A.BECE/ZIOB

IBOJIIOLUS
MATEPUU

nm
TEOPUA I PABUTALINU

-

~

YUCTONOJb
2014




Beonroyust MATEPHH

A.BECEJIOB

IBOJIIOIIUA MATEPUH

nim

TEOPUSA I'PABUTALIUN

HE®UJIOCO®CKUIA TPAKTAT O BEYHOCTH )KU3HHU
C TOYKU 3PEHUSI HOBOM ®U3NKHU

KPUTHUKA IICEBJIOHAYKHA

YUCTOIOJIb
2014r.




Anexcandp BECEAOB

OrnasiieHue:

S Ul

—_
— O

[ VST NS TN NG T NG I S e e e e e

BBenenue

OO0 OCHOBHOM 3aKOHE TPUPOJIBI

O cTpoeHNH aTOMa, TPAaBUTAIMN ¥ TEMHON MaTepuu

OO0 PJIEKTPUYECKOM TOKE M AIEKTPOMATHUTHON HHIYKIIUU
006 uHeprun win omubke HeroToHa

O nyanmu3me U KpaCHOM CMEIICHUH

006 sHeprun

O 1m1apoBoif MOJIHUH

O Temneparype

. O npsAMOTMHEHHOM JABIKCHUH U CBEPXIIPOBOIUMOCTH
. O nmedekre Beca M CBEPXTEKYUECTH

. O cunrese

. O mpocTpaHCTBE ¥ BPEMEHHU

. O mBWKeHUH HEOSCHBIX Tel

. O cTpoeHun u 00pa3oBaHUK HEOCCHBIX TEI

. O BTOpOM Hayayie © UMMYHUTETE

O Hen30eXHOCTH M BEYHOCTH JKH3HHU

. O co3HaHWHU U TaMATH

. OO0 »BoronIMK pazyma

. O0 MHCTUHKTAX U MBIILICHHE

. O Teopur OTHOCUTEILHOCTH

. O maTeMaTHKe U (PU3UICCKOM CMBICTIC
. BriBogn!

. IIpunoxenue

. CuHTe3, KaK MPOLEeCC IBOIOLMH.
. Dnuor.

Jlurepatypa

oo W W

29
41
48
56
58
60
65
68
71
77
78
82
87
95
111
117
120
127
129
135
137

144



Beonroyust MATEPHH

VBaxaeMblil UUTaATEID !

JItoObIe SABJICHUS MPUPOIBI JIEMEHTAPHO OOBICHSIIOTCS B paMKax
kiaccuueckor pusuku. M ecm Bbl ocHOBaTeNnbHO 11013a0BLTH
MaTEMAaTHKy, 3TO HU KOMM 00pa3oM He rmomerraeT Bam moHsITh
npupony. [Ipupona e€ BooO1e He uzyyana...

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

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

1. BBEJEHHE

""Kakue 061 omKpvimusa He 0e1anuch 6 chepe KOHKPEmHbIX
HayK, O0aa ux (ukcuposanus mpedyemca AazvlK. Jlasce
uzobpemaromesa cneyuanbvHle A3vlKu 014 3mozo. Ho éce onu, max
Uu uHaue, nPeOnonazarm 00uLepa3z080pPHbLIl A3bIK, 0€3 KOMopozo
OHU 6000wie Henouamnvl. Bce ommonozuueckue mepmunul,
KOmopble mpedyromcsa 0141 ORUCAHUA IMUX AGTEHUN U OMKPbIMUIL,
Mo2ym 0blmb OnpeoeeHbl He3A6UCUMO OHl IMUX OMKPLIMUNL U
NOACHEHbl HA NPUMEPAX CAMO20 O00BIUHO20  HCUMEUCKO020
onvima..." (A.3unoeves. OcHo6bl 102UHECKOll MEOPUU HAYUHBIX 3HAHUIL. )

«..Bca xeanénan coepemennasa uzuxka npeocmasiiem
C000i cnaouinoe Hadysamenvcmeo.» (P.®eiinman.)

«O0bluHO HOBBIE HAYUHBIE UCHUHBL NO0EHCOAOM He MmAK,
Ymo ux NPOMUGHUKOE Yybedxcoaiom, HO uYauie MmMax, 4mo 3Imu
HPOMUGHUKU NOCMENEHHO 6bIMUpPAIOM, a HOB0E NOKOJIEHUE

yceauseaem ucmuny cpazy». (M.Ilnaux.)
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Ecte nBa acmekra mO3HAaHHMA MHpA, M[PAKTUYECKUUA U
TeopeTnueckuid. M ecnm 3eMHas Hayka B NPaKTHYECKOM AacCIEKTe
JIOCTUTJIA OIPEIETIEHHBIX YCIEX0B - CPEJCTBA CBS3H, KOMIIBIOTEPHBIE
TEXHOJIOTMH, KOCMOC, TO B TEOPETHUYECKOM IIAaHE OHA /10 CUX IOp
Tom4eTcs Ha pyoekax 17 Beka.

MHorue TEXHOJIOTMYECKUE MPUEMBI, OCBOCHHBIE YEIOBEKOM,
MPAKTUYECKH OCBOCHBI METOJOM ThIKa, 0O€3 TIOHMMaHUs UX
MexaHu3MoB. OOBSCHEHHs] OYCHb MHOTHX SIBICHHH M IPOIIECCOB,
HCII0JIb3YEMBIX YEJIOBEKOM B TEXHUKE, HE COOTBETCTBYIOT PEAIbHOCTH
U TPENCTaBISAIOT co00M Oe3mapHble (paHTaCTHUECKHE OOpa3IlhI
CJIIOBOOITY TS,

Jaxe mipu GeryioM 3HaKOMCTBE ¢ Teopueil bonbiioro B3psiBa u
CrangapTtHod  Mozenbl0o  Mwupo3jgaHusi, TOJBKO  COBEPIICHHO
0e3rpaMOTHBII MOXET HE 3ameudarh, 4YTO OHH MPOTUBOpPEYAT
dbyHIaMEHTAIbHOMY TIPUHIIAIY TPHPOABI — BTOPOMY Hadamy
TepMonMHaMHUKU. Mogens atoma Pesepdoppa-bopa, nexamas B
ocHoBe CTaHAapTHOH MoOneNHM, MO CYTH, NPEACTaBIsIeT CcoOOH
JJIEMEHTApHBIA BEYHBIM JBUTATENb, KOTOpbIe Aaxe Ilapmxckas
aKaJIeMHs HE pacCMaTpUBAET € MO3AIPOILIIOTO BeKa.

Ho yuénwle B ymop He 3aMedaloT, 4YTO JOOble TEOpHH,
OCHOBaHHBIE HA MJAEE BEYHOIO JBWXKEHUS - MOJIEKYJSPHO-
KMHETUYECKasi WJIK TEOPUs CTPYH, IPUHLIUIIHAIIBHO HECOCTOSTEIbHBI
10 TOM MpUYMHE, TOTOMY YTO JBUXKEHHUE — 3TO TOJIBKO CIIEJICTBUE, a
HE yCJIOBUE CYIIECTBOBAHUSI MAaTEPUHU.

ATOMBI HE MOTYT UMETh fJI€p, COCTOSIIUX M3 OJHOMMEHHO
3apsDKEHHBIX YACTHII, TaK KaK OHM HEW30€XKHO PA3NIETATCS B pa3HbIC
CTOPOHBI HW3-3a CHJI OTTajlKuBaHuA. M naxe ecnmu Obl 3TO OBLIO
BO3MO>KHO, AJIEKTPOHBI BCE PaBHO HE MOTJIM Obl BEYHO BOKPYT HUX
BpamiaThCs, Tak KaKk OHM HEW30e)KHO Obl Ha HUX YyIajau, H3-3a
MIOCTOSIHHOTO JEUCTBUSI CUJI MPUTSKEHUs. Tak ke HEBO3MOXKHO
BpallleHUE BOKPYT APYT Apyra OJUHAKOBBIX 3aps0B, KOTOPBIE TOXE
pasneTenuck Obl B pa3HbIE CTOPOHBI.
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A, Tak Ha3piBaemas, Teopus bombmioro B3pbIBa, Kak yoOoras
KOMITHJISALIHAST ONOIeCKOM KHUTH BhITHS 0 60KECTBEHHOM TBOPECHHH
MaTepuu W3 HUYETO, BOOOIIE MPEACTABISIET COO0M ApKuil 00pazunk
NICEBJOHAYYHOT0 Mpakobecus u mapnaranctBa. [lo cytu, 310 pyka
pEIUTruM B HayKe. ..

Ji1s Toro, 4T0 OB1 YOUTH Ha KOPHIO JII00YIO TEOPHUIO, JOCTATOUHO
HATH B Hel XOTs Obl eIMHCTBEHHOE POTUBOPEUHE, & B COBPEMEHHOU
Hay4YHOU IMapaJurMe MX CTOJBKO, YTO OHH YK€ IPEBPATWIH €€ B
O0aHaIbHYI0O HYMEpOJIOTHIO, OCHOBAaHHYI0 Ha MaTeMaTHYeCKHX
MIOATACOBKAX M MOJATOHKAX.

OueBunHble (aKThl, JEKal[Me HA MOBEPXHOCTH, MOJ, CaMbIM
HOCOM Y JIIOJIeH, Ha3bIBaIOIIUX ce0sl yUEHBIMU, MO3BOJISIIOT OMHUCATh
Mupo3ganue mpocTol U U3SAMHON TeOprel, N30aBICHHOM OT JIFOOBIX
IIPOTUBOPEYUI U HATPOMOKIECHUN MaTEMAaTUYECKUX YPaBHECHUM.

[Ipupona HacTOIBKO IpocTa M IIO3HABAaeMa, 4YTO BIIOJHE
JNOCTyIHA JJI1 TIOHMMaHUsl JaXX€ BOCBMUKIIACCHUKY, HMEIOIIEMY
TBEPYIO TPOHKY MO (PU3MKE, TaK KaK BCE €€ MHOT000Opasue 3MmKIeTCs
Ha JIBYX OJIGKTPUYECKMX 3apsAJaXx U JIByX JJIEMEHTapHBIX
B3aUMOJICUCTBUSIX - HPUMANCEHUU U OMMAIKUGAHUY, TPUHATHIX 32
MOCTYJIAThI.

VIMEHHO Ha 3TUX MOCTYyNaTax BBICTPOECHA MpejiaracMmasi Huxe
teopusa (Teopust rpaButanmu). B €€ oCHOBY Jeryio BTOpoe Hayaie
TEPMOJAMHAMMKHA M  DJJEMEHTapHass JIOTHKAa C MHHUMAaJIbHO
HEOOXOJMMBIM  HCHOJBH30BAHMEM  MaTeMaTHYECKOro  ammapara
KJIACCHYECKON (hU3HKH.

2. OB OCHOBHOM "3AKOHE'" ITPUPObI

Ctporo roBops, HUKaKHX 3aKOHOB B IIPUPOJIC HE CYIIECTBYET,
MOTOMY YTO 3aKOH - 3TO IIPOCTO JIOTOBOP O MPaBUIIaX B3aUMOJICHCTBUS
MEXIy KaKUMHU-IMOO CyOBbEKTaMH, B KOTOPOM OTrOBapHUBaIOTCS

CaHKIMU 3a UX HAPYHICHUC, a TAK KXC MCXAHU3M UX BLIABJIICHUS. Ho
5



Anexcandp BECEAOB

TaKk Kak B TPUPOAE BCE B3aUMOJCHCTBUS  OOYCIOBIICHBI
UCKIIOYUTEIIBHO  CBOMCTBAMH  CAMHX  B3aUMOJECHCTBYIOIIHX
MaTepHaIbHBIX OOBEKTOB, MO3TOMY HM B KaKuUX 3aKOHaX OHa He
Hyx7aetcs. [IpocTo HeKOTOpble XapaKTepHble OCOOCHHOCTH 3THX
B3aUMOJICHCTBUH, JItOH U1 ce0s GOpMYIUPYIOT B BUJE 3aKOHOB.

Tem Gonee, 4TO OTKPBITHIC YUEHBIMU 3aKOHBI, 3aKOHAMH U HE
SIBIISIIOTCS,, 9TO BCErO JIMIIb OaHaJbHBIC KOHCTATAIlMM KaKHUX-THOO
(axTOB, KOTOpPBIE CaMU ce0sI ¥ MOATBEPKAAIOT. DTH, TAaK HA3bIBAEMbIE
3aKOHBI, TOJIBKO OINHCBHIBAIOT KaK IMPOUCXOAIT KAKHE-TO SBJIECHUS, HO
HUYETO HE TOBOPSAT O TOM, [I0OYEMY OHHU IIPOUCXOMAT TAK, a HE HHAYE.
B cuny Toro, 4to nro0ble B3auMOJEHCTBUS MaTEpUAIBHBIX O0BEKTOB
OJTHO3HAYHO OIPEIEISIOTCS UX CBOMCTBAMM, TO HUKAKUX HAPYyILIEHUH,
HeonpenenEHHOCTeH, HEOOBIYHBIX J(P(HEKTOB WIM MapagoKCOB B
IPUPOJIE HE CYIIECTBYET.

Korna HeonpenenéHHOCTh BBOAWTCS B IPUHLMI, HayKa
YMHpaeT U MpeBpalaeTcss B 0aHAIBHYIO PEJUTUI0, OT KOTOPOH OJMH
JUIIG IIar 10 IPHUHLMIIA HENO3HABAEMOCTH, MO3BOJISIOLIEM HECTH
T00YIO UyIIb.

HeBO3MOXHOCTh ONHCAaHUS PEATBHOCTH MAaTeMaTHYECKHUMH
(dopMynaMu npuBea K TOMY, Y4EHbIE-TEOPETUKN HACOUMHSAIN TaKOe
KOJINYECTBO OECCMBICIEHHBIX TEPMHMHOB M H300pesin  Takoe
KOJIMYECTBO HE CYHIECTBYIOIINX B IPUPOAE CYIIIHOCTEH, UTO CAMH YXKE
HE MOTYT B HUX Pa300paThcs.

OTO pa3nuuHbBIE NOCTOSIHHBIE, TaKuM€ KaK TIpaBUTALMOHHAs,
nocrosHHasg Ilnanka, mocrosiHHass boipliMaHa M emé Lelblid COHM
pa3IMYHBIX KOHCTAHT, 0€3 KOTOPBIX, 10 MHEHHUIO TEOPETUKOB HE
Moruia Obl CyliecTBOBaTh BceleHHas. OJIHAKO BCE TH HMOCTOSIHHBIE
OKa3bIBaIOTCS TAKUMU HEMOCTOSIHHBIMU, YTO HX IPUXOIUTCS
NEPUOANYECKH  YTOYHATh.  ['PAaBUTAlMOHHYIO  IOCTOSHHYIO,
Hanpumep, yrounsinu yxe 11 pas. 1 3to emé He npeaein.

U3-3a wuckaxEHHOTO OOBIBATENBCKOTO IMPEJICTABICHHUS O
MeXaHU3MaX MPUPOJHBIX SBJICHUH, COBpEMEHHas HayKa OOBSICHSET
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UX, KaK [PaBUJIO 3a10M Harepé, IepeBopaynBas BCe C HOT Ha FOJIOBY
W IyTas OPUYMHBI CO CIEACTBUAMHU. Benp paxe 3a HampaBlieHHE
AJIEKTPUYECKOTO TOKa B  (U3WKE NPHUHATO JBWIKEHHWE HE
OTPHUIIATEIBHBIX, KOTOPHIE TPEO0IaTar0T, a MOJI0KUTEITBHBIX 3aPSI0B.
To ecTb MPOTUBOIOI0KHOE PEATLHOMY, YTO MPUBOAMUT K IyTaHUIIE
npu 0OBSICHEHUH.

A y0orue mpeacTaBIeHUs O MPUPOJIE TPABUTAIMH, TTO3BOJIAIN
TEOPETUKAM COCTPAINATH TAKYI0 HENENyr U 0e3rpaMOTHYIO TEOPHIO
o0pa3oBaHus 3BE3]] U IUIAHET, YTO OHA 3aTMEBAET CBOEH TIIYNOCTHIO
paccka3bl 3HaMEHUTOro OapoHa MiIoOHXTay3eHa O BBITACKMBaHUHU
camoro ce0s 3a BOJIOCHI U3 00JI0TA.

IIpumeuanue! Booowe-mo eciu ouenv 00120 Hadaiwoamov 3a
cocmoanuemM  Npupoovl  MOMCHO  HpuUlimu K  COBEPUIEHHO
RapaooKcanbHOMy 6bl1600y, 4UmO 6emep O0yem, HOMOMY UMO 0epesbs
Kauatomca. H oarxce MOIHCHO 1€2KO HAUIMU ONbIMHOE NOOMEepIHcOeHue
9ImMo2o aenenua. /Jocmamouno npocmo nomMaxams 6emKoll nepeod JUyoM,
umoovl owymums OeudiceHue 6030yxa. Bom na smom aodcyponom
RpUHYUNE MeoPeMUKU 1 ROCMPOUIU C8010 MEOPUIO 36€30000PA306aHUA.

CaMbIMH K€ JpEeMy4duMH 3a0JIyKIEHUSMHU B COBPEMEHHOMN
busnMKe SABISAIOTCS TIOHSATHS WHEPIMOHHOW Macchl M 3aKOHA
COXPAHEHHUsI DJHEPIUM, KOTOPBIM [0 CHX IIOp CTUMYJIUPYET
HEYTOMUMYIO JICITEIbHOCTh OTPOMHOW apMHUHM H300peTareneit
BEYHLIX JIBUraTEJICH.

B kxpuBOOOKOM 31aHMM HAyKH KaKHUM-TO HEMOCTHKUMBIM
00pa3oM y>KMBaeTCs MOHATHE e(heKTa MacChl, Kak MpeBpaIicHus e€ B
CcBO€ COOCTBEHHOE CBOMCTBO - 2Hepruto. Kak roBopms MOKOWHBIN
Jlangay, Hayka yKe JOCTHUIJIA TaKUX BBICOT, YTO MOXKET OOBSICHHUTH
JaJKe TO, YeTO U caMa He IIOHUMAET.

[locnennue CTO JET MOUCTUHE YMOIIOMPAYUTEIBHOIO B3JIETA
HaY4YHOH MBICIIH, XapaKTEepPU3YIOTCsl NpeHeOpe:keHHEeM YUYEHBIMU-
TEOPETUKAMU OCHOBOIIOJIATAIOIIUM MIPUHLIUIIOM HAYYHOI'O ITO3HAHUS
- Tak HaszpiBaeMou OpuTBOil Okkama. M 3TO mpuBeNo K TOMY, 4YTO

HAayKy 3araadjin  TaKHUMH 0ECCMBICIICHHBIMU TEPMHUHAMHU U
7
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MOHITHUSIMH, YTO OHA YK€ HE B COCTOSTHUU OOBSCHUTH JJAXKe TaKUX, B
001IeM-TO MPOCTEHIINX BEIIeH, KaK TPaBUTAIMS M MAarHUTHOE TTOJIE.

3. O CTPOEHHHU ATOMA,
TPABUTAILIMM U TEMHOM MATEPUH

Jis toro, 4ToOBI C€O37aTh YTO-THOO MpETEHAYyIoee Ha
CTPOMHYIO TEOpHIO, B MEPBYIO OYepenb HEOOXOAWMO OJHO3HAYHO
ONpENEIUTh OCHOBHBIE MOHATHUS. Benp TEpMHUHBI U ONpEACIICHUS
NPUAYMaHHbIE YYEHBIMM HAaCTOJIBKO TYMaHHbl U MHOTOCMBICIICHHBI,
YTO y4€HBIE YK€ CaMH HE MOTYT B HUX pa3o0parhcs.

[Ipexxne Bcero Hy»HO OINPENENIUTh OCHOBHOE MOHSATHE — 3TO
NOHATUE Mmamepuu. ECTb OYEHb MHOTO OIpPEACIICHHM MaTepuu,
COYMHEHHBIX (unocodpaMu U yYEHBIMH, HO MBI, PYKOBOJCTBYSCH
OputBoii OKKaMa, BO3bMEM caMoe KOPOTKOE.

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

JIroObie MaTepuanbHBIC MPEIMETH MOXKHO, 10 KpaiHEeH Mmepe,
nomgynate. J[ias Hayama Ham 3Toro OyAeT JOCTaTOYHO, HO B
JAIbHEWIIIEM 3TO OIpe/ieJIeHHe MOKHO OYAEeT YTOUHSTh.

Matepuss UMeeT YaCTUYHOE CTPOEHHE U MOXKET JIPOOUTHCS
0ECKOHEYHOIO

Amom _— Imo _mamepuanvrHoe 00pa3oeanue, UmMeruiee
onpeoenénnble U Heu3MeHHble CeoICH8d.

Bewecmeo — amo_mak _dce mamepuanvhoe 00pazosanue,
cocmosauiee U3 amomos ¢ 00OUHAKOGHIMU CEOLICHIBAMU.

Crtpoenue BelecTBa Haield 00J1acTH BCEJIGHHOW TOKa3aHO Ha
pucynke (puc.l) Cam atoM mokKa3aH CHHHUM I[BETOM, SJEKTPOHBI —
KpacHBIM, TIO3UTPOHBI 3€TEHBIM. ATOMBI TBEPBIX TEN U KHUIKOCTEH
pacnojararTcs BIUIOTHYIO APYT K APYTY, a SJIEKTPOHBI U MO3UTPOHBI,

B IIPOMEKYTKAX MEXKIY HUMHU.
Tax Ha3pIBaeMast MojieTb atoMa Pesepdopma-bopa, Ha koTopoit
noctpoena CtaHgapTHas MOJIENh MUPO3JAAHHUS, TIPEICTABISIET COO0M
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aHaJIOr BEYHOIO JIBUraTejsi, MPOTUBOPEYAIIETO OCHOBHOMY 3aKOHY
MPUPOJIBI - BTOPOMY HavYaly TEPMOTUHAMHUKH.

CrnenyronM IYHKTOM OTpEIesieM TOHITHE C80licmea.
JlroObie MaTepuanibHble 00BEKTHI BCETJa MOXKHO OXapaKTepHU30BaTh
KaKMMU-TO cBoMcTBaMu. Bo3bMeEM it mpumepa crekino. CTekno, Kak
U3BECTHO, CIIOCOOHO IMPOITYCKaTh CBET M ATy €r0 CIHOCOOHOCTH WIIU
CBOMCTBO, MBI Ha3blBaeM IMpo3padyHocThbio. CylecTByeT Jiu
IIPO3paYHOCTh B pupoae?

OHa KOHEYHO € CYIIECTBYET, TaK KaK B IPUPOJE CYIECTBYET
JIOBOJIBHO MHOTO Pa3JIMYHBIX BEIIECTB, MPOITYCKAIOIINX CBET. A pa3
CYIIIECTBYET, 3HAUUT OHA COTJIACHO HAIlIEMY KPUTEPHIO, MaTepHaIbHA
1 e€ MokHO nonrynats. Ho, yBbI,
OKa3bIBACTCSI, YTO TOIIYHATh-TO

€€ KaK pa3 1 Hellb3sl.

MoxHO Domynars camo
CTEKJIO WM aJIMa3 WIA Jaxe
oo | BOZLY, @ BOT IIPO3PAaYyHOCTb HUKAK

HC Mnomyrnacub. Bor TYT-TO MBI

U TONaJaéM B JIOTUYECKYIO
JoByHiKy. M Takux JOByIIEK B
HayKe CTOJILKO, YTO Ha 3TOM MOYBE BBIPOCIH LENbIE MICEBJOHAYUYHbIE
HaIpaBJIeHUs, TAKUE HaNpUMep, Kak KBaHTOBas (pU3MKa, KOCMOJIOTHS

Y TEOPHUsI OTHOCUTEIILHOCTH.

Kak Mbl yxe omnpenenunu BbIIE, MPO3PAaYHOCTh — 3TO
CBOMCTBO CTeKja. Ecim crexkiia y Hac HET, TO U TOBOPUTH O
IIPO3PAYHOCTH HE MMEET HHMKAaKOIr0 CMbICIA, IIOTOMYy 4TO
IPO3pPAYHOCTh CYIIECTBYET HE KaK CaMOCTOSITeNbHas (U3ndeckKas
CYIIHOCTh, @ KaK HEKas XapaKTCpUCTHKA CTEKJIA WM KaKOIo-TO
JPYroro BEUIeCTBA, MPOITyCKAIOUIETO CBET.

W ecTecTBEHHO, YTO CBOWCTBO HE U3 YEro HE COCTOUT U
[03TOMY MOIIYNAaTh €€ Mbl HE CMOXEM. A 3TO 3HAYUT, YTO CBOWCTBO
MOYET CYIIECTBOBATH TOJBKO C TE€M OOBEKTOM, KOTOpPOE OHO
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xapakrepuszyer. Wnm  gapyrumum  cloBaMH, CcamMO  C60UCHI80
HemamepuanpbHo, XOTS HUMEET MAamepudaibHblil  HOCUMEND.
[TonobHOE MONOKEHHUE CIOKUIOCH B HAyKE C TOHATUEM IHEpIus.
DHeprusi — 3TO CBOWCTBO MaTepPHAIBHOTO TEJia COBEpIIATh padoTy.
DT0 camoe MPOCTOE U KpaTKOoe ONpeiesieHue IHEPruH, KOTopas Tak
€, KaK U IPO3pavyHOCTb, SIBJISIETCSA XapaKTEPUCTUKON MaTepHaIbHOTO
TE€Jla U MOXKET CYILECTBOBATh TOJIbKO BMECTE C HUM. TO €CTh SHEPrUs
TaK e KaK U IPO3payHOCTh, UMEET MaTepUaIbHbI HOCUTEb.

Criexynsuu Ha TeMy SHEprHH, 00YCIIOBICHHBIE MTOTOJOBHOM
JIOTUYECKOW Oe3rpaMOTHOCTBIO HAyYHOTO COOOIIECTBa, OYKBaJIbHO
3amonoHWwIM  HayKy. IlomoOHO pa3nuyHBIM = 3KCTpaceHcam |
niapjaTaHaM  BCeX MacTed, Y4€Hble HWHOTJa HEeCyT TaKylo
HECYCBETHYIO 4YYIllb O KaKOW-TO TEMHOW HSHEPIruH, JIbIOUIEHCS W3
KOCMOCa Ha 3€MJII0, UTO XOTb BCEX CBATBIX BBIHOCH.

OpHako CTOMT TOJBKO 3aMEHHUTh TEPMHUH 'dHeprusa' Ha
0OBIYHOE CJIOBO "CIIOCOOHOCTH" WJIM CBOWCTBO COBEpILATH padoTy,
"oyph Ka)KIOr0 Cpa3y K€ CTaHOBUTHCSA OYEBHIHOHN'. DTO Kakou ke
HeoOy31aHHOH (haHTa3uel HaJo 00J1a1aTh, YTOOBI IPEACTaBUThH cebe
MOTOKU KaKHUX-TO TEMHBIX CIIOCOOHOCTEH, U3Ty4aronXcs Ha 3eMITI0
u3 Kkocmoca?

EnvHCTBEHHBI MOTOK 3HEPTUM MOCTYMAKOUIMNA HA 3eMITI0 —
9TO MOTOK COJHEYHOro m3nydeHus. Ho Tak kak sHeprusi — 3To BCEro
JMILIB CBOWCTBO MaTEPUH, TO CIEJOBATEIBHO, COJTHEUHBIN CBET — 3TO
Y €CThb IIOTOK MaTepUAIbHBIX YaCTHUL], UMEIOLX CBOWCTBO COBEpPLIATh
paboty. M 3TOT KOJIOCCANBHBIN MTOTOK YaCTHUI] COJIHEYHOTO U3TYUCHUS,
coBepmias paboOTy, MHIUIMOHBI JIET TOAJEPKUBAaeT Ha 3emiie
ONTUMAJIFHYIO TEMIIEpaTypy, He JaBasi el MpeBpaTUTCS B JIEASHYIO
TJIBIOY.

W TonbkO HHUYTOXHYKO 4YacTb JTOrO H3JIYYEHUS Mbl
UCIIONIb3YEM Ui TOJIYYEHHS! AJIEKTPUYECKOTO TOKa C IOMOIIbIO
COJIHEYHBIX OaTapei.
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Beonroyust MATEPHH

Ha sTom Oynem cuuTath, 4TO € SHEPrHEN MbI Pa300panch, a
Tereps momnpodyeM pazolOpaThes ¢ paboroi. Uto ke 3TO Takoe,
pabora? Pabora — 23TO HEKOTOpOE€ W3MEHEHHE COCTOSIHUS
MaTepuaiabHOro Teja, B pe3ysibTaTe JCHCTBUS HA HEro Ipyroro Tena,
obnanaromero sHeprued. Hampumep, ecim Mbl ypOHUM THPIO Ha
KYCOK IUIACTWJIMHA, OHA PACIUIIOIIMT €ro B Jen€mky. To ecTb
U3MeHHUTCs (opMa KycKa TUIaCTHIINHA.

OOBIYHO TOBOPSAT, YTO SHEPTHs THMPU MpoU3Bena padoTy Mo
u3MeHeHnto  (opmbl  Kycka IutacTwimHa. M 3Ta  BecbMa
pacnpocTpaHéHHass omMOKa UMEET MOCTOSHHYIO  IPOIHUCKY
MPaKTUYECKH BO Bcex yueOHuKax. Ho, kak Mbl yXe Ompeaesunian
BbIILIE, SHEPTUSI HEMaTepHualbHa U CJIEI0BAaTEIbHO HUKAKOW paboThI
POU3BOIUTL HE MOXeT. PaboTy mNpou3BOAUT HE »JHEprus, a
najarolas noj AecTBUEM pa3HOCTH I'PaBUTALMOHHBIX IOTEHINAJIOB,
TUDSL.

W xorma BaM pacckas3blBalOT, YTO YEJIOBEK MHCIIONb3YET,
HalpUMep, SHEPTUIO BOJH JUIsl IPOM3BOJCTBA AIEKTPUYECTBA, TO, 110
CYTH, 3TO OOBIKHOBEHHOE BpaHbe. UeIoBeK MCIOIb3yeT SHEPTHIO HE
BOJIH, @ BOJIbI, @ BOJIHBI — 3TO MPOCTO MEXAaHU3M, MO3BOJIAIOMIUN 3Ty
SHEPTUIO UCIOJIb30BATh.

Jpyrumu cioBaMH BOJIHA — 3TO MEXAHW3M B3aUMOJICUCTBUS.
Nnu nocpenHuk. ITo JIETKO MOHATH Ha MpocToM npumepe. Koraa mbl
BE3EM CaHKH 3a BEpEBOUKY, TO BEPEBOYKA HE SIBIIACTCS CBOWCTBOM
CaHOK WJIM 4Y€JIOBEKAa, OHAa SIBJISETCS MEXAHHW3MOM B3aUMOJECHCTBUSA
MeX1y HHMMHU. MM 1mpocTo MOCPETHUKOM MEXKIY CaHKaMU U
YEJIOBEKOM.

Bor Tenepb, xorgja Mbl MPOSCHUIM HEKOTOPbIE OCHOBHBIE
TEPMHHBI, MOKHO MIEPEXOUTH K pazpaboTke Hamel Teopuu. [lepBbim
U OCHOBHBIM IOCTYJIATOM Hallleil Teopuu, OyAeT MOJOKEHHUE, YTO B
MIPUPOJIE CYIIECTBYET TOJIBKO Mamepus. To eCcTh BCE TO, UTO MOXKHO
nouynars. B npupone Bce cOCTOUT U3 MaTEpUH, a CIIEI0BATENIbHO,
IPUPOJIa — 3TO U €CTh MATEPHsl, IO3TOMY HUUErO HEMATEPHAIIBHOTO,
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Anexcandp BECEAOB

BPOZIC BUPTYAJIBbHBIX YaCTHUI] WJIM KaKUX-TO MHU(PUUYECKHX "IBIPOK", B
MPUPOJIE HET U OBITH HE MOXKET.

N »ta matepus uMeer ompeAci€HHBIE CBOMCTBA, KOTOPBIE
MOTYT CYLIECTBOBATh TOJIBKO BMECTE ¢ Hel. Kpome sHepruu, onHUM
U3 OCHOBHBIX (PYHIAMEHTAJbHBIX CBOWCTB, MPHUCYLIUX MaTepuH,
SIBIIIETCS 2JIEKMPUYECKuil 3apsa0. JKCIIEPUMEHTAIbHO YCTAHOBJIEHO
U 9TO JIETKO MPOBEPUTH 0e3 Kakoi-Trubo CI0XKHOM anmmapaTypbl, YTO
AIIEKTPUUYECKUH 3apsy ObIBaeT BYX MPOTHBOIOJIOXKHBIX THUIIOB WJIH,
KaK TOBOPAT YYE€HBIE JABYX 3HAKOB - IIOJIOXKUTCIIBHBIA WU
OTPULATETIbHBIN.

OTU TEpPMUHBI BHOCAT B (PU3UKY ONpPEACIEHHYIO MMyTaHUILy U
ObLI0 OBbI TOPA3/10 JOTUYHEE HAa3BATh 3apsA/bl, HATPUMED, KPACHBIM U
CHHUM. A TIOYEMY — B 3TOM MBI pa30epEéMCsi HECKOJIBKO MO3XKe. 3apsia
IIPOSIBIISICTCS B BUAE J1EKMPUUECKO20 NOJIA.

OKCIIEpUMEHTAJIBHO TaK K€ YCTAaHOBJIEHO M ITO TOXE JIETKO
IIPOBEPUTH, YTO TEJIa UMEIOINE OJUHAKOBBIE JIEKTPUUECKHE 3apsbl,
OTTAJIKUBAIOTCS, a MUMEIOLME pa3Hble 3apsAjibl, NpUTATUBAIOTCS. To
€CThb Tela, B 3aBUCUMOCTH OT THUIIOB WJIM 3HAKOB 3apsioB,
B3aMMO/JICUCTBYIOT MO pazHoMy. [1o aHamoruum ¢ Npo3pavyHoCThIO, KAk
CBOMCTBOM IIPOIYCKAaThb CBET, Mbl C IIOJHBIM IIPaBOM MOYKEM
ONpEeAeNUTh 3apAd, KaK CBOWCTBO WU CIOCOOHOCTh MaTepuu
B3aUMOJICMCTBOBaTh. A,  CIIENOBaTEIbHO  HPUMANCEHUE U
OMmanKuéaHue — 3T0 U €CTb B3aUMOJCICTBUS.

A Tak Kak MaTepualbHbIE TeNa, HWMEIOIINE 3apsibl,
B3aMMOJEMCTBYIOT Ha HEKOTOPOM PacCTOSIHUH, CJIEA0BATEIbHO 3apsiy
— 3TO CBOIICMEa MAMePUU 63AUMOO0CICE08AMb HA PACCMOAHUU.
To ecTb 3TO B3aMMOJACHCTBUME HEKOHTAaKTHOE. MarepuanbHbIe Tela
BCErJa B3aUMOJCHCTBYIOT Ha pPACCTOSHMM, a 3HA4YUT 4epes
MIOCPEJTHUKA, KOTOPBIM SIBJISIETCS nOJle 3apaoa.

N Tak kak moje, 3TO BCEro JIMIIb IOCPEIHUK, TO IpHU
B3aMMOJEHCTBUAX OHO HE U3MEHAETCS.

12



Beonroyust MATEPHH

Korma mpl mpubimxaem Opyr K APYyry ABa MaTepHATbHBIX
Tena, UMEIOIINE OIMHAKOBBIC 3apsAlbl, OHU OTTAJIKUBAIOTCS. 31€Ch
uMeeTcsl B BUJY, YTO OTTAJKUBAIOTCS HE 3apsAlpl, a Tena. IJTO
OPOUCXOAUT  MOTOMY, UTO HOAA  OOUHAKOBBIX  3apA008
Henponuyaemyl APYT A Opyra U NpU COMMDKEHUU OHHM YHPYTo
nehopMUPYIOTCS, YeM M OOYCIIaBIMBAIOTCS CHJIBI OTTAJKHUBAHUS.
Korma mpl mpubnnxkaem APYT K ApYyTy MaTepHallbHBIE Tella, UMEIOIIUE
MPOTUBOIIOJIOXKHBIE 3apsbl, OHU NpUTATHBaAOTCA. OIMATh Ke
MPUTATUBAIOTCS HE 3apsiibl WM TOJIA, a TeJa.

OTO NPOUCXOAUT TOTOMY, YTO HOAA PAZHBIX 3apPA00E
cmpemamcea caumocea opye ¢ opyzom. llpy 3TOM y HHX TOXe
MPOSIBIISIIOTCA CBOWCTBA YIPYIOCTH, HO TOJIBKO MPOTHUBOIMOJIOKHOTO
IICUCTBUAL.

Ecim  naBa  Tema ¢ OPOTUBOIOJIOKHBIMU  3apsiaMu
MNPUTATUBAIOTCS 10 CONPUKOCHOBEHHS, TO OHHM OKa3bIBAIOTCS
OKPY>KEHHBIMU JIBYMsI NMPOHUKIIMMHU JIPYT B JIpyra U CIUBLIUMUCA
BMECTE AJICKTPUUYECKUMU NOJISIMU. B UTOTrE 3TO MPUBOIUT K TOMY, UTO
deiicmeusa 3apsA0B B3aMMHO KOMIIEHCUPYIOT Jpyr JApyra H
cONMM3UBILKECS TeNa, B OOIIEM U IIeJIOM, OKa3bIBAIOTCS 2/1eKMPUYEcKu
neimpanoupimu. Cienyer UMeTh B BUIY, YTO KOMIICHCHPYIOTCS
TOJIBKO JEHCTBUS 3apsiioB, cCaMH K€ 3apslbl, SBISIOLIUECS
HEOTHEMJIEMBIM CBOMCTBOM MaTepuH, HUKY/Ia HE HCUE3aI0T.

N BoT »TM cihuBIHIMECS BMECTE DJJIEKTPUUECKHE TIOJIA
MIPOTUBOMOJIOKHBIX 3apsA0B U 00pa3ylT zpasumauuoHHoe noje

MaTepHaIbHOTO OOBEKTA.

A ecnu MBI TONTPOOYyeM MPUOIU3UTH BA TAKUX JIEKTPUUECKU
HellmpanbHpIX MaTePUATIBHBIX TeJa IPYT K IPYTY, TO SJIEKTPHUIECKHE
HOJISL, OKPY’KAaloIfe UX, OyayT CTPEMHUTHCS YK€ B3aHMMHO ITONapHO
CIIUTBCS JIPYT C IPYrOM, YTO MPUBEAET K MPUTATHBAHUIO ITHX TeEl
Ipyr K JApyry. A cienoBaTelbHO — Teda,  o0Jajaromime
2pasumMayuoOHHLIMU noaaAmMu OynyT éce20a TIPUTATUBATBHCA APYT K

ApYTY.
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Anexcandp BECEAOB

N 5310 3HAUAT HUKAKOM AaHTUTPABUTALMM B IPUPOJIE
CyILIECTBOBAaTh HE MOXKET, IOTOMY YTO OTTAJIKUBATHCS MOTYT TOJBKO
TeJa, UMEIIME OIMHAKOBBIE AJIEKTPUUECKUE 3aps/ibl. 3a IpUMEpamMu
JAJIeKO XOJWUTh HE HaJo, JIOObIe Tea, HaXOMASIIUEecs Ha IJIaHeTe,
NPUTSATUBAIOTCS K HEH C ONpeAei€HHOM CUJIOH, 3aBUCSIIEH OT
paccTosiHuA 10 €€ MOBEPXHOCTH.

JlroOble Tema BO BCENEHHOW, 3BE3/bI, IUIAHETHI, ATOMBI,
0071a/1al0T CBOMMH TPAaBUTANIMOHHBIMUA TOJSIMHU, KOTOpPBIE XOTA U
UMEIOT OECKOHEYHBI paauyc JeHCTBHA, HO OYEHb CHIBHO
0CJIa0eBaIOT C PACCTOSTHUEM T10 00OpaTHO KyOUUYECKOW 3aBUCHMOCTH.

N B cuny OecKOHEUYHOTO paguyca ACHCTBUSA, 3TH TOJS
SABJISIIOTCSL  @ez0ecywyeit  ynpyzou  cpeooit, B KOTOpOH
pacIpoCTpaHsAIOTCS T'PAaBUTALMOHHBIE BOJHBI. JDTO OOCTOSATEIHCTBO
TOBOPUT O TOM, 4YTO HHKAaKoro s@upa, (U3NYECKOTO BaKyyMma,
CKAa304YHOI'0 MPOCTPAHCTBA-BPEMEHHU WJIM KaKOTO-TO TPUJIEBITOTO
apcTBa B MPHUPOJIE HE CyliecTByeT. M kak Mbl yCTaHOBWJIM BBHIIIIE,
IpaBUTALMOHHOE T0JIe, KaK ToJie 00pa3oBaHHOE AIICKTPUUECKUMU
HOJISIMH, TaK jke€ oOJiafjaeT yMpYyrocTblo M IO3TOMY JIH00OE TeJo,
JBUTAsICh B TPAaBUTAIMOHHOM T10Jie, Oy/IeT cO3/1aBaTh B HEM YIIPYTYIO
BOJIHY CXaTusl, CKOPOCTb KOTOPOM IIOCTOSIHHA, IIOTOMY 4YTO
ONpeNENAeTCs TOJIBKO YIPYTUMH CBOMCTBAMU IEKTPUYECKUX MOJEH,
0o0pa3yromux 3TO TpaBUTAIIMOHHOE Mose. J[JinHa 3Toil BOJIHBI OyJeT
ONPEAENATHCS  Pa3sHOCTBIO  CKOPOCTEM  CaMOM  4acTUUBl U
BO30YyKIaeMOi €10 BOJIHEI.

E€ M0KHO omucaTh CIeyIOLUM BBIPaKECHUEM:

A=(Vs-Vu)lt,

rae Vua— CKOpOCTh YaCTHIIBI,
a Vs — CKOpPOCTh, CO3JaBa€MOl €0 TPAaBUTALUOHHOW BOJHBI

(cxopocmb ceema) (puc 14).
Kak wW3BECTHO, CKOpPOCTH BOJHBI B T'PABUTALMOHHOM IIOJIE
cocraBiseT 300 000 kmiIoOMETpOB B CEKyHAY. DTO TO, UYTO Y4EHBIE
OIMMOOYHO HA3bIBAIOT CKOPOCTHIO CBETAa W KOTOpasl SIBISETCS
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Beonroyust MATEPHH

NOoCTOSIHHOM. CKOPOCTh pacipOoCTpaHEHUs! BOJIHBI B TPABUTALIMOHHOM
MoJie, BEJIMYMHA JACHCTBUTEIBHO MOYTH MTOCTOSHHAS U ONPEIEIAETCS
TOJBKO €ro CBOMCTBaMHU. A Tak Kak MaTepHalbHbIE Tejla MOTYT
B3aMMO/JIEUCTBYIOT TOJIBKO C MOMOIIBIO TOJIEH, TO CKOPOCTh BOJIHBI -
3TO M €CTh CKOpPOCTh B3ammojeiicTBHs. Cama ke 4YacTHhIla MOXKET
JIBUTAThCS B TPABUTALIMOHHOM I10JI€ C KAKOW YTOJHO CKOPOCTBIO, XOTh
MUJIJIMOH KUJIOMETPOB B CEKYH]TY.

JlBurasice B crenuuveckol cpene, KOTOPYIO MPEICTaBIISET
co00il TpaBUTAIIMOHHOE TIOJE, OOpPa30BAHHOE JIIEKTPUIECCKUMU
MOJISIMU  TIPOTHBOTIONIOKHBIX 3HAKOB, YacTHUIlA BO30YXIaeT B HHUX
CHHXPOHHBIE MPOTUBO(hAa3HBIC BOIHBI CKATHs. TO €CTh, €CITM B KAaKOK-
TO TOYKE MOJIOKUTEITBHOTO 3JIEKTPUUYECKOTO TOJISI Y BOJHBI CXKATHE
(rop0), TO B TOW XK€ TOYKE OTPHUIATEIHHOTO TOJISI, WMEIOIIETO
IPOTHBOIOJIOXKHBIE CBOICTBA, OyNeT pa3pekeHue (BHaIuHa).

Jpyrumu ciioBamu, BOJIHBI B 2pAGUMAUUOHHOM ROAE — ITO
nonepeunsle BOJHBI HA TPAHULIE IBYX CpeJl (3JIEKTPUUYECKUX TOJIEH) C
pa3IMYaroIUMUCA POTUBOIOJIOKHBIMUA CBOMCTBAMM.

DTO U €CTh T€ CaMbI€ 2PAGUMAUUOHHbIE BOJIHBI, KOTOPHIE B
bu3uKe OMMO0YHO HA3BIBAKOTCS 2J1eKMPOMACHUMHBIMU.

IIpumeuanue! Bakyym, mak »yce Kak u 3gpup, no npeocmasieHuio
duzuxos, cpeda 00HOpOOHAA, a4 B03HUKHOBEHUE NONEPEYHBIX GONH 8
00HOPOOHOU cpede Heso3moxcHo. Ho 6 zpasumayuonnom none,
00pA306AHHOM 6110OIHCEHHBIMU OPY2 6 Opy2a INEKMPUUECKUMU NOTAMU,
panuya mexcoy Humu cywiecmeyem, HpaKkmuyecKku, é nt000i MmouKe
9IMO20 noji.

J1uist TOTO, 9YTOOBI MPUITH K BEIBOY 00 IEKTPHUECKON IPUPOIe
rpaBUTALMU, JOCTATOYHO 3JIEMEHTAPHOIO CpPAaBHEHHS OCHOBHBIX
dbopmyn 3akona Kymona wu 3akoHa "BCEeMHUpPHOTO" TATOTEHUS
Hprotona. Tak kak 3TH 3aKOHBI TPAKTUYECKH OMHUCHIBAIOT OJHO U TO
’K€ B3aMMOJICHCTBUE, TO MOJYYa€TCs, YTO 3TO OJAWH U TOT K€ 3aKOH,
"OTKPBITBINA" HEOAHOKPATHO.

boisiee Toro, 3aK0H 3TOT BBIBEIEH YHUCTO T€OMETPUUYECKH, TaK

Kak B OOIEM BHJIE€ OH OIKCHIBACT 3aBUCUMOCTH MJIOW(AOU CCUCHHUS
15



Anexcandp BECEAOB

TH000TO TENECHOTO YIJIa, OT PACCTOSIHUS CEKYIIEH IMIOCKOCTH JI0 €ro
BEpIIMHBI. A TaKk KaKk MaTepHaJIbHBIC Tela 00J1a7aloT 00bEMOM, TO
YBEJUYCHHUE €T0 pajuyca B 2 pa3a, IPUBOJMT K YBEIUYCHHUIO 00bEMa
ATOTO TeJIa U COOTBETCTBEHHO, KOJIMUECTBA €r0 BEIIECTBA, B 8 pas.

A, cnemoBaTeNbHO, W €Tr0 CHUJIBl TPHUTSHDKCHUS TaK Ke
YBEJIMYUBAIOTCS B 8 pa3 WM MPOIMOPIMOHATEHO KyOy paanyca, a He

KBaJpaTy, Kak OIIMOOYHO CUHUTAIU
Herotron u Kynon. Pacnpenenenune
MOTEHIMAJIOB TPABUTAIMOHHOTO TI0JIS
JM000r0 MaTepuagbHOTO OOBEKTa —
IUTAaHEThl WM 3Be3Abl Tpaduuecku
MIPEACTABICHO PUCYHKOM  (puc.2).
['paBUTalIMOHHBIE CUJIBI MPUTSKEHUS

Puc.2 YBEIMYUBAOTCSI  MPOMOPIUOHATIBHO

KyOy pacCTOSTHUS OT LIEHTpa IUIAHEThl U JOCTUTAIOT MaKCUMaIbHOTO
3HAUCHUs Ha €€ IMOBEPXHOCTU. ITa 3aBUCUMOCTb OINMCHIBACTCS
BBIPAKECHHUEM:

Fm=kR3, 20e

k — ycnosuwiii koaghgpuyuenm nponopyuonanbrocmu,

HEe0OX00UMbIll 0Nl CO2NACOBAHUSL  PA3TUYHBIX — eOUHUY
uUzMepeHus, OCHOBAHHBIX HA CAYYAUHBLIX BETUUUHAX.

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

COOTBETCTBEHHO, MO Mepe YIICHHs OT MOBEPXHOCTU
MaTepUAIBHOTO TeNa, CHJIAa €ro TIPaBUTALUOHHOIO MPUTSKEHHUS
YMEHBIIAETCA [0 TOMY K€ 3aKOHY M 3Ta 3aBUCHUMOCTb OIHUCHIBACTCS
CIEAYIOLIUM BBIPAKECHUEM:

F=Fn/(r-R)?

IIpumeuanue! HUmenno wu3z-3a Kybuueckoil 3asucumocmu
Kaeenouwr mne cmoz oénapyycums cunvl npumsxicenun 150-mu
KU10ZpAMMOBbIX 00N8AHOK U ucnoavzosan opmyny Kynona ons
INeKMpuuecKkux 3apa0oe. U umenno noymomy amepukanyvl He cmoiu
npespamump ceoni ""NEAR'' ¢ uckyccmeenmwlit cnymuuxk acmepouoa

16



Beonroyust MATEPHH

Ipoc. Tak nce, kak He npowén smom ''hokyc' ¢ anouckum 30H00M
"XAABYC'" u acmepouoom Hmokaea.)

A Tak Kak CHJIbl TNPUTSHKEHUS, JEUCTBYIOIIME B IIEHTPE
MaTepuaibHOrO  OOBEKTa,  B3aUMHO  IMPOTHUBOIOJIOXKHBI U
YPaBHOBELIEHBI, TO CHJIA TPABUTALINH, A CIIEJOBATEIBHO U JaBJICHUE B
HEM TMPaKTUYECKH paBHBI Hymo. [loatomy mro0as wacTuia,
OKa3aBIIasiCs B CaMOM IIEHTpe OOBeKkTa OyneT HaxoAWUTCS B
HEBECOMOCTH U MPU HE3HAUUTEIHHOM CMEUICHUH €€ B KaKyro-Ir00
CTOPOHY, PAaBHOBECHE CUJI HAPYILIUTCA U YaCTHUIIA IEPEMECTUTCS B Ty
CTOPOHY, I'ie IOBEPXHOCTH OJIIIKE.

Yro B uTOre NpUBEAET K TOMY, YTO B LEHTPE MATEPUAIBHOTO
Tena oOpasyercs myctora. Bor molaToMy mo0ble KOCMHUYECKHE
OOBEKThI, aTOMbl W 3JEMEHTApHBIE YACTULbI, 3TO HycCmOmeble
oopazoeanus.

OTa MyCcTOTENO0CTh, KaK "TpaBUTALIMOHHAS CKOpJIyna" IpHUIAeT
aToMaM M YacTHIlaM, a TaK € 3Be3JaM M IUIAHETaM BBICOKYIO
MPOYHOCTh M CTAOMIBHOCTh. 3€MJlsl, HallpUMep — 3TO IMYCTOTENbBIN
miap ¢ TOJNIIUHON CKOPIYIBI TPUMEPHO, OKOJIO 2 THICAY KHJIOMETPOB,
C BHYTpPEHHEW aTMoc(epoll NPHUMEPHO TAaKOH K€ TONIIUHBI H
BaKyyMOM B CaMOM IIeHTpe (puc.25).

['paBuTanmonHoe  moje, 00pa30BaHHOE  OJAMHAKOBBIMU
JJEKTPUYECKUMHM  TOJSIMH  Pa3HbIX  3HAKOB, TEOPETHYECKH,
UEHMPAIbHO CUMMEMPUYHO W €TO BEIIMYMHA 3aBUCHUT TOJIBKO OT
(bU3HYECKUX pa3MEPOB ATOTO MATEPHAILHOTO Tela.

Jis Toro 4TOOBI JBUTATHCS Jalbllie HaM HEOOXOIUMO Ha
HEKOTOPOE BpEeMsI BEPHYThHCS K CTpOeHHUIo atoMa. Kak ObLIo ckazaHo
BbIIIE IJIaHETapHas MoJenb Pesepdopaa u kBanToBas Mozaens bopa,
M0 CYTH MPEACTABIAONINE CO0O0 3TIEMEHTapHbIE BEUHbIEC IBUTATENH,
JUISl HaIlle TEOPUU COBEPILIEHHO HEPUEMIIEMBI.

A BOT aTOMBI 10 MOzien ToMcoHa, HanboJIee ITOJIHO OTBEYAOT
peaTbHOCTH, TaK KaK OHU COCTOAT W3 OJMHAKOBOIO KOJUYECTBa
AJIEMEHTapHBIX ~ YacTHI[ C  NIPOTHUBOIOJOXKHBIM  3apsJioM,
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Anexcandp BECEAOB

CIIEMEHTHPOBAHHBIX MOIIHBIMUA CHJIAMH B3aUMHOTO TPUTSHKEHUS.
HIMeHHO MO3TOMY aTOMBI OYE€Hb CTAOWJIbHBI, HO MPH 3TOM CBOUMH
PaBUTALMOHHBIMU TMOJSIMH OHHM MOTYT 3axBaThIBaTh pa3lInyHbIC
CBOOOJHBIE DdJEMEHTApHblE M CyOdJeMEHTapHble YacTUIBl U

YAEPKUBATH ux Ha CBOEH
MOBEPXHOCTH, TaK K€ KaK IJIAHETHI

«@ | YAEPKHMBAIOT Ha CBOCH IMOBEPXHOCTH
18 G F G

oron pasnuyHble TpPEIMEThl M aTMocdepy
(puec.3). OTOT PpPHUCYHOK TakK e

ey

AT OH

MEXaHMIM NPO3IPAYHOCTH HUIUTIOCTPUPYET MEXaHHU3M
Puc 3. MPO3PAaYHOCTH WM  NPONYCKaHUsA

KaKOTO-JIM00 U3ITydeHHUSI.
vy aroMma, YACPKUBAIOIIETO Ha cebe YACTUILIBI

PEUMYIIECTBEHHO KaKOTro-JIMOO OJHOTO 3apsijia, TPaBUTALMOHHOE
10JIe, OKPY’KaIOIIee ero, y)ke He OyJeT CUMMETPUYHBIM.

OHO Oyzer cocTOSTh W3 3IEKTPUUECKUX I0JIeH, HECKOJIBKO
Pa3JIMYAOIIUXCS 110 BEJIMYUHE U PANYCy IEUCTBUS, YTO MPUBEAET K
HEKOTOPOMY OCIIAOJICHHIO MPUTSHKEHUSI aTOMOB JPYT K Apyry. DTy
Pa3HOCTb BCJIIMYMH DJCKTPUYECKHX TIOJE€H, MBI M HA30BEM

Hare -0, ff':::nl‘ o0 acuMMempueﬁ zpagum au HOHI00
OMPUAMETHOND 1. 4 japm}(.r ;

apoa [N/ nonsa. Bcom Ha TOBEPXHOCTH aToMa
A5 N\ npeooagaoT YaCTHUIIBI c
. ( . || v | TIOMOKUTETBHBIM 3apsIoM, TO
ot O acummempus €ro TPaBUTALUOHHOTO

Aman Amox

acuonoem noist Oyner monoxurtenbHoil. Wnm

Puc.4 OTpHUIATENLHOM, eCli Ha000POT.
Jpyzumu cnosamu, acummempusn 2pasumayuoHHO20 NOJA
amoma, IMoO €20 6HEUWIHUT U30bIMOYNBLIL )1eKMPUUECKUIl 3apA0.
Bce BemecTBa B mpHpoje COCTOSIINE M3 aTOMOB U MOJIEKYI,
BCEr/la MMEIOT HeOobIue H30BITOYHBIE SIEKTPUYECKUE 3apsiiabl
(acummempuro), 3aBucsmiie OT U3OBITOYHOTO 3apsiia Cpemsl,
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KOTOPBIMU  OINpPENEISAIOTCA  MX  arperarHble  COCTOSIHUA U
B3aUMOJICHCTBUS APYT C Ipyrom (puc.4).

HpHMe‘laHHe! 3Jl€M€Hmaprle yacmuusvl makKk aiHce umerom
acummempuio cpasumayuoOnnblx n0Jl€lZ, 06yCJ108Jl(,’HHy10 npujiuniiumu K
HUM CYOIIeMeHmapubimMu Yacmuyamu. Acummempus 2pagumayuoOHHsIX
noneil Yacmuy, amomoé u Opy2ux MAmepuaIbHLIX O00BEKMO8,
odycnosnena  ceolicmeamu  mamepuu, Komopvle  opmupyrom
chepuueckyro mempuky ecenennoil. Umenno onazooapsa ceghepuueckoi
MempuKe, Mamepus 6CejleHHOUl He coOpanacy 6 oOuH 00NLUIOU KOM,
o0paszyem 3InemeHmapHvle YACMUUbL, AMOMbL, 36€30bl U NIAHENbl,
umerowue aAcUMMempuyHble PAguUmMauuoHHvle noas. B esxaudosoi
MeMpPUKe 3601104 UA 6CENIeHHOIL ObL1a Obl HEBO3MOICHA.

AcuMMeTpUel TPaBUTALIMOHHBIX MOJIEW aTOMOB UM MOJIEKYII
BEILIECTBA ONPEAEIAETCS U BEC 3TOr0 BEIIECTBA B I'PABUTALlMOHHOM
nosie 3eMiId WIM JpYruX KocMuueckux Ten. lIpeoOmamanue
OTPULIATEIBHOM aCUMMETPUU T'PABUTALMOHHBIX MTOJIEH KOCMUYECKUX
00BEKTOB M aTOMOB B TOM 00J1aCTH BCEICHHOM, B KOTOPOU HAXOIUTCS
Hallle TaJIaKTHKA, OOBICHIETCS HEU3MEHHOCTHIO 3aKOHOB 3BOJIIOLMHI
JUTSL TIOOBIX MacIITaboB CYIECTBOBAHUS MaTEPHUH.

Tak kKak B IIEJIOM BO BCEJICHHOW HE MOXET OBITh Pa3HOTO
KOJINYECTBA MPOTUBOIIOJIOKHBIX 3apsAJIOB, TO 3TO 3HAYUT, YTO B HEM
TaKk € CYIIECTBYIOT OOJACcTH, COCTOSIIME W MAaTEepPHH, UMEIOIIEH
MOJOKUTENBHYI0 aCHMMETPUIO TPABUTALMOHHBIX IOJIEH, KOTOPBIE
HUKOTI/1a He OyIyT JOCTYIHBI JUIsl OPTaHOB HAIIIETO 3PEHHUS.

OTO M ecThb Ta caMas TEMHas Marepusi, KOTOPYIO IbITAlOTCA
HalTH YyuyéHble. ['allakTUKM, 3BE3[bl W IUIAHETHI, COCTOSILHME U3
MaTepUM C MOJIOKUTEIbHOW ACUMMETPUEH T'PaBUTAIMOHHBIX MOJIECH
aTOMOB, Mbl HUKOI'/Ia HE CMOXEM YBUIETh, IOTOMY YTO YaCTHULBI C
MOJIOKUTENBHBIM 3apsiioM, M3JIydaeMble 3BE3JaMU COCTOSALIMMU U3
TEMHOM MAaTepuH, YMEHBIIAIOT M JaXe MOI'yT HHBEPTUPOBATH
pPa3HOCTh NOTEHUHAIOB B MOJEKYJIAaX PpOAONUHA, KOTOPBIM MbI
00s13aHbI 3peHueM. [1o3Tomy oHM [71s1 HAC HEBUUMBI.
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YBUJETh UX MOXKHO JIUIIH HA (JOHE YEeT0-TO CBETIIOTO. JTO, IO
CyTH, CaMbld HACTOAIIMI MapauIebHbIA MHpP, C Pa3yMHBIMH
oOuTaTeNsIMU KOTOPOT'O MBI HUKOTI'/Ia HE CMOXEM YBUIETHCS BOOUYHIO
M 00IIaThCs HEMOCPENCTBEHHO. Jlaxke HeOObIION KYCOK BEIIeCTBa,
COCTOSIINNA W3 MaTepUu C TIOJOXKHUTECIBHOM acUMMeETpueH, Oyaer
BECUTh Ha 3eMJI€ HECKOJbKO TOHH, IOATOMY HH O KaKOM MOCEIICHUHI
ATOr0 MapajIeIbHOTO MUPA HE IPUXOJUTCS JaKe U MEUTATh.

Kcrartu, 3aragka TYHTYCCKOTO METEOpUTa MOXKET OBITh
00BsICHEHA TEM, YTO METEOPHUT COCTOSUT M3 ITOM CaMOW TEMHOM
MAaTepUM C MOJIOKUTEIbHOW ACUMMETPUEH T'PaBUTAIMOHHBIX MOJICH
atomoB. HeOospIIoii Kycok TEMHOW MaTrepuu Bpe3ajcs B 3eMIIIO,
MOBAJIUB YAAPHOU BOJHOM Ta&KHBIE AEPEBbSI. A 3HAYUT UCKATh HYKHO
HeOonpIIyr0 "IeIpKy"' B 3eMHOM Kope. [l 3TOTO  HYXHO
UCIIOJIb30BaTh T'PABUMETPHI, TaK KaK B TOUKE MAaJCHUS METEOpUTa
CHWJIBI TPABUTAIIIOHHOTO MPUTSKCHUSI TOJIKHBI OBITH YBETUYCHEI.

OOmenne ¢ OOHMTATENSIMU 3TOTO MHpa BO3MOXHO TOJIBKO
MOCPEJICTBOM PAUOCBS3U, MOTOMY YTO YacCTULbl HU3ITYyYEHHBIC
3BE3/1aMU C IIOJIOKUTEJIBHOW aCUMMETPHUEN I'PaBUTALIMOHHOIO I10JIA,
CONPOBOXKAAKOTCSA aHATOTMYHBIMH IPABUTALMOHHBIMH (3M.) BOJIHAMH,
YTO ¥ YaCTHULIBI C OTPUIATEILHOU ACUMMETPHUEH.

