOBEUECKUM IJ1a3, TaK K€ KaKk U ONTUYECKUE IPUOOPHI,
BOCIIPHHUMATh UX HE CIIOCOOCH.

3T0 00CTOATENBCTBO, B YACTHOCTH U OOBSICHSIET YEPHBIN I[BET
HOoyHOTO Heba. Ecnm Obl cBeT mpeacTaBisl co00i BOJTHBI, TO MBI ObI
HE CMOTJIH YBUIECTh HU OJHOW 3BE3[bI, TOTOMY YTO MHTCHCUBHOCTH
BOJIH, TaK K€ KaK U T'PaBUTALlMOHHOIO TOJIs, 0CIa0eBaeT ¢ paccTos-
HUEM C OOpaTHO KyOMYeCKOW 3aBHCHUMOCTHIO. OIIyIIeHHE CBETa B
MO3r€ BO3HHMKAET TOJIBKO NMPHU B3aUMOACHCTBUH MOTOKA YACTHI] U3ITY-
YEeHHsI C MOJIEKYJIaMH POJIONIMHA B C€TYATKE TJ1a3a, I03TOMY 2pasuma-
yuonnwle (paouo u ceemoasvie) 60JAHbl - HEBUIUMBI.

Ho umenHo 3t1a "epasumayuonnasn paoe' ot ABUKEHHUS MHO-
JKECTBA YACTHUII, HCITYCKAEMBIX 3BE3/IaMU U MPEACTABISAET cOOO0H, Tak
Ha3bIBaEMoe, "penuxkmosoe uziyuenue'', KOTOpoe, Mo "aBTOPUTET-
HOMY' MHEHUIO KaHIUJATOB B JIOKTOPA, OCTAOCh OT OmOIeiickoro
Bonbiroro B3ppiBa U A0 CUX MOP HUKAK HE MOYKET PACCEATHCA.

Orta e rpaBUTAllOHHAs PsIOb SIBIIseTCA U OaHAIBHON MPUYH-
HOU OpoyHnoeckozo nBvxenus. Ho, He cMOTps Ha 3TO, YUEHBIE C YIIOP-
CTBOM, JJOCTOMHBIM JYYIIETO IPUMEHEHHS, YK€ MHOTO JIET UIYT 3TH
IPaBUTALMOHHBIC BOJHBI, COBEPIIICHHO HE MOJI03pPEBasi, YTO MPOCTO B
HUX )KUBYT. Kak ObLI0 cKka3aHo B, JII00O0H MaTepUatbHbI 00BEKT,
JIBUXKYIIUICS B TI000M cpesie, Bo30ykIaeT B Hell BOHY. Bo3bMéM 11t
npuMepa MOIBOAHYIO JIOJKY, IBIXKYIIYIOCS B TOJIIE BOJBI CO CKOPO-
cthio 30 y3a0B, unu 15 m/cek. J{nmuHa ynpyroii BoJHBI, co3aBacMast
el, OyZeT paBHa pa3HOCTH CKOPOCTEH 3BYyKa M JIOJAKHU B BOJIE,

A=(Vs-Vi)lt,

rae V3 - CKopocTh 3ByKa B BOJIE, @ Va — CKOPOCTb JIOJIKH.
3to npumepno (1400 -15)/1=1385m.

[Mepuon P=V;/A, lcex. Yacrora, F =1/P, okono 1 I'n.
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Jlogka, IBMKYIIASCA € 3TOM CKOPOCTHIO B MOJABOJHOM II0JIO-
JKEHUH, B JIIOOOM ciTydae n3irydaeT HH(Pa3ByKOBBIC BOJHBI YaCTOTOM
okouio 1 I'u, mymmuo#i 1385M. OOHApYKUTH UX MOYKHO C TIOMOIIBIO TT0-
JTYBOJIHOBOM aHTEHHBI, MPEJCTABIIAIONICH COO0M /1Ba AaTUYMKa JIaBiie-
HUS, PacTONOKeHHBIX Ha ri1yonHe 10-12mM MeTpoB U pa3HECEHHBIX Ha
paccTOsIHUE MOIYBOJIHBI, TO €CTh Ha 692M. TouHBIE KOOPAMHATHI MTOJ-
BOJIHOH JIOJKH MOYHO OTPEAEIUTh, UCIIONb3Yys ABE TAKUX aHTCHHBI,
pa3HECEHHBIX Ha S-8KM.

CKopocTh BOJTHBI B TPABUTAIIMOHHOM TIOJIE — BETMYMHA MIPaK-
TUYECKU HOCMOAHHAA, 3aBUCIIIAA TOJILKO OT CBOMCTB MOJIS. ITO TO,
YTO B KBAaHTOBOU (PU3MKE, HA3BIBACTCS CKOPOCHIbIO céema. A Tak Kak
MaTepHsi B3aMMOJICUCTBYET TOJIBKO C MTOMOIIBIO TOJIEH, TO CKOPOCTh
ATUX B3aUMOJCHCTBUI HE MOXKET MPEBBIIIATH CKOPOCTH PacIpocTpa-
HEHUS TPABUTAIIMOHHOW BOJIHBI WJIM KaK TOBOPST KaHIUIATHI B JIOK-
TOpa, CKOpOCcmu ceema.

CKOpOCTh rpaBUTAIIMOHHBIX BOJIH B PA3IMYHBIX BEIIECTBAX 3a-
BHCHUT OT aCHMMETPHH I'PABUTALIMOHHBIX MOJICH MX aTOMOB U UX arpe-

raTHOIrO COCTOsSHUA. qu 60JII>HI€
ACUMMETPHsI TPAaBUTAIMOHHBIX ITOJICH
aTOMOB Ta30B S, TeM OOJBIIMKA MYTh
PH B EE MIPUXOJUTCSA TPEOOJICBaTh BOJHE H,
€CTECTBCHHO, 3aTpadyuBaTh Ha 3TO
0000000 )i BpeMs.

Puc.20 DTa 3aBUCUMOCTh CKOPOCTH

BOJIHBI OT IJIOTHOCTU Cpefibl, B KOTOPOM OHA paclpoCTpaHseTcs, Wil-
JHOCTpUpOBaHa pUCYHKOM (puc.20). B cBsA3M ¢ 3THM, BIIOJIHE YMECTHO
YIOOMSAHYTh 371€Ch U3BECTHBIN 3KkcnepumeHT H. bacoBa, mocraBieH-
HBIM B IIECTUAECATHIX rofax npouuioro seka B CCCP.

CyTb 3TOro 3KCIepUMEHTa TaKOBa, JIyd JIa3epa pacUICIUIAIICS
Ha JiBa Jy4a, OJUH W3 KOTOPBIX IONAJal HEMOCPEICTBEHHO Ha MHU-
LICHb, @ BTOPOM CHadajla IIPOXOAWJI YEpe3 YCHUIIMBAIOUIYIO SYEUKY.
Slueiika 3Ta npeacTaisiia co0oi pyOMHOBBIH J1azep, paboTaromuii B
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pexume ycuneHus. EcCTeCTBEHHO, YTO JIy4H TIOCTUTIIA MUIIIEHU HE OJI-
HOBpeMeHHO. Ho oka3zanock, 4To JIyd, MPOIIECAIINN Yepe3 KPUCTall
AYEHKHU, JOCTUT MULIEHH pPaHbIlIe JTy4a, MPOUIEIIETO 0 BO3AYXY.

[Tpuuém pazHuna OblIa TPOCTO OorpoMHON. OHA TpeBbINIaa
BCE MBICIMMbIE U HEMBICIIMMBbIE MMOTPEIIHOCTH U omuOKku. Jlyd mpo-
XOJIUJT CKBO3b SIYCHKY, MPAKTUYECKH MTHOBEHHO C TIOYTH OECKOHEY-
HOM CKOpOCTBIO. YCJIOBHS 3KCIIEPUMEHTA HU3MEHSUIM, HO PE3YJbTAT
ocTaBaJICs MPEXHUM. boiee Toro, pe3ynbratr He U3MEHMIICS, TaXke KO-
I/1a KTO-TO 3a0bUT BKJIIOYUTH MUTAHUE YCHIIUTENS U BTOPOM JIyd MPO-
CTO MpOLIEN Yepe3 pyOMHOBBIN KapaHaalll.

Jlya mpoxonun yepe3 pyOMHOBBIA CTEPIKEHb C OECKOHECYHOM
CKOPOCTHIO, M pa3HHMIIa OblJIa paBHA JJIMHE KpucTaiia. Hazpearomuii
CKaHJaJI B CBA3M C pe3yJibTaTaMH 3KCIIEpUMEHTA, CTAaBUJI Ha TEOPUU
OTHOCHUTEJIBHOCTH OTPOMHBIN KUPHBIA KPECT.

Kaxk Torga BbIIUIA U3 3TOTO HIEKOTIMBOTO MOJIOKEHUS, HEU3-
BecTHO. CKOpee BCEro, CIyCTUIIN HAa TOPMO3ax. X0Ts, 110 CYTH, COBpe-
MEHHasl TeopeTudeckas (Pu3MKa TOJIBKO TEM M 3aHUMAETCs, 4TO U300-
peTaeT BeYHbIE IBUTATENH. ..

Tak xak MaTepuaigbHble OOBEKTHl B3aUMOACHCTBYIOT MEXIY
co0o¥i Ha YpOBHE MMOJIeH, CKOPOCTh 3TOT0 B3aUMOACHCTBUS OMPEIes-
€TCsl, B OCHOBHOM, CKOPOCTBIO PAcIpOCTPaHEHHsI BOJIH B IpaBUTAllU-
OHHOM T10JI€ (CKOPOCTh CBETAa), TO U PE3YyJbTaThl dKcIiepuMeHTa ba-
COBa, C TOYKHU 3PEHUS HACTOSILIEH TEOPHH, OOBSCHIIOTCS OYCHb MPO-
CTO.

Jlyu, mpomrenmuii mo pyouHy (TBEPAOMY TEIY), TPEOI0JIEN I0-
pa3o MEHbILEE PACCTOSHUE B TPaBUTALIMOHHOM I10JI€ TBEPIOTO Tela
(3 St), yem my4, pacIpOCTPAHSAIOMIUICS B TPABUTALIMOHHOM TOJIE BO3-
nynrHou cpenbl (O Sr).

Ilepenaya >xe uMIyNbCa HEMOCPEACTBEHHO C aTOMa Ha aTOM B
TBEPABIX TeJIaX U KUJKOCTSX, B CHILY UX MTPAKTUYECKON HECKUMAEMO-
CTH, IPOUCXOJIUT CO CKOPOCTHIO, OIU3KON K OeckoHeuHOM (puc.20).
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[TosToMy syd, npormieamuii uepe3 pyOnHOBBIN KPUCTAILI, IPH-
€T Ha JIETEKTOP PaHbLIe Jy4ya, paclpoCTPaHSIOLIErocs 0 BO3AYXY,
Ha BpeMms:

t=3_Sr- X Sv)/c, Tne
> St — cyMMapHBIi MyTh Jiydya B TPaBUTAIIIOHHOM IIOJIE PY-
OuHa,

> Sr — cyMMapHBIi IyTh JIyda B I'paBUTAIIMOHHOM II0JI€ BO3-
JYLITHOM Cpenbl,

€ — CKOpOCTh BOJHBI B T'PaBUTAIMOHHOM TMoOJe (cKopocmb
ceema).

Jlornueckast 6€3rpaMOTHOCTB JIFO/ICH, Ha3bIBAIONTUX CEOS yué-
HBIMU C UX HECITIOCOOHOCTBIO MOHATh MPOCThIE BEILH, IPUBENIA U300-
PETEHUIO MOHATUS KOPIYCKYJIIPHO-BOJIHOBOIO Tyajau3Ma, yTBepKaa-
IOIIETO, YTO MAaTepUsl B HEKOTOPBIX CIIydasx, MOKET MPEeBpalIaThcs B
CBOE CBOMCTBO M CO3JaHMIO TAKOIO JDKECHAYYHOI'O HAIPABIICHUS B
HayKe, KaKk KBaHTOBasi (PU3HKa.

7. OB OHEPI'HHA

DHeprus, MOHATHE B COBPEMEHHOW HayKe, PsSMO TakH, ¢aHTa-
ctuyeckoe. M kak Tonmbko €€, 6emHyro He CKIoHA0T. OHA U H3IyYa-
eTcs, W TOTJIONIaeTca, U Jaxke mnpespamiaerca B Maccy! WM kakoit
TOJIBKO OHA He OBIBAET, U MOTCHIIHAIILHON U KUHETUYECKOH U TEMHON
Y JJaXKe KU3HEHHOW U TyXOBHOM.

Ha camom nene, Takoil pU3n4ecKoil CyImHOCTH, KaK SHEpTrus, B
NpUPOJE HE CYHIECTBYET. DTO MPOCTO OJHO M3 HEOTHEMIIEMbIX
CBOMCTB MaTepHH, TAKOE K€ Kak HampuMmep, Mpo3pavyHOCTh CTEKIa,
KOTOPYIO HEJb3s OTIACNIUTh OT CTeKJa U "mpuienuts” K (anepe s
TOTO, 4YTOOHI (haHepa craja mpo3padnoit. U sHeprus igroboro Tena 3a-
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BHUCHUT TOJIBKO OT €r0 MOJIOKEHUS B TPABUTAIIMOHHOM WJIU JIEKTpUYe-
CKOM ToJie pyroro Tena. M HecMoTps Ha yBepeHUs OOJIBbIINX YUEHBIX,
HUKaKOW BHYTPEHHEU SHEPTUU MaTepHsi HE UMEET.

OpxHako B rocieiHee BpeMsl B MHTEPHETE MOSBUIOCh OTPOMHOE
KOJIMYECTBO PECYPCOB, T'/iI€ apMHUU ICEBIOYUEHBIX JHOOUTENEH pac-
CYX/IaIOT O MOUCKAX KaKOW-TO CBOOOJHON 3HEPruH, KOTOPOH MO MX
MHEHUIO, 3aloJIHEHa BCs BceneHHas. M pgaxke Oomblime yu€Hble HE
KpacHes BPYT, YTO MOJI U3 KOCMOCA JIbETCSI TAKOM MOTOK SHEPTUH, UYTO
B OyaymiemM e€ XBaTUT YEIOBEYECTBY HA MUJUTHOHHKI JieT. W moxoxe,
YTO CaMH B 3Ty 4YLIb BEPST.

A BCe HAYMHAJIOCh C KAKUX-TO HEBEPOSATHBIX CIyXOB O TOM, 4YTO
Tecna, sk00bI HamEN crTOCO0 UCIOJIB30BAHUS YPHEPTUU BaKkyyma!, HO
MPOKJIATHIE KAITUTAIUCThI KYIIWJIM Yy HETO MAaTEeHT U BCE 3aCEKPETUIIN,
YTOOBI HE YITYCTUTH MPUOBLTH OT MPOJAXKHU YIIIEBOIOPOJIOB.

Ho 0cobeHHO yauBISIOT pacCyXI€HUS YIEHBIX O TOM, YTO MPHU
NepeMENICHUN MaTepUAIbHOTO Tela 0 3aMKHYTOM TPAaeKTOPUH, CO-
BepinaeMasi paboTa paBHa HyJII0. Takyro aXHHEI0 MOKET HECTH TOJIBKO
KaKoOH-HUOYAb Oe3rpaMOTHBIN CBHHAPH, EMY IPOCTUTEIIBHO.

Ho y4é€Hblil 10KEeH MOHUMATh, YTO €CJIU MBI IOJHUMAEM THPIO
Ha BTOpPOH 3Tax, To 3T0 MbI coBepmiaem paboTy MPOTHB CHIIBI MPH-
TSOKEHUS. A KOrja Mbl cOpachiBaeM TMpIO CO BTOPOTO 3Taxa, TO 3TO
[P coepiiaet paboTy 1Mo AEHCTBUEM CHITBI PUTSKEHUSI. TO ecTh
pabota cosepmaercst PASHBIMU Tenamu 1 B pa3sHbIX YCIOBUSAX, I10-
TOMY €€ Helb3sl MpUpaBHUBATh. OHAKO YYEHBIX 3TO HE CMYIIIAET.

Bcs sneprus, noctymnaromnias Ha 3eMITt0 U3 KOCMOca — 3TO BCETO
JIUIIb OOBIYHBIA COTHEUHBIH CBET. M 3TOT MOTOK EHCTBUTENBHO KO-
noccaiieH u eciia He Oyaet ConHila, 3eMits 32 HECKOJIBKO HEeIeb IIPO-
CTO MPEBPATUTCS B JIEASHOM 11ap U BCE TIOTHOHET.

CoJiHeUHas PHEPrusi, 3TO MOTOK MAaTEPHATbHBIX YacCTHIL "COJI-
HEYHOTr0 BeTpa", BJIEKTPOHOB, NMPOTOHOB, aTOMOB BOAOpOAa U T.1.,
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ABWIKYIIUCCA C PA3JIMYHBIMHU CKOPOCTAMHU U COIIPOBOXKIAACMBIC BOJI-
HaMH B €0 TPaBUTAIIMIOHHOM Tiojie. M 4em BbIlIe MX CKOPOCTh, TEM
0oJiee KOPOTKHE BOJTHBI OHU BO30YK/IAIOT.

Cama 60o1Ha He HeCcém HUKAKOU IHEPZUU U He MOMCem OKa-
3b16aMb HUKAKOZ0 OAGIEHUS - INMO NPOCHMO MEeXAHU3M nepeoadu
83AUMO0CIICMEUSA MEHCOY MAMEPUATLHBIMU MeNAMU, 8 OAHHOM
cayuae medxncoy Connyem u 3emnéil.

Y181 BUAUM CBET UCKIIFOUUTCIIBHO 6J1ar0;[ap;1 TOMY, YTO IMOTOK
MaTepHaJbHBIX YacTHUIl, (OTOHOB, MOMazas B IJa3, COBEPLIAIOT pa-
00Ty, moTJIoIasich MOJIEKYJIOW POJAONMHA B CETYATKE.

B pesynbrare mornomeHus GOTOHA Y MOJEKYJbI POIOTHHA
YBEIMYUBACTCSI ACHMMETPUS €€ TPAaBUTAIIMOHHOTO TIOJISI U, COOTBET-
CTBEHHO, BO3HUKAET Pa3HOCTh JJICKTPUYECKHUX IMOTCHIIMAIOB, B pe-
3y/lbTaTe KOTOPOW BO3HUKAET JBIKEHUE JJICKTPOHOB [0 HEPBHOMY
BOJIOKHY WJIH 3JIEKTPUYECKUM TOK, HHTEPIPETUPYEMBIM MO3IOM Kak
CBET.

Ilonstue xBaHTa CBCTA, KaK MNOpLHUU HU3ITYUCHHUSA, BO3HHUKIIO
HUMCEHHO H3-3a TOro, 4To q)OTOH SIBIISIETCSI MUHUMAJILHOU HOpHHCﬁ CBC-
TOBOTO IIOTOKA, B PE3yJIbTaTe KOTOPOI BOZHUKAET OIIYIICHHE CBETA B
Mo3re. KBaHT — 3TO MpoCTO 0JHA €IMHCTBEHHAS YaCTHIIA WU TO K€
camoe, 4To 1 ()OTOH.

3H€p2uﬂ, He morcem npespaulamovbCia HU 6 KUHemu4ecKym, Hu 6
MexXaHuuecKyr, Hu 8 XUMUYECKYI), HU 8 KAKYI0 OPY2yi0, NOHOMY YHL0 IMO
MOIbKO CEOIICME0 MAMEPUU COBEPUIAMb PADONY, 00YC/10671€HHOE PA3HO-
Cmbvlo cpasumauuOHHbIX NOMEHUUA06.

W xorga roBopsIT 0 mepenade IEKTPOIHEPTHH, TO HMEETCS B
BUY TO, YTO TIepeIa&TCsi MOTOK MAaTEPUAITEHOTO HOCUTES — DJIEKTPH-
YEeCKH 3apsHKEHHBIX YaCTHIl, KOTOPBIC TIPU JABIKSHHH O] IEHCTBHEM
Pa3HOCTH MOTEHIINAJIOB CTIOCOOHBI COBEPIIAThH padoTYy.

60



Beonroyust MATEPHH

8. O IIAPOBOH
MOJIHUH

[[TapoBy!0 MOJIHHIO, KaK M1 MHOXECTBO IIPOCTBIX IMPUPOIHBIX
SIBIICHHM, COBPEMEHHAs HayKa JI0 CUX IOp CUMTAET 3araJKoi, Ha 00b-
SCHEHUM KOTOPOM CIIOMalM 3yObl OYEHb MHOTHE OOJbIINE yUYEHBIE.
Hayka BooOmmie MIET OKOJBHBIMHM IYTSIMH M OYEHb MHOTHME MeXa-
HU3MBI IIPOCTHIX IPUPOIHBIX SIBJICHUM OCTAIOTCS BHE €€ OIS 3pEHUSL.
BBIIBUHYTO COTHU BEPCH MOMBITOK OOBSICHEHUS IIIAPOBON MOJHUH,
HO HM OJIHAa M3 HUX Jake Ha HOTy He MpuOIn3niIa HayKy K pasrajke
aTOrO siBJIeHUs. Ho Ha OCHOBE BBILIE U3JI0KEHHOIO, MEXAHU3M ILIAPO-
BOM MOJTHUH 3JIEMEHTAPHO OOBSICHSACTCS.

OObIyHAas TMHEHAsT MOJIHUS TIPEICTABISET COO0M KpaTKoBpe-
MEHHBII TOKOIPOBOJAIIMNA KaHAJI B BO3AyX€, BO3HUKAIOUIMNA B pe-
3yJbTaTe€ Pa3HOCTU JJIEKTPUYECKUX MOTEHIIMATIOB MEXy OOJIakaMu
wn obsakaMu 1 3eMiIEN. Pa3HOCTh MOTEHLIMANIOB, 9TO pe3yabTaT Typ-
OyJIEHTHOCTEH, BO3HMKAIOIIUX B BO3JyXe OT PA3HOCTH TEMIIEPATYp
BOCXOJSIINX IIOTOKOB B KapKyIO ITOTOAY.

TypOynentHocTr B 06JaKax MPUBOAUT K NMEPEMEIIMBAHUIO U
YBEJIMUYEHUIO IUIOIIAAU COIPUKOCHOBEHUS MOJIEKYJI BOJSHBIX I1apOB C
MOJIEKYJIaMH OKPY)KAIOIIET0 BO3JlyXa, YTO OOJerdyaer mepeTekaHue
3apsoB. [Ipu aToM paboTaeT TOT ke caMblif MEXaHU3M, KaK P 3JIeK-
TPU3ALUU HATUPAHUEM CTEKJISIHHOM MM Y00HUTOBON MaOUKU.

O6naka, cocTOsALIME U3 MOJIEKYJ BOJbI, UMEIOIINX MEHBIIYIO
ACMMMETPHIO TPAaBUTALMOHHBIX IOJIEH, OTHOCUTEIBHO MOJIEKYJI BO3-
JyXa Kak MpaBWiIo, MOIY4at0T U3 HEr0 N30BITOYHBIE OTPHUILIATEIbHbIE
3apsabl. Paspsin MOXXET MpOM30MTH Kak MeXIy oOJIakaMu, UMEro-
MU OTPULIATEIbHBIE 3apsAaAbl pa3HOW BEIIMYMHBL, TaK U MEXKAY 00-
JaKaMH U 3eMJIEH, KOTOpas TaK K€ MMEET OYeHb HeOONbIION M30bI-
TOYHBIA OTPULIATEIILHBIN 3apsil.

Korpa mexny oGiiakamMu pa3HOCTh MOTEHLHMAIOB JOCTUIAeT
HEKOTOPOM KPUTUYECKOW BEJIMYMHBI, 3apsbl HAUMHAIOT IIEPETCKATh
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MEX1y HUMH, 00pa3ysi TOKOTPOBOISAIINI KaHAT, IO KOTOPOMY ITPOKC-
XOJIUT JaBUHOOOPA3HBII pa3psil, BELACISIONUN OTPOMHYIO MOIITHOCTh
3a OYEHb KOPOTKHUU MPOMEKYTOK BpemeHu. Mim mpocto nuHenHas
MOJTHUS.
Ilepen Tem Kak MOracHyThb, MOJIHUSL pa3pbIBaeTCsl Ha HEOOIb-

[IME yYaCTKH, KOTOPbIE TOCTOSIHHO MIYIIMMHU B TPO30BBIX O0JIaKax
BUXPSIMU, MOTYT CBEPHYTHCS B METIIO0 U HEKOTOPOE BPEMS OTIEIBHO
OT OCHOBHOI'O KaHaJla CyIIECTBOBATh B BUJI€ 3aMKHYTOT'O KOJILLIEBOT'O
MOTOKA 3apsi0B, JIBIXKYIIUXCS MO KPYTOBBIM SKBUIOTEHIIMAIBHBIM
TPACKTOPHSAM. DTa METISA U MPEICTABIISAECT COO0M IIapOBYIO MOJTHUIO.

A Tak Kak JIB)KEHHUE M0 3KBUIMIOTEHLUATbHON TPACKTOPUH, 3TO
0 CYTH, aHAJIOT IPSIMOJIMHEMHOTO PABHOMEPHOTO IBMKEHUS, TP KO-
TOpOM paloTa MPAKTUYECKU HE COBEPIIAECTCS, TO IIapoBasi MOJIHUA,
0J00HO CBOOOJIHO BPAILAIOIIEMYCSI MAaXOBUKY HJIM BOJYKY, MOXKET
CYILIECTBOBAaTh JOBOJBHO JJIMTEIBLHOE BPEMs, MEPEMEIasiCh MOTO-
KaMH{ BO3JlyXa Ha HEOOJBIIINE PACCTOSHUS.

[Toka THX0 HEe UCUE3HET, HCUEPIaB SHEPTUIO HA U3TYUYECHHUE WU
HE HATOJIKHETCSI HA MPENSATCTBUE, TPU KOTOPOM NMPOU3OUAET paspy-
IIEHHE KOJIBLIEBOTO TOKa ¢ 00pa3oBaHUEM B BO3AyXe 00JacTH MOBbI-
IICHHOW KOHIEHTPAIIUU JJICKTPUUYCCKUX 3apsAnoB, [ria.11] xoTtopsie
MTHOBEHHO BCTYNHB B PEAKLHIO CAMOIPOU3BOJILHOTO CHUHTE3a C MO-
JIeKyJIaMU OKPY’KaIOIEr0 BO3/1yXa, BBIACIAT MUMITYJIbC MOIIHOCTH B
BUJIC B3PbIBA. DKCIIEPUMEHTAIBHO IIAPOBYIO0 MOJIHMIO MOKHO TOJIY-
YUTH MPOITYCKasi MOIIHBIE ANEKTPUUYECKUE Pa3psabl B CHIIBHO TypOy-
JIEHTHOM TMOTOKE BO3/1yXa.

9. O TEMIIEPATYPE

Ha ocHoBaHMM H3710’)KEHHOTO BBIIIE, MOXKHO TaK € JIETKO
000CHOBATh MOHATHE TeMnepatypsbl. [Ipu HarpeBaHuu Tena' pacmupsi-
IOTCS U CTAHOBATCS JIET4Ye, 3TO SKCIEPUMEHTAIBHO YCTaHOBJICHHBIN

62



Beonroyust MATEPHH

¢axT. Bo3pMEM TBEPOE TEIIO U TPOBEAEM MBICICHHBIH SKCIIEPUMEHT.
Kak Obu10 cKa3aHO BbIIlIe, aTOMBI BelllecTBa 00J1a1at0T TpaBUTAIIOH-
HBIMU TOJISIMU, OJ1aroiapst KOTOPBIM OHU MPUTATHBAETCA K 3emiie. Tak
KAaK rpaBUTALMOHHBIE TIOJII aTOMOB TBEPAOIO TEJIA UMEIOT OYEHb He-
3HAYNUTEJIbHYI0 aCHMMETPHIO, TO OHM CHJIBHO NMPUTATUBAOTCS APYT K
ApYTY.

[TpubapnsieM K KaxaoMy aToOMy IO 3JeKTpoHy. [Ipu 3Tom y
aToMa HECKOJIbKO YBEIUYUTCS ACUMMETPHUsSl €ro TI'PaBUTAIMOHHOIO
MoJisl, B pe3yJbTaTe 4Yero yMEHBIIUTCS Cuila MPUTSHKEHUS Tella K
semiie. [1i1.11]. To ecTh aTOM cTaHeT jerye (BOSHUKHET AeEKT Beca),
a 00BEM €ero yBeJMYHUTCS Ha OJUH 3JIeKTpoH. BoT, o cytu, MbI 1 00-
HapY>KWJIU HOCHTENb Terja. Takoi CBO€OOpa3HBIM TEILIOPOJ, POJIb
KOTOPOr'0 MOT'YT MUI'paTh, B IPUHIIMIIE, KAK MOJIOKUTEIIbHBIE, TAK U OT-
pHULATETbHBIE 3apsIbl.

U xoTopblii 6osbIne YUEHBIE YK YCIEeNu "3aKphITh”, MPUITY-
MaB B3aMEH BEYHBIW IBUTaTElb, B BUJIE MOJCKYIISIPHO-KMHETHYECKOU
TEOpUHU.

Bo BceneHHOI CymecTBYIOT 00JIacTH, T/Ie KOCMHYECKUE Tela
00pa30BaHbl BEIIECTBOM C MOJIOKUTEIBHON aCUMMETpUEN rpaBUTALIN-
OHHBIX TOJIEM aTOMOB. DTO TO, TO YYEHbBIE HA3bIBAIOT TEMHOW MaTe-
pueii. [To cyTu — 3TO HEKMi MapauIeTbHBIN MHUD, TJIe Bce HA00OPOT.
N3nydyeHus 3BE3/1 COCTOAIIMX U3 BEIIECTBA C MOJOXKUTEIBHONW aCUM-
METpHEH, PEeICTaBIIAIOT COO0M MOTOKH, B KOTOPBIX MTPE0OIaIAI0T MO-
JIO’KUTENBbHBIX YACTHIL.

DToT MHp JUIS Hac HeBUIUM. HeOoNbIIoi KycoK BeIecTBa,
00BEMOM B CIIMUEYHBIH KOpPOOOK, Yy Hac Ha 3emiie Oy/leT BECUTh He-
CKOJIbKO TOHH U OyJeT uMeTh riayooko uépHblil 1BeT. [loaTomy MbI
HUKOTJ]a HE CMOYKEM IOCETUTh 3TOT MapajuIeNIbHbIA MUD, TAK K€ Kak
U ero oOuTaTeau He CMOTYT MOCeTUTh Hail. OOUIaThbCsl MBI CMOXEM
JIUIIb TIOCPEACTBOM PAIUOCBA3H.
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[TpogomxkuM CBOM MBICIICHHBIN SKCIIEPUMEHT, 100aBIsisS B
aTOMBI TeJIa 1O 3apsiay. ACUMMETPHS UX TPABUTAIIMOHHBIX MOJIEH Oy-
JIET YBEJIUYHBATHCA, TEJIO OyIeT CTAaHOBUTHLCS BCE JIeTYe W JIerde, a
CHUJIBI TIPUTSKEHUS MEXKIY aTOMaMH OyIyT CTAHOBUTBHCS BCe cadee u
ciabee.

Uepes HEKOTOpOE BpeMs aTOMbI IIOJIy4aT BO3MOYKHOCTb Iepe-
MEIIAThC OTHOCUTEIBHO APYr Apyra M BELIECTBO MNPEBPATUTCS B

XKUAKoCcThb. To ectb paciuiasurcs. [pu
.~_ JanpHemeM npubaBlIeHUN 3apsiioB,
| @5 | acHMMETpHS TPABUTALMOHHBIX IOJIEHt
aTOMOB YBEJIMYUTCS HACTOJBKO, 4TO
OHM HA4YHYT OTPBIBATBCA OPYr OT
Ipyra BCE YBEIMYMBAIOUIMMUCS CH-

Bozavx

Puc.21

JIaMU OTTAJIKUBAHUS U KUAKOCTH Ipe-
BpaTuTcs B Ta3. BOT MbI 1 mony4ymin oObsICHEHHE MEXaHH3Ma HCIIa-
peHus.

[pumeuanune! B uacmnocmu, ucnapenue 600bl 00yci08/1€HO pas-
Hocmulo acummempuii 6030yxa u 600uvt (puc.21), noamomy oarxce 3amép3-
wasn 600a (71€0) 00601bHO XOpouio ucnapsemcs. Hzovimounsle 3apaovt u3
MONEKYT 6030yXa nepemeKas 6 MoaeKybl 1b0d, yeeaudyuearom acumment-
U0 UX ZPABUMAYUOHHBIX NOJIEll, Ym0 HPUEOOUN K YEe/IUeHUI0 CUl Om-
MAIKUGAHUA MOJEKY1 Opy2 om Opy2a, KOmopbvle npu 3mMom noJay4aiom
603MOICHOCMb OMOPEAMBCA OM NOGEPXHOCMU U NOOHAMBCA 6 6030)X,
emecme ¢ ""npununuwiumu’’ K HUM MONEKyIAMU 8030YXA).

[Tpu 3HAUNUTETHPHOM YBETUYCHUH KOHIIEHTPAIIUN N30BITOUHBIX
3apsI0B B aTOMax, OHHU YK€ He OyIyT B HUX yJEpKUBAThCs, a OyayT
PaBHOMEPHO PaCHPEIENAThCS 10 BCEMY 00BEMY.

Takum oo6pazom, 000cHO8bI6ACHICA MEXAHUIM 6MIODPO2O
Hauana mepmoOuUHaAMUKYU U RPUHUUR 803DACMAHUA IHMPONUU, KAK
8bIPABHUBAHUA I00BIX (husuuecKux napamempos mamepuu. B oan-
HOM cityuae - memnepamypol.
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B KoHIIe KOHIIOB, BEHIECTBO MPEBPATUTCS B CMECh '"TOPSUUX "
(3apsKEHHBIX) aTOMOB C AJIEMEHTApPHBIMU AJIEKTPUYECKU 3apsiKeH-
HBIMU YacTHULIaMU WK B 11a3My. [Ipu qanpHeleM noBbIllIeHUU TeM-
nepaTypbl MPOUCXOIUT CIIETYIOIIEE.

N3-3a orpoMHON KOHUEHTpPALIMU OJMHAKOBBIX 3apsAJIOB, aTOM
MIEPEXOJIUT B COCTOSTHUE, TTOT00HOE KUIKOH Karuie, KOTopasi pa3Baliu-
BAETCS Ha JIEMEHTAPHbIE YACTHUIIbI. DTHU 3JIEMEHTAPHbBIC YACTHUIIbI, IPU
JABHEUIIEM TTOBBIIICHUHN TEMIIEPATYPhI, pa3BAIATCS Ha CyOIIeMeH-
tapHble. 1 tak nanee. [1o cyTu Mbl BOCIIPOU3BENH 3/1€Ch IIPOLIECC CUH-
Te3a, IPOUCXOAIINN B 3BE€3aX, B OOPaTHOM HalpaBiIeHUH.

Temnepamypa — mo eenuuuna pazHOCMU ACUMMEMPUIL
2PasuUmMayUOHHBIX ROJICH AMOMO8 MAMEPUATILHO20 MElA U AMOMO8
OKpYHcarouieil e2o cpeovl.

Wnu mpocTo pa3HOCTh MX M30BITOUHBIX SJEKTPHUECKUX 3aps-
n0B. [1oTok Termaa — 3TO MOTOK 3apsSKEHHBIX YaCTHUIl - SJIEKTPOHOB,
KOTOPBI MBI 9yBCTBYEM OJarogapsi yBelInIMBAIONICHCS aCHMMETPUHT
MOJIEKYJI Hamiero tena. EcTecTBEHHO, 4TO BemIecTBa, 00IaIaoIue
XOpOIIEH AIEKTPOMPOBOTHOCTHIO, 00IATAIOT M XOPOIIEH TeIIonpo-
BOJIHOCTBIO.

Ecnu e 3TOT MOTOK 4acTuIl HampaBJIeH U3 Hallero Tefa u 0y-
JeT YMEHbBIIATh aCUMMETPHUIO HAIIMX MOJIEKYJI, Mbl OyZeM YyBCTBO-
BaTh OXJaXJeHHe. AOCONIOTHBIN TeMIepaTypHbIi HYJb, 3TO PaBEH-
CTBO WJIM HYJIEBasl pPa3HOCTh aCUMMETPUN T'PaBUTALMOHHBIX IOJIEH
aTOMOB Tella, KOTopasi B CHITy chepruiaecKoii METPHKHU BCEJIICHHOM, He-
BO3MOXKHA.

A T0, 9TO MOpa3yMeBaeTcs 1Mo abCOMIOTHBIM HYJIEM B COBpE-
MEHHOW HayKe — 3TO CHEKYJALHs, 00yCIIOBICHHAs CJIENbIM MEPEHO-
COM pe3yJIbTaTOB MaTEMaTHUECKUX MPeoOpa3oBaHuil Ha PU3HUECKYIO
PEabHOCTb.

AHaJOTHYHBIM ke 3a0TyXKJACHUEM SIBISIETCS U MOJIEKYJISIPHO-
KHMHETHYECKasi TeOpusl, MPOTUBOpEYaIllas BTOPOMY Hadally TepMOIU-
HAMUKH, OOYCIIOBJICHHAs, KaK U B cllydae ¢ onmbsiToM Pesepdopna,

65



Anexcandp BECEAOB

OIIMOOYHBIM OOBSICHEHHEM PE3yJIbTaTOB dKcniepuMenTa bpoyna. Hc-
XOJ U3 OIpeNeleHHs] TeMIIepaTypbl MPUBEAEHHOTO BBIIIE, AJIEMEH-
TapHO OOBSICHSACTCS MPUHITUATT PAOOTH OOBIYHOTO XOJIOAMIBHHKA.

[Ipu cxarum pabouero Tena - ¢ppeoHa, €ro aToMbl CONMIKA-
I0TCS, KOHLIEHTpALMs U30BITOUHBIX 3apsi/IOB B €r0 00bEME, yBEIHUU-
BAeTCS U 3apsi/ibl, TOTYUHSISCH BTOPOMY Hadady TEPMOJUHAMUKH U
CTPEMSICh pacIpeeIUThCs PABHOMEPHO, HAUMHAIOT TIEpEeMEIaThCs B
cTeHKH €MKOCTH (paguartop). Jlamee mpoxoast Mo AaBICHUEM Yepes3
TOHKOE OTBEPCTHE B APYIYyI0 EMKOCTbH (paauaTrop MOPO3WIBHOM Ka-
Mepbl), pabouee TeIo paclupsieTcs U KOHLEHTpAlUs 3apsSaoB B HEM
PE3KO YMEHbILIAETCsl.

CornacHo BTOpOMY Hauaiy, 3apsi/ibl HAUMHAIOT MepeTeKaTh B
paboyee TeIo yKe U3 CTEHOK MOPO3UIILHOM KaMepbl, emié 6osee oxia-
*mast ee. Korma Mbl mpukacaeMcs ajiblieM K METaJUTMYECKOMY Tpe/I-
METY, OH HaM Ka)KeTCsl XOJIOJHBIM, TIOTOMY YTO H3-32 PA3HOCTH aCHUM-
METpUN MOJIEKYJT HAIIETO Tella M aTOMOB MeTajuia, U30BITOYHBIE 3a-
PSAIBI HAIIIETO Tella HAYMHAIOT TMepeTeKaTh B METaJll, CO3/1aBasi OIIy-
IIEHHUE X0JI0/1a.

To ecTp HamM HEpPBHBIE KIETKH MPEKPACHO OMPENESIIOT
HampasiieHue 3Toro Toka. [Ipukacasice K IepeBsIHHBIM IpeaMeTam,
UMEIOLTUM IPUMEPHO OJTUHAKOBYIO aCUMMETPUIO C HAIIIUM TEJIOM, MbI
HE OLIYIIaeM UX XOJOJHBIMHU, IOTOMY YTO M3-32 OTHOCUTEILHOTO pa-
BEHCTBAa aCMMMETpPHIA, MEPETEKAHUE 3aPSA0B CIUIIKOM HUYTOXKHO,
YTOOBI €0 OIYTHUTb.

JIBM>KEHHEM DIIEKTPUYECKUX 3apsiIoB dJIEMEHTApPHO OOBSICHS-
I0TCS TIOOBIe MEXaHU3MbI B3aUMOJICUCTBUN B TIPUPOJIE, BKITIOYAs Me-
XaHU3Mbl JIEHCTBUS Pa3MYHBIX OpraHoB Hamero tena. CerdyaTka,
HanpuMep, NpPEICTaBiIsieT COOOW MAaTpHUIly CBETOYYBCTBUTEIbHBIX
KJIETOK, TaK Ha3bIBAEMbIX IMaJIOUEK, OMPEENIAIOMNX UHTEHCUBHOCTh
CBETOBOI'0 IMOTOKA, COBMEIIEHHYIO C MAaTHUIIEH, TaK Ha3bIBAEMbIX KOJI-
004eK, IPEeACTaBISAIOMUX cO00M AETEKTOPhI CKOPOCTH (POTOHOB, KO-
TOPOU OIIPENEIsAeTCs LIBET.
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CeruaTka — 3TO, IO CyTH, U3MEHUBILUICS (PaceTOYHBIN Tia3
HaCcEeKOMOTI'0, MOJYYHBIINI B PE3YJIbTATE IBOJIFOLIMOHHOTO MPOLECCa,
obmuii xpycramuk. CBeT, (GOKYCHPYSICh XPYCTaIUKOM, CO31aéT Ha
ceTyaTke u3o0pakeHue, MpeacTaBIsioniee co00i KapTy dJIeKTpHye-
CKHX TOTeHIuanoB. To ecTh 3TO U300pakeHUE OKPYNKAIOUINX MpeJ-
METOB, C(OPMHUPOBAHHOE WJIM HAPHCOBAHHOE Ha CETYATKE dIIEKTpUYe-
CKHMH MOTCHIIMAJIAMU.

