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Beonroyust MATEPHH

VBaxaeMblil UUTaATEID !

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

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

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

1. BBEJEHHE

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

«..Bca xeanenasn coepemennasa uzuxka npeocmagiiem
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
JIOCTHUTJIAa OMPE/ICIIEHHBIX YCIIEXO0B - CPEICTBA CBSI3U, KOMIIBIOTEPHBIE
TEXHOJIOTMH, KOCMOC, TO B TEOPETHYECKOM ILJIaHE OHA JI0 CUX IOp
Tom4eTcs Ha pyoekax 17 Beka.

MHorue TEeXHOJOTUYECKHE MPUEMbl, OCBOCHHBIE YEIOBEKOM,
MPAKTUYECKH OCBOCHBI METOJOM ThIKa, 0O€3 TIOHMMaHUs UX
MexaHu3MoB. OOBSCHEHHs] OYCHb MHOTHX SIBICHHH M IPOIIECCOB,
UCIIOJIb3YEMBIX YEJIOBEKOM B TEXHUKE, HE COOTBETCTBYIOT PEAIbHOCTH
U TPENCTaBISAIOT co00M Oe3mapHble (paHTaCTHUECKHE OOpa3IlhI
CJIIOBOOITY TS,

Jaxe mipu GeryioM 3HaKOMCTBE ¢ Teopueil bonbiioro B3psiBa u
CrangapTtHod  Mozenbl0o  Mwupo3jgaHusi, TOJBKO  COBEPIICHHO
0e3rpaMOTHBII MOXET HE 3ameudarh, 4YTO OHH MPOTUBOpPEYAT
dbyHIaMEHTAIbHOMY TIPUHIIAIY TPHPOABI — BTOPOMY Hadamy
TepMonMHaMHUKU. Mogens atoma Pesepdoppa-bopa, nexamas B
ocHoBe CTaHAapTHOH MoOneNHM, MO CYTH, NPEACTaBIsIeT CcoOOH
JJIEMEHTApHBIA BEYHBIM JBUTATENb, KOTOpbIe Aaxe Ilapmxckas
aKaJeMHsl He pacCMaTpPUBAET C M03aIIPOILIOro BeKa.

Ho yuenwsle B ymop He 3aMe4aloT, 4YTO JIOOble TEOpHH,
OCHOBaHHbIE Ha UJAEE BEYHOIO [BIKEHUS - MOJIEKYISIPHO-
KMHETUYECKasi UM TEOpHUsl CTPYH, MPUHIUIHUAIBHO HECOCTOSTEIbHbI
10 TOM MpUYMHE, TOTOMY YTO JBUXKEHHUE — 3TO TOJIBKO CIIEJICTBUE, a
HE YCJIOBUE CYILIECTBOBAHUS MaTEPUU.

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
MOCTOSIHHOTO JAEWCTBUSI CHJI MPUTSKEHHs. Tak e HEBO3MOXKHO
BpallleHUE BOKPYT APYT Apyra OJUHAKOBBIX 3aps0B, KOTOPBIE TOXE
pasierenuck Obl B pa3HbIE CTOPOHBI.
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Beonroyust MATEPHH

A, Tak HaspiBaeMmasi, Teopus boJbIIOro B3phIBa, Kak yoOoras
KOMITHJISALIHAST ONOIeCKOM KHUTH BhITHS 0 60KECTBEHHOM TBOPECHHH
MaTepuu W3 HUYETO, BOOOIIE MPEACTABISIET COO0M ApKuil 00pazunk
NICEBJOHAYYHOT0 Mpakobecus u mapnaranctBa. [lo cytu, 310 pyka
penuruu 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
MOJITAaCOBKAaX M MOATOHKAX.

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
JOCTYIIHA JUIsl TOHUMAaHUS JaXe BOCHMHUKIIACCHUKY, HMEIOLIEMY
TBEP/YIO TPOHKY MO (PU3MKE, TaK KaK BCE €€ MHOT000Opa3ue 3MKIeTCs
Ha JBYX OJJEKTPUYECKHUX 3apsAlax M JBYX JJIEMEHTapHbIX
B3aUMOJICHCTBUSIX - HPUMANCEHUU U OMMAIKUSGAHUU, TIPUHSTHIX 32
MOCTYJIATHI.

HiMeHHO Ha 3THX MOCTYJaTax BBICTPOEHA MpejjiaraeMasi Huxe
teopusa (Teopust rpaButanmu). B €€ oCHOBY Jeryio BTOpoe Hayaie
TEPMOJAMHAMUKA M  DJIEMEHTapHas JIOTUKA C MHUHUMAJIbHO
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
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Tak KaKk B TPHUPOJEC BCE B3aUMOJCUCTBUS  OOYCIIOBIICHBI
UCKJIIIOYUTENIbHO ~ CBOMCTBAMHM  CaMHUX  B3aUMOJICHCTBYIOIIUX
MaTepuaibHBIX OOBEKTOB, MOITOMY HM B KAaKMX 3aKOHaX OHAa HeE
Hyknaercs. IIpocTo HekoTopble XapaKTepHble OCOOEHHOCTH 3THUX
B3aMMOJCHCTBUM, 01 11 ce0s1 GOPMYIUPYIOT B BUJIE 3aKOHOB.

Tewm Goree, 9TO OTKPHITHIC YICHBIMU 3aKOHBI, 3aKOHAMHU U HE
SIBJISTFOTCSI, 9TO BCErO JIMIIL OaHaIbHBIE KOHCTATAIMU KAKUX-THOO
(axTOB, KOTOpPBIE CaMU ce0sI ¥ MOATBEPKAAIOT. DTH, TAaK HA3bIBAEMbIE
3aKOHBI, TOJIbKO OMUCHIBAIOT KaK MPOUCXOMAST KaKUe-TO SIBJICHUS, HO
HUYETO HE TOBOPSAT O TOM, IIOYEMY OHU IIPOUCXOMST TaK, a HE UHAYe.
B cuny Toro, uto no0ble B3aUMOAECHCTBHS MaTepraIbHbIX 00BEKTOB
OJIHO3HAYHO OMPEJIEISIFOTCS X CBOMCTBAMH, TO HUKAKUX HapyIIEHUH,
HEONPEIEeICHHOCTEH, HEOOBIYHBIX J(P(HEKTOB WIM MapagoKCOB B
IPUPOJIE HE CYIIECTBYET.

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

HeB0o3MOXXHOCTh ONUCAaHUS PEATbHOCTH MaTeMaTH4YeCKUMHU
dbopMynaMu MpuBena K TOMY, y4€HbIe-TCOPETHUKN HACOUMHSIIIN TaKoe
KOJIMYECTBO OECCMBICIEHHBIX TEPMHHOB M H300penu  Takoe
KOJIMYECTBO HE CYHIECTBYIOIIUX B IPUPOJIE CYIIIHOCTEH, UTO CaMU yxkKe
HE MOTYT B HUX Pa300paThcs.

DTO pa3nyHble MOCTOSIHHBIC, TakWe KaK TpaBUTAI[MOHHAS,
nocrosHHasg Ilnanka, mocrosiHHass boipliMaHa #M elie LEIbId COHM
pa3IMYHBIX KOHCTAHT, 0€3 KOTOPBIX, 10 MHEHHUIO TEOPETUKOB HE
Moria Obl CyllecTBOBaTh BceleHHas. OHAKO BCE 3TU MOCTOSIHHbBIE
OKa3bIBAIOTCS TAKWMU HEMOCTOSIHHBIMH, YTO WX MPUXOJIUTCS
NepUOANYECKH  YTOYHATh. [ PaBUTAMOHHYIO  IOCTOSHHYIO,
Hanpumep, yrounsinu yxe 11 pas. 1 3o emie He npeaernt.

W3-3a HCKaXEHHOTO OOBIBATENBCKOTO IMPEJICTABICHHUS O
MeXaHU3MaX MPHUPOJHBIX SBICHUH, COBPEMEHHAsT HayKa OOBSCHSET
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HX, KaK IPaBUJIIO 33/I0M Halepe, IepeBopayrBas BCE C HOT HA TOJIOBY
W IyTas OPUYMHBI CO CIEACTBUAMHU. Benp paxe 3a HampaBlieHHE
AJIEKTPUYECKOTO TOKa B  (U3WKE NPHUHATO JBWIKEHHWE HE
OTPHUIIATEIBHBIX, KOTOPHIE TPEO0IaTar0T, a MOJI0KUTEITBHBIX 3aPSI0B.
To ecTb MPOTUBOIOI0KHOE PEATLHOMY, YTO MPUBOAMUT K IyTaHUIIE
npu 0OBSICHEHUH.

A y0orue mpeacTaBIeHUs O MPUPOJIE TPABUTAIMH, TTO3BOJIAIN
TEOPETUKAM COCTPAINATH TAKYI0 HENENyr U 0e3rpaMOTHYIO TEOPHIO
o0Opa3oBaHUs 3BE3/ U IUIAHET, YTO OHA 3aTMEBAET CBOEH TITYMOCTHIO
paccka3bl 3HaMEHUTOro OapoHa MiIoOHXTay3eHa O BBITACKMBaHUHU
camoro ce0s 3a BOJIOCHI U3 00JI0TA.

IIpumeuanue! Booowe-mo eciu ouenv 00120 Hadaiwoamov 3a
cocmoanuemM  Npupoovl  MOMCHO  HpuUlimu K  COBEPUIEHHO
RapaooKcanbHOMy 6bl1600y, 4UmO 6emep O0yem, HOMOMY UMO 0epesbs
Kauatomca. H oarxce MOIHCHO 1€2KO HAUIMU ONbIMHOE NOOMEepIHcOeHue
9ImMo2o aenenua. /Jocmamouno npocmo nomMaxams 6emKoll nepeod JUyoM,
umoovl owymums OeudiceHue 6030yxa. Bom na smom aodcyponom
RpUHYUNE MeoPemUKU 1 ROCMPOUIU C6010 MEOPUIO 36€30000PA308AHUAL.

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

B kxpuBOOOKOM 31aHMM HAyKH KaKHUM-TO HEMOCTHKUMBIM
00pa3oM y>KMBaeTCs MOHATHE e(heKTa MacChl, Kak MpeBpaIicHus e€ B
CBO€ COOCTBEHHOE CBOMCTBO - 2Hepruto. Kak roBopmsi mMOKOWHBIN
Jlangay, Hayka yKe JOCTHUIJIA TaKUX BBICOT, YTO MOXKET OOBSICHHUTH
JIaXKE TO, YETO U caMa HE TTOHUMAET.

[locnennue CTO JET MOUCTUHE YMOIIOMPAYUTEIBHOIO B3JETa
HAyYHOUW MBICTH, XapaKTePU3YIOTCS MpeHeOpeKeHNEeM YYCHBIMU-
TEOPETUKAMU OCHOBOIIOJIATAIOIIUM MIPUHLIUIIOM HAYYHOI'O ITO3HAHUS
- Tak HaszpiBaeMou OpuTBOil Okkama. M 3TO mpuBeNo K TOMY, 4YTO

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

3. O CTPOEHHHU ATOMA,
I'PABUTALIMU U AHTUTPABUTALIUHN

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

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

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

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

Matepuss UMeeT YaCTUYHOE CTPOEHHE U MOXKET JIPOOUTHCS
0ECKOHEYHOIO

Amom _— Imo _mamepuanvrHoe 00pa3oeanue, UmMeruiee
onpeoeienHble U HeU3MEeHHble C8OICHI8A.

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

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

B IIPOMEKYTKAX MEXKIY HUMHU.
Tax Ha3pIBaeMast MojieTb atoMa Pesepdopma-bopa, Ha koTopoit
noctpoena CtaHgapTHas MOJIENh MUPO3JAAHHUS, TIPEICTABISIET COO0M
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aHaJIOTT BEYHOI'O ABUIaTCiid, HpOTI/IBOpe‘IaH_IGI‘O OCHOBHOMy BaKOHy
MPUPOJIBI - BTOPOMY HavYaly TEPMOTUHAMHUKH.

CrnenyronM IYHKTOM OTpEIesieM TOHITHE C80licmea.
JlroObie MaTepuanibHble 00BEKTHI BCETJa MOXKHO OXapaKTepHU30BaTh
KaKMMU-TO cBoMcTBaMu. Bo3bMem it mpumepa crekino. CTekno, Kak

M3BECTHO, CIOCOOHO MPOITyCKaTh CBET
U 3Ty €ro cocoOHOCTh WJIM CBOWUCTBO,
MBI  Ha3blBaeM  IPO3PAYHOCTHIO.
CymecTByeT M IpO3pavyHOCTh B
npupone?

OHa KOHEYHO K€ CYIECTBYET,
TaK KaKk B TPUPOJNE CYIIECTBYET
TOBOJIBHO MHOTO Pa3JIMYHbIX BEIIECTB,

= IMXMTHOHBL

IPOIyCKAaIOIIMX CBET. A pa3 CyIIECTBYET, 3HAYUT OHAa COIJIACHO
HalieMy KpUTEPHUIO, MaTepralbHa U €€ MOKHO nowynars. Ho, yBbI,
OKa3bIBACTCsl, YTO MOLIYIATh-TO €€ KAK Pa3 U HENb34.

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.
[TonobHOE MONOKEHHUE CIOKUIOCH B HAYKE C TOHATUEM IHEpIus.
DHeprusi — 3TO CBOWCTBO MaTepHAIBHOTO TEJia COBEpIIATh paboTy.
DT0 camoe MPOCTOE U KpaTKOoe ONpeiesieHue IHEPruH, KOTopas Tak
e, KaK U MPO3pavyHOCTb, SIBISIETCSA XapaKTePUCTUKON MaTepHaIbHOTO
TE€Jla U MOXKET CYILIECTBOBATh TOJIbKO BMECTE C HUM. TO €CTh SHEPrUs
TaK e KaK U IpO3payHOCTh, UMEET MaTepUaIbHbI HOCUTEb.

Crniexynsuu Ha TeMy SHEpruH, 0O0yCIIOBICHHBIE MTOTOJOBHOM
JIOTHYECKOW Oe3rpaMOTHOCTBIO YYEHOTrO COOOIIecTBa, OYKBaJIbHO
3amonioHWnM  HayKy. IlomoOHO pa3nuyHBIM = 3KCTpaceHcam |
nlapjaTaHaM  BCeX ~MacTed, YYeHble HWHOTJa HEeCyT TaKylo
HECYCBETHYIO UYIIb O KaKOW-TO TEMHOW MaTepHuH, 3alOJIHSIONICH
KOCMHUYECKOE MPOCTPAHCTBO W TEMHOM DJHEPIrUM, JBIOMICHCT W3
KOCMOCa Ha 3€MJII0, UTO XOTb BCEX CBATBIX BBIHOCH.

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

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

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

10
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Ha sTom Oynem cuuTath, 4TO € SHEPrHEN MbI Pa300panch, a
Tereps momnpodyeM pazolOpaThes ¢ paboroi. Uto ke 3TO Takoe,
pabora? Pabora — 23TO HEKOTOpOE€ W3MEHEHHE COCTOSIHUS
MaTepuaiabHOro Teja, B pe3ysibTaTe JCHCTBUS HA HEro Ipyroro Tena,
obnanaromero sHeprued. Hampumep, ecim Mbl ypOHUM THPIO Ha
KyCOK IUIaCTWIMHA, OHA pAcCIUIIOIIUT €ro B Jiememky. 1o ecTb
U3MEHHUTCS (hopMa KyCcKa TUTaCTHUIIMHA.

OOBIYHO TOBOPSAT, YTO SHEPTHs THMPU MpoU3Bena padoTy Mo
U3MEHEHHI0O (QOpMBI Kycka IutacTuiuHa. M 31a  Bechbma
pacnpocTpaHeHHass omMOKa UMEET MOCTOSHHYIO  IPOIHUCKY
MPaKTUYECKH BO Bcex yueOHuKax. Ho, kak Mbl yXe Ompeaesunian
BbIILIE, SHEPTUSI HEMaTepHualbHa U CJIEI0BAaTEIbHO HUKAKOW paboThI
POU3BOIUTL HE MOXeT. PaboTy mNpou3BOAUT HE »JHEprus, a
NaIaroIas Mo AHCTBHEM Pa3HOCTH I'PaBUTAIMOHHBIX MTOTEHITNAIIOB,
TUDSL.

W xorma BaM paccKas3bIBAlOT, YTO YEJOBEK MHCIOIb3YET,
HarpuMep, SHEPrUI0 BOJH ISl IPOU3BOCTBA JIEKTPHUUECTBA, TO, IO
CYTH, 3TO OOBIKHOBEHHOE BpaHbe. UeIoBeK MCIOIb3yeT SHEPTHIO HE
BOJIH, @ BOJIbI, @ BOJIHBI — 3TO MPOCTO MEXAaHU3M, MO3BOJIAIOMIUN 3Ty
SHEPTUIO UCIOJIb30BATh.

Jpyrumu cioBaMH BOJIHA — 3TO MEXAHW3M B3aUMOJICUCTBUS.
Nnu nocpenHuk. ITo JIETKO MOHATH Ha MpocToM npumepe. Koraa mbl
BE3E€M CaHKM 32 BEPEBOUKY, TO BEPEBOUYKA HE SIBISIETCS CBOWCTBOM
CaHOK WJIM YeJIOBEKa, OHA SIBIISETCS MEXaHU3MOM B3aMMOJCHCTBUS
MeXNy HUMH. WM TpoCcTO TMOCPETHUKOM MEXKIy CaHKaMd |
YeJIOBEKOM.

Bor Tenepb, xorgja Mbl MPOSCHUIM HEKOTOPbIE OCHOBHBIE
TEPMHHBI, MOKHO MIEPEXOUTH K pazpaboTke Hamel Teopuu. [lepBbim
U OCHOBHBIM IOCTYJIATOM Hallleil Teopuu, OyAeT MOJOKEHHUE, YTO B
MIPUPOJIE CYIIECTBYET TOJIBKO Mamepus. To eCcTh BCE TO, UTO MOXKHO
nourynars. B mpupose Bce COCTOUT M3 MaTepuu, a CleJ0BaTeIbHO,
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IpUpOJa — 3TO U ecTh MaTepust. M 3Ta MmaTepus UMeET ONpeIeICHHbIE
CBOICTBA, KOTOPBIE MOTYT CYIIECTBOBATh TOJIbLKO BMECTE C HEM.

Kpome sHeprum, oAHMM M3 OCHOBHBIX (PYHIAMEHTAJIBHBIX
CBOMCTB, MNPUCYIIMX  MAaTEpUH, ABISIETCS  INEKMPUYECKUT
3apsA0. DKCIIEPUMEHTAIIBHO YCTAHOBIIEHO U 3TO JIETKO MPOBEPUTH 0€3
KaKoH-TMOO CIOXKHOM ammaparypbl, 4TO 3JCKTPUUYECKUN 3apsin
ObIBaeT JBYX THUIIOB HJIM, KaK TOBOPAT YYEHBIE IBYX 3HAKOB -
MOJIOKUTENBHBIN U OTPULIATEIbHBIN.

OTH TEPMUHBI BHOCAT B (PM3UKY ONPENEICHHYIO MMyTaHUIy U
ObLI0 OBbI TOPA3/10 JOTUYHEE HAa3BaTh 3apsA/bl, HAIPUMED, KPACHBIM U
CHHUM. A TTIOYEMY — B 3TOM MBI pa30epeMcsi HECKOJIBKO MO3XKe. 3apsia
MIPOSIBIISIETCS B BUJIE 2JIEKMPUUECKO20 NOA.

OKCIEPUMEHTAIBHO TaK K€ YCTAHOBIIEHO M 3TO TOXKE JIETKO
IIPOBEPUTH, YTO TEJIa UMEIOINE OJUHAKOBBIE JIEKTPUUECKHE 3apsbl,
OTTAJIKUBAIOTCS, a MUMEIOLME pa3Hble 3apsAjibl, NpUTATUBAIOTCI. To
€CThb Tela, B 3aBUCUMOCTH OT THUIIOB WJIM 3HAKOB 3apsioB,
B3aUMOJICUCTBYIOT 110 pasHOMY. I10 aHanoruu ¢ mpo3payHoOCTBIO, KaKk
CBOMCTBOM IIpPONyCKaTb CBET, Mbl C IIOJIHBIM IIPaBOM MOXEM
ONpEeAeNuTh 3apAd, KaK CBOWCTBO WM CIOCOOHOCTh MaTepuu
B3aUMOJICMCTBOBaTb. A,  CIIEAOBAaTEIbHO  HPUMANCEHUE U
OmmanKueanue — 3T0 U €CTb B3aUMOJICHCTBHSL.

A Tak Kak MarepualbHbIE Teja, HUMEIIINE 3apsibl,
B3aUMOJICHCTBYIOT HA HEKOTOPOM PacCCTOSIHUU, CJIEIOBATEIbHO 3apsiy
— 3TO CBOlICMEa Mamepuu 63auUMOoO0eliCmeE08ams HaA PACCMOAHUU.
To ecTb 3TO B3aUMOJCICTBHE HEKOHTAKTHOE. MarepuanbHbIE Tena
BCErZa B3aUMOJICHCTBYIOT Ha pACCTOSIHMM, a 3HA4YUT 4Yepes3
MIOCPEJTHUKA, KOTOPBIM SIBJISIETCS noJle 3apaoa.

N Tak kak moje, 3TO BCEro JIMIIb INOCPEIHUK, TO IpHU
B3aUMOJICHCTBUSAX OHO HE U3MEHSETCS.

Korna mb1 mpubmikaeM Apyr K Apyry JBa Tella, UMEIOIIne
OJIMHAKOBBIE 3aps/bl, OHU OTTAJIKMBAIOTCS. 3/1€Ch CIEAYET UMETh B
BUJY, YTO OTTAJIKUBAIOTCA HE 3apsAlpl, a Tejaa. JTO IPOUCXOTUT
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MOTOMY, YTO HOJIA 0OUHAKOBLIX 3APA008 HENPOHUUAEMbl TPYT IS
Ipyra W TpU COMMKEHUH OHU YOPYro nedOopMUPYIOTCS, YeM |
00yClaBIMBaIOTCS 3TU CUJIbI OTTalkuBaHus. Korga Mbl npubnnxaem
Ipyr K Opyry Tejla, MMEIOIIWe NPOTHUBOMOJIOXKHBIE 3apsiibl, OHU
nputsruBatotca. OnsaTh e NPUTATUBAIOTCS HE 3apsiibl WK MO, a
TCiaa.

OTO TPOUCXOAWT TOTOMY, YTO HOAA PA3HbIX 3apPA00E
cmpemamcesa caumovca Opye ¢ opyeom. llpu 3TOM y HUX TOXe
IIPOSIBIISIIOTCA CBOMCTBA YIPYTOCTH, HO TOJBKO IPOTUBOIIOJIOKHOTO
ICUCTBUAL.

Ecniu 1Ba Tema ¢ NpPOTHBOIOJIOKHBIMU  3apsiiaMu
NPUTSTUBAIOTCA /0 CONPUKOCHOBEHHUS, TO OHHU OKAa3bIBAIOTCS
OKPYXEHHBIMU ABYMS NMPOHMUKIIMMU JIPYT B JIpyra U CIUBLIMMUCS
BMCCTC JJICKTPUYCCKUMMU ITOJIAMU. B utore 3T0 MMPpUBOAUT K TOMY, UYTO
Oeiicmeus 3apsjioB  B3aUMHO KOMIICHCUPYIOT Jpyr JApyra u
CONMM3HBIIKECS TN, B OOIIEM H IIEJIOM, OKa3bIBAIOTCS 2/1eKMPUYECKU
Heumpanvupimu. Cienyer MMETb B BUIY, UTO KOMIIEHCHPYHOTCS
TOJBKO HeﬁCTBHH 3apsAa0B, CaMH KC 3apsdAbl, ABJIAIOIIUCCA
HEOTHEMJIEMBIM CBOMCTBOM MaTepuH, HUKYJIa HE HCUE3aI0T.

W BOoT »TH chuBIIMECS BMECTE JJEKTPUYECKHE O
IIPOTUBOIMOJIOXKHBIX 3apsA0B M 00pa3yloT ZpasumauuoHnoe none
o0BeKTa.

A ecnu MBI TONTPOOYyeM MPUOIU3UTH BA TAKUX JEKTPUUECKU
HellmpanbHplX MaTEPUATIbHBIX TEJA APYT K JIPYTY, TO JIEKTPUUECKUE
HOJIs, OKpYXKAaloIIue WX, OyAyT CTPEMHUTHCS YK€ B3aUMHO IOMAapHO
CJIUTBCA ApYyr C APYIroM, 4TO NPUBCACT K IMPUTATHUBAHUIO 3THUX TCJI
Ipyr K JApyry. A ciemoBaTenbHO — Tena,  oOajnarolue
2PasuUmMAayUOHHBIMU ROAAMU OYIyT 6cez0a MPUTITUBATHCA APYT K
Apyry.

N »5T0 3HAYUT HUKAKOW AaHTUTPABUTALMU B TMPUPOAE
CYHICCTBOBATH HC MOXKCT, IOTOMY YTO OTTAJIKUBATHCA MOTYT TOJIBKO
TCiaa, HUMCHOIIINEC OJHOUMCHHBIC SJICKTPUYCCKUC  3apsAlbl. 3a

13
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IpUMepaMu JTAIeKO XOJUTh HE HAll0, JI00bIE Tena, HaXOIIuecs Ha
MJIAHETE, MIPUTITUBAIOTCS K HEW C OMPENCIICHHON CHIION, 3aBUCSIICH
OT pacCTOSIHUSA 110 €€ MOBEPXHOCTH.

JIroOble Tena BO BCEJIIEHHOM, 3BE3Ibl, IUIAHETHI, ATOMEIL,
00Ja1al0T CBOMMH TPaBUTALIMOHHBIMU TOJSIMHU, KOTOpPbIE XOTA U
UMEIOT OECKOHEYHBI paauyc JeHCTBHA, HO OYEHb CHIBHO
ociabeBaloT ¢ PaCCTOSHUEM 10 0OPATHO KyOHMUECKOM 3aBUCUMOCTH.

N B cuy OECKOHEYHOTO paauyca JSHCTBUS, 3TH OIS
SIBISIIOTCS.  @e30ecyuwyeit  ynpyz2oil  cpeooil, B  KOTOpOH
PpacpoCTPaHAOTCS TPaBUTALIMOHHBIE BOJIHBL. JTO TOBOPUT O TOM, YTO
HUKaKoro 3¢upa, pU3n4eckoro Bakyyma, Cka3ouHoro npocTpaHCTBa-
BPEMEHH WJIM KAaKOTO-TO TPHUIEBATOrO LApPCTBA B IPUPOJE HE
cymecTByeT. M kak Mbl YyCTaHOBWJIM BBIIIE, TPABUTALIMOHHOE IOJIE,
KaK 1oJie 00pa30BaHHOE AIIEKTPUICCKUMH TOJISIMHU, TaK K€ 00JIagaeT
VIIPYTOCTHIO U TIOATOMY JFO00€ TENO, JBHUTasiCh B TPAaBUTAIMOHHOM
nose, OyJIeT co3daBaTh B HEM YIPYTyH BOJHY CXKAaTHsS, CKOPOCTh
KOTOPOW MOCTOSIHHA, MOTOMY YTO OMNPENENSETCS TOJBKO YHNPYTUMHU
CBOMCTBaMH 3IIEKTPAYECKUX MOJIEH, 00pa3yromux 3TO
rpaBUTALMOHHOE Moje. J[auHa 3ToW BOJHBI OyAET OINpeaensiThCs
Pa3HOCTBIO CKOPOCTEM caMOi YaCTHIIBI U BO30YKTaeMOM €10 BOJIHBI.

E€ M0>XHO onucaTh ClenyOIUM BbIpaXKEHUEM:

A=(Ve-Vu)lt,
rae Vu— CKOpOCTb YaCTHIIbI,
a Vs — CKOpOCTb, CO3/1aBa€MOM €10 TPaBUTALMOHHON BOJIHBI
(ckopocmb ceema) (puc 14).

Kak wu3BecTHO, CKOPOCTh BOJHBI B TPaBUTALUOHHOM IOJIE
coctaiisieT 300 000 KuIOMETPOB B CEKYHIY. DTO TO, YTO YYEHBIE
OIIMOOYHO HAa3bIBAIOT CKOPOCTHIO CBETa W KOTOpasl SIBISETCS
NOCTOSTHHOW. CKOPOCTh PaCHpOCTPAHEHUS BOJIHBI B IPABUTALlUOHHOM
1oJIe, BEIMYMHA JEHCTBUTEIBHO MMOYTH IMOCTOSTHHAS M ONPENEIseTCs
TOJIBKO CBOMCTBAaMH CpeZibl, B KOTOPOU OHa pacnpoctpansercs. 1 rak
KaK MaTepualbHble Tejla MOTYT B3aUMOJECUCTBYIOT TOJIBKO C
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MOMOILIbIO TOJIEM, TO CKOPOCTh BOJIHBI - 3TO U €CThb CKOPOCTb
B3aumonercTBusa. CamMa ke dYacTHIla MOXET JBUTaThCid B
TPABUTALMOHHOM IIOJIE C KAKOM YrOAHO CKOPOCTBIO, XOTh MUJUIMOH
KWJIOMETPOB B CEKYHJY.

JlBurasicb B crienmpu4ecKoil cpene, KOTOPYI MPEACTaBIISCT
co00il TpaBUTAIIMOHHOE TIOJE, OOpPa30BaHHOE JIIEKTPUIECKUMHU
MOJIIMUA TIPOTHBOIIOJIOKHBIX 3HAKOB, YaCTHIIA BO30YXTaeT B HUX
CUHXPOHHBIE TPOTUBO(A3HBIE BOJHEI CxKaTHsl. ECITu B KaKOW-TO TOUKE
MOJIOKUTEIHHOTO AJIEKTPUIECKOTO TIOJISl Y BOJHBI Cxkatue (ropo), To B
TOH € TOYKE OTPULATEIBHOIO MOJIs, UMEIOIIEr0 TPOTUBOIIOIOKHBIE
CBOMCTBA, OyzieT pa3pekeHue (BrmaauHa).

Jpyrumu cioBaMH, BOJIHBI B 2PAGUMAUUOHHOM NOJIE — ITO
nonepeunwle BOJIHBI HA TPAHUIE ABYX Cpell (JIEKTPUUYECKUX MMOJIEH) C
pa3IMyaOIUMHKCS TPOTUBOMOJIOKHBIMH CBOMCTBAMHU.

DTO U €CTh T€ CaMbl€ 2PAGUMAUUOHHbIE BOJIHbBI, KOTOPHIE B
¢dusrke omrO0YHO HA3BIBAIOTCS IAEKMPOMACHUMHBIMU.

[pumeuanne! Bakyym, mak xce Kak u rgpup, no npedcmagieHuro
duszuxos, cpeoa 00HOPOOHAA, a4 B03HUKHOBEHUE NONEPEUHBIX GONH 6
00HOPOOHOU cpede Heso3moncHo. Ho 6 zpasumayuonnom none,
00paA306aHHOM GNIOMHCEHHBIMU OPYZ 6 OpYy2a INeKMPUUECKUMU NOJIAMU,
2PAHUUA MeXHCOY HUMU Cyuiecmeyem, NPAKMUuecKu, 6 000l mouke
IMozo nons.

J1Jist TOTO, 9YTOOBI MPUITH K BEIBOY 00 IEKTPHUECKON IPUPOIe
rpaBUTALlMU, JOCTATOYHO 3JIEMEHTApHOIO CPABHEHHUS OCHOBHBIX
dopmyn 3akoHa KymoHa u 3akoHa '"BCEMHUPHOTrO" TATOTCHHS
Hprorona. Tak kak 3TH 3aKOHBI MPAKTUYECKU OMHUCHIBAIOT OJHO U TO
K€ B3aMMOJICUCTBHE, TO MOJIYYAETCs, YTO 3TO OJIMH U TOT K€ 3aKOH,
"OTKPBITHINA" HEOAHOKPATHO.

bonee TOro, 3akOH 3TOT BBIBEJIEH YUCTO T'€OMETPUUYECKH, TaK
KaK B O0ILEM BHJI€ OH OMHCHIBAET 3aBUCHUMOCTbH H/I0W4AOU CEUCHUS
J1000T0 TENECHOTO YIJia, OT PACCTOSIHUS CEKYIIEH IMITOCKOCTH JI0 €ro
BEPLIMHBI. A TaKk Kak MaTepHajbHBIC Tesla 00JaaaloT 00bEMOM, TO
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YBEJIMUEHUE €T0 pajauyca B 2 pa3a, IPUBOIUT K YBEIHUCHUIO 00beMa
ATOTO TeJIa U COOTBETCTBEHHO, KOJIMUECTBA €r0 BEIIECTBA, B 8 pas.

A, cnemoBaTeNbHO, W €Tr0 CHUJIBl TPHUTSHDKCHUS TaK Ke
YBEITUYHMBAIOTCS B § pa3 WM MPOIMOPIIMOHATILHO KyOy paauyca, a He
KBaJpary, Kak OIMMOOYHO CUHTAIH

Heroton u Kynon. Pacnpenenenune
MOTCHIUAJIOB I'PABUTAMOHHOI'O ITOJIA
M000ro MarepuagbHOro OOBEKTa —

IUTAHETHl WM 3Be3Abl Tpaduuecku
MPEACTABICHO PUCYHKOM  (puc.2).
['paBUTAlIMOHHBIC CWJIBI TPUTSIKCHUS
YBEIIMYUBAIOTCS  MPONOPIIMOHAIBEHO
Ky0y pacCTOSIHHS OT IICHTPA TUIAHETHI U JOCTHTAIOT MAaKCUMAILHOTO

Puc.2

3HAUCHUs Ha €€ IMOBEPXHOCTU. ITa 3aBUCUMOCTH OINKMCHIBACTCS
BBIPAKEHUEM:
Fm=>kR3, 20e
k — ycnoeuwiii koa¢hpuyuenm nponopyuonanvrocmu,
HeoOXoo0uMvlll Ol CO2NACOBAHUSL  PA3TUYHLIX — eOUHUY
uU3MepeHusl, OCHOBAHHBIX HA CAYYAUHBIX BETUUUHAX.
R — paouyc macomerowezo mena (36e30v1, nianemat).

COOTBETCTBEHHO, IO MEpe YIaJIeHUs OT MOBEPXHOCTH
MAaTEPUAIBHOTO TeNa, CHJIa €ro TPAaBUTANHMOHHOTO MPUTSIKECHUS
YMEHBIIAETCS IO TOMY K€ 3aKOHY M 3Ta 3aBUCUMOCTb OIIUCBHIBAECTCS
CIIEIYIOIIM BBIPAXKEHUEM:

F->Fu/(r-R)?

[pumeyanne! HUmenno wu3z-3a Kybuueckoit 3agucumocmu
Kaeenouwr mne cmoz oéonapyycums cunvl npumsxncenun 150-mu
KU10ZpAmMMO8bIX 00N8AHOK u ucnoavzosan opmyny Kynona ons
INEKMPUYECKUX 3apa0oe. H umenno noamomy amepukanybl He cmoiu
npespamums ceoii ""NEAR'' 6 uckyccmeenuwlii cnymHux acmepouoa
Apoc. Tak nce, kak He npouwten mom ''hokyc' ¢ anouckum 30H00M
"XAABYC'" u acmepouoom Hmokaea.)
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A Tak Kak CWIbl TPUTSKEHUS, JCUCTBYIOIIME B ILIEHTPE
MaTepuaibHOr0O  OOBEKTa,  B3aUMHO  IPOTHUBOIOJIOXKHBI U
YpaBHOBEIICHBI, TO CUJIa TPABUTALINH, a CIeI0OBATENIbHO U JaBJICHUE B
HEM TMpakTU4YecKu paBHbl Hymo. [loatomy miobas uyacTtuna,
OKa3aBIIasicCsi B CcaMOM IIEHTpe oOObeKkTa OyAeT HaxOJWTCS B
HEBECOMOCTH U MPU HE3HAUUTEIHHOM CMEUICHUH €€ B KaKy-Ir00
CTOPOHY, PaBHOBECHE CUJI HAPYIIUTCS M YACTUIa HAYHET JIBUTATHCS B
Ty CTOPOHY, TJI€ TOBEPXHOCTh OJIHKE.

Uto B uTOre MpUBEJET K TOMY, UTO B LIEHTPE MaTEpPUATBLHOTO
Tena oOpasyercs myctora. Bor molaToMy mo0ble KOCMHUYECKHE
OOBEKThI, aTOMbl W 3JEMEHTApHBIE YACTULbI, 3TO HycCmOmeble
oopazoeanus.

OTa MyCcTOTENOCTh, KaK "TpaBUTALIMOHHAS CKOpJyna' mpuaaeT
aToMaM M YacTHUIlaM, a TaK € 3Be3JaM M IUIAHETaM BBICOKYIO
MPOYHOCTh M CTAOMIBHOCTh. 3€MJlsl, HallpUMep — 3TO MYyCTOTENBIN
miap ¢ TOJNIIUHON CKOPIYIBI IPUMEPHO, OKOJIO 2 THICAY KHJIOMETPOB,
C BHYTpPEHHEH aTMocdepoil NpUMEpHO TaKOH K€ TOJIIUHBI U
BaKyyMOM B CaMOM IIeHTpe (puc.25).

['paBuTanmonHoe  moje, 00pa30BaHHOE  OJAMHAKOBBIMU
JMEKTPUYECKUMHU  TOJSIMH  Pa3HBIX  3HAKOB, TEOPETUYECKH,
UEHMPANbHO CUMMEMPUYHO U €r0 BEJIMYMHA 3aBUCUT TOJBKO OT
buznyeCKuX pa3MepoB MaTEPHAILHOTO TeNa.

s Toro 4TOOBI JBUTATHCS Jalbllie HaM HEOOXOIUMO Ha
HEKOTOPOE BpEeMsI BEPHYTHCS K CTpOeHHUIo atoMa. Kak ObLIo cKazaHo
BBIIIIE TUTaHETapHast Moaenb Pesepdopaa u kBanToBas mozaens bopa,
M0 CYTH MPEACTABISIONINE COOO0M 3TIEMEHTApHBIC BEUHBIC IBUTATEIH,
JUIS Halllel TeOpUU COBEPUICHHO HEPUEMIIEMBI.

A BOT aTOMBI 10 MOzien ToMcoHa, HanboJIee ITOJIHO OTBEYAIOT
pEaIbHOCTH, TaK KaK OHU COCTOAT M3 OJMHAKOBOTO KOJUYECTBa
9JIEeMEHTAapHBIX ~ YacTHI[ C  IPOTUBOMOJOXKHBIM  3apsoM,
CLIEMEHTUPOBAHHBIX MOIIHBIMU CHUJIAMU B3aWMHOIO MPUTSHKCHHUS.
NMeHHO MO3TOMY aTOMBI OY€Hb CTAOMIIBHBI, HO MPH 3TOM CBOUMHU
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TpaBUTAOUOHHBIMU IIOJIIMA OHHU MOTYT 3aXBaTbIBATh Pa3JIMYHLBIC
CBOOOJHBIC JJIEMEHTApHBIE W CyOd’JIEMEHTapHBIE YaCTUIBI U
yIEp)KUBaTh WX Ha CBOCH IIOBEPXHOCTH, TaK K€ KaK IUIAHETHI
YIEP)KUBAIOT Ha CBOCU TIOBEPXHOCTH pa3JIMYHBIC TPEIAMETHl U
atMocdepy (puc.3). DTOT PUCYHOK TaK K€ WIUTFOCTPUPYET MEXaHU3M
PO3PaYHOCTH UM MPOIMYCKAHUS KAaKOTO-TH00 N3TyUEeHHUS.

v aToMa, YAEP >KUBAIOIIETO Ha  cebe YaCTHUILIBI
MPEUMYIIIECTBEHHO KaKOoro-1u00 OTHOTO
. 3apsaa, TPaBUTALIMOHHOE mnoJe,
P oron OKpyJKaroliee ero, yxe He Oyner
CUMMETPUYHBIM.

MeXaHW3M NPpO3paYyHOCTH
Ono Oyner COCTOSITH u3

Puc 3.
ANEKTPUICCKUX MOJIEH, HECKOJIBKO

Pa3JIMYaAOIIUXCS 110 BEJIMYUHE U PAJNYCy NEUCTBUS, YTO MPUBEACT K
HEKOTOPOMY OCJA0JICHHUIO MPUTSHKEHUS aTOMOB JAPYT K JIPYyry. DTy
paSHOCTB BCIIMYNH BHGKTpI/I‘-IGCKI/IX HOHeﬁ, MbI 148 HAa30BEM
acummempueil 2pagumayuonno20 noas. Eciu Ha TOBEPXHOCTH
aTomMa npeo6ﬂa;[a}0T YaCTUuObl C ITIOJIOXHUTCIBbHBIM 3ap;1;[0M, TO
acummempus €ro TPABUTAIIMOHHOTO TOJs OyIeT MOJOKUTEIbHOM.
Wi otpuniatenbHOM, eciii Ha000poT.

Jlpyeumu cnoeamu, acummempus ZpasumayuoHHO20 NOJA
amoma, IMo €20 6HeUItHUIL U30bIMOYHBLIL IJIeKMPUUECKUIL 3aPA0.

llaze

Nove —NOTOICUMEMOR0

Bce BemiecTBa B mpupojie COCTOSIITUE

e P e U3 aTOMOB W MOJIEKYJ, BCEria HUMEIOT
K X HeOONbIIe W30BITOUHBIC DSJICKTPHUECKUE

. 3 .J e | 3APSIBL (acummempuio), KOTOPBIMHU

pred OTIPENIENSIOTCS UX arperaTHbIe COCTOSTHUS U

HCUIKOEII 2asa

Puc.4 B3aMMOJCHCTBUS IpYT ¢ Apyrom (puc.4).

HpnMeanne! 3Jl€M€Hmaprle yacmuusvl makKk aiHce umerom
acummempuio cpasumayuoOnnblx n0Jl€lZ, 06yCJ108Jl(,’HHy10 npujiuniiumu K
HUM Cy63ﬂ€M€HmaprlMll uacmuuamu. ACMMMempll}l spasumauuOHHbIX
noanei uacmuy, amomoe u Opyzux mMamepuailbHblx 06’b€Km08,
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o0ycnosnena  ceoiicmeamu  mamepuu, Komopwvle  opmupyrom
chepuueckyro mempuky ecenennoii. Hmenno onazooapsa cepepuueckoi
MempuKe, Mamepus 6CeleHHOIl He coOpanacy 6 oOuH 00NLUIOU KOM,
o0paszyem Inemenmaphuvle UYACMUUDL, AMOMbL, 36€30bl U NIAHENb,
umerniue acummempuunosle pasumauuoOHHble NOJlA. B eexnuooesoiu
MeMpPUKe 3601104 UA 6CEIEHHOU Obl1a Obl HEEO3IMOIHCHA.

AcuMMeTpUel TPaBUTALIMOHHBIX MOJIEW aTOMOB WUJIM MOJIEKYII
BEIL[ECTBA OINPEIEISIETCS U BEC 3TOr0 BEHIECTBA B IPABUTALMOHHOM
none 3emMiid WM Jpyrux KocMmuueckux Ten. [IpeoGmamanue
OTPHULIATEIILHON aCUMMETPUU T'PABUTALIMOHHBIX MOJIEH KOCMHUYECKUX
00BEKTOB M aTOMOB B TOM 00J1aCTH BCEICHHOM, B KOTOPOU HAXOIUTCS
Hallle TaJaKTHKa, OOBICHICTCI HEM3MEHHOCTBIO 3aKOHOB DBOJIIOIIMHI
JUTS1 JTFOOBIX MacIITaboB CYIIECTBOBAHUS MaTEPHUH.

Tak kak B II€JIOM BO BCEJICHHOHW HE MOXET OBITh Pa3HOTO
KOJIMYECTBA MPOTUBOIOJIOKHBIX 3apsSA0B, TO 3TO 3HAYUT, UTO B HEH
TaKk € CYIIECTBYIOT OOJAaCTH, COCTOSIIME W MATEepPHH, UMEIOIIEH
MOJIOKUTENBHYIO aCUMMETPUIO TPaBUTALMOHHBIX TMOJIEH, KOTOpBIE
HUKOT1a He OyIyT JOCTYIHBI JUISI OPTaHOB HAIIIETO 3PCHHUSL.

DTO U eCTh Ta caMas TeMHas Marepus, KOTOPYIO IBITAIOTCA
HaWTH yd4eHble. ['allaKTUKW, 3BE3[IbI W TUIAHETHI, COCTOSIIHE U3
MAaTepUM C MOJIOKUTEIbHOW ACUMMETPUEH T'PaBUTAIMOHHBIX MOJICH
aTOMOB, Mbl HUKOTJ]a HE CMOXXEM YBHJIETh, IOTOMY YTO YAaCTHIIBI C
MOJIOKUTENBHBIM 3apsiIOM, M3JIy4aeMble 3BE3/1aMH COCTOSIIIUMHU U3
TEMHOW MaTepuH, YMEHBIIAIOT M JaK€ MOTYT HWHBEPTHUPOBATh
pa3HOCTh MOTEHIMAJIOB B MOJEKYJlIaX pOJONHHA, KOTOPHIM MbI
00s13anbI 3peHueM. [103ToMy OHM ISl HAC HEBUIUMBI.

YBUJETh UX MOXKHO JIUIIH HA (POHE YEer0-TO CBETIIOTO. JTO, IO
CyTH, CaMbld HACTOAIIMI MapajuiebHbIA MHpP, C Pa3yMHBIMH
obuTarenssMu KOTOPOTO Mbl HUKOT/Ia HE CMOXKEM YBUETHCS BOOUYHIO
M 00IIaThCs HEMOCPEICTBEHHO. [laxke HeOObIION KYCOK BEIIeCTBa,
COCTOSAIINNA W3 MaTepUU C TIOJOXKHUTEIBHOM acUMMeETpueH, Oyaer
BECUTh Ha 3eMJI€ HECKOJbKO TOHH, IOATOMY HH O KaKOM MOCEIICHUHN

9TOI0 MapajljieJIbHOI0 MHUpa HEC NPpUXOAUTCA NaKC U MCUTATh.
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Kcrartu, 3aragka TYHTYCCKOTO METEOpUTa MOXKET OBITh
O0OBSICHEHa TEM, YTO METCOPUT COCTOSUT W3 OTOW CaMOW TEMHOMU
MAaTepUM C MOJIOKUTEIbHOU AaCUMMETPUEH TPaBUTAIMOHHBIX MOJIECH
atomoB. HeOospiIoii KycOok TEMHOW MaTrepuu Bpe3ajics B 3eMIIIO,
MOBAJIUB YAAPHOU BOJHOM TaCKHBIE AEPEBbSI. A 3HAYUT UCKATh HYKHO
HEeOOJIBIIYIO "JIBIPKY B 3eMHOU KOpeE.

OOmenne ¢ OOHMTATENSIMU 3TOTO MHpa BO3MOXHO TOJIBKO
MOCPEJICTBOM PAUOCBSI3U, MOTOMY 4YTO YacCTHULbl H3ITYyYCHHBIC
3B€3/1aMH C TOJIO)KUTEJIbHOW aCUMMETPUE TPaBUTALIMOHHOIO TOJIS,
COTIPOBOXKAAIOTCS aHATIOTMYHBIMH I'PaBUTAIMOHHBIMU (3M.) BOJTHAMH,
YTO ¥ YaCTHULIBI C OTPUIATETLHOU AaCUMMETPHUEH.

VYBuaeTh 3B€3/1bl, COCTOSIIIME U3 TEMHOW MAaTe€pUu BO3MOKHO
JUIIb B pauouana3oHe, eciiv MPUBECTH I'PaBUTAIIMOHHBIN (HOH WU
TaK Ha3bIBAEMOE PEIMKTOBOE HM3ITydye€HHE K cepoMy IBery. Toraa
3BE€3/1bl COCTOSIIIME U3 CBETJIOW MaTepUH (MaTEpPUH C OTPULIATEIIHON
acummertpuei) OyayT BUAHBI Kak Oejble MSATHA, a COCTOSIINE W3
TEMHOM — KaK YepHBbIE.

C oTOoll TOYKM 3pEHHs, TaK Ha3bIBa€MbIE MYJIbCAPhl — 3TO
JBOMHBIC 3BE3/Ibl, BpAILAIOLIUECS] BOKPYr Ipyr apyra, OJHA W3
KOTOPBIX HMEET TMOJOXKHUTEIbHYI0, a JApyras — OTPHUIATEIbHYIO
ACUMMETPHUIO TPaBUTALMOHHBIX TMOJEH, IUJIOCKOCTh BpALICHUS
KOTOPBIX COBIAJIAET C MJIOCKOCTHIO AKJIMMNTUKHU HAIIEH ralakTHKU.

1) Amomwsr meepovix eewyecme umerwwm oueHv HEHDONLULYIO
acummempuro ZpasumayuoHHbIX noeil (U30bIMouHbll 3aps0 04eHb
Man), nOIMOMY OHU RPUMAZUEAIOMCA OpYZ K Opy2y HACHIOIBKO
CUTIbHO, YMO 011 M020 YUMo 0bl UX COBUHYMb OMHOCUMENbHO OPY2
opyza unu 0mopeamv, HyHCHO NPUTLOHCUNLL 3HAUUMETbHBLE YCUTIUSL.

U yem MeHbllle aCUMMETpPHUS TPAaBUTALIMOHHBIX MOJIEH aTOMOB
BEIIECTBa, TeM OHO TBepke. Camast BbICOKasi TBEPAOCTh U IPOYHOCTh
MOJKET OBITh TOJBKO IPU HYJIEBOW aCHMMETPHH WM aOCONIOTHOMN
CUMMETPUHU T'PABUTALMOHHBIX IOJIEM aTOMOB BEIIECTBAa, KOTOpas B
cuny cdepruecKkoil METPUKH BCEIICHHOM, MPAKTUYECKH TaK IKe
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HEBO3MOJKHA, KaK HEBO3MOKHO CYIIECTBOBaHHE aOCOIIOTHOTO HYJIS B
CTaHJIApPTHOU MOJIEIIH.

OT0 00BACHSAETCS TEM, YTO HEBO3ZMOXKHO YJIOXKHUTH OJMHAKOBOE
KOJIMYECTBO CPEepUUECKUX YacTUIl B chepruieckuii 00bem aroma. Tak
WM MHAYe UX KOJIMYECTBO OYJET HECKOIbKO pa3nyaThCs.

TBepbie Tena Mo4TH HECKUMAEMBI, TaK KaK M3-3a HeOOIbIION
ACUMMETpPUU 3a30pbl MEXIy aroMamMH MHUHHMalbHBL. Hekoropoe
C)KaTHe BEIIECTBA BO3MOKHO M3-32 ITHX HEOOJBIINX 3a30POB MEKIY
aTOMaMH, a TakKe H3-3a COJEp)KaIllMXCsi B HEM aTOMOB Ta3o0B,
MMEIOIINX 3HAYUTEIbHYIO aCHMMETpHUIo (puc.4).

Paznmom TBepmoro Teixa MpOXOAUT MO 0OJACTSAM C OOJBIIUM
COJIep’)KaHWEM pACTBOPEHHBIX B HEM pa3IUYHBIX MpuMeceil u
MOBEPXHOCTh pa3jioMa U3-3a OOJBIIMX CHJI MPUTSHKEHHUS MTHOBEHHO
obneruiseTcss MOJIEKyJIaMH BO3ayXa. M ecliu CIOXUTh pa3ioOMaHHbBIE
4acTH BMECTE, TO M3-3a MPOCIONKHA MOJIEKYJ BO3JlyXa IIEJIOT0 KycKa
MOJTYYUTh YK€ HE YAACTCS.

[IpwioxuB odYeHb OONBIIOE MABICHHE K KyCKaM MOXKHO
BBIIABUTH OOJIBIIMHCTBO MOJICKYJ BO3/JyXa M3 pa3lioMa M KYCKH,
HENOCPEJICTBEHHO  COMPUKOCHYBIIUCh, COEAMHSTCS. ITO, TakK
Ha3bIBacMasi, CBapKa JaBJIEHHEM, KOTOpas CHJIbHO OOJerdaercs B
BakyyMme. IMEHHO U3-3a TOTO, YTO B BaKyyMe€ CBapUJIMCh IIapHUPHI
JIIOKa KOCMUYECKOT0 KOpalJisi, TP BBIXOJE B OTKPBITHI KOCMOC YYTh
OBLIO HE MO0 KOCMOHABT JICOHOB.

2) Amomwbl dcuoKocmeil umerwm HECKOIbKO 0OO0abUiyIo
acummempuio, yem amombvl meepovix mei, U pacnonazarmcs c
HeCKONbKO 001bUUMU 3A30paMu, NOIMOMY UMEIOH 603MONCHOCHLb
J1€2KO CKOJIb3UNb OMHOCUMENIbHO OpY2 Opy2a.

DTOW JIETKOCTBIO CKOJIBKEHHsI OOYCIIaBJIMBAETCS CBOWCTBO
TEKYy4eCTH KHUIKOCTEH 1 OTCYTCTBUE B HUX TpeHus. B cuity Toro, uro
3a30pbl MEXAY aToMaMH TOXE JIOCTATOYHO Mallbl, MHUAKOCTU TOXKE
MPAKTUYECKH HeC)KUMaeMbl. He3HauuTeNbHOE CKaTHe KUIKOCTEH TaK
K€ BO3MOIKHO JIUIIIb U3-32 PACTBOPEHHBIX B HEW MOJIEKYJI ra30B.
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AcUMMeETpUsI TPAaBUTALIMOHHBIX TOJIEM aTOMOB pa3JIMYHBIX
KHUJKOCTEN TaK jke MOKET OYeHb CHJIbHO pa3inyaThes. BemecTsa co
CPaBHUTEIHHO HEOOJIBIIONW PA3HOCTHIO ACUMMETPUI JIETKO BCTYMHAIOT
B "XHUMHUYECKHE" PEaKLHH JPYT C APYTOM U JIETKO CMEIIHUBAIOTCS, a C
0OJIBIIION Pa3HOCTHIO, HAOOOPOT PACCIIAUBAIOTCA.

Pa3HocTh NOTEHLIMAIOB, BOZHUKAIOIIASL B PE3Y/IbTaTe KOHTAKTA
MEXIY >KUJKOCTBIO M TBEPIBIM TEJIOM, O0YCIOBJICHHAS Pa3HOCTHIO
aCUMMETpPUN TI'pPAaBUTALIMOHHBIX IOJIEH MX aTOMOB, I103BOJISET
CO3/1aBaTh "'XMMHUYECKHE" UCTOUHUKH JIEKTpUUIECKOro Toka. [lpuuem,
yeM OoJIbllie Pa3HOCTh aCUMMETpHi, TeM Oosiee 3¢ (EeKTUBHbBIE
UCTOYHUKU TOKa MosydaroTcs. Tak 4ro Jo0ble, Tak Ha3blBaeMbIE
XUMHYECKHE  pEeakluuu  UMEIT  (U3NYECKHE  MEXaHU3MbI
B3auUMOJICUCTBHUI.

