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Beonroyust MATEPHH

VBaxaeMblil UUTaATEID !

JIroObIe sIBJICHUS TPUPOIBI AJIEMEHTAPHO OOBSICHSIIOTCS B
paMkax kinaccudeckon pusuku. M ecniu Bl ocHOBaTenbHO
no/13a0bUTM MaTEMaTHUKY, 3TO HU KOUM 00pa3oM He rnomenaer Bam
noHAThs npupoay. [Ipupona e€ BooOuie He u3yyana. ..

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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Anexcandp BECEAOB

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. OOBSICHEHHSI OYEeHh MHOTHUX SIBJICHUW MPHPOJBI, a TaK
)K€ TMPOIIECCOB, MCIOJb3YEeMbIX YEJIOBEKOM B TEXHUKE, HeE
COOTBETCTBYIOT PEaTbHOCTH M TMPEJCTABISAIOT COOOU Oe3mapHbIe
daHTacTUUECKHE 00PA3IIbl CIIOBOOITYIHS.

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
aKaJeMHs He paccMarpuBaeTr c mosampouuioro Beka. [lo cBoeit
[JIYIIOCTH OHAa MOXET KOHKYPHUPOBATh TOJBKO C MOJEIBIO IIOCKOH
3eMJI, TOKOSIIIIEICS Ha TPEeX KUTax.

VY4éHble —TeOpEeTUKU B YIIOp HE 3aMEYaloT, YTO JI00bIe TEOPUH,
OCHOBaHHBIE Ha HJAEE BEYHOIO JBWXKEHHUS - MOJIEKYJSPHO-
KHUHETUYECKasi WJIK TEOPHUsl CTPYH, MPUHLUUIHAIBHO HECOCTOSTEIbHBI
10 TOW MPOCTOW NPUYMHE, YTO ABUKEHHUE — 3TO TOJBKO CIEACTBUE, a
HE yCJIOBUE CYIIECTBOBAHUSI MaTEPUHU.

ATOMBI HE MOTYT MMETh fAJ€p, COCTOSALUX U3 OJHOMMEHHO
3apsKEHHBIX YAaCcTHII, TaK KaKk OHM HEHW30€XKHO Pa3JIETATCS B pa3HbIe
CTOPOHBI HM3-3a CWJI OTTajlKuBaHuA. M naxe ecnmu Obl 3TO OBLIO
BO3MOXKHO, AJIEKTPOHBI BCE PaBHO HE MOTJIM Obl BEYHO BOKPYT HUX
BpalllaThCs, TaK KaK OHM HenW30exHO Obl Ha HUX yIaaW, H3-3a
MOCTOSIHHOTO JIEWCTBUSL CHJI TPUTSHKEHUA. Tak e HEBO3MOXKHO
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Beonroyust MATEPHH

BpallleHue BOKPYT APYT APyra OJUHAKOBBIX 3apsIoB, KOTOPHIE H3-3a
CHWJI OTTAJIKUBAHUSI PA3JIETEUCh ObI B pa3HbIE CTOPOHBI.

A, Tak Ha3pIBaemas, Teopus boibmoro B3pbiBa, Kak yoboras
KOMITHJISALIHAST ONOIeCKOM KHUTH BBhITHS 0 60KECTBEHHOM TBOPEHHH
MaTepHUH U3 HUIETO, BOOOIIIE MPEACTABISIET COOO0H sspUaiiimii oOpaserr
MICEBAOHAYYHOTO Mpakobecus u mrapnaranctBa. [lo cyrtw, 310 pyka
peNuruu B HayKe. ..

Ji1s Toro, 4To 661 YOUTH Ha KOPHIO JII0O0YIO TEOPUIO, JOCTATOUHO
HAWTH B HEW XOTS OBl €IMHCTBEHHOE MIPOTHBOPEYHE, 3 B COBPEMEHHOMN
HAayYyHOW MapajurMe MX CTOJIbKO, YTO OHM YyXK€ MPEBpaTUIN €€ B
0aHANBPHYI0 HYMEpOJIOTHIO, OCHOBaHHYI0O Ha MaTeMaTUYECKUX
MOJITAaCOBKAaX U MOATOHKAX.

OueBunaHble (aKThl, JEKallMe Ha MOBEPXHOCTH, MOJ, CaMbIM
HOCOM Y JIIOJIeH, Ha3bIBAIOIMINX ce0sl yUEHBIMH, TTO3BOJISIFOT OMUCATh
Mupo3aanue IpocToil 1 U3SIIHON TeopHrel, n30aBIeHHON OT JIFOOBIX
IIPOTUBOPEYUI U HATPOMOKIECHUN MaTEMAaTUYECKUX YPaBHEHUM.

[Ipupona HACTONBKO MpOCTa W TO3HABAaeMa, YTO BIIOJTHE
MOCTYIHA JJii TIOHMMaHUs JaXX€ BOCHBMHUKIIACCHHUKY, HMEIOIIEMY
TBEPYIO TPOHKY 10 (PU3MKE, TaK KaK BCe €€ MHOTO0Opa3ue 3nKIACTCS
Ha JIBYX OJIGKTPUYECKHX 3apsgaXx W JIBYX JJEMEHTapHBIX
B3aUMOJICHCTBUSIX - HPUMANCEHUU U OMMAIKUSGAHUU, TIPUHSTHIX 32
MOCTYJIATHI.

HNMeHHO Ha TUX MOCTyJaTax BBICTPOCHA IMpeajiaraeMas HUKe
teopusi (Teopust rpaButanuu). B €€ OCHOBY JierJo BTOpOE Hadallo
TEPMOJAMHAMHUKMA ¥  DJJEMEHTapHas JIOTHKA C MHHUMAJIBHO
HEOOXOMUMBIM  HCTOJH30BAHUEM  MAaTEMAaTHYECKOro  armapara
KJIACCUYECKON (DU3UKH.



Anexcandp BECEAOB

2. OB OCHOBHOM "3AKOHE'" ITPUPObI

Ctporo roBopsi, HUKak/ix 3aKOHOB B IPUPOJE HE CYIIECTBYET,
MIOTOMY YTO 3aKOH - 3TO IIPOCTO JIOrOBOP O IPAaBUJIaX B3aUMOEHCTBHS
MEXIy KakKUMH-THOO0 CyObeKTamMH, B KOTOPOM OrOBapHUBarOTCS
CaHKIIMM 32 UX HapylIeHHUE, a TaK kK€ MEXaHW3M uX BbIsBIeHUs. Ho
Tak KaKk B TPHPOJEC BCE B3aUMOJCUCTBUS  OOYCIIOBIICHBI
UCKIIOYUTEILHO CBOICTBaMU caMuXx B3aUMOJICCTBYIOIINX
MaTepUaIbHBIX OOBEKTOB, TO HU B KaKHX 3aKOHAX OHA HE HYXKJIAETCsl.
[Ipocto HEKOTOpBIE XapaKTepHbIE OCOOCHHOCTH B3aMMOJICHCTBUH,
mou Uit ce0st PopMyIIUPYIOT B BHJIE 3aKOHOB.

A, cnenoBaTenbHO JtOObIE, OTKPBHITHIE YYEHBIMU 3aKOHBI,
ABIISIOTCS BCETO JIMIIb OaHaIbHBIMU KOHCTATallUSIMU KaKUX-ITHOO0
(baxTOB, KOTOpPbIE caMH ce0sl ¥ TOATBEPKIAIOT.

OTH, Tak Ha3bIBa€Mbl€ 3aKOHBI, TOJBKO OMNHCHIBAIOT KakK
MPOUCXOAAT KAaKUE-TO SBJICHHS, HO HUYETO HE TOBOPST O TOM, IIOYEMY
OHHM TIPOUCXOIAT TaK, a He HMHaYe. B cmimy TOro, 4ro mroObIe
B3aUMOJICUCTBUS MaTepualbHBIX 00BEKTOB OJIHO3HA4YHO
ONpEeACNSIOTCS HMX  CBOMCTBaAMH, TO HHUKAKUX  HapyLICHHI,
HeonpenenEHHOCTEH, HEOOBIYHBIX J(P(HEKTOB WIM TMapagoKCOB B
IIPUPOJE HE CYLIECTBYET.

Korga Heonpenen€éHHOCTh BBOAMTCS B IPUHLMIL, HayKa
YMHpAET U MpPEeBpaIlaeTcs B OaHAILHYIO PEIUTUIO, OT KOTOPOH OJIUH
JUIIb [IAr 10 MPUHLHUIIA HEMO3HABAEMOCTH, MO3BOJISIOIEM HECTH
mo0yt0o  4uymb.  HeBO3MOXHOCT,  ONHMCAHHS  PealbHOCTH
MaTeMaTH4eCKUMU (popMyIamMu IpuBelia K TOMY, YIEHBIE-TEOPETUKHI
HAaCOYMHSUIM TaKO€ KOJIMYECTBO OECCMBICIIEHHBIX TEPMHUHOB U
u300peny Takoe KOJMYECTBO HECYIIECTBYIOIIMX B MPUPOJIE
CYILITHOCTEH, UTO CaMHU y>K€ HE MOTYT B HUX pa3o0paThCsl.

OTO pa3InyHbIE MOCTOSIHHBIE, TaKWe KakK TpaBUTAl[MOHHAs,
nocrosHHasg Ilnanka, mocrosiHHass boiplMaHa M emé LeIblid COHM
Pa3TUYHBIX KOHCTAHT, 0€3 KOTOPHIX, N0 MHEHHUIO TEOPETHKOB, HE

Morja Obl CYHICCTBOBATH BCCJICHHA. OI[HaKO BCC O3THU INIOCTOAHHBIC
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OKa3bIBAOTCSA TAKMMHU HCIMOCTOAHHBIMH, UYTO HUX HNPUXOAUTCA

NepPUOANYECKH  YTOYHATh. [ PaBUTALMOHHYIO  IOCTOSHHYIO,
Hanpumep, yrounsuim yxe 11 pa3. WM sto, mo-BugumMomy, eme He
npenen.

U3-3a  uckaxEHHOro oOOBIBaTENbCKOTO TMPEACTABICHUS O
MeXaHU3MaX MPUPOJHBIX SBJICHUH, COBpEMEHHas HayKa OOBSICHSET
UX, KaK IIPaBUJIO 33JI0M Hanepén, NepeBopadrBas BCE C HOT Ha T'OJIOBY
U IyTas NPUYUHBl CO CIEACTBUAMM. Benp nake 3a HampaBiieHUE
AIIEKTPUYECKOTO TOKAa B  (U3MKEe TPHUHATO JABIKEHHE HE
OTpHULATENIbHBIX, KOTOPbIE MPe00IaIatoT, a MOJI0KUTEIbHBIX 3apsI0B.
To ecTh MPOTHBOMOJIOKHOE PEATBHOMY, UTO MPUBOAUT K IyTAHUIIE
pu OOBSCHEHUH.

A yOorue npeacTaBiIeHUs O MPUPOJE TPaBUTALIMH, TTO3BOJIMIN
TEOPETUKAM COCTPSNATh TAKyl0 HEJEMyIo U 0e3rpaMOTHYIO TEOPHUIO
o0pa3oBaHus 3BE3]] U IUIAHET, YTO OHA 3aTMEBAET CBOEH TIIYNOCTHIO
paccka3bl 3HaMeHUTOro OapoHa MrioHXray3eHa O BBITACKHBAaHUH
camoro ce0s 3a BOJIOCHI U3 00JI0TA.

CampIMu K€ JpeMydyuMH 3a0dyXKIEHUSMH B COBPEMEHHON
¢usnke ABIAIOTCA TOHSTHS WHEPUMOHHOW Macchl M 3aKOHA
COXpPAaHEHHsI JSHEPIHMHM, KOTOPBIA JO CHX TMOp CTUMYJIUPYET
HEYTOMHMYIO JICSITEIPHOCTh OTPOMHOM apMuUU H300peTraTencit
BEYHLIX JIBUraTEJICH.

[locnennue cTo J€T NOMCTHUHE "yMONOMPAYUTEIBHOIO" B3JIETA
HaY4YHOH MBICIIH, XapaKTEepPU3YIOTCsl NpeHEOpe:keHHEeM YUYEHBIMU-
TEOPETUKaMU OCHOBOIOJIArarolUM IIPUHIUIIOM HAyYHOTO MTO3HAHUS
- Tak Ha3bpiBaeMoil OpuTBoii Okkama. M 3TO mpuBeno K TOMy, 4YTO
HayKy 3arajiid TakKUMH O€CCMBICICHHBIMU TEPMHUHAMH U
MOHSTHUSIMH, YTO OHA Y€ HE B COCTOSTHUM OOBACHUTH JaXKe TaKuX, B
001IeM-TO MPOCTEUITNX BelIeH, KaKk TpaBUTAIUS 1 MATHUTHOE TIOJIE.
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3. O CTPOEHHU ATOMA,
TPABUTAILIMM 1 TEMHOM MATEPUM

Jis Toro, 4ToOBI CcO37aTh 4YTO-THOO MpETEHAYyIOIee Ha
CTPOMHYIO TEOpHIO, B MEPBYIO OYepenb HEOOXOAWMO OJHO3HAYHO
ONpENEIUTh OCHOBHBIE MOHATHUS. Benp TEpMHUHBI U ONpEACIICHUS
NPUAYMaHHbIE YYEHBIMH HAaCTOJIBKO TYMaHHbl U MHOTOCMBICJICHHBI,
YTO CJOXUTh M3 HUX Oojiee WIM MEHEe MPHEMIIEMYIO KapTHHY
MPUPOJBI HEBO3MOXKHO.

[Ipexxne Bcero Hy:XHO ONpPEAEIUTh OCHOBHOE IOHATHE — ITO
NOHATUE Mmamepuu. ECTb OYEHb MHOTO OIpPEACIICHUM MaTepuu,
COYMHEHHBIX (unocodpaMi U y4EHBIMH, HO MBI, PYKOBOJCTBYSCH
OputBoit OKKaMa, BO3bMEM caMoe KOPOTKOE.

Mamepusa — 3mo mo, umo cyuiecmeyem ¢ npupooe.

JIroObie MaTepuanbHBIC MPEIMETH MOXKHO, 10 KpailHEeH Mmepe,
nomgynate. J{as Hayama HaMm 3Toro OyAeT JO0CTaTOYHO, HO B
JAIbHEWIIIEM 3TO OIpe/ieJIeHHe MOKHO OYAEeT YTOUHSTh.

Matepuss ©MeeT YaCTUYHOE CTPOEHHE U MOXKET JIPOOUTHCS

O6eckoneuno. M cnemoBaTenbHO €€ cBOiicTBa Ha JIIOOOM YpOBHE
CTPOEHHUSI COBEPLIEHHO OJJUHAKOBBI.

Amom — 3mo mamepuanvHoe 00paszoeanue, umeiuiee 6
ONnpeodenénHbIX YC06UAX HeU3MEHHbIE C6OLICEA.

Bewecmeo — 3mo mamepuanvrnoe obpazosanue, cocmosauiee

U3 AMoMO8 ¢ 0OUHAKOBLIMU CEOUCH 8AMU.
Crtpoenue BelecTBa Haield 00J1acTH BCEJIGHHOW MOKa3aHO Ha
pucynke (puc.l) Cam atoM mokaszaH CEpbIM I[BETOM, DJIEKTPOHBI —

0eJbIM, a TO3UTPOHBI - YEPHBIM.

ATOMBI TBEPABIX TEJ U KUIKOCTEW PACIIOIararoTCsl BILIOTHYIO
JIpyr K ApYry, a DJIEKTPOHBI U IO3UTPOHBI, B IPOMEXYTKAX MEXKIY
HUMH. ATOMBI Ta30B H3-3a Hpeo6na;[a}om1/1x CHUJI OTTaJIKNBAHUA,
pacrojararTcs Ha HEKOTOPBIX PaCCTOSHUSIX.

Mopens atoma Pesepdopna-bopa, Ha KOTOpO#l mocTpoeHa
CrangapTHas MoJielb MUPO3/IaHus, MPeCTaBIAomas co0oil aHanor
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BEYHOI'0 ABUTATENA, IPOTUBOPEYALIETO OCHOBHOMY 3aKOHY IIPUPOIBI
- BTOPOMY Hadary TepMOJIMHAMHUKH, 3/I€Ch HE paCCMaTPHUBACTCA.
CrnepyronmuM TYHKTOM — OIpEIeseM TIOHITHE  C8OUCHE
mamepuu. JoOble MaTepuadbHble OOBEKTBHI BCETJa MOXKHO
OXapaKTepHU30BaTh KaKMMH-TO CBOMCTBaMH. BO3bMEM i mpumepa
ctekino. CTekIo, Kak U3BECTHO, 00JIaJ]aeT CIOCOOHOCTRIO ITPOITYCKATh

CBET U 3Ty €r0 CIIOCOOHOCTH WIIN
CBOICTBO, MBI Ha3bIBaeM
AN&KTp oHEI
npo3padyHocTeio.  CyllecTByer
JIY TIPO3PavyHOCTh B IPUPO/JIE, KaK
MaTepHuaibHas CyIHOCTh?

— Ona KOHEYHO xKe

CYIIECTBYET, HO TOJIBKO HC KakK

¢du3nueckass CyImHOCTh, a Kak

Puc.1 XapaKTEePUCTUKA JIOBOJIBHO
0OJBIIOTO KJIacCa BEHIECTB, MPOMYCKAOIIUX CBET. A pa3 oHa
CYILIECTBYET, KaK HEKasl XapaKTepUCTHUKA UJIM CBOMCTBO, TO MOUIYNATh
€€ HEBO3MOKHO. MOKHO ITOLIynaTh CaMmo CTEKJIO WU alIMa3 WIIHA Ja)Xe
BOJY, @ BOT MPO3PavyHOCTh HUKAK HE MOIIYIaCIb.

BoT TyT-TO MBI M IONIaIa€M B JIOTHYECKYIO JTOBYIIKY. M Takmx
JIOBYIIIEK B HAyKe CTOJBKO, YTO Ha WX TOYBE BBIPOCIIH IICIIBIE
TICEBJIOHAYYHbIE HAIpaBJCHUS, TaKhe KaK KBaHTOBas (PU3HKa,
KOCMOJIOTUs N TeOpI/IH OTHOCUTCIBbHOCTH.

Kak wmbl yxe ompeaenuiud Bblllle, MPO3PAYHOCTh — 3TO
CBOMCTBO cTekia. I ecTecTBEHHO, YTO JH000€ CBOMCTBO MOXKET
CYIIIECTBOBATH TOJIBKO C TEM 0OBEKTOM, KOTOPOE OHO XapaKTepu3yerT.
Wnu npyruMu ClIOBaMH, CaMO CBOHCHIB0 HEMAMEPUAIbHO, XOTS
UMEET MAMEPUAIbHBLIL HOCUMETD.

[TogoOHOE TBONCTBEHHOE IMOJOKEHHUE CIIOXKHUIOCH B HayKe C
TIOHSITUEM IHepzusa. DHEPTUs — 3TO CBOWCTBO MaTEPHAIIBHOTO Teja
coBepiiath paboTy. DTO caMoe MPOCTOe M KPAaTKOe OIMpeiesieHue
SHEPruM, KOTOpas TakK Ke, KaKk U MPO3pAayHOCTb, SIBISETCA

9
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XapaKTEepUCTUKON MaTepHaJIbHOIO Tela U MOXET CYIIECTBOBATh
TOJILKO BMECTE C HUM. T0 €CTh SHEPTrus, TaK k€ KaK U MPO3pPavyHOCTb,
UMEET MaTepHalIbHbII HOCUTEIb.

Criekymnsiuu Ha TeMy SHEpruu, 00YyCIOBJICHHbIE MTOTOJIOBHON
JIOTUYECKON Oe3rpaMOTHOCTBIO HAyYHOTO COOOIIECTBa, OYKBaJIbHO
3arnoyIoHUIN Hayky. IlogoOHO sKcTpaceHcam M IIapiliaTaHaM Bcex
MacTed, Y4€HbIE HECYT HECYCBETHYIO 4ylllb O KaKHMX-TO TEMHBIX
DHEPIUsX, JIBIOIUXCS U3 KOCMOCa Ha 3€MJII0, UTO XOTh BCEX CBSITBIX
BBIHOCH.

OnHako CTOUT TOJBKO 3aMEHUTh TEPMUH '"IHEprus” Ha
00BIYHOE CIIOBO "CIOCOOHOCTH" WJIM CBOMCTBO COBEpIIaTh padoTy,
"Typb KaXIIOTO Cpa3y ke CTaHOBUThCS oueBHHON". Hamo obmanate
MOUCTUHE HEOoOy3MaHHOW (aHTa3We, 4YToOBl TMPEACTAaBUTH cebe
MOTOKH KaKHUX-TO TEMHBIX CIIOCOOHOCTEH, M3ITy4aromuxcs Ha 3eMITI0
u3 KocMoca?

EAVHCTBEHHBII MOTOK HEPruM MOCTYNAOIUNA Ha 3eMIII0 —
3TO MOTOK COJIHEUHOTro u3nydeHus. Ho Tak kak 3Heprust — 3To BCETO
JMILIB CBOWCTBO MaTEPUH, TO CJIEIOBATEIBHO, COJTHEUHBIN CBET — 3TO
U €CTh IIOTOK MaTepUaIbHBIX YaCTHUII, CIIOCOOHBIX COBEPILATH padoTy.
W 3TOT KOJOCCANBHBIM IMOTOK YaCTHUIl COJHEYHOTO U3ITy4eHus,
coBepuias paboTy, MIIIMOHBI JIET TMOJAJEPKMBAaeT Ha 3emie
ONTUMAJIFHYIO TEMIIepaTypy, He JaBasi el MpeBpaTUTCS B JIEASHYIO
ribi0y. WM TONBKO HUYTOXKHYIO 4YacTh OSTOTO W3IYYCHHUS MBI
UCIOJIB3YEM Ul TOJIYYEHHS] AJIEKTPUYECKOTO TOKA C IOMOIIBIO
COJIHEYHBIX OaTapei.

Ha sTom Oynem cuuTath, 4TO € SHEPrHEN MbI Pa300paiuch, a
Tereps momnpodyeM pazolOpaThes ¢ paboroi. Uto ke 3TO Takoe,
pabora? Pabora — 23TO HEKOTOpOE€ W3MEHEHHE COCTOSIHUS
MaTepuaiabHOIro Tela, 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 (hopMa KyCcKa TUTaCTHUIIMHA.
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Beonroyust MATEPHH

OOBIYHO TOBOPSAT, YTO SHEPTHs THMPHU MpoU3Bena padoTy Mo
U3MEHeHH0  (opMbl  Kycka IutactwimHa. M 3Ta BecbMa
pacnpocTpaHéHHass ~ OIMIMOKAa HMEET IOCTOSHHYIO  IPOIHUCKY
IPaKkTU4YeCKH BO Bcex yueOHMKax. Ho, kak Mbl yxke ompenenuiu
BBIIIE, SHEPrUsl HEMaTepHalbHA U CJIEI0BATEIbHO HUKAKOM pabOThI
NPOM3BOIUTH HE MOXeT. PaboTy mpoM3BOAUT HE JHEPrus, a Tups,
najarolas noj AeMCTBUEM pa3HOCTH I'PaBUTALMOHHBIX TIOTEHIINAIOB.

W xorzpa Bam TroBOpAT, YTO YENOBEK MCIOJIb3YET, HAIPUMED,
SHEPIrUI0 BOJH JUIsl IPOU3BOJCTBA 3JIEKTPUUECTBA, TO IO CYTH, 3TO
OOBIKHOBEHHOE BpaHbe. UenoBEeK MCIOIb3YyeT PHEPIUI0 HE BOJH, a
BOJBI. A BOJIHBI — 3TO IPOCTO MEXAHU3M, MO3BOJISIOIIUHI 3Ty SJHEPTHIO
HCIIOJIb30BATh.

Jpyrumu cioBaMH BOJIHA — 3TO MEXAHW3M B3aUMOJICUCTBUS.
DTO0 JErKOo MOHATH Ha mpocToM npumMepe. Korna mbl Be3éM caHku 3a
BEpEBOUKY, TO BEPEBOYKA HE SABISETCS CBOKWCTBOM CAHOK WM
YEJIOBEKA, OHA SIBJIIETCA MEXAHU3MOM B3aUMOAECUCTBUS MEXy HUMHU.
WNnm npocTo nocpeiHUKOM MEXy CAaHKaMH U YEJTOBEKOM.

Bor Tenepp, korga Mbl IPOSCHUIM HEKOTOPBIE OCHOBHBIE
TEPMUHBI, MO’KHO IIEPEXOAUTH K pazpaboTke Hameil Teopun. IlepBeiM
U OCHOBHBIM IIOCTYJIaTOM Halled TEOpUH, OyJeT MOJIOKEHUE, YTO B
IIPUPOJIE CYIECTBYET TOJIBKO MAMEPUSL.

To ecTb Bce TO, UTO MOKHO MOIIYNaTh. B mpupoie Bce cocTouT
U3 MaTepuM, a CJIEN0BATENbHO, NPUPOJA — 3TO M €CTh MaTepus,
MO3TOMY HUYErO0 HEMAaTEPHAIBLHOI'O, BPOJE KAKUX-TO BUPTYaIbHBIX
YacTUI] WM MU(UIECKUX "ABIPOK", B IPUPO/IE HET U OBITH HE MOJKET.
B Hell Her Takke HHUYEr0 OTPULATENBHOIO WM MHUMOTIO.
OTtpunarenbHble BEIMYMHBI IPUAYMaI TOPrOBLBI sl 0003HAYEHUs
JI0JITa, a MPUPOJa HUKOMY M HUYETO HE TOJDKHA.

Kpome sHeprum, OgHMM M3 OCHOBHBIX ()yHIAMEHTAJIbHBIX
CBOMCTB, NPUCYIIUX  MaTepuH, SABIACTCS  IJIEKMPUUECKUIL
3apAa0. JKCIIEPUMEHTAIIBHO JTaBHBIM-JaBHO YCTaHOBJIEHO U ATO JIETKO
OpoBepuTh  0€3  KakoW-mmbo  CIOXKHOM  ammaparypbl,  4TO
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Anexcandp BECEAOB

AIIEKTPUYECKUH 3apsi ObIBa€T ABYX MPOTHUBOIOJIOKHBIX THUIIOB HIIH,
Kak TOBOPSAT YYE€HBIE [JIByX 3HAKOB - TIOJOXHUTEIBHBIA U
OTPULATETIbHBIN.

Mpumeuanune! Imu mepmunvt enocam 6 Quszuxy onpedenénnyio
nymanuyy u 0vi10 0bl 20pa300 102UYUHEe HA38AMD 3apA0bl, HANPUMED,
Kkpacuvim u cunum. Ilomomy umo, Kak ckazano eviuie, ompuyameIbHvle
6EIUYUNBL — IO AMPUOYI Mamemamurku. A ¢ namemamuke, ¢ OmMauduu
om npupoovl, HPU CAOHCEHUU NOIOHCUMETbHBIX U OMPUUAMETbHBIX
eenuuun, noayvaemcs Hyav. To ecm — nuuezo, nycmoe mecmo. A 6
npupoode Hem HyCHOmbL.

DJIEKTPUYECKUH 3apsi/l MPOSABISIETCA B BUJIE 2/1eKMPUUECKO20
noaA. DKCIEPUMEHTAIBHO TaK )K€ YCTAHOBJIEHO M 3TO TOXE JIETKO
MPOBEPUTH, UTO TEIA UMEIOIINE OJUHAKOBBIE ANEKTPUUECKUE 3aPAIbL,
OTTAJKUBAIOTCSA, 4 UMEIOLIME pa3HbIE 3apsiibl, TPUTATUBAOTCI. TO
€CThb TeJla, B 3aBUCMMOCTH OT THUIIOB WJIM 3HAKOB 3apsoB,
B3aMMOJICUCTBYIOT 110 PA3HOMY.

Ilo anasioruu ¢ MpoO3pavyHOCTHIO, KAK CBOMCTBOM IIPOITYCKaTh
CBET, MBI C IMOJHBIM [TPAaBOM MOKEM ONPEIEITUTH 3apA0, KaK CBOMUCTBO
WIN CIIOCOOHOCTh MaTepuu B3amMoJielicTBOBaTh. ClieIoBaTEIBHO
npumasdicenue 1 OMmaiKu@anue — 3To U €CTh 63auUMO0CUCHBUAL.

A BOT CHJIbHBIC 3TH B3aWMOJICHCTBUS WJIU CJIa0ble, 3aBUCHUT
TOJIBKO OT PACCTOSIHUS MEXIY B3aUMOACHCTBYIOIIIUMHU 00bekTamu. 1
HETIOHSTHO 3TO, 10 BUAUMOMY, TOJIBKO TEOPETUKAM.

A Tak Kak MaTepualibHbIe TeNa, HWMEIOIINE 3apsibl,
B3aMMOJICUCTBYIOT HA HEKOTOPOM PACCTOSIHUU, CIEA0BATEIBHO 3apsij
— 3TO CEolICMEa Mamepuu 63aumooeiicmeosams HaA PACCHOAHUU.
MarepuanbHbI€ T€Ia BCErJa B3aUMOJICCTBYIOT HAa PACCTOSIHUH, YEPE3
MOCPEHNKA, KOTOPBIM SIBIIETCS noje 3apada. VI Tak Kak mosie, 3T0
BCEr0 JIMIIb IOCPEOHUK, TO TPU B3aUMOJCHUCTBUSAX OHO HE
U3MEHSETCS.

Korga mpl mpubnmkaem Ipyr K ApPYry JBa MaTepHaibHBIX
TeJla, UMEIOIINE OJMHAKOBBIE 3apsbl, OHU OTTAJIKUBArOTCI. HyxHO

HUMCTb B BHAY, YTO OTTAJIKHBAKOTCA HC 3apsaAbl, a TClia. 9T0
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Beonroyust MATEPHH

OPOUCXOOUT  IOTOMY, UTO HOJAA  OOUHAKOBHIX  3apA00é
Henponuyaemyl APYT A Opyra U NpU COMMDKEHUHW OHHM YHPYTO
nehopMupyroTCa, 4eM U O0OYCIIaBIMBAIOTCA CHUJIbl OTTaJIKHWBAHUA.
Korna mbI mpubnuxkaem Apyr K Jpyry MaTepHalibHbIe Tella, UMEIOIue
MPOTUBOMNOJIOXKHBIE 3apsibl, OHU HpuUTAruBaroTcsa. OmiaTh xKe
MPUTSTUBAIOTCS HE 3apsi/ibl WU TIOJIs, a Tea.

OTO NPOUCXOAUT TOTOMY, 4YTO HOAA PA3HbIX 3apPA00E
cmpemamcesa caumovca Opye ¢ opyeom. llpu 3TOM y HUX TOXe
MPOSIBIISIIOTCS CBOMCTBA YIMPYTOCTH, HO TOJBKO MPOTHUBOMOJIOKHOTO
ICUCTBUAL.

Ecniu 1Ba Tema ¢ NpPOTHBOIOJIOKHBIMU  3apsiiaMu
INPUTSTUBAIOTCA /0 CONPUKOCHOBEHHUS, TO OHHU OKAa3bIBAIOTCS
OKPYXEHHBIMU JABYMS NMPOHUKIIUMU JIPYT B JIpyra U CIUBLIMMUCS
BMECTE JJICKTPUUECKUMU NOJSIMU. B UTOTE 3TO MPUBOJIUT K TOMY, YTO
3apsabpl, KaK CBOWMCTBA MAaTepUM OOBEAUHSIOTCS, WX OelCmeus
YaCTMYHO B3aWMHO KOMICHCHPYIOT APYr Apyra M COTU3MBIIUECS
Tena, B OOMEM W IEJIOM, OKa3bIBAIOTCS  JIeKMPUUECKU
HeumpanbHbIMU.

Cnedyem umemdv 6 6uody, Ymo KOMREHCUDPYIOMCA MOIbKO
delicmeus  3apAa00e, camu  Jce  3apAovl,  AGAANOUUECA
HeoOmvemMaemMvIM C80IICHEOM Mamepuu, HUKyoa He ucye3aron.

Bor otu, cnuBmIMecs BMecTe, JJEKTpPUYECKHE MO
IPOTHBOIOJIOXKHBIX 3apsAf0B U 00pa3yloT ZpasumauuoHnoe noJe

MaTepHaILHOTO OOBEKTA.

U ecnu MbI monpoOyeM MpuOIU3UTh JABa TAKUX JIEKTPHUECKU
HelmpanpHplX MAaTEPUATIBLHBIX TeJa IPYT K APYTY, TO IEKTPUIECKHE
HOJISA, OKPYKAloIfe UX, OyayT CTPEMHUTHCS YK€ B3aHMMHO ITOTAapHO
CIIUTBCS JIPYT C IPYrOM, YTO MPUBEAET K MPUTATHBAHUIO ITHX TeEl
Ipyr K JApyry. A cienoBaTeIbHO — Teda,  o0Jajaromime
2pasumMayuoOHHLIMU noaamu OYIyT écez0a TIPUTATUBATHCSA JAPYT K
apyry. M 3T0 3HAYUT, YTO HUKAKOW AHTUTPABUTALMU B TPUPOJE
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Anexcandp BECEAOB

CYILIECTBOBATh HE MOXKET, TOTOMY YTO OTTAJIKUBATHCS MOTYT TOJBKO
TeJa, UMEIOIUE OTMHAKOBBIE dJIEKTPUUYECKHE 3apsIIblL.

3a mpumepamHu Jalleko XOJWUTh HE Halo, JoOble Tena,
HaxoJsIIMecs Ha IUIAHETe, MPUTATHBAIOTCS K HEM ¢ OompenenéHHON
CHJION, 3aBUCSIIECH OT pacCTOSHUA A0 €€ moBepxHocTH. JIFoObIe Tema
BO BCEIICHHOW, 3BE3/bl, IUIAHETHI, AaTOMBI, OOJATAIOT CBOUMHU
TPaBUTALMOHHBIMU TOJISIMH, KOTOPBIE XOTS U UMEIOT O€CKOHEYHBIN
paanyc NEHWCTBHUS, HO OYEHb CHIBLHO OCIIa0EBAIOT C PACCTOSHUEM TI0
00paTHO KyOUYECKO# 3aBUCUMOCTH.

U B cunmy cBoero 6€CKOHEUHOTO pajauyca ACHCTBUSA, TH OIS
SABISIIOTCSL  @ez0ecywyeit  ynpyzou  cpeooit, B KOTOpOH
pacpoCTPaHAOTCS TPaBUTALIMOHHBIE BOJIHBL. DTO TOBOPUT O TOM, YTO
HUKaKoro 3¢upa, pU3n4eckoro Bakyyma, Cka3ouHoro npocTpaHCTBa-
BPEMEHU WJIM KAKOTO-TO TPHUJEBITOr0 LApCTBA B MPHUPOJE HE
CYILIECTBYET.

W xak Mbl yCTaHOBUJIU BBIIIE, TPABUTALIMOHHOE M10JI€, KaK 10JIe
o0pa3oBaHHOE DJJCKTPHUUECKUMHU TMOJSIMH, TaK JKe o0yagaeT
VIIPYTOCTHIO U TIOATOMY JFO0O€ TEJNO, JBHUTasiCh B TPAaBUTAIMOHHOM
noJsie, OyJIeT co3daBaThb B HEM YIPYTyIO BOJIHY CXKaTHs, CKOPOCTh
KOTOPOW IOCTOSIHHA, ITOTOMY YTO ONPENESETCA TOJBKO YHNPYTHMHU
CBOMCTBaMH AIIEKTPUUECKUX MoJeH, o0Opazyromux 3TO
rpaBUTALMOHHOE moje. JauHa 3ToW BOJHBI OyAET OINpeaensiThCs
Pa3HOCTBIO CKOPOCTEH CaMOi YaCTHIIBI M BO30YK1aeMOM €10 BOJTHBI.

E€ M0KHO onucaTh CIeNyIOLUM BBIPaKECHUEM:

A=(Vs-Vu)lt,
rae Vu— CKOpOCTb YaCTHIIbI,
a Vs — CKOpPOCTh, CO3JaBa€MOl €0 TPaBUTALUOHHOW BOJHBI
(cxopocmb ceema) (puc 14).

Kak w#3BECTHO, CKOpPOCTH BOJHBI B T'PABUTALMOHHOM IIOJIE
coctapiisieT 300 000 KuUIOMETPOB B CEKYHIY. DTO TO, UTO YUEHBIE
OIMMOOYHO HA3bIBAIOT CKOPOCTHIO CBETAa W KOTOpasl SIBISETCS
NOCTOSIHHOU. CKOPOCTh PacipOCTpaHEHUS BOJIHBI B TPABUTAIMOHHOM
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Beonroyust MATEPHH

T0JIE, BEJIMYMHA JCHCTBUTENBHO MOYTH MTOCTOSHHAS U ONPEIAEIACTCS
TOJBKO €ro CBOMCTBaMHU. A Tak Kak MaTepHalbHbIE Tejla MOTYT
B3aMMO/JIEUCTBYIOT TOJIBKO C MOMOIIBIO TOJIEM, TO CKOPOCTh BOJIHBI -
3TO M €CTh CKOpPOCTh B3ammojeiicTBHs. Cama K€ 4YacTHhIla MOXKET
JIBUTAThCS B TPABUTALIMOHHOM I10JI€ C KAKOM YTOJTHO CKOPOCThIO, XOTh
MUJIJIMOH KUJIOMETPOB B CEKYH]TY.

JlBurasce B crenuuveckoll cpene, KOTOPYIO MPEICTaBIIET
co00il TpaBUTAIIMOHHOE TIOJE, OOpPa30BAHHOE JIIEKTPUIECCKUMU
MOJIIMUA TIPOTHUBOIIOJIOKHBIX 3HAKOB, YaCTHIIA BO30YXJaeT B HUX
CHHXPOHHBIE MPOTUBO(hAa3HBIC BOIHBI CKATHs. TO €CTh, €CITM B KAaKOK-
TO TOYKE MOJIOKUTEITBHOIO 3JIEKTPUYECKOIO IO Yy BOJHBI CKAaTHE
(rop0), TO B TOW XK€ TOYKE OTPHUIATEIHHOTO TOJIS, WMEIOIIETO
MIPOTHBOIIOJIOKHBIE CBOMCTBA, OYJIET pa3pekeHue (BIaANHA).

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 BOJIHbBI, KOTOPBIE B
¢usnke OmMOOYHO HA3BIBAIOTCS IMeKMPOMacHUmMHbIMu. Jla u
OOBIYHBIC 3BYKOBBIE BOJIHBI U BOJHBI Ha TIOBEPXHOCTH BOJBI TaK K€
MMEIOT IPaBUTAIMOHHYIO IPUPOTY.

Ipumeuanue! Bakyym, mak snce Kax u yghpup, no npeocmaenenuio
duzuxos, cpedoa 00HOpOOHAA, a4 B03HUKHOBEHUE NONEPEYHBIX GONH 8
00HOpOOHOUI cpede Hego3modcHo. Ho 6 cpasumayuonnom none,
00pA308AHHOM 6I0IHCEHHLIMU OpPY2 8 Opy2a IIEKMPUUECKUMU ROJIAMU,
panuya mexcoy Humu cywiecmeyem, HpaKmuyecku, 6 nt000i MouKe
Imoeco noJiA.

J1Jist TOTO, 94TOOBI MPUITH K BEIBOLY 00 IEKTPHUECKON IPUPOIe
rpaBUTAIUW, JOCTATOYHO 3JIEMEHTAPHOTO CPABHEHHS OCHOBHBIX
dbopmyn 3akona KymoHa wu 3akoHa "BCEeMHUpPHOTO" TATOTEHUS
Hprorona. Tak kak 3TH 3aKOHBI TPAKTUYECKH OMHUCHIBAIOT OJHO U TO
’K€ B3aMMOJICHCTBUE, TO MOJYYa€TCs, YTO 3TO OJAWH U TOT K€ 3aKOH,
"OTKpBITHIN" HEOAHOKPATHO.
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Anexcandp BECEAOB

BOHGG TOT'O, 3aKOH OJOTOT, HO—BI/II[I/IMOMy, BBIBCJICH YHCTO
TCOMETPHYCCKH, TaK KaK B OOIIEM BHJC OH OIHMCHIBACT 3aBUCHMOCTH
nI0UWadu CEUYCHUS JTF000TO TEIECHOTO YIJIa, OT PACCTOSHUS CEKYyIIeH
TUIOCKOCTH JIO €0 BEPIIIHHEI.

A Tak Kak MarepuajbHBIE Tela 00JIagalT 00BEMOM, TO
YBEIIMYEHHUE ero pajnyca B 2 pa3a, IPUBOAUT K YBEINYCHUIO 00BEMA
9TOTO TeJIa U COOTBETCTBEHHO, KOJIMYECTBA €T0 BEIIECTBA, B § pas.

A, CJIEAOBATCIbHO, WU €TI0 CHJIbI HpI/ITH)KeHI/IH TaK XK€

YBEIMUMBAIOTCA B 8 pa3 WU

MIPOTIOPIIMOHAIBHO KyOy pajauyca, a He
KBaJpaTy, Kak OIMMOOYHO CUHTAIN
Hproton u Kynon.

Pacnpenenenue moTeHIMAIOB

IPAaBUTALIMOHHOTO  TOJIL  JII0OOTO
MaTepUaILHOTO O0BEKTa — IUIAHETHI

W 3BE3/bl rpaduvecku

Puc.2
MIPEICTAaBICHO PHUCYHKOM  (pHC.2).
I'paBuTanInOHHBIE CHUIBI HPUTSHKEHUS YBEJIUYUBAIOTCS

NPONOPUMOHANLHO Kp#y PpACCTOSHUA OT IEHTpa IUIaHEThl |
JOCTUTAIOT MAKCHMAJbHOIO 3HA4eHUs Ha €& IOBEpXHOCTH. JTa
3aBUCUMOCTD OIMCBIBAETCS BHIPAKEHHEM:
Fm=kR3, 20e
Kk — ycrosuwlii koaghuyuenm nponopyuonanvrocmu,
HeoOX0OUMbI 0Nl CO2NACOBAHUSA  PAZIUYHBIX — eOUHUY
usMepenus, OCHOBAHHBIX HA CYHATIHbIX 6ETUUUHAX.
R — paoduyc mazomeiowezo mena (36e30ul, nianenms).
COOTBETCTBEHHO, MO Mepe yJaleHHs OT IIOBEPXHOCTH
MaTepHalbHOrO TeNa, CUIId €ro IPaBUTALMOHHOIO HPHTIKECHUS
YMEHBIIAETCS 10 TOMY K€ 3aKOHY M 3Ta 3aBHCHMOCTb OIHCHIBACTCS
CIIEIYIOIMM BBIPAKEHUEM:
F=Fuw/(r-R)3
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Beonroyust MATEPHH

[pumeuanue! HUmenno wu3z-3a Kybduueckoit 3aeucumocmu
Kasenouwr mne cmoz oonapyycums cunvl npumsxycenuna 150-mu
KUNOZPAMMOBBIX 00186aHOK U UChOb308a1 (opmyny Kynona onsa
INEKMPUYECKUX 3apa0oe. H umenno noamomy amepukanybl He cmMoziu
npespamums ceoii ""NEAR'' 6 uckyccmeenmwlii cnymHuux acmepouoa
Apoc. Tak nce, kak He npowén mom ''hoxyc' c anonckum 30H00M
"XAABYC'" na acmepouoe Hmokasa.)

A Tak Kak CHJIbl TNPUTSHKEHUs, JEUCTBYIOIIME B IIEHTPE
MaTepuaibHOrO  OOBEKTa,  B3aUMHO  IMPOTHUBOIOJIOXKHBI U
YpaBHOBEIICHBI, TO CHJIa TPABUTALINH, a CJIeI0BATENIbHO U JaBJICHUE B
HEM TMPaKTUYECKH paBHBI Hymo. [loatomy mro0as wacTuia,
OKa3aBIIasiCsi B CaMOM IIEHTpe OOBeKkTa OyneT HaxoAWUTCS B
HEBECOMOCTH U IPH HE3HAYUTEIHHOM CMEIEHUH €€ B KaKyI0-JIH00
CTOPOHY, PABHOBECHE CHJI HAPYIIUTCS U YAaCTHUIIA IIEPEMECTUTCS B TY
CTOPOHY, I'ie IOBEPXHOCTH OJIIIKE.

Yrto B uTOre mpuBEAET K TOMY, UYTO B LIEHTPE MAaTEpUAIBHOIO
Tena oOpasyercs myctora. Bor molaToMy mo0ble KOCMHUYECKHE
OOBEKThI, aTOMbl W 3JEMEHTApHBIE YACTULBI, 3TO HycCmOmeble
obpaszosanus.

OTa MyCcTOTENO0CTh, KaK "TpaBUTALIMOHHAS CKOpJIyna" IpHUIAeT
aToOMaM W 4YacTUIlaM, a TaK >€ 3Be3laM M IUIAaHETaM BBICOKYIO
IPOYHOCTh M CTaOMJIBHOCTh. 3€eMJIsi, HAlPUMEpP — 3TO ITYCTOTEINBIN
H1ap ¢ TOJIIMHOM CKOPIYIBI MPUMEPHO, OKOJIO 2 THICSIY KHJIOMETPOB,
C BHYTpPEHHEW aTMoc(epoll NPUMEPHO TAaKOH KE€ TONIIUHBI H
BaKyyMOM B CaMOM IIeHTpe (puc.25).

['paBuTanmonHoe  moje, 00pa30BaHHOE  OJAMHAKOBBIMU
JMEKTPUYECKUMHU  TOJMSIMH  Pa3HBIX  3HAKOB, TEOPETUYECKH,
UEHMPAIbHO CUMMEMPUYHO W €TO BEIWYMHA 3aBHCUT TOJBKO OT
($u3nUeCKUX pa3MepoB 3TOI0 MAaTEPHAIHLHOTO Tea.

s Toro 4TOOBI ABUTATHCS Jalbllie HaM HEOOXOIUMO Ha
HEKOTOpPOE BpeMsi BEPHYTHCS K CTpoeHHIo aToMa. Kak Obl1o cka3zaHo
BbIIIE IJIaHETapHas MoJenb Pesepdopaa u kBanToBas Mojaens bopa,
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Anexcandp BECEAOB

10 CYTI/I Hpe,Z[CTaBJIHIOH_II/Ie CO60ﬁ BJIeMeHTapHBIG BCYHBIC ABUTI'aTCIIN,
TSl HAIlIEH TEOPUHU COBEPIIEHHO HEMPHEMIICMBI.

A BOT aTOMBI 10 MOzien ToMcoHa, HanboJIee ITOJIHO OTBEYAIOT
peaTbHOCTH, TaK KaK OHU COCTOAT W3 OJMHAKOBOTO KOJHUYECTBA
3JIEMEHTAPHBIX YaCTHII c MIPOTHBOIIOJIOKHBIM 3apszIoMm,

CIHCMCHTUPOBAHHLIX MOIIIHBIMH

CHJIaMUu B3aUMHOTI'O MPUTSXKCHUS.
+—0

STy ot
poToH

s | IMeHHO IIO3TOMY aTOMBl  OY€Hb

oo

CTaGI/I.HBHBI, HO IIpu S5TOM CBOUMHU
IrpaBUTaAlUOHHBIMU ITOJIAMU OHU MOT'YT

MEXaHW3M NPO3PaYHOCTH

3aXBaThIBaTh PA3JIMYHBIE CBOOOHBIC
Pae 3. JJIEMEHTapHbIE MW CyO3JIeMEHTapHBIC
YaCTUIIbl M yAEPKUBAaTh MX HA CBOEM MOBEPXHOCTH, TAK K€ Kak
MJIaHEThI YACPKUBAIOT HA CBOEH MOBEPXHOCTU PA3IUYHBIEC MPEIMEThI
u armoctepy (puc.3). DTOT PHUCYHOK TaK XK€ WILIIOCTPUPYET
MEXaHHU3M MTPO3PAYHOCTH WM IPOMYCKAHUS KaKOT0-TH00 U3TydeHUSI.
vy aTroMa, YACPKUBAIOIIETO Ha cebe YaCTHUIIBI
MPEUMYIIECTBEHHO KaKOoro-Iubo OIHOTO 3apsijia, TPaBUTAIMOHHOE
oJIe, OKPY’KaIoIIIee ero, yKe OyJeT HE COBCEM CUMMETPUYHBIM.

OHO OyzeT COCTOSITh W3 JJIEKTPHUUYECKUX TIOJIeH, HECKOJIbKO
pa3IMYaromMXcs MO0 BEJIMYMHE U PAINYCY EUCTBUSI, YTO IPUBEIET K
HEKOTOPOMY OCJIA0JICHHIO TPHUTSHKEHUS aTOMOB JPYT K JAPYTy. OTy
pa3HOCTb BEIMYUH DJIEKTPUYECKUX TIOJIEHM, Mbl U HA30BEM
acummempueii 2pasumayuoHHO20 NOJA.

Eciu Ha mOBEpXHOCTH aToma Mpeo0NalaloT YacTHIBl C
MOJIOKUTENBHBIM 3apsJIOM, TO ACUMMEMPUsA €ro TPABUTAIIMOHHOTO
noJtst Oy/IeT MOJOKUTENbHON. Wi oTpuIiaTenbHOM, eclii Ha000pOT.

Jlpycumu cnosamu, acummempusn 2pasumayuoHHO20 ROJIA
amoma, Imo €20 6HewtHUll U30bIMOYHBLIL ITIEKMPUUECKUIL 3apA0.

Bce BemnectBa B NpUpoAe COCTOAIIME U3 aTOMOB M MOJIEKYI,
BCera HMMEIOT HeOONbINe H30BITOUHBIC JJIEKTPUYCCKHE 3apsiibl
(acummempuro), 3aBucsmiie OT U3OBITOYHOTO 3apsiia Cpemsl,
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Beonroyust MATEPHH

KOTOPBIMU  ONPEHCISAIOTCA WX  aA2pecamuvle  COCMOAHUA U
e3aumooeiicmeus opye c opyzom (puc.4).

[pumeuanune! OSremenmapnvie uacmuubl mMaxK ice uUMerOmM
acuMmempuro 2pasumayuoOHHIX noeil, 00yCci1081eHHYI0 RPUNURILUMU K
HUM Cy0INEMEHMAPHBIMU YACMUUAMU. ACUMMEMPUSL ZPAGUMAUUOHHBIX
nonel uwacmuy, amomMo8 u Opy2UX MAMEPUATILHBIX 00BbEKN08,
o0ycnosnena  ceoiicmeamu  mamepuu, Komopwvle  opmupyrom
cihepuueckylo MempuKy 6ceieHHOIL.

HUmenno onazooapa cpepuueckoii mempuke, mamepus 6Cea1eHHO
He cobpanacv 6 00UH 00ABLWLOI KOM, a 00pazyem IjiemeHmapHvlie
yacmuyvl, aAmMomovl, 36e30b6l U NIAHEMDbl, UMeIOuUe ACUMMEempuUiHble
2pasumayuonnsle noisa. B esknuoosoii mempuke 360110UuUs 6Ce1eHHON
Obliia Obl HEGO3MOICHA.

AcuMMeTpUel TPaBUTALIMOHHBIX MOJIEW aTOMOB WM MOJIEKYII
BEIIECTBA OMPEAEIACTCA U BEC 3TOTO BEIIECTBA B I'PABUTAIMOHHOM
~omee | TI0JI€ 3EMITH MJIH JPYTUX KOCMHYECKUX
: _— ten. [lpeoOmamanue OTpHUIIATEIBLHOM

ACHMMMETPHUHU TPABUTALMOHHBIX MOJICH
KOCMHYECKHUX OOBEKTOB M aTOMOB B

fare
ORI TETE RGO <.
SeTpRST y

TOM 00JacTH BCEJICHHOH, B KOTOPOii

Amow Amou

Hendsocu zaz HaxoauTcs Hamie rajJJaKTHUKa,

Puc.4 00BsACHSIETCS HEU3MEHHOCTBIO
3aKOHOB DBOJIOLMU sl JIFOOBIX MAacIiTa0OB  CYIECTBOBAHUS
MaTepuH.

Tak kak B II€JIOM BO BCEJICHHOHW HE MOXET OBITh pPa3HOTo
KOJINYECTBA MPOTUBOIOJIOKHBIX 3apsA/IOB, TO 3TO 3HAYUT, YTO B HEM
TaK K€ CYIIECTBYIOT OOJIACTH, COCTOSIIME W MaTePHUH, UMEIOIICH
MOJIOKUTENBHYIO aCUMMETPUIO TPaBUTALMOHHBIX TMOJIEH, KOTOpHIE
HUKOT1a He OyIyT JOCTYIHBI ISl OPTaHOB HAIIETO 3PCHHUSL.

DTO U ecThb Ta caMas TEMHas Marepusi, KOTOPYIO MbITAIOTCA
HaWTH Yy4éHble. ['alakTUKW, 3BE3[bl W IUIAHETHI, COCTOSIIUE U3
MaTepUM C MOJIOKUTEIbHOW AaCUMMETPUEH TPaBUTAIMOHHBIX MOJICH
aTOMOB, Mbl HUKOI/Ia HE CMOXEM YBHUJETh, TOTOMY YTO YacCTHUIbI C
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MOJIOKUTENBHBIM 3apsiIOM, M3JIydaemble 3BE31aMH COCTOSIIIUMHU U3
TEMHOM MAaTepuH, YMEHBIIAOT M Ja)X€ MOTYT HWHBEPTUPOBATh
Pa3HOCTh NOTEHIMAIOB B MOJEKYJlIaX pOJONHHA, KOTOPBIM MBI
00s13aHbI 3peHueM. [1o3Tomy oHM [71s1 HAC HEBUUMBI.

VYBUIETh UX MOXKHO JIMIITH Ha (POHE YETO-TO CBETJIOr0. ITO, O
CyTH, CaMbIil HACTOSAIIMK NapaJUIeNbHBIA MHUpP, C pa3syMHBIMU
o0uTaTENSIMH KOTOPOT'O MBI HUKOT/Ia HE CMOXEM YBUJIETHCS BOOUYHIO
U O0IIAThCsl HEMOCPEACTBEHHO. Jlaxke HeOONbIIONH KYCOK BEILIECTBa,
COCTOALIMA M3 MaTepuu C TOJOXKHUTEIBHOH acMMMeTpuei, Oyxaer
BECHUTh Ha 3eMJI€ HECKOJBKO TOHH, IO3TOMY HM O KaKOM MOCEICHUHN
3TOTO MapajUIeJIbHOIO MHpa HE NPHUXOAUTCS JaXe W MeUTaTh.
EAVMHCTBEHHBIM MpEACTaBUTEIEM TEMHOM MaTE€pUU B HAIIEM MHPE
ABJISIETCSl MPOTOH. OJTO Takas € YacTHLA, KaK M JJEKTPOH, HO
o0maiaromnas MmoJIoKUTeTLHON ACHMMETPHUEH TPaBUTAIITIOHHOTO TOJIS.
N umeHHO u3-32 MOJIOKUTEIHLHOM aCUMMMETPUU T'PABUTALMOHHOTO
noJist, IpoToH BecuT B 1800 pa3 Tsxkenee 3JIeKTpoHa.

Kcrartu, 3aragka TYHTYCCKOTO METEOpUTa MOXKET OBITh
00BsICHEHA TEM, YTO METEOPHUT COCTOSUT M3 ITOM CaMOd TEMHOM
MAaTepUM C MOJIOKUTEIbHOW ACUMMETPUEH T'PaBUTAIMOHHBIX MOJICH
atomoB. HeOonpIIoii KycOok TEMHOW MaTrepuu Bpe3ajcs B 3eMIIIO,
MOBAJIUB yIAPHOW BOJIHOM Ta&KHBIE IEPEBBA.

Pacceimarecss OH He MOI Tak Kak, o0OJjiamas MOJOKHUTEIbHOU
acuMMeTpuel, Hao0opoT Bcocasl B ce0si 4acTh BBIACISIONIUXCS B
BO3JIYIIIHOW yJIapHOW BOJIHE, 3JEKTPOHOB. A 3HAYUT HUCKATh HYXKHO
HEeOOoJBIIYIO "IBIPKY" B 3eMHOM KOpe.

J71s1 3TOro Hy»HO MCIOJIb30BaTh IPABUMETPHI, TaK KaK B TOUKE
MaJ€HUsI METEOPUTA CUJIbl TPABUTAIMOHHOTO MPUTSIKEHUS JOJIKHBI
OBITh HECKOJBKO yBenuueHbl. OOIeHHue ¢ OOWUTaTeNsIMU ITOTO
TEMHOI'0 MMPa BO3MOKHO TOJIBKO ITOCPEICTBOM PaJUOCBS3H, IOTOMY
YTO YACTHIIbI U3JyUYEHHBIE 3BE3aMU C TIOJIOKUTEIBHON aCUMMETPUEN
FPAaBUTALMOHHOTO  TMOJS,  COMPOBOXKJAIOTCS  AHAJTOTMYHBIMU
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IPaBUTALMOHHBIMU (3M.) BOJIHAMH, YTO U YACTHIIBI C OTPHUIIATEIBHON
aCHUMMETPUEH.

YBUJETH 3B€3/1bl, COCTOALIUE U3 TEMHONH MaTEPUH MOKHO JIHIIb
B paJuojuana3zoHe, €clii MPUBECTU TPABUTALMOHHBIA (OH HIIM TaK
HA3bIBAEMOE PEIMKTOBOE M3IydeHHE K cepoMy IBeTy. Torna 3Be3abl
COCTOSIIIME M3 CBETJIOM MaTepuu (MaTepuu C OTPULATEIBHON
acummeTtpueit) OyayT BUAHBI Kak Oejble MSATHA, a COCTOSIINE W3
TEMHOM — KaK YepHBbIE.

C »TOl TOYKM 3pEHMS, TaK Ha3bIBa€Mble MYyJIbCapbl — 3TO
JBOMHBIC 3BE3/Ibl, BpalllalOIIMEcs BOKPYr ApYr JApyra U OJHA H3
KOTOPBIX HMEET TOJOXKHUTEIbHYI0, a JApyras — OTPHUIATEIbHYIO
aCUMMETpHUIO TpaBUTAMOHHBIX Toned. [IpuueM Hama maHeTa
JTOJI’KHA HaXOJIUTCS B TNIOCKOCTH BPAIIEHUS STUX 3BE3]I.

1) Amomwvr meépovix eewyecme umerwm oueHv HEHONLULYIO
acummempuio ZpasumayuoHHbIX noeil (U30bIMoUHbll 3aps0 04eHb
Man), nO3IMOMY OHU NPUMAZUEAIOMCA OpYZ K OpyZy HACHIOIbKO
CUTIbHO, YMO 011 M020 YMOo 0bl UX COBUHYMb OMHOCUMENbHO OPY2
opyza unu omopeamsv, Hy)HCHO NPUTLONHCUNb 3HAUUMETbHbIE YCUTIUSL.

W yem MeHbllIe aCUMMETpPHUS TPAaBUTALIMOHHBIX TMOJIEH aTOMOB
BelIeCcTBa, TeM OHO TBEpke. Camast BbICOKasi TBEPAOCTh U IPOUHOCTh
MOKET OBITh TOJBKO IPU HYJIEBOW aCHMMETPHH WM aOCONIOTHOMN
CUMMETpPUHU TPaBUTALMOHHBIX TOJIEH aTOMOB BEIECTBAa, KOTOPas B
cuny cdepruecKkoil METPHUKH BCEIICHHOM, MPAKTUYECKH TaK IKe
HEBO3MOJKHA, KaK HEBO3MOKHO CYIIECTBOBAaHHE aOCOIIOTHOTO HYJIS B
CTaHJIApPTHOW MOJIEIIH.