B pesynbprare AeicTBUS 3JIEKTPUUYECKUX TOTEHIHUAIOB BO3HU-
KaeT JABUKEHUE JICKTPUUYECKUX 3apsiI0B MO MyYKY HEPBHBIX BOJIOKOH,
KOTOpBIE TIOCTYyMasi B MO3T, (OPMUPYIOT B HEM BPEMEHHYIO HEHpPOH-
HYIO CTPYKTYPY, TaK K€ MPEJCTaBISIONIYI0 COO0H IIBETHOE 00BEMHOE
M300paxKeHne OKPYXKaroIINX IPEeIMETOB, KaXKaast TOuka KOTOPOTo Co-
OTBETCTBYET MOTEHIMAILY, CO3/1aBAEMOMY OIIPENEIIEHHON MaJOYKOU B
CETUaTKE.

D10 M300paKeHHe, CO3AAHHOE AIIEKTPUYECKHMMU MOTEHIIHA-
JaMH, MOXKET JIep’KaThCcs B MO3Te HECKOJIbKO yacoB. OHO 00pabathl-
BAeTCsl MO3IOM M YaCTHUYHO 3aIIOMMHAETCH....

Tenepp ocTaércs oMH HEOONBIION IIAr 710 CO3JAaHMS UCKYC-
CTBEHHOTO ria3a. [Ipu coBpeMeHHOM ypOBHE pa3BUTHS MUKPOTEXHO-
JIOTUH, CO3/1aHHE TaKOT0 MCKYCCTBEHHOTO IJla3a HE COCTABUT OO0JIb-
IIOTO TPYJa U Yepe3 JABa — TPHU roja JIFOOOU CIICTION CMOXKET BUJICTh.
IIycTh 1 HE Tak XOpOIlIO, KaK HOPMaJIbHBIMH IJ1a3aMH, HO IOCTATOYHO,
4TOOBI 00XOIUTCS 06€3 TTOBOIBIPEH. . .

Ero koHCTpyKIIHs TOBOJIBHO IIPOCTA, HO 3/1€CH 51 €€ IPUBOIUTH
He Oyny.

AHanornyaeiM 00pa3oM paboTaeT U MEeXaHH3M pPaclo3HaBa-
HUA BKyca. Pa3nnuHble BelecTBa, MOMNajgas B CIIOHY, SIBISIOLIYIOCA
3JIEKTPOJINTOM, CO3JA0T aHAJOTMYHYIO K€ KapTy IEKTPUYECKUX I0-
TEHIMAJIOB, KaK U CeTyaTKa rja3a, KoTopas Tak e oOpabaTbIiBaeTcs
MO3IOM. ..
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Ewé ooun ouenv naznaonwlit npumep, 00Ka3vlearoujuil 3JieKx-
mpuueckylo npupooy memnepamypuol. Ecau nnockocmnoit noiny-
nPOBOOHUKOBBLIL OU00 ROOKIIOYUMDb 6 3ANOPHOM HANPABNEHUU K
UCMOYHUKY HOCMOAHNO020 Hanpaycenus ¢ 5-10 eonvm, mo 6 pe3yno-
mame 06eonenus p-odaacmu n-p nepexooa I1eKmpudecKuMu 3ap-
oamu, Ou00 00801bHO cunbHo oxaadumca. Ha smom npunyune pa-
Oomatrom noaynpoeooOHuUKo8ble X0100UNbHUKU.

10. O IPSIMOJIMHEHOM
JBUKEHUU U
"CBEPXIIPOBOJIUMOCTH"

Jleusicenue — amo n10060e uzmenenue cocmoanusa meaa, (no-
JIOJMCEHUsl UIU HANpaeieHus nepemeujenusi), 00ycioenennoe oeii-
cmeuem pasnocmu 2pasumayuoHHbIX HOMEHYUA108, RPU KOMOPOM
cogepuiaemcs paboma.

A crnenoBaTeNbHO, JBUKEHUE HE SIBISAETCS HENPEMEHHBIM
YCIOBUEM CYIIECTBOBAHUS MATEPUU U MOITOMY HHMKAKOTO BEYHOI'O
XA0TUYECKOT0 JBUKEHMSI B IIPUPOJE CYLIECTBOBATH HE MOXKET, TaK
KaK 3TO TpeOyeT HenpepbIBHON 3aTPaThl MOLTHOCTH.

Jleusicenue no unepyuu — 3mo 08UIHceHUe NO MpaeKmopuu
PAasHo20 nomenyuana, npu KOMopou pasHocmy 2pagumayuoHHbIX
HOMEHYUAI08 OCMAEMCA HEUSMEHHOI U Padoma e cosepuiaenic.

[ToaToMy nBHKEHUE 110 SKBUIOTEHIIMAIBHON TPACKTOPHH SIB-
JsIeTCsl YaCTHBIM CiTydaeM nmokos. Kak HaM roBopuT ¢pu3uKa, eciu Ha
TEJNO HE JNEHCTBYIOT HMKAaKWE€ CHJIbI, WM PaBHOJAEHCTBYIOIAs BCEX
JICMCTBYIOIIMX HA TEJIO CUJI, paBHA HYJIIIO, TO TEJIO OyIeT HaXOIUThCS
B [IOKOE€ WJIM B COCTOSIHUM PAaBHOMEPHOT'O MPSMOJIMHEHHOIO JIBHIKE-
Hus. Ho Tak kak BceneHHasl, B CUIIy CBOMCTB MaTepUH UMeeT cepu-
YECKYI0 METPHUKY, TO Pa3roBOPhI O KAKOM-TO MPSMOJIMHEHHOM PaBHO-
MEPHOM JIBUKEHUH, ABIISAIOTCA 3a0iyxaeHueM. B cdepuueckoii reo-

MCTPpUHU BCEJICHHOH TaKOoro JABMXKXCHUSA HET U OBITH HE MOJKET.
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EnuHCTBEHHOW NpPSIMOMN JIMHUEH BO BCEJIECHHONM MOXHO CUM-
TaTh TOJBKO PaanycC JIOOOTrO TATOTEIOIIETO Teja, HO JBHM)KEHHUE I10
3TOM JIMHUY HE SIBISETCS PABHOMEPHBIM, TaK KaK MOXKET TPOUCXOIUTh
TOJIBKO MOJ J€HCTBUEM PA3HOCTH IPABUTALMOHHBIX NOTEHIIMAJIOB.

Jletsiimii camon€r, HampuMep, B YCTAHOBUBILEMCSI PEKUME
N0JIETA MOYKHO CUMTATh JBMIKYILMMCS [0 MHEPLUHU, TaK KaK paBHO-
JIEHCTBYIOIIAsl BCEX CUJI, ACUCTBYIOIIMX HA CAMOJIET B OTOM PEXUME,
paBHa HYJIIO.

Cuna TAroreHus: ypaBHOBELIEHA NOIBEMHON CUIION KPBLILEB,
CUJIa CONPOTHUBIICHUS BO3/1yXa YPABHOBEIIEHA CUJION TATH ABUTATEIIS
Y CaMOJIET B JTAHHOM CJIy4ae JBUKETCS MO 3KBUINOTCHIMAIBHON Tpa-
ekropuu. Mnu no mnepuuu. Haxonsce BHyTpH camoiéra C 3aKpbl-
THIMU WJUTFOMUHATOPAaMH, €r0 ABUKEHUE HEOTIIMYUMO OT COCTOSHHS
MIOKOSI.

Ecnu x KOHIIaM POBOAHUKA IPUIIOKUTh HEKOTOPYIO Pa3HOCTh
NEKTPUYECKUX ITOTEHLHATIOB, TO B HEM BO3HUKHET JBUYKCHUE DIICK-
TPUYECKHUX 3apsaoB. [Ipnuém, 1o Mepe npoABUKEHUS DIIEKTPUYECKUX
3aps/10B K MPOTHUBOMOJIOKHOMY IOJIIOCY, pa3HOCTh MOTEHIINANIOB OY-
JIET U3MEHSATHCA, a CUJIA IPUTSIKEHUS U CKOPOCTh IBUKEHHUSI 3apsA 0B
OyzeT BO3pacTaTh.

CrienoBaTenbHO, 31eKmMpudecKuil moK — 3mo yCKOPEeHHoe 06u-
JHcenue INeKmpu1ecKux 3apaooe no npoeoOHUKy, ofodHoe maje-
HUIO MaTE€pUaJIbHOIO TeJa MOJ ACUCTBUEM PAa3HOCTH I'PABUTALMOH-
HBIX MOTCHUHAJIOB. 1 UMEHHO ITO3TOMY 3JIEKTPUYECKUNA TOK MOXKET
coBepmiaTh padoty. Mcxons U3 3TOro ke yTBepKIeHHUs, MOKHO JIETKO
OOBSICHUTh BO3HUKHOBEHHE CBETOBOTO M3JIyUEHHS TP MPOXOKICHUN
TOKA 4epe3 NPOBOJIHUKH C BBICOKMM COIPOTUBIIEHUEM.

Berpewas BBICOKOE CONPOTUBIIEHHE JIBU)KEHMIO, JJIEKTPOHBI
HAaKaIuIMBAalOTCA B MPOBOJHMKE, YTO NPHUBOJUT K MOBBIIIEHUIO KOH-
LEHTPALUU MIEKTPUUECKUX 3apsI/I0B U BHITATKUBAHUIO UX U3 IPOBOI-
HUKa B OKPYXKarollee IIPOCTPAHCTBO CUJIAMU B3aUMHOI'O OTTAJIKUBA-
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HUs [171.6]. Y yem Goubliiie MX KOHIEHTpAIUs, C TeM OOJIbIIeH CKOPO-
CTBIO OHHU "BBITAJIKMBAIOTCS' ¥ TEM 00Jiee KOPOTKHE CBETOBBIC BOJTHBI
BO30Y>KIAIOT B TPAaBUTAIIMOHHBIX MOJISX OKPYXKAIOIIEH UX Cpebl.

HmeHHO mO3TOMY IpU HEOOJBIIOM TOKE, MPOBOJAHUK CHaudaja
cnabo HarpeBaeTcs, Tak Kak "BBITOJIKHYTHIC' M3 MPOBOJHUKA DJICK-
TPOHBI UMEIOT HEOOJIBIITYI0 CKOPOCTh U TP JIBHKEHUU BO30YKIAIOT
JUTMHHBIE, HH(paKpacHbIE, BOJIHBI, & C TIOBBIIICHUEM KOHIIEHTPAIIUU
CKOPOCTb BbLJIETa YBEIUUUBAETCS M BOJHBI CTAHOBATCSI KOPOUE U MAK-
CUMYM HU3JTy4YEHHUSI CABUTACTCSI K CHHEMY Kpalo CIIEKTpA.

B pesynbrare cuiabHOTO OXJIaXKACHHS IPOBOJIHUKA, OH OOEIHS-
eTCsl DJIEKTPOHAMHU M aCUMMETPHS TPaBUTAIIMOHHBIX IMOJIEH €ro aro-
MOB YMEHBILIAETCs, a CJIeI0BATEIbHO YMEHbILAETCS €ro dJeKTpHhue-
CKOE COIPOTHUBJICHHE.

B npoBogHMKE BO3HUKAIOT YCIOBUS AJI1 HEIPEPHIBHOTO KPYTO-
BOTO JBMIKEHHUS DJIEKTPUUYECKUX 3aAPSAIOB MO SKBUIIOTEHIUATBHBIM
TPACKTOPUSM, TIOJJOOHO IMIAPOBON MOJHUH, MPEACTABIISAIONIee CO00it
aHaJIoT ABUKEHUS 110 MHEPLUH U KOTOPOE YUEHbIE HA3bIBAIOT "'CBEPX-
IIPOBOAMMOCTBIO".

U Tak kak npu 3TOM JBMKEHUH paboTa He COBEpILAETCs, TO Ta-
KOM KOJIbLIEBOM MOTOK 3apsZI0B MOXKET CYIIECTBOBAThH JOBOJIBHO JJIU-
TeIbHOE BpeMs, MOKa MPOBOAHUK Oy/leT HAXOAUTCSA B OXJIAXKIACHHOM
cocrossHuU. Ho octarodyHo pazopBaTh 3TOT MOTOK 3aps0B, YTO ObI
0TOOpaTh MOIIHOCTH, KaK WX JIBUKCHHE MTHOBEHHO MPEKPATUTCS U
BUXPb UCUE3HET.

AHaJoramMM Takoro JIBH>KEHHsI, KpOME IIapOBBIX MOJIHH SIBJISA-
I0TCSI, MHOTHE SIBJICHUS MPUPO/JIbI, UMEIOLIUE BUXPEBYIO IPUPOAY, Ta-
KM€ KaK TOPHAJI0, LIMKJIOHBI, & TaK JK€ Pa3JIMYHbIe MAaXOBUKH U BOJTYKH,
YYaCTKH KOTOPBIX, JBUXKYIIHECS MO SKBUIOTEHIUAIBHBIM TPAeKTO-
pusM, MIPAKTUYECKH HE TPEOYIOT JJIsl 3TOro 3aTpaT MOIIHOCTH. O0b-
SCHEHUE CBEPXIIPOBOJAMMOCTH JIBUKEHHEM KaKUX-TO "KYIEPOBCKUX
nap" CAUMIINXCS 3JIEKTPOHOB, MPOCTO HAMBHBI U CMEIIHBI.
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CBepXIpoBOIUMOCTh, KaK JBM)KCHHUE KaKUX-TO "CBOOOIHBIX"
3JIEKTPOHOB B YCIIOBUSAX OTCYTCTBHS Pa3HOCTHU JIEKTPUUECKUX [TOTECH-
[[MAJIOB U COBEpUICHUs] UMHU paboThl, (pU3NUECKH HEBO3MOXKHA. DTO
BEYHBIN IBUTaTENb U TOJIBKO IICEBAOYUEHBIE ATOr0 HE MOHUMaoT. U B
CHILY 3TOTO OOCTOSTENbCTBA, YEIOBEUECTBO, K COXKAJICHUIO, HUKOT1a
He OyJIeT IMETh CBEPXIIPOBOASIINX JIMHUN dJIEKTporepeaad, moToMy
YTO BEUHbIE ABUTATENIA IPUHLUUIIUATEHO HEBO3MOKHBI.

11. O JE®EKTE BECA
N "CBEPXTEKYYECTH"

Macca 1 Heprusi B HacTosIIee BpeMs SBIAIOTCSA (yHIaMeH-
TaJIbHBIMU TOHATHSMH B TeopeTudeckoil gusuke. Macca, Kak KOJH-
YECTBO MATEPUM M DHEPIHsl, KaK CBOMCTBO MAaTEpUU COBEPLIATH Pa-
601y. Tak Kak MaTepust HE MOKET MPEBPAIIATHCS B CBOE CBOWCTBO, TO
€CTh B DHEPIHIO, HE MOXXET BO3HHMKATh M3 HUYErO U MCYE3aTh B HU-
KyJla, TO MOHATHE 1e()eKTa MacChl, Kak HICUE3HOBEHHU s KAKOW-TO YacTH
MaTEPUU SBISIETCS, 110 CBOCH CYTH, aHTUHAYYHBIM.

Ho Tak kak 3TO siBI€HHE YCTAaHOBJIEHO KaK Obl SKCIEPUMEH-
TaJlbHO, TO CJIEJOBATEIBHO, PEUb MOXKET HIATH HE O Macce, a O gece,
KOTOPBIM MOXKET U3MEHSTHCS B 3aBUCUMOCTH OT PaCCTOSIHUSA 10 TATO-
TEIOIIETO Teia. 37eCh MMEET MECTO METOI0JIOTHYECKas OImnoOKa, KO-
TOPBIMHU M300UITyeT BCsl TeopeTuyeckast Hayka. [loaTromy BMecTO 1o-
HATHS "Macca", He0OX0IMMO yroTpeOsITh MoHsTHE "Bec'.

Cytp sBneHus nedexrta Beca JOCTATOYHO JIETKO OOBsICHUMA.
JIrobast MaTepualibHas 4YaCTHUIIA BELIECTBA 00J1a1aeT IPaBUTALlMOHHBIM
IIOJIEM U, CIEAO0BATEIbHO, MIPUTATUBACTCSA K IPYTMM MAaTEPHUAIBHBIM
TeJaM C HEKOTOPOM CHJIOW, 0OpaTHO MPOMOPIIMOHAIBHONW KBaJApaTy
paccTOsIHUSA MEXKAY HUMUA. MexXy AByMsI YaCTULIAMU, HaXOASAIIUMUCS
JpYT OT Apyra Ha pacCTOSIHUM, HAMHOI'O IPEBBIIIAOLIEM UX Pa3MeEpBI,
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CUJIBI TIPUTSDKEHUS OYEHb HE3HAYUTENIbHBI U HE HUIPAKOT HHUKAKOMN
ponu.

Ho ecnm 3Tr 9acTHIBI OKaKYTCSl JOCTATOYHO OJIM3KO JIPYT K
JIpYyTy, HAa PACCTOSIHUM CPABHUMOM C UX pa3MepaMu, FPaBUTALIMOHHBIE
CHJIbI BCTYIAT B JICMCTBHE W MPUTSAHYT UX BIUIOTHYIO JIPYT K APYTY,
00pa3ysl HOBYIO COCTaBHYIO YacTHuiy [ri.3].

Bec 3T0i1 HOBOM COCTaBHOM YaCTHUIIBI OKAXKETCS MEHBIIIE, UeM

o R UX BEC IO OTAENbHOCTH (pHC.22), u3-
ﬁ 3a YBEJIMUEHUSI aCHMMETPUU €€ TpaBU-

Tm___ e | TALIMOHHOTO TIOJISI U BBITAJIKUBAHUS U3
. Hee "MUIIHUX" SJIEKTPUUYECKHUX 3apsi-

Puc.22 noB. To ecTh BO3HUKHET 1e(heKT Beca.
[To cBoeit cytu, oObeaUHEHNE

JIBYX YaCTHUILl B OJIHY, 3TO U €CTb Hpoyecc CuHme3d, Npyu KOTOPOM CO-
BepiIaercss paboTa, MPoNoOpIUOHAIbHAs ATOMY Ae]ekTy Beca. B nan-
HOM ciyd4ae, 3Ta pabora OyJeT coBepllIeHa MPOTUB CUJI IPUTSKECHUS
3eMiH, Tak KaK YMEHbBIICHHE Beca paBHOCHIIBHO MOJHATHIO MaTepH-
JIBHOTO TeJIa Ha HEKOTOPYIO BHICOTY B €€ IPaBUTAI[MOHHOM TIOJIE.
Tak kKaKk CHUJIBI TIPUTSHKCHHUS YaCTHUIl MKy coO0W | 3emiiei

& 'Y OYCHb MAJIbI, JJISI UX OOHAapYKCHUs
:“' TpedyeTcs BechMa CIIOKHOE 000py10-
Banue. Hwke mnpeamaraercs cxema

Pnec.23

IpoCTOro SKCICPUMCHTA, UIIIIOCTPU-

PYIOLIET0 BO3HUKHOBEHHE JedeKTa
BeCa, KOTOPBIA MOXHO IPOJEMOH-
CTpUPOBATh B 000 HIKOJIE.

Jlnst ero mpoBEACHUS HYKEH TOJBKO JOCTATOYHO YYBCTBH-
TEJIbHBIA TUHAMOMETP U HECKOJILKO MTOCTOSTHHBIX MarHuToB. [Ipumep-
Has cXxeMma dKCIEepHMEHTa MOHATHA U3 pucyHka (puc.23). ledexktom
BECa TaK )K€ AIIEMEHTAPHO OOBSCHSETCS SIBIICHUE CMAYUBAEMOCHIU U
NOBEPXHOCMHO20 HAMANCEHUA.
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Mouekynbl KUAKOCTH, KOHTAKTUPYIOLIUE C MOJIEKYJIAMH CTe-
HOK COCyJla U MOJIEKYJIaMH BO3/lyXa, B P€3yJIbTaTe NEPETEKAHUS 3apsi-
JIOB M3-3a PA3IMYHOM ACHMMETPHUH IPABUTALMOHHBIX I0JIEH aTOMOB
BO3/yXa U )KUJIKOCTH, CTAHOBATCS JIETYE U BBITAIKUBAIOTCS BBEPX 110
CTEHKe, 00pa3ysl BOTHYThI MEHUCK.

B ciyuae ¢ pTyThI0, HanpuMep, Bce MPOUCXOAUT HA000POT — B
ATOM ciy4ae "BCIUIBIBAIOT' CTEHKH COCYyJa U MPOUCXOAUT "OIlycKa-
Hue'" rpaHUYallliX CO CTEHKOM MOJIEKYN PTYTH, CO3JAlOIIEe BBIIYK-
JIbII MEHHCK.

B pesynbrare yBeln4YeHMs CUIIbI TSYKECTH B 30HE KOHTAKTA CO
CTCHKOM COCyZa, PTYTh, KaK U HEKOTOPBIE IPYIHE KUIKOCTH, aTOMBI
KOTOPBIX MMEIOT OOJBIIYI0 aCUMMETPHIO I'DaBUTALMOHHBIX MOJEH,
OUYEHb OBICTPO BBITEKAIOT J1aXK€e Y€Pe3 MUKPOCKOITMUECKUE OTBEPCTHS.

bnarogapst nepeTekaHuo 3aps10B U3 MOJIEKYJ BO3/yXa B MO-
JIEKYJIbl BOJIbI, CHJIBI IPUTSKEHUST MEXKIY MOJIEKYJIaMU BO3/lyXa yBe-
JMYUBAIOTCS U OHU 00pa3yIOT Ha IIOBEPXHOCTHU BOJBI IIJICHKY MOBEPX-
HOCTHOT'O HaTshKeHUs. TOYHO Takas e IUIeHKa oOpa3yeTcst ¥ Ha Io-
BEPXHOCTSX TBEPABIX TEIl.

B Bakyyme moBepxHOCTHas IUIEHKa BO3yXe He oOpasyerc,
YTO 4yTh OBIJIO HE MPUBEIIO K rHbenn KocMoHaBTa JIeoHOBa U3-3a CBa-
pYBaHMS IMIAPHUPOB JIFOKA [1J1.3].

12. O CHHTE3E

Deonoyua mamepuu 6 npupooe npeocmasnsiem codoil 0OHOHA-
NPAaeIeHHbIIL U HeOOPAMUMBLIL RPOUECC HENPEPLIBHO20 CAMONPOU3-
60JIbHO20 YCI0HCHEHUS €€ CMPYKMYPbL 6 pe3ysibmame 00beOUHeHus
(cunmesa) 6onee npocmulx uacmuy, é 60.1ee ClOHCHbIE CHPYKMYP-
Hble oOpazosanusl.

Korna Bel ocTaBisieTe Ha ynuie *eae3Hbli TBO3/b, OH OKPHIBA-
eTCsl prKaBYMHOM. PkaBumHA - ATO OKHCEN JKeJie3a, TO eCTh Oosee
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CJIO)KHOE BEIIECTBO, YEM YHCTOE XKeJle30. A eCIH PSIOM C HUM ObLia
eni€ u cepa, TO TOJYYUTCS MOJIeKya cynbhuaa Win cyiabdara xe-
Je3a, KoTopas e 0oJiee CI0KHasI, YeM MOJICKYJia OKHUCIIA.

N ecnu 3TO yclmoKHEHHE MPOUCXOAUT B TEUECHUU HECKOJIBKUX
MUJUTHOHOB JIET, a IPUPOIbI TAKUM KOJMYECTBOM BPEMEHHU pacrioia-
raert, To Hen30€KHO MOSBUTCS KaKasi-HUOYIb Je30KCUPUOOHYKIEHHO-
Basi KMCJIOTA. A 3a HEW M JKMBas KJIETKA M B KOHIIE KOHIIOB YEJIOBEK...

[Tpuuém mpu cUHTE3€ BCETAa BBIACISACTCS HEKOTOpask MOITHOCTb,
MPOMOPIIMOHANIbHAS BO3HUKaOIIEMY e eKTy Beca. B Hayke 3TOT ne-
dekT Beca ommOOYHO Ha3bIBaeTCs "nePeKToM Macchl' M CUMTACTCA,
YTO OH, SKOOBI, XapaKTepU3yeT, TaK HA3bIBAEMYIO, SHEPTHIO CBSI3H Ya-
ctutl. Ho BOT 00paTHBIi mpolriece B Mpupoie HeBO3MokeH. Hukro Hu-
Korja He HaOJro1aj1, YTOOkI Py/ia, TO €CTh U3 CMECh OKUCIIOB, CYJIb(U-
JIOB, CAaMOITPOU3BOJILHO paciajaiach Ha COCTABHBIC SJIEMEHTHI U TI0-
JYYWIIOCH YMCTOE KEJIe30 WM MEIb WU eI€ YTO-TO YHCTOE.

N x0T B mpupoje cymecTByeT 6ECKOHEYHOE KOJIMYECTBO YPOB-

; = HEll CHHTEe3a, YeJIOBEK MOKa MOXET Ha0Io-
—Lb--+@ @f--"‘“[; aTh TOJBKO JIBa BUIA. DTO CHUHTE3 HHU3KO-
, : temnepatypubiii (HTC), mpu KOTOPOM IIpo-
1pl@ \ QO <« UCXOJUT MPOCTOE CIMSHUE aTOMOB B MoJe-

- KYJIbI C BBIJIEJICHUEM CPaBHUTEIHHO HEOOb-
w moro kojudectBa Teria (puc.24). Ilpume-

@ paMu TaKOro CHHTE3a, SIBISIFOTCS OOBIYHBIE

MPOLIECCHl OKUCITIEHUS UITU TOPEHUSL.

Puc-24 PaccmotpumMm, Hampumep cuHTE3 OOBIU-
HOM BOAbI. [[omyCTUM HMEETCS HEKOTOpas €MKOCTb, 3aIlOJIHEHHAs
CMECBI0 BOJOpPOAA M KHCIOpoJa. Tak Kak ra3pl MMEIOT JIOBOJBHO
OOJIBIIYI0 OTPHUIATENBHYIO ACUMMETPHIO TPaBUTAIIMOHHBIX TMOJEH
aTOMOB, (OTpUIIATEILHBIN 3apsiT) 00YCIIaBIMBAIONTYIO KX CTPEMJICHHUE
OECKOHEYHO PAaCIIUPSTHCS, TO UX ATOMbBI B CMECH HaXOJASTCS Ha HEKO-

TOPBIX PACCTOSHUAX APYT OT Apyra U HUKaK HE pearupyror.
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Ho nocraToyHO MHKpPOCKONMYECKOW MCKpBI, KaK aTOMbl ra3oB
MTHOBEHHO 0 BCeMY 00BEMY OOBEAMHSIOTCS, 00pa3ysi CMECh OTPH-
LATEIbHO 3apsLDKEHHOTO BOJSHOIO IMapa C OTPULATEIbHBIMU YacTH-
LaMH{, CHUJIaMU OTTAJIKWMBAaHMS KOTOPBIX, EMKOCTh paspymaercs. To
€CTh INPOUCXOIUT B3pbIB. MexaHU3M 3TOro mIpouecca JI0BOJIBHO
IpOCT.

Hckpa mnpexacraBnsomas coOOW IMOTOK 3JEKTPOHOB, JBUXKY-
IIMXCSI C OTPOMHOM CKOPOCTBIO, KOTOPBIE CO3/IAI0T yIapHbIE BOJIHBI B
rPaBUTALMOHHOM TI0JI€ (CBEYEHHE). DTU YAApHbIC BOJHBI, BO3JEH-
CTBYIOT Ha aTOMBI I'a30B, COIIMKas UX HACTOJIBKO, YTO CUJIbI TpPaBUTa-
[IMOHHOT'O MPUTSKEHHS MEX 1y aTOMaMH HAaUMHAIOT Mpeo0IagaTh HaJ
CUJIaMU JIEKTPUYECKOr0 OTTAJIKUBAHUS

OTU CUJIBI TPaBUTAIMOHHOTO MPUTSKEHHS COIMKAIOT aTOMBbI
HACTOJIBKO OBICTPO, YTO BO3HUKALCT Chepuueckas yaapHas BOJIHA, pac-
IPOCTPaHSIOMANACs 0 00BEMY U CO3J1AI0IIAs JaBUHHYIO HEMHYIO pe-
aKILIMIO CUHTE3a aTOMOB I'a30B B MOJIEKYJTY BOJBI.

Bropoil BHI cHMHTE3a — 3TO BBICOKOTEMIIEPATYPHBIM CHHTE3

, : | (BTC), npu KOTOPOM aTOMBI, Y4aCTBYIOILUE
L?' f'@ e*'qg_‘ B MPOILIECCE CUHTE3a, HAXOJATCS B HCUOKOM
COCTOSIHMH, O KOTOPOM COBpEMEHHasi HayKa,
L +m+-., o mmitoctu Pesepdopaa u nopaa KenbBuHa,
HE MMEET HM MaJIeHIIero MpeacTaBiIeHUs U

A .-
[OATOMY OHH MOTYT CIIHBAThCs BMECTE, 00-
/ \ w .
-» +@ > " pasyst aToMbl 0Ooiiee TSKEIBIX IJIEMEHTOB
X s (puc.25).

Puc.25 IIpu 3TOM BBIAENSETCA OTPOMHAST MOIII-

HOCTb (W), KOTOPYIO HECYT JIEKTPOHBI.

Takue nporiecchl CHHTE3a MOT'YT UJITH TOJIBKO B YCIIOBUSAX KOJIOC-
CaJIbHOTO JIaBJICHUS U TeMIleparype 0ojiee MIIIJTHOHA TPalycoB, KOTO-
pBI€ CYILIECTBYIOT B MIOBEPXHOCTHBIX CJIOSIX 3BE3]] UM B LIEHTPE aTOM-
HOI'0 B3pEIBa.
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B 6onee riry6okux cinosix 3BE311 HIIYT MPOLIECCHl CHHTE3a 3JICMEH-
TapHbBIX YaCTU U3 CYO3JIEMEHTAPHBIX, TAK K€ HAXOASIINUXCS B )KUJIKOM
COCTOSTHUU M UMeIoIuX ené 0oyiee BHICOKYIO TEMIIEpaTypy.

[Ipu 3TOM BBLAEIAETCS MOUIHOCTH HA MOPSAKU MPEBBIILIAKOIIAS
MOIIIHOCTh CUHTE3a TeJns, MPOUCXOIAIIEr0 Ha IMOBEPXHOCTH 3BE3.
DTO0 HEHaONIoaeMblii HAMU CBEPXBBICOKOTEMIICPATYpPHBI CHUHTE3
(CBTC), KOTOpBIA NOIJEPKHUBAET BBICOKOTEMIIEPATYPHBIN CHHTE3,
UIYIIUNA B MOBEPXHOCTHBIX CIOSIX U O KOTOPOM YEJIOBEYECTBO HE
MMeEEeT HU MaJIeHIIero npeiCTaBICHuUs. ..

CoBepHIEHHO MOHATHO, YTO HHUKAKHUX ITPOLIECCOB XOJIOJHOTO
snepHoro cuate3a (XsIC) B mpUpoje CYyIIECTBOBATh HE MOJKET, KpOME,
TaK Ha3bIBAEMbIX "'XUMHYECKHX'" MPEBPALICHUN WIM PEAKUIHMA, UIY-
IIMX WHOTJAA JlaXKe C MOHM)XEHHEM TeMmmeparypbl. Tem Oojee, 4yTo y
ATOMOB HET M HE MOKET ObITh HUKAKUX SIZIEp.

(IIpasoa yuénvie 06 amom noka He 002adbl8aAOMCs U NOIMOMY OUeHb
CUNBHO 3aHAMbBL OECNI0OHBIMU NOUCKAMU 3MO020 CAMO20 XOJIOOHO20 }Z()ep—
HO20 CUHmME3A).

B3psiB BO10p0o1HOM O0MOBI, 3TO TPUMEP BHICOKOTEMIIEPATYPHOTO
cuntesa (BTC), npoucxoasuiero ¢ BeIACICHUEM KOJIOCCATbHON MOIII-
HOCTH, COMPOBOXKAAEMON 3HAYUTEIHHBIM MOBBIINICHUEM JaBICHUS U
TEeMIIepaTypbl, KOTOpas MOJJAEP>KUBAET ATOMBI BOAOPO/A B 30HE peaK-
[IUU B KUIKOM COCTOSIHHH, O0YCIIaBIIMBasi BO3SMOXKHOCTD MX CIIHSTHUS
B arombl renus. OgHako 000JI0YKa BOJOPOAHOM OOMOBI HE MOMXKET
MIPOTUBOCTOATh TaKOM TEMIIepaType, OHa IOYTH MTHOBEHHO ILja-
BUTHCS M Pa3pyIIAETCs KOJIOCCAIbHBIM JABICHUEM B 30HE CUHTE3a.

[ToaTOMY B peakuuu ycreBaeT NPUHATh y4acTHE OYEHb HE3Ha-
YUTEIHHOE KOJMYECTBO MCXOJHOIO BEIIECTBA, B HECKOJBKO JECATHIX
nosiel npoueHTa. I[1onbITku y4€HBIX 3aIlyCTUTh PEAKLUI0 CUHTE3a B
KaKoi-To 3(heMepHOi MarHUTHOH JIOBYIIKE, KOTOpast TOJHKHA BBIAEP-
’KUBAaTh OTPOMHOE JIaBJICHUE, [10 MEHbILIEH Mepe TaK kK€ HauBHBI, KaK
MOTIBITKY MOJTHATH ce0s 32 BOJIOCHL.
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EQVHCTBEHHBIN peallbHBIN IIyTh B 3TOM HaIlpaBJICHUU, 3TO UC-
MOJIb30BAHNE PEAKLIMI CUHTE3a C YYaCTHEM ypaHa U TKEIBIX TPaHC-
YPAHOBBIX 3JIEMEHTOB, I'I€ YEJIOBEYECTBO YXKE JOCTUIIIO HEKOTOPBIX
peanbHBIX pe3yabTaroB. IIpu cHHTE3€ MOJEKYISAPHBIX COECIUHEHUM,
BBIJICJICHHE MOIIHOCTY U MOBBIIICHUE TEMIIEPATYpPbl HE3HAUYUTEIBHO,
MOSTOMY CITUSTHUSI aTOMOB HE MPOUCXOANT, & OHH MPOCTO OObETUHS-
I0TCSI B MOJIEKYJIBI.

OObIuHOE mIaMsi, HarpuMep, HPEeACTaBIsieT coOoi mporece
CHUHTE3a MOJIEKYJ TOPIOYMX BEIIECTB C MOJEKYJIaMU KHCIOPOJa, CO-
MIPOBOXK/1a€MbIii OTHOCUTENILHO HEOOJBIINM, IO CPABHEHUIO C BBICO-
KOTEMIIepaTypHbIM CHHTE30M, BBIJICJIEHHEM MOIIIHOCTH U HEOOIbIINM
MOBBIILIEHUEM TEMIIEPATYPBI.

Hetpynno npeacraButh cebde, kakas MOXKET BBIACIUTHCS MOLI-
HOCTb, HampuMep, MpH CHUHTE3€ MPOTOHA U3 CyO3JIeMEHTapHBIX Ya-
CTHII, KOTOPBI MPOUCXOJUT B TIYOOKHUX CIOSX TMOBEPXHOCTH 3BE3I.
A cnenoBaTenbHO, YTOOB! "PacKOIOTh" MPOTOH, HY>KHO 3aTPAaTUTh Ta-
KYIO 0OJIBIIIYIO MOITHOCTH, KOTOPOH 4eJI0BEYECTBO €/1Ba JIU KOT/1a-HH-
Oyzap Oyzer pacronaratb. A MO3TOMY BO3HS C aJIpOHHBIM KOJUTane-
pom, roBops cioBamu DeitHmMaHa, ABsIeTCS 0OBIKHOBEHHBIM HayBa-
TEJIbCTBOM.

Ilpoueccor pacnadoa mamepuu ecezoa mpeodyrom 3ampamaol
MOWHOCMU, NOIMOMY OHU 603MONHCHbBL MOIbKO KAK C/1€0Cmeus uiu
nobounvie IhPhexkmovl KaKkux-mo Oonee MOUWHBIX NPOUECCOE CUH-
mesa.

Hukaknux oOpaTUMBIX MPOIECCOB B MPUPOJAE HE CYIIECTBYET,
9TO Takas ke (PUKIHS, KaK U BEUHBIN IBUTaTeNb. Hampumep, mporiecc
"pa3pyuieHus" SKEJIE3HbIX KOHCTPYKIMUA B PE3YJbTATe KOPPO3UH,
npencTaBisieT coboi mpolecc cuHTe3a 0ojiee CI0KHOTO BEIIeCTBa -
OKHCJIA XKeJe3a, XOTs B IIKOJIaX M By3aX Y HAC CO3JAal0T COBEPUIEHHO
nepeBEpHyTOE MpeicTaBIeHre 00 3TOM, yBepsisi, YTO 3TO MPOLIECC pas-
pYLIEHUS JKeme3a.
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W takuMu u3BpalIEHHBIMU NPEACTABICHUSMH HW300UIYET CO-
BpeMeHHas Hayka. JIto0oil mporiecc cuHTe3a, a He TOJbKO CHHTE3a
OKHCJIa )Kelle3a, BCerjaa MAET caMONPOU3BOJIBHO, C BBIIEJICHUEM TOM
WM UHOM MOIIHOCTH B BUJE Temja. A JJid TOTo, 4TOObI pa3AenuTh
BEILIECTBO HA COCTABIIIOLIUE 3JIEMEHTHI, IPUXOAUTCS 3aTPayuBaTh
OTIpeIeNIEHHYI0 MOIIIHOCTb, HCIIOJIB3YsI APYToi, O0Jiee MPUOPUTETHBIN
Y MOILHBIN IIPOLIECC CUHTE3A.

Hampumep, npornecc cuHTe3a YIIIEKHCIOrO ra3a, B pe3ysibTare
KOTOpOTO YIJIEpOJl OTOPBET aTOM KUCIOPOJa OT MOJIEKYJIbI OKHCIA U
MPUCOEANHUT €ro K cebe. DTO MpoIecChl MPOUCXOIAIINE, HATPUMED,
B JOMEHHBIX Iedax. B pesynbrare TOro, 4ro BO3HUKAOIMUN AePEKT
Beca MPHU CUHTE3€ YIIIEKUCIIOro raza npeBbliaeT U30bITOK Beca, BO3-
HUKAIOLUN IIPYU pacnae OKUCIIA Kee3a, TO BBIACIAIONIEICS MOIIHO-
CTH CHHTE3a C M30BITKOM XBaTaeT Ha IMOKpBITHE 3aTpaT Ha pacmasn
OKHCIIa.

Ecnu Obl B mpupojie MOT CYIIECTBOBATH CaMOIPOM3BOJIbHBIN
pacmaj, HaMm He3ayeM ObUIO ObI CTPOUTH JOMHBI HJTU KOHBEPTEPHI IS
MIOJIyYEHUS YUCTOTO XKeJle3a UM KaKoro-To Ipyroro metaiia. Jlocra-
TOYHO OBLIO ObI MOJI0XKJIaTh, KOT 1A JKeJIe3Has py/Ja cama pacrnaaércs
Ha YUCTOE YKeJIe30, cepy, KUCIopo... Hezauem Ob110 OBI MOKPHIBATH
ABTOMOOWIIM aHTUKOPPO3UITHBIMU TOKPBITHIMM. ..

[Tponiecc cuHTE3a TAKENBIX FJIEMEHTOB B IPUPOJIE UAET A0 HeE-
KoToporo mnpezena. C pocTOM aTOMHOIO 4MCIIA, CUJIbI MPUTSKEHUS
MEXY 3JIEMEHTApHBIMU YaCTULAMHU, U3 KOTOPBIX COCTOUT aToM,
YMEHBIIAIOTCA M aTOM TNPHUOIIKAETCS K COCTOSHUIO, OJNHM3KOMY K
KHUJIKOMY. YpaH, HapuMep, B YUCTOM BUE IPECTABISAET OO0 Ma-
Tepual, naxe 0oJyiee MIaCTUYHbIN, YeM CBUHELI.

To ecTb CUIIbI IPUTSKEHUS YACTHI] B aTOME ypaHa OCJIa0JIeHbI
Y OH IIPU B3aMMOJICUCTBUM C YaCTHI[AMH MMEIOIIMMH JOCTATOYHYIO
SHEPruI0 (CMHTE3), OH MOXET MEPEUTH B COCTOSIHUE KUJKOU Karliu,
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YTO CZIeNIaeT BO3MOXHBIM €0 pacraj U KaK pe3yabTar, 3ayCcK JIaBUH-
HOM peaKIuu CHHTE3a €ro 00JJOMKOB C aTOMaMH OKPY’KAIOIICH CpeIbl
WM aTOMHOMY B3DBIBY.

CaMonpou3BOJIBHBIN pacmaj, atoMa ypaHa HEBO3MOXKEH, TaK
KaK JJI 3TOr0 HeoOXO0IMMO 3aTPATUTh BIOJHE ONpPEeAEIEHHYIO MOII-
HOCTh, MHA4€ OH MPOCTO Obl HUKOT/Ia HE cMor oOpa3oBarbes. M ero
€CTECTBEHHAsl PaJHMOAKTUBHOCTH OOYCIIOBJIEHA TOJBKO JIMIIb BHEII-
HUMH BO3JICHCTBUAMH, @ MIMEHHO ITOTOKAMU KOCMHYECKHX YacTHUI], KO-
TOpbIe MHHULMUPYIOT pachaj OTAEIbHBIX aTOMOB, COIIPOBOXKIAIO-
HIMXCS CHHTE30M C BBIOPOCOM (M3JTy4EHHEM) YacTHI], UMEIOIINX BbI-
COKYIO IPOHUKAIOUTYIO CITIOCOOHOCTb.

Ecnu Takue 3meMeHThl HiealbHO 3KPaHUPOBATH OT JHOOBIX U3-
Jy4eHUH, TO OHU MOTYT XPaHUTHCS CKOJIb YTOJIHO MPOJOJIKUTEIHHOE
BpeMs, Jaxe eciii OyIyT MMEThb, TaK Ha3bIBAEMYIO0 KPUTHYECKYIO
"Maccy".