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

XKunkocts, wuMeromas ropa3ao OOJNBLUIYI0 aCHUMMETPUIO
IPaBUTALIMOHHBIX IOJIEH aTOMOB, OTJAET 3apsibl aToMaM TBEPAOIO
Tena, yBeIMYMBash UX acuMmeTpuio. [Ipu 3TOM CHUIBI TPUTSKEHUS
MEXJIy aToMaMu TBEPAOrO Tejla YMEHbBINIAIOTCS U OHO Jierde
pacnagaeTcss Ha OTAEIbHbIE aTOMBI (pacTtBopsieTcs). M yem Bblle
Temreparypa (aCUMMETpHsi) KMJIKOCTH, TEM Jerde pacTBOpSETCS B
HEW TBEPAOE TEJIO.

C razamu Bce MpOUCXOIUT HA000pOT. ['a3bl, mMeromue ropasio
OOJBIIYI0O ACHMMMETPHUIO TPABUTALMOHHBIX IIOJIEM AaTroMOB, 4YeM
XKHUAKOCTH, JIETYE PACTBOPSIIOTCS B XOJOJHOM BOJE, TaK KaK aTOMBI
ra3oB CcaMu OTHAIOT 3apsA]bl aTOMaM BOJbI, YMEHbIIAs Pa3HOCTh
ACUMMETPUH, YTO MPUBOJIUT K YBEIMUEHUIO CUJI IPUTSKEHUS MEXKIY
aTOMaMHU Ta3a 1 KUIKOCTH.

W mnpu HarpeBaHUM KUAKOCTU €€  acUMMETpHus, Kak U
aCUMMETpHsl Ta3a YMEHbBINAETCS U PACTBOPEHHbIE Ta3bl HAYMHAIOT
OYypHO BBLIETATHCA B aTMOCheEpYy.
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3) Amombt 2a306 umewom 0080J1bHO 3HAUUMENbHYIO
acummempuro 2pasumayuOHHbIX noanen (3HauumenvHbvill
u30bIMouHLILL  3aps0), 6 pe3yibmame KOMOpPou Mexcoy HUMuU
npeoobaaoarom cuivl OMmaiKueaHusl.

OTH CUJIBI OTTAJIKMBAHUS MEXIY aTOMaMH ra3a 3acTaBJISIOT
ra3pl OECKOHEUHO pacmupsThes. Ho mpu BHEIIHEM MaBIIGHUU Ta3bl
JIETKO CKUMAIOTCS U KOTJ[a MEXIy aTOMaMH ra3a Mo4YTH HE OCTaeTCs
MOJIEBBIX  MPOMEXKYTKOB, Ta3 TMPEBpAIaeTCs B  MHCUOKOCHIb.
"Camockatue" Taza B CIEACTBHH, SKOOBI, TPaBUTAIMOHHOTO
MPUTSKEHUST aTOMOB JIPYT K JIPYTY, SIBISETCS TOJHEHUIIECH YYIIbIO,
KOTOPYIO ~ HECyT  JIOJAU ¢  YOOTHMH  OOBIBaTEIbCKUMH
MIPEACTABJICHUSIMU O TIPUpOe TpaBuTanui. [lagenrne maTepun camoi
Ha ce0s, KOTOpOe TMPEACTaBIseT COOOM, TaK Ha3bIBACMBIN
IPaBUTALMOHHBIN KOJUIAIIC, 10 CYTH, PABHOCUJIHHO MOJHSATHIO CAMOTO
ce0s1 3a BOJIOCHI.

Uem Oojbllle aCUMMETPHUSI TPABUTAIMOHHBIX IOJIEH aTOMOB
rasa, TEM MEHBIIE ra3 BECUT B IIOJIE€ TATOTEHHA 3eMIU. ATOMBI U

MOJICKYJIBL BOaOpOaa, Harpumep,

""-L acTwna o

- 4 ?—+~—— 00a1atoT OYEHb 60JIBIIOM

= aCUMMETpHUeH, ¢1abd0 MPUTATHBAIOTCS

3emield M TMO3TOMY BCTpPEUYAETCS
TOJILKO Ha OYCHB OOJIBIIUX BHICOTAX.

TPARATRHOHHOE
moae

Yem Oomplie  acUMMeETpus

Puc.5 IpaBUTAIMOHHBIX TOJIE aTOMOB rasa,
TEM MEHBIIIE a3 BECUT B I0JI€ TATOTCHUS 3eMJIU. ATOMBI U MOJIEKYJIbI
BOJIOpPOJIa, HAMpHUMEpP, HMEIOT OYCHb OOJIBIIYI0 ACHUMMETPHIO |
BCTPEYAIOTCS TOJIBKO Ha OYEHB OOJIBIITUX BBICOTAX.

Kak Obpl10 TOKa3aHO BbIIIE (PHC.2), TPABUTAIIMOHHBIC CHUIIBI
TATOTEHUSI OYEHBb OBICTPO YOBIBAIOT C YBEIMYCHHEM PACCTOSIHHUS OT
TATOTEIONTUX TEJI, MMOATOMY CHJIBI mpuTsokeHus ConHia U 3eMiin Ha
paccrosinuu 150 MUIIIMOHOB KMJIIOMETPOB, HACTOJIBKO HUYTOKHBI, YTO
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3emusi, BO BpeMsl JBUKCHHSI, OCTAETCsl Ha OpOUTE TOIBKO Onaromaps
60JIHOBOMY 83AUMOOEIICMEUI0 C TPABUTAIMOHHBIM 1ojieM CoJHIa.
J171s1 TOTO 9TO OBI MOHATH MPUPOTY BOTHOBBIX B3aMMO/ICHCTBHM,
JIOCTAaTOYHO  paccMoTpeTh  "»ddext”, Tak  Ha3bIBAEMOTO,
2pasumayuonno20 aunzuposanusn (puc.S). OH 3aKIII0YAETCA B TOM,

* 2 e 4TO 4YacTula, IpoJicTaromas MHUMO
& TSATOTEIOIIETO 00BEKTa, B PE3yJIbTare

7 L | BOIHOBOTO B3aMMOAEHCTBHA C  ero
4 i 3 rpaBUTAlUOHHBIM I10JICM, U3MCHSACT
"“;:4:6 CBOIO TPAEKTOPUIO B CTOPOHY JTOIO

00BEKTA, co3maBas ALTFO3UIO
nputskeHus. [lomoousM "3dexkToM” 00BsicHAECTCT U AUPaKIUS
YaCTHUIl HA Y3KUX LIESIX.

OOBsICHSIETCS ATO TEM, YTO BOJTHA, COMPOBOXKIAIONIAS YACTHILY,
CO CTOPOHBI OOJBIICH HAMPSKESHHOCTHU TOJISI UCIBITHIBACT OOJIbIIEe
COMPOTHUBIIEHHWE, YE€M C TIPOTHUBOIMOJOXKHOW, HYTO H CO3MAeT
OTKJIOHSIOIIUKA MOMEHT, HM3MEHSIOIMIMN TPACKTOPUIO YaCTULBI B
CTOPOHY TSTOTErIIEero 00bekTa. M deM BBIIIe CKOPOCTh YaCTHUIl U
yeM OJIKe UX TPACKTOPHS K TATOTEIOIIEeMY Tely, TeM CUIbHEe OHU
OTKJIOHSIOTCS (pHC.6).

Opnaxo OoJblIME YYEHbIE 10 CUX IOP HUKAK HE MOTYT MOHSTD,
KaKUM 00pa3oM CO3al0T MHTEP(PEPEHIIMOHHYIO0 KapTHUHKY YaCTHUIIbI,
MPOJIETAOIINE CKBO3b Y3KHE IIenu. VM U HEeBIOMEK, YTO YacTHIIa,
MPOJIETAOIAsT Yepe3 CepeuHy IIeNU, He OTKJIOHSETCS, a YacTHlla,
MpoJeTaInas psSIoM ¢ KpaeMm Imenw, B pe3ynbTate 3ddexra
IPaBUTAIMOHHOTO JTUH3UPOBAHUS,

OTKJIOHSIETCSI B CTOPOHY 3TOro kpas. U
MO3TOMY MM MPHUILIOCH H300pecTH
HEKUH XWUTPOYMHBIH, HO YyOOTrHuii
MPUHLMIT KOPIYCKYJISIPHO-BOJIHOBOIO

CONREYNEE NYIM

Ayanu3Mma, 10 KOTOPOMY 4YacTHIla

Puc.7 MOXET  MpeBpamaThCcs,  MOJ00HO
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JUKUHY W3 BOCTOYHOM CKa3KH, TO B 4acTully, TO B BoaHy. IIo Toi
OpUYMHE, YTO YaCTHIbl, HMEIOIHUe OOJBIIYI0O CKOPOCTh U
BO30yKaarommue 0osee KOPOTKHME BOJHBI B TPABUTALIMOHHOM IIOJIE
IUTAHEThI OTKJIOHSIIOTCS CHJIbHEE, 3aKaTHOe HE0O MMEeT KpaCHOBATHIM
OTTEHOK (puc.7).

[HonoOHBIM ke 3P (HEeKTOM TPaBUTAIMOHHOTO JIMH3UPOBAHHS
00BSICHACTCS IPUTSHKEHUE MapaJuIeIbHBIX TOKOB, IPUTSKEHUE CYI0B
Ha NapajyieNIbHBIX Kypcax, a TAK)KE YMEHBIICHUE JaBICHHS )KUKOCTH
WIM Taza MpU YBEIMYEHUHM CKOPOCTU IBUXKEHHS B Y3KOM CEUEHUU
TpyOBI, a Takke aBTO(HOKYCHPOBKA JTyda Jiazepa 00JIbIIIONH MOIIIHOCTH.

AHaJOrM4Has CUTYyalusl HaOII01aeTCsl U IPU ABMKEHUU TITAaHET
o opoutam. [Ipu nBr>KEHUH IO OPOUTE, TUTAHETHI BO30YXKIAIOT BOJIHY
B IPaBUTALIMOHHOM I10JIE 3BE3/bl U PA3HOCTh CKOPOCTEN ITOW BOJIHBI,
B O0JacTsIX C pa3iMYHOM HANpPsDKEHHOCTBIO TOJSA, HW3MEHSET
TPAeKTOPUIO IUIAHETHl B CTOPOHY OOJbIIEH IIOTHOCTH TOJI,
ynepxuBas e€ Ha opoure (puc.8), 1 OTHOBPEMEHHO MPUACT IUIAaHETE
HEKOTOPBIN Bpalaloluil MOMEHT.

Cunbl nputspkenust JIyHsl, Hanpumep, Ha TaKOM PAacCTOSHUU
HACTOJIbKO HMYTOXKHBI, YTO HE TOJBKO HE MOTYT J1ehOopMHpOBATH
3eMHYIO KOpY WIH yAepKaTh €€ Ha opOuTe, KaK CUUTAIOT yYeHbIe, HO
Nake HA B MaJIEUIIIEd CTEIECHHU, HEe BIUAIOT Ha Hall Bec. EciIu cuibl

nputTshkeHuss  JIyHpl  ObLTM OBl

i r‘:’%’;‘?ﬁ CIOCOOHBI  MOJHUMATh  MHJIJIHOHBI
N TOHH BOJIbI B OKE€AaHE, TO B3BECUBILHUCH
' Ha TMPYKUHHBIX BEcax BO BpeMs
- ‘} NPUIMBA U OTJIMBA, Mbl Obl 3aMETHIIN
CYHICCTBCHHYIO pa3HHLy B Bece
HAIIero Tena. ..
Pnc.8

B peanbHOCTH, NpaKTUYECKH
HeBecoMasi B mojie TsroteHust ConHua 3emiisi MPOCTO MOKAYUBAETCS
Ha Op6I/ITe rpaBUTAllUOHHBIMU BOJIHAMHU OT ABUXXCHUA .HYHBI u 3TO
MOXHO HaGJIIO,Z[aTb HCBOOPY’KCHHLIM TJIa30M IO OKCAHCKUM
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npuiuBaM. OkeaHbl pearupyroT Ha pacKauyMBaHUE 3eMJIM U €€
CyTOYHOE BpAIllEHHUE, KaK BOJa B TA3UKE MPH €T0 MOKaYMBaHUH.

DTO MPEKPACHO COIJIACYETCSl ¢ HACTOSIIIEH TEOpUEH, TaK Kak
MIPUIMBHBIC BOJHBI B PA3HBIX OKEAHAX Pa3JIMUHBI 10 BETUYMHE U HE
coBnamaroT ¢ ABwkeHueM JlyHbl. Cunbsl nputTskenuss ConHua Ha
TaKUX PACCTOSHUSX JIO IJIAHET HACTOJIBKO HUYTOXKHBI, YTO IUIAHETHI B
€ro T0JIE TATOTCHUSI MPAKTUIECKH HUUYETO HE BECSIT.

Ho BonHBI, KOTOpBIE OHU BO30YXTAIOT MPHU JBHKEHUU TIO
opOuTaM B rpaBuTaliMOHHOM ToJie COJHIIA, TaK WM MHAYEC BIUSIOT HA
XapakTep JBWIKEHUS COCEIHUX IUIAHET M DTO BBIpAXKAeTCsS B
HE3HAYUTEIbHBIX KOJIEOAHUAX UX CKOPOCTH W HAIIPABJICHUS, KOTOPHIC
Ha3piBatOTCsl juOpanusmu. CoJIHIIE TakK K€ pacKadyuBaeTCs
TPaBUTAIMOHHBIMHU BOJIHAMH OT JIBMDKCHHS TUJIAHET M B €T0 YKHIAKOMN
000JI0YKE MPOUCXOAIT aHATIOTHYHBIC IPUIIMBHEIC SIBIICHUS.

OObIBaTeNbCKUE  TPEICTABICHHUS  MHUPOBOTO  HAyYHOTO
coo0ImecTsa O MPHUPOJAE TPaBUTAIMH TPHUBEIU K HU300pPETCHUIO
a0bCypIHOTO TOHSTHS TPABUTAIMOHHOTO KOJUIANCa, KaK MajeHUs
MaTepuu caMoi Ha ce0s, MO CYTH, YTBEPIKIAIOMIEr0 BO3MOKHOCTh
MOJHATHS CaMOro ce0s 3a BOJIOCHI.

[IpaBga 3TO HE OYEHH-TO IOMOTJIO YYEHBIM B TIO3HAHUU
MIPUPOJIBI U OHU YKe 00JIee CTa JIET UIIYT IPaBUTAIIMOHHBIC BOJIHBI, HE
MOJ03peBasi, YTO YEJIOBEYECTBO YK€ JABHO IMOJIB3YETCS OSTUMH
IPaBUTALMOHHBIMU BOJTHAMH IS PATUOCBsI3U. TOBKO Ha3bIBast UX HE
IPaBUTALMOHHBIMH, & SJICKTPOMATHUTHBIMH.

KoHcraTupys BellieckazaHHOE, YTOUHUM OCHOBHBIC TEPMUHBI.

"Mamepusa, mo ece, umo cyuiecmeyem He3A6UCUMO Om
Hawe2o co3nanua''.

Martepusi, 3T0 Oe3HauanbHas 1 OECKOHEYHAs BCEICHHASI.

"Mamepus umeem uwacmuuHoe CcmpoOeHUE U MONHCEMm
opooumovca 6eckoneuno'. OHa MOXET APOOWTCS HA aTOMBI, Ha
3JIEMEHTapHBIE, cy0dJIeMeHTapHbIe, CBEpXCy03JIeMEeHTapHbIC
YACTHIIBI M TAK Jjajaee 0 OECKOHEUHOCTH.
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"Ocnoenvie ceoiicmea mamepuu, 3apa0d, IHEPeUA U
HenpoHuyaemocms, "'

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

"Ilone, ’mo ceoilicmeo 3apada uiu NOCPEOHUK NpuU
63aumMoo0eiicmeuy MamepuanbHslx men''.

[Tone - mOTeHHMATBHO, TMOATOMY OMNMHUCAaTh €ro B paMKax
€BKIIMJIOBOM T€OMETPUN TPUHIIUITAATHFHO HEBO3MOXKHO.

[Toe o6amaeT CBOMCTBOM YIIPYrOCTH, MIO3TOMY B HEM MOTYT
BO3HUKATbh U PACIIPOCTPAHSTHCS YIPYTHUe BOJIHBI CKATHUSI.

"Bonna, 3Imo  MmexaHuzm  63AUMOOCUCHMEUA  MENHCOY
MmamepuanvHeimu meanamu''.

"Inepzus, Imo ceoitcmeo mamepuu cosepuiams pavomy''.

A TO3TOMY HUKAaKOH XMMHUYECKOH, OMOJIOTMYECKONW M KaKO-11bo
JIpPYroy DHEPruu HE CYLIECTBYET.

"Henponuuaemocms, 3mo  C60licMmeo, UcCKIouawouiee
603MOMCHOCHb CYUWECME0BAHUSA MAMEPUATILHBIX 00bEKM 08 Opy2 6
opyze''.

CBOWMCTBOM HENPOHUIIAEMOCTH MAaTepUu OOBICHSAETCA €&
HEC)KMMAeMOCTh U NPOTSHKEHHOCTh. (C)KMMaeMoCTh  BeIlecTBa
oOyClIOBJIEHa  JIMIIb  YIOPYTOCTbIO  3JEKTPUUECKUX  MOJIEH,
OKPYKAIOIIMX aTOMBI U3 KOTOPBIX 3TO BEIIECTBO COCTOUT.

"leusicenue, 3mo uzmenenue cOCmoAHUA mamepuu''.

JIBuKeHHE — 3TO HE MPUYHMHA, a CIEACTBHE CYIIECTBOBAHUS
MaTepHH, 00yCIOBICHHOE €€ CBOHCTBAMH.

OTO HE XAOTHYECKOE METaHHE M3 CTOPOHBI B CTOPOHY, Kak
YTBEPKAAIOT TICEBAOHAYYHBIE MOJEKYISIPHO-KHUHETUYECKass TeopHs
WIM Teopus CTPYH, a OJHOHANPABIEHHBIM MpPOILECC H3MEHEHUS
COCTOSTHUSI MAaTEpUU — CUHME3.

"Cuna, 3mo oOeiicmeue na mamepuaibHoe meno pasHoCmu
2PasUMAYUOHHBIX UIU IIEKMPUYECKUX NOMEHUUAN08" "
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Hukakux cun Jlopenna, Kopuonuca, ApxuMena uiam Koro-to
elie, B MPUPOJE HE CYIIECTBYET, BCE CHJIBI UMEIOT OJHY U TY K€ U
€AMHCTBEHHYIO  TNPUPOJY, Pa3HOCTh  TIPABUTALUOHHBIX  WIIHU
AIEKTPUYECKUX TTOTEHINAIIOB.

"Bec, 3mo cuna npumsasicenus, 00ycioeienHas pazHocmsio
2PasuUmMAayUOHHBIX NOMEHYUAI06 6 NoJle mAzomelouiezo mena''.
Wnu nonoxeHuem Tena B rpaBUTALIMOHHOM I10JI€ APYTOro Teja.

Onupasicb Ha  BBIIIEHEPEUYHUCICHHBIE  (QYyHIaMEHTAIbHBIC
CBOWCTBA MaTEPHH, MO>KHO HE TOJIBKO OOBSCHUTD JIIOOBIE (hU3NYECKHE
SBJICHUS B IPUPOJIE, HO JAaKe MPECKa3aTh U COLUaIbHBIE.

Hy a Tenepp monpoOyem pa3o0paThCcsi B TOM, YTO K€ TaKOe
aQHTUTpaBUTAIMS, O KOTOPOM Tak JIOOAT paccykaaTh Nepen
00BIBaTEILCKON ayTMTOPHEH, HEKOTOPHIE YueHbIe. Kak n3BecTHO, IpH
rpaBUTALlMU TeNla BCErJa MPUTITUBAIOTCA JpYyr K Jpyry. lIpocrteie
JIOTUYECKHE PA3MBIILJICHUS TPUBOJAT K BBIBOAY, YTO TMOJ
AHTUTPAaBUTALMEN MTOAPAa3yMEBAETCs OTTAIKUBAHUE.

B xoze nanpHEHIINX pa3MbIIUICHUN MbI HEH30€KHO TIOWMEM,
YTO ra3bpl, ¢ MX CTPEeMJICHMEM OECKOHEYHO paCIIUpPATHCS H3-3a
OOJBIION acCMMMETPUM TPaBUTAIMOHHBIX TMOJEH MX AaTOMOB,
MOCTOSIHHO HaXOJSTCS B COCTOSHUU aHTUTpaBUTAlMU. To ecTh ux
aTOMBI M3-32 CHJI OTTAJIKMBAHUSI CTPEMATCS pa3ieTeTbCs B pa3HbIC
CTOPOHBI.

W 1yt yx camble cooOpa3uTeNbHbIE MOTYT CAETaTh JJs ceos
COBEPILEHHO OIIEJIOMJIAIONIEE OTKPBITUE, YTO JIIOOBIE JBUTATENH,
CO3/IaHHBIC YEJIOBEKOM, 3TO JBUTATelIM paboTarolue, 1Mo CyTH, Ha
AQHTUTPABUTALUH.

PeaxkTuBHEBIA ABHUrareilb, dTO HE YTO HHOE, KAaK OOBIYHBIN
AHTUTPABUTALMOHHBIM IBUTAaTENh. PeakTUBHBIE CaMOJIEThl, PAKEThI-
HOCHUTEJH CITyTHHKOB, J1a U1 OOBIYHBIE HOBOIOJHUE (eiiepBepKH, Bce
OHM aHTUTpaBUTalMOHHble. Ha aHTHrpaBuTamuu paboTaroT aaxe
ABTOMOOWIIbHBIE IBUTATENI BHYTPEHHETO CTOPAHUS.
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Bens B xamepe cropanust 1000ro ABHraTensi, B pe3yibTaTe
COEIMHEHUS YTJIEBOAOPOJOB C KHCIOPOAOM, MPOUCXOAUT CHUHTE3
VIJIEKUCIIOr0 Trasza, KOTOPBIM paciupsisiCh H3-3a OTTaJIKUBaHUS
(aHTHTpaBUTAIIMKM) €r0 MOJEKYJ1 JpPYyr OT Jpyra, ¢ OOJBIION
CKOPOCTBIO BBITEKAET YEPe3 COIUIO U TOJKAET, B MOJHOM COTJIACHH C
3aKOHOM COXpaHEHUS UMITYIIbCa, CAMOJIET, PAKETy, 3apsi geiiepBepka
WJIU MMOPHICHDb B IPOTUBOIIOJIOKHOM HAIlIpPAaBJICHUH.

OKaBBIBaeTCH, YCJIOBCUYCCTBO YKC NAaBHLBIM-IAABHO HCIIOJB3YCT
AHTUT'PpAaBUTAIIUIO B CBOMX HU3MCHHBIX W KOPBLICTHBIX HCJIAX, 4@ BOT
TEOPETUKHU JI0 CUX MOP ITOr0 KaK-TO HE COOOPa3UIIH.

Hy, npsimo kak repoit komeauu Monbepa, KOTOPbIM JaXXe U HE
JOTaIbIBAJICS, YTO BCIO KU3Hb TOBOPHII ITPO30H. . .

4. OB DJIEKTPHYECKOM TOKE 1
DJIEKTPOMATHUTHOM MHAYKIAN

Cpenu TBepIbIX TEN CYNIECTBYIOT BEIIECTBA, aTOMBI KOTOPBIX
UMEIOT OCOOCHHYIO BHYTPEHHIOIO CTPYKTYpY, crernuduaeckoe
pacIioIOKEHUE 3apsDKEHHBIX AJIEMEHTAPHBIX YaCTHII, 00pa3yrOIINX
atoM. [IpencTaBUTENsIMH 3TOW TPYIIBI 3JEMEHTOB, Ha3bIBACMBIX
deppomaznemuxkamu, SBISIOTCS METAUIBI - JKele30, KOOATbT U

HUKENb (puc.9), y KOTOphIX B CHIY
OCOOCHHOCTEH BHYTPEHHETO CTPOEHHS,
ANEKTPUYECKUE OIS UX ATOMOB JIMHEWHO
CMELIEHbl OTHOCUTEIBHO IpYr Apyra U
IPOCTOM MAarHuT SIBJISETCSI OOBIYHBIM
IEKTPUUECKUM AMITI0NIEM. DTO JIUHEUHOe
cMeujenue >IEKTPUYECKUX MoJel aTomMa

artom (peppomarHeTnka
Punc.9
OTHOCUTCIIBHO Apyr Aapyra MOXHO Ha3BaThb nepexkocom

TpPaBUTAIUOHHOTO I1OJIA.
Hepelcoc pasumayuOHH020 nojasa — 3TO0 U €CTb TO, YTO B

¢u3uke omMOOYHO HA3bIBACTCS MacHumHvim nonem. Ilpupona, kax
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MBI BUIHMM, BIIOJIHE 0OXOIUTCSI CAMBIMA MUHUMAIBHBIMU U IPOCTHIMU
CpeIcTBaMH.

B cuMMerpuyHOM TpaBUTAIMOHHOM TIOJIE JIFOOOTO Tena,
MOTEHIHAN JI000H TOYKM, KaK B IIOJ€ ITOJOKUTEIBbHBIX, TaK U
OTPUIIATENIBHBIX  3aps70B,  OJWHAKOB, IOATOMY  Pa3HOCTh
AIIEKTPUYIECKUX TOTEHIIMAIIOB B JIOOOW TOYKE TAaKOro TOJS paBHA
HYIIIO.

IMpumeyanne! Kcmamu, umenno nepexkocel zpasumayuoHHbIX
noJeit 36eHbeé OUHHBIX OP2AHRUYUECKUX MOJIEKYJ]l DE3UHDbL, ,ZIHK U MHO2UX

Opy2ux BblCOKOMOJIEK)IAPHBIX COCOUHEHUIl, AGNAIOMCA NPUUUHOU

C6OPAYUGAHUA UX 6 CRUDPANU, KOMOPbIE U NPUOAION IMUM GEULECHIBAM
ceolicmea ynpyzocmu.

B acummempuunom rpaBuUTAllMOHHOM IMOJE€ B KaXIOW €ro
TOYKE  CYILECTBYET
= MMOTEHIIMATIOB, KOTOpas TMPUBOJIUT K
R CMEIMICHUIO 3apsIOB B IPOOHOM TeJe Un
K TOJISIpU3AITUH, KOTOpast npu

MepeMEIIEHIH TPOOHOTO TeJia OCTACTCS

HCKOTOpasa Pa3HOCTH SJICKTPHUYICCKUX

MOTEHLMENOB NPH SCHMMETPUN
FPABUTAUMOHHOPG NONA

HEM3MEHHOH. DTO MOKa3aHO Ha rpaduke
(puc.10a). Ilpu nBHUXKEHHH TPOOHOTO

& b " r
e

Puc.10a
noyiie (MazHumHom), Pa3HOCTb BIEKTPUUYECKUX TMOTECHIHAIOB OT

TCJIa B B€PEeKOULEHHOM TPABUTALITMOHHOM

TOYKH K TOYKE HM3MEHSETCS, B Pe3yJbTaTe Yero B HEM BO3HUKACT
JBHKCHHE JICKTPHUCCKUX 3aPSIIOB WIH JICKTPUICCKHI TOK.

OT0 siBIeHHE B (PU3MKE HOCUT HA3BAHUC 21EKMPOMAZHUNHOU
UHOYKYUU W TIOKa3aHO Ha Tpaduke
(pucrol10b). 310 NO3BOISAET TaK K€ JIETKO

KPHBBIE YOLIBAHWA INEKTPUYECKAX
NOTEHUWANCE NPW NEPeKoce
TPABHTAUMOHHOTO Nona

OOBSICHUTh ~ OpUHIMI ~ pabOoThI, Tak

da,
. dado, Ha3bIBACMBIX, YHUTIOJISPHBIX
. TeHEepaTopOB 0e3 MIPUBJICYCHUS

paceTonHne

Puc.10b

JDKCHAyYHON TEOPUM OTHOCUTEIBbHOCTHU
UM KaKMX-TO HECYIIECT BYIOIIUX CHII
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Jlopenna. To o0OCTOATENBCTBO, YTO MAarHUTHOE IIOJIE — 3TO
MEPEeKOIIEHHOE TPaBUTALIMOHHOE TMO0je, OO0pa30BaHHOE JMHEWHO
CMEIIEHHBIMH  3JICKTPUYECKUMHU TOJIIMU, JIETKO JIOKa3bIBAETCS
MPOCTBHIM HKCIIEPUMEHTOM.

B onektpoHHO-mydeBoi  TpyOKe,  DIEKTPOHHBIM  JIy4

OTKJIOHACTCA OJICKTPOCTATUUCCKHUM I10JIEM
IJIOCKOI'0 KOHJACHCATOpad, OTTAJIKUBAACH OT

OTpHHaTeHBHOﬁ n MNPpUTATUBAACH K

aKpan

MMOJIOKUTEIbHOM OGK.H&I[KG. OTO IIOKa3aHO

ieerpon

sl Ha  pucynke (puc.1la). Ecmm  xe

—— OTKJIOHSIFOIIYI0 CHCTEMY BBITIOJTHUTEL 10
cxeme pucyHka (puc.11b), uMUTHpPOBaAB MEPEKOC TPABUTAIIMOHHOTO
TIOJISI MEXKTY SJIEKTPOJAMHU, TO TJIOCKOCTh OTKJIOHEHHUS 3JIEKTPOHHOTO
ay4a Oyzaet nmoBepHyTa Ha 90 rpagycos.

To ecTh NMEKTPUYECKUMH TOJSIMH JIBYX Tap AJIEKTPOJOB MBI
CO3aeM TEpPEeKOC TPABUTAIMOHHOTO TOJS WU, APYTUMHU CIIOBAaMU
MarHUTHOE TIOJIE U AJIEKTPOHHBIN Jyd, MPOXOMAS Yepe3 3Ty CHCTEMY
DIIEKTPOJIOB, OYJET OTKJIOHSATHCSA TaK ke, KaK B AJICKTPOMArHUTHOMN
OTKJIOHSIIOILIEH CHCTEME.

Tak kak dr00BIC dJEMEHTapHBIC YACTHI[BI COCTOST M3 OoJjee
MEJIKUX CyOdJI€eMEHTAapHBIX YacTHIl, OHM TaK K€ 00J1amarT, Ju0o
acuMMeTpueH, 100 HeOOIBIIIUM TTEPEKOCOM IPABUTAITMOHHOTO TTOJIA,
B pe3ylbTaTe KOTOPOrO TMPH JBIKEHHH B aACHMMETPUYHBIX
TPAaBUTALMOHHBIX TIONSX JIPYTUX OOBEKTOB, OHU MPHUBOJATCS BO
BpallleHHe, KOTOPOE TPAKTYETCSI COBPEMEHHON HAYKOW KaK CHUH.

JIUmonpHBIMA ~~ MOMEHTaMH B OCHOBHOM, Kak IPaBUIIO
00J1a71al0T COCTaBHBIC YACTUIIBI, KOTOPBIC MTPHU CTOJIKHOBEHHH JIETKO
pacKaJIbIBAlOTCS Ha COCTaBHBIE YacTH. OJIEMEHTapHbIC YaCTHIIBI,
COCTOAIINE U3 00JIee MEITKHX CYOB3JIEMEHTIIPHBIX YaCTHIl PACKOJIOTh
HEBO3MOJKHO, TaK KaK y YeJIOBEYECTBA MOKA HET TAKUX MCTOYHHUKOB
MOIIIHOCTH. DJEKTPOH, MO BCEW BUIAMMOCTH, YacTHIlA COCTaBHas,
MOTOMY YTO MPHU CTOJIKHOBEHHUH C MHUIICHBIO U3 TSDKEIBIX METAJLIOB,
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OH pPaKaJbIBACTCA Ha 60.]'[66 MCJIKUC JJICMCHTAPHBIC YaCTUIIHI,
UMCIOIIME  BBICOKYIO  TPOHHKAIOIIYID  CIIOCOOHOCTB.  OJTO
PEHTTEHOBCKHUE JIYUH.

Kak mumyt B yueOHMKAX (U3HMKHU, JIEKTPUUECKHH TOK — 3TO
MOTOK 3apsDKEHHBIX YaCTHII — AIEKTPOHOB. HOo orpoMHOE KOTMYECTBO

AJEKTPOHOB, JBHXYIIMXCS B IMPOBOJHUKE,

+V. snewrpon

MIPEACTABIISIET co0oit MHOKECTBO
napajuIeTbHBIX TOKOB, KOTOPBIE MO 3aKOHY
NPUTSKCHUST TapajuIeIbHBIX TOKOB OYAyT

CTATUBATHCS B TOHKUH LIHYP, MPOXOISIINN
0 LIEHTPY MPOBOJIHUKA.

B »TOoM ciydyae HHMKAakoro 3JEKTPUYECKOTO IMOJsI BOKPYT
IIPOBOJHMKA HAOIIOJAThCS HE JOKHO, TaK KaK OHO B CHJTy 3aKOHA

Puc.12

00paTHBIX KyOOB O4€HB OBICTPO YOBIBAET C PACCTOSIHHUEM H K TOMY K€
OYEHb CHUJIBHO SKPAHUPYETCS] aTOMaMU MPOBOJHUKA, OKPYKAIOIIUMHU
TOKONPOBOAALIMHI "IIHYp".

MexaHu3M CTSATMBAaHMA JBWXKYyLUXCs 3apsnoB  (puc.12)
00yCJIOBJICH WX BOJHOBBIMH B3aUMOJCHCTBUSMHU WU PA3HOCTHIO
CKOPOCTEHl BOJIHBI, KOTOpasi 3aBUCUT OT HaNpsXKEHHOCTH WIIU
"IJTOTHOCTU" TPABUTALIMOHHOTO TOJISI B KOTOPOM JABUKETCS 3apsil.

dokycupoBKa 3JeKTpoHHOTO Jy4a B DJIT 00ycnoBieHa auib
T€M, YTO Ha (OKYCHUPYIOUIMI 5SIEKTPOJ MOJAeTCsl BBICOKOE
HaIpPsDKEHUE, YBEIMUNBAIOIIEE CKOPOCTh 3JIEKTPOHOB.

B peanvnocmu, s3nexmpuyeckuit mok npeocmaenaem coooii
06a 6CMPEUHBIX NOMOKA 3aPA006 PA3HO20 3HAKA, OGUICYUUXCA C
YCKOpeHuem, Ka)covlil u3 KOmopwvix, 6 CUy 3aKOHA NPUMAINCEHUA
napanienbHplX mMoK0o8, CMPEMUMCA 3AHAMb MECMO 6 UeHmpe
npo6oOHUKA.

Ho Tak kak camu 3apshkeHHBbIE YacCTHIIbl MaT€pUAIbHBI U
HENPOHUIAEMBI, a MOJIS PAa3HbIX 3apsiI0B HA0OOPOT MPOHUIIAEMBI IPYT
ISl pyra, TO UX BCTPEUHbIE MOTOKU 3aKPYYHUBAIOTCA CHUPATIBIO
BOKpPYT Ipyr Apyra. B aTom ciydae 3akpydeHHbIE IOTOKH 3apsiioB B
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cnupansx OyayT CTPEeMHUTHCS K TMOBEPXHOCTH MPOBOJHHKA, YTO U
MOATBEPIKIAETCS ONBITOM. M B 3TOM K€ ciiydae BOKPYT MPOBOJHUKA C
TOKOM TIOSIBUTCS HepeKoc TPABUTALUOHHOTO OIS (MazHumHoe
no.Jie), KOTOPhI MOYKHO OOHAPYKUTH C TIOMOIIIBIO CTPEIIKH KOMIIaca.

[Ipu mepemeHe HampaBlIeHHs TOKA, HaMpaBJICHUE TEpeKoca
U3MEHUTBHCA U MAarHUTHAasl CTPEJIKA OTKJIOHHUTCS B IPYI'YIO CTOPOHY.
IIpy npoxoXkAEHUHU IO MPOBOJHUKY NEPEMEHHOIO TOKA, MOTOKHU
3apsANOB MEHSIOT HalpaBiICHUE OBUXKEHUS M, COOTBETCTBEHHO,
MEHSIETCA HAaIlPaBJICHUE BpAILICHUS CHOUPAJIEH, YTO MPUBOAUT K
OBICTPBIM H3MEHEHHUSIM IepPeKoca TPABUTAIIMOHHOTO TIOJISI BOKPYT
MPOBOJHMKA W PACOPOCTPAHCHUIO OTUX HW3MEHEHUHW B BHIE
TPaBUTAIMOHHBIX  BOJIH, KOTOpble B  (U3UKE  HA3BIBAIOTCS
IJIEKMPOMAZHUMHBIMU VTV PAOUOBOITHAMU.

OTU  BOJHBI  BOKPYr  IPOBOJHHMKA C  IEPEMEHHBIM
DIIEKTPUYECKUM  TOKOM, HUMEIOT  CPEpUUYECKYI0  Juarpammy
HAIPABIEHHOCTH U 0CIa0eBalOT ¢ PACCTOSIHUEM I10 3aKOHY 00paTHBIX
KBaJpaTOB.

pumeuanne! Cywecmeoganue 8cmpeuHbIX NOMOKOE 3apsA006
00yCno6eHo mem, 4mo 6 Mamepuanax 00bIYHBIX NPOBOOHUKOB 6Ce20a
npucymcmaeyem He3HauumenvHoe Konuuecmeo uacmuy c
ROJIOMCUMENIbHOIL  acumMmempuell  2pasumayuoHHblX  noaei  —
nozumponos. Ha pucynxe (puc.l) [2n1.3] nozumponst nokazanst 3ej1eHblm
UGemMoM. INeKmpoHbvl U NOZUMPOHBI, NPUMAZUBAACL Opy2 K OpYy2y,
oopazylom  HellmpanbHble uacmuyvl, KOMOpPble HAXOOAMCA 8
MeHCAmMOMHOM  hnpocmpancmee  eewecmea. Kozoa — pasznocmo
HOMEHYUAI08 BHEWHE20 UCHOYHUKA ITNEKMPUYLECKO20 MOKA PA3Pbléaent
UX, OH HAUUHAIOM O0BU2AMbCA 6 NPOMUBONOIONCHBIX HANPAGIEHUAX,
€030a6as ecmpeuHbvle HOMOKU 3aps008.

C oToil TOYKM 3peHHs] TOMpPoOyeM OOBSCHUTh MEXaHU3M
BO3HMKHOBEHHUS TOKa caMOMHAyKIHMH. Korma K KOHIIAaM IPOBOJHUKA
(puc.13) nprIOKEHO HANPSDKEHUE, B HEM HAYMHACSTCS JBUXKCHUE 3apsJIOB.
ONEKTPOHBI JIBHXKYTCS IO HAMPABICHUIO K IMOJIOKUTEIIEHOMY IOJIIOCY
HMCTOYHHUKA, IO3UTPOHBI — K OTPHUIIATCIIEHOMY.
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Tak kak TOTOK MO3WTPOHOB, HA Tpa)UKe OH MOKa3aH OPAHKEBHIM
LBETOM, B CBSI3U C OTPHUIIATEIbHON acCUMMETpUEH BEIecTBa HAILIEIO MUpa,
HUYTOXKHO MaJl W JIUIIb CJeTKa YMEHBIIAET pPa3HOCTh 3JIEKTPOHHBIX
MOTEHITUAJIOB, TO MBI OYZIEM PacCMaTPUBATh TOIBKO JABMKEHUE SIICKTPOHOB.
XOTsl TOTOK TO3UTPOHOB SIBISIETCA TNPHUYMHOW 3aKpyYHWBaHUS TMOTOKOB
3apsAI0B B CITUPAJb, IUISI HAC 3TO MTOKA HE NMEeT 3HAUYCHUSI.

DIEKTPOH, IBUTAsCh K MOJOKUTEILHOMY MOJIOCY UCTOYHUKA TOKA,
HENPEPHIBHO HM3MEHSET CKOPOCTh M3-32 TOCTOSHHO YBEIWYHMBAOIIEHCS,
corjlacHo 3akoHy KysioHa cuiibl IpUTSHKEHUS.

M3-3a 3T0#1 pa3HUIIBI CKOPOCTEH 3JIEKTPOHOB HA MMPOTUBOIOJIOKHBIX

Pz] ) PP, KOHIax MMpOBOAHMKA, BOSBHUKACT PAa3HOCTH UX

\ Gt | KOHIGHTpAMH MM Pa3HOCTh IMOTCHIUATIOB
i — dP.=P, -P;. 13 Hee BBIUMTAETCS Pa3HOCTH

L

INOTCHIIMAJIO0B, co3aaBacMas BCTPCUHBIM

e — *+ | IBWXEHHUEM MO3UTPOHOB dP,)=Ps3-Pi.

Py PesynbpTupytomas pa3HOCTb MOTEHIMAJIOB
onpenensercs popmynoi dP=P,-Ps.

IIpu OoTKIIOYEHUM UCTOYHUKA TOKA, MO JEUCTBUEM 3TON pa3HOCTH
noteHanoB dP, 31eKTpOHbI, HAKOMUBIIMECS B OTPULIATEIBHOM KOHIIE
MPOBOJHUKA MPOJOJKAIOT JBHXKCHUE K TMOJOXKUTEIBHOMY KOHIY U IO
MHEpPLUY HAKaIUIMBAIOTCA B HEM, CO3JaBas YK€ HECKOJIbKO MEHBIIYIO
00paTHYIO Pa3HOCTh MMOTCHIINAIOB.

B pesynmbrare meficTBHs 3TOH 00paTHOM Pa3HOCTH TOTEHITMAJIOB,
ANIEKTPOHBI HAYMHAKOT JBUTATHCS B OOpaTHOM HANpaBICHUHM U TPOIECC
noBTopsiercs. [lociie HECKOMBKUX 3aTyXalluX KOJICOaHH, 3aBUCIIINUX OT
JUIMHBl TPOBOJHMKA, KOHUEHTPALMS 3JIEKTPOHOB BBIPABHUBAETCS M TOK
mpeKpamaercs. IDTOT TOK B DJJICKTPOAMHAMHUKE M HAa3bIBACTCS TOKOM
CaMOMHAYKIIUH.

Ecmu pspoM ¢ MpOBOJHHKOM TOMECTUTH (DeppOMarHUTHBIH
MaTepuan, TO TEpPHOJ] KOJICOaHWN YBEIWYUTCA W3-3a TMOTeph Ha
IIEPEOPUEHTALIMIO €M0 aTOMOM.

OTcrola MOXKHO c[enaTh BBIBOJA, YTO MPHU MNPEKPaLICHUU TOKa,
JNEKTpUYECKHe KoJjeOaHus BO3HHKAIOT HE W3-3a H3MEHEHHS HEKOEero
MHU(UIECKOTO MATHATHOTO TIOJIA, & TI0 COBEPIIEHHO APYTOi MPUYHUHE U UTO
9TO MarHUTHOE MOJIe, HUKAKOT'0 y4acTus B Mpoliecce He IPUHUMAET.
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A noImMomMy HUKAKOU INEKMPOMAZHUMHOW CAMOUHOYKUUU, MAK
JHce KaK u camozo MaZHUMHO20 NOAA He Cyujecmeyem.

Bricokoii KOHIIEHTpaIei 3JIEKTPOHOB TaK K€ OOBSICHAETCS U TOT
(hakT, YTO HUTH HAKAIMBAHUS JIAMIIOYKH YaCTO IIEPETOPAET OKOJIO OIIOPHOTO
3JIEKTPO/Ia C KOTOPOTO B MOMEHT BKJIFOUEHUS MOCTYMAIOT 3JIEKTPOHBI, XOTS
IoibKHa OBl TIeperopars MOCPEAWHE, TaK OJJEKTPOIbl HIPaloT Ppoib
TEIJI0O0TBOA.

IIpu koHTakTe BEHIECTB (METAJIOB) C PAa3IUYHON BEITUUMHOUN
OTpULIATETIFHON aCMMMETPUHM TPABUTALMOHHBIX TOJICH aTOMOB, MEXKIY
HUMH BO3HUKAeT HEKOTOpas pPa3HOCTh OJIIEKTPHYECKHUX MOTEHIAIOB
(moreHnuaneHBIA Oappep (puc.14)). IlodToMy mpu TPOXOKICHUH TOKA
yepe3 TaKoW KOHTAKT B OJTHOM HaIpaBiICHUH, 3Ta Pa3sHOCTb MOTCHLMAJIOB
CKJIQ/IBIBAETCS C PAa3HOCTHIO MOTEHIIMAIIOB MCTOYHHKA TOKA, a B JPYroM
JNEUCTBYET MNPOTHUB HEE, TO NPUBOJUT K pPa3IUYHON BEIMYMHE TOKA,
MIPOTEKAIOMIETO Yepe3 KOHTAKT, 3aBHUCSIIYIO OT €r0 HaIpaBICHMS.

Hpyrumu cioBaMM, KOHTaKThl METAJUIOB C PA3IMUHON BEITUYMHOUN
ACUMMETPHUH o0nanaroT CITa0BIMU

"pﬁ_ "BBIIPSAMHUTEIIbHBIMH CBOICTBaMU,
U
win 4 L

1}

3aBUCAIIMMH OT BCIMYHHBI KOHTaKTHOM

pa3HoCTH MMOTCHITNAJIOB. Konrakrsl
OYEHb OOJIBIIIOH, TEXHOJIOTUYECKHA
Avon CO3JaHHOM, PAa3HOCTBIO AaCHUMMETPUH,

— co3faronue  OOJBIIYI0  KOHTAKTHYIO
ofnacTbk ¢ Manon obnacTts ¢ Gonbwon .
oTpuuaTenLHoit oTpUUaTentHon Pa3HOCTh MOTEHIUAIOB (MOTCHIUATLHBIN

ACUMMETPHEN (+) ACUMMETPHEN (=)

Puc.14 0apnep), HA3BIBAIOTCS

MOJTYTIPOBOAHUKOBBIMHU JIHO/IaMH, TOK 4Yepe3 KOTOpbhIe B MpeJesiaXx 3TOro
MOTCHIIUAIEHOTO 0apbepa, MOXET TE€Ub IMPAKTHYECCKA TOJBKO B OJHOM
HaIpaBJICHUH.

[Ipu moaxMIOYeHWM HMCTOYHWKA MHHYCOM K OOJIaCTH C MaJloi
OTpUIATeIbHON cuMMeTpuel (P), 0003HAUYECHHOW MaJibIM 3HAKOM MHHYC(p),
3IEKTPOHBI JIETKO MPOHUKAIOT B HEE MOJ JIEHCTBHEM HeOOJbIIION pa3HOCTH
nOTCHIUATOB Umin, TOTOMY 4TO CHJBI OTTaJKWBaHUSA cinabbl.  Ux
MIPOHUKHOBEHHE B 30HY KOHTAKTa €IIe U 00JIer4yaeTcs TeM, TO B 3TO BpeMs
JIEKTPOHBI U3 00emX 00JIacTell yXOIAT B HAINPABICHUU IOJIOKUTEIHHOTO
MOJIIOCA UCTOYHUKA TOKA, YMEHBILAsl UX aCUMMETPHIO.
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[Mpy nNOAKIIOYEHWHM WCTOYHMKA TOKA MHHYCOM K o00JacTu ¢
0OMBIION OTpUIATETFHONW acuMMeTpued (n), 0003HAYCHHOW OOJNBITUM
3HAKOM MMHYC(n), JICKTPOHBI HICTOYHHUKA HE MOTYT IIPOHUKHYTH B HEE U3-32
CWJI OTTAJIKVBAHHMS, ¥ TOK B 3TOM HAIIPABJIICHUU Yepe3 KOHTAKT HE TIPOXOJIUT.
Ilpu mnpeBBIlIeHUH OOpaTHON BHEITHEW pPa3HOCTHIO ITOTCHITMAJIOB
noteHuabHOTO Oaprepa Upp, B CBSI3M C OONBIION KOHIIEHTpAIHEH
JJIEKTPOHOB B O0JIACTH aHOJA, SBISIOIIUXCS HOCUTEISIMH  TeEIlIa,
MIPOUCXOJNUT TEIUIOBOW TpoOoH [ri.9] W BEIIPIMUTENIBHBIC CBOWCTBA
KOHTaKTa TepstoTcs. Ecim aHomHas 00MacTh KOHTaKTa YCTAHOBJICHA Ha
TEIUIOO0TBOE, MPOOOH HE MPUBOANT K Pa3pyUICHHIO KOHTAKTa U TO TIOCIE
CHSATHS  BHEIIHEH pa3HOCTH TIOTEHIMAJOB, CBOMCTBa  KOHTaKTa
BOCCTAHABITHBAIOTCS.

Ha rpaduke mokasano pacrpeneneHne MOTEHINAIOB U CTAHOBHUTCS
MOHATHO, TOYEMY TaKOH KOHTaKT MPOBOJMUT TOK B OJHOM HAalpaBJICHUHU,
MOKa3aHHOM CTPEJIKOW. 37ech HaIpallnBaeTCAd aHAJIOTHS C HaKIOHHOMN
TUIOCKOCTBIO.

[pumeuanne! Tax Kak 6 npupode Hem HUYE20 BUPMYATILHOZ0 WU
MHUMO20, 00bACHEHUE YUEHBIMU MEXAHUIMA HPOMEKAHUA MOKA Yepes3,
mMakKou KOHMAKM, HA3bl8AEMbLl N-P  NEpPexo0oM ¢ HOMOUbIO
Hecyuwiecmeyrouux "'0vIpoK'', HecocmoamenvHo, U A6AAEMCA MAKOU Hee
Yyuibl0, KAK U 00bACHEHUA MAKUX A61eHUIL 8 (hu3UKe, KAK AKKPeyus uin
Zpasumayuonnwlil Koananc. JIwovie é3aumoodeiicmeusn ¢ npupooe — 3mo
63aumMooeiicmeus He MHUMbBIX UWAU GUDMYATbHBIX, @ COBEPUIEHHO
DeanbHbIX MAMEPUATLHBIX YACHUL,.

Hcxons w3 BBINICU3IOKEHHOTO, MOXHO CJIENATh CICAYIOIHA
BBIBOJI: TPOBOJHWKH — O3TO BEIIECTBA HMeoIee HeOONBIIyIo
OTPUIIATEIHFHYI0 ACHMMETPHIO IPaBUTAIIMOHHBIX TIOJICH aTOMOB, B KOTOPBIX
JJEKTPOHBI MOTYT JIBUTATbCi TOJ JAEWCTBHEM HEOOJBIION pa3HOCTH
MOTCHITMAIIOB. A HW30JATOPHI, HA000pOT, O00JATAIOT OYEHH OOJBIIOHN
OTPUIATEITLHON aCHMMETPHEH, IIOATOMY JJISL TOTO YTOOBI AJIEKTPOHBI MOTIIU
B HUX JBHUTAThCS, HY)XHO NPHUJIOXKUTh K HAM OUYEHBb OOJBIIYIO Pa3HOCTh
MOTCHITUAJIOB.

To ectp Bce MPOMUCXOAWT C TOYHOCTHIO HAOOOPOT, BEIIECTBA C
OOJBIIMM CONEp)KAaHUEM DJEKTPOHOB — O3TO H3OJATOPHI, a C MaJlbIM—
MIPOBOTHUKH. la3pl, wWMeromme OdYeHb OOJNBIIYI0 ACHMMETPHIO
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TPaBUTAIMOHHBIX TOJIEH aTOMOB, €CTECTBEHHO SIBIISIOTCS H30JISATOPaMHU.
Jlns  TOro, 4TOOBI ANEKTPOHBI MOTJIN JIBUTaThCs B Ta3e, OH JIOJKEH OBITh
CHJIBHO Pa3peXeH, TO MPUBOANT K YMEHBIICHHIO OOIIell acCUMMETPHH U
YBEIUYCHUIO €r0 AJIEKTPONPOBOAHOCTH. JKHUAKOCTH, HMEIOT Topas3io
MEHBIIYI0 aCHMMETPHIO, €M Ta3bl, HO  OOJBIIyI0, YeM TBEpIbIC Tela,
MO3TOMY MEXaHU3M JIJIEKTPOTIPOBOAHOCTH B HUX HECKOJBKO ciiokHee. OH
CWJIBHO 3aBHCHUT OT aCUMMETPHUI aTOMOB CaMOM KUAKOCTH U MaTepUasoB,
13 KOTOPBIX CIIETaHbI SIIEKTPOIBL.

Ilepekoc rpaBUTALIMOHHOTO TOJSA 3eMIM (MazHummuoe none),

00YyCJIOBJIEH KPYTOBBIM JIBUKCHHEM

S
":"" S ///:_: 3apSDKEHHBIX ~ YaCTUIl  COJHEYHOTO
. Ve J_/ 9 U3ITy4EHUs, 3aKPYUYECHHBIX CYTOYHBIM
S — | BpalieHuEeM  3eMHOW  aTMocdepsl
+ (puc.15). Takum oOpazom, 3emis
"“‘L‘é““"—ﬁ/—*’ HaXOAUTCS, Kak Obl, BHYTpPU [BYX

Puc.15 OOBIYHBIX KaTYIIEK ¢ TOKOM, IO OJTHOU
U3 KOTOPBIX JBMKYTCSl OTpPULIATEIBHBIE 3apsiibl, a IO IPYyrou -
IIOJIOKUTCIIBHBIC.

OTH TOKHM CO3JAl0T BOKPYr 3€MJIM [Ba MAarHUTHBIX IIOJI,
HaINpaBJIeHHBIX HaBCTpeuy Apyr Apyry. [IpuyeM, TOk BO BHyTpeHHEH
KaTyIIke 00pa3oBaH MPEUMYIIECTBEHHO TSDKEIBIMHU, TOJIOKUTEIBHO
3apsHKCHHBIMH YaCTHIIAMH — TPOTOHAMHM, a BO BHEIIHEH — Ooiee
JICTKUMH, OTPUILATCIIbHBIMHU — 3JICKTPOHAMU.

OTH TOKM U OO0pa3yloT, TaK Ha3bIBa€MbIC, PAOUAUUOHHbBIE
nosaca. Pe3ynbTupylomiee MarHuTHOE IIOJIE, €ro MOJSPHOCTh U
HAaIPsDKEHHOCTh  HAIPSAMYIO 3aBUCAT OT TOrO, Kakue 3apsibl
HpeO6HaZ[aIOT B IIOTOKEC H3JTyuCHUA, ITOJIOXUTCIBbHBIC nm
OTpHUIATEIbHBIC.

ITo HanpaBneHNIO BpaleHUs 3€MITH, MOKHO JIETKO OTIPE/IeIIHTh,
YTO B M3JIy4CHHU NPEOoOIaNaroT OTPHUIATENbHBIC 3apsiabl. Tak Kak
Hama oO0JIaCTh BCEJICHHOW HMMEeT OTPHLATEIbHYIO ACHMMETPHIO
AaTOMOB BCIICCTBA, MOTOK IMOJIOKUTCIIBHBIX 3apsAJ0B HUYTOKHO MaJl.

