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Beonroyust MATEPHH

VBa)xaeMEbIi UUTATEND!

JIroObIe sIBJICHUS TPUPOIBI AJIEMEHTAPHO OOBSICHSIIOTCS B
pamkax kiaccudeckoit pusuku. U ecnu Bol ocHOBaTenbHO 1moji3a-
ObUIM MaTeMaTHKY, 3TO HU KOMM 00pa3oM He nmomentaer Bam no-
HATH npupoy. Ilpupona e€ BooO1ie He U3ydana. ..

ITpuposa mpocra u BCe YTO ITOMY
MPOTHUBOPEYUT, AOJDKHO OBITH OTOPOLIEHO.
M. Jlomonocos.

[ Toro uTo OBl OOBACHUTH B IIPUPOAE BCE,
JOCTATOYHO JIBYX DJIEKTPUUECKUX 3apsi/IOB.

1. BBEJEHHUE

""Kakue 061 omKkpoimus He 0enanuch 6 chepe KOHKPEmHbIX
HayK, 0na ux puxcuposanua mpedyemcs A3viK. /lasxce uzoopema-
1omcea cneyuanvbHvle A3bIKU 014 Imozo. Ho eéce onu, max unu
uHaue, npeononazaiom 00ULEPaA3Z060PHLLIL A3bIK, De3 KOmopozo
OHU 6000uwie Henonamnuvl. Bce onmonozuueckue mepmunsl, Ko-
mopule mpedyomca 014 ONUCAHUA IMUX AGTEHUI U OMKPbIMUIL,
Moz2ym Obimb onpeoenenbl He3a6UCUMO OMm IMUX OMKPLIMUIL U
NOACHEHbl HA NPUMEPAX CAMO20 O0bIYHO20 HCUMEUCKO20
onvima..." (A.3unosves. OcHoswl 102UtecKoil Meopuu HAYUHLIX 3HAHUIL. )

«...Bca xeanénaa cospemennan gpusuka npedcmaenaem co-
0011l cniownoe Hadysamenvcmeo.» (P.®einman.)
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«Q0bIYHO HOGBlE HAYUHbIE UCHMUHBL NODEIHCOalom He MmAk,
Ymo ux nPOMUEHUKOE y0eicoaiom, HO Yauie makx, Ymo Imu npo-
MUGHUKU NOCMENEHHO 6bIMUPAIOM, 4 HOE60€ NOKOJIEHUE YCéau-
éaem ucmuHy cpazy». (M.Ilnanx.)

EcTp nBa acriekra no3HaHus MUpA, MPAKTUYECKUI U TEOPETHU-
yeckuil. 1 ecin 3eMHas Hayka B IPAKTUYECKOM acIlleKTe JOCTUIIIA
ONpEAEIEHHBIX YCIEXOB - CPEJICTBA CBSA3H, KOMIIBIOTEPHBIE TEXHO-
JIOTUH, KOCMOC, TO B TEOPETUYECKOM ILJIaHE OHA 1O CUX IIOp TOII-
4yeTcst Ha pyOexkax 17 Beka.

MHorue TeXHOJIOTHYECKHE IPUEMBI, OCBOCHHBIE YEIIOBEKOM,
IPaKTUYECKH OCBOEHBI METOJIOM ThIKA, 0€3 MOHUMAaHUs X MEXaHU3-
MOB. OOBsCHEHHS OY€Hb MHOTUX SBJICHUN MIPUPO/IBI, a TaK K€ Mpo-
L[ECCOB, UCIIOJIB3YEMBIX YEJIIOBEKOM B TEXHUKE, HE COOTBETCTBYIOT
peaTbHOCTH M MPECTABISAIOT co00i Oe3napHble (haHTACTHUECKUE
00pa3siibl CIOBOOITYIHS.

Haxe npu Gersiom 3HaKkoMcTBe ¢ Teopueil bonbmioro B3psiBa
u CraHmapTHOH Mozenbl0 Mupo3iaHusi, TOJIBKO COBEPILIEHHO 0e3-
IpPaMOTHBIN MOKET HE 3aMeyaTh, YTO OHU IPOTUBOPEYAT (PyHIaMeH-
TaJIbHOMY IPUHLIMITY IPUPOABI — BTOPOMY Hadaay TEPMOJAUHAMUKH.

Mopnens atoma Pesepdopna-bopa, nexamas B ocHoBe CraH-
JApTHOM MOJENHU, TIO0 CYTH, TPEICTaBIsAET COOOW 3JIEMEHTAapHBIN
BEUHBII ABUraTelb, KOTOphle naxke [laprkckas akamemust He pac-
CMaTpHUBAET C NO3aNpoNLIoro Beka. I1o cBoeil riynocTy oHa MOKeT
KOHKYPHUpPOBATh TOJIBKO C MOJENBIO IUNIOCKON 3€MJIM, TOKOSILIENCS
Ha TpeX KUTax.

VY4éHble - TEOPETUKH B YIIOpP HE 3aMEYal0T, YTO JIOObIE TEO-
pHUH, OCHOBAHHBIE HA MJIe€ BEUHOTO IBHKECHUS - MOJICKYJIAPHO-KH-
HETHYECKash WIN T€OpUs CTPYH, MPUHLHUINAIBHO HECOCTOSTEIIBHBI
10 TOM MPOCTOM MPUYHUHE, YTO JBHKEHHUE — 3TO TOJBKO CIECICTBHUE,
a HE YCJIIOBHME CYLIECTBOBAHMsI MaTepuu. ATOMBI HE MOTYT UMETh
SIIEP, COCTOSIILIUX U3 OJJHOUMEHHO 3apsKEHHBIX YaCTHL], TAK KaK OHU
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HEn30€KHO pa3JeTsITcs B pa3Hble CTOPOHBI 3-3a CUJI OTTAIKUBAHUS.
N naxe eciu ObI 3TO OBIJIO BO3MOXHO, AJIEKTPOHBI BCE PAaBHO HE
MOTJIM Obl BEYHO BOKPYT HUX BpaIlaThbCs, TaK KaK OHU HEM30EKHO
OBl Ha HUX yTaJH, U3-3a MOCTOSHHOTO JCHCTBUS CHIJI IPUTSKEHUS.
Tax ke HeBO3MOKHO BpaIlleHHE BOKPYT APYT APYyra OAMHAKOBBIX 3a-
PSAIOB, KOTOPBIE U3-3a CUJI OTTATKUBAHUS HEM30EKHO PA3NIETATCS B
pa3HbIE CTOPOHBI.

A, Tak Ha3bIBaemasi, Teopus boibinoro B3peiBa, Kak yboroe
rmoxo0ue croxkera OnOJIelicKol KHUTH BeITHSA 0 00KECTBEHHOM TBO-
peHUU MaTEPHUH U3 HUYETO, BOOOIIE MPEACTABISAET COOOU sipUaiimii
oOpaserl nceBAoHayqYHOr0 MpakobOecus u mapiaranctsa. [lo cytw,
3TO pyKa PEJIUTUU B HAYKe. ..

Jyist TOrO, 94TO OBl YHUYTOXKUTH Ha KOPHIO IFOO0YIO TEOPHIO, J10-
CTaTOYHO HAWTH B HEHl XOTsS OBl €IMHCTBEHHOE MPOTUBOPEUHE, a B
COBPEMEHHOM HAYYHOU MapagurMe UX CTOJBKO, YTO OHHU Y¥K€ IIpe-
BpaTHIIU €€ B HyMEPOJIOTHI0, OCHOBAHHYIO HA MATEMATHUECKUX MO/~
TaCOBKaX M MOJATOHKAX.

OueBunanble (aKThl, JIeXKAallMe HA MOBEPXHOCTH, MOJ CaMbIM
HOCOM Y JIIO/IeH, Ha3bIBAIOUINX Ce0sl yUEHBIMH, TO3BOJISIIOT OMUCATh
Mupo3aanue mpocTol W M3SAIIHON TeopHer, N30aBIECHHON OT JIo-
OBIX MPOTHBOPEUYUI U HArpPOMOXKJIEHUN MaTeMaTUYEeCKUX ypaBHe-
1302078

[Ipupona HAacTONBKO MPOCTa U MO3HABAaEMa, YTO BIOJHE JO-
CTYITHA JIJIsl TOHUMAaHUS Ja)Ke BOCBMHUKIACCHUKY, HMEIOIIEMY TBEP-
Y10 TPOUKY 1O (U3HKE, TaK KaK Bce €€ MHOT0OoOpa3ue MOKOUTCS Ha
dbyHIaMeHTe U3 IBYX 3JEKTPUUECKUX 3apsiioB U JIBYX AJIEMEHTap-
HBIX B3aUMOJICUCTBUN - HPUMANCEHUU U OMMATKUBAHUU,, TIPUHS-
TBIX 32 IOCTYJIATHI.

MMeHHO Ha 3THUX MOCTyJaTaX U BBICTPOEHA MpeiJiaraemast
HIDKE TeOpUs rpaBuTanuu. B €€ 0CHOBY JIETII0 BTOPOE HAYAIO Tep-
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MOJMHAMUKH W AJIEMEHTApHAs JIOTMKA ¢ MUHUMAJIbHO HEOOXOIH-
MBIM UCTIOJh30BAHUEM MAaTEMATHYECKOTO ammapaTa KIacCHYeCKOu
bu3uKU.

2. Ob OCHOBHOM
"3AKOHE" ITPUPO/IbI

Crtporo roBopsi, HUKaKUX 3aKOHOB B MpPHPOJAE HE CyIie-
CTBYET, IOTOMY YTO 3aKOH - 3TO IPOCTO JIOTOBOP O MPaBUJIAX B3au-
MOJCHCTBUS MEXIY KaKUMHU-THO0 CyOBeKTaMH, B KOTOPOM OroBa-
pHUBAIOTCS CAaHKIIMM 32 UX HApYIICHHE, a TaK K€ MEXaHU3M HX BBISB-
nenus. Ho Tak kak B MpHUpoJe Bce B3aUMOJCHCTBUSL 00YCIOBICHBI
UCKJTIOYUTENIbHO CBOMCTBAMH CaMHUX B3aUMOEHCTBYIOLINX MaTepu-
abHBIX 0OBEKTOB, TO HU B KaKUX 3aKOHAX OHa He Hyxaaercs. [Ipo-
CTO HEKOTOPbIE XapaKTepHble 0COOEHHOCTH B3aUMOICUCTBUM, JIIOT1
JU1s1 ce0st popMYITMPYIOT B BHJIE 3aKOHOB.

A, cnefoBaTenbHO, BCE OTKPBIThIE YUEHBIMH 3aKOHBI, SIBIIS-
IOTCSl BCETO JIMIIb KOHCTAaTallMAMU KaKuX-TH0O0 (haKkTOB, KOTOpbIE
camu ce0sl ¥ TIOATBEPIKIAOT.

OTH, TaK Ha3bIBa€MbIEC 3aKOHBI, TOJIBKO OMKCHIBAIOT KaK IPO-
UCXOJAT KaKHe-TO SIBICHUS, HO HUYETO He TOBOPAT O TOM, [TOYEMY
OHHM MIPOUCXOJAT TaK, @ He MHaue. B cuiry Toro, 4to mo0bie B3auMo-
NEeICTBUS MaTepuaibHBIX OOBEKTOB OJJHO3HAYHO ONPEACIAIOTCA UX
CBOWMCTBaMM, TO HUKAKMX HApYUICHHWH, HEONMPENEIEHHOCTEH, He-
O0OBIYHBIX 3(PPEKTOB WM MApaTOKCOB B MIPUPO/IE CYIIECTBOBATH HE
MOJKET.

Korna HeonpenenéHHOCTh BBOAUTCS B IPUHLIUI, HAYKA YMH-
paeT u mpeBpalaeTcsi B OAHAIBHYIO PEJIUTHIO, OT KOTOPOH OIWH
JMIIB IMIar 10 MPUHIMIIA HEMO3HABAEMOCTH, MO3BOJISIONIEM HECTH
m00yto uymib. HeBO3MOKHOCTh OMHMCAHUS PEaTbHOCTH MaTeMaTu-
YyecKuMU (GpopMyliaMu MpuBesa K TOMY, YUEHbIE-TEOPETUKH HACOUU-
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HSUTH TaKO€ KOJIMUYECTBO OECCMBICIIEHHBIX TEPMUHOB U U300peIn Ta-
KO€ KOJMYECTBO HECYUIECTBYIOLIUX B MIPHUPOAE CYUIHOCTEH, YTO
caMH yXe He MOTYT B HUX pa300parbcs.

OTO pa3InyHbIE NOCTOSIHHBIE, TAKUE KaK I'PaBUTALIMOHHAs, 10-
crosinHas [lnanka, nocrosHHas bosbiiMana u emé nenblii COHM pas-
JMYHBIX KOHCTAHT, 6€3 KOTOPBIX, IO MHEHUIO TEOPETUKOB, HE MOTJIa
OBl cyliecTBOBaTh BeeseHHast. OJHAKO BCE 3TH MOCTOSHHBIE OKa3bl-
BalOTCS TAKMMH HETIOCTOSHHBIMH, UYTO YUEHbBIE YK€ 3aMYyUHIINCh UX
MEPUOUYECKN YTOUYHATh. [ paBUTAIIMOHHYIO MOCTOSIHHYIO, HaIpH-
Mep, yrouHsui yxke 11 pa3. U ato, no-BugumMomy, eme He npeed.

N3-3a 00BIBaTENHCKOrO MPEJCTABICHUS O MEXaHU3Max IMpH-
POIIHBIX SIBJIEHUH, COBpEMEHHAas HayKa OOBSICHSIET UX, KaK MPaBUIIO
3a/10M Hanepén, NepeBopavnBas BCe C HOT Ha TOJIOBY U IyTasl IIpU-
YUHBI CO CIEACTBUAMH.

Benp naxe 3a HampaBiIeHUE DJEKTPUUYECKOTO TOKA B (PU3UKE
JI0 CUX NOp MPUHUMAETCS JBUKEHUE HE OTPULIATENbHBIX, KOTOPBIE
npeo0IasatoT, a MOJIOKUTENBHBIX 3apA10B. T0 €CTh MIPOTHBOMOIOXK-
HOE€ peajbHOMY, YTO NMPUBOAUT K aOCypAy U MyTaHUIE MPH 00bscC-
HEHUU.

A y0Oorue npejacTaBieHus 0 MPUPOE T'PaBUTAIUH, TO3BOJIUIIN
TEOPETUKaM COCTPSNATh TAKYIO HEJIENMyI0 U 0e3rpaMOTHYIO TEOPHIO
00pa3oBaHus 3BE3] U TUIAHET, YTO OHA 3aTMEBAET CBOEH TIIYMOCTHIO
pacckas3bl 3HaMEHUTOro OapoHa MIOHXTay3eHa O BHITACKMBAHUU Ca-
Moro ce0st 3a BOJIOCHI U3 60J0Ta.

Ho campiMu npemyuumu 3a0iayKIE€HUSIMH B COBPEMEHHOM
busnKe ABIAIOTCS MOHSITHUS WHEPLMOHHOW WM MHEPTHOM Macchl U
3aKOHA COXPAHEHHUsI SHEPTUU, KOTOPBIM A0 CUX MOpP CTUMYJIUPYET
HEYTOMHUMYIO JESATEILHOCTh OTPOMHOM apMUU H300peTaTeNiei Bed-
HbIX nBUTatenei. [locnennue cTo jieT noucTuHe "yMONOMpPAYUTENb-
HOro" B3NIETa HAYYHOM MBICIIH, XapaKTEPU3YIOTCS IpeHeOpekeHnEeM
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YUEHBIMU-TEOPETUKAMU OCHOBOIIOJIATAIOUIUM MPUHIUIIOM Hay4-
HOTO TIO3HAHUS - TaK Ha3bIBaeMoil OpuTBOit OKKama.

N 310 mpuBesio K TOMy, 4TO HayKa C TOJIOBOM YTOHYJIA B MY-
cope OecCMBICIIEHHBIX TEPMUHOB U MOHSATHUH, UTO YK€ HE B COCTOS-
HUU OOBSCHUTH JaKe TaKNX, B OOIIEM-TO MPOCTEUIITNX BEIIeH, KaK
rpaBUTALMs U MarHUTHOE TOJIE.

3. O CTPOEHHUM ATOMA,
T'PABUTALIAU
U TEMHOM MATEPUU

st Toro, yToOBI CO37aTh YTO-TO MPETEHIYIOIIEe Ha CTPOi-
HYIO U JJOTUYECKH HENPOTUBOPEUYUBYIO TEOPHIO, B IIEPBYIO OYEPEIb
HEOOXOUMO OJHO3HAYHO OIpEeNeIUTh OCHOBHBIE MOHATHUS. Benb
TEPMUHBI U ONpPEAEIICHUs NPUIYMaHHbIE YYEHBIMUA HACTOJBKO TY-
MaHHBI U MHOTOCMBICJIEHHBI, YTO CJIOKUThH U3 HUX O0Jiee WIN MEHee
MpUEMIIEMYIO KapTUHY MPUPOJIbI TPOCTO HEBO3ZMOMKHO.

[Ipexnae Bcero Hy»KHO ONpPEACIUTh OCHOBHOE MOHSATHUE — 3TO
noHsitue mamepuu. CylmecTByeT O4eHb MHOTO OINpECIICHUI MaTe-
puH, COUNHEHHBIX (procodaMu U Y4EHBIMU, HO MBI, PYKOBOJICTBY-
sch OpuTBoi OKKaMa, BO3bMEM caMoe KOPOTKOE.

Mamepus — 3mo mo, umo cywiecmeyem ¢ npupooe.

JIroObIe MaTepuanbHBIC TPEIMETH MOKHO, TIO KpaifHel Mepe,
nourynate. Huuero HematepuaibHOro B npupoje Het. s Havana
9TOI'0 6YI[GT BIIOJITHE JOCTAaTO4YHO, HO B I[aHBHGﬁMGM 9TO OoIpcaciic-
HUEC MOXHO 6y;[eT YTOYHUTE.

Marepusi UMeeT YaCTMYHOE CTPOCHHE M MOXKET APOOUTHCS
O6eckoHeuHo. U1 crenoBarenbHO e€ CBOWCTBa Ha JIIOOOM YpPOBHE
CTPOEHHUSI COBEPUIEHHO OJWHAKOBBI. CIEQyIOIMM IIaroM IaJuM
ONpEIETICHUE TOHATHIO — ATOM.
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Amom — 3mo mamepuaivHoe 00pazoeanue, cocmoauiee u3
IIEMEHMAPHBIX YACMUY, UMelouiee 6 ONPEOeIEHHBIX YCN06UAX
HeusMeHHble ceolicmea. Amomovlt MoO2ym 00beOUHAMbCA 8 MoJle-
Ky/bl

Dnemenmapnan wvacmuua — Imo mamepuaibHoe 00pazosa-
Hue, cocmoauiee u3 cytr1emMeHmapHvlX Yacmuy, maK xee KaK u
amom, umerouiee 6 OnPedeIeHHbIX YC108UAX HEU3MEHHbIE C8Oll-
cmea.

Bewecmeo — amo mamepuanvHnoe oopazoeanue, cocmosuiee
U3 AmomMoe uiu MOJIeKyl, MaK xHce 6 ONPeOeeHHbIX YC108UAX,
umerouiee 00UHAKOBblE U HeUu3MeHHble CGOICHEA.

Ctpoenue BEIIECTBA

S Hamieli 00JIacTH BCEIECHHOMH
SneKPeRE! | moxazaHo Ha pucyHke (puc.l)
CaMm aToM ImOKa3aH CepbIM
I[BETOM, JIEKTPOHBI — OEIIBIM,
a TIPOTOHBI - YEPHBIM.

- ATOMBI TBEPIBIX TEN U
JKUJIKOCTEH  pacrosararoTcs
PrcA BIUIOTHYIO JPYT K JApyTy, a

3JIEKTPOHBI ¥ IPOTOHBI, B MPO-

MEXYTKaX MEXITY HUMHU. ATOMBI Ta30B M3-3a MPEOOIAAIOIINX CHUIT
OTTAJIKAUBAHUA, PACIIOIATa0TCA HA HEKOTOPBIX PACCTOAHUIX APYT OT
Aapyra.

pumeuanune! Moodenv amoma Pesepgpopoa-bopa, na komopoit
nocmpoena Cmanoapmuas mooenv Mupo3O0anus, npeocmaesiaiouiasn
co001l ananoz eeuno20 dguzames, NPOMUEOPEUAUE20 OCHOBHOMY 3a-
KOHY RpUpoOblL - 6MOPOMY HAUATLY MEPMOOUHAMUKU, 30€Ch He PACCMam-
pusaemcs.

CrnenyromuM NyHKTOM OIIPENEISEM IIOHIATHUE C6OLICHE Mame-
puu. JIroObie MaTepuaibHbIe OOBEKTHI BCETrIa MOKHO OXapaKTEpH-
30BaTh KaKMMHU-TO CBOMCTBaMU. BO3bMEM sl mpuMepa CTEKJIO.
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CTtexJ0, KaKk U3BECTHO, 00J1a1aeT CIIOCOOHOCTHIO MPOIMYCKATh CBET
U 3Ty €ro CIOCOOHOCTh MJIM CBOMCTBO, Mbl Ha3bIBa€M MPO3pPAYHO-
cTh10. CylIecTByeT JIU MPO3PaYHOCTh B IPUPO/JIE, KaK MaTepraibHas
cymHocTh? OHa KOHEYHO K€ CYIIECTBYET, HO TOJIBKO HE Kak (hu3u-
YecKasi CYIIHOCTh, a KaK XapaKTepUCTHUKA JIOBOJIBHO OOJBIIOTO
KJ1acca BEILECTB, IPOIYCKAIOIINX CBET. A pa3 OHA CYILECTBYET, KaK
HEKas XapaKTepUCTUKAa WU CBOWCTBO, TO TMOMIyNaTh €€ HEBO3-
MO>KHO. MOKHO MOIIyNaTh CaMO CTEKJIO WIIH aliMa3 WU JIaXe BOAY,
a BOT MIPO3PAaYHOCTh HUKAK HE MOLIYTaelh.

BoT TyT-TO MBI M IOTIaJJa€M B JIOTMUYECKYIO TOBYIIKY. M Takux
JIOBYIIEK B HAayKe CTOJIBKO, YTO Ha MX MOYBE BHIPOCIH ILIEJIbIE TCEB-
JIOHAay4HbIe HaNpaBJICHUs, TaKUe KaK KBaHTOBas (hU3HKa, KOCMOJIO-
TUSl M TEOPUSI OTHOCUTEIBHOCTH.

Kak MBI y)xe onpenenuin Bbllle, IPO3pavyHOCTh — 3TO CBOM-
CTBO cTekna. W ecTtecTBEHHO, YTO J1I000€ CBOMCTBO MOXKET CyIIe-
CTBOBaTh TOJBKO C TeM OOBEKTOM, KOTOPOE OHO XapaKTEpHU3YeT.
Wnu npyrumu ciioBaMu, c60UCHI60 — INO NPOCMO HEKAA XapaKme-
puUCmMUKa MamepuanbHozo 00veKkma.

[TonobHoe MoJIOKEHHE CIOXKUIOCHh B HAyKe C TOHATHEM
IHepzus. DJHEPTHs — 3TO CBOMCTBO MaTEPHAIILHOTO TeJla COBEPIIATh
paboTy. DTO camoe MpOCToe U KPAaTKOe OIpeieieHre IHEPTHH, KO-
TOpas TaK ke, KaK ¥ MIPO3PAYHOCTh, SIBIISICTCS XapaKTEPUCTUKON Ma-
TEPUAIBHOTO TeJIa K MOXET CYIIECTBOBATh TOJIBKO BMecTe ¢ HUM. To
€CTh DHEPTHUs, TaK e KaK U MPO3pPauHOCTh, UMEET MAaTepUAIbHBIN
HOCHUTEIb, 0€3 KOTOPOT0 OHA CYIIIECTBOBATH HE MOJKET.

Crekynsiiy Ha TeMy 2HEpPruu, oOyCIOBJIEHHBIE MOTOJIOB-
HOHM JIOTHYECKOW Oe3rpaMOTHOCTBHIO HAYyYHOTO COO0OIIecTBa, OyK-
BaJIbHO 3aMOJIOHUIIN HAYKY.

[TogoOHO PKCTpaceHcaM W IapjaTaHaM BCEX MacTeH, yué-
HBIC HECYT HECYCBETHYIO UYIIIb O KAKUX-TO TEMHBIX SHEPTHUSIX, JIBIO-

10
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HIMXCS U3 KOCMOCa Ha 3eMIII0, YTO XOTh BCEX CBATHIX BhIHOCH. Ogi-
HAKO CTOWT TOJIBKO 3aMEHUTh TEPMHH "dHEPrus’ Ha 0OBIYHOE CIIOBO
"CcrmoCOOHOCTR" WJIM CBOMCTBO COBEpIIATh padoTy, "Myph KaKI0TO
Cpa3y e CTAaHOBUTHCSI OUEBUHOM "

Hano o6ianath moricTuHe HEOOY3IaHHOM haHTa3uel, YTOOBI
NPEeICTaBUTh ceOe MOTOKU KaKUX-TO TEMHBIX CIIOCOOHOCTEH, U3IIy-
yaromuxcs Ha 3eMIII0 U3 KocMoca. EMUHCTBEHHBIN MOTOK 3HEPrun
NOCTYNAKMMA Ha 3eMJII0 — 3TO MOTOK COJIHEYHOro u3nydeHusd. Ho
TaK KaK YHEpPIHsi — 3TO BCETO JIMIIb CBOWCTBO MaT€puH, TO CIIEJI0BaA-
TEJIbHO, COJTHEYHBIN CBET — 3TO U €CTh IOTOK MaTePUATIbHBIX YaCTHII,
CIOCOOHBIX COBEpIIaTh PaboTy.

N 3TOT KONMoCCabHBIN MOTOK YaCTULl COJHEYHOrO M3JIyde-
HUSI, coBepIas paboTy, MIJUTHOHBI JIET OIZICP)KUBAET Ha 3eMIIe OI1-
TUMAJIbHYIO TEMIEPATYpPY, HE JaBas €d IPEBPATUTCS B JIEASHYIO
ribI0y. M TONBKO HUYTOXKHYIO YaCTh 3TOTO U3ITyYSHHS MbI HCITOJIb-
3yeM JUIs [TOJIy4€HHUS 3JIEKTPUUYECKOI0 TOKA C TOMOLIBIO COJTHEUHBIX
Garapeil.

Ha stom Oynem cuntarh, 4TO C SHEPTHUEH MBI pa300paKCh, a
Tereph nmonpodyem pazodparbes ¢ padoroit. Uto ke 3To Takoe, pa-
6ota? PaboTa — 3TO0 HEKOTOPOE W3MEHEHUE COCTOSIHUSI MaTepHalb-
HOTO TeJa, B pe3ysbTare IeHCTBUS Ha HEro APYroro Tena, o0ianar-
niero sHeprueil. Hammpumep, eciin Mbl ypOHUM TMPIO HA KYCOK ILjIa-
CTUJIMHA, OHA PACIUIIOIUMT €ro B JENEmKy. To ecTb M3MEHUTCA
dopma Kycka IIacTUINHA.

OOBIYHO TOBOPST, UTO YHEPIUs TUPH MPOH3BENa paboTy 1Mo
U3MEeHeHHUIo0 popMbl Kycka miuactuiuHa. 1 ata Becbma pacnpoctpa-
HEHHAs OmMOKAa MMeEeT MOCTOSHHYI0 MPOMUCKY MPAKTUYECKH BO
Bcex yueOHukax. Ho, Kkak Mbl y:ke Onpeenuiiy BhIlle, SHEPTUs He-
MaTepuaibHa U CIEAOBATEIbHO HUKAKOW pabOThl MPOU3BOJIUTEL HE
MoxeT. PaboTy Mpou3BOAUT HE PHEPTUsi, a TUPA, MaJaromas Mmoja
JENCTBUEM Pa3HOCTH IPABUTALIMOHHBIX MOTEHINAIOB.
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Anexcandp BECEAOB

U xorpa BaMm TOBOPAT, UTO YETIOBEK MCIOJB3YET, HAPUMED,
SHEPTHUIO BOJH JUISI MTPOU3BOJICTBA 3JIEKTPUUECTBA, TO MO CYTH, 3TO
O0OBIKHOBEHHOE BpaHbe. UeIOBEK MCITONIB3YET SHEPTHIO BOBI, a HE
BOJIH.

A BOJIHA — 3TO MPOCTO MEXAHU3M, TTO3BOJISIONIUN 3Ty SHEP-
TUIO UCIIOJIB30BaTh. J[pyrumMu cII0BaMH BOJIHA — 3TO MEXAHU3M B3a-
UMOJCHCTBUA. DTO JIETKO MOHATH HAa MpocToM mpumepe. Korma Ml
BE3EM CaHKHU 3a BEPEBOUYKY, TO BEPEBOYKA HE SBISETCS CBOMCTBOM
CaHOK WJIM Y€JIOBEKa, OHA SIBJISIETCS MEXaHW3MOM B3aUMOJICHCTBUSA
MeXy HUMH. Vi TpOoCTO MOCPETHUKOM MEXKIY CAHKAMH M YeJI0-
BEKOM.

Bort Tenepp, korma Mbl NPOSICHWJIM HEKOTOPHIE OCHOBHBIE
TEPMUHBI, MOXKHO TEPEXOJUTh K pa3zpadboTke Hamieil Teopun. Ilep-
BBIM M OCHOBHBIM TIOCTYJIATOM HaIllei Teopuu, OyIeT MOJI0KEHNe,
YTO B IIPUPOJAE CYLIECTBYET TOJIBKO Mamepus.

To ecth Bce TO, UTO MOKHO mollynars. B mpupoje Bce co-
CTOUT U3 MaTEPHUH, a CIENOBATENBHO, IPUPOJIA — 3TO U €CTh MaTe-
pusi, TIO3TOMY HUYETO0 HEMATEPHUAIBHOTO, BPOAE KAKUX-TO BHUPTY-
AIBHBIX YaCTHUIl WJIM MU(PUYIECKUX "ABIPOK", B MPUPOJIC HET U OBITH
HE MOXeT. B Hell Takke He MOXET ObITh HUYErO OTPHIATEIIBHOTO
WM MHUMOTO. OTpulIaTeNbHbIE BEJIMYMHBI MPUIYMaId TOPTOBIIBI
JUTst 0003HAUYEHUS JIONTa, a MPUPOIa HUKOMY U HUYETO He JIOJDKHA.

Kpome sHepruu, oIHUM U3 OCHOBHBIX (PyHIaMEHTAIbHBIX
CBOWCTB, NPUCYIIUX MAaTE€pPUH, SIBISACTCS 3IJIeKMPUUecKuil 3a-
PA0. DKCIEPUMEHTAIBHO 1aBHBIM-JABHO YCTAHOBJIEHO U 3TO JIETKO
MIPOBEPUTH 0€3 KaAKON-TMOO0 CIIOKHOM amnmaparypsl, YTO dJIEKTpUUe-
CKH1 3apsij] ObIBaET IBYX MPOTUBOIOJIOXKHBIX TUIIOB WUJIH, KaK TOBO-
PAT YYEHBIE IBYX 3HAKOB - MOJOKUTEIBHBINA U OTPUIIATEIbHBIN.

Mpumeuanne! Imu mepmunvt enocam 6 pusuxky onpeoenén-
HYI0 nymaHuuy u 0vl10 0bl 20pa3oo 102uiHee HA36aMmb 3apa0bl, HANPU-

mep, KpacHolm U CUHUM. Homomy umo, KaK CKa3ano esliie, ompuua-
meJjlbHble 6e/INYUHBL — MO ampuﬁym Mmamemamuru. A 6 mamemamuke,
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Beonroyust MATEPHH

6 OMIUYUYU OM HPUPOODL, RPU CTIOHCEHUU NOTIOHCUMETbHBIX U OMPULA-
menpHbIX 6enuuun, noayuaemcs Hyav. Hnu, nycmoe mecmo. A é npu-
Pooe He Obleaem NyCmMoOmbl, HOIMOMY NPU 00bEeOUHEHUU 3aPA008 UX
nona He ucuesaiom, a 00vEOUHAIOMCA 8 00HO, ZPAGUMAYUOHHOE nole.
To ecmb neitmpanvnoe meno oonadaem ogymsa sapaoamu cpazy. Tonvko
60M 00 YUEeHBIX IMO KAK-mo He 00X00um u OHuU, Umoobl He 00udems
MaAmemMamuKy, HaUUHAaAIOmM COYUHAM. ..

DJIEKTPUYECKUIN 3apsi]i MPOSBISIETCA B BUJEC 21eKmpuye-
CK020 nojsA. JKCIEPUMEHTAIBHO TaK € YCTAHOBJIECHO U 3TO TOXKE
JIETKO IIPOBEPUTH, UTO TEJIA UMEIOIINE OJAUHAKOBBIE DIIEKTPUIECKUE
3apsAabl, OTTAIKABAIOTCS, 4 UMEIOLLHUE PA3HbIE 3apsAabl, IPUTATABA-
t0Tcs. To ecTh Tena, B 3aBUCUMOCTHU OT THUIIOB MJIM 3HAKOB 3apsiiOB,
B3aMMOJICUCTBYIOT 110 Pa3HOMY.

[To ananoruwm ¢ Mpo3pavHOCTHIO, KAK CBOMCTBOM MPOMYCKATh
CBET, MbI C MOJIHBIM IPABOM MOKEM OIPEIECTUTD 3apA0d, KaK CBOM-
CTBO WJIM CIOCOOHOCTh MaTepHwH B3ammojelcTBoBaTh. CiemoBa-
TEJIbHO NpUmMANCeHUe U OMmaiKueanue — 3T0 U €CTh 83aumooel-
CMmeus.

A BOT CHJIbHBIC 3TH B3aUMOJICHCTBUS WM Cl1a0ble, 3aBUCUT
TOJIKO OT PaCCTOSHUS MEX]Ty B3aUMOJICHCTBYIOIIMMH OObEKTaAMH.

A Tak Kak MaTepualibHbIE Tela, UMEIOLINE 3apsiibl, B3aUMO-
JIEUCTBYIOT HA HEKOTOPOM PAaCCTOSIHUU, CIEA0BATEIBLHO 3apsig — 3TO
ceolicmea mamepuu 63aumooeiicmeoeamsy Ha paccmoanuu. Ma-
TepUAJIbHBIC TEJa BCErAa B3aMMOJICHCTBYIOT Ha PACCTOSIHUM, YEPE3
MOCPEIHNKA, KOTOPBIM SIBIIIETCS noJ1e 3apada. V1 Tak Kak mosje, 3To
BCETO JIMIIb NOCPEAHUK, TO IIPU B3aUMOJICUCTBUSIX OHO HE U3MEHSI-
ercsl.

N HEnoHATHO 3TO, IO BUAMMOMY, TOJBKO TEOPETUKAM, TaK
KaKk OHM B3aUMOJEHCTBHUS Ha Pa3HbIX PACCTOSHUAX, OHU CUUTAIOT
pa3HbIMU B3aMMOJCHCTBHUIMU.

Korga Mbe1 nmpubnmkaem Apyr K Apyry JBa MaTepuaabHBIX
TeJla, UMEIOIUE OJIMHAKOBBIC 3apsibl, OHU OTTAIKMBatOTCs. HyXHO

13



Anexcandp BECEAOB

UMETh B BUY, YTO OTTAJIKMBAIOTCS HE 3apsi/ibl, a Tesa. DTO MPOUC-
XOJIUT TIOTOMY, YTO HOJIA OOUHAKOBBIX 3APA00E HENPOHUUAEMbL
JIpYT JUIsl Apyra ¥ TPpU CONMMDKEHUH OHH YIPYyTo nedopMupyroTcs,
YeM U 00YCIIaBIMBAIOTCS CUJIbI OTTAJTKUBAHUS.

Korna mbl npubnuxkaem Apyr K Ipyry MaTepUaIbHBIE Tea,
UMEIOIIIE TPOTUBOMNONIOKHBIC 3apsbl, OHU MPUTITUBAIOTCS. OTSATh
JKE MPUTATUBAIOTCS HE 3apsA/Ibl UITH OIS, a Tela.

DTO MPOUCXOUT TIOTOMY, UTO KO/ PAZHBIX 3APA006 CHIpe-
mamea caumpca opye ¢ opyzom. 1Ipu 3TOM y HUX TOXE MPOSIBIIS-
IOTCS CBOWCTBA YNPYIOCTH, HO COBEPIICHHO IMPOTHUBOIOJIOKHOTO
JEHCTBUsI. DTO CBOMCTBO yIPYTrOCTH KaK Obl BHIBEPHYTO HAU3HAHKY.
Ecnu npyxuna npu 0osiblIeM pacTsHDKEHUH COTPOTUBIISETCS CHIIb-
HEE, TO CUJIbI MPUTSHKCHUS TIPY YBEIMUEHUU PACCTOSHUS HA000POT
ocnabeBaroT.

Ecnu nBa Tena ¢ mpoTHUBOMOIOKHBIMU 3aPsiIaMU MPUTSTHBA-
IOTCS 10 CONMPUKOCHOBEHWMSI, TO OHU OKa3bIBAIOTCS OKPYKEHHBIMHU
JBYMsI IPOHUKIIMMU JAPYT B IPYyTra U CIUBIIUMUCS BMECTE IEKTPHU-
YECKUMHU MOJIIMU. B uTore 3To mpuBOAUT K TOMY, UTO 3aps/ibl, KaK
CBOICTBa MaTepuu OOBEAMHSIIOTCS, UX Oelcmeusa JacTUYHO B3a-
UMHO KOMIEHCHPYIOT APYT Apyra U cOIM3UBIIKECS Tesa, B 00LIEM
U 1I€JIOM, OKa3bIBAIOTCS 2JIEKMPUYECKU HElIMPATbHbIMU.

Cnedyem umems 6 6udy, Y4mo KOMHEHCUPYIOMCA MOIbKO
oelicmeus 3apa006, camu xHee 3apAosl, AGNAUUECA HEOMbEMILe-
MbIM CBOTICHIEOM MAMEPUU, HUKYOA He UCHe3alom.

Bot 3TH, cnuBmmecs: BMecTe, SJIEKTPHUSCKUE OIS TPOTUBO-
MOJIO’KHBIX 3aps/IoB U 00pa3yioT ZpasumauuoHHoe nojae MaTepu-

aJIbHOTO O0BEKTA.

W ecnu MBI monpoOyeM pHOIM3UTh J1Ba TAKUX DIICKTPUYC-
CKH HelmpaibHblX MaTEPHAILHBIX TEJIa JPYT K IPYTY, TO SICKTPH-
YeCcKHe TOJIs, OKPYXKAIoIue X, OyIyT CTPEMUTHCS YK€ B3aHMMHO
MIONIAPHO CIUTBLCA APYr C IAPYroM, 4TO IPUBEHAET K IMPUTATMBAHUIO
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Beonroyust MATEPHH

3TUX TeJl IPYT K ApPYyry. A cieloBaTelbHO Tela, 00ialarolue 2pa-
SUMAUUOHHBIMU noAAMU OYIYyT 6cez0a TPUTATUBATHCA IPYr K
npyry. Y 970 3HaUUT, 4TO HUKAKON aHTUTPABUTALIUU B IPUPOJIE CY-
[IECTBOBATh HE MOXET, IOTOMY YTO OTTAJIKMBATHCSI MOT'YT TOJIBKO
TeJa, UMEIOUIUE OJIMHAKOBBIC 3JIEKTPUUYECKUE 3apsiibl. 3a MpuMe-
pamMu JaJieKo XOJUTh HE HAJ0, JIFOObIE TeNa, HaxXOoIsIIrecs Ha Iiia-
HETe, IIPUTATUBAIOTCA K HEHM C OIIPEACIIEHHON CUIION, 3aBUCAILIEH OT
paccTosiHug 10 €€ MOBEPXHOCTH.

JIro0BIe Te1a BO BCEJIIEHHOM, 3B€3 6], INIAHETHI, aTOMBI, 00JI1a-
JAIOT CBOMMH I'PaBUTALMOHHBIMU MOJISIMU, KOTOPBIE XOTS U UMEIOT
OCCKOHEUYHBIM paanyC NEUCTBHS, HO OYCHBb CHIILHO OCIabeBaroT C
paccTostHueM 1o 00paTHO KyOHUecKoi 3aBUCUMOCTH. M B cuity cBO-
ero 0ECKOHEYHOT0 pasnyca JEeHCTBUS, 3TU TOJIS SBISIOTCS 8€30ecy-
uieil ynpy2oiil cpeooii, B KOTOPOU pacpoCTPaHsIOTCs TPaBUTALMOH-
HBIC BOJHBL. DTO TOBOPHUT O TOM, YTO HUKAKOT0 3(prpa, (HU3HIecKoro
BaKyyMa, CKa304YHOTO MPOCTPAHCTBA-BPEMEHU HIIM KaKOTO-TO TPH-
JIEBATOIO LIAPCTBA B MPUPO/JIEC HE CYILIECTBYET.

W xak Mbl YCTAaHOBWJIM BbIlIE, TPABUTAI[MOHHOE MOJIE, KaK
nmoyiec 00pa30BaHHOE SJIEKTPUUYCCKUMH TOJISIMH, TaK k€ oOiamaer
YIPYTOCTHIO U MOATOMY JIF000€ TENO, JBUTAsICh B IPAaBUTALOHHOM
noJie, OyJeT co3/1aBaTh B HEM YIPYTYIO BOJIHY C)KaTHUsl, CKOPOCTh KO-
TOpPOW MOCTOSIHHA, MMOTOMY YTO OMNPEAENseTCS TOJbKO YINPYTUMHU
CBOWCTBAMH 3JICKTPUUECKUX TOJIEH, 00pa3yIoMKX 3TO TPaBUTAIH-
OHHOE ToJie. J[TMHa TOW BOJHBI OyJET ONPEAeNsThCS Pa3HOCTHIO
CKOpOCTEH caMoii YacTUIIbI U BO30YK/1aeMOii €10 BOJHBI.

E€ MoxHO onucarh ciaenyronM BbIpasKeHUEM:

A=(Ve-Vu)lt,
rae Vua— CKOpOCTh YaCTHIIBI,
a Vs — CKOpOCTh, CO3aBa€MOi €10 TPaBUTALMOHHON BOJIHBI
(ckopocmb ceema) (puc 14).
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Kaxk n3BecTHO, CKOPOCTh BOJIHBI B IPABUTALMOHHOM I10JI€ CO-
crapiisieT 300 000 KHIIOMETPOB B CEKYHY. DTO TO, YTO YUEHBIE OIIIH-
00YHO Ha3bIBAIOT CKOPOCTBHIO CBETA U KOTOpAas SIBJISIETCS MOCTOSH-
HOM. CKOPOCTh pacpOCTpaHEHUs BOJIHBI B TPAaBUTALIMOHHOM I10JIE,
BEJIMYMHA JICUCTBUTENBHO TMOYTH MOCTOSIHHAsT M ONpeaessercs
TOJIBKO €TI0 CBOKMCTBaMHU.

A Tak Kak MaTepualibHble Teja MOTYT B3aUMOJECHCTBYIOT
TOJBKO C MOMOILBIO MOJIEH, TO CKOPOCTh BOJIHBI - 3TO U €CTh CKO-
pOCTb B3aMMOJAEHCTBHUSI.

Cama xe yacTuIa MOKET ABUTaThCS B TPABUTALIMOHHOM I10JIE
C KaKOW YTrOJIHO CKOPOCTBIO, XOTh MUJIJIMOH KHJIOMETPOB B CEKYHY.

JlBurasice B crienuudeckoit cpene, KOTOPYI MPEICTaBIIsCT
co00i1 TpaBUTAIMOHHOE T10JIe, 00Pa30BAHHOE JICKTPUUESCKUMHU T10-
JISIMU TIPOTUBOTIONOXKHBIX 3HAKOB, YaCcTHIIA BO30YKIaeT B HUX CHH-
XPOHHBIC TPOTUBO(A3HBIC BOJIHEI CKaTHSA. TO €CTh, €CIM B KaKOM-
TO TOYKE MOJOKUTEIHLHOTO 3JEKTPUUYECKOTO OISl Y BOJIHBI CHKATHE
(rop0), TO B TOi1 k€ TOUKE OTPULIATEIHLHOTO MOJIS, HMEIOLIETO MPOo-
THUBOIIOJIOXKHBIE CBOMCTBA, OYJIET pa3pekeHHe (BIIaNHA).

Jpyrumu cioBaMu, BOJIHBI B 2PAGUMAUUOHHOM noJle — 3TO
nonepeuHwle BOJIHBI HA TPAHUIIE IBYX Cpel (3JIEKTPUUECKUX MOJIEH)
C PA3IMYAOIIMMUCS TPOTUBOIIOIOKHBIMU CBOMCTBAMH.