WNHuaye rosops, "ecrecTBeHHas" pajOaKTUBHOCTb TSKENIBIX
3JIEMEHTOB U PAJAMOAKTHBHBIX U30TOIOB - 3TO PE3yIbTaT OoMOapau-
POBKH UX OBICTPBIMH KOCMUYECKMMHU YacTHIIaMu. CaM Mpolecc aToM-
HOT'O B3PbIBa UMEET MEXaHU3M, OTIMYAIOIIUICS OT OMUCHIBAEMOTO B
yaeOHHKaX (PUBHKH.

B orcyrcTBUM (POHOBOTO M3Ty4EHUS! HUKaKas LEMHas peaKius
HUKOTJa OBl HE CMOTJIa HAYaThCsl U pab0oTa aTOMHBIX peaKTOpPOB ObLIa
OBl HEBO3MOJKHA.

3a0myxaeHus, napsime B HayKe, yKe IPUBEIH K TOMY, YTO
(U3UKHU MBITAIOTCS PACKOJIOTH MPOTOH, COBEPLICHHO HE TOHUMAS, YTO
YeJI0BEYECTBO MMOKa emIé He pacrojlaraeT UCTOYHUKAMU MOIIHOCTH,
MO3BOJIIOIIMM PACKOJIOTh 3JIEMEHTAPHYIO YaCTHILY.

OcCKOJKH, MOJTyYaloLUecs IPU CTOJIKHOBEHUHU IPOTOHOB B KOJI-
Jaiiiepe, 3TO He €ro COCTaBHbIE YAaCTH, KaK OIMIMOOYHO MOJIaratoT yué-
HBI€, a BCETO JIMIIb MPUWIUIIINE K HEMY JIETKUe cyO31eMeHTapHbIe Ya-
CTHIIbI, 00ECTIeYNBAIOIINE ACHMMETPUIO €r0 IPaBUTAIIMOHHOTO TTOJIL.
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MouHoCTh HeoOXoIuMast 1711 OCYILECTBIICHHUS pacmazia Jaxe
aTOMOB T€Jus, HE TOBOPS YXe€ O pacrnaje MpOTOHA, JOJKHA MPEBbI-
[1aTh MOIIHOCTb, BBIACISIONLYIOCS MPU B3PbIBE BOJIOPOJAHON OOMOBI.

Jlaxke pacKkoJIOTh JOCTaTOYHO OOJIBIIION aTOM Keje3a YeIOBEKY
TOKa eII€ HE TIOJT CHITY.

13. O IPOCTPAHCTBE
N BPEMEHU

W3 onpenenenuss MaTepuu COBEPIIEHHO SICHO, YTO OHA HE HYX-
JAeTCsl B TAKUX CYLIHOCTSIX, KaK IPOCTPAHCTBO U BpeMs. Takue moHsi-
THs, KaK IPOCTPAHCTBO, BPEMsI, Macca, SJHEPTUs, TEMIEpaTypa, JaBje-
HUE M IIpoYee — 3TO TOJIBKO TEPMUHBI, TPUAYMAHHbIE JIIOJBMH JIS
0003Ha4YeHHsI HEKOTOPBIX CBOMCTB MaTEpHH.

Ilpocmpancmeo — 3T0 CBOWCTBO MPOTSIKEHHOCTH CaMO MaTe-
pHUU U TOBOPUTH O HEM B OTCYTCTBUHU MaTEPUU, COBEPIIEHHO O€CCMBIC-
JeHHo. Marepus cama 1o cebe U ecTb 00bEM.

MIMEHHO 3TO CBOMCTBO NPOTSKEHHOCTH MAaTEpUU U JAET HAM
BO3MOKHOCTb I€pEMEIIAaThbCs B HEN Kyna yroaHo. Iloaromy Mbl Bee-
r1a IMEEM BO3MOKHOCTh ChE3/IUTh B COCEHIOIO IEPEBHIO, HA Jady, B
Typuwuto, Ha JIyny...

Bpems, xak pusnyeckas CymHOCTb B MPUPOJIE BOOOIIE HE CY-
HIECTBYET, ATO AK€ HE CBOMCTBO MAaTE€pUHM, a BCETO JIMIIb CBOMCTBO
YEJI0BEYECKOr0 CO3HAHUS 3alIOMUHATh KAKUE-TO IPOMEKYTOUHBIE CO-
CTOSIHMSI TTPOLIECCOB.

U Bpems — 3T0 cpaBHUTEIBHAS MEPA OTHOCUTEIBLHON HHTEHCHUB-
HOCTHU KaKUX-THO0 mporieccoB. Ecmu Obl 1011 HE UMEINTH TaKOTO CBOM-
CTBa, KaK CO3HAHUE U MaMATh, OHU HUKOT/1a ObI HE N300pETN TAaKOTO
MOHATUS, KAK BPEMS U CKOPOCTb.

N3mepeHre BpeMEeHH — 3TO CPABHEHUE JJINTEIBHOCTH KaKOTrO-
anbo mpoliiecca ¢ IIUTENbHOCTHIO JIF000T0 MPOU3BOJILHOTO Mpoliecca,
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MPUHSATOTO 3a 3TaJOH. B Hallem ciiyyae ¢ JIMTEIbHOCTHIO TOBOPOTA
3eMJIM BOKPYT CBOEH OCH.

[Tpu4ém 3TaTOHOM MOXKET OBITh TOJBKO MEPUOTUICCKUN TTPO-
[ECC, IOTOMY YTO CPaBHEHHE HETIPEPHIBHBIX JTMHEHHBIX MPOIIECCOB —
HEBO3MOKHO. OTCIOZla JIOTUYECKH BBITEKAET HEBO3MOXKHOCTH CYIIIe-
CTBOBaHMS TaKoW (PU3MUECKON KaTeropuu, Kak BpeMs, BOOOIIIE.

Cneooseamenvho, 6 npupooe Hem epemMeHu U mamepus cyuje-
CMeyem 6 6e4HO OJIAUEMCA HACMOAULEM.

PaznuuHoe TeyeHHe BpeMEHU B pa3HBIX CUCTEMAaxX OTCYETA 110
JHDKEHAYYHOM TEOPHUH OTHOCHUTEIBHOCTH TPEACTABISIET COOOW Open
YUCTEUIIEeH BOJIbI, KOTOPBI CTAHOBUTCS OYEBUIHBIM, CTOUT TOJIBKO
monpoOoBaTh OCMBICTUThE YTBEPKIEHUE, 4TO: "B cucreme A mpoxo-
IUT OOJIBIIIE BPEMEHH, YeM B cucteMme b, 3a 01HO 1 TO ke Bpems .

Bbonee Toro, cucremsl ¢ 3aMeIJIEHHBIM WM YCKOPEHHBIM TeYe-
HUEM BPEMEHH, JIOJDKHBI ObLTH OBl MCUE3aTh U3 BUY, TAK KaK HEBO3-
MOKHO BHJIETh OJHOBPEMEHHO Nporuioe u Oyaymee. /s Toro,
YTOOBI BO3BpPATHTCS Ha3aJ K MPOLUIOMY COCTOSHHUIO Kakoro-inbo
mpolecca, ero Heo0X0IUMO 3ayCTUTh B 0OPaTHOM HAIIPaBICHUH, YTO
COBEpIIEHHO HEBO3MOXKHO, TaK KakK A3TO MPOTHBOPEUYUT BTOPOMY
Hayajy TepPMOJUHAMUKH.

A cnenoBaTeNbHO, Takas (pu3nueckast KaTeropus, Kak Bpems, B
IIPUPOJIe HEBO3MOKHA U MIEpeMEIlIeHHE B POLLIOe WK Oyylee Bo3-
MOYKHO JIMIIIb B HAaIlIeM BOOOPaKEHUH U B (PaHTACTHUECKUX paccKaszax.

14. O JBM)KEHUUN HEBECHBIX TE.JI

Ha pucynke (puc.26) nokasaHo ABHKEHHUE CIIyTHHKA S 110 3J1-
aunTU4Yeckoil opoure. Hambornee ecTeCTBEHHBIMH Ui JABHKCHHS
CIyTHUKOB U IUIAHET SIBJIIOTCS KPYrOBbIE OPOMTHI, TJI€ JBUKECHHE
IPOMCXOIUT MO AKBUIOTEHIMAIBHON TPAEKTOPUH, HE HapyllaeMou
HUKaKUM M BO3MYILIECHUSAMHU U HE TpeOyrollee 3aTpaT SHEPrHH.
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(Cnymuuk, oeudxcywuiica no Kpyzoeoi opoume, ¢ 0eKapmoeou
cucmeme KOOPOUHAM YUACHEYent 00HOBDEMEHHO 8 08YX OBUNCEHUSAX, 20-
PU3OHMATIbHO O KacameabHou ¢ 1-ii kocmuueckoil V, 0nsa 0anHoul naa-
Hembpl, CKOPOCHIbIO U C60000HO RAOAA BEPMUKAILHO, NOO OelicmeueMm 2pa-
SUMAUUOHHBIX cUl e€é npumscenusn. B pesynomame amozo oeusicenus, 6
Kaxcowvlii MOMeHm 8peMeHU PACCMOAHUE 0N CHYMHUKA 00 yeHmpa nia-
Hemwl ROCMOAHHO.)

B nonapnoit cucreme xoopauHat 3To OyAET IBUKEHHE T10 K-
BUIMOTEHIUAJIBHOM  TPAeKTOPUH, PATUYC KOTOPOM IOCTOSIHEH
(R=const). [Tpu 3TOM HHMKaKOTO

T W3MEHEHUS  TPABUTAlMOHHBIX

FARARTMYEGRAA

i MOTEHIIMAIOB, JEHCTBYIOIINUX HA

CIyTHUK Ha BCEH TPACKTOPUHU
JBIKEHUs, He mnpoucxonut. M
IIO3TOMY IIPH IOYTH ITOJTHOM OT-
CYTCTBUU COINIPOTHBIICHUS
Cpelpl, CIYTHMK WIM IUIaHETa
Puc.26 MOTYT ABUTaThCS 110 TPACKTOPUU

pPaBHOTO MOTEHLMANIA OYEHb U
OYE€Hb JIOJITO.

NmMenHo nyTtaHuna ¢ AeKapTOBBIMU KOOpAUHATAMU U TIPUBO-
TUT K TOMY, YTO YYE€HbBIE HE B COCTOSSHUU OOBSICHUTh TaKHX MPOCTHIX
BeIlleH, KaK HaIpuMep, Tpereccust opouThl MepKypus.

JIBM>KEHUE 110 SITUNTHYECKON OpOUTE HECKOJIBKO OTINYAETCS.
[Ipu ABM>KEHUM CIIYTHHUKA U3 arlores Mo y4acTKy A Ha HETO JIEUCTBYET
cuia, oOyCNIOBIIEHHAs pPa3HOCTHIO T'PABUTALMOHHBIX IOTEHIMAIOB
AR1, KOTOpasi, NPEeBbIIIAs TOPU3OHTAIBHYIO CKOPOCTh V, OTKJIIOHSET
CIIYTHUK, 3acTaBisisi ero asuratbes no kpusoid C. B mepurenum,
HA00O0POT, €ro TOPU3OHTAIbHAS CKOPOCTh V NPEBBIIIAET CUITY, 00Y-
CJIOBJICHHYIO Pa3HOCTHIO I'PaBUTAIIMOHHBIX MOTeHIHaNoB ARz, u3-3a
4ero, BBIXOJA Ha y4acTok B, cmyTHuk nBmkeTcst mo kpusoit D.

B pesynbrare 3TUX CMEIIEHHH, BBI3BAHHBIX PA3HOCTHIO CKOPO-

cTel Ha y4yacTkax A u B, smnunrudeckas opOuTta moBOpayMBaeTcs
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(mpeuieccupyeT) B CTOPOHY IPOTHUBOIOJIOKHYIO HAIMPABICHUIO Bpa-
IICHUS CITyTHUKA. DTa JIMHEHHAs MPEIECcCus MPUBOIUT K "0OKaThIBa-
HUIO" hOKyCa dIUTHIICA BOKPYT LIEHTPA TUIAHETHl K MEJTICHHOM BOJTIO-
[UU JUTUIITUYECKON OpOUTHI B KPYTOBYIO.

MexaHu3M 3TOil 3BOJIOIMU JIOCTAaTOYHO MpOCT. Bo3Hukaro-
1asi B pe3yybTaTe OTKJIOHEHUSI TPAEKTOPUU OT SKBUIOTECHLIUAIBHOM,
Pa3HOCTh T'PABUTAIMOHHOI'O MOTEHIMANa, MPUBOAUT K BO3HHUKHOBE-
HUIO CHJTBI, KOTOPAsi CTPEMHUTHCS BOCCTAHOBUTH KPYTOBYIO OpPOUTY.

IIpockakuBasl TOYKY OKPYXKHOCTH C HYJIEBOM Pa3HOCTBIO IIO-
TEHLIMAJIOB, CIIyTHUK OTKJIOHSIETCS B IPOTHUBOIOJIOKHYIO CTOPOHY,
YTO ONATh JK€ NPHUBOAUT K BO3HUKHOBEHUIO IPOTHUBOIIOIOKHO
HAIpPaBJIEHHOM Pa3HOCTH MOTEHIIMAJIOB U K KOJeOaHUsSIM OpOUTHI.

B pe3ynbTare 3aTyxaHus 3TUX KOJIeOaHU, SJUTUIITHYECKAs Op-
OWTa SBONIOIMOHHUPYET B KpyroByro. Kpome Toro, HecoBmajaeHUE
IUIOCKOCTH OPOUTHI C AUAMETPATBHOMN MIOCKOCTRIO IIAHETHI, TPHBO-
JUT el€ U K BOSHUKHOBEHUIO YIVIOBOM IMPELECCHH, KOTOPask TaK XKe
MoJ JEUCTBUEM PA3HOCTU TPABUTAI[MOHHBIX MOTEHIMAJIOB, IMOCTE-
MIEHHO BBIPABHUBAETCA.

ViMeHHO 13-3a HECOBMAICHHUS IIIOCKOCTH OPOUTHI CITyTHHUKA C
JUaMEeTPAIIbHOM IIIOCKOCTBIO IIAHETHI, CIYTHUK OMMUCBIBAET CHHYCO-
UJANBHYIO KPUBYIO Ha €€ moBepXHOCTU. CTpPOro roBopsi, CITyTHUK
JBUKETCSI 1aXKe He 0 AIUTUITHYECKON OpOuTe, a 0 HEKOTOPOH, OJIn3-
KOU K DJUIMIICY OBAJIBHOW TPAaeKTOPHUH, IO JAEHCTBUEM IIOCTOSHHOIO
UBMEHEHUA 2PAGUMAUUOHHBIX HOMEHUUAN06 HA PA3IUYHBIX €€
ydacTkax. [IBUraThCst 10 KpUBOM OJIM3KOM K IITUIICY, CITYTHUK MOXKET
TOJBKO B TOM CIIy4ae, €CJIU TATOTEIOIIEE TEJIO, BOKPYT KOTOPOrO OH
JBUKETCSI, HE HAXOJIUTCS HU B OJHOM M3 (POKYCOB 3TOIl 3JUIUNITHYE-
CKOM KPHBOM.

3akoHbl Kemiepa onuchIBarOT, Kak JBHXKYTCS KOCMHYECKHUE
Tena, HO He OOBICHSIOT MPUYHH, TOYeMy OHH Tak ABUXKYTcs. [loTomy
YTO 3TO JaK€ W HE 3aKOHBI, a mpocras koHcTaramus (akra. Cam
Kennep cumuran, 4To MmiaaHeThl IBHXKYT aHTEIbI. ..

83



Anexcandp BECEAOB

N ecnu xu3Hb Ha 3emiie O MaJCOHTOJOTMUYECKUM JTaHHBIM
HAaCUYUTBIBAET OKOJIO YETBIPEX MUJUIMAPIOB JIET, TO 3TO 3HAYUT, YTO
YyeThlpe MUJUIMApAa JIeT Ha3zaJ opOHWTa Halleil MiiaHeThl yXe Oblia
oueHb O5n3Ka K KpyroBoid. Ha nimaHeTax, ABMXKYIIUXCS IO OBAJIBHBIM
opOuTaM ¢ OONBIIMM 3KCIEHTPUCUTETOM CYIIECTBOBAHHE '>KUBBIX"
OpPraHU3MOB HEBO3MOXKHO, B CHITy MEHSIOIIUXCS B OOJIBIINX Ipeeax
MPUPOJHBIX YCIOBUN MPHU Mepexoje u3 nepurenus B adenuii u 00-
paTHo.

A Temeph HECKOJIBKO CIOB 00 HMCKYCCTBEHHBIX CIYTHHKAaX
3emumn. MckyccTBennbie criyTHUukH 3emin (MC3) neraroT 0ObIYHO HA
HeOonmpmux BbicoTax 400 -600 KHIIOMETPOB, TNI€ CHJIa MPUTSHKCHUS
JIOCTaTOYHO BEJIMKA.

HeBecomocTh kOTOpass BO3ZHMKAeT HA CIYTHHKE, HEBECOMO-
CTBIO B IIOJTHOM CMBICIIE HE SIBJSIETCS. DTO JIHUIIb WILTIO3Us, 00yCIIOB-
JIeHHasi CBOOOJTHBIM TaJ€HHEM CIIyTHHMKA IOJ JCWCTBHUEM €ro col-
CTBEHHOTO Beca, KaK B OTOpPBaBIIEMCS JIU(PTE UK B CAMOJIETE, TTHKH-
PYIOLIEM IO MapaboIMUECKON TPACKTOPUH.

[TosToMy 4TOOBI HE YNACTh, CIYTHHUK JTOJKEH HMETh TOPU30H-
TaJbHYI0 COCTABJISIIOLIYI0 CKOPOCTH PaBHYIO, TaK Ha3bIBAEMOM, Iep-
BOM KOocMHUYecKoil. Hacrosiias HEBECOMOCTh MOMKET CYIIECTBOBATH
TOJIBKO Ha BBICOTE MPEBBIIIAIONIEH paJnyC IUIAHETHI, Tie €€ cuia Ts-
TOTEHUS CTAaHOBUTCSI HUYTOKHOM U T71e, COOCTBEHHO M HAUWHAETCS OT-
KPBITBIA KOCMOC.

310 BBIcoTa 6300 KMITOMETpOB U Oonee. Ha Takux opOutax ro-
PHU30OHTAbHASE CKOPOCTh CIIYTHHKA MOXET OBITh Jaxe HyleBoil. B
Cily4yae COBIAJCHUSI HAIlpaBJICHUsl BpaICHUsI CIyTHUKA C HaIpaBJe-
HUEM BpalleHus: 3eMJId, ero YIiioBasi CKOPOCTh OyAeT paBHa yrIOBOM
CKOPOCTH CYTOYHOI'O BPAILCHUSI TUIAHETHI U CITyTHUK MOJKET BHUCETH
HaJl JIIOOOH €€ TOYKOU HEITOABIKHO.

W nonoOHbIe OpOUTHI MONYYNIIN Ha3BaHUE I€0CTallHOHAPHBIX.
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O Toukax JlaHrpaska
Henonumanue yu€HbIMU CyTH SBJIEHUS TPABUTALUH, a TaK XKE

HCJICTIOC NOMYIICHHUE, UYTO JIBa H66€CHBIX TCJIa, HC UMCIOIIIUX MaTCpH-
QITBHOW CBSI3U, MOTYT BPAIIATHCS BOKPYT KAKOTO-TO MHU(DHUUECKOTO
HOCHTpa MAaCC, NPUBECJIO K U3MBIIIJICHUIO HCKUX TOYCK nn6pau1/m, B KO-
TOPBIX TPEThE TEJO, HAXOAIIEecs B ’TOW CUCTEME, HEMOABUKHO OT-
HOCHUTEJILHO JIBYX APYTHUX.

Touka C (puc.27), B KOTOPOU CHIIBI TPABUTAIINH JIBYX KOCMHU-

YECKHUX TeJI YPABHOBEIICHbI OTHOCUTEIIBHO TPETHETO, JIEKUT HaA TPs-
&, MOW, COEOUHSIOWIEH LIEHTPBl JBYX

A
e

|~ | OTHX TENl U HaXOJAIIEHC Ha PACCTOs-
HUSX OT 3THX TeJI, ONPEACIISIEMBIX CO-
OTHOIICHHEM KyOOB UX PalyCcoOB, KO-

TOpBIE MOXKHO ONPEAETUTh 1o (op-

MyJe:
Puc.27 Sa=(Sv*Ra?)/Rb3. T e

R - paouycwvr nebecnvix men,

S — paccmosinus medncoy Humu.

DTO TOYKa HEYCTOHYMBOTO PABHOBECHS, KaK Ha BEpIINHE KO-
Hyca ¥ TeJIO IBHXKYILEECs M0 OpouTe, MPOXOIAIIEH Yepes3 3Ty TOUKY,
1100 ocTaHeTcss Ha OpOuTe BOKPYT Tena A, 1100 OyeT 3aXBaueHo Te-
joM B 1 npeBpaTHTCS B €0 CIIyTHUK.

15. O CTPOEHUHU U OBPA3OBAHUHA
HEBECHBIX TEJI

OCHOBBIBasICh Ha HAYYHBIX JTAHHBIX U OCOOEHHOCTAX (hu3mue-
CKHUX B3aUMOJICUCTBUN MAaTEPUAIBHBIX OOBEKTOB MOXHO JIETKO TIO-
CTPOUTH JIOTHYECKH HEMPOTUBOPEUYUBYIO TEOPHUIO, OOBSCHSIOIIYIO
OONBIIMHCTBO SABJIEHUH B KOCMOCE.
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Bo-nepBbIX, HUKaKOro 0OIBIIOro B3pbIBa HE OBLIO U OBITH HE
MOTJIO - TBOPEHHE MAaTEPUH U3 HUYETO MTPOCTUTEITHLHO TOJIBKO /1715t OU0-
JIEWCKUX CKa30K, a HE JJISI HAyYHbIX TEOPHH.

Bcenennas — 3To marepusi, oHa Oe3nHauaibHa N 6eCKOHeYHa.
Martepus cyiiecTBoBajia BCeraa U Bceraa Oyaer cymecTBoBaTh. Hu-
KaKuX MpUYUH €€ BO3HUKHOBEHUS, HET U HUKOTJa He Obuto. EE 3BO-
JIOLMS UIET 110 IPOCTOM CXEME HEIIPEPBIBHOIO YCI0HCHEHUA CHIPYK-
mypbl, COTTACHO MPHUHIMUITY BO3PACTAHUS SHTPONHUU U BTOPOMY 3a-
KOHY T€PMOJMHAMHUKHU.

Teopusa 001bW1020 63pbl6a OCHOBaHA HA HEBEPHOM MOHUMA-
HUM, TPUYUHBI TaK HA3bIBAEMOrO "KPAacHOTO CMEHIEHHs", KOTOPOM
ommbo4HO cuutarot 3 dext Jonmiepa, 00ycIOBICHHBIN yIaleHUEM
KOCMHYECKMNX O0OBEKTOB OT HAOIIOIATEI.

Hpumeuanune! Booowe-mo eciu ouenv 00120 HavdawOams 3a co-
CHOAHUEM RPUPOOBL MONHCHO RPUIIMU K COBEPUIEHHO NAPAOOKCATbHOMY
6b1600y, umo eemep Oyem, HOMOMy 4ymo oepeevs kavaiomcsa. H oasce
MOJCHO J1€2KO HAUMU ONbIMHOE noomeepmoeuue IMoO20 A6JICHUA. ,ZIO-
CIAmMoO4YHO NPOCMO NOMAXAMb 6EMKOIL REPe) TULOM, YMOObL OUYMUMb
osudicenue 6030yxa. Bom na smom abcyponom npunyune meopemuxu u
ROCMPOUTIU C8OI0 MEOPUID 36630000PA306AHUAL.

HNMeHHO Ha SKCTPaIOISIIUU 3TOr0 HECYIIECTBYIOIIETO PACIIIH-
pEeHUsT BCEICHHON BBICTPOCHA TEOPUS OOJBIIOTO B3pPhIBA M COOTBET-
CTBEHHO, BbIuuciieH e€ "Bo3pact". Kak yxe ObUIO CKa3aHO BBIIIIE, JIFO-
Oble KOCMUYECKHE 0OBEKTHI ATO MyCTOTENbIe 00pa3oBaHus, cHopmMu-
pOBaBIIMECA B YCIOBUSX HEBECOMOCTH.

Cynd no noToKy M3J1y4eHHs! KOJIOCCaTbHONW MOIIIHOCTH, B IJTy-
OuHe 000yI0UeK 3BE3/, HAXOIAIIMXCS B OYEHBb TOPSYEM pacIijiaBiIcH-
HOM COCTOSIHUH, YT NPOLECCHl CHHTE3a aTOMOB Pa3JIUYHbIX 3JIEMEH-
TOB MEPUOANYECKOMN CUCTEMBI U3 3JIEMEHTAPHBIX YacTull. Jlerkue npo-
JIYKTBI 3TOT'0 CUHTE3a B BUJIE€ CMECH 3JIEMEHTAPHBIX YACTHUIl U AaTOMOB
pPa3JIMYHBIX 3JIEMEHTOB, BOJOpPOAA, TeNUs M HEKOTOPBIX APYTHX,
BCIUTBIBAs CKBO3b KUIKYIO 000JIOUKY, (POPMHUPYIOT Ta30BYIO aTMO-
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cdepy 3Be3/bl, BEpXHUE CIOU KOTOPOM, B CIIEACTBUH OOJIBIIION acuM-
METPUU aTOMOB U 3apsKEHHBIX YaCTHIL, UX 00Pa3yIoIInX, C OTPOMHOMN
CKOPOCTBIO MCTEKAKT B KOCMUYECKOE MPOCTPAHCTBO B BHUJE '"3BE3N-
HOTO BeTpa'.

UM Tak xak 3Be3/ma mpeacTaBiser coboi (puc.28) mycrorenoe
o0Opa3oBaHme, B IICHTPE KOTOPOTO BaKyyM, TO MPOIYKThI CUHTE3a TaK

npoty6epaHey K€ HCTCKAKT U BO

HapyxXHas xpoMmocdepa

BHYTPEHHEE  IIpO-

| HapyxHas xuakan obonoyka CTpaHCTBO 3BE3/IbI
oBonoyka U3 ’

Cy63neMeHTaPHbIX YacTuL CHOCO6CTBy5I OBEI-
BHYTPEHHSIS KNAKas 0BONOUK HICHUIO B Heil BHYT-
PEHHETO OaBJICHUS.

Nuorna B pe3yinb-

Tare pOpHIBa
Hapy>KHOU 000-

JIOYKU  NPOAYKTHI

Puc.28
CHHTE3a BbIOpAChI-

BAIOTCS] B KOCMHUYECKOE IPOCTPAHCTBO B BHUJIE MPOTYOEpaHIIEB.

Ho kax ToibKO, B pe3ybTaTe OCThIBAHUS 000JIOUKH U HAKOII-
J€HUs B HEH TSDKENBIX 3JIEMEHTOB, BHYTPEHHE JIaBICHUE IPEBBICUT
HEKOTOPYIO KPUTHYECKYIO BEJINYMHY, OHO Pa30pBET 000JIOUKY U pa3-
OpocaeT CKONMBUIMECS BHYTPH HEE 3JIEMEHTHI B OKPYXKAIOLIEE MPO-
CTPAHCTBO B BHJIE TOPSIUYMX Kamelb, IO KacaTeIbHBIM, IPEBPATHB Ta-
KM 00pa3zoMm, 3Be31ly B CBEpPXHOBYIO.

OTH Karud, GOpMHUPYSICh B YCIOBUSAX KOCMUYECKOH HEBECOMO-
CTH CBOMMHU MOJISIMH TSATOTEHUS B OOJIBIINE M MaJble IapuKu, o0pa-
3yIOT IJIaHEThl. BOJIHOBBIMU B3aUMOJEHCTBUSAMU C IPABUTALIIOHHBIM
II0JIEM 3BE3/1bl, OHU IOCTENEHHO CTA0WIN3UPYIOTCS Ha SJUIUITHYE-
CKUX opOuTax BOKpyr He€. Ho n3-3a 60bIINX HauyaIbHBIX JIMHEHHBIX
U YIJIOBBIX MPELECCHH AIIUITUYECKUX OpOUT, CyLIeCTBYET OOJIbIlas
BEPOSTHOCTH UX MEPECEUECHNUS M CTOJKHOBEHUH TJIAaHET Ha OpOUTAX.
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Ecnu cronkHyBIIMECS MIIAHETHI 1IOCTATOUYHO TOPSIYM, OHU MPO-
CTO CJIUBAIOTCSI B OJIHY OOJIBIIYIO, a €CJIM YK€ OCTHIBILIKE, TO pacKa-
JBIBAIOTCSI HA YacCTH, U3 KOTOPBIX OOpa3yloTcs IMosica acTepOHJIOB.
YacTp 3TuX 00JI0MKOB, MOJIYYUBIINX OOJIBIIYIO0 HAYAIbHYIO CKOPOCTb,
MOTYT IPEBPATUTCS] B KOMETHI.

HeGonpmme xamim Moryt ObITh "3axBadeHbl' Ooyiee Kpyri-
HBIMH M TIPEBPATATCS B UX CIYTHUKH. Tak Kak Bce MIaHETH 00pa3y-
I0TCS1 U3 OpBI3T 000JI0YKH MPAKTHYECKH OJHOBPEMEHHO U B HUX HIIYT
OJIHU U T€ K€ MPOIIECChl CHHTE3a, TO UX "XUMHUYECKHA"' cocTaB OyaeT
pa3nyaThCa OY€Hb HE3HAUUTENbHO. Ha MpoTshkeHM MHOTUX MUJUIH-
apJI0B JIET, JUTMIITUYECKUE OPOUTHI INTAHET HEU30€KHO IBOTIOIIMOHU-
PYIOT B KpYT'OBbI€, UTO ¥ HA0JII0/1a€TCs B COJTHEYHOM CUCTEME B HACTO-
aiee BpeMsi. HesHaunTeabHbIN SKCHEHTPUCUTET MIJIaHETAPHBIX OPOUT
— 3TO CBUJETEIBCTBO MPOLIECCOB, MPOUCILEAININX B T€ NANEKUE Bpe-
MEHa.

Bpaimasic BOKpyT 3B€3/1bl, IJIAHETHI MOCTETIEHHO OCTHIBAIOT U
Ha HUX MOSBISIOTCS YCJIOBHS Il HU3KOTEMIIEPATypHOIO CHUHTE3a
[r1.9] pa3nuuHBIX OPraHUYECKUX COEANHEHNUH, KOTOPBIE YEPE3 COTHU
MUJUTHOHOB JIET OOpa3yrOT PAaCTUTEIbHBIM M JKUBOTHBIM MHUp. A Ha
3B€3/IE TEM BPEMEHEM pa3BUBAETCS cleayromuil nuki. Eciou 3Be3na
JIOCTaTOYHO OOJIbINIAsA, TO MPEXKIE YEM OCTHITH OHA MOXKET MEPEKUTh
HECKOJIBKO TaKHX LUKJIOB, XOTSI MacIITaObl U MEPUOBI UX C KAXKIbIM
pa3oM OyAyT YMEHBILIATHCS.

N ecnm Ha HEKOTOPBIX IUIAHETAX 3TOW 3BE3HOW CHUCTEMBI K
TOMY BPEMEHH YCIICIOT COPMUPOBATHCS pa3yMHBbIC OpPTraHU3MEI, TO
JUTSL HAX 9TO OyJeT MPEeACTaBIsATh ONpeAenEéHHy0 onacHOCTh. Hare
CoutHIIe yKe TPOILIO TaKOM UK. M BO3MOKHO, 4TO HE 0AnH. BriosiHe
MOJKET CTaThCsl, YTO 3eMJISH KAET enlé HeuTo noaooHoe. EnnncTBeH-
HOE cJ1aboe yTellIeHHe B TOM, YTO YEJIOBEYECTBO K TOMY BPEMEHHU CMO-
JKET HAaWTH peaslbHBIN CrIoco0 n30eKaTh THOCIIH.
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CuHTE3 3J€MEHTOB MEePUOANYECKON TaOIUIBI U UX COCIHHE-
HUH, IPOAOIKAETCS B TOPSYEM CJI0€ 00OJIOUKH TJIAHETHI U B HACTOS-
niee Bpemsi. TaM B ri1yOMHE 3eMHOM KOPBI B pPacIUIaBICHHOW MaHTHH,
eI UayT IPOLIECCHl CHHTE3a [IJ1.9] BCeX 3JIEMEHTOB MEPUONIECKOM
CUCTEMBI — JKeJe3a, KalbIlHs, KUCIOPOAa, a TaK K€ BHICOKOMOJIEKY-
JSIPHBIX COCMHEHMIA - MeTaHa, He()TH, KAMEHHOTO YIJIsl U APYTUX, YTO
IMPUBOJAUT K INOBLIICHUTIO B Hell JaBJICHUA.

B pesynbTaTe 3TOrO0 ropsiuue npoAayKThl CUHTE3a YacTo IMpo-
PBIBAIOTCSI CKBO3b BHEITHIOIO 3€MHYIO KOPY B aTMOC(epy B BUIE U3-

BEPKCHUH BYJIKAHOB.
A uX TpoOpeIB BO
BHYTPEHHIOIO no-
JIOCTh TUTAHETHI TMpH-

® KOCMOC

30Ha 3emne’

BOJUT K OIIyCKaHHIO
y4acTka BHEIIHEN
KOpbl 1 BO3HHUKHOBE-

HUIO B HeEH Kolieda-

Pazpe3s semHoro

e HUM, MPOSABIISAIO-

TS IIUXCS B BUJE 3eMIle-
TpsiceHui (puc.29).

OnpenenuTs MycTOTENOCTh 3€MHOIO IIapa, HApUMeEp, Yiib-
TPa3BYKOBBIMU WJIM CEHCMUYECKMMHU KOJIE€OaHUSIMHU, BECbMa 3aTPYA-
HUTEJIbHO, TAK KaK UMEIOLUICS B KOPE pacCIlIaBICHHBIN XKUAKUHN CII01
U 0OJIbIIIOE KOJIMYECTBO BOJBI HA TIOBEPXHOCTH B BUJE OKEAHOB, 3TU
KosieOaHus 3PPEKTUBHO TacsT.

A BOT nycrotenocts JIyHbl, Kak TaBHO OCTBIBLIETO TBEPAOIO
I1apa Npo30HAUPOBATE OUEHb JIerko. OHa 3BEHUT J0BOJIBHO MPOA0I-
KHUTEIbHOE BPEMs, KaK KOJIOKOJ, YTO U MOCITYXKHJIO IPUUYNHON MOSIB-
JIEHUs TUIIOTE3bI 00 €€ NCKYCCTBEHHOM ITPOUCXO0XKICHHH.

U Tak xak 3emis u Jlyna o6pa3oBayiich 3 OpBI3T B30PBaBIIIC-
rocs CojHIla OJHOBPEMEHHO, €CTh BEPOSITHOCTH TOI0, YTO BO BHYT-
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peHHel mosiocty JIyHBI CyIIECTBYET NOBOJIBHO PAa3pEKEHHAs aTMoO-
cdepa. [ToaTomy npu ocBoeHuu JIyHbI, 4eTOBEKY BO3MOKHO TPUIIETCS
0o0ycTpanBaThCs Ha BHYTPEHHEH CTOpOHE €€ 000JI0UKH.

Bo BHyTpeHHENl MOJIOCTHM 3€MHOTO Iapa IapCTBYET ajacKas
JKapa ¥ aOCOJIIOTHAs TEMHOTA, JIMIIb M3pelKa Hapylnaemasi 6arpo-
BBIMU CIIOJIOXaMU U3BEPKEHUM BHYTPEHHUX BYJIKAHOB.

C aroit Touku 3penus, KOnutep, uMErONN 0OYeHb OONBIION
o0beM, emé He ycren CHIBHO OCTBITh M MpEeACTaBisgeT co0oil mo-
BOJIBHO TOPSYYIO KAIUTI0O MAaTepHH, M3IYYaIOIIyI0 ropa3fno Oolbiie
3HEpruu, yeM nomyqaet e€ ot ConaHua.

W xots mporecc oOpa3oBaHusl caMUX 3BE3] — 3TO Jiea yxke
JJABHO MMHYBIIHX JTHEW, HO MBI JIOTHYECKH MOXKEM IPEANOJIOKUTH,
YTO OH JIOJKEH B TOYHOCTHU MOBTOPSTH Ipoliecc 00pa3oBaHUs IIJIaHET,
TOJILKO B 00Jiee TpaH/INO3HBIX MaciTadax.

OrpomHast IpOTO3BE3/1a, COCTOSAIIAS U3 KAKUX-TO CyOdJIeMeH-
TapHBIX YACTHUII, TPOXO/s, B pe3yJIbTAaTE MPOLIECCa CHHTE3a aHAJIOT Y-
HBIN IIUKJI Pa3BUTHSA, B3PBIBACTCA U U3 OpBIT €€ 000109KU HOpMHpPY-
I0TCSI 3B€3/Ibl OBAJIbHOW TaJIAKTUKH, KOTOPasi BPAIAsiCh, TOCTEIEHHO
IIPEBPAILAETCS B CHUPAIBHYIO.

Hpumeuanue! To, umo acmpogpuzuxku owudé0uHO cCuUmMAOM
memMHnol mamepueil, 7mo 36e30bl U 2A1AKMUKU 00PA308aHHbIE Mamepuell
C ROJIOMHCUMETIbHOI acwmnempueft, U3JIYUCHUA KOMOPbLX HU Hawiu 2iasa,
HU Hawu nPUGOPLL BOCHPUHAMD He CROCOOHbI. H Komopble ModCHO 00Ha-
DYyAHCUmMb UL RO KOCBEHHBIM RPUHAKAM.

Takum 06pazom, Teoprr 00pa3oBaHMs 3BE3T U3 MEK3BEZTHOTO
ra3a, BbIJyMaHHbIE TEHUSIMU TE€OPETUUYECKON (PU3UKH, MATKO TOBOPS
JOKEHAy4YHbl M 3aTMEBAIOT CBOEW TIIYMOCTHIO PacCKa3bl U3BECTHOTO
CBOEH HEBEPOATHOW MPAaBAUBOCTHIO, OapoHa MIoHXray3eHa.

C TOUYKM 3peHHUs HACTOSIIEH TEOPUHU, €IUHCTBEHHAs IJIAHETA,
JIOCTOMHAs MPUCTAIIBHOTO BHUMAHUS 4YeJIOBedyecTBa — 3TO Benepa.
Bce ocranbHbIe MIaHETHI 17151 4eJI0BEUECTBA OECIIePCIIEKTUBHBL.
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ITo mepe ocTeiBanust CoslHLIA U IIAHET, Yepe3 3-5 MUUIHapI0B
netT Ha BeHepe BO3HHMKHYT yCJIOBHS Il KOM(OPTHOTO MPOKUBAHUS
yenoBeka. [ToaTtomy nmenHo BeHnepa nipeacTasisieT co00i uaeanbHbIN
IUTaliapM JJisl TIepecesieHus] YeIOBeYeCTBA M3-3a YXYALIEHUS YCIo-
BH1 TPOKMBAHMS HA OCTHIBIIEH 3eMIIe.

MunnuapnoB 10-15 et yenoBeuecTBO CMOXKET KUTh Ha Be-
HEpe U MOJBICKUBATDH VISl IEPECENICHUS IPYTyIO 3BE3JHYIO0 CUCTEMY,
MOTOMY YTO Yepe3 3TO BpeMsi, U-3a ocThiBaHUs COIHIIA, KaK YKe ObLIO
CKa3aHO BBIIIE, CYIIECTBYET pealibHasi ONAaCHOCTh €ro B3pbIBA U Ipe-
BpallleHUs B CBEPXHOBYIO 3BE3]1Y.

Tak 4TO B 3amace y yejaoBeYecTBa €CTb npuMepHo 20 MUIUIH-
ap/oB JeT 00Jee WK MEHEee CIIOKOMHON KU3HH.

16. O BTOPOM HAYAIJIE
TEPMOJUHAMHUKHU
N UMMYHUTETE

Bropoii 3akoH TepMOIMHAMUKH, CHOPMYIUPOBAHHBINA IS
00BSICHEHUS TEPMOJUHAMHYECKHX MPOIIECCOB, SBISETCS, IO CYTH, OC-
HOBHBIM M €IMHCTBEHHBIM (yHIAMEHTAIBHBIM 3aKOHOM, MO KOTO-
pomy B3auMojeucTByeT martepus. PopMyIHpOBKa €ro JI0CTaTOYHO
IIPOCTa JIJIsl MIOHUMAaHUs, HO HECMOTPS Ha 3TO, OYEHb MHOTHE 3aTPY/-
HAIOTCSA O0BSCHUTD ero cMbicil. CaMasi TOuHast ero GopMyaupoBKa Ta-
koBa: "Tero Bcerma nepexoauT TOJIBKO OT TOPSYEro Tela K XOJIOM-
HOMY U HUKOT/a Ha000poT".

JIeliCTBUTENBHO, €CIU OCTABUTH CTAKaH C TOPSAYMM YaeM Ha
CTOJIE, Yepe3 HEKOTOPOE BPEMS €ro TeMIEepaTypa CpaBHAETCS C TEM-
MepaTypoil OKpYKarollero BO3AyXa, YBEIIMUYHUB €ro dHTponuto. Mnu,
JpYrUMU CIIOBaMH, paBHOBecHe. Bo3pacTaHue SHTPONUH — 3TO CIIE-
CTBHE JEHCTBHSI BTOPOTO 3aKOHA WJIM BTOPOr0 Haydana TEPMOIMHA-
MUKH MO BBIPAaBHUBAHMIO JIIOOBIX MapaMETPOB MAaTepUU — JaBlIEHUS,

TEeMITepaTypbl, KOHIIEHTPAIUH | T. .
91



Anexcandp BECEAOB

DHTpONHUA, KaK MPOLECC BbIPAaBHUBAHMS, 3aIPEIIACT JIOObIE
IPOLIECCHl CAMONPOU3BOIBHOM KOHIIEHTPALNK, Oy/1b TO TEMIIEpaTypa,
IUIOTHOCTB WM JaBiieHHe. Tak 4To HYU IpaBUTAlMOHHBIN KOJUIAIIC, HU
aKKpeLrs HEBO3MOXKHBI B IIPUHIIUIIE.