VYBuaeTh 3B€3/bl, COCTOSIIME U3 TEMHOM MAaTe€pUu BO3MOKHO
JUIIb B pauouana3oHe, eciiv MPUBECTU I'PaBUTAIIMOHHBIN (HOH WU
TaK Ha3bIBAEMOE PEJIMKTOBOE H3IydyeHHE K cepoMy IBery. Toraa
3BE€3/1bl COCTOSIIIME U3 CBETJIOW MaTepUH (MaTEpPUH C OTPULIATEIILHON
acummeTpueit) OyayT BUAHBI Kak Oesble MSATHA, a COCTOSIINE W3
TEMHOM — KaK YepHBbIE.

C »STOil TOYKHM 3pEHMSs, TaK Ha3bIBAEMbIE NYJIbCAPhl — 3TO
JIBOMHBIE 3BE3]Ibl, BpAIAIOLIMECS BOKPYr APYr Apyra M OJHA W3
KOTOPBIX HMMEET IMOJOXKUTEIbHYIO, a Jpyras — OTPHUILATEIbHYIO
ACUMMETPHUIO IPABUTAMOHHBIX NOJIEW. M MX IMIOCKOCTH BpAILLEHUS
JIOJKHA COBMAJATh C TUIOCKOCTBIO SKJIMNTUKY HAILIEH TaJIaKTUKH.
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1) Amomur meépovix eewyecme umerwm ouenv HEHONLULYIO
acummempuio 2pasumayuoHHbIX noJell (U30bIMOYHbIL 3aps0 OUYeHb
Man), ROIMOMY OHU RPUMALUEAIOMCA OpYZ K OpyZy HACHIOIBLKO
CUTIbHO, YMO 071 MO20 YUMo 0bl UX COBUHYMb OMHOCUMENbHO OPY2
opyza unu 0mopeamsv, HyHCHO NPUTLOHCUNLL 3HAUUMETbHbLE YCUTIUAL.

W yem meHbIlle acCHMMETpPHSI TPABUTAIIMOHHBIX TOJIEH aTOMOB
BEILECTBA, TeM OHO TBEp:ke. CaMas BbICOKasi TBEPAOCTb U MPOYHOCTh
MOKET OBITh TOJBKO NPHU HYJIEBOW aCHMMETPHH WIH aOCOIIOTHOMN
CUMMETPUHU TPAaBUTAIMOHHBIX TOJIEH aTOMOB BEIECTBA, KOTOPAs B
cuiIy cQeprudeckol METPUKH BCEIICHHOW, MNPAKTHYECKH TaK >Ke
HEBO3MO’KHA, KaK HEBO3MOKHO CYIIIECTBOBaHUE aOCOIIOTHOTO HYJIS B
CTaHJIApPTHOU MOJIEIIH.

OT0 00BACHSAETCS TEM, UYTO HEBO3ZMOXKHO YJIOXKHUTH OJMHAKOBOE
KOJINYECTBO chepruecknx yacTull B cepuueckuii oobem aroma. Tax
WIM WHAYE UX KOJIMYECTBO OYJET HECKOIBKO pPa3iundaThCs.

TBEpbIe Tena MOYTH HECKUMAEMBI, TaK KaK M3-3a2 HEOOIBIION
ACUMMETpPUU 3a30pbl MEXIy aroMamMH MHUHHMAalbHBL. Hekoropoe
C)KaTHe BEIIECTBA BO3MOKHO M3-32 ITHX HEOOJBIINX 3a30POB MEKIY
aTOMaMH, a TakXXe H3-3a COJEep’KalluXcsi B HEM aTOMOB Ta3o0B,
MMEIOIIHNX 3HAYUTEIbHYIO aCHMMETpHUIo (puc.4).

Paznom TBEpmoOro Tera MpPOXOAUT MO 0OJACTAM C OOJBIIUM
COJIEp’)KaHMEM pPACTBOPEHHBIX B HEM pa3IUYHBIX MpuMeceil u
MOBEPXHOCTh Pa3jioMa U3-3a OONBIIMX CHJI MPUTSHKEHUS MTHOBEHHO
obnemisieTcss MOJIEKyJIaMH BO3ayXa. M eclii CIOXUTh pa3ioOMaHHbBIE
YacCTU BMECTE, TO M3-3a MPOCIONKHA MOJEKYJ BO3/AyXa LIeJIOro Kycka
MOJIYYUTh YK€ HE YAacTCsl.

[IpunoxxuB oueHb OONBIIOE MAaBJIEHHE K KycKaM MOXXHO
BBIIaBUTH OOJIBIIMHCTBO MOJIEKYJ BO3AyXa M3 pa3jioMa M KYCKH,
HENOCPEACTBEHHO  COMPUKOCHYBIIUCh, COEAMHSTCS. ITO, TakK
Ha3bIBacMasi, CBapKa JaBJIEHUEM, KOTOpas CHJIbHO OOJerdyaercs B
Bakyyme. IMEHHO U3-3a TOTO, YTO B BaKyyMe CBapUJIUCh IIAPHUPHI
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JFOKa KOCMUYECKOT0 KOpalJis, IpU BBIXO/E B OTKPHITHIH KOCMOC UyTh
ObLI0 HE TOrud KOcMOHABT JIeOHOB.

2) Amombl dicuoKocmell umMerm HECKObKO 00abuiyio
acummempuio, 4em amomvl mMeépoviX mei, U pacnoaazaromcsa c
HeCKONbKO 001bMUMU 3a30paMu, ROIMOMY UMEION 603MONCHOCHLb
J1€2KO CKOJIb3UMb OMHOCUMENbHO OpY2 Opy2a.

OToif JETKOCTBIO CKOJIBXKEHHUS OOYyCIaBIMBAETCs CBOMCTBO
TEKY4eCTH KHUAKOCTEH 1 OTCYTCTBUE B HUX TpeHUA. B cuiy Toro, uro
3a30pbl MEXAY aTOMaMH TOXE JOCTAaTOYHO MaJlbl, XKHUAKOCTU TOXKE
MIPaKTUYECKU HeCKUMaeMbl. He3HaunTenpHOE CKaTHE KUIKOCTEN TaK
7K€ BO3MOXKHO JINIIb M3-3a PACTBOPEHHBIX B HEW MOJIEKYJI ra30B.

AcUMMETpHsI TPAaBUTALMOHHBIX IIOJIEM AaTOMOB pa3JIMYHBIX
JKUJKOCTEN TaK e MOXKET OYEHb CWJIBHO paszinyaThcs. BemecTBa co
CPaBHUTENBFHO HEOOIBIIONW Pa3HOCTHIO ACUMMETPUH JIETKO BCTYMAIOT
B "XMMHUECKUE" PEAKLMU IPYT C APYTOM U JIETKO CMEIIMBAIOTCS, a C
OOJBIION Pa3HOCTHIO, HAOOOPOT paccIauBaIOTCS.

Pa3HocTh NOTEHLIMAIOB, BOZHUKAIOIIAS B PE3Y/IbTaTe KOHTAKTA
MEXIY JKUJKOCTBIO U TBEPIBIM TEJIOM, O0YCIOBJICHHAS Pa3HOCTHIO
aCUMMETpUM TPAaBUTALMOHHBIX IIOJEM KX AaTOMOB, MO3BOJISIET
CO3/1aBaTh "XUMHUYECKHE" UCTOYHUKH JIEKTPUUYECKOro Toka. [Ipuuém,
yeM OoJibllie Pa3HOCTh aCUMMETpHi, TeM Oosiee 3¢ (EeKTUBHbBIE
UCTOYHUKU TOKa MosydaroTcs. Tak 4ro Jo0ble, TaKk Ha3bIBaeMbIE
XUMHUYECKHE  pEaKUUd  UMEIT  (u3uyeckue  MeXaHU3MBI
B3aWMOJICVCTBU.

AcuMMeTpuel TpaBUTALMOHHBIX IOJIEH TaK € 3JIEMEHTapHO
00BSICHAETCS] pACTBOPUMOCTD BEIIeCTB[I1.9].

Kungkoctb, uMeromas Tropa3io OONbIIYI0 aCUMMETPHUIO
rPABUTALMOHHBIX TOJIEH aTOMOB, OTHAET 3apsA/bl aTOMaM TBEPAOTO
Tena, yBEIMYMBas UX acUMMeTpuro. [Ipym 3TOM CHIbl NPUTSKEHUS
MEXIy AarOMaMHM TBEPAOrO Tejla YMEHBINAKOTCS W OHO JIerde
pacnazaercss Ha OTIeNbHbIE aToMbl (pacTBopsercsa). M uem Bble
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Temreparypa (aCUMMETpHsl) KMIKOCTH, TEM JIET4e pacTBOPSETCS B
HEeW TBEPAOE TEJIO.

C razamu Bce MPOUCXOAUT HA000POT. ['a3bl, UMEIOIIHE TOpa3a0
OOJIBIITYI0 AaCUMMETPHIO TpPaBUTAIIMOHHBIX TIOJIEH AaTOMOB, YeM
JKUJKOCTH, JIETYE PACTBOPSIOTCS B XOJIOAHOM BOJE, TaK KaK aTOMBI
ra3oB CcaMd OTHAIOT 3apsIbl aTOMaM BOJbI, YMEHbINAs Pa3HOCTh
ACUMMETPUH, YTO MIPUBOIUT K YBEIHUCHUIO CHUJT IPUTSHKEHUS MEXKITY
aTOMaMM T'a3a U KUJIKOCTH.

N npu HarpeBaHMHM XKUAKOCTH €€ acCUMMETpus, KaKk H
aCUMMETpHs Ta3a YMEHBINACTCS M PACTBOPCHHBIC Ta3bl HAYWHAIOT
OypHO BBIIETSATHCS B aTMOC]epy.

3) Amomwt 2a306 umewom 0080JIbHO 3HAUUMENbHYIO
acummempuro 2pasumayuOHHbIX nonen (3HauumenvHvill
u30bLIMOYHLIL  3aps0), 6 pe3yibmame KOMOPOU Mexucoy HUMU
npeoodnaoarom cuibl OMmmanKueaHus.

OTH CHIIbI OTTAJKWBAaHUS MEXKIYy aTOMaMH Ta3a 3acTaBisIOT
ra3pl OECKOHEUHO pacmupsThes. Ho mpu BHEIIHEM MaBIIGHUU Ta3bl
JIETKO CKUMAIOTCS U KOTJa MEXTy aTOMaMU ra3a IMo4TH He OCTaéTcs
MOJICBBIX  MPOMEXKYTKOB, Ta3 TPEBPAIIACTCA B  HCUOKOCHLD.
"Camockatue" Taza B CICACTBUH, SKOOBI, TPaBUTAIIMOHHOTO
MPUTSKEHUST aTOMOB JIPYT K JIPYTY,
SABJSICTCS  TOJHEWIIEeH  4yliblo,

KOTOPYIO HECYT JIOAN C YOOTUMU

O6BIBaTeJIBCKI/IMI/I Hpe,Z[CTaBJ'IeHI/I}IMI/I
o mnpupone rpasutauuu. [lanenue
MaTepuu caMoil Ha cebs, KOTopoe

TPARATAHOHHOE
e

MIPEACTABISIET co0o1, TaK
Puc.5 Ha3bIBa€MBIN rpaBUTAIMOHHBIN

KOJUITAIC, TI0 CYTH, PABHOCHIIBHO MTOTHITHIO CaMOT0 ce0sl 32 BOJIOCHI.

Yem OombpIie acCHMMETpHs TPAaBUTALMOHHBIX IOJEH aTOMOB
ra3a, TeM MEHbIIE ra3 BECHT B I0JIE TSATOTEHUS 3eMiIH. ATOMBI U
MOJIEKYJIbl BOZOpOAA, HAmpuMep, OO0NagaroT OYeHb OOJIbIION
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acUMMeTpuel, crnabo TMPUTATHBAIOTCS 3eMiled U MO03TOMY
BCTPEYAETCs TOJIHKO HAa OUYEHb OOJIBIINX BHICOTAX.

Yem Oosnblile acHMMETpHsI T'PAaBUTALMOHHBIX IOJIEH aTOMOB
rasza, TeM MEHbILIE ra3 BECUT B IOJIE€ TATOTEHUS 3eMsid. ATOMBI U
MOJIEKYJBI ~ BOJAOPOJA, HampuMep, HMEIOT O4YeHb OOJIBLIYIO
ACUMMETPHIO U BCTPEUYAIOTCS TOJBKO HA OYEHB OOJBIINX BBICOTAX.

Kak 0Oput0 mokazaHo BbilIe (pHc.2), TPABUTALMOHHBIE CHIIBI
TATOTEHUSI OYCHb OBICTPO YOBIBAIOT C YBEIMYECHHUEM PACCTOSHUS OT
TATOTEIOUIUX TeJl, MOATOMY CUJIbl nputskenuss ConHia u 3emin Ha
paccrosiHuu 150 MUIIIMOHOB KMJIIOMETPOB, HACTOJIBKO HUYTOKHBI, UYTO
3emJisi, BO BpeMsl ABUKEHHsI, OCTa&TCsl Ha opOUTe TOJIBKO Onaronaps
60JIHO6OMY 83AUMOOEIICMEUI0 C TPABUTAIMOHHBIM 1ojieM CoJHIa.

J171s1 TOTO 4TO OBI OHATH MPUPOTY BOTHOBBIX B3aMMO/ICHCTBHM,
JOCTAaTOYHO  paccMoTpeTh  "d¢dekt’, Tak  Ha3bIBAEMOroO,
2pasumayuonno2o aunzupoeanua (puc.S). OH 3aKII0YaeTCs B TOM,

» : 9TO YacTUIA, NPOJIETAIONAs MHMO
: - TATOTEIOMIEr0 00BEKTa, B PE3yabTaTe

-

/ N IrpaBUTAlUOHHBIM I10JIEM, H3MCHACT

BOJIHOBOT'O B33.HMO,Z[€I>'ICTBI/I$I Cc €ro

””;“‘6 CBOIO TPAaEeKTOPHUIO B CTOPOHY A3TOTO
uc.
00BEKTA, co3maBast ALTFO3UIO

nputskeHus. [lomoousM "3dexkToM” 00BsicHAECTCS U AU PaKIUS
YACTHII HA Y3KUX IIEJSIX.

OOBsICHSIETCS ATO TEM, YTO BOJTHA, COMPOBOXKIAIONIAS YACTHILY,
CO CTOPOHBI OOJBIICH HAMPSKEHHOCTHU TOJISI UCIBITHIBACT OOJIbIIEe
CONIPOTUBIICHHE, YEM C NPOTUBOIIOJOKHOM, YTO U CO3MAET
OTKJIOHSIFOIUIT MOMEHT, HM3MEHSIOIUN TPAeKTOPUIO YacCTHIBl B
CTOPOHY TATOTEIOLIEro 00bekTa. I deM BhIllIe CKOPOCTh YacTHI[ U
yeM OJIMKe MX TPACKTOPHS K TATOTEIOIIEeMY Tely, TeM CUIbHEe OHU
OTKJIOHSIOTCS (pHC.6).

Opnnako Oosnbiue y4EHbBIE 0 CUX ITOP HUKAK HE MOTYT MOHSITh,
KakuM 00pa3oM CO37ar0T MHTEPPEPEHIIMOHHYIO KapTUHKY YacTHUIH,
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IIPOJICTAIOIINAE CKBO3b y3KHE wieynd. MM ¥ HEBIOMEK, YTO 4acTHLa,
MpoJIeTaolas 4epe3 CepeuHy IIeiu, He OTKJIOHSETCs, a YacTHulia,
mpoJieTaromas psAaIoM C KpaeMm Iend, B pesynbTare 3¢dexTa
IPaBUTALMOHHOTO JMH3UPOBAHUS,
OTKJIOHSIETCS] B CTOPOHY 3TOro kpas. U

CONMEd HAE TyIM

MO3TOMY WM TMPHILIOCE H300pecTH
HEKUH XWUTPOYMHBIH, HO YyOoruit
IIPUHLMIT KOPIYCKYJISIPHO-BOJIHOBOIO

Ayanu3Mma, 10 KOTOPOMY 4YacTHIla

MOXKET  TpeBpamarbcsi,  MOJA00HO
JDKAHY W3 BOCTOYHOHM CKa3KH, TO B
4acTuIly, TO B BOJNHY. [lo TOW mpHWYHMHE, YTO YACTHIIBI, UMEIOIIHNE
OOJIBIITYI0 CKOPOCTh M BO30YyKHaromyde 0oJjieeé KOPOTKHE BOJHBI B

Puc.7

IPAaBUTALIMOHHOM IIOJIE€ IUIAHETHI OTKJIOHSIOTCS CHIIbHEE, 3aKaTHOE
He0O MMeeT KpaCHOBAThIN OTTEHOK (puc.7).

[HomoOHBIM ke 3P (HEeKTOM TPaBUTALMOHHOTO JIMH3UPOBAHHMS
00BSICHACTCS IPUTSHKEHUE MapaJuIeIbHBIX TOKOB, IPUTSKEHUE CYI0B
Ha NapajjIeNIbHBIX Kypcax, a TAK)KE YMEHBIICHUE JaBICHHS )KUIKOCTH

" J— WIH Ta3a TpU yBEIHYCHHUH
Bt CKOPOCTH [IIBUKCHHUS B Y3KOM
N f— CEYCHHH TpYyOBI, a TaKke
. )¢ aBTO(OKYCHUPOBKa JIy4a Ja3epa

ot | ") OOJIBIION MOIIHOCTH.

AHalloruuHasi ~ cUTyarus
HaOII0AaeTCs U NPU ABHKCHUH

wiaHer 1no opb6uram. Ilpu

Puc.8 JBIKEHUU TI0 OpOUTE, TIIaHEThI

BO30Y>KIAalOT BOJHY B TPAaBUTAIMOHHOM TIOJ€ 3BE3[bl U Pa3HOCTh
CKOPOCTEH ATOM BOJIHBI, B 00ACTSIX C Pa3IuYHON HAMPSHKEHHOCTHIO
MoJis, W3MEHSeT TPAaeKTOPUIO IUIAHETHI B CTOPOHY OoJbLIeH
IUIOTHOCTH TOJISA, yAepKuBas e€ Ha opOute (puc.8), 1 OTHOBPEMEHHO
IpUAAET IUIAHETEe HEKOTOPBIN BpaIlatoIUil MOMEHT.
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Cunel nputspkenus JIyHbl, HanpuMep, Ha TAKOM PacCTOSTHUU
HACTOJIbKO HMYTOXKHBI, YTO HE TOJBKO HE MOTYT J1ehOopMHpOBATH
3eMHYIO KOpY WIH yIepKaTh €€ Ha opOuTe, KaK CUUTAIOT y4€HbIE, HO
Nake HA B MaJIEUIIIEd CTEICHHU, HE BJIMIIOT Ha Hall Bec. EciIu cuibl
nputsbkeHus JIyHsl Op11H OB CHOCOOHBI TOTHUMATh MUJIJTMOHBI TOHH
BOAbBI B OKCAHC, TO B3BCCHUBIIMCH HaA IMPYXUWHHBIX BECaX BO BPCMHA
IMpUJInBa U OTJINBA, MbI 6BI 3aMCTUJIN CYHICCTBCHHYIO pa3HUIlY B BCCC
Hamiero Teja...

B PCAITBHOCTHU, NPAKTHYCCKH HCBCCOMASA B IMOJIC TATOTCHUA
Connua 3emiist IPOCTO MOKAYUBAETCS Ha OpOUTE TPaBUTALMOHHBIMU
BOJIHAMU OT JBWXKEeHHS JIyHBI M 3TO MOXHO HaOII0ATh
HEBOOPYKEHHBIM TJIA30M IO OKEaHCKUM mpuianBaM. OKeaHbl
pearupyoT Ha packauyMBaHuE 3eMJIM U €€ CYTOUHOE BpallleHHE, KakK
BOJa B Ta3UKC IIPU €TI0 MOKAaYNBAHUU.

DTO NMpEeKpacHO COIIACYeTCs C HACTOAIIEH TEOpHel, Tak Kak
IMPUIIMBHBIC BOJIHBI B PA3HBIX OKCAHAX PA3JIMYHBI IO BCIUYUHEC U HEC
coBnajnaroT ¢ ABuwxkeHueM Jlynsl. Cunbl nputspkeHus ConHua Ha
TAaKUX paCCTOAHUAX 0 ITAaHCT HACTOJILKO HUYTOXKHBI, YTO IJIAHCTELI B
€ro MoJie TATOTEHUSI MPAKTUYECKH HUYETO HE BECST.

Ho BonHBI, KOTOpBIE OHM BO30YXAAIOT MPHU JBUKEHUU IO
opbuTam B rpaBuTaninoHHOM Tojie CoHIIa, TaK WM HHAYE BIUAIOT Ha
XapakTep JBWKEHHS COCEAHHX IIJJaHeT M DJTO BbIpa)kaeTcs B
HE3HAYUTCIIbHBIX KOHGGaHI/IHX HX CKOPOCTHU U HAIIPABJICHUSA, KOTOPBIC
Ha3bIBAIOTCA .HI/I6paI_[I/ISIMI/I. CO.HHL[G TakK XKE pacKkauuBacTCAd
TpaBUTAOUOHHBIMH BOJIHAMU OT ABHUKCHUS IIJIAHCT U B CTO )KHI[KOP'I
O6OHO‘IK€ MPOUCXOMAAT aHAJIOTUYHBIC IPUJIMBHBIC ABJICHU.

OObIBaTeNbCKUE  MPEJCTaBICHHUS  MHUPOBOTO  HAy4YHOTO
COOOIIECTBA O TMPUPOJE TPABUTAIMH TPHUBEIH K H300pPETEHUIO
aObCyp/IHOTO TMOHSTHS TPABUTAIMOHHOIO KOJUIANCa, KaK MajeHHs
MaTepuu caMoil Ha cebsi, MO CYTH, YTBEP)KIAIOLIEro BO3MOXKHOCTh
IMOJHATHS CaMOr0 ce0sI 3a BOJIOCHL.
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IIpaBga 3TO HE OYEHH-TO IOMOIJIIO YYEHBIM B IIO3HAHUU
MIPUPOJIBI U OHU YK€ OoJiee CTa JIET UIYT I'PaBUTAL[MOHHBIE BOJIHBI, HE
MOJI03peBasi, 4TO YeJIOBEYECTBO YK€ JIaBHO IIOJIb3YeTCS STUMHU
IpaBUTALMOHHBIMU BOJHAMH IS PaIUOCBsI3U. TONBKO Ha3bIBasi UX HE
IPaBUTALMOHHBIMH, & 3JIEKTPOMArHUTHBIMHU.

KoHcraTtupys BelllieckazaHHOE, YTOUHUM OCHOBHBIC TEPMUHBI.

"Mamepusa, smo 6ce, umo cywiecmeyem He3AUCUMO OM
Hawie2o co3nanusn''.

Marepusi, 3T0 6e3HayanbHast 1 OECKOHEUHas BCEJICHHASI.

"Mamepua umeem uacmuyHoe CmMpOEHUE U MONHCEm
opooumovca 6eckoneuno'. OHa MOXET APOOWTCS HaA aTOMBI, Ha
3JIEMEHTapHbIE, cyOaeMeHTapHbIe, CBepXxCyOaIeMeHTapHbIC
YaCcTULIBI U TaK Jlajnee 10 OECKOHEYHOCTH.

"Ocnoenvie ceoiicmea mamepuu, 3apaod, IHEPeUA U
HenpoHuyaemocms, "'

"3apao, amo ceolicmeo mamepuu, odycrasnusaruiee
63aUMO00eliCMeUs MamepuaiIbHbvlX 00beKmoe opyz ¢ Opy2oMm.
3apsia mposIBISIETCS B BUJIE TIOJIS.

""Ilone, 3mo nocpedHuK npu 63aumMo0eiicmeuaxX MamepudaibHbix

men''.

[Tone - mnoTeHUMANbHO, MO3TOMY OMNHCATh €ro B paMKax
€BKJIMJIOBON T€OMETPUN TPUHLIUITUATIHLHO HEBO3MOKHO.

[Tose o6namaeT cBOWCTBOM YIPYTOCTH, IIOATOMY B HEM MOTYT
BO3HUKATH U PACTIPOCTPAHSITHCS YIPYTHUE BOJHBI CIKATHUS.

"Bonna, 3mo  mexanusm  63aUMOOCUCHMEUA  MENHCOY
Mamepuanvhuvimu meanamu''.

"Inepzus, Imo ceoiicmeo mamepuu cosepuiams paoomy''.
A TIO3TOMY HHKAaKOW XUMHUYECKOH, OMOIOTHYECKON M KaKOH-Ir00
JIPYyTrOi SHEPTUU HE CYILECTBYET.

"Henponuyaemocms, 3Imo  C60ICME0, UCKI0Uawujee
603MONCHOCHIL CYULECIME0BAHUA MAMEPUATILHBIX 00BEKMO08 OpY2 6
opyze''.
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CBOICTBOM HENPOHHUIIAEMOCTH MaTepuu OO0bBACHSIETCT €
HEC)KMMAEMOCTh U NPOTSHKEHHOCTh. (C)KMMaeMoCTh — BeIlecTBa
oOyClIOBJIEHa  JIMUIb  YIOPYTOCTbIO  3JEKTPUUECKUX  MOJIEH,
OKPYKaIOIIMX aTOMBI U3 KOTOPBIX 3TO BEIIECTBO COCTOUT.

"leuscenue, Imo uzmenenue coCmoaHua mamepuu''.

JIBuKeHHEe — 3TO HE NPUYMHA, A CIEACTBHE CYIIECTBOBAHMS
MaTepHH, 00yCIOBICHHOE €€ CBOMCTBAMHU.

OTO HE XAOTUYECKOE METAaHUE M3 CTOPOHBI B CTOPOHY, Kak
YTBEPKAAIOT IICEBAOHAYUYHBIE MOJIEKYJSIPHO-KHHETUYECKAsT TEOPHS
WIM Teopus CTPYH, a OJHOHANPABIEHHBIM MpPOILECC H3MEHEHUS
COCTOSTHUSI MAaTEpUU — CUHME3.

"Cuna, 3mo Oeiicmeue na mamepuaipbHoe meno pazHOCmMu
2PasUMAYUOHHBIX UIU IJIEKMPUYECKUX NOMEHUUAN08"".

Hukakux cun Jlopenna, Kopuonuca, ApxuMena uiam KOro-to
emi€, B MPUPOJE HE CYLIECTBYET, BCE CHJIBI UMEIOT OJHY U TY XK€ U
€AMHCTBEHHYI0  INPUPOJY, PpAa3HOCTb  TIPABUTALMOHHBIX  WIIH
IIEKTPUYECKUX [TOTEHIIUAJIOB.

"Bec, amo cuna npumsasicenus, 00ycio61eHHAA PAZHOCHIbIO
2PasuUmMayUOHHBIX NOMEHUUAL08 6 NOJIe mAzomelouiezo mena''.
Wnu nonoxeHueM Tena B IpaBUTALlMOHHOM IOJIE IPYroro Teja.

Onupasicb Ha  BbILIENEPEUYHCIEHHBIE  (QYyHIaMEHTaJIbHbIE
CBOMCTBA MaTEPHH, MOKHO HE TOJILKO OOBSICHUTD JII0OBIE (Pr3nUecKue
SIBIICHUS B IPUPOJIE, HO JaKe IIPEJICKa3aTh U COLIMAIIBLHBIE.

Hy a tenepp monmpoOyem pazobparbcs B TOM, UTO e TaKOe
AQHTUTPAaBUTAIMA, O KOTOPOM Tak JIOOAT paccykIarh Iepen
00BIBaTENbCKOM ayTUTOpUEH, HEKOTOphIe yuéHble. Kak nu3BecTHO, mpu
rpaBUTALlMM TeJa BCErJa MPUTITUBAIOTCS APYr K apyry. [Ipoctbie
JIOTUYECKHE pa3MBIILJICHUS TMPUBOASAT K BBIBOAY, YTO TOJ
aHTUTpaBUTAIMEH MMOApa3yMeBaEeTCs OTTAIKUBAHHE.

B xone nanpHEHIMX pa3MBIIIICHUNH MBI HEU30E€KHO MTOHMEM,
YTO ra3bpl, ¢ MX CTPEeMJICHHMEM OECKOHEYHO paCIIUpPATHCS H3-3a
OONBIIOW AaCUMMETPHM T'PAaBUTALMOHHBIX TIOJIEH UX AaTOMOB,
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MOCTOSIHHO HaXOJATCS B COCTOSIHUM aHTUTpaBUTalMU. 1O ecTh uX
aTOMBI M3-32 CHJI OTTAJIKWUBAHMS CTPEMSTCS Pa3j€TETbCS B pa3HbIC
CTOpPOHBI.

N T1yT y) cambie cO0Opa3UTENbHBIE MOTYT CIEJaTh s ceOst
COBEpIICHHO OUISIOMIIAIONIEEe OTKPBITHE, YTO JIOObIE IBUTATENH,
CO3/aHHBIC YEIIOBEKOM, 3TO JBUTATEIN pPa0OTaoIIMe, MO CYTH, Ha
AHTUTPABUTALUH.

PeakTUBHBIA [OBHUTraTENIb, DTO HE YTO HHOE, KaK OOBIYHBIN
AHTUTPABUTALMOHHBIA JIBUTAaTENb. PEakTUBHBIE CaMOJIETHI, PAKEThI-
HOCHUTEJIH CITyTHHKOB, J1a U1 OOBIYHBbIE HOBOTOJHUE (eiiepBepKH, Bce
OHM aHTUTpaBUTalMOHHble. Ha aHTHrpaBuTanuu paboTaroT aaxe
ABTOMOOMIIbHBIE IBUTATENI BHYTPEHHETO CTOPAHUS.

Bens B kamepe cropanust jr000ro ABUTaTens, B pe3yjbTaTe
COEMHEHUS YIJIEBOJOPOAOB C KHUCIOPOJAOM, ITPOUCXOJHUT CHUHTE3
VIJEKUCIIOrO Ta3a, KOTOPBIM paclMpssch H3-32 OTTaJIKUBAHUS
(aHTUTpaBUTAIlMM) €r0 MOJIEKYJd JApPYyr OT Jpyra, c OOJbIION
CKOPOCTBIO BBITEKAET YEPE3 COIUIO U TOJIKAET, B MOJIHOM COIJIACUU C
3aKOHOM COXpaHEHUS UMITYIIbCa, CAMOIIET, PaKeTy, 3aps geiiepBepka
WJIU TIOPUIEHB B TPOTHUBOIIOIOKHOM HaIlpaBJICHUU.

Oka3pIBaeTcs, YEJIOBEUECTBO YK€ JTaBHBIM-JABHO HCIIOIb3YET
AQHTUTPABUTALMIO B CBOMX HU3MEHHBIX M KOPBICTHBIX LENSAX, & BOT
TEOPETUKHU JI0 CUX TIOp ITOro Kak-To He coodpazunu. Hy, npsamo kax
repor komeauu Mosbepa, KOTOPBIN 1aXKe U HE JOTaAbIBAJICs, YTO BCIO
JKU3Hb TOBOPUII ITPO30H. ..

4. OB 3JIEKTPUYECKOM TOKE H
3JEKTPOMATHUTHOM WHIYKIIUH

Cpenn TBEPIBIX TEN CYLIECTBYIOT BEIECTBA, aTOMBI KOTOPBIX
UMEIOT OCOOCHHYI0O BHYTPEHHIOIO CTPYKTYpPY, cHenuduueckoe
pacrojoKeHue 3apsHKCHHBIX DJIEMEHTAPHBIX YaCTHIl, 00pa3yroIuX
aToM. HpeI[CTaBI/ITe.H}IMI/I aTOM TPpYIIIbl 3JICMCHTOB, HA3BIBACMbIX
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deppomaznemuxkamu, SBISIOTCS METAUIBI - JKele30, KOOATbT U
HUKENb (pHC.9), Yy KOTOPBIX B CHIy OCOOCHHOCTEH BHYTPEHHETO
CTPOCHUSI, JJIEKTPHUECKUE TOJS WX aTOMOB JIMHEHHO CMEIIEHBI
OTHOCHTEIIBHO JPYT ApPYyra W MPOCTOU
MarHuT SIBIISICTCS OOBIYHBIM

NEKTPUYECKUM  JUIOJIEM. Ot0
JIUHEIIHOe cMeu|eHUe SICKTPUUECKIX
MoJiell aromMa OTHOCHUTEIBHO JpYyT
Apyra MOXHO Ha3BaTb MeEPeKOCOM

aToM eppomarieTuka I'PaBUTALIMOHHOI'O I10JIS.
Puc.9

Ilepexoc 2pasumayuonnozo
noasa — 3TO M €CTh TO, 4YTO B (PM3UKE OIMMOOYHO HA3BIBACTCS
MazHumHbIM noJiem. Tlpupoaa, Kak Mbl BUJUM, BIOJHE O0XOIUTCS
CaMbIM1 MUHUMAJIbHBIMU U HpOCTBIMI/I Cpe,Z[CTBaMI/I.

B CI/IMMeTpI/I‘IHOM I‘paBI/ITaI_[I/IOHHOM I10JIC J'IIOGOI‘O TEia,
MOTEHIHAN JI000H TOYKM, KaK B IIOJ€ IIOJIOKHUTEIBHBIX, TaK H
OTpI/IHaTeHBHBIX 3ap;1;[0B, OJUHAaKOB,

o

hiteachueabuns bl II0O3TOMY Pa3HOCTb DJIEKTPUUECKHUX

FPABUTALMOHHOTO NONA

noTeHuMan

MMOTEHIIMAJIOB B JIIOOOH TOYKE TaKOTO
TOJISI paBHA HYIIIO.
Ipumeuanue! Kemamu, umenno

a
o

o | : nepeKkocol epasumayuOHHbLX noaneii

0 pacerome | 36€Hbes OJITUHHBIX Opeanu4ecKux
Puc.10a monekyn pesunvt, THK u muozux opyzux
6bICOKOMOIEKYTIAPHBIX coeounenuil,

AenAwmca npulmuoﬂ ceopauueanusa ux 6 cnupajiu, Komopbsle u npudalom
amum eeuiecmeam ceolicmea ynpyzocmu.

B acummempuunom rpaBUTAIMOHHOM TIOJIE B KaXKIIOW €ro
TOYKE  CYIIECTBYET  HEKOTOpas  pPa3HOCTh  DIEKTPHUYECKHX
MOTCHIHUAJIOB, KOTOpPAasa NpHUBOJAUT K CMCIICHUIO 3apsa/10B B Hp06HOM
TeJIe UM K TOJISIPU3ALMH, KOTOpasi PH NepeMelieHHH TPoOHOTo Tema
ocTaéTcsl HEM3MEHHOU. DTO TokazaHo Ha rpaduke (puc.10a). Ilpu

JBHMXKXCHUN HpO6HOFO TCJIa B N€PpeKouleéHHoM TPpaBUTAIITHOHHOM II0JIC
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(mMacnumnom), pa3HOCTb SJEKTPUUYECKUX MOTEHIIMAIOB OT TOYKU K
TOYKE MU3MEHSIETCS, B PE3YJIbTATE YETO B HEM BO3HUKAET JIBUKECHHUE

SJICKTPHUYCCKUX 3apsAa0B NI

R AIIEKTPUUYCCKHUI TOK.

TPaBUTALMOHHOTO Nona

notexywan £

D10 sBIEeHHE B (HU3UKE HOCUT
Ha3BaHUE INEKMPOMAZHUMH O
UHOYKYuu W TIOKa3aHO Ha rpaduke
(pucwol0b). OTo mo3BONAET TaK Ke

= da_>dq,

pacCTonNE

JeTKO OOBSCHUTH TMPHUHLHUI paldoThI,

Puc.10b
TaKk Ha3bIBaEMBIX, YHUITOJISIPHBIX
reHepaToOpOB 0e3 MIPUBJICYECHUS JHDKEHay4YHOUH Teopuun
OTHOCHUTEJIbHOCTH WJIM KaKUX-TO HecylecT Byromux cuit Jlopenia. To
00CTOSITENECTBO, YTO MArHUTHOE TIOJIe — 3TO IEpPEKOIICHHOE

IpaBUTAllMOHHOE TOJe, OOpa3oBaHHOE JIMHEHHO CMENIEHHBIMU
ANEKTPUYECKUMHU  MOJIAMH,  JIETKO  JIOKAa3bIBAETCS  IPOCTHIM
AKCIIEPUMEHTOM.

B onekTpoHHO-MyyeBOW — TpyOKe,  DIEKTPOHHBIH  Jyd
OTKJIOHSIETCSL 3JIEKTPOCTATUYECKUM IOJIEM IIJIOCKOr0 KOHJIEHCATOopa,
OTTAJIKHUBAACh OT OTPUIIATEIHLHON U MPUTATUBASICH K MOJOKHUTEIBHOMN

oOkyanke. DTO MOKa3aHO Ha PUCYHKE

I s (puc.11a). Ecau ke OTKIOHSIOLIYIO

AEHTEOH

HaTon :E a

CHUCTEMY  BBIMIOJHUTH II0  CXEMeE
e pucynka (puc.11b), wumuTHpOBaB
IIEPEKOC  TPABUTALMOHHOI'O  IIOJIA

MCKAY OJICKTpOAdaMH, TO IIJIOCKOCTb

OTKJIOHCHUA SJICKTPOHHOI'O Jy4da

Bt Oyzner nmoBépuyta Ha 90 rpaaycos.

To ecTh >MEKTPUYECKUMH TOJISIMH JIBYX Map 3JEKTPOIOB MBI
co3faéM MepeKoC TPaBUTALIMOHHOTO TOJS WM, APYTUMHU CIOBaMHU
MarHUTHOE TOJI€ U AJIEKTPOHHBIN Jyd, MPOXOAs Yepe3 3Ty CUCTEMY
DIIEKTPOJIOB, OYJET OTKJIOHSATHCS TaK ke, KaK B AJICKTPOMArHUTHOMN
OTKJIOHSAIOLIEN CUCTEME.
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Tak kak mr0OBIE 3JIEMEHTApHBIC YACTHUIBI COCTOAT U3 OoJjee
MEJIKUX CyOdJIEMEHTAapHBIX YacTHIl, OHM TaK K€ 00J1amarT, Ju0o
acUMMeETpHeH, 1100 HeOOIBIITNM MTEPEKOCOM IPABHTAIIMOHHOTO TIOJI,
B pe3yiabTaTe KOTOPOIO TMPH JIBIDKCHUH B aCHMMETPUYIHBIX
IPAaBHTAIMOHHBIX TIOJSAX JPYTHX OOBEKTOB, OHU IPHBOJATCS BO
BpallleHHe, KOTOPOEe TPAKTYETCSI COBPEMEHHON HAYKOW KaK CHUH.

JIUmonpHBIMA ~~ MOMEHTaMH B OCHOBHOM, Kak IPaBUIIO
00J1a/1al0T COCTaBHBIC YACTHUIIbI, KOTOPBIC TPU CTOJIKHOBEHHH JIETKO
packaiblBalOTCS Ha COCTABHBIE YAaCTH. JJIEMEHTAPHBIC YAaCTHUIIBI,
coCTOsIIHE U3 00JIee MEITKUX CYOBIIEMEHTIPHBIX YaCTHII PACKOJIOThH
HEBO3MOJXKHO, TaK KaK y YeJOBEUECTBA MOKA HET TaKMX UCTOYHUKOB
MOIITHOCTH. DJICKTPOH, 1O BCEH BUIMMOCTH, YacTHIIA COCTaBHas,
MOTOMY YTO IPH CTOJIKHOBEHHUH C MUIIICHBIO U3 TSDKEJIBIX METAJLIOB,
OH pakaiblBaeTCs Ha Oojee MEIKHE JJIEMEHTApHBIC YaCTHIIbI,
UMEIONINE  BBICOKYIO  MPOHUKAIOMIIYID  CIOCOOHOCTh.  OTO
PEHTTEHOBCKHUE JTYYH.

Kak nmumyt B yyeOHUKaX (PU3MKH, SIEKTPUUECKUNA TOK — ITO
MOTOK 3apsHKEHHBIX YACTHI] — JIEKTPOHOB. HO OrpoMHOE KOTUYECTBO

AIIEKTPOHOB, JABYKYIHXCS B
NPOBOJHHKE, IPEICTAaBIsIET COoOOoM
MHO)KECTBO ~ IapaJUICbHBIX  TOKOB,
KOTOpBIC 110 3aKOHY HPUTSKCHHS
napaiebHbIX TOKOB OoynyT

CTATMBaTbCA B TOHKMM  LIHYp,

Puc.12 MPOXOASAIINH IO LEHTPY MPOBOIHUKA.
B sTroM ciyyae HUKAaKOro 3JIEKTPUYECKOTO TIOJII BOKPYT
MIPOBOJHMKA HAOIIOJAThCS HE JOKHO, TaK KaK OHO B CHJy 3aKOHA
00paTHBIX KYOOB 04€HB OBICTPO YOBIBAET C PACCTOSTHUEM U K TOMY K€
OUYEHb CUJILHO IKPAHHUPYETCS aTOMaMU MPOBOJHUKA, OKPYKAIOLTUMU
TOKOMPOBOASIIMKN "HIHYp".
MexaHu3M CTSATMBAaHMS JBWXKYyLUXCs 3apsnoB  (puc.12)
00yCJIOBJIEH WX BOJHOBBIMH B3aUMOJCHCTBUSMHU WU Pa3HOCTHIO
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CKOpPOCTEM BOJIHBI, KOTOpasi 3aBUCUT OT HANpPsLDKEHHOCTH WM
"IJTOTHOCTU" TPABUTALIMOHHOTO TOJISI B KOTOPOM JBUKETCS 3apsil.
dokycupoBKa JeKTpoHHOTO Jy4a B DJIT 00ycioBieHa auib

T€M, UYTO Ha (OKYCHUPYIOUMI 5SIEKTPOJ NONAETCS BBICOKOE
HaIpsKEHUE, YBEJIIMUMBAOIIEE CKOPOCTh AIEKTPOHOB.

B peanvnocmu, s3nexmpuyeckuit mok npeocmaenaem coooii
06a 6CMPEUHBIX NOMOKA 3aPA006 PA3HO20 3HAKA, OGUICYUUXCA C
YCKOpeHuem, Ka)3covlil u3 KOmopwvix, 6 CUy 3aKOHA NPUMAINCEHUA
napanienvHplX MoK06, CMPEMUMCA 3aAHAMb MECMO 6 UeHmpe
npo6oOHUKA.

Ho Ttak kak caMu 3apshKE€HHbBIE YacTULbl MaT€pUaIbHbBI U
HEIPOHUIAeMBI, a MOJIS Pa3HbIX 3apsiI0B HA0OOPOT MPOHUIIAEMBI IPYT
U1l Ipyra, TO MX BCTPEYHBIE MOTOKU 3aKPYYHMBAKOTCA CHUPAIBIO
BOKPYT Apyr apyra. B aTom ciydae 3akpyyeHHbIE MOTOKHU 3apsi0B B
crnupansx OyayT CTPEeMHUTHCS K TMOBEPXHOCTH MPOBOJHHKA, YTO U
MOATBEPKIAETCS ONMBITOM. M B 3TOM e cllydae BOKPYT IPOBOIHUKA C
TOKOM TIOSIBUTCSI HeEpeKOC TPABUTAIMOHHOTO TMOJs (MazHummHoe
nosne), KOTOPBIA MOKHO OOHAPYKUTH C TIOMOIIIBIO CTPENIKH KOMITAca.

[Ipn nepemeHe HampaBieHHs TOKa, HAIpaBJICHHE IEpeKoca
WU3MEHUTHCS U MarHUTHAsl CTPENKA OTKJIOHUTCS B JAPYT'YIHO CTOPOHY.
[Ipn DpoOXO0XJIE€HWH IO TPOBOJHUKY NEPEMEHHOTO TOKA, MOTOKH
3apAI0B  MEHSIOT HANpaBJIICHWE JBUKEHHS M, COOTBETCTBEHHO,
MEHSETCSI HampaBJeHUE BpalleHUs CIOHUpajed, 4YTO MPUBOIUT K
OBICTPBIM H3MEHECHHSIM TEPEeKoca TPABUTAIMOHHOTO IOJISI BOKPYT
MPOBOJIHMKA U PACOpOCTPAaHEHUIO H3TUX HU3MEHEHUHM B BUJIE
TPaBUTALIMOHHBIX  BOJIH, KOTOpble B  (U3MKE HA3BIBAIOTCS
I7IEKMPOMAZHUMHBIMU VA PAOUOBOTIHAMUL.

OTH  BOJHBI  BOKPYT IIPOBOJHHMKA C  IEPEMEHHBIM
JNEKTPUYECKUM  TOKOM, HMEIOT  C(HEepHuYecKylo  JAHarpaMmy
HAIPaBJIEHHOCTH U 0CJIa0eBalOT ¢ PACCTOSIHUEM I10 3aKOHY 00paTHBIX
KBaJpaToB.
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[pumeuanne! Cywecmeoganue 8CmpeuHbIX NOMOKOE 3aPsA006
00yCno6eHo mem, Ymo 6 Mamepuanax 00bIYHBIX NPOBOOHUKOB 6Ce20a
npucymcmeyem He3HauumenbHoe Konuuecmeo yacmuy c
ROJIOMCUMENIbHOI  acumMMempuell  2pasumayuoOHHbIX  noaei  —
nozumponos. Ha pucynxe (puc.l) [2n1.3] nozumponst nokazanut 3ej1eHblm
ueemom. DIeKMPOHbL U NOZUMPOHBL, NPUMASUGAACH OpYyZ K OpY2y,
oopazyrom  HelmpanbHble uacmuyvl, KOMOpPble HAXOOAMCA 8
Mexycamomuom  npocmpancmee  geuwjecmea.  Kozoa  paznocmo
HOMEHYUAI08 BHEWHE20 UCHOYHUKA ITNEKMPUYLECKO20 MOKA PA3Pbléaen
UX, OH HAUUHAIOM OBU2AMDBCA 6 NPOMUGONONONHCHDIX HANPAGIEHUAX,
€030a6as ecmpeuHvle HOMOKU 3aPs1008.

C »TOif TOYKM 3peHUs NONpPoOyeM OOBICHUTH MEXaHH3M
BO3HUKHOBEHHUSI TOKa caMOMHIyKuuu. Korga k KoHIIaM pOBOJIHUKA
(puc.13) npunoXkeHo HaIpsDKEHHWE, B HEM HA4YMHAETCS JBUKECHHE

3apsAA0B.  OJEKTPOHBI  JABIDKYTCSL [0 HANpaBiICHHIO K
MOJIO)KUTEIPHOMY  TOJIOCY  MCTOYHUKA, TO3UTPOHBI — K
OTPULIATEIILHOMY.

Tak Kak MOTOK IO3UTPOHOB, Ha TpaduKe OH IOKa3aH
OpaH)XEBBIM I[BETOM, B CBSI3M C OTPHUIATEIHLHON acCHUMMETpUEH
BEIIIECTBA HAIIETO MUPA, HUYTOKHO MaJl U JIUIIb CIeTKa YMEHBIIACT
Pa3HOCTH AJICKTPOHHBIX MMOTEHIIMAJIOB, TO MbI OyJIeM paccMaTpuBaTh

= TOJNBKO JABUKEHHUE 3JIEKTPOHOB.
P dP(-=P,-P, | XOTHa MOTOK IO3UTPOHOB
S dP(+)=P,-P, .
! dP=P,-P, | SBIISICTCS MPUINHON
P |
Py L | 3aKpy4MBaHWs MIOTOKOB 3aps/I0B
=T | B crimpank, 14 HAC 3TO TOKA He
: AMEET 3HAYEHMUS.
- D+
ONEeKTpOH, ABUIAACh K
Puc.13

IIOJIOXKUTEILHOMY IOJIIOCY

MCTOYHHMKA TOKA, HEMPEPHIBHO U3MEHSAET CKOPOCTh M3-3a MOCTOSIHHO
YBEJIMUYUBAIOLIENCS, COITIaCHO 3aKOHY KyJloHa CUIIBI IPUTSKEHHUS.

N3-3a  3TOM  pa3HUIBI  CKOPOCTEW  DJIEKTPOHOB  HA

MPOTUBOMOJIOKHBIX KOHI[aX MPOBOJHUKA, BO3HUKAET Pa3HOCTb HX
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KOHILIGHTpaluuid uian pa3HocTh noreHuuaioB dP.=P2 —Pi1. U3 neé
BBIYMTACTCS Pa3HOCTh TIMOTEHIMAJIOB, CO3/aBacMasi BCTPEYHBIM
IBUKeHUEM NO3UTPOHOB dPw)=P3-P1. Pesynprupyromas pasHOCTh
noTeHIManoB onpeaensercs Gopmynoit dP=P2-Ps.

[Ipy OTKIIOYEHWHM HCTOYHHUKA TOKA, IMOJ ACHCTBHEM 3TOU
pasHoctu mnoteHuuanoB dP, SIeKTpoHBI, HaKoONMUBIIKMECS B
OTPULIATEILBHOM KOHLIE MPOBOJHHUKA MPOJOJDKAIOT JBHKEHHE K
MOJIOKUTEIPHOMY KOHIy M TI0 HWHEpPUMU HAKAIUIMBAIOTCA B HEM,
co3maBasl yXe HECKOIbKO MEHBIIYI0O O0O0paTHYI  pa3HOCTh
MMOTEHIIHAJIOB.

B pesynmbrare geidcTBHS  3TOM  OOpaTHOW  Pa3HOCTH
MOTEHITMAIIOB, JJEKTPOHBl HAYMHAIOT [IBUTAThCI B OOpaTHOM
HampaBJeHUW © Tporecc TmoBTopsieTcs. [lociae  HECKOJIBKUX
3aTyXaIIUX KONeOaHWHA, 3aBHCAIIUX OT JUIMHBI TPOBOJHHUKA,
KOHIIGHTpalKs 3JIEKTPOHOB BBIPABHUBAETCS M TOK IpEKpaIiaeTcs.
DTOT TOK B 3JIE€KTPOJIMHAMUKE U HA3bIBAETCA TOKOM CaMOMHIYKIUH.

Ecnu psimoM ¢ MpOBOJHUKOM TOMECTUTH (heppOMAarHUTHBIN
MaTepuan, TO TepHoj KoyiieOaHWil yBETWYHMTCS H3-3a TOTEpPh Ha
MEPEOPUEHTAIIUIO €T0 aTOMOM.

OTcro1a MOKHO clieTIaTh BBIBOJI, YTO MPHU MPEKPAIICHUHN TOKa,
AJICKTPUYECKUE KOeOaHsI BOSHUKAIOT HE M3-32 M3MEHEHHSI HEKOETO
MHU(PUIECKOTO MAarHUTHOTO TIOJISA, & TI0 COBEPIICHHO JIPYroi MPUYUHE
W 4YTO 3TO MAarHUTHOE I0JI€, HUKAKOr0 Yy4acTUs B IMpOIECCE HE
MPUHUMAET.

A nOIMOMyY HUKAKOU IIEKMPOMAZHUMHOU CAMOUHOYKYUU,
MaK xce KaK u camo2o MAcHUMHOZ20 NOJIA He CYULeCmeyent.

Bricokoii KOHIIEHTpaluel 3JEKTPOHOB TaK K€ OOBSICHIETCS U
TOT (paKT, 9YTO HUTh HAKATMBAHUS JAMIIOUYKH YaCTO MEPEropaeT OKOJIO0
OTIOPHOTO 3JIEKTPOJIa ¢ KOTOPOTO B MOMEHT BKJIFOUECHHSI TIOCTYIAIOT
3JICKTPOHBI, XOTA JOJIKHA OBl IEPETropaTh MOCPEANHE, TaK IECKTPOIBI
UTPAIOT POJb TEIIOOTBOMAA.
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IIpu KOHTaKTe BEIECTB (METAJIOB) C PA3JIUYHON BETUYMHON
OTPULIATENIbHON acCUMMETPUH TPaBUTAILIMOHHBIX TOJIeH aTOMOB,
MEXIy HHMMHM BO3HHUKAE€T HEKOTOpas pa3HOCTh JJIEKTPUUECKUX
MOTEHITMANIOB (MOTEeHIUAIbHEIN Oapbep (puc.14)). ITlostomy mpwu
MIPOXOXKACHUN TOKA Yepe3 TaKOM KOHTAKT B OJIHOM HarpaBJIeHHUH, 3Ta
pPa3HOCTh MOTEHLMAIOB CKJIAIBIBACTCA C PAa3HOCTHIO IMOTEHIMAJIOB
UCTOYHHKA TOKA, a B IPYTOM JIEMCTBYET NMPOTUB HEE, TO MPUBOIUT K
pa3MYHON BETMYMHE TOKa, TPOTEKAIOUIEr0 4Yepe3 KOHTAKT,
3aBUCSAIIYIO OT €r0 HaIpaBJICHHUS.

Jpyrumu cioBamMHu, KOHTAaKThl METAUIOB C Pa3IUYHON

U BEJIMYMHOMN ACHUMMETPUH
o0JagaroT cl1a0bIMU
L "BBINPSIMUTEITbHBIMHU

CBOﬁCTBaMH, 3aBUCAIIIUMU OT

BEJIMYNHBI KOHTAaKTHOU

pa3HOCTH MOTCHIINAIOB.
Karog AHoa .

KoHTakTh! O4YeHb OOJIBIION,

\

o6nacTh ¢ Manoll . 06nacTs ¢ Gonbwont | TCXHOJIOTHYECKHU CO3JIaHHOM,

oTpULATeNLHOA oTpULATeNIbHON o
acuMmeTpuen (+) ACUMMETPHEN (=) Pa3HOCTBIO ACUMMCTpPHUH,

Puc.14 CO3/IAIOIIHNE OOJTBIITYO

KOHTAKTHYIO Pa3HOCTh TMOTEHIIMAIOB (IMOTEHIUAIBHBIN Oapbep),
HA3bIBAIOTCS MOJTYIPOBOAHUKOBBIMU JIMO/IaMHU, TOK Y€pe3 KOTOphIE B
mpeJienax 3TOro MOTEHIIUAILHOTO O0apbhepa, MOXKET T€4b MPAKTUIECCKU
TOJIbKO B OJIHOM HaIlpaBJICHUHU.

[Tpu moAKITIOYEHUH UCTOYHHKA MUHYCOM K O0JIACTH C Majou
OTPUIATENIEHON cuMMeTpHuei (p), 0003HAUYEHHOW MallbiM 3HAKOM
MMHYC(p), DJIEKTPOHBI JIETKO TMPOHHUKAIOT B HeE MOJ JeicTBUEM
HeOONbIION pa3sHOCTH TOTCHIUATOB Umin, MOTOMY YTO CHJIBI
OTTaJKMBaHUA cial0bl. VX MpOHMKHOBEHHE B 30HY KOHTAKTa eué u
obJyieryaercss TeM, TO B 3TO BpeMs 3JIEKTPOHBI M3 00enX oOiacTei
YXOAST B HANpaBIICHUU TMOJIOKHUTEIHLHOTO TOJOCAa MUCTOYHUKA TOKA,
YMEHbIIIAs UX ACUMMETPHIO.
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[Tpu moAKIIOYEHUHM UCTOYHHKA TOKAa MHHYCOM K 00JacTu ¢
OOJIBIIION  OTpHIIATENIBHOW acUMMeTpuell (n), 0003HaYECHHOM
OOJIBIIUM 3HAKOM MHHYCm), DSJIEKTPOHBI HMCTOYHUKA HE MOTYT
NPOHUKHYTh B HEE H3-3a CWJI OTTAJKUBAHUSA, U TOK B 3TOM
HalpaBJICHUU Yepe3 KOHTAaKT He mnpoxoauT. [lpu npeBblieHUn
oOpaTHOM BHEIIHEH pPa3HOCTHIO TIOTEHIIMAIOB IMOTEHIIUAIBHOTO
6aprepa Unp, B CBSI3U ¢ OONBIION KOHILIEHTPAILMEH SJIEKTPOHOB B
o0nacTv aHONA, SBISAIOIIMXCS HOCUTENSMU TeIjia, MPOUCXOTUT
TETIOBOK MpoOoii [ri.9] U BBHIIPSAMUTENIBHBIE CBOWCTBA KOHTAaKTa
tepstorcsi. Ecim  aHonmHas o007acTh KOHTAaKTa YCTaHOBJIGHA Ha
TEIJIO0TBO/IE, MPOOOH HE MPUBOIAUT K Pa3pyIICHHIO KOHTaKTa M TO
MOCJIE CHSITUSI BHEUIHEW Pa3HOCTH MOTEHIIMAJIOB, CBOMCTBA KOHTAKTa
BOCCTaHAaBJIMBAIOTCS.

Ha rpaduke mokazaHo pacmnpeseneHne TMOTCHINAIOB U
CTAHOBUTCS MOHSATHO, MOYEMY TAKOW KOHTAKT MPOBOJUT TOK B OJTHOM
HaIlpaBJIEHUHU, TOKAa3aHHOM CTPEIKOM. 3/1ech HampanmBaeTcs
aHaJIOTHs ¢ HAKJIOHHOM MIOCKOCTBIO.

Ipumeuanne! Tax kak ¢ npupooe Hem HUUE20 BUPMYATIbHOZ0 UIU
MHUMO20, 00bACHEHUE YUEHDIMU MEXAHUIMA NPOMEKAHUs MOKA Yepes,
makoiu KoHnmarxkm, Hazvieaembulil n-p nepexodom C noOMouibro
Hecyuwiecmeytouux "'0vIpoK'', HecocmoamenvHo, U A6AAEMCA MAKOU Hee
uyuivlo, Kak zpasumauuounbtﬁ KoJuianc Wil KAK 603HUKHO6EHUE 6
BAKYYME HEKUX eUpmMYA/IbHbIX HaACmuy wuiu KeAHmMO6 Ineplul. Jwoovie
63aUMO0eiCMEUsT 6 RPUPOOE — IMO 63AUMOOCHCHGUS He MHUMbBIX WU
SUPMYA/IBHBLX, A COBEPULEHHO PEAIbHbBIX MAMEPUAIbHBIX YACMUY,.

Hcxons u3 BBIIEU3IIOKEHHOTO, MOKHO CIIENIATh CIEIYIOLIHMI
BBIBOJI: TPOBOJHUKH — OJTO BEIIECTBA HMEKOIIee HEOONIBITYIO
OTPULATEIbHYI0 ACHMMETPHUIO TPABUTAILMOHHBIX MOJIEM aTOMOB, B
KOTOPBIX JJIGKTPOHBI MOTYT ME€peMEelaTbcsl TMOJ JEUCTBUEM
HEOOJIBIIION PA3HOCTH TOTCHIMAIOB. A H30JSITOPBI, HAO0OPOT,
00J1a1a10T OYeHBb OOJIBIIION OTPHIATEIIBHOW aCUMMETPHEH, TI0OITOMY
JUTSE TOTO YTOOBI DJIEKTPOHBI MOTIU B HHUX IEPEMEIIATHCS, HYXHO

NPUIIOKHUTH K HUM O4€Hb OOJIBIIYIO Pa3HOCTh MOTEHIIMAJIOB.
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To ectb BOHpeKH MHEHUIO O(HIMATBHOM HayKH BCE
MPOUCXOAUT C TOYHOCTHIO HA0OOPOT, BEMIECTBA C OOJBIIMM
COJICpXKAHUEM DJIEKTPOHOB — 3TO H30JIATOPBl, a C MaJbIM—
NPOBOJHUKHU. ['a3pl, HMeIOIIHMEe OYEeHb OOJBIIYI0 ACHUMMETPUIO
IPAaBUTAlUOHHBIX  IOJIEH  aTOMOB,  €CTECTBEHHO  SIBISIOTCA
u3onsaTopamMu. /s TOro, 4TOOBI 3JEKTPOHBI MOTJIU ABUTaThCS B Ta3e,
OH JIOJDKEH OBITh CHJIBHO Pa3pekeH, YTO MPUBOAUT K YMEHBIICHUIO
KOHIICHTPALIUH 3JIEKTPOHOB UJIH O0ILEH OTpHULIATEIbHOM aCHMMETPHH,
YTO YBEJIIMYUBAET €TI0 AIEKTPOIPOBOJAHOCTD.

XKuakocty, MMEOT TOpa3 0 MEHBIUIYI0 aCHUMMETPHIO, 4YeM
rassl, HO OonblIyl0, 4eM TBEpABIE Tela, MOITOMY MEXaHHU3M
JIEKTPOIIPOBOTHOCTY B HHUX HECKONbKO cioxkHee. OH CHIBHO
3aBUCUT OT aCUMMETPUN aTOMOB CaMOM JKUIKOCTH U MaTe€pHUaJIoB, U3
KOTOPBIX CAEJIaHbl AIEKTPOJIbI.

Ilepexoc TpaBUTALlMOHHOTO TOJSA 3eMIM (MazHummuoe nosne),
00yCJIOBJICH KPYTOBBIM JIBHKEHUEM 3apsKEHHBIX YaCTHUI] COTHEYHOTO
U3JTY4EHUs, 3aKPYUCHHBIX CYyTOYHBIM BpallleHHEM 3eMHOM aTMochepsl
(puc.15). Takum obpa3zom, 3eMist HAXOAUTCS, KaK Obl, BHYTPH JBYX

SSpaxcmanne OOBIUHBIX KATYyIIEK C TOKOM, IO
AoAn Joamng o
OIHOM M3 KOTOPBIX JABUXKYTCA
-
L OTpULIATENIBHBIE 3apsiibl, a IO
g COAHEYHOR o
I pagwaymm APYTOHU - IMOJIOKHUTCIIbHBIC.
8 4 OTHU TOKH CO3aI0T BOKPYT
3emid [Ba MarHUTHBIX I1OJIA,
PANHE NS HHbIE
nasea . HaIlpaBJICHHBIX HABCTpedy APYr
Puc.15 npyry. Ilpmuém, TOK  BO
BHYTPEHHEHN KaTyIlKe
o0pa3oBaH  NPEUMYILECTBEHHO  TSDKEIBIMU,  TOJOKUTEIBHO

3apsHKCHHBIMH YaCTHIIAMHM — TPOTOHAMHM, a BO BHEIIHEH — Ooiee
JETKUMH, OTPUIATEIIEHBIMH — SJIEKTPOHAMH.

