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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
aKaJIeMHs HE pacCMaTpUBAET € MO3AIPOILIIOTO BeKa.

Ho yuénwle B ymop He 3aMedaloT, 4YTO JOOble TEOpHH,
OCHOBaHHBIE HA MJAEE BEYHOIO JBWXKEHUS - MOJIEKYJSPHO-
KMHETUYECKasi WJIK TEOPUs CTPYH, IPUHLIUIIHAIIBHO HECOCTOSTEIbHBI
10 TOW MPOCTOM MPUYMHE, YTO ABUKEHHUE — 3TO TOJBKO CIEACTBUE, a
HE yCJIOBUE CYIIECTBOBAHUSI MAaTEPUHU.

ATOMBI HE MOTYT UMETh fJI€p, COCTOSIIUX M3 OJHOMMEHHO
3apsDKEHHBIX YACTHII, TaK KaK OHM HEW30€XKHO PA3NIETATCS B pa3HbIC
CTOPOHBI HW3-3a CHJI OTTajlKuBaHuA. M naxe ecnmu Obl 3TO OBLIO
BO3MO>KHO, AJIEKTPOHBI BCE PaBHO HE MOTJIM Obl BEYHO BOKPYT HUX
BpamiaThCs, Tak KaKk OHM HEW30e)KHO Obl Ha HUX YyIajau, H3-3a
MIOCTOSIHHOTO JEUCTBUSI CUJI MPUTSKEHUs. Tak ke HEBO3MOXKHO
BpallleHUE BOKPYT APYT Apyra OJMHAKOBBIX 3aps0B, KOTOPbIE U3-3a
CWJI OTTAJIKUBAHUSI PA3JICTEITUCH OBl B pa3HBIE CTOPOHBI.
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Beonroyust MATEPHH

A, Tak Ha3piBaemas, Teopus bombmioro B3pbIBa, Kak yoOoras
KOMITHJISALIHAST ONOIeCKOM KHUTH BhITHS 0 60KECTBEHHOM TBOPECHHH
MaTepHUH U3 HUIETO, BOOOIIE MPEACTABISIET COOO0H sspUaiiimii oOpaserr
NICEBJOHAYYHOT0 Mpakobecus u mapnaranctBa. [lo cytu, 310 pyka
pEIUTruM B HayKe. ..

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

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

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

VIMEHHO Ha 3TUX MOCTYyNaTax BBICTPOECHA MpejiaracMmasi Huxe
teopusa (Teopus rpaButauuu). B €€ OCHOBY JIersio BTOpOE Hayaio
TEPMOJAMHAMMKHA M  DJJEMEHTapHass JIOTHKAa C MHHUMAaJIbHO
HEOOXOJMMBIM  HCHOJBH30BAHMEM  MaTeMaTHYECKOro  ammapara
KJIACCHYECKON (hU3HKH.

2. OB OCHOBHOM "3AKOHE'" ITPUPObI

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

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



Anexcandp BECEAOB

Tak KaKk B TPHUPOJEC BCE B3aUMOJCUCTBUS  OOYCIIOBIICHBI
UCKJIIIOYUTENIbHO ~ CBOMCTBAMHM  CaMHUX  B3aUMOJICHCTBYIOIIUX
MaTepuaibHBIX OOBEKTOB, TO HU B KaKHX 3aKOHAX OHA HE HYKJAeTcsl.
[IpocTo HEKOTOpBIE XapaKTepHbIE OCOOCHHOCTH B3aUMOJICHCTBUH,
mou 1yt ce0st PopMyIIUPYIOT B BHJIE 3aKOHOB.

A, crnenoBareiabHO JIOOBIE, OTKPHIThIE YUYEHBIMU 3aKOHBI,
SIBJITFOTCSI BCErO JIUIIb OaHANBHBIMH KOHCTATAlMSIMU KaKUX-THOO
(baxTOB, KOTOpbIE caMH ce0sl ¥ TOATBEPKIAIOT.

OTH, Tak Ha3bIBa€Mbl€ 3aKOHBI, TOJBKO OMNHMCHIBAIOT KakK
MIPOUCXOAT KaKUE-TO SBJICHUS, HO HUYETO HE TOBOPSAT O TOM, [TIOUYEMY
OHM TPOUCXOAAT TaKk, a He HHaye. B cumy Toro, uro mrooOble
B3aMMOJICICTBUS MaTepuaIbHbIX 00BEKTOB OJIHO3HAYHO
ONpEeACNSIOTCS HMX  CBOMCTBaAMH, TO HHUKAKUX  HapyLICHHI,
HEoMpeaenéHHOCTeH, HEOObIYHBIX 3(P(EKTOB HIM MapajoKCOB B
IPUPOJIE HE CYIIECTBYET.

Korga neonpenenéHHOCTh BBOAMTCS B MPUHIUI, HayKa
YMHpAET U MpPEeBpaIlaeTcs B OaHAILHYIO PEIUTUIO, OT KOTOPOU OJIUH
JUIIb MIAr 10 MPUHLMIIA HEMO3HABAEMOCTH, MO3BOJISIOIEM HECTH
T00YIO YYIIIb.

HeB0o3MOXXHOCTh ONUCAaHUS PEATbHOCTH MaTeMaTH4YeCKUMHU
dbopMynaMu mpuBena K ToMy, y4€HbIe-TEOPETUKN HACOUMHSIIN TaKoe
KOJIMYECTBO OECCMBICIEHHBIX TEPMHHOB M H300penu  Takoe
KOJIMYECTBO HECYLIECTBYIOIINX B IPUPOJIE CYIIHOCTEH, UYTO CaMU yxkKe
HE MOTYT B HUX Pa300paThcs.

DTO pa3vyHble MOCTOSIHHBIC, TaKkWe KakK TpaBUTAI[MOHHAS,
nocrosHHasg Ilnanka, mocrosiHHass boiplMaHa W emé LeIbld COHM
Pa3IUYHBIX KOHCTAHT, 0€3 KOTOPHIX, IO MHEHHUIO TEOPETHKOB, HE
Moria Obl CylecTBOBaTh BceleHHas. OHAKO BCE 3TU MOCTOSIHHbIE
OKa3bIBAIOTCS TAaKWMU HEMOCTOSHHBIMH, YTO WX MPUXOJIUTCS
NEePUOANYECKH  YTOYHATh. [ PaBUTALMOHHYIO  IOCTOSHHYIO,
Hanpumep, yroussuim yxe 11 pa3. U ato, mo-Buaumomy, emeé He
npenen.
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U3-3a uckaXEHHOTO OOBIBATENBCKOTO IMPEJICTABICHHUS O
MeXaHM3MaX MPHUPOAHBIX SBJIECHUI, COBpEMEHHAsl HayKa OOBSCHSET
UX, KaK MPaBWIIO 33JJ0M HallepE, NepeBOpavnBasi BCe C HOT Ha FOJIOBY
W IyTas NPUYMHBI CO CIEACTBUAMH. Benp naxke 3a HampaBlIeHHE
JNEKTPUYECKOTO TOKa B  (U3MKE TMPHUHIATO JBUXKEHHE HE
OTPHIIATENBHBIX, KOTOPbIE MPE00IaAaI0T, 8 MOJIOKHUTEIHHBIX 3apsI0B.
To ecTb NPOTHUBOIOJIOKHOE PEATILHOMY, YTO MPUBOJAUT K IIyTAaHUIIE
npu 0OBSICHEHUH.

A yborue nmpeacTaBiIeHHUs O MPHUPOJIE TPABUTAIMH, TTO3BOIHIN
TEOPETUKAaM COCTPAINATh TaKyl0 HEJenyio U 0e3rpaMOTHYIO TEOPHIO
o0Opa3oBaHus 3BE3/1 U IUIAHET, YTO OHA 3aTMEBAET CBOEH IIyNMOCThIO
pacckasbl 3HAMEHHTOro OapoHa MioHXray3eHa O BBITACKUBAHUU
camoro ce0s 3a BOJIOCHI U3 00JI0TA.

CampIMu ke JpeMydyuMH 3a0dyXIEHUSMH B COBPEMEHHON
¢u3uKe SABIAIOTCS TMOHATUS MHEPLUHMOHHOM MacCchl M 3aKOHa
COXpPaHEHMsI DHEPruHM, KOTOpPBIM OO0 CHX TMOp CTUMYJIUPYET
HEYTOMUMYIO JICITEIbHOCTh OTPOMHOW apMHUHM H300peTareneit
BEUHBIX JBUTATEIICH.

B kpuBOOOKOM 37aHMM HAyKM KaKUM-TO HEMOCTHXKHMbBIM
00pa3oM YKOpPEHUJIOCHh MOHATHE JeeKTa MACChl, KaK MPEBPAIICHUS
e€ B CBOE COOCTBEHHOE CBOMCTBO - SHEpruto. Kak roBopuI1 MOKOWHBIHN
Jlannay, Hayka yXe JOCTHUIJIa TaKUX BBICOT, YTO MOXKET OOBSICHUTH
JaKe TO, 4YETO U caMa HE MIOHUMAET.

[locnennue cTo €T MOUCTHMHE YMOIOMpPAuUTENbHOIO B3JIETA
HaY4YHOH MBICIIH, XapaKTEepPU3YIOTCsl NpeHEOpe:KeHHEeM YUEHBIMU-
TEOPETUKaMU OCHOBOIOJIArarolUM IPUHIUIIOM HAyYHOTO MTO3HAHUS
- Tak HaszbpiBaeMou OpuTBOil Okkama. M 3TO mpuBeENoO K TOMY, 4YTO
HayKy 3arajiid TakKUMH O€CCMBICIEHHBIMU TEPMHUHAMH U
MOHATUSIMH, 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
ONpPEACINTh OCHOBHBIC IOHATHA. Benp TepMHHBI M OIpeneIcHUs
IPUIYMAaHHbIE YYEHBIMM HACTOJIBKO TyMaHHBI U MHOT'OCMBICJICHHBI,
YTO Y4EHBIE YK€ CAMU HE MOTYT B HUX Pa300paThCsl.

[Ipexxne Bcero Hy:KHO ONPENEIUTb OCHOBHOE IOHATHE — 3TO
NOHATUE Mmamepuu. ECTb OYEHb MHOTO OIpPEACIICHHM MaTepuu,
COYMHEHHBIX (unocodpaMu U yYEHBIMH, HO MBI, PYKOBOJCTBYSCH
OputBoit OKKaMa, BO3bMEM caMoe KOPOTKOE.

Mamepus — 3mo ¢ce mo, Umo cywiecmeyem 6 npupooe.

JIroOble MaTepuanbHbIC MPEeIMETHl MOXHO, IO KpaiiHel Mmepe,

nomrymnark. J[as Hadasia HaM 3TOro OyAeT J0CTaTOYHO, HO B
JATBHEHIIIEM 3TO OIPEICIICHHE MOKHO OYIET YTOYHSTh.

Matepuss MMEeT YaCTHYHOE CTPOCHHUE W MOXKET JIPOOUTHCS
OECKOHEYHO.

Amom_— 3mo_mamepuanvhnoe _o0pazosanue, umerouiee 6

ONPeOeéHHbIX YC/108UAX HEUIMEHHbLE CBOLICBA.

Bewiecmeo — amo_mamepuanvruoe 0opazosanue, cocmosnuiee
U3 AMOMO08 C 00OUHAKOBLIMU CEOUCHIBAMU.

Crtpoenue BelecTBa Haield 00J1acTH BCEJIGHHOW MOKa3aHO Ha
pucynke (puc.l) Cam atoM mokaszaH CEpbIM I[BETOM, DJIEKTPOHBI —
OeJIbIM, a TIO3UTPOHBI - YEPHBIM.

ATOMBI TBEPIBIX TEN U KUJKOCTEH PACToOararoTcsl BIIOTHYIO

JIpYr K IpYry, a DJIEKTPOHBI U IO3UTPOHBI, B IIPOMEKYTKAX MEXKIY
HUMH. ATOMBI Ta30B H3-3a IPEOONANAIONINX CHUJ OTTAJIKUBAHMS,
pacroyaratoTcst Ha HEKOTOPBIX PaCCTOSIHUSAX.

Mogens aroma Pesepdopma-bopa, Ha KOTOpo#l mOCTpoeHa
CranpapTHas MOJAEIb MUPO3JaHUs, IpeAcTaBiIsAomas co0oil aHamor
BEYHOI'O JIBUTATEIIS, IPOTUBOPEYAILEr0 OCHOBHOMY 3aKOHY IIPUPOJBI
- BTOPOMY Hadajly TEpPMOJAMHAMHUKH, 3/1€Ch HE PACCMaTPUBACTCA.
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CnepyromuM IyHKTOM OIPEAESiEM IIOHATHE CGOUCHIEA.
JlroObie MaTepuanbHble 00BEKTHI BCETJa MOXKHO OXapaKTepHU30BaTh
KaKMMU-TO cBoMcTBaMu. Bo3bMeEM it mpumepa crekino. CTekno, Kak
U3BECTHO, CII0COOHO
MPOMyCKaTh CBET M 3Ty €ro

CII0OCOOHOCTDH MJIA CBOICTBO, MBI
Ha3bIBaEM MPO3PAYHOCTHIO.
Cy1ecTByeT 11 IPO3pavHOCTh B
npupoae?
Ona KOHEYHO Ke
CYIIECTBYET, TaKk KaK B MPUPOJIE
Puc.A CYIIECTBYET JIOBOJILHO MHOTO
pPa3IUYHBIX BEIECTB, MPOIMYCKAIONIMX CBET. A pa3 CyIIECTBYET,

T ATROHE

3HAQ4YUT OHA COIJIACHO HAIIEMy KPUTEPHUIO, MATEPUAIIBHA U €€ MOXKHO
nomynars. Ho, yBbl, OKa3bIBaeTCs, 4TO MOLIYNATh-TO €€ KaK pa3 U
HEJb3sl.

MoKHO MouIynars caMo CTEKJIO MM aJIMa3 WIM JaXe BOLY, a
BOT IIPO3pa4HOCTh HUKAK HE NOLIyNaelb. BOT TyT-To MBI U nonajxaeM
B JIOTUYECKYIO JIOBYIIKY. 1 Takux JI0ByIIeK B HayKe CTOJIBKO, YTO Ha
9TOW MOYBE BBIPOCIMW LEJIbIE IICEBJOHAYYHBIC HAIpPAaBICHUS, TaKUE
HalpuMmep, Kak KBaHTOBass (DU3MKA, KOCMOJOIMS M Teopus
OTHOCHUTEIIBHOCTH.

Kak Mbl yxe omnpenenunu BbIIE, MPO3PAaYHOCTh — 3TO
CBOMCTBO CTeKja. Ecimm crexkiia y Hac HET, TO U TOBOPUTH O
IIPO3PAYHOCTH HE MMEET HHMKAaKOr0 CMbICIA, IIOTOMYy 4TO
IPO3pPavyHOCTh CYIIECTBYET HE KaK CaMOCTOSITeNbHas (U3nvecKas
CYIIHOCTh, a KaK HEKas XapaKTCpUCTHKA CTEKJIA WM KaKOIo-TO
JPYroro BeUIeCTBa, MPOITyCKAIOUIETO CBET.

W ecTecTBEHHO, YTO CBOWCTBO HE W3 4YEro HE COCTOUT U
MO3TOMY IOLIYNaTh €€ MBI HE CMOXKEM. A 3TO 3HAYUT, YTO CBOWCTBO
MOYXET CYIIECTBOBATh TOJBKO C TE€M OOBEKTOM, KOTOpPOE OHO
xapakrepuszyer. Wnu  agpyrumu  cioBaMu, CaMO  CE0UCHIEO
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HemamepuanpbHo, XOTS HUMEET MAmepuaIbHblil  HOCUMEND.
[TonoOHOE MBOWCTBEHHOE TIOJNOXKCHHE CIIOXKWIOCH B HayKe C
HIOHATUEM IHepzusA. DHEPTUs — 3TO CBOWCTBO MATEPHUAIBbHOIO Tesa
coBepuiaTh paboTy. DTO caMoe NPOCTOE U KPAaTKOE OMpeieicHHE
SHEpPruH, KOTOpas TaK K€, Kak M IPO3pavyHOCTb, SBISAETCA
XapaKTEPUCTUKOW MaTepUalbHOTO Tela M MOXET CYIIeCTBOBATH
TOJILKO BMECTE ¢ HUM. T0 €CTh 3HEprus, TaK ke Kak U IpOo3pavyHOCTh,
UMeeT MaTepHaIbHBII HOCUTEIb.

Criexynsuu Ha TeMy SHEprHH, 00YCIIOBICHHBIE MTOTOJOBHOM
JIOTUYECKOW Oe3rpaMOTHOCTBIO HAyYHOTO COOOIIECTBa, OYKBaJIbHO
3aloJOHWIM  HayKy. IlogoOHO pa3nuyHBIM = 3KCTpaceHcaM U
miapjaTaHaM BceX MacTeidl, Yyd€Hble MHOTJa HECyT TaKylo
HECYCBETHYIO 4YYIllb O KaKOW-TO TEMHOW HSHEPIruH, JIbIOUIEHCS W3
KOCMOCa Ha 3eMIII0, YTO XOTh BCEX CBSTHIX BHIHOCH.

OpHako CTOMT TOJBKO 3aMEHHUTh TEPMHUH 'dHeprusa' Ha
0OBIYHOE CJIOBO "CIIOCOOHOCTH" WJIM CBOWCTBO COBEpILATH padoTy,
"oyph Ka)KIOr0 Cpa3y K€ CTaHOBUTHCSA OYEBHIHOHN'. DTO Kakou ke
HeoOy31aHHOH (haHTa3uel HaJo 00J1a1aTh, YTOOBI IPEACTaBUThH cebe
IOTOKHM KaKHUX-TO TEMHBIX CIIOCOOHOCTEH, M3Tyyarouxcs Ha 3eMITI0
u3 Kkocmoca?

EnvHCTBEHHBI MOTOK 3HEPTUM MOCTYMAKOUIMNA HA 3eMITI0 —
9TO MOTOK COJIHEYHOTo m3nydeHus. Ho Tak kak sHeprus — 3To BCEro
JIMIIB CBOMCTBO MAaTEPUH, TO CIEIOBATEIBHO, COTHEYHBIH CBET — 3TO
U €CTh MIOTOK MaTepHUaIbHbBIX YACTUL, UMEIOIIUX CBOMCTBO COBEPIATH
paboty. M 3TOT KOJIOCCANBHBIN MTOTOK YaCTHUI] COJIHEYHOTO U3TYUCHUS,
coBepmias paboOTy, MHIUIMOHBI JIET TOAJEPKUBAaeT Ha 3emiie
ONTUMAJIBHYIO TEMIIEpaTypy, HE JlaBasi €fl IPEeBpaTUTCS B JICISHYIO
rpl0y. W TOMBKO HUYTOXHYIO 4YacTb 3TOTO H3IYyYEHHS Mbl
UCTONb3yeM MJIs MOJY4YeHHs DJIEKTPUYECKOT0 TOKAa C IOMOILBIO
COJIHEUHBIX OaTapeil.

Ha sTom Oynem cuuTath, 4TO € SHEPrHEN MbI Pa300pauch, a
Teneps momnpodyeM pa3obpaThecsi ¢ paboroil. UTo ke 3TO Takoe,
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Beonroyust MATEPHH

pabora? PaGora — 3TO HEKOTOpOE HW3MEHEHHE COCTOSHUS
MaTEpUaIbHOTO TeJla, B PE3yJIbTaTe JEHCTBHUS HA HEro Ipyroro Tena,
obnanaromero sHeprued. Hampumep, ecim Mbl ypoOHUM THPIO Ha
KyCOK IUIACTHJIMHA, OHA pACIUIIOIIAT €ro B Jen€mky. To ecTh
U3MeHHUTCs (opMa KycKa IUIacTHIINHA.

OOBIYHO TOBOPSAT, YTO SHEPTHs THMPHU MpoU3Bena padoTy Mo
u3MeHeHuto  (opmbl  Kycka IutacTwimHa. M 3Ta  BecbMa
pactipocTpaHéHHass ~ OMMOKAa HMEET TOCTOSHHYIO  IPOIHUCKY
NpakTUYeCKH BO Bcex yueOHMKax. Ho, Kak MBI yxke ompenenuiu
BBIIIE, SHEPrUsl HEMAaTepHUalibHA U CJIE0BATEIbHO HUKAKOM paboThI
IPOM3BOAUTh HE MoOeT. PaboTy mNpou3BOAMT HE dHeprus, a
NaJaroIas oJ ACUCTBUEM Pa3HOCTH I'PaBUTALMOHHBIX IOTEHIINAJIOB,
TUPAL.

W xorma BaM pacckas3blBalOT, YTO YEJIOBEK MHCIIONb3YET,
HaIpUMep, SHEPTUIO0 BOJH JUIsl IPOU3BOJCTBA IEKTPUUYECTBA, TO 10
CYTH, 3TO OOBIKHOBEHHOE BpaHbe. UeIoBeK MCIOIb3yeT SHEPTHIO HE
BOJIH, @ BOJbI. A BOJHBI — 3TO IIPOCTO MEXAHU3M, [TO3BOJISIFOIINN 3Ty
SHEPIHUI0 UCTIOIb30BATh.

Jpyrumu cioBaMH BOJIHA — 3TO MEXAHW3M B3aUMOJICUCTBUS.
DTO JIETKO MOHATH Ha MpocToM npumMepe. Korna mbl Be3€M caHku 3a
BEPEBOUKY, TO BEpEBOYKA HE SABIACTCA CBOMCTBOM CaHOK WU
YEJIOBEKA, OHA SBJIAECTCA MEXAaHU3MOM B3aHUMOACUCTBHS MEK Y HUMHU.
Wi npocTo nocpeiHUKOM MEXy CAaHKaMH U YEJTOBEKOM.

Bor Tenepp, korga Mbl HPOSCHUIM HEKOTOPBIE OCHOBHBIE
TEPMUHBI, MOXKHO MIEPEXOANTH K pazpaboTke Hameil Teopun. [lepBeiM
U OCHOBHBIM TIOCTYJIATOM HallIeld TEOpPHH, OyJeT MOJIOKEHHUE, YTO B
IIPUPOJIE CYIECTBYET TOJIBKO MAMEPUSL.

To ecTb Bce TO, UTO MOKHO MOIIYNaTh. B mpupoie Bce cocTouT
U3 MaTepuM, a CJICNOBATENbHO, NPUPOJA — OTO M €CThb MaTepwus,
II03TOMY HUYEr0 HEMATEPUAIbHOTO, BPOAE BUPTYaIbHBIX YACTHUL] HIIU
KaKHX-TO MU(UYECKUX "ABIPOK", B IPUPO/IE HET U OBITh He MOkeT. U

11



Anexcandp BECEAOB

Ta Marepus HMEET OINpeeiI€HHbIE CBOMCTBA, KOTOpPHIE MOTYT
CyILIECTBOBATh TOJBKO BMECTE C HEM.

Kpome sHeprum, oAHMM M3 OCHOBHBIX (PYHIAMEHTAJIBHBIX
CBOMCTB, MNPUCYIIMX  MAaTEpUH, ABISIETCS  IAE€KMPUYECKUTL
3apa0. DKCIIEPUMEHTAIIBHO JaBHBIM-/IaBHO YCTAHOBJIEHO U 3TO JIETKO
OpoBepuTh  0€3  KakoW-mMbo  CIOXKHOM  ammaparypbl,  YTO
AIIEKTPUUYECKUH 3apsy ObIBaeT BYX MPOTHBOIOJIOXKHBIX THUIIOB WJIH,
KaK TOBOPAT YYE€HBIE JABYX 3HAKOB - IIOJIOXKUTCIIBHBIA W
OTPULATEIIbHBIN.

OTU TEpPMUHBI BHOCAT B (PU3UKY ONpPEACIEHHYIO MMyTaHUILy U
ObLI0 OBbI TOPA3/10 JOTUYHEE HAa3BaTh 3apsA/bl, HATPUMED, KPACHBIM U
CHHUM. A TIOYEMY — B 3TOM MBI pa30epEéMCsi HECKOJIBKO MO3XKe. 3apsia
MIPOSIBIISIETCS B BUJIE 2JIEKMPUUECKO20 NOA.

OKCIIEpUMEHTAJIBHO TaK K€ YCTAaHOBJIEHO M 3TO TOXE JIETKO
IIPOBEPUTH, YTO TEJIa UMEIOIINE OJUHAKOBBIE JIEKTPUUECKHE 3apsbl,
OTTAJIKUBAIOTCS, & MUMEIOLINE pa3Hble 3apsAjibl, NPUTATUBAIOTCS. To
€CThb Tela, B 3aBUCUMOCTH OT THUIIOB WJIM 3HAKOB 3apsioB,
B3aMMOJICUCTBYIOT 110 Pa3HOMY.

[To ananmoruu ¢ Npo3pavHOCTHIO, KAaK CBOMCTBOM MPOMYCKATh
CBET, MBI C ITOJIHBIM ITIPAaBOM MOKEM ONPEIEIUTH 3apPA0, KaK CBOMCTBO
WIM CHOCOOHOCTh MaTepuH B3auMojeiicTBoBaTh. (CienoBaTelbHO
npumsasicenue U OMmaiKueanue — 310 U €CTb 63AUMO0CUCMEU.

A cuibHBIE OHU WM cialble, 3aBUCUT TOJIBKO OT PACCTOSHUS
MEXIy B3aUMOCHCTBYIOIIMMHU OOBEKTaMH. M HEMOHSTHO 3TO, MO
BUJUMOMY, TOJIBKO TEOPETUKAM.

A Tak Kak MarepualbHblE Tela, WMEIOIIHUE 3apsjbl,
B3aUMOJICHCTBYIOT HA HEKOTOPOM PACCTOSIHUU, CJIEIOBATEIBHO 3apsij
— 3TO CEolICMEa Mamepuu 63aumooeiicmeosams Ha PACCHOAHUU.
To ecTh 3TO B3aMMOJAECHCTBHME HEKOHTAaKTHOE. MarepuanbHble Tela
BCErJa B3aUMOJCHCTBYIOT Ha pPACCTOSHMM, a 3HA4YUT 4epes
NIOCPEAHNKA, KOTOPBIM SIBIISIETCS noJie 3apAaoa.
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M Ttak kak mone, 3TO BCEro JHIIb TOCPEIHUK, TO TIpU
B3aMMOJICHCTBUSIX OHO HE U3MEHSETCSI.

Korna mbl mpubnmxaem Opyr K Apyry JABa MaTepHaTbHBIX
Tena, UMEIOIINE OJMHAKOBBIC 3apsAlbl, OHU OTTAJIKUBAIOTCS. 31€Ch
uMeeTcsl B BUJY, YTO OTTAJKUBAIOTCS HE 3apsAlpl, a Tena. IJTO
OPOUCXOOUT  IOTOMY, UYTO HOJAA  OOUHAKOBHIX  3apA00é
HenpoHuyaemsyl APYT IS Opyra U NpU COMMKEHUHW OHH YIPYTO
neopMUPYIOTCS, YeM M OOYCIIaBIMBAIOTCS CHJIBI OTTAJKHWBAHUS.
Korma mbl mpubnnxkaem APYyT K ApYyTy MaTepHallbHBIE Tella, UMEIOIIUe
MPOTUBOMNOJIOXKHBIE 3apsiibl, OHU HpuUTAruBaroTcsa. OmiaTh ke
MPUTSTUBAIOTCS HE 3apsi/ibl UK TIOJIs, a Tena.

OTO NOPOUCXOAUT TOTOMY, UYTO HOAA PAZHBIX 3apPA00E
cmpemamcea caumocea opye ¢ opyzom. llpy 3TOM y HHX TOXe
MPOSIBIISIIOTCS CBOWMCTBA YIPYTOCTH, HO TOJBKO MPOTHUBOMOJIOKHOTO
JIEUCTBUS.

Eciu 1Ba Tema ¢ MPOTHBOIOJIIOXKHBIMU  3apsiiaMu
NPUTSITUBAIOTCS O CONPUKOCHOBEHHUS, TO OHU OKAa3bIBAIOTCS
OKPYKXEHHBIMU JABYMS MPOHHUKIIMMH JIPYT B JIpyra M CIUBIIMMUCS
BMECTE 3JIEKTPUYECKUMHU NOJIsIMU. B nTore 3To MmpuBOIUT K TOMY, UTO
3apsiabl, KaK CBOWCTBa MaTepUH OOBEIUHAIOTCA, WX Oelcmeus
YaCTUYHO B3aMMHO KOMIICHCHPYIOT APYr Apyra M COJU3MBIINECS
Tena, B OOMIEM U  IEJIOM, OKa3bIBAIOTCS  2JeKMPUYeCcKu
HeumpanbHbIMU.

Cnedyem umembv 6 6udy, Umo KOMREHCUPYIOMCA MOJIbKO
deiicmeus  3apa00e, camu  yce  3apAovl,  AGAANOUUECA
HeoOMmveMaemMvlM C60IICHEOM Mamepuu, HUKyoa He ucue3aom.

Bor oTu, cnuBmiMecs BMecTe, JJEKTpPUYECKHE MO
MIPOTUBOMOJIOXKHBIX 3apsA0B M 00pa3yloT ZpasumauuoHnoe none
MaTepHaTbHOTO OOBEKTA.

WU ecnu MbI nonpoGyeM MpUOIU3UTh BA TAKUX DJIEKTPUUECKU

HelmpanbHpIX MaTEPUATIBLHBIX TEJA IPYT K IPYTY, TO ANEKTPUUYECKUE
HOJIs, OKpYXKaloIlIue WX, OyAYyT CTPEMHUTHCS YK€ B3aUMHO IOMAapHO
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CIUTBCS APYT C APYTOM, YTO NPUBEAET K MPUTSITUBAHUIO ITUX T
Ipyr K JApyry. A cienoBaTeNbHO — Tena,  oOanarolrue
2PasuUmMayUOHHBIMU ROAAMU OYIyT 6cez0a MPUTIATUBATHCA APYT K
apyry. W 3TO 3HAUWUT, YTO HUKAKOW AHTUTPABUTALMHM B IPHUPOIE
CYyILIECTBOBAaTh HE MOXKET, IOTOMY YTO OTTAJIKUBATHCS MOTYT TOJIBKO
TeJa, UMEIOLIUE OJIMHAKOBBIC SJIEKTPUUYECKUE 3apsiIbl.

3a mpumepamu Jalleko XOJWUTh HE HaIo, JoOble Tena,
Haxo[sIIMECS HA IUIAHETE, NPUTATUBAKOTCA K HEH C ONPENEIIEHHON
CWJIOH, 3aBUCSIIEH OT pacCTOSHUA 10 €€ MoBepXHOCTH. JIFoObIe Tena
BO BCEJICHHOW, 3BE3/bl, IUIAHETHI, aTOMbI, O00JAJal0T CBOUMHU
IPaBUTALMOHHBIMU TOJISIMH, KOTOPbIE XOTS M UMEIOT O€CKOHEUHBIN
paanyc IeHCTBUS, HO OYEHb CHIJIbHO OCJIa0EBaIOT C PACCTOSHUEM IO
00paTHO KyOMUECKOM 3aBUCUMOCTH.

U B cuty cBoero GECKOHEUHOTO paauyca NeHCTBUS, ITH MO
SIBISIIOTCS.  @e30ecyuwyeil  ynpyzoil  cpeooil, B  KOTOpOH
pacIpoCTpaHIOTCs TPaBUTALIMOHHBIE BOJIHBL. JTO TOBOPUT O TOM, UTO
HUKakoro 3¢upa, pu3naeckoro Bakyyma, CKa304HOTO IIPOCTPaHCTBA-
BPEMEHU WJIM KAKOTO-TO TPHUJEBITOr0 IApCTBA B MPHUPOJE HE
CYyILIECTBYET.

W xak Mbl yCTaHOBWJIY BBILIE, TPABUTALIMOHHOE 10JIE, KAK I0JIE
00pa3oBaHHOE AJICKTPUYECKUMHU TOJSIMH, TaK ke oOJagaeT
VIPYTOCTHIO U TIOATOMY JIF000€ TENO, JABUrasich B 'PaBUTAIMOHHOM
nosie, OyJIeT co3daBaTh B HEM YIPYTyH BOJHY CXKATHS, CKOPOCTh
KOTOPOW MOCTOSIHHA, MOTOMY YTO OMNPENENSETCS TOJBKO YHNPYTUMHU
CBOMCTBaMH 3IIEKTPAYECKUX MOJIEH, o0pa3yromux 3TO
rpaBUTAllMOHHOE moje. J{uHa 3TOW BOJHBI OyAET ONpeaensThCS
Pa3HOCTBIO CKOPOCTEM caMOi YaCTHIIBI U BO30YKIAaEMOM €10 BOJIHBI.

E€ M0>kHO onucaTp ClIeyOINM BbIpaXKEHUEM:

A=(Ve-Vu)lt,
rae Vua— CKOpOCTb YaCTHIIBI,
a Vs — CKOpOCTb, CO3/1aBa€MOM €10 TpPaBUTALMOHHON BOJIHBI
(ckopocmb ceema) (puc 14).
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Kak wu3BecTHO, CKOPOCTh BOJHBI B TPaBUTALUOHHOM IOJIE
coctapiisieT 300 000 KuUIOMETPOB B CEKYHIY. DTO TO, UTO YYEHBIE
OIMOOYHO HAa3bIBAIOT CKOPOCTHIO CBETa W KOTOpasl SIBISETCS
NOCTOSTHHOW. CKOPOCTh pacinpOCTPaHEHUS BOJIHBI B TPABUTALIMOHHOM
1oJIe, BEIMYMHA JEHCTBUTEIBHO MMOYTH IMOCTOSTHHAS U ONPENEIseTCs
TOJIKO €ro CBOWCTBaMHU. A TakK Kak MaTepHalibHbIE Tella MOTYT
B3aMMOJICUCTBYIOT TOJIBKO C IIOMOILBIO TOJIEN, TO CKOPOCTh BOJIHBI -
TO U €CTh CKOPOCTh B3amMmojaeucTBusi. CaMa e 4YacTUILa MOXKET
JBUTAThCS B TPABUTALIMOHHOM T10JI€ C KAKOM YyTOAHO CKOPOCTBIO, XOTh
MUJUITMOH KWJIIOMETPOB B CEKYHAY.

JlBurasicb B crienupu4ecKoil cpene, KOTOPYI MPEACTaBIISCT
co00lf TpaBUTAllMOHHOE TI0JIe, OOpPa30BaHHOE AJIEKTPUUYECKUMH
MOJIIMU TPOTHUBOIIOJIOKHBIX 3HAKOB, YacTHIa BO30YXKIaeT B HHUX
CUHXPOHHBIE TPOTHUBO(DA3HBIE BOITHBI C:KAaTUsI. TO €CTh, €CITH B KaKOH-
TO TOYKE MOJIOKUTEJIBHOIO JIEKTPUUECKOTO TOJISI Y BOJHBI CKaTHE
(rop®), TO B TOW >X€ TOYKE OTPHULATEIHLHOTO TIOJIs, HUMEIOIETro
IPOTHBOIOJIOXKHBIE CBOICTBA, OyleT pa3pekeHue (BauHa).

Jpyrumu cioBaMu, BOJIHBI B 2pAGUMAUUOHHOM HOJIE — ITO
nonepeunwle BOJIHBI HA TPAHUIE ABYX Cpell (JIEKTPUUYECKUX MMOJIEH) C
Pa3IMYarOIIMHUCS IPOTUBONOJIOKHBIMA CBOMCTBAMM.

DTO U €CTh T€ CaMbI€ 2PAGUMAUUOHHbIE BOJIHBI, KOTOPBIE B
¢duzrke onO0YHO HA3BIBAIOTCS IAEKMPOMAZHUMHBIMU.

[pumeuanne! Bakyym, mak xce Kak u r¢pup, no npedcmagieHuro
duszuxos, cpeoa 00HOPOOHAA, a4 B03HUKHOBEHUE NONEPEUHBIX GONH 6
00HOpOOHOIUI cpede Hego3modxcHo. Ho 6 cpasumayuonnom none,
06pa306aHHOM 6J10HCEHHbIMU Opyz 6 dpyza INeKmMpUUeCKumu noaiamu,
2PAHUUA MeXHCOY HUMU Cyuiecmeyem, NPAKMUuecKu, 6 000l mouke
IMozo nons.

Ji1s1 TOTO, YTOOBI IPUITH K BBIBOTY 00 3JIEKTPUUECKOU MPUPOJIE
rPaBUTALMU, JOCTATOYHO JJIEMEHTAPHOIO CPAaBHEHHUS OCHOBHBIX
dbopmyn 3akona Kymona wu 3akoHa "BCEeMHUpPHOTO" TATOTEHUS
Hprorona. Tak kak 3TH 3aKOHBI MPAKTUYECKU OMHUCHIBAIOT OJHO U TO
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K€ B3aMMOJICUCTBHE, TO MOJIYYAETCs, YTO 3TO OJIMH U TOT K€ 3aKOH,
"OTKPBITHINA" HEOAHOKPATHO.

bonee Toro, 3akoH A3TOT, MO-BUIMMOMY, BBIBEJECH YHCTO
FeOMETPUUYECKH, TaK KaK B OOIIEM BHUE OH OMHCHIBAET 3aBUCUMOCTh
na0wyadu ceUeHus 0000 TEIECHOTO YIJIa, OT PACCTOSHUS CeKyIIei
MJIOCKOCTH JI0 €TI0 BEPIIUHBL.

A Tak Kak MaTepuaibHBIE Tela 00IamarT 00BEMOM, TO
YBEJIMUEHUE €T0 pajauyca B 2 pa3a, IPUBOIUT K YBEIHUCHUIO 00bEMa
ATOTO TeJla U COOTBETCTBEHHO, KOJIMYECTBA €0 BEILIECTBA, B § pas.

A, crnemoBaTeNbHO, M €r0 CHUJIBl TPUTSHKEHHUS] TaK IKe
YBEIIMUMBAIOTCA B 8 pa3 Wi
MIPOIOPLIMOHANIBHO KYOY paauyca, a He
KBaJpaTy, Kak OLIMOOYHO CUUTAIH

Heroton u Kynos.
Pacnpenenenne  moTeHIMANOB

IPAaBUTALIMOHHOTO  TOJIsL  JII0OOTO
MaTepUaILHOTO O0BEKTa — IUIAHETHI

W 3BE3/bl rpaduvecku

Puc.2
MPEACTABICHO PUCYHKOM  (pHc.2).

['paBUTanIMOHHBIE CHJIBI NPUTSHKEHUS YBEJIMYUBAIOTCA
IPOMOPLUOHANIBHO K@y PpacCTOSAHUS OT LEHTpa IUIaHEThl |
NOCTUTAIOT MaKCHUMAaJbHOTO 3HA4YeHUs Ha €€ IOBEPXHOCTH. OJTa
3aBUCHUMOCTD OMTUCBHIBAETCS BHIPAKEHUEM:

Fm=kR3, 20e

k — ycnosuwiii koagppuyuenm nponopyuonanvrocmu,

HeoOX00UMbIl Ol CO2NACOBAHUA  PA3IUYHLIX — eOUHUY
usMepenUsl, OCHOBAHHbIX HA CIYYAUHBIX BETUYUHAX.

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

COOTBETCTBEHHO, 1O Mepe YyHaJleHUus OT TOBEPXHOCTH
MaTepuaibHOro Teja, CUjla €ro IPaBUTALMOHHOTO MPUTSKEHUS
YMEHBIIAETCS M0 TOMY K€ 3aKOHY M 3Ta 3aBUCHMOCThH OMHUCHIBACTCS
CJIEIYIOIIMUM BBIpAXKEHUEM:
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F=Fun/(r-R)3

IMpumeuanue! Hmenno wu3-3a Kyouueckou 3aeucumocmu
Kasenouwr mne cmoz oénapyycums cunvl npumsxncenun 150-mu
KU102pammosvix 00n6anoK u ucnonvzoean ¢opmyny Kynona ons
IeKmpuueckux 3apa006. H umenno noImomy amepukanysvl He cMOIU
npeepamump ceoii ""NEAR'' ¢ uckyccmeenmwlit cnymnuxk acmepouoa
Apoc. Tak nce, kak He npowén mom ''hoxyc' ¢ anonckum 30H0OM
"XAABYC'" na acmepouoe Hmoxasa.)

A Tak Kak CHJIbl TNPUTSHKEHUs, JEUCTBYIOIIME B IIEHTPE
MaTepUaJIbHOTO  OOBEKTa,  B3aUMHO  MPOTHBOTMOJOXHBI |
YPaBHOBEIIEHBI, TO CUJIa TPABUTALIMH, & CJIEAO0BATEIBHO U JABJICHUE B
HEM TMPaKTUYECKH paBHBI Hymo. [loatomy mrobas uwacTuia,
OKa3aBIIasiCsi B CaMOM IIEHTpe OOBeKkTa OyneT HaxoAWUTCS B
HEBECOMOCTH U MPU HE3HAUUTEIHHOM CMEUICHUH €€ B KaKy-Ir00
CTOPOHY, pAaBHOBECHE CUJI HAPYIIUTCS U YACTHUIA IEPEMECTUTCS B Ty
CTOPOHY, T/I€ TIOBEPXHOCTH OJIIKE.

Uto B uTOre npuBeAET K TOMY, YTO B LIEHTPE MAaTEPUAIBHOTO
Tena oOpasyercs myctora. Bor molaToMy mo0ble KOCMHUYECKHE
OOBEKTHI, aTOMBI W D3JEMEHTAPHBIC YACTHUIIBI, 3TO HYyCHOmeEble
obpaszosanus.

OTa MyCcTOTENO0CTh, KaK "TpaBUTALIMOHHAS CKOpJIyna" IpHUIAeT
aroMaM M 4YacTMLAM, a TaK >KE€ 3BE3/1aM M IUIAHETaM BBICOKYIO
MPOYHOCTh M CTA0MJIBHOCTh. 3eMJIsl, HAPUMEP — ATO MYCTOTEIIBINA
map ¢ TOJIMHOW CKOPIYNbI MPUMEPHO, OKOJIO 2 THICSY KHJIOMETPOB,
C BHYTpPEHHEW aTMoc(epoli NPUMEPHO TAaKOH XKE€ TONIIUHBI H
BaKyyMOM B CaMOM IIeHTpe (puc.25).

['paBuTanimonHoe  moje, OOpa30BaHHOE  OJWHAKOBBIMHU
ANEKTPUYECKUMHU  TOJSMH  Pa3HbIX  3HAKOB, TEOPETHUYECKH,
UEHMPAIbHO CUMMEMPUYHO W €TI0 BEJIUYWHA 3aBUCHUT TOJBKO OT
(bU3HYECKUX pa3MEpPOB ATOTO MaTEPHATLHOTO Tela.

s Toro 4TOOBI ABUTATHCS Jalbllie HaM HEOOXOIUMO Ha
HEKOTOPOE BPEMs BEpHYThCS K CTpoeHUI0 aroma. Kak Op10 ckazaHO

BbIILIE IJIaHETapHas Mojenb Pesepdopaa u kBanToBas Mozaens bopa,
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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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KOTOPBIMU  ONPENEIAIOTCS WX  azpecamuvle COCMOAHUA U
e3aumooeiicmeus opye c opyzom (puc.4).

Ilpumeuanue! Drnemenmapnvie uacmuyvl max dnce umerom
acumMmempuio 2pasumayuoHHbIX nojeil, 00yCci061eHHYI0 NPUTURUIUMU K
HUM Cy0INeMeHmapHuimu yacmuyamu. Acummempusn 2pagumayuOHHbIX
noneit uwacmuy, amomos U OpyuUx MAaAmMepuaIbHLIX O00BHEKMOG,
odycnoenena  ceolicmeamu  mamepuu,  Komopvle  hopmupyom
chepuueckyro mempukxy 6celeHHOIl.

Hmenno 61azooapsa chepuuecxkoii mempuxe, mamepus 6ce1eHHOl
He coopanace 6 00UH 0OO0ALUWION KOM, a 00paszyem 3Ir1emMeHmapHvle
yacmuybsl, amomvl, 36e30bl U NIAHEMbl, UMEIOUie ACUMMEMPUUHbIE
2pasumayuonnsle noaA. B esknudoeoit mempuke 360110uusa 6ceyieHHOI
ObL1a 0b1 HE6O3MOIICHA.

AcuMMeTpHeil TPaBUTAIMOHHBIX TOJIEH aTOMOB WJIM MOJIEKYJ
BEIIECTBA ONPEAEIAETCA U BEC 3TOr0 BEILIECTBA B I'PABUTALMOHHOM

fose 110J1€ 3eMJIM WM APYTUX KOCMUYECKUX

-— — TN THOSD
Tapada

Hlare
PR IMETE NGO —
serpeh ™

ten. IlpeoOmamanue oTpHIIATENBHOM
aCUMMETpPUHU T'PAaBUTAIIMOHHBIX MOJEH

. ‘I ._4 | veony | KOCMHUYECKHX OOBEKTOB M aTOMOB B
' " | 10#f 0GMACTH BCENEHHOMH, B KOTOPOii
seadocen o HAXOJUTCS Harie raJIakTHKa,

Puc.4 00BACHAETCS HEU3MEHHOCTHIO

3aKOHOB JBOJIOLMM s JIOOBIX MAacHITa0OB  CYIIECTBOBAHHUSA
MaTepHH.

Tak kKak B IIEJIOM BO BCEJICHHOW HE MOXET OBITh Pa3HOTO
KOJIMYECTBA IIPOTUBOIIOJIOKHBIX 3apsA70B, TO 3TO 3HAYUT, YTO B HEU
TaK K€ CYIIECTBYIOT OOJIACTH, COCTOSAIIME W MaTepuu, UMEIOLIeH
MOJIOKATEIBHYI0 aCUMMETPUIO TPaBUTALIMOHHBIX IIOJEH, KOTOPbBIE
HUKOTAa He OyayT AOCTYIIHBI AJIs1 OPraHOB HAIllero 3pEHUsl.

OTO U eCcTh Ta camas TEMHas MarepHs, KOTOPYIO IBITAIOTCS
HaTH y4éHble. [‘alaKTMKW, 3BE3bl M IUIAHETHI, COCTOAILUE U3
MaTepUH C IOJOKUTEIBHON aCUMMETPUEH I'PaBUTALMOHHBIX IOJIEH
aTOMOB, Mbl HUKOTJ]a HE CMOXEM YBHUJETb, IIOTOMY YTO YACTHIIBI C
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MOJIO)KUTEIBHBIM 3apsoM, M3IydaeMble 3BE3AaMM COCTOSLIUMH W3
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
o0HUTaTENSIMU KOTOPOTO Mbl HUKOT/Ia HE CMOXKEM YBHUJIETHCS BOOUHUIO
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
o0Jaaro1as moJoKUTEIbHONH aCHMMETPUE TPaBUTALIMOHHOT O TTOJIL.
NmenHo nostoMy npotoH Becut B 1800 pa3 Tsxkenee 31eKTpoHa.

Kcratn, 3aragka TYHTYCCKOTO METEOpPHTa MOXET OBITh
00BsICHEHA TEM, YTO METEOPHUT COCTOSUT M3 ITOM CaMOd TEMHOM
MaTepUH C IOJOKUTEIBHON aCUMMETPUEH I'PaBUTALMOHHBIX IOJIEH
atomoB. HeOospIIoii KycOK TEMHOW MaTrepuu Bpe3ajcs B 3eMIIIO,
MOBAJIUB yIAPHOW BOJIHOM Ta&XHBIE NEPEBBA.

Pacceimarecs OH He MOI Tak Kak, oOjiamas MOJOKHUTEIbHOU
acUMMeTpuel, Bcocal B ce0sl 4acTh BBIACNAIOMIUXCS B BO3AYIIHOMN
yIapHOH BOJHE, 3JIEKTPOHOB. A 3HAYUT MCKAaTh HYXHO HEOOJBIIYIO
"neIpKy" B 3eMHOW Kope. JlIs 3TOro HY)XHO HCIIOJIB30BaTh
IrpaBUMETPBl, TaK Kak B TOYKE TAJECHUA METEOpUTA CHJIbI
IPAaBUTAlUOHHOTO  TPUTSIKEHUST  JOJDKHBI  OBITh  HECKOJIBKO
YBEJIUYEHBI.

OO6menne ¢ oburTarenssMu ATOTO TEMHOTO MHpa BO3MOXKHO
TOJIBKO IMOCPEACTBOM PAAUOCBS3H, TOTOMY UTO YAaCTHILIBI U3Ty4YEHHBIE
3BE3/IaMHU C MOJIOKUTEIBHOM aCHMMETPUEN IPaBUTALIMOHHOIO IOJI,
COIPOBOYKAAOTCS AaHAJIOTMYHBIMY I'PaBUTALMOHHBIMU (3M.) BOJIHAMH,
YTO ¥ YaCTULBI C OTPULATEIbHON ACUMMETPHUEM.
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YBUJETH 3BE3/IbI, COCTOAIIUE U3 TEMHOW MaTEPUH MOKHO JIHIIb
B paJuojuana3zoHe, €clii MPUBECTU TPaBUTALMOHHBIA (OH HIIM TaK
HA3bIBAEMOE PEIIMKTOBOE M3IydeHHE K cepomy 1BeTy. Torna 3Be3abl
COCTOSIIIME W3 CBETJIOW Marepu (MaTepuu C OTPULIATEIBHOMN
acummeTpuei) OyayT BUAHBI Kak Oejble MSATHA, a COCTOSIINE U3
TEMHOM — KaK YepHBbIE.

C »TOl TOYKM 3pEHMS, TaK Ha3bIBa€Mble MYyJIbCapbl — 3TO
JBOMHBIC 3BE37Ibl, BPAIAIOIIMECS BOKPYr IPYr JApyra U OJHA W3
KOTOPBIX HWMEET TOJOXKHUTEIbHYIO, a Jpyras — OTPHUIATEIbHYIO
ACUMMETPUIO TPAaBUTALMOHHBIX MoJIel. M MX MIOCKOCTh BpalleHUS
JOJI’KHA COBMAAATh C IUIOCKOCTHIO AKIMITUKH HALIEH ralakTHKU.

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

W yem MeHbIlle acCHMMETpPHSI TPABUTAIIMOHHBIX TOJIEH aTOMOB
BEIIIECTBa, TeM OHO TBEpke. Camast BBICOKasi TBEPAOCTh U IPOYHOCTH
MOKET OBITh TOJBKO IPU HYJIEBOW aCHMMETPHH WM aOCONIOTHOMN
CUMMETpPUHU TPAaBUTALMOHHBIX TOJIEH aTOMOB BEIECTBAa, KOTOPas B
cuiy cQeprudeckoll METPUKH BCEIICHHOW, MPAKTHYECKH TaK JKe
HEBO3MO’KHA, KaK HEBO3MOKHO CYIIECTBOBaHUE aOCOIIOTHOTO HYJIS B
CTaHIApPTHOWU MOJIEIIH.

DT0 00BSACHSAETCS TEM, YTO HEBO3MOKHO YIOXKHUTH OJMHAKOBOE
KOJIMYECTBO C(HEepUYEeCKUX YaCTHUIl, UMEIOIIUX IMPOTHBOIIOIOKHBIE
3apsibl, B cepudeckuii o00beM aroma. Tak niin HHaYe UX KOJTUIECTBO
OyIeT HEeCKOIbKO pa3nuyaTrhes. M 1oka3aTenbCTBOM 3TOTO SBISETCS
TOT (akT, YTO OTHOILIEHHE JIMHBI OKPY)KHOCTH K JAHAMETPY —
O6eckoneunas aApoow. To ects uncno u.

TBEpabie Tena MOUYTH HECKUMAEMBI, TaK KaK M3-3a HEOOJIbIION
ACUMMETpPUU 3a30pbl MEXIy aroMamMH MHUHUMAalbHBL. Hekoropoe
C)KaTHe BEIIECTBA BO3MOKHO M3-32 ITHX HEOOJBIINX 3a30POB MEKIY
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aTOMaMH, a TakXe H3-3a COJEp)KaIllMXCsi B HEM aTOMOB Ta3o0B,
MMEIONIHNX 3HAYUTEIbHYIO aCHMMETpHUIO (puc.4).

Paznom TBEpmoOro Tera MpOXOAUT MO 0OJACTAM C OOJBIIUM
COJIEp’)KaHMEM pACTBOPEHHBIX B HEM pa3IUYHBIX MpuMeceil u
MOBEPXHOCTh pa3jioMa U3-3a OOJBIIMX CHJI MPUTSHKEHHUS MTHOBEHHO
O6JI€HJI$I€TC$I MOJICKYJIaMHU BO3]1yXa. W ecnu cnoxuthb pa3JiIOMaHHbIC
YacTH BMECTE, TO M3-3a MPOCIONKHA MOJIEKYJ BO3JlyXa IIEJIOT0 KycKa
MOJIYYUTh YK€ HE YOACTCA.

[IpwnoxuB odYeHb OONBIIOE MABICHHE K KyCKaM MOXKHO
BbIIaBUTH OOJIBIIMHCTBO MOJIEKYJ BO3/AyXa M3 pa3jioMa M KYCKH,
HENOCPEACTBEHHO  COMPUKOCHYBIIUCh, COEAMHSTCS. ITO, TakK
Ha3bIBacMasi, CBapKa JaBJIEHUEM, KOTOpas CHJIbHO OOJerdyaercs B
BakyyMme. MIMEHHO u3-3a TOTO, YTO B BaKyyMe€ CBapUJIMCh IIapHUPHI
JIOKa KOCMUYECKOT0 KOpabJIsi, P BBIXOJIE B OTKPBITHI KOCMOC 9YTh
OBLIO HE TOru0 KOCMOHABT JICOHOB.

2) Amomwbl dcuoKocmeil umerm HECKOIbKO 0OO0abUiyIo
acummempuio, yem amombvl meépovix mei, U pacnoaazarmcs c
HECKOJIbKO 001bMUMU 3a30pamu, NOIMOMY UMEIOM 603MONCHOCHLD
J1€2KO CKOJIb3UNb OMHOCUMENbHO OpY2 Opy2a.

OTON JNErKOCTHIO CKOJIBKEHHsSI OOYCIIaBIIMBAETCS CBOWCTBO
TEKYy4eCTH KHUAKOCTEH 1 OTCYTCTBUE B HUX TpeHus. B cuity Toro, uro
3a30pbl MEXAY aToMaMH TOXE JIOCTATOYHO Mallbl, MKHUAKOCTU TOXKE
MPAKTUYECKH HEC)KUMaeMbl. He3HauuTeNbHOE CKaTHe KUIKOCTEH TaK
7K€ BO3MOXKHO JIUIIb U3-3a PACTBOPEHHBIX B HEW MOJIEKYJI ra30B.

AcuMMeTpUsl TpaBUTALIMOHHBIX I10JIEH aTOMOB pPa3IMYHBIX
KUJKOCTEH TaK jKe MOXKET OYeHb CHIILHO pa3inyaThcs. BemecTBa co
CPaBHHUTEIHHO HEOOJIBIION PA3HOCTHI0 ACUMMETPUI JIETKO BCTYMAIOT
B "XUMHUYECKHE" PEaKLHH JPYT C APYTOM U JIETKO CMEIIHUBAIOTCS, a C
0OJIBIIION Pa3HOCTHIO, HAOOOPOT PACCIIAUBAIOTCA.