DT0 00BSACHSAETCS TEM, YTO HEBO3MOYKHO YIOXKHUTH OJMHAKOBOE
KOJIMYECTBO C(EepUUecKrX YacTULl, MUMEIOIIUX MPOTHBOIOJIOKHbBIE
3apsjbl, B cpepuueckuil 00bem atoMa. Tak Wi HHaue UX KOJTUYECTBO
OyIeT HEeCKOIbKO pa3iauyarhes. M moka3aTenbCcTBOM 3TOTO SBISETCS
TOT (akT, YTO OTHOILIEHHE JIMHBI OKPY)KHOCTH K JAHAMETPY —
O0eckoneuyHas 1po0k. To ecth uucno Iu.
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TBEpbIe TeNa MOYTH HECKUMACMBI, TaK KaK M3-3a2 HEOOIBIION
aCUMMETpUHU 3a30pbl MEXIy aroMamMu MHUHUMalbHbl. Hekoropoe
c)KaTHe BeIeCTBAa BOZMOXKHO M3-3a 3THX HEOOJBIINX 3a30POB MEXY
aTOMaMH, a TakXXe H3-3a COJEep’KalluXcsi B HEM aTOMOB Ta3o0B,
MMEIONINX 3HAYUTEIbHYIO aCHMMETpHUIo (puc.4).

Paznom TBEpHOro Tema MPOXOAUT MO OOJIACTAM C OOIBIIUM
COJIEpKAHUEM pACTBOPEHHBIX B HEM PA3JIUYHBIX MpUMEced H
MOBEPXHOCTh Pa3jioMa U3-3a OONBIIMX CHJI MPHUTSHKEHUS MTCHOBEHHO
obneriseTcss MOJIEKyJIaMH BO3ayXa. M eclii CIOXUTh pa3ioOMaHHbBIE
4acTH BMECTE, TO M3-3a IMPOCIONKHA MOJIEKYN BO3JlyXa IIEJIOT0 KycKa
MOJIYYUTh YK€ HE YAACTCs.

[TpunoxkuB oueHb OONBIIOE MJaBJIEHHE K KycKaM MOXXHO
BbIIaBUTH OOJIBIIMHCTBO MOJIEKYJ BO3/AyXa M3 pa3jioMa M KYCKH,
HEIOCPEACTBEHHO  CONPUKOCHYBIIUCH, COEAMHATCA. JTO, TakK
Ha3bIBacMasi, CBapKa JaBIIEHHEM, KOTOpas CHIbHO OOJerdyaercs B
BakyyMe. IMEHHO H3-3a TOrO, YTO B BaKyyMe€ CBApWJIKHCh IIapPHUPHI
JFOKa KOCMUYECKOT0 KOpaOJisi, P BBIXOJIE B OTKPBITHIA KOCMOC 9YTh
OBLIO HE MO0 KOCMOHABT JICOHOB.

2) Amombl dicuoKocmeil umMerm HeECKOIbKO 00abuiyio
acummempuro, 4em amomvl meépovix mei, U pAcnoaazarmcs ¢
HECKOJIbKO 001bMUMU 3A30PaMU, ROINOMY UMEIOM 803IMOHCHOCHD
J1€2KO CKOJIb3UNb OMHOCUMENbHO OpY2 Opy2a.

OToif JETKOCTBIO CKOJIBXKEHHUS OOYyCIaBIMBAETCS CBOMCTBO
TEKY4YECTH KUAKOCTEH U OTCYTCTBUE B HUX TpeHus. B cuity Toro, 4yto
3a30pbl MEXKAY aTOMaMHU TOXKE JIOCTATOYHO MaJibl, >KHIKOCTH TOXE
MpaKTUYECKH HeCKuMaeMbl. HezHaunTenpHoe CkaThe KUIKOCTEN Tak
K€ BO3MOYKHO JIUIIIb U3-3a PACTBOPEHHBIX B HEM MOJIEKYJI ra30B.

AcuMMeTpUsl TPaBUTALIMOHHBIX IOJIEH aTOMOB pPa3IMYHBIX
KHUAKOCTEN TaK jke MOKET OYeHb CHJIbHO pa3nnyaThes. BemecTsa co
CPaBHUTEIHHO HEOOJIBIIONW PA3HOCTHI0 ACUMMETPUI JIETKO BCTYMAIOT
B "XMMHUECKHE" pPEaKLMU IPYT C APYTOM U JIETKO CMEIIMBAIOTCS, a C
OOJBIION Pa3HOCTHIO, HAOOOPOT paccIauBaIOTCS.
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Pa3HocTh moTeHIIMANOB, BO3HUKAIONIAs B PE3YJIbTaTe KOHTAKTa
MEXy JKUIKOCTbIO M TBEPABIM TEJIOM, OOYCIIOBJICHHAs] Pa3HOCTHIO
aCUMMETpUN TIpaBUTALIMOHHBIX IMOJIEH MX aTOMOB, IIO3BOJISET
CO3/1aBaTh "XUMHUYECKHE" UCTOYHUKH JIEKTPUUYECKOro Toka. [Ipuuém,
yeM OoJibllie Pa3HOCTh aCUMMETpHH, TeM Oosiee 3¢ GdEeKTUBHbBIE
UCTOYHUKU TOKa MOJydarTcs. Tak d9ro moOble, TaKk Ha3bIBAEMBIS
XUMHUYECKHE  PEaKIMu  UMEIOT  (U3NYECKUE  MEXaHU3MBI
B3aWMOJICVCTBU.

AcuMMeTpuel TpaBUTALMOHHBIX IOJIEH TaK € 3JIEMEHTapHO
0OBSCHSIETCS paCTBOPUMOCTH BEIIECTB[IJ1.9].

Kunkoctb, uMeromas Tropa3io OONbIIYI0 aCUMMETPHUIO
IPaBUTALMOHHBIX TMOJIEH aTOMOB, OTAAET 3apsi/ibl aToMaM TBEPAOTO
TeNa, YBEIMUMBasg MX acuMMeTpuio. [Ipu 3ToM cuibl MpUTSDKEHUS
MEXAYy aroMaMHu TBEPAOrO Tejla YMEHBIIAIOTCS W OHO JIerde
pacrnagaeTcss Ha OTJENbHbIE aToMbl (pacTBopsieTcs). W dyem Bbiie
TeMreparypa (aCUMMETpUsl) KMJIKOCTH, TEM JIET4e pacTBOPSETCS B
HEel TBEPAOE TENO.

C razamu Bce IPOUCXOAUT HA000pOoT. ['a3bl, MMeroIIKe Topas3io
OOJBIIYI0 ACHMMETPHIO TPAaBUTALIMOHHBIX TOJIEH aTOMOB, 4YeM
KUJKOCTHU, JIErdye PacTBOPSIOTCS B XOJOJIHOM BOJE, TaK KaK aTOMBI
ra3oB caMd OTHAIOT 3apslbl aTOMaM BOJbl, YMEHbIAs Pa3HOCTh
ACUMMETPUH, YTO MPUBOJUT K YBEIMUEHUIO CUJI IPUTSKEHUS MEXKIY
aToMaMu Tra3a M JKUAKOCTH. M mpu HarpeBaHuUM XKUAKOCTH €€
ACUMMETpHUsl, KaK U aCHMMETPHS ra3a YMEHbILIAETCS U PAaCTBOPEHHBIE
ra3bl HAYMHAIOT OYPHO BBIACISTHCS B aTMOChEpy.

3) Amomwr 2a306 umerwom 00601bHO 3HAYUMENLHYIO
acummempuro  ZpAGUMAUUOHHBIX  hoJiell (3HauumenvHulil
u3ObLIMOYHYILL  3aps0), 6 pe3yibmame KOMOPOU Mexucoy HUMU
npeoobaaoarom cuibl OMmaiKueaHusl.

OTU cuiibl OTTAJKMBAaHUSA MEXIYy aTOMaMHU raza 3acTaBisIOT
ra3pl OECKOHEUHO pacmupsThes. Ho mpu BHEIIHEM MaBIIGHUU Ta3bl
JIETKO CKUMAIOTCSI M KOTJ]a MKy aTOMaMU raza ImouTu He OCTaéTcst
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MOJIEBBIX MPOMEXYTKOB, Ta3 TMPEBPALIACTCI B  MHCUOKOCHLb.
"Camockatue" Taza B CICACTBUH, SKOOBI, TPaBUTAIIMOHHOTO
INPUTSDKEHUS. aTOMOB JIPYT K JAPYTY, SBISETCS MOJHEHIIeN 4ylibio,
KOTOPYIO  HECYyT  JIOJAU ¢  YOOTHMH  OOBIBaTEIbCKUMH
MpeJICTaBICHUSIMU O TIpHpojie rpaBuTanuu. [lagenue Mmarepun camoit
Ha ce0s, KOTOpoe TMpPEACTaBIseT COO0O, Tak Ha3bIBAEMBII
I‘paBI/ITaI_II/IOHHI:Jﬁ KOJuU1aIcC, mo CyTu, paBHOCUJIBHO IMOJHATHUIO CaMOI'O
ceOst 32 BOJIOCHI.

Uem Oombllle acUMMETpHsI TPaBUTALMOHHBIX MOJEH aToMoB
ra3a, TeM MEHbILIE ra3 BECUT B I0JIE€ TATOTEHUS 3emMsid. ATOMBI U
MOJICKYJIBI  BOJIOPOJIa, HAmpuMep, o00JIalaloT OYeHb OOJBIION
acUMMeTpuer, cimabo TPUTATHBAIOTCS 3eMJIel W T03TOMY
BCTPEYaETCs TOJIHKO Ha OUYEHb OOJIBIINX BHICOTAX.

Uem Oombllle acUMMETpHsl TPaBUTALMOHHBIX MOJEH aToMOB

rasza, TEM MEHBIIIE Ta3 BECUT B IIOJIE
TATOTEHUSI  3eMJIM. ATOMBI U
MOJIEKYJIBI  BOAOPOJA, Hampumep,

UMEIOT OYE€Hb 0O0JIBIITYIO
ACHMMETPHIO M BCTPEYAIOTCS TOJIEKO

TPARNTRLRCHHGE

e Ha OYEHB OOJBIIMX BBEICOTAX.

Kak Opul0 moka3aHo BEIIIE
Puc.5
(puc.2), TpaBUTAIIMOHHBIC  CHJIIbI
TATOTEHUSI OYCHb OBICTPO YOBIBAIOT C YBEIHMYECHHUEM PACCTOSHUS OT
TATOTEIONIUX TEJ, TTOTOMY CHIIbI TpuTspKkeHus: CoyHna u 3emMiid Ha
paccrosinuu 150 MUIIIMOHOB KMJIIOMETPOB, HACTOJIBKO HUYTOKHBI, YTO
3emuisi, BO BpeMsl JBUKCHHsI, OCTa&TCsl Ha OpOUTE TOIBKO Onaromaps
60JIHOBOMY 63AUMOOCICMEUIO C TPABUTAIIMOHHBIM TIoJieM CoJTHIIA.
J171s1 TOTO 9TO OBI OHATH MPUPOTY BOTHOBBIX B3aMMO/ICHCTBHH,
JIOCTAaTOYHO  paccMoTpeTh  "»ddext”, Tak  Ha3bIBAEMOTO,
z2pasumayuonno2o aunzuposanusn (puc.S). OH 3aKIII0YAETCA B TOM,
YTO 4YaCTHUIA, MPOJETAIOIIasi MHUMO TATOTEIONIETO OO0BEKTa, B

PE3YyIbTAaTC BOJHOBOTO BBaHMOHeﬁCTBHH C €ro TIpaBUTAMOHHBIM
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IOJIeM, HM3MEHSIET CBOIO TPACKTOPHIO B CTOPOHY 3TOr0 OOBEKTa,
co3maBas  WUMO3WIO  TpuTsDKeHus.  [lomoOGuHbM  "addexTom”
OOBSICHSCTCS M TU(PPAKITUS YACTHIL HA Y3KUX IIEIISX.

OOBsICHSIETCS ATO TEM, UTO BOJIHA, COIPOBOXKIAIONIAS YACTHUILY,
CO CTOPOHBI OOJBIICH HANPSHDKEHHOCTH TIOJSI UCTIBITHIBACT OOJIbIIIEe

: > . CONIPOTUBJICHHUE, qeM c
MIPOTUBOIIOJIOKHOM, 4YTO M CO3HAET
OTKJIOHSIOIIUY MOMEHT, U3MEHSIIOIIUN

/ L | TPACKTOpHIO YaCTHUIBI B CTOPOHY
sl Taroreroniero oovekra. W dyem Bbllie
Pye: CKOPOCTh YacTHI[ U 4YeM OJmkKe HX
TPACKTOPHUS K TATOTEIOLIEMY TeNly, TEM CUJIbHEE OHU OTKIIOHSIOTCS
(puc.6). OnHako OonplmHe Y4E€HBIC JO CHX IOP HHUKAaK HE MOTYT

HOHATh, KaKUM 00pa3oM CO3/al0T MHTEPPEPEHIIMOHHYIO KapTHHKY
YaCTUIBI, POJIETAIONINE CKBO3b Y3KHUE IIEIH.

WM 1 HEBOOMEK, YTO YacTULa, IPOJIETAIOIIAsl YEPE3 CEPEAUHY
IIEJIH, HE OTKJIOHSETCS, a YacTHIa, MPOJICTAIOMAs PAJOM C KpaeM
e, B pesynbraTe 3(QQexTa TpaBUTAMOHHOTO JMH3UPOBAHMA,

OTKJIOHSIETCS] B CTOPOHY 3TOro kpas. U
MO3TOMY MM MPHUILIOCH H300pecTH

CONHeTHRe TYIH

HEKUH XWUTPOYMHBIH, HO YyOOTrHuii
MPUHLMIT KOPIYCKYJISIPHO-BOJTHOBOIO
Ayaiau3Ma, II0 KOTOpOMY 4YacTHLa
MOXET  IpeBpamaThCcs,  MOJ00HO

Puc.7 JUKUHY W3 BOCTOYHOM CKa3KH, TO B
4acThily, TO B BOJHY. [lo TOW mpuUYMHE, YTO YACTHUIIBI, UMEIOIIUE
OOJIBIITYI0 CKOPOCTh M BO30YXKHaromue 0ojiee KOPOTKHE BOJHBI B
IPaBUTALMOHHOM TIOJIE IJIAHEThl OTKJIOHSIIOTCS CUJIbHEE, 3aKaTHOe
He0O UMeeT KPaCHOBAThIA OTTEHOK (pPHC.7).

[TonoOGHBIM k€ 3¢ (HEKTOM T'PaBUTAIMOHHOTO JMH3UPOBAHUS
OOBSICHSICTCS IPUTSDKEHUE TAPAIUICITBHBIX TOKOB, IPUTSKEHUE CYJIOB
Ha MapaUIeNIbHBIX KypcaX, a TAK)Ke YMEHBIIICHUE JaBICHUS )KUTKOCTH
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WIM Taza MpU YBEIMYEHUHM CKOPOCTU IBMXKEHHS B Y3KOM CEUEHUU
TpyOBbI, a Takke aBTO(HOKYCHPOBKA JTyda Jiazepa 00JIbIIONH MOIIHOCTH.

AHaJOrM4Has CUTyalusl HaOJII01aeTCsl U IPU ABMKEHUU TIIAaHET
o opoutam. [Ipu nBr>KEHUH IO OPOUTE, TUTAHETHI BO30YXKIAIOT BOJIHY
B IPaBUTALIMOHHOM I10JIE 3BE3/bl U PA3HOCTh CKOPOCTEN ATOW BOJIHBI,
B O0JacTsIX C pa3IMyHOM HANPsDKEHHOCTBIO TOJSA, HW3MEHSET
TPAeKTOPUIO IUIAHETHl B CTOPOHY OOJbLIEH IUIOTHOCTH TOJ,
ynepxxuBas e€ Ha opoure (puc.8), 1 OTHOBPEMEHHO MPUIAET TUIAHETE
HEKOTOPBIN Bpalatoluil MOMEHT.

Cunsbl nputsikenus 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, HEe BIMAIOT Ha Hall Bec. Eciu cuibl
nputskeHus JlyHbl Obli ObI CIIOCOOHBI MOAHUMATh MUJUTMOHBI TOHH
BOJIBI B OKE€aHE, TO B3BECHBIINMCH Ha IPYXKUHHBIX BECax BO BpEMs

opbuma ﬁ" IpujinBa U OTJIMBA, MbI OBl 3aMeETHIIN

o

CYLIECTBEHHYIO pAa3HHUIy B Bece
: — Haliero Tena...

-
SN |

Y ‘ , B peanbHOCTH, NpPaKTUYECKH
( ‘> HeBecoMmasl B moJie Tssirotrenust ComHia
3emsii  MPOCTO TOKAYMBAeTCsl Ha
opbuTE TIpaBUTALUOHHBIMU BOJIHAMU

Puc.8
OoT JBWXeHUA JIyHBI M 3TO MOXKHO

HAOO/IaTh HEBOOPYKEHHBIM TJTA30M IO OKEAHCKUM TPUIHBAM.
OxkeaHbl pearupyroT Ha packauyMBaHuUE 3eMJIM U €€ CYTOYHOE
BpallleHUE, KaK BOJIa B Ta3UKE MPHU €ro MOKAYNBAHUH.

DTO MPEKPACHO COIJIACYETCSl ¢ HACTOSIIIEH TEOpUEH, TaK Kak
MPWIMBHBIE BOJHBI B Pa3HBIX OKE€aHaX Pa3jM4YHbI [0 BEJIMYMHE U HE
coBnamaroT ¢ ABwkeHueM JlyHbl. Cunbsl nputTskenuss ConHua Ha
TaKUX PACCTOSHUSX JI0 IJIAHET HACTOJIBKO HUUTOKHBI, YTO IJIAHETHI B
€ro IoJie TArOTEHUs MPAKTUYECKH HUYETO HE BECHT.
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Ho BonHBI, KOTOpBIE OHU BO30YXTAIOT MPHU JBHKEHUU TIO
opOuTaM B rpaBUTAIlMOHHOM Mojie COJTHIIA, TaK WU MHAYE BIHUSIOT Ha
XapakTep JBMXKEHUA COCEAHUX IUIAHET M OTO BbIpaXKaeTcs B
HE3HAYMUTEIbHBIX KOJICOAHUAX UX CKOPOCTH W HAIIPABJICHUS, KOTOPBIC
HAa3BIBAIOTCS JTUOPALTHSIMH.

ComnHue Tak ke pacKauMBaeTCsl TPaBUTALUOHHBIMU BOJIHAMU
OT JABWKEHUS ITUTAHET M B €ro JKHJIKOW OOOJIOYKE MPOUCXOISAT
AQHAJIOTUYHBIC MPUITUBHBIC SIBJICHUS.

OObIBaTeNbCKUE  TPEICTABICHHUS  MHUPOBOTO  HAyYHOTO
COOOIIIECTBA O MPUPOJE TPABUTAIMH TPHUBEIH K H300pPETEHUIO
a0CypJIHOTO TIOHATHSI TPAaBUTAIMOHHOTO KoOJUIarnca, KakK IaJeHHs
MaTepuu caMoil Ha cebs, TI0 CYTH, YTBEP)KIAIOIIEr0 BO3MOYXHOCTH
MOHATHS CAMOTO Ce0sI 332 BOJIOCHI.

IIpaBga 3TO HE OYEHH-TO IOMOIJNIO YYEHBIM B IIO3HAHUU
MPHUPOJIBI U OHU YK€ O0Jiee CTa JIET UIYT TPaBUTAIIMOHHEIC BOJIHEI, HE
MO/J03peBasi, YTO YEJIOBEYECTBO YK€ JaBHO IMOJb3YETCS STUMHU
rPaBUTALMOHHBIMY BOJHAMU JJIs1 paIMOCBA3HU. TONBKO HAa3bIBast UX HE
rPaBUTALMOHHBIMHU, & 3JIEKTPOMArHUTHBIMU.

Koncratupys BbllieCka3aHHOE, YTOUHUM OCHOBHBIE TEPMUHBI.

"Mamepus, 3mo 6ce, umo cyuiecmeyem He3A6UCUMO OMm
Hawezo co3Hanua''.

Martepusi, 3T0 Oe3HavanbHas U OECKOHEYHAs BCEICHHASI.

"Mamepua umeem uacmuunoe CcmpoeHue U MOIHCem
opooumuca deckoneuno''.

Ona mooicem Opobumcsi Ha amomvl, HA  SJIeMeHmapHble,
cybonemenmapHule, c8epxcyodieMeHmapHvle 4acmuyvl U max oauee 00
beckoneunocmu. A max kax ceoucmea uacmuy 6cex ypoeuell abCoOmHO
OOUHAKOBbL, MO UX U3VHEHUe PA3IUYHbIX KOLIAUOepax u YCKOpUmensx
CMAHOBUMCSL OECKOHEUHbIM U CAe008AMENbHO OeCCMbICIeHHbIM. denogek
npocmo obpexaem cebs Ha OECKOHEYHYI0 NYCMYI0 mpamy cui u epemeHu!

"OcHnoenvle ceolicmea mamepuu, 3apaod, IHEPeUA U
HenpoHuyaemocms, "'

"3apao, amo ceolicmeo mamepuu, odycrasnusaruiee
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63aUMO0eliCMEUs MamepuaiIbHblX 00beKmoe opyz ¢ Opy2oMm.
3apsia nposiBisieTcs B BUJIE MOJIS.

""ITone, 3mo nocpedHuK npu 63aumMo0eiicmeusxX MamepudaibHbixX
men''.

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

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

"Boana, 3mo  mexanusm  63aUMOOCUCHMEUA  MeNHCOY
MmamepuanvhHvimu meaamu''.

"Inepzus, Imo ceoiicmeo mamepuu cosepuiams paoomy''.

A TIO3TOMY HHKAaKOW XUMHUYECKOH, OMOIOTHYECKON M KaKOH-IH00
JIPYyTrOi SHEPTUU HE CYILECTBYET.

"Henponuyaemocms, 3mo  C60liCMeEo, UCKIouawouiee
603MOMCHOCHb CYUWECIMEOBAHUA MAMEPUATILHBIX 00bEKM 08 Opy2 6
opyze''.

CBOICTBOM HENPOHUIIAEMOCTH MaTepuu OO0bBACHSETCT €
HEC)KMMAaeMOCTh U NPOTSHKEHHOCTh. (CKMMaeMoCTh  BEIIeCTBa
oOyClIOBIEHa  JIMIIb  YIOPYTOCTbIO  JJEKTPUUECKUX  MOJIEH,
OKPYKAIOIIMX aTOMbI U3 KOTOPBIX 3TO BEIIECTBO COCTOUT.

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

JIBukeHre — 3TO He NMPUYMHA, a CIIEACTBHE CYIIECTBOBAHMS
MaTepHu, 00yCIOBICHHOE €€ CBOHCTBAMHU.

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

"Cuna, 3mo Oeiicmeue nHa mamepuaipbHoe meno pazHOCmMuU
2PasUMAYUOHHBIX UIU IIEKMPUYECKUX NOMEHUUAN08"".

Huxakux cun Jlopenna, Kopuonnca, Apxumena uiam Koro-to
emni€, B MPUPOJE HE CYIIECTBYET, BCE CHJIBI UMEIOT OJIHY U Ty KE U
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€UHCTBEHHYIO  MPUPOJY, PA3HOCTb TPABUTALMOHHBIX WU
3JEKTPUYECKUX TTOTEHIIMAIIOB.

"Bec, 3mo cuna npumsaiicenus, 00ycioeienHas pazHocmsio
2PasuUmMayUOHHBIX NOMEHUUAL08 8 NoJle mAzomelouie2o mena''.
W nosoxeHueM Tenna B rpaBUTAlMOHHOM T10JI€ APYTOro Tena.

Onupasicb Ha  BBIIIETEPEUYHCICHHBIE  (QYyHIaMEHTAIbHBIC
CBOWCTBA MaTEPHH, MO>KHO HE TOJIBKO OOBSCHHUTD JIIOOBIE (PU3NYECKHE
SIBJICHUS B IPUPOJIE, HO JJaXkKe MPEICKa3aTh U COI[UANIbHBIE.

Hy a tenepp monmpoOyem pazodparbcs B TOM, UTO K€ TaKOe
AQHTUTpaBUTAIMS, O KOTOPOM Tak JIOOAT paccykaaTh Hepen
00BIBAaTEILCKOM ayIMTOPHEH, HEKOTOpbIe YuéHbIe. Kak n3BecTHO, IpH
rpaBUTALMU TeJa BCEr1a MPUTATUBAIOTCS IPYT K IPYTy.

[IpocTsle Tornueckue pa3mMbllIEHUS IPUBOIAT K BBIBOY, YTO
MOJ1 AHTUTPABUTALIUEH MTOAPA3yMEBAETCS OTTAIIKUBAHUE.

B xone nanpHEWIMX pa3MbIIUICHUH Mbl HEU30€KHO MOMMEM,
YTO Ta3bl, C WX CTPEMJICHUEM OECKOHEYHO paCHIMPSATHCS H3-3a
OONBIION acMMMETPUM TPABUTAIIMOHHBIX TMOJEH WX AaTOMOB,
MOCTOSIHHO HaXOJATCS B COCTOSIHUM aHTUrpaBUTalMU. 1O ecTh uX
aTOMBI M3-32 CHJI OTTAJIKUBAHMS CTPEMSTCS Pa3j€TEThCS B pa3HbIC
CTOpPOHBI.

N T1yT y) camble cooOpa3uTENbHBIE MOTYT CIEJaTh s ceOst
COBEpIICHHO OUISIOMIIAIONIEEe OTKPBITHE, YTO JIOObIE JBUTATENH,
CO3/aHHBIC YEIIOBEKOM, 3TO JBUTATEIN Pa0OTaoIIMe, MO CYTH, Ha
AHTUTPABUTALUU.

PeakTUBHBIA [OBHUTraTENIb, DTO HE YTO HHOE, KaK OOBIYHBIN
AHTUTPABUTALMOHHBIA JIBUTATENb. PEaKTUBHBIE CaMOJIETHI, PAKEThI-
HOCHUTEJH CITyTHUKOB, J1a M1 OOBIYHBIE HOBOTOJHUE (eiiepBepKH, Bce
OHM aHTUTPABUTALIMOHHBIE.

Ha anTurpaBurammm paboTarOT Jake aBTOMOOWIIBHBIE
JIBUTaTEIN BHYTPEHHETO CTOPAHMSL.

Bens B xamepe cropanus ITO0OT0 IBUTATENs, B PE3yNIbTaTe
COCIMHEHUS YTJIEBOJOPOJIOB C KHCIOPOJIOM, MPOUCXOJUT CHUHTE3

29



Anexcandp BECEAOB

YIJIEKUCIIOr0 rasa, KOTOPBIM pacIIupsisiCh H3-3a OTTAJIKUBAHUS
(aHTHTpaBUTALIMKM) €Tr0 MOJEKYJ1 JpPYr OT Jpyra, ¢ OOJBIION
CKOPOCTBIO BBITEKAET Y€pE3 COIUIO M TOJIKAET, B ITOJIHOM COTJIACUU C
3aKOHOM COXpaHEeHHsI UMITyJIbca, CaMOJIET, pakeTy, 3apsan deliepBepka
WJIM IOPUIEHB B TPOTHUBOIIOIOKHOM HaIlpaBICHUU.

OxkasbIBaeTcs, 4EJIOBEUECTBO YXKE JTABHBIM-JIABHO HCIOJb3YET
AQHTUTPABUTALMIO B CBOMX HU3MEHHBIX U KOPBICTHBIX LENSX, a BOT
TEOPETUKH JI0 CHX IO ITOTr0 KaK-TO HE COOOpa3miIu.

Hy, npsamo kak repoit komeauu Mombepa, KOTOPBIN aXe U He
JIOTaIbIBAJICS, YTO BCIO KU3Hb TOBOPHUII ITPO301. . .

4. OB DJIEKTPHYECKOM TOKE 1
DJIEKTPOMATHUTHOM UHAYKIAN

Cpenu TBEPABIX TEN CYHIECTBYIOT BEILIECTBA, ATOMBI KOTOPBIX B
TBEP/JIOM arperaTHoM COCTOSTHUM HMEIOT OCOOCHHYIO BHYTPEHHIOIO
CTPYKTYpYy, BecbMa cCIeUU(PHUUECKOe pPAaCIONIOKEHUE 3apSKEHHBIX

AJIEMEHTAPHBIX YaCTHII, 00pa3yIOIMNX

® aToM.

003 @ [MpencraBurensiMu 3TOM

N °° s IPYIIBl  DJIEMEHTOB, Ha3bIBAEMBIX
peppomaznemurkamu,  SBISIOTCS

MECTaJIJIbI = ’)K€JIE30, KO6aJ'H>T 1 HUKCIIb
(puc.9), y KOTOpBHIX B CHIY
0COOEHHOCTEH BHYTPEHHETO

aToM (peppoMarHeTuka

Puc.9

CTPOEHUS, DJIEKTPUUYECKHE IO HUX
aTOMOB JIMHEHHO CMELIEHbl OTHOCHUTEJIBHO JAPYT JIpyra U NpOCTOH
MarHuT SBJISETCS OOBIYHBIM JIEKTPUUECKUM JIHUIIOJIEM.

OTO JuHelnlHoe cMeujeHue DICKTPUUECKUX IIOJIEH aroma
OTHOCUTEJIBHO  Jpyr Jpyra MOJKHO  Ha3BaTb  MNeEPEKOCOM

TpPaBUTAIMOHHOT'O I1OJIA.
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Ilepexoc zpasumayuonnozo nona — 310 U €CTh TO, YTO B
¢uznke omurOOYHO HA3BIBACTCS MaCHUMHbIM nonem. [lpupona, Kak
MBI BUAMM, BIIOJIHE 0OXOIUTCS CaMbIMH MUHUMAJIBHBIMU U IPOCTHIMU
CpeICTBaMHU.

B cuMMeTpu4yHOM TIpaBUTALIMOHHOM TMOJ€ JiI0OOTO Tena,

[IOTEHI[AA JIF000M TOYKH, KaK B IIOJIE

=]

KPHBEIE YOLIBAHWSA SNEXTPUMECKUI

MOTEHUMANOR NPU SCHMMETPUIA HOHO)KHTGHBHBIX’ TaK U

FPaBUTALMOHHOTO Nons

noTeHunan

OTpULATCIIbHBIX 3apda10B, OAWHAKOB,

o
)

| [I03TOMY Pa3HOCTb  AJIEKTPUUYECKUX
MOTEHIMAJIOB B JIIOOOH TOYKE TaKoro

__________________ - I10JIA paBHA HYJIIO.
0 ~ paccroahue : - B

Puc.10a

da,

acummempuunom

TPaBUTAIMOHHOM TI0JIE B KaXKJIOH €ro
TOYKE  CYIIECTBYET  HEKOTOpas  pPa3HOCTh  BJIEKTPUUYECKUX
MOTEHIINATIOB, OOYCIIOBJICHHAS] PAa3HON BEIMUYMHOW DJICKTPHUSCKUX
noJiei, KOTopasi MPUBOJUT K CMEIICHHUIO 3apsI0B B TPOOHOM TeJle UITN
K TIOJISIPU3AIH, KOTOpasi MPH MepeMEeIeHUHU MPOOHOTO Tea OCTAETCs
HEM3MEHHOH. JT0 moka3aHo Ha rpaduke (puc.10a). [Ipu nBrxeHun
NpoOHOTO Tela B  HEPEKOUWIEHHOM  TPABUTAIMOHHOM  II0JIE
(Macnumnom), TAEC DIEKTPUYECKUE TIONS JIMHEWHO CMEILEHBI
OTHOCHUTEJIBHO JIPYT APYTa, Pa3HOCTH YJEKTPUUCCKUX IMOTEHITNATIOB OT
TOYKA K TOYKE H3MEHAETCA, B

KPHBLIE YGIBEHNS INEKTPNYECKIX pE3yjabTaTC 4YCro B HEM BO3HUKACT

NOTEHLWANO0E NP Nepekoce

BERGRMETREIR AT JBIDKCHHUE DJICKTPHUYCCKUX 3apsiioB

norexuman O

WJIU JJIEKTPUYECKUH TOK.

da_>dq,

D710 siBNEHUE B (PU3UKE HOCUT

L S e o i Ha3BaHUC 3ﬂeKmp0Ma2HumH0ﬁ
0 e -
paseTomine UHOYKYUU W TIOKA3aHO Ha Tpaduke
Puc.10b (pucol10b). D10 MO3BOIAET TaK KE

JIETKO OOBSICHUTB IPUHLUI paOOThI, TAK HA3bIBAEMBIX, YHHUIIOJISPHBIX
TeHEPaTOpOB 6e3 [IPUBJICYCHUS JDKEHAy4YHOHN TEOPUHU
OTHOCHUTEJIBHOCTH WM Kakux-To Mupudeckux cuin Jlopenna. To
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OOCTOSITENILCTBO, YTO MArHUTHOE TIOJ€ — 3TO MEPEKOIIEHHOE
rpaBUTALMOHHOE T1Oje, oOpa3oBaHHOE JIMHEHHO CMEIIEHHBIMU
JNEKTPUYECKUMHU  TOJIIMH,  JIETKO  JIOKa3bIBaeTCid  MPOCTHIM
JKCIIEPUMEHTOM.

B onektpoHHO-mydeBoi  TpyOKe,  DIEKTPOHHBIM  JIy4
OTKJIOHSIETCS] JIEKTPOCTATUYECKUM I0JIEM IIJIOCKOIO KOHJIEHCATOopa,
OTTAJIKUBAACHh OT OTPULIATEIIbHON U MPUTATUBASACH K MOJIOXKUTEIHHOU
oOkmanke. OTo moka3aHo Ha pucyHke (puc.lla). Ecmum xe
OTKJIOHSIIOLIYIO CHUCTEMY BBINOJIHUTH MO cxeMme pucyHka (puc.11b),
MMUTHPOBAB MEPEKOC IPABUTALMOHHOIO MOJII MEXAY JIEKTPOJIaMH,
TO IJIOCKOCTh OTKJIOHEHHUS 3JIEKTPOHHOTIO Jiyya OyaeT moBEpHYyTa Ha
90 rpanycos.

=i gl To ecTb  DIEKTPUUECKUMH

AEHTEOH

e :|:_ a2 noJisIMU  JIBYX I1ap 3JICKTPOIJOB MEIL

sepe Co34aéM IIEpEeKOC TPAaBUTALMOHHOIO

= = 11014 nJiu, APpyrumMu CJIOBaMH

MarHUTHOE I10JI€ U DJIEKTPOHHBIN JIyY,

OpoxXois  4epe3 ATy  CUCTEMY

Bl 3IIEKTPOJIOB, OYIET OTKIOHATHCS TaK

K€, KaK B DJICKTPOMAarHUTHOW OTKJIOHSIOIIEH CUCTEME.

Tak kak dr00BIE dJEMEHTapHBIC YaCTHI[BI COCTOST M3 OoJjee
MEJIKUX CyOdJI€eMEHTapHBIX YacTHIl, OHM TaK jKe€ 00J1amarT, Jubo
acuMMeTpuel, 1100 HeOOIbIINM NTEPEKOCOM I'PABUTAIIMOHHOTO TTOJIA,
B pesyanaTe KOTOpOI‘O HpH ABUXKXCHHUU B aCHMMeTquHBIX
I‘paBI/ITaI_II/IOHHBIX II0JIsIX ,Z[pyFI/IX OGBGKTOB, OHHU HpI/IBOI[HTCH BO
BpallleHHe, KOTOPOE TPAKTYETCSI COBPEMEHHON HAYKOW KaK CHUH.

JIUnOJIBHBPIMA ~ MOMEHTAaMH B OCHOBHOM, KakK TIPaBHIJIO
00J1a1al0T COCTaBHBIC YACTUIIBI, KOTOPBIC MTPU CTOJIKHOBEHHH JIETKO
pacKaJIbIBAlOTCS Ha COCTaBHBIE YacTH. OJIEMEHTapHBIC YaCTHIIBI,
COCTOSAIINE U3 00JIee MEITKUX CYOB3JIEMEHTIIPHBIX YaCTHIl PACKOJIOTh
HEBO3MOXKHO, TaK KakK y YeJOBEUeCTBA MOKAa HET TaKMX MCTOYHUKOB
MOIIIHOCTU. DJEKTPOH, MO BCEW BUIMMOCTH, YaCTUIA COCTaBHas,
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IMOTOMY YTO IpPU CTOJIKHOBCHUHU C MUIICHBIO U3 TAXKCIIBIX MCTAJLIIOB,
OH pakalbIBaeTCsl Ha 0Oojiee MEIKHe DIIEMEHTAPHBIC YaCTHUIIBI,
UMCIOIIME  BBICOKYIO  TPOHHKAIOIIYID  CIIOCOOHOCTB.  OJTO
PEHTTEHOBCKHUE JIYUH.

Kak nmumyt B yueOHMKAX (U3HMKHU, dJIEKTPUUECKHN TOK — 3TO
MOTOK 3apsKEHHBIX YACTHI] — JIEKTPOHOB. HO OrpoMHOE KOTUYECTBO
AIIEKTPOHOB, MABIDKYLIMXCS B TPOBOJHHMKE, NPEACTaBIsIET COOOH
MHOXCCTBO MapalJICJIbHBIX TOKOB, KOTOPBIC 110 3aKOHY IMPUTAKCHUA
napajyieIbHBIX TOKOB OyayT CTSATUBaTbCs B TOHKHHA IIHYP,
MPOXO/ISAIIHIA MO EHTPY MPOBOTHUKA.

B »TomM caydae HUKakoro
AIIEKTPHYECKOTO TOJISt BOKPYT
MIPOBOTHUKA HaOJTIOaThCS HE
JOJKHO, TaK KaK OHO B CHIJIy 3aKOHa
OoOpaTHBIX KYyOOB OYEHb OBICTPO

yOBIBAa€T C PACCTOSHUEM U K TOMY K€

Puc.12 OYCHb CHJIIBHO DKPaHHUPYETCSI aTOMaMU
IIPOBOJHMKA, OKPYXAIOLUIMMH TOKOIIPOBOAALIMHI "IIHYp".

MexaHu3M CTSATUBAaHUS JABWXKYIIUXCS 3apsiaoB  (puc.12)
OOyCIIOBJIEH HX BOJIHOBBIMU B3aUMOJICHCTBUSIMU WM Pa3HOCTHIO
CKOpPOCTEM BOJIHBI, KOTOpas 3aBUCUT OT HANpPsLDKEHHOCTH WIH
"IJTOTHOCTU" TPABUTALIMOHHOTO TOJISI B KOTOPOM JBUKETCS 3apsil.

dokycupoBka 31eKTpoHHOro yda B DJIT 00yciaoBneHa Iumb
TEM, 4YTO Ha (OKYCHUPYIOIIUN DIEKTPOA NOJAETCs BBICOKOE
HaIpPsDKEHUE, YBEIMUNBAIOIIEE CKOPOCTh 3JIEKTPOHOB.

B peanvnocmu, s3nexmpuyeckuit moxk npeocmaenaem coooii
084 6CMPEUHBIX NOMOKA 3aPA008 PA3HO20 3HAKA, OGUICYUWUXCA C
YCKOpeHuem, Kaxcovlii u3 KOmopbwix, é cuiy 3aKOHa NPUMAINCEHUS
napanienbHvlX MoK08, CMPEMUMCA 3AHAMb MeCmo 6 UeHmpe
npoeoOHUKA.

Ho Ttak kak caMu 3apshKE€HHBIE YacTUIbl MaTepuaibHbl U
HENPOHUIIAEMBI, & MOJIS PA3HBIX 3aPsIIOB HA0OOPOT MPOHUIIAEMBI IPYT
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JUIsL Ipyra, TO HUX BCTPEUYHBIE INOTOKH 3aKPYyUHBAIOTCS CIIMPAJIbIO
BOKPYT ApYr Apyra. B aTom cimydae 3akpydyeHHbIE TOTOKHU 3apsi0B B
cnupansax OyayT CTPEMHUTbCS K IMOBEPXHOCTH MPOBOAHMKA, YTO U
MOATBEPKIAETCS ONBITOM. M B 3TOM e cilydae BOKPYT IPOBOJIHHKA C
TOKOM IOSIBUTCSI HMepeKoC TPAaBUTALMOHHOTO MO (MacHummoe
nose), KOTOPBI MOXXHO OOHAPYKHUTh C TIOMOLIBIO CTPEIIKU KOMIIaca.

IIpu nmepemeHe HampaBieHUs TOKa, HANpaBIEHHE IEpeKoca
WU3MEHUTBHCS U MAarHUTHAasl CTPEJIKa OTKJIOHUTCS B JIPYIylO CTOPOHY.

P [Ipu MPOXOXKJICHUHU o
p dP(I=PP, | IpOBOJHUKY IIEPEMEHHOTO TOKA,

2peey dP(+)=P,-P,

. i dP=PP; | HOTOKH 3apsIoB MEHAIOT
3 |

P |

L HaITpaBJICHUC JABHKCHUA u,

L
: COOTBETCTBEHHO, MEHSIETCS
|
- p+4+ | HaIpaBJICHUE BpAIICHUS
S N
crniipajel, dYTo TNPHBOAUT K
Puc.13

OBICTPBIM W3MEHECHUSM
IepeKoca TPABUTALMOHHOIO TOJSA  BOKPYr IPOBOJHHKA U
pacnpoOCTPaHEHUIO 3TUX U3MEHEHUW B BHJIE TPABUTALlMOHHBIX BOJIH,
KOTOpble B (PU3HUKE HA3BIBAIOTCA 2J1EKMPOMAZHUMHLIMU VA
paouosoHamu.

OTW TpaBUTALMOHHBIE BOJHBI BOKPYr MPOBOJHUKA C
MEPEMEHHBIM  JJIEKTPUYECKHMM  TOKOM, HUMEIT c]epuueckyro
qUarpaMMmy HamnpaBlIEHHOCTH M OCJIa0EBAIOT C PACCTOSHUEM 10
3aKOHY OOpaTHBIX KBAJApPATOB.

[pumeuanne! Cywecmeoganue 8cmpeuHbIX NOMOKOE 3apsA006
00ycnoseHo mem, Umo 6 MAmMepuaIax 0ObIYHBIX NPOBOOHUKOB 6Ce20a
npucymcmeyem He3HauumenbHoe Konuuecmeo uacmuy c
ROJIOMCUMENIbHOIL  acumMmempuell  2paeUmAayuUoOHHbIX  noaeil  —
HO3UMPOHO08. DIEKMPOHBL U NOZUMPOHDL, HPUMALUBAACH OPYZ K OpYy2Y,
oopazyiom  HellmpanbHble UACHMUUbL, KOMOpble HAX00AMCA 8
MeHCAmoMHOM  npocmpancmee  eewecmea. Kozoa  pasznocmo
HOMEHUUANI08 BHEUIHEZ0 UCIOYHUKA JJIeKMPUUECKO20 MOKA Pa3pvléaem
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Uux, OH HauuHarom osuzamuvca 6 RPOMUBONOTI0NHCHBIX HANPAB/ICHUAX,
co3zoasas ecmpeuHbvle NOMOKuU 3apﬂ()oe.

C oTOol TOYKM 3peHHus MonpoOyeM OOBSICHUTH MEXaHHU3M
BO3HUKHOBEHUS TOKa cCaMOMHIYKIHUU. Korma k KOHIIaM MPOBOJIHUKA
(puc.13) mpuioXeHO HampsHKEHHWE, B HEM HaYMHASTCS JIBUIKCHHUE

3apsaoB.  ONEKTPOHbI  JBMXKYTCA 1O  HANpaBIEHUIO K
MIOJIOKUTEIIBHOMY ~ IIOJIOCY  MCTOYHMKA, IO3UTPOHBI — K
OTPULIATEIILHOMY.

Tak Kak NOTOK ITO3UTPOHOB, B CBA3M C OTPUUATEIBHOU
acCMMMETpUEH BEIEeCTBA HAIIEr0 MHPA, HUYTOXKHO Majl U JIMILIb
HE3HAYUTEJIbHO YMEHBIIAET Pa3HOCTh AIEKTPOHHBIX TOTEHIIUAIOB, TO
MBI OyZieM paccMaTpuBaTh TOJBKO JABHMKEHHE 3JIEKTPOHOB. M XoTs
HUYTOKHBIN MOTOK MO3UTPOHOB SIBJISIETCS MPUYMHOM 3aKPYUMBAHUS
ITOTOKOB 3apsJI0B B COUPAJIb, JUIsl HAC 3TO TIOKA HE UMEET 3HAYECHUS.

DNEKTPOH, JBUTASICh K MOJOKUTETBHOMY TOJIIOCY UCTOYHUKA
TOKa, HEMPEPHIBHO YBEIUYHBAET CBOIO CKOPOCTh M3-3a MOCTOSHHO
YBEIUYHUBAIOILIEHCS, COTJIaCHO 3akoHy KynoHa, CUIIbI IPUTSHKEHHUSL.

N3-3a  3TOM  pasHULBl  CKOPOCTEHM  JJIEKTPOHOB  Ha
MIPOTHUBOIIOJIOKHBIX KOHIAX IPOBOJHUKA, BO3HUKAET PAa3HOCTh HX
KOHIIGHTpanuid win pa3HocTh noteHimaio dP.=P2 —P1. U3 nHeé
BBIYMTAETCSI PAa3HOCTh IOTEHLUHAJIOB, CO3/aBacMasi BCTPEUYHBIM
IBUKeHUEM NO3UTPOHOB dPw)=P3-P1. Pesynprupyromas pasHOCTh
NoTeHIMaoB onpenensercs (popmynoit dP=P2-Ps.

IIpn OTKIIOYEHMM MCTOYHMKA TOKA, IOJ IEUCTBUEM DJTOH
pasHoctu mnoteHuuanoB dP, 3IeKTpoHBI, HaKONMUBIIKMECS B
OTPULIATEIbBHOM KOHLIE MPOBOJHMUKA MPOJOJDKAIOT JBHKEHHE K
MOJIOKUTEIBHOMY KOHIly M IO WHEpPUWH HAKAIUIMBAIOTCA B HEM,
co3daBasl yXe€ HECKOJbKO MEHBIIYI0O O0OpaTHYIO pa3HOCTh
MOTEHIUAJIOB.

B pesymbrare geidcTBHS  3TOM  OOpaTHOW  Pa3HOCTH
MOTEHIIMAJTIOB, DJJIGKTPOHBI HAYMHAIOT JBHUTAThCA B OOpaTHOM
HaIlpaBJIECHUU U IIPOLIECC MOBTOPSIETCSI.

35



Anexcandp BECEAOB

[Tocre HEeCKONBKUX 3aTyXalomuX KoJeOaHWH, 3aBUCAIINX OT
JUTMHBI TIPOBOJHUKA, KOHIIEHTpALUs AJEKTPOHOB BBIPABHUBAECTCA W
TOK TpEKpallaercs. ITOT TOK B AJEKTPOJUHAMUKE W HA3bIBACTCS
TOKOM CaMOUHIYKIINH.

Ecnm psgoMm ¢ MpOBOJHUKOM TMOMECTUTH (PeppOMarHUTHBINA
MaTepuan, TO Tepuoj KoyiebaHWil yBETWYHMTCS H3-3a TOTEpPh Ha
MEPECTPOMKY CTPYKTYp €ro aTOMOB.

U u Or1croga MOXKHO COEIATh

np_/—’"_ BBIBOJI, YTO IIPHU IPEKpaIICHUU
Ynin} L | TOKa, dJICKTPUUYECKHE KOJICOAHMS

0

BO3HUKAIOT HE U3-32 U3MEHEHUS
HEKOETO MHU}HIECKOTO
MarHMUTHOrO  MOJs, a  IO0
Katoa AHoA o
COBEPIICHHO IPYTrod MPUYHHE U

—_—
B el oBRACTE € GONEWON qTo 9TO MAarHuTHOC I1I0JIC,

il s e HUKaKOTO Y4acTHs B IIPOLECCE
Puc.14 HC IPUHUMACT.

A noImomy HuKakou
INEKMPOMAZHUMHOU CAMOUHOYKUUU, MAK XHce KAK U camoz2o
MAZHUMHO20 NONA He CYuLecmayem.

Bricokoii KOHIIEHTpaluel 3JeKTPOHOB TaK K€ OOBSICHIETCS U
TOT (haKT, UYTO HUTh HAKAIMBAHUS JJAMIIOYKH YaCTO MEPETOPAET OKOJIO
OTMIOPHOTO AJEKTPOJIa ¢ KOTOPOr0 B MOMEHT BKJIFOUEHMS TIOCTYIAIOT
AIIEKTPOHBI, XOTSI JOJKHA OBl IEperopaTh MOCPEIUHE, TAK AIEKTPOJIBI
UTPAIOT POJIb TEIJIOOTBOIA.

IIpu KOHTaKTe BEIIECTB (METAJUIOB) C PA3JIUYHON BETUYMHON
OTPULIATENIbHOM aCUMMETPUHM TPaBUTAIIMOHHBIX TOJIeH aTOMOB,
MEXIy HHMMHM BO3HHUKAE€T HEKOTOpas pa3HOCTb JJIEKTPUUECKUX
MOTEHITMANIOB (MOTEeHIUAIbHEIN Oapbep (puc.14)). ITlostomy mpwu
MIPOXOXKACHUN TOKA Yepe3 TaKOM KOHTAKT B OJIHOM HalpaBJIeHHUH, 3Ta
Pa3HOCTh TMOTEHITMAJIOB CKJIAJBIBACTCS C PA3HOCTHIO TOTEHIIUAIOB
HUCTOYHUKA TOKA, a B IPYT'OM JICHCTBYET MPOTUB HEE, TO MPUBOJIUT K
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pa3IMYHOM BEJIMYMHE TOKA, [POTEKAIOIIET0 4Yepe3 KOHTAaKT,
3aBHUCAILYIO OT €r0 HalpaBJICHUS.

JIpyrumMu cioBaMHy, JII0ObIe KOHTAKThI METAJIOB € Pa3InYHON
BEJTMYMHON aCHMMETPUHU 00J1aIat0T ClIabbIMU "BBITPSIMUTEILHBIMUA "
CBOMCTBAMM, 3aBUCAIIMMHM OT BEIUYHMHBI KOHTAaKTHOM Ppa3HOCTH
noreHuanoB. KOHTakTel ¢ OYeHb OONBIION, TEXHOJIOTHYECKU
CO3/IaHHOH, pa3HOCTBIO ACHMMETPHH, cozjaromue  OOJBIIYIO
KOHTAKTHYIO pPa3HOCTh IOTCHUUANOB (MIOTEHIMAIBHBIA Oapbep),
Ha3bIBAIOTCS MOJTYIPOBOAHUKOBBIMU TNO/IAMHU, TOK YEPE3 KOTOPHIE B
npezenax 3Toro NOTEHIUAIBLHOIO 0apbepa, MOXKET TeUb MPAKTUYECKU
TOJIBKO B OJTHOM HAIIPaBJICHUH.

[Ipu monKIIFOYeHNH UCTOYHMKA MUHYCOM K 00JIaCTH C MaJIon
OTpHUIIATENILHONH cUMMeTpuel (p), 0003HAaUYEHHOW MajbIM 3HAaKOM
MHHYC(p), JIEKTPOHBI JIETKO IIPOHUKAIOT B HEE IO ACHCTBUEM
HeOonpIoN pa3sHOCTH NOTEHHHATOB Umin, MOTOMY YTO CHIIBI
OTTAJIKMBaHUs ca0bl. VX MPOHMKHOBEHHE B 30HY KOHTaKTa euié u
o0yierdaeTcss TeM, TO B 3TO BpeMs 3JEKTPOHBI M3 00eux obiactein
YXOZAST B HAIPABJIEHUU IOJIOKUTEIBLHOIO IOJI0CAa NCTOUYHUKA TOKA,
YMEHBILAs UX ACHMMETPHIO.

ITpr moJKIrOYEHUM MCTOYHHMKA TOKA MHUHYCOM K OOJIaCTH €
OOJIBIIION  OTpHIIATENIBHOW acuMMeTpuell (n), 0003HaYECHHOM
OONBIINM 3HAKOM MHHYC(mn), AJIEKTPOHbl HCTOYHHKA HE MOTYT
IPOHUKHYTh B HEE M3-32 CWJI OTTAJIKMBAHMs, U TOK, €CJIM Pa3HOCTh
noteHuuanoB He npesBblmaeT Uanp, B 3TOM HamnpaBICHUH 4YEPE3
KOHTAKT HE MPOXOHT.

IIpyyem 4YacTh 3JIEKTPOHOB, HAKONMBUIMXCS B KpaWHYH
o0lacTH 30HBI N, TIOBBIIAET AaCUMMETpPUIO €€ aToMOB U
COOTBETCTBEHHO HampsikeHus npo0os. Takum o0pazom, HanpsKeHHUe
po0os 3aBUCUT OT LIMPHHBI 30HBI N. HeOoublias yacTh 371€KTPOHOB,
IPOHUKIINX 4Yepe3 30Hy N B 30HY P, Co3laeT TOK yreuku. [Ipum
IPEBBIIICHNH OOpaTHOM BHEIIHEH pPa3HOCTbIO  MOTEHIIMAJIOB
noreHuanbHoro 6apsepa Unp, B CBSI3U ¢ OOJBIION KOHIIEHTpAIHEH
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DJIGKTPOHOB B 00JAcCTH aHOJA, SBIISIOIIUXCS HOCUTEISMHU TeIlla,
MIPOMCXOAMUT TEIJIOBOW MPo0OoH [1y1.9] u BBIIPSAMUTETLHBIE CBOMCTBA
KOHTaKTa TepsroTcs. Ecnu aHomHas 001acTh KOHTaKTa yCTaHOBJICHA
Ha TETUIO0TBO/IE, MTPOOOH HE MPUBOIUT K Pa3pyIICHUIO KOHTAKTA U TO
MOCJIE CHSITUSI BHEUIHEW Pa3HOCTH MOTEHIIMAJIOB, CBOMCTBA KOHTAKTa
BOCCTaHABIIMBAIOTCS.

Ha rpaduke mokazaHo pacmpesneneHne TMOTCHINAIOB U
CTaHOBUTCS MOHITHO, IOYEMY TaKOM KOHTAKT IMPOBOJAUT TOK B OJTHOM
HalpaBJCHUHU, TIOKA3aHHOM CTPEJIKOM. 3/1ech HAaNpalluBaeTCs
AQHAJIOTHUS C HAKJIOHHOM TJIIOCKOCTBIO.

Ipumeuanue! Tak kak 6 npupooe Hem HUYE20 GUPMYATLHO20 WU
MHUMO20, 00BACHEHUE YUEHBIMU MEXAHUIMA RPOMEKAHUA MOKA Yepes,
MaKkoi  KOHMAKM, HA3LIGAEMBlLL N-p  HEPEXO0OM ¢  HOMOWBIO
Hecywiecmeylowux  "'0vIpokK'’,  coeepuienno  HecocmoamenvHo, U
AGNACMCA MAKOIL JHce YYUIbIo, KAK ZPAGUMAWUOHHBLI KONIANC UL KaK
603HUKHOGEHUE 6 6AKYYME HEKUX GUPMYAIbHBIX YACMUY UAU KEAHMOG
anepeuu. Jloowvle e3aumooeiicmeusn 6 npupooe — INO 63aumMoOeicmeus He
MHUMBIX, KaK 6 MameMamuxe uiu GUPMYAIbHBIX, d COBEPUIEHHO
PeanbHbIX MamepuaIbHbIX YaCHuY.

Hcxons u3 BBIIEU3IIOKEHHOTO, MOKHO CIIENIATh CIEIYIOLIHI
BBIBOJI: TPOBOJHUKH — OJTO BEIIECTBA HMEKOIIee HEOONIBITYIO
OTPULATEIIBHYIO AaCHMMETPUIO T'PABUTALMOHHBIX IOJIEM aTOMOB, B
KOTOPBIX JJIEKTPOHBI MOTYT MEPEMEMAThCS TMOJ  JEUCTBUEM
HEOOJIBIIION BHEIIHEW pPa3HOCTH TMIOTEHIIMAJIOB. A  HW30JSTOPHI,
Ha000poOT, 00J1a1aI0T OYECHB OOJBIIION OTPUIIATEIILHON aCUMMETPHEH,
MOATOMY JUISl TOTO YTOOBI AJIEKTPOHBI MOTJIM B HUX IEpPEMEIaThCs,
HY)XHO TPUJIOKHTh K HUM OYEHb OOJBIIYI0 BHEIIHIOI Pa3HOCTh
MOTEHIIUAJIOB.

To ectp BOmpeku YTBEpk ACHUIO O(UIIMAIBHONW HAyKH BCE
MPOUCXOAUT C TOYHOCTBIO HA0OOPOT, BEIMIECTBA C OOJBIINM
COAEP)KAHUEM DJJIEKTPOHOB — 3TO M30JATOPBl, & C MaJbIM —
npoBogHUKU. Hamo 3ameTuTh, 4TO B JIOOOM BEIIECTBE HUKOTJA HE
ObIBacT CBOOOTHBIX AJIEKTPOHOB. OHM BCE BCET/Ia CBSI3aHBI C aTOMAMH.
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CBOOOIIHBIE JJIEKTPOHBI, B OCHOBHOM, COJEpPXKAaTCS B TOTOKE
COJIHEUYHOTO H3JIy4eHHS M B (U3UKE H3-3a OOJBIIOW CKOPOCTH
JBIKECHUSI, OHU OIMMOO0YHO HA3BIBAIOTCS (DOTOHAMMU.

la3pl, wuMmeromme  oueHb  OOJBIIYI0  ACUMMETPHIO
IPaBUTALMOHHBIX MOJIEH aTOMOB, COAEPKAIIUX OONIbIIOE KOJTUIECTBO
AJIEKTPOHOB, €CTECTBEHHO SBJSIOTCS H3oisTopamu. [ns  Toro,
YTOOBI AIEKTPOHBI MOTJIU JIBUTAThCS B Ta3€, OH JOKEH OBITh CUIIBHO
pa3pexkeH, UTO MPUBOJUT K YMEHBILIEHHUIO KOHIIEHTPALIUU AJIEKTPOHOB
Wik o0Ield OTPUIATENILHON aCHUMMETPHH, YTO YBEIUYUBAET €ro
3JEKTPONPOBOAHOCTb.

Kunkoct, UMEIOT ropas3go MEHBIIYI0 ACUMMETPHUIO, YEM
ra3pl, HO OOJbIIyIO, YeM TBEpAbIE Tejla, IOITOMY MEXaHHU3M
3JIEKTPONPOBOJHOCTH B HUX ropaszio ciaoxkHee. OH CUIBHO 3aBUCHUT
OT AaCUMMETPHUM AaTOMOB WJIM MOJIEKYJ CaMOW JKUJIKOCTH H
MaTepHaJioB, U3 KOTOPBIX CAECIAHBI AIEKTPOIbI.

[Ipu mnorpyxxeHuu, HampuMmep, MeTala B JKHUJKOCTD,
UMEIOINX HEOOMBIIYI0 Pa3HOCTh ACHMMETPHH T'PaBHTAIMOHHBIX
MOJIEH, NPOUCXOIUT cleayroniee. MOoJeKyNIbl KUIAKOCTH, HMeEs
ropa3o OOJIbLIYI0O aCMMMETPHIO TPaBUTAIIMOHHBIX MOJIEH OTIAIOT
JIMIIHUE 3JIEKTPOHBI ATOMaM MeTasuIa.

B pesynprare 4dero acuMMeTpusi TpaBUTALMOHHBIX IOJIEH
aTOMOB METaJla YBEJIMYMBAETCS, CHJIBI MPUTSIKEHUS MEXIY HUMH
YMEHBIIAIOTCS U1 OHU HAYMHAIOT OTPBIBATHCS OT OCHOBHOW MacChl U
MpPOHUKATh B BoAy. To €cThb MeTayl HAauMHAET PaCTBOPSATHCA B
KUJAKOCTH W WHTEHCUBHOCTH 3TOrO Mporecca OyaeT 3aBHCETh OT
pa3HoCTH UX acuMMeTpuil Ecim B3sATh BemiecTBa ¢ OYeHb OOJIBIION
pa3HUIIEH acUMMETPHH, TO TPOIIECC PACTBOPECHHS OYIeT OYeHb
WHTEHCHBHBIM.

I[Ipy >TOM MBI MOJYYUM MPOCTEUIINNA TaTbBAHUYECKHI
3JIEMEHT, TJI€ TOJI0KUTEIBbHBIM MOJIIOCOM OYIeT KUIKOCTb.