OTH TOKM U OO0pa3yloT, TaK Ha3bIBa€MbIC, pPAOUAUUOHHbBIE
nosaca. Pe3ynbTupyloliee MarHuTHOE IIOJIE, €ro MOJSPHOCTh U
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HaNpspKEHHOCTh  HAIIPSMYKO  3aBHUCSAT OT TOrO, Kakue 3apsjbl
npeo0jagaroT B TMOTOKE M3IYYCHHs, TIOJIOKHUTEIbHBIC  WIIH
OTpHIIATEIIbHEIE.

[To HanpaBsIeHUIO BpallleHUsT 3€MJIA, MOKHO JIETKO OTIPE/ICIIUTh,
YTO B M3JIyYEHUU TPEOoO0JIalaloT OTPUIIATENbHBIE 3apsnbl. Tak Kak
Hamia oOJacTh BCEJICHHOH HMMEET OTPUIIATEIbHYI0 aCHMMETPHIO
aTOMOB BEIIECTBA, MIOTOK MOJIOKUTEIBHBIX 3apsiI0B HUYTOKHO MaJl.

[pumeuanne! Ecau 60v1 codepicanue RHONOIHCUMETbHBIX U
OMPUUAMENbHBIX 3aPA008 6 HOMOKe u3jiydeHus Obliu  pasHbl,
nonapuocmu ''maznumnuix'’ noneii, ooOpazyrOUUXCca NPU UX OGUIHCEHUU,
Ovliu Obl paeHvl U NPOMUEONONONHCHbL. B pesynomame 3mozo onu
CKOMReHcuposanu o0vl opyz opyza u nianema 6000uie Ovl He umena
«MAZHUMHO20 NOA».

Kax npaBuiio, miianeTsl, He UMerOIIHe atMochep, HeE UMEIOT U
MAarHUTHBIX IOJIEH, B CUIIY TOTO, YTO TPAEKTOPHUH YACTHUIL] COJTHEYHOTO
W3JIyYEHHS] B HUX HE 3aKPYUYMBAKOTCS U MEpeKoca TPaBUTALMOHHOTO
NOJII HE NPOUCXOAMUT. XapakTepHbI Tomy mnpumep - Jlyna. Ona
MPAKTUYECKH HE MMEET aTMOC(ephl, MOATOMY €€ MarHUTHOE TOJe
HCYE3AI0IIE MaJIo.

[TepenomtocoBKa MArHUTHOTO MOJISI 3€MJIM BO3MOKHA JIMIIbL B
JIByX CIy4asxX, B CJIy4ae H3MEHCHUS COOTHOUICHUS COAECPKAHUS
MPOTHUBOIIONIOXKHO 3apSDKEHHBIX YACTHI[ B MOTOKE COJHEYHOTO
W3JIyYEHHS WIH KE B CIy4ac U3MEHEHUS HAIIPABICHHUS €€ CYTOUHOTO
BpamieHus. COBEPIICHHO $ICHO, YTO TIOCIEeIHEe aOCOIIOTHO
HEpeabHO.

HeoOxomuMo 3aMeTHTh, YTO COOTHOIICHHUEM COJEP>KaHUS
MIPOTUBOIIOJIOKHO 3apsLKEHHBIX YacTHL B COJIHEYHOM H3JIyYEHHH,
JIOCTUTAIONIEM 3eMJid, onpeaensercas W MakcuManbHblid  KIIJ]
COJIHEUHBIX OaTapeil.

B ciyudae paBeHCTBa MOTOKOB  MOJOXHUTEIBHBIX U
OTPHUIIATEIILHBIX YaCTHIl, COJTHEYHBIC Oarapen BooOIe padoTaTh HE
Oynyt. COOTBETCTBEHHO, 4eM OOJIbIIIE PA3HULIA B UX COACPKAHUH, TEM
Beime Oynet ux KIT/I.
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[TonspHble cuAHUSA Tak e OOYCJIOBJIECHBI IOMNAJaHUEM B
atMocepy 3eMiu TOTOKOB YAacCTHUIl, BBIOPOIIEHHBIX MOIIHBIMU
COJTHEYHBIMHU BCIBIIIKAMU M HUMEIOLIUX CKOPOCTh MPEBBIIIAIOLIYIO
CKOPOCTh PaclpOCTPaHEHUs BOJIHBI B IPAaBUTALMOHHOM IoJie 3eMJIU
(ceepxceemosyro ckopocmsp). IT0 00bIMHOE TposiBieHUE A(DdekTa
Basunosa-YUepenkosa.

IloTokn »3THMX dacTul, IpPOHHUKAass €O ''CBEPXCBETOBOW"
CKOpPOCTBIO B aTMoc(epy, CO37al0T CBEYCHHE, XOPOIIO BUIUMOE B
HOJISIPHBIX 007acTax 3emiu. B sxBaTopuanbHOil 001acTH TpaeKTOpUn
YacTUIl OTKJIOHSIIOTCS, 3aKpy4MBascCh BpalleHueM atMocdepbl, U
YacTULIBI TEPSIIOT CKOpocTh. [103TOMy cBedeHHe B SKBATOPHUAIBHBIX
00J1aCTSAX OYEHb cl1aboe, MPAKTUUECKH HEBUIUMOE T1a30M.

Pe3kumu Kkosje0aHUSMU COOTHOILIEHUSI MPOTHUBOIOIOKHBIX
3apsI0B B IIOTOKE COJIHEYHOIO M3IY4YEHMs], B PE3YyJIbTaTe BCIBILIEK,
00yCJIOBJICHBI, U TaK Ha3bIBaeMble "MarHUTHbIE" OypH.

A cre10BaTeNbHO, HAUBHBIE YTBEPKACHUS YUEHBIX O TOM, YTO
MarHUTHOE TIoJie sBisieTcs 'mry0oil", 3ammMmaroniei Hac OT
COJIHEYHOM pajualuu, IPOCTO CMEXOTBOPHBI U COBEPILIEHHO HE
COOTBETCTBYET ACMCTBUTEIBHOCTH, MOTOMY UYTO MAarHUTHOE IOJie
MOPOXKACHO ATOM K€ COJNHEYHOH pamuaruend. I oHo camo mo cebe
HACTOJIbKO cjaboe, YTO Y HETO e/IBa XBaTaeT CHIIbI TIOBEPHYTH JETKYIO
CTpPEJIKY KOMITaca Ha OCTPHE UIJIBL.

A my6oii sBnsieTcs cama ra3zoBas aTMocgepa IUIaHEeThl, XOTs
OHa OYEHb cJIa00 3alUINACT HAC, IOTOMY YTO IOYTH HE 33aCPKHBAET
COJIHEYHOE U3JIyUYECHHUE.

BemecTBo ¢ uneanbHON CUMMETPUEN IPaBUTALMOHHBIX T10JIEH
aTOMOB SIBJISIETCS UCAIbHBIM H30JIATOPOM, TaK KaK B HEM MOYTH HET
CBOOOJHBIX 3apsiIOB. A 3HAYUT OHO JTOJDKHO ObITh HEBUIMMO. Kpome
TOTO OHO 00JIaZJaeT CaMOM BBICOKOW TBEPIOCTHIO M MPOUYHOCTHIO. K
CYACThIO CYIIECTBOBAHME TaKUX BEILECTB B MPHUPOJE HEBO3MOXKHO,
TakK ke 6maronaps chepuyeckoil METpHKE BCEICHHOM.
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5. Ob MHEPIIMHU U OINUBKE HBIOTOHA

[TonsiTe Macchl B COBpEMEHHON (DU3UKE SBIISICTCS OTHUM M3
KIIIOYEBBIX (YHIAMEHTAIBHBIX TMOHATUH. B 3TOM riaBe Mbl yBHANM,
4yTO (hyHIAMEHT 3TOT IMOCTPOCH U3 TIecKa. .. Kak Ham roBopuT pu3nKa,
BEC Teja OMpeAeNsieTcsl CWIOW T'PaBUTAIMOHHOTO MPUTSKEHUS K
3emne. I Bec »TOT Oyner 3aBHCETh OT BBICOTHI, Ha KOTOpOH
pPacroJIO)KEHO TEJO0, MOYTH B COIVIACMU C 3aKOHOM "BCEMHMPHOIO"
TAroTeHUs Aeayku HeroToHa.

Teno cOpomeHHOE €O CTONAa BCEerjaa MajaeT Ha IO, HO
HUKOT/Ia Ha noTosiok. Kak Bel nymaere, nouemy? Jla motomy 4To Ha
MOJIy CHWJIa TIPUTSDKCHHS OOJibIlle YeM Ha BbICOTE cToja. U emé
OoJibIlie, YeM Ha BBICOTE MOTOJKA. Eciy ObI CHIIBI IPUTSHKEHUS OBLTH
OJIMHAKOBHI, TEJIO HHUKyJa Obl HE majgano. B aTom yerko ydemurcs,
MOJIO’KHUB MSTYMK HA TOPU30HTATIBHYIO TOBEPXHOCTD.

OH HUKY/a HE TIOKATUTCS, TaK KaK CHIIBI IPUTSKEHUS B JIFO00H
TOYKE TOPU3OHTAIBHOM IIOCKOCTH — OJMHAKOBbL. HO crouT nuiib
CJIeTKa HAKJIOHUThH IUIOCKOCTh, KaK Ha HEW TOSBATCS Y4YacTKU C
OoJIbIIIeH CUIION TIPUTSHKEHUS. ITO YIaCTKU, HAXOJSAIIUECS OJIIKE K
MOBEPXHOCTH  3€MJIM. BO3HMKHET  pa3HOCTh  ypOBHEH W,
CJIEIOBATEIIbHO PA3HOCTh TPABUTAIIMOHHBIX IMOTEHIIUATIOB, IO
JIEUCTBUEM KOTOPOM, MSUMK MOKATUTCS B CTOPOHY HakjIoHa. M yem
00JIbIIIE YTOJI HAKJIOHA, TEM BbIIIE OyIeT CKOPOCTh IBUKECHUSI.

COpocuB rpaMMOBYIO JPOOWHKY 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
3emui€ii ropa3no cuiabHee, 4eM JIpoOuHKa. He ymest 0OBsICHUTD 3TOT
napajokc HpIOTOH W yd€HBIe TPUAYMAId HEKYH HHEPIMOHHYIO
Maccy, KOTopasi 110 €ro MHEHHIO, KaK Obl "'COMPOTUBIIACTCA" MaICHHIO.
W no pesynbpTaTaM pa3IHYHBIX XUTPOYMHBIX SKCIEPHUMEHTOB, Y HUX
9Ta MHEPIIMOHHAS Macca MPAKTUYECKH, COBIA/IAET C TPABUTAIMOHHOM.
To ectp ¢ Becom. Ha camoM 1ene, OOBSICHEHHE JTOrO SIBICHHUS

9JICMCHTApPHO IIPOCTO.
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Ha nro6Oble Tena, nake eciy OHM HAXOHSATCS B COCTOSIHUHU
CcBOOOAHOrO  MaJeHMs,  JEMCTBYeT  3€MHOE  MPUTSHKEHUE,
U3MEHSIOIIEECs B 3aBUCUMOCTH OT paccrosHus. lIMeHHO mox
JEHCTBUEM  PA3HOCTM  CHJI  TPUTSHKEHHUS  WIM  Pa3HOCTH
rPABUTALMOHHBIX TOTEHIIMATIOB HA Pa3HBIX BBICOTAX OHM M MAJAIOT.

EcrecTBeHHO, YTO WX BeC NpU CBOOOJHOM NaJEHUH HE
OILYIIAETCs, TAK KaK OHH HE JaBAT HA ONOPY UJIU MTOABEC, IOTOMY UTO
ATOH ONOpBI HET WJIM OHA Ma/JaeT BMECTe ¢ HUMHU. [Ipyrumu cioBamu
npyd CBOOOJHOM MAJCHUU TOJ JEHCTBUEM TPaBUTAIIMOHHBIX CHII
NPUTSKEHUS, Tela' Beca HE TEPSOT. DTO TONBKO HMMHUTALMS WIH
WJUTIO3USI HEBECOMOCTH.

Jrobas cwiia B mpUpoe — 3TO BCErla pe3yiabTaT IEHCTBUS
Pa3HOCTH IPaBUTALIMOHHBIX MOTEHIIMANIOB, Oaroapsi KOTOpoH, TeJo,
Haxojdlleecs Ha MOBEPXHOCTU 3eMIIM HJIM JIIOOOTO TATOTEIOMIETO
TeNa, IPUTATUBAETCS CUIIBHEE, YEM TEJI0, HaXOA1Ieecss HA HEKOTOPO
BbICOTE HaJ HUM. Hukakas Macca Ha CKOpPOCTh (YCKOPEHME) MafCHUS
He BinsAeT. M Kak TOJIbKO OHU KOCHYTBCS IOBEPXHOCTH 3EMIIH, UX BEC
Cpazy ke 1 0OHapY>KUTCS, B BUJIC BMATUH Pa3HOU BEITMYUHBI.

Kocmonatet B MKC Tak e mnom JEHCTBUEM pPa3HOCTH
rPABUTALMOHHBIX TOTEHUHUAJIOB (BECa) HENPEPHIBHO MAJal0T Ha
3emiro. ToJIbKO OHM Beca 3TOTO HE OUIYIIAIOT, TaK MaJal0T BMECTE C
MKC. Opnako Omarogapss TOPH30HTAIBHOM  COCTaBIISIONICH
CKOPOCTH, paBHOW I-i KOCMHMYECKOH, OHM HE€ YCIEBAlOT Ha Heé
ynacTb, HIOTOMY YTO 3eMJIsl IOCTOSIHHO "YXOAUT Y HUX U3-nog Hor"'. U
B pesysbrare 31oro MKC nocTossHHO HaXOUTCsI Ha OJJHOM U TOH ke
HEOOJIBIION, 10 CPABHEHUIO C pa3MepaMH 3eMHOTO 11apa, BHICOTE.

[ToaTOMy KOCMOHABTBI TaMm BECAT MOYTH TaK XK€, KaK U HaA
3emJyie, pa3Be YTO Ha HECKOJbKO KWJIOTPaMMOB MeHbIIE. Bec 3TOT
peaIbHO OLIYIIAETCs, KOI/la KOCMOHABTHI, HAIIPUMED, TOJIKAIOT JPYyT
JIpyra Wik mepeMeniaroT Kakue-aubo npeamersl. Ho ecnu cranmuio
HOJTHATH HAa OPOUTY, BHICOTOW PAaBHYIO MJIH MPEBBIMIAIONIYIO PATHYC
wiaHeTsl, npuMmepHo 6300 KM, KOCMOHABTHI OYAYT BECHUTH TaM,
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OYKBaJIbHO, MUKPOTPAMMBI M TIPY TOJTYKaX OYIyT JIETKO OTCKaKUBATh
JpYr OT Apyra, Kak BO3AYLIHbIE LIAPUKH.

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

Kaxk pa3 30ece 6yoem ouenv ymecmmno 3amemums, 4mo cyosa no
Xapakmepy O08UMCEHUA AMEPUKAHCKUX ACHMPOHABMO8 HA KUHOKAOPAX,
CHAMbBIX, AKOObl Ha JIyHe, OHU mam HUK020a He OvLiu. 3abaysHcOeHUs
OMHOCUMEIbHO MO020, YO Yy MAmepuu ecmv UHEPMHA MACCd, CblZPaio
C HUMU 37110 WIYMKY, npeepamue ux 6 ''oomanymoix oomanugurkos''

Xopowio 3amemno, umo Imom crloycem CHUMAICA HA 3eme u ¢
NOBLIIEHHON  YACMOMOIl  CMeHbl KaOp08, HNOIMOMY  OBUNCEHUA
ACMPOHABM 06 KAXHCYMICA HECKOILKO NlA6Hee U MedleHHee 00bIYH020. A
6 CUly MeHbulez0 8ecd, NPpU HEeU3IMEHHOU MbIUEUHOU cuile, XapaKmep
osudicenus nrooeil Ha JIyne 6yoem cosepuienno opyzum.

Paouyc 3emnu cocmasnsem — 6300xm, a paouyc Jlynvt 1700xkm.
To ecmv paouyc Jlynvt menvwe zemnozo ¢ 3,7 paza. To ecmw, coznacno
dopmyne, npueedénnoii 6 2nase, [21.3] eé 00vem, a cnedoeamenvbHo u cuna
npumsacenus na JIyne 6yoem ¢ (3,7)° = 50 pas menvwe, uem na 3emne.

Iloamomy Osudicenusn acmponasmos, eecauiux na Jlyne emecme co
cKaganopamu, ne oOonee 3-5 Kunozpammos, npu coxpamenuu ux
duzuueckonr cunvl, 0yoym 0071ee ObicmpLIMU U PE3KUMU, KAK Y
Ky3neuuxos. H neocnopumsie 0okazamenbcmea 3mozo 0yoym noayqeHsl
npu nepeom Jjice HACMOAUEM ROCEU|eHUU KOCMOHAGMAMU HAULEZ0
CHYMHUKA.

A meneps npukumnem, cKOIbKO Oydem @ecumb KOCMOHAGHI,
nanpumep, na IOnumepe. Paouyc KOnumepa pasen 70 000 xm. On

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

Hoza uenosexa nukozoa He cmynum Ha nosepxuocms IOnumepa, smo
yoen pooomos. bonee mozo, IOnumep, ckopee ecezo, npedcmaensnem
CO00Il 00OCMAMOUHO 20PAYUYIO HCUOKYIO KANII0 Mamepuu, maxk KaK e2o
noBeEpXHOCMb U3JIyuaem 20pa3oo Hoavuie mena, yem noayyaem ezo om
Coanuya.
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Opnako BepHEMCA Ha TIpEIIHYI0 3€MII0 M IPOBEAEM
CIEAYIOUIUNA SKCIIEPUMEHT. BO3bMEM JIETKYIO TENEXKKY U TOJKHEM €€.
(puc.16) Ona nerko mMOKAaTHTCS... A Temeph IOJOKUM Ha HeE
MOJITOHHBI IPy3a U BHOBb TOJKHEM. OTHAKO Teneph JJIsl TOTO, YTO ObI
OHa MOKaTUJIaCh, MPUAETCA NPUIOKUTD YK€ MPUIUYHYIO CUITY. ..

Bor kak pa3 oTcioma W pacTyT HOTH CaMoOro OOJIBIIOTrO

3a0nyxaeHus B Hayke. HproToH,

SEnMOOTENENEALIME
TPacLTopHN .
a TakK )€ ApYyrue y4€Hble U HUX
IOCJI€A0BAaTENN, HE MOHUMAag
MEXaHu3Ma rpaBUTalNH,
NpUAyMalld U BBEIU B (U3MKY
nnaHeTa HEKyl0 HMHCEPIMOHHYIO Maccy,

KoTOpas, SKOOBI  MpuCyIIa

Puc.16 Marepud W AKOOBI,  OTa
WHEPIHOHHAS Macca MPOTUBOACHCTBYET MPUIOKEHHON K TETy CHIIE.
D710 3a0yKIeHIE OYCHb JIETKO 00BACHSIETCS.

Hauyném c¢ T1oro, uro mr00oe Temo o00jJagaeT CBOUM
COOCTBEHHBIM TOJIEM TATOTeHHs. VIMeHHO Oaromapsi STOMY IMOJIO,
BCe Tela BO BCEICHHOW wuMeloT cdepuueckyro Qopmy, a
CJIeIOBATENbHO, BCE B3aMMOJEWUCTBUS BO BCEJIEHHOM HEOOXOAUMO
paccMaTpuBaTth B Ho1ApHOU (CHEPUIECKOI) CUCTeME KOOpANHAT.

Cuna - BelTMurMHa BEKTOPHAsl, TO3TOMY HallpaBlieHUE NEHCTBUS
CWJIBI, BCET/Ia MPAMAA JUHUA. A B TIONSAPHON CHCTEME KOOPAMHAT,
KOTOPOW OTMHCHIBAETCS METPUKA BCEIICHHOM, KpOME painyca, MPsIMbIX
JUHUHA HET, a €CTh TOJBKO nyru. [1o3TOMy KOr/ia MBI IPUKIIAABIBAEM
cuny F k Tenexke, oHa Bcerjga ACMCTBYET MO KacaTeIbHOM K ayre
PaBHOTO MMOTEHIIMAJIA U YTOJI MEXKy HaIllpaBJIEHUEM JIEHCTBUS CUIIbI U
JIyTOM, 3aBUCHUT OT paJiyca KpUBU3HBI 3TOM IyTrH. B pe3ynbTaTe uero,
MOTEHLIMA] TEJNEeKKH B TPABUTALIMOHHOM ToJie 3eMIId CTPEMHUTCS
n3MeHuTses oT Ro 1o Ru.

To ecTh, ABUTast TENEKKY, MBI, IO CYTH MBITAEMCS MTOJHSITH €€
HAa BBICOTY paBHYlO AR, B pe3ynpTaTe KOTOPOW BO3HHKAET
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npotuBoaelcTBytomas cuna Fu, paBHas npoekuuum AR Ha BEKTOp
cunel  F, KoTopas cTpeMHTCSI BEpHYTh TENEXKKY B IIpeKHEe
nosioxkeHue. BosHukaromas npu stom cuna Fu, HampaBieHHas
npomue neicTByroNei Ha Teno cwibl F u ecth cuna unepyuu. Jta
CWJIa HHEPIIUHU 3aBUCHUT OT yTJia MPHUIIOKEHUS JICUCTBYIOIICH HA TEIO
CWJIBI K paauycy TuiaHetel. M yem Oomble 3Ta cuiia, TeM OoJbIie
CKOPOCTh JABW)KCHUS U TeM OOJIbIe MPOTHBOICHCTBYIOMIAs €l cria
uHepuuu Fu.

He monumas u He ymest 0OBSICHUTD, 3Ty cuily Fu, TeOpeTuku
OIMOOYHO TPUHUMAIOT €€ 3a HEKyl0 MHEpPIUOHHYIO Maccy.
OKCHepUMEHTAIbHOE  JI0Ka3aTeIbCTBO  3TOTO0  YTBEPXKICHUS
aneMeHTapHo. /s 3TOro  JOCTaTOYHO  MOAHATH  OOBIYHBIE
MEXaHWYeCKHe OaJaHCOBBIE Yachl HAa BBICOKYIO, HaIpuUMep,
reoCTalMOHapHYI0 OpOuTy. Eciim MaTepust UMeeT Takoe CBOMCTBO Kak
Macca, TO TOYHOCTh X0/1a YaCOB HE H3MEHUTCSI.

B mpoTtuBHOM ciydae, Mpu yMEHBIIEHHOM Bece OalaHca U
HEM3MEHHOW yNpPyrocTH BOJOCKA, YacToTa ero KoseOaHwuid
YBEJIMYUTCS, @ aMIUIATY/1a HACTOJIBKO YMEHBIIUTCS, YTO Yachl POCTO
octa”oBsTcs. Ha opbure BbicoToi 6omee 6300 kM, make KBapIeBbIC
yachl OyAyT 3aMETHO CIEUIMTh H3-3a HUYTOXKHOM CHJIBI TSKECTH,
BJIMSIONICH HA YacTOTY KoJjieOaHuil KpucTasuia KkBapua. YTo mpuBOAUT
K He0OXOIMMOCTH CUHXPOHU3AINH YacOB, HAXOISIINXCS Ha OpOUTE C
yacamu Ha 3eMJie, pa3HHUIY B TOKA3aHUSIX KOTOPBIX YUEHBIE MBITAIOTCS
00BSCHUTH U3MEHEHUEM CKOPOCTHU X0J1a BpEMEHHU B KOCMOCE.

bonee Toro, ecnm Obl Marepus WMeNna maccy, OpOWTAIbHOE
NBIDKEHUE IUTaHET ObLIO OBl BOOOIE HEBO3MOKHBIM. Belnp OuYeHb
JIETKO MPEACTaBUTh cebe, Kakas HyXHa cuiia nputsxeHus ConHua,
yTOOBI yjAep)KaTh Ha OpOUTE TaKyld OTPOMHYIO IUIaHETY, Kak,
Hanpumep, FOnurep.

Ho rpaBuranmonssie cuibl npuTskeHuss CONHII @ HA TaKOM
KOJIOCCAJIBHOM paccTosiHuu 10 FOnuTepa HacTONbKO HUYTOXKHBI, YTO
HU O KakOM YAEpKaHHH HE MOXET ObITh W peun. [IpakTudecku
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HeBecoMblil FOmuTep Jerko yaep)KuBaeTcsi Ha OpOMTE BOJHOBBIM

B3aUMOJICHCTBHEM C TpaBUTAIIMOHHBIM TTosieM ConHnalra.3] (puc 4).

B obwem cnyuae o0vacnenue 603HUKHOGEHUA UHEPUUU 1€2KO NOHAMb
u3 pucynka (puc.17). Cuna unepyuu, nood Odeiicmeuem oounaxosvix cui F,
NPONOPUUOHANILHA PAZHOCHIU 603HUKAIOUWIUX
Fn 2PAGUMAWUOHHBIX  NOMEHUUATI08 AR,

| F le Komopas 3asucum om evicomut opoumst R
s} cnymuuxa C. dmom eexmop cunvi F. pasen

Rz npoexuuu AR na sexmop cunvt F' u scezoa
delicmeyem 6 RPOMUBONONONCHOM €My
nanpaenenuu. Cuny uHepyuu MOMNCHO
6LIMUCIUMYL U3 NOO0OUA MPeEy20IbHUKOG

ABD u ACO u ona pasna F,= AR+ cosd.

Oma cuna 3asucum om yzra Q. Ilpu
HanpageHuu oelicmeus Cusbl,
cognaoaruiem ¢ HanpaeieHuem paouyca
naaHentvl, CUNA UHEPYUU PAGHA 6ecy mend, a
npu HAnpaeieHuu no KacameabHOu, OHA
20pa3z00 MmeHbuie U 3A6UCUNL OM PAdUyca
Kkpueusnsl naanemol. Ilosmomy uenosex ne
MoOdycem — NOOHAMb  HCENE3HO00POIHCHBLI
6A20H, HO 6NOJIHE MOJICEN NPEO0oems CUNy
unepyuu Fu, u cosunymse ezo c mecma no
20pU30OHMATILHBIM PETbCAM. ..

Puc.17 (Echu  nanpagnenue  Oelicmeus

cunot F npoucxooum ewé u nod yziom K oOuamempanvHoOl NIA0CKOCHU

TpacKTOpHS

AKBHNOTOHUHANLHAR

nnaveTa

mazomelowie2o mend, 603HUKAen euwié u OONOJIHUMENbHAA PA3ZHOCHMb
nomenyuanos (cuna), nanpasiennasn noo yznom 90 zpadycoe K neii, nazvieaemasn
) 6 nayke cunout Kopuonuca.) /Ina mex, xomy
He Xouemca pazoupampca c uepmedxncami,
UHEPUUIO MOMCHO 00BACHUMD euié npouie.
Kozoa  mvt monxkaem  meno
(puc.18a), mo cozdaém neped Hum 60aHy
cocamusa  ZpasuUmMAyUOHHO20  HOAA, 6

pe3yivmame 4e20 B603HUKAEM PA3ZHOCHb ZPAGUMAWUOHHBIX NOMEHUUAN08,
oelicmeyrouiaa npomue HAnpaeneHus Oeiucmeus cuivl. Imo U ecmov cuid
unepyuu. Kozoa oeiicmeyrowan cuna ucuesaem, meno HA4uUHAem CHUICAMD
ckopocmo. Ho eonna coicamusn, nadezarowasa na meno czaou (puc.18b), ne
no360sem emy OCMAHOBUMbCA U NoOOepicusaem OsuiiceHue. Imo u ecmop
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OsudiCeHUEe NO UHEPUUU, NPU KOMOPOM METI0 6 2PAGUMAUUOHHOM NOJIE MOICEm
osuzamuvcsa 04eHsb 00J120.

Korna kocMOHaBThI, HAKOHEII-TO MOJNETAT K JIyHEe, OHM B 3TOM
cpa3y ke u yoenarcs. M 3Tor moamor B OyaymieM JISDKET TPS3HBIM
MATHOM BEJMYANUIIEro M030pa Ha PEMyTaIMio HAyYHOTO CO00IecTBa
Coenunénnpix IlItaros. Hax aumu Oynet cmestbes Bech Mup. Ho ato
CIYyYHUTCSl €IIE HE CKOpPO, a MOKAa YEJIOBEK €IIE JaXe HE HIOXal
KOCMOCa, HECMOTpPSI Ha TO, YTO MOJTOPHl COTHHU JIOJEH, TPOMKO
MMEHYIOTCS KOCMOHABTaMH.

MakcuMyM 4TO MOXHO CKa3aTb O HUX, TaK 3TO TO, YTO OHHU
MPOBEJIM JOBOJILHO TMPOJIOJDKUTENIBHOE BpeMs B cTparocdepe, B
najaroneM BbICOTHOM JudTe... HOTHa BcTpevaroniyecss B mevaTu
COOOIIEHUSI O TOM, YTO B pe3yJabTaTe CJOXKHBIX HAyYHBIX
3KCTIIEPUMEHTOB, C TOYHOCTBIO JIO JIECSITOTO 3HAKa YCTAHOBJIEHO
PaBEHCTBO I'PaBUTALIMOHHOM M MHEPLUUOHHOM MAacc, TO 3TO MOKHO
CpPaBHHUTB, Pa3Be 4YTO, C YTBEPKIACHUAMU CPEAHEBEKOBBIX CXOJIACTOB O
PaBEHCTBE KOJMYECTBA aHIEJIOB U YEPTEH, YMEIIAIOIINXCS Ha OCTPUE
WTJIBL.

Ipumeuanne! Kak ysce ckazano eviuie, us-3a OMCymcHmeus y
Mamepuu  UHEPUUOHHOU MACCbl, HA OOABWUX PACCHOAHUAX OM
KOCMUUECKUX 00bEeKN06, RPEGLIUAIOWUX UX paouyc, 6ec menaa a,
cnedosamenvHo u cunvl unepuyuu F, okazviearomca Hacmonvko
HUYUMOMNCHBIMU, YMO KOCMUYECKUE ANNAPAMbL CMOZYM HEPeMeuiamsca
mam ¢ O02POMHBIMU U COBEPUICHHO 0e30NACHbBIMU 0151 JI00€H,
YCKOpEHUAMU, NPEGbIULAIOUWUMU MBICAYU .

U max Kak 3aKoH COXpAHEHUs UMRYIbCA 000UMU HEBO3MONCHO,
0J13 nymewlecmeuil K Opy2um niaHemam, 8 ueaax COKpauieHus epemeHu
nonéma, oyoem 803M0HCHO UCHOJIb308AMb PAKEHIHbIE O8UAMENU C OUEHD
6bLCOKOIL (83PbLEHOIL) CKOPOCHbIO UCHIEUCHUSA PADoUezo mena.

To ecmw, no cymu, ona pazeona, a mMax jyce U NOCaAEOYIOULE20
MOPMONCCHUA MENHCHIAHEMHO020 KOpaods 0yoem 6nOJIHE 603MOMNCHBLIM
UCNOIb306AHUE AHOMHO20 63Dbléd, 0e3 KAKUX-TUOO nociedcmeuil 0ns
Ye108e4eCK020 0P2aAHU3MA.
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Omnpasume Kocmuueckuii kopadaw na Mapc, nanpumep, MOIHCHO
npoOCmMo gplcmpenus e2o U3 nyuwKu, Kak ¢ nosecmu Koo Bepnua. Tonvko
RYWIKy Imy npuoémcs nooHams Ha evicomy He menee 7000 kunomempos.

H smo, no-euoumomy, eounHcmeeHHblI CROCOO Oo0j1emens 00
Mapca, nomomy umo npu 0JumeIbHOM HOENe 8 YCA08UAX HACHOAULEIL
HegecoMocmu, Uen06euecKuil O0p2aHu3M, HPUBLIKWMUIL K 3EMHOMY
mA20mMeHnuI0 e06a u 8b10epPIHCUM.

Cnoco6bl c030aHUA UCKYCCHBEHHO20 MAZOMEHUA @PAU{eHUEM
Kopaobnsa, npeonazaemvie guzuxkamu, 30eco He nomozym. Kopaonw, ons
co30anusn eeca Kocmonaemos, xomsa ovt 6 20-30 kI, nyycno oOyoem
PACKpYmMUmMb 00 HECKOJILKUX MbILCAY 000POMO8 8 CEKYHOY.

3201y IeHUSIMA OTHOCUTEILHO TTOHSTHS MacChl, 00YCIIOBICHBI
U CcTpeMyieHus (U3UKOB HAWTH HEKYI YacTHUIly, HPUIAIONIYIO
MaTepUU 3TO HECYILECTBYIOIIEE CBOMCTBO. VMMEHHO i 3TOro u
CTPOATCSI OECCMBICICHHBIE METAIMTHYECKUE COOPY)KCHHS, BPOJIEC
aJIpOHHOTO KOJUIalaepa, riae yu€Hble 3aHUMAIOTCS TOPOTrOCTOSIIUMU
MONBITKAMU TIOATBEPAUTh CBOM 3a0IYXKIACHUS W OTKPBITh HEKHMA
0030H XWTITCa, KOTOPHI MO UX MHEHUIO MPUIAET MAaCCy MaTEPHUH.

...Hy BOT HakoHeII-TO, MOSBHJIOCH COOOIIEHUE YTO, BPOJIEC OBI
OoTKpbUTH. Bpose kak Obl cTaHaapTHas MOAEIb 3aBepiieHa. Ho teneps
BO BEChb pOCT BcTama jpyras mnpoOinema. OOBSCHHTH, KaK OH
3TO aAenaer. MoxeT OBITh MPOCTO HAOMBAeT KapMaHbl KaMHIMH?
MaremaTtrka Ha TakMe BOIPOCHI OTBETA HE NAET. ..

6. O KOPIIYCKYJIAPHO-BOJHOBOM "JIYAJIU3BME"
U "KPACHOM CMEIIEHUN"

Jlroboe MmarepuambHOE TeNO, JBIXKYylIIleecs B 000
OJIHOPOJHOM cpefie, BO30YKIaeT B HEW yIpyrue Mpo0IbHbIC BOIHEI.
CKOpOCTh 3TUX BOJIH 3aBUCUT UCKIIIOUUTEIBHO OT CBOMCTB CpPEJbl U
SBJISICTCSI  TIOCTOSIHHOW.  JIBMOKyITuiCS — TEIIoOXoj  BO30YyXKIaeT
MIPOJIOJIbHBIC BOJIHBI B TOJIIE BOJABI, pACIIPOCTPAHSIONINECS B HEH CO
ckopoctbio 1300 m/cek (ckopocTh 3ByKa B Bojze). HanBoaHast yacthb
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KOpabJIsl Tak ’ke BO30YXkIaeT MPOI0JIbHBIC BOJIHBI CKaTUS B BO3/AYXE,
KOTOpBIE PaCHpPOCTPAHAIOTCS €O ckopocThio 340 M/cex, win co
CKOPOCTBIO 3BYKa B BO3JIyXE.

To, uTo MBI HabMIO1aeM Ha CaMOM MOBEPXHOCTH BOJIBI - 3TO
MOTIEpEYHbIE BOJIHBI, BO3HUKAIOIINE TOJIBKO Ha IPaHUIE JBYX CPEJ C
pa3IUYHBIMU CBOMicTBaMU. ['0p0O y BONHBI Ha BOJIE — TO BMAJWHA Y
BOJIHBI B BO3/YXE.

OTH  BOJHBI  TPEACTABIAIOT COOOM  TpaBUTAIMOHHBIE
UHTEp(QEpPEHIIMOHHBIE  BOJHBI, OOpasylomiecss B pe3yJbTaTe
CJIOKEHMSI TMPOJOJIBHBIX BOJH HA IPaHUIE KOHTAKTHUPYIOIIMX CpPEl.
XapakTepUCTUKH MOMEPEYHBIX BOJH OIMPEAEISIOTCS COOTHOIIEHUEM
CKOPOCTEH MPOJOJILHBIX BOJH B KOHTaKTUpYyIOLuX cpenax. Eciu B
BO3JIyX€ CKOpPOCTh 3ByKa paBHa 340 m/cek, a B Bojge 1300 m/cek, TO
CKOPOCTH MOTIEPEYHBIX BOJIH HA TPaHUIIE BO3TyXa U BOJBI OyIET paBHA
340/1300 =0,3 m/cek.

MarepuanbHasi 4YacTHULA, JBUXKYIIAACA B 2PAGUMAUUOHHOM
1oje, KOTOpO€ SBJSIETCS JBOWHBIM  3JIEKTPUYECKUM  IIOJIEM,
BO30Y)XJaeT B HEM BOJIHY, KOTOpas, 10 CYTH, MPEACTABISAIOT COOOH
0ge coemeuiénnvle npoo0O0IbHble BOIHBI B DIEKTPUUECKHUX MOJIAX
pa3HbIX 3apsioB. U Tak Kak 3TH MOJIs HAXOJATCS BHYTPHU IpYT Apyra
U HUMEIOT TPOTHBOIOJOXKHBIE CBOMCTBA, TO 3TH BOJHBI B HHUX —
CUHXpPOHHBI M TMpoTuBOda3zHbl. Eciu B HEKOTOpoW TOUKe MO
MOJIOKHUTEIBHOTO 3apsJa Y BOJHBI ropd, TO B TOH K€ TOYKE IMOJIS
OTPUIATENILHOTO 3apsi/ia — BIIaUHA.

To ectp mo cyTH, 3TO KoJeOaHHUS TMOJIIPHOCTH IIepeKoca
TPaBUTALMOHHOTO OIS (MOJSIPHOCTH MAarHUTHOTO TIOJIS), KOTOPBIE U
NPEJICTaBISIIOT ~ CcOOOM  caMmble  HACTOSIIIUE  MOnepeuHbvle
2pasumayuonHble BOIHBI HAa TPAHUIE JIBYX JJIEKTPUUYECKUX IOJIEH
Pa3HBIX 3apsioB. DKCIEPUMEHTANbHAS WILTIOCTPALIUS 3TOTO SIBICHUS
nokaszaHa Ha (puc.11b) B [rin.4].

W ecnu rpaHuLl MeX Y BOJIOM U BO3yXOM, HallpuMep, IIPEKPACHO
BUJIHA, TO TPAHUIY MEXIY MOJSMHU Pa3HBIX 3apsSI0B IPEICTaBUTH
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cebe ouenb TpyaHo. Ilonst obmamaoT 0OBEMOM M TpaHUIA MEXKIY
HUMH CYIIECTBYET MPAKTHYECKH B OO0 TOUKe ATOTO 00BEéMa. A
cama rpaBUTallMOHHAsI BOJIHA B OTJIMYMU OT BOJIHBI Ha BOJIE, UMEIOLIEH
KpPYroBYyIO JHarpaMMy HAampaBiIeHHOCTH, PAacCIHpOCTpaHsAETCs BO BCE
CTOPOHBI, TO €CTb HMeEeT YXKe c(]epuiyecKkylo auarpammy
HanpaBleHHOCTH. U Kak MBI YK€ YCTAaHOBWIIU BBIIIE, MPU TBHKECHUU
YaCTHIIBI, B ACHMMETPUYHOM TPABUTAIIMOHHOM II0JI€, CO3/IaBaeMast ei
BOJIHA, OyJeT Tak ke HecumMmeTpuuyHoil. E€ cocraBmstomme OymyT
pa3nuYaThes MO BEIWYMHE, B 3aBUCHMOCTH OT 3HAaKa aCHUMMETpPHH.
Wnm nppyrumMm cioBamu, BOJIHA OyAeT TMOJsSpPU30BaHHOW. Bot
UHTEPECHO OBl y3HaTh, KaKUE K€ 3TO I'PABUTALIMOHHBIE BOJIHBI, C
MOMOIIIbI0 MHOTOTOHHBIX OOJIBAHOK, YK€ JOOPYIO COTHIO JIET
0€3yCIENIHO MBITAI0TCS OOHAPYKUTH OOJbIIINE YUEHBIE?

B mpupone He cymecTByeT aOCONIOTHO HUKAKHX IPHYMH,
3ampeniariuX MaTeprallbHBIM TelaM JBUTAThbCS B JIIOOOH cpene ¢
TIOOBIMUA CKOPOCTSIMH, CKOJb YTOJHO TPEBBIMIAIONUMH CKOPOCTH
pacnpocTpaHeHus: BO30YKIaeMbIX HMH BOJH. 3a HCKIIOYCHHEM,
KOHEYHO, OpeoBOW TEOpUH OTHOCHTEIHLHOCTU WJIU TCEBIOHAYYHON
KBaHTOBOW (pu3uku. CaMoJIETHI, HAPUMEP, COBEPIIEHHO CBOOOIHO
JeTaloT B BO3JIyX€ CO CBEPX3BYKOBBIMU CKOPOCTSMM M TOTa OHHU
CTaHOBSTCS MCTOYHHUKAMH YIApHBIX BOJH, KOTOpPbIE MPEICTABISIOT
co00M IBMIKYIIUICS TIEpe]l HUMU CKa4OK JTaBJICHUS.

[Tporieccel, MPOUCXOAIINE B YIAPHOU BOTHE, OTINYAOTCS OT
MPOUCXOSAIINX B OOBIYHOM TeM, UTO B HEH B pe3yibTaTe ObICTPOTO
CKaTHUS BBIIEISETCS OONBIIOE KOMWYECTBO TEIIa. JTOT MPOIECcC
aHaJIOTHYEH TMpoleccy ObIcTporo cxaTtuss o0béMa BoO3AyXa B
HWIMHIpE JBUraTelsd, OpU KOTOPOM B pe3ylbTaTe pPe3KOoro
YBEJIMUEHUS! KOHIICHTPAIMU HOCUTENEW 3apsoB B 30HE CXKATHUA,
MPOUCXOIUT UX OypHOE BBIACNICHUE B OKPYXKAIOIIYIO Cpely B BUIE
Termia [ria.8].

VIMEHHO TOATOMY CBEPX3BYKOBBIE CaMOJIETBI UMEIOT OCTPYIO
HOCOBYIO 4acTh. OHa pa3IBUTaeT CIIOM BO3[yXa U CBOAMT HA HET €ro
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yIJIOTHEHHE miepes; camonéroM. M xota camonér maBUT OOKOBOMA
IIOBEPXHOCTBIO HAa BO3JyX, HarpeBa H3-3a OTCYTCTBHA TPCHHS B
BO3/yX€, HE IPOUCXOIUT.

[TogoGHBIM ke 3¢ heKTOM OBICTPOro CKAaTUsI MUKPOOOBEMOB
BO3/lyXa B HEPOBHOCTSX TPYILIMXCS IOBEPXHOCTEH, 0OBACHAETCA U

BbIJIEJIEHNUE TeIUIa [IJ1. 9] B pe3ynbraTe TpeHUs TBEPABIX TEN APYT O
apyra. W uMEHHO WH3-3a CBEPX3BYKOBOM CKOPOCTH METEOPHUT,
MOMAaBIIUKA B arMocdepy CKUMaeT mepen coboil Bo3ayxX, oOpaszyeT
YIapHYIO BOJIHY, U B pe3yjbTaTe IOBBIIICHUs TEMIIEpAaTyphl B HEW,
IUTABUTCS U CrOpacT.

Ceer, kak M J1000€ Jpyroe M3Iy4eHUE - PEHTI€HOBCKOE,
ramMMa, pajuo, HpeACTaBiIseT coOoi

_~TpefeHs
ol BOJTHE]

MOTOK  YacTHI[ JBMOKYIIUXCS  CO
CKOPOCTSIMH, OJIM3KUMHU K CKOPOCTH
& l"e)m ¢ | pacupocTpaHeHHs BO30yKIaeMBIX

WMU BOJH B TPaBUTAIIIOHHOM TIOJIE, a

amon

[T AJINHA BOJIH OIIPCACIIACTCA pa3HOCTBIO

ATHHE BOTHLY

CKOpOCTEH ITHUX YACTHUIL u

Puc.19
B0O30YX/1a€MbIX MU BOJIH.

To, uTo y4€HBIC CUMTAIOT PA3HBIMU YACTHIIAMH, 3TO IO CYTH
OJIHM W T€ K€ YaCTHUIIbI, JBIKYIIHECS C PA3TUIHBIMUA CKOPOCTSIMH.
KorepeHTHOCTh Jydya na3epa, HampuMmep, OOBACHSIETCS TEM, YTO
(GOTOHBI (JACTUIIBI) TBUXKYTCS C OJMHAKOBBIMHU CKOpPOCTsIMH. [[mmHa
BOJIHBI, BO30Y)KIaeMOW  YacTUIEH, ONHCHIBAETCS  MPOCTHIM
BBIPAKEHHUEM:

A=(Vs-Vy)/t,

rae Vu— CKOpOCTb YacCTHIIbI,

a Vs — CKOpOCTH, CO3J]aBAEMOI €10 TPAaBUTALIMOHHOW BOJIHBI
(cxopocmo  ceema) (puc.19). DTOT e PHUCYHOK WILTIOCTPUPYET
BO3HUKHOBeHHE d(pdekra Jonmnepa. Ecnm Habmomarens HaXoauTCS
B TOUKE a, JYIMHA BOJHBI YMEHbIIAeTCs (CHUHEE CMEIICHUE), €CIu B
otouke b — yBenuuuBaetcs (kpacHoe cMmelienue). [Ipu anuHe BOIHBI
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BuguMmoro ceera B S550nm (5,5E-7m), ckopocth uacTuil Oyner
COCTaBIIATH TpUMEPHO 99,9999999 % oT ckopocTu pactipocTpaHEHUS
BOJIHBI B TpaBUTAIlMOHHOM Tojie. I yem Onmke CKOpPOCTh 4YacCTHI]
CBETOBOI'O M3Jy4YEHHUS] K CKOPOCTH pacHpOCTpaHEHHUS BOJHBI B
IPaBUTALMOHHOM I0JI€, TeM OOJbIle €ro I[BET CMEHIEH K CHHEMY
KOHITy criekTpa. L[BeT — 3T0 pyHKIHsI CKOPOCTH YaCTHUIL U3TyUSHUS.

N3BecTHOE Kpacnoe cmewienue, KOTOpOe COBpEMEHHAsI HayKa
CUMTAeT NPU3HAKOM "pazOeranus” rajakTHK, OOBSICHIETCS MPOCTHIM
YMEHBILIEHUEM CKOPOCTH IBMXKEHMs yacTHll u3nydeHus (Vu), usz-3a
TOPMOXKEHHUS B TPaBUTALMOHHBIX TMOJSIX KOCMHYECKHX  Tell
(yemanocmu ceema). W, €CTeCTBEHHO, 4Ye€M Jajibll€ HAXOIUTCS
KOCMHUYECKHI OOBEKT OT HaOmrojgaTens, TeM OOJBIIUA TYyTh
MPUXOJUTCS TPEOJI0JIeBATh YaCTUIE M3JIYYCHHUS U TEM CHUJIbHEe
YMEHBIIEHHUE CKOPOCTH U O0Jble "TOKpacHEHUE CreKTpa'.

EcrecTBeHHO, YTO YaCTULIBI, U3TYYEHHBIE OYEHD YaJEHHBIMU
3BE3/1aMH, HACTOJBKO 3aMEUISIOTCS B MYTH W UX JUJIMHA BOJIHBI
YBEJIUYUBACTCS HACTOJIbKO, YTO OHU CTAHOBSTCS HEBUIUMBIMHU B
CBETOBOM JIMAIIa30HE BOJIH. DTUM SIBJICHUEM H OOBSCHSIETCS TOPU3OHT
BUJUMOCTH, TI0O KOTOPOMY Yy4YEHBIE COBEpPIIEHHO TI'€HHAIBHO
BBIYMCIIWIIN "BO3PACT BCEICHHOM .

[Ipy mpeBbILIEHMH YACTULEW CKOPOCTH BOJHBI B Cpele
(ceepxceemosas ckopocmv), (Vua>Vs ), BOSHHKAET yaapHas BOJIHA,
IpU KOTOPOM YacTUIa, B PE3yJbTaTe IMOBBIIICHUS B 30HE CXKaTUA
KOHLIEHTPAllUd HOCUTEJIEW 3apsoB, HAuMHAET 'pa3BaauBaThCA"
CWJIaMH OTTAJIKUBAHUSI HA COCTaBHBbIC CYOdJIEMEHTApHBIC YaCTHUIIBL.
OTh  cyOdNneMEHTapHbIE YacTUIbI, BCTYMAalOT B CHHTE3 C
OKPYXaIOIIMMH YacTUI[AMH, KOTOPBIH pPETrUCTpUpyeTCs B BUIE
cBeueHus, Ha3piBaeMoro 3¢ ektom BaBunosa-Uepenkona.

Tax xak npupoje Heuzgecmuo NOHATUE OOPATHOM CBA3H, TO B
HEll W HE CYIIeCTBYeT HHKAKUX BEYHBIX aBTOKOJEOATEIbHBIX
nporieccoB. JIroObIe BOIHOBBIC BO3MYIIIEHUS BO BCEIICHHOM, SIBIISIFOTCS
WCKIIIOUUTENIbHO CJIEICTBUEM [IBIJKEHMSI MATEepUaJbHbIX TEl B
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IPAaBUTAIMOHHBIX TIOISIX KOCMHYECKHX OOBEKTOB. M XOTs Bes
BCEJICHHAs 3aIl0JIHEHA TPAaBUTALMOHHBIMU BOJHAMU OT JBUKCHHS
MHOKECTBA KOCMHMYECKHX OOBEKTOB U  pa3IMYHbIX YacTHI,
YellOBEYEeCKHIl TI1a3, Tak e Kak M OINTHYEeCKHe MpUOOPHI,
BOCIPUHUMATh X HE CIIOCOOEH.

DT0 00CTOATENBCTBO, B YACTHOCTH U OOBSICHSET YEPHBIN I[BET
HoyHOTO Heba. Ecnm Obl cBeT mpeacTaBisiyi co00i BOJTHBI, TO MBI OBl
HE CMOTJIM YBUJAETh HU OJHOH 3BE€3/bl, IOTOMY UYTO WHTEHCUBHOCTH
BOJIH, TaK J>K€ Kak W TPaBUTALMOHHOTO TIOJIs, OCiIa0eBaeT ¢
paccTossHueM ¢ O0paTHO KyOW4YecKoW 3aBHUCHMOCTHIO. OmryrieHue
CBETa B MO3r€ BO3HUKAET TOJBKO NPHU B3aUMOJCHCTBUM IOTOKA
YacTUIl W3JIyY€HHS C MOJIEKYJIaMH pOJIOTIMHA B ceT4YaTKe TJjasa,
M03TOMY 2pasumanyuonnsle (paouo u céemoswvie) 60JAHbl - HEBUIUMBI.

Ho umenHo »3ta "zpasumayuonnas paoe'' 0T IBUKEHUS
MHO€ECTBa YaCTHUII, UCITyCKaeMbIX 3BE3JaMU U MPENICTABIISET COOOH,
Tak Ha3bplBaeMoe, 'penuxmoeoe u3znyyenue'', KOTOpOe, IO
"aBTOPUTETHOMY' MHEHHUIO KaHIUAATOB B JIOKTOpPA, OCTAJIOCH OT
6ubneiickoro bompmioro B3pbIBa W /10 CUX IMOpP HHUKAK HE MOXKET
paccesThesl.

OTa K€ TpaBUTallUOHHAs psAOb sBIsSETCS U OaHATBHOU
MIPUYUHON OpoyHoecKoz2o nBvxeHus. Ho, He cMoTps Ha 3TO, yu€HbIE
C YIOPCTBOM, JOCTOMHBIM JIy4IIEro MPUMEHEHHUs, YK€ MHOIO JIET
UIIYT 3TH I'PAaBUTALIMOHHBIE BOJIHBI, COBEPIICHHO HE MOJI03PEBasi, YTO
opocTo B HHUX OKUBYT. Kak Obulo CKazaHO BbIIIe, JIOOOH
MaTepHaIbHBI 00BEKT, JBIDKYILUICS B JII0OOOH cpefe, BO30YKaeT B
Hel BOJIHY. BO3bMEM U1 ipuMepa OABOIHYIO JIOJKY, ABHUXKYIIYIOCS
B Tojmie Boabl co ckopocThio 30 y3qoB, wiu 15 m/cek. [nuna
YOpPYroi BOJHBI, co37aBaeMas €k, OyeT paBHA pa3HOCTH CKOPOCTEH
3BYKa U JIOJKU B BOJE,

A=(Vs-Va)lt,

rae V3 - CKopocTh 3ByKa B BOAE, a Vi — CKOPOCTb JIOJIKH.
3to npumepno (1400 -15)/1=1385m.
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[Mepuon P=V;/A, lcex. Yacrora, F =1/P, okono 1 I'm.

Jlogka, nBWXKymasca C 3TOHM CKOPOCTbIO B MOABOAHOM
MOJIOKEHUHU, B JIFOOOM clydae H3IydaeT HWH(Pa3BYKOBBIC BOJHBI
gactotor okoio 1 I'm, mmuHo¥ 1385M. OOHaApYy)UTh WX MOXKHO C
MTOMOIIIBIO TTOJTYBOJTHOBOM aHTEHHBI, MPEJCTABIAIONIEH cOo00i /Ba
JMaT4vKa JaBIICHUS, PACIONOKEeHHbIX Ha royouHe 10-12m metpoB u
pa3HECEHHBIX Ha PACCTOSHHUE MOJIYBOJIHBI, TO €CTh HA 692M. TouHble
KOOPJAMHATHI MOJIBOJHOM JIOJIKM MOKHO OINpPEAENIUTh, UCIOJIb3YsI 1BE
TaKUX aHTEHHBI, pa3HECEHHBIX Ha S-8KM.

CKOpoCTh BOJIHBI B TpPaBUTAIMOHHOM TM0JIE — BEJIWYMHA
MPAKTUYECKU HOCHOAHHAA, 3aBUCSIIAS TOJIBKO OT CBOMCTB MOJIS. ITO
TO, YTO B KBAaHTOBOU (hM3HKE, HA3BIBACTCS CKOPOCHIbIO C86emd. A Tak
Kak MarTepusi B3aMMOAECHCTBYET TOJBKO C IOMOUIBIO MOJIEH, TO
CKOpPOCTb JTHUX B3aMMOJEHUCTBUI HE MOXET IIPEBBIIIATH CKOPOCTH
pacrpocTpaHeHUs] TPaBUTALMOHHON BOJIHBI MJIM Kak TOBOPST
KaHAUJATHI B JOKTOPA, CKOPOCMU Céemd.

CKOpOCTh TPaBUTALMOHHBIX BOJIH B PA3JIMYHBIX BEIECTBAX
3aBUCUT OT ACUMMETPHUM T'PaBUTALMOHHBIX MOJIEM UX aTOMOB U UX

arperaTHoro coctosiHusa. Yem Oounblie

9000 e acHuMMe ABHTAIINO ostcii
(0)@)(@)(@)(@)~ | ccmieTpun rpasaoILX noe

aTOMOB Ta30B S, TeM OOJBIIMKA MYTh

= /S“'\’ T
000 ®@®® - | PUXOIWTCA NPEOIONICBATh BOTHE H,
A ECTECTBEHHO, 3aTpAauMBaTh HA OTO

0000000 .. BpeMs. DJTa 3aBHCHMOCTD

Puc.20 CKOPOCTU BOJIHEI OT IIJIOTHOCTH CPEJIbIL,

B KOTOpPOW OHAa pACIPOCTPAHSIETCS, WILIIOCTPUPOBAHA PUCYHKOM
(puc.20). B cBs3u Cc 3TUM, BIIOJHE YMECTHO YIOMSHYTH 37€Ch
M3BECTHBIN dkcnepuMeHT H. bacoBa, mocTaBieHHbIN B IECTUAECATHIX
roaax npouwioro Bexka B CCCP.

CyTp 3TOro 3KCHEepUMEHTA TAKOBA, JIyY Jla3epa pPacIlerIscs
Ha JBa Jy4ya, OJAMH M3 KOTOPBIX MOMaJajl HEMOCPEACTBEHHO Ha
MHUILEHB, & BTOPOU CHavasa MpOXOAUIl Yepe3 YCUIUBAIOIIYIO STYCHUKY.
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Slueiika 3Ta npeacTaisiia co0oi pyOMHOBEIH J1azep, paboTaromuii B
pexuMe ycuieHus. ECTECTBEHHO, 4TO Jy4d JOCTUIJIM MUIIEHU HE
oAHOBpeMeHHO. Ho oka3anock, 4To J1y4, NpomeaIui 4epe3 KpucTasil
AYEUKH, IOCTUT MUILIEHH PaHbLIE JIy4a, IPOLIEIIIErO MO BO3AYXY.

[Tpuuém pasnmia 6pu1a MpocTo orpomHoi. OHa MpeBbINIaNa
BCE MBICIIMMbIE U HEMBICIMMBIE TOTPEIIHOCTH M ommOku. Jlyu
IPOXOJUJI CKBO3b SIUEHKY, IPAKTUUYECKHM MIHOBEHHO C IIOYTH
0ECKOHEUHOW CKOPOCTBIO. YCIOBHUS 3KCIEPUMEHTa H3MEHsUIM, HO
pe3ysibTaT OCTaBajCs NpeXHUM. bomee Toro, pesyiabTar He
M3MEHUJICS, JaKe KOTJa KTO-TO 3a0bLI BKIIIOUUThH MUTAHNUE YCUIIUTENS
¥ BTOPOU JIy4d TIPOCTO MPOIIEN uepe3 pyOHHOBBIN KapaHaIll.

Jlya mpoxonun yepe3 pyOMHOBBIA CTEPIKEHb C OECKOHEYHOM
CKOPOCTBIO, M pa3HHMIIa OblJIa paBHA JUIMHE KpUcTaiia. Hazpearomuii
CKaHJaJI B CBA3M C pe3yJbTaTaMH SKCIIEPUMEHTA, CTABUJI Ha TEOPUU
OTHOCHUTEJIBHOCTH OTPOMHBIN KUPHBIM KpecT. A Benp kputuka TO B
T€ BpEMEHa NMPUPABHUBANACH YYTh JIU HE K M300pPETEHUIO BEYHOIO
nsurarens. Kak Torna BRIIUIM K3 3TOrO MIEKOTIMBOTO IOJIOKEHHUS,
HeusBecTHO. Ckopee BCEro, CIyCTHIIM Ha TOpMO3ax. XOTs, 110 CYTH,
COBpeMeHHasi TeopeTudeckast Gu3nKa TOJIbKO TEM M 3aHUMAETCs, UYTO
n300peTaeT BeUHbIe JBUTATENH. . .

Tak xak MaTepuaigbHble OOBEKTHl B3aUMOICHCTBYIOT MEXIY
coboif Ha ypOBHE TOJEH, CKOPOCTh 3TOTO B3aUMOJCHCTBUS
OIpEENsAETCs, B OCHOBHOM, CKOPOCTBIO PaclpOCTPaHEHHs BOJIH B
IPaBUTALlMOHHOM TI0J€ (CKOpPOCTb CBE€Ta), TO U PE3YyNbTAThI
JKCIIEpUMEHTa bacoBa, ¢ TOYKM 3pEHHs HACTOALIEH TEOPHH,
OOBSICHAIOTCS OYeHb mpocto. Jlyd, mnpomeamuii no pyouHY
(TBEpOOMY TemNy), MPEOJoJieNl TOpa3fg0 MEHBIIEE pPACCTOSIHUE B
IpaBUTAllMOHHOM Tonie  TBEpmoro Tterna (D.Sy), dYem  Jyd,
pacpOCTPaHAIONINICA B TPAaBUTALIMOHHOM I10JI€ BO3AYLIHOM Cpenbl
(O Sr). Ilepenaua »xe uMIyabca HEMOCPEACTBEHHO C aTOMa Ha aTOM B
TBEPABIX TelaX M JKUAKOCTAX, B CUIYy HX IIPAKTUYECKON
HEC)KUMAEMOCTH, TPOUCXOJUT CO  CKOpPOCThIO, ONM3KOW K
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Ooeckoneunoir (puc.20). Ilosromy nyd, TpomIeqIIHA uepe3
pYOMHOBBI KpHCTAJI, TPHUIIET Ha JETEKTOpP paHbIIEe Jiyya,
PacIpoCTPaHSIONIETOCs TI0 BO3AYXY, Ha BpeMsI:

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

>Sr — cymMmapHbIi myTh Jiyda B TPaBUTAllMOHHOM II0JIE
pyOuna,

>Sr — CyMMapHbIi MyTh Jiyya B T'PaBUTAI[HOHHOM II0JIE
BO3AYILIHOW CpPEJIbI,

€ — CKOPOCTh BOJIHBI B TPaBUTAIIMOHHOM TOJE (CKOpOCMmb
ceema).

Jlornueckast Ge3rpaMOTHOCTh JIIOJICH, HA3bIBAIOIMIUX CEOs
y4€HBIMU C MX HECIIOCOOHOCTHIO TOHSTH MPOCTHIC BEIIH, MPUBEIA
U300pPETEHUIO TOHATHA KOPIMYCKYJISIPHO-BOJIHOBOTO  JyaHn3Ma,
YTBEPXKAAIOIIETO, YTO MaTepus B HEKOTOPBIX CIydasX, MOXKET
npeBpamiaTbcsi B CBOE CBOMCTBO M CO3JaHUIO TAKOTO JKEHAYYHOTO
HAMpaBJICHUS B HAyKe, KaK KBAaHTOBas (PU3HKa.