Pa3HocTh mOTEHIIMANI0B, BO3HUKAIOIIAS B PE3Y/IbTaTe KOHTAKTa
MCKAY KUAKOCTHKO U TBép,Z[bIM TEIOM, OGYC.HOB.HGHHa}I PAa3HOCTBIO
aCI/IMMeTpI/Iﬁ rpaBUTAllMOHHBIX nojied Hux aTOMOB, ITIO3BOJIACT
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CO3/1aBaTh "'XUMHUYECKHE" UCTOUHUKH NIEKTpUUIECKOro Toka. [lpuuém,
yeM OoJibllie Pa3HOCTh aCUMMETpHui, TeM Oosiee 3¢ GdEeKTUBHbBIE
UCTOYHUKM TOKa MosydaroTcs. Tak 4ro Jo0ble, Tak Ha3bIBaeMbIE
XUMHYECKHE  pEeakluuu  HUMEIT  (U3NYECKHE  MEXaHU3MBbI
B3auUMOJICUCTBHUI.

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

Kungkocth, wuMeromas TOpa3lo OONBIIYI0 ACHMMETPHUIO
IPABUTALMOHHBIX II0JIEW aTOMOB, OTHAET 3apsAlbl aTOMaM TBEPAOIO
Tena, YBEIMUMBasg MX acuMMeTpuio. [Ipu 3ToM cuibl MpUTSDKEHUS
MEXIy aToMaMu TBEPAOrO Tejla YMEHbBINIAIOTCI U OHO Jierde
pacnagaeTcs Ha OTAENbHbIE aTOMBI (pacTtBopsieTcs). I yem Bblle
Temreparypa (acCUMMETpusi) KMJIKOCTH, TEM Jerde pacTBOpSETCS B
Hel TBEPAOE TENO.

C razamu Bce MPOUCXOIUT HA000pOT. ['a3bl, nMeromue ropasao
OOJNBIIYI0 AaCHMMETPHIO TPAaBUTALMOHHBIX TIONEH aTOMOB, YeM
XKUJKOCTH, JIETde PacTBOPSIOTCS B XOJOTHOW BOJE, TaK KaK aTOMBI
ra3oB CcaMd OTJAIOT 3apsbl aTOMaM BOJbI, YMEHbINAs Pa3HOCTh
ACUMMETPUH, YTO MPUBOJIUT K YBEIMUEHUIO CUJ IPUTSKEHUS MEXKIY
aTOMaM{ Ta3a W JKUAKOCTH. W mpu HarpeBaHUU >KUIKOCTH €€
aCUMMETpHUs, KaK U aCHMMETPHsI ra3a YMEHbBIIIAETCS U PACTBOPEHHBIE
ra3bl HAUYMHAIOT OYPHO BBIIEIATHCS B aTMOChepy.

3) Amomwr 2a306 umerwwm 00601bHO 3HAYUMETLHYIO
acummempuio  Z2pAGUMAUUOHHBLIX  noJiell (3HauumenvHulil
u30bLIMOYHLIL  3aps0), 6 pe3yibmame KOMOPOU Meyucoy HUMU
npeobnadaiom cunibl OMmMaiIKUEaHUA.

OTU cuiibl OTTAJKMBAaHUS MEXIYy aTOMaMHU Traza 3acTaBisIOT
ra3pl OECKOHEYHO paciupsThes. Ho mpu BHeNIHEM AaBlIEHUU Ta3bl
JIETKO C)KUMAIOTCS U KOTJ[a MEX]ly aTOMaMU ra3a o4t He OCcTaéTcs
MOJIEBBIX ~MPOMEXKYTKOB, Ta3 TMpEBpalllaeTCsi B  MHCUOKOCHIb.
"Camockatue" Taza B CIEACTBHH, SKOOBI, TPaBUTAIMOHHOTO
NPUTSDKEHUST aTOMOB JIPYT K JAPYTY, SBISETCS TMOTHEHIEH JyIlIbio,
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KOTOPYIO ~ HECyT  JIoad ¢ yoormmMu  OOBIBATEIbCKUMU
IpeCTaBICHUAMH O Npupoje rpasutanuu. [lagenne marepun camoi
Ha ce0s, KOTOpOe TMPEACTaBIseT COOOM, TaK Ha3bIBACMBIN
IPaBUTALIMOHHBIHN KOJIJIAIIC, IO CYTH, PABHOCUIIBHO MOJHATHIO CAMOTO
ce0s1 3a BOJIOCHI.

Uem Oombllle acUMMETpHsl TPaBUTALMOHHBIX MOJEH aToMOB
rasa, TeM MEHbIIE ra3 BECHT B IOJIE TATOTEHUS 3eMIH. ATOMBI U
MOJIEKYJIBl  BOZOPOAA, HAmpuMep, OONagaroT OYeHb OOJIbIION
acUMMeTpuel, crnabo MPUTATHBAIOTCS 3eMilei U MO03TOMY
BCTPEYAETCs TOJILKO Ha OU€Hb OOJIBIINX BBICOTAX.

Yem Oosblle acUMMETpHsI T'PaBUTALMOHHBIX IOJEH aToMOB
ra3a, TeM MEHbIIE ra3 BECUT B IOJIe TATOTEHUs 3eMIM. ATOMBI U
MOJIEKYJIbl ~ BOJIOPOJA, HAmpHUMep, HUMEIT OuYeHb OOJIBLIYIO
ACMMMETPUIO U BCTPEYAIOTCS TOJIBKO Ha OU€Hb OOJIBIINX BBICOTAX.

Kak Oput0 moka3zaHo Bbilie (puc.2), TPABUTALMOHHBIC CHIIBI

TATOTEHUS OYEHB OBICTPO YOBIBAIOT C

HACTHOA

"'-"‘-;’—4—‘ ~— YBEJIMYCHMEM  pacCTOSIHUA  OT
T TSATOTCIOMIUX TEJ, TMO3TOMY CHIIBI

nputsbkeHuss CosiHIla U 3eMJIM Ha
paccTosHur 150 MUJUTHOHOB
KHJIOMETPOB, HACTOJIBKO HUUTOXKHBI,
Puc.5 yTo 3eMiisi, BO BpeMsl JBIKCHUS,

TPARATALROHHOE
moae

octaércs Ha  OpOUTE  TOJIBKO
Onarosapst 0J1H080MY 63AUMOOECIICIEUIO C TPABUTAIIMOHHBIM T1OJIEM
Connua.

J1st TOro 4TO OBl MOHATH MPUPO,TY BOTHOBBIX B3aUMO/ICHCTBHH,
JIOCTAaTOYHO  paccMoTpeTh  "»ddext”, Tak  Ha3bIBAEMOTO,
2pasumayuonno20 aunzuposanusn (puc.S). OH 3aKIII0YAETCA B TOM,
YTO 4YacTUIa, IMpOJETalollas MHUMO TATOTEIOUIEr0 O00bEeKTa, B
pe3yapTaTe BOJIHOBOIO B3aUMOJEWUCTBUS C €ro TPAaBUTALMOHHBIM
IOJIeM, M3MEHSIET CBOIO TPACKTOPHIO B CTOPOHY 3TOr0 OOBEKTa,
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co3maBas  WUIO3MI0  npuTspkeHus.  [logo6HeiM  "addexrom”
00BbscHSEeTCS U AU(PAKIUS YACTHUI] HA Y3KUX IIEIAX.
OOBsICHACTCS 3TO TEM, YTO BOJIHA, CONPOBO’KAAIONIAs YACTHUILY,

a b

CO CTOPOHBI OOJIBIIICH HAPSXKEHHOCTH

o 10JIA HCIIBITBIBACT Ooublee
| onnene, e
\

MIPOTUBOIIOJIOKHOM, 4YTO M CO3HAET

unuwens
AMPPAKLNA NaCTAY Ha wenAX

Puc.6

OTKJIOHSIOIIUY MOMEHT, U3MEHSIIOIIUN

TPACKTOPUIO YACTHIIBI B CTOPOHY
TATOTEIOIIETr0 00beKTa. I 4eM BhIIIe CKOPOCTh YaCTHIl U YeM OJIHKe
UX TPACKTOPHS K TATOTEIOMIEMY TETy, TEM CHIIbHEE OHH OTKIIOHSIOTCS
(puc.6). OnHako OonplmHe y4E€HBIC JO CHX IOP HHUKAaK HE MOTYT
MOHATh, KaKUM 00pa3oM CO3/1al0T MHTEPPEPEHIIMOHHYIO KapTHHKY
YaCTUllbl, MPOJICTAIONUC CKBO3b Y3KHC IICIIH. UM un HGBI[OMéI(, qTo

YacTHIIA, IPOJIETAIOIIAs qepes
comennwenysn | CEPEIMHY ILIENH, HE OTKIOHAETCA, a
YacTHIA, TMPOJICTAIOmas pSIIOM C
KpaeMm miend, B pe3ynabTaTe dddekra
IPaBUTAIIMOHHOTO JIMH3UPOBAHUS,
OTKJIOHSIETCSI B CTOPOHY 3TOro kpasi. U

Puc.7 MOATOMY WM TMPHUIUIOCH H300pecTH
HEKMI XWUTPOYMHBIH, HO YOOTMH TIPUHIUIT KOPIYCKYJISPHO-
BOJIHOBOTO JIyallu3Ma, TI0 KOTOPOMY YaCTHUI[A MOXKET MPeBpaIaThCs,
1Mo1I00HO JKUHY U3 BOCTOYHOW CKa3KH, TO B YACTHILY, TO B BOJHY. [0
TOM MPUYMHE, YTO YACTHUIBl, MUMEIONIHE OOIBIIYI0 CKOPOCTh U
BO30Yy)KAaromue 0oiee KOPOTKHME BOJTHBI B TPABHUTALIMOHHOM TIOJIE
IJTAHEThI OTKJIOHSIFOTCS CHJIbHEE, 3aKaTHOe HE0O MMEeT KpaCHOBATHIM
OTTEHOK (puc.7).
[TonoOGHBIM k€ 3¢ (HEKTOM T'PaBUTAIMOHHOTO JIMH3UPOBAHUS
00BSCHSIETCS IPUTSKEHUE MapajlieIbHbIX TOKOB, IPUTSKEHUE CY/I0B
Ha MapaUIeNbHBIX KypcaX, a TAK)Ke YMEHBIIICHUE JaBICHUS )KUKOCTH
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HJIM rasa npu yBCIWMYCHUH CKOPOCTU JABUKCHHA B Y3KOM CCUCHUU
TpyOBbI, a Takke aBTO(HOKYCHPOBKA JTyda Jiazepa 00JIbIIONH MOIIHOCTH.

airs s AHajgornyHas CUTYyalUst
5 - HaOJTI0AaeTCs ¥ TP JBYDKEHUH TUTAHET
P no op6utam. Ilpu JABIKEHHH TIO

L \‘ | opOute, ruiaHeTsl BO30YKIAIOT BOJIHY

( ‘> B TPaBUTAIlMOHHOM IIOJI€ 3BE3JbI U
Pa3HOCTb CKOPOCTEM 3TOW BOJIHBI, B

Puc 8 061acTAX c pasIMYHOM

HaIpsOKEHHOCTBIO  TOJS,, HM3MEHSET
TPACKTOPHUIO IUIAHEThl B CTOPOHY OOJBIIEH TUIOTHOCTH IOJIA,
yaepxuBas e€ Ha opouTe (puc.8), 1 OTHOBPEMEHHO PUAAET TIaHETE
HEKOTOPbIY BpAIIAIOIIUA MOMEHT.

Cuibl iputspkenust JIyHbl, HanpuMep, Ha TaKOM PACCTOSTHUU
HACTOJIBKO HHMYTOXKHBI, YTO HE TOJIBKO HE MOTYT J1e()OpMHpOBATH
3eMHYIO KOPY WJTU yJepKaTh €€ Ha OpOUTe, KaK CUUTAIOT YUEHBIE, HO
JlaKe HU B MaJIeUIled CTEeTEHU, HE BJIMSIOT Ha Hall Bec. Ecnu cuiibl
nputsokeHus JIyHbl ObUTH OB CHOCOOHBI TOTHUMATh MIJIJTMOHBI TOHH
BOJbl B OKE€aHE, TO B3BECUBLIMCh Ha IMPYKUHHBIX BECaX BO BpeMs
MPWINBA U OTJINBA, MbI ObI 3aMETHIIN CYIIECTBEHHYIO pa3HUILY B BECe
HalIero Tena. ..

B peanpHOCTH, MPAaKTMYECKHM HEBECOMAsl B MOJIE€ TATOTEHUS
Conaia 3emiist MPOCTO MOKAYUBASTCS Ha OPOUTE TPAaBUTAIMOHHBIMU
BOJIHAMUA OT JBWXeHHs JIyHBI W 93TO MOXHO HaOII0IATh
HEBOOPYKEHHBIM TJIa30M IO OKEaHCKUM mnpuiuBaM. OKeaHbl
pearupyroT Ha packauyMBaHUE 3e€MJIU U €€ CYyTOUYHOE BpalleHUue, KaKk
BOJIa B Ta3UKE MPH €ro NOKaYMBaHUU.

DTO MPEKPACHO COIJIACYETCSl ¢ HACTOSIIEH TEOpUEH, TaK Kak
MIPUWIMBHBIE BOJHBI B PAa3HBIX OKEAHAX Pa3JIMYHBI 10 BEIUYMHE U HE
coBnamaroT ¢ ABwkeHueM JlyHbl. Cunbsl nputTskenuss ConHua Ha
TaKUX PACCTOSIHUSX JI0 IJIAHET HACTOJIbKO HUYTOXKHBI, UTO IJIAHETHI B
€ro IoJie TArOTEeHUs MPAKTUYECKH HUYETO HE BECHT.
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Ho BonHBI, KOTOpBIE OHU BO30YXTAIOT MPHU JBHKEHUU TIO
opbuTam B rpaBuTalinoHHOM Tojie CoiHIIa, TaK WM HHAYE BIUAIOT Ha
XapakTep JBUKEHHS COCEAHHX IUJJaHEeT M DJTO BbIpa)kaeTrcs B
HE3HAYUTENbHBIX KOJIE€OaHUSIX UX CKOPOCTU U HANPaBIIEHUS, KOTOPbIE
HaspiBatoTcs  JuOpauusmu. CoslHIIE Tak K€  pacKayMBaeTcs
IPaBUTALMOHHBIMU BOJIHAMHU OT JIBHDKEHUS TUIAHET U B €r0 JKUIKOU
000JI0YKE MPOUCXOAIT aHATIOTHYHBIC TPUIIMBHBIC SIBIICHUS.

OObIBaTeNbCKUE  TPEICTABICHHUS ~ MHUPOBOTO  HAyYHOTO
coo0ImecTsa O MPHUPOJAE TPaBUTAIMH TPHUBEIU K HU300pPETCHUIO
aObCypIHOTO TMOHSTHS TPABUTAIMOHHOIO KOJUIANCa, KaK MajeHHs
MaTepuu caMoil Ha ce0si, MO CYTH, YTBEPHKIAIOLIEro BO3MOXKHOCTh
MOJIHATHUS CaMOro ce0sl 3a BOJIOCHI.

[IpaBna 5TO HE OYEHH-TO MOMOIJIO YYEHBIM B IO3HAHUU
MPHUPOJIBI U OHU YK€ O0Jiee CTa JIET UIYT I'PaBUTAIIMOHHEIC BOJIHEI, HE
MOJI03peBasi, YTO YEIIOBEYECTBO YK€ JIaBHO IIOJIb3YeTCS STUMU
IPaBUTALMOHHBIMU BOJTHAMH IS PATUOCBsI3U. TOBKO Ha3bIBast UX HE
IPaBUTALMOHHBIMH, & SJICKTPOMArHUTHBIMH.

KoHcTaTupys BelllieckazaHHOE, YTOUHUM OCHOBHBIC TEPMUHBI.

"Mamepusa, smo 6ce, umo cyuiecmeyem He3A6UCUMO OMm
Hawie2o coznanusa''.

Martepusi, 3T0 Oe3HavanbHas ¥ OECKOHEYHAs BCEJICHHASI.

"Mamepua umeem uacmuyHoe CmMpPOEHUE U MONHCEm
opooumuca 6Oeckoneuno''. OHa MOXKET IpoOMTCS HAa aToOMbI, Ha
3JIEMEHTapHBIE, cy0dJieMeHTapHbIe, CBEpXCyO3JIeMEeHTapHbIC
YaCTHIIBI ¥ TaK Jlajiee J0 OECKOHEUHOCTH.

"Ocnoenvie ceoiicmea mamepuu, 3apa0d, IHEPeUA U
HenpoHuyaemocms, "'

"3apsao, amo ceolicmeo mamepuu, odyciasiusarouiee
63aUMO0CUCMBUA MAMEPUATLHBIX 00BEKM 08 OpPY2 C OPY2OM.
3apsi nposiBisieTcs B BUJE MOJIS.

""Ilone, 3mo nocpedHUK npu 63aumMo0eiicCmeusx MamepuaibHvlx
men''.
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[Tone - mOTEHIMANBHO, MOATOMY OMNHUCAaTh €ro B paMKax
€BKJIMJIOBOM T€OMETPUN TPUHLIUITUATIBLHO HEBO3MOKHO.

[Tose o6yamaeT CBOMCTBOM YIIPYrOCTH, MIO3TOMY B HEM MOTYT
BO3HUKATbh U PACIIPOCTPAHSTHCS YIPYTHU€ BOJIHBI CKATHUSI.

"Bonna, 3Imo  MmexaHuzm  63AUMOOCUCHMEUA  MENHCOY
Mmamepuanvhuvimu meaamu''.

"Inepzus, Imo ceoitcmeo mamepuu cosepuiams padvomy''.

A TO3TOMY HUKAaKOH XMMHUYECKOW, OMOJIOTMYECKONM M KaKou-1mnbo
JIpPYroy DHEPruu HE CYLIECTBYET.

"Henponuyaemocms, 3Imo  C60licMeo, UCKI0Uawujee
603MOMCHOCHb CYUWLECIME0BAHUA MAMEPUATLHBIX 00bEKM 08 Opy2 6
opyze''.

CBOWMCTBOM HENPOHUIIAEMOCTH MAaTepUu OOBICHSIETCA €&
HEC)KMMAaeMOCTh U NPOTSHKEHHOCTh. (CKMMaeMoCTh  BEIIecTBa
OoOyCIIOBJICHA  IIMIIb  YIOPYTOCTBIO  DJCKTPHUUECKUX  TOJICH,
OKPYKAIOIIMX aTOMBI H3 KOTOPBIX 3TO BEIIECTBO COCTOUT.

"leusicenue, 3mo uzmenenue cOCmoAHUA mamepuu''.

JIBuKeHHE — 3TO HE MPUYHMHA, a CIEACTBHE CYIIECTBOBAHUS
MaTepuu, 00yCIOBIIEHHOE €€ CBOMCTBAMH.

OTO HE XAOTHYECKOE€ METaHHE M3 CTOPOHBI B CTOPOHY, Kak
YTBEPKAAIOT TICEBJAOHAYYHBIE MOJEKYJISPHO-KHUHETUYECKass TeopHs
WIM Teopus CTPYH, a OJHOHANPABIEHHBIM MpPOIECC H3MEHEHUS
COCTOSIHUSI MAaTEPHH — CUHMIE3.

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

Hukakux cun Jlopenna, Kopuonuca, ApxuMena uiam Koro-to
emé, B MPUPOJE HE CYIIECTBYET, BCE CHJIBI UMEIOT OJIHY U Ty XK€ U
€AUHCTBEHHYIO  MPUPOJY, Pa3HOCTh  TIPABUTALUOHHBIX  WIIHU
AIEKTPUYECKUX TTOTEHINAIIOB.

"Bec, 3mo cuna npumsasxicenus, 00ycioeienHas pazHocmsio
2PasuUmMayUOHHBIX NOMEHYUAI06 6 NoJle mAzomelouiezo mena''.
Wnm monoxeHneM Tena B rpaBUTAIIMOHHOM II0JI€ APYTOTO Tena.
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Onupasicb Ha  BBIIIENEPEUYHUCICHHBIE  (QYyHIaMEHTAIbHBIC
CBOMCTBA MaTEPHH, MOKHO HE TOJILKO OOBSICHUTD JII0OBIE (Pr3nUuecKue
SBJICHUS B IPUPOJIE, HO JAaXKe MPECKa3aTh U COLUaIbHBIE.

Hy a Tenepp monmpoOyem pa3o0paThbCcsi B TOM, YTO YK€ TaKOe
aQHTUTpaBUTAIMS, O KOTOPOM Tak JIOOAT paccykaaTh Nepen
00BIBaTENbCKOM ayTUTOpUEH, HEKOTOphIe YuéHble. Kak nu3BecTHO, mpu
rpaBUTAIMU TEJa BCETla MPUTATUBAIOTCS APYT K IPYTY.

[IpocTble Toruueckue pa3MbIlICHUSI IPUBOJIAT K BBIBOJTY, YTO
MOJ1 AHTUTPABUTALIUEH MTOAPA3yMEBAETCS OTTAIIKUBAHUE.

B xone nanpHEHIMX pa3MBIIIICHUNH MBI HEU30E€KHO MTOHMEM,
YTO Ta3bl, C UX CTpPeMJIEHHEM OECKOHEYHO pacIIUpAThCA H3-3a
OOJBIION acCHMMMETPUM TPaBUTAIMOHHBIX TIOJNEH MX AaTOMOB,
MOCTOSIHHO HAaXOJSTCS B COCTOSSHUM aHTUTpaBUTAlMU. To ecTh uxX
aTOMBI M3-32 CUJI OTTAJIKUBAHUS CTPEMSTCS Pa3jeTeThCsl B pa3HbIC
CTOPOHBI.

W 1yt yx camble cooOpa3uTeNbHbIE MOTYT CAETaTh AJs ceds
COBEpPILEHHO OIIEIOMJIAIONIEE OTKPBITUE, YTO JIOOBIE JBUTATENH,
CO3/IaHHBIC YEJIOBEKOM, 3TO JBUTaTelIHM paboTarolue, 1Mo CyTH, Ha
aQHTUTPaBUTALIUH.

PeakTuBHEBIA ABUraTeib, dTO HE YTO HHOE, KAaK OOBIYHBIN
AQHTUTPABUTALIMOHHBIM JBUTAaTENh. PeakTUBHBIE CaMONETHI, PAKeThI-
HOCHUTEJH CITyTHHKOB, J1a M1 OOBIYHBbIE HOBOIOJHUE (eiiepBepKH, Bce
OHH aHTUTPABUTAIIMOHHEIE.

Ha anturpaButanmmu paboTaroT Jake aBTOMOOWIIbHBIC
JIBUTATEIN BHYTPEHHETO CTOPAHMUSL.

Bens B xamepe cropanus TO0Oro IBUTATENS, B PE3ylIbTaTe
COEIMHEHUS YIJIEBOAOPOJOB C KHCIOPOAOM, MPOUCXOAUT CHUHTE3
VIJIEKUCIIOro Trasza, KOTOPBIM paclupsisiCh HW3-3a OTTaJIKUBaHUS
(aHTHTpaBUTALIMKM) €r0 MOJEKYJ1 JpPYr OT Jpyra, ¢ OOJBIION
CKOPOCTBIO BBITEKAET YEPe3 COIUIO U TOJKAET, B MOJHOM COTJIACHH C
3aKOHOM COXpaHEHUS UMITYIIbCa, CAMOIIET, PaKeTy, 3aps geiiepBepka
WJIM TIOPIIEHB B TPOTHUBOIIOI0KHOM HaIlpaBiICHUU.

29



Anexcandp BECEAOB

OKaSBIBaeTCH, YCJIOBCUYCCTBO YKC NAaBHLBIM-IAABHO HCIIOJB3YCT

AHTUT'PAaBUTAllMIO B CBOMX HU3MCHHBIX W KOPBICTHBIX LECJIAX, 4@ BOT

TEOPETUKHU JI0 CUX MOP ITOr0 KaK-TO HE COOOPa3UIIH.
Hy, npsimo kak repoit komeauu Monbepa, KOTOPbIM JaXKe U He

JIOTAJILIBAJICS, UTO BCIO KU3HB TOBOPHII MPO30ii. ..

4. OB 3JIEKTPUYECKOM TOKE "
3JEKTPOMATHUTHOM WHIYKIIUHA

Cpenu TBEPABIX TEJ CYHIECTBYIOT BEIIECTBA, ATOMBI KOTOPHIX B
TBEP/JIOM arperaTHoM COCTOSTHUM HMEIOT OCOOCHHYIO BHYTPEHHIOIO

N

0920
%

aToM ¢peppoMarHeTuka

OCOOEHHOCTEH BHYTPEHHETO

Puc.9

o

noTeHuMan

do,

a
2

KpHBLIE YOLIBAHWA ANEKTPUHECKHMX
NOTEHLMANO0S NPH aCHMMETPUIA
FPABUTALMOHHOTO NONA

~paccToAHme

Puc.10a

CTPYKTYpY, BecbMa crenuduyeckoe
pacnosoxeHue 3apSKEHHBIX
3JIEMEHTAPHBIX YACTHULL, 00PA3YIOIINX
atrom.  IlpencraBurenssiMu  3TOHN
IpyNnbl  3JIEMEHTOB, Ha3bIBAEMBIX
deppomaznemurxamu, SABIISIFOTCS
METaJJIBI - 5KeJ1e30, KoOaabT U HUKEIh
(puc.9), y KOTOpBHIX B CHIY
CTPOCHHUSI, DBJIEKTPUUYECKHE IOJSI HX
aTOMOB JIMHENHO CMEILICHBI
OTHOCHUTEINIBHO JIpYT Ipyra ¥ MpOCTON
Mar"ur ABJIAETCS OOBIYHBIM
ANEKTPUYECKUM  JUIOJEM. Jt0
JIUHEIHoe cMeujeHue SIIEKTPUIECKUX
MoJIE aroMa OTHOCUTENIBHO JApYT
Ipyra MOXHO Ha3BaTb NeEPeKOCOM
IPABUTAMOHHOTO TOJIA.

Ilepexoc cpasumayuonno20 noaa — 310 U €CTb TO, YTO B
¢u3uke omMOOYHO HA3BIBACTCS MacHumHvim noaem. Ilpupona, kax

MBI BUAUM, BITIOJIHE O6XOI[I/ITC$I CaMbIMH MUHUMAJIbHBIMU U IPOCTBIMU

CpeICTBaMHU.
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B cuMMeTpu4HOM TpaBHTAIMOHHOM TMOJ€ JI0OOTO Tena,
MOTEHITMAN JIFOOOM TOYKHM, KaK B TI0J€ TOJIOKHUTEIBHBIX, TaK M
OTPULATENBHBIX  3apsA0B,  OJWHAKOB, MO3TOMY  Pa3HOCTH
AJICKTPUYECKUX TMOTEHIIMAJIOB B JIIO0O0H TOYKE TAKOTO TOJS paBHA
HYJIIO.

[puveuanne! Hmenno nepexkocel 2pasumauuoHHbIX RoJjiell
36€Hbe6 OJIUHHBIX Op2anudeckux moJieky pesunst, /IHK u mnozux opyzux
6bICOKOMONIEKYTAPHDBIX COCOUHEHUTL, AGNAIOMCA RPUYUHOIL C6OPAYUGCAHUSA
UX 6 cnupanu, KOmopvle U RPUOAIOM IMUM GeU{eCHEaM CEOIICEa
ynpyzocmu.

B acummempuunom rpaBUTAMOHHOM TOJIE B KaXXJIOW €ro
TOYKE  CYLIECTBYET  HEKOTOpas  pPa3HOCTb  DJIEKTPUUYECKUX
MOTEHIINAJIOB, KOTOpasi MPUBOANT K CMEIICHHUIO 3apsIOB B MPOOHOM
TeJe WIH K TOJSpU3AIiH, KOTOpasi MPH NMEePEeMEEHUH TPOOHOTO Tea
ocTaéTcsl HEM3MEHHOU. DTO TokazaHo Ha rpaduke (puc.10a). Ilpu

JABHXCHHU HpO6HOFO TCIa B

KPMBbIE YGRIBAHWA 3NEKTPVHECKIX

RoresuManos npi nepexoce nepeKoueHHoM TPaBUTALUOHHOM

rPaBUTALMOHHOTG Nons

norenumnan O

moJie (maznumnom), pa3HOCTh

- Q> da, QJICKTPUYCCKUX INOTCHIIMAJIOB oT

TOYKHM K TOYKE U3MCHIACTCA, B

pe3yjabTaTe 4YCro B HEM BO3HUKACT

paccroanine

Prc.10b JIBHKCHHUE BHGKTp\'I/I‘-IeCKI/IX 3aps/i0B
WJTIA JIEKTPUYECKHUM TOK.

DTO0 siBIeHWE B (PU3HUKE HOCUT HA3BAHUE INEKMPOMACHUMHOU
UuHOyKyuu v 1okazaHo Ha rpaduke (pucrwl0b). DTo mo3BoaseT Tak
)K€ JIETKO OOBACHUTH TPUHIUI paOOThl, TaK Ha3bIBAEMBIX,
YHUIIOJISIPHBIX T€HEpPaTopoB 0e3 MPHBIICYCHHS JHDKEHAYYHOU TEOPUHU
OTHOCHUTEJIbHOCTH MJIU KaKUX-TO HecyllecT Bytoiux cui Jlopenua. To
00CTOSITENECTBO, YTO MArHUTHOE TIOJIE — O3TO TEPEKOIICHHOE
IpaBUTAllMOHHOE TOJe, OOpa3oBaHHOE JIMHEHHO CMEIIEHHBIMU
ANEKTPUUYECKUMU  TOJISIMHU,  JIETKO  JIOKA3bIBA€TCS  MPOCTHIM

OKCIICPUMEHTOM.
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B onexTpoHHO-MyyeBOW — TpyOKe,  DIEKTPOHHBIH  Jyd

__lr/ OTKJIOHSIETCSI ~ 3AJIEKTPOCTATUYECKUM

- s II0JIEM IIJIOCKOTI'O KOHOCHCaTOopa,

INGHTROH

AT 0L a o
\__|Z\ OTTAJIKUBAsACh OT OTPHUIATCIBHONH U

i MPUTATHBASACH K  TOJIOKUTEITHHOU
= +
:ﬁ'_fz oOkmagKe. DTO MOKAa3aHO HA PUCYHKE

(puc.11a). Eciu 3xe OTKIIOHSIONIYIO

PucAl CUCTCMY BBITIOJIHUTH 110 CXEME
pucynka (pmc.l11b), wumuTHpOBaB
MEePEKOC TPABUTAIIMOHHOTO TTOJIST MEXAY AJEKTPOIaMH, TO TIIIOCKOCTh
OTKJIOHCHHMS DJICKTPOHHOTO JTy4a OyaeT noBépHyTa Ha 90 rpamycos.
To ecTh 3MEeKTPUUYECKUMH TIOJSIMH JIBYX Tap 3JEKTPOJOB MBI
co31aéM TMepeKoC TPaBUTAIMOHHOTO TOJISI WJIH, JPYTUMHU CIIOBAMH
MarHuTHOE TOJIE W JIEKTPOHHBIN Jy4, MPOXOAS Yepe3 3Ty CUCTEMY
DIIEKTPOJIOB, OYJET OTKJIOHSATHCSA TaK ke, KaK B AJICKTPOMArHUTHOMN
OTKJIOHSIIOIIEH CUCTEME.
Tak kak mr00BIE DJIEMEHTapHBIE YACTHUIIBI COCTOAT U3 OoJjee
MEJIKHX CyOdRJIeMEHTapHBIX YaCTHII,

OHM Tak e oOmamaror, mauboO
acuMMeTpuelr, Jubo  HeOOJbIIUM
MEPEKOCOM TPaBUTAI[MOHHOTO TIOJIS, B
pe3ysibTaTe KOTOPOTO IPH JIBFXKCHUH B

ACUMMCTPHUYHBIX T'paBUTAIMOHHBIX

3NEKTPOH

NONAX  JPYruX  OOBEKTOB,  OHHU
Puc.12 IIPUBOJATCA BO BpallleHHEe, KOTOPOE
TPAKTYEeTCsl COBPEMEHHON HAyKOU KaK CHUH.

JIUIIOJIBHBIMH ~~ MOMEHTAaMH B OCHOBHOM, Kak IIPaBUJIO
00/1aJal0T COCTABHBIE YAaCTHIIbI, KOTOPBIE IPU CTOJIKHOBEHHUH JIETKO
pacKalblBalOTCS Ha COCTAaBHbIE YacTH. OJIEMEHTapHbIE YacCTHIIbI,
cocTodlIe U3 00siee MEIKUX CYyOBIIEMEHTIIPHBIX YaCTHUI] PACKOJIOTh
HEBO3MOXXHO, TaK KaK Yy UEJIOBEYECTBA IMOKA HET TAaKUX MCTOYHHKOB
MOITHOCTH. DJIEKTPOH, MO BCEHl BUAMMOCTH, YaCTHUIA COCTaBHa,
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MOTOMY YTO MPU CTOJKHOBEHUH C MUIIEHBIO U3 TSKEJIBIX METAIJIOB,
OH pakajblBaeTcs Ha 0Oojiee MeJKHE 3JEMEHTApHBbIE YaCTHIIbI,
UMEIOUIMEe  BBICOKYIO  IPOHUKAIOMIYI0  CIOCOOHOCTh.  OTO
PEHTT€HOBCKHUE JTYYH.

Kak nmumyt B yueOHMKAX (U3HMKHU, dJIEKTPUUECKHN TOK — 3TO
MOTOK 3apsSKEHHBIX YaCTHI — 31eKTpoHOB. HO orpoMHOE KOJIUYECTBO
AJIGKTPOHOB, IBUXKYIIMXCS B MPOBOJHUKE, NPEICTABISICT CO00i
MHOKECTBO MapaUIebHBIX TOKOB, KOTOPBIE MO 3aKOHY MPUTSIKEHUS
napajuleTbHBIX TOKOB OYAyT CTSITUBAaThCA B TOHKHN IIHYD,
MPOXOSIINIA [0 LIEHTPY MPOBOAHHKA.

B »TOoM ciydyae HHMKAakoro 3JEKTPUYECKOTO IMOJsI BOKPYT
MIPOBOJHMKA HAOIIOJAThCS HE JOKHO, TaK KaK OHO B CHJTy 3aKOHA
00paTHBIX KYOOB 04€HB OBICTPO YOBIBAET C PACCTOSTHUEM U K TOMY K€
OYEHb CUJIBHO SKPAHUPYETCS] aTOMaMU MPOBOJHUKA, OKPYKAIOIUMHU
TOKONPOBOAALIMHI "IIHYp".

MexaHu3M CTSATMBAaHMS JBWXKYyLIUXCs 3apsnoB  (puc.12)
OOYCIIOBJICH WX BOJIHOBBIMHU B3aUMOJICHCTBUSMHU WJIH Pa3HOCTHIO
CKOpPOCTEM BOJIHBI, KOTOpasi 3aBUCUT OT HaANpPsLKEHHOCTH WM
"IJTOTHOCTU" TPABUTALIMOHHOTO OISl B KOTOPOM JBUKETCS 3apsil.

dokycupoBKa 3J1eKTpoHHOTO Jy4a B DJIT 00ycioBieHa quib
T€M, UYTO Ha (OKYCHUPYIOUMI 5SIEKTPOJ NOMAETCs BBICOKOE
HaNpsDKEHUE, YBEIHMUMBAIOIIEee CKOPOCTh 3JIEKTPOHOB.

B peanvnocmu, snexmpuyeckuit mok npeocmaenaem coooii
06a 6CMPEUHBIX NOMOKA 3aPA006 PA3HO20 3HAKA, OGUICYUUXCA C
YCKOpeHuem, Ka)3covlil u3 KOmopwvix, 6 CUy 3aKOHA NPUMAINCEHUA
napanienvHplX mMoK08, CMPEMUMCA 3aAHAMb MECMO 6 UeHmpe
npo6oOHUKA.

Ho Tak kak camu 3apshkeHHbIE YacCTHIbl MaT€pUAIbHBI U
HEIPOHUIAEMBI, a MTOJIS PAa3HbIX 3apsiI0B HA0OOPOT MPOHUIIAEMBI IPYT
JUIsL Ipyra, TO WX BCTPEYHBIE MOTOKH 3aKPYyUHMBAIOTCS CIIHPANbIO
BOKPYT ApYyr apyra. B aTom ciydae 3akpydeHHbIE MOTOKHU 3apsi0B B
crupansx OyayT CTPEeMHTbCS K TMOBEPXHOCTH MPOBOJHHKA, YTO U

33



Anexcandp BECEAOB

HOJTBEPXKIAETCS ONBITOM. 1 B 3TOM e citydae BOKPYT IPOBOIHUKA C
TOKOM TOSIBUTCS HepPeKoC TPAaBUTALMOHHOTO IIONS (MazHummoe
noJe), KOTOPBI MOYKHO OOHAPYKUTH C TOMOIIBIO CTPEJIKH KOMITAca.

[lpn mepemeHe HampaBiICHHS TOKa, HANpaBICHHE IEpPEeKoca
MU3MEHUTBCA U MarHUTHAsl CTPEJIKa OTKJIOHUTCS B JIPYTyIO CTOPOHY.
[Ipy TpOXOXXKAEHUHM TO MPOBOIAHUKY IEPEMEHHOTO TOKA, MOTOKH
3apsI0B  MEHSIIOT HAIlpaBJICHHE JBM)KEHUS U, COOTBETCTBEHHO,
MEHSIETCSl HalpaBJICHHE BpAIICHUS CIHpaliel, YTO NPUBOAUT K
OBICTPBIM M3MEHEHHUSM NEepeKoca TPaBUTAIMOHHOTO TOJSI BOKPYT
NPOBOJHUKA W PACIHPOCTPAHEHHWIO JTHUX W3MEHEHHH B BHIE
TPaBUTAIlMOHHBIX  BOJH, KOTOphle B (u3MKe Ha3bIBAIOTCA
INEKMPOMAZHUMHBIMU VT PAOUOBOTHAMU.

OTH TpaBUTAMOHHBIC BOJHBI BOKPYr HPOBOJHUKA C
NEPEMEHHBIM  DJIEKTPUYECKMM TOKOM, HMEIOT  CHEpUUECcKyIo
arpaMMy HarpaBJIEHHOCTH U OCJIa0EeBaIOT C PACCTOSHUEM IO
3aKOHY OOpaTHBIX KBAJAPATOB.

Ipumeuanne! Cywecmeosanue 6cmpeyHvIX HOMOKO8 3apPA008
06yCJ108J18H0 mem, umo 6 mamepuaiax 00bIUHbBIX nposoduukoe ecezoa
npucymcmeyem Heé3HauumeJsibHoe Kosiuuecmeo uacmuy c

P ROJI0MCUMENIbHOU acuMmempuenl
= dP(-)=P,-P,

2t aP(s)=R-p, | CPACUMAWUONNBIX  noneil  —
i dP=PPs | nosumponos.  Inexmponvi  u
! L | nosumponsi, npumsazueasce opyz
- .
|
[r—

o 1.0

K Opyzy, oOpazyrom HeillmpaibHble
yacmuybl, KOMopwvle HaAX00AMCs 8

MEHCAMOMHOM — RPOCHIPAHCHIGE
Pnc.13 eewecmea. Kozoa  paznocmo

NOMEHYUANI08 6HEWHEZ0 UCHIOYHUKA ITIEKMPUYECKO20 MOKA pa3pblédem
Ux, OH HauuHarom oguzamocsa 6 RpPOMUBONOJIONHCHBIX HANPABGIIEHUAX,
c030a6as 6cmpeunvle ROMOKU 3aPs008.

C oTOol TOYKM 3peHHus MonpoOyeM OOBSICHUTH MEXaHHU3M
BO3HUKHOBEHUS TOKa caMOMHAyKIMU. Koryia x KoHIIaM NMpOBOJHUKA
(puc.13) npunoXkeHo HaIpsDKEHHWE, B HEM HA4YMHAETCS JBUKCHHE
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3apsa0B.  ONEKTPOHbI  JBMXKYTCA 1O  HANpaBIEHUIO K
MOJIO)KUTEIBHOMY  IIOJIOCY  MCTOYHHMKA, IO3UTPOHBI — K
OTPULIATEIIEHOMY.

Tak Kak TOTOK MO3UTPOHOB, B CBA3M C OTPHUUATEIbHOU
aCHUMMETpHUEN BELIECTBA HAILIETO MUPA, HUYTOXKHO MaJl U JIMIIb CJIErKa
YMEHBIIIAET Pa3HOCTh JJIEKTPOHHBIX MOTEHIIMATIOB, TO MBI OyIeM
paccMaTrpuBaTh  TOJBKO  JABWXKEHHE  dJeKTpoHOB. W xots
HE3HAUUTENbHBI  TMOTOK  MO3UTPOHOB  SIBJISIETCS  MPUYMHOU
3aKpy4rMBaHUsS MOTOKOB 3aps/I0OB B CHHUPalb, JUIsl HAC 3TO MOKa HE
HMEeT 3HAUYCHHS.

DJIEKTPOH, IBUTASICh K MOJIOKUTEIBHOMY TOJIIOCY HCTOYHUKA
TOKa, HEMPEPHIBHO YBEIWYMBAET CBOI CKOPOCTh M3-3a2 MOCTOSIHHO
YBEJIMUUBAIOIICHCS, COTJIacCHO 3akoHY KyioHa, CHIIbI IPUTSIHKEHUS.

N3-3a  3TOM  pasHULBl CKOPOCTEHM  JJIEKTPOHOB  Ha
MPOTUBOIOJIOKHBIX KOHIAX MPOBOJHUKA, BO3HUKAET PAa3HOCTh X
KOHILIGHTpauuid uiM pa3HocTh noreHuuaioB dP.=P2 —Pi1. U3 neé
BBIUMTAETCS] PAa3HOCTh IOTEHLHUANIOB, CO3/aBacMasi BCTPEUYHBIM
nBuxkeHUEM N03UTpoHOB dP+)=P3-P1. Pesynbrupyromas pasHOCTh
noTeHIManoB onpeaensercs Gopmynoit dP=P2-Ps.

[Ipu OTKIIOYEHWHM HCTOYHHUKA TOKA, MOJ ACHCTBHEM 3TOU
pazHocth  moTeHuuasoB dP, 5JIEeKTpOHBI, HAKONMUBIIHMECS B
OTPUIATEILHOM KOHII€ MPOBOJHHUKA MPOJOJDKAIOT JBHKEHUE K
MOJIOKUTEIPHOMY KOHIy M IO HWHEpPUUU HAKAIUIMBAIOTCA B HEM,
co3maBas yXe€ HECKOJIbKO MEHBIIYI0O OOpaTHYH  pasHOCTh
MMOTCHIIHAIOB.

B pesymbraTe geilictBus 3TOM  OOpaTHOW  pa3HOCTH
MOTEHITMAIIOB, JJEKTPOHBI HAYMHAIOT [IBUTAThCI B OOpaTHOM
HampaBJieHUW W Tporecc mnoBropsiercs. [locie HecKOIbKUX
3aTyXxaroumx KoJIeOaHWd, 3aBUCAIIMX OT JUIMHBI TPOBOJHHKA,
KOHIIEHTpAalUsI AJIEKTPOHOB BBIPABHUBAETCA M TOK MPEKpaIaeTcs.
DTOT TOK B 3JIE€KTPOJIMHAMUKE U HA3bIBAETCA TOKOM CaMOMHAYKIUH.
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Ecnu psimoM ¢ MpOBOJAHUKOM TOMECTUTH (heppOMAarHUTHBIN
MaTepuai, TO TepUoj] KOJeOaHW YBEIMYMUTCS H3-3a MOTEPh Ha
MEePECTPONKY CTPYKTYp €ro aTOMOB.

OTtcroga MOXHO CI€IaTh BBIBOJI, YTO NP MPEKPAILIEHUN TOKA,
AJIEKTPUYECKUE KOIeOaHUsI BOSHUKAIOT HE M3-32 M3MEHEHHSI HEKOETO
MU(UYIECKOTO MArHUTHOTO TIOJIS, a TI0 COBEPIICHHO IPYTON MpUYnHE
W 4YTO 3TO MAarHUTHOE I0JI€, HUKAKOr0 Yy4acTHUs B IMpOIECCe HE
MPUHUMAET.

A noImMoOMy HUKAKOU I1IEKMPOMAZHUMHOU CAMOUHOYKYUU,
MaK xHee KaK u camozo MazHUmHo20 nojsa He cyuiecmeyem.

Bricokoii KOHIIEHTpaluel 3JeKTPOHOB TaK K€ OOBSICHIETCS U
u TOT baxr, 4qTo HUTH
np) HaKaJWBaHUS JIAMIIOYKH YacTo
Umh./“_ L IIEPErOPaAET OKOJIO  OIOPHOIO

QJICKTpOJa € KOTOPOro B MOMCHT

BKJIFOUCHUA MMOCTYIIAar0T

OJICKTPOHBI, XOTdA [JOJDKHA 61:1
Katoa AHOZ
neperoparb MMoCpCaAnHC, TaK

oGnacTte ¢ Manon ofnacTb ¢ Gonbwon aneKTpOHBI I/IrpaIOT pOHB

oTpHUaTensHon oTpULaTEeNBEHOA
kit e g TEIJI00TBOIA.
Puc.14 [Ipy KOHTakTe BEIIECTB

(MeTamIoB) c pa3aIuyHON
BEJIMYMHOM OTPULIATEIIBHOM ACUMMETPUM I'PAaBUTALMOHHBIX IIOJIEH
aTOMOB,  MEXIy HHMM  BO3HUKACT  HEKOTOpas  pa3sHOCTb
DIIEKTPUYECKUX TOTEHIMAIOB (MOTCHIUAIbHBIA Oapbep (puc.14)).
[ToaToMy mpu MPOXOKAEHUM TOKA 4Y€pe3 TaKOM KOHTAaKT B OJHOM
HallpaBJI€HUU, O3Ta Pa3HOCTb IMOTEHUMAJIOB CKJIAJbIBAETCA C
Pa3HOCTBIO MOTEHIMAJIOB MCTOYHHMKA TOKA, a B JIPYrOM JEHCTBYET
NpOTUB HEE, TO MNPUBOJUT K PA3IUYHOM BEIWYMHE TOKa,
IIPOTEKAIOILEr0 YEPE3 KOHTAKT, 3aBUCAILYIO OT €r0 HalpaBJICHMUS.
Jpyrumu cioBaMH, KOHTAKTbI META/UIOB C PA3IU4HOU
BEJIMYMHON acCMMMETpUU 00JaNaioT CiaObIMHU "BBIIPAMUTEIBHBIMU
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CBOMCTBAMHM, 3aBHUCSIIMMHU OT BEJIWYUHBI KOHTAKTHOW pPa3HOCTH
noteHuuanoB. KOHTakThl € OYeHb OOJNBIIONH, TEXHOJOTUYECKH
CO3JJaHHOHM, PAa3HOCTHIO ACHUMMETPUM, CO3JAIOIIHE  OOJBIIYIO
KOHTAKTHYIO Pa3HOCTh TMOTEHIIMAIOB (IMOTEHIUAIBHBIN Oapbep),
HA3bIBAIOTCS MOJTYIPOBOAHUKOBBIMU JINO/IAMHU, TOK Y€pe3 KOTOpPhIE B
mpeJienax 3TOro MOTEHIIUAILHOTO O0aphepa, MOXKET Te4b MPAKTUIECKU
TOJIbKO B OJIHOM HaIlpaBJICHUHU.

[Tpy moAKIIOUEHNH UCTOYHUKA MUHYCOM K OOJIACTH € Majoi
OTPUIATENIEHON cuMMeTpHuei (p), 0003HAUYEHHOW MallbiM 3HAKOM
MMHYC(p), DJIEKTPOHBI JIETKO MPOHUKAIOT B HEE MOoj JAeicTBUEM
HeOONbIION pa3sHOCTH TOTCHIUATOB Umin, MOTOMY YTO CHJIBI
OTTaJKKMBaHUA cial0bl. VX MpOHMKHOBEHHE B 30HY KOHTAKTa el u
obJyierdaercss TeM, TO B 3TO BpeMs 3JIEKTPOHBI M3 00enX oOiacTei
YXOJSIT B HAIPaBJICHUU IMOJOKUTEIBLHOTO TMOJII0CAa UCTOYHUKA TOKA,
YMEHBIIAsi UX aCUMMETPHIO.

[Tpy moAKTIOYEHUHM UCTOYHHKA TOKA MHHYCOM K 00JacTu ¢
OONBIION  OTpUIIATENIBHON  acumMmeTpuedr  (n), 0003HAYECHHOU
OONBIIMM 3HAKOM MHHYCm), DJEKTPOHBI HCTOYHHKA HE MOTYT
IMPOHUKHYTh B HE€ M3-3a CHJI OTTAJIKUBAHUS, U TOK, €CJIU Pa3HOCTh
noteHnuanoB He npesblmaeT Uanp, B 3TOM HamNpaBICHUM 4YeEpe3
KOHTAKT HE MPOXO/UT.

[IpuyemM 4YacTh BJEKTPOHOB, MPOCOYMBIIMXCS B KPAWHIOIO
o0nmacTh 30HBI N, TOBBIMIAET ACUMMETPUI0O €€ aToMOB |
COOTBETCTBEHHO HarpsbkeHus npobosi. Takum oOpa3oM, HanpsHKEHUE
po0OS 3aBUCUT OT IIUPHUHBI 30HBI N. HeOombI1ast 4acTh 3JEKTPOHOB,
MPOHUKIINX 4Yepe3 30Hy N B 30HY P, CO3/aeT TOK yreuku. llpu
MPEBBINICHHH  OOpPAaTHOW BHEIIHEHW Pa3HOCTHIO  IOTEHIIMAJIOB
noTeHIanbHOro 6apbepa Unp, B CBsI3U ¢ OONBIION KOHIICHTPAIUEH
JJIEKTPOHOB B OOJACTH aHOJA, SIBISIFOIIMXCS HOCUTENSIMHM TeIUia,
MIPOMCXOAMUT TEIJIOBOW MPo0OoH [1y1.9] u BBRIIPSAMUTETLHBIE CBOMCTBA
KOHTaKTa Tepstorcs. Eciu aHomHas 00IacTh KOHTAKTa YCTaHOBJICHA
Ha TEIJIO0TBOJIE, MPOOOI HE MPUBOIUT K Pa3PYIICHUIO KOHTAKTA U TO
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MOCJIE CHSTUS BHEIIHEW Pa3HOCTH MOTEHIMAJIOB, CBOMCTBA KOHTAKTA
BOCCTAHABJIMBAIOTCS.

Ha rpadukxe mnoka3zaHo pacrmpeneiieHne TOTCHIIMAIOB U
CTAHOBUTCS MOHITHO, MOYEMY TaKOW KOHTAKT MPOBOJUT TOK B OJTHOM
HalpaBJICHUH, T[OKAa3aHHOM CTPEJIKOM. 34eCh HampalirmBaeTcs
AHAJIOTUS C HAKJIOHHOM IJIIOCKOCTBIO.

Ipumeuanne! Tax Kak 6 npupooe Hem HUYE20 UPMYATLHO20 UNU
MHUMO20, o0vACHenue yQEHblMM MEXAHUIMA NPOMEKAHUA MOKaA 4epes,
MaKoil KOHMAKMm, HA3blAeMbl N-p NEPEX00OM ¢  HOMOWbIO
Hecyuwiecmeytowux  "'0blpoK'’,  coeepuieHHO  HecocmoAmeEnvHO, U
A61Aemcsa MmaKou Jyce uyuivlo, KaKk zpaeumauuormbtﬂ KoJuianc ujiu KakK
603HUKHOBEHUE 8 8AKYYME HEKUX GUPMYANbHBIX YACMUY UIU KEAHMOE
anepeuu. Jloovle e3aumooeiicmeus 6 nPUPooe — INO 63aUMOOCUCMEUA He
MHUMBIX, KAK 6 Mamemamuke UIU GUPMYATIbLHBIX, d COBEPUIEHHO
PeanbHbIX MAMEPUATbHBIX YACHUY,.

Hcxons v3 BBIIEU3II0KEHHOTO, MOKHO CIIENIaTh CIEIYIOIINI
BBIBOJ: TMPOBOAHUKM — OTO BEIIECTBA HMEIONIEe HEOOIBIIYIO
OTPULATEIbHYI0 ACHMMETPHUIO TPABUTAILMOHHBIX MOJIEM aTOMOB, B
KOTOPBIX JJIEKTPOHBI MOTYT MEpeMellaTbcsi TOoJa JEeHCTBHEM
HEOOJIBIIION BHEUIHEW pPAa3HOCTH NOTEHIMAJIOB. A  H30JATOPHI,
HA000pOT, 00J71a1a10T O4YEHb OOJIBLION OTPUIIATETILHON aCUMMETPHEH,
MO3TOMY JUIsl TOTO YTOOBI DJIEKTPOHBI MOTIM B HHUX IMEpPEeMelaThCs,
HY)KHO TPUJIOKUTH K HUM OYEHHb OOJBIIYI0 BHEUIHIOI Pa3HOCTh
MOTEHIINAJIOB.

To ecTh BONpPEKH YTBEPKICHUIO OQPHUIIMATHLHOW HAYKH BCE
MPOUCXOAUT C TOYHOCTHIO HA0OOPOT, BEMIECTBA C OOJBIIMM
COAECP)KAHUEM DJJICKTPOHOB — 3TO H3O0JSTOPbl, & C MaJbIM —
npoBOAHUKU. Hamo 3aMeTuTh, 4TO B JTFOOOM BEIIECTBE HHUKOTAA HE
ObIBaeT CBOOOTHBIX AMEKTPOHOB. OHU BCE BCET/A CBSA3aHBI C aTOMaMH.
CBOOOIIHBIE JJIEKTPOHBI, B OCHOBHOM, COJEpPXKAaTCS B TOTOKE
COJTHEYHOTO H3JIyuyeHUs W B (u3uke u3-3a OOJBIION CKOPOCTH
JBIDKECHUSI, OHU OIMMOO0YHO HA3BIBAIOTCS (DOTOHAMMU.
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la3pr, wuMmeromme  OuYeHb  OOJNBIIYI0  ACHMMETPHUIO
IPaBUTALMOHHBIX MOJIEH aTOMOB, COAEPKAIIUX OONIbIIOE KOJTUIECTBO
3JIEKTPOHOB, €CTECTBEHHO SBIAIOTCS H3onsTopamu. [[ns  Toro,
YTOOBI AEKTPOHBI MOTJIU JIBUTAThCS B T'a3€, OH JOJKEH OBITh CUIIBHO
pa3pekeH, 4TO MPUBOJUT K YMEHBILIEHNIO KOHIIEHTPALUH JJIEKTPOHOB
Wik o0Iel OTPUIATENLHON aCHUMMETPHH, YTO YBEIUYUBAET €ro
AJIEKTPONPOBOAHOCTb.