Onucanue TOBEACHUS KOHTAKTOB MEXKIYy MeETaUIaMH U
KUAKOCTIMH TpeOyeT OTAENbHOW CTAaThH, B CBSA3M C IYTAHWIICH,
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CO3/IaHHOM YYEHBIMU MEK/1y HAIIPABJICHUEM JIBUYKEHHS JIEKTPOHOB U
NIPUHATHIM B HAYKE HAIIPABIECHUEM TOKa

Mpumeuanne! Hmenno nepexocvl zpasumayuoOHHbLIX ROEH
36eHbes OTUHHBIX opeanuyecKux moaekyn pezunst, /IHK u mnozux opyzux
6bICOKOMOTIEKYAPHBIX COCOUHEHUT, AGIAIOMCA NPUUUHOI C6OPAYUUBAHUA
UX 6 cnupanu, KOmopvle u NPUOAIOM IMUM BeULeCHIBAM CBOIICHEa

ynpyzocmu.
Heksk

Ilepekoc TpaBUTALIMOHHOTO TOJIS 3eMIIU (MazHumHoe noie),
00yCIIOBJIEH KPYTOBBIM JIBU’KEHUEM 3apsyKEHHBIX YaCTUIL COJTHEUHOTO
U3ITy4eHUSs], 3aKPYUYEHHBIX CYTOYHBIM BpaIIeHUEM 3eMHOU aTMOC(ephl
(puc.15). Takum obpa3zom, 3eMist HAXOAUTCS, KaK Obl, BHYTPH JBYX
OOBIYHBIX KATYIIEK C TOKOM, IO OJHOH W3 KOTOPBIX ABUXKYTCS
OTpPHULIATEIIbHBIE 3aPS/Ibl, & IO IPYTOH - MOJIOKUTETbHEIE.

OTH TOKHU CO3[Ial0T BOKPYT
3emyid JBa MAarHUTHBIX MOJIA,
HaIpaBJIEHHBIX HAaBCTpEUy JIpyr
npyry.  Ilpuuém, TOK  BO

SOpAIoEAHME
FAGTHHTHOINS
MGrA Ren e

BHYTPEHHEH KaTyIIKE OYeHb MaJl

1 00pa3oBaH MPEUMYIIECTBEHHO
TAXKETBIMH, MOJIOKHUTEITHHO

BapH)KGHHBIMI/I qacTuanaMun -
MPOTOHAMH, a BO BHEIIHEH —
OoJiee IETKMMU, OTPUIIATEIILHBIMH — SJICKTPOHAMH.

OTH TOKH W O00pa3ylT, TaK Ha3bIBa€MbIC, pPAOUAUUOHHbIE
noaca. Pe3ynpTHpyOliee MarHUTHOE TIOJIE, €r0 TMOJSIPHOCTh |
HaIpsDKEHHOCTh  HAIPSAMYIO  3aBUCAT OT TOrO, Kakue 3apsibl
Hp€O6HaHaIOT B IIOTOKE I/I3.HY‘-IGHI/I$I, ITOJIOKHUTCIIBHBIC NN
OTpI/II_IaTe.HBHInle.

1o HanpaBnEeHUIO BpaIleHNUs 3€MIIM, MOXKHO JIETKO OIIPEEINUTb,
YTO B M3JIyYEHUU TPEOoOJIalaloT OTPUIIATENbHBIE 3apsnbl. Tak Kak
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Hamra oOJacTh BCEJICHHOHM HMMEET OTPUIIATEIbHYI0 aCHMMETPHIO
aTOMOB BEIIECTBA, MOTOK MOJIOKUTEIBHBIX 3apsiJ0B HUYTOKHO Mal.

Ilpumeuanue! Ecau 06v1 codepiricanue NONOHCUMENbHLIX U
OMpUUAMENbHLIX 3apPA006 6 HNOMOKe Uu3iyueHus Obliu  PAaGHbl,
nonapuocmu ''maznumnuix'’ noneii, ooOpazyrOUUXCca NPU UX OGUIHCEHUU,
Oviiu Ovl pasHvl U NPOMUGONONONHCHBL. B pezynvmame 3mozo onu
CKOMReHcupoeanu 0vl Opyz opyea u nianema 6000uie 0vl He umena
«MACHUMHO20 NOJIA».

Kak mpaBuno, muaHeTsl, He UMeIoIIe aTMocdep, He UMEIOT U
MarHUTHBIX MOJIEH, B CUIIY TOTO, YTO TPACKTOPUH YACTHI] COJTHEYHOTO
W3JIyYEHHS] B HUX HE 3aKPYUYMBAIOTCS U MepeKoca TPaBUTALMOHHOTO
MoJsl HE MPOUCXOIUT. XapakTepHbld ToMmy mnpumep - Jlyna. Ona
MpaKTUYECKH HE MMeeT arMoc(depbl, TO3TOMY €€ MAarHUTHOE I0JIe
MCYE3al0Ille MaJIo.

[lepenoitocoBka MarHUTHOTO MOJI 3€MJIM BO3MOXKHA JIMIIb B
JIBYX Clly4asiX, B CJIy4a€ H3MEHEHHUs COOTHOIIEHHUS COJEpKaHUS
MPOTUBOIOJIOKHO 3aPSHKEHHBIX YacTUI[ B TIOTOKE COJHEYHOTO
W3JIy4CHHS WUJIU K€ B CIIy4ae U3MEHEHHUs HalpaBJIeHUs €€ CYyTOUHOIro
BparieHusi. COBEpIIECHHO SICHO, YTO 3TO a0COIOTHO HEPEaIbHO.

HeoO6xomuMo 3aMeTHTh, YTO COOTHOIICHHUEM COJICPKaHUS
MPOTUBOIIOJI0KHO 3apsDKEHHBIX YAaCTUI[ B COJIHEYHOM W3JIYyYEHHH,
JIOCTUTAIONIEM 3eMiid, omnpeaensiercas W MakcuManbHblid  KITJ]
COJIHEYHBIX OaTapei.

B chaydae paBeHCTBa TNOTOKOB  MOJOXUTEIBHBIX U
OTPHIIATENIbHBIX YacTHUIl, COJTHEUHbIe OaTapen BooOIe padoTarh HE
O0ynyt. COOTBETCTBEHHO, 4eM OOJIbIIIE PA3HULIA B UX COACPKAHUU, TEM
Beime Oynet ux KIT/I.

[Tonsipable CUSHUA Tak ke OOYCJIOBJICHBI TIOIMAJIaHUEM B
atMocdepy 3emMiii TOTOKOB 4YacCTHIl, BBIOPOIICHHBIX MOIIHBIMH
COJIHEYHBIMU BCHBIIIKAMH W HMEIOIMIMX CKOPOCTh MPEBBIIIAIONIYIO
CKOpPOCTb pacOpOCTPAHEHUS BOJIHBI B TPABUTALIMOHHOM T0JIE€ 3€MIIU
(ceepxceemogyio ckopocmy). ITO 00bIUHOE TposiBIeHHE 3(¢eKrTa

Basunosa-Yepenkosa.
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IloToku »3THMX dacTul, IpPOHHKAas €O '"CBEPXCBETOBOW"
CKOpPOCTBIO B aTMoc(epy, CO3[al0T CBEYEHHE, XOPOIIO BUIUMOE B
MOJISIPHBIX 00s1acTax 3emuid. B skBaTopuaabHO# 00J1aCTH TPACKTOPHH
YacTUIL] OTKJIOHSIOTCS, 3aKpy4yHMBasCh Bpall€HUEM aTMoc(epsl, U
YaCTUIbl TEPSIOT CKOPOCThb. [10ATOMY cBeueHHME B 3KBAaTOPHAIBHBIX
o0nacTsax oueHb ciaadoe, MPaKTUYECKU HEBHUIUMOE TTIa30M.

Peskumu  KoneGaHUAMU COOTHOILEHHS TMPOTHUBOIIOJIOKHBIX
3apsI0B B IIOTOKE COJIHEYHOIO M3JIY4YEHMs], B PE3YyJIbTaTe BCIBILIEK,
00yCJIOBJICHBI, U TaK Ha3bIBaeMble "MarHUTHbIE" OypH.

A cnenoBaTeabHO, HAUBHBIE YTBEPXKIECHUS YUEHBIX O TOM, YTO
MarHuTHOE TI0Jie sBisieTcs 'mryOoi", 3amuimaromeid Hac oT
COJIHEYHOM paJualiy, IPOCTO CMEXOTBOPHBI U COBEPIIEHHO HE
COOTBETCTBYET JI€HCTBUTENBHOCTH, MOTOMY 4YTO MAarHUTHOE IO
MOPOXK/ICHO ATOH K& comHeuHoW paauauueil. M oHo camo mo cebe
HACTOJIBKO c1a00e, YTO Y HETO €/1Ba XBaTaeT CUJIbI TOBEPHYTH JETKYIO
CTpPEJIKY KOMIIaca Ha OCTPHUE UIJIBL.

A my6oii sBnsieTcs cama ra3zoBas aTMocgepa IUIaHeThl, XOTs
OHa TOXe OuYeHb cjabo 3aluINaeT Hac, MOTOMY YTO IIOYTH HE
3aJIep>KUBAET COJIHEYHOE U3ITyUCHHUE.

BemiecTBo ¢ naeanbHON CHUMMETpHUEN TPaBUTALIMOHHBIX TTOJICH
aTOMOB SIBJII€TCSI MJI€AJIbHBIM U30JIATOPOM, TaK Kak B HEM IIOYTH HET
3apsi0B, KOTOpbIE MOIVIM Obl B HEM [JBUIaTbCs. A 3HA4UT OHO
MOTJIOIACT JFOObIe U3ITyYSHHS U JI0JKHO OBITh HEBUAUMO.

Kpome Toro onHo o6namaer camoil BBICOKOH TBEPAOCTHIO U
npoYHOCTHIO. K cHacThio CcylliecTBOBaHUE TAKUX BELIECTB B PUPO/IE,
TaK ke 6marozaaps chepuueckoi METpUKE BCEICHHOMH, HEBO3MOXKHO.
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5. Ob MHEPIIMHU U OINUBKE HBIOTOHA

[TonsiTe Maccel B COBpEMEHHOM (pu3MKe SBISETCS OJHUM U3
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 cOpoimeHHOE €O cToOja Bcerjga mMajaeT Ha IOJd, HO
HUKOT/Ia Ha noTosiok. Kak Bel nymaere, nouemy? Jla motomy 4To Ha
MOJIy CHJIa TPUTSHKEHHUs OoJbIle 4yeM Ha BbicoTe crtona. M emié
0oJbIIe, YeM Ha BbICOTE MOTOJKA. Eciau Obl CHIIBI TPUTSKEHUS OBLITN
OJIMHAKOBHI, TEJIO HHUKyJa Obl HE majgano. B aTom yerko ydemurcs,
MOJIOKUB MSUMK Ha TOPU3OHTAIBHYIO IOBEPXHOCTD.

OH HUKY/a HE TIOKATUTCS, TaK KaK CHIIBI IPUTSKEHUS B JIFO00H
TOYKE TOPU3OHTAIBHOM IIOCKOCTH — OJMHAKOBbL. HO crouT nuiib
CJerka HAKJIOHHUTh IUIOCKOCTh, KaK Ha HEW MOSIBATCA YYaCTKU C
OoJIbIIIeH CUIION TIPUTSHKEHUS. ITO YIaCTKU, HAXOJSAIIUECS OJIIKE K
MOBEPXHOCTH  3€MJIM. BO3HMKHET  pa3HOCTh  ypOBHEH W,
CIIEIOBATENIbHO PAa3HOCTh TIPABUTALIMOHHBIX MOTEHIIMAJIOB, 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
3emut€ii ropa3io cuiabHee, YeM IPpOOUHKA.

He ymest o0bsicHUTH 3TOT mapamokc HploTOH u ydéHbIE
IpUAyMald HEKYI0 MHEPLMOHHYIO MaccCy, KOTOpas M0 UX MHEHHIO,
Kak Obl "compoTuBisieTcs”" mazeHuto. M mo pesyiabTaTamMm pa3IMuHbIX
XUTPOYMHBIX JKCIIEPUMEHTOB, y HHUX 53Ta HWHEPLIUOHHAs Macca
IIPaKTUYECKH, COBIANAET ¢ rpaBUTaniMoHHOU. To ects ¢ Becom. Ha

caMOM JCJIC, O0OBSICHEHHE 3TOT'O SIBIICHUS SJICMCHTApPHO MPOCTO.
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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,

44



Beonroyust MATEPHH

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

n;ngrgﬂf:fﬁ:;n& 3a0nyxaeHus B Hayke. HproToH, a Tak
.- =

Ke Ipyrue y4EHBIE 51 150,
MOCJIeI0BATEINH, HE MTOHUMAsI
MeXaHH3Ma IrpaBUTALUH, TPUAYMAIIU U
BBEJU B (PU3UKY HEKYIO HHEPLIUOHHYIO
Maccy, KoTopas, SKOOBI MpHuCyIIa
MaTepUu U SIKOOBI, 3Ta MHEPLUOHHAS

Pwc.16

Macca IPOTUBOJCIHCTBYET NPUIOKEHHOM K Telny cuie. OITo
3a0J1y’KICHHE OYEHb JIETKO OOBSICHSCTCS.

Hauyném c¢ T1oro, uro mr00oe Temo o00JagaeT CBOUM
COOCTBEHHBIM TOJIeM TAroTeHus. MiMeHHO Ojaromaps 3TOMY IOJIIO,
BCE Tela BO BCEICHHOW UMEIOT cdepudeckyro dopmy, a
CJIeIOBATENbHO, BCE B3aMMOJEWCTBUS BO BCEJIEHHOM HEOOXOAUMO
paccMaTpuBaTth B Ho1APHOU (CHEPUIECKOI) CUCTEME KOOpANHAT.

Cuna - BelTMurMHa BEKTOPHAsl, TO3TOMY HallpaBlieHUE NEHCTBUS
CWJIBI, BCET/Ia MpAMAA JuHUA. A B TOJNSPHOU cHCTEME KOOPJAMHAT,
KOTOPOM OMKCHIBAETCSI METPUKA BCEJICHHOU, KPOME pajuyca, MPpsSIMbIX
JUHUN HET, a €CThb ToJIbKO Ayru. [loaToMy KOrza Mbl IpUKIIAgbIBaEM
cuny F k Tenexke, oHa Bcerjga ACMCTBYET MO KacaTeIbHOM K ayre
PaBHOIO MOTEHIMAA U YTOJ MEKy HAalpaBJICHUEM JEHCTBUS CUJIBI U
JIyTOM, 3aBUCHUT OT paJinyca KpUBU3HBI 3TOM IyrH. B pe3ynbTaTe uero,
MOTEHLIMA] TEJNEeKKU B TPABUTALIMOHHOM ToJie 3eMJId CTPEMHUTCS
n3MeHuTsbes oT Ro 1o Ru.

To ecTh, ABUTras TENEKKY, MbI, 10 CYTH MbITAEMCS MOAHSITH €€
Ha BBICOTY paBHYl0O AR, B pe3yapTaTeé KOTOPOW BO3HHMKAET
npotuBoaelcTBytonas cuia Fu, paBHas npoekuuu AR Ha BEKTOp
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cunsl F, Kkotopas cTpeMuTCs BEpHYTh TENEKKY B IIPEKHEE
nosio)keHue. BosHukaromas npu stom cuna Fu, HampaBieHHas
npomue neicTByromeil Ha Teno cwibl F u ecth cuna unepyuu. Jta
CUJIa MHEPIIUU 3aBUCHUT OT yTIJjia MPHJIOKEHUS JIEUCTBYIOIIEH HA TEJo
CWJIBI K paauycy miaHetbl. Y yem Gomblie 3Ta cuiia, TeM OoJiblie
CKOpOCTh JIBMKEHHSI M TeM OOJIblle MPOTUBOJIEHCTBYIOMIAs € cuiia
uHepuuu Fu.

He nonumas u He ymes oOBSICHUTD, 3Ty cuity Fu, TeOpeTuku
OMOOYHO TNPUHUMAIOT €€ 3a HEKyI0 HMHEPIHOHHYI0 Maccy.
OKCHepUMEHTAIbHOE  JI0Ka3aTeIbCTBO  3TOTO  YTBEPXKICHUS
aneMeHTapHo. /s  3TOro  JOCTaTOYHO MOAHATH  OOBIYHBIE
MeXaHM4YecKue OalaHCOBblE Yachl Ha BBICOKYIO, HamlpuUMep,
reocTalMoHapHyio opouty. Eciii MaTtepus mumeeT Takoe CBOMCTBO Kak
Macca, TO TOYHOCTb X0/1a YaCOB HE U3MEHUTCSL.

B mpoTtuBHOM ciydae, Mpu yMEHBIIEHHOM Bece OalaHca U
HEU3MEHHOM YIPYroCTH BOJIOCKA, YacToTa ero KoseOaHuit
YBEJIUYUTCS, a aMILTUTY 12 HACTOJIbKO YMEHBIIUTCS, YTO YaChl IPOCTO
ocraHoBarcsi. Ha op6ure BricoToit 60ee 6300 kM, qake KBapleBbIe
yachl OyAyT 3aMETHO CIEUIMTbh H3-3a HUYTOXKHOM CHJIBI TSKECTH,
BIIUSIONICH HAa YacCTOTY KoJIeOaHU KpucTaiia KBapia. Uto mpuBoauT
K He0OXOIMMOCTH CUHXPOHU3AIMH YacOB, HAXOASIIUXCS Ha OpOUTE C
yacamH Ha 3emMJie, pa3HHUIlY B TOKA3aHUSIX KOTOPBIX YUEHBIE MBITAIOTCS
OOBSICHUTh U3MEHEHHUEM CKOPOCTH XO7[a BpEMEHHU B KOCMOCE.

Bonee Toro, ecnu Obl MaTepusi uMena maccy, OpOUTaIbLHOE
JIIBIDKEHHE IUIAHET ObLIO OBl BOOOIE HEBO3ZMOXKHBIM. Benb odeHb
JIETKO MPEACTaBUTH cebe, Kakas HyXHa cuiia nputsxkeHus ConHia,
yTOOBI yjAep)KaTh Ha OpOUTE TaKyld OTPOMHYIO IUIaHETY, Kak,
Hanpumep, FOnurep.

Ho rpaButanmonnsie cuibl nputskeHuss CONHII a HA TaKOM
KOJIOCCAJIbHOM paccTosiHuu 10 FOnurepa HaCTONbKO HUYTOXKHBI, YTO
HU O KakOM YJAEpKaHHH 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
Fu 2PAGUMAWUOHHBIX  NOMEHUUATI08 AR,

o F le Komopas 3asucum om evicomut opoumst R
| cnymuuxa C. Imom eexmop cunvt Fu pasen

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

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

Oma cuna 3aeucum om yzna d.

Ilpu nanpaenenuu deiicmeus cumwl,
cognaoaruiem ¢ HanpaseieHuem paouyca
naaHentvl, CUNA UHEPYUU PAGHA 6ecy mend, a
npu Hanpaenenuu nO KacamenwvHOll, OHA
20pa3z00 MeHbuie U 3A6UCUNL OmM PAdUyca
Kkpususznsl naanemolt. Iloamomy uenogex ne
Modycem — NOOHAMb  HCENE3HOO0POIHCHBLI
6420H, HO GNOJIHE MOJHCEM NPEOOOTEeb CULY
unepuyuu Fu, u cosunyms ezo c mecma no
20pU30OHMATILHBIM PETbCAM. ..

Puc.17 (Echu  nanpagnenue  Oelicmeus

cunot F npoucxooum ewé u nod yziom K oOuamempanvHoOl NIA0CKOCHU

AKBHNOTOHUMANLHAR
TPaeKTOPHA

nnaHeTa

mazomelowie2o mend, 603HUKAen euwié u OONOJIHUMENbHAA PA3ZHOCHMb
nomenyuanos (cuna), nanpasiennasn noo yznom 90 zpadycoe K neii, nazvieaemasn
6 Hnayke cunout Kopuonuca.) /Ina mex, komy He xouemcsa pazoupamvcsa c
yepmexcamu, UHEPUUIO MONHCHO 00BACHUMb e é npouye.

Kozoa mvt monkaem meno (puc.18a), mo cozoaém neped num 60:1Hy

corcamun epasumayuOHHO20 nosu, 6

e:@ o . | pesyromame uezo 6o3nuxaem paznocms
/{\_‘ 2pasumayuoOHHbIX HOMEHUUAL08,

Qe r pN -

j fo — " oelicmeylowias  NpPoOmMuE  HANPAGIEHUA

ol e ' deiicmeus cuivl. Imo u ecmo cuia UHepyUL.
Puc.18 Kozoa oeiicmeyiowan cuna ucuezaem, mesno

Hauunaem cHudcamov ckopocms. Ho eonna ciycamus, nabezarowaa na meno
czaou (puc.18b), ne nozeonsnem emy ocmanosumvca u nooodepicusaem
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osudicenue. Imo u ecmo O08uUdNCEHUE NO UHepuyuu, npu Komopom mejio 6
cpasumayuOHHOM nojie moricem dsuzamuvcsa 0UeHsb 007120.

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
AMEHYIOTCSI KOCMOHABTaMHU.

MakcuMyM 4TO MOXHO CKa3aTb O HUX, TaK 3TO TO, YTO OHHU
MPOBEJIM JOBOJILHO TMPOJIOJDKUTENIBHOE BpeMs B cTparocdepe, B
MaJaroIeM BEICOTHOM JU(Te. ..

NHorpma BcTpeuaromuecs B me4aTH COOOIIECHUS O TOM, YTO B
pe3yabTaTe CIOXHBIX HAYYHBIX JKCIIEPUMEHTOB, C TOYHOCTBIO O
JIECATOr0 3HaKa YCTAHOBJIEHO pAaBEHCTBO TI'PABUTALMOHHON U
MHEPLUMOHHOM MacCc, TO 3TO MOKHO CpPaBHUTb, pPa3Be UYTO, C
YTBEPKIACHUSMU CPEAHEBEKOBBIX CX0JIACTOB O PABEHCTBE KOJIMYECTBA
AHTEeJIOB U YEPTEH, YMELIAIOIINXCS HA OCTPUE UTJIBL.

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 .

H mak Kak 3aKoH COXPAHEHUsL UMNYIbCA 000UMU HECOIMONCHO,
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
npocmo evicmpenug e2o u3 nyuiku, kaxk é nosecmu Kwnv Bepna. 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
mMA20MEHUIO e08a U 8bLOEPIHCUM.

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
MAaTE€pHUH 3TO HECYILLIECTBYIOILEE CBOMCTBO.

NMeHHO a1 3TOrO W CTPOATCS  OECCMBICICHHBIC
METaJTUTUYECKUE COOPYKEHHMS, BPOJI€ aIpOHHOTO KoJulaiijepa, rie
YYEHBIE 3aHUMAIOTCS JIOPOTOCTOSIIMMHA TONBITKAMA MNOATBEPIUTH
CBOM 3a0JTy’>KICHHSI M OTKPBITh HEKUW 0030H XHTTCa, KOTOPBIM MO UX
MHEHHIO NPUJAET MACCy MAaTEPHH.

...Hy BOT HakoHeN-To, HEJABHO MOSIBUJIOCH COOOIIEHUE YTO,
BpoZe OBl YTO-TO OTKpbUTM. Bpone kak Obl cTaHAapTHas MOJEINb
3aBepuieHa. Ho Temepr BO Bech pOCT BCTajma Jpyras mpooiiema.
OOBSICHUTB, KaK OH 3TO JAenaeT. MoxkeT ObITh MPOCTO HAOMBAECT
KapMmaHbl KaMmHsIMH? MaremaTuka Ha Takhe BOIPOCHI OTBETa HE
naer...

Ho Hano xe kak-To ompaBaaTh IEHbIH O€37apHO 3aKOITaHHBIC B
3eMiI0. BOT M OTKOMayin MIEK0 MOTYyBEKOBOM JaBHOCTH. Bce paBHO
MPOBEPUTH HUKTO HE CMOKET, BEIb HE Yy KaXJOr0 €CTh Ha KyXHE
COOCTBEHHBIN KOJUTAUED.
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6. O KOPIIYCKYJIAPHO-BOJTHOBOM "JIYAJIU3BME"
U "KPACHOM CMEIIEHHUHA"

JIroboe MarepuambHOE TeNO, JBIXKYyIIeecs B 000
OJTHOPOJHOM cperie, BO30Y»KAaeT B HEW yIpyrue MpoA0JIbHBIE BOTHBL.
CKOpOCTb 3THX BOJIH 3aBHCHUT HCKJIIOUUTEIBHO OT CBOMCTB Cpelbl U
SABJISICTCSI  TIOCTOSIHHOW.  JIBMOKyITUiCA — TEIJIOXOJ  BO30YXKIaeT
IIPO/IOJIBHBIE BOJHBI B TOJIIIE BOJIBI, PAaCPOCTpaHsIOLINECS B HEHl co
ckopoctbio 1300 m/cek (ckopocTh 3Byka B Bojze). HanBoaHast yacthb
KOpabJIsl Tak ’ke BO30YXk/IaeT MPOI0JIbHBIC BOJHBI CKaTUS B BO3/AYXE,
KOTOpBIE PpacHpOCTPaHAIOTCS co ckopocThio 340 wm/cex, Wi co
CKOPOCTBIO 3BYKa B BO3JlyX€.

To, uTto MBI HabMOJaeM Ha CaMOM TOBEPXHOCTH BOJBI - 3TO
NOTIEPEYHBIE BOJIHBI, BOZHUKAIOLINE TOJIBKO HA PAaHMIIE IBYX Cpel C
pa3nuuHBIMU cBOMicTBaMuU. ['op0O y BOJIHBI Ha BOJE — 3TO BMAJUHA Y
BOJIHBI B BO3/lyXe€.

OTH  BOJHBI  TPEACTABISAIOT COOOW  TpaBUTAIIMOHHBIC
WHTEeP(EPEHIIMOHHBIC  BOJHBI, OOpa3yloIHecs B  Pe3yJIbTaTe
CJIO’KEHUS TPOJOIBHBIX BOJIH Ha I'PaHUIE KOHTAKTUPYIOUIMX Cpe.
XapaKTepUCTUKU MOMEPEYHBIX BOJIH OMPEIEISIOTCS COOTHOILICHHEM
CKOpOCTEW IMpONOJIBHBIX BOJIH B KOHTAaKTHPYIOIUX cpenax. Ecnu B
BO3/yX€ CKOpPOCTh 3ByKa paBHa 340 m/cek, a B Boge 1300 m/cek, To
CKOPOCTb ITONIEPEUHBIX BOJIH HAa IPAHULIE BO3/1yXa U BO/IbI Oy/IE€T paBHA
340/1300 =0,3 m/cek.

MarepuanbHas YacTula, IBHXKYILASCS B ZPAGUMAUUOHHOM
1ojJie, KOTOpO€ SBJSETCSd JBOWHBIM  3JIEKTPUYECKUM  IIOJIEM,
BO30Y)XJaeT B HEM BOJIHY, KOTOpasi, 10 CYTH, MPEACTABISAIOT COOOH
0ge coemeuiénHvle npooo0JibHble BOJIHBI B DJIEKTPUUYECKHUX MOJIAX
pa3HbIX 3apsoB. M Tak Kak 3TH MOJI HAXOAATCS BHYTPH JIPYT Ipyra
U UMEIOT NPOTHUBONOJIOXKHbBIE CBOMCTBA, TO 3TH BOJHBI B HUX —
CHUHXPOHHBI M TNpoTHBO(a3Hbl. Ecin B HEKOTOpOl Touke Mo
HOJIOKHUTEIBHOTO 3apsfa y BOJHBI ropO, TO B TOH K€ TOYKE IOJIS
OTPHLIATENIBHOTO 3apsi/ia — BIA/IMHA.
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To ecTh MO CyTH, 3TO KoyieOaHUS TOJSPHOCTH TEpeKoca
IPaBUTALMOHHOTO MOJS (MOJSIPHOCTH MarHUTHOTO TOJIsT), KOTOPbIE U
NPEJCTaBISIIOT ~ CcOOOM  caMmble  HACTOSIIIUE  HOnepeuHbvle
2pasumayuonHble BOJIHBI HAa TPAHUIE JIBYX JJIEKTPUUYECKUX IOJIEH
Pa3HBIX 3apsI0B. DKCIEPUMEHTANbHASI WILTIOCTPALIUS 3TOTO SIBICHUS
nokazaHa Ha (puc.11b) B [ri.4]. U ecnu rpaHuil Mexay BOAOU U
BO3J1yXOM, HarlpuMep, MPEKPACHO BUJIHA, TO TPAHUILY MEXK]Y TOJISIMU
Pa3HBIX 3apsA0B MPEACTABUTH ceOe 0UYEHb TPYIHO.

[Tonst 061amar0T 00BEMOM U TPaHUIIA MEXKIY HUMU CYIIECTBYET
MPAKTUYECKH B JIFOOOH TOUKe 3TOro 00bEMa. A cama rpaBUTallMOHHAS
BOJIHA B OTJIMYMHU OT BOJIHBI HA BOJIE, UMEIOIIEH KPYTOBYIO TUarpaMmy
HAIpPaBJIEHHOCTH, PACIIPOCTPAHSIETCS BO BCE CTOPOHBI, TO €CTh UMEET
yke chepruecKylo JuarpaMmy HarpaBJI€HHOCTH.

W xak MBI y)X€ YCTAaHOBWJIM BBINIC, NPU ABMKCHUU YACTHIIBI, B
ACUMMETPUYHOM TpaBUTALMOHHOM TII0Jie, co3JaBaeMas €d BOJIHA,
Oymer Ttak ke HecuMMmeTpuyHoil. EE cocraBmsromume OynyT
pa3inyaThCsa MO BEIUYMHE, B 3aBUCUMOCTH OT 3HAaKa aCUMMETPHHU.
Wnu nppyrumu  cioBamu, BojHa OyneT moJspu3oBaHHOH. Bort
UHTEPECHO OBl y3HaTh, KaKUE K€ 3TO I'PABUTALIMOHHBIE BOJIHBI, C
MOMOIIIbI0 MHOTOTOHHBIX OOJIBAHOK, YK€ JOOPYIO COTHIO JIET
0€3yCIENIHO MBITAIOTCS OOHAPYKUTH OOJbIIINE YUIEHBIE?

B npupone He cyiiecTByeT aOCOMIOTHO HUKAaKUX MPHYMH,
3ampeniariuX MaTeprallbHBIM TelaM JBUTAThbCA B JIIOOOH cpene ¢
JTHOOBIMUA CKOPOCTSIMH, CKOJb YTOJHO TPEBBIMIAIONUMH CKOPOCTH
pacnpocTpaHeHus: BO30YKIaeMbIX HMH BOJH. 3a HCKIIOYCHHEM,
KOHEYHO, OpeoBOW TEOpUH OTHOCHTEIHLHOCTU WJIU TCEBIOHAYYHON
KBaHTOBOW (pu3uku. CaMoJIETHI, HAPUMEP, COBEPIIEHHO CBOOOIHO
JIETal0T B BO3JyX€ CO CBEPX3BYKOBBIMU CKOPOCTSAMM M TOT/Aa OHHU
CTaHOBSITCS MCTOYHHUKAMH YIApHBIX BOJH, KOTOpPbIE MPEICTABISIOT
co00M IBMIKYIIUICS TIepe]l HUMU CKa4OK JTaBJICHUS.

[Ipoteccrl, mpoucXoAsIIMe B yIapHOU BOJIHE, OTIIMYAIOTCS OT
MPOUCXOSAIINX B OOBIYHON TeM, UTO B HEH B pe3yabTaTe ObICTPOTO
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CKaThUs BBIIEISETCS OONBIIOE KOMWYECTBO TEIia. JTOT MPOIECcC
aHAJIOTUYEH TIpolleccy OBICTpOTO CXaTusig 00bEMa BO3ayXa B
HWIMHIpE JBUraTelsd, OpU KOTOPOM B pe3ylbTaTe pPe3KOro
YBEJIMUYEHUS! KOHIICHTPAIUU HOCUTENEW 3apsoB B 30HE CXKATHUA,
MPOUCXOIUT UX OypHOE BBIACNICHUE B OKPYXKAIOIIYIO Cpely B BUIE
Temia [ria.8].

VIMEHHO TOATOMY CBEpPX3BYKOBBIE CaMOJIETBI UMEIOT OCTPYIO
HOCOBYI0 yacTb. OHa pa3/IBUraeT CIIOM BO3[yXa U CBOAMT Ha HET €r0
yIJIOTHEHHE Tiepes; camonéroM. M xota camonér maBUT OOKOBOMA
MOBEPXHOCTHIO Ha BO3JyX, HarpeBa H3-3a OTCYTCTBUS TPEHHS B
BO3/yX€, HE IPOUCXOIUT.

[TogoOHbIM ke 3¢ heKTOM OBICTPOro CKAaTUSI MUKPOOOBEMOB

BO3/lyXa B HEPOBHOCTSAX TPYILUXCS MOBEPXHOCTEH, OOBSACHSIETCS U
BbIJIEJIEHHUE TeIUIa [IJ1. 9] B pe3ynbraTe TpeHUs TBEPABIX T€N APYT O
apyra. W uMEHHO wu3-3a CBEPX3BYKOBOM CKOPOCTH METEOPHUT,
MOMAaBIIUKA B arMocdepy CKUMaeT mepen coboil Bo3mayX, oOpaszyeT
YIapHYIO BOJIHY, U B pe3yjbTaTe IOBBIIICHUS TEMIIEpaTyphl B HEH,
IUIABUTCS U CTOpaeT.

Ceer, kak u 000€ Opyroe H3JIy4€HHE - PEHTICHOBCKOE,
ramma, pajuo, IpeJcTaBiseT co00M MOTOK YacTHIl JBHKYLIUXCS CO
CKOPOCTSIMH, OMM3KUMH K  CKOPOCTH  PAacIpOCTpaHEHUS
BO30Yy’KIaeMbIX UMHU BOJH B I'PAaBUTAIMOHHOM IIOJIe, a JJIMHA BOJH
OTIpeNIeNAeTCsl Pa3HOCTHIO CKOPOCTEH 3TUX YaCTUIl M BO30YKIaeMbIX
VMU BOJIH.

To, 4TO y4€HbIE CUMTAIOT Pa3HBIMU YaCTHLAMU, 3TO II0 CYTH
OJIHU M TE € YaCTULIbI, ABMKYIIHMECS C Pa3IMUYHBIMH CKOPOCTSIMHU.
KorepentHocTh nyya nasepa, Hampumep, OOBSCHSETCS TEM, UTO
(GOTOHBI (YACTHIIBI) JBMKYTCS C OJIMHAKOBBIMHU CKOpOCTSIMH. JlnHA
BOJIHBI, BO30Y)XIaeMOW  4YacCTHUIIEH, OIMCHIBACTCA  MPOCTHIM
BBIPAKEHHUEM:

A=(Ve-Vu)lt,

rae Vu— CKOPOCTh YaCTHUIIbI,
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a Vs — CKOpOCTb, CO3/JaBAa€MOM €10 TPaBUTALIMOHHON BOJIHBI
(cxopocmeb  ceema) (puc.19). DTOT Xe PHUCYHOK WILTIOCTPUPYET
BO3HUKHOBeHHE d(pdekra Jonmnepa. Ecnm Habmomatens HaX0aUTCS
B TOYKE 4, JUIMHA BOJHBI YMEHbIIAeTCa (CUHEE CMEIEHUE), €Clu B
oTouke b — yBennuuBaetcsa (kpacHoe cMemienue). [Ipu ayHe BoaHbI
BuauMoro ceta B S50nm (5,5E-7m),

/_,--rpeB-eI[L.
-~ BOJIHEL

CKOPOCTb YacCTHI] 6YI[GT COCTaBJIATH
npumMepHo 99,9999999% ot cxopoctu
pacupocTpaHeHUs BOJIHBI B
rpaBUTAIOHHOM moJie. U yem Ommxe

CKOpPOCTBH YaCTHI] CBETOBOI'O

U3JIyYEeHUS K CKOpPOCTH
Puc.19

pacupocTpaHeHUs BOJIHBI B

TPaBUTALIMOHHOM II0JI€, TeM OOJbINE €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 yacTull u3inydeHus (Vu), usz-3a
TOPMOXKEHHUSI B TPABUTAIIMOHHBIX TIOJIAX KOCMHYECKHX  Tell
(yemanocmu ceema). W, eCTeCTBEHHO, 4Ye€M Jajibll€ HAXOIUTCS
KOCMHUYECKHI OOBEKT OT HaOmrojgaTens, TeM OOJIBIIMA TYTh
MPUXOIUTCS TIPEOJ0JICBaTh YACTHUIE M3JIy4YeHUS W TEM CHIIbHEE
YMEHBIIEHNUE CKOPOCTH U O0Jble "TOKpacHEHUE CreKTpa'.

EcrecTBEHHO, YTO YaCTULIBI, U3TYYEHHBIE OYEHD YaJEHHBIMU
3BE3/1aMH, HACTOJBKO 3aMEUISIOTCS B MYTH W UX JUJIMHA BOJIHBI
YBEJIUYUBAETCS HACTOJIbKO, YTO OHU CTAHOBSTCS HEBUIUMBIMHU B
CBETOBOM JIMAIa30HE BOJH. DTUM SIBJICHUEM H OOBSICHSICTCS TOPU3OHT
BUJIUMOCTH, TI0 KOTOpPOMY Yy4Y€HBIE COBEPIICHHO T'€HUAIBHO
BBIYMCIIUIIN "BO3PACT BCEICHHOM .

[Ipy mpeBbIIEHMH YACTULEW CKOPOCTH BOJHBI B Cpele
(ceepxceemosas ckopocmv), (Vu>Vs ), BOZHUKAET yAapHas BOJIHA,
IpU KOTOPOM YacTUIa, B PE3yJbTaTe IMOBBIIICHUS B 30HE CXKaTUSA
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KOHLIEHTPAallUd HOCHUTEIEW 3apsoB, HAuMHAET 'pa3BajauBaThCA"
CHWJIaMU OTTAJIKUBAaHUSI HAa COCTaBHbIE CyO3JIEMEHTapHbIE YaCTUIIBI.
OTu  cyOdIeMeHTapHble 4YacTUIbl, BCTYMalOT B CHHTE3 C
OKPYXXAIOIIMMH YacTUIAMH, KOTOPBIH pPETUCTPUpPYETCS B BUIE
CBeueHus, Ha3piBaeMoro 3¢ dektom BaBunosa-Uepenkona.

Tak kak npupojie Heuzgecmmno NOHATHE OOPATHOM CBS3H, TO B
HEl M HE CyIIECTBYeT HHUKAKUX BEYHBIX aBTOKOJIEOATEIbHBIX
npoiieccoB. JIxoObIie BOJIHOBBIE BO3MYIICHUS BO BCEJICHHOM, SIBISIOTCS
UCKJTIOUUTENIFHO CJICACTBUEM JIBIKCHHMS MaTepUaJbHBIX Tel B
IPaBUTALMOHHBIX TMOJSIX KOCMHYECKHX O00bekToB. M X0Ts Bes
BCEJICHHAs 3aIl0JIHEHA TPAaBUTALMOHHBIMU BOJHAMU OT JBHUKCHUS
MHOKECTBA KOCMHMYECKHX OOBEKTOB U  pa3IMYHbIX YacTHI,
YelIOBEYEeCKHIl TI1a3, TakK e Kak M OINTHYEeCKHe MpUOOpHI,
BOCIIPHHUMATh UX HE CIIOCOOCH.

3T0 00CTOATENBCTBO, B YACTHOCTH U OOBSICHSET YEPHBIN I[BET
HouyHOrO Heba. Ecnm Obl cBeT mpeacTaBisl co00i BOJTHBI, TO MBI ObI
HE CMOTJIM YBUJAETh HU OJHOH 3BE€3/bl, IOTOMY UYTO WHTEHCUBHOCTH
BOJIH, TaK J>K€ Kak W TPaBUTALMOHHOTO IO, OCIa0eBaeT ¢
paccTossHueM ¢ O0paTHO KyOW4YecKoW 3aBHUCHMOCTHIO. OmrymieHue
CBETa B MO3r€ BO3HUKAET TOJBKO NPHU B3aUMOJCHCTBUM IOTOKA
YacTUIl H3JIyY€HHS C MOJIEKYJIaMH pOJIOTNIMHA B CeTYaTKe TJjasa,
M03TOMY 2pasumanyuonnsle (paouo u céemoswvie) 60JAHbl - HEBUIUMBI.

Ho wumenHo »sta "zpasumayuonnas paoe'' 0T IBUKEHUS
MHOX€ECTBa YaCTHUI, UCITyCKaeMbIX 3BE3IaMU U MPEJICTABIISET COOOH,
Tak Ha3blBaeMoe, 'penuxkmoeoe u3znydenue'', KOTOpoe, IO
"aBTOPUTETHOMY' MHEHHUIO KaHIUAATOB B JIOKTOpPA, OCTAJIOCH OT
Ooubselickoro bospiioro B3ppIBa W O CUX TOP HUKAK HE MOMXKET
paccesThesl.

OTa K€ TpaBUTAllUOHHAs psAOb sBIsSETCS U OaHATBHOU
MIPUYMHON OpoyHoecKozo nBvxeHus. Ho, He cMoTps Ha 3TO, yu€HbIE
C YIOPCTBOM, JOCTOMHBIM JIYYIIEr0 NMPUMEHEHUs, yKe MHOTO JIEeT
UIIYT 3TH I'PAaBUTALIMOHHBIE BOJIHBI, COBEPILICHHO HE MOJI03PEBasi, YTO
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npocTo B HHUX OKUBYT. Kak Obulo CKazaHO BbIIIe, JIOOOH
MaTepHaTbHBIN O0BEKT, IBIKYIIHUICS B IIOOOH cpesie, BO30yKIaeT B
Hel BoJIHY. Bo3bMEM 17151 ipriMepa MOABOIHYIO JIOJIKY, ABHKYIIIYIOCS
B Tojmie Boabl co ckopocThio 30 y3qoB, wiu 15 m/cek. [[nunHa
YOpPYroi BOJHBI, co37aBaeMas €k, OyeT paBHA pa3HOCTH CKOPOCTEH
3ByKa U JIOJKH B BOJIE,

A=(V3-Vi)/t,

rae V3 - cCKopocTh 3ByKa B BOAE, a Va — CKOPOCTb JIOJIKH.
3to npumepno (1400 -15)/1=1385m.

[Tepuon P=Vi/A, lcek. Yacrota, F =1/P, oxono 1 I'm.

Jlogka, nBWXKymasca C 3TOH CKOPOCTbIO B MOABOAHOM
MOJIOKEHUHU, B JIFOOOM clydae H3JIydaeT HWH(Pa3BYKOBBIC BOJHBI
gactotor okoio 1 I'm, mmuHo¥ 1385M. OOHaApY)UTh WX MOXKHO C
MOMOIIbIO TIOJYBOJTHOBOW aHTEHHBI, MPEICTaBISIOIICH coO0l aBa
JMaT4vKa JaBIICHUS, PACIONOKEeHHbIX Ha royouHe 10-12m metpoB u
pa3HECEHHBIX Ha PACCTOSHHE MOJIYBOJIHBI, TO €CTh HA 692M. TouHble
KOOPJMHATHI MOJABOIHON JIOJKA MOXKHO OMPECNIUTh, UCIIONb3Ys JABE
TaKUX aHTEHHBI, pa3HECEHHBIX Ha S-8KM.

CKOpOCTh BOJHBI B TPAaBUTAIMOHHOM TIOJIE — BEIWYMHA
MIPaKTUYECKH HOCHOAHHAA, 3ABUCSINAS TOJBKO OT CBOMCTB MOJIsL. DTO
TO, YTO B KBAaHTOBOU (hM3HKE, HA3BIBACTCS CKOPOCHIbIO C86emd. A TaK
Kak Marepusi B3aUMOAECHCTBYET TOJBKO C IOMOUIBIO MOJIEH, TO
CKOpPOCTb JTHUX B3aMMOJEHUCTBUI HE MOXET IPEBBIIIATH CKOPOCTH
pacnpocTpaHeHUsT TPaBUTAIMOHHON BOJHBI WM KakK TOBOPST
KaHAUJATHI B JOKTOPA, CKOPOCMU Céemd.

CKOpOCTh TPaBUTAIIMOHHBIX BOJH B Pa3IUYHBIX BEIIECTBAX
3aBUCUT OT aCHMMETPUU TPAaBUTAIIMOHHBIX TOJIEH MX aTOMOB U HX
arperaTHOro cocTosiHUs. Uem O0JbIle aCHMMETPHS TPAaBUTAIIMOHHBIX
MoJIC aTOMOB Ta3oB S, TeM OOJBIIMA TYyTh MPUXOJUTCS
MIPEOJI0JICBaTh BOJIHE M, €CTECTBEHHO, 3aTpavunBaTh Ha ATO OOJbIIEe
BpeMs.
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DTa 3aBUCUMOCTh CKOPOCTH BOJHBI OT IUIOTHOCTH CpEAbl, B
KOTOPOM OHa pacmpoCTpaHseTCs, WUIIOCTPUPOBAHA PUCYHKOM
(puc.20). B cBsi3u Cc 3TUM, BIIOJHE YMECTHO YIOMSHYTH 37€Ch
M3BECTHBIN s3kcnepuMeHT H. bacoBa, mocTaBieHHbIN B IECTUAECATHIX
roaax npouwioro Bexka B CCCP.

CyTb 3TOro 3KCHEpUMEHTA TaKOBA, JIyY Jla3epa pacIleriscs
Ha JBa Jy4ya, OJAMH M3 KOTOPBIX MOMaJajl HEMOCPEJACTBEHHO Ha
MHUILEHB, & BTOPOU CHavasa MpOXOAUIl 4Yepe3 YCUIUBAIOIIYIO STYCHKY.
Slueiika 3Ta npeacTasisiia co0oi pyOMHOBEIH J1azep, paboTaromuii B
pexuMe ycuieHus. ECTECTBEHHO, 4TO Jydd JOCTUIJIM MUIIEHU HE
oAHOBpeMeHHO. Ho okazanock, 4To Jiy4, NpomeaIui 4epe3 KpucTasl
AYEUKH, IOCTUT MUILIEHH PaHbLIE JIy4a, IPOLIEIIIEr0 O BO3AYXY.

[Tpuuém paznuna OblIa TPOCTO OrpoMHON. OHa TIpeBhIINIaa

BCE MBICIUMBIE M  HEMBICITHMBIE

r/.\u\,./u’./(,.:.’./ = | morpemmocty wu  ommbOku. Jlyu

e T IPOXOUI CKBO3b AUeHKy,

‘.:f.‘ 000 IPAKTHYECKd MTHOBEHHO C IOYTH

| PR | beckoHEYHOM CKOPOCTBIO. Y CIOBUs

0000000 SKCIIEpUMEHTA M3MEHSLITH, HO
Puc.20

pe3ynbTaT ocTaBayica npexxHuM. bosee
TOT0, pe3yNbTaT HE U3MEHUJICS, 1aXKe KOTJ1a KTO-TO 3a0bLI BKIIOUYUTh
MUTaHUE YCUIIUTENS U BTOPOU JIyd MIPOCTO MPOUIEN Yepe3 pyOHUHOBBII
KapaHJianml.

Jlyd mpoxonun uepe3 pyOMHOBBIM CTEep)KeHb C OECKOHEUHOU
CKOpOCTHIO, M pa3HHUIIA ObLIa paBHA JUIMHE KpucTayuia. Haspesatomuit
CKaHJaJI B CBA3M C pe3yJbTaTaMH KCIIEPUMEHTA, CTAaBUJI Ha TEOPUU
OTHOCUTEIILHOCTH OTPOMHBIN KUPHBIN KPECT.

Kak Torma BBIILIM M3 3TOr0 IMIEKOTJIMBOTO MOJIOKEHUS,
Hen3BecTHO. CKopee BCero, CyCTHJIM Ha TOpMO3ax. XOTs, IO CYTH,
COBpeMeHHasi TeopeTudeckasi Gu3nuKa TOJIbKO TEM M 3aHUMAETCs, UTO
n300peTaeT BEYHbIC IBUTATEIH. . .
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Tak kak MaTepualibHble O0BEKTHI B3aUMOJICHCTBYIOT MEXKIY
coboif Ha ypOBHE TOJEeH, CKOPOCTh 3TOTO B3aUMOJCHCTBUS
OTpezieNiieTcsi, B OCHOBHOM, CKOPOCTBIO PaclpOCTpaHEHHs] BOJH B
rpaBUTAIMOHHOM T0OJie¢ (CKOPOCTh CBE€Ta), TO M PE3YJbTaThl
skcriepuMeHTa bacoBa, ¢ TOYKM 3pEHHS HACTOAIIEH TEOpHH,
OOBSCHSIIOTCS OY€HBb TIPOCTO.

Jlyd, npomeamuii no pyouny (TBEpAOMY Teiy), HMPEOa0Iel
ropa30 MEHbIIEE PACCTOSHUE B I'PABUTALMOHHOM I0J€ TBEPIOTO
tena (D Sr), 4eM JIyd, pacrpoCTPAHSIOIIMNACS B TPABUTALIMOHHOM I10JI€
BO3yIIHOM cpenbl (O Sr).

Ilepenaya >xe uMIyNbCa HEMOCPEACTBEHHO C aTOMa Ha aTOM B
TBEPABIX TelNax M OIKUAKOCTAX, B CHJIYy UX [PaKTHYECKOH
HEC)KMMAEMOCTH, IPOUCXOIUT CO  CKOPOCThIO, ONM3KOM K
O0eckoneuHoi (puc.20).

[TosTomMy ny4, mpomeAlmni uyepe3 pyOMHOBBIM KpUCTAILI,
OpUILENT Ha JETEKTOp paHbIle Jiyda, PaclpOCTPAHSIOLIETOCS I10
BO3/yXY, Ha BpEMS:

t=3_Sr- >’ Sv)/c, re

>Sr — cymMmapHbIi myTh Jiyda B TPaBUTAlMOHHOM II0JIE
pyouHa,

>Sr — cyMMapHbIi MyTh Jydya B TPaBUTAI[MOHHOM IIOJIE
BO3AYILIHOW CPEIbI,

€ — CKOPOCTb BOJIHBI B TPaBUTALMOHHOM MOJE (CKOpOCHb
ceema).

Jlormdeckass 0e3rpaMOTHOCTh JIOJEH, HA3BIBAIOMINX CeOs
y4€HBIMU C MX HECIIOCOOHOCTBIO MOHSATH MPOCTHIC BEIIM, MpUBEIa
M300pETEeHNI0 TOHATHUA  KOPIYCKYJSIPHO-BOJIHOBOTO  Ayain3Ma,
YTBEPKAAIOIIET0, YTO MaTepus B HEKOTOPBIX CIy4yasX, MOXKET
IpeBpaniaTbcsi B CBOE CBOMCTBO M CO3[JaHUIO TAKOTO JIKEHAYYHOTO
HaIpaBJieHUs B HayKe, KaK KBaHTOBasl (PU3UKA.
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7. OB DSHEPTUH

OHeprus, MOHATHE B COBPEMEHHOM Hayke, MpsAMO TakH,
danTactuueckoe. M kak Tonbko e€, OeaHyr0 He CKIOHAIT. OHa U
W3JTy4aeTcs, U MOTJIOoIIaeTcs, U Jaxe npespaiiaercsa B maccy! M kakoit
TOJIBKO OHA He OBIBAET, U MOTEHINAILHON U KMHETHYECKON U TEMHOM
Y JJaXKe KU3HEHHOW U TyXOBHOM.

Ha camom nene, Takoil pU3N4ecKoil CyIHOCTH, KaK SHEPrus, B
NpPUPOJE HE CYHIECTBYET. DTO MPOCTO OJHO U3 HEOTHEMIIEMbIX
CBOMCTB MaTEpHH, TaKO€ )K€ KaK HampuMmep, MPO3pavyHOCTh CTEKIa,
KOTOPYIO HEJb3sl OT/ACIUTh OT CTeKJa M '"MpuiaenuTs" K (hanepe st
Toro, 4ytoObl (haHepa crana mpo3padyHor. M sHeprus mo0oro Tena
3aBUCUT TOJIBKO OT €ro IOJOXKEHHSd B TIPABUTALMOHHOM WIH
ANEKTPUYECKOM II0je Jpyroro Tena. M HecMoTps Ha yBepeHUs
OOJBIINX YYCHBIX, HUKAKOW BHYTPEHHEH SHEPTUU MaTepPUs HE UMEET.

OnHako B MocjieIHEeE BPEMs B MHTEPHETE MOSIBUIOCH OTPOMHOE
KOJINYECTBO PECYpCOB, TJA€ apMHH IICEBIOYYEHBIX JroOUTENnen
pacCy 0T O MOMCKaX KaKOW-TO CBOOOTHOM YHEPTUHU, KOTOPOH 1O
UX MHEHHIO, 3aI0JIHEeHa Bes BeeneHHas. M naxe Oosbliue ydéHble He
KpacHes BPYyT, YTO MOJI U3 KOCMOCA JILETCSI TAKOM ITOTOK SHEPTUH, UTO
B OyayuieM e€ XBaTUT 4YeJIOBEYECTBY Ha MUJUIMOHBI JieT. U moxoxe,
YTO CaMH B 3Ty YYIIb BEPST.

A BCE HAYMHAJIOCh C KAKUX-TO HEBEPOSTHBIX CIYXOB O TOM, UTO
Tecna, sikoObI HAIEN cITOCOO MCIIONB30BAaHUS PHEPTUU BaKyyMma!, HO
MPOKJISATHIC KAMUTAIUCThI KYMIIM y HETO MaTeHT U BCE 3aCEKPETUIIH,
YTOOBI HE YITYCTUTh MPUOBLTH OT MPOJAXKHU YIIIEBOIOPOJIOB.

Ho oco0eHHO yAUBISIOT pacCyKIeHuUsl YUEHBIX O TOM, YTO MIPH
MEPEMEIICHUN MAaTepPUAIbHOIO Tella IO 3aMKHYTOM TpaeKTOpHH,
coBepilaemasi paboTa paBHa HyNm0. Takyro axuHEI0 MOXET HECTH
TOJIbKO KaKOW-HUOYAb O0€3rpaMOTHBIN CBUHAPH, EMY NPOCTUTENHHO.

Ho y4€nbIil 10JKEH MOHUMATh, YTO €CIU MbI IOJHUMAEM THPIO
Ha BTOpOH 3Tax, To 3T0 MbI coBepmaem paboTy HpPOTHB CHIIBI

NPUTSOKEHUS. A KOTJa Mbl cOpachIBaeM THPIO CO BTOPOTO 3Taxa, TO
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sto P51 coBepmiaet paboty moa AeiicTBUEM CUIIBI IPUTSKEHHS. To
ectb pabota coepiraercsi PA3SHBIMMU Tenamu 1 B pa3HbIX YCIOBUSX,
M03TOMY €€ HeJb3sl MpUpaBHUBATh. OHAKO YUEHBIX 3TO HE CMYILAET.

Bces sHeprus, moctynaromnias Ha 3eMJTi0 U3 KOCMOCa — 3TO BCETO
JIMIIB OOBIYHBIA COJHEYHBINM CBET. /1 3TOT HOTOK IEWCTBUTEIIHLHO
KosoccasieH u ecnu He Oyner CouHia, 3emiis 3a HECKOJIbKO Helelb
MPOCTO MPEBPATUTCS B JICISHON MIap U BCE TIOTHOHET.

ConHeyHast »Heprusi, 3TO TMOTOK MAaTEPHAIbHBIX YaCTHI]
"COJIHEUHOTO BeTpa", 3JIEKTPOHOB, MPOTOHOB, aTOMOB BOAOPOAA U
T.JA., JIBWXKYIIUECS C Pa3IUYHBIMU CKOPOCTSMHU M COIPOBOXKIAEMbIE
BOJIHAMU B €T0 I'PaBUTALMOHHOM IToJie. Y yem Bblllie UX CKOPOCTh, TEM
0oJiee KOPOTKHE BOJTHBI OHU BO30YK/IAIOT.

Cama 6o1na He Hecém HUKAKOU IHEPIUU U He MOoHcem
0Ka3b16amb HUKAKO20 0A6/IEHUS - INO RPOCHO MEXAHUIM nepeoavu
63AUMO0EUCMEU MeHCOY MAMEPUATbHBIMU MeaamMu, 6 OAHHOM
cayuae medxncoy Connyem u 3emnéil.

MBI BUTUM CBET HCKIIFOUUTEIHHO OJIarogapst TOMY, 4TO MOTOK
MaTepualbHBIX YacTHIl, (OTOHOB, MOMaaas B TJa3, COBEPIIAIOT
paboTy, morjiouasch MOJIEKYJION poIoNMHa B CETYATKeE.

B pesynbTare nornomienust GoToHa Yy MOJIEKYJIbl POAOIKHA
YBEJIMYUBAETCS aCUMMETpUsi €€ TpPaBUTAMOHHOIO TMOJS W,
COOTBETCTBEHHO, BOBHUKAET PA3HOCTh AJIEKTPUUECKUX MOTEHINAJIOB,
B pe3ylbTaTe KOTOPOM BO3HUKAET JBUXKEHUE DJIIEKTPOHOB IO
HEPBHOMY BOJIOKHY WJIM 3JEKTPUUYECKUNU TOK, MHTEPHPETUPYEMbIN
MO3TOM KakK CBET.

[lonsiTue KBaHTa CBETa, KaK MOPLUUU H3ITYyYEHUS, BO3HUKIIO
UMEHHO M3-3a2 TOTO, 4TO (DOTOH SBISIETCS MHUHHMAJIbHOM mopiueit
CBETOBOI'O IOTOKAa, B pPe3yJbTaTe KOTOPOW BO3HHUKAET OIIYIEHUE
cBeTa B Mo3re. KBaHT — 3TO MPOCTO OfHA €JMHCTBEHHAs YAaCTHIIA UITU
TO K€ caMoe, 4TO U (hOTOH.

Dnepeus, He Modcem nPespPaAwAmMbCa HU 6 KUHEMUYeCcKyio, Hu 8
MEXAHUUECKYI0, HU 8 XUMUUECKYIO, HU 8 KAKYIO OPY2yi0, ROMOMY Ym0 IMO
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MONLKO COIICMEO Mamepuu coeepuiams paoomy, 06ycio81eHHOe
PA3HOCMbIO ZPAGUM AYUOHHBIX HOMEHYUATI0G.

W kornma roBopAT o mepenave dJICKTPOIHEPTUH, TO UMEETCS B
BUAY TO, 4YTO TepemaéTcsi TMOTOK MAaTEPUAIBHOTO HOCUTENS —
ANEKTPUYUECKU 3apSDKEHHBIX YaCTHIl, KOTOPBIC MPH JBHKCHHUU O]
NENCTBUEM PA3HOCTH IMOTEHIMAIOB CIIOCOOHBI COBEPIIAThH padoTy.

8. O IAPOBOM MOJIHUU

[[TapoByt0 MONHUIO, KAK U MHOKECTBO MPOCTHIX MPUPOIHBIX
SBJICHUM, COBPEMEHHAs HayKa [0 CHUX IIOp CUMTAET 3arajakoi, Ha
OOBSICHECHHMH KOTOPOW CJOMalyd 3yObl OYE€Hb MHOTHE OOJbIIHE
yuénble. Hayka BooOI1e UIET OKOJBbHBIMH ITYTSIMH U OY€Hb MHOTHE
MEXaHHU3MBbl MPOCTHIX MPUPOJHBIX SIBICHUN OCTalOTCA BHE €€ MOJs
3peHust. BBIABUHYTO COTHU BEpCUil MOMBITOK OOBSICHEHUS IIApOBOM
MOJIHUH, HO HU OJIHA M3 HUX JIa)Ke HA MOTy HE MPUOTU3UIIA HAYKY K
pasragke storo siBaeHus. Ho Ha OCHOBe BbIllI€ H3JI0KEHHOTO,
MEXaHH3M IIaPOBON MOJHUU 3JIEMEHTAPHO OOBICHICTCS.

OObluyHass  JNHWHEHHAs  MOJHUSA  TPEACTaBIsIeT  coOOH
KpPaTKOBPEMEHHBI  TOKONPOBOJAIIMA  KaHall B BO3JyXe,
BO3HUKAIOIIUN B pe3yjIbTaTe Pa3HOCTH 3JIEKTPUUYECKUX MOTEHINATIOB
MeXy obsakaMu win objakamu u 3emiéil. PasHocTs moTeHInanos,
9TO pe3yabTaT TYpOYJIEHTHOCTEH, BO3ZHUKAIOMIUX B BO3JYyXe OT
Pa3HOCTU TEMIIEPATYP BOCXOASIINX MOTOKOB B KapKYIO MOTOY.