DTO U €CTh T€ CaMbl€ 2PAGUMAUUOHHbIE BOJIHbI, KOTOPHIE B
¢u3uKe OmMMOOYHO HA3ZBIBAIOTCS INeKmpomazHumnvimu. Jla u
OOBIYHBIC 3BYKOBBIC BOJHBI U BOJHBI HA TTIOBEPXHOCTH BOJBI TaK ke
MMEIOT TPaBUTALUOHHYIO TPUPOTY.

IIpumeuanue! Bakyym, mak sce Kak u ygpup, no npedcmasieHuio
duzuxos, cpeda 00nopoonasn, a 603HUKHOEEHUE NONEPEUHBIX 60JIH 6 00-
HOPOOHOIL cpede Heso3modcHo. Ho ¢ zpasumauuonnom none, oopazo-
BAHHOM 810)CEHHBIMU OPY2 8 OPY2a INEKMPUUECKUMU NOJIAMU, ZPAHUUA
MedHcoy Humu cywiecmeyem, RPAKMU4ecKu, 6 000 mouKe IMO20
noJis.

J111s TOTO, 9TOOBI MPUITH K BBIBOAY 00 3NIEKTPUIECKON MPUPOE
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IpaBUTALlMU, JOCTATOYHO DJIEMEHTApPHOTO CpPAaBHEHHUS OCHOBHBIX
dbopmyn 3akona Kynona u 3akoHa "BcemupHOro" taroreHusi Horo-
ToHA. Tak Kak 3TH 3aKOHBI IPAKTUYECKH OIMKCHIBAIOT OJITHO U TO K€
B3aMMOJICICTBHE, TO MOJy4aercs,

YTO 3TO OAMH U TOT XK€ 3aKOH,
"OTKpBITHIN" HEOAHOKPATHO.

bonee Toro, 3akoH »TOT, IO-
BUJMMOMY, BBIBEJIEH YHCTO I'€OMET-

pUYECKH, TaK Kak B 00IIEeM BHJIC OH
OIMCKLIBAET 3aBHCUMOCTL HIOMLAOU

Pue.2 CCYCHHS JTFOOO0T0 TEJIECHOTO yIiia, OT
PACCTOSIHUS CEKYIIEH MIOCKOCTH JI0
€ro BEpPILUHBI.

A Tak Kak MaTepuaibHbIE Tena 001a1al0T 00BEMOM, TO yBe-
JUYEHUE ero paguyca B 2 pas3a, MPUBOAUT K YBEIHMYEHHIO 00BbEMa
9TOTO TeJIa U COOTBETCTBEHHO, KOJIMYECTBA €T0 BEIIECTBA, B § pas.

A, cnieoBaTeNbHO, U €T0 CUJIbI MPUTSHKEHHSI TAK K€ YBEITUH-
BalOTCS B 8 pa3 WM MPOIOPIIMOHAIBHO KyOy paauyca, a He KBaJl-
paty, kak ommb6o4yHo cuntanu Hetoton u Kysos.

PacrnipenienieHre TOTEHIIMATIOB TPABUTAIMOHHOTO TIOJS JIHO-
00ro MaTepuaTbHOTO OOBEKTA — IUIAHETHI WK 3BE3/Ibl rpaduuecKu
MPEJICTABICHO PUCYHKOM (puc.2). 'paBUTAIIMOHHBIE CHIIBI TIPUTS-
JKEHUS YBEIIMYMBAIOTCS TMPOMOPIMOHATBHO KpOy PACCTOSHUS OT
[EHTpA MJIAHETHI U IOCTUTAI0T MAaKCUMAaJIbHOTO 3HAUEHUS Ha e€ 1mo-
BEPXHOCTH. JTa 3aBUCUMOCTh OIHCHIBACTCS BHIPAKEHUEM:

Fm=kR3, 20e

K — ycnoeuwiii koaghhuyuenm nponopyuonanvrocmu,
HeobXx00uMblll OJisl CO2NACOBAHUS PA3IUYUHBIX eOUHUY UBMEPEHUS, OC-
HOBAHHBIX HA CIVYAUHBIX BETUYUHAX.

R — paouyc maecomerowezo mena (36e301, nianemot).
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Anexcandp BECEAOB

COOTBETCTBEHHO, MO MEpPE YAAJIEHHUs OT MOBEPXHOCTH MaTe-
pHUATBHOTO TeNa, CUJIa €r0 TPABUTAIMOHHOTO MPUTSIKEHUS YMEHB-
[IAETCS TI0 TOMY € 3aKOHY U 3Ta 3aBUCHMOCTD OIMCHIBAETCA CIIE-
JIYIOIIIM BBIPAKEHUEM:

F=Fuw/(r-R)?

[pumeuanne! Umenno usz-3a Kyouueckoii 3asucumocmu Kasen-
ouw He cmoz odnapyycumn cunvl npumsncenusn 150-mu kunozpammo-
6bIX DONBAHOK U MYNO UCNONb306a4N popmyny Kynona ona anexkmpuye-
cKux 3apa006. H umenno noymomy amepuxkanysvl He cMO21U npespa-
mumuv ceoii '"NEAR'' 6 uckyccmeenHnuwlii cnymuuk acmepouoa 3Ipoc.
Tax snce, kak ne npowén mom "'Gokyc'' ¢ anonckum 3onoom ""XAA-
BYC' na acmepouoe Hmoxkasa.)

A Tak Kak CUJIbI IPUTSKEHUS, IEUCTBYIOIIKE B IIEHTPE MaTe-
puaIbHOTO 00BEKTa, B3aUMHO MPOTUBOIOJIOKHBI U YPABHOBEIIICHHI,
TO CHJIA TPABUTAIINH, a CJIEIOBATEIHHO U JIABJICHUE B HEM MPaKTH-
YECKH PABHBI HYIIIO.

[ToaTomy mro0ast yacTHIa, OKa3aBIIAsCSA B CAMOM IIEHTPE 00b-
eKTa Oy/JeT HaXOJUTCSI B HEBECOMOCTH U ITPH HE3HAYUTEIILHOM CMe-
HIeHUH €€ B KaKyr0-TMOO CTOPOHY, PABHOBECHE CHJI HAPYIIUTCS U
YaCcTHIIA IEPEMECTUTCS B Ty CTOPOHY, I'JIe IIOBEPXHOCTH OIMKE.

UYro B uTOre NPUBEAET K TOMY, YTO B LIEHTPE MAaTEPUATIBLHOIO
Tena oOpasyercs mycTora. Bot mostomy mo0bie KOCMUUYECKHE 00h-
€KThl, aTOMBI M 3JIEMEHTAPHBIE YACTHULIbI, 3TO RYCHIOmeJible 00Pa3o-
GAHUSL.

OTa MyCTOTENOCTh, KakK 'TpaBUTAIlMOHHAs CKopiayna'"
MpyuJaeT aToMaM M 4YacTULaM, a TaK K€ 3Be3JaM M IUIAHETaM
BBICOKYIO MPOYHOCTh M CTAOWIBHOCTh. 3€MIIs, HAPUMEpP — 3TO
MYCTOTENBIN IIap C TOJIUHON CKOPIYITBI IPUMEPHO, OKOJIO 2 THICSY
KAJIOMETPOB, C BHYTpEHHEH armocepoil MpUMEpHO TaKoW xKe
TOJIIIMHBI U BAKYyMOM B CaMOM IIeHTpe (puc.25).

['paBuTamonHoe moJie, 0Opa30BaHHOE OJIMHAKOBBIMH DJICK-
TPUYECKUMH MOJISIMA PA3HBIX 3HAKOB, TEOPETUUECKH, HEHMPATbHO
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CUMMEMPUYHO U €r0 BEIUYMHA 3aBUCHUT TOJBKO OT (PM3UYECKUX
Pa3MepoB 3TOr0 MaTEPUAIIBHOTO TEIIA.

Jliist Toro 4yTOOB! ABUraThCs JaJibllle HAM HEOOXOAUMO Ha He-
KOTOpOE BpeMsl BEpHYThCS K cTpoeHHIo aroMa. Kak Obu1o ckazaHO
BBIIIIE TUTAaHETapHas Mozenb Pesepdopaa u kBanTtoBas moaeins bopa,
10 CYTH TIPEACTaBISAIOIINE COOON 3JIEMEHTapHble BEYHBIC JIBUTA-
TEJH, U1 Halllel TEOpUU COBEPIIEHHO HENPUEMIIEMBI.

A BOT aTombl 1o Mojaenu TomcoHa, Hanboliee MOJTHO OTBE-
YalT PealbHOCTH, TAK KaK OHU COCTOSIT U3 OJUHAKOBOTO KOJUYE-
PR CTBa DJICMEHTApHBIX YaCTHUI[ C

[PIBHTEYNOHHER

m,f;w » *™ | OpOTHBOIOIOXHBIM  3apsaOM,

P i) e o CIICMCHTHPOBAHHBIX  MOITHBIMHU
——— §g oo | CHIAMH B32MMHOTO HPUTSHKEHHUS.
ot e VIMEHHO TMO3TOMY aTOMBI

O4YCHb CTaGI/I.HBHBI, HO IIpHU 3TOM
CBOMMHU TpaBUTAIWMOHHBIMU I10-
JIIMHA OHHM MOTYT 3aXBaTbIBATh

pa3iauyuHble CBOOOJHBIE BJIEMEH-
TapHble U cy037eMeHTapHbIe Ya-

Pue.3

CTHIIBI M YIEPKUBATh UX Ha CBOEH MOBEPXHOCTH, TaK e Kak Iia-
HETBHI YJIEP’KUBAIOT HAa CBOEH MOBEPXHOCTH Pa3IMUHbIE MPEIMETHI U
atmochepy (puc.3).

PucyHok A wmuocTpupyeT MEXaHHM3M IPO3PAYHOCTH WM
NPOMYCKaHHs Kakoro-1u6o u3inydeHus. CBOWCTBOM MPO3PaYHOCTH
0OBIYHO 00JaJaI0T BEIIECTBA C JOBOJILHO OOJBIION acuMMeTpHuei
IPaBUTALMOHHBIX TIOJIEH aTOMOB WJIM MOJIEKYJ, yIE€pP:KUBAIOIINE Ha
cebe OOJBIIIOE KOJMYECTBO AJIEKTPOHOB, KOTOPBIE OOCCIICUMBAIOT
MEXaHU3M MEePEeU3TydCHHUS.

Pucynox B u C 00BSACHAIOT MEXaHU3MbI OTKJIOHCHHS TPaeK-
TOPUH YaCTHUIIBI, TPOJIETAIOIIEH CKBO3b (DOJIBIY B 3KCcIiepruMeHTe Pe-
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3epdopaa. B — mexanusm nepeusnydeHusi, a C — MexaHU3M I'PaBH-
TAIMOHHOT'O JIMH3UPOBAHUS MPU MIPOJIETE YACTULIBI CKBO3b MEXTya-
TOMHBIA MPOMEXKYTOK.

Mertasibl, umerole HeOONbIIYI0 aCUMMETPHUIO TPaBUTALIN-
OHHBIX ITOJIEH aTOMOB, KaK MPABUIIO HE MPO3PAUHBI, TAK KaK MOTJI0-
MIAI0T WM OTpaXxaroT OomOapaupyromue ux gacTuibl. OTpakeHue
MPOUCXOUT B Pe3yabTaTe BOZHUKHOBEHUS OTPAXKECHHOU IPaBUTAIIH-
OHHOUW BOJIHBI MPU OTCYTCTBHH Ha TOBEPXHOCTU aTOMa MPUTSIHYB-
HIMXCS K HEMY YaCTHLl, KOTOpasi BBITAJIKUBAET 00paTHO YaCTHILY, KO-
TOpasi ATY BOJIHY U co37ala.

VY aTtoma, ynep:KMBaloIIEero Ha cebe YacTHUIbl MpeuMyllle-
CTBEHHO KaKoro-1100 0JIHOT0 3apsija, TpaBUTAIL[MIOHHOE M0JIe, OKPY-
JKaroliee ero, y:ke OyJeT He COBCEM CUMMETPHYHBIM.

OHO OyJeT COCTOATH W3 ANEKTPUUYECKUX IOJICH, HECKOIBKO
PA3TUYAIOIINXCS IO BEIMYUHE U PAIUYCY IEHCTBUS, YTO MPUBEALT
K HEKOTOPOMY OCIIAOJICHUIO TIPUTSHKEHUS aTOMOB JIPYT K APYTY. DTy
Pa3HOCTh BEIMYUH JJIEKTPUYECKHUX IOJICH, MBI U Ha30BEM acuUM-
Mempueil ZpasumayuoHHO20 NOJA.

Ecnu Ha moBepxHOCTH aToMa MpeodIagatoT YaCTHUIIbI C TIOJIO0-
YKUTEIIbHBIM 3apsAJIOM, TO ACUMMEMPUA €ro TPABUTALIMOHHOTO MOJIS
OyneT moJIoKUTENbHOU. Wu oTpuiiaTenbHOM, eciiu Hao00poT.

Jpyzumu cnosamu, acummempus 2pagumayuoOHHo20 nos
amoma, Mo €20 6HEeUIHUI U30bIMOYHDLIL IIEKMPUYECKUIL 3aPA0.

Bce BemecTBa B Mpupoae COCTOSIIINE U3 AaTOMOB M MOJIEKYII,
BCEra MMEIOT HeOONbIINe M30BITOUHBIC SICKTPUUYECKUE 3apsiibl
(acummempuio), 3aBUcsIIEE OT U3OBITOYHOTO 3apsiia CpPeJibl, KOTO-
PBIMU OTIPEACTSIOTCA UX acpezammuple COCMOAHUA U 83AUMOOel-
cmeus opyz ¢ Opy2om.

le/lMe‘laHI/le! 3]18M€Hmapl—lbl€ yacmuusvbl mak sce umerom acum-
mempuro cpasumauuOHHblIX nOHEﬁ, 06yCJ106Jl€HHy10 npujiuniiumu K
HUM CYOIIEMEHMAPHbIMU wacmuyamu. Acummempus 2pasumayuon-
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HbIX noJieil Yacmuy, amomoes u Opy2ux MamepudibHulX 00beKmos, 0oy-
C/106/1€HA ceOliCMEamu mamepuu, Komopule popmupyrom chepuieckyro
MempuKy 6CeeHHOIl.

HUmenno onazooapsa cghepuueckoii mempuke, mamepus 6cejeH-
HOll He cobpanacek 6 00U OONBLUWION KOM, a4 00pazyem jiemMeHmapHble
yacmuubl, amomul, 36€30bl U NIAHEMbl, UMEIOWIUE ACUMMEMPUYHbIE
2pasumayuonnsle noas. B eexnuoosoit mempuke 360ni0yun ecenennoi
Obliia Obl HeGO3MOICHA.

AcuMMeTpuel rpaBUTAIIMOHHBIX MOJIEH aTOMOB MJIM MOJIEKYIT
BEIIECTBA OMPEAEIAETCA U BEC 3TOTO BEIIECTBA B TPABUTAIIMOHHOM
noJie 3eMJIA WK IpYyruX KocMudeckux tei. [Ipeobmaganue orpura-
TETHLHON aCUMMETPHH TPAaBUTAIMOHHBIX MOJIEH KOCMHUYECKUX 00B-
€KTOB M aTOMOB B TOM 00JIaCTH BCEJICHHOW, B KOTOPOW HAXOIUTCS
HAIlIe TaJJaKTUKA, OOBSICHICTCSI HEM3MEHHOCTHIO 3aKOHOB MTPHPOJIBI
JUTSI TIOOBIX MacIITaboB CYIIECTBOBAHUS MaTEPHUH.

Tak Kak B IIeJIOM BO BCEJICHHON HE MOXKET OBITh Pa3HOTO KO-
JIMYECTBA ITPOTUBOIIOJIOKHBIX 3apsiA0B, TO 3TO 3HAYUT, UTO B HEWH CY-
IIECTBYIOT TaKHE€ K€ 00JIACTH, COCTOSIINE M3 MaTePUH, UMEIOIICH
MOJIOKUTENBHYI0 ACHMMETPHUIO TPABUTAIMOHHBIX TMOJIEH, KOTOPHIE
HUKOTJa He OyAyT AOCTYITHBI JIJII OPTaHOB HAIIETO 3PEHUS.

OTO M eCcTh Ta camas TEMHas MaTepusi, KOTOPYIO MBITAIOTCS
HaWTH y4YE€HbIE. | alaKTUKK, 3BE€3/Ibl U IUIAHETHI, COCTOSALIME U3 Ma-
TEPUU C IOJIOKUTEIBHOU aCHUMMETpPUEH I'PAaBUTALMOHHBIX II0JIEH
aTOMOB, Mbl HUKOTJ]Ja HE CMOYKEM YBHJIETh, [IOTOMY YTO YaCTHULBI C
MOJIOKUTENBHBIM 3apSAI0M, U3Jy4aeMble 3BE3aMU COCTOSILIUMHU U3
TEMHON MAaT€pHH, YMEHBIIAKOT U JaXK€ HHBEPTUPYIOT Pa3HOCTH I10-
TEHIIMAJIOB B MOJICKYJIaX POJOINWHA, KOTOPHIM MBI OOs3aHBI 3pe-
HHUEM.

VYBUAETh UX MOYKHO JIMIIb Ha (POHE YE€TO-TO CBETIIOTO. ITO, TIO
CyTH, CaMbIii HACTOSIIIUNA apaJIIETBHBIA MUD, C PA3yMHBIMH O0OHUTA-
TEJISIMH KOTOPOT'O MbI HUKOT[a HE CMOKEM BCTPETUTCS M OOIATHCS
HETIOCPEICTBEHHO.
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Jlaxxe HeOOJIBIIION KYCOK BEIIECTBA, COCTOSIIIIUMA U3 MaTEPUH C
MOJIOKUTETFHOW acCUMMETpHEH, OyZIeT BEeCUTh Ha 3eMJIe HECKOJIBKO
TOHH, TaK K€ KaK 1 BEIIECTBO HAIIET0, CBETIIONO MUPA HA UX IJIaHe-
tax. [IoaTOMy HM O KaKuX B3aUMHBIX ITOCEIICHUSAX HE MPUXOIUTCS
JIaXKe U MEeUTaTh.

EanHCTBEHHBIM IpeICcTaBUTENIEM TEMHON MaTEepUH B HAIIEM
MUpE SBJSETCS MPOTOH. JTO TaKas ke YaCTUIIA, KaK U AJIEKTPOH, HO
oOnajaromasl IMOJIOKUTEIBHOW aCUMMETpPHEeH TpaBUTAIMOHHOTO
nosist. I MMEHHO u3-3a MOJ0KUTEIbHON ACUMMETPHUH I'PaBUTALMOH-
HOTO 1oJis, MpoToH BecuT B 1800 pa3 Tspkenee 3JIeKTpoHa.

Kcrarn, 3arajka TYHTyCCKOTO METEOPUTA MOXKET OBITh 00BsIC-
HEHA TeM, YTO METEOPHUT COCTOSIT U3 ITOM caMOil TEMHOW MAaTEPUH C
MIOJIOXKUTEIIBHOM ACUMMETPHUEN T'PAaBUTALIMOHHBIX II0JIEH aTOMOB.
HeGonpmol Kycok TeMHON MaTepHH Bpe3ajcs B 3eMIII0, TIOBAJIHB
YIApHOM BOJIHOU TAa&)KHBIC 1€PEBbSL.

PacceimaTbest OH HE MOT Tak Kak, 00/afas MOJIOKUTEILHON
acuMMeTpuel, Hao0opoT Bcocall B ceOs 4acTh BBIJCIAIOIMIUXCS B
BO3AYIIHOW yIApHOW BOJIHE, JICKTPOHOB. A 3HAUYMUT MCKATh HY>KHO
HEOOJIBIITYIO "BIPKY" B 3€MHOM KOpE.

Jnst 3TOro HYXKHO HCIIOJB30BAaTh TPAaBUMETPhI, TAK KAaK B
TOYKE MAJCHHUSI METEOPHUTA CUJIbl TPABUTALIMOHHOIO MPUTSHKEHUS
JIOJI’KHBI OBITh HECKOJILKO YBEITUYCHBI.

OOuienne ¢ oOUTATENSIMU 3TOTO TEMHOIO MHpa BO3MOXKHO
TOJIBKO TIOCPEACTBOM PaJUOCBSI3U, IOTOMY UTO YaCTHUIIBI MU3TY4EH-
HbIC 3BE37aMU C IOJIOKUTEIIBHON aCUMMETpUEH I'PaBUTALMOHHOTO
IOJISI, COMPOBOXKIAKOTCS AHAJIOTUYHBIMU T'PABUTALIMOHHBIMU (3M.)
BOJIHAMH, YTO U YACTUILIBI C OTPULATEIBHON aCUMMETPHEN.

VYBugeTe 3Be37bl, COCTOSAIIME U3 TEMHOW MAaTEpPUU MOMKHO
JUIIb B Paguovana3oHe, €CId MPHUBECTH TPaBUTALIMOHHBIA (QOH
BCEJICHHOM WJIM TaK Ha3blBAEMOE PEIMKTOBOE U3JIyYEHUE K CEPOMY
nBeTy. Torna 3Be3/1bl COCTOAIME U3 CBETIION MaTepuu (MaTepUH C
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OTPHUIIATEIILHONH acUMMETpHel) OyayT BUAHBI Kak Oenble IsITHA, a
COCTOSIIIIME U3 TEMHOM — KaK YepHBIE.

C 3T0#1 TOUKH 3pEHHUS, TaK Ha3bIBAEMBbIE MYJIbCAPBI — 3TO IBOM-
HBIE 3BE3bl, Bpallatolirecs BOKPYT APYT Ipyra U OJHa U3 KOTOPBIX
MMeEET MOJIOKUTENIbHYIO, a JIpyras — OTPULIATENIbHYI0 aCHMMETPHIO
rpaBUTAMOHHBIX Toyiel. [IpudeM Hamia TutaHeTa OJDKHA HAXO-
JIUTCS B IJTIOCKOCTHU BPAIICHUS 3THX 3BE3/I.

1) Amomor meépovix eeuyecme umerwom ouenv HeOOTLULYIO
acumMmempuro 2pasumauuoHHbIX noaei (U30blMmoyHbllL 3aps0
OYEeHb MdAll), NOIMOMY OHU npumsazuearOmcs o0pyz K opyzy
HACMOILKO CUIbHO, YMO 014 MO20 Ymo 0bl UX COBUHYMb OMHO-
cumenbHo Opyz Opyza uiu Omopeamy, HyHCHO RPUIOHCUMb 3HA-
yumesnvHble yCUaUsl.

W yem MeHbIIIe aCHMMETPHS TPABUTAIIMOHHBIX MTOJIEH aTOMOB
BellecTBa, TeM OHO TBEpxke. Camas BbICOKas TBEPAOCTb U IPOY-
HOCTb MOXET OBITh TOJBKO NPHU HYJICBOW aCHMMETPUHU WU abCo-
JIOTHOM CUMMETPUU IT'PAaBUTALIMOHHBIX TI0JIEH aTOMOB BEIlIECTBa, KO-
Topasi B CHUJIy C(hEepUYeCKON MeT-
PUKHU BCEJIEHHOM, MPAaKTUYECKHU TaK
Al S K€ HEBO3MO’KHA, KaK HEBO3MOKHO

CYIIIECTBOBAHHUE aOCOJIIOTHOTO

neTeHuMarn

rPABNTALMOHHOrO Nons

HYJIS B CTAaHJAAPTHON MOJIEIH.
N 5TO IOBOJBLHO JIETKO U

g R npocTo obbsacHseTcs. JIIoOble 005-
Puc.4

€KThI BCETICHHOW Bcerna cdepude-
ckoi (hopmbI, KoTOpas oOyciioBiIeHa cuiaamMu npuTsbkeHus. Ho cde-
pudeckuii 00beM HEBO3MOXKHO IIJIOTHO 3aIlOJIHUTH CPEPUICCKUMHU
TEJIaMHU.

le/lMe'{aHI/le! ,Zloxa3ameﬂbcm30M IMO20 Mmorcem Cayricums mom
d)akm, umo OnuHa OKPDYJHCHOCMU U Ouamemp — 6€JIUYUHbl Hecousmepumole U

ROIMOMY INleKmpuyecKue nois, o0opasyloujue 2pagumayuonHoe noae, HUK020a
He 0yOym pagéHOoIl 6eNUUUHBL U C/1€006ANEIbHO, ZPACUMAUUOHHOE noJle 1100020
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00veKma — 31emMeHmapHoil Yacmuybl, Amomd, NiaaHemsbl, 36e30bl, 6ce20a dyoem
UMemsb HEKOMOPYI0 ACUMMENPUIO UIU U3OLINOYHBLIL 3APAO.

TI'paghuueckoe uzodpasicenue nanpaj;ceHHOCMU INEKMPULECKUX NOJIEl,
OKpYdicaowux 11000i 00vekm, nokazano Ha pucynke (puc.d). 30eco ompuuya-
menpHOe none umeem HeCKOALKO 00NbUYI0 GeNUYUHY UNU OMPUUAMETbHYIO
acummempuio 2pasumayuoHHo2o nouas. Imo noxkaszano ompeskom A-B na ocu
paccmosnuil om amoma, 2oe oeiicmeyem riexkmpuueckoe none. Ha ompesxe O-
A Oeiicmeytom yice cunvl 2pasumanyuiu.

To ecmb npu npuéAUsICEHUU K AMOMY YACHMUYbL UTU OPY2020 AMOMA,
UMEIOWUX MAKYI0 Hce OMPULAMETbHYI0 ACUMMEMPUIO, OHU 6CIPEYalom CUibl
ommankueanus. IIpu oanvueituem npudaudicenuu, K020a 4ACMuYa UIU ANom
nonadaem 6 301y 0-A, cunvl 31eKMPUYECKO20 OMMATKUSAHUA CMEHAIOMCA CU-
aamu 2pasumayuoHHO20 RPUMANCEHUA U Yacmuya ¢ yckopenuem '"'nadaem'’
Ha amom.

Bom smom yyacmok A-B u nazvleaemcsa yuenvimMu nomeHuUa1bHbIM
oapvepom, KOmopulii Moxcem Oblmb NPEO0OONeH MOJILKO Yacmuyeil, umeruieil
HeKomopyo HauanbHylo ckopocms. Tak umo HuKaKux myHnHeneil 6 npupooe ne
ovieaem. Imo o00vluHOE 3a0nyicoeHue, 00yC068/1eHHOE HENOHUMAHUeM yue-
HbIMU RPUPOOBL 2PAGUMAYULL.

TBEpbIe TeNa MOYTH HEC)KMMAEMBI, TAK KaK U3-32 HEOOBITION

e i ACHMMETPHUH 3a30pbl MEXKIY aTOMaMu

OTPVLEATENEHO NONGHUTENLHOMD
sapAga aapaga

MUHHMaJIBHBI. HekoTopoe cxaTtue Be-
IIECTBA BO3MOKHO H3-3a DTHUX HEOOJIb-
__| mmx 3a30poB MEXIy aTroMamH, a

cmMmeTpMAl
aToMm
HKINOKOCTIA aTOM rasza

Puc. 5

TAKIKC H3-3a COLACPIKAIIUXCIA B HEM

aTOMOB Ta30B, UMCIOIIUX 3HAYUTEIb-
Hyl0 acummeTpuio (puc.S). Paznom
TBEPAOTO TeNa MPOXOAUT MO 007aCTIM ¢ OOJIBIIUM COJIEpPKaHUEM
PacCTBOPEHHBIX B HEM DPA3IMYHBIX MpPUMECEl U MOBEPXHOCTh Pa3-
JIOMa 13-3a OOJIBIINUX CHJI IPUTSKEHHUSI MTHOBEHHO OOJIETIISIETCS MO-
JeKynaMu Bo3ayxa. M ecnu clokuTh pa3ioMaHHbIE YacTH BMECTE,
TO M3-3a MPOCIOUKH MOJIEKYJ BO3/IyXa IIeJIOT0 KycKa MOJIyUUTh yiKe
HE YJacTCA.
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[TpunoxuB oueHb OOJBIIOE TAaBJICHHE K KyCKaM MOKHO BbIa-
BUTH OOJBIIMHCTBO MOJIEKYJI BO3JlyXa U3 pa3joMa U KyCKH, HEMo-
CPEICTBEHHO CONPUKOCHYBIIUCH, COEAUHATCA. JTO, TaK Ha3bIBae-
Masi, CBapKa JaBJIEHUEM, KOTOpasi CHJIBHO 00JIerd4aeTcsl B BaKyyMe.
NMeHnHO 13-3a TOT0, 9TO B BAKyyM€ CBAPUIIUCH MAPHUPHI JTFOKA KOC-
MHUYECKOTO KOpabJsi, MPU BBIXOJE B OTKPBITHI KOCMOC 4YTh OBLIO
He Morud KocMOHAaBT JICOHOB.

2) Amombl HcudKocmeii umerom HecKo1bKo OONbULYI0 ACUM-
Mempuio, 4em amomuvl meépovix mes, U PAcnoaazaromcsa ¢ He-
CKONIbKO 00bUUMU 3A30pamu, HOIMOMY UMEIOM 803MOHCHOCHLL
J1€2KO CKOJIb3UNb OMHOCUMENIbHO OpY2 Opy2a.

DTOM NErKOCTHIO CKOJIBKEHHS 00YCITaBIMBAETCSI CBOMCTBO Te-
KY4€CTH XKUAKOCTEH U OTCYTCTBHE B HUX TpeHHs. B cuiy TOro, 4o
3a30pbl MEXKJly aTOMaMH TOXKE€ JOCTATOYHO MaJbl, XKHUJIKOCTH TOXKE
MPAKTUYECKH HEC)KMMaeMbl. He3sHaunTeNnbHOe CKaTHE KHUAKOCTEH
TaK e BO3MOXKHO JIUIIh U3-32 PACTBOPEHHBIX B HEH MOJIEKYJI ra30B.

AcuMMeTpHsI TPaBUTAIIMOHHBIX IOJIEH aTOMOB Pa3IUYHBIX
KUAKOCTEH TaK K€ MOXET OYeHb CHJIbHO pas3nnyarhbcs. BemecTBa
CO CPaBHHUTEIIBHO HEOOJIBIIION PA3HOCTHI0O ACUMMETPHIA JIETKO BCTY-
MalT B "XUMHUYECKHE" PEaKIuu APYT C IPYTrOM U JIETKO CMENIMBa-
I0TCsI, a ¢ OOJIBIIION Pa3HOCTHIO, HAOOOPOT PacCIauBaIOTCA.

Pa3HOCTh TOTEHIMANOB, BO3HHUKAIOIIAS B PE3yJIbTaTe KOH-
TaKTa MEX]Y KUIKOCTHIO M TBEPABIM TEIIOM, OOYCIOBICHHAS pa3-
HOCTBIO aCUMMETPUN TPaBUTAIMOHHBIX IMOJIEW MX aTOMOB, TO3BO-
JSET CO3[aBaTh "XMMHYECKHE'" MCTOYHHMKHU DJIEKTPUUECKOTO TOKA.
[Tpuuém, uem OoIbIIIe pa3HOCTh ACUMMETPHI, TeM Ooiiee 3P heKkTHB-
HbI€ UCTOYHUKHU TOKa Mojyyatorcs. Tak uTo jo0ble, Tak Ha3bIBae-
MbI€ XUMUYECKHE PEaKIUU UMEIOT (PU3NUYECKHe MEXaHU3MbI B3au-
MOJCUCTBUM.

AcuMMeTpHel rpaBUTALMOHHBIX TOJIEH TaK K€ 2JIEMEHTApHO
00BSICHAETCS] pACTBOPUMOCTD BeIIeCTB[I1.9].
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KunkocTs, uMmerolas ropaszio OONbIIYI0 aCUMMETPHUIO Tpa-
BUTAI[MOHHBIX MOJIEH aTOMOB, OTAAET 3apsibl aTOMaM TBEPIOTO
TeNa, yBeIUYuBas UX acuMMeTpuio. [Ipu 3TOM Cuibl MPUTSHKEHUS
MEXJly aTOMaMHU TBEPAOTO Tejla YMEHBUIAIOTCS U OHO JIerye pacra-
JTAeTCsl Ha OTJIeJIbHbIE aTOMBI (pacTBopsieTcs). Y ueM BblIlie Temre-
paTypa (acUMMETpHUs) KUJIKOCTH, TEM JIETYe pacTBOPSETCS B HEM
TBEPIOE TEJIO.

C razamu Bce MPOUCXOTUT HAa000poT. ['a3bl, UMeroIHe ro-
pazao OoJbIIYI0 aCUMMETPHUIO I'PAaBUTALMOHHBIX IOJEH aToMOB,
YeM JKHUJKOCTH, JIEr4e PacTBOPSIIOTCS B XOJOJHOW BOJE, TaK Kak
aTOMBI Ta30B CaMU OTIAIOT 3apsi/ibl aTOMaM BOJIbl, YMEHbINIas pas-
HOCTb aCUMMETPUH, YTO IPUBOJUT K YBEIUUEHUIO CHJT TPUTSIKEHUS
MEXy aTOMaMHU ra3a ¥ )KMIKOCTH. M mpy HarpeBaHuM )KUIKOCTH €€
aCUMMETpHsl, KaK U aCHMMETPHS ra3a YMEHbILIAETCS U PACTBOPEH-
HBIC T'a3bl HAYMHAIOT OYPHO BBIACIATHCS B aTMOChEPY.

3) Amomwt 2a306 umerom 008071bHO 3HAUUMELHYIO ACUM-
Mempuio 2pasumayuOHHbIX NoAell (3HAUUMeNbHbIL U30LIMOYUHBII
3aps0), 6 pe3yivmame KOmopou mexncoy HUMU npeodaoarom
Cubl OMMAIKUGAHUS.

OTU cUJIbl OTTAJIKUBAHUSI MEXKIY aTOMaMH ra3a 3aCTaBJsIOT
ra3pl 6€CKOHEYHO pactupATbesa. Ho mpu BHeUIHEM JaBJIE€HUHN Ta3bl
JIETKO CKUMAIOTCSI M KOTJ1a MEXK/1y aTOMaMH T'a3a MOYTH HE OCTAETCA
MOJIEBBIX TPOMEKYTKOB, T'a3 MPEBPAILACTCS B HCUOKOCHLb.

"Camockatue" raza B CIEICTBHH, SKOOBI, TPAaBUTAIIHOHHOTO
NPUTSKEHUSI aTOMOB JIPYT K APYTY, SIBISETCS MOJHEHUIIEH YyIIblo,
KOTOPYIO HECYT JIIOJIU ¢ YOOTUMHU OOBIBATEIILCKUMU MPECTABIICHU-
SIMU O TIPUPOJIE TPABUTALIUH.

[Tanenne maTepun caMoi Ha ce0s1, KOTOPOE MPECTABISAET CO-
00i1, TaKk Ha3bIBAEMBIN TPABUTAIMOHHBIA KOJUIAIIC, 110 CYTH, PaBHO-
CWJIBHO TIOJHSTHIO CaMOTo ce0sl 3a BOJIOCHI.
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Yewm Ooblie acCHMMETpPHS TPABUTAIIMOHHBIX TOJIEH aTOMOB
rasa, TeM MEHBIIIE T'a3 BECHUT B I10JIE TATOTEHUS 3eMIIH. ATOMBI H MO-
JIEKYJIBI BOJIOPO/Ia, HAIIPUMED, 001a1af0T OYEHB OOJIBIION aCUMMET-
puei, ciabo TPHUTATHBAIOTCS 3eMJIE W TI03TOMY BCTpEYaeTCs
TOJBKO Ha OYEHb OOJIBIINX BBICOTAX.

Uem Oosbllie aCHMMETPHS TPAaBUTAIMOHHBIX TOJIEH aTOMOB
rasza, TeM MCHBIIIC T'a3 BECHUT B I10JIC TATOTCHUS 3eMIH. ATOMEBI U MO-
JIEKYJIbI BOJAOPOJA, HAIPUMEP, UMEIOT OYCHb OOJBIINYI0 aCHMMET-
PHIO B BCTPEUAIOTCSI TOJIBKO HA OYE€Hb OOJIBIIIUX BHICOTAX.

Kak Obut0 moka3aHo BbIle (PHC.2), TPAaBUTAIMOHHBIC CHJIIBI
TATOTEHUSI OYCHBb OBICTPO YOBIBAIOT C YBEIMYCHHEM PACCTOSTHHUS OT
TATOTEIONTUX TEJI, TIOATOMY CHJIbI TpHUTsHKeHUsT CoHIa U 3eMJIu Ha
paccrosinun 150 MUUIMOHOB KUJIOMETPOB, HACTOIBKO HUUYTOXKHBI,

91O 3eMJIs, BO BpeMsl ABM)KEHUS, OCTa-
&rcsa Ha opOuTe TONBKO Onarogaps 60.i-
HOGOMY 63AUMO0€lCHEUI0 C TPABUTA-

OUOHHBIM I10JICEM COJIHLIa.

&

FPARNTRLHOHHOE
moae

st Toro 4to OBl MOHSTH TPH-
POy BOJIHOBBIX B3aMMOJAECHCTBUH, H0-
CTATOYHO paccMoOTpeTh "addekt", Tak
Ha3bIBAEMOT0, 2PABUMAYUOHHO20 TUH3UPOGaHUA (PUC.6).

Pwc.6

OH 3aKiIr0o4aeTcss B TOM, YTO YaCTHUIIA, MPOJIETAIONIAsS MHUMO
TATOTEIONIETO 00BEKTA, B PE3YJIbTaTe BOJTHOBOTO B3AUMOJCHCTBHSI C
€ro TPaBUTAIMOHHBIM TIOJIEM, H3MEHSET CBOIO TPAEKTOPHUIO B CTO-
POHY 3TOr0 00BEKTa, CO3/IaBasi UILTIO3UI0 MPUTsHKeHUs. [1og00HBIM
"s¢ppexTom" 0OBsICHACTCA U TUDPAKIINSA YACTHI] HA Y3KUX IIETIAX.

OOBsCHSIETCS ATO TEM, YTO BOJIHA, COMPOBOXAAIOIIAs 4Ya-
CTHILY, CO CTOPOHBI OOJIbIICH HANPSHKEHHOCTH TIOJISI MCIIBITHIBACT
OoJbIIIee COTPOTUBIICHUE, YEM C MPOTUBOIIOJIOKHOM, UTO U CO3MaET
OTKJIOHSIFOIIIUI MOMEHT, U3MEHSIOIINN TPACKTOPUIO YACTHUIIBI B CTO-
POHY TATOTEIOMIETO 00bekTa. M ueM BEIIIEe CKOPOCTh YaCTHUIL U YeM
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OJIMKe UX TPAeKTOPUS K TATOTEIOLIEMY Tely, TEM CHJIbHEE OHH OT-
KIOHsIOTCS (puc.7). OmHako 6obIIre yuéHbIE IO CUX MTOP HUKAK HE
MOTYT IOHSTH, KAKUM 00pa30M CO3/1af0T MHTEP()EPEHITMOHHYIO Kap-
TUHKY YaCTHUI[bl, IPOJIETAIONINE CKBO3b Y3KHE IIEIH.

. IM u HeBAOMEK, 4TO YacTULa, NpOJEeTaronas yepes3 cepe-
JUHY IIEIU, HE OTKJIOHSETCS, a 4acTHIla, MPOJIETAIOMIAs PAIOM C
KpaeMm Imeiu, B pesyibTare d¢-

(exTa rpaBUTAMOHHOTO JTHH3HPO-
BaHUsA, OTKJIOHAETCA B CTOPOHY
3TOTO Kpas.

OTKNOHEHUS YACTUL B LWenax ITo Toit IIpU4YruHE, 4YTO 4Ya-
Puc.7 CTHUIIbI, UMEIOIUE OOJBIIYI0 CKO-

pocTh U BO30YKJaromue 6o1ee KOPOTKUE BOJTHBI B IPaBUTALIMOHHOM
1oJIe TUTAaHETHI OTKJIOHSIOTCS CUJIbHEE, 3aKaTHOEe HE0O MMeeT Kpac-
HOBAThII OTTEHOK (puc.8).

[MonoOHBIM ke 3(hpeKToM TpaBUTALMOHHOTO JTMH3UPOBAHHS
OOBSCHSCTCS TPUTSHKCHUE MAPAIUICTBHBIX TOKOB, IPUTSIKCHUE CY-

JIOB Ha TMapajulelbHBIX Kypcax, a
conweunwii nys | TAKXKE YMEHBIIICHUE JaBJICHUS JKUIKO-
CTH WJIU Ta3a MPH YBEJINMYCHUU CKOPO-
CTH JBWKCHHS B Y3KOM CCUCHHH
TpyOBI, a Takxke aBTO(OKYCHPOBKA
JTyda jaszepa.

Puc.8

ONEKTPOHBI, UCITyCKaeMble Ja-
3epOM, UMEIOT OJMHAKOBBIE CKOPOCTH, TIOITOMY OHH BO30YKIAIOT
BOJTHBI OJTMHAKOBOW JJIMHBI (KOTEPEHTHBIE), YeM U OOBSICHACTCSA MX
HUYTOXKHOE paccesHue.

AHaJOru4Has cuTyanusi HabI0JaeTcsl M IPU IBHKEHUH TUIa-
HeT 1o opbutam. [Ipu nBMKeHUU IO OpOUTE, TUTAHETHI BO30YKIAl0T
BOJIHY B T'PaBUTALIMOHHOM I10JIE 3BE3/Ibl U PA3HOCTb CKOPOCTEN 3TOU
BOJIHBI, B 00JIaCTSIX C pa3UYHON HAMPSHKEHHOCTHIO MOJIS, U3MEHSIET
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TPAEKTOPHIO MJIAHETHl B CTOPOHY OOJIbIIEH MIOTHOCTH MOJIS, YIAEp-
JKuBast e€ Ha opouTe (puc.9), U OTHOBpEMEHHO MPUAAET TUTAHETE He-
KOTOPBII BpallaloInil MOMEHT.

Cuutel nputskenus JIyHsl, HanpuMep, Ha TAKOM PacCTOSIHUU
HACTOJIPKO HUYTOXHBI, YTO HE TOJHKO HE MOTYT AePOpMHUpPOBATH
3eMHYIO KOpY WIH yIepKaTb e€ Ha opOuTe, KaK CUUTAIOT YUEHBIE,
HO JIa)K€ HU B MaJICUIIIEH CTEIIeHHU, HEe BIUAIOT HA Haml Bec. Eciu
CHIIBI IpUTsKeHUs: JIyHbI ObLTH OBl CIIOCOOHBI MTOJAHUMATH MUJLITH-
OHBI TOHH BOJIbI B OKE€AaHE, TO B3BECUBIIUCH HA ITPYKUHHBIX BECAX BO
BpeMsl MPUJIMBA U OTJIMBA, Mbl Obl 3aMETUJIU CYIIECTBEHHYIO pa3-
HUIlY B BE€CE HALIEro Tena. ..

B peanbnocTH, npoucxoaut cieayromiee. [Ipakruiyecku He-

opbura BE€CcoMasd B I10J1C TATOTCHUA

- cMeljaHWa

g" Comnnna, 3eMis BO30yX1aeT B HEM
HﬂﬂpﬂBﬂBHHB

aneH"ﬂ | rpaBUTaLMOHHBIE BOJHBI. Takue

( !Bﬂﬂﬂ
N 3emns mpocTo mokayu-

= '| Baercs Ha opOuTe MHTEpDEPEHIIHN-

’Ke BOJHBI Bo30Oyxxaaer u JlyHa B
II0JIC TATOTEHHS 3EMIIH.

Puc.9 OHHBIMHM TPaBUTALIMOHHBIMH BOJI-

HaMH, B PE3yJIbTaTe€ YE€ro BOJA B OKEAHaX pearupyeT Ha 3TO packKa-
YHBaHUE, KaK BOJa B CTaKaHe MpH Kauke KopaoJis.

B npunnune Tak ke 1noj BIMSHUEM IPaBUTALUOHHBIX BOJIH
JOJDKHBI IIEPEMELIAThCsl M MPEAMETHl Ha MOBEpXHOCTH 3emuu. U
TOJIBKO CHJIBI TPEHUS HE AAIOT UM TaKOM BO3MOXHOCTHU. A B KHJIKO-
CTSIX U Ta3ax CUJI TPEHHUs HeT. A mo3Tomy U atmocdepa Toxe B He-
KOTOPOM CTENEHH MOABEP/KEHA MPUJIMBHBIM SIBICHUSM, HO B CIIE/-
CTBUU OO0JIbILIEH TOJBUKHOCTH, OHU B HEHl HE TaK 3aMETHBI.

DTO NPEKPacCHO COTJIACYETCs C HACTOSIIEH TEOPUEH, TaK Kak
MPWIMBHBIE BOJHBI B Pa3HBIX OKEAHAX PAa3IMYHbI [0 BEIMYUHE U HE
COBIIAJAIOT C ABUXKEHUEM JIyHBL.
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Cunbl nputsixenust CoHIIa Ha TAKUX PACCTOSHUAX J0 TLIa-
HET HACTOJbKO HUYTOXHBI, YTO IJIAHETHI B €r0 MOJe TATOTEHUS
MPAKTUYECKH HUYETO HE BECHT.