Bropoe Hayaio TepMOAMHAMMKY U BO3PACTaHUE DHTPOIINH JE-
Jar0T HeOOpaTUMBIMH JIFOOBIE MTPOIECcChl BO BcesleHHOU. Eciu BbI mpo-
KOJIETE LIMHY aBTOMOOMJIS, BO3JIyX M3 HEE BBITCUET M €ro JIaBJICHUE
cpaBHsieTcs ¢ atMocepHbIM. Ecnu BbI BhITycTHUTE KITYO ABIMA, TO Ye-
pe3 HECKOJIBKO MUHYT €TI0 YaCTMUKH PABHOMEPHO pacHpenesarcs Mo
KOMHArTe.

HeonpenenénHocTs NOHMMAaHNS IPUHLNAINIA BO3PACTAHUS DH-
TPOINH, IPUBOIUT K TOMY, YTO AAK€ HEKOTOPBIE YUEHBIC HECYT HECY-
CBETHYIO UyIlb, yTBEPXk/as, YTO KHU3Hb, IKOOBI UAET ¢ €€ yObIBAaHHEM.
Ho 3710 numib cneacTBue ux JOrudeckoi 0e3rpaMOTHOCTH M YTO OBl
yOeaUThCs B 3TOM, MBI PACCMOTPHUM HEKOTOPBIE MPOLECCHI, TPOUCXO-
namue B ">xuBoM” opranuisme. Hanpumep, npouecc AbIXaHUs.

BceM n3BecTHO, YTO ABIIIMM MBI JIEFKUMU. Jlerkue npencras-
JSIOT co00i "MemoK" ¢ BHYTpEHHEH MOBEpXHOCThIO OKoso 150 KB.
METPOB, TYCTO IPOHU3AHHBIN CETHIO KPOBEHOCHBIX COCYIOB — KallWJI-
JsipoB. MEIIOK 3TOT BMENIAeT B ce0s1 OKOJI0 3 IUTPOB BO3ayXa. DTH 3
JIUTPa BO3/lyXa KOHTAKTHPYIOT C KPOBEHOCHBIMU COCYJJaMU Ha TaKOH
OTPOMHOM MJIOILA/IHN.

Tak Kak KOHLEHTpauus KHUCIOpOJa B BO3AYXE IPEBBIIMIAET
KOHIIEHTPALUIO KHCIIOPOia B KPOBH, BTOPOE HAYAJI0 TEPMOAUHAMUKHI
"00s13pIBaeT" BO3/1yX MOJICIUTHCS UM C KPOBBIO. B pesynbraTe pazinuy-
HOM KOHLIEHTPALIUM KHCJIOpOJa B BO3AYXE M KPOBHU, BO3HUKAIOLIEE
(OCMOTHYECKOE) MAABJICEHHE TPOTAJIKUBACT MOJIEKYJBl KHCIOpOAa
CKBO3b IIOJIYIIPOHHUIIAEMBIE CTCHKH KPOBEHOCHBIX COCYIOB B KPOBb,
HACHIIIAsl €€ KUCIOPOIOM.

Kucnopon He 3axBaTbhIBaeTCsl MOJIEKYJIaMU FeMOIJIO0MHa, KaK
paccka3bIBalOT OMOJIOTH U IIOTOM KOMY-TO TaM OTJaETCsl, @ OH IMPOCTO
B KPOBU pacTBopsieTcs. [leno B TOM, YTO €CIM MOJIEKyJia KaKoro-JI1nbo
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BEIIIECTBA 3aXBaThIBACT MOJIEKYITY KHCIIOPO/Ia, TO OHA YK€ HUKOTa e€
HE OT/IaCT MPOCTO TaK.

Kucnopon y He€ MOXKHO TOJIBKO OTHSITh CUJION, MHAYE, KaK yiKe
OBLTO CKa3aHo B T1aBe [171.12], ObuT OBI HEBO3MOXKEH MPOIIECC CHHTE3a

1 BO3HHUKHOBCHHEC CJIOKHBIX CO-

eTuHeHuM. Hackllennas Kucio-
pOAOM KpOBb PA3HOCHUTCS IO
BCEMY OpPraHU3MY.

® W3-3a MOBBIIIEHHON KOH-
LIEHTpAaIUs KUCIOPOia B KPOBH,

i

U0 B MEXKJIETOYHOHN KHUIKO-

Puc.30

CTH, OCMOTHYECKOE [aBJICHUE
BBITAJIKUBAECT MOJIEKYJBl KHCIOPOAA B MEXKIECTOYHYIO KUIKOCTD.
AHaJOTUYHBIM 00pa30M KHUCIOPOJ TMOMaAaeT BHYTPh KIIETOK, TJE
Y4acTBYET B IIPOLIECCAX UX KUZHEAECATEIBHOCTH.

Mpumeuanne! Mexanuzm 603HUKHOBEHUA OCMOMUYECKO20 0a6-
nenua nokazan na pucynxe (puc.30). Eciu ¢ cocyo, pazoenénuuniii nosy-
nPOHUUAEMOTL NePezoPOOKOIl HATUMb 800y U PACMEOP KAKOU-1Ub0 cou,
mo ypoeeHsv pacmeopa HecKoabKo nogvicumcs, napyuiaa ''zakon'' cooo-
warowuxcsa cocyoos. Qovacuenue ’mozo ''napaooxca’’ ouenv npocmo. B
cocyoe A Konuenmpayus moaeKy conu 2opa3oo évluie, uem 6 cocyoe B.
3amo ¢ cocyoe B, sviue konyenmpayus MoneKyn 600uvl.

Iloamomy moneKkynvl conu, ROOUUHAACL 3AKOHY 6bIPAGHUBANHUSA
KoHyenmpayuil (3aK0n yeenuueHus IHMpPoOnun), HaYUHAOm nPOMaiIKu-
eamucs 6 cocyo B. A monexynvt 600bt u3 cocyoa B, noouunssace momy iice
3aKOHY, NPOMAIKUEAIOMCA 8 cOcy0 A, 6 pe3yibmame ue2o 603HUKAIOM 084
6CMPEUHBIX NOMOKA MOIEKY] 6006l U conu. Ho mak Kak monekynvl 600bt
UMEIOm MeHbuile PAZMEPDL, MO OHU Jlecue U Ovicmpee NPOX00Am CKE03b
HOJIYRPOHUUAEMYIO REPE2OPOOKY U YPOBEHb HCUOKOCHU 6 cocyoe A cHa-
uana nosviaemcs. Yepes kaxoe-mo epems, K020a KOHUEHMPAYUU 6 CO-
cyoax cpasHamcs, CpagHAIOMCcA u yPoeHU.
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Ms1 He OyaeM paccMaTpuBaTh BCE TH MPOLECCHI, UX OYCHBb
MHOTO, OTPAaHUYMMCS TEM, YTO B PE3YJIbTATE ITUX MPOIIECCOB, B KIIET-
Kax, B BUJIE MOOOYHOTO MPOAYKTA MOJIydaeTCs YIJIEKUCbIA ra3. OH
HAYMHAET HAKAIUIMBAThCS B KJIETKAaX M TOYHO TaKUM K€ 00pa3oMm, C
MTOMOIIIBI0 OCMOTHYECKOTO JIaBJICHHUS, BBIBOJUTCS U3 OpraHU3Ma B aT-
Mocdepy. AHATOTUIHBIE TTPOIECCHI TPOUCXOIAT U B APYTUX OpPraHax
— JKeJIyJKe, IeYEHU, KUILICYHUKE. ..

Hpyrue, coaepxaiiiecs: B BO3yXe rasbl, TaK k€ IPOHUKAIOT B
KpPOBb, HO €CJIM OHU HE UCIOJIb3YIOTCS B MPOIIECCaxX KU3HEIEATEIbHO-
CTH, UX KOHIICHTPAIIUS B KPOBH MIPOCTO OCTAETCS MOCTOSIHHOM. A Te-
nepb MornpoOyeM pacCMOTPETh ¢ TOYKH 3PEHUS BTOPOTO Hadaja Tep-
MOJWMHAMUKH MEXaHHM3M JACHCTBUA HMMMyHHUTeTa. JIJIsi 3TOro Ham
HY)KHO CHauaja BBISICHHUTb, a YTO K€ TaKOe OOJIE3Hb, C TOUKH 3PCHHS
(GU3HUKYN U TTOYEeMY SIUIEMHUH HOCSIT, B OCHOBHOM, CE30HHBIN Xapak-
tep. ['punmn, HanpuMmep, CBUPETICTBYET BCEr/a B Havajie 3UMbl. A rie
e 00UTarOT BO3OYIUTEIH IPUIIIa BECHOU U JIeTOM?

MpbI HE cTaHeM 3/71eCh TIOBTOPSITh CKa3KW MEIUIIMHCKHUX paboT-
HUKOB O 3JIOBPEAHOCTU BUPYCOB, KOTOPBIE TOJIBKO U MEUTAIOT 3apa-
3UTh HAC KaKOW-HUOYIb JPSHBIO, a OOpPATHUMCSl HETIOCPEACTBEHHO K
buzuke. [[puauHb SIUAEMUI, IO BCEH BUAUMOCTH, KPOIOTCS B KAKUX-
TO TJIOOAJIBHBIX CE30HHBIX sABJICHUAX. CaMOe JTOTHYHOE, YTO MOYKHO
MIPEAMNOIOXKHATh - 3TO OCCHHHUE JMCTOIAJbI, UMEIONINE TI00aIbHBIC
MaciTadbl. BeTep TperieT BhICOXIITNE TUCThS JIECHBIX MAacCUBOB, 00-
JAMBIBAET UX, MOJIHUMAET B BO3yX OIPOMHOE KOJIMYECTBO MUKPOYa-
CTHI], OPTaHUYECKUX MOJIEKY]I U MX OOJOMKOB M Pa3HOCUT Ha 0OIb-
[IME PACCTOSHUA.

MBI BIibIXaeM BO3/IyX HACHIIIEHHBIA 00JIOMKaMHU MOJIEKYIT pac-
TUTEITLHOTO MPOUCXOXKICHUSI, KOJIMYECTBO BAPHAHTOB KOTOPHIX, MO-
JKET ONPENEIATHCS aCTPOHOMUYECKUMH ITUppaMu. ITH 00JIOMKH MO-
JIEKYJI C TOMOIIbIO OMTMCAHHOTO MEXaHW3Ma OCMOTHYECKOTO JTABJICHHS
MPOHUKAIOT B KJIETKH U UCIOJIb3YIOTCS UMH, KaK CTPOUTEIIbHBIA Ma-
Tepua Mpu JeJICHUH.
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Hy»HO 3aMeTHUTh, 4TO MPAKTUYECKH 000 00JIOMOK OpraHu-
YECKOW MOJICKYJIBI, TTOTIaB B JIETKHE U 00BOJIAKMBAsICh OCITKOBOM CITH-
3b10, HAXOJISIIIICHCSI TaM, TIPEBpaIIaeTcs B "MOTHOICHHBINH BUpyc". O6-
JIOMKH MOJIEKYJI, HE UMEIOIIe MEXaHU3MOB JICJICHUS, HE pPa3MHOXKa-
I0TCSI U HE MYTUPYIOT, KaK HaM aBTOPUTETHO 3JIMBAIOT MEAUITUHCKHE
CBETHIIA.

KrneTku, ucmonp3yromue 3TH BUPYCHl B KAY€CTBE CTPOUTEIb-
HOT'0 MaTepuaa, o CyTH, CAMU HX U Pa3MHOXKAIOT, B PE3yJIbTATE YETO
TEPSIFOT CIIOCOOHOCTh YYacTBOBATh B 3AMKHYTHIX ITHKJIAX MOAICPIKU-
BAIOIIMX Jpyra MPOIECCOB B OPraHU3MeE, BBINIAJAIOT U3 HUX M IOTH-
0aroT.

Hampumep, Takast ctpamrHas 00Jie3Hb KaK pak, SBISETCS pe-
3yJIbTATOM HCIIOIb30BaHMS KJIETKAMHU I JCIICHHUsS] MOJICKYJIBI Be-
[IECTB, HA3bIBAEMBIX KaHIIEPOT€HAMH, ITPH KOTOPOM JIOUEPHHE KICTKU
CTposiTCs u3 OeKa, OTIIMYHOTO 10 MOJIEKYJISIPHOMY COCTaBy OT Oellka
OpraHmusma.

Ecnmn Takue KIE€TKH ¢ M3MEHEHHBIM OEJIKOM CIIOCOOHBI HC-
MOJIb30BaTh OTXO/IbI JKU3HEIEATEIILHOCTH POTHBIX KIIETOK OpraHu3Ma,
a KJIETKH OpraHu3Ma HE CIIOCOOHBI MCIOJIb30BaTh MX OTXOIBI, TO
KJICTKH C HM3MEHEHHBIM OCJIIKOM HAUYMHAIOT WHTEHCUBHO DPa3MHO-
)aTtbesa. Ho He nMest cmtocoOHOCTH BBIMIONMHATD (DYHKIIMH POJTHBIX Kile-
TOK OpTraHu3Ma, OHM B KOHEYHOM HTOTE€, 3aMEIIAI0T B OpPraHe POIHbIE
KJIETKH, HE J]aBasi ©M Pa3MHOXKAThCs, YTO U MIPUBOJIUT K CMEPTH Opra-
HH3Ma.

Krnetku ¢ n3MEHEHHBIM OEIIKOM B OpraHU3Me BO3HUKAIOT TI0-
CTOSIHHO, HO €CJIU OHU HECITIOCOOHBI KOHKYPHUPOBATh C POIHBIMH, OHU
OBICTPO MOTMOAIOT U B BHJIC IIUTAKOB BBIBOASTCS M3 opranm3ma. Ot-
CIOJIa JIETKO CHEJIaTh BBIBOJ, YTO MPH YIOTpeOaeHnn 0oee pasHooO-
pPa3HOM MUIIK, Ml HAMHOTO YBEJIMYNBAEM PUCK 3a00JIEBaHUS PAKOM.

[TocmoTpeB cratuctuky 3ad6oneBanus pakom B CCCP, rae nu-
TaHue OBLJIO TOBOJILHO OJTHOOOPA3HBIM M €CTECTBEHHBIM U B Poccuu,
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KOI'/Ia MOCJI€ OTKPBITUS TPAHULL, Ha MPOJAOBOJIBLCTBEHHBIN PHIHOK XJIbI-
HYJI MOTOK HEMPUBBIYHBIX IK30THUECKHUX MTPOYKTOB, Mbl YBUAUM, UTO
MPOLEHT 3a00JIEBIINX PAKOM YBEITUYHIICS B Pa3bl.

Tak kak y KaXJ0ro 4yeloBeKa CTpyKTypa Oelka oueHb UH/IU-
BU/yaJibHA U Ha 3eMJie elllé He ObLIO ABYX JIIOJCH ¢ OJUHAKOBBIM Oell-
KOM, TO ¥ BO3HUKHOBEHHE TAKMX KJIETOK TOXE€ MHAMBUAYyaIbHO. [1o-
TOMY KaKOTO-TO OOIIET0 YHUBEPCAIBLHOTO JIEKapCTBa OT paka, B
MpUHINIE, OBITh HE MOXKET. 1 XOTS KIETKU ¢ U3MEHEHHBIM OeIKOM
MOCTOSTHHO BO3HUKAIOT B OPTaHU3MeE, y OOJBIIUHCTBA JIIOJIEH pak He
pa3BuBaercs. A Tex, KoMy "ToBe3Jio", mpupoaa 0€3’KaJ0CTHO OTCEU-
BaeT M CMEPTh B ATOM CiIydae, SIBJSETCS €IMHCTBEHHBIM 3aIIUTHBIM
MEXaHU3MOM 3BOJIIOIIHH.

CoBpeMeHHbIE K€ JIEKapCTBa, HCIOJIb3YyeMblE MJISl JICUCHHS
paka (XuMmreparnus), o CyTH, SIBJISIIOTCA CUJIbHEUIIUMHU siaMu, KOTO-
prie Oe3 pa3bopa yOMBAIOT Kak pakoBBIE, TaK M POJHBIC KJIETKU U
MPAKTUYECKH HE MOMOTaroT. BpeMeHHoe obierdeHue o0ycIOBICHO
JUIIb TEM, YTO PAKOBBIX KJIETOK HAMHOTO MEHBIIIE, YeM POJHBIX KIle-
TOK OpraHusma.

Menauku 0ObIYHO JENAT O4Yard BOZHUKHOBEHUS PAaKOBBIX OIY-
X0JieH, Ha 3JI0KaueCTBEHHBIE U 10OpOKauecTBEHHbIE. XOTS Ha CaMOM
JieJie TaKoro YE€TKOro pasjieiieHust ObITh He MOXKeET. Bo BcsakoM cityuae,
OT paka "W3JIeYnBarOTCA" JIMIIb €AUHUIBI U 3TO TOBOPUT O TOM, YTO
OMYXO0JIb OKa3aJach HE COBCEM 3JI0KaYECTBEHHOM.

Korga nquarHoctupyroT pak, onepanuio, Kak MpaBuiio, 1e1aTh
YK€ MO3[THO, TaK KaK O4ard paka pa3BUBAIOTCS HE BHI3bIBAas OOIEBBIX
OILYIICHUH, TOTOMY YTO SIBJSIOTCS, MO CYTH, 4acThlOo opraHuzma. U
CMEpPTh HACTYHAET OTTOTO, YTO HOPMAJIbHBIX KJIETOK y OpraHa mopa-
YKEHHOTO PaKOM, OCTAETCS CIIMIIIKOM MaJjIo U OH YK€ HE CITOCOOCH BhI-
MOJIHATH CBOM (YHKIMH MOJHOCTHIO. TakuM oOpa3om, ISl JIeUeHUs
paka HEKOT1a He OyJIeT HalIeHO KaKOr0-TO OOIIETo JeKapCTRa.

Pak He 3apa3eH, 310 qaxke u He 00JIE3HB, a CIIEJICTBUE IBOIIO-
LIUOHHOTO Tpoiiecca. M BelecTBa, cuMTaOMMECs KaHIIEPOr€HHBIMU

96



Beonroyust MATEPHH

JUTSL OJTHOTO YeJIOBEKa, COBEPIIEHHO Oe3BpeIHBI IS APYroro, opra-
HU3M KOTOPOTO IMOCTPOCH U3 Apyroro Oemnka... Pak - 3To TOT ciryyait,
KOT/1a TPUPOIHBIA MEXaHU3M HUMMYHHUTETA PA0OTaTh HE MOXKET H TIPH-
pojaa MpoCTO BOCIIPOU3BOIUT OPTraHU3M 3aHOBO.

Taxk umo cozoamv Kakoe-mo oduiee 1exKapcmeo om I80.i0-
yuu, cKkopee écezo He nOJIYYUmCH.

CaM xe MEeXaHW3M UMMYHHUTETa, C(HOPMHUPOBABIIMIICS B pe-
3y/lbTaTe CUMOMO03a B TEYCHUH IJTUTEILHON IBOJIOIUU U OCHOBAH Ha
UCKITIOYCHHUH 9YKEPOJHBIX OCIKOB U3 MpoIleccoB aeneHus. OpraHu-
YECKHE BEIECTBA, BhIpaOaThIBAEMBIE B MPOIIECCaX KU3HEACITECIBHO-
CTH YYXKEPOJHBIX KJIETOK, MOMABIINX B KPOBb, MPOHHUKAIOT CKBO3b
MeMOpaHbI KJIETOK-KAJJIEPOB OPTaHU3Ma U OCTaBIIAIOT O€3 MUIIU dy-
YKEPOJTHBIE KJIIETKH, KOTOPBIE, HE yMEs HCTIOJIb30BaTh OTXO/IbI POIHBIX
KJIETOK OpPraHuM3Ma, YMHUPAIOT U MOCTENEHHO BBIBOJASATCS M3 HEro B
BHJIC IIIJIAKOB.

KneTku-kumiepel, TPeNCTaBISIIONIME COOOH  CTBOJIOBBIC
KJIETKA OpPTaHW3Ma, MOCTABISIEMbIE B KPOBb KOCTHBIM MO3TOM, IIO-
TpeOIsisi OTXOIBI UY>KEPOIHBIX KIETOK, IEPEPOKIAIOTCS U TAKKE BBI-
BOJISITCSL U3 OPTaHW3Ma B BHJIC IILTAKOB.

Bce aTu mporiecchl mpoucxoaaT aBTOMaTHYECKH, B CHITY BTO-
poro Havajla TepMOJAMHAMHUKH, HO BOT KaK B JICTAISAX pabOTaIOT 3TH
MEXaHU3Mbl CTUMYJSIIIUHU, YU€HBIC, MMO-BUIUMOMY, pazOepyTcs emié
Heckopo. [IoToMy 4TO OHM TOCTOSIHHO MBITAIOTCS U3y4YaTh CJIE/ICTBHUS,
COBEPILIEHHO HE TOHUMAsi IPUYHMH BCEX ITUX SIBICHUMH.

buonoru, Hampumep, OdeHb JIOOAT BBIpaXKEHHE "BCACHI-
BaThCsA". Y HUX BCAChIBACTCS BCE, IMHIIA B KETY/IKE U KUIIIEYHUKE, BCa-
CBIBAIOTCS JICKAPCTBA B KPOBb, XOTS MPHUPOAA TAKOTO TOHSTHS HE
3HaeT. B nmpupone npaBut 6an Bcerga n30BITOK - M30BITOK JaBICHUS,
KOHIICHTpAIlUH, TEMIIEpaTyphl U T.J1. HUKTO Beb HE TOBOPUT, YTO aT-
Mocdepa BCcachIBaeT BO3/IyX M3 MPOKOJIOTOTO KOJIeCa aBTOMOOMIISA.

97



Anexcandp BECEAOB

B3satb, Hanpumep, Takoe U3BECTHOE BCEM CEpJCYHUKAM, Jie-
KapCTBO KaK HUTPOTIUIEPUH. MeAUKHU CUUTAIOT €ro COCYAOpacIInupsi-
IOLUM CPEJICTBOM, XOTSl HA CAMOM JieJie MEXaHU3M €ro JeHCTBUs, CO-
BEpILIECHHO Apyroi. CTEHKH COCYA0B, COCTOSIIINE U3 COSTUHUTEIIBHOM
TKaHM, HE MOTYT CaMH PacHIMPATHCA, TaK Kak He uMeroT Mbll. [Ipu
nonaJaHuy HUTPOTJIMLIEPUHA B JKENYI0K UITU TIOJT SI3bIK, OH U3-32a pa3-
HOCTH KOHIICHTPAllUW, MPOTAJIKUBAECTCS OCMOTHUYECKUM JIaBJIEHUEM
CKBO3b IOJIYITPOHUIIAEMbIE CTEHKH COCYIOB B KPOBb.

Nmest 60mbIIyI0 aCHMMETPHIO TPABUTAIMOHHBIX MTOJICH MOJIe-
Kyl (3JEKTPUYECKUM 3apsn), HUTPOTJIUILEPUH ACIUTCS 3apsigaMu C
IJ1a3MOM KPOBH, B PE3yJIbTATE YETro Y MOJIEKYJI IJIa3Mbl TaK K€ yBEIH-
YUBAETCSl aCUMMETPHS, YTO IPUBOJAUT K YMEHBIICHUIO CUIT PUTSIKE-
HUS MEX]ly HUMU U, COOTBETCTBEHHO, K YBEJTMUEHUIO €€ TEKY4ECTH.

KpoBw cTanoButcs Ooinee XHIKOW, a 3HAYUT, CEPAILY CTaHO-
BUTCSI HAMHOTO JIETYe MPOKaYuBaTh €€ MO CETH KaNWLISIPOB KpOBeE-
HOCHOM cucteMsl. [loxoxuMu cBOWCTBaMH, 00JIaJal0T U HEKOTOPHIE
JIpYTHE BEIIECTBA, UCIIONB3YIOIMNECsS B MEUIIMHE — aCIUPUH, (eHH-
JvH, BapdapuH.

[TogoOubIM k€ 3h(DHEKTOM JErKO OOBSICHSIETCS MTHOBEHHOE
JICCTBUE TAaKOIO si7a, KaK [MUuaHu Kaius. [{maHucTeiil Kanuii nuMeeT
ropa3Jl0 MEHbIIYI0 aCUMMETPHUIO IPABUTALIMOHHBIX TOJEH MOJEKYI,
YeM MOJIEKYJbl KPOBH, IO3TOMY IPH MOMAJaHUU B KPOBb, OH YMEHb-
miaeT €€ aCUMMETPHUIO HACTOJIBKO, YTO KPOBb 32 CYUUTAHHBIE CEKYH/IbI
MPEBPAIIAETCS B BA3KYIO )KHIKOCTh, KOTOPYIO CEPJILIE YK€ HE B COCTO-
STHUU TIPOTOJIKHYTH 110 KaHIUIIpaM.

Opranusm o4eHb OBICTPO, OYKBAJIBHO 32 HECKOJIBKO CEKYH],
norubaer oT HeJ0CTaTKa KUCIOPO/a, a BOBCE HE OT Mapajinya HEeKOero
JBIXaTEJIbHOTO LIEHTPA, KaK 3TO 00bACHAIOT Meuku. [IpumepHo Takue
K€ CBOMCTBA, HO ropa3/io ciiadee, UMEET U 3MEUHBIN ST, OJTHA Karljis
KOTOPOTO 3a HECKOJIBKO JIECATKOB MUHYT MpEBpAIIaeT CTakaH KPOBHU
B CTyleHb. D(PPEKTUBHBIM MPOTHBOSIUEM B ITOM CIydae MOT ObI
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OBITH TOT K€ HUTPOTJIMIEPUH, HO OBICTPO pa3HECTU €ro Io opra-
HU3MY, U3-32 MOBBIIIEHHOM BSI3KOCTH KPOBHU, CEP/IIE HE B COCTOSHUU.

[Inazma kpoBu ¢ 100aBIEHHMEM pacTBOpa HUTPOTJIHUIEPUHA,
BBITEKAaeT 4epe3 KamuOpoBaHHoe otBepctre Ha 30-50 mporeHTOB
OwIcTpee, ueM 0e3 Hero. A 100aBlIeHHE He3HAYUTEILHOTO KOJTMYEeCTBa
[IMAaHU]Ia, CHUKAET CKOPOCTh BBHITEKaHUS B 2-2,5 pasza.

B npuHnumne, ecinu 10CTaTOYHO OBICTPO, B T€UCHUH 4-5 MUHYT,
MOJIKIIFOYUTH OTPABUBIIETOCS IIMAHUOM K allapary cepie-nerkue
U BBE/S B KPOBB TOT K€ HUTPOTIIUIIEPHH, TPOKAYaTh €€ 110 KPOBEHOC-
HOM crcTeme, TO BIOJHE BO3MOXHO CIIACTH €MY JKU3Hb. ..

17. O HEM3BEXKHOCTHU
N BEYHOCTH KU3HHU

Kak 6b1710 nokazano eviuie, 6mopoe Haua10 U NPUHYUN 603~
Pacmanus IHMPOnRUU NPOCMO 00A3b186AIOM MAMEPUIO ROCHOAHHO
YCLOHCHAMb C60I0 CHIPYKIYPY, WO Yce CAMO No cede npueooum
K Heu30excHocmu 603HUKHOBEHUs, MAK Hazbvleaemoulx, ''xncuevix’’
OpP2AHU3 MO8 80 8CE/ICHHOIL.

[ToaTBepkmeHneM 3TOro (GakTa SBISCTCS HATHYINE B IPUPOJIC
MHO>KECTBa O0BEKTOB PA3IUYHOIN CIOKHOCTH, OT aTOMa BOJOPOJa U
JI0O OTPOMHBIX OPTAaHUYECKUX MOJIEKYN. B IpOTUBHOM citydae, 3BOJIIO-
LM BCEJIEHHOH OblIa ObI HEBO3MOXKHA. IMEHHO 3TH MeIJIEHHBIE U HE-
MIPEPBIBHBIC YCIOKHEHUS TIPUBEIIN K MOSBICHUIO BBICOKOMOJIEKYIISP-
HBIX OCJIKOBBIX COCIUHCHHM, a BIIOCICACTBHM M K OOPa30BAHHIO
CIIOHEHIINX OMOJOTUYECKHX OPTraHW3MOB, KOTOPBIC MBI Ha3bIBacM
JKMBBLIMH.

Yuénble 1 GUIT0CO(PBI HACOUMHSITA MacCy Pa3IMIHBIX ONpeJIe-
JICHUH TIOHSITHSI KU3HU, OJTHAKO HHU OJTHO U3 HUX HE MOXET CIy)KUTh
OTPaXKCHHUEM PEaTbHOCTH, TIOTOMY YTO MPOBECTH TPAHUILY MEKIY JKH-
BBIM M HEXHBBEIM TaK XK€ HEBO3MOXKHO, KaK HEBO3MOXKHO OTIEIUTH
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IIPOBOJHUKHU OT IUAJIEKTPUKOB. I'paHuIla 3Ta BeCbMa yCIIOBHA U €€
MO>KHO TPOBECTH TJ€ YrOJHO, B 3aBUCHMOCTH OT IPUHSTHIX KpUTe-
pHEB orpeaeneHus )KUBOTO.

Ku3znu 6 o0b1uHOM nOHUMaHUU, 6 npupooe 8ooduie He cy-
wiecmeyem — IMoO NPOCHO NPOU3BOTbHO 83AMblil, YCIO08HBLIL YPO-
6€Hb OP2AHU3AUUU UTIU CIOHCHOCMU cmpyKmypol mamepuu. Ilo-
momy umo n1106as, 0arxce maxkas biCOKOOP2AHU306AHHAA MAMeEPU
KakK mo32, cocmoum u3 o0bt4nwix ''mépmevix'’ amomoe u monexyn.

A, cnenoBaTenbHO, HE CYIIECTBYET M CMEPTH, Kak (uznde-
CKOrO YHUYTOXEHHUS HEKOU "xuBoi" marepuu. CMepTh — 3TO Takas
K€ HeOoTbeMJIieMasl COCTaBHasl 4acTh IMPOLECca SBOJIOIUN MaTepUH,
KaK U JKU3Hb. DTO OCTAaHOBKA B3aMMOCBS3aHHBIX U B3aUMHO MOJEp-
YKUBAIOILIUX JIPYT Ipyra IPOLECCOB B OPraHU3ME, B Pe3y/IbTaTe HEeU3-
0EKHOT'0 HAKOIJICHUS OIIMOOK B MEXaHU3ME JICIICHUS KIETOK MU MX
¢usuueckoro nzHoca (crapenus). CMepTh OT CTapOCTH — ITO, IO CYTH,
CMEPTH OT BSUIOTEKYILETO PaKa BCEX OPIaHOB.

besrpamMoTHbIE 3asBIEHUS HEKOTOPBIX YYEHBIX O TOM, 4YTO
KU3Hb, SIKOOBI, HE TOMYHHSIETCS BTOPOMY Hadally U HIET ¢ yObIBa-
HUEM SHTPONUH, HE UMEIOT 1OJ] COO0H abCOTIOTHO HUKAKUX OCHOBA-
HUH, TaK KaK TaKue MpOIeCChl HEBO3MOXKHBI B IPUHITUIIE.

Henonumanue cyTtu npoiiecca 3BOIIOIUN MaTEPUU, IPUBETIO K
COUYMHEHUIO TUIIOTE3 CITy4yailHOM BO3HUKHOBEHUH OEIKOBBIX MOJIEKYJ
B pe3yJbTaTe IEKTPHUECKUX pa3psioB B aTMocdepe. X0oTs pa3psasl
Y UTPaJIM KaKyI0-TO OIIPEIEIEHHYIO POJIb B CHHTE3€ OPIraHUYECKUX Be-
[IECTB, HO OHH OBLTH OJHMMH W3 MHOTOYHCIICHHBIX OJarompusTHBIX
(daxTOpoB, 00JIEryaromUX 3TOT 3aKOHOMEPHBIM U HEM30EXKHBIH Mpo-
1ecc.

EcTtecTBeHHO, YTO CHHTE3 OPraHUYECKUX COCTMHEHUIN Hanbo-
jlee MHTEHCUBHO MPOTEKal MMEHHO B TEMIBIX M BIAXKHBIX MECTHO-
CTSIX, TPONMMUYECKUX M CyOTpONUYECKHX 00JIacTeil 3eMHOT0 111apa, rae
o0pa3oBanuch OJIaromnpusITHBIE TEMIIEPaTypHBIE YCIOBUS, OTKyJa U
Hayaja paclpoCTPaHATbCA 3Ta caMasl "JKU3Hb .
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Axanemuk Anekcannp OmapuH emé B MATHUACCATHIX TOJax
IPOIJIOr0 BEKA IMOMNBITAICS HKCIHEPUMEHTAIBHO NOATBEPAMTH TEO-
PHUIO BOSHUKHOBEHMS KU3HU M B IPUHIMIIE, EMY 3TO YAAIOCh. XOTs
BOCIIPOU3BECTH MOJHOCTBIO 3TOT IPOLIECC, 3aHSBILIUN Y IPUPOABI KO-
JIOCCAJIbHOE KOJIMYECTBO BPEMEHHM — COTHM MHJUIMOHOB JIET, IPAKTH-
YECKU HEBO3MOKHO.

Tak ke Kak HEBO3MO>KHO, BOCIPOM3BECTU MPOLECC BHYTPU-
yTPOOHOT'O pa3BUTHUS OPraHU3Ma 32 COTYIO WJIM THICSIUHYIO JOJIO Ce-
kyHabl. W emé omHo Oosbiioe 3a0myaeHne OMOJIOroB, COCTOUT B
TOM, YTO MHOTHE U3 HUX CUUTAIOT MPOLECC IBOIIOLMHU KHU3HH MOCIIe-
JIOBaTEIIbHBIM.

To ecTb, MO UX MHEHUIO, (POPMUPOBAHHUE PA3ITUUHBIX BUI0B
OpPraHU3MOB MPOUCXOAMIIO MOCIEN0BATEIBHO, OT CAMBIX MPUMHUTHB-
HBIX CYILECTB, CKaKEeM, YepBEM U 10 Miekonuraomux. Ho naixeonro-
JIOTUYECKast JIETONMCh TOBOPUT COBEPLIEHHO O ApyroM. Bee Buabl xu-
BBIX CYLIECTB — 3TO CAMOCTOSTEIbHBIE TAPAJJIENbHBIE BETBH, IOSIBUB-
myecs Ha 3emiie, 10 Fe€0J0rHYeCKMM MEpKaM MTPaKTUIECKU OJJHOBpE-
MEHHO, C OYeHb HEOOJIBIINM Pa3pBIBOM, IIOATOMY HUKAKUX POMEXKY-
TOYHBIX 3BEHBEB B IIPUPOJIE HUKOTAA HE CYLIECTBOBAJIO U CYLIECTBO-
BaTh HE MOIJIO.

ITpornecc 3BOMIONMH, KOHEYHO K€ IPOUCXOAUT U B HACTOSILEE
BpeMs, HO HaOJIIOAATh €ro, B CHIY CKOPOTEYHOCTH YeOBEUECKOH
"XU3HU", HEBO3MOXXHO. bojee Toro, mnpomoBenyeMblil Y4EHBIMU
IOPUHLMI - "BBDKMBAET CWJIBHEHIIMH', IPUPOION HE MCIOIB3YETCS.
[Ipupona pyKOBOACTBYETCS COBEPILIEHHO WHBIM IPUHLUIIOM — a
UMEHHO - "morubaer cinadeimuil”, B IpOTUBHOM Clly4yae YelIOBEK pa-
3YMHBII HUKOTr/1a Obl HE MOSIBUJICS.

ITpu BHELIHEM CXOJCTBE 3TUX IPUHLIUIIOB, OHU 110 CBOEH CYTH,
KapJUHAJIBHO pa3znuyaroTcs. Tak jke Kak, HanpuMep (amms3M 1 KOM-
MYHU3M, KOTOpbIE HEJJaIEKHE TIOJIUTUKU U OOBIBATENIN CUUTAIOT SIBJIE-
HUSMU OJHOTO nopsaka. OMHAKO CYyTh UX TaK XK€ JUaMeTpaIbHO Ipo-
TUBOTOJIOKHA. DaIIM3M XapaKTepU3yeTcss YHUITOXKEHUEM OoJbIIen

101



Anexcandp BECEAOB

YacTU HaceJeHHUs, Al KOMPOPTHOTO MPOKUBAHUA KYUYKH Hanbosee
AQTYHBIX U NPUMUTUBHBIX WHIWBHUIYYMOB, BIAJCIOIIUX pPECypcaMu
rocyzapcraa.

Jlnsi KOMMyHU3Ma, a TOYHEE €ro CTAaHOBJICHMS, XapaKTEPHO
YHUUTOXKEHHUE WM U30JBLHS UHAUBUIYYMOB, CICAYIOIIMX MPEUMY-
IIECTBEHHO JKMBOTHBIM HMHCTUHKTAM, CIIy’KalllUM CBOEH al4HOCTH,
NPEMATCTBYIOIIMM PAa3BUTHIO OOIIECTBA U MAPA3UTHPYIOLINX HA HEM.
Uro B 001eM-TO, XapaKTepHO HE TOJIBKO JJIsi KOMMYHHCTUYECKOTO,
HO U 7151 JII000T0, JOCTATOYHO Pa3yMHOTO COOOIIECTBA, ()YHKIIMOHH-
PYIOIIETO 10 MPUHITUITY )KUBOTO OpraHu3Ma. Benp 10001 KUBOH Op-
TaHU3M BCErJla CTapaeTCsl YHUUYTOXHUTH MMAPA3UTOB, KUBYIIUX 34 €r0
c4€r. lHaue OHM yHHUTOXKAT €ro.

Bo3sBpamasce kK mpoueccy 3BOJIOLHMH, MOXHO YTBEPKIATh,
YTO 3TO OTPOMHOE MHOXKECTBO IApaUIEIbHBIX IPOLECCOB YCIOKHE-
HUS CTPYKTYpBl MaTEPUH, KOTOPBIE COBEPLIEHHO UCKIIIOYAIOT U3 HETO
TaKO€ IMOHATHE KaK BEPOATHOCTh, HA KOTOPYIO OUYEHB JIIOOST CChI-
JIaThCSl TPOTUBHUKHU ABOJIIOLMOHHOM Teopuu JlapBuHa.

ITpuposae BooOI1IIE HE3HAKOMO MOHATUE BEPOSTHOCTH, IO3ITOMY
BCE B3aMMOJICUCTBUS B HEH OJHO3HAYHO OOYCIIOBJIEHBI €IMHCTBEH-
HBIM IIPUHLUIIOM — 6MOPbIM HAYAI0OM mepmoounamuxu. YemoBek
HUKOTI'/Ia HE MPOUCXOIWI OT 00€3bsIHBl U MTHUIBI, HECMOTPSL HA CXO-
JKECTh MPOLIECCOB PA3MHOKEHHMSI, HE MOTJIM IIPOU30UTH OT 36MHOBO/I-
HeIX. ['enuit JlapBruHa MOHSIT U OOBSACHUIT OOIINN MEXaHU3M BO3HUK-
HOBEHMS U 3aKpEIJIEHHs "TIOJIE3HBIX ' ¥ OTCEMBAHUS "BpEIHBIX" MpU-
3HAKOB.

Ho nporecc mponcxoxaeHusi BUJ0B UMEET MEXaHU3M, OUYEHb
CXOXHI ¢ MEXaHM3MOM CHEIHaIN3alMK KJIETOK IpU BHYTPUYTPOO-
HOM pa3BuTHH mwioga. OH onpenensercs He TOJIbKO CBOMCTBAMM KJle-
TOK, a B O0JIbIIIEH CTEeNEeHN CTpOoeHNEM OesKa U yCTIOBUSIMH OKpYXKato-
el cpefibl, B KOTOpOW OHM pa3BHBalOTCA. Bo Bcex 3TUX ciydasx pa-
00TaroT npocThie hrU3nUECKUe 3aKOHOMEPHOCTH U YTOOBI pa3zodparbes
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B 9TOM, YK€ HEJIOCTATOYHO OBITH OMOJIOrOM, & HY)KHO OBITH e1ié u (u-
3ukoM. Ho moxa Hayka paszaeneHa Ha 000COOJIEHHbIE NUCUUIUINHBI,
MOHSTH 3TO OYyAET MPaKTUYEeCKH HEBO3MOXKHO. BOT Takoil xapakrep-
HBIN TIpUMeEp.

VYyéHble O HeOOpa3yMEHHIO, OOYCIOBIEHHOMY pa3BUTHEM
UH(POPMALIMOHHBIX KOMITBIOTEPHBIX TEXHOJOTHH, yoenunu ceds, aa u
BCEX OCTaJbHBIX B TOM, 4TO B MoJekyne JJHK, sko0sl, 3anmucana uH-
dbopMarus 0 CTpOCHUH BCETO OPTaHU3Ma, BIUIOTh IO OTACIBLHOTO BO-
JIOCKa ¥ Pa33BOHWIM HAa BECh MHP O pacmupoBKe MPOrpaMMHOM 3a-
MUCHU TEHOTHIIA YeI0BEKa, JIETKOMBICIIEHHO 00elas co3/1aTh BHICOKO-
3¢ peKTUBHBIC JEKAPCTBA OT JIFOOBIX OOIE3HEH.

K coxanenuio y mpupojabl HET MPOTPaMMHCTOB U MajO KTO
3HAET, YTO TO, YTO Ha3bIBAETCSI FTEHOTUIIOM YeJIOBEKA, TPAKTUUECKH HE
OTIIMYAETCS OT TCHOTUIIA OOBIYHOTO YepBs. Tem Oomee uTo JyIst 3aUcu
TAKOT0 KOJIMYECTBAa MH(POpPMALUU IMOHATOOMIICS Obl HOCHTENb BO
MHOTO pa3 MPEBBIIAIONINI pa3Mephl YeJIOBEKa.