TypOynentHocTr B 06JaKkax MPUBOAUT K MEPEMEIIMBAHUIO U
YBEJTUYECHUIO TUIOLIAAN CONPUKOCHOBEHHUS MOJIEKYJT BOJISIHBIX ITAPOB C
MOJIEKYJIAMH OKPY>KaIOIIEro BO3yXa, YTO OOJIer4aeT MepeTeKaHue
3apsanoB. [Ipu 3TOM paboTaeT TOT K€ caMblii MEXaHHW3M, KaK IMpH
JJIEKTpU3ALMHA HATUPAHUEM CTEKISTHHOW MM S00HUTOBON MaTOYKH.
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O6naka, COCTOSAINE U3 MOJIEKYJ BOJbI, UMEIOIINX MEHBIIYIO
ACUMMETPHUIO TPAaBUTALIMOHHBIX II0JIE€H, OTHOCHUTEIBHO MOJEKYII
BO3[yXxa KaK [MpaBWIO, I[OJY4alOT U3 HEro U30bITOYHbIE
OTpULIATENIbHBIE 3apsiAbl. Pa3psa MOXKET NpPOM30WTH KaK MEXIY
o0JyakaMu, UMEIOIUMHU OTPULIATENIbHBIE 3apsA/bl Pa3HON BEIWYHHBI,
TaK U MEXIy obiakamu M 3eMiEH, KoTopas Tak K€ MMEEeT OYEHb
HEeOOJIBIION U30BITOUHBIN OTPULIATEIIBHBIN 3apsil.

Korpa mexny obnakamMu pa3HOCTh MOTEHIMANIOB JOCTUTAET
HEKOTOpPOW KPUTUYECKOW BEIMYMHBI, 3apsibl HAUMHAIOT NIEPETEKATh
MEXIy HHUMH, 00pa3ys TOKOMPOBOIALIMI KaHal, MO KOTOPOMY
MIPOUCXOIUT JABUHOOOPA3HBIN paspsl, BBLACISAIONIUN OrPOMHYIO
MOIIHOCTh 32 OYE€Hb KOPOTKHUH MPOMEXYTOK BpemeHu. Mnu mpocro
JIMHENHas MOJTHUS.

Ilepen TeM Kak IIOracHyTb, MOJHMS pPa3pbIBAacTCsl Ha
HEeOOoJIbIIIME yYacTKH, KOTOpPbIE MOCTOSIHHO MIYLIIMMH B TPO30BBIX
o01akax BUXPSIMH, MOTYT CBEPHYTbCS B NETIIO M HEKOTOPOE BpeMs
OTJIEIbHO OT OCHOBHOI'O KaHaJjla CyILECTBOBAaTh B BUJE 3aMKHYTOT'O
KOJBIIEBOTO  IIOTOKA  3apsA0B, JABWXKYIIMXCA 1O  KPYTOBBIM
SKBUIIOTEHIMAIBHBIM TPACKTOPUSAM. OTa METIA WU MPEACTaBIsAET
c000¥ apoBYI0 MOJTHUIO.

A Tak Kak JIBM>)KEHHME IO SKBUIOTCHIUAIBHON TPAEKTOPHH, 3TO
[0 CYTH, AHAJIOTI NPSIMOJIMHEMHOIO0 PAaBHOMEPHOIO JIBMXKEHMS, IPHU
KOTOPOM paboTa MpaKTUYECKU HE COBEPIIAETCS, TO IIapOBast MOJIHHUA,
0J00HO CBOOOJIHO BpAILAIOIIEMYCSI MAaXOBUKY HJIM BOJYKY, MOXKET
CYLIECTBOBaTb  JOBOJBHO JJINTEIBHOE BpEMs, IEpeMelasch
NOTOKaMH BO3/lyXa Ha HEOOJIBIIUE PACCTOSTHHUS.

[Toka THXO HEe UCUE3HET, NCUEPIAB IHEPTUIO HA U3ITYyUEHUE WU
HE€ HATOJKHETCS Ha NPENATCTBUE, MPU KOTOPOM MPOU3O0UAET
paspyleHre KOJbLIEBOIO TOKa ¢ 00pa3oBaHHEM B BO3AyXe 00iacTu
MOBBIIICHHOW KOHIEHTPAIIMU AJICKTPUYCCKUX 3apsnoB, [ria.11]
KOTOpblE MI'HOBEHHO BCTYIHMB B pPEaKLUIO CaMOIPOU3BOJILHOTO
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CHUHTE3a C MOJIEKYJaMU OKPYXAIOILIEro BO3/1yXa, BBIACIAT UMITYJIbC
MOIIHOCTH B BH/JIE B3pHIBA.

OKCHEpUMEHTAIIbHO IIAPOBYI0 MOJHHMIO MOXHO TOJTYYHTh
IpormycKkasi  MOILIHBIE  DJEKTPUYECKHE  pa3psabl B CHIBHO
TypOyJEHTHOM MOTOKE BO3/TyXa.

9. O TEMIIEPATYPE

Ha ocHOBaHMM H310KEHHOTO BBIIIE, MOKHO TaK K€ JIETKO
000CHOBaTh TOHATHE TemmepaTypel. llpu HarpeBaHum Tena'
pacuIupsitoTcss W CTAHOBATCA JIerde, 3TO SKCHEPUMEHTAIBHO
ycTaHOBJICHHBIM (akT. Bo3pMéM TBEpHOE TENO MW MPOBEAEM
MBICJICHHBIH dKcriepuMeHT. Kak ObUIO CKa3aHO BBINIE, ATOMBI
BellecTBa 00Jalal0T TPaBUTALMOHHBIMU TOJISAMH, Ojaromaps
KOTOpPBIM OHU TNPUTATHBAETCA K 3emiie. Tak Kak I'paBUTAlMOHHbBIE
MoJisl aTOMOB TBEPJAOTO Tella HMMEIOT OYE€Hb HE3HAYUTENIbHYIO
ACMMMETPHIO, TO OHH CUJIBHO IPUTITUBAIOTCA IPYT K JPYTY.

[TpubapnsieM K KaxaoMy aToMy IO 3JeKTpoHy. [Ipu 3Tom y
aToMa HECKOJIbKO YBEIUYUTCS ACUMMETPHUsSl €ro TI'PaBUTAIIMOHHOIO
noJisi, B pe3yjibTaTe 4Yero YMEHBIIMTCS Cuja MPUTSHKEHUS Tena K
semite. [1i1.11]. To ecTh aTOM cTaHeT jerye (BOSHUKHET AeEKT Beca),
a 00beM ero yBEeNMYMTCS Ha OJUH 3JEKTpOoH. Bot, mo cytu, Mbl U
0OHApYXMJIM HOCUTENh TeTu1a. Takol cBO€0Opa3HBIA TETIOPO/I, POJIb
KOTOPOr0 MOTYT UIpaTh, B MPHUHIUIIE, KaK MOJOXKUTEIbHbBIE, TaK U
OTPHULIATEIbHBIE 3aPSIbI.

W xoropelii Oonplive y4EéHbIE YK€ YCHENd "3aKphITh',
NpUAYMaB B3aMEH BEUYHbIA JIBUraTeilb, B BHUIE MOJIEKYJISIPHO-
KUHETUYECKON TEOPUH.

Bo BcenenHnoit cymecTByOT 00JaCTH, i€ KOCMHUYECKUE Tela
00pa3oBaHbl  BEIIECTBOM C  TOJIOKHUTEIBHOM  aCUMMETpPUEH
IPaBUTALMOHHBIX MMOJIEH aTOMOB. DTO TO, TO Yy4Y€HbIe Ha3bIBAIOT

63



Anexcandp BECEAOB

TeMHOU MaTtepueil. [1o cyTu — 3T0 HEKuil apaylIebHbIA MUD, TIE BCE
HaoOopoT. M3mydeHus 3BE34  COCTOSIMX M3  BEIIECTBA C
MOJIOKUTETPHOW aCUMMETPHUEH, MPEACTABISAIOT COOOM TOTOKH, B
KOTOPBIX IPe00IaJat0T MOJIOKUTENIBHBIX YACTHIL.

OTOT MUp s HAac HeBUAUM. HeOobImoi Kycok BEIecTBa,
00BEMOM B KyOMYECKHII CAaHTUMETp, Yy Hac Ha 3emie OyJaeT BECHTh
HECKOJIbKO TOHH U OyZeT UMeTh IITy0oKo u€pHbIii 1iBeT. [loaToMy MbI
HUKOI'ZIa HE CMOKEM IOCETUTh ATOT MAPAJIENbHBIN MUD, TaK XKe KaK
U ero oOuTaTe’an HEe CMOTYT MOCETUTh Haml. OOmaTbes MBI CMOXKEM
JIMILB TOCPEICTBOM PAIUOCBS3H.

[IpomomkuM CBOWM MBICICHHBIM AKCIIEPUMEHT, J00aBIsAs B
aTOMBI TeNa MO 3apAny. ACUMMETpPUS MX I'DAaBUTALMOHHBIX IIOJEH
OyZAeT yBeIMUnBaThCsI, TEJIO OyIeT CTAHOBUTHLCS BCE JIerye U Jierde, a
CHJIBI IPUTSKEHUSI MKy aTOMaMu OyJIyT CTAHOBUTHCA Bce ciadee u
ciabee.

UYepe3 HEKOTOpoe BpeMs aTOMbl IOJy4aT BO3MOXHOCTb
NepeMeNaTbCsl OTHOCUTENBHO JIPYT ApYra U BEIECTBO IIPEBPATUTCS B
XKUAKOCTh. To ecth paciuiasurcs. [lpu

nanbHENeM MpuOaBIeHUN 3apsiIoB,

Boyiyx ACUMMCTpPHUA T'paBUTALIMOHHBIX ToJieit

== ATOMOB YBCJIMYUTCA HACTOJIBKO, YTO
i

OHM HAYHYT OTPBIBAThCA APYr OT

e apyra  BCE  YBEIMYUBAKOLIMMUCS

Puc.21 CUJaMH OTTaJKUBaHUS M JKHUJKOCTb
MpEeBpaTUTCS B ra3. BOoT MBI M MONy4miin OOBSICHEHHWE MEXaHH3Ma
HCTIapEHUS.

IIpumeuanue! B uacmnocmu, ucnapenue 600vl 00yCj061€HO
PpasHocmuio acummempuii 6030yxa u 600vl (puc.2l), nosmomy oasxce
3amépzman 6ooa (11é0) 0060abHO Xopouio ucnapsemcsa. Hzovimounvie
3apao0sl U3 MOJIEKY1 6030YXA NEPeMeKas 6 MOAEKYbl 1b0a, YEeaUdUEaIom
acummempuio uUxX 2pasumMayUOHHBIX NOJel, UYmo HpUeooum K
YyeenuueHuo cun OmmaiakueaHus mMoJiexyi opyz om opyza, Komopule npu

IMOM  ROIYUAIOM BO3MOHCHOCHIL OmMOpesambCa oOm RnOBEPpXHocmMuU U
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HOOHAmMbBCA 6 6030yX, émecme ¢ ''mpununmwiumu'' K HUM MoJeKyIamMu
6030yxa).

[Ipu 3HAYNTETHLHOM YBETUYECHUN KOHIIEHTPAIIUU N30BITOYHBIX
3apsAI0B B aTOMaX, OHM YK€ He OyIyT B HUX YIEPKUBATHCA, a OyayT
PaBHOMEPHO pacIpeAeIThCs 0 BCEMY 00bEMY.

Takum oo6pazom, 000cHOGbIGACHICA MEXAHU3ZM 6HIOPOZO
Hauana mepmoOUHAMUKU U NPUHYUN 603DACMAHUA IHMPORUU, KAK
6bIPAGHUBAHUA II00bIX (Pu3uyecKux napamempos mamepuu. B
OaHHOM Ciyuae - memnepamypbol.

B KoHIIe KOHIIOB, BEMIECTBO MPEBPATUTCS B CMECH "TOpsSUUX"
(3apsDKEHHBIX)  ATOMOB € JJIEMEHTAPHBIMH  DJIEKTPUYECKH
3apsDKEHHBIMH - YacTHIAaMU  Wid B 1asmy. llpu  ganbHelmem
MOBBIICHUH TEMIIEPATYPHI MPOUCXOIUT CIAETYIOLIEE.

N3-3a orpoMHON KOHUEHTPALIMU OJMHAKOBBIX 3apsAJIOB, aTOM
NEPEeXOUT B COCTOSIHUE, TMMOJAO0HOE IKHIKOW Karie, KOoTopas
pa3BaJMBaeTCs Ha DJJIEMEHTApHbIE YACTUIIBl. OJTHU 3JIEMEHTapHbIC
YaCTHUIbI, IPU JAJIbHEHIIIEM MOBBILIEHUU TEMIIEPATYPbI, Pa3BAISTCS
Ha cyOanemenTtapusble. M Tak nanee. I1o cyTu Mbl BOCIIpOU3BENH 31€Ch
MpoIleCC CHUHTE3a, TMPOUCXONAIMMKA B 3BE3Max, B OOpaTHOM
HaIpaBJICHUU.

Temnepamypa — mo eenuuuna pasHocmu acumMmempuii
2PasUMAayUOHHBIX NOJIEH AMOMO8 MAMEPUATILHO20 MeNa U amomMos
OKpys#carouieil e2o cpeobl.

N mpocto pa3HOCTh WX M3OBITOYHBIX DIEKTPUYCCKHUX
3apsioB. [I0TOK Temia — 3TO MOTOK 3apsKEHHBIX YaCTHL], KOTOPBIN Mbl
YyBCTBYeM Ojarogapsi yBETUYHMBAIOMICHCS ACHMMETPUU MOJICKYT
HaIlIeTo Tena.

Ecnu e 3TOT MOTOK 4acTHIl HAlpaBjIieH W3 HAIIEro Tela U
OyIeT yMEHbBIIaThb AaCHMMETPHUIO HAIlMX MOJIEKYJ, MBI Oynem
YyBCTBOBATh OXJIAXKJICHHE. AOCOIIOTHBIA TEMIIEpaTypHBIN HYIb, 3TO
PaBEHCTBO WJIM HYyJIeBash Pa3HOCTh ACUMMETPHUIl TI'paBUTALMOHHBIX
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nojel aToMoB Tena, KOTOpas B CHIY C(EepUuecKOil METpUKU
BCEJIEHHOM, HEBO3MOYKHA.

A TO, 4YTO mMonpa3zymeBaeTcsl Moj aOCONIIOTHBIM HYJIEM B
COBPEMEHHOM HayKe — 3TO CHEKYJSALHUs, OOYCIOBJICHHAs CIENbIM
MEPEHOCOM PEe3yJbTaTOB MAaTeMaTHYEeCKHX MpeoOpa3oBaHUN Ha
(GU3UUECKyI0 pealbHOCTb.

AHaJOTUYHBIM K€ 3a07yKICHUEM SBISETCS U MOJEKYIISIPHO-
KMHETUYEeCKass Teopus, MPOTUBOpEYallas BTOPOMY  Hadaly
TEPMOJMHAMUKH, OOYCIIOBJICHHAs, KaKk W B CIy4ae C OIBITOM
Pezepdopraa, ommOouHbIM 00BSICHEHHUEM PE3YJIbTaTOB SKCIIEPUMEHTA
bpoyna. Hcxonss w3 omnpeneneHus TeMmmepaTypbl NPUBEIEHHOTO
BBIIIC, AJIEMEHTApPHO OOBSCHSETCS MPUHIUN PaOOThI OOBIYHOTO
XOJIOTMIbHUKA.

IIpu cxatum paboyero Tenma - (peoHa, €ro aTroMmbl
CONMMXKAIOTCS, KOHIICHTpAIUsI M30BITOYHBIX 3apsiioB B ero o0OnEMme,
YBEJIMYUBACTCS W 3apsjabl, [OJYUHSSACH BTOPOMY  Hayaily
TEPMOJMHAMHUKHA H  CTPEMSCh  PACHpPEIeIUThCI  PABHOMEPHO,
HAYMHAIOT TepeMeniaThcsi B CTEHKM EMKocTh (paauarop). anee
MIPOXOJS MO/ JaBJICHUEM Yepe3 TOHKOE OTBEPCTHE B APYTYIO EMKOCTb
(paguaTop MOpPO3WIBHOW KaMephl), pabodee TeNo paciupsAeTcs H
KOHIIEHTpAIUs 3apsA0B B HEM PE3KO YMEHbBIIIAETCS.

CornacHo BTOpOMY Hauaiy, 3apsiibl HAUMHAIOT MepeTeKaTh B
pabouee Teno yxe W3 CTEHOK MOPO3MIIBHOM Kamepbl, euié Ooee
oxnaxnas ee. Korma Mbl mpukacaeMcs majiblleM K METALTHIECKOMY
peaIMeTy, OH HaM Ka)KeTCSl XOJIOJAHBIM, TOTOMY YTO M3-3a Pa3HOCTH
ACUMMETPHUI MOJIEKYJT HAIIIETO TeJIa U aTOMOB MEeTaslia, U30bITOYHBIE
3apsAbpl Hallero Tejla HAYMHAIOT TepeTeKkaTh B METall, co3iaBas
OLYILIEHUE XO0JIOAA.

To ecTp HamM HEpPBHBIE KIETKH MPEKPACHO OMPENESIOT
HampaBlieHue 3Toro Toka. [Ipukacasice K JepeBsHHBIM IpeaMeTam,
UMEIOITUM MTPUMEPHO OJTMHAKOBYIO aCUMMETPHIO C HAIIIUM TE€JIOM, MBI
HE OINYIIaeM WX XOJOIHBIMH, IMIOTOMY YTO H3-32 OTHOCUTEIEHOTO
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paBEHCTBA ACUMMETPUM, IEPETEKAHKE 3aPsIIOB CITUIIKOM HUYTOXKHO,
9TOOBI €0 OIYTHUTh.

JIBU>KEHHEM  DJIEKTPUYECKMX  3apsSAOoB  DAJIEMEHTapHO
OOBSACHAIOTCA JIOOBIE MEXaHM3MBbl B3aUMOJEHCTBUII B MpPUPO/IE,
BKJIIOUAsi MEXaHU3MbI JEUCTBUS PA3IUYHBIX OPraHOB HAIIETo Teja.
Ceruarka, Harnpumep, MIPEJICTaBIISIET coboit MaTpPHILY
CBETOUYBCTBUTEIBHBIX  KJIETOK, TaK Ha3bIBa€MBbIX  MAJIOYEK,
ONPEIETAIOMIUX HHTEHCUBHOCTD CBETOBOT'O MOTOKA, COBMEIIEHHYIO C
MaTHUIIeH, TaK Ha3bIBaEMBIX KOJOOUYEK, MPEACTaBIAIONINX Cc000it
JIETEKTOPBI CKOPOCTU (POTOHOB, KOTOPOI OmpeiensieTcs 1BET.

CeruaTka — 3TO, IO CyTH, H3MEHUBIIHMKICS (HaceTOYHBIN Ta3
HACeKOMOT0, MOJTYYHBIINHA B pe3ylbTaTe 3BOIOIIMOHHOTO Mpoliecca,
obmuii xpycramuk. CBeT, (GOKYCHPYSICh XPYCTaIUKOM, CO3/1aéT Ha
ceTyaTke  M300pakeHWe,  TpeAcTaBisomee  coboil  Kapry
DIIEKTPUYECKUX TOTEeHHHaioB. To ecTh 93TO  H300pakeHUe
OKPYKAIOIIUX MPEAMETOB, CHOPMUPOBAHHOE WIJIM HAPHUCOBAHHOE Ha
CETYATKE AEKTPUICCKUMU MOTEHIIUATAMHU.

B pesynbrare nercTBUA 3TUX IOTEHLMAJIOB BO3HUKAET
JIBUKEHHE SJIEKTPUUECKUX 3apsAOB IO MY4YKY HEPBHBIX BOJIOKOH,
KOTOpBIE TIOCTyNas B MO3T, (QOPMHUPYIOT B HEM BpPEMEHHYIO
HEHPOHHYIO CTPYKTYPY, TaK K€ MPECTABISIONIYI0 COOOW IBETHOE
00bEMHOE M300pKEHHE OKPYKAIOIIMX MPEAMETOB, KaKIas TOUYKa
KOTOPOI'0 COOTBETCTBYET IIOTEHLHAIY, CO31aBAEMOMY OIIpEEIEHHOU
NaJIOYKOH B ceTyaTke. ITo M300paxeHrne o0padaThIBacTCS MO3IOM U
YaCTHYHO 3aIIOMHUHAETCHL. ..

Temepr ocTtaércs oauH HEOONBINIOW MIAT JO CO3JTAHUS
UCKYCCTBEHHOro rja3a. I[Ipu coBpeMeHHOM YpOBHE pa3BUTHS
MUKpPOTEXHOJIOTUH, CO3/laHW€ TaKOro HCKYCCTBEHHOIO TIJja3a He
COCTAaBUT OOJIBIIIOTO TPy/Aa M 4epe3 JIBa — TPU Toja J00H ciemnon
CMOKeT BUAETh. [IycTh 1 He Tak XOpoIl10, Kak HOpMaJIbHBIMHU IJ1a3aMH,
HO JIOCTaTOYHO, YTOOBI 00XOAUTCS 6€3 TTOBOABIPEH. . .
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Ero koHCTpyKI1IHS TOBOJIBHO MIPOCTA, HO 3/1€CH 51 €€ MPUBOIUTH
He Oymy.

AHaJIOTUYHBIM obpazom  paboraer W MEXaHU3M
pacnio3HaBaHusl BKyca. PasnuuHble BeliecTBa, Momajaas B CIIOHY,
SBIISIOLIYIOCS. DJIEKTPOJIUTOM, CO3JAIOT AHAJOTUYHYIO K€ KapTy
ANEKTPUUECKUX MOTEHIIMANIOB, KaK U CETYaTKa IJla3a, KOTopas Tak ke
00pabaThIBacTCsI MO3TOM. ..

Ewé ooun ouenv nacnaouwlii npumep, 00Ka3vléaroujuil
INEeKMpPUUecKyro npupody memnepamypuol. Ecau nnockocmmuoi
nOJIYRPOBOOHUKOBBLIL OUOO NOOKIIOUUMb 8 3ANOPHOM HANRPABIEHUU
K UCMOYHUKY HOCMOAHH020 Hanpsaxycenusa 6 5-10 eonvm, mo 6
pe3yromame 0beonenusn p-oonacmu n-p nepexooa
IIEKMPUYECKUMU 3apA0aAMU, OUO0O 0080JIbHO CUTbHO OXJIAOUMCA.
Ha smom  npunyune  padomaiom  nOIYNPOEOOHUKOGbIE
X0N00UNbHUKU.

10. O NPSIMOJIMHEMHOM JIBUKEHUU 1
"CBEPXITPOBOJUMOCTH"

Jleusicenue — Imo n1060e usMeHeHUe COCMOAHUA mend,
(nonooicenuss unu HanpasieHus nepemeujenus), 00yci061eHHoe
oelicmeuem pAasHOCMU 2PAGUMAYUOHHBIX NOMEHYUAN08, NPU
Komopom cogepuiaenica paooma.

A crnemoBaTenbHO, IBUWKEHUE HE SIBIISETCS HEMPEMEHHBIM
YCIIOBHEM CYIIECTBOBAHUS MAaTEPUH M MOITOMY HHUKAKOTO BEYHOTO
XA0THYECKOTO JBFDKEHHS B TPUPOJIE CYIIECTBOBATH HE MOXKET, TaK
KaK 3TO TpeOyeT HEeNpephIBHOW 3aTPaThl MOITHOCTH.

Jleusicenue no unepyuu — 3mo 0guiiceHue no MPAeKmMopuu
PAGHO20 nOMeHYuana, nPU KOMopoi pazHocmy pasumayuOHHbIX
HOMEHYUAI08 OCIMAEMCA HEUIMEHHOI U padoma He coeepuiaemcs.
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ITosTOMy ABMXKEHUE IO SKBUIIOTCHLHUAIBHON TPACKTOPUHU
ABJISIETCSA YAaCTHBIM CilydaeM nokos. Kak HaMm roBoput ¢usuka, eciu
Ha TEJIO HE ACUCTBYIOT HUKAKUE CHJIBI, WIA PABHOJACHCTBYIOIIAS BCEX
JEUCTBYIOIMX HA TEJIO CUJI, paBHA HYJIIO, TO TEJIO Oy/IeT HAXOUThCS
B IIOKO€ WIA B COCTOSHHH PaBHOMEPHOIO IPSAMOJIMHEWHOTO
nBrkeHHs. Ho Tak kak BCEJIeHHas, B CUJIy CBOWCTB MAaTEpPUU UMEET
cepruvecKyr0 METPUKY, TO Pa3rOBOPHI O KAKOM-TO MPSIMOJIMHEHHOM
PaBHOMEPHOM JABIIKEHUH, SBIAIOTCS 3a0myxaeHueM. B cepuueckoit
TreOMETPHUH BCEICHHOM TAaKOTO JBM)KEHUS HET U OBITh HE MOJKET.

EnuHCTBEHHOW mNOpsIMOM JIMHUEW BO BCEJICHHOM MOXHO
CUUTATh TOJBKO PAIUYC JTFOOOT0 TATOTEIOIIEr0 Tela, HO ABHKEHHE 10
9TOM JINHUU HE ABJIAECTCS PABHOMEPHBIM, TaK KaK MOKET IPOUCXOIUTH
TOJIBKO IOJ ACVCTBUEM Pa3HOCTH I'PABUTALMOHHBIX IIOTCHIIMAIIOB.

Jletamui caMon€r, HanpUMep, B YCTAaHOBUBILEMCS PEKUME
NOJIETA MOXKHO CUMTaTh JABIXKYILMMCS II0 MHEPLUH, TaK Kak
PaBHOJEHCTBYIOIIAs BCEX CHJI, NEHUCTBYIOIIMX HAa CaMOJIET B OTOM
pexuMe, paBHa HYJIIO.

Cuna TAroreHus: ypaBHOBEUIEHA NOIBEMHON CUIION KPBLILEB,
CHJIa CONPOTHUBIICHHS BO3/1yXa YPAaBHOBEUICHA CUIION TSATH JBUTATEISA
U CaMOJIET B JAaHHOM CJIydae IBHJKETCS II0 JKBUIIOTEHIMAIBHON
TpaekTopuu. Mnum mo wuHepumu. Haxopsce BHyTpu camosi€éta C
3aKpBITBIMH  WJUIFOMUHATOPAMM, €T0 JBHWKCHHE HEOTIMYHUMO OT
COCTOSIHUS TIOKOSI.

Ecnu x KOHIIaM POBOAHUKA IPUIIOKUTh HEKOTOPYIO Pa3HOCTh
NEKTPUYECKUX IOTCHIHUAIOB, TO B HEM BO3HUKHET JBHXXCHHUE
NIEKTPUYECKUX  3apsaaoB. IIpuuéM, 1o Mepe IPOABHIKECHUS
JNEKTPUYECKUX 3apsioB K IPOTHUBOIOIOXKHOMY IIOJIIOCY, Pa3HOCTh
NOTEHIMATIOB OyJeT M3MEHATBhCS, a CUJa NMPUTSKEHHUS U CKOPOCTb
JIBYDKEHUS 3apa10B OyZeT BO3pacTaTh.

CrnenoBarenbHO, 21€eKMPUYECKU MOK — 3IMO YCKOPEHHOoe
ogudiceHue 3I1eKMPUYEecKux 3apadoé no npPOoEOOHUKY, INOJOO0HOE
NaJEHUI0 MaTEpUAIBHOTO Tejaa I0J  JEHCTBHEM  Pa3HOCTH
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rPaBUTALMOHHBIX MOTEHIUATOB. Y1 IMEHHO MO3TOMY 3JIEKTPUUECKHUI
TOK MOXKET coBepuiaTh pabotry. Mcxoast U3 3TOro e yTBepKIeHus,
MOJKHO JIETKO OOBSCHUTH BOSHUKHOBEHHE CBETOBOTO M3ITyYEHUS MPHU
MPOXOXKACHUU TOKA Yepe3 MPOBOAHUKH C BEICOKUM CONPOTHUBIICHUEM.

Berpeuass BbICOKOE COMPOTHUBIICHHUE IBUKEHHIO, 3JEKTPOHBI
HaKalUIMBalOTCd B TPOBOJHUKE, YTO MPUBOJUT K TMOBBILIECHUIO
KOHILIGHTPALlUU JJIEKTPUUECKUX 3apsiioB M BBITAIKUBAHUIO MX U3
MPOBOJIHUKA B OKpY)Kalollee MPOCTPAHCTBO CHUJIAMU B3aUMHOTO
oTTankuBaHus [ria.6]. M dem Ooiblie MX KOHIEHTpALUSA, C TEM
OoJIbIIIel CKOPOCTHhIO OHM "BBITAIKMBAIOTCA" M TeM 00Jiee KOPOTKHE
CBETOBBbIE BOJHBI BO30YXKIAlOT B TPAaBUTALMOHHBIX  MOJIAX
OKPYKAIOIIEeH UX CPebl.

HmeHHO mo3TOMY IpU HEOOJBIIOM TOKE, MPOBOJAHUK CHaudajia
cnabo HarpeBaercsi, TaK Kak "BBITOJKHYTble" W3 TPOBOJHUKA
DIIEKTPOHBI HMEIOT HEOOIBIIYI0 CKOPOCTh W TIPU JBHKECHUU
BO30Y)KIAIOT JUIMHHBIE, WH(QPAKPACHBIE, BOJIHBI, a C IMOBBIIICHUEM
KOHIIGHTPAllMK  CKOPOCTh  BbUIETa YBEIMYMBACTCS W  BOJHBI
CTAHOBATCA KOpPOUE€ U MAKCUMYM H3JIYYEHHS CIBUTACTCS K CHHEMY
Kparo CHeKTpa.

B pesynbrare CHIBHOIO OXJIQXJACHHUS TPOBOJHUKA, OH
o0eHseTC s AIEKTPOHAMU M aCUMMETPHS IPaBUTALIMOHHBIX MOJIEH ero
aTOMOB YMEHBIIAETCSA, a CIEAOBAaTEIbHO YMEHBIIAECTCA €ro
AIEKTPUUECKOE COITPOTHUBIICHHE.

B npoBogHuke BO3HUKAIOT YCIOBHUSL JUIsl HENPEPHIBHOTO
KpYTOBOT'O JBUKEHUS AIEKTPUUYECKUX 3aps/i0B no
OKBUITOTCHIIMAILHBIM TPACKTOPHUSAM, IMOAOOHO IIAPOBOW MOIHUH,
IpeJICTaBIIsIoee coO0N aHajIor JBMKEHHS IO MHEPIUU U KOTOPOe
y4E€HBIE HA3BIBAIOT "CBEPXITPOBOAUMOCTHIO" .

W Tak xak mpu 3TOM ABMXKEHHH paboTa HE coBepuIaeTcs, TO
TaKOM KOJIBIIEBOW MOTOK 3aps0B MOXET CYIIECTBOBATH JOBOJIBHO
JUIMTETIbHOE BpeMsi, TIOKa TIPOBOJHUK OyneT HaxoguTcs B
OXJIAXACHHOM cocTosiHuu. Ho noctaroyHo pa3zopBaTh 3TOT MOTOK
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3apsI0B, 4TO OB 0TOOPATh MOIIIHOCTb, KaK UX JABM)KEHHE MTHOBEHHO
MIPEKPATUTCS U BUXPh UCUC3HET.

AHanoramMM Takoro JABWKEHHS, KPOME IIapOBBIX MOJHHUMI
SBJISIFOTCS, MHOTHE SIBJIGHUS TIPUPOJBI, HMEIOIIHE BUXPEBYIO
MPUPOIY, TaKWe KaK TOPHAIO0, IHUKJIOHBI, a TaK XK€ pa3IuYHBbIC
MaxOBUKM M BOJIYKHM, YYacCTKU KOTOPBIX, JBIKYIIHUECS TIO
OKBUITOTCHIIMAILHBIM TPACKTOPHUSAM, MPAKTHYECKA HE TPEOYIOT IS
aToro 3arpaT MomHOCTH. OOBSCHEHHE CBEPXIPOBOAUMOCTH
JBUKEHUEM KaKMX-TO "KYNEPOBCKHUX Iap" CIMIILUXCS JIEKTPOHOB,
MPOCTO HAWBHBI U CMEITHBI.

CBepXmpoBOAMMOCTh, KaK JBIKEHHE KaKUX-TO ''CBOOOIHBIX"
9JICKTPOHOB B YCIIOBUSIX OTCYTCTBHSI PA3HOCTH DJICKTPUUYCCKUX
MOTEHITMAIIOB U COBEPIICHUSI MU PAOOTHI, (PU3UIECKU HEBO3MOXKHA.
DTO BEUHbIN IBUTATENH U TOJIBKO NICEBOYUYEHBIE ITOTO HE TOHUMAIOT.
N B cuity 3TOro 0OCTOSTENBCTBA, YEIOBEUYECTBO, K COXKAJICHHUIO,
HUKOT1a He OYZeT UMETh CBEPXIPOBOISAIINX JTMHUN dJIEKTpoIiepeiay,
MOTOMY YTO BEUHBIE JIBUTATENN IPUHIUIIAATIEHO HEBO3MOKHBI.

11. O JE®EKTE BECA U "CBEPXTEKYYECTH"

Macca u oHeprus B HacTosIlee Bpems  SBISIOTCS
dbyHIaMeHTaIbHBIMU MOHSATUSIMH B TeopeTudeckon ¢usuke. Macca,
KaK KOJMYECTBO MaTepUM M OHHEpPrusi, Kak CBOICTBO MaTepuu
coBepIath paboTy. Tak Kak MaTepus HE MOKET MPEBPAIIATHCS B CBOE
CBOMCTBO, TO €CThb B HHEPIUI0, HE MOXXET BO3HUKATh W3 HUYETO U
ucye3aTh B HUKY/A, TO TIOHATHE JAe(eKTa MacChl, KaK NCYC3HOBEHHUS
KaKOM-TO YaCTH MaTEPUH SIBJISIETCS, IO CBOEH CYTH, aHTUHAYYHBIM.

Ho Tak kak »TO sBIEHHWE YCTAHOBJIEHO KaKk OBl
9KCIIEPUMEHTAIILHO, TO CJIEI0BATEIbHO, PEUb MOXKET UATH HE O Macce,
a 0 gece, KOTOPBII MOXKET U3MEHSTHCS B 3aBUCMOCTH OT PACCTOSIHUS
0 TATOTEIOLIEro Tena. 37ech HMMEET MECTO METOJOoJorudecKas
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omnoOKa, KOTOPIMU M300HMITyeT BCS TeopeTndeckas Hayka. [loaromy
BMECTO TIOHATHUSA "Macca'", He0OX0IuMO YIoTpeOIsaTh MoHsATHE "Bec".

Cytp sBneHus nedekrta Beca JOCTATOYHO JIETKO OOBsICHUMA.
JIroOas maTepuanbHas 4acTHIIA BEIIECTBA 00J1a/1aeT TPaBUTAIIMOHHBIM
MOJIEM M, CIIEJIOBATENBHO, MPUTATUBACTCS K APYTUM MaTepHATbHBIM

- — = TelaM C HEKOTOpOW cuioi, oOpaTHO

ﬁ IIPONOPLUOHAIBHON KBaJpaTy
s [ 1 e - [ PACCTOSIHUSA MEXIY HHUMH. Mexnay

[y r—
ey

JBYMsI 4YaCTHULAMH, HAXOIALIUMUCS

Puc.22 Jpyr OT Jpyra Ha pacCTOSHMH,
HAaMHOTO MPEBBIMIAIONIEM WX pa3MEpbl, CUJIbI MPUTSHKEHUS OYEHb

HE3HAYUTEJbHbBI U HE UTPAIOT HUKAKON POJIH.

Ho ecnu 3Ty yacTuibl OKaxyTcs JOCTaTOYHO OJM3KO APYT K
YTy, Ha PaCCTOSIHUU CPAaBHUMOM C UX pa3MepaMu, TPaBUTALIMOHHBIE
CUJIbI BCTYIISIT B JIEMCTBHUE U MPUTSAHYT UX BIUIOTHYIO JIPYT K JIPYTY,
00pa3ysl HOBYIO COCTaBHYIO YacTHuiy [ri.3].

Bec 31011 HOBOM COCTaBHOW 4aCTUIIbI B CHILY TOTIO, YTO 4acTh
CHJI TIPUTSDKEHUS yacTull OyaeT "M3pacxojoBaHa" HA yJaepKaHHUe MX
OKOJIO JPYT JPYyTa, OKAKETCS MEHbIIE, YEM HX BEC MO OTIEIbHOCTH
(puc.22). To ecTb BO3HUKHET Je(heKT Beca.

ITo cBoeit cyTH, 00bETMHEHHE JIBYX YACTHIL B OJIHY, 9TO U €CTh
npouecc cunmesa, TpPU KOTOPOM  cOBeplIaercs  padora,
MpOMOpILMOHANIbHAS 3TOMY nedekTy Beca. B maHHOM ciydae, 3Ta
pabota OyAeT coBepieHa MPOTUB CUJI MPUTSIKCHUS] 3EMITH, TaK Kak
YMEHBIIEHUE BECa PAaBHOCWIBHO MOAHITHIO MAaTEPUAIBHOTO Tea Ha
HEKOTOPYIO BBICOTY B €€ TPaBUTALIMOHHOM TOJIE.

Tak KaKk CHUJIBI TPUTSHKCHHUS YaCTHUIl MKy coO0W | 3emiiei
OUeHb Mallbl, JJI1 UX OOHapyXeHus TpeOyeTcs BechbMa CIOKHOE
o0opynoBanue. Hike mpennaraercsi cxema MpocToro 3KCIepUMEHTa,
WUTIOCTPUPYIOIIETO BO3HUKHOBEHHUE JieeKTa Beca, KOTOPHIH MOKHO
MPOJEMOHCTPHUPOBATH B JIFOOOH 1mIkose. [[ist ero mpoBeaeHUus HYKeH
TOJIbKO JOCTaTOYHO YYBCTBUTEJIbHBIA JUHAMOMETP U HECKOJIBKO
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IIOCTOSSHHBIX MAarHuTOB. HpI/IMepHaﬂ CXCfMa S3KCIICPpUMCHTA IIOHATHA
n3 pucynka (puc.23). JlepektomMm Beca Tak K€ dSJIEMEHTapHO
OOBSCHSICTCS  SIBIGHUE CMAYUBAEMOCHMU U NHOBEPXHOCHHO20
HAMANCEHUS.

Monekynbl JKUJIKOCTH, KOHTAKTHUPYIOIIME C MOJEeKyJIaMu
CTCHOK COCyJa, MPUTATHUBAIOTCA K HUM C BOSHUKHOBCHUCM z[e(beKTa
BCCa, B pC3YyJIbTATC YCTO CTAHOBATCH JICTYC U BLITAJIKHUBAIOTCA BBCPX
10 CTeHKe, 00pa3ysi BOTHYTBIH MEHUCK.

B cIydac C XUAKUM TICIUCM, 3TH BBITAJIKUBAIOIHUC CHUJIbLI
HACTOJIbKO BEJIMKH, YTO >KUAKOCTh HAUMHAET TEpEeIuBaThCS Yepes3
Kpail cocyna.

OTOT MeXaHU3M OO0ECTeUMBaeT TMoJadyy BOJBI B CTEOJAX

B o ; q pacTeHMid M CTBOJAax JIEPEBbLEB,
L) \ .
é nmogHuMas 10 KalluuisipaM €€ Ha

OrpOMHYI0 BbICOTY. Ecnm kanmiuisp

Pnc.23

PAacCIoJIOKCH I'OPU30HTAJIIBHO, TO BOJAA

0 HEMY JABUTATLCA HC GYI[GT, TaK KakK

MEXaHU3M 3TOT He Oynmer paboraTh,
YTO MPEKPACHO OOBSICHSET, OYEMY JEPEBbs MPEANOYUTAIOT PaCTH
BBEPX, MIPEOJI0JIEBAs CHITy TPaBUTALIUH.

B caywae ¢ pryThi0O BCce HMPOUCXOAUT HAOOOPOT — B 3TOM
ciaydae "BCIUIBIBAIOT" CTEHKH COCyJa M MPOHUCXOIUT "OmycKaHue"
IpaHUYAIllUX CO CTEHKOW MOJIEKYJ PTYTH, CO3JAIOLIEE BBITYKJIBIN
MEHUCK.

B pe3ynbrare yBennyeHUs CUIIbI TSYKECTH B 30HE KOHTAKTa CO
CTEHKOM cocyza, pTyTh, KaK U HEKOTOPBIE IPYIHE KUJIKOCTH, aTOMBI
KOTOPBIX HMMEIOT OOJIbLIYI0O aCUMMETPHUIO TPaBUTALIMOHHBIX MOJIEH,
OUYeHb OBICTPO BBITEKAIOT JaXKe Yepe3 MUKPOCKOITMYECKHE OTBEPCTHSI.
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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
MOKPBIBAETCS prkaBUMHOM. PrkaBumHa - 3TO OKHCeN Kele3a, TO €CTh
0oJiee CI0KHOE BEIIECTBO, YEM YHCTOE JKeJIe30. A €CIU PSIOM C HUM
Obuta emeé W cepa, TO MOJTYyUUTCA Cyabpua uiau cynbdar xenesa,
KoTopoe eni¢ 0osee CI0KHOE, YeM OKHUCET.

N ecnu 3TO ycloKHEHHE MPOUCXOAUT B TEUECHUU HECKOJIBKUX
MUJUTMOHOB JIET, a TPUPOJBI TaKUM KOJIMYECTBOM BpPEMEHHU
pacrmosaraer, TO HEU30EKHO MMOSIBUTCS Kakas-HHOY b
NE30KCUPUOOHYKIIEHHOBAsT KUCIIOTA. A 3a HEW W JKHUBasl KJIETKA U B
KOHIIE KOHIIOB YEJIOBEK...

ITpnuém pu CHUHTE3E BCET1a
Py ¥V N BBIJICTISACTCS HEKOoTOpast MOIITHOCTb,
l’i_'i"L MIPOTOPITMOHATBHAS BO3HHUKAIOIIEMY

S nedexty Beca. B Hayke »TOoT AedekT Beca
F_>-';;,4_ ommO0YHO Ha3bIBaeTCs "nedeKToM Macchl' 1
Ve Nt CUMTAETCS, YTO OH, SIKOOBI, XapaKTepU3YeT,

p . TaK Ha3bIBAEMYIO, SJHEPTUIO CBI3U YaCTHILI.
5@? Ho BoT o0patHblil mporiecc B mpupoje

HEBO3MOXeH. HUKTO HUKOrIa He HAOJII0IaI,

e YTOOBI pyZAa, TO €CThb W3 CMECh OKMHCIOB,
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

HpOCTOG CJINsIHNE aTOMOB B MOHeKyJIBI C BBIJACJICHUEM CpaBHI/ITeHBHO
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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,
(oTpumaTenpHBIA  3apsn) OOYCIABIMBAIONIYI0 WX CTPEMIICHUE
OCCKOHEYHO pACHIMPATHCS, TO MX aTOMBI B CMECH HaXOJSITCS Ha
HEKOTOPBIX PACCTOSHUSIX APYT OT APYyra U HUKaK 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
MpOCT.

Uckpa  mpeacraBmsiomas  co0oil  MOTOK  DJIEKTPOHOB,
JIBIKYIIMXCSI C OTPOMHOM CKOpPOCTBIO, KOTOPbIE CO3JAI0T yIapHbIE
BOJIHBI B TPABUTALIMOHHOM T10JIe (CBEYEHHE). DTU yAApPHBIE BOJIHBI,
BO3/ICIICTBYIOT Ha aTOMBI T'a30B, COMMXKasi UX HACTOJIBKO, UYTO CHJIBI

— TPaBUTAIMOHHOTO  TIPUTSDKCHHS  MEXKIY
aToMaMH HA4YMHAIOT TpeobiagaTh  Ha
CUJIAMH DJICKTPUYECKOTO OTTATKUBAHUS

3 4 g
g 3TI/I CHUJIBI I‘paBI’ITaHHOHHOI‘O
= -
‘\f HpI/ITH)KeHI/IH C6HI/I)i(aIOT aTOMBbI HACTOJBKO

Wy 6
= BICTPO, YTO BO3HUKAeT cepuueckas
. ‘_( +® = W yIapHasi BOJIHA, PaCIpOCTPAHSIONIASCS IO
SR, 00bEMY M CO3Jaromias JIABUHHYIO LEMHYIO
- 8=
Prc.25 PEaKIUIO CHHTE3a aTOMOB I'a30B B MOJIEKYITY
BOJIBI.

Btopoii BuI cuHTE3a — 3TO BBICOKOTEMIEPATypHBIA CHHTE3
(BTC), mpu KOTOpPOM aTOMBbI, Y4acTBYIOIIME B INPOLIECCE CUHTE3A,
HaXOJATCS B HCUOKOM COCTOSIHUM, O KOTOPOM COBPEMEHHAs HAYKa, 110
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mmitoctu Pezepdopna u nopaa KenbBuHa, HE UMeeT HU MaleHIIero
MPEJICTaBICHUS] U TIOSTOMY OHU MOTYT CIIMBaThCsi BMecTe, 00pa3ys
aTOMBI 00JIee TSHKETBIX AIEMEHTOB (puc.2S).

IIpu sTOoM BbIAENsieTCs orpoMHas MOIHOCTH (W), KOTOpyrO
HECYT 3JIEKTPOHBI.

Takue mpolecchl CUHTE3a MOTYT MJATH TOJBKO B YCIOBHSIX
KOJIOCCAJIBHOTO JIaBJICHUS U TeMIiepaType 0ojee MULTMOHA TPATyCOB,
KOTOpbIE CYLIECTBYIOT B MOBEPXHOCTHBIX CJIOSIX 3BE3[ WIIM B LIEHTPE
aTOMHOTO B3pbIBa.

B Oonee rny0okux cnmosix 3BE3N HMAYT MPOIECCHI CHHTE3A
3JIEeMEHTApHBIX YacTU U3 CyO3IeMEHTapHBIX, TaK K€ HaXOIALIXCS B
KUJKOM COCTOSIHUU M UMEIOIIUX ellé Oosiee BHICOKYIO TEMIIEparypy.

[Tpu >TOM BBIIENSETCS MOIIHOCTH Ha MOPSAKU MPEBBIIIAOLIAS
MOIIIHOCTb CHUHTE3a TeJvs, MPOUCXOSAIIEr0 Ha MOBEPXHOCTH 3BE3L.
DTO0 HEHaONIoaeMblii HAMU CBEPXBBICOKOTEMIICPATYpPHBI CHUHTE3
(CBTC), KOTOpBIA NOIJEPKHUBAET BBICOKOTEMIIEPATYPHBIN CHHTE3,
UIYIIUNA B TOBEPXHOCTHBIX CIOSIX U O KOTOPOM YEJIOBEYECTBO HE
MMeEEeT HU MaJIeHIIero npeiCTaBICHuUS. ..

CoBepIlIeHHO TOHSATHO, YTO HHUKAKHUX MPOIECCOB XOJOTHOTO
sanepHoro cuHte3a (XsIC) B mpUpoje CYyIIECTBOBATh HE MOJKET, KpOME,
TaK Ha3bIBa€MbIX '"XMMHUUYECKUX' TIPEBpALICHUN WM pEaKIuH,
UAYIIMX UHOTJA 1aXKe C TIOHMKEHHEM TeMIieparypbl. Tem Ooiee, 4To
y aTOMOB HET U HE MOXET OBITh HUKAKHX SITIEP.

(Ilpasoa yuénvie 06 amom noka He 002a0bl8aAOMCs U NOIMOMY OUeHb
CUNLHO 3aHAMbL  OECHIIOOHBIMU NOUCKAMU 3MO020 CAMO20 XO0JOOHO20
A0EPHO20 CUHME3Q).

B3pbIB BO0po1HOM 60MOBI, 3TO IPUMEP BHICOKOTEMITEPATYPHOTO
cunte3a (BTC), npoucxondiiero ¢ BBIIECIECHUEM KOJOCCAIbHOU
MOIIIHOCTH,  COMPOBOXKAAEMOW  3HAUYUTENIbHBIM  MOBBIIICHHUEM
JABJICHUS U TEMIIEpaTyphl, KOTOpas MOJJAEPKUBAET aTOMBbI BOJIOPOJA
B 30HE PEaKIUU B KUIAKOM COCTOSHUU, 00YCIIaBIIMBas BO3MOKHOCTh
WX CIUSHHS B aToMbl renusi. OmHaKo 000J109Ka BOJIOPOTHON OOMOBI
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HE MOXKET IPOTUBOCTOSITh TAKON TEMIIEpAType, OHA IOYTH MTHOBEHHO
IUIABUTBCSI M pa3pylIaeTcs KOJOCCAIbHBIM JABJICHHEM B 30HE
CHUHTE3a.

[TooToMy B peakuuM YCHEBAaeT NPHUHATH YYacTHE OYECHb
HE3HAYUTEIIBHOE KOJIMYECTBO HCXOIHOIO BEIIECTBA, B HECKOJIBKO
JECAThIX A0Jed npoueHTa. IIombITku y4€HBIX 3allyCTUTh PEAKLIUIO
CHHTE3a B Kakoil-To 3(eMepHOl MarHUTHOH JIOBYIIKE, KOTOpas
JIO0JIKHA BBIIEPKUBATh OTPOMHOE JaBJIEHUE, 10 MEHBIIIEH MEPE TaK Ke
HaMBHBI, KaK MOMBITKYU MOJHATH Ce0s 32 BOJOCHI.

EnuHCcTBEeHHBI peanbHBIA MyTh B 3TOM HANpaBICHHUH, 3TO
WCIIOJIb30BAaHUE DPEAKLUM CHHTE3a C y4aCTHEM YPaHa M TKEIBIX
TPAaHCYPAHOBBIX DJIEMEHTOB, TJI€ 4YEJIOBEYECTBO YK€ JOCTHIJIO
HEKOTOPBIX DPEaJbHBIX PE3yabTaToB. IIpu cHHTE3€ MOIEKYISAPHBIX
COEIMHEHUH, BBIJEICHUE MOIIHOCTH W IOBBIIIEHUE TEMIEPATYPbI
HE3HAYUTENIbHO, IT0ATOMY CIUSHUS aTOMOB HE IIPOUCXOIUT, a OHHU
IPOCTO OOBEIUHSIOTCS B MOJIEKYIIBI.

OObIuHOE mIaMsi, HampuMep, HpPEeACTaBIsieT coOoi mporece
CHUHTE3a MOJIEKYJ TOPIOYMX BEIIECTB C MOJEKYJaMU KHUCIOpOJa,
COIIPOBOKIAEMBIH OTHOCUTENILHO HEOOJIBIIMM, IO CpPaBHEHHIO C
BBICOKOTEMIIEPATYPHBIM ~CHHTE30M, BBIJCICHUEM MOIMHOCTH U
HEOOJIBIIIMM MOBBIIIEHUEM TEMIIEPATYPHI.

HerpynHo mnpencraButh ce0e, Kakash MOXET BbLAEIUTHCA
MOIITHOCTb, HAIPUMEP, NPH CUHTE3€ MPOTOHA U3 Cy0d3JIEMEHTapHbIX
YacTUI], KOTOPbIA MPOUCXOANT B TITYOOKHX CIIOSIX TIOBEPXHOCTH 3BE3 .
A crenoBarenbHO, 4TOOBI "PACKONOTH" MPOTOH, HYXKHO 3aTPaTHTh
TaKyl0 OOJIBIIYI0 MOIIIHOCTh, KOTOPOM YEJIOBEYECTBO €/1Ba JIM KOTa-
HUOynp Oyzaer pacnojaraTb. A MO3TOMY BO3HA C aJpOHHBIM
KOJIJIalIepOM, TOBOPS CJI0BaMU deitamana, SIBIISIETCS
OOBIKHOBEHHBIM HaJyBaTEIIbCTBOM.

Ilpoueccor pacnadoa mamepuu ecezoa mpeodyrom 3ampamaol
MOWHOCHU, NOIMOMY OHU 603MONCHBL MONALKO KAK C/1€0CM U UU
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nooounsie Ihghexmol 60.71€€ MOUIHBIX U RPUOPUMENIHBIX NPOUECCOB
cunmesa.

Hukakux oOpaTUMBIX HPOIECCOB B MPUPOJE HE CYLIECTBYET,
9TO Takas ke (PUKIMS, Kak U BeUHbIN ABUraTenb. Hanpumep, mpoiecc
"paspyuieHus" JKEJIE3HbIX KOHCTPYKIMHA B PE3YJbTAaTe KOPPO3UH,
npescTaBisieT coboi mporece cuHTe3a 0oJiee CI0KHOTO BEIIEeCTBA -
OKHCJIIa KeJje3a, XOTs B IIKOJIaX U By3aX Y HAC CO3Jal0T COBEPIICHHO
nepeBEpHyTOE MpeAcTaBiIeHue 00 3TOM, yBepsis, YTO 3TO MPOLECC
pa3pylIeHus Kele3a.

WU TtakumMu U3BpaIIEHHBIMH TMPEJCTABICHUSMU H300MITYyeT
coBpeMeHHasi HayKa. JIt00oii mporecc CMHTE3a, a He TOJIBKO CUHTE3a
OKHCJIa XKelle3a, Bcerna uAET caMONpPOU3BOJIbHO, C BbIIEJICHHEM TOM
WIM MHOM MOIIHOCTH B BUJE Temia. A JJid TOTO, 4TOObI pa3AenuTh
OKHCEJI Ha COCTABIISIFOIIME AJIEMEHTHI, MPUXOJIUTCS 3aTPauyuBaTh
OTIpeIeNIEHHYIO0 MOIIIHOCTb, UCIIOJIB3YsI APYToi, O0Jiee MPUOPUTETHBIN
Y MOILHBIN IIPOLIECC CUHTE3A.

Hanpumep, nporecc cuHTe3a yrieKUCIIoro ra3a, B pe3yJsibrare
KOTOPOI'O yriiepod OTOPBET aTOM KUCIOPOAa OT MOJIEKYJIBI OKHUCIIA U
MPUCOEANHUT €ro K cebe. DTO MpoIecCchl MPOUCXOIAIINE, HATPUMED,
B JOMEHHBIX Iedax. B pesynbrare TOro, 4ro BO3HUKAOIMUN AePEKT
Beca IMPHU CHUHTE3€ YIJIEKHCIOro ra3a IpeBbIlIaeT H30BITOK Beca,
BO3HUKAIOIIMI MpPH pachaze OKHUCIA MKeJe3a, TO BBIACIAIOLIEHCS
MOIIHOCTH CHHTE3a C M30BITKOM XBaTaeT Ha MOKPBITHUE 3aTpaT Ha
pacrmaj oKuca.

Ecnu Ob1 B mipupojie MOT CYIIECTBOBATh CaMOIPOU3BOIBHBIN
pacmnaj, Ham He3adeM ObLIO Obl CTPOUTH JOMHBI HITH KOHBEPTEPHI IS
MOJIyYEHHUs YUCTOrO JKeje3a WM KaKoro-To JApyroro MeTaa.
Jocrarouno ObUI0 OBl TOMOXKAATh, KOT/A JKEJe3Has pyaa cama
pacrnan€rcst Ha YUCTOE JKeJe30, cepy, KUciopo... Hezauem 6110 OB
MOKPBIBATh aBTOMOOMIIN aHTUKOPPO3UIHBIMU TOKPBITHSIMH. ..

[Ipouecc cuHTE3a TAKENBIX BJIEMEHTOB B NPUPOAE HUIET 10
HeKkoToporo npeaena. C pocToM aTOMHOTO YKCIIA, CUIIbI IPUTSKEHUS
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MEXy DJIEMEHTAPHBIMUA YaCTUIAMHU, W3 KOTOPBIX COCTOUT aToM,
YMEHbBIAIOTCA U aTOM MNPUONMKAETCSI K COCTOSHHUIO, OJIM3KOMY K
KUAKOMY. YpaH, HalpuMep, B YHCTOM BHJE MpeAcTaBisieT co0oit
MaTepual, Jaxe 0ojee MIacTUYHbIM, YeM CBHHEII.

To ecTb CUIIbI IPUTSHKEHUS YACTHI] B aTOME ypaHa OCJIa0JIeHbI
U OH NPHU B3aUMOJACHCTBUM C YaCTHIIAMH MMEIOIIUMHU JOCTATOYHYIO
SHEPrUI0 (CUHTE3), OH MOXET MEPEHTH B COCTOSHUE KUIKOM KaIljiu,
YTO CJENacT BO3MOXHBIM €ro pachaj M KaK pe3ynibTar, 3amyck
JABUHHOW pEaKIMy CUHTE3a €ro 0O0JIOMKOB C aTOMaMU OKPY>KaroIei
CpeJbl UJIM aTOMHOMY B3pBIBY.

CaMonpou3BOJIBHBIN pacmaj aToMa ypaHa HEBO3MOXKEH, TaK
KaK JJs 3TOro HeoOXOJUMO 3aTpaTUTh BIIOJIHE OMNpeAeNEHHYIO
MOIIIHOCTh, UHAYE OH MPOCTO OBl HUKOTJA HE cCMOT oOpaszoBarhcs. U
€ro eCTeCTBEHHas pPaJWOaKTUBHOCTh OOYCIIOBJIICHA TOJIBKO JIHIIh
BHEIITHUMH BO3/ICUCTBUSMU, a UMEHHO IOTOKAMH KOCMHYECKUX
YacTHIl, KOTOPbIE WHUIUUPYIOT pacmaj OTACIbHBIX aTOMOB,
COTIPOBOMKIAIOIIMXCS CHUHTE30M C BHIOPOCOM (M3ITy4E€HUEM) YaCTHII,
UMEIOIINX BBICOKYIO POHUKAIOIIYIO CTOCOOHOCTb.

Ecnu Takue sneMeHTHl HIEallbHO IKPAHUPOBATh OT JIHOOBIX
U3Ty4eHUH, TO OHHU  MOTYT  XPaHUTBCA  CKOJIb  YTOJHO
MPOJOHKUTEILHOE BpeMsl, JaKe eClid OYyT UMETh, TaK HA3bIBAEMYIO
KPUTHUYECKYIO "Maccy'.

WNHavye rosops, "ecrecTBeHHas" pajOaKTUBHOCTb TSKENBIX
DJIEMEHTOB W  PAJHMOAaKTHBHBIX HW30TONOB - O3TO pe3yabTaT
OOMOapIUpPOBKM HX OBICTPHIMU KOCMHUYECKHMH dacTuiamu. Cam
MPOIECC aTOMHOTO B3pPhIBA MMEET MEXAaHHM3M, OTIUYAIOIIUNCS OT
OTIMCBHIBAEMOTO B yUeOHUKAX (PU3UKH.

B orcyrcTBUM (JOHOBOTO M3Ty4EHUS! HUKaKas LeMHas peaKius
HUKOTJa OBl HE CMOTJIa HaYaThCs U pab0oTa aTOMHBIX peaKTOpPOB OblIa
OBl HEBO3MOJKHA.

3abnyxaeHus, Tapsue B HayKe, y)Ke MPUBEIH K TOMY, YTO
(U3HKH MBITAIOTCS PACKOJIOTH TPOTOH, COBEPIICHHO HE TTOHUMAsI, YTO
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YeJI0BEYECTBO MOKa €II€ He pacrojiaraeT MCTOYHUKAMH MOIIHOCTH,
MO3BOJISFOIIAM PACKOJIOTh SJICMEHTAPHYIO YaCTHILY.

OCKOJIKH, TOJYYaroIIuecss MPU CTOJKHOBCHHH IPOTOHOB B
KOJUTaijiepe, 3TO He €ro COCTaBHBIC YaCTH, KaK OITHOOYHO IOJIararoT
y4€HBIC, @ BCETO JIMIIb MPUIMITIINE K HeMY JIETKHE CyO3JIeMEeHTapHbBIS
qacTulhbl, O6€CH€‘II/IBaIOH_II/Ie aCI/IMMeTpI/IIO cro I‘paBI/ITaLII/IOHHOI‘O
IOJIS.