Kunkoctv, MUMEIOT TOPa30 MEHBIIYI0 ACHUMMETPHUIO, YEM
ra3pl, HO OOJBIIYyIO, YeM TBEPABIE Tella, IOITOMY MEXaHH3M
3JIEKTPONPOBOJHOCTH B HUX ropaszio ciaoxkHee. OH CUIBHO 3aBUCHUT
OT AaCMMMETPHUM AaTOMOB WJIM MOJIEKYJ CaMOW JKHUJKOCTH H
MaTepHUaJIOB, U3 KOTOPBIX CAECIAHBI AIEKTPOIbI.

[Ipu mnorpyxeHuu, Hampumep, MeTaula B JKHJIKOCTH,
UMEIONINX HEOOMBIIYI0 Pa3HOCTh ACHMMETPHH T'PaBHTAIMOHHBIX
MOJEH, MNPOUCXOAUT cienyromee. MOJEKylbl KUIAKOCTH, HMeEs
ropa3o OOJBIIYI0 AaCHMMETPHIO TPaBUTAIIMOHHBIX MOJIEH OTIAIOT
JUIIHUE DJIEKTPOHBI aromMaM MeTramuia. B pesynabraTte 4ero
aCUMMETpHUsi ~ TPAaBUTALIMOHHBIX  TOJIEM  aTOMOB  MeTasuia

SOpAIoEAHME
FAGTHHTHOINS
MGrA Ren e

YBEJIMYUBACTCH, CHJIBI
OPUTSDKEHUS ~ MEXIYy  HUMH
YMEHBILNAIOTCA U OHU HAYWHAIOT
OTPBIBATHCA OT OCHOBHOM MacCChI
U IIPOHMKATh B BOAy. To ecTb

MCTAJIJI HAYUHACT pACTBOPATHCA

B XKHIAKOCTH W HUHTCHCHUBHOCTH

3TOTO Tpolecca OyeT 3aBUCETh
OT Pa3HOCTH HMX AaCHUMMETPHUi
Ecnu B34Th BemecTBa ¢ 0OueHb OOJIBIION Pa3HUIIEH aCHMMETPHUH, TO
MPOLIECC pACTBOPEHUS OYJET OUEHb NUHTEHCUBHBIM.

I[Ipy 5TOM MBI MOJYYUM MPOCTEUIINNA TaTbBAHUYECKHI
DJIEMCHT, I'’1€ ITOJIOKUTCIIbHBIM ITOJIFOCOM 6yI[€T KUOAKOCTh.
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Onucanue NOBEACHUS KOHTAKTOB MEXKIYy MeETaUIaMH U
KUJKOCTSAMH TpeOyeT OTACIBbHOW CTaThbH, B CBA3W C ITyTaHWIIEH,
CO3JITaHHOM YYCHBIMH MEXKy HAaIIPaBJICHUEM JIBH)KCHUS SJIEKTPOHOB U

IIPUHATBIM B HAYKC HAITPAaBJICHUEM TOKaA
Heksk

Ilepexoc TpaBUTALlMOHHOTO TOJSA 3eMIM (MazHummuoe nosne),
00YCIIOBJICH KPYTOBBIM JIBH)KEHUEM 3apsHKEHHBIX YACTHIl COTHEUHOTO
U3ITy4eHUSs], 3aKPYUIEHHBIX CYTOYHBIM BpaIIeHUEM 3eMHOU aTMOC(ephl
(puc.15). Takum o6pa3zom, 3eMist HAXOAUTCS, KaK Obl, BHYTPH JBYX
OOBIYHBIX KATYIIEK C TOKOM, IO OJHOM W3 KOTOPBIX JABUKYTCS
OTpHULATENbHBIC 3apsbl, a 10 IPYTrOM - MOJOKUTEIIbHBIE.

OTH TOKM CO3JAal0T BOKPYr 3€MJIM JIBA MArHUTHBIX TOJI,
HaIMpaBJICHHBIX HAaBCTpeuy Apyr Apyry. [Ipuuém, TOk BO BHYTpEHHEI
KaTyIIKe OYeHb Majl M 00pa3oBaH MPEUMYINECTBEHHO TKEIBIMH,
MIOJIOKUTENBHO 3apsUKEHHBIMU YacTHLAMU — IMPOTOHAMH, a BO
BHEITHEH — OoJiee TErKUMH, OTPUTIATEIEHBIME — 3JIEKTPOHAMHU.

OTH TOKM U O0pa3yloT, TaK Ha3bIBa€MbIe, PAOUAUUOHHbBIE
nosaca. Pe3ynbTUPYIOIIEE MarHUTHOE TII0JIE, €ro MOJSPHOCTh U
HANPSDKEHHOCTh  HANPAMYIO 3aBUCAT OT TOTrO, KakKWe 3apsjibl
npeo0jagaroT B TMOTOKE HM3IYYCHHs, TOJIOKHUTEIbHBIC  WIIH
OTpULATEIIbHBIE.

[To HanpaBsIeHUIO BpallleHUsT 3€MJIA, MOKHO JIETKO OTIPE/ICIIUTh,
YTO B U3IMYYCHUH MPeoONafaroT OTpHUIATEeNbHbIe 3apsiabl. Tak Kak
Halra oOJacTh BCEJICHHOHM HMMEET OTPUIIATEIbHYI0 aCHMMETPHIO
aTOMOB BEIECTBA, ITOTOK IMOJIOKUTENBHBIX 3aPsA10B HUUYTOXKHO MaJl.

[pumeuanne! Ecau 60v1 codepicanue RHONOICUMETHBIX U
OMPUUAMENbHBIX 3apA008 6 NOMOKe u3jiydeHus Obliu  pasHbl,
nonapuocmu ''maznumnuix'' noneii, o0pazyrOUUXCca NPU UX OBUIHCEHUU,
Ovliu OBl paseHvl U NPOMUEONONONHCHBL. B pesynomame 3mozo onu
CKOMReHcupoeanu o0vl opyz opyza u nianema 6000uie Ovl He umenda
«MAZHUMHO20 ROTA».
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Kak mpaBuiio, niaaHeTsl, He UMEIOLIHe aTMoc(ep, HE UMEIOT U
MarHUTHBIX MOJIEH, B CHITy TOTO, YTO TPAEKTOPUH YACTHIL COJTHEYHOTO
U3JIY4YEHUs] B HUX HE 3aKPYUYMBAIOTCS U MEPeKoca TPABUTALMOHHOTO
MoJsl HE MPOMUCXOIUT. XapakTepHbld ToMmy npumep - Jlyna. Ona
IPAaKTUYECKH HE MMeeT aTMocQepbl, M03TOMY €€ MAarHUTHOE I10JIe
UCUe3arolIe Mao.

[lepenonatocoBka MAarHUTHOTO TOJIsI 3eMJIM BO3MOYKHA JIUIIH B
JBYX CIy4asX, B Cllydyae H3MEHEHHS COOTHOUICHHUS COJCpKaHUs
NPOTHBOIOJIOXKHO 3apsHKEHHBIX 4YacTUI[ B TIOTOKE COJHEYHOTO
U3JIY4EHUs WM )K€ B CIydae U3MEHEHUS HalpaBlIeHUs €€ CyTOUYHOIro
BpaieHus. COBEpIIEHHO SCHO, YTO 3TO a0COIIOTHO HEPEAJIbHO.

Heo06xonuMo 3aMeTHTh, YTO COOTHOLIEHMEM COJAEP)KaHUS
IPOTUBOIOJIOXKHO 3apsUKEHHBIX YacTHUIl B COJHEYHOM M3IIy4EHMH,
JocTuramomeMm 3emud, omnpenensercs u  makcuMmanbHbid - KIT
COJIHEYHBIX OaTapei.

B ciaywae paBeHcTBa IIOTOKOB  TOJIOKHUTENBHBIX U
OTPHIIATENIbHBIX YacTHUIl, COJTHEUHbIe OaTapen BooOIe paboTaTh HE
O0ynyt. COOTBETCTBEHHO, 4eM OOJIbIIIE Pa3HULIA B UX COACPKAaHUU, TEM
Bhime Oyzaet ux KIT/.

IlonspHble cuAHUA Tak e OOYCJIOBJIEHBI IONAJaHUEM B
atMocepy 3eMiIM IOTOKOB YaCTHUL], BBIOPOLIECHHBIX MOIIHBIMU
COJTHEUHBIMHU BCIIBIIIKAMU U HMMEIOLIMX CKOPOCTb IMPEBBIIIAOIIYIO
CKOpPOCTh PAaCHpPOCTPAHEHHUsI BOJHBI B TPAaBUTALIMOHHOM I10JIe 3eMIIU
(ceepxceemogyio ckopocmy). ITO 00bIUHOE TposiBIeHHE 3(¢eKrTa
Basunosa-Yepenkosa.

IloToku »3THMX dacTul, IpPOHHUKAass €O 'CBEPXCBETOBOW"
CKOpPOCTBIO B aTMoc(epy, CO3[al0T CBEYEHHE, XOPOIIO BHIUMOE B
MOJISIPHBIX 00s1acTax 3emuid. B skBaTopuaabHO# 00J1aCTH TPACKTOPHH
YacTUI] OTKJIOHSIOTCS, 3aKpy4yMBasCh BpalleHUEM aTMoc(epsl, U
YaCcTUIbl TEPSIOT CKOPOCThb. [103TOMY cBeueHHME B 3KBAaTOPHAIbHBIX
o0nacTsax oueHb caadoe, MPAaKTUYECKU HEBUIUMOE TTIa30M.

41



Anexcandp BECEAOB

Peskumu  KoneGaHUAMHU COOTHOILEHHS TMPOTHUBOIOJIOKHBIX
3apAJI0B B IOTOKE COJIHEYHOTO H3JIY4YE€HUs, B PE3yJbTaTe BCIBIIIEK,
00YCIIOBIICHBI, M TAaK Ha3bIBa€MbIC "MarHUTHBIC" OypH.

A cnenoBaTenbHO, HAMBHBIE YTBEPKACHUS YUEHBIX O TOM, YTO
MarHuTHOE TI0Jie sBisieTcs 'mryOoi", 3ammMimaromeid Hac oT
COJIHEYHOM pajualui, IPOCTO CMEXOTBOPHBI U COBEPILIEHHO HE
COOTBETCTBYET ACUCTBUTEIBHOCTH, NMOTOMY YTO MAarHUTHOE IIOJIE
MOPOXK/ICHO ATOH ke comHeuHoW paauauueil. M oHO camo mo cebe
HACTOJIBKO c1a00e, YTO Y HETO €/1Ba XBaTaeT CUJIbI TOBEPHYTH JIETKYIO
CTpPEJIKYy KOMIIaca Ha OCTPHUE UTJIBIL.

A mry0Oo¥t siBIIsieTcs cama ra3oBasi aTMocdepa IUIaHeTh, XOTS
OHAa TOXKE€ O4YeHb cjab0 3alMIIaeT Hac, MOTOMY 4YTO MOYTH HeE
3a/1epKUBAET COJIHEUHOE U3ITyUYEHHE.

BemecTBo ¢ uaeanbHON CUMMETPUEN IPaBUTALMOHHBIX T10JIEH
aTOMOB SIBJIIETCS UACATBHBIM M30JIATOPOM, TaK KaK B HEM IIOUTH HET
3aps/i0B, KOTOphle MOIJIM Obl B HEM JBHUTAaTbCsi. A 3HAYUT OHO
MOTJIOIIACT JIIOObIE M3IyYeHHsS U JOJDKHO ObITh HeBuAMMO. Kpome
TOTO OHO 00JalaeT caMoil BBICOKON TBEPAOCTHIO U MPOYHOCTHIO. K
CYAaCThIO CYIIECTBOBAHME TAaKUX BEIIECTB B MPUPOJE, TaK Ke
Osaromaps cpepruueckord METpUKE BCEIICHHON, HEBO3MOKHO.

5. Ob MHEPIIMU U OIUBKE HBIOTOHA

[ToHATHE Macchl B COBPEMEHHOH (pr3uKe SBISETCS OTHUM M3
KJIIOYEBBbIX (DyHIAMEHTAIBHBIX MOHATUNA. B 3TOM rmaBe Mbl yBUANM,
YTO (DYHIAMEHT 3TOT MOCTPOCH M3 MecKa. .. Kak HaMm roBoput Qusuka,
BEC Tejla OIPENESeTCs] CUIOW TI'PAaBUTALMOHHOIO NPUTSKEHUS K
3emie. I Bec 3TOT Oyner 3aBHCETh OT BBICOTHI, Ha KOTOpOH
pAacroJIOKEHO TEeI0, MOYTH B COIMVIACMU C 3aKOHOM '"BCEMHPHOIO"
TATOTeHUs Aenymku HproToHa.
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Temo cOpomieHHOE €O CTONA BCerjga MagaeT Ha IOJd, HO
HUKOTIa Ha noTosok. Kak Bel nymaere, nmouemy? Jla motomy 4To Ha
MOJIy CWJIa TPUTSDKCHHS OoJibllle YeM Ha BhICOTE cToja. W emé
OoJibIlie, YeM Ha BBICOTE MOTOJKA. Eciy ObI CHIIBI IPUTSHKEHUS OBLITH
OJIMHAKOBHI, TE€JI0 HUKyHa Obl He mamano. B aTom jerko yoemuTcs,
MOJIOKUB MSUMK Ha TOPU3OHTAIBHYIO IIOBEPXHOCTD.

OH HUKY/a HE TIOKATUTCS, TaK KaK CHIIBI TPUTSKEHUS B JIFO00H
TOYKE TOPU30HTAIBHOM IIOCKOCTH — OJMHAKOBbL. HO crouT nuiib
CJerka HAaKJIOHHUTh IUIOCKOCTh, KaK Ha HEW TMOSIBATCA YYaCTKU C
OoJIbIIIel CUIION TIPUTSHKEHUS. ITO YIaCTKU, HAXOSAIHUECS OJIIKE K
MOBEPXHOCTU  3€MJIM. BO3HMKHET  pa3HOCTh  ypOBHEH W,
CJIEIOBATEIIbHO PA3HOCTh TPABUTAIMOHHBIX IMOTEHIIUAJIOB, IO
JIEUCTBUEM KOTOPOM, MSUMK MOKATUTCS B CTOPOHY HakjIoHa. M yem
OoJIbIIIE YTOJI HAKJIOHA, TEM BbIIIE OyIeT CKOPOCTh IBUKCHUSI.

COpocuB rpaMMOBYIO JPOOUHKY M ITYAOBYIO THPIO CO CTOJa
MBI YBUJIUM, 9TO OHU YIaAyT OJHOBPEMEHHO, TaK KaK MajaTh OYAyT C
OJIMHAKOBOM CKOPOCTBIO, HE CMOTPS Ha TO, YTO TUPS MPUTATUBACTCS
3eMi€ii Topasno cuibHee, yeM ApoOuHKa. He ymess 0OBACHUTH 3TOT
napajokc HbIOTOH W yd€Hble TPUAYMAId HEKYH HHEPIIMOHHYIO
Maccy, KOTopas 10 MX MHEHHIO, KaK Obl "COMPOTHUBIISIETCS " MaICHUTO.
W no pesynbpTaTaM pa3IHYHBIX XUTPOYMHBIX SKCIEPUMEHTOB, Y HUX
9Ta MHEPIIMOHHAS Macca IPAKTUYECKH, COBITA/IaeT C TPaBUTAIIMOHHOM.
To ectp ¢ Becom. Ha camoM 1ene, OOBSICHEHHE JTOrO SIBJICHHUS
AJIEMEHTapHO MPOCTO.

Ha mo0ble Tenma, gake e€Clii OHM HaXOIATCS B COCTOSHHH
CBOOOIHOTO MMafCcCHHUs, NENCTBYET 3€MHOC MIPUTSKEHUE,
W3MEHSIONMEEeCS B 3aBUCUMOCTH OT paccTosHus. MeHHO moa
JNEHCTBHEM  PA3HOCTH  CHJI  TPUTSHKCHHS WM Pa3HOCTH
TPaBUTAIMOHHBIX MTOTEHIIMATIOB HAa PA3HBIX BHICOTAX OHM M IMAJIAIOT.

EcrecTBeHHO, YTO WX BeC NpU CBOOOJHOM TAJEHUU HE
OIIIYIIAETCs, TAK KaK OHHM HE JIaBST HAa ONIOPY WJIU MOJIBEC, TOTOMY UYTO
ATOM OMOpPHI HET WJIM OHA MAJAeT BMECTE C HUMU. [[pyrumu ciioBamu
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npu CBOOOJHOM MAACHUM TOJ JCHCTBHEM T'PAaBUTAIMOHHBIX CHJI
NPUTSDKEHUS, Tena' Beca HE TEPSOT. DTO TONBKO HMMHUTALMS WIH
WJUTFO3USI HEBECOMOCTH.

Jrobast cwiia B mpUpoe — 3TO BCErla pe3yiabTaT ICHCTBUS
Pa3HOCTH IPaBUTALMOHHBIX MTOTEHIIMANIOB, Oaroiapst KOTOpOH, TeJo,
HAXOJAIIeecs Ha MOBEPXHOCTH 3EMIIM WM JIOOOTO TATOTEIOUIETO
TeJa, MIPUTATUBAETCS CHIIbHEE, YEM TEJ0, HaXOJsIIIeecs] Ha HEKOTOPOH
BbICOTE HajJ HUM. Hukakas macca Ha CKOpOCTh (YCKOPEHHE) MaIeHUs
He BausieT. M kak TOJIbKO OHU KOCHYThCS TOBEPXHOCTU 3€MIIH, UX BEC
cpasy e U 0OHAPYKUTCS, B BUAEC BMIATUH Pa3HOU BETUUHHBI.

Kocmonatet B MKC Tak e mnom JeHCTBUEM pPa3HOCTH
rPABUTALMOHHBIX TOTEHUHUAJIOB (BECAa) HEMPEpPHIBHO MAJal0T Ha
3emiro. ToJIbKO OHM Beca 3TOTO HE OUIYIIAIOT, TaK MaJal0T BMECTE C
MKC. Opnako Omaromapst TOPH3OHTAJBHOW  COCTaBISIOLICH
CKOPOCTH, paBHOW I-i KOCMHMYECKOH, OHM HE€ YCIEBAlOT Ha Heé
yhnacTb, HIOTOMY YTO 3eMJIsl IOCTOSIHHO "YXOAUT Y HUX U3-nog Hor"'. U
B pesysbrare 31oro MKC nocTossHHO HaXOJUTCsl Ha OJJHOM M TOH ke
HEOOJIBIION, 110 CPAaBHEHUIO C pa3MepaMu 3eMHOTO II1apa, BHICOTE.

[ToaTOMy KOCMOHABTBI TaMm BECAT MOYTU TaK XK€, KaK U Ha
3emJie, pa3Be YTO Ha HECKOJbKO KWJIOTPaMMOB MeHbIIE. Bec 3TOT
pea’IbHO OLIYIIAETCs, KOIla KOCMOHABTHI, HAIIPUMED, TOJIKAIOT IPYT
JIpyra Wik mepeMeniaroT Kakue-aubo npeamersl. Ho ecnu cranmuo
MOJIHATH HA OPOUTY, BBHICOTOM PaBHYIO WM MPEBBIIIAIONIYIO PAIAYC
wiaHeTsl, npuMmepHo 6300 KM, KOCMOHABTBI OYAYT BECUTH TaM,
OyKBaJIbHO, MUKPOTPAMMBI M TIPY TOJTYKaX OYIyT JIETKO OTCKaKUBATh
JIpYT OT Apyra, KaKk BO3AYLIHbIE IAPUKH.

O10T 3(hdPEeKT MODKHBI OBLIM HCIBITHIBATH aMEPUKAHCKHE
acTpOHABTHL, JeTsmue K JIyHe...

Kaxk pa3 30ece 6yoem ouenv ymecmmno 3amemums, 4mo cyosa no
Xapakmepy O06UMdCEHUA AMEPUKAHCKUX ACMPOHABMOE HA KUHOKAOPAX,
CHAMbBIX, AKOObl Ha JIyHne, OHU mam HUK020a He OvLiU. 3abaysHcOeHUs
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OMHOCUMEIBHO MO20, YN0 Y MAMeEPUU eClb UHEPMHAA MACCA, CHIZPANL0
C HUMU 3JIy10 WIYMIKY, RPeepamue ux é ''0omanymoix ooManuuKkos'".

Xopowo 3amemno, umo IMom crloxycem cHumaica Ha 3emie u ¢
NOBBIUEHHON  YACMOMOU CMeHbl Kadpo6, NOIMOMY  OBUINCEHUA
ACmMpoOHABMO8 KaX)Cymcs HecKOJIbKo nilagHee u medieHnee 00b1un020. A
6 CUly MeHbuiez0 8ecd, npU HEeU3IMEHHOU MbIUEUHOU cuile, XapaKmep
osudicenusn arooeil na Jlyne 6yoem coeepuieHHO Opyzum.

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

Iloamomy Osusicenusn acmponasmos, eecaujux na JIyne emecme co
ckaganopamu, mne oOonee 3-5 Kunozpammos, Hpu COXpaAHEHUU UX
duszuueckoir cunvl, 0yoym 0o071ee ObicmpPLIMU U PE3KUMU, KAK Y
Ky3neuuxos. H neocnopumole 0okazamenbcmea 3mozo 6yoym noayyenvl
npu nepeom Jice HACMOAUEM ROCEU|eHUU KOCMOHAGMAMU HAULEZ0
CHYMHUKA.

A menepy npuxkunem, CKOAbKO 0Oydem 6ecumy KOCMOHABM,
Hanpumep, na FOnumepe. Paouyc

sKnMmoTENNWINLOME g
-~ TpaskTOpMM < - H"\__ IOnumepa paeen 70 000 xm. On

oomvue 3emmnozo ¢ 11 pas.
CnedosamenbHo, 6ec KOCMOHABMA
co ckagpanopom (150 kI'), mam

doncen ovimy pagen 150%11° =

200 monn. Hoza wuenosexa

Puc.16 HUKO020a He cmynum Ha

nosepxnocms  FOnumepa, 3mo

yoen pooomos. bBonee mozo, IOnumep, ckopee ecezo, npeocmaensnem

CO00Il 00CMAMOYHO 20PAUYIO HCUOKYIO KANJIO MAmepuu, maxk KaK ezo

nOGEPXHOCMY U3NyUaem 20pasoo 601buLe menaa, Yem noaydaem ezo om
Coanuya.

Opnako BepHEMCA Ha TIpEIIHYI 3€MI0 M IPOBEAEM

CIEYIOLINN YKCIIEPUMEHT. BO3bMEM JIETKYIO TEIIEIKKY U TOJIKHEM €€.
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(pmc.16) Ona nerko mokaTuTcs... A Temepb IOJOXKHM Ha He€
MOJITOHHBI IPy3a U BHOBb TOJIKHEM. OIHAKO Temeph s TOTO, YTO ObI
OHa MOKaTUJIaCh, MPUAETCSA NPUIOKUTD YK€ MPUINUYHYIO CUITY. ..

Bor kak pa3 orcioma W pacTyT HOTM €aMOro OOJbIIOTO
3a0myxneHus B Hayke. HplOTOH, a Tak ke Apyrue y4yéHble M UX
MOCJIEIOBATEIN, HE TOHMUMAasi MEXaHU3Ma TPABUTALIMH, TPUAYMATIU U
BBEIM B (DM3MKY HEKYI0O WHEPIUOHHYIO Maccy, KOTOpas, SKOOBI
npucylna MaTepud U SKOOBI, dSTa  HMHEPIMOHHAs  Macca
IPOTHBOACHCTBYET NMPUIOKEHHOM K Telmy cuiie. DTo 3a0iyXIeHHe
OUEHb JIETKO OOBIICHSIETCS.

Hauuém ¢ TOro, uyro mo0oe Teno o00JagaeT CBOUM
COOCTBEHHBIM ToJIeM TAroTeHus. IMeHHO Omaronapsi 3ToMy MO0,
BCe TeJla BO BCEIeHHOW wuMeloT cdepuueckyro dopmy, a
CJIEIOBATENILHO, BCE B3aMMOJCWUCTBHUS BO BCEIEHHOW HEOOXOAUMO
paccMmaTpuBath B noiApHou (cheprudeckoil) cucteMe KOOpAUHAT.

Cuuia - BeIMUKMHA BEKTOPHAs, I0ATOMY HaINpaBJIeHUE ICUCTBUS
CUJIbI, BCET/Ia MpAMan AUHUA. A B TOISIPHOU CUCTEME KOOPIUHAT,
KOTOpPOM OMKCHIBAETCSI METPUKA BCEJICHHOU, KPOME pajnyca, MpsiMbIX
JIMHUHI HET, a €CTh TOJBbKO Ayru. [loaToMy KOrzna Mel mpUKIIagbIBacM
cuny F k Tenexke, oHa Bcerjga ACHCTBYET MO KacaTEIbHOW K Jyre
PaBHOIO MMOTEHIIMAA U YTOJI MEKy HAIIPABICHUEM JEHCTBUS CUJIbI U
JIyTOM, 3aBUCHUT OT paJiniyca KpUBU3HBI 3TOU 1yrH. B pe3ynbTaTe uero,
MOTEHIMAN TEJICKKA B TPaBUTALUOHHOM TMOJE€ 3eMJIM CTPEMHUTCA
n3mMeHuThes oT Ro 10 Ri.

To ecTb, NBUras TENEKKY, Mbl, IO CYTH MBITAEMCS MMOJHATH €€
Ha BBICOTY paBHyl0O AR, B pe3ynbrare KOTOpPOH BO3HUKAET
npotuBojercTByomas cuina Fu, paBHas nmpoekuun AR Ha BEKTOp
cunsl F, Kkotopas cTpeMuTCs BEpHYTh TEJEKKY B IIPEKHEE
nosioxeHue. Bo3nukaromas npu stom cuna Fu, HamnpaBineHHas
npomue neicTByromieil Ha teno cuiibl F u ects cuna unepyuu. Jta
CUJia MHEPLUHU 3aBUCUT OT YIJia MPWIOKEHUS JICUCTBYIOIIEH Ha TEJO
CWJIBI K paauycy miaHetbl. Y yem Gomblie sTa cuiia, TeM OoJiblie
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CKOPOCTh JABMXKCHUS U TeM OOJIbIIe MPOTHBOJCHCTBYIOMIAs €l chia
nHepiuu Fu.

He monumas u He ymest 0OBSICHUTD, 3Ty cuily Fu, TeOpeTukn
OIMOOYHO TPUHUMAIOT €€ 3a HEKyl0 MHEpPIUOHHYIO Maccy.
OKCHepUMEHTAIbHOE  JI0Ka3aTeIbCTBO  3TOTO  YTBEPXKICHUS
aeMeHTapHo. Jlas  3TOro  AOCTaTOYHO TMOMHATH — OOBIYHBIE
MEXaHHYeCKHe OaJaHCOBBIE Yachl HAa BBICOKYIO, HaIpuUMep,
reoCTalMOHapHY0 OpOuTy. Ecim MaTepust UMeeT Takoe CBOMCTBO Kak
Macca, TO TOYHOCTh X0/1a YaCOB HE H3MEHUTCSI.

B npoTtuBHOM ciydae, Mpu yMEHbBIIEHHOM Bece OajlaHca U
HEM3MEHHOW yNpPyrocTd BOJOCKA, YacToTa €ro KoseOaHwuid
YBEJIMYUTCS, @ aMIUIATY/1a HACTOJIBKO YMEHBIIUTCS, YTO Yachl IPOCTO
octa”oBsTcs. Ha opbure BbicoToi 6omee 6300 kM, make KBapIeBbIC
gacel OyAyT 3aMETHO CIICHINTh H3-32 HUYTOXKHOW CHJIBI TSKECTH,
BJIMSIONICH HA 4acTOTY KoJieOaHuil KpucTasuia KkBapua. YTo mpuBOAUT
K He0OXOIUMOCTH CUHXPOHU3AINH YacOB, HAXOISIINXCS Ha OpOUTE C
yacamu Ha 3eMJie, pa3HHUIY B TOKA3aHUSIX KOTOPBIX YUEHBIE MBITAIOTCS
00BSCHUTH U3MEHEHUEM CKOPOCTH X0J1a BpEMEHHU B KOCMOCE.

bonee Toro, ecnu Obl Marepus WMeNna maccy, OpOWTAIbHOE
NBIDKEHUE IUIaHET ObLIO OBl BOOOIE HEBO3MOKHBIM. Belnb O4YeHb
JIETKO MPEeACTaBUTh cebe, Kakas HyXHa cuiia nputsxeHus ConHua,
yTOOBI yjAEp)KaTh Ha OpPOUTE TaKyld OTPOMHYIO IUIaHETY, Kak,
Hanpumep, FOnuTep.

Ho rpaButanmonssie cuibl npuTsxkeHuss CONHII @ HA TaKOM
KOJIOCCAIBHOM paccTosiHuu 10 FOnurepa HaCTONBKO HUYTOXKHBI, YTO
HU O KakOM YJAEpKaHHH HE MOXET ObITh W peun. [IpakTudecku
HeBecoMblll FOmutep nerko ynepkuBaeTrcs Ha OpOUTE BOJHOBBIM

B3aUMOJICHCTBHEM C TpaBUTAIIMOHHBIM TTosieM ConHnalra.3] (puc 4).
B 06M4€M ciyuae 00bACHEHUEe 603HUKHOBCHUA UHepUuuUuU J1e2K0 NOHAMmMb

u3 pucynka (puc.17). Cuna unepyuu, nood Odeiicmeuem oounaxosvix cui F,
RPOROPUUOHANBLHA PA3HOCHU G03HUKAIOWUX ZPAGUMAUUOHHBIX NOMEHUUANO08

AR, xomopas 3aeucum om evicomwt opoumsr R cnymnuxa C. Imom sexmop
cunvt Fu pasen npoexuuu AR na eexmop cunvt F u ecezoa oeiicmeyem ¢
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RPOMUBGONOTI0NHCHOM emy HAnpaesi1eHuu. Cquy UHePpUUU MOHCHO 6bIHUCTIUMD U3

noooous mpeyzonvnuxkoe ABD u ACO u ona pasna F, = MNRi* cosd. Dma

cuna 3asucum om y2na Q. Ilpu nanpasnenuu
Fu Oeiicmeus cunbl, cognaoanouiem c
| Hanpaenenuem paouyca niaHemvl, CUlA

b F C
F\ UHepuuu paena eecy meaa, a npu

Hanpaenenuu no KacameabHoil, OHA 20pA300
MeHbUie U 3a8Ucum om paouyca KpueusHl
naanemol. Ilosmomy uenogex He modcem
HOOHAMDY  JHCENE3HOOO0POINCHBLIL 8A20H, HO
6nOJIHE MOJicem NPeodoiemy CUiy UHepyuu
F. u cosunyme e20 c¢ mecma no
20pU30HMATILHBIM PENbLCAM. ..

(Echu  nanpaenenue Oelicmeusn

cunvt F npoucxooum ewé u noo yznom k

Rz

IKBHNOTOHUMANBLHAR

0uamempaﬂbnoﬁ njaockocmu msazomerouieco

mena, 603HUKaem euwié u OONOJIHUMENbHAA
pasnocmo HOMEHUUAN06 (cuna),
Hanpaenennasn noo yzinom 90 zpadycos K neil,
Ha3vigaeman 6 Hayke cunou Kopuonuca.)
/Ina mex, komy ne xouemcs pazéoupamucsa c
yepmedncamu, UHEPUUIO MOICHO 00BACHUMD
Puc.17 ewé npouye.
Kozoa mvt monkaem meno (puc.18a), mo cozoaém neped num 60:Hy

nnaLeTa

CoHCAmMuUA 2pasuUMAyUOHHO20 NOJA, 8 pe3ylbiname 4ez0 603HUKAEm DA3HOCHb
2PABUMAUUOHHBIX NOMEHUUATI08, OClCIEYIOuiAs NPOMUE HANPAGNEHUA
Oelicmeusn cunvl. Imo u ecmv cuna unepuyuu. Kozoa oeiicmeyrowas cuna
ucuesaem, meno Hauunaem cHudcamov ckopocms. Ho eonna cocamus,
Habezarowman na meno czaou (puc.18b), ne

. | noseonsem emy  0CmaHoGuUmMbCA u
e@ of\ noooepcusaem oOgudicenue. Mo u ecmo

7| osuncenue no unepyuu, npu komopom meno

it e E b. 6  zpasumayuonnHoM  nojie  Modcem

Puc.18 08U2AMBCA OYEHD 00.120.
Korna kocMoHaBThI, HAKOHEL-TO MOJETAT K JIyHe, OHU B 3TOM

cpasy xe u yoenarcs. M sTor moasor B OyIylieM JIsKET TPsI3HBIM
ISTHOM BEIMYAMIIEro mo3opa Ha pemyTalnuio HaydHOro cooOIIecTBa
Coenunénnpix IlItaros. Hax aumu Oynet cmesitbes Bech Mup. Ho ato

CIIyYUTCSl €mé HE CKOpPO, a MOKAa YEIOBEK €ME JaKe HE HIOXall
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KOCMOCa, HECMOTpPSI Ha TO, YTO MOJTOPbl COTHHU JIOJEH, TPOMKO
HMEHYIOTCSI KOCMOHABTAMHU.

MakcuMyM YTO MOXHO CKa3aThb O HHUX, TaK 3TO TO, YTO OHH
MPOBEJIM JOBOJILHO TMPOJIOJDKUTENIBHOE BpeMs B cTparochepe, B
MaJaroeM BEICOTHOM JU(Te. ..

WNuorna BcTpeyaronpecss B Ie4aTd COOOIICHUS O TOM, 4TO B
pe3yapTare CIOXHBIX HAy4YHBIX JKCIIEPUMEHTOB, C TOYHOCTBIO O
JIECATOr0 3HaKa YCTAHOBJIEHO pPAaBEHCTBO TI'PABUTALMOHHON U
MHEPLUHOHHOM MacC, TO 3TO MOKHO CpPaBHUThb, pPa3Be YTO, C
YTBEPXKIACHUAMHU CPEAHEBEKOBBIX CXO0JIACTOB O PABEHCTBE KOJIMYECTBA
AHTEJIOB U YepTeH, yMEIIAIOIINXCS HA OCTPUE UTJIBL.

Ipumeuanue! Kak yyce cxazano eviuie, uz-3a OMCymcmeus y
Mmamepuu UHEPYUOHHOU MACCbl, HA O00AbWUX PACCHOAHUAX OM
KOCMUUECKUX O00BEeKnOo8, NPesblalomux ux paouyc, eéec menaa da,
cnedoeamenvHo u cuavl unepyuu F, oxazviearomca HaAcmobKo
HUYMOMNCHBIMU, YMO KOCMUYECKUE AGnnapamsl CMOZYm nepemeuiamucs
mam ¢ O2POMHBIMU U COBEPUIEHHO 0Oe30nacHbIMu 01 Jlooell,
YCKOpeHUAMU, NPeCLIUAIOWUMU MBICAYU .

H mak Kax 3aKOH cOXpaneHus UMnyabCca 000UmMuU He6O3IMONHCHO,
0151 nymeuiecmeuil K Opy2um niaaHemam, @ 4easx COKpauieHus epemeHu
noaéma, 6yoem 603MOHCHO UCHOIB30BANb PAKEMHbIE 08U2AmMeENU C 0UeHb
6bLCOKOIL (83DbIGHOIL) CKOPOCMbBIO UCHeYeHUs padouezo mend.

To ecmv, no cymu, ona pazeona, a max jyce U NOCAEOYIOULE20
MOPMOIHCEHUA MENHCHIAHEMHO020 KOPADAA Oyoem 6nOJIHE 603MONCHBIM
UCNOIb306aAHUE AMOMHO20 63Dbléd, 0e3 KAKUX-TUOO nOceocmeuil 01
4en06e4ecKo20 OpeanuIMa.

Omnpasums Kocmuueckuii Kopaoas na Mapc, nanpumep, MOHCHO
npocmo evicmpenue e2o u3z nyuiku, Kax é nosecmu Ko Bepna. Tonvko
RYWKY 3my npudémca noonams Ha evicomy ne menee 7000 kunomempos.

H >mo, no-euoumomy, eOUHCHGEHHBLIL CHOCOO O0o.iemems 00
Mapca, nomomy umo npu OaumeabHOM nojieme 6 Yca08uaxX HACMoauell
Hegecomocmu, ueno6edecKull OpeaHu3M, HNPUBLIKWMUI K 3eMHOMY
MA20MEHUI0 €064 U 8blOEPHCUM.
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Cnocoovt co30anus UCKYCCMBEHHO20 MAZOMEHUA BPAUEHUEM
Kopaonsa, npeonazaemvie uzuxkamu, 30ece He nomozym. Kopaonw, ons
co30anusn eeca Kocmonaemos, xomsa ovt 6 20-30 kI, nysycno oOyoem
PACKpymums 00 HECKOJIbKUX MBICAY 000POMO8 8 CEKYHOY.

3a0yKIeHUSIMU OTHOCUTEIIBHO TIOHSITHSI MacChl, 00YCIIOBJICHBI
U cTpeMiieHHs (U3UKOB HAWTH HEKYI YacTHUIly, HPUIAIONIYIO
MAaTE€pHUH 3TO HECYILIECTBYIOILEE CBOMCTBO.

NMenno ans  3TOr0 W cTposATcs  OecCMBICICHHBIC
METaJIMTUYECKUE COOPYKEHHMS, BPOJE aAPOHHOTO KOJulaiaepa, rae
YUYEHBIE 3aHUMAKOTCA JOPOTOCTOSIIIMMH IONBITKAMU IOATBEPAUTH
CBOM 3a0JTy>KICHHSI M OTKPBITh HEKUW 0030H XHTTCa, KOTOPBIHM MO UX
MHEHUIO NPUAAET MACCY MAaTEPUH.

...Hy BOT HakoHeI-TO, HEJaBHO TMOSBUIIOCH COOOIIEHHE YTO,
Bpojie ObI YTO-TO OTKpBUIH. Bpome kak Obl cTaHmapTHas MOJCIHb
3aBepuieHa. Ho Temepr BO Bech POCT BCTajma Jpyras mpooiiema.
OOBSICHUTB, KaK OH 3TO JAenaeT. MoxkeT ObITh MPOCTO HAOUBAECT
KapMaHbl KaMHsMH? MartemaTuka Ha Takue BOIIPOCHl OTBETa HE
JacT. ..

Ho Hano xe kak-To onpaBaaTh IEHbIH O€3apHO 3aKOIMaHHBIC B
3eMiI0. BOT M OTKOMayin MIer0 MOIyBEKOBOM JaBHOCTH. Bce paBHO
MPOBEPUTHh HUKTO HE CMOJKET, BEb HE Yy KaXJOro €CTh Ha KyXHE
COOCTBEHHBIN KOJITAHIED.

6. O KOPIIYCKYJISIPHO-BOJTHOBOM "JYAJIU3ME"
U "KPACHOM CMEIIEHUN"

Jlroboe maTepmanmbHOE TENO, JABWXKYIIEeCS B OO0
OJTHOPOJHOM cpejie, BO30YKAaeT B HEH yNpyrue npoaosIbHbIE BOJIHBIL.
CKOpOoCTh 3THX BOJIH 3aBUCHUT UCKIIIOUUTENIBHO OT CBOMCTB Cpeabl U
SBISICTCS  TIOCTOSHHOW.  JIBMOKYIIMIICS — TemoxoJ BO30YXKIaeT
IPOJOJIBHBIE BOJHBI B TOJILE BOJBI, PACIPOCTPAHSIOIINECS B HEH CO

ckopoctbio 1300 m/cek (ckopocTh 3ByKa B Bojie). HaaBoaHas dacthb
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KOpabJIsl Tak ’ke BO30YXkIaeT MPOI0JIbHBIC BOJIHBI CKaTUS B BO3/AYXE,
KOTOpBIE PaCHpPOCTPAHAIOTCS €O ckopocThio 340 M/cex, win co
CKOPOCTBIO 3BYKa B BO3JIyXE.

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

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

MarepuanbHasi 4YacTulla, ABWXKYIIAACS B 2PAGUMAUUOHHOM
mojie, KOTOpPOE SBISIETCS JBOWHBIM  DJIEKTPUYECKUM  TIOJIEM,
BO30Y)XJaeT B HEM BOJIHY, KOTOpas, 10 CYTH, MPEACTABISAIOT COOOH
0ge coemeuiénnvle npoo0O0IbHble BOIHBI B DIEKTPUUECKHUX MOJIAX
pa3HbIX 3apsioB. U Tak Kak 3TH MOJIs HAXOJATCS BHYTPHU IpYT Apyra
U HUMEIOT TPOTHBOIOJOXKHBIE CBOMCTBA, TO 3TH BOJHBI B HHUX —
CUHXpPOHHBI M TMpoTuBOda3zHbl. Eciu B HEKOTOpoW TOUKe MO
MOJIOKUTEIBHOTO 3apsifa Y BOJIHBI TOpO, TO B TOW KE TOYKE IO
OTPUIATENILHOTO 3apsi/ia — BIIaUHA.

To ecTh MO CyTH, 3TO KoyieOaHUS TOJSPHOCTH TIEpeKoca
TPaBUTALMOHHOTO OIS (MOJSIPHOCTH MAarHUTHOTO TIOJIS), KOTOPBIE U
NPEJICTaBISIIOT ~ CcOOOM  caMmble  HACTOSIIIUE  MOnepeuHbvle
2pasumayuonHble BOIHBI HAa TPAHUIE JIBYX JJIEKTPUUYECKUX IOJIEH
Pa3HBIX 3apsioB. DKCIEPUMEHTANbHAS WILTIOCTPALIUS 3TOTO SIBICHUS
nokazaHa Ha (puc.11b) B [ria.4]. U ecnam rpaHuil MEeXIy BOAOW U
BO3IyXOM, HAIIpUMeEp, MPEKPACHO BUIHA, TO TPAHUILY MEXKIY MOIIMHU
Pa3HBIX 3apsAOB MPEACTABUTH ceOe 0UYEeHb TPYIHO.
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[Tonst 061amar0T 06HEMOM U TPaHUIIA MEKIY HUMU CYIIECTBYET
MIPAKTUYECKH 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 chepruecKyro JuarpaMmy HarpaBJI€HHOCTH.

W xak MBI y)X€ YCTAaHOBWJIM BBINIC, NMPU ABMKCHUU YACTHIIBI, B
ACUMMETPUYHOM TPABUTAI[MOHHOM IIOJIe, CO3/aBaeMas €d BOJIHA,
Oymer Tak ke HecuMMmeTpuyHoil. EE cocraBmsromume OynyT
pa3nuYaThes MO BEIWYMHE, B 3aBUCHMOCTH OT 3HAaKa aCHUMMETpPHH.
Wnm nppyrumMm cioBamu, BOJIHA OyAeT TMOJsSpPU30BaHHOW. Bot
UHTEPECHO OBl y3HaTh, KaKUE K€ 3TO I'PABUTALIMOHHBIE BOJIHBI, C
MOMOIIIbI0 MHOTOTOHHBIX OOJIBAHOK, YK€ JOOPYIO COTHIO JIET
0€3yCIENIHO MBITAI0TCS OOHAPYKUTH OOJbIIINE YUEHBIE?

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

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

VIMEHHO TOATOMY CBEPX3BYKOBBIE CaMOJIETBI UMEIOT OCTPYIO
HOCOBYIO 4acTh. OHa pa3/BUTAET CJIIOU BO3/yXa U CBOJUT HA HET €ro
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yIJIOTHEHHE miepes; camonéroM. M xota camonér maBUT OOKOBOMA
IIOBEPXHOCTBIO HAa BO3JyX, HarpeBa H3-3a OTCYTCTBHA TPCHHS B
BO3/yX€, HE IPOUCXOIUT.

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

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

Ceer, kak M J1000€ Jpyroe M3Iy4eHUE - PEHTI€HOBCKOE,
ramMMa, paauo, MpeacTaBiseT coO0M MOTOK YacCTHI ABMIKYLIMXCS CO
CKOpPOCTSIMH, OJIM3KUMH K CKOPOCTH

/_,--rpeB-eIrL.
-~ BOJIHEL

pacnpocTpaHeHus BO30YKIaeMBIX
MMU BOJIH B TPaBUTAIIMOHHOM TIOJIE, a
JUTHA BOJIH OTIPEENSIETCS] Pa3HOCTHIO

Ee

CKOpOCTEr ITHUX YACTHUIL u
BO36y)K,Z[a€MBIX HNMH BOJIH.

i To, YTO y4YEHBIE CUYMTAIOT

Pa3HBIMM YACTHLAMH, 3TO IO CYTH
OJIHU U T€ K€ YACTHIbI, ABUKYIIUECS C PA3IMYHBIMH CKOPOCTSIMHU.
KorepeHTHOCThL Jydya Jja3epa, HampuMep, OOBACHIETCS TEM, 4YTO

Puc.19

(GOTOHBI (JACTUIIBI) TBUXKYTCS C OJMHAKOBBIMHU CKOpPOCTsIMH. [[mmHa
BOJIHBI, BO30Y)KIaeMOW  YacTUIEH, ONHCHIBAETCS  MPOCTHIM
BBIPAKEHHUEM:

A=(Ve-Vu)lt,

rae Vu— CKOpOCTb YacCTHIIbI,

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

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

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

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

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

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

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

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

A=(Vs-Va)lt,

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

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

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

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

arperaTHoro coctossHus. Yem Ooubie
ACUMMETPHsI TPAaBUTAIMOHHBIX ITOJICH
aTOMOB Ta30B S, TeM OOJBIIMKA MYTh
MPUXOJNUTCSA TPEOOJICBaTh BOJHE H,

o eCTECTBEHHO, 3aTpayuBaTh Ha 3TO
Q0000 ®® - | 6oinuce spems.

Puc.20 DTa 3aBUCUMOCTh CKOPOCTH

BOJIHBI OT IUIOTHOCTH CpE€Ibl, B KOTOPOW OHA paclpoCTpaHsieTcs,
WUTFOCTPUpOBaHa PUCYHKOM (puc.20). B cBsi3u ¢ 3TUM, BIOJIHE
YMECTHO YIOMSIHYTh 3/1€Ch W3BECTHbIA 3KcrepuMmeHT H. bacona,
MOCTABJICHHBIN B IECTUECIATHIX rogax npouwioro Beka B CCCP.
CyTp 3TOro 3KCHEepUMEHTA TAKOBA, JIyY Jla3epa pPacIlerIscs
Ha JBa Jy4ya, OJAMH M3 KOTOPBIX MOMaJajl HEMOCPEACTBEHHO Ha
MHUILEHB, & BTOPOU CHavasa MpOXOAUIl Yepe3 YCUIUBAIOIIYIO STYCHUKY.

56



Beonroyust MATEPHH

Slueiika 3Ta npeacTaisiia co0oi pyOMHOBEIH J1azep, paboTaromuii B
pexume ycwieHusa. EcTecTBeHHO, UTO JIydd JOCTUIIIM MUIIEHH HE
oAHOBpeMeHHO. Ho oka3anock, 4To J1y4, NpomeaIui 4epe3 KpucTasil
AYEHKHU, JOCTUT MULIEHH PaHbIlIe JTy4a, MPOUIEIIETO 0 BO3AYXY.

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

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

Tak xak MaTepuaigbHble OOBEKTHl B3aUMOICHCTBYIOT MEXIY
coboif Ha ypOBHE TOJEH, CKOPOCTh 3TOTO B3aUMOJCHCTBUS
OIpEENsAETCs, B OCHOBHOM, CKOPOCTBIO PaclpOCTPaHEHHs BOJIH B
IPaBUTALlMOHHOM TI0J€ (CKOpPOCTb CBE€Ta), TO U PE3YyNbTAThI
JKCIIEpUMEHTa bacoBa, ¢ TOYKM 3pEHHs HACTOALIEH TEOPHH,
OOBSCHSIIOTCS OY€HBb TIPOCTO.

Jly4, mpomeamuii mo pyouny (TBEpIOMY Tey), MPEOaOEI
ropa3o MEHbIIIEEe PACCTOSHHUE B T'PABUTALMOHHOM I0J€ TBEPIOTO
tena () Sr), 4eM Iy, pacpoCTPaHSIOUINIICS B TPaBUTALIMIOHHOM I10JIe
BO3yIIHOM cpenbl () Sr). Ilepenaua e umMmnysbca HEMOCPEICTBEHHO
C aToMa Ha aToM B TBEPABIX TelaxX M JKHUJIKOCTAX, B CHIYy HX
IIPAKTUYECKOH HEC)KMMAEMOCTH, IPOMCXOAUT CO CKOPOCTHIO,
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onm3koit k 6eckoneuHoi (puc.20). [losromy myd, mpomreaumii uepe3
pYOMHOBBI KpHCTAJI, TPHUIIET Ha JETEKTOpP paHbIIEe Jiyya,
PacIpoCTPaHSIONIETOCs TI0 BO3AYXY, Ha BpeMsI:

t=3Sr- > Sv)/c, tne

>Sr — cymMmapHbIi myTh Jiyda B TPaBUTAllMOHHOM II0JIE
pyOuna,

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

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

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

7. OB DSHEPTUH

OHeprusi, MOHATHE B COBPEMEHHOM Hayke, MpsSMO TakH,
danTactuueckoe. M kak Tonbko e€, OeaHyr0 He CKIOHAT. OHAa U
W3JIy4aeTcsl, U MOTrJIOoIIaeTcs, U Jaxe npespaiiaercsa B maccy! M kakoit
TOJIBKO OHA He OBIBAET, U MOTCHIIHAIILHON U KUHETUYECKOH U TEMHON
U JaKe )KU3HEHHOU U AyXoBHOU. Ha camom nene, Takoi (usmueckoi
CYILIHOCTH, KaK 3HEprusi, B IPUPOE HE CYIIECTBYET. ITO MPOCTO OJHO
U3 HEOThEMJIEMBIX CBOMCTB MaTEpHH, TaKOe Xe€ KaK Harpumep,
MPO3PAUYHOCTh CTEKJA, KOTOPYIO HENb3sl OTAEIUTh OT CTEeKJa U
"mpunenuts” K (anepe 1 TOro, 4ToObl (haHepa cTaja Mpo3pavyHo.
W sHeprus mro00ro Tena 3aBUCHT TOJBKO OT €ro IOJOKCHHS B
TPaBUTAIMOHHOM WJIH DJJIEKTPUYECKOM ToJie npyroro Ttena. U
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HECMOTpPSl Ha YBEpEeHHsI OOJNBIIMX YYEHBIX, HUKAKOW BHYTpEHHEH
SHEPIUM MaTepUsi HE UMEET.

OpnHako B MocieiHee BpeMsl B MHTEPHETE MOSBUIOCh OTPOMHOE
KOJIMYECTBO PECYpPCOB, TJ€ apMHH ICEBIOYYEHBIX JroOHUTENEH
paccyXIaroT O MOUCKaX KaKOW-TO CBOOOIHOM SHEPTHH, KOTOPOU MO
WX MHEHHIO, 3aI0JTHEHA BCs BeeneHHas. M naxe Oonbiue ydéHble He
KpacHes BPYT, YTO MOJI U3 KOCMOCA JIbETCSI TAKOM MOTOK SHEPTUH, YTO
B OyaymiemM e€ XBaTUT YEIOBEYECTBY HA MHJUTHOHHKI JieT. M moxoxe,
YTO CaMHU B 3TY UYIIb BEPST.

A BCe HAYMHAJIOCh C KAKUX-TO HEBEPOSATHBIX CIyXOB O TOM, UYTO
Tecna, sk00bI HamEN crTOCO0 UCIOJIB30BAHUS PHEPTUU Bakyyma!, HO
MPOKJIATHIE KAITUTAIUCThI KYIIWJIM Yy HETO MAaTeHT U BCE 3aCEKPETUIIN,
YTOOBI HE YITYCTUTh MPUOBUIA OT MPOJIAXKH YIIIEBOJAOPOIOB.

Ho 0cobeHHO yauBISIOT pacCyXIeHUS YIEHBIX O TOM, YTO MPHU
MEepEeMENICHUN MaTepUaJbHOrO Tejla MO 3aMKHYTOM TpaeKTOpHH,
coBepiraemasi paboTa paBHa Hym0. Takyr0 axuHEI0 MOXET HECTH
TOJILKO KaKOW-HUOYAbh 0€3rpaMOTHBIN CBUHAPH, EMY MMPOCTUTEIHHO.

Ho y4€nb1il 0JKEH MOHUMATh, YTO €CIU MbI IOJHUMAEM THPIO
Ha BTOpOM 3Taxk, To 3T0 MbI coBepiaem paboTy NMPOTHB CHIIBI
NPUTSDKEHUs. A Korja Mbl cOpachbIBaeM THPIO CO BTOPOro 3Taxka, TO
sto 'NPSI coepmraer paboTy mox AeHCTBUEM CHUITBI PUTSKEHUS. TO
ecthb pabota coepiraercsi PA3SHBIMMU Tenamu u B pa3HbIX YCIOBUSX,
MO3TOMY €€ Hellb3sl MPUpaBHUBATh. OHAKO YUEHBIX 3TO HE CMYIIAET.

Bcs sneprus, noctymnaromnias Ha 3eMITt0 U3 KOCMOca — 3TO BCETO
JUIIL OOBIYHBIM COJTHEYHBIH CBET. M 3TOT MOTOK JEHCTBUTEIBLHO
KosoccasieH u ecnu He Oynet CouHia, 3emiis 3a HECKOJIbKO Helelb
MPOCTO MPEBPATUTCS B JIEAAHON map u Bce nmorubHer. ConHeyHas
SHEpPrus, 3TO MOTOK MaTepHaJbHBIX YacTHIl '"COJHEYHOro BeTpa’,
3JIEKTPOHOB, NMPOTOHOB, aTOMOB BOJOPOJA W T.A., JBHKYIIHECS C
Pa3JIMYHBIMU CKOPOCTSIMH M CONPOBOXIAEMbIE BOJHAMH B €ro
IpaBUTAlMOHHOM Toyie. M dWeM BbIIIE WX CKOPOCTh, TeM Oolee
KOPOTKHE BOJIHBI OHU BO30YXK/IAIOT.
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Cama 60o1Ha He Hecém HUKAKOUW IHEPIUU U He Modicem
0Ka3bl6amb HUKAKO20 0A61EHUA - IO NPOCH O MEXAHUIM nepedadu
63AUMO0CIICMEUA MeHCOY MAMEPUATbHOIMU MeaaMu, 6 OAHHOM
cayuae medxncoy Connyem u 3emnéil.

MpbI BUJIUM CBET UCKIIIOUUTENBHO OJ1aroapst TOMY, 4TO MOTOK
MaTepuadbHBIX YacTHI], (OTOHOB, MOMaaas B TJa3, COBEPIIAIOT
paboTy, mOTrIoMIasiCh MOJIEKYJION POIONMHA B CETYATKE.