Ho BosHBI, KOTOpBIE OHM BO30YX/IAIOT MPU JBUKEHUH 10 Op-
Outam B rpaBUTAIIMOHHOM ToJie CONHIIA, TaK WM WHAYe BIUSIOT HA
XapakTep JBUKEHHS COCETHUX TUIAHET U 9TO BHIPAKACTCS B HE3HA-
YUTENBHBIX KOJIEOAHUSX WX CKOPOCTH M HAIPaBIICHUS, KOTOPBIC
HA3BIBAIOTCS JIMOPAIIHSIMH.

ConHIle Tak ke pacKauyuBaeTCs FPaBUTALIMOHHBIMU BOJIHAMU
OT JIBM>KEHUS TUIaHET U B €r0 JKUJKON 000I04YKe MPOUCXOIAT aHAJIO-
TUYHbIE IPUJIUBHBIC SBJICHHUS.

OObIBaTENIbCKHE MPECTABICHUS MUPOBOT'O HAYYHOTO CO00-
IIeCTBa O MPUPOJE T'PAaBUTALINH, IPUBETH K H300pETeHUIO abcyp-
HOTO TOHSTHS TPABUTAIIMOHHOTO KOJIIATCa, KaK MaJeHUs MaTepuu
camolii Ha ce0s, TI0 CYTH, YTBEPKIAIOIIET0 BO3MOKHOCTD TOTHATHS
camoro ce0s 3a BOJIOCHI.

IIpaBaa 310 HE OYEHB-TO IIOMOIJIO YYEHBIM B [IO3HAHUU IIPH-
pOIbI U OHU yke OoJiee CcTa JIET UIYT IPaBUTALIMOHHBIE BOJIHBI, HE
M0JI03pEBasi, UYTO YEJIOBEUYECTBO YK€ JIaBHO IMOJIb3YETCS STUMH Ipa-
BUTAI[MOHHBIMU BOJTHAMHU ISl PaIHOCBS3H.

Tonpko Ha3bIBas UX HE TPABUTALIMOHHBIMU, a AJEKTpOMar-
HUTHBIMU.

KoHcTatupyst BbIIIIECKa3aHHOE, YTOYHHUM OCHOBHBIC TeEp-
MUHBL.

"Mamepusa, 3mo éce, umo cyujecmeyem He3a6UcCUMo Om
Hawezo co3Hanua''.

Martepusi, 3T0 Oe3HavanbHas U OECKOHEYHAs BCEJICHHASI.

"Mamepusa umeem uacmuunoe cmpoeHue u moxicem opo-
oumoca 6eckoneuno''.

Ona moorcem 0p06um0}z Ha anomasl, HA dJIEMEHMApPHDbLE, Cy63ﬂ€M6H-

mapmHole, ceepxcy69ﬂemenmapnble yacmuysvl U maxk oanee 00 beckoHeuHo-
cmu. A maxk Kax ceolicmea uacmuy ecexypoenezi abconomno OOUHaKOGbl,
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MO UX U3YHEeHUe PA3IUYHBIX KOLIAUOepax U YCKOPUMenssx CMaHo8Umcs
bOecKoHeUHbIM U Ce008amebHO beccmblcienHbiM. Yenosek npocmo 06p€-
Kaem ceOs Ha OeCKOHEeYHYI0 NYCMy mpamy cui u epemeni!

"Ocnoenvie ceolicmea mamepuu, 3apa0, IHEP2UA U HENPO-
Huuyaemocmo, "'

"3apsao, amo ceolicmeo mamepuu, odycrasiusarouiee
63aUMO0CUCMBUA MAMEPUATLHBIX 00BEKM 08 OpY2 C OPY2OM.
3apsi nposiBisieTcs B BUJE MOJIS.

""Ilone, 3mo nocpedHux npu 63aumoOeiucmeusx Mamepuaib-
Hblx men''.

[Tose - moTeHIMAEHO, TOATOMY OTHCATh €T0 B pAMKaX €BKJIH-
JIOBOW TE€OMETPUH MPUHIMITHAITIEHO HEBO3MOXKHO.

[Tosie oGmamaeT CBONCTBOM YIIPYTOCTH, TO3TOMY B HEM MOTYT
BO3HUKATh U PACIIPOCTPAHSTHCS YIPYTHUe BOJIHBI CKATHUS.

""Boana, 3mo mexanuzm 3aumooeiicmeus Mexicoy mamepu-
anvHblMu menamu''.

"Inepzus, Imo ceoiicmeo mamepuu cosepuiams paoomy''.
A T03TOMY HHKaKOW XUMHYECKOU, OMOIOTHYECKON M KaKoH-10o
JIpPYroi DHEPrUuu HE CYLIECTBYET.

""Henponuuyaemocms, 3mo ceoiicmeo, ucKiiouarouiee 603-
MOICHOCHb CYULECIBO6AHUA MAMEPUATLHBIX 00bEKMOE OpyZ 6
opyze''.

CBOWCTBOM HETMPOHHUIIAEMOCTH MaTEPHH OOBsICHsACTCS €€ He-
C)KMMAaeMOCTh M TMpPOTSHKEHHOCTh. CKMMaeMoCTh BellecTBa 00y-
CJIOBJICHA JIUIIb YIIPYTOCTHIO JIEKTPUUECKHX IMOJIEH, OKPYKAIOIIHUX
aTOMBI U3 KOTOPBIX 3TO BEIIECTBO COCTOMT.

"leusicenue, 3mo uzmenenue cOCmoAHUA mamepuu''.

JIBuKeHHEe — 9TO HE NMPUYUHA, a CICJICTBUE CYIIECTBOBAHUS
MaTepHH, 00yCIOBICHHOE €€ CBONCTBAMHU.

OTO HE XaO0TUYECKOE METaHUE M3 CTOPOHBI B CTOPOHY, Kak
YTBEPKAAIOT MCEBJOHAYYHbBIE MOJIEKYJISIPHO-KUHETHYECKAs TEOPHS
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VI TEOPUS CTPYH, a OJHOHAMPABICHHBIN IPOLECC U3MEHEHNUS CO-
CTOSIHHUSI MAaTEPUH — CUHME3.
"Cuna, 3mo Oeiicmeue na mamepuanbHoe meao pasHoOCmu
2PAGUMAUUOHHBIX WU IIEKMPUYECKUX NOMEHYUAI08"".

Hukaxux cun Jlopenua, Kopuonuca, Apxumena uim Koro-1o
emé, B IPUPOJE HE CYLIECTBYET, BCE CHJIBI UMEIOT OJHY U Ty K€ U
€AMHCTBEHHYIO IIPUPOJY, Pa3HOCTh IPaBUTALIMOHHBIX UIIH JIEKTPH-
YECKUX MMOTEHIUAJIOB.

""Bec, 3mo cuna npumasicenus, 00ycnoeneHHas pazHocmuio
2PAGUMAUUOHHBIX NOMEHYUAI08 6 NoJle mAazomeloue2o mena''.
Wnu nonoxeHueM Tena B rpPaBUTAllHOHHOM I10JIE IPYTOro Tea.

Omnupasice Ha BblLIENIEpEUUCIICHHbIE ()yHJaMEHTaIbHbIE CBOM-
CTBa MaTepUH, MOKHO HE TOJBKO OOBSICHUTH JIIOOBIE (hHU3HUYECKHE
SIBIIEHUS B IPUPOJIE, HO Ja)Ke IIPEJICKa3aTh U COLIMAIIBHBIE.

Hy a Teneps monpoOyem pa3zo0paThCcsi B TOM, YTO Ke TaKoe
AQHTUTPAaBUTAIIMA, O KOTOPOH TaK JIIOOAT paccyXaaTh rnepen oObIBa-
TENbCKOW ayJUTOPUEN, HEKOTOpPbIE yuéHble. Kak n3BecTHO, pu rpa-
BUTAIMU TeJla BCETJa IPUTATUBAIOTCS APYT K APYTY.

IIpocTeie OrMYeCKre pa3MBIIUIEHUS NPUBOAAT K BBIBOLY,
YTO 10/l aHTUT'PABUTALIAEH [TOIPAa3yMEBaETCs OTTalIKuBaHue. B xone
JTATBHEHIITNX Pa3MBIIUICHUH Mbl HEU30€KHO TOMMEM, UTO Ta3bl, C
UX CTpeMJIEHHEM OECKOHEUHO PACIIMPATHCS M3-3a OOJBIION acuM-
METPUHU I'PaBUTALMOHHBIX MTOJIEN UX aTOMOB, IOCTOSTHHO HAaXOATCS
B COCTOSIHUU aHTUTpaBUTAMU. TO €CTh UX aTOMBI U3-3a CUJI OTTaJI-
KMBaHMsI CTPEMSATCS pa3jIeTeThCs B pa3Hble CTOPOHBI. U TyT yx ca-
MbI€ COOOPa3UTEIbHBIE MOTYT CIEJIATh AJIs ce0sl COBEPILIEHHO OlIe-
JIOMIISIIOILEE OTKPBITHE, YTO JIFOOBIE JBUTATENN, CO3AaHHBIE YEJIOBE-
KOM, 3TO JIBUraTeiau padoTaroye, o CyTH, Ha aHTUTPaBUTALUH.

PeakTuBHEIN ABUTaTENb, 3TO HE YTO UHOE, KaK OOBIYHBIN aH-
TUTPABUTALMOHHBIA JBUTraTeNb. PEakTUBHBIE CaMOJIETBI, PaKEThI-
HOCHUTEIU CITyTHUKOB, /1a U OOBIYHbIE HOBOTOHUE (peliepBepKH, Bce
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OHU aHTHUIpaBUTAIMOHHbIE. Ha aHTUrpaBUTalMM paboOTaOT Aaxe
aBTOMOOMJIbHBIE JIBUTATENIN BHYTPEHHETO CTOPAHUSI.

Benp B kamepe cropanus 1100010 ABUraTess, B pe3yJbTaTe co-
€AVHEHHS YIIICBOJOPOAOB C KACIOPOAOM, ITPOUCXOJUT CHHTE3 yI-
JIEKHUCIIOTO Ia3a, KOTOPBIM PacIIUpAsACh U3-3a OTTAJIKUBAHMS (AaHTU-
IpaBUTALMK) €r0 MOJIEKYJ APYT OT Apyra, ¢ OOJBIION CKOPOCTHIO
BBITEKAET 4Yepe3 COIUIO U TOJIKAET, B IIOJHOM COIJIACHU C 3aKOHOM
COXpaHEHMsI UMITYJIbCa, CaMOJIET, pakeTy, 3apsaa (delepBepka WiH
IOPUICHb B IPOTUBOIOJIOKHOM HAIPABJICHUH.

OxkaspIBaeTcs, 4EJI0BEUECTBO YXKE IaBHBIM-IaBHO UCIIOJIb3YET
AHTUTPABUTALMIO B CBOUX HU3MEHHBIX U KOPBICTHBIX LENAX, a4 BOT
TEOPETUKH JI0 CHX IOP ITOTr0 KaK-TO HE COOOpa3uiIu.

Hy, npsamo kak repoit koMeauu Moiibepa, KOTOPBIN Jaxe U He
JIOTaIbIBAJICS], YTO BCIO )KU3Hb TOBOPHII IIPO30HA. ..

4. OB DJEKTPUYECKOM TOKE
1 DJIEKTPOMATHUTHOM
WHIYKIUA

Cpenu TBEPABIX TEJl CYIIECTBYIOT KJIacc BEUIECTB, aTOMbI KO-
TOPBIX B TBEPJIOM arperaTHOM COCTOSIHMU HMEIOT OCOOCHHYIO BHYT-
PEHHIOIO CTPYKTYpY, crenudpude-
CKO€ PpAaCHOJIOXKCHUE 3apsSKCHHBIX
AJIEMEHTAPHBIX YaCTHIl, 00pa3yro-

IIUX aTOM, 00yCIIOBIIEHHOE cepu-
YECKOU T€OMETPHEN.
[IpencraBurensimu 3TOH

TpynIibl 3JICMCHTOB, HA3bIBACMBIX

aToM reppomMarHeTuka

deppomaznemukamu,  SBISIOTCS
MeTaljIbl - XKeJle30, KoOalbT U HU-

Puc.10

kelb (puc.10), y KOTOPBIX B CUITy OCOOEHHOCTEH BHYTPEHHETO CTPO-
€HWsI, TPAaBUTAIIMOHHBIC TTOJIS 00pa30BaHbl JIMHEHHO CMEIICHHBIMU
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UIEKTPUUECKUMH U NPOCTON MATHUT SIBJIAETCS OOBIYHBIM 3JIEKTPU-
YECKUM JMIIOJIEM.

OTO IuHelinoe cMeujeHue SIEKTPUIECKHX I10JIEH aToMa OTHO-
CUTEIIBHO APYr Apyra MOXHO HAa3BaThb MeEPeKOCOM TPAaBUTALMOH-
HOTO ITOJISL.

Ilepexoc zpasumayuonno20 oA —3TO U €CTH TO, UTO B (U-
3HMKe OTMO0YHO HA3BIBACTCA MACHUMHBIM noem. [Ipy HarpeBaHUH
deppomarneTrka [rjia.9], SJEKTPOHBI, NPUJIMIIIME MPEUMYIIe-

o

S — CTBEHHO CO CTOPOHBI IOJIS TTOJIO0-
s

TPaGHTaLIMOKHOTD O KUTEIIbHOTO 3apsja, HelTpaiu-

noreHuwan

3YIOT I[I/IHOJ'IBHHﬁ MOMCHT H B€-
IIECTBO TECPACT MAarHUTHBIC CBOH-

o
=

crBa. IIpupona, kak Mbl BUIUM,

aq, BIIOJIHE OOXOJUTCSA CAMBIMU MHU-

0 fa HHMaJbHBIMU U MPOCTBIMU CPEI-

Puc.11a CTBaMH.

B cummeTpruHOM TIpaBUTAIIMOHHOM I0JI€ TeJla, MOTEHIHA
1000 TOYKH, KaK B IOJIE€ MOJOXKUTENbHBIX, TAK U OTPULIATEIIbHBIX
3apsAJI0B, OJJMHAKOB, MOATOMY PA3HOCTh JIEKTPUUYECKUX MOTEHIUA-
JIOB B JI1000# TOYKE TaKOro MOJIs paBHA HYIIIO.

OnHako TakMX BELIECTB B IPUPOJIE HE CYIIECTBYET, TaK KakK
aTOMBI C CHMMETPHYHBIM TPAaBUTAIIMOHHBIM TOJIEM B CepHUIECKOi
METpUKE BCEJICHHOH oOpa3oBaThcsi HE MOTryT. IlosTOMYy aTOMBI
JTIOOBIX BELIECTB BO BCEJICHHOM BCErJa MMEIOT AaCUMMETPHIO
rPaBUTALMOHHBIX MOJIEH.

B acummempuunom rpaBUTALIMIOHHOM I0OJI€ B KaXKJIOH €ro
TOYKE CYIIECTBYET HEKOTOPAsk Pa3HOCTh JIEKTPUUYECKUX MTOTEHIUA-
JIOB, 00YCJIOBJICHHAS PA3HOU BETUYMHOM AJICKTPUUECKHUX MOJICH, KO-
TOpasi MPUBOAMUT K CMEILIECHUIO 3aps/I0B B TPOOHOM TeJie Wi K I0-
JSIpU3alUM, KOTOpasi MpU MEepeMEelIeHUN MPOOHOTo Tella OCTaETCs
HEU3MEHHOM.
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OT10 moka3aHo Ha rpaduke (puc.11a), rae TMHUM CMEIIEHbBI
10 OCH IOTeHIMaIoB Q.

[Ipu aBM>XeHUU MPOOHOTO Tela B HEPEKOUIeHHOM TPABUTA-
UOHHOM TIOJI€ (MAZCHUMHOM), TIE PIECKTPUUYECKHUE OIS JTUHEUHO
CMEIIEHBI OTHOCUTENBHO APYT APYra, pa3sHOCThb DIEKTPUUECKUX I10-
TCHOHUAJIOB OT TOYKH K TOUKE U3MCHCTCA, B PC3YJILTATC YCTO B HEM
BO3HUKAET JIBUKEHHUE DJIEKTPUUECKHUX 3aPS0B WU IEKTPUICCKUIN
TOK.

OT0 siBiieHrEe B (U3HMKE HOCUT Ha3BaHUE 71eKMPOMACHUM-
HOl uHOYKyuu Y TI0Ka3aHo Ha rpaduke (puciollb), rie nuanm cme-
nieHsl Mo ocu R. D10 mo3BosisieT Tak ke JIETKO 00bSICHUTD MPUHIUI
paboThl, TaKk Ha3bIBAEMbIX,  YHHIIOJSIPHBIX TE€HEpaTopoB 0e3
IMPUBJICYCHUSA J'I)KGHEIY‘-IHO?I TCOpHUU OTHOCUTCIIBHOCTH NUJIU KaKUX-TO
muduaeckux cui Jlopenna.

To 006CcTOATENHCTBO, UTO MATHUTHOE T0JIE — 3TO MEPEKOIIICH-
HOC I'paBUTAIlMOHHOC I10JIC, 06pa30BaHHOG JIMHENHO CMGH_[éHHBIMI/I
SJICKTPUYCCKUMMU IMOJIAMH, JICTKO JOKA3LIBACTCS IMTPOCTHIM 3KCIICPU-

MCHTOM.

KPUBLIE YOLIBAHNA SNEKTPUYECKMX
NOTEHLWANOB NpU Nepekoce B
rPaBUTALMOHHOrO NONs

AJIEKTPOHHO-TTY4E€BOM

noteHuuan ©

TpyOKe, SJIEKTPOHHBIA Iyd OT-
aq, KJIOHSIETCS 3JIEKTPOCTATHUECKUM

IMOJICM IIJIOCKOT'O KOHACHCATOpAa,

af | =T OTTaJKUBAsACh OT OTPHUIIATENb-
0 pacCTowwE HOW Y TPUTATHBASCH K TOJIOKH-
Puc.11b TEJIBHON OOKHamke. DTO IOKa-

3aHO Ha pucyHke (puc.12a).
Ecnu xe OTKIIOHSIIONIYI0 CHUCTEMY BBIMOJIHHUTH MO CXEME PUCYHKA
(puc.12b), ¢ nByMs mapaMu BEPTHKAJIBLHO OTKIOHSIONINX SJIEKTPO-
JIOB, IMUTHPOBAB MEPEKOC IPABUTALUOHHOTO TMOJS, TO MIOCKOCTh
OTKJIOHEHHS 3JIEKTPOHHOTO Jiy4da Oyaet nmoBépuyTa Ha 90 rpagycos.
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To ecTh PMEKTPUYECKUMU MOJISIMH IBYX Map BEPTUKAIBHO OT-
KJIOHSIIOIIUX 3JIEKTPOAOB MbI CO3AaéM MEPEKOC IPaBUTAIMOHHOIO
MOJISl WJIH, IPYTUMU CJIOBAMH MarHMTHOE TIOJI€ U AJIEKTPOHHBIN Ty,
MIPOXOJISI Uepe3 ATY CUCTEMY JIEKTPOIOB, OyI€T OTKIOHATHCS TOPH-
30HTaIbHO. TO €CTh TaK ke, KaK B AJIEKTPOMATHUTHON OTKJIOHSIO-
MU CUCTEME.

Tak kak mr00BIe dIEMEHTAapHBIC YACTHUIIBI COCTOST U3 Oolee

’—_iz/ MEJIKUX CY0dJIEeMEHTapHBIX YacTull,

- OHM 00J1a1a10T, JIMOO aCUMMETPHEH,

KaTo, a.
i\ 160 HEOGONBIIMM TIEPEeKOCOM T'pa-

A BUTAIMOHHOTO TIOJISA, B PE3yJIbTaTe
KOTOPOIO TPH ABMKCHHH B acCHM-

r e

MCTPUYHBIX T'PABUTALIMOHHBIX I10-

JSIX IpYTUX OOBEKTOB, OHU INPHBO-

Puc.12
IATCA BO BpaH_IeHI/Ie, KOTOpOG TpaK—

TYETCsl COBPEMEHHOM HAYKOU KaK CHUH.

BbIpakeHHBIMU TUTIOBHBIMH MOMEHTaMU B OCHOBHOM, Kak
IpaBwIo  00JafaoT COCTaBHbIE YaCTHIIbl, KOTOpPBIE TpHU
CTOJIKHOBEHUH JIETKO pacKajblBalOTCI Ha COCTAaBHBIE YaCTH.
DneMeHTapHble YacTULbI, COCTOSIIME U3 0Oojiee  MEJIKUX
CyOBAIEMEHTIPHBIX YacTHI[ PACKOJIOTh HEBO3MOXHO, TaK KakK Yy
YeJI0BEYECTBA [TI0KA HET UCTOYHUKOB MTOAXOAAIIEN MOIIIHOCTH.

DJEKTPOH, 10 BCEH BUIMMOCTH, YAaCTHIIA COCTABHAs, IOTOMY
YTO NPU CTOJIKHOBEHHU C MMILEHBIO M3 TSKENBIX METAJJIOB, OH
pakanbiBaeTcsi Ha 0Oojiee MENKHE JJIEMEHTAapHbIE YaCTHUIHI,
UMEIOLIMEe  BBICOKYIO  IMPOHUKAIOMIYI0  CIIOCOOHOCTh.  JTO
PEHTT€HOBCKHUE JTYYH.

Kaxk mumyt B yaueOHHKaX GU3HKH, DIIEKTPUUECKHI TOK — 3TO
MOTOK 3apsDKEHHBIX YacTUIl — 3JIEKTpoHOB. Ho orpomHoe komuue-
CTBO 3JIEKTPOHOB, ABM)XYIIHMXCS B IMPOBOJHUKE, MIPEACTABISET CO-
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00l MHOXECTBO IapaJlJIeNIbHBIX TOKOB, KOTOPBIE 110 3aKOHY MPUTSI-
KEHUs MapauIeNbHbIX TOKOB OYAYT CTATMBAaThCA B TOHKUH ILHYP,
NPOXOAALIMHA MO LIEHTPY NMPOBOAHMKA. B 3TOM cilyuyae HHMKakoro
JIEKTPUUYECKOr0 TMOJII BOKPYr TMPOBOJHMKA HAOMIONAThCS HE
JIOJDKHO, TaK KaK OHO B CUJTY 3aKOHA 00OpaTHBIX KyOOB O4€Hb OBICTPO
yOBIBa€T C PACCTOSHUEM U K TOMY K€ OU€Hb CHIILHO SKpaHUPYETCsI
aTOMaMU IIPOBOJAHMKA, OKPYKAIOLUIMMHU TOKOIIPOBOASIIUN "IHHYpP".
MexaHu3M CTATHBAHUS IBUKYIIIXCS 3apsiaoB (puc.13) o0y-
CJIOBJIEH MX BOJIHOBBIMH B3aUMOJEHCTBUSMH WMJIM Pa3HOCTBIO CKO-
pocTeil BOJHBI, KOTOpas 3aBUCUT OT
HanpspKEHHOCTH WM "'TUIOTHOCTH
IPAaBUTALIMOHHOTO TOJISI B KOTOPOM

JBUKETCS 3apsl.
@DoKycupoBKa 3JIEKTPOHHOTO

ayqa B DJIT obOycnoBiena muiib

Puc.13 TeM, 4TO Ha (HOKYCHPYIOIIHHA AJIeK-

TPOA MOJAETCsl BHICOKOE HANpsIKEHUE, YBEIMUUBAIOIIEE CKOPOCTh
AJIEKTPOHOB.

B peanvnocmu, snekmpuueckuii mox npeocmasisem coooi

064 6CMPEUHBIX NOMOKA 3aPA006 PA3ZHOZ0 3HAKA, OBUNCYUWUXCA C

YCKOpeHuem, Kaxcowlil U3 KOMmopbwlx, 6 CULY 3AKOHA NPUMSAIHCEHUS

napanenbHblX MoK08, CIMPEMUMCA 3aHAMb MEeCMmo 6 YeHmpe
npoeéooHuKa.

Ho tak kak camu 3apspkeHHBIE YaCTHUIbl MaTepUAbHBI U
HEMPOHHUIIAEMBI, a TOJSI Pa3HBIX 3apsAA0B HA0OOPOT MPOHHUIIAEMBI
JpYT UL IpyTa, TO UX BCTPEYHBIC TTOTOKH 3aKPYyYMBAIOTCS CITUpA-
JBIO BOKPYT JIPYT Ipyra. B aTom ciydae 3akpydeHHBIE TOTOKH 3a-
PSIOB B CIUPAISIX OYAYT CTPEMHTHCS K IOBEPXHOCTH MTPOBOIHUKA,
YTO U MOJTBEPKAACTCS ONMBITOM. M B 3TOM ke ciy4ae BOKpPYT Mpo-
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BOJHUKA C TOKOM IOSIBUTCS HePEeKOC TPABUTALMOHHOTO NOJIA (Mae-
HUmMHOeE noje), KOTOPBI MOKHO OOHAPYKUTH C MTOMOIIBIO CTPEIKU
KOMITaca.

[Ipn nepemeHne HampaBieHUs TOKA, HAIPABIECHUE MEpEKOca
W3MEHHUTBCSA U MarHUTHAs CTPEJIKa OTKIIOHUTCS B IPYTYIO CTOPOHY.
[Ipu npoxoxkaeHUH 10 MPOBOAHUKY IIEPEMEHHOIO TOKA, TOTOKHU 3a-
PAIOB MEHSIIOT HalpaBJECHUE IBHKEHUS U, COOTBETCTBEHHO, MEHS-
€TCs HAlpaBJICHUE BPAIICHHS CIIUPAIICH, YTO IPUBOJIUT K OBICTPHIM
WU3MEHEHUSM EpeKoca IPaBUTALMOHHOTO MTOJISI BOKPYT IPOBOJHUKA
U PacHpOCTPAaHEHUIO STUX M3MEHEHHMHM B BUJE TPAaBUTALMOHHBIX
BOJIH, KOTOpBIE€ B (PU3UKE HA3BIBAIOTCS 271€KMPOMAZHUMHBIMU U
paouosoHamu.

OTU TPaBUTAIIMOHHBIE BOJIHBI BOKPYT MPOBOJIHUKA C MEpe-
MEHHBIM 3JIEKTPHYECKUM TOKOM, UMEIOT C(HePUUECKYIO TharpaMmMmy
HANPaBIEHHOCTH W 0CNabEBAIOT ¢ PACCTOSHUEM IO 3aKOHY 00part-
HBIX KBaJPaTOB.

Ipumeuanne! Cywiecmeosanue ecmpeunvix nOMOKo08 3apsa0oe
00ycnoeneno mem, Uumo 6 mamepuanax oOLIYHBIX NPOBOOHUKOE 6ce20a
npucymcmeyem He3HauumenbHoe KOAUYECME0 HACHUY C NO0MHCU-
MeNbHOU acummempueil 2pasumayuoHHbIX noJieil — RPOMoHO08. IeK-
MPOHbBL U RPOMOHBL, RPUMALUBAACH OPY2 K OPY2Y, 00pazylom Helmpaiv-
Hble YACMULYbl, KOMOPble HAX00AMCA 8 MEHCAMOMHOM RPOCIMPAHCHEE
seuwecmea. Kozoa paznocms nomenuuanoe neuinezo ucmoYHuKa dJekx-
MpUUecK0z0 MoKa pa3pvléaem ux, OH HAUUHAIOM OBU2AMbCA 6 NPOMU-
60NOI0IHCHBIX HANPABTICHUAX, CO30A6A5 6CMPEUHbIE NOMOKU 3APAN08.

C 3Toli TOUKH 3peHUs OMPOOYyeM OOBICHUTh MEXaHU3M BO3-
HUKHOBEHHUSI TOKa caMOMHAyKIuU. Korjga k KoHIIaM IpOBOJHUKA
(puc.14) npunoxeHo HaNpsKEHNE, B HEM HAUUHAETCS IBUKEHHE 3a-
PAOB. DIIEKTPOHBI JBUXKYTCS 110 HAMPABIICHUIO K TTOJIOKUTEIHLHOMY
MOJIIOCY UCTOYHHUKA, TPOTOHBI — K OTPULIATEIIBHOMY.
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Tak Kak MOTOK MPOTOHOB, B CBA3U C OTPUIATEIBHON aCHM-
METpHEH BEelecTBa HAIIETO MUPA, HUYTOXXKHO MaJjl U JIUIITh HE3HAYH-
TETLHO YMEHBIIIAET PAa3HOCTh SJIEKTPOHHBIX MOTCHIIMAIOB, TO MBI
OyzIeM paccMaTpHuBaTh TOJBKO JBWKEHUE AJIEKTPOHOB. 1 XOTs HU-

3 YTOKHBI MOTOK MPOTOHOB

P 32:2;:;23—?1 SIBJISIETCSI IPUYUHOM 3aKpy-

dP=P,-P, YMBaHUS IOTOKOB 3apsi0B

;:" ; . — B cCOHpalb, AId Hac OTO
0— ——- | O0Ka HE UMEET 3HAUYEeHUS.

DJIEKTPOH, JIBUTa-

= —_— i SICh K MOJIOKUTEITLHOMY TO-

Puc.14 JIOCY HWCTOYHWUKA  TOKA,

HEMPEPHIBHO YBEJIMUYUBAECT CBOIO CKOPOCTh U3-3a OCTOSIHHO YBEJIH-
yMBaroUIeiics, coriacHo 3akoHy Kynona, cuiel nputsxenus. 13-3a
ATOM pa3HHULIbI CKOPOCTEH 3JEKTPOHOB HA MPOTUBOIMOIOKHBIX KOH-
1[ax MPOBOJHMKA, BO3HUKAET Pa3HOCTh MX KOHILEHTpAUi WK pa3-
HOCTh noTeHunanoB dP.=P2 —P1. I3 He€ BbrunTaeTCst pa3HOCTH I0-
TEHIIMAJIOB, CO37]aBaeMasi BCTPEUHBIM JBIDKEHHEM TIPOTOHOB
dP)=P3-P1. Pe3ynbrrpytomas pasHOCTh MOTEHIIUATIOB ONPEaEs-
ercs dopmynoit dP=P2-Ps.

[Ipu OTKIIIOUEHUM MCTOYHMKA TOKA, MOJA JAECHCTBHEM 3TOM
pa3zHocT noteHuuanos dP, 351eKTpoHbl, HAKONMUBLIMECS B OTpHULIa-
TEJILHOM KOHIIE ITPOBOIHUKA MPOI0HKAIOT IBHXKEHHE TTO MHEPIUU K
MOJIOKUTEIHLHOMY KOHITY M HaKaIUIMBAIOTCS B HEM, CO3/JaBasl yiKe
HECKOJIbKO MEHBIITYIO0 OOPAaTHYIO pa3HOCTh MOTEHINANIOB. B pe3yib-
Tare NEeWCTBHS ATOM 00paTHOM Pa3HOCTH MOTEHITUAIOB, JIEKTPOHBI
CHOBA HAYMHAIOT JIBUTATHCsI B 0OpAaTHOM HAIPaBJICHUHU U TMPOIIECC
MTOBTOPSICTCS.

[Tocne HECKOJIBKUX 3aTyXaroOIIMX KOJeOaHUH, 3aBUCSIIIUX OT
JUTMHBI TPOBOJIHUKA, KOHLEHTPAIUs 3JIEKTPOHOB BHIPABHUBACTCS U
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TOK IIPEKpaIaeTcs. ITOT TOK B 3JEKTPOAMHAMUKE U HAa3bIBAETCS TO-
KOM CaMOMHIYKIIWH.

Ecnu psimom ¢ mpoBOAHUKOM NMOMECTUTH (eppOMarHUTHBIN
MaTepuai, TO Iepruoj KoyiebaHuil yBeInYUTCs U3-3a OTEPh Ha Iie-
PECTPOUKY CTPYKTYP €ro aTOMOB.

OTtcrola MOXHO cleflaTh BBIBOJ, YTO MPHU MPEKpalICHUU
TOKa, DJIEKTPUYECKUE KOJIeOaHUsI BOSHHUKAIOT HE M3-3a U3MEHEHUS
HEKOero MU(hUYECKOro MarHUTHOTO T10JISA, & IO COBEPILICHHO APYron
MPUYMHE U YTO HUKAKO€ MATHUTHOE M10JI€, HUKAKOT'0 Y4acTHs B IIPO-
1ecce He IPUHUMAET.

A ciemoBaTeIbHO HHUKAKOM MarHUTHOM COCTAaBIIAIOIIEN B
JJIEKTPOMAarHUTHBIX BOJHAX HET. ECThb JBe 3IEKTPUYECKUX
COCTaBIISIONINX, 0OYCIIOBICHHBIX BOJTHAMHU B JIEKTPUIECKUX MOJISIX
MIPOTHUBOIIOJIOKHBIX 3HAKOB, CMelIeHHbIX Ha 180 rpaaycos.

A nomomy HUKAKO 271eKMPOMAZHUMHOU CAMOUHOYKYUU,
MaK Jice KaK u camo2o MAaZHUMHO20 NOA He CYyulecmeyem.

Bricokoii KOHIIEHTpaIMel 3JEKTPOHOB TakK e 00bsACHIeTCS
U TOT (aKT, YTO HUTh HAKAIMBAHUS JIAMIIOYKH YacTO MEPEropaeT
OKOJIO OIIOPHOTO 3JIEKTPOJIa C KOTOPOrO B MOMEHT BKJIFOUEHHS I10-
CTYMAIOT 3JEKTPOHBI, XOTS JOJKHA Obl Ieperoparh MocpeauHe, Tak
3JIEKTPOJIBI UTPAIOT POJIb TETNIOOTBOIA.

IIpu KOHTaKTE BelecTB (METAIIOB) C pa3JINYHON BETMUMHON
OTPULIATENIbHOM aCHMMMETPUM TPAaBUTALUOHHBIX TMOJEH aTOMOB,
MEXIy HUMHU BO3HUKAET HEKOTOPAsl PA3HOCTH AJIEKTPUUYECKUX IO-
TEHIIMAIOB (TIOTEHIIUANBHEIN Oaphep (puc.15)).

[TosToMy mpu MpOXOXACHUU TOKA Yepe3 TaKOW KOHTAKT B
OJIHOM HAIIPABJIEHHUH, 3Ta PA3HOCTh MOTEHIIMAIOB CKJIA/IBIBAECTCA C
Pa3HOCTBIO MOTEHIMAIOB UCTOYHUKA TOKA, & B IPYTOM JEHCTBYET
MIPOTHUB HEE, TO MPUBOJUT K PA3INYHON BEIUYMHE TOKA, IPOTEKAO-
HIEr0 Yepe3 KOHTAKT, 3aBUCAILYIO0 OT €ro HampaslieHus. Jpyrumu
CJIOBaMH, JII0OObIE KOHTAKThl METAJUIOB C PA3JIMYHOW BEITUYUHOMN
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acUMMeTpuu 00JafaroT CinaObIMU  "BBIMPSAMHUTEIBHBIMUA" CBOM-
CTBaMHU, 3aBUCALIMMH OT BEJIMYMHbI KOHTAKTHOM Pa3HOCTU MOTEH-
[[UAJIOB.

U Takuie KOHTAKThI TaK K€ SIBISIFOTCS HCTOYHUKAMU JIEKTPH-

v YECKOr0 TOKA, KOTOPBIA 3aBHCHUT

OT PpAa3sHOCTM OTPULIATEIBLHON

0! : aCUMMETPUU KOHTAKTHUPYIOLIUX
BemiecTB. VX B pu3nKe HAa3bIBAIOT
anemeHTamu llenpThe.

Anon Kontaktel ¢ OOJIBIIOH,
TEXHOJOTUYECKHU CO3JaHHOM,

Katoa

—
aBnacTs ¢ GonbLwon o
rissisiiaiig oTpHIaTENLHOR Pa3HOCTBIO aCMMMETPHIA, CO3/a-

acHMMeTPHEN (+) ACUMMETPHEN (=)

Puc.15

foupe OOJbIIYI0 KOHTaKTHYIO
Pa3HOCTh MOTEHLHAIOB (IIOTEH-
[IUATBHBIN Oapbep), Ha3bIBAIOTCS MOTYITPOBOAHHKOBBIMU TUOIaMH,
TOK 4epe3 KOTOphIe, B MpeesiaX 3TOro MOTEHIIMATLHOTO Oaphepa,
MO>KET T€Ub MPAKTUUYECKH TOJBKO B OJHOM HAMPABIICHUH.

[Tpu moakIIOYeHNH NCTOYHHKA MUHYCOM K 00JIaCTH C Majoi
OTPHUIIATEIILHON CUMMeETpuei (p), 0003HAYEHHOW MaJIbIM 3HAKOM
MMHYC(p), TIEKTPOHBI JIETKO MPOHUKAIOT B HEE MOJ IEHCTBUEM HE-
60sb110# pazHOCTH MOTEHITUATIOB Umin, TOTOMY YTO CHJIBI OTTAJIKH-
BaHUs CJIA0BI.

VX mpoHMKHOBEHHE B 30HY KOHTakKTa emié u obyeryaercs
TE€M, TO B 3TO BpeMs JJIEKTPOHBI U3 o0eux objacteld yXomsT B
HaIpaBJICHUU TOJIOKUTEJIBHOIO TMOJII0CA UCTOYHUKA TOKA, YMEHb-
n1ast UX aCUMMETPHIO.

[Ipyu moAKIIOYEeHNH UCTOYHHMKA TOKa MUHYCOM K 00JIacTH ¢
OOJIBIIION OTPHUIIATEILHOW acUMMETpHEl (n), 0003HAYECHHON 00JIb-
[IMM 3HAKOM MHHYC(n), JJIEKTPOHBI HCTOYHUKA HE MOTYT MPOHHUK-
HYTh B HE€ M3-3a CUJI OTTAJIKHUBAHUS, U TOK, €CIIM Pa3HOCTh MOTEH-
uuasnoB He npeBbaeT Unp, B 3TOM HanpaBlIeHUH Yepe3 KOHTAKT HE
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npoxoaut. [Ipuyem 4acTh 3NEKTPOHOB, HAKOMMBIIMXCS B KpallHeu
00J1aCTH 30HBI N, TOBBIIIAET ACHMMETPHIO €€ aTOMOB M COOTBET-
CTBEHHO HampspkeHus: mpo6osi. Takum oOpazoM, HapsHDKEHHUE MPO-
0051 3aBUCHUT OT IIIMPUHBI 30HBI N.

HeGomnp1mast 4acTh AJIEKTPOHOB, MPOHUKIIUX Yepe3 30HY N B
30HY P, CO3/1aeT TOK yTeukH. [Ipu npesbiieHun 00paTHOM BHEIIHEH
Pa3HOCTHIO MOTEHIMAIOB MOTeHIIMATLHOTO Oapbepa Unp, B CBSI3U C
OOJBIION KOHIICHTpAIIUEH SJEKTPOHOB B 00JIACTH aHOMA, SBISIO-
IIUXCSl HOCUTEIISIMH TETIa, TPOUCXOAUT TETUIOBOM MTpo0oit [11.9] u
BBINIPSAMUTEIbHBIE CBOMCTBA KOHTAKTA TEPSIIOTCS.

Ecnm anogHas 06acTh KOHTaKTa YCTaHOBJIEHA HA TETIOOT-
BOZIe, TPOOOI HE MPUBOJUT K Pa3pylIEHHUIO KOHTAKTa U TO TOCIE
CHATHS BHEIIHEN Pa3sHOCTH MOTEHUMAJIOB, CBOMCTBA KOHTAKTa BOC-
CTaHABJIMBAIOTCS.

Ha rpaduke mokazano pacnpe/eneHrue mOoTeHIIHAIOB U CTa-
HOBHUTCS ITOHATHO, MTIOYEMY TaKOW KOHTAKT MPOBOJIUT TOK B OJTHOM
HaIlpaBJICHUH, TOKA3aHHOM CTPEJIKOM. 3/1eCh HAMpalluBaeTCs aHa-
JIOTHS C HAKJIOHHOM MJIOCKOCTBIO.

Hpumeuanue! Tax kax 6 npupode Hem Huuez0 GUPMYATLHO20
UilU MHUMO20, 00bACHEHUE YYEHBIMU MEXAHUIMA NPOMEKAHUA MOKA
uepes, MaKol KOHMAaKmM, HA3bl6aeMblil N-P NEPEXOOOM ¢ HOMOULbIO He-
cyuecmeyrouux "'ovipok'’, cosepuieHHO HecoCmoamebHO, U A6AAemcs
MaKoil e Yyuivio, KaK 2pasumayuoHHblil KOAIAnc iU KaK 603HUKHO-
6eHUE 6 6AKYYME HEKUX GUPMYATIbHbIX YACMUY WU K6AHMOG IHEPIUU.
Jroobvie ¢3aumooeiicmeusn ¢ npupooe — IMoO 63auUM0OOCUCmeUus He MHU-
MbIX, KAK 8 Mamemamuke uiu 6UPmMyaibHolX, d CO8EPUIEHHO PealbHbIX
MamepuanbHuIX YACMuy,.

Hcxond u3 BBILIEU3TI0KEHHOIO, MOXHO CHAENATh CIIEIYIO-
M BBIBOJ: TIPOBOJHUKH — JTO BEIIECTBA UMEIOIIEe HEOOIbIITYIO
OTPULATEIBHYI0O ACUMMETPHIO TPABUTALIMOHHBIX TOJIEM aTOMOB, B
KOTOPBIX JIEKTPOHBI MOTYT MIepEMENIAThCS 0T ICHCTBUEM HEOOIh-
1101 BHEIIHEH pa3HOCTU MOTEHIUAJIOB.
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A M3074TOpPBI, HA00OPOT, 00IaIAI0T OYEHBb OOJBIIION OTPH-
[aTeIbHON aCUMMETPUEH, TO3TOMY JIJII TOTO YTOOBI 3JIEKTPOHBI
MOTJIM B HUX TIEPEMEIIAThCS, HY>)KHO MPUIIOKUTH K HUM OY€Hb 00JTh-
IIYI0 BHEIIHIOIO Pa3HOCTh MOTEHIUAIOB. TO €CTh BOMPEKH YTBEP-
KACHUIO O(QUIIMATBHON HAyKH BCE TMPOUCXOAUT C TOYHOCTHIO
HA00OPOT, BEUIECTBA ¢ OOJIBIINM COACPKAHUEM IJIEKTPOHOB — 3TO
U30JISITOPBI, & C MAJIBIM — TPOBOHHKH.

Haxo 3aMeTnuTh, 4TO B JIIOOOM BEILIECTBE HUKOIa HE OBIBAET
CBOOOJTHBIX JIEKTpOHOB. OHM BCE BCera CBs3aHbl ¢ aTomamu. CBo-
OOJIHBIE DJIEKTPOHBI, B OCHOBHOM, COJCPIKATCS B MOTOKE COJHEY-
HOTO M3JIy4eHUs U B QU3HKE, U3-3a OO0NBIION CKOPOCTH JIBHKCHHUSI,
OHH OIIMOOYHO HA3BIBAIOTCS (POTOHAMH.

["a3p1, UMerOLITHE OYEHB OONBIIYI0 ACUMMETPHUIO TPABUTAIIH-
OHHBIX TIOJIEH aTOMOB, COJIEPIKAITNX OOJBIIIOE KOJIUYECTBO IIEKTPO-
HOB, €CTECTBEHHO SIBJISIIOTCSI H30JISITOPAMHU.

s TOro, 9TOOBI SJIEKTPOHBI MOTJIH ABUTATHCS B rase, OH
JOJIKEH OBITh CHIIBHO Pa3peXeH, YTO MPUBOAHUT K YMEHBIICHUIO
KOHIICHTPAIIUX 3JIEKTPOHOB MJIM OOIICH OTPHUIATEIHLHOW acCHMMET-
pHYH, YTO YMEHBIIIAET BEPOSITHOCTh UX B3aMMOJICUCTBHS C MOJIEKY-
JIaMU Ta3a ¥ YBEJIMYUBACT €T0 DJICKTPOIPOBOIHOCTD.

Kunkoctu, UMEIOT Tropa3o0 MEHBIIYI0O aCUMMETPHUIO, YeM
ra3bl, HO OOJBIIYI0, YeM TBEPJBIC TENA, IOITOMY MEXAHHU3M DJIEK-
TPONPOBOAHOCTH B HUX TOpa3zo cioxHee. OH CUJIBHO 3aBUCHUT OT
aCUMMETPUIN aTOMOB UJIM MOJIEKYJI CAMOM KUJKOCTH U MaTEpUAIOB,
U3 KOTOPBIX CAEIAHbI AJEKTPOIbI.