37



Anexcandp BECEAOB

Ilpumeuanne! Ecau 0v1 coldepiricanue no10HCUMENbHBIX U
OMPUUAMETbHBIX 3apPA008 8 NOMOKe U3JIYYeHUA Obliu pPAaeHbl,
noaapuocmu ''mazcnumnvix'' nonei, oopazyrwwuxca npu ux
osudicenuu, Ovlu Obl PAGHBL U NPOMUBONOI0MHCHBL. B pe3ynomame
9IMO20 OHU CKOMNEHCUPOBANU Dbl OPY2 Opy2a U nilaHema 6000ue ovl
He uMena «MazHUMmHOo20 noJA».

Kak mpaBuiio, niaaHeTsl, He UMEIOLIHe aTMoc(ep, HE UMEIOT U
MarHUTHBIX TOJIeH, B CHITy TOTO, YTO TPACKTOPHU YACTHI COJTHEYHOTO
U3JIY4YCHUSI B HUX HE 3aKPYUMBAIOTCS U MEPeKOca TPABUTAIUOHHOTO
MoJsl HE MPOUCXOIUT. XapakTepHbld ToMmy mnpumep - Jlyna. Ona
MPAKTUYECKH HE MMEET aTMoc(ephl, MOATOMY €€ MarHUTHOE MOJe
ucye3arolie Masio.

[lepenontocoBka MarHUTHOTO MOJISE 3€MJIM BO3MOXKHA JIMIIH B
JBYX CIy4asX, B Cllydyae H3MEHEHHUS COOTHOUICHHUS COJCpKaHUs
NPOTHBOIOJIOXKHO 3apsHKEHHBIX 4YacTUI[ B TIOTOKE COJHEYHOTO
U3JTYYCHUS WM JK€ B CIydae U3MEHEHUS HAIpPaBJICHUS €€ CyTOYHOIO
BpamieHus. COBEpUICHHO SICHO, YTO IocienHee aOCOIIOTHO
HepeaslbHO.

HeoOxonuMo 3ameTuTh, YTO COOTHOIICHHEM COJEp>KaHUs
MIPOTUBOMOJIOKHO 3apsDKEHHBIX YacTHIl B COJHEYHOM H3IIyYEHUH,
JIOCTUTAIONIEM 3eMiid, onpeaensiercas W MakcuManbHbld  KIIJ]
COJIHEUHBIX OaTapeil.

B caywae paBeHCTBa IIOTOKOB  TOJIOKHUTENBHBIX U
OTPHIIATENIbHBIX YacTHUIl, COJTHEUHbIe OaTapen BooOIe paboTaTh HE
O0ynyt. COOTBETCTBEHHO, 4eM OOJIbIIIE PA3HULIA B UX COACPKAaHUH, TEM
Beime Oynet ux KIT/I.

[lonapHble cusiHUS Tak >k€ OOYCJIOBIEHBI IMOMAJaHUEM B
atMoc(epy 3eMiu TOTOKOB YacCTHUIl, BBIOPOIIEHHBIX MOIIHBIMU
COJTHEYHBIMHU BCIBIIIKAMU M HUMEIOLIUX CKOPOCTh TMPEBBIIIAIOLIYIO
CKOPOCTh PaclpOCTPaHEHUs BOJIHBI B IPAaBUTALMOHHOM IoJie 3eMJIU
(ceepxceemogyio ckopocmy). ITO 00bIUHOE TposiBIeHHE 3(deKrTa
Basunosa-Yepenkosa.
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IloToku »3THMX dacTul, IpPOHHKAas €O '"CBEPXCBETOBOW"
CKOPOCTBIO B arMocdepy, CO3/1al0T CBEUEHHUE, XOPOIIO BUIUMOE B
MOJISIPHBIX 00s1acTax 3emuid. B skBaTopuaabHO# 00J1aCTH TPACKTOPHH
YacTUIl OTKJIOHSIOTCS, 3aKpy4MBasCh BpalleHueM atMocdepbl, U
YacTULIBI TEPSIIOT CKOpocTh. [103TOMy cBedueHHe B HKBATOPHUAIBHBIX
00JacTsX oueHb C1adoe, MPAKTUIECKH HEBUIUMOE TJIa30M.

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

A creoBaTenbHO, HAUBHBIE YTBEPKACHUS YUEHBIX O TOM, YTO
MarHuTHOE TI0Jie sBisieTcs 'mryOoi", 3amuimaromeid Hac oT
COJTHEYHOM paaualuu, MPOCTO CMEXOTBOPHBI U COBEPILIEHHO HE
COOTBETCTBYET ACMCTBUTEIHHOCTH, MOTOMY UYTO MAarHUTHOE IIOJie
MOPOXK/ICHO ATOH K& comHeuHoW paauauueil. M oHo camo mo cebe
HACTOJIBKO c1a00e, YTO Y HETO €/1Ba XBaTaET CUJIbI TIOBEPHYThH JIETKYIO
CTpPEJIKY KOMIIaca Ha OCTPHUE UIJIBL.

A my6oii sBnsieTcs cama ra3zoBas aTMocgepa IUIaHeThl, XOTs
OHa OYEHb cIa00 3alUIIACT HAC, IOTOMY YTO ITOYTH HE 3aCPKHBAET
COJIHEYHOE H3JydyeHHe. BelecTtBo ¢ HI€abHOM CUMMETpUEH
IPaBUTALMOHHBIX MOJIEH aTOMOB SIBJISIETCS MAEaIbHBIM HU30JISTOPOM,
TaK KaK B HEM IMOYTH HET CBOOOHBIX 3apsiI0B. A 3HAYUT OHO JOJDKHO
ObITh HeBHAMMO. Kpome TOro OHO o00JamgaeT caMoOil BBICOKOM
TBEPAOCTBI0O M NPOYHOCThIO. K cuacThio CylecTBOBAaHUE TaKHUX
BEIIIECTB B MPHPOJIC HEBO3MOXHO, Tak e Onarogaps chepuyeckont
METPHUKE BCEJICHHOM.

5. Ob MHEPIIMHU U OINUBKE HBIOTOHA

[ToHATHE Macchl B COBPEMEHHOH (pr3uKe SBISETCA OTHUM M3
KIIIOUEBBIX (YHIAMEHTAIBHBIX TMOHATUH. B 3TOM riaBe Mbl yBHANM,
4yTO (hyHIAMEHT STOT IMOCTPOCH U3 TiecKa. .. Kak Ham roBopuT pusmka,
BEC Tella OIpeNessieTcs] CUJIOW TPaBUTALMOHHOTO TNPUTSKEHHUS K
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3emine. I Bec »TOT Oyner 3aBHCETh OT BBICOTHI, Ha KOTOpOH
pAacmoJIOkKEHO TEeI0, MOYTH B COIMVIACMU C 3aKOHOM '"BCEMHPHOIO"
TAroTeHus Aeaymku HproToHa.

Teno cOpoimeHHOE €O cTOja Bcerjga mMagaeT Ha IOJd, HO
HUKOT/Ia Ha noTosok. Kak Bel nymaere, nmoueMy? Jla motomy 4To Ha
MOJTy CHJIa TPUTSHKEHHUS OOJbIIe YeM Ha BBICOTE cTona. UM emie
0oJbIIIe, YeM Ha BBICOTE TOTOJIKA. Eciu OBl CHIIBI IPUTSHKEHUST OBLITH
OJIMHAKOBHI, TEJIO HHUKyJa Obl He majgano. B sTom yerko ydemurcs,
MOJIOKUB MSUMK Ha TOPU3OHTAIBHYIO IOBEPXHOCTD.

OH HUKY/a HEe TOKaTUTCSA, TaK KaK CHJIbI IPUTSKEHUS B JII000H
TOYKE TOPU3OHTAIBHOM IUIOCKOCTH — OoAMHAKoBbl. Ho crout mumib
CJerKa HAKJIOHWUTh IUIOCKOCTh, KaK Ha HEW MOSBATCA YYaCTKU C
OoJIbIIIeH CUJION TIPUTSHKEHUS. ITO YIaCTKU, HAXOSAIHNECS OJIMKE K
IIOBEPXHOCTH  3eMIU. DBO3HUKHET  pa3sHOCTb  ypOBHEH W,
CJI€IOBATENIbHO PA3HOCTh TPABUTAI[MOHHBIX IMOTEHLUATIOB, MO
JEHCTBUEM KOTOPOM, MAYUK IIOKAaTUTCA B CTOPOHY HakjoHa. 1 yem
0oJIbIIIE YTOJI HAKJIOHA, TEM BbIIIE OyIeT CKOPOCTh IBUKCHUSI.

COpocuB rpaMMOBYIO JPOOMHKY M ITYAOBYIO THPIO CO CTOJa
MBI YBUJIUM, YTO OHU YIaAyT OJHOBPEMEHHO, TaK KaK MajaTh OYAYT C
OJIMHAKOBOM CKOPOCTBIO, HE CMOTPS Ha TO, YTO TUPS MPUTATUBACTCS
3emuteil ropa3no cuibHee, 4eM JIpoOuHKa. He ymest 00BsICHUTD 3TOT
napajokc HbpIOTOH M ydeHble NPUAYMAIN HEKYH HHEPLUOHHYIO
Maccy, KOTopasi 1o ero MHEHHIO, KaK Obl "COMPOTHBIIACTCS " MAJICHUIO.
U no pesynbraraM paznuyHBIX XUTPOYMHBIX 3KCIIEPUMEHTOB, Y HUX
9Ta MHEPLMOHHAS Macca MPAKTUYECKU, COBIIAJIAET C TPAaBUTALIUOHHOM.
To ectp ¢ Becom. Ha camoMm 1ene, OOBSICHEHHE JTOrO SIBICHHUS
3JIEMEHTAPHO MPOCTO.

Ha moOble Tena, mgake ecii OHM HaXOJSATCS B COCTOSIHUU
CcBOOOAHOrO  MaJeHMs,  JEMCTBYeT  3€MHOE  MPUTSHKEHUE,
U3MEHSIOIIEECs B 3aBUCUMOCTH OT paccrosHus. lIMeHHO mox
JEUCTBUEM  PA3HOCTU  CHJl  TPUTSDKEHHUS  WIM  Pa3HOCTH
rPaBUTALMOHHBIX MTOTEHIIMATIOB HA PA3HBIX BHICOTAX OHU U MAJAIO0T.
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EctecTBeHHO, 4TO WX BeC MPH CBOOOJHOM TMAJCHUH HE
OILYIIAETCs, TAK KaK OHU HE JIaBST HA ONIOPY WJIU MOJIBEC, TOTOMY UYTO
3TOM OMOpPBI HET WJIM OHA IaJaeT BMECTE ¢ HUMHU. Jpyrumu cioBamu
npu CBOOOJHOM MAJCHUM MOJ JCHCTBHEM TI'PaBUTALMOHHBIX CHJI
NPUTSKEHUS, Tena' Beca HE TEpSoT. DTO TONBKO HMMHUTALMS WIH
WJUTIO3USI HEBECOMOCTH.

Jlrobas cuma B mpuUpoJe — ATO BCerja pe3yiabTaT AeHCTBUSA
Pa3HOCTH TPaBUTALIMOHHBIX MMOTEHIINAJIOB, O1aroapsi KOTOPOH, TeJo,
HAXOJAIIeecs Ha MOBEPXHOCTH 3eMIIM WM JIOOOTO TATOTEIOIETO
TeJa, IPUTATUBAETCS CUIIBHEE, YEM TEJ0, HAXOAIIEECs HA HEKOTOPOH
BbICOTE HaJ HUM. Hukakas Macca Ha CKOPOCTh (YCKOpPEHHE) TaJeHUs
He BiuseT. M Kak TOJIbKO OHM KOCHYThCS TOBEPXHOCTH 3€MIIH, UX BEC
cpasy e 1 0OHAPYKUTCS, B BUEC BMIATUH Pa3HOU BETUUMHBI.

Kocmonaptet B MKC Tak ke moj JeWcTBHEM pa3HOCTU
rPAaBUTALMOHHBIX TOTEHLUHAIOB (BECa) HEMPEpPHIBHO IMAJAl0T Ha
3emutto. TOJIBKO OHM Beca 3TOr0 HE OUIYUIAIOT, TAK MaJIal0T BMECTE C
MKC. Opnako Omaromapst TOPH3OHTAJBHOW  COCTaBISIOLICH
CKOpPOCTH, paBHOM |-l KOCMUYECKOH, OHM HE YCIIEBAIOT Ha HeEe
yHacTh, MOTOMY YTO 3€MJISl IOCTOSIHHO "YXOJUT y HUX u3-niox Hor"'. 1
B pe3ynbTare 3Toro MKC nocTossHHO HaXOAUTCS HA OJHOM U TOM ke
HEeOOJIBILOM, 110 CPAaBHEHUIO C pa3MepaMu 3€MHOTO I11apa, BBICOTE.

[ToaTOMy KOCMOHABTBI TaMm BECAT MOYTU TaK XK€, KaK U Ha
3emiie, pa3Be YTO HAa HECKOJIbKO KUJIOTPaMMOB MeHbIIe. Bec 3Tot
peaIbHO OUIYIIAETCs, KOT/1a KOCMOHABTHI, HAIPUMED, TOIKAIOT IPYT
Ipyra Wid TepeMeniaroT Kakue-1ubo mpeameTsl. Ho ecnu cTaHmuo
MOJIHATh HA OPOUTY, BBHICOTOM PaBHYIO WM MPEBBIIIAIONIYIO PAIAYC
miaHeTel, nmpuMepHo 6300 KM, KOCMOHAaBTBHI OynyT BECHTH TaM,
OyKBaJIbHO, MUKPOTPaMMBbI M TIPU TOJTYKaX OyIyT JIETKO OTCKaKUBATh
JpYT OT Apyra, Kak BO3AYLIHbIE IAPUKH.

O10T 3(hdPEeKT MODKHBI OBLIM HCIBITHIBATH aMEPUKAHCKHE
aCTPOHABTBL, JeTsmue K JIyHe...
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Kaxk pa3z 30ecv Oyoem ouenv ymecmuo 3amemums, Ymo cyos no
Xapakmepy OGUNCEHUA AMEPUKAHCKUX ACMPOHA6MO8 HA KUHOKAOpAX,
CHAMbBIX, AKOObl Ha JIyHe, OHU mMaM HUK020a He Oblau. 3adyrscoeHUs
OMHOCUMEIBHO MO20, YN0 Y MAMeEPUU eClb UHEPMHAA MACCA, CHIZPANL0
C HUMU 37110 WYMKY, RPeepamue ux 6 ''oomanymoix oomanugurkos''

Xopowio 3amemno, umo Imom crloycem CHUMAICA HA 3eme u ¢
NOBBIUEHHON  YACMOMOU CMeHbl Kadpo6, NOIMOMY  OBUINCEHUA
ACMpOHABM 06 KAXCYMCA HECKOIbKO NilagHee u MedeHHee 00bluH020. A
6 cujly MeHbuiez0 6ecd, npu HeUuIMeHHOU MbIUEeYHOIl cuile, XapaKmep
osudicenusn arooeii na Jlyne 6yoem coeepuienno opy2um.

Paouyc 3emnu cocmasnsem — 6300xm, a paouyc Jynvr 1700xm.
To ecmb paouyc Jlynvt menvue 3emnozo 6 3,7 paza. To ecms, coznacno
dopmyne, npusedennoii ¢ 2nage, [21.3] eé odvem, a credoeamenvHo u
cuna npumsayncenus na Jdyne 6yoem ¢ (3,7)° = 50 paz menviue, uem na
3emae.

Iloamomy Osusicenusn acmponasmos, eecauiux na Jlyne emecme co
cKaganopamu, ne oOonee 3-5 Kunozpammos, npu coxpameHuu ux
duszuueckoit CUIBl, 0yoym bo.1ee

OblCcmpbIMU U PE3KUMU, KAK Y KY3HEUUKOS.
H neocnopumvie O0oxazamenbcmea ImMozo
0yoym  nonyuenvl npu  nepeom  duce
Hacmoawem NoceweHul KOCMOHAGMAMU

Hawieco cnymHuKka. A menepb nPpUKUHEM,

P 16 CKOJIbKO  0ydem  eecumb KOCMOHAGM,
- Hanpumep, Ha  FOnumepe.  Paoduyc
Knumepa pasen 70 000 xm. Oun oonvwe 3emnozo ¢ 11 pas.

Cneoosamenvho, eec Kocmonasma co ckapanopom (150 kI'), mam
ooncen ovims pasen 150%11° =200 monn. Hoza uenogexa nuxozoa ne

cmynum Ha noeepxnocmev FOnumepa, smo yoen po6omos. bonee mozo,
HOnumep, ckopee ecezo, npeocmasnsnem cob60ii 00OCHIAMOUHO 20PAYUYIO
HCUOKYI0 KANII0 MAMEPUN, MAK KAK €20 NOBEPXHOCHb U3yYdem 20Pa300
oonvuie menna, uem noayvaem e2o om Connya.

OnHako BepHEMCS Ha TpEeHIHy 3€MIII0 W IPOBEIEM

CIIEYIOIINN SKCTIEPUMEHT. BO3bMeM JIETKYIO TeNekKKY U TOJTKHEM e€.
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(pmc.16) Ona nerko mokaTuTcs... A Temepb IOJOXKHM Ha Hee
MOJITOHHBI IPy3a W BHOBb TOJIKHEM. OIHAKO Terneph JAJIs TOTO, YTO ObI
OHa MOKaTUJIaCh, PUAETCSA NPUIOKUTD YK€ MPUIUYHYIO CUITY. ..

Bor kak pa3 orcioma W pacTyT HOTM €aMOro OOJbIIOTO
3a0myxneHus B Hayke. HpIOTOH, a Tak ke Apyrue y4yeHble 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.

Haumem ¢ 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

u3z pucynka (puc.d7). Cuna umnepyuu, nood oeiicmeuem oounaxosvix cun F,
RPOROPUUOHANBLHA PA3HOCHU G03HUKAIOWUX ZPAGUMAUUOHHBIX NOMEHUUANO08

AR, komopas 3asucum om evicomwt opoumovt R cnymnuxa C. Imom eexmop
cunvt Fu pasen npoexuuu AR na eexmop cunvt F u ecezoa oeiicmeyem ¢
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npPoOmMueononodicHom emy nanpagnenuu. Cuny uHepyuu MolicHo 8bI4UCTUMD U3
noooous mpeyzonvnuxkoe ABD u ACO u ona pasna F, = MNRi* cosd. Dma

cuna zasucum om yzna @. Ilpu nanpaenenuu oeiicmeus cujivl, cO8nadarouiem ¢
Hanpaesienuem paouyca NIAHembvl, CuUlAd UHEPUUU PABHA 6ecy mend, a npu
HANpasieHUU HnoO KACAmMenvHoll, OHA 20pPa3oo
MeHbUle U 3A6UCUM OmM  paouyca KpueusHvl
| naanemol. Iloamomy uenosex ne moscem nooOHAmMy
] HCENIe3HOO0PONHCHBLIL 8A20H, HO BNOTHE MOXCem
Rz npeoodonems cuny unepyuu F, u coeunymp ezo c
Mecma no 20pu30HmMAIbHLIM PEIbCaM. ..

(Echu nanpaenenue oeiicmeus cunvt F

npoucxooum ewie u nOO y2iom K OUaGMempaibHoul
nIO0CKOCMU mA2Omeuiezo0 mena, 603HUKAem euje
U OONOIHUMENbHAA PA3HOCHL  HOMEHUUAN06
(cuna), nanpaenennan noo yziom 90 zpaodycoe k
Heil, Ha3vieaemasn 6 Hayke cunou Kopuonuca.) /Ina
mex, KoMy He Xouemca pazdupamvca  C
yepmedncamu, UHEPYUIO MONCHO O0BLACHUMDL euje
npouje.

Kozoa mvt monkaem meno (puc.18a), mo

IKBHNOTOHUNANBHAR o

nnavera

Puc.17 cozoaem nepeo HUM 801HY corcamus
2pasuUmMayuoOnn0Z0 NOAA, 6 pe3ylbmame 4ez0 GO3HUKAEM  PA3ZHOCHLb
2PAGUMAUUOHHBIX NOMEHUUAI08, OeCliCMEYIOuias RPOMUE HANPAGIEHUs
Oeiicmeusn cunvl. Imo u ecmv cuna unepyuu. Kozoa oOeiicmeywwas cuna
ucuezaem, meno Hauunaem cHuxdcamov ckopocms. Ho eonna cocamus,
Habecarowmasn na meno czaou (puc.18b), ne nozeonsem emy ocmanosumocsa u
noooepiicueaem osudicenue. ImMo u eCmov 0GUIICEHUE NO UHEPUUU, NPU KOMOPOM
meno 6 2pasumayuOHHOM ROJIE MOXHCEM 08UZAMBCA 0YeHb 00.120.

' Korzma KOCMOHABTHI, HAKOHEL[-TO

nosietsT K JIyHe, oHM B 3TOM Ccpa3zy ke U
yoensarcs. M sTtor momior B Oymymiem
JISDKET TPA3HBIM TISITHOM BEJIMYaMIIero
mo3opa Ha  penyTamuilo  HAy4YHOTO
coobmectBa Coequnennbix LlltaroB. Hag HUMu Oyner cMesTbes BECh
mup. Ho 310 criyunTcs emre He CKOpo, a TIOKa YEJIOBEK €IIe Jaxe He
HIOXaJl KOCMOCa, HECMOTPS Ha TO, YTO TIOJITOPHI COTHH JIFOJIeH, TPOMKO

HMCHYIOTCSI KOCMOHABTaAMMH.
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MakcuMyM 4TO MOXHO CKa3aTb O HUX, TaK 3TO TO, YTO OHHU
MIPOBEJIM JOBOJILHO TMPOJIOJDKUTENIBHOE BpeMs B cTparocdepe, B
najaroeM BbICOTHOM JHdTe... HOTHa BcTpevaroniyecss B mevaTu
COOOIIEHUST O TOM, 4YTO B pe3yJabTaTe CJOXKHBIX HAyYHBIX
JKCIIEPUMEHTOB, C TOYHOCTBIO O JECATOr0 3HAKA YCTAaHOBJIEHO
PaBEHCTBO I'PaBUTALIMOHHOM M MHEPLUUOHHOM MAacc, TO 3TO MOKHO
CpPaBHHUTB, Pa3Be 4YTO, C YTBEPKIACHUAMU CPEAHEBEKOBBIX CXOJIACTOB O
PaBEHCTBE KOJMWYECTBA AHIEJIOB U YEPTEH, YMEIIAIOIINXCS Ha OCTPUE
WTJIBL.

Ipumeuanue! Kak yyce cxazano eviuie, uz-3a OMCymcmeus y
mamepuu UHEPYUOHHOU MACCbl, HA O00AbWUX PACCHOAHUAX OM
KOCMUUECKUX O00BEeKno8, NPesblalomux ux paouyc, eéec menaa da,
cnedoeamenvHo u cuavl unepyuu F, oxazviearomca Hacmoivko
HUUMONCHBIMU, YMO KOCMUUECKUE ANRAPaAmbl CMOZYM nepemMeujamocs
mam ¢ O2POMHBIMU U COBEPUIEHHO 0Oe30nacHbIMu 04  Jiooell,
YCKOpeHUAMU, NPECLIUAIOWUMU MBICAYU .

U max Kak 3aKoH COXPAHEHUs UMNYIbCA 000mMU HEBO3MONHCHO,
0151 nymeuwiecmeuil K Opy2um niaaHemam, 8 Yeasax COKpauieHus 6pemenu
nonema, 6yoem 603MO0HCHO UCHOIB30BANb PAKEMHbIE 08U2AmMeNU C 04eHb
6bLCOKOIL (83DbIGHOIL) CKOPOCMbBIO UCHeYeHUs padouezo mend.

To ecmw, no cymu, ona pazcona, a mMmax jyce U NOCaAEOYIOULE20
MOPMOIICEHUSL MENHCHIAHEMHO020 KOPADIA Oyoem 6nojIHE 603MONCHBIM
UCNOIb306AHUE AMOMHO20 63Dbléd, 0e3 KAKUX-TUOO nociedcmeuil 0ns
4en06e4ecKo20 OpeanuIMa.

Omnpasumsp Kocmuueckuii Kopaoas na Mapc, nanpumep, MOHCHO
npoOCmo evicmpenue e2o u3z nyuiku, Kak e nosecmu Kwap Bepna. Tonvko
RYWKy Imy npuoemcs nooOHams Ha evicomy He menee 7000 kunomempos.

H >mo, no-euoumomy, eOUHCHGEHHBLIL CHOCOO Oo.iemems 00
Mapca, nomomy umo npu OaumenbHOM nojieme 6 yca08uax HAcCmMoauell
Hegecomocmu, uen06e4ecKull OpeaHu3M, RNPUBLIKWMUI K 3EMHOMY
mMA20MEHUIO e08a U 8bLOEPIHCUM.

Cnocoobl co30anus UCKYCCHBEHHO20 MAZOMEHUs BPAUleHUEM
Kopaonsa, npeonazaemvle uzuxkamu, 30eco He nomozym. Kopabnw, ona
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co3z0anusn eeca Kocmonaemos, xomsa owvt ¢ 20-30 kI, nyycno oOyoem
PACKpymums 00 HeCKOJIbKUX MbICAY 000POMO8 8 CEKYHOY.

3a01y X 1€HUSIMH OTHOCUTEILHO MOHATHS MacChl, 00yCIIOBIEHbI
U cTpemiieHHs (U3MKOB HAaWTH HEKYI0 YacTUIly, HPUIAIOUIYIO
MaTepu 3TO HECYIIECTBYIOIIEE CBOWCTBO. MIMEHHO M ATOTO M
CTpOSITCS. OECCMBICIICHHBIE METATUTHUYECKUE COOPYXKEHUsS, BPOJIE
aJpOHHOTO KOJUIaliepa, I/i€ YYeHble 3aHUMAIOTCSl IOPOTOCTOSIIUMHU
MOMBITKAMUA TOATBEPAUTH CBOM 3a0NYyKIEHUS W OTKPBITh HEKUH
0030H Xurrca, KOTOPBIH 110 X MHEHUIO MPUAAET MACCy MaTEPHH.

...Hy BOT HakoHeII-TO, MOSBWJIOCH COOOIIEHUE YTO, BPOJIC OBI
oTKpbuIH. Bpose kak Obl cTanaapTHas Mojenb 3aBepiieHa. Ho tenepn
BO BECh pOCT BcTasa apyras mnpobsema. OOBSICHUTh, KaK OH
9TO0 nenaer. MoxkeT ObITh NMPOCTO HaOWBAaeT KapMaHbl KaMHSMU?
MaremMaTrka Ha Takue BOIIPOCHI OTBETA HE JIAET. ..

6. O KOPIIYCKYJISIPHO-BOJIHOBOM "JYAJIU3ME"
Hn "KPACHOM CMEIIEHHUHA"

Jlroboe maTepuanmbHOE TENO, JABWXKYIIEeCS B OO0
OJIHOPOJHOM cpefie, BO30YKIaeT B HEW ynpyrue mpooabHbIE BOIHBI.
CKopoCTb 3TUX BOJIH 3aBUCHUT UCKIIIOUUTENBHO OT CBOMCTB cpeabl U
SBISICTCS  TIOCTOSIHHOW.  JIBMOKYIIMIICS — TemjoxoJ BO30YXKIaeT
IPOJOJIBHBIE BOJHBI B TOJILE BOJbI, PACIPOCTPAHSIOIINECS B HEH CO
ckopoctbio 1300 m/cek (ckopocTh 3Byka B Boje). HaaBoaHas dacthb
KOpabJIsl Tak ’ke BO30YXk/IaeT MPOI0JIbHBIC BOJHBI CKaTUS B BO3/AYXE,
KOTOpBIE PaCIpOCTPaHAIOTCS €O ckopocThio 340 m/cex, win co
CKOPOCTBIO 3BYKa B BO3JIyXE.

To, uro MBI HaOIOMaEM Ha CaMOM MOBEPXHOCTH BOJBI - 3TO
MOTIEpEYHbIE BOJIHBI, BO3HUKAIOIINE TOJIBKO Ha IPAaHUIE JBYX CPEJ C
pa3TUYHBIMU CBOMicTBaMU. ['0p0O y BONHBI Ha BOJIE — TO BMAJWHA Y
BOJIHBI B BO3/YXE.
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OTH  BOJNHBI  MPEJACTABISAIOT  CO0OW  IpaBUTAIIMOHHBIE
UHTEeP(EPEHIIMOHHBIC  BOJHBI, OOpa3ylomHecs B  Pe3yJbTare
CJIO’KEHUS MPOJOJBHBIX BOJIH Ha I'PAaHUIE KOHTAKTUPYIOUIMX CpE.
XapaKTepUCTUKU MONEPEYHBIX BOJIH ONPEIEIAIOTCS COOTHOIIEHHEM
CKOpOCTEH MPOJOJIbHBIX BOJH B KOHTaKTHpYOLUX cpenax. Eciu B
BO3/yX€ CKOpPOCTh 3ByKa paBHa 340 m/cek, a B Boge 1300 m/cek, To
CKOPOCTB MOTIEPEYHBIX BOJIH Ha IPAHUIIE BO3/1yXa U BOJIbI Oy/IE€T paBHA
340/1300 =0,3 m/cek.

MarepuanbHasi 4YacTHLA, JBWXKYIIAACA B 2PAGUMAUUOHHOM
1ojJie, KOTOpO€ SBJSETCSd JBOWHBIM  3JIEKTPUYECKUM  IIOJIEM,
BO30Y)X/1aeT B HEM BOJIHY, KOTOpas, IO CYTH, MPEACTABIISIIOT COOOM
0ge coemeuieHHble NpoOO0abHbIe BOJIHBI B DIIEKTPUYECKHX IOJISIX
pa3HbIX 3apsoB. M Tak Kak 3TH 1OJI HAXOAATCSA BHYTPH JPYT Ipyra
U UMEIOT NPOTHUBONOJIOXKHbBIE CBOMCTBA, TO 3TH BOJHBI B HUX —
CHHXPOHHBI M TpoTHBOQa3Hbl. Ecin B HEKOTOpOl ToOuKe Mouis
MOJIOKHUTEIBHOTO 3apsifia Y BOJHBI ropd, TO B TOH K€ TOYKE IMOJIS
OTPHIIATEIILHOTO 3apsi/ia — BIA/IMHA.

To ectp mo cyTH, 3TO KojeOaHUsS TMOJISIPHOCTH IIepeKoca
IPaBUTALIMOHHOTO NOJIs (MOJIIPHOCTH MarHUTHOTO I10JIs1), KOTOPBIE U
OPEACTaBIAOT  COOOM  camble  HAacTOSIIUE  HOnepeuHble
2pasumayuorHble BOJIHBl Ha TPAHUIE OBYX JJEKTPUYECKUX IOJIEH
pa3HBIX 3aps10B. DKCIEPUMEHTAIbHAS WIUTIOCTPALIUS 3TOTO SIBJICHUS
nokaszaHa Ha (puc.11b) B [ru.4].

W eciu rpaHuLl MeX Iy BOJIOM U BO3yXOM, HallpuMep, IIPEKPACHO
BUJHA, TO TPAHUIy MEXIY IOJIIMU Pa3HBIX 3apsAA0B IPEICTaBUTH
cebe ouenb TpyaHo. Ilonst obrmamaoT 0OBEMOM M TpaHUIA MEXKIY
HUMH CYIIECTBYET MPAKTHYECKH B 000N TOUKe ATOro oObema. A
cama rpaBUTAI[IOHHAs BOJIHA B OTJIMYUU OT BOJIHBI HA BOJIE, UMEIOLIEH
KPYrOBYIO JHarpamMMy HaIllpaBJI€HHOCTH, PACIpPOCTPaHIETCs BO BCE
CTOPOHBI, TO €CTb HMEET YyXKe CQEepUdYecKylo auarpammy
HanpaBJIeHHOCTH. 1 Kak MbI yXe yCTaHOBWJIM BBIIIE, IIPU IBUKECHUU
YacTHUIIbl, B ACHMMETPUYHOM I'PAaBUTAI[IOHHOM I10JI€, CO37aBaeMasi el
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BOJIHA, OyJeT Tak ke HecumMmeTpuuyHoil. E€ cocraBustomme OymyT
pa3nuyaTbes MO BEJIMYMHE, B 3aBUCHUMOCTH OT 3HAaKa aCHMMETpPHH.
Wnm nppyrumMm  cioBamu, BOJIHA OyAeT TMOJSpPU30BaHHOW. Bot
UHTEPECHO OBl y3HaTh, KaKUE >K€ 3TO I'PABUTALIMOHHBIE BOJIHBI, C
MOMOIIbI0 MHOTOTOHHBIX OOJIBAHOK, YK€ JOOPYIO COTHIO JIET
0e3yCHenrHo NbITAlTCs 0OHAPYKUTH OOJIbLINE yUeHBIE?

B mpupone He cymecTByeT aOCONIOTHO HUKAKHX IPHYMH,
3ampenariuX MaTeprallbHBIM TelaM JBUTAThbCA B JIIO0OH cpenie ¢
THOOBIMUA CKOPOCTSIMH, CKOJb YTOJHO TPEBBIMIAIONIMH CKOPOCTH
pacnpocTpaHeHus: BO30Y)XJIaeMbIX HMH BOJH. 3a HCKIIOYEHHEM,
KOHEYHO, OpeoBOM TEOpUHU OTHOCUTEIHHOCTU WJIU ICEBJOHAYYHOMN
KBaHTOBOW (pu3nku. CaMoJIeThl, HAPUMEP, COBEPIIEHHO CBOOOIHO
JIETal0T B BO3JIyX€ CO CBEPX3BYKOBBIMU CKOPOCTSIMM M TOT/a OHHU
CTaHOBSTCS MCTOYHHUKAMH YIAPHBIX BOJH, KOTOpPBIE MPEICTABISIOT
cO0OM JABIXKYIIHICSA Iepesl HUMHU CKayOK JTaBJICHUSI.

[Tporeccel, MPOUCXOAIINE B YIAPHOU BOTHE, OTIUYAOTCS OT
MPOUCXOSAIINX B OOBIYHON TeM, UTO B HEH B pe3yibTaTe ObICTPOTO
C)KaThs BBIIEISAETCS OOJNBIIOE KOMWYECTBO TEIia. JTOT MPOIECcC
aHAJIOTMYEH TIpolleccy OBICTPOTO CXaTusg oObemMa BO3JayXa B
HWIMHIpE JBUraTelsd, OpU KOTOPOM B pe3ylbTaTe pPe3KOoro
YBEJIMYEHUS! KOHIICHTPAIMU HOCUTENEW 3apsoB B 30HE CXKATHUA,
MPOUCXOIUT UX OypHOE BBIACNIEHUE B OKPYXKAIOIIYIO Cpely B BUIE
Temna [ria.8].

VIMeHHO 1OATOMY CBEPX3BYKOBBIE CaMOJIEThl HMEIOT OCTPYIO
HOCOBYIO 4acTh. OHa pa3IBUTaeT CIIOM BO3[yXa U CBOAMT HA HET €ro
YIJIOTHEHHE Tepes; camosieToM. M XoTd camosier AaBUT OOKOBOM
MOBEPXHOCTHIO Ha BO3JyX, HarpeBa H3-3a OTCYTCTBUS TPEHHsS B

BO3/yX€, HE IPOUCXOIUT.

[TogoGHBIM ke 3¢ heKTOM OBICTPOro CKAaTUsI MUKPOOOBEMOB
BO3/lyXa B HEPOBHOCTSAX TPYILUXCS MOBEPXHOCTEH, OOBSACHSIETCS U
BbIJIEJIEHHE TeIUIa [IJ1. 9] B pe3ynpraTe TpeHUs TBEPABIX TEN APYT O
apyra. W uMEHHO WH3-3a CBEPX3BYKOBOM CKOPOCTH METEOPHUT,
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MOMAaBIIUKA B arMocdepy CKUMaeT mepen co0oil Bo3ayX, oOpaszyeT
yOapHYI0 BOJHY, M B pE3yJbTaTe IMOBBIIICHUS TEMIIEPATYPhI
IUIABUTHCS M CrOpacT.

CseT, Kak ® J1000C Ipyroe H3Iy4YeHHE - PEHTTEHOBCKOE,
raMma, pajmo, MpeacTaBiseT co00N MOTOK YAaCTHIL ABHXKYIIUXCS CO

, T | CKOPOCTSIMHM,  OJNIM3KMMH K CKOpPOCTH
pacmpocTpaHeHus] BO30YKIaeMbIX UMHU BOJH
2 |"9m § | B TpaBUTALlMOHHOM TI0Jie, a JIJIMHA BOJIH
| ONPEACISIETCA PAa3HOCTBIO CKOPOCTEH ATHUX

(e | qQCTHIL M 13036y>1</:[aeMHx HUMH BOJIH.

To, 4TO y4eHbIE CUMTAIOT Pa3HbIMU
4acTUIlaMU, 3TO IO CYTH OOHU U TE€ K€ YaCTHUILbI, IBIXYIIHECI C
pa3IMYHBIMU CKOpOCTSMU. KorepeHTHOCTh Jiyda ja3zepa, HanmpuMmep,

Puc.19

00BsICHSIETCS TeM, UYTO (DOTOHBI (JACTHIIBI) JBUKYTCS C OIMHAKOBBIMU
CKOpocCTsiMU. J[TMHA BOJIHBI, BO30YK/IaeMOI 4acTUIICH, OTMCHIBACTCS
MPOCTBHIM BBIPAKECHUEM:

A=(Ve-Vu)lt,

rae Vu— CKOPOCTh YaCTHIIbI,

a Vs — CKOpOCTH, CO3J]aBAEMOI €10 TPAaBUTALIMOHHOW BOJIHBI
(cxopocme  ceema) (puc.19). DTOT Xe€ PHUCYHOK WILTIOCTPUPYET
BO3HUKHOBeHUE d(pdekra Jonmnepa. Ecnm Habmomarens HaXoauTCs
B TOYKE 4, JUIMHA BOJHBI YMEHbIIAeTCa (CUHEE CMEIEHUE), €ClU B
otouke b — yBennuuBaetcs (kpacHoe cMenieHue). 1lpu mmHe BoJIHbI
BuguMmoro ceeta B S550nm (5,5E-7m), ckopocTh uacTuil OyneT
cocTaBATh IpuMepHO 99,9999999% ot ckopocTu pacpocTpaHeHUs
BOJIHBI B TPaBUTAIIMOHHOM Tojie. M yem Oimke CKOpPOCTh YacTHI]
CBETOBOI'O M3Jy4YEHHUS] K CKOPOCTH paCHpOCTpaHEHHUS BOJHBI B
IPaBUTALMOHHOM I0JI€, TeM OOJbIle €ro I[BET CMEHIEH K CHHEMY
KOHITy criekTpa. L{BeT — 370 pyHKIMS CKOPOCTH YaCTULl U3TyUEHUS.

W3BecTHOE KpacHnoe cmeujenue, KOTOpoe COBpEMEHHAs HayKa
CUMTAET NPU3HAKOM "pazOeranus” rajakTHK, OOBSICHIETCS MPOCTHIM
YMEHBILIEHUEM CKOPOCTH JBMXKEHMs yacTHll u3nydeHus (Vu), usz-3a
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TOPMOXKCHHUSI B TPAaBUTALMOHHBIX TMOJNSX KOCMHYECKHX  Tell
(yemanocmu ceema). W, eCTeCTBEHHO, 4Ye€M Jajibll€ HAXOIUTCS
KOCMHUUYECKHI OOBEKT OT HaOmrojgaTens, TeM OOJIBIIUA TYyTh
MPUXOIUTCS TIPEOJ0JICBaTh YACTHUIE HM3JIy4eHUS W TEM CHIIbHEE
YMEHBIIIEHNE CKOPOCTH U 0O0JIbIIIE "TIOKPaCHEHUE CIeKTpa'.

EcTecTBeHHO, 4TO YaCTHUIIbI, U3Ty4YE€HHBIC OUCHb yIaJCHHBIMU
3B€3/]JaMH, HACTOJBKO 3aMEISIOTCS B MYTH W WX JJIUHA BOJHBI
YBEJIMYUBACTCS HACTOJIKO, YTO OHHM CTAHOBSTCS HEBUIUMBIMU B
CBETOBOM JIMAIa30HE BOJIH. DTUM SIBJICHUEM B OOBSCHSIETCS TOPU3OHT
BUJIUMOCTH, TI0 KOTOPOMY YyY€HBIE COBEPIICHHO T'€HUAIBHO
BBIYMCIIWIIN "BO3PACT BCEJICHHOM .

[Ipy mpeBbILIEHMH YACTULEH CKOPOCTH BOJHBI B Cpele
(ceepxceemosas ckopocmv), (Vu>Vs ), BOSHUKAET yaapHas BOJIHA,
npu KOTOPOM YacTWIa, B Pe3yJbTaTe MOBBIIICHUS B 30HE CXKATHS
KOHLIEHTPAllUM HOCUTEJIEW 3apsoB, HAuMHAET 'pa3BajauBaThCA"
CWJIaMH OTTAJIKUBAHUSI HA COCTaBHBbIC CYOdJIEMEHTApHBIC YaCTHUIIBL.
OTu  cyOdNneMEHTapHbIE YacTHUIbI, BCTYMAalOT B CHHTE3 C
OKPYXAIOIIMMH YaCTUI[AMH, KOTOPBIH PETUCTPUPYETCS B BUIE
CBeueHus, Ha3piBaeMoro 3¢ ektom BaBunosa-Uepenkona.

Tak kak mpupoje HeuszgecmHo OHATHE 0OPATHOM CBSI3H, TO B
HEd W HE CYIECTBYeT HHUKAKHUX BEUYHBIX aBTOKOJEOATEIbHBIX
nporieccoB. JIFoObIe BOJIHOBBIE BO3MYIIICHHSI BO BCEJICHHOM, SIBIISIOTCS
UCKITIOYUTENILHO CJICICTBUEM JIBIDKEHUS MAaTepHAIbHBIX Tel B
TPaBUTALMOHHBIX TMOJSIX KOCMHYECKHX O0BeKToB. M XOTS BCs
BCEJICHHAs 3aloJIHEHA TPAaBUTAIMOHHBIMU BOJHAMH OT JBHKCHUS
MHO>KECTBA KOCMHYECKHX OOBEKTOB U  PA3IUYHBIX YaCTHII,
YEJIOBEUECKUH TJa3, TaK K€ KaKk H ONTHYECKHEe MpUOOPHI,
BOCITPUHUMATH WX HE CTIOCOOCH.

DTO 00CTOATENHCTBO, B YACTHOCTH M OOBSICHSET YESPHBINA IBET
HO4HOTO Heba. Ecim ObI cBeT mpencTaBiisiy COO0M BOJHBI, TO MBI OBI
HE CMOTJIH YBUIETh HU OJHOW 3BE3[bI, TOTOMY YTO MHTEHCUBHOCTH
BOJIH, TaK J>K€ KaK U TPABUTAIMOHHOTO TIOJIsA, OCJIa0eBaeT C
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paccTosiHuEM C OOpaTHO KyOM4eckoil 3aBUCHMMOCTHIO. OrrymieHue
CBETa B MO3T€ BO3HUKAET TOJBKO NPHU B3aUMOJCHCTBUM IOTOKA
YacTUIl W3JIyY€HHS C MOJIEKYJIaMH pOJIONIMHA B CeTYaTKe TJjasa,
MO03TOMY 2pasumanyuonnsle (paouo u céemoswvie) 60JAHbl - HEBUIUMBI.

Ho wumeHHo »sTa "epasumauyuonnas paoée'' OT NBUKEHUS
MHO>KECTBA YaCTHII, HCITyCKaeMbIX 3BE3/IaMU U MPEACTaBIseT co00ii,
Tak Ha3blBaeMoe, 'penuxmoeoe u3znyyenue'', KOTOpOe, IO
"aBTOPUTETHOMY' MHEHHUIO KaHIUAATOB B JIOKTOpPA, OCTAJIOCH OT
6ubneiickoro bompmioro B3pbIBa W /0 CUX MOpP HHUKAK HE MOXKET
paccesThesl.

OTa K€ TpaBUTallUOHHAs psAOb sBIsSETCS U OaHATBHOU
MIPUYUHON OpoyHoecKoz2o nBvxeHus. Ho, He cMOTps Ha 3TO, yUeHbIE
C YIOPCTBOM, JOCTOMHBIM JIy4IIero MPUMEHEHUs, YK€ MHOIO JIET
UIIYT 3TU TPABUTAIMOHHBIE BOJHBI, COBEPIIICHHO HE MOA03PEBasi, 4YTO
npocTto B HHX OKUBYT. Kak Obulo CcKazaHO Bbllle, JIOOOH
MaTepHaIbHBI 00BEKT, JBIDKYILUICS B JII0OOOH cpene, BO30YKaeT B
Hell BoHy. Bo3pMeM 11715t mpuMepa moABOAHYIO JOKY, TBUKYIIYIOCS
B TOJIIE BOJIBI co ckopocThio 30 y3aoB, wnu 15 m/cek. [lnuna
YOpPYroi BOJHBI, co37aBaeMas €k, OyeT paBHa pa3HOCTH CKOPOCTEH
3BYKa U JIOJKHU B BOJE,

A=(Vs-Vi)lt,

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

[Mepuon P=V;/A, lcex. Yacrora, F =1/P, okono 1 I'm.

Jlogka, nmBwXKymasca C 3TOM CKOPOCTBIO B TOABOAHOM
MOJIOKEHUHU, B JIIOOOM ciydae H3JIy4aeT WH(PPa3BYKOBBIC BOJIHBI
gactotor okojo 1 I'm, mmuHo¥ 1385M. OOHaApY)UTh WX MOXKHO C
MTOMOIIIBIO TTOJTYBOJTHOBOM aHTEHHBI, MPEJCTABIAIONIEH CcOo0O0M JBa
JaTYMKa JTaBJICHUSI, PACIIOJIOKEeHHBIX Ha riyomHe 10-12m meTpoB u
pa3HECEHHBIX Ha PACCTOSIHHE MOJIYBOJIHBI, TO €CTh HAa 692M. TouHbIe
KOOPJMHATHI MOJABOIHON JIOJKUA MOXKHO OMPEICIUTh, UCIIONb3Ys JABE
TaKUX aHTEHHBI, pAa3HECEHHBIX Ha S-8KM.
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CKOpOCTL BOJIHBI B I‘paBI/ITaI_[I/IOHHOM II0JIC — BCIMYMHA
MPaKTUYECKH HOCHOAHHAA, 3ABUCSINAS TOJIBKO OT CBOMCTB MOJIsL. DTO
TO, YTO B KBAaHTOBOU (hM3HKE, HA3BIBACTCS CKOPOCHIbIO C86emd. A Tak
Kak Marepusi B3aMMOAECHCTBYET TOJBKO C IOMOUIBIO MOJIEH, TO
CKOPOCTh 3THUX B3aMMOJICUCTBHI HE MOXET MPEBBINIATH CKOPOCTH

pacnpocTpaHeHus TPAaBUTALMOHHOW BOJIHBI

b /_ 2 " - NN KaK TOBODAT KaHIUOATHI B OKTOpa
OOOOOR PIT RAHARA HOKCTOP,

CKopocmu ceema.

\QC.'!'*~%"\Q‘ CKOpoCTh T'PaBUTAIIMOHHBIX BOJIH B
0000000 - Da3MiHBIX BCIICCTBAX 3aBUCHUT oT
Puc.20 ACUMMETPUN TPABUTALMOHHBIX TMOJEH UX

aTOMOB W HUX arperaTHoro coctosHus. Yem OoJble acUMMETPHS
IPaBUTALMOHHBIX TOJEH aToMoB Ta3oB S, TeM OONbIIMI MyTh
MPUXOJUTCS MPEOJI0JIeBaTh BOJIHE U, €CTECTBEHHO, 3aTpauyuBaTh Ha
3TO Oonblee Bpems. OTa 3aBHCHUMOCTb CKOPOCTH BOJHBI OT
IJIOTHOCTA  Cpelbl, B  KOTOpPOM  OHA  paclpoCTpaHseTcs,
WUTIOCTpUpOBaHa pucyHkoMm (puc.20). B cBsa3u ¢ 3TuM, BHOJHE
YMECTHO YIOMSHYTh 3/1€Chb M3BECTHbIA 3kcrepumeHT H. bacosa,
MOCTABJICHHBIN B IECTUECIATHIX rogax npouwioro Beka B CCCP.
CyTp 3TOro 3KCHEepUMEHTa TAKOBA, JIyY Jla3epa pacIlerIscs
Ha JBa Jy4a, OJMH M3 KOTOPBIX MOMNAaJal HEMOCPEACTBEHHO Ha
MHUIIIEHb, @ BTOPOH CHayaja MpoXOoIWJl YepPEe3 YCUIINBAIOIIYIO STYEHKY.
Slueiika 3Ta npeacTaisiiia co0oi pyOMHOBBIH J1azep, paboTaromuii B
pexuMe ycuieHusi. ECTeCTBEHHO, 4TO Jy4d JOCTUIIM MUILIEHU HE
olHOBpeMeHHO. Ho oka3zanocsk, 4To Jiy4, NpoleAnii uepe3 KpucTall
SIMEUKH, JOCTUT MUIIEHH paHbIIIE J1y4a, MPOIIEAIIEro M0 BO3IyXY.
[Tpuyem pasnmia Opu1a MpocTo orpomHoi. OHa MpeBbIIIaia
BCE MBICIIUMbIE M HEMBICIUMbIE TOTPEIIHOCTH W omuOku. Jlyy
MPOXOAWJI CKBO3b SYEHKY, IPAKTUYECKM MIHOBEHHO C IIOYTH
OCCKOHEYHOM CKOPOCTHIO. YCIIOBUS JKCIIEPUMEHTAa HW3MEHSUIH, HO
pe3yapTaT ocTaBajcs MpexHUM. bonee Toro, pesyiabTaT He
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U3MEHHUIICS, JaKe KOTJa KTO-TO 3a0bLT BKIIFOUUTh MUTAHNUE YCUITUTEIS
¥ BTOPOU JIy4 TIPOCTO TPOIIIENT Yepe3 PyOHHOBBIN KapaHaIll.

Jlya mpoxonun yepe3 pyOMHOBBINA CTEPIKEHb C OECKOHEYHOM
CKOPOCTHIO, M pa3HHMIIA OblJIa paBHA JJTMHE KpUcTayia. HazpeBaromuii
CKaHJaJI B CBA3M C pe3yJibTaTaMH 3KCIIEpUMEHTA, CTaBUJI Ha TEOPUU
OTHOCHUTEJIBHOCTH OTPOMHBIN KUPHBIM KpecT. A Benp kputuka TO B
T€ BpEMEHa MPUPABHUBANACH YYTh JIU HE K M300pPETEHUIO BEYHOIO
nsuratens. Kak Torna BBIILIM U3 ATOTO IIEKOTIUBOTO IMOJIOKEHUS,
HeusBecTHO. Ckopee BCEro, CIyCTHIIM Ha TOpMoO3ax. XOTs, 110 CYTH,
COBpeMeHHasi TeopeTuieckast Gu3nKa TOJIbKO TEM M 3aHUMAETCs, UYTO
n300peTaeT BeuHble JBUTATENH. . .

Tak xak MaTepuagbHble OOBEKTHl B3aUMOICHCTBYIOT MEXIY
coboif Ha ypOBHE TOJEeH, CKOPOCTh 3TOTO B3aUMOJCHCTBUS
OIpEeENsAETCs, B OCHOBHOM, CKOPOCTBIO PaclpOCTpaHEHHs! BOJIH B
IPaBUTALlMOHHOM TI0J€ (CKOpPOCTb CBE€Ta), TO U PE3YyNbTATh
JKCIIEpUMEHTa bacoBa, ¢ TOYKM 3pEHHs HACTOALIEH TEOPHH,
OOBSICHAIOTCS OYeHb mpocto. Jlyd, mnpomeamuii no pyouHY
(TBEpAOMY TeEily), NPEOAOJIEN TIOpa3 0 MEHbBILIEE pACCTOSHUE B
IPaBUTAllMOHHOM  Tojie  TBepaoro Tteina (D.Sy), dYem  Jyd,
pPacIpOCTPaHSIOIIUNCSA B TPABUTALIIOHHOM II0JI€ BO3TYLIHOW Cpeibl
(O Sr). Ilepenaua »xe uMIyabca HEMOCPEACTBEHHO C aTOMa Ha aTOM B
TBEPABIX TelaxX M IKUAKOCTAX, B CHJIYy HX [PaKTHYECKON
HEC)KUMAEMOCTH, TPOUCXOJUT CO  CKOPOCThIO, ONM3KOW K
Ooeckoneunoit (puc.20). Ilosromy ny4, mTpomIeqIIHA uepe3
pyOWHOBBIN KPUCTAJUI, TPHUIIET Ha JETEKTOpP paHbIIE JIyda,
PacIpOCTPaHSIOLIErocs 0 BO31yXY, Ha BpeMSL:

t=_Sr- X Sv)/c, Tne

>Sr — cymMmapHbIi IyTh Jiyda B TPaBUTAlMOHHOM II0JIE
pyouHa,

> Sr — cyMMapHbIi MyTh Jydya B TPaBUTAI[MOHHOM II0JIE
BO3AYILIHOW CPEJIbI,
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€ — CKOPOCTh BOJIHBI B TPaBUTAIIMIOHHOM TOJE (CKOpOCMmb
ceema).

Jlornueckast Ge3rpaMOTHOCTh JIIOJICH, HA3bIBAIOIMIUX CEOs
YYEHBIMH C UX HECIOCOOHOCTBIO TMOHATH MPOCTHIC BEIH, MpHUBEa
W300pPETEHUIO TOHATHUS  KOPITYCKYJISIPHO-BOJHOBOTO  Jyaliu3Ma,
YTBEPXKAAIOIIETO, YTO MaTepus B HEKOTOPBIX CIydasX, MOXKET
MpEeBpaIIaThCcsi B CBOE CBOMCTBO M CO3JaHUIO TAKOTO JDKEHAYYHOTO
HATPaBIICHUS B HAyKe, KaK KBaHTOBas (PU3UKA.

7. OB DSHEPTUH

OHeprusi, TMOHSATUE B COBPEMEHHOW HaykKe, MPSIMO TaKH,
danTactuueckoe. I kak Tombko ee, OeaHyr0 He CKIOHAIOT. OHa H
W3JIy4aeTcs, U MOTrJIOoIaeTcs, U Jaxe npespaiiaercsa B maccy! M kakoit
TOJIBKO OHA He OBIBAET, U MOTCHIIHAIILHON U KUHETUYECKOH U TEMHON
U JakKe )KMU3HEHHOU U ayxoBHOM. Ha camoMm nene, Takoit ¢puzndeckoi
CYILIHOCTH, KaK 3HEprusi, B IPUPOE HE CYIIECTBYET. ITO MPOCTO OJHO
U3 HEOThEMJIEMBIX CBOMCTB MaTEpHH, TaKOe Xe€ KaK Harpumep,
MPO3PAUYHOCTh CTEKJA, KOTOPYIO HENb3sl OTAEIUTh OT CTEeKJIa U
"mpunenuts” K (anepe 1 TOro, 4ToOkl (haHepa cTaja Mpo3pavyHo.
W sHeprus mro00ro Tena 3aBUCHT TOJBKO OT €ro IOJOKCHHS B
TPaBUTAIMOHHOM WJIH SJIEKTPUUYECKOM TI0JIe Ipyroro Tema. Hukakoit
BHYTPECHHEH 2HEPTrUU MaTepHs HE UMEET.