B pesynpraTe moriomieHus (pOTOHA y MOJEKYIBI POJOIHHA
YBEJIMYMBACTCS aCUMMETpUsi €€ TPaBUTAIMOHHOTO TOJS W,
COOTBETCTBEHHO, BOBHUKAET PA3HOCTh AJIEKTPUUECKUX MOTEHINAJIOB,
B pe3yjibTare KOTOpPOM BO3HUKAET JBI)KEHHE DJEKTPOHOB I10
HEPBHOMY BOJIOKHY WJIM AJIEKTPUYECKUN TOK, MHTEPIPETUPYEMBIil
MO3TOM KaK CBET.

[TonsTHe KBaHTa CBETa, KaK MOPLUHUU HM3ITYYCHHUS, BOSHHUKIIO
UMEHHO W3-3a TOTO, 4TO (DOTOH SIBISIETCS MHUHHMAIBLHOW TOpIUEi
CBETOBOT'O IOTOKAa, B PE3yJlbTaTe KOTOPOW BO3HHUKAET OIIYIICHUE
CBETa B MO3Te.

KBaHT — 3TO mpoCTO OJJHA EAMHCTBEHHAS YaCTUIIA WU TO JKE
camoe, 4To ¥ ()OTOH.

3Hepzuﬂ, He morcem npespaulamovbCia HU 6 KUHemu4ecKym, Hu 6
MEXAHUYECKYIO, HU 8 XUMUYECKYIO, HU 8 KAKYIO OPYZyI0, ROMOMY Ym0 IMo
MOBLKO CBOUICMBO Mamepuu coeepuiams paodomy, 00ycil06/1eHHOe
PA3HOCMBIO CpasumaliOHHblIX NOMERUUAI086.

N xorga roBopsIT 0 mepenade IEKTPOIHEPTHH, TO HMEETCS B
BUYy TO, 4YTO IMepenaércs MOTOK MAaTePUAILHOTO HOCUTENS —
AIIEKTPUYECKU 3apsHKEHHBIX YACTHIl, KOTOPBIE MPH ABMKCHHUH TIO]
JIEHCTBUEM PA3HOCTH IMOTEHIINAJIOB CIIOCOOHBI COBEpIIaTh padoTYy.

8. O IMAPOBOI MOJIHUU

[lapoByt0 MOJIHUIO, KAK U MHOKECTBO MPOCTBIX MPUPOTHBIX

SBJICHUM, COBPEMEHHAs HayKa JI0 CHUX IIOp CUMTAEeT 3arajakoil, Ha
60



Beonroyust MATEPHH

OOBSICHEHUH KOTOPOH clioMalny 3yObl O4YeHb MHOTHE OoJbIIHe
yuénble. Hayka BooOIIe UIET OKOJIBHBIMU MYTSMH U OYE€Hb MHOTHE
MEXAHU3MBI IIPOCTBIX MPUPOJHBIX SIBICHHUN OCTAIOTCA BHE €€ IO
3peHusi. BEIIBUHYTO COTHU BEPCHM TOMBITOK OOBSICHEHUS IIapOBOM
MOJIHMM, HO HU OJIHA U3 HUX Ja)K€ Ha MOTYy He NMpHUOIM3WIa HAyKy K
pasraake 3Toro spiaeHus. Ho Ha OCHOBE BBILIE H3JI0KEHHOTO,
MEXaHU3M IAPOBO MOJHHUH JIEMEHTAPHO OOBSICHSIETCS.

OObluHast  JUHEWHas  MOJHHUS  TpPEACTaBIIsieT  CcoOOoi
KPaTKOBPEMEHHBIM  TOKOIPOBOJAILIUM  KaHal B BO3JYXE,
BO3HUKAIOIINN B PE3YyJIbTaTEe PA3HOCTH JJIEKTPUYECKUX IMOTCHIMAIOB
MEXIy oOJlakaMu WM oOnakaMu M 3eMi€ld. Pa3HOCTh MOTeHIMANOB,
9TO pe3ysibTaT TypOYIEHTHOCTEH, BO3HHUKAIOIIMX B BO3JyXe OT
Pa3HOCTH TEMIIEPATYP BOCXOJALIMX IIOTOKOB B KAPKYIO IIOTONY.

TypOynentHocTr B 06JaKax MPUBOAUT K MEPEMEIIMBAHUIO U
YBEJIMUYEHUIO IUIOIIAAU COIPUKOCHOBEHUS MOJIEKYJI BOJSHBIX I1apOB C
MOJIEKYJIaMH OKPY)KAIOIIET0 BO3JlyXa, YTO OOJerdyaer mepeTekaHue
3apsioB. Ilpu sToM paGoTaeT TOT e caMblii MeXaHH3M, KakK IpH
AIIEKTPU3ALUY HATUPAHUEM CTEKJISTHHOM MM Y00HUTOBON MAIOYKH.

O6naka, cocTOsALIME U3 MOJIEKYJ BOJbI, UMEIOIINX MEHBILYIO
ACUMMETPHUIO TPAaBUTALIMOHHBIX IIOJIEH, OTHOCHUTENBHO MOJIEKYI
BO3JyXa KaK IpaBWIO, TOJIy4alOT H3 HEro H30bITOYHBIE
OTpULATENIBHBIE 3apsabl. Pa3psan MOXKET NpPOM30MTH KaKk MEXIy
o0J1akaMy, UMEIOIIMMHU OTPHUIIATEIbHbIE 3apsAbl PA3HOW BETUYHHBI,
TaK U MEXIy obOiakamu M 3eMIEH, KOoTopas Tak K€ MMEEeT OYEHb
HEeOOJIBIION U30bITOUHBINA OTPULIATEIIBHBIN 3apsil.

Korpa mexny obnakamMu pa3HOCTh MOTEHIMAJIOB JOCTUTAET
HEKOTOPOM KPUTUYECKOW BEJIMYMHBI, 3apsbl HAUMHAIOT IIEPETCKATh
MEXIy HUMH, 00pa3ys TOKONPOBOJSIIMN KaHal, MO KOTOPOMY
IPOMCXOIUT JABUHOOOPA3HBIA pa3psij, BBIACISAIONIMA OrPOMHYIO
MOIIHOCTbh 32 OYE€Hb KOPOTKHUH MPOMEXYTOK BpemeHu. Mnu mpocro
nuHelHas MoaHus. Ilepen TeM Kak MOracHyTb, MOJIHHS Pa3pbIBAETCs
Ha HEOOJIbIINE YYaCTKU, KOTOPBIE MMOCTOSIHHO WAYIIMMHU B TPO30BBIX
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o01akax BUXPSIMH, MOTYT CBEPHYThCS B IETJIIO M HEKOTOPOE BpeMs
OTJEJIHO OT OCHOBHOI'O KaHaja CyIECTBOBATh B BHUJE 3aMKHYTOI'O
KOJIBLIEBOTO ~ MOTOKAa  3apsA0oB, JABMXKYIIMXCA IO  KPYTOBBIM
SKBUIIOTEHIMAIBHBIM TPACKTOPHUAM. OTa NETIS M MPEJCTaBISET
c000¥ apoBYI0 MOJTHUIO.

A Tak Kak JIBKEHHE 0 SKBUIIOTCHLIUAIBHONW TPAEKTOPUH, 3TO
[0 CyTH, aHAJOT MPSAMOJIMHEWHOTO0 PaBHOMEPHOTO IBUXKEHHUS, TPU
KOTOPOM paboTa MPaKTUYECKU HE COBEPIIAETCS, TO IIapOBast MOJIHHUA,
0J00HO CBOOOJIHO BpAILAIOIIEMYCSI MaXOBUKY HJIM BOJTYKY, MOXKET
CYIIECTBOBaTh  JIOBOJBHO JUIMTEIBHOE BpEMs, IEPEMEIasich
IOTOKaMH BO3/lyXa Ha HEOOJIbIINE PACCTOSIHHUSA.

IToka THXO HE UCUE3HET, UCUEPIIaB FHEPTUIO HA U3ITyUCHHUE WIIN
HE€ HATOJKHETCS Ha NPENATCTBUE, MPU KOTOPOM HPOU30UAET
paspylieHue KOJBIEBOIO TOKa C 00pa30BaHMEM B BO3JyXe O0JIACTH
NOBBIIIEHHONW KOHLEHTPALUU 3JIEKTPUYECKUX 3apsinoB, [ri.dl]
KOTOpblE MI'HOBEHHO BCTYIMB B pPEaKLUIO CaMOIPOU3BOJILHOTO
CHUHTE3a C MOJIEKYJAMU OKPYKAIOLIETO BO3/yXa, BBIACIAT MUMITYJIbC
MOIIHOCTH B BUJIE B3pHbIBA.

OKCIIEPUMEHTAIbHO IIapOBYI0 MOJIHUIO MOYKHO TOJIY4MThb
IPOMYCKasi  MOUIHBIE  JJEKTPUYECKHE  pa3psabl B CHIBHO
TypOyJIEHTHOM IOTOKE BO3AYyXa.

9. O TEMIEPATYPE U TEMHOW MATEPAA

Ha ocHOBaHMM H3JI05)KEHHOTO BBILIE, MOKHO TaK K€ JIETKO
o0ocHOBaTh TMOHATHE TeMmmeparypsl. [lpu HarpeBaHuu Tena'
paclupsOTCd U CTAHOBATCA JIerde, I3TO OJKCIEPUMEHTAIBHO
yCTaHOBNIECHHBIN (akT. Bo3pMméM TBEpHOE TEno u MpoBeAEM
MBICIIEHHBIA 9KcnepuMeHT. Kak ObIJIO CKa3aHO BbIIIE, aTOMBI
BEIlleCTBAa OOJIafal0T TPaBUTALMOHHBIMU  MOJsAMH, Onarojaps
KOTOPBIM OHH INPUTATHBACTCA K 3eMile. Tak Kak I'paBUTAllMOHHBIE
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MoJisl aTOMOB TBEPJOTO Tella HMMEIOT OYE€Hb HE3HAYUTENIbHYIO
ACUMMETPHIO, TO OHHM CHJIBHO IPUTATUBAIOTCA IPYT K APYTY.

[TpubaBnsieM K KaXaoMy aromMy 1o 31ekTpoHy. [Ipu stom y
aToMa HECKOJIBKO YBEJIWYUTCS ACUMMETPHUsSl €ro I'PaBUTALMOHHOIO
NOJIsI, B pe3yJbTaTe 4ero yMEHBUIUTCS Cuila MPUTSIKEHHS Tella K
3emiie. [ri.11]. To ecth aTOM cTaHeT jerde (BO3HUKHET Je(eKT Beca),
a 00beM ero yBENWYHTCS Ha OJWH JJEKTPOH. BoT, mo cyTu, Mbl U
0OHapyXWJIH HOCUTENb Teria. Takol CBOeoOpa3HbIi TETIOPO, POIh
KOTOPOr0 MOT'YT UIpaTh, B MPUHIUIIE, KaK MOJOXKUTEIbHbBIE, TaK U
OTPULIATEIIbHBIE 3aPS/bI.

N xortopeiii Oosbiiie y4€HBIE YK€ YCIETu "3aKpbITh",
NPUAYMaB B3aMEH BEYHBIM JIBUrareilb, B BUAE MOJIEKYJIPHO-
KMHETUYECKON TEOpHH.

Bo BceneHHOI CymecTBYIOT 00JIacTH, T/Ie KOCMHYECKUE Tela
0o0pa3oBaHbl  BELIECTBOM C  MOJOXXUTEIBHOW  acCUMMETpHEn
rPaBUTALMOHHBIX TOJIEW aTOMOB. DTO TO, TO Y4EHbIE HA3BIBAIOT
TeMHOU MaTtepueil. [1o cyTu — 370 HeKuil apaylIebHbIA MUD, TIE BCE
HAo0OpoT. M3mydeHus 3BE3N COCTOSIIMX W3  BEIIECTBA C
MOJIOKUTETPHOM aCUMMETPHEH, TPEACTABISAIOT COOOW TOTOKH
MOJIOKUTENBHBIX YACTHII.

OTOT MUp T HAacC HeBUAUM. HeOonbImoi Kycok BEIIecTBa,
00bEMOM B KyOMYECKHMI CaHTUMETp, y Hac Ha 3emiie OyaeT BECUTh
HECKOJIbKO TOHH U OyZeT UMeTh Iiy0oKo u€pHbIii 1iBeT. [loaToMy MbI
HUKOTJ]a HE CMOXEM MOCETUTh ATOT MapaJIeIbHBIA MU, TaK K€ KaK
U ero oOuTaTenu He CMOTYT MOCETUTh Hail. OOMIaThCsl MBI CMOXEM
JUIIb TOCPEJCTBOM PAJIUOCBS3H.

[IpomomkuM CBOWM MBICICHHBIM SKCIIEPUMEHT, J00aBIsAs B
aTOMBI TeJa MO 3apAny. ACHMMMETpUsS UX TI'PAaBUTALIMOHHBIX IOJEH
OyZIeT yBeIM4MUBaThCs, TEIO OYJET CTAHOBUTHLCS BCE JIETYE U Jierye, a
CHWJIBI PUTSKEHUS] MEXKAY aToMaMu OyayT CTaHOBUTKCS Bce ciaabee 1
ciabee.
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Uepe3 HEKOTOpOE BpeMsl aTOMbI IOJy4YaT BO3MOKHOCTh
MEpEMELATbCS OTHOCUTENBHO APYT APYra U BELIECTBO IIPEBPATUTCS B
KUIKOCTh. To ecTh pacruiaButcs. [lpu mampHelimeM NmpuOaBiICHUU
3apsiIoB, aCUMMETPHUS TPABUTAILIMOHHBIX MOJIEH aTOMOB YBEIUYUTCS
HACTOJIBKO, 4YTO OHHM HA4YHYT OTPBIBATBCA JPYr OT JApyra BCE
YBEIMYMBAIOIIMMHUCA  CWJIAMHM  OTTAJKUBAaHUA W JKUIAKOCTH
MpEeBpaTUTCS B ra3. BOoT MBI ¥ MONy4Ynsin OOBSICHEHHWE MEXaHH3Ma
HACTIapEHUS.

[pumeuanne! B uacmuocmu, ucnapenue 600bl 00yCn0671€HO
PasHocmuio acummempuii 6030yxa u 600vl (puc.2l), nosmomy oasxce
3amépzman 6ooa (11é0) 0060abHO Xopouio ucnapsemcsa. Hzovimounvie
3apAo0sl U3 MOJIEKY1 6030YXA NEPEeMeKas @ MOAEKYabl 1b0d, YEeaUdUEAIOMm
acummempuio uUxX ZpasumMauUOHHBIX NOJel, UYmo HpuUeooum K
Y6enuuenuio cun OMmaaKueaHus Moaexya opy2 om opy2a, Komopule npu
IMOM ROTYYAIOM GOZMONCHOCHIL OMOPEAMBCA OM HOGEPXHOCHMU U
HOOHAMbBCA 6 6030yX, émMecme ¢ ''mpununmwumu'’’ K HUM MoJIeKyl1amu
6030yxa).

[Ipu 3HAYNTETHLHOM YBETUYECHUN KOHIIEHTPAIIUU U30BITOYHBIX
3apsI0B B aTOMax, OHHU YK€ He OyIyT B HUX yJepKUBAThCs, a OyayT
PaBHOMEPHO PaCHPEIENAThCS 110 BCEMY 00BEMY.

Takum oo6pazom, 000cHOGbIGACHICA MEXAHU3ZM 6HIOPOZO
Hauana mepmoOUHAMUKU U NPUHYUN

6o3pacmanus IHmMponuu, Kak
Bov 6bIPAGHUGAHUA TI0OBIX Pu3UYEeCKUX
Botn napamempog mamepuu. B oannom
ciyyae - memnepamypbol.

B KkoHIlE KOHIIOB, BEIIECTBO

Puc.21

IIPEBPATUTCS. B CMeECh '"TOpSUUX'
(3apsKEHHBIX)  aTOMOB € DJIEMEHTAPHBIMU  3JIEKTPUUYECKU
3apsDKEHHBIMM - YacTULAMUA WU B IuiasMy. llpu  nanbHeimem
MOBBIIICHUH TEMIEPATYPHI TPOUCXOAUT CIIETYIOIIEE.

N3-3a orpoMHON KOHUEHTpPALIMU OJMHAKOBBIX 3apsAJIOB, aTOM
MEepPEXOJUT B COCTOSHHUE, TOJO0HOE JKUIKOW Karie, KOTopas
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pa3BallBaeTCs HA DJIEMEHTApHBIE YACTHUIBL. OTH SJIEMEHTapHBIC
YacTULIBI, IPU JTaIbHEHIIEM MOBBIIICHUH TeMIIepaTyphl, pa3BajsaTCs
Ha cyOanemeHTapubie. M tak nanee. [1o cyTu Mbl BOCTIpOM3BENH 3/1€Ch
IPOLECC CHHTEe3a, MPOUCXOASIMNH B 3BE3MaX, B 0OpaTHOM
HaIpaBJICHUH.

Temnepamypa — 3mo 6enuuunHa pAa3HOCMU ACUMMEMPUTL
2PasuUmMAayUOHHbBIX NOJIEI AMOMOE MAMEPUATILHO20 MENA U AMOMO8
OKpyHcarouienl e2o cpeovl.

N mpocto pa3HOCTh WX M3OBITOYHBIX DIEKTPUYCCKHUX
3apsaoB. [I0TOK Tera — 3TO MOTOK 3apsKEHHBIX YACTHI], KOTOPBINA MbI
YyBCTBYeM OJjaroaapsi yBEIMYMBAIOIIECHCS aCUMMETPUU MOJIEKYI
HAIIIEeTO TeJa.

Ecnu e 3TOT MOTOK 4acTuIl HampaBjieH W3 Hallero Teia u
OyIeT yMEHbIIaTh ACUMMETPUIO HAIIUX MOJEKYN, MBI OyJemM
YyBCTBOBATh OXJIAXKICHHE. AOCONIOTHBIN TeMIIepaTypHBIN HYIb, 3TO
PaBEHCTBO WJIM HYJEBas Pa3HOCTb ACHMMETPHIl TpaBUTAIMOHHBIX
nojel aToMoB Tena, KOTopas B CHIy C(EepUYecKOll METpUKU
BCEJICHHOU, HEBO3MOXKHA.

A TO, YTO ToOnpa3zymeBaeTcsl Moj aOCONIOTHBIM HYJIEM B
COBPEMEHHOM Hayke — 3TO CHEKYJSALHUs, OOYCIOBJICHHAs CIEMbIM
MEPEHOCOM pPEe3yJbTaTOB MaTeMaTHYEeCKHMX MpeoOpa3oBaHUN Ha
(UBHUYECKYIO PEATBHOCTD.

AHaJOTUYHBIM K€ 3a0TyKICHUEM SBISETCS U MOJEKYIISPHO-
KMHETHYEeCKass Teopus, MPOTUBOpEYalas BTOPOMY  Hadaly
TEPMOJMHAMUKH, OOYCIIOBJICHHAs, KaKk W B CIy4ae C OIBITOM
Pesepdopaa, ormmbouHbIM 00bSICHEHHEM PE3yIbTaTOB SKCIIEPUMEHTA
bpoyna. Hcxonss w3 omnpeneneHus TeMmmepaTypbl NPUBEIEHHOTO
BBHIIIC, AJIEMEHTAPHO OOBSCHSETCS MPUHIUN PaOOThIl OOBIYHOTO
XOJIOIMIbHUKA.

[Ipu cxatum pabGodero Tenma - (¢GpeoHa, €ro aToMbl
CONMMXKAIOTCS, KOHIICHTpAIUsI M30BITOYHBIX 3apsiioB B €ro o0OBnEMme,
YBEJIMYUBACTCS W 3apsjabl, MOJYUHSSACH BTOPOMY  Hayaiy
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TEPMOAUHAMUKA U  CIPEMACH  PAaCHPEAEIUTBCA  PaBHOMEPHO,
HAYMHAIOT MEepeMelaTbCcd B CTEHKHM EMKOCTH (pamuatop). Jlaiee
MIPOXO/S MO/ JaBJICHUEM Yepe3 TOHKOE OTBEPCTHE B APYTYIO EMKOCTb
(paguaTop MOpPO3WJIBHOW KaMephl), pabodee TeNo paciimpseTcs |
KOHIIEHTpAUs 3apsA0B B HEM PE3KO YMEHbBIIIAETCS.

CornacHo BTOpOMY Hauaiy, 3apsi/ibl HAUMHAIOT I1EPETEKATh B
pabodee TelIO YK€ U3 CTEHOK MOPO3WIBHOH Kamepswl, emé Ooiee
oxJyaxzaas ee. Korma Mbl mpukacaeMmcsi HajbleM K METAITHYECKOMY
npeaMEeTy, OH HaM Ka)XCTCA XOJIOAHLIM, TIOTOMY YTO HM3-3a Pa3HOCTU
aCUMMETpUI MOJIEKYJT HAILIEro TeJla U aTOMOB MeTajlia, U30bITOYHbBIE
3apsAbpl Hallero Tejla HAYMHAIOT TepeTeKkaTh B MeTall, co3laBas
OLIYILIEHUE XO0JIOAA.

To ecTp HamM HEpPBHbIE KJIETKH MPEKPACHO OMPENEsoT
HarpaBJjeHue 3Toro Toka. lIpukacasch K JEpEeBSHHBIM MpeaAMETaM,
HMCIOIIUM MPUMEPHO OANHAKOBYIO ACUMMCETPHUTIO C HAIIUM TCJIOM, MbI
HC omymacM HX XOJOJAHBIMH, IMMOTOMY YTO H3-3a OTHOCUTCIILHOTO
paBEHCTBa aCUMMETPUM, MEPETEKaHUE 3apAJI0B CIUIIKOM HHUYTOXKHO,
YTOOBI €0 OIYTHUTh.

JIBU>KEHHEM  DJIEKTPUYECKMX  3apsSAOoB  AJIEMEHTapHO
OOBSCHAIOTCA JIOOBIE MEXaHM3MBbl B3aUMOJEHCTBUII B MpUPO/IE,
BKJIIOYAsi MEXaHU3MbI JEUCTBUS PA3IMYHBIX OPraHOB HAIIETO Teja.
Ceryarka, Hanpumep, MPEJCTABIISIET coboit MaTpUILy
CBCTOYYBCTBHUTCJIbHBIX KJICTOK, TakK Ha3bIBA€CMbIX I1aJIOYCK,
ONnpeaAC/IIIOINX HHTCHCUBHOCTL CBETOBOT'O ITOTOKA, COBMGH_IéHHyIO C
MaTHIIeH, TaK Ha3bIBaEMBIX KOJIOOUYEK, MPEACTaBIAIONINX Cc000it
JIETEKTOPBI CKOPOCTH (POTOHOB, KOTOPOU OMpEIesieTCs 1[BET.

CeruaTka — 3TO, IO CyTH, H3MEHUBIIMICS (HaceTOUHBIN T1a3
HACeKOMOT0, MOJTYYHUBIINHA B pe3ylbTaTe 3BONIOIIMOHHOTO Mpoliecca,
obmuii xpycramuk. CBeT, (HOKYCHPYSICh XPYCTaIUKOM, CO3/1aéT Ha
ceTyaTke  M300pakeHWe,  MpeACTaBisAIoOmee  co0OM  KapTy
DIIEKTPUYECKUX MOTEHHHaioB. To ecTh 93TO  H300pakeHUe
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OKPYKAIOIIUX MPEAMETOB, CHOPMUPOBAHHOE WIJIM HAPHUCOBAHHOE Ha
CETYATKE EKTPUUYECKUMU MOTEHI[HATIAMHU.

B pe3ynbrare nelcTBUA OATUX TOTEHIMAJIOB BO3HUKAET
JIBUKEHHE 3JIEKTPUUECKUX 3apsAoB IO MY4YKY HEPBHBIX BOJIOKOH,
KOTOpBIE TIOCTyNas B MO3T, (QOPMHUPYIOT B HEM BpPEMEHHYIO
HEHUPOHHYIO CTPYKTYpPY, TaK ke MPEICTABISIONIYI0 COOOW IBETHOE
00BEMHOE M300paKEHHE OKPYKAIOIIUX IMPEAMETOB, KaKIas TOYKa
KOTOPOI'0 COOTBETCTBYET IIOTEHLUAIY, CO31aBAEMOMY OIpEEIEHHOU
NaJIOYKOH B ceTyaTke. ITo M300paxeHrne o0padaThIBacTCS MO3IOM U
YaCTUYHO 3alIOMHUHAETCHL. ..

Tenepr octa€rcss oauH HEOONBIIOW IHAr A0 CO3JaHUs
UCKYCCTBEHHOro ria3a. I[lpu coBpeMEeHHOM YpOBHE pa3BUTHS
MUKpPOTEXHOJIOTUH, CO3/laHW€ TaKOro HCKYCCTBEHHOIO TIJa3a He
COCTaBUT OOJIBIIOTO TPyZa W 4epe3 JBa — TPH Toja Jroboil crienoi
CMOKET BUJCTD.

ITyctb M He Tak XOpOIIO, KaK HOPMAaTbHBIMH TJIa3aMH, HO
JOCTaTO4HO, 4TOOBI 00X01uTCs 6€3 moBoAbIpelt... Ero KoHCTpyKuus
JOBOJILHO MIPOCTA, HO 371ECh S €€ MPUBOJIUTH HE OY1Ty.

AHaJIOTUYHBIM obpazom  pabotaer W MEXaHU3M
pacnio3HaBaHusl BKyca. PasnuuHble BemiecTBa, Momajaas B CIIOHY,
SBIISIOLLYIOCS. DJIEKTPOJIUTOM, CO3JAI0T AHAJOTUYHYIO K€ KapTy
ANEKTPUYECKUX MOTEHINANIOB, KaK U CeTYaTKa IJia3a, KoTopas Tak ke
00pabaThIBacTCsI MO3TOM. ..

Ewé ooun ouenv mnacnaouwlii npumep, 00Ka3vléaroujuil
INEeKMpPUUecKylo npupody memnepamypul. Ecau naockocmmuoi
ROJIYRPOBOOHUKOGDLIL OUOO NOOKTIOYUUMb 6 3ANOPHOM HANPAGIEHUU
K UCMOYHUKY HOCMOAHH020 Hanpsaxycenusa 6 5-10 eonvm, mo 6
pe3yromame obeonenusn p-oonacmu n-p nepexooa
IIEKMPUYECKUMU 3APA0AMU, OUO0O 0080JIbHO CUTLHO OXJIAOUMCA.
Ha 3’mom  npunyune  padomawom  NOAYRPOBOOHUKOGBIE
X0N00UNbHUKU.
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10. O NPSIMOJIMHEMHOM JIBUKEHUU U
"CBEPXITPOBOJUMOCTH"

eusicenue — 3mo nw0b6oe uzmeHeHue COCMOAHUA mena,
(nonooicenuss unu HanpaseieHus nepemeujenus), 00yci061eHHoe
deiicmeuem pA3HOCMU 2PAGUMAUUOHHBLIX NOMEHUUAN08, NPU
Komopom cogepuiaemcs paboma.

A cnenoBarenbHO, ABUKEHUE HE SBISACTCS HENPEMEHHBIM
YCIIOBHEM CYHIECTBOBAHMSI MATEPUHU U MOAITOMY HUKAKOTO BEYHOTO
XA0TUYECKOT0 JBUKEHMSI B IPUPOJE CYLIECTBOBATH HE MOXKET, TaK
KaK 3TO TpeOyeT HenpepbIBHON 3aTPaThl MOLTHOCTH.

Jeusicenue no unepyuu — 3mo 0GuUICeHUe RO MPaAeKmopuu
PA6HO20 nomeHyuana, npu KOmopou pasHocms 2pasumayuOHHbIX
NOMEHYUAN06 OCMAEMCA HEUSMEHHOU U PAdOma He CO8epUIaenics.

[TosToMy ABMKEHME MO SKBUIIOTCHIIMAIBLHOM TPACKTOPUU
SBJISIETCS. YACTHBIM cilydaeM nokos. Kak HaMm roBoput ¢usuka, eciu
Ha TeJO He JEHCTBYIOT HUKAKHUE CHJIbI, UM PABHOJAEHUCTBYIOIIAS BCEX
NEHCTBYIONIMX Ha TEJIO CUJI, paBHA HYIIIO, TO TeJIO OYyAEeT HaXOIUThCS
B IIOKOE WIA B COCTOSHMHM pPaBHOMEPHOIO MNPSIMOJIMHENHOIO
nBkeHusi. Ho Tak kak BCelleHHasi, B CUJIy CBOWCTB MaTEpUH HUMEET
cepruvecKyro METPUKY, TO Pa3rOBOPHI O KAKOM-TO MPSIMOJIMHEHHOM
pPaBHOMEPHOM JABIKEHUH, SIBIAIOTCS 3a0myxaeHueM. B cdepuueckoii
TeOMETPHUH BCEJICHHOW TAaKOT'O JBMKEHHUS HET U OBITh HE MOXKET.

EnuHCcTBEHHOW mNpsIMOM JIMHUEW BO BCEJICHHOM MOMXHO
CUMTATh TOJIBKO PAJNYC JHOOO0TrO TATOTEIOMIETO TeNa, HO IBUYKEHUE 110
3TOM JJUHUY HE SIBJSETCS PAaBHOMEPHBIM, TaK KaK MOXKET TPOUCXOIUTh
TOJIKO NOJ1 AEMCTBUEM Pa3HOCTH IPAaBUTALIMOHHBIX IOTEHIUAJIOB.

Jletamui caMon€r, HanpuUMep, B YCTAaHOBUBILEMCS PEKUME
noysi€Ta MOXKHO CYMTaTh JBIDKYIIMMCS IO HWHEPLUHU, TaK Kak
PaBHOJEHCTBYIOIIAs BCEX CHJI, NECHUCTBYIOIIMX HAa CaMOJIET B OTOM
pexuMe, paBHa HYJIIO.

Cuna TAroTeHusi ypaBHOBEIIEHA MOAbEMHON CUIIONW KPBLILEB,
CUJIa CONPOTHUBIIEHUS BO3/1yXa YPABHOBEIIEHA CUJION TATH ABUTATEIIS
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U caMOJIET B JAHHOM Cllydyae IBMIKETCS 110 SKBUIIOTEHLMAIBbHON
TpaekTopuu. Mnm mo wuHepumu. Haxopsce BHyTpu camosi€éta C
3aKPBITBIMM  WJUTFOMUHATOPAaMH, €r0 JBH)KEHHUE HEOTIMYMMO OT
COCTOSIHUS TIOKOSI.

Ecnu k KOHIIaM MPOBOAHMKA MPUIIOKUTh HEKOTOPYIO Pa3HOCTh
NIEKTPUYECKUX TOTEHIMAIOB, TO B HEM BO3HUKHET JIBUJKEHHUE
NIEKTPUYECKUX  3apsanoB. IIpuuéM, 1o Mepe IPOABHIKECHUS
NIEKTPUYECKUX 3apsIOB K MPOTHBOIIOJIIOKHOMY IOJIOCY, Pa3HOCTb
NOTEHINATIOB OyJeT M3MEHATHCS, a CUJa NMPHUTSHKEHHUS U CKOPOCTb
JBUKEHUS 3apsiioB Oy/eT BO3pacTarh.

CrienoBaTenbHO, 2/1EKMPUYECKUIl MOK — 3IMO YCKOPEHHOe
oguiiceHue IJNeKMpPUYecKux 3apsa0o6é no NpPoeooOHUKY, TON0OHOE
NAJECHUI0 MaTepUAIbHOTO Tejla NOoJa  JEHCTBHEM  Pa3HOCTH
IPaBUTALMOHHBIX OTEHIUAIOB. V1l NMEHHO MO3TOMY AJIEKTPUYECKUI
TOK MOXET coBepIuaTh padboTy. Mcxons u3 3TOro ke yTBEep KICHHS,
MOYKHO JIETKO OOBSICHUTH BOSHUKHOBEHUE CBETOBOTO M3JIyUEHHS TpU
IPOXOKAECHUN TOKA Yepe3 IPOBOAHUKH C BBICOKUM CONIPOTHUBIIEHUEM.

Berpedass BBICOKOE CONPOTUBIIEHHE JBHKEHUIO, 3JIEKTPOHBI
HaKaIUIMBAlOTCd B TPOBOJHUKE, 4YTO MPUBOJUT K TOBBILIECHUIO
KOHIIGHTPAllUN JJIEKTPUUYECKUX 3aps/ioB M BBITAIKUBAHUIO MX U3
IIPOBOJIHMKA B OKpYXKarollee IPOCTPAHCTBO CHJIAMH B3aHMHOTO
OTTaJIKUBaHus [rJ.6]. I dyem Oombine UX KOHIEHTpAIus, C TEM
O0JbIICH CKOPOCTBIO OHM "BBITAJIKUBAIOTCS" U TeM OoJiee KOPOTKHE
CBETOBBIC BOJHBI BO30YXTAIOT B  TIPAaBUTAI[MOHHBIX  TOJAX
OKPY’KaIOILEH UX CPEBbI.

HNmenHO mo3TOMY IpH HEOOJBIIOM TOKE, MPOBOAHUK CHayaja
cnabo HarpeBaeTcs, TaK KakK '"BBITOJKHYThIE" U3 TIPOBOJIHUKA
JJEKTPOHBl MMEIOT HEOOJbIIYI0 CKOPOCTh W TPHU JIBHXKEHUU
BO30YXKIalOT JUIMHHBIE, UH(QPAKpACHbIE, BOJIHBI, a C IMOBBIILICHUEM
KOHILIGHTpAllUl  CKOpPOCTb  BBUIETa YBEIMYMBACTCS U  BOJHBI
CTaHOBSATCA KOPOYE U MAKCUMYM HM3JIyYEHUS CIBUTaeTCsl K CUHEMY
Kparo CIEKTpa.
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B pesynbrare CUIBHOTO OXJIAXKIEHUS MPOBOAHUKA, OH
o0eHseTC s AIEKTPOHAMU M aCUMMETPHS IPaBUTALMOHHBIX MOJIEH ero
aTOMOB YMEHBIIAETCSA, a CIEJAOBAaTEIbHO YMEHBIIAECTCA €ro
AEKTPUYECKOE COMPOTHUBIICHUE.

B npoBoaHMKE BO3HHMKAIOT YCJIOBHUS Ui HEMPEPHIBHOIO
KPYTOBOT'O JBUKEHUS AIEKTPUUECKUX 3aps/i0B no
OKBUITOTCHIIMAILHBIM TPACKTOPHUSAM, IMOAO0HO IIAPOBOW MOIHUH,
IpeCTaBysionee coOOON aHANOT IBMKEHUS MO0 MHEPIHMU U KOTOPOE
yu€HbIE Ha3bIBAIOT "CBEPXIIPOBOAUMOCTBIO".

W Tak xak mpu 3TOM ABMXKEHHH paboTa HE cOBeplIaeTcs, TO
TaKOM KOJIbIIEBOM MOTOK 3aps0B MOXET CYIIECTBOBATH JOBOJIBHO
JUINTETIbHOE BpeMsi, IIoKa TPOBOJHUK OyneT HaxoguTcs B
OXJIAXKJEHHOM cocTosiHuM. Ho nocraTtouHo pa3opBarh 3TOT MOTOK
3apsI0B, 4TO OB 0TOOPATh MOIIIHOCTb, KaK WX JABM)KEHHE MTHOBEHHO
MPEKPATUTCS U BUXPb UCUE3HET.

AHajoraMM Takoro JABWXEHUS, KpOME IIAPOBBIX MOJIHUMN
SIBJISIIOTCS, MHOTHE SIBJICHHMSI TPUPOABI, HMEIONIME BUXPEBYIO
NpUPOIY, TAKUME KaK TOPHAZO0, LHUKJIOHBI, a TaK € pa3IuyHbIC
MaxOBUKHM M BOJYKH, YYaCTKM KOTOPBIX, JABWXKYIIHECS IO
SKBUIOTEHIIMAIBHBIM TPACKTOPUSAM, MPAKTUUECKU HE TPEOYyIOT IS
3TOro  3arpar MOIIHOCTH. OOBsSCHEHHE CBEPXIIPOBOIUMOCTHU
JBUOKEHUEM KaKHMX-TO "KYNEPOBCKHX Map" CIUIIIUXCA AJIEKTPOHOB,
MPOCTO HAUBHBI U CMEIIHBI.

CBepXIpoBOUMOCTh, KakK JBI)KCHHUE KaKUX-TO "CBOOOIHBIX"
AJIEKTPOHOB B YCJIOBUSIX OTCYTCTBHUSI PA3HOCTH DJIEKTPHUUECKUX
MOTEHIIMAJIOB ¥ COBEPIIEHUSI UMU PAa0OTHI, (PU3HUECKA HEBO3MOXKHA.
3T0 BEUHBIN JBUTATENb U TOJIBKO IICEBAOYUEHBIE 3TOr0 HE TOHUMAIOT.
U B cumy 3TOro 0OCTOSTENHCTBA, UYEIOBEUYECTBO, K COXKAJICHHIO,
HUKOTI/1a He OyZeT UMEeTh CBEpXIPOBOIAIIUX JIUHUN dJIEKTpoIiepeiay,
MOTOMY YTO BEYHbIE ABUTATEIH MPUHIIUIHAIEHO HEBO3MOKHBI.
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11. O JE®EKTE BECA U "CBEPXTEKYYECTH"

Macca U D9Heprus B  HAcTosIee BpeMs  SBISIOTCS
(GyHAaMEHTaJIbHBIMU MOHATUSMHU B TeopeThdeckol ¢usuke. Macca,
KaKk KOJMYECTBO MAaTepUU U DHEpPrus, Kak CBOWCTBO MaTepuUu
coBepmaTh pabdory. Tak Kkak MaTepus He MOXKET IPEBPAIIATHCS B CBOE
CBOWCTBO, TO €CTh B JHEPIHIO, HE MOXET BO3HUKATh M3 HHUYETO U
Ucue3aTh B HUKY/A, TO MOHATHE Je(eKTa Macchl, KaK MCUC3HOBEHUS
KaKOM-TO YaCTH MaTepHH SBJISIETCS, 110 CBOCH CYTH, aHTUHAYYHBIM.

Ho Tak kak »3TO sBJIEHHE YCTAaHOBIEHO Kak Obl
9KCHEPUMEHTAJIBHO, TO CJIEI0BATENBHO, Pe4Yb MOXKET UTH HE O Macce,
a 0 gece, KOTOPBIA MOXKET U3MEHATHCS B 3aBUCUMOCTH OT PACCTOSHUSA
J0 TATOTEIOLIEro Teja. 3/1eCh HMMEET MECTO METO0JIOTnYecKas
omnoKa, KOTOPIMU M300MITyeT BCS TeopeTndeckas Hayka. [loaromy
BMECTO MOHATHS "Macca", He0OX0IUMO yIoTpeOIsATh MoHATHE "Bec'.

Cytb sBneHus aedexra Beca JOCTATOYHO JIETKO OOBSCHUMA.
JIro6ast MaTepualibHas YaCTHUIIA BEIIECTBA 00J1a1aeT IPaBUTALIMOHHBIM
IOJIEM U, CIIEZIOBATENbHO, MPUTATUBACTCS K IPYTHMM MaTepHalbHBIM

=W e = TelaM C HEKOTOpO#l cuioW, oOpaTHO
ﬁ MPOMOPIMOHATIEHOM KBaJpaTy

T:m :T e | PACCTOSIHUS MEXAY HUMHU. Mexay
JIBYMsI 4YacTHULIAMH, HaXOJAIIUMHUCS

Puc.22 Jpyr OT Jpyra Ha pPacCTOsSHUH,
HAMHOTO IMPEBBIIIAIONIEM UX pPa3MEpPHI, CUIBI MPUTSKECHUS OYEHBb

i

HE3HAUYUTENbHBI U HE UTPAIOT HUKAKOW POJIH.

Ho ecnu 3TH 9acTUIbI OKaXyTCsl JOCTATOYHO OJIM3KO JIPYT K
JPYTY, Ha PACCTOSIHUU CPAaBHUMOM C UX pa3MepaMu, IPaBUTALMOHHbBIE
CWJIBI BCTYIISIT B IEUCTBUE U MPUTSAHYT UX BIUIOTHYIO APYT K APYTY,
o0pa3ys HOBYIO cocTaBHylo dacTtuily [ri.3]. Bec s3Toii HOBOM
COCTAaBHOM YaCTHUIIbI B CUILY TOTO, YTO YACTh CHJI IPUTSKEHUS YaCTHUI]
Oyzer '"u3pacxojoBaHa' Ha yJepXKaHME HMX OKOJIO ApPYr Ipyra,
OKa)XETCsl MEHbIIIE, YeM UX BeC Mo oTAenbHocTU (puc.22). To ecthb

BO3HUKHET Je(eKT Beca.
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ITo cBoeit cyTH, 00bEeJMHEHNE IBYX YACTHUIL B OJIHY, 3TO U €CTh
npoyecc cunme3za, TpU  KOTOPOM  COBeplIaeTcs  paboTa,
IPONOPLMOHATIbHAS ITOMY JAedeKTy Beca. B nmanHom ciydae, 3rta
paboTa OyneT coBeplieHa IPOTUB CUJI MPUTSKEHUs 3eMJIH, TaKk Kak
YMEHBIIEHNE BECAa PABHOCUJIBHO MOAHATUIO MATEPUATBHOTO TEJla Ha
HEKOTOPYIO BBICOTY B €€ IPaBUTALIMOHHOM I10JIE.

Tak kak cuiIBl MPUTSIKEHUS YacTUIl MEXIy co00il U 3emiieit
OYCHb MaJIbl, JJIsI UX OOHapyXeHHs TpedyeTcs BecbMa CIIOXKHOE
obopynoBanue. Huxe mpearaercsi cxema MpocToro SKCIepuMeHTa,
WITIOCTPUPYIOILEr0 BOZHUKHOBEHUE JIePEKTa BECA, KOTOPBIH MOYKHO
MPOJICMOHCTPUPOBATh B JIFOOOM

;e N mkosie. lyis ero mpoBeneHUs! HYKEH
_“c&h_ TOJIBKO JTOCTaTOYHO YyBCTBHUTEIbHBIH
: “ JTUHAMOMET] u HECKOJIbKO

Puc.23 CXCMa DOKCICPUMCHTAa IIOHATHA U3

IIOCTOSIHHBIX MarHuToB. [IpumepHas

pucynka (puc.23). Jlepexrom Beca Tak
Ke DIEMEHTApHO OOBICHAETCS SBJICHUE CMAYUBACMOCHU U
HOBEPXHOCMHO20 HAMANCCHUSL.

Monekynbl KUJIKOCTH, KOHTAKTHUPYIOIIME C MOJEKyJIaMu
CTEHOK COCYJia, MPUTATUBAIOTCS K HUM C BO3HUKHOBEHUEM JedekTa
BeCa, B Pe3yJbTaTe YEro CTAHOBSTCS JIerue U BHITAIKMBAIOTCS BBEPX
0 CTEHKE, 00pa3ys BOTHYThI MEHUCK.

B crmydae ¢ KUAKUM TelueM, ITH BBITAJIKHUBAIOIINE CHIIBI
HACTOJBKO BEIUKH, YTO JKUAKOCTh HAYMHAET TCPETHBATHCS Yepes3
Kpai cocy[a.

OTOT MeXaHWU3M OO0ECTeUMBaeT TMoJadyy BOJBI B CTEOJIAX
pacTeHHil W CTBOJIaX JEPEBbEB, MOJHMMAs MO KamwuisipaM e€ Ha
OTPOMHYIO BbICOTY. Ecnu Kanuuisip pacnosioKeH TOPU30HTAIBbHO, TO
BOJIa 110 HEMY JIBUTATbCs HE OyJIeT, TaKk KaKk MEXaHU3M 3TOT He OyJeT
paboTtath, YTO TpPEKpPacHO  OOBICHAET, IOYEMY  JIEPEBbs
MPEIOYUTAIOT PACTU BBEPX, IPEOAOIIEBAs CHITY TPABUTAIIUH.
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B cnywyae ¢ pryThi0O BCEe MPOUCXOAWT HAOOOPOT — B ITOM
ciaydae "BCIUIBIBAIOT" CTEHKH COCyJa M MPOMCXOIUT "omyckaHue"
IrpaHUYAIllUX CO CTEHKOW MOJIEKYJ PTYTH, CO3JAIOLIee BBIMTYKIbIN
MEHHCK.

B pesynbrare yBenuyeHus CHIIbI TSXKECTH B 30HE KOHTAKTa CO
CTEHKOMU cocyza, PTYTh, KaK U HEKOTOPbIE JPYTHE KUIKOCTU, ATOMBI
KOTOPBIX MMEIOT OOJIBLIYI0 aCUMMETPHIO T'PaBUTALMOHHBIX MOJEH,
OUYeHB OBICTPO BBITEKAIOT JIaXKE YePe3 MUKPOCKOITMYECKHE OTBEPCTHSI.

12. O CHHTE3E

Deonwyua mamepuu 6 npupooe npeocmaenaem cooou
OOHOHANPABNEHHBIIL U HEOOPAMUMBLI NPOUECC HENPePbLIGHOZO0
CAMONPOU3BOTILHO20 YCIIONCHEHUA €€ CIPYKmYypbl 6 pe3yibmame
00veouHnenua (cunmesa) 0071€e npocmuix uacmuy 6 0onee
C10MCHBIE CMPYKMYPHbLE 00pA308aHUA.

Kornma Bwl ocTtaBiasiere Ha yinMile >KEJI€3HbIM TI'BO3/b, OH
MOKPBIBAETCS prkaBUMHOM. PrkaBumHa - 3TO OKHCeN Kele3a, TO €CTh
0oJiee CII0KHOE BEIIECTBO, YEM YHUCTOE JKEIe30. A eClIU PSAOM C HUM
Obuta emié M cepa, TO TMOJYYUTCS Cylnb(puI WM cynbdar xenesa,
KoTopoe eni¢ 0osee CI0KHOE, YeM OKHUCET.

N ecnu 3TO yclo)KHEHHE MPOUCXOAUT B TEUEHUU HECKOJIBKUX
MUJUTHOHOB JIET, a TPUPOABl TaKUM KOJMYECTBOM BpPEMEHHU
pacrmosaraer, TO HEN30eKHO MOSIBUTCS Kakas-HUOY b
NE30KCUPUOOHYKIIEHHOBAsT KUCIIOTA. A 3a HEW W JKHUBasi KJIETKA U B
KOHIIE KOHIIOB YEJIOBEK...

[Ipuuém mpu cuHTE3€ BCEr1a BhIACISIETCS HEKOTOPast MOLIHOCTD,
MPOMOPLMOHANIbHAS BO3HUKaOMEMy AeeKkTy Beca. B Hayke 3TOT
nedeKT Beca ommrO0YHO Ha3bIBaeTCs " MeEKTOM MacChl'" i CUUTALTCH,
YTO OH, SIKOOBI, XapaKTEPH3YeT, TaK Ha3bIBACMYIO, SHEPTUIO CBS3HU
YaCTHII.

73



Anexcandp BECEAOB

Ho BoT oOpatHbIii mporecc B mpupoje HeBO3MoOkeH. Hukro
HUKOTJa HE HaOIrojan, 4ToObl pyna, TO €CTh U3 CMECh OKHCIIOB,
Cynb(HUI0B, CAMOIIPOU3BOJILHO PaCIaanach Ha COCTABHBIE AJICMEHTHI
Y TIOJIYYHJIOCH YHCTOE YKEJIe30 WIIM MEJIb WU €I YTO-TO YHCTOE.

N xoTss B mpuposie CyHIECTBYeT OECKOHEYHOE KOJUYECTBO

— — YPOBHEW CHHTE3a, 4YEJIOBEK I0Ka MOXET
l}j." i -_ P HAOMONATh TONBKO 1Ba BUIA. DTO CHHTE3
S 4 Hu3koreMueparypssiii (HTC), npu KOTOpom
y MPOUCXOIUT IPOCTOC CIMIHHE aToOMOB B
F—V'_':'*— MOJIGKYJIBI C BBIIEICHHEM CPAaBHHUTEIHHO
' il . HEOOJIBIIIOTO KoJuYecTBa Teria (puc.24).

@' [IpumepamMu TakOro CHUHTE3a, SBISIOTCS

OOBIYHEIC IMPONECChI OKHCIICHUA N

Puc.24 TOpPEHUS.

PaccmoTtpuM, Hampumep cuHTE3 OOBIYHOM Bonbl. Jlomyctum
MMeeTCs HEKoTopas EMKOCTb, 3allOJHEHHasi CMEChI0 BOJOpoAa HU
kucimopona. Tak kak Ta3sl HWMEIOT  JOBOJHHO  OOJBIIYIO
OTPULIATENIBHYI0 AaCUMMETPHUIO TPAaBUTAIMOHHBIX TIOJIEH aTOMOB,
(oTpunaTenbHBIA  3apsa) OOYCIABIMBAIOIIYI0O HMX  CTPEMIICHHE
OECKOHEYHO paCIHIUpATHCS, TO MX aTOMBI B CMECH HaXOJATCS Ha
HEKOTOPBIX PACCTOSHHUSX APYT OT APyra U HUKaK HE pearupyror.

Ho nmoctatoyHo MUKpPOCKOMUYECKOW HCKPBI, KaK aTOMbl T'a3oB
MTHOBEHHO II0 BceMy 00BEMY o00beauHAIOTCSA, 00pa3ys cMech
OTPULIATENIBHO 3apsKEHHOTO BOASHOTO Iapa € OTpPULATEIbHBIMHU
YaCTUIAMHU, CUJIAMU OTTAJIKUBAHUSI KOTOPBIX, EMKOCTb pa3pylIaeTcs.
To ectb mpoucxoauT B3pbIB. MEXaHU3M 3TOr0 IMpoLEcca JOBOJIBHO
IPOCT.

HUckpa  mpencraisiomas  coOOM  MOTOK — AJIEKTPOHOB,
JBHKYIIMXCS. C OTPOMHOM CKOPOCTBIO, KOTOPBIE CO3JAI0T yIApHBIE
BOJIHBI B T'PaBUTAllMOHHOM I0JI€ (CBEUEHHE). DTU YyJapHbIE BOJIHBI,
BO3/ICHICTBYIOT Ha aTOMBI T'a30B, COMMXKAsi UX HACTOJIBKO, YTO CHIIBI
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FPAaBUTALMOHHOTO TPUTSDKEHHS MEXAYy aTOMaMH  HA4YUHAIOT
npeobsiafaTh HaJl CHJIaMU 3JIEKTPUUYECKOTO OTTAJIKUBAHUS

OTU CUJIBI TPaBUTAIMOHHOTO MPUTSKEHHS COIMXKAIOT aTOMBbI
HACTOJBKO OBICTPO, YTO BO3HUKAET cdepuueckas ynapHas BOJIHA,
pacnpocTpaHsIomascs Mo 00bEMY U CO3/1al01as JABUHHYIO LIETTHYIO
pEeaKLUIO CHHTE3a aTOMOB T'a30B B MOJIEKYJTY BOJBI.

Bropoil BHI cHMHTE3a — 3TO BBICOKOTEMIIEPATYPHBIM CHHTE3
(BTC), mpu KOTOpPOM aTOMBbI, Y4acTBYIOIIME B INPOLIECCE CUHTE3A,
HaXOJATCS B HCUOKOM COCTOSIHMM, O KOTOPOM COBPEMEHHAs HAYKa, 110
munoctu Pesepdopaa u nmopna KenbBruHa, He MEET HM MaJICUIIIETO
MPEJICTaBICHHS] U TIOSTOMY OHU MOTYT CIIMBaThCsi BMecTe, 00pa3ys
aToOMBI 0OoJiee THKETBIX AIeMeHTOB (puc.25). [lpu sTom BeIIENsAETCS
orpoMHasi MOITHOCTh (W), KOTOPYIO HECYT 3JIEKTPOHBI.

Takue mpoueccel CHHTE3a MOTYT MITH TOJBKO B YCIOBHAX

KOJIOCCAIBHOTO JIaBIICHUSI W TEMIIepaType
0ojee MIUITMOHA TPaIycoB, KOTOpHIE
CYILIECTBYIOT B IIOBEPXHOCTHBIX CIIOSIX 3BE3]
NJINn B L[eHTpe aATOMHOI'O B3pBIBa.

B OGonee ray0okux ciosix 3BE3M HIYT
MPOIIECCHI CUHTE3a JIEMEHTAPHBIX YacTH U3
CyOdJIEeMEHTApHBIX, TaK YK€ HaXOJANINXCS B
JKHJIKOM COCTOSIHHU M MMEIOIINX €I Oosee

BBICOKYIO TEMIIEPATYPY.
[Ipn 3TOM BBIAENSAETCS MOIIHOCTH HA MOPSJAKU MPEBBIIIAIONIAS
MOIIIHOCTh CHHTE3a Ielus, IPOUCXOIAIIET0 Ha MOBEPXHOCTU 3BE3NL.
OT0 HEeHaONI0JaeMblii HaAMH CBEPXBBICOKOTEMIIEPATYPHBI CHHTE3
(CBTC), KOTOpPBIA MOIJAEPKUBACT BBICOKOTEMIIEPATYPHBIA CHHTE3,
UAYIIUH B MOBEPXHOCTHBIX CIOAX M O KOTOPOM YEJIOBEYECTBO HE
UMEET HU MajlellIero NpeCcTaBIeHHUs. . .
CoBeplIeHHO MOHATHO, YTO HUKAaKUX IPOLECCOB XOJOIHOTO
siiepHoro cuHre3a (XSAC) B mpupoJe CylEeCTBOBATh HE MOKET, KPOME,
TaK Ha3bIBaEMBIX 'XMMHMUYECKHMX' TMPEBPALIECHUN WM PEaKLHH,
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UAYIIMX WHOTJA IaXKe C TIOHMKEHHEM TeMIieparypsl. Tem Ooree, 4To
y aTOMOB HET U HE MOXET OBbITh HUKAKHX STep.

(Ilpasoa yuémnvie 06 smom noka He 002adbl8ArOMCs U NOIMOMY O4eHb
CUNILHO 3aHAMbl  OECNJIOOHbLIMU  NOUCKAMU 3MO20 CAMO20 XO0JOOHO020
A0epHo20 cunmesa).

B3psIB BO10p0o1HOM O0MOBI, 3TO TPUMEP BHICOKOTEMITEPATYPHOTO
cunre3a (BTC), nmpoucxomsmiero ¢ BBIICICHUEM KOJIOCCATbHOMN
MOIIIHOCTH,  CONPOBOXAAEMOW  3HAYMUTENIBHBIM  IOBBILICHHEM
JIaBJICHUS U TEMIIEpaTyphl, KOTOpas MOAAEPKUBAET aTOMBI BOJIOPOJA
B 30HE PEAKIUU B KUIAKOM COCTOSHUU, 00YCIIaBIMBass BO3MOKHOCTh
UX CHUSHUS B aToMbI renust. OgHako 000J1049Ka BOJOPOIHON O0MOBI
HE MOKET MPOTUBOCTOSITH TAKOU TEMIIEPATYpE, OHA TOYTH MTHOBEHHO
IJIABUTBCS M pa3pylIaeTcsl KOJOCCAJbHBIM JaBICHUEM B 30HE
CUHTE3a.

