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VBaxaeMblil UUTaTEID !

JIro0ble SBIEHUS MPUPOIBI HIEMEHTAPHO OOBACHAIOTCS B paMKax
kiaccuueckoi ¢pusuku. U ecau Bel ocHOBaTenbHO moa3a0buTi
MaTeMaTHKY, 3TO HI KOMM 00pa3oM He momentaeT Bam moHsTs nmpupoxy.
[Ipupoza e€ BooO1Ie He H3yyaia...

[Ipupona npocra u Bce YTO ITOMY
MIPOTHBOPEYUT, JOJKHO OBITH OTOPOIICHO.
M. Jlomonocos.

Jlyist TOro 9TO OBI OOBSCHHUTH B IPUPOAE BCE,
JIOCTaTOYHO JIBYX 3JIEKTPUYECKUX 3aPSIIOB.

1. BBEJEHHE

""Kakue 0b1 omKkpvimusa He 0enanuce 6 chepe KOHKpEemHvlxX
Hayk, O0aa ux pukcuposanus mpedyemca azvik. Jlaoce
uzoépemaromcea cneyuanbvHle A3blKU 014 3mozo. Ho éce onu, max
UU UHAYe, NPEOnoNaAzarm 00uwepasz2o060PHLLIL A3bIK, He3 KOMopozo
OHU 6000we Henouamuvl. Bce ommonozuueckue mepmunul,
Komopble mpeoyromcsa 011 ORUCAHUA IMUX AGTAEHUN U OMKPLIMUIL,
Mo2ym 0blmb OnpeoesieHbl He3A8UCUMO OHL IMUX OMKPLIMUIL U
NOACHEHbl HA NPUMEPAX CAMO20 O00BIUHO20  HCUMEUCKO020
onvima...' (A.3unoeves. OcHo6bl 102UHECKOll MEOPUU HAYUHBIX 3HAHUIL. )

«..Bca xeanenaa coepemennasa ¢uzuxa npeocmagnsem
co001l cnaouwinoe Hadysamenbcmeo.» (P.deiinman.)

«O0bluHO HOBBIE HAYUHbIE UCHUHBL NO0EXHCOAOm He MmAK,
Umo ux NPOMUGHUKOG Ybexycoarom, HO UHauie MmMax, 4Ymo Imu
NPOMUGHUKU NOCMENEHHO 6bIMUpPAIOM, A HO60€ NOKOJIeHUe
yceausaem ucmuny cpazy». (M.Ihanx.)



Anexcandp BECEAOB

Ecte nBa acmekra mO3HaHUA MHpA, [PAKTUYECKUUA U
TeopeTudeckuil. M ecnm 3eMHas Hayka B IPAaKTHYECKOM AacIEKTe
JIOCTHIJIA ONPEACICHHBIX YCIIEXOB, CPEACTBA CBSI3H, KOMIIBIOTEPHbBIE
TE€XHOJIOTMH, KOCMOC, TO B TCOPETHYECKOM IUIAHE OHA 10 CHX IIOp
Tom4eTcs Ha pyoekax 17 Beka.

Od4eHb MHOTME TEXHOJOTMYECKHME IPUEMBI  OCBOCHHBIC
YeJI0OBEKOM, MPAKTUUYECKU OCBOEHBI METOJIOM ThIKa, 0€3 MOHUMaHMS
X MexaHu3MoB. OObSICHEHHS] OYeHb MHOTHX SBJICHUN M MPOLIECCOB,
UCIIOJIb3YEMBIX YEJIOBEKOM B TEXHUKE, HE COOTBETCTBYIOT PEAIbHOCTH
U TPEACTaBISIOT co00il Oe3napHble (aHTacTUYecKHe 00pa3Ibl
CIIOBOOITY THSI.

Jaxe mipu GeryioM 3HaKOMCTBE ¢ Teopueil bonbiioro B3psiBa u
CrangapTtHol  Mozenbl0o  Mwupo3gaHusi, TOJBKO  COBEPIICHHO
0e3rpaMOTHBIII MOXXET HE 3ameudaTb, YTO OHHU IPOTHBOpPEYAT
(yHAAMEHTAIbHOMY NPUHLUIY HPUPOJsl — BTOPOMY Hayaily
TepMonMHaMHUKU. Mogens atoma Pesepdoppa-bopa, nexamas B
ocHoBe CTaHAapTHOH MonenH, MO CYTH, NpPEACTaBIsIeT CcoOOH
JJIEMEHTApHBIA BEYHBIM JBUTraTeNb, KOTOpble aAaxe Ilapmxckas
aKaJeMHs HE pacCMaTpPUBAET C [103aIIPOLIIIOTO BEKa.

Ho yueHsle B ymop He 3ameyaroT, 4YTO JIOOblE TEOpHH,
OCHOBaHHbIE Ha UJACE BEYHOIO [BIKEHUS - MOJIEKYISIPHO-
KMHETUYECKasi UM TEOpUs CTPYH, IPUHIUIIHAIBHO HECOCTOSATEIBHBI
10 TOW IIPUYUHE, TOTOMY YTO IBH)KEHHE — 3TO TOJBKO CIIECICTBHE, a
HE YCJIOBUE CYILIECTBOBAHUS MaTEPUU.

ATOMBI HE MOTYT UMETh SAEp, COCTOSIUX U3 OJHOMMEHHO
3apsDKEHHBIX YacTHUIl, TaK KaK OHU HEU30EKHO PA3NETATCA B pa3HbIe
CTOPOHBI M3-3a CHJI OTTalKMBaHMA. M naxe eciau Obl 3TO OBLIO
BO3MOYHO, 3JIEKTPOHBI BCE PAaBHO HE MOINIM Obl BEUHO BOKPYI HHUX
BpaliaThCs, Tak KaKk OHM HEW30e)KHO Obl Ha HUX YyIajau, H3-3a
MIOCTOSIHHOTO JACUCTBHsI CWJI TNPUTSOKCHHs. Tak e HEBO3MOXKHO
BpallleHue BOKPYT IPYr Apyra OJMHAKOBBIX 3apsAf0B, KOTOPBIE TOXKE
paserenuch Obl B pa3HbIE CTOPOHBI.
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A, Tak HaspIBaeMmasi, Teopus boNbIIOro B3phIBa, Kak yoOoras
KOMIUJISIHST OuOnelickoil KHUTH beIThst 0 00’KECTBEHHOM TBOPEHUU
MaTepuu W3 HUYETO, BOOOIIE MPEACTABISIET COO0M ApKuil 00pazunk
NICEBJOHAYYHOr0 Mpakobecus u mapnaranctBa. [lo cytu, 310 pyka
penuruu B HayKe...

Jst Toro, 4TO OBI YOUTH Ha KOPHIO JIFOOYIO TEOPHIO, TOCTATOYHO
HATH B Hel XOTs Obl eIMHCTBEHHOE POTUBOPEUHE, & B COBPEMEHHON
HAay4YHOU IMapaJurMe MX CTOJBKO, YTO OHH YK€ IPEBPATWIH €€ B
O0aHANBHYI0 HYMEpOJIOTHUIO, OCHOBaHHYI0O Ha MaTeMaTHYECKUX
MOJITACOBKAX M TMOJTOHKaxX. XOTs OYEBUAHBIC (PAKTHI, JIeXKAIIUe Ha
MOBEPXHOCTH, IOJ CaMbIM HOCOM Yy JIIOZIeH, Ha3bIBAIOLINX ceOs
YYEHBIMH, TO3BOJISIIOT OnucaTh Mupo3gaHue MPOCTOM U U3SUTHON
TeopHel, N30aBIEHHON OT JIFOOBIX TPOTUBOPEUYNI U HATPOMOKIACHUI
MaTeMaTUYeCKUX ypaBHEHHI.

[Ipupona HacTONBKO MpOCTAa W TO3HABaeMa, YTO BIIOJIHE
JOCTYITHA JIJIsl IOHUMAaHWSI TaXKe JECSITHIIETHEMY PEOCHKY, TaK KaK BCE
e€ MHOT0OOpasue 3WKAETCS Ha IBYX AJIEKTPHUECKUX 3apsAaax U JABYyX
AJIEeMEHTapHbBIX B3aMMOJEHCTBUIX - npumsasicenuu u
OMMmAanKueaHuu, IPUHATHIX 32 IOCTYJIATHI.

HiMeHHO Ha 3THX MOCTYJaTax BBICTPOEHA MpejjiaraeMasi Huxe
teopus (Teopus rpaButanun). B €€ 0CHOBY IOJI0’KEHO BTOPOE HAYAJIO
TEPMOJMHAMHKHA M  3JEMEHTapHas JIOTHKa C MHHUMAaJIbHO
HEOOXOJUMBIM  HCMOJb30BAaHUEM  MaTEMaTHYECKOro  ammapara
KJIACCHYECKON (hU3HKH.

2. OB OCHOBHOM "3AKOHE'" ITPUPObI

Ctporo roBopsi, HUIKaKUX 3aKOHOB B IIPUPOJIE€ HE CYIIECTBYET,
MOTOMY UYTO 3aKOH - 3TO [IPOCTO JI0IOBOP O MpaBUIIax B3aUMOJICHCTBHS
MEXIy KakKUMH-THO0 CyObeKTamMH, B KOTOPOM OrOBapHUBarOTCS
CaHKIIMU 32 UX HapyIICHHE, a TaK kK€ MEeXaHW3M uX BblsiBIeHUSI. Ho
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Tak KaKk B TPHPOJEC BCE B3aUMOJCUCTBUS  OOYCIIOBIICHBI
HUCKIIOYHUTEILHO CBOIICTBaMU caMuXx B3aUMOJICCTBYIOIINX
MaTepuaibHBIX OOBEKTOB, MOITOMY HM B KaKUMX 3aKOHaX OHAa HeE
Hyknaercs. IIpocTo HekoTopble XapaKTepHble OCOOEHHOCTH 3THUX
B3aMMOJICHCTBHH, JIIOIM MPUBBIKIN (GOPMYIUPOBATH ISl ce0sl B BUIE
3aKOHOB.

Tewm Gomee, 4TO BCe OTKPBITHIE YICHBIMH 3aKOHBI, 3aKOHAMHU U
HE SBIISIOTCS, 3TO BCErO JIMIIb KOHCTATAIlMM KaKuX-JIu0O0 (hakToB,
KOTOpBIE cCamMu CeOsI U MOATBEPKAAIOT. ITH, TAK HA3BIBAEMBIE 3aKOHBI,
TOJIbKO OMUCKHIBAIOT KaK MIPOUCXOASAT KaKUE-TO SIBJICHUS, HO HUUETO HE
TOBOPAT O TOM, NTOYEMY OHU IPOUCXOMSIT Tak, a He WMHaue. B cuiy
TOTO, 4YTO JIOOBIE B3aMMOJEWUCTBUA MaTepUANbHBIX OOBEKTOB
OJIHO3HAYHO OMPEJIEISIIOTCS X CBOMCTBAMHM, TO HUKAKUX HapyIIEHUH,
HEONPEIEeICHHOCTEH, HEOOBIYHBIX J(P(HEKTOB WIM MapagoKCOB B
IIPUPOJIE HE CYIIECTBYET.

Korga HeomnpeneneHHOCTh BBOAMTCS B MPHUHIUI, HayKa
YMHpAET U MpeBpaIlaeTcs B OaHAILHYIO PEIUTHIO, OT KOTOPOH OJIUH
JUIIb MIAr 10 MPUHLMIIA HEMO3HABAEMOCTH, MO3BOJISIONIEM HECTH
T00YIO UyIIb.

HeB0o3MOXXHOCTh ONUCAaHUSI PEATbHOCTH MaTeMaTH4YeCKUMHU
dopMynaMu TmpHBela K TOMY, YUEHbIE-TEOPETUKH HACOUMHSIN
OTPOMHOE KOJIMYECTBO 0€CCMBICIIEHHBIX TEPMUHOB U U300peH TaKoe
KOJIMYECTBO HE CYHIECTBYIOIIUX B IPUPOJIE CYIIIHOCTEH, UTO CaMU yxkKe
HE MOTYT B HUX pa300paThcs.

OTO pa3nuyHble TOCTOSHHBIE, TAKUE KaK TpaBUTAI[MOHHAS
NOCTOsIHHAs, nocTosiHHas [lnaHka, moctositHHas bonblimana U eme
HENBI COHM pa3UYHBIX KOHCTAHT, 0€3 KOTOpPBIX, O MHEHHIO
TEOPETUKOB, BCeJIEHHAs! He MOTJ1a Okl cyiiecTBOBaTh. OJTHAKO BCE ITU
"MOCTOAHHBIE" OKa3bIBAIOTCS TAKUMHM HEMOCTOSHHBIMHM, YTO HX
MPUXOAUTCS NePUOIUYECKU YTOYHSITb. ['paBUTAIIMOHHYIO
MOCTOSIHHYIO, Hanpumep, yrouHsuin yxke 11 pa3. M ato emre e nmpenen.

N3-3a  uckaxeHHOro OOBIBaTENbCKOTO TMPEICTABICHUS O

MeXaHU3MaX MPUPOJHBIX SBJICHUH, COBpEMEHHAs HayKa OOBSICHSET
6
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HX, KaK MPaBUIIO 33/I0M Halepe, IepeBopayrBasi BCE C HOT HA TOJIOBY
U IIyTas OPUYMHBI CO CIIEACTBUAMHU. Benp naxe 3a HampaBlICHUE
AJIEKTPUYECKOTO TOKa B (U3WKE TPHHATO JBWIKEHHWE HE
OTPULATENIbHBIX, &  MOJIOKUTEIbHBIX  3apsgoB. To  ecTh
MPOTUBOIIOJIO)KHOE PEATBbHOMY, YTO MPUBOAUAT K MyTAHULE IIPU
00BSCHEHUH.

Hampumep, yOorue mpenctaBieHHs O TPHUPOJIE TPaBUTAIUH,
MO3BOJIUIIM  TEOPETUKAM COCTPSAMATh TaKyl Oe3rpaMoOTHYI0 U
HEJICTIYI0 TEOpPHUI0 00pa3oBaHMs 3BE3] U IUIAHET, YTO OHA 3aTMEBAET
CBOCH TIIYMIOCTHIO paccKa3bl 3HAMEHHTOTO OapoHa MroHXray3eHa o
BBITACKMBaHUHU CaMOTO ce0s 3a BOJIOCHI U3 00JIOTA.

IIpumeuanue! Booowe-mo eciu ouenv 00120 Hadawoamov 3a
COCMOsAHUEM  RPUPOObl  MOMCHO  RPUIMU K  COBEPUIEHHO
napaooKcanbHOMy 61600y, 4mO 6emep O0yem, HOMOMY UMO 0epesbs
Kauaromcea. U oasxce M0icHO N1€2Ko Hallmu Onwvimnoe noomaeepicoenue
Imozo aenenusn. /[ocmamouno npoCcmo ROMAxame 6emKoil nepeo JTUYOM,
umoovl owymums OeudiceHue 6030yxa. Bom na smom aodcyponom
npuUHYUNE MEOPEMUKU U ROCHMPOUIIU CE0I0 MEOPUIO 36€30000pA306aN U

CambpIMH K€ JOpEeMy4YHMH 3a0Jy)KICHUSIMH B COBPEMEHHOMU
bu3MKe SBIAIOTCS TIOHATHS WHEPIMOHHOM MacChl M 3aKOHA
COXPAHEHHUsI DJHEPIUM, KOTOPBIM [0 CHX IIOp CTUMYJIUPYET
HEYTOMUMYIO JICITEIbHOCTh OTPOMHOW apMHUHM H300peTareneit
BEYHBIX JBUTATEICH.

B kxpuBOOOKOM 3IaHUM HAYKHM KAaKHUM-TO HEMOCTHKUMBIM
00pa3oM y>KMBaeTCs MOHATHE e(heKTa MacChl, Kak MpeBpaIicHus e€ B
CcBO€ COOCTBEHHOE CBOWMCTBO - dHEpruro. Kak roBopuii mOKOHHBIN
Jlangay, Hayka yKe JOCTHUIJIA TaKUX BBICOT, YTO MOXKET OOBSICHHUTH
JIaXKe TO, YEro U caMa He TTIOHUMAeT.

[locnennue CTO JET MOUCTUHE YMOIIOMPAYUTEIBHOIO B3JETa
HAYYHOU MBICTTH, XapaKTEPU3YIOTCS MPEHEOPEIKEHUEM TEOPETHKOB K
OCHOBOIIOJIATAIOIIEMY MPUHIMIIY HAy4YHOI'O IIO3HAHUA - Tak
Ha3bplBaeMoil OputBoii Okkama. W 3TO mpuBeno K ToMy, 4TO HayKy
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3araguiii OECCMBICICHHBIMA TEPMHUHAMH U TOHSITHSIMH JO0 TaKOH
CTETICHH, YTO OHA y)K€ HE B COCTOSHHU OOBSCHUTH Naxe TaKHUX, B
001IeM-TO MPOCTEHIINX BEIIEH, KaK TPaBUTAIMS M MAarHUTHOE TIOJIE.

3. O CTPOEHHU ATOMA,
TPABUTAILIMM 1 TEMHOM MATEPUM

Juis Toro, 4ToOBI c€O37aTh YTO-THOO MpETEHAYyIoIee Ha
CTPOMHYIO TEOpHIO, B MEPBYIO OYepenb HEOOXOAWMO OJHO3HAYHO
ONpENEIUTh OCHOBHBIE NOCTYJAaThl M NOHATUA. Benb TepMHHBI U
ONpeNeNeHUsT NPHUAYMAHHbIE YYEHbIMM HACTOJIBKO TYMaHHbl H
MHOTOCMBICIIEHHBI, YTO YYE€HbIE YK€ CaMM HE MOIYyT B HHX
pazo0paThcsi.

[Ipexxne Bcero Hy»HO OINPENENIUTh OCHOBHOE MOHSATHE — 3TO
NOHATUE Mmamepuu. ECTb OYEHb MHOTO OIpPEACIICHHM MaTepuu,
COYMHEHHBIX (unocopaMi U YYEHBIMH, HO MBI, PYKOBOJCTBYSChH
O6putBoii OKKaMa, BO3bMEM CaMO€ IIPOCTOE U KOPOTKOE.

Mamepusa — 3mo 6ce mo, umo cyuiecmeyem 6 npupooe.

JIroObie MaTepuanbHBIC MPEIMETHI MOXKHO, 10 KpailHEeH Mmepe,

nomrynare. J{is Havana 3Toro OymeT A0CTaTOYHO, HO B JaJbHEHIIIEM
9TO OIpPEIEIIEHUE MOKHO OYEeT yTOUHSTh.

Marepust ¥MeeT YaCTHYHOE CTPOCHHE M MOXET IPOOHTHCS
OECKOHEYHO.

Amom__— 2mo__mamepuanvhoe _o0pazosanue, _umerouiee
onpeoeieHnble HeU3MEeHHbLe C60UCTEA.

Bewecmeo — smo_mamepuaivnoe odpazosanue, cocmosuiee

U3 AMoMo6 C 00UHAKOGLIMIU CEOUCBAMU.

Ctpoenue BelecTBa Haield 00J1acTH BCEJIGHHOW TTOKa3aHO Ha
pucynke (puc.la). Cam aToMm Moka3aH CHHUM I[BETOM, DJICKTPOHBI —
KpPacHBIM, IO3UTPOHBI — 3€JI€HBIM. ATOMBI TBEPBIX TEN U KUIKOCTEH
pacmonararoTcs BILIOTHYIO IPYT K APYTY, & DJIIEKTPOHBI ¥ IO3UTPOHEI,
B IIPOMEXKYTKAX MEXIY HUMHU.
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CnenyromuM IyHKTOM OIPEAETSEM IIOHATHE CGOUCHIBO.
JIroOble MaTepHaibHble 00BEKTHI BCErlla MOKHO OXapaKTepU30BaTh

KaKHUMH-TO cBoMcTBaMHU. Bo3pMmeM i1
snecponet | [IpUMeEpa cTeka0.  CTekno,  Kak
W3BECTHO, CITOCOOHO MPOMYCKaTh CBET
1 3Ty €r0 CIIOCOOHOCTH UJIM CBOMCTBO,

P~mapons | MBI HA3bIBAEM  IPO3PAYHOCTHIO.

CymecTByeT M IpPO3pavyHOCTh B
Puc.1 HpI/IpO,Z[G?

OnHa KOHEYHO K€ CYIIECTBYET, TaK KaK B IPUPOJIC CYIIECTBYET

JIOBOJIBHO MHOT'O Pa3JIMYHBIX BEILIECTB, MPOITYCKAIOIIUX CBET. A pa3
CYILIECTBYET, 3HAUYUT OHA COTJIACHO HAILIEMY KPUTEPHIO, MaTEpHaIbHA
u €€ MOKHO nourynarts. Ho, yBbI, OKa3bpIBaeTCs, 4TO MOLIYNaTh-TO €€
KaK Pa3 U HeNb34.

MO>KHO IOIIynaTh caMoO CTEKJIO WJIM ajIMa3 WIHM Ja)Xe BONY, a
BOT MPO3PAYHOCTh HUKAK HE MoIllynaenib. BoT TyT-To Mbl 1 nonaiaem
B IIEPBYIO JIOTUUECKYIO JOBYIIKY. M TakuX JTOBYyIIEK B HAYKE CTOJIBKO,
YTO Ha 3TOM IMOYBE BBIPOCIHU IIEJIbIE MCEBJAOHAYYHBIC HAIPAaBJICHMUS,
Takhe HampuMep, Kak KBaHTOBas (hM3HMKA, KOCMOJOTHS U TEOPHS
OTHOCHUTEJIBHOCTH.

Kak MBI yxe ompeaenunu Bbllle, MPO3PAYHOCTH — 3TO
CBOWMCTBO cTekyia. Ecim cTeksia y Hac HET, TO W TOBOPUTH O
MPO3PAaYHOCTH HE MMEET HHMKAaKOro CMbICIA, [OTOMY 4YTO
MPO3PAYHOCTh CYIIECTBYET HE KaK CaMOCTOsTeNbHas (Qu3ndeckas
CYIIHOCTh, @ KaK HEKas XapaKTepUCTUKa CTEKJIa WA KaKOIo-TO
JIPYroro BEUIECTBA, IPOIYCKAIOIIETO CBET.

M ecrecTBEHHO, YTO CBOMCTBO HE M3 4YEr0 HE COCTOUT W
MIO3TOMY MOILYNATh €r0 MBI HE CMOKEM. A 3TO 3HAYUT, YTO CBOMCTBO
MOJKET CYIIECTBOBAaTh TOJBKO C TEeM OOBEKTOM, KOTOPOE OHO
xapakrepuzyer. Wnm  apyrumu  cloBaMH, CaMO  CGOUCHEO
HemamepuaipbHo, XOTS UMEET . MamepuaibHuvlii  HOCUMENb.
[TonobHOE MONOKEHHE CIOKUIOCH B HAYKE C TOHATUEM IHEpIus.
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DHeprus — 3TO CBOMCTBO MAaTEPUAIBHOTO Tella COBEPIIATh padoTy.
DT0 camoe MPOCTOE U KPAaTKOEe OMpeesieHue YHEPTHH, KOTOpast TaKk
e, KaK U MPO3pavyHOCTb, SIBJISIETCSA XapaKTePUCTUKON MaTepHaIbHOTO
Tela U MOXKET CYILECTBOBATh TOJIbKO BMECTE C HUM. T0O €CTh SHEeprus
TaK e Kak U IPO3pauHOCTh, UMEET MaTepualbHbI HOCUTEb.

Criekymnsiuu Ha TeMYy SHEpruu, 00YyCIOBICHHbIE MTOTOJIOBHON
JIOTHYECKOW Oe3rpaMOTHOCTBIO YYEHOTr0 COo0OIIecTBa, OYKBaJIbHO
3amojoHMIM  Hayky. [lomoOHO pa3nMuHBIM = 3KCTpaceHcaM |
nrapiaTaHaM  BCEX MacTel, YYeHble WHOTJa HEeCyT TaKyko
HECYCBETHYIO UyIIb O KAKON-TO 3HEPTUH, MOCTYTAIONIE Ha 3eMITIO U3
KOCMOCA, 9TO XOTh BCEX CBSITBIX BHIHOCH.

OnHako CTOUT TOJBKO 3aMEHUTh TEPMUH '"dHEprus’ Ha
00BIYHOE CJIOBO "CIOCOOHOCTH" WJIM CBOMCTBO COBEpIIaTh padoTy,
"Iypb KaXJ0T0 Cpa3y k€ CTAaHOBUTHCS OUYEBHAHOM". DTO KaKOM ke
HeoOy3aHHOU (aHTa3uer Haxo 00JaaaTh, YTOOBI MPEACTAaBUTh cebe
MOTOKA KAaKHUX-TO CIIOCOOHOCTEH, H3IYYaloIIUXCs Ha 3eMJII0 W3
KocMoca?

EAVHCTBEHHBII MOTOK HEPruM MOCTYNAOIUNA Ha 3eMIII0 —
9TO MOTOK COJIHEUHOTO M3ny4deHus. Ho Tak kKak HEeprusi — 3TO BCETO
JUIIb CBOWCTBO MaTEpUH, TO CIEIOBATEIbHO, COTHEUHBIN CBET — 3TO
U €CTh [TIOTOK MaTepuaIbHBIX YaCTHULl, UMEIOLIUX CBOWCTBO COBEPIIATh
paboty. M 3TOT KoJIOCCANBHBIN MOTOK YaCTUI COJIHEYHOT'O U3JIy4EHHUS,
coBepuias paboTy, MIUIMOHBI JIET TMOJAJEPKMBAaeT Ha 3emie
ONTUMATIFHYIO TEMIIEPaTypy, HE JaBasi €l MpeBpaTUTCS B JICJSHYIO
TIIBIOY.

N TONbKO HHUYTOXHYIO 4YacTh JTOTO H3JIYYCHUS MBI
UCTIONB3YEM IS TIOJTYYEHHS DJICKTPUYECKOTO TOKA C TOMOIIBIO
COJIHEUHBIX OaTapeil.

Ha stom Oynem cuutath, 4TO ¢ SHEprUel Mbl pa300paIuch, a
Tereps monpodyeM pazolOpaThes ¢ paboroi. Uto ke 3TO Takoe,
pabora? Pabora — 23TO HEKOTOpOE€ W3MEHEHHE COCTOSIHUS
MaTepuaiIbHOro Tela, B pe3ysibTaTe JCHCTBUS HA HEro Ipyroro Tena,

00J1aJjafoIero SHepruel WM CIOCOOHOCTBIO COBEpIIATh PadoTy.
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Hampumep, eciau Mbl ypoHUM THPIO Ha KyCOK IUIACTUJIMHA, OHA
pacIIiomuT ero B Jenemky. To ecte u3MeHHMTCS (Gopma Kycka
IJIACTHIIMHA.

OOBIYHO TOBOPST, YTO PHEPTrUsl THPU MpoU3Besa padoTy IO
U3MEHEHHI0 (GopMBI Kycka IutacTuiuHa. WM 3ta  Becbma
pacnpocTpaHeHHass omMOKa UMEET MOCTOSHHYIO  IPOIHUCKY
NpaKTUYeCKH BO Bcex yueOHMKax. Ho, Kak MBI yxxe ompenenuiu
BBIIIIE, SHEPTHUsl HEMaTepHUalbHA U CJIEI0BATEIbHO HUKAKOM paboThI
OPOM3BOIUTH HE MOXeT. PaboTy mNpOM3BOAMT HE 3HEprus, a
naJarolas noj AeMCTBUEM pa3HOCTH I'PaBUTALMOHHBIX IOTEHINAJIOB,
COBEpULIECHHO MaTepuaibHas Tupsl.

W xorpga Bam roBOpST, YTO YEJIOBEK UCIOJIB3YET, HAIIPUMED,
SHEPIHI0 BOJIH JJI ITPOU3BOJACTBA 3JIEKTPUUYECTBA, TO MO CYTH, 3TO
OOBIKHOBEHHOE BpaHbe. UeloBeK HCIONIb3yeT HHEPrui0 HE BOJIH, a
BOJIbI, & BOJIHBI — 3TO IPOCTO MEXAHU3M, ITO3BOJIAIOIINI 3Ty SHEPTUIO
UCIIOJIb30BATh.

Jlpyrumu C0BamMu BOJIHA — 3TO MEXAHU3M B3aUMOJCHCTBUSA.
Wnn nocpenHuk. D10 JIETKO MOHATH Ha pocToM npumepe. Koraa mMbl
BE3EM CaHKU 332 BEPEBOUKY, TO BEPEBOYKA HE SIBIISIETCS CBOWCTBOM
CaHOK WJIM YEJIOBEKAa, OHA SIBJISIETCS MEXaHU3MOM B3aWMOJIECHCTBUS
Mexay HAMH. WM 1mpocTo NOCPETHWKOM MEXJy CaHKaMH H
YEJIOBEKOM.

Bor Tenepb, korma Mbl HNPOSICHUIM HEKOTOPbIE OCHOBHBIE
TEPMUHBI, MO>KHO MIEPEXOAMUTH K pazpaboTke Hameil Teopun. [lepBeiM
U OCHOBHBIM TIOCTYJIATOM Halled TEOpPHH, OyJeT MOJIOKEHHUE, YTO B
IPUPOJIE CYIIECTBYET TOJIBKO Mamepus. To eCTb BCE TO, UTO MOYKHO
nouynars. B npupone Bce cOCTOUT U3 MaTepUH, a CIIEI0BATENIbHO,
MIPUPOJA — ITO U ecTh MaTepus. 1 3Ta MaTrepust uMeeT onpeeeHHbIe
CBOICTBA, KOTOPBIE CYIIECTBYIOT TOJIBKO BMECTE C HEH.

Kpome »Hepruu, omuuM u3 (QyHIaMEHTaIbHBIX CBOMWCTB
MaTepUH, SBIACTCS 3J1eKmpu4ecKuil 3apad. DKCIEPUMEHTAIbHO
YCTAaHOBJICHO W 3TO JIETKO NPOBEPUTH 0€3 KaKOW-TMOO CIOKHON
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anmapaTtyphl, 4YTO JEKTPUICCKHH 3aps/] ObIBACT IBYX THUIIOB MJIH, KaK
TOBOPST YYEHBIC ABYX 3HAKOB - MOJOKUTEIBHBIN U OTPUIATEIBHBIMH.
OTH TEPMUHBI BHOCAT B PU3HUKY OMPEICICHHYIO ITyTAHUITY B OBLIO OBI
ropas/io JOTUYHEE Ha3BaTh 3aps/ibl, HAIPUMEpP, KPACHBIM U CUHUM. A
MoYeMy — B 3TOM MBI pa3zdepeMcsi HECKOJIBKO MO3KE.

DKCIepUMEHTAIBHO TaK K€ YCTAaHOBJIEHO M 3TO TOXKE JIETKO
MIPOBEPUTH, YTO TEJIa UMEIOIINE OJMHAKOBBIC IIEKTPUICCKHE 3PS b,
OTTaJKUBAIOTCS, 2 MUMEIOIINE Pa3HbIC 3apsjibl, MPUTATUBAIOTCI. To
€CTh Tela, B 3aBUCUMOCTH OT THIIOB WM 3HAKOB 3apsioB,
B3aMMOJICHCTBYIOT 110 pasHoMy. [1o aHamoruu ¢ MPO3pavHOCTHIO, KaK
CBOWCTBOM TIPOMYyCKaTh CBET, MBI C IIOJHBIM TIPAaBOM MOXEM
ONpEeAeNUTh 3apAd, KaK CBOWCTBO WM CIOCOOHOCTh MaTepuu
B3aMMOJICICTBOBAaTh. A,  CIIEIOBATENbHO  Hpumsaxdcenue W
OMMmanKueanue — 370 U €CThb B3aUMOJICHCTBUS.

A Tak Kak MaTepuajbHbBIe Tela, HMEIOLIUEe 3apsbl,
B3aMMOJICHCTBYIOT Ha HEKOTOPOM PACcCTOSHUU, CIIEAOBATEIBHO 3apsi
- 3TO C60UCME0 Mamepuu 63aumoodeiicmeosams Ha paccmoanuu. To
€CThb O3TO B3aUMOJECHCTBUE HEKOHTAaKTHOE. MarepualibHble Tela
BCEr/la B3aMMOJICHCTBYIOT Ha HEKOTOPOM PACCTOSIHUU, a 3HAYUT Uepe3
MOCPEHHUKA, KOTOPBIM SIBIISIETCS noJle 3apAaod.

A Tak Kak TMojie, 3TO BCEro JHIIb MOCPEIHUK, TO TpHU
B3aMMOJICHCTBHUSIX OHO HE U3MEHSETCS.

Korna mp1 mpubmikaeM Apyr K Apyry 1Ba Tella, UMEIOIIne
OJIMHAKOBBIE 3aps/bl, OHU OTTAIKHBAIOTCS. 3/1€Ch CIEAYeT UMETh B
BUJy, YTO OTTAJIKUBAIOTCS HE 3apslbl, a Tela. JTO MPOUCXOTUT
MIOTOMY, YTO HOJIA 0OUHAKOBBIX 3APA006 HenpoHuyaemsl Ipyr s
Japyra W TpH COMMKEHUU OHHM YNPYyro AeGOopMHUPYIOTCS, 4YeM U
00yclaBIuBalOTCs CUJIbl OTTaNKUBaHus. Korna Mbl mpulimkaeM 1pyr
K Jpyry Tella, HMEIOIIUe TPOTUBOIOJIOXKHBIE 3apsibl, OHU
nputsruBatotca. OnsaTh e NPUTATHBAIOTCS HE 3apsiibl UK MO, a
Tena.

OTO NOPOUCXOAUT TOTOMY, 4YTO HOAA PA3ZHBIX 3apPA00E

cmpemamcesa caumovca Opye ¢ opyeom. llpu 3TOM y HUX TOXe
12
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MPOSIBJISIIOTCS CBOMCTBA YIMPYTOCTH, HO TOJBKO MPOTHUBOMOJOKHOTO
JEHUCTBHUS.

Ecnru nBa Tema ¢ NpPOTHUBOMOJIOKHBIMU  3apsiaMHu
MNPUTSATUBAIOTCS 1O CONPUKOCHOBEHUSA, TO OHU OKa3bIBAIOTCS
OKPYK€HHBIMH JIByMSI  CIIUBIIMMHUCS BMECTE AJIEKTPUUECKUMH
nojasiMi. B uUTOre 3TO MPUBOIUT K TOMY, UTO Oeiicmeusn 3apsijgoB
B3aMMHO KOMIICHCUPYIOT APYT APYyra v COMU3HUBIIKECS TEJa, B I[EJIOM,
OKa3bIBAIOTCS 21eKmpuyecku HeumpanvHoimu. ClenyeT UMETh B
BUJly, YTO KOMIIEHCUPYIOTCSI TOJBKO ICHCTBUS 3apsAliOB, CaMU K€
3apsifibl, SIBJSIOMIMECS HEOThEMJIEMbIM CBOMCTBOM MAaTe€pUH, HUKYJA
HE MCYE3aloT.

N BOT »TM cauBIIMECS BMECTE JJICKTPUYECKHE TIOJIS
MIPOTHBOIIOJIOKHBIX 3apsAIOB U 00pa3yloT 2pasumauuoHHoe none
00BEeKTA.

A ecnu MbI onpoOyeM MPUOIU3UTh 1BA TAKUX DJIEKTPUUECKU
HellmpanbHplX MaTEePUATIbHBIX TEJIA APYT K JIPYTY, TO JIEKTPUUECKUE
MOJIsI, OKPYXKAIOUINE WX, OYAYT CTPEMUTHCS YK€ B3aMMHO IOMApHO
CIMUTBCS, YTO MPUBEACT K MPUTITUBAHUIO ITUX TE APYT K JIpyry. A
CIIeIOBATENILHO Tella, OONaJaroliue TPABUTAIMOHHBIMHA TIOJISIMU
OyIyT 6cez0a MPUTATUBATHLCS APYT K APYTY.

M 5T0 3HAYWT, YTO HUKAKOW AaHTUTPABUTALUM B MPUPOIE
CyILIECTBOBAaTh HE MOJXKET. 3a MpUMEpaMHu AAJIEKO XOAWTh HE HAJO,
ao0ble Tena, HaXOAIIMecs Ha IUIaHeTe, MPUTITMBAIOTCS K Hell ¢
OIIPEIEIICHHOMN CUJION, 3aBUCSILIEH OT PACCTOSHUS 10 €€ IIOBEPXHOCTH.

JroOble Tema BO BCENEHHOW, 3BE3/bI, IUIAHETHI, ATOMBI,
007a1al0T CBOMMH TPAaBUTAIIMOHHBIMUA TOJSIMHU, KOTOpBIE XOTS U
UMEIOT OECKOHEYHBI paauyc JeHCTBHA, HO OYEHb CHIBHO
0CJIa0eBaIOT C PACCTOSTHUEM T10 00OpaTHO KyOUUYECKOW 3aBUCHMOCTH.

N B cuny OecKOHEUYHOTO paauyca ACHCTBUSA, 3TH TOJSA
ABJISIIOTCSL  @ez0ecywyeit  ynpyzou  cpeooit, B KOTOpOH
PpacpoCTPaHAOTCS TPaBUTALIMOHHBIE BOJIHBL. DTO TOBOPUT O TOM, YTO
HUKaKoro 3¢upa, pU3n4eckoro Bakyyma, Cka3ouHoro npocTpaHCTBa-
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BPEMEHU WIM KaKOI0-TO TPHUIEBATOrO L@ApCTBAa B IIPUPOJE HE
cymectByer. M rpaBuTanMoHHOE TMOJE, Kak Iosie 00pa3oBaHHOE
NIEKTPUUECKUMH MOJISIMH, TaK e 00JIafaeT yIpyrocTblo U MOITOMY
ar000€ Teno, ABUrasich B IPaBUTALIMOHHOM I10JIe, OyAET co3aBaTh B
HEM YIPYTYIO BOJIHY CKaTHUsA, CKOPOCTb KOTOPOH IIOCTOSIHHA, IOTOMY
YTO ONPEACIAETCS TOJIBKO YIPYTMMM CBOMCTBAMHU DJIEKTPHUYECKHX
noJei, 00pa3yroIuX 3TO TPaBUTALIMOHHOE TTOJIE.

JlinHa 9TOW  BOJNHBI OyIeT ONPEAeNsAThCS Pa3HOCTHIO
CKOpOCTEH caMoii YacTUIIBI U BO30YXK/1aeMOii €10 BOJHBI.

E€ M0KHO onucaTh CIeNyIOLUM BBIPaKECHUEM:

;\4=(VB'V‘I)/t,
rae Vua— CKOpOCTb YaCTHIIBI,
a Vs — CKOpPOCTh, CO3JaBa€MOl €0 TpPaBUTAUOHHOW BOJHBI

(cxopocmb ceema) (puc 14).

Kak wW3BECTHO, CKOpPOCTH BOJHBI B T'PABUTALMOHHOM IIOJIE
cocraBiseT 300 000 KmIOMETPOB B CEKYyHIy. DTO TO, YTO YYEHBIE
OIMIMOOYHO HA3bIBAIOT CKOPOCTHIO CBETAa W KOTOpasl SIBISETCS
nOCTOSIHHOU. CKOPOCTh PacipOCTpaHEHUS BOJIHBI B TPABUTAIMOHHOM
1oJie, BeIMYMHA JEHCTBUTEIBHO MOYTH MMOCTOSTHHAS U ONpeaessieTcs
TOJIBKO CBOMCTBaMU CPEJbI, B KOTOPOU OHA pacHpOCTPAHSIETCS.

N Tak kak MaTepuaigbHbIE TeEJla MOTYT B3aUMOJCHCTBYIOT
TOJIBKO € IOMOIIBIO MOJIEH, TO CKOPOCTH BOJIHBI - -3TO U €CTh CKOPOCTh
B3auMOJIeHCcTBUSI. A camMa dYacTHIla MOXKET JBHUraThbCsI B
TPaBUTALMOHHOM TOJIE C KAKOM YrOAHO CKOPOCTHIO, XOTh MUJUIMOH
KHJIOMETPOB B CEKYHJY.

JlBurasce B crenuuveckol cpene, KOTOPYIO MPEICTaBIIsIET
co00il TpaBUTAIIMOHHOE TIOJE, OOpPa30BaHHOE JIIEKTPUUECCKUMU
MOJIIMU TPOTHUBOIIOJIOKHBIX 3HAKOB, YacTHIla BO30YXKIaeT B HHUX
CUHXPOHHBIE TPOTUBO(A3HbBIE BOJIHBI CKaThsl. Eciiu B Kakol-TO TOUKe
MOJIO’KUTEIBHOTO AJIEKTPUUECKOI0 TOJISl Y BOJHBI TOp0 (CcxkaTHe), TO B
TOH € TOYKE OTPULATEIBHOI0 MOJIs, UMEIOIIET0 TPOTUBOIIOIOKHbIE
CBOMCTBA, OyIeT BIaIuHA (pa3pekKeHHE).
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JIpyruMH CIIOBaMH, BOJIHBI B 2pAGUMAUUOHHOM nOJle — TO
nonepeuHvle BOJIHBI HA TPAHULIE IBYX Cpell (AIEKTPHUUECKUX TOJIeH) ¢
pa3IMYaroIUMUCS IPOTUBOIOIOKHBIMU CBOMCTBAMHU.

OTO U €CTh TE€ CaMbIE 2PAGUMAUUOHHbIE BOIHbBI, KOTOPHIEC B
¢u3uke omMOOYHO HA3bIBAIOTCS 21€KMPOMAZHUMHBIMU.

IIpumeuanue! Bakyym, mak »yce Kak u 3gpup, no npeocmasieHuio
duzukos, cpeda 00HOpoOHaAA, a 603HUKHOBEHUE NONEPEUHBIX 6OJIH 8
00HOPOOHOUI cpede Hego3modxcHo. Ho 6 cpasumayuonnom none,
00pa306aAHHOM BI10)CEHHBIMU OpYZ 8 Opy2a INeKMPUUECKUMU NONAMU,
2panuua meincoy HuUMU Cyujecmeyem, nNpaKmudecku, 8 1000l mouke
IMO20 noaA.

Ji1st TOTO, 9TOOBI IPUITH K BBIBOTY 00 3JIEKTPUUECKOU MPUPOJIC
IpaBUTALMH, JOCTATOYHO D3JIEMEHTAPHOTO CPaBHEHUS OCHOBHBIX
dbopmyn 3akona Kymona wu 3akoHa "BCEeMHUpPHOTO" TATOTEHUS
Hororona. Tak kak 3TH 3aKOHBI MPAKTUYECKU OMHUCHIBAIOT OJHO U TO
K€ B3aMMOJICUCTBHE, TO MOJIYYAETCsl, YTO 3TO OJIMH U TOT K€ 3aKOH,
"OTKpBITHIN" HEOAHOKPATHO.

bonee TOro, 3akoH ATOT, MO BUAUMOMY, BBIBEIEH YHUCTO
FeOMETPUUYECKH, TaK KaK B OOIIEM BHUJE OH OMHCHIBAET 3aBUCHUMOCTh
na0wadu CeUeHus 0000 TEIECHOTO YIJIa, OT PACCTOSHUS CeKyIIei
IUIOCKOCTH JI0 €ro BEpIIMHBL. A Tak KaK MaTepHalibHble Teia
00samaroT 00beMOM, TO YBEITUUYCHHUE €T0 pajanyca B 2 pa3a, IPUBOJAUT
K YBEJIMUEHHUIO0 00hEMa 3TOTO TEJIa U COOTBETCTBEHHO, KOJIMUECTBA €T0
BEIIECTBA, B § pas.

A, cnemoBaTeNbHO, M €r0 CHUJIbl TPUTSHKEHUS TaK Ke
YBEJIMYUBAIOTCSA B 8 pa3 WM MPOIMOPIMOHATLHO KyOy paanyca, a He
KBaJpaTy, kKak omndouno cuntanu Hetoton u Kysnon. Pacnpenenenue
MOTEHLIMAJIOB TPaBUTALIMOHHOTO TOJS JOOOr0 MaTepHalbHOTO
o0beKTa — IUJIAHEThl WJIM 3Be3[bl TIpadUyUECKHu MPEICTaBICHO
pucynkoMm  (puc.l). ['paBuTAalIMOHHBIE  CUJIBI  MPUTSIKEHUS
YBEJIMYUBAIOTCA MPONOPILUOHATIBHO KyO#y pPACCTOSHUS OT LEHTpa
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IUTAHETHI U TOCTUTAl0T MAKCHMAJILHOTO 3HAYEHHMSI HA €€ IIOBEPXHOCTH.
DTa 3aBUCHMOCTb OIUCHIBAETCS BHIPAKCHHEM:
Fm—=kR3, 20e

k — ycnosuwiii kos3ghpuyuenm
NPONOPYUOHATLHOCMU,

Heobxo0uMblil Ol CO2NACOBAHUSL
PA3TUYHBIX eouHuy usmepeHusl,
OCHOBAHHBIX HA CIAYYAUHBIX BETUYUHAX.

R — paouyc macomeroweco mena
(36e30bl, nianemul).

COOTBETCTBEHHO, o Mepe

Puec 1.

yIOQIEHUS OT [OBEPXHOCTM MATEPUAIIBHOIO TeElla, CHJIa €ro

TPABUTALIMOHHOTO MPUTSHKEHUSA YMEHBIIAETCS 110 TOMY K€ 3aKOHY U

3Ta 3aBUCUMOCTD OTIUCHIBAETCS CIEAYIOIUM BBIPAXKEHUEM
F->Fu/(r-R)?

[pumeuanne! Hmenno wu3-3a KyOuueckou 3a6UCUMOCHU
Kasenouwt ne cmoz oo6Hapyycums cunvl npumsxycenun 150-mu
KUIOZDAMMOGBIX 0016AHOK U UCNOAb306471 Qopmyay Kynona ona
IneKmpuyecKux 3apa006. U umenno noamomy amepukanyvl He cMoO21u
npespamums ceoii ""NEAR'' 6 uckyccmeenuwlii cnymHux acmepouoa
Ipoc. Tak nce, kak He npowten mom ''hokyc' ¢ anouckum 30H00M
"XAABYC'" u acmepouoom Hmoxkasa.

A Tak Kak CWJbl TNPUTSKEHHS, ACUCTBYIOIIME B ILEHTpE
MaTepUaIbHOrO  OOBEKTa,  B3aUMHO  IPOTHBOIIOJIOKHBI U
YPaBHOBEIICHBI, TO CHJIa TPABUTAIINH, a CJICIOBATCIILHO H JaBJICHUC B
HEM TMpaKTHYECKH paBHBI Hymo. [loatomy mrobas dacTuia,
OKa3aBIIasiCsi B CaMOM IIEHTpe OObeKkTa OyAeT HaxOJWTCS B
HEBECOMOCTHU U HpI/I HCE3HAYUTCIIbHOM CMCIHICHUHN eé B KaI(yIO—JII/IGO
CTOpOHy, paBHOBeCI/Ie CHUJ1 HaPYIHI/ITCH 1 yaCTUulla HAYHCT ABUTAaTHCA B
Ty CTOPOHY, TJie TOBEPXHOCTh Oymke. UTo B UTOTE IPHUBENET K TOMY,
YTO B IIEHTPE MaTEPHAILHOTO TeJIa 00pazyeTcs mycToTa. Bot mostomy
JT00BIe KOCMUYECKUE O0BEKTHI, ATOMBI M 3JICMEHTAPHBIC YaCTHIIBI, 3TO

nycmomeible 06pa3 0O6A4HUA.
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OTa MyCcTOTENO0CTh, KaK "TpaBUTALIMOHHAS CKOpJIyna'" IpHUIAeT
aToMaM M YacTHLAM, a TaK K€ 3Be3[aM U IJIaHETaM HEBEPOSITHYIO
IPOYHOCTh M CTaOMJIBHOCTb. 3€MJIs, HAllpUMEp — 3TO ITYCTOTEIbIH
IIap ¢ TOJIIMHONW CKOPIYIbI IPUMEPHO, OKOJIO 2 ThICAY KHJIOMETPOB,
C BHYTpPEHHEW aTMoc(epoll NPUMEPHO TAaKOH KE€ TONIIUHBI H
BaKyyMOM B CaMOM IIeHTpe (puc.25).

I'paBuTanmonnoe o0pa3oBaHHOE

ITIOJIC, OAHMHAKOBbBIMHU

SJICKTPUYCCKUMU IOoJIsIMHU Pa3HbIX 3HAaKOB, TCOPCTUYCCKU,

UEHMPANbHO CUMMEMPUYHO U €TO BEJIMYMHA 3aBUCUT TOJBKO OT
bu3MYECKUX pPa3MEpoOB MaTepuanbHOro Tena. s Toro 4ToOBI

ABUTATHCA JaJIbIIE€ HaM HGOGXO,Z[I/IMO Ha
HEKOTOpPOE BpeMsi BEPHYThCA K CTPOCHHUIO
aTtoma. Kak ObLTO cka3aHO BhIIIE [JIaHETapHAs
Monenb Pesepdopaa u kBaHTOBas MoJEnb
bopa, mo cytum mnpexncraBisiomme CcoOoit
SJICMCHTAPHBIC BCUHBLIC ABUIATCIIN, JJIS Hamen TCOPHUU COBCPIICHHO

MExXaH13M Npo3payHoOCTH

Puc 3

HEIMPUEMJIIEMBI.

A BOT aToMBI 110 MOozeln ToMcoHa, HanbOoJIee IOIHO OTBEYAIOT
peaTbHOCTH, TaK KaK OHU COCTOAT W3 OJMHAKOBOIO KOJUYECTBa
3JIEMEHTapPHBIX YaCTHI] c MIPOTUBOIOJI0KHBIM 3apsaoMm,
CLIEMEHTHPOBAHHBIX MOIIHBIMHA CHJIAaMHU B3aUMHOTO MIPUTSHKEHUS.

MMeHHO TO3TOMY aTOMBI OY€Hb CTAOWJIBHBI, HO MPU ITOM

= : Hore CBOMMH TpPaBUTAllMOHHBIMU TIOJSIMH OHH

= HOTOIUMEINOR0

ompliameIsHo20 sopa0a

sapada

MOT'YT 3aXBaTbIBaTh PAa3JIMYHBLIC CBO60,Z[HBI€

k- %

.’ . ‘. " 3JIEMEHTapHbIE u cy03JeMeHTapHbIe
/N7 77| vacTMLIBI M yIep)KMBaThb MX Ha CBOeH
MOBEPXHOCTH, TaK JK€ KaK IUIAaHETHI
TS YAEPKUBAIOT Ha CBOEM MOBEPXHOCTH
pasnmuuHble TpeaMeTel W atMochepy (pue.3). Y  aroma,

yIEep>KUBAIOIIETO Ha ce0e YacTHUIIbl MPEUMYILECTBEHHO KaKOro-I1udo
OJIHOTO 3apsijia, FPaBUTALMOHHOE IOJIe, OKPY)KAIOIlee €ro, yxe He
Oyner cuMMmeTpuuHbIM. OHO OYyAET COCTOATh W3 DIEKTPUUECKUX
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MOJIEH, HECKOJbKO Ppa3JIMYAIOIIUXCA MO BEIUYMHE U PATUYCY
NEHCTBUS, YTO MPUBEICT K HEKOTOPOMY OCTAOJICHUIO MPHUTIKEHUS
aTOMOB JIPYT K APYTY.

DTy pa3HOCTh BEJIUYUH AJIEKTPUUYECKHUX IOJIEH, Mbl U HA30BEM
acummempueil 2pasumMayUoHH020 noaia. Eciin Ha MNOBEPXHOCTH
aToMa TPeo0Iaar0T YacTHIl C TOJOXKHUTEIBbHBIM 3apsioM, TO
acummempus €ro TPAaBUTAIMOHHOTO MOl OyIeT MOJIOKHUTEITHHOM.
Wnm oTpunarenbHOU, €clii Ha000pOT.

Jlpyeumu cnoeamu, acummempusn 2pasumayuoHHO20 NOJIA
amoma, Mo €20 6HeUItHUI U30bIMOYHBLIL IJIEKMPUUECKUIL 3aPA0.

Bce BemiectBa B npupoje COCTOALIME U3 aTOMOB M MOJIEKYII, a
TaK e TJIAaHEThI M 3BE3/bl BCET/Ia MMEIOT HEOOJbIITNE N30BITOUHBIE
AJIEKTPUYECKHUE 3apsibl (acummempuro), KOTOPIMU OMPEACISIIOTCS
WX arperaTHbIe COCTOSHUS U B3aUMOJICHCTBHS IPYT C IPYroMm (puc 2).

Ilpumeuanue! Inemenmapuvie uacmuyvl mMaxk mixHce umerOm
acummempuio cpasumayuoOnnblx n0Jl€lZ, oﬂycnosﬂeuuylo npujiunuiumu K
HUM CyOIIeMeHmapuvimu yacmuyamu. Acummempus pagumayuoOHHsIX
noneit uacmuu, amomoe u 0pyzux mamepuaibHblxX 061;e1<m08,
o0ycnosnena  ceoiicmeamu  mamepuu, Komopwvle  opmupyrom
chepuueckyro mempuxy ecenennoii. Hmenno onazooapsa cehepuueckoi
mempuke, mamepus B6CE/ICHHOU He MOoJXcem uUMemb aﬂcomomuylo
CUMMEMPUIO 2PASUMAYUOHHBIX NOJIC AMOMO8, UHAYE OHA COOPANach Obl
6 00UH OONBLULOIN KOM U CYULeCHB0B8AHUE BCEJICHHOUL U €€ I601I0UUA DbLIA
0bl He8O3MOIICHA.

AcuMMeTpUel TPaBUTALIMOHHBIX MOJIEW aTOMOB WM MOJIEKYII
BEILECTBA OINPEIEISIETCS] U €r0 BeC B TPABUTALIMOHHOM MOJie 3eMIN
WIM JPYTHX KOCMHMYECKMX Tel. Hamuume orpunarenbHOU
ACUMMETPUU TPABUTALMOHHBIX TMOJIEH KOCMHUYECKHUX OOBEKTOB U
aTOMOB TOW 00JIACTH BCEJICHHOW, B KOTOPOM HAXOIUTCS Halla
TaJIaKTUKa, OOBSCHSCTCS HEU3MEHHOCTHIO 3aKOHOB ASBOJIOLNU, IS
JOOBIX MACIITa0OB CYIIIECTBOBAHUS MATCPUH.

A Tak Kak B IIEJIOM BO BCEJICHHOW HE MOXXET OBITh Pa3HOTO
KOJIMYECTBA MPOTUBOIOJIOKHBIX 3apsiIOB, 3TO 3HAYUT, YTO B HEHM Tak
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K€ CYIIEeCTBYIOT OOJIaCTH, COCTOSIIME U3 MaTepuu, HMEIoIIeH
MOJIOKUTEIBHYI0O aCHUMMETPHUIO, KOTOphIE HHKOTAa He OyayT
JIOCTYIHBI JIJIs OPraHOB HAIIET0 3pE€HUsI. DTO U €CTh Ta camasi meMHasn
Mmamepus, KOTOPYIO NBITAIOTCS HAWTH yYYEHBIE.

lNanmakTuky, 3Be31bl M IUIAHETHI, COCTOSIIME U3 MATEPUHU C
MOJIOKUTEIBHON aCUMMETPUEH, Mbl HE CMOXEM HHUKOTJA YBUIIETD,
MOTOMY 4YTO YaCTHUIbl C MOJOXKUTEIbHBIM 3apsoM, H3JIydacMble
3BE€3/1aMH COCTOSIIIIMMH U3 MaTePUH, C MOJOKUTEILHON acCUMMETpHUEi
(TemMHass Marepus), YMEHbBIIAIOT U JaXe MOryT HMHBEPTHUPOBATH
pPa3HOCTh MOTEHLHMAJIOB B MOJIEKYJaX pPOJONHHA, KOTOPOM MBI
00s13anbI 3peHueM. [103ToMy OHM ISl HAC HEBUIUMBI.

VYBUIETh UX MOYKHO Ha TOJIbKO Ha ()OHE YETr0-TO CBETIIOTO. JTO,
MO0 CYTH, CaMblii HACTOSIIUMK TapauieNIbHbII MHUpP, C pPa3yMHBIMHU
obuTarenssMu KOTOPOTo Mbl HUKOT/Ia HE CMOXKEM YBUIETHCS BOOUYHIO
u oOmarecs Hampsamyro. Jlake HeOONBIION KyCOK BeIIeCTBa,
COCTOALINA M3 MaTepuu C TOJOXKHUTEIBHOH acuMMeTpuei, Oyxaer
BECUTh Ha 3eMJI€ HECKOJbKO TOHH, IOATOMY HH O KaKOM MOCEIICHUHI
ATOr0 MapajuIeIbHOTO MUPA, HE TPUXOIUTCS JAKE U MEUTATh.

OOmenne ¢ OOHMTATENIMU 3TOTO MHpa BO3MOXHO TOJIBKO
MOCPEACTBOM PAAMOCBSA3M, IMOTOMY YTO YacCTHUIIbl, H3Jy4CHHBIE
3B€3/1aMU C MOJIOKUTEJIBbHOW aCHMMETPUEN TPaBUTALMOHHOTO TOJIA,
CONPOBOXKAAIOTCS TAaKUMU K€  TI'PaBUTALMOHHBIMU  BOJIHAMH
(2JIGKTPOMarHMTHBIMM), YTO M YaCTHUI[Bl C OTPUIATEIbHOU
aCHUMMETPUEH.

VYBuaeTp 3B€3/1bl COCTOSIME U3 TEMHOW MaTe€puu BO3MOKHO
JUIIb B PajroUana3oHe, €CIU MPUBECTH T'PAaBUTAIMOHHBINA (DOoH
BCEJICHHOM WJIM TaK Ha3bIBAEMOE PEIMKTOBOE M3JIYYCHHE, K CEpOMY
uBeTy. Toraa 3Be3/bl, COCTOAIINE U3 CBETIIOW MaTepuu (MaTEpuu C
OTPHUIIATEIILHON acMMMeETpuei), OyayT BUAHBI Kak Oejble IsITHA, a
3BE€3/1bl, COCTOSIIIME U3 TEMHOW MAaTepUH (MaTEPUU C TOJIOKUTEIbHON
acuMMeTpuen), Kak yepHblie. C 3TOM TOYKH 3pEHUS, TaK Ha3bIBAEMbIE
MyJIbCAPhI — 3TO ABOMHBIE 3BE3/Ibl, BPAIIAIOLIHAECS BOKPYT APYT IpyTa,
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OJIHa M3 KOTOPBIX UMEET MOJOKHUTEILHYI0 aCHMMETPHIO, a Ipyras —
OTPUIATENIbHYIO, TIJIOCKOCTh BpAIlleHUsT KOTOPBIX COBMAAAeT C
MJIOCKOCTBIO AKJIUNTHUKY HAIlleH TraJakTHKU.

1) Amomwbl meepovix eeuwyecme umerwwm oueHv HEOONLULYIO
acummempuio 2pasumayuoHHbIX noJell (U30bIMOYHbIL 3aps0 OUYeHb
Marn), ROIMOMY OHU RPUMAUBAIOMCA OpYZ K OpyZy HACHIOIBLKO
CUTIbHO, YMO 011 M020 YMO 0bl UX COBUHYMb OMHOCUMENbHO OPY2
opyza unu omopeamsv, Hy)HCHO NPUTLONHCUNL 3HAUUMETbHbIE YCUTIUSL.

W yem meHbIlle acCHMMETpPHSI TPABUTAIIMOHHBIX TIOJIEH aTOMOB
BEILIECTBA, TEM OHO TBepke. CaMas BhICOKasi TBEPAOCTb U MPOYHOCTh
MOKET OBITh TOJHKO NPHU HYJIEBOW aCHMMETPHH WIH aOCOIIOTHOMN
CUMMETpPUHU TPAaBUTALMOHHBIX TOJIEH aTOMOB BEIECTBAa, KOTOPas B
cuiy cQeprudeckol METPUKHA BCEIICHHOW, MPAKTHYECKH TaK JKe
HEBO3MO’KHA, KaK HEBO3MOKHO CYIIIECTBOBaHUE aOCOIIOTHOTO HYJIS B
CTaHJIAPTHOU MOJIEIIH.

DT0 OOBACHIETCS TEM, YTO HEBO3MOXKHO YIOKUTH OJIMHAKOBOE
KOJINYECTBO c(heprueckux yacTull B cpepuueckuii oobem aroma. Tax
WIM WHAYe UX KOJIMYECTBO OYJET HECKOIBKO Pa3indaThCs.

TBepbie Tena MoYTH HECKUMAEMBI, TaK KaK M3-3a HeOOIbIION
aCUMMETpUHU 3a30pbl MEXIYy aroMamMH MHUHUMalbHbl. Hekotopoe
C)KaTHe BEIeCTBAa BOZMOKHO M3-3a 3THX HEOOJBIINX 3a30POB MEXY
aTOMaMH, a TakXXe H3-3a COJEep’KalluXcsi B HEM aTOMOB Ta3o0B,
MMEIOIIHNX 3HAYUTEIbHYIO aCHMMETPHUIO (puc 2).