[TosTomy B peansrocTn monekyna JIHK mpencrasnser coboit
BCETO0 JIMIIBL OeNKOBYIO (OopMYy JUIsl "IITAMIIOBKU" MOJIEKYJIBI IIPOTE-
MHAa, U3 KOTOPOT0 CTPOUTCS OpraHu3M. J1a popmMa COCTOUT U3 MaTe-
PHHCKOM M OTITOBCKOH "TIOJIOBHHOK" ¥ TTOATOMY MOJIEKYyIa Oelka, "oT-
[ITaMIIOBaHHAsA" B HEll, UMeEeT MHOKECTBO CXOJIHEBIX CBOMCTB, KakK C
MaTepUHCKUM O€JIKOM, TaK U ¢ OTHOBCKUM. Ho, HecMoTps Ha 3TO, HU
C TeM, HU C IPYTUM OEJIOK I1J10/1a HECOBMECTHUM.

Mornekyna mpoTeruHa COACPKHUT B cebe OoJee ThICSYU aTOMOB,
a KOJIMYECTBO BAPUAHTOB PACIIOJIOKEHHUSI aTOMOB B MOJIEKYJIE MPOTE-
MHa HACTOJBKO OFPOMHO, YTO Ha 3eMiie, 32 BCIO UCTOPHIO 3BOJIOLIUU
OpraHWYeCKON "KU3HHU", HE MOTJIO OBITh IBYX JKMBBIX CYIIECTB C OJH-
HAaKOBBIMH MOJIEKYJIaMH OeJKa.

W nns MmenumuHbl 3TO pa3HOOOpa3ne OCIKOB SBISIETCS JOCTa-
TOYHO OOJIBIION POOIEMON IPH TIEPECcaIKe OPTaHOB, U3-3a UX HECOB-
MecTUMOCTU. Ho ¢ Ipyroi CTOpOHBI 3Ta HECOBMECTUMOCTD SIBIISETCS

103



Anexcandp BECEAOB

OCHOBOI MexaHu3Ma uMMyHHTeTa. CyTh MPOOIEMBI HECOBMECTHMO-
CTH 3aKJII0OYAETCsl B TOM, YTO MEpEecaKEHHBI opraH, copMUpPOBaH-
HBII MOJIEKyJIaMU Jpyroro Oeika, B OpraHu3Me pelunieHTa He CMO-
KET HOPMaJIbHO (PYHKIIMOHUPOBATb.

OH He CMOXeT y4acTBOBaTh B CUMOHO3€, MOTOMY YTO IpO-
IYKTBI )KU3HEACSITEILHOCTUA €ro KIETOK, POJIHBIC KJIETKH OpraHu3Ma
pEIUMIINEHTa UCIIOIh30BaTh HE CMOTYT, a CaM MEepPECakeHHBIN OpraH
TaK e He CMOXET HMCIIOJIb30BaTh OTXOMAbI JKU3HEIEATEITHHOCTH POJI-
HBIX KJIETOK OpraHm3Ma. A CIeI0BaTeIbHO KJIETKU MEPECaKEHHOTO
opraHa He CMOTYT HOPMaJIbHO Pa3MHOKaThCs U OH MOCTENEHHO OTO-
MpET.

BoT nostomy serde Bcero Npm>kKUBarOTCsl OpraHbl OJIM3KUX POJI-
CTBCHHHMKOB, KaK HanOoJiee COBMAJAIONINE MO CTPYKType Oenka. Ho
BCE PaBHO MPUXOIUTCS YIOTPEOIATH permapaTsl, CHUKAIOIINE HECOB-
MECTHUMOCTh, CO3JJaHHBIE KPOMOTIUBBIM TPYAOM MEIUKOB U OHMOJIO-
T'OB, [10 CYTH METOJIOM "Hay4yHOr0" ThIKa. JTO, TaK Ha3bIBa€Mbl€ aHTH-
OMOTHKH, MEXAHU3M JICUCTBUS KOTOPBIX OMOJIOTaM MPaKTUYECKU He-
U3BECTEH, IOTOMY YTO OH JICXKHT HE B INIOCKOCTU OMOJIOTHH, & CKOpee
B o0sactu (pU3UKH...

Kak yxe Obl1O0 CKazaHO BbIIIE, pa3BUTHE OpPraHU3Ma, U He
TOJIbKO BHYTPUYTPOOHOE, MOJYUHEHO MPOCTHIM (PU3UUYECKUM 3aKO-
HaM U 00yCIIOBJIEHO CBOMCTBAaMU Cpeibl, B KOTOPOM MTPOUCXOUT MIPO-
recc ero pasputus. Omucarh 3TOT MPOLECC, HA KOTOPBIN Y IPHPOJIBI
VIIIJIO OTPOMHOE KOJIMYECTBO BPEMEHHU B HEOOJBIIONH paboTe HEBO3-
MOxHO. Ho MOHATH 00K IPUHIUIT HECI0XKHO, TEM 00JIee UTO MPH-
polla HEM3MEHHO TOBTOPSET €ro MpU BHYTPHUYTPOOHOM pa3BUTHUU
Ka)KZI0r0 HOBOT'O OpraHu3Ma.

Hauyném c TOro, 4ro MarepuHcKasi M OTIIOBCKas IOJIOBBIE
KJIETKH, HE CIOCOOHBIE K JEJICHHIO, COCAMHHUBIIUCH, O00paszyroT
KJIETKY, OOJIaJIalOIIyl0 TaKOW CIIOCOOHOCTBIO M KOTOPYIO YYEHBIC
Ha3bIBAIOT CTBOJIOBOM. [InTaHKe OHa momy4yaer yepes IIaueHTy, K Ko-
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TOPOH MPUKPEIUICHA U KOTOpasi MPEICTaBIsIET COO0M MOIYIPOHHIIAe-
MyI0 00OJIOUKY, MPEMATCTBYIONIYIO CMENIMBAaHUIO KPOBH IUIO/A U
KpOBU MaTepH, HO MO3BOJISIONIYI0 KHCIOPOAY U APYTUM BELIECTBAM
OecrpensiTCTBEHHO MPOHUKATh Yepe3 Hee U3 KPOBU MaTepu B KPOBb
IJ10/1a HE CMELINBASACH.

[To Mepe yBennueHHs KOIMYECTBA KJIETOK B pe3yJbTare Jee-
HUS, KJICTKH HAXOSAIIHUeCs Ha epu(eprun BAATU OT IUIAIEHTHI, TOTY-
Yal0T MEHBIIE MUTATEIbHBIX BEUIECTB M BBIHYXKJIEHBI YaCTUYHO HC-
MOJIb30BaTh OTXOJbI JIETICHUS COCEAHUX KJIETOK, KOHTAKTUPYIOIIUX
HEMOCPEICTBEHHO C ManeHTol. YTo, COOCTBEHHO U MPUBOJIUT K BO3-
HUKHOBEHUIO MEK/y HUMH TAKOTO SIBJICHUS, KaK CUMOUO3.

KpoBeHocHas cucrema 4enoBeka U KUBOTHBIX MPEICTABISAET
co00i1 KaHaIU3aIMOHHYIO CETh, Ky/1a COPachIBalOTCSI OTXO/IbI I€TICHUS
KJIETOK Pa3lIMYHBIX OPraHOB OpPraHU3Ma, KOTOPBIC OTTY/IA XKe U OepyT
CTPOUTEINbHBIE MAaTEPHUAIIBI 1JIs ICTCHUSI.

Jloka3aTeNnbCTBOM TOTO, UTO CHEIUATA3AIIHS KJIETOK U (hOpMHU-
pOBaHHE OpraHu3Ma, B OCHOBHOM, O0YCJIOBIIEHO CpEeIOoi, B KOTOPOi
OH pa3BUBAETCs, a HE KAKOK-TO TaM MH(HUUYECKON "TIporpaMMHON 3a-
nucbio" B JIHK, MoxeT cirykuTh TOT (DaKT, 4TO Y OTHHUX U TEX KE PO-
JIATEINIE MOT'YT pOXKIAThCs KaK "HOpMaJlbHbIE" I€TH, TaK U JETH C pa3-
JUYHBIMH OTKJIOHEHUSIMH. ..

DTa CTBOJOBas KJETKA, MO CYTH MPEACTaBIsSET COOOM MOUKY,
mo1I00HYIO TTOYKaM JiepeBbeB. Ho B OTIIMYMM OT MOYEK pacTeHUH, OHA
MO>KET pa3BUBATHCS TOJILKO BO BHYTPEHHEN CpeJie OpraHu3Ma, Tak Kak
TpeOyeT [UIsl pa3BUTHSI OYCHD CIIENU(PUUECKOTO MUTAHUS. DTO CICIH-
¢dudeckoe MUTaHHUE MPEACTABISAIOT COOOW OTXOBI KU3HEEATEIBHO-
CTH KJIETOK MAaTEPUHCKOT0 OPraHU3Ma, IUPKYIUPYIOIINE B KPOBEHOC-
HOH cUCTEME.

DTa moyka TakK K€ KakK ¥ T04Ka pacTeHHI CrIocoOHa pa3BUBATHCS
B CpeJIe MaTKH JIPYroro opraHu3Ma, Ho TOJIbKO OYE€Hb OJIM3KOT0 BHA.
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A TaK ke ¥ TOT (aKT, YTO NTHIIBI U OCOOCHHO PHIOBI IPOEITBI-
BalOT OTPOMHBINA MYTh K MECTY OTKJIaJBIBAHUS UKPHI U BOCIIPOU3BO/I-
CTBa IMMOTOMCTBA. JTa MPHUBBIUKA TaK k€ ChOPMHUPOBATIACH MHOTOJIET-
HUM TIPOIIECCOM DBOJIIOIMH 110 MEPE PACIIUPEHUS apeayia OOUTaHMS.
W ona coxpaHsieTcsi, TOTOMY UYTO SIBJSIETCS TAPAHTOM CTA0MIBHOCTH
BHJIA.

CTaHOBUTCS IOHATHO, IOYEMY MPU PE3KOM MU3MEHEHHH YCIIO-
BUsI OOUTAHUS U COOTBETCTBEHHO MTUTAHMUSI, TIPOIECC IBOIIIOIHH PEIKO
AKTUBH3UPYETCS U BO3SHHKAET MHOXKECTBO MYTAIlUil, MPUBOASAIIUX K
HOBBIM BHUaM OOJIE3HEN.

A ecnu Obl HEKasi TeHETUYECKas IporpaMma pa3BUTHsI ObLTa
"sammcana" B JIHK kietku, To cymectBoBaiga Obl BO3MOXHOCTh BBI-
palmBaTh KMBBIE OPTraHU3MBI U3 C€IMHCTBEHHOW €Tr0 KJIETKH, B MPO-
OupKe ¢ mUTaTeIbHOU cpeoii. I mOTOMCTBO, BRIpAIIEHHOE U3 OJIUHA-
KOBBIX KJIETOK, OBIJIO ObI 20COIFOTHO UJCHTHYHBIM, HO B PEATBHOCTH
ke OJIM3HEIbl UMEIOT 3aMETHBIC OTIUYHS IPYT OT Apyra.

W Takue opraHu3mbl ObUTH ObI JTUIICHBI BO3MOXKHOCTH MYTa-
[IUH, a CJIe0BATENbHO, JAILHEHIIIETO COBEPIICHCTBOBAHUS U Pa3BU-
tusi. EcTtecTBeHHO, uTO M3MeHsAs kKakue-To ydactku [IHK xierkwu,
MO>KHO BIIUSATH Ha CTPOCHUE MOJIEKYJIbI O€JIKa IMOJTyJaroIIerocs: opra-
Hu3Ma. OgHAKO TaKoe CJIEToe BMEIIATeIbCTBO B IIPOIIECCHI, CHOPMHU-
pOBaBIIMECS B TCYCHUH MUJUIMOHOJIETHETO ITPOIIeCcca SBOJIOIHMH, MO-
T'YT IPUBECTH K HETPUSATHBIM U HEMPEICKa3yeMbIM JIJIsl YeTIOBEKa T10-
CIICIICTBHSM.

Beow npupooa oe3rncanocmno omceusaem HeyoauHvle KOM-
Ounayuu yice Ha HAYATLHOM Imane.

[Tporme Bcero mpocineauTh Mporece Crueruain3aliuy KJIETOK Ha
npumepe ¢ pacteHusmMu. Cemst 11000T0 pacTeHUs, TOTaasi BO BIIaXK-
HYIO Cpefly, mpopacTaeT. To eCTh ero KJIEeTKH HAYMHAIOT IeITUThCS, 00-
pasys poctok. [lutaTenpHbIC BemecTBa A ACICHUS, TTOCTYIAIOT 10
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CTBOJIy BBEpX, COTJIACHO omucaHuio B Tnase [ri.11]. Haubonee un-
TEHCUBHO JIEJICHHE KJIETOK MPOUCXOIUT B CEPALIEBHUHE CTBOJIA, TIE
MIPOXOJUT OCHOBHOW MOTOK MUTATENbHBIX BEIIECTB.

[TuTaTenbHbIe BellecTBa JIETKO MOAHUMAIOTCS BBEPX IO PhIX-
JIOW cepAlleBUHE, CTUMYIIUPYS POCT pacTeHUsl, 00pa3ys HOBbIE BETBU
u jucths. Ecim 6b1 B JIHK kierok Haxonmmmace Hekash mporpamma
Pa3BHUTHS, TO JIEPEBHS OJHOMN MOPOABI OBLTH ObI COBEPIICHHO OJMHA-
KOBBIE 10 cTpoeHU0. OHU UMeNu Obl OJMHAKOBOE KOJIMYECTBO BETOK,
UX KOHQUTYPALHIO U TIOTHOCTh. OJHAKO BHEIIHUE YCIOBHSI BHOCST
cBOM KOoppeKkTuBbl. Kietku, Haxonsuuecs Ha nepudepun, noaydaroT
MEHBIIIE MUTATEIbHBIX BEIIECTB U UM MPHUXOAUTCS UCIIOJIB30BATh OT-
XOJIbl JKU3HENEATENIbHOCTH CEPJALIEBUHHBIX KIETOK, MO3TOMY OHHU
MEHBIIIE TIO pa3MepaM B 00pa3yroT 0oJiee TIIOTHYIO IPEBECHHY.

MuHUMalTbHOE KOJIMYECTBO MUTATEIbHBIX BEIECTB MOIYYatOT
KJIETKH Hapy>KHOTO CJI0Sl, KOHTAKTUPYIOIIHE C BO3AYXOM. OHU COXHYT
U OTMHpAIOT, 00pasys kopy. Kpome Toro paznudusi B OCBEIICHUH TIPH-
BOJUT K TOMY, YTO C OCBEIIEHHOW CTOPOHBI YBEJIMUYUBACTCS KOJIMYE-
CTBO BETOK, B pe3yJbTaTe ux 00jiee MHTEHCUBHOTO POCTA.

N30bITOK NUTATETBHBIX BELUIECTB U BJIArd B CEPALICBHHE IPU-
BOJIUT K TOMY YTO B Hell HAUMHAIOT Pa3BUBATHCS PA3IUUHbIE TAPa3UThI
- OaKTepHH | IJIECHEBBIC TPUOKH, MPUBOIAIINE K THOCIIH JIepeBa.

[TpumepHO Tak ke oOpa3yeTcst M KOXKa Y )KUBOTHBIX. DTO CIION
OTMEPIIHNX U 3aCOXIIHNX KIIETOK, KOTOPBINA MPEAOXpaHseT MTyOMHHbBIE
KIJIETKHA OT BBICHIXaHHS U TuOenu. OXUBUTH ITH KIETKH KAKUMHU-TO
KpeMaMH WJIH Ma3siMH HEBO3MOXKHO. Jla 3TO HE HYKHO U OIAaCHO.
Knerku, He 3anuniéHHbIe KOXKEH, T€rKO MOBPEKIAI0TCS U CTAHOBSITCS

MUIIeH pa3IMyHBIX, JIETKO MPOHUKAIOIIMX B HUX OaKTEpUH. ..
ks

Kak yxe ObLIO CKa3aHO BBINIE, C TOYKU 3PCHHS HACTOSIIEH
TEOpHH, "JKU3HB" - 3TO YUCTO OBITOBOE WJIM PEIUTHO3HOE TMOHSTHE,
00YCJIOBIICHHOE APEMYYUM 3a0yKJACHHEM, YTO B MaTepUaIbHOM

107



Anexcandp BECEAOB

TeJIe YeJIOBEKA MJIU KUBOTHOT'O CYIIECTBYET HEYTO HEMATEPUAIIbHOE,
KOTOPOE U JENaET €ro "KUBbIM".

Ha camom ke merne, )KWBOW OpraHU3M — 3TO IPOCTO OMOJIOTH-
YECKUW MEXaHU3M, CIIOKUBIIHMICSA B pe3yJIbTaTe JJIUTEIbHOU IBOIIO-
[[UU MaTe€pHH, B KOTOPOM CHOPMHUPOBATIUCH U AEUCTBYIOT MHOKECTBO
ABTOMATUYECKUX, B3AMMOCOIJIACOBAHHBIX U MOACPKUBAIOMIMNX APYT
JpyTa MpOLECCOB, MOAYUHSIOMUXCS SIUHCTBEHHOMY (PU3NYECKOMY
3aKOHY — BTOpPOMY Hauaily TepMmoAauHamuku. M Huyero "»xuBoro" B
HEM HE COJICPKUTCSL.

Ero BmosmHe MOXHO CpaBHUTH, Hampumep, ¢ paboTaloIIUM
JIBUTaTEJIEM BHYTPEHHErO CrOpaHusi, B KOTOPOM TaKKe OCYLIECTBIISA-
IOTCSI TAKWE B3aMMOCBSI3aHHBIE aBTOMAaTHUYECKHE MPOLIECCHI, KAK IO0-
Jlaga TOPHOYEro, CMEIIMBAHUE €r0 BO3JYXOM, CKAaTHE B IUIMHAPAX,
MO/)KUTAHUE CMECU B HY)KHBIH MOMEHT, CHHXPOHHOE OTKpBhIBAaHUE U
3aKpBITUE KIAMAHOB W Tak ganee. VI mosTomy paboTaromiuii qBura-
TeJb, KaKOW-HUOYIb MEepBOOBITHBIA AWKAph ¢ OCTpoBOB Tyamory,
BIIOJIHE €CTECTBEHHO MOXKET CUUTATh )KUBBIM.

Tem Gonee, 4To 0OBbEIMHUB €r0 ¢ HEPTIHOM BBHIIKON, HeTe-
MIEPErOHHBIM aNlapaToM M aBTO3aIPaBIIMKOM, MOKHO 3aCTaBUTh €r0
paboTaTth aBTOMAaTHYECKH, O€3 ydacThs 4YelIOBEKa, A0 TeX IOop, MoKa
OH HE M3HOCUTCS M 3aryioxHeT. To ectb ymMpéT. To ke camoe mpouc-
XOJIUT U ¢ JI100bIM opranu3MoM. CO0OM OAHOTO UM HECKOJIBKHX IPO-
1IECCOB, HAPYIIAeT MX COIIACOBAHHOCTh, OTTOYEHHYIO MUJUTMOHAMH
JIET SBOJIIOLIMU U, B KOHEUHOM MTOTE MMPUBOJAUT K OCTAHOBKE BCEX MPO-
1IECCOB, MPOUCXOSIINUX B OpraHU3ME.

[IpaBna aBuraTensb JIETKO OTPEMOHTHUPOBATH, JOCTATOYHO 3a-
MEHHUTbH KaKHE-TO JETaIN WIN MOYUCTUTh KOHTAKTHI, YTO C OCTAHOBHB-
HIMMCSI OPTaHU3MOM He Bcerja nonydaercs. [lotomy uro B Ouosoru-
YECKOM OpTaHu3Me, MMOYTH cpa3y K€ HaYMHAIOT Npeodagarh Apyrue
IIPOLIECCHI CUHTE3A, JENAI0IIUEe PEaHUMAIUI0 HEBO3MOKHOM.

Teno yenoBeka, Tak ke Kak v JJFOOOTO IPYroro KUBOTHOTO, 110
CYTH, MPEJICTaBIIsET COO0M COOOIIECTBO, HAXOMAIIMXCS B CUMOUO3E
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MHOECTBa MHOTOKJIETOYHBIX OPTaHU3MOB (OpPraHoOB), KOTOpPbIE 00b-
€IMHUBLIMCh B TIPOLIECCE HBOJIOLUH, PA3BUBAIUCH COBMECTHO U
HaBCer/la MOTEePsUIM CaMOCTOsTeNbHOCTh. 1o cyTH, 310 peanuszaunus
TOTO K€ CaMOro NPUHIMIA CUHMe3@, TOIBKO Ha 0ojee BBICOKOM
YPOBHE OpPraHU3aLUU MATEPUU.

Cam MexaHM3M JeWCTBUS CHMOMO3a JIOCTaTOYHO MPOCT JJIs
NOHMMaHHMs. J[Ba MM HECKOJIbKO MHOTOKJIETOYHBIX OPraHU3MOB, CBSI-
3aHHBIX CUMOMO030M, UCTIONIB3YIOT OOJIBIIYIO YACTh MPOTYKTOB KU3HE-
JeSITeILHOCTH IPYT Apyra (OTXOAbI UM IMPOCTO JIEPbMO), KaK CTPOH-
TEJIbHBIM MaTepual 11 ce0s, 4TO B UTOT€ NIPUBOAUT K YMEHBIICHUIO
nOTpeOJIEHUs MUIIU U SHEPTUH U3 OKPYKAIOLIEH CpeIbl.

W 4TO, COOTBETCTBEHHO, NAET ropas3o OONbIIYI0O HE3aBUCH-
MOCTb OT BHEIIHUX MPUPOAHBIX YCIOBHH M IOITOMY MBI MOXKEM J10-
BOJIBHO JUTUTENIEHOE BpeMsi 00X0oauTCs BooO11e 6e3 nmuiy. B mpoTus-
HOM ciy4ae Mpu OTCYTCTBUU CUMOMO03a, HaM MPHUXOMIIOCH ObI TOCTO-
STHHO YTO-TO K€BaTh. A TakK, KJIETKH OPTaHOB BO BpeMs IE€PEPHIBOB B
OUTAHUU O0XOAATCS OTXOJAMHU KH3HEIEATENbHOCTH JAPYIHX KIIETOK
OpraHu3Ma, MOCTYMALIUMH B KpOBb. B mpupoze, mpakTH4ecku uc-
HIOJIb3YETCs BCE U HUUYETO HE IPOMaaeT MPOCTO TaK.

XKenynas xenesa, HapuUMep, UCMOJIb3YET Ui ACJICHUS CBOMX
KJIETOK, a 9TO €€ OCHOBHAs 3aJaya, IPOAYKThI KU3HEAEATEIbHOCTU
XKeJyJKa, IOCTaB/IsieMble IOTOKOM KPOBH M B Kau€CTBE OTXO/OB BbI-
JeTIsieT KeT4b, KOTOPYIO JKETYAOK B CBOIO OYepe.lb, UCIIOIb3YyeT IS
nepepabOTKKU HEKOTOPBIX MPOAYKTOB MUTaHus. Ecnu ynanuTe u3 op-
TaHW3Ma JKEITYHBIN My3BIPh, JKETYI0K HE CMOXKET UCIIOIb30BaTh HEKO-
TOpBIE BEIIECTBA, B PE3YJIbTATE YETO YEJIOBEK, XOTS U OyIeT KHUTb, HO
OyJeT BBIHYXKJEH OTpaHUYMBATH CeOsl B YMOTPeOJECHUU HEKOTOPHIX
BUJIOB ITHIIH.

IToBpexxneHue cepiua HEMEUIEHHO MPUBOAUT K CMEPTH, TaK
KaK Cep/lLE BBINOJHAET OYEHb BAXKHYIO (DYHKIHUIO MO IMepeKauke
KpoBHU. 1 x0T 3Ta (hyHKIIMSI OYEeHBb Ba)KHA, OHA TEM HE MEHee, J0CTa-
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TOYHO MPOCTa U MOITOMY CEPJILIE JIETKO MOXKHO 3aMEHUTh MEXaHUYe-
CKUM TPOTE30M — MPOCTHIM HacocoM. YTo, cOOCTBEHHO, YK€ J0-
BOJIBHO YCIEIIIHO HAYWHAIOT JIEJIaTh MEAUKH.

[ToBpexaeHne Me4YeHu, Tak K€ CMEPTENIbHO OMAacHO, TaK Kak
MPOAYKTHI (OTXO/IbI) €€ KUZHEACSITENIbHOCTH — 3TO OOJIBIIOE KOIHYe-
CTBO Pa3HOOOPA3HBIX BEIIECTB, KOTOPHIE UCIIOIB3YIOTCS APYTUMHU Op-
raHamu. be3 neuenu, 04ueHbL MHOTHE OpPraHbl IEPECTAHYT MOJy4aTh He-
00XOIMMBIE UM OTXOJBI €€ KHU3IHEACSITEILHOCTH, YTO OYEHBb OBICTPO
npuBeAET K COOI0 M OCTAHOBKE JPYTUX CBS3aHHBIX C HUM IMPOIIECCOB
B OpraHU3ME U €ro "cMepTH'.

[ToaTOMy 3aMEHUTH T€YEHb KaKUM-THOO YCTPOWCTBOM, CKO-
pee BCero He MOJYYUTCS HUKOrAa. To ecTh JII0Oble OpraHbl HAIIEro
Tena "03a004eHbl" JIUIIbL TEM, YTOOBI JCIHIINCh U Pa3MHOXKAIHCH
TOJIEKO X KJIETKU U UM TIyOOKO Oe3paziuyHa KU3HENEATEThHOCTh
apyrux opraHoB. OJHaKo B pe3yiabTaTe MIUTEIbHON 3BOJIIOINH,
c(hOpMHUPOBAITUCH HACTOJIBKO MPOYHBIE B3aUMOCBSI3M MEXKIY HUMH,
9TO 1000 cOOl B OHOM OpraHe, cpa3y >k OKa3bIBaeT BIUSHHE Ha
IpyTHe.

Korga yuénpie cMOryT netaiabHO pa3oOparbest B paboTe opra-
HOB HAIIIEeTO TeJla, BOT TOT1a 6€30 BCAKUX JIMTTOBBIX paciin(poBOK He-
CYILIECTBYIOIIETO0 T€HETUYECKOTO KOJa, ICHCTBUTENHbHO, MOSIBUTCS
BO3MOXKHOCTh CO3/1aBaTh OYeHb 3P (EKTUBHBIE JIEKAPCTBA OT Pa3IUy-
HBIX 0ose3Hel. XOTs MOTHOCThI0 N30aBUTHCS OT HUX YEJIOBEUECTBY
He yaactcst HUKoraa. OCTaHOBUTH 3BOJIIOLIMIO MaTEPUU HEBO3MOKHO,
a BO3HUKHOBEHHUE 00JIe3HEH — ATO MPUHIMITHATIHLHO 3aKOHOMEPHOE e€
CJIE/ICTBHE.

Jlornueckoe pa3BUTHE HACTOSAIIEH TEOPUHN HEU30EIKHO TTPUBO-
JTUT K COBEPILIEHHO OLIEIOMJISIOIEMY BBIBOAY, YTO TO, YTO MBI Ha3bl-
BaeM "JKU3HBIO", )KU3HBIO U HE SIBJISIETCS, a SIBJISIETCS TPOCTHIM U 3a-
KOHOMEPHBIM CJIEICTBUEM IPOLIECCca 3BOJIIOIUU MAaTEpUHU BCEICHHOM.
U TonbKO HEMTOHUMAHUEM ITOTO 0OCTOSATENBCTBA OOBSICHSIETCS TO, YTO
emnié MHOTHE YUEHBIE-TEOPETUKH JI0 CUX MOp OE3YCHENIHO MBITAITCS
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HAlTH pasrajKy OTJIMYUS KHBOTO OT HEKUBOTO, MO CYTH, JOMSCH B
OTKPBITYIO IBEPb.

[ToTroMy 4TO TaKOro OTIIMYUS HPOCHIO He MO cem Obtmb. Tak
K€ COBEPIIICHHO SICHO, YTO YHUUTOXXHUTh KU3Hb, KaK MPOIECC IBOJIIO-
MU MaTEPHUH, HEBO3MOXKHO, ITOATOMY JIFOOBIE U3MBITIUICHHS O KOHIIE
CBeTa SABJISIFOTCS OpenoM cuBOil KOObLTBL. bonee Toro, mporecc 3Bo-
JIOIMU HE OCTABIISIET HUKAKOH, Ta)Ke MUKPOCKOITMYECKON BO3MOXKHO-
CTH CYIIECTBOBAHMSI HEKOETO BBICIIETO TBOpIA. [IpocTo moTomy, uTo
MPHUPOJIC OH HE HYXKEH.

N TonpKO HEBEKECTBO U JIETCKasi OTPAaHUYEHHOCTH YeIoBeYe-
CKOT'0 pa3yma IpHuBejia K BOSHUKHOBCHHIO HAMBHBIX CKA30YHBIX Yyde-
HUW O HEKOEM BBICIIIEM CYIIECTBE, KOTOPOE, KAKUM-TO HEBEPOSITHBIM
00pa3zoM, co3/71a710 ATy BCEJICHHYIO M "COTBOpMJIO" Bce "KUBOE", TO-
MECTHB €ro Ha IUIaHETy ¢ KOM(OPTHBIMU YCIOBUSIMH MPOXKHBAHUS.
AOCYpIHOCTB 3TUX YUCHHI CTAHOBUTCS OUYECBHJIHOM, €CITU 3a/1aTh aB-
TOpaM U MX MOCIIEAO0BATENSIM APy MPOCTHIX BOIPOCOB.

Bonpoc nepeuiii: A niis yero, COOCTBEHHO, BCEMOTYILIEMY Ca-
MOJIOCTATOYHOMY CYIIIECTBY, KOTOPOE HU B YeM HE HYXKIAETCs, 3TOT
TEMOPPOI C YETOBEYECTBOM, KOTOPOE TOJIBKO M JENIaeT, YTO MOCTO-
STHHO BOIOET, TpaOuT 1 yOWBaeT Apyr apyra?

H eonpoc émopoii: A 9To0, y 3TOTO BCEMOTYIIIETO CYIIIECTBA HE
XBaTUJIO YMa PEIIUTh 3TH MPOOJIEMBI €mé Ha CTaluu MPOEKTUPOBA-
Hus? OTCYTCTBHE OTBETOB HA OTH BOIPOCHI IOKA3BIBAET, YTO ITO BCeE-
MOryIee CyIIecTBo He 6osee ueM 1o yooroi (panrtaszuu Jgroaei, co-
3/IaBIIMX €ro MO CBoeMy 00pasy H moaodbuto. Beputs B TO, 4TO 3TO
BCEMOTYIIIEe CBEPXPa3yMHOE CYIIECTBO MOXKET OBITh MIPUMUTHUBHBIM
1 J)KECTOKHM, KaK IMEePBOOBITHBIN TUKAph, B BHICIIEH CTETICHH HEJIEIO
1 0ECCMBICIIEHHO.

Bonee Toro, HECMOTps Ha TO, YTO ATO CYIIECTBO OOEIIAET JIt0-
JISIM BEYHOE OJIaXKEHCTBO B 3arpOOHOM MHUPE, YTO-TO HUKTO OCOOEHHO
HE CIICIIUT BOCIIOJIL30BaThCS ATUM OOCTOSTEILCTBOM, @ COBCEM IaXKe
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HA00O0POT OUEHb MHOTHE Y4EHBIE OBIOTCS HaJ pa3pabOTKON METOO0B
IPOJUIEHUS CBOETO OPEHHOI0 CYIIECTBOBAHMS Ha ’TOM CBETE.

[IpiTasgich MoYEeMy-TO Kak MOKHO JOJIbIIE OTTSIHYTh MOMEHT
MOJTy4eHUs1 BeYHOro OsiaxkeHcTBa. [iist aToro naxe npuayMaid KpUo-
TeHHbIE KaMephbl, TJI€ 3aMOPOKEHHBIE TPYIIBI BAKHBIX (C TOUKHU 3pEHUS
3THUX MOKOMHUKOB) 0C00, OYAYT XpaHUTHCS IO TEX MOP, TOKa YeIoBe-
YeCcTBO He HaWJET crocoba BBUICYUTh X U 0KUBUTH. A BCE IIOTOMY,
YTO JJaXKe caMmble IITyOOKO BEPYIOIINE PEIUTHO3HbIe (PaHATHUKH, B TIIYy-
OMHE TyIIM COMHEBAIOTCA U MYy4alOTCsl TOW HEM3BECTHOCTHIO, KOTOpast
OKUJIAET UX MOCJIEe CMEPTH.

Benp uenoBek cosznan cebe 6ora IMEHHO M3 CTpaxa CMEpPTH, U
Jake MOJIHUMAsCh IO JIECTHMIIE MTO3HAHUS, OH BCE IBITAETCA COBEP-
IIEHCTBOBATh CBOIO MPUAYMKY. BMecTO BeTX03aBETHOIO ¥ MPUMUTHUB-
HOTro 0OXKECTBa, TeMeph B MO3raX MHOTHUX IICEBAOIPAMOTHBIX BEpYIO-
MUX QUTYPUPYET YK€ HEKHH, KaK UM Ka)KeTcs, BIOJHE "Hay4HbIH"
BBICUIMI pa3yM, 0OUTaIoNMii 1100 B rIyOMHAaX BCEJICHHOM, THOO B Ka-
KOM-TO IPYIOM HM3MEpPEHUH, KOTOPBIH, M10-BUAUMOMY, OT CKYKH CO-
3/1aJ1 YeJIOBEeKa B KaKUX-TO CBOMX HETOHATHBIX Iensix. Ho TyT Bo3Hu-
KaeT JIOTUYHBIN BOMIPOC, a KTO K€ co3/71ai camoro oora..?

"Xu3Hp", KaKk yke ObLJIO CKa3aHO, 9TO CIEJCTBUE Ipoliecca
SBOJIIOIIMM MAaTepUU U TMPOIecC 3TOT OECKOHEUYEH. A KellaHue IMpo-
JUTUTh TO, YTO YK€ caMO 1o ce0e OECKOHEYHO, TIIYNO W OeCcCMBIC-
aenHo. Kaxaplil uenoBek mim )XKUBOTHOE, KaK MaTepHaIbHBIA OHOJIO-
TUYECKUN MEXAHU3M, ITOCTOSIHHO BOCITPOU3BOIUTCS IPUPOJOM 3aHOBO
U JIaKe HE OCO3HaBasi TOTO, MO CYTH, MIPOKHUBAET OECKOHEUHOE KOJIH-
4ecTBO "KHU3HEH" Ha OECKOHEUHOM MHOKECTBE OOMTAEMBIX TNIAHET BO
BCEJICHHO.

W naunHas KaXIyr0 HOBYIO "JKU3HB'" C HYJISI, OH (PU3NUYECKH HE
MO’KET IOMHHTb, HU MPEAbIAYIINE KU3HU, HU MECTO, I/I€ OH YK€ KO-
IAa-TO XWJI. DTOT HEOOBIYHBIA BBIBOJ, IO CYTH, 0OOCHOBBIBAET OY/I-
JU3M, KaK MHTYUTUBHOE U IIOYTH Hay4HOE MHUPOBO33PEHUE C "PEUH-
KapHaIue'" MaTepuanbHOro Tela.
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A TO, 4TO JIOAM, CAMHU TOTO HE MOHUMAsl, HA3bIBAIOT AYIIOH,
TaK 3TO MPOCTO HAIlIe CO3HAHUE, SBJISIONIECECS CBOMCTBOM BBICOKOOP-
TaHW30BaHHOW MaTepuu, (GOPMHUPYIOUTUMCSA B pe3yjbTaTe BOCIHUTA-
HUA ¥ 00y4deHus, OECCIIeTHO HCUe3ar0IIEero Mocie CMEPTH OpraHu3Ma.
N xoTs1 co3Hanue wim "mayma” co cMepThio OeccaeHO UCYe3aeT, ITO
HE UMeeT a0COMOTHO HUKAKOTO 3HAYEHUS, TIOTOMY YTO OHO TaK e
chopMupyeTcsi 3aHOBO B HOBOM Tenie. W ytst 3Toro He moTpedyercst HU
Oora, HU JBSIBOJIA, HH BBICIIETO pazyma. JlJis 3TOro BHOJHE Jq0CTa-
TOYHO POJIUTENIEH U TIEAaroros.

CMmepTh Bellb TOJIBKO C TOYKH 3PEHUS TTOKa eIlle HEBE)KECTBEH-
HOTO YEJIOBEKA, SIBIIACTCS TpareaueH, 1k MPUPOIbI Ke - 9TO 3aKOHO-
MEpHOE SIBJICHHE, TPOUCXOIAIIEE ITOBCEMECTHO U MTOCTOSIHHO, TaK XK€,
KaK ¥ pOXKJICHHE. DTO HEOThEeMJIeMasi COCTABJISIONIAs TTPOIIEcca IBO-
JIOIMU MaTepuu. B HameM Tene KaXIylo MUHYTY YMHPAIOT THICSIU
KJIeTOK. U KaXKIyt0o MUHYTY TBICSYH KJIETOK POXKIAOTCSI BHOBbD.

Jlumie pazyMHOE 0co3HaHUE TOTO (PaKTa, YTO CMEPTh ATO HEU3-
OEKHOE CIENICTBUE MPOIlecca IBOIIOLNHU, MPUBEAET K TOMY, YTO OHA
npecmanem cmpawiums Ji00eil céoell Heu38eCmHOCHbIo U 0e3bic-
XO00HOCHIbIO, A CMAHem 80CHPUHUMAMbCA NPOCMO KAK 00CAOHAA
Heu30ex)cHocmo.

JlocanHast, He CTOJIBKO MIOTOMY YTO B HOBOM YKHU3HH, HE TOJIBKO
BCE HYXHO OYJIET JeJIaTh 3aHOBO - CHOBA YYHUTHCS TOBOPHUTH, XOIUTh,
YUTaTh, 3aBOJAUTH JPY3€H, a CKOJbKO MOTOMY, UYTO B CIEAYyIOIIEH
JKU3HU BEPOSITHOCTH HAIIETO TMOSBJICHUS B OECKOHEYHOW BCEICHHOMN
Ha IJ1aHeTe 3eMJisi, HACTOJIbKO HUYTOXKHA, YTO MPAKTUYECKU HEBO3-
MoxkHa. Korma uenoBek, HaKOHEI[-TO, MOMMET U OCO3HAET ITO, OH CO-
BEPIIICHHO TMO-APYroMY OYIET OTHOCUTBHCSA, KaK K )KU3HHU BOOOIIE, TaK
U K KQKIOU OTAEILHOU JKU3HU B YaCTHOCTHU.

DTO YTBEPXKIEHHUE MOXKET, B HACTOSIIEE BpPEMs, MTOKa3aThCs
KOMY-TO ITMHUYHBIM, TaK KaK CKOPOb 110 TOKOWHHUKY M CJIOBA O HEBOC-
NOJTHUMOM yTparte, OyIyT Ka3aThCs IIIYNBIMH U HUKYEMHBIMU. [lo-
TOMY YTO JIFOJIY, YMEPIIIME UM TOTHOIINE B BOWHAX, B KaTacTpodax,
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B KOHIyIarepsix u ryjarax, B CUJIy TOIO 4TO MaTepus BeYHa U HEYHU-
YTOXKMMa, CHOBA U CHOBA >KMBYT U €CJIM HE CPE/IM HAC, TaK Ha APYTUX
00UTaeMBIX IIJTAHETAaX 0ECKOHEUYHOMN BCEJICHHOM.

JKuByT gaxke v HE OCO3HABAasl TOrO, UTO KOT/IA-TO YK€ KU U
OynyT *XUTh emé He oauH pa3. JIroau, ObIBIIME paHbIlle ApPUCTOTE-
nsmu, Herotonamu, ['utnepamu CranuHabiMu, pabaMu v TATPULIASIMH,
BO3MOYKHO, CETOHS SIBJIAIOTCS HAIIUMU JE€ThbMHU, BHYKaMH WJIM Tpa-
BHYKaMH, 2 MOKET Jake cOOaKaMH WM KOIIKAMH, XOTSI HUKTO U HU-
KOI'/Ia 3TOTrO HE y3HAeT.

Ho B cuny BeyHOCTH Marepuu, 3TO aOCOJIIOTHAs HEM30EK-
HOCTb M YEJIOBEYECTBY CO BPEMEHEM MPUAETCSA MPUBBIKHYTh K A TOMY
Y TIEPECMOTPETh CBOE OTHOUIEHUE K 3JI0/I€SIM U TUPaHaM IMPOIILIOTO.
U xorga moau HAKOHEI-TO OCO3HAIOT, YTO OHH, 110 CYTH, BOIOIOT CaMH
¢ co0oii, TF0ObIe KOH(IIUKTHI M BOWHBI CTAHYT OECCMBICICHHBIMHU.

U Torna oTHOIICHHUE K ITAMATH TaKUX I'CHHAJIbHBIX JIFOJCH KaK
Xpucroc win JIeHNH, KOTOpbIE B YCIOBUSAX CIIETKa MOYMHEBIIEH 00e-
3bSIHBEH CTaW YTO-TO MOHSUIA U OE3YCIEITHO MBITATUCh U KHYTOM U
MPSTHUKOM BBIBECTH UYE€JIOBEYECTBO HA HOPMAIbHBIM MyTh pa3BUTHS,
n3MeHuTcs. [Ipon3oiaer 3To 0co3HaHUE, K COKAJIICHUIO €IIE OYEHb
HECKOPO, HO HEN30€KHO TPOU30UIET.

IIpumeuanue. 1 nacmosawyro meoputo, Ha00 no1azamo, aem ue-
pe3 500-1000, xoma xomenocwv 6bl HAdeAMbCA, YMO PaHbUie, OyOym u3y-
uamo ¢ HauanbHOU wiKole. OHA OKOHYUAMENbHO U HABCE20A YHUUM OMCUN
6cCe peluluo3nble U mucmuuduecKue yuenu. /4 HEeKomopble npu3snaxku cia-
0020 0BUINCEHUSL K IMOMY, YIHCE MONCHO 3AMEMUNLD YIHCe CEUUAC NO HeObl-
6anomy, no cymu, npeOCMepmHoOMy 6CHIAECKY PEeNUSUOZHO20 MPpaKodecus
U Hegexcecmea, KOMmopule 00bIUHO CYUAIONICA NePed CKAUKOM Hpozpecca.