[loaToMy B peakuuu YyCIEBaeT NIPUHATH YYacTHE OYEHb
HE3HAYUTEJIbHOE KOJIMYECTBO MCXOJHOTO BEIECTBA, B HECKOJBKO
JIECAThIX A0Jed npoueHTa. [IonbITku y4€HBIX 3alyCTUTh PEAKLIHUIO
CHHTE3a B KaKOW-TO 3(eMepHONW MarHUTHOW JIOBYIIKE, KOTOpas
JIOJI’KHA BBIJIEP>)KUBATh OTPOMHOE JaBJICHUE, IO MEHBIIEH Mepe TaK e
HAWBHBI, KaK IMOMBITKHU MMOAHSITH c€0s 32 BOJIOCHI.

EQVMHCTBEHHBI pEANBHBIA IIyTh B 3TOM HAIIPABICHUH, OTO
UCIIOJIb30BAHNUE PEAaKIUN CHUHTE3a C Y4aCTHEM ypaHa M TSKEIBIX
TPAHCYPAaHOBBIX JJEMEHTOB, TJ€ YEJIOBEYECTBO YK€ JOCTHUIJIO
HEKOTOPBIX pPEAIBbHBIX pPE3yJabTaToB. [Ipym cHHTE3€ MOJEKYIJISAPHBIX
COEIMHEHUH, BBIJCIICHHE MOLIHOCTH W IOBBIIICHHE TEMIEPATYpPHI
HE3HAYUTEJIbHO, NTO3TOMY CIIMSHUS aTOMOB HE NPOUCXOJUT, & OHHU
MPOCTO OOBEIUHSIOTCS B MOJICKYJIBIL.

OObIuHOE mIamsi, HapuMep, HPEeACTaBIsieT coOoi mporece
CHUHTE3a MOJIEKYJ TOpPIOYMX BEIIECTB C MOJEKYJIaMu KHCIOpOJa,
COTMPOBOXKAAEMBIN OTHOCHUTEIHHO HEOONBIINM, IO CPAaBHEHUIO C
BBICOKOTEMIIEPATYPHBIM CHUHTE30M, BBIICJICHHEM MOIIHOCTH H
HEOOJIBIINM MOBBIIICHHEM TEMIEPATYPHI.
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HerpynHno mpencraButh cebe, Kakas MOMET BBIICITUTHCS
MOIIIHOCTb, HAIPUMEDP, NMPU CUHTE3€ MPOTOHA U3 CyO3TeMEHTApHBIX
YaCTHUII, KOTOPBIN MPOUCXOJUT B ITYOOKHX CIIOSIX IIOBEPXHOCTH 3BE3I.
A cnenoBarenbHO, YTOOBI "PacKOJOTH" MPOTOH, HY)KHO 3aTpPaTHTh
TaKylo OOJIBIIYIO MOIITHOCTh, KOTOPOM YEJIOBEYECTBO €/Ba JIU KOra-
HUOynp Oyzmer pacmojaraTb. A TIO3TOMY BO3HA C aJpOHHBIM
KOJUIAMIEpOM, roBOps CII0BaMHU ®deliHMaHa, SIBIIACTCS
OOBIKHOBEHHBIM HaJTyBaTEIIbCTBOM.

Ilpoueccol pacnada mamepuu ecezoa mpedyom 3ampanvl
MOWHOCMU, NOIMOMY OHU 603MONHCHbBL MOIbKO KAK C/1€0Cmeus uiu
nobounvie Ihhekmut 60/1€ MOUWHBIX U RPUOPUMEMHBIX RPOUECCOB
cunmesa.

Hukakux oOpaTUMBIX IPOIECCOB B MPUPOJE HE CYLIECTBYET,
9TO Takas ke (PUKIHS, KaK U BEUHBIN IBUTaTeNb. Hampumep, mporecc
"paspylieHus" KENE3HbIX KOHCTPYKLMH B peE3yJibTaTeé KOPPO3MH,
npezcTaBisieT co0Ol mpolecc CUHTe3a 0oJiee CI0KHOTO BEIIeCTBa -
OKHCJIA XKeJe3a, XOTs B LIKOJIAaX U By3aX Y HAC CO3Jal0T COBEPLICHHO
nepeBEPHYTOE NpEICTaBICHUE 00 3TOM, yBepsis, YTO 3TO IpoIecc
pa3pylIeHHs Kelesa.

WU TtakumMu U3BpaIIEHHBIMH TPEJCTABICHUSMU H300MITYyeT
coBpeMeHHasi HayKa. JIt00oii mporecc CMHTE3a, a He TOJIBKO CUHTE3a
OKHCJIa )Kelle3a, BCerjaa MAET CaMONPOU3BOJIBHO, C BBIJIEJICHUEM TOM
WIA WHOW MOIIHOCTH B BUJE TeIUa. A JUIsl TOro, 4TOOBI pa3ieiuTh
OKHCEJI Ha COCTaBIISIIOIIME AJIEMEHTHI, IPUXOIUTCS 3aTPauyUBaTh
OTIpeIeIEHHYI0 MOIIIHOCTb, HCIIOJIB3YsI APYToi, O0Jiee MPUOPUTETHBIN
Y MOILHBIN IIPOLIECC CUHTE3A.

Hampumep, nponecc cuHTE3a yriekuciaoro rasa, B pe3yjabrare
KOTOPOIO YIJIepod OTOPBET aTOM KHCIOPOAA OT MOJIEKYJIBI OKHUCIIA U
MPUCOEANHUT €ro K cebe. DTO MpoIecChl MPOUCXOAIINE, HATPUMED,
B JOMEHHBIX Iedax. B pesynbrare TOro, 4ro BO3HUKAOMUN AePEeKT
Beca NpPU CHUHTE3€ YIVIEKUCIOro ra3a MpPEeBbIIIACT H30BITOK Beca,
BO3HMKAIOIIMKM IIPU paclajge OKHUCIA JKele3a, TO BbIICIAIOLIEHC
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MOIIHOCTH CHHTE3a C M30BITKOM XBaTaeT Ha MOKPBITHUE 3aTpaT Ha
pacraj oKucia.

Ecnu Ob1 B mipupojie MOT CYIIECTBOBATH CaMOIPOU3BOJIBHBIN
pacnaj, Ham He3aueM ObLI0 Obl CTPOUTH JOMHBI MJIM KOHBEPTEPHI AJIs
MOJIy4eHUsI YHCTOrO >Kejle3a WM Kakoro-To Jpyroro Mertajuia.
JocTtarouno Obwio OBl MOAOXKIATh, KOTJA JKeJe3Has pyaa cama
pacnafércst Ha YHCTOe JKeJe30, cepy, Kuciaopo... Hezauem Ob110 OB
MOKPBIBATH ABTOMOOWIIA aHTUKOPPO3UIHBIMU TOKPBITHSIIMH. . .

[Ipouecc cuHTE3a TAKENBIX BJIEMEHTOB B IPUPOAE HUIET 10
HekoToporo npeaena. C pocToM aTOMHOTO YHCIIA, CUIIbI IPUTSKEHUS
MEXAY DJIEMEHTapHBIMA YaCTHULAMH, M3 KOTOPBIX COCTOMT aToM,
YMEHBIIAIOTCA U aTOM MNPUONMKAETCSl K COCTOSHUIO, OJIM3KOMY K
KUAKOMY. YpaH, HalpuMmep, B YHCTOM BHJE MpeAcTaBisieT co0oit
MaTepual, Jaxe 0oJee MIACTUYHBIN, YeM CBHHEII.

To ecTb CHIIBI PUTSHKEHUS YACTHI] B aTOME ypaHa OCJIa0JIeHbI
Y OH IPHU B3aUMOJICUCTBUM C YaCTHI[AMU MMEIOIIMMH JOCTATOYHYIO
SHEPrUI0 (CUHTE3), OH MOXET MEPEHTH B COCTOSHUE KUIKOM KaIliu,
YTO CJIeJaeT BO3MOXHBIM €r0 pacmajJ W Kak pe3ysibTar, 3amycK
JTABUHHOW PEaKIMU CHHTE3a €ro 00JIOMKOB C aTOMaMH OKPY KaroIiei
Cpenbl WM ATOMHOMY B3pBIBY.

CaMonpou3BOJIBHBIN pacmaj, atoMa ypaHa HEBO3MOKEH, TaK
KaK JJs 3TOro HeoOXOJUMO 3aTpaTUTh BIIOJIHE ONpeAeNEHHYIO
MOIIIHOCTh, MHAYE OH MPOCTO ObI HUKOT/Ia HE cMOT oOpa3zoBarbes. 1
€ro eCTeCTBEHHas pPaJMOaKTUBHOCTh OOYCIIOBJIICHA TOJIBKO JIHIIh
BHEIIHUMH BO3JEHUCTBUSAMH, a UMEHHO IOTOKAMHU KOCMHYECKUX
YaCTHUIL, KOTOpblE HWHULMHUPYIOT pacmajg OTAEIbHBIX aTOMOB,
COTIPOBOKAAIOIIMXCS CHUHTE30M C BHIOPOCOM (M3ITy4YE€HUEM) YacTHll,
MMEIOLINX BBICOKYIO TPOHUKAIOIIYIO CIOCOOHOCTb.

Ecnu Takue sneMeHTHl HEallbHO IKPAHHPOBATh OT JIHOOBIX
W3JIy4eHU, TO OHM MOTYT  XPaHUTbCA  CKOJb  YTOZHO
MPOJOHKUTEILHOE BPEMsI, aKe €CIIU OYyT UMETh, TAaK HA3bIBAEMYIO
KPUTHUYECKYIO "Maccy'.
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WNHuavye rosops, "ecrecTBeHHas" pajlOaKTUBHOCTb TSKENBIX
9JIEMEHTOB M  PAJUOAKTHUBHBIX H30TONOB - O3TO pe3ylbTaT
O0oMOapaUPOBKHM WX OBICTPHIMH KOCMHUYECKMMH dYactuiamu. Cam
MPOLECC aTOMHOTO B3pbIBA HMMEET MEXaHM3M, OTIUYAIOIIUNCA OT
OTIMCBHIBAEMOTO B yUeOHUKAX (PU3UKH.

B orcyrcTBUM (OHOBOTO M3IyUECHUsI HUKAKas LIEMHAs PeaKLus
HUKOTa OBl HE CMOTJIa HA4aThCsl U paboTa aTOMHBIX PEaKTOpPOB ObLIa
OBl HEBO3MOJKHA.

3a0myxaeHus, napsime B HayKe, y)Ke IPUBEIH K TOMY, YTO
(U3KKH MBITAIOTCS PACKOJIOTH TPOTOH, COBEPIICHHO HE TIOHUMAs, UTO
YeJIOBEYECTBO IMOKa €lI€ He pacrojiaraeT MCTOYHUKAMH MOILHOCTH,
MO3BOJISIOIINM PACKOJIOTh 3JIEMEHTAPHYIO YaCTHILY.

Ockonky, modydYaromuecs IMpPU CTOJKHOBEHHH MPOTOHOB B
KOJIJTaliiepe, 3TO HE €ro COCTaBHBIE YaCcTH, KaK OIIMOOYHO MOJIAraioT
yu€Hble, a BCETO JIUIIb MPUIKIIINAE K HeMy JIETKHE CyO3JIeMeHTapHbIe
YacTUIbl, 00ECHEeUMBAIONIMNEe ACUMMETPHUIO €r0 T'PaBUTAI[MOHHOTO
HOJISI.

MouHoCTh HeoOXoauMast 1711 OCYILIECTBIICHHUS pacmazia Jaxe
aTOMOB Tejusl, HE TOBOpS YXe O pachaae NIpoTOHA, JI0JDKHA
MPEBBIIIATh MOUTHOCTb, BBIACISIONIYIOCS IIPHU B3pBIBE BOJOPOIHOMN
O00oMOBI. J[a’ke packoJOTh JOCTAaTOYHO OOJIBIION aToOM JKelesa
YeJIoBeKY MoKa enié He Mo/ CUITy.

13. O NMPOCTPAHCTBE U BPEMEHHA

W3 ompeneneHuss Marepuu COBEPUICHHO SICHO, YTO OHAa HE
HY)KJaeTcs B TaKUX CYHIHOCTAX, KaK MPOCTPAHCTBO U BpeMs. Takue
MOHSTHS, KaK MPOCTPAHCTBO, BPEMsI, Macca, SHEpTrusi, Temreparypa,
JABJICHUE U MPOYEe — 3TO TOJBKO TEPMHUHBI, TPUIyMAHHbBIE JTIOIbMHU
JUTst 0003HAYEHUSI HEKOTOPBIX CBOMCTB MaTepHHU.
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Ilpocmpancmeo — >TO CBOWCTBO MPOTSKEHHOCTU CaMOU
MaTepuyd U TOBOPUTH O HEM B OTCYTCTBUU MAaTE€pHH, COBEPIICHHO
OeccmbiciieHHO. Matepus cama 1o cede u ecth 00beM. UMeHHO 3TO
CBOMCTBO MPOTSDKEHHOCTH MaTepuud W Ja€T HaM BO3MOXKHOCTh
nepeMeniaTbcsi B Hell Kyna yroaHo. Ilostromy MbI Bcerma umeem
BO3MO>KHOCTh ChE3UTh B COCEAHIOI0 JIEPEBHIO, Ha 1auy, B Typuuio,
Ha JIyny...

Bpemsa, xak Qusnveckas CYIIHOCTh B MPHUPOJAE BOOOIIE HE
CYILIECTBYET, 3TO J1a’K€ HE CBOMCTBO MaTEPUH, a BCETO JIUIIb CBOMCTBO
YeJIOBEYECKOr0 CO3HAHUS 3allOMHMHATH KaKHe-TO IMPOMEXYTOUHbIE
cocTosiHUSL TpoueccoB. M Bpems — 3TO cpaBHUTENbHas Mepa
OTHOCHUTEJIbHON MHTEHCHUBHOCTU KaKuX-TuOO mpoueccoB. Eciu Obl
JIOM HE UMENHM TaKOro CBOWCTBA, KaK CO3HAHUE M MaMATh, OHU
HUKOT1a OBl HE U300PENTU TAKOTO MOHSTHS, KaK BPeMsl U CKOPOCTb.

N3mepenune BpeMeHU — 3TO CpaBHEHUE JUIMTEIIBHOCTU KaKOTO-
1100 mporecca ¢ JNIMTENBHOCTHIO JIF000T0 TPOM3BOIBHOTO MpoLiecca,
MIPUHATOTO 3a 3TaJOH. B Hallem ciiyyae ¢ JIMTEIbHOCTHIO TOBOPOTA
3eMiu BOKPYT CBOEH OCH.

[Ipuyém 5TaTOHOM MOXKET OBITh TOJBKO TEPUOTUUCCKUN
IpOLECC, IMOTOMY 4YTO CpaBHEHHE HEMPEpPhIBHBIX JIMHEHHBIX
IPOLECCOB — HEBO3MOXKHO. OTCloja JIOTHYECKH  BBITEKAaeT
HEBO3MOKHOCTh CYIIECTBOBAHMS TaKOM (hU3HUECKON KaTeropuu, Kak
BpeMs1, BooO1IIe.

Cneooeamenvno, 6 npupooe Hem 6peMeHU U Mamepus
cyuecmeyem 6 6e4HO OJIAUEMCA HACI OAULEM.

PaznuuHoe TeyeHUe BpEeMEHU B pa3HBIX CUCTEMAaxX OTCYETA 110
JHKEHAYYHON TEOPUH OTHOCUTEIBHOCTH TPEACTABISIET COOOW Open
YUCTEUIIEeH BOJIbI, KOTOPBI CTAHOBUTCS OYEBUIHBIM, CTOUT TOJIBKO
nmonpoOoBaTh OCMBICTUTL yTBEpKIAeHUe, 4Yto: "B cucreme A
IpOXOoauT Ooblllie BpeMeHH, 4eM B cucrteMe b, 3a onHO U TO ke
Bpemst'".
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bonee Toro, cucrembl € 3aMEUICHHBIM WM YCKOPEHHBIM
TEYEHHEM BPEMEHH, JOJDKHBI OblTM OBl McUe3aTh U3 BUIY, TaK Kak
HEBO3MOKHO BHJIETh OJIHOBPEMEHHO MPOIIJIOoe U Oyay1iee.

Jis Toro, yToObl BO3BpaTUTCA Ha3aJ K MPOIIJIOMY COCTOSTHUIO

KaKkoro-nubo  Tmporecca,  €ro
HEOO0XOMMO  3allyCTUTh B

AARANTAYEGKAA

optara Oo0paTHOM HaIpaBIEHUH, YTO
COBEpIICHHO HEBO3MOXKHO, TaK
KaK 3TO MPOTHBOPEYUT BTOPOMY

Iy Hayaly TEepMOJMHAMHUKH. A
£ CIIEIOBATCIBHO, Takas

Z
¢dbu3mveckass Kareropus, Kak

BpeMsi, B IIPUPO/IE HEBO3MOKHA

Puc.26

U NIEPEMELIEHHUE B IIPOILIOE WU
Oyaymee BO3MOXHO JIMIIb B HAalleM BOOOpaXEHWH U B
(aHTaCTHUECKUX pacCKa3ax.

14. O JBM)KXEHHUUN HEBECHBIX TE.JI

Ha pucynke (pme.26) moka3zaHo ABM)KEHHE CITyTHHKA S 1O
AJUMNTHYECKOW opoute. Hanbosiee ecTeCTBEHHBIMU ISl IBHKCHUS
CITYTHUKOB M TUIAHET SIBJISIIOTCS KPYTOBBIE OPOWTHI, T/I€ JTBH)KCHUE
MPOUCXOJUT MO PKBUIMOTCHIMAIBHOW TPACKTOPHUH, HE HAPYILAEMOil
HUKAaKHM U BO3MYIIICHUSMHU U HE TpeOyIoliee 3aTpaT YJHEPTHH.

(Cnymuuk, oeudxcywuiica no Kpyzoeoi opoume, ¢ 0eKapmoeou
cucmeme KoOpouHam y4uacmeyem O0OHOGPEMEHHO 8 O08YX OBUNCCHUX,
20pU30HmManbHo no Kacamenavhou ¢ 1-ui kocmuueckou V, 0na O0annou
njaanemol, CKOpOCHIbI0 U C60O00HO NAOAA 8EPMUKAIbHO, OO Oelicmeuem
2PABUMAYUOHHBIX CUNl €€ npumaxcenHus. B pesynomame 3mozo
08UIICEHUS, 6 KAMCObLIL MOMEHM BPEMEHU PACCMOAHUE OM CRYMHUKA 00
yenmpa nianemsl HOCMOAHHO.)
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B nonapuoii cucreme xoopAauHAaT 3TO0 OyAeT ABMXKEHHUE IO
SKBUMOTECHIMAJILHOW TPACKTOPUHU, PAAUYC KOTOPOM MOCTOSHEH
(R=const). Ilpu >TOM HHMKAKOTO HW3MEHEHHUS TPaBUTAIMOHHBIX
MOTEHIMAJIOB, JEHCTBYIOIIMX HAa CIYTHUK Ha BCEH TPACKTOPUH
JBWKEHHUS, HE NpoucxoauT. M mod3ToMy npu mNOYTH NOJHOM
OTCYTCTBUM COIPOTHUBJICHUS CPEJbl, CIIYTHUK WM IJIaHETa MOTYT
JIBUTATHCS MO TPAEKTOPUHU PABHOT'O MOTEHIIMAJIA OYE€Hb U OUYEHb JOJITO.

NMenHo mnyTaHuna ¢ J€KapTOBBIMU KOOpAMHATaAMU U
OPUBOIUT K TOMY, YTO y4€HBIC HE B COCTOSIHMM OOBSICHHUTH TaKUX
MIPOCTHIX BEIICH, KaK HaIpuMep, mpereccusi opouTsl MepKypus.

JIBM>KEHUE 110 AITUNTHYECKON OpOUTE HECKOJIBKO OTINYAETCS.
[Ipu ABM>KEHUM CIIYTHUKA U3 ariores o y4acTKy A Ha HETO JIEUCTBYET
cuia, OOyCIIOBIIEHHAs DPAa3HOCTHIO TPABUTALMOHHBIX IMOTEHIMAIOB
AR1, KOTOpasi, MPEBbIIAsE TOPU3OHTAIBHYIO CKOPOCTh V, OTKJIOHSIET
CIIYTHUK, 3acTaBiisisi ero asuratbesa no kpusod C. B mepurenum,
HAa00OpOT, €ro TOPU3OHTAJbHAA CKOPOCTh V TMPEBBIINIAET CHUITY,
00YCIIOBJIIEHHYIO Pa3HOCTHIO TPAaBUTAIIMOHHBIX MOTEHIIMAIOB AR2, 13-
3a 4ero, BIXOIsl Ha y4yacTok B, cniyTHUK nBUXeTcs 1Mo KpuBoi D.

B pesynbrare 3THX CMeENIEHUH, BBI3BAHHBIX Pa3HOCTHIO
cKopocTeli Ha ywactkax A u B, omnunrtuyeckas opbOura
NOBOpauuBaeTcs (Ipeleccupyer) B CTOPOHY IIPOTHUBONOJIOKHYIO
HaIpaBJCHUIO BpAILEHUS CIOYTHUKA. OJTa JUHEHHas TMpeLeccus
OpUBOANUT K "oOkaTbiBaHMIO" (hoKyca 3Juumnca BOKPYr LIEHTpa
IUTAHETBl M MENJICHHOW SBOJIOIHUM D3JUIMIITUYECKOM OpOUTHI B
KpYTOBYIO.

Mexauusm 3TOH SBOJIIOIAU JIOCTAaTOYHO MPOCT.
Bo3Hukaromass B pe3yinbTare  OTKJIOHEHHsS TPAaeKTOPUU  OT
SKBUIOTCHIIMAIBHONW, Pa3HOCTh TI'PaBUTALMOHHOTO IOTEHIMANA,
NPUBOAUT K BO3HMKHOBEHHUIO CHWJIBI, KOTOpas CTPEMUTHCS
BOCCTaHOBUTH KPYTOBYIO OpOHTY.

IIpockakuBass TOYKY OKPYKHOCTH C HYJIEBOM PpPa3HOCTBIO
MOTEHIMAJIOB, CIYTHUK OTKJIOHSETCS B IPOTUBOIIOJIIOKHYIO CTOPOHY,
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YTO OISATh JK€ MPUBOJUT K BO3HUKHOBEHHUIO IPOTHUBOIIOJIOKHO
HAIpPaBJIEHHOW Pa3HOCTH MOTEHIIMAJTIOB U K KOJeOaHUSIM OpOUTHI.

B pesynbraTe 3aTyxaHus 3TUX KOJEOAHUMU, DIUIMITHYECKAs
opOuTa 3BOJIOLMOHUPYET B KpyroByr. Kpome Toro, HecoBmaaeHue
IUIOCKOCTH OpOUTHI C JMAMETPAIbHOM IJIOCKOCTBIO IJIAHETHI,
IIPUBOAUT elI€ U K BOSHUKHOBEHUIO YITIOBOM IIPELIECCUU, KOTOPAst TAK
K€ IO JEHWCTBUEM pA3HOCTH TI'PAaBUTALlMOHHBIX IOTEHLUAJIOB,
MIOCTENIEHHO BHIPABHUBAETCS.

VIMeHHO U3-3a HECOBIAICHUS TUIOCKOCTH OPOUTHI CITyTHUKA C
JUaMETPAIbHOM  IUIOCKOCTBIO  IUIAHETHI, CHOYTHUK ONMUCHIBACT
CUHYCOMJIAJIbHYI0 KpHBYHO Ha €€ mnoBepxHocTtu. CTporo roops,
CIOYTHUK JBWXKETCA JaXe He IO JJUIMINTHYECKOW opbute, a Mo
HEKOTOPOW, ONHM3KOW K OIUTMICY OBaJbHON TPACKTOPUH, IO
NeNCTBUEM IIOCTOSIHHOTO U3MEHEeHU:A 2pasumayuOHHbIX
nomenyuane6 Ha pa3InyHbIX €€ ydacTKax. J[BUrarbCcs 10 KpUBOH
ONMU3KON K AIIIMIICY, CIYyTHUK MOKET TOJBKO B TOM cCiydae, eciiu
TATOTEIOLLEE TEJIO, BOKPYT KOTOPOI'O OH JBUXKETCSI, HE HAXOIUTCS HU
B OJIHOM 13 ()OKYCOB ITOH IITUNTHYECKON KPHBOU.

3akoHbl Kemiepa onmuchIBarOT, Kak JBHXKYTCS KOCMHYECKHE
Tena, HO He OOBICHSIOT PUYHH, TOYeMy OHH Tak ABUXKYTcs. [loTomy
YTO 3TO JaK€ W HE 3aKOHBI, a mpocTas KoHcTaranus (axrta. Cam
Kemiep cunrai, 4To niaHeThl JBUKYT AHTEIIBI. ..

N ecnu xu3Hb Ha 3emiie MO0 NaJEOHTOJIOIMYECKUM JaHHBIM
HACUUTHIBAET OKOJIO YETBIPEX MUJUIMAPAOB JIET, TO 3TO 3HAYUT, YTO
YeTblpe MHJUIMApJa JIET Ha3aja opOHTa Halled IUIaHeThl y)Xe OblLia
OuYeHb ONM3Ka K KpyroBoil. Ha muianerax, IBHOKYIIUXCS IO OBAJIbHBIM
opOuTaM ¢ OONBIIMM 3KCIEHTPUCUTETOM CYIIECTBOBAaHUE '>KUBBIX"
OpraHU3MOB HEBO3MOKHO, B CUJTYy MEHSIIOIIUXCS B OONBIINX Tpeaenax
NPUPOJHBIX  YCIOBUW IpU  NEpexoie M3  Iepureans B
adenuii u oOpaTHO.

A Temeph HECKOJIBKO CIOB 00 HMCKYCCTBEHHBIX CIYTHHKAaX
3emiu. HckyccrBennbie cnyTHuku 3emin (MC3) netaroT oObuHO HA
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HeOonpmx BeicoTax 400 -600 KMIOMETPOB, Tlie CHJIa MPUTSIKECHUS
JIOCTaTOYHO BenHKa. HeBecOMOCTh KOTOpask BOSHUKACT Ha CIIyTHHUKE,
HEBECOMOCTBIO B IIOJIHOM CMBICJIE HE SIBISAETCS. JTO JIMIIb WILTIO3US,
00ycJI0BI€HHAs: CBOOOJHBIM MaJICHUEM CITYyTHUKA IOJ] IEHICTBUEM €ro
COOCTBEHHOTO Beca, Kak B OTOpBaBIIeMCs JTU(PTe WX B caMOJETe,
NUKUPYIOIIEM 110 apaboIndecKoi TPaeKTOPHH.

[TosToMy 4YTOOBI HE YymacTh, CIYTHUK JOJDKEH HMMETh
TOPU30HTAIIBHYIO ~ COCTaBIAIOLIYI0  CKOPOCTM  paBHYIO,  TakK
Ha3bIBAEMOH, IIEPBOM KOCMHUUYECKON. HacTos1ass HeBECOMOCTb MOKET
CYIIECTBOBATh TOJIBKO HA BBICOTE NPEBBIMIAIOMIEH PagUuyC IJIAHETHI,
rze e€ cuia TSArOTEHUs! CTAHOBUTCA HUYTOXKHOM U I'/ie, COOCTBEHHO U
HA4YMHAETCS OTKPBITBIA KOCMOC.

Oto BeicoTa 6300 xumomeTpoB u Oonee. Ha Takux opburax
TOPU30HTAJIbHAS CKOPOCTh CIIyTHHKA MOXKET OBITh Jlake HyseBoil. B
Cllydae COBNAQJCHMsI HANpaBICHMs] BpaALICHUs CIyTHHUKAa C
HalpaBJICHUEM BpalleHUs 3eMJIH, €T0 YIIIoBasi CKOPOCTh OYyAET paBHA
YIJI0BOM CKOPOCTH CYTOYHOT'O BPAILLEHUS IUIAHETHI U CITyTHUK MOYKET
BUCETh HaJ Jt000i e Toukoi HemoaBkHO. M momoOHbIe OpOUTHI
MOJIyYMJIM Ha3BaHUE I€OCTallMOHAPHBIX.

O Toukax Jlanrpaska

Henonnmanue yd€HbIMM CyTH SIBJICHUS TPaBUTALMH, a TaK )K€
HeJlenoe [JOMYIIEHHe, 4YTO JBa HEOECHBIX Tela, HE HMMEIOLINX
MaTCpUAIbHOW CBSI3M, MOTYT BpPAllaTbCs BOKPYr KaKOIoO-TO

: MU(PHUIECKOTO LIEHTPa Macc, MPUBEIIO K
o HU3MBIIIICHUTO HEKHX TOYEK
TuOpami, B KOTOPBIX TPETbE TEIIO,
Haxojslleecss B OTOM  CHUCTEME,
HEMOABUKHO  OTHOCUTEJIBHO  JBYX
npyrux. Touka C (puc.27), B koTOpoi

CHIJIBI TpaBUTan ABYX

Puc.27

KOCMHYECKHX TEJI  YpaBHOBEIICHBI
OTHOCHUTEIIEHO TPETHETO, JICKHUT Ha MPSIMOU, COSAUHSIONICH IIEHTPHI
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JIBYX OTUX Tell W HaXOJIAIICWcs HAa PACCTOSHHUSX OT JTHX Tell,
OTIpeNIeNIIEMbIX COOTHOIIICHHEM KYyOOB UX PaJIyCOB, KOTOPHIE MOYHO
OTIPENIeTUTH TI0 (opMyIIe:

Sa=(Sp*Ra®)/Rp>. rie

R - paouycwvr nebecnvix men,

S — paccmosinus medxncoy Humu.

DTO TOYKA HEYCTOWYMBOTO PABHOBECHS, KaK Ha BEpPIINHE
KOHyCa W TeNl0 JIBIKYIIEECS MO OpOUTe, MPOXOJAIIeH uepe3 3Ty
TOUYKY, JHOO0 OCTaHeTcs Ha opOuTe BOKpYyr Tema A, nmubo Oymer
3axBaueHO TeJIOM B 1 mpeBpaTuTCs B €ro CIyTHHK.

15. O CTPOEHHUU U OBPA30OBAHUN
HEBECHBIX TEJI

OCHOBBIBasICh Ha HAy4YHBIX JAHHBIX M OCOOCHHOCTSX
(Gu3n4ecKux B3aMMOJAEHCTBUIM MaTepHaIbHBIX OOBEKTOB MOXKHO
JETKO  MOCTPOUTh  JIOTUYECKH  HENPOTUBOPEUUBYIO  TEOPHIO,
OOBSCHSIONTYIO OOJBITUHCTBO SBJICHUN B KOCMOCE.

Bo-niepBbIX, HIKaKoro OOJBIIOTO B3phIBa HE OBLIO U OBITH HE
MOIJIO - TBOPEHHME MAaTepUM U3 HUYETO NMPOCTHTENBHO TOJIBKO IS
OuOIeNCKUX CKa30K, a He ISl HAyYHBIX TEOpHUil.

Bcenennas — aTo Matepus, OHa fe3HaualIbHa U DeCKOHEeYHd.
Marepusi cymiecTBOBajia BCErAa M Bcerga OyleT CyLIecTBOBATh.
Hukakux nmpuynH e€ BO3HHUKHOBEHHS, HET M HUKOraa He Obuto. Eé
9BOJIIOLUSA MAET IO IMPOCTOH CXEME HENPEPBIBHOTO YCI0MCHEHUA
CmpyKmypbl, COTIACHO IPUHLUITY BO3pACTaHUs SHTPOIUU U BTOPOMY
3aKOHY TEPMOJUHAMHUKH.

Teopua 6Oonvuio2o 63pbiéa OCHOBAaHA HAa HEBEPHOM
NOHMMAHUH, TPUYUHBI TaK HA3bIBAEMOrO "KpPacHOI'O CMEIIEHHUS ',
KOTOpO# omubouno cuutaioT 3¢ddexr lommaepa, 00ycioBISHHBIN
yJaJIeHueM KOCMHUYECKHUX 0OBEKTOB OT HAOMI0aTels.
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Hpumeuanune! Boodwe-mo eciu ouenv 007120 HadAOAmMy 3a
COCMOsAHUEM  HpUPOObl  MOMCHO  RPpUIMU K  COBEPUIEHHO
napaooKcanbHOMy 6bl1600y, 4UmO 6emep O0yem, HOMOMY UMO 0epesbs
Kauaomcea. H oarxce M0OHCHO 1€2KO HAUIMU ONBIMHOE NOOMEePIHCcOeHUE
9IMozo aenenus. /[ocmamouHo npocmo nOMAXamn 6emMKOIl neped TUYOM,
umoovl owymums OeudiceHue 6030yxa. Bom na smom aodcyponom
npuUHYUNE MeOPEMUKU U ROCHPOUTIU CEOI0 MEOPUIO 36E30000pa308anusl.

NMmenHO Ha HKCTpAmoOJAIMU HTOTO  HECYHIECTBYIOUIETO
pacuIMpeHusl BCEIICHHOW BBICTPOEHA TEOpHsl OOJBIIOTO B3phIBAa W
COOTBETCTBEHHO, BhIuMciieH €€ "Bo3pacT'. Kak yxe ObUIO CKa3aHO
BBIIIIE, JTFOObIE KOCMUUYECKHE OOBEKTHI 3TO MyCTOTENbIE 00pa30BaHUA,
c(hOpMHUPOBABIIIKECS B YCIOBUSIX HEBECOMOCTH.

Cyass mo mOTOKY H3JIYy4EHHs! KOJIOCCAIbHOM MOIIHOCTH, B
riyOuHe o00oouek 3BE3J, HAXOMAIIUXCA B OUYEHb TOpSYEM
pACIJIaBIIEHHOM COCTOSTHMHM, WAYT TIPOIECCHl CHHTE3a AaTOMOB
pa3JAYHBIX 3JIEMEHTOB

‘ npoTtyGepaHel,

HapyXHas xpomocdepa \ HepHOHquCKOﬁ
HapykHas xuakas obonowka | CUCTEMBI us3
oGonoy

cyGanemeHTapHbIX YacTnu OJICMCHTAPHBIX YaCTHII.
BHYTPEHHsIA XuaKan oDoNoYKg HeFKI/Ie HpOI[yKTI‘;I

3TOrO0 CHUHTE3a B BHUJE
CMCCHU BJICMCHTAPHBIX
YacTUI] H  aTOMOB
Pa3IMYHBIX JIEMEHTOB,

— BOJIOpONA, TEIHs U
HEKOTOPHIX JPYTUX, BCIUIBIBAS CKBO3b JKUAKYIO  OOOJIOYKY,
bopMHPYIOT Ta30BYIO aTMocdepy 3Be3/bl, BEPXHHUE CIIOU KOTOPOH, B

CJIEACTBUU 60.]1]5;]_]_[0171 ACUMMCTPHUHU aTOMOB H 3aps’KCHHBIX YaCTHL, UX
00pa3yIoMX, C OrPOMHOM CKOPOCTBIO HMCTEKAalOT B KOCMHYECKOE
MIPOCTPAHCTBO B BUJIE "3BE3HOTO BeTpa'.

U tak kak 3Be3na mpezacTaBiseT coboi (puc.28) mycrorenoe
o0pa3oBaHue, B IEHTPE KOTOPOTO BaKyyM, TO IPOIYKTHI CHHTE3a TaK

K€ MCTEKAIOT U BO BHYTPEHHEE MPOCTPAHCTBO 3BE3[bl, CIIOCOOCTBYS
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MOBBIIICHUIO B HEHl BHYTpeHHEro naBlieHUs. MHOrma B pe3ynbrare
POpPBIBA HAPY>KHON 000JIOUKH MPOTYKTHI CHHTE3a BHIOPACHIBAIOTCS B
KOCMHUYECKOEe IPOCTPAHCTBO B BUE MPOTYyOEpaHIIEB.

Ho xak Tomnbko, B pe3ynbTare OCTHIBaHUS OOOJOYKH U
HAKOIUIGHHWS B HEW TSKENBIX SJIEMEHTOB, BHYTPEHHE J1aBliEeHUE
MPEBBICUT HEKOTOPYIO KPHUTHUYECKYIO BEJIMYHUHY, OHO pPa3opBET
000JI0UKYy W pa30pocacT CKOIMUBIIUECS BHYTPH HEE€ SJIEMEHTHI B
OKpYXKaroIllee TMPOCTPAHCTBO B BHJE TOpPAYMX Kameib, [0
KacaTeJIbHBIM, IPEeBPATHB TAKUM 00pa3oM, 3Be3/1y B CBEPXHOBYIO.

Ot Kamd, (QOpMHUPYSICh B YCIOBHSIX KOCMHUYECKOH
HEBECOMOCTH CBOMMH IOJIAIMHU TSTOTEHUS B OOJbIIME M Mable
HIapuku, o0pa3yloT IJIaHEThl. BOJHOBBIMU B3aUMOJEHCTBUSIMU C
IPaBUTALMOHHBIM MOJIEM 3B€3/1bl, OHU MIOCTENEHHO CTA0MIIN3UPYIOTCS
Ha DJUIMNTHYECKUX opOuTax BOKpyr He€. Ho wu3-3a Oompmmx
HAYaJbHBIX JIMHEHHBIX U YTIOBBIX MPEIECCU ILTUITHYECKUX OpOUT,
CyIIEeCTBYET O0JbIIas BEPOSTHOCTh UX NEPECCUCHHS U CTOJIKHOBEHUN
IUTaHEeT Ha opOuTax.

Ecnu cronkHyBIIMECS TUTAHETH JOCTATOYHO TOPSYH, OHU
IPOCTO CIMBAIOTCA B OJHY OOJIBIIYIO, @ €CIH YXKe JIOCTaTOYHO
OCTBIBIINME, TO PACKaJBIBAIOTCS HA YacTH, U3 KOTOPHIX 00pa3yroTcs
nosica actepouioB. YacTb 3TMX OOJIOMKOB, MOJTYYUBIIUX OOJBIIYIO
HAYaJIbHYI0 CKOPOCTb, MOTYT MPEBPATUTCS B KOMETHI.

HeGonpmme kamum MoryT ObITh  "3axBaueHbl'  Oonee
KPYIMHBIMU U TIPEBPATATCS B MX CIYTHUKU. Tak Kak BCE TJIAHETHI
o0pa3yroTcst u3 OpbI3T 000JT0YKM MPAKTHYECKH OJHOBPEMEHHO U B
HUX UAYT OJHU U T€ K€ MPOILECChl CUHTE3a, TO UX "XUMHUYECKUN"
coctaB OyAeT pa3nuyarbcs OYeHb He3HauuTenbHO. Ha mpoTrskeHun
MHOTUX MWJUIMAPAOB JIET, JJUIMNTHYECKHE OpOUTHI  IUIAaHET
HEen30€XKHO HBOJIIOIIMOHUPYIOT B KPYTOBbIE, UTO M HaOII0gaeTcs B
COJIHEYHOM cucTeMe B Hacrodilee Bpemsa. He3HauntenbHBII
OKCIEHTPUCUTET IUIAHETAPHBIX OpPOUT — OTO CBUICTEIHCTBO
IPOIIECCOB, MPOUCIIEANINX B T€ AaJIEKUE BPEMEHA.
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Bpaiasice BOKpyT 3B€3/1bl, IIJIAHETHI MOCTETIEHHO OCTHIBAIOT U
Ha HUX HOSBISIOTCS YCJIOBHS Il HU3KOTEMIIEPATypHOIO CHUHTE3a
[ri1.9] pa3nuYHBIX OPTaHUYECKUX COSAMHEHUH, KOTOPBIC Yepe3 COTHU
MUJUTHOHOB JIET 0OPa3ylOT PAaCTUTEIbHBIM M JKUBOTHBIM MHUp. A Ha
3BE€3/IE TEM BPEMEHEM pa3BUBAETCS cleayromuil nuki. Eciou 3Be3na
JOCTATOYHO OOJBINIAS, TO MPEXK/E YEM OCTHITH OHA MOXKET MEPEKUTH
HECKOJIBKO TAaKHX IUKIIOB, XOTSI MACIITAOBI U IEPHOBI UX C KAXKIBIM
pa3oM OyAyT YyMEHbBILIATHCS.

N ecnm Ha HEKOTOPBIX IUIAHETAX 3TOW 3BE3HOW CHUCTEMBI K
TOMY BPEMEHH YCIEIOT CPOPMUPOBATHCS pa3yMHbIE OpraHU3MbI, TO
JUISL HAX 9TO OyJeT MpeACTaBIsATh ONpeAenEéHHyo onacHocTs. Hame
CoutHIIe yKe TPOILIO TaKOM IUKJI. M BO3MOKHO, 4TO HE 0nH. BriosiHe
MOXET CTarbCsA, YTO 3€MJIIH JKIET emé Heyro II0400HOoeE.
EnuHCcTBeHHOE Ccllaboe yTEIIeHHe B TOM, YTO YEJIIOBEYECTBO K TOMY
BPEMEHHU CMOKET HalTH peasibHbIN Crioco0 n3bexars rudenu.

CuHTEe3 SJEMEHTOB MEPUOAMYECKOM Taliuibsl W HX
COCTMHEHUH, TIPOIOKACTCS B TOPSYEM CIIOE 000JIOUKH TUTAHETHI U B
HacrosIee BpeMs. TaMm B riIyOMHE 3eMHOM KOPBI B pacIljlaBIeHHON
MaHTHUH, em€ WAYT TPOIECChl CHUHTE3a [IM.9] Bcex 3IIEMEHTOB
MEPUOIUYECKON CUCTEMBI — JKelle3a, KaJblus, KUCIOPOa, a TaK Ke
BBICOKOMOJIEKYJISIPHBIX COEIMHEHUN - MeTaHa, He(TH, KaMEHHOTO
YIJIS U APYTUX, YTO MPUBOJUT K MOBBIIICHHUIO B HEW JaBICHUS.

B pesynprare 3TOrO0 ropsiuMe MNPOAYKTHI CHUHTE3a YacTo
MPOPBIBAIOTCS CKBO3b BHEIIHIOIO 3€MHYIO KOPY B aTMOC(epy B BUIE
W3BEPIKEHUI BYJIKAHOB. A HMX NIPOPBIB BO BHYTPEHHIOK IOJOCTb
MJIaHEThl TMPUBOAUT K OIYCKAHMIO Yy4yacTKa BHEIIHEH KOpbI U
BO3HUKHOBEHHI0O B HeW KojeOaHuM, MPOSBIAIOMIMXCS B BHUIE
3emuieTpsiceHuit (puc.29).

OnpenennTs NyCTOTENOCTh 3E€MHOrO IIapa, Hampumep,
yIbTPa3BYKOBBIMH HWJIM CEHCMUYECKMMH KOJeOaHHUSIMH, BechbMa
3aTPYAHUTENBHO, TaK KAaK MMEIOLIUNCA B KOpE pacIlIaBICHHBIN
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KHUJIKUNA CJI0M U 00JIBIIOE KOJTMYECTBO BOJIBI HA TIOBEPXHOCTH B BUJIE
OKEaHOB, 3TH KosieO0anus 3pPEeKTUBHO racsT.

A BOT mycroTenocts JIyHbl, Kak JaBHO OCTBIBUIETO TBEPAOIO
niapa IpO3OHAMPOBaTH OYeHb Jierko. OHa 3BEHUT JIOBOJIBHO
MPOJOHKUTEILHOE BPEMsI, KaK KOJIOKOJ, YTO U MOCITYKHIIO IPUUUHOMN
HOSIBIICHUSI THIIOTE3bI 00 €€ CKYCCTBEHHOM IPOUCXOXKICHUH.

N rtak kak 3emns u Jlyma oOpasoBanuch U3 OpbI3T
B30pBaBuierocst CoyHIIa OTHOBPEMEHHO, €CTh BEPOSITHOCTb TOI'O, UTO
BO BHYTpEHHEH 1noiocTu JIyHbI CylIeCTBYET JOBOJIBHO Pa3pekeHHast

atmocdepa. [losTomy
Nnpu OCBOCHHM JIyHBI,
YeN0OBEKY  BO3MOKHO

npUAETCA

KOCMOC

[InaBepkeHWe ByNKaHa

o0ycTpanBaThCs Ha
BHYTPEHHEH  CTOpPOHE
e€¢ 000JI0UKH.

LEHTD 3emMNu-Bakyym

Paspes semnoro Bo BHyTpeHHei

wapa.

IMOJIOCTHU 3C€MHOTI'0 11apa

Puc.29
LIApCTBYET aJcKas )apa

1 a0cCoJIFOTHAsh TEMHOTA, JIMIb HM3pEaKa HapyliaeMas OarpOBBIMU
CIOJIOXaMH U3BEP)KEHUM BHYTPEHHUX BYJIKAHOB.

C otoii Touku 3peHus, KOnuTep, umMeromui oYeHb OONBIION
o0beM, emé He YCHeln CHIBHO OCTBITh W MPEACTaBIsSeT Cco0oi
JIOBOJIBHO TOPSUYYIO KaIlII0 MaTEePHH, U3IYYaIOIIyI0 Topa3ao Oobiie
SHEpruu, yeM noiayyaet €€ or CoaHua.

N xots mporecc oOpa3oBaHusi caMUX 3BE3M — ATO Jiea ykKe
JTABHO MHHYBIIIUX JTHEH, HO MBI JIOTHYECKH MOXEM IPEIOJIOKHUTH,
YTO OH JIOJDKEH B TOYHOCTH TOBTOPATH Mpoliecc 00pa30BaHMs IIJIaHET,
TOJIBKO B 0OJIee TPaHIMO3HbBIX MacIITadax.

OrpoMHass  TPOTO3BE3/1a,  COCTOSAMIAsl M3 KAKWUX-TO
CyOnJIeMEHTapHBIX YACTHUII, IIPOXO/IS, B PE3YJIbTATE MPOIIECCa CHHTE3a
AQHAJIOTUYHBINA IIMKJI Pa3BUTHUS, B3PhIBACTCS U U3 OpbI3r € 000I0UKH
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dbopMuUpyIOTCS 3BE31bI OBAJIBHON TaJaKTUKU, KOTOpas Bpallasch,
MOCTENEHHO MPEBPAIIAETCA B CHUPAIBHYIO.

Ipumeuanue! To, umo acmpogpuzuxku owud0uHO CuUmMAIOM
meMHOI Mamepueil, IMo 36e30bl U 2ANAKMUKU 00pPA306aHHble Mamepuell
C NOIOXHCUMETTbHOUL acmmnempueﬁ, U3JIYUCHUA KOMOPbLX HU Hawiu 2iasa,
HU Hauwiu npu6opbt 60CNpUHAMb HeE cnocoonwvi. 1 Komopbsle MOHCHO
OOHApyCUMb 1ULLb RO KOC6EHHBIM NPUHAKAM.

Takum 06pazom, Teoprr 00pa3oBaHUs 3BE3]T U3 MEK3BEZTHOTO
rasa, BBIyMaHHbIC TEHUSMH TEOPETHYECKON (PU3HKH, MATKO TOBOPS
JKEHAY4YHbl M 3aTMEBAIOT CBOEH TJIYMOCTBIO PACCKa3bl U3BECTHOTO
CBOEH HEBEPOATHOW MPAaBAUBOCTHIO, OapoHa MIoHXray3eHa.

16. O BTOPOM HAYAJIE H UIMMYHUTETE

Bropoii 3akoH TepMOIMHAMUKH, CHOPMYIMPOBAHHBINA IS
OOBSICHEHUS! TEPMOAMHAMHYECKUX MPOIECCOB, SBISETCS, MO CYTH,
OCHOBHBIM U €IUHCTBEHHBIM (yHIAMEHTaJIbHBIM 3aKOHOM, 10
KOTOPOMY  B3auMOJEMCTBYeT Marepus. DopMmynupoBKa  €ro
JIOCTaTOYHO MPOCTa JJI1 MOHMMAaHUsA, HO HECMOTPS HA 3TO, OYEHb
MHOTHE 3aTPyIHAIOTCS OOBSCHUTH €ro cmbici. Camas TOYHas €ro
dopmynupoBka TakoBa: "Temmo Bcerma NEPEeXOIUT TONBKO OT
rOpsiuero Teia K X0J0JHOMY M HUKOT1a Hao00poT".

JIeliCTBUTENBHO, €CIU OCTABUTH CTAKaH C TOPSAYMM YaeM Ha
CTOJIE, UYepe3 HEKOTOPOE BpEeMs €ro TeMIEeparypa CpaBHSETCS C
TEMIIEPAaTypON OKPYKAIOIIETO BO3[yXd, YBEIUYHUB €r0 SHTPOIHMIO.
Wnu, npyrumu cnoBamu, paBHOBecHe. Bo3pactanue sHTpONUU — 3TO
CIEeNCTBUE JEHCTBHUA BTOPOrO 3aKOHAa WM BTOPOrO Hayana
TEPMOJMHAMUKH 110 BHIPABHUBAHUIO JIFOOBIX MapaMeTpOB MaTepuu —
JABJICHUS, TEMIIEPATypbl, KOHIIEHTPALIUH U T. 1.

DHTpOMUs, KaKk MPOIECC BHIPABHUBAHUS, 3alperiaeT JTr0be
MPOIIECCHI CAMOITPOU3BOIBHOM KOHIICHTPAIUH, OYAb TO TEMIIepaTypa,
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IUIOTHOCTb WJIM JaBjieHHe. Tak 4To HU IpaBUTALMOHHBIN KOJUIalc, HU
aKKpeLrs HEBO3MOXKHBI B IIPUHIIUIIE.

Bropoe Hauano TepMOIMHAMUKH W BO3PACTAHUE DHTPOIUU
JIeNIal0T HeOOpaTUMBIMU JIIOObIE MPOLECChl BO BeesleHHOU. Eciu BbI
IPOKOJIETE IIMHY AaBTOMOOMJISA, BO3AyX U3 HEE BBITEUET U €ro
JlaBlieHUE cpaBHsAETCS ¢ atMochepHbIM. Ecu BBl BhITyCTUTE KITYO
IbIMa, TO YEpe3 HECKOJBKO MHUHYT €ro YacTUYKHM PaBHOMEPHO
pacnpenensarcs 1o KOMHare.

HeonpenenéHHOCT, IOHMMAaHUs I[PHUHLOMIA BO3pacTaHUs
SHTPOIIUH, IPUBOIUT K TOMY, YTO JaK€ HEKOTOPBIE YUYEHBIE HECYT
HECYCBETHYIO YyIllb, YTBEpXJAas, 4TO JKU3Hb, SKOObI MAET C €€
yobiBanueM. Ho 93T0 jumb  cleacTBU€  HMX  JIOTHYECKOH
0e3rpaMOTHOCTH M 4YTO OBl yOEIUTHCS B ATOM, MBI PacCMOTPUM
HEKOTOpBIE IPOLIECCH, IMPOUCXOJAIIME B 'KUBOM' OpraHHU3ME.
Hanpumep, npouecc apIxaHus.

Bcem wu3BecTtHO, dYTO HOBIIMM MBI JIETKUMH. Jlerkue
NPECTABISIOT CO00W "MEIIOK" ¢ BHYTPEHHEH MOBEPXHOCTHIO OKOJIO
150 kB. METPOB, I'yCTO IPOHU3AHHBIN CETHIO KPOBEHOCHBIX COCY/IOB —
KalWUIsIpoB. MeIIoK 3TOT BMeIIaeT B ce0sl OKOJIO 3 JIMTPOB BO3AYXA.
Ot 3 nuTpa BO3JyXa KOHTAKTUPYIOT ¢ KPOBEHOCHBIMHU COCYAAMH Ha
TaKOH OTPOMHOM TIOIIAIH.

Tak kak KOHLEHTpanus KHCIOpPOJa B BO3AYXE IPEBBIIMIAECT
KOHIIEHTPALUIO KHCIIOPOia B KPOBH, BTOPOE HAYAJI0 TEPMOANHAMUKHI
"00s3pIBaeT” BO3AYX IMOJECIUTHCS UM C KpOBbIO. B pesymbrate
pa3IMYHOM KOHIIEHTPAlMM KUCJIOpOoJa B BO3AYXE M KpPOBH,
BO3HHUKaOIIEe (OCMOTHUYECKOE) JABJICHHE MPOTAJIKUBAET MOJIEKYJIbI
KHCJIOPO/1a CKBO3b IOIYIIPOHUIIAEMBbIE CTEHKH KPOBEHOCHBIX COCYIOB
B KPOBb, HACBIILAA €€ KUCIOPOIOM.

Kucnopon He 3axBaThIBaeTCsl MOJIEKYJIaMU FeMOIJIO0MHa, KaK
paccka3bIBalOT OMOJIOTH U IOTOM KOMY-TO TaM OTJAETCs, a OH IPOCTO
B KPOBU pacTBopsieTcs. [leno B TOM, YTO €cIu MOJIEKYJia KaKoro-JI1noo
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BEI[ECTBA 3aXBATHIBAET MOJIEKYJy KHCIIOPO/Ia, TO OHA YK€ HUKOT/1a €€
HE OTJACT MPOCTO TaK.

Kucnopon y He€ MOXKHO TOJIBKO OTHSITh CUJION, MHAYE, KaK yiKe
OBLTO CKa3aHo B T1aBe [171.12], ObuT OBI HEBO3MOXKEH MPOIIECC CHHTE3a
Y BO3HUKHOBEHHE CJIOKHBIX COeMHEHMI. HachIenHas Kuciopoaom
KpPOBb Pa3HOCUTCS 110 BCEMY OPraHU3MY.

N3-3a TNOBBIIEHHOW KOHLEHTpALMs KHUCIOpPOJa B KpPOBH,
MPEBBIIAIONIEN €r0 KOHLEHTPALHUID B MEKKJIETOUYHOW KUIKOCTH,
OCMOTHYECKOE JIaBJICHHE BBITAIKMBAET MOJIEKYJbl KHCIOpOJa B
MEXKJICTOYHYI0 KUIKOCTh. AHAJIOTHYHBIM 00pa3oM KHUCIOPO
MoMnajgaeT BHYTPb KJIETOK, T[JI€ Yy4acTBYeT B Mpoleccax uX

JKU3HEICATCILHOCTH.