[Tpu morpyxeHuu, HanpuMep, MeTaia B )KHIKOCTh, UMEIO-
X HEOONBIIYI0 Pa3HOCTh ACUMMETPHUI TPAaBUTAIIMOHHBIX IOJIEH,
MPOUCXOAUT crleayromee. MOJIEKyJbl KUIKOCTH, MUMes TOopas3fo
OOJIBIITYI0 aCHMMETPHUIO TPABUTAIIMOHHBIX MOJIEH OTIAI0T U30BITOY-
HBIC JIEKTPOHBI AaTOMaM METaJljIa.
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B pesynbraTe yero acumMmeTrpusi TpaBUTAIlMOHHBIX MOJIEH
aTOMOB METaJlyIa YBEJIMYMUBACTCS, CHJIBI MIPUTSKECHUSI MEKITY HUMH
YMEHBIIAIOTCS U OHW HAYUHAIOT OTPBIBATHCS OT OCHOBHOM MAacChl U
MIPOHUKATh B BOAY. TO €CTh METAJJT HAYMHAET PACTBOPATHCS B KU
KOCTH ¥l HHTEHCUBHOCTB 3TOTO Tpolecca OyIeT 3aBUCETh OT Pa3Ho-
CTU UX aCUMMETPUI.

Ecnu B34Th BemiecTBa ¢ OYeHb OOJNBIINOW pasHUIICH aCHM-
METPHUA, TO MPOIIECC PACTBOPEHUS OYAET OUeHb MHTEHCUBHBIM. [1pu
3TOM MBI MTOJTYYUM MTPOCTEUIINNA raJbBAHUUYECKUI 3JIEMEHT, TE TO0-
JIO’)KUTEIIHBIM TTOJTFOCOM OYAET KUIKOCTD.

Onucanue NOBeICHUSI KOHTAKTOB MEXYy METAIUIAMH U KU I~
KOCTSIMH TPeOYeT OTJIETLHOM CTaThH, B CBSI3U C ITyTAHUIICH, CO3/IaH-
HOM YYEHBIMHU, MEXAY HAIPABICHUEM JBH)KCHUS JJIEKTPOHOB U
MIPUHSTBHIM B HAYKE HAIIPaBJICHUEM TOKA.

SIBiieHME BO3ZHMKHOBEHUSI KOHTAKTHOW PAa3HOCTH IMOTEHIMA-
JIOB MCIIOJIB3YETCS B TEXHUKE IMPU CO3JaHUM Tepmonap. B Tepmo-
nape UCHOJb3YIOTCS METAJUIbI ¢ OOJIBIION KOHTAaKTHON Pa3HOCTHIO,
MIpU HArpeBaHWU KOTOPOTO ACUMMETPHUS T'PABUTALMOHHBIX MOJIEH
aTOMOB BEIIECTB, BXOJAIINX B TEPMOTIAPY, YBEIMUUBAECTCA HE OJIU-
HaKoBO. TO €CTh 3TH METAJUIbI AOJIKHBI 001a/1aTh Pa3HOU TEIIOEM-
KOCTBIO.

[pumeuanne! Huenno nepekocel 2pasumauuoHHbIX noJell 36e-
Hbee OUHHBIX op2anuyeckux monaekyn pesunst, /ITHK u mnozux opyzux
6bICOKOMOIEKYIAPHBIX COCOUHEHUIL, AGIAIOMCA NPUUUHOI C6OpadUea-
HUA UX 6 CRUPAIU, KOMOpPble U RPUOAION IMUM BEULECINBAM CBOIICINEA

ynpyzocmu.
Heksk

Ilepekoc TpaBUTALIMOHHOTO NOJS 3€MIIU (MazHUMmMHOE noe),
O6YCJ'IOBJI€H prFOBBIM JOBUXKCHUEM BapH)KeHHBIX JaCcTHULl COJIHCY-
HOT'O U3JTyYeHUSs, 3aKPYICHHBIX CYTOUYHBIM BpallleHUEM 3€MHOU at-
Mochepsl (puc.16). Takum oOpa3zom, 3emiisi HaXOIUTCS, Kak OBbI,
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BHYTPH JBYX OOBIUYHBIX KaTYIIEK C TOKOM, IO OJHON W3 KOTOPBIX
JBIKYTCSI OTPUIIATEIIBHBIC 3apsIIbl, a 110 APYTOU - MOJIOKUTEIIbHBIC.
OTH TOKH CO3IAaI0T BO-

oESpa3IcEAHMS
MArHMTHONS
nonn Jemnm Kpyr 3emMJIM J1Ba MarHUTHBIX
\.as-_.;__. oJId, HaIlpaBJIEHHBIX
mmunnl HaBCTpeY . Ilpu-
2 Uiskaiiin asctpety Apyr Apyry. Ip
§ + / 4y€M, TOK BO BHYTPEHHEH Ka-
TYIIKE OYeHb MaJl U 00pa30BaH
m“°"”' - MPEUMYIIECTBEHHO TSKEITBIMU,

Puc 16 TIOJIOKUATENBHO 3apPSKEHHBIMU
YacTUIIAMU — MPOTOHAMH, a BO
BHEIITHEH — OoJ1ee IErKUMH, OTPUIATEIbHBIMHA — DJIEKTPOHAMH.

OTH TOKU U 00Pa3yIOT, TaK Ha3bIBaEMbIE, pa0UayuoHHble no-
Aca. Pe3ynbTUpyrOLIee MarHUTHOE M0JIE, €0 MOJSIPHOCTh U HaIps-
KEHHOCTh HAPSMYIO 3aBUCAT OT TOTO, KAKKE 3apsi/ibl IPeo0IaaioT
B IIOTOKE U3JIyYEHUs, IOJIOKUTEIIbHBIE UIIA OTPULIATEIIbHBIE.

[To HanpaBneHuio BpamieHus 3eMJId, MOXHO JIETKO OIpese-
JIUTh, YTO B M3JIYYECHUH MTPEOOIaAaI0T OTPUIIATEIBHBIE 3apsabl. Tak
KaK HaIra 00JIacTh BCEJICHHOW UMEET OTPUIIATEIIbHYIO aCHMMETPHIO
aTOMOB BEIIECTBA, TOTOK MOJIOKUTEIBHBIX 3aPsAI0B HUUTOXKHO MaJl.

IIpumeuanue! Eciu 6b1 cooepircanue noaoxcumenabHovlx u ompu-
UAMENbHBIX 3aPA006 8 NOMOKE U3IYUeHUA ObLIU PAGHbL, NOIAPHOCHU
"mMaznumnuix'' noneit, oopazyrouwuxca npu ux Oeudicenuu, ovlau Ovl
PAasHbBL U RPOMUBONOJI0MNCHBL. B pe3yrvmame 3mozo onu ckomnencupo-
eanu 0wl Opyz Opyea u niaanema 6000uie 0bl He UMENA «MACHUMHO20
nona».

Kaxk npaBuiio, miianeTsl, He UMeroIIHe aTMochep, He UMEIOT U
MAarHUTHBIX MOJIE€H, B CHUIYy TOTO, YTO TPACKTOPUH YACTHI] COJTHEY-
HOTO U3JIYYECHUSI B HUX HE 3aKPYUMBAIOTCA U HepeKoca TPaBUTAIN-
OHHOT'O TIOJISI HE TPOUCXOUT. XapaKTepHbId ToMy npuMep - JIyHa.
OHa MpakTUYeCKH HE MMEET aTMOCQEphl, MOITOMY €€ MarHMUTHOE
T10JI€ UCYE3AIOIIE MAJIO.
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[IepenosrocoBKa MarHUTHOTO TOJIST 3€MJIM BO3MOJKHA JIUIIb
B JIByX CJy4asiX, B Cllydae MU3MEHEHHsI COOTHOIICHUS COICpPKaHUS
MIPOTUBOMOJIOKHO 3aPSKEHHBIX YACTHUIL B IOTOKE COTHEYHOTO U3TY-
YEHUSI WM JK€ B CITy4ae U3MEHEHUS HallpaBlieHUs €€ CyTOYHOTO Bpa-
nienusi. COBEPIIEHHO SICHO, YTO 3TO a0COIIOTHO HEPEeaTbHO.

Heo0OxomuMo 3aMeTHTh, YTO COOTHOIICHHUEM COJIEP>KaHUs
MPOTUBOTMOJIOKHO 3apPSHKCHHBIX YACTHI[ B COJTHEYHOM H3IYYCHUH,
JocTUraromeM 3emiid, onpeaensercs U MakcumanbHbiil KITJ cos-
HEYHBIX OaTapei.

B cnydyae paBeHCTBa MOTOKOB MOJIOKUTENBHBIX U OTPHIIA-
TEJBHBIX YaCTHII, COJTHEYHBIC OaTaper BooOIe paboTarh HE OyIyT.
CoOTBETCTBEHHO, YeM OoJibllle pa3HUIlA B UX COACPKAHUH, TEM
Beime Oynet ux KIT/I.

[TonsipHbIe CUSHUS TaK ke 00YCIIOBJICHBI MOMAITaHUEM B aT-
Mocdepy 3eMiIi TOTOKOB YaCTHIl, BEIOPOIMICHHBIX MOIIHBIMH COJI-
HEYHBIMU BCIBIIIKAMHU ¥ HMEIOIIUX CKOPOCTh MPEBBILIAIONIYIO CKO-
pOCTh pPacmpOCTPAHECHUS BOJHBI B TPABUTAIMOHHOM IIOJIE 3eMIIH
(ceepxceemosyro ckopocmyp). IT0 00BIUHOE TIposiBieHHE d(PdekTa
Basunosa-Uepenkosna.

[ToToku 3THX YacTuIl, TPOHUKAS CO ""CBEPXCBETOBOM" CKOPO-
CTBIO B aTMOC(]epy, CO3Jal0T CBEUEHHE, XOPOILIO BUIUMOE B MOJISP-
HBIX o0nacTsax 3emin. B skBatopuabHON 007aCTH TPACKTOPUH Ya-
CTHI] OTKJIOHSIIOTCS, 3aKpYYMBAasCh BpalieHueM aTMochepsl, U ya-
CTHIIBI TEPSIOT CKOpPOCTh. [loaTOMY CBeUeHHE B HKBATOPHUATBHBIX
00JacTsX oueHb C1adoe, MPAKTUIECKH HEBUIUMOE TJIa30M.

Pe3kumu konebGaHUSIMH COOTHOLIEHHS MPOTHUBOMOIOKHBIX
3aps70B B MOTOKE COJTHEYHOTO U3ITyYEHUS, B PE3yJIbTaTe BCHBIIIEK,
00YCIJIOBIICHBI, M TAaK Ha3bIBaeMbIC "MarHUTHBIC" OypH.

A cnepoBareiabHO, HAUBHBIE YTBEPXKICHHUS YUYEHBIX O TOM,
YTO MarHUTHOE TIOJIE sIBIIsieTCs "ry0oit", 3anuiaronieii Hac OT CoJ-
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HEYHOM pagualiiy, MpoCcTO CMEXOTBOPHBI U COBEPIIEHHO HE COOT-
BETCTBYET JIEUCTBUTEIBHOCTH, IOTOMY YTO MAarHWTHOE IMOJe TO-
POXIEHO ITOH K€ COJIHEUHOU paHaIiuen.

U oHO camo 110 ceGe HacTOIBKO cl1aboe, UTO Y HETO €1Ba XBa-
TaeT CUJIBI MOBEPHYTH JIETKYIO CTPEJIKY KOMIIAca Ha OCTPUE UTIIBL.

A 11y0oii siBIsieTcs: cama ra3oBasi atMocdepa IIaHeThl, XOTS
OHa TOXE OYEHb CJIa00 3aIUIIAET HAaC, TOTOMY YTO MTOYTH HE 3aJIep-
JKUBAET COTHEUHOE M3ITyYCHUE.

HuytoxHas 1075 MOM0XKUTEIBHO 3apsKEHHBIX YacTHIL COJI-
HEYHOT'0 M3JIyUYEHHUs aKTUBHO B3aUMOJIEUCTBYS C OTPULIATENIBHO 3a-
PAKEHHBIMU MOJIEKYJIAMHU BO3/lyXa, YMEHbBIIAET aCUMMETPUIO UX
IPaBUTALMOHHBIX MOJIEH, B pe3ysbTaTe Yero MOJIEKYJIbl CTAHOBATCS
TSDKEJIee U CO3/Ial0T HUCXOSIINE TOTOKU XOJI0JHOTO BO3TyXa.

YacTullbl COTHEYHOTO W3Iy4eHUs, 3apsHKCHHBIE OTpHIla-
TEJIHHO, OYCHB JIETKO MTPOHUKAIOT CKBO3bh aTMOC(EPY, TaK KaK MpaK-
TUYECKU HE B3aUMOJICHCTBYIOT C TaK K€ OTPHIATEIHLHO 3apsiKEH-
HBIMH MOJIEKYJIAMH BO3/lyXa, IOCTUTAIOT TOBEPXHOCTH 3EMIIH,
HarpeBasl ¥ yBeJIU4MBas €€ OTPULIATEIbHYI0 aCUMMETPHIO.

A OT HarpeToi 3eMHOM MOBEPXHOCTH, HArPEBAETCS BO3IYX,
co3/1aBasi BOCXOSIINE TOTOKH, HABCTPEUY KOTOPHIM UAYT HUCXO/IS-
1€ MOTOKU XOJOJHOTO BO3AyXa, 00pa3ys BO3AYIIHBIE BUXPU —
[IUKIIOHBI, aHTUIIUKIIOHBI 1 TOPHAIO.

5. Ob MHEPIIMH
1 OIIUBKE HBIOTOHA

[TonsiTHE Macchl B COBpeMEHHOM (PU3UKE SBISICTCS OJHUM U3
KIIFOUEBBIX ()YHIAMEHTAIBHBIX TIOHATHI. B 3TOH T71aBe MBI YBHIMM,
4TO (PyHIaMEHT 3TOT MOCTPOEH M3 mecka... Kak Ham roBoput ¢u-
3MKa, BEC TeJa ONPEIEIAeTCA CUION I'PAaBUTALIMOHHOTO IPUTSKEHUS
K 3eMire.
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U Bec 3TOT OymeT 3aBUCETh OT BBICOTHI, HA KOTOPOM pacro-
JI0KEHO TEJ0, NMOYTH B COIVIACUU C 3aKOHOM "'BCEMHPHOTO" TATOTE-
Hus aenymku HeroToHa.

Teno cOpoireHHOE CO CTOJIa BCEria majaeT Ha MoJI, HO HUKO-
raa Ha notojiok. Kak BeI nymaere, mouemy? Jla moroMmy 4To Ha oy
CWJIa TIPUTSDKEHUsT OOJIbINIe YeM Ha BhICOTe crosia. U emé Gomnpire,
YeM Ha BBICOTE MOTOJKA. Eciiu OBl CHIIBI PUTSDKEHUS OBUTH OMHA-
KOBBI, T€JI0 HUKYAa OBl HE Tajano. B aTom jerko yoemaurcs, momio-
’KUB MSYMK HA TOPU30HTAIBHYIO TOBEPXHOCTD.

OH HUKYyJa HE IOKATUTCS, TaK KaK CUJIbI MPUTSIKEHUS B JIIO-
001 TOYKE TOPU3OHTAIBHOW IJIOCKOCTH — OJauWHaKoBbl. Ho crtowmt
JIMIIb CJIETKA HAKJIOHUTH IUIOCKOCTh, KaK Ha HEW MOSIBATCS YYaCTKH
c OoIbIIeH CUIION IPUTSHKEHUS. DTO YIACTKH, HAXOISAIIHECS OJIHKe
K MIOBEPXHOCTH 3EMIIH.

BoO3HUKHET pa3HOCTb YpOBHEU H, CIEAOBATEIIBHO PAa3HOCTH
rPaBUTALMOHHBIX MOTEHIIMAJIOB, MOJ JEUCTBHEM KOTOPOM, MSUMUK
MOKATUTCS B CTOPOHY HakiIOHA. U ueM OoIbllie yroyl HaKJIOHA, TEM
BBIIIEC OYAET CKOPOCTh JBHKEHUS.

COpocHB rpaMMOBYIO APOOMHKY U MYAOBYIO THPIO CO CTOJIA
MBI YBUJIUM, YTO OHH YIaAyT OJTHOBPEMEHHO, TaK KaK MajaaTh OyayT
C OJIMHAKOBOM CKOPOCTHIO, HE CMOTPS Ha TO, YTO TUPS MPUTATUBA-
eTcs 3emiEi ropasio cuiabHee, 4eM IpOOHHKaA.

He ymest 00bscHUTB 3TOT napanokc HploToH 1 yuéHble npu-
JyMaJlid HEKYI0 MHEPLIMOHHYIO Maccy, KOTOpas 110 UX MHEHHUIO, KaK
061 "compoTuBiseTcs' maaeHuio. M mo pesynabTataM pa3iMyHBIX
XUTPOYMHBIX SKCIIEPUMEHTOB, Y HUX 3Ta UHEPIIMOHHAA Macca Mpak-
THUYECKHU, COBNAJAET C TpaBUTALIMOHHOM. To ecTh ¢ Becom. Ha camom
niene, 0ObsICHEHNE ATOTO SIBJICHUS JIEMEHTapHO MPOCTO.

Ha nroOvle Tena, Jake €ClIM OHHM HaXOOSATCHS B COCTOSIHHU
CBOOOMHOTO MaJieHusl, IEHCTBYET 36MHOE MPUTSHKCHHUE, H3MEHSIO-
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nieecs B 3aBUCUMOCTH OT paccTosinus. IMEHHO o IecTBUEM pa3-
HOCTHU CHJI TPUTSKEHUS WJIM Pa3HOCTH TPABUTAILIMOHHBIX MOTEHIINA-
JIOB HA Pa3HBIX BBICOTAX OHU U MAJAIOT.

EcTtecTBeHHO, 4TO X BeC Ipu CBOOOIHOM I1aJICHUH HE OIIY-
1IaeTcs, TaKk Kak OHU HE JaBAT Ha ONOpPY WIM MOJBEC, IOTOMY YTO
ATOM OMOpPHI HET WJIK OHA MAJAET BMECTE C HUMU. [[pyrumu ciioBamu
npu CBOOOJIHOM MAJEHUM TMOJ JCWCTBUEM TPABUTAIMOHHBIX CHII
NPUTSKEHUS, TeJla' Beca HE TEPSIOT. DTO TOJIbKO UMHUTALIHS WM WUJI-
JIFO3UST HEBECOMOCTH.

JroOas cuma B mpupojie — 3TO BCETna pe3yibTaT ACHCTBUSA
Pa3HOCTH TPABHUTAIIMOHHBIX IMOTEHIIMATIOB, OJlarogaps KOTOPOH,
TEJI0, HAXOAIIEECs] Ha TIOBEPXHOCTH 3EMITH WJIH JIFOOOTO TATOTEIO-
HIET0 TeJla, MPUTATUBACTCS CUIIbHEE, UEM TEJI0, HaAXOIIeecs Ha He-
KOTOpPOH BeIcOTE HaJ HUM. Hukakas Macca Ha CKOpOCTh (YCKOPEHHE)
najgeHus He BiusieT. M Kak TONBKO OHM KOCHYTHCS MOBEPXHOCTH
3emitu, UX BeC Cpasy ke U OOHAPYKUTCS, B BUJIC BMSTHH Pa3HO Be-
JIMYHHEL

Kocmonastel B MKC Tak e noj 1eicTBHEM Pa3HOCTH rpa-
BUTAIMOHHBIX MMOTEHI[MAIOB (BECA) HEMPEPHIBHO MAIAI0T HA 3EMITIO.
TonbKO OHM Beca 3TOTO HE OIIYHIAIOT, Tak nmaaarT Bmecte ¢ MKC.
Onnako Onaromapsi TOPU3OHTAIBHOW COCTABJISIONICH CKOPOCTH,
paBHOM 1-if KOCMUUYECKO, OHM HE YCIIEBAIOT HAa HEE ynacThb, IOTOMY
4yTO 3eMJIsl TIOCTOSHHO "yXOAUT y HUX u3-nox Hor'"'. U B pe3ynbrare
sroro MKC mocTOSHHO HaXOIUTCS Ha OJHOM M TOH »ke HeOOJIbIION,
M0 CPaBHEHUIO C pa3MepaMu 3€MHOTO 111apa, BBICOTE.

[TosTOMy KOCMOHABTBI TaM BECST MOYTH TaK K€, KaKk U Ha
3emJie, pa3Be YTO Ha HECKOJbKO KHJIOTPaMMOB MeHbIe. Bec ator
pEaTbHO OIIYIIAETCSI, KOTJ]a KOCMOHABTHBI, HAIPUMED, TOJKAIOT APYT
Jpyra WIH TIepeMeIaloT Kakue-m0o npeametsl. Ho ecnu ctanuinio
MOJIHATH Ha OPOUTY, BEICOTOM PaBHYIO MJIH MPEBBIMIAIOITYIO PAIUYC
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miaHeThl, puMepHo 6300 KM, KOCMOHABTHI OYyT BECUTh TaM, OYK-
BaJIbHO, MUKPOTPAMMBbI M TIPH TOJIYKaX OYAYT JIETKO OTCKAKWBATh
JIPYT OT APYTra, KaK BO3YyIIHbIEC IAPUKH.

OT10T 3P deKT TOMKHBI OBLUTM HCHBITHIBATH aMEPUKAHCKHE
aCTPOHABTBL, JeTsmue K JIyHe...

Kaxk pa3 30ecv 0yoem ouenv ymecmuo 3amemums, Ymo cyos no
Xapakmepy 08UNCEHUA AMEPUKAHCKUX ACMPOHAGMO8 HA KUHOKAODAX,
CHAMbBIX, AKOObl Ha Jlyne, OHu mam HUKoz0a He Ovliu. 3a0ayrcoenus
OMHOCUMEILHO MO20, YO Y MAMEPUU eCHLb UHEPIMHAA MACCA, CHIZPAL0
C HUMU 37110 WYMKY, RPeepamue ux 6 ''oomanymoix oomanugurkos''

Xopouto 3amemno, Ymo IMOM ClOHCEm CHUMANCA HA 3emie U ¢
NOBBIEHHOU YACMOMOU CMEHbL KAOPO8, HOIMOMY OBUIHCEHUS ACHPO-
HAGMO6 KAMCYMCA HECKOJILKO niaeéHee u mediienHee 00bluH020. A 6
cuily MeHbUie20 6ecd, NPU HEUIMEHHOU MblIMeYHOl cune, XapaxKmep
osuicenus nrooeit na JIyne oyoem cosepuienno opyzum.

Paouyc 3emnu cocmasnsem — 6300xm, a paouyc JIynvt 1700xm.
To ecmb paouyc JIynovt menvuie zemnozo ¢ 3,7 paza. To ecms, coznacno
dopmyne, npusedénnoii ¢ 2nage, [2n1.3] eé od6vem, a credosamenvno u
cuna npumsancenusn na Jdyne oyoem ¢ (3,7)° = 50 paz menvuse, uem na
3eme.

Iloamomy osuricenusn acmponaemos, eéecawjux na Jlyne emecme
co ckagpanopamu, ne 6onee 3-5 Kuno2pammos, npu coxpaneHuu ux gu-
3UYeCKoll cuvl, 0yOym 060.1ee ObICIMPLIMU U PE3KUMU, KAK Y KY3HEUUKOB.
H neocnopumsle 0okazamenvcmed Imozo Oyoym noayuenvl npu nepeom
JHce HaCmoAweM ROCEWeHUN KOCMOHAGMAMU HAWLe20 CHYMHUKA.

A menepv npuxkunem, CKOIbKo Oydem 6ecumv KOCMOHAGH,
nanpumep, na IOnumepe. Paouyc IOnumepa pasen 70 000 xm. On

bonvue 3emnozo ¢ 11 pas. Credoeamenvro, 6ec KocmMonasma co cKa-
ganopom (150 kI'), mam oonxcen 6vims pasen 150%11° =200 monn.

Hoza uenogexa Huxoz0a He cmynum Ha nosepxnocmy KOnumepa, 3mo
yoen pooomos. bonee mozo, Onumep, ckopee écezo, npeocmasisaem co-
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001l 0oCMamoyHo 2opAUYI0 HCUOKYIO KANTII0 Mamepuu, makK Kak e2o no-
8EPXHOCMY U3yuaem 20pazoo 00vbuie Menua, yem noayudaenm e2o om
Coanuya.

Opnnako BepHEMCS HA TPEUIHYIO 3€MJII0 U MPOBEAEM CIedy-

IOIIUI SKCIIEpUMEHT. BO3bMEM JETKYIO TENEKKY U TOJKHEM €€.
(puc.17) OHa nerko moKaTUTCH. ..

R Tty U A Temnepb MOJOXHUM Ha
TPACETOPHN

il
HEE MOJNTOHHBI T'Py3a U BHOBH

TosIKHEM. OfHaKo Tenepb ISl
TOTO, YTO OBl OHA MOKATWJIACH,
npuaETCs MPUIOKUTH YKe TIPHU-
nnaHeTa JIMYHYIO CHUTTY...

Bor kak pa3 orcrona u
Pue.17 PacTyT HOTU CaMoOro GOJBIIOTO
3a0myxaeHus B Hayke. HbIOTOH, a Tak e Apyrue y4éHble U UxX Io-
clenoBaTeNy, He TIOHUMas MeXaHU3Ma I'paBUTAllUU, IPUIYMaTd U
BBEJIH B (PU3HUKY HEKYIO HHEPIIMOHHYIO Maccy, KOTopasi, AKOObI IIPH-
Cyllla MaTepu M SKOObI, 3Ta MHEPIMOHHAs Macca MPOTUBOJEH-
CTBYET MPUJIOKEHHOMN K TeTy cuiie. ITO 3a0IyKICHHE 04Y€Hb JIETKO
00BsICHSIETCS.
Haunéwm ¢ Toro, uro 11000€ Teo 001a1aeT CBOUM COOCTBEH-
HBIM TI0JIeM TAroTeHus. iMenHo Omarofaps 3TomMy MoJto, Bce Tea
BO BCEJICHHOW MMEIOT cheprueckyro (Gopmy, a Ciaea0BaTebHO, BCE
B3aMMOJICHCTBHS BO BCEICHHON HEOOXOIMMO paccMaTpUBaTh B HO-
aapuout (chepudeckoit) cucreme koopauHat. Cua - BeIMYUHA BEK-
TOpHAs1, I0ATOMY HalpaBJIEHUE JEHCTBUS CUJIbl, BCETAA NPAMAA JIU-
Husa. A B NOJIIPHOW CHUCTEME KOOPAMHAT, KOTOPOW OMMCHIBAETCS
METPHUKA BCEICHHOW, KPOME Paanuyca, IMPsAMBIX JIMHUM HET, a €CTh
TOJIBKO JTyTH.
[ToaTomy xorga Mel mpukiaasiBaem cuiy F k Tenexke, oHa
BCerja AecTByeT Mo KacaTeabHOW K Jyre paBHOTrO MOTEHIMANa U
yroJl MEeXJy HampaBiIeHUEM ACUCTBUS CHJIbI U IYrod, 3aBUCHUT OT
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paanyca KpUBH3HBI ATOM Nyru. B pesynbrare uero, moTeHIuan Te-
JISKKH B TPABUTALIMOHHOM T0JI€ 3eMJIM CTPEMUTCS U3MEHUTHCS OT
Ro o Ru1.

To ecTb, nBUras TEIEXKKY, Mbl, 10 CYTH IBITa€MCS TOJHAThH
e€ Ha BBICOTY paBHYIO AR, B pe3y/ibTaTe KOTOPOH BO3HUKAET IPOTH-
BozelcTBytonas cuna Fu, paBHas npoexunn AR Ha BekTop cuibl F,
KOTOpasi CTPEMUTCS] BEPHYTh TEJIEXKKY B MPEKHEE MosoxkeHune. Boz-
HUKaromas npu 3ToM cuia Fu, HanpaBieHHas npomue IeUCTBYIO-
el Ha Teno cuibl F v ecTh cuiia unepyuu. Jta cuia MHEPLUM 3a-
BHUCHUT OT yTJjia MPUJIOKEHUS IEHCTBYIOLIEH Ha TEJIO CUJIBI K PaInyCy
rutaHeThl. M geM Oonbliie 3Ta cuiia, TeM O0JIbIle CKOPOCTh TBUKCHHUS
U TeM Oouiblile MPOTHBOACHCTBYOMAs eif cuiia HHepIuu Fu.

He nonumast u He ymest OOBSICHUTB, 3Ty cuity Fu, TeopeTuku
OIIMOOYHO MPUHUMAIOT €€ 32 HEKYI0 MHEPIIMOHHYIO Maccy. JKcIe-
pPUMEHTAIBHOE TOKA3aTeNbCTBO 3TOTO YTBEPKICHUS 3JIEMEHTAPHO.
J71s 3TOTO 1OCTaTOYHO MOJHATH OOBIYHBIE MEXaHUYECKHE OalaHCO-
Bbl€ 4Yachl Ha BBICOKYIO, HAlpUMEpP, I€OCTAMOHAPHYIO OpOUTY.
Ecnu mMarepust uMeeT Takoe CBOMCTBO KaK Macca, TO TOYHOCTh X0Ja
4acoB HE U3MEHUTCS.

B mpotuBHOM cnyuae, mpu YMEHBIIIEHHOM Bece OanaHca U
HEU3MEHHOU YIPYrocTH BOJOCKA, YaCTOTAa €ro KoieOaHui yBeu-
YUTCS, a aMIUIMTYJlda HACTOJbKO YMEHBIIMTCS, YTO 4Yachl MPOCTO
octa”oBsTcsi. Ha opbute BbicoToit 60mee 6300 kM, make KBapIieBbIC
yachl OyAyT 3aMETHO CHEIIUTh M3-3a HUYTOXXKHON CHJIBI TSKECTH,
BIIUSIIONICH HAa YaCTOTY KOJeOaHMI KpUCTaJla KBapIia.

Uto mpuBOAUT K HEOOXOJUMOCTH CHHXPOHHU3ALMU YacoB,
HAXOJSAIIUXCS HA OpOUTE ¢ YacaMu Ha 3emiie, pa3HUIly B MOKa3a-
HUSX KOTOPBIX y4EHBIC MBITAIOTCA OOBSCHUTH U3MECHEHHEM CKOPO-
CTH X0J1a BpEMEHU B KOCMOCE.

Bosnee Toro, ecu ObI MaTepusi ©Mea Maccy, OpOUTaIbHOE
IBIDKEHNUE IUIaHeT ObUIO OBl BOOOIE HEBO3MOXXHBIM. Bens odeHb
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JIETKO MpEACTaBUThH cele, Kakas Hy)KHa cuia npuTsxeHus: ComnHua,
YTOOBI yepKaTh Ha OPOUTE TaKyI0 OTPOMHYIO IJIAHETY, KaK, HalpHu-
Mmep, FOnurep.

Ho rpaBuTanmonnslie cuibl nputsbkeHus CoJHIL @ Ha TaKOM
KOJIOCCAJIBHOM PpacCCTOAHUU 10 IOHI/ITepa HACTOJIbKO HHNYTOXXHBI,

YTO HH O KaKOM yJIep>KaHUU HE MO-
Fn xKeT ObITh W peud. llpakTudecku
_ HeBecoMblt FOmuTep jerko yaep-
KMBAETCS Ha OPOUTE BOJHOBBIM
B3aMMOJICHCTBHEM C TPaBUTAIHOH-
HbIM TiosieM Conana[ri.3] (puc S).

} \ B obwem cayuae oovac-
\ HeHUue G03HUKHOBEHUA UHepUuu
\ J1e2K0  NOHAMb U3  PUCYHKA
(puc.18). Cuna unepyuu, noo
oeiicmeuem oounaxoewvix cun F,
npoOnoOpuUOHAILHA paznocmu
603HUKAIOWUX 2PAGUMAUUOHHBIX
nomenyuanose AR, komopas 3a-
eucum om evicomwvl opoumst R
cnymuuka C. Jmom eekmop
cunwt F, pasen npoekyuu AR na
eexmop cunvt F u ecezoa oeit-
Puc.18 cmeyem 6 NPOMUGONONONCHOM
emy nanpaenenuu. Cuiy uHepyuu MONHCHO GbIYUCTUMb U3 NOOO-
oua mpeyzonvnuxoe ABD u ACO u ona paséna F, = AR; = cosa.
Ama cuna 3aeucum om ya2na a.

Ilpu nanpaenenuu Oeiicmeus cuivl, coenaoarwuiem c
Hanpagienuem paouyca niaHemosl, CUIQ UHEPUUU DPAGHA GeCy
mena, a npu HAnNPaeIeHUU NO KACAMEIbHOIL, OHA 20PA300 MEHbULE
u 3agucum om paouyca Kpueusnvl nianemut. Ilosmomy uenogex
He Modcem ROOHAMb HCe1e3HO00POHCHBLIL 8A20H, HO 6NOIHE MO-
Jcem npeodonemy cuny unepyuu F, u coeunymo ezo c mecma no
20pU30HMATILHBIM PETbCAM. ..

JKBHNOTEHLHaNbHbe

nnanera
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(Ecnu nanpaenenue oeiicmeusn cunwvt F npoucxooum euié

U ROO Y2l10M K OUaAMempanbHoll R10CKOCMU MAZ0melouie2o meina,

603HUKaem ewé U OONOIHUMENbHAA PAZHOCHb NOMEHUUAN08

(cuna), nanpaenennan noo yenom 90 zpadycoe K Heil, Hazvleaeman

¢ nayke cunout Kopuonuca.) /Ina mex, komy ne xouemcsa pazou-

pamopca ¢ uepmedcamu, UHEPUUIO MOIHCHO OO0BACHUMDL eulé
npoue.

Kozoa mot monkaem meno (puc.19a), mo cozoaém nepeo

HUM 8OJIHY CHCAMUA 2PABUMAUUOHHO20 NOJIA, 8 Pe3)ibmame 4e20

603HUKAEmM pPA3HOCMb ZPDAGUMAUUOHHLIX NOMEHUUAN08, Oell-
. cmeyouwas npomue Hanpaes-
JIeHUA OelICMBUS CUbL. DMOo U
ecmov cuna uunepyuu. Kozoa
deiicmeylouias cuna ucye-
3aem, meno HauuHaem CHU-
scamsp ckopocms. Ho eonna
corcamus, Habezarouwiana na meno czaou (puc.19b), cozoaem pas-

HOCMb 2PAGUMAUUOHHBIX NOMEHUUAI06 U He NO0360J1Aem emy
OCMAaHOBUMbCA, NOOEPIHCUBAS €20 O8uUICeHUe. IMO U ecinb 0BU-
JCeHUe No UHEepuuu, npu KOomopom meno 6 ZpAsumauuoOHHOM
noJie modicem 08U2AMbCA 0UEHDb 00J120.

Korna xocMoHaBThHI, HAaKOHEL-TO MOJETAT K JlyHe, oHM B
3TOM cpasy ke u yoensarcs. Y 3ToT momyor B OyAyIieM JIsDKET Ipsi3-
HBIM IISITHOM BEJIMYANIIEro M030pa Ha PEMyTalui0 HaydHOTO cO00-
mectBa Coenunénnsix IlItaroB. Han Humu Oyner cmearbcsi Bech
Mup. Ho 3To cimyuutcst enié He cKopo, a moka 4ejIoBEeK elé Jaxe He
HIOXaJl KOCMOCa, HECMOTPsI Ha TO, YTO IOJTOPBI COTHU JIOAEH,
TPOMKO UMEHYIOTCSI KOCMOHABTaMH.

MakcumMyM 4TO MOKHO CKa3aTh O HUX, TaK 3TO TO, YTO OHU
MIPOBEJH JIOBOJIBHO TIPOJOKUTEIHHOE BpeMsi B cTparocdepe, B ma-
JAIOIIeM BBICOTHOM Jiu(re. ..
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NHorma BcTpeyaromuecs B re4aTH COOOIIECHUS O TOM, U4TO B
pE3yNbTaTe CIOXHBIX HAYYHBIX DKCHEPUMEHTOB, C TOYHOCTBIO N0
JIECATOr0 3HAaKa YCTAHOBJIEHO PABEHCTBO I'PAaBUTALIMOHHOW W MHEP-
IIUOHHOM Macc, TO 3TO MOKHO CPAaBHUTh, Pa3BE UYTO, C YTBEPKICHU-
SIMUA CPEIHEBEKOBBIX CXOJIACTOB O PABEHCTBE KOJIMYECTBA aHTEJOB U
yepTer, yMEIAIOIIMXCSA Ha OCTPUE UTJIBI.

Mpumeuyanne! Kak yxce ckazano eviute, uz-3a Omcymcmeus y
Mamepuu UHEPYUOHHOI MACChbl, HA OOJIbUIUX PACCMOAHUAX OM KOCMU-
YecKux 00veKmos, nPesvluanuUx ux paouyc, éec meia a, cieoosd-
menvno u cunvl unepyuu F, oxazviearomcesa nacmonbko HUSmMONCHbIMU,
umo KocmuuecKkue annapamol CMOZYm NepemMeuamvca mam ¢ 02pom-
HBIMU U COBEPUIEHHO 0E30NACHBIMU 013 N100€ll, YCKOPEHUAMU, NPECbl-
wanwumMu melcadu g.

U mak Kak 3aK0H cOXpanenus uMnyibca 000imu Hea03MOHCHO,
0J1 Rymewecmeuil K Opyzum nilaHemam, @ Yeanax cOKpaujenus epemenu
nonéma, 6yoem 803MOXNCHO UCHOb308aMb pPAKeniHble O08uzamenu ¢
0UeHb 8bICOKOIL (63DbIEHOIL) CKOPOCMBIO UCMeEYeHUs padouezo mea.

To ecmb, no cymu, 015 pazzona, a mak yHee u NOC1e0yuiezo mop-
MOMHCEHUA MENHCNTIAHEMHO020 Kopaobia dyoem 6nojiHe 803MONCHBIM UC-
nONb306AHUE AMOMHO20 83DblEA, De3 KAKUX-TIUO0 ROCTedCHmEUil 011 Ye-
J106e4ecK020 OpeaHu3IMa.

Omnpaeumsp Kocmuueckuii kKopaoav na Mapc, nanpumep,
MOJHCHO RPOCHO BHICHIPEIUE €20 U3 NYWIKHU, Kak 6 noeecmu Ko
Bepua. Tonvko nywiKy my npuoémcsa noOHAmMb HA 8bICOMY HE MeHee
7000 kunomempos. H rmo, no-euoumomy, eOUHCmMEEHHBLIL CROCOD 00-
nemems 00 Mapca, nomomy umo npu 0J1umeabHOM noJleme 8 YC108UsX
Hacmoaujeil HeeecomMocmu, 4e06e4ecKuil Opzanu3M, NPUGLIKWUIL K
3EMHOMY MAZOMEHUIO €06a JIU GbLOEPHCUM.

Cnocobbl co30anus UCKYCCHEEHHO20 MAZOMEHUA 6paujeHuem
Kopabnsa, npeonazaemvle puzuxkamu, 30ecy He nomozym. Kopaonw, ons
CO30aHus eeca Kocmonasmos, xoms ovt 6 20-30 kI, HyscHo dyoem pac-
Kpymumb 00 HeCKONbKUX MblCAY 000POMO8 8 CEKYHOY.
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3a051y’)KICHUSIMA OTHOCHUTEIBHO IMOHSTUS Macchl, 00yCIIOB-
JIEHbI U CTPEMJIEHUS (U3NKOB HAUTU HEKYIO YaCTHUIy, IPUIAIOLLYIO
MaTEPUHU TO HECYHIECTBYIOIEE CBOUCTBO.

VIMEHHO [U1 3TOT0 U CTPOATCS OECCMBICTICHHBIE METraIUTHYE-
CKHE COOPYKEHUS, BPOJE aipOHHOIO KOJulaiaepa, riae y4eHsle 3a-
HUMAIOTCSl TOPOTOCTOSAIIMMHU IONBITKAMU IOATBEPAUTH CBOM 3a-
OyXXIEHUS U OTKPBITh HEKUI 0030H XUTITCa, KOTOPBIN MO UX MHE-
HUIO NPUJIAET MACCy MATEPUH.

...Hy BOT HakoHel-TO, HeJABHO MOSABUIIOCH COOOILEHHUE UTO,
Bpoze OBl 4TO-TO OTKPbUIN. Bpose kak Obl cTaHJapTHAs MOAETb 3a-
BepiieHa. Ho Teneps Bo Bech pocT BeTajna npyras npoodnema. O0b-
SCHUTb, KaK OH 3TO JiesiaeT. MoskeT ObITh IPOCTO HAOMBAET KAPMAHBI
KaMHAMH? MaTemaThKa Ha TakKMe BOIIPOCHI OTBETA HE JAET. ..

Ho Hano e Kak-To onpasaaTh 1eHbIU O0€31apHO 3aKONaHHbIE
B 3eMJI0. BOT 1 OTKOIIanu Uero oJlyBeKOBOM JaBHOCTH. Bee paBHO
IIPOBEPUTH HUKTO HE CMOXKET, BEAb HE Y KaXKIOI'0 €CTh HAa KyXHE
COOCTBEHHBII KOJUTAUED.

6. O KOPIIYCKYJSIPHO-BOJTHOBOM
"TYAJTU3ME"
H "KPACHOM CMEIIEHUAN"

JIro0oe maTepuabHOE TENO, ABMXKYIIEECs B TI0O00H OTHOPOI-
HOU cpefie, BO30YXKIaeT B HEH yNnpyrue npoaoiabHbie BoJdHBI. CKO-
POCTH 3THUX BOJIH 3aBUCHUT UCKIIIOUYUTCIIBHO OT CBOIICTB CpCAbl U sIB-
JISIETCS TTOCTOSIHHOM.

JIBUOKYIIHIICS TEIIOX0/I BO30YKIaeT MPOJIOJIbHBIE BOJHBI B
TOJILIE BOABI, PAacCIpOCTpaHsAIOIIMEcs B HeW co ckopocTeio 1300
M/ceK (CKOpOCTh 3ByKa B Bojie). HamBoaHas yacTh KOopabiis Tak ke
BO30Y>KIaeT MPOJ0JIbHBIE BOJIHBI CXKATHS B BO3JyXe, KOTOpPhIE pac-
MPOCTPAHAIOTCA CO CKOPOCTHIO 340 M/CEK, MM CO CKOPOCTHIO 3BYKa
B BO3/IyXe€.
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To, uTo MBI HaOMIOAAEM HA CaMOM MMOBEPXHOCTH BOJBI - 3TO
MOTIepEYHbIE BOJIHBI, BOZHUKAIONIME TOJIbKO HA TPAHHULIE IBYX CPE[
C pa3nUYHBIMU cBoKcTBaMU. ['op0 y BOJIHBI Ha BOJIe — 3TO BIaJuHA
y BOJIHBI B BO3/TyXe€.

DTH BOJIHBI MPEACTABISAIOT CO00I rpaBUTAIIMOHHBIC UHTEP-
(epeHIIMOHHBIEC BOJIHBI, 00pa3yroIIuecs: B Pe3yjbTare CIOKEHHUS
MPOJIOTBHBIX BOJIH Ha TPAHUIIE KOHTAKTHPYIOIIUX CPell. XapaKTepu-
CTHUKH MOTIEPEYHBIX BOJIH OMPEIEISIFOTCS COOTHOIIEHUEM CKOPOCTEM
MPOJOJBHBIX BOJIH B KOHTaKTUpYIOLUX cpeaax. Ecnu B Bo3ayxe
CKOpocCTh 3ByKa paBHa 340 M/cek, a B Bozie 1300 m/cek, TO CKOPOCTh
MOTIEPEYHbIX BOJH Ha TpaHHIle BO3JyXa M BOJIbl OyIeT paBHa
340/1300 =0,3 m/cexk.

MarepuanbHasi 4acTulla, ABWKYIIASCS B Z2PAGUMAUUOHHOM
MoJie, KOTOPOE SIBIISIETCS IBOWHBIM AJIEKTPUUYECKUM TTOJIEM, BO30YXK-
JaeT B HEM BOJIHY, KOTOpasi, 110 CYTH, IPEICTABISIOT 000 d6e cos-
MeuiéHHble nPO0O0IbHble BOIHBI B DJIEKTPUYCCKUX TOJSAX PA3HBIX
3apsaoB. M Tak Kak 3TH TOJNS HAXOJSATCS BHYTPU JPYr Apyra u
UMEIOT MPOTUBOIMOJIOKHBIE CBOMCTBA, TO 3TU BOJIHBI B HUX — CHH-
XPOHHBI U TIpOoTHBO(a3Hbl. Eciin B HEKOTOPOH TOUYKE MOJIS MOJI0XKHU-
TEJIBHOIO 3apsifa y BOJHBI TOpO, TO B TOM k€ TOUKE MOJS OTpHILIA-
TEJIBHOTO 3apsija — BIaJUHA.

To ectb To CyTH, 3TO KOJeOaHUs MOISIPHOCTH MEpeKoca rpa-
BUTAIMOHHOTO MOJs (TIOJISPHOCTH MarHUTHOTO TIOJIsI), KOTOPhIE U
MPEJICTABIISIFOT COOOM caMble HACTOSAIIUE HOnEPeUHble 2PAGUM Al U-
OHHble BOIIHBI HA TPAHUIIE IBYX JEKTPUYECKHUX IMOJICH pa3HbIX 3a-
pAOB. DKCIEpUMEHTAaIbHAs WJUTIOCTPAIUSl 3TOTO SIBJICHUS TOKa-
3aHa Ha (puc.11b) B [ri.4].