A ceityac MHe OOTBHO U CTBITHO 3a Poccuto, koTopas 60bIiie
JIPYTHUX TIOTPSI3/Ia B 9TOM HEBEKECTBE U MPaKOOECHHU.

Bb1600 u3 6cezo ckazannozo oueHb ONMUMUCIMUYUEH: YeNo-
6€K, KAK CIHOMCHEUWIUN A6MOMAMUYEcKUl MamepuaibHolii 00b-
eKm, cihopmuposasuuiica MUIIUOHAMU JIem IBOTIOUUU U 001a0a-
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I0WUIL CBOTICMBOM COZHANHUA, HCUBEM 8€YHO, NOCIMOAHHO 0OHOBA-
ACb 8 UOE MAMEPUATILHOZ0 Mela U ROIMOMY OH HUKO020d He CMO-
JHcem OKOHUamenabHo nodedums HU OO1e3HU, HU CMEPMb, MAK KAK
OHU AGNAIOMCA 3AKOHOMEPHBIMU COCMAGNAIOUWUMU RPOYECCA I60-
J0YuU Mamepuu.

KcraTtn, nMeHHO yny4Iaronmecs, prOIMKaromuecs K MOYTH
CTCPUJILHBIM, YCJIIOBUA JKU3HU, 4 BOBCC HC IJIOXAAd S3KOJIOTHUYCCKAA 06—
CTAaHOBKa, YK€ ITPUBCIIN K OCHaGHGHI/IIO 3alllUTHBIX MEXaHU3MOB U I~
POKOMY pacHpOCTPaHEHHUIO Cped YelIOBEUYeCTBA AJICPTHUECKHX U
pakoBbIX 3a00eBaHui. [IbITasiCh N30aBUTHCS OT OJTHUX OOJIE3HEH, Ue-
JIOBEYECTBO HEHM30EKHO OyAeT MmoydaTh IPyrue U HaBepHsIKa Oosee
CTpalIHbIE.

[TosToMy mpoauTh OTAEIBHYIO "KU3HB' pa3a B MOJTOpA Ye-
JIOBEK BO3MOYKHO U CYMEET, HO CTaTh 0€CCMEPTHBIM OH HE CMOXKET HH-
Koraga. HOTOMy 4YTO OCTAHOBHUTH 3JBOJJIOUIO MATCPUU IMPUHIUIIN-
ATHbHO HEBO3MOXKHO.

18. O CO3HAHUU
N IIAMATH

Hepenxo mnpuxogurcs uYuTaTh COYMHEHUS (QHIOCO(POB, H
OYCHb JPEBHUX, U HE OYCHb, O CO3HAHUH, KaK O HEKOCH HeMaTepHab-
HOU cyOCTaHIIMH, CYIECTBYIOIIEH IIe-TO B OpraHu3Me, cama 1o cede.
OTO NPOUCXOIUT OT HETIOHUMAHUS TOTO, YTO B MPHPOJIC HUYETO He-
MaTepuaibHOro HE CYIIECTBYET.

Paccmampueams uenoseueckoe co3nanue Kak ocooyio uoe-
anvHyl0 (Hemamepuanvhylo) cyOcCmanyulo, RPUHYURUATLHO OHl-
JUYHYI0 Om CYOCMAHUUU MAamepuaibHoil, ecms O0aHb pPeauuo3-
HOMY MpaKobecuio u udeanucmuueckoil unocogpuu, Komopbwie A16-
JAIOMCA KOMNOHEHMOM UO0€0102UYeCcKOll PeaKkyuu, Hauaguieics 6
KOHYe 08a0uamoz2o 6eKa ¢ Kpaxom cO8emcKo20 KOMMYHUIMA U No-
Ppodcoaroueii momanbvHoe nomymHeHue ymoe (A.3unosves).
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Co3nanue — 3T0 CBOMCTBO BBICOKOOPTaHU30BAaHHON MaTEpHH,
a UMEHHO KOPBI 4eJI0BEYECKOT0 TOJIOBHOTO Mo3ra. M ero ¢hyHKIus 110-
CTATOYHO TPOCTA, OHO 3aHUMAETCS OOPaOOTKONW M 3JIEMEHTAPHBIM
CpaBHEHHEM CHTHAJIOB C OPTaHOB YYBCTB, OPraHU3Ys UX B BUJE 00pa-
30B HEHPOHHBIMHU CTPYKTypamH. A Tak ke KOMOWHUPOBaHHEM, Ipe-
0o0pa3oBaHUEM M COXpAaHEHHEM ITHX 00pa3oB B mamsTH. lIpoueccs
MBIIIICHUSI — 3TO U €CTh MPOLECCHl M3MEHEHHs U MpeoOpa3oBaHus
3TUX 00pa3oB. Cama mamsTh HUTJE HE JOKAJTM30BaHA, TI0O3TOMY UTE-
HUE MBICJIEH HEBO3MOKHO.

A celiuac Mbl TOKaKe€M, KaK MPOUCXOIUT BOSBHUKHOBEHUE U 3a-
NOMUHaHKE 00Pa30B B MO3Te C TOUKHU 3peHUsT Pu3HKU. DOTOHEI, a M0-
IPOCTY OBICTPBIE AIEKTPOHBI, UCITyIleHHbIe COJHIIEM, OTPaXKAOTCS,
HarpuMep OT S0JI0Ka U C TOMOIIBIO0 XPyCTAINKa PUCYIOT HA CETYaTKE
U300paxeHue 3TOTo A0JI0Ka. DTO N300paKEHHE MPEACTABISIET CO00
KapTy rpaJHeHTOB JIEKTPUUECKUX MMOTSHIIUAIOB HA CETYATKE.

B nanouke (nnm Konbouke) ceT4aTKu MPOUCXOIUT HAKOILIe-
HUE JIEKTPOHOB B MOJIEKYJIE POJONUHA, CO3AI0IIee Pa3HOCTh AJIEK-
TPUYECKHUX MOTEHIIUAIOB, KOTOPast HAYMHAET BEIPABHUBATHCS MTOPOK-
Jasi IBUYKCHUE 3TUX 3aps/I0B 110 HEPBHOMY BOJIOKHY B HEHPOH MO3ra.
DTH 3apsiibl HAKAIUTUBASCH B HEMPOHE CO3/1al0T Pa3HOCTh MOTEHIHA-
JIOB MEXIY HUM U JAPYTUMH HEHPOHAMHU COCIWHEHHBIMH C JPYTHMHU
HaJIOYKaMHU.

CunamMu OTTANKUBAHHS DJIEKTPOHBl HAYMHAIOT BBITSATHBATH
JICHJIPUTHI HAIIEro HEWpOHa 110 HAIPABJICHUIO K JPYTUM, MEHee 3apsi-
KEHHbIM HEHpOHAM U JCHIPUTHI COCOUHSSICH C HUMH 00pa3yloT B
MO3Tre CTPYKTYPY, TOJ00HYIO KapTe 3IEKTPUYECKUX MOTEHIAIOB Ha
ceruarke. (J{BmxeHHe Bcerja MOpOXKIACTCS CHIIAMH, a CHIIBI BCEra
00yCJIOBJICHBI Pa3HOCTHIO JICKTPUUCCKUAX WM TPABUTAIMOHHBIX T10-
TEHIIMAJIOB.) DTa CTPYKTYpa, MPUTATHBAs MOJCKYIbl TIIOKO3BI U3
MEXKIIETOYHOM JKUAKOCTH, Yepe3 HEKOTOPOE BPEeMsI B pe3yJIbTaTe Mo-
BTOPEHMS, TOCTEIICHHO MPOpacTaeT, 00pa3ys MOCTOSHHBIE CBSI3U, KO-
TOpBIE U MPEJICTABISAIOT COO0H 00pa3 s6I0Ka.
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K »sr1oit cTpykType BIOCIEICTBUM MPUCOCAUHIIOTCS KOH-
CTPYKLHUH, 0Opa30BaHHbIE €lle U CUTHAJIAMHU C OpPraHOB OOOHSHUS U
BKyca. EcTecTBEHHO, YTO 3TH MPOPOCIINE CTPYKTYPHI Pa3IMUHbIX 00-
pa3oB AEHCTBUTEIBLHOCTA OYE€Hb YCTOWMYMBBI K Pa3IMYHBIM BO3JECH-
CTBHSIM, HAIIpUMEp K MOTepe co3HaHus. Korjaa dyemoBek NMpUXOaUT B
ceOst, OHM TYT K€ BOCCTAHABIINBAIOTCS.

Mpumeuanne! Csoiicmay mosea K npeodpazosanuro u co30aHu0
HO6bIX 06pa303 Ha ocHoee 06pa303, coxpané'nubtx 6 nawamu, Ml 0033aHbl
ceoell cnocoonocmuio Kk meopuecmey u paumasuu. Teopuecmeo u gan-
masus — Imo Hekas opma maxoii 6e306uonoii 1xcu. Ho nodas nosico, 6
omauduu om npaeobt, OZPaHulleHHOIZ KaKkumu-mo pamKkamu u ([mewnu,
ecezoa 0eszpanuuna. U umenno smoii 6e3z2panuinoil axcu movl 00a3aHbl
maxKumu 6p€008blMll COUYUHECHUAMU, KAK K6AHMOBAA MEXAHUKA, meopus
OMHOCUMENILHOCHU U KOCMOJ102Usl, RDOMUBOPEUAUUMU eOUHCHIBEHHOMY
3aKOHY RPUPOObL — GMOPOMY HAUATY MEPMOOUHAMUKU.

Mo3r COCTOUT U3 OTPOMHOTO YHCJIA HEPBHBIX KIIETOK — HEUPO-
HOB, 00BbEIMHEHHBIX B CJIOKHEHIIYI0 HEHPOHHYIO CETh U CITIOCOOHBIX
HCIIOJIB30BaTh B MPOIECCE KU3HEAEATEIbHOCTH dJIEKTPUUYECKUE CHT-
Hasbl. Kaxp1il HEMpOH MMEeT MHOKECTBO OTPOCTKOB — JICHAPHUTOB,
KOTOPBIMU OH COEIMHSIETCS C APYTUMH HelipoHaMmu. OT CII0KHOCTH U
KOJINYECTBA ATUX COCIMHEHUN 3aBUCUT Pa3yMHOCTb WJIM WHTEIJIEKT
uaauBuaa. Camu 00pasbl peaTbHOCTH (POPMUPYIOTCS MPOPACTAHUEM
JICHJIPUTOB U COXPAHSIOTCS B MO3T€, B OTJIMYNH OT KOMIIBIOTEPHOM T1a-
MSTH, 10 camoil cMepTu opranusMma. [loaToMy nipu norepe co3HaHus,
OHM HE MCYE3al0T.

O06pa3Ho, MaMsITh MOYXXHO CPABHUTH C OOJIBIION 00BEMHOM MO-
3aMYHON KapTUHOW mMupa. M yeM MeHbIe 3J€MEHThI 3TOM MO3auKH,
TEM BBIIIE JeTanu3aius Kaptunel. [Iponecc odyuenun — 31o npoiiecc
CO3/1aHMS HOBBIX CBS3EH MEXKIY HEHPOHAMU, POLIECC TOBBILIEHUS JE-
TaMu3aluy dTOW KapTUHBI MuUpa. ['mbenp wim paspyiieHue, 0JIHOTO
WIH JTaXe JIECATKOB U COTEH 3JIEMEHTOB, 00pa3yroIux KapTHHY, HE
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NPUBOIUT K (paTallbHBIM TOCIEACTBUSM, TaK KaK CBSI3M 3TH MHOTO-
KpaTHO AYOJMPOBaHbI U MOYTH JIIOO0H 3JIEMEHT JIETKO BOCCTaHABIIH-
BAETCS M0 COCETHUM.

YenoBek poxkaaeTcs ¢ MO3TOM, B KOTOPOM MUJUTMOHAMHU JIET
3BOJIIONHH YK€ C(HOPMUPOBAHBI HEKOTOPBIE 0a30BbIE CTPYKTYPHI CBA-
36 HEUPOHOB, OMNPEICISAIONIME MOJEIM CTAHJAPTHOTO MOBEICHUS
WIH CTapTOBbIE MHCTUHKTHI, HEOOXOAUMBIC ISl BBDKUBAHUS TOCTIE
pOXIeHUS. A ero kopa BHaJale MpeiIcTaBiIseT coO00i CTPYKTYpHI C Xa-
OTHUYECKUMU CBS3SIMU MEXY HEUpOHAMHU, KOTOPbIE HEMPEPHIBHO U3-
MEHSIIOTCS U YCJIOXKHSIOTCS B pe3yJbTaTe MpoLecca 00yuenus u eoc-
numanus.

N npouecc 3TOT 0o4eHb MEIJICHHBIM M 3HEPro3aTpaTHbIM, MO-
TOMY YTO 3HaHUS JAOJKHBI, B OYKBaJIbHOM CMBICJIE CIIOBA, Rpopacmu
6 euode oendpumoe Mex 1y Heliponamu. [losTomMy cuutarh comepxu-
MO€ MaMsITH UK Tepe3anucath €€, Kak 3TO JIeNAeTCs B KOMIbIOTEPE
HE TOJIYYHTCS.

3anoMuHaTh MO JIPYyromy, MpUpoJia, K COXKAICHHUIO, TPOCTO HE
yMeeT U 00emaHusl 3aMEHUTh MO3T AJIEKTPOHHBIM YUIIOM, KaK MPEJ-
JlararoT, HampUMep, OpraHu3aropsl mpoekta "Poccus-2045", sBis-
I0TCS, TIO CYyTH, OOBIKHOBEHHBIM TICEBJOHAYYHBIM IIAPIATAHCTBOM.

VYuactauku mpoekta "Poccum 2045" XoTAT chenath 4yenoBeKa
OeccMepTHBIM, HE TIOHKMMAsi TOTO, YTO MBITAThCA CHeNaTh OeccMmepT-
HBIM TO, YTO YK€ caMO 1o cebe OeccMepTHO, MPOCTO TIYyMo U Oec-
CMBICJIEHHO.

UYenoBeK - 3TO CIOKHBIM MaTepHalbHBI 00BEKT, CHOPMHUPO-
BaHHBIM OECKOHEYHBIM MPOIECCOM JBONIOIUU MATepUU B TCUCHUU
MUJTMAPJIOB JIET, BOBCE HE SABJsETCS *KUBBIM. [la u BooO111e B mpupoe
HEeT HUYEro *UBOro. KU3Hb - 3TO YUCTO PEIMTHO3HOE MOHITHE, BEh
Jake Takasi BBICOKOOPTaHU30BaHHAs MaTepusi, Kak MO3T, COCTOUT M3
COBEpUIEHHO MEPTBBIX aTOMOB U MOJIEKYII.

YenoBek, Kak MaTepHalbHbIH 0OOBEKT MOCTOSIHHO BOCIIPOU3BO-
JUTCS TIPUPOJION 3aHOBO U JKUBET OECKOHEYHOE KOMUYecTBO pa3. He
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JyMalTe, 4TO BaM CHJIBHO IOBE3JI0, YTO BBl XKUBETE. BbI kumm u 10
CBOETO POXKACHUS U OyIeTe KHUTh Mociie Bame cMepTu. TonbKo BbI
HUKOI'/Ia HE Y3HaeTe, KeM U IJie Bbl ObUIH B MPOLLION KU3HHU.

Mo3r — 3T0 HE MPOCTO KYCOK CEPOro BEIIECTBA B YEPEMHOM KO-
poOKe, MO3T — 3TO eIMHasl CUCTEMa, CIOJIB3YIOIIas B IIPOIIECCE KU3-
HEZESTEIbHOCTH 3JIEKTPUUECKNE CUTHAIIBI, B KOTOPYIO BXOAMT €LIE U
OTPOMHOE KOJIMYECTBO JaTYUKOB, CBSA3BIBAIOIIUX €0 C OKPYKAIOLUIUM
MHUPOM. DTO U OpPraHbl 3peHUs], OPraHbl Ciiyxa, 00OHIHUS, OCA3aHUSI.

DJEeKTpUYECKUEe CUTHAJIBI C JATYUKOB (DOPMUPYIOT BPEMEHHBIE
CBSI3M, B BUJIE PA3HOCTHU MOTEHIINAIOB, 00pa30BaHHOMN HAKOIIEHHBIMU
B HEHWpOHE 3apsiaMu, KOTOpas COXPAHSETCS B TEYEHUH KOPOTKOTO
BPEMEHU M BO BpPEMs CHa MPOPACTAET B BHUJE ICHIAPUTOB MEXKIY
HelipoHamMH, 00pa3ys IMOCTOSHHBIE CBSI3M, COXPAHSAIOIIHUECS BCIO
XKHU3Hb. be3 3TUX CUTHAIOB C TATYMKOB HE MOKET ObITh HUKAKOTO CO-
3HAHUS U HUKAKOM MaMATH, IOTOMY YTO HM 3allOMUHaTh, He 0Opada-
TBIBaTh HUUETO KPOME HUX, MO3Ty OOJIbIIIE HEYETO.

W Tak xak BpeMEHHBIE CBSA3H, B BUJIE PA3HOCTU 3JIEKTPUUECKUX
MOTEHIIMAJIOB, JOBOJIHHO OBICTPO MCYUE3AIOT, 'MIEpHO] moaypacmaaa”
NaMATH NPUMEPHO OJIHU CYTKH, MO3Ty HYXXEH NEpEpbIB JUIsl CHA, BO
BpeMs1 KOTOPOTO IEHIPUTHI NHTEHCUBHO PACTYT.

OTU CBSA3M MEXAYy HEMpOHAMH MHOTOKPATHO AYOJIUPYIOTCS B
IpoLecCe HEOTHOKPATHOTO IIOBTOPEHHUS U TO3TOMY T'HOeb HEHPOHOB
OT CTapOCTH WJIM HEXBATKH KUCIOPO/Ia HEe IPUBOIUT K (haTaTbHBIM I10-
CJICZICTBUSAM JUI TaMATH. Pa3pylieHHble CBSI3U MOTHOLINX HEHPOHOB
OepyT Ha cebst coceTHuUE.

N 511 cBA3M MexAy HEUPOHAMU Y Pa3HBIX JIFOACH COBEPIICHHO
pa3JInYHbIE, TIO3TOMY K OJMHAKOBBIM BBIBOJIAM Pa3HbIE JIFOJIA MPUXO-
JSAT B pe3yJIbTaTe COBEPUIEHHO PA3JIMYHBIX JIOTHYECKUX TTOCTPOEHUM.
B npupoze HeT u He MOKET ObITh JBYX MO3TOB C OJIMHAKOBBIMH CBSI-
35IMH MEXJly HEHpOHAMH, KaK HE MOXET OBITh JIByX JIECOB C JI€PEBb-
SIMH, UIMEIOLITUMH a0COJIIOTHO OJIMHAKOBYIO KOH(UTYPALIMIO BETBEH, a
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MO3TOMY 3aITUCaTh BCE ATH CBSI3U HA IPYTOil HOCUTENb I TIEPEHECTH
WX Ha KaKOW-TO APYroil MO3T, HEBO3MOXHO.

[ToroMy uyTO ISl 3TOTO B 3TOM APYrOM MO3T€ HYXHO OyAeT
COTHU MWJUIMAPIIOB JIEHIPUTOB 000pBaTh U MPOPACTUTH 3aHOBO, CO-
IJ1aCHO ATOM 3anucu. Mo3r — 3TO He KOMIBIOTEP, B KOTOPOM JIOKaJIHU-
30BaHO BCE — OINEpaTHBHAsl M JOJITOBPEMEHHAs MaMsATh, MIPOLIECCOp,
3TO OpraH, pabOTaroMMi Ha COBEPUICHHO MHOM (H3MYECKOM NPHH-
UIe.

Tonpko Jr0IM, cunTaroNMe ce0sl yu€HBIMH, TOYEMY-TO HE T0-
HUMAIOT 3TOTO U MO-BUIUMOMY €€ JT0JIro He moimyT. MiMeHHo mno-
3TOMY BCSI COBpEMEHHasi HayKa HaXOAMUTCS B IJIAYEBHOM COCTOSIHUU,
Tak Kak y4y€Hble MPAKTUYECKH YK€ pa3ydMIIUCh MOJB30BaThCS pas3y-
MOM, a HpPENNouYuTaoT Oosiee JNETKUI MyTh — HCIOJIb30BAaHUE HH-
CTHHKTOB, KOTOPBIHA He TpeOyeT OOJBbIINX 3aTpaT SHEPIUH.

VIMeHHO MO3TOMY OHM HE JayMasi, HACKOJBKO 3TO COOTBET-
CTBYET (PU3UYECKOW PEaTbHOCTH, TYMO MOBTOPSIOT T€ HEOBUIHIIBI O
KBAaHTAX U YEPHBIX JbIpaX KOTOPBIE MM KOTJa-TO BOWIIM B T'OJIOBBHI,
MOJKPEIUISS BCIO ATY YyIIb MareMaTuaeckumu Gopmynamu. Y HUKTO
He 1aéT cebe Tpyna pazo0paThes, B KaKOW CTENeHU 3TH GOPMYIIBI CO-
OTBETCTBYIOT (PM3HUECKOMN peaTbHOCTH.

Kak 310 HM cTpaHHO, HO CITOCOOHOCTH K MBIIIJICHUIO 00YCIIOB-
JeHa omuOkamMu B paboTe Hamero rojaoBHoro mosra. Kommseiorep,
Harpumep, padoTaloUIHii Ha IBY3HAYHOM JIOTHKE, HUKOT' 1A HE OIInOa-
€TCsl, TaK KaK COCTOSIHUSI €0 AJIEMEHTOB MaMSITH — TPUTTEPOB OJHO-
3HAa4YHO ompeneneHbl. OHU UMEIOT TOJIBKO JBa COCTOSIHHSL: BKJIIOUEHO
— BBIKJIIOYEHO, UIMEHHO MO3TOMY KOMIIBIOTEp HECIIOCOOEH PELIUTh
MPOCTEHbKYIO 3aMauky bypumana, ¢ KOTOpPOHM JIErKO CHpaBisieTCs
ke KOMHATHas MyXa.

Jleno B ToM, 4TO HEMPOHBI HAIIIETO MO3Tra pabOTAIOT Ha COBEP-
HIEHHO JPYroM MpHHIMIE, YeM KommbioTep. HellpoHbl nMeIoT ThI-
CSTYM ICHJIPUTOB, KOTOPBIMH OHH CBSI3aHBI C IPYTUMH HEHPOHAMH, TI0-
TOMY OHU MOTYT UMETh OTPOMHOE KOJMYECTBO cOCTOsIHUMI. To ecTb,
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M0 CYTH, MO3T — 3TO aHAJIOrOBasi CUCTEMA. A aHAJIOTOBBIE YCTPOUCTBA
Bcerzia paboTaroT ¢ OIIMOKaMU U MOTPEIIHOCTSIMH, 3aBUCSAIIIIMU, MHO-
rux (pakTopos, Hanpumep, oT "apeida Hyas". Ho nmenHO ommbOkam
MBI ¥ 00513aHBI CBOEH CITOCOOHOCTHIO K OOYUYEHHIO U TBOPUYECTBY.

KonnuecTBO HEMPOHOB B MO3re, HUCKIIOYAs €CTECTBEHHYIO
yOBbLIb, BCIO KM3HBb OCTA€TCS MOYTH HEU3MEHHBIM, TaK KaK OHH HE
MMEIOT ME€XaHu3Ma JIeJICHUs], IOTOMY YTO OHO IMOCTOSHHO HApYILAJo
ObI paboty mo3ra. Ho apyroro coco6a o0y4eHus y >KUBBIX OpraHu3-
MOB HET U, B 0003pUMOM Oy IyIeM, €1Ba JI1 MOSIBUTCH.

C BO3pacToM HEHPOHBI MOCTENEHHO TEPSIOT CIOCOOHOCTh K
"mpopacTaHuio” U MO3I CTAHOBUTCS HEBOCIPUMMYHUB K HOBBIM 3Ha-
HUSIM. 3aTo "mipopociire” B MOJIOJOCTH 3HAHHUS JIEPKATCS B HEM
OUEHb KPENKO, XOTs TOXE MOCTENEHHO HCYE3al0T C OTMHpaHUEM
HEHUPOHOB.

[ToaTomMy YenmoBe4ecTBY, 4TO ObI HE OCTAHOBHUTHCS B PA3BUTUHI
WHTEIJIEKTa, CTOUT M03a00THTHCS O TOM, YTO OBl BEPHYThH B IITKOJIBI
IUTAKaTBI CO CJIOBAMU: "'YUUTHCS, YUUTHCS U YUUTHCS...", KaK 3aBela
OJIMH, BECbMa HETJIYMbIA YEIOBEK.

K coxanenuio B mociennee BpeMs mpeodiiagaet apyras TeH-
JICHIIUS, @ UMEHHO "MOJIMTHCS, MOJIUTHCS U MOJIUTHCA'" BEIylIas ye-
JIOBEUECTBO Ha3aJl, K Ierpajallii U CpeIHEBEKOBbIO. B cBsi3U C BbIllIe-
HU3J10KEHHEBIM, HECKOJILKO CJIOB O TaKOM '3araJjloyHoM’ SIBJIEHHUU, KaK
"dedxncagro".

OOBIYHO MaTIOTPAMOTHBIE PETUTHO3HBIC JIFOIU 0OOCHOBBIBAIOT
UM cyliecTBoBaHue Aymd. OJIHAKO ¢ TOYKU 3PEHUS] TEOPUU IBOJIO-
IIUH, 9TO SIBIICHHUE OOBSICHSIETCSI BECbMa MTPOCTO.

Kak u3BecTHO, CyIIecTBYIOIIUE B HACTOSILEE BPEMsSI KUBBIC
OpraHU3MBbI Ul JaHHBIX MPUPOAHBIX YCIOBHUH SBISIOTCS ONTHMAIb-
HBIMH.

To ecTh GMOTOTUYECKU OHU UMEIOT BIIOJIHE 3aKOHYEHHBIN BU
U eCJIH MPOUCXOMAT KAKUE-TO OMOJOTHYECKHE M3MEHEHHS, TO OHU
OYEHb HE3HAYUTEIbHBI.
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[To MHEHHIO HEKOTOPBIX OMOJIOTOB, B HACTOSIIIEE BPEMS HAUU-
HaeT mpeobnafarh, TaKk Ha3biBaeMas, KyJIbTypHas 3BOJIOLUS WU
KyJlIbTypHOE HaciienqoBanue. Ha caMmoM nene 3T1a KynbTypHas 3BOJIO-
usl WOeT HapauiebHO ¢ (PU3MOJIOTUYECKOM, MPOCTO OHA TopasJio
MEJIJIEHHEE KYJIbTYPHOM.

[Ipu3Haku 3TOro MOXKHO 3aMETUTH JIaXKe MO TOMY, YTO TOPOI-
ckue Opozsune coOaky HAYYHIIUCh MEePEXOAUTh YIIUIBI Ha 3€NEHBIN
curHan cerodopa, gaxe eciau Ha repexoje Her jojael. MimenHo c
TOYKH 3PEHUS TEOPUHU DBOIIOLUU OUYEHB JIETKO U JIOTUYHO OOBSCHS-
€TCs U SIBJICHME "JIeKaBIO".

Kakue-to oueHb sipkre COOBITUS WM KapTUHBI OKPYXKaroIieH
00CTaHOBKH, B KOTOPOH YeJIOBEK >KUBET MPOJIOJKUTENIbHOE BpeMsl, 3a-
KPEIUISIOTCS B HEMPOHHBIX CTPYKTYpaX MO3Ta U MOTYT HAacCJeICTBEH-
HBIMU MEXaHU3MaMH YaCTUYHO MEePeIaBaThCsl IOTOMCTBY.

EcTecTBEHHO B MOCIIEYIONIUX MTOKOJICHUSAX TOTOMOK, OKa3bl-
BasCh B OYEHb MMOXOXKUX YCIOBUAX U CPAaBHUBAsI YBUJICHHOE C XpaHsi-
HIMMHCS B IOJICO3HAHNU (PparMeHTaMu KaKux-To 00pa3oB, BAPYT 0CO-
3HAET, YTO OH KOTJA-TO yXe 3TO BHied. He ymes oOBSICHUTH Takoe
"yynecHoe" ABJI€HUE, YEIOBEK MPUXOIUT K BHIBOIY O CYIIIECTBOBAaHUHU
4Yero-To 6€cCMEepPTHOTO U BEYHOT'0, @ UMEHHO - AYILIH.

Penurun ectecTBeHHO, MOJJEPKUBAIOT ITH 3a0JIyKIEHUS B
CBOMX KOPBICTHBIX MHTEpecax. B CBA3M C 3TUM JIOTMYHO MPEANOIIO-
KUTh, 4YTO YeM TI03/THEE YETOBEK 3aBOJUT IOTOMCTBO, TeM OOJIbIIIE BE-
POATHOCTH TEepeiayn eMy 3TOM HaCIeCTBEHHOM NH(pOpMAIIHY.

[TozqauMEN OpakaMu, BOZMOKHO U OOBSCHSETCS PHIBOK B TEX-
HUYECKOM Pa3BUTHH €BPOIEHCKON IMBUIN3AIMN B OTITUIUH OT OJIHIK-
HEBOCTOYHOM MU a)pUKaHCKOH, I/Ie BCerja MPakTUKOBAINCH OYEHb
paHHue Opaku, B 14 JeT u 1a)ke paHbIIIe.
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19. OB DBOJIIOIUH
PA3YMA

B mpouecce sBomonnu, Kak HEMPEPHIBHOTO YCIOKHEHUS
CTPYKTYPbI MaTepUH B TEUYEHUHU IUTEIHHOTO BPEMEHM, BO3HUKIIO
OTPOMHOE KOJIMYECTBO Pa3HOOOPA3HBIX OMOJIOTHYECKUX OPraHU3MOB,
MOJYUHSIONINXCS MHCTUHKTY AOMUHUpOBaHUA. CyThb 3TOr0 OCHOB-
HOT'O MHCTUHKTA 3aKJII0YaeTCs B TOM, YTO B CJIEJACTBUH JCHCTBUS BTO-
poro Havaja TEPMOIWHAMHUKH, JH00as OCOO0b CTPEMHTCS 3aHSTh
HauboJIee BRITOAHOE TIOJIOKEHUE, Cpean ceOe MOJO0HBIX.

W B cuity neiicTBUS 3TOr0 MHCTUHKTA, JI00as TpyImna 1 co-
00I1eCTBO YKUBBIX OPTaHU3MOB, ABTOMATUYECKH OOBEIUHSICTCS B CO-
00IIeCTBO ¢ MUpPaMHJIAIBHON Hepapxuyeckon cTpykTypoil. Ha Bep-
[IMHE TON MUPaMUIBI BCET/Ia HAXOAUTCS camasi KpyIHas U CUJIbHas
0co0b — BOXakK, BCE OCTaJbHbIE 3aHUMAlOT MECTa B HEpapXHH CO-
[JIaCHO CBOEMY CTaTycCy, OIpeNeIsieMOMY B OCHOBHOM, pa3MepaMu.
Tak xak pazMepsl Mo3ra y 0coOeil 0JJHOTO BHA, TPUMEPHO OJMHA-
KOBbBI, CHJIa U Pa3yMHOCTh UX OIpEAEeNseTCcs] COOTHOIIEHUEM pa3Me-
POB, a CIIEOBATENILHO U CI0KHOCTBIO HEHPOHHBIX CTPYKTYp MO3Ta,
OTBEYAIOIIUX 32 MOTOPHBIE M aCCOLMATUBHbIEC (DYHKITHH.

Ecnu cTpykTyphl, 0TBEHaroImuye 3a MOTOPHBIE (PYHKIIUU KPYTI-
Hee 1 0oJiee pa3BUTHI, YEM CTPYKTYPhI, OTBEYAIOIINE 33 ACCOI[UATHB-
HbIE, 0COOb COOTBETCTBEHHO KpYyIHEe U 00jaaaet Oombleit gusnye-
CKOU CHJIOMN.

Ecnu ke mpeoOnamaroT acCOMAaTHBHBIE CTPYKTYPHI, 0COOb
yMHee, HO (usuuecku ciabee. [loaToMy Herpel, y KOTOPBIX B CHITY
ocoOeHHOCTeH cpeapl 00uTaHus OOJbIIE Pa3BUTHI CTPYKTYPBI, OTBE-
YaoIUe 32 MOTOPHbIE (PYHKIIMHU, B COPEBHOBAHUSAX MO CUJIOBBIM BH-
JlaM criopTa - Oery Wiy MmpbhKKaM, Bceraa OyayT moOexaaTh OernbIx.
[Toromy 4TO y GeNbIX MPEeBATUPYIOT CTPYKTYPBI MO3Ta, OTBEYAIOIIHE
3a accolMaTUBHbIE (YHKIMHU, chOpMHUpOBABIIMECS B Pe3yJIbTaTe Mpo-
JKUBaHUS B 00Jiee CypOBBIX KIMMATUYECKUX YCIOBUAX U TPEOYIOIIUX
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0osiee BBICOKMX MBICIUTEIBHBIX CHOCOOHOCTEH aisi BbDKMBaHUS. U
HUKaKW€ TPEHUPOBKHU ITOTO HE U3MEHSAT.

Ho ¢ apyroii croponsl, "BoiiHy u Mup" Herp HUKOT'/1a HE HaIU-
meT. OgHako BepHEMCS K HaImMM OapaHam. B mo6oi cTae mocTosTHHO
MPOUCXOAT MEJIKHE KOHPIIUKTBI U CTHIUKH, B KOTOPBIX KKl JIeH
CTau IIOATBEPKAAET CBOE MOJI0KEHUE B UEPAPXHUH. DTO ITO3BOJISIET MO-
JOABIM U CUJIBHBIM OCOOSIM B MPOLIECCE B3POCICHHS MPOABUIaThCS
BBEpX 10 HEPAPXUUECKON JIECTHULIE, YTO ABTOMATUUYECKU IIPUBOJUT K
MIOCTOSIHHOW pOTaluy "MpaBsIlield BEpXyIIKH .

[Tpu BcTpeue ¢ Bparom, caMble CUIIbHBIE OCOOH BO TJIaBe € BO-
JKaKOM HE pa3ayMmblBas BCTymaroT B Ooi. Ho coBcem He mns Toro,
YTOOBI 3aIUTUTH CTAl0, a IPOCTO B CHILY ACUCTBUSI MHCTUHKTA JOMHU-
HUPOBaHUs, YTOOBI IOKA3aTh BCEM OKPY>KAIOIIUM U CTae, B TOM YHCIIE,
KTO €CTh KTO M IOJATBEPAUTH CBOE MOJI0XKEHUE B Mepapxuu. 1 onn mo-
I'YT IOTUOHYTH, HO HE OTCTYIIAT MOKa CTasi He crpsAvercs B Oe3ormac-
HOM MecTe. TonbKo Koria cTasi OKaXeTcsi B 0€30MacCHOCTH U 3pUTENeH
HE OCTaHETCsI, BOXKAK MOYKET MPOCTO yIpaTh.

Tak Kak B IpUpOie CAMKH BBITOJHAIOT O0Jiee CI0XKHbIe (QyHK-
I[UU, YeM caMIlbl, TO IPUOPHUTET B BhIOOpE MapTHEPA ISl pa3MHOXKe-
HUS BCErJa MPUHAMNIEKUT camkaM. OHHM BBIOMpaIOT cebe caMIOB 110
Pa3JINYHBIM OTJIMYUTEIBHBIM IIPU3HAKaM, KOTOPBIMH MIPUPOJIa BBIJIE-
J€T camIila U3 OCHOBHOW Macchl. IMEHHO Mo 3TOW MpUYMHE B MPHU-
poJie caMIlbl UMEIOT PAa3JIMYHBIE YKPALIEHUS, BPOAE MbIIIHOTO MaBJIN-
HBET0 XBOCTA, JNIMHHOTO HOCA, KPACHOTO 33]1a, PA3JINYHbIX TpeOHEH 1
npodee.

W nMeHHO 110 3T0i MPUYUHE KPYITHBIE CaMIIbl HMEIOT OO0JIbIIIOE
KOJIMYECTBO CaMOK, & BOBCE HE IIOTOMY, YTO OHM MX INPUHYXKIAIOT K
sToMmy cuiioi. CaMKH Tak k€ MOTYT BbIOMpaTh MapTHEPOB HE TOJIBKO
10 BEJIMYMHE, HO U 110 KAKMM-TO IPYTUM OTINYUTENbHBIM IPU3HAKAM,
HaIpuMep, 10 Pa3yMHOCTH, YMEHUIO YXOAHUTh OT OACHOCTH WJIU yMe-
HUIO MaCKUpOBAThCS.
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[MoaToMy B AMKOWM MpUPOJE MPAKTHUYECKH BCE OCOOM MMEIOT
[IAHCHI OCTaBUTh MOTOMCTBO, KPOME pa3Be Y’k CaMbIX XUJIbIX U 0O0JIb-
HBIX, a 3HAYUT YTBEPKICHUE, YTO "BBLKUBACT CHJIBHEUIINN", B TIPU-
poxe He paboTaeT u sBIsAeTcsA 3a0mykaenueM. [Ipupoaa ucmoaszyer
COBEpIIEHHO JIPYToii, BeChMa IEMOKPATUYECKUN MPUHIUI, & UMEHHO,
"morubaet cinabeimuil", B MPOTUBHOM Cllydae Ha 3eMJI€ OCTAIUCH ObI
TOJIBKO CJIOHBI U KUTHI.

Bonee toro, mpupona 6e3 cokaneHusi XKepTByeT HauOolee
CWJIBHBIMU, HO "TYMBIMH" O0COOSIMHU, KOTOPBIC peaIn3ys MPUHIUN J0-
MUHHUPOBAHUS, THOHYT B Jipakax, JaBas BO3MOXKHOCTh 0oJjiee clia0biM,
HO 00JIee YMHBIM, OCTaBUTh TIOCIIe ce0s 60Jee pa3yMHOE TOTOMCTBO.

YenoBeueckoe 00IIECTBO HE SBISIETCS KaKMM-TO HCKIIIOYe-
HUEM, B HEM JIEHCTBYET TOT K€ MPUHLUI TOMHUHUPOBAHUS, TUIIEPTPO-
(bupOBaHHBIH MMOKA €1Ié TOBOJILHO HECOBEPIICHHBIM U TIPUMUTHUBHBIM
pazymom. CaMble TPHUMHTHBHBIE OCOOW, PYKOBOJCTBYIOIIHECS B
YKU3HU YHCTO >KUBOTHBIMH MPUHITUIIAME, OOBIYHO JOCTHUTAIOT BBICO-
KOT'O TIOJIOKEHHUS B O0IIECTBE, TaK KAK UM HUYETO HE CTOUT MEPECTY-
MUTH Yepe3 JIF000T0, CTOSIIETO Ha UX MYTH.

OHHU TIpeKpacHO YMEIOT MOAABIATH €IIE TOBOJBHO CIIa0bIi To-
JI0OC COBECTHU M HE 00paIaTh 0c0O0r0 BHUMaHUS Ha KaKHE-TO MOpalb-
HbI€ U HPaBCTBEHHbIEC MPUHIMILL. [To3TOMY caMoe BbICOKOE MOJI0XKe-
HUE B 001ECTBE, MOKA KaK MPaBHIIO, 3aHUMAIOT CaMble IPUMUTHBHbBIE
U OCCTIpUHIIUITHBIE.

20. Ob MHCTHUHKTAX
N MBIIIVIEHUN

IIpexne yeM HauaTh PasroBOpP O MBIIIJIEHUH U CO3HAHHH,
HY’KHO 3aMETUTh, YTO B IIPUPOJIE HET MECTa KAKUM-TO MUCTUYECKUM
Y CBEPXbECTECTBEHHBIM SIBJIEHUSIM, B HEM BCE IPOUCXOIUT B COTTIACUU
C MIPOCTHIMU (PU3NUECKUMU 3aKOHaMu. [Ipuposia mpocTa u gaxe B He-
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KOTOPOW CTENEeHH MPUMHUTHUBHA, U YTO OBI MOHSATH 3TO, HAYHEM C Ca-
MBIX TTPOCTHIX Belne. Mbl He OyeM yriayOsaThes B 1e0pu opraHuye-
CKOM XMMHHU U OMOJNOTHH, a MONpoOyeM MOHSITh MPUPOAY Ha Mpo-
CTEHBKUX MPUMEPAX.

JlomycTuM, 4TO MBI UMEEM B PACTIOPSKEHUU JIECATOK MPOCTHIX
OpPraHW3MOB, HampuMmep, uepBeil. Kaxnplii 4epBb MMeeT MPUMHUTHUB-
HBII a3, B BUJEC HEPBHOTO OKOHYAHUS, YYBCTBUTEIBHOTO K CBETY,
pPAaCTONIOKEHHOTO B SIMKE Ha TIEpeJHEM KOHIIE TyJloBHUIa. Hukakoro
U300paXeHHsI OH, KOHEYHO, CO3JaTh HE MOXET, HO Pa3INuuTh TIe
CBETJIO, a IJIe TEMHO €MY BIIOJIHE TIOJ] CHITY.

Y Hero ecThb Tak e NIPUMUTUBHBIA MO3T, COCTOSALINUN U3 MTapbl
JIECSTKOB HEHPOHOB, YIPABISIOUIMNA MapOil MBIIIIL], HA OCHOBE CUTHa-
708 rnaza. [IpeactaBum Juist MPOCTOTHI, YTO COBEPIICHHO CIy4aifHO, B
pe3ynbTare MyTaluii, y MAITH YepBeil HEPBHBIC BOJIOKHA, MOIXOMST K
MBIIIIAM HaNpPSIMYIO, TapaJUIeNbHO, a Y APYTUX MSATH, BOJOKHA Tepe-
KpemeHbl. To ecTh MATh YepBel, Kak U BCe KUBOE, OyJEeT TYIO JIBH-
raThCsl Ha CBET, a PYTHE MATh, TYIIO MOMOJI3YT B TEMHOTY.