OnmHako B MMOC/IEIHEE BPeMs B MHTEPHETE MOSBUIOCH OTPOMHOE
KOJIMYECTBO PECYPCOB, TIE apMHUH IICEBJOYYCHBIX JIOOHTENEH
pacCy)Iar0T O MOMCKaX KaKOW-TO CBOOOTHOW SHEPTUU, KOTOPOH 1O
WX MHEHHIO, 3aI0JTHEHA BCs BeeneHHas. M naxe Ooubiue ydeHble He
KpacHes BPYT, YTO MOJI U3 KOCMOCA JIbETCSI TAKOU MOTOK SHEPTUH, UYTO
B OyaymiemM e€ XBaTUT YEIOBEYECTBY HA MUJUTHOHHKI JieT. M moxoxe,
YTO CaMH B 3TY YYIIb BEPSIT.

A BCce HAYMHAJIOCh C KAKUX-TO HEBEPOSTHBIX CIYXOB O TOM, YTO
Tecna, sk00BI HamIen croco0 UCIOJIb30BAHUS YPHEPTUU Bakyyma!, HO
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MPOKJISATHIC KAMUTAIUCThI KYMIIN y HETO MAaTeHT U BCE 3aCEKPETUIIH,
YTOOBI HE YITYCTUTh MPUOBUIA OT MPOJIAXKH YIIIEBOJAOPOIOB.

Ho ocoGeHHO MeHsl yMUIIAIOT pacCy/A€HUS YUEHbBIX O TOM, UTO
IIPU [EPEMENIEHUN MATEPUAIBbHOIO TeJla 110 3aMKHYTON TPAaeKTOPHH,
coBepuiaemasi paboTa paBHa HyN0. Takylo axuHEI0 MOXET HECTH
TOJILKO KaKOW-HUOYAb 0€3rpaMOTHBIN CBUHAPH, EMY MPOCTUTEIHHO.

Ho yueHsblit 1omKeH NOHUMATh, YTO €CJIA MbI IOJTHUMAEM TUPIO
Ha BTOpOH 3Tax, To 370 MbI coBepmaem paboTy HpPOTHB CHIIBI
NPUTSDKEHUS. A Kora Mbl cOpachkiBaeM THPIO CO BTOPOTO 3Taxa, TO
sto 'NPS coepmraer paboTy mox AeHCTBUEM CHUITBI PUTSHKEHUS. TO
ectb pabota coepiraercsi PA3SHBIMMU Tenamu 1 B pa3HbIX YCIOBUSX,
MO3TOMY €€ Hellb3sl NPUpPaBHUBATh. OHAKO YUEHBIX 3TO HE CMYLIAET.

Bces sHeprus, moctynatomniasi Ha 3eMJTi0 U3 KOCMOCa — 3TO BCETO
JUIIb OOBIYHBIA CONHEYHBINH cBeT. M 3TOT MOTOK NEHCTBUTEIBHO
KosoccasieH u ecnu He Oynet CouHia, 3emiis 3a HECKOJIbKO Helelb
MPOCTO MPEBPATUTCS B JIEASHON map u Bce moruOHer. ConHeuHas
DHEprusi, 3TO NOTOK MaTEPUAJIbHBIX YaCTUI[ "COJIHEYHOro BeTpa’,
AJIEKTPOHOB, MPOTOHOB, aTOMOB BOJOPOJA U T.A., JBMXKYIIHECS C
Pa3JIMYHBIMU CKOPOCTSIMH M CONPOBOXIAEMbIE BOJHAMH B €r0
rpaBUTAlMOHHOM Tosie. M dWeM BbIIIE HX CKOPOCTh, TeM Ooiiee
KOPOTKHE BOJIHBI OHU BO30YXK/IAIOT.

Cama 6o1na He Hecem HUKAKOU IHEPIUU U He MOicem
0Ka3b16amb HUKAKO20 0A6EHUA - IO NPOCHO MEXAHUIM nepedadu
63aUMO0eiCMEUA MeNHCOY MAMEPUATbHLIMU meaamu, 6 OAHHOM
cayuae medxncoy Connyem u 3emieil.

MBI BUTUM CBET HCKJIFOUUTEIHHO OJIaroapst TOMY, 4TO MOTOK
MaTepuaibHBIX YacTHI], (OTOHOB, MONaaas B TJia3, COBEPIIAIOT
paboTy, morioasch MOJIEKYJIOi poJonuHa B ceTuarke. B pesynbrare
norjouieHus: (OTOHA y MOJIEKYJIbl PpOJONMHA YBEIUYUBACTCS
acUMMeTpusi €€ TpPaBUTAMOHHOIO IIOJISI M, COOTBETCTBEHHO,
BO3HHMKAET PA3HOCTh SJIEKTPUUYECKUX MOTEHIIMAIOB, B pPE3YyJIbTATe
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KOTOPOM BO3HUKACT JBU)KCHUE SJICKTPOHOB 10 HEPBHOMY BOJIOKHY
WA DIIEKTPUYECKHUIA TOK, HHTEPIPETHPYEMBI MO3TOM KaK CBET.

[loHATHE KBaHTa CBeTa, KaK TMOPIUU W3TYYCHUsS, BOZHUKIIO
UMEHHO W3-32 TOTO, 4YTO ()OTOH SIBJISECTCS MUHHMAJIbHON THOpIHEH
CBETOBOT'O IIOTOKA, B PE3yjbTaTe KOTOPOH BO3HHKACT OIIYIICHHE
cBeTa B Mo3re. KBaHT — 3TO POCTO O/IHA ¢IMHCTBCHHAS YaCTHIIA WIN
TO K€ camoe, 4To U (POTOH.

DHepzaus, ne Mocem NPeePAULAMBCA HU 6 KUHEMUYECKYIO, HU 8
MEXAHUYUECKYI0, HU 8 XUMUUECKYI0, HU 8 KAKYI0 OpY2yio, ROMOMY Yo IMo
MOIbKO CBOIICIGO0 Mamepuu cosepuiams paoomy, 00yci0sieHHOe
PAa3HOCMbIO 2PAGUMAKUOHHBIX HOMEHYUAT08.

W xorma roBopsAT O mepenade 3JIEKTPOIHEPTHH, TO CIEIYeT
UMETh B BHJY TO, YTO TIEPEAACTCS MIOTOK MaTEPUATBHOTO HOCUTES —
ANIEKTPUYUECKHU 3apPsKCHHBIX YaCTHII, KOTOPBIE CIIOCOOHBI COBEpIIATh
pabory.

8. O IMAPOBOI MOJIHUU

[[TapoBy!¥0 MOJIHHIO, KaK M1 MHOXECTBO IPOCTBIX IMPUPOIHBIX
SIBJICHUHM, COBPEMEHHAsl HayKa 0 CUX IIOp CUMTAET 3arajkou, Ha
OOBSICHEHUH KOTOPOH clioMalny 3yObl O4YeHb MHOTHE OoJbIIHe
yueHble. Hayka BooOIIe HIET OKOJIBHBIMU MYTSIMH M OYE€Hb MHOTHE
MEXAHU3MBI IIPOCTBIX MPUPOJHBIX SIBICHUN OCTAIOTCA BHE €€ IO
3peHusi. BEIIBUHYTO COTHU BEPCHM TOMBITOK OOBSICHEHHUS IIapOBOM
MOJIHMM, HO HU OJIHA M3 HUX Ja)K€ Ha MOTYy He NMpHUOIM3WIA HAyKy K
pasraake 3Toro spiaeHus. Ho Ha OCHOBE BBILIE H3JI0KEHHOTO,
MEXaHU3M IAPOBO MOJHHH JIEMEHTAPHO OOBSICHSIETCS.

OObluHast  JIWHEHHas  MOJHHUS — TpPEACTaBIseT  CcoOOi
KPaTKOBPEMEHHBIM  TOKOIPOBOJSLIMM  KaHal B BO3JYXE,
BO3HUKAIOIIKN B PE3YyJIbTaTe PA3HOCTH JJIEKTPUYECKUX IMOTCHIMAIOB
MEXIy oOJlakaMu WK oOlakaMy M 3eMield. Pa3HOCTh MOTeHIMANOB,
9TO pe3ysibTaT TypOYJIEHTHOCTEH, BO3HHUKAIOIIMX B BO3JyXe OT
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Pa3HOCTH TeMIIepaTyp BOCXOIAIIUX IIOTOKOB B KAPKYH0 IIOTOXY.
TypOynentHocTH B 0Ojakax NPUBOAUT K YBEJIWYECHUIO ILIOLIAAU
CONPUKOCHOBEHMSI MOJIEKYJ BOASHBIX IapOB C  MOJIEKYJIaMH
OKPY’KaIOIIEro BO3Jlyxa M OOJEr4eHuro neperekaHus 3apsaos. [lpu
9TOM pabOTaeT TOT K€ CaMblii MEXaHM3M, KaK IpPU 3JIEKTPU3ALHU
HaTUpPaHHEM CTEKJITHHON MM 300HUTOBOM MaIOYKH.

O6naka, COCTOAIINE U3 MOJIEKYJ BOJbI, UMEIOIINX MEHBIIYIO
aCUMMETPHUIO TPAaBUTALMOHHBIX II0JIEM, OTHOCHUTEIBHO MOJEKYII
BO3AyXa KaK TpaBWIO, TOJY4alOT W3 HEro H30bITOYHBIC
OTpULATENIBHBIE 3apsabl. Pa3psan MOXKET NpPOM30MTH KaKk MEXIy
o0J1akaMy, UMEIOIIMMHU OTPHULATENIbHbIE 3aps/bl PA3HOW BEIMYMHBI,
TaKk M MeXIy o0JakaMH M 3eMJed, KOoTopas Tak e HMEeT
M30BITOYHBIN OTPUIIATEIBHBIN 3apsi.

Korma sTa pa3HOCTh NOTEHLMAIOB JOCTUrAET HEKOTOPOMU
KPUTHUYECKON BEJIMUYUHBI, 3apsiibl HAYMHAIOT IEPETEKaTb MEXIY
HUMH, 00pa3ysl TOKOMPOBOIAIIMI KaHaJ, 10 KOTOPOMY MPOUCXOAUT
JaBUHOOOPA3HBIM pa3psil, BBLACISAIOMIMNA OTPOMHYIO MOIIHOCTH 3a
O4YEHb KOPOTKHMH IIPOMEKYTOK BpeMeHH. Mim InpocTo JMHEHHas
MOJIHUSL.

Ho Tak kak B rpo30BbIX 0OOjakax, Kak MpPaBHUJIO, MTOCTOSHHO
IPOUCXOIAT HWHTCHCHBHBIC BO3JQYIIHBIE BO3MYLICHHUS, TO IIpU
OIIpECIEHHBIX YCIIOBHSIX, B pe3yJbTare BO3JEHCTBUS
TypOyJIEHTHOCTEH, Y4acTOK JHMHEHHOW MOJIHWH, CBEPHYBILUCH B
METJII0 U OTOPBABIINCH OT OCHOBHOI'O KaHAJIa MOXKET CYILIECTBOBATH B
BHUJIC 3aMKHYTOIO KOJIBLIEBOTO IIOTOKA 3aps0B, IBIKYIIHUXCS IIO
KpPYTOBBIM 3KBUIIOTEHIIMAJIBHBIM TPAEKTOPHUSIM. JTO U €CTh LIapoBast
MOJIHUSL.

A Kak W3BECTHO, HOBIJKEHHE II0 DKBUIOTECHIIMAILHOMN
TPAEKTOPHUH, 3TO MO CYTH, AHAJIOT MPSIMOJUHEHHOIO PaBHOMEPHOTO
JBYDKEHUS, TIPU KOTOPOM paboTa MPaKTUYECKU HE COBEpILIAETCA, TO
nrapoBasi MOJHHS, MOAOOHO CBOOOJHO BpAIAIONMIEMYyCS] MaXOBHUKY
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WIM BOJIYKY, MOKET CYLIECTBOBATH JOBOJIBHO JUIMTEIBHOE BpEMS,
nepeMenasch MNOTOKaMHU BO3/lyXa Ha HEOOJIbIINE PACCTOSHUS.

IToka THXO HE UCUE3HET, UCUEpPIIaB FHEPTUIO HA U3ITyUCHHUE WIN
HE HATOJIKHETCA Ha MpemsITCTBUE, IPU KOTOPOM IPOU30HAET
pa3pyllIeHUe KOJBLEBOIO TOKa C 00pa30BaHMEM B BO3yXe 00JIACTH
NOBBIIIEHHONW KOHLIEHTPALlUU 3JEKTPUYECKUX 3apsinoB, [ria.dl]
KOTOpblE MI'HOBEHHO BCTYIIIT B PEAKLHUIO CaMOIPOU3BOJIBHOTO
CHUHTE3a C MOJIEKYJIaMH OKpPYXKAlOIIEro BO3/yXa C BbIICIECHUEM
MMITyJIbCa MOLUTHOCTHU B BUJIE B3PbIBA.

OKCIIEPUMEHTAIbHO IIapOBYI0 MOJIHUIO MOYKHO TOJY4MThb
IPOMYCKasi  MOUIHBIE  JJEKTPUYECKHE  pa3psabl B CHIBHO
TypOyJIEHTHOM IOTOKE BO3AYyXa.

9. O TEMIEPATYPE U TEMHOW MATEPUA

Ha ocHOBaHMM H3J10KEHHOTO BBIIIE, MOKHO TaK K€ JIETKO
000CHOBaTh TOHATHE TemrmepaTypel. llpu HarpeBaHum Tena'
pacuIupsitoTcss W CTAHOBATCA JIerde, 3TO SKCHEPUMEHTAIBHO
yCTaHOBNICHHBIN (akT. Bo3bMmeM TBeproe Telo U MPOBEAEM
MBICTICHHBIA 9JKcrepuMeHT. Kak ObUTO CKa3aHO BHINIE, ATOMBI
BellecTBa 00Jalal0T TPaBUTALMOHHBIMU TOJISAMH, Ojaromaps
KOTOPBIM OHM NIPUTATMBAETCS K 3emie. Tak Kak rpaBUTallMOHHBIE
IOJIsI aTOMOB TBEPJAOTO TeJla HMMET OYEHb HE3HAYUTENIbHYIO
ACUMMETPHIO, TO OHHM CHJIBHO IIPUTATUBAIOTCA IPYT K APYTY.

[TpubapnsieM K KaxaoMy aToMy MO 3JeKTpoHy. [Ipu 3Tom y
aToMa HECKOJIbKO YBEIUYUTCS ACUMMETPHUsSl €ro TI'PaBUTAI[MOHHOIO
MoJisl, B pe3yJbTaTe 4Yero yMEHBIIUTCS Cujia MPUTSHKEHUS Tella K
3emiie. [ri.11]. To ectb aTOM cTaHeT jerde (BO3HUKHET e eKT Beca),
a 00beM ero yBEeIMYHTCS Ha OJIWH JJEKTPOH. BoT, mo cyTu, Mbl U
0OHApYXMJIM HOCUTENh TeTuIa. Takol cBOeoOpa3HBIA TETIOPO/I, POJIb
KOTOPOr0 MOT'YT UIparh, B NMPUHLUIIE, KAK MOJOKUTEIbHbBIE, TAK U
OTPULIATEIIbHBIE 3aPS/BbI.
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W xoropelii OosblIMe yYeHbIE YK€ YCHeNnu "3aKphITh'",
NPUAYMaB B3aMEH BEUYHBIA JIBUrareilb, B BUAE MOJIEKYJISPHO-
KMHETUYECKON TEOpHH.

Bo BcenenHnoit cymecTByoT 00JaCTH, I7le¢ KOCMUYECKUE Tela
00pa3oBaHbl  BEIIECTBOM C  TOJIOKHUTEIBHOM  aCUMMETpPUEH
rPaBUTALMOHHBIX MOJIEW aTOMOB. DTO TO, TO YYEHbIE HA3bIBAIOT
TeMHOU MaTtepueil. [1o cyTu — 370 HeKuil napaylIebHbIA MUD, TIE BCE
HAo0OpOT. M3iydeHus 3Be3l COCTOSIIMX U3 BEIIECTBA C
MOJIOKHUTETIBHONH acUMMETpHUel, NpPEeACTaBIAI0T co00il  MOTOKH
MOJIOKUTEIBHBIX YACTHUIl. DTOT MHP Il HaC HeBUANM. Hebombiioi
KYCOK BeIl[eCTBa, 00beMOM B KyOMUECKUI CAHTUMETP, y HAC Ha 3eMJie
OyJIeT BeCUTh HECKOJIBKO TOHH M Oy/IeT UMETh IITyO0OKO YEepPHBIH IIBET.
[To3TOMY MBI HUKOTJa HE CMOYKEM ITOCETUTD 3TOT MapajlIeIbHbIN MUP,
TakK e KaK U €ro OOMTaTe M HEe CMOTYT IMOCETUTH Hatl. OOIMATHCS MBI
CMO>KEM JIMIIb MTOCPEJICTBOM PAJAHOCBSI3H.

[TpogomxkuM CBOM MBICIICHHBIN SKCIIEPUMEHT, 100aBIsAs B
aTOMBI TeJa MO 3apAny. ACHUMMETpUS UX TPaBUTAIIMOHHBIX MONEH
OyIeT YBeTMYHUBATHCA, TEIO OYJET CTAHOBUTLCS BCE JIETYE U Jierye, a
CHUJIBI PUTSKEHUS] MEXKAY aToMaMu OyayT CTaHOBUTKCS Bce ciabee 1
crnalee.

Uepe3 HeEkoTOpoe BpeMs aTOMbl IOJy4aT BO3MOXKHOCTH
NepeMEIaTbCsl OTHOCUTEIBHO JAPYT Apyra

U BEIIECTBO IIPEBPATUTCS B KUIAKOCTb. To

Bowyx

ecTb pacmaBurcs. llpu nanpHelmem

o

npubaBlieHUH  3apsAI0B,  ACUMMETPHS

TpaBUTAIMOHHBIX mojeH aTOMOB

Puc.21

YBEJIMYUTCS HACTOJIBKO, YTO OHU HAUHYT
OTpBIBaThCSL JIpYr OT Jpyra BCE YBEIMYMBAIOIIMMUCS CUJIAMHU
OTTaJIKWBAHUA U KUAKOCTh MPEBPATUTCS B Ta3. BOT Mbl U mony4uau
00BsICHEHNE MEXaHU3Ma UCTIAPEHUSI.

[pumeuanne! B uacmuocmu, ucnapenue 600bl 00yCn0671€HO
pazHocmuio acummempuii 6030yxa u 600vl (puc.21), noamomy oasrce
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3amep3uwian eoda (1ed) 0060abHO Xopouio ucnapsemcsa. Hzovimounvie
3apa0bl U3 MONEKYIl 6030yXaA NEPEMEKAsn 6 MONEKYIbl 1b0d, YEEAUYUEAION
acumMmMempuio UX 2DAGUMAUUOHHBLIX NOJell, Ym0 HPUGOOUm K
Yeenuuenuio cuil OMmmaiKueanus MoaeKyi opyz om opyza, KOomopule npu
IMOM ROTYUAIOM GOZMONCHOCHIL OMOPBAMBCA OM HOEPXHOCHU U
HOOHAmMbBCA 6 6030yX, émecme ¢ ''mpununmwumu'’’ K HUM MoJIeKy1amu
6030yxa).

[Ipu 3HAYNTETHLHOM YBETUYECHUN KOHIIEHTPAIIUU N30BITOYHBIX
3apsAI0OB B aTOMaX, OHM YK€ He OyIyT B HUX yIEpPKUBATHCA, a OyIyT
PaBHOMEPHO pacIpeAeIThCs 0 BCEMY 00bEMY.

Takum oo6pazom, 000cHOGbIGACHICA MEXAHU3ZM 6HIOPOZO
Hauana mepmoOUHAMUKU U NPUHYUN 603DACMAHUA IHMPORUU, KAK
6bIPAGHUBAHUA I00bIX (Pu3uyecKux napamempos mamepuu. B
OaHHOM Ciyuae - memnepamypbol.

B KkoHIIe KOHIIOB, BEMIECTBO MPEBPATUTCS B CMECH "TOpsSUUX"
(3apsDKEHHBIX)  aTOMOB € DJIEMEHTAPHBIMH  DJIEKTPUYECKH
3apsDKEHHBIMH - YacTHUIAMU WM B IUiazMy. Jlajmee mpoucxoauTt
CIIEIYIONIEe.

N3-3a OrpOMHOM KOHLICHTPALMU 3apsif0B, aTOM IIEPEXOIUT B
COCTOSTHUE, TMOJ00HOE >KHUIKOW Karuie, KOTopas pa3BalluBaeTCs Ha
AJIEMEHTapHbIE YaCTULbl. OJTHU DJJIEMEHTAPHBIE YacTHUIbl, TNpH
JaJbHEUIIEM  TOBBIILICHUM  TEMIIEPATYpbl,  pa3BajsaTCd  Ha
cyoanementapusie. M Tak manee. [1o cyTu Mbl BOCIIpoU3BEIHU 3/1€Ch
MpoIlecC CHUHTE3a, TMPOUCXONAIIMKA B 3Be3lax, B OOpaTHOM
HAIPaBIICHUH.

Temnepamypa — mo eenuuuna pasHocmu acumMmempuii
2PAsUMAyUOHHBIX NOJIEH AMOMOE MAMEPUATLHO20 Mela U AmOMO8
OKpy#carouieil e2o cpeobl.

N mpocto pa3HOCTh WX M3OBITOYHBIX DIEKTPUYCCKHUX
3apsa0B. [[0TOK Teria — 3TO NOTOK 3apSKEHHBIX YACTHL], KOTOPBIA MBI
YyBCTBYeM Ojaromapsi yBEIUYHMBAIOMICHCS ACHMMETPUU MOJICKYT
HAIIIETO Tea.
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Ecnu e 3TOT MOTOK YacTHWI[ HAMpaBJICH W3 HAIIero Tela U
OyIeT yMeHbIIaTh AaCUMMETPHUIO HAIlUX MOJIEKYN, MbI OyIem
YyBCTBOBATh OXJIAXKJICHHE. AOCOIIOTHBIA TEMIIEpaTypHBIN HYIb, 3TO
PaBEHCTBO WJIM HYyJeBass Pa3sHOCTh ACHMMETPHI TpaBUTAI[MOHHBIX
MoJIC aToMOB Tela, KoTopas B CHIy chepuueckoil METPUKH
BCEJICHHOU, HEBO3MOXKHA.

A TO, YTO TOXpa3yMeBaeTcs MOJ AaOCOJTIOTHBIM HYJIEM B
COBPEMEHHOM HayKe — 3TO CIEKYJSIUs, OOYCIOBJIEHHAS CIIEHBIM
IEPEHOCOM PE3y/IbTaTOB MaTeMaTHYECKUX IpeoOpa3oBaHUi Ha
(U3HUYECKYIO PEATBbHOCTD.

AHaJOTHYHBIM ke 3a01yXKJACHUEM SIBISIETCS U MOJIEKYJISIPHO-
KMHETUYecKass Teopus, MpOTUBOpeyalias BTOPOMY  Hadaly
TEPMOJMHAMHKH, OOYCIIOBJIEHHas, KaKk M B CJIy4ae C OIBITOM
Pesepdopnaa, ommbouHbIM 00bSICHEHHEM PE3yIbTaTOB SKCIIEPUMEHTA
Bpoyna. Hcxons w3 ompeaeneHus TeMIeEpaTypbl NPUBEACHHOTO
BBIIIIE, 3JEMEHTApHO OOBICHSACTCS NPUHIMI pabOTHl OOBIYHOTO
XOJIOTUTHHHKA.

IIpu cxatum paboyero Tema - (peoHa, €ro aTroMbl
COMMKAIOTCS, KOHIIGHTpAIUs W30BITOYHBIX 3apsfoB B €ro oObeMme,
YBEJIMYMBAETCS U 3apsabl, [OAYMHAACH BTOPOMY  Hayaily
TEPMOJMHAMHKHA U  CTPEMSCh  PACHpPElEeNUTbhCS  PABHOMEPHO,
HAYMHAIOT MEepeMelaTbcd B CTEHKHM €MKOCTH (pamuatop). Jlaiee
POXO0/is IO JaBJIEHUEM Yepe3 TOHKOE OTBEPCTHE B IPYT'YIO EMKOCTh
(panmuaTop MOpO3WIBHOW KaMepbl), pabodee Teno pacumpsieTcs U
KOHIICHTPALUS 3aps0B B HEM PE3KO YMEHBIIAETCSI.

CornacHo BTOpOMY Hauamy, 3apsiibl HAYMHAIOT MEPETEKaTh B
pabouee TeIO yXKe M3 CTEHOK MOPO3WJIBLHON KaMephl, eme Oosee
oxnaxnaas ee. Korga Mbl mpukacaeMcs majiblieM K METAIIMYECKOMY
peIMeTy, OH HaM Ka)KeTCsl XOJIOAHBIM, TOTOMY YTO H3-3a Pa3HOCTH
aCUMMETpUI MOJIEKYJ HAILIEro TeJla U aTOMOB MeTajlia, U30bITOYHbBIE
3apsapl HAIETO Tella HAYMHAIOT TEepeTeKkaTh B METall, Co3JaBas
OLIYIICHUE XOJI0/Ia.
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To ecTp HamM HEpBHBIE KIETKM NPEKPACHO OIPENECISIIOT
HampaBsiieHue 3Toro Toka. [Ipukacasice K JIepeBsIHHBIM IpeaMeTam,
UMEIOUTUM IPUMEPHO OJJUHAKOBYIO aCUMMETPHIO C HAIIIUM TEJIOM, MbI
HE OIIYyIIaeM HX XOJOJIHBIMH, IMOTOMY YTO H3-32 OTHOCUTEIIHOTO
paBEHCTBA aCUMMETPUH, MepeTeKaHue 3apsiI0B CIUIIKOM HUYTOXKHO,
YTOOBl €ro OIIYTHTh. JIBI)KEHHEM JJIEKTPHUYECKUX  3aps/oB
AIIEMEHTAPHO OOBSICHSIIOTCA JIIOOBIE MEXaHU3MBI B3aUMOJICHCTBUI B
NpUpOJEe, BKIIOYAs MEXaHU3Mbl JIEUCTBHUS PA3NTHYHBIX OPIraHOB
HAIIEeTo Tena.

CeruaTka, HampuMmep, TNPEICTaBIAeT COOOH  MaTpuily
CBETOUYBCTBUTENIbHBIX  KJETOK, TaK Ha3bIBa€MbIX  MaJIOYEK,
OTIpEeAEIAIONINX HHTEHCUBHOCTh CBETOBOTO MTOTOKA, COBMEILEHHYIO C
MaTHIe, Tak Ha3bIBa€MbIX KOJIOOUYEK, MpeACTaBIsIONINX co00it
JIETEKTOPbI CKOPOCTH (POTOHOB, KOTOPO ONIPENIEIIETCs 1IBET.

CeruaTka — 3TO, IO CyTH, U3MEHUBILUICS (PaceTOYHBIN Tia3
HAcCEKOMOT0, MOIY4YHMBIINHA B pe3yJIbTaTe 3BOJIIOIIMOHHOIO MpOILIEcca,
ob0mmii xpycranuk. CBer, (pOKycHpYSACh XpyCTaJIMKOM, CO3JaeT Ha
ceTyaTke  M300pakeHWe,  TpeAcTaBisomee  coboil  Kapty
JMEKTPUYECKUX  MOTeHHuanoB. To ecTh 93T0  u300pakeHue
OKpPYXaIoIIMX MPeIMETOB, CPOPMUPOBAHHOE WM HapHUCOBAHHOE Ha
CETYaTKE EKTPUUECKUMU MOTEHI[HATIAMHU.

B pesynbraTe nelcTBUA O3TUX TOTEHIMAJIOB BO3HUKAET
JBUKEHHUE 3JIEKTPUUECKUX 3apsifioB 110 IYyYKY HEPBHBIX BOJIOKOH,
KOTOpble TIOCTymasi B MO3T, (OPMHPYIOT B HEM BpPEMEHHYIO
HEHPOHHYIO CTPYKTYpY, TaK k€ MpPEACTaBISIONIyI0 co00il 1BeTHOE
00BeMHOE M300paKEHHE OKPYKAIOIIUX IMPEAMETOB, KaKIas TOYKa
KOTOPOT'O COOTBETCTBYET MOTEHIIMAITY, CO3/1aBA€MOMY ONPEEICHHON
MajJoYKOU B ceTyaTKe. ITO M300pakeHre 00padaThIBACTCsI MO3TOM U
YaCTUYHO 3alIOMHUHAETCHL. ..

Tenepr ocTtaeTcss OaWH HEOOJBIIOW IHAr A0 CO3JaHUs
UCKYCCTBEHHOrOo ria3a. IIpu coBpeMEHHOM YpOBHE pa3BUTHS
MUKpPOTEXHOJIOTUM, CO3/laHH€ TaKOro HCKYCCTBEHHOI'O IJla3a HeE
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COCTaBUT OOJIBIIOTO TPyJa W 4epe3 JBa — TPH Toja Jroboil crienoi
CMOKeT BUIETh. [IycTh 1 He Tak XOpoIl10, Kak HOpMaJIbHBIMHU IJ1a3aMH,
HO JIOCTATOYHO, YTOOBl oOxoauTcs ©Oe3 moBoabIpe... Ero
KOHCTPYKIUS JOBOJIBHO IPOCTA, HO 371€Ch 5 €€ MPUBOAUTH HE OyAy.

AHaJIOTUYHBIM obpazom  paboraer W MEXaHU3M
pacnio3HaBaHUsl BKyca. Pa3nmuuHbie BemiecTBa, Momaaas B CIIOHY,
SIBIISIONIYIOCS. DJIEKTPOJIUTOM, CO3JAIOT AHAJNOTUYHYIO K€ KapTy
AIIEKTPUYECKUX MMOTSHIIMAIOB, KaK U CETUaTKa Iia3a, KOTopas TakK ke
00pabaThIBacTCsI MO3TOM. ..

Ewe ooun ouenv HacnaoHwvlilt npumep, O0KA3bI6AIOULUIL
INeKmpuueckyro npupody memnepamypel. Ecau nnockocmmuoi
nOJIYRPOBOOHUKOBBLIL OUOO NOOKIIOUUMb 8 3ANOPHOM HANRPABIEHUU
K UCMOYHUKY HOCMOAHHO020 Hanpsaxycenusa 6 5-10 eonvm, mo 6
pe3yibmame 00eOHeHuA 00aacmuU n-p nepexooa INeKmpudecKumMu
3apadamu, Ouo0 008071bHO CUILHO OXJIAOUMCAL.

Ha 3mom npunyune padomaiom noJiynpo6ooOHUKOEble
X0N00UNbHUKU.

10. O NPSIMOJIMHEMHOM JIBUKEHUM U
"CBEPXITPOBOJUMOCTH"

Heuscenue — 3mo nwboe usmMeHenue cOCMOAHUA mend,
(nonooicenuss unu HanpasieHus nepemeujenus), 00yci061eHHoe
oelicmeuem pAazHOCMU 2PAGUMAYUOHHBIX NOMEHYUAN08, NPU
Komopom cogepuiaencsa papoma.

A cnenoBareibHO, IBW)KCHHUE HE SIBISIETCS HEMPEMEHHBIM
YCIIOBHEM CYIIIECTBOBAHUS MATEPUH M MOITOMY HHUKAKOTO BEYHOTO
XA0THYECKOTO JBIIKEHHS B TPUPOJIE CYIIECTBOBATH HE MOXKET, TaK
KaK 3TO TpeOyeT HEeNpPephIBHOW 3aTPaThl MOITHOCTH.

Jeusicenue no unepyuu — 3mo 0guiicenue no MpaeKmopuu
PABHO20 nOmMeHyuana, nPU KOMopoii pazHocmy 2pasumayuoOHHbIX
HOMENHYUAI08 OCIMAEMCA HEUIMEHHOI U padoma He coeepuiaemcs.
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ITosTOMy ABMXKEHUE IO SKBUIIOTCHLHUAIBHON TPACKTOPUHU
ABJISIETCSA YAaCTHBIM CilydaeM nokos. Kak HaMm roBoput ¢usuka, eciu
Ha TEJIO HE ACUCTBYIOT HUKAKUE CHJIBI, WIA PABHOJACHCTBYIOIIAS BCEX
JEUCTBYIOIMX HA TEJIO CUJI, paBHA HYJIIO, TO TEJIO Oy/IeT HAXOUThCS
B IIOKO€ WIA B COCTOSHHH PaBHOMEPHOIO IPSAMOJIMHEWHOTO
neuxkeHus. Ho Tak kak BcelneHHasi, B CUJIy CBOWMCTB MaTEpUU UMEET
cepruvecKyr0 METPUKY, TO Pa3rOBOPHI O KAKOM-TO MPSIMOJIMHEHHOM
PaBHOMEPHOM JABIIKEHUH, SBIAIOTCS 3a0myxaeHueM. B cepuueckoit
TreOMETPHUH BCEICHHOM TAaKOTO JBM)KEHUS HET U OBITh HE MOJKET.

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

Jlersamui camoner, HanpuUMep, B YCTAaHOBUBILEMCS PEKUME
[0JIETA MOJYKHO CUMTaTh JABIXKYILMMCS [0 MHEPLUH, TaK Kak
PaBHOJEHCTBYIOIIAs BCEX CHJI, NEHUCTBYIOIIMX HAa CaMOJIET B OTOM
pexumMe, paBHa Hym0. Cuina TATOTEHUS ypaBHOBELIEHA MOABEMHON
CUJION KPBUIbEB, CUJIA COTIPOTUBIICHUS BO31yXa YPAaBHOBEIIEHA CUIION
TATM JBUraTeNd M C€aMoOJIET B JAHHOM CIIy4ae JBUXKETCA I10
SKBUMOTEHIMAIbHOW Tpaekropuu. WMnm mno wunepumu. Haxonacw
BHYTPH CaMoOJI€Ta C 3aKPbITBIMHA WJUIFOMMHATOPAaMH, €TI0 JIBH)KEHUE
HEOTINYMMO OT COCTOSTHUS TIOKOS.

Ecnn k KOHIIaM IPOBOAHMKA ITPUIIOKUTh HEKOTOPYIO Pa3HOCTb
NIEKTPUYECKUX TOTEHIHAIOB, TO B HEM BO3HUKHET JIBUJKEHHUE
NIEKTpUYECKUX 3apsnoB. IlpuueM, mno Mepe NPOABUKEHUS
IEKTPUYECKUX 3apAN0B K IIPOTUBOIIOJIOKHOMY IIOJIIOCY, Pa3sHOCTb
NOTEHIMATIOB OyJeT M3MEHATBCS, a CUJa NMPUTSKEHHUS U CKOPOCTb
JIBYDKEHUS 3apsa10B OyAeT BO3pacTaTh.

CrnenoBarenbHO, 21€eKMPUYECKU MOK — IMO YCKOPEHHOoe
OgudiceHue INeKMPUUEeCKUx 3apadoe no npPoeooOHUKy, Moj00HOe
NaJCHUI0 MATepUAJIbHOTO Tejla MOJ  JEHCTBUEM  Pa3HOCTH
IPaBUTALMOHHBIX OTEHIUAIOB. V1 NMEHHO MO3TOMY AJIEKTPUYECKUI
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TOK MOKET COBepIIaTh padoTy. MIcXoast U3 3TOro ke yTBEep KIeHUS,
MOJKHO JIETKO OOBSCHUTH BOSHUKHOBEHHUE CBETOBOTO M3IyYEHUS MPHU
MIPOXO0KIEHUH TOKA Yepe3 MPOBOJAHUKHU C BBICOKMM COITPOTHUBIICHUEM.

Berpewass BBICOKOE CONPOTHBIIEHHE JIBU)KEHMIO, JJIEKTPOHBI
HaKaIUIMBAlOTCA B TPOBOJHUKE, 4YTO MPUBOJUT K TOBBILIECHUIO
KOHILIGHTPALlUU JJICKTPUUECKUX 3apsiioB M BBITAIKUBAHUIO MX U3
MPOBOJIHMKA B OKpYyXKalollee MPOCTPAHCTBO CHUJIAMU B3aUMHOTO
oTTankuBaHus [ria.6]. M dem Ooiblie MX KOHIEHTpALUSA, C TEM
O0JIbIICH CKOPOCTBIO OHM "BBITAJIKUBAIOTCSA" U TeM OoJiee KOPOTKUE
CBETOBBbIE BOJHBI BO30YXKZAIOT B TPAaBUTALMOHHBIX  MOJIAX
OKPYKAIOIIEeH UX CPebl.

HmeHHO mo3TOMY IpU HEOOJBUIOM TOKE, MPOBOJAHUK CHaudaja
cnabo HarpeBaeTcs, TaK KakK '"BBITOJKHYTbIE" U3 IPOBOJIHUKA
DIIEKTPOHBI HMEIOT HEOOIBIIYI0 CKOPOCTh W TIPU JBHKCHUHU
BO30Y)KIAIOT JUIMHHBIE, WHQPAKPACHBIE, BOJIHBI, a C IMOBBIIICHUEM
KOHILIGHTPAllMK  CKOPOCTh  BbUIETa YBEIMYMBAETCS W  BOJHBI
CTAHOBSATCA KOpPOUE€ U MAKCUMYM H3JIYYEHHS CIBUTACTCS K CHHEMY
Kparo CIEeKTpa.

B pe3ynprare = CHIBHOTO  OXJIQXAECHUS  IPOBOJHHKA,
YMEHBIIAETCS €ro JJIEKTPUYECKOE CONPOTUBIECHWE W BO3HUKAIOT
YCIIOBHS JJIsI HENPEPBIBHOTO KPYIOBOI'O JIBMXKEHUS 3JIEKTPUUYECKUX
3apsAA0B MO SKBUIOTEHUHUAIBHBIM TPACKTOPHUSAM, MOJOOHO MIAPOBOI
MOJIHUHU, KOTOPO€ W TPEACTaBisgeT co0Oil aHamor ABWKECHHS I10
MHEPLIUH U KOTOPOE yUEHBIE HA3bIBAIOT "'CBEPXIIPOBOIUMOCTHIO" .

W Tak xak mpu 3TOM JBIKEHUU paboTa HE COBEPIIAETCS, TO
TaKOM KOJIBLEBOW IMOTOK 3apsA0B MOXKET CYIIECTBOBATH JOBOJIBHO
JUIUTETILHOE BpPEeMs, HO IOCTaTOYHO pa3opBaTh €ro 4Tto Obl 0TOOpaTh
MOIIIHOCTb, KaK ABUKEHUE 3apsA0B MTHOBEHHO ITPEKPATUTCS U BUXPb
HCYE3HET.

AHajnoramMM Takoro JABWKEHHS, KPOME IIApOBBIX MOJHHUMI
SIBISIIOTCS, MHOTHE SIBJICHHMSI TPUPOABI, HMEIONIME BUXPEBYIO
NpUPOIY, TaKUWE KaK TOPHAJO0, LMUKJIOHBI, a TaK € pa3IuyHbIC
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MaxOBUKH W BOJIYKH, YYACTKM KOTOPBIX, [ABHKYIIHUCCA 11O
SKBUMOTEHIIMAIBHBIM TPACKTOPUSAM, MPAKTUUYECKU HE TPEOYyIOT IS
3TOro  3arpar MOIIHOCTH. OOBsSCHEHHE CBEPXIIPOBOIUMOCTHU
JBUOKEHUEM KaKHX-TO "KYNEPOBCKHMX Map" CIUIIIUXCSA AJIEKTPOHOB,
IIPOCTO CMENIHBI.

CBerHpOBOI[I/IMOCTL, KaK JIBUKCHHC BJICKTPOHOB B YCIIOBUAX
OTCYTCTBUS PA3HOCTH BJICKTPUYCCKUX MOTCHIUAIOB U COBCPIICHUA
UMH Pa0OThI, (PU3MUECKH HEBO3MOXHA. DTO BEYHBIM ABHraTelb U
TOJILKO TICCBAOYYCHBIC 3J3TOro0 HC IMOHUMAIOT. n s CHIIy 3TOro
00CTOSITENBCTBA, YEJIOBEUYECTBO, K COXAJIECHUIO, HUKOTJa HEe Oyner
UMETh CBEPXIIPOBOSIIUX JHMHUNA 3JEKTponepenad, MOTOMY YTO
BEYHbIE ABUTATEIH MPUHIIUIHATIEHO HEBO3MOXKHBI.

11. O JE®EKTE BECA U "CBEPXTEKYYECTHU"

Macca U 9Heprus B HAcTosiee BpeMs  SBISIOTCS
¢yHaaMeHTalIbHBIMU MTOHATUSAMHU B TeopeThdeckoi ¢usuke. Macca,
KaKk KOJMYECTBO MAaTEpUU W DHEpPrus, Kak CBOWCTBO MaTepuu
coBepmaTh pabdory. Tak Kak Marepus He MOXKET IPEBPAIIATHCS B CBOE
CBOWCTBO, TO €CTh B JHEPIrHIO, HE MOXET BO3HUKATh M3 HUYETO U
ucue3aTh B HUKY/Ja, TO MOHATHE Ae(eKTa Macchl, KaK MCUC3HOBEHUS
KaKOH-TO 4YaCTU MaTe€pUH SABJISIETCS, 110 CBOCH CyTH, aHTUHAYYHBIM.

Ho Tak kak »3TO sBJIEHHE YCTAaHOBIEHO Kak Obl
9KCHEPUMEHTAJIBHO, TO CIEI0BATENBHO, pe4Yb MOXKET UTH HE O Macce,
a 0 gece, KOTOPBIA MOXKET U3MEHATHCSA B 3aBUCUMOCTH OT PaCCTOSHUS
70 TATOTEIOLIET0 Tejla. 3/1eCh HMMEET MECTO METO0JIOTHYecKast
omnoOKa, KOTOPIMU M300MITyeT BCS TeopeTudeckas Hayka. [loaromy
BMECTO MOHATHA "Macca", He0OX0IUMO yIoTpeOIsATh MOHATHE "Bec'.

Cytb sBneHus aedexra Beca JOCTATOYHO JIETKO OOBSCHUMA.
JIrobast MaTepualibHas 4aCTHUIIA BELIECTBA 00J1a1aeT IPaBUTALlMOHHBIM
IIOJIEM U, CII€OBATENbHO, IPUTATUBACTCS K JAPYTMM MaTepHalbHbIM
TeJaM C HEKOTOPOM CHJIOW, 0OpaTHO MPOMOPIIMOHAIBHONW KBaApaTy
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PACCTOSAHUA MCXKAY HUMH. MG)KI[y ABYMs YaCTHLIAMU, HAXOAAIIUMUCH

J— ApyTr OT Apyra Ha paCCTOAHHUHU, HAMHOI'O

ﬁ MPEBBIIAIOIIEM WX  pa3Mepbl, CHIIBI
e | TIPUTSDKCHUS] OYCHB HE3HAUYNTEIIHLHBI M HE

WUTPaOT HUKAKOHN POJIU.

Puc.22 Ho ecnu 3t gacTuIsl OKaXyTcCs
JOCTaTOYHO OJHM3KO APYT K APYTY, HA PACCTOSHUU CPABHUMOM C UX
pa3mMepaMu, rpaBUTALIMOHHBIE CUJIbI BCTYIISAT B JCHCTBUE U MPUTSHYT
UX BIUIOTHYIO JOPYT K APYry, oOpazyss HOBYIO COCTaBHYIO YaCTHUILY
[ra.3]. Bec »Toit HOBO# COCTAaBHOM YaCTHUIIBI B CHITY TOTO, YTO 4acTh
CHJI MIPUTSDKEHUSI YacTUIl OyaeT "M3pacxojoBaHa" Ha yaepKaHUE UX
OKOJIO JAPYT JPYyTa, OKAKETCS MEHbIIE, YEM HX BEC IO OTIEIbHOCTH
(puc.22). To ecTb BO3HUKHET Je(heKT Beca.

ITo cBoeit cyTH, 00bEeJMHEHNE IBYX YACTHUIL B OJIHY, 3TO U €CTh
npouecc cunmesa, TpU KOTOPOM  COBepIIaercs padora,
MpOMOpILMOHANIbHAS 3TOMY HedekTy Beca. B maHHOM ciydae, 3Ta
pabota OyAeT coBepileHa MPOTUB CUJI MPUTSIKCHUS] 3EMITH, TaK Kak
YMEHBIIEHUE BECa PAaBHOCWIBHO MOAHITHIO MAaTEPUAIBHOTO Tea Ha
HEKOTOPYIO BBICOTY B €€ IPaBUTALIMOHHOM IIOJIE.

Tak kKaKk CHUJIBI TIPUTSHKCHHUS YaCTHUIl MKy coO0W | 3emiiei

B i s OYeHb Maibl, AN UX OOHapyKeHus
ﬁ-gz-nr A# TpebyeTcs BechbMa CII0KHOE 000py/I0BaHHE.

Huxe npeajaaracrcsa cxeMma IMpocToro

JKCIIEPUMEHTA, WJUTIOCTPUPYIOLIETO
Pue.23 BO3HUKHOBEHHE Je(eKTa Beca, KOTOPBIH
MO>KHO TIPOJEMOHCTPHUPOBATH B M000M mikoe. /st ero mpoBeaeHus
HY)KEH TOJBKO JOCTaTOYHO YYBCTBUTEIBHBIA JUHAMOMETD H
HECKOJIbKO IIOCTOSIHHBIX MarHuToB. [IpruMepHas cxema s3KCrepuMeHTa
MOHsATHA U3 pucyHka (puc.23). JlehekTom Beca Tak ke dJIEMEHTapHO
OOBSCHSIETCS  SIBIGHUE CMAYUBAEMOCHMU U  NHOBEPXHOCHHO20
Hamsaxcenusa.  MoneKynbl  KUIKOCTH, KOHTAaKTUPYIOIIME  C

MOJICKYJIaMHA CTCHOK cocynaa, MMPUTATUBAIOTCA K HHUM C
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BO3HUKHOBEHUEM Jie(heKTa Beca, B pe3yabTaTe Yero CTAHOBSITCS Jerye
U BBITAJIKUBAIOTCS BBEPX IO CTEHKE, 00pa3ysi BOTHYThI MeHUCK. B
Clly4ae C KUJKUM TeJIMeM, 3TH BBITAJKUBAIOIIME CHJIBI HACTOJBKO
BEJIMKH, YTO KUIKOCTh HAUMHAET NEPETUBATHCS Yepe3 Kpail cocya.

OTOT MeXaHWU3M OO0ECTeUMBaeT TMoJadyy BOJBI B CTEOJIAX
pacTeHHWii W CTBOJIaX JEPEBbEB, MOJHUMAs MO KammwuisipaM e Ha
OTPOMHYIO BBICOTY. Ecnu Kamuuisip pacioioKeH TOPU30HTAIBLHO, TO
BOJIa 110 HEMY JBUTAThCS HE OyIIET, TAK KaK MEXaHU3M JTOT HE OyaeT
pabotath, YTO TpPEKpPacHO  OOBICHAET, IOYEMY  JIEPEBbs
MPEIOYUTAIOT PACTU BBEPX, IPEOA0JIEBAs CHITy IPaBUTALIUH.

B caywae ¢ pryThi0O BCce HMPOUCXOAUT HAOOOPOT — B 3TOM
ciaydae "BCIUIBIBAIOT" CTEHKH COCyJa M MPOHUCXOIUT "omycKaHue"
IrpaHUYAIllUX CO CTEHKOW MOJIEKYJ PTYTH, CO3JAIOLIee BBIMTYKIbIN
MEHUCK.

B pesynbrare yBenuyeHus CHIIbI TSHKECTH B 30HE KOHTAKTa CO
CTEHKOU cocy/a, pTyTh, KaK M HEKOTOPBIE IPYTHE KUIKOCTH, aTOMBI
KOTOPBIX HMMEIOT OOJBIIYI0 aCHMMETPHUIO TPABUTAIIMOHHBIX MOJIEH,
OUYeHB OBICTPO BBITEKAIOT JAXKE YePe3 MUKPOCKOITUYECKHE OTBEPCTHSI.

12. O CHHTE3E

Deonwyua mamepuu 6 npupooe npeocmaeniem cooou
OOHOHANPAGNEHHBIL U HeoOpamumulii npoyecc Henpepvi6HO20
CAMONPOU3BONILHO20 YCIOHCHEHUA €€ CMmPYKmypbl 6 pe3yibmame
o0veounenua (cunmesa) 0071ee npocmulx uacmuy 6 0Oonee
C10MCHBIE CMPYKMYPHbLE 00pA308aAHUA.

Kornma Bwl ocTtaBiasiere Ha yinMile >KEJI€3HbIM TI'BO3/b, OH
MOKPBIBACTCS P>KaBUMHON. PykaBuMHA - 9TO OKHCEN Kene3a, TO eCTh
0oJiee CII0KHOE BEIIECTBO, YEM YHUCTOE JKEIe30. A eClIH PSAOM C HUM
OblIa eme W cepa, TO MOJYyYuTCs Cyabpua uiau cynbdar xenesa,
KOTOpoOE erie 0oJiee CI0KHOE, YEM OKHCET.
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N ecan 31O YCIIOXKHCHUC IMPOUCXOAUT B TCUCHUU HCCKOJIBKUX
MWIIHOHOB JIET, a TPHUPOAbI TaKUM KOJMYECTBOM BPEMEHHU
pacrosaraer, TO HEn30eKHO MTOSIBUTCS Kakas-HUOY b
JIe30KCHPUOOHYKIICHHOBAsI KUCJIOTA. A 3a HEW W JKMBas KIETKa U B
KOHIIC KOHIIOB Y€JIOBEK...

HqueM IpHU CUHTC3C BCCrAa BBIACIIACTCA HCKOTOpPAd MOIITHOCTD,
MPOMOPILMOHANIbHAS BO3HUKaOMEMy AeeKkTy Beca. B Hayke 3TOT

nedexT Beca omMO0YHO Ha3bIBaeTCs "AedeKTomM
Q- @ - Maccel' M CUMTAETCs, 4YTO OH, SKOOBI,
- XapakTepU3yeT, TaK Ha3bIBAEMYIO, SHEPrUI0
Lpl +° @qu CBSI31 YaCTHII.
Ho BoT oOpaTHBI Tpoliecc B TPHPOIE
e " | \ @ -« | HCBO3MOXKCH. Huxto Hukorma He HaOmMromanl,
= | 9T00BI pyJda, TO €CTh M3 CMECh OKHCIIOB,
[ @ ) Cynb(pUI0B, CAMONPOU3BOJILHO pacmajaanach Ha
d COCTAaBHBIE AJIEMEHThl U TMOJYYUIIOCH YHUCTOE

Puc.24

KEJIe30 WIM MEJIb WJIH €I1I€ YTO-TO YHUCTOE.

N xors B mpupoje CymecTBYyeT OECKOHEUYHOE KOJIMYECTBO
YpOBHEH CHHTE3a, UeJIOBEK IM0Ka MOXKET Ha0JII01aTh TOJIBKO J1Ba BU/A.
210 cuHTE3 HU3KOoTemnepaTypubiii (HTC), mpu KOTOPOM MPOUCXOAUT
IIPOCTOE CIUSHUE ATOMOB B MOJIEKYJIbI C BBIICIICHUEM CPABHUTEIBHO
HEOOJIBIIIOTO KOJM4ecTBa Teruia (puc.24).

[IpumepaMu Takoro CHUHTE3a, SBISIOTCS OOBIYHBIC MPOIECCHI
OKHCIEeHUs wWid TropeHus. M Bropol BHI CHHTE3a — ITO
BbICOKOTEMIEpAaTypHbIi cuHTe3 (BTC), Ipu KOTOPOM aTOMBI,
y4acTBYIOUIME B IIPOLIECCE CHHTE3a, HAXOIATCA B  MHCUOKOM
COCTOSTHUH, O KOTOPOM COBpEMEHHas Hayka, o muiioctu Pesepdopaa
u sopna KenbBHHaA, HE MMEET HU MaJEMILEro MPEACTABICHUS H
MO3TOMY OHH MOTYT CJMBaTbCs BMecCTe, oOpa3ysi aToMbl Oosee
TSDKETIBIX JIEMEHTOB (puc.25).
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Takue mpolecchl CHHTE3a MOTYT UJITH TOJBKO MPU TEMIIEpaType
0oJiee MUJUTMOHA TPalyCOB, KOTOpasi CYHIECTBYET B MOBEPXHOCTHBIX
CIIOSIX 3BE3J WJIM B IIEHTPE aTOMHOTO B3pbiBa. B Gomnee rimyOokux
CIOSIX 3Be3] HUAYT IMPOLIECChl CHUHTE3a JJIEMEHTApHBIX YacTU W3
CcyOdJIeMEHTapHbIX, TaK K€ HaXOMASIIUXCS B

1 : KHUJIKOM COCTOSIHUM M HUMeEIIuX eme Oolee
BBICOKYIO Temmeparypy. I[Ipu atom Bbeiaensercs
MOLIHOCTb  HAa  IOPSAKHA  IPEBBIIIAIOIIASL
MOILIHOCTb CUHTE3a I'ejusl, IMPOUCXOAAIIETO Ha

; O MOBEPXHOCTH 3B€3/1. DTO HEHAOIIOJAEMBII HaAMK

CBEpXBbICOKOTEMITIEpaTypHbIi cuHTe3 (CBTC) 0

i *@ / KOTOPOM YEJIOBEUECTBO HE UMEET HU MAJIEHILIETO
Puczs NPEICTABICHHS. ..

CoBeplIeHHO MOHSTHO, YTO HUKAKHUX IPOILIECCOB XOJIOJHOTO
siiepHoro cuHresa (XSAC) B mpupoJe CylEeCcTBOBATh HE MOYKET, KPOME,
TaK Ha3bIBAEMBIX 'XMMHMUYECKHMX' TMPEBPALIEHUN WM PEaKLHH,
WYX WHOTJA IaXe C TIOHMKEHHEM TeMIieparypsl. Tem Ooree, 4To
y aTOMOB HET U HE MOXET OBITh HUKAKHX SITIEp.

(Ilpasoa yuemnvie 06 smom noka He 002a0bl8AIOMCA U NOIMOMY O4EHD
CUNLHO 3aHAMbl  OECHJIOOHbLIMU  NOUCKAMU 3MO20 CAMO20 XO0JIOOHO020
A0epHo20 cunmesa).

B3pbIB BO0p0o1HOI 60MOBI, 3TO IPUMEP BHICOKOTEMITEPATYPHOTO
cunre3a (BTC), mpoucxomsmero ¢ BBIICICHUEM KOJIOCCATbHOMN
MOIIIHOCTH,  COIMPOBOXKJAEMOM  3HAYUTENbHBIM  IOBBILICHUEM
JaBJICHUS ¥ TEMIIepaTyphl, KOTOpas MOAJIEPKUBAET aTOMbI BOAOPOIa
B 30HE pEaKIUu B KUJAKOM COCTOSHUU, 00YCIIaBIIMBas BO3MOKHOCTh
UX CHUSHUS B aToMbl renusi. OgHako 000109Ka BOJIOPOTHON O0OMOBI
HE MOKET MPOTUBOCTOSITH TAKOU TEMIIEPATYPE, OHA TOYTH MTHOBEHHO
IJIABUTBCS M pa3pylIaeTcsl KOJOCCAJbHBIM JaBICHUEM B 30HE
CUHTE3a.