Pazniom TBepmoro Tenma MpPOXOAUT MO OOJIACTAM C OOJIBIIUM
COJIEp’)KaHWEM pACTBOPEHHBIX B HEM pa3IUYHBIX TNpUMecedl u
MOBEPXHOCTh Pa3ioMa U3-3a OONBIIMX CHJI MPUTSHKEHUS MTHOBEHHO
obneruisieTcss MOJIEKyJIaMH Bo3ayXa. M eclii CIOXUTh pa3ioOMaHHbBIE
YacTH BMECTE, TO U3-3a MPOCIONKHA MOJIEKYN BO3JlyXa IIEJIOT0 KycKa
MOJIYYUTh YK€ He ynactcs. [IpunoxxuB oueHb OoJblIOe JaBl€HHUE K
KyCKaM MOYKHO BBIIaBUTh OOJBIIMHCTBO MOJIEKYJ BO3[IyXa U3
pa3ioMa 1 KyCKH, HEOCPEACTBEHHO COMPUKOCHYBIINCH, COEAMHSTCS.

OTo, Tak Ha3blBaeMasi, CBapka JaBJICHHEM, KOTOpas CHIIbHO

oOinerdaercs B BakyymMe. VIMEHHO u3-3a TOTO, 4YTO B BaKyyMe
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CBapWIMCh MIAPHUPHI JIFOKA KOCMUYECKOTO KOpalJs, IpH BHIXOJAE B
OTKPBITBI KOCMOC YyTh OBUIO HE OO0 KOCMOHABT JICOHOB.

2) Amombl dicuoKocmell umMerm HeECKOIbKO 00abuiyio
acumMmempuio, Yem amomovl meepovix meJ, U NPUMAZUEAIOMCA OPY2
K Opy2y HeCKoOIbKo ciabee, yem 6 MeEepoOvlX menax, noImomy
uMmelom G03MONCHOCMb J1€2KO CKOJIb3UMb OMHOCUMENbHO OpY2
opyza.

OTOW JETKOCTBIO CKOJIbXEHHS OOYyCIaBIMBAeTCs CBOMCTBO
TEKY4eCTH KHUAKOCTEH U OTCYTCTBUE B HUX TpeHUA. B cuiy Toro, uro
3a30pbl MEXAY aTOMaMH TOXE JOCTAaTOYHO MaJlbl, XKUAKOCTU TOXKE
IIPAKTUYECKH HEC)KUMaeMbl. He3HaunTenpHOE CokaThe )KUAKOCTEN Tak
7K€ BO3MOXKHO JINIIb M3-3a PACTBOPEHHBIX B HEW MOJIEKYJI ra30B.

AcUMMETpHsI TPAaBUTALMOHHBIX IIOJIEW AaTOMOB pa3JIMYHBIX
JKUJKOCTEN TaK ke MOXKET OYEHb CWJIBHO pa3inyaThcs. BemecTsa co
CPaBHUTEIHHO HEOOJIBIIONW PA3HOCTHIO ACUMMETPUI JIETKO BCTYMHAIOT
B "XMMHUECKUE" PEAKLUU IPYT C APYTOM U JIETKO CMEIIMBAIOTCS, a C
OOJBIION Pa3HOCTHIO, HAOOOPOT paccIauBaIOTCS.

Pa3HocTh NOTEHLIMAIOB, BOZHUKAIOIIASL B PE3Y/IbTaTe KOHTAKTA
MEXIY >KAJKOCTBIO U TBEPIBIM TEJIOM, O0YCIOBJICHHAS Pa3HOCTHIO
aCUMMETpUM TPAaBUTALMOHHBIX IIOJEM KX AaTOMOB, MO3BOJISIET
CO3/1aBaTh "'XUMHUYECKHE" UCTOYHUKH JIEKTpUUYECKoro Toka. [Ipuuem,
yeM OoJibllie pPa3HOCTh aCUMMETpHi, TeM Oosiee 3¢ (EeKTUBHbBIE
UCTOYHUKU TOKa MosydaroTcs. Tak 4ro Jo0ble, TaKk Ha3blBaeMbIE
XUMHUYECKHE  pPEaKUUHd  UMEIT  (u3uyeckue  MeXaHU3MBI
B3aWMOJICVCTBU.

AcuMMeTpuel TpaBUTALMOHHBIX IOJIEH TaK € AJIEMEHTapHO
00BSCHSIETCS. pAaCTBOPUMOCTH BellecTB[r1.9]. UeM Oosbiiie pasHOCTH
aCUMMETpUM aTOMOB BEUIECTBA W IKUJKOCTH, TEM JIETYE OHHU
cMemmBaroTcs  (pacTBopsitoTcs). Ilpuw HarpeBaHWM, acUMMETpPHS
FPABUTALMOHHBIX TIOJIEH AaTOMOB  JKMJAKOCTH  YBEIMYHMBAETCH,
COOTBETCTBEHHO YBEJIIMYMBAECTCS M Pa3sHOCTb ACHUMMETPHM C
pacTBOPSIEMBIMH BEUIECTBAMHU U OHU B HEH JIEr4e pacTBOPSIOTCS.
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NMeHHO TO3TOMY rasbl, UMEIOIIUE OOJBIIYI0 ACHMMETPHUIO
IPaBUTALMOHHBIX TOJIEH aTOMOB, JIerde PacTBOPSIOTCS B XOJIOJAHOMN
BOJIe, TaK KaK pPa3HOCTh aCHMMETPUH JOBOJIBHO BeJNHMKa, a MpHU
HarpeBaHUU Pa3HOCTh ACUMMETPUN YMEHBIIAeTCS U PacTBOPEHHbIE
ra3pl HAUYMHAIOT OYPHO BBIIEIATHCS B aTMOChepy.

3) Amomwr 2a306 umerwwm 00801bHO 3HAYUMETLHYIO
acummempur)  2pasUmMAayUOHHbLIX  NoJell (3HauumenvHulil
u30bLIMOYHLIL  3aps0), 6 pe3yibmame KOMOPOU Mexucoy HUMU
npeoodnaoarom cuibl OMmmanKueaHus.

OTH CHIIBI OTTAJKWBAaHUS MEXKIYy aTOMaMU Ta3a 3acTaBisIOT
ra3pl OECKOHEUHO pacmupsThes. Ho mpu BHEIIHEM MaBIIGHUU Ta3bl
JIETKO CX)KUMAIOTCS U KOTJ[a MEX]ly aTOMaMU ra3a Imo4TH He OCTaeTcs
MOJIEBBIX MPOMEXKYTKOB, Ta3 TMpEBpalllaeTCsi B  MHCUOKOCHIb.
"Camockatue" Taza B CICACTBUH, SKOOBI, TPaBUTAIIMOHHOTO
HNPUTSDKEHUS. aTOMOB JIPYT K JAPYTY, SBISETCS MOJHEHIeN 4ylibio,
KOTOPYIO ~ HECyT JIoad ¢ yoormmMu  OOBIBATEIbCKUMU
MPEJICTAaBICHUSIME O TIpHpoJie TpaBuTanuu. [lagenue Mmarepun camoit
Ha ce0s, KOTOpoe TMPEACTaBIseT CO0OH, Tak Ha3bIBAEMBII
IPaBUTALMOHHBIN KOJUIAIIC, 10 CYTH, PABHOCUJIHHO MOJHSATHIO CAMOTO
ce0s1 3a BOJIOCHI.

Yem Oosnblile acHMMETpHsl T'PaBUTALMOHHBIX IOJIEH aTOMOB
ra3a, TeM MEHbILIE ra3 BECUT B I0JIE€ TATOTEHUS 3emMsid. ATOMBI U
MOJIEKYJIBI  BOJIOPOJIa, HAmpuMep, 00JIalaloT OYeHb OOJBIION
acUMMeTpuel, crnabo MPUTATHBAIOTCS 3eMiled U MO03TOMY
BCTPEUYAETCS TOIHKO HAa OU€HBb OOJIBIINX BBICOTAX.

Kak 6put0 mokazano Beimie (puc.l), TpaBUTAllMOHHBIE CHIIBI
TATOTEHUS OYCHb OBICTPO YOBIBAIOT C YBEIMYECHHUEM PACCTOSHUS OT
TATOTEIOLIUX TEJ, MO3TOMY cHiibl npuTskeHus: ConHua u 3emin Ha
paccrostHuu 150 MUJJTHOHOB KMJIOMETPOB, HACTOJIBKO HUYTOKHBI, 4TO
3emJis, BO BpeMsl ABUKEHHsI, OCTAeTCsl Ha OpOUTe TOJIBKO Oaronaps
60JIHO6OMY 83AUMOOEIICMEUI0 C TPABUTAIMOHHBIM 1ojieM CoHIa.
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J1i1st TOro 4To ObI MOHATH MPUPO/TY BOTHOBBIX B3aUMO/ICHCTBHH,
JOCTaTOYHO  paccMoTpeTh  "3¢dekr’, Tak  Ha3bIBAEMOroO,

2pasumayuonn020 1un3uposanus (puc 4).
On 3akimioyaercs B TOM, YTO YacTHIIA,

poJjieTaroas MHUMO TATOTEIOLIETO
o0BekTa, B  pe3ylbTareé  BOJHOBOIO

TPaBMTALMONNOE

B BBaHMOﬂeﬁCTBHH C Cro rpaBUTallUOHHBIM

i oJIEM, M3MCHSICT CBOK TpPaCKTOpPHUIO B

CTOPOHY JTOro 00BEKTa, CO3JaBas WUIIO3UI0  MPHUTSHKEHHS.

[TomoOHBIM "3 pexToM" 00BsICHIETCS U TU(BPAKIMS YACTHIL Ha Y3KUX
IIETSIX.

OOBscHAETCA ATO TEM, UTO BOJIHA, CONPOBOXK/IAIOIIAS YACTULLY,

CO CTOPOHBI OOJBIICH HANPSHKEHHOCTH IOJIsl UCTIBITHIBAET OOJIblIee

- - COTIPOTUBIICHUE, YEM C MPOTHBOMOIOKHOMU,
4TO M CO3JAa€T OTKJIOHSIOIMA MOMEHT,

U3MCHAIOIIUNA TPAacKTOPUIO YacTHULBI B

CTOpPOHY TATOTEIOIero oObekra. U uem

"
AMbpaKysa vacTHY Wa WoNAX

Puc 5. BBIIIIE CKOPOCTHb YACTHUI[ U 4YeM OJIKe HX

TPAaEKTOPHUS K TATOTEIOLIEMY TElly, TeM CHJIbHEE OHU OTKIIOHSIOTCS
(puc 5).

Opnaxo OoJblINE YYEHbIE 10 CUX IOP HUKAK HE MOTYT MOHSTD,
KaKuM 00pa3oM CO3al0T MHTEP(PEPEHIIMOHHYIO0 KapTUHKY YaCTHUIIbI,
MpOJIeTAoNIe CKBO3b Y3KHe Henu. VM U HeBIOMEK, YTO 4acTHulia,
IpoJIeTaloIasl Yepe3 CepeArHy IIeNH, HE OTKJIOHIETCS, a YacTHIIa,
npoJsieTarolas psAAOM € KpaeM Inenu, B pesyibrare 3¢ddekra
IPAaBUTALIMOHHOTO JIMH3UPOBAHUSA, OTKJIOHSETCS B CTOPOHY 3TOTO
Kpasi.

N mosTOMy WM TPHUIUIOCH W300pPECTH HEKUM XUTPOYMHBIN
IPUHLIAIT  KOPIYCKYJSPHO-BOJIHOBOTO ~ JAyalu3Ma, II0 KOTOPOMY
YacTHUIIa MOXET MpeBpauiaTbcsi, MOJO00HO KUHY U3 BOCTOYHOMN
CKa3KH, TO B YacTUIly, TO B BoJHY. [1o TO mpuuyuHe, 4TO YacCTHIIbI,
UMeIoIIHe OOJBINYI0 CKOPOCTh M BO30YXKIaromue 00jiee KOPOTKHE
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BOJIHBI B TPAaBHTALIMOHHOM TIOJIE TUIAHETHI OTKIIOHSIOTCS CHIIBHEE,
3aKaTHOE HEOO UMEET KPaCHOBATHIN OTTEHOK (puc 6).

[TonoGHBIM k€ 3¢ (HEKTOM T'PaBUTAIMOHHOTO JIMH3UPOBAHHS
00BSCHSIETCS NIPUTSKEHUE MapajlIeIbHBIX TOKOB, IPUTSKEHUE CY/IOB
Ha TapajuleJbHBIX Kypcax, a Takke
comemerr | yMEHBILICHUE JABICHUS )KUJIKOCTH WM Ta3a

OpU YBEJIWYCHUU CKOPOCTH JIBUXKCHHS B
y3KOM  CeueHHMH  TpyOBl, a  Takke
aBTOQOKYCHpOBKa JIy4a Jiazepa OONBIION

Puc 6.

MOIIIHOCTH.

AHaJIOrn4Hask CUTYyalusl HaOII0JaeTCs U IPU IBHXKEHUH TUTaHET
o opoutam. [Ipu nBr>KeHUH IO OPOUTE, TUTAHETHI BO30YXKIAIOT BOJIHY
B I'PaBUTALIMOHHOM I10JI€ 3BE3/1bl U PA3HOCTh CKOPOCTEH 3TOW BOJIHBI,
B O0JaCTSX C pa3jIMyHOM HANpPsDKEHHOCTBIO TOJs, HW3MEHSET
TPAGKTOPUIO IUIAHETBl B CTOPOHY OOJIbLIEH IUIOTHOCTH HOJI,
ynepxuBas e€ Ha opoure (puc 7), 1 OTHOBPEMEHHO NPUJACT TIIAaHETE
HEKOTOPBIN Bpalaroluil MOMEHT.

Cunbl nputspkenust JIyHbl, HanpuMmep, Ha TaKOM PacCTOSIHUU
HACTOJIbKO HHUYTOXXHBI, YTO HE TOJBKO HE MOTYT Je(pOpMHUPOBATH
3eMHYIO KOPY WIHN yJiepKaTh €€ Ha OpOuTe, KaK CUUTAIOT yUeHbIE, HO

1 nake HU B MaJICHIIIell CTeleH:, He BIUSIIOT
f‘\ — Ha Hai Bec. Ecnu cunbl nputsixenust JIyHbl

\& ' OBLIM OBl CLIOCOOHBI MOAHUMATh MUJUTMOHEI

- ) TOHH BOABLI B OKE€aHE, TO B3BECHUBIINCH Ha
NPYKUHHBIX BeCaX BO BpeMs MpUINBA U

b OTJIMBA, MBI OBl 3aMETHJIU CYILECTBEHHYIO

pa3HUIly B Bece HaIllero Tea. ..

B peanbHOCTH, mpakTHYeCKH HeBecOMasi B MOJIE TATOTEHUS
Connia 3emiist MPOCTO MOKAYUBAETCS Ha OpOUTE TPaBUTALMOHHBIMU
BOJIHAMU OT JBWXeHHs JIyHBI W 3TO MOXHO HaOII0JaTh
HEBOOPYXEHHBIM TIJIa30M IO OKeaHCKuM mnpuiuBaM. OKeaHbI
pearupyoT Ha packauyMBaHuE 3eMJIM U €€ CYTOYHOE BpalleHHE, KakK

BOAa B Ta3UKEC HpI/I €0 IOKAYNBAHUUA.
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DTO MpEeKpacHO COIIACYeTCs C HACTOAIIEH TEOpHeH, Tak Kak
MPWIMBHBIC BOJHBI B PAa3HBIX OKEaHAX Pa3jIMYHBI [0 BEIMYMHE U HE
coBnamaroT ¢ ABwkeHueM JlyHbl. Cunbsl nputTskenuss ConHua Ha
TaKUX PACCTOSHUSX JI0 IJIAHET HACTOJIBKO HUUTOKHBI, YTO IJIAHETHI B
€ro TOoJie TATOTEHUSI MPAKTUYECKH HUYETO HE BECST.

Ho BonHBI, KOTOpBIE OHHM BO30YXAAIOT MPHU JBUKEHUU IO
opOuTam B rpaBuTaniMoHHOM ToJie COJHIIA, TaK WM MHAYE BIUSIOT Ha
XapakTep IBUKCHHS COCEAHMX IUIAaHET M JTO BBIpaXKaeTrcs B
HE3HAYUTENbHBIX KOJICOAHUSIX UX CKOPOCTHU M HATIPABIICHUS, KOTOPHIE
HaszpiBatoTcs JOpanusmu. ColHIIE Tak K€  pacKadyumBaeTcs
IPaBUTALMOHHBIMU BOJIHAMHU OT JIBHDKEHUS TUJIAHET U B €T0 JKUIKOU
000JI04KE MPOUCXOAAT aHATIOTMYHBIE TPUIIMBHBIC SIBICHUS.

OObIBaTeNbCKUE  MPEJCTaBICHHUS  MHUPOBOTO  HAy4YHOTO
COOOIIIECTBA O TMPUPOJE TPABUTAIMH TPHUBEIH K H300pPETECHUIO
a0bCypIHOTO TMOHSTHS TPABUTAIMOHHOIO KOJUIANCca, KakK MaJeHHs
MaTepuu caMoi Ha celsl, MO CYTH, YTBEPHKIAIOMIEr0 BO3MOKHOCTh
IMOJHATHS CaMOro ce0sl 3a BOJIOCHI.

[IpaBma 3TO HE OYEHH-TO IOMOTIJIO YYCHBIM B IIO3HAHUU
MPUPOJIBI U OHU YK€ O0Jiee CTa JIET UIYT TPaBUTAIIMOHHEIC BOJIHEI, HE
MOJI03peBasi, 4TO YeJIOBEYECTBO YK€ JIaBHO IIOJIb3YeTCS STUMHU
IPaBUTALMOHHBIMU BOJHAMH IS PaIUOCBsI3U. TONBKO Ha3bIBasi UX HE
IPaBUTALMOHHBIMU, & 3JIEKTPOMarHUTHBIMH.

KoncraTupys BblllieckazaHHOE, YTOUHUM OCHOBHbBIE TEPMHUHBI.

"Mamepus, 3mo 6ce, umo cyuiecmeyem He3ABUCUMO OM
Hawezo co3nanua''.

Marepusi, 3T0 6e3Ha4yanbHast 1 OECKOHEUHas BCEJICHHASI.

"Mamepus umeem uacmuuyHoe CHpPOEHUE U MOIHCEM
opooumovca 6eckoneuno'. OHa MOXET APOOWTCS HaA aTOMBI, Ha
3JIEMEHTapHbBIE, cyOaeMeHTapHbIe, CBepxCcyOaIeMeHTapHbIC
YaCcTULIBI U TaK Jlajnee 10 OECKOHEYHOCTH.

""Ocnoenble ceolicmea mamepuu, Imo 3apao, IHEPUA U
HenpoHuyaemocmsp''.
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"3apao, Imo ceolicmeo mamepuaibHLIX  O00BLEKMOE
ezaumooeiicmeogamsp opyz ¢ opyzom''.

3apsi nposiBisieTcs B BUJE MOJIS.

"Ilone, ’mo ceoiicmeéo 3apada uIU HOCPEOHUK RpU
63aUMO0eiiCmEeUU MAMEPUATLHBIX men''.

[Tone - moTeHUMANbHO, MO3TOMY OMNHCATh €ro B paMKax
€BKIIMJIOBON T€OMETPUN TPUHIIUITAATHFHO HEBO3MOXKHO.

[Tone ob6namaeT cBOWCTBOM YIPYTOCTH, IIOATOMY B HEM MOTYT
BO3HUKATH U PACTIPOCTPAHSITHCS YIPYTHUE BOJHBI COKATHUSI.

"Boana, 3mo  mexanusm  63aUMOOCUCHMEUA  MENHCOY
Mmamepuanvuvimu meanamu''.

"Inepzus, Imo ceoiicmeo mamepuu cosepuiams paoomy''.

A TO3TOMY HHMKaKOW XHMHUYECKOW, OMOJIOTMYECKOW M KaKOM-
an00 APYroil SHEPTUU HE CYIIECTBYET.

"Henponuyaemocms, 3Imo  C60ICME0, UCKII0UawOujee

603MOMCHOCHb CYUWLECIMBOBAHUA O6YX MAMEPUATbHBIX 00bEKmMoe
opyz 6 opyze''.
CBOICTBOM  HENPOHMIIAEMOCTH  MaTepuu  oOBsicHseTcs €€
HEC)KMMAaeMOCTh U TPOTSHKEHHOCTh. (CKMMaeMoCTh — BEIIecTBa
oOyClIOBIEHa  JIMIIb  YIOPYTOCTbIO  3JEKTPUUECKUX  MOJIEH,
OKPYKaIOIIMX aTOMbI U3 KOTOPBIX 3TO BEIIECTBO COCTOUT.

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

JIBuKeHre — 3TO He NMPUYMHA, a CIEACTBHE CYIIECTBOBAHUS
MaTepHuH, 00yCIOBICHHOE €€ CBOHCTBAMH.

DTO HE XAO0TUYECKOE METaHWE M3 CTOPOHBI B CTOPOHY, Kak
YTBEPKAAIOT TICEBAOHAYYHBIC MOJCKYISIPHO-KUHETUYECKAs TEOPHS
WIH TEOopus CTPYH, a OJHOHANPABICHHBIA MPOIECC H3MEHEHUS
COCTOSTHUSI MAaTepUU — CUHME3.

"Cuna, 3mo Oeiicmeue nHa mamepuaipbHoe meno pazHOCMU
INEKMPUUECKUX UIU 2PAGUMAUUOHHBIX HOMEHUUAN08"".

Huxakux cun Jlopenua, Kopuonuca, Apxumena win KOro-To
elie, B MPUPOJE HE CYIIECTBYET, BCE CHJIBI UMEIOT OJIHY U TY XK€ U
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€UHCTBEHHYIO  MPUPOJY, PA3HOCTb TPABUTALUOHHBIX WU
ANEKTPUUECKUX MOTECHIIUAIIOB.

"Bec, 3mo cuna npumsaixicenus, 00ycioeienHas pazHocmsio
2PasuUmMayUOHHBIX NOMEHUUAL08 8 NOJIe mAzomelouie2o mena''.

Bec o0ycnoBiieH mojokeHHEM Teja B T'PaBUTAMOHHOM I10JI€
JIPyroro Tena.

Onupasicb Ha  BBIIIENEPEUYHUCICHHBIE  (QyHIaMEHTAIbHBIC
CBOMCTBAa MATEpPUU, MOXKHO HE TOJBKO OOBSICHUTH HW3BECTHBIE
dbuznuecKue SBICHHS B IPUPOE, HO JTaXkKe MPeAcKa3aTh COIUATbHBIE.

Hy a tenepp monmpoOyem pazodparbcs B TOM, YTO e TaKOe
AHTUTPABUTAIMS, O KOTOPOM TaKk JIIOOAT paccyXkaaTh Tepen
00BIBaTEILCKON ayIMTOPHEH, HEKOTOPHIE YueHbIe. Kak n3BecTHO, mpH
rpaBUTAllMU TeJla BCETJa MPUTATMBAOTCA JIpyr K apyry. lIpocteie
JOTUYECKHE PAa3MBILLICHUS TPUBOJAT K BBIBOAY, 4YTO IOJ
AHTUTPABUTALMEN NTOPAa3yMEBAETCS OTTAJIKHBAHUE.

B xoze nanpHEWIINX pa3MbIIIICHUN MbI HEH30€KHO TIOWMEM,
YTO Ta3bl, C WX CTPEMJICHUEM OECKOHEYHO paCIHIMPSATHCS H3-3a
OONBIION acMMMETPUM TPABUTAIIMOHHBIX TMOJEH WX AaTOMOB,
MOCTOSIHHO HaXOJATCS B COCTOSIHUM aHTUrpaBUTalMU. 1O ecTh uX
aTOMBI M3-32 CHJI OTTAJIKWUBAHMS CTPEMSTCS Pa3j€TEThCS B pa3HbIC
CTOpPOHBI.

N Tyt yx) cambie cooOpa3UTeNIbHBIE MOTYT CaeIaTh I ce0s
COBEpIICHHO OUISIOMIIAIONIEEe OTKPBITHE, YTO JIOObIE BUTATENH,
CO3/aHHBIC YEIIOBEKOM, 3TO JBUTATEIN Pa0OTaoIIMe, MO CYTH, Ha
AHTUTPABUTALUU.

PeakTuUBHEBIA IBHUTraTelb, OTO HE YTO HHOE, KaK OOBIYHBIN
AQHTUTPABUTALMOHHBIM JBUraTelb. PEaKTHUBHBIE CAMOJIEThI, PAKEThI-
HOCHUTEJIH CITyTHHKOB, J1a U1 OOBIYHBbIE HOBOTOJHUE (eiiepBepKH, Bce
OHM aHTUTpaBUTalMOHHble. Ha aHTHrpaBuTanuu paboTaroT aaxe
ABTOMOOMIIbHBIE IBUTATENI BHYTPEHHETO CTOPAHUS.

Bens B kamepe cropanus ir000ro ABUTaTens, B pe3yjbTaTe
COEIMHEHUS YTJIEBOJOPOIOB € KHCIOPOJAOM, MPOUCXOJIUT CHUHTE3
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YIJIEKUCIIOr0 rasa, KOTOPBIM pacIIupsisiCh H3-3a OTTaJIKUBAHUSA
(aHTUTpaBUTAIlMM) €r0 MOJEKYJd JApyr OT Jpyra, C OOJbIION
CKOPOCTBIO BBITEKAET YEPE3 COIUIO U TOJIKAET, B IIOJHOM COTJIACHH C
3aKOHOM COXPaHEHUs UMIIYJIbCa, CAMOJIET, paKkeTy, 3apsa eliepBepka
WIM NTOPIIEHB B IPOTHBOIIOJIOKHOM HalpPaBICHUH.

OxkaspIBaeTcsl, 4EJI0BEUECTBO YXKE JABHBIM-IABHO HCIIOJIB3YET
AQHTUTPABUTALMIO B CBOMX HU3MEHHBIX U KOPBICTHBIX LENSX, a BOT
TEOPETUKH JI0 CHX IOp 3TOTr0 Kak-To He cooOpazmnu. Hy, npsmo kak
repo komeauu Mosbepa, KOTOPBIN 1aXKe U HE JOTaAbIBAJICs, YTO BCIO
JKU3Hb TOBOPUII ITPO30HA. ..

4. OB 3JIEKTPUYECKOM TOKE H
3JEKTPOMATHUTHOM WHIYKIIUHA

CpeI[I/I TBCPABIX TCJI CYHICCTBYIOT BCIHICCTBA, aTOMBI KOTOPBIX
UMEIOT OCOOCHHYI0O BHYTPEHHIOIO CTPYKTYpPY, cHenuduueckoe
pacrooKeHue 3apsHKCHHBIX DJIEMEHTAPHBIX YaCTHI, 00pa3yroIIuX
aToM.

[IpencraBUTENIsIME 3TOM TPYNIIBI DJIEMEHTOB, HAa3bIBACMBIX

geppomaznemuxamu, SBISIOTCS METAJLTHI -
JKene3o, KoOalmbT W HHKeTh (puc 8), y
KOTOPBIX B CUITy 0COOEHHOCTEH
BHYTPEHHETO CTPOCHUS, OJICKTPHUECKUE
e IOJII MX AaTOMOB JIMHEWHO CMELICHBI

Pucs. OTHOCUTENIBHO JApYyr Jpyra W IpOCTOU

MAarHuT SIBISETCS OOBIYHBIM SJICKTPUYCCKUM JUITIOJICM.

IIpumeuanue! Bom 30ect mvl MoIicemM ROACHUMD ROYEMY 3aPAObL
c1e006ano 0bl HA36AMb KPACHBIM U CUHUM. Bedbv nonioca maznumoe no
Kakoii-mo npuuune ob6o3Hauarom umenno mumu yeemamu. H mozoa
HelmpanbHoe mMen0 MOMCHO NPeOCmasums, KaK meno umeruiee
duonemoewlii cpasumayuonHHbLIl 3apao.

28



Beonroyust MATEPHH

DT0 JuHelinoe cmewjenue OSICKTPUYECKUX TIOJEH aroma

q OTHOCHUTEJIBHO JIpyr JApyra MOKHO Ha3BaTh

KPUBLE YOIBEHIA 3NEKTRHHECKMX
NOTEHUVAN0B NP ACHMMETDHI
rpaANTAUMOHKOID Nons!

nepeKocom rpaBUTALMIOHHOTO IT0JIA.
AN Ilepekoc cpagumayuonnozo noasa —

40,=do,

9TO0 TO, 4YTO B (1)I/IBI/IKC Ha3bIBACTCA

b R MACHUMHDbIM ROJIEM. HpHpo/:[a, KaxK MbI

a
o paccTonHME

Puc 9a. BHUIUM, BIIOJIHEC 06XO,Z[I/ITC}I CaMbIMH

MUHHUMAaJIBbHBIMA U IIPOCTBIMUA CPEACTBAMU.

B cuMMeTpu4YHOM TpaBHTAlMOHHOM TMOJN€ JII0OOTO Tena,
MOTCHITMAN JIFOOOM TOYKHM, KaK B II0JC IOJIOKHUTCIBHBIX, TaK M
OTPULIATENIBHBIX  3apsAJ0B,  OJMHAKOB,  IIO3TOMY  Pa3HOCTh
AJICKTPUYECKUX TMOTEHIIMAJIOB B JIIO0O0H TOYKE TAKOTO TOJsS paBHA
HYJIIO.

Mpumeuanne! Kcmamu, umenno nepexocvl zpasumayuoHHbIX
noaeil 36eHbes ONUHHBIX Op2anuyecKux moaekyn pezunst, /[HK u mnozux
Opyzux  BbICOKOMONCKYTIAPHBIX COCOUHEHUIl, AGNAIOMCA NPUUUHOU
C8OPAUUBAHUA UX 8 CHUDANU, KOMOPble U HPUOAIOM IMUM GeUleCHEAM
ceolicmea ynpyzocmu.

B acummempuunom rpaBUTAallMOHHOM TOJIE B KaXIOW €ro
TOYKE  CYLIECTBYET  HEKOTOpass  Pa3HOCTh  DJIEKTPUUYECKUX

% K e o oo IIOTCHIIMAJIOB, KOTOpas IIpUBOAUT K
FPEBMTAUMOHHOD MOAA

CMCHICHUIO 3apd10B B Hp06HOM TCIIC UJIN K

dq,

NOJISIPU3ALUU, KOTOpasi NPU INEepEeMELICHUN

o0,> da,

MPOOHOTO TeNa OCTAeTCS HEM3MEHHOM.

ﬂon SEE T e *

D710 moka3aHo Ha rpaduke (puc 9a).
Pinc:Sb. [Ipu  nBwKeHMM  TPOOHOTO  Tela B

nepeKouwleHHoM TPABUTALUOHHOM TIOJIE (MAZHUMHOM), DPA3HOCTH
JJIEKTPUYECKHUX IOTEHIUAIOB OT TOYKH K TOYKE H3MEHSETCA, B
pe3yJIbTaTe Yero B HEM BO3HUKAET IBUYKEHUE AIEKTPUUECKUX 3apsiioB
WJIU DJIEKTPUYECKUH TOK.

370 siBICHUE B (PU3UKE HOCUT HA3BAHUE 2JIEKMPOMAZHUMHOU
UHOYKYuu v IoKa3aHo Ha rpaduke (puc 9b). D10 MO3BONIAET TaK Ke
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JIeTKO OOBSICHUTH MPUHLUI pabOThI, TAK HA3bIBAEMBIX, YHHUIIOJISAPHBIX
TeHEepaToOpoB 0€3 MCIOJIb30BaHMS JDKETEOPUN OTHOCUTEIHHOCTH WIIN
KaKHX-TO HECYLIECT BYIOIINX cuil JIopeHna.

To 06cTOATENBCTBO, UTO MATHUTHOE 110JIE — 3TO NEPEKOIIEHHOE
IpPaBUTAlUOHHOE II0JIe, OOpa30BaHHOE JMHEHHO CMEIIEHHBIMU
JNEKTPUYECKUMHU  MOJIIMH,  JIETKO  JOKa3blBaeTCAd  NPOCTHIM
IKCIEPUMEHTOM.

B onekTpoHHO-yyeBOW — TpyOKe,  DIEKTPOHHBIH  Jyd
OTKJIOHSIETCS] AJIEKTPOCTATUYECKUM I0JIEM IIJIOCKOIO KOHJIEHCATOopa,
OTTAJIKUBASACh OT OTPULATEIBLHON U MPUTIATUBAACH K MOJOKUTEIBHON
oOknanke. OTo moka3aHo Ha pucyHke (puc.10a). Ecmu ke
OTKJIOHSIIOIIYI0 CHCTEMY BBITIOJIHUTH MO cxeme pucyHka (puc.10b),
MMUTHUPOBAB MIEPEKOC IPABUTALMOHHOIO IOJII MEXAY JIEKTPOJaMH,
TO IUIOCKOCTh OTKJIOHEHUS 3JIEKTPOHHOTO Jy4a OyneT MOBepHyTa Ha
90 rpanycos.

To ecTh MEKTPUYECKMMHU TOJSIMM JIBYX Hap 3JIEKTPOIOB MBI
CO37a€M IMEPEKOC I'PAaBUTALIMOHHOTO MOJS WM, APYTHMHU CIIOBaMHU
MarHUTHOE II0JI€ U AJIEKTPOHHBIN Jyd, MPOXOAs YEPE3 3Ty CUCTEMY
AIIEKTPOAOB, OYAET OTKIOHATHCS TaK )K€, KaK B AJIEKTPOMArHUTHON

OTKJIOHSIIOIIIEH CHCTEME.

Tak kak m00bIe  DJIEMEHTapHbBIC
o YacTUIBI COCTOAT U3 0Oojee  MEJKHX
CyOdJIEMEHTapHBIX YaCTHI[, OHH TaK K€

obnamator, nuOO acuMmmerpuei, MO0

H€6OJIBH_II/IM MNEPCKOCOM TI'PaBUTAITUOHHOTO
oJjis1, B pPE3yJIbTAaTC KOTOPOro Hnpu ABUKCHHU B ACUMMCTPHUYHBIX
TpaBUTAOMOHHBIX TIOJAX APYIrux OG’bGKTOB, OHU MNPUBOOATCA BO
BpalllEHUE, KOTOPOE TPAKTYETCS COBPEMEHHOM HAYKOM KaK CHUH.
JIMnonpHBIMA ~ MOMEHTaMH B OCHOBHOM, Kak IpaBUIIO
00J1a/1al0T COCTaBHBIE YAaCTHUIIbI, KOTOPbIE MPU CTOIKHOBEHHH JIETKO
packajiblBalOTCS Ha COCTAaBHBbIE YacTH. JJEMEHTApHbIE YaCTHUIBI,
cocrosimue U3 601ee METKUX CyObITIEMEHTIPHBIX YaCTHI] PACKOJIOTh
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HEBO3MOXKHO, TaK KakK y YeJOBEUECTBA MOKAa HET TaKMX MCTOYHUKOB
MOIITHOCTH.

DJIEKTPOH, MO BCEH BUIMMOCTH, YAaCTHUI[A COCTaBHAs, IOTOMY
YTO MPU CTOJIKHOBEHHWU C MHILIEHBIO M3 TKENBIX METAIOB, OH
pakasbiBaeTcs Ha Oosiee MeNIKHe 3JIEMEHTapHbIe YaCcTULIbI, HUMEIOIIHE
BBICOKYIO ITPOHUKAIOIIYIO CIOCOOHOCTh. DTO PEHTTEHOBCKUE JTyUH.

Kak numyt B yuyeOHUKaX (PU3MKH, STEKTPUUECKUNA TOK — ITO
MOTOK 3apsKEHHBIX YACTHI] — JIEKTPOHOB. HO OrpoMHOE KOTUYECTBO
DIIGKTPOHOB, IBUXKYIIMXCS B MPOBOJHUKE, NPEICTABISICT C000it
MHO>KECTBO IMapaljIeIbHBIX TOKOB, KOTOPBIC MO 3aKOHY MPUTSKCHUS
napajuleTbHBIX TOKOB OYAYyT CTSITUBAaThCSA B TOHKHN IIHYD,
MPOXOSIINNA [0 LIEHTPY MPOBOAHHKA.

B »TOoM ciydyae HHMKAakoro 3JEKTPUYECKOTO IMOJsI BOKPYT
IIPOBOJHMKA HAOTIOIAThCS HE JTOJIKHO, TakK
KaK OHO B CHJIy 3aKOHa OOpaTHBIX KyOOB

V. enexrpon

< OYCHb OBICTPO YOBIBAET C PACCTOSHUEM U K
TOMY € OYEeHb CHJBHO 3KpaHHPYETCS

anekTpoH

aTOMaMH  [POBOJHUKA, OKPYXAIOIIUMHU

Puc 11. LT} "
TOKOHpOBOI[HH_H/IH H_[Hyp .

MexaHu3M CTATHBaHUS ABWXKYIUXCS 3apsanoB (puc 11)
OOyCIIOBJIEH HX BOJIHOBBIMU B3aUMOJICHCTBUSIMU WM Pa3HOCTHIO
CKOPOCTEHl BOJIHBI, KOTOpas 3aBUCUT OT HaNpsXKEHHOCTH WIU
"IJTOTHOCTU" TPABUTALIMOHHOTO OISl B KOTOPOM JABUIKETCS 3apsil.

dokycupoBka 3nekTpoHHoro nyda B DJIT obycioBieHa Tem,
YTO Ha (POKYCHUPYIOIIUHN SIEKTPOJ MOJAETCS BHICOKOE HAIPSHKCHHE,
KOTOPOE€ YBEJIMYMBAET CKOPOCTH JJIEKTPOHOB, B pE3yJbTaTE YEro
MPOUCXOAUT CTSATUBAHUE DJIEKTPOHHOTO JIyda B Y3KH IMy4OK.

B peanvnocmu, anexkmpuueckuii mox npedcmasgisiem coooi
08a 6CMPEUYHBIX NOMOKA 3APA006 PA3HO20 3HAKA, OBUNCYUUXCA C
YCKOpeHuem, Ka)covlil U3 KOmopwlix, 6 CUy 3aKOHA NPUMAINCEHU
napanienbHplX mMoKos, CMPEMUMCA 3AHAMb MECMO 6 UeHmpe
npo6oOHUKA.
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Ho Tak kak camu 3apssKeHHBIE 4YacTHLBl MaTEpUaIbHBl U
HENPOHUIIAEMBI, a MOJIS PA3HBIX 3aPsII0B HA0OOPOT MPOHUIIAEMBI IPYT
JUIA Jpyra, TO WX BCTPEUYHBIE MOTOKHA 3aKPYYHBAKOTCS CIUPAIBIO
BOKPYT ApYyT npyra. B 3ToM ciydae 3akpydeHHbIE TOTOKH 3apsiioB B
crupasix OyIyT CTPEMHTHCS K TMOBEPXHOCTH IMPOBOJHUKA, YTO H
MOATBEPIKIAETCS ONBITOM. M B 3TOM K€ ciiydae BOKPYT MPOBOJHUKA C
TOKOM TIOSIBUTCSL He€peKoCc TPABUTALUOHHOTO TNOJS (MazHummoe
none), KOTOPBIA MOKHO OOHAPYKUTH C TIOMOIIIBIO CTPENIKH KOMITAca.

IIpu mepemene HampaBiieHUs TOKA, HAIIPABJICHUE BPALCHUS
CIIUpAJICd U3MEHUTHCSI U MAarHUTHASI CTPEJIKA OTKJIIOHUTCS B IPYTYIO
cTopoHy. [Ipy mpoOXOKOEHHM MO MPOBOJHUKY IMEPEMEHHOIO TOKA,
TMOTOKH 3apsIA0B MEHSIOT HAIPABIICHUE IBUKEHUS U, COOTBETCTBEHHO,
MEHSIETCA HaIpaBJICHUE BpAIICHUS CHOUpaJed, 4YTO MNPUBOAMUT K
OBICTPBIM H3MEHEHHUSIM IepPeKOca TPABUTAIMOHHOTO TOJISI BOKPYT
MPOBOJHUWKA W PACOPOCTPAHCHUIO OTUX HW3MEHEHUHM B BHIE
TPaBUTALIMOHHBIX  BOJIH, KOTOpble B  (U3MKE HA3BIBAIOTCS
IIEKMPOMACHUMHbIMU NI paduoewzmmu.

OTU  BOJHBI  BOKPYr  IPOBOJHHMKA C  IEPEMEHHBIM
DIIEKTPUYECKUM  TOKOM, HUMEIOT  CQEpUUYECKYI0  JIuarpammy
HAIPABJICHHOCTH U 0CJa0EBalOT ¢ PACCTOSTHUEM I10 3aKOHY 00paTHBIX
KBaJIPaTOB.

Mpumeuanne! Cywecmeosanue 6cmpeuHvix NOMOK08 3apadoé
00yCN061IeHO mem, Ymo 6 II0ObIX MAMepuanax 6cez0d RPUCYmcHeyem
He3HaUUmMeNbHOe  KOJMUYEeCME0  YACHUY ¢ HOAOHCUMETbHOU
acummempueil ZpagumMayuoOHHbIX noiaeil — nozumponos. Ha pucynxe
(puc.la) [2n.3] nozumponvl noxazamnvl 3ey1eHblM Y8eMOM. INeKMPOHbL U
no3umponsl npumsazueaomca opyz K opyzy, obpasya HeimpaivHble
Yacmuybl, HAXOOAUWUECA 8 MENCAMOMHOM HPOCHIPAHCHIGE GeUieCIEd.
Ho pasnocmb nomeHuuanoe 6HeuwiHez0 UCHIOYHUKA IJIEKMPUUECKO20
moKa, pa3pvleaem ux u OHU HAYUHAIOM 08UZAMBCA 8 RPOMUBONOJIOHCHBIX
HANpagIeHusx, co30a6ds 6CMpeuHvle NOMOKU 3apsa00s.

Tenepb, ¢ 3T0M TOUKH 3peHUs ONPOOYeM O0BICHUTH MEXaHU3M
BO3HUKHOBEHMS, TAK HA3bIBAEMOT0 TOKa caMOMHAYKIHMHU. Korma Mbl
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NPUKIAIbIBAEM K KOHIIAM MPOBOJHHMKA HANpsOKEHHUE, B HEM
HAYMHAETCS JBUKEHUE 3aPsI0B.

OtpunarenbHble  3apsiibl -  DJIEKTPOHBI, JBUXKYTCA IO
HAIpPaBJICHUIO K TIOJOKUTEIBHOMY TIOJIIOCY, TOJOXKHUTEIbHBIE -
MO3UTPOHBI, K OTpULIATENIbHOMY. Tak Kak IMOTOK IMO3UTPOHOB, Ha
rpaduke OH MOKa3aH OPaHKEBBIM LIBETOM, B CBSI3U C OTPULIATEIHHON
acMMMETpHUEN BelIeCTBA HAIIETO MHUPA, HUYTOXXKHO Mal U CBOUM
JBIDKEHUEM JIMIIb CJErka YMEHBIIAET Pa3HOCTh BJIEKTPOHHBIX
MOTEHIIMAJIOB, MBI OyJIeM paccMaTpuBaTh TOJIBKO —JIBIDKEHUE
AJIEKTPOHOB.

DJIEKTPOH, JABUTASICH K MOJOXHUTEIBHOMY IOJIOCY MCTOYHUKA
TOKa, HETIPEPHIBHO W3MEHSIET CKOPOCTh JIBHKEHUS, U3-3a MOCTOSIHHO

YBEITMYUBAIOIICHCS, COTJIACHO 3aKOHY

K o™ | KymoHa,  CHIBI  NPUTSKGHHMS K
P
(o — HOJIOKUTEIBHOMY THoJtocy (pue.12).

N3-3a 3TOM pasHULBI CKOPOCTEH

p dP(-)=P,-P

-} »+ | BJEKTPOHOB, HA KOHIIAX MPOBOJHHUKA

Puc12 BO3HUKAET pPa3HOCTH 1704
KOHLEHTpaluui uiau pasHocTh noreHuuanoB dP(-)=P2-Pi. U3 Hee
BBIUMTAETCS PA3HOCTh IOTEHIMAJIOB, CO3JaBaeMasl BCTPEUYHBIM
nBuxkeHrneM no3uTpoHoB dP(+)=P3-Pi. Pesynbrupyromas pasHOCTh
noTeHIManoB onpeaensercs Gopmynoi dP=Pz-Ps3.

[Ipy OTKJIIOYEHWH HMCTOYHHMKA TOKa, MOJ JIEUCTBUEM 3TOU
pasHoctu mnoreHuuanoB dP, 3JeKTpoHBI  HAKOMMBIIMECS B
OTPUIATEIEHOM KOHIIE, MIPOJIOIKAIOT JIBUKCHHE K
MPOTUBOMOJIOKHOMY, MOJIOKUTETLHOMY KOHILYy MPOBOJHHKA U TI0
WHEPIHUY HAKAITMBAIOTCS B HEM, CO3/1aBasl YK€ HECKOJIbKO MEHBIITYIO
00paTHYIO pa3HOCTb MMOTEHIIUAJIOB.

B pesymprare geiicTBus  3TOM  0oOpaTHOW  pa3HOCTH
MOTEHILIMAJOB, JJIEKTPOHBI HAYMHAIOT JBHUTaThCi B 0OOpaTHOM
HampaBJieHUU U T1pouecc mnoBTopsercsa. [locme HeCKOIbKUX
3aTyXalolux KojJeOaHud, 3aBUCALNIMX OT JUIMHBI IPOBOJHHKA,
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KOHI.[GHTpaLII/IH BHGKTpOHOB B HEM BBIpaBHI/IBaeTCH nu TOK
mpekpamaercs. OJTOT TOK B  (u3MKe Ha3bBaeTCs TOKOM
CaMOMHIYKITUH.

Ecnmu psimom ¢ mpOBOJHHUKOM IMOMECTUTH (DeppOMarHUTHBIN
MaTepuai, TMepuoja KoJieOaHWN YBEIMUYWUTCA H3-3a TOTEph Ha, Ha
MePEOPUEHTAIINIO aTOMOB (peppOMarHeTHKa.

Otcroga MOXHO CAENaTh BBIBOJ, YTO IIPH MPEKPAIIEHUN TOKa,
DIIEKTPUYECKUE KOJieOaHWsT B MPOBOJAHHKE BO3HHUKAIOT HE H3-3a
N3MCHCHUS MI/I(I)I/I‘IGCKOI‘O MAardHuTHOIoO I110Jis1, a IIO COBepLﬂeHHO
I[perfI HpI/I‘II/IHe 1 4YTO, 3TO, TaK HA3bIBAEMO€ MAIr'HHUTHOC II0JIC, B
MpoLIeCCe HUKAKOTO YYacTUsl HE TPUHUMAET.

A noamomy HUKAKO INEKMPOMAZHUMHOU CAMOUHOYKYUU He
cywecmeyem. Tak s>ce Kak u MazHUMHOZ0 NOJIA.

BpicOoKol KOHIIEHTpalMel 3JIEKTPOHOB TaK )K€ OOBSCHACTCS U
TOT (paKT, 9YTO HUTh HAKATMBAHUS JTAMIIOUYKH YaCTO MEPEropaeT OKOJIO0
OTMIOPHOTO 3JEKTPOJIa ¢ KOTOPOr0 B MOMEHT BKJIFOUEHMS TIOCTYIAIOT
AIIEKTPOHBI, XOTSI JOJKHA OBl IEperopaTh MOCPEIUHE, TAK AIEKTPOJIBI
HTParoT poJib TEIIOOTBOAA.

T [Ipn KOHTaKTe BELIECTB (METAJIOB)
u:ﬁ_ lc pa3IMYHON BEIIMYMHOW OTPHUIATEIbHON

‘ ACUMMETpPUU  TPaBUTALMOHHBIX  IOJeH
aTOMOB,  MEXJIYy HUMH  BO3HHUKAeT
Awon HEKOTOpasi  Pa3HOCTh  AJIEKTPUUYECKUX

obnacre ¢ Mangm ofnactb ¢ Ounl;maﬁ HOTeHuHa‘HOB (HOTeHHHaHBHBIH 6apbep

phen (4 puei () (puc.12a)).

Puc.12a

[loaToMy mpu NPOXOXKIECHUU TOKA
yepe3 TakOW KOHTAaKT B OJIHOM HampaBi€HUH, 3Ta PA3HOCTh
MOTEHIMAJIOB CKJIAJbIBAETCS C PA3HOCTHIO MOTEHIIMAIOB MCTOYHHKA
TOKa, & B JPYTOM JIEUCTBYET IPOTHUB HEE, YTO MPUBOJUT K Pa3IMYHON
BEJIMYMHE TOKA, MPOTEKAIOIIET0 Yepe3 KOHTAKT, 3aBUCAILYIO0 OT €ro
HaIlpaBJICHUSI.

Hpyrumu  cioBaMM, KOHTaKThl METAUIOB C PpPa3IUYHOMN

BEJIMYMHON aCUMMETpPUHU 00IaJaroT CIaObIMH "BBINPSMHUTEIbHBIMH "
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CBOMCTBAMHM, 3aBHUCSIIMMHU OT BEJIWYUHBI KOHTAKTHOW Pa3HOCTH
MMOTCHIIHAIOB.

KoHTakTel ¢ O4eHL OOJBIION, TEXHOJIOTMYECKH CO3IaHHOM,
Pa3HOCTBIO AaCUMMETPHH, CO3JafoIIie OONBIIYI0 KOHTAKTHYIO
pPa3HOCTh TOTCHIHMAIOB (ITOTEHIUAIBHBIN Oapbep), Ha3BIBAIOTCS
MOJIYNPOBOJTHUKOBBIMHM JTMOJIaMH, TOK 4Yepe3 KOTOpbIe B Mpeaenax
ATOTO MOTEHIIMAILHOTO 0aphepa, MOXKET TeUb MPAKTUYECKH TOIHKO B
OJIHOM HaIpaBJICHUU.

[Ipu moaxIIOUeHNH MCTOYHUKA MUHYCOM K OOJIAaCTH C MaJIOi
OTpUIATENILHON acuMMeTpueil (p), 0003HAUYEHHON MallbiM 3HAKOM

MUHYC(p), DICKTPOHBI JIETKO MPOHUKAIOT B HEE MOJ AeHCTBHEM
HeOONbIION pa3sHOCTH TOTCHIUATOB Umin, MOTOMY YTO CHJIBI
OTTaJIKUBaHUs c1abbl. X MpOHWKHOBEHHE B 30HY KOHTaKTa €IIe U
obJyierdaercss TeM, 4TO B ATO BPEMs dJIEKTPOHBI U3 00enx obmactei
YXOJSIT B HAaIlPaBJICHUU IOJOKUTEIHLHOTO IMOJII0CAa HCTOYHUKA TOKA,
YMEHbIIIAs UX ACUMMETPHIO.

[Ipn moaxirOYeHHH UCTOYHMKA TOKA MHUHYCOM K 00JacTu ¢
OONBIION  OTpUIIATENIBHON  acummeTpuedr  (n), 0003HAYECHHOU
OONBIIMM 3HAKOM MUHYC(n), DJIEKTPOHBI HCTOYHUKA HE MOTYT
MPOHUKHYTh B HEE W3-3a CHJI OTTAJIKWBAHHWSA, U TOK B OTOM
HaIpaBJeHUHN Yepe3 KOHTAKT HE MTPOXO/IHT.

[Ippu  mpeBblllieHUHW ~ OOpaTHOW  BHENIHEH  Pa3sHOCTHIO
MOTEHITMAIOB, NoTeHIHaIbHOTO Oapbepa Unp, B CBS3U ¢ OOJBIION
KOHI[EHTpAllMel dSJIEKTPOHOB B OONACTH aHONA, SIBJISIOIIUXCS
HOCHUTEJISIMU TEIJIa, TPOUCXOMUT TEIUIOBOW Tpobor [rin9] u
BBINPSIMUTEIHHBIC CBOMCTBA KOHTAKTA TEPSIFOTCSI.

Ecnu anoHast 00;1acTh KOHTAKTa YCTAaHOBJICHA Ha TETUIOOTBOJIE,
npoOo¥ HEe MPUBOJUT K Pa3pyIICHUIO KOHTAKTA U TO IOCJTE CHATHS
BHEIITHEN pa3HOCTH IIOTEHIINAJIOB, CBOMCTBA KOHTAaKTa
BOCCTAHAaBJINBAIOTCS.

Ha rpaduke mokazaHo pacnpenelieHHe TMOTEHIHAIOB |
CTaHOBUTCS MOHITHO, OYEMY TaKOW KOHTAKT MPOBOJUT TOK B OJTHOM
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HalpaBJCHUHU, TIOKA3aHHOM CTPEJIKOM. 3/1ech HAaNpalIuBaeTCs
aHaJIOrHs ¢ HAKJIOHHOM MIOCKOCTBIO.

IIpumeuanue! Tak Kak é npupoode Hem HUYUE2O0 BUPMYATLHOZO UTU
MHUMO20, 00BACHEHUE YUCHBIMU MEXAHUIMA HPOMEKAHUA MOKA Yepes3,
MaKoil KOHMAKM, HA3bI6ACMBLL N-P  HEPEX00OM C  NOMOULBLIO
Hecywiecmeyrouux "'0vlpoK'', HecocmoamenvHo, u A6AAEMCA MAKOU Hee
UywbI0, KaK U 00bACHEHUS MAKUX A61CHUIL 6 PU3UKE, KAK AKKPeUUs Uil
epasumayuonnslit Koananc. Jloovte e3aumooeiicmeus ¢ npupooe — Mo
63auUMO0eiiCmeuss He MHUMbBIX UMW GUPMYAIbHBIX, @ COBEPUICHHO
PEAIbHBIX MAMEPUATbHBIX YACHUL,

Hcxond U3 BBIIEU3IIOKEHHOTO, MOXKHO CHENATh CIEAYIOLIHMI
BBIBOJ: TMPOBOAHUKH — OTO BEIIECTBA HMEIOIIEe HEOOIBIIYIO
OTPUIATEIIbHYI0O ACHMMETPHUIO TPABUTAILMOHHBIX MOJIEM aTOMOB, B
KOTOPBIX AJIEKTPOHBI MOTYT JBUTAThCS MO JACHCTBHEM HEOOJBIION
Pa3HOCTH MOTEHIIAAIOB.

A uzonATOphl, HAO0OPOT, OONATAIOT OYEeHb OOJBIION
OTPUIATEIILHON aCUMMETpHUEH, TOITOMY JUISI TOTO YTOOBI JIEKTPOHBI
MOTJIM B HUX JIBHTAThCS, HY>)KHO MPHJIOKHUTh K HUM OY€HBb OOJIBIIYIO
pa3HOCTh MOTEHIMAIOB. TO €CTh BCE NPOUCXOIUT C TOYHOCTHIO
HA00OPOT, BEIIECTBA C OONBIINM COJEPKAHHUEM DIIEKTPOHOB — 3TO
H30JISATOPHI, & C MAJIBIM — ITPOBOIHUKH.

I"a3Erl, HMEIOIINE OYCHb OOJIBIITYIO ACUMMETPUIO
TPaBUTAIMOHHBIX  TIOJIEM  aTOMOB,  €CTECTBEHHO  SIBJISIFOTCS
n30JsTopaMu. JIJist Toro 4ToObI AJIEKTPOHBI MOTJIM JIBUTATHCS B Tase,
OH JIOJDKEH OBITh CHIIBHO Pa3peXeH, UYTO MPUBOAUT K YMEHBIIICHHIO
00I1ei aCHMMETPHH U YBEIIMUEHUIO €0 3JIEKTPOIPOBOTHOCTH.

Kunkoctu, UMEIOT ropas3io MEHBLIYIO ACUMMETPHIO, YEM Ta3bl,
HO OOJBIIyIO, YeM TBepAble Tela, MO3TOMY MEXaHU3M
3IIEKTPONPOBOJHOCTHA B HUX HECKOJIBKO CIIOXKHEE.

OH CUJIBHO 3aBUCHUT OT ACUMMETPUI aTOMOB CaAMOM KUJIKOCTH 1

MaTC€pHraJioB, U3 KOTOPBIX CACIAHBI 3JICKTPOAbI.
skekesk
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Ilepexoc rpaBUTALMOHHOTIO TOJSA 3eMIM (MazHummuoe nosne),
00yCJIOBJICH KPYTOBBIM JIBHKEHHUEM 3apsKEHHBIX YaCTHUI] COTHEYHOTO
U3JIY4€HUs, 3aKPYUEHHBIX CyTOYHBIM BpalllCHUEM 3€MHOM aTMOchepsl
(puc 13). Takum o6pazom, 3emisi HAXOIUTCS, KaK Obl, BHYTPH JABYX
OOBIYHBIX KaTyIIEK C TOKOM, IO OJHOW U3 KOTOPBIX IBMXKYTCS
OTpHLIATENIbHBIE 3apsi/ibl, @ 110 IPYToi - MOJI0KUTEIbHBIE.

OTH TOKM CO3[al0T BOKPYr 3€MJIM JIBa MAarHUTHBIX IIOJI,
HalpaBJICHHBIX HaBCTpeuy JIpyr apyry. [lpudeM, TOk BO BHyTpeHHEN
KaTymke o0pa3oBaH  INPEHMYILECTBEHHO  0oJiee  TSDKENbIMH,

o e e ITIOJIOKUTCIIBHO 3apsSKCHHBIMU
S -
A~ JacTUILIAMU NpOTOHAMH, a BO
- w
s A Y BHCIIHEH  —  Ooyiee  JICTKHMH,
W conHedHsR .y 1
= , _ OTPHUIIATEIBHBIMA —  DJICKTPOHAMH.
+ ' OTM TOKM M 00pa3yloT, Tak
"“‘:’:"“_i/_’.. Ha3bIBacMble, PAOUAUUOHHbIE NOACA.
Puc.13 PesynbTHpyromee MarHuTHoe MOJe€,

€ro MOJISIPHOCTh W HAIPSKEHHOCTH
HANPSIMYIO 3aBUCST OT TOTO, KaKUe 3apsijbl MPeo0IaaloT B MOTOKE
U3JIYYEHHUS, TTOJOKUTEIbHBIE WIIM OTPULIATEIIbHEIE.

[To HanpaBsIEeHUIO BpaIllEHUST 3€MJIA, MOKHO JIETKO OTIPEICIIUTh,
YTO B UBJIYYCHHH 3HAYUTEIBHO TMPE0o0JIalaloT OTpHIlATEeIIbHBIC
3apsanbl. Tak Kak Hamia 00JacTh BCEIGHHOW MMEET OTPHIATEIbHYIO
ACUMMETPHUIO aTOMOB BEIECTBA, MOTOK ITOJIOKUTEIbHBIX 3apsi0B
HUYTOXKHO MaJ.

[pumeuanne! Ecau 6b1 codepicanue NONOHCUMETbHBIX U
OMpUYAMENbHBIX 3apA0068 6 NOMOKe U3YUeHUs Obliu  paeHbl,
noaapuocmu ''maznumneix'' nonei, oopazyrOUUXCa NPU UX OGUIHCEHUU,
ObL1u Obl pasHbl U NPOMUBONON0NCHBL. B pesynomame Imozo onu
CKOMReHcuposanu 0vl opyz opyza u nianema 6000uie Ovl He umenda
«MAZHUMHO20 NONA».

Kax npaBuio, miianetsl, He UMerOIIHe atMochep, HeE UMEIOT U
MAarHUTHBIX TOJIEH, B CUITY TOTO, YTO TPAEKTOPHUH YACTHI] COTHEUYHOTO
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U3ITy4eHUs] B HUX HE 3aKPYYUBAIOTCS U HeEPeKocd TPABUTAIMOHHOTO
NOJII HE NPOUCXOAMUT. XapakTepHbI Tomy mnpumep - Jlyna. Ona
MPAKTUYECKH HE MMEET aTMoc(epbl, MOATOMY €€ MarHUTHOE IOJe
ucyesaome wmano. [lepernonrocoBka MarHMTHOrO IMOJSL  3€MIIH
BO3MO)KHA JIMIIb B IBYX CIy4asiX, B CIy4ae U3BMEHEHHUS COOTHOILLEHUS
COJIep’KaHUsl TPOTHUBOIOJIOKHO 3apsSHKEHHBIX YaCTUI[ B TOTOKE
COJTHEYHOT'O M3TYUCHHUSI WM KE B CIIydae N3MEHEHUS HAIPABJICHHS €€
cyrouHoro BpamieHusi. COBEpIIEHHO $CHO, YTO 3TO aOCOJOTHO
HEpeaJbHO.

HeobxonmuMo 3aMeTUTh, YTO COOTHOIIEHHUEM COJIEpKaHUs
MPOTUBOIMOJIOXKHO 3apsDKEHHBIX YAaCTHII B COJHEYHOM H3ITyYeHUH,
JIOCTUTAIONIEM 3eMJid, onpeaensercas W MakcuManbHblid  KITJ]
COJIHEUHBIX OaTapeil.

B cnydsae paBeHCTBa MOTOKOB  MMOJIOKHUTEIBHBIX U
OTPHUIIATEIILHBIX YaCTHIl, COJTHEYHBIE Oarapen BooOIe padoTaTh HE
O0ynyt. COOTBETCTBEHHO, 4eM OOJIbIIIE Pa3HULIA B UX COACPKAaHUU, TEM
Beime Oynet ux KIT/I.