IIpumeuanue! Mexanusm

603HUKHOBEHUA OCMOMUYECKO20
0aenenus NOKA3aH HA PUCYHKe
(puc.30). Ecau 6 cocyo,
PA30enénnblil.  ROJIYRPOHUUAEMOT
nepezopooKoil Hanumv 600y U

pacmeop Kakou-auoo coau, mo

YPOGeHb  pacmeopa  HeCKOIbKo
Pwnc.30 noevicumcs, napywias ''zaxon’

cooowmaronguxca cocyoos. Qovacuenue 3mozo ''mapadokca’’ ouens
npocmo. B cocyoe A konuyenmpayusa moexysn cojiu 20pazoo eviuie, uem 8
cocyoe B. 3amo 6 cocyoe B, éviuie konuenmpayus mMoneKysi 600bl.
Ilosmomy monekynvl conu, nOOUUHAACH 3AKOHY GbIPAGHUGAHUA
KoHuenmpauuii  (3aKOH  yeeiuveHuUs  IHMPORUU),  HAYUHAIOM
npomankueamucs é cocyo B. A monexynwsl 600wt u3z cocyoa B, noouunasace
mMoMy Jce 3aKOHY, RPOMAIKUBAIOMCA 6 cocyd A, 6 pe3yivmame uezo
603HUKAIOM 084 6CHPEUHBIX NOMOKA MOEKYl 600l u conu. Ho mak xax
MONEKYIbL 8600bl UMEIOM MEHbUIUE PA3MEPDl, MO OHU Jlecue u dvlicmpee
nPOX00AmM CKE03b NOTYHPOHUYACMYIO NEPE2OPOOKY U YPOBEHb HCUOKOCHLU
¢ cocyoe A cnauana noeviuaemcsa. Yepez kaxoe-mo epems, Koz20a
KOHUEHMPAauUu 6 coOcyoax CpagHAIOMCsl, CPAGHAIOMCA U YPOGHHU.
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Ms1 He OyaeM paccMaTpuBaTh BCE TH MPOLECCHI, UX OYCHBb
MHOT'0, OTPAaHMYMMCS TE€M, YTO B PE3yJbTaTe€ 3THX MPOIIECCOB, B
KJIETKaX, B BUJE MTOOOYHOTO MPOJIYKTA TOJYJaeTCs YTIICKUCIIBIN Ta3.
OH HayMHaeT HAKAIUTMBATHCS B KJIETKAX U TOYHO TAKUM K€ 00pa3om,
C MOMOIIBID OCMOTHYECKOTO JTAaBJICHUS, BRIBOJUTCA U3 OpraHu3Ma B
atMocepy. AHAJOTHYHBIE TPOIECCHl MPOUCXOISAT M B APYTUX
opraHax — XenyJKe, IeYeH!, KUILICYHUKE. ..

Hpyrue, coaepxaiiiecs: B BO3yXe rasbl, TaK k€ IPOHUKAIOT B
KpOBb, HO €CIM OHM HE UCHOJB3YIOTCA B  IMpoleccax
JKU3HENIESATEIbHOCTH, UX KOHIIEHTpalus B KPOBH MPOCTO OCTAETCS
MOCTOSIHHOM. A Temepb MOmpoO0yeM pacCMOTPETh C TOYKH 3PEHUS
BTOPOTO Hayajga TEPMOAMHAMUKHA MEXAHU3M JICUCTBUSI HMMYHUTETA.
Jl1st 5TOr0 HaM HY)KHO CHaJaJia BBISICHUTD, & YTO K€ TaKoe 00JIe3Hb, C
TOYKH 3peHUs (U3WKU W TOYEeMY SIUJIEMUU HOCSAT, B OCHOBHOM,
Ce30HHBIM Xxapakrtep. ['punm, Hampumep, CBUPEICTBYET BCEraa B
Havaje 3UMBL. A T/ e OOMTAIT BO3OYAMTEIW TPHUIIA BECHOH U
jeToM?

Mbl He cTaHeMm 3/echb NOBTOPATH CKAa3KU MEAMIIUMHCKHUX
PabOTHUKOB O 3JIOBPEIHOCTH BUPYCOB, KOTOPBIC TOJIHKO M MEYTAIOT
3apa3uTh HAC KaKOH-HUOYIb IPSHBIO, @ 00paTUMCS HETIOCPEICTBEHHO
K ¢usuke. [Ipuunnabl >MMaeMuii, MO BCEH BHUIUMOCTH, KPOIOTCS B
KaKHX-TO TI'I00aJIbHBIX CE30HHBEIX sABICHHAX. CaMoe JIOTMYHOE, YTO
MOXXHO TPEANOJIOKUTh - 3TO OCEHHUE JUCTOMNaAbl, HMEIOIINE
riobanpHble MacTabbl. BeTep Tperuier BBICOXIINE JHCThS JIGCHBIX
MAacCHBOB, OOJIaMbIBAa€T WX, IMOJHUMAeT B BO3JIyX OTPOMHOE
KOJIMYECTBO MUKPOYACTHI], OPTaHUIECKIX MOJIEKYJ U HX OOJIOMKOB U
Pa3HOCHUT Ha OOJIBIIINE PACCTOSTHUSI.

Mgl BabIXaeM BO3JyX HACBIIIEHHBIH OOJOMKaMH MOJICKYJI
PaCTUTENBHOTO MPOUCXOKICHUSI, KOJTUYECTBO BAPUAHTOB KOTOPBIX,
MOXXET OMPENETATHCS aCTPOHOMHUUYECKUMHU HUppaMu. DTH 0OJIOMKH
MOJIEKYJI C TIOMOIIbIO ONHCAHHOTO MEXaHM3Ma OCMOTHYECKOTO
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TMABJICHUS TPOHUKAIOT B KIETKM M HCIOJB3YIOTCSI HMMH, Kak
CTPOUTEILHBIN MaTepHall TP JACIICHUH.

HyxHO 3amMeTuTh, YTO MPAKTHYECKH JHOOOH O0OJIOMOK
OPTraHWYECKOHW MOJIEKYJbl, TIOMaB B JETKHEe HW OOBOJIAKMBAsCH
OCJIIKOBOM  CIW3bIO, HAXOMAIICHCS  TaMm, TIpeBpaliaeTcs B
"monmHONeHHBI  BUpyc"'. OOMOMKHM MOJEKYJN, HE HMEIOIINe
MEXaHHU3MOB JICJICHHsI, HE Pa3MHOXKAIOTCA U HE MYTHUPYIOT, KaK Ham
ABTOPUTETHO 3aJIUBAIOT MEAUIIMHCKUE CBETUIA.

Knerku, wucmonp3yomme 3TH BHPYCHI B KAauecTBe
CTPOUTEILHOTO MaTrepuaia, Mo CyTH, CaMH MX W Pa3MHOXAIoT, B
pe3yabpTaTe 4Yero TEpsoT CIMOCOOHOCTh Yy4YacTBOBAaTh B 3aMKHYTBIX
[UKJIAaX TOAJCPKUBAIOIIMX JIpyra TMPOIECCOB B OpraHU3Me,
BBINAJAIOT U3 HUX U ITOTH0aroT.

Hanpumep, Takas crpamHas Oo0Je€3Hb Kak pak, SBISETCS
pE3yNIbTaTOM UCIOIB30BAaHUSL KIIETKAMU ISl JCTCHUS MOJICKYITbI
BEIIIECTB, HAa3bIBAEMBIX KaHIIEPOT€HAMH, NPU KOTOPOM JOYECpHUE
KJIETKU CTPOSTCS U3 OeJKa, OTIIMYHOTO 10 MOJEKYISIPHOMY COCTaBY
oT OeJKa opraHusma.

Ecin Takue KIETKH ¢ UM3MEHEHHBIM OEJIKOM CITOCOOHBI
WCIIOJIB30BaTh  OTXOJBl  JKU3HEACITEIIBHOCTH  POAHBIX  KJIETOK
OpraHu3Ma, a KJIETKH OpraHu3Ma He CIOCOOHBI HCIOJB30BaTh HX
OTXOJIbl, TO KJIIETKH C U3MEHEHHBIM O€JIKOM HAYMHAIOT WHTEHCHBHO
pasmMHOXkaTbcsd. Ho He umest crocOOHOCTH BBITOJMHATH (DYHKITUH
POIHBIX KIIETOK OpraHW3Ma, OHM B KOHEYHOM HTOTE, 3aMEIIAi0T B
OpraHe pojJHbIC KIETKH, HE 1aBas UM Pa3MHOXKATbCS, YTO U IPUBOTUT
K CMEpTH OpraHU3Ma.

Knerku ¢ u3MeHEHHBIM OEIKOM B OpraHu3Me BO3HHUKAIOT
MOCTOSTHHO, HO €CITH OHU HECTIOCOOHBI KOHKYPHPOBATh C POJTHBIMH,
OHHM OBICTPO MOTHOAIOT U B BHUJIEC NIAKOB BBIBOJISTCS U3 OpraHu3Ma.
Orcroma Jerko caenath BBIBOJ, YTO TpH yHOTpeOseHuu Oosee
pa3HOoO0pa3HOM MUIIH, MBI HAMHOTO YBEJIMYMBAEM PUCK 3a00JIeBaHUS
pakom.
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ITocmotpeB cratuctuky 3aboneBanust pakom B CCCP, rne
IUTaHUE ObUIO JOBOJBHO OJHOOOpPa3HBIM U E€CTECTBEHHBIM U B
Poccun, xorzma mocie OTKpBITHS T'paHUL], HAa IPOAOBOJILCTBEHHBIN
PBIHOK XJIBIHYJI IOTOK HENPHUBBIYHBIX JK30TUYECKUX ITPOLYKTOB, MBI
YBHUJIUM, YTO IPOLIEHT 3a00JIEBLIIMX PAKOM YBEJINYMIICS B pa3bl.

Tak Kak y KaXJOro 4YelOBEKa CTPYKTypa Oelka OuYeHb
WH/IMBUyalIbHA U HA 3eMJIe elI€ He ObLUTO ABYX JIIOJIEH C OMHAKOBBIM
0€IKOM, TO U BO3HMKHOBEHHE TAKHX KIETOK TOXKE MHIUBUAYAIBHO.
[TosToMy Kakoro-To oOIIETr0 YHHBEPCAIHHOIO JIEKAPCTBA OT paka, B
IpUHIUIE, ObITh HE MOXKET. M XOTS KJIETKH C U3MEHEHHBIM OeIKOM
IIOCTOSIHHO BO3HHMKAIOT B OpraHu3Me, y OOJIBIIMHCTBA JIIOJIEH paK He
pasBuBaercsa. A Tex, KoMy "TOBe30", Tpupoja 0Oe3’KaJT0CTHO
OTCEMBACT M CMEPTh B OTOM Ciy4ae, SABIIACTCA E€IUHCTBEHHBIM
3alUTHBIM MEXaHU3MOM 3BOJIIOLINH.

CoBpeMEHHBIE K€ JIEKapCTBa, MCIOJIb3YEMbIE NJIS JICUCHUS
paka (XuMTepamus), MO CYTH, SBIAIOTCS CUIBHEHIIMMHU SAAMH,
KOTOpbIe Oe3 pa3bopa yOMBaIOT KaK paKOBBIE, TAK H POJHBIC KIETKH U
NPaKTUYECKH HE MOMOoraioT. BpemeHnHoe oGsierueHue oOycloBIEHO
JUIIb TEM, YTO PAKOBBIX KJIETOK HAMHOTO MEHBUIEC, YEM POJHBIX
KJIETOK OpPraHu3Ma.

Menukn OOBIMHO AENAT O4Yard BO3HUKHOBEHHUS PAaKOBBIX
OIyXOJIel, Ha 3JI0KAaYEeCTBEHHbIE U J0OpOKauecTBEHHbIE. XOTS Ha
CaMOoM JIeJIe TAaKOTo YETKOTO pa3/ieieHus: ObITh He MOXeT. Bo BcskoM
cilydae, OT paka "M3Je4MBarOTCs" JUIIb €AVUHMIBI U 3TO TOBOPUT O
TOM, YTO OITyXOJIb OKa3aJIaCh HE COBCEM 3JI0KaUE€CTBEHHOM.

Korna nuarsoctupytot pak, onepanuto, Kak paBuio, Jej1aTh
y’Ke TI03/IHO, TaK KaK O4arv paka pa3BHBAIOTCS HE BbI3bIBasi OOJIEBBIX
OILlYIIEHUH, IIOTOMY YTO SBJIAIOTCS, IO CYTH, 4acTblO opranmusma. 1
CMEpPTh HACTYIAeT OTTOr0, 4YTO HOPMAJIBHBIX KJIETOK y OpraHa
MOPKEHHOTO PaKOM, OCTAETCS CIIMIIIKOM MaJjio M OH YK€ He CITOCOOCH
BBITIOJIHATH CBOU (DYHKITUH ITOJTHOCTBI0. TakuMm 00pa3om, 1J1s JIeUeHUs
paka HUKOr1a He Oy/IeT HaiIeHO KaKOTro-TO OOIIEero JeKapCcTBa.
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Pak He 3apaseH, »TO naxke W He OONE3Hb, a CICICTBUE
9BOJIIOIIMOHHOTO  mpomecca. M BemecTtBa,  cuuTaromuecs
KaHLIEPOTEHHBIMU JJIi OJTHOTO YEJIOBEKa, COBEPUICHHO Oe3BpEIHbI
JUISL IpYTOro, OpraHu3M KOTOPOro MOCTPOEH U3 Apyroro Oenka... Pak
- 3TO TOT Cly4ai, KOTJa MPUPOJIHBIM MEXaHW3M HMMYHUTETA
paboTaTh HE MOXET U MPHUPOJAA MPOCTO BOCIPOU3BOAUT OPTraHU3M
3aHOBO.

Tak umo co30amb Kaxkoe-mo oouiee JeKapcmeo om
9601104, CKOPee 6ce20 He NOJIYUUMCA.

Cam e MexaHW3M HMMYHUTETa, C(HOpMUpOBABIIUKCA B
pe3ynbTare cuMOno03a B T€YECHUH JUIUTEIHLHON 3BOJIOLUN M OCHOBAH
Ha UCKJIOYEHHHM YYKEPOJIHBIX OEJNKOB M3 MPOLECCOB JEJICHUS.
Opranuyeckue  BelleCTBa, BblpadaThiBaeéMble B IpoIleccax
KU3ZHEACITEIIbHOCTH UYYKEPOJAHBIX KJIETOK, MOMaBIIMX B KPOBB,
MPOHUKAIOT CKBO3b MEMOpaHbl KIETOK-KWIIEPOB OpraHm3Ma |
OCTaBIISIIOT 0€3 MHIIM YYXKEPOJHbIE KIETKH, KOTOphIe, HE yMes
UCIIOJIb30BaTh OTXOJAbl POJHBIX KJIETOK OpraHu3Ma, yMHPAIOT U
MOCTENIEHHO BBIBOJIATCS U3 HETO B BHJIE LIIAKOB.

Knerku-xkumnepbl, TpenCcTaBisIONIME COO00H  CTBOJIOBBIC
KJIETKA OpraHu3Ma, IIOCTaBlIieMble B KpPOBb KOCTHBIM MO3TOM,
noTpedIsAs OTXOIbl YY>KEPOJHBIX KIIETOK, MePEPOKAAIOTC U TaKKe
BBIBOJIAITCSL U3 OpraHU3Ma B BHJIE LIUIAKOB.

Bce st mponecchl MpoMCXOAST aBTOMATHUYECKH, B CHITY
BTOPOTO Hayajia TEPMOJUMHAMHUKH, HO BOT KakK B JETaNsAX PabOTarOT
OTH MEXaHHU3MbI CTUMYIISIIHH, YYEHBIE, TIO-BUIUMOMY, pa30epyTcs
emwé Heckopo. IloTomMy 4YTO OHM MOCTOSHHO HBITAIOTCS H3y4aTh
CJIEJICTBUS, COBEPIICHHO HE MOHMUMAs MPUYNH BCEX ITHUX SBJICHUM.

buonoru,  Hampumep, OYeHb  JIOOST  BBbIpAXKEHHE
"BcachIBaThCcs". Y HHMX BCachIBa€TCA BCE, MHINA B JKEIYIKE U
KHILEYHHUKE, BCACHIBAIOTCA JIEKapCTBa B KPOBB, XOTS IPUPOJIa TAKOTO
NOHATHS HE 3HaeT. B mpupoje npaBuT 6ai Becera U30bITOK - U30BITOK
JABJICHUSA, KOHIIEHTpALMM, Temmeparypsl U T.n1. Hukto Beap He
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TOBOPHT, 4TO aTMoc(epa BcackiBaeT BO3AYX U3 MPOKOJIOTOTO KoJieca
ABTOMOOMIISL.

B3sTh, HampuMmep, Takoe H3BECTHOE BCEM CEpACYHUKAM,
JeKapcTBO  KaK  HUTPOTJMIEpUH. MenuKH  CUUTAlOT  €ro
COCYAOPACIIUPSIIOIIMM CPEICTBOM, XOTS Ha CaMOM JIeJie MEXaHU3M
€ro JIeUCTBUsI, COBEPIIEHHO Apyroi. CTEHKH COCYAO0B, COCTOSIIINE U3
COCIMHUTENIbHOW TKaHHW, HE MOTYT CaMH PACUIMPSTHCS, TaK KaK HE
uMeroT MbIt. [Ipu nonaganuy HUTPOTIIULIEPUHA B JKETYI0K UIIH MO
SI3bIK, OH M3-32 Pa3HOCTH KOHLEHTpAlUW, MPOTAIKUBACTCS
OCMOTHYECKHM [JaBJICHHEM CKBO3b MOJYIPOHUIAEMbIE CTEHKH
COCYZIOB B KPOBb.

Nmest Ooybliyt0 aCHMMMETPHIO T'PAaBUTAIMOHHBIX TOJICH
MOJIEKYJ (3JIEKTPUYECKHH 3apsil), HUTPOTIIMIEPUH ACIUTCS 3apsiaMu
C IJIa3MOM KPOBH, B PE3YJIbTATE€ YEro y MOJEKYJ IUIa3Mbl TakK JKe
YBEJIUYUBACTCS ACUMMETPHS, YTO NPHUBOAUT K YMEHBIIECHUIO CHUJI
NPUTSKEHUST MEXAY HUMHU M, COOTBETCTBEHHO, K YBEJIIMUYEHHUIO €€
TEKY4YEeCTH.

KpoBs craHoBuTCsS Ooyiee JKHIKOW, a 3HAYUT, CEPALY
CTAaHOBUTCS HAMHOIO JIerde MPOKauuBaTh €€ MO CeTH KanuUIIpOB
KpOBEHOCHOH cucTteMbl. [loxokumu cBOHCTBaMH, OOJAAlOT H
HEKOTOphIE JIpYrHe BEIIECTBA, HCIOJIb3YIOIIUECS B MEIULUHE —
acniupuH, heHUIuH, BaphapuH.

[TonoOGHBIM ke 3PPEKTOM JIETKO OOBSCHIETCS MIHOBEHHOE
JICCTBUE TAKOTO 73, KaK [uaHuj Kaius. [[MaHuCThIN K uMeeT
ropas/io MEHbIIYI0 ACUMMETPHUIO IPaBUTALMOHHBIX MOJEH MOJIEKYI,
YeM MOJIEKYJbl KPOBH, IOATOMY NpH TMOMNAJaHUU B KpPOBb, OH
YMEHbIIaeT €€ aCUMMETPHUI0 HACTOJIbKO, YTO KPOBb 332 CUHTAHHBIE
CEKYH/IbI TPEBpAILaeTCsi B BA3KYIO JKUJIKOCTh, KOTOPYIO CEpIIE YKe
HE B COCTOSIHUH MPOTOJIKHYTh N0 KaWJUISIPaM.

Opranu3m o4eHb OBICTPO, OYKBAIBHO 32 HECKOJIBKO CEKYH],
norudaeT OT HeOCTaTKa KUCIOPO/a, a BOBCE HE OT Mapajinda HEKOEero
JBIXATEIIBHOTO IIEHTPA, KaK 3TO 00BACHAIOT Menuku. [I[pumepHo Takue
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K€ CBOICTBa, HO TOpa3o ciabee, UMEET U 3MEUHBIN 51, OJTHA Karuis
KOTOPOTO 332 HECKOJIBKO JIECTKOB MUHYT IPEBpAIlaeT CTaKaH KPOBU
B CTyAcHb. D(PGHEKTUBHBIM MPOTUBOSIUEM B ITOM CIIydae MOT OBl
OBITH TOT K€ HUTPONIMIIEPUH, HO OBICTPO PA3HECTH €ro II0
OpraHu3My, H3-3a TOBBINICHHOW BS3KOCTH KpPOBH, CEpAle HE B
COCTOSTHUH.

[Tna3ma kpoBU ¢ M00aBIEHUEM pacTBOpa HUTPOTIUIEPUHA,
BBITEKAaeT uyepe3 KanuOpoBaHHoe orBepctue Ha 30-50 mpoueHTOB
obIcTpee, ueM 0e3 Hero. A 100aBlIeHHe HE3HAYUTEIHHOTO KOJIMYECTBA
UAHUIA, CHUKAET CKOPOCTh BBITEKAHUs B 2-2,5 pa3za. B mpunumme,
€CIIM JOCTaTOYHO OBICTPO, B TEYCHHH 4-5 MHUHYT, MOIKIIOYHTH
OTPABHBILETOCS IMAHHUIIOM K armapary cepjie-iérkue W BBEIs B
KPOBb TOT J>K€ HHUTPOTIIMIEPUH, TpOKadaTh €€ IO KPOBEHOCHOU
CUCTEME, TO BIIOJTHE BO3MOXHO CIIACTH €MY JKU3Hb. ..

17. O HEM3BEXKHOCTHU "
BEYHOCTH ’KU3HU

Kax 6vino nokaszano eviute, 6mopoe HaA4aio u NPUHUUN
603PACMANHUA  IHMPONUU  RPOCMO  00A3bl6AIOM  MAMEPUIO
HOCHOAHHO YCIIOMHCHAND C6OI0 CIMPYKIYPY, YHL0 Y)HCe CamMo no cede
npuUEOOUmM K Heu30exrcHOCmu 803HUKHOGEHUA, MAK HA3blBAEMBIX,
"acuevlx'' opzanuzmoe 6o ecenennoil.

[ToaTBepkneHneM Toro Gaxra SBISETCS HATUYHE B IPUPOJIC
MHOX€ECTBa 00BEKTOB Pa3IMYHON CIOXKHOCTH, OT aTOMa BOJIOpOJA U
JI0 OTPOMHBIX OpPraHWYECKHX MOJIeKyJa. B mporuBHOM ciydae,
S3BOJIIOIMSA BCEJIEHHOM Obuia OBl HEBO3MOXHA. VIMEeHHO J3Tu
MENJICHHbIC M HENPEPHIBHBIC YCIOKHEHHSI MPUBEIH K TIOSBICHUIO
BBICOKOMOIJICKYJIAPHBIX 6GHKOBBIX COGHHHGHHﬁ, a BIIOCJICACTBUU U K
00pa30BaHUIO CIOKHEUITUX OUOJIIOTUYECKUX OPraHU3MOB, KOTOPHIE
MBI Ha3bIBa€M KUBBIMH.
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VYuéuple U ¢uirocodbl HACOUYMHSIIM MacCy pPa3IUYHBIX
oTnpesieNieHUu TOHATHUS JKU3HHU, OJJHAKO HU OJIHO U3 HUX HE MOXKET
CIIY’)KHTb OTPa)K€HUEM PEaIbHOCTH, MOTOMY YTO MPOBECTU T'PAHUILY
MEXy KMBBIM U HEKHBBIM TaK K€ HEBO3MOXHO, KaK HEBO3MOXKHO
OTIIENIUTh MPOBOAHUKU OT JMUAJIEKTPUKOB. ['paHuiia sta BechbMma
YCIOBHA W €€ MOXHO MNPOBECTH I/I€ YrOJHO, B 3aBHCHUMOCTH OT
NPUHATBHIX KPUTEPUEB ONPEACTICHUS KHUBOTO.

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

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

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

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

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

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

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

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

JUis KOMMYHHM3Ma, a TOYHEE €ro CTaHOBJIEHUS, XapaKTEPHO
YHUYTOXKEHWE WM  HW30/SLUUsS  HMHAMBUAYYMOB,  CIIEIYIOLIUX
MIPEUMYILECTBEHHO JKMBOTHBIM HWHCTUHKTaM, CIYXalllUM CBOEU
AIYHOCTH, MPENSATCTBYOIIUM Pa3BUTHIO oOmiecTBa "
NapasuTHUPYIOMKX Ha HeM. UTo B 0011eM-TO, XapakKTEPHO HE TOJIBKO
JUIE KOMMYHUCTHYECKOTO, HO U JUIS JII0OOT0, T0CTaTOYHO Pa3yMHOTO
coo01ecTBa, (P YHKIIMOHUPYIOIIETO IO MPUHITUITY )KUBOTO OpraHU3Ma.
Benr mo0oii KMBOW OpraHm3M BCera CTapaeTcs YHUUYTOXHUTH
[Iapa3uTOB, KUBYILKX 3a €ro cU€T. MIlHaue OHM YHUYTOXKAT €ro.

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

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

Ho nporecc mponcxoxaeHusi BUJ0B UMEET MEXaHU3M, OUYEHb
CXOXHMH €  MEXaHM3MOM  CHENUaIM3allMM  KJIETOK  IpH
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BHYTpUYTpOOHOM pa3BuTuu 1miona. OH ompenensercs He TOJIbKO
CBOMCTBaMH KJIETOK, a B OONBIICH CTENEHHW CTPOCHUEM OeiKa |
YCIOBUSIMU OKpPY’KaloIIeH cpelibl, B KOTOPOH OHU pa3BUBarOTCA. Bo
BCEX ATHUX ClIydasx paboTaloT NpOCThie PU3NYECKUE 3aKOHOMEPHOCTH
1 4TOOBI pa3o0paThCsi B ATOM, YK€ HEJIOCTATOYHO OBITH OMOJIOTOM, a
Hy*kHO ObITh emé u ¢uzukom. Ho moka Hayka pasneneHa Ha
000COOJICHHBIE AWCHUIUIUHBL, TOHSATH ATO OyneT MNpaKTUYECKU
HEBO3MOKHO. BOT Takoi XapaKTepHbIN IIPUMED.

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

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

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

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

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

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

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

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

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

KpoBeHocHas cucrema yenoBeKa U KUBOTHBIX MPEICTABISET
co00i1 KaHATH3AIMOHHYIO CETh, Ky/1a COPachIBAIOTCSI OTXOIbI ICTICHUS
KJIETOK Pa3lIMYHBIX OPraHOB OpPraHU3Ma, KOTOPBIC OTTY/IA XKe U OepyT
CTPOUTEINbHBIE MAaTEPHUAIIBI 1JIs CICHUSI.

JlokazaTrenbCTBOM TOrO, YTO CHEUHAIM3AIMs KIETOK U
dbopMHUpOBaHKE OpPraHW3Ma, B OCHOBHOM, OOYCJIOBJICHO CpeIoH, B
KOTOpPOW OH pa3BHUBACTCS, a HE KaKOW-TO TaM MHU(HIECKOH
"mporpammuoii 3amuchio” B JIHK, MOXeT Ciry)kuTh TOT ¢akT, 4To y
OIHUX U TEX XK€ POJUTENCH MOTYT pOXKAAThCAd Kak "HOpMasbHbIE"
JI€TH, TaK U JETH C Pa3IMYHBIMU OTKJIOHEHUSIMH...

DTa CTBOJOBAsl KIJIETKA, MO CYTH MPEACTABISET COOOW TOUKY,
o1I00HYIO TTOYKaM JiepeBbeB. Ho B OTIIMYMM OT MOYEK pacTeHUH, OHA
MO>KET pa3BUBATHCS TOJILKO BO BHYTPEHHEN CpeJie OpraHu3Ma, Tak Kak
TpeOyeT s pa3BUTUS OYEHb CHeHU(pUYECKOro MNUTaHHUSI. ITO
crenuduaeckoe MUTaHWE  TPEACTABISAIOT  CO0Oit OTXO/bI
KU3ZHEJEATEIbHOCTH KJIETOK MaTEPUHCKOTO Opranusma,
HUPKYTUPYIOLINE B KPOBEHOCHON CHUCTEME.

Dra Mmoyka Tak e Kak ¥ T0YKa pacTeHH crtocoOHa pa3BUBATHCS
B CpeJIe MaTKH JIPYrOro OpraHu3Ma, HO TOJIBKO OYE€Hb OJIM3KOTO BHJIA.
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A Tak e M TOT (aKT, YTO MNTUIBI U OCOOEHHO PHIOBI
MPOJIENIBIBAIOT OTPOMHBIM MyTh K MECTY OTKJIaJbIBAaHUS HKPBI U
BOCIPOM3BOACTBA  MOTOMCTBA.  JTa  NpHUBBIYKA  TaK  XkKe
chopMupoBaiaCh MHOTOJETHHM IPOLECCOM 3BOJIOLUU IO Mepe
pacimupeHus: apeana oOutaHus. M1 oHa coxpaHsercs, IOTOMY 4YTO
SBIISICTCS TAPAHTOM CTAOMIILHOCTH BHJA.

CTaHOBUTCS TOHATHO, TOYEMY TPU PE3KOM H3MEHEHUHU
yCIOBHUS OOUTaHUSA M COOTBETCTBEHHO MHUTAHUS, MPOLECC IBOITIOIHH
pPE3KO  AaKTUBU3UPYETCS M BO3HHMKAET MHOXECTBO MYTaluii,
MPUBOIAIINX K HOBBIM BUJIaM O0JI€3HEH.

A ecnu Obl HeKasl TeHETHYECKasl IporpaMma pa3BUTHs Oblia
"sammcana" B JIHK kmerku, To cymecTBoBanma Obl BO3MOXKHOCTH
BbIpAlINBaTh JKUBbIE OPraHU3Mbl U3 €IMHCTBEHHOW €ro KIETKH, B
npoOupke ¢ muraTenbHOU cpefoi. M moToMCTBO, BhIpalieHHOE U3
OJIMHAKOBBIX KJIETOK, ObLIO OBl aOCONIOTHO WIEHTUYHBIM, HO B
peaTbHOCTH J1ae OJIM3HEIbl MMEIOT 3aMETHBIE OTIMYHUS JAPYr OT
Apyra.

W Ttakue opraHu3Mbpl ObUlM OBl JIMIIEHBI BO3MOKHOCTH
MyTalWi, a CIeJOBAaTEIbHO, NAJIbHEUIIEr0 COBEPIIEHCTBOBAHUS U
pa3Butus. EctecTBeHHO, 4TO u3MeHsAs Kakue-To ywactku JIHK
KJIETKH, MOXXHO BIMATH Ha CTPOEGHHE MOJIEKYJIbl  Oelka
noJryyaromerocsi oprannsma. OgHako Takoe Clernoe BMeNaTelbCTBO
B IpOLECCh], CHOPMHPOBABIINECS B TEUCHUU MHIUTMOHOJETHETO
mporecca JBOJIOLMH, MOTYT IPHBECTH K HENPUSATHBIM U
HENPEICKa3yeMbIM JUIsl YEIOBEKA MTOCIIEICTBUAM.

Beov npupooa 6e3ncanocmno omceueaem HeyoauHbvle
KOoMOuUHauuu yice Ha HAYAILHOM Imane.

[Ipomuie Bcero npociaeanTsb NpoIiece CrennaaIn3anuy KJIeTOK Ha
npuMmepe ¢ pacteHusmu. Cems 000ro pacTeHus, nomajaas BO
BJIQXHYIO cpeny, mpopactaeT. To ecTh ero KIeTKH HayMHaIoT
JenuThest, 00pa3ys pocTok. [luTarenbHble BemiecTBa Ui JeNCHUS,
NOCTYNAlOT IO CTBOJIy BBEPX, COIVIACHO ONHUCAHUIO B rase [ri.l11].
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Haubonee MHTEHCUBHO JielieHHE KIETOK MPOUCXOANT B CEPIIICBUHE
CTBOJIA, TJIe MPOXOAUT OCHOBHOM MOTOK MUTATEIbHBIX BEIIECTB.

[luTaTenbHble BelIeCTBA JIETKO TOJHUMAIOTCS BBEPX 110
PBIXJION cepJlleBUHE, CTUMYIHUPYS POCT pacTeHHs, oOpazysi HOBbIE
BeTBU W JmcThsa. Ecmm Oe1 B JIHK kimerox Haxomuiack HEKas
nporpaMMa pa3BHTHS, TO JEPeBbS OJHOW TOPOABI ObUTH OBl
COBEPIIICHHO OJJUHAKOBBIC 1O cTpoeHu 0. OHM UMeH ObI OIMHAKOBOE
KOJIMYECTBO BETOK, WX KOH(MUTypaluio U IUIOTHOCTh. OmHAKO
BHEILIHUE YCJIOBUSI BHOCST CBOM KOppeKTUBBI. KieTku, Haxonasmuecs
Ha nepudepuu, MOTYy4alOT MEHbIIE MHUTATEIbHBIX BEIIECTB U UM
MPUXOAUTCS HCIIOJIb30BaTh OTXO/IbI KU3ZHEJEATEIbHOCTH
CEpILEBUHHBIX KJIETOK, MOATOMY OHHM MEHbIIE IO pa3MepaM U
00pa3yroT 0oJiee IIIOTHYIO IPEBECHUHY.

MuHUMaIBbHOE KOJIMYECTBO MUTATEIBHBIX BEIIECTB MOTYYaroT
KJIETKH Hapy>KHOTO CJI0Sl, KOHTAKTUPYIOIIHE C BO3AYXOM. OHU COXHYT
U OTMHpAIOT, 00pa3ys kopy. Kpome Toro pasnuuvs B OCBEIICHUU
NPUBOAUT K TOMY, YTO C OCBEILIEHHOW CTOPOHBI YBEIWYMBAETCA
KOJIMYECTBO BETOK, B pe3yibTaTe UX 00Jiee MHTEHCUBHOTO POCTA.

N30bITOK NUTATENBHBIX BELIECTB M BJard B CEpJLEBUHE
OPUBOIUT K TOMY YTO B HEl HAaYMHAIOT pPa3BUBATHCS Pa3IUYHbBIC
napasuThl - OAKTEPHUH W TUIECHEBBIE TPUOKH, MPUBOIAIINE K THOSTH
JepeBa.

[TpumMepHO Tak jxe 00pa3yercst U KoXKa Y )KUBOTHBIX. DTO CIOMH
OTMEPIIHNX U 3aCOXIIHNX KIETOK, KOTOPBINA MPEAOXpaHseT MTyOMHHbBIE
KIJIETKUA OT BBICHIXaHHS U TuOenu. OXUBUTH ITH KIETKH KAKUMHU-TO
KpeMaMH WIH Ma3siMd HEBO3MOXKHO. Jla 3TO HE HYKHO U OINAaCHO.
Knetku, He 3ainIIEHHBIE KOXKEH, JIETKO MOBPEXKAAIOTCS U CTAHOBSITCS

MUIIeH pa3IMyHBIX, JIETKO MPOHUKAIOIIMX B HUX OaKTEpUi. ..
etk

Kak yxe ObI10 CKa3aHO BBINIE, C TOYKH 3PCHHS HACTOSIIEH
TEOpHH, "JKU3HB" - 3TO YUCTO OBITOBOE WJIM PEIUTHO3HOE TMOHSTHE,

0OyCIIOBJIICHHOE JpEeMy4HM 3a0dyXKJIE€HHEM, YTO B MaTepHabHOM
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TEJIe YeIOBeKa WIH KUBOTHOTO CYIIECTBYET HEUTO HEMATepUATbHOE,
KOTOPOE U JENaET €ro "KUBbIM".

Ha camom e pene, >XMBOM OpraHu3sM — O3TO IPOCTO
OMOJIOTHYECKUN MEXaHU3M, CJIIOKHUBIITUNCS B PE3YJIbTATE NJTUTEIHLHON
SBOJIIOIMA MATE€PUU, B KOTOPOM CHOPMHUPOBAIHCH U JICUCTBYIOT
MHOKECTBO ABTOMATHYCCKUX, B3aMMOCOIIaCOBAHHBIX u
NONJEPKUBAIOIIUX JPyr Jpyra TMPOIECCOB, TMOTIMHSIOIIUXCS
€MHCTBEHHOMY  (PU3WYECKOMY 3aKOHYy — BTOPOMY Hadaly
tepMoarHamMuku. M Huuero ">»KuBOro" B HEM HE COJEPIKUTCS.

Ero BmojmHe MOXXHO CpaBHUTH, HapuMep, C pabOTarOIUM
JIBUTATEJIEM  BHYTPEHHETO  CrOpaHusi, B  KOTOPOM  TaKXke
OCYIIECTBIISIIOTCSI  TaKME  B3aMMOCBS3aHHBIC  ABTOMATHYECKHE
MPOIIECChl, KakK Iojaya TOpPIOYEro, CMEIIMBAHHE €ro BO3IYXOM,
cKaThe B IIWIMHIPAX, MO/DKUTAaHWE CMECH B HYXHBI MOMEHT,
CUHXPOHHOE OTKpPBIBAaHUE M 3aKpBITHE KJIANMaHOB W Tak nainee. U1
[O3TOMY paOOTAIOUIM JBUTaTeNb, KakoW-HHOYIb MEepPBOOBITHBIN
TUKaph C OCTPOBOB TyaMOTy, BIIOJHE €CTECTBEHHO MOXET CUHUTATh
JKUBBIM.

Tem Oomee, 4TO0 O0BEAMHUB €ro C HEMTIHOW BBIIIKOM,
He(TEeperoHHbIM ~ ammapaToM M aBTO3AMpPAaBIIUKOM, MOXHO
3aCTaBUTh €ro padoTaTh aBTOMATHYECKH, 0€3 ydacThs 4eoBeKa, 10
TEX MOp, MOKA OH HE M3HOCUTCA U 3arjoxHeT. To ectb yMpeT. To xe
camMoe TMPOUCXOIUT U C JOOBIM opraHuzMoMm. COOH OIHOTO WU
HECKOJIbKUX  TIPOIIECCOB,  HApPYyMIaeT WX  COTJIACOBAHHOCT,
OTTOYCHHYI0 MHJUTHOHAMHU JIET SBOJIIONHMH U, B KOHEYHOM HTOTE
OPUBOJUT K OCTAaHOBKE BCEX TIPOIECCOB, MPOUCXOISAIIMX B
OpraHu3Me.

[IpaBna nBuraTenb JErKO OTPEMOHTHPOBATh, JAOCTATOYHO
3aMEHUTh KaKHe-TO JETaJM WM IOYHCTUTh KOHTAKThI, YTO C
OCTaHOBHMBIITUMCSI OPTaHU3MOM He Bcera nojyqaercs. [loromy uTto B
OMOJIOTHYECKOM OpraHHU3Me, ITOYTH CPa3y K€ HAYMHAIOT peodIiagaTh
JIpyrue IpoLecChl CUHTE3a, JENAl0IINe peaHUMAaIII0 HEBO3MOKHOM.
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Teno uenoBeka, Tak ke Kak U JII0OOT0 IPYroro XKMBOTHOTO, 110
CyTH, TIPEICTaBIsIET cOO0M COOOIIECTBO, HAXOIAUINXCI B CUMOUO3E
MHO’KECTBA MHOTOKJIETOYHBIX OPraHU3MOB (OpraHoB), KOTOpbIE
00BEAMHUBIIKCH B MPOLIECCE HBOJIIOLMH, PA3BUBAIUCH COBMECTHO U
HaBCerja MoTepsyii CaMOCTOATENbHOCTh. [0 cyTH, 3TO peanu3anus
TOTO K€ CaMOTro NPUHIMIIA CHHMeE3d, TOIBKO Ha 0oJiee BBICOKOM
YPOBHE OpPraHU3aLUU MAaTEPUU.

Cam MexaHM3M JEWCTBUS CHMOMO3a JIOCTaTOYHO MPOCT JJIs
NoHMMaHMs. J[Ba WJIM HECKOJIBKO MHOTOKJIETOYHBIX OPraHU3MOB,
CBSI3aHHBIX CHUMOHO30M, HCIOIB3YIOT OONBIIYI0 YacTh MPOIYKTOB
KU3ZHEJEATEIIbHOCTH OPYT Apyra (OTXObI WM MPOCTO JEPHbMO), KaK
CTPOUTENbHBIN Marepuan ais cebs, YTO B UTOre MPUBOAUT K
YMEHbBILIEHUIO TOTPEONeHUSI MUIIM U DHEPTUU M3 OKpY’Karolen
CpeJbl.

N dro, cooTBeTcTBEHHO, JaéT TOpa3fgo  OOJBIIYIO
HE3aBUCHMOCTh OT BHEIIHUX MPUPOJHBIX YCIOBHHM M TO3TOMY MBI
MOYEM JIOBOJILHO JUTMTENbHOE BpeMsi 00X0auTcs BooOIIe 0e3 MUIIH.
B npotuBHOM ciy4yae nmpu OTCYTCTBHM CUMOMO3a, HaM MPUXOHIIOCH
OBl MOCTOSIHHO YTO-TO JK€BaTh. A TaK, KJIETKH OpPraHOB BO BpeMs
NEepPEephIBOB B MUTAHUU OOXOJATCS OTXOJaMH >KU3HENEATEIbHOCTH
IpYTUX KIJIETOK OpraHu3Ma, MOCTYMalIIMMU B KpoBb. B mpupoae,
MPAKTUYECKH HCIIOJIb3YETCSl BCE M HUYETO HE MPOIagaeT MpocTo TaK.

Kemunas xenesa, HapuUMep, UCTIOIB3YET JUISl IEJICHUS CBOUX
KJIETOK, a 3TO €€ OCHOBHAs 3aJaya, MPOAYKTHI >KU3HEACATEIbHOCTU
KeNyaKa, MOCTaBlIIEMble MOTOKOM KPOBH M B KadyeCTBE OTXOJOB
BBIJICJIAICT KeNdb, KOTOPYIO KETyJ0K B CBOIO OYepe/b, UCIOIb3YET
JUIsl IepepabOTKU HEKOTOPBIX MPOAYKTOB MuTaHus. Ecinu ynanuts u3
OpraHv3Ma KEIYHBIA My3bIpb, JKETYJOK HE CMOXET HCIOJIb30BaTh
HEKOTOphIE BEILECTBA, B PE3yjbTaTe YEro 4eJOBeK, XOTd U OydeT
KUTb, HO OyAET BBIHYXJEH OTpaHUYMBATH ce0s B yHOTpPEOJICHUH
HEKOTOPBIX BUJIOB IHIIIH.

108



Beonroyust MATEPHH

[ToBpexnenue cep/iia HEMEJIEHHO NMPUBOJUT K CMEPTH, TaK
KaK cepJle BBHIIOJHSAET OYeHb BAXKHYIO (YHKIHUIO MO IepeKayke
kpoBU. M XOTs 3Ta (yHKIMS O4YeHb Ba)kHa, OHA TE€M HE MeEHee,
JIOCTaTOYHO MPOCTa M IMO3TOMY CepJle JIETKO MOXHO 3aMEHUTh
MEXaHUYECKUM MPOTE30M — MPOCTHIM HacocoM. YUTo, cOOCTBEHHO,
YK€ JIOBOJIbHO YCIIEUTHO HAUYMHAIOT JIeJIaTh MEIUKH.

[ToBpexneHue neueHu, Tak xKe CMEPTEIbHO OMACHO, TAK KaK
OPOAYKTHl (OTXOIbI) €€ JKU3HEHCATEIbHOCTH — 3TO OO0JbIIOe
KOJIMYECTBO PAa3HOOOPA3HBIX BEIIECTB, KOTOPBIC WCIIOIB3YIOTCS
IpyruMu opraHamu. be3 medeHu, o4eHb MHOTHE OpraHbl IEPECTaHyT
MoJIy4yaTh HEOOXOAMMBIE MM OTXOAbl €€ KU3HEAESITENbHOCTH, YTO
OuYeHb OBICTPO MPUBEAET K COOI0 M OCTAHOBKE JPYTUX CBSI3aHHBIX C
HUM TIPOLIECCOB B OPTaHU3ME U €ro "cMepTu'.

[losToMy 3aMeHUTh TMEYEHb KaKUM-JIMOO YCTPOICTBOM,
CKOpee BCEro He IMONY4YUTCS HHUKOTAa. To ecTh JI00ble OpraHbl
Hamero Tena "03a0odeHbl" JIMINL TEM, YTOOLI JEIUINCH U
pPa3MHOXaJIUCh TOJBKO HMX KIETKM W UM TiIyOoko Oe3pa3inuyHa
KU3ZHEACITENBHOCTh JIpyrux opraHoB. OpHako B pe3yibTaTe
JUINTETILHONW 3BOJIONUH, CPOPMHUPOBAINCH HACTOIBKO MPOYHbBIE
B3aMMOCBSI3M MEKIy HUMH, YTO JTIFOOOM COOM B OHOM OpraHe, cpa3y
K€ OKa3bIBAET BIUSHUE HA JPYyTHE.

Korga yu€neie cmoryr nerambHO pazoOpaThcsi B pabore
OpraHOB HAINIEro Tela, BOT TorAa 030 BCAKUX JIUMIOBBIX
pacuugppoBoK HECYIIECTBYIOILETO TE€HETHUUYECKOT 0 KoJa,
JNEUCTBUTENIbHO, TMOSBUTCS  BO3MOXKHOCTh  CO3/1aBaTh  OYEHb
3 PEKTUBHBIE JIEKAPCTBA OT PA3IUYHBIX O0se3HEH. XOTs MOIHOCTHIO
n30aBUTHCS OT HUX YEJIOBEUYECTBY HE yaacTcsl HUKoraa. OcTaHOBUTH
SBOJIIOIMIO MaTepUU HEBO3MOKHO, @ BOSHUKHOBEHHE 00JIe3HEH — 3TO
MPUHILIUIIAAIBHO 3aKOHOMEpPHOE €€ CIIE/ICTBUE.

Jlornueckoe pa3BUTHE HACTOSIICH TEOPUH HEW3OEHKHO
MPUBOAUT K COBEPILIEHHO OIIETOMIISIIOLIEMY BBIBOY, UTO TO, YTO MBI
Ha3bIBAEM "KU3HBIO", JKU3HBIO U HE SIBIISIETCSI, a SABJISIETCS MPOCTHIM U
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3aKOHOMEPHBIM  CJIEICTBUEM IMpOIlecca JBOJIOIHH  MaTepUu
BCeIeHHONW. U TONBPKO HEMOHMMAaHHEM JTOro OOCTOATEILCTBA
00BSCHSIETCS TO, YTO €II€ MHOTHE YYEHBIE-TEOPETUKHU O CHUX TIOp
Oe3yclenrHo TMbITAIOTCS HAWTH pa3ragky OTIUYUS JKUBOTO OT
HEXHUBOTO, TIO CYTH, JIOMSCh B OTKPBITYIO JBEPb.

[ToToMy 4TO TaKOTO OTIUYUS HPOCHIO He Modcem Obimp. Tak
K€ COBEpIICHHO SICHO, YTO YHHYTOXXUTh JKU3Hb, KaK IMPOLIECC
IBOJIOIIMUA MAaTEPUH, HEBO3MOXKHO, TTO3TOMY JIFOOBIE U3MBILIUICHUS O
KOHIIE CBETa SABISIOTCS OpeioM cuBOi KOOBUTBI. boree Toro, mporiecc
SBOJIIOIMA HE OCTaBIsIET HUKAKOM, JaXXe MHUKPOCKOMUYECKOM
BO3MOXKHOCTH CYILIECTBOBAaHUSI HEKoero Bbicuiero TBopua. [Ipocro
MOTOMY, YTO IIPUPOJIE OH HE HYXKEH.

N Tompko HEBEXKECTBO M JETCKas OrpaHUYEHHOCTh
YEeIIOBEYECKOr0 pazymMa TMpHBella K BO3SHUKHOBCHHIO HAWBHBIX
CKa30YHBIX YYCHHI O HEKOEM BBICIIIEM CYIIIECTBE, KOTOPOE, KAKUM-TO
HEBEPOSATHBIM 00pa3oM, CO3/1aJi0 ATY BCEIEHHYIO U "COTBOPHIIO" BCE
")XHBOE", TOMECTHB €ro Ha IUIaHETY ¢ KOM(OPTHBIMH YCIOBHIMH
NPOXUBAHUS. AOCYPIHOCTh ITHX YYCHHA CTAaHOBUTCS OYCBHIHOM,
€CJIM 337aTh aBTOpPaM U UX MOCJIeI0BaTeNsIM apy MPOCTHIX BOIIPOCOB.

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

U eonpoc emopoii: A 4to, y 3TOr0 BCEMOTYIIIETO CYIIECTBA HE
XBaTWJIO yMa pEHMTh JTH TOpoOieMbl emé Ha  CTaguu
npoekTupoBanusi? OTCYTCTBHE OTBETOB Ha 3TU BOMPOCHI IOKA3HIBAET,
YTO 3TO BCEMOTYIIIEE CYIIECTBO HE OoJiee ueM 1101 yoorou ¢haHTa3zuu
JIOJIeH, CO3MIaBIIIMX €ro IO CBoeMy 00pa3y u moaoouto. Beputs B 1O,
YTO OSTO BCEMOTYIIEe CBEPXpPa3yMHOE CYIIECTBO MOXET ObITh
NPUMHUTHUBHBIM U KECTOKUM, KaK MEPBOOBITHBIM JHUKapbh, B BBICHICH
CTETICHH HEeJIeTIO U OECCMBICIIEHHO.
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Bonee Toro, HeCMOTpst Ha TO, YTO 3TO CYIIECTBO OOeEIIaeT
JIONIIM BEYHOE OJaXCHCTBO B 3arpoOHOM MHpPE, YTO-TO HHUKTO
OCOOEHHO HE CIIECIIHT BOCITOJB30BAaThCHI 3THM OOCTOSATEILCTBOM, a
COBCEM JakK€ HAOO0OpOT OYEHb MHOTHE YYEHBIE OBIOTCA Ha
pa3pabOTKON METOOB MPOJJICHUS CBOETO OPEHHOTO CYIIIECTBOBAHUS
Ha 5TOM CBETE.

[TpiTasich MOYEMY-TO KaK MOKHO JOJIBIIE OTTSIHYTh MOMEHT
MOJTy4eHUsT BEYHOTrO OnakeHcTBa. /[ 3TOro maxke mpuayMain
KPUOTEHHBIE KaMephl, TJIe 3aMOPOKEHHBIC TPYIIBI BaXHBIX (C TOYKHU
3pEHHUsI AITUX TTOKOWHUKOB) 0CO0, OYyAYT XpaHUTHCS 10 TEX TMOp, MOKa
YeJIOBEUSCTBO HE HalméT crmoco0a BBUIEUUTh UX U OKMBHThL. A Bce
MOTOMY, YTO JaXXe camble TJIYOOKO BEpYIOIIUE PETUTHO3HBIC
dbaHaTUKK, B TUIYOMHE JyIId COMHEBAIOTCSA M MYYaloTCs TOM
HEU3BECTHOCTHIO, KOTOPAst 0’KUIAET MX TOCIIE CMEPTH.

Benp uenoBek coznan cebe 60ra UMEHHO U3 CTpaxa CMEpPTH, U
Jake IOJHHUMASCh II0 JICCTHMIIC IIO3HAHHUSA, OH BCE IIBITACTCS
COBEpIIICHCTBOBATh CBOIO MPUAYMKY. BMecTo BeTxo3aBeTHOro M
OpUMHTUBHOTO  OOKecTBa,  Temepb B MO3Tax  MHOTHUX
MICEeBIOTPAMOTHBIX BEPYIOIIMX (QUTYPUPYET YXKE HEKHH, KaK UM
Ka)KETCS, BIOJHE "HAY4YHBIM' BBICIIMN pa3yMm, OOMTAIOMUNA JUOO B
TyOMHAX BCEJICHHOW, JMOO B KaKOM-TO JPYroM HW3MEPECHHH,
KOTOPBIH, IMO-BUIUMOMY, OT CKYKH CO3JaJl YEJOBEKAa B KAKHX-TO
CBOMX HETMOHATHBIX IeNsAX. Ho TyT BO3HHMKAET JIOTUYHBIA BOIPOC, a
KTO K€ cO3JaJI camoro oora..?

"XXu3Hp", KaK yke OBLJIO CKa3aHO, 3TO CJIEJCTBUE IMpoIiecca
OBOJIIOIIMA MATEPUH U TPOLECC JTOT OeCKOHEYeH. A KelaHue
MPOJTUTh TO, YTO YK€ caMo Mo cebe OECKOHEYHO, TIYyNo H
OeccmbiciienHo. KaXkipiit uenoBeK Wiv )KUBOTHOE, KaK MaTepHaIbHbII
OMOJIOTMYECKUN MEXaHHU3M, MIOCTOSTHHO BOCIIPOU3BOIUTCS TTPUPOION
3aHOBO U JIa)K€ HE 0CO3HABasl TOTO, 10 CYTH, TPOKHUBAET OECKOHEUHOE
KOJIMYECTBO ' KM3HEeH" Ha OECKOHEYHOM MHOXKECTBE OOHUTAEMBIX
IJIaHET BO BCEJICHHOM.
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W HaunMHas KaXKIylo HOBYIO "JKU3HB" C HYJISI, OH (PU3HUECKHU HE
MO’KET NMOMHMTb, HU MpPEIbIAYIINE XU3HU, HU MECTO, TJIe OH YyXKe
KOT'Z1a-TO JKUJI. DTOT HEOOBIYHBIH BBIBOJA, MO CYTH, OOOCHOBBIBAET
Oynau3M, Kak MHTYUTHBHOE M TOYTH HAaydHOE MHUPOBO33pEHUE C
"pernHKapHaluen” MaTepuagbHOro Tea.

A TO, 4TO JNIOAM, CAMHU TOTO HE MOHUMAsl, HA3bIBAIOT AYIIOH,
TaK 93TO TMPOCTO HAall€ CO3HAHUE, SBISIONIEECS] CBOMCTBOM
BBICOKOOPTaHM30BaHHOW MaTepuu, (HOPMUPYIOIIUMCS B PE3YNIbTATE
BOCTIIUTAHUSI M OOydeHUs, OECCIeIHO MCUYE3aIOIIEro IMocie CMEPTH
opranuzma. M xots co3Hanue wim "myma" co cMepThio OeccieaHo
UCYE3aeT, ITO HE UMeET aOCOIIOTHO HUKAKOTO 3HAYEHUS, IOTOMY UTO
OHO Tak ke chopMUpyeTcs 3aHOBO B HOBOM Tene. U st aToro He
notpedyeTcst HU Oora, HU JbsIBOJIA, HU BhICIIEro pazyma. [[is storo
BIIOJIHE JIOCTATOYHO POJIUTENEH U 1e1aroros.

CMmepTh BeOb TOJNBKO C TOYKH 3pEHUS TIOKa  €Ile
HEBEKECTBEHHOT'O UEJIOBEKA, SIBJISICTCS Tpareueu, 1ist IpupoJIbl e -
TO 3aKOHOMEPHOE SIBJICHUE, IPOUCXOJSIIEEe TIOBCEMECTHO W
MOCTOSIHHO, TakKk K€, KaK M POXIEHUE. ITO HeoTbemiieMas
COCTaBJISIIOLIAs Tpollecca 3BOJIONMU Marepuu. B Hamem Terne
KOKIYI0 MUHYTY YMHUPAIOT THICSYM KIETOK. W Kaxaylo MHUHYTY
TBHICSIUU KJIETOK POKJAIOTCSI BHOBD.