[TosroMy B peakuuu YycHeBaeT NPUHATH Y4acTHE OYEHb
HE3HAYUTENIbHOE KOJIMYECTBO HCXOIHOIO BEIIECTBA, B HECKOJIbKO
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JecAThIX AoJed mporeHTa. [TonbITKM y4eHBIX 3alyCTUTh PEAKLUI0
CHHTE3a B KaKOW-TO 3(eMepHONW MarHUTHOW JIOBYIIKE, KOTOpas
JTOJI’KHA BBIJIEP>KMBATh OTPOMHOE JIaBJICHUE, IO MEHbBIIIEH Mepe TakK ke
HAUBHBI, KaK IMOMBITKH MOAHITH ce0s 32 BOJIOCHI.

EnuHCcTBEHHBIM peanbHbIA MyTh B 3TOM HApaBIC€HHUH, 3TO
WCIIOJIb30BAHUE PEAKIMi CHUHTE3a C YYaCTHUEM ypaHa M TSKEIbIX
TPAHCYpPAaHOBBIX 3JEMEHTOB, TJ€ YEJIOBEUYECTBO YK€ JOCTHUIJIO
HEKOTOPBIX pPEAIbHBIX pPe3ysbTaToB. [Ipu cHHTE3€ MOJEKYJISAPHBIX
COCIMHEHUH, BbIJCJIICHUE MOUIHOCTH W TMOBBIINICHHE TeMIEPaTyphl
HE3HAYUTENIbHO, TOATOMY CIUSHUS aTOMOB HE IMPOUCXOIUT, a OHU
MPOCTO OOBEIUHSIOTCS B MOJIEKYJIBI.

OObIuHOE TIaMsI, HANpUMeEp, MPEACTaBIsAET CO0O0i MmpoIecc
CHUHTE3a MOJIEKYJl TOPIOYMX BEIIECTB C MOJEKYyJaMH KHCIOpOJa,
COMPOBOXKIAAEMBIN OTHOCHUTEIHHO HEOONBIINM, IO CPAaBHEHUIO C
BBICOKOTEMIIEPATYPHbIM CHUHTE30M, BBIJICJICHUEM MOIIHOCTH U
HEOOJIBIIUM MOBBIIICHHEM TEMIIEPATYPHI.

HerpynHo mnpencraButh cebe, Kakas MOXKET BBIICTUTHCS
MOIIIHOCTh, HAMPUMED, MPU CUHTE3E MPOTOHA U3 CyOITEeMEHTAPHBIX
YaCTHUII, KOTOPBIN IPOUCXOJUT B ITYOOKHX CIIOSIX IOBEPXHOCTH 3BE31.
A cnenoBarenbHO, YTOOBI "PacKONOTH" MPOTOH, HY)KHO 3aTpPaTHTh
TaKylo OOJIBLIYIO MOIIIHOCTh, KOTOPOM YEJIOBEYECTBO €/Ba JIM KOra-
HUOya» Oyzaer pacmojaratb. A TO3TOMY BO3HS C  aJJpOHHBIM
KOJUIAIEpOM, roBOps CII0BaMHU ®deliHMaHa, SIBIIACTCS
OOBIKHOBEHHBIM HATyBaTEIbCTBOM.

Ilpoueccol pacnada mamepuu ecezoa mpedyom 3ampanvl
MOWHOCMU, NOIMOMY OHU 603MOHCHBL MONLKO KAK C/1€0CM U UIU
nobounvie Ihhekmut 60/1€ MOWHBIX U RPUOPUMEMHBIX RPOUECCOB
cunmesa.

Hukakux oOpaTUMBIX HPOIECCOB B MPUPOJE HE CYLIECTBYET,
9TO Takas ke (PUKIMS, Kak U Be4HbIN ABUraTenb. Hanpumep, mpoiecc
"paspylieHus" KENE3HbIX KOHCTPYKLHMH B pe3yJibTaTeé KOPPO3MH,
npezcTaBisieT co0ON Mpolecc CUHTe3a 0oJiee CIOKHOTO BEIIECTBa -
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OKHCJIA JK€Je3a, XOTS B LIKOJIAX U By3aX y HAac CO3/1al0T COBEPILEHHO
NepeBepHyToe MpeacTaBieHue 00 3TOM, yBepsis, YTO 3TO IMPOLECC
pa3pylIeHHs Kele3a.

W TakuMu U3BpallleHHBIMH TPEJCTABICHUSMU H300MITYyeT
coBpeMeHHas Hayka. JIt00oii mporecc CMHTe3a, a He TOJIBKO CUHTE3a
OKHCJIa XKeJle3a, BCEraa UAET CaMOIPOU3BOJIBHO, C BBIIECICHUEM TOMN
WIA WHOW MOIIHOCTH B BUJE TeIUa. A JJIsl TOro, 4TOOBI pa3/ieiuTh
OKHCEJI Ha COCTaBIISIIOIIME AJIEMEHTHI, IPUXOIUTCS 3aTPAvyUBaTh
OTIpeIeIEHHYI0 MOIIIHOCTb, HCIIOJIB3YsI APYToi, O0Jiee MPUOPUTETHBIN
Y MOUIHBIN MPOIECC CUHTE3A.

Hampumep, nponecc cMHTE3a yriaekuciaoro rasa, B pe3yjabrare
KOTOPOI'0 YIJIepoJd OTOPBET aTOM KHCIOPOAA OT MOJIEKYJIBI OKHUCIIA U
MPUCOEANHUT €ro K cebe. DTO MpoIecCchl MPOUCXOAIINE, HATPUMED,
B JIOMEHHBIX Teyax. B pe3ynpTare TOro, 4To BO3HHKAIOMIUN JedeKT
Beca NPU CUHTE3€ YIVIEKUCIOro ra3a MpPEeBbIIIAeT H30BITOK Beca,
BO3HMKAIOIIMKM IIPU paclajge OKHUCIIA JKeIe3d, TO BbIICIAIOLIEHC
MOIITHOCTH CHHTE€3a C M30BITKOM XBaTaeT Ha IMOKPBLITHE 3aTpaT Ha
pacnaj okucia.

Ecnu Ob1 B mipupojie MOT CYIIECTBOBATH CaMOIPOU3BOJIHHBIN
pacnaj, Ham He3aueM ObLI0 Obl CTPOUTH JOMHBI MJIM KOHBEPTEPHI AJIs
MOJIy4eHUsI YHCTOrO >Kejle3a WM Kakoro-To Jpyroro Merajuia.
Hocrarouno ObUIO OBl TOMOXKAATh, KOT/A JKEJe3Has pyaa cama
pacrajercs Ha YUCTOE JKee30, cepy, Kuciopon... Hezauem 66110 OB
MOKPBIBATH ABTOMOOWIIA aHTUKOPPO3UIHBIMU TOKPBITHSIIMH. . .

[Ipouiecc cuHTE3a TAKENIBIX JIEMEHTOB B IPHUPOJAE HAET 10
HeKkoToporo npezaena. C pocTOM aTOMHOI'O YMCJIA, CHIIbI IPUTSKEHUS
MEXAY DJIEMEHTapHBIMA YaCTHULAMH, M3 KOTOPBIX COCTOMT aToM,
YMEHbBIAIOTCA U aTOM MPUONMKAETCSI K COCTOSHHUIO, OJIM3KOMY K
KUAKOMY. YpaH, HalpuMep, B YHCTOM BHJE MpeAcTaBisieT co0oit
MaTepual, Jaxe 0ojee MIacTUYHbIN, YeM CBHHEII.

To ecTb CHIIBI TPUTSHKEHUST YACTHI] B aTOME ypaHa OCJIa0JICHbI
Y OH IIpY B3aUMOJAECHCTBUM C YAaCTHLIAMHM MMEIOIUMHU JOCTaTOUYHYIO
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SHEPrUI0 (CHUHTE3), OH MOXET MEPEHTH B COCTOSIHUE KUIKOM KaIliu,
YTO CJENaeT BO3MOXHBIM €ro pacrhaj U KaK pe3ylibTar, 3amyck
JTABUHHOW pEaKIMU CHHTE3a €ro 00JIOMKOB C aTOMaMH OKPY KaroIiei
CpeJibl UJIM ATOMHOMY B3pBIBY.

CaMonpou3BOJIBHBIN pacmaj, atToMa ypaHa HEBO3MOXKEH, TaK
KaK JJs 3TOro HEOoOXOJUMO 3aTpaTUTh BIIOJIHE OMNPEACICHHYIO
MOIIIHOCTh, UHAYE OH MPOCTO ObI HUKOT/Ia HE CMOT oOpa3oBarbes. 1
€ro eCTeCTBEHHas pPaJWOaKTUBHOCTh OOYCIIOBJIICHA TOJIBKO JIHIIh
BHEIITHUMH BO3/ICUCTBUSMU, a4 UMEHHO IOTOKAMH KOCMHYECKUX
YacTHll, KOTOpblE€ WHULUUPYIOT pacmaj OTHAEIbHBIX aTOMOB,
COTIPOBOXKAAIOIINXCS CHUHTE30M C BHIOPOCOM (M3ITy4YE€HUEM) YacTHll,
MMEIOLINX BBICOKYIO TPOHUKAIOIIYIO CIOCOOHOCTb.

Ecnu Takue sneMeHTHl HEallbHO IKPAHUPOBATh OT JIHOOBIX
U3ITy4eHUH, TO OHHU MOTYT XPaHUTBCA  CKOJIb  YTrOJHO
MPOJOHKUTEILHOE BPEMsI, TaKe €CIIU OYyT UMETh, TAaK HA3bIBAEMYIO
KpuTHueckyro  "maccy'.  Muaue  rosops,  "ecrecTBeHHas"
PAAMOAKTUBHOCTD TSDKENBIX DJIEMEHTOB U PaJMOAKTHBHBIX M30TOIOB
- 3TO pe3yabTaT OOMOApAMPOBKH HMX OBICTPHIMH KOCMHUYECKHMHU
yactuamd. CaM MpoLEeCC aTOMHOTO B3pbIBAa HMEET MEXaHU3M,
OTJIMYAIOIIIUHACS OT OMKMCHIBAEMOTO B yUeOHUKAX (DU3UKH.

B orcyrcTBUM (POHOBOTO M3Ty4EHUS! HUKaKas LEMHas peaKius
HUKOTJa OBl HE CMOTJIa HAYaThCsl U pab0oTa aTOMHBIX peaKTOpPOB ObLIa
Obl HEBO3MOJXKHA. 3a0yKICHHUs, LapsAIIMe B HayKe, YK€ MPUBEIH K
TOMY, 4TO (U3HMKHU TBITAIOTCS PACKOJIOTh MPOTOH, COBEPIICHHO HE
MOHHMMAsI, YTO YEJIOBEYECTBO MOKA eIIle He pacroiaraeT HICTOYHHKAMHU
MOIIIHOCTH, TTO3BOJISIOIIUM PACKOJIOTh AJIEMEHTAPHYIO YacTHILY.

Ockonky, modydYarolmuecs IMpPU CTOJKHOBEHHH IMPOTOHOB B
KOJUTaiifiepe, 3TO He €ro COCTaBHbIE YaCTH, KaK OIIMOO0YHO IMOJIaratoT
yU€HbI€, a BCETO JINIIb MPUIHIIINE K HEMY JIETKHE Cy03JIeMeHTapHbIE
YacTULIbI, 00ecleynBalouIie aCUMMETPUI0 €ro TPaBUTALMOHHOTO
noJist. MomHOCTh HEOOX0AUMAas JUTsl OCYIIIECTBICHUS pacraja Jaxe
aTOMOB TeJHs, HE TOBOpS YXKE O pacmaae NpOTOHA, JIOJDKHA
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HpeBBILHaTI: MOIIIHOCTB, BBII[GJIHIOH_IYIOCH HpI/I B3pBIBe BOI[OpO,Z[HOI\/'I
O60oMOBI. J[a’ke packoJOTh JOCTAaTOYHO OOJIBIION aToOM JKelesa
YEIIOBEKY TOKa eIle He MO/ CHITY.

13. O MPOCTPAHCTBE U BPEMEHHA

N3 ompenenenuss Marepuud COBEPILIEHHO SICHO, YTO OHAa HE
HY)KJIa€TCS B TAKUX CYHIHOCTSIX, KaK MPOCTPAHCTBO U Bpems. Takue
MOHSTHS, KaK MPOCTPAHCTBO, BPEMsl, Macca, SHEprusi, Temreparypa,
JaBJICHUE U MpOoYee — 3TO TOJBKO TEPMHUHBI, TPUIyMaHHbIE JTIOIbMU
JUTst 0003HAYEHUSI HEKOTOPBIX CBOMCTB MaTepuHu.

Ilpocmpancmeéo — >TO CBOWCTBO MPOTSIKEHHOCTH CaMOU
MaTe€pUud U TOBOPUTH O HEM B OTCYTCTBHM MAaT€pUHU, COBEPIICHHO
OeccMpiciieHHo. Matepust cama 1o cede u ecTh 00beM. IMeHHO 3T0
CBOMCTBO MPOTSKEHHOCTHM MaTEepUud M JaeT HaM BO3MOXKHOCTb
nepemMelarbcss B He Kyaa yroaHo. IlosTomy MblI Bcerga mMeeM
BO3MOXXHOCTh ChE3[IUTh B COCEHIOI0 JEpPEBHIO, Ha Jauy, B Typiuio,
Ha Jlyny...

Bpemsa, xax ¢usnueckas CyIIHOCTh B MPUPOJAE BOOOIINEC HE
CYIIECTBYET, 3TO J]aXK€ HE CBOMCTBO MAaT€pPUH, a BCETO JIUIIb CBOMCTBO
YEJIOBEUECKOT0 CO3HAHUsl 3allOMMHATh KAaKHEe-TO IPOMEKYTOUYHBIE
cocTosiHMsL TipolieccoB. M Bpemss — 3TO CpaBHHTENbHAs Mepa
OTHOCUTEIIbHON WHTEHCHBHOCTU KaKUX-TMOO mpoieccoB. Eciu Ob
JIOJIA HE UMEJU TaKOro CBOMCTBA, KaK CO3HAHWE U NaMAThb, OHU
HUKOTr/1a Obl HE U300pENU TAKOTO MOHATHS, KaK BPeMs U CKOPOCTb.

H3mepeHne BpeMeHU — 3TO CpaBHEHUE JIMTEIbHOCTH KaKOro-
anbo mpoiiecca ¢ IIUTENTbHOCTHIO JIF000T0 MPOU3BOJILHOTO Mpoliecca,
MPUHSTOTO 3a ATaJIOH. B Halem ciydae ¢ JJIMTeNbHOCTHIO TOBOPOTA
3emuin BOKpYT cBoeil ocu. [IpuueM 3TalloHOM MOXKET OBITH TOJIBKO
NEePUOIUYECKUI MPOLECC, MOTOMY UYTO CpPaBHEHUE HEMPEPHIBHBIX
JUHENUHBIX MPOLIECCOB — HEBO3MOXKHO. OTCI0/1a JIOTUYECKU BBITEKAET
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HEBO3MOXKHOCTH CYIIIECTBOBAHUS TaKOH (DPU3MUECKON KaTeropuu, Kak
BpeMs1, BOOOIIIE.

Cneoosamenvno, 6 npupooe Hem 6peMEeHU U Mamepus
cyuiecmeyem 6 6e4HO OJIAUEMCA HACI OAULEM.

PaznuyHoe TeueHne BPEeMEHU B pa3HbIX CUCTEMax OTCYeTa I0
JDKEHAYYHOH TEOpHHM OTHOCHUTENBHOCTH NpEeACTaBisieT coboil Open
YUCTEUIIEN BOJbI, KOTOPBI CTAHOBUTCS OYEBUIHBIM, CTOUT TOJIBKO
nornpoOOBaTh OCMBICIUTH yTBEpKIeHHE, 4To: "B cucreme A
npoXoauT Oonbllle BpeMeHH, 4eM B cucteMe b, 3a omHO U TO ke
Bpems". bosiee TOro, cuctembl € 3aMEJICHHBIM WJIA YCKOPEHHBIM
TEYEHHEM BPEMEHH, JOJDKHBI OblIM OBl McYe3aTh U3 BUIY, TaK Kak
HEBO3MOKHO BHJIETh OJIHOBPEMEHHO MPOIIJIOoe U OyayIiee.

Jis Toro, yToObl BO3BpaTUTCA Ha3aJ K MPOIJIOMY COCTOSTHUIO
Kakoro-1ubo mporecca, ero HeoOXOJUMO 3amyCTUTh B OOpaTHOM
HalpaBJ€HUU, YTO COBEPIIEHHO HEBO3MOXHO, TaK KakK 3To
MPOTUBOPEYUT BTOPOMY Hayaly TEPMOJAMHAMUKH. A CJI€10BAaTEIbHO,
Takas pu3NYECKask KaTeropus, Kak BpeMs, B IPUPOJIC HEBO3ZMOXKHA U
nepeMelnieHre B MPOoILIoe WK Oyayiiee BO3MOXKHO JIMIIL B HAIIEM
BOOOpaX€HUH U B (DAHTACTUUECKUX paccKaszax.

14. O JBM)XEHUU HEBECHBIX TE.I

Ha pucynke (pme.26) moka3zaHo ABM)KEHHE CIIyTHHKA S 1O
D jumnTHYecko opbure. Hambonee

woimecst | @CTECTBEHHBIMU IS JIBMDKEHUS
CIYTHUKOB U IIJJAHET  SBJIAIOTCA
KpYroBble OpOWTHI, T/A€ JBHXCHUE
IIPOUCXOJUT MO AKBUIIOTEHIIMAIBHOU
J : TPaeKTOpHH, HE HapylaeMon
HUKAKUM W BO3MYUICHUSIMH U He
TpeOyrolIee 3aTpaT SHEPTHH.
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(Cnymnuuk, osudicywyuiica no Kpy206o0u opoume, 8 0eKapmoeou
cucmeme KOOpOUHAM YYACHEYem O0OHOBPEMEHHO 8 O08YX OBUNCEHUIX,
20pU3OHMAIbHO NO Kacameavhoil ¢ 1-ii kocmuueckoii 'V, 0na O0anHoil
naanemsl, CKOpOCHIbIO U C60O00HO NAOAA 6EPMUKATLHO, NOO OeliCHmeueMm
2PAGUMAUUOHHBIX CcUl eé npumsiicenus. B pezynrvmame 3Imozo
08UICEHUS, 8 KAMHCObLIL MOMEHM 8DEMEHU PACCMOAHUE OM CHYMHUKA 00
UeHmpa naanemsvt HOCHOAHHO.)

B nonapnoii cucrteme xoopauHat 3T0 OyAET ABMXCHHE IO
SKBUMOTECHIMAJILHOW TPACKTOPUHU, PAAUYC KOTOPOM MOCTOSHEH
(R=const). Tlpu >TOM HHUKAKOTO HW3MEHEHHUS TPaBUTAIMOHHBIX
MOTCHIUAJIOB, JEHCTBYIOIIUX Ha CIIyTHUK Ha BCEH TPACKTOPUHU
JIBW)XEHUS, HE MNOpoUcXomuT. KM 1mosToMy IMpH NOYTH IOJHOM
OTCYTCTBUM CONPOTHUBJIEHUS CPElbl, CIIyTHUK WM IUJIAHETa MOTYT
JIBUTAThCS MO TPAEKTOPUHU PABHOTO MOTEHI[MAJIa OYEHD U OYEHB JIOJITO.
NmMmenHo myTraHuna ¢ JIeKapTOBBIMH KOOPAMHATAMH U MPUBOJIUT K
TOMY, YTO YYCHBIC HE B COCTOSTHUU OOBSICHUThH TAKMX IIPOCTHIX BEIIEH,
KaK HarpuMmep, npeneccus opoutser Mepkypus.

JIBYOKEHUE 110 SJUTMIITHYECKOM OPOUTE HECKOIBKO OTIMYACTCS.
[Ipu nBM>KeHUM CIIyTHUKA U3 ariores Mo y4acTKy A Ha HEro JeHCTBYET
cuia, OOyCIIOBJIICHHAs PAa3HOCTHIO TPABUTAIMOHHBIX ITOTEHIIMAIOB
AR1, KOTOpasi, MPEBbIIAsE TOPU3OHTAIBHYIO CKOPOCTh V, OTKJIOHSIET
CIYTHHK, 3acTaBiigasl ero aBuratbcs mo kpuod C. B mepurenuw,
HAo0OpOT, €ro TOPU30HTAIbHAS CKOPOCTh V TIPEBBINIACT CHUITY,
00YCJIOBIICHHYIO Pa3HOCTHIO IPAaBUTAIMOHHBIX TOTCHIIHAIOB AR2, 13-
3a 4ero, BeIXOJs Ha y4acTok B, ciyTHuk nBukeTcs o kpuBoit D.

B pesymbrare 53THX CMEILIEHUW, BBI3BAHHBIX PAa3HOCTHIO
cKopocTeli Ha ywactkax A u B, oamnunrtuyeckas opbOura
MOBOpAYMBAETCs (MPELECCUPYET) B CTOPOHY MPOTHBOMOJIOXKHYIO
HaMpaBJICHUIO BpAILCHUS CIYTHUKA. OJTa JIMHEHHAas Mpeneccus
NpUBOAUT K '"OOKaThiBaHWIO" (OKyca DIIIUIICA BOKPYr IIEHTpa
MJIaHEThl W MEJICHHOW DBOJIIONUHM JJUTANITUYECKOH OpOUTHI B
KpYroByto. MexXaHu3M STOH HBOJIONMU  JOCTAaTOYHO MPOCT.

BOSHI/IKaIOH_IaSI B PE3YIbTATC OTKJIOHCHHUA TPAaCKTOPpHUU oT
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HKBUIIOTEHIIMAJIBHOM, pPa3HOCTh TI'PAaBUTALMOHHOIO IOTEHIMANA,
OPUBOIUT K BO3HMKHOBCHMIO CHJIBI, KOTOpass CTPEMHUTBCS
BOCCTaHOBUTh KPYTOBYIO OpOUTY.

[IpockakuBasgs TOUYKY OKPYKHOCTH C HYJIEBOM pPa3HOCTBHIO
IOTEHLIUAJIOB, CITyTHUK OTKJIOHSETCS B IPOTUBOIIOJIOKHYIO CTOPOHY,
YTO OISATh JK€ MPUBOJUT K BO3HUKHOBEHHUIO IPOTHUBOIIOJIOKHO
HalpaBJICHHOW Pa3HOCTH NOTEHIMAJIOB U K KOJICOaHUSIM OpOUTHI.

B pesynbraTe 3aTyxaHHS 3TUX KOJNEOAHWMU, DIUIMIITUYECKAS
opOuTa HBOJIOIMOHUPYET B KpyroByto. Kpome Toro, HecoBmajeHue
IUIOCKOCTH OpOUTBI € JAMAMETPAIBHOM MJIOCKOCTBIO IJIAHETHI,
IIPUBOJUT €LIE U K BOSHUKHOBEHUIO YIVIOBOM IIPELIECCUU, KOTOPas TaK
K€ IOJ JEHUCTBHEM pA3HOCTH TI'PAaBUTAlMOHHBIX ITOTEHLHAJOB,
IIOCTEIIEHHO BBIPABHUBACTCH.

VIMeHHO U3-3a HECOBIAICHUS TUIOCKOCTH OPOUTHI CITyTHUKA C
JUaMETPAlIbHON  IUIOCKOCTBIO  IUIAHETHI, CIIyTHUK OIMCHIBAET
CUHYCOMJAJIbHYIO KpHBYI0 Ha €€ mnoBepxHocTdu. CTporo rosops,
CIYTHHK JBIDKETCSl JaXe He IO JIUIMNTUYECKOH opOuTe, a Io
HEKOTOpPOH, OJM3KOM K OJUIMIICY OBaJIbHOH TPAaeKTOpUH, IMOJ
JNENCTBUEM IIOCTOSTHHOT O U3MEHEHUA 2PasumayuOHHbIX
nomeHyuan06 Ha pasIN4HbIX €€ ydacTkax. J[BUraTecsi 10 KpHBOM
OJM3KON K JIIMIICY, CIYyTHUK MOKET TOJIBKO B TOM ciydae, ecilu
TATOTEIOLIEE TEJIO, BOKPYT KOTOPOTO OH JBUXKETCS, HE HAXOINUTCS HU
B OJIHOM 13 ()OKYCOB ITOH IITUNTHYECKON KPHBOU.

3akonbl Kemepa onmuchIBaIOT, Kak JIBHUKYTCS KOCMHUYECKHE
TeJa, HO He OOBACHSIOT IPUYMH, TOYEMY OHU Tak ABIXKYTcs. [loTomy
YTO 3TO JakKe€ M HE 3aKOHBI, a mpocras KoHcratanus ¢axrta. Cam
Kemnnep cumrai, 4To MIaHEThI IBUKYT aHTEIIBI. ..

W ecmm xu3Hp Ha 3eMile 1O MAJCOHTOJIOIMYECKUM JaHHBIM
HACYMTBHIBAECT OKOJIO YETBIPEX MHWJUIMAPAOB JIET, TO 3TO 3HAYUT, 4TO
YyeTblpe MWJUIMApa JIET Ha3ajJ opOuTa Hallled IUIaHeThl yXe OblLia
OuYeHb ONM3Ka K KpyroBoil. Ha ruianerax, IBHOKYIIUXCS IO OBAJIHBIM
opbutam ¢ OOJBIIMM 3KCLEHTPUCUTETOM CYIIECTBOBAHHE "KHUBBIX"
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OpPraHU3MOB HEBO3MOXKHO, B CHITY MEHSIOIUXCS B OOJIBIINX Tpeeax
OPUPOJHBIX  YCIOBMM  TpH  Mepexone M3  IMepurenus B
adenuii 1 oOpaTHO.

A Tenepb HECKOJBKO CIIOB 00 HCKYCCTBEHHBIX CIYTHUKAX
3emumn. MckyccTBennbie criyTHUukH 3emin (MC3) neraroT 0ObIYHO Ha
HeOonpmx BeicoTax 400 -600 KMIOMETPOB, Tlie CHJIa MPUTSIKECHUS
JI0OCTaTOYHO BenMKa. HeBeCOMOCTh KOTOpasi BOSHUKAET Ha CIIyTHUKE,
HEBECOMOCTBIO B IIOJIHOM CMBICJIE HE SABJISETCS. JTO JIMILIb WIUTIO3U,
00ycJI0BJIeHHAs: CBOOOHBIM MaJICHUEM CITyTHHUKA O] ICHICTBUEM €ro
cOOCTBEHHOTO Beca, Kak B otopBaBmeMcs Judre. I[loaTomy, 4ToOBI
HE yMacTb, CIIyTHUK JOJIKEH UMETh TOPU30HTAIbHYIO COCTABIISIOUIYIO
CKOpPOCTHU PaBHYIO, TaK HAa3bIBAEMOU MEPBOM KOCMHUYECKOM.

Hacrosias HEBECOMOCTh MOXKET CYILIECTBOBATh TOJIBKO Ha
BBICOTE IPEBBIIAOLIEH pajnyC IJIAHETHI, Ile €€ CUila TATOTEHUS
CTaHOBHUTCS HUYTOXXHOM U TIe, COOCTBEHHO U HAUYMHAETCS OTKPBITHIN
Kocmoc. 1o Beicota 6300 kumomeTpoB u Oosnee. Ha Takux opOurax
TOPU30HTANIbHAS CKOPOCTh CIIyTHHKA MOXKET OBITh Jlake HyseBoil. B
ATOM CJIy4ae ero yriioBasi CKOPOCTh OYyAET paBHA YIJoOBOH CKOpOCTH
CYTOYHOT'O BpallleHUs TJIAHEThI U CIIyTHUK MO>KET BUCETh HaJl JII000H
e Toukoil HemoaBMXKHO. W momoOHbIe OPOUTHI MOTYYMIIM Ha3BaHUE
reoCTalMOHAPHBIX.

O Toukax Jlanrpaxa
HenonuManue ydeHbIMU CyTH SBJICHUS TPaBUTALMH, a TaK Ke
ﬁ:,& HEJIeToe JOMyIIeHWe, 4TO JBa HEOECHBIX
Tejla, HE MMEIOIIMX MaTepUAbHON CBA3H,

MOTyT  BpallaTbCsi BOKPYI  KaKOI0-TO
_/ | Mududeckoro IeHTpa Macc, MPHUBEIO K

HU3MBINIJICHUKO HCKHUX TOYCK JII/I6paL[I/II/I, B

Puc.27 KOTOPBIX TPETHE TEJO, HAXOAIIEECS B OTON
CUCTEME, HEMOJBMKHO OTHOCUTENIBHO nBYX Jpyrux. Touka C
(puc.27), B KOTOpPOH CHIJIBI TPaBUTAIIUU JBYX KOCMHYECKHX TEI
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YPaBHOBEUICHBI OTHOCHUTEIBHO TPEThETO, JIGKHT Ha MPSIMOM,
COCMIMHSIONICH IEHTPbl JBYX  3THUX TeJA W HaxXOMAsANICHCS Ha
PaCCTOSHUSX OT 3TUX TEJ, OMPEIENIAEMbIX COOTHOIICHHEM KyOOB UX
pamuycoB, KOTOPBIE MOXHO OIPEACIUTh 1Mo hopmyIie:

Sa=(Sp*Ra®)/Rp>. rie

R - paouycor nebecnvix mern,

S — paccmosinus medxncoy Humu.

DTO TOYKa HEYCTOHYMBOIO PAaBHOBECHsS, KaK Ha BEpIIHHE
KOHyCa M TeJO JBIDKYIIEECS MO OpOWTe, MPOXOJIIEH uepe3 3Ty
TOYKY, JIMOO OCTaHeTCs Ha OpOuTe BOKPYr Tena A, nubo Oyner
3aXBa4YeHO TEJIOM B 1 mpeBpaTHTCS B €ro CIyTHHK.

15. O CTPOEHUHU U OBPA30OBAHUH
HEBECHBIX TEJI

OcHOBbBIBasiCb Ha HAy4yHBIX [JaHHBIX W OCOOEHHOCTAX
buznyecKux B3aUMOJIECHCTBUN MAaT€pUAIBHBIX OOBEKTOB MOXHO
JeTKO  TIOCTPOUTH  JIOTUYECKH  HETMPOTHBOPEUMBYIO  TEOPHIO,
OOBSICHAIONITYIO OOJIBIIMHCTBO SIBICHUH B KOCMOCE.

Bo-nepBbIX, HUKaKOro 0OIbIIOro B3pbIBa HE ObLIO U OBITH HE
MOTJIO - TBOPEHUE MATepUU U3 HUYETO MPOCTHTEIHHO TOJBKO IS
OMOJICHCKUX CKA30K, a HE JUIsl HAYYHBIX TEOPH.

Bcenennast — 3To marepusi, oHa Oe3HauaibHa N 6eCKOHeYHa.
Martepusi cyiiecTBoBaia Bcerja U Bcerjga OylIeT CyIeCTBOBATh.
Hukakux npuynH €€ BOSHUKHOBEHHS, HET U HHUKoOrja He Obuto. EE
OBOJIIOLMS HJIET MO TPOCTON CXEME HEMPEPHIBHOTO YC/I0HCHEHUS
CMPYKmYpbl, COTIIACHO MIPUHIIUITY BO3PACTAHUS YHTPOIIHH U BTOPOMY
3aKOHY TepMOJIUHAMUKU. Teopusa 60abuio2o 63pvléa OCHOBAHA Ha
HEBEPHOM TIOHMMAaHWHW, TMPUYHHBI TaK HA3bIBAEMOTO "KpPaCHOTO
cMenieHus", KOTopod omubouHo cuutatoT 3¢dekt Jommiepa,
OOYCJIOBIICHHBIH ~ YJAQJICHHEM  KOCMHYECKHX  OOBEKTOB  OT
HaOJIroqaTes.
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NMeHHO Ha OKCTPAmOSIUH ATOTO  HECYIIECTBYIOIIETO
pacuIMpeHusl BCEJIICHHOW BBICTpPOEHA TEOpHsl OOJBIIOTO B3phIBAa W
COOTBETCTBEHHO, BhIUMciieH €€ "Bo3pacT'. Kak yxe ObUIO CKa3aHO
BBIIIIE, JTIOOBIE KOCMUYECKHE OOBEKTHI ATO IYCTOTENIbIe 00pa30OBaHMs,
chopmupoBaBmriecss B yCIOBHSX HeBecoMOocTH. Cyns MO IOTOKY
U3ITy4eHUs] KOJOCCAIIbHONH MOIIHOCTH, B TIIYOMHE O0OJOYEK 3BE3,
HaxXoAIIuxXCcsda B OUYCHBb rop;meM paCHHaBHGHHOM COCTOsHUU, UayT
npoueccm CHUHTE3a aTOMOB pa3J'II/I‘-IHBIX 3JICMCHTOB HepHOHHHGCKOﬁ
CUCTCMBI U3 BHCMGHTapHBIX YJaCTHUIl.

Jlerkue TPOMYKTBHI 3TOrO CHHTE3a B BHJIE CMECH
3JIEMEHTAPHBIX YaCTHUI] U ATOMOB Pa3JIMYHBIX JIEMEHTOB, BOJIOPO/IA,
TeJIAsI 1 HEKOTOPBIX APYTUX, BCIUIBIBAS
CKBO3b KHUIKYIO 00010UKY,

npoTyBepanel,
apywHan xpomoccepa
| HAPYHHAR HUAKAS GBONOUKE
oBonouka M3

e —— dbopMupYIOT Ta30ByH0 armocdepy

BHYTPeHHSAR KUAKAR OGONOHK

3B€3[bl, BEPXHHUE CIOU KOTOpPOU, B
ClleICTBUM  OOJNBIION  acMMMETpUU

BHYTPEHHSS

ATOMOB M 3apsAKCHHBIX YaCTUL], HUX

= 00pa3yIonMX, ¢ OTPOMHON CKOPOCTHIO
HCTEKaIOT B KOCMUYECKOE MPOCTPAHCTBO B BHUJIE "3BE3HOTO BETpa'.

N Tak kak 3Be3ma npeactasiseT coboi (puc.28) mycroTenoe
o0Opa3oBaHue, B IIGHTPE KOTOPOTO BaKyyM, TO MPOJYKThl CHHTE3a TaK
K€ MCTEKAIOT U BO BHYTPEHHEE MPOCTPAHCTBO 3BE3[bl, CIIOCOOCTBYS
MOBBHIINICHUIO B HEH BHYTPCHHCTO NOABJICHUA. I/IHOFI[a B PC3YyJIbTATC
IPOpbIBa HAPYKHOM 000JIOYKHU MPOTYKTHI CHHTE3a BEIOPACHIBAIOTCS B
KOCMHUYECKOEe TPOCTPAHCTBO B BUE MPOTYOEpaHIICB.

Ho kak Tombko, B pe3yiabTare OCThIBaHUS OOOJIOYKH U
HAKOIUIGHHWS B HEW TSKENbIX 3JIEMEHTOB, BHYTPEHHE JaBlieHUE
MPEBBICUT HEKOTOPYIO KPUTHYECKYI0 BEJIMYHMHY, OHO pPa3OpBET
000J7109YKy W pa30pocaeT CKONMUBIIMECS BHYTPH HEE JJIEMEHTHI B
OKpY)XKarolllee MPOCTPAHCTBO B BHJE TOpAYMX Kamenb, 110
KacaTeJbHBIM, IPEBPATHB TAKUM 00pa30M, 3BE€3/1y B CBEPXHOBYIO.
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Otu  kamd, (GOpPMHUPYSACH B YCIOBUSX KOCMHYECKOM
HEBECOMOCTH CBOMMH IOJIIMU TSTOTEHHUS B OOJbIIME M Mable
HIapuku, oOpa3yloT IJIaHEThl. BOTHOBBIMU B3aUMOJEHCTBUSMU C
IPaBUTALMOHHBIM I1OJIEM 3B€3/1bl, OHU MIOCTENEHHO CTA0MIIN3UPYIOTCS
Ha DJJUTMNITUYECKHX OpOWTax BOKpyr Hee. Ho wu3-3a Oonbmmx
HAYaJbHBIX JIMHEHHBIX U YTIOBBIX MPEIECCU ILTUITHUYSCKUX OpOUT,
CYIIECTBYET OOJIbINasi BEPOSATHOCTH UX MEPECEUCHUS U CTOTKHOBEHUI
IUTaHEeT Ha opOuTax.

Ecnn cronknyBImIMecs MaHEThl AOCTATOYHO TOPSIYM, OHHU
MPOCTO CIMBAIOTCA B OJIHY OOJIBIIYIO, @ €CIH YXKe JIOCTaTOYHO
OCTBIBIIKME, TO PACKaJbIBAIOTCS HA YacTH, U3 KOTOPHIX 00pa3yroTcs
nosica acTepouioB. YacTb 3TUX OOJIOMKOB, MOJTYYUBIIUX OOJBIIYIO
HAYaJIbHYI0 CKOPOCTb, MOTYT MPEBPATUTCS B KOMETBHI.

HeGonpmme xamum MoryT ObITh  "3axBaueHbl'  Oonee
KPYIHBIMH U TMPEBPATATCA B UX CIYTHUKH. Tak Kak BCE IJIAHETHI
o0pa3yroTcst u3 OpbI3T 000JT0YKM MPAKTHYECKH OJHOBPEMEHHO U B
HUX UAYT OJHU U T€ K€ MPOILECChl CUHTE3a, TO UX "XMUMHUYECKUN"
coctaB OyieT pa3nmuyarbcs OYeHb HE3HAUMTENbHO. Ha mpoTshkeHun
MHOTUX MWJUIMAPAOB JIET, JJUIMNTHYECKHE OpOUTHI  IUIaHET
HEn30€XHO HBOJIIOIIMOHUPYIOT B KPYTrOBbIE, UTO M HaOI0gaeTcs B
COJIHEYHOM cucTeMe B Hacrodilee Bpemsa. He3HauutenbHbII
SKCLEHTPUCUTET IUIAHETapHbIX OpPOUT — H3TO CBUJETEIHBCTBO
IIPOLIECCOB, ITPOUCHIEIIINX B T€ NAJEKNE BPEMEHA.

Bpaimasice BOKpyT 3B€3/1bl, IIJIAHETHI MOCTETIEHHO OCTHIBAIOT U
Ha HUX MOSBISIOTCS YCJIOBHS Il HU3KOTEMIIEPATypHOIO CHUHTE3a
[r1.9] pa3aMuHBIX OPraHUYECKUX COEANHEHUH, KOTOPBIE YEPE3 COTHU
MUJUTHOHOB JIET 0O0pa3ylOT PAaCTUTEIbHBIM M JKUBOTHBIM MHUp. A Ha
3BE€3/IE TEM BPEMEHEM pa3BUBAETCS cleayromuil nuki. Eciu 3Be3na
JIOCTaTOYHO OOJIbINIAsA, TO MPEXKIE YEM OCTHITH OHA MOXET MEPEKUTh
HECKOJIBKO TaKHX LUKJIOB, XOTSI MacIITaObl U MEPUOBI UX C KAXKIbIM
pa3oM OyAyT YMEHBILATHCS.
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N ecnm Ha HEKOTOPBIX IUIAHETAX 3TOW 3BE3IHOW CHUCTEMBI K
TOMY BpEMEHH YCIEIOT CPOPMUPOBATHCSA pa3yMHbIE OpraHU3MbI, TO
JUISL HUX 9TO OyJeT MpeACTaBIsATh ONpeAeseHHYyo onacHocTh. Hame
CoutHIIe yKe TPOILIO TaKOM IUKJIT. M BO3MOXKHO, 4TO HE 0AnH. BriosiHe
MOJKET CTaTbCs, YTO 3€MJISIH JKIET eIlle HEe4YTo M0J00HOe.
EnuHcTBeHHOE Ccilaboe yTEIIeHHe B TOM, YTO YEJIOBEYECTBO K TOMY
BPEMEHH CMOXKET HAlTH peabHbIN cioco0 n3bexars rudemnu.

CuHTEe3 SJEMEHTOB TMEPUOAMYECKOM Taliumbsl W HX
COCIMHEHUH, TPOIOKACTCS B TOPSYEM CIIO€ 000JIOUKH TUTAHETHI U B
HacTrosmiee BpeMs. TaM B TiyOMHE 3eMHOM KOPBI B pacIljlaBJICHHOMN
MaHTHH, eIIe HWAYT TPOIECChl CHUHTE3a [I.9] Bcex 3IIEMEHTOB
MEPUOIUYECKON CUCTEMBI — JKelle3a, KaJblus, KUCIOPOa, a TaK Ke
BBICOKOMOJIEKYJISIPHBIX COEIMHEHUN - MeTaHa, He(TH, KaMEHHOTO
YIJIs U JPYTUX, YTO MPUBOJUT K MOBBIIICHUIO B HEW JaBICHUSI.

B pesynbrare 3TOro ropsuve MPOIYKTHI CHUHTE3a YacTo
MPOPBIBAIOTCS CKBO3b BHEIIHIOIO 3€MHYIO KOPY B aTMOC(epy B BUIE
U3BEPKEHUM BYJIKAHOB. A HMX NIPOPBIB BO BHYTPEHHIOI IOJIOCTb
MJIaHEThl TMPUBOAUT K OIYCKAHMIO Yy4yacTKa BHEIIHEH KOpbI U
BO3HUKHOBEHHI0O B HeHW KojeOaHuM, MPOSBIAIOMIUXCS B BHUIE
3emuieTpsiceHuit (puc.29).

OnpenennTe MyCTOTENOCTh 3€MHOrO IIapa, Hampumep,

e xocmoc

napogmonsn sy mara YIbTPAa3BYKOBBIMHU NN

S—— sepanermas | CEP{CMUYECKUMH  KOJIEOAHUSAMHU,
: : BECbMa 3aTPYJHUTEIBHO, TaK
Kak MUMEUMHCI B KOpe
pacIUIaBICHHBIN KUJIKUN CIOU U
P s 00JbII0E KOJUYECTBO BOJBI Ha

— MOBEPXHOCTH B BHJE OKEaHOB,
9TH Kojebanus 3¢pHEeKTUBHO racat. A BOT MycTOTENOoCTh JIyHBI, Kak
JTABHO OCTBIBIIECTO TBEPAOTO IIapa MPO30HAWPOBATh OUYEHB JIETKO.

Ona 3BEHUT AOBOJIBHO TPOAOJIKUTCIIbHOC BPEMS, KaK KOJIOKOJI, UTO U
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MOCTYXUJIO TIPUYMHON TOSIBIICHUS THIIOTE3bl 00 €€ MCKYCCTBEHHOM
MIPOUCXO0XKICHHH.

N Ttak xak 3emuns u Jlyna oOpaszoBaiuch u3 OpBI3T
B30pBaBIIerocs: CoiaHIa OTHOBPEMEHHO, €CTh BEPOSITHOCTh TOTO, YTO
BO BHYTPEHHEW NOJIOCTH JIyHBI CyIIECTBYET JOBOJIBHO Pa3peKEHHAS
atmocdepa. [loaromy npu ocBoeHun JIyHBI, YEIOBEKY BO3MOXKHO
npuaercs o0ycTpauBaThCsl Ha BHYTPEHHEH cTopoHe e€ 000I0UYKH.

Bo BHyTpeHHEH IOJIOCTH 3€MHOIO 1Iapa LapCcTBYET ajcKas
*Kapa u aOcCoONIOTHas TEMHOTa, JIMIIb U3pelIKa HapyliaeMas
0arpoBBIMH CITOJIOXaMU M3BEP)KEHUM BHYTPEHHHX BYJKaHOB. C 3TOM
TOYKHU 3peHus, KOmuTep, nMerommii 04eHb O00JIBIION 00beM, ele He
yCIeNl CUJIbHO OCTHITh M NPEACTAaBISIET COOOW TOBOJBHO TOPSUYIO
KaIlJII0 MaTepuu, H3JIyYalollyl0 Tropas3o OOJblIe SHEPTUHU, YeM
nonydaeT e€ oT Conaia. M XoTs mporiiecc 00pa3oBaHusl caMUX 3BE3]]
— 3TO JieNa YK€ 1aBHO MUHYBIIMX JHEHW, HO MBI JIOTHYECKH MOKEM
IPEIOJIOKUTh, YTO OH JIOJDKEH B TOYHOCTHU IOBTOPSATH IPOLECC
00pa30oBaHus IJIAHET, TOJILKO B 00JIee IPaHAMO3HBIX MACIITA0aX.

OrpomHas  mpoTO3BE€3[a,  COCTOSIMAs M3 KaKHUX-TO
cyOnJieMEeHTapHbBIX YaCTHULI, IPOXO/s, B pe3yJibTaTe Mpoliecca CHHTE3a
AQHAJIOTMYHBIA ITUKJI PAa3BUTHUS, B3phIBaeTCA U U3 OpBI3T €€ 000I0UKU
dbopMupyroTCs 3BE31bl OBAJIBHON TaJakTUKU, KOTOpas Bpaulasch,
MIOCTENEHHO MPEBPALIAETCS B CIUPATBHYIO.

Hpumeuyanne! To, umo acmpousuku owuoouno cuumaiom
UepHbIMU 0blpamu unu memHou Mamepueﬁ, Mo 36e30bl U 2ANAKMUKU
00pa3zoeantvle mamepueii ¢ RONOHCUMENbHOU ACUMMempuell, u31y4eHus
Komopbslx HU Hauwiu 2.iaza, Hu nauwiu npuﬁopbl 60CNPUHAMDb HE CHOCOOHbI.
HKomOPble MOIHCHO oﬁuapyafcumb JIUUb NO KOC6EHHbBIM NPU3HAKAM.

Taxum 06pa3zom, Teoprr 00pa30BaHMs 3BE3/] U3 MEK3BE3HOTO
ras3a, BbIJlyMaHHbIE TEHUSIMH TEOPETUUYECKON (PU3UKHU, MIATKO TOBOPS
JDKEHay4Hbl M 3aTMEBAIOT CBOEW IIYNOCTBIO PAcCKa3bl U3BECTHOIO
CBOEH HEBEPOATHOW MPAaBAUBOCTHIO, OapoHa MIoHXray3eHa.
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16. O BTOPOM HAYAJIE H UIMMYHUTETE

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

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

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

Bropoe Hauano TepMOIMHAMUKHA W BO3pAacTaHHWE SHTPOIUHU
JIeNaloT HeoOpaTUMBIMU JIIOOBIE TPOLIECCHl BO BCesleHHON. Eciu BB
IpPOKOJIETe INIWHY AaBTOMOOWJISA, BO3JyX U3 HEE BBITEUET U €ro
JlaBlIeHUE cpaBHsAETCS ¢ atMochepHbM. Eciu BbI BhIMycTUTE KITYO
IbIMa, TO YEpe3 HECKOJBKO MHUHYT €ro YacTUYKHM PaBHOMEPHO
pacrtpeaenarcs o KOMHare.

HeonpeneneHHOCTs TMOHMMAaHWs MNPUHLIMNA BO3pacTaHUs
SHTPOINMH, MPUBOAUT K TOMY, YTO JAXE HEKOTOPBIE YUYEHBIE HECYT
HECYCBETHYIO 4YylIb, YTBEp)KIas, 4TO >KM3Hb, SIKOOBI HAET C ee
yObiBanueM. Ho 93T0 auMmb  clieacTBHE  HMX  JIOTHUECKOM
0e3rpaMOTHOCTH M 4YTO Obl yOEIUTBCS B 3TOM, MBI PACCMOTPUM
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HEKOTOpBIE IPOLIECCHl, IMPOUCXOJAIIME B 'KUBOM' OpraHHU3ME.
Hanpumep, nporiiecc AbIXxaHusl.

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

Tak Kak KOHLIEHTpalus KHUCJIOPOJa B BO3AYXE IPEBBILIACT
KOHIEHTPAIUIO KUCIIOpO/ia B KPOBH, BTOPOE HAYaI0 TEPMOAMHAMUKHI
"00s13p1BaeT" BO3JyX TNOAEIUTHCI WM C KpOBbIO. B pesymbrare
pa3IUYHON KOHIIGHTpAIMM KHUCJIOpOoJa B BO3AyXe M KpPOBH,
BO3HHUKaroIIee (OCMOTHYECKOE) NaBJICHHE MPOTAIKUBAET MOJEKYJIbI
KHCJIOPO/Ia CKBO3b MOIYITPOHHUIIAEMbIE CTEHKH KPOBEHOCHBIX COCY/IOB
B KPOBb, HACHIIIAsl €€ KUCIOPOIOM.

Kucnopon He 3axBaThIBae€TCS MOJIEKYJIaMH T€MOTTIOOWHA, KaK
pacCcKasbIBAIOT OMOJIOTH U TIOTOM KOMY-TO TaM OTJAETCSI, @ OH MPOCTO
B KPOBH pacTBopsieTcs. [lesio B TOM, YTO €ClIi MOJIEKYJIa KaKoro-Iu00
BEIIECTBA 3aXBaThIBAECT MOJIEKYIIY KHCIOPO/1a, TO OHA YK€ HUKOT/a €€
HE OTJAcT MPOCTO TaK.

Kucnopon y Hee MOXKHO TOJIBKO OTHSITh CUJION, MHAYE, KaK yiKe
OBLTO CKa3aHo B TJ1aBe [171.12], ObuT OBI HEBO3MOXKEH MPOIIECC CHHTE3a

U BO3HUKHOBEHHUE CIIO)KHBIX COCIUHEHUU.
Hacpimennas KHCJIOPOJIOM KpOBb
Pa3HOCHUTCS 110 BCEMY OpraHU3MY.

— N3-3a MOBBIIEHHOW KOHILICHTPALMS

KHUCJIOpOJlIa B KPOBH, MPEBBILIAIOIICH €ro

Puc.30 KOHIEHTPAIUIO B MEXKJIETOYHON
KUJKOCTH, OCMOTHYECKOE [aBJICHHE BBITAJKUBAECT MOJIEKYJIbI
KHUCTIOPOJIa B MEKKIJIETOUHYIO KUAKOCTb. AHAJOTHYHBIM 00pa3zom

KHCJIOPOJ MOIMadacT BHYTPb KJIICTOK, I'IC YHAaCTBYCT B IIpOLECCaX HUX
KHU3HCOACATCIIbHOCTH.
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Mexanuzm 603HUKHOBEHUL OCMOMUYECKO20 OAGNEHUsl NOKA3AH HA
pucynke (puc.30). Eciu 6 cocyo, pazdenennblit noIyRpoOHULAeMoll REPezopooKoil
HanUmMsy 600y U PACMEOP KAKOU-TUOO CONU, MO YPOGEHb PACMEOPA HECKOTIbKO
noevicumcsn, napyuiaa ''zakon'' cooowarouguxca cocyoos. Obdvacuenue ImMozo
""napadoxca'’ ouenv npocmo. B cocyoe A konyenmpayun moaexkyn coiu 2opazoo
evluie, uem 6 cocyoe B. 3amo ¢ cocyoe B, évluie KonyeHmpayus moaexyn 600ul.

Ilosmomy Monekynvl conu, ROOYUHAACL 3AKOHY 6bIPAGHUBAHUSA
Konyenmpayuii (3aKoH yeenuyuenus IHMponuu), HAYUHAIOM RPOMAIKUBAMBCA 6
cocyo B. A monekynvt 600vt u3z cocyoa B, noduunssice momy dice 3aKoHy,
npomankueaiomcs 6 cocyo A, é pezyibmame 4ez0 603HUKAION 084 6CHPEUHBIX
nomoxa monexyn 600wt u conu. Ho mak kax monexkynnt 600l umerom menvuiue
pazmepul, mo OHU Jecue U Ovicmpee RPOXOOAM CKGO3b ROAYRPOHUUAEMYIO
nepezopooxy u ypoeenv rxdcuokocmu ¢ cocyoe A cnauana noeviumaemcsa. Yepes
Kakoe-mo épems, K020a KOHUEHMPAyuu 6 cocyoax cpasHAIOMcsa, CPAGHAIOMCA U
yposuu.

Ms1 He OyzneMm paccMaTpuBaTh BCE ATH MPOIECCHI, KX OYEHBb
MHOI'0O, OrpaHHM4YHMMCS TE€M, YTO B pe3yabTaTe 3TUX MPOLECCOB, B
KJIETKaX, B BUIe TOOOYHOTO MPOIYKTA MOJTY9aeTCsl YIIIEKUCIBINA Ta3.
OH HauMHAaeT HAKATUTMBATHCS B KJIETKaX U TOYHO TAKUM ke 00pa3om,
C IOMOIIBI0 OCMOTHUYECKOI'O IaBJICHUS, BBIBOJUTCSA U3 OpraHu3Ma B
atMocdepy. AHAIOTHYHBIC TMPOIECChl TMPOUCXOIAT W B JIPYTHX
opraHax — XCJIYyAKE, ICYCHU, KUIICYHUKE. ..

Hpyrue, cogepsxaiuecs B BO3AyXe ra3bl, TaK K€ MPOHUKAIOT B
KpOBb, HO €Clin OHHN HE HCIIOJIB3YIOTCA B mponeccax
JKU3HEIACATCIBHOCTH, UX KOHICHTpanus B KPOBU IPOCTO OCTACTCA
MOCTOSIHHOM. A Temepb MOnmpodyeM pacCMOTPETh C TOYKH 3pPEHHUs
BTOPOTO Hayajga TEPMOAMHAMHUKHA MEXAHU3M JICVCTBUSI HMMYHUTETA.
J1Jist 5TOTO HaM HYXKHO CHayvaja BBIICHUTH, a UTO K€ TaKoe 00JIe3Hb, C
TOYKH 3peHUs (DU3WKU M TOYEeMY SIUJIEMUU HOCSAT, B OCHOBHOM,
CE30HHBIN Xapakrtep. ['punim, Hampumep, CBUPEICTBYET BCErjia B
Hayayie 3UMbl. A TJIe e OOUTAaOT BO30YIWUTETN TPHIINA BECHOW M
aeroM?

MBI He cTaHeM 30€Ch IOBTOPATH CKAa3KW MCAWIUHCKHUX
pa6OTHI/IKOB 0 3JIOBPCAHOCTU BHUPYCOB, KOTOPBHIC TOJIBKO WU MCUYTAIOT

3apa3uTh HAaC KaKOH-HUOYAb APSHBIO, 2 00paTHUMCS HETIOCPEACTBEHHO
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K ¢usuke. [lpuunnbl snuaeMuii, Mo BCe BHIUMOCTH, KPOIOTCS B
KaKHMX-TO IJI00aJbHBIX CE30HHBIX sBIEHUsAX. CaMoe JIOTMYHOE, YTO
MOKHO TPEIIOJOXKUTh - O3TO OCEHHHUE JINCTOMAJbl, HMEIOINe
rio0anbHble MacmTabbl. BeTep Tperuier BBICOXIIHNE JIMCThSI JIECHBIX
MacCcUBOB, 00JaMbIBae€T MX, IOJAHUMAEeT B BO3AYX OIPOMHOE
KOJINYECTBO MUKPOYACTHIL], OPTaHUUECKUX MOJIEKYJ U UX OOJIOMKOB U
pa3HOCUT Ha OOJIbIINE PACCTOSHUS.