[MonspHble cUSHHUS Tak >K€ OOYCJIOBIEHBI TMOMAJaHHEM B
atMocepy 3eMiu TMOTOKOB YAaCTHUIl, BHIOPOIIEHHBIX MOIIHBIMU
COJTHEYHBIMHU BCIBIIIKAMU M HUMEIOLIUX CKOPOCTh MPEBBIMIAIOLIYIO
CKOPOCTh PaclpOCTPaHEHUs BOJHBI B IPABUTALMOHHOM ToJie 3eMJIU
(ceepxceemosyro ckopocmv). IT0 00BIMHOE TposiBieHUE d(DdekTa
Basunosa-Uepenkona.

IloToku »3THX dacTul, IpPOHHKAass €O ''CBEPXCBETOBOW"
CKOPOCTBIO B aTMocdepy, CO3/Ial0T CBEUEHHUE, XOPOIIO BUIUMOE B
MOJISIPHBIX 00MacTsax 3emiu. B skBaTopuanbHO# 001aCTH TPACKTOPUHU
YacTHIl OTKIJIOHSIOTCSI, 3aKpy4MBAasCh BpaimleHHueM aTtMocdepbl, U
YacTULIBI TEPSIIOT CKOpocTh. [103TOMy cBeueHHE B HKBATOPHAIBHBIX
00J1aCTSAX OYEHBb c1aboe, MPAKTUUECKH HEBUIUMOE T1a30M.

Pe3kumu KkoneOaHUSMU COOTHOILIEHUS MPOTHBOMOIOKHBIX
3apsA70B B MOTOKE COJIHEYHOTO M3JIYYEHHUS, B PE3y/IbTaTe BCIIBIIIEK,
00YCIJIOBIICHBI, M TAaK Ha3bIBaeMbIC "MarHUTHBIEC" OypH.
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A cnepoBaTellbHO, HAUBHBIE YTBEPKICHUSI YUEHBIX O TOM, YTO
MarHUTHOE TIoJIe sBisieTcs 'mry0oil", 3ammMmaroniei Hac OT
COJIHEYHON paJuanuu, MPOCTO CMEXOTBOPHBI M COBEPIICHHO HE
COOTBETCTBYET JEHCTBUTEIBHOCTH, MOTOMY YTO MarHMTHOE IIOJIE
MOPOXKACHO ATOM K€ COJNHEUHOM pamuaruend. I oHo camo mo cebe
HACTOJIBKO cjaboe, YTO Y HETO e/1Ba XBaTaeT CHIIbI TIOBEPHYThH JIETKYIO
CTpPEJIKYy KoMIlaca Ha OCTPHUE UTJIbI.

A my6oii sBnsieTcs cama ra3zoBas aTMocgepa IUIaHeThl, XOTs
OHAa OYEHb cab0 3alHUIIAET HAC, TOTOMY YTO MOYTH HE 3aJ[ePKUBAET
COJIHEUHOE H3JIy4YeHHe. BemecrBo ¢ HAeanbHOM CUMMETPHUEHR
rPaBUTALMOHHBIX MOJIEH aTOMOB SIBJISIETCA UJI€ATIBbHBIM H30JSTOPOM,
TaKk Kak B HEM HE MOXXET OBITb CBOOOJHBIX 3apsioB. A 3HAYUT OHO
JOJI’KHO OBITH HEBUAUMO.

Kpome toro ono oGnamgaer caMoii BBICOKOW TBEPAOCTHIO U
po4YHOCThI0. K cuacThio, CyniecTBOBaHNE TAKMX BEIIECTB B MPUPOJE
HEBO3MOXKHO, TaK ke Omarogaps chepruuecKkoil METpUKe BCETICHHOM.

5. Ob MHEPIIMU U OIUBKE HBIOTOHA

[TonaTne Macchl B COBPEMEHHOH (DU3MKE IOKa SBISAETCS
OJIHUM U3 KJTFOYEBBIX (yHIaMEHTAIBHBIX MOHATHH. B 3TO# raBe Mbl
YBUAUM, 4TO yHIAMEHT 3TOT MOCTPOCH U3 Necka. Kak Ham roBOpuUT
dbu3mKa, BeC TeJa OMPEAeNAeTCS CHJIOW TPaBUTAIIMOHHOTO
npuTskeHuss kK 3emse. M Bec 3TOT OyAeT 3aBUCETh OT BBICOTHI, HA
KOTOPOM PacHoyIO’)KEHO TeJI0, IMOYTH B COTJJACUM C 3aKOHOM
"BCEMUPHOI0" TArOTEeHUS AeAylIKH HbproToHa.

Temo cOpomieHHOE €O CTONA BCerjga MagaeT Ha IOJ, HO
HUKOTJ]a Ha MOTOJIOK. DTO MPOUCXOJUT MOTOMY, YTO Ha IMOJYy CHia
NPUTSDKEHUST O0JIbIIe YeM Ha BbIcOTe cTojia. U eme Oonblie, yeM Ha
BBICOTE MOTOJKA. Eciu OBl CUITBI MPUTSHKEHUS OBLITN OJIMHAKOBBI, TEJIO
HUKyJa Obl HEe TIafano. B 3ToM jierko yOeauTes, MOJ0KUB MSIYHK Ha
TOPU30HTAIIBHYIO TOBEPXHOCTb.
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OH HUKY/a HE TIOKATUTCS, TaK KaK CHIIBI TPUTSKEHUS B JIFO00H
TOYKE TOPU30HTAIBHOM IIOCKOCTH — OJMHAKOBbL. HO crouT numib
CJIETKa HAKJIOHUTh IUIOCKOCTh, KaK Ha HEW TMOSBITCA YYacCTKH C
OoJIbIIIel CUIION MPUTSHKEHUS. ITO YIaCTKU, HAXOSAIHUECS OJIIKE K
MOBEPXHOCTU 3€MJIM. BO3HHUKHET Pa3HOCTh YpOBHEH, a 3HAYUT U
pa3HOCTh TPaBUTAIMOHHBIX MOTEHIUAJIOB, MOJ JEHCTBUEM KOTOPOH,
MSTYHK TTOKATUTCS B CTOPOHY HakJioHA. M yem OoIbIe yroi HaKJIoHa,
TEM BBIIIE OYAET CKOPOCTh ABUKCHUS.

COpocuB rpaMMOBYIO JPOOMHKY M ITYAOBYIO THPIO CO CTOJa
MBI YBUJIMM, 9TO OHU YIaAyT OJHOBPEMEHHO, TaK KaK MajaTh OYAYT C
OJIMHAKOBOM CKOPOCTBIO, HE CMOTPS Ha TO, YTO TUPS MPUTATUBACTCS
3emuteii ropa3no cuibHee, 4yeM ApoouHka. He cymeB 0OBSICHUTH 3TOT
MapajgoKc, yYeHbIE MPUIYMAIA HEKYI0 HHEPIIUOHHYIO Maccy, KOTopast
Mo WX MHEHHWIO, Kak Obl '"compotuBisercs" mamenuo. W 1o
pe3yJibTaTaM pa3IuYHbIX XUTPOYMHBIX SKCIIEPUMEHTOB, Y HHUX HTa
WHEPIUOHHAs Macca MPaKTUYECKH, COBIAJIAET C rpaBUTAlMOHHON. To
ecTb ¢ BecoM. Ha camom jeine, OOBSCHEHHE JTOIO SIBJICHHS
AJIEMEHTapHO MPOCTO.

Ha mo0ble Tenma, Jake e€Clii OHM HaXOIATCS B COCTOSHHH
CBOOOIHOTO majicHUs, JEUCTBYET 3€MHOE NPUTSHKEHUE,
M3MEHSIONIEECS] B 3aBUCHUMOCTH OT paccTosiHusg. VIMEHHO Tmof
JNIEUCTBMEM  PA3HOCTH  CWJI  MOPUTSIKEHHS  WIM  Pa3HOCTH
rpaBUTAIMOHHBIX MOTEHIIMAJIOB HAa pa3HbIX BHICOTaX OHU M MaAaloT.

EctecTBeHHO, 4TO WX BeC MPH CBOOOJHOM TMAJCHUH HE
OIIIYIIAETCs, TaK KaK OHHM HE JIaBST HAa ONIOPY WJIU MOJIBEC, TOTOMY UTO
ATOM OMOpPHI HET WJIM OHA MAJAeT BMECTE C HUMU. [[pyrumu ciioBamu
npu CBOOOJHOM MAACHUM TMOJ JCHCTBHEM TPAaBUTAIMOHHBIX CHJI
NPUTSDKEHUsA, Tejla' Beca HE TEPSAIOT. DTO TOJbKO WMHTALMS WU
HWILTIO3HST HEBECOMOCTH.

Jrobas cwiia B mpupoje — 3TO BCErla pe3yiabTaT ICHCTBUS
Pa3HOCTH IPaBUTAIMOHHBIX TOTCHIIMAIOB, OJ1aroaapst KOTOPOM, TEO,
HaxoJsIIeecss Ha MOBEPXHOCTH 3eMJIM WIIM JHOOOTO TATOTEIOIIETO

TCJ1a, IPUTATUBACTCA CUJIBHEC, YEM TCJI0, HAXOAAIICCC HA HGKOTOpOfI
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BbICOTE HaJ HUM. Hukakas macca Ha CKOpOCTh (YCKOPEHHE) MaIeHUs
He BiusieT. M kak TOJIbKO OHU KOCHYThCS TOBEPXHOCTU 3€MIIH, UX BEC
cpa3sy ke U OOHAPYKHUTCS, B BUJIC BMSATHH pa3HOW BEIIMUHHBI.

Kocmonatet Ha MKC Tak ke moj AEHCTBHEM pPa3HOCTH
rPaBUTAIMOHHBIX IMOTEHIMAJIOB (BeCa) HENPEPBHIBHO MAJar0T Ha
3emiro. ToJIbKO OHM Beca 3TOTO HE OUIYIIAOT, TaK MaJal0T BMECTE C
MKC. Opnako Omaromapst TOPHU3OHTAJBHOW  COCTaBISIOLICH
CKOpPOCTH, paBHOM |-l KOCMHUYECKOH, OHM HE YCIIEBAIOT Ha HeEe
ynacTb, HIOTOMY YTO 3€MJIs IIOCTOSIHHO "YXOAUT Y HUX U3-nog Hor"'. U
B pesysbrare 31oro MKC nocTossHHO HaXOJUTCsI Ha OJJHOM M TOH ke
HEeOOJIBIION, 110 CPAaBHEHUIO C pa3MepaMu 3eMHOTO II1apa, BHICOTE.

[TosTOMy KOCMOHABTBHI TaM BECAT MOYTH TaK K€, KaKk W Ha
3emJyie, pa3Be YTO Ha HECKOJbKO KWJIOTPaMMOB MeHbIIE. Bec 3TOT
pE€aTbHO OIIYIIAETCS, KOTJIa KOCMOHABTHI, HAITPUMED, TOJIKAKOT APYT
JIpyra Wik TepeMeNIaroT Kakue-11uo0 npeameTsl. Ho ecnu cranumio
MOJIHATH HA OPOUTY, BBHICOTOH PaBHYIO WM MPEBBIIIAIONIYIO PAIAYC
wianeTsl, npuMmepHo 6300 KM, KOCMOHABTBI OYAYT BECHUTH TaM,
OyKBaJIbHO, MUKPOTPAMMBI M TIPY TOJTYKaX OYIyT JIETKO OTCKaKUBATh
JpyT OT APYra, Kak BO3AYLIHbIEC IAPUKH.

O10T 3(hdPEeKT MOKHBI OBLIM HCIBITHIBATH aMEPUKAHCKHE
acTpOHAaBTHI, JeTsamue K JIyne...

Kak pa3 30ece 6yoem ouenv ymecmmuo 3amemumsps, 4mo cyosa no
Xapaxkmepy O6UMNCEHUA AMEPUKAHCKUX ACMPOHABMOE HA KUHOKAOPAX,
CHAMbBIX, AKOObl Ha JIyHne, OHU mam HUK020a He OvLIU. 3abysHCOCHUS
OMHOCUMENIBHO MO20, YO Y MAMEPUU eCHb UHEPMHAS MACCA, CbIZPAN0
C HUMU 3J1y10 WIYHIKY, RPeepamue ux é ''0omanymoix ooManuuKkos' .

Xopowo 3amemno, umo IMom cloxycem cHumaica Ha 3emie u ¢
NOGLIUEHHOU  YACMOMOU CMEeHbl  KAOP08, NOIMOMY  OGUIHCEHUA
ACMPOHABM 06 KAXHCYMICA HECKOILKO NlagHee U MedieHHee 00bIYHO20

A 6 cuny meHbuiezo 6eca, npu HEUIMEHHOU MbIUEYHOU cue,
xapaxkmep osuricenus aiooeil Ha Jlyne Gyoem cosepuienno opyzum. Paouyc
3emau cocmasnsnem — 6300xm, a paouyc Jlynvt 1700xm. To ecmb paduyc
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JIynvt menvwe 3emuoco ¢ 3,7 pasza. To ecmw, cocnacno ¢opmyne,
npugedennoul ¢ 2nage, [en1.3] eé obvem, a cnedosamenvHo u  cuna
npumsacenus na JIyne 6yoem ¢ (3,7)° = 50 pas menvwe, uem na 3emne.

Iloamomy Osusicenusn acmponasmos, eecaujux na JIyne emecme co
ckaganopamu, mne oOonee 3-5 Kunozpammos, Hpu COXpAHEHUU UX
duszuueckonr cunvl, 0yoym 0071ee ObicmpLIMU U PE3KUMU, KAK Y
Ky3neuukoe. U neocnopumule 0oKkazamenbcmea Imozo 0yoym noJiyueHvl
npu nepeom Jjice HACMOAWEM ROCEU|eHUU KOCMOHAGMAMU HAULEZ0
CHYMHUKA.

A menepy npuxkunem, CKOAbKO 0Oydem 6ecumy KOCMOHABM,
nanpumep, na FOnumepe. Paouyc Onumepa pasen 70 000 xm. On

bonvue 3emnozo ¢ 11 pas. Cnedosamenvno, eec Kocmonasma co
ckagpanopom (150 kI'), mam donsicen 6vimo pagen 150%11° =200 monn.

Hoza uenosexa nuxozoa ne cmynum na nosepxuocms IOnumepa, smo
yoen pooomos. bBonee mozo, IOnumep, ckopee ecezo, npeocmaensnem
CO00Il 00CMAMOYHO 20PAUYI0 HCUOKYIO KANJI0 MAmepuu, maxk KaK ezo
noéepxnocmos uszjiyuaem zopa300 oonvue menjaa, 4em nojiyuaem e2o om
Coanuya.

OpHako BEpHEMCS Ha TIpEIIHYI 3€MII0 M IPOBEIEM
CIIEYIOLINN YKCIIEPUMEHT. BO3bMEM JIETKYIO TEIIEKKY U TOJIKHEM €€.
(puc 14) Ona nerxko mokarurcsd... A Temepb INOJOKHM Ha Hee

R IIOJTOHHEI I'Py3a M BHOBb TOJIKHEM.
A~ TPatETOPHM <

OpnHako Teneph I TOTO, YTO OBl OHA
MOKAaTWJIACh, MPHUAETCS TPUIIOXKUTH

YK€ MPUWINYHYIO CUTTY...
Bot kak pa3 orcroma u pactyT

o HOTH CaMoro OOJIBIIOTO 3a0TyXICHUS
Puc.14 B Hayke. HbIOTOH, a Tak ke npyrue
YUYCHBIC U UX MOCJICAOBATCIIN, HC TIOHUMAasA MCXaHHU3Ma I'paBUTALIUH,
NpUIYMaNIU U BBEJIU B (PU3HUKY HEKYIO HHEPLMOHHYIO Maccy, KOTopas,
AKOOBI TPUCYIIAa MAaTepUM W SKOOBI, 3Ta HHEPIMOHHAs Macca
MPOTUBOJICUCTBYET NMPHUIIOKEHHONW K Telny cujie. DTOo 3a0iyXICHHE
O4eHb JIETKO 00BsAcHseTcs. HauneM ¢ Toro, uto jir00oe tero odiazaer
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CBOMM COOCTBEHHBIM II0JIEM TATOTeHMs. VIMeHHO Onaronmaps 3Tomy
IOJII0, BCE Tela BO BCEJIEHHOW HMMEIOT cdepuueckyio (opmy, a
CJIeIOBATENIbHO, BCE B3aWMOJEWUCTBUS BO BCEJIEHHOM HEOOXOAUMO
paccMaTpuBaTth B Ho1APHOU (CHEPUIECKOI) CUCTeME KOOpANHAT.

Cuuia - BeIMYKMHA BEKTOPHAs, [I0ATOMY HAIPABIICHUE IEUCTBUS
CUJIbI, BCEIla MpAMasA JuHUA. A B TOISPHONW CUCTEME KOOPIUHAT,
KOTOPO OMMCHIBAETCS] METPUKA BCEJIIEHHOM, KpPOME pasnyca, IpsMbIX
JIMHUM HET, a €CTh TOJIBKO IYTH.

IToaTomy kxorna Mbl npuknageiBaeMm cuiy F k Tenexke, oHa
BCErJa JECUCTBYET II0 KAacaTeJIbHOW K AYre paBHOIO NOTCHIUAIA U
yroJl MEKIy HAalpaBICHUEM AECUCTBUS CHJIbI M AYrOM, 3aBHCHUT OT
paguyca KpUBHM3HBI 3TOW ayru. B pesynaprare uero, NOTEHIHAI
TEJIEKKH B TPAaBUTALMOHHOM I10J1€ 3EMJIM CTPEMUTCS U3MEHUTHCS OT
Ro 10 Ri1. To ecTh, ABUTas TEIEKKY, MbI, 10 CYTH MMBITAEMCS ITOJHATH
eé Ha BBICOTY paBHyl0 AR, B pe3ynbTaTe KOTOPOM BO3HUKAET
npotuBoaelcTBytomas cuina Fu, paBHas npoekuuu AR Ha BEKTOp
cunel F, KoTOpas cTpeMuTcs BEpHYTh TEIEKKY B IIPEKHEE
nosioxkenue. Bo3nukaromas npu stom cuna Fu, HamnpaBineHHas
npomue neicTByronieil Ha Teno cwibl F u ecth cuna unepyuu. Jta
CUJIa MHEPUUHU 3aBUCHUT OT YIJIa NPWIOKEHUS IEUCTBYIOIIEH Ha TEJO
CHIIBI K pajguycy IutaHetsl. M yem Gomblue 3Ta cuia, TeM OoJblie
CKOpOCTh JIBMDKEHHSI M TeM OOJIblle MPOTUBOJICHCTBYIOIIAs € cuiia
uHepuuu Fu.

He nonumas u He ymes 0OBSICHHUTD, 3Ty cuity Fu, TeopeTuku
OIIMOOYHO TPUHUMAIOT €€ 3a HEKyl0 MHEpPIUOHHYI0 Maccy.
OKCIIEpUMEHTAIBHOE  JIOKA3aTeIbCTBO  ATOTO  YTBEPKICHUS
3JIEMEHTApPHO.

Jlis 3TOro A0CTATOYHO MOJHATH OOBIYHBIE MEXaHUYECKHE
0anmaHCOBBIE Yachl Ha BBICOKYIO, HAlpUMeEp, T'€OCTALMOHAPHYIO
opouty. Eciam marepusi MMeeT Takoe CBOMCTBO Kak Macca, TO
TOYHOCTb X0J1a YaCOB HE U3MEHUTCS.
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B mpoTtuBHOM ciydae, Mpu yMEHBIIEHHOM Bece OalaHca U
HEU3MEHHON YIOPYrOCTH BOJIOCKA, YacToTa ero KosieOaHuit
YBEJIMYUTCS, @ aMIUIATY 1a HACTOJIBKO YMEHBIIIUTCS, YTO Yachl IIPOCTO
OCTaHOBSITCSI.

Ha opbure BricoTO# Gonee 6300 kM, ma)xke KBapIeBbIC Yachl
OyoyT 3aMETHO CHEIIUTh U3-32 HHUYTOXKHOM CHJIBI TSDKECTH,
BJIMSIONIEH HA YacTOTY KoJjieOaHUil KpucTasuia KkBapua. YTo mpuBOAUT
K He0OXOIUMOCTH CUHXPOHU3AINH YacOB, HAXOISIINXCS Ha OpOUTE C
yacamu Ha 3eMJie, pa3HHUIY B TOKA3aHUSIX KOTOPBIX YUEHBIE MTBITAIOTCS
MOJIOTHATH K (hOpMYyIJIaM MCEeBJOHAYIHON TEOPHH OTHOCUTEIHLHOCTH U
O00BSCHUTH 3TO H3MEHEHHEM CKOPOCTH X0J1a BpEMEHHU B KOCMOCE.

bonee toro, ecnu Obl MaTepusi ©MeNna Maccy, OpOUTAIBHOE
NBIDKEHUE IUIaHET ObUIO OBl BOOOIE HEBO3MOKHBIM. Belnp O4YeHb
JIETKO TPEJCTaBUTh ce0e, Kakasi Hy)KHa cujia
Fu nputsbkenust ConHia, 4To0bl yaepKaTh Ha

+“— | opOuTe Takyl0 OrpOMHYIO IUIAHETYy, Kak,
Re Hanpumep, FOnurep. Ho rpaButannoHHble

CUJIbBI TNPUTAKCHUA CO.HHL[ a Ha TaKoOM

KOJIOCCAJIbHOM paccTosHuu 10 FOmnwurtepa
HACTOJIbKO HUYTOXHBI, YTO HHU O KaKOM
yaep)KaHUM HE MOXeT ObIThb M peuu. A
MPAaKTUYECKH HeBecoMbId IOmwuTep nerko
yIep)KUBaeTcs Ha OpOUTE  BOJHOBBIM

IKBHNOTEHUMANBLHAR ~

BBaHMOHeﬁCTBHGM C FpaBI/ITaI_[I/IOHHBIM
nosiem Coinnua (puc 4) [ra.3].

B obwem  cayuae  obvacHeHue

Puc.15 603HUKHOGEHUSI UHEPUUU J1e2KO NOHAMb U3
pucynka (puc.15). Cuna unepyuu, noo oeiicmeuem oounaxosvix cui F,
NPONOPUUOHAILHA  PASHOCIMU  GOZHUKAIOWUX  ZPAGUMAUUOHHBIX
nomenyuanoe AR, komopas 3agucum om vicomul opoumsl R cnymuuxa
C. Dmom eexmop cunvt F, pasen npoexyuu AR na eéexmop cunvt F u
6cezoa Oeilicmeyem 6 HPOMUBONOTIONCHOM emy Hanpaenenuu. Cuiy
UHePUUU MOXHCHO GLINUCTIUMD U3 NO000Us mpeyzoavHukoe ABD u ACO u
ona pasna F, = MR;+ cosa. Dma cuna 3aeucum om yzna a. Ilpu

nnavera
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Hanpaenenuu 0elicmeus Cuibl, CO6RAOAIOUIEM C HANPAsIeHuem paouyca
naanemevl, cuia UHEPUUU PAGHA 6eCcy mend, ad HPU HARPAGIEHUU HO
Kacamenbnoil, OHA 20pA300 MeHbUle U 3A8UCUM OM PAOUYCA KPUBU3HbL
naanemut. Iloamomy uenogex ne morcem nOOHAMb HceE€3HOOOPOICHDLI
6a20H, HO 6NOJIHE MOYIcem npeodoemsy cuny unepyuu F, u cosunymo e2o
C Mecma no 20pU30HMAIbHBIM PEIbCAM. ..

Ecau nanpaenenue oeiicmeusn cunwvt F npoucxooum ewie u noo

yanom K ouamempanvHoil
nOCKOCIMU mAZomenuezo mena,
603HUKAeM euie U OONOJHUMEIbHAA
pazHocmov nomeHnyuanos (cuna),
Hanpaesnennas noo yziom 90
2paoycoes K Hell, HA3bleaemas 6 HayKe

cunou Kopuonuca.) /Jna mex, xomy He xouemcsa pazoupamuvcs ¢
yepmedncamu, UHEPUUIO MOHCHO 00BACHUMD euje npouye.

Kozoa mbvr monxkaem meno (puc.léa), mo cozoaem nepeo num
GOJIHY CHCAMUS ZPABUMAUUOHHO20 NOJIA, 6 PE3YbMAme 4e20 603HUKACH!
PA3HOCHb 2PABUMAUUOHHBIX NOMEHUUAN068, OCUCHEYIouas nPoOmue
Hanpaenenusn Oeilicmeus cunvl. mo u ecmv cuna umepyuu. Kozoa
Oelicmeyrouasn Cuna ucuesaem, mejio Ha4uHaem cHux3camoy ckopocms. Ho
60J1Ha corcamus, Hadezarouwas Ha meno c3aou (puc.16b), ne nozeonsem
eMy OCHMAHOSUMbCA U RnoOOeprcueaem OsuxiceHue. Imo u ecmo
O0gujiICeHUEe NO UHEPYUU, NPU KOMOPOM HE10 8 2PAGUMAWUOHHOM Rnoe
MOdHCEm 08UZAMBCI OUEHb 00.120.

Korna kocMoHaBThI, HAKOHEL-TO MOJETAT K JIyHe, OHU B 3TOM
cpa3y ke u yoenarcs. M 3Tor moamor B OyayiieM JISDKET TPS3HBIM
MATHOM BEJIMYANUIIEro M030pa Ha PEMyTaINi0 HAyYHOTO CO00IIecTBa
Coenunennbix llItaroB. Hag Humu Oynet cmesTbest Bech Mup. Ho 310
CIIYYUTCSI €II€ HE CKOpPO, a MOKAa YEJIOBEK €IlIe JaXX€ HE HIOXall
KOCMOCa, HECMOTpPSI Ha TO, YTO MOJTOPHl COTHHU JIOJEH, TPOMKO
AMEHYIOTCSI KOCMOHABTaMHU.

MakcuMyM 9TO MOXHO CKa3aTb O HUX, TaK 3TO TO, YTO OHHU
MPOBETN JOBOJBHO MPOJOIIKUTEILHOE Bpemsi B crparocdepe, B
najaromeM BbICOTHOM ymdTe. MHOTIA BCTpedaronuecs B TEYaTH
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COOOIEHUsT O TOM, YTO B pPE3ylbTaTe€ CJIOXKHBIX HAYYHBIX
3KCIIEPUMEHTOB, C TOYHOCTBIO [0 HECATOTO 3HAKa YCTAHOBJIEHO
PaBEHCTBO TPAaBUTAIMOHHOW M WHEPUHMOHHOW Macc, TO 3TO MOXHO
CPaBHUTH, Pa3Be€ UTO, C YTBEPKACHUAMHU CPEAHEBEKOBBIX CXOJIACTOB O
pPaBEHCTBE KOJMYECTBA AHIEJIOB U YEPTEH, yMEMIAIOIIMNXCS Ha OCTPUE
WTJIBL.

Mpumeuanune! Kak yice ckazamo evluie, u3-3a OMICYMICHIGUA Y
Mamepuu  UHEPUUOHHOUW MACCbl, HA OOALWUX PACCHOAHUAX OM
KOoCMUUecKux 00beKmos, npesuluanuwiux ux paouyc, 6ec mena a,
cinedosamenvno u cunvl unepuyuu F, okazviearomca Hacmonbko
HUYMONCHBIMU, YMO KOCMUYECKUE Annapamsvl CMOZYm nepemeuiamucs
mam ¢ O2POMHBIMU U COBEPUIEHHO Oe30nacHviMu 044 Jlooell,
YCKOpeHUAMU, NPeGbIULAIOWUMU MbICAYUU .

A mak Kaxk 3aKOH COXPAHEHUs UMNYIbCA 000Umu He603MOIHCHO,
0713 nymeulecmeuil K Opyzum nianemam, 8 ueisax COKpaujeHus epemeHu
noaema, 6yoem 603MOHCHO UCHOIB30BANb PAKEMHbIE 08U2AmMeENU C 04eHb
6b1COKOIL (83DbIEHOIL) CKOPOCHIbIO Ucmeuenus padouezo mena. To ecmo,
no cymu, 0nA pazzoHa, a4 MAaK xce U HOCIEOYIOULE20 MOPMOINCEHUS
MENHCHIAHEMHO020 KOpPAdaa Oyoem 6noIHe 603MOMNCHBIM UCHOIb306AHUE
aAmoOMHO20 83pblea, 0e3 KAKuUxX-aubdo nociedcmeuil 01 4el06e4ecko20
opzanusma.

Omnpaeump Kocmuueckuii Kopaoas na Mapc, nanpumep, MOHCHO
npocmo evicmpenug e2o u3 nyuiku, Kaxk é noeecmu Ko Bepna. Tonvko
RYWKy amy npudemcs nooHams Ha evicomy ne menee 7000 kunomempos.
U 3mo, no-euoumomy, eouHcmeeHHblil cnocod oOonememsv 0o Mapca,
nomomy umo npu OJUMENbHOM nojieme 6 YCI06UAX HACHOoAUell
Hegecomocmu, ueno6euecKull Op2aHuM, HPUGLIKWUI K 3eMHOMY
MA20MEHUI0 €064 U 8blOEPHCUM.

Cnocobsl co30anus UCKYCCHIBEHHO20 MA2OMEHUs 8PAU{eHUEM
Kopaobnsa, npeonazaemvie guzuxkamu, 30ece He nomozym. Kopaonw, ons
co30anusn eeca Kocmonaemos, xomsa ovt 6 20-30 kI, nysycno oOyoem
DPACKPYmMump 00 HeCKOJIbKUX MblCAY 000POMOE 8 CEKYHOY.

3a01yKIEHUSIMU OTHOCUTEIIBHO TIOHSITHSI MacChl, 00YCIIOBJICHBI
U CcTpemyieHHs (U3MKOB HAWTH HEKYI0 YacTHIly, MPHUIAIOIIYIO

MaTepUU 3TO HECYILECTBYIOIIEE CBOMCTBO. MMEHHO i 2TOro u
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CTpOSITCS. OECCMBICIICHHBIE METATUTHUYECKUE COOPYXKEHUs, BPOJIE
aJPOHHOTO KoJIIaiiiepa, r/ie y4eHble 3aHUMAIOTCS IOPOTOCTOSITUMHU
MONBITKAMU TIOATBEPAUTh CBOM 3a0YXKIACHUS W OTKPBITh HEKHM
0030H XUTITCa, KOTOPHI MO UX MHEHUIO MPUIAET MAacCCy MaTepPHUH.

...Hy BOT HakoHeII-TO, MOSBHJIOCH COOOIIEHUE YTO, BPOJIC OBI
OTKpBUTH. Bpome kak Obl cTaHmapTHas MOJENb 3aBepllicHa U HAyKy
MO>KHO 3aKpbIBaTh. Ho Temeps BO BeCh POCT BeTaja Apyras mpodiaema.
OOBSICHUTB, KaK OH 3TO JAenaeT. MoxkeT OBbITh MPOCTO HAOUBAECT
KapMaHbl KaMHsMuU? MaremaTtuka Ha TaKue BOMPOCHI OTBETa HE
JIaeT. ..

6. O KOPIIYCKYJSAPHO-BOJTHOBOM "JIYAJIU3BME"
U "KPACHOM CMEIIEHUN"

JIroboe MarepuambHOE TeNO, JBIXKYylIleecs B 000
OJTHOPOJHOM cpejie, BO30YKAaeT B HEW yIpyrue Mpoa0JIbHbBIE BOJIHBL.
CKOpOCTb 3TUX BOJIH 3aBUCHUT UCKIIIOUUTENBHO OT CBOMCTB Cpeabl U
SBIISICTCS  TIOCTOSHHOW.  JIBMOKYIIMIICS — TemjaoxoJ BO30YXKIaeT
MPOJOJIBHBIE BOJIHBI B TOJILE BOJbI, PACHIPOCTPAHSIONIINECS B HEH CO
ckopoctbhio 1300 M/cex (CKOpOCTh 3BYKa B BOJIE).

Hansonnast gacte kopabiis Tak e BO30YXIaeT MpOAOJbHBIE
BOJIHBI C)KAaTHA B BO3yX€, KOTOPbIE PACTIPOCTPAHSIOTCS CO CKOPOCTHIO
340 wm/cex, wIM €O CKOPOCTbIO 3ByKa B Bo3ayxe. To, 4To MBI
Ha0Jr01aeM Ha caMOil TOBEPXHOCTH BOJIBI - 3TO MOTEPEYHBIE BOJIHBI,
BO3HUKAIOIIME TOJBKO HAa TpaHMUIE JABYX Cpel C pa3Iu4yHbIMU
cBoiicTBamu. ['0op0d y BOJIHBI Ha BOJE — 3TO BIAJWHA y BOJIHBI B
BO3/IyXe€.

OTH  BOJHBI  TPEACTABISAIOT COOOW  TpaBUTAIIMOHHBIC
WHTEep(EPEHIIMOHHBIC  BOJHBI, OOpa3ylooIHecs B  PeE3yJIbTare
CJIOKEHHSI MPOJOJIbHBIX BOJH Ha IPaHUIE KOHTAKTHUPYIOIIMX CpPEl.
XapakTEepUCTUKH TONEPEUYHBIX BOJIH OINPEAEISAIOTCS COOTHOIIEHUEM
CKOpOCTEW IMPONOJIBHBIX BOJIH B KOHTAaKTHPYHOIUX cpenax. Ecnu B
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BO3/yX€ CKOpPOCTh 3ByKa paBHa 340 m/cek, a B Boge 1300 m/cexk, To
CKOPOCTH MOTIEPEYHBIX BOJIH Ha TPaHUIIE BO3/TyXa U BOJBI OyIET paBHA
340/1300 =0,3 m/cexk.

MartepuanbHas 4acTUlla, IBUXKYIIASCS B ZPAGUMAUUOHHOM
nojie, KOTOpPOE SBISIETCSI JABOMHBIM  DJIEKTPUYECKUM  IOJIEM,
BO30Y)X/TaeT B HEM BOJIHY, KOTOpas, IO CYTH, MPEACTABIISIIOT COOOM
0ge coemeujeHHble NPOO0O0JIbHbIE BOJHBI B SJIEKTPUUYECKUX MOISAX
pa3HbIX 3apsioB. W Tak Kak 3T MOJIS HAXOATCS BHYTPHU IPYT Apyra
U HUMEIOT TPOTHBOIIOJIOXKHBIE CBOHCTBA, TO 3TH BOJIHBI B HHUX —
CHHXPOHHBI M TpoTHBO(a3Hbl. Ecin B HEKOTOpOHl ToOuKe Mouis
MOJIOKUTEIBHOTO 3apsifa Y BOJIHBI TOpO, TO B TOW KE TOYKE IO
OTPULIATENILHOTO 3apsi/ia — BIIaUHA.

To ecth mo cytu, 3TO KosieOaHUS TOJSPHOCTH IEepeKoca
IPaBUTALMOHHOTO MOJS (MOJSIPHOCTH MarHUTHOTO TOJIsT), KOTOPbIE U
NPEJCTaBISIIOT ~ CcOOOM  caMmble  HACTOSIIIUE  HOnepeuHbvle
2pasumayuoHHble BOIHBI HA TPAHUIE JBYX SJICKTPUUECKUX ITOJCH
Pa3HBIX 3apsiIOB. DKCIEPUMEHTAIbHAS WILTIOCTPALIUS 3TOTO SIBICHUS
nokaszaHa Ha (puc.10b) B [ru.4].

W ecnu rpaHuil MeX Ay BOJION U BO3yXOM, HallpuMep, IIPEKPACHO
BUJHA, TO TPAHULY MEXIY MHOJSMHU Pa3HbIX 3apsA0B IPEICTaBUTh
cebe odeHb TpyaHo. [lons oOmamaroT 00bEMOM M TpaHHUIIA MEXKITY
HUMH CYIIECTBYET MPAKTHYECKH B JIOO0OH TOUKe ATOrO oObema. A
cama rpaBUTallMOHHAsI BOJIHA B OTJIMYMU OT BOJIHBI Ha BOJIE, UMEIOLIEH
KPYrOBYIO JHarpaMMy HAMpaBICHHOCTH, PAaCIPOCTPAHSIETCS BO BCE
CTOPOHBI, TO €CTb HUMEeT Yxke c(hepudeckyro auarpammy
HATPaBICHHOCTH.

W xak MBI y)Xe YCTaHOBWJIM BBINIC, NMPU ABMKCHUU YACTHIIBI, B
ACUMMETPUYHOM TPABUTAIMOHHOM II0JI€, CO3/aBaeMas €d BOJIHA,
Oymer Tak ke HecuMmMmeTpuuHod. EE cocraBmsromme Oyayt
pa3nuyaTbes MO BEJIWYHMHE, B 3aBUCHUMOCTH OT 3HAaKa aCHMMETpPHH.
Wnm nppyrumMm cioBamu, BOJIHA OyAeT TMOJSpPU30BaHHOW. Bot
UHTEPECHO OBl y3HaTh, KaKUE >K€ 3TO I'PABUTALIMOHHBIE BOJIHBI, C
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MOMOIIbI0O MHOTOTOHHBIX OOJBAaHOK, YXe J0OpyH COTHIO JIeT
0e3yCHenHo NbITAl0TCsl 0OHAPYKUTH OOJIbIINE yUeHBIE?

B npupone He cyimecTByeT aOCOMIOTHO HUKAaKUX IPHYMH,
3alpelamiuXx MaTepUaabHbIM TEJIaM JBHUraThCs B JIIO0OM cpele c
JHO0BIMU  CKOPOCTSIMH, CKOJIb YTOJHO TPEBBIMIAIOUIMIMH CKOPOCTH
pacnpocTpaHeHusi BO30Y)KJIaeMbIX HMH BOJH. 3a HCKIIOYEHHEM,
KOHEYHO, OpeoBOW TEOpUH OTHOCHTEIHHOCTU WJIU TCEBIOHAYYHON
KBAaHTOBOH (PU3HUKHU.

CaMoueTsl, HampuMep, COBEPIICHHO CBOOOJHO JIETAlOT B
BO3JIyX€ CO CBEPX3BYKOBBIMU CKOPOCTSIMU M TOTJAa OHU CTAHOBATCS
WUCTOYHUKAMU yJAPHBIX BOJH, KOTOpBIE TMPEACTABISAIOT COOOM
JBUWKYIIMICS TIEpel HUMH CKa4OK JIABJICHHUS.

[Ipouecchl, mpoucxoasuIMe B yaapHOH BOJIHE, OTIMYAIOTCS OT
MPOUCXOSAIMINX B OOBIYHOM TeM, UTO B HEH B pe3ysbTaTe ObICTPOTro
CKaTus BbIIEISETCST OOJBIIOE KOJMWYECTBO TEIjia. JTOT MpPOLecc
aHaJIOTHYEH TMpoleccy ObIcTporo cxaTuss oObemMa BO3AyXa B
UWJIUHAPE JABUTATelNs, IPU KOTOPOM B pe3yibTaTe pPe3KOro
YBEJIUYECHUS] KOHLIEHTPAllMM HOCHUTENEeH 3apsioB B 30HE CHKaTHs,
MPOUCXOIUT UX OYpHOE BBIJCIICHUE B OKPYKAIOIIYIO CPEAy B BUIE
Termia [ria.8].

VIMEeHHO MOATOMY CBEpPX3BYKOBBIE CaMOJIEThl UMEIOT OCTPYIO
HOCOBYIO 4acTb. OHa pa3ABUTaeT CJIOU BO3yXa U CBOJUT HA HET €ro
VIUIOTHEHHE Tepen caMmojeToM. M XOoTs camoneT JaBUT OOKOBOH

MOBEPXHOCTBIO Ha BO3IyX, HarpeBa M3-3a OTCYTCTBHUS TPEHHUS B
BO3/yX€, HE IPOUCXOJIUT.

[TonoGHBIM k€ APPEKTOM OBICTPOrO CXKATUS MHUKPOOOHEMOB
BO3/yXa B HEPOBHOCTSX TPYIIMXCS MOBEPXHOCTEH, 0OBACHSIETCA U
BbI/IeJICHHE Teruia [IJ1. 9] B pe3ynbraTe TpeHUs TBEPAbIX Tel APYT O
apyra. W uMeHHO WM3-3a CBEPX3BYKOBOM CKOPOCTH METEOPHT,
nonaBmuid B arMocepy ckuUMaeT mepen co0oil Bo3myX, oOpa3yer
yIapHyl0 BOJHY, W B pe3yJbTaTe TMOBBIIICHUS TEMIIEPaTyphl
IUTABUTHCS U CTOPAET.
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Ceer, kak u J000€ Ipyroe H3JIy4YeHHE - PEHTTCHOBCKOE,
raMmma, pajuo, IpeacTaBiIsieT cOO00N MOTOK YaCTHIl JBHKYIIUXCS CO
CKOPOCTSIMH, OMU3KUMHU K CKOPOCTH pacrpocTpaHeHuUs
BO30Y)X/TaéMbIX MMH BOJIH B TPaBUTAIIMOHHOM TII0JI€, a JJIMHA BOJH
OTIPENIETISETCS Pa3HOCTHIO CKOPOCTEH ATUX YACTHI] U BO30YKIaeMbBIX
MMU BOJIH.

To, 4T0 y4eHbIEe CUMTAIOT Pa3HBIMU YaCTUIIAMH, 3TO MO CYTH
OJIHU W T€ € YACTHIIBI, ABWKYIIHECS C PA3THUYHBIMH CKOPOCTSIMHU.
KorepenTHocTh nyua ja3epa, Hampumep, OOBSCHSAETCS TEM, YTO
(GOTOHBI (JACTUIIBI) IBUXKYTCS C OJMHAKOBBIMHU CKOpPOCTsIMH. [[mmHa
BOJIHBI, BO30Y)KIaeMOW  YacTUIEH, ONHCHIBAETCS  MPOCTHIM
BBIPOKCHHUEM:

A=(Ve-Vu)/t,

rae Vu— CKOpOCTb YacCTHIIbI,

a Vs — CKOpOCTH, CO3J]aBAEMOI €10 TPAaBUTALIMOHHOW BOJIHBI
(ckopocmo ceéema) (pue. 17). DTOT ke PUCYHOK WILTIOCTPUPYET
BO3HUKHOBeHUE Y dekra [lonmnepa. Ecnu HabmomaTeb HAXOIUTCS
B TOYKE a, JJIMHA BOJIHBI YMEHBIIAETCs (CMHEE CMEIEHUE), eCIH B

] orouke b — yBenuumBaercs (KpacHoe
o o cMemienune). [lpu guHe BOJIHBI BUIUMOTO
ceera B S50nm (5,5E-7m), ckopocTh 4yacTuil
m | ¢ | Oyzxer cocTaBaaTh puMepHO 99,9999999%

OT CKOPOCTH pPAaclpOCTpaHEHHsI BOJHBI B

Tt~ rpaBUTAllMOHHOM Tone. M uem Ommxke
PueAT CKOPOCTbh YacCTHUI[ CBETOBOTO HM3JyUYEHHUs K
CKOPOCTH PacHpOCTpaHEHUs BOJIHBI B I'PABUTAIMOHHOM IIOJI€, TEM
OoJbIIe €ro IBET CMEIMIEH K CHHEeMYy KOHIly crektpa. L[Betr — 3to
(GYHKIMS CKOPOCTH YaCTHIL U3ITy4EHUSI.

W3BecTHOE KpacHoe cmeujenue, KOTOpoe COBPEMEHHAs HayKa
CUMTACT MPU3HAKOM "pazberaHus’ TalaKTHK, OOBSCHIETCS MPOCTHIM
YMEHbIIIEHUEM CKOPOCTH IBMXKEHHs yacTull uinydeHus (Vu), usz-3a
TOPMOXKEHHUS B TPaBUTALMOHHBIX IMOJSIX KOCMHYECKHX  Tell

(ycmanocmu ceema).
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W, ecrecTBeHHO, 4YeM Jajibllie HAXOJIUTCA KOCMHYECKHUU
00BEeKT OT HaOmromarTens, TeM OOJBbIIUN MYyTh HPUXOIUTCS
peooseBaTh YaCTUIE M3IYYEHHs] U TEM CHIIbHEE yMEHbILIEHUE
CKOPOCTH | O0JIbIIIE "TIOKPAaCHEHHUE CTIEKTpa'.

EctecTBeHHO, UTO YaCTHUIIBI, U3Ty4YEHHBIE OUEHD y1aJCHHBIMU
3Be3JaMM, HACTOJbKO 3aMEIJISIOTCS B MYTH M UX JJIMHA BOJIHBI
YBEJIUYUBAETCS HACTOJIbKO, YTO OHU CTAHOBSTCS HEBUJIUMBIMHU B
CBETOBOM JIMAIIa30HE BOJIH. DTUM SIBJICHUEM B OOBSCHSIETCS TOPU30HT
BUJIUMOCTH, TI0 KOTOPOMY YYE€HbIE COBEPILIEHHO T'€HUAIBHO
BBIUMCIIWIIN "BO3pPAcT BCEIEHHOM".

IIpy mnpeBBIIEHUM YACTHULIEW CKOPOCTH BOJHBI B Cpele
(ceepxceemosas ckopocmv), (Vua>Vs ), BOSHUKAET yaapHas BOJIHA,
Ipy KOTOpPOM 4YacTulla, B pe3yjbTaTe MOBBILICHUS B 30HE CXKATHS
KOHIIEHTpPAllUM HOCHUTENIEH 3apsA/IoB, HAYMHAET 'pa3BaiMBaTHCS"
CHWJIaMU OTTAJIKUBAHUSI HA COCTaBHbIE CyO3JIEMEHTapHbIE YaCTHUIIBI.
Ot cyOdNneMEHTapHbIE YacTHUIbI, BCTYMAalOT B CHHTE3 C
OKPY’KaIOIIMMH YacTUIAMHU, KOTOPBIA PETUCTPUPYETCS B BHJE
CBeueHUs, Ha3biBaeMoro 3¢ dexkrom BaBunosa-YepeHnkosa.

Tak xak mpupoIe HeuzgecmHo TIOHATUE OOPATHON CBS3H, TO B
HEll W HE CYIIECTBYeT HHKAKUX BEYHBIX aBTOKOJIEOATEIbHBIX
nporeccoB. JIroOble BOIHOBBIE BO3MYILEHUS BO BCEJIEHHOM, SIBIISIFOTCS
UCKJTIOYUTENIbHO CJIEJICTBUEM JIBIKEHUS MaTepHallbHbIX Tel B
IPaBUTALMOHHBIX MOJISIX KOCMHUYECKUX OOBEKTOB.

N xors Bcsd BceleHHas 3aloJIHEHA T'PAaBUTALIMOHHBIMU
BOJIHAMH OT JIBWDKCHHS MHOXECTBA KOCMUYECKUX OOBEKTOB U
Pa3JIMYHBIX YACTHUII, YETIOBEYECKUN TJIa3, TaK K€ KaK U ONTHYECKHUE
npuOOpbI, BOCIPHHUMATH UX HE CIIOCOOCH.

3T0 00CTOATENBCTBO, B YACTHOCTH U OOBSCHSET YEPHBIN I[BET
HO4HOTO Heba. Ecim OblI cBeT mpencTaBiisiy COO0M BOJHBI, TO MBI OBI
HE CMOIJIM YBUJIETh HU OJHOW 3BE3[bl, IOTOMY YTO MHTEHCUBHOCTh
BOJIH, TaK JK€ KaK U TPAaBUTAIMOHHOIO IIOJIA, OcCliabeBaeT cC
paccTossHueM ¢ O0paTHO KyOW4YecKoW 3aBHUCHMOCTHIO. OmryrieHue
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CBETa B MO3I€ BO3HUKACT TOJHKO IMPHU B3aUMOJECUCTBUU IOTOKA
YaCTHUI[ HM3JIY4EHHUS C MOJIEKYJIaMH pOJIONHMHA B CEeTYaTKe IJ1a3a,
M03TOMY 2pasumanyuonnsle (paouo u céemoswvie) 60JAHbl - HEBUIUMBI.

Ho wumeHHo »sTa "epasumauyuonnas paée'' OT NBUKEHUS
MHO>KECTBA YaCTHII, UCITyCKaeMbIX 3B€3/IaMU U IMpeAcTaBisieT co0oii,
Tak Ha3blBaeMoe, "penuxkmoeoe u3znyyenue'', KOTOpoe, IO
"aBTOPUTETHOMY' MHEHHUIO KaHIUAATOB B JIOKTOpPA, OCTAJIOCH OT
6ubneiickoro bompmioro B3pbiBa W /0 CUX MOpP HHUKAK HE MOXKET
paccesrbcsl.

Ota K€ TpaBUTAlMOHHAs psAOb sBIsSETCS U OaHAJIBHOMN
IPUYUHON OpoyHoeckozo nBuxenus. Ho, He cMOTps Ha 3TO, Y4EHbIE
C YIOPCTBOM, JOCTOMHBIM JIy4IIer0 MPUMEHEHHUs, YK€ MHOIO JIET
UIIYT 3TU TPAaBUTALMOHHBIE BOJIHBI, COBEPIICHHO HE MOA03pEBasi, 4T
MPOCTO B HUX JKUBYT.

Kak Obuto cka3aHo BbIIIE, JIOOOW MaTepuadbHBI OOBEKT,
JBUXKYIIUICS B TI000M cpesie, Bo30ykKIaeT B Hell BOHY. BozbMeM it
npuMepa MOJBOJHYIO JIOJAKY, ABWXKYILYIOCS B TOJIIE BOABI CO
ckopocteio 30 y3uoB, wiu 15 m/cek. /lnuHa ynpyroil BOJIHBI,
co3maBaemasi €i, OyJeT paBHa pa3HOCTH CKOPOCTEH 3ByKa U JIOJKU B
BOJIC,

A=(Vs-Vi)lt,

rae V3 - CKopocTh 3ByKa B BOJIE, @ Vi — CKOPOCTb JIOJIKH.

Orto npumepHo (1400 -15)/1=1385m.
[Mepuon P=V;/A, 1cex. Yacrora, F =1/P, okono 1 I'm.

Jlogka, nmBmXKymasca C 3TOM CKOPOCTBIO B MOABOAHOM
MOJIOKEHUHU, B JIIOOOM ciy4dae H3JIy4aeT WH(PPa3BYKOBBIC BOJIHBI
gactoTou okono 1 I'm, mmmHon 1385m.

OO6HapyKUTh UX MOXKHO C TOMOIIBIO ITOTYBOJIHOBOM aHTEHHBI,
IpeJICTaBIIsIoNIe co0o0il 1Ba JaTYMKa AaBJICHUS, PACIONI0KEHHBIX Ha
rryoune 10-12mM MeTpoB ¥ pa3HECEHHBIX Ha PACCTOSIHUE TIOJTYBOJIHEI,
TO ecTh Ha 692M. TouHbIE KOOPAWMHATHI MOABOJAHON JOJIKH MOYKHO
OTIpEeIeNUTh, UCIIOJIb3YS JIBE TAKUX aHTEHHBI, PA3HECEHHBIX Ha S-8KM.
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CkopocTh BOJHBI B TPAaBUTAIMOHHOM TI0JI€ — BEIUYMHA
MPaKTUYECKH HOCHOAHHAA, 3ABUCSILAS TOJIBKO OT CBOMCTB MOJIsl. DTO
TO, YTO B KBAaHTOBOU (hM3HKE, HA3BIBACTCS CKOPOCHIbIO C86emd. A Tak
Kak Marepusi B3aMMOAECHCTBYET TOJBKO C IOMOUIBIO MOJICH, TO
CKOpPOCTh 3THX B3aWMOJICHCTBHII HE MOXET MPEBBIIATH CKOPOCTH
pacnpoCTpaHEHUsI TPaBUTAIIMOHHOM BOJIHBI WM KakK TOBOPSAT
KaHAUJATHl B JIOKTOPA, CKOPOCHMU céemad.

CKOpOCTh TPaBUTALMOHHBIX BOJIH B PA3JIMYHBIX BEIECTBAX
3aBUCUT OT ACUMMETPHUM T'PAaBUTALMOHHBIX MOJIEM UX aTOMOB U UX
arperaTHoro cocTostHusl. YeM OOJbIIe aCHMMETPUS TPABUTALIMOHHBIX
nojel aroMoB ra3oB S, TeM OOJBIIMH TYTh HPUXOJUTCA
MPEOJI0JICBaTh BOJIHE M, €CTECTBEHHO, 3aTpavynBaTh Ha ATO OOJbIIee
BpeMsi. DTa 3aBUCMMOCTb CKOPOCTH BOJIHBI OT IIJIOTHOCTH CpE€bl, B
KOTOPOM OHAa PpPacHpoCTPAHSETCS, WUIIOCTPUPOBAHA PUCYHKOM
(puc 18). B cBs3u ¢ ATUM, BIIOJIHE YMECTHO YIIOMSHYTH 3]1€Ch
M3BECTHBIN d3KcnepuMeHT H. bacoBa, mocTaBieHHbIN B IECTUAECATHIX
rojax npouwioro Beka B CCCP.

CyTb 3TOro 3KCrepuMeHTa TaKoBa, JIyd Jia3epa pacIierisuics

Y Ha JBa Jiyda, OJHWH U3 KOTOPBIX
/_.- -.\\\ (.r' '-u\. F,r' 'x\ lr,r' --.\‘ .r/-- -1\
00 0 0 @ - nomasanl HEMOCPEJCTBEHHO Ha
00000 ;
MUIIEHb, a BTOPOH CHavalsia MPOXOInI
yepe3 YCUIIMBAIOIIYIO STYelKy. Sueiika
3Ta TpEeNCTaBisia co00N pyOMHOBBIN

0000000 - nasep, paboTaloUMii B pexuMe

Puc.18 YCUJICHHUSL.

EcrecTBeHHO, YTO Ty4YHu TOCTUTIIA MUIIIEHH HE OJJHOBPEMEHHO.
Ho oxazanocs, 4To J1y4, Npomeamui 4epe3 KpUCTaAILT SYERKH, TOCTUT
MUILIEHU PaHblIe JIy4a, TPOLIEAIIETO O BO3AYXY.

[Tpuyem pasnmia 6pu1a MpocTo orpomHoi. OHa MpeBbINIana
BCE MBICIIMMbIE M HEMBICIUMbIE TOTPEIIHOCTH W OomuOKku. Jlyy
MPOXOAWJI CKBO3b SYEHKY, IPAKTUYECKM MIHOBEHHO C IIOYTH
OCCKOHEYHOM CKOPOCTHIO. YCIIOBUS JKCIIEPUMEHTAa HW3MEHSUIH, HO
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pe3ysibTaT OCTaBajCs NpeXHUM. bomee Toro, pesyiabTar He
U3MEHHUIICS, JaKe KOTJa KTO-TO 3a0bLI BKIIFOUUTh MUTAHUE YCUITUTEIS
¥ BTOPOU JIy4 TIPOCTO TPOIIIEN Yepe3 PyOHHOBBIN KapaHaIll.

Jlya mpoxonun yepe3 pyOMHOBBIA CTEP)KEHb C OECKOHEYHOM
CKOPOCTBIO, M pa3HHMIIa OblJIa paBHA JIMHE KpUcTayia. Hazpesarommuii
CKaHJaJI B CBA3M C pe3yJibTaTaMH 3KCIIEpUMEHTA, CTaBUJI Ha TEOPUU
OTHOCHUTEJIBHOCTH OTPOMHBIN KUPHBIM KpecT. A Benp kputuka TO B
T€ BpEMEHa MPUPABHUBANACH YYTh JIU HE K M300pPETEHUIO BEYHOIO
JBUTATETIS.

Kak Torga BBIILIM M3 3TOr0 LIEKOTJIMBOIO IOJIOKEHUS,
HeusBecTHO. Ckopee BCEro, CIyCTHIIM Ha TOpMoO3ax. XOTs, 110 CYTH,
COBpeMeHHas TeopeTruieckasi Gu3nKa TOJIbKO TEM M 3aHUMAETCs, UYTO
n300peTaeT BeuHble JBUTATENH. . .

Tak xak MaTepuaigbHble OOBEKTHl B3aMMOICHCTBYIOT MEXIY
coboifi Ha YypOBHE TOJEH, CKOPOCTh 3TOTO B3aUMOJCHCTBUS
OIpEeENsAETCs, B OCHOBHOM, CKOPOCTBIO PaclpOCTpaHEHHs BOJIH B
IPaBUTALlMOHHOM TI0J€ (CKOpPOCTb CBE€Ta), TO U PE3YyNbTAThI
JKCIIEpUMEHTa bacoBa, ¢ TOYKM 3pEHHs HACTOALIEH TEOPHH,
OOBSICHSIIOTCS OY€HBb TIPOCTO.

Jly4, mpomeamuii mo pyouHy (TBEpIOMY Tely), MPEOa0e
ropa3o MEHbIIEe PACCTOSHHUE B T'PABUTALMOHHOM I10J€ TBEPIOTO
tena () Sr), 4eM Iy, pacpoCTPaHSIOUINIICS B TPaBUTALIMOHHOM T10JIe
BO3yIIHOM cpenbl () Sr). Ilepenaua e umMmnysbca HEMOCPEICTBEHHO
C aToMa Ha aToOM B TBEPABIX TeJIaX M JKHUJIKOCTAX, B CHIYy HX
IPAKTUYECKOH HEC)KMMAEMOCTH, IPOMCXOAUT CO CKOPOCTHIO,
Onm3Koit k 6eckoHeuHoH (puc 18).

[TosTomy myd4, mpomeAmuii 4yepe3 pyOMHOBBIA KpHCTAIL,
IpUIle] Ha JETeKTOp paHblle Jiyya, PaclpOCTPAHSIOLIErocs IO
BO3/yXY, HA BPEeMs:

t=3_Sr- X Sv)/c, Tne

>Sr — cymMmapHbIi myTh Jiyda B TPaBUTAlMOHHOM IIOJIE
pyouHa,
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>Sr — CyMMapHbIi MmyTh Jiyya B T'PaBUTAI[MOHHOM II0JIE
BO3AYILIHOW CPEJIbI,

€ — CKOPOCTh BOJIHBI B TPaBUTAIIMOHHOM TMOJ€ (CKOpocmb
ceema).

Jlornueckast Ge3rpaMOTHOCTh JIIOJICH, HA3bIBAIOIMIUX CEOs
YUEHBIMH C MX HECIIOCOOHOCTHIO MOHATH MPOCTHIE BEIlW, MpHUBEa
U300pETEHUIO0 TIOHATHUS KOPIYCKYJISIPHO-BOJTHOBOTO  Ayajn3Mma,
YTBEPXKAAIOIIETO, YTO MaTepus B HEKOTOPBIX CIydasX, MOXKET
MpEeBpaIIaThCcsi B CBOE CBOMCTBO M CO3JaHUIO TAKOTO JDKEHAYYHOTO
HATpaBIICHUS B HayKe, KaK KBaHTOBas (PU3UKA.

7. OB DSHEPTUH

OHeprusi, MOHATHE B COBPEMEHHOM Hayke, MpsSMO TakH,
danTactuueckoe. M kak Tombko ee, OeaHy0 He CKIOHAIOT. OHa H
W3JIy4aeTcsl, U MOTrJIOoIIaeTcs, U Jaxe npespaiiaercsa B maccy! M kakoit
TOJIBKO OHA He OBIBAET, U MOTCHIIHAIILHON U KUHETUYECKOH U TEMHON
U JaKe )KU3HEHHOU U AyXoBHOU. Ha camom nene, Takoi (puszmueckoi
CYIIHOCTH, Kak »JHEprus, B MPUPOJE HE CYIIECTBYET, KaK HE
CYIIECTBYET yIBIOKH YEHIMPCKOTO KOTA.

DTO MPOCTO OJIHO U3 HEOTHEMIJIEMBIX CBOMCTB MaTE€pUH, TaAKOE
K€ KaK HalpuMep, TPO3pavyHOCTh CTEKIIa, KOTOPYIO HENb3s OTAETUTh
OT CTEKJIa M "TpWIenuTh" K GaHepe s TOro, 4ToOsl (haHepa crana
npo3pauHoi. M »Heprus 5r000ro Teima 3aBUCHUT TOJBKO OT €ro
MOJIOXKEHUS B TPABUTALIMOHHOM WJIM 3JIEKTPUYECKOM IIOJIE APYroro
tena. Hukakoil BHyTpEeHHEN YHEPTUU MaTepUs HE UMEET.

OnHako B MOciIeIHEE BPEMs B UHTEPHETE MOSIBUIOCH OTPOMHOE
KOJIMYECTBO PECYPCOB, TIE apMHUH IICEBJOYYCHBIX JIOOHTENEH
pacCy)Iar0T O MOMCKaX KaKOW-TO CBOOOTHOW SHEPTUHU, KOTOPOH IO
WX MHEHUIO, 3aI0JIHEHA BCS BCEJICHHAS.

Ha npocTopax nHTEpHETa CYIIECTBYET HEKUI CAUT CTPAHHUKOB,
rae "ydeHble coceid” YKE€ HECKOJbKO JIET MYCOJIST KaKue-TO
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MPOJIOJIbHBIE CKAJISIPHBIE MAarHUTHBIE MOJSI HEKOETO IMCEBA0YYEHOTO
Huxkonaesa. U nepisl U3 3THX 00CyKIeHUN TOCTOMHBI epa Muxauia
3ag0pHOro.