B pe3ynbraTe pa3nuyHOro MOBEICHUS, YEPBH, BHITION3IINE HA
CBeT, OyayT OBICTPEHBKO ChEIEHBI, a T€ YTO IMOIOJI3JIN B TEMHOTY,
octanyTcs kuBbl. Hy, eciiu 1 He Bce TO, BO BCSIKOM cily4ae, OOJbIINH-
cTBO. OcTaBIINECs B )KUBBIX IPUHECYT OTOMCTBO, B KOTOPOM, €CTe-
CTBEHHO OYyIyT mpeobiiaaTh 0coOU ¢ MepeKpPEICHHBIMH HEPBHBIMH
BOJIOKHAMU.

B kaxxnom mocneayromeM NoTOMCTBE 3TOT MPU3HAK OyIeT 3a-
KPEIUIIThCS ¥, B KOHIIE KOHIIOB, BCE YePBU BCeraa OyayT ymoi3aTh B
TEMHOTY. BOT mprMepHO Tak BOSHHKAET MHCTUHKT.

WHCTUHKT — 3TO cTaHAapTHAsE MOJIENIb TOBEICHUS, OTPa0OTaH-
Has W OTTOYEHHAs MPOIIECCOM 3BOJIONHH. J[I000Bb K OMMKHEMY,
HaIpUMep, 3TO TOKE€ MHCTUHKT - HHCTUHKT BOCIMTAHUS MTOTOMCTBA.
Ecnu poaurenu B mpupoie OpocaroT HOTOMCTBO Ha IIPOU3BOJI CYAbObI
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B MJIaJICHYECKOM BO3pacTe 0e3 3alUThl, TO OHO HE TOKUBET J0 B3POC-
JIOTO BO3pacTa M HE OCTABUT CBOETO MOTOMCTBA. T0 €CTh poj Ha 3TOM
MOXET 3aKOHYUTHCA.

Tak BOT B pe3yJIbTaTe 3BOJIOLHUHA CMOIJIA BBIKUTH TOJIBKO T€
BU/IbI )KUBOTHBIX, KOTOPBIE 3a00THJINCH O MOTOMCTBE JI0 "'COBEpILIEH-
HoJsieTus". Buzpl, B KOTOPBIX 3TH KaueCTBa UTHOPUPOBAINCH U HE 3a-
KPEIUISUINCh, TIPOCTO HE BBDKWIM M B HACTOSIIEE BpeMs HE Cylle-
CTBYIOT.

A Teniepb BO3bMEM 00JIee CIIOKHBIA OPraHu3M, C MO3TOM YK€
COTHU B JBE€ HEUPOHOB, KOTOPBIM YK€ MOXKET «MBbICIUTh». [Ipen-
CTaBbTE, YTO OH BUJUT IHUILY, KOTOPYIO MOXHO IOMMaTh JBYMS CIIO-
cobamu. JInbo mepebexaTh HAMPSAMYIO Yepe3 OCBEHIEHHOE MECTO U
CXBaTHUTb, MO0 ISl TOTO K€, MOAKPACTbCS B 00X0J1 IO HEOCBEIIEH-
HOMY MecTy. [IepBblil BApHAHT YpeBaT TE€M, YTO KOT1a OXOTHUK BbIN-
JIET Ha CBET, MMIL[A €70 YBUJIUT U MOXKET yCIETh yapaTh. K ToMy ke u
caM OXOTHHK PUCKYET, BBIXO/ISl HA CBET - €r0 TOKE MOTYT CXBAaTUTh U
COXKpaTh IPYrue OXOTHUKHU.

Bo BTOpOoM BapuanTe, 1oka OH KpaJ€Tcs IO TEMHOTE, MUILA
TOXKE MOXKET yOexaTb uin €€ KTo-To JIpyroil coxxpér. Ho 3aTo aToT
nyTh Oe30macHee, OXOTHHUK, MMYCTh Jake U TOJIOAHBIN, HO XOTh B JKU-
BBIX OCTAaHETCA.

Jpyrumu cioBaMH, pelieHUE B pe3yJbTaTe MBIIUICHUS WU
CpPaBHEHHSI JIByX BapUaHTOB JIEHCTBUS, MOXKET OBITh, KaK MPaBUIIb-
HBIM, TaK ¥ OIIMOOYHBIM. B mepBom BapuaHTe ecTh OOJbIIIast BEPOsIT-
HOCTh TIOTHOHYTH, & BOT TOCTYNHUTH TaK, KaK MpeIaracT HHCTHHKT -
Oonee pasymHO. MHCTHHKT — Oe30mmOOdYeH, WHAYE XUITHUKA HE
yMmenu Obl TOJKPaAbIBATHCS.

[TosTOMy BCe XKMBBIE OpPraHM3Mbl M YEJIIOBEK B TOM YHCIE,
MPEANOYUTAIOT HE MBICIUTh, @ IPOCTO CIIEI0BAaTh MHCTUHKTAM, TO
€CTh KaKMM-TO CTaHJApTHBIM MoOJeJsAM moBeaeHus. Tem Oosee 4To
JUI MBIIIJICHUS (CpaBHEHMs) TpeOyeTcsi mopadboTaTh MO3raMH, a 3TO
TpeOyeT yCUIIN U, COOTBETCTBEHHO, 3aTpat 3Hepruu. Kak Mbl BUIUM,
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caM TPOIECC MBIIUICHUS — 3TO, TI0 CYTH, HaXOXKIACHHE HEeCTaHIapT-
HOT'O PELIEHUSs], B KaKOM-TO CUTYyalluu, WK IPOCTO, OaHAJIbHBII Mpo-
L[ECC CPAaBHEHUS U 3alIOMUHAHUS.

U1 xorjga HEKTO HAUYMHAET YTBEPKAaTh, 9To (Gopmyna F=mc?
HEBEpHa, MOJaBJstoniee OOJBIIMHCTBO HAYMHAET €r0 CMELINBATh C
rps3pio. BoBce HE MOTOMY, YTO OHH MPHUIILIU K 3TOMY B Pe3yJbTaTe
MBIIUICHHSI, @ TPOCTO MOTOMY YTO BOCIIOJIb30BAIUCH CTaHIAPTHBIM
METOJIOM Tiepedopa TeX 3HaHUH, KOTOPhIe OBUTH BOUTHI UM B TOJIOBHI
B IIKOJIaX ¥ MHCTUTYTax. MK 1Mo CyTH, HHCTUHKTOM. JTO HaMHOTO
mpoie U He TpebyeT 0co00ro yMCTBEHHOIO HampspkeHus. Hudero
IJIOXOr0 B 3TOM MOBEJIEHUU HET, pa3Be KpOMeE TOro, 4TO OHO YKe He
IpeJnoiaraeT HUKaKoro JalbHEUIEro pa3BUTHSL.

A Temepb HECKOJIBKO CJIOB 00 OCO3HAaHWU COOCTBEHHOTO fl.
JIro6oit opranus3m, o0nagarOMK Pa3BUTON HEPBHOM CHCTEMOH, caM
ce0st Kymath He OyzeT, MOTOMY KaK OIIYIIaeT ce0s KaK OJIHO IeNoe.
OpnHako, omyiieHne ce0s Kak 1eJIoro Opranu3Ma, emé HeloCTaTOYHO
JUTSE OCO3HAHUS ce0sl KaK MHIUBUIYATHHOCTH WIH JTUYHOCTH, HHAYE
BCE JKMBOTHBIC OBLIU ObI JTUYHOCTSMHU M COCTABHIIA OBl OTPOMHYIO
KOHKYpEeHLHIO uenoBeky. [IpencraBpre TobKO ceOe TUrpa uiM aaxe
co0aKy C MHTEJUIEKTOM YeJIOBEKa.

K Hammemy cuacThio, 3T0 BO3MOXHO TOJIBKO B pe3yJbTaTe 00y-
YeHHs] U BOCIMTAHUS Ha OCHOBE, TaK Ha3bIBAEMOI, BTOPOIl CUTHAIIb-
HOU cucTeMbl. My si3pIKa. A JUIs 3TOTO HY)KEH T0CTaTOYHO OOJIbIION
MO3T, KOTOPBI MOT MOSIBUTHCS y YEIIOBEKA, B PE3YJIbTATE IBOJIOIH-
OHHOU MyTanuu. JKUBOTHBIC XOTh M HE UMEIOT TaKOT'O MO3Ta, HO TaK
e, KaK ¥ 4eJIOBEK CIIOCOOHBI K 00ydeHuto. 1 X0oTst OHM MOJb3yroTCs
JUTsl OOIIEHHS] HEKOTOPBIMH 3BYKaMHU, HO UX HEJIb3s1 HAa3BaTh SI3BIKOM,
M03TOMY OOyY€HHUE Y KUBOTHBIX MPOUCXOIUT HA OCHOBE HHCTUHKTOB
—3TO caMO00Yy4YEeHHE MOIPAKAHUEM.

YeoBeuecKU OETEHBINI, BOCOIUTAHHBIN B CTAa€ >KUBOTHBIX U
KUBYIIUN B HEW JOCTATOYHO NIUTEILHOE BPEMsl, TaK e HAyYUTCS
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BCEM IIPUEMAM OXOTHI U MTOBEICHUS CPEAU KUBOTHBIX, HO B TAJIbHEH-
IIeM YK€ HUKOTJ]a HE CMOYKET OCO3HATh Ce0sl JIMYHOCTBIO. Y KUBOT-
HBIX HAYUCTO OTCYTCTBYET UyBCTBO CTpaxa, 3aTO XOPOIIIO Pa3BUT HH-
CTUHKT JUCTaHIMpoBaHus. J[t000H >XKMBOW OpraHWU3M BCeraa crapa-
€TCs Jep)KAThCA OT JIPYTMX HE POJCTBEHHBIX €My OpPraHM3MOB, Ha
OnpeAcNEHHON JUCTAHLIMH. Y BBICIIUX KUBOTHBIX 3TOT UHCTUHKT J10-
BOJILHO CJIOXKEH.

OHU MOTYT ONpeNeNsTh CTENEHb OMACHOCTH, B 3aBUCUMOCTHU
ot obpaza xkuBoTHOTO. HO 370 He cTpax. Kocyns yaupaer ot remapaa
HE ITOTOMY, YTO OOHUTCS OBITh ChEICHHOM, a IPOCTO B CHJTY MHCTUHKTA.
[ToTomy 49TO TE€ OCOOHM, KOTOPBIC HE yIWPAIH, TaBHBIM-IABHO ObLIH
CBhEJICHBI M MOTOMCTBA HE ocTaBWiIM. Kak ToiabKO renmapi mu3-3a ycra-
JIOCTH TIPEKPATUT MpPECIIeIOBaHUE, TYT K€ OCTAHOBUTCS U MpecIienye-
Masi )xepTBa. U yxxe uepe3 1ecATOK CeKyH ] OHa OyJeT MUPHO MaCTHUCH,
He o0palas Ha Hero 0cO00Tr0 BHUMAHHS.

WHCTUHKT NUCTaHUMUPOBAHUS €CTh U y XMUIIHUKOB. Eciu Bbl
HEOKUJAaHHO TOSIBUTECH Ha HEOOIBIIIOM PACCTOSIHUU AK€ OT CHITOTO
TUTpa, OH HamajEr He pa3aymbiBas. Ho ecim 310 paccrosiHue Oyaer
00JIbIIIe HEKOTOPOTO KPUTHYECKOTO, OH MPEANOUTET HE3aMETHO y/a-
muThes. V3 mpOCThIX MHCTUHKTOB TakK K€ OepyT Havyayio, U paKkTuye-
CKH JII0ObIE HPAaBCTBEHHBIC TPUHITUIIBI. Bo3pMEM, Hanpumep 3a00Ty 0
noToMcTBe. [Touemy Bce KUBOTHBIE 3a00TATCS O CBOMX JCTEHBIIIAX ?
MoskeT OBITh 3TO UM BHYMIWI Tocnos? Jla, HET, KOHEYHO, ATO CIE/-
CTBHE JACHCTBUS TPOCTOTO MHCTHUHKTA.

Ecnu ponuTenu He craHyT 3a00THTCS O CBOEM MOTOMCTBE, a
OyayT Opocathb AeTEHBIIIEH Ha IPOU3BOJ CYIbOBI cpa3y IMOCIE POXK-
JIEHUs, TO €Ba JIM UX POJl MPOJOJDKUTCA. Bece oHM mmoka Gecriomor-
HbIE OyIyT CheIIEHBI U POJ] Ha ATOM TIpekpaTutcs. Ho korma poautenu
00ydJaroT 1 OMEKAIOT ACTEHBIIIECH IO B3POCIOT0 BO3pPACTa, TO UM JIerde
BBDKHUTH U B CBOIO OU€pelb MPUHECTH CBOE TOTOMCTBO, KOTOPOE OyaeT
MOCTYNATh TAK XKeE.
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A crenoBaTeNbHO TaKUE YEJI0BEUYECKHE KaueCcTBa, KaK MOpaJlb
Y HPABCTBEHHOCTH TakK e OepyT Hayasio U3 OObIYHBIX UHCTUHKTOB, a
BOBCE HE OT KaKOT0-TO MU(PHUECKOT0 CYIIECTBA, BIOKHUBILETO, SIKOObI
9THU MOHATHUS B CO3HAHME YEIOBEKA.

Jlrogu, HEe MOHMMAas TakOW MPOCTOM 3aBUCUMOCTH, COUMHSIOT
CKa3K{ 0 Pa3yMHOCTH MPUPOIBI, KOTOPOH y He€ HUKoraa He Obuo. B
IIPUPOJIE BCE IPOUCXOAUT ropaso npoie. [Touemy, Hanpumep B npu-
poJie He BCTPEUaroTCs Oelble TUTPBI, HO 3aTO MOJTHO OEJIbIX MeABEACH ?

Jla moToMy 4TO O€NbIil TUTP HE CMOKET BBDKUTH B YCIIOBHUSAX
caBaHHbl. OH CIIMIIKOM 3aMETEH U HE CMOXKET MOJIKPACTHCS K JOOBIYE.
OH npocTO YyMPET € rojoay, TaK U HE OCTaBUB IMOTOMCTBA. Takas ke
cUTyauus u ¢ MeaseasiMu. Mx uBer onpeaensercs cpeoi oOuTaHusl.

[TpuBeny emé mpocToii mpuMep ¢ KoJoHueH oakrepuid. Eciu B
yauiky lletpu comeprkaliyro MUTaTEeIbHYIO CPENY C KOJTOHUEHN KaKHUX-
1100 OJHOKJIETOYHBIX, KalTHYTh KAIlII0 CaXxapHOTo CUpOINa, TO Yepes
napy MHHYT B 3TOM Karuie cobepyrcst Bce OakTepun. IIpuuém cambie
KPYIIHBIE OKa)XXyTCs B CaMOU cepeiuHe 9ToM Karu. HUKTo U3 y4€HBbIX,
KOTOPBIX 51 CIIpaIlInBa, He MOT OOBSICHUTH, KAK OHH 3TO JEJAI0T.

[IpakTuuecku kak 6e3rpaMOTHbIE OObIBATENIN, OHU HECIIH Ka-
KYIO-TO UyIlIb O TOM, YTO OaKTepuH, NP ABUKEHUU CIy4aliHO Mora-
Jlasi B CHpOII, IepecTaroT ABUraThcs. [loToMy 4To Tam MoJ SHEprus
MUHHUMaJIbHA. 1 3TO IpH TOM, YTO y OJTHOKJIETOYHBIX HET HUKAKHUX Op-
TaHOB OCSI3aHMS MJIM OOOHSIHUA, U TeM 0oJiee HUKAKHX OpraHOB JIBU-
xeHust. C TOUKH 3peHUs HACTOSIIEH TEOpUH, OOBSICHEHHE 3TOTO "(he-
HOMEHA" 3JIEMEHTApHO.

Kams cupona nox aeicTBUeM BTOPOro Hayalla, pacTBOPSETCS
U MOCTETEeHHO pacuupsiercs. Ha memOpaHe KiIeTKH, OnaBIIei B 30HY
e nelcTBUS, BOZHMKAET OCMOTHYECKOE JaBlIEHHE, OOYCIOBICHHOE
Pa3HOCTBIO KOHLEHTPALUi CUPOIla CHApyKW U BHYTpH KieTku. [Ipu
9TOM BO3HMKAET IMMOTOK MOJIEKYJI caxapa, HalpaBieHHbIA CKBO3b 000-
JIOUKY BHYTPb KJIETKH.
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Ho Tak kak ¢ MpOTHBOMOJIOXHBIX CTOPOH KJIETKH OCMOTHYE-
CKO€ JJaBJICHHUE pazNinyaeTcs, TO B pe3yjbTaTe 3TON pa3HOCTH JaBlie-
HUH, KJIETKa HAUWHAET IBUTAThCS B CTOPOHY OO0JIbIIEeH KOHIICHTPAIIUN
cupona. Korna kierka qocturaer cepeuHbl Karuld, KOHIIEHTPAIHs
BBIPAaBHUBAETCS U JIBI)KEHHE MTPEKPALIACTCS.

[TpumepHO TakuM k€ 00pa3oM OOBACHSICTCS U XAaOTHUECKUI
3Ur3aroo0pas3HbIil MoyieT uiu Oer HaCeKOMBIX. Y HUX MPAKTUYECKH
HET MO3Ta ¥ IOYTH HEeT HEPBHOM CUCTEMBI, TOATOMY HACEKOMBIE TPe/I-
CTaBJISIFOT COOOM MPOCThIE OMOPOOOTHI, PYKOBOICTBYIOIIHECS TOJIBKO
JUIIb CUTHAJaMH C OPraHOB OOOHSHUSA, YyBCTBUTEIBHOCTh KOTOPBIX
MIPOCTO MOpPa3UTEIbHA.

CBonmH ycukamu (opraHaMu OOOHSIHUS) OHU Pa3IMYarOT HU-
YTOXKHYIO Pa3HUIly B KOHIEHTpPAlMU MOJEKYyJ MUIM B Bo3ayxe. 1
€CIIU CKaXKeM, CIIpaBa OT HACEKOMOTI'O 3alax CHJIbHEE, TO KPbUIO WIN
HOTH HAaCEKOMOTO CO CTOPOHBI OOJIbIIeH KOHIICHTPALIUHU 3araxa Mpo-
CTO HAUMHAIOT JBUTATHCS MEUIEHHEE U HACEKOMOE MOBOPAYHMBAET B
CTOpOHY Oouiblel KoHIeHTpauuu. Ho Tak kak BO3ayX Bce BpeMs I1e-
pEMENINBACTCS JIBIKEHUEM BO31yXa, CUTHAIBI MOTYy4aeMble MBIIII-
[[aMH OT OPraHOB OOOHSIHMSI XaOTHUECKHU U3MEHSIIOTCS U B COOTBET-
CTBUU C HUMH XaOTUYECKU M3MEHSAETCS W HalpaBlieHUE MOJETa WU
Oera.

U Tak kak Bce, TaKk Ha3bIBa€MbI€, )KUBbIE OPTaHU3MBI SBIISIOTCS
00BEKTaAMU MaTEPUAIBHOTO MHpPA, UX MOBEACHUE TaK e MOJYNHEHO
NpUHINITY 00bennHeHus. Menkas peiOenka, HanpuMmep, Bceraa o0b-
€/IMHSCTCS B CTAl0, IOTOMY UTO CTasi, BEJIET ce0s KaK CaMOCTOATEIb-
HBII 00BEKT, UMEIOIIUI OYeHB OOJBIIINE pa3Mephl, a XUIIIHUKA HUKO-
I/1a HE HamajgaloT Ha TO, YTO TMPEBBIMIAET UX pa3Mepbl. XUUTHUKU
O0OBIYHO CTApaIOTCS OTCEYh HEOOJBITYIO TPYIITY OT OCHOBHOM MacChI
Y TIOTOM JIOBSIT UX TOOJMHOYKE.

K Tomy ke cTaeit HaMHOTO Jierde uckaTh nuiry. MexaHusm 1o-
UCKa BecbMa MpOCT. PbIOKHM ¢ KakoH-TMOO CTOPOHBI CTau, UYBCTBYS
3amax MHIIY, Pe3KO MOBOPAYMBAIOT B €r0 CTOPOHY M UX JBIIKEHHE
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BOJTHOBBIM MEXaHU3MOM IEPEAETCSl CO CKOPOCTHIO 3ByKa B BOJIE, HA
BCIO CTar0, KOTOpasi MOYTH MTHOBEHHO MOBOPAYMBAET B Ty XK€ CTO-
POHY, co3/laBasi WIUTIO3HUIO TIEpeaul CUTHAJIA OCTAIBHBIM 0COOSIM.
[IpumepHO Tak ke cTas pearupyer Ha XuiHuKa. Korma XuiHuk

OTCEKaeT HEOOJBITYIO TPYIIY, OHA PE3KO YXOJIUT B CTOPOHY, a 0COOH
CO CTOPOHBI OCHOBHOM MacChl, YXO/i B POTHUBOIIOJIOKHYIO CTOPOHY,
3aCTaBJSIOT TY/A K€ MOBEPHYTh U BCIO CTAlO.

A celiuac HECKOJILKO CJIOB O BeuHOH ku3HHU. Ilomasistromas
Macca MPOCThIX 0OBIBAaTEIeH CUMTAET, YTO Y HUX ecTh ayma. M mpo-
1eHToB 50 yBepeHbI B TOM, 4TO 3Ta caMas 1ylla OCTOSIHHO U Helpe-
PBIBHO IE€pecemsieTcsl B HOBOE TeJo U KUBET BeuHo. Ho camoe 3a0aB-
HOE B TOM, YTO JyIlla 3Ta HUKOMY M HE JUIsl 4ero, COOCTBEHHO U HE
Hy)XHa. A 3adem oHa? Ecim Obl B HEl COXpaHSUIMCh KaKue-HUOYIb
OCTaTKH 3HAHUH, TOrAa MOHATHO. Poauics peGEHOK, momyuun oopa-
30BaHHYIO AYIYy W HAT€ BaM, rOTOBBIA akafeMuK. OQHAKO KaxKJbIi
HOBOPOXAEHHBIN BBIHYKJAECH YUYUTHCS TOBOPUTD, XOJIUTh, MUCATh, Y-
TaTh... BCIO )KU3Hb MPUXOJUTCS YeMY-HHOYIb YAUTHCS.

BOT ¥ BBIXOIUT, 4TO HET HUKAKOM YILIH, & €CTh IIPOCTO CO3HA-
HUE, KaK CBOMCTBO OpraHM4YecKkoil matepuu. JKu3Hb - Kak CIEICTBUE
3BOJIIOLUHA MAaTEPUH B CUILY MPOCTBIX 3aKOHOB IIPUPO/IBI, & CO3HAHUE,
Kak €€ cBOMCTBO. M Hama )KU3Hb — 3TO HE KAKOW-TO YJIAYHBIA U Pe-
YAl Cirydaii, a camasi HacTosIIass Heu30e)KHOCTbh.

3TO0 MPOCTO OUYEPETHOE 3BEHO B OECKOHEYHOM IETIH POXKICHUI
u cMepredl. Mbl Hen30exHO "KUBEM" OECKOHEYHOE MHOXKECTBO pas.
TonpKO MBI HUKOTJa HE OyIeM TIOMHUTB KEM MbI ObLITH B MPEABIIYIITHE
JKU3HU U KXl pa3 OylieM y4uTh BCE 3aHOBO U CUMUTATh, YTO HAM
CTpPAILHO MOBE3JIO, YTO Mbl POJIUIIUCE.

Bonee Toro, B cuily HEU3MEHHOCTH 3aKOHOB ITPUPOJIbI IS JIFO-
00l TOUKHM BCEJIEHHOM, Mbl MOXEM MHOTOKPAaTHO POXKIAThCS TIe
YTOJHO U K€M YTOIHO, B JTFO00M CTpaHe U Ha JTIF000H U3 OECKOHEYHOTO
MHOKECTBA IIJIAHET, HA KOTOPBIX CYIIECTBYIOT MOAXOISIINE YCIOBUS
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JUTSI CYIIIECTBOBAHUS OPTaHUYECKUX MoJieKyll. Y HaBepHoe, Bceraa 0y-
JIEM CUUTATh, YTO IUIAHETA, HA KOTOPOIl MBI )KMBEM, SIBIIIETCS UCKIIIO-
YeHHEeM U OyJieM rajaTh, CyIIeCTBYIOT JIU BO BCEJIEHHOU Apyrue oou-
TaeMbIe INIaHeThI. M Korga MBI CMOKEM ITOJICTETh Ha HUX, MBI HaléM
TaM COBEPIICHHO TaKHX e, KaKk U Mbl, ooutateneil. Jla u muaHeTs
OyIyT MOXOXKH JPYT Ha APYTa, MOYTH KaK JBE KATUIA BOMHL. ..

21. O TEOPUH
OTHOCUTEJBHOCTHU

Teopust OTHOCUTENBHOCTH DWHIITEIIHA, KaK OCHOBAaHHAsI Ha
HEMIOHUMAHUU CYIIHOCTH TpaBUTALUM MaTeMaTUyecKass MOJEb,
HalpaBWIa HAyKy 10 JIO)KHOMY ITyTH M 00JIee YeM Ha CTOJIETHE 3aTOp-
Mo3miia €€ pa3Butue. [lonpiTka 0OBICHEHHS TPaBUTAIIUH HEKUM "HC-
KpHUBJIEHUEM" MPOCTPAHCTBA-BPEMEHHU, HE BBIICPKUBAET HHUKAKOMN
KpuTHKU. Benp s toro, 4ro Obl OOHAPYKUTH 3TO MCKPUBIIEHUE,
HY>KHO, KAK MUHUMYM CPaBHHUTH €TO C YEM-TO MPSMBIM.

A WICKpHBIICHHE BPEMEHH — 3TO BOOOIIE KaKOW-TO BCEICHCKHIA
Open. Ho tak kak BcesneHHass OECKOHEYHA M HUYETO MPSIMOTo, ¢ YeM
MOXHO ObUIO OBbI €€ CpaBHUTH, 3a IpeenamMu e€ OeCKOHEYHOCTH He
HaOJII01aeTCsl, TO pacCykaaTh 00 3TOM MOKHO OECKOHEYHO JI0JITO, CO-
BEPIIICHHO HE OMacascCh, YTO TBOIO JIOXKB OBICTPO pa3zo0iravar.

U nakxe HACOUMHATH CKa30K O MHOXECTBE BCEJIEHHBIX, MO KO-
TOPBIM JJa)K€ MOXKHO YBJIEKAaTEIbHO MOIMYTEIIeCTBOBATh, IPOHUKAS U3
OJHOI B IPYTyIO Yyepe3 "KPOTOBBIE HOPHI" HIIH "4EPBOTOYMHBI".

[IpyHIMI OTHOCUTENBHOCTH — 3TO, 110 CYTH B3SITBHIA U3 Mare-
MATUK{ TPUHIAI KOMMYTaTHBHOCTH apU(PMETHUECKUX OTepaIuil.
Benp coBepiieHHO HEBa)KHO IpUOaBIsieTe BbI ABA K TPEM WM TPH K
JIBYM, B pe3yJbTaT BCe paBHO OyzaeT msATh. Beap miaras mo 3emie,
BIIOJIHE MOKHO CYUHUTaTh ce0sl MOKOSMIMMCS U JABUTAIOIIMM HOTaMU
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3€MJII0 BMECTE CO 3BE3IaMH, FaJaKTUKaMHU U BCeH OECKOHEYHOIl Bce-
neHHou. Bece ¢hopMynbl MexaHUKU NPUHIUIHAIBHO OCTAHYTCSI HEU3-
MEHHBIMU.

C ToukH 3peHHs MaTEMATUKH, HapuMep, cuctema KonepHuka
MIPaKTUYECKHU HE UMEET HUKAKUX ITPEUMYILECTB nepea cucteMoit [1to-
nomesi. Beap nroau mpekpacHO yMENH pacCUYUTHIBATH 30/ IMaKAIbHbBIC
MOJIOKEHUS, TYHHbIC U COJTHEYHbIC 3aTMEHUS, JaXKe HE Mpearnoaras,
yT0 He 3emJIs BpaiaeTcst BOKpyr CoHIIa, a COBCeM Jaxke Hao0OopoT.

JIJist MaTeMaTHUKH 3TO COBEPIICHHO 0e3pa3andHO, (POPMYIILI OT
3TOr0 HE MEHSIOTCS, HO C TOYKU 3pEeHUs PU3UKU U 3PaBOTO CMbICIIA
- 910 abcypa. OcoOeHHO KorAa U3 MaTeMaTUYECKUX MpeoOpa3oBaHMit
MBITAIOTCS BHIBECTH KaKHe-TO (pU3ndYecKre UCTUHBI, KOTOPhIX B MaTe-
MaTHKe HET U OBITh HE MOXKET.

Onnako y4€HbIe YK€ HACTOJIBKO 3alyTajuch B MaTeMaTuye-
CKHX TIPeoOpa3oBaHUsX, YTO COBEPIICHHO HE 3aMEUaloT, YTO IIpeBpa-
TUJIN HayKy B OaHaIbHYIO HyMeposoruio. Ho HeBO3MOXKHO HayBaTh
MBUTBHBIN My3bIph OecKOHEeYHO. OH BCE paBHO PaHO WIIH MO3HO JIOT-
HET.

Bce Hay4uHO€ COOOIIECTBO, C ATOM TOUKH 3PEHHUS, TPEACTABIIS-
€TCsl TOJIMOM NPUMHUTUBHBIX JUKAPEW, HAUIEANINX JBUIaTellb BHYT-
PEHHErO CropaHus W MbITAIOIIUXCS MOHATH NPUHLHUI €r0 ACHCTBUA,
n3y4asi CTpPOCHHE AeTajeH.

Pazo0paB ero Ha 4acTH M pacTanluB MO XMKUHAM, OHH TIbITa-
FOTCS C IOMOLIBIO U3YUYEHUS Pa3MEPOB OTAENBHBIX AETaJel, OACUETA
KOJIMYECTBA KAHABOK JIJIS TOPITHEBBIX KOJIEI ¥ YKciia 3yObeB Ha BEHIIE
MaXOBHKa, a TaK k€ MpoObI CMa309HOT0 Maclia Ha BKYC, IOHSTh IPUH-
IIUII €T0 JEUCTBHUA.

N gem Oonbliie oHM yriTyOJIsSIOTCS B M3YUYCHUE JICTANICH B YeM
00JIbIlIe HMCMUCHIBAIOT CTEHBI memep (Gopmyiaamu, TeM Bce Aalblie
yXoasT oT noHumanus. U yxe te, kro nociadeit pa3syMoM, HaUMHAIOT
OOBSCHATH €ro paboTy HEKHMMH OO0XXECTBEHHBIMH CHUJIAMH WM Ka-
KUMH-TO MU(PUUECKUMU KBAHTOBBIMH 3aKOHAMH.
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22. O MATEMATHUKE
n ®U3NYECKOM
CMBICJIE

Crenoe npekjIoOHEHHE HayyHOr'o COOOIIECTBa, epe] MaTeMa-
THUKOW, KaK LIapULICH HAyK, IEPEIyTABILETO €€ CO CIIYKaHKOU, OKa3allo
y4EHBIM MEJIBEKBIO YCIYTY, IPEBPaTUB HayKy B HEKOE 10001e XU-
POMaHTHH, CO CBOMMHM IIaMaHaMH, MPOPHULATENSIMU U TOJIKOBATe-
JSIMHU.

Crporo roBopsi, MaTeEMaTHKa BOBCE HE SIBISETCS HAYyKOH, a
BCErO JIMIIb KPaTKUM U JOBOJIBHO IPUMUTUBHBIM SI3BIKOM, KOTOPBIM
OIHKCaTh AAXKE MPOCTYIO OKPYKHOCTb MOXKHO TOJBKO OYEHb MPHOIIH-
3UTEJIBHO.

CrpemMiieHne BBIBECTH U3 MAaHUMYNIALNN a0CTPaKTHBIMU Mate-
MaTHYECKMMH CUMBOJIaMHU U )OPMYJIaMU HEeKHe (pU3HUECKUE UCTHUHBI,
NPUBEJIO K U300pETEHUIO MOHITUH, HE COBMECTUMBIX C 3aKOHAMH ITPH-
ponbl. MareMaTuKoi, Kak KpaTKUM $I3bIKOM, MOXKHO OIIMCATh KaKoe-
1100 sIBICHHE, HO OOBSCHUTH €r0 OHAa HE B COCTOSIHUU, TIOTOMY UTO
CO34A€T TOJBKO WILIIO3HUIO IOHUMaHUS.

B ortnnunu oT MaTeMaTHKH, B IPUPOJE HE CYLIECTBYET HUUETO
OTPHLIATENIBHOTO WJIX MHUMOTO, TIO9TOMY B HEH HET M HE MOKET OBITh
HUKaKOW aHTUMaTepuu. [10710KUTEIbHBIA U OTPULIATEIBHBIN 3apsi/Ibl
— 3TO MPOCTO MPOTHUBOIOJIOKHBIE CBOICTBA MaTEPUH, aHAIIOTUYHBIE,
HaIpHUMep, IPO3pPavyHOCTH U HEMPO3PauHOCTH BELECTB.

W nipu 00beMHEHUN MaTepHAIbHBIX 0OBEKTOB € MIPOTHUBOIIO-
JIOXKHBIMH CBOMCTBaMU, 3TH CBOMCTBA MPOCTO 00BeANHsAIOTCS. B mpo-
TUBHOM CiTy4ae, 00beIMHEHNE CTeKIa ¢ (paHepoi MPUBOIUIIO OBI K aH-
HUTWISILIAY, KaK K [TOJIHOMY NPEBPAIIEHUIO UX B CBOE COOCTBEHHOE
CBOWCTBO. B mpupo/ie HET HU UHTETPaIoOB, HU KBAJAPATHBIX KOPHE,
HU cuHycoB. [loToMy 4TO BCce 3TO — Jake He Kakue-TO (pU3NYecKHe
BEJIMYMHBI, 4 BCETO JINIIb OTHOIICHUS 9TUX BEJIUYHH.

U yxe et uepes3 cTo NOTOMKH OYIyT MOKaThIBATHCS CO CMEXY
Ha/l TaKUMU "Hay4YHBIMH' TEpiiaMH, Kak OO30HBI XWITCa, YepHbIC
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IBIpbI, pyuyku Yusuiepa, koTel Lllpenunrepa, rpaBUTallMOHHBIE KOJI-
JIATICBI ¥ ITPOYME MOPOKACHU NPUMUTUBHOTO co3HaHMs. Kak ckazan
OJTHAXK]IbI DUHINTEIH, MATEMAaTHKa — 3TO €IMHCTBEHHBIN CIIOCO0 Mpo-
BECTH caMoro cedst 3a Hoc. M caM ke 1Mo YIIH B 3TO BIIAMAJICS. ..

['paBUTaLIMOHHBIN KOJUIAIIC U AKKPELUs, KaK TOJAHITHE CAMOIO
ce0s1 3a Bosockl. bonbioi B3phIB, Kak TBOPEHHE MAaTepUH U3 HUYETO.
MonekynsipHO-KUHETHYECKAast TEOPUSI M TEOPUS CTPYH, KaK 00pa3uuKu
BEYHOT'O JIBUTATENSI U MHOXKECTBO APYTUX aOCYypAHBIX U OECCMBICIICH-
HBIX TUIIOTE3, BHIBEJCHHBIX M3 MAaTeMaTHYECKUX MpPeoOpa3oBaHUM,
MaJjio YeM OTJIMYAIOIINXCS OT OMOJICHCKUX CKa30K U COUMHEHHM (haH-
TacTOB, CO BPEMEHEM HaBCEI/1a HCUE3HYT U3 HAYKH.

Benp Hey1uBUTENBHO, UTO TEOpHUs OOJIBIIOTO B3phIBa, Kak 00-
YKECTBEHHOE TBOPEHUE MAaTEPUU U3 HUUETO, C OONBIION 0X0TOoi Oblia
npu3HaHa PEIMTHO3HBIMU MpakoOecamu Batukana. Henb3sst oTpuniath
TOTO, YTO MAaTEMAaTHYE€CKU MOYKHO IMMOCYUTATh HACKOJIbKO YBEIUYHUTCS
JUTMHA KEJIe3HOW JTHHEWKH MPU MULTHOHE TPaaycoB, HO 00CYXIaTh
IIPH 3TOM €€ CBOMCTBA MOT'YT Pa3B€ YTO YMAJIUMIEHHBIEC, IOTOMY UYTO
HU TIPU TaKOM TeMIepaType OHa MPOCTO HE CYIIECTBYET.

OnHako, HECMOTPS Ha 3TO, TICEBJAOYUYEHBIE HA TTOJTHOM CEpbE3e
OTMCHIBAIOT, HAIPUMED, YEPHBIE ABIPHI, KaK OYATO YK€ MOUTYIaal UX
COOCTBEHHBIMU PYKaMU, TOBOPAT 00 aKKpELUH, KaK MaJeHUH MaTepU
camoii Ha ce0s1, Kak OyITO BUJIEIH ITO Tie-TO Boounto. Onrcanus pas-
JUYHBIX TapaJioKCoB, HEOOBACHUMBIX 3((EKTOB U SBICHUH, SIKOOBI
CYIIECTBYIOIIUX B MPUPOC JTABUHOM JTHETCS C IKPAHOB OOJIBITUHCTBA
TEJICKAHAJIOB U yXe MPEeBPaTHIIOCh B JOXOIHBIM OM3HEC Ha HEBEXKe-
CTBe OOBIBaTENIEH U TaK HE CHIIbHO OOPEMEHEHHBIX CIIOCOOHOCTHIO K
MBIIJIEHUIO.

U camoe cTpamHoe, 4To HaCTOAIINE YYEHBIE IPU ITOM HUYETO
HE MOTYT BO3pa3uTh. B uUX cpeie HEBEXKECTBO YK€ JTOCTUIIIO TaKOM
CTENEeHH, YTO MHOTHUE U3 HUX BEpAT B O0ra, a HEKOTOpHIE JaXe U HE
CKpPBIBAIOT 3TOT0. bojiee Toro, B HEKOTOPBIX YUEOHBIX 3aBEICHUSX YKE
JIENAl0TCs TMOMOJI3HOBEHUS YUpeauTh Kadenapsl 6orocioBus. U s He
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YAUBIIIOCh, YTO B CKOPOM BPEMEHM JTOMJET OUEpPEb U A0 BO3POKIE-
HUS CBATEHIIIEH UHKBU3UIINU.

VYuéHble ¥ caMU YK€ TaBHO MPEBPATUIIMCH B TOJIKOBATEIEH pe-
3yJIbTaTOB MaTeMaTHYECKUX IPpeoOpazoBaHui, HOJOOHO acTpoJioram,
MPEJICKAa3bIBAIOIINM JIIOJICKHE CYIbOBl MO PUCYHKY PACIIONIOXKEHHS
3BE31 HAa HEOE, COBEPIIICHHO HE MOHUMAsl, YTO ITH SIBICHUS HECOIO-
CTaBUMBI U TTOTYMHEHBI COBEPIIICHHO pa3HbIM 3aKoHaM. Eciu nBuxke-
HUE HEOSCHBIX TeJ IOBOJLHO JIETKO MPEeICKa3yeMo, TO TIOBEICHUE OT-
JIENBHOTO YeNIOBEeKa, 00Ia1alolero cB000 0 BOJIU, IPEICKa3aTh He-
BO3MOJKHO.

YMenne (aHTacTHUECKH HAyKOOOpa3HO TPAaKTOBATh PE3YJib-
TaThl MAHUIYJISALUNA MaTeMaTHYeCKUMH (OPMYIaMu, CUATAETCS TIPU-
3HaKOM HEOpPAMHAPHOTO yMa U HECTaHJIAPTHOTO MBILIUICHUS, HEAO0-
CTYITHOTO TIpocToMy cMepTHOMY. Co3naB cebe 0okKka 1Mo UMeHH '"'Ma-
TeMaTuka", yd€Hble YK€ HECKOJbKO CTOJIETHH BOAAT ceds 3a HOC,
JlaXKe He MOoJI03peBas 3TOTO.

3Hasi, 4TO JBaXIbl JBa — YETHIPE M HArpOMOXKIas JAPYr Ha
Jpyra MacCy MHOTOATaXKHBIX (DOpPMYIT, TeTKO HAITUCATh BIIOJTHE HAYY-
HYIO CTaThl0 O KAaKOM-JIM00 (PU3MUECKOM SIBJICHHH, JaKe HE MOHUMAs
ero (M3MYECKOTO CMBICTIA M, TEM HE MEHEE, CO3/1aB B ria3ax OObIBa-
TeJNsl WUTIO3UIO BBICOKOM HaydHOCTH. M 3Ty MIUTIO3HI0 JIETKO MOAKpE-
IUTh MPOCTOW MPOBEPKONW MaTeMaTHYECKHX BBIKJIAJAOK OOPAaTHBIM
JEHCTBUEM — pa3/ie]IuB YeThIpe Ha JIBa.

[ToTroMy uTO MHOOBIE MaTEeMaTHYECKHUE JOKA3aTEIbCTBA MPE-
CTaBJISIFOT COOOI TaBTOJIOTHH, YKJIAJBIBAIOLIUECS B MPOCTYIO (op-
MyJy: "IBaXAbl 1BAa PAaBHO YETHIPEM, IOTOMY UTO YETHIPE, EINEHHOE
Ha J1Ba, paBHO MBYM". M BOT Ha MOIOOHBIX TABTOJOTUSX BHICTPOCHBI
MPAKTUYECKH BCE, TaK Ha3bIBaeMbl€ HAYUHbIEC TEOPHUH.

[1yOnuKysich B CBOMX PEIEH3UPYEMBIX HAYYHBIX H3JAHHIX,
Ky/1a 3aKPBIT JOCTYI CBEXKEW MBICIIH M OECKOHEYHO MOJICYUTHIBAS, KTO
KOT'O MIEPEIUTHPYET, HAYIHOE COOOIIECTBO MPEBPATHIIACEH B CEKTY I0-
CPEICTBEHHOCTEH, COCTOSIIIYI0 B OCHOBHOM U3 JIIOJIEH, YMEIOIINX
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JUIIb BUPTYO3HO MAHHITYJIUPOBATH IU(pamu, 0c000 HE 33 yMBIBAsICh
HaJ uX (u3nueckuM cMmbicioM. M naxke UMeeT MeCTO COBEPILEHHO
OpenoBoe MHEHHE, YTO YeM a0CypJiHee TCOpHs U 4eM OOJIbIe B HEH
MaTeMaTUKH, TEM OHA FeHHAaJIbHEE.