MouHoCTh HeoOXoauMast ISl OCYILIECTBIICHHUS pacmazia Jaxe
aTOMOB TeJHs, HE TOBOpS YXKE O pacmaae NpOTOHA, JIOJDKHA
MPEBBINIATh MOITHOCTb, BBIICISIONIYIOCS TPH B3PBIBE BOJOPOIHOMN
O60oMOBI. J[a’ke packoJOTh JOCTAaTOYHO OOJIBIION aToOM JKelesa
YeIIOBEKY MOKa enié He MO/ CHITY.

13. O NMPOCTPAHCTBE U BPEMEHHA

W3 ompeneneHuss Marepuy COBEPUICHHO SICHO, YTO OHAa HE
HYXKJaeTcs B TaKUX CYHIHOCTAX, KaK MPOCTPAHCTBO U BpeMs. Takue
MOHSTHS, KaK MPOCTPAHCTBO, BPEMsl, Macca, SHEpTrusi, Temreparypa,
JaBJICHUE U MpOoYee — 3TO TOJIBKO TEPMHUHBI, TPUIyMaHHbIE JTIOJIbMU
JJISL 0603HaquI/I$I HCKOTOPBIX CBOMICTB MaTCpHu.

Ilpocmpancmeo — >TO CBOWCTBO MPOTSHKEHHOCTH CaMOU
MaTepruu U TOBOPUTH O HEM B OTCYTCTBUU MAaTCpHU, COBCPUICHHO
OeccMpiciieHHO. MaTepust cama 1o cede U eCTh 00beM.

NMeHHO 3TO CBOWMCTBO MPOTSXKEHHOCTH MATEpUU U AAET HaM
BO3MOXXHOCTh IepeMelarbcs B He Kyaa yroaHo. IlosTomy Mbl
BCErja MMEEeM BO3MOXKHOCTh CBHE3[UTh B COCEIHIOI0 JEPEBHIO, Ha
nauy, B Typuwuto, Ha JIlyny...

Bpemsa, xax Qusnueckas CyIIHOCTh B MPUPOJAE BOOOIINEC HE
CYILIECTBYET, 3TO J1a’K€ HE CBOMCTBO MaTEPUH, a BCETO JIUIIb CBOMCTBO
YeIIOBEYECKOTO0 CO3HAHUS 3alOMHHATH KaKHE-TO IPOMEKYTOYHBIE
COCTOSIHUS TIPOLIECCOB.
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N BpemMsa — »53TO cpaBHUTEIbHas Mepa OTHOCUTEIbHOMU
MHTEHCUBHOCTH KaKHMX-IM00 mponeccoB. Ecnu Obl M0au He nmenu
TAaKOTrO0 CBOICTBA, KaK CO3HaHME M IaMATh, OHM HUKOrJa Obl He
N300peu TaKoro MOHATHSA, KaK BpEMs U CKOPOCTb.

H3MmepeHne BpeMeHU — 3TO CPAaBHEHUE JUIMTEIBLHOCTH KaKOIro-
1100 mporiecca ¢ JIMTENBHOCTHIO JIF000T0 TPOM3BOIBHOTO MpoLiecca,
IPUHSTOIO 3a ATAJIOH. B Hamewm ciydae ¢ JJINTENbHOCTHIO IOBOPOTA
3eMiu BOKPYT CBOEH OCH.

[Ipuuém »>TaTOHOM MOXKET OBITh TOJBKO MEPUOTUUYESCKUN
IPOLECC, IOTOMY 4YTO CPABHCHHME HENPEPBIBHBIX JIMHEHHBIX
IIPOLECCOB  — HEBO3MOXHO. OTCroga JIOTMYECKH  BBITEKAcT
HEBO3MO>KHOCTb CYILIECTBOBAHUS TAaKOM (PM3UUECKOM KaTeropuu, Kak
BpeMs1, BOOOIIIE.

Cneooeamenvno, 6 npupooe Hem 6peMeHU U Mamepus
cyuecmaeyem 6 6e4HO OJIAUEMCA HACIOAULEM.

PaznuuHOoe TeyeHue BpeMEHU B pa3HBIX CUCTEMAaxX OTCYETA 110
JDKEHAYYHOH TEOpHHM OTHOCHUTENBHOCTH NpEeACTaBisieT coboil Open
YUCTEHIIEH BOJBI, KOTOPBIM CTAHOBUTCS OYEBUIHBIM, CTOUT TOJIBKO
nonpoOoBaTh OCMBICTUTL yTBEpKIAeHue, 4to: "B cucreme A
IPOXOAUT Oosblile BpeMeHM, 4eM B cucteme b, 3a ogHo M TO Xe
BpeMs .

bonee TOro, cucremsl ¢ 3aMEIJICHHBIM WM YCKOPEHHBIM
TEYEHUEM BPEMEHH, JOJDKHBI ObUTM OBl Mcue3aTh U3 BHIY, TaK Kak
HEBO3MOXXHO BHJIETh OJJHOBPEMEHHO Mponuioe u oyayiee. /s Toro,
YTOOBI BO3BpPATHUTCS Ha3aJl K MPOLUIOMY COCTOSHHUIO Kakoro-inbo
npoiiecca, ero HeoOXoIMMO 3aIyCTUTh B 0OpPATHOM HarpaBJIEHUH, YTO
COBEPUICHHO HEBO3MOJKHO, TaK KaK 3TO IPOTUBOPEYUT BTOPOMY
Havajly TEPMOJUHAMUKH.

A cnenoBatenbHO, Takas (pu3nyecKasi KaTeropusi, Kak BpeMs, B
IPUPOJIE HEBO3MOXKHA M IEpEeMElLeHHe B MpPOIUIOoe WU Oyayliee
BO3MOXXHO JIMIIb B HalleM BOOOpaXeHWH U B (PAHTACTHMUYECKHX
pacckazax.
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14. O JBM)KEHHUUN HEBECHBIX TE.JI

Ha pucynke (pme.26) moka3zaHo ABM)KEHHE CITyTHHKA S 1O
unTUiYeckor opbure. Hanbonee ecTeCTBEHHBIMHU ISl IBUXKEHUS
CIYTHUKOB U IJIAHET SIBJIAIOTCS KPYrOBble OpOUTHI, TA€ JBUKECHUE
IIPOUCXOAUT I10 SKBUIIOTEHLIHUAIBHON TPACKTOPUHU, HE HAPYIIAEMOU
HUKAaKHM U BO3MYIIICHUSMHU U HE TpeOyIoliee 3aTpaT YIHEPTHH.

(Cnymuuk, oeudxcywuiica no Kpyzoeoi opoume, ¢ 0eKapmoeou

cucmeme KOOpOUHAmM yuacmeyem

: o T 00HOBPEMEHHO 6 oeyx
O0BUIICEHUAX, 20PU3OHMATLHO NO

KacamenvHoil ¢ 1-it kocmuueckoii
V, ona oOaunnoii  nnanemei,
CKOpOCmbIO U C80000HO naoasn
6epMUKAIbHO, NO0 Oelicmeuem
2pasumayuOHHBIX cun eé

npumsicenus. B pesynomame
Pnc.26 IMO20 OBUMNCCHUA, 6 KaXiCOoblil

MOMEHm 6PeMeHU pPACCMOANHUE OM CHYMHUKA 00 UeHmpa NaHenbl
HOCMOAHHO.)

B nonapuoii cucreme xoopAauHAaT 3TO0 OyAeT ABMXKEHHE IO
DKBUIIOTCHLMAIBHON TPAEeKTOPUHU, pPaAUYC KOTOPOM IOCTOSHEH
(R=const). Ilpu >TOM HHUKAaKOro HM3MEHEHHUS TI'PaBUTALMOHHBIX
NOTEHLMAJIOB, ACUCTBYIOIIMX HA CIIyTHUK Ha BCEW TPAacKTOPUU
IBWKCHMS, HE MpoucxomuT. M mostoMy npu NOYTH IOITHOM
OTCYTCTBHM COIPOTHBIICHMs CPENbl, CIyTHUK WU IUIAHETa MOTYT
JBUTAThCS 10 TPACKTOPUH PABHOIO IMTIOTCHIIMAJIA OYEHB U OUYEHB JIOJITO.

NMeHHO mnyTaHMIla € J€KapTOBBIMHU KOOpAMHATAMHU U
NPUBOJUT K TOMY, YTO Y4YEHbIE HE B COCTOSHHHM OOBSICHUTH TaKHX
IPOCTHIX BelleH, Kak HalpuMep, mpereccus opouTsl MepKypusi.

JIBIDKEHHE 110 SJUTUIITHYECKOM OpOUTE HECKOJIBKO OTIMYACTCS.
[Ipy ABM>KEHUM CIIYTHUKA U3 arlores o y4acTKy A Ha HETO JIEUCTBYET
cuia, OOyCIIOBJIEHHAs PA3HOCTbIO TI'PAaBUTAIMOHHBIX IOTEHIMAJIOB

AR1, KOTOpasi, MPeBbIIIAs TOPU3OHTAIBHYIO CKOPOCTh V, OTKJIIOHSIET
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CIYTHHUK, 3acTaBisis ero asurarbcsi no kpusoii C. B mepurenum,
HAao0OpOT, €ro TOPU30HTAJIbHAs CKOPOCTh V TMpEBBIINIAET CHILY,
00YyCIIOBJIICHHYIO Pa3HOCTHIO TPAaBUTAIIMOHHBIX MOTEHIIHAIOB AR2, 13-
3a 4ero, BIXO/Isl Ha y4yacTok B, ciyTHUK nBUXeTcs 1Mo KpuBoi D.

B pesymbrare 5THX CMEIIEHUN, BBI3BAHHBIX PAa3HOCTHIO
cKopocTeli Ha ywactkax A u B, oamnunrtuyeckas opbOura
NOBOpauMBaercs (Ipeleccupyer) B CTOPOHY IPOTHUBONOJIOKHYIO
HAIpaBJICHUIO BpAICHUs CIyTHUKA. OTa JIMHEHHas Npeneccus
NpUBOAUT K '"OOKaThiBaHWIO" (hOKyca DIIIUIICA BOKPYr IIEHTpa
IUTAHEThl M MENJICHHOW SBOJIONUM D3JUIMITUYECKOM OpOUTHI B
KpPYTOBYIO.

Mexauusm 3TOH SBOJIIOIAU JIOCTATOYHO MPOCT.
Bo3Hukaronmiass B pe3ysibTaTeé  OTKJIOHEHMSI TPAacKTOPUU  OT
OKBUIIOTEHIIMAJIBHOM, PpPa3HOCTh I'PAaBUTALMOHHOIO IOTEHIMANA,
OPUBOJUT K BO3HUKHOBEHMIO CHJIBI, KOTOpasi CTPEMUTBCS
BOCCTaHOBUTH KPYTOBYIO OpOHTY.

[IpockakuBasgs TOUYKY OKPYKHOCTH C HYJIEBOM pPa3HOCTBHIO
MOTEHIMAJIOB, CIYTHUK OTKJIOHSETCS B IPOTUBOIIOJIIOKHYIO CTOPOHY,
YTO ONATh JK€ NPHUBOAUT K BO3HUKHOBEHUIO ITPOTHUBOIIOIOKHO
HaIpPaBJIEHHOM Pa3HOCTH MOTEHLIMAJIOB U K KOJeOaHUsIM OpOUTHI.

B pesynbraTe 3aTyxaHUS 3TUX KOJNEOAHWU, DIUIMIITHYECKAS
opOuTa HBOJIOIMOHUPYET B KpyroByto. Kpome Toro, HecoBmajeHue
IUIOCKOCTH OpOUTBI € JAMAMETPAIBHOM IJIOCKOCTBIO TIJIAHETHI,
IIPUBOAUT elI€ U K BOSHUKHOBEHUIO YITIOBOM IIPELIECCUU, KOTOPAst TAK
)K€ TMOJ JEWCTBHEM pa3HOCTH TI'PABUTALMOHHBIX IOTEHLIHAJIOB,
MIOCTENIEHHO BBIPABHUBAECTCSI.

ViMenHO 13-3a HECOBMAICHHUS IIIOCKOCTH OPOUTHI CITyTHHUKA C
JUaMETPAIbHOM  IUIOCKOCTBIO  IUIAHETHI, CHOYTHUK ONMUCBHIBAET
CUHYCOMJIAJIbHYI0 KpHBYHO Ha €€ mnoBepxHocTtu. CTporo roops,
CIYTHHK JBMDKETCS JaXe He IO JIUIMNTUYECKOH opOuTe, a Io
HEKOTOpPOH, OJM3KOM K OJUIMIICY OBaJbHOH TPAaeKTOpUH, IMOJ
JEHCTBUEM IIOCTOSIHHOTO U3MeHeHUsA 2pasumayuOHHbIX
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nomeHyuanee Ha pa3InyHbIX €€ ydacTKax. J[BUrarbCs 10 KpUBOH
OJIN3KOM K AJUTUICY, COYTHUK MOET TOJBKO B TOM CiIydae, €ciu
TATOTEIOLIEE TEN0, BOKPYT KOTOPOI'O OH JIBUXKETCS, HE HAXOAMUTCS HU
B OJTHOM 13 ()OKYCOB 3TOU AJUIMIITHYECKOU KPUBOM.

3akoHbl Kemiepa onuchIBarOT, Kak JIBHXKYTCS KOCMHYECKHE
TeNa, HO He OOBICHSIOT MPUYHH, TOUYEMY OHH TakK ABMXKYTCs. [ToTomy
YTO 9TO JaK€ W HE 3aKOHBI, a mpocras koHcraramus (akra. Cam
Kennep cuuran, 4To MmiaaHeThl IBHXKYT aHTEIbI. . .

N ecnm xu3Hp Ha 3emiie N0 MaJCOHTOJOTMUYECKUM JTaHHBIM
HAaCUYUTBIBAET OKOJIO YETBIPEX MUJUIMAPIOB JIET, TO 3TO 3HAYUT, YTO
YyeThlpe MUJUIMapAa JIeT Ha3zaJ opOHuTa Halleil MiaHeThl y)Xe Oblia
oueHb O5n3Ka K KpyroBoid. Ha nimaneTax, ABHXKYIIHUXCS IO OBAJIbBHBIM
opOuTaM ¢ OONBIINM 3KCIEHTPUCUTETOM CYIIECTBOBAHHE '>KUBBIX"
OpPTaHU3MOB HEBO3MOXKHO, B CUJTY MEHSFOIIIUXCS B OOJIBIINX TIPeeiax
NPUPOJHBIX  YCIOBUM TNpU  TEpexoie U3  Mepureiuds B
adenuit 1 0O6paTHoO.

A Temepb HECKOJIBKO CIOB 00 HMCKYCCTBEHHBIX CIYTHHKAaX
3emiu. HckyccrBennbie cnytHukn 3emnn (MC3) netaroT oObuHO HA
HeOonpmux BbicoTax 400 -600 KHIIOMETPOB, TNI€ CHJIa MPUTSHKCHHS
JIOCTaTOYHO BEJIMKA.

HeBecomocTe  KOTOpass ~ BO3HMKaeT  Ha  CIIyTHHKE,
HEBECOMOCTBIO B IOJIHOM CMBICIIE€ HE SABJISIETCS. DTO JIMIIb WILIIO3US,
00yCIIOBJICHHAs: CBOOOHBIM TaICHUEM CITYTHUKA TIOJT ICHCTBUEM €T0
COOCTBEHHOT'0 Beca, Kak B OTOpBaBIIeMcs JHU(TE HIU B caMOJETE,
MUKUPYIOIIEM TI0 apaboIMYeCcKO TPACKTOPHUH.

[ToaTomMy uTOOBI HE yMHacTh, CHOYTHHUK JOJDKEH HMETh
TOPU30HTAIBHYIO  COCTaBIISIIOLIYK0 ~ CKOPOCTHM  PaBHYHO,  TakK
Ha3bIBaEMOM, IEpBOM KocMuyeckoil. Hactosmas HeBeCOMOCTh MOKET
CyILIECTBOBAaTh TOJIBKO Ha BBICOTE NPEBBINIAIONIEH paguyC IUIAHETHI,
rjae e€ cuia TATOTeHHs] CTAHOBUTCS HUYTOXHOU U Tie, COOCTBEHHO U
HAa4YMHAETCS OTKPBITHII KOCMOC.
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Oto BBIcOTa 6300 KMIIOMeTpoB U Oosiee. Ha Takux opOutax
TOPU30HTAJIbHAsI CKOPOCTH CITyTHHKA MOXET OBITh JJa’ke HyJIeBOi. B
cllydae COBIAJCHUS  HANpaBICHHUS BpAIICHHUS CIyTHUKA C
HaIpaBJIeHUEM BpPaIIEHHsI 3eMJIH, €0 YTIIOBast CKOPOCTh OyeT paBHa
YTJIOBOIM CKOPOCTH CYTOYHOTO BPAIIEHHS IUTAHETHI U CITyTHUK MOXET
BUCETh HaJ Jt000i e Toukoi HemoaBkHO. M momoOHbIe OpOUTHI
MOJIyYHITU Ha3BaHHUE T'€0CTAIlMOHAPHBIX.

O Toukax JlaHrpaska

HenonnManve yd4€éHbIMU CYTH SIBJICHUS I'PABUTALUH, A TaK K€
HEJEenoe  JONyIIEHHe, 4YTO  JBa

,, HeOECHBIX  TeJla, HE  HMEIOIIHX
MaTepUAIbHOMN CBsI3U, MOT'YT
BpallaTbCs BOKpPYT KaKOI'0-TO
MU(PHUIECKOTO LIEHTPa Macc, MPUBEIIO K
U3MBIILICHUIO HEKHUX TOYEK
) ' TuOpamui, B KOTOPBIX TPEThE TEIIO,
Puc.27 HaxoJIsIueecss B  DTOM  CHUCTEME,

HETOJIBYKHO OTHOCUTENBHO JIBYX IPYTHX.

Touka C (puc.27), B KOTOpPOW CHJIBI T'PaBUTALUU JABYX
KOCMUYECKHX TeJl ypaBHOBEIIEHBI OTHOCUTEIBHO TPETHETO, JICKUT Ha
MPSMOM, COEAUHSAIOMIEH LIEHTPBI ABYX 3THUX TEJI U HAXOIALICHCS Ha
PACCTOSIHUAX OT 3TUX Tell, ONpeAesieMbIX COOTHOIIEHHEM KyOOB HX
paanycoB, KOTOPblE MOXHO OMPEAENUTh 1o hopmyiie:

Sa=(Sp*Ra®)/Rp>. rie

R - paouycwvr nebecnvix men,

S — paccmosinus medncoy Humu.

DTO TOYKa HEYCTOWYMBOTO PABHOBECHS, KaK Ha BEpPIINHE
KOHyCa W Tell0 JBIKYIIEECS MO OpOUTe, MPOXOJAIIeH uepe3 3Ty
TOUYKY, JTHOO0 OCTaHeTcs Ha opOuTe BOKpYyr Tema A, nmubo Oymer
3axBa4yeHo TeJIoM B 1 npeBpaTtutcs B €ro CyTHUK.
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15. O CTPOEHHUHU U OBPA3OBAHUN
HEBECHBIX TEJI

OcHOBBIBasiCb Ha HAy4YHBIX JAHHBIX W OCOOEHHOCTAX
¢u3nUecCKUX B3aMMOJCHCTBHI MaTepHaJIbHBIX OOBEKTOB MOXKHO
JETKO  MOCTPOUTHh  JIOTUYECKHM  HENPOTUBOPEUHUBYHD  TEOPHIO,
OOBSCHSIONTYIO OOJBITUHCTBO SBJICHUN B KOCMOCE.

Bo-niepBbiX, HIKaKoro OOJBIIOTO B3phIBa HE OBLIO U OBITH HE
MOIJIO - TBOPEHUE MATEPUU W3 HHUYETO MPOCTUTEIBLHO TOJBKO MJIsSt
OuOIeNCKUX CKa30K, a He ISl HAyYHBIX TEOpHUil.

Bcenennas — aTo Matepus, OHa fe3HaualIbHa U DeCKOHEeYHd.
Marepus cymiecTBoBaja BCerla W Bceraa OyaeT CyIIecTBOBATh.
Hukakux nmpuynH e€ BO3HHUKHOBEHHS, HET M HUKOraa He Obuto. Eé
ABOJIOIMUSA UAET MO MPOCTOM CXEME HEMPEPBIBHOTO YCA0NCHEHUA
CIMPYKMypbl, COTIIACHO MPUHIIMITY BO3PACTAHUS SHTPOIHUHU U BTOPOMY
3aKOHY TEPMOANHAMUKH.

Teopusa 00nbw020 63pviea OCHOBAHA Ha HEBEPHOM
NMOHUMaHUU, MPUYHUHBI TAK HA3bIBAEMOr0 "KpPAaCHOTO CMEIIECHUs",
KOTOpO# omubouno cuutaioT 3¢ddexr lommaepa, 00ycroBIEHHBIN
yaJeHueM KOCMUYECKUX 00OBEKTOB OT HAOIOAaTesl.

Hpumeuanue! Booowe-mo eciu ouenv 007120 HadAWOAmMb 34
cocmosinuéem npupodbt MONICHO npm"tmu K COBEePULEHHO
napaooKcanbHOMy 6bl1600y, 4UmO 6emep O0yem, HOMOMY UMO 0epesbs
Kauaomca. H oarxce M0OHCHO 1€2KO HAUIMU ONBIMHOE NOOMEePIHCcOeHUE
IMO20 A16J1CHUA. ﬂocmamotmo npocmo nomaxambsy 8CMKOIL neped JAUUOM,
umoosl owlymums OeudceHue 6030yxa. Bom mna smom abcyponom
npuHuyune meopemuKkuy U nocCmpouiu C60ro meopuro 36é30006pa306£lﬂu}l.

NmenHO Ha HKCTpAmoOJAIMU HTOTO  HECYHIECTBYIOUIETO
pacuIMpeHusi BCEIICHHOW BBICTPOCHA TEOpHsl OOJBIIOTO B3phIBAa W
COOTBETCTBEHHO, BhIUMciieH €€ "Bo3pacT'. Kak yxe ObUIO CKa3aHO
BBIIIIE, JTIOOBIE KOCMUYECKHE OOBEKTHI ATO IYCTOTENIbIe 00pa30OBaHMs,
c(hOpMHUPOBABIIIKECS B YCIOBUSIX HEBECOMOCTH.
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Cyas mo mOTOKY H3JIYy4EHHs] KOJIOCCAIbHOM MOIIHOCTH, B
rIyouHe 000JI04eK 3BE3/, HAXOIAIIUXCS B OYCHb TOpSYEM
pacIUIaBI€HHOM COCTOSIHUM, WAYT TPOILIECChl CHUHTE3a aTOMOB
Pa3IMYHBIX 3JIEMEHTOB

‘ npoTyGepaHel,

HapyXHas xpomocdepa \ HepHOHquCKOﬁ
HapyxHas xuakas o6onovka | CHUCTEMBI us3
obonoy

cyGanemMeHTapHbIX YacTnu, OJICMCHTAPHBIX YaCTHII.

BHYTPEHHsIs XKXWaKaA obono4Kg HeFKI/Ie HpOI[yKTI‘;I

/—\ ATOTO CHHTE3a B BUJIC
Y CMECH DJIEMEHTapHBIX

poMocdepa
HJacTuIl u aTOMOB

» Pa3IUYHBIX 3JICMCHTOB,

o BOJIOpONA, TEIHs U
HEKOTOPBIX JPYruX, BCIUIBIBAS CKBO3b JKUAKYIO  00OJIOUKY,
dbopMUPYIOT Ta30BYI0 aTMOC(hEpy 3BE3/IbI, BEPXHUE CJIOU KOTOPOH, B
CJIECACTBUU 60.]1]5;]_]_[0171 ACUMMCTPHUHU aTOMOB H 3aps’KCHHBIX YaCTHUL, UX
00pa3yIoIMX, C OIPOMHOM CKOPOCTHIO HMCTEKAalOT B KOCMHYECKOE
MIPOCTPAHCTBO B BUJIE "3BE3HOTO BeTpa'.

UM Tak xak 3Be3ma mpeacTaBiser coboi (puc.28) mycrorenoe
o0pa3oBaHue, B IEHTPE KOTOPOTO BaKyyM, TO MPOIYKTHI CHHTE3a TaK
K€ UCTEKAIOT U BO BHYTPEHHEE MPOCTPAHCTBO 3BE3JIbI, CIOCOOCTBYS
MOBBIIICHUIO B HEW BHYTPEHHEro JAaBicHus. MHoOrnma B pesynbrare
IPOpbIBa HAPYKHOM 000JIOYKHU MPOTYKTHI CHHTE3a BEIOPACHIBAIOTCS B
KOCMHMYECKOE IIPOCTPAHCTBO B BUJIE TPOTYOEPAHIIEB.

Ho xak TOJIBKO, B PEC3YJIbTATC OCTbIBAHUMA O6OJ’IO‘IKI/I u
HAKOIUICHUS B HEU TSDKEIIBIX OJICMCHTOB, BHYTPCHHC OAaBJICHUC
NPEBBICUT HEKOTOPYI0 KPUTHYECKYIO BEIUYMHY, OHO pa3opBET
000J7109uKy W pa30pocaeT CKONMUBIIMECS BHYTPH HEE SJIEMEHTHI B
OKpy’Kaloliee MpOCTPAaHCTBO B BHAEC TOpSYHX Kaleib, IO
KacaTeJIbHBIM, PEBPATHB TAKUM 00pa3oM, 3B€3/1y B CBEPXHOBYIO.

Ot Kamm, QOPMHPYACH B YCIOBHUAX KOCMUYECKOM
HEBECOMOCTH CBOMMHU IIOJISIMHU TATI'OTCHUA B 6OJ'II~>I_HI/IG U MaJIbIC
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Iapuku, oOpa3yloT IUIaHEThl. BOTHOBBIMU B3aMMOJICHCTBUSMU C
IPaBUTALMOHHBIM MOJIEM 3B€3/1bl, OHU MIOCTENEHHO CTA0MIIN3UPYIOTCS
Ha DJJUTMNITHYECKHX opOuTax BOKpyr He€. Ho wu3-3a Oonbmmx
HAYaJIbHBIX JINHEHHBIX U YTJIOBBIX MPEIeCCU AITUITHYECKUX OpOUT,
CYIIECTBYET O0JIbIlasi BEPOATHOCTh UX MEPECEUCHUS U CTOTKHOBEHUI
IUTaHEeT Ha opOuTax.

Ecnu cronkHyBIIMECS TUTAHETH JOCTATOYHO TOPSYHM, OHU
MPOCTO CIMBAIOTCS B OJHY OOJBINYIO, a €CIU YK€ OCTBIBIIKE, TO
packanplBalOTCS HAa YacTH, H3 KOTOPHIX 0Opa3yrTcs Tmosca
actepousioB. YacTtb OSTUX OOJOMKOB, TOJYYUBIIUX OOJBIIYIO
HAYaJIbHYI0 CKOPOCTb, MOTYT MPEBPATUTCS B KOMETHI.

HeGompmme xkamam MoOryT OBITH '3aXBaveHbl' Oojee
KPYIHBIMU U TPEBPATATCA B MX CIYTHUKU. Tak Kak Bce MJIAHETHI
0o0pa3yroTcst u3 OpbI3T 000JT0YKM MPAKTHYECKH OJHOBPEMEHHO U B
HUX UAYT OJHU U T€ K€ MPOILECChl CUHTE3a, TO UX "XMUMHUYECKUN"
coctaB OyieT pa3nuyatrbcs OYeHb HE3HAUMTENBbHO. Ha mpoTshkeHun
MHOTUX MWJUIMAPAOB JIET, OJUIMNTHYECKHE OpOUTHI IUIAHET
HEH30€KHO HBOJIOIMOHUPYIOT B KPYTOBbIE, YTO M HaOIOJaeTcs B
COJIHEYHOM cucTeMe B Hacrodilee Bpemsa. He3HauntenbHbIN
SKCLEHTPUCUTET IUIAHETapHBIX OpPOUT — O3TO CBUJETEIHCTBO
MPOLIECCOB, MTPOUCHIEININX B T€ AaJIEKHUE BPEMEHA.

Bpamasce BOKpyT 3Be3/1bl, IUTAHETHI TOCTENEHHO OCTHIBAIOT U
HA HUX TOSBIISIOTCS YCJIOBHUS JIJIsi HU3KOTEMIIEPATYpPHOT'O CHHTE3a
[r1.9] pa3nuuHBIX OPraHUYECKUX COEAUHEHUH, KOTOPBIE YEPE3 COTHU
MUJUTMOHOB JIET 00pa3yrT PacTUTEIbHBIA M KUBOTHBIA MHp. A Ha
3BE3/I€ TEM BPEMEHEM pa3BUBAETCA Cienyroumi nuki. Ecinu 3Be3na
JIOCTATOYHO OOJIbINIAsA, TO MPEXKIE YEM OCTHITH OHA MOXKET MEPEKUTH
HECKOJIBKO TaKMX LUKJIOB, XOTSI MacIITaObl U MEPUOBI UX C KAXKIbIM
pazoM OyIyT yMEHBIIAThCSI.

N ecnm Ha HEKOTOPBIX TUIAHETAX 3TOW 3BE3MHOW CHUCTEMBI K
TOMY BPEMEHH YCIICIOT CPOPMUPOBATHCS pa3yMHBbIC OpPTraHU3MEI, TO
JUTSL HAX 9TO OyJeT MPeACTaBIsATh ONpeAenEéHHy0 onacHOCTh. Hame
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Comnniie yxxe mpouuio Takout uki1. ¥ Bo3MokHOo, yTo HEe oiuH. Brionne
MOYET CTarbCsA, YTO 3€MJIIH JKAET emé Heyro II0400HOoeE.
EnunctBeHHOe ciaboe yTelieHne B TOM, YTO YEJIOBEYECTBO K TOMY
BPEMEHHU CMOKET HANUTH peabHbIN CrIoco0 n30exaTh THOEIH.
CuHTE3 DSJIEMEHTOB TMEPUOJAMYECKOM TaOMWIBI W HX
COCTMHEHUH, TIPOIOKACTCS B TOPSYEM CIIOE 00O0JIOUKH TUTAHETHI U B
HacrosIee BpeMs. TaMm B riIyOMHE 3eMHOM KOPBI B pacIljlaBIeHHON
MaHTUH, €IE HUIAYT

KOCMOC

P uasepieHUe BYNKaHa HpoueCCLI CHUHTC3a

aecsepa e | [TV1.9] BCEX DJIIEMEHTOB

MePUOINYECKOM
CHCTEMBI — JKeJle3a,
KaJIbIIHS, KACTIOpOoa, a
TakK xKe

BBICOKOMOJIEKYJIIPHBIX

Paapez 3eMHoro
wapa.

COCINHEHHN - MeETaHa,

Puc.29 He(bTH, KaMCHHOTI'O

YIS ¥ IPYTUX, YTO MPUBOAMT K ITOBBIILIEHUIO B HEH 1aBICHUS.

B pesympraTte 3TOr0 rops4yue MNPOLYKTHI CHHTE3a YacTO
IPOPBIBAIOTCSA CKBO3b BHEIIHIOI 3€MHYIO KOpPY B aTMoc(epy B BUE
U3BEPKCHUM BYJIKAHOB. A HX IPOPBIB BO BHYTPCHHIOIO IIOJIOCTh
IUIAHETBl NPUBOJUT K OIYCKaHWIO YYacTKa BHEIIHEH KOpBI M
BO3HHUKHOBEHUIO B HeW KoJIeOaHUH, NPOSBISIONIMXCS B BHUJAC
3emiieTpsiceHui (puc.29).

Onpenenuts MyCTOTENOCTh 3EMHOIO LIapa, HaIpuMep,
YABTPa3BYKOBBIMU MJIM CEHCMUYECKMMHU KOJCOAHUSIMH, BECbMa
3aTPYJHUTEIIBHO, TaK KaK HMEIOLUICS B KOPE pACIIaBICHHBIN
KHUJIKUHA CI0M U O0JbIIOE KOJIMYECTBO BOJIbI HA MIOBEPXHOCTH B BUJIE
OKEaHOB, 3TH KosieObanust 3pPEeKTUBHO racsT.

A BOT mycroTenocTs JIyHbI, KaK JaBHO OCTBIBLIETO TBEPAOIO
niapa IpPO3OHAMPOBaTH OYEHb Jierko. OHa 3BEHUT JOBOJIBHO
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IPOJOKUTEIBLHOE BPEMSI, KaK KOJIOKOJ, YTO U MOCITYKHJIO IPUYUHOMN
MOSIBJICHUS TUIOTE3bI 00 €€ NCKYCCTBEHHOM MPOUCXOKIACHHUH.

N Ttak xak 3emuns u Jlyna oOpaszoBaiuch u3 OpBI3T
B30pBaBIIerocs: CoiaHIa OTHOBPEMEHHO, €CTh BEPOSITHOCTh TOTO, YTO
BO BHYTPEHHEW NOJIOCTH JIyHBI CyIIECTBYET JOBOJIBHO Pa3peKEHHAS
atmocdepa. [loaromy npu ocBoeHun JIyHBI, YEIOBEKY BO3MOXKHO
npuaércs o0ycTpanBaThCsl Ha BHYTPEHHEH cTopoHe e€ 000I0UKH.

Bo BHyTpeHHEH IOJIOCTH 3€MHOIO IIapa LapCcTBYeT ajcKas
*Kapa u aOcCoONIOTHas TEMHOTa, JIMIIb U3pelIKa HapyliaeMas
0arpoBbIMH CIOJI0XaMHU U3BEP)KEHUN BHYTPEHHUX BYJIKAHOB.

C oatoii Touku 3peHus, KOnuTep, umMeromui oYeHb OONBIION
0o0beM, emé He yCmel CUIBHO OCTHITh M TPEACTABISIET COOOM
JIOBOJIBHO TOPAYYIO KaIlIl0 MaTepHUH, U3JIy4alollylo ropa3ao Oosblie
sHEpruu, yem noiydaer e€ ot ConHiia.

N xots mporecc 00pa3oBaHusl caMHX 3BE3A — ITO JeNa yxKe
JAaBHO MHUHYBIIUX JHEHW, HO MBI JIOTHUECKH MOXKEM IPEIIOJIOKUTD,
YTO OH JOJDKEH B TOYHOCTH ITOBTOPSITH MpoLiecc 00pa3oBaHus IIIAHET,
TOJILKO B 00Jiee TpaH/INO3HBIX MaciTadax.

OrpoMHasg  mpoTo3Be3la,  cocTosmas M3  KAaKHUX-TO
cyOnJieMeHTapHbBIX YaCTHULI, IPOXO/s, B pe3yJibTaTe Mpoliecca CHHTE3a
AQHAJIOTMYHBIA ITUKJI PAa3BUTHUS, B3phIBaeTCA U U3 OpBI3T €€ 000I0UKH
dbopMupyroTCs 3BE31bl OBAJIBHON TaJakTUKU, KOTOpas Bpaulasch,
IIOCTENIEHHO MPEBPALLAETCS B CIIUPANIBHYIO.

Hpumeuanune! To, umo acmpoguszuxu owudouHo cuumarom
memHou Mamepueil, Imo 36e30bl U 2ATAKMUKU 00PA306AHHbIEe Mamepueil
¢ RONOMHCUMENbHOL AcCUMMempuell, u3Iy4yeHus KOMmopvlx HU HaAWU 21a3da,
HU Hawiu RPUOGOPLL BOCHPUHAMY He cnocoonwvl. M Komopvie modcno
06Hapyofcumb JIUUb RO KOC6EHHbIM RPU3HAKAM.

Taxum 06pa3zom, Teoprr 00pa3oBaHMs 3BE3]] U3 MEXK3BEZTHOTO
ras3a, BbIJlyMaHHbIE TEHUSIMH TEOPETUYECKON (PU3UKHU, MITKO TOBOPS
JDKEHay4Hbl M 3aTMEBAIOT CBOEH IIYNOCTHIO PacCKa3bl U3BECTHOI'O
CBOEH HEBEPOSATHOW MPaBAMBOCTHIO, OapoHa MIOHXTay3eHa.

90



Beonroyust MATEPHH

16. O BTOPOM HAYAJIE H UIMMYHUTETE

Bropoit 3akoH TepMOaMHAMUKH, CHOPMYIUPOBAHHBIA IS
OOBSCHEHUS! TEPMOJIMHAMUYECKUX MPOLECCOB, SBISETCS, MO CYTH,
OCHOBHBIM U €IUHCTBEHHbIM (yHIaMEHTaJIbHBIM 3aKOHOM, 10
KOTOPOMY  B3aumojeuctsyer wmarepus. DopmyinupoBka  €ro
JIOCTaTOYHO NPOCTa AJIs ITOHUMaHHUsS, HO HECMOTpPS HAa 3TO, OYEHb
MHOTHE 3aTPyIHSIOTCS OOBSICHUTH ero cmbici. Camas TOYHasi €ro
dopmynupoBka TakoBa: "Temmo Bcerma NEPEeXOIUT TONBKO OT
TOpsTYEro Teja K XOJOAHOMY M HUKOT/1a Ha000poT".

JICUCTBUTEIIBHO, €CIIM OCTaBUTh CTAKaH C TOPSYMM 4aeM Ha
CTOJIe, Yepe3 HEKOTOPOE BPEMsS €ro TEeMIEpaTrypa CpPaBHSAETCA C
TEMIIEPAaTypOH OKPYKAIOIIETO BO3[yXd, YBEIUYHUB €r0 SHTPOIHMIO.
Wnu, npyrumu cioBamu, paBHOBecue. Bo3pacranue sHTponuu — 3TO
CIIECTBUE JAEUCTBHUS BTOPOrO 3aKOHa WM BTOPOrO Hadaia
TEPMOJIMHAMHKH O BBIPABHUBAHUIO JIIOOBIX AapaMETPOB MaTepHH —
JIaBJICHUsI, TEMIIEPATYPbI, KOHLIEHTPALIUHU U T. 1.

DHTpoONHUA, KaK MPOLECC BbIPAaBHUBAHMS, 3aIpPEIIACT JIOObIE
MPOLIECCHI CAMOITPOU3BOIBLHOM KOHIIEHTpAIUH, OyAb TO TEMIIepaTypa,
IJIOTHOCTh WJIM J1aBJIEHHE. Tak 4TO HU rpaBUTALMOHHBIN KOJIJIAIIC, HU
AKKpeIusl HEBO3MOKHBI B IIPUHIIUIIE.

Bropoe Hauano TepMOIMHAMUKHA W BO3pAacTaHHWE SHTPOIUHU
JIeNaloT HeoOpaTUMBIMU JIIOOBIE TPOLIECCHl BO BCesleHHON. Eciu BB
IPOKOJIETe IIWHY AaBTOMOOMJISA, BO3AyX U3 HEE BBITEUET U €ro
JlaBlIeHUE cpaBHsAETCS ¢ atMochepHbM. Eciu BbI BhIMycTUTE KITYO
IbIMa, TO YEpe3 HECKOJBKO MHUHYT €ro YacTUYKHM PaBHOMEPHO
pacrtpeaenarcs o KOMHare.

HeonpenenéHHOCT, TMOHMMAaHWS MNPUHLIMNA BO3pacTaHUs
SHTPOINMH, MPUBOAUT K TOMY, YTO JAXE HEKOTOpbIE YUYEHBIE HECYT
HECYCBETHYIO 4YylIb, YTBEp)KIas, 4TO >KM3Hb, SIKOOBI UAET ¢ €€
yObiBanueM. Ho 93T0 auMmb  clieacTBHE  HMX  JIOTHUECKOM
0e3rpaMOTHOCTH M 4YTO Obl yOEIUTBCS B 3TOM, MBI PACCMOTPUM

91



Anexcandp BECEAOB

HEKOTOpBIE IPOLIECCHl, IMPOUCXOJAIIME B 'KUBOM' OpraHHU3ME.
Hanpumep, nporiiecc AbIXxaHusl.

BceM wu3BecTHO, 4YTO JBIIIMM MBI JIETKUMHU. Jlerkue
MIPEACTABIISIIOT CO00M "MeNIoK" ¢ BHYTPEHHEH MOBEPXHOCTHIO OKOJIO
150 kB. METPOB, T'YCTO MPOHU3AHHBIN CEThIO KPOBEHOCHBIX COCYIOB —
KamUISIPOB. MEIIOK 3TOT BMEIIaeT B ce0st OKOJIO 3 TUTPOB BO3TyXa.
Ot 3 nuTpa Bo3yXxa KOHTAKTUPYIOT ¢ KPOBEHOCHBIMU COCYAAMH Ha
TaKOW OIrpOMHOM IUIOLIA/IH.

Tak Kak KOHLIEHTpalus KHUCJIOPOJa B BO3AYXE IPEBBILIACT
KOHIIEHTPALMIO KUCIOPO/IA B KPOBH, BTOPOE HAYAJIO TEPMOANHAMUKHI
"00s13p1BaeT" BO3JyX TNOAEIUTHCI WM C KpOBbIO. B pesymbrare
pa3IMYHOM KOHLEHTpPAlMKU KHUCIOpPOJAa B BO3AYXE M KpOBH,
BO3HMKAMOIIEEe (OCMOTHYECKOE) AABICHUE NMPOTAJIKUBAET MOJIEKYJIbI
KHCJIOPO/Ia CKBO3b MOIYITPOHHUIIAEMbIE CTEHKH KPOBEHOCHBIX COCY/IOB
B KPOBb, HACBIIAsl €€ KUCIIOPOIOM.

Kucnopon He 3axBaThIBae€TCS MOJIEKYJIaMH T€MOTTIOOWHA, KaK
paccKasbIBAIOT OMOJIOTH U TIOTOM KOMY-TO TaM OTJIAETCSI, @ OH MPOCTO
B KPOBH pacTBopsieTcs. [leso B TOM, YTO €CIIi MOJIEKYJIa KaKoro-JI1u00
BEII[ECTBA 3aXBATHIBAET MOJIEKYJy KHCIIOPOJa, TO OHA YK€ HUKOT1a €€
HE OTJACT IIPOCTO TaK.

Kucnopon y He€ MOXKHO TOJIBKO OTHSITh CUJION, MHAYE, KaK yiKe
OBLTO CKa3aHo B TJ1aBe [171.12], ObuT OBI HEBO3MOXKEH MPOIIECC CHHTE3a
Y BOBHHUKHOBEHHUE CJIOKHBIX cOeMHEeHU. HacklenHas Kuciopoaom
KpPOBb Pa3HOCUTCS 110 BCEMY OPraHU3MY.

N3-3a TNOBBIICHHOW KOHILEHTpALMs KHUCIOpPOJa B KpPOBH,
MPEBBIIAIONIEN €r0 KOHLEHTPALUHUID B MEKKJIETOUYHOW IKUIKOCTH,
OCMOTHYECKOE JIABJICHUE BBITAIKMBAECT MOJIEKYJbl KHCIOpPOJa B
MEXKJIETOUHYIO JKUJKOCTb. AHAJIOTMYHBIM O0pa3oM KHUCIOPO
NonajaeT BHYTPh KJIETOK, TJ€ Yy4YacTByeT B Ipoleccax uX
JKU3HEAESTEIBHOCTH.

[pumeuanne! Mexanusm 603HUKHOBEHU OCMOMUYECKO20
oasnenusn nokaszan Ha pucynke (puc.30). Ecau 6 cocyo, pazoenénnviii
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RONYRPOHUUAEMOI NEPe2opOOKOll HATUMb 600y U PACMEOP KAKOW-1UD0
colu, Mo ypoeeHsv PAcmeopa HecKoabKo nogvicumcs, napyuiasa ''zakon'’
cooowmaromuxca cocyoos. Qovacuenue 3Imozo ''mapadoxca’’ ouens
npocmo. B cocyde A konuenmpayus Mo1eKyn conu 20pazodo eviuie, yem
cocyoe B. 3amo 6 cocyoe B, éviue konuenmpayus mMoneKys 600bl.
Iloamomy moneKkynvl conu, ROOUUHAACL 3AKOHY 6bIPAGHUBANHUSA
KoHuyenmpayuit  (3aKOH  yGenuvyeHus  IHMPONUU),  HAYUHAIOM
npomanxkueamusca é cocyo B. A monexynwvt 600vt u3 cocyoa B, noouunasaco
momy Jce 3aKO0HY,

npomankusaromca é cocyo A, 6
pe3yibmame uezo 603HUKAIOM 064
6CHIDEYHBIX NOMOKA  MOJIEKY]l
60061 u coau. Ho max Kkak
MOJIEKYIbl 8600bl UMEIOM MeHbUIUE

pasimepul, mo OHU .J1eeue u

Ovicmpee  npoxoosam CK603b

Puc.30 HOYRPOHUUAEMYIO REPEZOPOOIKY U
) yposeHns rcuokocmu 6 cocyoe A

CHauaia nossvluiaemc:. ’Iepes‘ Kakoe-mo epems, Koz2oa KOHUenmpauyuu 6
€OCyo0ax CpagHAMCA, CPAGHAIONCA U YPOGHU.

Mps1 He OyaeM paccMaTpHUBaTh BCE 3TH MPOLECCHl, UX OYEHb
MHOT'0, OrpaHMYMMCSI TE€M, YTO B pe3yJibTaTe€ 3THX IMPOLECCOB, B
KJIETKaX, B BUie MOOOYHOT0 MPOJIYKTA MOIY4aeTCsl YIIIEKUCIBIA Tas3.
OH HaYMHAET HAKAIUIMBATLCS B KJIIETKAX U TOYHO TAKUM K€ 06pa30M,
C IOMOIIBIO OCMOTHUYCCKOTO JAaBJICHUS, BBIBOOAUTCSA U3 OpraHu3Ma B
aTMocdepy. AHAJIOTHYHBIE MPOLECCH TMPOUCXOAAT U B JAPYIHX
opraHax — XKCJIYIAKE, ICYCHU, KUIIICYHUKE. ..

Hpyrue, coaepxKaiiiecs: B BO3AyXe rasbl, TaK k€ IPOHUKAIOT B
KpOBb, HO €CIM OHM HE HCHOJB3YIOTCS B  Ipoleccax
KU3ZHEJEATENIbHOCTH, X KOHLEHTPAlUs B KPOBH IMPOCTO OCTAETCs
MOCTOSIHHOM. A Temepb MOmpoO0yeM pacCMOTPETh C TOYKH 3PEHUS
BTOPOT0 Hayajia TePMOJAMHAMUKN MEXaHU3M JIeHCTBUS UMMYHHUTETA.
I[JI}I 9TOI'0 HaM HY’KHO CHa4aJia BbISICHUTD, a YTO K€ TaKOC 60JI€3HB, C

TOYKHU 3PCHUSA (bl/IBI/IKI/I U MOo4YCMYy OJBIMUACMHUU HOCAT, B OCHOBHOM,
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Ce30HHBIM Xxapaktep. ['punm, Hampumep, CBUPEICTBYET BCErAa B
Hayajie 3UMBbl. A rae *e oOMUTarT BO3OYIUTENN TpUIIIa BECHOM U
netoM?

Mel HE CTaHeM 37eChb TOBTOPATH CKa3KM MEIMIIMHCKHUX
pabOTHHUKOB O 3JI0OBPEIHOCTU BUPYCOB, KOTOPbIE TOJIBKO U MEUTAIOT
3apa3uTh HAaC KaKOH-HUOYAb APSHBIO, @ 00paTUMCS HETIOCPEACTBEHHO
K ¢usuke. Ilpuunnbl snuaeMuii, Mo Bce BUIUMOCTH, KPOIOTCS B
KaKHUX-TO TJI00AJbHBIX CE30HHBIX sBIEHUsAX. CaMoe JIOTHYHOE, YTO
MOKHO TPEIIOJOXKUTh - 3TO OCEHHHUE JIMCTOMAJbl, HMEIOIINe
riio0anbHble MacmTabbl. BeTep Tperuier BBICOXIIHNE JIMCThsI JIECHBIX
MacCcUBOB, 00JaMbIBa€T MX, IOJAHHUMAEeT B BO3AYX OIPOMHOE
KOJINYECTBO MUKPOYACTUL], OPTAHUYECKHUX MOJIEKYJ U UX OOJIOMKOB U
pa3HOCUT Ha OOJIBILINE PACCTOSHUS.

Mpbl BIBIXaeM BO3AYX HACBHIICHHBIH OOJIOMKaMH MOJIEKYI
PaCTUTEIBHOIO MPOMCXOKIEHUS, KOJINYECTBO BAPUAHTOB KOTOPBIX,
MOYET OIPEENIATHCS ACTPOHOMHUECKUMH IUppaMu. ITH 00JIOMKH
MOJIEKYJI C TIOMOIIBIO ONMCAaHHOIO MEXaHM3Ma OCMOTHYECKOIrO
NABJICHUSI IPOHUKAIOT B KJIETKM M HCIOJB3YIOTCS MMM, Kak
CTPOUTEIIBHBIN MaTepHall IPH JECJICHUN.

HyxHO 3amMeTuTh, YTO MPAKTHYECKH JFOOOH O0OJIOMOK
OpPraHMYecKOll MOJeKynlbl, IomaB B JETKME U OOBOJIAKUBASACH
OCJIIKOBOM  CIW3bIO, HAXOAIICHCS  TaMm, TIpeBpaliaeTcs B
"monmHONeHHBI  BUpyc"'. OOMOMKH MOJEKYJN, HE HMEIOIINe
MEXAHU3MOB JIEJIEHMsI, HE Pa3MHOKAIOTCA U HE MYTHUPYIOT, KaK Ham
ABTOPUTETHO 3AJIMBAIOT MEAUIIMHCKUE CBETUJIA.

Knerku, wucnonp3yromme 3TH  BHPYCHI B KauecTBe
CTPOUTENIBHOTO MaTepuana, 0 CyTH, CaMU MX W Pa3MHOXAloT, B
pe3yabTaTe 4ero TEepsOT CIIOCOOHOCTh Y4acTBOBaTh B 3aMKHYTBIX
LUKJIAX [OAJNEPKUBAOIIUX Jpyra IpPOLECCOB B  OpraHU3MeE,
BBINAJAIOT U3 HUX U MOTUOAIOT.

Hanpuwmep, Takas crpamHas OOJe3Hb Kak pak, SBISETCS
pe3yJIbTaTOM HCIOJIb30BAaHUS KIETKAMU ISl JCJICHUS MOJIEKYIIbI
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BEIIECTB, HAa3bIBAEMBIX KaHIIEPOT€HAMH, NPU KOTOPOM JOYECpHUE
KJIETKU CTPOSITCS U3 OeJKa, OTIIMYHOTO MO0 MOJEKYJISIPHOMY COCTaBy
oT Oenka opraHus3Ma.

Ecnu Takme kieTku ¢ M3MEHEHHBIM O€JIKOM CHOCOOHBI
UCIIONIb30BAaTh  OTXOJABl  JKM3HEACATEIbHOCTH POJHBIX  KIETOK
OpraHm3Ma, a KJIETKH OpraHu3Ma He CIIOCOOHBI HCIIONB30BAaTh HX
OTXOJIbI, TO KJICTKH C U3MEHEHHBIM O€JIKOM HAYWHAIOT HMHTEHCHUBHO
pasmMHOXkaTbcsd. Ho He uMmest croCOOHOCTH BBITOJIHATH (DYHKITUH
POIHBIX KIIETOK OpraHW3Ma, OHM B KOHEYHOM HTOTE, 3aMEIIai0T B
OpraHe pojHbI€ KJIETKH, HE J1aBas UM Pa3MHOXKATbCs, YTO U IPUBOTUT
K CMEpTH OpraHu3Ma.

Knetku ¢ u3MeHEHHBIM O€JIKOM B OpPraHM3ME BO3HHMKAIOT
MOCTOSIHHO, HO €CJIM OHU HECHOCOOHBI KOHKYPUPOBATh C POAHBIMH,
OHH OBICTPO MOTUOAIOT U B BUJE IUIAKOB BHIBOJASTCS W3 OpraHU3Ma.
Orcroga 7nerko caenaTth BBIBOJA, 4YTO MpH yHoTpeOmeHuu Oolee
pa3HOO0pa3HOM MUIIH, MBI HAMHOTO YBEJIMYMBAEM PUCK 3a00JI€BaHUS
pakom.

ITocmotpeB cratuctuky 3aboneBanus pakom B CCCP, rne
nuTaHue ObUIO JOBOJBHO OJHOOOpPA3HBIM U €CTECTBEHHBIM U B
Poccun, xorna mociae OTKPBITHS TpaHUI], Ha MPOJAOBOJIbCTBEHHBIN
PBIHOK XJIBIHYJI TOTOK HEIMPUBBIYHBIX SK30TUYECKUX MPOIYKTOB, MbI
YBUAMM, YTO IPOLEHT 3a00JIEBIINX PAKOM YBETUUYHIICS B PA3bl.

Tak kKak y KaXIOro 4deJIOBEeKa CTPYKTypa Oellka OYCHb
WHAWBUIyalIbHA M HA 3eMIIe elll€ He ObUIO IBYX JIFOJIeH C OJIMHAKOBBIM
OEKOM, TO U BOSHHMKHOBEHHE TAKHX KIIETOK TOXK€ WHAMBHUIYAIBHO.
[TosToMy Kakoro-To OOIIET0 YHHBEPCAIHHOIO JIEKAPCTBA OT paka, B
INpUHLINIE, OBITH HE MOXKET. 1 XOTS KIeTKH ¢ U3MEHEHHBIM OEIKOM
MOCTOSIHHO BO3HUKAIOT B OpraHU3Me, y OOJBIINHCTBA JIIOJIEH pak He
pasBuBaercia. A Tex, KoMy 'TOBe3J0", Tpupoja Oe3’KaJT0CTHO
OTCEMBAET M CMEPTh B O3TOM CIy4yae, SBISETCS E€IMHCTBEHHBIM
3aIUTHBIM MEXaHH3MOM JBOJIIOIIHH.
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CoBpeMeHHbIE K€ JIeKapCcTBa, MCMOJIb3yeMbIe MJIA JICUCHUS
paka (XuMmTepamnwusi), MO CYTH, SBISIOTCA CHJIbHEHIIMMH SAaMU,
KOTOpBIE 0€3 pa3dopa yOMBarOT KaK paKOBbIC, TAK U POJAHBIC KIIETKH U
MPaKTUYECKH HE MOMOraroT. BpemeHHoe oOjerdenne o0yclIOBICHO
JUIIb TEM, YTO PAKOBBIX KJIETOK HAMHOI'O MEHBILE, YEM POIHBIX
KJIETOK OpraHu3Ma.

Menuku OOBIYHO JENSAT OYard BO3HUKHOBEHHS PAKOBBIX
OITyXOJIeH, Ha 3JI0KAaUYeCTBEHHBIC MW JOOpOKaueCTBEHHBIC. XOTS Ha
CaMoM JieJIe TAaKOTo YETKOTO pa3/ieieHus: ObITh He MOXeT. Bo BcskoM
ciydae, OT paka "M3JIeUMBAIOTCA" JIMIIb €IUHUIBI U 3TO TOBOPUT O
TOM, YTO OITYyXOJIb 0Ka3aJ1aCh HE COBCEM 3JI0Ka4E€CTBEHHOM.

Korga nquarnoctupyroT pak, onepanuro, Kak MpaBuio, J1eaaTh
YK€ MO3JHO, TaK KaK O4ard paka pa3BUBAIOTCS HE BbI3bIBasi OOJIEBBIX
OILYIICHUH, OTOMY YTO SIBJSIIOTCS, MO CYTH, 4acThlo opraHuzma. U
CMEpPTh HACTYyMaeT OTTOr0, YTO HOPMAJbHBIX KIETOK Yy OpraHa
NOpa)kEHHOTO PAKOM, OCTAETCS CIUIIKOM MaJIO ¥ OH YK€ HE CII0COOEH
BBITIOJTHATH CBOM ()YHKITUH TIOTHOCTHI0. Takum o0pa3om, Jist JIeYeHUS
paka HUKOTr1a He Oy/IeT HaiIeHO KaKOTro-TO OOIIEero JeKapCcTBa.

Pak He 3apaseH, »TOo naxke M He O0OJE3Hb, a CJEICTBUE
SBOJIOLMOHHOIO  mpomecca. M BemectBa, — cuMTarommecs
KaHLIEPOTEHHBIMU JJIi OJTHOTO YEJIOBEKa, COBEPUICHHO Oe3BpEIHbI
JUISL IPYTOro, OpraHu3M KOTOPOIo MOCTPOEH U3 Apyroro Oenka... Pak
- 3TO TOT Ciy4yad, KOrja IIPUPOJHBIA MEXAHU3M HMMMYHHUTETA
paboTaTh HE MOXET W MPHUPOJAA MPOCTO BOCIPOU3BOAUT OPTraHU3M
3aHOBO.

Tak umo co30amv Kakoe-mo ooOuwiee JeKapcmeo om
96010UUU, CKOpee 6Ce20 He NOJIYUUMCA.

Cam e MexaHW3M HMMYHUTETa, C(HOpMUpOBABIIUHCA B
pe3ynbTare cuMOno03a B T€YEHUH JUIUTEIHLHON 3BOJIOLNUN M OCHOBAH
Ha UCKJIIOYEHHHM YYKEPOJIHBIX OEJNKOB M3 MPOLECCOB JEICHUS.
Opranuyeckue  BEIIECTBA, BbIpadaThiBacMble B  MpoOIECcCax
JKU3ZHEACITEIIbHOCTH UYYKEPOJAHBIX KJIETOK, MOMaBIIMX B KPOBB,
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MPOHUKAIOT CKBO3b MEMOpaHbl KIETOK-KWIIEPOB OpraHm3Ma |
OCTaBJISIIOT 0€3 THUIM YYXKEPOJHbIE KIETKH, KOTOpbIE, HE yMes
WCIIOJIB30BaTh OTXOABl POJHBIX KJIETOK OpraHU3Ma, yMHPAT HU
MOCTEIICHHO BBHIBOASTCS M3 HEr0O B BUJIE IIIAKOB.

Knerku-kumnepbl, TOpenCcTaBisSIONIME COO00H  CTBOJIOBBIC
KJIETKHM OpraHuM3Ma, IOCTaBjisieMble B KpPOBb KOCTHBIM MO3IOM,
noTPeOIIsAss OTXObI YY)KEPOJHBIX KIETOK, TEPEPOKITAIOTCI U TAKIKE
BBIBOJSITCSL U3 OPTaHU3Ma B BUJIE LIUTAKOB.

Bce st mponecchl MpoMCXOAST aBTOMATUUYECKH, B CHITY
BTOPOr0 Hayajla TePMOJMHAMHUKH, HO BOT Kak B JIETalsAX pabOTaroT
9TH MEXaHW3MBbl CTUMYIISIWHU, YYEHBIC, TO-BHIAMUMOMY, pazOepyTcs
emé Heckopo. [loToMy 4YTO OHM TIOCTOSSHHO TIBITAIOTCS H3y4aTh
CJICICTBHSI, COBEPIIIEHHO HE TIOHUMAs TIPUYMH BCEX ITUX SIBJICHHH.

buomoru, Harpumep, OYCHB 00T BBIPAKEHUE
"BcacbiBaThcs". Y HHMX BcachlBaeTCsl BCE, MHUILIA B JKEIyAKE U
KHIIIEYHUKE, BCACHIBAIOTCS JIEKAPCTBA B KPOBb, XOTS MPUPOJIa TAKOTO
HOHATHS He 3HaeT. B mpupoje npaBut 6ai Becera U30bITOK - U30BITOK
JABJICHUSA, KOHIIEHTpALMM, Temmeparypsl U T.1. Hukto Beap He
TOBOPUT, U4TO arMoc(epa BcachlBaeT BO3IYyX U3 MPOKOJIOTOrO Kojeca
aBTOMOOMJIS.