Bnpodem nake odeHp OOJBITNE YUYCHBIC MHOT/IA HECYT YYIIIb,
YTO MOJI U3 KOCMOCA JILETCS TaKOW TTOTOK SHEPTHH, M UTO B OyIyIieM
€€ XBaTUT YEJIOBEYECTBY HA MHJUTMOHBI JIeT. M moxoxe, 4To caMu ke
B 3Ty Yylllb BEpAT. A BCE HAYMHAJIOCh C KAaKUX-TO HEBEPOSTHBIX
CIyXoB O TOM, 4To Tecna, sKoObI HamIen croco0 HCIOTh30BaAHUS
SHEPrUM BakyyMa! HO MPOKIATHIE KAMUTAIUCThl KYMUIW y HEro
MATEHT U BCE 3aCEKPETUITN, YTOOBI HE YITYCTUTh MPUOBLIH OT MPOIAXKHU
YTJIEBOJOPOIOB.

Ho ocobGeHHO MEeHSI yMHIISIFOT PAcCYXACHHUS YUCHBIX O TOM, YTO
MIpY MEPEMENICHUN MAaTEPUAIBHOTO TeJa M0 3aMKHYTOM TPAaeKTOPHH,
coBepimaemas paboTra paBHa HYNIO. Takyl axWHEI MOXET HECTH
TOJIbKO KaKOW-HUOYIb 0€3TpaMOTHBIN CBUHAPH, MY ITPOCTUTEIBHO.

Ho yueHsblit 1omKeH NOHUMATh, YTO €CJIA MbI IOJTHUMAEM TUPIO
Ha BTOpOH 3Tax, To 3T0 MbI coBepmaem paboTy HpPOTHB CHIIBI
NPUTSDKEHUS. A Kora Mbl cOpachkiBaeM THPIO CO BTOPOTO 3Taxa, TO
sto 'IPSI coBepmiaet paboty moa AeiicTBUEM CHITBI IPUTSKEHHS. To
ectb pabota coepiraercsi PA3SHBIMMU Tenamu 1 B pa3HbIX YCIOBUSX,
MOATOMY €€ HeJb3sl IpUpaBHUBATh. OJTHAKO YYEHBIX ATO HE CMYIIIAET.

Bcs sHeprus, moctynatomnias Ha 3eMJTi0 U3 KOCMOCa — 3TO BCETO
JIUTITE OOBIYHBIA COTHEYHBIA CBET. ITO MOTOK MaTEPHATBHBIX YACTHIL
"COJIHEUHOTO BeTpa", 3JIEKTPOHOB, MPOTOHOB, aTOMOB BOAOPOAA U
T.J., ABUXKYILIHUECS C PA3JIMUYHBIMU CKOPOCTSIMU U COIPOBOXKIAEMBbIE
BOJIHAMU B €0 rPaBUTALMOHHOM TToJie. M 4em BhlIlie uX CKOPOCTh, TEM
0oJiee KOpOTKHE BOJIHBI OHU Bo30yxkaatoT. U ecnu He Oyner ComnHia,
3eMJIsl 32 HECKOJIbKO HEAENIb MPOCTO MPEBPATUTCS B JIEASHOW 1Iap U
BCE ITOrMOHET.

Cama 6o1na He Hecem HUKAKOU IHEPZUU U HE MOMHCEm

0Ka3b16amMb HUKAKO20 0ABJI€HUA - INO NPOCHLO MEXAHUIM nepedayu
63aUMO0CUCMBUA MeHCOY MAMEPUATbHBIMU Mea1aAMU, 8 OAHHOM

cayuae medxncoy Connyem u 3emeil.
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MBI BUAUM CBET UCKJIIOUUTENIBHO Oarofapsi TOMy, 4TO MOTOK
MaTepHaJbHBIX YacTUl], (OTOHOB, MOMajgas B TJa3, COBEPIIAIOT
paboTy, noryomasch MOJIEKyJI0i poJoNnHa B ceTdyatke. B pezynbraTe
noryomeHuss (OTOHa y MOJEKYJIbl pPOAONUHA YBEIMYMBACTCS
acuMMeTpusi €€ TPaBUTALMOHHOIO TMOJS M, COOTBETCTBEHHO,
BO3HUKAET PAa3HOCTb DJIEKTPUYECKHUX IOTEHIUAIOB, B PE3yJbTaTe
KOTOpPO BO3HMKAET JBM)KEHHUE AIEKTPOHOB 110 HEPBHOMY BOJIOKHY
WU DJIEKTPUYECKUM TOK, HHTEPIIPETUPYEMBII MO3TOM KakK CBET.

IlonsTe KBaHTa cBETa, KaK MOPLMU H3IY4YEHHUs, BOZHHUKIIO
UMEHHO H3-32 TOrO, 4YTO ()OTOH SBJISAETCS MUHMMAJIbHON mHOpLHen
CBETOBOI'O IIOTOKAa, B PE3YJbTAaTe KOTOPOW BO3HMKAET OLIYLIEHUE
cBeTa B Mo3re. KBaHT — 3TO MPOCTO O7HA €JUHCTBEHHAS YaCTHUIIA WU
TO K€ caMoe, 4TO U (hOTOH.

IHepeusn, He modcem npespawiamsbca HU 6 KUHEMUYECKYIo,
HU 6 MexaHu4ecKylo, HU 6 XUMUHYECKYI0, HU 6 KaKyl O0pyzyio,
nOMOMY 4MmMO MO0 MONbLKO CE0UCME0 Mamepuu Ccoeepuiams
pabomy, 00ycnognennoe  pasHoCHbIO 2pasumayuOHHbIX
nomenyuanos.

W xorja roBopsT 0 nepeaaye 3JIeKTPOIHEPTUU, UMETCS B BULY
TO, YTO IEPeAAcTCA MOTOK MaTEPUAIILHOTO HOCUTEIS — DJIEKTPUYECKU
3apsDKEHHBIX YaCTHUL, KOTOPBIE IPU JBMXKEHUH CIIOCOOHBI COBEPIIATH
pabory.

8. O IIAPOBOI MOJIHUU

[IlapoByr0 MOJHHIO, KAK U MHOXECTBO MPOCTBIX MPUPOIHBIX
SIBJICHUHM, COBPEMEHHAsl HayKa 0 CUX IIOp CUMTAET 3arajkou, Ha
OOBSICHEHUH KOTOPOH clioMainy 3yObl O4YeHb MHOTHE OoJbIIHe
ydeHble. YUEHbIE M0 HEAOPa3yMEHMIO UAYT OKOJbHBIMU IYTSMH U
OYCHb MHOTHE MEXaHHU3MBI IPOCTHIX MPUPOAHBIX SBICHUNA OCTAIOTCA
BHE I10JIs 3peHusl Hayku. bosiee ueThipex coTeH BepcHil 00BbsCHEHUs
IIapOBOM MOJIHMHM, BBIIBUHYTBIX Y4Y€HBIMH, JaXe Ha HOTy He
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npuOJIM3KIN HAYKy K pas3rajike 3Toro siejieHus. Ho Ha ocHOBe Bblle
U3JI0)KEHHOT0,  MEXaHW3M  IIAapOBOM  MOJIHMM  DJIEMEHTapHO
00BsICHsIETCS.

OOblyHast TUHEIHAsT MOJHMS, KaK 3HAIOT Ja)XKe MIKOJIbHUKH,
MIPEACTABISIET COOOM KPAaTKOBPEMEHHBIM TOKOMPOBOISIINI KaHaT B
BO3/lyX€, BO3HHUKAIOIINKA B pe3yJbTaTe€ pa3HOCTH HIIEKTPUUECKUX
MOTEHIIMAJIOB MEXAy oOlakaMu Wi o0yiakamu u 3emiieid. PasHoCTh
NOTEHIMAJIOB, 3TO  pe3yjibTaT  JEHUCTBHS  TypOYJIEHTHOCTEH,
BO3HUKAIOIIMX B BO3AYXE OT Pa3HOCTH TEMIIEPATyp BOCXOASIINUX
IIOTOKOB B KapKyIO IIOTOAYy.

TypOyneHTHocTH B 00Nakax NMPUBOJAT K MEPEMEIIMBAHUIO U
YBEJIMYECHUIO TUIOMAAN COIPUKOCHOBEHUS MOJIEKYJI BOJISIHBIX ITAPOB C
MOJIEKYJIaMH  OKpYXalollero  BO3/AyXa, 4YTO  CIOCOOCTBYET
o0JIeryeHuIo rnepeTekaHus 3apsaaoB Mex 1y Humu. [Ipu aTom pabortaet
TOT € CaMblil MEXaHU3M, KaK U NP 3JIEKTPU3ALNY CTEKISTHHON WU
H00HUTOBON MAIOYKU, HATUPAHUEM.

OO6naka, cocTosiide M3 MOJIEKYJ BOJbI, HWMEIONIMX, Kak
NpaBUJIO MEHBIIYI0O ACUMMETPHUIO  TPAaBUTAIlMOHHBIX  TOJEH,
OTHOCHUTEJIBHO MOJIEKYNI BO31yXa, MOJy4aroT M3 HEero HM30bITOYHBIC
OTpULIATENIbHBIE 3apsiAbl. Pa3psa MOXKET NpPOM30WTH KaK MEXIY
o0JyakaMu, UMEIOLUMHU OTPULIATENIbHbBIE 3apsA/bl pa3HON BETWYHHBI,
Tak W MeXIy oOjlakaMu W 3eMJieil, KOoTopas Tak >Xe HMeeT
M30BITOYHBIN OTPUIIATEIBHBIN 3apsi.

Korma sTa pa3HOCTh MNOTEHUMATOB JOCTUrAeT HEKOTOPOU
KPUTUYECKOW BEIMYUHBI, 3aps/ibl HAUMHAIOT MEPETeKaTbh MEXKITY
HUMH, 00pa3ysl TOKOMPOBOISIIMI KaHaJ, IO KOTOPOMY MPOUCXOAUT
JaBUHOOOPA3HbIM pa3psil, BBLACISAIOMIMNA OTPOMHYIO MOIIHOCTH 3a
OYEHb KOPOTKHMU NPOMEXYTOK BpeMeHu. Mnu mpocTo nuHelHas
MOJIHHSL.

Ho Tak kak B rpo3oBBIX O0JIakax, MOCTOSIHHO MPOMUCXOJST
WHTECHCHUBHBIE BO3JYIIHbIE BO3MYLICHUS, TO IPHU OINPEAEICHHBIX
YCIOBUSIX, B  pe3yJbTaTe  BO3JEHCTBUS  TYpOYJIEHTHOCTEH,

CBEPHYBLIMNICSA B METVIIO y4aCTOK JIMHEWHOW MOJIHUH, OTOPBABILIUCH
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OT OCHOBHOTO KaHaJa MOXET CYIIECTBOBATh B BHUJE 3aMKHYTOTO
KOJBIICBOTO TIOTOKA  3apsOB, MABWXKYIIMXCS IO KPYTOBBIM
SKBUIIOTCHITUATBHBIM TPAEKTOPHUSAM. ITO M €CTh IIAPOBAsi MOJIHHS.

A Kak W3BECTHO, HOBIDKEHHE II0 DKBUIIOTECHIIMAILHOMN
TPACKTOPHH, ITO IO CYTH, aHAJIOT MPSMOJIMHEHHOTO PAaBHOMEPHOTO
JBIDKCHUSI, TIPH KOTOPOM paboTa MPaKTHUYECKH HE COBEPIIACTCS, TO
nrapoBasi MOJHHS, MOAOOHO CBOOOJHO BpAIAIONIEMYyCS] MaXOBHUKY
WIH BOJYKY, MOXKET CYIIECTBOBATH JOBOJIBHO UTUTEILHOE BpEMS,
nepeMeniasich MOTOKaMHU BO3AyXa Ha HEOOIBIIINE PACCTOSIHHUS.

Jlo Tex mop, MOKa TUXO HE HMCYE3HET, MCUEepIlaB YHEPTUI0 Ha
U3ITy4YeHUE WU HE HATOJKHETCS Ha TPEMSTCTBUE, MPU KOTOPOM
MPOM30MAET pa3pylIeHHUE KOJIBIIEBOTO TOKAa C 0Opa3oBaHHEM B
BO3JIyX€ 0O0JIACTU TIOBBIIICHHOW KOHIIEHTPAIUU JJICKTPUICCKUX
3apsAnoB, [ria.11] KoTopele MrHOBEHHO BCTYISAT B PEAKIHIO
CaMOTIPOU3BOJILHOTO CHHTE3a C MOJIEKYJIaMU OKPY KaIOIIIero BO3ayXa,
C BBIJICTICHUEM UMITYJIbCa MOIITHOCTH B BUJIE B3pbIBa. FICKYCCTBEHHYIO
[IAPOBYIO MOJHUIO JTIOBOJILHO JIETKO MOJYYUTH MPOITYCKask MOIIHBIE
AIIEKTPUYECKUE Pa3psIbl, Yepe3 TypOYICHTHBIN MOTOK BO3AyXa.

9. O TEMIIEPATYPE U TEMHOW MATEPUA

Ha ocHOBaHMM H310KEHHOTO BBIIIE, MOKHO TaK K€ JIETKO
o0ocHOBaTh TOHATHE TeMmmepaTypbl. [lpu HarpeBanuum Tena'
pacIIUpSIOTCS M CTAHOBATCS Jierde, 3TO AKCHEPUMEHTaIbHO
yCTaHOBJICHHBIM (akT. Bo3pMeM TBepaoe Teno HW MPOBEIAEM
MBICJICHHBIN YKCIIEPUMEHT.

Kax ObUIO CKa3aHO BBIIIE, aTOMBI BEIECTBA 00JIaIalOT
TPaBUTALMOHHBIMU MOJISIMH, OJ1aroapsi KOTOPBIM OHH MIPUTSATUBACTCS
K 3emie. Tak Kak TpaBUTAIlMOHHBIC MOJISI aTOMOB TBEPJOTO Teja
MMEIOT OYEeHb HE3HAYUTENIbHYI0O aCHUMMETPUIO, TO OHU CHIIBHO
npuUTSIruBatoTca Apyr K Apyry. [IpubasiseM Kk KaXKIoMy atomy IO
anekTpoHy. [lpu 3TOM y aTomMa HECKOJIBKO YBEIUYUTCS aCUMMETPHS
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€ro IpaBUTAI[MOHHOTO MOJs, B PE3YJIbTAT€ YEro YMEHBIIUTCS CHiIa
npuTskeHus: tena kK 3emuie.  [rudl]. To ectb atom craHer jerde
(Bo3HUKHET naedeKT Beca), a O0OBEM €ro yBEIWYUTCS Ha OJIUH
3JIEKTPOH.

Bor, mo cytu, Mbl U OOHapy>KWJIM HOCHUTEIh Tera. Takou
CBOE0Opa3HbIN TEIJIOPOI, POJIb KOTOPOT'O MOTYT UTPpaTh, B MPUHLIHUIIE,
KaK nO0McUumenvHble, Tak U ompuyamesibHvle 3apsiibl.

W xoropelii OoyblIMe yYeHbIE YK€ YCHeNnu "3aKphITh'",
NpUAYMaB B3aMEH BEUHBIM JIBUraTeilb, B BHUAE MOJIEKYJISIPHO-
KUHETUYECKON TEOPUH.

Bo BceneHHOI CymecTBYIOT 00JIacTH, T/Ie KOCMHYECKUE Tela
00pa3oBaHbl  BEIIECTBOM C  TOJIOKHUTEIHHOM  aCUMMETPUEH
CPABUTALMOHHBIX IOJIEW aTOMOB. JTO TO, YTO YYEHBIE Ha3bIBAIOT
TEMHOU MaTepHUeH.

[To cyt — 3TO HEKHMI MapauIeTbHBIN MUP, T/I€ BCE HA0OOPOT.
W3nyyeHust 3Be37 COCTOSIIMX U3 BEILIECTBA C IOJOKUTEIbHON
aCUMMETpUeH, TMPEACTaBISAIOT CO00M TMOTOKH MOJIOKHTEIHHBIX
gacTuil. DTOT MUpP JJsl HaC HeBUIUM. HeOomnbIol KycOK BEIIecTBa,
00BbeMOM B KyOMYECKHI CAaHTUMETp, Yy Hac Ha 3emise OyJaeT BECHTh
HECKOJIbKO TOHH U OyJIeT UMETh II1y0OKO YepHbIii 1BeT. [loaToMy MbI
HUKOTJ]a HE CMOYKEM IOCETUTh 3TOT MapajUIeNIbHBIA MUp, TAK K€ Kak
U ero oOuTaTeau He CMOTYT MOCeTUTh Hail. OOLIaThbCsl MBI CMOXKEM
JIUIIb TIOCPEACTBOM PAIUOCBA3H.

[TpogomxkuM CBOM MBICIEHHBIA 3KCIIEPUMEHT, A00aBIISIsI B
aTOMBI TeJa MO 3apsAny. ACHUMMETpUS UX TPaBUTAIIMOHHBIX MOJNEH
OyJIeT yBeIMYHUBATHCA, TEIO OYJET CTAHOBUTHLCS BCE JIETYE U Jierde, a
CHWJIBI IPUTSKCHHSI M@Ky aTOMaMu OyIyT CTaHOBUTKCS Bce ciabee U
crnalee.

Uepe3 HeEkoTOpoe BpeMs aTOMbl IOJy4aT BO3MOXKHOCTH
NepeMEIaTbCsl OTHOCUTENBHO APYT IPYyra U BEIIECTBO IPEBPATUTCS B
KUIKOCTh. To ecTh pacmuaButcs. [lpu mampHelimeM NmpuOaBiICHUU
3apsAJI0B, aCHMMETPHUs TPABUTALIMOHHBIX ITOJIEM aTOMOB YBEJIMYUTCSA
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HACTOJIBKO, 4YTO OHM HA4YHYT OTpBIBaTbCA JApPYr OT Jpyra BcE
YBEIUYMBAKOIIMMUCS  CWJIAMH  OTTAJIKUBAHUA U KUAKOCTb

MpEeBpaTUTCS B Tra3. BoT Mbl U MOTy4rIIN
00BSICHEHHE MEXaHU3Ma UCIIAPEHUS.
IIpumeuanue! Hcnapenue 60001

Bozyx

00yCNl067IeHO  PA3HOCHMBIO  ACUMMEmpPUIL
2PAGUMAUUOHHBIX NOJICI MOTEKY1 6030yXa U
60061 (puc.19), nosmomy oaxce 3amep3uias
6004 (71€0) 008071bHO XOPOULO UCRAPACHICA.

H3661mounsle 3apaovt uz MoaeKy 6030yxa nepemexas 6 MoaeKyibl
b0a, YGEeNUYUEAION ACUMMEMPUIO UX ZPAGUMAUUOHHBIX HOAEl, Yo
npUBOOUmM K y8eIU4eHUI0 CUl OMMAIKUGAHUA MOIEKYl Opyz om Opyza,
KOmopble Rpu IMOM ROJYHAIOM  603MOMNCHOCHL OMOPEAMBCA  OM
nOGEepxXHOCMU U NOOHAMBCA 8 8030yX, eémecme ¢ "'npununuwumu'’’ K Hum
MoieKynamu 8030yxd.

[Ipn panpHelieM YBETWYEHUU KOHIIEHTPALHMUA H30BITOUYHBIX
3apsAI0OB B aTOMaX, OHM YK€ He OyIyT B HUX yIEpPKUBAThCA, a OyIyT
M3JIy9aThCsl 1 PAaBHOMEPHO PACTIPEICTATHCS 110 BCEMY 00BEMY.

Takum oo6pazom, 000cHO8bIGACHICA MEXAHUIM 6MIODPO2O
Hauana mepmooOuUHaAMUKYU U RPUHUUR 803DACMAHUA IHMPONUU, KAK
6bIPAGHUBAHUA (Pu3uUecKUX napamempos mamepuu. B oannom
cayuae - memnepamypeol.

B KoOHIIe KOHIIOB, BEHIECTBO MPEBPATUTCS B CMECh '"TOPSUUX"
(3apsKEHHBIX)  aTOMOB € DJIEMEHTApPHBIMHU,  BJIEKTPUUYECKU
3apsHKEHHBIMM YaCTHUIIAMH WJIU B TUIA3MY.

[Ipy nmanpHEHIIEM MOBBIILIEHUU TEMIEPaTyphbl, MPOUCXOIUT
ciaenyromee. M3-3a MOBBIMIEHUST KOHIIEHTPALUM 3apsiioB, aTOMBI
MepexoJ AT B COCTOSIHME, TOMO00HOE IKHUIKOM Karie, KOTopas
pa3BaIMBAETCA HA 3JIEMEHTAPHBIE YaCTULIBI.

DTH 37€eMEHTapHbIC YaCTUIIbI, IPHU JATbHEHIIIEM MOBBIIICHUN
TEMIIepaTyphl, pa3BayATCS Ha cyOdnemenrtapubie. M tak nanee. To
€CTh, IO CYTH, MBI BOCHPOMU3BEIHA 3HECh MPOLECC CHHTE3A,
MIPOUCXOAAIINK B 3B€3/1aX, B 0OpaTHOM HaIlpaBJICHUH.
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Temnepamypa — 3mo 6enuuuna pAa3HOCMU ACUMMEMPUTL
2PasuUmMayUOHHbBIX NOJIEI AMOMOE MAMEPUAILHO20 MENA U AMOMO8
OKpYHcarouieil e2o cpeowvl.

Wnu mpocto pa3HOCTh UX H3OBITOYHBIX DIEKTPHUUYECKHUX
3apsaoB. [I0TOk Teria — 3TO MOTOK 3apsKEHHBIX YACTHIL], KOTOPBIN MbI
YyBCTBYeM OJjaroaapsi yBEIMYMBAIOIICHCS aCUMMETPUU MOJIEKYI
HAIIIeTO TeJa.

Ecnu e 3TOT MOTOK YacTHUIl HAMpaBJICH M3 HAIIEro Tela U
OyIeT yMEHbIIaTh AaCUMMETPUIO HAIIUX MOJEKYN, MBI OyIem
YyBCTBOBATh OXJIAXKIACHHE. AOCONIOTHBIN TeMIIepaTypHBIN HYIb, 3TO
PaBEHCTBO WJIHM HYJEBas Pa3HOCTb ACHMMETPHIl TpaBUTAIMOHHBIX
MoJIC aToMOB Tela, KoTopas B CHIy chepuueckoil METPUKH
BCEJIEHHOM, HEBO3MOYKHA.

A TO, 4YTO mMonpa3zymeBaeTcsl Moj aOCONIIOTHBIM HyJEM B
COBPEMEHHOI HayKke — 3TO OObIUHasl CIEKYJSIus, 00YyCIOBICHHAs
CJICTIBIM TEPEHOCOM PE3yJIbTaTOB MaTeMaTHYEeCKUX MpeoOpazoBaHuit
Ha (pU3HUYECKYIO PEaTbHOCTD.

AHaJOTUYHBIM K€ 3a07yKICHUEM SBISETCS U MOJEKYIISPHO-
KMHETUYEeCKass TEopus, MPOTUBOpEYalas BTOPOMY  Hadaly
TEPMOJMHAMHKH, OOYCIIOBJICHHas, KaKk U B CJIy4ae C OIBITOM
Pezepdopraa, ommOodHbIM 0OBSICHEHHUEM PE3YJIbTaTOB SKCIIEPUMEHTA
bpoyna. HMcxonss w3 omnpeneneHus TemmepaTypbl MNPUBEICHHOTO
BBIIIC, AJIEMEHTAPHO OOBSCHSETCS MPUHIUN PaOOThIl OOBIYHOTO
XOJIOTUTHHHKA.

IIpu cxatum pabodero Tema - (peoHa, €ro aTroMbl
CONMMXKAIOTCS, KOHIICHTpAIUsI M30BITOYHBIX 3apsiioB B €ro o0neme,
YBEJIMYUBACTCS W 3apsjabl, [MOJYUHSSACH BTOPOMY  Hayaily
TEPMOJAMHAMHKHA U  CTPEMSCh  PACHpPElENUThCS  PABHOMEPHO,
HAYMHAIOT NEPEMENIaThCA B CTEHKM EMKOCTH (paanaTop).

Jlanee mpoxozs moj JaBiI€HHEM Yepe3 TOHKOE OTBEpCTUE B
JIPYTYI0 €MKOCTh (paZuaTtop MOPO3UIBLHON KaMephsl), pabodee Temo
pacimupsieTcsl U KOHLIEHTPALUS 3aps10B B HEM PE3KO YMEHBIIAeTCA.
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CornacHo BTOpOMY Haually, 3aps/ibl HAUMHAIOT MEPETEeKaTh B
pabouee Teno yxe W3 CTEHOK MOPO3MJIBHOM Kamepsl, emie Oojee
oxnaxnas ee. Korga Mbl mpukacaeMcs majiblieM K METAIIMYECKOMY
peIMeTy, OH HaM Ka)KeTCSl XOJIOAHBIM, TOTOMY YTO HM3-3a Pa3HOCTH
aCUMMETpUI MOJIEKYJ HAILIero TeJla U aTOMOB MeTaslia, U30bITOYHbBIE
3apsAbpl Hallero Tejla HAYMHAIOT TepeTeKkaTh B MEeTall, co3JaBas
OLL[YILIEHUE XOJIOAA.

To ecTb HamM HEPBHBIE KJIETKU MPEKPACHO OIPEACIISIOT
HarpaBjeHue 3Toro Toka. lIpukacasch K JEpEeBSHHBIM MpeaAMETaM,
MMEIOIIUM IPUMEPHO OJIMHAKOBYIO aCHMMETPHIO C HALITUM TEJIOM, MBI
HE OUIYIIAeM HMX XOJOJHBIMHU, MMOTOMY YTO H3-32 OTHOCHUTEJIBHOIO
paBEHCTBA aCUMMETPUH, MTepeTeKaHe 3apsiI0B CIUIIKOM HUYTOXKHO,
Y9TOOBI €Tr0 OIYTHUTh.

JIBUOKEHHEM  DJIEKTPUYECKMX  3apsSAoB  AJIEMEHTapHO
OOBSCHAIOTCA JIOOBIE MEXaHM3Mbl B3aUMOJEHCTBUII B MpUPO/IE,
BKJIIOYAsi MEXAHU3MBbI JCUCTBUS Pa3IUYHBIX OPraHOB HAILIETO TENa.

Ceruyarka, HampuMmep, TMpeAcTaBIseT co0oil  MaTpuiy
CBETOUYBCTBUTEIBHBIX  KJIETOK, TaK Ha3bIBAEMBIX  MAJIOYEK,
ONPEIETAIOMINX UHTEHCUBHOCTD CBETOBOT'O MOTOKA, COBMEILIEHHYIO C
MaTHIe, Tak Ha3bIBa€MbIX KOJIOOUYEK, MpPEeACTaBISAIONINX co00it
JIETEKTOPBI CKOPOCTH (POTOHOB, KOTOPOI OmpeiensieTcs 1BET.

CeruaTka — 3TO, IO CyTH, H3MEHUBIIMICS (HaceTOYHBIN Ta3
HACeKOMOT0, MOJTYYHUBIINHA B pe3ylbTaTe 3BOIOIIMOHHOIO Mpoliecca,
ob0mmii xpycranuk. CBer, (pOKycHpYSACh XpyCTaJIMKOM, CO3JaeT Ha
ceTyaTke  M300pakeHWe,  TpeAcTaBisomee  coboil  Kapry
DIIEKTPUYECKUX TOTEeHHHaioB. To ecTh 93TO H300pakeHue
OKPYXKAIOIIUX MPEAMETOB, CHOPMUPOBAHHOE WIJIM HAPHUCOBAHHOE Ha
CETYaTKE EKTPUUYECKUMU MOTEHI[UATIAMHU.

B pesynbraTe nelcTBUA OSTUX TOTEHIMAJIOB BO3HUKAET
JIBUKEHHE 3JICKTPUUECKUX 3apsAOoB IO MY4YKY HEPBHBIX BOJIOKOH,
KOTOpBIE TIOCTyNas B MO3T, (QOPMHUPYIOT B HEM BpPEMEHHYIO
HEHPOHHYIO CTPYKTYPY, TaK K€ MPEICTABISIONIYI0 COOOW IBETHOE
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00BeMHOE M300paKEHHE OKPYKAIOIIUX IMPEAMETOB, KaKIas TOYKa
KOTOPOI'0 COOTBETCTBYET IMOTEHLUATY, CO3/]JaBaA€MOMY OIpPEEICHHOM
MajJoYKON B ceTyaTKe. ITO M300pakeHre 00padaThIBACTCs MO3TOM U
YaCTUYHO 3alIOMHUHAETCHL. ..

Tenepr ocTtaeTcss OAWH HEOOJBIIOW IHar A0 CO3JaHUs
UCKYCCTBEHHOro ria3a. I[Ipu coBpeMEeHHOM YpOBHE pa3BUTHS
MUKpPOTEXHOJIOTUH, CO3/IaHWe TaKOro HCKYCCTBEHHOIO TIJa3a He
COCTaBUT OOJIBIIOTO TPyZa W 4epe3 JBa — TPH Toja Jroboil crenoi
CMOKET BUIETh. [IyCTh 1 HE Tak XOPOIII0, KaK HOPMAJIbHBIMHU TJ1a3aMH,
HO JIOCTaTOYHO, 4YTOOBI o0XxomuTcs ©e3 moBonbIpeit... FEro
KOHCTPYKIIUS JOBOJIBHO TIPOCTA, HO 3/1€Ch 5 €€ MPUBOAUTH HE OyAYy.

AHaJIOTUYHBIM obpazom  pabotaer W MEXaHU3M
pacnio3HaBaHusl BKyca. PasnuuHble BemiecTBa, Momajaas B CIIOHY,
SBIISIOLLYIOCS. DJIEKTPOJIUTOM, CO3JAI0T AHAJOTUYHYIO XK€ KapTy
JNEKTPUYECKUX MOTEHINANIOB, KaK U CeTYaTKa IJia3a, KOTopas Tak ke
o0pabaTeIBacTCSI MO3TOM.

Ewe ooun ouenv xopowuii npumep, 00Kazvlearoujuii
INEeKMpPUUecKylo npupody memnepamypul. Ecau nnockocmmuoi
ROJIYRPOBOOHUKOGDLIL OUOO NOOKTIOYUMb 6 3ANOPHOM HANPAGIEHUU
K UCMOYHUKY HOCMOAHH020 Hanpsaxycenusa 6 5-10 eonom, mo 6
pe3yromame 06eOHeHUA 001acmu n-p nepexooa I1eKmpuiecKumu
3apaoamu, Ouo0 00601bHO CUTbHO OXJIAOUMCAL.

Ha 3mom npunyune padomarom noaynpoeooOHUKoevle
X0N00UNbHUKU.

10. O MPIMOJHUHEAHOM JIBWKEHNA U
"CBEPXITPOBOJUMOCTH"

Jleusicenue — Imo n1060e usMeHeHUe COCMOAHUA mend,
(nonoosicenuss unu HANpaeieHus: nepemeweHuss), 00ycnoeieHHoe
oelicmeuem pazHOCMU ZPAGUMAYUOHHBIX NOMEHUUAN08, NpU
Komopom cogepuiaencsa papoma.
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A crnenoBaTeNbHO, JBUKEHUE HE SIBISETCS HENPEMEHHBIM
YCIOBUEM CYIIECTBOBAHUSA MATEPUU U MOITOMY HHMKAKOTO BEYHOI'O
Xa0THUYECKOr0 JIBM)KEHHSI B MPUPOJE CYIIECTBOBATh HE MOXKET, TAK
KaK 3TO TpeOyeT HeNPEPHIBHOM 3aTpaThl MOIIIHOCTH.

Jeusicenue no unepyuu — 3mo 0guliceHue N0 MpPaeKmopuu
PABHO20 nomeHyuana, npu KOmopou pasHocms ZpasumayuOHHbIX
NOMEHYUAN06 OCMAEem A HEUSMEHHOU U PAdOma He Co8epuiaenics.

ITosToMy ABMXKEHHE IIO SKBUIIOTCHLHUAIBHON TPACKTOPUHU
SIBJISIETCSL YaCTHBIM CiTydaeM mokosi. Kak Ham roBoput ¢usuka, eciu
Ha TEJI0 HE JEMCTBYIOT HUKAKUE CUJIBL, WJIM PaBHOJAEHCTBYIOIAs BCEX
JICHCTBYIOIIMX HA TEJIO CUJI, paBHA HYJIIO, TO TEJIO OyIeT HaXOUThCS
B IOKOE WIHM B COCTOSSHUM PABHOMEPHOTO MPSIMOJIMHEHMHOIO
JIBUKEHHSL.

Ho Tak kak BceneHHas, B CHJIy CBOHCTB MaTE€pUU HMEET
chepuuecKyl0 METPUKY, TO Pa3roBOPbl O KAKOM-TO MPSIMOJIUHEHHOM
pPaBHOMEPHOM JABIKEHUH, SIBIAIOTCS 3a0myxaeHueM. B cdepuueckoii
TE€OMETPUH BCEJICHHOW TAaKOTO JABIKEHHSI HET W ObITb HE MOJXKET.
EnuHCTBEHHOW MNpAMON JIMHUEH BO BCEJIICHHOM MOYKHO CUYWTATh
TOJIBKO PAJHyC JIO00T0 TATOTEIOLIEro Tejla, HO JBM)KEHUE MO 3TOU
JUHUU HE SIBJISETCS PABHOMEPHBIM, TaK KAK MOXET IMPOMCXOIUTh
TOJIBKO MOJI J€HCTBUEM PA3HOCTH IPABUTALIMOHHBIX OTEHIIMAJIOB.

Jletsiimii camosietT, HampuUMeEp, B YCTAHOBUBILEMCSI PEKUME
MOJIETa MOYKHO CYMTaThb JBWXKYIIMMCS IO HWHEpPLUH, TaK Kak
PaBHOJEHCTBYIOIIAs BCEX CHJI, NECHCTBYIOIIMX HAa CaMOJIET B OTOM
pexuMe, paBHa HyI0. Cuila TATOTEHUS YpaBHOBEIIEHA MOJIbEMHOMU
CUJION KPBUIbEB, CUJIA COTIPOTUBIICHUS BO31YyXa YPAaBHOBEIIEHA CUIION
TATM JBUTATEIsl W CaMOJIET B JaHHOM Clly4dae JBHXKETCS IO
SKBUMOTEHIMAIbHOW Tpaekropuu. WMnm mno wunepumu. Haxonacw
BHYTPHM CaMoOJIeTa C 3aKPBITBIMU WJUIFOMUHATOPAMH, €ro JIBUKCHHE
HEOTJINYMMO OT COCTOSIHUS TTOKOSI.

Ecnu x KOHIIaM MPOBOAHUKA MPUIIOKUTh HEKOTOPYIO Pa3HOCTh
JJEKTPUYECKUX IMOTEHLUUAJIOB, TO B HEM BO3HUKHET JBUYKCHUE
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ANEKTPUYECKUX  3apsaoB. llpuueM, 10 Mepe NIPOJBHIKEHUS
IEKTPUYECKUX 3apsIOB K MPOTHBOIIOJIIOKHOMY IOJIOCY, Pa3HOCTb
MOTEHLMAJIOB Oy/leT M3MEHSTHCS, a CUJla MPUTSHKEHUS U CKOPOCTh
JBUKEHUS 3apsiioB Oy/eT BO3pacTath.

CrienoBaTenbHO, 2J1EKMPUYECKUII MOK — 3IMO YCKOPEHHOe
oguiiceHue IJNeKMpPUYEecKUx 3apsa0o6é no NpPoeoOHUKY, TON0O0HOE
NaJEHUI0  MaTepUalibHOTO Tejda oA  JEHCTBUEM  Pa3HOCTH
rPaBUTALMOHHBIX MOTEHIUATOB. I NMEHHO MO3TOMY 3JIEKTPUUECKHUI
TOK MOXET coBepIaTh padboTy. Mcxons u3 3TOro ke yTBEep KICHHS,
MO>KHO JIETKO OOBSCHUTH BOSHUKHOBEHHE CBETOBOTO M3ITyYEHUS MPHU
MPOXO0KJICHUH TOKA Yepe3 MPOBOJAHUKHU C BBICOKMM COMTPOTUBIICHUEM.

Berpewass BBICOKOE CONPOTUBIIEHHE JIBU)KEHMIO, JJIEKTPOHBI
HAaKaIUIMBAlOTCA B TPOBOJHUKE, 4YTO MPUBOJUT K TOBBILIECHUIO
KOHILIGHTPAllUN JJIEKTPUYECKUX 3aps/ioB M BBITAIKUBAHUIO HMX U3
IIPOBOJIHMKA B OKpYXKarollee IPOCTPAHCTBO CHJIAMH B3aHMHOTO
oTTankuBaHus [ria.6]. M dem Ooiblie MX KOHIEHTpALUSA, C TEM
00JIbIICH CKOPOCTBIO OHM "BBITAIKUBAIOTCS" U TeM OoJiee KOPOTKUE
CBETOBBIC BOJHBI BO30YXTAlOT B TPABUTAIMOHHBIX  MOJSX
OKPY’KaIOILEH UX CPEBbl.

HmeHHO mo3TOMY IpU HEOOJBUIOM TOKE, MPOBOJAHUK CHaudajia
cnabo HarpeBaeTcs, TaK KakK '"BBITOJKHYThIE" U3 IPOBOJIHUKA
JJEKTPOHBl HMMEIOT HEOOJIBIIYI0 CKOPOCTh W TPHU JIBHXKEHUU
BO30YXKIAlOT JUIMHHBIE, UH(QPAKpACHbIE, BOJHBI, a C IMOBBIILICHUEM
KOHILIGHTPAllMK  CKOPOCTh  BbUIETa YBEIMYMBAETCS W  BOJHBI
CTAHOBSATCA KOpPOUE€ U MAKCUMYM H3JIYYEHHS CIBUTACTCS K CHHEMY
Kparo CIEKTpa.

B  pe3ymbrare  CHJIBHOTO  OXJIAKIEHUS  MPOBOJHHKA,
YMEHBIIAETCS €ro JJIEKTPUYECKOE CONPOTUBIECHWE U BO3HUKAIOT
YCIIOBHS JJIsI HENPEPBIBHOTO KPYIOBOI'O JIBMXKEHUS 3JIEKTPUUYECKUX
3apsA0B MO SKBUIOTEHUHUAIBHBIM TPACKTOPHUSAM, MOJOOHO MIAPOBOI
MOJIHUHM, KOTOpPO€ W TpeACTaBiseT co0oil aHamor ABWKEHUS I10
MHEPILMHU U KOTOPOE YYEHbIEC HA3bIBAIOT "CBEPXITPOBOAMMOCTHIO" .
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W Tak xak mpu 3TOM JBIKEHUU paboTa HE COBEPIIAETCS, TO
TaKOM KOJIBLEBOM IOTOK 3apsAOB MOXKET CYIIECTBOBATH JOBOJIBHO
JUTUTEIIBHOE BPEMsl, HO JIOCTaTOYHO Pa30pBaTh €ro 4To ObI 0TOOPATH
MOIIHOCTb, KaK JIBM)KEHUE 3apsiJl0B MTHOBEHHO MPEKPATUTCS U BUXPh
MCUYE3HET. AHAJIOraMu TAKOTO ABMKEHHS, KPOME IIAPOBBIX MOJHHI
SABJISIFOTCSI, MHOTHE SBJICHUS TPUPOJbI, HMEIOIINE BHXPEBYIO
NpUPOIY, TaKUME KaK TOPHANO0, LMUKJIOHBI, a TaK € pa3IuyHbIC
MaxOBUKM M BOJIYKH, YYacCTKU KOTOPBIX, JBIKYIIHUECS TIO
OKBUITOTCHIIMAILHBIM TPACKTOPHUSAM, NMPAKTHUYECKA HE TPEOYIOT IS
ATOTrO 3aTpaT MOIHOCTH.

OOBbsICHEHHE  CBEPXIPOBOJAUMOCTH  JIBHKECHHUEM  KAKUX-TO
"KyHepOBCKMX IMap" CIUIIIUXCA 3JIEKTPOHOB, MPOCTO CMEIIHBI.
CBepXmpoBOAMMOCTb, KaK JBH)KEHHUE OJJEKTPOHOB B YCIOBHSIX
OTCYTCTBUSI Pa3HOCTU SJICKTPUUYECKUX MOTEHI[MAJIOB U COBEPIICHUS
uMU PabOThI, (PU3UIECKH HEBO3MOXKHA. DTO BEUHBIN JIBHUTATEIh H
TOJIbKO TICEBJOYYEHbIE 3TOro He NoHMMaroT. W B cuily 3TOro
00CTOSITENILCTBA, YEIIOBEYECTBO, K COXKAJICHUIO, HUKOTJA HE OyaeT
MMETh CBEPXIPOBOMASIINX JIMHUN BJIEKTporneperay, MOTOMY 4YTO
BEYHBIE JIBUTATENIN PUHIUITNATIEHO HEBO3MOKHBI.

11. O JE®EKTE BECA U "CBEPXTEKYYECTH"

Macca u oHeprus B HacTosIlee Bpems  SBISIOTCS
dbyHIaMeHTaIbHBIMU MOHSATUSIMH B TeopeTudeckon ¢usuke. Macca,
KaK KOJMYECTBO MaTepUM M OHHEpPrusi, Kak CBOICTBO MaTepuu
coBepuiath padoTy. Tak Kak MaTepus HE MOKET MPEBPAILIATHCS B CBOE
CBOWCTBO, TO €CTh B DHEPrUIO, HE MOXET BO3HUKATH W3 HHUYETO U
ucye3aTh B HUKY/A, TO TIOHATHE JAe(EeKTa MacChl, KaK NCYC3HOBEHHUS
KaKOW-TO YaCTH MaTEPHH SIBIISIETCS, 10 CBOCH CYTH, aHTHHAYYHBIM.

Ho Tak kak »TO sBIEHHWE YCTAHOBJICHO KaKk OBl
9KCIIEPUMEHTAIILHO, TO CJIEI0BAaTEIbHO, PEUb MOXKET UATH HE O Macce,
a 0 gece, KOTOPBI MOXKET U3MEHSTHCS B 3aBUCIMOCTH OT PACCTOSIHUS
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JI0 TATOTCIOIIEro Tela. 3IeCh HMMEET MECTO METOAOJIOTHYECKas
omnoKa, KOTOPIMU M300MITyeT BCS TeopeTndeckas Hayka. [loaromy
BMECTO TIOHATHUSA "Macca'", He0OX0IuMO YIoTpeOsaTh MoHsATHE "Bec".
Cytp sBneHus nedexra Beca JOCTATOYHO JIETKO OOBsICHUMA.
JIroOas maTepuanbHas 4acTHIIA BEIIECTBA 00J1a/1aeT TPaBUTAIIMOHHBIM
MOJIEM U, CIIEIOBATENIbHO, MPUTATUBAETCA K IPYTUM MaTepUATIbHBIM
TeJIaM ¢ HEKOTOPOW CHJIOH, 0OpaTHO MPOMOPLMOHATIBHON KBagpaTy
pacCTOSTHUSA MEX1Y HUMU. MexX 1y ABYMS YaCTULIAMH, HAX OIS IIUMUCS
JpYT OT JIpyra Ha pacCTOSIHUM, HAMHOTO MTPEBBIIIAIOIIEM UX Pa3MEPHI,
CUJIbl MPUTSKEHUS OYCHb HE3HAYUTENbHBI U HE UTPAIOT HUKAKOU
pouu.
Ho ecnm 5Tr 9acTHIBI OKaKYTCSl JOCTATOYHO OJIM3KO JIPYT K
RO ——— JIpyry, Ha PACCTOSIHUM CPABHUMOM C HUX

ﬁ pasMepamMM,  TIDaBUTAlMOHHBIE  CHIIBI
e ====| BCTYNAT B JEHCTBUE M TPUTAHYT HX

BIUIOTHYIO JPYT K JPYyry, o0pa3ys HOBYIO
COCTaBHYIO yacTtuly [ri.3].

Puc.20

Bec 31011 HOBOM COCTaBHOW 4aCTUIIBI B CHILY TOTO, YTO 4acThb
CHJI TIPUTSDKEHUS yacTull OyaeT "M3pacxojoBaHa" HA yJaepKaHHUe MX
OKOJIO JPYT JPYyTa, OKAKETCS MEHbIIE, YEM HX BEC MO OTIEIbHOCTH
(puc.20). To ecTb BO3HUKHET Je(heKT Beca.

ITo cBoeit cyTH, 00beTMHEHHE JIBYX YACTHIL B OJIHY, 3TO U €CTh
npouecc cunmesa, TpPU KOTOPOM  cOBeplIaercs  padora,
MpOMOpILMOHaNIbHAS 3TOMY nedekTy Beca. B maHHOM ciydae, 3Ta
pabota OyAeT coBepilieHa MPOTUB CUJI MPUTSIKCHHUS] 3EMITH, TaK Kak
YMEHBIIEHUE BECa PAaBHOCWIBHO MOAHITHIO MAaTEPUAIBHOTO Tea Ha
HEKOTOPYIO BBICOTY B €€ I'PaBUTALIMOHHOM TOJIE.

Tak KaKk CHJIBI TIPUTSHKCHHUS YaCTHUIl MKy coO0W | 3emiiei
OUeHb Mallbl, JJI1 UX OOHapyXeHus TpeOyeTcs BechbMa CIOKHOE
o0opynoBanue. Hike mpennaraercsi cxema MpocToro 3KCIepUMEeHTa,
WUTIOCTPUPYIOIIETO BO3HUKHOBEHHUE NieeKTa Beca, KOTOPHIH MOKHO
MIPOJEMOHCTPUPOBATH B JIIO0OI 1IKOIIE.
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HJ’IH €ro IMPOBCACHU A HYXCH TOJBKO J0CTAaTOYHO
I-IyBCTBI/ITG.HBHBII‘;I JAMHAMOMCTP U HCCKOJIBKO MOCTOAHHBIX MAarHuTOB.
[IpumepHasi cxema HSKCIIEpUMEHTA IMOHATHA W3 pUCyHKa (puc.21).
JedbekToM Beca Tak K€ DJJIEMEHTAPHO OOBSICHSACTCA SIBICHHUE
CMAYUBAEMOCIU U NOGEPXHOCMHO20 HamsadxyceHus. MOIeKybl
KHUJIKOCTH, KOHTAKTHPYIOIIME C MOJIEKyJaMH CTEHOK COCyaa,
MPUTATHUBAOTCA K HHM C BO3HHUKHOBCHUCM ,Z[G(I)GKTB. BE€Ca, B
PE3YIbTATC YCTO CTAHOBATCA JICTUC W BBITAJIKMBAKOTCA BBCPX II0
CTEHKe, 00pa3ysi BOTHYTHIH MEHHUCK.

B cIydac C XUAKUM TICIUCM, 3TH BBITAJIKUBAIOINHUC CHUJIbLI

B S HACTOJILKO BEJIMKH, YTO KUIKOCTH HAYMHAET
2 ¢
= # TepeIMBaThLCS Yepe3 Kpai cocya.
n— —“ DTOT MeXaHu3M  O00ecIedYruBaeT
= : | momauy BOABI B CTEOJISIX paCTEHUN B CTBOJIAX
Puc.21 .
JIEPEBHEB, MOAHUMAS 10 KamujuisipaMm e€ Ha

OTPOMHYIO BBICOTY. Eciu Kanuuisip pacnosoKeH FOpU30HTAIBHO, TO
BOJIa TI0 HEMY JBHTraThCs HE OYAET, TaK KaKk MEXaHU3M 3TOT He OyzaeT
paboTtath, YTO TpPEKpPacHO  OOBICHAET, IOYEMY  JIEPEBbS
IPEIIIOYNUTAIOT PACTU BBEPX, IPEOA0IIEBAs CUIIy TPABUTALIUH.

Ciioii MoneKys BO3/1yxa, MPUJIETAIOIIUN K TOBEPXHOCTH BOIBI,
OTIaeT MOJIEKYyJaM CBOM 3apsabl, U B pPE3yJbTaTe BBIPABHHUBAS
ACUMMETPUI MEXy HUIMH BO3HUKAIOT CHJIbI TPUTSIKEHUS.

To ecTp MIEHKa NMOBEPXHOCTHOI'O HATSKEHUS — 3TO CJIOU
MOJIEKYJI BO3JyXa C YyMEHbIIEHHOM acummerpuen. I[losromy B
BaKyyMe€ CYILIECTBOBAHUE Kallelb BOJbl — HEBO3MOXHO.

B ciydae ¢ pryThio Bce MPOUCXOAMT HAOOOPOT — B ITOM
cily4ae "BCIUIBIBAIOT' CTEHKHM COCyZJa M IMPOUCXOIUT "omyckaHue"
TPaHMYAIIUX CO CTEHKOW MOJIEKYJ PTYTH, CO3JAIOLIEE BBITYKJIBIN
MEHHCK.

B pesynbrare yBenn4YeHMs CUIIbI TSYKECTH B 30HE KOHTAKTA CO
CTCHKOM COCYZa, PTYTh, KaK U HEKOTOPBIE IPYIHE KUIKOCTH, aTOMBI
KOTOPBIX UMEIOT I0BOJIBHO OOJIBIIYI0 aCUMMETPHIO IPaBUTALIMOHHBIX
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1oJIeH, OYeHb OBICTPO BBHITEKAIOT JAaXKE Yepe3 MHKPOCKONUYECKHE
OTBEPCTHS.

12. O CHHTE3E

Deonwyua mamepuu 6 npupooe npeocmaeniem cooou
OOHOHANPABNEHHBIIL U HEOOPAMUMBLI NPOUECC HENPePbIGHOZO0
CAMONPOU3BOTILHO20 YCIIONCHEHUA €€ CIPYKmYpbl 6 pe3yibmame
00veouHnenua (cunmesa) 0071€e npocmulx uacmuy 6 0onee
CL0MCHBIE CMPYKMYPHbLE 00pA308aAHUA.

Korma Bwl ocTaBisiere Ha yinMile >KEJI€3HbIM TI'BO3/b, OH
MOKPBIBAETCS prkaBUMHOM. PrkaBumHa - 3TO OKHCeN Kelie3a, TO €CTh
0oJiee CI0KHOE BEIIECTBO, YEM YHUCTOE JKEIe30. A eClU PSAOM C HUM
OblTa eme U cepa, TO MOJYyYuTCs Cyabpua uiau cynbdar xenesa,
KOTOpOe erie 0osiee CI0KHOE, YeM OKHUCET.

N ecnu 3TO yclo)KHEHHE MPOUCXOAUT B TEUECHUU HECKOJIBKUX
MUJUTHOHOB JIET, a TPUPOABl TaKUM KOJHMYECTBOM BpPEMEHHU
pacrosaraer, TO HEU30EKHO MMOSIBUTCS Kakas-HHOY b
NE30KCUPUOOHYKIIEHHOBAsT KUCIIOTA. A 3a HEW W JKHUBasi KJIETKa U B
KOHIIE KOHIIOB Y€JIOBEK.

[Ipuyem npu cuHTE3€ BCET1a BBIACISIETCS HEKOTOPAst MOLIHOCTD,
MPOMOpLMOHANIbHAS BO3HUKaromEeMy aedekTy Beca. B Hayke 3TOT

9 O nedekT Beca OmMMOOYHO Has3bIBaeTCs "nedexTom
Mmaccel' W CUHMTAETCs, 4YTO OH, SKOOBI,
XapaKTEPHU3YeT, TaK HA3bIBAEMYIO, SHEPTUIO CBS3H
gacTull. Ho BOT oOpaTHBIN mporiecc B MPHUPOJE
‘5@ @ <« | HCBO3MOKCH. Hukro HMKOrga He HaOMIOa,

¢ ; 9T00Bl pyla, TO €CTh U3 CMECh OKHCIIOB,
QD - Cynb(UIOB, CaMOIIPOU3BOJIBHO paclagaiach Ha

COCTaBHBIC DJJICMCHTBI W IMOJYYUJIOCH YUCTOC

Puc.27
KEJIC30 UJIKM MEb UJIN €1IC YTO-TO YHUCTOC.
N xoTss B mpuposie CyHIECTBYeT OECKOHEYHOE KOJUYECTBO

YPOBHEW CHHTE3a, YEJIOBEK MOKa MOYKET HaOJII01aTh TOJIHKO /1B BUIA.
70



Beonroyust MATEPHH

Oto cuHTe3 HU3KoTeMneparypHbiii (HTC), npu KOTOPOM ITPOUCXOIUT
IPOCTOE CIMSHUE aTOMOB B MOJIEKYNBl (pHc.27) C BbLACIECHUEM
CPaBHUTEIBHO HEOOJIBIIOTO KOJMYECTBA TEILIA.

[IpumepamMu Takoro CUHTE3a, SIBISAIOTCA OOBIYHBIE IPOLECCHI
OKHCJICHUS WM TropeHuda. WM BTOpoil BHA CHHTE3a — 3TO
BBICOKOTEMIIEpaTypHbIii cuHTe3 (BTC), mpu KOTOPOM aTOMBI,
Y4acTBYIOUIME B IIPOLIECCE CHHTE3a, HAXOIATCA B  MHCUOKOM
COCTOSIHMM, O KOTOpPOM COBpEMEHHasi Hayka, IO

‘@ - '@ | munoctu Pesepdopma um nopma KenbBuHa, He
HMEET HU MaJleiero npeacrasiieHus. 1M moaromy
“»@ @ | aroMBl B O3TOM COCTOSIHUM MOTYT CJIHBAThCS
’ BMeCTe, 00pa3ys aToMbl OoJjiee  TSIKEIBIX

Q- 37eMeHTOB (puc.28).
C
Takue IpoIecCchl CHHTE3a MOTYT HITH TOJIBKO
g @ Ipu TeMIiepaType Oolee MHJIIHOHA TPAIyCoB,
Pues KOTOpasi CYIIECTBYET B MOBEPXHOCTHBIX CIIOSIX

3Be3/1 UJIU B IICHTPE aTOMHOT'0 B3phIBa. B GoJiee riry0oKux closix 3Be3
UAYT MPOIIECCH CHHTE3a AJIEMEHTAPHBIX YACTH U3 CYOIJIeMEHTAPHBIX,
TaK K€ HAaXOJASAILIMXCS B JKUIAKOM COCTOSHHM M UMEIOIIUX ele Ooiee
BBICOKYIO TEMITEpPATypy.

[Ipu 3TOM BBLAENIAETCS MOUIHOCTH HA MOPSAKU MPEBBIIIAOIIAS
MOIIIHOCTh CUHTE3a TeJrs, MPOUCXOIAIIEr0 Ha MOBEPXHOCTH 3BE3/L.
DTO HEHaONIOAaeMbli HAMU CBEPXBBICOKOTEMIICPATYPHBIA CHHTE3
(CBTC) 0 KOTOPOM YEJIOBEYECTBO IMOKAa HE MMEET HU MaJIeUIIEero
MPE/ICTABJICHHUS. . .

CoBepILIEHHO TOHATHO, YTO HUKAKHUX MPOLECCOB XOJOIHOTO
siiepHoro cuHresa (XSAC) B npupoe CyLECTBOBATh HE MOYKET, KPOME,
TaK Ha3bIBa€MbIX '"XMMHUUYECKUX' TIPEBpALICHUN WM pEaKiuH,
UAYIIMX WHOTJA 1aXKe C TIOHMKEHHEM TeMIieparypbl. Tem Oosee, 4To
y aTOMOB HET M HE MOXET ObITh HUKAKUX snuep. ([lpasoa yuenvie 06
SMOM NOKA He 002a0bl8alomcs u nosmomy O4Y€eHb CUJIbHO 3adHANbL
b6ecnioOHbIMU ROUCKAMU DMO020 CAMO20 XON00H020 ;u)epnoeo cuHmeaa).
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B3pbIB BO0p0o1HOI 60MOBI, 3TO IPUMEP BHICOKOTEMITEPATYPHOTO
cunte3a (BTC), npoucxondiiero ¢ BBIIAECIECHUEM KOJOCCAIbHOU
MOIIIHOCTH,  COINPOBOXKJAEMOM  3HAYUTENIbHBIM  IOBBILICHUEM
JaBJICHUsS ¥ TEMIIepaTyphl, KOTOpas MOAJIEPKUBAET aTOMbI BOAOPOIa
B 30HE PEaKIUu B KUJAKOM COCTOSHUU, 00YCIIaBIIMBas BO3MOKHOCTh
WX CIUSHHS B aToMbl renusi. OmHaKo 000J109Ka BOJOPOTHONH OOMOBI
HE MOKET MPOTUBOCTOSITH TAKOU TEMIIEPATYPE, OHA TOYTH MTHOBEHHO
MJIABUTBCS M pa3pylIaeTcsl KOJOCCAaJbHBIM JaBICHUEM B 30HE
CUHTE3a.

[TosToMy B peakuuu ycrneBaeT MPUHATH Yy4acTUE OYEHb
HE3HAUYUTEJIbHOE KOJIMYECTBO MCXOIHOTO BEIIECTBA, B HECKOJBKO
necsaThIX Aojeil mpoueHTa. [IombITKM y4eHBIX 3allyCTHTh PEaKIHI0
CHHTE3a B KaKOU-TO 3(eMepHONW MarHUTHOW JOBYIIKE, KOTOpas
JIOJI’KHA BBIIEP>KMBATh OTPOMHOE JIaBJICHUE, IO MEHbIIIEH Mepe TakK ke
HAUBHBI, KaK IMOMBITKH MOAHITH c€0s 32 BOJIOCHI.

EQVMHCTBEHHBI pEANBHBIA IIyTh B 3TOM HAIIPABICHUH, OTO
WCIIOJIb30BAaHUE PEAKIUi CHUHTE3a C YYaCTHUEM ypaHa M TSKEIbIX
TPAHCYpPAaHOBBIX 3JEMEHTOB, TJ€ YEJIOBEUYECTBO YK€ JOCTHUIJIO
HEKOTOPBIX pPEAbHBIX pPe3ysbTaToB. [Ipum cHHTE3€ MOJEKYJISAPHBIX
COCIMHEHUH, BBIJEIICHHE MOIIHOCTH M TOBBIIICHHE TEMIEPaTypbl
HE3HAYUTENIbHO, TOATOMY CIUSHUS aTOMOB HE IMPOUCXOIUT, a OHU
MPOCTO OOBEIUHSIOTCS B MOJIEKYJIBI.

OObIuHOE TUIaMsI, HANpUMeEp, MPEACTaBIsAET CO0O0H mMmpoIecc
CHUHTE3a MOJIEKYJ TOpPIOYMX BEIIECTB C MOJEKYJIaMu KHCIOPOJa,
COTMPOBOXKIAAEMBIN OTHOCHUTEIHHO HEOONBIINM, IO CPaBHEHUIO C
BBICOKOTEMIIEPATYPHbIM CHUHTE30M, BBIJICJICHUEM MOIIHOCTH W
HEOOJIBIIIUM MOBBIIICHHEM TEMIIEPATYPHI.

Hetpynno mpencraButh cebe, Kakas MOXKET BBIICIUTHCS
MOIIIHOCTb, HANPUMEDP, NMPHU CUHTE3€ MPOTOHA U3 CyO3TeMEHTapHBIX
YaCTHUII, KOTOPBIN MPOUCXOIUT B ITYOOKHX CIIOSIX TIOBEPXHOCTH 3BE3/1.
A cnenoBarenbHO, YTOOBI "PacKOJOTH" MPOTOH, HY)KHO 3aTpPaTHTh
TaKylo OOJIBIITYIO MOIIHOCTh, KOTOPOM YEJIOBEYECTBO €/Ba JIM KOra-

HUOyA» Oymer pacmonaratb. A TO3TOMY BO3HS C aJJpOHHBIM
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KOJUIAMIEpOM, roBOps CII0BaMHU deliHMaHa, SIBIIACTCS
OOBIKHOBEHHBIM HaJTyBaTEIIbCTBOM.

Ilpoueccor pacnadoa mamepuu ecezoa mpeodyrom 3ampamaol
MOWHOCMU, NHOIMOMY OHU 603MONCHbBL MOIbKO KAK C/1€0Cmeus uiu
nobounvie Ihhekmut 60,1 MOWHBIX U RPUOPUMEMHBIX NRPOUECCOB
cunmesa.

Hukakux oOpaTUMBIX MPOIECCOB B MPUPOAE HE CYIIECTBYET,
9TO Takas ke (PUKIMS, KaK U BEUHBIN IBUTaTeNb. Hampumep, mporiecc
"paspylieHus" KENE3HbIX KOHCTPYKLMH B peE3yJIbTaTeé KOPPO3HH,
npezcTaBisieT co0Ol Mpoliecc CUHTe3a 00Jiee CI0KHOTO BEIIECTBa -
OKHCIJIA JKeJe3a, XOTS B LIKOJIAaX U By3axX y HAacC CO3/1al0T COBEPILEHHO
NepeBepHyToOe MpeacTaBieHue 00 3TOM, yBepsis, YTO 3TO MPOLECC
pa3pylIeHHs Kelesa.