7. OB DSHEPTUH

DOHeprusi, TMOHSATUE B COBPEMEHHOW Hayke, MpPSIMO TaKH,
danTactuueckoe. M kak Tonmbko €€, OeaHyr0 He CKIOHAT. OHa U
W3JIy4aeTcs, U MOTrJIoIIaeTcs, U Jaxe npespaiiaercsa B maccy! M kakoit
TOJIBKO OHA He OBIBAET, U MOTCHIIHAIILHON U KUHETUYECKOH U TEMHON
U JakKe )KU3HEHHOM U a1yxoBHOU. Ha camoM nene, Takoit ¢puzndeckoi
CYILIHOCTH, KaK 3HEprusi, B IPUPOE HE CYIIECTBYET. ITO MPOCTO OJHO
U3 HEOThEMJIEMBIX CBOMCTB MaTEpUH, TaKOe XK€ KaK Harpumep,
MPO3PAUYHOCTh CTEKJIA, KOTOPYIO HENb3sl OTAEIUTh OT CTEKJIa U
"mpunenuts” K (anepe 1 TOro, 4ToOkl (haHepa cTajga Mpo3pavyHo.
W osHeprust mr0060ro Tenma 3aBUCUT TOJIBKO OT €ro MOJIOKEHHUS B
TPaBUTAIIMOHHOM WJIH 3JIEKTPUUYECKOM TI0JIe Ipyroro Tema. Hukakoit
BHYTPECHHEH 2HEPTrUU MaTepHs HE NMEET.
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OnHako B MOCjIeIHEE BPEMs B MHTEPHETE MOSBUIOCH OTPOMHOE
KOJIMYECTBO PECYPCOB, TJ€ apMHH ICEBIOYYEHBIX JroOHUTENEH
paccyXIaroT O MOUCKaX KaKOW-TO CBOOOIHOM SHEPTHH, KOTOPOU MO
UX MHEHHIO, 3aI0JIHEeHa Bes BeeneHHas. M naxe Oosbliue ydéHble HE
KpacHes BPYyT, 4YTO MOJI U3 KOCMOCA JILETCS] TAKOM ITOTOK SHEPTUH, UYTO
B OyaymiemM e€ XBaTUT YEIOBEYECTBY HAa MHJUTHOHBKI JieT. M moxoxe,
YTO CaMHU B 3TY YYIIb BEPSIT.

A BCe HAYMHAJIOCh C KAKUX-TO HEBEPOSITHBIX CIYXOB O TOM, UTO
Tecna, sikoObI HAIEN cITOCOO MCIIONB30BAaHUS PHEPTUU BaKyyMma!, HO
MPOKJIATHIE KAITUTAIUCThI KYIIWJIM Yy HETO MAaTeHT U BCE 3aCEKPETUIIN,
YyTOOBl HE YNYCTUTh NPHUOBUIM OT MHpOoAaXu yrieBojoponoB. Ho
OCOOCHHO YMUJISIIOT PAcCyKIEHUs Y4YEHBIX O TOM, UTO MpHU
MEPEMEIICHUN MAaTepUAIbHOIO Tella IO 3aMKHYTOM TpaeKTOpHH,
coBepiraemasi paboTa paBHa Hym0. Takyr0 axuHEI0 MOXET HECTH
TOJILKO KaKOW-HUOYAbh 0€3rpaMOTHBINM CBUHAPH, EMY MPOCTUTEIHHO.

Ho y4€nbIil 0JKEH MOHUMATh, YTO €CIU MbI IOJHUMAEM THPIO
Ha BTOpOH 3Tax, To 3T0 MbI coBepmaem paboTy HpPOTHB CHIIBI
NPUTSDKEHUS. A Kora Mbl cOpachkiBaeM THPIO CO BTOPOTO 3Taxa, TO
sto 'NPS coepmraer paboTy mo AeHCTBUEM CHUITBI PUTSKEHUS. TO
ectb pabota coepiraercsi PA3SHBIMMU Tenamu 1 B pa3HbIX YCIOBUSX,
MO3TOMY €€ Hellb3sl NPUpaBHUBATh. OHAKO YUEHBIX 3TO HE CMYLIAET.

Bcs sHeprus, moctynaromnias Ha 3eMJTi0 U3 KOCMOCa — 3TO BCETO
JUIIb OOBIYHBIA CONHEYHBINH cBeT. M 3TOT MOTOK NEHCTBUTEIBHO
KosoccasieH u ecnu He Oyner CouHia, 3emiis 3a HECKOJIbKO Helelb
MPOCTO MPEBPATUTCS B JICASHON map u Bce moruOHer. ConHeuHas
DHEPrusi, 3TO NOTOK MAaTEPUAJBHBIX YaCTUI[ "COJIHEYHOro BeTpa’,
3JIEKTPOHOB, NMPOTOHOB, aTOMOB BOJOPOJA W T.A., JBHKYILIHECS C
Pa3JIMYHBIMU CKOPOCTSIMH M CONPOBOXIAEMbIE BOJHAMH B €ro
rpaBUTAlMOHHOM Tosie. M dYeM BbIIIE HX CKOPOCTh, TeM Ooiiee
KOPOTKHE BOJIHBI OHU BO30YXKIAIOT.

Cama 60o1Ha He Hecém HUKAKOU IHEPIUU U He Modicem
0Ka3b16amb HUKAKO20 0A6IEHUA - IO NPOCH O MEXAHUIM nepedadu
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63aUMO0eiiCmEUA MeHCOYy MAMEPUATbHLIMU meaamu, 6 OAHHOM
ciayuae medxncoy Connyem u 3emnéil.

MpbI BUIUM CBET UCKIIIOUUTEIBHO OJ1aroapst TOMY, 4TO MOTOK
MaTepuaibHBIX YacTHI], (OTOHOB, MONaAas B TJia3, COBEPIIAIOT
paboTy, morioasch MOJIEKYJIOi poonuHa B ceTuatke. B pesynbrare
norjomieHuss (OTOHA y MOJIKYJbl POJONUHA yBEIUYUBACTCS
acuMMeTpusi €€ TPaBUTAIMOHHOTO TOJS U, COOTBETCTBEHHO,
BO3HUKAET PAa3HOCTh DJJEKTPUYECKHX TOTEHIMAIOB, B PE3yJbTaTe
KOTOPOW BO3HUKAET JIBU)XCHHUE AJICKTPOHOB MO HEPBHOMY BOJIOKHY
WM 3JIEKTPUYECKUN TOK, HHTEPIPETUPYEMbIH MO3TOM KaK CBET.

[lonsTe KBaHTa CBeTa, KaK MOPLUU H3ITYUYEHHUS, BOSHHUKIIO
UMEHHO M3-3a2 TOTO, 4TO (DOTOH SBISIETCS MHUHHMAJIbHOM mopiueit
CBETOBOI'O IOTOKAa, B pPe3yJbTaTe KOTOPOW BO3HHKAET OIIYIEHUE
cBeTa B Mo3re. KBaHT — 3TO MPOCTO OJHA €IMHCTBEHHAS YACTHIIA UITU
TO K€ camoe, 4To U (HOTOH.

Dnepeusn, ne mMorcem npespawiamvcs Hu 6 KUHEMUYECKYIO, HU 6
MexXaHuuecKyr, Hu 8 XUMUYECKYI), HU 8 KAKYI0 OPY2yi0, NOHOMY YHL0 IMO
MOILKO CEOIICMEO Mmamepuu coeepuiams paoonty, 00yc081eHHOE
PA3HOCMbIO ZPAGUMAUUOHHBIX NOMEHYUATIO08.

W xoraa roBopsT o nepenaye JIEKTPOIHEPTHH, TO UMEETCS B
BUJYy TO, 4YTO IMepenaércs MOTOK MAaTepHalIbHOIO HOCUTENS —
ANEKTPUYECKHU 3apsDKEHHBIX YacTHUIl, KOTOPbIE CIIOCOOHBI COBEPIIATh
pabory.

8. O IIAPOBOI MOJIHUU

[[TapoBy¥0 MOJIHHIO, KaK M1 MHOXECTBO IPOCTBIX IMPUPOIHBIX
SIBJICHUHM, COBPEMEHHAsl HayKa 0 CUX IIOp CUMTAET 3arajkou, Ha
OOBSICHEHUH KOTOPOH clioMainy 3yObl O4YeHb MHOTHE OoJbIIne
yuénbsle. Hayka BooO1Ie UIET OKOJIBHBIMU MYTSMH M OYE€Hb MHOTHE
MEXAHU3MBI IIPOCTBIX MPUPOJHBIX SIBICHUN OCTAIOTCA BHE €€ IO
3peHusi. BBIIBUHYTO COTHU BEPCHM TOMBITOK OOBSICHEHUS IIIApOBOM
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MOJIHUH, HO HU OJlHA M3 HUX JIa)Ke HA MOTy HE MPUOTU3UIIA HAYKY K
pasragke 53Toro sBieHusA. Ho Ha OCHOBE BbIlIE H3JI0KEHHOIO,
MEXaHHU3M I1apOBON MOJHUU 3JIEMEHTAPHO OOBICHSIETCS.

OObluyHass  JHWHEHHAs  MOJHUSA  TPEACTaBIsIeT  coOOH
KpPaTKOBPEMEHHBI  TOKONPOBOJAIIMA  KaHall B BO3JyXe,
BO3HHUKAIOIIUMA B PE3yIbTaTe PA3HOCTH ANEKTPUUECKUX MOTEHIIUAIOB
MeXy obmakaMu win obnaakamMu u 3emiéil. Pa3HOCTh MOTEHINAIIOB,
9TO pe3yabTaT TYpOYJIEHTHOCTEW, BO3ZHUKAIOIIUX B BO3AYXE OT
Pa3HOCTU TEMIIEPATYP BOCXOASIIUX MOTOKOB B KapKYIO MOTOY.

TypOynentHoct B oOjakax TMPUBOAUT K YBEIWYECHHIO
IJIOIIAU COPUKOCHOBEHHUSI MOJIEKYJI BOASHBIX ITAPOB C MOJIEKYJIAMH
OKpY’KaroIllero Bo3ayxa W oOJierdeHuto meperekanus 3apsinos. [Ipu
3TOM paboTaeT TOT K€ CaMblii MEXaHH3M, KaK MpPH 3JIEKTpU3aLUU
HaTHpPaHUEM CTEKJITHHON MJIM 300HUTOBOMH MaIOYKH.

Obnaka, cocTosIINe U3 MOJICKYJ BOJbI, HIMEIOIIUX MEHBITYIO
ACMUMMETPHUIO TPABUTAIIMOHHBIX TMOJ€H, OTHOCUTEIBHO MOJEKYI
BO3[yXa KaK TMpPaBWIO, TMOJYYalOT U3 HEro HU30BITOYHBIE
OTpULIATENIBHBIE 3apsiabl. Paspsn MOXeT NPOU30HMTH KaK MEXKIY
o0JjakaMu, UMEIOIUMHU OTPULIATENIbHbBIE 3aps/bl Pa3HON BETUYHHBI,
Tak W MeXIy oOmakaMu U 3eMJIEH, KOoTopas Tak >Xe€ HMeeT
M30BITOYHBIN OTPUIIATEIBHBIN 3apsij.

Korma sta pa3HOCTh MOTEHIMAIOB JOCTHUTAET HEKOTOPOM
KPUTUYECKOW BEIMYUHBI, 3aps/ibl HAUMHAIOT MEPETeKaTbh MEXKITY
HUMH, 00pa3ysi TOKOMPOBOISAIINKA KaHAN, IO KOTOPOMY MPOUCXOTUT
JaBUHOOOPA3HbIM pa3psil, BBLACISAIOMIMNA OTPOMHYIO MOIIHOCTH 3a
OYEHb KOPOTKMH IIPOMEKYTOK BpeMeHH. Mim npocTo JmMHEHHas
MosnHus. Ho Tak kak B rpo30BBIX 00JIakax, KaK MPaBUiIO, MOCTOSHHO
MIPOUCXOAAT WHTEHCHUBHBIE BO3IYIIHBIE BO3MYIIEHHUS, TO TpPH
OnpeenEHHbIX YCIIOBHSIX, B pe3yabTare BO3/ICUCTBUS
TypOyJIEHTHOCTEH, y4YacTOK JMHEHHON MOJHUH, CBEPHYBIIHUCH B
METJII0 U OTOPBABIIKMCH OT OCHOBHOI'O KaHaJla MOXET CYLIECTBOBATH B
BUJI€ 3aMKHYTOTO KOJIBIIEBOTO TMOTOKA 3apsiI0B, JABMXKYILIUXCSA IO
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KPYTOBBIM 3KBHUIOTEHIIMAIBHBIM TPACKTOPUAM. DTO U €CTh IIapoBas
MOJTHHSL.

A Kak W3BECTHO, HOBIJKEHHE II0 DKBUIIOTECHIIHMAILHOMN
TPAEKTOPHH, 3TO MO CYTH, AHAJIOT MPSIMOJIMHEHHOTO PAaBHOMEPHOTO
JBIDKECHUSI, TIPH KOTOPOM paboTa MPaKTHYECKH HE COBEPIIACTCS, TO
nrapoBasi MOJHHS, MOAOOHO CBOOOJHO BpAIAIONIEMYyCS] MaXOBHUKY
WM BOJIYKY, MOXET CYIIECTBOBATH JOBOJIbHO JJIUTEIBLHOE BpPEMS,
nepeMeniasich MOTOKaMHU BO3AyXa Ha HEOOIBIIINE PACCTOSIHHUS.

[Toka THX0 He HUCUE3HET, KCUEpIaB SHEPTUIO HA U3TYUYECHHUE WU
HE€ HATOJKHETCS Ha NPENATCTBUE, MPU KOTOPOM MPOU3O0UAET
pa3pylieHre KOJbIIEBOIO TOKA ¢ 00pa3oBaHWEM B BO3ayXe 00JacTh
MOBBIIICHHOW KOHIEHTPAIIMU AJICKTPUYSCKUX 3apsnoB, [ria.11]
KOTOpbIE MTHOBEHHO BCTYISIT B PEAKIHMI0 CAMOMPOU3BOJBHOTO
CHUHTE3a C MOJIEKYJIaMH OKPYKAIOIIEro BO3[yXa C BbIIEJICHUEM
MMITYJIbCa MOILHOCTHU B BUJIE€ B3PbIBA.

OKCIMEPUMEHTATBHO IIAPOBYI0 MOJIHHUIO MOXHO TMOJIYYHUTh
MpOIMYCKasi ~ MOIIHBIE  JJIEKTPUYECKUE  pa3psAllbl B  CHIBHO
TypOyJIEHTHOM IOTOKE BO3AyXa.

9. O TEMIIEPATYPE U TEMHOM MATEPUA

Ha ocHOBaHMM H3J10KEHHOTO BBIIIE, MOKHO TaK K€ JIETKO
o0ocHOBaTh TIOHATHE TemmepaTypbl. [lpu HarpeBanuum Tena'
paclMpsItOTC W CTAHOBATCA JIerde, 93TO SKCHEPUMEHTAIBHO
yCTaHOBNICHHBIN (akT. Bo3pMméM TBEpHOE TEno U MpoOBEAEM
MBICTICHHBIA 9JKcrepuMeHT. Kak ObUTO CKa3aHO BHINIE, ATOMBI
BelecTBa 00JaNal0T TPABUTAIMOHHBIMU TOJISIMH, Ojaromaps
KOTOPBIM OHM IPUTATHBAETCS K 3emiie. Tak Kak rpaBUTAlMOHHBIC
IOJII aTOMOB TBEPAOIO Telda HUMEIOT OYEHb HE3HAYUTEIBHYIO
ACUMMETPHIO, TO OHHM CHJIBHO IPUTATUBAIOTCA IPYT K APYTY.

[TpubaBnsieM K KaXa0My aromMy 1o 3ekTpoHy. [Ipu stom y
aToMa HECKOJIBKO YBEJIMYUTCS ACUMMETPHUsSl €ro I'PaBUTALMOHHOIO
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MoJisl, B pe3yJbTaTe 4Yero yMEHBIIUTCS Cujla MPUTSHKEHUS Tella K
semiie. [1i1.11]. To ecTb aTOM cTaHeT jerye (BOSHUKHET AeEKT Beca),
a 00beM ero yBEeNMYMTCS Ha OJUH 3JEKTPOoH. Bot, mo cytu, Mbl U
0OHApYXMJIM HOCUTENh TeTuIa. Takol cBOe0Opa3HBIA TETIOPO/I, POJIb
KOTOPOr0 MOT'YT UIparh, B MPUHLUIIE, KAK MOJOXKUTEIbHbBIE, TAK U
OTpPHULIATEIIbHBIE 3aPS/IbI.

W xoropelii Oonblive y4€HbIE YK€ YCHENu '"3aKpbITh'",
NpUAYMaB B3aMEH BEUHBIM JIBUTaTeilb, B BHUAE MOJIEKYJISIPHO-
KUHETUYECKON TEOPUH.

Bo BcenenHnoit cymecTByoT 00JaCTH, I7le KOCMHUYECKUE Tela
00pa3oBaHbl  BEIIECTBOM C  TOJIOKHUTEIBHOM  aCUMMETpPUEH
rPABUTALMOHHBIX IOJIEW aTOMOB. DTO TO, TO YYEHBIE Ha3bIBAOT
TeMHO# maTepuei. [1o cyTu — 3To HeKHil mapajiyieIbHbIA MUP, T1I€ BCE
HAo0OpOT. M3mydeHus 3BE3N COCTOSIIMX W3  BEIIECTBA C
MOJIOKHUTETIPHOM acUMMETpHUel, NpPEeACTaBISAI0T co00il  MOTOKU
MOJIOKUTEIBHBIX YACTHII.

DToT MHp JUIS Hac HeBUIUM. HeOoNbIIoil KycoK BeIecTBa,
00BEMOM B KyOMYECKHI CAaHTUMETp, Yy Hac Ha 3emie OyIeT BECHTh
HECKOJIbKO TOHH U OyJIeT UMETh ri1y0oKo 4€pHbIii 1BeT. [loaToMy MbI
HUKOTJ]a HE CMOYKEM IOCETUTh TOT MapajUIeNIbHBIA MUp, TAK K€ KaK
U ero oOuTaTeau He CMOTYT MOCeTUTh Hail. OOUIaThbCsl MBI CMOXEM
JIUIIb TTOCPEACTBOM PAITUOCBA3H.

[TpogomxkuM CBOM MBICIICHHBIN SKCIIEPUMEHT, 100aBIsAs B
aTOMBI TeJa MO 3apsAny. ACHUMMETpUS UX TPaBUTAIIMOHHBIX MOJNEH
OyJIeT yBeIMYHUBATHCS, TEIO OYJET CTAHOBUTLCS BCE JIETYE U JieTye, a
CHWJIBI IPUTSKCHHSI M@Ky aTOMaMu OyIyT CTaHOBUTKCS Bce cinabee U
crnalee.

Uepe3 HeEkoTOpoe BpeMs aTOMbl IOJy4aT BO3MOXKHOCTH
MepeMEIAThCsl OTHOCUTENBHO APYT IPYyra U BEIIECTBO IPEBPATUTCS B
KUIKOCTh. To ecTh pacruiaButcs. [lpu mampHelimeM NmpuOaBICHUU
3apsiIoB, ACUMMETPHS TPABUTAIMOHHBIX IMOJEH aTOMOB YBEIUYHUTCS
HACTOJIbKO, YTO OHM HAYHYT OTPBIBaThCA JApPYr OT JApyra BcE
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YBEIMYMBAIOIIMMHUCA  CWJIAMM  OTTAJIKUBAaHUA W JKUAKOCTH
mpeBpaTUTCs B Ta3. BOT MBI U monydunau OOBSICHEHHWE MEXaHW3Ma
HCITAPEHUS.

IIpumeuanue! B uacmnocmu, ucnapenue 600vl 00yCj1061€HO
PpasHocmuio acummempuii 6030yxa u 600vl (puc.2l), nosmomy oasxce
3amépzuwan eoda (1€0) 0060abHo Xopouio ucnapsemcsa. Hzovimounvle

3apa0bl U3 MOIEKYl 8030yXa nepemexas
. J 6  MONEKyIbl 1604,  YEeUYUBAIOM

" \ Iig T
" acumMmempuio uUx 2pasumMauUOHHbIX

nosneii, Ymo NPUGOOUM K YEeIAUUEHUIO

CUll OmmajilKueanus maoJjiexKyii ()pyz om

= | Opyza, komopvle npu Imom noyuarom

Puc.21 603MOMNCHOCHIb omopeamucs om
HOGEepXHOCMU U NOOHAMDBCA 6 8030yX, émecme ¢ "'npununmumu’’ K HUM
MOJIEeKyamu 6030yxa).

[Tpu 3HAYNUTENTHPHOM YBETUYCHUH KOHIIEHTPAIIUU U30BITOUHBIX
3apsI0B B aTOMax, OHHU YK€ He OyIyT B HUX yJEpKUBAThCA, a OyayT
PaBHOMEPHO PaCHPEIENATHCS 110 BCEMY 00BEMY.

Takum oo6pazom, 000cHOGbIGACHICA MEXAHU3M 6HIOPOZO
Hauana mepmooOuUHaAMUKYU U RPUHUUR 803DACMAHUSA IHMPONUU, KAK
6blpasHUBanUA 100bIX (u3uyeckux napamempos mamepuu. B
OaHHOM cliyuae - memnepamypol.

B KoHIIe KOHIIOB, BEMIECTBO MPEBPATUTCS B CMECH "TOpsSUuX"
(3apsKEHHBIX)  aTOMOB € DJIEMEHTAPHBIMU  3JIEKTPUUYECKU
3apsOKEHHBIMM YacTMLAMM WM B uasMmy. /[lamee mnpoucxoaut
CIEYIOLIEE.

N3-3a OrpOMHOM KOHLICHTPALMU 3apsi[0B, aTOM IIEPEXOIUT B
COCTOSIHHE, TMOJ00HOE >KHIAKON Karjie, KOTopas pa3BajuBacTCs Ha
SJIEMEHTApHbIE YaCTUIbl. OTH JJEMEHTApHbIE€ YacCTHUIbl, MPHU
JaJTbHEMIIIEM  TOBBIICHUH  TEMIIEpATyphbl,  pa3BajsaTCd  Ha
cyoanemenTtapusie. M Tak manee. [1o cyTu Mbl BOoCIipou3BenIu 3/1€Ch
MNpOIECC CHHTE3a, TMPOUCXOASIIMA B 3BE3MAX, B 0OOpaTHOM
HaIPABJICHUH.
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Temnepamypa — 3mo 6enuuunHa pAa3HOCMU ACUMMEMPUTL
2PasuUmMayUOHHBIX ROJICH AMOMOE MAMEPUATILHO20 MEA U AIOMO8
OKpYHcarouieil e2o cpeowvl.

Wnu mpocto pa3HOCTh UX H3OBITOYHBIX DIEKTPUUYECKHUX
3apsaoB. [I0TOK Temia — 3TO MOTOK 3apsKEHHBIX YACTHI], KOTOPBIN MbI
4yBCTBYeM Ojaromapsi yBETUYHMBAIOMICHCS ACHMMETPUU MOJICKYT
HaIIEero Tea.

Ecnm xe 3TOT MOTOK 4YacTUIl HAlpaBi€H U3 HAIIEro Tejla U
OyIeT yMEHbIIaTh AaCUMMETPUIO HAIIUX MOJEKYN, MBI OyJemM
YyBCTBOBATh OXJIAXKJICHHE. AOCOIIOTHBIA TEMIIEpaTypPHBIN HYJb, 3TO
PaBEHCTBO WJIM HYyJeBas Pa3sHOCTh ACHUMMETPHI T'paBUTAI[MOHHBIX
MoJIC aToMOB Tela, KoTopas B CHIy chepuueckoil METPUKH
BCEJIEHHOM, HEBO3MOYKHA.

A TO, 4TO TOApazymMeBaeTcs MOJ aOCONMIOTHBIM HYIEM B
COBPEMEHHOM HayKe — 9TO CHEKYJSLHUs, OOYCIOBICHHAS CIIEMBIM
MEPEHOCOM PE3yJbTAaTOB MAaTeMaTHYEeCKUX MpeoOpa3oBaHUN Ha
(GU3NIECKyIO peaIbHOCTb.

AHaJOTUYHBIM K€ 3a07yKICHUEM SBISETCS U MOJEKYIISPHO-
KMHETUYecKass Teopus, MpOTUBOpeyalias BTOPOMY  Hadaly
TEPMOJMHAMHKH, OOYCIIOBJIEHHas, KaKk M B CJIy4ae C OIBITOM
Pezepdopraa, ommOouHbIM 0OBSICHEHHUEM PE3YJIbTATOB SKCIIEPUMEHTA
bpoyna. Hcxonss w3 omnpeneneHus TeMmmepaTypbl MNPUBEIEHHOTO
BBIIIIE, 3JEMEHTAapHO OOBICHSACTCS NPUHIMI pabOTHl OOBIYHOTO
XOJIOAWIIBHUKA.

IIpu cxatum paboyero Tema - (peoHa, €ro aTroMbl
CONMMXKAIOTCS, KOHIICHTpAIUsI M30BITOYHBIX 3apsiioB B ero o0BEMe,
YBEJIMYMBACTCS U 3apsabl, [OAYMHAACH BTOPOMY  Hayaily
TEPMOJAMHAMHKHA U  CTPEMSCh  PACHpPElENUThCS  PABHOMEPHO,
HAYMHAIOT MEpeMelaThCcd B CTEHKHM EMKOCTH (pamuatop). Jlaiee
MIPOXO/S MO/ JaBJICHUEM Yepe3 TOHKOE OTBEPCTHE B APYTYIO EMKOCTb
(paauaTop MOPO3UIBHOW KaMmephl), pabouee TENo paCIIUPSETCS |
KOHILICHTpAIU 3apsiIOB B HEM PE3KO YMEHbILIAETCH.
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CornacHo BTOpOMY Hauamy, 3apsiibl HAYMHAIOT MEPETEKATh B
pabouee TeIO yXKe M3 CTEHOK MOPO3WJIBLHON KaMephl, emé Oosee
oxnaxnaas ee. Korga Mbl mpukacaeMcs majiblieM K METAIIMYECKOMY
peIMeTy, OH HaM Ka)KeTCsl XOJIOAHBIM, TOTOMY YTO HM3-3a Pa3HOCTH
aCUMMETpUI MOJIEKYJT HAILIero TeJla U aTOMOB MeTajlia, U30bITOYHbBIE
3apsapl HAIETO Tella HAYMHAIOT TEepeTeKkaTh B METall, Co3JaBas
OLIYIICHUE XOJI0/Ia.

To ecTh HaAmM HEPBHBIE KIETKH MPEKPACHO OMPEHCISIIOT
HampaBlieHue 3Toro Toka. [Ipukacasce K OepeBsIHHBIM IMpeaMeTam,
UMEIOLTUM MIPUMEPHO OJTUHAKOBYIO aCUMMETPHIO C HAIIUM TEJIOM, MbI
HE OIYyIIaeM WX XOJOJIHBIMH, IMOTOMY YTO H3-32 OTHOCUTEIILHOTO
paBEHCTBA aCUMMETPUH, NTepeTeKaHHe 3apsiI0B CIUILKOM HUYTOXKHO,
YTOOBl €r0 OLIYyTUTh. JIBMKEHHEM DJIEKTPUUYECKUX 3apsiioB
DIIEMEHTAPHO OOBSICHSIOTCS JIFOObIE MEXaHW3MbI B3aUMOJCUCTBUIA B
OpHUpoOJie, BKIIOYAS MEXaHU3MBI JIEHCTBUS PA3JIMYHBIX OPraHoB
HAIIIeTO TeJa.

Ceruyarka, HampuMmep, TMpeAcCTaBIseT co0oil  MaTpuiy
CBETOUYBCTBUTEIbHBIX  KJIETOK, TaK Ha3bIBa€MBIX  MAJIOYEK,
OTIpEeEIAIONINX HUHTEHCUBHOCTh CBETOBOTO MIOTOKA, COBMEILEHHYIO C
MaTHIIe, Tak Ha3bIBa€MbIX KOJIOOUYEK, MpPEeACTaBISIONINX co00it
JETEKTOPBI CKOPOCTU (POTOHOB, KOTOPOM ompeensieTcs 1BET.

CeruaTka — 3TO, IO CyTH, H3MEHUBIIMKICS (HaceTOUHBIN T1a3
HACEKOMOT0, MOTYYHBIIHA B PE3yJIbTaTe SBOIOIIMOHHOTO MPOIIecca,
ob0mmii xpycranuk. CBer, (poKycHpysACh XpyCTaJIMKOM, CO34aET Ha
ceTyaTke  W300pakeHWe,  TpeAcTaBisomee  coboil  Kapry
DIIEKTPUYECKUX TMOTEHHHaaoB. To ecTh 93TO  H300pakeHUe
OKpPYXXaIoIIMUX MPeIMETOB, CPOPMUPOBAHHOE WJIM HApHUCOBAHHOE Ha
CETYaTKE EKTPUUYECKUMU MOTEHI[UATIAMHU.

B pesynbraTe nelcTBUA OSTUX TOTEHIMAIOB BO3HUKAET
JIBUKEHHE 3JIEKTPUUECKUX 3apsAOoB IO MY4YKY HEPBHBIX BOJIOKOH,
KOTOpBIE TIOCTyNas B MO3T, (QOPMHUPYIOT B HEM BpPEMEHHYIO
HEHPOHHYIO CTPYKTYpPY, TaK ke MPEICTABISIONIYI0 COOOW IBETHOE
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00BEMHOE M300paKEHHE OKPYKAIOIIUX MPEAMETOB, KaKIas TOYKa
KOTOPOT'O COOTBETCTBYET MOTEHIIMAITY, CO3/1aBaEMOMY ONpPEeIeIEHHON
MajJoYKON B ceTyaTKe. ITO n300pakeHrne 00padaThIBACTCsI MO3TOM U
YaCTUYHO 3alIOMHUHAETCHL. ..

Tenepr octa€rcsi oauH HEOOJBIIOW IHAr A0 CO3JaHUs
UCKYCCTBEHHOTO Trja3a. [lpum CcoBpeMEHHOM YpOBHE pa3BUTHS
MUKpPOTEXHOJIOTUH, CO3/IaHWe TaKOro HCKYCCTBEHHOIO TIJja3a He
COCTaBUT OOJIBIIOTO TPyZa W 4epe3 JBa — TPH Toja Jroboil crienoi
CMOKET BUCTD.

Ilyctb M He Tak XOpOIO, KaK HOPMAaJbHBIMU TJla3aMH, HO
JIOCTaTOYHO, YTOOBI 00XoAuTCs 0e3 moBoAbIpel... Ero KoHCTpyKIms
JIOBOJIBHO MPOCTA, HO 37€Ch s €€ MPUBOAUTH HE Oyy. AHAJIOTMYHBIM
o0pazoM paboTaeT W MEXaHHM3M pPACIO3HABaHUS BKyca. PazmuyHbie
BEIIIECTBA, MTONA/1ast B CIIOHY, SBISIONIYIOCS 3JIEKTPOIUTOM, CO3IA0T
AHAIOTMYHYIO JK€ KapTy »JJCKTPHUYECKUX TMOTEHIUANIOB, KaK |
CeTJYaTKa Iiaza, KoTopas Tak ke 00pabaThIBaeTCsI MO3TOM. ..

Ewé ooun ouenv nacnaouwlii npumep, 00Ka3zvléaroujuil
INEeKMpPUUecKylo npupody memnepamypuol. Ecau naockocmmuoi
nOJIYRPOBOOHUKOBBLIL OUOO NOOKIIOUUMb 8 3ANOPHOM HANRPABIEHUU
K UCMOYHUKY HOCMOAHH020 Hanpsaxycenusa 6 5-10 eonvm, mo 6
pe3yromame obeonenusn p-oonacmu n-p nepexooa
IIEKMPUYECKUMU 3APA0AMU, OUO0O 0080JIbHO CUTLHO OXJIAOUMCA.
Ha 9mom  npunyune pabomarwm  noJIYRPOEOOHUKOBBIE
X0N00UNbHUKU.

10. O NPSIMOJIMHEMAHOM JIBUKEHUU 1
"CBEPXITPOBOJUMOCTH"

Jleusicenue — Imo n1060e usMeHeHue COCMOAHUA mend,
(nonooicenuss unu HanpasieHus nepemeujenus), 00yci061eHHoe
oelicmeuem pAazHOCMU 2PAGUMAYUOHHBIX NOMEHUUAN08, NPU
Komopom cogepuiaencsa papoma.
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A crnenoBaTeNbHO, JBUKEHUE HE SBISETCS HENPEMEHHBIM
YCIIOBUEM CYLIECTBOBAHMSA MATEPUU U MOITOMY HHKAKOTO BEYHOTO
Xa0TUYECKOI0 JBUKCHMS B IIPUPOJE CYHIECTBOBATH HE MOXKET, TAK
KaK 3TO TpeOyeT HeNpepbIBHON 3aTPaThl MOLTHOCTH.

Jeusicenue no unepyuu — 3mo 06UIHCCHUE NO MPAEKMOPUU
PA6HO20 nomeHyuana, npu KOmopou pasHocms 2pasumayuOHHbIX
NOMEHYUAN06 OCMAEMCA HEUSMEHHOU U PAdOma He CO8epULaenics.

ITosToMy ABMXKEHHE IIO SKBUIIOTCHLHUAIBHON TPACKTOPUHU
SBJISICTCS. YaCTHBIM cly4daeM Mokos. Kak Ham roBopuT usuka, eciu
Ha TEJIO HE JCUCTBYIOT HUKAKUE CHJIBI, WIA PABHOJACHCTBYIOIIAS BCEX
JEMCTBYIOIMX Ha TEJIO CHUJI, paBHA HYJIIO, TO TEJIO OyeT HAXOUThCS
B IIOKO€ WIA B COCTOSHHHM PaBHOMEPHOIO IPSAMOJIMHEHHOTO
nerkeHus. Ho Tak kak BceneHHasi, B CHIIy CBOMCTB MaTEpPUU UMEET
cepruiecKyro METPUKY, TO Pa3rOBOPHI O KAKOM-TO MPSIMOJIMHEHHOM
pPaBHOMEPHOM JABIKEHUH, SIBIAIOTCS 3a0myxaeHueM. B cdepuueckoii
TeOMETPHUH BCEICHHOM TaKOTO JBM)KEHUS HET M OBITh HE MOJKET.

EnuHCTBEHHOW NPsIMOM JIMHUEW BO BCEJIICHHOM MOXHO
CUUTATh TOJBKO PAINYC JTFOO0TO TATOTEIOIIET0 T, HO ABM)KEHHE IO
9TOM JINHUU HE ABJIAECTCS PABHOMEPHBIM, TaK KaK MOKET IPOUCXOIUTh
TOJIBKO IO ACVCTBUEM Pa3HOCTH I'PABUTALMOHHBIX IIOTCHIMAJIOB.

Jletsiimii camon€r, HampuMep, B YCTAHOBUBILEMCSI PEKUME
MOJIETA MOJXKHO CUUTAaTh JBIKYIIUMCS II0 MHEPLUH, TaK Kak
PaBHOJEHCTBYIOIIAs BCEX CHJI, NEHUCTBYIOIIMX HAa CaMOJIET B OTOM
pexume, paBHa Hym0. Cuia TATOTEHUs! ypaBHOBELIEHA MOABEMHON
CUJION KPBUIbEB, CHJIA COIIPOTUBIICHUS BO3/lyXa YPABHOBEILICHA CUIIOU
TATM JBUraTesss M CaMOJIET B JAHHOM CIIy4ae JBUXKETCS 110
SKBUMOTEHIMAIbHOW Tpaekropuu. WMnm mno wunepumu. Haxonacw
BHYTPHU CaMOJETa C 3aKPBITBIMHA WJUIIOMHHATOPAaMH, €TI0 JIBH)KEHUE
HEOTINYUMO OT COCTOSTHUS TIOKOS.

Ecin xk KOHIIaM IPOBOJHMKA ITPHIIOKATH HEKOTOPYIO Pa3HOCTh
NEKTPUYECKUX ITOTCHIHUAIOB, TO B HEM BO3HUKHET JBHXXCHHUE
NIEKTPUYECKUX  3apsanoB. IIpuuéM, 1o Mepe IPOABHIKECHUS
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IEKTPUYECKUX 3apA0B K IIPOTUBOIIOJIOKHOMY IIOJIIOCY, Pa3sHOCTb
MOTEHLIMAJIOB Oy/leT M3MEHSTHCS, a CUJla MPUTSHKEHUS U CKOPOCTh
JBUKEHUS 3apsiioB Oy/IeT BO3pacTarh.

CrienoBaTeNnbHO, 2/1EKMPUYECKUIl MOK — 3IMO YCKOPEHHOe
oguiiceHue INeKMpPUYEecKuUx 3apsa0o6é no NpPoeoOHUKY, TON0OHOE
NaJCHUI0 MATepUAJIBHOTO Tejla MOJ  JEHCTBUEM  Pa3HOCTH
IPaBUTALMOHHBIX OTEHIUAIOB. V1 NMEHHO MO3TOMY AJIEKTPUYECKUI
TOK MOXET coBepIuaTh padboTy. Mcxons u3 3TOro ke yTBep KICHHS,
MOYHO JIETKO OOBSICHUTH BOSHUKHOBEHUE CBETOBOTO M3JIyUeHUs TpU
MIPOXO0KIEHUH TOKA Yepe3 MPOBOJAHUKHU C BBICOKMM COITPOTHUBIICHUEM.

Berpewass BBICOKOE CONPOTUBIIEHHE JIBU)KEHHIO, JJIEKTPOHBI
HaKaIUIMBAlOTCA B TNPOBOJHUKE, 4YTO MPUBOJUT K TOBBILIECHUIO
KOHILIGHTPAllUN JJIEKTPUYECKUX 3apsioB M BBITAIKUBAHUIO HMX U3
IPOBOJAHMKA B OKpYXalollee IPOCTPAHCTBO CHUJIAMH B3aWMHOIO
oTTankuBaHus [ria.6]. M dem Ooiblie WX KOHIEHTpALUSA, C TEM
00JIbIICH CKOPOCTBIO OHM "BBITAJIKUBAIOTCS" U TeM OoJiee KOPOTKUE
CBETOBBIC BOJHBI BO30Y)KTAIOT B  TIPAaBUTAI[MOHHBIX  MOJAX
OKPY’KaIOILEH UX CPEBbL.

HmeHHO mOo3TOMY IpU HEOOJBUIOM TOKE, MPOBOJAHUK CHaudaja
cnabo HarpeBaeTcs, TaK KakK '"BBITOJKHYThIE" U3 TIPOBOJIHUKA
JJEKTPOHBl HMMEIOT HEOOJIbIIYI0 CKOPOCTh W TPHU JIBHIKEHUU
BO30YXKIAlOT JUIMHHBIE, UH(QPAKpACHbIE, BOJHBI, a C IMOBBIILICHUEM
KOHLEHTPAllUM CKOPOCTb BbUIETA yBEJIWYMBACTCSI U  BOJIHBI
CTaHOBATCA KOPOYE U MAKCUMYM HM3JIyUEHUS CIBUTaeTCsl K CUHEMY
Kparo CIIEKTpa.

B pe3ynbTare cUIpHOrO OXJIaKAEHUS IPOBOAHUKA, 3a CUET €0T
oOeHeHUs] DJIEeKTPOHAMH, YMEHBIIAETCSI €ro  3JIEKTPHUUYECcKOoe
CONPOTHUBIIEHUE U BOZHUKAIOT YCIOBUS 111 HEIPEPHIBHOTO KPYTOBOTO
JBWKEHUSI JJEKTPUYECKHUX 3apsSA0B IO SKBUIOTEHUHAJIbHBIM
TPAeKTOPHUSM, MOAOOHO IIapOBON MOJHHUH, KOTOPOE U MPEACTABISAET
co0OM aHaJOr ABMXKEHHS MO0 MHEPIMH U KOTOPOE Y4EHBIC HA3BIBAIOT
"CBEpXIIPOBOJIUMOCTHIO".
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W Tak xak mpu 3TOM JBIKEHUU paboTa HE COBEPIIAETCS, TO
TaKOM KOJIBIIEBOM MOTOK 3apsAIOB MOXKET CYIIECTBOBATH JOBOJIBHO
JUTUTEIIBHOE BPEMSsI, HO JIOCTaTOYHO Pa30pBaTh €ro 4To ObI OTOOPATH
MOIIHOCTb, KaK JIBH)KEHUE 3apsiJ0B MTHOBEHHO MPEKPATUTCS U BUXPb
HCYC3HET.

AHajoraMM Takoro JABWXEHUS, KpOME IIAPOBBIX MOJIHUMN
SIBJISIIOTCS, MHOTHE SIBJICHHMS TPUPOABI, HMEIONIME BUXPEBYIO
NpUPOaYy, TaKUME KaK TOPHAZO0, LMUKJIOHBI, a TaK € pa3IuyHbIC
MaxOBUKM M BOJIYKHM, YYacCTKU KOTOPBIX, JBIKYIIHUECS TIO
SKBUIIOTCHITUAIBHBIM TPACKTOPHUSM, MPAKTHUYECCKH HE TPEOYIOT Ist
aToro 3arpar MoOIHOCTA. OOBSICHEHHE CBEPXITPOBOIUMOCTH
JBUKEHUEM KaKHX-TO "KYMEPOBCKHMX Map" CIUIIIUXCA AJIEKTPOHOB,
MPOCTO CMEUIHBI.

CBepXnpoBOAUMOCTb, KaK JABUKEHUE SJIEKTPOHOB B YCIOBHSX
OTCYTCTBHSI PAa3HOCTU 3JIEKTPUUYECKUX MOTECHIIMAIOB U COBEPILICHUS
UMHU paboThl, PU3NYECKH HEBO3MOXKHA. JTO BEYHBIA JBUTATEllb U
TOJBKO TICEBIOYYEHBIE ATOro He mnoHumaror. M B cuiny 3Toro
00CTOSITENILCTBA, YEIIOBEYECTBO, K COXKAICHUIO, HUKOTJA HE OyaeT
MMETh CBEPXMPOBOMSIIMX JMHUW 3JIEKTponepenady, MOTOMY 4YTO
BEUHbIC JIBUTATENIN TPUHIUNHATBHO HEBO3MOKHBI.

11. O JE®EKTE BECA U "CBEPXTEKYYECTHU"

Macca U 9Heprus B HAcTosIee BpeMs  SBISIOTCS
¢yHaaMeHTalIbHBIMU MTOHATUSMHU B TeopeThdeckoi ¢usuke. Macca,
KaK KOJMYECTBO MAaTEpPUM M DHHEPIrHs, KaK CBOICTBO MaTepuu
coBepmaTh pabdory. Tak Kak Marepus He MOXKET MPEBPAIIATHCS B CBOE
CBOMCTBO, TO €CThb B DHEPrUIO, HE MOXET BO3HUKATh U3 HUYETO U
Ucue3aTh B HUKY/A, TO MOHATHE Je(eKTa Macchl, KaK MCUC3HOBEHUS
KaKOH-TO YaCTU MaTe€pUH SABJISIETCS, 110 CBOCH CyTH, aHTUHAYYHBIM.

Ho Tak kak »3TO sBJIEHHE YCTAaHOBIEHO Kak Obl
9KCHEPUMEHTAJIBHO, TO CJIEI0BATENBHO, pe4b MOXKET UITH HE O Macce,
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a o0 eece, KOTOpBIﬁ MOXET UBMCHSATHCA B 3aBUCUMOCTH OT paCCTOHHI/IH
IO TATOTCIONIEro Tejla. 3JeCh MMEET MECTO METOHOJIOTHYecKast
ommOKa, KOTOPBIMH M300MJIYET BCS TeopeThdeckas Hayka. [loaromy
BMECTO TIOHATHUSA "Macca'", He0OX0IuMO YIoTpeOIsATh MoHsATHE "Bec".

Cytp sBneHus nedexrta Beca JOCTAaTOYHO JIETKO OOBsICHUMA.

—— Jlrobas MarepuanbHas 9acTUIIA BEIECTBA

OGJIB.I[&CT T'paBUTAOUOHHBIM IIOJIEM W,

Tmy__zr ﬁ,;..,:. CJI€A0BATEILHO, IPUTATUBAETCS K
& ApyrMM  MaTepUalbHBIM  Te€jlaM  C
Puc.22 HEKOTOPOH CHUJIOH, o0OpaTHO

MPOMOPLMOHAILHON KBaJpaTy pacCTOSHUSA MEXIy HUMHU. Mexny
JIBYMsI YacCTHIIAMH, HaXOISIIMMHUCA APYr OT Apyra Ha PacCTOSHUU,
HAMHOTO TIPEBBIIIAIONIEM HX pPa3Mepbl, CHJIbI MPUTSKEHUS] OYEHBb
HE3HAUUTENbHBI M HE UTPAIOT HUKAKOW POJIH.

Ho ecnu 3Ty 9acTUIBI OKaXyTCsl JOCTATOYHO OJIM3KO IPYT K
JIpYTy, Ha PaCCTOSIHUU CPAaBHUMOM C UX pa3MepaMu, T'PaBUTALIMOHHBIE
CWJIBI BCTYIISIT B ICUCTBUE U MPUTSHYT UX BILUIOTHYIO APYT K APYTY,
o0Opa3yst HOBYIO COCTaBHyrO uyacTully [ria.3]. Bec »Toli HOBOit
COCTaBHOM YaCTHUIIbl B CUILY TOTO, YTO YACTh CHJI IPUTSKEHUS YaCTHUI]
Oymer "um3pacxojoBaHa" Ha YyjAep)KaHHE WX OKOJO Jpyr Apyra,
OKa)XETCS MEHBIIE, YeM HUX BeC Mo oTAenbHocTH (puc.22). To ecth
BO3HHUKHET Je(eKT Beca.

ITo cBoeit cyTH, 00bEeIMHEHNE IBYX YACTHUIL B OJIHY, 3TO U €CTh
npouecc cunmesa, TpU KOTOPOM  COBepIIaeTrcs padora,
MpOMOpILMOHaNIbHAS 3TOMY nedekTy Beca. B maHHOM ciydae, 3Ta
pabota OyAeT coBepileHa MPOTUB CUJI MPUTSIKCHHUS] 3EMITH, TaK Kak
YMEHbIIIEHHE Beca PaBHOCHIIBHO MOJHATUIO MaTEpPUAILHOTO Tejla Ha
HEKOTOPYIO BBICOTY B €€ IPaBUTALIMOHHOM IIOJIE.

Tak KaKk CHJIBI TPUTSHDKCHHS YaCTHUIl MKy coO0W | 3emiiei
OUeHb Mallbl, JJI1 UX OOHapyXeHus TpeOyeTcs BechbMa CIOKHOE
obopymoBanue. Hike mpennaraercsi cxema MmpocToro 3KCIEpUMEHTa,
WLTIOCTPUPYIONIETO BO3HUKHOBEHUE JieeKTa Beca, KOTOPHIH MOKHO
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MPOJIEMOHCTPHUPOBATH B JIFOOOH 1mIkose. [[ist ero mpoBeaeHUus HYKeH
TOJIBKO JOCTAaTOYHO YYBCTBUTEJIBHBIA JUHAMOMETP MU HECKOJIBKO

MOCTOSIHHBIX MarHutoB. [IpumepHas
’i‘ e i\ CXeMa »JKCIEpUMEHTa TMOHSTHA U3

pucyska (puc.23). Jlepexrom Beca Tak
——“—— —“— xKe AIIEMEHTApHO 00BsICHACTCS

Puc.23 ROBEPXHOCMHO20 HAMANCECHUA.

SABJICHUC cmauuesaemocmu u

Monekyabl KUAKOCTH, KOHTAaKTHUPYIOIIUE C MOJIEKYJIaMHU
CTEHOK COCyJa, MPUTATHBAIOTCA K HUM C BOZHUKHOBEHHEM Je(eKTa
BECa, B PE3yJbTAaTE UEro CTAHOBATCS JIET4Ye M BBITAJIKUBAIOTCS BBEPX
10 CTEHKe, 00pa3ysl BOTHYTbII MEHUCK.

B cnydae ¢ XKMIKMM TeiaueM, 3TH BBITAIKHUBAIOLIME CHUIIbI
HACTOJIBKO BEJIMKH, YTO XHJIKOCTh HAUYWHAET IepesIMBaThCS depe3
Kpay cocy/a.

OToT MexaHu3M oOecrmeyuBaeT moJady BOJAbI B CTEONAX
pacTeHuil W CTBOJNIAX JEpEBbEB, MOJHUMAs IO KamwuisipaMm e€ Ha
OTPOMHYIO BBICOTY. Ecniu Kanmuiisip pacroioskeH Topru30HTaIbHO, TO
BOJIa II0 HEMY JABHUraThcs He OYZET, TaK KaK MEXaHU3M 3TOT He OyzeT
pabotatb, UYTO TIPEKPacCHO OOBACHSET, TOYEMY JCPEBBS
IPEANOYUTAIOT PACTH BBEPX, IPEOJI0JIEBAst CUITY IPABUTALMH.

B ciydae ¢ pryThi0 Bce NMPOUCXOAMT HAOOOPOT — B ITOM
cily4ae "BCIUIBIBAIOT' CTEHKHM COCyZJa M IMPOUCXOIUT "omyckaHue"
IpaHUYAIIMX CO CTEHKOW MOJIEKYJ PTYTH, CO3JAlOIlee BBITYKIIBINA
MEHHCK.

B pesynbrare yBenuueHHs CUIIBI TSDKECTH B 30HE KOHTAKTa CO
CTEHKOM cocyzia, PTyTh, KaK U HEKOTOPbIE APYIHe KUIAKOCTH, aTOMBI
KOTOPBIX MMEIOT OOJBIIYI0 aCUMMETPHIO I'DaBUTALMOHHBIX MOJEH,
OUYEHb OBICTPO BBITEKAIOT J1aXKe Ye€Pe3 MUKPOCKOIIMUECKUE OTBEPCTHS.
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12. O CHHTE3E

Deonwyua mamepuu 6 npupooe npeocmaeniem cooou
OOHOHANPABNEHHBIIL U HEOOPAMUMBLI NPOUECC HENPePbIGHOZO0
CAMONPOU3BOTILHO20 YCIIONCHEHUA €€ CIPYKmYpbl 6 pe3yibmame
o0veounenua (cunmesa) 0071ee npocmulx uacmuy 6 0onee
C0MCHBIE CMPYKMYPHbLE 00pA308aAHUA.

Kornma Bwl ocraBiasiere Ha yinMile >KEJI€3HbIM TI'BO3/b, OH

IIOKPBIBAETCS pKaBUMHOM. PikaBumHa - 3TO
'E‘-P-?@ .°+_4__[:_ OKHCEJI JKeje3a, TO €CTh 0ojiee CIIOKHOE

AN BEIIECTBO, YE€M YHCTOE XKene3o. A  eciu
. ‘ PSIOM ¢ HUM ObLIa enié u cepa, TO MOTYIHTCS
F_%*@ | @ cynbduI W cybdar Kere3a, KOTopoe ermé
0oJ1ee CII0KHOE, YEM OKHCEIL.

/ @ w W ecnu 3T0 yCIOKHEHUE MPOUCXOTUT B
TEUCHMH HECKOJIbKUX MUJUIMOHOB JIET, a

Puc.24 HPUPOABl TaKMM KOJHUYECTBOM BpPEMEHH
pacrosaraer, TO HEU30EKHO MMOSIBUTCSI Kakas-HHOY b

JI€30KCUPUOOHYKJIEHHOBAsI KUCJIOTA. A 3a HE M jKMBas KJIETKa U B
KOHIIE KOHIIOB Y€JIOBEK...

[Tpryém mpu cuHTE3€ BCErzia BBIACIAETCS HEKOTOPasi MOIIHOCTb,
IPONOPLMOHANIbHAS BO3HMKawoIIeMy nedekty Beca. B Hayke stor
nedexT Beca omrO0uHO Ha3bIBaeTCs " 1e(EKTOM MACChl" U CUMTACTCH,
YTO OH, SIKOOBI, XapaKTepU3yeT, TaK Ha3bIBAEMYIO, SHEPIUIO CBA3H
YacTHII.

Ho BoT oOpatHbIii mporecc B mpupoje HEeBO3MoOkeH. Hukro
HUKOTJa HE HaOIrojan, 4ToObl pyna, TO €CTh M3 CMECh OKHCIIOB,
Cylb(QHI0B, CAMONPOU3BOJIBHO pacafagach Ha COCTABHbIE 2JIEMEHThI
U MOJIYYHIJIOCh YUCTOE JKEJIe30 MU MEJIb UJIH €IIE YTO-TO YHCTOE.

N xors B mnpupoae cyumecrByeT OECKOHEYHOE KOJINYECTBO
YPOBHEH CHHTE3a, YEJIOBEK MTOKa MOXKET HaOII0/1aTh TOJIBKO JIBA BUJA.
Oto cuHTe3 HU3KoTemneparypHbiii (HTC), npu KOTOPOM IPOUCXOIUT

MPpOCTOC CIUAHUC aTOMOB B MOJICKYJIbI C BBIJACJICHUCM CPABHUTCIIBHO
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HeOonpIioro kosnuyecrtsa Temia (puc.24). Ilpumepamu  Takoro
CUHTE3a, SIBJISIFOTCS] OOBIYHBIE TPOLECCHI OKUCIICHHUS UM TOPEHUS.

PaccmoTpum, Hampumep cuHTE3 OOBIYHOW BOJBI. JlomycTum
MMEETC HEKOoTOopass E€MKOCTb, 3allOJIHEHHAs CMECBhIO BOJOpOAAa H
kuciaopona. Tak Kkak Ta3bl HMMEIOT  JOBOJHHO  OOJBIIYIO
OTPULIATENIBHYI0 AaCHUMMETPHUIO TPAaBUTAI[MOHHBIX TIOJIEH aTOMOB,
(oTpunaTenbHBI  3apsn) O0O0yCHaBIMBAIOLIYI0O HX  CTpPEMJICHHE
OECKOHEYHO pacCIIUPATHCS, TO MX aTOMBl B CMECH HAaxXOIATCS Ha
HEKOTOPBIX PACCTOSHUSIX APYT OT APYra U HUKAaK HE Pearupyror.

Ho nmoctatoyHo MUKpPOCKOMUYECKOW HCKPBI, KaK aTOMbl Ia3oB
MTHOBEHHO 10 BceMy OOBEMY OOBEAMHSIOTCS, 00pa3ys CMecCh
OTPULIATENIBHO 3apsDKEHHOTO0 BOASHOTO Iapa ¢ OTPULATEIbHBIMHU
YaCTULAMH, CUJIAMU OTTaJIKUBaHUSA KOTOPBIX, EMKOCTh pa3pylIacTCs.
To ectb mpoucxoauT B3pbIB. MEXaHU3M 3TOr0 IMpouLecca JOBOJIBHO
IPOCT.

Uckpa  mpeacraBmsiomas  co0oil  MOTOK  DJIEKTPOHOB,
JBUKYLIUXCS C OTPOMHOM CKOPOCTBIO, KOTOPBIE CO3JAI0T yJapHbIE
BOJIHBI B TPABUTALIMOHHOM T10JIe (CBEYEHHE). DTU yAApPHBIE BOJIHBI,
BO3/ICIICTBYIOT Ha aTOMBI T'a30B, COMMXKasi UX HACTOJIBKO, UYTO CHJIBI
TPABUTALMOHHOTO TPUTSDKEHHUS  MEXAYy aTOMAMHM  HAYUHAKOT
npeobsiaaTh HaJl CHJIAMU 3JIEKTPUUYECKOTO OTTAJIKUBAHUS

OTU CUJIBI TPaBUTAIMOHHOTO MPUTSKEHHS COIMKAIOT aTOMBI
HACTOJIBKO OBICTPO, YTO BO3HHMKAaeT cdepuueckas yJaapHas BOJIHA,
pacrpocTpaHsonascs mo 00bEMyY U Co3aroIas JaBUHHYIO LEMHYIO
pEeaKkLHUIO CHHTE3a aTOMOB T'a30B B MOJIEKYJTY BOJBI.

Bropoil BHI cHHTE3a — 3TO BBICOKOTEMIIEPATYPHBIM CHHTE3
(BTC), mpu KOTOpPOM aTOMBbI, YYacCTBYIOLIME B IPOIECCE CHUHTE3A,
HAaXOJATCS B HCUOKOM COCTOSIHUH, O KOTOPOM COBPEMEHHAs HayKa, 110
munoctu Pesepdopaa u nmopna KenbBruHaA, He MeEeT HH MaJICUIIIETO
MPEJICTAaBICHHSI U TIOSTOMY OHU MOTYT CIIMBaThCi BMecCTe, o0pa3ys
aToMBbI Oosiee TsDKENBIX AneMeHToB (puc.25). Ilpu sTom BeLAEIseTCS
orpoMHasi MOIHOCTb (W), KOTOPYIO HECYT 3JIEKTPOHBI.
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Takue npolecchl CHHTE3a MOTIYT MATH TOJBKO B YCIIOBHSX

KOJIOCCAJIBHOTO JIaBJICHUS U TeMIiepaType 6ojiee MUJIMOHA TPayCoB,

@D

KOTOpBIC CYIIECTBYIOT B IOBEPXHOCTHBIX
CJIOSIX 3BE3] WITH B IIEHTPE aTOMHOTO B3PhIBA.

B OGonee ray0okux ciosix 3BE3M HIYT
MIPOLIECCHI CUHTE3a JIEMEHTAPHBIX YacTH U3
CY63JI€M€HTapHBIX, TaK KE HaAXOIAIIUXCA B

w., i

" w JKUIKOM COCTOSIHUM M UMEIOIIUX €lIé Ooliee

Bl +® by BBICOKYIO  Temmneparypy. Ilpu  3toM

& .- BBIZEISIETC.  MOIIHOCTHL  HA  IOPSAKH
Puc.25

MPEBBIIIAIONIAS MOIIHOCTh CHUHTE3a Teius,
MPOUCXOSIIETO Ha TOBEPXHOCTH 3BE3/. DTO HEHAOII01aeMblii HaMH1
CBEPXBBICOKOTEMITEPATYPHBIN (CBTO), KOTOpPBIN
CHUHTE3, WAYIIUA B
MOBEPXHOCTHBIX CJOSIX U O KOTOPOM YEJIOBEYECTBO HE HMMEET HU

CUHTE3
MOJAJIEPKUBAET  BBICOKOTEMIIEPATYPHBI
MAaJICHIIEeTO IPEICTABICHHUS. . .

CoBeplIeHHO MOHSTHO, YTO HUKAKHUX IPOLIECCOB XOJIOJHOTO
siiepHoro cuHresa (XAC) B mpupoe CylEeCTBOBATh HE MOKET, KpOME,
TaK Ha3bIBa€MbIX '"XMMHUUYECKUX' TIPEBpALICHUN WM pEaKIuu,
UAYIIMX WHOTJA 1aXKe C TIOHMKEHHEM TeMIieparypbl. Tem Ooiee, 4To
y aTOMOB HET U HE MOXKET ObITh HUKAKHX STep.

(Ilpasoa yuémnvie 06 smom noka He 002adbl8ArOMcs U NOIMOMY O4eHb
CUNBHO 3aHAMbL  OeCnIOOHbBIMU NOUCKAMU 3MO020 CAMO20 XOJOOHO20
A0EPHO20 CUHME3Q).

B3psiB BO10pO1HOM O0MOBI, 3TO TPUMEP BHICOKOTEMIIEPATYPHOTO
cunre3a (BTC), nmpoucxomsmero ¢ BBIICICHUEM KOJIOCCATbHOMN
MOIIIHOCTH,  COMPOBOXKAAEMOW  3HAUYMUTENIbHBIM  TOBBIIICHHUEM
JABJICHUS U TEMIIEpaTyphl, KOTOpas MOJAEPKUBAET aTOMBbI BOJIOPOJA
B 30HE PEAKIUU B KUIAKOM COCTOSHUU, 00YCIIaBIMBass BO3MOKHOCTh
UX CHUSHUS B aToMbl renusi. OqHako 000109Ka BOIOPOTHON O0OMOBI

HE MOXXET MPOTUBOCTOSITH TAaKOI TeMIepaType, OHa TOYTH MTHOBEHHO
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IUIABUTBCSI M pa3pyllaeTcsd KOJIOCCAIbHBIM JAaBJICHUEM B 30HE
CUHTE3a.

[loaToMy B peakuuu ycCIeBaeT NIPUHATH YYacTHE OYEHb
HE3HAUYUTEJIbHOE KOJIMYECTBO MCXOJHOTO BEIIECTBA, B HECKOJBKO
JIeCAThIX A0Jed npoueHTa. [TonbITku y4€HBIX 3alyCTUTh PEAKLIUIO
CHHTE3a B Kakoil-To 3(eMepHOl MarHUTHOHN JOBYIIKE, KOTOpas
JI0JIKHA BBIIEP’KUBATh OTPOMHOE JaBJIEHUE, 10 MEHBILIEH MEPE TaK Ke
HaMBHBI, KaK MOMBITKY IOJHATE Ce0s 32 BOJOCHI.

EQVMHCTBEHHBI pEANBHBIA IIyTh B 3TOM HAIIPABICHUH, OTO
WCIIOJIb30BAHNUE PEAaKIUi CHUHTE3a C YYAaCTHEM YypaHa M TSKEIBIX
TPAHCYPAaHOBBIX JJEMEHTOB, TJ€ YEJIOBEYECTBO YK€ JOCTHUIJIO
HEKOTOPBIX pPEAIBbHBIX pPe3yJabTaroB. [Ipym cHHTE3€ MOJEKYISAPHBIX
COEIMHEHUH, BBIJICJIIEHHE MOLIHOCTH W IOBBIIICHHE TEMIEPATYpPHI
HE3HAYUTENbHO, T0ATOMY CIUSHUS aTOMOB HE IIPOUCXOIUT, a OHHU
IPOCTO OOBEIUHSIOTCS B MOJIEKYIIBI.

OObIuHOE MIaMsi, HampuMep, HPEeACTaBIsieT coOoi mporece
CHUHTE3a MOJIEKYJ TOPIOYMX BEIIECTB C MOJEKYJaMU KHUCIOpOJa,
COIIPOBOKIAEMBI OTHOCUTENILHO HEOOJBIINM, IO CpPaBHEHHIO C
BBICOKOTEMIIEPATYPHBIM CHUHTE30M, BBIICJIICHHEM MOIIHOCTH H
HEOOJIBIINM MOBBIIICHHEM TEMIEPATYPHI.