N ecnu rpaHuil Mexay BOJAOW M BO3AyXOM, HampuMep, Mpe-
KpacHO BUJHA, TO TPAHUILy MEX]Y MOJIIMU Pa3HBIX 3apsA0B MPEJ-
CTaBUTH cebe oueHb TpyaHo. [lons oOmanaoT 00bEMOM 1 TpaHUIA
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MEX1y HUIMH CYIIECTBYET MPAKTUUYECKH B JII0O0H TOUKE 3TOr0 00b-
éma. A cama rpaBUTallMOHHAs BOJIHA B OTJIMYUU OT BOJHBI Ha BOJIE,
UMEIOLIEeH KPYroBylo AUarpaMMy HalpaBJIEHHOCTH, PACIIPOCTPaHs-
€TCsI BO BCE CTOPOHBI, TO €CTh UMEET YK€ CPEPUUECKYIO TharpaMMy
HANPaBIEHHOCTH.

U xak MBI y)Xe yCTaHOBWIH BBIIIE, IPH ABMKCHUU YACTHIIBI, B
ACUMMETPUYHOM TPAaBHTALMOHHOM IIOJIe, CO37aBaeMasi €l BOJIHA,
Oyzer Tak ke HecuMMeTpuuHOW. E€ cocraBistonie OyayT pasiu-
4yaThCsl TI0 BEJIMYMHE, B 3aBUCUMOCTH OT 3HaKa acUMMeTpuu. Mnu
JIpYTMMHU CIIOBaMH, BOJIHA OyJIeT MOJIIpu30BaHHOM. BoT uHTepecHo
Obl y3HaTh, KaKWe€ € 3TO T'PaBUTAI[MOHHBIE BOJHBI, C MOMOIIbIO
MHOTOTOHHBIX OOJIBAHOK, YK€ TOOPYIO COTHIO JIET O€3YCIEITHO IThI-
TAIOTCsl OOHAPYKUTH OoNbLINE yUEHBIE?

B npupoze He cymecTByeT abCOMOTHO HUKAKUX IPUYHH, 3a-
MPEMAIONINX MaTepHaTbHBIM TEIaM IBUTATHCS B JIOOOW cpene ¢
JTIOOBIMH CKOPOCTSIMH, CKOJIb YTOJHO MPEBBIIIAIOIIUMU CKOPOCTH
pacrpocTpaHeHHs BO30YKIaeMbIX UMH BOJIH. 32 UCKJIIOUEHHEM, KO-
HEYHO, OpeloBOil TEOpUH OTHOCUTEIBHOCTH WM TCEBIOHAYYHOI
KBAaHTOBOW (PU3HKH.

CaMonéThl, HampuMmep, COBEPUIEHHO CBOOOIHO JIETAlOT B
BO3/IyX€ CO CBEPX3BYKOBBIMU CKOPOCTSMHU U TOTJA OHU CTAHOBSITCS
UCTOYHUKAMHU YIAPHBIX BOJH, KOTOPHIE MPEICTABISIIOT COOON JIBH-
JKYLIUHCA TIepe]] HUMU CKa4yoK aasieHusd. IIporeccel, mpoucxons-
[IMe B yJIapHOH BOJHE, OTIMYAIOTCS OT MPOUCXOASIIUX B OOBITHOM
TEM, YTO B HEW B pe3yNIbTaTe OBICTPOTO CXKATHS BBIJCIACTCS 00JIb-
110€ KOJIMYECTBO TeIuia. DTOT MPOLIeCcC aHaJIOTHYEH MpoIieccy ObICT-
poro cxatusi 00bEMa BO3TyXa B HWIHH/IPE ABUTATENS, TPU KOTOPOM
B pe3yJIbTaTe PE3KOro yBEIWYEHHs KOHLIEHTPALlUU HOCUTENeH 3aps-
JIOB B 30HE CXKaTHsl, IPOUCXOAUT UX OypHOE BBIJEICHUE B OKPYKa-
IOIIYIO Cpeay B BHjIE Tera [ra.8].
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HNMeHHO Mo3TOMY CBEPX3BYKOBBIE CAMOJIETHI UMEIOT OCTPYIO
HOCOBYIO yacTh. OHa pa3/IBUTaeT CJIOM BO3yXa M CBOJAUT HA HET €T0
yIUTOTHEHHUE Tiepe camosiéToM. U XoTs camoiéT 1aBuT OOKOBOIA T10-
BEPXHOCTHIO Ha BO3/YyX, HarpeBa M3-3a OTCYTCTBUSI TPECHHS B BO3-

ZyXe, HE IPOUCXOUT.

[TomoGHBIM ke 3P PEKTOM OBICTPOTO CHKATUS MUKPOOOBEMOB
BO3/yXa B HEPOBHOCTSX TPYLIMXCS MOBEPXHOCTEH, OOBICHIETCS U
BbIJIETIEHHE TeMa [IJ1. 9] B pe3ynbraTe TpeHus: TBEPABIX TEN APYT O

_rpebens npyra. I uMeHHO 13-3a CBEPX3BYKO-
BOM CKOpPOCTHM METEOPHUT, IMOIaB-
: mui B aTMocepy CKUMAET Tepes
- "E)m ¥ | coboii BO3myX, 0OpasyeT yaapHYIO
BOJIHY, U B PC3YyJIbTATC MMOBBIIICHUSA

ANWHa | o
BONHbI | __g,g::gl TEMIIEPATYphl B HEH, INIABUTCSI U

Cropaer.
Pwuc.20

Cser, kak u Jr000€ Jpyroe

U3Jy4eHUE - PEHTI'C€HOBCKOE, raMMa, pPajauo, MpeJCTaBseT coOOon
HOTOK YacCTHIL ABMXKYIIUXCS CO CKOPOCTAMH, OJM3KUMH K CKOPOCTH
pacnpocTpaHeHHs] BO30YXJaeMbIX MMU BOJH B I'DAaBUTAllMOHHOM
10JIe, a JUIMHA BOJIH ONPENEIIAETC Pa3HOCTBIO CKOPOCTEN ITUX 4Ya-
CTHII U BO30Y>K1aeMbIX UIMH BOJIH.

To, 4TO y4€HBIE CUUTAIOT PA3HBIMU YACTULAMU, 3TO 110 CYTH
OJIHU M TE € YaCTUILIbI, ABMKYIIHECS C PA3IUYHBIMU CKOPOCTSAMHU.
KorepentHocTs J1yua na3epa, HarpuMep, 00bsICHIAETCS TeM, 4TO (o-
TOHBI (YACTHIIbI) IBUIKYTCSI C OIMHAKOBBIMHU CKOPOCTSMH.

JlmHa BOJTHBI, BO30YK1a€MOM YaCTHIICH, OTTMUCHIBACTCS TIPO-
CTBIM BBIPAKEHUEM:

A=(Ve-Vu)lt,

rae Vu— CKOpOCTb YacCTHIIbI,

a Vs — CKOPOCTh, CO3/JaBa€MOM €10 TPaBUTALIMOHHOMN BOJIHBI
(ckopocmo ceema) (puc.20). DTOT XK€ PUCYHOK HIUIIOCTPUPYET
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BO3HUKHOBeHHE d(pdekra [lommiepa. Ecmun  nabmomarens
HaXOJUTCSI B TOYKE A, JAJUHA BOJIHBI yMEHbLIaeTcs (CuHee
CMEILIEHUE), ecau B OTouke b — yBenmnumBaercs (KpacHoe
cmenienue). [lpu nnuHe BosHBI BUauMoro ceera B S50nm (5,5E-
7m), CKOpOCTh YacTUIl OyE€T COCTABIATh NPUMEPHO 99,9999999 %
OT CKOPOCTH PACTIPOCTPAHEHUS BOJHBI B rpaBUTAIMOHHOM Toiie. 1
4eM OJIMKe CKOPOCTh YaCTHIl CBETOBOTO U3ITyUEHUS K CKOPOCTH pac-
MPOCTPAHEHHUS BOJIHBI B TPABUTAIMOHHOM II0JIE€, TEM OOJBIIE €ro
I[BET CMEIIEH K CUHEMY KOHIy criekTpa. L[BeT — 310 ¢yHKIus CKO-
POCTH YaCTHUII U3ITyYEHUSI.

W3BecTHOE Kpacnoe cmeujenue, KOTOpPOE COBPEMEHHas
HayKa CUMTAET MPHU3HAKOM "pa3beraHus’ TaJaKTHUK, OOBSCHACTCS
MPOCTHIM YMEHBUICHUEM CKOPOCTH JBWKEHHSI YACTHUI] U3Iy4EHUS
(Vu), u3-3a TOpMOXKEHUS B IPABUTALMOHHBIX MOJSAX KOCMHUYECKHUX
ten (yemanocmu ceema). Y, eCTECTBEHHO, YEM JIaJIbIIe HAXOAUTCS
KOCMHMYECKHH 00BbeKT 0T HaOIroAaTeNsl, TeM OOJBIIUI MyTh MPUXO-
JIUTCS TIPEOI0JIeBATh YaCTHUIIE U3TYyUYEHHUS U TEM CUIJIbHEE YMEHbIIIe-
HUE CKOPOCTH | 0O0JIbIIIE "TIOKPACHEHHE CTIEKTpa'.

EcTtecTBeHHO, UTO YacTHUIBl, U3Ty4EHHBIE OUYEHb YIAIEH-
HBIMHU 3BE3/1aMU, HACTOJIBKO 3aMEJISIOTCS B TyTH U UX JJIMHA BOJIHbI
YBEJIMYUBAETCS HACTOJBKO, YTO OHHM CTAHOBATCS HEBUJIUMBIMHU B
CBETOBOM JHMAMa30HE BOJH. DTUM SIBICHUEM U OOBSCHSIETCS TOPHU-
30HT BUJUMOCTH, IO KOTOPOMY Y4YEHBIE COBEPILIEHHO T'€HUAIBHO
BBIUMCIIWIIN "BO3PAcT BCEIEHHOM".

IIpyn mnpeBbIIEHMH YacTULEH CKOPOCTH BOJIHBI B Cpele
(ceepxceemosas ckopocmvb), (Va>Vs ), BOHUKAET yJapHas BOJIHA,
IpU KOTOPOM YacTulla, B pe3yJbTaTe MOBBILICHUS B 30HE CHKATHS
KOHIIEHTpAllUX HOCUTENIEH 3apsi10B, HAUMHAET "pa3BajiiBaThCs” CH-
JaMH OTTAJIKUBaHUS Ha COCTaBHbIE CYy0dJIEMEHTapHbIE YaCTHIIBI.
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OTu cyOdJIeMeHTapHble YacTHIIbl, BCTYMAlOT B CHUHTE3 C
OKPYXaIOIMMH YaCTUI[aMH, KOTOPBIA PETUCTPUPYETCS B BUJE CBE-
4yeHus1, Ha3piBaeMoro 3 dexkrom BaBunosa-Uepenkona.

Tax xak npupoje Heuzgecmuo OHATHE OOPATHOM CBSI3U, TO
B HEHl M HE CYIIIECTBYET HUKAKUX BEYHBIX aBTOKOJIEOATEIBHBIX MPO-
rieccoB. JItoOble BOJTHOBBIE BO3MYIICHUS BO BCEJICHHOM, SBISIOTCS
UCKITIOYUTENLHO CIIEICTBUEM JIBIKEHUSI MaTepPHANIbHBIX TEll B Tpa-
BUTAIIMOHHBIX MOJIIX KOCMUYECKHX 00beKTOB. 1 XOTS Besl BCeseH-
Hasl 3aroJHeHa TPaBUTAIMOHHBIMHU BOJIHAMU OT JIBUKEHHUS MHOXeE-
CTBa KOCMUYECKUX OOBEKTOB U PA3IMYHBIX YaCTHUI, YEIOBEUECKUI
IJ1a3, TaK e Kak ¥ ONTUYECKUe MPUOOPHI, BOCIPUHUMATh UX HE CIO-
co0eH.

DTO0 00CTOSTENBCTBO, B YACTHOCTH M OOBSCHSET UYEPHBIN
1BeT HouHoro HeOa. Ecnu Obl cBET mpenacTaBisyi coOOH BOJHBI, TO
MBI ObI HE CMOTJIM YBUAETh HU OJHOHN 3BE31bl, TOTOMY YTO MHTEH-
CHUBHOCTbH BOJIH, TaK K€ KaK U IPaBUTAIIMOHHOTIO T10JIsA, OCIabeBaeT ¢
paccTosiHHEeM ¢ 00paTHO KyOW4ecKoi 3aBHUCMMOCTBIO. OIrylieHue
CBETa B MO3re BO3HUKAET TOJIbKO MPU B3aWMOJECUCTBUHU MOTOKA Ya-
CTHI] WU3JIy4YEHUsl C MOJIEKYyJIaMHU POJAOIMHA B CETYaTKe IJasa, IMo-
3TOMY Z2pasumauuonHsle (paouo u ceemoswvie) 601Hbl - HEBUINMBI.

Ho umenHo sta "epasumauyuonnas paoe'' oT IBUKEHUS
MHOXECTBa YacCTHII, MCITyCKAEMbIX 3BE3JaMHU U IPEJCTABISAET CO-
0ol Tak Ha3bIBaEMOE, "penuKmosoe usjiyienue' , KoTopoe, 1o "as-
TOPUTETHOMY' MHEHHIO KaHAHMJIATOB B JIOKTOPA, OCTAJIIOCH OT OHO-
aeiickoro bonbIioro B3peiBa U 70 CUX MOP HUKAK HE MOXKET pacce-
ATHCA.

DTa Ke rpaBUTAlMOHHAs PSIOb SBISICTCS M OaHAJIBLHOMN MpHU-
YUHOU OpoyHoeckozo nBrxeHusa. Ho, He cMOTps Ha ATO, YUEHBIE C
YIIOPCTBOM, JOCTOWHBIM JIYyYIIEr0 MPUMEHEHHUsS, YK€ MHOIO JIET
UIIYT 3T TPABUTAI[MOHHBIC BOJIHBI, COBEPLICHHO HE IOA03peBasd,
YTO MPOCTO B HUX KUBYT.
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Kak Obu10 ckazaHo BhINIE, 1000 MaTepHUabHBIN OOBEKT,
JBIDKYIIHICS B JTIO00M cpefie, BO30YKIaeT B HEH BOJIHY.

Bo3bpméM A mpuMepa MOABOIHYIO JIOJKY, JBUXKYIIYIOCS B
ToJIe BOJbI co ckopocThio 30 y3J0B, miu 15 m/cek. J{nuHa yrpy-
roii BOJIHBI, co3laBaeMasi €, OyleT paBHa Pa3HOCTH CKOpoOCTei
3BYKa U JIOJKH B BOJIE,

A=(Vs-Va)lt,

rae V3 - cCKopocTh 3ByKa B BOJE, a Vi — CKOPOCTb JIOJIKH.
Oto npumepHo (1400 -15)/1=1385m.

[Tepuon P=Vi/A, lcek. Yacrorta, F =1/P, oxosno 1 I'm.

Jloaka, MBUXKYIASICS € 3TOM CKOPOCTHIO B TOJABOAHOM MOJIO-
JKEHUH, B JIIOOOM cllydae U3ay4daeT WH(Pa3BYKOBbIE BOJHBI YaCTO-
toii okoso 1 I'u, rymHo# 1385M. OGHAPYKUTH UX MOXHO C ITOMO-
IIBIO TTOJTYBOJIHOBOW aHTEHHBI, MPEACTABISIONEH coO0i Ba mar-
YHKa JaBJICHUS, PAcIIOIOKEHHBIX Ha Ti1youne 10-12m meTpoB u pas-
HECEHHBIX Ha PACCTOSHUE MOJIYBOJIHBI, TO €CTh Ha 692Mm.

TouHble KOOpAMHATHI MOJBOJHOW JIOAKH MOKHO OIIpeJie-
JINTh, UCIIOJIb3YS JABE TAKUX aHTEHHBI, Pa3HECEHHBIX Ha S5-8KM.

CKopocCTb BOJIHBI B TPaBUTALIMOHHOM T0JI€ — BEIMYMHA ITPaAK-
TUYECKU HOCMOAHHAA, 3aBUCSILAS TOJIKO OT CBOMCTB MOJIsL. DTO TO,
YTO B KBAaHTOBOI (PM3UKE, HA3bIBACTCSI CKOPOCHbIO Céema.

A Tak Kak maTepusi B3aUMOJECUCTBYET TOJBKO C MOMOIIbIO
MOJIEN, TO CKOPOCTh 3TUX B3aUMOJCHUCTBUI HE MOXKET IMPEBBIILIATH
CKOPOCTH PaclpOCTPaHEHUs TPaBUTALMOHHOM BOJIHBI MJIH KaK TOBO-
PAT KaHAUAATHI B JOKTOPA, CKOpOCmU céema.

CKopocCTh IpaBUTAIMOHHBIX BOJH B Pa3jMUYHBIX BEIIECTBAX
3aBHCHUT OT aCUMMETPUU TPABUTAI[MOHHBIX MOJIEH X aTOMOB M UX
arperatHoro coctosiHus. Yem Oouibllie aCUMMETpPHsI TPAaBUTAI[MOH-
HBIX TOJIel aTOMOB T'a30B S, TeM OOJBIIMI MyTh MPUXOAUTCA IIpe-
0JI0JIEBAaTh BOJHE M, €CTECTBEHHO, 3aTpayMBaTh Ha ATO OoJbIee
BpeMs.
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DTa 3aBUCUMOCTb CKOPOCTH BOJIHBI OT IJIOTHOCTH CPEIbI, B
KOTOPOM OHa pacHpoCTpaHsieTcs, WUIIOCTPUPOBAHA PUCYHKOM
(puc.21). B cBsi3u ¢ 3THM, BIOJIHE YMECTHO YIOMSIHYTh 371€Ch U3-
BeCTHBIN 3KkcniepuMeHT H. bacoBa, mocTaBieHHBIN B IECTUIECSITHIX
ronax npouwioro Beka B CCCP.

CyTb 3TOro 3KCIepUMEHTa TAKOBA, Ty Jla3epa pacCIIeTIsICs
Ha JIBa J1y4a, OAUH U3 KOTOPBIX MOIAaJ1ajl HEOCPEACTBEHHO Ha MU-
LICHb, 4 BTOPOM CHavasia IPOXOAWI YEPE3 YCUIUBAIOIIYIO SYCHKY.
Sueiika sTa mpeacTaBisia co0oi pyOMHOBBIN Jlazep, padoTarouui
B PEKUME YCUIICHUSI.

EcTtecTBeHHO, YTO Jy4d NOCTHUIJIM MHUIIEHU HE OJIHOBpE-
MeHHO. Ho okazaioch, 4TO Jy4, NPOIICAIIMI 4Yepe3 KpHUCTall

g H‘-IGﬁKH, AOCTUT MUIIICHU paHbIIC

e _--'\I{"-_ =5 ".-’J-_. 4 ..-"‘-._ B ;"J =
000 e ® -
e Nt el Vi Sy

S

Jy4a, IPOLIEAIIETO MO BO3AYXY.
[Mpuuém pasnuna Obuia
npocTo OrpoMHO. OHa MpEBbI-

nrajla BCEC MBICIIMMBIC U HCMBbIC-

Q“;.' ’a’... TBepAce | JIMMbIE IIOIPEIIHOCTU U OIIMOKH.
wwW'w'w'w'wWw eno

o= Jlyd mpoxoaun CKBO3b SUEHKY,
Puc.21 NPaKTHYECKH MTHOBEHHO C TIO-

YT OECKOHEYHOU CKOPOCTHIO.

VY cnoBHst SKCIEPUMEHTA H3MEHSITH, HO PE3yJIbTaT OCTaBaJICA
npexHuM. boree Toro, pesynbraT HEe U3MEHWICS, JaKe KOTJa KTO-
TO 3a0bIT BKIIOYUTH MUTAHUE YCUITUTEINS U BTOPOH JTyd MPOCTO MPO-
mén yepe3 pyOMHOBBIN kapaHpaamnt. Jlyd nmpoxoaun depe3 pyOuHo-
BBII CTEpXKEHb C OECKOHEYHOW CKOPOCTHIO, M pa3HMIIA OblJIa paBHA
JIvHEe KpucTtamia. HaspeBaromuii ckanjain B CBSI3U C Pe3yJIbTaTaMK
9KCIIEPUMEHTA, CTaBUJ HA TEOPHUH OTHOCUTEIHLHOCTH OrPOMHBIN
JKUPHBINA KPECT.

Kak Torma BBIIIIN U3 3TOTO MIEKOTIMBOTO MOJIOKEHUS, He-
u3BecTHO. CKopee BCero, CIyCTHIIM Ha TOPMO3ax. XOTs, MO CYTH,
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COBpEMEHHasi TeopeTHdeckas (U3MKa TOJBKO TEM W 3aHHMaeTcs,
YTO U300pETaeT BEUHbIE IBUTATENH. . .

Tax kak MarepuanbHble 00BEKTHI B3aUMOIEUCTBYIOT MEXITY
co0olf Ha ypOBHE TOJIeH, CKOPOCTh ITOTO B3aMMOJICHCTBHUSI OTIpe/ie-
JISI€TCSl, B OCHOBHOM, CKOPOCTBIO PACTIPOCTPAHEHUS BOJIH B IPaBUTA-
LMOHHOM T0Jie (CKOPOCTh CBETA), TO U PE3YJIbTAThl IKCIIEPUMEHTA
BacoBa, ¢ TOuKM 3peHHs HACTOSIIEH TEOPUU, OOBICHAIOTCS OUYCHb
IPOCTO.

Jly4, npomenmmuii mo pyouny (TBEpAOMY TEITy), MPEOAOIENT
ropa3Jl0 MEHbIIee PACCTOSTHUE B I'PAaBUTALMOHHOM IOJIe TBEPAOTO
Tena (D Sr), 4eM Jy4, paclpoCTPaHSIOUINIICS B I'paBUTALMOHHOM
oJie BO3AYIIHOU cpesnl (3 Sr).

[lepenaua >xe UMITyIbCA HETIOCPEACTBEHHO C aTOMA HA aTOM
B TBEPABIX TEJIaX U KUJKOCTAX, B CHIIY UX IPAKTUYECKON HECKUMa-
€MOCTH, IPOUCXOAUT CO CKOPOCTBIO, OJIM3KOM K OECKOHEUHOM
(puc.21). ITosTomy myd, mpoIennuii yepe3 pyOHHOBBIH KpUCTAIL,
NpUIIEN HA IETEKTOP PaHbLIE JIy4a, pacpOCTPAHSIOIEroCs MO BO3-
IyXy, Ha BpEeMs:

t=_Sr- X Sv)/c, Tne
> St — cyMMapHbIi MyTh Jy4a B TPAaBUTAILIIOHHOM TOJIE PY-
OuHa,

> Sr — cyMMapHBI{ IyTh Jy4a B TPABUTAL[IOHHOM I10JIE BO3-
JYLITHOM Cpebl,

€ — CKOpPOCTb BOJHBI B I'PDaBUTALlMOHHOM IOJE (CKOpOCMb
ceema).

TpynHo cebe mpeacTaBuTh X0/ MBICIICH UIUOTA, KOTOPOMY
IpUIILIa B TOJIOBY Oe3/1apHast ujesi KOpnycKyIsipHO-BOJIHOBOIO Aya-
JU3Ma, YTBEP)KIAIOIIero, YTO MaTepusi B HEKOTOPBIX ClIydasiX, MO-
JKET TpeBpamarTbcs B CBOE cBOWCTBO. M kakumu emi€ OONbIIMMH
UIMOTaMH OKa3aJUCh yY€HbIE, IPUHSBIINE €€ U COCTPAIMABIINE HA
HEH 1enoe rnceBaoHayYHOE HallpaBieHue B (PU3UKE.
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W ecnu erunerckue MUpaMUIbl OCTAIUCh KaK MaMSTHUKU
TIHIECIaBUI0O HUYTOXKECTB, BO3OMHHUBILUX ceOsi Ooramu, TO aJpoH-
HBIN KOJUTAIep OCTaHETCA B UICTOPHUH, KaK MaMATHUK YEJIOBEYECKOU
TYIOCTH.

7. OB OHEPI'UH

DHeprus, NOHATHE B COBPEMEHHOI Hayke, MpsIMO TakH, (aH-
tTacTuyeckoe. M kak Tosbko e€, 6eqHyI0 He CKIOHIOT. OHA U U3Iy-
yaeTcs, U MOIJIoIAaeTcs, U Jaxe mpespauiaercs B Maccy! W kakoit
TOJIbKO OHA HE OBbIBAaeT, U MOTCHIUAILHOW M KHHETUYECKOH U TeM-
HOM U JJaXKe KU3HEHHOW U TyXOBHOM.

Ha camowm nene, Takoil (U3UYECKOM CYIIHOCTH, KaK YHEPTHs,
B IIPUPOJIE HE CYIIECTBYET. JTO IMPOCTO OJHO M3 HEOTHEMIIEMBIX
CBOMCTB MaTEpUH, TAKOE K€ KaK HalpUMEp, MPO3PaYHOCTh CTEKJIA,
KOTOPYIO HEJb3s OTAEIUTH OT CTeKJIa U "MIPUIEIUTh" K aHepe JUIs
TOTr0, 4TOOBI (haHepa cTana Mpo3pavyHoOu.

W sHeprus mo60ro Tena 3aBUCUT TOJIBKO OT €ro MOJI0XKEHUS B
IPABUTALMOHHOM HJIM 3JIEKTPUYECKOM I1oJjie Apyroro tena. M He-
CMOTps Ha YBEpEHUs OOJIbIINX YUEHBIX, HUKAKOM BHYTpEHHEH HEp-
MU MaTepHs HE HMEET.

Opnaxo B mocienHee BpeMsl B MHTEPHETE MOSIBUJIOCH OIPOM-
HOE€ KOJINYECTBO PECYPCOB, I/I€ apMUU ICEBIOYYEHBIX JIFOOUTENEH
paccyXJaroT 0 MOMCKax KaKoi-To CBOOOIHON SHEPTUH, KOTOPOH 110
UX MHEHHIO, 3aIl0JIHEHa Bcs BeeneHHasd. M gaxe Oomnbiine yuéHble
HE KpacHes BPYT, 4YTO MOJI U3 KOCMOCA JILETCS TAKOM IIOTOK SHEPIUH,
4TO B OyaymieM e€ XBaTUT YeJIOBEUYECTBY Ha MUJUTMOHKI JieT. U mo-
XO0JK€, UTO CaMU B ATY UyIIb BEPST.

A BCE HaYMHAJIOCh C KAKUX-TO HEBEPOSTHBIX CIYXOB O TOM,
yro Tecna, sk0ObI HaméN cnocod MCMOIb30BaHUS SHEPTUU BaKy-
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yMma!, HO IPOKJIATHIC KAIUTAIUCTHI KYITUJIU Y HErO MaTEeHT U BCE 3a-
CEKPEeTUJIH, YTOOBI HE YITYCTUTh IPUOBLIN OT MPOAAKH YTIEBOAOPO-
JIOB.

Ho 0coOeHHO YyIUBISIOT pacCyX ACHHUS yYUEHBIX O TOM, YTO
NpU MEPEMEIICHUH MAaTepUaIbHOTO Teja MO 3aMKHYTOM TPAaeKTo-
pum, coBepiiaemasi paboTa paBHa HYIMIO. Takyr axMHEI0 MOXKET
HECTH TOJIBKO KaKOW-HUOYh O€3rpaMOTHEIN CBUHAPH, EMY MTPOCTH-
TENBHO.

Ho yué€nblili MOMKEH MOHUMATh, YTO €CJIM Mbl MOJHHUMAaEM
TUPIO Ha BTOPOH 3Tax, TO 3T0 MbI coBepiiaem paboTy MpOTHB CHITBI
MPUTSOKEHUS. A Koraa Mbl cOpachklBaeéM THPIO CO BTOPOTO 3TaXKa, TO
sto 'UPS comepuraer paboty moa AeHCTBHEM CHIIBI TPUTSKCHUSI.
To ectb pabota coBepmaercs PASHBIMU Tenamu 1 B pa3HbIX yCII0-
BUSIX, TIOATOMY €€ Helb3sl MpupaBHUBaTh. OAHAKO YUEHBIX 3TO HE
CMYIIIAET.

Bces sHeprus, moctynaromias Ha 3eMIII0 U3 KOCMOCa — 3TO
BCEro JINIIL OOBIYHBINA COJHEUYHBINH CBET. M 3TOT MOTOK HEHCTBH-
TEILHO KoJioccalieH u ecyii He OyaeT ComHia, 3eMitst 32 HECKOJIBKO
HEJIENb MPOCTO MPEBPATUTCS B JICASHOM 1Iap ¥ BCE TOTUOHET.

CoJiHeUHas SHEprus, 3TO MOTOK MAaTePUATIBHBIX YaCTHI] "'COJI-
HEYHOI'0 BeTpa", 3JIEKTPOHOB, MPOTOHOB, ATOMOB BOAOPOJa U T.1.,
JBIKYIIMECS C Pa3JIMYHBIMUA CKOPOCTSIMU U COIIPOBOXKAAEMbIE BOJI-
HaMU B €r0 IPaBUTAIIMOHHOM ToJie. M yeM BbIlIe X CKOPOCTb, TEM
0o0J1ee KOPOTKHE BOJIHBI OHU BO30Y)KIAIOT.

Cama 6o1na He HeCcém HUKAKOU IHEPZUU U He MOMCem OKa-
3616aMb HUKAKO20 OAGJICHUA - IMO NPOCHIO MEXAHUIM nepeoadu
63AUMO0CUCMBUA MEHCOY MAMEPUATLHLIMU Me1aMU, 8 OAHHOM
cayuae medxncoy Connyem u 3emnéil.

MBI BUIMIM CBET UCKIIIOUUTENLHO OJarojapsi TOMy, 4TO TO-
TOK MaTepHalbHBIX YacTHIl, (OTOHOB, MOMAaiasi B TJIa3, COBEPIIAIOT
paboTy, mOTIoIasCh MOJIEKYJION pOIONMHA B CETYATKE.

66



Beonroyust MATEPHH

B pesynbTare mornomeHus GOTOHA Y MOJIEKYJIbl POAOITHHA
YBEIMYHUBACTCSI ACUMMETPHSI €€ TPaBUTAIIMOHHOTO TTOJISI M, COOTBET-
CTBEHHO, BO3HHKAET Pa3HOCTh JIEKTPUICCKHUX MMOTCHIIUAIIOB, B pe-
3yJIbTaTe KOTOPOW BO3HUKAET JIBIYKCHHE JICKTPOHOB IO HEPBHOMY
BOJIOKHY MJIU DJIEKTPUYECKUI TOK, HUHTEPIIPETUPYEMBIN MO3IOM KaK
CBeT.

ITonsTue kBaHTa CBCTA, KaK MOPLHUH U3ITYUCHUS, BO3HUKIIO
HUMCEHHO H3-3a TOT'O, YTO q)OTOH SIBIISIETCS MUHUMAJIbHOMU HOpHHGﬁ
CBETOBOT'O TOTOKA, B PE3yJbTaTe KOTOPOW BO3HUKAET OIIYIICHHE
cBeTa B Mo3re. KBaHT — 3TO MpOCTO OJJHA €IMHCTBEHHAs] YacTHIIA
WJIM TO K€ camoe, 4To U (POTOoH.

3Hepzuﬂ, HE moricem npesepauniambCi HU 6 KUHEemu4ecKyro, Hu 6
MexXaHuuecKy, HuU 8 XUMUUECKYI0, HU 8 KAKyl0 Opyzyl0, ROMOMYy 4o
MO MOJILKO CEOIICHE0 Mamepuu cogepuiams padomy, 00ycnoeieHHoe
PA3HOCMBIO CpasumaliuOHHbIX NOMERUUAI086.

U xora roBopsT 0 mepenade IMEKTPOIHEPTHH, TO UMEETCS B
BUJly TO, YTO IepeNaéTcs IMOTOK MAaTepUaIbHOIO HOCUTENSA — DJIEK-
TPUYECKH 3apsHDKEHHBIX YaCTHI], KOTOPBIC NIPU JIBWKCHUU IO JCH-
CTBHUEM Pa3HOCTHU MOTEHIIMAJIOB CIIOCOOHBI COBEPIIAThH padoTy.

8. O IIAPOBOU
MOJIHUA

[[TapoByt0 MOJIHHIO, KAK U MHO>KECTBO MTPOCTHIX MPUPOJIHBIX
SBJICHUI, COBPEMEHHAsl HayKa J0 CHUX IOp CUMUTAET 3arajkou, Ha
O0OBSICHEHUH KOTOPOU CJIOMajIi 3yObl OU€Hh MHOTHE OOJIbIINE YUE-
Hble. Hayka BooO11e u1ET OKOJIBHBIMU MYyTSAMU U OYEHb MHOTHE Me-
XaHU3MbI IPOCTHIX MIPUPOIHBIX SBJICHUN OCTAIOTCS BHE €€ MOJIS 3pe-
HUS.

BbIBUHYTO COTHHM BepcHil OOBSICHEHHS IAPOBONW MOIHHH,
HO HU OJIHA U3 HUX Ja)Ke Ha HOTY He MPUOIN3MIIa HAYKY K pasraake

67



Anexcandp BECEAOB

3TOro ABNeHUS. HO Ha OCHOBE BBIIIE W3JI0KEHHOTO, MEXAaHN3M IIa-
POBOI MOJIHUU 3JIEMEHTAPHO OOBICHSIETCS.

OObIuHas JIMHEWHAsT MOJHUS MPECTABISET COO0M KpaTKo-
BPEMEHHBIN TOKOMPOBOMASIINN KaHaJ B BO3/yX€, BOSHUKAIOIIUIA B
pe3yNbTare pa3sHOCTH SJCKTPUUECKUX MMOTSHIIMAIOB MEXAY 00Jia-
KaMU Wi o0JlakaMu 1 3eMIIEN. Pa3HOCTh MOTEHIIMAIIOB, 3TO PE3YIlb-
TaT TypOYJICHTHOCTEH, BO3HUKAIOIIUX OT PA3HOCTH TEeMIIepaTyp
BOCXOJIAIIMX U HUCXOSIINX MOTOKOB BO3/lyXa B JKapKYIO MMOTOJTY.

TypOyneHTHOCTH B 00JaKax MPUBOJIAT K MEPEMEIIUBAHUIO U
YBEJIMYEHUIO TUIOLAAN COIIPUKOCHOBEHUS MOJIEKYJ BOJSHBIX IapOB
C MOJIEKYJaMH OKpY)KaloIIero BO3AyXa, 4To o0Jerdyaer mnepereka-
Hue 3apsaa0B. [Ipu 3Tom paboTaeT TOT ke caMblii MEXaHHU3M, KaK IIPH
AIIEKTPU3ALNY HATUPAHUEM CTEKIISTHHON WM 500HUTOBOM MaJOYKH.

Obmnaka, coCTOSIIHE U3 MOJIEKYJI U Karellb BOAbI, MMEIOIINX
MEHBIIYI0 ACUMMETPHUIO TPAaBUTALMOHHBIX MOJEH, OTHOCUTEIBHO
MOJIEKYJ BO3/yXa KaK MPaBUIIO, MOJIYYalOT U3 HETO NU30BITOUYHEIE OT-
pHULATETbHbIE 3apsIbl.

Pazpsig MOXeT MpOM30HTH KaK MEXIy OOJaKkaMu, UMEIo-
HIMMH OTPULIATENIbHBIE 3apsA/Ibl PA3HON BETMUHHBI, TaK U MEXTY 00-
JaKaMu U 3eMJEH, KOTopas Tak ke UMeeT OYeHb HeOOIbIION U30bI-
TOYHBIN OTPUIATEIbHBIN 3apsi.

Korna mexay o061akaMu pa3HOCTh MOTEHIIMATIOB JOCTUTAET
HEKOTOPOW KPUTUUYECKOM BEJIMUMHBI, 3apsi/ibl HAUMHAIOT MEPETEKATh
MEXy HUMH, 00pa3ysi TOKOMTPOBOISIINN KaHaJ, IO KOTOPOMY IIPO-
UCXOJHT JIABUHOOOPA3HBIN pa3psii, BELACTSIONUN OTPOMHYIO MOIII-
HOCTb 32 OYE€Hb KOPOTKHI MPOMEKYTOK BPEMEHH.

WNnu npocto nuneitHas moiaHusA. OHa TpeacTaBisieT coOon
3aKPYYEHHBIN MOTOK 3JIEKTPOHOB M IPOTOHOB, JIBHKYIIMXCS CO-
racHo 3akoHy KylloHa, ¢ yCKOpeHHeEM HaBCTpeuy ApYyr Ipyry
[ra.4]. B pe3ynabTare 3TOro yCKOpeHHsl, ce4eHne KaHaua BOJIM3H T0-
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JIOKUTENIBHOTO TMOJII0CA, YMEHBIIAETCA U OH pa3phIBaeTcs Ha caMo-
CTOATEIbHBIE YUACTKU, IPECTABISIIOIINE COO0M BUXPEBBIE 00pa30-
BaHUs, B KOTOPBIX TPOTUBOMOJIOKHBIE 3apsi/ibl IBHKYTCSI HABCTpPEUY
IpYT IpYTy MO 3aMKHYTHIM TPAeKTOPUSM PaBHOTO MOTEHIIUATIA.

A Tak Kak JABUXEHUE IO 3KBUIOTEHLUAIBLHON TPAaeKTOpPHUH,
3TO MO CYTH, aHAJOT MPSIMOJIMHEWHOrO0 PAaBHOMEPHOI'O JIBHXKCHMUS,
pU KOTOPOM paboTa MPaKTHUECKH HE COBEPIIaeTCs, TO 00pa3oBaB-
nrasicst KpyImHasi apoBasi MOJIHUSA, TTOJI00HO CBOOOIHO Bpaliaroiie-
Mycsl MaxOBHUKY HWJIM BOJYKY, MOJET CYIIECTBOBAaTh HEKOTOPOE
BpeMsi, MepeMeniasich NOTOKaMU BO3JlyXa Ha HEOOJbIINE PacCTOs-
HUSL.

HcuepnaB sHepruio Ha U3JIy4Y€HUE, OHA TUXO MCUE3HET, €CIU
HE HATOJIKHETCS Ha MPEMATCTBUE, IPU KOTOPOM NPOU30UAET pa3py-
[ICHHE KOJIBIIEBOTO TOKA C 00pa30BaHUEM B BO3yXe 00JIACTH MOBBI-
IIEHHON KOHLIEHTPALMU 3JIEKTPUYECKUX 3apsiioB, [ri.11] kotopsie
MTHOBEHHO BCTYIUB B PEAKIIMIO CAMOIPOU3BOJIBLHOTO CUHTE3a, BbI-
JIESAT UMITYJIbC MOIITHOCTH B BUJIE B3pbIBA.

Mernkue xe o0pa3oBaHUS MCUE€3al0T MOYTH Cpa3y, 3aTPaTUB
SHEpruio0 Ha u3nydeHue. [1o3TomMy 3KCHEpUMEHTAIBbHO MIAPOBYIO
MOJIHUIO TIOJYYUTh JTIOBOJIBHO CJIOYKHO, HO B MPUHIUIIE BO3MOXHO,
MpOIycKasi O4YeHb MOIIHBIE IEKTPUUECKUE pa3psabl B TypOYIeHT-
HOM IIOTOKE BO3/1yXa.

9. O TEMIIEPATYPE

Ha ocHOBaHMM M3JI0KEHHOTO BBIIIE, MOKHO TaK K€ JIETKO
00ocHOBaTh MOHATHE Temneparypsbl. [Ipu HarpeBanuu Tena' pacuim-
PAOTCA U CTAHOBATCA JICTYC, 3TO SKCICPUMCHTAJIIbHO YCTAaHOBJICH-
HBI pakT. Bo3pMEM TBEpPI0€ TEIO M MPOBEIEM MBICIICHHBIN YKCIIE-
pumenT. Kak G110 CKa3aHO BBILIE, AaTOMBI BEILIECTBA 00JIaJatoT Irpa-
BUTAIMOHHBIMU MOJSIMH, O1aroiapsi KOTOPIM OHU IPUTATUBAETCS
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K 3emiie. Tak Kak TpaBUTAllUOHHBIE MOJII ATOMOB TBEPJOIO Teyia
MMEIOT OYE€Hb HE3HAYUTEIbHYIO ACHMMETPHUIO, TO OHU CHJIBHO TIPH-
TSATUBAIOTCS IPYT K APYTY.

[TpubaBnsieM K KaXa0My aToMy 10 3J1eKTpoHy. [Ipu 3TOM y
aTOMa HECKOJBKO YBEJIMYUTCS ACUMMETPHUS €r0 IPaBUTALMOHHOIO
MOJs, B PE3yJIbTaTE YEr0 YMEHBIIUTCA CHJIAa MPUTSIKEHHUS Tela K
semnie. [ria.11]. To ecth arom craHeT Jierde (BO3SHHKHET Je(eKT
Beca), a 00BEM €ro YBEIHUYUTCS Ha OAHMH 3JIEKTpoH. Bort, mo cyry,
MBI ¥ OOHAPYXUJIM HOCHUTENb Teria. Takoi cBoeoOpa3HbIil TETIo-
pox, poJib KOTOPOTO MOTYT UTpaTh, B MPHUHIUIIE, KaK MOJOXKUTEIb-
HbIE, TAK U OTPULIATENIbHBIE 3aPSJIbI.

N xoTopsrit Gosbiie yu€HbIC y)Ke YCTeNn "3aKphITh", TIPH-
JlyMaB B3aME€H BEUHbII JIBUTATENb, B BUAE MOJIEKYISIPHO-KUHETHYE-
CKOU TEOpHH.

[TpogomxkuM CBOW MBICIEHHBIM JKCIIEPUMEHT, N00aBIsis B
aTOMBI TeJla 1O 3apsiay. ACUMMETPUSI UX T'PAaBUTAIIMOHHBIX IMOJIEH
OyIeT yBeTM4HUBATHCS, TEIO OYJET CTAHOBUTLCS BCE JIETYE U JIerye,
a CHJIBI IPUTSKEHUST MKy aTOMaMu OyAyT CTAaHOBHUTHCS BCE Clla-
Oce u crabee.

Uepes HEKOTOPOE BpeMsi aTOMBI MOJy4aT BO3MOKHOCTh TIe-
peMelaTbcsa OTHOCUTENBHO APYT APYra U BEUIECTBO MPEBPATUTCA B
JKUJIKOCTh. TO €CTh pacIIaBUTCS.

[Tpu naneHeimem npubaBIeHUN 3apsiI0B, ACUMMETPHS Tpa-
BUTAllMOHHBIX TIOJIE aTOMOB YBEIWYUTCA HACTOJIBKO, YTO OHHU
HAaYHYT OTPBIBaThCA JPYr OT APYyra BCE YBEIWYMBAIOLIMMUCS CH-
JJaMH OTTAJIKWBAHUA U KUJKOCTh IPEBPATUTCS B ra3. BoT MbI 1 11o-
JTy4uiu oObICHEHHE MEXaHU3Ma UCTIapEHUSI.

Hpumeuanue! B uacmuocmu, ucnapenue 600vl 00ycil0671eH0
PA3HOCMbIO AcuMMempuil 6030yxa u 600l (puc.22), noamomy oaxce 3a-

Mmép3uian 600a (1é0) 0060abHO Xopouio ucnapsaemca. Hzovimounwle 3a-
PAOBL U3 MONEKYIT 8030yXaA NEPEMEKAs 8 MOTIEKYIbL 1b0d, YEETULUBAIOM
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acummempuio ux cpasumauuOHHbLX nOﬂEﬁ, ymo npueooum K yesenuue-
HUIO CUTl OMMANKUBAHUS MOTIEKY]L OpPY2 Om Opyzd, KOnopsle npu IMom
nojiyuarom 603MOX)NCHOCIb OmopeamovCia oOm noeepxXHocmu u noo-
HAMbBCA 8 6030YX, 6Mmecme ¢ "'npununmumu'’’ K HUM MOAEKYIAMU 603~
oyxa).

[Ipu 3HaYNTETHPHOM YBEITWYCHUU KOHIICHTPAIIMH H30BITOY-
HBIX 3apsiJI0OB B aTOMaxX, OHU YK€ He OYAyT B HUX YIAEPKUBATHCS,
OylyT paBHOMEPHO PaCTIPEEIATHCS 10 BCEMY O0BEMY.

Takum ob6pazom, 060CHOBbIGACHICA MEXAHUZM 6HLOPO2O
Hauana mepmodunamuku U NPUHYUR 603PACMAHUA IHMPONUU,
KaK 6vlpasHueanus awovix Qu-

3UYeCKUX napamempos mame-
nepaTekaHwe
sapaoe puu. B oannom cnyuae - memne-
\j """"""" pamypeol.
B koHIle KOHIIOB, Belle-
p s CTBO IIPEBPATUTCS B CMECH "TOPS-
Puc.22 gux" (3apsDKEHHBIX) aTOMOB C

AJIEMEHTApPHBIMU IEKTPUYECKU 3apsSHKEHHBIMU YAacTULIAMU WIIM B
wiasmy. Ilpu nanpHeieM NoBbILIEHUN TEMIIEPATYPhl IPOUCXOIUT
CIIEyIOIIEE.