M TakumMu U3BpallleHHBIMH TPEJCTABICHUSMU H300MITYyeT
coBpeMeHHasi HayKa. JIt00oii mporecc CMHTe3a, a He TOJIBKO CUHTE3a
OKHCJIa XeJle3a, BCEraa UAET CaMOIPOU3BOJIBHO, C BBIIECIEHUEM TOMN
WJIM MTHOM MOLTHOCTH B BUJE TEILIA.

A s Toro, ytoOBl pa3ENUTh OKHCEN Ha COCTaBISIOIINE
QJIEMEHTBI, NPHUXOJUTCS 3aTpauyuBaTh OINPEACIEHHYIO MOIIHOCTD,
WCIIONB3Ysl APYro, OoJjiee TPUOPUTETHBIH W MOIIHBIA TPOIECC
CUHTE3a.

Hampumep, nponecc cuHTE3a yriaekuciaoro rasa, B pe3yjabrare
KOTOPOI'0 YIJIepod OTOPBET aTOM KHCIOPOAAa OT MOJIEKYJIBI OKHUCIIA U
NPUCOETUHUT €ro K cede. DTo MpoIecchl MPOUCXOISIINE, HAIPUMED,
B JIOMEHHBIX Te4yax. B pe3ynprare TOro, 4To BO3HUKAIOMIUN JedeKT
Beca NPU CUHTE3€ YIVIEKUCIOro ra3a MpPEeBbIIACT H30BITOK Beca,
BO3HMKAIOIIMKA IIPU paclajge OKHUCIIA JKeIe3d, TO BbIICIAIOLIEHC
MOIIHOCTH CHHTE3a C M30BITKOM XBaTaeT Ha MOKPBITUE 3aTpaT Ha
pacraj oKucia.

Ecnu Ob1 B mipupojie MOT CYIIECTBOBATH CaMOIPOU3BOJIBHBIN
pacnaj, Ham He3aueM ObLI0 Obl CTPOUTH JOMHBI MJIM KOHBEPTEPHI AJIs
MOJIy4eHUsI YHCTOrO >Kejle3a WM Kakoro-To Jpyroro Mertajuia.
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Joctarouno Obwio OBl MOAOXKIATh, KOTJA JKeJe3Has pylaa cama
pacrajercs Ha YUCTOE JKele30, cepy, Kuciopon... Hezauem 66110 OB
MOKPBIBATh aBTOMOOMIIN aHTUKOPPO3UIHBIMU OKPBITHSIMH. ..

[Ipouecc cuHTE3a TSAKENIbIX 3JIEMEHTOB B IPHUPOJE HAET 0
HekoToporo npezaena. C poCTOM aTOMHOIO YHCIIA, CHIIbI PUTSKEHUS
MEXJy 3JIEMEHTApHbIMU YaCTUIAMHU, W3 KOTOPBIX COCTOUT aToM,
YMEHBIIAIOTCA M aTOM TNPHUOIIKACTCS K COCTOSIHUIO, OJNM3KOMY K
KUAKOMY. YpaH, HApuMep, B YHCTOM BHJE MPEACTaBIsET co00it
MaTepual, Jaxe 0oJee MIACTUYHBIN, YeM CBHHEII.

To ecThb CHIIBI IPUTSHKEHUS YACTHI] B aTOME ypaHa OCJIa0JIeHbI
U OH NPHU B3aUMOJACHCTBUM C YACTHIIAMH MMEIOIIUMHU JOCTATOUYHYIO
SHEPruI0 (CMHTE3), OH MOXET MEPEUTH B COCTOSIHUE KUJKOW Karliu,
YTO CJETaeT BO3MOXHBIM €ro pacrhaj U KaK pe3ylbTar, 3amyck
JABUHHOW PEaKIMU CHHTE3a €r0 00JIOMKOB C aTOMaMH OKPY KaroIiei
Cpeibl UJIM ATOMHOMY B3pBIBY.

CaMonpou3BOJBHBIA pacrmaj aToMa ypaHa HEBO3MOXKEH, TaK
KaK JJs 3TOro HEOoOXOJUMO 3aTpaTUTh BIIOJIHE OMNPEACICHHYIO
MOIIIHOCTh, MHAUE OH MPOCTO ObI HUKOT/Ia He cMOT oOpa3zoBarbes. 1
€ro eCTECTBEHHas pPaJMOaKTUBHOCTh OOYCIIOBJIICHA TOJIBKO JIHIITh
BHEIIHUMH BO3JCUCTBUAMU, a HUMEHHO IOTOKAMH KOCMHUYECKUX
YacTHll, KOTOpblE€ WHULUUPYIOT pacmaj OTHAEIbHBIX aTOMOB,
COTIPOBOKAAIOIIMXCS CHUHTE30M C BHIOPOCOM (M3ITydYE€HUEM) YacTHll,
MMEIOLINX BBICOKYIO MPOHUKAIOIIYIO CIOCOOHOCTb.

Ecnu Takuwe sneMEeHTHl HJEallbHO IKPAHHPOBATh OT JHOOBIX
U3Ny4eHUH, TO OHHU MOTYT XPAaHUTBCA CKOJIb  YTrOJHO
MPOJOKUTEILHOE BPEMsl, TaKe €CIIi OYyT UMETh, TAaK HA3bIBAEMYIO
KpuTHueckyro  "maccy'.  Muaue  rosops,  "ecrecTBeHHas"
PaAMOAKTUBHOCTh TSXKENBIX AJIEMEHTOB U PaJMOAaKTHUBHBIX H30TOIMOB
- 3TO pe3yabTaT OOMOAPIUPOBKH HMX OBICTPHIMU KOCMHUYECKUMH
yactuamu. CaM MpoOLEeCC aTOMHOTO B3pbIBAa HMEET MEXaHU3M,
OTJIMYAIOIIUHACS OT OMKMCHIBAEMOTO B yUeOHUKAX (DU3UKH.

B otcyrcTBUM (OHOBOTO M3Ty4yEHUS! HUKAKas LEMHas peaKus

HUKOTa OBl HE CMOTJIa HA4aThCsl U paboTa aTOMHBIX peaKTOpPOB ObLIa
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OBl HEBO3MOXKHA. 3a0y’KICHHUs, LapsAIIMe B HayKe, YK€ MPUBEIH K
TOMY, YTO (PU3UKM MBITAIOTCS PACKOJIOTh MPOTOH, COBEPIICHHO HE
HOHMMasl, 9YTO YEJIOBEUECTBO MOKA EIIe HE pacroiaraeT HCTOYHUKAMH
MOIIIHOCTH, TTO3BOJISIIOIINM PACKOJIOTh 3JIEMEHTAPHYIO YaCTHILY.

OCKONKH, TONydaroufecs MpU CTOJIKHOBEHWH IPOTOHOB B
KOJUTaiiiepe, 3TO HE ero COCTaBHBIE YacTH, KaK OITMOOYHO ITOJIaraloT
y4YeHbIE, @ BCETO JIUIIb MPUIKIIINAE K HEMY JIETKHE CyO3JIeMeHTapHbIe
YacTUIbl, 00ECHEeUMBAIONINEe ACUMMETPHIO €r0 T'PaBUTAI[IOHHOTO
HOJISI.

MouHoCTh HeoOXoauMast 1JIsl OCYILIECTBIICHHUS pacmazia Jaxe
aTOMOB TeJHs, HE TOBOpS YK€ O pachaje INpPOTOHA, OJDKHA
HPEBBIIIATh MOIIHOCTb, BBIJCISIONIYIOCS HPH B3PHIBE BOJOPOIHOM
O60oMOBI. J[a’ke packoJOTh JOCTAaTOYHO OOJIBIION aToOM JKelesa
YeJIOBEKY MOKa eIlle He MOJI CHITY.

13. O MPOCTPAHCTBE U BPEMEHHA

W3 ompeneneHuss mMarepuy COBEPUICHHO SICHO, YTO OHAa HE
HY)KJaeTcs B TaKHX CYHIHOCTAX, KaK MPOCTPAHCTBO U BpeMs. Takue
MOHSTHS, KaK MPOCTPAHCTBO, BPEMsl, Macca, SHEpTrusi, Temreparypa,
JaBJICHUE U MpOoYee — 3TO TOJBKO TEPMHUHBI, TPUIyMaHHbIE JTIOIbMU
JUTsl 0003HAYEHUSI HEKOTOPBIX CBOMCTB MaTepuUHU.

Ilpocmpancmeo — >TO CBOWCTBO MPOTSKEHHOCTH CaMOU
MaTepuu U TOBOPUTH O HEM B OTCYTCTBUU MAaTCpHU, COBCPUICHHO
OeccMpiciieHHo. Matepust cama 1o cede u ecTh 00beM. IMeHHO 3T0
CBOICTBO MNPOTAKCHHOCTH MATCpUn U AaCT HaM BO3MOXHOCTb
nepeMeniaThesi B Hel Kyzia yroaHo.

[TosroMy MBI Bcerza HMeEEM BO3MOXXHOCTb CBE3JIUTh B
COCEJIHIOIO JIEPEBHIO, HA navy, B Typuuto, Ha JIyHy...

Bpemsa, xax Qusnueckas CyIIHOCTh B MPUPOJAE BOOOIINEC HE
CYIIECTBYET, 3TO Jake HE CBOMCTBO MAaTEpPUH, & BCETO JIHIIb CBOMCTBO
YeIIOBEYECKOTO0 CO3HAHUS 3alOMHHATH KaKHE-TO IPOMEKYTOYHBIE
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coctossHUs TmpoueccoB. M Bpems — 3TO cpaBHUTENIbHas Mepa
OTHOCHUTEJIbHOM MHTEHCHBHOCTH KakKuX-1u0o mporeccoB. Eciu Obl
JIOJIM HE UMEIU TaKOro CBOMCTBA, KaK CO3HAHWE W NaMATh, OHU
HUKOTr/1a Obl HEe U300pENu TAKOTO MOHATHS, KaK BPEMsI U CKOPOCTb.

N3mepeHne BpeMEeHH — 3TO CPABHEHUE JJINTEIBHOCTH KaKOTrO-
anbo mpoiiecca ¢ IIUTEeNbHOCTHIO JIF000T0 MPOU3BOJILHOTO Mpoliecca,
IPUHSTOTO 3a ATAJIOH. B Hamem ciydae ¢ JJINTENbHOCTHIO IOBOPOTA
3eMiu BOKPYT CBOEH OCH.

[Ipuuem »>TaJOHOM MOXKET OBITH TOJBKO MNEPUOTUUYESCKUN
IPOLECC, IOTOMY 4YTO CpPAaBHEHME HENPEPBIBHBIX JIMHEHHBIX
IPOLECCOB — HEBO3MOXXKHO. OTCr0Ja JIOTUYECKH  BBITEKAET
HEBO3MOKHOCTH CYIIIECTBOBAHMS TaKOM (hPU3HUECKON KaTeropuu, Kak
BpeMs1, BOOOIIIE.

Cneoosamenvno, 6 npupooe Hem 6pPEMEHU U Mamepus
cyuiecmeyem 6 6e4HO OJIAUEMCA HACH OAULEM.

Pa3nnuHoe TeueHne BpEMEHM B pa3HbIX CHCTEMAX OTCUETa IO
JDKEHAYYHOH TEOpHHM OTHOCHUTENBHOCTH NpEeACTaBisieT coboil Open
YUCTEUIIEN BOJbI, KOTOPBI CTAHOBUTCS OYEBUIHBIM, CTOUT TOJIBKO
norpoOOBaTh OCMBICIUTH yTBEpKIeHHE, 4To: "B cucreme A
NpoXoauT Oobllle BpeMeHH, yeM B cucrteMe b, 3a onHO U TO ke
BpeMs .

bonee TOro, cucremsl € 3aMEMNJIEHHBIM WM YCKOPEHHBIM
TEYEHHEM BPEMEHH, JOJDKHBI OblTM OBl McCYe3aTh U3 BUIY, TaK Kak
HEBO3MOXXHO BHJIETh OJHOBPEMEHHO MPOILIOe U OyayIee.

st Toro, uToOBI BO3BPATUTCS HA3aJ K MPOIIOMY COCTOSIHUIO
Kakoro-aubo Tmporecca, ero HeoOXOJUMO 3amyCTUTh B OOpPaTHOM
HAIpaBJIEHUU, YTO COBEPIIEHHO HEBO3MOXKHO, TaK KakK »3TO
IIPOTHUBOPEYUT BTOPOMY Hadajy TEPMOAUHAMUKH.

A cnenoBaTeNbHO, Takas (pu3nueckast KaTeropus, Kak Bpems, B
IpUPOJIE HEBO3MOXKHA M NEpeMEelIeHHe B MPOIUIoe WM Oymyiiee
BO3MOXXHO JIMIIb B HalleM BOOOpaXeHMHM U B (HaHTACTHUUECKUX
pacckasax.
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14. O JBM)KEHHUUN HEBECHBIX TE.JI

Ha pucynke (pme.22) nmoka3zaHo ABM)XEHHE CIIyTHHKa S 1O
AJUMNTHYECKOW opoute. Hanbosiee ecTeCTBEHHBIMU ISl IBHKCHUS
CITYTHUKOB M TUIAHET SIBJISIIOTCS KPYrOBBIE OPOWTHI, TJI€ JTBHKCHUE
MPOUCXOJAUT O IKBUIIOTEHUHAIBHON TPACKTOPUU, HE HAPYILIAEMO
HUKAaKHM U BO3MYIIICHUSMHU U HE TpeOyIolIee 3aTpaT YJHEPTHH.

(Cnymnuuk, osudicywyuiica no Kpy206o0i opoume, 8 0eKapmoeou
cucmeme KoOpoOuHam yuacmeyem O0OHOGPEMEHHO 8 O08YX OBUNCCHUX,

D 20pU30OHMANIbHO NO Kacamenwvhou ¢ 1-i

e | KOCMUYECKOU 'V, 0na 0aHHOI niaHemul,
. CKOpOCHbIO U C8O00OOHO  naoasn
6epMUKAIbHO, noo oelicmeuem
2PAsUmMayUOHHBIX CUJI €€ RPUMANCEHUA.
B pesynemame 3mozo Oeuxncenus, @
Kaxycovlii MOMEHN 6peMenU PACCMOAHUE

Puc.22 om CRnymHUKa 00 uenmpa nJjiarnemol
HOCHMLOSAIHHO.)

B nonapnoii cucreme xoopauHat 3T0 OyneT NBUXKEHHUE IO
SKBUMOTEHIMAJILHOW TPACKTOPUHU, PAAUYC KOTOPOM MMOCTOSHEH
(R=const). Ilpu >TOM HHUKAKOro HM3MEHEHHUS TI'PaBUTALMOHHBIX
MOTCHIUAJIOB, JEHCTBYIOIIMX HAa CIIyTHUK Ha BCEH TPACKTOPUU
NBUKEHUS, HE MpoucxoauT. W mostomy npu MOYTH MOITHOM
OTCYTCTBUM COIIPOTHBJIEHMSI CPENbl, CIYTHUK WJIM IUIAHETa MOTYT
JIBUTaThCs MO TPAEKTOPUU PABHOT'O MOTEHIIMAJIA OYE€Hb U OUYEHb JOJTO.

NMeHHO myTaHMIa ¢ JE€KapTOBBIMH KOOpAMHATaMu U
IPUBOJUT K TOMY, YTO y4Y€HbIE€ HE B COCTOSIHUM OOBSICHUTH TaKUX
MIPOCTHIX BEIICH, KaK HaIpuMep, mpereccusi opouTsl MepKypus.

JIBIDKEHHE T10 SJUTUIITHYECKOM OpOUTE HECKOJIBKO OTIMYACTCS.
[Ipu nBMKEHMM CIIyTHUKA U3 allores 10 y4acTKy A Ha HETO JEHCTBYET
cuiia, OOyCIOBIIEHHAs PAa3HOCTHIO T'PAaBUTAIIMOHHBIX MOTEHIIMAJIOB
AR1, KOTOpasi, MPEBBILIAs TOPU3OHTAIBHYIO CKOPOCTh V, OTKIIOHSET
CIYTHHK, 3acTaBiigsl ero auratbcs mo kpuod C. B mepurennw,
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HA00OpOT, €ro TOPU3OHTAJbHAA CKOPOCTh V TMPEBBIIIAET CHUITY,
00YCIIOBJIICHHYIO Pa3HOCTHIO TPAaBUTAIIMOHHBIX TOTEHITUAIOB AR2, 13-
3a 4ero, BIXO/Isl Ha y4yacTok B, ciyTHUK nBUXeTcs 1o KpuBou D.

B pesynbrare ATHX CMENIEHUH, BBI3BAHHBIX Pa3HOCTHIO
CKOopocTel Ha ydyactkax A wu B, osmnuntuyeckas opOuta
NOBOpauuBaercs (Ipeleccupyer) B CTOPOHY IPOTHUBONOJIOKHYIO
HAIpaBJICHUIO BpAIIEHUs CIyTHUKA. OTa JIMHEHHas Npeneccus
OpUBOANUT K "oOkaTbiBaHMi0" (hoKyca 3Juumnca BOKPYr LIEHTpa
IUIAHETHl M MEJUIEHHOW OHBOJIONUM JJUTUNTUYECKOH OpOUTHI B
KpYTOBYIO.

Mexauusm 3TOH SBOJIIOIAU JIOCTAaTOYHO MPOCT.
Bo3Hukaromass B pe3yibTare  OTKJIOHEHHsS TPAaeKTOPUU  OT
SKBUIIOTEHIMAIBHOW, PA3HOCTh TIPaBUTALMOHHOIO IOTEHLHANA,
OPUBOJUT K BO3HUKHOBEHMIO CHJIBI, KOTOpass CTPEMHUTBCS
BOCCTAaHOBUTH KPYTOBYIO OpOHTY.

IIpockakuBass TOYKY OKPYKHOCTH C HYJIEBOM pPa3HOCTBIO
NOTEHLIMAJIOB, CIIYTHUK OTKJIOHSETCS! B IPOTUBOIIOJIOKHYIO CTOPOHY,
YTO ONATh JK€ NPHUBOAUT K BO3HUKHOBEHUIO ITPOTHUBOIIOJIOKHO
HAIpPaBJIEHHOM Pa3HOCTH MOTEHIIMAJIOB U K KOJeOaHUSIM OpOUTHI.

B pesynbraTe 3aTyxaHus 3TUX KOJEOAHUM, DIUIMITHYECKAs
opOuTa 3BOJIOLMOHUPYET B KpyroByr. Kpome Toro, HecoBmaaeHue
IUIOCKOCTH OpOUTHI C JMAMETPAIbHOM IJIOCKOCTBIO IJIAHETHI,
IPUBOJUT €111€ M K BOSHUKHOBEHUIO YIJIOBOM IIPELIECCUH, KOTOpasi Tak
K€ IO JEHWCTBUEM pA3HOCTH TI'PAaBUTALlMOHHBIX IOTEHLUAJIOB,
MIOCTENIEHHO BHIPABHUBAETCS.

VIMeHHO U3-3a HECOBMAICHUS TUIOCKOCTH OPOUTHI CITyTHUKA C
JUaMETPAIbHOM  IUIOCKOCTBIO  IUIAHETHI, CHOYTHUK ONMUCBHIBAET
CUHYCOMJIAJIbHYI0 KpHBYHO Ha €€ mnoBepxHocTtu. CTporo rosops,
CIOYTHUK JBWXKETCA JdaXe He IO JJUIMINTHYECKOW opbute, a Mo
HEKOTOPOW, ONHM3KOW K OJUTMICY OBaJbHON TPACKTOPUH, IO
NeNCTBUEM IIOCTOSIHHOTO U3MEHEHUs 2pasumayuOHHbIX
nomeHyuanee Ha pa3InyHbIX €€ ydacTKax. J[BUrarbCs 10 KpUBOH

ONMU3KON K AJIIMIICY, CIIYyTHUK MOKET TOJBKO B TOM cCiydae, eciid
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TATOTEIOLIEE TEN0, BOKPYT KOTOPOI'O OH JBMXKETCS, HE HAXOAUTCS HU
B OJTHOM 13 ()OKYCOB ITOH IITUNTHYECKON KPHBOU.

3akonsl Kemnepa onmuchIBalOT, Kak JIBUXKYTCS KOCMUYECKHE
Tena, HO He OOBICHSIOT MPUYHH, TOUYeMy OHH Tak ABUXKYTcs. [loTomy
YTO 3TO JaK€ W HE 3aKOHBI, a mpocTas KoHcTaranus (axrta. Cam
Kemnnep cuuran, 4yTo MjaaHeThl ABUKYT aHTEIIbI. ..

N ecnm xu3Hp Ha 3emiie O MaNCOHTOJOTMUYECKUM JTaHHBIM
HAaCUUTBIBAET OKOJIO YETHIPEX MUJUIMAPIOB JIET, TO 3TO 3HAYUT, YTO
YeThlpe MUJUTHApAA JIET Ha3aJ opOWTa HaIlel TIIaHeThl yKe ObLia
OoueHb ONM3Ka K KpyroBoi. Ha mimaHeTax, ABMKYIIUXCS TIO OBAJIBHBIM
opbutam ¢ OOJBIIMM 3KCLEHTPUCUTETOM CYIIECTBOBAaHHE "KHUBBIX"
OpraHU3MOB HEBO3MOKHO, B CUJTYy MEHSIIOIIUXCS B OONBIINX Tpeaenax
OPUPOJHBIX  YCIOBMM  TpH  Mepexone M3  IMepurenus B
adenuii 1 oOpaTHO.

A Temepb HECKOJBKO CJIOB 00 MCKYCCTBEHHBIX CIyTHHKaX
3emiu. HckyccrBennbie cnytHuku 3emnn (MC3) netaroT oObIuHO HA
HeOonpmx BeicoTax 400 -600 KMIOMETPOB, Tlie CHJIa MPUTSIKECHUS
JIOCTaTOYHO Benuka. HeBecoMocTh KOTOpast BOSHUKAET HA CIYTHHUKE,
HEBECOMOCTBIO B IMOJTHOM CMBICJIE€ HE SABJISIETCS. DTO JIMIIb WILTIO3US,
00ycIIOBJIEHHAs CBOOOIHBIM MaICHUEM CIIYTHUKA MOJT ACHCTBUEM €0
cOOCTBEHHOTO Beca, Kak B otopBaBmeMcs Judre. I[loaTomy, 4ToOBI
HE yMacThb, CIIyTHUK JOJIKEH UMETh TOPU30HTAIBHYIO COCTABIISIOUIYIO
CKOpPOCTH PaBHYIO, TaK Ha3bIBAEMOM MEPBOM KOCMHUYECKOM.

Hacrosiiass HeBeCOMOCTh MOJKET CYIIECTBOBATh TOJBKO Ha
BBICOTE MPEBBIIIAIONICH paguyc IUIAHEThI, TJe €€ CUjla TIATOTEHUs
CTAaHOBUTCS HUYTOXKHOMU U /i€, COOCTBEHHO M HAYMHAETCSI OTKPBITHII
KocMmoc. I1o BeicoTa 6300 kmtomMeTpoB u Ooiee.

Ha Takux opOutax ropusoHTaibHasi CKOPOCTb CITyTHHKA
MOXXET OBITh Ja)ke HYJIeBOH. B 3TOM ciydae ero yriioBas CKOpPOCTb
OyIeT paBHa YIJIOBOW CKOPOCTH CYTOYHOTO BpAILEHHUS IUIAHETHI U
CITyTHUK MOXKET BHCETh Haja 000 €€ ToukoW HemonBrxHO. U
10100HbIE OPOUTHI MOTYYHUIIU Ha3BaHUE T€OCTAllMOHAPHBIX.
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O Toukax JlaHrpaska

Henonumanue y4eHBIME CYTH SIBIICHHS TPaBUTAIIMH, a TaK JKE&
HCJICTIOC JOIMYHICHUC, 4YTO JBa H66€CHBIX TE€j1a, HE€ HNMCHOIIUX
MaTepuadbHOW CBSI3U, MOTYT BpAlIaThCS BOKPYr KaKOTO-TO
MI/I(bI/I‘-IGCKOFO HOCHTpa MacCC, MPUBCIIO K U3MBINUICHUIO HCKUX TOUYCK
auOpanuu, B KOTOPBIX TPEThE TEJI0, HAXOMAAILIeeCs B 3TOM cucTeMe,
HCIMMOABUXXHO OTHOCUTCIIBHO JIBYX APYIUX.

Touka C (pmc.23), B KOTOpPOW CHJIBI TPAaBHUTAIMH ABYX
KOCMHYECKHX TeJl YPaBHOBEIICHBI OTHOCUTEIHHO TPETHETO, JISKUT Ha

& NPAMOM, COCAUHAIOUIEH IIEHTPBI JBYX
" | DTHX TeJ 1 HaXO/SILEHCS Ha PACCTOSTHUSIX
oT 9TUX TCI, OHpGI[eJIHeMBIX

COOTHOILIGHHEM KyOOB HX pPaauycoB,
1 KOTOpBIE ~ MOXXHO  ONPEACTUTh IO
dbopmyre:

Sa=(Sb*Ra3)/Rb3. rac
R - paouycwvr nebecnvix men,

Pnc.23 '

S — paccmosinus medncoy Humu.

DTO TOYKAa HEYCTOMYMBOIO PABHOBECHS, KaK Ha BEpIIMHE
KOHyCa W TeNO0 JBIKYIIEECS MO OpOUTe, MPOXOJAIIeH uepe3 3Ty
TOUYKY, JHOO0 OCTaHeTcs Ha opOuTe BOKpYyr Tema A, nmubo Oymer
3aXBayeHO TeJIOoM B 1 mpeBpaTUTCS B €T0 CITYTHHK.

15. O CTPOEHHUU U OBPA3OBAHUN
HEBECHBIX TEJI

OCHOBLIBAACH Ha HAay4YHBIX [JaHHBIX U OCOGGHHOCTHX
(GU3NUECKUX B3aMMOJCHCTBHI MaTepHaIbHBIX OOBEKTOB MOXKHO
JETKO  TOCTPOUTHh  JIOTHYECKH  HEMPOTUBOPEUUBYIO  TEOPHIO,
OOBSCHSIONIYI0 OOJBITUHCTBO SIBICHUM B KOCMoce. Bo-mepBhiX,
HUKAKOTO OOJIBIIIOTO B3pbIBA HE OBLJIO U OBITH HE MOTJIO - TBOPCHHE
MaTepHH U3 HUYETO MPOCTUTEIBHO TOJIBKO I OMOJIEHCKUX CKA30K, a

HE I HAYYHBIX TEOPHH.
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Bcenennas — aTo MaTepus, OHa fe3HaualIbHa U DeCKOHEeYHd.
Marepusi cymiecTBoBajia BCErJAa M Bcerga OyaeT CyLIecTBOBATh.
Hukakux npuynH e€ BOSHUKHOBEHHS, HET U HHUKorja He Obuto. EE
SBOJIIONMS MAET MO MPOCTOW CXEME HEMPEPBIBHOTO YCAOMCHEHUS
CMPYKmYypbl, COTIIACHO MTPUHIIUITY BO3PACTAHUSI SHTPOINH U BTOPOMY
3aKOHY TEPMOJIMHAMUKH.

Teopusa 0onbwio2o 63pbiea OCHOBAaHA HA HEBEPHOM
NOHMMAHWUH, TIPUYUHBI TaK Ha3bIBAEMOrO "KpPacHOI'O CMEIIEHHUS ',
KOTOpO# omubouno cuutaoT 3¢ddekr lommaepa, 00ycroBISHHBIN
yaJeHueM KOCMUYECKUX 00OBEKTOB OT HAOIrOAaTesl.

VIMeHHO Ha OSKCTPamoJSIIMKM 3TOTO  HECYIIECTBYIOILETO
paciIMpeHusl BCEJICHHOW BBICTpOEHA TeOpHsl OOJBIIOrO B3pbIBA U
COOTBETCTBEHHO, BhIUMcCIeH €€ "Bo3pacT'. Kak yxe ObUIO CKa3aHO
BBIIIIE, JTIOOBIE KOCMUYECKHE OOBEKTHI ATO IYCTOTENIbIe 00pa3oBaHMs,
c(hOpMHPOBABILIKECS B YCIOBUSAX HEBECOMOCTH.

Cyns 1Mo MOTOKY H3JIy4eHHs! KOJIOCCAJIbHOM MOIIHOCTH, B
ryOuHe 000JI04eK 3Be3]l, HaxXOAIUMXCd B OUYEHb TOpSYEM
pacIjaBlIeHHOM COCTOSIHUM, HWIYT TIPOLECCHl CHHTE3a aTOMOB
pa3IMYHBIX 3JEMEHTOB MEPUOANYECKON CHCTEMBI U3 AJIEMEHTAPHBIX

YacTHIL.
npoTyBepaHel,
e Jlerkue mpoayKThl 3TOTrO
HapyxHas xuakan osonowka | CHTHTEC3a B BUIC cMecu
obonodkams
CYDaneMeERRR L taCTIL SJIEMCHTAPHBIX YaCTHUIl U aTOMOB

BHYTPEHHSA XHAKAA 0BONONK

Pa3IMYHBIX AJIEMEHTOB,
BOJOPOJA, Telusl U HEKOTOPBIX
e JIPYTUX,  BCIUTBIBasl ~ CKBO3b
KHUJKYIO 000JI09KY, POPMUPYIOT

RiciHs ra3oBylo armochepy 3Be3JHl,
BEpPXHHUE CIIOU KOTOPOM, B CIECTBUHU OOJBIION aCHMMETPUU aTOMOB
U 3apsOHKEHHBIX YacTHUIl, UX OOpa3yIolluX, C OTPOMHOM CKOpPOCTHIO
HCTEKaIOT B KOCMHUYECKOE MPOCTPAHCTBO B BUJE "3BE3IHOrO BeTpa'.

N Tak kak 3Be3da mpeacTaBisieTr cobou (puce 24) mycrorernoe
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o0pa3oBaHue, B LIEHTPE KOTOPOTO BaKyyM, TO MPOIYKThI CHHTE3a TaK
K€ UCTEKAIOT U BO BHYTPEHHEE MPOCTPAHCTBO 3BE3bl, CIOCOOCTBYS
MIOBBIIICHUIO B HEW BHYTPEHHEro JAaBicHus. MHOrnma B pesynbrare
IPOPHIBa HAPYKHOW 00OJIOUKHU MPOTYKTHI CHHTE3a BEIOPACHIBAIOTCS B
KOCMHYECKOE TIPOCTPAHCTBO B BUJIE MTPOTYOEPAHIICB.

Ho kak ToibkOo, B pe3yiabTare OCThIBaHUS OOOJIOYKHA U
HAKOIJICHUST B HEHW TSXKEIBIX 3JCMEHTOB, BHYTPCHHE JIaBJICHHE
IPEBBICUT HEKOTOPYIO KPUTHYECKYIO BEIMYHMHY, OHO pPa3opBET
000JI0UKYy W pa30pocacT CKOIMUBIIUECS BHYTPH HEE DSJICMEHTHI B
OKpy’Kalollee MpOCTPAaHCTBO B BHUAEC TOpAYMX Kalenb, IO
KacaTeJIbHBIM, IPEBPATHB TAKUM 00pa3oM, 3Be3/1y B CBEPXHOBYIO.

Ot Kamd, (QOpMHUPYSICh B YCIOBHSIX KOCMHUYECKOH
HEBECOMOCTH CBOMMH TIOJISIMH TSTOTEHUS B OOJbIIME W Mallble
HIapUKH, O00pa3yloT IUIaHETHl. BOIHOBBIMH B3aMMOACHCTBUSMH C
I'PaBUTAIIMOHHBIM TI0JIEM 3BE3/Ibl, OHH IMIOCTETIEHHO CTAOMITH3UPYIOTCS
Ha DJUIMNTHYECKUX opOuTax BOKpyr Hee. Ho wu3-3a Oombmmx
HAYaJIbHBIX JINHCHHBIX M YIJIOBBIX MPEIECCHH AIUTUITUICCKUX OPOHT,
CyIIECTBYET O0JIbIIast BEPOSTHOCTh UX NEPECEUCHHS U CTOJIKHOBEHUN
IUTaHEeT Ha opOuTax.

Ecnmu cronkHyBImIMecs TUTaHETHI JOCTATOYHO TOPSYM, OHU
NPOCTO CIUBAIOTCS B OJIHY OOJBIIYI0, a €CIH YK€ JOCTaTOYHO
OCTBIBIIIME, TO PACKAJIBIBAIOTCS HA YaCTH, U3 KOTOPBHIX 00pa3yroTcs
nosica actepousioB. YacTb 3TUX OOJIOMKOB, MOJTYYHBIIUX OOJIBIIYIO
HAYaJIbHYI0 CKOPOCTh, MOTYT MPEBPATUTCS B KOMETHI.

HeGonpmme xamum MoryT ObITh  "3axBaueHbl'  Oonee
KPYITHBIMH U TIPEBPATATCS B WX CIYTHUKH. Tak Kak BCE IIAHETHI
00pa3yroTcst u3 OpbI3T 000JT0YKK MPAKTHYECKH OJHOBPEMEHHO U B
HUX WIYT OJTHH M T€ K€ MPOLECChl CUHTE3a, TO UX "XHUMUYECKUM"
cocTtaB OyzleT pa3uyarbcsi OYCHb HE3HAYUTEIBHO.

Ha mpoTspkeHHMM MHOTHX MHJUTHAPIOB JIET, DIUTMIITHYECKUE
OpOMTHI TTaHET HEN30€KHO SBOJIIONMOHHUPYIOT B KPYTOBBIC, YTO U
HaOJIOMaeTcsl B COJHEYHOHM CHCTEME B HACTOAIICE BpPEMS.
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He3HauuTenbHBI AKCHEHTPUCUTET IUIAHETAPHBIX OpPOUT — I3TO
CBUJIETEIHCTBO MPOLIECCOB, MTPOUCIIECANINX B T€ JJaJI€KUE BPEMEHA.

Bpamasice BOKpyYT 3Be3/1bl, IIJIAHETHI IOCTETIEHHO OCTHIBAOT U
Ha HUX HOSBISIOTCS YCJIOBHS Il HU3KOTEMIIEPATypHOIO CHUHTE3a
[ri1.9] pa3nuYHBIX OPTaHUYECKUX COSAMHEHUH, KOTOPBIC Yepe3 COTHU
MUJUTHOHOB JIET 0Opa3ylOT PacCTUTEIbHBIM M JKUBOTHBIM MHUp. A Ha
3BE3/I€ TEM BPEMEHEM pa3BUBAETCA Clenyroumi nuki. Ecinu 3Be3na
JOCTATOYHO OOJBINIAS, TO MPEXKE YEM OCTHITH OHA MOXKET MEPEKUTH
HECKOJIBKO TAaKHX IUKIIOB, XOTSI MACIITAOBI U IEPHOBI UX C KAXKIBIM
pa3oM OyAyT YyMEHbBILIATHCS.

N ecnm Ha HEKOTOPBIX IUIAHETAX 3TOW 3BE3IHOW CHUCTEMBI K
TOMY BPEMEHH YCIEIOT CPOPMUPOBATHCSA pa3yMHbIE OpraHU3MbI, TO
JUISL HAX 9TO OyJeT MpeACTaBIsATh ONpeAeseHHYyo onacHocTh. Hame
CoutHIIe yKe TPOILIO TaKOM IUKJI. M BO3MOKHO, 4TO HE 0nH. BriosiHe
MOJKET CTaThbCs, YTO 3€MJISIH JKIET eIlle He4YTo MoJI00HOe.
EnuHcTBeHHOE Cci1aboe yTElIeHHe B TOM, YTO YEJIIOBEYECTBO K TOMY
BPEMEHHU CMOKET HalTH peasibHbIN Crioco0 n3bexars rudenu.

CuHTEe3 SJEMEHTOB MEPUOAMYECKOM Taliuibsl W HX
COCTMHEHUH, TIPOIOKACTCS B TOPSYEM CIIOE 000JIOUKH TUTAHETHI U B
HacTrosmiee BpeMs. TaM B riryOMHE 3€MHOUM KOPBI B pacIljIaBICHHOMN
MaHTHH, €IIe HWAYT TPOIECChl CUHTE3a [I.9] Bcex 3IIEMEHTOB
MEPUOIUYECKON CUCTEMBI — JKelle3a, KaJblus, KUCIOPOa, a TaK Ke
BBICOKOMOJIEKYJISIPHBIX COEIMHEHUN - MeTaHa, He(TH, KaMEHHOTO
YIJIsl U APYTUX, YTO MPUBOJUT K MOBBIIICHUIO B HEW JaBICHUSI.

B pesynbrare 3TOro ropsuvie MPOIYKTHI CHHTE3a YacTo
MPOPBIBAIOTCS CKBO3h BHEIIHIOIO 3€MHYIO KOPY B aTMOC(epy B BUIE
W3BEPIKEHUI BYJIKAHOB. A HMX NIPOPBIB BO BHYTPEHHIOK IOJOCTb
IJIAaHEThl MPUBOAUT K OIYCKAHMID Yy4YacTKa BHEIIHEHM KOpbI M
BO3HUKHOBEHHI0O B HeW KojeOaHuM, MPOSBIAIOMIUXCS B BHUIE
3emiieTpsiceHuit (puc.25).

Onpenennts MyCTOTENOCTh 3E€MHOrO Iapa, Hampumep,
yIbTPa3BYKOBBIMH HWJIM CEHCMUYECKUMH KOJeOaHHUSIMH, BechbMa
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3aTPYAHUTENBHO, TaK KAK MMEIOLIUNCA B KOpE pacIlIaBICHHBIN

KUIAKAA CJIOH W OOJIBIIOE

@ xocmos

§ n3mepxenme BYNKaHa

KOJMYECTBO BOJIbI Ha
MOBEPXHOCTH B BHUJE OKEAHOB,
9TH  KoyieOaHus 3PHEKTUBHO
racit. A BOT IyCTOTEJIOCTb
JIyHBl, KaKk JaBHO OCTBIBLIETO

Paspea aemmora

e TBEPAOTIO 11apa MIPO30HIUPOBAThH

PuEs oueHb Jerko. OHa 3BEHHUT
JIOBOJIBHO MPOJIOJKUTENLHOE BPEMsl, KaK KOJIOKOJI, UTO U MOCITY>KUJIO
OPUYMHON  TOABIEHHMS  TUNOTe3bl 00 e€  HCKYCCTBEHHOM
MPOUCXOXKICHUU.

N Ttak xak 3emuns u Jlyna oOpaszoBaiuch u3 OpBI3T
B30opBasuierocst CoyHIa OTHOBPEMEHHO, €CTh BEPOSITHOCTh TOTO, UTO
BO BHYTpeHHeH mosioctu JIyHbI CyliecTBYeT JOBOJIBHO pa3peKeHHast
atmocepa. IloaTomy mpu ocBoeHuu JIyHBI, 4eIOBEKY BO3MOKHO
npuaercs o0ycTpauBaThCsl Ha BHYTPEHHEH cTopoHe e€ 000I0UYKH.

Bo BHyTpeHHEN MOJIOCTM 3€MHOrO IIapa LApCTBYET aacKasi
’kapa W aOCONIOTHAasT TEMHOTa, JIMIIb U3peIKa Hapyliaemas
0arpoBBIMH CITOJIOXaMU M3BEP)KEHUM BHYTPEHHHX BYJKaHOB. C ATOM
TOYKH 3peHus, KOomuTep, nMerommii 04eHb O00JBIION 00beM, ele He
yCleNl CUJIbHO OCTHITh M NPEIACTAaBISET COOON TOBOJBHO TOPSUYIO
KaITI0O MaTepuH, H3JIyYalollyl0 Tropas3/o OoJblIe SHEPTUHU, YeM
nosyyaet €€ ot ConHua.

N xots mporecc 00pa3oBaHusl caMHX 3Be3/ — ITO JeNla yxkKe
JAaBHO MUHYBIIUX JHEH, HO MBI JIOTHUYECKA MOXKEM MPEIOJIOKHUTD,
YTO OH JIOJDKEH B TOUHOCTHU MIOBTOPSTH IpoIiecc 00pa3oBaHUs IIJIaHET,
TOJIBKO B 0OJIee TPaHINO3HbBIX MacIITa0ax.

OrpomHas ~ TpoOTO3BE3[a,  COCTOSIIAs M3  KaKHUX-TO
cyOnJieMeHTapHbBIX YaCTHUII, IPOXO/s, B pe3yJIbTaTe Mpoliecca CHHTE3a
AQHAJIOTMYHBIA ITUKJI PAa3BUTHUS, B3phIBaeTCA U U3 OpBI3T €€ 000I0UKU
dbopMupyroTcs 3Be31bl OBAJIBHON TaJakTUKU, KOTOpas Bpaulasch,

MOCTCIICHHO MPEBPAIIACTCA B CIIUPAJIBHYTO.
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To, 4T0 acTpou3uKU OMUOOYHO CUUTAOT YSPHBIMU JBIPAMHU
WIA TEMHOM Martepued, 3TO M €eCTh TaJaKTUKH 0Opa3oBaHHBIC
MaTepUeil ¢ MOJOKUTEIbHON aCUMMETPHUEH, U3ITYYEHUSI KOTOPBIX HU
HaIll TIJ1a3a, HU HalM OpHOOpHl BOCIPUHATH HE cHocoOHbl. U
KOTOpBIE MOKHO OOHAPYKUTh JIUIIb [0 KOCBEHHBIM IPU3HAKAM.

Takum oOpa3zoM, Teopur 00pa30BaHMS 3BE3]T U3 MEK3BE3THOTO
ra3a, BbIIyMaHHbIC TEHUSMU TECOPETHUECKON (PU3UKH, MATKO TOBOPS
JOKEHAy4YHbl M 3aTMEBAIOT CBOEU TIIYMOCTHIO PacCKa3bl U3BECTHOTO
CBOEH HEBEPOATHON MPAaBAUBOCTHIO, OapoHa MIoHXray3eHa.

16. O BTOPOM HAYAJIE H UIMMYHUTETE

Bropoii 3akoH TepMOIUHAMUKH, CHOPMYIUPOBAHHBINA IS
OOBSICHEHUS! TEPMOJIMHAMUYECKUX MPOLECCOB, SBISETCS, MO CYTH,
OCHOBHBIM U €IUHCTBEHHBIM (yHIAMEHTaJIbHBIM 3aKOHOM, 10
KOTOpPOMY  B3auMOJEHWCTBYeT Marepus. DopMmynupoBKa  €ro
JIOCTaTOYHO MpPOCTa I MOHMMAaHUs, HO HECMOTPS Ha 3TO, OYEHb
MHOTHE 3aTPYIHSIOTCS OOBSCHUTH ero cMmbici. Camasi TOYHas ero
dbopmynupoBka TakoBa: "Temmo Bcerma NEPEeXOIUT TONBKO OT
rOpsiuero Teia K XOJI0AHOMY M HUKOT1a Hao00opoT".

JIeliCTBUTENBHO, €CIU OCTABUTH CTAKaH C TOPSAYMM YaeM Ha
CTOJIE, 4Yepe3 HEKOTOPOE BpEeMs €ro TeMIEeparypa CpaBHSETCS C
TEMIIEPAaTypOH OKPYKAIOIIETO BO3[yXd, YBEIUYHUB €r0 SHTPOIHMIO.
Nnu, ngpyrumu cioBamu, paBHOBecHe. Bo3pacTanue sHTpONUU — 3TO
CIEeICTBUE JEHCTBHA BTOPOrO 3aKOHAa WM BTOPOrO Hayana
TEPMOJMHAMUKH 110 BHIPABHUBAHUIO JIFOOBIX MapaMeTpOB MaTepuu —
JIABJICHUS, TEMIIEPATypbl, KOHIIEHTPALIUH U T. 1.

DHTpOMUs, KaKk MPOIECC BHIPABHUBAHUS, 3alperiaeT JTr0bie
MPOIIECCHI CAMOITPOU3BOIBHOM KOHIICHTPAIUH, OYb TO TEMIIepaTypa,
MJIOTHOCTD WJIM J1aBlieHHEe. Tak yTo HU rpaBUTALMOHHBIN KOJIJIATIC, HU
aKKpenuss  HEBO3MOXHBI B  IpuHuune. Bropoe  Hauano
TEPMOJMHAMHUKN U BO3pACTaHUE SHTPOIMHU JIeJal0T HeoOpaTUMBbIMU
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aro0ble Tpolecchl BO BCeNeHHOM. Ecnu Bbl mpokonieTe IIHMHY
aBTOMOOWMIIS, BO3AYX M3 HEE BBITCUET U €r0 JIABJICHUE CPABHSETCA C
atMochepHbIM. Eciiu BBl BbIITyCcTUTE KIYO IbIMA, TO Y€pe3 HECKOIBKO
MUHYT €r0 YaCTUYKH PABHOMEPHO PACHPEEIATCS 110 KOMHATE.

HeonpeneneHHOCTs TOHMMAaHWS MNPUHLIMNA BO3pacTaHUs
SHTPOINMH, MPUBOAUT K TOMY, YTO JAXKE HEKOTOPHIE YUYEHBIE HECYT
HECYCBETHYIO UyIllb, YTBEpXKAas, 4YTO >XU3Hb, SIKOOBI HAET C €e
yObiBanueM. Ho 93T0 auMmb  clIeacTBHE  HMX  JIOTHUECKOM
0e3rpaMOTHOCTH M 4YTO Obl yOEIHUTBCS B 3TOM, MBI PAaCCMOTPUM
HEKOTOpBIE IPOLIECCHl, IMPOUCXOJAIIME B 'KUBOM' OpraHHU3ME.
Hanpumep, npouecc apIxaHus.

BceM wu3BecTHO, 4YTO JBIIIMM MBI JIETKUMHU. Jlerkue
MIPEACTABISIIOT CO00M "MemIoK" ¢ BHYTPEHHEH MOBEPXHOCTHIO OKOJIO
150 kB. METPOB, TYCTO MPOHU3AHHBIN CEThIO KPOBEHOCHBIX COCYIOB —
KalmWUISIpoB. MELIOK 3TOT BMeIaeT B ce0st 0KOJIO 3 TUTPOB BO3TyXa.
Otu 3 nuTpa Bo3ayxa KOHTAKTUPYIOT ¢ KPOBEHOCHBIMHU COCYAAMH Ha
TaKOW OIrpOMHOM IUIOLIA/IH.

Tak kak KOHLEHTpauus KHUCIOpPOJa B BO3AYXE IPEBBIIIAET
KOHIIEHTPALUIO KHCIIOPOia B KPOBH, BTOPOE HAYAJI0 TEPMOAUHAMUKHI
"00s13p1BaeT" BO3JyX NOAEIUTHCI WM C KpOBbIO. B pesymbrare
pa3IMYHOM KOHLEHTpPAlMKU KHUCIOpPOJAa B BO3AYXE M KpOBH,
BO3HMKAKOIIEEe (OCMOTHYECKOE) AABICHUE NMPOTAJIKUBAET MOJIEKYJIbI
KHCJIOPOJIa CKBO3b ITOJIYITPOHHIIAEMbIE CTEHKH KPOBEHOCHBIX COCY/I0B
B KPOBb, HACBIILAsl €€ KUCIOPOIOM.

Kucnopon He 3aXxBaThIBaeTCsl MOJIEKYJIaMU FeMOTTIO0MHA, KaK
pacckas3bIBalOT OMOJIOTH U IIOTOM KOMY-TO TaM OTJAeTCs, @ OH IMPOCTO
B KPOBU pacTBopsieTcs. [leno B TOM, YTO €CIM MOJIEKyJia KaKoro-JInoo
BEIL[ECTBA 3aXBATHIBAET MOJIEKYJy KHCIIOPOJa, TO OHA YK€ HUKOT/Ia €€
HE OTJACT IIPOCTO TaK.

Kucnopon y Hee MOXKHO TOJIBKO OTHSITh CUJION, MHAYE, KaK yiKe
OBLTO cKa3aHo B TJ1aBe [171.12], ObuT ObI HEBO3MOXKEH MPOIIECC CHHTE3a
Y BOBHMKHOBEHHUE CJIOKHBIX COeIMHEHNI. HachllenHas Kucaopoaom

KpPOBb Pa3HOCUTCS 110 BCEMY OPraHU3MY.
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N3-3a MOBBIIEHHON KOHILIEHTpALMs KHUCJIOpPOJa B KpPOBH,
MPEBBIIIAONIEN €r0 KOHLEHTPALHUI B MEKKJIETOUYHOW KUIKOCTH,
OCMOTHYECKOE JABJICHUE BBITAIKABAET MOJIEKYJIbI KHUCIOpOAAa B
MEXKJICTOUHYI0 KUIKOCTh. AHAJIOTHYHBIM 00pa3oM KHUCIOPO
MomnajgaeT BHYTPb KIETOK, TJI€ Y4YacTBYeT B THpOIECCax UX
JKU3HEACATSIHbHOCTH.

Mexanuszm 603HUKHOGEHUSL OCMOMUYECKO20 OAGNEeHUsA NOKA3AH HA PUCYHKe
(puc.26). Ecnu 6 cocyo, pazoenennulil nOIYRPOHULAEMOT NEPE2OPOOKOU HATUMD 800y U

Pacmeop Kaxkoi-iuéo conu, mo yposeHs pacmeopa
HeCKObKO  hnoevicumcs, Hapywas ''3akon’

coobwaromuxca cocyoos. Obdvacnenue 3mozo
"napadokca’’ ouenv npocmo. B cocyoe A

KOHUEHMPAuus MoNeKysl CONU 20pa3oo gbluie, 4em
¢ cocyoe B. 3amo ¢ cocyoe B, evuue
KOHUEeHmMpPauus MoaeKys 600bl.

ITosmomy monekynsl conu, nOOUUHAACDH
Puc.26 3AKOHY 6bIPAGHUGAHUA KOHUenmpayui (3aKoH

yeenuuenusn Inmponuu), Hauunaom

npomankueamuca 6 cocyo B. A monexynvt 600vt u3 cocyoa B, noduunasce momy ice

3aKony, npomankueaiomcsa 6 cocy0 A, ¢ pesynvmame uezo0 603HUKAIOM 064 ECIMPEUHBIX
nomoxa monekyn 600t u conu. Ho max Kax moneKkynvi 6006l umerom menvuiue pazmepol,
mo onu nezue u fvicmpee NPOXOOAM CKEO3b NOYNPOHUUAEMYIO NEPEZOPOOKY U YPOGEHb
scuokocmu 6 cocyoe A cHauana noeviwmaemca. Yepes Kaxoe-mo epemsa, Kozoa
KOHYEHmMpPauuu 6 cocyoax cpagHAIOMCA, CPAGHAIOMCA U YPOGHIL.

Mps1 He OyaeM paccMaTpHUBaTh BCE 3TH MPOLECCHl, UX OYEHb
MHOT'0, OrpaHMYHMMCSI T€M, YTO B pe3yJibTaTe€ 3THX IMPOLECCOB, B
KJIETKaX, B BUe MOOOYHOT0 MPOIYKTA MOIYy4aeTCsl YIIIEKUCIBIA Tas3.
OH HauMHaeT HaKaIUIMBAaThCs B KJIETKaX U TOYHO TaKUM ke 00pa3om,
C IOMOIIBIO OCMOTHUYCCKOTO JAaBJICHUS, BBIBOOAUTCS U3 OpraHu3Ma B
aTMocdepy. AHAJIOTHYHBIE MPOLECCH MPOUCXOAIT U B JAPYIHX
opraHax — XKCJIYAKE, ICYCHU, KUIIICYHUKE. ..

Hpyrue, coaepxKaiiiecs: B BO3yXe rasbl, TaK k€ IPOHUKAIOT B
KpOBb, HO €CIM OHM HE HCHOJB3YIOTCS B  Ipoleccax
KU3ZHEJEATENIbHOCTH, X KOHLIEHTPAlMs B KPOBHU IMPOCTO OCTAETCs
MOCTOSIHHOM. A Temepb MOmpoO0yeM pacCMOTPETh C TOYKH 3PEHUS
BTOPOT0 Hayajia TePMOJAMHAMUKH MEXaHU3M JIeHCTBUS UMMYHHUTETA.
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JU1s 5TOr0 HaM HY’KHO CHauasa BBIACHUTB, a YTO )K€ Takoe 00JIe3Hb, C
TOYKM 3pEHUs (U3UKU M TMOYEMY SIUAEMUU HOCST, B OCHOBHOM,
CE30HHBIN Xapakrtep. ['punim, Hampumep, CBUPEICTBYET BCErjia B
Hayaje 3UMbl. A T7ie e OOMTaroT BO3OYyAMUTEIN TpHUIIa BECHOH U
netom?

Mpbl He cTaHeM 37echb MOBTOPSTH CKa3KM MEAMIIMHCKHUX
pabOTHHUKOB O 3JIOBPEIHOCTH BUPYCOB, KOTOPBIE TOJIBKO U MEUTAIOT
3apa3uTh HAaC KaKOH-HUOY/Ab APSHBIO, @ 00paTUMCS HETIOCPEACTBEHHO
K ¢usuke. Ilpuunnbl snuaeMuii, Mo Bce BUIUMOCTH, KPOIOTCS B
KaKHUX-TO IJI00aJIbHBIX CE30HHBIX SIBICHUSIX.

CaMoe JTIOTHYHOE, YTO MOKHO MPEAIOIO0KUTh - 3TO OCEHHUE
JUCTOMNAAbl, UMEIOMe TI1o0anbHble MacuTaObl. Bertep Tpermer
BBICOXIIIHE JIUCThS JIECHBIX MacCUBOB, 00JIaMbIBaEeT UX, MOJHUMAET B
BO3/IyX OTPOMHOE KOJIMYECTBO MUKPOYACTHUII, OPraHUUECKUX MOJIEKYJ
1 UX 00JIOMKOB ¥ pa3HOCHT Ha OOJIBIIIAE PACCTOSTHUSI.

Mpbl BIBIXaeM BO3AYX HACBHIICHHBIH OOJIOMKaMH MOJIEKYI
PaCTUTEIBHOIO MPOMCXOKIEHUS, KOJINYECTBO BAPUAHTOB KOTOPBIX,
MOYET OIPEENIATHCS ACTPOHOMHUECKUMH IUppaMu. ITH 00JIOMKH
MOJIEKYJI C TIOMOIIBIO ONMCAaHHOIO MEXaHM3Ma OCMOTHYECKOIrO
JMaBJICHUS MPOHUKAIOT B KJIETKM M HUCIHOJB3YIOTCA MMM, Kak
CTPOUTEINbHBIN MaTeprall IpU JEJICHUN.

HyxHO 3amMeTuTh, YTO MPAKTHYECKH JFOOOH OOJIOMOK
OpraHMYECKON MOJIEKYJbl, [OMaB B JIETKHE U OOBOJIAKHBASICh
OCNKOBOM  CIM3bI0,  HAxXOAsIIeiics  Tam, MpeBpamaercs B
"monmHONeHHBI  BUpyc"'. OOMOMKH MOJEKyJN, HE HMEIOIINe
MEXAHU3MOB JIEJIEHMsI, HE PA3MHOXKAIOTCA U HE MYTHUPYIOT, KaK Ham
ABTOPUTETHO 3AJIMBAIOT MEAUIIMHCKUE CBETUJIA.

Knerku, wucnonp3yomme 3TH  BHUPYCHI B KauecTBe
CTPOUTENILHOTO MaTepuana, Mo CyTH, CaMd MX U Pa3MHOXAloT, B
pe3ylbTare 4ero TepsoT CIOCOOHOCTh y4acTBOBaTh B 3aMKHYTBIX
UKJIAX [OAJEPKUBAIOIIMX JIpyra TMpOLECCOB B OpraHu3Me,
BBIMA/Ial0T U3 HUX U MOTUOAIOT.
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Hanpumep, Takas crpamnas O0Je€3Hb Kak pak, SBISETCS
pEe3yNIbTaTOM WCIOIB30BAaHUSL KIETKAMU IS JCIECHUS MOJICKYITbI
BEIIECTB, Ha3bIBAEMBIX KaHIIEPOT€HAaMH, IpPU KOTOPOM J0YEpHUE
KJIETKU CTPOSITCS U3 OeJKa, OTIIMYHOTO MO0 MOJEKYJISIPHOMY COCTaBy
oT Oenka opraHus3Ma.

Ecnu Takme KiIeTkM € HM3MEHEHHBIM O€JIKOM CHOCOOHBI
UCIIONIb30BAaTh  OTXOJABI  JKM3HEACSITETBHOCTH POJHBIX  KIETOK
OpraHm3Ma, a KJIETKH OpraHhu3Ma He CIIOCOOHBI HCIIONB30BATh HX
OTXOJIbI, TO KJIETKH C U3MEHEHHBIM O€JIKOM HAYWHAIOT HHTEHCHUBHO
pasmMHOXkaTbcsd. Ho He uMmest croCOOHOCTH BBIOJMHATH (DYHKITUH
POIHBIX KIIETOK OpraHW3Ma, OHM B KOHEYHOM HTOTE, 3aMEIIai0T B
OpraHe pojHbI€ KJIETKH, HE J1aBas UM Pa3MHOXKATbCS, YTO U IPUBOTUT
K CMEpTH OpraHu3Ma.

Knerkn ¢ uW3MEeHEHHBIM O€JIKOM B OpPraHM3ME BO3HHMKAIOT
MOCTOSIHHO, HO €CJIM OHU HECHOCOOHBI KOHKYPUPOBATh C POAHBIMH,
OHH OBICTPO TOTUOAIOT U B BUJE [UIAKOB BHIBOJASTCS U3 OpraHU3Ma.
Orcroga 7nerko ciaenaTth BBIBOJA, 4YTO MPH yHoTpeOIeHuu Oomee
pa3HOO0pa3HOM MUIIH, MBI HAMHOTO YBEIIMYMBAEM PUCK 3a00JIeBaHUS
pakom.

[TocmoTpeB craructuky 3abosieBanusi pakom B CCCP, tne
nuTaHue ObUIO JOBOJBHO OJHOOOpPA3HBIM U €CTECTBEHHBIM U B
Poccun, xorna mociae OTKPBITHS TpaHUI], Ha MPOJAOBOJILCTBEHHBIN
PBIHOK XJIBIHYJI TOTOK HEIMPUBBIYHBIX SK30TUYECKUX MPOIYKTOB, MbI
YBUHMM, YTO TIPOIEHT 3a00JIEBIINX PAKOM YBEITUYHIICS B PA3bI.

Tak kKak y KaXIOro 4deJIOBEeKa CTPYKTypa Oellka OYCHb
WHAWBUIyalIbHA M HA 3e€MJIE e1lle He ObUIO IBYX JIFOJIeH C OJIMHAKOBBIM
OEKOM, TO U BOSHHMKHOBEHHE TAKHX KIIETOK TOXK€ WHAMBHUIYAIBHO.
[ToaToMy Kakoro-To OOIIEro YHHUBEPCAIBLHOTO JIEKAPCTBA OT paka, B
MPUHLINIIE, OBITH HE MOXKET.

W X0Ts KJIETKH C N3BMEHEHHBIM OEJIKOM MOCTOSIHHO BOZHUKAIOT
B OpraHu3Me, y OOJIBIIMHCTBA JIIOJICH pak HE pa3BUBAETCI. A TeX,
KOMY "TIOBE3J10", mpupoaa 6€3KaJI0CTHO OTCEMBACT M CMEPTh B ATOM
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cilydae, SBJSIETCS ~ €JUHCTBEHHBIM  3alIUTHBIM  MEXaHU3MOM
sBoolMd. COBpPEMEHHBIE JKE€ JIEKApCTBa, HCIOJIb3yEeMbIE IS
JIeYEHUsI paka (XUMTepamnwus), Mo CYTH, SIBISIOTCS CUJIbHEUIIIMMU
s1aMH, KOTOpbIe 0e3 pa3dopa yOMBAarOT KaK paKOBBIC, TAaK U POJIHBIE
KJIETKH M TMpaKTUYeCKH He momoraroT. BpemeHnHoe obierueHue
00YyCIIOBJICHO JIUIIb TEM, YTO PAKOBBIX KJIETOK HAMHOTO MEHBIIIE, YEM
POIHBIX KJIETOK OpraHu3Ma.

Menukn OOBIYHO MAENSAT OdYarn BO3HUKHOBEHHUS PAaKOBBIX
OITyXOJIeH, Ha 3JI0KAUYeCTBEHHBIC M JOOpOKaueCTBEHHBIC. XOTS Ha
CaMOoM JieJIe TAaKOTO YETKOTO pa3/ieieHus: ObITh He MOXeT. Bo BcskoM
cilydae, OT paka "M3Je4MBarOTCs" JUIIb €AVUHMUIBI U 3TO TOBOPUT O
TOM, YTO OITyXOJIb 0Ka3aJ1aCh HE COBCEM 3JI0Ka4E€CTBEHHO.

Korga nquarHoctupyroT pak, onepanuro, Kak MpaBuio, 1eaaTh
YK€ MO3[IHO, TaK KaK O4ard paka pa3BUBAIOTCS HE BbI3bIBasi O0JIEBBIX
OILYIICHUH, IOTOMY YTO SIBJISIIOTCS, IO CYTH, 4acThlO opraHuzma. 1
CMEpPTh HACTYIIAET OTTOr0, YTO HOPMAJBHBIX KJIETOK Yy oOpraHa
MOPa)KEHHOT'O PAKOM, OCTAETCS CIUIIKOM MaJIO ¥ OH YK€ HE CITIOCOOEH
BBITOJIHATH CBOU (DYHKITUH ITOJTHOCTBI0. TakuM 00pa3om, 1J1s JIeUeHUs
paka HUKOTr1a He Oy/IeT HaiIeHO KaKOTr0-TO OOIIEero JeKapcTBa.