Hetpynno mpencraButh cebe, Kakas MOXKET BBIICIUTHCS
MOIIIHOCTb, HAIPUMEDP, NMPU CUHTE3€ MPOTOHA U3 CyO3TeMEHTapHBIX
YacTUI], KOTOPbIA MPOUCXOANT B TITYOOKHX CIIOSIX TOBEPXHOCTH 3BE3 .
A crnenoBarenbHO, 4TOOBI "PACKONOTH" MPOTOH, HYXKHO 3aTPaTHTh
TaKyto OOJIBIIYI0 MOIIHOCTh, KOTOPOM YEJIOBEYECTBO €/1Ba JIM KOTa-
HUOynp Oyzmer pacmojaraTb. A TIO3TOMY BO3HA C aJpOHHBIM
KOJIJIalIepOM, TOBOPS CJI0BaMU deitamana, SIBJISIETCS
OOBIKHOBEHHBIM HayBaTEIbCTBOM.

Ilpoueccor pacnadoa mamepuu ecezoa mpeodywom 3ampamol
MOWHOCMU, NOIMOMY OHU 603MOMHCHbBL MOIbKO KAK C/1€0Cmeus uiu
nooounsie Ihghexmol 60.71€€ MOUIHBIX U RPUOPUMENIHBIX NPOUECCOB
cunmesa.
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Hukakux oOpaTHMBIX MPOIECCOB B MPHUPOJE HE CYIIECTBYET,
9TO Takas e (PUKIMS, Kak U Be4HbIN ABUraTenb. Hanpumep, mpoiecc
"paspyuieHus" JKEJIE3HbIX KOHCTPYKIMHA B PE3YJbTAaTe KOPPO3UH,
npencTaBisieT coboil mpolecc cuHTe3a 0ojiee CI0KHOTO BEIIecTBa -
OKHCJIA JKeJe3a, XOTS B IIKOJIAaX U By3ax y Hac CO3/1al0T COBEPILIEHHO
nepeBEPHYTOE MpEACTaBICHUE 00 3TOM, yBepsis, YTO 3TO IpoIecc
paspylLIeHus JKeJe3a.

N Ttakumu W3BpAMIEHHBIMU TPEICTABICHUSIMH H300MITyeT
coBpeMeHHas Hayka. JIto0oi mporecc cuHTe3a, a He TOJIBKO CHHTE3a
OKHCJIa XKelle3a, Bceraa uAET caMONpPOU3BOJIbHO, C BbIIEJICHHUEM TOM
WM WHOM MOIIHOCTH B BUJE Tema. A JJid TOTO, 4TOObI pa3AenuTh
OKHCEJI Ha COCTABIISIIOIIME AJIEMEHTHI, MPUXOJIUTCS 3aTpPayuBaTh
ornpeAenéHHYI0 MOIIHOCTb, UCIOJIB3Ysl APYToi, 6oJiee MPHUOPUTETHBII
Y MOILHBIN ITPOLIECC CUHTE3A.

Hanpumep, nporecc cuHTe3a yIrieKUCIIoro ra3a, B pe3yJsibTrare
KOTOPOI'0 yriiepod OTOPBET aTOM KUCIOpPOAa OT MOJIEKYJIBI OKHUCIIA U
NPUCOETUHUT €ro K cede. DTo MpoIecchl MPOUCXOISIINE, HAIPUMED,
B JOMEHHBIX Tledax. B pesynbrare TOro, 4ro BO3HUKAOMUN Ae(PeKT
Beca IMpPHU CHUHTE3€ YIJIEKHCIOro ra3a MpeBbIlIaeT H30BITOK Beca,
BO3HUKAIOIIMI TpPH pacnaze OKHUCIA MKeJe3a, TO BBIACIAIOLIEHCS
MOIIHOCTH CHHTE3a C M30BITKOM XBaTaeT Ha MOKPBITUE 3aTpaT Ha
pacnaj oKucia.

Ecnu Ob1 B mipuposie MOT CYIIECTBOBATh CaMOTPOU3BOIBHBIN
pacmnaj, Ham He3aueM ObLI0 Obl CTPOUTH JJOMHBI HITH KOHBEPTEPHI IS
MOJIYYeHHUs] YUCTOrO >Kelie3a WM KaKoro-To Jpyroro Mertasia.
Joctarouno Obwio OBl MOAOXKIATh, KOTJA JKeJe3Has pyaa cama
pacnan€rcst Ha YUCTOE JKeJe30, cepy, KUciopo... Hezauem 6110 OB
MOKPBIBATh aBTOMOOMIIN aHTUKOPPO3UIHBIMU OKPBITHSIMH. ..

[Iponiecc cuHTE3a TSHKENBIX AJIEMEHTOB B MNPHUPOJE HAET 0
HeKkoToporo npezaena. C poCTOM aTOMHOIO YHCIIA, CHIIbI PUTSKEHUS
MEXAY AJIEMEHTapHBIMU YacTHUI[AMHU, M3 KOTOPBIX COCTOHUT aToM,
YMEHBIIAIOTCA M aTOM TNPHUOIIKACTCS K COCTOSIHUIO, OJNM3KOMY K
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KUAKOMY. YpaH, HApuMep, B YHCTOM BHJE TMPEACTaBIsET co00it
MaTepual, Jaxe 0ojee MIacCTUYHbIN, YeM CBHHEII.

To ecTb CUIIbI IPUTSKEHUS! YACTHI] B aTOME ypaHa OCJIa0JIeHbI
U OH INPU B3aUMOJACHCTBUM C YACTHIIAMHU MMEIOIIMMHU JOCTATOYHYIO
SHEPruI0 (CMHTE3), OH MOXET MEPEUTH B COCTOSIHUE KUJKOU Karliu,
YTO CJAENaeT BO3MOXHBIM €ro pachaj M KaK pe3yibTar, 3amyck
JABUHHOM pEaKIMy CUHTE3a €ro 0O0JIOMKOB C aTOMaMU OKPY>KaroIei
CpEeJbl UM ATOMHOMY B3PBIBY.

CaMonpou3BOJBHBIA pachaj aToMa ypaHa HEBO3MOXKEH, TaK
KaK JJs 3TOro HEoOXOJUMO 3aTpaTUTh BIIOJIHE ONpeAeNEHHYIO
MOIIIHOCTh, UHAYE OH MPOCTO OBl HUKOTJA HE CMOT oOpaszoBarhcs. U
€ro eCTeCTBEHHas pPaJMOaKTUBHOCTh OOYCIIOBJIEHAa TOJIBKO JIMIIb
BHEIIHUMH BO3/JCUCTBUAMU, a HUMEHHO IOTOKAMH KOCMHUYECKUX
YacTHIl, KOTOPbIE WHUIUUPYIOT pacmaj OTACIbHBIX aTOMOB,
COTPOBOMKIAOIIMXCS CHUHTE30M C BHIOPOCOM (M3ITydE€HUEM) YaCTHII,
UMEIOIINX BBICOKYIO POHUKAIOIIYIO CTOCOOHOCTb.

Ecnu Takuwe sneMEHTHl HJCallbHO IKPAHHPOBATH OT JHOOBIX
U3ITy4eHUH, TO OHHU MOTYT XPaHUTBCA  CKOJIb  YTrOJHO
MPOJOHKUTEILHOE BpeMsl, JaKe eClid OYJyT UMETh, TaK HA3bIBAEMYIO
KPUTHUYECKYIO "maccy".  HMnHaye  roBops, "ecrecTBeHHas"
PaAMOAKTUBHOCTh TSKENBIX AJIEMEHTOB U PaJMOAaKTHUBHBIX H30TOMOB
- 3TO pe3yabTaT OOMOAPIUPOBKH HMX OBICTPHIMU KOCMHUYECKUMH
gactunamu. CaM TPOIECC aTOMHOTO B3PbIBA UMEET MEXaHU3M,
OTJIMYAIOIIUKACS OT OMUCHIBAEMOT0 B YUEOHUKAX (DU3UKH.

B orcyrcTBuE ()OHOBOTO M3ITyUEHUs HUKAKas IIETHAS PEaKIIUs
HUKOTa OBl HE CMOTJIa HA4aThCs U pabOTa aTOMHBIX PEaKTOPOB ObLIa
OBl HEBO3MOXKHA. 3a0yKIeHUS, LapAllue B HayKe, y)Ke IMPHUBENN K
TOMY, 4TO (U3HMKHU TIBITAIOTCS PACKOJOTh MPOTOH, COBEPIICHHO HE
MOHMMasI, YTO YEJIOBEYECTBO MOKa el He pacnoiaraeT HCTOYHUKAMHU
MOIIIHOCTH, TO3BOJIAIOIIUM PACKOJIOTh AIEMEHTAPHYIO YacTHILY.

OCKOJIKHY, TMONyYaroIiuecs MPU CTOJKHOBEHHH TMPOTOHOB B
KOJUTaiifiepe, 3TO He €ro COCTaBHBIC YaCTH, KaK OITMOOYHO IMOJIararoT
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yu€HBbIE, a BCETO JIUIIb MPUIHIIIINE K HEMY JIETKHE CyOdIeMEeHTapHbBIE
YacTUIBl, 00ECICUNBAIONINE ACHUMMETPHIO €r0 TPABHTAIMOHHOTO
noJsi. MomHoCTh HeoOXomumast UIsl OCYIISCTBICHHS pacraja Jaxe
aTOMOB TeJHs, HE TOBOpS YK€ O pachajae TMpPOTOHA, IOJDKHA
NPEBBINIATh MOIIHOCTb, BBIIEISIONIYIOCS TPH B3PBIBE BOIOPOTHON
O00MOBI. J[ake pacKoJIOTh JOCTATOYHO OOJNBIION aToOM Keies3a
YeNIoBEKY MOKa enié He MO/ CHITY.

13. O NPOCTPAHCTBE U BPEMEHHA

W3 omnpeneneHns MaTepuu COBEPLIEHHO SICHO, YTO OHA HeE
HY)KJIa€TCA B TAKUX CYLIHOCTSIX, KaK MPOCTPAHCTBO U Bpems. Takue
MOHSTHUS, KaK MPOCTPAHCTBO, BPEMsI, Macca, SHEPTUsl, TeMIeparypa,
JABJICHUE U MPOYEe — 3TO TOJbKO TEPMHUHBI, TPUAYMAHHbIE JIIOABMU
JUTsE 0003HAUEHUSI HEKOTOPBIX CBOMCTB MaTepHHU.

Ilpocmpancmeéo — >TO CBOWCTBO MPOTHKEHHOCTH CaMOU
MaTe€puud U TOBOPUTb O HEM B OTCYTCTBHUM MAaT€pUU, COBEPIIEHHO
OeccmbiciieHHO. Matepus cama 1o ce6e u ecth 00beM. IMeHHO 3TO
CBOMCTBO MNPOTSKEHHOCTM MaTepuud M Ja€T HaM BO3MOXKHOCTH
nepemMelarbcss B He Kyaa yroaHo. IlosTomy Mbl Bcerga uMeeM
BO3MOKHOCTh ChE3JUTh B COCEAHION0 JIEPEBHIO, Ha 1auy, B Typuuio,
Ha JIyny...

Bpemsa, xak Qusnveckas CYIIHOCTh B TMPHUPOJAE BOOOIIE HE
CYIIECTBYET, 3TO J]aXK€ HE CBOMCTBO MAaT€PUH, & BCETO JIUIIb CBOMCTBO
YEJIOBEYECKOr0 CO3HAHUS 3allOMMHATh KAaKHE-TO IPOMEKYTOUHBIE
COCTOAHMS TmpoueccoB. M BpemMss — 3TO CpaBHHTENIBHAas Mepa
OTHOCHUTEJIbHON MHTEHCHUBHOCTU KaKuX-TMOO mpoueccoB. Eciu Obl
JIOJIM HE UMEJU TaKOro CBOMCTBA, KaK CO3HAaHWE W NaMATh, OHU
HUKOTr1a OBl HE U300PETU TAKOTO MOHSTHS, KaK BPeMsl U CKOPOCTb.

N3mepenue BpeMeHU — 3TO CpaBHEHUE JUIUTEIIBHOCTU KaKOTO-
1100 mporecca ¢ JIMTENbHOCTHIO JIF000T0 MPOM3BOJIBHOTO MpoLiecca,
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MPUHSITOTO 32 ATAIOH. B Halem cirydae ¢ JJIMTeNhbHOCTHIO TIOBOPOTA
3eMJIM BOKPYT CBOEH OCH.

[Ipuyém 5TaTOHOM MOXKET OBITh TOJBKO TEPUOTUUCCKUN
IpOLECC, IMOTOMY YTO CpaBHEHHE HEMPEpPbIBHBIX JIMHEHHBIX
MPOLECCOB — HEBO3MOXKHO. OTCl0ja JIOTHYECKH  BBITEKAaeT
HEBO3MOXKHOCTH CYIIECTBOBAHUS TaKOH (DU3MUECKON KaTeropuu, Kak
BpeMs1, BooO1IIe.

Cneooeamenvno, 6 npupooe Hem 6peMeHU U mamepus
cyuecmaeyem 6 6e4HO OJIAUEMCA HACH OAULEM.

PaznuyHoe TeueHne BPEeMEHU B pa3HbIX CUCTEMax OTCYETa IO
JOKEHAYYHON TEOPUH OTHOCHUTEIBHOCTH TPEACTABISIET COOOW Open
YUCTEUIIEe BOJIbI, KOTOPBI CTAHOBUTCS OYEBUIHBIM, CTOUT TOJIBKO
nmonpoOoBaTh OCMBICTUTL yTBEpKIAeHue, 4Yto: "B cucreme A
npoxoauT Oonbllie BpeMeHH, 4eM B cucteMe b, 3a omHO U TO ke
Bpems .

Bonee Toro, cucteMbl ¢ 3aMEUICHHBIM WU YCKOPEHHBIM
TEYCHHEM BPEMEHH, JOJDKHBI ObUTH ObI MCYe3aTh U3 BUIY, TaK Kak
HEBO3MOXKHO BHJIETH OJIHOBPEMEHHO MPOIILJIOe U OyayIiee.

Jlis Toro, yToObl BO3BpAaTUTCA Ha3aJ K MPOIJIOMY COCTOSTHUIO
KaKoro-Jmbo TMporiecca, €ro HeoOXOJUMO 3alyCTHTh B 0OpaTHOM
HAIpaBJIEHUU, YTO COBEPIICHHO HEBO3MOXKHO, TaK KaK 3TO
MPOTUBOPEUYUT BTOPOMY Haday TEPMOJUHAMHUKU. A CJI€I0BATEIbHO,
Takas Gu3NYECKask KaTeropus, Kak BpeMs, B IPUPOJIe HEBO3ZMOXKHA U
nepeMenieHre B MPOoILIoe WK Oyayiiee BO3MOXKHO JIMIIL B HAIEM
BOOOpaXeHUH U B (PaHTACTUUECKUX paccKaszax.

14. O JBM)KEHUUN HEBECHBIX TE.JI

Ha pucynke (puc.26) moka3aHo ABIKEHHE CIyTHHKa S 110
MnTHYeckor opoute. Hanbosee ecTecTBEHHBIMM Ui JBHKCHUS
CIyTHUKOB U IUIAHET SIBJIIOTCS KPYrOBbIE OPOMTHI, IJI€ JBUKECHHE
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MPOUCXOJUT MO IKBUIIOTEHLHAIBHON TPAEKTOPUU, HE HAPYIIAEMOM
HUKAaKUM U BO3MYIIEHUSIMH B HE TPEOYIOIIIee 3aTpaT SHEPTHH.

(CnymHuuk, osudicywguiica no Kpyzo6oii opoume, 6 0eKapmosou
cucmeme KOOpOUHAM YYACHEYem O0OHOGPEMEHHO 8 O08YX OBUNCEHUIX,
20pU3OHMAIbHO NO Kacameavhoil ¢ 1-ii kocmuueckoii 'V, 0na O0anHoil
niaanemol, CKOpOCHIbI0 U C60O00HO NAOAA 8EPMUKAIbHO, OO Oelicmeuem
2PABUMAYUOHHBLIX CUNl  e€ npumsadceHus. B pesynomame 3mozo
08UINCEHUA, 8 KANHCOBLI MOMEHIN 6PEMEHU PACCHOAHUE OM CRYMHUKA 00
UeHmpa njianemsl NOCMOAHHO.)

B noaapnoii cucrteme xoopauHat 3T0 OyAET ABHXCHHE IO

SKBUIIOTCHIUAIIBHOU TPacKTOPUH,

smermeoran | PAJTMYC KOTOpOH MOCTOSTHEH
il (R=const). Ilpu »3TOM HHKaKoOro
WU3MCHCHHSI IPaBUTALMOHHBIX
MOTEHINAJIOB,  JEHCTBYIOIIUX  Ha
CIIyTHUK Ha  BCEMd  TPACKTOPHUH
IOBWDKEHUS, He mpoucxomut. U
Puc.26 [O3TOMY  INPH  IIOYTH  IIOJHOM

OTCYTCTBUH COIPOTUBJICHUA CPCAbl, CIYTHUK HWIH IIJIaHCTA MOTI'YT
ABUTAaThCA IO TPACKTOPUH PABHOI'O IMTOTCHI[HMAJIA OYCHBb U OYCHb JJOJITO.

NmenHo mnyraHuna ¢ JEKapTOBBIMM KOOpJAMHATaMU U
IOPUBOJUT K TOMY, YTO Y4YEHbIE HE B COCTOSHHHM OOBSICHUTH TaKHX
MIPOCTHIX BEIICH, KaK HaIpuMep, mpereccusi opouTsl MepKypus.

JIBM>KEHUE 110 SITUNTHYECKON OpOUTE HECKOJIBKO OTINYAETCS.
[Ipu ABM>KEHUM CIIYTHHUKA U3 arlores Mo y4acTKy A Ha HETO JIEUCTBYET
cuia, oOyCNIOBIIEHHAs pPa3HOCTHIO T'PABUTALMOHHBIX IOTEHIMAIOB
AR1, KOTOpasi, NPEeBbIIIAs TOPU3OHTAIBHYIO CKOPOCTh V, OTKJIIOHSET
CIYTHHUK, 3acTaBisisi ero asurarbcsi no kpusoii C. B mepurenum,
HA00OpPOT, €ro TOPU3OHTAIbHAS CKOPOCTh V TPEBBINIAET CHITY,
00YCIIOBJIICHHYIO Pa3HOCTHIO TPAaBUTAIIMOHHBIX MOTEHIIUAIOB AR2, 13-
3a 4ero, BbIXO/sl Ha y4acTok B, cniyTHUK nBUXkeTcs 1o KpuBoi D.

B pesynbrare ATHX CMENIEHUH, BBI3BAHHBIX Pa3HOCTHIO

cKopocTeli Ha ywactkax A u B, omnunrtuyeckas opbOura
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NOBOpauMBaeTcs (Ipeleccupyer) B CTOPOHY IPOTHUBONOJIOKHYIO
HaIlpaBJICHUIO BPAILCHHUS CIYTHHUKA. OJTa JMHEHHAas MpPeeccus
NPUBOAUT K '"OOKaThiBaHWIO" (hOKyca DIIIUIICA BOKPYr IIEHTpa
IUTAHETBl M MENJICHHOW SBOJIONUM D3JUIMIITUYECKOM OpOUTHI B
KpPYTOBYIO.

Mexanusm ATOMN 3BOJIFOLIUU JIOCTATOYHO MPOCT.
Bo3Hukaroniass B pe3ysibTaTeé  OTKJIOHEHMSI TPAacKTOPUU  OT
OKBUIIOTEHIIMAJIBHOM, pPa3HOCTh I'PAaBUTALMOHHOIO IOTEHIMANA,
OPUBOJUT K BO3HUKHOBEHMIO CHJIBI, KOTOpasi CTPEMHUTBCS
BOCCTAaHOBUTH KPYTOBYIO OpOUTY.

[IpockakuBasgs TOUYKY OKPYKHOCTH C HYJIEBOM pPa3HOCTBHIO
MOTEHIMAJIOB, CIYTHUK OTKJIOHSETCS B IPOTUBOIIOJIIOKHYIO CTOPOHY,
YTO ONATh JK€ NPHUBOAUT K BO3HUKHOBEHUIO IPOTHUBOIIOIOKHO
HalpaBJICHHOW Pa3HOCTH MOTEHIMAJIOB U K KOJICOaHUSIM OpOUTHI.

B pesynbraTe 3aTyxaHWS 3TUX KOJNEOAHWMU, DIUIMITHYECKAS
opOuTa HBOJIOIMOHUPYET B KpyroByto. Kpome Toro, HecoBmajeHue
IUIOCKOCTH OpPOUTBI C JAMAMETPAIBHOM IJIOCKOCTHIO TIJIAHETHI,
IIPUBOAMT elI€ U K BOSHUKHOBEHUIO YITIOBOM IIPELIECCUU, KOTOPAst TAK
)K€ TMOJ JEWCTBHEM pa3HOCTH TI'PABUTALMOHHBIX IOTEHLIHUAJIOB,
MIOCTENIEHHO BBIPABHUBAETCSI.

ViMeHHO 13-3a HECOBMNAICHHUS IIIOCKOCTH OPOUTHI CITyTHHUKA C
JUaMETPAIbHOM  IUIOCKOCTBIO  IUIAHETHI, CHOYTHUK ONUCHIBAET
CUHYCOMJAJIbHYIO KpHUBYI0 Ha €€ mnoBepxHocTdu. CTporo rosops,
CIYTHHK JIBIDKETCSl JaXXe He IO JIUIMNTUYECKOH opOuTe, a 1o
HEKOTOpPOH, OJM3KOM K OJUIMIICY OBaJIbHOH TPAaeKTOpUH, IO
NefCTBUEM IIOCTOSIHHOTO U3MEHEeHUA 2pasumayuOHHbIX
nomeHyuanee Ha pa3INYHBIX €€ ydacTkax. J[BUrarbCcs mo KpUBOH
OJIN3KOM K AJUTUICY, COYTHUK MOXET TOJBKO B TOM CiIydae, €ciu
TATOTEIOLIEE TEN0, BOKPYT KOTOPOI'O OH JIBUXKETCS, HE HAXOAMUTCS HU
B OJTHOM 13 ()OKYCOB 3TOU AJUIUIITHYESCKOU KPUBOM.

3akonbl Kemepa onmuchIBaIOT, Kak JIBHUXKYTCS KOCMHUUYECKHE
TeJa, HO He OOBACHSIOT IPUYMH, TOYEMY OHU Tak ABIXKYTcs. [loTomy
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YTO 3TO JakKe€ M HE 3aKOHBI, a mpocras KoHcratanus ¢axrta. Cam
Kemiep cunrait, 4To niiaHeThl ABUKYT AHTETIBI. ..

N ecnu xu3Hp Ha 3emiie IO MATEOHTOJOTHMYECKUM JIAHHBIM
HAaCUYUTBIBAET OKOJIO YETBIPEX MUJUIMAPJAOB JIET, TO 3TO 3HAYUT, YTO
YyeThlpe MUJUIMApAa JIeT Ha3zaJ opOHWTa Halleil MiiaHeThl yXe Oblia
OuYeHb ONM3Ka K KpyroBoil. Ha ruianerax, IBHOKYIIMXCS IO OBAJIbHBIM
opbutam ¢ OOJBIIMM 3KCLEHTPUCUTETOM CYIIECTBOBAaHHE "KHUBBIX"
OpPraHU3MOB HEBO3MOXKHO, B CHITY MEHSIOIIUXCS B OOJIBIINX Tpeeax
OPUPOJHBIX  YCIOBMM IIpUM  NEpexone M3  Nepurenus B
adenuii u oOpaTHO.

A Temepb HECKOJBKO CJIOB 00 HMCKYCCTBEHHBIX CIyTHHKaXx
3emumn. MckyccTBennbie criyTHukH 3emin (MC3) neraroT 0ObIYHO HA
HeOonmpmux BbicoTax 400 -600 KHIOMETPOB, TNI€ CHJIa MPUTSHKCHUS
JIOCTaTOYHO BenHKa. HeBeCOMOCTh KOTOpasi BOSHUKAET Ha CIIyTHUKE,
HEBECOMOCTBIO B IIOJIHOM CMBICJIE HE SBJISETCS. JTO JIMILIb WIUTIO3U,
00ycCJI0BJIeHHAs: CBOOOHBIM MaJICHUEM CITyTHUKA O] ICHCTBUEM €To
COOCTBEHHOT'0 Beca, KaKk B OTOpBaBIIeMcs JU(TE HIUM B caMOJIETe,
NUKUPYIOIIEM 110 apaboIndecKoi TPaeKTOPHH.

[loaTomy uTOOBI HE ymacTb, CHYTHUK JOJDKEH WMETh
TOPU30HTAIBHYI0 ~ COCTaBIISIIOLIYI0 ~ CKOPOCTHM  PaBHYHO,  TakK
Ha3bIBa€MOM, epBOM KocMuyeckoil. HacTosias HeBECOMOCTh MOXKET
CYyILIECTBOBAaTh TOJIBKO Ha BBICOTE NMPEBBIIIAIONIEH paguyC IJIAHETHI,
rze e cuiia TArOTEHUs! CTAHOBUTCS HUYTOXKHOM U /1€, COOCTBEHHO U
HAa4YMHAETCS OTKPBITHIN KOCMOC.

Oto BBIcOTa 6300 KMIIOMETpOB U Oosiee. Ha Takux opOutax
TOPU30HTANIbHAS CKOPOCTh CIIYTHHKA MOXKET OBITh Jlake HyseBoil. B
ClIy4yae COBIIQJCHUs HANpPABJICHHMS  BpallCHUS CIYTHUKA C
HaIpaBJIEHUEM BpalleHHs 3eMJId, €0 YTIoBasi CKOPOCTh Oy/eT paBHA
YTJIOBOM CKOPOCTH CYTOYHOI'O BPAILLEHUS IUIAHETHI U CIYTHUK MOXKET
BHUCETh HaJ 000K €€ TOuKoi HemonBrkHO. M momoOHBIE OpOUTHI
MOJIyYMJIM Ha3BaHUE I€0CTallMOHAPHBIX.
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O Toukax JlaHrpaska

Henonumanue yd€HbIMM CyTH SIBJICHUS TPaBUTALMH, a TaK )K€
HEJleroe [JOMYIIEHHe, YTO JBa HEOECHBIX Tella, HE HMMEIOLINX
MaTepUaibHOW CBSI3W, MOTYT BpallaThCsi BOKPYr KakOro-TO

ﬁa& MU(UYECKOTO I[EHTpa Macc, MPUBEIO K

U3MBIIIICHUIO HEKMX TOYeK JuOpanuu, B
KOTOPBIX TPEThE TEJI0, HAXOIAIIeecs B ITOM
it CUCTEME, HEMOJBHKHO OTHOCHUTEIBHO JIBYX
npyrux. Touka C (puc.27), B KOTOpOH CHITBI

Puc.27 rpaBUTAllMd  JABYX KOCMHUYECKUX  Tell
YPaBHOBEIICHBl OTHOCUTEIILHO TPEThETro, JIKUT Ha MPSIMO,
COCOUHAIOLIECH ULEHTPbl JBYX OTHUX TEI M HaXOJdILIEWCcs Ha
PACCTOSIHUSAX OT 3TUX TEI, ONPEACTIEMBIX COOTHOIICHUEM KyOOB HX
paarycoB, KOTOPbIE MOXHO OMPEENUTh 10 hopmyiie:

Sa=(Sp*Ra®)/Rp>. rie

R - paouycwvr nebecnvix men,

S — paccmosinus medncoy Humu.

DTO TOYKAa HEYCTOMYMBOrO pPABHOBECHS, KaK Ha BEPIIMHE
KOHyCa W TeNO0 JBIKYIIEECS MO OpOUTe, MPOXOIAIIeH uepe3 3Ty
TOUYKY, JTHOO0 OCTaHeTcs Ha opOuTe BOKpYyr Tema A, nmubo Oymer
3aXBayeHO TeJOM B 1 mpeBpaTUTCS B €T0 CITYTHHK.

15. O CTPOEHHUU U OBPA3OBAHUN
HEBECHBIX TEJI

OcHOBBIBasiCh Ha HAy4YHbIX JaHHBIX M OCOOCHHOCTSIX
Gu3nYecKknX B3aUMOACHCTBHN MaTEpPHAIBHBIX OOBEKTOB MOXKHO
JETKO  TOCTPOMTH  JIOTMYECKH  HEMPOTHBOPEUUBYIO  TEOPHIO,
OOBSCHSIONTYIO OOJBITUHCTBO SBJICHUN B KOCMOCE.

Bo-nepBbIX, HUKaKOro 0OJIBIIOro B3pbIBa HE ObLIO U OBITH HE
MOIJIO - TBOPEHHE MAaTepUH M3 HUYETO MPOCTHTEIBHO TOJIBKO IS
OuOIEeHCKUX CKAa30K, a He ISl HAyYHBIX TEOpHUil.

82



Beonroyust MATEPHH

Bcenennas — aTo MaTepus, OHa fe3HaualIbHa U DeCKOHEeYHd.
Marepust cymiecTBoBaja BCeria W Bcerja OyIeT CyIIecTBOBATh.
Huxakux nmpuunH e€ BOSHMKHOBEHUS, HET M HHUKorna He Obuto. EE
9BONIONUS HIAET MO IMPOCTOW CXEME HENPEPHIBHOTO YCIOMCHEHUSA
CIPYKmYPbl, COTIIACHO MTPUHIUITY BO3PACTaHUS SHTPOITUH 1 BTOPOMY
3aKOHY TepMOAMHAMUKU. Teopus 6onvuiozo 63pviéa OCHOBaHA Ha
HEBEpHOM TIOHUMAaHMHU, MPHUYUHBI TaK HaA3bIBAEMOr0 "KPAacCHOTO
cMeleHus"', KOTopoi omuboyHo cuutaroT 3¢dexr ommiepa,
OOYCIIOBJICHHBIN  yJalleHHEeM  KOCMHYECKUX  OOBEKTOB  OT
HaOJIroqaTes.

VMIMeHHO Ha SKCTPANOIALMH 3TOTO HECYHIECTBYIOIIETO
paclIMpeHusl BCEJICHHOW BBICTPOEHA TEOPHs OOJNBIIOro B3phIBA U
ey — COOTBETCTBEHHO, BBIYHCIICH €&

HapyKHaA xpoMocdiepa

"Bo3pact”". Kak yxe ObuIO

Hapyumaﬁ HAKEA oGonoyka
aBonovuKa M3

CyBaneMeHTapHLIX HacTuL, CKa3aHO BBIIIIC, HIO6LI€

EBHYTPEHHAR KHAKAA o6ono 4K,

KOCMHYECKHE  OOBEKTBL  ATO

IIyCTOTEIIbIE oOpa3oBaHus,
c(OpMHPOBABIINECS B YCIOBHIX
HeBecomocTu. Cyzs 1O TOTOKY

Pucas HA3ITYYECHUS KOJIOCCAJILHOM
MOIIIHOCTH, B TIyOumHEe 000J0YeK 3BE3], HAXOIIIIMXCS B OYCHD
ropsYeM pAacIIaBICHHOM COCTOSIHUH, WAYT TIPOLECCHl CHHTE3a

ATOMOB PA3JIMYHBIX DJIEMEHTOB TEPUOJUYECKON CHCTEMBI W3
DIIEMEHTAPHBIX YaCTHII.

Jlerkme TPOAYKTHI 3TOTO CHHTE3a B BUIE CMECH
DJIEMEHTAPHBIX YACTHIl U aTOMOB Pa3JIMYHBIX AJIIEMEHTOB, BOAOPO/A,
TelUsl U HEKOTOPBIX JIPYTUX, BCIUIBIBAas CKBO3b JKUIKYIO 00OJIOYKY,
bopMHPYIOT Ta30BYIO aTMoc]epy 3Be3/bl, BEPXHHUE CIIOU KOTOPOH, B
CJICZICTBUY OOJIBIIION aCHMMETPUHU aTOMOB U 3apsHKCHHBIX YaCTHII, UX
00pa3yIoNMX, C OrPOMHOW CKOPOCTHIO HMCTEKAalOT B KOCMHYECKOE
MIPOCTPAHCTBO B BUJIE "3BE3HOTO BeTpa'.
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N Tak xak 3Be3na mpeactarisier coboit (pue.28) mycrorenoe
o0pa3oBaHue, B IEHTPE KOTOPOTO BaKyyM, TO MPOIYKTHI CHHTE3a TaK
K€ UCTEKAIOT U BO BHYTPEHHEE MPOCTPAHCTBO 3BE3JbI, CIIOCOOCTBYS
MOBBIIICHUIO B HEW BHYTPEHHEro naaBicHus. MHornma B pesynbrare
IPOPHIBa HAPYKHOW 00OJIOUKH MPOTYKTHI CHHTE3a BEIOPACHIBAIOTCS B
KOCMHMYECKOE IIPOCTPAHCTBO B BUJIE TPOTYOEPAHIIEB.

Ho kak Tombko, B pe3yiabTare OCThIBaHUS OOOJIOYKH U
HAKOIJICHUS B HEH TSKENBIX SJEMEHTOB, BHYTPEHHE JIaBJICHHE
IPEBBICUT HEKOTOPYIO KPUTHYECKYIO BEIMYHMHY, OHO Ppa3opBET
000J7109uKy W pa30pocaeT CKONMUBIIMECS BHYTPH HEE SJIEMEHTHI B
OKpyKaloliee MpOCTPAHCTBO B BHAEC TOpPSYHX Kaledb, IO
KacaTeJIbHBIM, IPEBPATHB TAKUM 00pa3oM, 3Be3/1y B CBEPXHOBYIO.

Ot Kamd, (QOpMHUPYSICh B YCIOBHSIX KOCMHUYECKOH
HEBECOMOCTH CBOMMH TMOJSIMH TATOTEHUS B OOJbIIME U Malible
MIapUKH, O00pa3yloT IIaHeThl. BOMHOBBIMH B3aMMOACUCTBUSAMH C
I'PaBUTALIMOHHBIM TIOJIEM 3BE3/Ibl, OHU IOCTETIEHHO CTAOMITM3HPYIOTCS
Ha DJUIMNTHYECKUX opOuTax BOKpyr He€. Ho wu3-3a Oombmmx
HayYaJIbHBIX JIMHEHHBIX U YTIIOBBIX MPELECCUH ATUITUYECKUX OpPOUT,
CYIIECTBYET OOJIbIIast BEPOSTHOCTh UX NIEPECCUCHHS U CTOJIKHOBCHHI
MJIaHET Ha OpOUTAaX.

Ecnu cronkHyBuIMEeCsS IUIaHETHl JOCTATOYHO TOPSYH, OHU
MPOCTO CIMBAIOTCA B OJIHY OOJIBIIYIO, @ €CIH YXKe JIOCTaTOYHO
OCTBIBIIIME, TO PACKAJIBIBAIOTCA Ha YaCTH, U3 KOTOPBIX 00pa3yroTcs
nosca actepousioB. YacTb 3TUX 0OJIOMKOB, MOTYYMBIIUX OOJIBIIYIO
HAYaJIbHYIO CKOPOCTh, MOTYT MPEBPATUTCS B KOMETHI.

HeGonpmme xamum wMoryT ObITh  "3axBaueHbl'  Oonee
KPYIHBIMU U TPEBPATATCA B MX CIYTHUKU. Tak Kak Bce TJIAHETHI
00pasyroTcst U3 OpBI3T 000JOYKH MPAKTUYECKU OJHOBPEMEHHO U B
HUX WIYT OJTHH M T€ K€ MPOLECChl CHHTE3a, TO UX "XHUMUYECKUI"
cocTaB OyAeT pa3inuyarbcs OYeHb HE3HAYMTENbHO. Ha mpoTskeHun
MHOTMX MWUIHAPAOB JIET, SJUIMOTHYECKHE OpOUTHI  IJIAHET
HEH30€KHO HBOJIOIMOHUPYIOT B KPYTOBbIE, YTO M HaOIOJaeTcs B
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COJIHEYHOM cCHUCTeME B Hacrosmee Bpems. He3HauuTenbHbIN
9KCLUEHTPUCUTET IUIAHETapHBIX OpPOMT — 3TO CBHUIAETEIBCTBO
IIPOLIECCOB, TPOUCHIEAIINX B T€ NANEKNAE BPEMEHA.

Bpamasce BOKpyT 3B€3/1bl, IUTAHETHI IOCTENIEHHO OCTHIBAIOT U
Ha HUX MOSBJISIOTCS YCJIOBUS Ui HU3KOTEMIIEPATYpHOIO CHHTE3a
[r1.9] pa3aMuHBIX OPraHUYECKUX COEAUHEHNUH, KOTOPBIE YEPE3 COTHU
MIITHOHOB JIET 00pa3yioT pacTUTEIbHBIN W JKUBOTHBIA MHp. A Ha
3Be€3/le TEM BPEMEHEM Pa3BUBAETCs creAyrommil nuki. Ecnu 3Be3na
JOCTaTOYHO OOJIbIIAs], TO MPEXK/IE YeM OCTBHITh OHA MOXKET MEPEKHUTh
HECKOJIbKO TaKUX LIMKJIOB, XOTs MacIITaObl ¥ MEPHUOABI UX C KaXKIbIM
pazoM OyIyT yMEHBIIAThCSI.

N ecnm Ha HEKOTOPBIX TUIAHETAX 3TOW 3BE3MHOW CHUCTEMBI K
TOMY BPEMEHH YCIHEIOT C(OPMUPOBATHCS Pa3yMHbIE OPTaHU3MBI, TO
JUIS HUX 3TO OyAeT MpeACTaBiIATh ONpeneNéHHyI0 onacHoCTh. Hare
ConHue yxe IpoIuIo Takon

® KOGMOT.

UK. Y1 BO3MOXXHO, 9TO HE

¥ uasepenme BynKaKa

— : i mispopawppman | OTUH.  BIIOJTHE ~ MOXET
.' CTaTbCs, YTO 3EMIISIH KIET
s xopn sagrperer ' emé HeYyTo  IMOJOOHOE.
EnuacrBeHHOE ciraboe
yTE€UIEHWe B TOM, 4YTO

Paapea 3eMuoro

e YCI0OBCYCCTBO K TOMY

Puc.29 BPEMEHU CMOXET HaWTH
peanbHbIi crocob n30exars Tudemu.

CuHTEe3 SJEMEHTOB MEPUOAMYECKOH Taliumbsl W HX
COETMHEHUH, TIPOIOKACTCS B TOPSYEM CIIO€ 000JIOUKH TUTAHETHI U B
HacTosmiee BpeMs. TaM B IiryOMHE 3€MHOM KOPBI B pacIljiaBJICHHOMN
MaHTHUH, em€ WAYT TPOILECChl CHUHTE3a [Iri.9] Bcex 3JIEMEHTOB
NEePUOANYECKON CUCTEMBI — jKeje3a, KalblMsl, KUCIOPOaa, a TaK e
BBICOKOMOJIEKYJISIPHBIX COEIMHEHUN - MeTaHa, He(TH, KaMEHHOTO
YIJIs U JPYTUX, YTO MPUBOJUT K MOBBIIICHUIO B HEW JaBICHUSI.
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B pesynbrare 3TOrO0 ropsuuMe NPOAYKTHI CHHTE3a YacTo
MPOPBIBAIOTCS CKBO3b BHEIIHIOIO 3€MHYIO KOPY B aTMocdepy B BUIE
U3BEPKEHUI BYJIKAHOB. A HX MPOPBHIB BO BHYTPEHHIOIO IOJOCTh
IUTAHEeThl TMPHUBOJUT K ONYCKaHWIO YYacTKa BHEUIHEH KOpbl U
BO3HUKHOBEHHI0O B HeW KojeOaHuM, MPOSBIAIOMIUXCS B BHUIE
3emiieTpsiceHui (puc.29).

Onpenenuts IMyCTOTENOCTh 3EMHOIO 1Iapa, HaIpuMep,
yABTPa3BYKOBBIMU MJIM CEHCMHUYECKMMHU KOJCOAHUSIMH, BECbMa
3aTPYAHUTENBHO, TaK KAaK MMEIOLIUNCA B KOpE pacIlIaBICHHBIN
KUAKUHN cI0M U 00JIbIIIOE KOJMYECTBO BOJABI HAa MIOBEPXHOCTH B BHJIE
OKEaHOB, 3TH KojebaHus 3h(HEKTUBHO TracsAT. A BOT MyCTOTEIOCTh
JIyHbl, KaKk JaBHO OCTBIBIIETO TBEPIOTO LIapa MPO30HANPOBATH OUYEHb
nerko. OHa 3BeHUT I0BOJIHO MPOAOKUTEIBHOE BPEMS, KaK KOJIOKOJI,
YTO W TOCHYXWIO TPUYMHOW TOSABICHUS TUHOTE3bl 00 eé
MCKYCCTBEHHOM ITPOUCXOXKICHUU.

N rtak kak 3emns u Jlyma oOpasoBanuch U3 OpbI3r
B30pBaBuierocst CoyHIa OTHOBPEMEHHO, €CTh BEPOSITHOCTb TOI'O, YTO
BO BHYTpEHHEH nonocTy JIyHbI CylIecTBYET JOBOJIBHO Pa3pexeHHast
atMmocdepa. [losromy mpu ocBoeHun JIyHBI, YEIOBEKY BO3MOXKHO
npuAETCS 00yCTpanBaThCsl Ha BHYTPEHHEH CTOPOHE €€ 000JI0UKH.

Bo BHyTpeHHEN MOJIOCTHM 3€MHOTO Iapa IapCTBYET ajacKas
’kapa u aOcoyoTHAasE TEMHOTA, JMIIb U3pelKa Hapyliaemas
0arpoBBIMHU CIIOJIOXaMH M3BEPKEHUI BHYTPEHHHX BYJIKaHOB. C 3TOM
TOUYKHU 3peHus, FOnurep, nMeronuii oueHb 0oJbIION 00BeM, emE He
ycIiel CHJIBHO OCTHITh M TPEACTABIACT COOOW TOBOJBHO TOPAYYIO
KalUTI0 MaTepHH, H3JIyYaloUlyl0 ropaszo OOJbIle JHEpPruu, 4eM
nony4aet e€ ot CoJyiHIa.

W xots mporecc oOpa3oBaHusi caMUX 3BE3 — 3TO Jea yxKe
JaBHO MUHYBIIUX JHEH, HO MbI JIOTHUECKH MOXKEM MPEINOJIOKUTD,
YTO OH JIOJKEH B TOYHOCTHU MOBTOPSTH Ipoliecc 00pa3oBaHUs IIJIaHET,
TOJILKO B 00Jiee TpaH/INO3HBIX MaciTadax.
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OrpomHas  mpoTO3BE3[a,  COCTOSIMAs M3 KaKHUX-TO
Cy03JIeMEHTapHBIX YaCTHULL, IPOXOAs, B pe3ysbTaTe Mpolecca CHHTE3a
AQHAJIOTUYHBINA IIUKJI Pa3BUTHUSA, B3PBIBAETCS U U3 OpbI3r €€ 000JI0UKH
(GopMHpYIOTCS 3B€3/lbl OBAJBHOW TalTaKTHKH, KOTOpas BpAIasCh,
MIOCTEIICHHO MPEBPAIACTCA B CIIUPAIbHYIO.

Hpumeuanune! To, umo acmpogusuxu owudouHo cuumarom
YepHLIMU ObIPAMU WU MEMHOU Mamepueil, 3mo 36e30bl U 2aNaAKMUKU
00pa3zoeannvle mamepueii ¢ NONOHCUMENbHOU ACUMMempPUell, u31y4eHus
KOMOpbIX HU HAWLU 211a3d, HU HAUWLW RPUOOPLL 60CNPUHAMY HE CHOCOOHDI.
H komopbuie moxcHo 06HapyyHcums 1uib o KOCGEHHbIM RPUIHAKAM.

Taxum 06pa3zom, Teoprr 00pa3oBaHMs 3BE3]] U3 MEK3BEZTHOTO
rasa, BbIJlyMaHHbIE TEHUSIMH TEOPETUYECKON (PU3UKHU, MITKO TOBOPS
JDKEHAY4YHbl M 3aTMEBAIOT CBOEH INIYNOCTBIO PacCKa3bl U3BECTHOI'O
CBOEH HEBEPOATHOW MPAaBIUBOCTHIO, OapoHa MIoHXray3eHa.

16. O BTOPOM HAYAJIE H UIMMYHUTETE

Bropoit 3akoH TepMOaMHAMUKH, CHOPMYIUPOBAHHBIA IS
OO0BSCHEHUS! TEPMOJIMHAMUYECKUX MPOLECCOB, SIBISETCS, MO CYTH,
OCHOBHBIM U €IUHCTBEHHbIM (yHIaMEHTaJIbHBIM 3aKOHOM, 10
KOTOpPOMY  B3auMOJEHCTBYeT Marepus. DopMmynupoBKa  €ro
JIOCTaTOYHO TMPOCTa JJii TMOHMUMaHUs, HO HECMOTPS Ha 3TO, OYEHb
MHOTHE 3aTPYIHSIOTCS OOBSCHUTH ero cMmbici. Camasi TOYHas €ro
dopmynupoBka TakoBa: "Temmo Bcerma NEPEeXOIUT TONBKO OT
rOpsiuero Teia K XoJI0JHOMY M HUKOT1a Hao00poT".

JIeNCTBUTENBHO, €CIM OCTaBUTh CTAaKaH C TOPSYUM 4YaeM Ha
CTOJIE, uYepe3 HEKOTOpPOE BpeMsi €ro TeMmIeparypa CpaBHSETCS C
TEMIEPATYpOil OKPYKaIOIIEro BO3yXa, YBEJIMYHUB €ro SHTPOIUIO.
Nnu, ngpyrumu cnoBamu, paBHOBecHe. Bo3pactanue sHTpONUU — 3TO
CIEeICTBUE JCHCTBUA BTOPOro 3aKOHAa WM BTOPOTO Hayaia
TEPMOJMHAMHUKH 110 BHIPABHUBAHUIO JIFOOBIX MapaMEeTPOB MATEPUU —
JABJICHUs, TEMIEpPaTyphbl, KOHLEHTpAUUU U T. J. DHTPONUsS, Kak
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npolecc  BBIPABHHMBAaHUS,  3alpemiaer  Jro0ble  MPOLECCHI
CaMONPOM3BOJILHONW  KOHIIEHTpauuu, Oyap TO  TeMmepaTypa,
IUIOTHOCTB WM JaBiieHHe. Tak 4To HYU IpaBUTAlMOHHBIN KOJUIAIIC, HU
aKKpeLrs HEBO3MOXKHBI B IIPUHIIUIIE.

Bropoe Hauano TepMOIMHAMUKH W BO3PACTAHUE DHTPOIUU
JIeNaloT HeoOpaTUMBIMM JIIOOBIE TPOLIECCHl BO BCelleHHON. Eciu BB
IPOKOJIETe INMHY AaBTOMOOWJISA, BO3AyX U3 HEE BBITEUET U €ro
JlaBlIeHUE cpaBHsETCS ¢ atMochepHbIM. Ecnu BbI BhITycTUTE KITYO
IbIMa, TO YEpe3 HECKOJBKO MHUHYT €ro YacTU4YKHM PaBHOMEPHO
pacnpenenarcs o KOMHare.

HeonpenenéHHocTs NOHMMaHWSA NpPUHLOUIA BO3PACTAHUSA
SHTPOIIUH, IPUBOIUT K TOMY, YTO JaK€ HEKOTOPBIE YUYEHBIE HECYT
HECYCBETHYIO YyIllb, YTBEpXJAas, 4TO JKU3Hb, SKOObI MAET C €€
yOpiBanueM. Ho 93T0 auMmb  clIeacTBHE  MX  JIOTHUECKOM
0e3rpaMOTHOCTH M 4YTO Obl yOEIUTBCS B 3TOM, MBI PACCMOTPUM
HEKOTOpBIE IPOLIECCH, IMPOUCXOJAIIME B 'KUBOM' OpraHHU3ME.
Hanpumep, npouecc apIxaHus.

Bcem wu3BecTtHO, dYTO HOBIMM MBI JIETKUMH. Jlerkue
MIPEACTABISIIOT CO00M "MEMIoK" ¢ BHYTPEHHEHW MOBEPXHOCTHIO OKOJIO
150 kB. METPOB, T'yCTO MPOHU3AHHBIN CEThIO KPOBEHOCHBIX COCYIOB —
KallWUIspoB. MeEIIoK 3TOT BMeIIaeT B ce0s1 OKOJIO 3 JIMTPOB BO3AYXa.
Ot 3 nuTpa BO3JyXa KOHTAKTUPYIOT ¢ KPOBEHOCHBIMHU COCYAAMH Ha
TaKOW OIrpOMHOM IUIOLIA/IH.

Tak Kak KOHLEHTpauus KHUCIOpOJa B BO3AYXE IPEBBIIMIAET
KOHIIEHTPALUIO KHCIIOPOia B KPOBH, BTOPOE HAYAJI0 TEPMOAUHAMUKHI
"00s3pIBaeT” BO3AYX MOJECIUTHCS UM C KpOBbIO. B pesymbrate
pa3sIUMYHOM KOHICHTPAalUMU KUCJIOpPOJa B BO3AyXE M KpPOBH,
BO3HHUKAOIIEE (OCMOTHYECKOE) NABJICHHE NMPOTAIKUBAET MOJIEKYJIbI
KHCJIOPO/J1a CKBO3b IOIYIIPOHUIIAEMBbIE CTEHKH KPOBEHOCHBIX COCYJIOB
B KPOBb, HACBIILAA €€ KUCIOPOIOM.

Kucnopoxa He 3axBaThIBaeTCsl MOJIEKYJIaMU FeMOTTIO0MHA, KaK
paccka3bIBalOT OMOJIOTH U IIOTOM KOMY-TO TaM OTJaETCs, a OH IMPOCTO
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B KPOBH pacTBopsieTcs. [lero B TOM, YTO €ClIi MOJIEKYJIa KaKoro-JIu00
BEILIECTBA 3aXBAaThIBAECT MOJIEKYJTY KUCIOPO/Ia, TO OHA YK€ HUKOTa €€
HE OTJACT MPOCTO TaK.

Kucnopon y He€ MOXKHO TOJIBKO OTHSITh CUJION, MHAYE, KaK yiKe
OBLTO cKa3aHo B TJ1aBe [171.12], ObuT ObI HEBO3MOXKEH MPOIIECC CHHTE3a
Y BOBHUKHOBEHHUE CJIOKHBIX cOeMHEeHU. HacklenHas Kuciopoaom
KpPOBb Pa3HOCUTCS 110 BCEMY OPraHU3MY.

N3-3a TOBBIICHHOW KOHILEHTpALMs KHUCIOpPOJa B KpPOBH,
MPEBBIIAIONIEN €r0 KOHLEHTPALUI B MEKKJIETOUYHOU KUIKOCTH,
OCMOTHUYECKOE JABJICHHME BBITAIKABAET MOJIEKYJIbI KHCIOpOAAa B
MEXKJIETOYHYI0 KUIKOCTh. AHAJIOTHYHBIM 00pa3oM KHUCIOPO

monagaeT  BHYTPb  KJIETOK,  TJIE
y4acTBYET B mpoleccax X
KHU3HEACATCILHOCTH.

Mexanusm 603HUKHO6€EHUA

OCMOMUYECKO20 Oae/leHUsi HNOKA3aH Ha
pucynke  (puc.30). Ecau 6 cocyo,

pazoenénnnlil ROJIYRPOHUUAEMOTL

Puc.30 nepezopooKoii HANUML 800y U pPACHMEOP

KaKkou-nubo conu, mo yposeeHv pacmeopa

HeCKONbKO  noevicumcsa, Hapywiasa ''3akon'  coodwarowuxca  cocyooe.

Oobvacnenue 3mozo ''napadoxca'’’ ouenv npocmo. B cocyoe A konyenmpayun

MOJIEKY1 oMU 20pa30do evluie, yem 6 cocyoe B. 3amo 6 cocyoe B, eviue
KOHUEHmPAayua MoneKy1 600bl.

Ilosmomy Mmonekynvol conu, NOOUUHAACL 3AKOHY 6bIPAGHUBAHUA
Konuenmpayuii (3aKoH yeeauuerHun IHMPoOnu), HAYUHAIOM RPOMAIKUCAMBCA 8
cocyo B. A monexkynvt 600vt u3z cocyoa B, noduunsasce momy dice 3aKoHy,
npomankuearomcs 6 cocyo A, é peyiomame uezo0 603HUKAIOM 084 6CIMPEUHBIX
nomoxa monexyn 600t u conu. Ho mak kax monekynst 600l umerom menvuiue
pazmepvl, mo OHU Jecue U Ovicmpee RPOXOOAM CKGO3b ROAYRPOHUUAEMYIO
nepezopooxy u ypoeenv ydcuokocmu ¢ cocyoe A cnauana noeviuaemcsa. Yepes
Kakoe-mo épems, K020a KOHUEHMPAyuu 6 cocyoax cpagHAIOMcsa, CPAGHAIOMCA U
yposuu.

Ms1 He OyaeM paccMaTpUBaTh BCE TH MPOLECCHI, UX OYCHb

MHOI'0, OTrpaHU4YuMCA TCM, YTO B PE3YJIbTATC 3THX MNPOLCCCOB, B
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KJIETKaX, B BUIe TOOOYHOTO MPOIYKTA MOJTY9aeTCsl YIIIEKUCIBIA Ta3.
OH HayMHaeT HAKATUTMBATHCS B KJIETKAX U TOYHO TAKUM K€ 00pa3om,
C TIOMOIIIBI0 OCMOTHYECKOTO JABJICHUS, BEIBOJUTCS M3 OpPTaHH3Ma B
atMocdepy. AHAIOTHYHBIC TMPOIECChl MPOUCXOIAT W B JIPYrHX
opraHax — XenyJKe, TeYeH!, KUIICUYHUKE. . .

Hpyrue, coaepxkaiiiecs: B BO3AyXe rasbl, TaK k€ IPOHUKAIOT B
KpOBb, HO €CIM OHM HE UCHOJB3YIOTCA B  Mpoleccax
KU3ZHEACITEIIBHOCTH, X KOHIIEHTpAlMsl B KPOBU MPOCTO OCTAETCS
MOCTOSTHHOM. A Temepb MomnpoOyeM paccMOTPeTh C TOYKH 3PEHUS
BTOPOT0 Hayaja TEPMOJAMHAMUKH MEXaHU3M JICUCTBUS UMMYHHUTETA.
Jl1st 5TOr0 HaM HY)KHO CHaJaJia BBISICHUTD, & YTO K€ TaKoe 00JIe3Hb, C
TOYKH 3peHUs (PU3UKK M TIOYEMY SIHACMHH HOCAT, B OCHOBHOM,
CE30HHBIN Xapakrtep. ['punm, Hampumep, CBUPEINCTBYET BCErjia B
Havaje 3UMBL. A T/ e OOMTAIT BO3OYAMTEIW TPHUIIA BECHOH U
jeToM?

Mbl He cTaHeM 3/echb NOBTOPATH CKa3KU MEAUIIMHCKHUX
pabOTHUKOB O 3JIOBPEIHOCTH BHPYCOB, KOTOPBIC TOJHKO U MEUTAIOT
3apa3uTh HAaC KaKOH-HUOYAb APSHBIO, @ 00paTUMCS HETIOCPEACTBEHHO
K ¢usuke. [IpuunHbl >MMaeMuii, MO BCE BHUIUMOCTH, KPOIOTCS B
KaKUX-TO TI'JI00aJIbHBIX CE30HHBIX sABICHHAX. CaMoe JIOTMYHOE, YTO
MOXXHO TPEINOJIOKUTh - 3TO OCEHHHE JIMCTOMAaAbl, HMEIOIIHE
ro0anpHbIe MacmTaObl. BeTep TpersieT BBICOXIINE JIUCThS JIECHBIX
MAacCHBOB, OOJIaMbIBAa€T WX, I[OJHUMAeT B BO3JIyX OTPOMHOE
KOJIMYECTBO MUKPOYACTHI], OPTAaHUIECKIX MOJIEKYJI U HX OOJIOMKOB U
Pa3HOCHUT Ha OOJBIINE PACCTOSHUSI.

Mpbl BOpIXaeM BO3JYyX HACHIIICHHBIA OOJIOMKaMU MOJEKYI
PacTUTEIBLHOTO MPOMCXOXKICHHS, KOJIMYECTBO BAPUAHTOB KOTOPBIX,
MOXXET ONPENETATHCS aCTPOHOMHUUYECKUMHU HUPpaMu. DTH 0OJIOMKH
MOJICKYJI C TIOMOIIBIO ONHCAHHOTO MEXaHW3Ma OCMOTHYECKOTO
JABJICHUs TIPOHUKAIOT B KJIETKH U MCIOJB3YIOTCS HMMH, Kak
CTPOUTENBHBIN MaTepHall P JACJICHUU.
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HyxHO 3amMeTuTh, 4YTO NPAKTUYECKH JIIOOOH 0OJIOMOK
OpTraHWYECKONW MOJIEKYJbl, TIOMaB B JErKHEe HW OOBOJIAKMBAsCH
OCIIKOBOM  CIW3bIO, HAXOAIICHCS  TaMm, TIpeBpaliaeTcs B
"monmHOUCHHBIA  BHpyc". OOJOMKH MOJEKYJ, HE HMEIOIne
MEXaHU3MOB JIEJICHUS, HE PAa3MHOKAIOTCSI U HE MYTUPYIOT, KaK Ham
ABTOPUTETHO 3JIMBAIOT MEIUIIMHCKUE CBETHUIIA.

Knerku, wucnonp3yrommue STH BHUPYChl B KadyecTBE
CTPOUTENLHOIO Marepuana, 1Mo CyTH, CaMH HX U Pa3MHOXAIOT, B
pe3ylbTare 4Yero TepsoT CIOCOOHOCTh y4acTBOBaTh B 3aMKHYTHIX
HUKJIaX TMOAACPKUBAIOIIMX Jpyra MpOLECCOB B OPraHU3ME,
BBITIAJIAIOT U3 HUX W norubaroT. Hampumep, Takas crpamniHas 60JI€3Hb
KaKk pak, SBIAETCS PE3yJbTaTOM HCHOJIb30BAHUS KJIETKAMH JJIst
JIETICHUST MOJIEKYJIbl BEUIECTB, HA3bIBAEMBIX KAaHIIEPOT€HAMU, MPHU
KOTOPOM JIOYEPHHE KJIETKU CTPOATCS U3 Oelka, OTIMYHOTO I10
MOJIEKYJISIPHOMY COCTaBY OT OeJika OpraHu3Ma.

Ecin Takume KIETKH C HM3MEHEHHBIM OEJIKOM CIIOCOOHBI
UCIIOJIb30BaTh  OTXOJbl  JKU3HEACSTENBHOCTU POAHBIX  KJIETOK
OpraHm3Ma, a KJIETKH OpraHu3Ma He CIIOCOOHBI HCIIONB30BAaTh WX
OTXOJIbl, TO KJIIETKH C U3MEHEHHBIM O€JIKOM HAYMHAIOT WHTEHCHBHO
pa3smHoOkatbcsi. Ho He wmMmess CroCOOHOCTH BBITIONHATH (PYHKITUW
POIHBIX KJIETOK OpraHu3Ma, OHM B KOHEYHOM MTOTE€, 3aMeIlaloT B
OpraHe poAHbIE KJIETKH, HE laBasi UM Pa3MHOKAThCA, YTO U MPUBOJIUT
K CMEpPTH OpraHu3ma.

Knetkn ¢ uW3MEHEHHBIM OEIKOM B OpPraHU3ME BO3HHKAIOT
MOCTOSTHHO, HO €CJIM OHU HECIOCOOHBI KOHKYPHUPOBATh C POJHBIMH,
OHH OBICTPO MOTUOAIOT U B BUJE IIUIAKOB BHIBOJASTCS U3 OpraHU3Ma.
Orcroma Jerko caenath BBIBOJ, 4YTO TpH yHOTpeOseHuu Oosee
Pa3HOOOPA3HO MUIIK, Ml HAMHOTO YBEITUYMBAEM PHUCK 3a00JICBaHUS
pakom.

[TocmoTpeB craructuky 3abosieBanusi pakom B CCCP, tne
nuTaHue OBUIO JOBOJBHO OJHOOOpPA3HBIM U €CTECTBEHHBIM U B
Poccun, korga mocne OTKPBITHS TpaHMI], HA MPOJOBOIBCTBEHHBIN
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pBIHOK XJIBIHYIT IIOTOK HeﬂpI/IBBI‘-IHBIX 9K30TUYCCKUX HpO,Z[yKTOB, MbI
YBUIUM, YTO MIPOIICHT 3a00JIEBITUX PAKOM YBEIUYHUIICS B Pa3bl.

Tak Kak y KaXIOro 4YeJlOBEeKa CTPyKTypa Oelka oOueHb
WHIWBHIyaJIbHA U Ha 3eMJIe el He OBLIO0 ABYX JIFOJCH ¢ OTMHAKOBBIM
OCJIKOM, TO U BO3HUKHOBEHUE TAaKMX KJIETOK TOXKE WHIMBHUIYaJIHHO.
[ToaToMy Kakoro-To oOIIET0 YHHBEPCAILHOTO JIEKApCTBa OT paka, B
MpUHINIE, OBITh HE MOXKET. 1 XOTS KIETKU ¢ U3MEHEHHBIM OeIKOM
MOCTOSIHHO BO3HHMKAIOT B OpraHu3Me, y OOJIBIIMHCTBA JIIOJIEH paK He
pa3BuBaeTca. A TeX, KOMY 'TOBE3N0", mMpHupoja Oe3KaloCTHO
OTCEMBAET W CMEPTh B OTOM Clly4ae, SIBJIAECTCS €IUHCTBEHHBIM
3aIIMTHBIM MEXaHU3MOM DBOIIOIMH.