N3-3a OrpOMHOM KOHIEHTPALUU OJUHAKOBBIX 3aps/10B, aTOM
NEPEXOANUT B COCTOSIHUE, TOAOOHOE KUAKON Karule, KoTopas pa3Ba-
JIMBAETCsI Ha DJIEMEHTApHBIC YaCTULBI. DTH 3JIEMEHTapHBIC YaCTULLBL,
IpU JaJbHEHIIEM MOBBILIEHUH TEMIEpaTyphl, pa3BajATCs Ha CyO-
aneMeHTapusbie. U Tak nanee. [1o cyTu Mbl BOCIpOU3BEIIH 3/1€CH MPO-
I[eCC CUHTE3a, IPOUCX OIS B 3BE3/1aX, B 0OpPaTHOM HAIIPaBICHHUH.

Temnepamypa — 3mo éenuuuna pasHOCMU ACUMMEMPU
2pPasumMayuOHHbIX NOCU AMOMOE MAMEPUATIbHOZ0 MeNa u amo-
MO8 OKpydtcaroueil e2o cpeobi.

Wnu mpocTo pa3sHOCTh WX M30BITOUHBIX 3JEKTPUYECKUX 3a-
psnoB. [IoTOK Temia — 3TO MOTOK 3apsKEHHBIX YaCTHIL - JIEKTPOHOB,
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KOTOPBI Mbl YyBCTBYEM OJiarojapsi yBeJIUUMBAIOIICHCS aCUMMET-
puU MOJIEKYJ Hallero Tena. EcrecTBeHHO, YTO BellecTBa, 001aiato-
IIME XOPOIIEH IEKTPONPOBOIHOCTHIO, 00IAMAI0T U XOPOIIEH Tel-
JIOTIPOBOJHOCTBIO.

Ecnu e 3TOT MOTOK YacCTHII HAMPaBJIEH M3 HAIIETO Teia U
OyIeT yMEeHBIIaTh aCHMMETPHIO HAIIUX MOJIEKYJ, Mbl OyJIeM dyB-
CTBOBaTh OXJaXJeHUE. AOCONIOTHBIN TEMIEPATypHBIH HYJIb, 3TO
PaBEHCTBO WJIM HYJIEBas Pa3HOCTh aCHMMETPHI TPaBUTAIIMOHHBIX
MOJICH aTOMOB TeJIa, KOTOpasi B CUITy ChEepHUIECKON METPUKH BCEIICH-
HOM, HEBO3MOJKHA.

A To, 4TO moApazymeBaeTcs Mo aOCOIIOTHBIM HYJIEM B CO-
BPEMEHHON HayKe — 3TO CHEKYJALHUs, 0O0yCIOBJICHHAs CIIETbIM Iie-
PEHOCOM pPe3yIbTaTOB KAKUX-TO MATEMAaTUYECKUX MPEOOPA30BAHMIA
Ha (pU3HUYECKYIO PEaTHHOCTD.

AHaNOTUYHBIM K€ 3a0IMyKICHHEM SIBISETCS U MOJEKY-
JSPHO-KWHETUYECKasi TEOpHsi, MPOTUBOpEUaIias BTOPOMY Haudaly
TEPMOJUHAMUKH, O0YCIOBIIEHHAs, KaK U B CITy4ae ¢ OIbITOM Pesep-
dbopnra, omMOOYHBIM OOBSCHEHHEM pE3yJbTaTOB JKCIIEPUMEHTA
bpoyna.

Hcxons w3 ompeneiaeHus TemIepaTypbl MPUBEAEHHOTO
BBIIIIE, DJIEMEHTAPHO OOBSICHAETCS MPUHIIAIT PAOOTHI OOBIYHOTO XO-
aoguneHUKa. [Ipu cxatum pabodero tena - ()peoHa, €ro aTOMBI
CONMMKAIOTCS, KOHIICHTPAIIHs U30BITOUHBIX 3apsS0B B €ro 00béMe,
YBEJIMUUBACTCS U 3apsibl, OAUYUHSSICH BTOPOMY Hadaly TEPMOJIH-
HAMUKHU U CTPEMSICh PACIIPEICTUTHCS PABHOMEPHO, HAYMHAIOT TIepe-
MEILAThCSl B CTEHKH EMKOCTH (paauarop).

Jlanee nmpoxoAst 1Moj JaBJI€HUEM Yepe3 TOHKOE OTBEPCTHE B
JIPYTyI0 €MKOCTh (paraTop MOPO3UJILHON KaMephl), pabodee Temo
paciupsieTcsl 1 KOHLIEHTPALUs 3aps10B B HEM PE3KO YMEHBIIAETCS.

CornacHo BTOpOMY Havally, 3apsiibl HAYMHAIOT IEPEeTeKaTh B
pabouee Teno yxe M3 CTEHOK MOPO3HWIBHOM Kamepsl, emgé Oojee
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oxjaxnas ee. Korma Mpl nmpukacaemcs majgbleM K METAITHYECKOMY
peIMeTy, OH HaM Ka)KeTCsl XOJIOAHBIM, TIOTOMY YTO U3-3a Pa3HOCTH
aCUMMETpU MOJIEKYJ HAIllero TeJla U aTOMOB MeTajia, U30bITOY-
HBIE 3apsi/ibl HAIETo Tejla HAaYMHAIOT MepeTeKaTh B MeTasll, co3/ia-
Bas OLIYIIEHUE X0JI0/A.

To ecTb HalM HEPBHBIE KIETKUA MPEKPACHO OIMPEACIISIIOT
HarpaBJjeHue 3Toro Toka. [Ipukacasch K 1epeBIHHBIM IIPEIMETaM,
MMEIOIIUM MPUMEPHO OJMHAKOBYIO aCUMMETPUIO C HAILIUM TEJIOM,
MBI HE OIIYIIA€M HMX XOJOJHBIMU, TOTOMY UTO H3-32 OTHOCHUTEIIb-
HOT'O PaBEHCTBA aCUMMETPUH, NepeTeKaHue 3apsAI0B CIUIIKOM HHU-
YTOXHO, YTOOBI €T0 OUTYTHUTb.

JIBU>KEHHEM SJIEKTPUYECKHUX 3aps/IOB JIEMEHTApHO 00bsIC-
HSIOTCS TIOOBIE MEXAaHU3MbI B3aUMOJICUCTBUN B TIPUPOJIE, BKITIOYAS
MEXaHU3MbI JIEHCTBUSI pa3IMYHBIX OPraHOB HAIIETO TeJa.

Ceruarka, HarpuMep, MPEACTABISAET COOOM MATPUILYy CBETO-
YYBCTBUTEIBHBIX KJIETOK, TaK Ha3bIBAEMBIX MAJIOYEK, OMpPEACIISIO-
IIMX UHTEHCUBHOCTH CBETOBOT'O IMMOTOKA, COBMEHIEHHYIO C MaTHIIEH,
TaK Ha3bIBa€MBIX KOJOOUYEK, MPEACTABISIOUIMX COOON AETEKTOPHI
CKOPOCTH (POTOHOB, KOTOPO OMpEEIIeTCs 1[BET.

Ceruatka — 3TO, 10 CyTH, U3MEHHUBIIHICS ()aceTOYHBIN TJ1a3
HAaCeKOMOI'0, TOJYYUBLIMN B pe3ylbTaTe HBOJIOLMOHHOTO IPO-
necca, oommii xpycranuk. CBeT, (POKyCHUpPYSICh XPYCTAIUKOM, CO-
31aéT Ha CeTYaTKe M300paKeHUe, MPEACTaBISIoNnee co00i KapTy
AIIEKTPUYIECKUX MOTEHIHUATIOB. TO €CTh 3TO M300paKEHUE OKpYKa-
IOIUX MPEIMETOB, cPOPMUPOBAHHOE WM HAPHUCOBAHHOE HA CET-
YyaTKe 3JEKTPUUYECKUMHU MTOTeHIIMATIaMHU.

B pesynbpTare neicTBUs 3NEKTPUUECKUX MOTECHIMAIOB BO3-
HUKAET JIBUKEHHUE AJIEKTPUUECKHUX 3apsIIOB 10 MyYKY HEPBHBIX BO-
JIOKOH, KOTOpBIE MOCTyMHasi B MO3T, GOPMUPYIOT B HEM BPEMEHHYIO
HEHPOHHYIO CTPYKTYPY, TaK ke MPEACTaBISAIONIYI0 COO0M IBETHOE
00BEMHOE M300pKEHUE OKPYKAIOIIUX MPEAMETOB, KaXaask TOUYKa
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KOTOPOT'O COOTBETCTBYET MOTEHIIUATY, CO3/1aBaEMOMY OIPECIEH-
HOM ITaJI0YKO# B CeTUYaTKE.

DTO M300paKeHHE, CO3aHHOE YIEKTPUUECKUMH MMOTEHIINA-
JaMH, MOXKET JIEp)KaThCsS B MO3Te HECKOIbKO yacoB. OHO 0Opaba-
THIBAE€TCS MO3TOM M YaCTUYHO 3allOMUHaeTcs... Temepb octaércs
OJIMH HEOOJBINON MIar IO CO3aHMs HCKYCCTBEHHOTO IJ1a3a.

IIpu coBpeMEHHOM YPOBHE Pa3BUTHUS MUKPOTEXHOJIOTHA, CO-
3/IaHHE TaKOT'0 HCKYCCTBEHHOTO TJ1a3a HE COCTABUT OOJIBIIIOTO TPy/ia
W 4Yepe3 JIBa — TPH roja 0o CIeno cMoXeT BUAETh. I1ycTh u He
TaK XOpOIIIO, KaK HOPMAJIbHBIMH TJIa3aMH, HO JOCTATOYHO, YTOOBI
obxoauTcs 6€3 TOBOJBIPEH. ..

Ero KoHCTpyKIHUs TOBOJIBHO TIPOCTA, HO 371ECh 51 €€ MPUBO-
TUTH HE Oy1y.

AHaNOTHYHBIM 00pa3oM paboTaeT 1 MEXaHU3M paclo3HaBa-
HUA BKyca. Pa3nuuHbie BelecTBa, Momnaaas B CIIOHY, SIBISIOIIYIOCS
AJIIEKTPOJIUTOM, CO3/IAI0T AHAJIOTMYHYIO K€ KapTy 3JIEKTPUUECKHUX
MOTEHIIMAJIOB, KaK U CeTYaTKa Iyia3a, KoTopas Tak ke oOpabarbiBa-
€TCSI MO3TOM. ..

Ewié ooun ouenv nacnaouvlii npumep, 00KaA3pléaouwjuil
INEeKMPUUEeCcKyIo Rpupooy memnepamypbol.

Ecnau nnockocmmuoit noaynpoeoonukoewlii 0uo0 nookio-
Yume € 3anOPHOM HANPAGIEHUU K UCMOYHUKY HOCHMOAHHOZ0
Hanpaxycenusa 6 5-10 eéonvm, mo 6 pesyrvmame 0b6eonenusn p-
odnacmu n-p nepexooa INEKMpPUYECKUMU 3apadamu, Ouoo 0o-
6071bHO cunbho oxaadoumcea. Ha smom npunyune pabomaiom no-
JIYNPOBOOHUKOBBLE X0N00UTbHUKU.
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10. O IPIMOJHUHEMHOM
JABUXEHUU U
"CBEPXITPOBOJUMOCTH"

eusicenue — 3mo n11060e uIMeHenue cOCmoAHuA mea,
(nonootcenus unu HanpaeieHus nepemewiers), 00ycao6a1eHHoe oell-
cmeuem pazHoCmu 2pasumayuOHHbIX NOMEHUUAN06, NPU KOMO-
pom coeepuiaemcs paboma.

A cnepoBarenbHO, JBUKEHHE HE SIBISIETCS HEMPEMEHHBIM
YCIIOBHEM CYIIECTBOBAHUS MAaTEPUH U MOITOMY HUKAKOIO BEYHOTO
XaO0THUYECKOr0 JIBU)KEHHSI B IPUPOJE CYIIECTBOBATh HE MOXET, TaK
KaK 3TO TpeOyeT HeNPEPHIBHOM 3aTpaThl MOIIIHOCTH.

Jleusicenue no unepyuu — 3mo 0eudNceHue no mpaeKmopuu
PABHO20 NOMERYUANA, RPU KOMOPOU PA3HOCHb 2PAGUM AUUOHHBIX
NOMEHYUAN08 OCMAémca HEeU3MEeHHOU U padoma He coeepuia-
emcs.

IlosTOMy OBH)KEHHE IO 3KBUIIOTCHLIHUAIBHON TPACKTOPUHU
SBJISIETCS YACTHBIM CilydaeM mokosi. Kak HaM roBopuT pusnka, eciu
Ha TEJO HE JCWCTBYIOT HHUKAaKHE CHJIbI, WIM PABHOJEHCTBYIOIIAS
BCEX JIEHCTBYIOIIMX HA TEJIO CUJI, paBHA HYIIIO, TO TEJIO OYJEeT Haxo-
JUTHCSA B TIOKOE WJIM B COCTOSIHUM PAaBHOMEPHOTO MPSIMOJIMHENHOTO
JBUKECHUS.

Ho Tak kak BceneHHas, B CHITy CBOMCTB MaTepru UMeeT ce-
PUYECKYI0O METPHUKY, TO Pa3roBOpPbl O KAKOM-TO MPSIMOJMHEHHOM
pPaBHOMEPHOM JBMKEHUH, SBISIOTCA 3a0myxaeHueM. B cdepuue-
CKOM reoOMeTpUU BCEJIEHHOM TaKOTo JBHXKEHUS HET U ObITh HE MO-
JKeT.

EnuHcTBEHHON NIPSMOM JIMHUEH BO BCEJICHHOM MOYHO CUH-
TaTh TOJIBKO PailycC JIOOO0r0 TATOTEIOUIETo Tela, HO ABMXKEHUE MO
ATOM JINHUU HE SBJISETCSI PABHOMEPHBIM, TaK KaK MOXET IIPOUCXO-
JUTh TOJIBKO IOJ JEHCTBUEM Pa3HOCTH I'PaBUTAL[MOHHBIX [TOTEHIIH-
anos. Jlersmuii caMoJIET, HAIPUMEP, B YCTAHOBUBILIEMCS PEKUME
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MoJIETAa MOYKHO CUMTATh ABIXKYIIUMCS 110 UHEPILIUU, TaK KaK paBHO-
JIEUCTBYIOIIAsI BCEX CUJI, IEUCTBYIOIIMX HA CAMOJIET B 3TOM PEKHUME,
paBHa HYJIIO.

Cuna TATOTEHUs ypaBHOBEIIEHA MOABEMHOW CHIIOW KPBbI-
JBEB, CUJIa CONMPOTHUBIICHHS BO3yXa YpPaBHOBEILECHA CUJIOW TATH
JIBUTATENS U CAMOJIET B TAHHOM CJTy4ae JIBUXKETCS M0 SKBUIIOTEHIU-
anbHOU Tpaexktopuu. M o nnepuuu. Haxonsce BHyTpH caMosi€éra
C 3aKPBHITHIMU WILTIOMHUHATOPAMU, €T0 ABUKEHUE HEOTIIMYUMO OT CO-
CTOSIHUSI TTOKOSI.

Ecnu x KoHIaM NpPOBOJHUKA HPUIIOKUTH HEKOTOPYIO pas-
HOCTb 3JIEKTPUUECKUX MOTEHIIMAIOB, TO B HEM BOZHUKHET JIBUYKEHUE
IeKTpUuYecKuX 3apsanoB. [Ipuuém, mo Mepe mpoABUKEHUS IJEKTPU-
YECKHX 3apsiioB K MPOTHUBOIOIOKHOMY MOJIOCY, Pa3HOCTh MOTEH-
[[UAJIOB OYIET U3MEHSTHCS, a CHJIA TIPUTSHKEHUS U CKOPOCTH JIBIIKE-
HUS 3apsSA0B OyIEeT BO3pacTaTh.

CrnenoBarenbHO, 21eKmpu4ecKuil moKk — 3mo yCKOpeHHoe
OgudICEHUE INEKMPUUECKUX 3aPA00E NO NPOBOOHUKY, TIOJ0OHOE
MaJICHUI0 MaTepPUANIbHOTO TeNa MOJI NeHCTBUEM Pa3HOCTH I'paBUTa-
[IUOHHBIX MMOTEHIINAJIOB.

N uMeHHO MO3TOMY 3JEKTPUYECKHI TOK MOXKET COBEpIIaTh
paboty. Micxons U3 3TOTo K€ YTBEPKACHUS, MOXKHO JIETKO OOBSIC-
HUTh BO3HUKHOBEHUE CBETOBOTO H3JIYYEHUS NPHU MPOXOXKICHHUU
TOKA Yepe3 MPOBOJIHUKH C BBICOKHM COIPOTUBIICHUEM.

Bcerpeuast BbICOKOE CONMPOTUBIICHHE ABUKEHHUIO, 3JEKTPOHBI
HaKaruIMBalOTCA B MIPOBOJIHUKE, YTO MPUBOJAUT K MOBBIIICHUIO KOH-
HEHTPALUU ANEKTPUYECKUX 3apsAI0B M BBITAJKWBAHUIO UX U3 IMPO-
BOJIHMKA B OKpY’Karolllee MPOCTPAHCTBO CUJIAMHU B3aMMHOI'O OTTaJl-
KUBaHud [T71.6].

N yem Oostbliie UX KOHIIEHTpPAIHUS, C TEM OOJIbIIIEeH CKOPOCTHIO
OHH "BBITAIKMBAIOTCA" ¥ TeM 00Jiee KOPOTKHE CBETOBBIE BOJIHBI BO3-
OyX/Iaf0T B TPAaBUTAIIMOHHBIX TOJISX OKPYXKAIOIMIEH UX CPEbl.
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HmeHHO 1o3TOMY ITpH HEOOJIBIIIOM TOKE, IPOBOJHUK CHayvaIa
cnabo HarpeBaeTcs, TaK Kak "BBITOJKHYThIC" M3 TIPOBOJHUKA DIICK-
TPOHBI UMEIOT HEOOJIBIIYIO0 CKOPOCTD U IIPU IBUKEHUHU BO30YKIAIOT
JUTMHHBIE, HH(paKpacHbIe, BOJIHBI, & C MOBBIIICHHEM KOHIEHTPALUN
CKOPOCTb BBLJIETA YBEIIMYMBAETCS U BOJHBI CTAHOBATCS KOpOYE U
MaKCUMYyM HM3JyY€HUs CIBUTAETCS K CHHEMY Kpalo CIEKTpa.

B pe3ynbraTe CHIBHOTO OXJIaXJICHUS MPOBOJAHHUKA, OH 00€I-
HSIETCS AJIEKTPOHAMH U ACUMMETPHUsSI TPABUTALIMOHHBIX IOJEH €ro
aTOMOB YMEHBIIAETCS, a CJIEA0BATEIBHO YMEHBIIIAETCA €0 MIEKTPH-
YECKOE CONMPOTUBIICHUE.

B npoBOJHMKE BO3HUKAIOT YCJIOBHS JUIsl HEIPEPBIBHOTO KPY-
TOBOTO ABUKEHUS JIEKTPUUECKUX 3aPsII0B MO 3KBUITOTEHIINATIbHBIM
TPACKTOPUSIM, TOOOHO MIAPOBOI MOJIHUH, PECTABIISIONIEE COO0M
aQHaAJOr JBMXKEHUS IO HHEPUUMU U KOTOPOE YUYEHBIE HA3BIBAIOT
"CBEpXIIPOBOJIUMOCTHIO".

W Tak kak mpu 3TOM IBHKEHHH paboTa HE COBEPINASTCS, TO
TaKOM KOJIBLIEBOM IMOTOK 3apsiIOB MOYKET CYIIECTBOBATH JOBOJIBHO
JUIUTETLHOE BpeMsl, TOKa TPOBOJAHUK OYAET HAXOIUTCS B OXJIAXKICH-
HOM coctositHud. Ho noctaToyHO pa3opBaTh ATOT MOTOK 3apsijoB,
4yTO OBl 0TOOPaTh MOIIHOCTb, KaK UX JBUKEHHE MTHOBEHHO MTPEeKpa-
TUTCSA U BUXPb UCUYE3HET.

AHaoramMM Takoro JBHXKEHHS, KPOME IIApPOBBIX MOJHUH SIB-
JISIFOTCSI, MHOTHE SIBJIICHUSI TIPUPO/IbI, UMEIOIINE BUXPEBYIO MPUPOY,
TaKue Kak TOPHAJI0, IMKIIOHBI, & TaK K€ Pa3jIM4YHble MaXOBUKU U
BOJIUKH, YYaCTKU KOTOPBIX, BHXKYIIHECS MO SKBUIIOTEHI[MATBHBIM
TPAeKTOPHUSAM, IPAKTHUUECKU HE TPEOYIOT Ui 3TOTO 3aTpaT MOLIHO-
CTH.

OO0BsicHeHHE CBEPXITPOBOIUMOCTH JIBI)KCHHEM KaKHX-TO "Ky-
MEPOBCKUX Map" CHUMIIMXCS JJIEKTPOHOB, MPOCTO HAWUBHBI H
cMmemHbl. CBepXMpOBOAUMOCTh, KaK JBM)KEHUE KaKUX-TO "CBOOO-
HBIX" 3JIEKTPOHOB B YCJIIOBHSIX OTCYTCTBHUS Pa3HOCTH JIEKTPUUECKUX
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MOTEHIIMAJIOB U COBEPIIECHUS UMH paObOThI, PU3NYECKH HEBO3MOKHA.
OTO BEYHBIN JABUTATENIb U TOJBKO ICEBIOYYEHBIE 3TOIO HE IMOHU-
MaroT.

U B cuiy 3TOro o0CTOATENHCTBA, YEIOBEUYECTBO, K COXKaje-
HUIO, HUKOTIa He OYAeT MMETh CBEPXIPOBOIALINX JTUHUH dIIEKTPO-
nepejaay, MOTOMY YTO BEYHbBIC JIBUTATENU MPUHLUINHAILHO HEBO3-
MO>KHBI.

11. O JE®EKTE BECA
N "CBEPXTEKYYECTH"

Macca v 2Heprus B HacTosIIee BpeMs SBIIOTCS (pyHIaMeH-
TaJIbHBIMU TIOHSATHSMU B TEOpETHUECKOM (pu3nke. Macca, Kak KoJu-
YECTBO MaTE€pUU U SHEPrusi, Kak CBOMCTBO MaTepUU COBEpIIATh pa-
60ty. Tak Kak Marepus He MOXKET MPEBPALIATHCSA B CBOE CBOMCTBO,
TO €CTh B DHEPIUI0, HE MOXKET BO3HHKATh M3 HUYETO U HMCYe3aTh B
HUKY/a, TO TOHATHE Ae(eKTa MacChl, KaK UCUE3HOBEHUS KaKOH-TO
YacTU MaTEPUH SABJISETCS, M0 CBOCH CyTH, aHTUHAYYHBIM.

Ho Tak kak 3TO siBIeHHE YCTaHOBJIEHO KaK Obl SKCIIEPUMEH-
TaJbHO, TO CJIEI0BATENIBHO, PEUb MOKET UATH HE O Macce, a o gece,
KOTOPBI MOXET U3MEHATHCS B 3aBUCUMOCTH OT PACCTOSIHUS JI0 Tsi-
TOTEIOIIEro Tela. 31eCh MMEET MECTO METO0JIOTHYECKas OInoOKa,
KOTOPBIMH M300MIIyeT BCs TeOpeTHUecKas Hayka. [loaTomy BMecTo
noHATUSA "Macca", He00X0AUMO YIIOTpeOIATh MOHATHE "Bec”.

CyTb siBIeHHs AedeKTa Beca TOCTATOYHO JIETKO 00BsICHUMA.
JlroOas marepuanbHas 4acTUIlAa BEIIECTBA 00JIa/1aeT rPaBUTAIIUOH-
HBIM TIOJIEM U, CJI€IOBATENIbHO, MPUTATUBACTCA K JAPYTrUM MaTepu-
aJTbHBIM TE€JaM C HEKOTOPOM CHJION, OOpaTHO MPOTOPIHOHATHHOM
KBaJpaTy pacCTOSHUA MEXIYy HUMU. Mexay ABYyMsl 4acTULIAMH,
HaxXOJAIIMMHUCS APYT OT APyra Ha pacCTOSIHUU, HAMHOT'O MPEBbIIIA-
IOILIEM UX Pa3Mephbl, CUJIbI IPUTSKEHUSI OYEHb HE3HAYUTEIbHBI U HE
UTPAOT HUKAKOU POJIU.
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Ho ecnu 3T1 yacTuibl OKaxyTcs JOCTaTOYHO OJIIM3KO JIPYT K
JIpYTY, Ha PACCTOSIHUU CPAaBHUMOM C MX pa3MepaMu, I'paBUTAI[MOH-

[ e HBIC CUJIBI BCTYIIAT B HeﬁCTBHe n

NPUTSHYT MX BIUIOTHYIO JPYT K

T ? ﬂ_.,._ Ipyry, 00pa3ys HOBYIO COCTaB-
S 77 myro wactuny [ra3].

Bec sroii HOBOHM cocTaB-

Puc.23 HOH HYaCTHUIBI OKaXCTCA MCHBIIIC,

YeM UX BEC 10 OTIENbHOCTH (pHuc.23), U3-3a yBEIUYEHUS aCHMMET-
puM €€ rpaBUTAMOHHOTO TOJIS1 ¥ BHITAJIKUBAHUS U3 HEE "JTUIIHUX"
ANEKTPUUYECKUX 3apsioB. To ecTh BOHUKHET Ae(EKT Beca.

ITo cBoeli cyTH, 00OBEIMHEHUE JIBYX YaCTHIl B OIHY, 3TO U
€CTb npouecc cunmesa, Ipu KOTOPOM coBepliaercss padora, mpo-
NOpIMOHANIbHAS ATOMY JeQeKTy Beca. B manHOM cityuae, 3ta paborta
OyZIeT coBepilieHa IPOTUB CHJT MPUTSHKCHUS 3EMIIH, TaK KaK YMEHb-
HIEHUE Beca PaBHOCUJIBLHO MOAHSATHIO MATEPUAIBHOTO TEla Ha HEKO-
TOPYIO BBICOTY B €€ TPaBUTALIMOHHOM I10JIE.

Tak kKaKk CHUJTBI TPUTSHKEHUS YACTHUIL MEXKTYy COOON M 3eMIIeH
OYCHBb MaJTBI, ISl UX OOHAPYKEHHS TPeOyeTCsl BEChbMa CII0KHOE 000-
pynoBanue. Huxe mpeanaraercs cxema IpOCTOrO SKCIIEPUMEHTA,
WUTIOCTPUPYIOIIETO BO3HUKHOBEHHE JedexkTa Beca, KOTOPBI
MO>KHO MPOJIEMOHCTPUPOBATH B JTIFOOOH IIKOJIE.

JIist ero npoBefeHusl HyKE€H TOJIbKO JOCTaTOYHO YYBCTBHU-
TEJbHBII JUHAMOMETP U HECKOJIbKO MOCTOSIHHBIX MarHuToB. [Ipu-
MEpHas CXeMa 3KCIIEpUMEHTa MOHATHA U3 pucyHKa (puc.24). [le-
(dexToM Beca Tak ke 3JIEMEHTApHO OOBACHAETCS SIBJICHUE CMAYUGA-
eMocmu 1 NOBEPXHOCMHO20 HAMANCEHUS.

Mornekynbl KUIKOCTH, KOHTaKTUPYIOUIME C MOJIEKyJIaMu
CTEHOK COCyJla U MOJIEKYJIaMH BO3AyXa, B pe3yjbTaTe nepeTeKaHus
3apsiIoB M3-32 Pa3IMYHOM ACMMMETPHUM TPABUTALMOHHBIX IOJEH
aTOMOB BO3/lyXa U >KMJIKOCTH, CTAHOBSITCS JIETY€ U BBITAJIKUBAIOTCA
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BBEPX I10 CTEHKE, 00pa3ys BOTHYTHIA MEHUCK. B ciydae ¢ pTyThiO,

HaIrpuMep, BCE MPOUCXOTUT HA0OOPOT — B 3TOM CiIydae '"BCILIbI-

BAIOT" CTEHKH COCYy/a U MPOUCXOJUT "OMyCKaHHWe" rpaHUYaIUX CO
CTEHKOH MOJIEKYJ PTYTH, CO3JAIOIIEE BHIMYKIbII MEHHUCK.

B PE3YIbTATC YBCIUUCHUSA CUIIBI TAKCECTU B 30HC KOHTAKTA

B s IS CO CTE€HKOH COCya, PTYTh, KaK U He-

; i KOTOpBIE APYIH€ KUIKOCTH, aTOMBI

‘ KOTOPLBIX HMCIOT 60.HI>LHYIO aCuM-

" _E METPHIO TPAaBHTAIMOHHBIX MOJEH,

s | o4eHb OBICTPO BHITEKAIOT JaKe Yepe3

MUKPOCKOITMYECKHUE OTBEPCTHSI.
bnarogaps meperekaHuio 3apsa0B U3 MOJIEKYJ BO3ayXa B

Pwue.24

MOJIEKYJIbl BOJIbI, CUJIBI MPUTSDKEHHUSI MEXKTy MOJICKYJaMH BO3yXa
YBEJIMYMBAIOTCS U OHU 00pa3yIOT Ha MTOBEPXHOCTH BOJIBI INICHKY I10-
BEPXHOCTHOT'O HaTsKeHHA. TOYHO Takas e IJIeHKa oOpas3yercs
Ha MMOBEPXHOCTSIX TBEPABIX TEIL.

Ona o0ycnaBnuBaeT M CHIKEHUE PPEKTUBHOCTH TajlbBa-
HUYECKUX 3JEMEHTOB B PE3yNbTaTe H3OJSIHU IIOJIOKUTEIBHOTO
3JICKTPOJIa OT AJEKTPOJINTA, Ta30BOM MIeHKOW. Bo n3bexxanun mo-
JSIPU3AINH, 3JIEKTPO IIPUXOJUTCS OKPYXKATh OPHCTON N3OJISIHEH,
npeHa3HAuYCHHON Il a0COPOIMH T'a30B BBIACISIONIMXCS TP pa-
6oTe neMeHTa. B Bakyyme MOBepXHOCTHas IUIEHKA BO3AyXa HE 00-
pa3yercsi, 4TO IPUBEJIO K CBapKE IIAPHUPOB JIIOKa KOCMHUYECKOTO
KOpaOJIsi, W3-3a Yero 4yTh He Morud KocMoHaBT JIeoHOB. [rJ1.3].

12. O CUHTE3E

Deonoyua mamepuu 6 npupooe npeocmaeisaem codou 00HO-
HANPABIEeHHbLL U HeOOPAmUMBbLIL NPOUECC HENPEPbIGHOZ0 CAMO-
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HPOU3BOJILHO20 YCOHCHEHUA €€ CIPYKmMYPblL 8 pe3yibmame 00b-
eounenus (cunmesa) 6o1ee npocmulx Yacmuy 6 6oJee cloxHcHble
CMpYKmypHbule 00pa3oeanusi.

Korna Bel ocTaBisieTe Ha yiaulle KeJIe3HbIA I'BO3/b, OH MOKPbI-
BaeTCs P’KaBUMHON. P>kaBumHa - 9TO OKHCEN XKele3a, TO €CTh 0olee
CJIO’KHOE BEIL[ECTBO, YEM YHCTOE KeJe30. A eClU PsI0M C HUM ObLIa
emé u cepa, TO MONYYUTCS MOJIEKyIa cylbhuaa uim cynbdara xe-
Je3a, KoTopas emié 6osee CloKHasi, YeM MOJIEKYJIa OKHCIIA.

U ecnu 3TO yClIO)KHEHHE MPOUCXOJIUT B TEUEHUU HECKOJIBKHX
MUJJIMOHOB JIET, a MPUPOAbl TAKUM KOJIMYECTBOM BPEMEHH pacro-
Jlaraet, TO HeM30€KHO TOsIBUTCS KaKasi-HUOY/Ib 1Ie30KCUPUOOHYKJIe-
MHOBAs KUCIIOTA. A 32 HEl M JKMBas KJIETKA U B KOHIIE KOHIIOB YeJo-
BEK...

IIpnyém mpu cuHTE3e BCEra BBLACIACTCS HEKOTOpPas MOLI-
HOCTb, IPONOPIIMOHANIbHAS BO3HUKaIoLIeMy JeeKTy Beca. B Hayke
3TOT Ae(eKT Beca OIMOOYHO Ha3bIBAETCs "IeeKTOM MacChl” U CUH-
TaeTcs, 4TO OH, AKOOBI, XapaKTEepPU3yeT, TaK Ha3bIBAEMYIO, SHEPTIHIO
CBSI3M YaCTHII.

Ho BoT 00OpaTHBIif Tpotiece B mpupoie HeBO3MoKeH. HUKkTo Hu-
Korja He HaOJoa, YTo0bl pyAa, TO €CTh U3 CMECh OKHCIIOB, CYJIb-
¢bua0B, CaMONPOU3BOJILHO Paclaaach Ha COCTABHBIC AIEMEHTHI U
MOJIyYMJIOCh YHCTOE JKEJI€30 UM MEJIb WM €L YTO-TO YUCTOE.

U xots B mpupoie cymecTByeT 6€CKOHEUHOE KOJTMYECTBO YPOB-
HEll CHHTE3a, 4eJOBEK IMOKa MOXKET HaONI0IaTh TOJBKO J(BAa BUA.
Oto cunTe3 HU3KoTemnepaTypHslii (HTC), nmpu KOTOPOM ITPOUCXO-
JUT TIPOCTOE CIUSHUE aTOMOB B MOJIEKYJIbI C BbIIEJICHUEM CPaBHU-
TEJTHLHO HEOOJIBIIIOr0 KOJIMYECTBa Teria (puc.2S).

[IpumepamMu Takoro cCuUHTE3a, SBJISIOTCS OOBIYHBIE MPOLECCHI
OKHCJICHUS UM TOPEHUSI.
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PaccmoTpum, Hampumep cuHTE3 OOBIUHON BOAbl. [lomycTtum
uMeeTcsl HeKOTopasi EMKOCTh, 3allOJIHEHHAs CMEChI0 BOAOpOAa U

‘ Kkuciopoza. Tak Kak ra3pl UMEIOT JOBOJIBHO
“p-+@) | @+ | OGONbLIYIO OTPHLATENBHYIO ACHMMETPHIO

: TPaBUTALMOHHBIX MOJIEW aTOMOB, (OTpHULA-
TeNbHBIA 3apsij) OOYCIABIMBAIOIIYIO HUX

Lﬁ- 49 I.i @1»-@—

w HUX aTOMBI B CMCCH HaxOoJATCA Ha HCKOTO-

cTpeMiIeHHe GECKOHEUHO PAacHIUPATHCS, TO
o PBIX PACCTOSHMAX APYT OT ApPyra U HHKaK

HE pearupyror.
Ho npoctatoyHo MUKPOCKONMMYECKOM

Puc.25

HCKpBI, KaK aTOMBI Ta30B MTHOBEHHO IO BCeMY 00BEMY 00beINHS-
I0TCs1, 00pa3ysl CMeCh OTPUIIATEIHHO 3apsHKEHHOTO BOJISIHOTO Tapa ¢
OTPULIATEIILHBIMU YaCTUIIAMH, CUJIAMU OTTAJIKUBAHUSI KOTOPBIX, EM-
KOCTb paspyiaercs. To ecTb IPOUCXOAUT B3pbIB. MexaHU3M 3TOro
Ipolecca J0BOJbHO MPOCT.

Hckpa mpencrapnsionas co00i MOTOK 3JIEKTPOHOB, IBUXKY-
IIUXCSI C OTPOMHOM CKOPOCTBIO, KOTOPBIE CO3JAI0T YAApHbBIE BOJIHBI
B IPaBUTALIMOHHOM T0JI€ (CBE€YEHUE). ITU yAAPHBIE BOJIHBI, BO3/ICH-
CTBYIOT Ha aTOMBI Ta30B, COMMKasi UX HACTOJBKO, YTO CHJIBI TPaBU-
TAIMOHHOT'O PUTSDKEHUS MKy aTOMaMU HaUMHAIOT MPpeo01aiaTh
HaJ[ CWJIAMH 3JIEKTPUYECKOTO OTTAIKUBAHUS

OTH CUJIBI TPABUTAIIMOHHOTO TPUTSHKEHUSI COMMKAIOT aTOMBI
HACTOJIBKO OBICTPO, YTO BO3HHMKAeT cpepruecKkasi yaapHas BOJHA,
pacnpocTpaHsIoNIascs Mo 00bEMyY U CO3/Iar0Iast TABUHHYIO LIETTHYIO
PEaKIUIO CUHTE3a ATOMOB I'a30B B MOJIEKYJLY BOJBI.

Btopo#i BujJ cHHTE3a — 3TO BBICOKOTEMIIEPATYPHBIA CHUHTE3
(BTC), npu KOTOPOM aTOMBI, YYaCTBYIOIIME B MPOIECCE CHUHTE3A,
HaxXOoJATCS B HCUOKOM COCTOSIHUHM, O KOTOPOM COBPEMEHHAs HAYKa,
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no mmitoctu Pesepdopaa u nopaa KenbBuHa, HE UMeET HU Maei-
HIETO MPEACTABICHUS U IIOATOMY OHU MOTYT CIIMBAaThCs BMECTe, 00-
pasys aToMBbI 00Jiee TSHKETBIX SJIEMEHTOB (PHC.26).

[Ipu sTom BeIAENseTCa orpoMHasi MOITHOCTH (W), KOTOpyrO
HCCYT 3JICKTPOHEIL. Takne MpoHeCChbl CUHTE3a MOTYT UATHU TOJIBKO B
YCJIOBUAX KOJIOCCAJIIBHOTO JABJICHUA U TCMIICPATYPC 60.]166 MWJIJIN-

_ | oHaTrpaxycoB, KOTOPBIE CYIIECTBYIOT B II0-

Pt f'e _@* - BEPXHOCTHBIX CJOSIX 3BE3]l WM B LIEHTPE

o aTOMHOTO B3DBIBA.

*W 3 B Gonee rimy0okux cimosix 3BE3N HOYT
- MPOIIECChI CHUHTE3a 3JIEMEHTAPHBIX YaCTH

" 4 U3 CyOd’JIEMEHTapHBIX, TaK K& HaXOJs-

W -

-

W
b m=

muxXcAa B XKHUAKOM COCTOSAHHUHU M UMCIOIITUX

ns eni¢ OoJee BBICOKYIO TEMIIEPATypYy.
Pa.26 [Ipu 3TOM BBIIENSETCS MOIIHOCTH Ha

NOPSKUA TPEBBIIIAIONIAS MOLIHOCTh CHHTE3a Iellns, MPOUCXOs-
IIEer0 Ha MOBEPXHOCTH 3BE3]]. TO HEHAOII01aeMblii HAMU CBEPXBHI-
cokotemnepaTypHblii cuHTe3 (CBTC), KOTOPbIN MOAAEPKUBAET BbI-
COKOTEMITIEPATyPHBIN CUHTE3, NIYIINI B TIOBEPXHOCTHBIX CIOAX U O
KOTOPOM Y€JIOBEYECTBO HE MMEET HU MAJICHIIETO MTPEACTABICHHUS. . .

CoBepIIEHHO NOHATHO, YTO HUKAKHUX IPOLIECCOB XOJOIHOTO
snepHoro cuHte3a (XSIC) B IpHUpPOAE CYLIECTBOBAaTH HE MOXKET,
KpOMe€, TaK Ha3bIBaEMBIX "XMMMUYECKHUX' IPEBPAIICHUNA WIN peak-
U, UIYIIMX UHOT/IA JaXKe ¢ IOHMKEHUEM TeMIiepatypsl. Tem 0o-
jiee, 4TO y aTOMOB HET M HE MOXET ObITh HUKAKHX SIZIEp.

(Ilpasoa yuénvie 06 smom noka He 002a0bIEAIOMCA U NOIMOMY
OYeHb CUNLHO 3aHAMbL OECNIOOHBIMU NOUCKAMU D020 CAMO20 X0JI00H020
A0epHo20 cunmesa).

B3pbiB BoJOpoHON GOMOBI, 3TO MPUMEP BBICOKOTEMIEPATYp-
Horo cuHTe3a (BTC), npoucxoadiero ¢ BbIICICHUEM KOJIOCCAIb-
HOM MOUIHOCTH, COIPOBOXIA€MOW 3HAYUTEIbHBIM ITOBBIIICHUEM
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JABJICHUSI U TEMIEpPaTypbl, KOTOpas MOJAJIEP>KUBAET aTOMbI BOJO-
poJia B 30HE PEaKIIMH B )KUIAKOM COCTOSIHIH, 00yCIaBIMBasi BO3ZMOX-
HOCTb UX CIIUSIHUS B @TOMBI T'eJIHSL.

Onnako 000J09Ka BOJOPOIHON OOMOBI HE MOXKET MPOTHUBOCTO-
SITh TAKOUW TEMIIepaType, OHA MOYTH MTHOBEHHO IJIABUTHCS U Pa3py-
11aeTcsl KOJOoCCAJIbHBIM JIaBJIEHUEM B 30He cuHTe3a. [loaTomy B pe-
aKIIMM yCIIEBAET MPUHATh YYACTUE OYEHb HE3HAUUTEIIbHOE KOJInYe-
CTBO MCXOJIHOTO BEIECTBA, B HECKOJBKO JECATHIX JIOJIEH MPOIIEHTA.
[TonbITKM YUEHBIX 3aITyCTUTDH PEAKIINIO CHHTE3a B KaKOM-TO ademep-
HOM MarHUTHOM JIOBYILKE, KOTOpas JOJIKHA BBIICPKUBATH OTPOM-
HOE€ JaBJIEHUE, [0 MEHbUIEH Mepe TaK K€ HauBHBI, KaK MOIBITKU
IIOIHATE ce0sl 3a BOJIOCHL.

EQvHCTBEHHBIN peallbHBIN IIyTh B 9TOM HAIIPABJICHUH, ITO UC-
MIOJIb30BAHUE PEAKLUUN CHUHTE3a C Y4YaCTUEM YypaHa U TKEIBIX
TPAHCYpPAHOBBIX AJIIEMEHTOB, TJI€ YEJIOBEYECTBO YK€ JOCTUTIIO HEKO-
TOPBIX PEATbHBIX PE3YNbTATOB. [IpH CHHTE3€ MOJIEKYISIPHBIX COEIU-
HEHUH, BBIJICJICHUE MOITHOCTH U MOBBIIIEHUE TEMIIEpATyphbl HE3HA-
YUTENIbHO, T03TOMY CIIUSHUSI aTOMOB HE MMPOUCXOJIUT, & OHU IPOCTO
00BEAUHSIIOTCS] B MOJIEKYJIBL.

OO0GpIuHOE TIIaMSl, HAIpUMED, MPECTABIsAET COOOM MpoIecc
CHUHTE3a MOJIEKYJI TOPIOUHX BEIIECTB C MOJIEKYJIaMH KHCIIOPO/a, CO-
MIPOBOXK1a€MBI OTHOCHTEIHFHO HEOOIBIIINM, IO CPABHEHHIO C BBICO-
KOTEMIIEPaTypHbIM CHHTE30M, BBIJEICHUEM MOIIHOCTH U HEOOJb-
[IMM TOBBIIIEHUEM TEMIIEPATYPHI.

HerpyaHo npencraButh cede, Kakast MOKET BBIICTUTHCS MOIII-
HOCTb, HalpuMep, MNPy CHHTE3€ MPOTOHA U3 CYy0dJIEMEHTapHbIX Ya-
CTHII, KOTOPBIM MPOUCXOIUT B INIYOOKUX CIIOSIX TOBEPXHOCTH 3BE3I.
A crenoBaTenbHO, YTOOBI "PACKOIOTH" MPOTOH, HY)KHO 3aTPATHUTh
TaKylo 0OJIbLIYIO MOLUTHOCTb, KOTOPOI YEIOBEUECTBO €/1Ba JIU KOT/Aa-
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HUOYAb OyJeT pacnonaraTs. A MOATOMY BO3HS C aIpOHHBIM KOJLTai-
nepom, roBops cinoBamu @DeiiHMaHa, sBIsSETCS OOBIKHOBEHHBIM
HayBaTEJIbCTBOM.

Ilpoueccovr pacnada mamepuu ecezoa mpeodyom 3ampamal
MOWHOCMU, NOIMOMY OHU 603MOICHBL MOJIBKO KAK C1e0CMmeus
unu nodounvie IPhekmol Kakux-mo 60nee MOUWHBIX NPOUECCOB
cunmesa.