Pak He 3apaseH, »To ngaxke M He O0OJE3Hb, a CJEICTBUE
SBOJIOLMOHHOTO  mpomecca. WM BemectBa, — cuMTarommecs
KaHILIEPOTEHHBIMU JJIi OJTHOTO YEJIOBEKa, COBEPLICHHO Oe3BpEIHbI
JUISL IPYTOro, OpraHu3M KOTOPOIo MOCTPOEH U3 Apyroro Oenka... Pak
- 3TO TOT Ciy4yad, KOrja IIPUPOJHBIA MEXAHU3M HMMYHHUTETA
paboTaTth HE MOXET W MPHUPOJA MPOCTO BOCHPOHM3BOIUT OPraHU3M
3aHOBO.

Tak umo co30amv Kakoe-mo ooOuwiee JeKapcmeo om
96010UUU, CKOpee 6cez20 He NOJIYUUMCA.

Cam e MexaHW3M HMMYHUTETa, C(HOpMUpOBABIIUKCA B
pe3ynbrare cuMOno03a B T€YEHUH JUIUTEIHLHON 3BOJIOLNUN M OCHOBAH
Ha UCKJIIOYEHHHM YYKEPOJIHBIX OEJNKOB M3 MPOLECCOB JEJICHUS.
Opranuyeckue  BelleCTBA, BbIpadaThiBaeéMble B  IpoIeccax

KUBHCACATCIIBHOCTH YYXCPOAHBIX KJIICTOK, IIOMAaBIIMX B KpPOBB,
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MPOHUKAIOT CKBO3b MEMOpaHbl KIETOK-KWIIEPOB OpraHm3Ma |
OCTaBIISIIOT 0€3 MHIIK YYXKEPOJHbIE KIETKH, KOTOpBIC, HE yMes
UCIIOJIb30BaTh OTXOJbl POAHBIX KIETOK OpraHu3Ma, YMHPaT U
MOCTETIEHHO BBIBOASTCS U3 HETO B BHJIE IIJIAKOB.

Knerku-kumnepbl, TOpencTaBisiONIMe CcO00H  CTBOJIOBBIC
KJIETKA OpraHu3Ma, IIOCTaBlIieMble B KpPOBb KOCTHBIM MO3TOM,
noTPeOIIsAss OTXObI YY)KEPOJHBIX KIETOK, TIEPEPOKMTAIOTCI U TAKIKE
BBIBOJSTCSL M3 OpraHu3Ma B BHAE UUIaKOB. Bce 3Tu mponeccs
MPOUCXOASAT  aBTOMATHMYECKHM, B  CWJIy  BTOpPOro  Hayaia
TEPMOJMHAMUKH, HO BOT KakK B JETANSAX PabOTAIOT ATH MEXaHU3MBI
CTUMYJISIUU, y4Y€HBbIC, MO-BHAMMOMY, paz0epyTcsi eme HECKOpO.
[ToroMy dYTO OHHM TIOCTOSIHHO TBITAIOTCS U3ydaTh CIEACTBHUS,
COBEpIICHHO HE MOHMWMAasi IPUYUH BCEX ITUX SBJICHUH.

buonoru,  Hampumep, OYeHb  JIOOST  BBbIpAXKEHHE
"BcachIBaThCcs". Y HHMX BCachIBa€TCAd BCE, MHINA B JKEIYIKE U
KHIIIEYHUKE, BCACHIBAIOTCS JIEKAPCTBA B KPOBb, XOTS MIPUPOJIa TAKOTO
HOHATHS He 3HaeT. B mpupose npaBut 6ain Beera U30bITOK - U30BITOK
JABJICHU S, KOHLIEHTPALlUU, TEMIIEPATyphl U T.1I.

Hukro Benb He TOBOPHT, UTO aTMOoc(epa BcachkIBaeT BO3AYX U3
MPOKOJOTOr0 Kojeca aBToMoOuns. B3saTe, Hampumep, Takoe
U3BECTHOE BCEM CEpACYHHKaM, JIEKapCTBO KaK HUTPOTIHUIIEPUH.
Meauku CYMTaIOT €ro COCyAOPACIIUPSIOIIMM CPEICTBOM, XOTS Ha
CaMOM J1eJIe MEXaHU3M €ro JEHUCTBUSA, COBEPIICHHO JIPYTOM.

CTeHKHU cOCYyZIOB, COCTOSIIIIME U3 COSAUHUTEIBHOM TKaHU, HE
MOTYT CaAMH PacIIUPATHCS, TAaK KaK HE UMEIOT Mbliii. [Ipu nonaganuun
HUTPOTJIMIEPUHA B JKEIYJAOK WM TOJ SI3bIK, OH M3-32 Pa3HOCTH
KOHIIGHTpALUi, MPOTAJIKUBAECTCSI OCMOTHYECKUM JABICHHUEM CKBO3b
MOJIYTIPOHUIIAEMBIE CTEHKH COCYJIOB B KPOBb.

Nmest OGoybllyt0 aCHMMMETPHIO T'PaBUTAIMOHHBIX TOJICH
MOJIEKYJ (3JIEKTPUYECKUH 3apsi/l), HUTPOTJIIMIEPUH ACIUTCS 3apsiaMu
C IUIa3MOW KpOBH, B pe3yJbTaTe YEro y MOJIEKYN IUIa3Mbl TaK XKe
YBEJIMYUBACTCS aCUMMETpPHUSI, YTO MPUBOAUT K YMEHBIIEHHUIO CHJI
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NPUTSKEHUST MEXAY HUMHU U, KaK CIEACTBUE K YBEIMYCHHUIO €€
TEKy4eCTH M HEOONBIIOMY TMOBBIIICHUIO TEMIIEPATyphl, KOTOPOE
pacciabiseT CTeHKU KaluJuIIpoB.

KpoBb cranoButTcs Oojiee >KHUIKOW, a CTEHKH KalWJUIIPOB
Oojee TMJIACTUYHBIMU M CEpALly CTAHOBUTCS HaMHOTO Jierde
POKAYuBaTh €€ IO CETH KalmWUIIPOB KPOBEHOCHOW CHCTEMBI.
[Toxoxxumu cBOMCTBaMH, 00JIaAIOT M HEKOTOPBIE IPYTHe BEILECTBa,
UCTIONIB3YIONINECS B MEIUIIMHE — aCIIUPUH, GEHWINH, Bap(apuH.

[TonoGHBIM ke 3PPEKTOM JIETKO OOBSCHIETCS MIHOBEHHOE
JICCTBUE TAKOTO 73, KaK [uaHuj Kaius. [[MaHuCThIi K uMeer
ropas/io MEHbIIIYI0 ACUMMETPHUIO IPaBUTALMOHHBIX MOJEH MOJIEKYI,
YeM MOJIEKYJbl KPOBH, MO3TOMY IMpU TOMaJaHUU B KpPOBb, OH
YMEHbIIIAET €€ aCUMMETPHUI0 HACTOJIbKO, YTO KPOBb 332 CUHTAHHBIE
CEeKyHJbl TpeBpaliaercss B BA3KYI0 KHAKOCTb, a KalWUISPbI
CYXKalIOTCS U CepJle YK€ HE B COCTOSHHU NPOTOJKHYTh €€ IO
KaImAJUTSIpaM.

Opranusm o4eHb OBICTPO, OYKBAJIBHO 32 HECKOJIBKO CEKYH],
norudaeT OT HeJIOCTaTKa KUCIOPO/a, a BOBCE HE OT Mapajinya HEKOEro
JBIXATENBHOTO [IEHTPA, KaK 3TO 00BACHAIOT Menuku. [I[pumepHo Takue
JK€ CBOMCTBA, HO rOpa3/io ciiabee, UMEET U 3MEUHBIN ST, OJTHA Karlis
KOTOPOTO 3a HECKOJIBKO JIECATKOB MUHYT MpPEBpAIlaeT CTakaH KPOBHU
B CTyAcHb. D(PGEKTUBHBIM MPOTUBOSIUEM B ATOM CIIydae MOT OBl
OBITH TOT K€ HHUTPONVIMIIEPUH, HO OBICTPO PA3HECTH €ro 1o
OpraHu3My, H3-3a IOBBIIIEHHON BS3KOCTH KPOBH, CEpAIlE HE B
COCTOSIHHH.

[Tna3ma kpoBU ¢ M0OaBIEHHUEM pacTBOpa HUTPOTIUIEPUHA,
BBITEKaeT uepe3 KanuOpoBaHHoe orBepctue Ha 30-50 mporeHTOB
OwIcTpee, ueM 0e3 Hero. A 100aBlIeHHE He3HAYUTEILHOTO KOJTMYEeCTBa
UAHUJA, CHUYKAET CKOPOCTh BBITEKaHUA B 2-2,5 pasa.

B nmpunIumne, ecnu 1ocTaTouHO OBICTPO, B TEYCHUH 4-5 MUHYT,
MOJIKJIIOUUTH OTPaBUBLIETOCS IIMAHUJOM K alIapary cep/ie-Ierkue
U BBelIsS B KPOBb TOT € HUTPOTJUIEPHUH, IpOKayaThb €€ II0

KpOBeHOCHOI\/'I CHUCTCMEC, TO BIIOJTHC BO3MOKHO CIIACTHU €MY KU3Hb...
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17. O HEM3BEXKHOCTHU "
BEYHOCTH ’KU3HU

Kax 0b110 nokazano eviuie, emopoe Ha4anio u NPUHUUN
603pacmanusn  IHMPONUU  NPOCMO  00A3bl6AIOM  MaAMEPUIO
HOCHMOAHHO YCII0HCHAND CE0I0 CIMPYKHYDY, UHIO YXHCe camo no cebe
npugooum K Heusz0eHcHOCmu 603HUKHOBEHUA, MAK HA3bl6AEMDbIX,
"Jcueblx'' opzanuzmoe 6o eceneHHoll.

[TonTBepkneHueM 3Toro Gaxra ABISETCS HATMYKNE B IPUPOJIE
MHO’KECTBa 00BEKTOB Pa3IMYHOI CI0KHOCTH, OT aTOMa BOJOpPOJa U
IO OTPOMHBIX OpraHWYecKUX MOJIeKyl. B mnpoTuBHOM ciyuae,
SBOJIIOIMS BCEJIIEHHOM ObliIa ObI HEBO3MOKHA.

NMeHHO 5T MeAJIeHHbIE W HENPEPBIBHBIC YCIOKHEHUS
OpUBEIM K  TOSBICHUIO  BBICOKOMOJICKYJISIPHBIX  OGIKOBBIX
COCIMHEHUH, a BIIOCIEICTBUU U K OOpa30BAaHUIO CIOXKHEHIINUX
OHMOJOTHYECKUX OPTaHU3MOB, KOTOPBHIE MbI Ha3bIBAEM KUBBIMH.

VYuensie u Qunocodbl HACOUMHSIIM MacCy pa3IMYHBIX
onpezeNieHul MOHATHUS JKU3HHU, OJTHAKO HU OJIHO U3 HUX HE MOXKET
CIIY’)KMTb OTPa)K€HUEM PEaIbHOCTH, MIOTOMY YTO MPOBECTU T'PAHUILY
MEXy )KHBBIM M HEKUBBIM TaK K€ HEBO3MOXHO, KaK HEBO3MOXKHO
OTIICIUTh TPOBOJHWKU OT JUAJICKTPUKOB. ['paHuWIla 3Ta BechMa
yCIIOBHAa U €€ MOXKHO MPOBECTU TA€ YroAHO, B 3aBUCHMOCTH OT
MPUHSITHIX KPUTEPUEB ONPECIICHUS KUBOTO.

Kuznu ¢ o00viunom nonumanuu, 6 npupooe 6000uie He
cyuiecmeyem — 3IMoO NPOCHO RPOU3BOTIbHO 63AMDbLIL, YC/108HLLI
YPOGEHb OPZAHU3AUUU WU CTIOHCHOCIU CHPYKIYPbl Mamepuu.
Ilomomy umo nrwbasa, oOaxce makas 6blICOKOOP2AHU3OBAHHAA
Mamepus Kak M032, COCmoum u3 00blunwix ''mepmevix'' amomos u
MOneKyn.

A, crnenoBaTeNbHO, HE CYIIECTBYET U CMEPTH, Kak
($U3MUecKOro YHUUTOKEHUS HeKor "kuBoi" marepun. CMepTh — 3TO
Takas jK€ HEOTheMJieMas COCTaBHAas 4YacTh TMpOIecca 3BOJIOIUU
MaTepuH, KaK U )KM3Hb. DTO OCTAaHOBKA B3aUMOCBS3aHHBIX U B3aUMHO
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MO/IEPKUBAIOIINX JIPYT Pyra MPOIIECCOB B OPraHU3ME, B PE3YJIbTATE
HEN30€)KHOTO HAKOIUICHHUSI OIMMOOK B MEXaHHU3ME JETCHHUS KIETOK
WM uX ¢uzndeckoro u3Hoca (crapenus). CMEpTh OT CTApOCTH — 3TO,
0 CYTH, CMEPTH OT BSUIOTEKYILIEr0 paKa BCEX OPraHoOB.
besrpamoTHble 3asBiICHHUS HEKOTOPBIX YYEHBIX O TOM, 4YTO
KU3Hb, SKOOBI, HE TOJUUHSETCS BTOPOMY Hayaly M HJIET C
yObIBAaHUEM JHTPOIMHU, HE UMEIOT O]l CO00M abCONMIOTHO HUKAKHX
OCHOBaHUH, TaK KaK TaKUE€ MPOLIECChl HEBO3MOKHBI B IPUHITUIIE.

Henonumanue cytu npoiiecca 3BOJIOLUNA MAaTEPUH, TPUBETIO K
COUYMHEHUIO TUIIOTE3 CTy4YaifHOM BO3ZHUKHOBEHUH OCITKOBBIX MOJIEKYT
B PE3yJIbTATE IEKTPUUECKUX PA3psIOB B aTMochepe. XoTs pa3psiiabl
U UTpajii KaKylo-TO ONPEJEICHHYIO pOJIb B CUHTE3€ OPraHMYECKUX
BEIIECTB, HO OHU OBUIM OJJHUMU U3 MHOTOYHMCIIEHHBIX OJIaronpusTHBIX
(bakTopoB, OOJErYarmMuX OSTOT 3aKOHOMEPHBIM M HEH3O0CKHBIN
porecc.

EcrecTBEHHO, YTO CHHTE3 OPraHUYECKUX COEAUHEHMI
HanboJee WHTCHCHBHO MPOTEKAT WUMEHHO B TEIUIBIX W BIIAYXKHBIX
MECTHOCTSIX, TPOIMYECKUX M CYOTpPONHMUYECKUX 0OiacTeil 3eMHOro
nrapa, riae o0pa3oBaIuCh OJArONPHUATHBIE TeMIIEpaTypHbIE YCIOBUS,
OTKYJla ¥ Hayajia pacrpoCTPaHAThCS 3Ta caMasi ' JKU3Hb .

Axkanemuk Anekcanap OnapuH emie B MATHUACCATHIX TOJax
OPOLUIOTO BEKa TMOMbITAICA OSKCHEPUMEHTAIbHO TMOJATBEPIUTH
TEOPUI0 BO3HUKHOBEHMS >KM3HM M B MPHUHIIMIE, €My 3TO yJaloCh.
XOTs BOCHPOM3BECTH IOJHOCTBIO OTOT IIPOLECC, 3aHABIIUU Yy
MPUPOJBLI KOJIOCCATBHOE KOJIMYECTBO BPEMEHH — COTHU MHJLIMOHOB
JIET, MPAKTUYECKHU HEBO3MOXKHO.

Tak ke Kak HEBO3MOXHO, BOCIPOM3BECTH MPOLECC
BHYTPUYTPOOHOTO pa3BUTHUSI OpraHH3Ma 3a COTYIO WM THICIYHYIO
IoJII0 cekyHnbl. U eme omHO Oosbioe 3a0mykiaeHue OHOJIOroB,
COCTOMT B TOM, YTO MHOTHE W3 HHUX CUHUTAIOT MPOIECC SBOIIOLUHU
YKU3HU MOCIIEA0BATEIbHBIM.

To ectb, Mo ux MHeHUIO, (popMHpPOBaHUE PA3NTUYHBIX BUIOB

OpI‘aHI/I?)MOB HpOI/ICXO,Z[I/IJ'IO IIOCIIEA0BATCIIBHO, oT CaMbIX
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IPUMUTHBHBIX CYIIECTB, CKaXKeM, YepBei 1 10 miekonuTaromux. Ho
NAJIEOHTOJIOTUYECKas! JIETONMCh TOBOPUT COBEPILEHHO O Apyrom. Bece
BU/IbI )KUBBIX CYILIIECTB — 3TO CAMOCTOSITENIbHbIE MTapauleIbHbIE BETBH,
NOsIBUBIIMECS HAa 3emiie, IO IeOJOTUYECKHMM MEpKaM MPaKTUYECKH
OJIHOBPEMEHHO, C O4Y€Hb HEOOJIBIIMM Pa3pbhlBOM, [MO3TOMY HHUKAKHUX
MIPOMEXKYTOUHBIX 3BEHbEB B MPUPOJIE HUKOTJA HE CYIIECTBOBAIO U
CYILECTBOBATh HE MOTJIO.

IIpouecc 3BoIOLNN, KOHEYHO K€ IPOUCXOIUT U B HACTOSIILIEE
BpeMs, HO HaOJIOAaTh €ro, B CHIY CKOPOTEUHOCTH YelOBEYECKOU
"XU3HU", HEBO3MOXXHO. bojee TOro, npomoBenyeMblil Y4YEHBIMU
INPUHLMI - "BBDKMBAET CWJIBHEHIIMH', IPUPOION HE MCIOIB3YETCS.
[Ipupona pyKOBOACTBYETCS COBEPUICHHO WHBIM TNPUHIUIOM — a
MMEHHO - "mormOaeT cimabedmuit", B IPOTUBHOM CiIy4ae 4YeJIOBEK
pa3yMHBIN HUKOT1a Obl HE MOSBUJICS.

[Ipu BHENIHEM CXO/ICTBE 3TUX MPUHLIUIIOB, OHHU 10 CBOEH CYTH,
KapIMHAIBHO pa3nuyaiorcsa. Tak ke Kak, Hampumep ¢(ammsm u
KOMMYHH3M, KOTOpPbI€ HEAAJCKUE TMOJIUTUKA U OOBIBATEIM CUHTAIOT
SIBIICHUSIMU OJTHOTO Topsiaka. OHAKO CYyTh WX TaK ke TUaMeTpabHO
IPOTHBOIOJIOXKHA.

damm3M XapaKTEPU3YeTCsl YHUUTOKCHHEM OOJBIICH 4YacTh
HaceJleHus, 17151 KOM(QOPTHOTO MPOKUBAHUS KYUKH Hanbosee alTgyHbIX
U TNPUMUTUBHBIX  HMHIMBUIYYMOB, BIQJCIOIIUX  pecypcamu
rocynapctBa. g KOMMyHHM3Ma, a TOYHEE €ro CTaHOBIICHUS,
XapakTepHO  YHMYTOXKECHHE WM  HU3OJSLUS  WHIUBHIYYMOB,
CJICAYIOIIMX NMPEUMYIIECTBEHHO )KUBOTHBIM MHCTUHKTAM, CIIY>KaIllUM
CBOCH QIYHOCTH M TPEMATCTBYIOIIMM pa3BUTHUIO OOLIECTBA U
Napa3UTUPYIOIIUX HA HEM.

Uro B  00mem-To, XapakTepHO HE TOJbKO  JUId
KOMMYHHCTHYECKOT0, HO M Jif JII000T0, JOCTATOYHO Pa3yMHOTO
coo011ecTBa, (YHKIIMOHUPYIOIIETO IO MPUHIIUITY )KUBOTO OpraHu3Ma.
Benp mr000i KMBOM OpraHuW3M BCETJa CTapacTCsl YHUUYTOXKUTH
Mapa3uToB, KUBYIIUX 3a €ro cuyeT. MiHaue OHM YHHUYTOXAT €ro.
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Bo3sBpamasice kK mporeccy 3BOJIOLHMH, MOXHO YTBEPKIATh,
YTO 3TO OrPOMHOE MHOXECTBO IapaUIeNbHBIX  IPOILIECCOB
YCIIOKHEHUS CTPYKTYPBl MaTEPUH, KOTOPHIE COBEPIIEHHO HCKITIOYAIOT
U3 HEro Takoe MOHSTHE KaK BEPOSTHOCTb, HA KOTOPYIO OYEHb JIHOOST
CChIJIAThCS MPOTUBHUKY 3BOJIOLNMOHHOMN Teopuu [lapBuHa.

[Ipupone BooOI11Ie HE3HAKOMO MOHSATUE BEPOSITHOCTH, TIO3TOMY
BCC  B3aUMOACWUCTBUS B HEH  OJHO3HAYHO  OOYCIIOBIICHBI
€IMHCTBEHHBIM MPUHLIUIIOM — 6MOPbIM HAYUAIOM MEPMOOUHAMUKU.
UenoBeKk HUKOTJIA HE IPOUCXOAMII OT 00€3bSHBI U MTHIIBI, HECMOTPS
Ha CXOXKECTb MPOIECCOB Pa3MHOXKEHUS, HE MOIJIA MPOU3OUTHU OT
3eMHOBOAHBIX. ['eHuii JlapBrHa IOHSIT U OOBSICHII OOIINI MEXaHU3M
BO3HMKHOBEHMSI M 3aKpEIUICHUS 'TOJE3HbIX' H  OTCEHBAHUS
"BpeIHbIX" PU3HAKOB.

Ho mporecc mpoucxoxxaeHusi BUJOB UMEET MEXaHU3M, OUY€Hb
CXOXHMI €  MEXaHM3MOM  CHeUaIM3allMd  KJIETOK  MpH
BHYTpUYTpOOHOM pa3BuTuu 1miona. OH ompenensiercs He TOJIbKO
CBOMCTBAMH KJIETOK, a B OOJBIICH CTENEHU CTpPOSCHHUEM Oelka U
YCIIOBHSIMU CPEJibl, B KOTOPOH OHH Pa3BUBAIOTCSI.

Bo Bcex »THX ciydasx paboTaloT MpocThie (PHU3NUECKUE
3aKOHOMEPHOCTH M YTOOBI pa3o0paThCs B 3TOM, YK€ HEJOCTATOYHO
OBITH OMOJIOTOM, a HY)KHO OBITH eme U (pusukom. Ho moka Hayka
pazzmeneHa Ha 00O0COOJCHHBIC NHUCIMIUIMHBI, MOHATH O3TO OyaeT
MPAKTUYECKN HEBO3MOKHO. BOT Takoil XapakTepHbIil IpuMep.

VYd4eHple TI0O HEIOpPa3yMEHHIO, OOYCIOBIEHHOMY pa3BUTHEM
UH(POPMALIMOHHBIX KOMITBIOTEPHBIX TEXHOJOTHH, yoenunu ceds, aa u
BCEX OCTaJbHBIX B TOM, uTo B Mosiekyne JIHK, sxoObl, 3amucana
uH(pOpMaIS O CTPOCHHH BCETO OPTaHU3Ma, BILIOTH JI0 OTICILHOTO
BOJIOCKA M Pa33BOHIIMA Ha BECh MHUP O paclIu(PpoBKe MPOrpaMMHOI
3alliCH TEHOTUIIA 4YeJOBEKa, JIETKOMBICIEHHO obemas co3aaTh
BBICOK02()(DEKTUBHBIE JICKAPCTBA OT JIFOOBIX O0JIe3HEH.

K coxanenuio y mpupojabl HET MPOTPaMMHCTOB U Majo KTO
3HAET, YTO TO, YTO Ha3bIBAETCSI FTEHOTUIIOM YeJIOBEKa, TPAKTUUECKH HE

OTJINYAETCSA OT T€HOTHUIIA OOBIYHOTO qUcpB4. Tewm Ooitee uTO JJIs 3alTMCHU
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TAKOTO0 KOJIMYECTBa MH(POpPMALUU IMOHATOOMIICS Obl HOCHTENb BO
MHOTO pa3 MPEBBIIIAIONINA pa3Mephl YeTTOBEKa.

[TosTomy B peanbHOCTH MoJekyna JIHK mpencrasmsier coboit
BCEro JUIIL OenkoByto (opmy i "MITAaMOOBKH' MOJIEKYJIBI
MPOTENHA, U3 KOTOPOI'O CTPOUTCS OpraHu3M. DTa opMa COCTOUT U3
MaTEepPUHCKOW M OTIIOBCKOM "TOJIOBUHOK" ¥ TTOATOMY MOJICKYyIIa Oerka,
"oTmITaMIIOBaHHAas" B HEW, UMEET MHOKECTBO CXOJIHBIX CBOMCTB, KaK
C MaTepUHCKUM OEIKOM, TaK U C OTIOBCKMM. Ho, HECMOTps Ha 3TO,
HU C TeM, HU C JPYTUM OEJIOK IJ10]]a HECOBMECTHUM.

Mornekyna mpoTernHa COACPKHUT B cebe OoJee ThHICSYHU aTOMOB,
a KOJIMYECTBO BapHAHTOB PACIOJIOXKECHHUS AaTOMOB B MOJIEKYJE
MpPOTEMHA HACTOJBKO OTPOMHO, YTO Ha 3emJje, 3a BCIO HCTOPHIO
SBOJIIONMHA OPTraHUYeCKOW "KH3HU', HE MOIJIO OBITh JIBYX JKHBBIX
CYIIECTB C OAMHAKOBBIMU MOJIeKyJamMu Oenka. M a5 MeTuuuHbl 3T0
pa3HooOpa3ue OETKOB SBISETCS JIOCTATOYHO OOJBIION MpOoOJIeMOi
IIPH Mepecaike OPraHoOB, U3-3a UX HECOBMECTHUMOCTH.

Ho ¢ npyroii cTOpOHBI 3Ta HECOBMECTUMOCTH SIBISETCS
OCHOBOI1 MeXaHH3Ma UMMYHHTETA. CyTb poOIIeMbI
HECOBMECTUMOCTH 3aKJIIOYaeTCs B TOM, YTO MEPECAKCHHBIN Opra,
chopMUPOBaHHBIM MOJIEKYyJIaMH JApyroro Oenka, B OpraHU3Me
pEeLUINEeHTa He CMOXKET HOPMaJIbHO (PYHKIIMOHUPOBATb.

OH He CcMOXeT ydacTBOBaTh B CHMOHO3€, MOTOMY HYTO
OPOAYKTHl KU3HEACSTEIbHOCTH €ro KIETOK, PpOJHbBIE KJIETKH
OpraHW3Ma peIUNUeHTa HCIOJIb30BaTh HE CMOTYT, a cam
MepecaXECHHBIM OpraH TaK € HE CMOXET HUCIOIb30BaTh OTXOJbI
KU3ZHEJEATEIIbHOCTH POAHBIX KJIETOK OpraHm3Ma. A CleloBaTeIbHO
KJIETKHU MEPECaKEHHOTO OpraHa He CMOTYT HOPMaJbHO Pa3MHOKATHCS
U OH MOCTETIEHHO OTOMpET.

BoT mostomy nerdye Bcero MNpUKUBAIOTCS OPTaHbl OJIM3KUX
POJCTBEHHUKOB, KaKk HanOoJee COBMAJAIONINE MO CTPYKType Oelka.
Ho Bce paBHO mpuxoauTcsi ynmoTpeOisTh Mpenaparbl, CHUKAIOIIUE
HECOBMECTUMOCTh, CO3/IaHHbIE KPOMOTJIMBBIM TPYJOM MEIUKOB U
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OHMOJIOTOB, TIO CYTH METOJIOM "Hay4HOTr0" ThIKa. DTO, TAaK Ha3bIBAEMBIE
AHTUOMOTHUKHU, MEXaHU3M JCHCTBHSI KOTOPHIX OMOJIOTaM MPaKTUIECKU
HEU3BECTEH, MTOTOMY YTO OH JIEKHUT HE B IJIOCKOCTU OHOJIOTHH, a
cKopee B 007acTu (PU3UKH. ..

Kak yxe Obl1o CKazaHO BbIIIE, pa3BUTHE OpPraHU3Ma, U HE
TOJIbKO ~BHYTPUYTPOOHOE, TOJYMHEHO MPOCTHIM  (PU3NYECKUM
3aKOHAM U 00YCIIOBJICHO CBOMCTBAMH Cpefibl, B KOTOPOU MPOUCXOIUT
npoiiecc ero pazsutus. OmnucaTb 3TOT MPOLECC, HA KOTOPBIA Yy
IPUPOIBI YIIUIO OTPOMHOE KOJIMYECTBO BpEMEHH B HEOObIIoN padoTe
HEBO3MOKHO. HO MOHATH 00IIHi1 MPUHITUIT HECI0XKHO, TEM 00Jiee UTO
MPHUPO/Ia HEM3MEHHO TIOBTOPSIET €T0 MPU BHYTPUYTPOOHOM Pa3BUTUHU
Ka)KZI0T0 HOBOT'O OpraHu3Ma.

Haynem c TOro, 4ro MarepuHcKasi M OTIIOBCKas IOJIOBBIE
KJIETKH, HE CIOCOOHBIE K JEJICHHIO, COCAMHHUBIINCH, O00pa3yroT
KJIETKY, OOJIaJIaloIIyl0 TaKOW CIIOCOOHOCTBIO M KOTOPYIO YYECHBIC
Ha3bIBAIOT CTBOJIOBOW. [IuTanue oHa moilydaeT 4depe3 IUIALEHTYy, K
KOTOpPOH  TpUKperieHa ¥ KOTOpas  MpeJCTaBisieT  coOoi
MOJYTIPOHHUIIAEMYIO O00O0JIOUKY, TIPEMATCTBYIONIYI0 CMEIIMBAHHUIO
KpOBU IUIOAA W KPOBH MaTepH, HO MO3BOJSIOLIYIO KHUCIOPOAY HU
IpYr'UM BellecTBaM OeCHpensTCTBEHHO NPOHUKATh 4yepe3 Hee u3
KpPOBH MaTepH B KPOBb ILJIOJA.

[lo Mepe yBenuueHUsi KOJMYECTBA KIETOK B pe3ysbTare
JIeJIeHUs, KJISTKU HaxoJsluecs: Ha nepudepun BAaIu OT IUIALEHTHI,
MOJIy4arOT MEHbIIE MUTATEIbHBIX BELIECTB U BBIHYKJIEHBI YaCTUYHO
UCIIOJIb30BaTh OTXO/IbI JEJICHHS COCETHUX KIIETOK, KOHTAaKTUPYIOIINX
HEMOCPEACTBEHHO C TUIANeHTOH. YTo, COOCTBEHHO M MPUBOAUT K
BO3HUKHOBEHUIO MEXI1Y HUMHU TAKOTO SIBJICHUS, KaK CUMOUO3.

Jloka3aTenbCTBOM TOTrO, YTO CIEUMaTu3alusl KIETOK U
dbopMupoBaHre OpraHu3Ma OOYCIIOBJIGHO HE KaKOW-TO TaM
Muduaeckort "mporpammuoi 3amuckio” B JIHK, MOXeT ciy>kuth TOT
dakT, 4TO y OJHHUX M TEX K€ POJIUTENCH MOTYT POXKIAThCS Kak
"HOpMaJibHbIE" J€TH, TaK U JETH C PA3IUYHBIMU OTKIOHEHUSIMHU.
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Ora CTBOJOBAs KIETKA, M0 CYTH MPEACTABISAECT COOOM MOUKY,
mo1I00HYIO TTOYKaM JiepeBbeB. Ho B OTIIMYMM OT MOYEK pacTeHUH, OHA
MOJKET Pa3BUBATHCS TOJIBKO BO BHYTPEHHEH cpejie Opranu3ma, Tak Kak
TpeOyeT s pa3BUTUS OYEHb CHeHUu(pUYECKOro MNUTaHHUSI. OTO
crienuduaeckoe MUTaHWE  TMPEACTABISAIOT  CO0Oit OTXO/bI
NESITEIbHOCTH KJIETOK MaTepPUHCKOTO OpraHu3Ma, HIUPKYJIUPYIOLIue B
KPOBEHOCHOU CUCTEME.

Ora moYyka TaK >K€ Kak W TMOYKa pacTeHWil crmocoOHa
pa3BUBATHCS B Cpe/ie MATKU JPYroro OpraHu3Ma, HO TOJBKO OYE€Hb
OJIM3KOTrO BHJIA.

JlokazaTenbCTBOM JTOTO SBJISETCS U TO, 4YTO NTUIB U
OCOOEHHO pBIOBI TPOJCNIBIBAIOT OTPOMHBIH MyTh K MECTYy
OTKJIAJIbIBAaHUSI UKPBI U BOCIIPOM3BOICTBA TOTOMCTBA. DTa MPUBHIYKA
Tak k€ copMHUpOBaiIach MHOTOJIETHUM IPOLIECCOM 3BOJIOLUU IO
Mepe paciupeHus apeana oouranus. M ona coxpansercs, HOTOMY UTO
SIBIISIETCS. TapaHTOM CTaOWIbHOCTH BHAA. [lodTOMy mpu pe3kom
W3MEHEHUU YCIIOBUS OOUTaHUS U COOTBETCTBEHHO IMUTAHUS, ITPOLIECC
HBOJIIOLIMU PE3KO aKTUBU3UPYETCS U BOZHUKAET MHOKECTBO MYTAlIHi,
MPHUBOISAINX KaK CIEJACTBHE U K HOBBIM BUJaM OOJIE3HEH.

Ecnu Obl Hekas reHeTHueckas MporpaMma pa3BUTHUS Oblia
"sanmmcana" B JIHK xknetku, TO cCymiecTtBoBana Obl peanbHas
BO3MOXXHOCTh BBIpAIllMBaTh OMOJOTMYECKHE OPraHU3Mbl U3 €ro
€MHCTBEHHOW KJIETKHA, B MPOOHWPKE ¢ THUTATeNbHOW cpemor. U
MOTOMCTBO, BBIPAIICHHOE U3 OJMHAKOBBIX KIJIETOK, OBUIO OBl
a0COTIOTHO MICHTUYHBIM, HO B PEAIbHOCTH JaKe OJIM3HEIB UMEIOT
3aMETHBIC OTJIMYUSI IPYT OT JIpyTra.

W takue opraHu3Mbl ObUlM OBl JIMIIEHBI BO3MOKHOCTH
MyTallMii ¥ JaJdbHEWIIEro pa3BUTHUS M  COBEPIICHCTBOBAHUS.
EcrectBenHo, uTo n3Mensia kakue-to ydactku JIHK kmetku, MoxHO
BJIMSATH Ha CTPOCHHE MOJIEKYJIbI OelKa MOJy4arolerocsi opraHu3ma,
OJIHAKO TaKoe CJIeoe BMEIIATEeIbCTBO MOJKET TPUBECTH K
HENPUSITHBIM JIJIS1 YEJIOBEKa IMOCIIEICTBUSM.
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Beov npupooa 6e3ncanocmno omceueaem HeyoauHvle
KOMOUHauUU yiice Ha HAYATbHOM Imane.

[Ipomie Bcero npociaeanTsb Npoliece crennain3anuy KJIeTOK Ha
npuMmepe ¢ pacteHusmu. Cems 1000ro pacteHus, nomajaas BO
BJIQXHYIO cpeny, mpopactaeT. To ecTh €ro KIeTKH HayMHaIoT
NENUThCS, 00pa3ysl POCTOK, Pa3BUBAIOLIUICS, B OTIMYUN OT KJIETKU
JKUBOTHOTO I10J] BO3JICHCTBUEM BHEILHEN CPEIBI.

Ecnmu 6p1 B JIHK kineroxk Haxoauiach HeKas HporpaMma
pa3BUTHs, TO JEpeBbsS OJHOM MOPOABI ObUIM OBl COBEPIICHHO
OJIMHAKOBBIC MO CTPOCHUI0. OHU UMENH Obl OJJMHAKOBOE KOJIHMUYECTBO
BETOK, UX KOH(PUTypaluio U IIOTHOCTh. OHAKO BHEUIHHUE YCIOBUS
BHOCSIT CBOU KOPPEKTHUBBHI.

Krnerku, nHaxopsmuecs Ha nepudepuu, MoaydaroT MEHbIIE
MUTATENbHBIX BEIIECTB M UM MPHUXOAMUTCS HCIOIb30BaTh OTXOJbI
KU3ZHEJEATEIIbHOCTH CEpIIEBUHHBIX KIJIETOK, TO3TOMY OHU MEHbIIE
o pa3MepaM 1 00pa3yroT OoJiee IIIOTHYIO IpeBecHHy. MUHUMAaIbHOE
KOJIMYECTBO IUTATEJbHBIX BEILECTB IOIYYarOT KJIETKH HapyKHOT'O
CJI051, KOHTAKTHPYIOIIHE C BO3yXOM.

OHu coxHyT W oTMmHpaioT, obpa3ys kopy. Kpome Toro
pa3nuuMs B OCBEUICHHHM MPUBOAUT K TOMY, YTO C OCBELIECHHOM
CTOPOHBI YBEJIMYUBACTCS KOJIMYECTBO BETOK. MI30BITOK MUTATETBHBIX
BEUIECTB M BJAarM B CEpALICBHHE NPUBOJAUT K TOMY 4YTO B Hel
HAUMHAIOT Pa3BUBATHCA JApYyTue, MOMaBIIME TyJa Mapa3UuTUPYIOLIUE
OpPraHU3MBbl, pa3JM4Hble OakTepuM U  IUIECHEBBIE TPHOKH,
NPUBOAALINE K THOENHN epeBa.

[TpumMepHO Tak jxe 0Opa3yercs U KoXKa Y )KUBOTHBIX. DTO CIOH
OTMEPIINX U 3aCOXIINX KIETOK, KOTOPBIH MPeIoXpaHseT rITyOuHHBIC
KJIETKW OT BBICHIXaHUS U rudenu. OXUBUTH 3TH KIETKH KaKUMHU-TO
KpeMaMH WIH Ma3siMH HEBO3MOXKHO. Jla 3TO He HY)XHO U OIAacHO.
KneTku, He 3alnIIIeHHbIE KOXKEH, JIETKO MOBPEXKAAIOTCS U CTAHOBSITCS

MUIIeH pa3IMyYHBIX, JIETKO MPOHUKAIOIIMX B HUX OaKTEpUH. ..
sk
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Kak yxe ObLIO CKa3aHO BBINIE, C TOYKU 3PCHHS HACTOSIIEH
TEOpUH, "KU3HB" - 3TO YHUCTO OBITOBOE WU PEIUTHO3HOE TMOHSTHE,
0OyCIIOBJIICHHOE JpeMy4HuM 3a0iyXKJIE€HHEM, YTO B MaTepHabHOM
TEJIe YEJIOBEKA MJIU KUBOTHOT'O CYIIECTBYET HEYTO HEMATEPHUAIIBHOE,
KOTOPOE U JEIAET €ro "KUBbIM".

Ha camom e pene, >XMBOM OpraHu3sM — O3TO IPOCTO
OMOJIOTUYECKUI MEXaHU3M, CIIOKUBLIMICS B pe3yJIbTaTe JUTSTbHON
OBOJIIOIIMA MaTEpUH, B KOTOPOM C(HOPMHUPOBAIUCHL U JCHCTBYIOT
MHOECTBO ABTOMATUYECKUX, B3aUMOCOTJIaCOBaHHBIX u
NOAJICPKUBAIOIIUX JAPYr Jpyra MpPOLECCOB, MOMAYUHSIONINXCS
MPOCTOMY U €AMHCTBEHHOMY (PM3NYECKOMY 3aKOHY — BTOPOMY Havay
TepMOJMHAMUKHU. W HU4Yero ">KUBOro" B HEM HE COJACPIKUTCSI.

Ero BmosmHe MOXHO CpaBHUTH, HampuMmep, ¢ paboTalOIUM
JIBUTaTelIeM  BHYTPEHHEIO  CrOpaHHsi, B  KOTOPOM  TaKXke
OCYLIECTBIISIFOTCS  TaKME€  B3aUMOCBSI3aHHBIE  ABTOMAaTHYECKHE
MpollecChl, Kak IojJaya TOpPIOYEro, CMEIIMBAHUE €ro BO3IAYXOM,
cKaTUe B UWIMHAPAX, MOKUTAaHUE CMECH B HYXHBIA MOMEHT,
CHHXPOHHOE OTKpBIBAaHUE M 3aKpbITHE KIJAMAHOB M Tak jganee. U
MOSTOMY pPaOOTAIOUIMA JBUTaTeNlb, KakoW-HHOYIb MEepPBOOBITHBIN
JIUKapb, BIIOJHE €CTECTBEHHO MOKET CUUTATh KUBBIM.

Tem Oomee, yTO0 O0BEAMHUB €ro C HEMTIHOW BBIIIKOH,
He(TENEepEeroHHbIM  almaparoM W aBTO3AMpaBIIMKOM, MOKHO
3aCTaBUTh €ro padoTaTh aBTOMAaTHYECKH, O€3 yJacTHs 4ejoBeKa, 110
TEX NOp, NOKA OH HE U3HOCUTCA U 3arjoxHeT. To ectb ymper. To xe
camMoe TMPOUCXOIUT U C JOOBIM opraHuzMoMm. COOH OIHOTO WU
HECKOJBKMX  MpOILIECCOB,  HApPYyIIaeT HUX  COIJIaCOBAaHHOCTb,
OTTOYEHHYI0 MWUIMOHAMHU JIET HBOJIIOIMU M, B KOHEYHOM HTOTIe
NPUBOAUT K OCTAHOBKE BCEX IMPOLECCOB, IPOUCXOAANINX B
OpraHu3Me.

[IpaBoa nBurarens JErk0 OTPEMOHTHUPOBATh, AOCTATOYHO
3aMEHUTh KAaKue-TO JETAJd WM TMOYUCTUTh KOHTAKThl, 4YTO C
OCTaHOBUBLIMMCSI OPTaHU3MOM He Bcerja nonydaercs. [loromy uto B
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OMOJIOTHUYECKOM OpraHKU3Me, ITOYTH CPa3y K€ HAYMHAIOT peodIiagaTh
JpyTHUe MPOLECCH CUHTE3a, JIENIAIONINE PEaHUMAIIUI0 HEBO3MOXKHOM.

Teno genoBeka, Tak ke Kak U JF000TO IPyroro >KABOTHOTO, TI0
CYTH, TIPE/ICTaBIsAET COOOH COOOIIECTBO, HAXOAAIINXCS B CUMOUO3E
MHO)KECTBA MHOTOKJIETOYHBIX OpPTaHU3MOB (OpraHoOB), KOTOpBIC
O00BEIMHUBIIUCH B MPOIECCE IBOIIONNH, PAa3BUBATHCH COBMECTHO H
HaBCEeT/1a MOTEePsUIM CaMOCTOsTeNbHOCTh. [lo cyTH, 3T0 peanusanus
TOTO K€ CaMOro NPUHIIMIIA CHHMe3d, TOIBKO Ha 0oJiee BBICOKOM
YPOBHE OPraHU3aLUU MATEPUU.

Cam MexaHM3M JEWCTBUS CHMOMO3a JIOCTaTOYHO MPOCT JJIs
noHMMaHus. J[Ba WJIM HECKOJIBKO MHOTOKJIETOYHBIX OPraHU3MOB,
CBSI3aHHBIX CHMOMO30M, HCHOJB3YIOT OOJBIIYI0 YacTh IMPOIYKTOB
KHU3HEICATSIIFHOCTH APYT Apyra (OTXOABI WM MPOCTO JEPhMO), KaK
CTPOMTEIbHBI MaTepuan uisi ceds, Y4TO B HUTOre NPHUBOAMT K
YMEHBIICHNIO TMOTPEOJICHUS TNUINM W SHEPTUM M3 OKPYKaIoIIeh
cpeasl. UM 4YTO, COOTBETCTBEHHO, JaeT ToOpazlo  OOJBIIYIO
HE3aBUCHMOCTh OT BHEIIHUX MPUPOJHBIX YCIOBHH M TO3TOMY MBI
MOYEM JIOBOJILHO JUITMTENbHOE BpeMsi 00X0auTcs BooOIIe 0e3 MUIIH.
B npotuBHOM ciy4yae nmpu OTCYTCTBHM CUMOMO3a, HaM MPUXOHIIOCH
OBI TOCTOSIHHO YTO-TO JKEBATh.

A Tak, KJIETKH OpraHoB BO BpEMs IEPEPHIBOB B NMHUTAHUU
00XOIATCA  OTXOJAMM  JKHU3HENCSTENbHOCTH  APYIMX  KIETOK
OpraHM3Ma, IOCTYNAOIMMH B KpOBb. B mpupose, MpakTHYECKH
UCTIOJIb3YEeTCS BCE M HUYETO HE MPOIAAaeT MPOCTO TaK.

Kemunas xenesa, HapuUMep, UCTIOIB3YET JUISl IEJICHUS CBOUX
KJIETOK, a 3TO €€ OCHOBHAs 3aJaya, MPOAYKTHI KU3HEACATEIbHOCTU
KeNyaKa, MOCTaBlIsIEMble MOTOKOM KPOBH M B KadyeCTBE OTXOJIOB
BBIZICTISIET JKET4b, KOTOPYIO JKEJIYIOK B CBOIO OY€pEb, HCIOIb3yeT
11 IepepabOTKN HEKOTOPHIX NPOXYKTOB nuTanus. Ecnu ynanute u3
OpraHM3Ma >XEITYHBIH Iy3BIPb, JKEMYIOK HE CMOXKET HCIIOIb30BaTh
HEKOTOpHIE BEIIECTBA, B pE3yJbTaTe YEro YEIOBEK, XOTS U OynmeT
KUTh, HO OyAET BBIHYXJEH OTpaHUYMBATH ce0s B yHOTpEOJICHUH

HCKOTOPBIX BUJOB ITUIIIH.
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[ToBpexnenue cep/iia HEMEJIEHHO NMPUBOJUT K CMEPTH, TaK
KaK CepJIe BBHINONHSET OUYEHb BAXKHYI (YHKIUIO MO IMEepPeKadyKe
KpoBU. M XOTS 3Ta (QyHKIMS O4YeHb Ba)kHa, OHA TE€M HE MeEHee,
JIOCTaTOYHO MPOCTa M IMO3TOMY CepJle JIETKO MOXHO 3aMEHUTh
MEXaHUYECKUM MPOTE30M — MPOCTHIM HAacocoM. UTO, cOOCTBEHHO,
YK€ JOBOJIBHO YCIIEUTHO HAYMHAIOT JIe1aTh MEIUKH.

[ToBpexnenue neueHu, Tak xKe CMEPTEIbHO OMACHO, TAK KakK
OPOAYKTHl (OTXOIBI) €€ JKU3HEACATEIbHOCTH — 3TO OO0JbIIOe
KOJINYECTBO PAa3HOOOPA3HBIX BELIECTB, KOTOPBIE HCHOJIB3YIOTCS
IpyruMu opraHnamu. be3 rmedeHu, O4eHh MHOTHE OPTaHbl MEPECTAHYT
MOJTy4aTh HEOOXOIMMBIE MM OTXOABI €€ KU3HEACSITENbHOCTH, YTO
OuYeHb OBICTPO IpUBEIET K COOI0 M OCTAHOBKE JPYTUX CBSI3aHHBIX C
HUM TIPOLIECCOB B OPTaHU3ME U €ro "cMepTu'.

[ToaToMy 3aMeHUTH TI€YEHb KaKUM-TUOO YCTPOMCTBOM,
CKOpee BCEro He MOJy4uTCs HUKOraa. To ecTh BCE OpraHbl HaIIero
Tena "03a00ueHbl" JMIIL TEM, YTOOBI NENWINCh M PAa3MHOXKAIHChH
TOJIEKO HUX KJIETKU U UM TIyOOKO Oe3paznuyHa KU3HENEATEThHOCTh
apyrux opraHoB. OJHaKo B pe3yiabTaTe MIUTEIbHON 3BOJIIOINH,
c(hOpMHUPOBAITUCH HACTOJIBKO MPOYHBIE B3aUMOCBSI3M MEXKIY HUMH,
4yTO J1000¥ cOO B OJTHOM OpraHe, cpasy K€ OKa3bIBaeT BIHMSHUE Ha
IpyTue.

Korga ydenwsie cmoryr neraabHO pazoOpaThcsi B pabore
OpraHOB Halllero Tejaa, BOT Toraa ©0€30 BCAKUX JIUMOBBIX
pacuugppoBoK HECYIIECTBYIOILETO TE€HETHUUYECKOT 0 KoJa,
JNEUCTBUTENIbHO, TMOSBUTCS  BO3MOXKHOCTh  CO3/1aBaThb  OYEHb
3 PEeKTUBHBIE JIEKAPCTBA OT PA3IUYHBIX O0sie3HENH. XOTs MOIHOCTHIO
n30aBUTHCS OT HUX YEJIOBEYECTBY HE yaacTcs Hukoraa. OCTaHOBUTH
SBOJIIOIMIO MaTepUU HEBO3MOKHO, @ BOSHUKHOBEHHE 00JIe3HEH — 3TO
MPUHILIUIIAAIBHO 3aKOHOMEPHOE €€ CIIE/ICTBUE.

Jlornueckoe pa3BUTHE HACTOSIICH TEOPUH HEW3OEHKHO
MPUBOJIUT K COBEPUICHHO OLIEIOMIISIIONIEMY BBIBOY, YTO TO, YTO MBI
Ha3bIBa€M '"JKU3HBIO", )KU3HBIO U HE SIBJISIETCSI, @ SIBJIAETCS IPOCTHIM U
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3aKOHOMEPHBIM  CJIEICTBUEM  TMpoIlecca dBOJIOIHH  MaTepUU
BCEJICHHOM.

U TonbKo HEMOHUMaHUEM 3TOT0 OOCTOSITETHCTBA 00BACHAETCS
TO, YTO €Illeé MHOTHE YYEHBIE-TEOPETUKU JI0 CHX IMOp Oe3yCHeIIHo
NBITAIOTCA HANTH pa3ragky OTJIWYHS KUBOTO OT HEXHBOTO, O CYTH,
JIOMSCH B OTKPBITYIO JIBEPb.

[ToToMy 4TO TaKOTO OTIUYUS HPOCHIO He Modcem Obimb. Tax
K€ COBEpIICHHO SICHO, 4YTO YHHYTOXXUTh JKU3Hb, KaK IMPOIECC
IBOJIOIIMU MATePUH, HEBO3MOXKHO, TTO3TOMY JIFOOBIE U3MBILUICHUS O
KOHIIE CBETa SABISIOTCS OpeloM cuBOi KOOBUTBI. boree Toro, mporiecc
DBOJIIOIMM HE OCTaBJISECT HUKAKOW, Ja¥e MHUKPOCKOIMUYECKOMN
BO3MOXXHOCTH CYILIECTBOBAaHUSI HEKoero Bbicuiero TBopua. [Ipocro
MOTOMY, YTO IIPUPOJIE OH HE HYXKEH.

N Tompko HEBEXKECTBO M  JETCKash OrpaHUYEHHOCTh
YeJIOBEYECKOro pasyma IpHBella K BO3HHUKHOBEHHMIO HAMBHBIX
CKa304YHBIX YYCHHI O HEKOEM BBICIIIEM CYIIIECTBE, KOTOPOE, KAKUM-TO
HEBEPOSATHBIM 00pa3oM, CO3/1aJio ATY BCEIEHHYIO U "COTBOPHIIO" BCE
")XHUBOE", TOMECTHB €ro Ha IUIaHETY ¢ KOM(OPTHBIMH YCIOBHIMH
NPOXUBaHUS. AOCYPIHOCTh ITHX YYCHHA CTAaHOBUTCS OYCBHIHOM,
€CJIM 337aTh aBTOpPaM U UX MOCJIeI0BaTesIM apy MPOCTHIX BOIIPOCOB.

Bonpoc nepewvuii: A s yero, coOOCTBEHHO, BCEMOTYLIEMY
CaMOJI0OCTaTOYHOMY CYIIECTBY, KOTOPOE HU B YEM HE HYXKIAeTCs, 3TOT
reMOppoil C YeJIOBEYECTBOM, KOTOpOE TOJBKO M JIeJaeT, 4YTO
MIOCTOSIHHO BOIOET, IpaOUT M yOuBaeT npyr apyra?

U eonpoc emopoii: A 4to, y 3TOr0 BCEMOTYIIIETO CYIIECTBA HE
XBaTWJIO yMa pEHIMTh JTH MOpoOJIeMbl eme Ha  CTaauu
npoekTupoBanusi? OTCYTCTBUE OTBETOB Ha 3TU BOMPOCHI IOKA3HIBAET,
YTO 3TO BCEMOTYIIIEE CYIIECTBO HE OoJiee ueM 1o yoorou ¢hanTa3zuu
JI0JIeH, CO3MIaBIIIMX €ro IO CBOoeMy 00pa3y u moaoouto. Beputs B 1O,
YTO OSTO BCEMOIYIIEe CBEPXpPa3yMHOE CYIIECTBO MOXET ObITh
NPUMHUTHUBHBIM U JKECTOKUM, KaK MEPBOOBITHBIM JHUKapbh, B BBICIICH
CTETEeHH HeJIeTo U OECCMBICIEHHO.
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Bonee Toro, HECMOTps Ha TO, YTO 3TO CYIIECTBO OOeEIIaeT
JIOJSM BEYHOE ONaKEHCTBO B 3arpoOHOM MHUPE, YTO-TO HHUKTO
OCOOCHHO HE CIICLIUT BOCMOJIb30BAaTHCS ITUM OOCTOSTENHCTBOM, a
COBCEM Jak€ HAOO0OpOT OYEHbh MHOTHE YYCeHBIE OBIOTCA Haj
pa3paboTKOIl METOJIOB MPOIEHUS CBOET0 OPEHHOTO CYIIECTBOBAHUS
Ha 3TOM CBETe.

[TpiTasich MOYEMY-TO KaK MOKHO JIOJIBIIE OTTSIHYTh MOMEHT
MOJTy4eHHUsT BEYHOTrOo OnaxkeHcTBa. /[l 3TOro make mpuayMain
KPUOTEHHBIC KaMephl, TJIe 3aMOPOKEHHBIC TPYIIBI BaXHBIX (C TOYKHU
3peHHsI 3TUX MMOKOMHUKOB) 000, OYAYT XpaHUTHCS 10 TeX MOp, MOKa
YeII0BEYECTBO HE HAWJET crocoba BBUICUYUTh MX U OXKHBHUTH. A BCE
NOTOMY, YTO JaXke caMmble TIJIYOOKO BEpYIOUIHE pPETUTHO3HbIE
daHaTUKK, B TUIYOMHE JyIId COMHEBAIOTCS M MYYaloTCs TOM
HEU3BECTHOCTHIO, KOTOPAsk 0’KUJIAET UX MOCIIE CMEPTH.

Benp uenoBek cosznan cebe 6ora IMEHHO M3 CTpaxa CMEpPTH, U
Make TOJHUMAsCh TO JIECTHUIIC IO3HAHUS, OH BCE IIBITACTCS
COBEpIIICHCTBOBATh CBOIO MPUAYMKY. BMecTo Berxo3aBeTHOro u
MPUMHTHUBHOTO OOXKECTBA, TETIEPh B MO3TaX MHOTHX MaJOTPaMOTHBIX
Bepyomux (QUrypupyer yxke HEKHd, KaKk UM KaXeTCs, BIIOJHE
"Hay4yHBIA" BBICIIMA pa3yM, oOWTaronmmii Jmbo B TiIyOMHAX
BCEJICHHOH, JTM00 B KaKOM-TO MapauieIbHOM MHUPE M KOTOPBIH, IO-
BUJUMOMY, OT CKYKH CO3/1aJ1 YeJIOBEKa B KAKUX-TO CBOMX HETIOHSATHBIX
nensix. Ho Tyt Bo3HHKaeT JIOrMYHBIi BOMPOC, a KTO K€ CO3/1al CaMOro
oora..?

"XXu3Hp", KaK yke OBLJIO CKa3aHO, 3TO CJIEJCTBUE IMpoIiecca
OBOJIIOIIMA MATEPUH U TPOLECC JTOT OeCKOHEYeH. A KelaHue
OPOAJUTh TO, YTO YK€ camMo Mo cebe OECKOHEYHO, TJIyNo H
OeccmbiciienHo. KaXkipiit uenoBeK Wiv )KUBOTHOE, KaK MaTepHaIbHbII
OMOJOTUYECKHI MEXaHU3M, TOCTOSIHHO BOCIPOU3BOIUTCS MPUPOAOI
3aHOBO U JIa)K€ HE 0OCO3HaBasi TOTO, M0 CYTH, MPOKUBAET OECKOHEUHOE
KOJUYECTBO '"KM3HEH" Ha OCCKOHEYHOM MHOXKECTBE OOHTAEMBIX
TIJIAHET BO BCEJICHHOM.
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W HaunMHas KaXKIylo HOBYIO "KU3HB" C HYJISI, OH (PU3HUECKHU HE
MOKET TOMHHTH, HU TPEIbIAYIINE XU3HU, HU MECTO, TJIe OH YXKE
KOT/Ia-TO JKUJI. DTOT HEOOBIYHBIA BBIBOJ, MO CYTH, OOOCHOBBIBACT
OyIu3M, KaK WHTYHUTHBHOE W TOYTH HAyYHOE MHPOBO33PEHHUE C
"pernHKapHaluen” MaTepuagbHOro Tena.

A TO, 4TO JIFOJY, CAMU TOTO HE MOHUMAasl, HA3bIBAIOT IYIIOM,
TaK d3TO TMPOCTO HAalI€ CO3HAHUE, SBISIONIEECS] CBOMCTBOM
BBICOKOOPTaHM30BaHHOW MaTepuu, (HOPMUPYIOIIUMCS B PE3yNIbTATE
BOCTIIUTAHUS M OOydeHUs, OECCIeIHO MCUYE3aI0IIEro IMocie CMEPTH
OpraHmus3ma.

N xora co3HaHume wuiau "nyma" co CMEpThI0 OecclieqHO
MCcYe3aeT, ITO HE UMEET a0COIFOTHO HUKAKOTO 3HAYCHH S, TOTOMY UTO
OHO Tak ke c(hopMHUpYyeTCs 3aHOBO B HOBOM Teiie. M juist aToro He
noTpeOdyeTcss HU O6ora, HU JbsBOJIA, HM BBICIIErO pa3zyma. J[is aToro
BITOJTHE JIOCTATOYHO POJUTENICH U Ie1aroros.

CMepTh Beb TOMBKO C TOYKH 3PEHHUS TIOKa CIIe
HEBE)KECTBEHHOT'O YETIOBEKA, SIBIIICTCS Tpareauei, sl MPUpPOIbI XKe -
TO 3aKOHOMEPHOE SIBJICHUE, IPOUCXOJSIIEEe TIOBCEMECTHO W
MOCTOSIHHO, TaK e, Kak MW pPOXACHHE. IJTO HeoTbemJemas
COCTaBJISIIONIAsT TIpoliecca HBOJIOIMK MaTepuu. B Hamem Terne
KOKIYI0O MUHYTY YMHUPAIOT TBHICSYM KJIETOK. M KaXaylo MUHYTY
TBICSTYM KJIETOK POXKIAIOTCS BHOBD.

Jlume pasymHOE Oco3HaHMe TOro (hakTa, YTO CMEPTH ATO
HEeN30e)KHOE CIIEJCTBHUE MPOIlecca IBOIOLUH, IPUBEAET K TOMY, YTO
OHa nepecmanem cmMpawiums a100ell C60ell HeUu38eCHHOCHbIO U
0e3b1cCX00HOCmbIO, 4 CcmaHem 60CHPUHUMAMBbCA NPOCMO KAK
00CaA0HaAA HEeU30EIHCHOCH b,

JlocanHast, He CTOIBKO MIOTOMY YTO B HOBOM YKHU3HH, HE TOJIBKO
BCE HYXHO OYJIET JeJIaTh 3aHOBO - CHOBA YUYHUTHCS TOBOPHUTH, XOIUTh,
YUTaTh, 3aBOJUTH JIPY3€H, a CKOJBKO MOTOMY, YTO B CIEAYIOIICH
JKU3HU BEPOSITHOCTH HAIIIETO TOSIBJICHUSI B OECKOHEUHON BCEJICHHOMN
Ha TUIaHeTe 3eMJId, HACTOJBKO HHUYTOXKHA, YTO MPAKTHUYECKH

HeBO3MOKHa. Korja 4yeiaoBek, HAKOHEI-TO, IIOMMET M OCO3HAET 3TO,
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OH COBEpIICHHO NO-APYroMy OyIeT OTHOCUTHCS, KaK K >KH3HU
BOOOIIIE, TaK U K KAXKIOH OTIEIBLHOMN XU3HU B YACTHOCTH.