Mpbl BIBIXaeM BO3AYyX HACBHIIECHHBIH OOJOMKaMH MOJIEKYI
PaCTUTEIBHOIO MPOMCXOKIEHUS, KOJINYECTBO BAPUAHTOB KOTOPBIX,
MOYKET OIpPEENIAThCS aCTPOHOMUUYECKUMH LUuppaMu. ITH 00JI0MKHU
MOJIEKYJI € TIOMOIUBIO OIMCAaHHOTO MEXAaHHM3Ma OCMOTHYECKOTO
JABJICHHUsS IPOHUKAIOT B KICTKM M HCHOJB3YIOTCA MMM, Kak
CTPOUTEIIBHBIN MaTepHall IPH JECJICHUN.

HyxHO 3ameTuTh, 4YTO NPAKTUYECKH JIIOOOH 0OJIOMOK
OpPraHMYecKOil MOJIeKyJbl, TONaB B JIETKME U OOBOJIAKUBAACH
OEnKOBOM  CIIM3bI0,  HAxXOAsIIeiics  Tam, MpeBpamaercs B
"monmHONeHHBI  BUpyc'. OOIOMKH MOJEKyJN, HE HMEIOIINe
MEXAHU3MOB JICJIEHMsI, HE Pa3MHOXKAIOTCA U HE MYTHUPYIOT, KaK Ham
ABTOPUTETHO 3AJIMBAIOT MEAUIIMHCKUE CBETHIIA.

Knerkn, wucnone3yromme 3TH  BHPYCBI B KaudecTBe
CTPOUTENIBHOTO MaTepuana, o0 CyTH, CaMH MX W Pa3MHOXAaloT, B
pe3yabTaTe 4ero TEepsOT CIIOCOOHOCTh Y4acTBOBaTh B 3aMKHYTBIX
LUKJIaX [OAJEPKUBAIOIIMX Jpyra IpOLIECCOB B  OpraHU3MeE,
BBINAJAIOT U3 HUX U norubaroT. Hanpumep, Takas ctparinas 60J1e3Hb
KaK pak, SBISETCS pe3yJbTaTOM HCIOJIb30BaHUS KIIETKaMH JUIs
JIEJIEHNs MOJIEKYJIbl BEIIECTB, Ha3blBAEMbIX KaHIIEPOT€HaMH, IpU
KOTOPOM JIOYEpHHUE KJIETKH CTpPOSTCA M3 Oeika, OTIUYHOro IO
MOJIEKYJISIPHOMY COCTaBY OT O€JIKa OpraHusMa.

Ecnun Takme KIETKM C HW3MEHEHHBIM OEJIKOM CIIOCOOHBI
UCIIOJIB30BaTh  OTXOABl JKM3HEACATEIBHOCTH POJHBIX  KIETOK
OpraHu3Ma, a KJICTKH OpraHM3Ma He CIOCOOHBI HCIOJb30BAaTh HX
OTXOJIbl, TO KJIETKH C U3MEHEHHBIM OEJIKOM HAUYWHAIOT MHTEHCHUBHO
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pasmMHOXkaTbcsa. Ho He umest crocOOHOCTH BBIOJMHATH (DYHKITUH
POIHBIX KIIETOK OpraHM3Ma, OHM B KOHEYHOM HTOTE, 3aMellaloT B
OpraHe pojHbI€ KJIETKH, HE J1aBas UM Pa3MHOXKATbCs, UYTO U IPUBOTUT
K CMEpTH OpraHu3Ma.

Knetkn ¢ uW3MeHEHHBIM O€JIKOM B OpPraHM3ME BO3HHMKAIOT
MOCTOSTHHO, HO €CJIM OHU HECIOCOOHBI KOHKYPHUPOBATh C POJHBIMH,
OHH OBICTPO MOTUOAIOT U B BUJE IUIAKOB BHIBOJASTCS W3 OpraHU3Ma.
Orcroga 7nerko caenath BBIBOJA, 4YTO MPH yHoTpeOmeHuu Oolee
pa3HOO0pa3HO MUIIH, MBI HAMHOTO YBEJIMYMBAEM PUCK 3a00JIeBaHUs
pakom.

[TocmoTpeB craructuky 3abonieBanusi pakom B CCCP, tne
nuTaHue ObUIO JOBOJBHO OJHOOOpPA3HBIM U €CTECTBEHHBIM U B
Poccun, xorna mocie OTKPBITHS TpaHUI], Ha MPOJAOBOJIbCTBEHHBIN
PBIHOK XJIBIHYJI TIOTOK HEMPUBBIYHBIX SK30TUYECKUX MPOIYKTOB, MBI
YBUHMM, YTO TIPOIEHT 3a00JIEBIINX PAKOM YBEITUYHIICS B PA3bL.

Tak kKak y KaXIOro 4deJIOBeKa CTPYKTypa Oellka OYCHb
WHAWBUIyallbHA M HA 3e€MJIE e1lle He ObUIO IBYX JIFOJIeH C OJIMHAKOBBIM
OEKOM, TO U BOSHHKHOBEHHE TAKHX KIIETOK TOXK€ WHAMBHUIYAIBHO.
[ToaToMy Kakoro-To OOIIEro YHHUBEPCAIBLHOTO JIEKAPCTBA OT paka, B
NpUHLINIE, OBITh HE MOXKET. 1 XOTS KIeTKH ¢ U3MEHEHHBIM OeIKOM
MOCTOSIHHO BO3HUKAIOT B OpraHU3Me, y OOJBIINHCTBA JIIOJIEH pak He
pasBuBaercsa. A Tex, KoMy 'TOBe30", Tpupoja 0Oe3’KaJT0CTHO
OTCEMBAaeT M CMEPTh B O3TOM CIy4yae, SBISCTCS €IMHCTBEHHBIM
3aIUTHBIM MEXaHH3MOM JBOJIIOIIHH.

CoBpeMEHHBIE K€ JIEKapCTBa, HMCIOIB3YeMbIE TSl JICUCHHS
paka (XuMmrepamus), MO CYTH, SBISIOTCS CUJIbHEHIIUMU SAaMH,
KOTOpBIE 0€3 pa3dopa yOMBaIOT KaK paKOBbIC, TAK U POJAHBIC KICTKH U
MPaKTUYECKH HE MOMOraroT. BpemeHHoe oOjerdeHne o0yclIOBICHO
JUIIb TEM, YTO PAKOBBIX KJIETOK HAMHOTO MEHBIIE, YeM POJHBIX
KJIETOK OpraHu3Ma.

Menuku OOBIYHO JAENST OYard BO3HUKHOBEHHS PAKOBBIX
OITyXOJIeH, Ha 3JI0KAUYeCTBEHHBIE W JOOpOKAaueCTBEHHBIC. XOTS Ha
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CaMOM JIeJie TAaKOTO YETKOTO pa3/IeNieHUs ObITh HEe MOKET. Bo BCskoM
ciydae, OT paka "M3JIeUMBaIOTCA" JIMIIb €IUHUIBI U 3TO TOBOPUT O
TOM, YTO OITYXO0JIb OKa3aJach HE COBCEM 3JIOKAYECTBEHHOM.

Korna nuarnoctupyroT pak, onepaunuio, Kak MmpaBuio, Jej1aTh
y’Ke TI037JHO, TaK KaK O4ard paka pa3BUBAIOTCS HE BBI3bIBAs OOJIEBBIX
OILYIICHUH, OTOMY YTO SIBJSIIOTCS, MO CYTH, 4acThlo opraHuzma. U
CMEpPTh HACTYyMaeT OTTOr0, YTO HOPMAaJbHBIX KIETOK Yy OpraHa
MOPaXKEHHOT'O PAKOM, OCTAETCSl CIUIIIKOM MAaJIo ¥ OH yXKe He CITIOCOOeH
BBITIOJTHSATH CBOM ()YHKITUH TIOTHOCTHI0. Takum o0pa3om, Jtst JIedeHUS
paka HUKOT1a He OyJIeT HalIeHO KaKOT0-TO OOIIETO JeKapCTRa.

Pak He 3apaseH, 310 naxe W HE OOJIe3HBb, a CIEACTBUE
SBOJIIOIIMOHHOTO  mpomecca. M BemecrtBa,  CUMTAIOLIUAECS
KaHIIEPOTC€HHBIMH JIJI1 OJHOTO YEJIOBEKAa, COBEPIICHHO OE3BPEIHBI
JUTSL IPYTOT0, OPTaHU3M KOTOPOTO MTOCTPOCH U3 Apyroro Oenka... Pak
- 3TO TOT Ciy4yad, KOrja IIPUPOJHBIA MEXAHU3M HMMYHHUTETA
paboTaTh HE MOXET U MPHUPOAA MPOCTO BOCIPOU3BOAUT OPTraHU3M
3aHOBO.

Tak umo coz0amb Kaxkoe-mo oouiee JeKapcmeo om
9607110UUU, CKOPee 6Ce20 He NOJIYYUMCA.

Cam e MexaHW3M HMMYHHUTETa, C(HOpMHUpOBABIIUHCA B
pe3yabpTaTe CUMMOMO3a B TCUCHUH JUTUTEIILHON 3BOJIIOIIUM M OCHOBAH
Ha HCKJIIOYEHUU YYKEPOJHBIX OEIKOB M3 TMPOIECCOB JCIICHHS.
Opranuyeckue  BEIIECTBA, BbIpabaThiBacMble B  MpOIECcCax
KUZHEACITEIIbHOCTH UYYKEPOAHBIX KJIETOK, MOMaBIIMX B KPOBB,
MPOHUKAIOT CKBO3b MEMOpaHbl KIETOK-KWIIEPOB OpraHu3Ma |
OCTaBIISIIOT 0€3 MHINK YYXKEPOJHbIE KIETKH, KOTOphIe, HE yMes
WCIIOJIb30BaTh OTXOJbl POJHBIX KIETOK OpraHu3Ma, YMHUPAOT U
ITOCTETICHHO BRIBOMATCS M3 HETO B BHJC IIIAKOB.

Knerku-xumnepbl, TOpencTaBisIONIME COO00H  CTBOJIOBBIC
KJIETKH OpraHu3Ma, IIOCTaBJISIEMbIE B KPOBb KOCTHBIM MO3IOM,
noTPeOIIsAss OTXObI Yy)KEPOJHBIX KIETOK, TEPEPOKMTAIOTCI U TAKIKE
BBIBOJSITCSl U3 OPTaHU3Ma B BUJIE LIUTAKOB.
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Bce st mpomecchl MpOMCXOAST aBTOMATUYECKH, B CHITY
BTOPOr0 Hayajla TePMOJMHAMHUKH, HO BOT KakK B JIETalsAX pabOTaroT
9TH MEXaHW3MBbl CTUMYIISIWHU, YYCHBIC, TO-BHIAMUMOMY, paz0epyTcs
emie Heckopo. [loToMy 4YTO OHM TIOCTOSSHHO TMIBITAIOTCS H3y4aTh
CJIC/ICTBHSI, COBEPIIICHHO HE TIOHUMAs TIPUYMH BCEX ITUX SIBJICHHM.

buomoru, Harpumep, OYCHB 00T BBIPAKEHUE
"BcacbiBaThcs". Y HHMX BcachlBaeTCsl BCe, MHUILIA B JKEIyAKE U
KHIIIEYHUKE, BCACHIBAIOTCS JIEKAPCTBA B KPOBb, XOTS MPUPOJIa TAKOTO
NOHATHS He 3HaeT. B mpupose npaBut 6ai Becera u30bITOK - U30BITOK
JABJICHUs, KOHIICHTPAIMHM, TeMmeparypsl U T.n1. Hukto Beap He
TOBOPUT, U4TO arMoc(epa BcachlBaeT BO3IYyX U3 MPOKOJIOTOrO Kojeca
aBTOMOOMJIS.

B3saTb, Hampumep, Takoe HM3BECTHOE BCEM CEpICYHUKAM,
JEKApCTBO KAk  HUTPOMVIMLEPUH. MeEIUKH  CUMTAIOT  €ro
COCYJIOPACIIUPSIONIUM CPEACTBOM, XOTSI Ha CaMOM Jielie MEXaHU3M
€ro JIeUCTBUsI, COBEPIIEHHO Apyroi. CTEHKH COCYAO0B, COCTOSIIIUE U3
COCIMHUTENIbHOW TKaHHW, HE MOTYT CaMH PACUIUPSTHCS, TaK KaK HE
HMMEIOT MBIIIIII.

[Ipu momamanuyu HUTPOTIIMIIEPUHA B JKEIIYAOK MM O] S3BIK,
OH M3-3a PAa3HOCTU KOHIIEHTPAIMH, MPOTATKHUBAETCS OCMOTHYCCKUM
JIaBJIEHUEM CKBO3b IMOTYITPOHHUIIAEMBIE CTEHKH COCYIOB B KPOBb.

Nmest OGoypllyt0 aCHMMMETPHIO T'PaBUTAIMOHHBIX TOJICH
MOJIEKYJI (3JIEKTPUUYECKUM 3aps]l), HUTPOTIULEPHUH JEIUTCS 3apsiiaMU
C IJIa3MOM KPOBH, B PE3YJIbTATE€ YEro y MOJEKYJI IUIa3Mbl TakK JKe
YBEJIUYUBACTCS ACUMMETPHS, YTO NPUBOAUT K YMEHBIICHUIO CHJI
NPUTSKEHUST MEXAY HUMHU M, COOTBETCTBEHHO, K YBEJIIMUYEHUIO €€
TEKY4YEeCTH.

KpoBp cranoButcsi Ooree JKUIKOW, a 3HAYUT, CEPAIY
CTAHOBUTCS HAMHOTO JIErde MPOKAYMBATh €€ MO CETH KalWIIsPOB
KpOBEHOCHOH cucTteMbl. [loxokumm cBOHCTBaMH, OOJAAlOT W
HEKOTOpbIE JPyrue BEIIECTBA, HCIOIb3YIOLIMECS B MEAULIMHE —
acnupuH, (GeHUIUH, BappapuH.
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[TonoOHBIM ke 3PPEKTOM JIETKO OOBSCHIETCS MIHOBEHHOE
JICCTBUE TAaKOIO si7a, KaKk [MuaHu Kaus. [{maHnucTeiil Kanui nMeer
ropa3Jl0 MEHBIIYI0 aCUMMETPHUIO IPABUTALMOHHBIX IIOJEH MOJEKYIL,
4eM MOJIEKYJbl KPOBM, IIO9TOMY IIPH IIONAaJaHUU B KpPOBb, OH
YMEHBIIIAET €€ aCUMMETPHUIO HACTOJIBKO, YTO KPOBb 32 CUMTAHHBIE
CEKYH/IbI NIPEBPAILAETCS B BA3KYIO JKUJIKOCTh, KOTOPYIO CEPALE YXKE
HE B COCTOSIHMM NPOTOJIKHYTH 110 KaWUISIPaM.

Opranusm o4eHb OBICTPO, OYKBAJIBHO 32 HECKOJIBKO CEKYH],
norudaeT oT HeZJ0CTaTKa KUCIIOPO/1a, @ BOBCE HE OT Mapainya HEKOero
JIBIXATENbHOT0 LIEHTPA, KaK 3T0 00bACHAIOT MenuKu. [IpumepHo Takue
JK€ CBOMCTBA, HO ropa3/io ciiabee, UMEET U 3MEUHBIN ST, OJTHA Karljs
KOTOPOTO 3a HECKOJIBKO JECATKOB MUHYT IPEBPAILACT CTAKaH KPOBHU
B CTYJCHb.

D¢ (heKTUBHBIM MPOTUBOSIUEM B 3TOM CIy4dae MOT Obl OBITh
TOT € HUTPOTJHUIIEPHH, HO OBICTPO PAa3HECTH €r0 M0 OPraHu3My, U3-
3a NOBBILICHHON BS3KOCTU KPOBH, CepAlle He B cocrosHuu. [lmasma
KpPOBU ¢ 100aBJIEHHEM PAacTBOpAa HUTPOTJIMIIEPHHA, BHITEKAET Yepes
kanuOpoBanHoe oTBepcTHe Ha 30-50 mporeHToB ObICTpee, yeM 0e3
Hero. A po0aBieHHME HE3HAYMTENbHOTO KOJMYECTBA ILIMAHUAA,
CHIIKAeT CKOpPOCTh BBITeKaHUs B 2-2,5 pasza. B mpunnmmne, ecnm
JOCTaTOYHO OBICTPO, B TeueHUH 4-5 MUHYT, MOAKIIOYUTH
OTPaBUBILIETOCS LIMAHMIOM K almapary CepAle-JIeTKHe W BBEII B
KpOBb TOT JK€ HUTPOIVIMLEPHH, NPOKAa4yaTb €€ 10 KPOBEHOCHOM
CUCTEME, TO BIIOJIHE BO3MOXHO CIIACTH EMY JKU3Hb. ..

17. O HEM3BEXKHOCTHU "
BEYHOCTH KU3HU

Kak obino nokaszamno ebluie, emopoe Havajlo U npuHuun
eo3pacmanus IHmponuu npocmo 00a3vl6aom Mmamepuro
ROCMOAHRHO YCIAOHCHANMb C601I0 CMPYKmMYPpY, Umo yice camo no cebe
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npuUEOOUm K Heu3z0edrcHoCmu 603HUKHOBEHUA, MAK HA3bIBAEMDbIX,
"Jcueblx'' opzanuzmoe 6o eceneHHoll.

[TonTBepkneHueM 3Toro Gaxra SBISETCS HAIMYKNE B IPUPOJIE
MHO’KECTBa 00BEKTOB PA3IMYHOIN CI0KHOCTH, OT aToMa BOJOpOJa U
0 OTPOMHBIX OpraHWYecKUX MOJIeKyl. B mnpoTuBHOM ciyuae,
OBOJIIOLIMSL BCENICHHOW OblTa OBl HEBO3MOXHA. MMEHHO JTH
MEJICHHBIE W HEMPEPHIBHBIC YCIOKHEHUS TPUBETH K IOSBICHUIO
BBICOKOMOJICKYJISIPHBIX OEITKOBBIX COCIUHEHH, a BIIOCIEICTBUU U K
00pa30BaHUIO CIOKHEUITUX OUOJIOTUYECKUX OPraHU3MOB, KOTOPHIE
MBI Ha3bIBa€M KUBBIMH.

Yuensie u Qurocodbl HACOUMHSIIM MacCy pa3IMYHBIX
oTpesieNieHUuN MOHATHUS JKU3HHU, OJTHAKO HU OJIHO U3 HUX HE MOXKET
CIIY’)KMTb OTPa)K€HUEM PEaIbHOCTH, MOTOMY YTO MPOBECTU T'PAHUILY
MEXy )KHBBIM M HEKUBBIM TaK K€ HEBO3MOXHO, KaK HEBO3MOXKHO
OTJICITh TPOBOJHWKU OT JUAJICKTPUKOB. ['paHuWIia 3Ta BechMa
yCIIOBHA U €€ MOXKHO MPOBECTH TIJI€ YrOJHO, B 3aBUCHMOCTH OT
MPUHSITHIX KPUTEPUEB ONPEICIICHUS KUBOTO.

AKuszuu ¢ o00blunHOM nonumanuu, 6 npupooe 6000uie He
cyuiecmeyem — 3IMoO NPOCHO RPOU3BOTIbHO 63AMBLIL, YC108HLLI
YPOGEHb OPZAHU3AUUU WU CTIOHCHOCHU CHPYKIYPbl Mamepuu.
Ilomomy umo nrwbéasa, oOaxce makas 6blCOKOOP2AHU3OBAHHAA
Mamepus KaKk mMo32, COCHoum u3 00blu4Hblx ''mepmenvix'' amomoe u
MOneKyn.

A, crnemoBaTenbHO, HE CYIIECTBYeT H CMEpPTH, Kak
($U3nUecKOro yHUUTOKEHU HeKor "kuBoii" marepun. CMepTh — 3TO
Takas JK€ HEOThEeMJieMas COCTaBHAas 4YacThb IMpOIecca 3BOIOIUU
MaTepuH, KaK U )KM3Hb. DTO OCTAaHOBKA B3aUMOCBSI3aHHbBIX U B3aUMHO
MOJIEP>KUBAIOIIUX APYT Ipyra MpoIecCOB B OpraHu3Me, B pe3yJibTaTe
HEn30€XKHOT0 HAKOIUICHHUsS OLIMOOK B MEXaHH3ME JEJICHHS KIETOK
WM uX ¢uzndeckoro uzHoca (crapenus). CMEpTh OT CTaApOCTH — 3TO,
M0 CYTH, CMEPThH OT BSUIOTEKYIIIErO paKa BCEX OPTaHOB.
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besrpamoTHbIe 3asABICHUS HEKOTOPBIX YYEHBIX O TOM, 4YTO
KU3Hb, SKOOBI, HE TOJUUHSETCS BTOPOMY Hayaly M HJIET C
yOBIBaHMEM DHTPOIUHU, HE MMEIOT MO COOOW aOCONIOTHO HUKAKUX
OCHOBaHUH, TaK KaK TaKue MPOLECChl HEBO3MOKHBI B PUHITUIIE.

Henonumanue cyTtu npoiiecca 3BOIIOIUN MaTEPUU, IPUBETIO K
COUYMHEHUIO TUIIOTE3 CTy4YaifHOM BO3ZHUKHOBEHUH OEITKOBBIX MOJIEKY
B PE3YJIbTATE AIEKTPUUECKUX PA3psIOB B aTMocdepe. XOTs pa3psiabl
U UTpalid KaKyl-TO ONPEIEICHHYIO POJIb B CHHTE3€ OPTaHHMUYECKUX
BEIIIECTB, HO OHU OBUIM OJJHUMU U3 MHOTOYHMCIIEHHBIX OJIATOTPUSTHBIX
(bakTopoB, OOJEryalmMuX OSTOT 3aKOHOMEPHBIM M HEH3O0CKHBIN
porecc.

EcrecTBEHHO, YTO CHHTE3 OpPraHUYECKUX COCAUHEHMI
HaubOosee MHTEHCHBHO MPOTEKal HUMEHHO B TEIUIBIX U BIIAXKHBIX
MECTHOCTSIX, TPOIMYECKUX M CYOTPONHMUYECKUX 0OJacTeil 3eMHOro
nrapa, riae o0pa3oBaIuCh OJMArONPHUATHBIE TEMIIEpaTypHbIE YCIOBUS,
OTKYJla U HayaJla paclpoCTPaHAThLCS 3Ta camasi ' KU3Hb'.

Axanemuk Anekcannp OmapuH emie B MATHUACCATHIX ToOJax
OPOIUIOTO BEKa TMOMBITAICS JKCHEPUMEHTATBHO TOJATBEPIUTH
TEOPUI0 BO3HUKHOBEHMS >KM3HM M B MPHUHIIMIE, €My 3TO yJaloCh.
XOTsI BOCHPOM3BECTH TOJHOCTBIO ATOT TPOILECC, 3aHABIIUN Y
MPUPOJIBI KOJIOCCAIBHOE KOJUYECTBO BPEMEHH — COTHU MHJIIMOHOB
JIeT, IPaKTUYECKH HEBO3ZMOXKHO.

Tak ke Kak HEBO3MOXHO, BOCIPOU3BECTH IPOIECC
BHYTPUYTPOOHOTO Pa3BUTHS OpPraHW3Ma 3a COTYIO WM TBHICSYHYIO
noiro cekyHasl. W eme omgHOo Oonbinoe 3abmyxaeHue OHOJIOroB,
COCTOMT B TOM, YTO MHOTHE W3 HHUX CUYHUTAIOT MPOIECC IBOIIOIUU
YKU3HU MOCIIE€0BATEIbHBIM.

To ectb, Mo ux MHeHUIO, (popMHpPOBaHUE PA3NTUYHBIX BUIIOB
OpraHU3MOB  MPOUCXOJWIO  TOCJIENOBATeNIbHO, OT  CaMbIX
NPUMHUTHUBHBIX CYIIECTB, CKaXKeM, uepBel U 10 miekonuramux. Ho
MAJICOHTOJOTHYECKAas JIETOHCHh TOBOPUT COBEPIIICHHO O Apyrom. Bce
BU/IBI )KUBBIX CYIIIECTB — 3TO CAMOCTOSITENIbHBIEC TTapaUIeIbHbIC BETBH,
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NOSBUBIIMECS Ha 3emile, M0 T€O0JOTHYECKUM MEpKaM MPaKTHUYECKU
OJIHOBPEMEHHO, C O4Y€Hb HEOOJIBIIUM Pa3pbhlBOM, MMO3TOMY HHUKAKHUX
MIPOMEXKYTOUHBIX 3BEHbEB B MPUPOJIE HUKOTJA HE CYIIECTBOBAIO U
CYILECTBOBATh HE MOTJIO.

[Ipouecc 3BOIONNHN, KOHEYHO e MPOUCXOUT U B HACTOsIIIEe
BpeMs, HO HaOJIOAaTh €ro, B CHJIY CKOPOTEUHOCTH YelOBEYECKOU
"XU3HU", HEBO3MOXXHO. bojee TOro, npomoBenyeMblil YYEHBIMU
INPUHLMI - "BBDKMBAET CWJIBHEHIIMH', IPUPOIOM HE MCIOIB3YETCS.
[Ipupoga pyKOBOACTBYETCS COBEPIICHHO HWHBIM TNPUHIMIIOM — a
MMEHHO - "mormOaeT ciabedmuit", B IPOTUBHOM CiIy4dae 4YeJIOBEK
pa3yMHBIN HUKOT1a Obl HE MOSBUJICS.

[Ipu BHENIHEM CXO/ICTBE 3TUX MPUHLIUIIOB, OHHU 110 CBOEH CYTH,
KapAMHAJIBHO pa3iuyaloTcs. Tak ke Kak, Hampumep ¢ammsMm u
KOMMYHH3M, KOTOpPbIE HEAAJNCKUE TMOJIUTUKA U OOBIBATENIM CUHTAIOT
SIBIICHUSIMU OJIHOTO Topsaka. OHAKO CyTh WX TaK ke TUaMeTpabHO
OpOTHBONONOXKHA. Damm3M  XapakTepusyercs  YHHUTOXKCHHEM
OoJbIICH YacTH HaceleHUs, JUII KOM(OPTHOTO MPOKUBAHUS KYUKU
HanOosiee aTYHBIX W TNPUMHUTUBHBIX WHAMBUIYYMOB, BIIQJICIOLINX
pecypcamu rocyapcTaa.

Jlis KOMMyHH3Ma, a TOYHEE €ro CTaHOBJIEHUS, XapaKTEpPHO
VHUUYTOXXEHHWE WJIA  U30JSIIMS  WHIUBUAYYMOB,  CIIEIYIOIIUX
MPEUMYIIECTBEHHO JKMBOTHBIM HWHCTHUHKTaM, CIYyXKallUM CBOEi
QAIYHOCTH M TNPEMSATCTBYIOIIMM  Pa3BUTHIO  oOmIecTBa U
Napa3uTUPYIOIIUX HA HeM. YTO B 00ILIEM-TO, XapaKTEpHO HE TOJIHKO
JUIE KOMMYHUCTHYECKOTO, HO U JUIS JII0OOT0, 1I0CTaTOYHO Pa3yMHOTO
co001ecTBa, (P YHKIIMOHUPYIOIIETO 1O MPUHITUITY )KUBOTO OpraHU3Ma.
Benp mr000i KMBOM OpraHW3M BCErJa CTapacTcsl YHUUYTOXKUTH
Mapa3uToB, KUBYIIUX 3a €ro cuyeT. iHaue OHM YHHUYTOXAT €ro.

BosBpamiasich Kk mpoieccy 3BOJIIOLHUH, MOXHO YTBEP)KIaTh,
YTO 3TO OrPOMHOE MHOMKECTBO MapajuleNbHBIX IPOLIECCOB
YCIIOKHEHHUS CTPYKTYPBI MAaTEpUH, KOTOPBIE COBEPIIIEHHO HCKITIOYAIOT
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U3 HETrO TaKOE MOHITHE KaK BEPOSTHOCTh, HA KOTOPYIO OYEHB JHOOST
CChIJIAThCS MPOTUBHUKY 3BOJIOLNUOHHON Teopuu [lapBuHa.

[Ipupone BooOI1Ie HE3HAKOMO MOHSATHE BEPOSITHOCTH, TIO3TOMY
BCC  B3aWMOJICHCTBHS B  HEH  OAHO3HAYHO  OOYCIIOBJICHBI
€MHCTBEHHBIM NIPUHLIUIIOM — M OPbIM HAYATIOM MEPMOOUHAMUKU.
UenoBeKk HUKOTJIA HE IPOUCXOAMI OT O0E3bSHBI U MTHIIBI, HECMOTPS
Ha CXOJXKECTb MPOIECCOB Pa3MHOXKEHUS, HE MOIJIA MPOU3OUTU OT
3eMHOBOAHBIX. ['eHuii JlapBrHa IOHSIT U OOBSICHIIT OOIINI MEXaHU3M
BO3HUKHOBEHHS U 3aKpeluyieHus "MOJNE3HBIX' U OTCEHBAHUS
"BpeIHBIX" MPU3HAKOB.

Ho mporecc mpoucxoxxaeHusi BUJOB UMEET MEXaHU3M, OUY€Hb
CXOXHMI €  MEXaHM3MOM  CHelUaNM3allMd  KJIETOK  MpH
BHYTpUYTpOOHOM pa3BuTuu Mmiona. OH ompenensiercs He TOJIbKO
CBOMCTBAMH KJIETOK, a B OOJBIIEH CTENEHU CTpPOSHHUEM Oelka U
YCIIOBHSIMU Cpefpl, B KOTOPOM OHM pa3BHUBAIOTCA. Bo Bcex 3TuX
CIIy4asix paboTarT MPOCThie (PU3MUECKHUE 3aKOHOMEPHOCTH U YTOOBI
pazo0paThCsi B 3TOM, YK€ HEJOCTATOYHO OBITH OMOJIOrOM, a HYXHO
ObITH emie u GusukoM. Ho moka Hayka pa3zieneHa Ha 000co0IeHHBIE
JTUCIUIUIMHBI, MOHATH 3TO OyAeT MpakTUYeCKH HEBO3MOXHO. BoT
TAKOM XapaKTEPHbIN TPUMEP.

VY4yeHble N0 HEOOpPa3yMEHHIO, OOYCIOBIEHHOMY pa3BUTHEM
WH()OPMAITMOHHBIX KOMITBIOTEPHBIX TEXHOJOTUM, yOemuau ceos, 1a u
BCEX OCTaJbHBIX B TOM, uTo B Mosiekyne JIHK, sxoObl, 3amucana
uH(pOpMaIKS O CTPOCHHH BCETO OPTaHU3Ma, BILIOTH JI0 OTIACIEHOTO
BOJIOCKA W Pa33BOHIIIA HA BECh MHUP O pacHim(poBKe MPOrpaMMHOMI
3aMiCcH TEHOTHIIA YEeJIOBEKa, JIETKOMBICICHHO o0emas co3/aTh
BBICOK02()(DEKTUBHBIE JICKAPCTBA OT JIFOOBIX OOJIe3HEH.

K coxanenuio y mpupojabl HET MPOTrPaMMHCTOB U Majo KTO
3HAET, YTO TO, YTO Ha3bIBAETCSI FTEHOTUIIOM YeJIOBEKA, TPAKTUUECKH HE
OTJIMYAETCS OT TeHOTUIIA OOBIYHOTO YepBs. Tem Oojiee uTo /i 3aucu
TAKOTO0 KOJIMYECTBa MH(POpPMALUU IMOHATOOMIICS Obl HOCHTENb BO
MHOTO pa3 MPEBBIIAIONINI pa3Mepbl YeJIOBEKa.
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[TosTomy B peansHocTn monekyna JIHK mpencrasnser coboit
BCEro JUIIb OenkoByto (opmy i "MITAMOOBKH' MOJIEKYJIBI
MPOTENHA, U3 KOTOPOI'O CTPOUTCS OpraHu3M. DTa opMa COCTOUT U3
MaTEepPUHCKOW M OTIIOBCKOM "TOJIOBUHOK" ¥ TOATOMY MOJICKYyIIa Oerka,
"oTIITAaMIIOBaHHA"' B HEHW, UMEET MHOKECTBO CXOIHEIX CBOMCTB, KaK
C MaTepUHCKUM OEIKOM, TaK U C OTIOBCKMM. Ho, HECMOTps Ha 3TO,
HU C TeM, HU C JPYTUM OEJIOK IJ10]]a HECOBMECTHUM.

Mornekyna mpoTernHa COACPKHUT B cebe OoJee ThHICSYHU aTOMOB,
a KOJMYECTBO BAPHUAHTOB pACIIOJIOKEHUS AaTOMOB B MOJIEKYJIE
MpPOTEMHA HACTOJBKO OTPOMHO, YTO Ha 3emJje, 3a BCIO HCTOPHIO
SBOJIIONMHA OPTraHUYeCKOW "KH3HU', HE MOIJIO OBITh JIBYX JKHBBIX
CYIIECTB C OAMHAKOBBIMU MOJIeKyJamMu Oenka. M a5 MeTuuuHbl 3T0
pa3HooOpa3ue OeTKOB SBJISETCS JIOCTATOYHO OOJBIION MpOOJIeMOi
IIpU IIepecaike OPraHoB, U3-3a UX HecoBMecTUMOCTH. Ho ¢ npyrou
CTOPOHBI 3Ta HECOBMECTHUMOCTb SIBJISIETCSI OCHOBOWM MeEXaHU3Ma
MMMYHUTETA.

Cyth mpoOIeMbl HECOBMECTHMOCTH 3aKIFOYAETCSI B TOM, YTO
nepecakeHHbI opraH, C(HOPMUPOBAHHBIM MOJEKYJaMH JIPYroro
Oenka, B OpraHu3Me€ pEUUIUEHTa HE CMOXET HOPMAaJlbHO
¢byHkoHnpoBaTh. OH HE CMOKET y4acTBOBATh B CUMOHMO03€, TOTOMY
YTO MPOAYKTHI KU3HEACSITENBHOCTH €ro KIETOK, POJHBIE KIIETKU
OpraHM3Ma peluNHeHTa HCIO0JIb30BaTh HE CMOTYT, a cam
NEepEeCaKeHHbIM OpraH Tak K€ HE CMOXXET HMCIOJIb30BaTh OTXObI
KU3ZHEACITEIIBHOCTA POJAHBIX KJIETOK OpraHu3Ma. A Clel0BaTeIbHO
KJIETKH [EPECaKEHHOT0 OpraHa He CMOT'yT HOPMaJIbHO Pa3MHOKAThCS
Y OH MOCTETIEHHO OTOMpET.

BoT mostomy nerdye Bcero MNpHKUBAIOTCS OPTaHbl OJIM3KUX
POJCTBEHHUKOB, KaKk HanOoJee COBMAJAIONINE MO CTPYKType Oelka.
Ho Bce paBHO mpuxoauTcsi ynmoTpeOisTh Mpenaparbl, CHUKAIOIIUE
HECOBMECTUMOCTh, CO3/IaHHbIE KPOMOTJIMBBIM TPYJOM MEIUKOB U
OHMOJIOTOB, TIO CYTH METOJIOM "Hay4HOTr0" ThIKa. DTO, TAaK HA3bIBAEMBIE
AHTUOMOTHUKHU, MEXaHU3M JCHCTBHSI KOTOPHIX OMOJIOTaM MPaKTUIECKU
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HEHM3BECTEH, NIOTOMY YTO OH JIGKUT HE B IUIOCKOCTH OWOJIOTHH, a
cKkopee B 007acTi (PU3UKH. ..

Kak yxe OblU1o CKa3aHO BbIIIE, pa3BUTHE OpPraHU3Ma, U HE
TOJIbKO BHYTPUYTPOOHOE, TOJYMHEHO MPOCTHIM  (PU3NYECKUM
3aKOHaM U 00YCIIOBJIEHO CBOMCTBAMHU CPEJIbI, B KOTOPOW MPOUCXOTUT
npouecc ero pasButus. OmnucaTb 3TOT NPOLECC, HA KOTOPBIA Yy
IPUPOIBI YIIUIO OTPOMHOE KOJIMYECTBO BpPEMEHH B HEOObIION padoTe
HEBO3MOKHO. HO MOHATH 00IIHi1 MPUHITUIT HECI0XKHO, TEM O0Jiee UTO
IpUPOJIa HEU3MEHHO MOBTOPSET €ro MPH BHYTPUYTPOOHOM Pa3BUTHU
Ka)KZI0T0 HOBOT'O OpraHu3Ma.

Haynem c TOro, 4ro MarepuHcKasi M OTIIOBCKas IOJIOBBIE
KJIETKH, HE CIOCOOHBIE K JEJICHHIO, COCAMHHUBIINCH, O00pa3yroT
KJIETKY, OOJIaJIaloIIyl0 TaKOW CIIOCOOHOCTBIO M KOTOPYIO YYCHBIC
Ha3bIBAIOT CTBOJIOBOW. [IuTanue oHa moilydaeT 4depe3 IUIALEHTYy, K
KOTOpPOH  TpUKperieHa ¥ KOTOpas  MpeJCTaBisieT  coOoi
MOJYIPOHHUIIAEMYIO 000JIOUKY, MPENSATCTBYIONIYI0 CMEIIMBAHUIO
KpOBHM IUIOZA M KPOBM MaTepu, HO MO3BOJIIOLIYIO KHCIOpPOLY H
JPYTUM BEIIECTBaM OeCHpernsITCTBEHHO MPOHUKATh Yepe3 Hee U3
KpPOBH MaTepH B KPOBb IUI0J]a HE CMEIINBAsICh.

[lo Mepe yBenuueHUsi KOJWYECTBA KIETOK B pe3ysbTare
JIeJIeHUs, KJIETKU HaxoJsluecs: Ha nepudepun BAaIu OT IUIALEHTHI,
MOJTy4alOT MEHbBIIIE MUTATENbHBIX BEIIECTB U BBIHY)K/IEHBI YACTHYHO
MCII0JIb30BaTh OTXO/IbI JEJICHHS COCETHUX KIJIETOK, KOHTAaKTUPYIOIINX
HEMOCPEACTBEHHO C TUIANeHTOH. YTO, COOCTBEHHO M MPUBOAUT K
BO3HUKHOBEHHUIO MEX1Y HUMH TaKOTO SIBJICHUS, KaK CUMOUO3.

Jloka3aTenbCcTBOM TOrO, 4YTO CIELMAIu3alus KIETOK U
dbopMHupOBaHKE OpPraHW3Ma, B OCHOBHOM, OOYCJIOBJICHO CpeIoOH, B
KOTOpPOW OH pa3BHUBAEeTCS, a HE KaKOW-TO TaM MHU(HIECKOH
"mporpammuoii 3amuceio” B JIHK, MOXeT CirykuTh TOT ¢akTt, 4To y
OIHUX U TEX XK€ POJUTENCH MOTYT pOXKAAThbCid Kak "HOpMaybHbIE"
JIETH, TaK U JETH C Pa3IMYHBIMU OTKJIOHEHUSIMH...
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DTta CTBOJIOBAsl KJIETKA, MO CYTH MPEACTABISET COOOW TOYKY,
Mo00HYIO TTOYKaM JiepeBbeB. Ho B OTIMUMM OT TIOYEK pacTeHU, OHa
MO>KET pa3BUBATHCS TOJIHKO BO BHYTPEHHEH CpeJie OpraHnu3Ma, Tak Kak
TpeOyeT IS pa3BUTUS OYCHb CHEHU(PUYSCKOTO TMHUTAHUSA. ITO
crenuduaeckoe MUTaHWE  TMPEACTABISAIOT  CO0Oit OTXO/bI
JKH3HEICITCILHOCTH KJICTOK MaTEpPUHCKOTO opraHusma,
HUPKYJIHPYIOLIUE B KPOBEHOCHOM CUCTEME.

Dra Mmoyka TaK e Kak ¥ T0YKa pacTeHH crtocoOHa pa3BUBATHCS
B CpeJIe MaTKH JIPYroro OpraHu3Ma, HO TOJIBKO OYE€Hb OJIM3KOTO BHJIA.

A Tak ke W TOT (HaKT, YTO NTHUILI U OCOOCHHO PHIOBI
MPOJICTBIBAIOT OTPOMHBIM MYTh K MECTY OTKJIAIbIBAaHUS HWKPHI H
BOCIIPOM3BOJICTBA  TNOTOMCTBA.  JTa  MPUBBIYKA  TaK  JKe
chopMupoBasiach MHOTOJIETHUM TIPOIIECCOM DBOJIIOIUU IO MEpPE
pacmpeHus: apeana oOurtaHusi. M1 oHa coxpassercs, OTOMY 4YTO
SIBIIIETCS. TapaHTOM CTaOWiIbHOCTH BuAa. CTaHOBHUTCSA TMOHSTHO,
moueMy TIpU  pPE3KOM U3MEHEHHUU  YCIOBUS OOWTaHHS U
COOTBETCTBEHHO MUTAHUS, IPOIIECC IBOJIIOIIUHU PE3KO AaKTUBU3UPYETCSA
Y BO3HUKAET MHOXECTBO MyTallui, MPUBOJAIIMX K HOBBIM BHJAaM
0oe3HeH.

A ecnu Obl HEKasi TeHETUYECKas IporpaMma pa3BUTHsI ObLTa
"sammcana" B JIHK kmerku, TO cymecTBoBanma Obl BO3MOXKHOCTH
BBIPAIIUBATh JKUBBIC OPraHU3Mbl M3 CAMHCTBEHHOH €ro KJIETKH, B
npoOupke ¢ muraTenbHOU cpefoi. M moToMcTBO, BhIpalieHHOE U3
OIMHAKOBBLIX KJIETOK, OBLIO OBl a0CONIOTHO MIEHTHYHBIM, HO B
PETbHOCTH Ja)Ke OJIM3HEUbl MMEIOT 3aMETHBIC OTJIUYHS JAPYr OT
Apyra.

N Takme opraHusmpl OBLTH OBl JUIIECHBI BO3MOXKHOCTH
MyTallMii ¥ JaJdbHEWIIEro pa3BUTHUS M  COBEPIICHCTBOBAHUS.
EcrectBenHo, uTo n3Mensia kakue-to ydactku JIHK kmetku, MoxHO
BIIUATH HA CTPOEHUE MOJIEKYJBI O€IKa MOIydYarolierocss opraHnmu3ma,
OJIHAKO TAaKO€ CJIENMO€ BMEMIATENIbCTBO MOXKET TMPUBECTH K
HETPUSATHBIM JJIs YEJIOBEKa MOCIIEICTBUSIM.
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Beov npupooa 6e3ncanocmno omceueaem HeyoauHvle
KOoMOuUHauuu yice Ha HAYAILHOM Imane.

[Ipomie Bcero npociaeanTsb Npoliece CrennaiIn3anuy KJIeTOK Ha
npuMmepe ¢ pacteHusmu. Cems 000ro pacTeHus, nomajaas BO
BJIQXHYIO cpeny, mpopactaeT. To ecTh ero KIeTKH HayMHaIoT
JenuThest, 00pa3ys pocTok. [luTarenbHble BemiecTBa Ui JeNEHUS,
NOCTYNAIOT IO CTBOJIy BBEPX, COIVIACHO ONHUCAHUIO B ruase [ri.l11].
Haunbosiee MHTEHCUBHO JeNIeHHE KJIETOK IPOUCXOAUT B CEPIIICBHHE
CTBOJIA, TJE€ MPOXOJUT OCHOBHOW NOTOK INHUTATEIbHBIX BELIECTB.
[TuTaTenbHble BemlecTBa JIETKO MOJHUMAIOTCS BBEPX IO PBIXJION
CepIlEBUHE, CTUMYIIUPYSI POCT pacTeHus, o0pa3ys HOBbIE BETBU U
JIUCTDSI.

Ecmm 6s1 B JIHK kneTok Haxomuiack HeEKas IMporpamma
pa3BUTHs, TO JEpeBbsS OJHOW MOPOABI ObUIM OBl COBEPIICHHO
OJIMHAKOBBIC 1O CTPOCHUI0. OHU UMENH Obl OJJMHAKOBOE KOJIHMYECTBO
BETOK, UX KOH(PUTypaluio U IIOTHOCThb. OHAKO BHEUIHHUE YCIOBUS
BHOCAT CBOM KOppEeKTHBBI. KieTku, Haxonsmmecs Ha nepudepud,
MOJy4alOT MEHBIIE TMHUTATEIbHBIX BEIIECTB U UM TMPUXOTUTCS
UCIIOJIb30BaTh OTXObl KU3HEJEATEIBHOCTH CEPILEBUHHBIX KIIETOK,
MO3TOMY OHH MEHBIIE O pa3MepaM U o0OpasyroT Oojiee IIIOTHYIO
JPEBECUHY.

MuHuManbHOE KOJMYECTBO MUTATEIbHBIX BEIIECTB MOTyYaoT
KJICTKH HApyXHOT'O CJ1051, KOHTAKTUPYIOLIHE C BO31yXoM. OHU COXHYT
U OTMHUpAIOT, 00pa3zys kKopy. Kpome Toro pasianuusi B OCBEUICHUU
IOPUBOJUT K TOMY, YTO C OCBEIICHHOW CTOPOHBI YBEIMYHBACTCS
KOJINYECTBO BETOK.

N30bITOK NUTATENBHBIX BELIECTB M BJard B CEpJLEBUHE
OPUBOJUT K TOMY YTO B HEl HAaYMHAIOT pPa3BUBATHCS Pa3IUUHbBIC
OakTepuu W IMJIECHEBBbIE TPUOKW, NPUBOISIIME K 3arHUBAHUIO U
rudenu nepena.

[TpumepHO Tak jxe 0Opa3yercs U KoXKa Y )KUBOTHBIX. DTO CIOH
OTMEPIINX U 3aCOXIINX KIETOK, KOTOPBIN MPeJoXpaHsIeT rITyOuHHbIC
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KJIETKH OT BBICBIXaHUS U ru0enn. OXUBUTH OTH KJIIETKH KAKUMU-TO
KpeMaMH WJIH Ma3siMHd HEBO3MOXKHO. Jla 3TO HE HYKHO W OIAacCHO.
KiteTku, He 3aIMIIeHHBIC KOXKEH, JIETKO MTOBPEKIAIOTCS U CTAHOBSITCS

MUIIeH pa3IMyYHBIX, JIETKO MPOHUKAIOIIMX B HUX OaKTEpHUH. ..
etk

Kak yxe ObL10 CKa3aHO BBINIE, C TOYKH 3PCHHS HACTOSIIEH
TEOpHH, "JKU3HB" - 3TO YUCTO OBITOBOE WJIM PEIUTHO3HOE TMOHSTHE,
00YCJIOBIICHHOE APEMYYUM 3a0IyKJACHHEM, YTO B MaTepUaIbHOM
TeJIe YEJIOBEKA MJIU KUBOTHOT'O CYIIECTBYET HEUTO HEMATEPUATIbHOE,
KOTOpOE U JEJIaeT €ro ")KUBBIM".

Ha camom ke pene, XKMBOM OpraHu3sM — O3TO IIPOCTO
OMOJIOTUYECKUI MEXaHU3M, CIIOKUBLIMICS B pe3yJIbTaTe JTUTETbHON
SBOJIIOIMA MATE€PUU, B KOTOPOM CHOPMUPOBAIHCH M JICUCTBYIOT
MHOKECTBO ABTOMATHYECKUX, B3aMMOCOIJIaCOBAHHBIX n
MOJJICPKUBAIOIINX ~ JAPYr Jpyra MPOIECCOB, IOMYHUHSIONINXCS
MIPOCTOMY ¥ €TMHCTBEHHOMY (DM3NYECKOMY 3aKOHY — BTOPOMY Hadamy
tepMoanHamMuku. M Huuero ">KuUBOro" B HEM HE COJEPIKUTCS.

Ero BmomHe MOXHO CpaBHUTH, HANMpPUMEpP, C PabOTAIOIIUM
JIBUTATEJIEM  BHYTPEHHErO  CropaHus, B  KOTOPOM  TaKxke
OCYLIECTBIISIIOTCSI ~ TaKME  B3aUMOCBS3aHHBIE  ABTOMATHYECKUE
MpollecCchl, Kak IoJaya TOpPIOYEro, CMEIIMBAHHE €ro BO3IAYXOM,
CcKaTUe B IWIMHApPAX, TMOKUTAaHHE CMECH B HYXHBIH MOMEHT,
CHHXPOHHOE OTKPBIBAaHHUE M 3aKPhITHE KJIAMAHOB M Tak jganee. U
MO3TOMY pPaOOTalOMUK JIBUTATeIh, KaKOW-HUOYIb TMEPBOOBITHBIN
JIUKapb C OCTPOBOB TyamoOTy, BIIOJHE €CTECTBEHHO MOXXET CUHTATh
JKHBBIM.

Tem Oosiee, 4uTO0 OOBEAMHHUB €ro ¢ HE(TSIHON BBIIIKOH,
HEe()TENEPErOHHBIM  almaparoM W aBTO3AMPABIIMKOM, MOKHO
3aCTaBUTH €ro paboTaTh aBTOMATHUYECKH, 0€3 ydacTus 4elOBEeKa, /0
TEX MOp, MOKA OH HE M3HOCUTCA U 3arjoxHeT. To ectb ymper. To xe
caMo€ TPOUCXOAWT M C JIOObIM opranu3mMoM. COOW OHOTO WM

HECKOJBKHX IMponeccoB, Hapymact nux COIJIaCOBaHHOCTD,
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OTTOYCHHYI0 MHWJUIMOHAMH JIET 3BOJIIOIMH M, B KOHEYHOM HTOTE
IOPUBOJUT K OCTAaHOBKE BCEX IIPOLECCOB, IPOUCXOIAIUX B
OpraHu3Me.

[lpaBma naBUTaTENs JIETKO OTPEMOHTHPOBATH, JOCTATOYHO
3aMEHUTh KaKHe-TO JeTald WIA IOYHCTUTh KOHTAKTBL, YTO C
OCTaHOBHBIIIMMCS] OPTaHU3MOM HE Bcerja moiy4aercs. [loromy uTo B
OMOJIOTYECKOM OpraHHU3Me, TOYTH CPa3y K€ HAYMHAIOT peodiagaTh
JpyTHUe MPOLECCH CUHTE3a, JIENAIONINE PEaHUMAIIUI0 HEBO3MOXKHOM.

Teno yenoBeka, Tak ke Kak U JF000T0 IPyroro >kABOTHOT'O, 110
CYTH, TIPE/ICTaBIsAET COOOI COOOIIECTBO, HAXOAAILINXCS B CUMOUO3E
MHO)KECTBA MHOTOKJIETOYHBIX OPTaHU3MOB (OpraHoOB), KOTOpBIC
O00BEIMHUBIIUCH B MPOILECCE IBOIIONNH, Pa3BUBATHCH COBMECTHO H
HaBCerja MOTEPsUTH CaMOCTOATENBLHOCTh. [10 CyTH, 3TO peann3arus
TOTO XK€ CaMOr0 IMPUHIMIIA CUHMe3d, TOIBKO Ha 0ojiee BBICOKOM
YPOBHE OpraHU3aIMU MAaTEPUH.

Cam MexaHM3M JIeHCTBUSI CUMOMO3a JIOCTAaTOYHO MPOCT ISt
NOHUMaHUs. J[Ba MM HECKOJIBKO MHOTOKJIETOYHBIX OpPraHU3MOB,
CBSI3aHHBIX CHMOMO30M, HCIOJB3YIOT OOJBIIYI0 4YacTh IMPOIYKTOB
KHU3HEICATSIIHOCTH APYT Apyra (OTXOABI WM MPOCTO JEPHMO), KaK
CTPOMTEbHBIA MaTepuan uisi ceds, Y4TO B HUTOre NPHUBOAMT K
YMEHBIICHNIO TMOTPEOJICHUS TMUINM W SHEPTUM M3 OKPY)KaIoIIen
Cpenpbl.

N 4TO, COOTBETCTBEHHO, JaeT Topazao  OOJBIIYIO
HE3aBHCUMOCTh OT BHEIIHHX NPHPOJHBIX YCIOBHHA W TIO3TOMY MBI
MOYEM JIOBOJILHO JUTMTENbHOE BpeMsi 00X0auTcs BooOIIe 0e3 MUIIH.
B mpoTuBHOM citydae Ipu OTCYTCTBUM CHMOMO03a, HaM IPUXOIUIIOCH
OBl TIOCTOSIHHO YTO-TO JKeBaTh. A TaK, KJIETKH OPTaHOB BO BpeMs
HepephIBOB B IMHUTAHUH OOXOIATCSA OTXOJAMH >KU3HENESTEIBHOCTH
JpYrux KJIETOK OpraHu3Ma, MOCTYMAIOMMMHU B KpoBb. B mpupose,
HPaKTHYECKH UCTIONB3YETCSI BCE U HUYETO HE MPOMAAaeT MPOCTO TaK.

XKemunas xenesa, HapUMeEp, UCIOIB3YET IS ICICHHUSI CBOUX
KJIETOK, a 9TO e€ OCHOBHAs 33/1a4a, MPOIYKTHI JKU3HEACATCIBHOCTH
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JKENy/IKa, TIOCTaBIsEMbIe TMOTOKOM KPOBH M B KAauyeCTBE OTXOJIOB
BBIJIETISIET KeJlYb, KOTOPYIO JKEIYJOK B CBOIO OYepelb, UCIOJb3YyEeT
JUIsl IepepabOTKU HEKOTOPBIX MPOAYKTOB MuTaHus. Ecinu ynanute u3
OpraHu3Ma KEIYHBIA My3bIPb, JKETYJOK HE CMOXET HCIOJIb30BaTh
HEKOTOphIE€ BEILECTBA, B PE3yjbTaTe YEro 4eJOBeK, XOTd U OydeT
XKHUTb, HO OyIeT BBIHYXJEH OrpaHHYMBaTh ceOsl B yNOTpeOJIeHUU
HEKOTOPBIX BUIOB MUIIIH.

[ToBpexaeHne cepana HEMEAIEHHO MPUBOJIUT K CMEPTH, TaK
KaK CepJIe BBHINONHSET OYEHb BAXKHYI (YHKIUIO MO IMEepeKavyKe
KpoBU. M XOTS 3Ta (QyHKIMS O4YeHb Ba)kHa, OHA TE€M HE MeEHee,
JIOCTaTOYHO MPOCTa M IO3TOMY CepJle JIETKO MOXHO 3aMEHUTh
MEXaHUYECKUM MPOTE30M — MPOCTHIM HacocoM. YUTo, cOOCTBEHHO,
YK€ JOBOJIBHO YCIIEUTHO HAYMHAIOT JIe1aTh MEIUKH.