Hukakux oOpaTUMBIX MPOIIECCOB B MPUPOJIE HE CYIIECTBYET,
9TO Takas e (PUKIM, KaKk U BeUHbIH ABUrarens. Hampumep, mpo-
necc "pa3pyumieHus" KelIe3HbIX KOHCTPYKIIMN B pe3yibTaTe KOppo-
3UH, IPEJCTaBIsIET co0O0M mpoliecc cuHTe3a 6ojiee CI0KHOTO Bellle-
CTBa - OKHCIIA jKeJie3a, XOTs B IIKOJIaX U By3aX y Hac CO3JaloT CO-
BEPILIEHHO MEPEBEPHYTOE MPEACTABICHUE 00 ITOM, YBEpSsis, YTO I3TO
MpolLIeCcC pa3pylICHUs Kele3a.

W takumu u3Bpam€HHBIMU MIPEICTABICHUSIMI H300MITYET CO-
BpeMeHHas Hayka. J100oii mpoliecc cMHTE3a, a He TOJILKO CHHTE3a
OKHMCJIA )KeJie3a, Bceraa UAET CaMOIIPOU3BOJIBHO, C BBIIEIEHUEM TOU
WJIM MHOW MOIIHOCTH B BUJE TeIia. A JUIsl TOTO, YTOOBI Pa3AeIuTh
BEIIECTBO Ha COCTABJIAIOIINE AJIEMEHTHI, IPUXOIUTCS 3aTPauyMBaTh
onpeAenéHHYI0 MOLTHOCTb, UCIOJNB3YS APYroil, 0osiee MPUOPUTET-
HBIM ¥ MOIIHBIN MTPOIECC CUHTE3A.

Hanpumep, nporiecc cuHTe3a yriieKUcIoro ra3a, B pe3yybrare
KOTOPOTO yriAepoJ OTOPBET aTOM KUCIOPOAA OT MOJEKYJIbl OKUCIIA
U TIPUCOEAMHHUT €ro K cebe. ITO mpoIecchl MPOUCXOSAIINE, HATIPH-
Mep, B IOMEHHBIX MeYax.

B pe3ynbTare Toro, 4T0 BOZHUKAIOMIHKA 1e(eKT Beca IPH CHH-
T€3€ YIJIEKHCIIOTO Ta3a MPEeBbIIaeT U30bITOK Beca, BO3HUKAIOIINN
IpU pacnajie OKHCIa eljie3a, TO BIAESIONIeCSl MOITHOCTH CHUH-
Te3a ¢ M30BITKOM XBaTaeT Ha MOKPBITHE 3aTpaT HA paclaj] OKHCIIa.

Ecnu 661 B ipupo/ie MOT CYIIECTBOBATH CAMOTIPOU3BOIBHBIN
pacmaj, HaM He3aueM ObLIO Obl CTPOWTH JOMHBI MIIU KOHBEPTEPHI
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JUTSL TIOJTYYEHMsI YMCTOTO Kelie3a MM KaKOTO-TO JPYroro MeTayuia.
Jocrarouno ObUTO OB MO0 IATh, KOT/A JKeJIe3Has py/ia caMa pac-
nan€Tcsl Ha YUCTOE JKeJe30, cepy, KUcaopoa... Hezauem Obuto ObI
MOKPBHIBATh aBTOMOOMIIM aHTUKOPPO3UHHBIMH MOKPBITUSIMH. . .

IIpouecc cuHTe3a TSHKENBIX JIEMEHTOB B IPUPOJIE UAET 10 HE-
KoToporo npexaena. C pocTOM aTOMHOIO YKCJIA, CHIIbI PUTSKEHUS
MEXy IJIEMEHTApPHBIMU YaCTHUIIAMHU, U3 KOTOPBIX COCTOUT aToM,
YMEHBIIAIOTCA U aTOM MPHUOIMKAETCA K COCTOSIHUIO, OJIM3KOMY K
KUJIKOMY. YpaH, HapUMEpP, B YUCTOM BHJIC MPEJCTABISAET COOOM
MaTtepua, Jaxe 0osee IacTUYHbIN, YeM CBHHEII.

To ecTh CHIIBI IPUTSHKEHUS YaCTHI] B aTOME ypaHa O0CIIa0JICHBI
Y OH TPU B3aUMOJICHCTBUU C YACTUIIAMU UMEIOIIIMMH JOCTATOYHYIO
SHEPTUI0 (CUHTE3), OH MOXKET NEPEUTH B COCTOSHUE KUAKOM Karliu,
YTO C/IeTIaeT BO3MOXKHBIM €T0 paclaj M KaK pe3yJbTaT, 3amycK Jia-
BUHHOW pPEeakIuu CHHTE3a ero OOJIOMKOB C aTOMaMH OKpY>Karolei
CpEeJIbl U ATOMHOMY B3PBIBY.

CaMonpou3BOJIBHBINA paciaj; aToMa ypaHa HEBO3MOXKEH, TaK
KaK JJIsl 5TOTO HEOOXOAMMO 3aTPaTUTh BIIOJHE ONPEICIEHHYIO MOIIT-
HOCTh, MHAY€ OH MPOCTO ObI HUKOTAa HE CMOT 00pa3oBaThes. U ero
€CTECTBEHHAs PaINOAKTHBHOCTH O0YCIIOBJIEHA TOJHKO JIUIIH BHEIII-
HAMH BO3JICHCTBHSIMHU, & UMEHHO IMOTOKAMHU KOCMHYCCKHX YaCTHII,
KOTOPBIC HHUILIMUPYIOT Pacaj OTACIbHBIX aTOMOB, COTIPOBOXK/IAI0-
HIMXCSI CHHTE30M C BBIOPOCOM (M3ITy4E€HUEM ) YACTHUII, UMEIOIIUX BBI-
COKYIO MIPOHHUKAIOIIYIO CITOCOOHOCTb.

Ecnu takue 3neMeHThI ueabHO YKPAHUPOBATH OT THOOBIX U3-
Jy4YEeHUH, TO OHU MOTYT XPAHUTHCSA CKOJIb YTOJHO MPOIOJDKUATEIh-
HOE BpeMs, JaXe eclii OyIyT UMETh, TaK HAa3bIBAEMYIO KPUTHYE-
ckyto "maccy". MHaue roBops, "ecTecTBeHHas" paguOaKTUBHOCTH
TSOKETBIX AJIEMEHTOB U PAJIMOAKTUBHBIX M30TOIOB - 3TO PE3yibTaT
O0MOapIMPOBKH MX OBICTPHIMU KOCMHUYECKUMHU YaCTUIIAMHU.
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CaM mporiecc aTOMHOTO B3pbhIBa UMEET MEXAaHU3M, OTIMYAIO-
IIUICS OT OMKUCBHIBAEMOT0 B yueOHHKax (pusuku. B orcyrcrBum ¢o-
HOBOT'O M3/ Ty4eHUs HUKaKas IIeTHasl peakiysi HUKorja Obl He cMoTjia
Ha4yaThCsl U paboTa aTOMHBIX PEAKTOPOB Obli1a ObI HEBO3MOJKHA.

3a0myxaeHus, Hapsye B HayKe, y)Ke MIPUBEIH K TOMY, YTO
(U3UKN MBITAIOTCS PACKOJIOTH MPOTOH, COBEPIICHHO HE MOHUMAs,
YTO YeJIOBEYECTBO MOKA eMI€ He pacrojaraeT HCTOUHUKaMHU MOIITHO-
CTH, TIO3BOJISIFOILIUM PACKOJIOTh 3JIEMEHTAPHYIO YaCTHILY.

OcKoNKH, MOJy4yaroluecs: Mpu CTOJIKHOBEHUU IMPOTOHOB B
KOJUTaiifiepe, 3TO He €ro0 COCTaBHBIE YACTH, KaK OLIMOO0YHO M0JIaratoT
yu€Hble, a BCEro JIMIIb NPUIUIIINE K HeEMY JETKHe cyOaieMeHTap-
HBI€ YaCTHUIIbl, 00ECIEUNBAIOIINE ACHMMETPHIO €r0 TPaBUTAI[MOH-
HOTO TOJIS.

MouHoCTh He0OX0AMMAs ISl OCYIIECTBIICHUS pacmaja Jaxe
aTOMOB Telusi, He TOBOPS YK€ O pacrajie IpoToHa, JOKHA IPEBbI-
II1aTh MOILITHOCTb, BBIACTISIOIIYIOCS IIPU B3pBIBE BOAOPOAHOI OOMOBI.

Jlaxxe packoNoTh AOCTaTOYHO OOJIBIION aTOM »Kele3a 4elo-
BEKY IOKa €mI€ He MO/ CUIY.

13. O IPOCTPAHCTBE
N BPEMEHU

W3 ompeneneHuss MaTepUM COBEPIICHHO SCHO, YTO OHA HE
HYXKJaeTcs B TAKUX CYLIHOCTAX, KaK IPOCTPAHCTBO U BpeMs. Takue
MOHSITHSI, KaK MPOCTPAHCTBO, BPEMsI, Macca, SJHEPTHs, TEMIIEpaTypa,
AaBJICHUC U IMTPOYCC — 3TO TOJIbKO TCPMUHBI, TPUAYMAHHLIC JIIOAbMU
JJISL 0603HaquI/I$I HCKOTOPBIX CBOMICTB MaTCpHu.

Ilpocmpancmeo — 310 CBOWCTBO MPOTSHKEHHOCTH CaMOW Ma-
TE€PUH U TOBOPUTH O HEM B OTCYTCTBUU MaTepUH, COBEPIICHHO Oec-
CMBICJICHHO. MaTepus cama 1o ce0e U eCTh 00beM.
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NMeHHO 3TO CBOMCTBO MPOTSHKEHHOCTH MAaT€pUM U AAET HAM
BO3MOJKHOCTB MIEPEMEIIATHCS B HEM Ky1a yroaHo. Iloatomy MbI Bee-
r1a IMEEM BO3MO>KHOCTh ChE3/IUTh B COCEIAHIOIO JIEPEBHIO, HA Jady,
B Typuuto, Ha JIyny...

Bpems, kak ¢usudeckas CylHOCTh B IPUPO/JIE BOOOIIE HE CY-
LIECTBYET, 3TO JAXKE HE CBOKMCTBO MaTEPUH, a BCETO JIUIIb CBOMCTBO
YEJIOBEUECKOr0 CO3HAHUSl 3allOMUHATH KAKUE-TO MPOMEXYTOUYHBIC
COCTOSIHUS IIPOLIECCOB.

N Bpemst — 3TO cpaBHUTEIbHASI MEpA OTHOCUTEJIBHOW UHTEH-
CUBHOCTH KaKHX-J1100 mpouecco. Eciu Obl 1011 HE UMENH TaKOTO
CBOICTBa, KaK CO3HaHME U MaMsATh, OHU HUKOTJA ObI HE U300peIu
TaKOTr'0 MOHSTHS, KaK BPEMsI U CKOPOCTb.

N3mepenune BpeMeHH — 3TO CpaBHEHUE ITTUTEIBHOCTH KaKOTO-
anbo mporecca ¢ AIUTETHHOCTHIO JIFOOOTO MPOU3BOJIILHOTO IPO-
1ecca, IPUHATOTO 3a HTAJIOH.

B namewm cnydae ¢ JJIMTENBHOCTHIO TOBOPOTA 3EMIIM BOKPYT
cBoelt ocH. [Ipnuém 3TaoHOM MOXKET OBITh TOJIBKO MEPHOANYECKHI
IIPOILIECC, TOTOMY YTO CPAaBHEHHUE HENPEPBIBHBIX JIMHENHBIX MPOLEC-
COB — HEBO3MOXHO. OTCIO/]a JJOTUYECKH BBITEKAET HEBO3MOXHOCTb
CYIIIECTBOBaHUSI TaKOW (PU3MUECKOM KaTeropuu, Kak BpeMsl, BO-
oOmre.

Cneooeamenvho, 6 npupooe Henm 8pemMeHu U Mamepus cy-
wiecmeyem 6 6e4HO OJIAUEMCA HACIOAULEM.

PaznuuHOe TedeHne BpEMEHU B Pa3HbIX CUCTEMAaxX OTCUETA 110
JDKEHAYYHOH TEOpUH OTHOCHUTEIBHOCTH IMpPECTaBIsieT co0oil Open
YUCTEUIIEeH BObI, KOTOPbIA CTAHOBUTCSA OYEBHUIHBIM, CTOUT TOJIBKO
monpoOoBaTh OCMBICIUTE YTBEpXKAEHUE, uTO: "B cucreme A mpoxo-
IUT OOJIBIIIE BPEMEHH, YeM B cucteme b, 3a 01HO 1 TO ke Bpems .

bonee Toro, cucteMsl ¢ 3aMEVIEHHBIM MM YCKOPEHHBIM Te-
YEHHEM BPEMEHH, JIOJDKHBI ObLITH ObI cue3aTh U3 BUY, TaK KaK He-
BO3MO>XHO BUJIETh OJHOBPEMEHHO MPOIILIOE U OyayIiee.
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J171s1 TOTO0, YTOOBI BO3BPATUTCS HA3a/1 K MPOIIJIOMY COCTOSHHIO
KaKoro-Jmbo mpoliecca, ero HeOOXOIUMO 3aIyCTUTh B OOpaTHOM
HAaIpaBJIeHNH, YTO COBEPIICHHO HEBO3MOXKHO, TaK KaK 3TO IPOTHUBO-
PEUYHT BTOPOMY Hadalxy TEPMOJMHAMUKH.

A crnenoBatenbHO, Takas (pu3nueckas KaTeropusi, Kak Bpems,
B IIPHPOJIC HEBO3MOXKHA U MIEpPEMEIlIeHUE B IPOILIOe WK Oyayiee
BO3MOYKHO JIMIIIb B HAIlIEeM BOOOPaXEHUU U B (DAaHTACTUUECKUX pac-
CKa3ax.

14. O IBM)KEHUU
HEBECHBIX TEJI

Ha pucynke (puc.27) mokazaHo IBHXEHHE CIYTHHKA S 1O
AIUTMNITHYECKOI opOuTe. Hambonee ectecTBEHHBIMU /TS ABHXKCHUS

5 CIlyTHUKOB M IUIAHET SBISIOTCS

/ff:::""\g\@ﬂf: “::;;‘:: KPYTrOBbIE OPOMTHI, TJIE JABUKE-

5"’ 9 Y “\\ HHE TMPOUCXOIUT IO DKBHUIIO-

B g ‘ldﬂ TEHIMAIBHON TPAaeKTOPUH, HE

\ | op6ura TS | HapymaeMmoii HHKAKHM W BO3-

pyrosas 4 Av MyLIEHHAMH M HE TpeOyromee
\ J’A 3aTpaT SHEPTUH.

= - (Cnymmuux, osuoicy-

Puc.27 wuiica no Kpyzo06oii opoume, 6

0eKapmoeoii cucmeme Koopou-
Ham yuacmeyem 00H0BPEMEHHO 8 O8YX OGUNCEHUAX, 20PU3OHMAIbHO NO
Kacamenwvnoii ¢ 1-ii kocmuueckoii 'V, 013 0anHoil naianemol, CKOPOCHIbIO
U C60000HO nAOAsA 6ePMUKANbHO, HOO Oelicmeuem 2pasumayuoHHbIX
cu eé npumsadxicenus. B pezyiomame 3moz2o 0susricenus, 6 Kaxcovlii Mo-
MeHm pemMeHU paccmosanue om CHymHUKA 00 YeHmpa niaHemsl no-
CMOAHHO.)
B nonapnoii cucreme xoopauHaT 3T0 OyJIET ABMKCHHE IO
SKBUMOTEHIIMAJIBHOW TPACKTOPUU, PAANYC KOTOPOM MOCTOSHEH
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(R=const). [Tpu 3TOM HMKAKOTO U3MEHEHUS TPABUTAIMOHHBIX TIO-
TEHIMAJIOB, IEUCTBYIOIINX Ha CITyTHUK Ha BCEU TPACKTOPHUH ABHKE-
HUS, HE IPOUCXOANT. M mo3TOMY IIpH MOYTH MOJIHOM OTCYTCTBUH
COIIPOTHBIICHUS CPENIbI, CITyTHUK WM ILUIAHETa MOTYT JBUTATHCA 110
TPAEKTOPUH PaBHOI'O IOTEHIMAJIa OYEHb U OYEHbB JIOJITO.

VMeHHO nyTaHuLa ¢ AEKapTOBBIMU KOOpAMHATAMHU U IIPUBO-
JIUT K TOMY, 4TO YYEHbIE HE B COCTOSIHUM OOBICHUTH TAKUX MTPOCTHIX
BEIlIEH, KaK HalpuMep, Mpeneccust opouTsl MepKypus.

JIBrOKeHHE TIO DILTUNITUYECKON OpOMTE HECKOJIBKO OTIMYa-
ercs. [Ipn ABM>KEHHMH CITyTHHKA M3 amoresl 0 y4acTKy A Ha HEro
JeMCTBYET cuila, 00YCIIOBIEHHAs Pa3HOCTBIO IPABUTAILIMOHHBIX I1O-
TeHIManoB AR1, KOTOpasi, IPEBbIIIas TOPU3OHTAIBHYIO CKOPOCTH V,
OTKJIOHSIET CIIyTHUK, 3aCTaBJIsAsd €ro ABUrarscs mno kpusoit C. B ne-
purennu, Ha060pOT, €ro rOPU3OHTAIBHAS CKOPOCTh V IMPEBBIIIAET
CHITy, OOYCJIOBJICHHYIO Pa3HOCTBHIO TPABUTAIIMOHHBIX MMOTEHIHAJIOB
AR2, U3-3a 4ero, BBIXO/S HA y4acTOK B, cliyTHUK ABMKETCS 10 KpH-
Boi1 D.

B pe3ynbTare 3THX cCMENIEHU, BEI3BAHHBIX PA3HOCTHIO CKO-
pocrteii Ha ydacTkax A u B, annmunTuueckast opOuTa moBopaunBaeTCs
(mpenieccupyeT) B CTOPOHY IPOTUBOIIOIOXKHYIO HAlPaBIEHHUIO Bpa-
IICHUS CIIyTHUKA. JTa JIMHEHHAas Iperieccust MPUBOANT K "0OKaThI-
BaHMIO" (hOKyca 3JUIMIICA BOKPYT IIEHTpa IJIAHEThl U MEAJICHHOM
9BOJIIOLIUH JUTUITUYECKON OPOUTHI B KPYTOBYIO.

MexaHu3M 3TOW SBOJIONUU JOCTATOYHO TPOCTO OOBSICHS-
€TCsl B IOJISIPHOM CHCTEMe KOOpAMHAT. Bo3HMKaromas B pe3ysbrare
OTKJIOHEHHS TPACKTOPHH OT HKBUIIOTEHIIUAIIBHON, Pa3HOCTh I'PaBH-
TalMOHHOI'O MOTEHIIMAJIA, IPUBOANUT K BO3SHUKHOBEHMIO CHJI, KOTO-
pBI€ CTPEMSITCS BOCCTAHOBUTH KPYTOBYIO OpOHTY.

IIpockakuBasi TOUKY OKPYKHOCTHU C HYJIEBOM Pa3HOCTBIO I10-
TEHLMAJIOB, CIIyTHUK OTKJIOHSETCS B IPOTHBOIIOJIOKHYIO CTOPOHY,
YTO ONATh K€ INPUBOAUT K BO3HMKHOBCHMIO IPOTHBOIIOJIONKHO
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HalpaBJIEHHOW Pa3HOCTU MOTEHIMAJIOB U K KOJEOaHUAM TPAEKTO-
puu OpOUTHI.

B pesynbTare 3aryxaHus 3TUX KojeOaHWM, IIMITHYECKAs
opOuTa 3BONIOLIMOHUPYET B KpyroByto. Kpome Toro, HecoBnaieHue
IUIOCKOCTH OPOMTHI C IUAMETPAIbHON IIOCKOCTBIO IJIAHETHI, PH-
BOJUT €ILIE U K BOSHUKHOBEHUIO YITIOBOM IPELECCUU, KOTOpast Tak
JKe 0] JCMCTBUEM U3MEHSIOLIEHC PAa3HOCTU TPABUTALIMOHHBIX I10-
TEHLIMAJIOB, IIOCTEIICHHO BBIPABHUBACTCSL.

VIMeHHO n3-3a HECOBIAAEHUS IUIOCKOCTU OPOUTHI CITyTHUKA
C IMaMETPAIbHOM IUIOCKOCTBIO IUIAHETHI, CIIyTHUK ONHUCBHIBACT CHU-
HYCOUJAIBHYIO KPUBYIO Ha €€ MOBEPXHOCTH. CTPOro rosops, CIyT-
HUK JIBIDKETCS 1aXKe He 110 AIIUITUYECKOH OpOuTe, a 10 HEKOTOPOii,
OJM3KOM K 3JUTUIICY OBAJIbHOW TPAEKTOPUH, MO ACHCTBHEM MOCTO-
SIHHOTO U3MEHEHUA 2PAGUMAUUOHHBIX NOMEHUUAI06 HA Pa3JINY-
HBIX €€ yJacTKax.

JIBUTaThCS M0 KPUBOW OJIM3KON K 3JUIUICY, CITyTHHK MOYKET
TOJIBKO B TOM CJIy4ae, €CIIU TATOTEIOLIEE TEJI0, BOKPYT KOTOPOTrO OH
JIBYDKETCSI, HE HAXOUTCSA HU B OTHOM U3 (DOKYCOB 3TOH 3JIMIITHYE-
CKOM KPHBOM.

3axonbl Kemuiepa onuceIBaroOT, Kak JBUKYTCS KOCMHUYECKHE
TeJla, HO He OOBSACHSIOT NMPHUYUH, I0YEMY OHU Tak ABMXKYyTcs. [lo-
TOMY YTO 3TO JJa)K€ M HE 3aKOHBI, a MPOCTasi KOHCTaTauus (hakra.
Cam Kemnnep cumrai, 4To miIaHETh! ABMXKYT AHTEINBI. . .

W ecnu xn3Hb Ha 3emile IO NAJIEOHTOJIOTUYECKUM JaHHBIM
HACYUTBIBACT OKOJIO YETBIPEX MUJUIMAPOB JIET, TO 3TO 3HAYUT, YTO
YyeThlpe MUJUIMApJa JIET Ha3aj] OpOMTa Hallled IUIAaHEeThl yxKe Oblia
oueHb OnM3Ka K KpyroBoi. Ha miaHerax, ABMIKYLIMXCS IO OBaJlb-
HBIM OpOMTaM ¢ OOJIBIINM SKCHEHTPUCUTETOM CYIIECTBOBAHHE "HKH-
BBIX" OPraHW3MOB HEBO3MOXKHO, B CHJIY MEHSIOIUXCS B OOJBIINX
npezenax NpUpOAHbIX YCIOBUH MPH MEPEXoie U3 Iepurenus B ade-
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7l u 06paTHO. A Ternepb HECKOJIBKO CIOB 00 HCKYCCTBEHHBIX CITYT-
Hukax 3emun. MckycctBennble cnytHuku 3emau (MC3) merator
00b19HO Ha HeOoapmuX BhicoTax 400 -600 KUITOMETPOB, TAC CHIa
MPUTSDKEHUS JOCTATOYHO BEJIUKA.

HeBecoMmocTh KOTOpasi BO3HUKAET Ha CIIYTHUKE, HEBECOMO-
CTBIO B IOJIHOM CMBICJIE HE SIBIASIETCSA. DTO JIUIID WIIJIYO3UA, O6YCJIOB-
JIeHHasi CBOOOHBIM IaJICHUEM CITYyTHHKA MOJ JeHCTBHEM ero co0-
CTBEHHOTO Beca, KaKk B OTOpBaBLIeMcs JU(PTE WIK B CaMOJIETe, TTH-
KHUPYIOILIEM IO 1MapabonyecKoil TpaeKTOpHUH.

[ToaToMy 4TOOBI HE yNacTh, COYTHUK JOJIKEH UMETh TOpH-
30HTAJIBHYIO COCTaBJISIOLIYI0O CKOPOCTH PaBHYIO, TaK Ha3bIBAEMOM,
nepBoi kocMuieckor. HacTosinias HEBECOMOCTh MOXKET CYIIECTBO-

BaTh TOJBKO HA BHICOTE MPEBBILIAIO-
el paanyc IUIAHETHI, TAE €€ CHIIA TS-
TOTEHHUS] CTAHOBUTCS HUYTOXKHOU H
rae, coOCTBEHHO M HAYMHAETCHd OT-

KPBITBIM KOCMOC.

910 BhicoTa 6300 KHIIOMETPOB
u Oonee. Ha Takux opburax ropusoH-
TajbHasi CKOPOCTh CITyTHHKAa MOXET
OBITh Jake HYJIEeBOM. B ciyuae coBnaieHus HanpaBieHUsI BpaleHUS

/
opbuTa B

Puc.28

CIIyTHHKA C HallpaBJIEHUEM BpallleHUs1 3EMIIH, €r0 YIJI0Basi CKOPOCTh
OyzeT paBHa YIJIIOBOW CKOPOCTH CYTOYHOTO BpAILEHHUS IUIAHETHI U
CIIYTHHK MOYKET BHCETh HaJl 11000 e€ Toukoil HermoaBuxHO. U mo-
NOOHBIE OPOUTHI MOTYYMIH HA3BaHUE T€OCTAIIMOHAPHBIX.

O Toukax JlaHrpaska

Henonumanue y4€HbIMU CYTH SIBJICHMSI TPaBUTALMH, a TaK
e HeJIeNoe JIOMyIEeHUE, UTO JiBa HeOECHBIX Tella, HEe UMEIOIINX Ma-
TEpUaNbHOM CBSI3U, MOTYT BpAIlaThCsl BOKPYT KAKOro-TO MU(uU4e-
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CKOT'O LIEHTpa Macc, MPUBEJIO K U3MBIIIJICHUIO HEKUX TOYEK JINOpa-
IIUH, B KOTOPBIX TPEThE TEJI0, HAXOIAIIeecs] B TOU cUcTeME, HEMo-
JBUKHO OTHOCUTENIBHO JIBYX JPYTHX.

Touka C (puc.28), B KOTOPOIl CHUJIBI TPABUTALIMU IBYX KOC-
MUYECKUX TeJ YPaBHOBEIIEHBI OTHOCUTEIHHO TPEThETO, JCKUT Ha
MPSMOM, COEAUHSAIOLIEN LIEHTPHI ABYX ATUX TEJ U HAXOIALIEHCS Ha
PACCTOSIHUSAX OT ATUX Tell, ONPEASIIIEMBIX COOTHOIIIEHNEM KYOOB UX
paarycoB, KOTOPbIE MOXHO OMPEIENUTh 10 hopmyie:

Sa=(Sp*Ra®)/Rp>. rie

R - paouycwvr nebecnvix men,

S — paccmosinus medncoy Humu.

DTO TOYKA HEYCTOMYMBOTO PAaBHOBECH S, KaK Ha BEPIIIUHE KO-
HyCa WX Ha TPaHu MPU3MBI U TEIIO JIBUXKYIIEECs 10 OpOUTE, POXO0-
JSIIIEeH yepes 3Ty TOUKY, TM00 OCTaHeTCs Ha OpOHUTE BOKPYT Tena A,
6o Oyzaer 3axBadeHo TeJIoM B u mpeBpaTHTCS B €r0 CITyTHHK.

15. O CTPOEHUHU U OBPA3OBAHUHA
HEBECHBIX TEJI

OcHOBBIBasiCh Ha Hay4HBIX JaHHBIX U OCOOCHHOCTSIX (U3U-
YECKUX B3aUMOJICHCTBUN MaTepUaTbHBIX OOBEKTOB MOXKHO JIETKO
MOCTPOUTH JIOTHYECKH HEMPOTUBOPEUMBYIO TEOPUIO0, OOBSICHSIO-
Iy OOJBIIMHCTBO SIBJICHUH B KOCMOCE.

Bo-nepBbIx, HUKaKOTro 00JIBIIOr0 B3pbIBa HE OBUIO U OBITH HE
MOIJIO - TBOPEHUE MATEPUU W3 HUYETO MPOCTUTEIBHO TOJIBKO IS
OMOJICHCKUX CKA30K, a HE JUIsl HAYYHBIX TEOPHH.

Bcenennas — 3To maTepus, oHa fe3HauaibHa U 0eCKOHEeYHA.
Matepus cymiecTBoOBaja BCeria u Bceraa OyaeT cymiecTBoBaTh. Hu-
KaKuX MPUYMH €€ BOSHUKHOBEHHUS, HET M HUKOT1a He Obu1o. EE 3Bo-
JOIUA MIOET O MOPOCTOM CXEME HENPEPBIBHOTO YCA0NCHEHUA
CMPYKmypbl, COTJIACHO MPHUHLHUITY BO3PACTAHUS SHTPONUU U BTO-
pOMY 3aKOHY TEPMOJAMHAMUKH.
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Teopus 60onvbuo020 63pviea OCHOBaHA HA HEBEPHOM MTOHHMa-
HUM, MPUYUHBI TaK HA3bIBAEMOTO "KPACHOT'O CMEILIECHHS", KOTOPOU
ommbo4YHO cumTaroT 3dext Jlonmuepa, oOyCIOBICHHBINA yae-
HHEM KOCMHYECKHX 00BEKTOB OT HAOJFOaTeIs.

Hpumeuanue! Booouie-mo ecnu ouensv 00120 Haba0OAmMs 34 co-
CHOAHUEM HPUPOObL MONHCHO NPUIIIMU K COBEPULEHHO NAPAOOKCATIbHOMY
661600y, Umo eéemep O0yem, NOMomy Ymo oepeevs Kauaiomcsa. H oasxce
MOIHCHO J1€2KO HAUmMU OnvlmHoe nodmeepmdenue IMO20 AG/ICHUA. ,ZIO-
CHAMOYUHO NPOCMO ROMAXAMDb GEMKOU Neped JTUUOM, UHOObl ouly-
mump osuricenue 6030yxa. Bom na smom aocyponom npunyune meope-
MuKu U nocmpouiu C60r0 meopuro 33é30006pa308anuﬂ.

NMeHHO Ha 3KCTpamnoJiAlii 3TOr0 HECYIIECTBYIOIIETO pac-
[IMPEHUS BCEJICHHON BBICTPOCHA TEOPUS OOJIBIIIOTO B3phIBA H COOT-
BETCTBEHHO, BeIUKCIeH €€ "Bo3pact”. Kak yxxe ObIJI0 CKa3aHO BHIIIIE,
T00bIE KOCMHUYECKHE OOBEKTHI 3TO IYCTOTENbIe O00pa3oBaHUS,
c(hopMHUpPOBABIIKECS B YCIOBUSIX HEBECOMOCTH.

Cynga mo moTOKY M3JIy4€HHUs KOJOCCAJIbHOM MOIIHOCTH, B
rryouHe 000J04YeK 3BE3J, HAXOMSIIUXCS B OYEHb ropsdeM 'pac-
MJIaBJICHHOM" COCTOSIHUU, UAYT MPOLIECCH CHHTE3a aTOMOB pa3iny-
HBIX 3JIEMEHTOB IMEPUOAMYECKON CUCTEMBI M3 3JIEMEHTapHBIX 4Ya-
CTHII.

Jlerkue nmpoayKThl 3TOr0 CUHTE3a B BUJIE CMECH DJIEMEHTap-
HBIX YaCTHUIl U aTOMOB Pa3JIUYHBIX 3JIEMEHTOB, BOJIOPO/IA, TEIUs U
HEKOTOPBIX JIPYTUX, BCIUIBIBAS CKBO3b KHUAKYIO 000JI0UKY, (hOpMu-
PYIOT Ta30ByI0 aTMOchepy 3Be3/1bl, BEPXHHUE CIION KOTOPOH, B CIIEI-
CTBUU OOJIBIIION aCHMMETPUU IPABUTAIIMOHHBIX MTOJIEH aTOMOB U 3a-
PSKEHHBIX YACTHII, UX 00pa3yIOIINX, C OTPOMHON CKOPOCTHIO UCTE-
KalOT B KOCMUYECKOE ITPOCTPAHCTBO B BUJE "3BE3THOrO BeTpa'.

A Tak Kak 3Be3/1a peICTaBiIsieT co0oii (puc.29) mycrorenoe
oOpa3oBaHHe, B IICHTPE KOTOPOTO BaKyyM, TO MPOJYKTHI CHHTE3a
TaK kK€ UCTEKaIOT U BO BHYTPEHHEE MTPOCTPAHCTBO 3BE3/IbI, CIIOCO0-
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CTBYsI MOBBILIEHUIO B HEMl BHYTpeHHero jaamiieHus. MHorma B pe-
3yJbTaTe MPOPbIBA HAPYKHOM 000JI0UYKH MPOTYKTHI CHHTE3a BHIOpa-
CBIBAIOTCSI B KOCMUYECKOE MPOCTPAHCTBO B BUJIE TIPOTYyOEpAHIIEB.

Ho xak To1pK0, B pe3yIbTaTe OCThIBAaHHS 000JIOUKH M HAKOII-
JICHUS B HEW TSDKENBIX DIIEMEHTOB, BHYTPEHHE JaBIICHUE MPEBBICUT
HEKOTOPYIO KPUTUYECKYIO BEIUYMHY, OHO Pa3opBET OOOJOYKY H
pa3dpocaeT CKOMMBINYIOCS BHYTPH HEE MaTepUIO B OKpYXKarollee
MPOCTPAHCTBO B BHJIE TOPSYHNX KaIellb, [0 KacaTeIbHBIM, TIPEBPATUB
TakUM 00pa3oM, 3B€3/ly B CBEPXHOBYIO.

OTU Karuy, pas3yieTasch Mo KacaTelbHBIM U (OpPMUPYSCH B

npotyGepaHew YCIOBHAX KOC-

HapyxHas xpomocdepa o
B B o MHUYCCKOHU HE-

HapyKHas knakas obonoyka
BE€COMOCTHU CBO-
o6Gonoyka us

cyBanemMeHTapHbIX 4acTHL| MU IOJIAMHU
BHYTPEHHSIS XnaKasi OBONOUK TITOTEHUL B

OOJIBIIIME U Ma-
Jple  MIAPHKH,
o0pa3yroT 11a-
HETHI, KOTOpbIE
JIBUTASICh B Tpa-
Pnc.29 BHTAIlHOHHOM

OJIe 3BE3/1bI MPUOOPETAIOT BpallaTeIbHbIA MOMEHT.

BoyiHOBBIMM B3aMMOJEHCTBUSAMHU C TPAaBUTALMOHHBIM I10-
JIeM 3B€3/1bl, OHH TIOCTENEHHO CTA0MIM3UPYIOTCS Ha AJUTUITHIECKIX
opbutax Bokpyr He€. Ho m3-3a OONBIINX HAYATBHBIX JIMHEWHBIX U
YIJIOBBIX MPELecCuil JUTMITUYECKUX OPOUT, CYIIECTBYET OOJIbIIast
BEPOATHOCTH UX MEPECEUEHUs U CTOJIKHOBEHUH TUIaHET Ha OpOuTax.

Ecan cronkHyBHmIMECs NIaHEThl JOCTATOYHO TOpSAYH, OHH
IIPOCTO CJIMBAIOTCS B OJHY OOJBIIYIO, & €CIU YK€ OCTBIBIIHME, TO
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pacKaiblBalOTCS Ha YacTH, U3 KOTOPBIX 00pa3yloTCs pa3IuyHbIe MO-
sca acTepousoB. YacTh 3THX OOJOMKOB, MOJYYHBIINX OOJBIIYIO
Ha4aJIbHYIO CKOPOCTh, MOTYT IIPEBPATUTCS] B KOMETHI.

HeGonpmme, emé Kuakue Karum MOTYT OBITh "3axBayeHbI"
IPaBUTALMOHHBIMU TIONSIMU Oo0Jiee KPYIMHBIX U MPEBPATATCS B HX
CHyTHHKH. Tak Kak Bce IUIaHEThl 00pa3yroTcs U3 OpBI3T 000I0UKH
3BE€3/1bl MIPAKTUUYECKH OJTHOBPEMEHHO M B HMX MIYT OJIHU U TE€ K€
IPOIIECCHl CUHTE3a, TO UX "XMMHUYECKHI" cocTaB OyAeT pa3anyaTbCs
OYEHb HE3HAYUTENBHO.

Ha mpotspkeHnn MHOTMX MWUIAAPAOB JIET, SJTUITUYECKHE
OpOUTHI TUTAaHET HEU30EKHO 3BOITIOIUOHUPYIOT B KPYTOBBIE, YTO U
HaOJIIOJaeTCs B COJIHEYHOM CHUCTeMe B HacTosiiee Bpems. Heznauu-
TENbHBIA IKCIICHTPUCUTET TUIAHETAPHBIX OPOUT — 3TO CBHJIETEINb-
CTBO IIPOLIECCOB, MPOUCILIEIINX B T€ JaIEKUE BpEMEHa.

Bpaimasice BOKpyT 3Be€3/1bl, IIJIAHETHI TOCTETIEHHO OCTHIBAIOT
Y Ha HUX MOSBIISIOTCS YCIOBUS ISl HU3KOTEMIIEPATypPHOTO CUHTE3a
[r1.9] pa3nuyHBIX OPraHWYECKUX COEOUHEHMM, KOTOpBIE 4Yepes
COTHU MUJUIMOHOB JIET 00pa3yIoT paCTUTEIbHBINA U KUBOTHBIN MHUP.
A Ha 3Be3]Ie TeM BPEMEHEM Pa3BUBACTCS CIECAYIOIIUNA IHKIL.

Ecnu 3Be31a noctatoyHo Oosnblas, TO MPEX]IE YeM OCTHITh
OHA MOJKET MEPEKUTh HECKOJIbKO TAKUX B3PHIBOB, XOTS MacIITaObI
U TIEPUOJIBI MIX C KaXIBIM pa3oM OyAyT yMEHBIIAThCS.

N ecnu Ha HEKOTOPBIX TUIAHETAX 3TOW 3BE3HOU CUCTEMBI K
TOMY BPEMEHH YCICIOT CPOPMUPOBATHCS Pa3yMHBIE OPTaHU3MBI, TO
JUTSL HUX 9TO OYZIeT IPEICTaBIATh ONPEISIEHHYIO OlacHOCTh. Harrre
CoJiHIIE YK€ MPONUIO TAKOW UK.

U Bo3MOXHO, 4TO HE oquH. BiojiHe MOXXET CTaThLCS, UTO 3€M-
JSH KIET emé HedTo nmojoOHoe. EquHCTBEHHOE yTelleHUe B TOM,
YTO YEJIOBEYECTBO K TOMY BPEMEHH CMOKET HAUTH peajbHBbIN CIIO-
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co6 m3bexarp rudenn. CHHTE3 3JIEMEHTOB IEPUOJAMYECKOM Taod-
JUIBI U UX COEIMHEHUH, IPOAOIKAETCS B TOPSIYEM CII0€ 000T0UKU
IUTAHETHI U B HACTOSIILIEE BPEMSI.

Tam B rimyOrHE 36MHOM KOPBI B pacIlIaBICHHON MaHTHH, €111¢
MPOJIOIHKAFOTCS TIPOLIECCHI CHHTE3a [IJ1.9] OONBIIMHCTBA AIIEMEHTOB
MEePUOIUYECKON CUCTEMBI — JKelle3a, KaJblus, KUCIOPO/Ia, a TaK Ke
BBICOKOMOJICKYJISIPHBIX COCIUHEHHUH - MeTaHa, HeTH, KAMEHHOTO
YIS ¥ IPYTHX, YTO MPUBOAMT K MOBBINICHUIO B HEH TaBICHUS.

B pesynbpTraTe 3TOr0 ropsiure npoayKThl CHHTE3a 4acTo Mpo-
PBIBAIOTCSI CKBO3b
BHEUIHIOID  3€M-
HYIO KOpY B aTMO-
chepy B BUIC H3-
BEPXKEHUU BYJIKaA-

@ KOCMOC

HOB. A UX NIPOPHIB

BO BHYTPCHHIOIO
Fazges sedozg ITIOJIOCTh IINIIAHCTHI

wapa.

MPUBOJUT K OMyC-

Puc.30
KaHUIO yqaCTKa

BHEIITHEW KOPBhI U BO3HUKHOBEHHUIO B HEH KOJICOAHWMU, TIPOSBIISIO-
muxcs B Bue 3emierpscenuit (puc.30).

Onpenenuts MyCTOTEIOCTh 3€MHOTO IIapa, HalpuMep, yib-
TPa3BYKOBBIMU WJIM CECMHYECKUMU KOJICOaHUSIMH, BECbMa 3aTPYy/I-
HUTEJIBHO, TaK KaK WMEIOIIUIICS B KOPE PACILIABICHHBIN KUIAKUN
CJION M OOJIBIIIOE KOJMYECTBO BOJBI HAa MOBEPXHOCTU B BUJE OKea-
HOB, 3TH KoJieOaHus Y(PPEKTUBHO TacsT.

A BoT mycToTenocTh JIyHbI, KaK 1aBHO OCTBIBILIETO TBEPAOTO
nrapa Mpo30HIUPOBATh OYEHb Jierko. OHA 3BEHUT JOBOJIBHO IPO-
JOJKUTENbHOE BpeMsl, KaK KOJOKOJ, YTO U MOCITYKHIO MPUYMHON
MOSIBJICHUS TUTIOTE3bI 00 €€ NCKYCCTBEHHOM MPOUCXOKIACHHH.
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U Tak xak 3emis u JIyna oOpazoBanuch U3 OpBI3T B30PBaB-
mierocss CoJIHIIA OJHOBPEMEHHO, €CTh BEPOSTHOCTH TOrO, YTO BO
BHYTPEHHEN NOJIOCTH JIyHBI CYIIECTBYET OBOJIBHO pPa3pe’KEHHAs
atmocdepa. [TosTtomy nipu ocBoeHun JIyHBI, 4eTOBEKY BO3MOXKHO
npuaércs o0ycTpanBaThCsl HA BHYTPEHHEH cTopoHe e€ 000I0UKH.

Bo BHyTpeHHEH IOJIOCTH 36MHOIO I1apa L@ApPCTBYET aJacKas
*apa 1 abCOJIIOTHAsi TEMHOTA, JIMIIb U3pellKa Hapylaemas 0arpo-
BBIMHM CIIOJIOXaMU M3BEP)KEHUN BHYTPEHHUX ByskaHOB. C 3ToH
TOYKH 3peHus, KOmuTep, nMerommii 04eHb O0JBIION 00beM, emé He
yCIeNl CUJIBHO OCTBITh U MPEACTaBIsET CO0O0W TOBOJIBHO TOPSIUYIO
KaIlTI0 MaTepHH, U3ITY4aroIlyl0 ropa3io O0blle SHEPTUH, YeM TI0-
ay4daet e€ ot ConHua.

W xots mporecc 00pazoBaHMs CaMUX 3BE3] — TO JIeNa yKe
JTaBHO MMHYBIIUX JHEH, HO MBI JJOTHYECKH MOXKEM IIPEIII0JIOKHUTD,
YTO OH JIOJKEH B TOYHOCTH IOBTOPSTH MPOLIecC 00pa30BaHUs IuIa-
HET, TOJIEKO B 0OJiee TPaHIMO3HBIX MacIiTadax.

OrpoMHasi IpOTO3BE3/1a, COCTOAIIAA U3 KAKUX-TO CyO3JIe-
MEHTapHBIX 4aCTHL], IPOXOJs, B pe3yJIbTaTe Mpoliecca CUHTE3a aHa-
JIOTUYHBIN LIMKIJI Pa3BUTHS, B3pPbIBACTCS U U3 OphI3T €€ 000104YKH
dbopMupyroTCs 3Be3/Ibl OBAJIbHOM TalaKTUKH, KOTOpas Bpallasch,
MIOCTENEHHO MPEBPALIAETCS B CIUPATBHYIO.

[pumeuanune! To, umo acmpousuxku owudouHo cuumarom
memMHOl Mamepueﬁ, MO 36e30bl U 2ANAKMUKU 06pa306aHHbl€ mame-
pueii ¢ nNoI0HCUMENbHOU ACUMMEMPUETL, U3YUEeHUA KOMOPbIX HU HAWU
2jlasza, HuU Hauwu npuﬁopbt 60CNPUHAMb HeE cnocoonvl. U Komopbsle
MOIHCHO 06Hapyofcumb JIUULb RO KOC6EHHbIM RPU3HAKAM.

Taxkum o0pa3oM, Teopuu 00pa3oBaHMS 3BE3 U3 MEXK3BE3N-
HOTO ra3a, BbIAYMaHHbIE TEHUSMH TEOPETHUECKOW (PU3MKH, MATKO
TOBOPS JDKEHAYUYHBl U 3aTMEBAIOT CBOEH INIYMOCTBIO PACCKa3bl U3-
BECTHOTO CBOEH HEBEPOSITHOM NMpPaBIMBOCTHIO, OapoHa MIOHXTay-
3eHa. C TOYKHM 3peHMS HACTOSIIEN TEOpUH, €INHCTBEHHAS IIJIAHETA,
JIOCTOMHAsI MPUCTAILHOIO BHUMaHUS 4YejioBeuecTBa — 3TO BeHepa.
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Bce ocranbHble miaHeTs! U1l UenoBeyecTBa OecrnepcnekTuBHEL. 1o
Mepe ocTeiBaHus CoJHIIA U TUTAHET, yepe3 3-5 MUJUIMapAoB JIeT Ha
Benepe BO3HUKHYT ycloBUS Uit KOM(GOPTHOTO MPOKUBAHUS YEJI0-
Beka. [lorTomy mmenHo Benepa mpexacraBisieT co0oi MeanbHBIMA
rargapM JUisl IepecesieHus YeJI0BEYECTBA U3-3a YXYAIICHUS yCIo-
BUI MPOKMBAHUS Ha OCTHIBAIOIICH 3emiie.