DTO YTBEpKIECHHE MOXKET, B HACTOSIIEE BpPEMs, MOKa3aTbCs
KOMY-TO IIUHUYHBIM, TaK KakK CKOpPOb IO TMOKOWHHUKY HM CJIOBa O
HEBOCITOJITHUMOW yTpate, OyAyT Ka3aThbCs TIYNMBIMA U HUKYEMHBIMH.
[Totomy dro imroauW, yMmepiide WM TOruOImmMe B BOWHAxX, B
karacTpodax, B KOHIUIArepsiX W ryjarax, B CUJIy TOTO YTO MaTepHs
BEYHA U HEYHUUTOXMMa, CHOBA U CHOBA )KUBYT, U €CJIM HE CPEU Hac,
TaK Ha JPYyTrux oOMTaeMbIX IUIaHETaX OECKOHEYHON BCEICHHOM.

JKuByT naxke ¥ HE OCO3HABAs TOTO, YTO KOTJA-TO YK€ KWIH U
OynyT >kWTh emie He oauH pa3. Jliogu, ObBIIME paHbIIE
Apucrotensimu, Herotonamu, I'mrnepamu CranuHbiMH, pabaMu U
NaTPULIMSIMHA, BO3MOKHO, CETOJHS SIBJISIIOTCS HAIUMH JE€THbMH,
BHYKaMH WJIM TIPaBHYKaMH, a MOKET Jake coOaKaMH WJIU KOIIKaMH,
XOTSI HUKTO ¥ HUKOTJIa 3TOTO HE Y3HAET.

Ho B cumnmy BeyHOoCTH Marepuu, I3TO  aOCONIOTHAs
HEN30€)KHOCTh U YEIIOBEYECTBY CO BPEMEHEM MPHUCTCS PUBBIKHYTh
K 3TOMY U MEPECMOTPETh CBOE OTHOIICHUE K 3J0J€iIM M THUPaHAM
npouwuioro. M korja atoiu HAKOHEI-TO OCO3HAIOT, UTO OHH, IO CYTH,
BOIOIOT CaMH C CO00#, J00ble KOH(JIMKTHI W BOWHBI CTaHYT
OECCMBICIICHHBIMU.

U torga oTHOMIEHME K TaMSITH TaKUX T€HUAIbHBIX JIFOJEH Kak
Xpucroc win JIeHWH, KOTOpbIE B YCIOBHUSX CJIeTKa MOYMHEBIIEH
00e3bsIHBEH CTau YTO-TO MOHSITU U O€3YCIENTHO MBITAIUCH U KHYTOM
Y IPSTHUKOM BBIBECTH YE€JIOBEYECTBO HA HOPMAIbHBIN ITyTh Pa3BUTHS,
n3MeHurcs. [Ipon3oiaer 370 0CO3HAHUE, K COXKAJIICHUIO €lIE OYEHb
HECKOPO, HO HEM30EKHO IMPOU30MUIET.

Ipumeuanue! U nacmoswyro meopuio, Ha0o nonazames, aem
uepez 500-1000, xoma xomenoce 0bl Hadeamuvca, Ymo pamvuie, 6yoym
uszyuams 6 HauanvHou wkone. OHna OKOHYAMEIbHO U HA6CeE20d
YHUUmMONCUm éce penuzuo3nvie u mucmuueckue yuenus. H nexkomopoie
npUu3HaKu cnavo2o osulcenus K IMOMY, YHCE MOIHCHO 3amMemumaos )rice
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ceuuac no HedLIGAIOMY, NO CYmMU, HPEOCMEPMHOMY  GCHIIECKY
petucuo3noco Mpaxoﬁecml U Heesercecmea, Komopbsie 00bIUNO cryuaromcsn
nepeo ckaukom npozpecca.

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

Bbi6o0 wu3 ecezo ckazanH02z0 OUEHL ORMUMUCHMUYCH:
Yeno6eK, KaK CAONCHeUWUN aAGMOMAMUYECKU MamepuaibHulil
00vekm, copmuposasuuiica MUNIUOHAMU JIem IBOJIIOUUN U
oonaoarowuil C6OUCMBEOM COZHAHUA, HCUBEM 6€UHO, NOCHOAHHO
O00HOBNIAACH 8 6UOE MAMEPUATILHO20 Meld U HOIMOMY OH HUKO020a
He CMOJcem OKOHYamenbHo nodedumsv HU 0ONe3HU, HU CMEPMDb,
mMaK KakK OHU AGIAIOMCA 3AKOHOMEPHBIMU COCHMAGAIOWUMU
npouyecca 380110UUU MaAmMeEPU.

Kcraru, iMeHHO yTy4lIaromuecs, MpUOINKAIOIINECs K TOYTH
CTEpUJILHBIM, YCIIOBHUS JKM3HHM, a BOBCE HE TIOXas KOJIOTHYECKas
00CTaHOBKA, YK€ MPUBEIH K OCTA0JICHUIO 3aIIUTHBIX MEXaHU3MOB U
IUPOKOMY PACIIPOCTPAHECHHIO CPEIN YETTOBEUYECTBA AJTICPTUYCCKUX U
PaKOBBIX 3a00JICBaHUH.

[IerTasgce M30aBUTHCSA OT ONHUX OOJIE3HEH, YEJI0BEYECTBO
Hen30eXHO Oy/eT MmoyydaTh Ipyrue 1 HaBepHsaKa 0ojiee CTpalllHbIe.

IloaTomMy mnpoanuTh OTAENBHYIO 'KM3HB" pa3a B IOJTOpa
YeJIOBEK BO3MOXHO M CYMEET, HO CTaTh OECCMEPTHBIM OH HE CMOKET
Hukorna. lloroMy 9TO  OCTaHOBUTH  JBOINIOIHIO  MaTepPUU
MPUHITUTTHATEHO HEBO3MOXKHO.

18. O CO3HAHHMU U NTAMSATH

Hepenxo mnpuxogurcs uYuTaTh COYMHEHUS (QHIOCO(POB, H
OYCHb JPEBHUX, M HE OYEHb, O CO3HAHUHM, KaK O HEKOeH
HeMaTepUalbHON CyOCTaHIIUMM, CYIIECTBYIOLIEH I1e-TO B OPraHU3ME,
cama 1o cede. To MPOUCXOANUT OT HETIOHUMAHHMS TOTO, YTO B IIPHPO/IE
HHYETO HEMaTepHaIbHOTO HE CYIIECTBYET.
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Paccmampugeamv uenoseueckoe co3Hanue Kak o0coodyio
uoeanvnylo (HemamepuanvbHyly) cyoCmManyuilo, NPUHUURUATLHO
OMJIUYHYI0O Om CYOCMaHyuu MamepuaivHoil, ecmsv Oamb
PeUcUOZHOMY MpaKobecuro u uodeanucmuueckou guaocoguu,
Komopule AGNAIOMCA KOMHOHEHMOM UOE0102U4ecKoll peaKyuu,
Hauagwielici 6 KOHUe 08a0uamoz0 6eKa ¢ Kpaxom CO8EmCKO20
KOMMYHU3MA U ROPOMCOaIOuwiell momaipbHoe NOMYMHEHUE YMO6
(A.3unosuves).

Co3nanue — 3T0 CBOMCTBO BHICOKOOPTAHM30BAaHHON MaTEpUH,
a UMEHHO KOpPBI YEJIOBEUYECKOT0o rojloBHOro mMo3ra. M ero ¢gyHkmus
JIOCTaTOYHO MPOCTA, OHO 3aHUMaeTcsa 00pabOTKOI U AIeMEHTapHBIM
CpPaBHCHHEM CHUTHAJIOB C OPraHOB YYBCTB, OpraHU3ys UX B BUIE
00pa30B HEHPOHHBIMH CTPYKTYypamH. A Tak e KOMOMHHUPOBAHHEM,
npeoOpa3oBaHUEM M COXpaHEHHEM »JTHUX O00pa3oB B MaMSATH.
[Ipoueccel MbIIUIEHUS — 3TO M €CTh IPOLIECCHI M3MEHEHUS U
npeoOpa3zoBanusi 3TuX oOpazoB. Cama mamsATh HHUTIE HE
JIOKaJIM30BaHa, IO3TOMY YTE€HUE MBbICIEH HEBO3ZMOXKHO.

Mo3r cocTouT M3 OTrpOMHOr0O 4YHCIa HEPBHBIX KIETOK —
HEHPOHOB, OOBEIMHECHHBIX B CIOXHEHIIYIO HEUPOHHYIO CETh M
CIOCOOHBIX ~ HMCMOJB30BaTh B  MpoOIecce IKU3HEACATEIbHOCTU
NIEKTpUYECKUE CUTHANBl. KakIplii HEHpPOH HMEET MHOKECTBO
OTPOCTKOB — JEHAPUTOB, KOTOPBIMH OH COEAMHSETCS C APYrUMHU
HelipoHaMu. OT CIIO’KHOCTH U KOJIMYECTBA 3TUX COCAMHEHUI 3aBUCUT
pPa3yMHOCTb WJIM UHTEJUIEKT UHIUBUAA.

O6pa3Ho, MaMsATh MOXKHO CPaBHHUThH C OOJIBIION OOBEMHOM
MO3au4yHON KapTUHON Mupa. M ueM MeHbIIIE 3JIEMEHThI TOI MO3auKH,
TEM BBILLE AeTann3anus KapTuHsl. [Iponiecc odyuenus — 3to npouecc
CO3/IaHUSI HOBBIX CBSI3€M MEXIy HEHpOHAMH, MPOLECC MOBBIIICHUS
JEeTaN3aluy dTOW KapTHHBI MUPA.

I'uGernp unm paspyiieHue, OHOTO WK JaKe JECSITKOB H COTEH
AIIEMEHTOB, O0pa3yIOIIMX KapTUHY, HE NPUBOIUT K (aTaTbHBIM
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MOCITIEACTBHSIM, TaK KaK CBS3M 3TH MHOTOKPATHO IyOJHpPOBAHBI U
MOYTH JIFOOOH 3JIEMEHT JIETKO BOCCTAHABIMBAETCS IO COCETHUM.

YenoBek poxKAAETCS C MO3TOM, B KOTOPOM MUJUIMOHAMHU JIET
SBOJIIOIMM YK€ CPOPMUPOBAHBI HEKOTOPbIE 0a30BbIE CTPYKTYpbI
CBsA3€H HEHPOHOB, ONPEIEIAIOIINE MOAEIIA CTAHAAPTHOTO MOBEICHUS
WIM CTapTOBble MHCTUHKTHI, HEOOXOAUMBIE ISl BBDKUBAHUS TOCTIE
pOXIeHUS. A ero Kopa BHayayie MPEACTaBIsET COOON CTPYKTYpHI C
XA0THYECKUMU CBS3SIMU MEXIY HEUpOHAMH, KOTOpPbIE HEMPEPHIBHO
U3MEHSIOTCS. M YCIIOXKHSIIOTCSA B pe3yjbTaTe IMpoliecca o0yueHus u
60CNUMAHUAAL.

M mnpouecc 3TOT O4YEHb MEMJICHHBIH M DHEPro3aTpaTHBIM,
NOTOMY YTO 3HaHUA JOJDKHBI, B OYyKBaJbHOM CMBICIIE CJIOBA,
npopacmu ¢ euode 0eHopumoe Mexny Heriponamu. [loaTomy cunrars
COZIEpKUMOE TMaMATH WJIM NEepe3anucarb €€, Kak 3TO JEJIaeTcs B
KOMITBIOTEPE HE IMOIYYUTCHA. 3allOMHUHATH 10 APYroMy, NMpUpona, K
COKaJICHHIO, TIPOCTO HE yMeeT M OOCMIaHWs 3aMEHUTh MO3T
AJIEKTPOHHBIM UYHWIIOM, KaK MpeIJiaraioT, HalpuMep, OpraHU3aTOphI
npoekta "Poccus-2045", SBIAIOTCS, TO CYTH, OOBIKHOBEHHBIM
MICEBJIOHAYYHBIM IIapJIaTaHCTBOM U HAyBaTEIbCTBOM.

Vyactauku "Poccum  2045" xoTAT caenarh  4eJOBEKa
OeccMepTHBIM, HE T[OHHMMas TOrO, 4YTO TMBITaThCs CHAENaTh
OECCMEPTHBIM TO, YTO YK€ CaMo 1o cede 6ecCMepTHO, ITPOCTO TITYIIO
1 6€CCMBICIIEHHO.

YenoBek - 3TO  CIOXHBIA  MaTepHajbHBIH  OOBEKT,
c(hOpMHUPOBAHHBIN OECKOHEUHBIM MPOIECCOM JBOJIIOIUU MaTEpPUH B
TEYCHUH MUJLIHAPIIOB JIET, BOBCE HE SIBIISETCS *KUBBIM. [[a 1 BooOIIIe
B MPUPOJIE€ HET HUYEro XUBOro. JKU3HB - 3TO YUCTO PEITUTHO3HOE
MOHATHE, BEAb JAXKE TakKas BBICOKOOPTaHW30BaHHAs Marepusi, Kak
MO3T, COCTOUT U3 COBEPIIEHHO MEPTBBIX ATOMOB U MOJIEKYIL.

YesoBek, Kak MaTepUaTbHBIN 00BEKT IIOCTOSIHHO
BOCIPOU3BOAUTCS MPHUPOION 3aHOBO M KUBET OECKOHEYHOE
KoJau4ecTBO pa3. He nymaiite, 4TO BaM CHJIBHO IOBE3JI0, YTO BBI

)kuBeTe. BBI kuimu u A0 CBOCTO POXKIACHUSA U 6YI[GTG KUTH ITIOCJIC
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Baieil cMepTu. TOJbKO BBl HUKOTIa HE Y3HAETe, KEM M IJIe BBl ObUIN
B [IPOLLJION JKU3HHU.

Mo3r — 3T0 HE MPOCTO KYCOK CEpPOT0 BENIECTBA B UEPEMHOU
KOpOoOKe, MO3T — 3TO eAMHasl CUCTeMa, MCHOJb3yIolasl B IMpolecce
JKU3HEACATEIBHOCTH AJIEKTPUYECKUE CUTHAIBI, B KOTOPYIO BXOJUT
enle M OrpoOMHOE KOJIMYECTBO JATYMKOB, CBS3BIBAIOIIMX €ro C
OKPYKaIOIIUM MUPOM.

DTO M OpraHbl 3peHusi, OpraHbl CiIyXa, OOOHSHUS, OCS3aHUS.
ONEKTPUYECKUE CHUTHAIbl C 3TUX JAaTYUKOB, CO3JaBasl Y4acTKH C
Pa3HOCTBIO DIIEKTPUUYECKUX MOTEHIMAJIOB B MO3re, (OPMHUPYIOT
HOBBIE BPEMEHHBIE CBSI3M MEXKIY HEHPOHAMU, KOTOPBIE COXPAHSIIOTCS
B TEYEHUHM KOPOTKOIO BPEMEHH U KOTOpPBIE BIOCIEICTBUU
npopacTtaioT B BHAE JEHAPUTOB, 00pa3ys IMOCTOSHHBIE CBSI3H,
COXPAHAIOIIMECS BCIO KU3Hb. be3 3TUX CHUTHAJIOB C JaTYUKOB HE
MOJKET OBITh HMKAKOIO CO3HAHMSI U HUKAKOW MaMSTH, MOTOMY YTO
3aIlIOMUHATB-TO OOJIBINIE HEYETO.

W Tak Kak BpeMEHHBIE CBSI3M JOBOJILHO OBICTPO HCUE3AIOT,
"mepuoA nostypacnaga’ naMmsTH IpUMEPHO OJIHU CYTKHU, MO3TY HY’KEH
NepepsIB AJIs CHA, BO BPEMsI KOTOPOT'O JE€HAPUTHI MHTEHCUBHO PacTyT.
OTH CBSI3U MEXIy HeHpoHaMH MHOTOKPATHO AyOIUpYIOTCS B
mpouecce O0y4eHUsT M HEOAHOKPATHOTO IOBTOPEHUS, IMOITOMY
rubenb HEMpPOHOB OT CTAapOCTH MM HEXBATKU KHCIOpOJa He
NPUBOJIUT K (haTalbHBIM MOCIEACTBUSIM IS amsATH. Pa3pyiieHHbie
CBSI3M MOTHOIINX HEHPOHOB OEpyT HA ce0s COCETHHE.

N 511 cBA3M MexAy HEUPOHAMU Y Pa3HBIX JIFOACH COBEPIICHHO
pa3auyYHbIE, IOATOMY K OJMHAKOBBIM BBIBOJAM pa3HbIE JIIOAU
OPUXOAAT B PpE3YJNbTAaT€ COBEPIICHHO pa3IUYHBIX JIOTMUECKHUX
nocTpoeHui. B mpuposae HET W HE MOXKET OBITh IBYX MO3TOB C
OJIMHAKOBBIMU CBSI3IMU MEXKIy HEMpOHaMH, KaK HE MOXET OBbITh ABYX
JECOB C JIePEBBSMHU, HMMEIOIIMMU aOCONIOTHO  OJWHAKOBYIO
KOH(UTYypalHio BETBEH, a IOATOMY 3alucaTh BCE 3TU CBSI3U Ha IPYToi
HOCHUTEIb UJIU MIEPEHECTH UX HA KAKOM-TO APYTrod MO3T, HEBO3MOKHO.
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[Toromy 4TO IS 3TOTO B 3TOM JIPYrOM MO3r€ HYKHO OyJer
COTHH MWJUTMAPJIOB JACHIPUTOB OOOpBaTh W IMPOPACTUTH 3aHOBO,
COIJIACHO 3TOM 3amucu. Mo3r — 3T0 He KOMIBIOTED, T/€ JIOKAIU30BaHO
BCE — OIEpPaTHUBHAs W [JOJTOBPEMEHHAs MaMATb, IMPOLECCOp, ITO
opras, paboTarNUil Ha COBEPLIEHHO MHOM IIPUHLUIIE.

Tonbko oy, cunTaromme ceds y4eHbIMHU, TOYEMY-TO 3TOTO
HE MOHMMAIOT M IO-BUJIMMOMY €IIE AO0Jr0 He noimyr. VMIMeHHO
IO3TOMY BCS COBpEMEHHas Hayka HaxXOAUTCS B IUIAUEBHOM
COCTOSIHUHM, TaK KaK Y4Y€HblE IPAKTUYECKH YXKE pPa3ydyuINCh
MOJIb30BAThCS pa3yMoOM, a MPEANOYUTAIOT OoJiee JIETKUH MyTh —
UCTIOJIb30BaHUE MHCTHHKTOB, KOTOPBIA HE TpeOyeT OONbIINX 3aTpar
SHEPIUu.

VMIMeHHO 1O3TOMY OHM HE JyMas, HacCKOJIBKO 3TO
COOTBETCTBYET (PU3UYECKOM pEaqbHOCTH, TYIO IIOBTOPSIOT T€
HEOBUTUIIBI O KBAHTAX M YEPHBIX AbIPAaX KOTOPbIE UM KOTJa-TO BOMIN
B TOJIOBBI, MOAKPEIUIAS BCIO ATy 4Yyllb MaTeéMaTUYECKUMH
dopmymnamu. M HUKTO He maer cebe Tpyaa pa3o0parbesi, B KaKoi
CTETICHU 3TU (POPMYIIbI COOTBETCTBYIOT (PU3MUECKON PEaTbHOCTH.

Kak 3TO0O HHM CTpaHHO, HO CIOCOOHOCTH K MBIIIICHUIO
oOycioBlieHa oImMOKaMH B paldOTe HAIIero TOJOBHOTO MO3ra.
Kommbrorep, Hampumep, paboTaromuii Ha ABY3HAYHOW JIOTHKE,
HUKOT/Aa HE OIIM0AeTCs], TaK KaK COCTOSHUS €ro JIEMEHTOB MAMATH —
TPUITEPOB OJHO3HAYHO onpezneneHsl. OHM HMMEIOT TOJBKO JBa
COCTOSIHUS: BKJIFOUEHO — BBIKJIFOUEHO, UMEHHO [I03TOMY KOMIIBIOTEP
HECIOCOOCH pelIuTh MPOCTEHbKYIO 33Jauky bypupana, ¢ kotopoi
JIETKO CIIPABJISAETCS 1ake KOMHATHAsI MyXa.

Jleno B TOM, 4TO HEHpPOHBI HalIero mosra paboTalT Ha
COBEpILIEHHO JIPYroM MpHUHIMIE, YeM KomImbioTep. HelipoHs! umeror
TBICAYM JICHAPUTOB, KOTOPBIMU OHM CBSA3aHBI C JPYTUMHU HEWPOHAMH,
IIO3TOMY OHHM MOT'YT MMEThb OTPOMHOE KOJIMYECTBO COCTOSHMM. To
€CTh, IO CyTH, MO3I — 3TO AHAJOroBas CUCTeMa. A aHaJOroBblE
yCTpOMCTBa Bcerga paboTaloT ¢ OMUOKAMH W TOTPEHTHOCTSIMH,

3aBUCALIMMHU, MHOTHUX (pakTOpoB, Hanpumep, oT "apeiida nynsa". Ho
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UMEHHO OITMOKaM MbI U 00513aHbI CBOCH CITIOCOOHOCTHIO K OOYUCHHIO
Y TBOPUYECTBY.

KonnuecTtBO HEMPOHOB B MO3re, HUCKIIOYAs €CTECTBEHHYIO
yObUIb, BCIO )KM3Hb OCTA€TCA MOYTH HEU3MEHHBIM, TaK KaK OHHM HE
UMEIOT MEXaHU3Ma JIeJIeHHsI, TOTOMY YTO OHO IOCTOSIHHO HapyIlaio
Ob1 paboty wmo3ra. Ho napyroro cmoco6a oOydeHHs y KHUBBIX
OpPTaHU3MOB HET U, B 0003pUMOM OyayIIeM, e1Ba JIh MOSIBUTCS.

C BO3pacToM HEHUPOHBI MOCTEIIEHHO TEPSIOT CIIOCOOHOCTh K
"mpopacTaHn0" W MO3I CTAaHOBUTCS HEBOCIPUUMYHMB K HOBBIM
3HaHMUSM. 3aTo "Mpopocliue” B MOJIOJOCTH 3HAHMS JIEp)KaTcs B HEM
OYEHb KPENKO, XOTS TOXE€ IMOCTENEHHO HCYE3al0T C OTMHUPAHHEM
HEUPOHOB.

[lepeyunTtsb yenoBeka B 3pesioM BO3PACTE OUEHB TSAKEIO, BEAb
JUTSL 3TOTO JTOJIKHBI IPOPACTH HOBBIE CBSI3U B3aMeH cTapbix. U cioBa
Makca Ilnanka, mpuBeA€HHbIE B Hayale KHWUTH, Bcerga OyayT
AKTyaJIbHBI.

[ToaToMy TOXWIJIBIE JIFOAU OYEHb TYTO BOCIPHUHUMAIOT BCE
HOBOE, TpeOyIolee 3HAYUTEIBHBIX YMCTBEHHBIX YCWJIMA. A 3HAYUT
YeIIOBEYECTBY, YTO Obl HE OCTAHOBUTHCS B PA3BUTHUU HMHTEIICKTA,
CTOUT M03a00TUTHCSA O TOM, YTO OBl BEPHYTHh B LIKOJIBI IIAKaThl CO
CJIOBaMH: "YUYUTBHCS, YUUTHCS U YUHUThCA...", KaKk 3aBellajl OJIUH,
BEChbMa HETJIYTIbII YeI0BeK.

K coxanenuto B mocienHee Bpemsl IpeoOiagaeT Apyras
TEHJICHLIMS, 2 UMEHHO "MOJIUTHCS, MOJIUTHCSI M MOJIUTHCA" BEyIIast
YeJIOBEUECTBO HAa3al, K JIerpajlaliud M CPEIHEBEKOBbIO. B cBs3M C
BBIIIIEU3JI0KEHHBIM, HECKOIBKO CII0B O TAKOM '"3arajoyHoM" sSIBJICHUH,
Kak "dexcagro". OOBIYHO MaJOrPAaMOTHBIC PEIMTHO3HBIE JIIOIU
00OCHOBBIBAIOT UM CyIleCTBOBaHHE Aymid. OJHAKO C TOUKU 3PEHUS
TEOPHUU IBOJIIOLINH, 3TO SIBIEHUE O0OBSICHSAETCS BEChMa IPOCTO.

Kak u3BecTHO, CyIIeCTBYIOIIUE B HACTOSIEE BPEMsSI KUBBIC
OpraHM3Mbl 71  JAHHBIX TMPUPOJHBIX  YCIOBHM  SIBJISIOTCS
ONTUMAaJIbHBIMU. TO ecTh OHOJIOTMYECKH OHU HMEIOT BIIOJHE
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3aKOHYEHHBIA BHUJ U €CIIM MPOUCXOIAT KaKHe-TO OHMOJIOTHYECKHE
MU3MEHEHHUS, TO OHU OYEHb HE3HAUUTENbHBI. [10 MHEHNIO HEKOTOPBIX
OMOJIOTOB, B HACTOsIIEE BpeMs HayMHAET TmpeodiagaTh, TakK
Ha3bIBaeMasi, KyJIbTypHas 3BOJIOIUS WK KyJIbTypHOE Hacael0BaHUE.

[Ipu3Haky HTOr0 MOXKHO 3aMETUTh JaXe IO TOMY, YTO
ropoJickue Opopsuve co0akyd Hay4dWINCh MEPEeXOAUTh YIUIBI Ha
3eJIeHbI curHan cBetodopa, Jake ecld Ha MEepexojie HET JIIOACH.
VIMEHHO ¢ TOYKM 3pEHUsI TEOPUU SBOJIIOLIUM OYEHB JIETKO U JIOTUYHO
OOBSICHAETCS U SIBJICHUE "JIeKaBIO".

Kakwue-1o oueHp spkue COOBITUS WM KApTUHBI OKPY>KaOLIeH
00CTaHOBKH, B KOTOPOH YEJIOBEK >KHUBET MPOJODKUTEIBHOE BpEeMs,
3aKpEIUISIOTCS B HEHPOHHBIX CTPYKTypax Mo3ra U MOTYT
HACJIEACTBEHHBIMU  MEXaHM3MaMH  YaCTUYHO  IepelaBaThCs
MOTOMCTBY.

EcrectBeHHO B mOCHEAYIOUIMX IOKOJIEHUAX TMOTOMOK,
OKa3bIBasICh B OUEHb IIOXOKUX YCIOBUSAX M CPAaBHUBAs YBUACHHOE C
XpaHSIIMMUCS B TOACO3HAHMM (PparMeHTaMu Kakux-TO 00pa3os,
BJPYT OCO3HAET, YTO OH KOI'ZIa-TO YK€ 3TO BUIEIL.

He ymess oObsicHUTH Takoe "uynecHoe" sBICHHE, YETOBEK
NPUXOJUT K BBIBOAY O CYIIECTBOBAHHMU YEro-TO OECCMEPTHOIO U
BEYHOI'0, @ UMEHHO - JyIIH.

Penurun ectecTBeHHO, MOJJEPKUBAIOT ITH 3a0JIyKJIEHUS B
CBOMX KOpBICTHBIX HHTepecax. B cCBs3u C 3TUM JIOTHYHO
IPEIIOJIOKHUTD, YTO YEM IO3HEE YEIOBEK 3aBOAUT ITOTOMCTBO, TEM
OonbIIE  BEPOSITHOCTh Tepefadyd €My dOTOW  HacIeJICTBEHHOMN
uHpOpMaLKH.

[lo3nHuMu Opakamu, BO3MOXKHO U OOBSCHSETCS PHIBOK B
TEXHUYECKOM Pa3BUTHH €BPONEHCKON LMBWIM3ALKUUA B OTJIMYUHU OT
OJIMKHEBOCTOYHOM MM apUKAHCKOM, Iie Bcerja MpakTUKOBAIUCh
OYCHb paHHHE Opaku, B 14 JeT U 1aKe paHbIIIe.
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19. OB 3BOJIIOIIUU PA3YMA

B mnpouecce sBomronuu, Kak HEMPEPHIBHOTO YCIOXXHEHUS
CTPYKTYpbl MaTe€pUH B TEUEHHH IJIUTEIHHOIO BPEMEHHU, BO3HUKIIO
OTPOMHOE KOJIMYECTBO Pa3HOOOPA3HBIX OMOJIOTHYECKUX OPraHU3MOB,
NOMUYUHSIONINXCS  MHCTUHKTY  AoMuHUpoBaHus. CyTb  3TOro
OCHOBHOTO HWHCTHUHKTa 3aKJIIOYaeTCs B TOM, 4YTO B CIIEICTBUU
NEHCTBHUS BTOPOTO Hadalla TePMOJIUHAMUKH, TF00Ast 0COOb CTPEMUTCS
3aHITHh HanOoJiee BBITOTHOE MOJIOKEHHE, CpeIu ceOe OT0OHBIX.

W B cuiy neiicTBUS ATOr0 MHCTHHKTA, Jt00as rpymnmna WiH
COOOILIECTBO >KUBBIX OPraHMW3MOB, aBTOMATHUYECKU OOBETUHSETCS B
COOOIIECTBO C TMHUPAMHUIAITBHOM HEPApXUUECKON CTpykTypoil. Ha
BEpIMHE A3TOW MNUpaMHIbl BCErJa HAXOAWTCS camas KpymHas |
CUJIbHAsI 0COOb — BOKAK, BCE OCTAJIbHbIE 3aHUMAIOT MECTa B UEPAPXUH
COTJIACHO CBOEMY CTaTyCy, ONPEeIsieMOMY B OCHOBHOM, pa3MepamH.

Tax kak pazMepsl MO3ra y Bcex 0co0eil MpUMEPHO OJTMHAKOBHI,
CWJIa U Pa3yMHOCTh HMX OIPENENSeTCS] COOTHOIICHWEM DPa3MEpOB, a
CIIEIOBATENIbHO W CIOKHOCTHIO HEWPOHHBIX CTPYKTYp MO3ra,
OTBEUAIOIIUX 32 MOTOPHBIC U ACCOIMATUBHBIC (DYHKIIUU.

Eciu cTpykTyphl, oOTBedaromue 3a MOTOpPHbBIE (QYHKIHMU
KpylHee H Oojiee pa3BUTHI, YeM CTPYKTYpbl, OTBeuarolue 3a
acCOIIMaTUBHBIE, O0COOb COOTBETCTBEHHO KpymHee | o0jagaet
Oospielt (U3NIECKOM CHITON.

Ecnu xe mpeobnagaroT accolMaTuBHBIE CTPYKTYPBI, 0COOb
ymHee, HO (usuuecku crnadee. [lo3TOMy HErpbl, y KOTOPBIX B CHITY
ocoOeHHOCTE cpenbl OOMTaHUS OOJbIIE Pa3BUTHI CTPYKTYPH,
OTBEUAIOIIUE 32 MOTOPHBIE (DYHKIIUH, B COPEBHOBAHUSX 110 CHIIOBBIM
BHJIaM CTIOpTa - O€Ty WJIM MPBDKKaM, Bcera OyayT moOexaaTh OebIX.
[Toromy uTo y O€bIX MPEBAUPYIOT CTPYKTYPhI MO3Ta, OTBEYAIOIIUE
3a accolaThBHbIE (QYHKIMH, CHOPMHUPOBABLIMECS B pe3yJbTaTe
OpoXUBaHUS B 0Oojiee CypOBBIX KIMMATHYECKUX YCIOBUAX U
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TpeOyrommux 0oyiee BBICOKUX MBICTUTEIBHBIX CIIOCOOHOCTEH st
BbDKMBaHUs. I HUKaKkWe TPEHUPOBKU 3TOTO HE U3MEHST.

Ho ¢ nmpyroii croponsi, "BoliHy u mMup" Herp HUKOrjga He
HaITHLIET.

Onnako BepHeMcs K HamuM Oapanam. B mio0oit crae
MOCTOSIHHO TPOUCXOAAT MEJIKMEe KOH(MIMKTHI M CTBIYKH, B KOTOPBIX
KaKIBIN YJIEH CTau OATBEPKIAET CBOE MOJIOXKEHUE B HEPAPXUU. DTO
MO3BOJISIET MOJIOABIM U CHJIBHBIM OCOOSIM B TpOIlecCe B3POCICHUS
IOPOABUIAaTbCA  BBEPX 110  HMEPAPXUUYECKOM  JIECTHHULE, YTO
ABTOMAaTUYECKU TMPUBOJUT K TOCTOSHHOW pOTAlMU "TIpaBsiien
BEPXYILKH .

[Ipu BcTpede ¢ Bparom, camble CHJIbHBIE 0COOM BO TJaBe C
BOKaKOM HE pa3ayMbIBas BcTymnaroT B 0oil. Ho coBcem He miis Toro,
YTOOBl 3AlUTUTH CTal0, a MPOCTO B CHIIY JAECUCTBUS HMHCTUHKTA
JTOMUHHUPOBaHHUSI, 4TOOBI TOKAa3aTh BCEM OKPYXKAIOIIUM U CTae, B TOM
4HClle, KTO €CTh KTO U NMOATBEPAUTH CBOE MOJIOKEHHUE B Mepapxuu. 1
OHM MOTYT MOTHOHYTh, HO HE OTCTYIST IOKa CTas HE CIPSYETCS B
6e3omacHOM MecTe. TONbKO KOrja cTast OKakeTcsi B 0€301MacHOCTH U
3pUTENEd HE OCTAHETCSI, BOXKAK MOYKET MPOCTO yAPaTh.

Tak kak B OpUpOJIE CAaMKH BBIMOJHSIOT 0OJiee CIOXKHBIE
GyHKIIMM, 4YeM caMIlpl, TO MPUOPUTET B BHIOOpE MapTHepa is
pPa3MHOXXEHHUsI BCerja MpUHaIIeKUT camkaM. OHHM BbIOMpaioT cebe
CaMILIOB IO pa3JIMYHBIM OTJIUYUTEIbHBIM IPU3HAKaM, KOTOPBIMH
IIPUPO/Ia BBIIEISAET caMlia U3 OCHOBHOM Macchl.

NMeHHO 1O 3TOM MNpUYMHE B NPUPOAE CaMIbl HMEIOT
pa3liMyHbIe YKpalleHUsl, BpPOJE TMBIITHOTO TMABJIMHBETO XBOCTA,
JUIMHHOTO HOCa, KPAaCHOTO 3a/a, pa3lM4yHbIX IpeOHelt u mpouee. U
MMEHHO TIO0 JTOM MpPUYMHE KPYIHBIE CaMIlbl HMMEIOT OOJbIIoe
KOJIMYECTBO CaMOK, & BOBCE HE IOTOMY, YTO OHM MX INPUHYXKIAIOT K
sToMmy cuiiod. CaMKH Tak k€ MOTYT BbIOMpaTh MapTHEPOB HE TOJBKO
10 BEJIMYMHE, HO U 110 KAKMM-TO IPYTUM OTINYUTENbHBIM IPU3HAKAM,
HalpuMep, MO Pa3yMHOCTH, YMEHHUIO YXOJUThb OT OINACHOCTH WIIH

YMEHUIO MACKUPOBATHCS.
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[ToaToMy B AMKOW MpUPOJE MPAKTHUYECKH BCE OCOOM MMEIOT
[IAHCHl OCTaBUTHh IMOTOMCTBO, KPOME€ pa3Be YK CaMbIX XWIBIX U
OOJIbHBIX, a 3HAYUT YTBEP)KICHHUE, YTO "BBDKHBAET CHUIIbLHEHIIHN", B
npupoje He paboraer u sBusgeTcs 3abmyxnaenueMm. [Ipupoma
WCIIOJIb3YEeT COBEPIIEHHO JPYroi, BecbMa JIEMOKPATHYECKHI
MPUHITKII, & UMEHHO, 'TIOrH0aeT cirabedmuii”, B TPOTUBHOM CITydae
Ha 3eMJI€ OCTAIIUCH OBl TOJIBKO CIIOHBI U KUTHI.

Bonee toro, mpupona 6e3 cokaneHus XKepTByeT HamOolee
CHJIBHBIMH, HO "TyNbIMH' 0COOSIMH, KOTOpBIE peaju3ys MNPUHIIUII
JOMUHHUPOBaHUSA, THOHYT B Jpakax, JaBas BO3MOXHOCTh Ooijee
cmabbiM, HO OoJiee YMHBIM, OCTaBHUTH IMOcCie ceds Ooyiee pasymMHOE
MOTOMCTBO.

YenoBeueckoe  OOIIECTBO  HE  SBISETCS  KaKUM-TO
UCKJIIOYCHHEM, B HEM JIEUCTBYET TOT K€ MPUHIUI JOMUHUPOBAHUS,
runepTpoGupoBaHHbI TOKa elle JOBOJBHO HECOBEPIICHHBIM U
MPUMHTUBHBIM Pa3yMOM.

CaMble TPUMHUTHBHBIE 0COOU, PYKOBOJICTBYIOIIUECS B KU3HU
YUCTO JKUBOTHBIMU MPHHIIMIIAMU, OOBIYHO JOCTUTAIOT BBICOKOTO
MOJIOKEHHUS B OOIIECTBE, TaK KaK UM HUYETO HE CTOUT MEPECTYIUTh
yepes J000ro, CTOSIIEro Ha UX MyTH.

OHU TIpPEeKpacHO YMEIOT TOJABIATH €IIe JOBOJBHO CIIa0bIi
rojloc COBECTM M HE oOpamarb 0coOOro BHUMaHHUS Ha KaKHE-TO
MopajbHble U HPAaBCTBEHHbIE MpUHIMIBL. [loaTOMy camoe BhIcOKOE
MOJIO)KEHWE B OOIIEeCTBE, MOKAa Kak MPaBUIIO, 3aHUMAIOT CaMbIe
MPUMHUTHUBHBIE ¥ OCCIIPUHIIUAITHBIC.

20. Ob MHCTUHKTAX U MBIIIVIEHUH

IIpexne yeM HauaTh PasroBOpP O MBIIIJIEHUH U CO3HAHHH,
HYXHO 3aMETHUTb, YTO B IIPUPOJAE HET MECTa KAKUM-TO MHUCTUYECKUM
U CBEPXbECTECTBEHHBIM BJICHUSIM, B HEH BCE TPOUCXOAUT B COTTIACUU
¢ mpocThiMU (u3MYecKMMHU 3akoHamu. IIpupona mpocta u jgaxke B
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HEKOTOPOU CTENEeHU MPUMHUTHBHA, M YTO OBI MOHATH ATO, HAYHEM C
CaMbIX TMPOCTHIX Bemie. Mbl He Oynaem yrayOonsTecss B JeOpu
OpraHMYECKON XUMUU U OHMOJIOTHH, a TONPOOyeM MOHATH MPUPOAY Ha
MPOCTEHBKUX MPUMEpPAX.

JlomycTuM, 4TO MBI UMEEM B PACTIOPSKEHUH JIECATOK MPOCTHIX
OpPraHu3MoOB, HampuMmep, uepBed. Kaxnpli  4epBb  HMeEET
NPUMUTUBHBIN 7123, B BUJI€ HEPBHOT'O OKOHYAHHUS, YYBCTBUTEIILHOTO
K CBETY, PACMOJI0KEHHOTO B SIMKE Ha MEpPEAHEM KOHIE TYJIOBHIIA.
Hukakoro wu3o0pakeHuss OH, KOHEYHO, CO3JaTh HE MOXET, HO
pa3JIMYUTh T/I€ CBETIIO, a TJI€ TEMHO €MY BIIOJHE TOJI CUITY.

Y Hero ecTb Tak k€ IPUMUTUBHBINA MO3T, COCTOSIIUMI U3 IIapbl
JIECATKOB HEHUPOHOB, YNPABJISIOMIMK Mapoll MBbIII, HAa OCHOBE
curHaigoB rnaza. IlpencrtaBuM s TPOCTOTHI, YTO COBEPILIEHHO
CIIy4aitHO, B Pe3yJIbTaTe MyTallMid, Y IIATH YE€PBEH HEPBHBIE BOJOKHA,
MOIXOJAT K MBILIIAM HAaNpsMYI0, MapajljielibHO, a y OPYIUX IATH,
BOJIOKHA IEPEKpeIIeHbl. T0 eCTh MATh YepBei, Kak U BCE KHUBOE, OyIeT
TYNO JIBUTaThCS HA CBET, a IPYTUE MATh, TYNO MOMOJI3YT B TEMHOTY.

B pe3ynbTaTe pa3nuvHOro moBeASHUs, YePBH, BBITOI3IINE HA
CBET, OyayT OBICTPEHBKO CHEIEHBI, a T€ YTO TMOIOJI3IM B TEMHOTY,
ocranytcs kuBbl. Hy, ecnmu u He Bce TO, BO BCSKOM ciydyae,
O6onpmmHCTBO. OcTaBlIvecs B JKUBBIX IMPUHECYT MOTOMCTBO, B
KOTOPOM,  €CTECTBEHHO  Oyayr  mpeobiagaTh  ocobu ¢
NepEeKPEeICHHBIMUA HEPBHBIMHU BOJIOKHAMH.

B xaxaoM mocnenyromieM MOTOMCTBE 3TOT MpHU3HAK Oyner
3aKpeIUISATHCS U, B KOHIIE KOHIIOB, BCE YePBU BCeraa OyAyT yrmoi3aTh
B TEMHOTY. BOT npuMepHO Tak BO3HUKAET UHCTUHKT. IHCTUHKT — 3TO
CTaHJapTHas MOJENb TIOBEICHUS, OTpPaOOTaHHAas W OTTOYCHHAsS
MPOLIECCOM IBOJIIOLIUH.

JIto00Bb K ONMKHEMY, HampuMep, ATO TOXE HWHCTHUHKT -
MHCTUHKT BOCIHMTaHUSA MOTOMcCTBa. Ecnum pomutenu B mnpupoae
OpocaroT MOTOMCTBO Ha MTPOU3BOJI CYAbOBI B MJIaJICHUYECKOM BO3PacTe
0e3 3allUThI, TO OHO HE JJOKUBET JI0 B3POCIOro BO3pacTa U HE OCTaBUT

CBOEro nmoroMcTra. To eCcTh poa Ha 9TOM MOXKCT 3aKOHUUTHCA.
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Tak BOT B pe3yabTaTe BOJIIOLMHM CMOIJIN BBIKHUTH TOJIBKO TE
BUIBl JKUBOTHBIX, KOTOpble 3a0OTHJINCH O TOTOMCTBE JO
"coBepiieHHoJeTHsA".  Buasl, B KOTOpBIX O3TH  KadecTBa
WUTHOPUPOBAINCh W HE 3aKPEIUBUINCh, NPOCTO HE BBDKWIA U B
HACTOSIIIEE BPEMSI HE CYILIECTBYIOT.

A Termepb Bo3bMeM 0O0Jiee CIIOXKHBIN OpraHu3M, C MO3TOM YXKe
COTHM B JBE HEHUPOHOB, KOTOPBIM YK€ MOXKET «MBICIUTDY.
[IpencraBbTe, YTO OH BUAMUT MHUILLY, KOTOPYIO MOXHO OMMATh ABYMsI
cnocobamu. JInbo nepedbexarb HaNPsMYIO Yepe3 OCBEIIEHHOE MECTO
U CXBaTUTh, JHOO JUIA TOTO K€, IOAKPacTbcs B 00XO0I IO
HEOCBEILLIEHHOMY MECTY.

[TepBbIif BApUAHT YpeBaT TEM, UTO KOT/Ia OXOTHHUK BBIMAET HA
CBET, NIMIIA €r0 YBUIAUT U MOXKET ycneTh yapaTe. K Tomy ke u cam
OXOTHUK PHUCKYET, BBIXOJ HAa CBET - €r0 TOXKE€ MOI'YT CXBaTUTh U
COXpaTh APYrue OXOTHUKH.

Bo BTOpoMm BapuaHTe, IOKa OH KpaJeTcsl 0 TEMHOTE, MUILA
TOKE MOXKET yOexkaTh UM €€ KTO-To Apyrou coxper. Ho 3aro stor
nyTh Oe30macHee, OXOTHHUK, MYCTh Nake€ M TOJIONHBIA, HO XOTh B
KUBBIX OCTaHeTcs. JlpyruMu cloBaMH, pELIEHUE B PE3yJbTaTe
MBILUICHHS WM CPABHEHUSI ABYX BapUAHTOB JCHCTBUS, MOXKET ObIThH
KaK MpaBWIbHBIM, TaK U OmMOOYHBIM. B mepBoM BapuaHTE ecTh
OonbIIas BEpOSTHOCTh MOTUOHYTH, a BOT IOCTYNHUTh Tak,
KaK MpejJiaraeT MHCTUHKT - 0oJiee pa3yMHO.

IToaToMy Bce *HMBbIE OpPraHHU3MBbl U YEJIOBEK B TOM YHUCIE,
IPEIIIOYNUTAIOT HE MBICIUTH, @ MPOCTO CIEA0BAaTh MHCTHUHKTAM, TO
€CTh KaKMM-TO CTaHJIApTHBIM MOJEJSM NoBeJeHHA. Tem Oojee uTo
JUIS MBIIIJICHUS (CpaBHEHMs) TpeOyeTcsi mopaboTaTh MO3raMH, a 3TO
TpeOyeT ycuiui H, COOTBETCTBEHHO, 3aTpaTr 3Hepruu. Kak Buaure,
caM IIpollecC MBINUIEHUS — 3TO, MO CYTH, HAaXO0XJICHHE
HECTAaHJAPTHOTO pEUICHUs, B KAKOW-TO CHUTyallMd, WX MPOCTO,
OaHaNBHBIN MPOLIECC CPABHEHUS U 3aIOMUHAHMUSL.
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U xorja HEKTO HaYMHaeT YTBEepkKarTh, 4o (Gopmyna F=mc?
HEBEpHA, TMOJABJIIONIee OOMBIIMHCTBO HAYMHAET €r0 CMEIINBAThH C
rpsi3bio. BoBce HE TOTOMY, YTO OHHM MPHUIILIH K ATOMY B pPe3yibTaTe
MBIIIICHUS, & TPOCTO MOTOMY YTO BOCIOJB30BAIMCH CTaHIAPTHBIM
METOI0M Tiepebopa TeX 3HaHHM, KOTOPbIE ObUIM BOUTHI UM B TOJIOBBI
B IIKOJAX ¥ MHCTUTYyTax. Mnu mo cyTu, HHCTUHKTOM. DTO HaMHOTO
nporie U He TpeOyeT 0co0oro yMCTBEHHOrO HampsikeHus. Huuero
IJIOXOT0 B 9TOM TOBEJICHUU HET, pa3Be KpOMe TOr0, YTO OHO YKe He
MpeJIoiaraeT HUKAKOTO JAIbHEHUIIETO pa3BUTHSL.

A Temepb HECKOIBKO CIOB 00 OCO3HAHUU COOCTBEHHOTO fl.
JIro60i1 opranus3m, o0nagaroMMi Pa3BUTON HEPBHOM CHCTEMOH, caM
ce0s KymaTh He OyJIeT, MOTOMY KakK OIIyIIaeT ce0s Kak OJHO IIeJIOe.
Onnako, omymeHne ce0s Kak 1eJI0ro OpraHu3Ma, eIie HeJJOCTaTOYHO
JUISl OCO3HAHUS ce0s KaK MHAWBUIAYATbHOCTH WM JIMYHOCTH, WHAYE
BCE JKMBOTHBIC OBUIM OBl JIMYHOCTSMU W COCTABUJIM OBl OTPOMHYIO
KOHKYpEHIIMIO YeoBeKy. [IpencraBbTe TONBKO ceOe TUTpa WK TakKe
co0aKy C MHTEJUIEKTOM YeJIOBEKa.

K Hamemy c4acTpio, 3T0 BO3MOXHO TOJBKO B PE3yJbTaTe
oOydeHHss M BOCHUTAHHS Ha OCHOBE, TaK HAa3bIBAEMOH, BTOpPOI
CUTHAJIbHOUM cucTeMbl. Mnu si3bIKa. A 711 3TOTO HYXEH JOCTATOYHO
OOJIBIIION MO3T, KOTOPBIM MOT TOSBUTHCS y YETOBEKA, B PE3YJIbTATE
3BOJIIOIIMOHHON MYTallMH.

JKUBOTHEIE XOTh Y HE HMEIOT TAKOI'0 MO3Ta, HO TaK K€, KaK U
YelOBEK CHOCOOHBI K 00y4deHHio. M XOTS OHU TOJB3YIOTCS IS
OOIIeHNS] HEKOTOPHIMU 3BYKaMH, HO WX HENb3s Ha3BaTh SI3BIKOM,
M03TOMY OOYYEHHUE y KUBOTHBIX MPOUCXOIUT HA OCHOBE HHCTUHKTOB
—3T0 caMO0OyUeHHE MOIPAKAHHEM.

YeroBeUueCKU OETEHBINI, BOCOIUTAHHBIN B CTAae >KUBOTHBIX U
JKUBYIIIUN B HEH JTOCTATOYHO JTUTEIHHOE BPEMS, TaK K€ HAYIHTCS
BCEM IIpUEMaM OXOThl W TIOBEICHHS CpEIu J>KUBOTHBIX, HO B
JaTbHEHIIIEM YK€ HUKOT/Ia HE CMOYKET OCO3HATh CEOsl TMYHOCThIO. Y
JKUBOTHBIX HAUHUCTO OTCYTCTBYET YYBCTBO CTpaxa, 3aTO XOPOIIO

pa3BUT WHCTUHKT JUCTaHUUpOBaHHs. JI1000H »XUBOW OpraHusm
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BCErJa CTapaercs Jep>KaTbCd OT JPYTUX HE pPOACTBEHHBIX €My
OpPraHU3MOB, Ha OMNPEAEICHHON MUCTAHIMHU. Y BBICHIMX >KUBOTHBIX
9TOT UHCTUHKT JIOBOJIBHO CIIOXKEH.

OHM MOTYT ONpeNeNATh CTENEeHb ONAaCHOCTH, B 3aBUCUMOCTH
oT oOpa3a xuBoTHOro. Ho 3to He crpax. Kocyns yaupaer ot renapna
HE IIOTOMY, YTO OOUTCS OBITh ChEJICHHOM, a IPOCTO B CUTy HHCTHHKTA.
Kak Tonbko remapn u3-3a ycTaluoCTH NMPEKPaTUT MpeciieIOBaHKUE, TYT
K€ OCTAHOBUTCSI U TIpeciienyemas keprBa. M yxe depe3 IECITOK
CeKyHJ] oHa OyJIeT MHUPHO MacTHUCh, HE oOpamias Ha HEro ocodoro
BHUMAaHHMS.

WHCTUHKT TUCTAaHIIUPOBAHUSA €CTh U Y XMITHUKOB. Ecin BbI
HEOXHJIAHHO TOSBUTECHh HA HEOOJIBIIOM PACCTOSHUU JIaXKe OT CHITOIO
TUTpa, OH HamajeT He pa3aymsiBas. Ho eciam 310 paccrosiHue Oyaer
OosblIE HEKOTOPOrO0 KPUTHYECKOIO, OH HPEANOYTeT HE3aMETHO
YIAJIATHCSL.

W3 mnpocThIX HWHCTHHKTOB Tak ke Oepyr Haudano, U
NPaKTUYECKH JIF0ObIe HPaBCTBEHHbBIE IPUHIIUIBL. Bo3bMeM, Hanpumep
3a00Ty o motoMcTBe. IloyemMy Bce >KMBOTHBIE 3a00TATCS O CBOMX
nerensimax? Moxker ObITh 3TO UM BHymw1 rocnons? Jla, Her,
KOHEYHO, 3TO CJIEJICTBHE JEUCTBUSA MPOCTOTO HHCTUHKTA.

Ecnu ponutenu He craHyT 3a00THTCA O CBOEM IOTOMCTBE, a
OynyTr OpocaTb ACTCHBINIEH Ha MPOM3BOJ CYALOBI Cpa3y IOCIE
pOXJAEHUs, TO eIBa JU HUX pPOA Nponokurcs. Bce oHM moka
OecrioMoIIHbIe OyyT CheIEHBI U pOJI HA ATOM IpekpaTturcs. Ho korna
poauTeny oOy4JaroT U ONEKAIOT JETEHBINIEH 0 B3pOCIOro BO3pacTa,
TO MM JIETY€ BBDKUTH U B CBOIO OYepellb MIPUHECTH CBOE TTOTOMCTBO,
KOTOpO€e OyJIeT MOCTYIAaTh TaK Ke.

A cnesoBaTeNbHO TaKUE YeIOBEYECKHE KaueCTBa, KaK MOpallb
U HPaBCTBEHHOCTb OEpyT Hayajo M3 OOBIYHBIX MHCTHHKTOB, a BOBCE
HE OT KaKOro-To MH(HUYECKOro CYyLIECTBA, BIOXKHBILETO, IKOOBI 3TH
MOHATHS B CO3HAHMWE yenoBeka. JItoau, He MOHMMAsI TaKOW MPOCTOM
3aBUCUMOCTH, COUMHSIOT CKa3K/ O pa3yMHOCTH IIPUPOJbI, KOTOPOH y
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He€ HUKOrna He ObuT0. B mpupoae HET pazyMHOCTH, BCE Topasfio
npoiue. [Touemy, HarrpuMep B IPUPOIE HE BCTPEUAIOTCS OeIble TUTPHI,
HO 3aTO MOJHO Oenbix meaBezaci? Jla moTtomy uTo Oenblid TUTP HE
CMOJKET BBDKHTH B YCIOBMSX CaBaHHBIL. OH CIMIIKOM 3aMETEH U HE
CMOXeET MOAKPACTHCS K 100b14e. OH MPOCTO YMPET € TOJIONY, TAK U HE
OCTaBHB IIOTOMCTBA. Takas )Ke CUTyalus U ¢ MEABEISIMH.

[TpuBeny emre mpocToit mpuMep ¢ KojoHuen 6akrepuii. Ecinu B
yauiky lletpu comeprkaliyro MUTaTEeIbHYIO CPENY C KOJTOHUEH KaKHUX-
a100 OJHOKJIETOYHBIX KAIHYTh KAIUII0 CaXapHOTO CHPOIA, TO 4Yepes
napy MHHYT B 3TOM Karuie cobepyTcst Bce OakTepun. Ilpuuem cambie
KPYIIHBIE OKa)XXyTCs B CaMOM cepeiuHe 9TOM Karuu. HUKTO U3 y4eHsIX,
KOTOPBIX 1 CIIpAIlIMBaJl, HE MOT OOBACHUTH, KAK OHH ITO AETAOT.

[TpakTrueckn kak Oe3rpaMOTHBIE OOBIBATEIH, OHU HECIH
KaKylo-TO 4yllb O TOM, YTO OaKkTepHUHu, NPH ABMIKEHUH CIIy4aiiHO
nonajgas B CHpOIN, IepecTaloT asurarbes. lloromy 4to Tam mon
PHEprusi MUHUMaibHa. M 3TO mpu TOM, YTO y OJHOKJIETOYHBIX HET
HUKAaKUX OPTaHOB OCSI3aHMs WM OOOHSHUS, U TeM Ooyiee HMKaKHX
opranoB ABwKeHHsI. C TOUKH 3pEHUs] HACTOSAIIECH TEOPUH, 00bICHEHHE
3TOrO "(heHoMeHa" IEMEHTaPHO.

Kamist cupona mocTeneHHO pacTBOpsieTcss W Ha MeMOpaHe
KJIETKH, TONABIIEH B 30HY €€ NEHCTBUSA, BO3HUKAET OCMOTHYECKOE
JaBiieHue, OOYCJIOBIEHHOE pa3HOCTBIO KOHILIEHTpaluil cupona
CHapy:ku W BHYTpu KieTkH. Co3maercs MOTOK MOJEKYJ caxapa,
HalpaBJICHHBIA CKBO3b 000JIOUYKY BHYTph KieTku. Ho Tak kak c
Pa3HBIX CTOPOH KJIETKH OCMOTHYECKOE JABJICHUE Pa3IM4YaeTcs, TO B
pe3ysbTare 3TOM pa3sHOCTH JABJICHUM, KJIeTKa HAUMHAET JBUTaThCs B
CTOpOHY Oouiblel KoHIeHTpauuu cupona. Korma kierka pocturaer
CepeIuHbl Kalluld, KOHUEHTPalUs BBIPABHUBACTCA W JIBH)KEHUE
IIPEKpaIacTCs.

[IpumepHo Tak ke  OOBSCHSIETCS M  XaOTHYCCKUU
3UIr3aroo0pa3HbIi MOJIET HACEKOMBIX. Y HUX MPAKTHYECKH HET MO3ra
U MOYTH HET HEPBHOM CHUCTEMBI, IIOITOMY HACEKOMBIE B OCHOBHOM

PYKOBOJICTBYIOTCSL ~JIMIIb CHUTHAJaMM C OPraHoB OOOHSHHUS,
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YYBCTBUTEIBLHOCTh KOTOPBIX MPOCTO MopasuTenbHa. OHU pa3indaroT
HUYTOXKHYIO Pa3HUILY B KOHIICHTPALIUA MOJIEKYJI IMUILK B BO3AYXE.

Kpbuto co cTopoHbsl Oosblliel KOHIICHTPAllMM HAYWHAET
Koe0aThCsl MEJJICHHEE U HAaceKOMOE ITOBOpPAuYMBAET B CTOPOHY
Oonpmieli KoHIEHTparuu. Ho Tak Kak BO3ayX Bce BpeMms
NEPEMEIINBACTCA BETPaMH, CHUTHAJbl IOJIy4aeMble MBIIIIAMHA OT
OpPraHOB OOOHSHHS XAOTUYECKU HM3MEHSIOTCS U B COOTBETCTBHH C
HUMHU Xa0THUYECKU U3MEHSIETCS U HallpaBJICHHE TOJIEeTa.

A celiuac HECKOJILKO CJIOB O BeuHOH xu3HHu. Ilomasistromas
Macca MPOCTBIX OObIBaTENed CYMTaeT, YTO y HHUX ecTh ayma. U
npoiuieHToB 50 yBepeHbl B TOM, YTO 3Ta camas Jylla MOCTOSHHO U
HEIPEPBIBHO NIEPECEIACTCS B HOBOE TENIO U XKUBET BeuHo. Ho camoe
3a0aBHOE B TOM, 4TO JylIa 3Ta HUKOMY M HE JIJIsl 4ero, COOCTBEHHO U
HE HY)KHA.

A 3auem ona? Ecnu Obl B HEHl COXpaHSIUCh Kakue-HUOYIb
OCTaTKH 3HaHWH, Torma MOHATHO. Poauics peOeHoK, MOTy4H
oOpa3oBaHHYIO Iylly W HAaTe BaM, TOTOBBIA akaaeMuk. OgHAKO
KQKJIbIII HOBOPOXJICHHBIA BBIHYXICH YYUTHCA TOBOPHUTH, XOIUTH,
MUCaTh, YUTATh. .. BCIO )KU3HB MPUXOTUTCS 4UeMY-HUOYIb YIUTHCS.

BrIxoaut, 4TO U HET HUKAKOM AYIIH, @ €CTh MPOCTO CO3HAHMUE,
KaKk CBOMCTBO OpraHuyeckoll marepuu. Ku3Hb - KaK CIEICTBHUE
3BOJIIOLUHA MAaTEPUH B CUILY MPOCTBIX 3aKOHOB IIPUPO/IbI, & COZHAHUE,
Kak e€ cBoicTBO. M Hama >KU3Hb — 3TO HE KaKOW-TO YJa4yHbIA M
peauaimii cydail, a camasi HacTosIIast Hen30€KHOCTh. DTO IPOCTO
OuyepesHOEe 3BEHO B OCCKOHEYHOH IEeNM POKICHUN U cMepTeld. Mbl
Hen30ekHO "KuBeM' OEeCKOHEYHOEe MHOXKECTBO pa3. ToNbKO MbI
HUKOT/1a He Oy/IeM TIOMHUTH K€M MBI ObLTH B TPEIBIIYIINE KU3ZHA U
KaXIbIH pa3 OyaeM YYUTh BCE€ 3aHOBO M CUMTATh, YTO HAM CTPAILHO
MIOBE3JI0, YTO MbI POJIUJIUCK.

bonee Toro, B cuily HEM3MEHHOCTH 3aKOHOB NPUPOJBI IS
10001 TOUYKH BCEJICHHOM, Mbl MOYKEM MOSBISATHCS TI€ YTOAHO U KeM
YTOJHO, B JTI00OH CTpaHe W Ha JIFOOOH M3 0ECKOHEUYHOTO MHOYKECTBA
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IJIaHET, Ha KOTOPBIX CYLIECTBYIOT TMOJXOJAIINE YCIOBUS MJif
CYILIECTBOBaHUSI OPTaHUYECKUX MOJICKYIL.

N HaBepHoe, Bcerma Oyaem cuMTaTth, YTO HAlla IUIaHETa
SBJISICTCSI WCKIIFOYEHHEM W OyaeM Taaarh, CYMIECTBYIOT JIH BO
BCEJICHHON apyrue oOurtaemple IIaHeThl. M korma MBI cMOKeM
MOJIETETh HA HUX, Mbl HAIEM TaM COBEPIIEHHO TAKUX €, KaK U MBI,
oburareneid. Jla v maHeThl OyIyT MOXO0XKH APYT HA APYTa, TOYTH KaK
JIB€ KAy BOJHI. ..