B3sa1b, Hampumep, Takoe HM3BECTHOE BCEM CEpICYHUKAM,
JEKapCTBO KAk  HUTPOTJIMIIEPUH. MEIUKH  CYMTAIOT  €ro
COCYJIOPACIIUPSIOIUM CPEACTBOM, XOTSI Ha CaMOM Jelie MEXaHU3M
€ro JIeUCTBUSI, COBEPIIEHHO Apyroi. CTEHKH COCYAO0B, COCTOSIIIUE U3
COCIMHUTENIbHOW TKaHHW, HE MOTYT CaMH PaCUIUPSThCS, TaK KaK HE
uMerOT MbI. [Ipu nonaganuy HUTPOTIIULIEPUHA B JKETYI0K UITH MO
S3bIK, OH W3-32 PAa3HOCTH KOHIIEHTpAIMi, MPOTATKUBACTCS
OCMOTHYECKHM JIaBJICHHUEM CKBO3b TOJYIPOHUIIAEMBIC CTEHKH
COCYJIOB B KPOBb.

Nmest Ooypllyt0 aCHMMMETPHIO T'PaBUTAIMOHHBIX TOJICH
MOJIEKYJI (3JIEKTPUUYECKUM 3aps]l), HUTPOTIULEPHUH JEIUTCS 3apsiiaMU
C IJIa3MOM KPOBH, B PE3YJIbTATE€ YEro y MOJEKYJI IUIa3Mbl TakK JKe
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YBEJIMYUBACTCS ACUMMETpPHUSI, YTO MPUBOAUT K YMEHBIICHUIO CHII
INPUTSDKEHUS. MEXKIYy HUMHU M, COOTBETCTBEHHO, K YBEIMUYEHUIO €€
TEKY4EeCTH.

KpoBp cranoButcsi Ooree JKUIKOW, a 3HAYUT, CEPAIY
CTAaHOBUTCS HAMHOIO JIerde MPOKauuBaTh €€ MO CeTH KauUIIpOB
KPOBEHOCHOH cuctembl. [loxoxkumu cBOWCTBaMH, OONAAalOT U
HEKOTOpPbIE JPyrue BEUIECTBA, HCIOIBb3YIOIIMECS B MEIULIMHE —
acnupuH, (GeHUIUH, BappapHH.

[TonoGHBIM ke 3PPEKTOM JIETKO OOBSCHIETCS MIHOBEHHOE
JICCTBUE TAaKOIO si7a, KaKk [MUuaHu Kaus. [{maHucTeiil Kanuid nuMeeT
ropa3Jl0 MEHbIIYI0 aCUMMETPHUIO IPABUTALIMOHHBIX TOJEH MOJEKYI,
YeM MOJIEKYJbl KPOBH, IMO3TOMY IMpU TOMaJaHUUM B KpPOBb, OH
YMEHbIIAeT €€ aCUMMETPHUI0 HACTOJIbKO, YTO KPOBb 332 CUHTAHHBIE
CEKYH/Ibl TPEBPAIAETCS B BSI3KYIO JKUJIKOCTb, KOTOPYIO CEpIILE YiKE
HE B COCTOSIHUHM IIPOTOJIKHYTh 10 KaWJUIAPaM.

Opranus3m o4eHb OBICTPO, OYKBAJIBHO 32 HECKOJIBKO CEKYH],
norudaeT OT HeJOCTaTKa KUCIOPO/a, a BOBCE HE OT Mapajinya HEKOETro
JBIXATEIBHOTO IIEHTPA, KaK 3TO 00BACHAIOT Menuku. [I[pumepHo Takue
K€ CBOMCTBA, HO ropa3/io ciiabee, UMEET U 3MEUHBIN ST, OJTHA Karljs
KOTOPOTO 3a HECKOJIBKO JIECATKOB MUHYT MPEBpAIIaeT CTakKaH KPOBHU
B CTyAcHb. D(PGHEKTUBHBIM TMPOTUBOSIUEM B ITOM CIIydae MOT OBbI
OBITH TOT K€ HUTPONIMIIEPUH, HO OBICTPO PA3HECTH €ro 10
OpraHu3My, H3-3a IOBBIIIEHHON BS3KOCTH KPOBH, CEpAIlE HE B
COCTOSIHHH.

[Ina3ma kpoBU ¢ M0OaBIEHHUEM pacTBOpa HUTPOTIUIEPUHA,
BBITEKAaeT uepe3 KanuOpoBaHHoe orBepctue Ha 30-50 mporeHTOB
OwIcTpee, ueM 0e3 Hero. A 100aBlIeHHE He3HAYUTEILHOTO KOJTMYEeCTBa
UAHUA, CHUKAET CKOPOCTh BBITEKaHUS B 2-2,5 pa3za. B mpunummne,
€CJIM JIOCTaTOYHO OBICTPO, B TE€YEHUH 4-5 MHUHYT, HOJKIIOYUTH
OTpaBUBLIETOCS IIMAHMUJIOM K alapary cepile-Iérkue U BBeIs B
KpPOBb TOT JK€ HHUTPOINIMLIEPUH, IMPOKadaTb €€ 10 KPOBEHOCHOU
CHUCTEME, TO BIOJIHE BO3MOXKHO CIAacTH €My KU3Hb. ..
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17. O HEM3BEXKHOCTHU "
BEYHOCTH )KU3HHU

Kak 0wi10 nokasano eviuie, 6mopoe HA4yaio u NPUHUUN
603pACMaHUusA  IHMPONUU  NPOCMO  00A3b16AIOM  Mamepuio
HOCMOAHHO YCIIOMHCHANb C6OI0 CIMPYKIMYPY, YO Y)Hce camo no cebe
npueooum K Heuz0esHcHoCmu 603HUKHOGEHUA, MAK HA3bl8ACMBIX,
"Jcueblx'' opzanuzmoe 6o eceneHHoll.

[TonTBepkneHueM >Toro Gaxra SBISETCS HATMYKNE B IPUPOJIE
MHO>KECTBa O0BEKTOB PA3IUYHOIN CIOKHOCTH, OT aTOMa BOJOPOJa U
0 OTPOMHBIX OPTaHWYECKUX MOJIEKYI. B mpoTwBHOM ciiydae,
DBOJIIOLIMSL BCENIEHHOW OblTa OBl HEBO3MOXXHA. MMEHHO OTH
ME/JICHHBIE Y HEMPEPHIBHBIC YCIOKHEHUS TPUBETH K IOSBICHUIO
BBICOKOMOJICKYJISIPHBIX OCITKOBBIX COCIUHEHH, a BIIOCIEICTBUU U K
00pa30BaHUIO CIOKHEUITUX OMOJIOTUYECKUX OPraHM3MOB, KOTOPbIE
MBI Ha3bIBa€M KUBBIMH.

Yuénupie u Qunocodbl HACOUMHSIIM MacCy pa3IMYHBIX
ornpeseNieHul MOHATUS JKU3HHU, OJTHAKO HU OJIHO U3 HUX HE MOXKET
CIIY)XHTh OTPaKEHHUEM PEabHOCTH, MIOTOMY YTO MPOBECTU T'PAHUILY
MEXy )KHBBIM M HEKUBBIM TaK K€ HEBO3MOXKHO, KaK HEBO3MOXKHO
OTJICIUTh TPOBOJHUKU OT JUAJICKTPUKOB. ['paHuWIla 3Ta BechMa
yCIIOBHA U €€ MOXKHO MPOBECTH TIJI€ YrOJHO, B 3aBUCHMOCTH OT
MPUHSTHIX KPUTEPUEB OMPECIICHUS KUBOTO.

Kuznu ¢ o00viunom nonumanuu, 6 npupooe 6000uie He
cyuiecmeyem — 3IMoO NPOCHO RPOU3BOTIbHO 63AMUbLIL, )C108HLLI
YPOGEHb OPZAHU3AUUU WU CTIOHCHOCHU CHPYKMYPbl Mamepuu.
Ilomomy umo nrwbas, oOajxce makas 6bICOKOOPZAHU3O6AHHAA
Mamepus Kak mo32, cCOCmoum u3 00btynvix ''mépmenix'' amomos u
MOneKyn.

A, crnemoBaTenbHO, HE CYIIECTBYeT H CMEPTH, Kak
(U3UYECKOTO YHUYTOKEHUS HEKON "kuBoi" Marepun. CMepTh — 3TO
Takas >K€ HEOTbeMJieMash COCTaBHas 4YacTb Mpollecca 3BOJIOLUU
MaTepuH, KaK U )KM3Hb. DTO OCTAaHOBKA B3aUMOCBSI3aHHBIX U B3aUMHO
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MO/ICPKUBAIOIINX JIPYT Pyra MPOIIECCOB B OPraHU3ME, B PE3YJIbTATE
HEn30€XKHOT0 HAKOIUIEHHUsSI OLIMOOK B MEXaHH3ME JIEJICHHS KIETOK
WM uX ¢uzndeckoro uzHoca (crapenus). CMEpPTh OT CTaApOCTH — 3TO,
10 CYTH, CMEPTH OT BSUIOTEKYIIETO PAKa BCEX OPraHOB.
be3rpaMoTHbIE 3asBIEHUS HEKOTOPBIX YUYEHBIX O TOM, 4YTO
KU3Hb, SKOOBI, HE TOJYUHSETCS BTOPOMY Haydaly M HAET C
yOBIBAaHUEM JHTPOIMHU, HE UMEIOT O]l CO00M aOCONMIOTHO HUKAKHX
OCHOBaHUH, TaK KaK TaKUE€ MPOLIECChl HEBO3MOKHBI B IPUHITUIIE.

Henonumanue cytu npoiiecca 3BOJIOLUNA MAaTEPUH, TPUBETIO K
COUYMHEHUIO TUIIOTE3 CITy4yailHOM BO3HUKHOBEHUH OEIKOBBIX MOJIEKYJ
B pe3ylbTaTe MEKTPUUECKUX Pa3psioB B arMocdepe. XOoTs pa3psiabl
Y UTPAIM KaKyl-TO ONPENEIEHHYIO POJb B CHHTE3€ OPraHMYECKHUX
BEIIECTB, HO OHU OBUIM OJJHUMU U3 MHOTOYHMCIIEHHBIX OJIaronpusTHBIX
(dakTOpoB, OOJEryaromux STOT 3aKOHOMEPHBIH M HEU30EeKHBIN
IpoLecc.

EcrecTBEHHO, YTO CHHTE3 OPraHUYECKUX COEAUHEHMI
HanboJee WHTCHCHBHO MPOTEKAT WUMEHHO B TEIUIBIX W BIIAYXKHBIX
MECTHOCTSIX, TPOIMYECKUX M CYOTpPONMUYECKUX 00JacTeil 3eMHOTro
nrapa, riae o0pa3oBajuCh OJAroNpHUsITHbIE TeMIIepaTypHbIE YCIOBHS,
OTKYJla ¥ Hayajia pacrpoCTPaHAThCS 3Ta caMasi ' JKU3Hb .

Axkanemuk Anekcanap OnapuH eme€ B MATHUACCATHIX TOJax
MNPOLIJIOr0 BEKa TOMBITAICH 3KCHEPUMEHTAIbHO IMOATBEPAHTH
TEOPHUI0 BO3SHUKHOBEHHS U3HM M B MPUHIIUIE, €My 3TO YAAJIOCh.
XOTs BOCHPOM3BECTH IOJHOCTBIO OTOT IIPOLECC, 3aHABIIUU Yy
MPUPOJBLI KOJIOCCATBHOE KOJIMYECTBO BPEMEHH — COTHU MHJLIMOHOB
JIET, MPAKTUYECKHU HEBO3MOXKHO.

Tak ke Kak HEBO3MOXHO, BOCIPOM3BECTH IIPOLECC
BHYTPUYTPOOHOTO pa3BUTHUSI OpraHH3Ma 3a COTYIO WM THICIYHYIO
noiro cekyHnbl. M em€ omHOo Oombioe 3a0mykiaeHue OHOJIOroB,
COCTOUT B TOM, YTO MHOT'ME M3 HMX CUMUTAIOT MPOLECC SBOIIOLUU
YKU3HU TOCIIE0BATEIbHBIM.
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To ectb, Mo WX MHEHUIO, (HOPMHUPOBAHUE PANTUYHBIX BHIOB
OpraHU3MOB  IPOUCXOJWIO  TOCJIENOBaTeNIbHO, OT  CaMbIX
MPUMHUTHUBHBIX CYIIECTB, CKaXKeM, uepBel U 10 miiekonuraromux. Ho
MaJICOHTOJIOTHYECKasl JIETOMICh TOBOPUT COBEPILIEHHO O Apyrom. Bee
BU/JIbI )KUBBIX CYILIIECTB — 3TO CAMOCTOSITEeNIbHbIE MTapauleIbHbIE BETBH,
MOSIBUBIIMECS Ha 3emiie, M0 T'€OJOTMYECKUM MEpPKaM MPaKTUYECKH
OJIHOBPEMEHHO, C OY€Hb HEOOJBIIUM Pa3pbIBOM, MOITOMY HHKAKUX
MIPOMEKYTOUHBIX 3BEHBEB B MPHUPOJIC€ HUKOI/IA HE CYIECTBOBAJIO U
CYILIECTBOBAaTh HE MOTJIO.

[Iporuecc 3BOIOLMHN, KOHEYHO e MPOUCXOUT U B HACTOsIILIEe
BpeMsi, HO HaOJ0JaTh €ro, B CHUJIY CKOPOTEYHOCTHU YEJIOBEUECKOMN
"JKU3HU", HEBO3MOXHO. bojee TOro, mpomnoBeayemMblil y4YEHBIMU
MPUHIMN - "BBDKUBAET CUJIBHEUIIMI", TPUPOAONA HE HCIOJIb3YETCS.
[Ipupona pykoOBOACTBYETCSI COBEPIICHHO HWHBIM MPUHIUIIOM — a
UMEHHO - "morubaer ciabedmuii", B IPOTHMBHOM CIIy4ae YeJIOBEK
pa3yMHBIN HUKOT1a OBl HE MOSBUJICS.

[Ipu BHENIHEM CXOJICTBE 3TUX NMPUHLIUIIOB, OHU 110 CBOEH CYTH,
KapAWMHAIBGHO pa3NuYaoTcs. Tak ke Kak, Hampumep ¢amm3M u
KOMMYHH3M, KOTOpbIE HEJAIEKHE MOJUTHKU U OObIBATENIM CUUTAIOT
SBJICHUSIMU OIHOTO Topsiaka. OHAKO CyTh X TaK K€ AUaMeTpPalIbHO
NPOTUBOMNOJOXKHA. Damu3M  XapaKTepU3yeTrcss  YHUUYTOKEHUEM
OoJbIIel YacTU HaceleHHsl, A1 KOMPOPTHOrO MPOKUBAHUS KYUKHU
HambOoJee anyHbIX W MPUMUTHUBHBIX HHIWBUIYYMOB, BIAQJCIOIINX
pecypcaMu rocy1apcTaa.

Jlisi KOMMyHU3Ma, a TOYHEE €r0 CTAaHOBJICHHS, XapaKTEPHO
VHUYTOXXEHUE WU  HW30JSLUUS  HMHAMBUAYYMOB,  CIEIYIOLIUX
MPEUMYIIECTBEHHO JKMBOTHBIM HWHCTHUHKTaM, CIYyXKalllUM CBOEi
AITYHOCTH, MPETSITCTBYIOIINUM Pa3BUTHIO oOmiecTBa u
NapasuTHPYIOMKX Ha HeM. UTo B 0011eM-TO, XapaKTEpPHO HE TOJIBKO
JUTISE KOMMYHUCTHYECKOT0, HO U IS JII0OOT0, IOCTATOYHO Pa3yMHOTO
coo01ecTBa, (YHKIIMOHUPYIOIIETO 1O MPUHITUITY )KUBOTO OpraHu3Ma.
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Benp mo0oii KMBOW OpraHmM3M Bcerza CTapaeTcs YHUUYTOXHUTH
[Iapa3uToB, KUBYLIUX 3a €ro c4€T. iHaue OHM yHUYTOXKAT €ro.

Bo3zBpamasce K Ipoueccy 3BOJIIOLHMH, MOXHO YTBEP)KIATh,
YTO 3TO OIFPOMHOE MHOMKECTBO IApAUIEIBHBIX IPOLIECCOB
YCIIO’)KHEHUS CTPYKTYPBI MAaTEPUH, KOTOPBIE COBEPLICHHO HCKIIIOYAIOT
U3 HErO TaKoe MOHATHE KaK BEPOATHOCTh, HA KOTOPYIO OYEHb JIOOAT
CCBUIATHCS IPOTUBHUKY 3BOJIIOLIUOHHON Teopuu JlapBuHa.

[Tpuposae BooOI1IIE HE3HAKOMO MOHATUE BEPOSTHOCTH, IO3TOMY
BCC  B3aUMOACWUCTBUS B HEH  OJHO3HAYHO  OOYCIIOBIICHBI
€AMHCTBEHHBIM IIPUHLIUIIOM — 6MOPbIM HAYAIOM MEPMOOUHAMUKU.
YenoBek HUKOI/Ia HE MPOUCXOWI OT 00€3bSHbI U MTHUIIBI, HECMOTPS
Ha CXO0XXECThb IPOLECCOB Pa3MHOXKCHMS, HE MOIJIHM NPOU3OUTH OT
3eMHOBOJIHBIX. ['eHuit [lapBuHa MOHSIT 1 OOBSICHII OOIIMIT MEXaHU3M
BO3HUKHOBEHHS U 3aKpeluyieHus "MOJNE3HBIX' U OTCEHBAHUS
"BpeHbIX " PU3HAKOB.

Ho nporecc mponcxoxaeHusi BUJ0B UMEET MEXaHU3M, OUYEHb
CXOXHMH €  MEXaHM3MOM  CHENUaIM3allMd  KJIETOK  IpH
BHYTPUYTpPOOHOM pa3BuTuHU Iuiona. OH ompenensercss He TOJIbKO
CBOMCTBaMH KJIETOK, a B OOJBIICH CTENEHHW CTPOCHUEM OeiKa |
YCJIOBUSIMU OKpPY’KaloIIeH cpelibl, B KOTOPOH OHU pa3BUBalOTCA. Bo
BCEX 3TUX CJIydasix paboTaroT MPOCThIe (PU3MUECKHE 3aKOHOMEPHOCTH
1 4TOOBI pa3o0paThCsi B TOM, YK€ HEJIOCTATOYHO OBITH OMOJIOTOM, a
HyXHO ObITh emé u ¢uzukom. Ho moka Hayka pasneneHa Ha
000COOJICHHbIE UCHMIUIMHBI, TOHATH 3TO OyIeT NPaKTUYECKU
HEBO3MOKHO. BOT Takoi XapaKTepHbIN IIPUMED.

VYuéHple IO HEAOpa3yMEeHHIO, OOYCIOBICHHOMY DPa3BHTHEM
WH()OPMAITMOHHBIX KOMITBIOTEPHBIX TEXHOJOTUM, yOemuau ceos, 1a u
BCEX OCTaJbHBIX B TOoM, uTo B Mosekyne JIHK, skoOwl, 3ammcana
UHpOpMaLKsg O CTPOSHUH BCEro OPraHu3Ma, BIUIOTh 10 OTJEIBLHOTO
BOJIOCKA U Pa33BOHWIM HAa BECh MHUP O pPaclIM(PpPOBKE MPOrpaMMHON
3allUCH TEHOTWIA YeJOBEKa, JIETKOMBICIEHHO ofemias co31aTh
BBICOKO9()(hEeKTHBHBIE JIEKAPCTBA OT JIIOOBIX OOJIe3HEH.
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K coxanenuro y mpupoabl HET MPOTPAMMHCTOB H MAJO KTO
3HAET, YTO TO, YTO Ha3bIBAETCSI FTEHOTUIIOM YeJIOBEKa, TPAKTUUECKH HE
OTJIMYAETCS OT TeHOTUIIA OOBIYHOTO YepBs. Tem OoJiee uTo /i 3aucu
TAKOr0 KOJMYEeCTBAa HWHGOPMAIIMU IMOHATO00MICS Obl HOCHTENh BO
MHOT0 pa3 MPEeBBILIAIONINI pa3Mephl YeT0BeKa.

[TosTomy B peanprocTn monekyna JIHK mpencrasnser coboit
BCEr0 JMIIb O€nKOoBYO (opMmy ans "IITAMIOBKH' MOJIEKYJIIbI
MPOTEUHA, U3 KOTOPOTO CTPOUTCS OpraHu3M. JTa opMa COCTOUT U3
MaTEpPUHCKOHN U OTLIOBCKOH "TOJIOBUHOK "' ¥ IOATOMY MOJIEKYJIa Oerka,
"oTIITAaMIIOBaHHAS"' B HEHW, UMEET MHOKECTBO CXOIHEIX CBOMCTB, KaK
C MaTepUHCKUM OeJKOM, TaKk U ¢ OTHoBcKUM. Ho, HEcMOTps Ha 3TO,
HU C T€M, HU C JPYTUM OEJIOK IJ10/1a HECOBMECTHM.

Monekyna mpoTenHa COACPKUT B ceOe 00Jiee THICSYN aTOMOB,
a KOJIMYECTBO BapHAHTOB PACIOJOXKECHHUS AaTOMOB B MOJIEKYJE
MpPOTEHHA HACTOJIbKO OTPOMHO, YTO Ha 3eMile, 32 BCIO HCTOPHIO
HBOJIIOIIMKA OPTAaHWYECKON "KHU3HU", HE MOIJIO OBITh JIBYX >KHBBIX
CYIIECTB C OMHAKOBBIMU MOJICKYJIaMHU OelKa.

N nng memuuuHBL 3TO pa3HOOOpa3ue OENKOB SIBIISETCS
JIOCTAaTOYHO OOJIBIIION MPOOJIEMOi MPH MepecaKe OpraHoB, U3-3a UX
HecoBMecTUMOCTH. Ho ¢ apyroil CTOpoHBI 3Ta HECOBMECTUMOCTH
ABJIIETCS OCHOBOM MexaHu3Ma wumMMmyHuTera. CyTh MpoOIeMbl
HECOBMECTUMOCTH 3aKJII04aeTcsi B TOM, YTO MEpPECakeHHBII Opra,
c(OPMHPOBAHHBI MOJEKyJaMH JApyroro Oelka, B OpraHu3Me
pEIUMIINEHTa He CMOXKET HOPMAIIbHO (PYHKIIHOHUPOBATb.

OH HE CMOXET ydJacTBOBaTh B CHMOMO3€, MOTOMY HYTO
OPOAYKTHl KU3HEACSITETLHOCTH €ro KIETOK, POJHBIE KICTKH
OpraHu3Ma peluNHeHTa HCIO0JIb30BaTh HE CMOTYT, a cam
NepecaXeHHbIH OpraH TakK K€ HE CMOXKET HCIOJb30BaTh OTXOJbI
KU3ZHEJEATEIbHOCTH POAHBIX KJIETOK OpraHu3Ma. A ciel0oBaTelIbHO
KJIETKHU MEePeCcakeHHOT0 OpraHa He CMOTYT HOPMaJIbHO Pa3MHOKaThCs
Y OH ITOCTEIIEHHO OTOMPET.
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Bor mosToMy nerde Bcero NpPHIKUBAIOTCS OPTaHbl OJM3KUX
POJCTBEHHUKOB, Kak HanOoJee COBMAJAIONINE MO CTPYKType Oelka.
Ho Bce paBHO mpuxoauTcs ymoTpeOssTh MpenapaThl, CHIKAIOIINE
HECOBMECTUMOCTb, CO3/JaHHBIC KPOIMOTIUBBIM TPYIOM MEIUKOB H
OMOJIOTOB, TIO CYyTH METOJIOM "Hay4HOT0" ThIKa. DTO, TaK Ha3bIBAEMbIC
AHTUOMOTUKY, MEXaHU3M JCUCTBHSI KOTOPBIX OMOJIOTaM MPaKTUIECKU
HEU3BECTEH, MOTOMY YTO OH JIGKHUT HE B IJIOCKOCTH OHOJIOTHH, a
cKopee B 001acTu GU3UKH...

Kak yxe ObUTO CKa3aHO BHINIE, Pa3BUTHE OpPraHU3Ma, U HE
TOJIBKO BHYTPUYTPOOHOE, TMOJYMHEHO TMPOCTHIM  (PU3HUESCKUM
3aKOHaM U 00YCIIOBIICHO CBOMCTBAMHM CPE/IbI, B KOTOPOH MTPOUCXOAUT
npouecc ero paszButus. OnucaTh 3TOT MPOLECC, Ha KOTOPBIM Yy
MPUPOIBI YIIIIIO OTPOMHOE KOJIMYECTBO BPEMEHH B HEOOJIBITION paboTe
HEBO3MOKHO. HO MOHATH 0OIIMiI MPUHITUIT HECI0XKHO, TEM O0Jiee UTo
MPHUPO/Ia HEM3MEHHO TIOBTOPSIET €T0 MPU BHYTPUYTPOOHOM Pa3BUTUHU
Ka)XJIOTO0 HOBOTO OpraHu3Ma.

Hauném ¢ TOro, 4yro marepuHcKas M OTLOBCKas ITOJOBBIE
KIETKHA, HE CIOCOOHBIE K JENCHHUIO, COSAMHUBIINCH, OOpa3yroT
KJIETKY, OOJIaJIaloIIyl0 TaKOW CIIOCOOHOCTBIO M KOTOPYIO YYEHBIC
Ha3bIBAIOT CTBOJIOBOW. [IWTaHWe OoHa moJydaeT uepe3 IUIAlCHTY, K
KOTOpPOW  TIpUKpEIyieHa ©  KOTopas  TPEACTaBIsSIET  COOOM
MOJIYITPOHHUIIAEMYIO  O0O0JIOUKY, TPEMSITCTBYIONIYI0 CMEIIMBAHUIO
KpOBU IUIOAA W KPOBH MaTepH, HO MO3BOJSIOLIYI0 KHUCIOPOAY HU
OPYTHM BeIIeCTBaM OECTPENsITCTBEHHO NPOHUKATh 4Yepe3 Hee H3
KPOBU MaTepu B KPOBb I1JI0]1a HE CMEIIUBASACH.

[lo mepe yBenuyeHHs KOJIMYECTBA KIETOK B pe3yJbTaTe
JIeTICHUS, KJIETKA HaxosIuecs Ha nepudepuu BAAIA OT TUIALICHTHI,
MOJTYJarOT MEHBIIE MTUTATEIHHBIX BEIIECTB U BBIHYKJIEHBI YaCTUYHO
WCITOJTH30BaTh OTXO/IbI JICJICHHS COCETHUX KIIETOK, KOHTAaKTUPYIOIIHX
HEIMOCPEICTBEHHO C IUIalleHTOH. UYTO, COOCTBEHHO W TPUBOIUT K
BO3HUKHOBEHUIO MEXITY HUMHU TAKOTO SIBJICHUS, KaK CUMOUO3.
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KpoBeHocHast cucrema yenoBeKa U KUBOTHBIX MPEICTABISET
co00i1 KaHaIM3aIMOHHYIO CETh, Ky/1a COPachIBalOTCSI OTXO/IbI I€TICHUS
KJIETOK Pa3JIMYHBIX OPraHOB OpraHU3Ma, KOTOpBIE OTTYIa XKe U OepyT
CTPOUTEINIbHbIE MaTEePHAIIbl ISl IETICHHUS.

Jloka3aTenbCTBOM TOTrO, YTO CIEUHUaIU3alus KIETOK U
dbopMupOBaHHE OpraHW3Ma, B OCHOBHOM, OOYCIIOBIEHO CpPEIOi, B
KOTOPOW OH pa3BUBAaeTCs, a HE KaKOH-TO TaMm Muduueckoin
"mporpammMHoii 3anuceio” B JIHK, MoxeT ciyuTh TOT (pakt, 4to y
OJIHUX M TE€X K€ POAMUTENECH MOIYT pOXIaTbCsi KaK "HOpMajibHbIE"
JETH, TaK U JAETU C Pa3INYHBIMU OTKIIOHEHHUSIMH. ..

DTa CTBOJOBas KJETKA, MO CYTH MPEACTaBIsSET COOOM MOUKY,
no1I00HYI0 TOYKaM AiepeBbeB. Ho B OTIIMYMM OT MOYeK pacTeHul, oHa
MOJKET Pa3BUBATHCS TOJIBKO BO BHYTPEHHEH cpejie Opranu3ma, Tak Kak
TpeOyeT s pa3BUTUS OYCHb CHEMU(PUYSCKOrO0 MUTAHHUSI. ITO
cnenuduieckoe MUTAaHUE  TPEJICTABISAIOT  COOOI OTXO/bI
KUZHEACITEIbHOCTU KJIETOK MaTEpPUHCKOTO opraHusma,
HUPKYJIHPYIOLIHE B KPOBEHOCHOM CUCTEME.

Dra Mmoyka Tak ke Kak ¥ T0YKa pacTeHH crtocoOHa pa3BUBATHCS
B CpeJIe MaTKH JIPYroro opraHu3Ma, Ho TOJIbKO O4Y€Hb OJIM3KOT0 BHUJA.

A Tak ke W TOT (DaKT, YTO NTHUILI U OCOOCHHO PHIOBI
MPOJENIBIBAIOT OTPOMHBIA MyTh K MECTY OTKJIaJbIBaHUS HKPbI U
BOCIPOM3BOACTBA  MOTOMCTBA.  JTa  NpHUBBIYKA  TaK  XKe
chopMUpOBaliaCh MHOTOJETHHM MPOIECCOM 3BOJIOLUU IO Mepe
pacmupeHus: apeana oOurtaHusi. M1 oHa coxpassercs, OTOMY 4YTO
SIBJISIETCSI TAPAHTOM CTaOMIILHOCTH BU/IA.

CTaHOBHUTCS TOHSTHO, IOYEMY MPU PE3KOM H3MEHEHUU
yCIIOBUSL OOUTAHUS U COOTBETCTBEHHO MUTAHUS, MPOLIECC IBOIIOLUN
pPE3KO aKTUBU3HMPYETCS M BO3HHUKAeT MHOXECTBO MYTAallUH,
MPUBOIAIINX K HOBBIM BUJIaM O0JIe3HEH.

A ecnu Obl Hekasl TeHETHYECKasl IporpaMmma pa3BUTHs Oblia
"3anmucana” B JIHK kieTku, TO cymecTBoBana Obl BO3MOMXHOCTb
BBIPAILIUBATh JKUBbIE OPraHU3Mbl U3 €AMHCTBEHHON €ro KIJIETKH, B
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npoOupke ¢ muraTenbHON cpefoi. M moToMCcTBO, BhIpalieHHOE U3
OIMHAKOBBIX KJIETOK, OBUIO OBl a0COJIIOTHO HIEHTUYHBIM, HO B
pEbHOCTH Ja)ke OJIM3HELbl MMEIOT 3aMEeTHbIe OTJIMYMS JAPYr OT
Apyra.

W Takue opraHusmbl ObUTHM OBl JIMIIEHBI BO3MOXXHOCTHU
MyTaliii, a CJIeI0BAaTEIbHO, JAJTbHEUIIEr0 COBEPIICHCTBOBAHUSA U
pazButus. EcrtecTBeHHO, 4TO u3MeHAs Kakue-To yuyactku JIHK
KIETKA, MOXXHO BIHMATH HAa CTPOGHHE MOJIEKYJIbl  Oelka
noytyyarouierocs opranusma. OHaKO Takoe CJIENOe BMEIIaTEIbCTBO
B Mpolecchl, cHOopMHpOBaBIIMECS B TEUEHUU MUJUTMOHOJIETHETO
mpouecca 3BOJNIOIUHM, MOTYT TMPHUBECTH K  HENPHUATHBIM U
HENpeCKa3yeMbIM ISl YeIOBEKa MOCIIEICTBUSIM.

Beov npupooa oOe3rncanocmno omceueaem HeyoauHvle
KOMOUHAUUU yiice Ha HAYATbHOM Imane.

[Ipotie Bcero npocieauTs polece Cueluain3aliny KJIEeTOK Ha
npuMmepe ¢ pacteHusmu. CeMms J000rO pacTeHUs, Momajaas BO
BIQXHYIO cpely, mnpopactaer. To ecTb €ro KJIeTKM HAuYUHAIOT
JIEeNUThes, 00pa3ys pocTok. [lurarenpHbIe BelIeCTBa AJS JCICHUS,
MOCTYIIAIOT IO CTBOJIY BBEPX, COIIACHO OMUCAaHUIO B TaBe [ru.11].
Haubonee MHTEHCHUBHO JelieHUE KJIETOK IMPOUCXOAMUT B CEpIIIEBUHE
CTBOJIa, TJIe MPOXOAUT OCHOBHOM MOTOK MUTATEIbHBIX BEIIECTB.

[luTaTenbHble BelIeCTBA JIETKO TOJHUMAIOTCS BBEPX 110
PBIXJION CEepJIeBUHE, CTUMYJIHPYS POCT pacTeHHs, 00pazysi HOBBIC
BeTBU U IucThsa. Ecam Obl B JIHK kiaeTox Haxoauiach HEKas
mporpaMMa pa3BHTHS, TO JCPEBbs OJHOW TOPOABI ObUTH OBl
COBEPIIICHHO OJJUHAKOBBIC MO cTpoeHu 0. OHU UMeH ObI OIMHAKOBOE
KOJIMYECTBO BETOK, MX KOH(QUTrypaluioo U IIOTHOCTh. OJHAKO
BHEIIHHE YCIOBUSI BHOCST CBOU KOppeKTUBHI. KieTku, Haxonasiuecs
Ha nepudepuu, MOAy4arOT MEHbIIE MHUTATEIbHBIX BEIIECTB U UM
MPUXOAUTCS HCIIOJIb30BaTh OTXO/IbI KU3ZHEJEATEIbHOCTH
CEpALICBUHHBIX KJIETOK, MO3TOMY OHHM MEHBIIE IO pa3MepaMm Hu
00pa3yloT OoJiee MIOTHYIO JPEBECHHY.
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MuHUMaNTbHOE KOJIMYECTBO MUTATEIbHBIX BELIECTB MOIYYatOT
KJIETKH Hapy>KHOTO CJIOSI, KOHTAKTUPYIOIIHE C BO3AYXOM. OHU COXHYT
U OTMHpaloT, oOpa3ys kopy. Kpome Toro pasiuuvs B OCBELIEHUU
INPUBOAUT K TOMY, YTO C OCBEIIEHHOW CTOPOHBI YBEIWYUBACTCA
KOJIMUECTBO BETOK, B pe3yibTaTe ux 0ojiee MHTEHCUBHOI'O POCTA.

N30bITOK TUTATENBHBIX BEIISCTB WM BJIAard B CEPIIECBUHE
NPUBOAUT K TOMY 4YTO B HEW HAYMHAIOT Pa3BUBATHCA Pa3IMUYHBIC
napa3uThl - OAKTEPUU M TUIECHEBBIE TPUOKH, MPUBOJAIIME K TSN
JiepeBa.

[TpumepHO Tak ke oOpa3yeTcst M KOXKa Y )KUBOTHBIX. DTO CIION
OTMEPIINX U 3aCOXIIHNX KJIETOK, KOTOPBINA MpeAoXpaHseT rIyOUHHbIE
KJIETKH OT BbICHIXaHHS U rudenu. OXUBUTH 3TH KIETKH KaKUMHU-TO
KpEMaMH WJIM Ma3siMU HEBO3MOXKHO. Jla 3TO He HYKHO M OIACHO.
Knerku, He 3anuniéHHbIE KOXKEH, TerKO MOBPEKIAI0TCS U CTAHOBSITCS

NUINEH pa3IMyHbIX, JETKO MPOHUKAIOIINX B HUX OaKTEpHiA. ..
skkosk

Kak yxe ObLIO CKa3aHO BBINIE, C TOYKU 3PCHHS HACTOSIIEH
TEOpUH, "KU3HB" - 3TO YHUCTO OBITOBOE WU PEIUTHO3HOE IMOHSTHE,
OOYCIIOBJICHHOE JPEeMy4HM 3a0IyKIECHHEM, YTO B MaTepHAILHOM
TeJIe YeJIOBEKA MJIU KUBOTHOT'O CYIIECTBYET HEYTO HEMATePUATIbHOE,
KOTOpOE U JEJIAaeT €ro ")KUBBIM'.

Ha camom e pene, >XMBOM OpraHu3sM — O3TO IPOCTO
OMOJIOTHYECKUN MEXaHU3M, CIIOKUBIITUNCS B PE3YIIbTATE NITUTEIBLHON
SBOJIOLIMA MATE€PUU, B KOTOPOM CHOPMUPOBAIHCH U JCUCTBYIOT
MHOKECTBO ABTOMATHYECKUX, B3aMMOCOIJIaCOBAaHHBIX n
MOJJICPKUBAIOIIUX  JIPYr Jpyra MpPOLECCOB, MOMAYUHSIONINXCS
€ANHCTBEHHOMY  (U3WYECKOMY 3aKOHYy — BTOPOMY Hadaly
tepMoarHamMuku. M Huuero ">KUBOro" B HEM HE COJEPIKUTCS.

Ero BmomHe MOXHO CpaBHUTH, HANMpPUMEpP, C PabOTAIOIIUM
JIBUTATEJIEM  BHYTPCHHETO  CrOpaHusi, B  KOTOPOM  TaKXe
OCYIIECTBIISIIOTCSI  TaKME  B3aMMOCBS3aHHBIC  ABTOMATHYECKHE

MPOIIECChl, KaK Iojaya TOpPIOYEro, CMEIIMBAHHE €ro BO3IAYXOM,
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cKaThe B IIWIMHIPAX, MO/DKUTAaHWE CMECH B HYXHBIH MOMEHT,
CUHXpPOHHOE OTKpbIBaHHE M 3aKpbITHE KJIamaHoB W Tak jgainee. U
MO3TOMY pPaOOTaIOMUK JIBUTATEIh, KaKOW-HUOYIb TMEPBOOBITHBIN
JTUKaph C OCTPOBOB TyaMOTy, BIOJHE €CTECTBEHHO MOXET CUHUTaTh
JKUBBIM.

Tem Oosiee, 4uTO0 OOBEAMHUB €ro ¢ HE(TSIHON BBIIIKOH,
HEe()TENEPETOHHBIM  almaparoM W aBTO3AMPABIIMKOM, MOXKHO
3aCTaBUTh €ro paboTaTh aBTOMATHUYECKH, 0€3 ydacTus 4elOBEKa, J0
TEX NOp, NOKA OH HE U3HOCUTCA U 3arjoxHeT. To ectb yMpeT. To xe
caMo€ TPOUCXOAWT M C JIOObIM opranu3mMoM. COOW OAHOTO WM
HECKOJIbKUX  TPOIECCOB,  HapylmlaeT HUX  COTJIAaCOBAHHOCTb,
OTTOYECHHYI0 MWJUIMOHAMHU JIET SBOJIIOIMM ¥, B KOHEUYHOM HTOTE
OPUBOJUT K OCTAaHOBKE BCEX IPOIECCOB, MPOUCXOISAININX B
OpraHu3Me.

[IpaBma nBUraTens JETKO OTPEMOHTHPOBATH, IOCTATOYHO
3aMEHHUTHh KaKHe-TO JeTalld WM TMOYUCTUTh KOHTAKTBI, YTO C
OCTaHOBUBIINMCS OPraHU3MOM He Bceria nmonydaercs. [loromy 4to B
OMOJIOTHYECKOM OpraHHU3Me, ITOYTH CPa3y K€ HAYMHAIOT peodiagaTh
JIpyTHe MpoLecchl CUHTE3a, Aealolie peaHuMAaluio HEBO3MOKHOM.

Teno yenoBeka, Tak ke Kak 1 JJI0OOT0 IPYroro KUBOTHOTO, 110
CyTH, TIPEICTaBIsIET cOO0M COOOIIECTBO, HAXOIAUINXCI B CUMOUO3E
MHOKECTBA MHOTOKJIETOYHBIX OPraHU3MOB (OpraHoB), KOTOpPbIE
00BEAMHUBIIKCH B MPOIIECCE HBOIIOIHH, PA3BUBAIUCHL COBMECTHO U
HABCErla MOTEPSUTA CaMOCTOATEIbHOCTh. [l0 cyTH, 3TO peanu3aius
TOTO K€ CaMOro MPHUHIMIA CUHMe3a, TOIHLKO Ha 0oyiee BBICOKOM
YPOBHE OpPTaHU3AINHA MAaTEPHH.

Cam MexaHM3M ACHCTBUS CHMOMO3a JOCTATOYHO MPOCT ISt
NOHMMaHUA. JlBa MM HECKOJbKO MHOTOKJIETOYHBIX OPraHU3MOB,
CBSI3aHHBIX CHUMOHO30M, HCIONB3YIOT OONBIIYI0 YacTh MPOIYKTOB
KU3ZHEJEATENIbHOCTH OPYT Apyra (OTXOJbI WM MPOCTO JEPHbMO), KaK
CTPOUTENbHBI Marepuan ais cebs, 4TO B UTOre NPUBOIUT K
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YMEHBIICHUIO TMOTPEONCHUsI THIMM W SHEPrud M3 OKpYKalouen
Cpenpbl.

N  dro, CcOOTBETCTBEHHO, Jdaér Tropa3no  OOJIBIIYIO
HE3aBHCHUMOCTh OT BHEIIHHWX NPHPOIHBIX YCIOBHHA M TIO3TOMY MBI
MOXEM JIOBOJIbHO JIJTUTEIBHOE BpeMs 00X0IUTCs BOoOIe 0e3 MUIIH.
B npotuBHOM ciydae nmpu OTCYTCTBHHM CUMOMO3a, HaM MPUXOJHIIOCH
OBl MOCTOSIHHO 4YTO-TO >K€BaTh. A TaK, KJIETKH OPraHOB BO BpeMs
NEpepbIBOB B MUTAHUU OOXOMATCS OTXOJAaMH JKU3HEAEATEIbHOCTU
JPYruxX KJIETOK OpraHu3Ma, MOCTYNAoUMMH B KpoBb. B mpupone,
NPAaKTHYECKH UCTIONB3YETCSI BCE U HUYETO HE MPOTAAaeT MPOCTO TaK.

XKemunas xemnesa, HaTpUMeEp, UCHONB3YET IS ICJICHUS CBOUX
KJIETOK, a 9TO e€ OCHOBHAs 33/a4a, MPOIYKTHI JKU3HEACATEIHbHOCTH
KeJTy/Ka, MOCTAaBIsIeMble MOTOKOM KPOBH MW B KadeCTBE OTXOOB
BBIJICJIICT KeN4b, KOTOPYIO KEITyJ0K B CBOIO OYepe/b, UCIOIb3YET
JUIs IepepabOTKH HEKOTOPBIX MPOAYKTOB NMHUTaHus. Ecnu ynanute u3
OpraHu3Ma XEMYHbIH My3bIpb, KETYJOK HE CMOXKET HCIOJIb30BaTh
HEKOTOpbIE BEIECTBA, B PE3yJIbTAaTe YEro 4eloBeK, XOTs U Oyzaer
XKHUTb, HO OyIeT BBIHYXJIEH OrpaHHYMBaTH ceOsl B yNOTpeOJIeHUU
HEKOTOPBIX BHJIOB ITHIIH.

[ToBpexnenue cepaia HEMEUVICHHO MTPUBOIUT K CMEPTH, TaK
KaK CepAlle BBINOJIHAET OYEHb BAKHYIO (YHKIHIO IO ITEpEeKadKe
kpoBu. W XoTa 3Ta (yHKIMS OYEeHb BaKHA, OHA TEM HE MEHee,
JOCTAaTOYHO MPOCTa M IO3TOMY CEepAle JErKO MOXKHO 3aMEHHTb
MEXaHUYECKUM IPOTE30M — IMPOCTBIM HacocoM. UTo, cOOCTBEHHO,
y’Ke JIOBOJIbHO YCIHEIIHO HAYUHAIOT JIEIaTh MEIUKU.

[ToBpexxaeHne meueHu, TaKk xKe CMEepTeNbHO OMAacHo, Tak Kak
HOPOIYKTHI (OTXOABI) €€ IKU3HENEATEIFHOCTH — 3TO OoJbIIoe
KOJIMYECTBO PA3HOOOPA3HBIX BEIIECTB, KOTOPBIE HCIOIB3YIOTCS
JIpyruMHU opraHaMu. be3 nmeueHn, oueHb MHOTHE OpTaHbl IIEPECTaHyT
HOJTy4aTh HEOOXOAMMBIE UM OTXOABI €€ JKM3HEAEATECIBHOCTH, UTO
OUYCHb OBICTPO MPUBEAET K COOI0 M OCTAHOBKE JAPYI'MX CBSI3aHHBIX C
HUM IIPOLIECCOB B OpraHU3Me U ero "cmeprtu'.
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[losToMy 3aMeHUTh TMEYEHb KaKUM-JIMOO YCTPOICTBOM,
CKOpee BCEro HE TMOJIYYUTCS HHUKOTIA. 1O €CTh Jt0Oble OpraHbI
Hamero Tteina "03a004yeHbl' JIMINL TEM, YTOOBI MEIWINCh U
Pa3MHOXKAJIUCh TOJIBKO WX KIETKH M UM TIIyOOKO Oe3pasznnyHa
KU3HEACITEIBHOCTh JIpyrux opraHoB. OpHako B pe3yibTaTe
JUTUTETTLHOW  3BOJNIONUH, CPOPMHUPOBAIKNCH HACTOIBKO MPOYHBIE
B3aMMOCBSI3M MEXy HUMH, 4TO JI000H cO0ii B OTHOM Oprase, cpa3y
K€ OKa3bIBAET BIIUSIHUE HA JIPyTHUE.

Korma yué€Hble cMmorytr pneTanbHO pa3oOpaThCs B pabore
OpraHoOB HAIIEr0 Tejda, BOT Torga 0€30 BCAKUX JIMIIOBBIX
pacmudpoBoK HECYIIECTBYIOIIETO FeHETUYECKOTO KoJa,
IEUCTBUTENIPHO, IOABUTCA  BO3MOJXKHOCTH  CO37aBaThb  OYEHb
3¢ peKTUBHBIC IEKAPCTBA OT PA3TUIHBIX 00JIE3HEH. XOTS MOTHOCTHIO
n30aBUTKHCS OT HUX YEJIOBEYECTBY HE yaacTcs Hukoraa. OCTaHOBUTH
HBOJTIOIIMIO MAaTEPUU HEBO3MOKHO, 2 BOSHUKHOBEHHE 0O0JIE3HEH — 3TO
MPUHIUIIAAIBEHO 3aKOHOMEPHOE €€ CIIEe/ICTBHE.

Jlornueckoe pa3BUTHE HACTOALICH TEOpPUU HEH30EKHO
MPUBOAUT K COBEPILIEHHO OIIETOMIISIIOLIEMY BBIBOY, UTO TO, YTO MBI
Ha3bIBa€M '"KU3HBIO", )KU3HBIO U HE SIBJISIETCSI, @ SIBJIAETCS IPOCTHIM U
3aKOHOMEPHBIM  CIIEJICTBUEM  TIpoIlecca  DBOJIOIMH  MaTepUH
BCEICHHOW. I TONBKO HEIOHMMAaHHEM JTOro OOCTOATENLCTBA
OOBSCHSIETCS TO, YTO €II¢ MHOTHE YYEHBIC-TEOPETUKHU 0 CHUX IIOp
0e3yCIeNTHO TMBITAIOTCS HAWUTH pa3ragky OTIUYUS JKUBOTO OT
HEXHUBOTO, IO CYTH, JIOMSICh B OTKPBITYIO JABEPb.

[ToTomMy 4TO TaKOTO OTIIUYUS HPOCHLO HE MOdcem Obimp. Tak
)K€ COBEpUIEHHO $ICHO, YTO YHHUUYTOXHUTh 3>KWU3Hb, KaK IPOLECC
SBOJIIONMA MaTE€PUH, HEBO3MOXHO, TOATOMY JTFOOBIC M3MBIIIJICHUS O
KOHIIE CBETa SIBJISIIOTCA OpeoM cHBOM KOOBLTBI. bonee Toro, mporecc
SBOJIIOIMA HE OCTaBISIET HUKAKOM, JaXXe MHUKPOCKOMUYECKOMN
BO3MOKHOCTH CYIIECTBOBAHMsI HEKOETO BBICIIEro TBOpIa. [Ipocto
MOTOMY, 4TO IPUPOJIE OH HE HYKEH.
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N TombKO HEBEXKECTBO M  JETCKas OrpaHUYEHHOCTh
YeJIOBEYECKOro pazyma IpHBella K BO3HHUKHOBEHHMIO HAMBHBIX
CKa304YHBIX YYEHHI O HEKOEM BBICILIEM CYIIECTBE, KOTOPOE, KAKUM-TO
HEBEPOSATHBIM 00pa30M, CO3aJI0 3TY BCEJICHHYIO U ""COTBOPHIIO" BCE
"x)uBOE", TOMECTUB €Tr0 Ha IUJIAHETy C KOM(OPTHBIMHU YCIOBHSIMHU
npoXXuBaHUs. AOCYpAHOCTb 3TUX YYEHUH CTAaHOBUTCS OYEBHIIHOM,
CCJIU 3aJ1aTh aBTOpaM U UX NOCICAOBATCIIAM APy MPOCTHIX BOIIPOCOB.

Bonpoc nepewuii: A s 4yero, cOOCTBEHHO, BCEMOTYIEMY
CaMOJOCTATOYHOMY CYHICCTBY, KOTOPOC HA B YEM HC HYXKXIACTCA, OTOT
reMOppoil C YeJIOBEYECTBOM, KOTOpOE TOJBKO M JIeJaeT, 4YTO
MTOCTOSTHHO BOIOET, TpabuT 1 youBaeT Apyr apyra?

H eonpoc émopoii: A 4to, y 5TOro BCEMOT'YIIIET0 CYIIeCTBa HE
XBaTWJIO yMa PpemuTh ATH mpobieMbl emi€é Ha  CTaguu
HpOGKTI/IpOBaHI/IH? OTcyTCTBI/Ie OTBCTOB Ha 3THU BOIMPOCHI IOKA3bIBACT,
YTO 3TO BCEMOTYIIIEE CYIIECTBO He Oosiee ueM 110;] yooroii ¢aHTa3nu
JIO/IeH, CO3JIaBIIMX €ro 10 CBoeMy 00pa3y u noaobuto. Beputs B 10,
YTO 3TO BCEMOTYILEE CBEPXpPa3yMHOE CYIIECTBO MOXET OBITh
NPUMUTHBHBIM U KECTOKHM, KaK NMEpBOOBITHBIM IUKapb, B BBICHICH
CTETEeHH HeJIeno U OECCMBICIEHHO.

Bbonee Toro, HecMOTps Ha TO, YTO 3TO CYIIECTBO OOeIIaeT
JIONIIM BEYHOE OJa)KEHCTBO B 3arpoOHOM MHpPE, YTO-TO HHUKTO
OCOOCHHO HE CIICIIUT BOCIOJIb30BaTHCS ITUM OOCTOSITENLCTBOM, a
COBCeM Jaxke HaoOOpOT O4YeHb MHOTHE YYEHBIE OBIOTCS HaJ
pa3paboTKOl METOIOB MPOICHUS CBOETO OPEHHOTO CYIIECTBOBAHUS
HA 3TOM CBETE.

IIprTasices MO4YeMYy-TO KaK MOKHO JOJIbIIC OTTAHYTb MOMCHT
MOJIy4YeHUsT BEYHOro OnaxkeHcTBa. /[ 3Toro paxe mpuaymain
KPUOTEHHBIE KaMephbl, IIe 3aMOPOKEHHBIE TPYIBI BaXHBIX (C TOUKHU
3peHUs ITUX MOKOHHUKOB) 0c00, OyIyT XpaHUTHCS A0 TE€X MOp, MOKa
YeJI0BEYECTBO HE HaWJET crocoba BBUICUYUTh MX U OXKHUBUTH. A BCe
IOTOMY, YTO JaXe caMble TIJIyOOKO BEpYIOIIHE PpEIUTHO3HBIC
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¢danatuky, B TIyOMHE JOyIIM COMHEBAIOTCS W MYYAlOTCS TOH
HEU3BECTHOCTHIO, KOTOPAsk 0’KUJIAET UX MOCIIE CMEPTH.

Benp uenoBek cosznan cebe 6ora IMEHHO M3 CTpaxa CMEpPTH, U
Jake TOJHUMAsCh IO JIECTHUIIE IIO3HAHUS, OH BCE IIBITAETCS
COBEpIICHCTBOBATh CBOIO MPUAYMKY. BmecTto Berxo3aBeTHOro u
OpUMHTUBHOTO  OOKecTBa,  Temepb B~ MO3Tax  MHOTHUX
MICEBAOTPAMOTHBIX BEPYIOMUX (QUTYpUPYET YK€ HEKUH, Kak HM
Ka)XeTCsl, BIIOJIHE "HAay4yHBIX" BBICHIMM pa3yM, oOuTarouiuii 1mubo B
riyOMHaxX BCEJICHHOM, 10O B KakOM-TO JPYroM H3MEpEeHUH,
KOTOPBIH, MO-BUAMMOMY, OT CKYKHM CO3[a]l 4YeJOBEeKa B KaKHUX-TO
CBOMX HEIMOHATHBIX 1ensiX. Ho TyT BO3HMKaeT JIOTUYHBIA BOIPOC, a
KTO K€ co31aJI camoro oora..?

"Xu3Hp", KaKk yxe ObLJIO CKa3aHO, 9TO CIEJCTBUE Ipoliecca
HBOJIIOIMM MaTepUH M TPOIECC ITOT OecKOHEYeH. A KelaHHe
OPOAJUTh TO, YTO YK€ camMo Mo cebe OECKOHEYHO, TIyNo H
OeccMbiciieHHO. KaxIpIii 4eoBeK UiTh )KUBOTHOE, KaK MaTepUATbHBII
OMOJIOTUYECKHUI MEXaHHU3M, MTOCTOSIHHO BOCIIPOU3BOIUTCS MIPUPOIOI
3aHOBO M Jja’K€ HE OCO3HAaBasi TOTO, IO CYTH, IPOKUBAET OECKOHEUHOE
KOJIMYECTBO 'KM3HEW" Ha OECKOHEYHOM MHOKECTBE OOUTaeMbIX
IIJIaHET BO BCEJICHHOM.

W naumHas Kax Iyt HOBYIO "JKU3HB'" C HYJISI, OH (PU3NUYECKH HE
MO’KET MOMHHTb, HU MpPEIbIAyIINEe XU3HU, HU MECTO, TJle OH YyXKe
KOTJIa-TO JKUJI. DTOT HEOOBIYHBIA BBIBOA, MO CYTH, OOOCHOBHIBAET
Oynau3M, Kak WHTYUTHBHOE M TOYTH HAaydHOE MHUPOBO33PEHUE C
"perHKapHanuen" MaTepualbHOIO Tea.

A TO, 9TO JIOAM, CAMH TOTO HE IMOHUMAs, Ha3bIBAIOT JIYIIOH,
Tak 3TO TPOCTO HAIle CO3HAHHWE, SBISIOLIEECS CBOWCTBOM
BBICOKOOPTaHM30BaHHOW MaTepuu, (HOpMUPYIOIIKUMCSA B PE3yJbTaTe
BOCITUTAHUS M OO0y4YeHUs, OECCIETHO HMCYE3aIoNIero TMOoCIe CMEPTH
opranu3ma. U xots co3Hanue wim "myma" co cMepThio OeccieqHo
MCYE3aeT, ITO HE UMEET a0COTIOTHO HUKAKOTO 3HAYEHUS, [IOTOMY YTO
OHO TakK e CPOopMHpYeTCs 3aHOBO B HOBOM Tene. M anst sToro He
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notpedyeTcss Hu Oora, HU JbsIBOJIA, HU BBICIIETO pazyma. [[ist aToro
BIIOJIHE JIOCTATOYHO POJIUTEIICH U MEeAaroros.

CmepTh BeIb TOJBKO C TOYKM 3pEHUS TIOKa  €IIe
HEBEKECTBEHHOTO YEJIOBEKA, SIBJISICTCS TPAreIueu, i MpUpoabl ke -
3TO 3aKOHOMEPHOE SIBIICHHE, MPOUCXOASANIEE IMOBCEMECTHO U
MOCTOSIHHO, TaKk K€, KaK M POXIAEHUE. ITO HeoTbemiieMas
COCTaBJISIIOLIAsl TIpoLiecca HBOMIONMU MaTepuu. B Hamem Terne
KOKJIYI0O MUHYTY YMHUPAIOT TBICSYM KJIETOK. WM KaxIyl0o MUHYTY
TBICSYM KJIETOK POXKIAAIOTCS BHOBbD.

Jlume pasymHOE Oco3HaHMe TOro (hakTa, YTO CMEPTH ATO
HEN30€KHOE CIIEJICTBUE TIPOIIecca IBOJIIOIUH, MPUBEIET K TOMY, UTO
OHa npecmanem CmMpawiume J100€ll C80eil HEU36eCMHOCMbIO U
0e3bIcX00HOCmbl0, @ CmaHem B0CHPUHUMAMBCA HPOCMO KaK
00CaA0HaAA HEeU30EHCHOCH b,

JlocagHast, He CTOJIBKO IOTOMY YTO B HOBOM KHU3HU, HE TOJIBKO
BCE HY)KHO Oy/IeT JieaTh 3aHOBO - CHOBA YUUTHCS TOBOPHUTH, XOJIUTH,
YUTaTh, 3aBOJAUTH JPY3€H, a CKOJIbKO MOTOMY, UYTO B CIEAYyIOIIEH
JKU3HU BEPOSITHOCTH HAIIETO TMOSBJICHHUS B OCCKOHEYHOW BCEICHHOMN
Ha I[UIaHeTe 3eMJisd, HACTOJbKO HHUYTOXHA, 4YTO MPAKTUYECKHU
HeBo3MOXkHaA. Korma denoBek, HAKOHEI-TO, HOMMET U OCO3HAET JTO,
OH COBEpIIECHHO TMO-APYroMy OYIET OTHOCHUTBHCSA, KaK K IKU3HH
BOOOIIIE, TaK U K KXKIOHU OTIEIbHON KU3HU B YACTHOCTH.

DTO YTBEpPKIEHUE MOXET, B HACTOSLIEE BpEeMsi, MOKa3aThCs
KOMY-TO IIMHUYHBIM, TaK KaK CKOpPOb MO TMOKOWHHWKY M CIIOBa O
HEBOCIIOJTHUMOMN yTpaTe, OyIyT Ka3aThCs TIYNMBIMU U HUKYEMHBIMHU.
[loromy 4ro mroau, yMmepimide WiIM TOrudmue B BOWHAX, B
kKaractpodax, 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 OCO3HABasi TOrO, UTO KOT/IA-TO YK€ KU U
Oynyr xuth emé He oauH pa3. Jliogu, ObBIIME paHbIIE
Apucrorensmu, Hprotonamu, ['mrnepamu CranuHbIMH, pabamMu U
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NaTPULUSMU, BO3MOXKHO, CErOJHS SIBJISIOTCS HAIllUMH JCThbMH,
BHYKaMH WJIM TIPaBHYKaMH, a MOXKET Jake cOOaKaMH WJIM KOIIKaMH,
XOTSI HUKTO ¥ HUKOT/Ia TOTO HE y3HAeT.

Ho B cmimy BewyHocTH MaTepuu, OTO  aOCONIOTHas
HEN30EKHOCTh M YEJIOBEYECTBY CO BPEMEHEM MPUIIETCS TPUBBIKHYTH
K 3TOMY U MEPECMOTPETh CBOE OTHOIICHUE K 3J0J€IM M THUPaHAM
npouwioro. M korja a0 HAKOHEI-TO OCO3HAIOT, YTO OHH, IO CYTH,
BOIOIOT caMH € €000, JoOble KOHQIMKTBI M BOWHBI CTaHYT
OCCCMBICIICHHBIMH.

U Tornma oTHOIIEHNWE K TaMSATH TaKUX T€HUATBHBIX JIIOJIEH KaK
Xpuctoc win JIeHWH, KOTOpbIE B YCIOBHUSX CJIeTKa MOYMHEBIIEH
00€3bsHbEH CTaW YTO-TO MOHSUIH M O€3YCHEITHO MBITAJTUCh U KHYTOM
Y TIPSTHUKOM BBIBECTH UE€JIOBEYECTBO Ha HOPMAJIBHBIN ITYTh Pa3BHUTHS,
n3MeHuTcs. [Ipon3oiaér 370 0OCO3HAHUE, K COKAJIICHUIO €lIE OYEHb
HECKOPO, HO HEU30€KHO MPOU30IMIET.