Jlums pasymHOe oco3HaHue TOro (¢akra, 4YTO CMEPTh ATO
HEen30eKHOE CIIEJCTBHE MPOIlecca IBOIIONUHU, IPUBEAET K TOMY, UTO
OHa npecmanem CMpPAWIUmMy JH00CH C80ell HEeU38eCHIHOCHbIO U
0e3b1cX00HOCmbIO, 4 CmaHem 60CHPUHUMAMBbCA NPOCMO KAK
0ocaonan Heusz0eHcHoCHb.

JlocagHasi, HE CTOJILKO TOTOMY YTO B HOBOM JKHU3HH, HE TOJILKO
BCE HY)KHO Oy/IeT JieaTh 3aHOBO - CHOBA YUUTHCS FOBOPUTbH, XOJIUTh,
YUTaTh, 3aBOAMTH ApPY3€H, a CKOJBKO MOTOMY, YTO B CIEAYIOLIEH
YKU3HU BEPOSITHOCTH HAILIErO MOSIBICHUSI B OECKOHEYHON BCEICHHOMN
Ha TIUIaHeTe 3eMiid, HAaCTOJIbKO HHUYTOXKHA, YTO MPAKTUUYECKH
HeBO3MOKkHa. Korja 4yeaoBek, HAKOHEI-TO, MOMMET M OCO3HAET 3TO,
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OH COBEpIICHHO NO-APYyroMy OyIeT OTHOCHUTHCS, KaK K >KH3HU
BOOOIIIE, TaK U K K&XKIOU OTIEIbHON KU3HU B YACTHOCTH.

DTO YTBEpKIECHHE MOXKET, B HACTOSIIEE BpPEMs, MOKa3aTbCs
KOMY-TO ITUHHYHBIM, TaK KakK CKOpPOb IO TMOKOWHWUKY H CJIOBa O
HEBOCITOJITHUMOW yTpate, OyAyT Ka3aTbCs TAYNMBIMA U HUKYEMHBIMH.
[loromy 4ro mroau, yMmepimide WIM TOrubmue B BOWHAaX, B
karacTpodax, B KOHIUIArepsiX W ryjiarax, B CUJIy TOTO YTO MaTepus
BEYHA U HEYHUUTOXKMMa, CHOBA U CHOBA JKMBYT U €CJIM HE CPEIM Hac,
TaK Ha JIPYyTrux oOWTaeMbIX IUIaHETaxX OECKOHEYHON BCEICHHOM.

JKuByT gaxke v HE OCO3HABasl TOrO, UTO KOT/IA-TO YK€ KU U
Oynyr kuTh emé He oauH pa3. Jlrogu, ObIBIIME paHBIIE
Apucrotensimu, Herotonamu, I'mrnepamu CranuHbiMH, pabaMu U
NaTPULIMSIMHA, BO3MOKHO, CETOJHS SIBJISIIOTCS HAIUMH JE€TbMH,
BHYKaMU WJIU MPABHYKaMH, a MOXKET JaKe cOOaKaMUu UM KOUIKaMH,
XOTSI HUIKTO ¥ HUKOT'/1a 3TOTO HE y3HAaeT.

Ho B cummy BeyHOCTH Marepuu, I3TO  aOCONIOTHAs
HEN30€)KHOCTh U YEIIOBEYECTBY CO BPEMEHEM MPUAETCS TPUBBIKHYTh
K 3TOMY U MEPECMOTPETh CBOE OTHOIICHUE K 3J0J€IM M THUPaHAM
nponuioro. M koraa a0 HAKOHEI[-TO OCO3HAIOT, YTO OHH, MO CYTH,
BOIOIOT CaMH C CO0O#, J00ble KOH(JIMKTBI W BOWHBI CTaHYT
OECCMBICIICHHBIMU.

U torga oTHOIMIEHME K TaMSITH TaKUX T€HUAIbHBIX JIFOJEH Kak
Xpucroc wnu JIeHWH, KOTOpBIE B YCIOBUAX CJErKa IOYMHEBLICH
00e3bsIHBEH CTau YTO-TO MOHSIUTU U OE3YCIENTHO MBITAIUCH U KHYTOM
Y IPSTHUKOM BBIBECTH YE€JIOBEUECTBO HA HOPMAIbHBIN ITyTh Pa3BUTHS,
n3MeHuTcs. [Ipon3oiaér 370 0OCO3HAHUE, K COXKAJIICHUIO €€ OYEHb
HECKOPO, HO HEN30€KHO TPOU30UIET.

IIpumeuanue. U nacmosawyro meopuio, HA00 NOIA2aMb, €M
uepez 500-1000, xoma xomenocv 0bl Hadeamuvca, Ymo pamvuie, Oyoym
uszyuams 6 HauanvHoul wkone. OHa OKOHYUAMEIbHO U HaA6Ce20d
YHUUmoJdcum 6ce peiucuo3nble ¥ MucmuiuecKue y4enus. u HEeKomopbwle
RPUBHAKU C1AD020 OBUNCEHUA K IMOMY, YIHCE MONCHO 3AMEMUMD YHce

ceiluac no HebdvleanoOMy, NO Cymu, HPEOCMEPHHOMY BCHIECKY
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PENUUO3HO20 MPAKODECUS U HEBEHCECH 8, KOMOPbLE 00bIYHO CLYUAIOMCA
nepeo cKaukom npozpecca.

A celiuac MHe OOJIBHO U CTBIIHO 3a Poccuro, koTopast 6osbiie
JIPYTUX TOTPs3Jia B ’TOM HEBEKECTBE U MPAKOOECHH.

Bbi6o0 wu3 e6cezo ckazanmoz0 0OueHb ORMUMUCMUYECH:
Yeno6eK, KaK CAONCHeUWUN aAGMOMAMUYECKUl MamepuaibHlil
00vekm, cgopmuposaguuiica MUNTUOHAMU JIem IGOJIIOUUU U
oo0naoarowuil C0IUCMEOM COIHAHUA, HCUGEM 6E€YHO, NOCHMOAHHO
00HO6NIAACH 8 6UOE MAMEPUATILHO20 Meld U HOINMOMY OH HUKO20a
He CMOJcem OKOHYamenbHo nodedumsv HU 0ONe3HU, HU CMEPMDb,
MaK KakKk OHU AGIAIOMCA 3AKOHOMEPHBIMU COCHMAGIAIOUWUMU
npoyecca I60110UUU MaAMEPUU.

Kcratu, uMeHHO yiydiaroniecs, MpuoIMKaroIMecs K MOUTH
CTEPWJIbHBIM, YCJIOBHS JKH3HH, @ BOBCE HE IUIOXasl AKOJOTHYECKAs
00CTaHOBKA, YK€ MPUBETH K OCIA0IEHUIO 3alIUTHBIX MEXaHU3MOB U
HIHPOKOMY PACIIPOCTPAHEHHUIO CPEIU YEIOBEUECTBA AINIEPTUICCKUX U
pakoBbIX 3aboneBanuii. [IbITasich M30aBUTBCS OT OJHUX OOJIE3HEH,
YeJI0BEYeCTBO HEM30EKHO OyleT MojydaTh JAPYrHe U HaBEpHSAKa
OoJiee cTpalHbIe.

[TosToMy mOpoaauTh OTAEIBHYIO "XH3HB" pa3a B MOJITOpA
YEJIOBEK BO3MOXKHO U CYMEET, HO CTaTh 0€CCMEPTHBIM OH HE CMOKET
Hukorga. IloToMy 9TO  OCTaHOBHUTH  JBOJIIOIMIO  MaTepUH
MPUHIUITAATHFHO HEBO3MOXKHO.

18. O CO3HAHHUU U TAMATH

Hepenxo mnpuxogurcs uYuTaTh COYMHEHHUS (QHIOCO(POB, H
OYEHb JPEBHHX, W HE OYE€Hb, O CO3HAHMHM, KaK O HEKOeH
HEMaTepUaIbHOW CyOCTaHIINM, CYIIECTBYIONICH T/Ie-TO B OpraHU3Me,
cama 1o ce6e. DTo MPOUCXOAUT OT HEMOHUMAHUS TOTO, YTO B IIPUPOJIC
HUYETO HEMaTEePUAITBHOTO HE CYIIECTBYET.
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Paccmampueamp uenoeeueckoe co3HaHUe Kak o0cooyio
udeanvuylo (HemamepuanvHyio) cyoOCMaHyuilo, NPUHUURUATLHO
OMIUYHYI0O Om  CYOCMAHUUU MAMEPUANLHOU, eCmb OaHb
PeUUOZHOMY Mpakobecuro u uodeanucmuueckou guaocoguu,
KOmopble AGNAIOMCA KOMNOHEHMOM UOEO0/102UYECKOUl pPeaKyuu,
Hauagwielici 6 KOHUe 06a0uamoz0 6eKa ¢ Kpaxom CO8emcKo20
KOMMYHU3MA U ROPOMHCOAOwiell mMomanbHoe NOMYMHEHUE YMO8
(A.3unosuves).

Co3nanue — 3T0 CBOMCTBO BHICOKOOPTAHM30BAaHHON MaTEpHH,
a UMEHHO KOpPBI YEJIOBEUECKOTO roJIOBHOrO Mo3ra. M ero ¢yHkius
JOCTATOYHO MPOCTA, OHO 3aHUMAeTCs 00pabOTKOM U AIEeMEHTaPHBIM
CpPaBHEHHUEM CHTHAJIOB C OPraHOB YYBCTB, OpraHU3ysd HMX B BHJE
00pa30B HEHPOHHBIMH CTPYKTYypamH. A Tak e KOMOMHHUPOBAHHEM,
npeoOpa3oBaHWEM U COXpaHEHHEM JTUX OOpa3oB B MaMSTH.
[Ipoueccsl MBINUIEHHST — 3TO M €CThb IIPOLIECCHI W3MEHEHUS H
npeoOpa3zoBanusi d3TuX oOpazoB. Cama mamsATh HHUTIE HE
JIOKaJIU30BaHA, TIOATOMY YTEHHUE MBICIEH HEBO3MOKHO.

IIpumeuanue! Ceoiicmey mozza Kk npeodpazo6anuio u co30aHuIo
HO6bIX 06pa303 Ha ocHoee 06pa303, coxpaué'nubtx 6 navamu, Mol 0033aHbl
ceoeit cnocoonocmoulo Kk meopuecmgy u anmazuu. Teopuecmeo u
danmazua — amo nexas hopma maxoii 6ezo06uoHol xcu. Ho nobdasn
J1034Cb, 6 OMJIUYUU OM NPABObl, 0ZPAHUYEHHOU KAKUMU-MO PAMKAMU U
daxkmamu, écezoa 6e3zpanuuna. H umenno smoit 6e32panuynon ixcu mol
0053aH1bl MaKumu 6p€006blMu COYUHECHUAMU, KAK K6AHMOBAA MEXAHUKA,
meopus  OMHOCUMENbHOCHU U  KOCMOJIO2US, HPOMUGOPEUAUUMU
€0UHCIBEHHOMY 3AKOHY HPUPOObL — 6MOPOMY HAYATY MEPMOOUHAMUKU.

Mo3r cOCTOMT M3 OTrPOMHOIO 4YHUCJIA HEPBHBIX KIETOK —
HEHPOHOB, OOBEIMHEHHBIX B CIOXHEHIIYIO HEUPOHHYIO CETh H
CIIOCOOHBIX  HCIIOJIb30BaTh B MpOLECCe  JKU3HENEATEIbHOCTH
SJIEKTPUYECKHE CHUTHaIbl. KaXapli HEUpPOH HUMEET MHOXKECTBO
OTPOCTKOB — JIEHJIPUTOB, KOTOPBIMHU OH COEAMHSIETCA C JIPYTUMH
HelipoHamu. OT CJI0)KHOCTU U KOJUYECTBA 3THUX COCAMHEHUN 3aBUCUT
Pa3yMHOCTb WJIU UHTEJUIEKT UHAUBHUA.
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OO0pa3Ho, MaMATh MOXKHO CPaBHHUTH C OONBIION O0OBEMHOIM
MO3au4yHON KapTUHON Mupa. M ueM MeHbIIIE 3JIEMEHThI TOI MO3auKH,
TEM BBILLIE AeTann3anus KapTuHbl. [Iponiecc odyuenus — 3to npoiecc
CO3/aHMSI HOBBIX CBS3€M MeXAy HelpoHaMH, MpoIecC MOBBIIICHUS
JeTaln3aluy dTOH KapTHHBI MUPA.

I'ubens nnm paspyuieHue, OAHOTO WK IaXke AECITKOB U COTCH
AIIEMEHTOB, O0pa3yIOIIUX KapTUHY, HE NPUBOIUT K (aTaTbHBIM
MOCIIEACTBHSIM, TaK KaK CBS3M 3TH MHOTOKPATHO IyOJHpPOBAHBI U
MOYTH JIFOOOH 3JIEMEHT JIETKO BOCCTAHABIMBAETCS IO COCETHUM.

YenoBek poxkaaeTcss ¢ MO3TOM, B KOTOPOM MUJUTMOHAMHU JIET
SBOJIIOIIMM YK€ CPOPMUPOBAHBI HEKOTOPbIE 0a30BbIE CTPYKTYPbI
CBsI3eM HEHPOHOB, ONPEIEISIIOIINE MOJIETIN CTAaHAAPTHOTO MOBEICHUS
WIM CTapTOBble MHCTUHKTHI, HEOOXOAUMBIE ISl BBDKUBAHUS TOCIIE
pOXIeHUS. A ero Kopa BHayalie MPEACTaBISET COOOH CTPYKTYpHI C
XAO0THYECKUMU CBS3SIMHU MEXKIY HEUpOHAMH, KOTOpPbIE HEMPEPHIBHO
U3MEHSIOTCS. M YCIIOXKHSIIOTCS B pe3yjibTaTe IMpoliecca o0yueHus u
60CNUMAHUSL.

M mnpouecc 3TOT O4YEHb MEMJICHHBIH M DHEPro3aTpaTHBIM,
NOTOMY YTO 3HaHUA JOJDKHBI, B OYyKBaJbHOM CMBICIIE CJIOBA,
npopacmu ¢ euode 0eHopumoe Mexny Heriponamu. [loatomy cunrars
COJIEp’)KMMOE TaMsITH WM Iepe3amucarb e€, Kak 3TO Jeiaercs B
KOMIIBIOTEpPE HE MOJYy4YUTCs. 3allOMHUHATh MO APYromy, MpuUpoaa, K
COKaJICHHIO, TIPOCTO HE yMeeT M OOCMIaHus 3aMEHUTh MO3T
AJIEKTPOHHBIM YHWIIOM, KaK MpEeIaraioT, HalpuMep, OpraHU3aTOphI
npoekta "Poccus-2045", SBIAIOTCS, TO CYTH, OOBIKHOBEHHBIM
MICEBJIOHAYYHBIM IIapJIaTaHCTBOM U HAyBaTEIbCTBOM.

VYuactauku npoekta "Poccum 2045" XOoTAT chenath 4denoBeka
OeccMepTHBIM, HE T[OHHMMas TOrO, 4YTO TMBITaThCsl CHAENaTh
OECCMEPTHBIM TO, YTO YK€ CaMo 1o cede 6ecCMepTHO, ITPOCTO TITYIIO
1 6€CCMBICIIEHHO.

YenoBek - 3TO  CIOXHBIM  MaTepHajbHBIE  OOBEKT,
c(hOpMHUPOBAHHBIN OECKOHEUHBIM MPOIECCOM JBOIIOIUU MaTEpPUH B
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TEYCHUH MUJLIHAPIIOB JIET, BOBCE HE SIBIISETCS *KUBBIM. [[a 1 BooOIIe
B NPUPOJIE€ HET HHUYEro XUBOro. JKH3HB - 3TO YUCTO PEIUTHO3HOE
MOHATHE, BEIb JAXKE TakKas BBICOKOOPTaHW30BaHHAs Marepus, Kak
MO3T, COCTOUT U3 COBEPIIEHHO MEPTBBIX ATOMOB U MOJIEKYJL.

YesoBek, Kak MaTepUATbHBIN 00BEKT IIOCTOSIHHO
BOCIIPOM3BOAMTCS MPHUPOJONW 3aHOBO UM KUBET OECKOHEUHOE
KoJInuecTBO pa3. He nmymaiite, 4TO BaM CHJIBHO IIOBE3JI0, YTO BBI
JKUBETE. BBI )XUIM M J0 CBOErO POXACHUS W OyAeTe KUTh MOCIe
Bareil cmeptu. ToabKO BBl HUKOT/IA HE y3HAETE, KEM U TJIe BBl OBLIN
B MPOULION )KU3HH.

Mo3r — 3T0 HE MPOCTO KYCOK CEpPOTO BENIECTBA B YEPEMHOU
KOpOoOKe, MO3T — 3TO eAMHasl CUCTeMa, MCHOJb3yIouasi B IMpolecce
JKU3HEACATEIBHOCTA AJIEKTPUYECKUE CUTHAIIBI, B KOTOPYIO BXOJUT
emé M OrpoMHOE KOJIMYECTBO JATYMKOB, CBS3BIBAIOIIMX €ro C
OKPY>KaIOIIUM MHPOM.

DTO W OpraHbl 3peHHs, OpPTaHbl CllyXa, OOOHSHUS, OCS3aHMUS.
Mosr, ucnonb3ysi 3TH SJIEKTPUYECKUE CHUTHAIbl C JaT4YUKOB,
dbopMUpYyeT HOBBIE BPEMEHHBIE CBS3M MEXIYy HEHpPOHAMHU, KOTOPHIE
COXpPAHAIOTCS B TEYEHUHM KOPOTKOIO BPEMEHM U  KOTOpPHBIE
BITOCJIEZICTBUH MPOPACTAIOT B BUJIE ACHIPUTOB, 00pa3ysi MOCTOSHHbBIE
CBS3U, COXPAHSIOIIMECS BCIO KU3Hb. be3 3TUX CUTHAJIOB C 1aTYUKOB
HE MOJKET OBITh HUKAKOTO CO3HAHUS U HUKAKOM MaMsATH, TIOTOMY YTO
3aIMIOMUHATB-TO OOJIBINIE HEYEro.

W Tak kak BpeMEHHBIE CBS3M JOBOJIBHO OBICTPO HMCYE3AIOT,
"mepuoA nostypacnaga'’ naMmsTH IpUMEPHO OJIHU CYTKHU, MO3TY HY>KEH
NepePbIB AJI CHA, BO BPEMSI KOTOPOTO I€HIPUTHI UHTEHCUBHO PACTYT.
OTH CBSI3U MEXIy HeHpoHaMHM MHOTOKPAaTHO AyOIupyloTCi B
npouecce O0y4eHUs M HEOJAHOKPATHOTO IOBTOPEHHS, IMOITOMY
rubenb HEMPOHOB OT CTAapOCTH MM HEXBATKU KHCIOpOJa He
NPUBOJIUT K (haTalbHBIM MOCIEACTBUSIM IS amMsATH. Pa3pyiieHHbie
CBSI3M MOTHOIIX HEHPOHOB OEpyT HA ce0s COCETHHE.
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N 511 cBA3M MexAy HEUPOHAMU Y Pa3HBIX JIFOACH COBEPIICHHO
pa3/InYHbIE, MO3TOMY K OJMHAKOBBIM BBIBOJAM pa3HbIEC JIOIU
NPUXOJAT B PE3yJbTaT€ COBEPIICHHO PAa3IUYHbIX JIOTHYECKUX
mocTpoeHui. B mpupoje HET W HE MOXKET OBITh JIBYX MO3TOB C
OJIMHAKOBBIMU CBSI3IMU MEXKIY HEMpOHAMH, KaK HE MOXKET OBITh ABYX
JECOB C JIePEeBbSIMH, HMEIONIMMU aOCOJIOTHO  OJMHAKOBYIO
KOH(UTypaIuio BETBEH, a MO3TOMY 3aIIUCATh BCE 3TH CBS3U HA JPYron
HOCHTEJIb UJIU IIEPEHECTH UX HA KAKOM-TO APYTrOf MO3T, HEBO3MOKHO.

[Toromy 4TO IS 3TOTO B 3TOM JIPYrOM MO3r€ HYXHO OyJer
COTHU MUWJUIMAPJIOB JEHIPUTOB OOOpBaTh U IMPOPACTUTH 3aHOBO,
COTJIACHO ATOM 3amuch. MO3r — 3TO HE€ KOMIBIOTEP, B KOTOPOM
JIOKaJU30BAHO BCE — ONEpaTHUBHAs M JIOJITOBPEMEHHas IaMSTh,
MpOLECCOp, 3TO OpraH, paboTaloUMii Ha COBEPIIEHHO HWHOM
MPUHIUIIE.

Tonpko Jroau, cuuTaronme ceds y4EHBIMH, MOYEMY-TO HE
MOHUMAIOT 3TOT0 U MO-BUAMMOMY €lI€ JOJro HE Nnoumyrt. UMeHHO
MO3TOMY BCS COBpPEMEHHAas Hayka HaXxOAWTCS B IUIAYEBHOM
COCTOSIHMM, TaK KaK YYEHble MPAKTUUECKH YK€ pa3ydHIuCh
MOJIb30BAThCA Pa3yMOM, a MPEANOYUTAIOT Oojiee JETKUM MyTh —
UCIOJIb30BaHNE MHCTHHKTOB, KOTOPBIM HEe TpeOyeT OOJbLINX 3aTpaT
SHEPIHH.

NMeHHO T1OPTOMY OHM HE Jymas, HacKOJIbKO 3TO
COOTBETCTBYET (PH3UYECKOM pEaTbHOCTH, TYIO IIOBTOPSIOT T€
HEOBUTHIIBI O KBAHTAX M YEPHBIX JBIPaX KOTOPBIC UM KOT/Ia-TO BOUIU
B TOJIOBbI, MOJKPEIUIsis BCIO ATy Uyllb MaTeMaTHYECKUMHU
dopmymnamu. M HUKTO He maér cebe Tpyaa pa3o0Oparbesi, B KaKoi
CTETNEeHU 3TU (OPMYJIIBI COOTBETCTBYIOT (DHU3NUYECKON PEATBHOCTH.

Kak 53T0 HM cTpaHHO, HO CHOCOOHOCTh K MBILIUICHUIO
oOycioBiieHa oImMOKaMH B pa0OTe HAIIero TOJOBHOTO MO3ra.
Kommprorep, Hampumep, paloTaromuii Ha ABY3HAYHOW JIOTHKE,
HUKOT/a HE OIIM0AeTCsl, TaK KaK COCTOSHUS €r0 JIEMEHTOB MaMATH —
TPUITEPOB OAHO3HAYHO ompenenacHsl. OHM HMMEIOT TOJIBKO JBa
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COCTOSIHMSI: BKJIFOYEHO — BBIKIIOYEHO, UMEHHO MO3TOMY KOMITBIOTED
HECIOCOOCH peluTh MPOCTEHBKYIO 3amauky bypumana, ¢ KoTopoi
JIETKO CIPAaBIISETCS a)Ke KOMHATHAsI MyXa.

Jeno B TOM, YTO HEHPOHBI HAIIETO MO3Tra padoTalT Ha
COBEpIIEHHO JAPYroM MpUHIMIE, YeM KoMIbioTep. HelipoHbl nmeroT
THICSIYU JICHAPUTOB, KOTOPBIMHU OHU CBSI3aHBI C IPYTUMH HEWPOHAMH,
MO3TOMY OHU MOTYT UMETh OTPOMHOE€ KOJMYECTBO COCTOSIHUH. To
€CTh, M0 CYTH, MO3I — 3TO aHAJOroBas CHUCTeMa. A aHaJIOrOBBIC
yCTpOMCcTBa Bcerma paboTarOT ¢ OMMOKAMU U TOTPEITHOCTSIMH,
3aBUCSIIUMHU, MHOTHX (haKTOpOB, Hampumep, oT "apeida vyns". Ho
MMEHHO OITMOKaM MBI U 00513aHbI CBOCH CIIOCOOHOCTHIO K 00YUEHUIO
U TBOPYECTBY.

KonnuecTtBO HEMPOHOB B MO3re, HUCKIIOYAs €CTECTBEHHYIO
yOBbUIb, BCIO JKM3HBb OCTA€TCS MOYTH HEU3MEHHBIM, TaK KaK OHH HE
MMEIOT ME€XaHu3Ma JIeJICHUs], IOTOMY YTO OHO IMOCTOSHHO HApYILAJo
Obl pabory wmosra. Ho papyroro cmocoba oO0ydeHHS y KHBBIX
OpPTaHW3MOB HET U, B 0003pUMOM OyayIIeM, e1Ba JI1 OSIBUTCS.

C BO3pacToM HEUPOHBI MOCTEIIEHHO TEPSIOT CIIOCOOHOCTh K
"mpopacTaHui0" W MO3I CTAHOBUTCS HEBOCHPUUMYHB K HOBBIM
3HaHUSM. 3aTO "Tpopociire” B MOJIOJOCTH 3HAHUS JEPKATCS B HEM
OUYEHb KPEMKO, XOTs TOXE MOCTENEHHO HCYE3al0T C OTMHpAHUEM
HelipoHoB. [loaToMy wyenoBedecTBy, 4TO Obl HE OCTAaHOBUTHCS B
Pa3BUTHU UHTEIJIEKTA, CTOUT M03a00TUTHCS O TOM, YTO OBl BEPHYTH B
IIKOJIBI IUIAKaThl CO CIIOBAMHU: "YUHUTBHCS, YUUTHCS U YUUThCA...", KaKk
3aBeniayl OJ1H, BECbMa HEIYIIbI YeI0OBEK.

K coxanenuto B mocienHee Bpemsi mnpeoOiamaer apyras
TEHJICHIIMA, 2 UMEHHO "MOJUTBHCS, MOJIMTHCS U MOJIUTHCA' BEAyILast
YeJI0BEYEeCTBO Hazajl, K Jerpajali U CPeAHEBEKOBBIO. B cBs3u ¢
BEIIIEU3JI0KEHHBIM, HECKOJILKO CJIOB O TAKOM ''3araJloyHoOM " SIBJICHUH,
Kak "Oedxcaero". OOBIYHO MAJIOTPAMOTHBIC PEIUTHO3HBIE JIFOIN
000OCHOBBIBAIOT UM CyIIEeCTBOBaHUE Aymn. OJHAKO C TOYKH 3PEHUS
TEOPHUH IBOIIOLINH, 3TO SIBICHUE OOBSICHSIETCS BEChMa MPOCTO.
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Kak u3BecTHO, CyIIECTBYIOIIME B HACTOAIIEE BPEMSs KUBbIE
OpraHM3Mbl [l  JAHHBIX TMPUPOJHBIX  YCIOBHM  SBJISIOTCS
ONTUMAJIbHBIMU. TO €ecTh OHOJIOTMYECKH OHU HMEIOT BIIOJHE
3aKOHYEHHBIH BHJ M €CIIM TMPOUCXOIAT KaKue-TO OMOJIOTHYEeCcKue
U3MEHEHHUS, TO OHU OYEHb HEe3HAYUTENbHBI. [10 MHEHHIO HEKOTOPBIX
OWoJOroB, B HACTOfAIIee BpeMs HAYWHAET Wpeodianarh, Tak
Ha3bIBaeMasi, KyJIbTypHas 3BOJIIOIUS WIHM KyJIbTYPHOE HACJIEIOBAHHE.

[Ipu3Haku S3TOrO0 MOXXHO 3aMETUTh Jake MO TOMY, YTO
TOpOJICKHE Opojasiure co0akyd HAy4YWIHCh TMEPEXOAUTh YIUIBI Ha
3eNMEHBIN CUTHAN cBeTOodopa, JaKe €CIM Ha TMEepexoie HET JIOACH.
VIMeHHO ¢ TOYKM 3pEHHS] TEOPUU SBOJIIOIMHU OYEHB JIETKO U JOTHYHO
00BsICHSIETCS U SIBJICHUE "IeKaBl0".

Kakue-to oueHb sipkue COOBITUS WM KapTUHBI OKPYXKaroIIeH
00CTaHOBKHM, B KOTOPOH YEJIOBEK >KUBET MPOJODKUTEIBHOE BpEeMs,
3aKpeIUISIIOTCST B HEHPOHHBIX CTPYKTypax Mo3ra U MOTYT
HACJCJACTBEHHBIMM  MEXaHM3MaMH  YacTMYHO  IepeaaBaThCs
MOTOMCTBY.

EcTtecTBeHHO B MOCHEAYIOMIMX TMOKOJEHUSX [MOTOMOK,
OKa3bIBasICh B OUEHb MOXOXKUX YCIOBUSAX M CPAaBHUBAs YBUACHHOE C
XPaHAIIUMUCS B TMOJCO3HAHUU (parMeHTaMu KaKUX-TO 00pa3os,
BJPYT OCO3HAET, YTO OH KOTJa-TO yke 3T0 Bujien. He ymest 00bsCHUTH
Takoe '"dynecHoe" SBIICHUE, YENOBEK MPUXOJUT K BBIBOAY O
CYIIIECTBOBAHUH YETO-TO OECCMEPTHOTO U BEUHOTO, & UMEHHO - JTyIITH.

Penuruu ectecTBEHHO, MOANEPKUBAIOT 3TU 3a0TYXKICHUS B
CBOMX KOPBICTHBIX HHTEpecax. B CBA3M C OSTUM JIOTUYHO
MPEANOI0XKUTh, YTO YEM IO3/IHEE YEJIOBEK 3aBOJAUT MOTOMCTBO, TEM
OoJipllle  BEPOSTHOCTH TIEpeladyd €My OTOW  HaCJIeICTBCHHOU
nHpopmanuu.

[Tozmuumu OpakamM#, BO3MOKHO U OOBSCHSETCS PHIBOK B
TEXHUYECKOM Pa3BUTHHU €BPOMNEHCKON LMBWIM3ALUUA B OTJIIMYUHU OT
OMMKHEBOCTOUHOM MM apUKAHCKOH, TZIe BCErja MpaKTHKOBAIHMChH
OYCHb paHHUE Opaky, B 14 JIeT u gaxxe paHblle.
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19. OB 3BOJIIOIIUU PA3YMA

B mnpomnecce sBomonuu, Kak HEMPEPHIBHOTO YCIOXKHEHUS
CTPYKTYpbl MaTe€pUH B TEUEHHH IJIUTEIBHOIO BPEMEHHU, BO3HHKIIO
OTPOMHOE KOJIMYECTBO Pa3HOOOPA3HBIX OMOIOTHYECKUX OPraHU3MOB,
NOMUYUHSIONINXCS  HMHCTUHKTY  AoMuHUpoBaHus. CyTb  3TOTO
OCHOBHOTO HWHCTHMHKTa 3aKJIIOYaeTcs B TOM, 4YTO B CIIEICTBUU
NEHCTBHUS BTOPOTO Havalla TePMOJIUHAMUKH, JTF00ast 0COOb CTPEMUTCS
3aHITHh HanOoJiee BBITOTHOE MOJIOKEHHE, Cpeu ceOe OT0OHBIX.

W B cuiy AecTBHs 3TOr0 MHCTUHKTA, Jit0Oas rpynmna WiH
COOOILIECTBO >KUBBIX OPraHU3MOB, aBTOMATHUECKU OOBETUHSETCS B
COOOIIECTBO C THUPAMUIAIHHOM HEPAPXUUECKON CTpykTypoil. Ha
BEpIIMHE A3TOW MUpaMHIbl BCErJa HaXOAMWTCS caMmas KpymHas |
CWJIbHASI 0COOb — BOJKAK, BCE OCTANILHBIC 3aHUMAIOT MECTa B UEPAPXUU
COTJIACHO CBOEMY CTaTyCy, ONPEIeIsIeMOMY B OCHOBHOM, pa3MepamH.
Tak kak pasmepsl Mo3ra y oco0ell OJHOTO BHUAA, NPUMEPHO
OJIMHAKOBHI, CHJIa M Pa3yMHOCTb HX OINPEACISETCS COOTHOLICHUEM
pa3MepoB, a CIeAOBaTENbHO U CIOKHOCTHIO HEHPOHHBIX CTPYKTYP
MO3ra, OTBEUAIOLIUX 328 MOTOPHBIE U aCCOLMATUBHBIE (DYHKIIUU.

Ecnu cTpykTyphl, oOTBedaromue 3a MOTOpPHbIE (QYHKIIHMU
KpylHee U Oojiee pa3BUTHI, YeM CTPYKTYpbl, OTBeuarollue 3a
acCOIIMaTUBHBIE, O0COOb COOTBETCTBEHHO KpymHee | oO0JagaeT
OonbIieii GU3MIecKor CUIIOH.

Ecnu xe mpeobnagaroT accolMaTuBHBIE CTPYKTYPBI, 0COOb
ymHee, HO (usuuecku crnadee. [loaTOMy HErpbl, y KOTOPBIX B CHITY
ocoOeHHOCTEe cpenbl OOMTaHUS OOJbIIE Pa3BUTHI CTPYKTYPHI,
OTBEYaIOLIUE 32 MOTOPHbBIE (DYHKIIMHU, B COPEBHOBAHUSX 110 CHUIIOBBIM
BHJIaM CTIOpTa - O€Ty WJIM MPBDKKaM, Bcera OyayT moOexaaTh OebIX.
[Toromy uTo y O€bIX MPEBAUPYIOT CTPYKTYPhI MO3Ta, OTBEYAIOIIUE
3a accolaThBHbIE (QYHKIMH, CHOPMHUPOBABLIMECS B pe3yJbTaTe
NpOXUBaHUS B 0ojiee CypOBBIX KIMMATHUECKUX YCIOBUAX U
TpeOyrommx 0oyiee BBICOKUX MBICTUTEIBHBIX CIIOCOOHOCTEH st

BeDKMBaHUs. 1 HUKakue TPCHUPOBKHU 3TOI0 HC U3MCHST.
121



Anexcandp BECEAOB

Ho ¢ npyroii croponsl, "BoliHy n mup" Herp HMKoOraa He
HanumeT. OgHako BepHEMCS K HammMm Oapanam. B moboii crae
MOCTOSIHHO TPOUCXOAAT MEJIKMEe KOH(MIUKTHI M CTBIYKH, B KOTOPBIX
KQ)KJIbII YJIEH CTau MOATBEPKAAET CBOE MOJIOKEHUE B UEPAPXUU. ITO
MO3BOJIIET MOJIOABIM U CHUJIBHBIM OCOOSIM B TPOILECCE B3POCICHUS
NpOJIBUTAaTbCsl  BBEPX IO  HMEPAPXUYECKOM  JIECTHUIE,  YTO
ABTOMATUYECKU TMPUBOJUT K TOCTOSHHOW pOTAlMU "TIpaBsien
BEPXYILKH .

[Ipu BcTpede ¢ Bparom, caMbie CHIIbHBIE 0COOHM BO TJaBe C
BOKaKOM HE pa3ayMbIBas BeTymnaroT B 0oil. Ho coBcem He miis Toro,
YTOOBl 3AlUTUTH CTal0, a MPOCTO B CHIIY JACWCTBHUS HMHCTUHKTA
JOMUHHUPOBaHHUSI, 4TOOBI MOKAa3aTh BCEM OKPYXKAIOIIUM U CTae, B TOM
YHUCle, KTO €CTh KTO U MOATBEPAUTH CBOE MOJIOKEHUE B Hepapxuu. 1
OHHM MOTYT TOTHOHYTh, HO HE OTCTYIISIT MOKA CTasi HE CIPSYETCS B
6e3omacHOM MecTe. TONbKO KOrja crasi OKakeTcsi B 0€301MacHOCTH U
3pUTesiell He OCTAHETCsI, BO’KAaK MOXKET IIPOCTO yIpaTh.

Tak kak B TPUPOJIE CAMKH BBHIMIOJTHSIOT OOJiEe CIOKHBIC
GyHKIIMM, 4YeM caMIlpl, TO TPUOPUTET B BHIOOpE mMapTHEpaA I
pPa3MHOXXEHHUsI Bcerja MpUHaaIexKuT camkaM. OHM BbIOHMpaioT cebe
CaMILIOB IO pa3JINYHBIM OTJIUYUTEIbHBIM IPU3HAKaM, KOTOPBIMH
MpUpoAa BBIJIENAET caMila U3 OCHOBHOM Macchl. IMEHHO Mo 3Toit
IIPUYMHE B MPUPOJIE CaMIbl UMEIOT PA3JIMYHbIE YKPAILLEHHUs, BPOJE
NBIIIHOTO TMAaBJIMHBETO XBOCTA, JUJIMHHOTO HOCA, KpacHOro 3aja,
pa3MyHBIX IpeOHEel U mpoyee.

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

[MoaToMy B AMKOW MpUPOJE MPAKTHUYECKH BCE OCOOM MMEIOT
IIAHChl OCTABUTh TOTOMCTBO, KPOME pa3BE€ YK CaMbIX XWJIBIX U
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OOJBHBIX, a 3HAYUT YTBEPIKJICHUE, YTO "BBDKHBACT CUIbHEHIIMI", B
npupoje He paboraer u sBisgeTcs 3abmyxuaenueMm. [Ipupoma
WCIOJB3YEeT COBEPIIEHHO JPYroi, BecbMa JIEMOKPATHYECKHI
MPUHITKII, & UMEHHO, 'TIOrH0aeT cirabedmuii”, B TPOTUBHOM Cllydae
Ha 3eMJI€ OCTAJIUCH ObI TOJIBKO CIIOHBI U KUTHI.

Bonee toro, mpupoga 6e3 cokaneHusi XKepTByeT HauOolee
CHJIBHBIMH, HO "TyNbIMH' 0COOSIMH, KOTOpBIE peaju3ys MNPUHIIUII
JOMUHHUPOBaHUSA, THOHYT B Jpakax, JaBas BO3MOXHOCTh Ooijee
cmalbbiM, HO OoJiee YMHBIM, OCTaBHUTH IMOcie ceds Ooyiee pasyMHOE
MOTOMCTBO. YenoBeueckoe OOIIECTBO HE SIBISIETCS KAaKUM-TO
UCKJIIOYCHHEM, B HEM JIEUCTBYET TOT K€ MPUHIUI JOMUHUPOBAHUS,
runepTpoupoBaHHbIl TOKa el JOBOJBHO HECOBEPIICHHBIM U
MPUMHUTHUBHBIM Pa3yMOM.

Camble IPUMHUTHUBHBIE OCOOH, PYKOBOZCTBYIOIIHUECS B )KU3HH
YUCTO JKUBOTHBIMU MPHHIIMIIAMU, OOBIYHO JOCTUTAIOT BBICOKOTO
MOJIOKEHUS B OOILECTBE, TaK KaK UM HHYETO HE CTOMUT MEepPECTYNHTh
yepe3 J000ro, Crosmero Ha ux NyTH. OHM NPEKpPacHO YMEIOT
NOJABJIATH €IIé JAOBOJBHO CIa0BId TOJIOC COBECTH M HE o0pamiarhb
0co00ro BHUMAaHUS HAa KakHe-TO MOpalbHbIE U HPABCTBEHHBIE
npuHLUIbl. [ToaTomy camoe BbICOKOE TOJIOKEHUE B OOIIECTBE, MOKA
KaK MPaBUJIO, 3aHUMAIOT CaMble TPUMHUTHUBHbBIE U OECIIPUHIIUITHBIE.

20. Ob UHCTUHKTAX 1 MBIIIVIEHUH

Hpex(z[e YCM HadaTb pa3roBOp O MbINUICHHUW W CO3HAHUH,
HYXHO 3aMCTHUTDb, UTO B MPUPOAC HCT MCCTA KAKUM-TO MUCTHYCCKUM
1 CBCPXBCCTCCTBCHHLIM SABJICHUSAM, B HEH Bce MMPOUCXOJUT B COIJIaCUHn
¢ mpocThiMU (pu3mUeckuMu 3akoHamu. [Ipupoja mpocrta U Jaxe B
HEKOTOPOH CTENEHH NMPUMHUTHUBHA, M YTO OBbI MOHATH 3TO, HAYHEM C
CaMbIX TIPOCTHIX Bemie. Mbl He OymeM yrayOnsTbes B Je0pu
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OpPTaHUYECKON XUMUU ¥ OMOJIOTHH, a TOMPOOyeM MOHATH MPUPOAY HA
IIPOCTEHBKUX IPUMEPAX.

JlomycTuM, 4TO MBI UMEEM B PACIIOPSKEHHUH JECATOK MPOCTHIX
OpPraHu3MoOB, HampuMmep, uepBed. Kaxnpli  4epBb  HMeEET
NPUMUTUBHBIN I71a3, B BUJE€ HEPBHOI'O OKOHYAHHUS, YYBCTBUTEIBHOTO
K CBETY, PACMOJI0KEHHOTO B SIMKE Ha MEpPEAHEM KOHIE TYJIOBHIIIA.
Hukakoro w3o0pakeHuss OH, KOHEYHO, CO3JaTh HE MOXET, HO
pa3JIMYUTh T/I€ CBETIIO, a TJIe TEMHO €MY BIIOJHE MOJI CUITY.

Y Hero ecTb Tak k€ IPUMUTUBHBINA MO3T, COCTOSIIUMI U3 IIapbl
JIECATKOB HEHUPOHOB, YNPABJISIOMIMN Mapoll MBbIII, HAa OCHOBE
curHanoB rnasza. lIpexcraBum mis MpPOCTOTHI, YTO COBEPUIEHHO
CIIy4aitHO, B Pe3yJIbTaTe MyTallMid, Y IIATH YE€PBEH HEPBHBIE BOJOKHA,
MOAXOAAT K MBIIIIAM HANpsSMYH0, MMapajulesibHO, a y APYruX MSTH,
BOJIOKHA ITepPEeKpeIIeHbl. To eCTh MATh YepBei, Kak U BCE KHUBOE, OyIeT
TYNO JIBUTaThCS HA CBET, a APYTUE MATh, TYNO MOMOJI3YT B TEMHOTY.

B pe3ynbTaTe pa3nuvHOro nmoBeAeHUs, YePBH, BHITIOI3IINE HA
CBET, OyayT OBICTPEHBKO CHEIEHBI, a T€ YTO TMOIOJ3IIM B TEMHOTY,
ocranytcs kuBbl. Hy, ecnim m He Bce TO, BO BCSIKOM cllydae,
O6onpmmHCcTBO. OcTaBlIMecs B JKUBBIX IMPUHECYT MOTOMCTBO, B
KOTOPOM,  €CTECTBEHHO  Oyayr  mpeobiagaTh  ocobu ¢
NEepPEKPEIICHHBIMU HEPBHBIMHA BOJIOKHAMH.

B xaxzaoMm mocnenyromeM HOTOMCTBE 3TOT NpU3HAK Oyner
3aKpeIUISATHCS U, B KOHIIE KOHIIOB, BCE YePBU BCeraa OyAyT yrmoi3aTh
B TEMHOTY. BOT npuMepHO Tak BOZHUKAET UHCTUHKT.

NHCcTUHKT — 3TO  CcTaHAapTHass MOJENb  IOBEJICHUS,
oTpaboTaHHasT W OTTOYECHHAs MpOIeCCOM ABONIONUH. JIF000Bb K
OJIMKHEMY, HApUMeEp, 3TO TOKE€ MHCTHHKT - MHCTHUHKT BOCIIUTAHUS
notomcTtBa. Ecnu pomgutenu B mpupoge OpocaloT MOTOMCTBO Ha
MIPOU3BOJ CYALOBI B MJIaIEGHYECKOM BO3pacTe 0e3 3allUThl, TO OHO HE
JIO’KMBET J10 B3pOCIIOrO BO3pacTa U HE OCTaBUT CBOErO MOTOMCTBA. To
€CTh POJI HA ’TOM MOYET 3aKOHUUTHCS.
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Tak BOT B pe3yJIbTaTe 3BOJIOLUUA CMOTJIA BBIKUTH TOJBKO TE
BUJbl KUBOTHBIX, KOTOpble 3a00TUJIUCH O TIOTOMCTBE [0
"coBepuieHHoOJIeTHSA".  Buasl, B KOTOpBIX O3TH  KadecTBa
UTHOPUPOBAINCh W HE 3aKPEIUBUINCh, NPOCTO HE BBDKWIM U B
HACTOSIIIEE BPEMSI HE CYILIECTBYIOT.

A Tenieps BO3bMEM 00JIee CIIOKHBINA OPraHu3M, C MO3TOM YK€
COTHM B JBE HEHWPOHOB, KOTOPBIM YK€ MOXKET «MBICIUTDY.
[IpencraBbTe, YTO OH BUAMUT MHUILLY, KOTOPYIO MOXXHO OMMATh ABYMsI
cnocobamu. JInbo mepedekaTh HAMPSAMYIO Yepe3 OCBEHIEHHOE MECTO
U CXBaTUTh, JMOO JUIsI TOTO K€, MOAKPAcThCsi B 00Xod TIO
HEOCBEUIEHHOMY MecTy. IlepBblil BapuaHT ypeBaTr TeM, 4TO Korja
OXOTHUK BBIMJIET HA CBET, NUIIA €70 YBUAUT U MOXET yCIIETh YAPATh.
K Tomy k€ 1 caM OXOTHUK PUCKYET, BBIXO/IS HA CBET - €r0 TOXKE MOT'YT
CXBAaTUTh U COXPATh IPYTrUe OXOTHUKH.

Bo BTOpOoM BapuanTe, 1oka OH Kpaa€Tcs IO TEMHOTE, MUILA
TOKE MOXET yOexarh Wiu e€ KTO-To Apyroi coxpér. Ho 3aro 3toT
nyTh Oe30MacHee, OXOTHUK, MYCTh JaKe W TOJIOAHBINH, HO XOTh B
JKUBBIX OCTAHETCH.

Jpyrumu cioBaMH, pelieHUE B pe3yJbTaTe MBIIUICHUS WU
CpaBHEHMsI JABYX BapUaHTOB JEWCTBUS, MOXKET ObITh, Kak
MPaBWJIbHBIM, TaK ¥ OIIMOOYHBIM. B repBom BapuaHTe ecTh OoJbIIas
BEPOATHOCTh MOTHOHYTh, @ BOT NOCTYNHUTh TaK, Kak IpeJiaraet
UHCTUHKT - Ooyee pazymHo. MHCTHHKT — Oe3ommOoueH, HWHaye
XUIIHUKYA HEe yMETHU ObI MOJKPaIbIBAThCS.

[TosTOMy BCe >XKMBBIE OpPraHU3Mbl M YEJIIOBEK B TOM YHCIE,
MPEANOYUTAIOT HE MBICIUThH, @ IPOCTO CJIEI0BAaTh MHCTUHKTAM, TO
€CTh KaKMM-TO CTaHJApTHBIM MOJeJsAM moBeaeHus. Tem Oosee 4To
JUTSL MBIIITIEHUS (CpaBHEHMsI) TpeOyeTcsi mopaboTaTh MO3ramMu, a 3TO
TpeOyeT ycunuii U, COOTBETCTBEHHO, 3aTpaT sHepruu. Kak Mbl BUANM,
caM IIpollecC MBINUIEHUS — 3TO, MO CYTH, HAaXO0XICHHE
HECTAaHJAPTHOTO pEUICHUsl, B KAKOW-TO CHUTyallMd, WX MPOCTO,
OaHANBHBIN MPOLIECC CPABHEHUS U 3aIIOMUHAHMSL.
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U xorja HEKTO HaYMHaeT yTBEpkKAarTh, urto (Gopmyna F=mc?
HEBEpHa, MOJaBJstoniee OOJBIIMHCTBO HAYMHAET €r0 CMEIINBAThH C
rps3pio. BoBce HE MOTOMY, YTO OHM MPHUILIU K 3TOMY B pPe3yJbTaTe
MBILUIEHHS], @ MMPOCTO MOTOMY YTO BOCIIOJIb30BAJIUCH CTAHJAPTHBIM
METOI0M Tiepedopa TeX 3HaHHM, KOTOPbIE ObUIM BOUTHI UM B TOJIOBBI
B IIKOJIAaX ¥ MHCTUTYTax. MK 1Mo CyTH, HHCTUHKTOM. JTO HaMHOTO
npomie U He TpeOyeT 0co00ro yMCTBEHHOTO HampsikeHus. Huuero
IJIOXOT0 B 9TOM TMOBEJIEHUU HET, pa3Be KpOMe TOro, 4TO OHO YKe He
MpeJInoiaraeT HUKAKOTO JAITBHEHUIIETO pa3BUTHSL.

A Temepb HECKOJIBKO CJIOB 00 OCO3HAaHWU COOCTBEHHOTO fl.
JIro0oit opranusm, 00aIalOIIMI pa3BUTON HEPBHOM CHUCTEMOM, cam
ce0s KymaTh He OyJIeT, MOTOMY KaK OIIyIIaeT ce0s Kak OJIHO IIEJIOE.
Opnako, omryiieHue ce0s Kak LeJoro opraHu3Ma, enié HeJoCTaTOuHO
JUTSE OCO3HAHUS ce0sl KaK MHIUBUIAYATbHOCTH WM JTUYHOCTH, HHAYE
BCE JKMBOTHBIC OBLIU ObI JTUYHOCTSMHU M COCTABHIIA OBl OTPOMHYIO
KOHKYpEHIIMIO ueoBeky. [IpencraBbTe TONBKO ceOe TUTpa WK TakKe
co0aKy C MHTEJUIEKTOM YeJIOBEKa.

K Hamemy c4acTpio, 3T0 BO3MOXHO TOJBKO B PE3yJIbTaTe
00ydeHUs] M BOCIHTAHHWS HA OCHOBE, TaK HAa3bIBAEMOM, BTOPOU
CUTHAJIBHOM cucTeMbl. Mnu si3bIKa. A JIJIs1 3TOTO HYXEH JOCTATOYHO
0O0JIBIION MO3T, KOTOPBIM MOT MOSBUTHCS Y YENOBEKa, B PE3yJbTaTe
9BOJIIOIIMOHHOM MyTaluu. JKuBOTHbBIE XOTh U HE UMEIOT TAKOTO MO3Ta,
HO TaK ke, Kak U YeJOBEK CHOCOOHBI K 00ydeHHIo. M XOTs oHU
MOJIB3YIOTCS ISl OOIICHHS] HEKOTOPBHIMU 3BYKAMH, HO WX HEIb3s
HA3BaTh S3BIKOM, IMMOATOMY OOYYCHHE Y JKMBOTHBIX MPOUCXOAMUT Ha
OCHOBE UHCTHHKTOB — 3TO CaMOOOY4ECHHE MOIpaKaHUEM.

YeoBeuecKU OETEHBINI, BOCHIUTAHHBIN B CTAae >KUBOTHBIX U
KUBYIIUN B HEM JOCTATOYHO NJIUTENIHOE BpPEeMsl, TaK e HaydyuTCs
BCeM MpuémMaM OXOThl M TMOBEACHUS CpPEOu >KUBOTHBIX, HO B
JAIbHEWIIEM YK€ HUKOIIa He CMOKET OCO3HATh ce0sl TMYHOCTHIO. Y
KUBOTHBIX HAYUCTO OTCYTCTBYET UYYyBCTBO CTpaxa, 3aTO XOPOIIO
pa3BUT WHCTUHKT JUCTaHUUpOBaHHs. JI000H »KUBOW OpraHusm
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BCErJa CTapaercs Jep>KaTbCsd OT JPYTUX HE pPOACTBEHHBIX €My
OpraHU3MOB, Ha ONpPEAENEHHOW AUCTAHLUUU. Y BBICIIUX >KUBOTHBIX
3TOT UHCTUHKT JI0BOJIBHO CIJIOKEH.

OHH MOTYT OnpeAensiTh CTENeHb OMAaCHOCTH, B 3aBUCUMOCTH
oT obOpa3a xkuBoTHOrO. Ho 370 He cTpax. Kocyns yaupaer ot remapaa
HE TIOTOMY, YTO OOUTCS OBITH ChEJICHHOM, a IPOCTO B CUJTy MHCTHHKTA.
[Toromy 4TO Te 0COOM, KOTOpBIE HE YAMPAIU, JABHBIM-IaBHO OBUIN
ChEJeHbl M TNOTOMCTBAa HE ocTaBWiIM. Kak Toibko remapj u3-3a
YCTAJIOCTH TPEKPATUT NPECcieOBaHUE, TYT K€ OCTaHOBHUTCA U
npecieayemasi kepTBa. M yke udepe3 JIeCATOK CEKyHJI OHa OyIeT
MHUPHO MAaCTHCh, HE 00paIlas Ha Hero 0co00ro BHUMaHUSI.

WHCTUHKT IUCTAaHIIMPOBAHUS €CTh U y XUIIHUKOB. Eciu BbI
HEOKUJJaHHO MOSIBUTECH HAa HEOOIBILIOM PACCTOSHUU AK€ OT CHITOTO
TUTpa, OH Hamajer He pa3aymbiBas. Ho ecim 310 paccrosiHue Oyaer
0oJbIlIE HEKOTOPOrO KPUTUYECKOTO, OH MPEANOYTET HE3aMeTHO
yaanutecs. M3 TMpOCThIX MHCTUHKTOB Tak e OepyT Hayaylo, U
NPaKTUYECKH JIIOObIE HPaBCTBEHHbBIC IPUHIIUIBL. Bo3bMEM, HanpuMep
3a00Ty 0 motoMcTBe. IloyemMy Bce >KMBOTHBIE 3a00TATCS O CBOMX
netéupimax? MoxeT ObITh 3TO MM BHyImI rocmonb? Jla, Her,
KOHEYHO, 3TO CIIEJICTBHE JEHCTBHUS MPOCTOr0 HHCTUHKTA.

Ecnu ponutenu He cTtaHyT 3a00TUTCA O CBOEM MOTOMCTBE, a
Oynyt Opocarb ACTEHBINIEH Ha TMPOM3BOJ CYALOBI Cpa3y IOCIE
pOXJAEHus, TO enBa U HUX pPOA NPoNoKHUTCA. Bce oHM moka
OecrioMoInHbIe OyyT CheIEHBI U POJI HA ATOM IpekpaTtutcs. Ho korna
poauTeny oOy4JaroT U ONEKAIOT AETEHBIMIEH 0 B3pOCIOro BO3pacTa,
TO MM JIETY€ BBDKUTH U B CBOIO OYepe/lb MPUHECTH CBOE TTOTOMCTBO,
KOTOpOo€ OyJeT MOCTYyNaTh Tak Xke.

A crnenoBaTeNnbHO TaKUE YEIOBEUECKHE KauecTBa, KaKk MOPaJb
Y HPABCTBEHHOCTH TakK e OepyT Hadyasio U3 OObIYHBIX MHCTUHKTOB, a
BOBCE HE OT KaKOT0-TO MU(PHUECKOT0 CYIIECTBA, BIOKHUBILETO, SIKOObI
3TH MOHATHUS B CO3HAHHE YEIIOBEKA.
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JIrogu, HE MOHMMAas TaKOM MPOCTOW 3aBUCUMOCTH, COUMHSIOT
CKa3KH O pa3yMHOCTHU MPUPOJIBI, KOTOPOH y He€ HUKOTIa He ObuT0. B
NpUPOJE BCE MPOUCXOAMUT ropasno mpome. Ilouemy, Hanpumep B
IpUpOJIe HE BCTpeyaroTcs Oesble TUrPbl, HO 3aTO IMOJHO OembIX
mensenei? Jla moromy uTo O€NBIA TUTP HE CMOXKET BBDKUTH B
yCIOBUSAX caBaHHBI. OH CIUIIKOM 3aMETEH U HE CMOXKET IIOJIKPACThCS
K 00b19e. OH MpoCcTO YMPET € TOJIOAY, TaK U HE OCTaBUB MTOTOMCTBA.
Takas e cuTyauus u ¢ MeaseassMu. Mx uBet onpenensercs cpeaou
oOuTaHusI.