21. O TEOPMM OTHOCHUTEJBHOCTH

Teopusi OTHOCUTEIBHOCTH DWHIITEHHA, KaK OCHOBaHHAasl Ha
HEMMOHUMAHUM CYIIHOCTH TpPaBUTAIlMH, MaTeMaTH4YeCKas MOJEIb,
HalpaBuja HAyKy IO JIOKHOMY MyTH M Oojee 4eM Ha CTOJIETHE
3aropMo3smiia ee pazButue. [lonbiTka 0ObSICHEHHS TPaBUTAIIUN HEKUM
"MCKpPUBJIEHUEM" TIPOCTPAHCTBA-BPEMEHH, HE BBIIEP/KUBAET HUKAKOU
KpuTHKU. Benp s Toro, 4ro Obl OOHAPYKUTH 3TO HCKPHUBIICHUE,
HY)KHO, KAK MUHUMYM CPaBHUTH €TO C YEM-TO MPSMBIM.

A WICKpHBIICHHE BPEMEHH — 3TO BOOOIIE KaKOW-TO BCEICHCKHIA
Oopen. Ho Tak xak BceneHHass 0ECKOHEUHA W HUYETO MPSIMOT0, C YeM
MO>HO OBUIO OBI €€ CPaBHHTH, 3a IIpeaesiaMu €€ OECKOHEYHOCTH HE
HaOIOZaeTCs, TO pPaccykaaTh 00 ATOM MOXHO OECKOHEUYHO JIOJTO,
COBEPIIICHHO HE OIacasiCh, YTO TBOKO JIOXKbL OBICTPO pazodmauar. U
NakKe HACOUYMHSTH CKa30K O MHOXKECTBE BCEIIEHHBIX, IO KOTOPHIM
K€ MOYKHO YBJIEKATEIILHO TOIMYTEIIECTBOBATh, IPOHUKAS U3 OJHON
B JPYT'YIO Yepe3 "KPOTOBBIE HOPBI" WIH "4epPBOTOUYUHBI".

[IpuHIMI OTHOCUTENHLHOCTH — 3TO, MO CYTH MPUBHECCHHBIN B
(GU3UKY MNPUHIMIN KOMMYTAaTHBHOCTH MaTE€MaTHUYECKHX OTEpAIIHii.
Benb coBepiieHHO HEBaKHO MPUOABIIIECTE BhI JIBA K TPEM MM TPH K
JIBYM, B PE3YJIbTAaT BCE PaBHO OYyJIET MATh.

Kupnuu, mamaromumii Ha 3€MIII0 BIIOJHE MOXHO CUHMTaTh
MOKOSIIUMCSA M BCEpPhE3 IoJIaraTh, YTO MMEHHO 3eMIIsi BMECTE C
OECKOHEYHOI BCEJIEHHON IamaeT Ha Hero. M XOoTs MaTeMaTHYECKHE
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GOopMyIBI OT STOTO HE HU3MEHATHCS, 3TO MOXKET CIYXHUTh IHUIIb
MOKa3aTeIeM U30IIPEHHOCTH YMa, HO YK HUKaK He 3J[paBOr0 CMBICTIA.

C Toukum 3peHHsT MaremaTuku, cucrtema KomnepHuka
MPAKTUUYECKH HE MMEET HUKAKUX MPEUMYIIECTB Iepel CHCTEMO
[Itonomes. Benp oA HOpekpacHO yYMEIU  PacCUUTHIBATH
307iaKabHbIE [TOJI0OKEHUS, JIYHHBIE U COJTHEUHbIE 3aTMEHUS, JTaXkKe He
npeanouaras, yTo He 3emuist Bpamaercss Bokpyr CojHIa, a COBCEM
Jake Ha00opoT.

JIJist MaTeMaTHUKH 3TO COBEPIICHHO 0e3pa3andHO, POPMYIILI OT
ATOTO0 HE MEHSIOTCA, HO C TOYKHU 3peHus (U3MKU - 3TO abcypi.
Oco0eHHO KOorja M3 MaTeMaTH4YecKHX MpeoOpa3OBaHMUN IBITAIOTCA
BBIBECTH KaKHe-TO (PU3NYECKHE UCTHHBI, KOTOPBIX B MaTEMAaTHKE HET
U OBITh HE MOJXKET.

Opnako  ydeHble YK€  HACTOJIbKO  3alyTaluch B
MaTeMaTUYECKUX NMPeoOpa3oBaHMsIX, YTO COBEPIICHHO HE 3aMeYaroT,
YTO MPEBPATUIIH HAYKy B OaHAIBHYIO HyMEPOJIOTHIO.

Ho HEeB03MOKHO HaAyBaTh MBUIBHBIH ITy3BIPh OecKOHEUHO. OH
BCE PAaBHO PaHO WM TO3THO JIOMHET. Bce HayyHOe coo0IecTBo, ¢
OTOW TOYKH 3PEHMS, IPEICTABISACTCA TOJIIOW NMKApel, HalleIIINX
JIBUTATENh BHYTPEHHETO CTOPaHUs U MBITAIOIIUXCS MOHATh MPUHIUI
€ro JICUCTBUSI, U3y4asi CTPOCHHUE JIETATICH.

Pa3o0paB ero Ha yacTM M pacTalluB MO XIKUHAM, OHH
IBITAIOTCS C MOMOUIBI0 M3YYEHHsI pa3MEpOB OTIENbHBIX JeTale,
MOJICYeTa KOJIMYECTBA KAHABOK JUIsI MOPIIHEBBIX KOJEI[ W YHCIa
3yObeB Ha BEHIIC MaXOBHKA, a TaK K€ MPOOBI CMa304YHOTO Maclia Ha
BKYC, MIOHSTh IIPHUHIIUII €0 JICHCTBHUS.

W yem OGomnpliie oHUM YrayONnsiOTCs B M3yUeHUE JeTaleld U ueM
00JIbIlIe HWCMUCHIBAIOT CTEHBI memiep (Gopmyiaamu, TeM Bce Aalblie
yXoasT oT noHumanus. U yxe te, kro nociadeit pa3syMoM, HaUMHAIOT
OOBSCHATH €ro paboTy HEKMMH OOXKECTBCHHBIMU CHJIAMHU WM
KaKUMHU-TO MU(PUUYECKUMH KBAaHTOBBIMU 3aKOHAMHU.
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22. O MATEMATHUKE U ®U3UYECKOM CMBICJIE

Cnenoe mpekIOHEHWE HAY4YHOro cooOllecTBa, Tepen
MaTeMaTUKOM, KaK IapuIlel HayK, MEepermyTaBIiee €€ co CIyKaHKO,
OKa3aJI0 YYEHBIM MEJBEXbIO YCIYry, NPEBPATHB HAyKy B HEKOE
nosobue XUPOMAHTHH, CO CBOMMH IlIaMaHaMH, MPOpPULATENSIMU U
TonkoBaTensiMu. CTpoOro roBops, MareMaTHKa BOBCE HE SIBIISIETCS
HAyKOH, a BCEro JIMIIb KPATKUM U JOBOJBbHO IPUMHUTUBHBIM SI3BIKOM,
KOTOPBIM OIIUCATh J1aX€e MPOCTYI0 OKPYKHOCTb MOKHO TOJIBKO OUEHB
NpUOJIN3UTENBHO.

CrpemiieHne BBIBECTM W3 MAHMITYJIALHMA aOCTPaKTHBIMU
MaTeMaTUYeCKUMHU CHUMBOJaMH M (GopMyllaMd HeKHe (PU3NYecKue
UCTUHBI, MPHUBEIO K H300pETEHUIO TMOHSATHI, HE COBMECTUMBIX C
3aKOHaMU MPUPOAbl. MareMaTnukol, Kak KpaTKUM SI3BIKOM, MOYHO
OIKCAaTh KaKOe-u0O sIBIIEHUE, HO OOBSICHUTH €r0 OHA HE B COCTOSIHUM,
IIOTOMY 4TO CO3JA€T TOJBKO MIIIFO3UI0 TIOHUMaHUS.

B otnnuuu ot MaTeMaTUKH, B MPUPO/IE HE CYIIECTBYET HUUYETO
OTPHUIATENIEHOTO WM MHUMOTO, IIO’TOMY B HEH HET ¥ HE MOKET OBIThH
HUKAaKOM aHTUMaTepuu. B HeW HET HU MHTErpajioB, HU KBAAPATHBIX
KOpHEH, HU cuHycoB. [loTOMy 4TO CHMHYC — 3TO HE Kakas-HUOYAb
duznyeckas BeIMUMHA, a BCETO JUIIb OTHOLICHUS BEIMYMH.

W yxe net uepe3 CTO NOTOMKHU OYAYT MOKAThIBATHCS CO CMEXY
HaJ TAKUMU "HAy4HBIMH' TiepJiaMH, KaKk O030HbI XWITCa, YEpPHBIC
IOBIpbl, pydku Ywuwiepa, Korel Illpegunrepa u  npodyumu
MOPOXKACHUSIMUA TMPUMUTUBHOTO co3HaHus. Kak ckazanm OJIHaXIbl
DWHINTEH, MaTeMaThka — 3TO EIWHCTBEHHBIM CIOCOO TPOBECTH
camoro ce0s 3a Hoc. M cam e Mo yIIu B 3TO BIIAMAJICH. ..

['paBUTaLIMOHHBIN KOJUIAIIC U aKKPELUs, KaK TOAHITHE CAMOIO
cebst 3a BoJochl. bonbI10# B3pHIB, Kak TBOPEHUE MAaTEPUU U3 HUYETO.
MonekynspHO-KMHETHUYECKasi TEOpUs U TEOPHS CTPYH, Kak 00pa3uuKu
BEYHOIO JBUTATENsi W MHOXECTBO JApPYyrux aOCypIHbIX U
OCCCMBICIICHHBIX THUIIOTE€3, BBIBEACHHBIX U3 MaTeMAaTHYECKUX
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npeoOpa3oBaHuii, MaJI0 YeM OTIHYAIOIIUXCS OT OMOIEMCKIX CKa30K U
COUMHEHUH (PaHTACTOB, CO BPEMEHEM HaBCET1a UCUE3HYT U3 HAYKH.

Benp HeynuBUTENBHO, UYTO TeOpus OOJBIIOIO B3phIBa, Kak
00’KECTBEHHOE TBOPEHHUE MATePUHM M3 HUYETO, C OOJBIION OXOTOM
Oblla TpHU3HAHa PETUTHO3HBIMH MpakoOecamu Barukana. Henb3s
OTpULIATh TOTO, YTO MAaTEMaTHYECKH MOXHO MOCYUTATh HACKOJBKO
YBEJIUYUTCS JIJIMHA JKEJIE3HOM JIMHEUKHU MPU MUJLTUOHE T'PayCoOB, HO
00CyX/1aTh MPU 3TOM €€ CBOMCTBAa MOTYT pa3Be YTO yMAJMIICHHBIE,
MOTOMY YTO HU IIPHU TaKOH TeMIEpaType OHa MPOCTO HE CYIIECTBYET.

OpnHako, HECMOTPS Ha 3TO, MICEBAOYUYEHBIE HA TIOJIHOM CEPbE3e
OTHCHIBAIOT, HAIPUMED, YEPHBIC ABIPHI, KaK OYATO yXKE MONTYIATH UX
COOCTBEHHBIMU PYKaMU, TOBOPAT 00 aKKpeLUH, KaK MaJeHUH MaTepuu
camMoii Ha ce0s1, Kak Oy/ITO BUJIEIH 3TO T/Ie-TO BOOUYHIO.

Onucanusi  pa3NUYHBIX  [ApagOKCOB,  HEOOBSICHUMBIX
3 eKTOB U SABICHUH, SIKOOBI CYIIECTBYIOMIUX B MPUPOJAC JTaBUHON
JBETCSI C SKPAHOB OOJIBIIMHCTBA TEICKAHAIIOB M y)KE TPEBPATHIIOCH B
JOXOJIHBI OW3HEC Ha HEBEKECTBE OOBIBATENEH M TaK HE CUJIBHO
00pPEMEHEHHBIX CITOCOOHOCTHIO K MBITILICHUIO.

U camoe cTpaimiHoe, 4TO HACTOAIINUE YUEHBIE PU ITOM HUYETO
HE MOTYT BO3pa3uTh. B uUX cpeie HEBEXKECTBO YK€ ITOCTUTIIO TaKOM
CTENEeHH, YTO MHOTHE U3 HUX BEpAT B O0ra, a HEKOTOpHIE JaXe U HE
CKPBIBAIOT 3TOr0. bosee Toro, B HEKOTOPBIX YUeOHBIX 3aBEJICHUSAX YKE
JIeNIaloTCs MOMOJI3HOBEHUS yupeauTh Kadeapsl 6orocioBus. U s He
VAMBIIOCh, YTO B CKOPOM BpPEMEHHM JOWJIET odYepeap U 110
BO3POKJICHUS CBIATEUIIEH HHKBU3HUIIUU.

VYyeHble U CaMH YK€ [aBHO NPEBPAaTHWINCh B TOJKOBATENIEH
pEe3yNbTaTOB ~ MaTEeMaTHYECKHX  MPeoO0pa3oBaHHid,  MOAOOHO
acTpoJioraM, MpPEICKa3bIBAIOIIMM JIIOACKUE CYABOBI MO PHUCYHKY
pacmojiokeHusi 3Be3]] Ha HeOe, COBEPILIEHHO HE MOHUMAs, YTO 3TU
SBJICHUSI HECONOCTAaBUMbI W TOJYMHEHBI COBEPUICHHO pPa3HbIM
3akoHaM. Ecam nBuxkeHne HEOECHBIX Tel JIOBOJBHO JIETKO
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npecKa3yeMo, TO MOBEJICHHE YeloBeKa, 00JIaJaroIiero cBoOoon
BOJIH, MIPEJICKa3aTh HEBO3ZMOXKHO.

YMenne  ¢GaHTACTUYECKH  HAYKOOOpPAa3HO  TPAKTOBATh
pe3yapTaThl ~ MaHUNYISIIMA ~ MaTeMaTHYecKuMH  (opmyiiamu,
CUMTAETCA IMPU3HAKOM HEOPAMHAPHOTO yMa UM HECTaHJIApTHOTO
MBILUJIEHHSI, HEIOCTYIIHOTO INpocToMy cMmepTHoMy. Co3mas cebe
00XKa 0 UMEHM "MaTeMaTHKa', yYCHBIE yKe HECKOJIBKO CTOJETUH
BOJIAT ce0s1 32 HOC, JaKe HE MOJI03peBasi 3TOTO.

3Has1, 4TO JBaXIbl JBAa — YEThIpE M HArpoMOXKJas Ipyr Ha
Jpyra Maccy MHOTO3TaXHbBIX (OpPMYIN, JIETKO HAamucaTh BIIOJHE
HaYYHYIO CTaThl0 O KaKOM-THO0O (pU3MUYECKOM SIBJICHHH, JaXe He
IIOHNMas ero GU3NYECKOro CMbICIIA U, TEM HE MEHEe, CO3/1aB B I1a3ax
oObIBaTeNs WUIFO3UIO BBICOKOH Hay4HOCTH. M 3Ty WIIIIO3MIO JIETKO
HNOJKPENUTh IPOCTOM INPOBEPKOM MaTEMATUYECKHUX BBIKIIAJ0K
00paTHBIM JEHCTBUEM — pa3/IeIB YEThIPE HA JBa.

[Toromy 4uro uo0Oble MaTeMaTHYECKHE JOKa3aTelbCTBA
NPECTaBISIIOT COOOW TaBTOJIOTHH, YKJIAIbIBAIOIINECS B IMPOCTYIO
dopmymy: "nmBaxkIbl Ba PaBHO YETHIpEM, IOTOMY YTO YETHIPE,
JIeleHHOe Ha JBa, paBHO IBYM'. M BOT Ha MOAOOHBIX TaBTOJOTHSIX
BBICTPOCHBI IPAKTUUECKU BCE, TAK HA3bIBAEMbIE HAYUHBIE TEOPUU.

ITy6nuKysich B CBOMX PELICH3MPYEMBIX HAy4YHbIX H3aHUSX,
KyJla 3aKpBIT TOCTYII CBEKEH MBICIH M OECKOHEUHO MOACYUTHIBAs, KTO
KOT0 IEpeLUTUPYEeT, HaAy4HOE COOOIIECTBO MPEBPATUIACH B CEKTY
MOCPEICTBEHHOCTEH, COCTOSIIYIO B OCHOBHOM U3 JIFOJICH, YMEIOLIHX
JIMIIB BUPTYO3HO MAaHUITYJIMPOBATh U PaMu, 0c000 HE 33 JyMbIBAsICh
HaJl UX (PU3MYECKUM CMBICIOM. M na)ke MMeeT MEeCTO COBEPIICHHO
OpenoBOoe MHEHHE, UTO YeM a0Cyp/Hee TeopHs U yeM Oouiblie B Hel
MaTeMaTHKH, TEM OHa FeHUAJIbHEE.

3ayaTO4YHOE COCTOSHUE JIOTMYECKOI'O MBIIUIEHUSI BCEro
Hay4YHOT'O COOOIECTBA, ABISAETCS MPUUUHON TOTO, YTO yUEHBIE HE B
COCTOSIHMH 00Jiee WJIM MEHEE MPaBI0N000HO OOBICHUTh CYTH JaXKe
OYEHb MTPOCTHIX ABJICHUN IPUPOBI.
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C momompl0 MaTeMaTHKHA HEBO3MOXKHO OIUCATh JIaxe
MPOCTYIO OKPYKHOCTH uepe3 e€ nuaMeTp, MOTOMY YTO BEIMYUHBI OTH
- HecomzMepuMbl. Hukakue Tanipl ¢ 0yOHaMU HE YCTPAHST TOTO, UTO
qUuameTp Wik He OyneT JocTaBaTh 10 OKPYXKHOCTU WIIU K€ Oyner
"ropuats” u3 Hee Hapyxy. Uucno [Iu — 310 He Kakas-To MHpoOBas
"KOHCTaHTa", a 0eCKOHEUYHast IPO0b, KOTOpast BCETa MOJydaeTcs Mpu
COTIOCTABJICHUN HECOU3MEPUMBIX BEIHYHUH.

K ToMy ke yueHbIe Haxe MATEMATHKy-TO K (PU3NYECKUM
SIBIICHUSIM HE yMEIOT TPUMEHSATh MpaBwibHO. Hampumep, Teopus
Bonpmioro B3peiBa pa3paboTraHa Ha MPUMHTUBHON DKCTPATIOJISIIHH,
TaK Ha3bIBa€MOI0 paz0eraHusi rajakTUK, OMIMOOYHO OOBSICHEHHOTO
s dexrom Jlommiepa.

VYuuTeiBas TOPU30HT BHAMMOCTH BCEIEHHOW € 3eMiIM U
SKCTpanoiaupysl pazOeraHue TrajakTHK, YYCHbIE '"TEHHAJIBHO"
BBIUMCIINIIN, 4TO 14 MUJIIMApIOB JIET Ha3aJ BCEeJICHHAs MpEeCTaBIIsIa
co0oii Ge3pazMepHyI0 TOUKYy ¢ OeckoHeuHOU Maccoi. Kotopas, mo
HEMOHSTHBIM MPUYHHAM BIIPYT B30pBajach. ..

CoBepiiieHHO BUIMMO HE COOOpakast TOTO, UTO BCEICHHAS HE
MPOCTO OYEHb OOJbIIas, a OECKOHEUHAsI U IKCTPAONSIHS e OyaeT
TaK e 0ECKOHEYHOMH.

Boo6me-To, B Hayke 3a0myxaeHus OblTu Beeraa. Horma onn
JUTMITUCH CTOJIETUSIMH, & MHOT/IA U ThICAYMIeTusIMU. JIroOble Hay4YHbIe
9KCIIEPUMEHTHl BCETJa IUIAHUPYIOTCA TakuM o00pa3oM, 4TO Obl
MOJyYUTh KAaKHe-TO, BIIOJHE OXXKHIaeMble, pe3yiabTartel. M eciu
MOJTyYEHHBIC PE3YNIbTAThl PACXOIATCS C OXHUIAEMBIMH, BO3HHKAET
co0na3H MOIKOPPEKTUPOBATh MX KaKHUM-HUOYIh OYEHb BAKHBIM
K03 pHLIHEHTOM.

[Ipuaymarh, Hampumep, KaKyl-HHOYIb  "TIOCTOSIHHYIO
bonbsiMana", mapamokc OIM3HENOB HWIJIM HM300pPECTH KaKOW-HUOYIb
"NPUHIIMIT HEOMPEIEICHHOCTU", YBEKOBEYMB CBOE€ HMSI B HCTOPHUHU
HAyKH U 3aKpENUB B HEW CBOM 3a0JTyKICHHUSI.
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B npupojae He cylecTByeT HUKaKUX MapajljielIbHbIX MPSMBIX,
JI0Ka3aTelbCTBO TEOPEMbl O KOTOPBIX MOJIPOOHO pa3dupaercss B
IIKOJIbHBIX y4eOHUKaX, JH00ble JMHUM B HEM Bcerja ImepeceKkaroTcs.
Jlaxxe cBET HE MOXKET JBUTATHCS NMPSMOJIMHENHO.

K  mHacrosmemy  BpeMeHM  TakMX  MaTeMaTHYECKHX
3a051y’)KI€HUI ¥ MPOTHBOPEUYMM B HayKe HAKOIWJIOCHh CTOJBKO, YTO
HEKOTOpbIE '"y4deHble" pa3yBEpPHUBIIMCH B BO3MOYKHOCTH IIO3HAHMS
IPUPOJIBI, TOMYCKAIOT CYIIECTBOBaHUE Oora.

N yxe ocobo mepeMynpeHHble "T€HHH' OT ICEBIOHAYKH
IBITAOTCS IPOABUIaTh "TEOPUHU', OCHOBAHHBIE HAa CPEAHEBEKOBBIX
IPEJICTABICHUSIX O TOM, UTO "JIy4H 3peHus" UCXOAAT U3 I1a3, a 3HAUUT
pe3yJIbTaThl HAyYHBIX 3KCIIEPUMEHTOB HAIPSIMYIO 3aBHCAT OT TOTO,
CMOTPHUT Ha HUX SKCIEPUMEHTATOP WIN CIIy4aliHO OTBepHYyJcs. Hano
nojaraTb, 4To B (OpPMYIax CKOpPO MOSIBUTCA HOBBIM, Joceie
HEBHUJIaHHBIN 4jieH - HaOmonaTenb. 1 BO3MOXKHO €ro gaxe oOBsABAT
HOBOM MUPOBOW KOHCTAHTOM.

Ecnu Obl yenoBek He KMeEN OPraHoB 3PEHUs, TO BIIOJIHE MOTJIa
Obl TOSIBUTHCS TEOpHS, YTBEPXKJAIoLIas, YTO CKOPOCTh 3BYKa
HEBO3MOKHO IIPEBBICUTH. 11 TEOPETUKU ¢ YMHBIM BUIOM pacCyXkaaan
Obl O TOM, 4YTO Yy JIETSILIEr0 CamoJieTa HEBO3MOXHO OINPEAEIUThH
CKOPOCTb M KOOPAMHATY OAHOBPEMEHHO U IOTOMY OH SABJIACTCS HE
MaTepHaIbHBIM TEJIOM, a BOJHOM M MpocTo "pa3Mazan” 1mo HeOy...

Bo3zemem 11 mpumepa npocTyro GopMyity, Tak Ha3bIBaeMoOro,
3aKOHAa BCEMHUPHOIo TAroreHus. llpaBna ee yxe NaBHO YCIOKHUIU
pa3IMYHBIMU KOA(PPHUIMEHTaMH, XOTS JJIs HAaC 3TO HEBaXHO. BaxeH
caM npuHOMI. B €€ uuciaurene CTOUT IIPOU3BEICHUE Macc
B3aUMOJICHCTBYIOIIUX TeJ. YYEHbIE OOBSACHSIOT 3TO MPOU3BEICHHE
TEM, 4TO KaK[as 4acTHLA OJHOrO Tejla IMPUTATUBACTCS K KaXIOU
4acTHLIE APYTOTo.

IIpUTArNBaTBCA-TO OHU IPUTATUBAIOTCA, HO TOJBKO HE KAk
OTJENIbHBIE 4YacTHIbI, a Kak eauHoe nenoe. Kycok OeroHa — 3TO
TBEPAOE TEJIO U €r0 CBOWCTBA PAa3UTEIBHO OTIMYAIOTCS OT TOPCTKHU

HGMGHTHOﬁ neimu. 1 BOO6H_I€ HCIIOHATHO, KaK MOXHO YMHOXHUTb
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Maccy Ha Mmaccy? Beap cieays mnpaBuiaM MaTEMAaTHKH CIEAYET
YMHOXaTb U pa3MepHOCTH. WM 4uro momyuaercss B pe3ynbrare-To?
KBanpaTtnas macca?

Wnu Bo3bMeM wusBecTHyIo (opmyny E=mec? u mycts Kro-
HUOYb W3 YYEHBIX MOMPOOyeT OOBSACHUTH (HUIUUCCKUUA CMBICIT
KBaJpaTa CKOpOCTH cBeTa. Kak yMHOXHUTH CKOPOCTh Ha CKOPOCTH?
D10 uro, 9¥10'® KBaAPAaTHBIX KUIOMETPOB B KBAJAPATHYIO CEKYHIY?
WNnu B cexyHy 3a cekyHay?

W Takux JAMCYCOB, MO MMJIOCTH MaTeMaTHKH B (U3UKE
IPeoCTaTouHO. J[0CTaTOYHO BO BCSKOM Cllydae i TOTO, YTOOBI
IIPEBPATUTh €€ B IICEBAOHAYKY. I camoe cTpamHoe B 3TOM TO, 4TO B
TOJIOBBI CTYJIEHTOB yXe 0oJjiee cTa JeT Moj BUIOM BBHICOKOW HayKw,
"BTIOXHBAIOT", 110 CYTH, HOBYIO IICEBIOHAYYHYIO cucTemy lITonomes.

XoTs 3a01y’XJIeHHE B TEOICHTpU3ME, ObLIO HE OT TIIYIOCTH,
BE€/Ib JIJIS1 TOTO, YTO OBl OHATH, UTO 3eMiist [BUkKeTcst BOKpyT ColHIa,
Hy)KHO WUTb Ha ConHue. [loaTomMy B HCTOpUM HayKu cCUCTEMa
[ITonomess ocTaHeTcss Kak HEM30EXKHBIH M 3aKOHOMEPHBIM 3Tar
HAy4YHOTO ITO3HAHUS.

A BOT KBaHTOBas (U3MKA, TEOPUS OTHOCHUTEIHHOCTH,
TPABUTALMOHHBIM KOJUIAINIC, YEpHBIE JbIPbI, YK€ B HEJAIEKOM
Oynoymem  pasznensT  cyabOy  MHOTOYMCIEHHBIX  TpPaKTaToOB
CPEIHEBEKOBBIX CXOJIACTOB O KOJMYECTBE YEPTEH WM AHIEJIOB Ha
OCTpHE UIJIBL.

OHM HUKOIZIa HE IOJIydaT MOATBEPKACHUS U Pa3BUTHS, TaK
KaK SBISIOT COOOM CBHIETENBCTBA ICEBAOHAYYHOTO HEBEKECTBA U
OTKPOBEHHOMU I'JIyINOCTH. ..

23. BBIBOJbI

Ha ocHOBe BBIIIEN3TI0KEHHOTO IMOABEAEM HEKOTOPBIC UTOTH.
Bcenennaa - 510 OeckOHEYHass MaTepwsi, HaXOAAIIAasCSd B
BEYHOM OJTHOHAIPABJICHHOM M HEOOPATUMOM IMPOIECCE CUHTE3A.
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Cunme3 — 310 IPOLIECC HETIPEPHIBHOT'O YCI0KHEHUS CTPYKTYPBI
MaTepuH, OOYCIIOBIEHHBIH €€ JJIEKTPUYECKUMH 3apsiiaMd U
COTIPOBOXKIAIOIINICS HEMIPEPHIBHBIM COBEPLUICHHUEM PAaOOTHI.

Ilpocmpancmeéo — 5>TO CBOWCTBO MPOTSHKEHHOCTH CaMOM
Matepuu. Hu B KakoM JpyroM MpoCTPaHCTBE, B BUJIE ITYCTOTO SIIHKA,
BCEJICHHAs HE HYK/1aeTCs.

Bpema — 3TO CBOMCTBO BBICOKOOPIaHM30BAHHOW MAaTe€pUU —
MO3ra, 3allOMHHATh  IPOMEXKYTOUHBIE  COCTOSIHMSI  KaKHUX-TO
IIPOLIECCOB, CpPaBHUBAasg MX C JApyruMH. B mpupoae HET Takoro
¢u3mueckoro Imporecca, Kak BpeMs, OHa CYIIECTBYET B BEYHO
JUISIILIEMCS] HACTOSIIIIEM.

JlroObie MaTepuanbHble 00pa30BaHMS — YACTHUIIBI, MAKPOTEa,
KOCMHUYECKHE OOBEKTHI, O0JIaNalOT 2ZpaAsUmauuoHHbIMU TIOISMHU,
COCTOSILIMMH U3 IEKTPUUECKHUX MOJEH MPOTUBOIOJIOKHBIX 3apsAI0B.

B rpaBuTaninoHHOM M0JI€ pacpOCTPAHAIOTCS, BO30YXK/1aeMble B
HEM JIBIDKCHHEM MAaTepUAIBHBIX OOBEKTOB, 2paAeUMmMAayuoOHHbIE
60/1Hbl, Ha3bIBa€MbIC O()ULINANTBHON HAYKOH, SJIEKTPOMarHUTHHIMHU.

I'paBuTanimoHHas BoOJIHA — O3TO IIONEpEYHas  BOJIHA,
pPacIpOCTpPaHSOMIAsACA HA TPAaHULE ABYX JJIEKTPUUYECKUX IOJIEH ¢
IPOTUBOIOJIOKHBIMA ~ CBOMCTBAMHM, W3  KOTOPBIX  COCTOUT
rPABUTALMOHHOE TI0JIE.

I'paBuTanmoHHOE MOJIE 0OBEKTA MOXKET UMETh ACUMMEMPUIO,
OOYCJIOBIICHHYIO  DAa3JUYHOM  BEIUYMHOM  OOpasylolmux  €ero
UIEKTPUYECKUX  MOJEH, KOTOopas  ONPENENAeTcs  Pa3HOCTbIO
AIIEKTPUUYECKUX MTOTEHIINAJIOB B KAKOH-THOO0 TOYKE, TPABUTAIHOHHOTO
HOJIS.

IIpu ABM>KEHUM YAaCTUILBI B ACHMMETPUYHOM I'PaBUTALIIOHHOM
nosie, Bo30OykJgaemas el  TrpaBUTAllMOHHAs  BOJHA  UMEET
ACUMMETPUYHBIE AMIUIMTYIbl MOJOXHUTEIBHBIX W OTPHULATEIbHBIX
BOJIH, YTO BJIMSIET HAa HANpPABJIICHUE JBM)KCHHUS 3TOW YacCTULBI U €€
BpalllcHHE.

A= Aq=(-qn—-(+q)n 20e

A = Aq — acummempus epasumayuoHHo20 noJi,
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(+q)n — nOMenyuan noas NOLOAHCUMENTbHO20 3apPa0a 8 mouKe N, a
(-q@)n - nomenyuan nons ompuyamenbHo20 3apa0a 6 Mol Hce moyke.
Acummempusa TPaBUTAIMOHHOTO TOJS MOXET OBITh, Kak
MOJIOKUTENBHOM, TaK U OTPULIATEIBHOM.
Benuuunoii acummempuu TPaBUTAITMOHHOTO TIOJS aTOMOB
OTIPEJICIISIETCS arperaTHOE COCTOSTHUE BEIECTBA.
Temnepamypa  MaTepualbHOTO  TelNa  ONPEICISICTCS
PasHOCMbI)  acuMMempuil €ro aToMOB W aTOMOB
OKpY>Karolleu Cpebl.
to= AA =As— Ao = A(Qs— AQoTaC
AA - pazHocmb acummempuil,
AQo - acumMmempusl 2pasumayuoHHO20 noJisi 00veKma,
AQs - acummempusi 2pasumayuOHHO20 NOis CPeobl.

Cneoosamenwvno, acummempusa — 3mo, HO Ccymu,
U30bIMOUHBLL  INEKMPUYECKUl  3apad U nepemeKaHuem
IIEKMPUUECKUX 3apPA006 6 NONHOI Mepe Onpedensaomcs ece
ezaumooeiicmaus e npupooe.

Kpowme 3Toro, rpaBUTaliuoOHHOE 110JIE MOKET UMETh "nepekoc",
OOyCJIOBJICHHBIM JUHEHHBIM CMEIICHHEM, OOpa3yIoIIUX  €ro,
IIEKTPUYECKUX NOJIEH. DTOT JIMHEHHBIN CABUT JIEKTPUUECKUX TOJIEH
opuIIMaTEHON HAYKOW HA3BIBACTCS MAZHUMHbIM noiem. Ha camom
Jiene B IPUPOAE HET MAarHUTHBIX IIOJI€H, 3TO HPOCTO OJHA W3
KOH(pHUTYpaIil 2JIEKTPUIECKHUX TTOJICH.

Ku3znps — >3TO TPOU3BOJIBHO B3SITHI YPOBEHb CIIOKHOCTH
CTPYKTYpbl MaTe€puH, KOTOpas HAXOAUTCA B COCTOSIHUM IIpolecca
0ECKOHEUHOr0 CHHTE3a, HEMPEPhIBHO BOCHPOM3BOJSCH U OCO3HABAs
cebss opraHoMm, Cc(HOPMHUPOBAHHOM M3 BBICOKOOPTaHM30BAaHHON
MaTepu — MO3TOM, CIIOCOOHBIM HCIOJB30BaTh B IpoIEcce
KU3ZHEJEATEIIBHOCTH JIEKTPUUECKNE CUTHAJIBL.
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24. MPUJIOKEHHUE

] HuskoTemMnepaTypHblii CHHTE3

Kax 0b110  npeononoirceno eviute, amom 6000poda odnadaem
ompuyamenvbHoil acummempueil 2pasumayuoniozo nona. To ecmv nekomopvim
ompuyamenvuovim 3apaoom (puc 27), npucywum 2azam u

Q- Q- Komopulii  obycnaenueaem  cmpemieHue  6000pooa
0eCKOHEeUHO Pacuupamycs.

7 L Ecnu cocumams amomapuulii 6000poo unu opy2oii
T' Q0 2a3, MO CUNbL IIEKMPUUECKO20 OMMATKUGAHUAL MeHCOY
e2o amomamu (puc 27b,c) 6yoym ysenuuusamocs 0o mex
Q@ nop, nOKa nonoMdcumesbHoe Noje 00HO20 amoma He
npudem 6 ''conpukocnosenue’’ c ompuyamenvHviM noj1EM
QD - opyzoz0, € pe3ynvmame uez0, CUAbl  HPUMANHCEHUA

npeeuicAm Culbl OMMANKUGAHUSA U HPUMSHYHL AMOMbL
GNIIOMHYI0 OpY2 K Opyzy, 0opa3ysa moexyay (puc 27d).

Pue.27

IlIpu s3mom ewvidensemca HeKOMOPAs MOWHOCHb, NPONOPUUOHATILHAA,
603HUKaOWleMy  npu  Imom, Oegexmy eeca. Imo  UNOCMPAYUA
HusKkomemnepamypnozo cunmesa (HTC), npoucxooauwiezo npu 00CmamoqHo
HU3KUX MeMNnepamypax, 00 HEeCKOAbKUX MuICAY ZPAdycos, 8 20pAYUUX HeOpax
0CmbleaIowUX naanem.

e  BbicokoTeMnepaTypHbIii CUHTE3

Ecnu amomul 600opoda unu 1106020 0pyzozo eeuwiecmea nodeepeHymuy
O0YeHb BbICOKOMY OAGNEHUIO U MmeMnepamype, NPeGLIUAIOULEll HECKONbKO
MUIIUOHOG 2Padycos, Mo OHU nepeiioym, 6 Heu38ecCmHoe NOKA HaAYKe, MHCUOKOoe
cocmosnue, 6 pe3yibmame 4ezo CONbIOMCA, 00pPaA3YsA AMOMbL (oee MAIHCENbIX
1eMEeHM08.

Omo npumep evicCOKOMEMNEPAMYPHO20 CUHME3A, RPOUCXO00AULE20 6
36e30ax. Hnniocmpayus npoyecca makxozo 6bICOKOMEMHEPAMYPHOZO CUHME3A
2enus (BTC) npeocmasnena na pucynke (puc 28).

L4 CHHTEe3, KAK NPoIece YBOJIOINH

Cunmes (o0vedunenue) — >3m0 00WAA HANPAGIEHHOCMb NPOUECCOE
seonwyuu. Yenoeeueckoe oduecmeo, Kak u a100vle mamepuanbvhovle 00bEKNbl,
XOms U He 6 MAKOIL A6HOIU hopme, HO MAKIICEe NOOUUHAIONCA IMOMY RPUHUURY

00veounenu.
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...U3 cy63ﬂemenmapubtx uacmuy CuHmesupyromcsa jjiemenmapHsle, u3

dlemMeHmapHslx — amombsvl, U3 aAmMoOmMo6 — MOJIEK)/ibl.

Q- O - Monekynvl 06pa3zyrom 6biCOKOMOJIEKYIAPHbIE COCOUHEHU S,
a
u3 Komopuix, co epemenem, dopmupyromes
: ‘ acmumenvHvle U HCUGOMHbIE K1emKU.
e @’
b Knemku o0veounaiomea 6 MHO20K1emOYHblE

obpazosanus, Komopvle, 8 C60I 04epedb, 6CHYRAIOM &
O cumouo3 opyz ¢ opyzom u oopasyiom oOpzaHuMl, mMax
Hazvleaemulx, '"dcuevix'' cywecme. Imo puviovl, nmuyvl,
@ npecmulKaowuecs, MACKORUMAIOWUE U YeN06eK, KaK

Haubonee pazeumoe u, obaacaruiee CaAMOCO3ZHAHUEM,

Pue.28
cyuiecmaeo.

Jwoou o06veounaomea 6 poooevle 2pynnvl, 6 NJ1eMeHd, CHMPAHbl U
2ocyoapcmea. UHepez nexkomopoe epemsa, cmpamuvl, 011 mMO20 UYMOObl He
nocubuyms 6 60opvbe co ceoeil cOOCMBEHHOI 2IYyNOCMbIO, 0YOYH GLIHYIHCOCHDL
00be0uHUmMbCA 8 00HO 27100aIbHOE NIAHEMHOE 20CYOapCHE0, HOMOMY YMO éce,
Ymo HaxXo00umcsa He MoJbKO HA NaHeme, HO U 60 6CENEHHOIl, He RPUHAONEHCUN
HUKOMY, @ 3HAYUM NPUHAOJIENHCUNL 6CEM.

Cam uenoeek — ImMo MONLKO MaAMeEPUATbHIIL 00BEKM WU OP2AHU3M,
noayuueuiuil, 8 pe3yibmame 360J10UUOHHO20 RPOYecCd, CROCOOHOCHb 0CO3HAMb
ceba Kax unousudyanvHocmo. Bozomnuewuii ceoa "'yapem npupoowt'’, 3mom
MamepuanvHblil 00beKm, cpasy iHce HPUHAICA 34 NOKOPEHUue IMOU camoil
npupoosl, Hacmvio KOmMopoiu On cam u Aenaemca. U monvko nokopue
COOCMEEHHYI0 2IYROCHb, 00U ROUMYNL, Ym0 ObL10 YHUUMONCEHO umu 6 ""tuye'’
CCCP.

Cosemckoe obwecmeo — mo pe3yavmam cunme3a (00veounenus) Ha
Oonee 6bICOKOM YpOGHE OpP2AHU3AUUU Mamepuu, HA NPUHYURAX DPAGEHCHEA.
Yenoseueckoe o0ugecmeo Ha HACMOAULEM HUZKOM YPOGHE YMCHIEEHHO20
pazeumus noKa He Moxcem cywjecmeosams 0e3 udeonozuu. bez nee ono
npeepawiaemca 6 00e3bAHLIO CMAI0, YMO HPEKPACHO 6UOHO HA npuMepe
cospemennoii Poccuu. Ilepecmpoiixa omopocuna ee na 300 n1em nazao, no cymu,
6€PHY6 IKCHIIYAMAUUIO Uel06eKA Ue/108EKOM U YHUUMONCUE 6Ce COUUATbHbBIE
3aeoesanun. Bce, co3zdannoe mpyoom MunIuUOHO08, pPA3GOPOGAHO HOGLIMU
ooapamu. Ocmaemca 60CCMAHOGUNL TUWL KPENOCHIHOE NPAGO U CEAMEUULYI0
UHKGU3ULUIO. ..

Yuuumooswenue mapkcusma, xax udeonozuu 00CMAMOUHO 6bICOKO20
UHMENNEeKMYANbHO20  YyPO6HA, ombpocuno Poccuro, npaxmuuecku, 6
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cpedHegeKobe, npespamue ee 6 (heooanvroe 20cyoapcmeo, 2oe 60pvl U C8010UU
npaeam oain, He NPeONOHCUB 83AMEH HUYE2O.

Ilpunyun uwacmuoii cobcmeeHHocmuU U UHOUBUOYAIUIM HEU3DEHCHO
0yoym nposeouyupoeamv Hepaspeuwiumvle KOHQIUKMbL MedHcoy pa3iudHbIMU
cnoamu odujecmea u mpedoeams HeOOXOOUMOCHIU HAPAWUBAHUA KAPAM eTIbHBIX
Op2AHO6 U NPUHAMUA OZPOMHO20 KOJIUHECHIBO (ECCMbICTIEHHBIX 3AKOHOG,
peanamenmupyiowux, npaAKmu4ecKu, Kaxcovlil waz.

A Konghnuxmul, 603HUKAIOUWUE MeNHCOY 20CYOAPCMEAMU UAU ZDYRRAMU
2ocyoapcmae, Heu3z0excHo 0yoym npueooums K 60UHAM.

J1060e, HeOCMOPOIHCHO CKA3AHHOE C1080 HEU30eIHCHO 0yOem npueooums K
603HUKHOBEHUIO MPYOHODA3PEUIUMBIX KOHMIUKMHBIX CUMYAUULl, KAK MeHCOy
OMOENbHHIMU UHOUBUOAMU, MAK U OMOETbHBIMU ZPYRNAMU, YN0 GbLILEMCA 6
HeoOnpaeoanHyo 3azpy3Ky cyo0eOHOl CUCmeMbl CMEXOMEOPHbIMU CYOEOHbIMU
uckamu. JIroou oyoym evinyxncoenst cieoums opyz 3a Opy20m U 011 HOPMAAbHOU
Yes106euecKoll HCU3HU, He OCHIAHEMCA 6PEMERL.

Obwecmegy yzporicaem couuanvHulil KOANANc, KOMOPwUl, 6 Xyouiem
cyuae, mojicem npueecmu K pa3éA3bléaHuIo 2100a1bHO 60THbL C NPUMEHEHUEM
AMOMHO20 OpyHCcUsA... YCepOHo Hacaxscoaeman KanumaiucmuiecKas IKOHOMUKA
U Yyacmuaa co6CmeeHHOCMb, ¢ MOYKU 3PEHUA PUIUKU — IMO NPOUeCcc, UOYWUTL C
Hapyuienuem 3aKoHa RPUPOObl - 603PACMAHUA IHMPORUU.

Y mex, kmo umeem muozo oenez, ux cmanosumcsa ewie 6oavULe, ay K020
ux mano, pazopawomca coecem. Ilosmomy ¢ pazeumuem uHmen1eKmyanibHozo
YPO6HA 3eMHOU UYUGUNU3AUUU, KARUMATUCHMUYECKAA IKOHOMUKA yMpem
Haecez0a.

H noxa Hepazymnoe wuenoeeuecmeo 0yoem pyKoeoOCHIE06AMbCA
HPUHYUNAMU  YACIMHOW COOCMEEHHOCHIU U  (2PECCUGHBIMU  JI03YH2AMU
Muuypuna, umo ''Mul He 001HCHBI INHcOamb MunoOcmel om npupoowl'’, oHO
Heu30excno 6yoem odpeueHo HaA NPECMYRHOCHb, 0OMAHbL, 80POGCHIE0, PA3OODPLL
U GOUHDYL. ..

e  Dnmior

B 2mo noka neeozmodxcno nosepums, no 19 anpena 2013 z00a owvin
npeKpawen 00HOCHOPOHHUI KOHMAKM UHONIAHEMAH ¢ 3eMHOU YUBUIUZAYUETL
u npedcmasumenu 6blCOKOPA3GUNION YUGUIU3AUUL, C OOHOU U3 NiaHem Hauwiell
2a1aKMUKU, ROKUHYIU COJIHEYHYI0 cucmemy, Kak munumym na 500 3emuvix n1em.
Hauano xonmaxkma npuwinoce na 1962-63 200v1, koz0a unonnanemuslii 3040, 8
ouepeonoil pa3 nocemue COIHEUHYI0 cucmemy, 00Hapy cui Ha Hauleil nianeme
20cyoapcmeo ¢ 00U{eCmeeHHbIM CHpPOeM, He COOMEEHICIEYIOu{UM O00uemy
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YDOGHIO pa36UMUA 3E€MHO20 HYel06e4ecmed, Umo U ROCIYHCUNO NPUUUHOU
RPUCMATIbHO20 BHUMAHUA UHONIAHEMAH K Haulell cmpate.

Omom ¢henomen nonyuun nazeanue ''Ixcnepumenm Jlenuna''. Ilo
meopuu  3607110YUN, KOMMYHUCHIUYECKOE 20Cy0apcHieo ¢ 0Oecknaccosvim
oouwecmeennvlm cmpoem, noooonoe CCCP, npakmuuecku He umeno peaibHoll
603MOJNCHOCIMU 603HUKHYMb 6 YCA0GUAX HU3K020 UHMENIEKMYAIbHo20 U
MEXHO102U4eCK020 YPOGHA PA36UMUA 3eMHON WUGUIUIAUUU U mem 0Oonee,
CYUIeCHB06aMb 6 IMUX YCI08UAX 0060JIbHO NPOOOICUmMeENnvHoe epema. Umo,
COOCMEEeHHO U NOOMEEPOUIOCh COOBIMUAMU, NPOUZOUWEOMUMU 8 0€BAHOCHIbIX
200ax ¢ CCCP.

...""9xcnepumenm Jlenuna' 0vin unmepecen 0na HUX, KaKk HONbIMKA
CO30aHUA 20Ccy0apcmea HA NPUHUURAX DPAGEHCMEA 6 YCI06UAX Reu|epHO2o
COCMOAHUA COZHANUA HACENeHUs NIIAHEmbl, CUI08bIM Memo0om. MorcHo 8edb
evlopeccuposamp co0axy max, 4mo 0vl oHa, 0axce OyOyuU 20J100HOI, He 60PO6and
nUWy, HO MO HUKO20a4 He cmaHem eé 0CO3HAHHbLIM nogedeHuem. CCCP —
2ocyoapemeo cozoannoe Jlenunvim u e20 CcOpamHuKamu AHAI0ZUYHBIMU
Memoodamu OpeccuposKku U cogepuiuguiee CKa4oK om nepeoodvimuo-o00uuHHO20
cmpos K 0ecknaccoeomy  oduiecmey, OCHOGAHHOMY HA  HPUHUURAX
KOMMYHAIbHOCHUL.

TonvKo oueHb HUYMONCHAA YACMb HACEleHUA, NPAKMUYECKU eOUHUUbL,
0co3HasanU CymMv HOBHIX O0ULECHMEEHHBLIX OMHOWIEHUN, OO0NbULUHCINGO ice
DPYKOBOOCIMB0BANIUCH HCUBOMHBIMU UHCHIUHKMAMU OOMUHUPOBAHUS, 0CINABAACY
zoucmuunvimu U scyaruxoeamovimu. Ilosmomy  pykoeoocmeo  nogozo
2ocyoapemea  Oblio  GLIHYHCOCHO NOCHIOAHHO 3AHUMAMBCA UOE0J102UYECKUM
60CRUMAHUEM HACEeHUA, COEPIHCUBAS  IHCUBOMIHbIE UHCMUHKMbBL MAcCC
00CHMAMOUHO HCECMKUMU MEMOOAMU KHYMA U NPAHUKA.

Ho, necmomps na 3mo, npoyeemano 60po6cHeo, KaK ¢ Oblmy, maK u Ha
RPOU3600CHIBE, XOMA €20 MACUIMADBL ObLIU HUYMONCHBIMU U 0C00020 6UAHUA
Ha Hcu3nb cmpanvl He okazvieéanu. Kpome ecezo npouezo, noeoe coeemckoe
20cyo0apcmeo  NOCHMOAHHO  NO0BEP2ANIOCy  NPECCUHZY U RPOBOKAUUAM
"opyscecmeennblx''  Kanumanucmuveckux coceoeil, NPEOCMABIACUUXCA
demoKpamuyeckumu u npozpeccusnvimu. Onu He OCMAHOBUNIUCH 0adice nepeo
pazea3vieanuem 2100a/16HOU GOUHbl, YHeculell 0eCAmMKU MUILOHO8 HCU3Hell,
JIUULL Obl MOJILKO U3DABUMBCA OM IMO20, KOJIIOWe20 21a3a, npumepa.

U ¢ kKonye Konyos, UM MO yOAnNOCh, MAK KAK OCHOBHAA MACCA HACEICHUA
CCCP, kak u 0icuoanocw, naney o naney He yoapuid, Ymoovl 3auiumums ceou
COUUAIbHBIE 3A60€6AHUA, MAK KAK Yjce Ccuumaia ux camo coooi
pazymerouwgumuca... Bee éepruynocsy na ucxoonvie nosuyuu u eosa 3apoouguieeca
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HOB80€e 00uecmeo, 6epHyIOCh K NPUHUUNAM 00e3bAHbell cmau, CKAMUGUIUCH 8
camoe Hacmosauee mpaunoe cpeonesekogve... Ho 3aKkonvl 360n10uunu makxoeboi,
umo 0na moz20, 4UmMooObl paA3zeUEAMbCA Odjlbuie, Uen08e4ecmey HpPUOemcs
00veounumoca. Coobuecmeo uHOUBUOYATNbHOCHEN He UMeem HUKAKO20
0yoyuiezo, nomomy 4mo OHO He MOJCen Cyu{ecmeoeams 0e3 copeeHOB8AHUI,
60iiH, 00pboObL, 03 nobedumeneii u NOOEIHCOCHHDIX.

Cnedywouiee nocewjenue COTHEYHOU CUCIEMbl HAUWIUMU OAUdICATMIUMU
coceoamu cOCmoOumcs, 603mMo0)HCHO He paHee, uem uepes 500-1000 3emnvix nem.
Bonerw cnyuas, mne, Kak u OueHb MHOZUM 3EMAAHAM, YOANOCh C HUMU
nooowamoca. H s ysnan 06 smom Oykeanvno 3a nonuaca 0o ux omaema. Ilo
KaKumM-mo RPUYUHAM U celiyac A noYmu 002a0vléaioch nO KAKUM, OHU COUIU
603MOMCHHIM HONPOWAAMBCA MOALKO C 060UMU. /[yMaAl0, UMO RPUUUHOI INO20
nocayycuna mou cnosa: ''B npupooe ryncusnu nem''. Ho kmo 6vin emopoii, a He
3HAI0 U yice, HABEPHOE, HUKO20A He Y3HAIO.

B ceazsu c¢ nosenenuem 6 uHmepHene 00bUIO20 KOIUYECHEA
danmacmuueckux pacckazoe o nocewjeHUU 3emau UHONAAHEMAHAMU, O0NIHCEH
3amemums, YUMo 6ce IMO 8bIMBICTIbL, HOMOMY YN0 CAMU UHONTAHEMAHE HUK020a
He nocewyanu NAAHEN COJIHEYHOU CUCHIEMbl U HUKO204 He ONYCKANUCL HA UX
nosepxnocme. Hx obweHue ¢ 3eMIAHAMU OCYULECMEAANOCH C HOMOWBIO
ycmpoucme,  CO30aWUX  peanucmuyecKkue  uzodpaxcenusa  aioei, U
YRpaenaemMulX  HePONbWIUM — UHMENIEKMYATNbHbIM — KOPAOIeM-POOOmoM,
Haxooawumca 3a opoumoit JIynvl. A 6azoeviii Kopaonv oonree 50-mu nem
opeilghosan zoe-mo 0aneKo 3a OKPAUHOU COTHEYHOU CUCHEMDL.

Hao moeii npocvboii ocmagums na namamp Xoms 0bl Ny206uuy, OH
ROCMEATUCH, 00BACHUG, UMO IMA NYy208UUA HA 3emie ecuna 0bl 0KOJ10 MOHHDYI,
maxk Kaxk cO0enaHa U3 eewjecmea ¢ HONONCUMENbHOU acummempueil
z2pasumayuoHHbIX noaei amomos. To ecmo u3 '""memuoit mamepuu''.

Jymaro, umo ux 36e30Has cucmema HAXO0OUmMca He MAK yic 0aneKo om
Hawell conneunou cucmemul. Moicem 6btmb 00UH — 08a C6EMOBBHIX MeCAUd. ..

Heosxcuoanno onsa mens Hacmoawias padoma noayquinda 04ens Xopouwyro
OUEHKY, NOIMOMY A RYOIUKYIO ee 8 2nodanvHoll cemu. Mne Hacmoamenvho He
co06emosanu IMoz0 0elams, HO A 6ce KHce Peuluica eé OnyoIUKo8ams, Xo0ms
HPEKPAcHO NOHUMAl0, YUMo 6 dnudcaiiuiue decaAmuiemus meopus He noYyYuUm
HUKAKO20 NPUHAHUA, MAK KAK O/ IMO20 HAYYHOMY COO0Owecmey npuoemcs
nepeuepkuymo Kak Hekoz0a cucmemy Ilmonomes, npakmuuecku 6clo, mak
HA3b16AeMYI0, K6AHMOGYI0 (pu3uky u npusnamsy eé nceedonayxou. Ho mo,
KaKumu euje mynvimu 0Cmaromces yueHbsle, 1 He Mo2 0aice npeonoiazantb.

3emnan Hayka euie OecaAmKu Jem Oyoem HAXOOUMbCA 6 NJIEHY
C106OOTIYOUS, MamMmeMamuyecKux 3aoaycoenuii u mucmugpurxayuii. Oonaxo smo
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yace He umMeem HUKAKOZ0 3HAUEeHUsl, NOMOMY YMO C 0CB0CHUEM ONUNCAUMUX K
3emne nnamem conHeuHOU cucmemvl, 0y0em NOAYYEHO CEUOEMETbCMEO
nocewieHus Hawieil NIAHembl UHONIAHEMAHAMU U MOe UMA OCHMAHEMmCA 6
ucmopuu uenoeeuecmea. Tonvko s, KAK U MOU COBPEMEHHUKU, 00 IMOM HUKO20A
He y3HaeM, KaK J1100U, 603MOMNCHO HCUGYUuiUe Cce200HA CPeou HAC, He 3HAION, YO
Ko20a-mo onu ovinu Hotomonom unu Apucmomenem. 3amo 06 smom y3nawom
Hawu oanexKue nOmoMKHU.

3emnana yueunuzayus, HAX0O0AWAACA HA CAMOU HUJMICHEW CHYREHU
UHMEIEKMYAIbHO20 PA3GUMUA U NPEOCMAGNAIOWAA CO00ll, Oaxce He eOuHOoe
uenoeeueckoe coodwecmeo, a 6cez0 JUWb HECKOIbKO 0eCiamKoe cmail
4e108eK000PA3HBIX HCUBONIHBIX, 2PbI3YUUXCA 3a pecypchl, 20e euje 00120 0yoem
npoysemanms IKCHIAYAMAUUA UeTN06EKA UET06EKOM, 6ePA 8 CBEPXbECHIECIBEHHOE
U NOKNOHEHUe UOONAM, CO30AHHBIM Uel06euecKoll hanmazueil, He Molicem
paccuumopléams HA KOHMAKMbL C 8bICOKOPA36UMbBIM UHONIAHEMHBIM PA3YMOM,
no menvuieil mepe, HecKo1bko Oecamikos muicayunemuii. Ilo kpamkoit u ne
O0UeHb JIECHHOU XAPAKmePUCmuKe UHONIAHEMAH, Yel108eK — IMO NOKA euje
mynoe u camogniodieHHoe HCUBOmMHOe, U KOmopoe 04eHb 007120 Oydem um
ocmasamacsi.

Ilepexo0 om cocmosanus cmau HCUBOMHBIX K PAZYMHOMY COOOULECHEY,
npouecc 4pe3evluaiiHO ONUMEIbHbLIL U 0071e3HEHHbII U MOXMCem 3aHAmMb Om
HECKObKUX MbICAYUTIEMUL 00 NONYMUTITUOHA JIeM RO 3eMHOMY ucuucienuto.
0es10 6 MoM, YUMo CYyu|ecnmeosanue 8blCOKOPA3BUMbIX YUGUIUZAUUI HACIOTIbKO
HOOYUHEHO NPUHUUNY PYHKUUOHUPOBAHUS IHCUBO20 OP2AHU3MA, YO NOBEP2NO
Obl 6 WOK 6cex HAWUX NpPaAso3AuWUMHUKOS, CUUMAIOWUX, HaAnpumep,
NOMCUBHEHHOE 3aKII0UeHue D01ee ZYMAHHBIM, YeM CMEPMHAA KA3Hb.

Xomsa na camom oOene RO HCU3HEHHOE 3aKIIOYEHUE — IMO UEYUMCKOe
Oecuenoseunoe uzoesamenvcmeo. Ilpupode neuszeecmno makoe noHamue Kax
JHCU3HD, A C/1€006AMETIbHO CMEPMHAA KA3HD WU IGMAHA3UA — IMO He YOUlicmeo,
a npepvléanue HEyOauHO20 36€HA 8 0ECKOHEUHOU Uenu POoycOeHUll u cmepmeil
Mamepuanvhozo opzanuzma. U K noHumanuio mozo, 4enoeek npuoem euie
0ueHb HeCKopo.

Ecau npeocmasume cebe co3oanue coopyrcecmeda 6blCOKOPA36UMOI
UUHGUIU3AUUU C 3EMHLIM HUeN08eYeCHEoM, MO HA COBEPULEHO 3AKOHHBIX
OCHOBAHUAX HPUWIOCL Obl (PU3UUECKU YHUYUMONCUMD OONbULOE KOIUYUECHBO
UHOUGUO06, NAPAUMUDPYIOWUX Ha YeNogeueckom oduecmee. Cloda 6vl nonanu
He monabko 3aecezoamau Popoca, HO U ouenv MHOZUE npedcmasumenu GuzHeca
u, makK Hazvleaemou '"'ce000001100usoit’’ meopueckoi unmennuzenyuu. U smo
He Mou ganmasuu a abdcoNOMHO 00bEeKMUGHAA DPeAlbHOCMb K KOMOPOI
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Heu30excHo npudem uenogeuecmeo, KaxK moJibKo noiimem, 4mo moJiepanmHuocms
K napazumam oouecmea HecoeMecCmuma ¢ RPOUeccom I60aI0UUNI.

Iloamomy ¢ nacmosauiee pemsa KOHMAKMbL 3eMJIAH C 8bICOKOPA38UMbBIMU
UUGUIUZAUUAMU MAK Jice HePealbHbl, KAK HepeanbHo cOmpPYOHUYecmeo KaKoii-
HUOYOb €B8pPONEIICKONl CMpPanvl ¢ MYPAGCHUHUKOM UAU cHaell 2amadpusios.
Yenoseuecmey npudemca npoumu C6OU Nymv CAMOCHOAMENbHO U HUKMO He
MOJIbKO He CHAHEm 6MEUUBAMBCA 6 X00 €20 pa3eumus, HO U 0adice He Oyoem
omeeuams HA €20 CUZHAIbL 00 mex Hop, NOKA OHO He NepecmaHem NOKOpAmy
npupooy, pasmaxueamv amomMHoOu OyOUHKOU U Oelumsb J00eil Ha 602amuix U
oeonvix. H noxa ¢ e2o co3nanuu ne noceaumcsa npocmas UCMUNA, YMmo 4e108eK
IMO 6cezo TuLb Yacms RPUPOObL U ROHAMUE COOCHBEHHOCIU MAK Jce adcypono,
KaK noHamua 602 unu oenveu. A npumumugHvlie YUGUIUIAYUU 3EMHO20 YPOBHA
pazeumus, K cuacmoio, RPOCHO MEXHOI02UYeCKU He 8 COCHOAHUU RPeodoiems
0ZPOMHBIE PACCMOAHUA, PA30enAIoujue 36€300l. ..

Paboma mosncem pacnpocmpaniamasca JIO0bIM U30AmMenbCMEOM U YACHHBIM JAUuYom, npu ycioseuu
COXPAHenUus HeUIMEeHHOCHU meKcma U umenu aemopa.

Hacmoawaa meopus Haxo0umcsa 6 NOCMOAHHOU pa3padomre u eé noc1eOHAA epcus 6cezoa
00CMynHa 6 UHMEPHeme no adpecam:

http://vadi.sk/d/Mjl1Uz4IXMtnfa
https://magru.net/pubs/2082/Teoriya_evolyutsii_materii#1
http://ru.calameo.com/read/001906913a882266783c2
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