Mpumevanne. 4 nacmoawyro meopuro, Hado nonazame, Jiem
uepe3 500-1000, xoma xomenoco 0bl HaAdeAMbCA, YMO paHvuie, Oyoym
uzyuamov 6 HauaibHoOu wkKone. OHA OKOHUAMENbHO U HABCeE20a
VHUUMONCUM 6Ce PeNluuo3nble U mucmuueckue yuenus. H nexomopote
npu3HaKu cnavo2o osulcenusa K IMOMY, YHCE MOIHCHO 3amMemumos )rice
ceuuac no HedLIGAIOMY, NO CYmMU, HPEOCMEPMHOMY  GCHIIECKY
petucuo3noco Mpaxoéecuﬂ U Heeercecmea, Komopbsie 00blUHO cryuaromcsn
nepeo ckaukom npozpecca.

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

Bbi60o0 u3 6cezo ckazaHHO20 O0YeHb ONMUMUCMUYUEH:
YenoeeK, KaK CAONCHeUW U aAGMmOoMamudecKuil MamepuaibHolil
00veKkm, cgopmuposasuuiica MUNIUOHAMU JIem IGOJIIOUUN U
oonaoaowuil ceoICMEOM CO3ZHAHUA, HCUBEM 6e€UHO, NOCHIOAHHO
O0OHOBNIAACH 68 6UOE MAMEPUATILHO20 Meld U HOIMOMY OH HUKO020a
He CMOJcem OKOHYamenbHo nodedumsv HU 0ONe3HU, HU CMEPMDb,
mMaK KakK OHU AGIAIOMCA 3AKOHOMEPHBIMU COCHMAGAIOWUMU

npouecca 360.10uuu Mamepuu.
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Kcratn, nMeHHO yny4aronuecs, MprOIKaromuecs K MOYTH
CTEpWJIBHBIM, YCJIOBHS JKU3HH, a BOBCE HE IUIOXas JKOJIOTMYECKas
00CTaHOBKA, YK€ MPUBEIH K OCJIA0JICHUIO 3aLIUTHBIX MEXaHU3MOB U
IIMPOKOMY PacIpOCTPAHEHUIO CPESIU YEIOBEUECTBA AJUIEPTUUECKUX U
pakoBbIX 3abosneBaHuid. [IpITasch M30aBUTHCS OT OAHHMX OOJIE3HEH,
YeJI0BEYECTBO HEM30EKHO OyleT MojydaTh JApPYrHe U HaBEpHSAKa
OoJee cTpalHsbIe.

IloaTomMy mnpoanuTh OTAENBHYIO 'KM3HB" pa3a B IOJTOpa
YeJI0OBEK BO3MOXKHO M CyMEET, HO CTaTh OECCMEPTHBIM OH HE CMOXKET
Hukoraa. IloroMy 4TO  OCTaHOBUTH  3BOJIIOLUIO  MaTEpPUU
NPUHIUNHAIBHO HEBO3MOJKHO.

18. O CO3HAHHUU U TAMATH

Hepenxo mnpuxogurcs uYuTaTh COYMHEHUS (QHIOCO(POB, H
OYeHb JpPEBHUX, M HE OYeHb, O CO3HAHUHM, KaK O HEKoel
HEMaTepUaIbHOW CyOCTaHIINM, CYIIECTBYIONICH T/Ie-TO B OpraHU3ME,
cama 1o ce0e. DTO MPOUCXOIUT OT HEMOHUMAHUS TOTO, YTO B PUPOJIE
HUYETO0 HEMaTEePUAIBLHOTO HE CYIIECTBYET.

Paccmampugeamv uenoseueckoe co3Hanue Kak o0coodyio
uoeanvnylo (HemamepuanvbHyly) cyoCmMaHyulo, NPUHUURUATLHO
OMIUYHYI0O Om CYOCMAHUuU MaAmepuanlbHoil, ecmsv OaHb
Penucuo3HomMy Mmpakobecuio u uodeanucmuyieckou gunocoduu,
Komopbule AGNAIOMCA KOMHNOHEHMOM UOe0102U4ecKoll peaKyuu,
Hauagwielici 6 KOHUe 06a0uamoz0 6eKa ¢ Kpaxom CO8EmCKO20
KOMMYHU3MA U RNOPOMHCOAIOuiell MOomaipbHoe NOMYMHEHUe YMO8
(A.3unoseves).

Co3nanue — 3T0 CBONCTBO BHICOKOOPTAHM30BAaHHON MaTEpHH,
a UMEHHO KOpPBI YEJIOBEUECKOTo rojloBHOro mo3ra. M ero gyHkmus
JIOCTaTOYHO MPOCTa, OHO 3aHUMaeTcsa 00pabOTKOI U AIeMEHTapHBIM
CpPaBHEHHMEM CHUTHAJIOB C OPraHOB YYBCTB, OpraHU3ysl UX B BUIE

115



Anexcandp BECEAOB

00pa30B HEHPOHHBIMH CTPYKTYypamH. A Tak e KOMOMHHUPOBAHHEM,
npeoOpa3oBaHMEM U COXPAaHEHHEM OJTHUX O00pa3oB B MaMSTH.
[Ipoueccsl MBINUIEHHST — 3TO M €CTh IIPOLIECCHI W3MEHEHUS H
npeoOpa3zoBanusi 3TuX oOpazoB. Cama mamsATh HHUTIE HE
JIOKaJIN30BaHA, TIOATOMY YTEHHUE MBICIEH HEBO3MOXKHO.

IIpumeuanne! Ceoiicmey moszea Kk npeodpazoeanuio u co30aHu0
HO6bIX 06pa303 Ha ocHoee 06pa303, coxpané'nubtx 6 nawvamu, Mol 003aHbl
ceoeili cnocoonocmuvlo K meopuecmey u anmasuu. Teopuecmeo u
danmazua — amo nexas hopma maxoii 6ezo06uoHoll xcu. Ho nwobdan
J1021Cb, 6 OMIIUYUU OM NPABObL, 0ZPAHUYEHHOU KAKUMU-IMO PAMKAMU U
daxkmamu, écezoa 6e3zpanuuna. H umenno ymoit 6e32panuynon axcu mol
00A3aHbl MaKUMU OPe0BbIMU COUUHEHUAMU, KAK K6AHM 0645 MEXAHUKA,
meopusa  OMHOCUMENbHOCIMU U  KOCMOA02UA, NPOMUGOPEHAUUMU
€0UHCIBEHHOMY 3AKOHY HPUPOObL — 6MOPOMY HAYATY MEPMOOUHAMUKU.

Mo3r cOCTOMT W3 OrpOMHOIO YMCJIAa HEPBHBIX KJIETOK —
HEHPOHOB, OOBEIMHEHHBIX B CIOXHEHIIYIO HEUPOHHYIO CETh H
CIOCOOHBIX  HCIIOJIb30BaTh B MpOLECCe  JKU3HENEATEIbHOCTH
SJIEKTpUYECKHE CHUTHaIbl. KaXapli HEUpOH HUMEET MHOXKECTBO
OTPOCTKOB — JIEHJIPUTOB, KOTOPHIMHU OH COEAMHSIETCS C JAPYTUMHU
HelipoHamu. OT CJI0)KHOCTU U KOJUYECTBA 3THUX COCAMHEHUIN 3aBUCUT
Pa3yMHOCTb WJIUM UHTEJUIEKT UHAUBHUA.

OO0pa3Ho, MaMATh MOXKHO CPaBHHUTH C OONBIION 0OBEMHOIM
MO3aU4YHOM KapTHUHOU MUpa. 11 yeM MeHbIIIe 2JIEMEHTHI 3TOM MO3aUKH,
TEM BBILIE JeTanu3alus KapTuHel. [Iponecc odyuenun — 31o npouecc
CO3J]aHUsI HOBBIX CBSI3€M MEXJy HEHPOHAMHM, MPOLECC MOBBIIICHUS
JIeTaIN3alUN 3TOM KapTUHBI MUPA.

['uGenb nnm paspyliieHue, OJHOTO UK JIaXke AECATKOB U COTEH
AIIEMEHTOB, O0pa3yIOIIUX KapTUHY, HE NPUBOIUT K (aTaTbHBIM
MOCTIEACTBHSIM, TaK KaK CBS3M 3TH MHOTOKPATHO IyOJHpPOBAHBI U
MOYTH JIFOOOH 3JIEMEHT JIETKO BOCCTAHABIMBAETCS IO COCETHUM.

UenoBek poxKIaaeTcsi ¢ MO3roM, B KOTOPOM MUJUIMOHAMHU JIET
SBOJIIOIIMM YK€ CQOPMUPOBAHbI HEKOTOPbIE 0a30BbIE CTPYKTYPbI
CBsA3€H HEHPOHOB, ONPEIEIAIOIINE MOAEIIA CTAHAAPTHOTO MOBEICHUS
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WIH CTapTOBbIE MHCTUHKTHI, HEOOXOAUMBIC ISl BBDKUBAHUS TOCTIE
poXneHus. A ero Kopa BHaJajie MPEJCTABISAET CO00M CTPYKTYPHI C
XA0TUYECKUMU CBA3SIMH MEXIy HEUpPOHAMH, KOTOPBIE HENPEPBIBHO
U3MEHSIOTCS M YCIOXKHSIOTCA B pe3yjbTaTe Ipolecca 00yueHus u
60CRUMAHUAA.

M mnpoumecc 3TOT O4YEHb MEMJICHHBIM M DHEPro3aTpaTHBIM,
MOTOMY 4YTO 3HaHUSA JOJDKHBI, B OYKBaJbHOM CMBICIIE CIIOBA,
npopacmu ¢ euoe 0eHopumoe Mex 1y Heitponamu. [loaTomy cuntaTth
COJIEpKUMOE TaMATH WIM Tepe3anucarb e€, Kak 3TO JeNaeTcs B
KOMITBIOTEPE HE MOIYYUTCHA. 3allOMHUHATH 110 APYroMy, NMpUpona, K
COKaJICHHIO, TPOCTO HE YyMeeT M OOeMIaHHus 3aMEHUTh MO3T
3JIEKTPOHHBIM YMIIOM, KaK IpearatoT, HApHUMEp, OpPraHU3aTOPbI
npoekta "Poccusa-2045", sBHAIOTCSH, MO CYTH, OOBIKHOBEHHBIM
MICEBJIOHAYYHBIM IIapJIaTAaHCTBOM U HAyBaTEIbCTBOM.

VYyactHuku npoekta "Poccum 2045" XOoTAT chenath 4yelnoBeka
OeccMEepTHBIM, HE TOHHMMAas TOTO, YTO TMHBITAaThCS CHAENATh
OeccMEpTHBIM TO, YTO yXKE caMmo 1o cedbe GeccMepTHO, MPOCTO TITYIIO
1 0ECCMBICIIEHHO.

YemoBek - 3TO  CIOXHBIM  MaTEepPHAIBHBIA  OOBEKT,
c(hOpMUPOBAHHBIN OECKOHEUHBIM MPOLECCOM 3BOJIOIUU MaTEpPUU B
TEYEHUH MUJIJIMApIOB JIET, BOBCE HE sBIsETCS *UBBIM. [{a u BooO1Ie
B NPUPOJIE€ HET HHUYEro XUBOro. JKH3HB - 3TO YUCTO PEIUTHO3HOE
MOHSITUE, BEIb JAXKE TaKas BBICOKOOPTaHM30BaHHAs MaTepus, Kak
MO3T, COCTOUT U3 COBEPIIEHHO MEPTBBIX ATOMOB U MOJIEKYL.

Yenosekx, KaK  MaTepHUAJIbHBIN O0BEKT  IMOCTOSIHHO
BOCIIPOM3BOAMTCS MPHUPOJONW 3aHOBO U KUBET OECKOHEUHOE
KoJau4ecTBO pa3. He mymaiite, 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'Jie Bbl OBbLIN
B MPOULION )KU3HH.

Mo3r — 3TO He IPOCTO KYCOK CEpOro BEIIECTBA B UEPENHOMN
KOpOoOKe, MO3I' — 3TO €AMHAas CHCTEMa, MCIONB3YIoIas B IMpolecce
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KU3ZHEJEATENIBHOCTH JIEKTPUYECKUE CUTHAJNIBI, B KOTOPYIO BXOJUT
enié M OrpoOMHOE KOJIMYECTBO JATYMKOB, CBS3BIBAIOIIMX €ro C
OKPY’KalOIIUM MUPOM.

OTO U OpraHbl 3peHHs, OpPTraHbl cliyXa, OOOHSHUS, OCA3aHHUS.
Mo3r, wucnonb3yst 3TH OJJIEKTPUYECKHE CHUTHAJIbl C JIATYUKOB,
(dopMHpyeT HOBBIE BPEMEHHBIE CBA3H MEXIY HEHpOHaMH, KOTOpHIE
COXPAHSIIOTCS B TEYEHHMM KOPOTKOTO BPEMEHM M  KOTOpPbIE
BITOCJICJICTBUH MPOPACTAIOT B BUJIE ACHIPUTOB, 00pa3ys MOCTOSHHBIC
CBSI3M, COXPaHSIOIIMECS BCIO )KM3Hb. be3 3TUX CUTHAJIOB C 1aTYMKOB
HE MOJKET OBITh HUKAKOTO CO3HAHUS U HUKAKOM MaMsATH, TIOTOMY YTO
3alIOMUHATh-TO OOJIBIIIE HEYETO.

W Tak kak BpeMEHHbIE CBS3HM JOBOJIBHO OBICTPO HCUE3aIoT,
"Mepuoj mostypacraa” naMsTH IPUMEPHO OJTHUA CYTKH, MO3TY HY>KEH
HepepsIB AJIs CHA, BO BPEMsI KOTOPOT'O JE€HAPUTHI MHTEHCUBHO PacTyT.
OTH CBSI3W MEXAY HEHpOHaMH MHOTOKPATHO IyOnHUpYIOTCS B
nporecce OOY4YeHHS M HEOJHOKPATHOTO IOBTOPEHHUS, IOITOMY
ru0enb HEMpPOHOB OT CTApOCTH MM HEXBATKU KHUCIOpOJa HE
OPUBOJIUT K (haTaTbHBIM MOCIEACTBHUSIM IS TaMsTH. Pa3pyiieHHbie
CBSI3W TTOTHOIIMX HEUPOHOB OepyT Ha ceOs coceHue.

N 5Tu cBsI3u MeXy HEUPOHAMH Y Pa3HbBIX JIIOAECH COBEPIICHHO
pa3lIMYHbIE, MO3TOMY K OJMHAKOBBIM BBIBOJAM pa3HbIEC JIOIU
NPUXOJAT B PE3yJbTaTe€ COBEPIICHHO PAa3IUYHbIX JIOTHYECKUX
noctpoeHuil. B mpupose HEeT M He MOXKET OBITh JABYX MO3IOB C
OJIMHAKOBBIMU CBSI3IMU MEKIy HEMPOHAMH, KaK HE MOXKET OBITh ABYX
JECOB C JIepPEeBbSIMH, HMEIONIMMU aOCOJIOTHO  OJMHAKOBYIO
KOH(UTypaImio BETBEH, a M03TOMY 3aIICaTh BCE 3TH CBS3U HA JPYron
HOCHUTEIb UM EPEHECTH UX HA KAKOM-TO APYrod MO3T, HEBO3MOKHO.

[ToroMy 4yTO ISl 3TOTO B 3TOM APYrOM MO3T€ HYXHO OyAeT
COTHH MUWJUIMAPJIOB JEHIPUTOB OOOpBaTh U MPOPACTUTH 3aHOBO,
COTJIACHO ATOM 3amuch. MO3r — 3TO HE€ KOMIBIOTEP, B KOTOPOM
JIOKQJIN30BAaHO BCE — ONEpaTUBHAs W JOJITOBPEMEHHas IaMSATh,
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npoIeccop, 3TO OpraH, paloTaloUIMii Ha COBEPIICHHO HWHOM
HPUHIUIIE.

Tonbko mronu, cumrtarouye ceds ydy€HbIMHU, MOYEMY-TO HE
IOHUMAIOT 3TOTO U MO-BUIUMOMY €l J0iro He moimyt. MiMeHHO
IIO9TOMY BCSl COBPEMEHHas Hayka HaxoOUTCd B IIJAY€BHOM
COCTOSIHUHM, TaK Kak Y4Y€HbIE NPAKTUUYECKH YXKE pPa3ydyuIHCh
MOJIb30BAThCS pa3yMoOM, a MPEANOYHTAIOT Oojiee JIETKUM MyTh —
UCTIOJIb30BaHUE MHCTHUHKTOB, KOTOPBIA HE TpeOyeT OONbIINX 3aTpar
DHEPIrUH.

VMIMeHHO 1O3TOMY OHM HE JyMas, HaCKOJIBKO 3TO
COOTBETCTBYET (PU3UYECKOM pEaqbHOCTH, TYHNO IIOBTOPSIOT T€
HEOBUTUIIBI O KBAHTAX M YEPHBIX AbIPAaX KOTOPbIE UM KOTJa-TO BOWIN
B TOJIOBBI, MOJKPEIUIAsS BCIO ATy Uyllb MaTEeMAaTUYECKUMU
dopmymnamu. M HUKTO He maér cebe Tpyaa pa3oOparbesi, B KaKoi
CTETICHU 3TU (POPMYIIBI COOTBETCTBYIOT (PU3MUECKON PEaTbHOCTH.

Kak 3TO HHM CTpaHHO, HO CIOCOOHOCTH K MBIIIICHUIO
oOycioBieHa omuOkaMu B paboTe HAmero TroJOBHOTO MO3ra.
Komnbiotep, Hampumep, paloTaroumii Ha JIBY3HAYHOH JIOTHKE,
HUKOT/Aa HE OIIM0AeTCs], TaK KaK COCTOSHUS €ro JIEMEHTOB MAMATH —
TPUITEPOB OJHO3HAYHO onpeneneHsl. OHM HMMEIOT TOJBKO JIBa
COCTOSIHUS: BKJIFOYEHO — BBIKIFOYEHO, UMEHHO MTO3TOMY KOMIIBIOTED
HECIOCOOCH peluTh MPOCTEHBKYIO 3anadky bypumana, ¢ KoTopoi
JIETKO CIIPABJISAETCS 1ake€ KOMHATHAsI MyXa.

Jleno B TOM, 4TO HEHpPOHBI HalIero mosra paboTalT Ha
COBEpLIECHHO APYroM IMPUHIMIIE, YEM KOMIbIOTEP. HENPOHBI NMEIOT
TBICSIYU JEHAPUTOB, KOTOPHIMHU OHHU CBSI3aHBI C JPYTUMH HEWPOHAMH,
IIO3TOMY OHM MOT'YT MMETh OTPOMHOE KOJIMYECTBO COCTOSTHMH. To
€CTh, IO CyTH, MO3I — 3TO AHAJOroBas CUCTeMa. A aHaJOroBblE
YCTpOHCTBa Bcerga paboTaloT ¢ OMUOKAMH W TOTPEHTHOCTSIMH,
3aBUCAIIUMHU, MHOTHX (haKTOpOB, Hampumep, oT "apeiida vyns". Ho
UMEHHO OIMOKaM MbI U 00513aHbI CBOCH CIIOCOOHOCTHIO K OOYUCHHIO
Y TBOPYECTBY.
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KonuuecTBO HEHPOHOB B MO3re, HUCKIIOYash €CTECTBEHHYIO
yObUIb, BCIO KM3Hb OCTA€TCA MOYTH HEU3MEHHBIM, TaK KaK OHHM HE
UMEIOT MEXaHU3Ma JIeJIeHHsI, TOTOMY YTO OHO IOCTOSIHHO HapyIlaio
Ob1 paboty wmo3ra. Ho napyroro cmoco6a oOydeHHs y KHUBBIX
OpPraHU3MOB HET U, B 0003pUMOM OynyIlIeM, eBa JIU MOSIBUTCSL.

C BO3pacToM HEHUPOHBI MOCTEIIEHHO TEPSIOT CIIOCOOHOCTh K
"mpopacTaHu0" W MO3I CTAaHOBUTCS HEBOCIPUUMYHMB K HOBBIM
3HaHMUSM. 3aTo "Mpopocliue” B MOJIOJAOCTH 3HAHMS JIEp)KaTcs B HEM
OYEHb KPENKO, XOTS TOXE€ IMOCTENEHHO HCYE3al0T C OTMHUPAHHEM
HelipoHoB. [loaToMy wyenoBedecTBY, 4TO Obl HE OCTAaHOBUTHCS B
Pa3BUTHUU UHTEIJIEKTA, CTOUT 1103a00TUTHCS 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 BpeMmsi mnpeoOiamaer apyras
TEHJICHLIMS, 2 UMEHHO "MOJIUTHCS, MOJIUTHCSI M MOJIUTHCA" BEyIIast
YEeJIOBEUECTBO Ha3al, K JIerpajlaliud M CPEIHEBEKOBbIO. B cBs3M C
BBIIIIEU3JI0KEHHBIM, HECKOIBKO CJI0B O TAKOM '"3arajoyHoM" sSIBJICHUH,
Kak "dexcagro". OOBIYHO MaJOrpPaMOTHBIC PEIUTHO3HBIE JIIOIU
00OCHOBBIBAIOT UM CyIleCTBOBaHHe Aymid. OJHAKO C TOUKU 3pEHUS
TEOPHUU IBOJIIOLIUH, 3TO SIBICHUE O0BSICHSAETCS BEChMa IPOCTO.

Kak u3BecTHO, CyIIeCTBYIOIIUE B HACTOSILEE BPEMsI KUBBIC
OpraHM3Mbl 1  JAHHBIX TMPUPOJHBIX  YCIOBHM  SBJISIOTCS
ONTUMANBHBIMA. TO €eCTh OHONIOTMYECKH OHU HWMEIOT BIIOJHE
3aKOHUYEHHBIA BHUJ M €CIIA TMPOUCXOMAT KaKUe-TO OHOIIOTUYECKUE
W3MEHEHUS, TO OHU OYeHb HE3HAYUTENbHBL. [10 MHEHHIO HEKOTOPBIX
OWOJIOroB, B HACTOsAIIee BpeMs HAYWHAET Wpeodianarh, Tak
Ha3bIBaeMasi, KyJIbTypHas 3BOJIOIUS WK KyJIbTypHOE Hacael0BaHUE.

[Tpu3Haky HTOr0 MOXKHO 3aMETUTh JaXe IO TOMY, YTO
ropoJickue Opopsuve co0akyd Hay4dWINCh MEPEeXOAUTh YJIUIBI Ha
3eNMEHBIN CUTHAN cBeTodopa, JaKe €CIM Ha TMEepexoie HET JIOACH.
HNMeHHO ¢ TOYKHM 3peHUs] TEOPUU SBOJIOLHMHA OYEHb JIETKO U JIOTUYHO
OOBSICHSICTCS U SIBJICHUE "JIEKaBIO".
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Kakwue-To oueHp spkue COOBITUS WM KApTUHBI OKPY>KaOLIeH
00CTaHOBKHM, B KOTOPOM 4YEJOBEK >KUBET MPOJOHKUTEIHLHOE BpeMs,
3aKPEIUISIIOTCA B HEHUPOHHBIX CTPYKTypax MO3ra M MOTYT
HACJEJACTBEHHBIMM  MEXaHM3MaMH  4YaCcTUYHO  IepefaBaThCsA
IIOTOMCTBY.

EcrecTBEHHO B NOCIEAYIOUIMX IIOKOJIEHUSAX TMOTOMOK,
OKa3bIBAsICh B OUEHb IIOXOKUX YCIOBUSAX M CPAaBHUBAs YBUACHHOE C
XpaHSAIIMMUCS B TOACO3HAHMM (PparMeHTaMu Kakux-TO 00pa3os,
BJPYT OCO3HAET, YTO OH KOT/1a-TO YK€ 3T0 BUaen. He ymes: 00bsICHUTD
Takoe 'dynecHoe" SBIICHUE, YENOBEK MPUXOJUT K BBIBOJAY O
CYIIECTBOBAaHUH YET0-TO OECCMEPTHOTO U BEUHOTO, 8 UMEHHO - TyIIH.

Penurun ectecTBeHHO, MOJJCPKUBAIOT ITH 3a0JIyKIEHUS B
CBOMX KOPBICTHBIX HHTEpecax. B CBA3M C O3TUM JIOTUYHO
IPEIIOJIOKHUTD, YTO YEM IO3HEE YEJIOBEK 3aBOAUT ITOTOMCTBO, TEM
OonbIIE  BEPOSITHOCTh Tepefadyd €My OTOW  HacIeJICTBEHHOUN
uHpOpMaLIUH.

[lo3nHuMu Opakamu, BO3MOXKHO U OOBSCHSETCS PHIBOK B
TEXHUUYECKOM Pa3BUTHHU €BPONEHCKOM LMBWIN3ALKUUA B OTJIMYUHU OT
OJIMKHEBOCTOYHON MU a)pUKAHCKOM, Iie Bcerja MpakTUKOBAIUCh
OYCHb paHHUE Opaku, B 14 JeT U 1aKe paHbIIIe.

19. OB 3BOJIIOIIUU PA3YMA

B mpouecce 3BoNONNM, KaK HEMPEPHIBHOTO YCIOKHEHUS
CTPYKTYPBl MaT€pHUH B TE€UYEHHHU IUTCIHHOTO BPEMCHH, BO3HHUKIIO
OTPOMHOE KOJHUYECTBO Pa3HOOOPA3HBIX OMOIOIMYECKHX OPTaHHU3MOB,
HNOTYMHSIONIMXCS ~ MHCTUHKTY  AoMuHHpoBaHus. CyTb  3TOro
OCHOBHOIO HMHCTMHKTA 3aKJIO4aeTcs B TOM, 4YTO B CIIEICTBHH
JIecTBUSL BTOPOTO Hayaja TePMOAMHAMUKY, J100ast 0cOOb CTpEeMHUTCS
3aHITHh HanOoJee BBITOTHOE MOJIOKEHHE, CpeIu ceOe OT0OHBIX.
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W B cuiy neiicTBUS ATOr0 MHCTHHKTA, Jto0as rpymnmna WiH
COOOILIECTBO >KUBBIX OPraHMW3MOB, aBTOMATHYECKU OObETUHSETCS B
COOOIIIECTBO C MHUPAMHUIAIBHOM HEpapXUUEeCKor CTpykTypoil. Ha
BEpILIMHE A3TOW MUpaMHIbl BCErJa HaXOAWTCS camas KpymHas |
CUJIbHAsI 0COOb — BOJKAK, BCE OCTAJIbHbIE 3aHUMAIOT MECTa B UEPAPXUU
COTJIACHO CBOEMY CTaTyCy, ONPEAEIsIEeMOMY B OCHOBHOM, Pa3MEpaMHu.
Tak kak pasmepsl Mo3ra y oco0Oell OJHOrO BHUAA, NPUMEPHO
OJIMHAKOBBI, CUJIA U PAa3yMHOCTh MX OIPEIENISETCS COOTHOLICHUEM
pa3MepoB, a CJIEIOBATEIbHO U CIIOKHOCTHIO HEHPOHHBIX CTPYKTYP
MO3ra, OTBEUAIOLIUX 32 MOTOPHBIE U ACCOLMATUBHBIE (DYHKLIUU.

Ecnu cTpykTyphl, OTBeuaromue 3a MOTOpPHbBIE (QYHKIHMU
KpyrHee M Oojiee pa3BUTHI, YeM CTPYKTYpbl, OTBeuarollue 3a
acCOIlMaTUBHBIE, O0COOb COOTBETCTBEHHO KpymHee | o0JamaeT
OombIreid GU3NIecKor CUIIOM.

Ecnu ke mpeobnagaroT accolMaTuBHBIE CTPYKTYPBI, 0COOb
yMHee, HO (usmnuecku crnadee. [103TOMy HErpbl, y KOTOPBIX B CHITY
ocoOeHHOCTE cpenbl OOMTaHUS OOJbIIE Pa3BUTHI CTPYKTYPHI,
OTBEYAIOIIUE 32 MOTOPHBIE (PYHKIIMHU, B COPEBHOBAHMSAX T10 CHIIOBBIM
BHJIaM CTIOpTa - O€Ty WJIM MPBDKKaM, Bceraa OyayT moOexaaTh OebIX.
[Toromy uTo y OebIX MPEBAMPYIOT CTPYKTYPBI MO3Ta, OTBEYAIOIIUE
3a accolMaThBHbIE (QYHKIMH, CPOPMHUpPOBABLIMECS B pe3yJbTaTe
OpoXUBaHUS B 0Oojiee CypOBBIX KIMMATHUECKUX YCIOBUAX U
TpeOyromux 0oyiee BBICOKUX MBICTUTEIBHBIX CIIOCOOHOCTEH st
BbDKUBaHM. M HUKaKue TPEHUPOBKU 3TOTO HE U3MEHST.

Ho ¢ npyroii croponsl, "BoliHy n mup" Herp HMKOraa He
Hannmer. OfgHako BepHEMCS K HamuM OapaHaMm. B mro6oit crae
MOCTOSTHHO TPOUCXOAAT MEJIKHMEe KOH(MIMKTHI M CTBIYKH, B KOTOPBIX
KaXKIBIN YJIEH CTau MOATBEPKIAET CBOE MOJOXKEHUE B HEPAPXUU. DTO
MO3BOJIIET MOJIOABIM U CUJIBHBIM OCOOSIM B TPOILIECCE B3POCICHUS
IOPOJBUTATbCA  BBEPX IO  HMEPAPXUYECKOM  JIECTHUIE, UTO
ABTOMATHYECKH TPUBOJUT K TOCTOSHHOM pOTanuu '"mpaBsiiei
BEPXYIIKH .
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[Ipu BcTpede ¢ Bparom, caMbie CHIIbHBIE 0COOHM BO TJaBe C
BOKaKOM HE pa3ayMbIBas BCTymnaroT B 0oil. Ho coBcem He ajis Toro,
YTOOBl 3AIUTUTH CTal0, a MPOCTO B CHIIY JACUCTBUS HWHCTUHKTA
JTOMUHHUPOBaHMSI, 4TOOBI MOKAa3aTh BCEM OKPYXKAIOIIUM U CTae, B TOM
4yuCle, KTO €CTh KTO U MOATBEPANTH CBOE MOJIOKEHUE B Hepapxuu. 1
OHHM MOTYT TOTHOHYTh, HO HE OTCTYIISIT MOKA CTasi HE CIPSYETCS B
Oe3omacHOM MecTe. ToNbKO KOrJa CcTasi OKaXeTcsl B 0€30MacHOCTH U
3pUTesiell He OCTAHETCsI, BO’KAaK MOXKET IIPOCTO yIpaTh.

Tak kak B TPUPOJIE CAMKH BBHIMIOTHSIOT OOJiEe CIOKHBIC
GyHKIIMM, 4YeM caMIlpl, TO MPUOPUTET B BbIOOpPEe mMapTHEpa i
pPa3MHOXXEHHUsI BCerja MpUHaIIeKUT camkaM. OHM BbIOHMpaioT cebe
CaMILIOB IO pa3JIMYHBIM OTJIUYMUTEIbHBIM IPU3HAKaM, KOTOPBIMH
MpUpoAa BBIJIENAET caMila U3 OCHOBHOM Macchl. IMEHHO Mo 3Toit
NPUYMHE B MPHUPOJIE CaMIbl UMEIOT Pa3JIMYHbIE YKPAILLIEHUS, BPOJE
NBIIIHOTO TMAaBJIMHBETO XBOCTA, JJIMHHOTO HOCA, KpacHOro 3aja,
pa3IMyHBIX IpeOHEel U mpoyee.

W nMeHHO 110 3T0i MPUYUHE KPYITHBIE CaMIIbl HMEIOT OO0JIbIIIOE
KOJIMYECTBO CaMOK, & BOBCE HE MOTOMY, YTO OHU MX MPUHYKIAIOT K
sTomy cuiioi. CaMKH Tak k€ MOTYT BbIOMpaTh MapTHEPOB HE TOJIBKO
10 BEJIMYMHE, HO U 10 KAKUM-TO IPYTUM OTINYUTENbHBIM IPU3HAKAM,
HalpuMep, MO Pa3yMHOCTH, YMEHHUIO YXOJIUThb OT OINACHOCTH WM
YMEHHUIO MACKUPOBAThCSI.

[MoaToMy B AMKOW MpUPOJE MPAKTHUYECKH BCE OCOOM MMEIOT
IIAHChl OCTABUTh IOTOMCTBO, KPOME pa3Be€ YK CaMbIX XWJIBIX U
OOJBHBIX, a 3HAYUT YTBEPKJICHUE, YTO "BBDKHBACT CUIbHEHIIMI", B
npupozie He pabotaer U sABnseTca 3abmyxaeHueM. [Ipupona
WCIIOJIB3YEeT COBEPIIEHHO JAPYroi, BecbMa JIEMOKPATHYECKHI
MIPUHITUII, & UMEHHO, 'TIOrH0aeT cirabedmuii”, B IPOTUBHOM CITydae
Ha 3eMJI€ OCTAJIUCH ObI TOJIBKO CIIOHBI U KUTHI.

bonee toro, mpuponsa 6e3 cokajaeHUs KEpPTByeT Haubolee
CHJIBHBIMU, HO "TyNbIMH' 0COOSIMH, KOTOpBIE peaju3ys NPUHIIUI
JOMUHHUPOBaHUSA, THOHYT B Jpakax, JaBas BO3MOXHOCTH Ooijee

123



Anexcandp BECEAOB

cmalbbiM, HO OoJiee YMHBIM, OCTaBHUTH IMOcCie ceds Ooyiee pasymMHOE
noToMCTBO. UYesoBeueckoe OOIIECTBO HE SIBIACTCS KAKUM-TO
UCKITIOYCHUEM, B HEM JCHCTBYET TOT XK€ MPUHIIUI JOMUHUPOBAHHUS,
TUNEPTPOPUPOBAHHBIA TOKa €€ JOBOJBHO HECOBEPIICHHBIM U
NPUMHUTHBHBIM Pa3yMOM.

Camble IPUMHUTHUBHBIE OCOOH, PYKOBOACTBYIOIIHUECS B )KU3HH
YUCTO JKUBOTHBIMU IIPUHIUIIAMU, O6BI‘-IHO JOCTUT'aKOT BBICOKOTI'O
IIOJIOKCHUS B O6H_IGCTBG, TaK KaK UM HHUYCTO HC CTOUT NCPCCTYIIHUTDH
yepe3 Jto00ro, crosmiero Ha ux mnyTH. OHH MPEKPACHO YMEKOT
HOJABJSTh €I TOBOJILHO CIIAOBIA TOJIOC COBECTH W HE 00paIaTh
0co00r0 BHUMAHHUS Ha KaKHe-TO MOpaJbHbIE W HPABCTBEHHBIC
npuHIUnbL. [103TOMy camoe BBICOKOE TOJIOKEHHE B OOIIECTBE, MTOKa
KaK MpPaBHIIO, 3aHUMAIOT CaMble TIPUMHUTUBHBIC U OCCIIPUHITUITHBIC.

20. Ob UHCTUHKTAX 1 MBIIIIVIEHUH

IIpesxne yeM HavaTh pasroBOp O MBIIUIEHUHM U CO3HAHUH,
HYXXHO 3aMETHUTb, YTO B IPUPOJE HET MECTa KAKUM-TO MHUCTUUYECKUM
Y CBEPXbECTECTBEHHBIM SIBJIEHUSM, B HEM BCE IPOUCXOIUT B COTTIACUH
¢ mpocThiMU (pu3mueckumu 3akoHamu. [Ipupoga mpocra U gaxe 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
IPOCTEHBKUX MPUMEPAX.

JlonmycTuM, 4TO MBI UMEEM B PACIIOPSKEHUU JIECATOK IMPOCTHIX
OpraHM3MoOB, Hampumep, uepBed. Kaxnaplii uyepBp  uMeeT
NPUMUTHBHBIN T71a3, B BUJEC HEPBHOI'O OKOHYAHMS, YyBCTBUTEIHLHOTO
K CBETY, PACIOJIOKEHHOIO B SIMKE Ha MEpPEAHEM KOHLE TYJIOBHIIA.
Hukakoro wuszoOpa’keHusi OH, KOHEYHO, CO3JaTb HE MOXET, HO
Pa3IUYUTh T7I€ CBETIIO, a IJI€ TEMHO €MY BIIOJIHE MO CUITY.
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Y Hero ecTb Tak k€ IPUMUTUBHBINA MO3T, COCTOSIIUMI U3 IIapbl
JIECATKOB HEHUPOHOB, YNPABJISIOMIMN Mapoll MBbIII, HAa OCHOBE
curHaioB rnaza. IlpencrtaBuM s TPOCTOTHI, YTO COBEPILIEHHO
CIIy4aitHO, B PE3yJIbTAaTe MyTallMid, Y IIATH YEPBEH HEPBHBIE BOJIOKHA,
MOAXOJAT K MBILIIAM HANpsAMYI0, MapajljielibHO, a y APYruX IATH,
BOJIOKHA ITePEKpeIIeHbl. T0 eCTh MATh YepBei, Kak U BCE KHUBOE, OyIeT
TYNO JIBUTaThCS HA CBET, a APYTUE MATh, TYNO MOMOJI3YT B TEMHOTY.

B pe3ynbTaTe pa3nuuHOro nmoBeAeHUs, Y4ePBH, BBIIOI3IINE HA
CBET, OynyT OBICTPEHBKO CBHEICHBI, a T€ YTO MOMOI3JIH B TEMHOTY,
ocranytcs kuBbl. Hy, ecin u He Bce TO, BO BCSKOM ciyd4ae,
O6onpmmHCcTBO. OcTaBlIMecs B JKUBBIX IMPUHECYT MOTOMCTBO, B
KOTOpPOM,  €CTECTBEHHO  Oyayr  mpeobiagaTh  ocobu ¢
NepeKPeICHHBIMU HEPBHBIMHU BOJIOKHAMH.

B kaxaoM mocnemyiomeM MOTOMCTBE 3TOT HpPU3HAK Oyner
3aKpeIUISATHCS U, B KOHIIE KOHIIOB, BCE YepPBU Bceraa OyAyT yrmoi3aTh
B TEMHOTY. BOT npuMepHO Tak BOZHUKAET UHCTUHKT.

NHCcTUHKT — 93TO  CcTaHAapTHass MOJENb  IOBEJICHUS,
oTpaboTaHHass M OTTOYEHHAas MpoleccoM 3Bomonuu. JII000Bb K
OJIMKHEMY, HApUMeEp, 3TO TOKE€ MHCTHHKT - MHCTUHKT BOCIIUTAHUS
noromctBa. Ecnu pomgutenu B mpupoge OpocaloT MOTOMCTBO Ha
MIPOM3BOJ CYALOBI B MJIaIEGHYECKOM BO3pacTe 0e3 3allUThl, TO OHO HE
JO’KUBET J10 B3pOCIIOro BO3pacTa U HE OCTaBUT CBOETO MOTOMcTBa. To
€CThb POJi Ha 3TOM MOJKET 3aKOHUHUTHCS.

Tak BOT B pe3yJIbTaTe 3BOJIOLUUA CMOTJIA BBIKUTH TOJBKO TE
BUJBl KUBOTHBIX, KOTOpBIE 3a00TUIUCh O TIOTOMCTBE [0
"coBepuieHHOJETHS".  Buasl, B KOTOpbIX 3TH  KadecTBa
UTHOPUPOBAINCh M HE 3aKpeIUISUIMCh, MPOCTO HE BBUKWIM U B
HACTOSAIIEE BPEMS HE CYLIECTBYIOT.

A Termepb Bo3bMEM 00JI€e CIIOXKHBIM OpraHU3M, C MO3TOM YXKe
COTHAU B JB€ HEHUPOHOB, KOTOPBIA YK€ MOMKET «MBICIHUTH>.
[IpencraBbTe, YTO OH BUAMT MHUILLY, KOTOPYIO MOXHO OMMATh ABYMsI
crocobamu. JInbo mepedekaTh HAMPSAMYIO Yepe3 OCBEHIEHHOE MECTO
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U CXBaTUTh, JWOO Ui TOTO e, TOIKPACThCI B 00XO0d IO
HeocBelEHHOMY MecTy. llepBblii BapuaHT 4peBaT TeM, YTO KOTJa
OXOTHMK BBIWJIET HA CBET, MHILA €70 YBUIUT U MOXKET YCIETh yAPaTh.
K ToMy e U caM OXOTHUK PUCKYET, BEIXOS Ha CBET - €70 TOXKE MOTYT
CXBAaTHUTbh U COXKPATh IPYrUe OXOTHUKHU.

Bo BTOpoM BapuaHTe, 1oka OH KpaA€Tcs IO TEMHOTE, MUILA
TOKE MOXET yOexarh Wiu e€ KTO-To Apyroi coxpér. Ho 3aro 3toT
nyTh Oe30MacHee, OXOTHUK, MYCTh JaXe W TOJIOAHBIH, HO XOTh B
JKUBBIX OCTAHETCSI.

JlpyruMu ciioBaMu, pelieHHe B pe3yJbTaTe MBIIUICHUS WIN
CpaBHEHMsSI JABYX BapHaHTOB JEWCTBUS, MOXKET ObITh, Kak
MPaBWJIbHBIM, TaK ¥ OIIMOOYHBIM. B repBom BapuaHTe ecTh OoJbIIas
BEPOATHOCTh MOTHOHYTh, @ BOT NOCTYNHUTh TaK, Kak IpeJaraet
UHCTUHKT - Ooyiee pazymHo. MHCTHHKT — Oe3ommOoueH, HWHaue
XUIIHUKYA HE yMETHU ObI MTOJKPaIbIBAThCS.

[ToaToMy BCe KUBBIE OpPTaHHW3MBI U YEJIOBEK B TOM YHUCIE,
MPEIMOYUTAIOT HE MBICIUTH, a MPOCTO CIEAOBATh WHCTHHKTAM, TO
€CTh KaKUM-TO CTaHJAPTHBIM MOJEJSAM MoBeAcHHs. Tem Ooree 4To
JUTsL MBIIIIEHUS (CpaBHEHMsI) TpeOyeTcsi mopaboTaTh MO3ramMu, a 3TO
TpeOyeT ycunuil U, COOTBETCTBEHHO, 3aTpaT sHepruu. Kak Mbl BUAUM,
caM TIpollecC MBIIUIEHHST — 3TO, MO0 CYyTH, HaX0XJIEHUE
HECTaHJApPTHOTO pELICHHS, B KAaKOW-TO CHUTyallud, WU MPOCTO,
OaHANBHBIN MPOLIECC CPABHEHUS U 3aTIOMUHAHMSL.

U xorja HEKTO HaYMHAeT YTBEpkKaTh, urto Gopmyna F=mc?
HEBEpHA, TMOJaBJIsIONIee OOMBIIMHCTBO HAYMHAET €r0 CMEIINBAThH C
rps3pi0. BoBce HE MOTOMY, YTO OHH MPHUIILIU K 3TOMY B Pe3yJbTaTe
MBIIUIEHHS], @ MIPOCTO MOTOMY YTO BOCIIOJIb30BAJIUCH CTAHJAPTHBIM
METOI0M Tiepedopa TeX 3HaHHM, KOTOPbIE ObUIH BOUTHI UM B TOJIOBBI
B IIKOJIaX M MHCTUTYyTax. Mu mo cyTH, UHCTUHKTOM. DTO HaMHOTO
mpoiie U He TpebyeT 0co00ro yMCTBEHHOIO HampspkeHus. Hudero
IUIOXOT'O B 3TOM IOBEICHUH HET, pa3Be KpOME TOr0, YTO OHO YK€ He
MpeIoiaraeT HUKAKOTO JAITbHEHUIIETO pa3BUTHSL.

126



Beonroyust MATEPHH

A Temepb HECKOJBKO CIOB 00 OCO3HAHWUU COOCTBEHHOTO fl.
JIro0oit opranusm, 00aalOIIMI pa3BUTON HEPBHOM CHUCTEMOM, cam
ce0s KymaTh He OyJIeT, MOTOMY KaK OIIYyIIaeT ce0s Kak OJHO IIEJIOE.
OnnHako, omyiieHne ce0s Kak 1eJI0ro OpraHu3Ma, eIié HeJJOCTaTOYHO
JUIST OCO3HAHUS ce0s KaK MHANBUIAYATbHOCTH WM JIMYHOCTH, WHAYE
BCE JKMBOTHBIC OBLIU OBl JTUYHOCTSMHU M COCTABHIIA OBl OTPOMHYIO
KOHKYPEHIIMIO YeoBeky. [IpencraBbTe TONBKO ceOe TUTpa WK TakKe
co0aKy C MHTEJUIEKTOM YeJIOBEKa.

K namemy cyacTpio, 3TO BO3MOXHO TOJBKO B pe3yJbTaTe
0o0ydeHUs] M BOCIHTAHHWS HA OCHOBE, TaK HAa3bIBAEMOM, BTOPOM
CUTHAJIbHOM cucTeMbl. Mnu si3bIKa. A 711 3TOTO HYXEH JOCTATOYHO
OOJIBIIION MO3T, KOTOPBIM MOT TOSIBUTHCS y YETOBEKA, B PE3YJIbTATE
3BOJIIOIIMOHHOM MyTaluu. JKUBOTHBIE XOTh U HE UMEIOT TAKOT'O MO3Ta,
HO TaK ke, Kak U YeJOBEK CHOCOOHBI K 00ydeHHIo. M XOTs oHU
MOJIB3YIOTCS ISl OOIICHHSI HEKOTOPBHIMU 3BYKAMH, HO WX HEIb3s
HA3BaTh S3BIKOM, IMMOATOMY OOYYCHHE Y JKMBOTHBIX MPOUCXOJMUT Ha
OCHOBE UHCTHHKTOB — 3TO CaMOOOY4ECHHE MOIpaKaHUEM.

YenoBeueckui JETEHBIII, BOCIMUTAHHBIN B CTae >KUBOTHBIX U
JKUBYILIMI B HEW JOCTATOYHO JUIMTEIBLHOE BPEMS, TaK K€ HAYYUTCS
BCEM MpUEMaM OXOThl M TOBEACHUA CpPEIUd KUBOTHBIX, HO B
JaTbHEHIIIEM YK€ HUKOT/Ia HE CMOYKET OCO3HATh CEOs TMIHOCThIO. Y
’)KUBOTHBIX HAYMCTO OTCYTCTBYET YYBCTBO CTpaxa, 3aTo XOPOIIO
pa3BUT WHCTUHKT JUCTaHUUpOBaHHs. JI000H »XUBOW OpraHusm
BCErJa CTapaercs MAEep)KaTbCsl OT JIPYTUX HE POJACTBEHHBIX €My
OpPraHu3MOB, Ha ONPEACIIEHHON AUCTAHUHMH. Y BBICIIMX >KUBOTHBIX
STOT MHCTHHKT JOBOJLHO CIIOXKCH.

OHM MOTYT OmnpenensaTh CTENEHb OMAaCHOCTH, B 3aBUCUMOCTH
oT obpa3a xuBoTHOr0. Ho 3T0 HE cTpax. Kocyns ynupaer ot remapaa
HE ITOTOMY, YTO OOHUTCS OBITh ChEICHHOM, a TIPOCTO B CHJTY MHCTUHKTA.
[ToTomy 49TO TE€ OCOOHM, KOTOPBIC HE yIUPAIH, TaBHBIM-IABHO ObLIH
ChEACHbl U IMOTOMCTBAa HE ocTaBWiIM. Kak ToibkO remapn u3-3a
YCTAJIOCTA TPEKpPaTUT TMpEeCcieloBaHUe, TYT K€ OCTAaHOBUTCA U
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npecienyemas keptBa. WM yxe depe3 NECATOK CEKyHJ] OHa Oyaer
MHPHO MAaCTHCh, HE 00paIlias Ha Hero 0co00ro BHUMaHUSI.

WHCTUHKT IUCTaHIMPOBAHUS €CTh U y XMIIHUKOB. Eciu Bbl
HEOKUJaHHO MOSIBUTECH HAa HEOOIBILIOM PACCTOSHUU XK€ OT CHITOTO
TUTpa, OH Haman€T He pa3aymbiBas. Ho ecnu 310 paccrosiHue Oyner
0OJBIIIE HEKOTOPOTO KPUTHYECKOTO, OH MPEANOYTET HE3aMETHO
ynanuThes. M3 MpoCThIX HMHCTUHKTOB TakK e OepyT Hayano, u
MPAKTUYECKH JIF0ObIe HPaBCTBEHHBIE TPUHIIUIIEI. Bo3pMEM, HanpumMep
3a00Ty o motomctBe. [louemMy Bce >KMBOTHBIE 3a00TATCS O CBOUX
netéupimax? MoxeT ObITh 3TO WM BHyImI rocmonb? Jla, Her,
KOHEYHO, 3TO CJIEJICTBHE IEHCTBHS POCTOTO UHCTUHKTA.

Ecnu ponurtenu He cTtaHyT 3a00TUTCS O CBOEM MOTOMCTBE, a
Oynyt Opocarb ACTEHBINIEH Ha MPOM3BOJ CYABOBI Cpa3y IOCIHE
pOXIEHMs, TO elBa JIM UX pojA Mporonkurcs. Bce oHu moka
OecrioMoInHbIe OyyT CheIEHBI U pOJI HA ATOM IpekpaTturcs. Ho korna
ponuTenr 00y4arT U OMEKAIT ASTEHBINICH 0 B3POCIOro BO3pacTa,
TO UM JIETY€ BBDKUTH U B CBOIO OY€peb MPUHECTH CBOE MOTOMCTBO,
KOTOpO€e OyJeT MOCTYIaTh TaK Ke.

A cnefoBaTeNbHO TaKUE YEJIOBEYECKHE KaueCTBa, KAK MOPAJIb
Y HPaBCTBEHHOCTH TakK e OepyT Hadasio U3 OObIYHBIX UHCTUHKTOB, a
BOBCE HE OT KaKOT0-TO MU(PHUECKOT0 CYIIECTBA, BIOKHUBILETO, SIKOObI
9T MOHATHUS B CO3HAHME YEIOBEKA.

JIrogu, HE MOHMMAas TaKOM MPOCTOM 3aBUCUMOCTH, COUMHSIOT
CKa3K{ 0 Pa3yMHOCTH MPUPOIBI, KOTOPOH y He€ HUKoraa He Obuio. B
NpUpPOJE BCE MPOUCXOAUT ropazao mpoire. [louemy, Hampumep B
OpHUpPOJIe HE BCTPEUaAlOTCs Oeble TUTPHI, HO 3aTO IMOJHO OebIX
mensenecu?

Jla moToMy 4TO O€blif TUTP HE CMOXKET BBDKUTH B YCIOBHUAX
caBaHHbl. OH CIIMIIKOM 3aMETEH U HE CMOXKET MOJIKPACThCS K JJOOBIYE.
OH npocTO YyMPET € rojoay, TaK U HE OCTaBUB IMOTOMCTBA. Takas ke
CUTYyaIlus ¥ ¢ MeABeasiMU. VX 1BeT onpenensieTcs: cpeaoi OOuTaHusl.
[IpuBeny emé npocToit mpumep ¢ Koonuei 6akrepuii. Ecnu B gamky
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[leTpu conmeprkalilyro MUTATEIbHYIO CpPEly C KOJOHHEH KaKuX-JInOo
OJIHOKJIETOYHBIX, KallHYTh KaIUIK CaXapHOI'O CUPOIIA, TO Yepe3 Mnapy
MUHYT B 3TOH Kamie coOepyrcst Bce Oakrtepum. [Ipuuém cambie
KPYITHbIEC OKaXyTCSl B CaMO ceperHe 3Tor Karuii. HUKTo u3 yuéHelix,
KOTOPBIX $ CIpalIiBall, HE MOT OOBICHUTD, KaK OHH 3TO JIEa0T.

[IpakTuyeckn Kak Oe3rpaMOTHBIE OOBIBATENH, OHU HECIHU
KaKylo-TO 4yllb O TOM, YTO OaKkTepuu, MpH ABMKEHUH CIIy4aitHO
nomnajgas B CHpOIN, IepecTaroT ABurarbes. Iloromy uto Tam Mon
PHEprusi MUHUMaibHa. 1 3TO mpu TOM, YTO y OJHOKJIETOYHBIX HET
HUKAKHX OpPraHOB OCSI3aHUS WJIM OOOHSHHS, U TeM Oojiee HUKAKUX
opraoB JiBikeHus. C TOUKHU 3peHus HacTosIIeN TeoprH, 00bICHEHUE
aToro "gpeHomeHa" ajeMeHTapHO.

Kanns cupona noa neiicTBueM BTOPOIo Hayaja, pacTBOPSAETCS
U [IOCTENeHHO pacimpsierca. Ha MemOpane KieTKH, MonaBiiel B 30Hy
e neiicTBUs, BO3HMKAET OCMOTHYECKOE JABJICHUE, 00YCIIOBIECHHOE
Pa3HOCTBIO KOHLEHTPALUi CUPOIAa CHAPYKU U BHYTPH KieTkd. [Ipu
TOM BO3HUKAE€T IOTOK MOJIEKYJ] Caxapa, HaIpaBJIECHHBIH CKBO3b
000J10YKy BHYTPH KJIETKH. HO Tak Kak ¢ MPOTHUBOIIOJIOKHBIX CTOPOH
KJIETKM OCMOTHYECKOE JIABJIICHUE PA3INYAETCS, TO B PE3YNIbTATE ITOU
Pa3HOCTH JAaBJIEHUH, KJIETKAa HAYMHAET IBUTaThCS B CTOPOHY O0JbIlei
KOHIIEHTpauuu cupona. Korjga kieTka JOCTUraeT cepelrHbl Kalliy,
KOHIIEHTpALKs BBIPABHUBAETCS U IBH)KCHUE MPEKPAILACTCA.

[TpumepHO TakuM k€ 00pa3oM OOBACHSICTCS U XAaOTHUECKUH
3Ur3arooOpas3HbIil MosieT uiu Oer HaCeKOMBIX. Y HUX MPAaKTUYECKH
HET MO3ra M IOYTH HET HEPBHOM CUCTEMBI, MOITOMY HACEKOMBIE
MPEJICTaBISIIOT COO0M MpocThie OHOPOOOTHI, PYKOBOACTBYIOLTUECS
TOJIKO JIMILIb CUTHaJaMH C OpraHOB OOOHSHUS, YyBCTBUTEIBHOCTh
KOTOPBIX MPOCTO MOPA3UTEIIBHA.

CBoumH ycukamMu (OpraHaMu OOOHSIHHSI) OHHM Pa3jIuvaroT
HUYTOKHYIO pa3HUIly B KOHIIEHTPALIMKM MOJIEKYJ NUIIKU B Bo3ayxe. U
€CJIM CKaXKeM, CIIpaBa OT HACEKOMOI'O 3amax CHJIbHEE, TO KPbUIO WU
HOTM HAcEKOMOTI'O €O CTOPOHBI OOJbIIEH KOHIIGHTpALMU 3araxa
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MPOCTO HAYMHAIOT IBUTATHCS MEIJIEHHEE M HACEKOMOE ITOBOPAUMBAET
B CTOpPOHY Oosiblieil koHueHTpauuu. Ho Tak kak BO3AyX Bce Bpems
NEPEMEIINBACTCA JBUKEHUEM BO3/lyXd, CHUTHAJIbl IOJy4aeMble
MBILIIIAMU OT OPraHOB OOOHSIHHMSI XAOTHUYECKH H3MEHSIIOTCS U B
COOTBETCTBUM C HHMHM XAOTHYECKH H3MEHSETCS U HAlpaBICHUE
nonéra uiu oera.

U tak kak Bce, Tak Ha3bIBa€MbI€, JKUBbIE OPTAHU3MBI SBIISIFOTCS
00BEKTaMU MAaTEPUAILHOTO MUPA, UX TOBEJICHUE TaK K€ TOJYMHEHO
OpUHIKIY OoO0benuHeHus. Menkas pbeIOemika, HampuMmep, Bceraa
o0bemuHSACTCSI B CTalm, IOTOMY 4YTO CTas, BemeT cels Kak
CaMOCTOSITENIbHBIN OOBEKT, UMEIOIIUN OueHb OOJbIINE pa3Mephl, a
XUITHUKHA HUKOTJIa HE HAaNaJaroT Ha TO, YTO MPEBBIIIAET UX Pa3MEPBI.
XWIMHUKA OOBIYHO CTApAIOTCSI OTCEYh HEOOJIBIIYI0 TPYHIy OT
OCHOBHOM MaccChl U TOTOM JIOBSIT UX MOOJUHOUKE.

K Tomy ke craeil HaMHOro Jierde MCKarth nunly. MexaHusm
MIOMCKa BecbMa MPocCT. PBIOKH ¢ KakoW-IT1O0 CTOPOHBI CTau, YyBCTBYS
3amax MUIY, PEe3KO MOBOPAYMBAIOT B €r0 CTOPOHY U MX JABUKEHUE
BOJTHOBBIM MEXaHU3MOM IEPEAETCSI CO CKOPOCTHIO 3ByKa B BOJIE, HA
BCIO CTarw, KOTOpas MOYTM MIHOBEHHO IIOBOPAYMBAECT B Ty K€
CTOPOHY, CO3/1aBasi MILTIO3HIO MepEeayu CUTHAIA OCTaJIbHBIM 0COOSIM.

[IpumepHO Tak ke cTas pearupyer Ha XuIHuKa. Korma XuiHuk
OTCEKaeT HEOOJBITYIO TPYIIY, OHA PE3KO YXOJIUT B CTOPOHY, a 0cOOU
CO CTOPOHBI OCHOBHOM MacChl, YXO/i B POTHUBOIIOJIOKHYIO CTOPOHY,
3aCTaBJISIOT TY/A K€ MOBEPHYTH U BCIO CTAlO.

A celiuac HECKOJILKO CJIOB O BeuHOH ku3HHU. Ilomasisromas
Macca MPOCTBIX OObIBaTENe CYMTAeT, YTO y HHUX ecTh ayma. U
npoueHToB 50 yBepeHbl B TOM, YTO 3Ta camas JIyllla MOCTOSIHHO U
HEIPEPBIBHO NIEPECEISAETCS] B HOBOE TENIO U XKUBET BeuHo. Ho camoe
3a0aBHOE B TOM, YTO JylIa 3Ta HUKOMY M HE JIJIsl 4ero, COOCTBEHHO U
He Hy)KHa. A 3adem oHa? Ecnu Obl B HEl COXpaHSIIHCh KaKue-HUOYIb
OCTaTKH 3HaHWH, TOorma MOHATHO. Poxuics peOGEHOK, MOMy4HII
o0pa3oBaHHYIO Iylly W HAaTe BaM, TOTOBBIA akaaeMuk. OgHAKO
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KaXIblii HOBOPOKJIEHHBIM BBIHYKIEH YYUTHCS TOBOPUTH, XOJMTH,
MMCaTh, YUTATh... BCIO )KU3Hb MPUXOIUTCSA YEMY-HHUOYAb YUUTHCA.

BoTr u BBIXOAUT, YTO HET HUKAKOM IYIIH, & €CTh MPOCTO
CO3HaHWE, KaK CBOWCTBO OpraHu4eckod marepuu. Ku3Hb - Kak
CJICZICTBHE 3BOJIIOLIMM MAaTEPUH B CHUJTYy MPOCTHIX 3aKOHOB MPHUPO/IBI, a
CO3HaHHUE, Kak e cBoiicTBO. UM Hama KU3Hb — 3TO HE KaKOM-TO
yIAQUHbIA U pequalinnii ciyyaii, a camasi HacTosIasi Hen30€KHOCTb.

3TO0 MPOCTO OYEPETHOE 3BEHO B OECKOHEYHOM IETIH POKICHU I
u cMepreil. Mbl Hen30exHO "KUBEM" OECKOHEYHOE MHOXKECTBO pas.
TosbKO MBI HUKOT/1a HE OYZIeM IOMHUTD KEM MbI ObUTH B TIPEABITYIIINAE
JKU3HHU M KaXIbIA pa3 OyJeM y4uTh BCE 3aHOBO M CUMTATh, YTO HaM
CTpalIHO MOBE3JI0, YTO MBI POJUIIUCH.