3a4yaTOYHOE COCTOSIHHME JIOTUYECKOTO MBIIIICHHS BCETO Hayy-
HOT'O COOOIIECTBA, ABISCTCS MPUIUHON TOTO, YTO yUEHBIC HE B COCTO-
STHAH 00Jiee WITM MEHee MPaBI0N0I00HO OOBSICHUTh CYTH JJaXKe OUYEHb
MPOCTHIX SBJICHUMA TPUPOJIBIL.

C moMmoIIpl0 MaTeMAaTHKH HEBO3MOXHO OMHCATh JaKe Ipo-
CTYIO OKPY>KHOCTh 4epe3 €€ TuaMeTp, MOTOMY YTO BEIMYUHBI 3TH -
HecousMmepuMbl. Hukakue TaHbl ¢ 0yOHAMU HE YCTpPaHST TOrO, YTO
TUameTp Wik He OyneT JocTaBaTh IO OKPYXKHOCTHU WIIH XKe Oyner
"ropuats” u3 He€ Hapyxy. Uucno Ilu — 310 He Kakas-To MHpoOBas
"KOHCTaHTa", a 6ecKkOHEeUHast JpoOb, KOTOpask BCET/1a MOIy4aeTCsl pH
COTIOCTABJICHUN HECOU3MEPUMBIX BEIHYHH.

K Tomy e y4€Hble naxke MaTEeMAaTUKY-TO K (PU3NIECKUM SIB-
JICHUSIM HE YMEIOT MPUMEHSTH NpaBwibHO. Hanpumep, Teopust boib-
[IOTO B3pbIBa pa3pabdoTaHa HAa MPUMUTUBHOW IKCTPAIOJISIIMU, TaK
Ha3bIBAEMOT0 pa30eraHus TaJIaKTUK, OMIHOOYHO OOBSICHEHHOTO 3(-
dexktom Jlommepa. Y4uThiBask TOPU3OHT BUIUMOCTH BCEJIEHHOHN ¢
3eMIIH B 3KCTPAnoaupys pazderaHue rajlakTHK, Y9€HbIe "TeHHaTbHO"
BBIUMCIIMIIN, 4TO 14 MUJIIMApIOB JIET Ha3aJ BCEeJICHHAs MpeCTaBIIsIa
co0oii 6e3pa3MepHyI0 TOUKY ¢ OeckoHeuHo Maccoit. Koropasi, o He-
MOHSITHBIM MMPUYUHAM BJPYT B30pBajiach... COBEPIICHHO BUIUMO HE
cooOpaxasi TOro, 4TO BCEeJIEHHAs HE MTPOCTO OYEHb OOJIbIast, a 0eCcKo-
HEeYHas ¥ SKCTPanossus e€ OyeT Tak ke OECKOHEUHOM.

Boo6me-To, B Hayke 3a0myxaeHust Oblu Beeraa. Horma onn
JUTMITUCH CTOJIETUSIMH, & MHOT/IA U ThICAYMIeTUsIMU. JIroOble Hay4YHbIe
9KCIIEPUMEHTHI BCETa IUIAaHUPYIOTCSI TAKUM 00pa3oM, 4To Obl MOJy-
YUTh KaKWe-TO, BIIOJIHE OXKUaeMble, pe3ynbTarsl. M ecnu momydeH-
HBIC PE3YIbTAThl PACXOMAATCS C OKUIACMBIMH, BO3HHKAET COOIa3H
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HOJKOPPEKTUPOBATH UX KAKUM-HHOY/Ib OUEeHb BaKHBIM K03 (puiineH-
TOM.

[Ipuaymars, Hampumep, KaKyr-HUOYIb "TOCTOSIHHYIO bosbIl-
MaHa" WM N300pecTr KaKO-HUOYIb "TIPUHITUI HEOTIPEACIEHHOCTH ",
YBEKOBEUHB CBOE MMsI B MICTOPUHU HAyKW M 3aKpENMB B HEH CBOM 3a-
Oomyxnenus. B mpupose He CyIiecTByeT HUKAKUX MapajleIbHbIX Mpsi-
MBIX, JI0Ka3aTeIbCTBO TEOPEMbI O KOTOPBIX MOAPOOHO pa3dbupaercs B
MIKOJIBHBIX y4eOHUKaX, JI00bIe JTMHUM B HEHM BCErna IMepeceKkaroTcs.
Jlaxxe CBET HE MOXKET JBUTATHCS MPAMOJIMHENHO.

K nacrosimemy BpeMeHM TakUX MaTeMaTUYECKUX 3a0iryxnie-
HUW ¥ IPOTUBOPEUYUH B HAyKE HAKOIMUJIIOCHh CTOJIBKO, YTO HEKOTOPHIE
"y4éHple" pa3yBEpUBIIMCH B BO3MOKHOCTH MO3HAHUSA MPUPOBI, 10-
MyCKalOT CYIIECTBOBaHUE Oora.

" yxe oco00 nepemyapeHHble "TeHUU" OT MCEBJOHAYKH ITbI-
TaOTCs POJIBUraTh "TEOPUH'", OCHOBAHHBIE HA CPEAHEBEKOBBIX MIPEJI-
CTaBJICHUAX O TOM, YTO "JIy4H 3peHMs" UCXOIAT U3 I71a3, a 3HAUUT pe-
3y/lbTaThl HAyYHBIX SKCIIEPUMEHTOB HANpSMYyI0 3aBUCST OT TOrO,
CMOTPHUT Ha HUX 3KCIEPUMEHTATOP WK CIIy4ailHO oTBepHYJcs. Hano
noJiaratb, 4to B (popMynax CKOpo MOSBUTCS HOBBIH, OCEE HEBHIaH-
HBIN 4IEH - HaOronaresb. M BO3MOXKHO €ro aa)xe 0ObsIBsIT HOBOM MU-
pOBO¥M KOHCTAHTOM.

Ecnu 6b1 yenoBek He UMEN OPraHOB 3PEHHUSI, TO BIOJIHE MOTJIa
OBl TOSBUTHCSI TEOPUS], YTBEPXKJAIOIIasi, YTO CKOPOCTh 3BYKa HEBO3-
MOYKHO MPEBBICUTH. VI TEOpPETHUKN C YMHBIM BUJIOM pacCykKAaiu Obl O
TOM, YTO Y JIETSALLETO CaMOJIETa HEBO3MOKHO OIPEAEIUTH CKOPOCTh U
KOOpAMHATYy OJHOBPEMEHHO U IO3TOMY OH SIBJIISIETCSI HE MaTepHallb-
HBIM TEJIOM, a BOJIHOM U IIPOCTO "pa3maszan’ mo HeOy...

Bozbmém aiig npumMepa rnpoctyio Gopmyiy, Tak Ha3bIBAEMOT0,
3aKOHA BCEMHUPHOro TAroteHus. [IpaBna e€ yxe NaBHO YCIOXHWIH
pa3nTUYHBIMU KO3 PULIMEeHTaMu, XOT4 JJI1 Hac 3TO HeBakHO. BaxkeH
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cam npuHIHUIL. B e€ unciauTene CTOUT MPoU3BEACHUE MAacC B3aUMO/IeH-
CTBYIOIIUX TeJN. YUYEHBIEC 00BACHSIOT 3TO POU3BEICHUE TEM, UTO KaXkK-
J1asi YaCTUIIa OJJTHOTO TeJla MPUTITUBAETCS K KaXKI0M 4aCTULE IPYTOTo.

[IpuTSAruBaTbcsa-To OHU NPUTATUBAIOTCS, HO TOJIBKO HE KaK OT-
JeNIbHBIE YaCTHIIbI, a Kak equHoe 1enoe. Kycok 0etoHa — 3To TBEpaOE
TEJIO M €r0 CBOMCTBA PA3UTEIBHO OTIMYAIOTCS OT TOPCTKH IIEMEHTHON
neUTH. Y BOOOIIIE HEMOHATHO, KaK MOYKHO YMHOXKHTH Maccy Ha Maccy?
Benb crnenys npaBuiiaM MaTeMaTUKH CIIEYEeT YMHOXATh U pa3MepPHO-
ctu. U uro nomyuaercs B pe3ynbrare-to? KBagpaTtHas macca?

Wnu Bo3pMéEM u3BecTHYIO hopmyny E=me? u mycTh KTO-HU-
Oy/ib N3 YU4EHBIX TOMPOOYET OOBICHUTD (U3UIECKU CMBICIT KBapaTa
cKopocTu cBeTa. Kak yMHOXHUTBH CKOPOCTh Ha CKOPOCTh? DTO 4YTO,
9+10'% kBapPaTHBIX KNIOMETPOB B KBaApaTHyIo cekynay? Wmu B ce-
KyHZY 3a CeKyHay?

U takux 5rcycos, Mo MHJIOCTH MAaTEeMaTHUKH B PU3UKE TPEIo-
CTaTO4HO. J{0CTaTOYHO BO BCAKOM CIIy4ae Ui TOTO, YTOOBI IIpeBpa-
TUTH €€ B TICEBIOHAYKY. M camoe cTpairHoe B 3TOM TO, YTO B TOJIOBHI
CTYJEHTOB yke OoJiee cTa JIeT Mo BUIOM BBICOKON HAyKH, "BTIOXH-
BaIOT", MO CYTH, HOBYIO NICEBAOHAYUHYIO cuctemy [ITomomes.

XoTs 3a05y’KJIeHHE B TEOICHTpU3ME, ObLIO HE OT TIIYIOCTH,
BE€/Ib JIJIS1 TOTO, UTO OBl MOHATH, UTO 3eMiist [BUkKeTcst BOKpyr ColHIa,
HYXHO HUTh Ha ConHue. [loaTomy B uctopun Hayku cucrema [Itoso-
Mesi OCTaHETCS KaK HeM30€KHBIN M 3aKOHOMEPHBIH 3Tal HAyYHOT'O 10~
3HAHMUS.

A BOT KBaHTOBasi U3UKA, TEOPHsI OTHOCUTEIILHOCTH, TPaBUTA-
IIMOHHBIN KOJUTAIIC, YEPHBIE JIBIPBI, YK€ B HEJAIEKOM OyayIIeMm pas-
JeNAT Cyap0y MHOTOUMCIICHHBIX TPAKTaTOB CPEJHEBEKOBBIX CXOJa-
CTOB O KOJINYECTBE YEPTEH WJIM aHTEJIOB HA OCTPUE UTJIBI.

OHHM HUKOI/Ia HE MOJIydyaT MOATBEPKIACHUSI U Pa3BUTHS, TaK
KaK SIBJISIIOT COOOM CBUJIETENIbCTBA IICEB/IOHAYYHOI'O HEBEKECTBA U OT-
KPOBEHHOMH TIIYIIOCTH. ..
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23. BBIBOJBbI

Ha ocHOBe BBIIIEN3105)KEHHOTO ITOABEAEM HEKOTOPBIE UTOTH.

Bcenennasa - 370 GeckoHeuHas MaTepusi, HaXOAIIascsS B Beu-
HOM OJHOHAIPABIEHHOM U HEOOpaTUMOM IPOIECCE CUHTE3A.

Cunme3 — 3T0 IIPOLIECC HETPEPHIBHOT'O YCI0KHEHUS CTPYKTYPBI
MaTepHH, OOYCIIOBICHHBIN €€ 3IEKTPUYECKUMH 3apsiiaMd U COMPO-
BOJKIAIOIIUICS HEMPEPBHIBHBIM COBEPILICHUEM PAOOTHI.

Ilpocmpancmeo — 310 CBOWCTBO MPOTSIKEHHOCTH CaMOW MaTe-
puun. Hu B kakoMm Ipyrom npocTpaHCTBE, B BUAE MYCTOTO SIINKA, BCE-
JICHHAsl HE HYXKJ1aeTCH.

Bpema — 51O CBOWMCTBO BBICOKOOPTaHW30BAHHOW MaTepUu —
MO3ra, 3allOMUHATh MPOMEKYTOUHBIE COCTOSHHUSI KAaKMX-TO IMPOLEC-
COB, CPaBHMBas MX C APYrUMHU. B mpupoje HeT Takoro ¢puznyeckoro
npolecca, Kak BpeMs, OHa CYIIECTBYET B BEUHO JJIALIEMCS HACTOS-
IIEM.

JIrobbie MaTepuasibHble 00pa30BaHMS — YACTUILIBI, MaKpoTena,
KOCMHUYECKHE 00BEKThI, 00JIaAI0T 2PAsUmMayUOHHbIMU TIOTSIMU, CO-
CTOSIIIIMMH U3 IEKTPUUECKUX MOJIEH TPOTUBOIIOIOKHBIX 3HAKOB.

B rpaBuTaninoHHOM M0JI€ pacpOCTPAHAIOTCS, BO30YXK/1aeMble B
HEM [IBIKCHHEM MaTepuaibHbIX OOBEKTOB, 2pAsUMAUUOHHbLE
60J1Hbl, Ha3bIBaeMble O(DUIIMATIEHON HAYKOU, SIIEKTPOMArHUTHBIMH.

I'paBuTanimoHHas BOJHA — 3TO IIONEpPEYHas BOJIHA, PACIIPO-
CTPaHAIOILAsACSA Ha TPaHMIIE JBYX JIEKTPUUYECKUX IOJIEH C NMPOTHUBO-
MOJIO)KHBIMU CBOMCTBaMH, M3 KOTOPBIX COCTOMT I'PaBUTALlMOHHOE
noJe.

I'paBuTanimoHHOE MOJIE 0OBEKTA MOXKET UMETh ACUMMEMPUIO,
00YCJIOBJICHHYIO Pa3JIMYHON BEITMYMHON OOpa3yIONIUX €ro AJICKTPH-
YECKHX I0JIEH, KOTOPast ONMPEAEINSIETCS PA3HOCTHIO JIEKTPUUECKHX M10-
TEHI[MAJIOB B KaKOW-JIM0O0 TOUKE, PaBUTALMOHHOTO TOJIS.

141



Anexcandp BECEAOB

[Ipu 1BUKEHUH YaCTHUIBI B ACHMMETPUYHOM I'PAaBUTALIMOHHOM
noJie, BO30ykaaemasi €ii TpaBUTAIIIOHHAS] BOJIHA UMEET aCHMMETPUY-
HbIC aMILTUTY/IbI TTOJOKUTEIBHBIX U OTPHUIIATEIIBHBIX BOJIH, YTO BJIH-
sIe€T Ha HalpaBJIeHNUE JBMKEHUS STOM YaCTUIIBI M €€ BPAIlICHUE.

A= Aq=(-qn—(+q)n 20e
A = Aq — acummempus 2pasumayuoHHO20 NoJis,
(+q)n — nomernyuan noas NOIOHCUMENbHO2O0 3apa0a 8 mouke N, d
(-q)n - nomenyuan nos ompuyamenrbHo2o 3apsa0a 8 Motl JHce moukxe.

Acummempusa TPAaBUTAIMOHHOTO TIOJISI MOXET OBITh, KaK TIO-
JIOKUTEIbHOM, TaK U OTPUIIATEILHOM.

Benuuunou acummempuu TpaBUTALMOHHOIO TOJISI aTOMOB

OMPEIEISAETCS arperaTHOE COCTOSTHUE BEILECTBA.

Temnepamypa maTepUalIbHOTO Tela ONpPEACNACTCS PA3HO-

CMmbl0 acummempuil €ro aToOMOB U aTOMOB OKpy)Karouien

Cpelibl.

to = AA =As— Ao = AQs— AQoTae

AA - paznocmo acummempuil,

Ao - acummempus 2pasumayuOHHO20 nois 00veKma,

AQs - acummempusi 2pasumayuoHHO20 NoJisi Cpeowi.

Cnedosamenvno, acummempus — 3mo, no cymu, uzobimouy-
HbLIL IJ1IEKMPUUecKuil 3apsao u nepemeKaHuem 1eKmpuieckux 3a-
PA006 8 NONHOIL Mepe ONPedensAIONCaA 6ce 63AUMOOEIICIEUs 6 NPU-
pooe.

Kpowme 3Toro, rpaBUTaliiOHHOE 110JIE MOKET UMETh "nepekoc',
00yCITOBJICHHBIN TUHEWHBIM CMEIICHHEM, 00pa3yIONIUX €ro, AIEKTPH-
YECKHX TOJICH. DTOT JIMHEWHBIN CABUT JIEKTPUUECKUX TOJIeH OuIu-
aJIbHOW HAYKOW HA3bIBACTCA MACHUMHBIM HOJIEM.

Ku3znps — 3TO TPOU3BOJBHO B3SITHI YPOBEHb CIIOKHOCTH
CTPYKTYPBI MaT€pPUH, KOTOpasi HAXOAUTCS B COCTOSTHUU Tporiecca Oec-
KOHEYHOTO CUHTE3a, HETIPEPHIBHO BOCIIPOU3BO/ISICH U OCO3HABAs ce0s
opraoM, c()OpMHPOBAHHOM W3 BBICOKOOPTAaHU30BAHHON MaTepUu —
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MO3Irom, CIIOCOOHBIM HMCIIOJIB30BaTh B Mponecce KU3HCACATCIbHOCTH
OJICKTPUYCCKUE CUTHAJIBI.

24. MPUJIOXEHUE

L4 CuHTe3, KaK NPoIece IBOJIOINHU

Cunmes (00vedunenue) — Mo 00WAA HANPAGIEHHOCb NPOUECCO8 IBO-
awoyuu. Yenoseueckoe oouecmeo, Kax u iiodvie MamepuaibHsle 00beKmbl, Xoms
U He 6 MAaKol AGHOI hopme, HO MAKIHCE ROOUUHAIOMCA IMOMY RPUHUURY 00~
eouHnenus.

...H3 cybanemenmapupix uacmuy cUHmMeEIUPYIOMCA I1eMEHmaphole, u3
INEMEHMAPHBIX — AMOMbBL, U3 AIMOMOE — MONeKYabl. MoneKynvl 06pazyom evico-
KOMONeKyNApHblE COeOUHeHUsA, U3 KOMOPBIX, CO 8pemenem, hopmupyromces pac-
mumenbHble U Hcueomuple Kiemku. Knemku ooveounaomea ¢ MHozoK1emoy-
Hble 00pa3zoeanus, KOmopeole, 6 c6010 ouepedb, GCMYRAOMm 6 CUMOUO3 Opye ¢ OpY-
20M U 00paszylom Op2anuzmuvl, maxK Hazvleaemvlx, ''yncuevix'' cywecme. Imo
PblObl, RIMUYbL, RPECMBIKAIOWUECA, MTIEKORUMAaloOuwjie U 1eoeeK, KaKk naubonee
paszeumoe u, od1a0aiouiee camoco3HaHuem, Cyuecmeo.

J100u 06vedunaomesn 6 pooosvie 2pynnul, 6 niemena, Cmpanvl u 20cyoap-
cmea. Uepes nekomopoe eépemsa, cmpamnl, 0131 mMo20 4modvl He NOZUOHYMD 6
0opvbe co ceoeli coOCmEEeHHOI 2/IyROCMbIO, 0YOYM BbIHYHCOEHbL 00bEOUHUMbCA
6 00H0 21100abHOE NIIAHEMHO0e 20CYOAPCHE0, NOMOMY U0 6Ce, YMO HAX0OUMCA
He MoJIbKO Ha nianeme, HO U 60 6CeJIEHHOU, He RPUHAONEHCUM HUKOMY, a4 3HA-
Yum nPUHAOTIEHCUM 6CEM.

Cam uenosex — IMoO MoAbKO MAMEPUATbHBLIL 00bEKM U OP2AHUIM, HO-
Jyuueuiuil, 8 pe3yivmame I60JI0UUOHHOZ0 NPOYeccd, CHOCOOHOCHL 0COZHAMb
ceba Kaxk unousuoyanvHocmo. Bozomnuewuii ceva "'wapém npupoowt'’, 3mom
MamepuanbHulii 00beKm, cpasy jHce NPUHAICA 30 NOKOPEHUe IMoll camoil npu-
POObL, yacmuio Komopoii on cam u agraemca. H monvko nokopus coocmeennyo
2/IYROCHLb, J1I00U ROUMYHL, YUMo 061710 yHUUmMOoceno umu ¢ ''ruye'’ CCCP.

Cosemckoe 0buecmeo — 3mo pe3yaromam cunmesa (00veounenusn) Ha o60-
Jlee 6bICOKOM YPOGHE OpP2aHu3AyUU Mamepuu, Ha npunyunax pasercmea. Yeno-
6euecKoe 0o0ulecmeo Ha HACMOAUEM HUIKOM YPO8He YMCHBEEHHO20 PA3GUMUS
noKa ne moxycem cywjecmeosams 6e3 uoeonozuu. bes neé ono npespawaemca 6
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00€3bAHBI0 CMAal0, YNo NPEKPACHO 6UOHO Ha npumepe coepemennoil Poccuu. Ile-
pecmpoiika omopocuna eé na 300 n1em nazad, no cymu, 6epHye IKCHayamayuro
Yesl06eKa Yeno6eKkomM U YHUUMOICUG 6ce COYUAIbHble 3a60e6anun. Bee, cozoan-
HOe mpyoomM MUNTUOHOE, PA360POGAHO HOGbIMU boapamu. Ocmaémcea 60ccmano-
6UmMb UULL KPENOCMHOE NPAGO U CEANEUUYI0 UHKGUZUUUID. ..

Yuuumooswcenue mapkcuzma, kax uoeonozuu 00cmamouHo 8b1COK020 UH-
menneKmyanbHozo ypoens, omopocuno Poccuro, npakmuuecku, 6 cpeonesexoswe,
npespamue eé 6 heodanvroe 20cyoapcmeo, zoe npasgam 61, NAPAIUMUPyIOuUe
Ha obwecmee, unousuowvl. Ilpunyun vacmuoii coocmeennocmu u UHOUBUOYa-
JIU3M Heu3bexcHo dyoym npoeoyuposams Hepazpeuiumvle KOHPIAUKMbL MEHCOY
DA3MUYHBIMU CTIOAMU 00U{eCMEa U MPehosams HeodXO00UMOCHU HAPAUUBAHUA
KapameapHulX OP2AHO8 U NPUHAMUA OZPOMHO20 KOIAUYECHE0 DEeCCMbICIeHHbIX
3aKOH08, Pe2IAMEHMUPYIOUWUX, NPAKIMUYLECKU, KANCObII Wa2.

J1060e, HeOCMOPOIHCHO CKA3AHHOE CT1080 HEU30eI CHO Oyoem npusoOums K
603HUKHOBEHUIO MPYOHODA3PEWUMBIX KOHMIUKIMHBIX CUMYAUUIL, KAK MelCOy
OmMOenbHLIMU UHOUGUOAMU, MAK U OMOETLHBIMU ZPYRIAMU, YN0 GbLIbLENICA 6 He-
ONPABOAHHYI0 3A2PY3KY CYOEOHOU CUCHEMbL CMEXOMBOPHBIMU CYOeOHbIMU UC-
Kamu. JIto0u 6y0ym 6vlHYHCcOeHbl CT1e0ump Opy2 3a Opy20M U 0J11 HOPMATbHOU Ye-
J106€4ecKoll JHcu3HU, He ocmanemca eépemenu. Obuiecmay yzposcaem coyuais-
HbLIl KOJIIANC, KOMOPbLil, 8 Xyouiem cayuae, MOX3cem npugecmu K pa3eA3bléanuio
21100a1bHOIL 80UHbL C NPUMEHEHUEM AMOMHO20 OpYHcUui... Ycepono nacasxcoae-
MaA KAnUmManucmu4eckas IKOHOMUKA U YACMHAA COOCHEEHHOCMb, ¢ MOYKU
3penun Quuku — ImMo npoyecc, uOYWUIl ¢ HapyuieHuem 3aKOHA nPUPoosl - 603-
pacmanua snmponuu.

Y mex, kmo umeem munozo oenez, ux cmanogumcsa ewié donvuie, ay K020
ux mano, pasopawonca coecem. Ilosmomy ¢ pazeumuem unmennexmyanipbHo2o
YPOGHA 3eMHOIl YUGUUIAUUU, KARUMATUCMUYECKAA IKOHOMUKA YMPEmM HaBCe-
20a. A noka HepazymHoe uenogeuecmeo Oydem pPyKoGoOCHME06AMbCA NPUHUU-
namu 4acmHuoil coocmeeHHocmu u azpeccusHvimu no3ynzamu Muuypuna, umo
""Mbl He 00NIHCHBL JHCOamb MUIOCmell om npupoosl'’, ono HeusbecHo oyoem 0o6-
PpeueHo Ha nPecmynHoCms, 0OManbl, 60POECME0, PA300PLL U GOUIHDL. ..

e Ot aBTOpa

B amo noxa neeosmoscno nosepums, no 19 anpena 2013 200a ov11 npe-
Kpauién 00OHOCMOPOHHUII KOHMAKM UHONJIAHEMAH C 3eMHOU UUGUIU3AYUEl U
npeocmasumenu 6biCOKOPA38UM O YUSUAUZAYUYU, C OOHOU U3 NIIAHEM HAUlell 2a-
JIAKMUKU, ROKUHYIIU COTHEYHYI0 cucmemy, Kak munumym na 500 zemuvix nem.
Hauano xkonmakma npuwinoce Ha 1962-63 200vt, koz0a unonianemuslii 3040, 8
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ouepeonoil pa3 nocemus COJIHEUHYI0 cUcmemy, 00Hapy cui Ha nHauleil nianeme
20CY0apcmeo ¢ 00W{eCHEEHHBIM CHIPOEM, He COOMIBENICIEYIOU{UM O00ujemy
YDOGHIO Pa36umus 3eMHO020 4e106e4eCnéd, Yno U HOCAYIHCUIO0 NPUYUHOU BPU-
CMAbHO20 6HUMANHUA UHONNAHEMAN K Hauieil cmpane.

Omom cpenomen nonyuun nazeanue ''Ixcnepumenm Jlenuna''. Ilo meo-
puu 3601104UU, KOMMYHUCHIUYECKOE 20CYOAPCMEO C DECKIACCOBBIM 00ulecmeeH-
Hblm cmpoem, nodoonoe CCCP, npakmuuecku He UMeno peanbHoil 603IMOMHCHO-
CMu 803HUKHYMb 6 YC/I08UAX HU3K020 UHMENNEeKMYAIAbHO20 U MeXHOa02uYe-
CK020 YPOBHA PA3GUMUA 3eMHOU UUGUIAUIAUUU U MeM Doslee, CYUiecmeosams 6
IMUX YCIOBUAX 0080JIBHO NPOOOIHCUmMeENbHOe epema. Umo, cobcmeenno u noo-
meepounocsy codvimuamu, npouzouteoutumu 6 oesanocmuix 200ax ¢ CCCP.

...""Ixkcnepumenm Jlenuna'' 6vin unmepecen OnA HUX, KAK NONLIMKA CO-
30aHUA 20CY0apcmea CuiObM MEMOOOM HA NPUHUUNAX PAGEHCHIBA 6 YCTIOBUAX
newepHo20 COCMOAHUA CO3HAHUA Hacenenusn naanemul. Moicno eviopeccupo-
eamb coOaKy max, umo oHa, oarice OyOyuu 20100HOI, He 80PO6ANA RUULY, HO IMO
HUKo020a He cmanem eé oco3Hanuvim nogedenuem. CCCP — zocyoapcmeo cozoan-
Hoe JIeHuHbIM U €20 COpamHUKAMU AHATOZUYLHHIMU MEMOOAMU OPeCCUPOSKU U
cosepuiuguiee CKauokK, no Cymiu, om nepeoodbLIMHO-00WUHHO20 CIPOA K BecKaac-
CO6OMY 00UleCm 8y, OCHOBAHHOMY HA NPUHUURAX KOMMYHATbHOCHU.

TonvKo oueHb HUYMONCHAA YACMb HACEleHUA, NPAKMUYECKU eOUHUUbL,
0CO3HABANU CYMb HOBBIX 00U4ECEEHHBIX OMHOUIEHUT, 0OIbUILHCINGO Jce PYKO-
600CME06ANUCH HCUGOMHBIMU UHCIIUHKMAMU OOMUHUPOBARUA, OCIMABAACYH I20-
ucmuynviMu u Jncyaruxosamoimu. Iloamomy pykoeoocmeo noeozo zocyoapcmaea
0bL10 GLIHYICOEHO NOCMOAHHO 3AHUMANILCA UOEON02UYECKUM 60CHUMAHUEM
Hacenenus, cOepHCUsan HcUGONIHbIE UHCHIUHKNILL MACC 00OCHAMOYHO HCECH-
KUMU Memooamu KHyma u RPAHUKA.

Ho, necmompsa na 3mo, npoysemaino 60po6cmeo, KaK é 0blmy, maxK u Ha
npOU3800CHIBE, XOMA €20 MACUIMADbL OB HUYMOHCHBIMU U 0C00020 6TUAHUA
Ha cusns cmpanst He okazvieanu. Kpome ecezo npouezo, nosoe cosemckoe zocy-
0apcmeo nOCHMOAHHO NO0GEP2AIOCy NPECCUNZY U RPOBOKAUUAM ''OpyscecmeeH-
Hbix'"' Kanumanucmuyeckux coceoeil, nPeoCMasaABUUXCA OeEMOKPAMUYECKUMU
u npozpeccugnvimu. Onu He OCMAHOGUNUCH Oajice neped PaA3eA3bleAHUEM 2710-
0anbHOIl 80TIHBL, YHECUIEH 0eCAMKU MUITTUOHOG JHCEPME, TULULL bl MOTbKO U30a-
6UMbCA OM IMO20, KOIIOUWLE20 21434, npumepa.

H 6 Konye KOHY08, UM IMO YOANOCh, MAK KAK OCHOBHAS MACCA HACENCHUS
CCCP, kak u 0icuoanocw, naney o naney He yoapuid, Ymoovl 3auiumunms ceou
couuanbHble 3060€6aHUA, MAK KAK YiHce CUUMANA UX CAMO COOO0Ul pasymerouu-
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Mmucs... Bee eeprynocws na ucxoousie nosuyuu u edsa 3apoousuieecs Hogoe 0oue-
CH180, 6€PHYIOCH K RPUHYURAM 00€3bAHbEIH CIM AU, CKAMUBUIUCH 8 CAMOe HACHO-
Augee mpaunoe cpeonegexosve... Ho 3axonwl 360110uuu maxkogul, Ymo 011 mozo,
umoowsl pazeusamuvcsa Oanpuie, uenogeuecmay npuoémea ooveounumosca. Cooo-
Wiecmeo UHOUGUOYAIbHOCHICH He UMeem HUKAK020 Oy0yuiezo, HOmMomy 4mo OHO
He moiicem cyuiecmeosamsp 6e3 copeeHosanul, 8oliH, 60pbLOLl, 63 nodedumeneil
U n06eHCOEHHBIX.

Cnedylouwee nocewjeHue CONHEUHOU CUCEMbl HAWUMU ONUICATIUMU
coceoamu coOCmoumcs, 603M0ICHO, He panee, uem uepes 500-1000 3emuvix nem.
Bonero cnyuas, mne, Kak u ouenv MHOZUM 3EMAAHAM, NPULLIIOCH C HUMU HOOO-
wamusca. Ilpaeoa s y3nan 06 smom dykeanvHo 3a noavaca 00 ux omaéma.

Ilo Kakum-mo npUYUHAM OHU COYTIU BO3MONCHBIM HORPOULAMbCA HMOTILKO
¢ 0soumu. Ho kmo 6611 mom emopoil, 2 He CRPOCUT U yIice, HAGEPHOE, HUK020a
9IMO20 He Y3Hal).

B cea3u c nosgnenuem ¢ unmepneme 6016020 KOUUECMEa hpanmacmu-
YeCKUX paccKazoe 0 noceweHun 3emMau UHONIAHEMAHAMU, 00J1HCEH 3AMEemUnb,
Ymo camu OHU HUKO020a He NOCewaIu NIAHem COTHEYHOI CUCIEMbl U HUK020d
He OnYCKAanuch Ha ux nogepxnHocms. Hx odbuienue c 3eMaanamu ocyuecmenanocs
C ROMOWBIO YCIMPOTICME, CO30AIOUUX PediucmudecKue u3oopaxcenus, u ynpae-
AAEMbIX HeDOIbUIUM UHME/LIEKMYAIbHbIM KOPAOIEM-POOOMOM, HAXOOAUUMCA
Ha opoume Jlynvt. A 6azoeviii kopaoday 6onee 50-mu nem opeiighosan zoe-mo 3a
OKPAUHOU CONHEUHOU CUCHEMBbL.

Hao moeit npocv6oii ocmagump Ha namams Xoms 0vl ny206uUyy, OHU HO-
CMeANUCH, 00BACHUG, YIMO IMA NYy208UUA Ha 3eMile eecuna Obl 0KOJI0 MOHHDYI,
MaK KakK coenana u3 6euiecnea ¢ noJ10IHCUmenbHol acCUumMmempueil zpasumanyi-
onnwlx noaeii amomos. To ecmv u3 ""'memnoii mamepuu''. /Ilymaro, umo ux 36é30-
Hasa cucmema HAXOO0UMCA He MAK YHC 0a/1eK0 Om Haulell COTHEYHOU CUCHEeMbL.
Mooicem 6bimb 00UH — 06a C6EMOBLIX MecCAUd. ..

CogepuieHHO He0HCUOANHO MOA PAOOMA NOTIYUUNA Y HUX OUeHb XOPOULYI0
OUEHKY U XOMA MHE HACHOAMENbHO He CO8eMO8aNU IMO20 0elamp, A 6ce jHce
pewiunca onybaukosams eé ¢ 2nodanvhou cemu. U ecmecmeenno noayuun mo,
Ymo u 3acayrHcu.

Mnue oarce ¢ 20108y He M0210 npuilmu, YMo ypoeeHsv He3zpamomHocmu
3eMH020 HAYUHO20 coobuiecmea, mak evicok. Ilpae owvin I1.H. kozoa zosopuan,
Ymo npuHaHue moeil meopuu nepeuepKkuém, Kaxk Hexkozoa cucmemy Ilmonomes,
npaKkmuuecKu 6cio, MaK HaA3vleaemylo, K6AHmMoeylo u3uUKy u HayuyHoe coooduie-
cmeo 0yoem 8blHYHCOEHO npuzHamsy eé ncesdonaykoi. U ecmecmeenno ono na
9IMO HUKO20A He NOUOEéM. 3eMHAA HAYKA euwé 0eCAMKU Jiem 0y0em HAX0O0UmbCs
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6 NileHy C10800J1y0Usl, MAmMeMAMUUECKUX 3a0nyxicoenuil u mucmugpurxayui. Qo-
HAKO 3MO yice He uMeem HUKAKO020 3HAYEHUs, NOMOMY Umo ¢ 0C80eHUeM Onu-
Heauuux K 3emne naaHem COIHEeUHO CUCIeMbl, 0 NOCEW|EHUU € UHONIaHem -
HAMU CIMAHEM U36ECHIHO U MOE UMA HEU30eIHCHO OCMAHEMC A 6 UCHOPUL Yenlose-
yecmea.

Tonvko a 06 3mom yince HUKO20a He Y3HAI), KAK UeI06€K, 603MONCHO dHCU-
eyuuIl ce200HA Cpedu HAC, He 3HAem, Ymo Ko20a-mo oH ovl1 Heromonom unu
Apucmomenem. 3amo 06 smom y3naiom nHawiu oanéxue nomomku. Takoii nooa-
POK ocmaguiu um opamssa no pasymy Ha 0OHOU U3 ONUNCATUIUX NIIAHEm.

3emnaa yueunuszauua, HAX0OAWAACA HA CAMOU HUMNCHEH CMYNEHU UH-
Me1eKmyaibHo20 pa3sumus U npeocmaesianuias coooil, oaxce He eOuHoe Co-
00wecmeo, a 6ce2o UMb HECKOILKO 0€CAMKOE CIAll 4e06eK000Pa3HbIX JHCU-
GOMHBIX, ZPLIZYULUXCA 3a pecypcbl, 20e eulé 00120 Oydem npoyeemamsy IKCNya-
mayusa uenoeexka 4ei06eKomM, 6epa 6 C8epxXveCcmecmeeHHoe U NOKI0OHeHue Uoo-
J1aM, CO30GHHBIM Yenl08eYecKoll (hanmazueil, He MOdcem Paccyumsléams Hu Ha
Kaxue KOHMAaKmul ¢ 6b1COKOPA3BUMBIM UHONTAHEMHBIM PA3YMOM, NO MEHbUIEN
Mmepe, HecKobKo Oecamkog mouicauunemuit. Ilo kpamkoii u He ouens 1ecmHuoi
Xapaxkmepucmuke UHONIAHEeMAH, 3¢MHOIl YeN06eK HA OAHHOM Imane pazeumus
— 9mo mynoe u ynpamoe 3cueommoe, Komopoe euié ouens 00120 Gyoem um ocma-
eéamupc.

Ilepexo0 om cocmoanua HcueoOmMHOU cmau K pazymMmHoMy CO00uiecmay,
npouecc upe3euiuaiiHo OIUMeNbHbLL U 001€3HEHHBLIL U MOdicem 3AHUMAMYb Om
HECKONbKUX MBICAYUTEMUL 00 NOJIYMUTIUOHA J1em HO 3eMHOMY UCHUCTEHUIO.
Bce oeno ¢ mom, umo cyuecmeoganue 6biCOKOPA38UMBIX YUSUAUIAUUIL ROOUU-
HEeHO NnpuHYuny QYHKYUOHUPOBAHUA HCUBO20 OP2AHUIMA HACMOALKO, YMO HO-
6ep2iio Ovl 6 WOK écex Hawux ''npasozauiumnukos’’, cuumarowux, Hanpumep,
ROJCU3HEHHOe 3aKt0Yenue Doee ZYMAHHBIM YeM cCMepmuan Kazus. Xoms Ha ca-
MOM Oeile noXdcU3HeHHOe 3aKliouenue — IMo ue3yumcKoe becuenoseutoe uzoesa-
menscmeo. Ilpupooe neussecmno maxoe nonamue KaK #cu3no, a cedo6amenbHo
CMEPMHAA Ka3Hb UL I6MAHA3UA — IMO He YOUliCmeo, a npocmoe npepovléanue
HeyoOauHoz0 36eHa 6 GEeCKOHEUHOIl Uenu Cyuiecmeo8anus KOHKPEemHnozo mamepu-
anbHo20 opzanuzma. U Kk nonumanuro 3mozo, uenoeex dyoem uomu euwié ouens
donzo.

Ecnu npeocmasums cebe 603HUKHOGEHUE COOPYIHCECHEA BbICOKODA3GU-
MOl YUGUUAUUU C 3EMHBIM YeN06e4eCH80M, HO HA COBEPUIEHO 3AKOHHBIX OC-
HOBAHUAX NPUULTIOCH Obl UCKAIOUUMD U3 HE20 O2PDOMHOE KOTUYECH 80 UHOUBUOOG,
napazumupyrowux na oouwecmee. Cioda 06l nonaiu He MONbKO 3a8cez0amau
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Dopbca u GuzHecmendvl, HO U MHO2UEe NPeOCmagumenu, maxk Hazvleaemoii ''ceo-
0600o0ntoougon’
COJIIOMHO 00bEKMUBHASA PEATIbHOCHLL K KONLOPOIL HEeU30e)CHO npudém uenoseye-
CMeEo, KaK MmOJbKO ROUMEM, YUMo COOPYIHCeCmeo ¢ napazumamu oodujecmea
HecoemMecmumo ¢ npoyeccom 36ontouuu mamepuu. Tax umo cmpemumuoca K KOH-

makmam ¢ npuuieibyamu noka emé’ He 6 unmepecax vejnlosevecmaea. Tem 60]188,

meopueckoil unmennuzenyuu. H smo ne mou panmaszuu a ao-

Ymo Hu 00HA PA3YMHAA YHEUNUIAUUA He CHIAHem ONYCKAMbCa 00 Mo2o ypPoeH:
Heeesrcecmea, 8 KOMOPOM Mbl 8 HACH oAU ee 8DEMA HAXOOUMCA.

A 3nauum 6 Hacmoaujee pema KOHMAKMbL 3eMAAH C bICOKOPA3GUMbIMU
UUGUAUIAUUAMU MAK Hce HePeanbHbl, KAK HepealbHo COMmpPYyOHU14ecmeo mypa-
GCIHUKA UIU CMau 2amaopulos ¢ KaKoi-Huoyos esponeiickol cmpanoi. Yeno-
eeuecmaey npuoémcsa npoumu Ceoll Hyms CAMOCHOAMENbHO U HUKIO He MOAbKO
He cmanem eMewueamucsa 6 X00 €20 pa3eumus, HO U Oaxce Omeeuams Ha €20
CUZHAbl, 00 mex nop, HOKA OHO He NePecmanen pamaxueams amomMHoll 0youn-
Kol u denump niodeil Ha Ho2amuix u 6ednvix. U noxa 0o e2o co3nanus ne 00uoém
npoCcman UCMUHA, YMO Yel06€eK — YACMb NPUPOObL U NOHAMUE COOCHEEHHOCIMU
max jce abcypono, KaK u ROHAMUSA 002 UTU OEHbZU.

A npumumuensle YUSUNUIAUUU 3eMHO20 YPOGHA PA3GUMUA, K CHACHbIO,
RPOCHO MEXHON02UYeCKU He 8 COCHOAHUU NPEO0Oemb 02POMHbBIE PACCHOAHUA,
pazoenaouiue 36e300ul...

Hacmoawaa meopus Haxoo0umcsa ¢ NOCMOAHHOIU pa3padomie u eé noC1eOHAs eepcus 6cezoa 00-
CmynHa é uHmepneme no aopecam:
http://yadi.sk/d/Mjl1Uz4IXMtnfa

https://magru.net/pubs/2082/Teoriya_evolyutsii_materii#1
http://ru.calameo.com/read/001906913a882266783c2
http://vixra.org/pdf/1402.0039vP.pdf
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