[TpuBeny emé mpocToii mpuMep ¢ KoJoHueH 6akrepuid. Eciu B
yamiky lleTpu coneprkaliyro nuTaTeapbHyr0 Cpeny ¢ KOJTOHHEN KaKhX-
a1M00 OAHOKJIETOYHBIX, KalIHYTh KAILIIO0 CaXapHOro CHpOIa, TO Yepe3
napy MUHYT B 3TOM Karutie codepyrtcst Bce Oakrepuu. [Ipuuém cambie
KPYIIHBIE OKa)XXyTCs B CaMOM cepeuHe 9ToM Karu. HUKTo U3 y4€HbIX,
KOTOPBIX $1 CIIpaIIuBa, He MOT OOBSICHUTH, KAK OHH 3TO JEJA0T.

[IpakTuyeckn kak Oe3rpaMOTHBIE OOBIBATENH, OHU HECIHU
KaKyl0-TO 4yIlb O TOM, YTO OakTepwH, NMpHU ABWKCHHUH CIIy4aliHO
nomnajgas B CHpOIN, IepecTaroT ABurarbes. Iloromy uto Tam Mon
SHEpPrusi MUHUManbHa. I 3TO mpU TOM, YTO y OJHOKJIETOYHBIX HET
HUKAKHX OpPraHOB OCSI3aHUSl WM OOOHSHHS, U TeM Oojiee HUKAKUX
opraHoB JiBikeHus. C TOUKHU 3peHus HacTOosIIEeN TeoOprH, 00bICHEHUE
aToro "gpeHomeHa" ajeMeHTapHO.

Kams cupona nox aeicTBUeM BTOPOro Hayalla, pacTBOPSAETCS
U [IOCTENeHHO pacimpsierca. Ha MemOpane KieTKH, MonaBIiel B 30Hy
e neiicTBUs, BO3HMKAET OCMOTHYECKOE JABJICHUE, 00YCIOBIECHHOE
Pa3HOCTBIO KOHLEHTPALUi CUPOIAa CHAPY)KU U BHYTPH KieTkU. [Ipu
3TOM BO3HHMKAeT INOTOK MOJIEKYJ caxapa, HallpaBJICHHBIM CKBO3b
000J104Ky BHYTph KJIeTKH. HO Tak Kak ¢ IpOTHBOIMOIOXKHBIX CTOPOH
KJIETKM OCMOTHYECKOE JIaBJIICHUE PA3IMYAETCS, TO B PE3YNIbTATE ITOU
Pa3HOCTH JAaBJIEHUH, KJIETKAa HAYMHAET IBUTaThCS B CTOPOHY OO0JbIleiH
KOHIEeHTpauuu cupomna. Korja kierka JocTuraer cepeiinHbl Karuiy,
KOHIICHTpAIlKs BIPABHUBAETCS U IBHXKCHHUE MPEKPAILIAeTCA.
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[TpumepHO TakuM k€ 00pa3oM OOBACHSICTCS U XAaOTHUECKUI
3Ur3arooOpa3HbIil MOJET UM OET HACEeKOMBIX. Y HUX MPaKTUYECKH
HET MO3ra M IMOYTH HET HEPBHOM CHUCTEMBI, MOITOMY HACEKOMBIE
MIPEACTABISIIOT CO00M TMpOCThie OMOPOOOTHI, PYKOBOJICTBYIOIIHECS
TOJIKO JIMIIb CHUTHaJaMH C OpraHOB OOOHSHUS, YyBCTBUTEIBHOCTh
KOTOPBIX IPOCTO MOPA3UTENBHA.

CBonMH ycukamMu (OpraHamMH OOOHSHHS) OHHM pa3iIHyaroT
HUYTOXXHYIO PA3HUIlY B KOHIIEHTPAIIMHA MOJIEKYJ UMK B Bo3ayxe. 1
€CIIU CKa)KeM, CIIpaBa OT HACEKOMOTIO 3alax CHUJIbHEE, TO KPbUIO WX
HOTM HAaCEKOMOTO CO CTOPOHBI OOJbIIEe KOHIIEHTpAlMU 3amaxa
MIPOCTO HAYMHAIOT ABUTATHCS MEAJICHHEE U HACEKOMOE ITOBOPAYMBAET
B CTOpPOHY Oosiblieil koHueHTpauuu. Ho Tak kak BO3AyX Bce Bpems
MEepPEeMENINBACTCsl JBUKEHHEM BO3JlyXa, CUTHAJIbI IOJy4aeMble
MBIIII[AMUA OT OPraHOB OOOHSIHHMSI XAOTHYECKH H3MEHSIIOTCS U B
COOTBETCTBUU C HHUMH XaOTHYECKH HW3MEHSETCS W HaIpaBlieHUE
nonéra uinu oera.

U tak xak Bce, Tak Ha3bIBAEMBIE, )KUBBIE OPTAaHU3MBbI SIBIISTFOTCS
00BEKTaMU MaTEPHAILHOTO MUPA, UX TOBEJICHUE TaK K€ TOJYMHEHO
OpuHLMIY o0benuHeHus. Menkas pblOelika, Hampumep, Bceraa
o0bemuHSACTCST B CTalm, IOTOMY 4YTO CTas, BemeT cels Kak
CaMOCTOSITENIbHBIN OOBEKT, UMEIOIIUN OueHb OOJbIINE pa3Mephl, a
XUIIHUKY HUKOT/Ia HE HAlaIaloT Ha TO, YTO MPEBBIIIAET UX pPa3MepBhl.
XUITHUKKA OOBIYHO CTAparOTCS OTCEYh HEOOJBIIYI0 TPYIIY OT
OCHOBHOM MAacChl ¥ TIOTOM JIOBSIT UX ITOOJJMHOYKE.

K Tomy ’xe craeil HaMHOro Jierde MCKarth nunly. MexaHusm
MIOMCKa BecbMa MpocCT. PBIOKH ¢ KakOW-IT1O0 CTOPOHBI CTau, YyBCTBYS
3amax MUIIM, Pe3KO MOBOPAYMBAIOT B €T0 CTOPOHY U MX JIBUYKEHUE
BOJIHOBBIM MEXaHHU3MOM I€pPeIaeTCsi CO CKOPOCTHIO 3ByKa B BOJIE, HA
BCIO CTal0, KOTOpas MOYTH MIHOBEHHO IIOBOpPAuMBaET B Ty XKe
CTOPOHY, CO3/1aBasi MILTIO3HIO MepEeIayu CUTHAIA OCTaJIbHBIM 0COOSIM.

[IpumepHO Tak ke cTas pearupyet Ha XulHuKa. Koraa XunHmuk
OTCEKaeT HEeOOBIIYIO TPYIITY, OHA PE3KO YXOIHUT B CTOPOHY, a 0co0u
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CO CTOPOHBI OCHOBHOM MacChl, YXO/i1 B IPOTHUBOIIOJIOXKHYIO CTOPOHY,
3aCTABJISIIOT TY/1a e MOBEPHYTH U BCIO CTAlO.

A celflyac HECKOJBKO CJIOB O BEUHOW XU3HU. [lomamisrornas
Macca MPOCTBIX OOBIBaTENICW CUMTAET, YTO y HUX ecTh ayma. U
npoueHToB 50 yBepeHbl B TOM, YTO 3Ta camas Jylla MOCTOSHHO U
HEIPEPBIBHO IIEPECEIACTC B HOBOE TEJIO U KUBET BeuHo. Ho camoe
3a0aBHOE B TOM, YTO JyIlIa 3Ta HUKOMY M HE JIJIsl 4er0, COOCTBEHHO U
He Hy’kHa. A 3aueM oHa? Ecniu Obl B Hel COXpaHsTUCh KaKhe-HUOY b
OCTaTKU 3HaHWH, TOorma MOHATHO. Poxuics peOEHOK, MOMy4HII
00pa3oBaHHYIO AyIly W HaTe BaM, TOTOBBIM akagemMuk. OIHAKO
KQKJIbII HOBOPOXJEHHBIM BBIHYXJIEH YYUTbCA TOBOPHUTH, XOIUTH,
MUCaTh, YUTATh... BCIO )KU3Hb MPUXOTUTCS YEMY-HUOYIb YUUTHCSL.

Botr u BBIXOAUT, YTO HET HUKAKOW IYIIM, & €CTh MPOCTO
CO3HaHME, KaK CBOMCTBO opraHudeckoil marepuu. JXu3Hb - Kak
CJIE/ICTBHE 3BOJIIOI[MU MAaTEPUU B CHITY MIPOCTHIX 3aKOHOB MPUPOJIBI, &
CO3HaHHUE, Kak e cBoiicTBO. UM Hama XKU3Hb — 3TO HE KaKOM-TO
yIAQ4HbIA U peJualInnii ciyyaii, a camasi HacTos1asi Hen30€KHOCTb.

3TO0 MPOCTO OUYEPETHOE 3BEHO B OECKOHEYHOM IIETIH POKICHU I
u cMepTeil. Mbl Hen30exHO "KUBEM'" OECKOHEYHOE MHOXKECTBO pas.
Tonpko MbI HUKOTJa HE Oy1eM IOMHUTB KEM MbI ObLITH B MPEABIAYIIIE
JKU3HU M KAl pa3 OyleM y4uTh BCe 3aHOBO M CUMTATh, YTO HAM
CTpPAILHO MOBE3JIO0, YTO MbI POJIUIIUCE.

bonee Toro, B cuily HEM3MEHHOCTH 3aKOHOB MPUPOABI IS
T1000M TOYKH BCEIIEHHOM, MBI MOKEM MHOTOKPATHO POXKIATHCS TIE
YrOJIHO ¥ KEM YTOJHO, B JIF000M CTpaHe U Ha 000 U3 6ECKOHEUHOTO
MHOKECTBA IJIAHET, HA KOTOPBIX CYIIECTBYIOT MOAXOISIINE YCIOBUS
JUIsl CYIIECTBOBaHUS OpPraHMYECKUX MoJieKyld. M HaBepHoe, Bceraa
OylneM cuuTaTh, YTO IUIaHETa, Ha KOTOPOM MBI KUBEM, SIBISETCS
UCKJIIOYeHHEeM M OyJeM rajaarh, CYHIECTBYIOT JIM BO BCEIICHHOM
npyrue odutaeMble MiaaHeThl. M Koraa Mbl CMOXeEM MOJIEeTeTh Ha HUX,
MBI HaliZIEM TaM COBEPIIICHHO TAKHX K€, Kak U MblI, ooutareneit. Jla u
TUTAHETHI OYAYT MOXO0XH APYT HA APYTa, MOYTH KaK JIBE KATUTH BOJIBI. ..
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21. O TEOPMM OTHOCHUTEJBHOCTH

Teopusi OTHOCUTENBHOCTH DWHIITEHHA, KaK OCHOBaHHAas Ha
HENOHMMAaHUW CYIIHOCTH TpaBUTAllMd MaTeMaTH4ecKas MoJieib,
HalpaBWjia HAyKy IO JIOKHOMY NIyTH M 0ojiee 4eM Ha CTOJIETHE
3aropmosmia e€ pazButue. [lonbiTka 0ObSICHEHHS TPaBUTAIUN HEKUM
"MCKpPUBJIEHUEM" TIPOCTPAHCTBA-BPEMEHH, HE BBIIEP/KUBAET HUKAKOU
KpuUTHKU. Benp s Toro, 4ro Obl OOHAPYKUTH 3TO HCKPHUBIICHUE,
HY>KHO, KAK MUHUMYM CPaBHUTb €r0 C YEM-TO MPSMBIM.

A MCKpUBIICHHE BPEMEHHU — ATO BOOOIIE KAKOW-TO BCEIICHCKUI
Oopen. Ho Ttak kak BceneHHass 0ECKOHEUHA W HUYETO MPSMOT0, C YeM
MO>HO ObLTO OBbI €€ CpaBHHTH, 3a TIpenesiaMu €€ OECKOHEYHOCTH HE
HaOIIOZaeTCs, TO paccykaaTh 00 ATOM MOXHO OECKOHEUYHO JIOJTO,
COBEpPILEHHO HE OIacasiCh, YTO TBOIO JIOXKb OBICTpO pazobmavat. U
JlaK€ HACOUYMHATH CKa30K O MHOKECTBE BCEJICHHBIX, 1O KOTOPBIM
Jla’Ke MOKHO YBJIEKATEJIbHO MOMYTEIIeCTBOBATh, IPOHUKAS U3 OJTHOMN
B JPYT'YIO Yepe3 "KPOTOBBIE HOPBI" WIH "4ePBOTOUYUHBI".

[IpyHIUIT OTHOCUTENBHOCTH — 3TO, MO CYTH B3ATBIA W3
MaTeMaTUKHd  MNPUHIOUO  KOMMYTaTUBHOCTH  apuU(PMETHUYECKUX
onepanuii. Bens coBepiieHHO HEBaXXHO MpUOABIISIETE BB J1BA K TPEM
WIH TPH K JIBYM, B pE3yJIbTaT BCE PABHO OYJET MSTh.

Benp maras mo 3emiie, BIIOJIHE MOKHO CUHUTaTh ceOs
MOKOSIIUMCS M JIBUTAIOIIMM HOTaMHU 3€MJII0 BMECTE CO 3BE3aMH,
rajJjakTUKaMH ¥ Bceil OeckoHeyHOM BceineHHOW. Bce ¢dopmymb
MEXaHUKH MPUHLIHUIHAIBHO OCTAaHYTCS HEU3MEHHBIMHU.

C TOYKM 3peHuss MaTeMaTHKH, Hallpumep, cuctema KonepHuka
MPAKTUUYECKH HE MMEET HUKAKUX MPEUMYIIECTB Iepes CHCTEMOI
[Itonomes. Benp oA HOpekpacHO yYMEIU  PacCUUTHIBATH
307iaKaIbHbIE [TOJI0KEHHUS, JIYHHBIE U COJTHEUHbIE 3aTMEHUS, JTaXkKe He
npeamnonaras, 4ro He 3emis Bpaiaercs BoKpyr CoiHIa, a coBceM
Jake Ha000pOoT.

JlJist MaTeMaTHUKH 3TO COBEPIICHHO 0e3pa3andHO, (POPMYIILI OT

9TOIr0 HC MCHAKOTCA, HO C TOUKHU 3pCHUA (bl/IBI/IKI/I " 31paBOTO CMBICJIA
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- 910 abcypa. OcoOeHHO KOTra U3 MaTeMaTHYECKUX MpeoOpa3oBaHUN
IBITAIOTCSI BBIBECTH KakKWe-TO (U3NYECKHE WCTUHBI, KOTOPBIX B
MaTeMaTHKe HET M OBITh HE MOJKET.

OpHako  yu€HBle YK€  HACTOJIBKO  3alyTalluCh B
MaTeMaTHYECKUX NpeoOpa3oBaHUsIX, YTO COBEPIICHHO HE 3aMEYaloT,
YTO IPEBPATHIIN HayKy B OaHAJIbHYIO HyMeposioruto. Ho HeBO3MOKHO
HaJyBaTh MBUIbHBIN Iy3bIph OcckoHeYHO. OH BCE paBHO PaHO HIIH
MIO3/IHO JIOITHET.

Bce HayuyHoe cooOmiecTBo, € 3TOM TOYKH 3pEHUS,
NPEACTABISIETCS TOJNIOW MPUMUTHBHBIX JHKApEH, HAIIeAIINX
JIBUTATENIb BHYTPEHHETO CTOPAHUS M TIBITAIOIIUXCS TOHITH TIPUHIIHIT
€ro JICUCTBUSI, U3y4asi CTPOCHUE JIETATICH.

Pazo0paB ero Ha 4YacTM M pacTalldB IO XWKWHAM, OHH
OBITAIOTCSI ¢ TOMOIIBIO U3YyUEHHs] pa3MEpOB OTACIBHBIX JeTajeid,
noacyéra KOJIMYECTBa KAHABOK IS TOPLIHEBBIX KOJICIl M YHCIa
3yObeB Ha BEHIIC MaxOBHKa, a TaK )K€ MPOObI CMAa30YHOTO Maclia Ha
BKYC, IIOHSITh TIPUHLIUII €r0 JCHCTBHSL.

W yem Oomnpliie oHU YrayONnsiOTCs B M3yUeHUE JeTaleld U ueM
OOJIBIIIE MCIUCHIBAIOT CTEHBI Temep (GopMynamu, TEM Bce Aajblie
YXOISIT OT MoHUMaHus1. U yxe Te, KTo mociadbeld pa3yMmoM, HAYHHAIOT
OOBSCHATH €ro paboTy HEKUMH OO0XKECTBCHHBIMU CHJIAMHU WM
KaKHUMHU-TO MH(PUYECKIMHA KBAaHTOBBIMH 3aKOHAMH.

22. O MATEMATUKE U ®U3UYECKOM CMBICJIE

Cnenoe TpEKIOHEHHE HAY4YHOIO COOOILECTBA, IEpe]
MaTE€MaTHUKOM, KaK LIApULIEH HAyK, [IEPEIyTABIIETO €€ CO CIIy’KaHKOH,
OKa3aJ0 YYE€HBIM MEIBEXKBIO YCIYry, NPEBPATHUB HAyKy B HEKOE
noJo0ue XMPOMAHTHM, CO CBOMMH IIaMaHaMH, MPOPULATENSIMU U
TOJIKOBATEIISIMHU.
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Crporo roBopsi, MaTeEMaTHKa BOBCE HE SIBISETCS HAyKOH, a
BCETO JIMIIb KPATKUM U JTOBOJIBHO IPUMHUTUBHBIM SI3bIKOM, KOTOPBIM
ONMCaTh JaXe TMPOCTYKD OKPYKHOCTb MOXHO TOJIBKO OYEHb
MPUOJIU3UTENHHO.

CrpemiieHne BBIBECTM W3 MAHMITYJIALHUA aOCTPaKTHBIMU
MaTeMaTHYECKUMHU CHMBOJIaMH U (OpMyJlIaMHU Hekue (u3ndecKue
UCTHUHBI, TPHUBEIO K H300pPETEHUIO IMOHATUH, HE COBMECTUMBIX C
3aKOHAMM INpUpoAbl. MaTeMaTukoi, Kak KpaTKUM SI3bIKOM, MO>KHO
OIHCaTh KaKoe-1100 sIBIEHUE, HO OOBSICHUTB €r0 OHA HE B COCTOSTHUH,
MIOTOMY YTO CO3JAET TOJIBKO WILTFO3HI0 TOHUMAHUSI.

B oTninunm ot MmaTemMaTUKH, B IPUPOJIE HE CYIIECTBYET HUYETO
OTPULIATENILHOTO UM MHUMOT'O, TIOATOMY B HEH HET U HE MOKET ObIThH
HUKaKOW aHTUMaTepuu. [10710KUTEIbHBIA U OTPULIATENBHBIN 3apsi/Ibl
— 3TO MPOCTO MPOTHUBOIOJIOKHBIE CBOICTBA MaTEPUH, aHAIIOTMUYHBIE,
HaIpuMep, IPO3PavyHOCTH U HEMPO3PauHOCTH BELLECTB.

N 1npu oObeIMHEHMHM  MaTepUalIbHBIX  OOBEKTOB €
MPOTUBOIIOJIOKHBIMU ~ CBOMCTBaMH, 3TH  CBOMCTBA  IMPOCTO
o0benuHAIOTCS. B mpoTruBHOM ciy4ae, oObeIMHEHHE CTEKIa C
danepoit mnpuBOAMIO OBl K AHHUTWIALUH, KaK K [OJHOMY
MIPEBPAIICHUIO UX B CBOE COOCTBEHHOE CBOMCTBO. B mpuposie HeT H1
WHTErPAJIOB, HU KBAJIPAaTHBIX KOpHEH, HU CHHYCOB. [loTOMy 4TO BCe
9TO — Jake HEe Kakue-To (M3MyYecKhe BETUYMHBI, a BCEro JIHIIb
OTHOLIECHHUS 3TUX BEJIUYHH.

U yxe et uepes3 cTo NOTOMKH OYIyT MOKaThIBATHCS CO CMEXY
Ha/l TaKMM{ "Hay4YHbIMH' TEpiiaMH, Kak O030HBI XWITca, YepHbIC
IbIpbl, pyduku VYwuiepa, Korel IlpenuHrepa, rpaBUTallMOHHbBIE
KOJUIANChl U TMPOYHME MOPOXKJIECHHUS NPUMHUTHUBHOTO co3HaHMs. Kak
CKasaJl ONHAXILI OWHINTEWH, MaTeMaTHKa — 3TO €IUHCTBEHHBIN
croco0 mpoBecTH camoro ceds 3a Hoc. M cam ke mo ymu B 3TO
BIISATIAJICA. . .

I'paBUTAaLIMOHHBIN KOJUIAIIC U AKKPELUs, KaK ITOAHATHE CAMOIO
ce0s1 3a Bosockl. bonbioi B3phIB, Kak TBOPEHHE MAaTepUH U3 HUYETO.
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MonekynsipHO-KUHETHYECKAast TEOPUSI K TEOPUS CTPYH, KaK 00pa3uuKu
BEYHOrO JBUTATeNsi W MHOXECTBO JApPYyrux aOCypIHbIX U
OECCMBICIIEHHBIX THUIIOTE€3, BBIBEACHHBIX U3 MaTeMaTUYECKUX
npeoOpa3oBaHMii, MaJI0 YeM OTIMYAIOIIHUXCS OT OMOJICHCKUX CKa30K 1
COYMHEHUH (aHTaCcTOB, CO BPEMEHEM HaBCer/la UCUE3HYT U3 HayKH.

Benp HEynMBUTENBHO, YTO TEOpUs OONBINOTO B3phIBA, KaK
00KECTBEHHOE TBOPEHHE MAaTEpUHM M3 HHUYETro, ¢ OOJBIION OXOTOH
Obula MpH3HAHA PENUTHO3HBIMU MpakoOecamu Barmkana. Henb3s
OTPULIATh TOTO, YTO MATEMATUYECKH MOKHO MOCUMUTATh HACKOJIBKO
YBEJIMYUTCS JUIMHA JKEJIe3HOM JTMHEWKH MPU MIULIMOHE IPalycoB, HO
00CyX1aTh TP 3TOM €€ CBOMCTBAa MOT'YT pa3Be YTO yMAIUIIEHHEIE,
MOTOMY YTO HU IPU TaKOM TeMIiepaType OHa MPOCTO HE CYIECTBYET.

OnHako, HECMOTPS Ha 3TO, TICEBJAOYUYEHBIE HA TTOJITHOM CEpbE3e
OTHCHIBAIOT, HAIPUMED, YEPHBIC ABIPHI, KaK OYATO yXKE MONTYIATH UX
COOCTBEHHBIMH PYKaMH, TOBOPST 00 aKKPELWH, KaK MaJCHUA MaTePUU
camoii Ha ce0s, Kak OyITO BHIENH 3TO TAe-TO BOOUMI0. OmnucaHus
pa3IMYHBIX MapaJOKCOB, HEOOBACHUMBIX A(PPEKTOB U SBICHUM,
SAKOOBI CYLIECTBYIOIIMX B TPHPOJE JABUHOM JIBETCS C 3KPaHOB
OOJIBIIMHCTBA TEJIEKAHAJIOB U YK€ IPEBPATUIIOCH B JOXOIHBIN OM3HEC
Ha HEBEXECTBe O0ObIBaTele M TaKk HE CUJIBHO OOpeMEeHEHHBIX
CIIOCOOHOCTBIO K MBIILICHUIO.

U camoe cTpaiiHoe, 4YTO HACTOSIIME YYEHBIE TIPU ITOM HHUYETO
HE MOTYT BO3pa3uTh. B UX Cpele HEBEXKECTBO YK€ JTOCTUIIIO TaKOU
CTETIeHH, YTO MHOTHE U3 HHUX BEpAT B O0Ta, a HEKOTOPBIC TaXe U HE
CKpPBIBAIOT 3TOT0. bojiee Toro, B HEKOTOPBIX YUeOHBIX 3aBEICHUSX YiKE
JIENal0TCs MOMOJI3HOBEHUS yUpeauTh Kadeapsl 6orocioBus. U s He
VIUBIIOCh, YTO B CKOpPOM BpPEMEHHM JOUIET ouepeapr U J0
BO3POXKJICHUS CBITEHIIIEH NHKBU3HUIIUY.

YuéHble U caMM YK€ JTaBHO NMPEBPATWIMCh B TOJKOBATENEH
pe3yabTaTOB ~ MaTeMaTHYECKUX  MpeoOpa3oBaHUM, MoTI00HO
acTpoJioraM, TPEICKa3bIBAIOIINM JIFOJACKHE CYABOBI MO PHUCYHKY
pacroyio)keHus: 3BE31 Ha HeOe, COBEPIICHHO HE MOHHMMAsi, YTO ITH
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SIBJICHUST HECOIMOCTaBHUMBl M TIOJYMHEHBI COBEPIICHHO Pa3HBIM
3akoHaM. Ecan nBuxkeHne HEOECHBIX TeNl JIOBOJBHO JIETKO
IpeJIcCKa3yeMo, TO MOBEACHHUE OTAEIBHOrO YejoBeKa, 00J1aJatoero
cB00O0M BOJIU, IPECKA3aTh HEBO3ZMOXKHO.

YMenne  ¢GaHTACTUYECKH  HAYKOOOpPa3HO  TPAKTOBATh
pe3yNnbTaThl  MAHWMYJSIIUMA ~ MaTeMaTU4ecKuMu  (hopMyramu,
CUMTAeTCS TPU3HAKOM HEOPIMHAPHOTO yMa W HECTaHJAPTHOTO
MBIIICHHS, HEIOCTYIIHOTO MpocToMy cMmepTHoMy. Co3maB cebe
00XKa M0 UMEHM "MaTreMaTHKa', yu€HbIE yKe HECKOJIBKO CTOJETUH
BOJST ce0sl 3a HOC, 1aXKe He MOA03peBas 3TOro.

3Hasi, 4yTO JBaXJbl JBa — YEThIPE U HAarpoMOKIas ApPYyr Ha
Ipyra Maccy MHOTO3TaXHBIX (QOpMyJ, JEerko HamucaTth BIIOJIHE
HAay4YHYIO CTaThl0 O KaKOM-THOO (PU3NYECKOM SIBICHHH, JaKE HE
MOHUMas ero (U3NUYECKOro CMBICIIA U, TEM HE MEHee, CO3/1aB B Ii1a3ax
0OBIBaTENs MJUTIO3UIO BBHICOKOM HAyYHOCTH. M 3Ty WILTIO3HIO JIETKO
MOAKPENUTh IPOCTOM IPOBEPKOM MAaTEMaTHUYECKUX BBIKIAI0K
0OpaTHBIM JICHCTBUEM — Pa3/IEIUB YEThIPE HA JBA.

[TotoMmy uro mr00BIE MaTEeMaTHYECKHE JIOKa3aTelbCTBA
MPEJICTAaBIISIIOT COOOM TaBTOJIOTMH, YKJIAABIBAIOIIMECS B MPOCTYIO
dopmyny: "HBaXKIbl N1Ba PAaBHO YETHIPEM, IMOTOMY 4YTO 4YeThIpE,
nenéHHoe Ha JiBa, paBHO ABYM'". M BOT Ha MOJOOHBIX TaBTOJIOTHSIX
BBICTPOCHBI MPAKTUYECKU BCE, TAK Ha3bIBAEMbIE HAYUHbBIE TEOPUH.

[TyOnuKysiCh B CBOMX PEICH3UPYEMBIX HAYYHBIX H3JAHUSIX,
KYy/1a 3aKPBIT JOCTYII CBEXKEU MBICITH M OECKOHEYHO TIOJICYUTHIBAS, KTO
KOTO TEepelUTUPYET, HayYHOE COOOIIECTBO NMPEBPATUIIACH B CEKTY
NOCPEACTBEHHOCTEM, COCTOSLIYI0O B OCHOBHOM M3 JIFOAEH, YMEIOIINX
JUIIb BUPTYO3HO MaHUITYJIUPOBATh IU(pamu, 0c000 HE 3ayMbIBasICh
HaJ uX (u3nueckuM cmbicioM. M naxke UMeeT MecTO COBEPILEHHO
OpenoBoe MHEHHE, YTO YeM a0CypJIHee TECOpHs U 4eM OOJIbIIe B HEH
MaTeMaTUKH, TEM OHA FeHHAaJIbHEE.

3ayaTo4yHOE COCTOSIHHUE JIOTMYECKOTO MBIIUICHUSI BCEro
HAYYHOTO COOOINECTBa, SABISETCS MPUYMHON TOTO, YTO yUCHbIE HE B
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COCTOSIHUU 0oJiee UM MEHEee MPaBIONOA00HO OOBSICHUTH CYTH JJaXe
OUYEHb IPOCTHIX SIBICHUN TPUPOJIBIL.

C mnomoupl0 MaTeMaTHKH HEBO3MOXKHO OIUCATh JIaxe
MIPOCTYIO OKPYKHOCTH uepe3 e€ IuaMeTp, IOTOMY UTO BEJIMYUHBI 3TH
- HecouzMepuMbl. Hukakue Tanpl ¢ 0yOHaMU HE YCTPAHST TOTO, UYTO
IaMeTp WM He OyAeT JOCTaBaTh A0 OKPYKHOCTH HIIM ke Oyaer
"Topuars" U3 He€ Hapyxy. Uucio [Iu — 3TO HE Kakas-TO MHUpPOBas
"KOHCTaHTa", a 6ecKkOHEeUHast JpoOb, KOTOpask BCET/1a MOIy4aeTCsl pH
COIIOCTABJICHUU HECOM3MEPUMBIX BEITHMUMH.

K tomy xe yuy€Hble Aake MaTeMaTHKy-TO K (DHU3MUECKUM
SBJICHUSIM HE YMEIOT NPUMEHATh MpaBwibHO. Hampumep, Teopus
Bbonbuioro B3peiBa pazpaboTaHa Ha MPUMHUTHUBHOM SKCTpaIoALUH,
TaK Ha3bIBAEMOTO pa30eraHusi TaJlaKTUK, OMIMOOYHO OOBSICHEHHOTO
s dexrom Jomnmuepa. YIUThIBas TOPU30HT BHIUMOCTH BCEIICHHOM C
3eMJIHM U AKCTPANoIUpys pa30eranue ralakTuk, yuyéHble "TeHHalbHO"
BBIUMCIIHIIN, 4TO 14 MUJIIIMApIOB JIET Ha3aj BCeJICHHAs MPECTaBIIsIa
co0oii Oe3pa3MepHyI0 TOUKYy ¢ OeckoHeuHOU Maccoi. Kotopas, mo
HETOHSATHBIM MPUYMHAM BJAPYT B30pBasiack... COBEpIIEHHO BHIUMO
HE cooOpakasi TOTO, YTO BCEJEHHAs HE MPOCTO OYECHBb OOJbINas, a
OecKoHEYHast M IKCTpanoJsnus e€ OyIeT Tak ke 0ECKOHEUHOM.

Boo6me-To, B Hayke 3a0myxaeHus OblTu Beeraa. Horma onn
JUTMITUCH CTOJIETUSIMH, & MHOT/IA U ThICAYMIeTUsIMU. JIroOble Hay4YHbIe
OKCIEPUMEHTHI BCerJa IUIAHUPYIOTCS TakuM o00pa3oM, 4YTO Obl
NOJYyYUTh KaKHe-TO, BIIOJIHE OXHJAeMble, pe3ynbTaTel. M eciu
MOJIyYeHHBIE PE3YyJbTaThl PACXOIATCS C OKUAAEMBIMH, BO3HHMKAET
co0na3H TOIKOPPEKTUPOBATh MX KaKUM-HUOYIh OYEHb BAKHBIM

Kod(purmeHToM.
[Ipuaymarh, Hampumep, KaKyl-HHOYIb  "TIOCTOSIHHYIO
Bonermana" 1507051 n300pecTu KaKou-HUOYIb "IPUHITATT

HEONPEIEIEHHOCTH', YBEKOBEUMB CBOE HMMS B HCTOPUM HAyKH H
3aKpenuB B HEW cBou 3a0dyxaeHus. B mpupone He CyIIecTBYeT
HUKAaKUX MapaJUICIbHBIX MPSIMBIX, J0KA3aTEIbCTBO TEOPEMBI O
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KOTOPBIX MOAPOOHO pa3dupaercss B IIKOJBHBIX Y4eOHHUKaX, JIOObIE
JMHUM B HEN Bcerza nepecekarorcs. Jlaxke cBeT He MOXKET IBUTaThCs
MPSMOJIMHEITHO.

K  mHacrosmemy  BpeMeHM  TakMX  MaTeMaTHYECKHX
3a051y’)KI€HUI ¥ NPOTHBOPEUYMM B HayKe HAKOIWJIOCHh CTOJBKO, YTO
HEKOTOpble "yu€Hble" pa3yBEpPHUBIIMCH B BO3MOYKHOCTH IIO3HAHMS
IPUPOJIBI, TOMYCKAIOT CYIIECTBOBaHUE Oora.

N yxe ocobo mepeMynpeHHble "T€HHH' OT ICEBIOHAYKH
IBITAOTCS IPOABUTaTh "TEOPUHU', OCHOBAHHBIE HAa CPEAHEBEKOBBIX
MPEICTABICHUSAX O TOM, YTO "JIY4YH 3pEHUA" UCXOIAT U3 IJ1a3, a 3HAUUT
pe3yJIbTaThl HAYYHBIX 3KCIIEPUMEHTOB HANPSIMYIO 3aBHCAT OT TOTO,
CMOTPHUT Ha HUX SKCIEPUMEHTATOP WIN CIIy4aliHO OTBepHYyJcs. Hano
nojaraTb, 4To B (OpPMyIax CKOpPO MOSIBUTCA HOBBIM, Joceie
HEBUJIaHHBIN 4JieH - HaOmonaTenb. 1 BO3MOXKHO €ro jaxe oOBsBAT
HOBOM MUPOBOW KOHCTAHTOM.

Ecnu Obl yenoBek He KMeEN OPraHoB 3PEHUs, TO BIIOJIHE MOTJIA
Obl TOSIBUTBCS TEOpHS, YTBEPXKJAolIas, YTO CKOPOCTh 3BYKa
HEBO3MOKHO IIPEBBICUTH. 11 TEOPETUKU ¢ YMHBIM BUIOM pacCyXkaaau
Obl O TOM, 4YTO Yy JIETSILIEr0 CamoJI€Ta HEBO3MOXHO OINPEAEIUThH
CKOPOCTb M KOOPAMHATY OAHOBPEMEHHO U IIOITOMY OH SABIIACTCS HE
MaTepHaTbHBIM TEJIOM, a BOJIHOM M MpOCTO "pa3mazan” 1mo HeOy...

Bo3pMmém i1 mpumepa npocTyro Gpopmyity, Tak Ha3bIBaeMoro,
3aKOHa BCEMUPHOro TaroreHus. lIpaBma e€ yxke NaBHO YCIIOXKHUIU
pa3IMYHBIMU KO3 PHUIMEHTaMH, XOTS JJIs HAaC 3TO HEBaXXHO. BaxeH
caM npuHOMI. B €€ uuciaurene CTOUT IIPOU3BEICHUE MacC
B3aUMOJICHCTBYIOIIUX Te. YUEHbIE OOBSACHSIOT 3TO MPOU3BEICHHE
TEM, 4TO KaK[as 4acTHLA OJHOTO Tejla IMPUTATUBACTCS K KaXIOH
4acTHLIE APYTOTo.

IIpUTArNBaTBCA-TO OHU IPUTATUBAIOTCA, HO TOJBKO HE KAk
OTJENIbHBIE 4YacTHIbI, a Kak eauHoe uenoe. Kycok OeroHa — 3TO
TBEP/OE TEJIO U €ro CBOMCTBA PAa3UTEIbHO OTIMYAIOTCS OT TOPCTKHU
[IEMEHTHOW TbUIH. M BOOOIIE HEMOHATHO, KaK MOXXHO YMHOXXHTb
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Maccy Ha Mmaccy? Beap cineays mnpaBuiaM MaTeMAaTHKH CIEAYET
YMHOXaTh W pa3MepHOCTH. M 4To moisiydaeTcs B pe3ysbTaTe-TO?
KBanpaTtnas macca?

Wnu Bo3pMéM wusBecTHyIo (opmyny E=mec? u mycts Kro-
HUOYb W3 YYEHBIX MONMPOOYEeT OOBSACHUTH (HUIUUCCKUNA CMBICIT
KBaJpaTa CKOpocTH cBeTa. Kak yMHOXXHUTb CKOPOCTb Ha CKOPOCTh?
D10 uro, 9¥10'® KBaAPATHBIX KUIOMETPOB B KBAJAPATHYIO CEKYHIY?
Wnu B cexyHny 3a cekyHay?

W Takux JAMCYCOB, MO MMJIOCTH MaTeMaTHKH B (U3UKE
perocTaTo4yHo. JlocTaTOYHO BO BCSAKOM ciydyae JUisi TOTO, YTOOBI
IIpEBPaTUTh €€ B MCEBAOHAYKY. 11 camoe cTpamiHoe B 3TOM TO, UTO B
TOJIOBBI CTYJIEHTOB yXe OoJjiee cTa JeT MoJ BUIOM BBHICOKOW HayKw,
"BTIOXHBAIOT", 110 CYTH, HOBYIO IICEBOHAYYHYIO cucTemy lITonomes.

Xots 3a0yXJeHHe B T€OLEHTPU3ME, ObUIO HE OT TIIYIOCTH,
Be/Ib JUIsl TOTO, YTO OBl OHSATH, YTO 3eMis ABHXKeTcs BOKpyr ComnHIla,
Hy)KHO WUTb Ha ConHue. [loaTomMy B HCTOpUM HayKu CUCTEMa
[ITonomess ocTaHeTcss Kak HEM30EXKHBIH M 3aKOHOMEPHBIM 3Tar
HAy4YyHOTO ITO3HAHUS.

A BOT KBaHTOBas (U3MKA, TEOPUS OTHOCUTEIBHOCTH,
TPABUTALMOHHBIM KOJUIAINIC, YEpHBIE [bIPbI, YK€ B HEJAIEKOM
Oynoymem  pasznensT  cyab0y  MHOTOYMCIEHHBIX  TpPaKTaToOB
CPEIHEBEKOBBIX CXOJACTOB O KOJMYECTBE YEPTEH WM AHIEJIOB Ha
octpue uribl. OHU HUKOI'/Ia HE TI0JTy4YaT MOATBEPKACHUS U Pa3BUTHS,
TaK Kak SBJISIOT cOOO0W CBHIETEIHCTBA MICEBJOHAYYHOI'O HEBEKECTBA
U OTKPOBEHHOMU I'JIyIIOCTH. ..

23. BBIBOJbI

Ha ocHOBe BBINIEU3105)KEHHOTO TTOABEAEM HEKOTOPHIE UTOTH.
Bcenennaa - 310 OecKOHEYHass MaTepwsi, HaXOAAIIAsCSd B
BEYHOM OJTHOHAIPABJICHHOM M HEOOPAaTUMOM TMPOIECCE CHHTE3A.
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Cunme3 — 3T0 IPOLIECC HETIPEPHIBHOT'O YCI0KHEHUS CTPYKTYPBI
MaTepuu, OOYCIOBIEHHBIM €€ JIeKTPUYECKUMHU 3apsiiaMd |
COTIPOBOXKIAIOIINICS HEMIPEPhIBHBIM COBEPLICHHUEM PAaOOTHI.

Ilpocmpancmeéo — 5>TO CBOWCTBO MPOTSHKEHHOCTH CaMoOM
Marepuu. Hu B KakoM JpyroM MpOCTPaHCTBE, B BUJIE ITYCTOTO SIIHKA,
BCEJICHHAs HE HYXXAaeTcs.

Bpema — 3TO CBOMCTBO BBICOKOOPIaHM30BAHHOW MAaTE€pUU —
MO3ra, 3allOMHHATh  IPOMEXKYTOUHBIE  COCTOSIHMSI  KaKHUX-TO
IIPOLIECCOB, CpPaBHUBAasg MX C JApyrumMu. B mpupose HeT Takoro
¢usnyeckoro mpoiecca, Kak BpeMs, OHa CYIIECTBYET B BEYHO
JUTSIIIIEMCS] HACTOSIILIEM.

JIroObie MaTepuanbHble 00pa30BaHMS — YACTHUIIBI, MAKpOTEa,
KOCMHUYECKHE OOBEKTHI, O0JIaalOT 2ZpaAsUmMAauUOHHbIMU TIONSMHU,
COCTOSIIIIUMHU U3 DJIEKTPUUECKUX MOJIEH MPOTUBONOIOKHBIX 3HAKOB.

B rpaBuTanimoHHOM MOJI€ PaCIPOCTPAHAIOTCS, BO30YKIaeMbIE B
HEM JIBIDKCHHEM MAaTepUAIBbHBIX OOBEKTOB, 2paAeuUmMAayuoHHble
60/1Hbl, Ha3bIBaeMbIe O(DULINANTBHON HAYKOH, SJIEKTPOMarHUTHHIMHU.

['paBuTalmonHass BOJIHA — O3TO T[ONEpeYHass BOJIHA,
paclpoCTpaHAIOIIasCsd Ha TpaHULE JBYX 3JIEKTPUUYECKUX MOJEH ¢
IPOTUBOIOJIOKHBIMA ~ CBOMCTBAMHM, M3  KOTOPBIX  COCTOMT
TPABUTALMOHHOE TOJIE.

I'paBuTanmoHHOE MOJIE 0OBEKTA MOXKET UMETh ACUMMEMPUIO,
OOYCIIOBJICHHYIO ~ Pa3IUYHON  BEJIMYMHON  OOpa3ylomux  ero
NIEKTPUYECKUX  MOJEH, KOTOopas  ONpENENAeTcs  pa3HOCTbIO
AIIEKTPUUYECKUX MTOTEHIINAJIOB B KAKOH-TTHOO0 TOUKE, TPABUTAIHOHHOTO
HOJIS.

[Ipu 1BM>KEHMM YaCTHIBI B ACHMMETPUYHOM I'PaBUTALIMIOHHOM
nosie, Bo30OykJgaemas el  TrpaBUTAllMOHHAs  BOJHA  UMEET
ACUMMETPUYHBIE AMIUIMTYIbl MOJOXHUTEIBHBIX U OTPHULATEIbHBIX
BOJIH, YTO BJIMSIET HAa HANPABJICHUE JIBM)KCHHUS 3TOW YaCTULBI U €€
BpalllcHUE.

A= Aq=(-qhn—-(+q)n 20e
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A = Aq — acummempus epasumayuoHHO20 noJi,
(+qQ)n — nomenyuan noas NONOHCUMENbHO20 3apAda 8 mouxe N, a
(-q)n - nomenyuan nons ompuyamenbHo20 3apadad 8 Mol JHce mouxe.

Acummempusa TPaBUTAMOHHOTO TMOJS MOXET ObITh, Kak
IIOJIOXKUTENBHOM, TaK U OTPULIATEIILHOMU.

Benuuunou acummempuu TpaBUTALMOHHOIO TOJISI aTOMOB

OTMPEJIEISAETCS arperaTHOE COCTOSTHUE BEILECTBA.

Temnepamypa  MartepuasbHOTO  Tela  ONpeleNseTcs

PasHocmul0  acummempuil  €ro  aToMOB U aTOMOB

OKpY>KaloIleu cpebl.

to = AA =As—Ao= AQs— AQoTae

AA — paznocms acummempuil,

AQo - acummempus 2pasumayuoHHo20 Nojis 00beKma,

AQs - acummempusi 2pasumayuOHHO20 Nos Cpeobi.

Cnedosamenvno, acummempus - 3mo, Hho Ccymu,
u30blmounBll  IIEKMPUUecKuil  3apAa0 U nepemeKanuem
INEKMPUUECKUX 3aPA00E 6 NONAHOU Mmepe Onpeoenaiomcsa 6ce
ezaumooeiicmaus e npupooe.

Kpowme sToro, rpaBuTaiinoHHOE 1M0OJI€ MOKET UMETh "nepekoc”,
OOYCJIOBJICHHBI ~ JIMHEWHBIM  CMEIICHHEM, O00pa3yloIlux €ro,
AJIEKTPUYECKUX MOJIEH. DTOT TUHEUHBINA CIIBUT AJIEKTPUUYECKUX MOJIEH
oQUIMATbHON HAYKOI HAa3bIBAECTCS MACHUMHBIM NOJIEM.

Ku3zub — >TO TPOU3BOIBHO B3STHIA YPOBEHb CJIOKHOCTHU
CTPYKTYpPbl MaTepHH, KOTOpas HAXOAMUTCS B COCTOSIHUHM IIpoliecca
OCCKOHEUHOTO CUHTE3a, HEMPEPHIBHO BOCIPOHU3BOMASCH U OCO3HABAs
cebst opraHoMm, CGOPMHUPOBAHHOM U3 BBICOKOOPTAHW30BAHHOMN
MaTepUd — MO3IOM, CIIOCOOHBIM HCIIONIB30BaTh B  MPOIIECCE
KU3ZHEJEATEIIbHOCTH 3JIEKTPUUECKHE CUTHAJIBL.
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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. ..

e  Dnmior

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
HPUCMAIbHO20 BHUMAHUA UHONJIGHEMSH K HAUlell CmpaHe.

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 makx, 4mo OHa, Oarce OyOyuu 20100HOW, He Oyoem
60posamy nuuLy, HO IMO HUKO20A He Cmanem eé 0CO3ZHAHHBIM RO6eOeHUEM.
CCCP - zocyoapcmeo cozoannoe Jlenunvim u e2o0 cOpamHuuKkamu aHaaI0ZuHoIMu
Memoodamu opeccuposKku u cosepuiuguiee CKauyoK, no Cymu, om nepeodbImHo-
00WUNHO020 cmPoA K OecKiaccoeomy obujecmay, 0CHOBAHHOMY HA NPUHYURAX
KOMMYHAIbHOCHUL.

TonvKo oueHb HUYMONCHAA YACMb HACEleHUA, RPAKMUYECKU eOUHUUbL,
0co3HABANU CYMb HOBLIX O0ULECHMBEHHBLIX OMHOWIEHUN, OO0NbULUHCINGO Jice
PYKOBOOCHMBOBANUCH HCUBOMHBIMU UHCMUHKMAMU OOMUHUPOBAHUSA, OCIABAACH
zoucmuunbimu  u  cynuxosamuimu.  Iloamomy  pykoeoocmeo 106020
2ocyoapemea  0blio GLIHYHCOEHO NOCHIOAHHO 3AHUMAMBCA UOEOI02UYECKUM
ocnumanuem HAceNeHUs, COepPIHCUBAA  HCUBOMHbIE UHCIMUHKMBL MACC
00CmMamouHo HeECMKUMU MEMOOAMU KHYMA U NPAHUKA.

Ho, necmompsa na 3mo, npoysemano 60po6cmeo, KaK é 0vlmy, maxK u Ha
nPOU3600CHIBE, XOMA €20 MACUIMADbL ObLIU HUYMOHCHBIMU U 0C00020 6IUAHUA
Ha Mcu3nb cmpanvl He okazviéanu. Kpome ecezo npouezo, noeoe coeemckoe
20cyo0apcmeo  NOCHMOAHHO  NO0BEP2ANIOCy  NPEeCCUHZY U RPOBOKAUUAM
""opyscecmeennblx''  Kanumanucmuveckux coceoeil, NPEOCMABIAGUUXCA
demokpamuueckumu u npozpeccusnvimu. OHu He 0CmManosunucy oajce nepeo
paszeasvleanuem 2n00aabHONU GOUIHbBL, YHECUIEN 0eCAMKU MULIUOHOE HCEPMmE,
Aub 0bl MOALKO U3DAGUMBCA OM INO020, KOTIOULE20 211a3a, npumepa.

H 6 KoHye KOHY08, UM IMO YOANOCh, MAK KAK OCHOBHAS MACCA HACENCHUS
CCCP, kak u 0scuoanocw, naney o naney He yoapuid, Ymoovl 3auiumums c6ou
couUuAbHblEe 3A60€6AHUA, MAK KAK Yyce CUUMANA UX CAMO COo00li
pazymerowgumuca... Bee éeprynocs na ucxoonsie no3uyuu u eoéa 3apoouguieecs
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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.

Cnedyrouee noceuienue cOTHEYHOU CUCHEMbl HAWUMU OAuMdCAlMUMU
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
3amemums, Ymo OHU CAMU HUKO20a He ROCew a1y NIGHem CONHEYHOI CUCHEeMbl
U HUKO0204 He ONycKanucb HA ux nogepxuocmes. Hx obujenue c zemaanamu
OCYWecmenanocy ¢ HOMOWbIO YCMPOIICING, CO30AIOUUX PealucmuiecKue
uzobpaxcenus J00eil, U YnNpPaeaAeMvlX HeOONbUWUM UHME1eKMYaibHbIM
Kopaoém-podomom, Haxooauwumcs na opoume Jlynwt. A 6azoewlit kopaodaw 6o1ee
50-mu nem opeitghosan zoe-mo 3a OKPAUHOIUL COTHEUHOIU CUCH EMDL.

Hao moeit npocvboit ocmasums na namams xoms 0bl ny208uyy, OoHu
ROCMEAUCH, 00BACHUG, UMO IMa ny208UUaA HA 3emie ecuna 0bl 0KOJ10 MOHHDYI,
maxk Kaxk cO0enaHa U3 eewjecmea ¢ HONONCUMENbHOW acummempueil
z2pasumayuonnslx noneii amomos. To ecmv uz "memnoii mamepuu''. /Jymaio,
Ymo ux 36630Has CUCMeMa HAX0OUNCA He MAK YIic 0aNeKO 0Nt Haulell COTHEeY Ol
cucmemul. Moscem 6bimov 00UH — 064 C6EMOGHIX MecAU. ..

CogepuieHHO He0HCUOANHO MOA PAOOMA NOTIYUUNA Y HUX OUeHb XOPOULYI0
OUEHKY U XOMA MHE HACHOAMENbHO He CO8eMO8aNU IMO20 0eNamy, A 6ce Hce
pewiunca onydaukosams eé ¢ 2nodanvhou cemu. U ecmecmeenno noayuun mo,
YO U 3ACTIYHCUTL.

Mmue oadice 6 20106y He MO2710 npulimu, Ymo ypoeeHs 0e32pamomHocmu
3eMH020 HAYUHO20 coobuiecmea, mak evicok. Ilpae owvin I1.H. kozoa zoeopua,
Ymo npusHanue moeil meopuu nepeuepKrém, Kak Heko2oa cucmemy Ilmonomes,
npaAKmuyecKu 6clo, mMaxK HA3bIGAEMYI0, KEAHMOGYI0 (QU3UKY U HAYUHOE
cooduecmeo 0yoem 6vlHYIHCOEHO RPUHAmMb eé nceedonaykoii. H ecmecmeenno
OHO HA IMO HUKO20a He NOoUOém. 3eMHas HAYKa ewié OecamKu Jjiem Oyoem
HaAxX00umovcsa 6 HNjleHy Ccl0600ayous, 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 uenogeuecmad.

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
6bICOKOPA36UMON WUBUIUZAUUU C 3EMHBIM Ye106e4eCcHEoM, MO COBEPUICHO
3AKOHHO RPUWINOCH Obl UCKTIOUUNDb U3 HE20 0ZPOMHOE KOJIUYECH 80 UHOUBU 08,
napazumupylowux na oouiecmee. Cioda 0bl nonanu He MoabKO 3a6cez0amau
@Dopoca u OuzHecmeHbl, HO U MHO2UE npeocmasumesu, MAaxK HA3bIBACMOI

1

""ce0b000on100u60ll" meopueckoii unmennuzenyuu. M ymo ne mou panmasuu a
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aodconrwmno 00beKMuUeHaAs peanrbHOCMb K KOMOPOU Heu30edcHo npuoém
yenogeuecmeo, KAk mMOILKO NOUMEM, YMO COOPYIHCECEO C NAPA3UMAMU
odwecmea Hecoemecmumo ¢ npoueccom 3eonrwyuu mamepuu. Tax umo
cmpemumbsbca K KOHMAKMAM ¢ NPUWIENbUAMU NOKA ewié He 8 UHmepecax
yenogeuecmea. Tem 6onee, umo HuU 0OHA PA3YMHAA YUGUIAU3AUUA HE CHIAHEM
onyckamuca 00 mo2o ypOo6HA Heselcecmed, 6 KOmopom 68 HACMOAUlee 8PeMs
HAX00Umcs 3eMHOe Yeno8euecmeo.

Iloamomy 6 nacmosauiee pemsa KOHMAKMbL 3eMJIAH C 8bICOKOPA38UMbBIMU
UUGUAUAUUAMU MAK dHce HePeanbHbl, KAK HepeanbHo COmpyOHU4ecmeo
MypageiiHuKa uiu cmau 2amaopuios ¢ Kaxkoi-Hubyov eeponeicKkoll cmpaHoi.
Yenoeeuecmey npuoémcesa npoumu c60U nymb CAMOCMOAMENIbHO U HUKMO He
MOILKO He CHIAHem 6MEUIUEANbCA 8 X00 €20 PA36UNIUA, HO U 0adice Omeeyams
Ha e20 cuzHabl, 00 Mex Nop, NOKA OHO He nepecmanem pasmaxueams anoMHoU
0yOuHKOU u denums a10oeil na 6ozamuix u 6eonvix. H noka 0o e2o coznanus ne
00110ém npocmas UCMUHA, YMO Yel06eK — YACmb HPUpoOsl U NOHAMUE
coOCmeeHHOCIU MAK Jice adcypOHO, KaK U ROHAMUS 602 WU 0eHb2U.

A npumumuensle YUGUNUIAUUU 3eMHO20 YPOGHA PA3GUMUA, K CHACHbIO,
RPOCHIO MEXHON02UYeCKU He 8 COCHOAHUU NPEO0Oemb 02POMHbBIE PACCHOAHUA,
pazoensaiouiue 36e300ul...

Hacmoawaa meopus Haxo0umcsa 6 NOCMOAHRHOU pa3padomxe u eé noc1eOHAA epcus 6cezoa
docmynHa ¢ uHmepHeme no adpecam:
http://yadi.sk/d/MjlUz4IXMitnfa
https://magru.net/pubs/2082/Teoriya_evolyutsii materii#l
http://ru.calameo.com/read/001906913a882266783c2
hittp://vixra.org/pdf/1402.0039vL.pdf
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