CoBpeMEHHBIE K€ JIEKapCTBa, HUCMOJb3YEMBbIE ISl JICUCHUS
paka (XuMmTepamnwusi), MO CYTH, SBJISIOTCA CHJIbHEHIIMMH SAaMHU,
KOTOphIe 0e3 pa3bopa yOMBalIOT KaK paKoOBbIE, TaK M POJIHBIC KIIETKUA U
MPAKTUYECKH HE MOMOTaroT. BpeMeHHOe obierdeHrne o0ycIOBICHO
JJUMIIb TEM, 4YTO paKOBbIX KJIETOK HAaMHOI'O MCHBIIC, YEM pOI[HBIX
KJIETOK OpraHu3Ma.

MQI[I/IKI/I OGBI‘IHO ACJIAT OYaru BO3HUKHOBCHUA paKOBbIX
OTyXOJICH, Ha 3JIOKAYeCTBCHHBIC U JOOPOKAYECTBEHHBIC. XOTS Ha
CaMOM JIeJIe TaKOTO YETKOTO pa3zesieHHs ObITh HE MOXKET. Bo BcsikoM
ciydae, OT paka "M3JIeUMBaIOTCA" JIMIIb €IUHUIBI U 3TO TOBOPUT O
TOM, YTO OITyXO0JIb OKa3aJach HE COBCEM 3JIOKAYECTBEHHOM.

Korga nquarHoctupyioT pak, onepanuio, Kak MpaBuiio, J1e1aTh
YK€ MO3[THO, TaK KaK OYard paka pa3BUBAIOTCS HE BHI3bIBas OOIEBBIX
OH.IyuIGHPIfI, HOTOMy YTO ABJIAKOTCA, I10 CyTI/I, YaCTbHO opraHmMa. 4!
CMepTL HaCTyHaeT OTTOI'0o, 4YTO HOpMaJILHBIX KIJICTOK y opraHa
MOPaKEHHOTO PaKOM, OCTAETCS CIIMIIIKOM MaJjio M OH YK€ He CITOCOOCH
BBITIOJTHSITH CBOM (DYHKITUH TTOJTHOCTBIO. Takum o0pa3om, 1J1s JIeUeHUS
paka HUKOT/1a He OyJeT HalJIeHO KaKOr0-TO OOIIETo JeKapCTRa.

Pak He 3apaseH, 310 naxe W HE O0OJIe3Hb, a CIEACTBUE
HBOJIIOLIMOHHOTO  Tmpouecca. M BemiecTBa,  CUMTAIOIIUECH
KaHIIEPOTEHHBIMU JIJII OJTHOTO YEJIOBEKa, COBEPIICHHO OE3BPEIHBI
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JUTSL IPYTOT0, OPTaHU3M KOTOPOTO MTOCTPOCH U3 Apyroro Oenka... Pak
- 3TO TOT Ciy4yad, KOrja MPUPOJHBIA MEXaHU3M HMMYHHTETA
paboTath HE MOXKET W MPHUPOJA MPOCTO BOCIPOU3BOJIUT OPTaHHU3M
3aHOBO.

Tax uymo co30amb Kakoe-mo o0wee eKapcmeo om
96010UUU, CKOpee 6Ce20 He NOJIYYUMCA.

CaM ke MexXaHW3M HMMYHHTETa, C(HOPMHUPOBABIIUNCSI B
pe3ynbrare cuM0r03a B TCUYCHUH JUTUTEIHLHON IBOJIONUN M OCHOBAH
HAa UCKIIOYCHHH YYKEPOJIHBIX OEJIKOB W3 TMPOIECCOB JEICHUS.
Oprannyeckue  BeIIECTBA, BbIpabaTbIBaeéMble B MpoIeccax
JKU3HEACSITEIIBHOCTH YYKEPOJHBIX KJIETOK, IOMAaBIIUX B KPOBB,
MPOHHUKAIOT CKBO3b MEMOpAHbl KIETOK-KWJIEPOB OpraHu3Ma |
OCTaBIISIIOT 0€3 THUIM YYXKEPOJHbIE KIETKH, KOTOpbIe, HE yMes
UCIIONIb30BaTh OTXOJbl POJHBIX KIETOK OpraHW3Ma, YMHPAT U
IMOCTCIICHHO BBIBOASTCS M3 HErO B BUJIC IINIAKOB.

KneTku-kumiepel, TPeNCTaBISIIONIME COOOH  CTBOJIOBBIC
KIETKA OpraHu3Ma, IIOCTaBIsIEMble B KpPOBb KOCTHBIM MO3TOM,
noTPeOIIsiss OTXObI YY)KEPOJHBIX KIETOK, TEPEPOKITAIOTCI U TAKKE
BBIBOJSITCSI U3 OPTaHW3Ma B BHJIC IILTAKOB.

Bce »Tm mporecchl MPOMCXOAAT aBTOMATHUECKH, B CHITY
BTOPOr0 Hayajla TePMOJMHAMHUKH, HO BOT KakK B JIETalsAX pabOTaroT
9TH MEXaHW3MBbl CTUMYJISIWHU, YYEHBIC, TO-BHIAMUMOMY, pazOepyTcs
emwé Heckopo. IloToMy 4YTO OHM MOCTOSHHO HBITAIOTCS H3y4aTh
CJIE/ICTBHSI, COBEPILIEHHO HE MOHUMAs IPUUMH BCEX ITUX SIBJICHUI.

Buonoru, Harnpumep, O4YEHb 00T BBIPAKCHHE
"BcacbiBaThcs". Y HHX BcachlBaeTCsl BCE, MHUILIA B JKEIyAKE U
KHIIIEYHUKE, BCACHIBAIOTCS JIEKAPCTBA B KPOBb, XOTS MMPUPOJIA TAKOTO
MOHATHUS He 3HaeT. B nmpupoe nmpaBuT 6an Bcera n30bITOK - H30BITOK
JABJICHUs, KOHIICHTPAIMHM, TeMmeparypsl U T.n1. Hukto Beap He
TOBOPUT, 4TO arMoc(epa BcachlBaeT BO3IYX U3 MPOKOJIOTOrO Kojeca
aBTOMOOMIIS.
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B3satb, Hampumep, Takoe HU3BECTHOE BCEM CEpICYHUKAM,
JeKapcTBO  KaK  HUTPOTJMIEpUH. MeIuKu  CUUTAlOT  €ro
COCYAOPACIIUPSIIOIIMM CPEJICTBOM, XOTS Ha CaMOM JIeJie MEXaHU3M
€ro JCMCTBUS, COBEPLICHHO Apyroi. CTEHKH COCYI0B, COCTOSIIINE U3
COEIMHUTEIBHON TKaHHW, HE MOTYT CaMU PACIIUPSTHCS, TaK Kak He
MMEIOT MBIIIII.

[Ipu nmonmafanuyu HUTPOTIIMIIEPUHA B KEJIYAOK WM TOJ S3bIK,
OH H3-3a PAa3HOCTHU KOHUEHTpPALMH, MPOTATKUBAETCS OCMOTHYECKUM
JIABJICHUEM CKBO3b IMOIYIIPOHUIIAEMbIE CTEHKH COCYIOB B KPOBb.

Nmest Ooyplyt0 aCHMMMETPUIO T'PaBUTAIMOHHBIX TOJICH
MOJIEKYJ (3JIEKTPUYECKHH 3apsi/l), HUTPOTIIMIEPUH ACIUTCS 3apsiaMu
C IUIa3MOW KpOBH, B pe3yJbTaTe YEro y MOJIEKYN IUIa3Mbl TaK XKe
YBEJIMYUBAETCS aCUMMETpPHUSI, YTO MPUBOAUT K YMEHBIIEHHUIO CHJI
MNPUTSKEHUST MEXAY HUMHU M, COOTBETCTBEHHO, K YBEJIIMUYEHHUIO €€
TEKY4YEeCTH.

KpoBs craHoBuTCS Ooyiee JKHIKOW, a 3HAYUT, CEPALY
CTAHOBUTCS HAMHOTO JIerde MpPOKAYMBaTh €€ MO CETU KalWUIspPOB
KPOBEHOCHOUM cuctembl. [loxoxkumu cBOWCTBaMH, OONAMalOT U
HEKOTOphIE JIpYrHe BEIIECTBA, HCIOJIB3YIOUIUECS B MEIULUHE —
acniipuH, heHUIUH, BaphapuH.

[TogoOubIM k€ 3h(DHEKTOM JErKO OOBSICHSIETCS MTHOBEHHOE
JICCTBUE TAaKOIO si7a, KaK [MUuaHu Kaius. [{maHucTeiil Kanuid nuMeeT
ropas/io MEHbIIYI0 ACUMMETPHUIO IPaBUTALMOHHBIX MOJEH MOJIEKYI,
YeM MOJIEKYJbl KPOBH, IOATOMY NpH MOMAJaHUU B KpPOBb, OH
YMEHBIIAET €€ aCUMMETPHUIO HACTOJIbKO, YTO KPOBb 33 CUUTAHHBIE
CEKYH/IbI MPEBPAIACTCS B BSI3KYIO JKUJIKOCTh, KOTOPYIO CEpILE YiKE
HE B COCTOSIHMH MPOTOJIKHYTh O KaWUISIPaM.

Opranu3m o4eHb OBICTPO, OYKBAIBHO 32 HECKOJIBKO CEKYH],
norubaert OT HeJ0CTaTKa KUCIOPO/a, a BOBCE HE OT Mapajinya HEKOero
JBIXaTEJIbHOTO LIEHTPA, KaK 3TO 00bACHAIOT Meuku. [IpumepHo Takue
K€ CBOICTBa, HO TOpa3/io ciabee, UMEET U 3MEUHBIN 51, OJJHA KaruIs
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KOTOPOT'O 32 HECKOJIBKO JIECATKOB MUHYT IIPEBpAIaeT CTakaH KPOBU
B CTY/ICHb.

O} deKTUBHBIM MPOTUBOSIUEM B 3TOM Ciydae MOT ObI OBITh
TOT € HUTPOTIHUIICPHH, HO OBICTPO Pa3HECTH €T0 M0 OPraHu3MYy, H3-
3a MOBBIIICHHOW BSI3KOCTH KPOBH, CepIle He B cocTostHuU. [lmazma
KpPOBU ¢ J100aBJIEHHEM PAacTBOpAa HUTPOTJIMIIEPHHA, BHITEKAET Yepes
kanuOpoBanHoe oTBepcTHe Ha 30-50 mporeHTOB OBICTpee, yeM 0e3
Hero. A po0OaBiieHHME HE3HAUMUTEIBHOIO KOJUYECTBA IIMAHU/A,
CHI)KAET CKOpOCTb BBITEKaHMsI B 2-2,5 pa3a. B mpunnune, eciau
JOCTaTOYHO OBICTPO, B TeueHWH 4-5 MUHYT, MOIKIIOYHTH
OTPABHBILETOCS IMAHHUIIOM K armapary cepjre-iérkue W BBEIs B
KPOBb TOT J>K€ HHUTPOTIIMIEPUH, TpOKadaTh €€ IO KPOBEHOCHOU
CHCTEME, TO BITOJIHE BO3MOXKHO CITACTH €MY KH3Hb. ..

17. O HEU3BEXKHOCTHU 1
BEYHOCTH )KU3HHU

Kax 6vino nokaszano eviute, emopoe HaA4aio u NPUHUUN
603PACMAHUA  IHMPONUU  RPOCMO  00A3bl6AIOM  MAMEPUID
HOCHOAHHO YCIOHCHANMD C60I0 CHIPYKMYPY, YHI0 YXce CAMO NO cede
npueoOUm K Heu30exrcHOCmu 803HUKHOGEHUA, MAK HA3blBAEMBIX,
"acuevlx'' opzanuszmoe 6o ecenennoil.

[TonTBepkneHneM 3Toro Qakra SBISETCS HATUYHE B IPUPOJIC
MHO>KECTBa 00BEKTOB PA3IUYHON CIOKHOCTH, OT aTOMa BOJOPOJa U
JI0 OTPOMHBIX OpPraHWYECKHX MOJIeKyJl. B mporuBHOM ciydae,
3BOJIIOIMSA BCEJIEHHOM Obuia OBl HEBO3MOXHA. VIMEeHHO J3Tu
MENJICHHbIC ¥ HENPEPHIBHBIC YCIOKHEHHS MPUBEIH K TIOSBICHUIO
BBICOKOMOJICKYIISIPHBIX OCJTKOBBIX COCAMHEHUH, a BIIOCIEACTBUU U K
00pa30BaHUIO CIOKHEUITUX OUOJIIOTUYECKUX OPraHU3MOB, KOTOPHIE
MBI Ha3bIBa€M KUBBIMH.
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VYuéuple U ¢uirocodbl HACOUYMHSIIM MacCy pPa3IUYHBIX
oTnpesieNieHUu TOHATHUS JKU3HHU, OJJHAKO HU OJIHO U3 HUX HE MOXKET
CIIY’)KHTb OTPa)K€HUEM PEaIbHOCTH, MOTOMY YTO MPOBECTU T'PAHUILY
MEXy KMBBIM U HEKHBBIM TaK K€ HEBO3MOXHO, KaK HEBO3MOXKHO
OTIIENIUTh MPOBOAHUKU OT JMUAJIEKTPUKOB. ['paHuiia sta BechbMma
YCIOBHA W €€ MOXHO MNPOBECTH I/I€ YrOJHO, B 3aBHCHUMOCTH OT
NPUHATBHIX KPUTEPUEB ONPEACTICHUS KHUBOTO.

AKuszuu ¢ o00blunHOM nonumanuu, 6 npupooe 6000uje He
cyuwiecmeyem — ImMoO NPOCMO NPOU3BOTbHO 63AMbLI, YC/I0GHbLIL
YPOGEHb OPZAHU3AUUU WU CIOHCHOCHU CHPYKIYPbl MaAmepuu.
Ilomomy umo nrwbasa, oOaxce makas 6blCOKOOP2AHU3OBAHHAA
Mamepus Kak mMo32, COCHoum u3z 00bl4HbIx ''mépmenix'’ amomoe u
MONEKy.

A, cnemoBaTenbHO, HE CYIIECTBYeT UM CMEPTH, Kak
($U3MUecKOro yHUUTOKEHUs HeKol ">kuBoi" marepun. CMepTh — 3TO
Takas K€ HEOTheMJIeMas COCTaBHas YacTh IPOILEcca 3BOIIOIHH
MaTepHH, KaK U )KU3Hb. DTO OCTAHOBKA B3aMMOCBSI3aHHBIX U B3aUMHO
NOICP’KUBAIOLIHNX JPYT Jpyra MpoIecCOoB B OpraHU3Me, B pe3yabTare
HEN30€KHOT0 HAKOIUICHHUsSI OLIMOOK B MEXaHU3ME JEJICHHS KIETOK
WM uX ¢uzndeckoro uzHoca (crapenus). CMEpTh OT CTaApOCTH — 3TO,
0 CYTH, CMEPTH OT BSUIOTEKYILIEr0 paKka BCEX OPraHoB.

besrpamoTHble 3asBiICHUS HEKOTOPBIX YYEHBIX O TOM, 4YTO
KHU3Hb, SKOOBI, HE TIOAYMHSETCS BTOPOMY Hadany U HIET C
yOBIBAaHUEM JHTPOIMHU, HE UMEIOT O]l CO00M aOCONMIOTHO HUKAKHX
OCHOBAHHMH, TaK KaK TaKKe MPOLECCHl HEBO3MOXKHBI B IPUHITUIIE.

Henonumanue cytu npouecca 3BOIIOIUH MaTePHH, IIPUBEIIO K
COUYMHEHUIO TUIIOTE3 CITy4yailHOM BOZHUKHOBEHUU OEIKOBBIX MOJIEKYJ
B pe3ylbTare MEKTPUUECKUX Pa3psioB B arMocdepe. XOoTs pa3psiabl
U UTpajid KaKylo-TO ONpPENENEHHYIO pOJIb B CUHTE3€ OPraHMYECKUX
BEIIECTB, HO OHU OBbUIM OJJHUMU U3 MHOTOYHMCIIEHHBIX OJIaronpusTHBIX
(dakTOpoB, OOJEryaromMx STOT 3aKOHOMEPHBIH M HEU30EeKHBIN
npoiiecc.
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EcrecTBEHHO, YTO CHHTE3 OPraHUYECKUX COEAUHEHMI
HaubOosee MHTEHCHBHO MPOTEKal HUMEHHO B TEIJIBIX U BIIAXKHBIX
MECTHOCTSIX, TPOMHYECKUX U CYyOTpPONMUYECKUX oOyiacTeil 3eMHOTO
nrapa, rjae o0pa3oBajJuCh OJArONpUsITHBIE TeMIIepaTypHbIE YCIOBUS,
OTKYJla ¥ Hayajia pacrpoCTPaHAThCS 3Ta caMasi ' JKU3Hb .

Axanemuk Anekcannp OmapuH emé B MATHUACCATHIX TOJax
NpOLLJIOTO BEKa TOMBITAICS 3KCHEPUMEHTAIBHO MOATBEPAUTD
TEOPHUI0 BO3SHUKHOBEHHS U3HM M B MPUHIIUIE, €My 3TO YAAJIOCh.
XOTs BOCHPOM3BECTH IOJHOCTBIO OTOT IIPOLECC, 3aAHSABIIUN Yy
MPUPOJBI KOJIOCCATBHOE KOJINYECTBO BPEMEHH — COTHU MWJIJIMOHOB
JIET, MPAKTUYECKH HEBO3MOKHO.

Tak ke Kak HEBO3MOXHO, BOCIIPOM3BECTH IIPOLECC
BHYTPUYTPOOHOTO pa3BUTHUsI OpraHH3Ma 3a COTYIO WM TBHICAYHYIO
noiro cekyHasl. W emé omgHO Oonbinoe 3abmyxaeHue OHOJIOroB,
COCTOUT B TOM, YTO MHOTHME U3 HMX CUUTAIOT MPOLECC 3BOIIOLUU
YKU3HU TOCIE0BATEIbHBIM.

To ectb, Mo WX MHEHUIO, (POPMHUPOBAHUE PANTUYHBIX BHIOB
OpraHMU3MOB  MPOUCXOJUJIO  MOCJIENOBATENbHO, OT  CaMbIX
MPUMUTUBHBIX CYIIECTB, CKaXKEM, YepBer U 10 MiiekonuTaromux. Ho
MaJICOHTOJIOTNYECKAsl JIETOUCh TOBOPUT COBEPILIEHHO O Apyrom. Bee
BH/IbI )KUBBIX CYILIECTB — 3TO CAMOCTOSITEIbHBIE MTapaJlIEIbHbIE BETBH,
MOSIBUBILIMECS Ha 3eMJle, 10 T'€OJOTMYECKHM MEpKaM IMPaKTHUYECKH
OJIHOBPEMEHHO, C OY€Hb HEOOJBIIUM Pa3pbIBOM, MOITOMY HHKAKUX
MPOMEKYTOUHBIX 3BEHBEB B IMPHUPOJIE€ HUKOI/IA HE CYIIECTBOBAJIO U
CYILIECTBOBATh HE MOTJIO.

[Ipo1iecc 3BOMIOLMH, KOHEYHO K€ MPOUCXOIUT U B HACTOSAIIEE
BpeMsi, HO HaOJ0aTh €ro, B CHUJIY CKOPOTEYHOCTHU YEJIOBEUECKOM
"JKU3HU", HEBO3MOXHO. bojee TOro, mpomnoBeayemMblil y4YEHBIMU
MPUHIMN - "BBDKUBAET CUJIBHEUIIMI", TPUPOJONA HE UCIOJIb3YETCS.
[Ipupoga pyKOBOJACTBYETCS COBEPIIEHHO HWHBIM IPUHIUIIOM — a
UMEHHO - "morubaer cinabedmuii", B IPOTHBHOM CIIy4ae YeJIOBEK
pa3yMHBIN HUKOT1a OBl HE MMOSBUJICS.
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IIpu BHENIHEM CXO/CTBE 3TUX IPUHLUIIOB, OHHU 110 CBOEH CYTH,
KapAMHAIBHO pa3iuyaloTcs. Tak ke Kak, Hampumep ¢ammsMm U
KOMMYHH3M, KOTOpbIE HEJAIEKHE MOJUTHKU U OObIBATENIM CUUTAIOT
ABJICHUSIMU OJHOTO nopsaka. OTHAKO CYTh UX TaK )K€ TNaMETPaIbHO
MPOTUBOIOJIOXKHA. Damm3M  XapaKTepU3yeTcsl  YHUUYTOKEHHUEM
OoJbIICH YacTH HaceleHUs, JUII KOM(DOPTHOTO MPOKUBAHUS KYyUKU
HanbOoJee aTyHbIX M MPUMHUTHUBHBIX HHIWBUIYYMOB, BIAQJICIOIINX
pecypcaMu rocy1apcraa.

JUis KOMMYHHM3Ma, a TOYHEE €ro CTaHOBJIEHUS, XapaKTEPHO
YHUYTOXKEHWE WM  HW30/SLUUsS  HMHAMBUAYYMOB,  CIIEIYIOLIUX
MIPEUMYILECTBEHHO JKMBOTHBIM HWHCTUHKTaM, CIYXalllUM CBOEU
QIYHOCTU M TOPEMSITCTBYIOLUIMM  pa3BUTHIO  o0miecTBa U
NapasuTHUPYIOMKX Ha HeM. UTo B 0011eM-TO, XapakKTEPHO HE TOJIBKO
JUIE KOMMYHUCTHYECKOTO, HO U JUIS JII0OOT0, T0CTaTOYHO Pa3yMHOTO
coo01ecTBa, (P YHKIIMOHUPYIOIIETO IO MPUHITUITY )KUBOTO OpraHU3Ma.
Benr mo0oii KMBOW OpraHm3M BCera CTapaeTcs YHUUYTOXHUTH
[Iapa3uTOB, KUBYILKX 3a €ro cU€T. MIlHaue OHM YHUYTOXKAT €ro.

Bo3zBpamasice K Iporeccy 3BOJIIOLHMH, MOXHO YTBEP)KIaTh,
YTO 3TO OrPOMHOE MHOXECTBO IAPAUIEIBHBIX  IPOLIECCOB
YCIIOHEHUS CTPYKTYPbI MATEPHUH, KOTOPBIE COBEPILIEHHO HCKIIFOYAOT
U3 HEro Takoe MOHSTHE KaK BEPOSTHOCTb, HA KOTOPYIO OYEHb JIHOOST
CCBhUIAThCS MPOTUBHUKY 3BOJIFOLIMOHHON TeopuH JlapBrHa.

[Tpuposae BooOI1IIE HE3HAKOMO MOHATHE BEPOSTHOCTH, IO3TOMY
BCC  B3aUMOACWUCTBUS B  HEH  OJHO3HAYHO  OOYCIIOBIICHBI
€AMHCTBEHHBIM IIPUHLIUIIOM — 6MOPbIM HAYUAIOM MEPMOOUHAMUKU.
UYenoBek HUKOTAA HE MPOUCXOIWI OT 00€3bsIHBI U MTUIBI, HECMOTPSI
Ha CXOXKECTh IMPOLECCOB Pa3MHOXKEHUS, HE MOIJVIA MPOU30MTH OT
3eMHOBOJIHBIX. ['eHuit [lapBuHa MOHSIT 1 OOBICHUIT OOIINI MEXaHU3M
BO3HUKHOBEHMSI M 3aKpEIUICHUS 'TOJE3HbIX' HW  OTCEHBAHUS
"BpeIHBIX" TPU3HAKOB.

Ho nporecc mponcxoxaeHusi BUJ0B UMEET MEXaHU3M, OUYEHb
CXOXHMH €  MEXaHM3MOM  CHENUaIM3allMM  KJIETOK  IpH
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BHYTpUYTpOOHOM pa3BuTuu 1miona. OH ompenensercs He TOJIbKO
CBOMCTBaMH KJIETOK, a B OONBIICH CTENEHHW CTPOCHUEM OeiKa |
YCIOBUSMHU Cpelibl, B KOTOpPOM OHM pa3BuBaroTcs. Bo Bcex 3Tux
ciIy4asx padoTaroT MPOCThie (PU3HUECKHE 3aKOHOMEPHOCTH U YTOOBI
pazo0paThCsi B 9TOM, YK€ HEIOCTATOYHO OBITH OMOJIOTOM, a HY>KHO
ObITh emé u GusukoM. Ho nmoka Hayka pa3zieneHa Ha 000co0IeHHBIE
TUCITUIIMHBI, TOHATH 3TO OyAeT MPaKTUYEeCKH HEBO3MOXKHO. BoOT
TaKOW XapaKTEPHBINA IIpUMED.

VYuéHple IO HEAOpa3yMEeHHI0, OOYCIOBICHHOMY pPa3BHTHEM
WH()OPMAITMOHHBIX KOMITBIOTEPHBIX TEXHOJOTUM, yOemuau ceos, 1a u
BCEX OCTaJbHBIX B TOM, uTo B Mosekyne JIHK, skoOwl, 3ammcana
uH(pOpMalKg O CTPOSHUH BCETO OpPTraHM3Ma, BIUIOTH JI0 OTAEIBHOTO
BOJIOCKA U Pa33BOHIINA Ha BECh MHUP O paclIu(PpoBKe MPOrpaMMHOI
3aMicH TEHOTHIIA YEeJIOBEKa, JIETKOMBICICHHO o0emas co3/aTh
BBICOKO9()(hEeKTHBHBIE JIEKAPCTBA OT JIIOOBIX OOJIe3HEH.

K coxanenuro y mpupoabl HET MPOTPAMMHCTOB M MAJO KTO
3HAET, YTO TO, YTO HA3BIBACTCSI TEHOTUIIOM YEIIOBEKA, TPAKTUICCKH HE
OTIIMYAETCS OT TCHOTUIIA OOBIYHOTO YepBs. Tem Ooliee uTo JyIst 3aucu
TAKOro KOJMYeCTBAa HWHGOPMAIIMU TMMOHAT00MICS Obl HOCHTENh BO
MHOT0 pa3 MPEeBBILIAIOIINI pa3Mephl YeT0BEKa.

[ToaTomy B peanibHOCTH MoJiekyna JIHK mpencrasmsier coboit
BCEro JUIIL OenkoByto (opmy i "MITAMOOBKH' MOJIEKYJIBI
MPOTEUHA, U3 KOTOPOTO CTPOUTCS OpraHu3M. JTa opMa COCTOUT U3
MaTEpPUHCKOHN U OTLOBCKOH "TOJIOBMHOK "' ¥ IOATOMY MOJIEKYJIa Oerka,
"oTmITaMIIOBaHHAas" B HEW, UMEET MHOKECTBO CXOJIHBIX CBOMCTB, KaK
C MaTepUHCKUM OETTKOM, TaK U C OTIOBCKMM. Ho, HECMOTps Ha 3TO,
HU C T€M, HU C JPYTUM OEJIOK IJ10/]a HECOBMECTHM.

Momnekyna mpoTenHa COACPKUT B ceOe 00Jiee THICSYN aTOMOB,
a KOJIMYECTBO BapHAHTOB pACIOJIOXKEHHUS aTOMOB B MOJIEKYJE
pPOTEUHA HACTOJBKO OTPOMHO, YTO Ha 3emJje, 3a BCIO HCTOPHIO
HBOJIIOIIMKA OPTAaHWYECKON "KHU3HU", HE MOIJIO OBITh JIBYX >KHBBIX
CYIIECTB C OMHAKOBBIMU MOJICKYJIaMHU OeIKa.
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N nng memunuHBI 3TO pa3HOOOpasue OENKOB SBIISETCS
JIOCTAaTOYHO OOJIBIION MPOOJIEMOi MPHU MepecaKe OpraHoB, U3-3a UX
HecoBMecTUMOCTH. Ho ¢ apyroil CTOpoHBI 3Ta HECOBMECTUMOCTD
ABJIIETCS. OCHOBOM MexaHu3Ma umMMyHHUTeTa. CyTh MpOoOJIEeMbI
HECOBMECTUMOCTH 3aKJII04aeTcsi B TOM, YTO MEpPECakeHHbII OpraH,
c(OPMHUPOBAHHBI MOJEKyJaMH JApyroro Oelka, B OpraHu3Me
pEIUIINEHTa HEe CMOXKET HOPMAIIbHO (PYHKIIHOHHUPOBATb.

OH He CMOXeT ydJacTBOBaTh B CHMOMO3€, MOTOMY HYTO
OPOAYKTHl KU3HEACSITETLHOCTA €ro KIETOK, POJHBIE KJIETKH
OpraHM3Ma peluNHeHTa HCIOoJIb30BaTh HE CMOTYT, a cam
NepecaXeHHbIH OpraH Tak K€ HE CMOXKET HCIOJb30BaTh OTXOJbI
KU3ZHEJEATEIIbHOCTH POAHBIX KJIETOK OpraHu3Ma. A ciel0BaTelIbHO
KJIETKHU MEePECakeHHOT0 OpraHa He CMOTYT HOPMaJIbHO Pa3MHOKaThCs
Y OH ITOCTEIIEHHO OTOMPET.

Bor mosTOoMy nerde Bcero MpPHIKUBAIOTCS OPTaHbl OJNM3KUX
POJICTBEHHUKOB, KaK Hanboyiee COBMAAAIOININE MO CTPYKType Oernka.
Ho Bce paBHO mpuxoauTcs ymoTpeOisaTh Nperaparhl, CHIKAIOIINE
HECOBMECTUMOCTh, CO3/IaHHBIC KPOMOTJIMBBIM TPYJOM MEIHUKOB U
OMOJIOTOB, TIO CYyTH METOJIOM "HayYHOT0" ThIKa. DTO, TaK Ha3bIBAEMbIC
AHTUOMOTHKHU, MEXaHU3M JEHCTBHSI KOTOPHIX OMOJIOraM MPakTUYeCKU
HEU3BECTEH, MTOTOMY YTO OH JIEKHUT HE B IJIOCKOCTU OHOJIOTHH, a
cKopee B 007acTi (PU3UKH. ..

Kak yxxe ObUTO CKa3aHO BHINIE, pa3BUTHE OpPraHU3Ma, U HE
TOJILKO  BHYTPUYTPOOHOE, TIOMYMHEHO MPOCTHIM  (PUINYECKUM
3aKOHAM U 00YCIIOBJICHO CBOMCTBaMH Cpefibl, B KOTOPOU MPOUCXOIUT
nporecc ero pasputus. OmnucaTh 3TOT NPOIECC, HA KOTOPBIA Yy
MPUPO/IBI YIIUIO OTPOMHOE KOJIMYECTBO BpEMEHH B HEOOJBIION padboTe
HEBO3MOXHO. HO MOHATH 001IMi1 TPUHIUI HECIO0XKHO, TEM OoJiee UTo
MPUPO/Ia HEU3MEHHO MOBTOPSIET €T0 MPU BHYTPUYTPOOHOM Pa3BUTUHU
Ka)KZI0r0 HOBOT'O OpraHu3Ma.

Hauném ¢ TOro, 4uro marepuHcKas M OTLOBCKas ITOJOBBIE
KIIETKHA, HE CIOCOOHBIE K JENCHHUIO, COSAUMHUBIINCH, OOpa3yroT
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KIIETKY, OO0JIATalonIyl0 TaKkOW CHOCOOHOCTBIO M KOTOPYIO YYEHBIE
Ha3bIBAIOT CTBOJIOBOM. [luTaHme oHa modydaer yepe3 IUIALEHTY, K
KOTOpPOW  TIpUKpEIyieHa ©  KOTopas  MPEACTaBIIET  COOOM
MOJIYIPOHUIIAEMYIO 000JIOUKY, TPENATCTBYIONIYI0 CMEIIMBaHUIO
KpOBHM IUIOAA M KPOBH MaTepu, HO TMO3BOJISAIOLIYIO KHUCIOPOLY M
OPYTMM BeIIeCTBaM OECTPENsSTCTBEHHO NPOHUKATh 4Yepe3 Hee H3
KpOBU MaTepu B KPOBb I1JI0/1a HE CMEIITUBASACH.

[lo mepe yBenuyeHHs KOJIMYECTBA KIETOK B pe3yJbTaTe
JEJICHUs, KJIETKU HaXOosIuecs Ha nepudeprun BAaTu OT TUIALEHTHI,
MOJIy4alOT MEHbBIIIE MUTATENbHBIX BEIIECTB U BBIHY)KJIEHBI YACTHYHO
UCIIOJIb30BaTh OTXO/IbI JICJIEHUSI COCETHUX KJIETOK, KOHTAKTUPYIOIIUX
HEIMOCPEICTBEHHO C IUIalleHTOH. UTO, COOCTBEHHO W TPUBOIUT K
BO3HHUKHOBEHHUIO MEX1Y HUMH TaKOTO SIBJICHUS, KaK CUMOUO3.

JlokazaTtenbCTBOM TOrO, YTO CHEUHAIM3AIMUs KIETOK U
dbopMupOBaHHE OpraHu3Ma, B OCHOBHOM, OOYCIIOBIEHO CpPEIOi, B
KOTOPOW OH pa3BUBAaeTCs, a HE KaKOH-TO TaMm Muduueckoin
"mporpammMHoii 3anuceio” B JIHK, MoxeT ciykuTh TOT (pakt, 4ro y
OJIHUX M TE€X K€ POAMUTENECH MOI'YT pOXIaTbCsi KaK "HOpMajibHbIE"
JETH, TaK U JAETU C Pa3INYHBIMU OTKIIOHEHUSIMH. ..

DTa CTBOJOBas KJETKA, MO CYTH MPEACTaBIsSET COOOM MOUKY,
no1I00HYI0 TOYKaM JiepeBbeB. Ho B OTIIMYMM OT MOYeK pacTeHul, oHa
MOJKET Pa3BUBATHCS TOJIBKO BO BHYTPEHHEH cpejie Opranu3ma, Tak Kak
TpeOyeT s pPa3BUTUS OYCHb CHEMU(PUISCKOr0 MUTAHHUSI. OITO
cnenuduieckoe MUTAaHUE  TPEJICTABISAIOT  COOOI OTXO/bI
KU3ZHEACITEIbHOCTU KJIETOK MaTE€pPUHCKOTO opraHusma,
HUPKYJIHPYIOLIHE B KPOBEHOCHOM CHUCTEME.

DTa moyka Tak K€ Kak ¥ T04Ka pacTeHH I CITocoOOHa pa3BUBATHCS
B CpeJIe MaTKH JIPYroro opraHu3Ma, Ho TOJIbKO OYE€Hb OJIM3KOT0 BHIA.

A Tak ke W TOT (HaKT, YTO NTHUILI U OCOOCHHO PHIOBI
MPOJIENIBIBAIOT OTPOMHBIA MyTh K MECTY OTKJIaJbIBAaHUS HKPbI U
BOCIIPOM3BOJACTBA  NOTOMCTBA.  JTa  MPUBBIYKA  TaK  Ke
chopMUpoBaliaCh MHOTOJETHHM MPOIECCOM 3BOJIOLUU IO Mepe
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pacupeHus apeaiga oOutanus. VM oHa coxpaHsercsi, MOTOMY YTO
ABJIIETCS. TapaHTOM CTa0MWIbHOCTH BuAa. CTaHOBUTCSA MOHSTHO,
noyeMy TpU PE3KOM U3MEHEHHWU YCIOBUS OOMTaHHS U
COOTBETCTBEHHO MUTAHUS, TPOLIECC IBOJIIOLINU PE3KO aKTUBU3UPYETCS
U BO3HHMKAeT MHOKECTBO MYTallui, MPUBOIALIMX K HOBBIM BHUIaM
00J1e3HEH.

A ecnu Obl HEKas TeHETHYECKasl MporpamMma pa3BUTHUS ObLIa
"3anucana” B JIHK kieTku, TO cymiecTBoBana Obl BO3MOXHOCTb
BBIPAlIVBaTh YKUBbIE OPraHU3MBbl U3 €IMHCTBEHHOW €ro KIETKH, B
MpoOUpKe C MUTATENBHOU cpemoil. M moToMCTBO, BBIpallleHHOE U3
OIMHAKOBBIX KJIETOK, OBUIO OBl aOCOJIIOTHO HIEHTUYHBIM, HO B
pETbHOCTH JAa)ke OJIM3HELbl MMEIOT 3aMeTHbIe OTJIMYMS JAPYr OT
Apyra.

W Ttakue opraHu3Mbl ObUlM OBl JIMIIEHBI BO3MOKHOCTH
MyTalui, a CJIE€JOBATEIbHO, NAJIBHENUIIET0 COBEPILIEHCTBOBAHUSA U
pazButus. EcrecTBeHHO, 4TO u3MeHAs Kakue-To ydactku JIHK
KJICTKH, MOXHO BJIMATh Ha CTPOCHME MOJEKYyJabl  Oerka
MIOJIyYaIOLIErOCsl OpraHu3Ma, OJIHAKO TAaKOE CJIETIOE BMEUIATEIbCTBO
MOJKET MPUBECTU K HEMPUITHBIM JIJISl YEJIOBEKA MOCIIEICTBUSM.

Beov npupooa oOe3rncanocmno omceueaem HeyoauHvle
KOoMOuHauuu yice Ha HAYAIbHOM Imane.

[Ipomie Bcero npocneanThb NpoIiece CrennaaIn3anuy KJIeTOK Ha
npumepe ¢ pacteHusMud. Cemst 1000ro pacTeHHs, Tomajaas BO
BIQXHYIO cpeny, npopacraer. To ecTb €ro KIEeTKM HauyMHarT
JenuThest, 00pa3ys pocTok. [IuTarenbHble BemiecTBa Ui JeNEHUS,
NOCTYNAIOT IO CTBOJIy BBEPX, COIVIACHO ONHUCAHUIO B rase [ri.l11].
Haubonee MHTEHCHUBHO JelieHUE KIETOK IMPOUCXOAMUT B CEpILIEBUHE
CTBOJIA, TJIe MPOXOAUT OCHOBHOM MOTOK MUTATEIbHBIX BEIIECTB.

[TuTaTenbHble BelIeCTBA JIETKO TOJHUMAIOTCS BBEPX IO
PBIXJION CceplieBUHE, CTUMYIHUPYSI POCT pacTeHHs, oOpazysi HOBbIE
BeTBU U JIucThsa. Ecam Obl B JIHK kineTox Haxoauiach HEKas
nporpaMMa pasBUTHs, TO JEpeBbid OJHOM TOPOABl ObUIM OBl
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COBEPILEHHO OJMHAKOBBIE IO CTpoeHU10. OHU UMeNH OBl OIMHAKOBOE
KOJINYECTBO BETOK, HX KOHQUIypalMi0 U IUIOTHOCTh. OJHAKO
BHEIIIHUE YCJIOBUS BHOCSIT CBOM KOppeKTHUBBI. KieTku, Haxoxaduuecs
Ha nepudepuu, MoJydyarOT MEHbIIE MUTATEIbHBIX BELIECTB U UM
IPUXOJUTCA UCIIOJIb30BaTh OTXObI AKHU3HEEATEIbHOCTH
CepALIEBUHHBIX KIETOK, MMO3TOMY OHM MEHbIIE IO pa3MepaMm u
00pa3yloT OoJiee MIOTHYIO JPEBECHHY.

MuHHMMaTbHOE KOJIMYECTBO MUTATEIbHBIX BEIIECTB MMOTyYaroT
KJICTKH HApyXXHOT'O CJ1051, KOHTAaKTUPYIOLIHE C BO31yXoM. OHU COXHYT
U OTMHUpaIOT, 00pa3ys kopy. Kpome Toro paziauuus B OCBELICHUU
IPUBOJAUT K TOMY, YTO C OCBEIIEHHOW CTOPOHBI YBEIMUYMBAETCS
KOJINYECTBO BETOK, B PE3yJbTaTe UX 00JIe€ HHTEHCUBHOI'O POCTA.

N30BbITOK NUTATENBbHBIX BEIIECTB W BIaru B CEpALIEBUHE
IOPUBOJUT K TOMY YTO B HEW HAYMHAIOT PAa3BUBATHCS PaA3IHUHBIC
napa3uThl - OAKTEPUHU U TUIECHEBBIE TPUOKH, PUBOIAIINE K THOEIN
JepeBa.

[TpumMepHO Tak jxe 00pa3yercs U KoXKa Y )KUBOTHBIX. DTO CIOH
OTMEPIINX U 3aCOXIINX KIETOK, KOTOPBIH MPeIoXpaHsIeT rITyOuHHBIC
KJIETKH OT BbIChIXaHUS U rubenu. OXKUBUTH 3TH KJIETKH KaKUMH-TO
KpeMaMU WJIM Ma3sMU HEBO3MOXXHO. /la 3TO He HYXHO U OINacHO.
Knerku, He 3aUIIEHHBIE KOXKEH, JIETKO OBPEKAAIOTCSA U CTAHOBSTCS

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

Kak yxxe Obl10 CKa3aHO BBINIE, C TOYKH 3PCHHS HACTOSIIEH
TEOpHH, "JKU3HB" - 3TO YUCTO OBITOBOE WJIM PEIUTHO3HOE TMOHSTHE,
OOYCIIOBJICHHOE JPEeMyYHM 3a0IyKJICHHEM, YTO B MaTepPHATILHOM
TeJIe YEeJIOBEKA MJIU KUBOTHOT'O CYIIECTBYET HEYTO HEMATEPUATIbHOE,
KOTOpOE U JEJIAaeT €ro ")KUBBIM'.

Ha camom ke pene, XMBOM OpraHu3sM — O3TO IIPOCTO
OMOJIOTHYECKUN MEXaHU3M, CJIIOKUBIIUNCS B PE3YJIbTATE NJTUTEILHON
SBOJIOIMA MATE€PUU, B KOTOPOM CHOPMUPOBAIHCH M JICUCTBYIOT

MHOXECTBO ABTOMAaTU4YCCKUX, B3aMMOCOIJIaCOBaHHBIX u
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NOJICP)KUBAIONINX  JPYT JApyra IpOLECCOB, TMOAYMHSIOIUXCS
€MHCTBEHHOMY  (HU3MYECKOMY 3aKOHY — BTOpOMY Hadaly
TepMOJMHAMUKHU. W HU4Yero ">KUBOro" B HEM HE COJACPIKUTCSI.

Ero BmosmHe MOXHO CpaBHUTH, Hampumep, ¢ paboTaloIUM
JBUTATEIEM  BHYTPEHHETO0  CropaHusi, B  KOTOPOM  TakK¥Ke
OCYILIECTBIISIIOTCS ~ TaKME€  B3aMMOCBSI3aHHBIE  aBTOMAaTHYECKHE
IpPOIIECChl, KakK I10/1a4a TOPIOYEro, CMENIMBAHHUE €ro BO3JyXOM,
cKaThe B IIWIMHIPAX, MO/DKUTAHWE CMECH B HYXHBIH MOMEHT,
CUHXpPOHHOE OTKpBIBAHWE M 3aKpBITHE KJIANMaHOB W Tak nainee. U1
MO3TOMY paOOTalOMUK JIBUTATEIh, KaKOW-HUOYIb TMEPBOOBITHBIN
JTUKaph ¢ OCTPOBOB TyaMOTy, BIOJHE €CTECTBEHHO MOXKET CUHUTAaTh
JKUBBIM.

Tem Oomee, 4TO0 O0BEAMHUB €ro C HEMTIHOW BBIIIKOH,
HEe()TENEPETOHHBIM  almaparoM W aBTO3AMPABIIMKOM, MOXKHO
3aCTaBUTh €ro padoTaTh aBTOMATUYECKH, 0€3 ydacTHs yesIoBeKa, 110
TEX NOp, NOKA OH HE U3HOCUTCA U 3arjoxHeT. To ectb yMpeT. To xe
camMoe TMPOUCXOIUT U C JOOBIM opraHuzMoMm. COOH OIHOTO WM
HECKOJIbKMX  TPOLIECCOB,  HApymIaeT HMX  COIJIACOBAHHOCTH,
OTTOYECHHYI0 MWJUIMOHAMHU JIET SBOJIIOIMM ¥, B KOHEUYHOM HTOTE
OPUBOJUT K OCTAaHOBKE BCEX IPOIECCOB, MPOUCXOISAMINX B
OpraHusMe.

[IpaBna nBuratenb JErko OTPEMOHTHPOBATh, IOCTATOYHO
3aMEHHUTHh KaKHe-TO JeTalld WM TOYUCTUTh KOHTAKTBI, YTO C
OCTaHOBUBIIMMCS OPTaHU3MOM He Bcerja nonydaercs. [loromy uto B
OMOJIOTHUYECKOM OpraHKU3Me, ITOYTH CPa3y K€ HAYMHAIOT peodIiagaTh
JpyTHUe MPOLECCH CUHTE3a, JIENIAIONINE PEaHUMAIIUI0 HEBO3MOXKHOM.

Teno yenoBeka, Tak ke Kak 1 JJI0OOT0 IPYroro KUBOTHOTO, 110
CyTH, TIPEICTaBIsIET cOO0M COOOIECTBO, HAXOAUINXCA B CUMOUO3E
MHOKECTBa MHOTOKJIETOUYHBIX OPraHU3MOB (OpraHoB), KOTOpbIE
00BEAMHUBILKCH B MPOLIECCE HBOJIIOLMH, PA3BUBAIUCH COBMECTHO U
HaBCEeT/1a MOTEePsUIM caMOCTosTeNbHOCTh. [lo cyTH, 310 peanusanus
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TOTO € CaMOro TMPHUHINIA CUHMe3d, TOIHLKO Ha 0oyiee BBICOKOM
YpOBHE OpTraHHU3allud MaTePHUH.

Cam MexaHM3M ACHCTBUS CMMOHO3a JOCTAaTOYHO MPOCT ISt
nmoHuMaHus. J[Ba WM HECKOJBKO MHOTOKJIETOYHBIX OPraHHU3MOB,
CBSI3aHHBIX CHUMOHMO30M, HMCIOJIB3YIOT OOJIBIIYI0 YacTh MPOAYKTOB
KUZHEJEATEIILHOCTH OPYT Apyra (OTXObI WK MPOCTO AEPHMO), KaK
CTPOUTENbHBIN Marepuan ais cebs, 4TO B UTOre NPUBOIUT K
YMEHBIIICHUIO TOTPEONICHUSI MU U DHEPTUH M3 OKpYKaroleh
CpEIIBL.

N 4grto, cooTBeTCTBEHHO, MAa€T TOpa3a0  OOJBIIYIO
HE3aBUCHUMOCTh OT BHEIIHUX MPUPOJHBIX YCIOBHUH U TOITOMY MBI
MOKEM JIOBOJIbHO JIJTUTEIBHOE BpeMs 00X0IUTCs BOoOIe 0e3 MUIIH.
B npotuBHOM citydae mpu OTCYTCTBHH CUMOWO03a, HAM TIPUXOIUIIOCH
OBl MOCTOSIHHO YTO-TO >K€BaTh. A TakK, KJIETKH OPraHOB BO BpeEMs
MEPEePHIBOB B MUTAHUU OOXOJATCS OTXOJaMH JKU3HEIEATEIHHOCTH
JIPYTHX KIIETOK OpraHm3Ma, MOCTYMAMIIUMU B KpoBb. B mpupoe,
MPAKTUYECKH UCIIOJIb3YETCS BCE M HUYETO HE MPOIMAIAeT MPOCTO TaK.

Kenanas xenesa, HapUMep, UCTIONB3YET JJIS JSJICHUS CBOMX
KJIETOK, a 3TO €€ OCHOBHAs 3a/iaya, MPOAYKTHI KH3HEIEATECIbHOCTH
JKeMyJKa, TOCTABJISIEMbIE TTOTOKOM KPOBH M B Ka4yeCTBE OTXOJOB
BBIJICIISIET KEJIUb, KOTOPYIO JKEIIYJIOK B CBOIO OYEpEellb, UCIOJIb3YET
IS TIepepabOTKH HEKOTOPBIX MPOAYKTOB uTaHus. Eciau ynamute u3
OpraHW3Ma JKEIYHBIA MY3bIPb, JKETYJOK HE CMOXET HCIOJIh30BaTh
HEKOTOpBIC BEIECTBA, B PE3yJIbTaTe YEro YeIOBEK, XOTS U OyneT
XKHUTb, HO OyIeT BBIHYXJEH OrpaHHYMBaTH ceOsi B yNOTpeOJIeHUU
HEKOTOPBIX BUIOB MUIIIH.

[ToBpexxnenne cep/iia HEMEUICHHO MMPUBOIUT K CMEPTH, TaK
KaK CEpIle BBIMOJHAET OYCHb BAXKHYIO (PYHKIIUIO TO TEepEKaykKe
kpoBu. M XoTs 3Ta QyHKIMA O4YeHb BakHA, OHA TEM HE MEHee,
JIOCTAaTOYHO MPOCTa M TOATOMY CEpAIE JIETKO MOXXHO 3aMEHHUTh
MEXaHHYECKUM TPOTE30M — MPOCTBIM HAacocOM. UTO, COOCTBEHHO,
YK€ JOBOJIBHO YCIICUITHO HAYMHAIOT JIe1aTh MEIUKH.
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[ToBpexnenue neueHu, Tak e CMEPTEIbHO OMACHO, TAK KaK
OPOAYKTHl (OTXOABI) €€ IKU3HEACSITENbHOCTH — JTO OOJbIIOe
KOJIMYECTBO Pa3HOOOpPA3HBIX BEUIECTB, KOTOPBIE HCIOIb3YIOTCS
IpyruMu opraHaMmu. bes medeHu, o4eHb MHOTHE OpraHbl IEPECTaHyT
MoJIy4yaTh HEOOXOAMMBIE MM OTXOAbl €€ KU3HEAESITENbHOCTH, YTO
OYCHb OBICTPO MPUBEAET K COOI0 M OCTAHOBKE JAPYI'MX CBSI3aHHBIX C
HUM IIPOLIECCOB B OpraHU3Me U ero "cmepru'.

[losToMy 3aMeHUTh TMEYEHb KaKUM-JIHOO YCTPOICTBOM,
CKOpee BCEro He IMONY4YUTCS HHUKOTAa. To ecTh JI0Oble OpraHbl
Hamero Tteina "o03a004yeHbl' JIMINL TEM, YTOOBI MEIWINCh U
Pa3MHOXAJUCh TOJNBKO HMX KJIETKH U MM TIIIyOOKO Oe3pa3inyHa
KU3ZHEJEATENIbHOCTh JIpyrux opraHoB. OpHako B pe3ylbTaTe
JUINTETILHONW 3BOJIONUH, CPOPMHUPOBATNCH HACTOIBKO MPOYHbBIE
B3aMMOCBSI3M MEXy HUMH, 4TO JI000H cOOii B OTHOM Oprase, cpa3y
K€ OKa3bIBAET BIIUSIHUE HA JIPyTHUE.

Korma yué€Hbple cMmorytr neTanbHO pa3zoOpaThCsi B pabore
OpraHOB HAIIEro Tela, BOT TorAa 030 BCAKUX JIUMOBBIX
pacmudpoBoK HECYIIECTBYIOIIETO TE€HETUYECKOTO KOJa,
NEHCTBUTENbHO, TOSBUTCA  BO3MOXHOCTH  CO37aBaTb  OYEHb
3¢ peKTUBHBIC IEKAPCTBA OT PA3TUIHBIX 0OJIE3HEH. XOTS MOTHOCTHIO
n30aBUTHCS OT HUX YEJIOBEYECTBY HE ynaacTcsl Hukoraa. OcTaHOBUTH
SBOJIIOIMIO MaTepUU HEBO3MOKHO, @ BOSHUKHOBEHHE 00JIe3HEH — 3TO
MPUHIUITHATIBEHO 3aKOHOMEPHOE €€ CIIEe/ICTBHE.

Jlornueckoe pa3BUTHE HACTOAILICH TEOpPUH HEH30EKHO
MPUBOAUT K COBEPILIEHHO OIIECTOMIISIIOLIEMY BBIBOY, UTO TO, YTO MBI
Ha3bIBAEM "KU3HBIO", JKU3HBIO U HE SIBIISIETCSI, a SABJISETCS MPOCTHIM U
3aKOHOMEpPHBIM  CJIEICTBUEM  IIpollecca HBOJIIOLMHU  MaTepuu
BCeIeHHONH. U TONBPKO HEMOHMMAaHHEM JTOro OOCTOATEILCTBA
00BSCHSIETCS TO, YTO €II€ MHOTHE YUEHBIE-TEOPETUKHU N0 CHUX TIOp
Oe3yclenrHo TMBITAIOTCS HAWTH pa3ragky OTIUYUS JKUBOTO OT
HEXHUBOT0, M0 CYTH, JIOMSICh B OTKPBITYIO JABEPb.
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[ToTomMy 4TO TaKOTO OTIIUYUS HPOCHLO HE MOdcem Obimp. Tak
K€ COBEpUICHHO SICHO, 4YTO YHHUYTOXXUTh JKU3Hb, KaK MpOLEcC
SBOJIIOIMM MaTepHUH, HEBO3MOKHO, ITO3TOMY JHOObIE U3MBIIIJICHUS O
KOHIIE CBETa ABJISAIOTCA OpeloM cuBOi KOObUTBI. bosee Toro, mporecc
SBOJIIOIMA HE OCTaBISI€T HUKAKOM, JaXXe MHUKPOCKOMUYECKOMN
BO3MOKHOCTH CYLIECTBOBAaHMSI HEKOEro Bhicuiero TBopua. IIpocto
IIOTOMY, YTO IIPUPOJE OH HE HYKEH.

N TombKO HEBEXKECTBO M JETCKas OrpaHUYEHHOCTh
YEeIIOBEYECKOr0 pasymMa TMpHBella K BO3SHUKHOBCHHIO HAWBHBIX
CKa304YHBIX YYEHHI O HEKOEM BBICILIEM CYIIECTBE, KOTOPOE, KAKUM-TO
HEBEPOSTHBIM 00pa30M, CO3aJI0 3TY BCEJICHHYIO U ""COTBOPHIIO" BCE
"x)uBOE", TOMECTUB €Tr0 Ha IUJIAaHETy C KOM(OPTHBIMHU YCIOBHSIMHU
MpoXuBaHUsl. AOCYpPIHOCTh 3THX yYE€HUW CTAaHOBHUTCS OYEBHIHOM,
CCJIU 3aJ1aTh aBTOpaM U UX NOCICAOBATCIIAM APy MPOCTHIX BOIIPOCOB.

Bonpoc nepewiii: A st yero, cOOCTBEHHO, BCEMOTYIEMY
CaMOJOCTATOYHOMY CYHICCTBY, KOTOPOC HA B YEM HC HYXKXIACTCA, 3TOT
reMOpPpOl C YeJIOBEYECTBOM, KOTOPOE TOJIBKO U JENaeT, 4YTO
MIOCTOSIHHO BOIOET, IpaOUT M yOuBaeT npyr apyra?

H eonpoc émopoii: A 4to, y 3TOro BCEMOT'YIIIETO CYIIECTBA HE
XBaTWJIO yMa PpemuTh AT mOpobieMbl emi€é Ha  CTaguu
npoekTupoBanusi? OTCYTCTBUE OTBETOB Ha 3TU BOMPOCHI I0KA3bIBAET,
YTO 3TO BCEMOTYIIIEE CYIIECTBO HE Oojiee ueM 1101 yoorou ¢haHTa3zuu
JIO/Ied, CO3/IaBIINX €ro 10 CBoeMy 00pa3y u noaobuto. Beputs B 10,
YTO OSTO BCEMOTYIIEe CBEPXPAa3yMHOE CYIIECTBO MOXKET OBITh
NPUMUTHBHBIM U KECTOKHM, KaK MEpBOOBITHBIM TUKapb, B BBICIICH
CTETICHH HEeJIeTIO U OECCMBICIIEHHO.

Bbonee Toro, HecMOTps Ha TO, YTO 3TO CYIIECTBO OOeIiaeT
JIONIIM BEYHOE OJaXXEHCTBO B 3arpoOHOM MHpPE, YTO-TO HHUKTO
OCOOCHHO HE CIICLIUT BOCMOJIb30BaTHCS ITUM OOCTOSTENHLCTBOM, a
COBCEM Jak€ HAOO0OpOT OYEHb MHOTHE YYEHBIE OBIOTCA Ha
pa3paboTKOIl METOIOB MPOICHUS CBOETO OPEHHOTO CYIIECTBOBAHUS
Ha 3TOM CBETE.
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[TpiTasich MOYEMY-TO KaK MOKHO JOJIBIINE OTTSIHYTh MOMEHT
MOJIy4YeHHUs1 BEYHOro OnaxkeHcTBa. /[ 3TOro paxke mpuayMain
KPUOTEHHBIE KaMephbl, IIe 3aMOPOKEHHBIE TPYIBI BaXHBIX (C TOUKHU
3peHUs ITUX MOKOHHUKOB) 0c00, OyIyT XpaHUTHCS A0 TE€X MOp, MOKa
YeJIOBEYECTBO HE HAaWJET crocoba BBUICUUTh MX U OXKHBUTH. A Bce
MOTOMYy, YTO JaXke caMmble TIYOOKO BEpPYIOUINE PEITUTHO3HbBIE
¢danatuky, B TIyOMHE JyIIM COMHEBAIOTCS W MYYAlOTCS TOH
HEU3BECTHOCTHIO, KOTOPAst 0KUIAET MX TOCITIE CMEPTH.

Benp uenoBek coznan cebe 60ra UMEHHO M3 CTpaxa CMEpPTH, U
Jake TOJHUMAsCh IO JIECTHUIIE [O3HAHUS, OH BCE IIBITAETCS
COBEpIIEHCTBOBATh CBOIO MPUAYMKY. BmecTto Berxo3aBeTHOro u
OpUMHUTUBHOTO  OOKecTBa,  Temepb B~ MO3Tax  MHOTHX
NICEBAOTPaMOTHBIX BEPYIOIIUX (QUIYpUPYET YK€ HEKUH, Kak UM
Ka)XeTCsl, BIIOJIHE "HAay4yHBIX" BBICHIMHA pa3yM, oOuTarouiuii 1mubo B
ryOMHaxX BCEJICHHOM, 100 B KakOM-TO JPYroM H3MEpeHUH,
KOTOPBIHA, MO-BUAMMOMY, OT CKYKH CO3[lal 4YeJIOBEKa B KaKUX-TO
CBOMX HETMOHATHBIX IeNsX. Ho TyT BO3HHMKAET JIOTUYHBIA BOIPOC, a
KTO e co3aJl caMoro 6ora..?

"Xu3Hp", KaKk yke ObLJIO CKa3aHO, ITO CIEJCTBUE Ipoliecca
SBOJIIOIIMM MAaTE€pPUM U IMPOLEecC 3TOT OECKOHEYeH. A KellaHue
MPOJJIUTL TO, YTO YK€ caMo Mo cebe OCECKOHEYHO, TIYNo H
OeccmbiciienHo. KaXkipiit uenoBeK Wiv )KUBOTHOE, KaK MaTepHaIbHbII
OMOJIOTUYECKHUI MEXaHHU3M, MTOCTOSIHHO BOCIIPOU3BOIUTCS MIPUPOIOI
3aHOBO M Jja’K€ HE OCO3HAaBasi TOTO, IO CYTH, IPOKUBAET OECKOHEUHOE
KOJIMYECTBO 'KU3HEH'"' Ha OECKOHEYHOM MHOXKECTBE OOHUTAEMBIX
IJIAHET BO BCEJIEHHOM.

W naunHas Kax Iy HOBYIO "KU3HB'" C HYJISI, OH (PU3NUYECKH HE
MO’KET MOMHHTb, HU MpPEIbIAYIINEe XU3HU, HU MECTO, TJIe OH YXKe
KOT'Z1a-TO JKUJI. DTOT HEOOBIYHBIH BBIBOJA, MO CYTH, OOOCHOBBIBACT
Oynau3M, Kak MHTYUTHBHOE M TOYTH HAaydHOE MHUPOBO33pEHHUE C
"perHKapHanuen" MaTepualIbHOIO TEa.
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A TO, 4TO JIOAM, CAMHU TOTO HE MOHUMAsl, HA3bIBAIOT AYIIOH,
TaKk 93TO TIPOCTO Halle CO3HAHWE, SBISIONIIEECS CBOWCTBOM
BBICOKOOPTaHU30BAHHOW MaTepuu, (HOPMUPYIOMIHUMCS B PE3yJIbTaTe
BOCITUTAHUS M OO0y4YeHUs, OECCICTHO HMCYE3aIoIero TMOoCie CMEPTH
opranuzma. U xots co3Hanue wim "myma" co cMepThio OeccieaHo
MCYE3aeT, ITO HE UMEET a0COTIOTHO HUKAKOTO 3HAYEHUS, IOTOMY YTO
OHO TaK ke chOpMHUpYETCs 3aHOBO B HOBOM Tene. U mis aToro He
noTpedyeTcss Hu Oora, HU JbsIBOJIA, HUA BBICIIETO pazyma. [[ist aToro
BIIOJIHE JIOCTATOYHO POJIUTENEH U 1e1aroros.

CMmepTh Beab TOJNBKO C TOYKH 3pEHHS TIOKa  CIIe
HEBE)KECTBEHHOTO UEJIOBEKA, SIBJICTCS TpareIuei, 1isi IPUPOJIbI XKE -
9TO 3aKOHOMEpPHOE SBJIEHWE, MPOUCXOAIIEe TTOBCEMECTHO |
MOCTOSIHHO, TaK JKe, KaK M POXICHUE. OTO HeoThemieMas
COCTaBJISIIOLIAsl TIpoLiecca HBOMIONMU MaTepuu. B Hamem Tene
KOKIYI0O MUHYTY YMHUPAIOT THICSYM KIETOK. W Kaxayr0o MHHYTY
TBICSYM KJIETOK POXKIAAIOTCS BHOBbD.

Jlumip pasymHOE Oco3HaHuE TOro (akra, 4TO CMEPTh ATO
HEen30eKHOE CIIEJCTBHE MPOIlecca IBOIIONNHU, IPUBEAET K TOMY, UTO
OHa npecmaHem CMPAUIUMb J1H00Cil C80ell HEeU36eCHIHOCHIbIO U
0e3bI1CX00HOCMbIO, 4 CmaHem 60CHPUHUMAMbCA NPOCMO KAK
00CAOHAsA HEU30EeIHCHOCHD.