[ToBpexxaeHre MeYeHH, TaK K€ CMEPTENILHO OMAcHO, TaK Kak
OPOAYKTHl (OTXOABI) €€ IKHU3HEACSITENBHOCTH — JTO OOJBIIOE
KOJIMYECTBO PAa3HOOOpPA3HBIX BEIIECTB, KOTOPBIC HCIIOIB3YIOTCS
IpyruMu opranamu. be3 medeHu, 04eHh MHOTHE OPTaHbl MEPECTAHYT
MOJTy4aTh HEOOXOIMMBIE MM OTXOABI €€ KU3HEACSITEIbHOCTH, YTO
OuYeHb OBICTPO IpUBENET K COOI0 M OCTAHOBKE JPYTUX CBSI3aHHBIX C
HUM TPOLIECCOB B OPTaHU3ME U €ro "cMepTu'".

[ToaToMy 3amMeHUTH TI€YEHb KaKUM-TUOO YCTPOMCTBOM,
CKOpee BCEro He MOJY4YUTCs HUKOrga. To ecTh Jro0ble OpraHbl
Hamiero Tena "03a0odeHbl" JIMINL TEM, YTOOLI JENUINCH U
pa3MHOXaJUCh TOJBKO HMX KIETKM W UM TiIyOoko Oe3pa3innyHa
KUBHEJEATENIbHOCTh JIpyrux opranoB. OmHako B pe3ylbTaTe
JUTUTETILHOW  3BOJNIONUH, CPOPMHUPOBAIKNCH HACTOIBKO MPOYHBIE
B3aMMOCBSI3M MEKIy HUMH, YTO JTIFOOOM COOM B OHOM OpraHe, cpa3y
K€ OKa3bIBAET BIUSHUE HA JPyTHE.

Korga ydenwsie cmoryr neraabHO pazoOpaThcsi B pabore
OpraHOB Hallero Tejaa, BOT Toraa ©0e30 BCAKUX JIUMOBBIX
pacmudpoBoK HECYIIECTBYIOIIETO TeHETHYECKOTO KoJa,
NEHCTBUTENLHO, TOSBUTCS  BO3MOXHOCTH  CO37aBaTh  OYECHB
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3 PEeKTUBHBIE JIEKAPCTBA OT PA3IUYHBIX O0sie3HEN. XOTs MOIHOCTHIO
n30aBUTHCS OT HUX YEJIOBEYECTBY HE yaacTcsl HUKoraa. OcTaHOBUTH
9BOJIIOIMIO MaTepUU HEBO3MOKHO, @ BOSHUKHOBEHHE 00JIe3HEH — 3TO
MPUHILIUIIAAIBHO 3aKOHOMEpPHOE €€ CIIE/ICTBUE.

Jlornueckoe pa3BUTHE HACTOSIICH TEOPUH HEW3OEHKHO
MPUBOAUT K COBEPILICHHO OIIETOMIISIIOLIEMY BBIBOY, UTO TO, YTO MBI
Ha3bIBAEM "KU3HBIO", JKU3HBIO U HE SIBIISIETCS, a SABJISETCS MPOCTHIM U
3aKOHOMEPHBIM  CJIEICTBHEM  IMpoIlecca JBOJIOUUA  MaTepUHU
BCeIeHHOH. U TONBPKO HEMOHMMAaHHEM JTOr0 OOCTOATEIhCTBA
OOBSCHSIETCS TO, YTO €Ill€ MHOTHE YYEHBIEe-TEOPETUKHU N0 CHUX TIOp
Oe3yclenrHo TMbITAIOTCS HAWTH pas3ragky OTIUYUS JKUBOTO OT
HEXHUBOTO, IO CYTH, JIOMSCh B OTKPBITYIO JBEPb.

[ToroMy 4TO TaKOrO OTIIMYUS HPOCHIO He Mo cem Obtmb. Tak
)K€ COBEpPUIEHHO $ICHO, YTO YHHUUYTOXHUTh >KWU3Hb, KaK IPOLECC
IBOJIOIIMU MATEPUH, HEBO3MOXKHO, TTO3TOMY JIFOOBIE U3MBILUICHUS O
KOHIIE CBETa SABISAIOTCS OpeloM cuBOi KOOBUTBI. boree Toro, mporecc
DBOJIIOIMM HE OCTaBJISAECT HUKAKOW, Ja¥e MHUKPOCKOIMYECKOMN
BO3MO>KHOCTH CYLIECTBOBAaHMSI HEKOEro BhIcuIero TBopua. IIpocto
MOTOMY, YTO IIPUPOJIE OH HE HYXKEH.

N Tombko HEBEXKECTBO M  JETCKash OrpaHUYEHHOCTh
YeJIOBEYECKOro pasyma ImpHBella K BO3HHUKHOBEHHMIO HAMBHBIX
CKa304YHBIX YYEHHI O HEKOEM BBICILIEM CYIIECTBE, KOTOPOE, KAKUM-TO
HEBEPOSATHBIM 00pa3oM, CO3/1aJi0 ATY BCEIEHHYIO U "COTBOPHIIO" BCE
")XHBOE", TOMECTHB €ro Ha IUIAaHETY ¢ KOM(OPTHBIMH YCIOBHIMH
NPOXUBAHUS. AOCYPIHOCTh ITHX YYCHHA CTAaHOBUTCS OYCBHIHOM,
€CJIM 3a/1aTh aBTOPAM U MX MOCJIEIOBATENSAM Mapy MPOCTHIX BOPOCOB.

Bonpoc nepewvui: A nns yero, coOOCTBEHHO, BCEMOTYLIEMY
CaMOJI0OCTaTOYHOMY CYIIECTBY, KOTOPOE HU B YEM HE HYXKIAeTcs, 3TOT
reMOpPpoOil C YeJIOBEYECTBOM, KOTOpOE TOJBKO M JieJaeT, 4YTO
MTOCTOSTHHO BOIOET, TpabuT U youBaeT Apyr apyra?

U eonpoc emopoii: A 4to, y 3TOr0 BCEMOTYIIETO CYIIECTBA HE
XBaTWJIO yMa pEHIMTh JTH MOpoOJIeMbl emle Ha  CTaauu
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npoekTupoBanusi? OTCYTCTBUE OTBETOB Ha 3TU BOMPOCHI IOKA3HIBAET,
YTO 3TO BCEMOTYIIIEE CYIIECTBO HE OoJjiee ueM 1101 yoorou ¢aHTa3zuu
JIOJIeH, CO3MIaBIIIMX €ro IO CBOeMy 00pa3y u moaoouto. Beputs B 1O,
YTO 3TO BCEMOTYIIEE CBEPXpPa3yMHOE CYIIECTBO MOXET OBITh
NPUMUTHBHBIM U KECTOKHM, KaK MEPBOOBITHBIN ITUKaph, B BBICHICH
CTETICHH HEeJIeTI0 U OECCMBICIIEHHO.

Bonee Toro, HECMOTpst Ha TO, YTO ATO CYHIECTBO OOEIIaeT
JIOJSM BEYHOE ONaKEHCTBO B 3arpoOHOM MHUPE, YTO-TO HHUKTO
OCOOCHHO HE CIICIIUT BOCIOJB30BATHCS ITUM OOCTOSTENHLCTBOM, a
COBCEM JakK€ HAOO0OpOT OYEHb MHOTHE YYCeHBIE OBIOTCA Ha
pa3pabOoTKOI METOMOB MPOJICHHSI CBOETO OPEHHOTO CYIIECTBOBAHHSI
Ha OTOM CBETE.

[TpITasich MOYEMy-TO KaK MOXHO JIOJIBIIE OTTSHYTh MOMEHT
MOJTy4eHUsT BEYHOro OnakeHcTBa. /[ 3TOro maxke mpuayMain
KPUOTEHHBIC KaMephl, TJIe 3aMOPOKEHHBIC TPYIIBI BaXHBIX (C TOYKHU
3peHHsI 3TUX MMOKOMHUKOB) 000, OYAYT XpaHUTBHCS 10 TeX MOp, MOKa
YeII0BEYECTBO HE HAWJET crocoOa BBUICUYUTh MX U OXKHBUTH. A BCE
MOTOMYy, YTO JaXke caMmble TJIYOOKO BEpPYIONINE PEITUTHO3HBIE
dbaHaTUKK, B TUIYOMHE JyIId COMHEBAIOTCA M MYYaloTCs TOM
HEM3BECTHOCTBIO, KOTOPAsi OXKUIAET UX IOCIIE CMEPTH.

Benp uenoBek cosznan cebe 6ora IMEHHO M3 CTpaxa CMEpPTH, U
JaKe TMOJHUMAsCh 1O JICCTHUIE TO3HAHUS, OH BCE MBITACTCSA
COBEpIIICHCTBOBATh CBOIO MPUAYMKY. BMecTo Berxo3aBeTHOro M
OpUMHTUBHOTO  OOKecTBa,  Temepb B~ MO3Tax  MHOTHUX
MICEBAOTPAMOTHBIX BEPYIOIUX (QUTYpUPYET YK€ HEKUH, Kak HM
Ka)XeTCsl, BIIOJIHE "HAay4yHBIX" BBICHIMM pa3yM, oOuTarouiuii 1mubo B
IyOMHAX BCEJICHHOW, JMOO B KAaKOM-TO JPYroM HW3MEPEHHH,
KOTOPBIH, MO-BHIUMOMY, OT CKYKH CO3Jajl YeJOBEKa B KAKUX-TO
CBOMX HETOHSATHBIX HeNsiX. Ho TyT BO3HMKAeT JIOTMYHBIA BOMPOC, a
KTO K€ co31aJI camoro oora..?

"XXu3Hp", KaK yke OBLJIO CKa3aHO, 3TO CJIEJCTBUE IMpoIiecca
OBOJIIOIIMA MATEPUH U TPOLECC JTOT OECKOHEYEeH. A KelaHue
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OPOAJUTH TO, YTO YK€ camMo Mo cebe OECKOHEYHO, TIyNo H
OeccmbiciieHHo. KaXkipiit uenoBeK Wiv )KUBOTHOE, KaK MaTepraIbHbII
OMOJIOTHYECKUN MEXaHHU3M, MIOCTOSTHHO BOCIIPOU3BOIUTCS TIPUPOION
3aHOBO U JIa)K€ HE 0CO3HABasI TOTO, 10 CYTH, TPOKMUBAECT OECKOHEUHOE
KOJIMYECTBO '"KHM3HEH" Ha OECKOHEYHOM MHOMKECTBE OOMTAaeMBIX
IJIaHET BO BCEJICHHOM.

W HaunMHas KaXKIylo HOBYIO "KU3HB'" C HYJISI, OH (PU3HUECKHU HE
MOJKET TIOMHHTH, HU TPEIbIAYIINE XU3HU, HU MECTO, TJIe OH YXKE
KOTJ1a-TO JKWJI. DTOT HEOOBIYHBIA BBIBOJA, MO CYTH, OOOCHOBHIBAET
OyIu3M, KaKk WHTYHUTHBHOE W TIOYTH HAyYHOE MHPOBO33PEHHUE C
"pernHKapHaluen” MaTepuagbHOro Tea.

A TO, 4TO JIFOJY, CAaMU TOrO HE MOHUMAasl, HA3bIBAIOT IYIIOM,
TaK 93TO TIPOCTO HAalle CO3HAHWE, SBISIOIIEECS CBOWCTBOM
BBICOKOOPTaHM30BaHHOW MaTepuu, (HOPMUPYIOIIUMCS B PE3yNIbTATE
BOCTIIUTaHUSI M OOydeHUs, OECCIeAHO MCUYE3aI0IIEro IMocie CMEPTH
opraam3ma. M xoTs co3Hanue uinu "myma' co cMepThio OecciemnHo
MCYE3aeT, ITO HE UMEET a0COTIOTHO HUKAKOTO 3HAYEHUS, [IOTOMY YTO
OHO TaK ke chOpMHUpYETCs 3aHOBO B HOBOM Tene. U s aToro He
noTpeOyeTcss HU O6ora, HU JbsBOJIA, HM BBICIIErO pa3zyma. J[is aToro
BITOJTHE JIOCTATOYHO POJUTENICH U Ie1aroros.

CMmepTh Beab TOJNBKO C TOYKH 3pEHHS TIOKa CIIe
HEBE)KECTBEHHOTO UEJIOBEKA, SIBJISICTCS TpareIuei, 1t IPUPOJIbI XKE -
TO 3aKOHOMEPHOE SIBJICHUE, IPOUCXOJSIIEEe TIOBCEMECTHO W
MOCTOSIHHO, TaK e, Kak MW pPOXACHHE. IJTO HeoTbemieMas
COCTaBIISIIOIIAsl TpoIlecca D3BOJIONMK Marepuu. B Hamem Tene
KOKIYI0O MUHYTY YMHUPAIOT THICSYM KIETOK. W Kaxayro MHHYTY
TBICSTYM KJIETOK POXKIAIOTCS BHOBD.

Jlume pazymHOEe oco3HaHWe TOro (hakTa, YTO CMEPTHh ATO
HEN30€KHOE CIICJICTBUE TPOIIecca IBOJIIOIUH, PUBEIET K TOMY, UTO
OHA npecmaHem CMPAUIUMb JIH00Cil C80ell HEeU36eCHIHOCHIbIO U
0e3b1cX00HOCmbIO, @ CmaHem 60CHPUHUMAMbCA NPOCMO KAK
00CaA0HAA HEeU3DEIHCHOCH b,
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JlocagHasi, He CTOJIBKO IOTOMY YTO B HOBOM KHU3HU, HE TOJIBKO
BCE HYXHO OYJIET JeJIaTh 3aHOBO - CHOBA YUYHUTHCS TOBOPHUTH, XOIUTh,
YUTaTh, 3aBOJIUTh JIPY3€i, @ CKOJbKO MOTOMY, YTO B CIIEIYIOIIEH
JKU3HHU BEPOSITHOCTh HAIIIETO TOSIBJICHUSI B OECKOHEUHON BCEJICHHOMN
Ha I[UIaHeTe 3eMJisd, HACTOJbKO HHUYTOXHA, 4YTO MPAKTHYECKHU
HEeBO3MOXKHA. Korjia 4yenoBek, HaKOHEI[-TO, IIOMMET MU OCO3HACT 3TO,
OH COBEpIICHHO NO-APYroMy OyIeT OTHOCHUTHCS, KaK K >KH3HU
BOOOIIIE, TaK U K KAXKIOH OTIEIBLHOMN )XU3HU B YACTHOCTH.

DTO YTBEpPKIEHUE MOXET, B HACTOSLIEE BpEMs, MOKa3aThCs
KOMY-TO ITUHUYHBIM, TaK KakK CKOpPOb IO TMOKOWHHUKY M CJIOBa O
HEBOCITOJTHUMOW yTpaTte, OyAyT Ka3aTbCs TIYNMBIMA U HUKYEMHBIMH.
[Totomy dro ImroauW, yMmepiide WM TOrHOImMe B BOWHAxX, B
karactpodax, B KOHIUIArepsx W ryjarax, B CHJIy TOTO YTO MaTepus
BEYHA U HEYHUUTOXMMa, CHOBA U CHOBA )KUBYT, U €CJIM HE CPEU Hac,
TaK Ha JPYyrux oOMTaeMbIX IUIaHETaX OECKOHEYHON BCEICHHOM.

JKuByT naxke ¥ HE OCO3HABAs TOTO, YTO KOTJA-TO YK€ KWIH U
OynyT >kWTh emie He oauH pa3. Jliogu, ObBIIME paHbIIE
Apucrorensmu, Hprotonamu, ['mrnepamu CranuHbIMH, pabamMu U
NaTPULIMSIMHA, BO3MOKHO, CETOJHS SIBIISIIOTCS HAIUMH JE€THbMH,
BHYKaMH WJIM TIPaBHYKaMH, a MOXKET Jake coOaKaMH WJIU KOIIIKaMH,
XOTSI HUKTO ¥ HUKOTJIa 3TOTO HE Y3HAET.

Ho B cumimy BewyHocTH MaTepuu, OTO  aOCONIOTHas
HEN30€)KHOCTh U YEIIOBEYECTBY CO BPEMEHEM MPHUCTCS PUBBIKHYTh
K 3TOMY U MEPECMOTPETh CBOE OTHOIICHUE K 3J0JeiIM M THUPaHAM
npouwuioro. M korja aou HAKOHEI-TO OCO3HAIOT, YTO OHH, IO CYTH,
BOIOIOT caMH € c000#, JoOble KOHQIMKTBI M BOWHBI CTaHYT
0€eCCMBICIICHHBIMH.

U Torma oTHOmEHHME K MaMAITH TaKMX TeHUAJBHBIX JIIOJIEH Kak
Xpuctoc win JIeHWH, KOTOpbIE B YCIOBHUSX CJIeTKa MOYMHEBIIEH
00€3bsHBbEH CTaW YTO-TO MOHSUIH M OE3YCHEITHO MBITAJTUCh U KHYTOM
Y IPSTHUKOM BBIBECTH YE€JIOBEUECTBO HA HOPMAIbHBIN IMyTh Pa3BUTHS,
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n3MeHurcs. [Ipon3oiaer 370 0CO3HAHUE, K COKAJIICHUIO €lIE OYEHb
HECKOPO, HO HEN30€KHO TIPOU30UIET.

IIpumeuanue. ¥ nacmosawyro meopuio, HA00 NoO1A2amb, J1em
uepe3z 500-1000, xoma xomenoce 0bl Hadeamuvca, Ymo pamnvuie, Oyoym
usyuams 6 HauanvHou wkone. OHna OKOHYAMEIbHO U HaA6Ce20d
YHUUYmoJdcum 6ce peiucuo3nble ¥ MucmuiuecKue y4ernus. u HEeKomopuwle
HPUBHAKU C1A0020 OGUICEHUSL K IMOMY, YIHCEe MONCHO 3AMEHUMD YHCe
cellyac no HeOBIBATIOMY, HO CYMU, HNPEOCMEPMHOMY BCHIECKY
PeNUUO3HO20 MPAKODECUS U HEBeHCECH 8A, KOMOPbLE OObIYHO CYUAIOMCA
nepeo ckaukom npozpecca.

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

Bb1600 u3 6cezo ckazanno20 o0YeHb ONMUMUCHUYEH:
4e106€K, KAK CHOMNCHEUWU aAGMOMAMuUYecKui MamepuaibHblii
00vekm, cgopmuposaguuiica MUNTUOHAMU JIem IGOJIIOUUU U
oonaoarowuIl ce0NUCMEOM COZHAHUA, HCUBEmM 6€UHO, NOCHOAHHO
00HO06N1AACH 8 6UOE MAMEPUATILHO20 Meld U HOINMOMY OH HUKO20a
He cMoJcem OKOHYamenbHo nodeoumsv HU OONe3HU, HU CMEPMb,
MaK KakK OHU AGIAIOMCA 3AKOHOMEPHBIMU COCMAGIAIOUUMU
npouecca 380110U4UU Mamepuu.

Kcratun, uMeHHO yiydiaronimecs, MpuoIMKaroIMecs K MOYTH
CTEpPUJIbHBIM, YCIIOBHUS >KM3HHM, @ BOBCE HE IUIOXas AKOJOTHMYECKas
00CTaHOBKA, YK€ MPUBETH K OCIA0IEHUIO 3alIUTHBIX MEXaHU3MOB U
LIMPOKOMY paCIpPOCTPAHEHUIO CPEIN YEIIOBEUECTBA AJUIEPTUUECKUX U
PaKoBBIX 3a00JICBaHUH.

ITerTasice M30aBUTHCS OT ONHUX OOJIE3HEH, YEIOBEYECTBO
HEen30eXHO OyZeT moyyuaTh Ipyrue M HaBepHsKa 0ojee CTpallHbIe.
[TosToMy TpOMIUTH OTACNBHYIO "KW3HB" paza B MOJTOpPA YEJIOBEK
BO3MOJKHO M CYMEET, HO CTaTh O€CCMEPTHBIM OH HE CMOKET HUKOT/Ia.

HOTOMy YTO OCTAHOBUTH OSBOJIIOLOUIO MAaTCpUH HNPHUHOUIIMATIBHO
HEBO3MO’KHO.
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18. O CO3HAHHUU U TAMATH

Hepenko mnpuxoautcss uutath couumHeHUs GuiocodoB, u
OYeHb JpPEBHUX, M HE OYeHb, O CO3HAHUHM, KaK O HEKoel
HEMaTepUaIbHOW CyOCTaHIINM, CYIIECTBYIOIICH T/Ie-TO B OpraHU3Me,
cama 1o ce6e. DTO MPOUCXOIUT OT HEMOHUMAHUS TOTO, YTO B IIPUPOJIE
HUYETO HEMaTePHUATBLHOTO HE CYIIECTBYET.

Paccmampugeamv uenoseueckoe co3HanHue Kak o0cooyio
uoeanvuylo (HemamepuanvbHylo) cyoCmManyuilo, NPUHUURUATLHO
OMJIUYHYI0O Om CYOCMAHyuu MamepuaibHoil, ecmsv Oamb
PeUUOZHOMY Mpakobecuro u uodeanucmuueckou guaocoguu,
Komopule AGNAIOMCA KOMHNOHEHMOM UOe0102U4ecKoll peaKyuu,
Hauagwielici 6 KOHUe 08a0uamoz0 6eKa ¢ Kpaxom CO8EMmCKO20
KOMMYHU3MA U ROPOMCOaIOuwieli momaibHoe NOMYMHEHUE YMO6
(A.3unosuves).

Co3nanue — 3T0 CBOMCTBO BHICOKOOPTAHM30BAaHHON MaTEpHH,
a UMEHHO KOpPBI YEJIOBEYECKOT0 rojloBHOro Mo3ra. M ero gyHkmus
JIOCTaTOYHO MPOCTa, OHO 3aHUMaeTcsa 00pabOTKOI U AIeMEHTapHBIM
CpPaBHCHHEM CHUTHAJIOB C OPraHOB YYBCTB, OpraHU3ys UX B BUIE
00pa30B HEHPOHHBIMH CTPYKTYypamH. A Tak e KOMOMHHPOBAHHEM,
npeoOpa3oBaHWEM U COXpaHEHHEM JTUX O0Opa3oB B MaMsTH.
[Ipouiecchl MBIIIIEHUST — 3TO W €CTh MPOIECCH H3MEHEHHUS U
npeoOpa3zoBanusi 3TuX oOpazoB. Cama mamsaTh HHUTIE HE
JIOKAJIM30BaHa, IO3TOMY YTEHUE MBbICIEH HEBO3ZMOXKHO.

Mo3r cocTouT M3 OTrpOMHOrO 4YHCIa HEPBHBIX KIETOK —
HEHPOHOB, OOBEIMHECHHBIX B CIOXHEHIIYIO HEUPOHHYIO CETh H
CIIOCOOHBIX ~ HCIIOJIb30BaTh B MPOIECCe  IKU3HENEATEIBHOCTH
NIEKTpUYECKUE CUTHAIbl. Kakaplii HEHpPOH HMEET MHOKECTBO
OTPOCTKOB — JIEHAPUTOB, KOTOPHIMU OH COCAWHSIETCS C APYyTUMHU
HelipoHamu. OT CIIOKHOCTH M KOJTMYECTBA ATHX COCTUHEHUH 3aBUCUT
Pa3yMHOCTb WJIM UHTEJUIEKT WHIUBUAA.

O06pa3Ho, MaMsATh MOXKHO CPaBHHUTH C OOJIBIION OO0BEMHOM

MO3au4yHON KapTUHON Mupa. M ueM MeHbIIIE 3JIEMEHThI TON MO3auKH,
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TEM BBIIIE JeTanu3alus Kaptunel. [Iponecc odyuenus — 31o npoiiecc
CO3/aHMSI HOBBIX CBS3€M MeXAy HelpoHaMH, MpoIecC MOBBIIICHUS
JeTaln3aluy dTOH KapTHHBI MUPA.

['uGenb nim paspyliieHue, OAHOTO UK JTaXkKe AECATKOB U COTEH
3JIEMEHTOB, O00pa3yloIMX KapTUHY, HE TNPUBOAUT K (haTalbHBIM
MOCIIEACTBHSIM, TaK KaK CBS3M 3TH MHOTOKPATHO IyOJHpPOBAHBI U
MOYTH JIFOOOH 3JIEMEHT JIETKO BOCCTAHABIMBACTCS IO COCETHUM.

UenoBeKk poxkAaeTcs ¢ MO3TOM, B KOTOPOM MHJUTMOHAMH JIET
IBOJIIOIMM YK€ C(HOPMHUPOBAHBI HEKOTOpBIE 0a30BbIE CTPYKTYPHI
CBsI3ei HEHPOHOB, ONPEIEISIIOIINE MOJIETIN CTAaHAAPTHOTO MOBEICHUS
WIM CTapTOBble MHCTUHKTHI, HEOOXOAMUMBIE ISl BBDKUBAHUS TOCIIE
pOoXIeHus. A ero Kopa BHaJajie MPEJCTABISET CO00M CTPYKTYPHI C
XA0TUYECKUMU CBS3SIMH MEXIYy HEHpPOHAMU, KOTOpbIE HEMPEPHIBHO
U3MEHSIOTCS. M YCIIOXKHSIIOTCSA B pe3yjbTaTe Ipoliecca o0yueHus u
60CNUMAHUSL.

M mnpouecc 3TOT O4YEHb MEMJICHHBIH M DHEPro3aTpaTHBIM,
MOTOMY 4YTO 3HaHUSA JOJDKHBI, B OYKBaJbHOM CMBICIIE CIIOBA,
npopacmu ¢ euoe 0eHopumoe Mex 1y Heitponamu. [loaTomy cuutaTth
COJIEp’)KMMOE TaMsITH WM Iepe3amucarb ee, Kak 3TO Jejlaercs B
KOMIIBIOTEpPE HE MOJYy4YUTCs. 3allOMUHATh MO APYromy, MpuUpojia, K
COKaJICHHIO, TPOCTO HE yMeeT U OOEMIaHHus 3aMEHUTh MO3T
JJIEKTPOHHBIM YHUIIOM, KaK MpeJiaraioT, HampuMep, OpraHu3aTopbl
npoekta "Poccus-2045", SBIAIOTCS, TO CYTH, OOBIKHOBEHHBIM
TMICEBJOHAYYHBIM MIAPIATAHCTBOM U HATyBaTEIbCTBOM.

Vyactaukun "Poccum  2045" xoTAT cmenaTh  4elloBeKa
OeccMEepTHBIM, HE TOHHMMAas TOTO, YTO TMBITAaThCS  CHAENATh
OECCMEPTHBIM TO, YTO YK€ caMo 1o cede 6ecCMepTHO, ITPOCTO TITYIIO
1 6€CCMBICIIEHHO.

YemoBek - 3TO  CIOXHBIM  MaTEepHAIbHBIA  OOBEKT,
c(hOpMUPOBAHHBIN OECKOHEUHBIM MPOLECCOM 3BOJIOIUU MaTEpPUU B
TEYCHUH MUJLIHAPIIOB JIET, BOBCE HE SIBISETCS *KUBBIM. [[a 1 BooOIIe
B MPHUPOJIE€ HET HUYEro XUBOro. JKU3HB - 3TO YUCTO PEITUTHO3HOE
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MOHSTUE, BEIb JAKE Takas BBICOKOOPTaHM30BaHHAs MaTepus, Kak
MO3T, COCTOUT U3 COBEPIICHHO MEPTBBIX aTOMOB U MOJIEKYII.

YesoBek, Kak MaTepUATbHBIN 00BEKT IIOCTOSIHHO
BOCIPOM3BOAUTCS MPHUPOIOI 3aHOBO M KUBET OECKOHEYHOE
KonuecTBO pa3. He mymaiite, 4To BaM CHIJIBHO IMOBE3JI0, YTO BBI
XKHUBeTe. BBl KWK UM 70 CBOEro poXxIeHUs M Oynere >KUTh IOCie
Bareil cmeptu. ToabKO BBl HUKOT/IA HE y3HAETE, KEM U TJIe BBl OBLIN
B [IPOLLJION JKU3HHU.

Mo3r — 3TO He IPOCTO KYCOK CEpOro BEIIECTBA B UEPENHOMN
KOpOoOKe, MO3T — 3TO eAMHasl CUCTeMa, UCHOJb3yIouasi B Impolecce
KU3ZHEJEATEIIbHOCTH AJIEKTPUYECKUE CUTHAINIbI, B KOTOPYIO BXOJUT
elle W OrPOMHOE KOJIMYECTBO JATUYMKOB, CBSA3BIBAIOIIUX €ro C
OKPYKAIOIIUM MHUPOM.

DTO M OpraHbl 3peHUsi, OpraHbl CiIyXa, OOOHSHUS, OCS3aHUS.
Mo3sr, ucnonb3ys O3TH DJIEKTPUYECKUE CHUTHAIBI C JAaTYUKOB,
(dopMHpyeT HOBBIE BPEMEHHBIE CBA3M MEXIY HEHpOHaMH, KOTOpHIE
COXPAHSIIOTCS. B TEYEHMM KOPOTKOTO BPEMEHM M  KOTOpPbIE
BIIOCJIC/ICTBUH MPOPACTAIOT B BUJIE ACHIPUTOB, 00pa3ys MOCTOSHHBIC
CBSI3H, COXpaHSIOIIMECS BCIO )KU3Hb. be3 3TUX CUTHAJIOB C IaTYMKOB
HE MOJKET OBITh HUKAKOTO CO3HAHUS U HUKAKOM MaMsATH, TIOTOMY UTO
3alIOMUHATh-TO OOJIBIIIE HEYETO.

W Tak kak BpeMEHHbIE CBS3HM JIOBOJIBHO OBICTPO HCUE3aloT,
"mepuoA nostypacnaga'’ naMmsTH IpUMEPHO OJIHU CYTKHU, MO3TY HY>KEH
NepEepBIB AJIs CHA, BO BPEMsI KOTOPOT'O JE€HAPUTHI MHTEHCUBHO PacTyT.
OTH CBS3W MEXAY HEHpOHaMH MHOTOKPATHO IyOnIHUpYIOTCS B
nporecce OOY4YeHHS M HEOJHOKPATHOTO IOBTOPEHHUS, IOITOMY
rubenb HEMpPOHOB OT CTAapOCTH MM HEXBATKU KHCIOpOJa He
NPUBOJIUT K (haTalbHBIM MOCIEACTBUSIM IS MamMsATH. Pa3pyiieHHbie
CBSI3W TTOTHOIIMX HEUPOHOB OEpyT Ha ceOs coceHue.

N 5Tu cBsI3u MeXy HEUPOHAMH Y Pa3HbBIX JIIOAEH COBEPILICHHO
pa3linyHble, MO3TOMY K OJMHAKOBBIM BBIBOJAM pa3HblEe JIOJIU
NPUXOJAT B PE3yJbTaTe€ COBEPIICHHO PAa3IUYHbIX JIOTHUYECKUX
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noctpoeHuid. B mpupose HET u He MOXKeT OBITh JABYX MO3IOB C
OJIMHAKOBBIMHU CBSI3SIMU MEX1y HEHPOHAMH, KaK HE MOXKET OBITh JIBYX
JECOB C JIepPEBbSIMHU, HMEIONIMMU  aOCOJIIOTHO  OAMHAKOBYIO
KOH(UTypaluio BETBEMH, a T03TOMY 3aIIMCATh BCE 3T CBSA3U Ha JPyron
HOCHTEJIb WJIU NIEPEHECTH UX Ha KAKOW-TO JPYTrOiM MO3T, HEBO3MOXKHO.

[Toromy 4TO IS 3TOTO B 3TOM JPYrOM MO3r€ HYKHO Oyner
COTHH MWJUTMAPJOB JACHIPUTOB OOOpBaTh W IMPOPACTUTH 3aHOBO,
COIJIACHO 3TOM 3anucu. Mo3r — 3T0 He KOMITIBIOTED, T/1€ JJOKAIN30BAHO
BCE — OIEPATHBHAs U [JOJIOBpEMEHHas IMaMATh, MPOLECCOpP, 3TO
opras, paboTarONUil Ha COBEPLIEHHO MHOM IIPUHLUIIE.

Tonbko mronu, cuMrTaromue ceds YYEeHbIMH, 3TOrO He
MOHMMAIOT U II0-BUMMOMY €II€ JOIr0 He NOUMYT. IMEHHO mosTOMY
BCSI COBpEMEHHAs HayKa HaXOAMUTCA B IUNIAYEBHOM COCTOSTHUH, TaK KaK
YUEHBIE MPAKTUYECKH YXKE Pa3ydUJIUCh IOJIb30BaTbCS pa3zyMoM, a
OpPEANOYUTAIOT OoJiee JIETKUN MyTh — MCIOJIB30BAHUE MHCTUHKTOB,
KOTOPBII He TpeOyeT OONBIINX 3aTPaT SHEPTUH.

NMeHHO 1OPTOMYy OHM HE JyMmas, HAacKOJIbKO 3TO
COOTBETCTBYET (PM3UYECKOM pEaTbHOCTH, TYIO IIOBTOPSIOT T€
HEOBUTUIIBI O KBAHTAX M YEPHBIX AbIPAaX KOTOPbIE UM KOTJa-TO BOMIN
B TOJOBBI, IOAKPEILIAA BCHO OTy 4Yyllb MAaT€MaTUYECKUMH
dbopmynamu. I HUKTO HE maer cebe Tpyaa pa3oOparhCsi, B KaKOH
CTENEeHU 3TU (OPMYJIIBI COOTBETCTBYIOT (DHU3NUYECKON PEATBHOCTH.

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

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

KonuuecTBO HEHpPOHOB B MO3re, HUCKIIOYas €CTECTBEHHYIO
yOBbLIb, BCIO KM3Hb OCTA€TCS MOYTH HEU3MEHHBIM, TaK KaK OHH HE
UMEIOT MEXaHU3Ma JIeJIeHHsI, TOTOMY YTO OHO IOCTOSIHHO HapyIlIaio
Ob1 paboty wmo3ra. Ho napyroro cmoco6a oOydeHHs y KHUBBIX
OpPraHU3MOB HET U, B 0003pUMOM OynyIIeM, €1Ba JIU MOSIBUTCSL.

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

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

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

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

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

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

[lo3nHuMu Opakamu, BO3MOXKHO U OOBSCHSETCS PHIBOK B
TEXHUYECKOM PA3BUTUHU €BPOIEHCKOW HUBWIM3ALMU B OTIMYHHU OT
OMMKHEBOCTOUHOM WM a)pUKAHCKOM, TZIe BCErja MpaKTHKOBAIHChH
OYCHb paHHUE Opaky, B 14 JeT u gaxxe paHblle.

19. OB 3BOJIIOIIUU PA3YMA

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

OTPOMHOE KOJMYECTBO Pa3HOOOPA3HBIX OMOIOTUYECKUX OPTaHU3MOB,
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NOMUYUHSIONINXCS  HMHCTUHKTY  AoMuHUpoBaHus. CyTb  3TOro
OCHOBHOTO HWHCTHMHKTa 3aKjJIIOYaeTcs B TOM, 4YTO B CIIEICTBUU
JEMCTBHUS BTOPOTO Havajla TEpPMOIMHAMUKH, JTF00ast 0COOb CTPEMUTCS
3aHATH HanOoJIee BBITOIHOE MOJI0KEHHE, CpeIn ce0e MOT00HBIX.

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

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

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

Ho ¢ nmpyroii croponsi, "BoliHy u mMup" Herp HUKOrjga He
HanumeT. OgHako BEpHEMCs K HammMm Oapanam. B moboii crae
MOCTOSTHHO TIPOUCXOMAST MENKHE KOH(MIUKTHI M CTBIYKH, B KOTOPBIX
KKIBIN YJICH CTau TIOJTBEPKIACT CBOE IMOJOXKEHUE B HEPAPXUU. ITO
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MO3BOJISIET MOJIOBIM U CHJIBHBIM OCOOSIM B TpOIlecce B3POCICHUS
NPOJBUIaThCsl  BBEPX IO  HMEPAPXUYECKOM  JIECTHULE,  YTO
ABTOMATHUYECKH TMPUBOJUT K TOCTOSSHHOW pOTalMU '"TpaBsIieit
BEPXYIIKH".

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

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

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

[ToaTOMy B AMKO¥M MPUPOJE MPAKTHUECKH BCE OCOOM MMEIOT
IIaHChl OCTABUTh IOTOMCTBO, KPOME pPa3Be€ YK CaMbIX XWIbIX H
OOJIbHBIX, a 3HAYUT YTBEP)KICHHUE, YTO "BBDKHBACT CHUJIbLHEHIHN", B
npupoje He paboraer u sBusgeTcs 3abmyxnaenueMm. [Ipupoma
UCIIOJIB3YET COBEPLICHHO JPYroM, BecbMa JIE€MOKPAaTUYECKUU

116



Beonroyust MATEPHH

MPUHIINI, & UMEHHO, "Tmorubaer ciadeimmii’, B IpOTUBHOM Cly4yae
Ha 3eMJI€ OCTAJIUCH ObI TOJIBKO CIIOHBI U KUTHI.

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

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

20. Ob UHCTUHKTAX 1 MBIIIVIEHUH

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

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

HpHMHTHBHBIﬁ Tj1a3, B BUAC HCPBHOI'O OKOHYAHUA, YYBCTBUTCIIBHOT'O
117



Anexcandp BECEAOB

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

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

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

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

NHCTMHKT — 3TO CTaHAapTHasT MOJENb IIOBEJICHUS,
OoTpa0oTaHHAsT W OTTOYEHHAs MPOIEeCcCOM HBomtonMu. JIF000BH K
OMIDKHEMY, HaIIPUMED, 3TO TOXE MHCTUHKT - MHCTUHKT BOCIIUTAHUS
noromcTBa. Ecnmu pomgutenu B mpupoge OpocaroT MOTOMCTBO Ha
IPOM3BOJI CyAbOBI B MJIaICHYECKOM BO3pacTe 0e3 3aIluThl, TO OHO HE
JIO’KMBET JI0 B3pOCIJIOrO BO3pACTa U HE OCTaBUT CBOET0 MOTOMCTBA. To
€CTh POJI HAa ’TOM MOET 3aKOHUUTHCS.

Tak BOT B pe3ysbTaTe SBOJIONHMHA CMOTJIM BBIKUTH TOJBKO TE
BUJIBI  JKMBOTHBIX, KOTOpbIE 3a00THWJINCh O TIOTOMCTBE [0
"coBepuieHHoJIeTHs".  Buasl, B KOTOpBIX O3TH  KadecTBa
UTHOPUPOBAINCh M HE 3aKPEIUBUIMCh, MPOCTO HE BBDKWIA M B
HACTOSIIee BPEMs HE CYILIECTBYIOT.
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A Temepb BO3bMeEM 0oJiee CII0KHBIN OpTaHu3M, C MO3TOM yKe
COTHAU B JBE€ HEHPOHOB, KOTOPBIA YK€ MOMKET «MBICIHUTH>.
[IpencraBpTe, 4TO OH BUIUT MUILY, KOTOPYIO MOKHO MOMMATh IBYMsI
criocobamu. JInGo mepedexarh HAMPSMYIO Yepe3 OCBEIIICHHOE MECTO
U CXBaTUTh, JMOO JUIsI TOTO K€, MOAKPAcTbCsi B 00Xod TIO
HEOCBELICHHOMY MecTy. IlepBbIil BapuaHT ypeBaT TeM, 4TO Korja
OXOTHHK BBIWJIET HA CBET, MHINA €T0 YBUIUT H MOXKET YCIIETh YAPaTh.
K Tomy e u cam 0XOTHHUK PUCKYET, BBIXO/ISI HA CBET - €0 TOKE MOTYT
CXBATHUTh U COXKPATh IPYTHE OXOTHUKHU.

Bo BTOpOoM Bapuante, 1moka OH KpaJeTcsl M0 TEMHOTE, MHIIA
TOKE MOXKET yOexaTb Win €€ KTO-To JIpyroi coxper. Ho 3aTo 3ToT
nyTh Oe30MacHee, OXOTHUK, IMYCTh JaXKe W TOJIOAHBINA, HO XOTh B
JKUBBIX OCTAHETCSI.

JlpyruMu clioBaMu, pelieHHe B pe3yabTaTe MBIIUICHUS WA
CpaBHEHHSI JABYX BapHUAHTOB JCWCTBHUS, MOXET OBbITh, Kak
MPAaBUJIBHBIM, TaK ¥ OIIMOOYHBIM. B repBoM BapuaHTe eCTh OOJIbIIas
BEPOATHOCTh MOTUOHYTh, a BOT MOCTYNUTh TaK, Kak MpearaeT
WHCTHHKT - 00Jiee pa3yMHO.

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

U1 xorjga HEKTO HAUYMHAET YTBEPKAaTh, 4To (Gopmyna F=mc?
HEBEpHa, MOJaBJstoniee OOJBIIMHCTBO HAYMHAET €r0 CMELINMBAThH C
rps3pio. BoBce HE MOTOMY, YTO OHM MPHUILIU K 3TOMY B pPe3yJbTaTe
MBILIUIEHUS], @ MIPOCTO MOTOMY YTO BOCIIOJIb30BAJIUCH CTaHJAPTHBIM
METOJIOM Tiepedopa TeX 3HaHUH, KOTOPhIe OBUTH BOUTHI UM B TOJIOBHI
B IIKOJIaX ¥ MHCTUTYTax. MK 1Mo CyTH, HHCTUHKTOM. JTO HaMHOTO
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npomie U He TpeOyeT 0co0oro yMCTBEHHOTO HampsikeHus. Huuero
IJIOXOr0 B 3TOM MOBEJIEHUU HET, pa3Be KpOME TOro, 4TO OHO YKe He
IpeJnoiaraeT HUKaKoro JalbHEUIEro pa3BUTHSL.

A Temepb HECKOJIBKO CJIOB 00 OCO3HAaHWU COOCTBEHHOTO fl.
JIro0oit opranusm, 00aIalOIIMK pa3BUTON HEPBHOM CHUCTEMOM, cam
cebst Kymath He OyzeT, MOTOMY KaK OIIyIIaeT ce0s KaK OJIHO IeNoe.
Opnako, omrymieHue ce0s Kak 1eJIoro OpraHu3Ma, enie HeJJoCTaTOYHO
JUTSE OCO3HAHUS ce0sl KaK MHIUBUIYATbHOCTH WIH JTUYHOCTH, HHAYE
BCE JKMBOTHBIC OBLTU OBl JTUYHOCTSMHU M COCTABHIIA OBl OTPOMHYIO
KOHKYpEeHLHIO uenoBeky. [IpencraBpre ToNbKO ceOe TUrpa uiM aaxe
co0aKy C MHTEJUIEKTOM YeJIOBEKa.

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

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

OHH MOTYT OnpeAensiTh CTENeHb OMAaCHOCTH, B 3aBUCUMOCTH
ot obpa3a xkuBoTHOTO. HO 370 He cTpax. Kocyns yaupaer ot remapaa
HE MTOTOMY, 4TO OOUTCS OBITH ChECHHOH, @ TPOCTO B CHITY HUHCTHHKTA.
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Kak Tonbko remap/ u3-3a yCTaloCTH MPEKPATUT MPECIeIOBaHUE, TYT
K€ OCTAaHOBUTCS M IpecieayeMas kepTBa. W yxe uepe3 necsiTok
CEeKyHJl OHa OyJneT MHUPHO TAacTHUCh, HE oOpalas Ha HEro 0coOoro
BHUMAaHUSI.

WHCTUHKT IUCTAaHIIMPOBAHUS €CTh U y XUIIHUKOB. Eciu BbI
HEOKUJAaHHO TOSIBUTECH Ha HEOOIBIIIOM PACCTOSIHUU AaXKe€ OT CHITOTO
TUTpa, OH HamaJaeT He pa3ayMmbiBas. Ho ecnu 310 paccrosiHre OyneT
0OJBIIE HEKOTOPOTO KPUTHYECKOTO, OH MPEANOYTET HE3aMETHO
yIATUTHCS.

W3 mpocThIX MHCTMHKTOB Tak ke OepyT Hayaio, u
MPAKTUYECKH JII0ObIe HpaBCTBEHHbIE IPUHLIUIIBI. Bo3bMeM, Hanpumep
3a00Ty 0 moromcTBe. [loueMy Bce >KMBOTHBIE 3a0O0TITCS O CBOMX
neteHbimax? MoxeT ObITh 3TO MM BHyI rocmonb? Jla, Her,
KOHEYHO, 3TO CJIEJICTBHE JIEUCTBUS MPOCTOTO UHCTUHKTA.

Ecnu ponurtenu He cTaHyT 3a00TUTCS O CBOEM MOTOMCTBE, a
Oyayr OpocaTh JAETEHBINIEH Ha TMPOU3BOJN CyAbOBI cpa3y Iocie
pOXIeHMs, TO elBa JIM UX poja Mporonkurcs. Bce onHum moka
OecrioMoInHbIe OyyT CheIEHBI U POJI HA ATOM IpekpaTtutcs. Ho korna
ponuTen o0ydaroT U ONEKaloT JAETEHBIIIEN A0 B3pOCIOro BO3pacTa,
TO UM JIerye BBDKUTH U B CBOIO OUepe/ib IPUHECTU CBOE MOTOMCTBO,
KOTOpo€ OyJeT MOCTYyNaTh Tak Xke.

A crnenoBaTeNnbHO TaKUE YEI0BEUECKHE KauecTBa, KaK MOPaJlb
U HPaBCTBEHHOCTHh OEpyT Ha4yallo U3 OOBIYHBIX WHCTUHKTOB, 3 BOBCE
HE OT KaKOT0-TO MH(HYECKOTO CYIIECTBA, BIOKHUBIIETO, SKOOBI 3TH
MOHSTUS B COBHAHHE YETIOBEKA.

JIrogu, HE MOHMMAas TaKOM MPOCTOM 3aBUCUMOCTH, COUMHSIOT
CKa3KH O pa3yMHOCTHU MPUPOJIBI, KOTOPOH y He€ HUKOTIa He ObuT0. B
IPUPOJIe HET pa3yMHOCTH, BCe ropasio npoiue. [louemy, Hanprumep B
IpUpOJIe HE BCTpeyaroTcs Oesble TUrPbl, HO 3aTO IMOJHO OembIX
mensenei? Jla moromy 4To O€NBIA TUTP HE CMOXKET BBDKUTH B
YCIIOBHSIX caBaHHBI. OH CIIUIIKOM 3aMETEH U HE CMOKET MOJIKPACTHCS
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K 100b19e. OH MPOCTO YMPET € TOJIOY, TaK U HE OCTaBUB MTOTOMCTBA.
Takast e cuTyanus 1 ¢ MeJIBEASIMH.

[TpuBeny emre mpocToii mpuMep ¢ KoJoHueH 6akrepuid. Eciu B
yamky [leTpu comepkalyro NUTaTeIbHYIO Cpey ¢ KOJIOHHEH KaKHX-
A100 OJHOKJIETOYHBIX KAITHYTh KAIUIIO CaXapHOI'o CHpOIa, TO 4Yepes
napy MHHYT B 3TOM Karuie cobepyrcst Bce OakTepun. Ilpuiyem cambie
KPYIIHBIE OKa)XXyTCs B CaMOM cepeiuHe 9TOM Karui. HUKTO U3 y4eHsIX,
KOTOPBIX 1 CIIpaIInBa, He MOT OOBSICHUTH, KAK OHH 3TO JETAI0T.

[IpakTuyeckn kak Oe3rpaMOTHBIC OOBIBATENH, OHU HECIHU
KaKylo-TO 4yllb O TOM, YTO OaKkTepuHu, NpH ABMIKEHUH CIIy4aiiHO
nonajgas B CHpOIl, IepecTaroT aBurarbcsa. Iloromy dro Tam Mou
SHEeprus MUHMManbHa. M 3TO mpu TOM, YTO Y OJHOKJIETOYHBIX HET
HUKAaKUX OPraHOB OCS3aHMs WM OOOHSHUSA, U TeM Oosiee HUKaKUX
opranoB ABwKeHHsI. C TOUKH 3pEHHUsI HACTOSAIIECH TEOPUH, 00bICHEHHE
3TOrO0 "(eHoMeHa" IEMEHTaPHO.

Kamist cupona mocTeneHHO pacTBOpsieTcs U Ha MeMOpaHe
KJIETKH, TOIMABUIEH B 30HY €€ JEHUCTBUS, BO3HUKAET OCMOTHYECKOE
naBiieHHe, OOYCJOBJICHHOE pa3HOCTBIO KOHIIEHTpAlUil cupomna
CHapyxHu W BHYTpU KieTkd. Co3maeTcsi MOTOK MOJIEKYJ caxapa,
HalpaBJIeHHBIH CKBO3b 000JI0YKY BHYTpb KieTku. Ho Tak kak c
pa3HbIX CTOPOH KJIETKM OCMOTHYECKOE JIaBIEHUE PA3INYaeTCs, TO B
pe3yabTaTe 3TOW pa3HOCTH JABJICHHM, KJIETKA HAUMHAET IBUraThCs B
CTOpOHY Oouiblel KoHIeHTpauuu cupona. Kornma kierka pocruraer
CepelIMHbl Kalljk, KOHICHTpalMs BbIPAaBHUBACTCS U JIBUKCHHE
IPEKpaIaeTCs.

[TpumepHO TakuM k€ 00pa3oM OOBACHSICTCS U XAaOTHUECKUI
3UI3aroo0pa3Hblil MOJIET UM Oer HACEKOMBIX. Y HMX MPAaKTUYECKU
HET MO3Ta M NOYTH HET HEPBHOM CUCTEMBI, MOITOMY HACEKOMBIE
MPEACTABISIIOT CO00M OHOPOOOTOB, PYKOBOJICTBYIOIIMXCS TOJIBKO
JMIIb CUTHAJAMU C OPraHOB OOOHSAHUS, YyBCTBUTEIBHOCTh KOTOPBIX
npocTto mopasurenbHa. OHM Pa3nIuya0T HUYTOXKHYIO pasHUIYy B
KOHIICHTPALIUU MOJIEKYJI ITHILU B BO3yXe€.
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Kppiio wim HOTM HAaceKoMOro coO CTOPOHBI OoJbIueit
KOHIIEHTPALUU POCTO HAYNHAKOT ABUTAThCS MEJIJIEHHEE U HACEKOMOE
MOBOPAYMBAECT B CTOPOHY OOJbIIe KOHIEHTpamuu. Ho Tak kak
BO3/lyX BCE€ BpEMsI IEPEMEIINBAETCS BETPAMH, CUTHAJIBI IIOJIy4aeMble
MBILII[AMU OT OPraHOB OOOHSIHHMSI XAOTHMUYECKH H3MEHSIIOTCS U B
COOTBETCTBUM C HHUMHM XAOTUYECKH H3MEHSETCS U HalpaBlICHHUE
noJieTa uiu oera.

A celiuac HECKOJILKO CJIOB O BeuHOH ku3HHU. Ilomasistromas
Macca MPOCTBIX OOBIBaTENeH CYMTaeT, YTO y HHUX ecTh ayma. U
npoueHToB 50 yBepeHbl B TOM, YTO 3Ta camas Jylla MOCTOSHHO U
HEIPEPBIBHO NIEPECEIACTCS. B HOBOE TENIO U XKUBET BeuHo. Ho camoe
3a0aBHOE B TOM, 4TO JylIa 3Ta HUKOMY M HE JIJIsl 4ero, COOCTBEHHO U
He Hy)KHa. A 3adem oHa? Ecnu Obl B HEl COXpaHSIIHCh KaKue-HUOYIb
OCTaTKU 3HaHWH, TOorma MOHATHO. Poxuics peOeHoK, MOMydH
oOpa3oBaHHYIO Iylly W HAaTe BaM, TOTOBBIA akaaeMuk. OgHAKO
KQKJIbIII HOBOPOXJICHHBIA BBIHYXICH YYUTHCA TOBOPHUTH, XOIUTH,
MUCaTh, YUTATh. .. BCIO )KU3HB MPUXOTUTCS 4eMY-HUOYIb YIUTHCS.

BpIxXoaut, 4TO U HET HUKAKOM AYyLIH, a ECTh IPOCTO CO3HAHUE,
KaKk CBOMCTBO OpraHuyeckol marepuu. Ku3Hb - KaK CIEICTBHUE
3BOJIIOLUHA MAaTEPUH B CUILY MPOCTBIX 3aKOHOB IIPUPO/IBI, & CO3HAHUE,
Kak e€ cBoicTBO. M Hama >KU3Hb — 3TO HE KaKOW-TO YJayHbIA M
peaJalimmii ciryqaid, a camasi HacTosIas Hen30€KHOCTh. DTO MPOCTO
OuYepesHOEe 3BEHO B OCCKOHEYHOH EeNM POKIACHUN U cMepTeld. Mbl
Hen30exkHO "KuBeM' OEeCKOHEYHOEe MHOXKECTBO pa3. ToNbKO MbI
HUKOT/1a He Oy/ieM TIOMHUTH K€M MBI OBLTH B TPEIBIYIINE KU3HA U
KOKIBIA pa3 OyaeM YYHTh BCE€ 3aHOBO U CUMUTATh, YTO HAM CTPAIIHO
MIOBE3JI0, YTO Mbl POJIUJIUCK.

bonee Toro, B cuily HEM3MEHHOCTH 3aKOHOB NPUPOJBI IS
10001 TOUYKH BCEICHHOM, Mbl MOKEM MOSBISATHCS TI€ YTOAHO U KeM
YTOJHO, B JI00OH CTpaHe W Ha JIFOOOH W3 0ECKOHEUYHOTO MHOXKECTBA
IJIaHET, Ha KOTOPBIX CYLIECTBYIOT TMOJIXOJAIINE YCIOBUS MJif
CYIIIECTBOBAHMS OPraHUYECKUX MOJeKyl. 1 HaBepHOe, Bceraa Oyaem
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CUMTATh, YTO HAIIIA TUTAHETA SIBJISICTCS UCKITIOYCHUEM U OyIeM rajaaTh,
CYIIIECTBYIOT JIK BO BCEJICHHOM Apyrue oOuTaembie rmianeTsl. M korma
MBI CMOKE€M TIOJIETETh Ha HHMX, MBI HAHJEM TaM COBEPIICHHO TaKUX
Ke, Kak ¥ Mbl, oourareneid. Jla u mimaHeTsl OyAayT MOXOXH JIpYyr Ha
Jpyra, MOYTH KaK JBE KaIlJyd BOMBI. ..

21. O TEOPMM OTHOCHUTEJBHOCTH

Teopusi OTHOCUTENIBPHOCTH DWHIITEHHA, KaK OCHOBaHHAas Ha
HENOHMMAaHUU CYIIHOCTH TpaBUTAllMM MaTeMaTH4ecKas MOJieb,
HalpaBWjia HAyKy IO JIOKHOMY NyTH W 0ojiee 4eM Ha CTOJIETHE
3atopmo3uia ee pazButue. [lonbiTka 00bICHEHUS TPAaBUTAILIMN HEKHM
"MCKpPUBJIEHUEM" TIPOCTPAHCTBA-BPEMEHH, HE BBIIEP/KUBAET HUKAKOU
KpuTHKU. Benp s Toro, 4ro Obl OOHAPYKUTH TO HCKPHUBIICHUE,
HY)KHO, KAK MUHUMYM CPaBHUTH €TO C YEM-TO MPSMBIM.