Boniee Toro, B cuiy HEM3MEHHOCTH 3aKOHOB MPUPOMBI IJISI
T000W TOYKH BCEIIEHHOM, MBI MOKEM MHOTOKPATHO POXKIATHCS TIE
YrOJIHO ¥ KEM YTOJHO, B JII000# CTpaHe U Ha JII000# 13 6ECKOHEUHOTO
MHOKECTBA IIJIAHET, HA KOTOPBIX CYIIECTBYIOT MOAXOISIINE YCIOBUS
JUIsl CYIIECTBOBaHUSI OpraHMYECKUX MoJieKyld. M HaBepHoe, Bceraa
OylIeM cuuTaTh, YTO IUIAHETa, HAa KOTOPOH MBI KUBEM, SIBISETCS
WCKIIFOYCHHEM W OyJeM rajaTh, CYIIECTBYIOT JIM BO BCEJICHHOM
Ipyrue oOuTaeMple TiaHeThl. M Koraa Mbl CMOKEM TI0JIETETh Ha HUX,
MBI HaIEM TaM COBEPIIICHHO TaKMX K€, KaK U MbI, oourareneid. [la u
TJIaHETHI OYYT TOXOXKH IPYT HA APYTa, TIOYTH KaK JBE KAIlJIM BOJIHI. ..

21. O TEOPMM OTHOCHUTEJBHOCTH

Teopusi OTHOCUTEIBHOCTH DWHIITEHHA, KaK OCHOBaHHAasl Ha
HEMOHMMAHUU CYLUIHOCTH TpaBUTAllMM MaTeMaTH4YecKash MOJEIlb,
HalpaBWia HayKy [0 JIO)KHOMY IyTH M OoJjiee 4eM Ha CTOJEeTHE
3aropmosuiia e€ pa3Butue. [lonbITka 00bICHEHUS TPAaBUTALIUN HEKUM
"MCKpPUBJIEHUEM" TIPOCTPAHCTBA-BPEMEHH, HE BBIIEP/KUBAET HUKAKON
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KpuUTHKU. Benp s Toro, 4ro Obl OOHAPYKUTH 3TO HCKPHUBIICHUE,
HY>KHO, KAK MUHUMYM CPaBHHUTH €TO C YEM-TO MPSMBIM.

A MCKpUBIICHHE BPEMEHHU — ATO BOOOIIE KAKOW-TO BCEIICHCKHI
Oopen. Ho Tak xak BceneHHass 0ECKOHEUHA W HUYETO MPSMOT0, C YeM
MOHO ObUTO OBbI €€ CpaBHHTH, 3a TIpenesiaMu €€ OECKOHEYHOCTH HE
HaOJI0aeTCsl, TO PacCyk1aTh 00 ATOM MOKHO OECKOHEUHO JOJITO,
COBEpPILEHHO HE OIacasiCh, YTO TBOIO JIOXb OBICTpO pazobmavat. U
)K€ HACOUYMHSTH CKa30K O MHOXKECTBE BCEIIEHHBIX, IO KOTOPBIM
K€ MOYKHO YBJICKATEIILHO TOIMYTEIIECTBOBATh, IPOHUKAS U3 OJHON
B JIPYTYIO 4epe3 "KPOTOBBIE HOPHI" MU "4EPBOTOUYMUHBI".

[IpyHIIMIT OTHOCUTENBHOCTH — 3TO, MO CYTH B3ATHIA W3
MaTeMaTUKHd  NPUHIOUO  KOMMYTaTUBHOCTH  apU(PMETHUYECKUX
onepanuii. Bens coBepiieHHO HEBaXXHO MpUOABIISIETe BB J1BA K TPEM
WIH TPH K IBYM, B PE3YJIbTAaT BCE PABHO OYJET MSTh.

Benp 1maras mo 3emuie, BIIOJIHE MOXKHO CUHUTATh CeOs
MOKOSIIIAMCS. W JIBUTAIOIIMM HOTaMHU 3€MIII0 BMECTE CO 3BE3JaMH,
rajakTUKaMH ¥ Bceil OeckoHeyHOM BceineHHOW. Bce ¢dopmymb
MEXAaHHUKH MPUHITUITHAIEHO OCTaHYTCS HEM3MEHHBIMH.

C ToukH 3peHHs MaTEMATUKHU, HapuMep, cuctema KonepHuka
MPAKTUUYECKH HE MMEET HUKAKUX MPEUMYIIECTB Iepes CHCTEMO
[Itonomes. Benp oA HOpekpacHO yYMEIU  PacCUUTHIBATH
307iaKaIbHbIE [TOJI0KEHUS, JIYHHBIE U COJTHEUHbIE 3aTMEHUS, JTaXkKe He
npeanouaras, yTo He 3emuist Bpamaercs Bokpyr CojHIa, a COBCEM
Jake Ha00opOT.

JlJist MaTeMaTUKH 3TO COBEPIICHHO 0e3pa3andHO, OPMYIILI OT
ATOrO HE MEHSIIOTCS, HO C TOYKH 3peHusi (U3UKHU U 3APaBOTO CMBICTA
- 910 abcypa. OcoOeHHO KorAa U3 MaTeMaTUYECKUX MpeoOpa3oBaHMit
NBITAIOTCS BBIBECTH Kakue-TO (U3NYECKUE MCTHUHBI, KOTOPBIX B
MaTeMaTHUKe HET U ObITh HE MOXKET.

Opnako  yu€Hble YK€  HACTOJbKO  3alyTaluch B
MaTEeMAaTHYECKUX MPEOoOPa30BAHMSIX, YTO COBEPIICHHO HE 3aMEYaroT,
YTO MPEBPATHIIN HayKy B OaHATBHYIO HyMepoJaoruto. Ho HeBO3MOKHO
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HaJyBaTh MBUIBHBIA MY3bIph OecKOHeuHO. OH BCE PaBHO PAaHO WIU
MO3/HO JIOMHET.

Bce HayuHoe cooOmiecTBo, ¢ OJTOW TOYKH 3pCHHS,
NpEJCTaBIsIeTCs  TOJIOM TNPUMUTHUBHBIX JUKaped, HalleAmnx
JIBUTATENh BHYTPEHHETO CTOPAaHUs U MBITAIOLIUXCS MOHATh MPUHIUI
€ro JEUCTBHUs, U3ydas CTPOCHUE JETAIICH.

Pa3o0paB ero Ha 4YacTM W pacTaliuB MO XWKUHAM, OHH
NBITAIOTCA C MOMOIIBIO U3YUYEHHUsI Pa3MEPOB OTIEIbHBIX JIeTajeH,
nojcuéra KOJIMYEeCTBAa KAaHABOK [JIsl MOPIIHEBBIX KOJEI M Yucia
3yObeB Ha BEHIIE MaxOBHKa, a TaK K€ MPOObI CMAa30YHOTO Macja Ha
BKYC, MIOHSATH IPUHIIUII €TI0 JAeUCTBHUS.

W gem Oonblie oHH yriTyOJIsSIOTCS B M3YUYCHHE JICTANICH B YeM
00JIbIlIe HWCIUCHIBAIOT CTEHBI memiep (Gopmyiaamu, TeM Bce Aalblie
yXOIAT OT moHuManus. U yxe Te, KTo nmocnabei pa3yMmoM, HAYMHAIOT
OOBSACHATH €ro paboTy HEKUMU OO0XKECTBEHHBIMU CHUJIAMH WIIU
KaKUMHU-TO MU(PUIECKIMH KBAHTOBBIMHU 3aKOHAMHU.

22. O MATEMATHUKE U ®U3UYECKOM CMBICJIE

Crneroe TNpEKJIOHEHHWE HAyYHOTO  COOOINECTBA, Mepen
MaTeMaTUKOM, KaK Iapullel HayK, MEePEMmyTaBIIero €€ co CIy)aHKOM,
OKazaJio Y4Y€HBIM MEIBEXBIO YCIYTY, MPEBPATHB HAyKy B HEKOE
nojo0rue XMUPOMAHTHH, CO CBOMMH IIIaMaHAMHM, MPOPHUIATEIISIMH H
TOJIKOBATEISIMHU.

Crtporo roBopsi, MaTeMaTHKa BOBCE HE SBIISIETCS HAyKOH, a
BCETO JIMIIb KPATKUM U JIOBOJIBHO TPUMUTHUBHBIM SI3bIKOM, KOTOPBIM
omucaTh JaXe TMPOCTYI0 OKPYKHOCTb MOXHO TOJIBKO OYEHb
NpUOIIN3UTENBHO.

CtpeMieHne BBIBECTH €3 MAHHMIYJISIUNA aOCTpaKTHBIMU
MaTeMaTHUYeCKUMH CHMBOJIaMd M (GopMyjaMu HEKue (Qusnueckue
WCTUHBI, TIPUBEIIO K HW300PETCHHUIO TOHSITHI, HE COBMECTHMBIX C
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3aKOHAMM INpUpoAbl. MaTeMaTuKol, Kak KpPaTKUM SI3bIKOM, MO>KHO
OInucaTh Kakoe-1100 sIBJIEHUE, HO OOBSICHUTD €r0 OHA HE B COCTOSTHUH,
IIOTOMY YTO CO3AAET TOJBKO WILIIO3UIO IOHUMAaHUS.

B otnnunu oT MaTeMaTHKH, B IPUPOJE HE CYLIECTBYET HUUETO
OTPHLIATEJIBHOTO WJIX MHUMOTO, TIO9TOMY B HEH HET M HE MOKET OBITh
HUKAaKON aHTUMAaTepuu. 110J10KUTENBHBIA U OTPULIATEIIBHBIA 3aps bl
— 3TO MPOCTO NMPOTHUBOIOJIOKHBIE CBOICTBA MAaTEPUH, aHAIIOTMUYHBIE,
HaIpuMep, IPO3pPavyHOCTH U HEMPO3PauHOCTH BELLECTB.

N 1npu oObeIMHEHMH  MaTepUalIbHBIX  OOBEKTOB €
MPOTUBOIOJIOXHBIMU ~ CBOMCTBaMH, 3TH  CBOMCTBAa  MPOCTO
o0benuHsAIOTCA. B mpoTHMBHOM ciydae, OOBEIMHEHHE CTEKJIa C
(danepoll npuBOAMWIO Obl K AHHUTWIALMU, KaKk K IIOJHOMY
MPEBPAIICHUIO UX B CBOE COOCTBEHHOE CBOMCTBO. B mpuposie HeT H1
MHTETPAJIOB, HU KBaJpPAaTHBIX KOpHEH, HU cuHycoB. Iloromy uto Bce
3TO — Jake He Kakue-TO (pu3nyecKkue BETUYMHBI, a BCEro JIHIIb
OTHOILIECHHUS 3TUX BEJIUYHH.

U yxe et uepes3 cTo NOTOMKH OYIyT MOKaThIBATHCS CO CMEXY
Ha/l TaKUMU "Hay4YHBIMH' TEpiamMH, Kak O030HBI XWITCa, YepHBIC
IObIpBl, pydkH Ywwiepa, Korel IIpennHrepa, rpaBHTallMOHHbBIE
KOJUIAIICBl M IPOYHUE TMOPOXKACHHUS NPUMUTHBHOTO cO3HaHuUA. Kak
CKasaJl ONHAXILI OWHINTEWH, MaTeMaTHKa — JTO €IUHCTBEHHBLIN
croco0 mpoBecTu camoro ceds 3a Hoc. M cam ke mo ymu B 3TO
BIISIIIAJICA. . .

I'paBUTaLIMOHHBIN KOJUIAIIC U AKKPELUs, KaK ITOAHATHE CAMOIO
ce0s1 3a Bosockl. bonbioi B3phIB, Kak TBOPEHHE MAaTepUH U3 HUYETO.
MonexyasipHO-KMHETHYECKasi TEOPHS. K TEOPUsi CTPYH, Kak 00pa3unKu
BEYHOIO JIBUTaTeNsd W MHOXECTBO JPYTUX aOCypIOHBIX U
0OECCMBICIIEHHBIX TMIIOTE3, BBIBEACHHBIX U3 MaTeMaTHYEeCKHX
npeoOpa3oBaHMii, MaJI0 YeM OTIMYAIOIIHUXCS OT OMOJIEHCKUX CKa30K 1
COYMHEHUH (PaHTaCTOB, CO BPEMEHEM HaBCETAa UCUYE3HYT U3 HAYKH.

Benp HeymuBUTENBHO, YTO TEOpHs OOJNBIIOTO B3pHIBA, Kak
00KECTBEHHOE TBOPEHHE MAaTEpUHM M3 HHUYEro, ¢ OOJBIION OXOTON
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Obula MpH3HAHA PENUTHO3HBIMU MpakoOecamu Barmkana. Henb3s
OTpULIATh TOTO, YTO MAaTEMaTHYECKH MOXHO MOCYUTATh HACKOJBKO
YBEJIMYUTCS JUIMHA JKEJIe3HOM JTMHEWKH MPU MIULIMOHE IPalycoB, HO
00CcyX1aTh TP 3TOM €€ CBOMCTBAa MOT'YT pa3Be YTO yMAIHUIIEHHEIE,
MOTOMY YTO HU IPU TaKOM TeMIiepaType OHa MPOCTO HE CYIECTBYET.

OpnHako, HECMOTPS Ha 3TO, MICEBAOYUYEHBIE HA TIOJIHOM CEpbE3e
OIHCHIBAIOT, HAIPUMED, YEPHBIC ABIPHI, KaK OYATO yXKE MONTYATH UX
COOCTBEHHBIMH PYKaMU, TOBOPST 00 aKKPELWH, KaK MaJCHUA MaTePUU
camoii Ha ce0s, Kak OyITO BHIENH 3TO TAe-TO BoouMi0. OmnucaHus
pa3IMYHBIX TMapagoKCOB, HEOOBSICHUMBIX 3(P(HEKTOB M SBICHUH,
AKOOBI CYIIECTBYIOIIUX B MPUPOJE JTaBUHOW JBETCS C IKPaHOB
OOJIBIIMHCTBA TEJIEKAHAJIOB U YK€ IPEBPATUIIOCH B JOXOIHBIN OM3HEC
Ha HEBEXXECTBe O0ObIBaTele M TaKk HE CUJIBHO OOpeMEeHEHHBIX
CIIOCOOHOCTBIO K MBIILICHUIO.

WM camoe cTpalHoe, 4To HACTOAIINE YUEHBIE IIPU ITOM HUYETO
HE MOT'YT BO3pa3uTh. B UX Cpele HEBEXKECTBO YK€ JTOCTUIIIO TaKOU
CTETIeHH, YTO MHOTHE U3 HHUX BEpAT B O0Ta, a HEKOTOPBIC TaXKe U HE
CKPBIBAIOT 3TOTO. bosiee Toro, B HEKOTOPBIX YUSOHBIX 3aBEJICHUSIX YKE
JIeNIaloTCs MOMOJI3HOBEHUS yupeauTh Kadeapsl 6orocioBus. U s He
VIUBIIOCH, YTO B CKOpPOM BpPEMEHHM JOUIET ouepeapr U J0
BO3POKJICHUS CBITEHIIIEH NHKBU3HUIIUY.

YuéHble U caMM YK€ JTaBHO NMPEBPATWIIMCh B TOJKOBATENEH
pEe3yNbTaTOB ~ MaTEeMaTHYECKHX  MPeoOpa3oBaHHid,  MOAOOHO
acTpoJioraM, TPEICKa3bIBAIOIINM JIFOJACKHE CYABOBI MO PHUCYHKY
pacrnoniokeHusi 3BE37 Ha HeOe, COBEPIIEHHO HE MOHUMAs, YTO 3THU
SIBJICHUS HECOMOCTAaBMMbI U TMOJYMHEHBI COBEPIICHHO pPa3HbIM
3akoHaM. Ecan nBuxkeHne HEOECHBIX TeNl JIOBOJBHO JIETKO
IpesIcKa3yeMo, TO MOBEACHUE OTAEIBHOrO YejoBeKa, 001 atoero
cB00OI0M BOJIU, IPECKA3aTh HEBO3ZMOXKHO.

YMenne  ¢GaHTACTUYECKH  HAYKOOOpPa3HO  TPAKTOBATh
pe3yNnbTaThl  MAHWMYJSIIUN ~ MaTeMaTU4ecKuMu  (hOpMyJaMu,
CUMTAETCsl NPU3HAKOM HEOPAMHAPHOIO YyMa M HECTaHJApPTHOTO
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MBIIJICHHS, HEIOCTYIIHOTO MpocToMy cMmepTHoMy. Co3maB cebe
00’KKa TI0 UMEHHU '"MareMaTuka", y4€HbIC YK€ HECKOJBKO CTOJICTUH
BOJAT ce0s 3a HOC, Jayke He 0JJ03peBasi 3TOro.

3Has, 4TO JBaXKJbl BAa — YEThIpE M HAarpoMOXKIas Ipyr Ha
Jpyra Maccy MHOTO3TaXHbIX (OpPMyIN, JIETKO HAamucaTbh BIOJHE
HaYYHYIO CTaThbl0 O KaKOM-THOO (pU3MUYECKOM SIBJICHHMHU, JaXe HE
MOHUMas ero (PU3NUYECKOro CMBICIIA U, TEM HE MEHEe, CO3/1aB B Ii1a3ax
0OBIBaTENs WJUTIO3UIO BBICOKOM HAyYHOCTH. M 3Ty WIITIO3HIO JIETKO
MOAKPENUTh IPOCTOM IIPOBEPKOM MAaTEMaTUYECKUX BBIKIAI0K
00paTHBIM JEHCTBUEM — pa3/ieINB YEThIPE HA JBa.

IToromy 4uro uro0ble MaTeMaTHYECKHE J0Ka3aTelbCTBA
IPEICTaBIAIT COOOW TaBTOJOTMM, YKJIAJbIBAIOIIUECS B IPOCTYIO
Gopmyny: "nBaxIbl Ba paBHO 4YETHIPEM, MOTOMY UTO YETHIPE,
nenéHHoe Ha JBa, paBHO IByM'. M BOT Ha MOAOOHBIX TaBTOJOTHSX
BBICTPOEHBI IPAKTUUYECKU BCE, TAK HA3bIBAEMbIE HAYUHBIE TEOPHUH.

[TyGnuKysich B CBOMX PELCH3UPYEMBIX HAYYHBIX H3IaHUSX,
KyJ1a 3aKPBIT TOCTYII CBEKEH MBICTH M OECKOHEUHO MOACYUTHIBAs, KTO
KOTO TEpelUTUPYET, HAyYHOE COOOIIECTBO NMPEBPATUIACH B CEKTY
MOCPEACTBEHHOCTEN, COCTOSIIYI0O B OCHOBHOM U3 JIFOJICH, YMEIOIIUX
JMILIB BUPTYO3HO MAaHUITYJINPOBATh HU(PPaMu, 0cO00 HE 33 JyMbIBAsICh
HaJl UX (PU3MUYECKUM CMBICIOM. M naxke mMeeT MecTO COBEPLIECHHO
OpeoBoe MHEHHE, YTO YeM a0Cyp/iHee TECOpHs U 4eM OOJIbIe B HEH
MaTEMaTUKH, TEM OHA F€HHAJIbHEE.

3a4yaTOYHOE COCTOSSHUE JIOTMYECKOI'O MBILUIEHHUS BCETO
HAY4YHOTO COOOINECTBa, SABISETCS MPUYMHON TOTO, YTO yUCHBIC HE B
COCTOSIHUU 0oJiee UM MEHEe MPaBIONOA00HO OOBSICHUTH CYTH JJaXe
OUYEHb MTPOCTHIX ABJICHUN IPUPOBIL.

C noMompl0 MaTeMaTHMKHd HEBO3MOXKHO OIUCAaTh Jaxke
IPOCTYIO OKPYKHOCTh uepe3 €€ AuaMeTp, HIOTOMY YTO BEJIMYUHBI 3TH
- HeconsmepuMbl. Hukakue TaHupsl ¢ 0yOHaMU HE YCTPaHST TOTO, YTO
IaMeTp WM He OyAeT JOCTaBaTh A0 OKPYKHOCTH HIIM ke Oyaer
"Topuars" U3 He€ Hapyxy. Uucio [Iu — 3TO HE Kakasg-TO MHUpPOBas
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"KOHCTaHTa", a 6ecKkoOHeUHast JpoOb, KOTOpask BCET/1a MOITy4aeTCsl pH
COTIOCTABJICHUH HECOU3MEPUMBIX BEJIHUHMH.

K tomy xe yuéHble Aake MaTeMaTHKy-TO K (DU3MUECKUM
SBJICHUSIM HE YMEIOT NPUMEHATh MpaBuwibHO. Hampumep, Teopus
Bonbuioro B3peiBa pazpaboTaHa Ha MPUMUTHUBHOM SKCTpaIoALUH,
TaK Ha3bIBa€MOIo paz0eraHusi rajakTUK, OMIHMOOYHO OOBICHEHHOTO
s dexrom omnmuepa. YIuThiBas TOPU30HT BUIUMOCTH BCEIIEHHOM C
3eMJIH U AKCTPANOIUpys pa3Oeranue ralakTuk, yuyéHble "TeHHalbHO"
BBIYUCIIMIIN, 4TO 14 MUIIITMApIOB JIET Ha3a/l BCeJICHHAsl PECTaBIIsIIa
coboii Oe3pa3MepHyI0 TOYKY ¢ OeckoHeuHOM Mmaccoil. Kotopas, mo
HEMOHSITHBIM IPUYUHAM BAPYT B3opBaiach... COBEpIIEHHO BUAUMO
HE cooOpakas TOTO, 4YTO BCEJEHHAas HE MPOCTO OYECHBb OOJbINas, a
OecKOHEYHas! M IKCTpanoJisus e€ OyIeT Tak ke 0ECKOHEUHOM.

BooO0rmie-to, B Hayke 3a0myxaeHus ObU1u Bceraa. Horaa oHn
JUITMJIMCH CTOJIETUSIMH, @ HHOTJIA U ThICTYHICTUAMU. JI100bIe HayuHbIE
OKCIIEPUMEHTBHI BCerJa IUIAHUPYIOTCA TakuM o00pa3oM, 4TO Obl
NOJYyYUTh KaKHe-TO, BIIOJIHE OXHJAeMble, pe3yinbTaTel. M eciun
MOJIyYCHHBIE PE3YJIbTaThl PACXOIATCS C OKUAAEMBIMH, BO3HHMKAET
co0na3H MOJKOPPEKTUPOBATh HMX KaKUM-HUOYIb OYEHb Ba’KHBIM

Kod(purmeHToMm.
[Ipuaymarp, Hampumep, Kakyl-HHOYIb  "TIOCTOSIHHYIO
Bonermana" 1501051 n300pecTu KaKou-HUOYIb "IPUHITATT

HEONpeAENEHHOCTU", YBEKOBEUUB CBOE MMs B HCTOPUUM HAYKH H
3aKpenuB B HEW cBou 3a0dyxaeHus. B mpupone He CyIIecTByeT
HUKAKMX [apaJJICNIbHBIX MPSAMBIX, J0KA3aTelIbCTBO TEOPEMBI O
KOTOPBIX MOAPOOHO pa3dupaercss B IIKOJBHBIX Y4eOHHUKaX, JIOObIE
JMHUM B HEN Bcerza nepecekarorcs. Jlaxke cBeT He MOXKET JIBUTaThCs
MPSAMOJIMHEITHO.

K  mHacrosmemy  BpeMeHM  TakMX  MaTeMaTHYECKHX
3a051y’)KI€HUH ¥ NPOTUBOPEUYMM B HayKe HAKOIWJIOCHh CTOJBKO, YTO
HEKOTOpble '"yu€Hble" pa3yBEpPHUBIIMCH B BO3MOYKHOCTH IIO3HAHMS
IPUPOJIBI, TOMYCKAIOT CYIIECTBOBaHUE Oora.
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N yxe ocobo mepeMynpeHHble "T€HHH' OT ICEBIOHAYKH
MBITAIOTCA MPOJABUTATh "'TEOPHUH'', OCHOBAHHBIC HA CPEIHEBEKOBBIX
MPEJCTABICHUSAX O TOM, UTO "JIy4YH 3pEHUA" UCXOAT U3 IJ1a3, a 3HAUUT
pe3yabpTaThl Hay4YHBIX 3KCIEPUMEHTOB HANPSIMYIO 3aBUCAT OT TOIO,
CMOTPHT HAa HUX SKCIEPUMEHTATOP WIH CIy4ailHO OTBepHYyJicsa. Hano
nmoiaratb, 4ro B QoOpMyJIax CKOpPO TOSBHUTCS HOBBIA, J0ceme
HEBUJAHHBIN WieH - HaOmroaarensb. M BO3MOXKHO €ro Jaxe OObBSIBAT
HOBOM MUPOBOW KOHCTAHTOM.

Ecnu Ob1 yenoBek HEe UMEN OPraHOB 3PEHHUS, TO BIIOJTHE MOTJIA
Obl TMOSBUTBCA TEOPHS, YTBEPXKAAKOIIas, YTO CKOPOCTh 3BYyKa
HEBO3MOKHO IIPEBBICUTH. [ TEOPETUKH C YMHBIM BHJIOM PACCYX AN
Obl O TOM, YTO Yy JIETSIIEro camoyi€éTa HEBO3MOXKHO OIpEAEIUTh
CKOPOCTh M KOOPJMHATY OJHOBPEMEHHO M MO3TOMY OH SIBIIIETCS HE
MaTepHaIbHBIM TEJIOM, a BOJIHOM U MpocTo "pa3Mazan” mo Hedy...

Bo3pMméMm 11 mpumepa npocTyio popmyity, Tak Ha3bIBaeMOro,
3aKOHa BCEMUPHOro TaroreHus. lIpaBma e€ yxke NaBHO yCIIOXKHUIU
pa3nTuYHBIMU Kod(PHUIIMEeHTaMu, XOTS IJI1 HAaC 3TO HEeBa)XKHO. BaxkeH
caM npuHIMO. B €€ uyuciauTene CTOUT IPOU3BEACHHUE MacC
B3aMMOJICHCTBYIOIUX Tel. YU€Hble OOBSCHSIOT 3TO IPOU3BE/IECHUE
TE€M, YTO KaKJas 4YacTHUIa OJHOrO TEJa MPUTITUBAECTCS K KaKION
YacTHULE APYToro.

[IpuTArNBaTHCI-TO OHU MPUTATUBAIOTCS, HO TOJIBKO HE Kak
OTIIebHBIC YaCTHUIIBI, a Kak enuHoe menoe. Kycok Oerona — 310
TBEPJIOE TEJIO U €r0 CBOMCTBA PA3UTENIBHO OTIMYAIOTCS OT FOPCTKHU
[EeMEHTHOW ThUIH. W BOOOIIE HEMOHSTHO, KaK MOXXHO YMHOXHUTh
Maccy Ha maccy? Beap cienys mpaBuwiaM MaTEeMaTHUKH CIEAYyeT
YMHOXaTh W pa3MepHOCTH. M 4To moisiydaeTcs B pe3ysbTaTe-TO?
KBanpaTtnas macca?

Wnu Bo3eMéM wusBecTHyIo (opmyny E=mec? u mycts Kro-
HUOYb W3 YYEHBIX MONMPOOYEeT OOBACHUTH (HUIUUCCKUNA CMBICIT
KBaJjpaTta cKopocTu cBeTa. Kak yMHOXHUTH CKOPOCTb Ha CKOPOCTbH?

138



Beonroyust MATEPHH

D10 uro, 9¥10'® KBaAPATHBIX KUIOMETPOB B KBAJAPATHYIO CEKYHIY?
Nnu B cexyHy 3a CEKyHY?

W Ttakux nsM0CycoB, MO MIJIOCTH MaTeMaTUKH B (usmke
perocTaTouyHo. JlocTaTOYHO BO BCSAKOM cCiy4yae JUisi TOTO, YTOOBI
peBpaTuTh €€ B NceBAOHayKy. 1 camoe cTpaiiHoe B 3TOM TO, YTO B
TOJIOBBI CTYJICHTOB YK€ OoJiee CTa JeT IMOJ BUIOM BBICOKOW HAyKH,
"BTIOXMBAIOT", TIO CYTH, HOBYIO IICEBAOHAYUYHYIO cucteMy lITomomest.

Xots 3a0yXJIeHHe B T€OLEHTPU3ME, ObUIO HE OT TIIYIOCTH,
Be/Ib 11l TOTO, YTO OBl OHSATH, YTO 3eMiist ABMXKeTcs BOKpyr ComnHIla,
HyxkHO *uUThb Ha ConHue. [loaTOMy B HCTOpMM HAyKHW CHUCTEMA
[ItomoMess ocraHeTcs Kak HEM30€KHBIM M 3aKOHOMEPHBIM 3Tam
HAyYHOTO MMO3HAHUS.

A BOT KBaHTOBas (U3MKA, TEOPUS OTHOCUTEIBHOCTH,
FPAaBUTALMOHHBIM KOJUIATNC, YEpPHBIE [bIPbI, YK€ B HEJAICKOM
OyaymeM  pa3fensT Ccyap0y  MHOTOYHCIEHHBIX  TpPaKTaTOB
CPEIHEBEKOBBIX CXOJIACTOB O KOJMYECTBE UEPTEHW WJIM AHIEJOB Ha
OCTpHE UIJIBL.

OHU HUKOT/Ia HE MOJy4YaT MOATBEPKIACHUS U PA3BUTHS, TaK
KaK SIBJISIIOT COOOM CBMJIETENBCTBA ICEBIOHAYYHOTO HEBEXKECTBA U
OTKPOBEHHOM TJIYIOCTH. ..

23. BBIBOJbI

Ha ocHoOBE BBIIIEN3I05KEHHOTO MOABEAEM HEKOTOPBIE UTOTH.

Bcenennasa - 310 OeckOHEYHas MaTepHsi, HaxXoIAIIasACid B
BEYHOM O/IHOHAIIPABIEHHOM M HEOOPaTUMOM IPOIIECCE CUHTE3A.

Cunme3 — 310 IPOLIECC HETIPEPHIBHOT'O YCI0KHEHUS CTPYKTYPBI
MaTepuu, OOYCIOBIEHHBIH €€ JIeKTPUYECKUMHU 3apsiiaMd |
COTIPOBOXKIAIOIINICS HEMIPEPHIBHBIM COBEPLICHHUEM PAOOTHI.
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Ilpocmpancmeo — 53TO CBOMCTBO NPOTSHKEHHOCTH CaMOM
Marepuu. Hu B kKakoM JpyroM MpoCTPaHCTBE, B BUJIE ITYCTOTO SIIHKA,
BCEJICHHAs HE HYK/1aeTCsl.

Bpema — 51O CBOWMCTBO BBICOKOOPTaHW30BAHHOW MaTepUu —
MO3ra, 3allOMHMHAaThb IPOMEKYTOUHBIE  COCTOSIHUS ~ KaKHMX-TO
IIPOLIECCOB, CpPaBHUBAasg MX C JApyruMu. B mpupoae HeET Takoro
¢u3mueckoro Imporecca, Kak BpeMs, OHa CYIIECTBYET B BEYHO
JUISIILIEMCS] HACTOSIIIEM.

JIrobbie MaTepualibHble 00pa30BaHMs — YACTHILIBI, MaKpoTena,
KOCMHUYECKHE OOBEKTHI, O0JIaNalOT 2ZpaAsUmMAauUoOHHbIMU TIONSMHU,
COCTOSAILMMH U3 IEKTPUUECKHUX MOJIEH MPOTUBOIOJIOKHBIX 3HAKOB.

B rpaBuTaninoHHOM M0JI€ pacpOCTPAHAIOTCS, BO30YXK/1aeMble B
HEM [IBIKEHHEM MaTepuaibHbIX OOBEKTOB, 2paAsUmMAUUOHHbLE
60/1Hbl, Ha3bIBaeMbIe O(DULINANTBHON HAYKOH, SJIEKTPOMarHUTHHIMHU.

I'paBuTanimoHHas BOJIHA — O3TO IIONEpEYHas  BOJIHA,
pacIpOCTPaHSOMIAsACA HA TPAaHULE ABYX JJIEKTPUUYECKUX IOJIEH ¢
IPOTUBOMNOJIOXKHBIMA ~ CBOMCTBAMM, M3  KOTOPBIX  COCTOUT
IpaBUTALlMOHHOE TIOJIE.

I'paBuTanimoHHOE MOJIE 0OBEKTA MOKET UMETh ACUMMEMPUIO,
OOYCJIOBIICHHYIO  DAa3JUYHOM  BEIUYMHOM  OOpasylolmux  €ero
JJEKTPUYECKUX  TOJEH, KOTOpas  ONpENENseTcss  Pa3HOCThIO
INEKTPUYECKUX TTOTEHIIUAIOB B KaKOK-JIN0O0 TOUYKE, TPaBUTAI[HOHHOTO
HOJIS.

IIpu ABM>KEHUM YAaCTUILBI B ACHMMETPUYHOM I'PaBUTALIIOHHOM
noje, Bo3Oyxmaemas €il  TpaBUTALMOHHAs  BOJHA  HMMEET
ACUMMETPUYHBIE AMIUIMTYABl IOJOKUTEIbHBIX M OTPHULATEIbHBIX
BOJIH, YTO BJIMSIET HAa HANpPABJICHHUE JBMXKCHHUS ITOW YaCTULBI U €€
BpalllCHHE.

A=Aq=(-qn-(+q)n 20e
A = Aq — acummempus epasumayuoHHo20 noJi,
(+q)n — nomMeHnyuan noaa NONOHCUMENbHO20 3apA0d 6 MouKe N, a
(-q)n - nomenyuan nons ompuyamenrbHo20 3apadad 8 Mol JHce mouxe.
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Acummempusa TPaBUTALUOHHOTO TIONS MOXKET OBITh, Kak
MOJIOKUTENBHOM, TaK U OTPULIATEIBHOM.

Benuuunoii acummempuu TpaBUTALIMOHHOTO TOJII aTOMOB

OTIpE/ICIISIETCS arperaTHOE COCTOSIHUE BEIIECTBA.

Temnepamypa  MaTepuanbHOIO  Tela  ONpENENseTcs

PasHoOCmbl0  acummempuil  €ro  aTOMOB U aTOMOB

OKpY>Karolleu Cpebl.

to= AA =As— Ao = A(Qs— AQoTaC

AA — pasznocms acummempuil,

Ao - acummempus 2pasumayuoOHHO20 noisi 0oveKxma,

AQs - acummempus epasumayuoOHHO20 NOJis CPeobl.

Cneoosamenwvno, acummempus - 3Imo, HoO Cymu,
u30blmounBll  I1eKMpU4ecKuil  3apA0 U nepemeKanuem
INEKMPUUECKUX 3aPA006 6 NONAHOU Mmepe Onpedeniaomcsa 6ce
e3aumooeiicmeus 6 npupooe.

Kpowme sToro, rpaBuTaiinoHHOE 1MOJIE MOKET UMETh "nepekoc”,
OOyCJIOBJICHHBIM JUHEHHBIM CMELIECHHEM, OOpa3yIoIIUX  €ro,
IIEKTPUYECKUX NOJIEH. DTOT JIMHENHBIN CABUT 3JIEKTPUUECKUX OJIEH
ouIManbHON HAyKON HA3BIBACTCA MACHUNIHBIM HOEM.

/Ku3nb — 3TO TPOM3BOJIBHO B3SITHIH YpPOBEHb CII0)KHOCTH
CTPYKTYpbl MaTe€puH, KOTOpas HAXOJUTCS B COCTOSHUHU Ipolecca
OECKOHEYHOT0 CHUHTE3a, HEMPEPHIBHO BOCIIPOM3BOMIACH U OCO3HaBas
cebs opraHoM, Cc(GOPMHUPOBAHHOM W3 BBICOKOOPTaHU30BAHHOM
MaTepul — MO3IOM, CIOCOOHBIM HCIIOJNB30BaTh B IPOLIECCE
KU3ZHEACITEIBbHOCTU JIEKTPUUECKUE CUTHAIIBI.
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24. MPUJIOKEHHUE

L4 CuHTe3, KaK NPoIece IBOJIOINHI

Cunme3 (o0veounenue) — 33mMo 00WAA HANPAGIEHHOCHbL NPOUECCOE
seonwyuu. Yenoseueckoe oduecmeo, Kak u a100vle mamepuanbvhovle 00bEKNbl,
XOmsa u He 8 MAKOIl A6HOIU hopme, HO MAKICEe NOOUUHAIONCA IMOMY RPUHUURY
00veounenus.

...H"3 cybanemenmapuvix yacmuy CuHmMeE3UPYIOMCA INeMeHmMapHle, U3
INEMEHMAPHBIX — AMOMbl, U3 AMOMOE — Mmonekyavl. Monekynvl odpasyrom
6bICOKOMOJIEKYNIAPHbIE COeOUHEHUS, U3 KOMOPbBIX, CO 8peMeHeM, hopmupyromces
pacmumensvhvle U dHcueomuvie Kiemku. Knemku o6veoumnaomca 6
MHOZOKIIemouHble 00pazoeanus, KOmopwle, 8 C80l0 0uepedb, 6CHYRAIOM 6
cumMouo3 opyz ¢ Opyzom u oopazyom opzanuMsl, maxk Ha3vieaemvix, ''dcusvix'
cyugecme. Imo pulovl, RMuUYbL, RPECMbIKAIOWUECA, MIEeKORUmMAloOujle U 4enoeex,
Kax Haubonee pazsumoe u, odaaoarouiee camoco3Hanuem, Cyuiecmeo.

Jdwou oob6veounaomes 6 pooosvie 2pynnvl, 6 NieMeHd, CHMPAHbl U
2ocyoapcmea. UHepez nexomopoe epemsa, cmpamuvl, 011 mMO20 UYMOObl He
nocubuyms 6 60opvbe co ceoeil cOOCMBEHHOI 2IYyNOCHbIO, 0YOYHL GLIHYIHCOCHDL
00be0uHUmMbCA 8 00HO 27100a1bHOE NIAHEMHOE 20CYOapCHIE0, HOMOMY YUMo éce,
Ymo HAX00UmcA He MoJIbKO HA NlaHeme, HO U 60 6CENeHHOIl, He RPUHAONEHCUM
HUKOMY, @ 3HAYUM NPUHAOIEHCUN 6CEM.

Cam uenoeek — ImMo MONLKO MaAMePUAIbHbIIL 00BbEKM WU OPZAHU3M,
noayuueuiuil, 8 pe3yibmame 360J10UUOHHO20 RPOYeccd, CROCOOHOCHb 0CO3HAMb
ceba Kax unousuodyanvHocmo. Bozomnuewuii ceoa "'yapém npupoowt'’, 3mom
MAmepuanbHblii. 00beKm, cpasy dce RPUHANCA 3a NOKOpeHue Mol camoil
npupoosl, uyacmoio Komopou oH cam u aersemca. M monvko nokopus
COOCMEEHHYI0 2IYROCHb, TI00U ROUMYNL, Um0 ObL10 YHUUMOIHCEHO umu 6 ""tuye'’
CCCP.

Cosemckoe obwecmeo — mo pe3yabmam cunmesa (00veounenus) Ha
0oslee 6bICOKOM YpOGHe Op2aHU3AUUU MaAmepuu, HA NPUHYURAX pAGeHCMmEd.
Yenoseeueckoe o00ugecmeo HaA HACMOAULEM HUIKOM YPOGHE YMCIMEEHHO20
pazeumus noKa He Mmodxcem cyuiecmeoeamsv 0e3 uodeonocuu. bez neé omno
npeepawiaemca 6 00e3bAHLIO CMAI0, YMO HPEKPACHO 6UOHO HA npuMepe
cospemennoii Poccuu. Ilepecmpoiixa omopocuna eé na 300 n1em nazao, no cymu,
6epHY8 IKCHILYAMAUUI0 4esl06eKA Yel108CKOM U YHUUMONCUG 6Ce COUUAIbHbIE
3aeoesanun. Bce, co3dannoe mpyoom MunnuoOHO8, pPA360POGANHO HOGHIMU
ooapamu. Ocmaémcea 60cCmManoump AUULL KPENOCHMHOE NPAGO U CEAMEILYIO
UHKGU3UYUIO. ..
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Yuuumoswcenue mapkcuzma, kax uodeonozuu OocmamouHo 6bvICOKO20
UHMENIEKMYANbH020  YpoeHsa, omopocuno Poccuio, npaxkmuuecku, 6
cpednesexkoesve, npespamue €€ 6 geodanvnoe 20cyoapcmeo, 20e npasam oa,
napazumupylowjue  nHa  odujecmee, uHOueuovi. Ilpunyun  uacmuou
coOcmeeHHOCIMU U UHOUBUOYANUIM HeUu30eHcHO OyOym npoeouUpOosambs
Hepaspewiumvle KOHPAUKHMIBL MeMNCcOYy PA3TUYHBIMU CHOAMU O00ujecmea u
mpebosams  HeOOXOOUMOCIMU  HAPAWUEAHUA KAPAMETbHBIX OpP2AHOE U
npunamusa 02POMHO20 Koiuuecmaeo beccMblCeHHBIX 3aKonoa,
Dpeznamenmupyiouux, NPaAKmuiecKu, Kaxcoolil waz.

J1060e, HeOCMOPOIHCHO CKA3AHHOE C11080 HEU30eIHCHO 0yOem npueooums K
603HUKHOBEHUIO MPYOHOPA3PEUUMBIX KOHMIUKIMHBIX CUMYAUULl, KAK MeHCOy
OMOeNbHBIMU UHOUBUOAMU, MAK U OMOETbHLIMU ZPYRNAMU, YO GbLILEMCA 6
HEOnpagsoOaHHyl0 3azpy3Ky CYOeOHOU CUCHEMbl CMEXOMEOPHBLIMU CYOEeOHbBIMU
uckamu. JIroou oyoym evinyxncoenst cieoums opyz 3a Opy2om U 011 HOPMAAbHOUL
yenogeueckoil JcusHu, He ocmamemca epemenu. ObOwecmey yzpodricaem
COUUANBbHBLIL KONANC, KOMOPLLl, 6 Xyouwiem ciayuae, MOMcem npugecmu K
PAa36A3b16aAHUI0 21100AILHOI  8OUIHBL C NPUMEHEHUEM AMOMHO20 OPYHCUA...
Ycepono mnacasxicoaemas kanumanucmuueckaa IKOHOMUKA U HACMHAA
cobcmeennocms, ¢ MOUKU 3peHua Quzuku — ImMo npouecc, UOYWUIL C
Hapyuienuem 3aKoHa RPUPOObL - 603PACMAHUA IHMPORUU.

Y mex, kmo umeem mnozo oenez, ux cmanosumces ewié 6onvULe, 4y K020
ux mano, pasopaiwonica coecem. Ilosmomy c pazeumuem unmennexmyanbHo2o
YDOBHA 3eMHOU WUGUIU3AUUU, KANUMAIUCIMUYECKAA IKOHOMUKA YMpEm
Haecez0a. A noka HepazyMHoe uenoeeuecmeo 0yoem pyKooOCHI806AMbCA
RPUHUURAMU  YACMHOU  COOCHMBEHHOCMU U  AZPECCUBHBIMU  JIO3YHZAMU
Muuypuna, umo ''Mul He 001HCHBI INHcOamb Munocmell om npupoowl'’, oHO
Heu3bexcno Oyoem oOpeueHo Ha NPEeCHYRHOCHb, 0OMAHbBL, 60POECHLE0, PA300PbL
U GOIUIHDL. ..

®  DNWIOr (om agmopa)

B 2mo noka neeozmodxcno nogepums, no 19 anpena 2013 z00a owvin
RpeKpawén 00HOCHOPOHHUT KOHMAKM UHONIAHEMAH ¢ 3eMHOU YUBUIUZAYUETL
u npedcmasumenu 6blCOKOPA3GUNION YUGUIU3AUUL, C OOHOU U3 NiaHem Hauwiell
2a1aKMUKU, ROKUHYIU COJIHEYHYI0 cucmemy, Kak munumym na 500 3emuvix n1em.
Hauano xkonmakma npuwinocs Ha 1962-63 200vt, koz0a unonianemuslii 3040, 8
ouepeonoil pa3 nocemue COIHEUHYI0 cucmemy, 00Hapy cui Ha nauleil nianeme
20cyoapcmeo ¢ 00U{eCmEeHHbIM CHpPOeM, He COOMEEHICIEYIouiUM O00uemy
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YDOGHIO pAa36UMUA 3E€MHO20 HYel06e4ecmed, Umo U ROCTYHCUNO NPUUUHOU
RPUCMATBbHO20 6HUMAHUA UHORIAHEMAH K HAWell cmpawe.

Omom ¢enomen nonyuun nazeanue ''Ixcnepumenm Jlenuna''. Ilo
meopuu  3607110YUY, KOMMYHUCHIUYECKOE 20CYy0apCcHieo ¢ 0OecKknaccogvim
oouwecmeennvlm cmpoem, noooonoe CCCP, npakmuuecku He umeno peaibHoul
603MOINCHOCMU B803HUKHYMb 6 YCI08UAX HU3KO20 UHMENNEKMYANbHO20 U
MexXHO0/102U4eCK020 YPOBHA PA3BUMUA 3eMHON UUGUIUAUUU U meM Oonee,
cyuiecmeosams 6 IMUX yciosuax 0060J1bHO npoooadcumenshoe epema. 4mo,
COOCmEeHHO0 U nOOMeEEePOUIOCh COOBIMUAMU, NPOUZOUWEOMUMU 8 0€BAHOCHIbIX
200ax ¢ CCCP.

...""9xcnepumenm Jlenuna' o0vin unmepecen 0na HUX, KaKk HONbIMKA
CO30aHUA  20CYOApPCMEa CUNO6LIM MEMOO0OM HA NPUHUURAX DPAGEHCMEA 6
YC08UAX REWIEPHO20 COCMOAHUA CO3HAHUA HaceleHus naanemsl. Moocno
evlopeccuposamsy coOaKy mak, umo oHa, oajce Oyoyuu 20100HOU, He 80po6ana
RUWy, HO IMO HUKO204 He cmaHem eé 0CO3HAHHbIM nogedeHuem. CCCP —
2ocyoapcmeo cozoannoe Jlenunsim u €20 COpAMHUKAMU GHATOZUYHBIMU
Memoodamu opeccuposKku U cosepuiuguiee CKauyoK, no Cymu, om nepeodbImHo-
00WUNHO020 cmPoA K OecKiaccoeomy obujecmay, 0CHOGAHHOMY HA NPUHYURAX
KOMMYHAIbHOCHUL.

TonvKo oueHb HUYMONCHAA YACMb HACEeHUA, NPAKMUYECKU eOUHUUbL,
0co3Hasanu Ccymov HOBbHIX O00ULECHMEEHHBLIX OMHOWIEHUN, OO0NbUIUHCINGO ice
PYKOBOOCHBOBATUCH HCUBOMHBIMU UHCMUHKMAMU OOMUHUPOBARUA, OCIMABAACH
zoucmuunbimu  u  scynuxosameimu.  Iloamomy  pykoeoocmeo 106020
2ocyoapemea  0vlio0 GLIHYHCOEHO NOCHIOAHHO 3AHUMAMBCA UOEOI02UYECKUM
ocnumanuem HAceNeHUs, COepPIHCUBAn  HCUBOMHbIE UHCIMUHKMBL MACC
00CmMamouHo HeECMKUMU MEMOOAMU KHYMA U NPAHUKA.

Ho, necmompsa na 3mo, npoysemaino 60po6cmeo, KaK é 0blmy, maxk u Ha
npOU3600CHIBE, XOMA €20 MACUIMADbL ObLIU HUYMOHCHBIMU U 0C00020 6TUAHUA
Ha Hcu3nb cmpanvl He okazvieéanu. Kpome ecezo npouezo, noeoe coeemckoe
20cyo0apcmeo  NOCHMOAHHO  NO0BEP2AIOCy  NPEeCCUHZYy U RNPOBOKAUUAM
""opyscecmeennbix''  Kanumanucmuveckux coceoeil, NPEOCMABNAGUIUXCA
demokpamuueckumu u npozpeccusnvimu. Onu He ocmamnosunucy oajce nepeo
paszeasvleanuem 2n00aabHO GOUIHbBL, YHECUIEN O0eCAMKU MULIUOHOE JHCEpme,
AU 0bl MOLKO U3DAGUMBCA OM INO020, KOTIOULE20 211a3a, npumepa.

U 6 KoHye KOHY08, UM IMO YOANOCh, MAK KAK OCHOBHAS MACCA HACENCHUS
CCCP, kak u 0icuoanocw, naney o nauey He yoapuid, Ymoovl 3auiumunms c6ou
couuabHble 3A60€6AHUA, MAK KAK Yyce CUUMANA UX CAMO COo00ll
pazymerougumuca... Bee éeprynocs Ha ucxoonvie no3uyuu u eoéa 3apoousuieecs

144



Beonroyust MATEPHH

HOB80€e 00uecmeo, 6epHyIOCh K NPUHUUNAM 00e3bAHbell cmau, CKAMUGUIUCH 8
camoe Hacmoauiee mpaunoe cpeonesekogve... Ho 3aKonvl 360110uuu maxoewi,
umo O01a moz20, YmoObl pPazeueaAmMvca Oaabuie, uenoeeuecmey npuoémcs
00veounumoca. Coobuecmeo uHOUBUOYATNbHOCHEN He UMeem HUKAKO20
0yoyuiezo, nomomy 4mo OHO He MOJCen CyU{ecmeoeams 0e3 copeeHOB8AHUI,
60iiH, 00pbObL, 03 nobedumeneii u NOOEIHCOEHHLIX.

Cnedylowee nocewjeHue CONHEUHOU CUCEMbl HAWUMU ONUINCATIUMU
coceoamu coOCmoumcs, 603M0ICHO, He panee, uem uepes 500-1000 3emuuvix nem.
Bonerw cnyuas, mne, KaKk u oueHb MHOUM 3eMIAHAM, RPUULIOCL C HUMU
nooowamocsa. Ilpasoa s y3nan 06 3mom 6yKeanvHo 3a noauaca 00 ux om/jaéma.

Ilo Kakum-mo npuyUHAM OHU COYUTIU 803MONHCHBIM RONPOULAMBCA MOTLKO
¢ 0soumu. Ho kmo 6v611 mom emopoil, 2 He CHPOCUT U YIice, HAGEPHOE, HUK020a
9IMO020 He Y3HAaIO.

B ceazsu c¢ nosenenuem 6 uHmepHenme 00bUIO20 KOIUYECMEA
danmacmuueckux pacckazoe o nocewieHUU 3emau UHONAAHEMAHAMU, O0NIHCEH
3amemumas, Ymo camu OHU HUKO020a He ROCeW a1y NiGHem CONHEYHOI CUCHEeMbl
U HUKO204 He OnycKanucb HA ux nogepxuocmes. Mx obujenue c zemaanamu
OCYWecmenanocy ¢ HOMOWbIO YCMPOIICING, CO30AIOUUX PealucmuiecKue
u3z00pasxcenus, u YnpaguAeMulx HeOONbuIUM UHMENIEeKMYyaibHblM Kopaoném-
pooomom, naxooawumcsa na opoume JIynovl. A 6azoevtii kopadnv 6onee 50-mu
Jiem opeiighosan 20e-mo 3a OKPAUHOI COTHEUHOU CUCH EMDbL.

Hao moeit npocvboit ocmagums na namams xoms 0bl ny208uyy, OHuU
ROCMEAUCH, 00BACHUG, UMO IMA ny208UUaA HA 3emie ecuna 0bl 0KOJ10 MOHHDYI,
maxk Kak cO0enaHa U3 eewjecmea ¢ HONOHCUMENbHOU acummempueil
z2pasumayuonnslx noneii amomos. To ecmv uz "memnoii mamepuu''. /[ymaio,
Ymo ux 36630Has CUCmema HaAX0OUNCA He MAK YIHc 0aNeKO 0Nl Haulell COTHEeYHO
cucmembul. Moxcem 6vtmob 00UH — 084 C6EMOBHIX MECAU. ..

CogepuieHHO He0HCUOANHO MOA PAOOMA NOTIYUUNA Y HUX OUeHb XOPOULYI0
OUEHKY U XOMA MHE HACHOAMENbHO He CO8eMO8aNU INMO20 0eNamy, A 6ce Hce
pewiunca onydaukosams eé ¢ znodanvhou cemu. U ecmecmeenno noayuun mo,
YMO U 3ACTIYHCUTL.

Mmue oadice 6 20106y He MO2710 npulimu, YmMo ypoeeHs 0e32pPamomHocCmu
3eMH020 HAYUHO20 coobuiecmea, mak evicok. Ilpae owvin I1.H. kozoa zosopuan,
Ymo npusHanue moeil meopuu nepeuepKrém, Kak Heko2oa cucmemy Ilmonomes,
RpAKmMuyecKu 6clo, mMaxK HA3bIGAEMYI0, KEAHMOGYI0 (QU3UKY U HAYUHOE
cooduecmeo 0yoem 6vlHYIHCOEeHO RPUHAmMb eé nceedonaykoii. U ecmecmeenno
OHO HA IMO HUKO20a He NOoUOém. 3eMHas HAYKA ewyé OecaAmKu Jjiem Oyoem
HAX00uUmovcss 6 HNjleHy Cl10600ayous, MAaAmemMamuiyecKux 3a0ayxcoeHul u
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Mmucmupurkayuii. O0HaKo Imo yrce He UMeen HUKAKO20 3HAYEHUS, NOMOMY YUMo
C 0céoeHueM Onudcanuux K 3eme nianem coTHeYHOl CUCEeMbl, 0 HOCeU|eHUU
€€ UHONNAHEMAHAMU CHAHEm U38ECHHO U MOE UM HEU30eHCHO OCHAHemcs 6
ucmopuu uenogeuecmea.

Tonvko A 06 3mom yrxce HUKO20a He Y3HAI, KAK Ue08€K, 603MONCHO
HCUBYUUIL CE200HA CPedU HAC, He 3HAem, YUMo Ko20a-mo oH ob11 Helomonom unu
Apucmomenem. 3amo 06 mom y3naiom Hawu oOanékue nomomku. Taxoii
ROOApOK ocmaeuiu um Opamova no pazymy Ha 0OHOI U3 OAUMHCAUUIUX NIIAHEem.

3emnaa uyueunuzayus, HAX00AWLAACA HA CAMOU HUNMCHEN CMYNEHU
UHMEIEKMYAIbHO20 PA3GUMUA U NPEOCMAGNAIOWAA CO00ll, Oaxce He eOUuHOoe
coobuecmeo, a 6cezo UMb HECKOIbKO 0eCAMKO08 CMail 4en06eKoo0pasHbIX
HCUGOMHDBIX, ZPLIZYUUXCA 3A Pecypcul, 20e ewié 00120 Oydem npoueemamsy
IKChAYamauus 4eno8eKa Yel08eKOM, 6epa 6 CeepxXvbecmecmeeHnoe u
NOK/IOHEHUEe Uu00aam, CO30AHHBIM Uel06euecKoll (hanmazueii, He MoIicem
paccuumpléams HU HA KAKUe KOHMAKMbl C 6blCOKOPA3GUMBIM UHONAAHEMHbIM
PaA3ymMom, no menvuieil mepe, HecKOabKo decamkos moicauuiemuil. Ilo kpamkoi
U He OueHb JIeCMHOU XaApAKMmepucmuke UHONIAHEMAH, 3eMHOIl 4esl08eK Ha
OanHOM Imane pazeumus — Mo Mynoe u ynpAamoe Hcueommoe, Komopoe eué
0ueHb 007120 Oyoem um oCmasamucs.

Ilepexo0 om cocmoanua HcueoOmMHOI cmau K pazymHoMy Co00uiecmay,
npouecc upe3suluaiino OJIUMeIbHbLL U 0071€3HEHHbLIL U MOXMCEm 3aAHUMAMb OM
HECKOIbKUX MbICAYULCMUN 00 NOJAYMUTAUOHA JIEH RO 3eMHOMY UCHUCTEHUIO.
Bce oeno 6 mom, umo cyujecmeosanue 6biCOKOPA3GUMbBIX YUGUAUIAUUIL
nOOYUHEHO NPUHYUNY QYHKUUOHUPOBAHUA IHCUBO20 OP2AHUIMA HACMONLKO, YO
noeepzio 6vl 6 WOK 6cex Hawiux ''npaso3auumnuKos’’, cuumarouux, Hanpumep,
NOMCUBHEHHOE 3aKI0UeHue 001ee ZYMAHHbIM YemM CMepmHas KazHb. Xomsa Ha
camom oee nOMCUIHEHHOE 3aKlioueHue — IMO Ue3yuncKoe OecuenoseuHoe
uzoesamensvcmeo. Ilpupode Heuzgecmno maxoe nonamue Kak MHCU3HL, a
C1e006ameNbHO CMEPMHAA KA3Hb UMW IGMAHA3UA — IMO He yduiicmeo, a
npocmoe npepvleanue HeyOauHoz0 36eHA 6 DECKOHEUHOU Uenu Cyulecmeoeanus
KOHKDEemHo20 mamepuanviozo opzanusma. M Kk nonumanuio 3mozo, 4enoéex
0yoem uomu ewié ouensv 001120.

Ecnu npeocmaguma cebe 603HUKHOBEHUE coopyrcecmea
6bICOKOPA36UMOIL YUBUTUZAYUY C 3EMHBIM Ue106€4eCH80M, MO HA COGEPUIEHO
3AKOHHBIX OCHOGAHUAX HPUWINOCL O0bl UCKIIOYUMb U3 HE20 O0ZPOMHOE
KOJuYecmeo uHOUGUO06, napasumupyrouux Ha ooujecmee. Crooa o6vl nonanu ne
monvko 3aecezoamau Popoca u OuzHecMeHbl, HO U MHOZUE NpeOCmAsUmeu,
maxk Hazvieaemoii ''ceobooonrodueoii’’ meopueckou unmennuzenyuu. M smo ne
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Mou panmaszuu a aécoNOMHO O00beKMUBHAA PeaTbHOCHb K KOMOpOil
Heu30eicHo npuodém uenogeuecmeo, KaK moabKo nOUMEm, Ymo coopyicecmeo ¢
napasumamu 00ueCmea HecoOEMeCmuUmMo ¢ npoyeccom 3gontouuu mamepuu. Tax
Ymo cmpemumuvca K KOHMAKMam ¢ npumensyamu noKa ewié He ¢ unmepecax
yenogeuecmea. Tem 0onee, umo HuU 0OHA PA3YMHAA YUGUIAU3AUUA HE CHIAHEM
onycKkamuca 00 mozo ypoeHsA HeeeIHceCmea, 6 KOMopomM Ml 6 HACM oAU ee 6PeMA
Haxooumcs.

A 3nauum 6 Hacmoaujee pema KOHMAKMbL 3eMAAH C bICOKOPA3GUMbIMU
UUGUAUAUUAMU MAK dce HepeanbHbl, KAK HepeanbHo COmpPyOHU4ecmeo
MypageiiHuKa uiu cmau 2amaopuios ¢ Kaxkou-Hubyob eeponeicKkoll cmpaHoi.
Yenoeeuecmey npuoémcesa npoumu c60l nymb CAMOCMOAMENIbHO U HUKMO He
MOSILKO He CHIAHem 6MeWUEANbCA 8 X00 €20 PA36UNIUA, HO U 0adice Oomeeyamsn
Ha e20 cuzHanbl, 00 Mmex nop, NOKA OHO He nepecmanem pasmaxueams anoMHoU
0yOuHKOU u denums ar0oeil na 6ozamuix u 6eonvix. H noka 0o e2o coznanus ne
00110ém npocmas UCMUHA, YMO Yel06eK — YACmb HPUpoOsl U HOHAMUE
cobcmeeHHOCIU MAK Jice adcypOHO, KaK U ROHAMUSA 602 UIU 0eHb2U.

A npumumuensle YUGUNUIAUUU 3eMHO20 YPOGHA PA3GUMUA, K CHACHbIO,
RPOCHIO MEXHON02UYeCKU He 8 COCIOAHUU NPEO00emb 02POMHbBIE PACCHOAHUA,
pazoenaiouiue 36e300l...

Hacmoawaa meopus Haxo0umcsa 6 NOCMOAHRHOU pa3padomxe u eé noc1eOHAA epcus 6cezoa
docmynHa 6 unmepHeme no aopecam:
http://yadi.sk/d/Mjl1Uz4IXMtnfa
https://magru.net/pubs/2082/Teoriya_evolyutsii materii#l
http://ru.calameo.com/read/001906913a882266783c2
http://vixra.org/pdf/1402.0039v0.pdf
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