JlocanHast, He CTOJIBKO TIOTOMY YTO B HOBOM YKHU3HH, HE TOJIBKO
BCE HY)KHO Oy/IeT JienaTh 3aHOBO - CHOBA YUUTHCS TOBOPHUThH, XOJIUTH,
YUTaTh, 3aBOJUTH JPY3€H, a CKOJbKO MOTOMY, UYTO B CIEAYyIOIIEH
JKU3HU BEPOSITHOCTH HAIIETO TMOSBJICHUS B OECKOHEYHOW BCEICHHOMN
Ha TIUIaHeTe 3eMJid, HAaCTOJIbKO HHUYTOXKHA, YTO MPAKTUYECKH
HeBOo3MOXkHaA. Korma denoBek, HAKOHEI-TO, HOMMET U OCO3HAET JTO,
OH COBEpIIEHHO TMO-APYroMy OYIET OTHOCHUTBHCSA, KaK K IKU3HH
BOOOIIIE, TaK U K KXKIOHU OTIEIbHON KU3HU B YACTHOCTH.

DTO YTBEpPXKIEHHUE MOXKET, B HACTOSAIIEE BpPEMs, MTOKa3aThCs
KOMY-TO ITMHUYHBIM, TaK KakK CKOpPOb MO TMOKOWHHWKY M CIIOBa O
HEBOCIIOTHUMOMN yTpaTe, OyIyT Ka3aThCs TIYMBIMU U HUKYEMHBIMHU.
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[loromy 4ro mroau, yMmepiide WiIM TNOrudmue B BOWHAX, B
karactpodax, B KOHIUIArepsax W ryjarax, B CHJIy TOTO YTO MaTepus
BEYHA U HEYHUUYTOKMMa, CHOBA U CHOBA KUBYT U €CJIM HE CPEJIU HAC,
TaK Ha IPyrux oOMTaeMbIX IJIaHETaX OECKOHEYHOW BCEJICHHOM.

JKuByT gaxke v HE OCO3HABAasi TOrO, YTO KOT/IA-TO YK€ KU U
Oynyr kuth emé He oauH pa3. Jliogu, ObBIIME paHbIIE
Apucrorensmu, Hprotonamu, ['mrnepamu CranuHbIMH, pabamMu U
NaTPUIUSAMU, BO3MOXKHO, CErOJHS SIBJISIOTCS HAIlUMH JCTbMH,
BHYKaMU WJIU MPABHYKaMH, a MOXKET JaKe cOOaKaMUu MU KOIIKaMH,
XOTSI HUKTO ¥ HUKOTJIa 3TOTO HE Y3HAET.

Ho B cumimy BewyHocTH MaTepuu, OTO  aOCONIOTHas
HEN30EKHOCTh M YEJIOBEYECTBY CO BPEMEHEM MPUIIETCS TPUBBIKHYTH
K 3TOMY M TEpPECMOTPETh CBOE OTHOILICHHE K 3JI0ACSIM M THpPaHaM
npouwioro. M korja atou HAKOHEI-TO OCO3HAIOT, YTO OHH, 0 CYTH,
BOIOIOT caMH € €000, JtoOble KOH(IMKTBI M BOWHBI CTaHYT
0OECCMBICIICHHBIMH.

U torna oTHOIIEHHE K TTaMSITH TaKUX T€HUATbHBIX JIFOJEH Kak
Xpucroc iy JIeHWH, KOTOpBIE B YCIOBUAX CJErKa IOYMHEBUICH
00€3bsHbEH CTaW YTO-TO MOHSUIH M O€3YCHEIIHO MBITAJTUCh U KHYTOM
Y IPSHUKOM BBIBECTH YEJIOBEUECTBO HA HOPMAJIbHBIN MTYTh Pa3BUTHS,
n3MeHuTcs. [Ipou3oiaer 3To 0co3HaHME, K COKAJIICHUIO €IIE OYEHb
HECKOPO, HO HEN30€KHO TPOU30UIET.

IMpumevanne. ¥ nacmoswyto meopuio, Ha0o nonazame, Jien
uepe3 500-1000, xoma xomenoco 0bl HadeAMbCA, YMO paHvuie, Oyoym
uzyuamov 6 HauanbHou wkKone. OnHa OKOHUAMENbHO U Hasce20d
YHUUmoJdcum 6ce peiucuo3nble ¥ MucmuiuecKue y4enu. u HEeKomopuwvle
npUu3HaKu cnavozo osulcenusa K IMOMY, YHCE MOIHCHO 3amMemumos )rice
ceiluac no HedLIGAIOMY, RO CYmMU, HPEOCMEPMHOMY BCHIECKY
peitucuo3noco Mpaxoﬂecuﬂ U Heeercecmea, Komopbsie 00bluHO cyuaromcsn
nepeo ckaukom npozpecca.

A celiuac MHe OOJIBHO U CTBIIHO 3a Poccuro, koTopast 6osbiie
JIPYTHUX TIOTPSI3/Ia B 9TOM HEBEKECTBE U MPaKOOECHHU.
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Bbi6o0 wu3 ecezo ckazann02z0 OUEHL ORMUMUCHMUYCH:
4e106€K, KAK CAOMNCHEUWU aA8MOMAMUYecKui MamepuaibHblii
00vekm, cgopmuposasuiuiica MUILIUOHAMU Jlem IGONIOUUU U
oonaoarowuil C0UCMEOM COZHAHUA, HCUGEM 6E€YHO, NHOCHOAHHO
00H0611AACH 8 UOE MAMEPUATILHO20 MeNa U ROIMOMY OH HUK020a
He cMoJicem OKOHYamenbHo nodeoumsv HU OONe3HU, HU CMEPMb,
mMaK KakK OHU AGIAIOMCA 3AKOHOMEPHBIMU COCHMAGIAIOWUMU
npouyecca 380110UUU MaAmMeEPUU.

Kcraru, iMeHHO ymy4lIaromuecs, pUOIHKAIOIINECs K TOYTH
CTEpPUJIbHBIM, YCIIOBHUS >KM3HHM, @ BOBCE HE IUIOXas AKOJOTHMYECKas
00CTaHOBKA, YK€ MPUBEIN K OCTA0JICHUIO 3aIIUTHBIX MEXaHU3MOB U
HIMPOKOMY PACIpPOCTPAHEHUIO CPEIN YEIIOBEUYECTBA AJVIEPTUUECKUX U
pakoBbIX 3abosneBaHuid. [IpITasch M30aBUTHCS OT OAHHMX OOJE3HEH,
YeJI0BEYeCTBO HEM30EKHO OyleT MoiydaTh JApPYrHe U HaBEpHSAKa
6onee crpamnHbie. [loaToMy MpoIUTH OTACTBHYIO "KH3HB' pa3a B
MOJITOpPA YETIOBEK BO3MOXKHO M CYMEET, HO CTaTh OECCMEPTHHIM OH HE
CMOXeT HuKorjaa. IloToMy 4YTO OCTaHOBUTH 3BOJIOLMIO MaTEPUHU
MPUHIUIINATIEHO HEBO3MOXKHO.

18. O CO3HAHHUU U TAMATH

Hepenko mnpuxoautcss uutath coduHeHUs GuimocodoB, u
OYeHb JpPEBHUX, M HE OYeHb, O CO3HAHUHM, KaK O HEKoel
HEMaTepUaIbHOW CyOCTaHIINM, CYIIECTBYIONICH T/Ie-TO B OpraHU3ME,
cama 1o ce6e. DTO MPOUCXOIUT OT HEMOHUMAHUS TOTO, YTO B IIPUPOJIE
HUYETO HEMaTePHUATBLHOTO HE CYIIECTBYET.

Paccmampueamv uenoeeueckoe co3Hanue Kak o0coodyio
uoeanvnylo (HemamepuanvbHyly) cyoCmanyuilo, NPUHUURUATLHO
OMIUYHYI0O Om CYOCMaHyuu MamepuaibHoil, ecmsv Oamb
PeUUOZHOMY Mpakobecuro u uodeanucmuueckou guaocoguu,
Komopbule AGNAIOMCA KOMHOHEHMOM UOE0102U4ecKoll peaKyuu,

Hauasuwielica 6 Konue 08a0uamozo 6€Ka C Kpaxom C06emcCKozo
111



Anexcandp BECEAOB

KOMMYHU3MA U ROPOMCOAlouwiell momanbHoe NOMYMHEHUE YMO8
(A.3unoeuves).

Co3nanue — 370 CBOMCTBO BHICOKOOPTaHU30BAHHOW MaTepuUH,
a UMEHHO KOpPBI YEJIOBEUECKOTO roJIOBHOTO Mo3ra. M ero ¢yHkKIus
JIOCTATOYHO MPOCTA, OHO 3aHUMAeTCs 00pabOTKOM U AIEeMEHTaPHBIM
CPaBHEHHUEM CHUTHAJIOB C OPraHOB 4YYBCTB, OPraHW3ysd HMX B BHJE
00pa30B HEHPOHHBIMU CTPYKTYpaMH. A TakK k€ KOMOMHUPOBAHUEM,
npeoOpa3oBaHMEM U COXPAaHEHHEM OJTHUX O0O0pa3oB B MaMSTH.
[Ipouneccsl MBINUIEHHST — 3TO M €CTh IIPOLIECCHI W3MEHEHUS H
npeoOpazoBanus d3Tux oOpasoB. Cama mnamsITh HUTIE HE
JIOKAJIN30BaHA, TOATOMY YTEHHE MBICTIEH HEBO3MOXKHO.

Mpumeuanne! Csoiicmay mosea K npeodpazosanuro u co30aHu0
HO6bIX 06pa303 Ha ocHoee 06pa303, coxpané'nubtx 6 nawvamu, Mol 003aHbl
ceoeit cnocoonocmuio Kk meopuecmey u anmazuu. Teopuecmeo u
danmazua — amo nexasa hopma maxou 6e306uonou axcu. Ho nwoan
J10J#Cb, 6 omjiuduu om npasdbt, 02pauuuenn0ﬁ KaKumu-mo pamKamu u
daxkmamu, écezoa de3zpanuuna. H umenno smoit 6e32panuynon ixcu mol
0053aH1bl MaKumu 6p€006blMu COUYUHECHUAMU, KAK K6AHMOBAA MEXAHUKA,
meopus OmHoOCUmMENbHOCMU U  KOCMOJ102UA, npomuesopedawiumu
€OUHCMBEHHOMY 3AKOHY RPUPOObL — 6MOPOMY HAYATY MEPMOOUHAMUKU.

Mo3r cOCTOMT W3 OrpOMHOIO YMCJIAa HEPBHBIX KJIETOK —
HEHPOHOB, OOBEIUHEHHBIX B CIOXHEHIIYIO HEUPOHHYIO CETh H
CIOCOOHBIX  HCIIOJIb30BaTh B MpOLECCe  JKU3HENEATEIbHOCTH
NIEKTpUYECKUE CUTHANBbl. KakIplii HEHpPOH HMEET MHOKECTBO
OTPOCTKOB — JIEHJIPUTOB, KOTOPHIMHU OH COEAMHSIETCS C JAPYTUMHU
HelipoHamu. OT CJI0)KHOCTU U KOJUYECTBA 3THUX COCAMHEHUIN 3aBUCUT
Pa3yMHOCTb WJIM UHTEJUIEKT UHAUBUA.

O6pa3Ho, MaMsATh MOXKHO CPaBHHUTH C OOJIBIIONH OO0BEMHOM
MO3au4yHON KapTUHON Mupa. M ueM MeHbIIIE 3JIEMEHThI TOI MO3auKH,
TEM BbILIE JeTanu3alus KapTuHel. [Iponecc obyuenun — 31o npouecc
CO3J]aHUsI HOBBIX CBSI3€M MEXJy HEHPOHAMHM, MPOIECC MOBBIIICHUS
JeTaIN3aluy 3TON KapTUHBI MUpA.
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I'ubens nnm paspyuieHue, OAHOTO WK IaXe JECITKOB U COTCH
3JIEMEHTOB, O00pa3ylolMX KapTUHY, HE TNPUBOAUT K (haTalbHBIM
MOCNEACTBUSM, TaK KaK CBA3M 3TH MHOTOKPAaTHO IyOIUpOBaHBI U
MOYTH JII000H 3JIEMEHT JIETKO BOCCTAHABIMBAETCS MO COCETHUM.

YenoBek poxkaaeTcs ¢ MO3TOM, B KOTOPOM MUJUTMOHAMHU JIET
ABOJIOIMH YK€ C(HOPMHUPOBAHBI HEKOTOpBIE 0a30BbIE CTPYKTYPHI
CBsI3eH HEHPOHOB, OMPEIEISIFOIINE MOJICTH CTAHAAPTHOTO MTOBEICHUS
WIH CTapTOBbIE MHCTUHKTHI, HEOOXOAUMBIC ISl BBDKUBAHUS TOCTIE
pOXIeHUS. A ero Kopa BHayasie MPEACTaBIsET COOON CTPYKTYpHI C
XAO0TUYECKUMU CBSI3SIMH MEXIYy HEHpPOHAMU, KOTOpbIE HEMPEPHIBHO
U3MEHSIOTCS U YCIIOXKHSIIOTCSI B pe3yibTare Ipolecca ofyuenus u
60CNUMAHUSL.

N nporecc 3TOT O4YEHb MEIJICHHBIA M SHEPro3aTpaTHBIM,
MOTOMY 4YTO 3HaHUSA JOJDKHBI, B OYKBaJbHOM CMBICIIE CIIOBA,
npopacmu ¢ euoe 0eHOpumoe Mex 1y Heitponamu. [loaTomy cuntaTth
COJIEpP’)KMMOE TaMSITH WM Tepe3amucarh e€, Kak 3TO Jelaercs B
KOMIIBIOTEPE HE TMOTYYUTCs. 3allOMUHAThH 1O JAPYroMy, MpUpoja, K
COKaJICHHIO, TPOCTO HE yMeeT M OOCNIaHus 3aMEHUTh MO3T
JJIEKTPOHHBIM YHUIIOM, KaK MpeJiaraioT, HalmpuMep, OpraHu3aTopbl
npoekta "Poccusa-2045", sBIAIOTCSA, MO CYTH, OOBIKHOBEHHBIM
MICEBJOHAYYHBIM IIAapJIaTaHCTBOM U HaJyBaTEIbCTBOM.

Vyactauku "Poccum  2045" xoTAT caeinarh  4eJOBEKa
OeccMepTHBIM, HE TOHHMMAas TOTO, YTO TMHBITAaThCSl  CHAENATh
OeccMepTHBIM TO, UTO yXKe caMo 1Mo cedbe 6eccMepTHO, MPOCTO TIYIIO
1 6€CCMBICTIEHHO.

YenoBek - 3TO  CIOXHBIM  MaTepHaJbHBIH  OOBEKT,
c(hOpMUPOBAHHBIN OECKOHEYHBIM MPOLECCOM 3BOJIOIUU MaTEpPUU B
TEYEHUU MUJIJIMApIOB JIET, BOBCE HE sBIsETCS *KUBBIM. [{a u BooO1Ie
B MPHUPOJEC HET HUYEro *UBOro. KHU3Hb - 3TO YHCTO PETUTHO3HOE
MOHSTHE, BeAb AK€ Takas BbICOKOOPTaHM3OBaHHAas MaTepHsi, Kak
MO3T, COCTOUT M3 COBEPIICHHO MEPTBBIX aTOMOB U MOJIEKYIL.
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Yenosekx, KaK  MaTepHUAJIbHBIN O0BEKT  IMOCTOSIHHO
BOCIPOM3BOAUTCS MPHUPOION 3aHOBO M KUBET OECKOHEUYHOE
KoJaudecTBO pa3. He nymaiite, 4To BaM CHJIBHO IOBE3JI0, YTO BBI
JKUBETEe. BBl XUIM M 70 CBOEro poXxaAeHUs U Oyaere *KUTh Mocie
Banieil cmeptu. Toabko BBl HUKOTIa HE y3HAETe, KEM U T'/ie Bbl OBbLIN
B [IPOLLJION JKU3HHU.

Mo3r — 3TO He IPOCTO KYCOK CEpOro BEIIECTBA B UEPENHOMN
KOpoOKe, MO3I' — 3TO €AMHAas CHCTeMa, MCIONb3YIoIas B IMpolecce
KU3ZHEJECATEIIBHOCTH AJIEKTPUYECKUE CUTHAJIBI, B KOTOPYIO BXOJUT
enl€ M OrpoOMHOE KOJIMYECTBO JATYMKOB, CBS3BIBAIOIIMX €ro C
OKPY’KalOIIUM MUPOM.

OTO W OpraHbl 3peHHs, OpPTraHbl cliyXa, OOOHSHUS, OCA3aHHUS.
Mo3r, wucnonb3yst 3TH OJJIEKTPUYECKHE CHUTHAJIbl C JIATYUKOB,
(dopMHpyeT HOBBIE BPEMEHHBIE CBA3M MEXIY HEHpOHaMH, KOTOpHIE
COXPAHSIIOTCSI B TEYEHHMM KOPOTKOTO BPEMEHM M  KOTOpPbIE
BIIOCJICJICTBUH ITPOPACTAIOT B BUJIE ACHIPUTOB, 00pa3ys MOCTOSHHBIC
CBSI3M, COXpaHSIOIIMECS BCIO )KM3Hb. be3 3TUX CUTHAJIOB C 1aTYMKOB
HE MOXET OBITh HUKAKOTO CO3HAHMS U HUKAKOH IMaMsATH, IIOTOMY YTO
3alIOMUHATh-TO OOJIBIIIE HEYETO.

W Tak kak BpeMEHHbIE CBS3HM JIOBOJIBHO OBICTPO HCUE3aloT,
"mepuoj mostypacrnaa’ naMsTH IPUMEPHO OJTHUA CYTKH, MO3TY HY>KEH
NepePBIB JI CHA, BO BPEMS KOTOPOTO JIE€HIPUTHI UHTEHCUBHO PACTYT.
OTH CBS3W MEXAY HEHpOHaMH MHOTOKPATHO IyOnHupYIOTCS B
nporecce OOY4YeHHS M HEOJHOKPATHOTO IOBTOPEHHUS, IOITOMY
ru0enb HEMpPOHOB OT CTApOCTH MM HEXBATKU KHUCIOpOJA HE
IOPUBOAUT K (aTabHBIM MOCIEACTBUAM Ui NaMsATH. PaszpyrienHsie
CBSI3W TTOTHOIINX HEUPOHOB OepyT Ha ceOs coceHue.

N 5Tu cBsI3M MEXy HEUPOHAMH Y Pa3HbBIX JIIOAEH COBEPILICHHO
pa3/InYHbIE, MO3TOMY K OJMHAKOBBIM BBIBOJAM pa3HbIEC JIOIU
NPUXOJAT B PE3yJbTAaT€ COBEPIICHHO PAa3IUYHbIX JIOTMYECKUX
noctpoeHuil. B mpupose HET M He MOXKeT OBITh JABYX MO3IOB C
OJIMHAKOBBIMH CBSI3SIMU MEX1Y HEHPOHAMHU, KaK HE MOXKET OBITh IBYX
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JECOB C JIepPEeBbSIMH, HMEIONIMMU aOCOJIOTHO  OJMHAKOBYIO
KOH(UTypaluio BETBEH, a T03TOMY 3aIIMCATh BCE 3T CBSA3U Ha JPyron
HOCHTEJIb WJIU NIEPEHECTH UX Ha KAKOW-TO JPYTrOil MO3T, HEBO3MOXKHO.

[Toromy 4TO Ui ATOrO B 3TOM JPYroM MO3re HYXKHO Oyzaer
COTHH MWJJIMAPJOB JACHAPUTOB 0OOpBaTh W MPOPACTUTH 3aHOBO,
COIJIaCHO A3TOM 3amucu. Mo3r — 3TO HE KOMIIBIOTEP, B KOTOPOM
JIOKQJIN30BAaHO BCE — ONEpaTUBHAs M JOJITOBPEMEHHAas IaMATh,
npoleccop, 3TO OpraH, paOoTaloUIMii Ha COBEPIICHHO WHOM
IPUHLINIIE.

Tonbko mronu, cumrtarouye ceds ydy€HbIMHU, MOYEMY-TO HE
MOHMMAIOT 3TOr0 M MO-BUAMMOMY €IIE IOJIr0 HEe Nnoumyr. MIMeHHO
IIOOTOMY BCS COBPEMEHHas HaykKa HaxXOOUTCd B IUIAYEBHOM
COCTOSIHUHM, TaK KakK Y4YEHBIC IIPAKTUYECKH YXKE Pa3yduINCh
MOJIb30BAThCS pa3yMoOM, a MPEANOYHTAIOT Oojiee JIETKUM MyTh —
UCTIOJIb30BaHUE MHCTHHKTOB, KOTOPBIA HE TpeOyeT OONbIINX 3aTpar
DHEPIrUH.

NMeHHO 1OPTOMYy OHM HE JyMmas, HAacKOJIbKO 3TO
COOTBETCTBYET (PM3UYECKOM pEaTbHOCTH, TYIO IIOBTOPSIOT T€
HEOBUTUIIBI O KBAHTAX M YEPHBIX AbIPAaX KOTOPbIE UM KOTJa-TO BOMIN
B TOJOBBI, IOAKPEILIAA BCHO OTy 4Yyllb MAaT€MaTUYECKUMH
dbopmynamu. I HUKTO HEe maér cebe Tpyaa pa3oOparhCs, B KaKOH
CTENEeHU 3TU (OPMYJIIBI COOTBETCTBYIOT (DHU3NUYECKON PEATBHOCTH.

Kak 3T0 HHM cTpaHHO, HO CIOCOOHOCTH K MBIIIICHUIO
oOycioBieHa omuOkaMu B paboTe HAmEero TroJOBHOTO MO3ra.
Komnbiotep, Hampumep, paOoTaroumii Ha JBY3HAYHOM JIOTHKE,
HUKOT/Ia HE OIIM0AeTCsl, TaK KaK COCTOSHUS €r0 JIEMEHTOB MaMATH —
TPUITEPOB OAHO3HAYHO ompenenacHsl. OHM HMMEIOT TOJIBKO JBa
COCTOSIHUS: BKIIFOUEHO — BBIKJIFOUEHO, UMEHHO MTO3TOMY KOMIIBIOTED
HECIOCOOCH peluTh MPOCTEHBKYIO 3amadky bypumana, ¢ KoTopoi
JIETKO CIIPABIIAETCS NaKe€ KOMHATHAs MyXa.

Jleno B TOM, 4TO HEHpPOHBI HalIero mosra paboTalT Ha
COBEpLIECHHO APYroM IMPUHIMIIE, YEM KOMIbIOTEP. HENpOHBI NMEIOT
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THICSIYU JICHAPUTOB, KOTOPHIMHU OHU CBSI3aHBI C IPYTUMH HEWPOHAMH,
MO03TOMY OHM MOTYT MMETh OIPOMHOE€ KOJH4ecTBO cocTosiHuil. To
€CTh, MO CyTH, MO3I — 3TO AaHAJOroBas CHCTeMa. A aHaJOroBbIE
YCTpOHCTBa Bcerga paboTaloT ¢ OMUOKAMH M TOTPEHTHOCTSIMH,
3aBUCSIIUMHU, MHOTHX (haKTOpOB, Hampumep, oT "apeiida vyns'. Ho
UMEHHO OITMOKaM MbI U 00513aHbI CBOCH CIIOCOOHOCTHIO K OOYUCHHIO
Y TBOPUYECTBY.

KonuuecTBO HEHpPOHOB B MO3re, HUCKIIOYas €CTECTBEHHYIO
yOBbLIb, BCIO KM3Hb OCTA€TCS MOYTH HEM3MEHHBIM, TaK KaK OHH HE
UMEIOT MEXaHU3Ma JIeJIeHHsI, TOTOMY YTO OHO IOCTOSIHHO HapyIlIaio
Ob1 paboty wmo3ra. Ho napyroro cmoco6a oOydeHHs y KHUBBIX
OpPraHU3MOB HET U, B 0003pUMOM OynyIIeM, €1Ba JIU MOSIBUTCSL.

C BO3pacTOM HEHPOHBI MOCTEIIEHHO TEPSIOT CIOCOOHOCTh K
"mpopacTaHui0" W MO3I CTAaHOBUTCS HEBOCIPUUMYHMB K HOBBIM
3HaHMSM. 3aTo "Mpopocliue” B MOJIOJOCTH 3HAHMS JIep)KaTcs B HEM
OYEHb KPENKO, XOTS TOXE€ IMOCTENEHHO HCYE3al0T C OTMHUPAHHEM
HelipoHoB. [loaToMy dyenoBedecTBy, 4TO Obl HE OCTAaHOBUTHCS B
Pa3BUTHU UHTEIJIEKTA, CTOUT M03a00TUTHCS O TOM, YTO OBl BEPHYTH B
IIKOJIBI TUIAKATHI CO CJIOBAaMU: "YUHUThCSA, YUUTHCA U YUUTHCH...", KaK
3aBellal O/IMH, BECbMa HETJyTbIi YeI0BeK.

K coxanenuto B mocienHee Bpemsl IpeoOiagaeT Apyras
TEHJICHIIMA, & UMEHHO "MOJUTBHCS, MOJMTHCS M MOJIUTHCA'" BEAyIlast
YEeJIOBEUECTBO Ha3al, K JIerpajlaliid M CPEIHEBEKOBbIO. B cBs3M C
BBIIIIEU3JI0KEHHBIM, HECKOIBKO CII0B O TAKOM "3arajoyHoM" sSIBJICHUH,
Kak "dexcagro". OOBIYHO MaJOrPaMOTHBIC PEIMTHO3HBIE JIIOAU
00OCHOBBIBAIOT UM CYIIEeCTBOBaHUE Aymn. OJHAKO C TOYKH 3PEHUS
TEOPHUU IBOJIIOLINH, 3TO SIBIICHUE O0OBSICHSAETCS BEChMa IPOCTO.

Kak u3BecTHO, CyIIeCTBYIOIIUE B HACTOSILEE BPEMsSI KUBBIC
OpraHM3Mbl Il  JAHHBIX TMPUPOJHBIX  YCIOBHM  SBJISIOTCS
ONTUMAaNbHBIMU. TO ecTh OHOJIOTHUYECKH OHU HMEIOT BIIOJHE
3aKOHYEHHBIA BHUJ M €CIIA TMPOUCXOMAT KaKUe-TO OHOIIOTUYECKUE
W3MEHEHUS, TO OHU OYeHb HE3HAYUTENbHBL. [10 MHEHHIO HEKOTOPBIX
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OMOJIOTOB, B HACTOfAIIEe BpeMs HadMHAeT INpeoliagarh, TaK
Ha3blBaeMasi, KyJIbTypHas 3BOJIIOLUS WM KYJIbTYpPHOE Haclel0BaHHE.

[lpu3Haku 3TOro MOXHO 3aMETUTh JaXe IO TOMY, YTO
ropojickue Oponsyve CcOO0aKM Hay4dHJIUCh INEPEXOIUTh YIUIBI Ha
3eNMEHbIN CUTHANI cBeTodopa, JaKe €CIM Ha TMEepexoie HET JIOACH.
VIMEHHO ¢ TOYKM 3pEHUs] TEOPUU SBOJIIOLIUM OYEHB JIETKO U JIOTUYHO
o0BsicHAeTCS U sBleHHE "nexaBio". Kakue-To oueHp sipkue coObIThs
WIN KapTHHBI OKPY’KaIOIe 00CTaHOBKH, B KOTOPOM YeNOBEK KUBET
IPOJOJDKUTEIBHOE BPEMS, 3aKPEIUIAIOTCS. B HEUPOHHBIX CTPYKTYpax
MO3ra M MOTYT HAcCJI€JCTBEHHbIMH MEXaHM3MaMU YacTHYHO
IIepeaaBaThCs IOTOMCTBY.

EcrecTBEeHHO B MOCIHEAYIOIIUX IOKOJEHHUAX IOTOMOK,
OKa3bIBasACh B OYEHb MOXOXKUX YCJIOBUSAX U CPAaBHUBAs YBUACHHOE C
XpaHSAIMIMMUCS B TOACO3HAHMM (pparMeHTaMu Kakux-TO 00pa3os,
BJPYT OCO3HAET, YTO OH KOT/Ia-TO YK€ 3T0 BUaen. He ymes 00bsICHUTD
Takoe 'yynecHoe" SBIIEHHE, YEJIOBEK MPUXOAUT K BBIBOJIY O
CYIIECTBOBaHHUHU YETr0-TO OECCMEPTHOTO M BEYHOT0, @ UMEHHO - JYIIIH.

Penurun ectecTBeHHO, MOIIACPKUBAIOT ITH 3a0TyXICHHS B
CBOMX KOPBICTHBIX MHTepecax. B CBA3M € 3TUM JIOTMYHO
IPENONI0XKHUTE, YTO YEM IO3/IHEE YEJIOBEK 3aBOAUT IIOTOMCTBO, TEM
OoJibllle  BEPOSTHOCTH TIEpeladyd €My OTOW  HaCJIeICTBCHHOM
nHpopmanuu.

[lo3nHuMu Opakamu, BO3MOXKHO U OOBSCHSETCS PHIBOK B
TEXHUUYECKOM Pa3BUTHUHM E€BPONEHCKOM LMBWIN3ALKUUA B OTJIIMYUHU OT
OMMKHEBOCTOUHOM WM a)pUKAHCKOM, TZIe BCErja MpaKTHKOBAIHChH
OYCHb paHHUE Opaky, B 14 JeT u gaxxe paHblle.

19. OB 3BOJIIOIIUU PA3YMA

B mnponecce 3Bomonnu, Kak HENPEPHIBHOIO YCIOXKHEHHS
CTPYKTYpbl MaT€pUM B TEUEHHM IJIUTEIBHOIO BPEMEHHU, BO3HMKIIO

OTPOMHOE KOJMYECTBO Pa3HOOOPA3HBIX OMOIOTUYECKUX OPTaHU3MOB,
117



Anexcandp BECEAOB

NOMUYUHSIONINXCS  HMHCTUHKTY  AoMuHUpoBaHus. CyTb  3TOro
OCHOBHOTO HWHCTHMHKTa 3aKjJIIOYaeTcs B TOM, 4YTO B CIIEICTBUU
JEMCTBHUS BTOPOTO Havajla TEpPMOIMHAMUKH, JTF00ast 0COOb CTPEMUTCS
3aHATH HanOoJIee BBITOIHOE MOJI0KEHHE, CpeIn ce0e MOT00HBIX.

W B cuiy AecTBHs 3TOr0 MHCTUHKTA, Jit0Oas rpynmna Win
COOOIIIECTBO JKHUBBIX OPTaHU3MOB, aBTOMATHUECKU OOBETUHSETCS B
coo0IIecTBO ¢ MUPaMUAATIBHON HepapXuueckol CTpykTypoil. Ha
BEpIIMHE JTOW MUpaMHIbI BCErJa HAXOAWTCS caMmas KpymHas |
CWJIbHASI 0COOb — BOJKAK, BCE OCTANILHBIC 3aHUMAIOT MECTa B UEPAPXUHU
COTJIACHO CBOEMY CTaTyCy, OIPEeeIsieMOMY B OCHOBHOM, pa3MepamH.
Tak kak pa3Mepbl MO3ra y BCeX 0COO€i MPUMEPHO OJMHAKOBBI, CHIa
U Pa3yMHOCTb UX OIpeleisieTcss COOTHOUIEHHEM pa3MepoB, a
CIIEIOBATENIbHO U CIIOKHOCTbIO HEWPOHHBIX CTPYKTYp MO3ra,
OTBEUAIOIIUX 32 MOTOPHBIC U ACCOIMATUBHBIC (DYHKIIUU.

Ecnmu cTpyKkTyphl, OTBedaromue 3a MOTOpPHBIE (QYHKIIMH
KpyrHee ¥ OoJiee pa3BHUTHI, YeM CTPYKTYphI, OTBEUalOlIue 3a
ACCOLIMAaTUBHBIE, OCOOb COOTBETCTBEHHO KpyMHEEe U 001anaeT
OonbIieid pU3MIecKor CUIIOM.

Ecnu ke mpeoOnamaroT acCOMAaTHBHBIE CTPYKTYPHI, 0COOb
yMHee, HO (usuuecku ciadee. [loaToMy Herpel, y KOTOPBIX B CHIY
0COOEHHOCTEH cpeapl OoOWTaHWsS OOJIbIIE Pa3BUTHI CTPYKTYPHI,
OTBEYaIOLIUe 32 MOTOPHbIE (PYHKIIMHU, B COPEBHOBAHUSX 110 CHUIIOBBIM
BUJIAM CIIOpTa - OETy WM IPbDKKaM, Bceraa OyayT moOexaaTh OembIX.
[ToToMy 4TO y G€TBIX MPEBATUPYIOT CTPYKTYPBI MO3Ta, OTBEYAIOIINE
32 accoluaTUBHBIC (QYHKIHMH, CPOPMHUPOBABIIMECS B PE3yJIbTaTe
OpOXUBaHUS B 0ojiee CypOBBIX KIMMATHUYECKUX YCIOBUAX U
TpeOyrommx O00jee BBICOKMX MBICIUTEIBHBIX CHOCOOHOCTEH st
BbDKMBaHUS. Y HUKaKie TPEHUPOBKU ITOTO HE U3MEHST.

Ho ¢ nmpyroii croponsi, "BoliHy u mMup" Herp HUKOrjga He
HanumeT. OgHako BepHEMCS K HammMm Oapanam. B mroboii crae
MOCTOSTHHO TIPOUCXOMAST MENKHE KOH(MIUKTHI M CTBIYKH, B KOTOPBIX
KaXK]IbII YJIEH CTau MOJATBEPKIAET CBOE MOJIOKEHUE B UEPAPXUU. ITO
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MO3BOJISIET MOJIOBIM U CHJIBHBIM OCOOSIM B TpOIlecce B3POCICHUS
NPOJBUIaThCsl  BBEPX IO  HMEPAPXUYECKOM  JIECTHULE,  YTO
ABTOMATHUYECKH TMPUBOJUT K TOCTOSSHHOW pOTalMU '"TpaBsIieit
BEPXYIIKH".

[Ipu BcTpede ¢ Bparom, camble CHJIbHBIE 0COOM BO TJaBe C
BOKaKOM HE pa3ayMbIBas BCTymaroT B 0oil. Ho coBceM He amns Toro,
YTOOBI 3allUTUTH CTal0, a MPOCTO B CHUJIYy MACWUCTBUS HMHCTHHKTA
JOMUHUPOBAHHUSA, YTOOBI IIOKA3aTh BCEM OKPYXKAIOIIKUM U CTae, B TOM
4HClie, KTO €CTh KTO U MOATBEPAUTH CBOE MOJIOKEHHUE B Mepapxuu. 1
OHHM MOTYT MOTHOHYTh, HO HE OTCTYIISIT IOKa CTasi HE CIpSYETCs B
6e3omacHoM MecTe. ToIbKO KOrja cTasi OKaXKeTcsl B 0€30MacHOCTH U
3pUTENEH HE OCTAHETCs, BOKAK MOYKET IPOCTO yIpaTh.

Tak kak B OpUpOJIE€ CAaMKH BBIMOJHSIOT 0OJiee CIOKHBIE
(GyHKIMU, YeM caMIbl, TO MPHOPUTET B BHIOOpe mHapTHEpaA s
pa3MHOXEHHs BCerja MpHHaIexkuT camkaMm. OHM BeIOMpaioT cebe
CaMIIOB [0 pPa3JM4YHbIM OTJIMYUTEIBHBIM IPU3HAKaM, KOTOPHIMHU
IIPUPOJA BBIAEISAET CaMLla U3 OCHOBHOM Macchl. MIMEHHO 1o 3TOM
IPUYMHE B MPUPOAE CaMIbl UMEIOT Pa3IMYHbIE YKpAIICHUs], BPOJE
NBIIIHOIO MAaBJIMHBETO XBOCTA, JJIMHHOTO HOCA, KPacHOro 3ajia,
pa3UuYHbIX TpeOHEH U TIpouee.

W iMeHHO 10 3TOM IpUYMHE KPYIHbIE CaMIIbl UMEIOT O0JIbIIIOE
KOJIMYECTBO CaMOK, & BOBCE HE IOTOMY, YTO OHM MX INPUHYXKIAIOT K
sToMy critoil. CaMKu Tak e MOT'YT BIOMpaTh MapTHEPOB HE TOJIBKO
10 BEJIMYMHE, HO U 110 KAKUM-TO APYTUM OTJINYUTEIbHBIM IPU3HAKAM,
HalpuMep, MO0 Pa3yMHOCTH, YMEHHUIO YXOJAWUTb OT OMNACHOCTH WJIU
YMEHMIO MaCKUPOBATHCA.

[ToaTOMy B AMKO¥M MPUPOJE MPAKTHUECKH BCE OCOOM MMEIOT
IIaHChl OCTABUTh IOTOMCTBO, KPOME pPa3Be€ YK CaMbIX XWIbIX H
OOJIbHBIX, a 3HAYUT YTBEP)KICHHUE, YTO "BBDKHBACT CHUJIbLHEHIHN", B
npupoje He paboraer u sBusgeTcs 3abmyxnaenueMm. [Ipupoma
UCIIOJIB3YET COBEPLICHHO JPYroM, BecbMa JIE€MOKPAaTUYECKUU
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MPUHIINI, & UMEHHO, "Tmorubaer ciadeimmii’, B IpOTUBHOM Cly4yae
Ha 3eMJI€ OCTAJIUCH ObI TOJIBKO CIIOHBI U KUTHI.

bonee toro, mpupona 6e3 cokajaeHuUs KEpPTByeT Haubolee
CHUJIBHBIMH, HO "TyHnbIMH" OCOOSIMH, KOTOPBIC peaqu3ys MPUHIIUI
JOMUHHUpOBaHMs, THOHYT B Jpakax, JlaBas BO3MOXKHOCThH Ooiiee
cmabpiM, HO OoJiee YMHBIM, OCTaBHUTH IMOCie ceds Ooyiee pasyMHOE
MOTOMCTBO. YenoBedeckoe OOIIECTBO HE SIBISIETCS KaKUM-TO
UCKJTIOYCHHEM, B HEM JICHCTBYET TOT K€ MPUHIIUI JTOMUHUPOBAHUS,
runepTpoGupoBaHHBI TIOKa emé JOBOJBHO HECOBEPIICHHBIM U
MPUMHUTHUBHBIM Pa3yMOM.

Camble MPUMHUTHBHBIE OCOOU, PYKOBOJICTBYIOIIKECS B KU3HU
YUCTO JKUBOTHBIMU MPHUHIUIIAMHU, OOBIYHO JOCTUTAIOT BBICOKOTO
MOJIO’KEHHUS B OOIIECTBE, TaK KaK UM HUYETO HE CTOUT MEPECTYIUTh
yepe3 I000ro, crosmero Ha ux nyTtd. OHM TPEKpacHO YMEIOT
MOJABISATh €€ OBOJBHO CIAOBIA TOJOC COBECTH M HE O0paiaTh
0co00ro BHUMAHUSI HAa KakKHe-TO MOpAIbHBIE W HPABCTBEHHBIE
npuHIUIEL. [T0o3TOMy camoe BBICOKOE TIOJIOKEHHE B OOIIECTBE, TTOKA
KaK MPaBUJIO, 3aHUMAIOT CaMble TPUMHUTHUBHBIE 1 OCCIIPUHIIUITHEIC.

20. Ob UHCTUHKTAX 1 MBIIIVIEHUH

IIpesxne yeM HayaTh pa3roBOp O MBIIUIEHUHM U CO3HAHUH,
HYXXHO 3aMETHUTb, YTO B MPUPOJIE HET MECTa KAKUM-TO MHUCTUUYECKUM
Y CBEPXbECTECTBEHHBIM SIBJIEHUSIM, B HEM BCE IPOUCXOIUT B COTTIACUH
¢ mpocThiMU (u3nYecKkMMHU 3akoHamu. IIpupona mpocta u jgaxke B
HEKOTOPOW CTENEeHU MPUMHUTHBHA, U YTO OBl MOHATH TO, HAYHEM C
caMbIX TIPOCTHIX Bemie. Mbl He OymeM yrayOnsTbes B Je0pu
OpraHUYECKON XUMUU U OMOJIOTHH, a TONPOOyeM MOHATH PUPOAY Ha
MPOCTEHBKUX MPUMEpPAX.

JlonmycTuM, 4TO MBI UMEEM B PACIIOPSKEHUU JIECATOK MPOCTHIX
OpraHu3MoB, Hampumep, uepBed. Kaxnaplii uYepBp  uMeeT

HpHMHTHBHBIﬁ Tj1a3, B BUAC HCPBHOI'O OKOHYAHUA, YYBCTBUTCIIBHOT'O
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K CBETY, PACMOJI0KEHHOTO B SIMKE Ha MEpPEAHEM KOHIE TYJOBHIIA.
Hukakoro wu300paxeHuss OH, KOHEUYHO, CO3JaTh HE MOXKET, HO
Pa3IMYUTh TJ/I€ CBETIIO, a TJIe TEMHO €MY BIIOJIHE TI0JT CHITY.

Y Hero ecTb TaK *e€ NIPUMUTUBHBIA MO3T, COCTOSALIUN U3 TTapbl
JIECATKOB HEHUPOHOB, YINPABJISIOMIMI Mapoll MBbIII, HAa OCHOBE
curHanioB rnaza. lIpencraBum s MPOCTOTHI, YTO COBEPUICHHO
CIIy4allHO, B PE3yJIbTaTe MYTALlUH, Y IISITU YEPBEH HEPBHBIC BOJIOKHA,
MOAXOAAT K MBIIIIAM HANpsSMYyl0, MapajulesibHO, a y APYrux MsTH,
BOJIOKHA ITePEKpeIIeHbl. T0 eCTh MATh YepBei, Kak U BCE KHUBOE, OyIeT
TYTO JIBUTAThCS HA CBET, a IPYTHE MATh, TYNO MOMOI3YT B TEMHOTY.

B pesynbTaTe pa3nuuHoro moBeACHMS, YePBHU, BHITIOI3IINE Ha
cBeT, OyayT OBICTPEHBKO CHEACHBI, @ T€ YTO TOIOJI3IU B TEMHOTY,
octanytcs kuBbl. Hy, ecnm W He Bce TO, BO BCSIKOM cllydae,
OonpmmmHCTBO. OcTaBlIvecs B JKUBBIX MPUHECYT MOTOMCTBO, B
KOTOpOM,  €CTeCTBEHHO  OyayTr  mpeobimamatb  ocobu ¢
NepeKPEIICHHBIMU HEPBHBIMU BOJIOKHAMH.

B xaxaoM mocnenyromeM MOTOMCTBE 3TOT MpHU3HAK Oyner
3aKpeIUISATHCS U, B KOHIIE KOHIIOB, BCE YepPBU BCeraa OyAyT yrmoi3aTh
B TEMHOTY. BOT nmpuMepHO Tak BOZHUKAET MHCTHUHKT.

NHCTMHKT — 3TO CTaHAapTHasT MOJENb IIOBEJICHUS,
OoTpa0oTaHHAsT W OTTOYEHHAs MPOIEeCcCOM HBomtonMu. JIF000BH K
OMIDKHEMY, HaIIPUMED, 3TO TOXE MHCTUHKT - MHCTUHKT BOCIIUTAHUS
noromcTBa. Ecnmu pomgutenu B mpupoge OpocaroT MOTOMCTBO Ha
IPOM3BOJI CyAbOBI B MJIaICHYECKOM BO3pacTe 0e3 3aIluThl, TO OHO HE
JIO’KUBET J10 B3pOCIIOr0 BO3pACTa M HE OCTAaBUT CBOETr0 MOTOMCTBA. To
€CTh POJI HAa ’TOM MOET 3aKOHUUTHCS.

Tak BOT B pe3ysbTaTe SBOJIONHMHA CMOTJIM BBIKUTH TOJBKO TE
BUJIBI  JKMBOTHBIX, KOTOpbIE 3a00THWJINCh O TIOTOMCTBE [0
"coBepuieHHoJIeTHs".  Buasl, B KOTOpBIX O3TH  KadecTBa
UTHOPUPOBAINCh M HE 3aKPEIUBUIMCh, MPOCTO HE BBDKWIA M B
HACTOSIIee BPEMs HE CYILIECTBYIOT.
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A Teniepb BO3bMEM 0O0Jiee CIIOKHBINA OPraHu3M, C MO3TOM YK€
COTHAU B JBE€ HEHPOHOB, KOTOPBIA YK€ MOMKET «MBICIHUTH>.
[IpencraBpTe, 4TO OH BUIUT MUILY, KOTOPYIO MOKHO MOMMATh IBYMsI
criocobamu. JInGo mepedexarh HAMPSMYIO Yepe3 OCBEIIEHHOE MECTO
U CXBaTUTh, JMOO JUIsI TOTO K€, MOAKPAcTbCsi B 00Xod TIO
HEOCBEUIEHHOMY MecTy. IlepBblil BapuaHT 4peBaT TeM, YTO Korja
OXOTHUK BBIMJIET HA CBET, MUIIA €T0 YBUAUT U MOXET yCIETh YAPaTh.
K Tomy e u cam 0XOTHHUK PUCKYET, BBIXO/ISI HA CBET - €0 TOKE MOTYT
CXBaTUTh U COXPATh IPYTrUe OXOTHUKH.

Bo BTOpoMm Bapuante, 1moka oH Kpaa&Tcs Mo TEMHOTE, MUIIA
TOXKE MOXKET yOexaTb uin €€ KTo-To Ipyroi coxpér. Ho 3aTo aTtoT
nyTh Oe30MacHee, OXOTHUK, IMYCTh JaXKe W TOJIOAHBINA, HO XOTh B
JKUBBIX OCTAHETCSI.

Jpyrumu ciioBamu, pelieHUuEe B pe3yJbTaTe MBIIUICHUS WU
CpaBHEHHSI JABYX BapHUAHTOB JCWCTBHUS, MOXET OBbITh, Kak
MPAaBUJIBHBIM, TaK ¥ OIIMOOYHBIM. B repBoM BapuaHTe eCTh OOJIbIIas
BEPOATHOCTh MOTUOHYTh, a BOT MOCTYNUTh TaK, Kak MpearaeT
WHCTHHKT - 00Jiee pa3yMHO.

[ToaToMy Bce *HUBbIE€ OpPraHHW3Mbl U YEJIOBEK B TOM YHUCIE,
MPENOYUTAIOT HE MBICIUTH, a MPOCTO CIEA0BAaTh MHCTHUHKTAM, TO
€CTh KaKMM-TO CTaHIApTHBIM MoOJeJsAM mnoBeAeHus. Tem Oojee 4to
JUTsL MBIIITIEHUS (CpaBHEHMsI) TpeOyeTcsi mopaboTaTh MO3ramMu, a 3TO
TpeOyeT ycunuii W, COOTBETCTBEHHO, 3aTpar 3Hepruu. Kak Buaure,
caM TpollecC MBIIUIEHUS — 3TO, IO CYTH, HaXO0XJICHHUE
HECTAaHJAPTHOTO pEUICHUsl, B KAKOW-TO CHUTyallMd, WX MPOCTO,
OaHANBHBIN MPOLIECC CPABHEHUS U 3aTIOMUHAHMSL.

U1 xorjga HEKTO HAUYMHAET YTBEPKAaTh, 4To (Gopmyna F=mc?
HEBEpHa, MOJaBJstoniee OOJBIIMHCTBO HAYMHAET €r0 CMELINMBAThH C
rps3pio. BoBce HE MOTOMY, YTO OHM MPHUILIU K 3TOMY B pPe3yJbTaTe
MBILIUIEHUS], @ MIPOCTO MOTOMY YTO BOCIIOJIb30BAJIUCH CTaHJAPTHBIM
METOJIOM Tiepedopa TeX 3HaHUH, KOTOPhIe OBUTH BOUTHI UM B TOJIOBHI
B IIKOJAaX M MHCTUTYyTax. Mnu mo cyTu, HHCTUHKTOM. DTO HaAMHOIO
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npomie U He TpeOyeT 0co0oro yMCTBEHHOTO HampsikeHus. Huuero
IJIOXOr0 B 3TOM MOBEJIEHUU HET, pa3Be KpOME TOro, 4TO OHO YKe He
IpeJnoiaraeT HUKaKoro JalbHEUIEro pa3BUTHSL.

A Temepb HECKOJIBKO CJIOB 00 OCO3HAaHWU COOCTBEHHOTO fl.
JIro0oit opranusm, 00aIalOIIMK pa3BUTON HEPBHOM CHUCTEMOM, cam
cebst Kymath He OyzeT, MOTOMY KaK OIIyIIaeT ce0s KaK OJIHO IeNoe.
Opnako, omrymieHue ce0s Kak 1eJoro opraHu3Ma, enié HeJ0CTaTOUYHO
JUTSE OCO3HAHUS ce0sl KaK MHIUBUIYATbHOCTH WIH JTUYHOCTH, HHAYE
BCE JKMBOTHBIC OBLTU OBl JTUYHOCTSMHU M COCTABHIIA OBl OTPOMHYIO
KOHKYpEeHLHIO uenoBeky. [IpencraBpre ToNbKO ceOe TUrpa uiM aaxe
co0aKy C MHTEJUIEKTOM YeJIOBEKa.

K Hamemy cyacTbio, 3T0 BO3MOXKHO TOJBKO B pe3yJbTare
0o0ydeHUs] M BOCIHTAHHWS HA OCHOBE, TaK HAa3bIBAEMOU, BTOPOM
CUTHAIBHOU cUCTeMBbl. Wnu s3b1ka. A 71 3TOTO HYXEH JOCTATOYHO
OOJBIION MO3T, KOTOPBIM MOT TOSIBUTHCS Y YEIIOBEKa, B PE3yJbTaTe
IBOJIIOIIMOHHON MyTaIu. JKHBOTHBIE XOTh U HE UMEIOT TAKOT'O MO3Ta,
HO TaK k€, Kak U YeJOBEK CIOCOOHBI K 00ydeHHIo. M XOTs oHU
MOJIB3YIOTCS ISl OOIICHHSI HEKOTOPHIMU 3BYKAMH, HO WX HENb3s
Ha3BaTh fA3BIKOM, IMOATOMY OOY4YEHHE Y >KMBOTHBIX MPOMCXOAMUT Ha
OCHOBE UHCTHUHKTOB — 3TO CaMOOOY4YEHHE MOIPAKAHUEM.

YeoBeuecKU OETEHBINI, BOCOIUTAHHBIN B CTAae >KUBOTHBIX U
KUBYIIUN B HEM JOCTATOYHO NJIUTENILHOE BpPEMsl, TaK ke HaydyUTCs
BCeM mnpuéMaM OXOThl M TOBEACHHUS CpPEOu JKUBOTHBIX, HO B
TABHEUINEM y)Ke HUKOTIa He CMOXKET 0CO3HATh ce0sl TUYHOCTHIO. Y
KUBOTHBIX HA4YUCTO OTCYTCTBYET YYyBCTBO CTpaxa, 3aTO XOPOIIO
pa3BUT WHCTUHKT JUCTaHUUpOBaHHs. JI1000H »KUBOW OpraHusm
BCEr/a CTapaeTcsl Jep>KaThCsi OT JPYIMX HE POJCTBEHHBIX €My
OpraHU3MOB, Ha ONpPEAENEHHOW AUCTAHUUU. Y BBICIIUX >KUBOTHBIX
3TOT UHCTUHKT JI0BOJIbHO CIIOKEH.

OHH MOTYT OnpeAensiTh CTENeHb OMAaCHOCTH, B 3aBUCUMOCTH
ot obpa3a xkuBoTHOTO. HO 370 He cTpax. Kocyns yaupaer ot remapaa
HE MTOTOMY, 4TO OOUTCS OBITH ChECHHOH, @ TPOCTO B CHITY HUHCTHHKTA.
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[Toromy 4TO Te 0COOM, KOTOpBIE HE YIAMPAIH, JaBHBIM-IaBHO OBUIN
ChEACHBl M IOTOMCTBAa He ocTaBwiIM. Kak Tonbko remapna u3-3a
YCTJIOCTH NPEKPATUT IMPECIEeIOBaHUE, TYT XK€ OCTAHOBUTCA U
npecieayemasi kepTBa. M yxke udepe3 JIeCATOK CEKyHJI OHa OyIeT
MHPHO MAaCcTHCh, HE 00paIlas Ha Hero 0co00ro BHUMaHUSI.

WHCTUHKT IUCTaHIIMPOBAHUS €CTh U y XUIIHUKOB. Eciu Bbl
HEOXXHJIAHHO TIOSIBUTECHh HA HEOOJIBIIOM PACCTOSIHUU JIAXKe OT CHITOTO
TUTpa, OH Hamajer He pa3aymbiBas. Ho ecnm 310 paccrosiHue Oyaer
0oJbIlIE HEKOTOPOr0 KPUTUYECKOTO, OH MPEANOYTET HE3aMeTHO
ynanuThes. M3 MpocThIX HMHCTUHKTOB Tak e OepyT Hayano, u
MPAKTUYECKH JII0OObIe HpaBCTBEHHbIE IPUHLIUITBI. Bo3pMEM, HanmpumMep
3a00Ty 0 moromcTBe. [loueMy Bce >KMBOTHBIE 3a0O0TITCS O CBOMX
netéupimax? MoxeT ObITh 3TO WM BHyIm rocmonb? Jla, Her,
KOHEYHO, 3TO CIEACTBHE AEHCTBUS MPOCTOrO0 HHCTUHKTA.

Ecnu ponuTenu He craHyT 3a00THTCS O CBOEM NOTOMCTBE, a
Oyayr OpocaTh AETEHBINIEH HAa TMPOU3BOJN CyAbOBI cpa3y Iocie
pOXKIEHUS, TO €1Ba JU HX pOJA NPOAOIKUTCA. Bce oHM moka
OecrioMoInHbIe OyyT CheIEHBI U POJI HA ATOM IpekpaTtutcs. Ho korna
ponuTeny o0ydaroT U ONEKaloT AETEHBIIIEH A0 B3pOCIOro BO3pacTa,
TO UM JIEr4e BBDKUTh U B CBOIO OY€pEb MPUHECTH CBOE MOTOMCTBO,
KOTOpo€ OyJeT MOCTYyNaTh Tak Xke.

A cnefoBaTeNbHO TaKUE YEJIOBEYECKHE KaueCTBa, KAK MOPAJIb
¥ HPAaBCTBEHHOCTb TaK e OepyT Ha4yajo U3 OOBIYHBIX HHCTUHKTOB, a
BOBCE HE OT KaKOr0-TO MU(UYECKOTO CYIIECTBA, BIIOKUBIIETO, IKOOBI
9TH MOHATHUS B COZHAHNE YEJIOBEKA.

JIrogu, HE MOHMMAas TaKOM MPOCTOM 3aBUCUMOCTH, COUMHSIOT
CKa3KH O pa3yMHOCTHU MPUPOJIBI, KOTOPOH y He€ HUKOTIa He ObuT0. B
NpUPOJE BCE MPOUCXOAMUT ropasno mpoume. Ilouemy, Hanpumep B
IpUpOJIe HE BCTpeyaroTcs Oesble TUrPbl, HO 3aTO IMOJHO OembIX
mensenei? Jla moromy 4To O€NBIA TUTP HE CMOXKET BBDKUTH B
yCIOBUSAX caBaHHBI. OH CIUIIKOM 3aMETEH U HE CMOXKET IIOJIKPACThCS
K 100b19e. OH MpOCTO YMPET € TOJIOAY, TaK U HE OCTaBUB ITOTOMCTBA.
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Takas e cuTyauus u ¢ MeaseasiMu. Mx uBet onpenensercs cpenaou
oOuTaHus.

[TpuBeny emé mpocToii mpuMep ¢ KoJoHueH 6akrepuid. Eciu B
yawky IleTpu comeprkairyro NUTaTEeNbHYIO CPENy C KOJOHUEH KAKUX-
A100 OJHOKJIETOYHBIX, KallHYTh KaIlJIl0 CaXxapHOro CUpOIa, TO Yepes
napy MUHYT B 3TOi Karuie cobepyrcst Bce OakTepun. IIpuuém cambie
KPYIIHBIE OKa)XXyTCs B CaMOM cepeiuHe 9ToM Karui. HUKTO U3 y4€HBbIX,
KOTOPBIX 1 CIIpaIInBa, He MOT OOBSICHUTH, KAK OHH 3TO JETAI0T.

[IpakTuyeckn kak Oe3rpaMOTHBIC OOBIBATENH, OHU HECIHU
KaKylo-TO 4yllb O TOM, YTO OaKkTepuHu, NpH ABMIKEHUH CIIy4aiiHO
nonajgas B CHpOIN, IepecTaloT asurarbes. Iloromy 4to Tam mon
JHEprus MMHMMaiabHA. M 5TO IpW TOM, 4TO y OJHOKIETOYHBIX HET
HUKAaKUX OPraHOB OCS3aHMs WM OOOHSHUSA, U TeM Oosiee HUKaKUX
opranoB ABwKeHHsI. C TOUKH 3pEHHUsI HACTOSAIIECH TEOPUH, 00bICHEHHE
3TOrO0 "(eHoMeHa" IEMEHTaPHO.

Kams cupona nox aelicTBueM BTOPOro Havalla, pacTBOPSETCS
U [IOCTENeHHO pacimpsierca. Ha MemOpane KieTKH, MonaBIiel B 30HY
e neiicTBUs, BO3HMKAET OCMOTHYECKOE JABJICHUE, 0OYCIOBIECHHOE
Pa3HOCTBIO KOHIICHTPALM CUpOIAa CHApYXU U BHYTpHU KIIeTKH. IIpn
9TOM BO3HHMKAaCT IIOTOK MOJIEKYJ Caxapa, HaIpaBJICHHBIM CKBO3b
000J10uKy BHYTpb KJIETKH. HO Tak Kak ¢ MPOTUBOIOJIOKHBIX CTOPOH
KIJIETKA OCMOTHYECKOE JABJICHUE PA3IMYACTCS, TO B PE3YyJIbTaTe 3TON
Pa3HOCTH AaBJICHUM, KJIETKA HAUWHACT JIBUTATHCS B CTOPOHY OOJIbIICH
KOHLEHTpauuu cupomna. Koraa kierka JocTuraer cepeinHbl Karuly,
KOHIIEHTpALUsl BBIPABHUBAETCS U IBU)KEHUE IIPEKpaLacTCs.

[TpumepHO TakuM k€ 00pa3oM OOBACHSICTCS U XAaOTHUECKUI
3UI3aroo0pa3Hblil MOJIET UM Oer HACEKOMBIX. Y HMX MPAaKTUYECKU
HET MO3ra W IOYTH HET HEPBHOM CUCTEMBI, IOITOMY HACEKOMBIE
MIPEACTABISIIOT CO00M TMpOCThie OMOPOOOTHI, PYKOBOJICTBYIOIIHECS
TOJIbKO JIMILb CUTHAJIaMH C OpPraHOB OOOHSIHMSA, YyBCTBUTEJIBHOCTb
KOTOPBIX IPOCTO NOPA3UTENbHA.
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CBonMmH ycukamMu (OpraHamMu OOOHSHHS) OHHM pa3iIHyaroT
HUYTOKHYIO pa3HUIlY B KOHIIEHTPALMKM MOJIEKYJ NUIIKU B Bo3ayxe. U
€CJIM CKaXkeM, CIIpaBa OT HACEKOMOTI'O 3aIlax CHJIbHEE, TO KPbUIO WIH
HOTM HAaCEKOMOTO CO CTOPOHBI OOJbIIEeH KOHIICHTpAlMU 3amaxa
MIPOCTO HAYMHAIOT IBUTATHCS MEJIEHHEE U HACEKOMOE ITOBOPAYNBAET
B CTOpOHY OoJblleil KoHUEeHTpauu. Ho Tak kak BO3IyX Bce BpeMs
NEPEMELINBAETCS JBUKEHUEM BO3/lyXa, CHUTHAJIbI I0Jy4aeMble
MBIIIIIAMUA OT OPIaHOB OOOHSHHS XAOTHYECKH H3MEHSIOTCS U B
COOTBETCTBUM C HHMM XAaOTHYECKM H3MEHSAETCS M HalpaBlIEHUE
nosiéra unu oera.

W Tak kak Bce, TaK Ha3bIBAEMBIEC, JKUBBIE OPTaHU3MBbI SIBIISFOTCS
00BEKTaMU MaTEpPHAILHOTO MUPA, UX MOBEJEHUE TaK )K€ MOJUMHEHO
OpUHLMIY o0benuHeHus. Menkas pblOelika, HampuMmep, Bceraa
o0ObeMHSIETCS B CTal, MOTOMY 4YTO CTasi, BeAeT ceds Kak
CaMOCTOSITENIbHBI OOBEKT, UMEIOIIUN OYeHb OOJbIINE pa3Mepsl, a
XUIIHUKY HUKOT/Ia HE Hala/laloT Ha TO, YTO MPEBBIIIAET UX Pa3MeEpBbI.
XUITHUKKA OOBIYHO CTAparOTCS OTCEYh HEOOINBIIYI0 TPYIIY OT
OCHOBHOM MacChl U ITIOTOM JIOBAT UX ITOOJIUHOUKE.

K ToMy ke craeli HaMHOro Jjerdye MckaTh nuiry. MexaHusm
noucka BecbMa mpocT. POk ¢ Kakoii-1100 CTOPOHBI CTau, YyBCTBYS
3amax MUIIM, PE3KO MOBOPAYMBAIOT B €r0 CTOPOHY M HUX JIBH)KCHHE
BOJIHOBBIM MEXaHU3MOM IEPEJAETCS CO CKOPOCTHIO 3ByKa B BOJIE, HA
BCIO CTal, KOTOpas MOYTH MIHOBEHHO IIOBOpPAuMBaeT B Ty XKeE
CTOPOHY, CO3/1aBast WILTIO3UIO NIEPeaayl CUTHAIa OCTAIBHBIM 0COOSIM.

[IpumepHoO Tak ke cTasg pearupyeT Ha XuIHuKa. Korjaa XumHmuk
OTCEKaeT HEeOOBIIYIO TPYIITY, OHA PE3KO YXOIHUT B CTOPOHY, a 0co0u
CO CTOPOHBI OCHOBHOM MaccChl, YX0/i B IPOTHUBOIIOJIOXKHYIO CTOPOHY,
3aCTABJISIIOT TY/1a e MOBEPHYTH U BCIO CTAlO.