A WICKpHBIICHHE BPEMEHH — 3TO BOOOIIE KaKOW-TO BCEICHCKHIA
Open. Ho tak kak BcesneHHasi OECKOHEYHA M HUYETO MPSIMOTo, ¢ YeM
MO>XHO OBUIO OBI €€ CPaBHHTH, 3a IpeaesiaMu €€ OECKOHEYHOCTH HE
HaOIOJaeTCs, TO paccykaaTh 00 ATOM MOXHO OECKOHEUYHO JIOJTO,
COBEPIIICHHO HE OIacasiCh, YTO TBOKO JIOXKb OBICTPO pazodmayar. U
Ja)kKe HACOYMHSATH CKa30K O MHOKECTBE BCEJIEHHBIX, 10 KOTOPHIM
JaKe MOYKHO YBJIEKATEIILHO TOIMYTEIIECTBOBATh, IPOHUKAS U3 OJHON
B JPYT'YIO Yepe3 "KPOTOBBIE HOPBI" WIH "4epPBOTOUYUHBI".

[IpyHIMI OTHOCHTENBHOCTH — OTO, IO CYTH OOBIYHOE
NPOSIBIICHUE  NPHUHIWINA  KOMMYTAaTUBHOCTH  MaTeMaTUYECKUX
onepanuii. Benp coBepiieHHO HEBaXXHO MPUOABIISIETE BB JIBA K TPEM
WM TPU K IBYM, B pe3yJIbTaT Bce paBHO Oyzet math. [llaras mo zemie
BIIOJIHE MOKHO CUUTaTh ce0sl MOKOSMIMMCS U JABUTAIOIIMM HOTaMU
3eMJIF0 BMECTE CO 3BE€3IaMH, TaJJaKTHKaMU U BCEH OECKOHEYHOM
BCEJICHHOH. Bce popMybl MEXaHUKU OCTaHYTCS HEU3MEHHBIMHU.

C ToukM 3peHMs MaTeMaTuku, cucrema KomnepHuka

IIPAKTUYECKU HE HMMEET HUKAKUX IMPEUMYLIECTB IEpel CUCTEMOU
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IItonomes. Benp oM NOpeKpacHO  yMEIU  PacCUMUTHIBATH
307iaKaIbHbIE [TOJI0KEHUS, JIYHHBIE U COJTHEUHbIE 3aTMEHUS, JIaXkKe He
npeamnonaras, 4ro He 3emis Bpaiaercss Bokpyr CoiHIa, a coBceM
Jaxe HaoOopoT. Imsi MareMaTwkyd 3TO COBEPIIEHHO Oe3pa3inyHoO,
(bopMyIbl OT 3TOTO HE MEHSIOTCS, HO C TOYKU 3pEHUS] PU3UKU - TO
abcypa. OcobeHHO Korja M3 MaTeMaTUYeCKUX IpeoOpazoBaHUN
MBITAIOTCS BBIBECTH KakKWe-TO (U3NYECKUE HCTHUHBI, KOTOPBIX B
MaTeMaTHKE HET U OBITh HE MOXKET.

Onnako  ydeHble YK€  HAacTOJNbKO  3amyTaluch B
MaTeMaTUYECKUX NMPeoOpa3oBaHMsIX, YTO COBEPIICHHO HE 3aMeYaroT,
YTO NMPEBPATUIM HayKy B OaHAIbHYIO HyMeposoruto. Ho HeBo3MoXHO
HaJyBaTh MbUIBHBIA My3bIph OeckoHeuHO. OH Bce paBHO PAaHO WIIU
MO3/IHO JIonmHET. Bce HaydHOe coo0ImecTBo, ¢ 3TOW TOUKH 3pEHHS,
NPEJCTaBISIETCS  TOJIMON TMPUMUTHUBHBIX JHUKAped, HaIIeAmnX
JBUTATENh BHYTPEHHETO CTOPAHUS U MBITAIONIUXCS TIOHATh MPUHITUT
€ro JEUCTBHUs, U3ydas CTPOCHUE JETAIIEH.

Pa3o0paB ero Ha 4YacTM W pacTalluB MO XWKUHAM, OHH
NBITAIOTCA C MOMOIIBI0 U3YUYEHHUsI Pa3MEPOB OTIEIbHBIX JIeTajeH,
MoJicYeTa KOJMYECTBA KaHABOK JUIsl MOPUIHEBBIX KOJEI[ U 4YHcia
3yObeB Ha BEHIIE MaxOBHKa, a TaK K€ MPOObI CMAa30YHOTO Macia Ha
BKYC, MIOHSTh IPUHIIUII €TI0 JICUCTBHUS.

N gem Oonbliie oHM yriTyOJIsSIOTCS B M3YUYCHHE JICTANICH B 4YeM
OOJbIIIe HMCIUCHIBAIOT CTEHHI memep Gopmyiamu, TeM Bce AalbIie
yXOIAT OT moHuManusi. U yxe Te, KTo nmocnadei pa3yMmoM, HAUMHAIOT
OOBSCHATH ero paboTy HEKUMU OO0XKECTBCHHBIMU CHUJIAMHU WIU
KaKUMHU-TO MU(PUIECKIMH KBAHTOBBIMHU 3aKOHAMHU.

22. O MATEMATUKE U ®U3UYECKOM CMBICJIE

Cnenoe TpEKIOHEHHE HAY4YHOrO COOOILECTBA, IEpe]
MaTE€MaTUKOM, KaK LApULENd HAyK, IEpelyTaB €€ CO CIyKaHKOH,

OKa3aJI0 YYEHBIM MEIBEXKbIO YCIYry, NPEBPATUB HAyKy B HEKOE
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noJo0ue XMPOMAHTHH, CO CBOMMH IIaMaHaMH, MPOPULATENSIMU U
ToJIKOBaTeasiMU. CTpOro roBops, MaTeMaTHKa BOBCE HE SBISETCS
HAyKOM, a BCEro JIMIIb KPATKUM U JOBOJIBHO IPUMHUTHBHBIM SI3BIKOM,
KOTOPBIM OIIUCATh aXe MPOCTYIO0 OKPYKHOCTb MOKHO TOJIBKO OYEHb
MPUOJIU3UTENHHO.

CrpemieHHe BBIBECTH U3 MAaHUIYJSLUUH aOCTpaKTHBIMU
MaTeMaTHYECKUMHU CHMBOJIAaMH U (oOpMyJlIaMHU Hekue (u3ndecKue
UCTHUHBI, TPHUBEIO K H300pPETEHUIO IMOHATUH, HE COBMECTUMBIX C
3aKOHAMM INpUpoAbl. MaTeMaTuKoMl, Kak KpPaTKUM SI3bIKOM, MO>KHO
OINucaTh Kakoe-1100 sIBIEHUE, HO OOBSICHUTD €r0 OHA HE B COCTOSTHUH,
IIOTOMY YTO CO3AA€T TOJBKO HILIIO3HUIO IOHUMAaHUS.

B otnnunu oT MaTeMaTHKH, B IPUPOJE HE CYLIECTBYET HUUETO
OTPHLIATEIBHOTO WJIX MHUMOTO, TIO9TOMY B HEH HET M HE MOKET OBITh
HUKAaKOM aHTUMaTepuu. B HeW HET HU MHTErpajioB, HU KBAAPATHBIX
KOpHe#, Hu cuHycoB. [IoToMy 4TO CHHYC — 3TO He Kakas-HHOYyIb
¢du3uueckas BEJIMYMHA, a BCETO JIUIIb OTHOILICHUS BEJTHYUH.

U yxe et uepes3 cTo NOTOMKH OYIyT MOKaThIBATHCS CO CMEXY
Ha/l TaKUMU "Hay4YHBIMH' TEpiamMH, Kak O030HBI XWITCa, YepHBIC
IbIpbl, pydku Ywunepa, koTel I[peaunrepa u  npouyumu
MOPOKJICHUSAMU TIPUMHUTUBHOTO co3HaHus. Kak ckazanm oIHaXnIbl
OWHIITEHH, MaTeMaTHKa — 3TO EIUHCTBEHHBIM CIMOCOO MPOBECTH
camoro ce0s 3a Hoc. M cam e 1o yIu B 3TO BIISAMAJICH. ..

I'paBUTaLIMOHHBIN KOJUIAIIC U AKKPEL s, KaK ITOAHATHE CAMOIO
ce0s1 3a Bosockl. bonbioi B3phIB, Kak TBOPEHHE MAaTepUH U3 HUYETO.
MonekyasipHO-KMHETHYECKasi TEOPHS K TEOPUs CTPYH, Kak 00pa3unuKu
BEYHOTO JIBUTATEN W MHOXECTBO JPYTUX aOCypIOHBIX U
0OECCMBICIIEHHBIX TMIIOTE3, BBIBEACHHBIX U3 MaTeMaTHYEeCKHX
npeoOpa3oBaHMii, MajI0 YeM OTIMYAIOIIHUXCS OT OMOJICHCKUX CKa30K U
COYMHEHUH (PaHTaCTOB, CO BPEMEHEM HaBCETAa UCUE3HYT U3 HAYKH.

Benp HeynuBUTENBHO, UTO TEOpHs OOJNBIIOTO B3phIBA, Kak
00KECTBEHHOE TBOPEHHE MAaTEpUH M3 HHUYETro, ¢ OOJBIION OXOTON
Obula MpH3HAHA PENMTHO3HBIMU MpakoOecamu Barukana. Hemnb3s
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OTpPHUIATh TOTO, YTO MATEMATHUYECKH MOXHO MOCUUTATh HACKOJIBKO
YBEJIMYUTCS JUIMHA JKEJIe3HOM JTMHEWKH MPU MILJIMOHE IPalycoB, HO
o0cyXJaTh MpU ATOM €€ CBOWCTBAa MOTYT pa3Be YTO yMaJIUIICHHbIE,
MOTOMY YTO HU IPU TaKOM TeMIiepaTrype OHa MPOCTO HE CYIECTBYET.

OpnnHako, HECMOTPSI Ha 3TO, NICEBOYUYEHBIE Ha TIOJTHOM CEPbEe3e
OTHCHIBAIOT, HAIPUMED, YEPHBIC ABIPHI, KaK OYATO yXKE MONTYIATH UX
COOCTBEHHBIMH PYKaMU, TOBOPST 00 aKKPELWH, KaK MaJCHUHA MaTePUHU
camoii Ha ce0s, Kak OyITO BHIENH 3TO TAe-TO BoOuMI0. OmnucaHus
pa3IMYHBIX MapaJOKCOB, HEOOBACHUMBIX A(PQPEKTOB U SBICHUM,
AKOOBI CYIIECTBYIOIUX B MPUPOJE JaBHUHOW JILETCS C OSKPaHOB
OOJIBIIMHCTBA TEJIEKAHAJIOB U YK€ IPEBPATUIIOCH B JOXOIHBIN OM3HEC
Ha HEBEXECTBe O0ObIBaTele M TaKk HE CUJIBHO OOpEeMEHEHHBIX
CIIOCOOHOCTBIO K MBIIIJICHUIO.

U camoe cTpaiiHoe, 94TO HACTOSIINE yUeHbIC TIPU ITOM HHYETO
HE MOT'YT BO3pa3uTh. B X Cpefe HEBEXKECTBO YK€ JTOCTUIIIO TaKOU
CTETIeHH, YTO MHOTHE U3 HHUX BEpAT B O0Ta, a HEKOTOPBIC TaXKe U HE
CKPBIBAIOT 3TOTO. bosiee Toro, B HEKOTOPHIX YUEOHBIX 3aBEJICHUSIX YKE
JIENTal0TCs MOMOJI3HOBEHUST YUpeauTh Kadeapsl 6orocioBus. U s He
VIUBIIOCH, YTO B CKOpPOM BPEMEHHM JOWJET ouepeapr U J0
BO3POKJICHUS CBITEHIIIEH NHKBU3HUIIUY.

VYyeHble U caMM YK€ JTaBHO NMPEBPATHIIMCh B TOJKOBATENEH
pe3yabTaTOB  MaTeMaTHYECKUX  MpeoOpa3oBaHUM, MoTI00HO
acTpoJioraM, TPEICKa3bIBAIOIINM JIFOJACKHE CYABOBI MO PHUCYHKY
pacmoJiokeHusl 3Be3]] Ha HeOe, COBEpIIEHHO HE MOHUMAs, YTO 3THU
SIBJICHUST HECOIMOCTaBHUMBl M TIOJYMHEHBI COBEPIICHHO Pa3HBIM
3akoHaM. Ecnum gBMKeHWEe HEOECHBIX TeNl JIOBOJBHO JIETKO
IpesicKa3yeMo, TO TOBEJIEHUE 4eJoBeKa, 00Jsiagaroniero cBo0o1oit
BOJIU, TIPEJICKA3aTh HEBO3ZMOXKHO.

YMenne  ¢GaHTACTUYECKH  HAYKOOOPa3HO  TPAKTOBATh
pe3ynbTaTthl  MaHMMYJSIIUM ~ MaTeMaThdeckuMu  (hopMyramu,
CUMTAETCS TPU3HAKOM HEOPIWHAPHOTO yMa W HECTaHJAPTHOTO
MBIIUICHHSI, HEAOCTYIMHOTO NpocToMy cmepTHoMmy. Co3maB cebe
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00XKa M0 UMEHM "MaTeMaTHKa', yYCHBIE yXKe HECKOJBKO CTOJETUH
BOJAT ce0s 3a HOC, Ja’ke He 0J03peBasi 3TOro.

3Has, 4TO JBaXIbl Ba — YETbIpE M HAarpoMOXKJas Ipyr Ha
Jpyra Maccy MHOTO3TaXHbIX (OpPMyIN, JIETKO HAamucaTh BIOJHE
HAay4YHYIO CTaThl0 O KaKOM-THOO (PU3NYECKOM SIBJICHHWH, JaKe HE
MOHUMas ero (U3NIECKOro CMBICIIA U, TEM HE MEHEe, CO3/1aB B Ii1a3ax
0OBIBaTENs WJUTIO3UIO BBHICOKOM HAyYHOCTH. M 3Ty WIITIO3UIO JIETKO
MOAKPENUTh IPOCTOM IPOBEPKOM MAaTEMaTUYECKUX BBIKIAI0K
00paTHBIM JIEHCTBHEM — pa3/IeIiB YEThIpE Ha JBa.

IToromy 4uro uro0ble MaTeMaTHYECKHE J0Ka3aTelbCTBA
IPEACTaBISAI0T COOOW TaBTOJOIMM, YKJIAIbIBAIOIIUECS B IPOCTYIO
Gopmyny: "nBaxIbl Ba PaBHO 4YETHIPEM, MOTOMY YTO YETHIPE,
JIeJICHHOE Ha JiBa, paBHO ABYM'". M BOT Ha MOJOOHBIX TaBTOJIOTHSIX
BBICTPOEHBI IPAKTUUYECKU BCE, TAK HA3bIBAEMbIE HAYUHBIE TEOPUH.

[TyGnuKysich B CBOMX PELCH3UPYEMBIX HAYYHBIX H3aHUSX,
KyJ1a 3aKPBIT IOCTYII CBEKEH MBICTH M OECKOHEUHO MOACYUTHIBAs, KTO
KOTO NEepelUTHPYET, HAYyYHOE COOOIIECTBO NMPEBPATUIIACH B CEKTY
NOCPEACTBEHHOCTEM, COCTOSLIYI0O B OCHOBHOM M3 JIFOAEH, YMEIOIINX
JMILIB BUPTYO3HO MAaHUITYJIMPOBATh U PaMu, 0c000 HE 33 JyMbIBAsICh
HaJl UX (PU3MUYECKUM CMBICIOM. M naxke MMeeT MeCTO COBEPLIECHHO
OpenoBoe MHEHHE, YTO YeM a0CypJ/IHee TCOpHs U 4eM OOJIbIIe B HEH
MaTeMaTHKH, TEM OHAa FeHUAJIbHEE.

3a4yaTOYHOE COCTOSHUE JIOTMYECKOI'O MBILUIEHHUS BCETO
HAY4YHOTO COOOIECTBa, SABISETCS MPUYMHON TOTO, YTO yUCHBIC HE B
COCTOSIHUU 0oJiee UM MEHEe MPaBIONOA00HO OOBSICHUTH CYTH JJaXe
OUYEHb IIPOCTBIX SIBICHUN IPUPOJIBIL.

C noMompl0 MaTeMaTHMKHd HEBO3MOXKHO OIUCAaTh Jaxke
IPOCTYIO OKPY>KHOCTh uepe3 €€ AuaMeTp, HIOTOMY YTO BEIMUYUHBI 3TH
- HeconsmepuMbl. Hukakue TaHupsl ¢ 0yOHaMK HE YCTPaHST TOTO, YTO
JUaMeTp WM He OyAeT AO0CTaBaTh IO OKPYKHOCTH WIN Xe Oyner
"Topuars" U3 Hee Hapyxy. Uucio [In — 3TO HE Kakasg-TO MHUpPOBas
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"KOHCTaHTa", a 6ecKkoOHeUHast JpoOb, KOTOpask BCET/1a MOITy4aeTCsl pH
COIIOCTaBJIEHUU HECOM3MEPUMBIX BEITMUYHUH.

K ToMy e ydeHble Oake MaTeMaTHKYy-TO K (PU3HYECKUM
ABJICHUAM HE YMEIOT NPHUMEHATh NpaBuiabHO. Hampumep, Tteopus
Bonbiioro B3pbiBa pa3paboTaHa Ha NMPUMHUTHUBHOM SKCTPAIOJIALMH,
TaK Ha3bIBa€MOIo paz0eraHusi rajakTUK, OMIMOOYHO OOBSICHEHHOTO
s dexrom omnmuepa. YIuThiBas TOPU30HT BUIUMOCTH BCEIIEHHOM C
3eMJIH U AKCTPANoIUpys pa30eranue ralakTuk, yuyeHble "TeHHalbHO"
BBIYUCIIMIIN, 4TO 14 MUIIITMApIOB JIET Ha3a/l BCeJICHHAsl PECTaBIIsIIa
coboii Oe3pa3MepHyI0 TOYKY ¢ OeckoHeuHOM Mmaccoil. Kotopas, mo
HETOHATHBIM NPUYMHAM BJAPYT B30pBasiack... COBEpPIIEHHO BUIUMO
HE cooOpakas TOTO, 4YTO BCEJEHHAas HE MPOCTO OYECHBb OOJbINas, a
OeCKOHEYHAs! M IKCTPANOJIAIHKS €€ Oy/IeT Tak ke 0ECKOHEUHOM.

BooO0rmie-to, B Hayke 3a0myxaeHus ObU1u Bceraa. Horaa oHn
JUITMJIMCH CTOJIETUSIMH, @ HHOTJIA U ThICTYHICTUAMU. JI100bIe HayuHbIE
OKCIIEPUMEHTBHI BCerJa IUIAHUPYIOTCA TakuM o00pa3oM, 4TO Obl
NOJYyYUTh KaKHe-TO, BIIOJIHE OXHJAeMble, pe3yinbTaTel. M eciun
MOJIyYCHHBIE PE3YJIbTaThl PACXOIATCS C OKUAAEMBIMH, BO3HHMKAET
coOJla3H TOJKOPPEKTUPOBaTh HX KaKUM-HUOYIb OYEHb BaKHBIM
Kod(purmeHToMm.

[Ipuaymarp, Hampumep, Kakyl-HHOYIb  "TIOCTOSIHHYIO
bonpiMana", "TeMHYI0 Matepuio', WM HM300pecTH KaKOoW-HUOYIb
"IPUHLIUII HEOIIPEAEIEHHOCTU", YBEKOBEUUB CBOE HMMs B HCTOPHHU
HayKd M 3aKpenuB B HeW cBou 3almyxneHus. B mpupone He
CYIIECTBYET HMKAKUX MapajuIelbHBIX MPSAMBIX, J0Ka3aTeIbCTBO
TEOPEMBI O KOTOPBIX OJPOOHO pa30rpacTcs B IIKOIbHBIX yUeOHUKAX,
mo0ble JIMHUKM B HEW Bcerna mepecekaroTcs. J[ake CBeT HE MOXKET
JIBUTAThCS MIPSIMOJIMHENHO.

K  HacrosmeMy  BpeMEHM  TakuX  MaTeMaTHYECKHUX
3a051y’)KI€HUH ¥ NPOTUBOPEUYMM B HayKe HAKOIWJIOCHh CTOJBKO, YTO
HEKOTOpbIE '"ydeHble" pa3yBEpPHUBIINCH B BO3MOYKHOCTH IIO3HAHMS
OpUPOJBI, JIONMYCKAIOT —cymiecTBoBaHue Oora. UM yxe 0cobo

129



Anexcandp BECEAOB

nepemMyJipeHHble "TeHUU" OT TCEBJIOHAYKU MBITAIOTCSA MPOJABUTATH
"Teopun", OCHOBAaHHBIE Ha CPEIHEBEKOBBIX MPEACTABICHUSIX O TOM,
4yTO "JNy4u 3peHHs" UCXOMAT U3 TJa3, a 3HAUYUT PE3YJIbTAThl HAYYHbBIX
SKCHEPUMEHTOB HAMNpsSMYI0 3aBHUCIAT OT TOTO, CMOTPUT Ha HHUX
SKCHEPUMEHTATOP WIH CIy4allHO OTBEPHYJICS.

Hano monarath, uro B (hopMynax CKOpPO TOSIBUTCS HOBBIM,
Jlocee HEBUIAHHBIN 4ileH - HaOmromarels. M1 BO3MOXKHO €ro Jgaxe
OOBSIBAT HOBOW MHUPOBOM KOHCTaHTOM.

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

Bosbmem a1 mpumMepa rnpoctyio Gopmyiy, TaKk Ha3bIBAEMOTO,
3aKOHa BCEMUPHOro TaroteHus. lIpaBma ee yxke AaBHO YCIOXHUIU
pa3nTuYHBIMU Kod(PHUIIMEeHTaMu, XOTS IJI1 HAaC 3TO HEeBa)XKHO. BaxkeH
caM npuHIMO. B €€ uyuciauTene CTOUT IPOU3BEACHHUE MacC
B3aMMOJICHCTBYIOIIUX TeJ. YUeHble OOBSICHSIOT 3TO IMPOU3BEJIECHUE
TE€M, YTO KaKJas 4YacTHUIa OJHOrO TEJa MPUTITUBAECTCS K KaKION
YacTHULE APYToro.

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

Wnu Bo3eMeM wusBecTHyIo (opmyny E=mec? u mycts Kro-
HUOYb W3 YYEHBIX MOMPOOYeT OOBACHUTHh (HUIUUCCKUNA CMBICIT
KBaJjpaTta cKopocTu cBeTa. Kak yMHOXHUTH CKOPOCTb Ha CKOPOCTbH?
D10 uro, 9¥10'® KBaAPATHBIX KUIOMETPOB B KBAJAPATHYIO CEKYHIY?

130



Beonroyust MATEPHH

Nmn B cexynny 3a cekyHay? W Takux Js1cCycoB, 1O MUIJIOCTH
MaTeMaTHUKUd B (U3MKE MpPeJocTaTOYHO. J[ocTaTOYHO BO BCAKOM
cilydae JUisl TOro, 4TOObI NMpeBpaTUTh €€ B NceBJoHayKy. M camoe
CTpAILHOE B 3TOM TO, YTO B F'OJIOBBI CTYJICHTOB YK€ 00Jiee CTa JIET 0]
BHJIOM BBICOKOW HayKd, 'BTIOXMBAIOT', TI0 CYTH, HOBYIO
IICEBAOHAayuHyt0 cucreMmy lITonomes.

Xots 3a0yXJIeHHe B T€OLEHTPU3ME, ObUIO HE OT TIIYIOCTH,
Be/Ib JUIsl TOTO, YTO OBl OHSATH, YTO 3eMiis ABMXKeTcs BOKpyr ComHIla,
Hy)kHO WUTb Ha Connue. [loaTomMy B HCTOpUM HayKu cCUCTEMa
[ItomoMess ocraHeTcs Kak HEW30€KHBIM M 3aKOHOMEPHBIM 3Tam
HAy4YHOTO ITO3HAHUS.

A BOT KBaHTOBas ()M3UKA, TEOPUS OTHOCUTEIBHOCTH,
TPaBUTALlMOHHBIA KOJUIAIIC, YEPHBIE JBIPBI, YXE B HEAAICKOM
OyaymeM  pa3fensT Ccyap0y  MHOTOYHCIEHHBIX  TpPaKTaTOB
CPEIHEBEKOBBIX CXOJIACTOB O KOJMYECTBE UEPTEH WJIM AHIEJOB Ha
octpue uribl. OHM HUKOT1a HE M10JIydaT MOATBEPKIACHUS U Pa3BUTHS,
TaK Kak SBJISIOT cOOO0W CBHIETEIHCTBA MICEBJOHAYYHOI'O HEBEKECTBA
Y OTKPOBEHHOM I'JIyIIOCTH. ..

23. BBIBOJBbI

Ha ocHOBe BBIIIEN3105)KEHHOTO ITOABEAEM HEKOTOPBIE UTOTH.

Bcenennaa - 510 OeckoHeuHash MaTepusi, HaxXOJALIAsCI B
BEYHOM OJIHOHAMNPAaBIECHHOM U HEOOPaTUMOM MPOIecCe CUHTE3A.

Cunme3 — 3T0 IIPOLIECC HETIPEPHIBHOT'O YCI0KHEHUS CTPYKTYPBI
MaTepuH, OOYCIIOBIEHHBIH €€ JJIEKTPUYECKUMH 3apsiiaMd U
COITPOBOKIAIOIIMICS HEMTPEPHIBHBIM COBEPILICHHUEM PaOOTHI.

Ilpocmpancmeo — 53TO CBOMCTBO MPOTSHKEHHOCTH CaMOM
MaTtepuu. Hu B KakoM Jpyrom npocTpaHCTBE, B BUJE ITYCTOIO SLIHKA,
BCEJICHHAsl HE HYK/1aeTCs.

Bpema — 57O CBOWMCTBO BBICOKOOPTaHW30BAaHHOW MaTepUu —
MO3ra, 3allOMHMHAaThb IPOMEKYTOUHBIE  COCTOSIHUS  KaKHX-TO
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MPOLIECCOB, CpaBHUBasg UX C JpPyruMu. B mpupome HET Takoro
¢duznyeckoro mpoiecca, Kak BpeMs, OHa CYIIECTBYET B BEYHO
JUTSIIIEMCS] HACTOSIIIEM.

JIroObie MaTepuanbHble 00pa30BaHMS — YACTHUIIBI, MAKpOTEa,
KOCMHUYECKHE OOBEKTHI, O0JIaNalOT 2ZpaAsUumauUoHHbIMU TIONSMHU,
COCTOSILIUMHU U3 AIEKTPUUECKHUX MOJIEH MPOTUBOIMOJIOKHBIX 3apsJI0B.

B rpaBuTanimoHHOM 10JI€ PACIIPOCTPAHSIIOTCS, BO30YKIaeMbIe B
HEM JIBIDKCHHEM MAaTepUAIbHBIX OOBEKTOB, 2paeumayuoHHble
60/1Hbl, Ha3bIBaeMbIE O(YULINANTBHON HAYKOH, SJIEKTPOMArHUTHHIMHU.

I'paBuTanmoHHas BoJllHAa — OTO IONEpeYHas BOJIHA,
pacIpOCTpaHAIOIAsACS Ha TPaHUIE ABYX ODJIEKTPUUYECKUX IOJIEeH ¢
INPOTUBOMOJIOKHBIMA ~ CBOMCTBAMH, M3  KOTOPBIX  COCTOUT
rpaBUTALMOHHOE TIOJIE.

I'paBuTaLInOHHOE 10JIE 0OBEKTA MOKET UMETh ACUMMEMPUIO,
OOYCIIOBJICHHYIO ~ Pa3IMYHON  BEJIMYMHON  OOpa3ylomux  ero
IEKTPUYECKUX  MOJEH, KOTOopas  ONpENENAeTcs  Pa3HOCTbIO
AIIEKTPUIECKUX MOTEHIINAIOB B KAKOK-JIN00 TOUKE, TPABUTAIMOHHOTO
HOJIS.

[Ipu ABMKEHUM YaCTUIBI B ACHMMETPUYHOM I'PaBUTALIOHHOM
nosie, Bo3Oyk7gaemas el  TrpaBUTAllMOHHAs  BOJHA  UMEET
ACUMMETpPUYHbIE aMIUIMTYAbl MOJIOXKUTEIbHBIX M OTPHUIATEIbHBIX
BOJIH, YTO BJIMSIET Ha HampaBl€HUE JIBUXKEHUS 3TOM YaCTUIBI U €€
BpalleHue.

A =Aq=(-qhn—-(+q)n 20e
A = Aq — acummempus 2pasumayuoOHHO20 Nos,
(+qQ)n — nomenyuan noas NOLOHCUMENLHO20 3apA0a 8 mouxe N, a
(-q)n - nomenyuan nons ompuyamenbHo20 3apao0ad 8 Mol JHce mouxe.

Acummempusa TPaBUTALUOHHOTO TIONS MOXKET OBITh, Kak
IIOJIOXKUTENBHOM, TaK U OTPULIATEIILHOMU.

Benuuunou acummempuu TpaBUTALMOHHOIO TOJISI aTOMOB

OIIPEAEIISAETCS arperaTHOE COCTOSIHUE BEIIECTBA.
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Temnepamypa  MartepuasbHOTO  Tela  ONpeleNseTcs
PasHocmel0  acummempuil  €ro  aToMOB U aTOMOB
OKpY>KaroIleu cpebl.

to= AA =As—Ao= AQs— AQorae

AA — paznocms acummempuil,

AQo - acummempus 2pasumayuoHHO20 Nojisk 00beKma,

AQs - acummempusi 2pasumayuOHHO20 Nos Cpeobi.

Cneoosamenwvno, acummempus — 3Imo, Ho Ccymu,
U30bIMOUHBLL  INEKMPUYECKUl  3apad U  nepemeKaHuem
INEKMPUUECKUX 3aPA00E 6 NONAHOU Mmepe Onpeoenaiomcsa 6ce
ezaumooeiicmaus 8 npupooe.

Kpowme sToro, rpaBuTaiinoHHOE 1M0OJIE MOKET UMETh "nepekoc”,
OOYCJIOBJICHHBI ~ JIMHEWHBIM  CMEIICHHEM, O0Opa3ylIlHux €ro,
3JIEKTPUYECKUX TOJEH. DTOT JUHEUHBINA CIIBUT AJIEKTPUUYECKUX MTOJIEH
oQUIMATbHON HAYKOI HAa3bIBAECTCS MACHUMHBIM NOJIEM.

Ku3znps — >TO TPOU3BOJBHO B3SITHIA YPOBEHb CIOKHOCTH
CIPYKTYpPHI MaTepUH, KOTOpas HAXOAUTCI B COCTOSHHUHU IIpolecca
OCCKOHEUHOTO CUHTE3a, HEMPEPHIBHO BOCIPOHU3BOMASCH U OCO3HABAs
cebst opraHoMm, CGOPMHUPOBAHHOM U3 BBICOKOOPTAHW30BAHHOMN
MaTepud — MO3TOM, CIIOCOOHBIM HCIIOJIB30BaTh B  IPOLIECCE
KU3ZHEJEATEIIbHOCTH 3JIEKTPUYECKHE CUTHAJIBL.

24. MPUJIOKEHHUE

L4 CuHTe3, KaK NPoIece IBOJIOINHU

Cunmes (06bedunenue) — Mo 00WAA HANPAGIEHHOCHb NPOUECCOE
seonwyuu. Yenoeeueckoe oduecmeo, Kak u a100vle mamepuanbvhovle 00bEKNb,
XOmsa u He 8 MAKOIl A6HOI hopme, HO MAKICEe NOOUUHAIONCA IMOMY RPUHUURY
00veouHenus.

...H3 cybInemenmapHuix wacmuy CUHMEUPYIOMCA I/IEMEHHAPHbLE, U3
INEMEHMAPHBIX — AMOMBbL, U3 AMOMO8 — Monaekyavl. Monekynvt o6pasyrom
6bICOKOMOJICKYJIAPHbLE COCOUHEHUS, U3 KOMOPbIX, CO 8PEMEHEM, YOPMUPYIOMCA
pacmumenvhole U dcueomuvle Kiemku. Knemku o0veoumnsiomcsa ¢
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MHOZOKIIemouHble 00pazosanus, KOmopwvle, 8 C80lI0 0uepedb, 6CHIYRAIOM 8
cumouo3 opyz ¢ opyzom u o0pasylom opzanuzmvl, maK Ha3vigaemvix, '"cuevix'’
cyujecme. Imo pulovl, RMUYbL, NPECMBIKAIOWUECS, MIEKORUMAIOWUE U Yel06eK,
Kax Haubonee pazsumoe u, odaaoarouiee camoco3Hanuem, Cyuiecmeo.

Jdwou oob6veounaomes 6 poooevie 2pynnel, 6 niemMeHd, CHMpPAHbl U
2ocyoapcmea. UHepez nexkomopoe epemsa, cmpamuvl, 011 mMO20 UYMOObl He
nozubnymo 6 60pvde co ceoeii cOOCMEEHHOI 2YNOCMbI0, OYOYH BbIHYHCOECHbL
00beOUHUmMbBCA 8 00HO 21100aNbHOE NIAHEMHO0E 20CY0apCH80, NOMOMY YUMo 6ce,
Ymo HAX00umca He MoJIbKO HA NiaHeme, HO U 60 6CENEHHOIl, He RPUHAONEHCUM
HUKOMY, @ 3HAYUM NPUHAOIEHCUN 6CEM.

Cam uenoeek — ImMo MONbKO MaAmMepuaIbHovlil 00BbeKm Uil OP2AHU3M,
nonyuueuwiil, 6 pe3yibmanie 360110UUOHHO20 RPOYeEccd, CROCOOHOCH b 0CO3HAMY
ceba Kaxk unousuoyanvHocmo. Bozomnuewuii ceva "'yapem npupoowt'’, 3mom
MamepuanvHulit 00beKkm, cpasy dHce NPUHALCA 34 NOKOPEHUe MO CaAMOll
npupoosl, HaAcmMvi0 KOmMopou OH cam u aenaemca. U moavko nokopue
COOCMEEHHYI0 2IYROCHb, TH00U ROUMYNL, Ym0 ObL10 YHUUMONCEHO umu 6 ""tuye'’
CCCP.

Cogemckoe obuiecmeo — 3mo pesynavmam cunmesa (00veouHenus) Ha
0osee 6bICOKOM YpOGHEe Op2aHU3AUUU Mamepuu, HA NPUHYURAX pAGeHCmEd.
Yenoseueckoe o00ugecmeo HaA HACMOAULEM HUIKOM YPO6HE YMCIMEEHHO20
pazeumus noxKa He Modcem cyujecmeoeams 0e3 uoeonozuu. bez nee ono
npeepauiaemca 6 00e€3bAHLIO CMAI0, YMO NPEKPACHO 6UOHO HA npumepe
cospemennoii Poccuu. Ilepecmpoiika omopocuna ee na 300 n1em nazao, no cymu,
6EPHY6 IKCHIYAMAUUIO HeSI06EeKA Ue/108EKOM U YHUUMOMNCUE 6CE COUUATbHbLE
3aeoeganun. Bce, co3zoannoe mpyoom Munnuonos, pazeopoeaHo HOGLIMU
ooapamu. Ocmaemca 60CCMAHOGUNL TUWL KPENOCHIHOE NPAGO U CEAMEUULYI0
UHKGU3UYUIO. ..

Yuuumoswcenue mapkcuzma, Kax uodeonozuu O0cmamouHo 6vICOKO20
UHMENNeKMYAIbHO20  YyPO8HA, ombpocuno Poccuro, npakmuuecku, 6
cpedHeseKobe, npespamue ee 6 (heooanvroe 20cyoapcmeo, zoe 60pvl U C8010UU
npaeam 6an, He npeonoycus 63ameH Huyezo. Ilpunyun yacmmuoil
cobcmeeHHoCmMU U UHOUBUOYANUIM HeEU30eIHCHO OyOym npoeoUUPOBaAmnb
Hepa3zpewiumvle KOHPAUKMBL MedcOy PA3TUYHBIMU CHOAMU O00ujecmea u
mpebosanms HEOOXOO0UMOCMU  HAPAUWIUEAHUA KAPAMETbHLIX OpP2AHOE U
npunamus 02POMHO20 Koiuuecmeo 0eccMbICIeHHBIX 3aK0H08,
peanamenmupyiowux, npAKmu4ecKu, Kaxcovlil waz.

J1060e, HeOCMOPOIHCHO CKA3AHHOE C1080 HEU30eIHCHO 0yOem npueooums K
603HUKHOBEHUIO MPYOHODA3PEUIUMBIX KOHMIUKIMHBIX CUMYAUULl, KAK MeHCOy
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OMOEIbHBIMU UHOUBUOAMU, MAK U OMOEAbHbBIMU ZDYRNAMU, YMO GbLILEMCA 6
HEOnpagoOaHHyl0 3azpy3Ky CYOeOHOU CUCHEMbl CMEXOMEOPHLIMU CYOEeOHbBIMU
uckamu. JIroou oyoym evinyxncoenst ciedoums opyz 3a Opy20m U 011 HOPMAAbHOU
yenoeeueckoll Jcusnu, He ocmanemcsa epemenu. Qowecmey yzporycaem
COUUANbHBLIL KONIANC, KOMOPbLLH, 6 Xyouiem cayudae, MO)cem NPUGecmu K
PA36A3bI6ANHUIO 27100AIBHOU GOUHBL C HPUMEHEHUEM 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 muozo oenez, ux cmanosumcsa ewje 6oavute, ay K020
ux mano, pazopaiomca coecem. Ilosmomy ¢ pazeumuem uHmen1eKmyanipbHozo
YDOBHA 3eMHOU WUGUIU3AUUU, KARUMAIUCIMUYECKAA IKOHOMUKA Yympem
Haecez0a. A noka HepazyMHoe uenoeeuecmeo 0yoem pyKoeoOCHI806AMbCA
RPUHUURAMU  YACMHOU  COOCHMBEHHOCMU U  AZPECCUBHBIMU  JIO3YHZAMU
Muuypuna, umo ''Mul He 00nHCHBL INHcOamb Munocmeln om npupoowl'’, oHO
Heu30excHo 6yoem odpeueHo HaA NPECMYRHOCHb, 0OMAHbL, 80POGCHIE0, PA3OODPLL
U GOIIHDL. ..

e  Dnmior

B amo noka neeozmodxcno nosepums, no 19 anpena 2013 z00a owvin
npeKpawen 00HOCHOPOHHUI KOHMAKM UHONIAHEMAH ¢ 3eMHOU YUBUIUZAYUETL
u npedcmasumenu 6blCOKOPA3GUNION YUGUIUIAUUL, C OOHOU U3 NiaHem Hauiell
2a1aKMUKYU, ROKUHYIU CONHEYHYI0 cucmemy, Kak munumym na 500 semnvix nem.
Hauano kxonmaxkma npuwinoce na 1962-63 200v1, koz0a unonaanemuslii 3040, 8
ouepeonoil pa3 nocemueg COJHEUHYI0 cucmemy, 00Hapy cun Ha nauieil naianeme
20cyoapcmeo ¢ 00U{eCmeeHHbIM CHpPOeM, He COOMEEHICIEYIouiUM O00uemy
YDOGHIO pa36UMUA 3E€MHO20 HYel06e4ecmed, Umo U ROCTAYHCUNO NPUUUHOU
RPUCMATIbHO20 BHUMAHUA UHONJIAHEMAH K Haulell cmpate.

Omom penomen nonyuun nazeanue ''Ixcnepumenm Jlenuna''. Ilo
meopuu  3607110YUY, KOMMYHUCHIUYECKOE 20CYy0apCHieo ¢ 0OecKknaccoevim
oouwecmeennvlm cmpoem, noooonoe CCCP, npakmuuecku He umeno peaibHoll
603MOJICHOCHU GO3HUKHYMb 6 YCH0GUAX HU3K020 UHMENNEeKMYAIbHO20 U
MEXHO102U4eCK020 YPOGHA PA36UMUA 3eMHON WUGUAUIAUUU U mem 0Oonee,
cyujecmeogams 8 IMUX ycioeuax 0060J1bHO npooodicumensvroe epema. Umo,
COOCMEEeHHO U NOOMEEePOUIOCh COOBIMUAMU, NPOUIOUEOMUMU 8 0€BAHOCHIbIX
2ooax ¢ CCCP.

...""9xcnepumenm Jlenuna' o0vin unmepecen 0na HUX, KAk HONbIMKA
CO30aHUA 20Ccy0apcmea HA NPUHUURAX DPAGEHCMEA 6 YCI06UAX ReulepHOzo
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COCMOAHUSL COZHAHUA HACE/ICHUSA NIAHEMDbl, CUL06bIM Memooom. MoicHo 6edb
evlopeccuposams co0axy max, 4mo o0vl oHa, 0arce OyOyuU 20J100HOI, He 60PO6and
RUWy, HO MO HUKO20a4 He cmaHem eé 0CO3HAHHbLIM nogedeHuem. CCCP —
2ocyoapemeo cozoannoe Jlenunvim u e20 CcOpamHuKamu AHAI0ZUYHBIMU
Memooamu OpeccuposKu u cogepuiluguiee CKavo0K Om nepeoodvimHuo-00uuUHHO20
cmpos K 0ecknaccoeomy  ooduiecmey, OCHOGAHHOMY HA  HPUHUURAX
KOMMYHAIbHOCHU.

TonbKo oueHb HUUMONCHAA YACMb HACEIEHUA, NPAKMUYECKU eOUHUbL,
0CO3HABANU CYMb HOGLIX O0WLECMBEHHLIX OMHOUIEHUN, OOILUUHCIBO Jice
PYKOBOOCHB08ANIUCYH HCUBOMHBIMU UHCHUHKINAMU OOMUHUDPOBAHUS, 0CIABAACD
eoucmuunoimu  u  cyauxosamoimu. Ilosmomy  pykoeoocmeo  H08020
2ocyoapemea  Oblio  GLIHYHCOEHO NOCHIOAHHO 3AHUMAMBCA UOE0J102UYECKUM
60CRUMAHUEM HACEIeHUA, COEPIHCUBAA  ICUBOMIHbIE UHCMUHKMbBL MACC
00CMAmoO4UHO HCeCMKUMU MEMOOAMU KHYMA U RPAHUKA.

Ho, necmompsa na smo, npoyeemaio 60po6cmeo, Kaxk ¢ 0viny, maxk u Ha
npou3eo0cmee, Xomsa €20 Macuimadsvl OblIU HULMONICHBIMU U 0C00020 GTUAHUA
Ha JHcu3nb cmpanvl He oxazvieanu. Kpome ecezo npouezo, nHoeoe cosemckoe
20Cy0apcmeo  NOCHMOAHHO  NO00GEP2ANIOCL  NPECCUHZYy U HPOBOKAUUAM
""opysycecmeennblx''  Kanumanucmuveckux coceoeil, NPeOCMABNACUUXCA
deMoKpamuyeckumu u npozpeccushvimu. OHu He OCMAHOBUNUCL Oadice nepeo
pazea3vieanuem 2100a/1bHOU GOUHbl, YHeculell 0ecCAmMKU MUILOHOG HCU3HEll,
JUULb 0bl MOJILKO U3DAGUMBCA OM IMO20, KOJIIOWe20 21a3a, npumepa.

U ¢ kKonye Konyos, UM IMO YOANOCh, MAK KAK OCHOBHAA MACCA HACEICHUA
CCCP, kak u oscuoanocw, naney o nauey He yoapuid, Ymoovl 3auiumuns ceou
COUUAIbHBIE 3A60€6AHUA, MAK KAK Yice cuumaia ux camo coooi
pasymerwouwgumucs... Bee eepnynoce na ucxoouvie nozuyuu u eoea 3apoousuieecs
HO060e 00uiecme0, 6epHYIOCy K RPUHUUNAM 00e3bAHbell CMau, CKAMUGUUCH 6
camoe Hacmoawee MpauHoe cpeoHegekosve... Ho 3axonvl r60n10yuu maxoebwl,
umo 0na moz20, 4UmMooObl paA3zeUEAMbCA Odjlbuie, Uen08e4ecmey HpPUOemcs
o0veounumovca. Cooduwecmeo uHOUBUOYATNbHOCHEN He UMeem HUKAKOZ20
0yoyuiezo, nomomy 4mo OHO He MOMCEem CYyuieCmeoeamosv 06e3 copeeHOB8aHuUll,
60iiH, 00pbObL, 03 nobedumeneii u NOOEIHCOCHHBIX.

Cnedyouiee noceuwjenue CONHEYHON CUCMEMbl HAWUMU OTUINCATIUUMU
coceoamu coCmoumcs, 603M0JICHO, He panee, uem yepes 500-1000 3emuvix nem.
Bonero cnyuasa, mne, Kak u o04yeHb MHO2UM 3eMIAHAM, POANOCL C HUMU
nooowamosca. H s y3nan 06 smom 0yKeanvHo 3a noavaca 00 ux omiema.

Ilo kakum-mo npuyunam u cemyac 1 NOYMu 002a0vléarICh N0 KAKUM, OHU
COUIU BO3MOICHBIM HONPOUWAMBCA MOTILKO ¢ 08oumu. Jlymaro, 4mo npuduHoil
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IM 020 NOCTYIHCUNLO MOE ymeeprcoenue, umo: ''B npupooe sncusnu nem''. Ho kmo
0bL1 MOm 6mMopoil, A HeE 3HAIO U Yice, HAGEPHOE, HUK020a He Y3HAIO.

B ceazsu c¢ nosenenuem 6 uHmepHene 0016UIO20 KOIUYECHEA
danmacmuueckux pacckazoe o nocewjeHUU 3emau UHONAAHEMAHAMU, O0NIHCEH
3amemums, UMO CAMU UHONIAHEMAHE HUKO204 He Nocew|anu niaxHem
COJIHEYHOU cUcmembl U HUKO0204 He ONYCKANUCL HA ux nosepxHocms. HUx
odwenue ¢ 3eMIAHAMU OCYULECMENATIOCE C NOMOWBIO YCMPOIICING, CO30AIOUUX
peanucmuyeckue U300paxcenHus i00el, U  YNPAGAAEMbIX  HeEOOIbUUM
UHMEIEKMYATbHbIM KOpadiem-pooomom, naxooauwumca na opoume Jlynvl. A
oa3zoeutii Kopaons 601ee 50-mu nem opeiighosan z0e-mo 3a OKPAUHOU COTHEUHOT
cucmemol.

Hao moeit npocvboit ocmasums na namams xoms 0bl ny208uyy, oHu
ROCMEAUCH, 00BACHUB, YN0 IMA NYy208UUA HA 3emie ecuna 0bl 0KOJ10 MOHHDYI,
maxk Kak cO0enaHa U3 eewjecmea ¢ HONONCUMENbHOW acummempueil
z2pasumayuoHHslx noneil amomos. To ecmov u3z''memnoit mamepuu''. /[ymaio,
Ymo ux 36e30Has CUCMemMa HaAX0OUNCA He MAK YIic 0aNeK0 0Nl Haulell COTHEeY O
cucmemul. Moxcem 6vtmob 00UH — 084 C6EMOBHIX MECAU. ..

Heostcuoanno 0na mena Hacmoawas paboma noayuuia 04eHs Xopouyro
OUEHKY U XOMA MHE HACMOAMEIbHO He CO8EMOeaiu Imozo 0e1ams, HO A 6ce
Jce pewiunca eé OnyonuUKo8amv, XOMA NPEKPACHO NOHUMAO, UYMO 6
onuxcaiimiue O0ecamunemus meopus He ROJIYUUM HUKAKO20 NPUIHAHUA, MAK
KaK 0711 3mo20 HAYYHOMY CO00UiecHgy npudemcsa nepeyepKkHyms Kak Hekoz20a
cucmemy Ilmonomes, npakmuuecku 6cl0, MAaK HA3bLI6AEMYI0, KEAHMIOGYIO
Qusuky u npusnamv eé ncesoonayxou. Ho mo, xaxumu ewe mynwvimu
ocmawmes yueHsle, 1 He MO2 0axice NPeonoaazama.

3emnaa Hayka ewie Oecamku Jem 0yoem HAXOOUMbCA 6 RNIEHY
CN06OOIYOUs, MamemMamuyeckux 3aoayscoenuii u mucmugpuxayuii. Oonaxo smo
YoHce He uMeem HUKAKO20 3HAYEHUs, NOMOMY UMO C 0C60CHUEM OAUNCAUMUX K
3emne nnanem conmHeunoul cucmemvl, 0 noOcewjeHuU eé UHONTAHEMAHAMU
cmanem u36eCMHO U MoOe UMA Heu3z0eHcHo ocmanemcia 6 Ucmopuu
yenogeuecmeda. Tonvko A 06 IMOM yice HUKO20a4 He Y3HAIO, KAK HUell06eK,
603MOICHO NHCUGYWUIL CE200HA CPedu Hac, He 3Haem, Ymo Koz20a-mo OH 0bvli
Hviomonom unu Apucmomenem. 3amo 06 mom y3nawom Hawu oanexkue
nomomku. Taxou nodapox ocmasunu um Opamvsa no paymy Ha OOHOU u3
Onudcaiiux nianem.

3emuaa uyueuIUIAUUA, HAXOOAWAACA HA CAMOU HUJICHEN CHIYNEHU
UHMEIEKMYAIbHO20 PA3GUMUA U NPEOCMAGNAIOWAA Co00ll, Oaxce He eOuHOoe
coodwecmeo, a 6cezo UMb HECKObKO 0eCAMKO08 CMAil 4en06eK000pasHbIX
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HCUBOMHBIX, ZPBIZYUAUXCA 3A pecypcol, 20e euie 007120 Oydem npoueemams
IKCHIIyamayusa 4eno6eKka ueno6eKkom, 6epa 8 C6epXbecmecmeeHHoe U
NOKNOHEHUe UO0NaM, CO30AHHbLIM UYen06e4ecKoll anmasueil, He ModHcem
paccuumpléams HU HA KaKue KOHMAKMbL C 6bICOKOPA38UMbIM UHONTAHENIHBIM
Pazymom, no meHvuiell mepe, HeCKObKO decamkog muicauunemuii. Ilo kpamxoi
U He 04eHb IeCHON XapaKmepucnmuKke UHONIAHENAH, 3eMHOU Yen06eK — IMo
mynoe u ynpamoe XMCUBOMHOe, KOMOpoe euie O0YeHb 00120 Oydem um
ocmasamucA.

Ilepexo0 om cocmoanua HcueoOmMHOI cmau K pazymMmHoMy CO00uiecmay,
npouecc upe3svluaiino OIUMeIbHbLL U 0071€3HEHHbBLIL U MOXMCEm 3AHUMAMb OM
HeCKONbKUX MblcAYUTEMULl 00 ROJIYMUTIUOHA Jlem HO 3eMHOMY UCHUCTEHUIO.
Bce oOeno 6 mom, umo cywecmeosanue GviCOKOPA3GUMBIX UUGUAUSAUUTI
HOOYUHEHO NPUHUUNY PYYHKUYUOHUPOCAHUA JHCUBO20 OPZAHUZMA HACHIONLKO, YN0
noeepzno 6vl 6 WOK 6cex Hawiux ''npaso3auumnuKos’’, cuumarouux, Hanpumep,
ROJCUBHEHHOE 3aKlI0UeHue Do1ee 2YMAHHBIM, YemM CMePmHaa Ka3nv. Xomsa Ha
camom oene NOMNCUIHEHHOE 3AKII0UeHue — Mo ue3yunickoe decuenoseuHnoe
uzoesamenvcmeo. Ilpupode Heuzgecmno maxoe nonamue KaK MHCU3HL, a4
C1e006aAmMeNbHO CMEPMHAA KA3Hb UMW IGMAHA3UA — IMO He yduiicmeo, a
npocmoe npepvleanue HeyOauHoz0 36eHA 6 BECKOHEUHOI UEenu Cyuiecmeoeanus
KOHKDEemHo20 mamepuanviozo opzanusma. M Kk nonumanuto 3mozo, 4enoéex
0yoem uomu euie 04eHb 00120.

Ecnu npeocmaguma ceoe 603HUKHOBEHUE coopyrcecmea
6LICOKOPA36UMOIL WUGUAUIAUUU C 3EMHbIM Yen06e4eCnmEoM, MO COBEPUIEHO
3AKOHHO RPUWLNOCL 0bl YHUYMOMNCUIMD O2POMHOE KOAUYECHI80 UHOUBUOOG,
napazumupyrowux na oouiecmee. Cioda 0bl nonaiu He MobKO 3a6cez0amau
@Dopoca, Ho u ouenv mMHO2Ue npedcmasumenu Ou3Heca U, MAK HA3LIEAEMOU
""ceob00on100us6oll'’ meopueckoi unmennuzenyuu. M ymo ne mou panmasuu a
aodconwmno 00veKmMmueHaAs peanrbHOCMb K KOMOPOU Heu30edcHo npudem
yenogeuecmeo, KAk MOJIbKO NOUMem, YMO COOPYHCecmeo ¢ NapaIumamu
00uecmea Heco8MecmuMo ¢ NPOUECCOM IBOTIOUUU MAMEPUN.

Iloamomy 6 nacmosauiee pemsa KOHMAKMbL 3eMJIAH C 8bICOKOPA38UMbBIMU
UUGUAUAUUAMU MAK Jice HEPeanbHbl, KAK HepPeanbHo COmpPyOHUYecmeo
MYPAGENIHUKA UNU CIAU 2AMAOPUIO8 C KAKOU-HUOYOb e6pONelicKOll CmpaHoil.
Yenoseuecmay npudemcsa RpONMU Cé0l NYmMb CAMOCHIOAMENbHO U HUKMO He
MONILKO He CHIAHEm 6MeUIUEaANbCA 8 X00 €20 PA36UNIUA, HO U 0adice Omeeyams
Ha e20 cuzHanbl, 00 Mmex Nop, NOKA OHO He nepecmanem pasmaxueams anoMHoU
OyOunKou u oeaums aiooeil Ha 6o2amuix u 6eonvix. U noka 0o e2o coznanusa ne
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0oilidem npocmas UCMUHA, YMO Ye/l06eK — UYACMb HPUPOObl U NOHAMUE
coOCmeeHHOCIU MAK Jice adcypOHO, KaK U ROHAMUS 602 UIU 0eHb2U.

A npumumuensle YUBUAUAUUU 3MHO20 YPOGHA PA3GUMUA, K CUACHbBIO,
nPOCMO MEXHOI02UYUECKU He 8 COCHOAHUN RPEO00IeNb OZPOMHBLE PACCM OAHUA,
paszdenaioujue 36e300ul...

Hacmosawas meopus naxooumcsa ¢ ROCMOAHHOI pa3padbomie u eé nocieonan eepcus 6cezoa
0ocmynHa 6 uHmepHeme no adpecam:
http://yadi.sk/d/MjlUz4IXMitnfa
https://magru.net/pubs/2082/Teoriya_evolyutsii materii#l
http://ru.calameo.com/read/001906913a882266783c2
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