A celflyac HECKOJBKO CJIOB O BEUHOW XU3HU. [lomamisgroras
Macca MPOCTBIX OOBIBaTENIEW CUMTAET, YTO y HUX ecTh ayma. U
npoueHToB 50 yBepeHBl B TOM, 4TO 3Ta camas JIylla MOCTOSHHO U
HEIPEPBIBHO IIEPECEIACTCS B HOBOE TEJIO U KUBET BeuHo. Ho camoe
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3a0aBHOE B TOM, YTO JyIlla 3Ta HUKOMY M HE JIJIsl 4eT0, COOCTBEHHO U
He Hy)KHa. A 3adem oHa? Ecnu Obl B HEll COXpaHSIIHCh KaKue-HUOYIb
OCTaTKW 3HAaHWM, TOTJA TMOHATHO. Pommiics peOEHOK, MONTYdrIT
00pa3oBaHHYIO AyIly W HaTe BaM, TOTOBBIM akageMuk. OIHaKO
KaXJblii HOBOPOXKJIEHHBIM BBIHYKAEH YYUTHCS TOBOPUTH, XOJMWTH,
MUCaTh, YUTATh. .. BCIO )KU3HB MPUXOTUTCS 4EMY-HUOYIb YIUTHCS.

Bor u BBIXOOUT, YTO HET HUKAKOM IYIIH, & €CTh IMPOCTO
CO3HaHME, KaK CBOMCTBO opraHudeckoil marepuu. Xu3Hb - Kak
CJIE/ICTBHE 3BOJIIOI[MU MAaTEPUU B CHITY MIPOCTHIX 3aKOHOB MPUPOJIBI, &
CO3HaHHE, Kak e cBoicTBO. UM Hama >XHU3Hb — 3TO HE KaKOH-TO
yIa4HBINA U peIUalImil Ciryqaii, a camasi HacTosIIass HeM30S)KHOCTD.

DTO MPOCTO OYEPETHOE 3BEHO B OECKOHEUHOM 1IEeTIH POXKICHUHN
u cMepTeil. Mbl Hen30exkHO "KUBEM" OECKOHEYHOE MHOXECTBO pas.
TonpKO MbI HUKOTJa HE OyIeM TIOMHUTB KEM MbI ObLITH B IPEABIIYIITHE
JKU3HU M KXl pa3 OyJieM y4uTh BCE 3aHOBO U CUMTATh, YTO HAM
CTpAILHO MTOBE3JIO0, UTO MbI POJIUIIUCE.

bonee Toro, B cuily HEM3MEHHOCTH 3aKOHOB MPUPOABI IS
T000W TOYKH BCEIIEHHOM, MBI MOKEM MHOTOKPATHO POXKIATHCS TIE
YTOJHO U KEM YTOJHO, B JTF000M CTpaHe U Ha JTIF000 U3 OECKOHEYHOTO
MHO’KECTBA IJIAHET, HA KOTOPBIX CYIIECTBYIOT MOJAXOASIINE YCIOBHUS
JUIsl CYIIECTBOBAHMS OpraHMYeckux Mosekyid. M HaBepHoe, Bcerga
OyJIeM cuuTaTh, YTO TUIAHETA, Ha KOTOPOH MBI JKUBEM, SIBIISCTCS
UCKITIIOYCHHEM H OyJeM TrajiaTh, CYIIECTBYIOT JIM BO BCEIICHHOU
Ipyrue odutaeMbie MIaHeThl. M Koraa Mbl CMOXKEM MOJIETeTh Ha HUX,
MBI HalZIEM TaM COBEPIIICEHHO TAKHX K€, Kak U Mbl, ooutareneit. Jla u
TUTAHETHI OYAYT MOXO0XH APYT HA APYTa, MOYTH KaK JIBE KATUTH BOJIBI. ..

21. O TEOPUU OTHOCHUTEJBHOCTHU

Teopust OTHOCUTENBHOCTH DWHIITEIIHA, KaK OCHOBAaHHAsl Ha
HETIOHMMAHUM CYLIIHOCTH TPABUTALMM MATEMATHYECKAs MOJEIIb,

HalpaBWiia HayKy IO JIO)KHOMY NyTH M OoJjiee YyeM Ha CTOJEeTHE
127



Anexcandp BECEAOB

3aropmo3uiia e€ pa3Butue. [lomnbITka 00bICHEHUS TPAaBUTALIUN HEKUM
"HCKPUBIICHUEM'" TTPOCTPAHCTBA-BPEMEHHU, HE BBIACPKUBAECT HUKAKON
KpuTHKU. Benp g toro, 4ro Obl OOHAPYKUTH 3TO MCKPUBIIEHUE,
HY>KHO, KAK MUHUMYM CPaBHHUTH €TO C YEM-TO MPSMBIM.

A MCKpUBIICHHE BPEMEHHU — ATO BOOOIIE KAKOW-TO BCEICHCKUI
Open. Ho tak kak BcesneHHass OECKOHEYHA M HUYETO MPSIMOTO, ¢ YeM
MOXHO ObUIO OBbI €€ CpaBHUTH, 3a IpeaenamMu e€ OeCKOHEYHOCTH He
HaOJI0aeTCsl, TO Paccyk1aTh 00 ATOM MOKHO OECKOHEUHO JOJTO,
COBEpPILEHHO HE OIacasiCh, YTO TBOIO JIOXKb OBICTpO pazobmavat. U
Ja)kKe HACOUYMHSATH CKa30K O MHOKECTBE BCEJIEHHBIX, 10 KOTOPHIM
Jake MOXKHO YBJIEKATeJIbHO MOIMYTEIIECTBOBATh, IPOHUKAS U3 OJHOMN
B JIPYTYIO 4epe3 "KPOTOBBIE HOPHI" MU "4EPBOTOUMUHBI".

[IpyHIIMTT OTHOCUTENBHOCTH — 3TO, MO CYTH B3ATHIA W3
MaTEeMATHKH  TPHUHIWNA KOMMYTAaTHBHOCTH  apu(PMETHUECKUX
ornepauuii. Beap coBepiieHHO HEBaXXHO MpHUOABIIIETE BhI IBA K TPEM
WIN TPU K JIBYM, B PE3YJIbTAT BCE PaBHO OyIET MATh.

Benp maras mo 3emise, BIOJHE MOXHO CUHTaTh ceOs
NOKOSIIIMMCSL U JIBUTAIOLUIMM HOTaMHU 3€MJII0 BMECTE CO 3BE3aMH,
TaJJaKTUKaMHd M Bcel OecKoHeYHOW BcejeHHOM. Bce dopmyibl
MEXaHUKH MPUHIUIHAIBHO OCTAaHYTCS HEM3MEHHBIMU.

C ToukH 3peHHs MaTEMATUKHU, HaTpuMep, cuctema KonepHuka
MPAKTUUYECKH HE MMEET HUKAKUX MPEUMYIIECTB Iepel CHCTEMO
IItonomes. Benp oM NOpeKpacHO  yMEIU  PacCUMUTHIBATH
301MaKaIbHbIE ITOJI0KEHMS], TYHHBIE U COJTHEUHBIE 3aTMEHUS, 1aXKe HE
npeanouaras, yTo He 3emuis Bpamaercs Bokpyr CojHIa, a COBCEM
Jake Ha000pOT.

JI1st MaTeMaTHKHY 3TO COBEPIIIEHHO 0e3pa3inuHo, HOPMYJIIbI OT
3TOr0 HE MEHSIOTCS, HO C TOYKU 3pEeHUs (PU3UKU U 3PaBOTO CMbICIIA
- 910 abcypa. OcoOeHHO Koraa U3 MaTeMaTUYECKUX MpeoOpa3oBaHMit
NBITAIOTCS BBIBECTH Kakue-TO (U3NYECKUEe MCTHUHBI, KOTOPBIX B
MaTeMaTHKE HET U OBITh HE MOJKET.
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Opnako  yuéHble  y)K€  HAcTOJIbKO  3alyTaluCh B
MaTeMaTHYeCKUX IpeoOpa30BaHUsX, YTO COBEPILICHHO HE 3aMEYalorT,
YTO [IPEBPATUIIN HAYKy B OaHaJIbHYIO HymMepoJoruto. Ho HeBo3MokHO
Ha/lyBaTh MBUIbHBIM Iy3bIpb OeckoHeuHO. OH BCE pPaBHO PAHO WU
MO3HO JIOIHET.

Bce HayuyHoe cooOmiecTBo, C 3TOM TOYKH 3peHUS,
IPEJICTaBISIETCd  TOJIIOM TNPUMUTHUBHBIX JAMKaped, HaleAlnx
JIBUTATEIb BHYTPEHHETO CTOPAaHUsS U IBITAIOIIUXCS MOHATh PUHIUI
€ro JEUCTBHUs, U3ydas CTPOCHUE JETAIICH.

Pazo0paB ero Ha 4YacTM M pacTallMB IO XW)KHHAM, OHH
IBITAIOTCA C MOMOLIBI0 M3YYEHHs Pa3MEpPOB OTACIBHBIX JETalleH,
NOACYETa KOJMYECTBA KAaHABOK JUIsl MOPLIHEBBIX KOJIEL M 4YHCIA
3yObeB Ha BEHIIE MaxOBHKa, a TakK K€ MPOObI CMAa30YHOTO Macja Ha
BKYC, [IOHSTh IIPUHLIUII €TI0 AEHCTBHUS.

W yem Oomnplie oHUM YrayOnsioTCs B M3y4eHUE JeTaleld U ueM
0oJbIlIe MCIUCHIBAIOT CTEHBI Memep (GopMynamu, TEM Bce Aajblle
yXOIAT OT moHuManus. U yxe Te, KTo nmocnabei pa3yMmoM, HAYMHAIOT
OOBSICHATH €ro paboTy HEKMMH OO0KeCTBEHHBIMH CHJIAMH WU
KaKMMHU-TO MU(UUECKMMH KBAHTOBBIMH 3aKOHAMH.

22. O MATEMATUKE U ®U3UYECKOM CMBICJIE

Crnernoe mpekJIOHEHHE HAayyHOro COOOIIEeCTBa, Mepen
MaTEMaTHUKOM, KaK LIAPULIEH HAyK, IIEPEIyTaBIIEro €€ CO CIyKaHKOMH,
OKa3ajo Y4YEHBIM MEABEXKbIO YCIYTy, NPEBpPAaTHUB HAayKy B HEKOE
nogo0ue XMPOMaHTHM, CO CBOMMH IIaMaHaMH, MPOPULATENSIMH U
TOJIKOBATEIISIMHU.

Ctporo roBopsi, MaTeMaTHKa BOBCE HE SIBJISIETCA HAyKOH, a
BCErO JIMIIb KPaTKUM U JOBOJIBHO IIPUMUTUBHBIM SI3BIKOM, KOTOPBIM
OMMCaTh JaXe MPOCTYI0 OKPYXKHOCTb MOXHO TOJBKO OYEHb
NpUOIIN3UTENBHO.
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CrpemiieHHe BBIBECTHM W3 MAHHITYJSAIHUA a0CTPaKTHBIMU
MaTeMaTUYeCKUMHU CHUMBOJaMH M (GopMyllaMd HeKHe (PU3nYecKue
UCTUHBI, MPHUBEIO K H300pETEHUIO TMOHSATHIl, HE COBMECTUMBIX C
3aKOHaMHU NpPUPOAbl. MareMaTnukon, Kak KpaTKUM SI3bIKOM, MOYHO
OIKCAaTh KaKoe-u00 sIBIEHUE, HO OOBSICHUTH €r0 OHA HE B COCTOSIHUM,
MOTOMY YTO CO3JAET TOJbKO WILTIO3HI0 TOHUMAHUSI.

B otnnuuu ot MaTemMaTUKH, B MPUPO/IE HE CYIIECTBYET HUUYETO
OTPHUIATENILHOTO WM MHUMOTO, IIO’TOMY B HEl HET U HE MOKET OBIThH
HUKAaKOM aHTUMaTepuu. B HeW HET HU MHTErpajioB, HU KBaAPATHBIX
KOpHEH, Hi cuHYCOB. [IoTOMy 4TO BCE 3TO — HE Kakue-TO (pu3nyeckue
BEJIMYMHBI, & BCETO JINIIb OTHOLIEHUS 3TUX BEIUYHH.

W yxe net uepe3 CTO NOTOMKHU OYAYT MOKAaThIBATHCS CO CMEXY
HaJ| TAKUMH "HAy4HBIMH' TiepJiaMH, KaKk 0030HbI XWITCa, YEpHBIC
IObIpbl, pydku Ywusepa, kotel [lpegunrepa, rpaBUTaLMOHHBIE
KOJUIANChl U TMPOYHME MOPOXKICHUS MPUMHUTHUBHOTO co3HaHus. Kak
CKa3zajl OJHaXAbl OWHINTEHH, MaTeMaTUKa — 3TO €IUHCTBEHHBLIH
croco0 mpoBecTH camoro cedst 3a Hoc. M cam ke Mo ymmm B 3TO
BIISITIATICA. . .

['paBUTAaLIMOHHBIN KOJUIAIIC U aKKPEL s, KaK TOJAHITHE CAMOIO
ce0st 3a BoJIochl. bonbI110# B3pHIB, Kak TBOPEHUE MAaTEPUU U3 HUYETO.
MonekynspHO-KMHETHYECKasi TEOPUS U TEOPHS CTPYH, Kak 00pa3uuKu
BEYHOIO JBUTATENsi W MHOXECTBO JApPYyrux aOCypIHbIX U
OCCCMBICIICHHBIX THUIIOTE€3, BBIBEACHHBIX U3 MAaTEeMAaTHYECKUX
npeoOpa3oBaHuid, MaJIO YeM OTIHYAIOIIUXCS OT OMOIEMCKIX CKa30K U
COUMHEHUH (PaHTACTOB, CO BPEMEHEM HaBCETr/1a UCUE3HYT U3 HAYKH.

Bens HEeynuBUTENBHO, YTO TEOpUs OONBINOTO B3phIBA, KaK
00KECTBEHHOE TBOPEHHUE MATEPUHM M3 HUYETO, C OOJBIION OXOTOM
OblTa TpHU3HAHA PETUTHO3HBIMH MpakoOecamu Barukana. Henb3s
OTPULIATH TOTO, YTO MATEMATHYECKH MOYKHO MOCUHUTATh HACKOJIBKO
YBEJIMYUTCS JJIMHA JKEJIE3HOM JIMHEWKHU MPU MUJIJIMOHE I'PAyCOB, HO
00CYX/1aTh TMPU 3TOM €€ CBOMCTBAa MOTYT pa3Be YTO yMAIHUIIEHHBIE,
IIOTOMY YTO HU IIPU TaKOM TeMIlepaType OHa IPOCTO HE CYILECTBYET.
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OpnHako, HECMOTPS Ha 3TO, MICEBAOYUYEHBIE HA TIOJIHOM CEPbE3e
OIKCHIBAIOT, HAIPUMED, YEPHBIE ABIPHI, KaK OYATO YK€ MOUTYIaal UX
COOCTBEHHBIMU PYKaMU, TOBOPAT 00 aKKpELUH, KaK MaJeHUH MaTepuu
caMoil Ha ce0s1, Kak OyATO BUIEIH 3TO TAe-TO BOOUHt0. OnucaHus
pa3IMYHBIX TMapagoKCOB, HEOOBICHUMBIX 3(P(PEKTOB M SBICHUH,
SKOOBI CYIIECTBYIOIIMX B TPHPOJE JABUHOM JIBETCS C 3KPaHOB
OOJIBIIMHCTBA TEJICKAHAJIOB M YK€ IPEBPATUIIOCh B JOXOIHBIN OM3HEC
Ha HEBEXecTBE OObIBaTeleld M Tak HE CHIBHO OOpEeMEHEHHBIX
CIOCOOHOCTBIO K MBIIIJICHUIO.

U camoe cTpamHoe, 4To HaCTOAIINE YYEHBIE IPU ITOM HUYETO
HE MOTYT BO3pa3uTh. B uUX cpefe HEBEXKECTBO YK€ JTOCTUTIIO TaKOM
CTENEeHH, YTO MHOTHE U3 HUX BEpAT B O0ra, a HEKOTOpHIE JaXe U He
CKPBIBAIOT 3TOr0. bosee Toro, B HEKOTOPBIX YUEOHBIX 3aBEJICHUSAX YHKE
JIeNAOTCs TIONOA3HOBEHUS yUpeaIuTh Kadenpsl 6orocnosus. U g He
YIUBIIOCh, YTO B CKOpPOM BPEMEHHM JOWIET ouepeap U 10
BO3POKJICHUS CBIATEUIIEH HHKBU3HUIIUU.

Yu4éHble U CaMH YK€ JaBHO NPEBPATUINCh B TOJKOBATEIEH
pe3yabTaToOB ~ MaTeMaTHYECKUX  MpeoOpa3oBaHuii,  MOA0OHO
acTpoJIoraM, MPEICKa3bIBAIOIIMM JIIOACKUE CYABOBI MO PHUCYHKY
pacrnojiokeHusi 3BE€37 Ha HeOe, COBEPILIEHHO HE MOHUMAs, YTO 3THU
SBJICHUSI HECOIOCTAaBUMbl M IOJYMHEHBl COBEPILIEHHO pPa3HbIM
3akoHaM. Ecau nBuxkeHne HEOECHBIX TeNl JIOBOJBHO JIETKO
npecKa3zyeMo, TO MOBEACHUE OTACIHHOIO YeJIOBeKa, 00113 aroIIero
cBOOO/10¥ BOJIH, MPEJICKAa3aTh HEBO3ZMOXKHO.

YMmeHue — (aHTACTHUECKHM  HAyKOOOpa3HO  TPaKTOBATh
pe3yNnbTaThl  MAHHWMYJSIIUMN ~ MaTeMaTU4ecKuMu  (hOpMyraMu,
CUMTAETCS NPU3HAKOM HEOPAMHAPHOIO yMa M HECTaHJApPTHOTO
MBILUIEHHSI, HEIAOCTYIMHOro mpocToMy cmepTHoMy. Co3maB cebe
0O0’KKa TI0 UMEHHU '"MareMaTuka", y4€HbIC YK€ HECKOJBKO CTOJICTUH
BOJST ce0sl 3a HOC, 1aXKe He MOA03peBas 3TOro.

3Has, 4YTO JIBaXK/bI JIBA — YEThIPE M HArPOMOXKJIas IpYyr Ha
Ipyra Maccy MHOTO3TaXHBIX (QOpMyJ, JEeTrKO HamucaTh BIIOJIHE
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HaYYHYIO CTaThbl0 O KaKOM-THO0O (PU3MUECKOM SIBICHHUHU, AaXe HE
MOHMMasI ero (PM3UYECKOro CMbICa M, TEM He MEHee, CO3/1aB B ria3ax
oObIBaTeNsl WIIIO3UIO BBICOKOW HaydyHOCTH. W 3Ty WIUIIO3UIO JIETKO
MOJKPENUTh MPOCTOM TMPOBEPKOM MaTeMaTHYECKUX BBIKIJIAJIOK
0o0paTHBIM JICWCTBUEM — pa3/IeIUB YEThIpe Ha JBA.

[TotoMmy uro mr00BIE MaTeMaTHYECKHE JIOKa3aTelbCTBA
MPEJICTABIISIIOT COOON TaBTOJIOTMH, YKIIAABIBAIOIINECS B MPOCTYIO
dbopmyny: "mBaXKIBl N1Ba PAaBHO YETHIPEM, IMOTOMY 4YTO YETBIPE,
NeNéHHOe Ha JBa, paBHO JABYM". M BOT Ha MOAOOHBIX TAaBTOJIOTHUIX
BBICTPOCHBI MPAKTUYECKU BCE, TAK Ha3bIBAEMbIE HAYUHbIE TEOPUH.

[1yOnuKysich B CBOMX PEIEH3UPYEMBIX HAayYHBIX H3JAHHIX,
Ky/1a 3aKPBIT JOCTYI CBEXKEU MBICIIH M OECKOHEYHO MOJICYUTHIBAS, KTO
KOTO TMEpEelUTHPYET, HAyYHOE COOOIIECTBO NMPEBPATHIACh B CEKTY
MOCPEACTBEHHOCTEH, COCTOSIIYI0O B OCHOBHOM M3 JIFOJICH, YMEIOIIUX
TG BUPTYO3HO MAHHITYIUPOBATH IU(pamMu, 0c000 HE 33 yMBIBAsICh
HaJ X (U3HYECKUM CMBICIOM. W make MMEeT MECTO COBEPIIECHHO
OpenoBoe MHEHHE, UTO 4eM a0Cyp/Hee TEopHs U yeM Oouiblie B Hel
MaTeMaTHKH, TEM OHA TeHHAJIbHEE.

3auaTOYHOE COCTOSHUE JIOTHYECKOIO MBIIUICHHUS BCEro
HAy4YHOTO COOOIIECTBa, SABJIAETCS MPUUMHOM TOTO, UTO YUEHBIC HE B
COCTOSIHMH 00JIee WJIM MEHEE MPaBI0No100HO OOBICHUTh CYTH JaKe
OUYEHb IPOCTHIX SIBICHUN TPUPOJIBI.

C moMmomIpl0 MaTeMaTHKHA HEBO3MOXKHO OIUCATh JIaxe
MPOCTYIO OKPYKHOCTH uepe3 e€ TuaMeTp, MOTOMY YTO BEJIMYUHBI OTH
- Hecom3MepuMbl. Hukakue TaHIbl ¢ OyOHAMU HE YCTPAHST TOTO, YTO
IUuaMeTp Wik He OyneT JocTaBaTh J0 OKPYXKHOCTU WIIH K€ OyneT
"ropuats” u3 He€ Hapyxy. Uucno [lu — 310 He Kakas-To MHpoOBas
"KoHCTaHTa", a 0eCKOHEeUHas Ipo0b, KOTOpast BCETa MOJydaeTcs Mpu
COTIOCTABJICHUH HECOU3MEPUMBIX BEJIHUHMH.

K tomy xe yu€Hble Aake MaTeMaTHKy-TO K (hU3MUECKUM
SIBIICHUSIM HE yMEIOT TPUMEHSATh MpaBwibHO. Hampumep, Teopus
Bonpiioro B3peiBa pa3paboTraHa HAa TPUMHTUBHON DKCTPATIOJISIIHH,
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TaK Ha3bIBa€MOI0 paz0eraHusi TajlakTUK, OMIMOOYHO OOBICHEHHOTO
s dexrom Jlomnmaepa. YunuTeiBas ropu30HT BUAUMOCTH BCEICHHOM C
3eMIIH B 3KCTPAnoaupys pazderaHue rajlakTHK, Y9€HbIe "TeHHaTbHO"
BBIUMCIIWIIN, 4TO 14 MUJIIMApIOB JIET Ha3aJ BCEJIEHHAs MpeCTaBIIsIa
coboii Oe3pa3sMepHyI0 TOYKY ¢ OeckoHeuHOM Mmaccoil. Kotopas, mo
HENOHSTHBIM IIPUYMHAM BAPYT B3opBanack... COBEpLIIEHHO BUANMO
HE cooOpaxas TOro, 4TO BCEJIECHHAs HE MPOCTO OYEeHb OoJjblIas, a
OecKoHeuHas M HKCTpanosus e€ OyaeT Tak ke O€CKOHEUHOM.

BooO0mie-to, B Hayke 3a0myxaeHus Obl1u Bceraa. Horaa oHu
JUTMITUCH CTOJIETUSIMH, & MHOT/IA U ThICAYMIeTusIMU. JIroOble Hay4YHbIe
9KCIIEPUMEHTHl BCErJa IUIAHUPYIOTCA TakuM o00pa3oM, 4TO Obl
MOJIyYUTh KaKHe-TO, BIIOJHE O)KHJaeMble, pe3yiabTartel. M eciu
MOJIyYEHHBIE PE3YJIbTAaThl PACXOIATCS C OXHAAEMbIMH, BO3HHKAET
co0JIa3H TOJKOPPEKTUPOBATh HX KaKUM-HUOYIb OUYEHb BaKHBIM
K03 pHLIIEHTOM.

[lpunymaTth, Hampumep, Kakylo-HUOYAb "TIOCTOSHHYIO
Bonbumana", "TémHyl0 MaTepuio”, MIM H300pecTH Kakoi-HUOYIb
"IPUHLIUII HEONPEAEIEHHOCTU", YBEKOBEUUB CBOE HMMs B HCTOPHUHU
HAyKd W 3aKpenuB B HEH CBoW 3a0imyxaeHus. B mpupome He
CYLIECTBYET HHUKAaKMX MapaJJICIbHBIX MPSIMBIX, JI0Ka3aTeIbCTBO
TEOPEMBI O KOTOPBIX MOAPOOHO pa30MpaeTcs B MIKOJIbHBIX YICOHUKAX,
mo0ble JIMHUKM B HEW Bcerna mepecekaroTcs. J[ake CBeT HE MOXKET
JIBUTATHCS MPSMOIUHEINHO.

K  Hacrosimiemy  BpeMEHM  TakMX  MaTE€MaTUYECKHUX
3a0MIy)KJIeHUH ¥ MPOTHBOPEUYH B HayKe HAKOMWJIOCH CTOJBKO, YTO
HEKOTOpble "yu€Hble" pa3yBEpPHUBIIMCH B BO3MOYKHOCTH IIO3HAHMS
MPUPOJIBI, TOMYCKAIOT CyIlleCTBOBaHUE Oora.

N yxe ocobo mepemyapeHHble "TeHHH' OT TICEBIOHAYKH
MBITAIOTCA MPOJABUTATh "TEOPHUH'', OCHOBAHHBIC HA CPEIHEBEKOBBIX
MPEJCTABICHUSAX O TOM, YTO "JIy4YH 3pEHUS" UCXOIAT U3 IJ1a3, a 3HAUUT
pe3yJIbTaThl HAyYHBIX 3KCIEPUMEHTOB HAIPSIMYIO 3aBHCSIT OT TOTO,
CMOTPUT HA HUX IKCIIEPUMEHTATOP UJIU CIIy4aliHO OTBEPHYJICS.
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Hano nonarath, uro B (hopMynax CKOpPO TMOSIBUTCS HOBBIM,
Jlocesie HEBUJAHHBIN wieH - HaOmojatens. M BO3MOXHO ero naxe
O0OBSBST HOBOW MHUPOBON KOHCTAaHTOM.

Ecnu Obl uesnoBek He UMeNl OPraHoB 3PEHUs, TO BIIOJIHE MOIJIa
Obl TOSIBUTBCA TEOpHs, YTBEpXKJAollas, YTO CKOPOCTh 3BYKa
HEBO3MOKHO IIPEBBICUTH. 11 TEOPETUKU ¢ YMHBIM BUIOM pacCyXkaaau
Obl O TOM, YTO Yy JIETSIIEr0 CamoyIéTa HEBO3MOXHO OIPEACIHUTDH
CKOPOCTb M KOOPJMHATy OAHOBPEMEHHO U IIO3TOMY OH SBIISETCS HE
MaTepHaIbHBIM TEJIOM, a BOJIHOM U MpocTo "pazMazan” mo Hely...

Bo3pMmém i1 mpumepa npocTyro Gopmyity, Tak Ha3bIBaeMoOro,
3aKOHa BCEMHMPHOTO TAroTeHusd. IIpaBna e€ yxe NaBHO yCIIOKHHIU
pa3nUYHBIMU KO GUIMEHTaMH, XOTs JJIs HaC 9TO HEBaXHO. BaxeH
caM npuHOMN. B €€ uucnurene CTOMT NPOU3BENECHUE MAace
B3aUMOJICHCTBYIOIIUX Te. YUEHbIE OOBSACHSIOT 3TO MPOU3BEICHHE
TEM, 4TO KaK[as 4acTHULa OJHOrO Teja HMPUTATUBACTCS K KaXI0h
YyacTHLIE APYToro.

IIpUTArnBaThCA-TO OHU HPUTITUBAIOTCSA, HO TOJBKO HE Kak
OTJeNbHBIE YacTHIBI, a Kak eaumHoe nenoe. Kycok OeroHa — 3To
TBEPAOE TEJIO U €ro0 CBOWCTBA PAa3UTEIBHO OTIMYAIOTCSA OT TOPCTKHU
LIEMEHTHOW MbUIM. M BOOOIIE HENOHATHO, KaK MOXXHO YMHOXWTb
Maccy Ha Mmaccy? Beap cinemys mpaBHiaM MaT€MaTUKH CIENYET
YMHOXaTh W pa3MepHOCTH. M 4TO moisiydaeTcs B pe3ysbTaTe-TO?
KBanparnas macca?

Wnn Bo3bMéM u3BecTHy0 (opmyny E=me? u mycts xro-
HUOYIp M3 Y4EHBIX MOMpoOyeT OOBACHUTH (HUBUYECKHH CMBICI
KBaJipaTa CKOpOCTH cBeTa. Kak yMHOXXHUTb CKOPOCTb Ha CKOPOCTh?
10 uto, 9*10'® KBaZPAaTHBIX KMJIOMETPOB B KBAAPAaTHYIO CEKYHIY?
Nnu B cexyHy 3a CEKyHYy?

W Takux 5AMCycoB, IO MMJIOCTH MaTeMaTHKH B (U3UKE
IPEOCTaTO4HO. J[0cTaTOYHO BO BCSAKOM Cllydae i TOTO, YTOOBI
IIPEBPaTUTH €€ B IICEBAOHAYKY. I camoe cTpamHoe B 3TOM TO, 4TO B
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TOJIOBBI CTYJICHTOB yXe 0oJiee cTa JeT MoJ BUIAOM BBICOKOW HAyKH,
"BTIOXHBAIOT", 110 CYTH, HOBYIO IICEBOHAYYHYIO cucTemy lITonomes.

XoTs 3a05y’XJIeHHE B TEOICHTpU3ME, ObLIO HE OT TIIYIOCTH,
BE€/Ib JIJIS1 TOTO, UTO OBl MOHATH, UTO 3eMiist [BUkKeTcst BOKpyr CouHIa,
HyxkHO *UThb Ha ComnHue. [loaTOMy B HCTOpMHM HAyKHW CHUCTEMA
[ITonomess ocTaHeTcss Kak HEM30EXKHBIH M 3aKOHOMEPHBIM 3Tar
Hay4HOT'O MMO3HAHUSI.

A BOT KBaHTOBas (U3HMKA, TEOpUS OTHOCUTEIBHOCTH,
FPAaBUTALMOHHBIM KOJUIATNC, YEpPHBIE [bIPbI, YK€ B HEJAICKOM
Oynoymem  pas3nensT  cyab0y  MHOTOYMCIEHHBIX  TpPaKTaToOB
CPEIHEBEKOBBIX CXOJIACTOB O KOJMYECTBE YEPTEH WM AHIEJIOB Ha
octpue uriibl. OHU HUKOT/a HE MOJIy4aT NOATBEPKIACHUS U Pa3BUTHS,
TaK Kak SIBJISIOT COOON CBHIETENbCTBA MICEBAOHAYYHOTO HEBEXKECTBA
Y OTKPOBEHHOM I'JIYIIOCTH. ..

23. BBIBOJBbI

Ha ocHOBe BBINIIEN3II0KEHHOTO MoABCACM HCKOTOPBIC UTOI'U.

Bcenennasa - 310 OeckOHEYHas MaTepHsi, HaxXoIAIascsi B
BEYHOM OJ/IHOHAIIPABJIEHHOM M HEOOPATUMOM IIPOLIECCE CUHTE3A.

Cunme3 — 3T0 IPOLIECC HENPEPBIBHOTO YCIOKHEHUS CTPYKTYPBI
MaTepuH, OOYCIIOBIEHHBIH €€ JJIEKTPUYECKUMHU 3apsilaMu U
COIIPOBOKIAIOIMICS HETPEPBIBHBIM COBEPILIEHUEM PAOOTHI.

Ilpocmpancmeo — 53TO CBOMCTBO NPOTSHKEHHOCTH CaMOM
Marepuu. Hu B KakOM JpyroM IIpOCTPAaHCTBE, B BUJIE ITYCTOTO SIIHKA,
BCCJICHHAs HC HYXKIAacCTCH.

Bpema — 3TO CBOMCTBO BBICOKOOPIaHM30BAHHOW MAaTE€pUU —
MoO3ra, 3aIlIOMHUHATh MPOMCIKYTOYHBIC COCTOsAHUA KaKHXx-ToO
IIPOLIECCOB, CPaBHUBAasg MX C JApPYrUMH. B mpupoae HET Takoro
(Gu3nyeckoro Impouecca, Kak BpeMs, OHa CYLIECTBYET B BEYHO
JUIAILEMCS] HACTOSIIIEM.

135



Anexcandp BECEAOB

JIrobbie MaTepuaibHble 00pa30BaHMUS — YACTUIIBI, MaKpoTena,
KOCMHUYECKHE OOBEKTHI, O0JIANalOT 2ZpaAsUmMAauUOHHbIMU TIONSMHU,
COCTOSAILIMMH U3 IEKTPUUECKHUX MOJIEH MPOTUBOIOJIOKHBIX 3HAKOB.

B rpaBuTaninoHHOM M0JI€ pacpOCTPaHAIOTCS, BO30YXK/1aeMble B
HEM [IBIKEHHEM MaTepuaibHbIX OOBEKTOB, 2pAGUMAUUOHHbIE
60/1Hbl, Ha3bIBa€MbIC O(DULINANTBHON HAYKOH, SJIEKTPOMarHUTHHIMHU.

I'paBuTanimoHHas BOJIHA — O3TO IIONEpEYHas  BOJIHA,
pacIpOCTpPaHSOMIAsACA HA TPAaHULE ABYX JJIEKTPUUYECKUX IOJIEH ¢
IPOTUBOMNOJIOXKHBIMA ~ CBOMCTBAMM, M3  KOTOPBIX  COCTOUT
TPABUTALMOHHOE TOJIE.

I'paBuTanimoHHOE MOJIE 0OBEKTA MOXKET UMETh ACUMMEMPUIO,
OOYCJIOBIICHHYIO  DAa3JUYHOM  BEIUYMHOM  OOpasylolmux  €ro
JJIEKTPUYECKUX  TOJEH, KOTOpas  ONpENENseTcss  Pa3HOCThIO
AIIEKTPUUYECKHUX MTOTEHIINATIOB B KAKOH-TTHOO0 TOYKE, TPABUTAIHOHHOTO
HOJIS.

IIpu ABM>KEHUM YAaCTUIBI B ACHMMETPUYHOM I'PaBUTALlIOHHOM
noje, Bo3Oyxmaemas €il  TpaBUTALMOHHAs  BOJHA  MMEET
ACUMMETPUYHBIE AMIUIMTYABlI IOJOKUTEIbHBIX M OTPHULATEIbHBIX
BOJIH, YTO BJIMSIET HAa HANpPABJICHUE JIBM)KCHHUS 3TOW YaCTULBI U €€
BpalllCHHE.

A= Aq=(-qn-(+q)n 20e
A = Aq — acummempus epasumayuoHHO20 noJi,
(+q)n — nOMeHnyuan noaa NONOHCUMENbHO20 3apA0d 6 Mouke N, a
(-q)n - nomenyuan nons ompuyamenrbHo20 3apao0ad 8 Mol JHce mouxe.

Acummempusa TPaBUTAMOHHOTO TMOJS MOXET ObITh, Kak
MOJIOKUTENBHOM, TaK U OTPULIATEIBHOM.

Benuuunoit acummempuu TpaBUTALMOHHOTO MOJS aTOMOB

OIIPEAEIISAETCS arperaTHOE COCTOSIHUE BEIIECTBA.

Temnepamypa  MaTepualbHOIO  Tela  ONpPEIENSIETCA

PasHoOCmbl0  acummempuil  €ro  aToOMOB U aTOMOB

OKpY>Karolleu Cpebl.

to = AA =As—Ao= AQs— AQorae
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AA — paznocms acummempuil,

Ao - acummempus 2pasumayuOHHO20 noisi 06veKxma,

AQs - acummempus epasumayuoOHHo20 NOJis CPeobl.

Cnedosamenvno, acummempus - 3Imo, Ho Cymu,
u30bImoOunBll  INEKMPUUecKuil  3apAa0 U nepemeKanuem
INEKMPUUECKUX 3aPA006 € NONAHOU Mmepe Onpedenaomcsa 6ce
e3aumooeiicmeus 6 npupoaoe.

Kpowme sToro, rpaBuTaiinoHHOE 1M0OJI€ MOKET UMETh "nepekoc”,
OOYCJIOBJICHHBI  JIMHEWHBIM  CMEIICHHEM, O00pa3yloIlux €ro,
IIEKTPUYECKUX NOJIEH. DTOT JIMHEHHBIN CABUT JIEKTPUUECKHUX OJIEH
ounManbHON HAyKOH HA3BIBACTCA MACHUNIHBIM HOIEM.

Ku3zub — >TO TPOU3BOIBHO B3STHIA YPOBEHBb CJIOKHOCTH
CTPYKTYpPbl MaTepHH, KOTOpas HAXOAMUTCS B COCTOSIHUHM IIpoliecca
OECKOHEYHOTO0 CHUHTE3a, HEMPEPHIBHO BOCIIPOU3BOMIACH U OCO3HABAas
cebs opraHoM, Cc(GOPMHUPOBAHHOM W3 BBICOKOOPTaHU30BAHHOM
MaTepUd — MO3IOM, CIOCOOHBIM HCIIOJNB30BaTh B IPOLIECCE
KU3ZHEJEATEIIbHOCTH 3JIEKTPUUYECKHE CUTHAJIBL.

24. MPUJIOXKEHHUE

L4 CHHTEe3, KAK NpPoIece YBOJIOINH

Cunmes (o0vedunenue) — 3mo 00wAA HANPAGIEHHOCMb NPOUECCOE
96ontoyuu. Yenoseueckoe obuecmeo, Kaxk u niodvle mamepuansHsle 00veKmol,
XOomsa u He 8 MAKoIl AGHOIL hopme, HO MAKIHCEe ROOUUHAIOMCA IMOMY RPUHUURY
00veounenus.

...H3 cybanemenmapupix uacmuy cUHmMEIUPYIOMCA IIeEMEHMAapHble, U3
INEMEHMAPHBIX — AMOMbl, U3 AMOMO8 — Monexyavl. Monexkynst o6pazyom
6bICOKOMOJICKYIAPHDIE COCOUHEHUS, U3 KOMOPbIX, CO 8DEMEHEM, hopmupyromcs
pacmumenvhole u  dcusomuvlie Kiemku. Knemku ob6vedunsiomcs 6
MHO20KIemoYHble 00pA306aAHUA, KOMOpble, 8 C80I0 04epedb, GCHIYRAION 6
cumouo3 opyz ¢ opyzom u o0paszylom opzanuzmul, maK Ha3vigaemvix, '"cuevix'’
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cyugecme. Imo pulovl, RMUYbL, RPECMBIKAIOWUECA, MIEKORUMAlOu{le U Yel06ek,
Kax Haubonee pazsumoe u, odaaoarouiee camoco3Hanuem, Cyuiecmeo.

Jdwou oob6veounaomes 6 poooevie 2pynnvl, 6 niemMeHd, CHPAHbl U
2ocyoapcmea. UHepez nexkomopoe epemsa, cmpamuvl, 011 mMO20 UYMOObl He
nocubnyms 6 60pvbe co ceoeil cOOCMBEHHOI 2IYNOCMbIO, 0YOYHL GLIHYIHCOCHDL
00be0uHUmMbCA 8 00HO 27100a1bHOE NIAAHEMHOE 20CYOaPCHE0, HOMOMY YUMo éce,
Ymo HAX00umca He MoJIbKO HA NilaHeme, HO U 60 6CENEHHOIl, He RPUHAONEHCUM
HUKOMY, @ 3HAYUM NPUHAOIEHCUN 6CEM.

Cam uenoeek — ImMo MONbKO MaAmMepuaIbHblil 00BbeKm Uil OP2AHU3M,
noayuueuiuil, 8 pe3yibmame 360J10UUOHHO20 RPOYeccd, CROCOOHOCHb 0CO3HAMb
ceba Kax unousudyanvHocmo. Bozomnuewuii ceoa "'yapém npupoowt'’, 3mom
MamepuanvHulil 00beKm, cpasy dice NPUHATLCA 34 HOKOPeHUe IMOoil CAmMoul
npupooOsvl, HACMLI0 KOMOpPOoU OH cam u Aenaemca. U moavko nokopue
COOCMEEHHYI0 2IYROCHb, 00U ROUMYNL, Ym0 ObL10 YHUUMONCEHO umu 6 "tuye'’
CCCP.

Cosemckoe obwecmeo — mo pe3yavmam cunme3a (00veounenus) Ha
0osee 6bICOKOM YypOGHe Op2aHU3AUUU Mamepuu, HA NPUHYURAX pAGeHCMEd.
Yenoseeueckoe o00ugecmeo HaA HACMOAULEM HUIKOM YPO6HE YMCIMEEHHOZ20
pazeumus noKa He Mmodxcem cyuwiecmeoseamsv 0e3 uodeonocuu. bez neé omno
npeepawiaemca 6 00e3bAHLIO CMAI0, YMO HPEKPACHO 6UOHO HA RnpuMepe
cospemennoii Poccuu. Ilepecmpoiixa omopocuna eé na 300 n1em nazao, no cymu,
6EPHY6 IKCHIYAMAUUIO HeSI06EKA Ye/108EKOM U YHUUMOMNCUE 6CE COUUATbHbLE
3aeoeganun. Bce, co3zoannoe mpyoom Munnuonos, pazeopoeaHo HOGLIMU
ooapamu. Ocmaémea 60cCMAHOUNL TUWL KPENOCHIHOE NPAGO U CEAMEUULYI0
UHKGU3ULUIO. ..

Yuuumooswenue mapkcusma, xax udeonozuu 00CMaAmMouUHO 6bICOKO20
UHMENNeKMYAIbHO20  YyPO8HA, omopocuno Poccuro, npakmuuecku, 6
cpeoneseKkosve, npespamue eé 6 heodanvnoe 20cyoapcmeo, 20e npasam 0a,
napasumupywwiue Ha  oduwjecmee, unoueuovl.. Ilpunyun  yacmmuoil
coocmeennocmu U UHOUBUOYANU3IM HeUu3z0exHcHo 0Oyoym Rpoeouuposams
Hepaspewiumble KOHPAUKMBL MeHcOy PAZTUYHBIMU CAOAMU 00ujecmea u
mpebosams  HEOOXOO0UMOCMU  HAPAUWIUEAHUA  KAPAMETbHLIX OP2AHO6 U
npunamus 02POMHO20 Koiuuecmeo 0eccMbICIeHHBIX 3aK0H08,
Ppeanamenmupyiowux, npAKmMu4ecKu, Kaxcoolil waz.

J1060e, HeOCMOPOIHCHO CKA3AHHOE CT1080 HEU30eIHCHO Oyoem npueooums K
603HUKHOBEHUIO MPYOHODA3PEWUMBIX KOHMIUKIMHBIX CUMYAUUI, KAK MelCOy
OMOEIbHBIMU UHOUBUOAMU, MAK U OMOEAbHbIMU ZDYRNAMU, YMO GbLILEMCA 6
HeonpaeoanHyo 3azpy3Ky cyo0eOHOU CUCmeMbl CMEXOMEOPHbIMU CYOEOHbIMU
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uckamu. JIroou 6yoym evinysncoensl cieoums opyz 3a Opy2om u 011 HOPMAbHOU
yenogeueckoil JcusHu, He ocmamemca epemenu. OoOwecmey yzpodricaem
COUUANBbHBLIL KONANC, KOMOPBLl, 6 Xyouwiem ciayuae, MOMcem npugecmu K
Pa36a3b16aHUI0 27100ANLHOI GOUIHBL C NPUMEHEHUEM AMOMHO20 OpYIHCUA. ..
Ycepouo mnacasicoaemas kanumanucmuueckaa 3IKOHOMUKA U YACMHAA
cobcmeennocmb, ¢ MOYKU 3peHua uzuku — 3mo npoyecc, uUOywWUIL ¢
Hapyuienuem 3aKoHa RPUPOObl - 603PACMAHUA IHMPORUU.

Y mex, kmo umeem mnozo oenez, ux cmanosumcs ewié 6onvULe, Ay K020
ux mano, pazopaiomca coecem. Ilosmomy ¢ pazeumuem uHmen1eKmMyanipbHozo
YPO6HA 3eMHOU UYUGUNU3AUUU, KARUMATUCHUYECKAA IKOHOMUKA YMPEm
Hasécez0a. A noxa HepazymMHoe Yenoeeuecmeo 0Oyoem pyKo80OOCHIB06AMbCA
HpUHYUNAMU  YACMHOW COOCMEEHHOCHIU U  A2PECCUGHBIMU  JIO3YH2AMU
Muuypuna, umo ''Mul He 001CHBI INHcOamb Munocmeln om npupoowl'’, oHO
Heu30excHo 6yoem oOpeueHo HaA NPECMYRHOCHb, 00MAHbL, 80POGCHIE0, PA3OOPLL
U 6OUHDL. ..

e  Dnmior

B 2mo noka neeozmodrcno nosepumos, no 19 anpena 2013 zo0a ovin
npexpawén 00OHOCHOPOHHUIL KOHIMAKM UHONIAHEMAH C 3eMHOU YUeUaIu3ayueil
u npedcmasumenu 6blCOKOPA3GUNION YUGUIU3AUUL, C OOHOU U3 NiaHem Hauiell
2a71aKMUKYU, ROKUHYIU CONHEYHYI0 cucmemy, Kak munumym na 500 semnvix nem.
Hauano xonmaxkma npuwinoce na 1962-63 200v1, koz0a unonaanemuslii 3040, 8
0uepeonoil pas nocemug COIHEUHYI0 CUCIEMY, 0OHApYIcUn HA Haulell nianeme
20Cy0apcmeo ¢ 00W{eCHmEEeHHbIM CHIPOEM, He COOMIGENICHEYIOU{UM O00uemy
YDOGHIO pa36UMUA 3E€MHO20 YelN06e4ecmed, Umo U ROCIAYHCUNO NPUUUHOU
RPUCMATIbHO20 BHUMAHUA UHONJIAHEMAH K Haulell cmpate.

Omom ¢henomen nonyuun nazeanue ''Ixcnepumenm Jlenuna''. Ilo
meopuu  3607110UUU, KOMMYHUCHIUUECKOE 20CYy0apcmeo ¢ (ecKaaccosvim
oowecmeennvim cmpoem, nodoonoe CCCP, npakmuuecku He umeno peaibHou
603MOJICHOCHU GO3HUKHYMb 6 YCH0GUAX HU3K020 UHMENNEeKMYAIbHO20 U
MEXHO102UYeCK020 YPOGHA PA36UMUA 3eMHOU WUGUAUIAUUU U mem 0Oonee,
cyujecmeogams 8 IMUX ycioeuax 0060J1bHO npooodicumensvroe epema. Umo,
COOCMEEHHO U NOOMEEPOUTIOCH COOBIMUAMU, NPOUIOUEOMUMU 6 0CBAHOCHIbIX
200ax ¢ CCCP.

...""9xcnepumenm Jlenuna' 0vin unmepecen 011 HUX, KaK HONbIMKA
CO30aHUA 20CY0apCmMEa CUNOGbIM MEMOOOM HA NPUHUURAX PAGEHCHEA 6
YCN06UAX RNeuwiepHoz0 COCMOAHUA CO3HAHUA Hacenenua naanemst. Modcno
evlopeccupoeams coOaKy makx, umo OHa, Oaxce 0yOyuu 207100HOU, He 0ydem
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6opoeamp nuuiy, HO MO HUKO20a He CMAHem eé O0COZHAHHbIM NO8eOeHUEeM.
CCCP - zocyoapcmeo cozoannoe Jlenunvim u 20 cOpamHuKamu anaaI0ZuHolMu
Memooamu OpeccuposKu u cosepuiuguiee CKa4yoK, no Cymu, om nepeodvimHo-
00WUNNO020 CMPOA K HeCcK1acco8omy oduecmey, 0CHO6AHHOMY HA HPUHUURAX
KOMMYHAIbHOCHU.

TonbKo 0ouenb HUUMONCHAA YACMb HACEIeHUA, NPAKMUYECKU eOUHUbL,
0co3HasanU Cymov HOBHIX O00ULECHMEEHHBLIX OMHOWIEHUN, OO0NbULUHCINGO ice
DPYKOB0OCMBOGANIUCDH HCUBOMHBIMU UHCHIUHKMAMU OOMUHUPOGAHUA, 0CINABAACY
zoucmuunvimu U ycyaruxoeamovimu. Ilosmomy pykoeoocmeo  nogozo
2ocyoapcmea 0Obli0 GLIHYHCOEHO ROCHOAHHO 3AHUMAMBCA UOEO0102UYeCKUM
60CHUmMAHUEM HACeNleHUs, COepHCUBAs HCUBOMIHbIE UHCHMUHKMbBL Macc
00CMAmMoOuUHO HCECMKUMU MEMOOAMU KHYMA U RPAHUKA.

Ho, necmompsa na smo, npoyeemaio 60po6cmeo, Kaxk é dviny, maxk u Ha
RPOU360OCHIBE, XOMA €20 MACUIMADBL Db HUYMONCHBIMU U 0C00020 6IUAHUA
Ha Jcu3HL cmpanvl He oKazvieanu. Kpome ecezo npoueco, nogoe coeemckoe
20cy0apcmeo  NOCMOAHHO  NO06EP2AIOC,  NPECCUHZY U NPOBOKAUUAM
""opyscecmeennblx''  Kanumanucmuveckux coceoeil, NPeOCMABNACUUXCA
OemoKpamuyeckumu u npozpeccusnvimu. OHu He OCMAHOBUNIUCH Oddce nepeo
pazea3vieanuem 2n00anbHOU B80UHbL, YHECUIEN 0ecAMKU MUIUOHO8 HCEPME,
UMb Obl MOTBLKO U30AGUMBCA O IMO20, KOJIIOWLE20 21a3a, npumepd.

U 6 Konuye KoOHYO08, UM IMO YOANOCH, MAK KAK OCHOGHAA MACCA HACeleHUA
CCCP, kak u 0scuoanocw, naney o naney He yoapuid, Ymoovl 3auiumunms c6ou
COUUANbHBIE 3A60€6AHUA, MAK KAK YJce CUUMANaQ ux camo coooi
pazymerouwumucs... Bee éeprynocsy na ucxoonvie nosuyuu u eosa 3apoouguieeca
HO60€e 00uecmeo, 6epHyIOCy K NPUHYURAM 00e3bAHbEN Cmau, CKAMUGUUChH 6
camoe Hacmoauiee mpaunoe cpeonesekogve... Ho 3aKonvl 360110uuu maxoewi,
umo 0na moz20, 4UmMooObl pA3eUEAMbCA Odjlbuie, Uen08edecmey Hnpuoémcs
o0veounumovcsa. Cooduwecmeo uHOUBUOYATNbHOCHEN He UMeem HUKAKOZ20
0yoyuiezo, nomomy 4mo OHO He MOMCEm CYyuiecmeoeamov 06e3 copeeHOB8aHuUll,
60IIH, 00pbOBL, Oe3 nodedumerneil U NOOEHCOEHHDIX.

Cnedylowee nocewjeHue CONHEUHOU CUCEMbl HAWUMU ONUINCATIUMU
coceoamu coCmoumcs, 603M0JICHO, He panee, uem uepes 500-1000 3emuvix nem.
Bonew cnyuas, mne, KaKk u O4eHb MHO2UM 3EeMIAHAM, RPUWIOCL C HUMU
nooowamscsa. Ilpasoa s y3nan 06 3mom 0yKeanvno 3a noavaca 00 ux omaéma.

1Ilo Kakum-mo npUYUHAM OHU COYTIU BO3MONCHBIM HORPOULAMbCA MOTILKO
¢ 0soumu. Ho kmo 6v611 mom emopoil, 2 He CHPOCUTI U yIice, HAGEPHOE, HUK020a
IMozo He y3Haio.
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B ceéazsu c nosaenenuem 6 umnmepHeme 001bUIOZ0 KOJIUYUECHEA
danmacmuueckux pacckazoe o nocewjeHUU 3emau UHONAAHEMAHAMU, O0NIHCEH
3amemums, Ymo OHU CAMU HUKO20a He ROCew a1y NIAHem CONHEYHOI CUCHEeMbl
U HUK020a He Onyckanucb Ha ux nogepxuocms. Hx odwjenue c zemnanamu
OCYWEeCmenanoch ¢ NOMOWbIO YCHMPOIICME, CO30AIOWUX PeanucmuiecKue
u3zodpasicenus nwoel, U YNPagIAeMblX HEOOILUWUM UHMENTeKMYaaTbHbIM
Kopaoém-podomom, Haxooauumcs na opoume Jlynwi. A 6azoewlit Kopaodaw 6o1ee
50-mu nem opeitghosan zoe-mo 3a OKPAUHOIU COTHEUHOU CUCH EMDL.

Hao moeit npocvboit ocmasums Ha namams Xomsa 0bl ny206uyy, OHU
nocmeAnucs, 00vACHUB, YUMo IMa ny208ulUa Ha 3emie eecuna 6vl 0K0J10 MOHHDYI,
mak Kak coenaHa U3 Geuiecmeéa ¢ HNONOHCUMENbHOU acummempuenl
z2pasumayuonnslx noneii amomos. To ecmv uz "memnoii mamepuu''. /Jymaio,
Ymo ux 36€30Has CUCmema HaAX0OUNCA He MAK YIHc 0aNeKo 0N Haulell COTHEeYHON
cucmemvl. Mosicem 0b61ms 00uUH — 064 C6€eMOBLIX MeCAUQ. ..

CogepuieHHO HEOXHCUOAHHO MO PAdOMA NOTYUUNA Y HUX OUEHb XOPOULYI0
OUEeHKY U XOM:A MHE HACHOAMENLHO He CO8EMO8anu INo20 0eaamy, a 6ce e
pewiuca onyboaukosams eé ¢ znodanvhon cemu. U ecmecmeenno noayuun mo,
YO U 3ACTIYHCUTL.

Mmue oasxice ¢ 20108y He M0O210 RPULIMU, YHO YPOBEHb De32PAMOMHOCIU
3eMHO020 HAYYHO20 cooduecmea, mak evicok. Ilpae owvin ILU. Kozoa zosopu.n,
Ymo npusHanue moeil meopuu nepeuepKkHém, Kak Hekozoa cucmemy Ilmonomes,
RpaKmuyecKu 6clo, mMaxK HA3bIGAEMYI0, KEAHMOGYI0 (QuU3UKY U HaAYUHOE
cooduecmeo 0yoem 6vlHYIHCOEHO RPUHAmMb eé ncesdonaykoii. H ecmecmeenno
OHO HA4 IMO HUKO20a He nOoUOém. 3eMHas HAYKa ewié oecamku jem Oyoem
HaXO00umvca 6 HNACHYy CA0600AYOUA, MAMEMAMUYECKUX 3A0AYHCOeHUTl U
mucmugurkayuii. OOHaKo 3mo yice He umeem HUKAKO20 3HAYEHUA, NOMOMY YUMo
¢ oceoenuem onuxcaiiumiux K 3emae naanem coiIHeUHOl cucmemsl, 0 noceujeHuu
€€ UHONaHeMANAMU CIMAHEN U36ECHHO U MOE UMA HeU3DEHCHO ocCmanemcs 6
ucmopuu uenogeyecmad.

Tonvko A 06 ImMom yxce HUKO20a He Y3HAIO, KAK YeN06€K, 803MONCHO
HCUBYUAUIL CE200HA CPeOU HAC, He 3Haem, Ymo Ko20a-mo oH ovi1 Hotomonom unu
Apucmomenem. 3amo 06 3mom y3naiom Hawiu Oanékue nomomku. Taxoii
nOO0ApoK OCMAgUIU UM OPAmMbA RO PA3YMY HA 0OHOU U3 OAUICATIUWIUX NIIAHEN.

3emuaa uyueuIUIAUUA, HAXOOAWAACA HA CAMOU HUJICHEN CHIYNEHU
UHMENIEKMYanbH020 PA3GUMUA U NPEOCMABAAIOWAn co00ll, 0ajxce He eOuHoe
coodwecmeo, a 6ce20 UMb HECKOLKO O0eCAMKO8 CMAil 4en06eK000pa3HblX
HCUBOMHDBIX, ZPLIZYUUXCA 3a pecypcobl, 20e ewié 00120 0ydem npoyeemams
IKCHIyamayua 4enoeeKka UeN06eKOM, 6epa 8 C8epXbvecmecmeennoe u
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HOKJIOHEHUEe UO01aM, CO30AHHbIM Uel06eUecKol hanmasueii, He MoIicem
paccuumpléams HU HA KAKUe KOHMAKMbL C 6b1COKOPA3GUMBIM UHONAAHEMHbIM
PaA3ymMom, no menvuieil mepe, HecKOabKo decamkos moicauuiemuil. Ilo kpamkoi
U He O0YeHb JIeCMHOU XAPAKMeEpucmuke UHONIAHEMAH, 3eMHOU 4Ye/l06eK Ha
OAHHOM Imane pazeumus — MO Mynoe U Yupamoe HCUeonHoe, KOmopoe euié
0ueHb 007120 0y0em Um 0Cmagamucsi.

Ilepexo0 om cocmoanua HcueoOmMHOU cmau K pazymMmHoMy CO00uiecmay,
npouecc 4pe3svluaiino OIUMeIbHbLL U 0071€3HEHHbLIL U MOXMCEm 3aHUMAMb OM
HeCKONbKUX MylcAYUTEMULl 00 ROJIYMUTIUOHA Jlem HO 3eMHOMY UCHUCTEHUIO.
Bce oeno 6 mom, umo cywecmeosanue 6GbiCOKOPA3GUMBIX UUGUIUSAUUTL
nOOYUHEHO RPUHUURY QYHKUYUOHUPOBAHUA HCUBO20 OPZAHUIMA HACHOTILKO, YN0
noeepzno 6vl 6 WIOK 6cex Hawiux ''npaso3auumnuKos’’, cuumarouux, Hanpumep,
NOMCUBHEHHOE 3aKI0UeHue 0071ee ZYMAHHbIM YemM CMepmHas KazHb. Xoms Ha
camom oene NOMNCUIHEHHOE 3AKII0UeHue — MO ue3yunickoe decuenoseuHnoe
uzoesamenvcmeo. Ilpupode neuszeecmno maxoe noHamue KakK IHCU3Hb, a
C1e006amenbHO0 CMEPMHAA KA3Hb WU I6MAHA3UA — IMO He yOuiicmeo, a
npocmoe npepvléanue HeyOauHoz0 36eHA 6 BECKOHEUHOI Uenu Cyuiecmeoeanus
KOHKDEemHo20 mamepuanviozo opzanusma. M Kk nonumanuto 3mozo, uenoeex
O0yoem uomu ewé oueHnv 00120.

Ecnu npeocmasumsup cebe 603HUKHOBEHUE coopyscecmea
6bICOKOPA36UMOIl WHGUNUIAUUU C 3EMHBIM UYeN06eUecmeoM, MO CO8EPUIEHO
3AKOHHO RPUWINOCH Obl UCKTIOUUND U3 HE20 0ZPOMHOE KOJIUYECH 80 UHOUGU 08,
napazumupyrouwux na oouiecmee. Cioda 0bl nonaiu He MoObKO 3a6cez0amau
Dopbca u OuznHecmenvl, HO U MHO2Ue HpeOCmasumenu, MAaxK HA3bIBACMO

s

""ce0b000n100u601"" meopueckoii unmennuzenyuu. M ymo ne mou ¢panmaszuu a
abconomHo 00BLEKMUBHAA pPeanbHOCMb K KOMOpOU Heu3z0exicHo npuoém
yenogeuecmeo, KAk MOJIbKO NOUMEM, YMO COOPYHCecmeo ¢ naApaIumamu
obwecmea Hecoemecmumo ¢ npoueccom 3Ieonioyuu mamepuu. Tax umo
cmpemumsca K KOHMAKMAM ¢ HPUIETbUAMU NOKA euwié He 8 UHmepecax
yenogeuecmaa.

Iloamomy 6 nacmosauiee pemsa KOHMAKMbL 3eMJIAH C 8bICOKOPA38UMbBIMU
UUGUAUAUUAMU MAK Jice HEPeanbHbl, KAK HePeanbHo COmpPYyOHUYecmeo
MYPAGENIHUKA UNIU CIAU 2AMAOPUIO8 C KAKOU-HUOYOb e6pPONelicKOll CpaHoil.
Yenoseuecmay npudémcesa npoiimu ceolli Nymo CAMOCHIOAMENbHO U HUKMO He
MONILKO He CHIAHEm 6MeUIUEaANbCA 8 X00 €20 PA36UNIUA, HO U 0adice Omeeyams
Ha e20 cuzHanbl, 00 Mmex Nop, NOKA OHO He nepecmanem pasmaxueams anoMHoU
OyOunKou u oeaums aiooeil Ha 6o2amuix u 6eonvix. U noka 0o e2o coznanusa ne
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00li0ém npocmas UCMUHA, YMO Ye/l06eK — UYACMb HPUPOObl U NOHAMUE
coOCmeeHHOCIU MAK Jice adcypOHO, KaK U ROHAMUS 602 UIU 0eHb2U.

A npumumugHvle YUGUAUIAUUU 3EMHO20 YPOGHA PA3GUMUA, K CHACHIDIO,
RPOCHIO MEXHONO02UYECKU He 8 COCHOAHUU NPEOOOTEMmb 02POMHbBLE PACCHIOAHUAA,
paszdenaioujue 36e300ul...

Hacmoawaa meopus Haxo0umcsa 6 NOCMOAHRHOU pa3padomxe u eé noc1eOHAA epcus 6cezoa
docmynHa 6 uHmepHeme no adpecam:
http://yadi.sk/d/Mjl Uz4IXMitnfa
https://magru.net/pubs/2082/Teoriya_evolyutsii materii#l
http://ru.calameo.com/read/001906913a882266783c2
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