MunnuapnoB 10-15 neT yenoBedecTBO CMOXKET KUTh Ha Be-
HEpe U MOABICKUBATD JJIsI IEPECEJICHUS] IPYTYIO 3BE3THYIO CUCTEMY,
IIOTOMY YTO 4e€pe3 3TO BpeMmsi, U-3a ocThiBaHUS COJIHIIA, KaK yKe
OBLIO CKa3aHO BBIIIIE, CYIIECTBYET pealibHas OMacHOCTh €ro B3phIBa
Y IIPEBPAILICHHS B CBEPXHOBYIO 3BE31Y.

Tak 4To B 3amace y 4eaoBeYeCTBa €CTh NpuMepHO 20 MuI-
JUap/0B JieT OoJiee Ui MEeHee CIOKOHHON KU3HH.

16. O BTOPOM HAYAIJIE
TEPMOJUHAMUWKHU
N UMMYHUTETE

Bropoii 3akoH TepMOIUHAMHKH, CHOPMYTHUPOBAHHBIN IS
OOBSICHEHUS! TEPMOJUHAMUYECKUX MPOIIECCOB, SBISETCS, MO CYTH,
OCHOBHBIM U €JMHCTBEHHBIM (DyHIaMEHTaIbHBIM 3aKOHOM, 10 KOTO-
pomy B3auMoAeHCTBYeT Marepus. POpMYIMPOBKa €ro TOCTATOYHO
pocTa JJIsl IOHUMAaHHUsI, HO HECMOTpPS. Ha 3TO, OYEHb MHOTHE 3a-
TPYAHSIOTCSA O0BACHUTH ero cMbici. Camas TouHas ero Gopmyiu-
poBka TakoBa: "Temo Bcerga nepexoauT TOJIbKO OT FOpAYEro Tena
K XOJIOZAHOMY M HUKOTJa Ha000poT".

JIeliCTBUTENBHO, €CIM OCTaBUTh CTAKaH C TOPAYUM YaeM Ha
CTOJIE, Yepe3 HEKOTOPOE BpeMs €ro TeMIiepaTypa CpaBHAETCS C TEM-
MepaTypoi OKpY>KarolIero Bo31yxa, yBeJIMUuB €ro SHTponuio. Mnu,
JpYrUMHU CJIOBAaMH, paBHOBecHue. BospacraHue sHTponmuu — 3TO
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CJIEICTBUE JIEUCTBUS BTOPOTO 3aKOHA WJIM BTOPOTO Hayaua TEPMO-
JTUHAMHUKU [0 BRIPAaBHUBAHUIO JIIOOBIX MTapaMeTPOB MaTepPUH — J1aB-
JICHUsI, TEMIIEPATypPbl, KOHLIEHTPALUH U T. [I.

DHTpOIMUs, KaK MpOIecC BhIpaBHUBAHUS, 3allpeliaeT JIIo0bIe
IPOIIECChl CaMOIPON3BOJILHONW KOHILIEHTPAIMH, Oylb TO TeMIiepa-
Typa, IUIOTHOCTh MJIH JaBiieHue. Tak 4To HU IPaBUTALIMOHHBINA KOJI-
JIarc, HU aKKpeLuss HEBO3MOKHBI B IPUHIIUIIE.

Bropoe Hauano TepMOIMHAMUKU U BO3pAaCTaHWE SHTPOINU
JIeNIal0T HEOOpAaTUMBIMU JIFOOBIE MPOLIECCHl BO BeeleHHOM. Ecnu BbI
MPOKOJIETE IUHY aBTOMOOWIIS, BO3yX U3 HEE BHITEUET U €ro J1aBiie-
HUE cpaBHsieTcs ¢ aTMochepHbIM. Eciiu BbI BBIyCTUTE KITyO AbIMa,
TO Yepe3 HECKOJIbKO MHUHYT €r0 YaCTHYKH PaBHOMEPHO pacrpese-
JSATCS 10 KOMHATE.

HeonpenenénHocTh NOHMMAaHUS IPUHIIUIIA BO3PACTAHUS JH-
TPOIINHU, IPUBOAUT K TOMY, YTO JaKE€ HEKOTOpbIE YUYEHBIE HECYT
HECYCBETHYIO UyIllb, YTBEPXK/asi, YTO KHU3Hb, IKOOBI UAET ¢ e€ yObI-
BaHueM. Ho 3To nub ciencTBue uX JIOTHYECKOi 6e3rpaMOTHOCTH
1 YTO OBl yOEIUTHCA B ’TOM, MBI PACCMOTPUM HEKOTOPbIE IIPOLIECCHI,
npoucxoasnme B ">xkuBoM" opranusme. Hanpumep, npouecc apixa-
HUSL.

BceM u3BecTHO, 4TO AbIIIMM MBI JErkuMH. Jlerkue npen-
CTaBISIOT cO00i "MemoK" ¢ BHyTpeHHEH MOBEPXHOCTHIO 0K0JI0 150
KB. METPOB, I'YCTO MPOHU3aHHBIH CETbI0 KPOBEHOCHBIX COCYJIOB —
KalwUIIpoB. MEIOK 3TOT BMeENIaeT B ce0si OKOJIO 3 JTUTPOB BO3-
nyxa. OTH 3 TUTpa BO3lyXa KOHTAKTUPYIOT C KPOBEHOCHBIMH COCY-
JlaMH Ha TaKOW OrpOMHOM TIJIOIIA/IH.

Tak kak KOHIIEHTpaIlMs KHCIOpOJa B BO3/yX€ MPEBbIIIAET
KOHIEHTPAILMIO KHCIOpO/Ja B KPOBH, BTOPOE HAyallo TEPMOJIMHA-
MHUKH "00s13bI1BaeT" BO3AyX MOJICTUTHCSI UM C KPOBBIO. B pesynbrare
Pa3IM4YHOM KOHLIEHTPALUU KUCJIOPO/a B BO3AYX€E U KPOBHU, BO3HUKa-
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fo1iee (OCMOTUYECKOE) TaBICHUE MPOTATKUBAET MOJIEKYJIbI KUCIIO-
pola CKBO3b MOJIYIIPOHHUIIAEMBIE CTEHKH KPOBEHOCHBIX COCYIOB B
KpPOBb, HAChIIIasi €€ KUCIOPOIOM.

Kucnopon He 3axBaThIBaeTCsi MOJIEKYJIaMH TeMOTJIOOHMHA,
KaK PacCKa3bIBAIOT OMOJIOTH U TIOTOM KOMY-TO TaM OTHAETCs, a OH
MPOCTO B KPOBU pacTBopseTcs. Jleno B TOM, 4TO €Clid MOJIEKYJIa Ka-
KOTO-JIN0O BEIIECTBA 3aXBaThIBACT MOJIEKYTY KHUCIOpOAa, TO OHA
YK€ HUKOT/1a €€ HE OTJIaCT MPOCTO TaK.

Kucnopon y He€ MOXKHO TOJIBKO OTHSATHh CHJIOW, MHAYe, KaK
yKe ObITO CKa3aHo B riaBe [ri1.12], 6pu1 Ob1 HEBO3MOXKEH MPOIIECC
CHHTE3a ¥ BO3HUKHOBCHHE CIIOKHBIX coeanHEeHUM. Hacwimennas
KHUCJIOPOJIOM KPOBb Pa3HOCUTCS IO BCEMY OPTaHU3MY.

N3-3a NMOBBIIEHHOM KOHLIEHTpALUs KHUCIOPOJAa B KPOBH,
MPEBBIIIAIONIEN €r0 KOHLIEHTPAUUIO B MEXKIECTOYHOM KUIKOCTH,

OCMOTHYCCKOC OAaBJICHHUEC BbITAJl-

KMBAaeT MOJIEKYJIbl KHCIOpOAA B
MEXKJIETOUHYIO KUAKOCTh. AHa-
JOTMYHBIM 00pa3oM KHUCIOPOJ

© : ° MOMaaaeT BHYTPb KIETOK, TJIE

pactaon .IP ssa y4acTBYET B Mpolieccax MX Ku3-
A J HEIeSITeTbHOCTH.

Puc.31 [pumeuanne! Mexanusm

603HUKHOBEHUSL OCMOMUYECKO20 O0A6/1eHUsl NOKA3AH HA PUCYHKE
(puc.31). Eciu 6 cocyo, pazoenénntit noJIiynpoHunaemoll nepezopooKoii
Hanums 600y U paAcmMeEop KAKoi-1ubo conu, mo ypoeeHs pacmeopa He-
CKOJIbKO nogvicumcs, Hapyuiasn ''3axkon'' coodwaiomuxcs cocyooa.
Oobvsacuenue ymozo ''mapadokca'’ ouenv npocmo. B cocyoe A
KOHUEHmMPAauUus MoaeKyl conu 20pazoo evluie, 4yem é cocyoe B. 3amo ¢
cocyoe B, eviuie konyenmpayua monekyn 6oovl. Iloamomy monekynwt
Colu, NOOUUHAACH 3AKOHY 6bIPAGHUGAHUA KOHUEHMPAauuil (3aKoH yee-
AUYeHus IHMPOnUL), HAYUHAIOM HPOMAIKUBAMBCA 6 Cocy) B.
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A monekynvt 6006l u3 cocyoa B, noouunsasaco momy sce 3axony,
npomankusaiomes 6 cocyo A, ¢ pesyibmame uezo 603HUKAIOM 064
6CMPEUHBIX NOMOKA MOJIEKY]L 600bL U CONUL.

Ho max Kax Monexyavt 600bl umMelom MeHbUilue pamepol, mo
OHU J1ezue u Gvicmpee NPOX0OAM CKG03b NOJIYNPOHUUAEMYIO Hepezo-
DPOOKY U yposeHsd yHcuokocmu é cocyoe A cnauana nosvtutaemcs. Yepes
Kaxkoe-mo épems, K020d KOHYEeHMPAayuu 6 coCyoax CpasHaIOmcs, cpag-
HAIOMCA U YPOBHU.

Ms1 He OyeM paccMaTpuBaTh BCE 9TH MPOLECCHI, UX OYEHb
MHOTO, OTPAHWYUMCS TEM, YTO B PE3YJbTAaTE€ ITHUX MPOIECCOB, B
KJIETKaX, B BHI€ TOOOYHOTO MPOIYKTA MOJTYIaeTCsl YTICKUCIIBIN ra3.
OH HauWHaeT HaKaIUIMBAThCS B KJIETKaX M TOYHO TaKUM ke oOpa-
30M, C MOMOIIBI0 OCMOTHYECKOTO JABJICHUSA, BBIBOJUTCS W3 Opra-
HU3Ma B aTMOcepy. AHATOTHYHBIEC TIPOIECCHI POUCXOMAT U B JIPY-
TUX OpraHax — XKeNyJKe, IeYEHU, KUIIECYHUKE. . .

[pyrue, conepkaimecs B BO3AyXe ra3bl, TaK K€ MIPOHUKAIOT
B KpOBb, HO €CIIH OHU HE UCIIOJB3YIOTCS B MPOLECCAX KU3HEIES-
TEJIBHOCTH, UX KOHIIEHTPAlHsl B KPOBHU MPOCTO OCTAETCS MOCTOSH-
HOH. A Temeph MompoOyeM pacCMOTPETh C TOYKH 3PEHHUST BTOPOTO
Hayajaa TEPMOJUHAMUKHN MEXAHU3M JEHCTBUS UMMYHUTETA.

JInst 5TOTO HaM HY)KHO CHadaJla BBISICHUTH, @ YTO K€ TaKOe
00J1e3Hb, C TOUKH 3peHUS (PU3UKHU U MOYEMY IIMHIEMUU HOCAT, B OC-
HOBHOM, CE30HHBIN Xapakrep. ['pumm, Hanpumep, CBUPENCTBYET
BCEerJa B Havalie 3UMbL. A TJe e OOMTAIOT BO3OYAUTENH TpUINa
BCCHOH U JICTOM?

MpbI HE cTaHeM 31eCh MOBTOPATh CKa3KW MEIMUIMHCKUX pa-
OOTHHMKOB O 3JIOBPETHOCTH BHUPYCOB, KOTOPBIC TOJIBKO W MEUTAIOT
3apa3uTh HAC KaKOW-HUOyAb ApSHBIO, a O0OpaTUMCsS HEMOCpe-
CTBEHHO K (usuke. [[pyunHbI anuaeMuii, o Bcei BUAMMOCTH, KPO-
JOTCS B KaKHX-TO I'JI00AJILHBIX CE30HHBIX sABIcHMAX. Camoe jJorud-
HOE, YTO MOKHO IPEATOJIOKUTH - 3TO OCEHHUE JINCTONAAbl, UMEIO-
e riaolanbHble MaciTaObl. BeTep Tperier BBICOXIINE JTUCTHS
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JIECHBIX MaCCHBOB, 00JIAMBIBAET WX, TIOJJHUMAET B BO3/YX OIPOMHOE
KOJINYECTBO MUKPOYACTHUI], OPTAHUYECKIX MOJIEKYI U MX OOJIOMKOB
Y PA3HOCHUT Ha OOJIBIINE PACCTOSHUSI.

MpbI BABIXaeM BO3AYX HACHIIICHHBIH OOJOMKAMH MOJICKYII
PACTUTENHLHOTO TMPOUCXOKICHUS, KOJTMYECTBO BAPUAHTOB KOTOPBIX,
MOJKET OTPEACNATHCS ACTPOHOMUYECKUMU I paMu. ITU 0OJTOMKHI
MOJIEKYJI C TIOMOIIIbIO OMTUCAHHOT'O MEXaHU3Ma OCMOTUYECKOTO JIaB-
JICHUS TIPOHUKAIOT B KJIETKH M HCIIOB3YIOTCS UMH, KaK CTPOUTEIb-
HBIA MaTepua MpH JCICHUH.

HyxHO 3aMeTHTh, 4TO MPAKTUUYECKH JTHO00M 00JIOMOK opra-
HUYECKOW MOJICKYJIbI, ITOTIaB B JIETKHE M 0OBOJIAKUBAsICH OEIKOBOM
CJIU3bI0, HAXOJAILIEHCS TaM, MpEBpaIllaeTCcs B "TOJTHOIEHHBIA BH-
pyc". OO6IOMKH MOJIEKYJ, HE UMEIOIIME MEXaHU3MOB JICJICHUS, HE
Pa3MHOXKAIOTCSI M HE MYTHPYIOT, KAaK HAM aBTOPUTETHO 3aJIUBAIOT
MEIUIIMHCKUE CBETUIA.

Kretku, ucmonb3yromye 3Ti BUPYChl B KAUECTBE CTPOUTEIh-
HOTO MaTepHala, 1o CYTH, CaMU UX W Pa3MHOXKAIOT, B PE3yJIbTaTe
Yero TEPSIOT CIIOCOOHOCTh YYaCTBOBATh B 3aMKHYTHIX IIUKJIAX MO
NP >KUBAOIIUX JAPYTa MPOIECCOB B OPraHU3ME, BBIMAAIOT U3 HUX H
noruodaror.

Hanpuwmep, Takast crpamrHasi 00JIe3Hb KaK pak, sBISIETCS pe-
3y/IbTaTOM UCIOJB30BAaHUS KJIETKAMH JJIsi ACIIEHUS MOJICKYIbI Be-
[IECTB, HA3bIBAEMBIX KAaHIIEPOTCHAMH, TPHU KOTOPOM JIOYEpPHUE
KJIETKU CTPOSITCS U3 OeNKa, OTIMYHOTO TI0 MOJIEKYJISIPHOMY COCTaBY
oT Oenka opranu3Ma. Eciu Takue KIETKU ¢ U3MEHEHHBIM OEIKOM
CTIOCOOHBI MCTIOH30BATH OTXOJIbI JKU3HEICATEIIEHOCTH POIHBIX KIle-
TOK OPTaHU3Ma, a KJIETKH OpraHn3Ma He CTIOCOOHBI CIIOIB30BATh UX
OTXOJIbI, TO KJICTKH C M3MEHEHHBIM OCITKOM HAYMHAIOT HHTCHCUBHO
pa3MHOXKAThCS.

Ho He mmest cnocoOHOCTH BBINONHATH (PYHKUIUH POJHBIX
KJIETOK OpraHu3Ma, OHM B KOHEYHOM HTOTE, 3aMEIIAlOT B OpraHe
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pOZIHbIE KIJIETKH, HE JaBasi UM Pa3MHOXKAThCS, YTO U MPUBOAUT K
CMEpPTHU OpraHu3Ma.

Krnetku ¢ n3aMeHEHHBIM OETTKOM B OpraHU3ME BO3HUKAIOT I0-
CTOSIHHO, HO €CJIM OHU HECIOCOOHBI KOHKYPHUPOBAaTh C POIHBIMH,
OHHU OBICTPO MOTHOAIOT U B BUJE IIJIAKOB BHIBOJISATCS U3 OpPraHU3Ma.
OrTcroza JeTKo cienaTh BBIBOJI, YTO IPHU YIOTpebieHnu bosee pas-
HOOOpa3HOW MHIY, MBI HAMHOTO YBEJIMYMBAEM PHCK 3a00JIeBaHHUS
pakom. ITocmotpeB cratuctuky 3abosnesanus pakom B CCCP, rue
nuTaHue ObLIO TOBOJIBHO OAHOOOPAa3HBIM U €CTECTBEHHBIM U B Poc-
CHUH, KOTJa IMOCJIe OTKPBITHS TPaHUll, Ha MPOJIOBOJILCTBEHHBIN PhI-
HOK XJIBIHYJI MOTOK HEMPHUBBIYHBIX SK30TUYECKUX MPOAYKTOB, MbI
YBUAHUM, YTO IPOLEHT 3a00JIEBIINX PAKOM YBEITUUYMIICS B Pa3bl.

Tak Kak y KaKI0T0 4eJIoBeKa CTPYKTypa Oesika OueHb UHIH-
BUAyaJIbHA M Ha 3emJje eulé He ObUIO JBYX JIO/IEH C OJUHAKOBBIM
0€TIKOM, TO ¥ BOSHUKHOBEHHUE TAaKUX KJIETOK TOXKE MHAWBUIYAIBHO.
[TosTOMy KaKoro-To OOIIEro YHUBEPCAIBHOTO JISKApCTBA OT paka, B
NpPUHIMIE, OBITH HE MOXKeET. M XOTsI KJIETKU ¢ U3MEHEHHBIM OEIIKOM
MOCTOSTHHO BO3HUKAIOT B OPraHU3Me, y OOJBIINHCTBA JIIO/IeH pak He
pa3BuBaercs. A Tex, KoMy "TIoBe3J0", Mprupoaa 06€3KaI0CTHO OTCe-
MBAaEeT U CMEPTH B ITOM CJIy4ae, sIBISIeTCS €IMHCTBEHHBIM 3aIlIUTHBIM
MEXaHU3MOM 3BOJIIOIIHUH.

CoBpeMEHHBIE K€ JIEKAPCTBA, UCIOJIb3YEMBIE JUIS JIEUEHUS
paka (XumTeparnus), o CyTH, SBISIOTCS CHIbHEHIIINMH SIaMH, KO-
Tophle 6e3 pa3dopa yOMBAIOT KaK PaKOBBIC, TAK U POJTHBIC KIETKU U
NPaKTUYECKH HE MoMoraT. BpemenHnoe obnerdyenne o0ycioBieHO
JUIIb TEM, YTO PAKOBBIX KJIETOK HAMHOTO MEHBIIE, YeM POJIHBIX
KJIETOK OpraHu3Ma.

Menuku OOBIYHO J€IST OYarn BO3HUKHOBEHHUS PaKOBBIX
OITyXOJIeH, Ha 3JI0KaYeCTBEHHbIE U JTO0OPOKAYECTBEHHbIE. XOTs Ha
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caMoM Jiefie Takoro 4€TKoro paszesieHus ObITh He MoxkeT. Bo Bcs-
KOM clly4ae, OT paka "M3JIeunBaroTCs" JUIIb €IUHUIIBI U 3TO TOBO-
PHUT O TOM, YTO OIyXOJIb OKAa3aJach HE COBCEM 3JI0KaYECTBEHHOM.

Korga nuarHocTupyroT pak, omepanuio, Kak MpaBHIIO, Jie-
JaTh YK€ MO3/IHO, TaK KaK 0Yard paka pa3BUBAIOTCS HE BhI3bIBAs 00-
JIEBBIX ONIYIIEHUH, MOTOMY YTO SIBJIIFOTCS, MO CYTH, YaCThIO Opra-
Hu3Ma. M cMepTh HacTyIaeT OTTOro, YT0 HOPMaJbHBIX KJIETOK Y Op-
raHa IOPaKEHHOI'O PaKOM, OCTAETCS CIMIIKOM Majo U OH YXKE HE
CIOCOOEH BBITIOIHATH CBOM (DYHKITUU MTOJTHOCTHIO. TakuM 00paszom,
JUISL JIEYeHUs paka HUKOI/Ia He OyJeT HaiJleHO KaKoro-To oOIero
JIEKapCTBA.

Pak He 3apazeH, 3T0 Aaxke 1 He O0JIE3Hb, a CIIEACTBUE IBOJIIO-
LMOHHOTO mporecca. U BeliecTsa, CUMTAIONIUECS KAHIIEPOT€HHBIMU
JUTSL OJTHOTO YeJIOBEKa, COBEPIICHHO OE3BPEIHBI I IPYTOro, opra-
HU3M KOTOPOTO IMOCTPOEH U3 APYroro Oenka. ..

Pak - 310 TOT ciydail, KOraa IpUpOJHBIM MEXaHU3M UMMY-
HUTETa paboTaTh HE MOXKET M MPUPOJIA TPOCTO BOCIIPOU3BOIUT OP-
TaHU3M 3aHOBO.

Tax umo co30amsb KaKoe-mo oduiee n1eKkapcmeo om I80.10-
Uuu, cKopee 6cezo He ROJIYYUMCA HUKO0204.

Cam xe MexaHU3M UMMYHHUTETA, CHOPMHUPOBABIIHIICS B pe-
3y/lbTaTe CUMOMO3a B TEUECHUU UIUTEIHHON HBOJIOLNUN U OCHOBaH
Ha VCKJIFOYCHUN TYKEPOJIHBIX OCIIKOB U3 MPOIIECCOB JICTICHHUS.

Opranuveckrie BelIeCTBa, BbIpadaThiBaeMble B TpOIECCax
JKU3ZHEACITEIIbHOCTH YYXKEPOJHBIX KIETOK, IMONAaBIIUX B KPOBD,
MPOHUKAIOT CKBO3b MeMOpaHbl KIIETOK-KUJUIEPOB OpraHu3Ma H
OCTaBJISIIOT 0€3 MUIIN YYKEPOAHbIE KIETKH, KOTOPbIE, HE YMes hC-
MOJIb30BaTh OTXObl POJHBIX KJIETOK OpraHW3Ma, MOrudarT U Mo-
CTENEHHO BBIBOJSITCS U3 HETO B BUJE IIJIAKOB.
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Knerku-xumnepbl, TpeACTaBISIIONIAE COOOM CTBOJIOBBIC
KJIETKM OpraHU3Ma, IIOCTaBJIsIEMbIE B KPOBb KOCTHBIM MO3IOM, IO-
TpeOJIsisi OTXOJbl YYKEPOIHBIX KIETOK, NEPEPOKIAIOTCS U TaKKe
BBIBOJSITCS U3 OPTaHU3Ma B BHUJIE IUTAKOB.

Bce st nponeccel mporcXoAsT aBTOMAaTUYECKH, B CHITY BTO-
pOTro Hayaia TePMOJUHAMUKHU, HO BOT KaK B JIETAISX pabOTaIOT 3TH
MEXaHHU3MBI CTUMYIISALINH, YIEHBIE, TIO-BUIUMOMY, pa3depyTcs emé
Heckopo. [loToMy 4TO OHM MOCTOSIHHO MBITAIOTCSA WU3y4yaTh CIEA-
CTBHSI, COBEPIIECHHO HE MIOHUMAasl IPUYUH BCEX ITUX SBJICHHI.

buonoru, Hampumep, O4YeHBb JIFOOSIT BBIpAXKEHHUE "BCACHI-
BaThCA". Y HUX BCAChIBAE€TCS BCE, NUILA B KEIYAKE U KUIICYHUKE,
BCACBIBAIOTCS JIEKAPCTBA B KPOBb, XOTS PUPOIA TAKOIO IOHATHUS HE
3HaeT. B mpupoie npaBuT 6ai Bceraa N30BITOK - H30BITOK JaBICHUS,
KOHIIGHTpallU, TeMIlepaTypsl U T.1. HUKTO Benb HE TOBOPUT, YTO
aTMoc(depa BcachIBaeT BO3AyX U3 MPOKOJIOTOTO KOJIeca aBTOMOOHIIS.

B3st1b, HanpuMep, Takoe U3BECTHOE BCEM CEepJICUHUKAM, Jie-
KapCTBO KaK HUTPOIJIHIIEPUH. MEIUKH CUUTAIOT €T0 COCYAOPACIIH-
PAIOIIMM CPEACTBOM, XOTS HA CAMOM JIEJIE MEXAaHU3M €T0 IeUCTBUS,
COBEPIIECHHO JIPYTOM.

CTeHKH COCYZI0B, COCTOSIIIME U3 COEAMHUTEIbHOM TKAaHU, HE
MOTYT CaMH paclIUpPSATHCSA, TaK Kak He UMeroT Mbli. [Ipu nonana-
HUU HUTPOTJIMIIEPUHA B JKETYJI0OK WU MO/ SA3BIK, OH M3-3a Pa3HOCTH
KOHILICHTpALU/, IPOTATKUBAECTCSI OCMOTUYECKUM JAaBICHUEM CKBO3b
MOJIYITPOHUIIAEMbIE CTEHKH COCYIOB B KPOBb.

Hwmest 6071b11yI0 aCHMMETPHIO TPAaBUTALIMOHHBIX MOJIEH MO-
JEKYJ (3JIEKTPUYECKUH 3apsijl), HUTPOTIIUIEPUH JACIUTCS 3apsiiaMu
C IJIa3MOW KPOBH, B PE3YyJbTATE YETO y MOJIEKYJI IUIa3Mbl TaK K€
YBEJIMYUBAETCS ACUMMETPHUSI, YTO NPUBOJUT K YMEHBIIECHUIO CHUJI
MPUTSKEHUS MEXK]Y HUMH U, COOTBETCTBEHHO, K YBEJIMUEHUIO €€ Te-
KY4YECTH.
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KpoBb cTanoBuTCS 60J€€ )KUAKOM, a 3HAYUT, CEPJIIYy CTaHO-
BUTCSI HAMHOTO JIErde MPOKaYuBaTh €€ M0 CETH KaWIISIPOB KPOBE-
HOCHOM cucteMsbl. [Toxoxumu cBolicTBaMH, 00J1a1aI0T U HEKOTOPBIE
JPYTHE BEIIeCTBA, UCIIOJIb3YIOIINECS B MEAUIIMHE — ACTIUPUH, (EHU-
JvH, BapdapuH.

[TomoGHBIM k€ 2PPEKTOM JIerKO OOBSICHAETCSI MTHOBEHHOE
JICCTBUE TAKOTO sIa, KaK MUaHU] Kalusl. [ [MaHUCThIN KaJinii UMEeT
ropasio MEHBIIYIO ACUMMETPUIO TPAaBUTALIMOHHBIX TIOJIEH MOJIEKY,
YeM MOJIEKYJIbI KPOBH, IOATOMY IIPH TOIAIaHUH B KPOBb, OH YMEHbB-
maeT €€ aCMMMETPHIO HACTOJBKO, YTO KPOBb 3a CUMTAHHBIC Ce-
KYHJIbI IPEBPAIIACTCS B BA3KYIO KUIKOCTh, KOTOPYIO CEP/IIC y)KE HE
B COCTOSHMHM TIPOTOJKHYTh MO Kamwuisipam. OpraHu3M OYCHb
OBICTPO, OYKBaIBHO 32 HECKOJIBKO CEKYH]I, TOTH0AeT OT HEAOCTaTKa
KHCJIOPO/Ia, @ BOBCE HE OT Napajinya HEKOETO AbIXaTEIbHOT0 LIEHTpAa,
KaK 3TO OOBSICHSIOT MEIUKHU.

[TpumepHO Takue ke CBOWCTBA, HO ropas3io ciabee, UMeeT U
3MEUHBIN A/, 0Ha Karig KOTOPOro 32 HECKOJIBKO JECATKOB MUHYT
MpeBpallaeT CTakaH KPOBH B CTyACHb. D(P(HEKTUBHBIM MPOTHUBO-
SIUEM B ATOM cClly4ae MOT Obl OBITH TOT K€ HUTPOTJIMIICPUH, HO
OBICTPO PAa3HECTH €ro MO OPTaHU3MY, U3-32 TTOBBIIICHHON BSI3KOCTH
KpOBH, CEP/IIIC HE B COCTOSTHUU.

[Tna3ma xpoBu ¢ H0OaBICHHEM PAcTBOpPAa HUTPOTIIUIIEPHHA,
BBITEKAET uepe3 KanubpoBanHoe oTBepcThe Ha 30-50 mporeHToB
OpIcTpee, ueM 0e3 Hero. A 100aBiieHHe HE3HAYUTEIHLHOTO KOJUYe-
CTBa LIMAHK]Ia, CHUXKAET CKOPOCTh BBHITEKaHUs B 2-2,5 pa3za.

B nmpunmune, ecam 1octatouyHo OBICTPO, B T€UEHUU 4-5 MU-
HYT, MOJIKIIOYNATHh OTPABUBIIETOCS IHAHUIOM K ammapary cepiatle-
NETKYe W BBEAS B KPOBb TOT K€ HUTPOTJIUIIEPUH, MPOKaYaTh €€ 1Mo
KPOBEHOCHOM CHCTEME, TO BIIOJTHE BO3MOYKHO CITACTH €MY JKH3Hb. ..
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17. O HEMU3BEXKHOCTHU
N BEYHOCTH KU3HU

Kak 0v110 noxkazano eviuie, 6mopoe HA4a10 U NPUHUUN
603pacmanus IHMPORUU RPOCHO 00A3BIEAIOM MAMEPUIO NOCHIO-
AHHO YCILOHCHAMB CE0I0 CHIPYKMYPY, YN0 YIHce CaMo no cebe npu-
600um K Heu30escHOCmu B03HUKHOGEHUA, MAK HA3bl6AEMBIX,
"Jcueblx'' opzanuzmoe 6o eceneHHoll.

[TonTBepkneHrneM 3Toro (akra sSBISETCS HAIWYHE B IMPH-
pOJie MHOXKECTBA OOBEKTOB PA3TUYHOMN CII0)KHOCTH, OT aTOMa BOJI0-
poZia ¥ 10 OTPOMHBIX OPraHUYECKMX MOJIEKYN. B MpoTHBHOM cCiTy-
4ae, SBOIIOIMS BCEJIEHHOH Obli1a OBl HEBO3MOYKHA.

VIMeHHO 3TN MeJJICHHbIE U HEMPEPBIBHBIE YCIOKHEHUS TTPU-
BEJIH K MOSIBJICHUIO BEICOKOMOJIEKYJIIPHBIX OETKOBBIX COEIUHEHUH,
a BIOCJEICTBUU M K 00pa30BaHUIO CIOKHEUIINX OMOJIOTHMYECKUX
OpPraHU3MOB, KOTOPHIE Mbl HA3bIBAEM HCUBHIMU.

VYyénsle 1 procodsl HACOUNHSIIM MACCy Pa3IUYHBIX OIpe-
JEJICHUN TIOHATHUS KU3HH, OJTHAKO HHU OJHO U3 HUX HE MOXKET CITy-
KUTh OTPAXKEHUEM PEAbHOCTH, MOTOMY YTO IMPOBECTU TPAHHILY
MEXy )KHBBIM M HEKHUBBIM TaK K€ HEBO3MOXHO, KaK HEBO3MOXKHO
OTJICIUTh TIPOBOJHUKH OT JAHUAJICKTPHUKOB. ['paHmiia 3Ta BechMa
yCIIOBHA U €€ MOYHO MTPOBECTH IJI€ YTOAHO, B 3aBUCUMOCTHU OT IIPHU-
HATBIX KPUTEPUEB OTIPEAETICHUS KUBOTO.

Ku3nu 6 00b1uHOM nROHUMaHUU, 6 RPUPOOE 8000ULE He CY-
wecmeyem — 3mo nPOCMO NPOU3BOTIbHO 63AMbLl, YCI08HBLIL YPO-
6€Hb OP2AHU3AUUU UNU CNLOMNCHOCIMU cmpyKmypol mamepuu. 1lo-
momy umo n1100as, 0axce maxkas 6biCOKOOP2AHU306AHHAA Mame-
pusa Kak mo3s2, cocmoum u3 00b1unblX ''mépmenix'' amomos u mo-
JIeKyL.

A, criefoBareiabHO, HE CYIIECTBYET M CMEPTH, Kak (pu3nye-
CKOrO YHUUTOKEHUS HEKOM "KuBOW" Marepuu. CMEpTh — 3TO Takas
K€ HEOThEMJIEMas COCTaBHasl YacTh IpoIecca 3BOTIOLNN MaTEPUH,
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KaK U KU3Hb. TO OCTAaHOBKA B3aMMOCBSI3aHHBIX U B3aUMHO MOJIEP-
JKUBAIOLIUX JPYr Jpyra IMpoLEecCOB B OpPraHU3ME, B pe3yibTare
HEN30€KHOT0 HAKOIUIEHHUSI OIIMOOK B MEXaHU3ME JEJICHUS KIIETOK
WM X (PU3nUecKoro nu3Hoca (CTapeHus).

CMepTh OT CTapoCTH — 3TO, MO CYTH, CMEPTh OT BSJIOTEKY-
IIEr0 paka BceX OpraHoB. be3rpaMoTHbIe 3asBICHUS HEKOTOPBIX
y4E€HBIX O TOM, YTO )KU3Hb, IKOOBI, HE TIOYMHSIETCS BTOPOMY Haday
U UAET ¢ yObIBAaHWEM SHTPOINH, HE UMEIOT 1o/ c000i abCOIIOTHO
HUKAKMX OCHOBAaHMH, TaK KaK TaKHe IMPOIECCHl HEBO3MOXHBI B
MPUHILINIIE.

Henonunmanue cyTtu npoiiecca 3BOIOIUN MaTEPUU, IIPUBETIO
K COUYMHEHUIO THIOTE3 CIIy4ailHOM BO3HUKHOBEHUU OEITKOBBIX MO-
JEeKyJ B pe3yibTare 3JICKTPUUECKUX paspsoB B aTMochepe. XoTs
pas3psiibl U UTPAIH KaKyl0-TO OMPEAETIEHHYIO POJIb B CUHTE3€ Opra-
HUYECKUX BEILIECTB, HO OHU ObUIM OJHHUMM W3 MHOTOUYHCIICHHBIX
OnaronpusATHBIX (PaKTOPOB, OOJETYAIOUINX 3TOT 3aKOHOMEPHBIA H
Hen30eXKHBIN TpoIIeCC.

EcrecTBEHHO, YTO CHHTE3 OpPraHUYECKHX COECIMHEHHI
Haubosee MHTEHCUBHO IMPOTEKal MMEHHO B TEMJIBIX U BIIAXKHBIX
MECTHOCTSIX, TPOIMUYECKHX U CYOTpONUYEeCKUX 00JacTeil 3eMHOTO
nrapa, rzie o0pa3oBainch 0JaronpusTHbIE TEMIIEPATypHbIE YCIOBUS,
OTKYJla U HayaJla paclpoCTPaHAThLCS 3Ta camasi ' KU3Hb'.

Axanemuk Anekcanap OnapuH emé€ B MATUIECATHIX Tofax
IPOIIJIOrO BeKa MOMBITAICS SKCIIEPUMEHTAIBHO MOATBEPAUTD TEO-
PHIO BOSHUKHOBEHHMS KHU3HH U B IIPUHIIMIIE, EMY 3TO YAa0Ch. XOTs
BOCIPOM3BECTU MOJHOCTHIO 3TOT MPOLECC, 3aHSIBIIMK y MPUPOIbI
KOJIOCCAJIbHOE KOJIMYECTBO BPEMEHH — COTHU MUJUTHOHOB JIET, MPaK-
TUYECKH HEBO3MOXKHO.

Tak ke Kak HEBO3MO>XHO, BOCIIPOM3BECTH MPOLIECC BHYTPHU-
yTPOOHOTO pa3BUTHUS OPTaHU3Ma 32 COTYIO WJIH THICSUYHYIO JOJIO Ce-
KyHabl. U emé ogHo Gonbinoe 3a0myKaeHe OMOJIOTOB, COCTOUT B
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TOM, YTO MHOTHE U3 HUX CUUTAIOT IPOLIECC HBOJIOLMHU KU3HU I10-
CJIEIOBATEIIbHBIM.

To ecTb, M0 MX MHEHMIO, POPMUPOBAHUE PA3ITUUHBIX BUIOB
OPraHU3MOB IIPOUCXOJUIIO MTOCIEJOBATEIBHO, OT CAMBIX IPUMUTHUB-
HBIX CYILIECTB, CKaXXeM, 4epBei U 10 Miekonuraromux. Ho naneon-
TOJIOTUYECKAS JIETOIMCh TOBOPUT COBEPILIEHHO O IPYTOM.

Bce Bubl JKUBBIX CYIIECTB — 3TO CAMOCTOSATEIbHBIE MTapall-
JIEJIbHBIE BETBM, MOSIBUBLIMECS Ha 3€MJIE, 110 T€0JIOTMUECKUM MEp-
KaM MPAKTUYECKH OJJHOBPEMEHHO, C OYE€Hb HEOONIBIINM Pa3pbIBOM,
II03TOMY HMKaKHX ITIPOMEKYTOUHBIX 3BEHbEB B IIPUPOJIE HUKOTAA HE
CYIECTBOBAJIO U CYIIECTBOBATh HE MOTI0. [Iponecc aBomronuu, Ko-
HEYHO K€ MPOUCXOAUT U B HACTOALIEE BpeMsl, HO HAaOJIIOAATh €ro, B
CUJLYy CKOPOTE€YHOCTH YEJIOBEYECKON "KU3HU", HEBO3MOXKHO. boiee
TOT'0, NMPONOBEAYEMbIM YUEHBIMU MPUHLUI - "BBIKUBAET CHIIBHEH-
mui", npupooil He ucrnonb3yercs. [Ipupoaa pykoBoacTBYeTCs CO-
BEPIICHHO HHBIM ITPHHLIUIIOM — @ UMEHHO - "morubaer cnadeimmii”,
B IIPOTUBHOM CJIy4ae YeJIOBEK pa3yMHbIH HUKOTJa OBl HE TIOSIBUJICS.

[Ipyu BHEmIHEM CXOJCTBE ATUX MPHUHIMIIOB, OHU IO CBOEH
CYTH, KapJUHAJIbHO pa3nuyaroTcs. Tak xke Kak, Hanpumep (armsm
U KOMMYHH3M, KOTOpble HEJAJIEKHUE MOJUTHKH U OOBIBATENIN CUH-
TaIOT SIBJICHUAMM OJTHOTO nopsaaka. OTHAKO CyTh UX TaK XK€ JUaMET-
palbHO IPOTUBONOJIOXKHA. Dammn3M XapakTepu3yeTcs YHUUTOXKe-
HUEeM OOoJblleil yacTu HacelIeHus, sl KOM(OPTHOTO MPOKUBAHHS
Ky4KHd HanOoJiee aTyHbIX U MPUMHUTHUBHBIX MUHIUBHYYMOB, BlIaje-
IOLUX PECYPCAMU FOCYAapCTBa.

JUI1 KOMMyHHM3Ma, a TOYHEE €r0 CTAHOBJICHHS, XapaKTEPHO
YHMUYTOKECHUE WIN U30JIALUS MHINBAYYMOB, CIEIYIOIINX IIPEUMY-
IIECTBEHHO >KMBOTHBIM MHCTHHKTAM, CIIY’KalllUM CBOEH alYHOCTH,
NPEMATCTBYIOIIMM DPAa3BUTHIO OOLIECTBA M MApa3sUTUPYIOIIUX Ha
HeM. UTo B 00IIEeM-TO, XapaKTEpPHO HE TOJIBKO /Ui KOMMYHUCTHYE-
CKOTO, HO W MJis JIFOOOrO, JOCTaTOYHO Pa3yMHOTO COOOINECTBa,
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(GYHKIIMOHUPYIOILIETo 10 MPUHIUIY KUBOT0 Opranu3ma. Beasb mro-
00i1 )KMBOW OpraHW3M BCETJla CTapaeTCsl YHUUTOXKHUTH IMapa3vToB,
JKUBYIIUX 32 €ro c4€T. MIHaue OHM YHUUYTOXKAT €ro.

Bo3sBpamasce k nmponeccy 3BOJIIOLMN, MOKHO YTBEPKIATh,
YTO 3TO OTPOMHOE MHOXKECTBO MapajlIENbHbBIX ITPOLIECCOB YCI0KHE-
HUSl CTPYKTYPbl MaTE€pUH, KOTOPBIE COBEPIICHHO HCKIIIOUYAIOT W3
HEro Takoe MOHATHE KaK BEPOSITHOCTb, HA KOTOPYIO OYEHb JIOOST
CCBUIATHCS IPOTUBHUKY 3BOJIIOLIUOHHON Teopuu JlapBuHa.

[Ipupone BoOOIIE HE3HAKOMO IMOHSATHE BEPOSITHOCTH, MO-
3TOMY BCE B3aUMO/JICHCTBUS B HEW OJTHO3HAYHO O0YCIIOBIIEHBI €IMH-
CTBEHHBIM IPUHIIUIIOM — 6MOPbIM HAYA10M mepmoounamuxu. Ye-
JIOBEK HUKOT/Ia He MPOUCXOMII OT 00€3bsHBI U MTULIBI, HECMOTPS Ha
CXOXECTh IIPOLIECCOB PA3MHOKEHUS, HE MOTJIM IIPOU30HTH OT 3€M-
HOBOJHBIX. ['eHuil JlapBUHA MOHSI U OOBICHUI OOIIUI MEXaHU3M
BO3HUKHOBEHUS U 3aKpEIUIEHUs "TOJE3HBIX" U OTCEUBAaHUA "Bpel-
HBIX" IPU3HAKOB.

Ho mnponecc mnpoucxoxiaeHHs: BUAOB HMEET MEXaHU3M,
OYEHb CXOXKHMM C MEXaHU3MOM CIIEHMAIN3ALUU KJIETOK IPHU BHYTPH-
yTpoOHOM pa3BuTHHU 1wioga. OH ompeaensercs He TOJIbKO CBOM-
CTBaMU KJIETOK, a B OOJIbIIIEH CTENIeHH CTPOEeHHEM Oellka U YCJIOBU-
SIMU OKPY>KaloIlIel cpeibl, B KOTOPOW OHU Pa3BUBAIOTCS.

Bo Bcex 3THX ciaydasx paOoTaioT MpocThie PU3NUECKUE 3a-
KOHOMEPHOCTU U YTOOBI pa3o0paThCsi B 3TOM, YK€ HEIOCTATOYHO
ObITH OHOJIOTOM, a HYXXHO OBITH emé u ¢u3ukoMm. Ho moka Hayka
pa3zzaeneHa Ha 000COOJICHHbIE TUCIUILTHNHBI, TIOHATH 3TO Oy/IET Mpax-
THUYECKU HEBO3MOKHO. BOT Takol xapakTepHbIil mpumep.

VYyéHble 0 HeOpa3yMEeHHI0, 00YCIOBIEHHOMY pPa3BUTHEM
WH()OPMAIMOHHBIX KOMIIBIOTEPHBIX TEXHOJIOTHH, yoeaunu cebs, aa
U BCEX OCTAIBHBIX B TOM, uTO B Mosiekyse JIHK, sikoOsb1, 3anmucana
uH(pOpMaLKS O CTPOCHUU BCETO OPraHU3Ma, BIUIOTH JI0 OTJIEIBHOTO
BOJIOCKA U Pa33BOHUIIM HA BECb MUP O paciu(ppoBKe IpOrpaMMHOM
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3alKCy TEHOTHIA YeJIOBEKa, JIETKOMBICIEHHO o0eliasi co3J1aTh BbI-
cok03(¢(HEKTUBHBIE JIEKAPCTBA OT JIOOBIX 00JIC3HEH.

K coxanenuio y mpupoabl HET MPOrPaMMUCTOB M MaJIO KTO
3HAET, YTO TO, YTO HA3bIBAETCS TCHOTUIIOM YeJIOBEKa, MPAaKTUYECKU
HE OTJIMYAETCS OT IeHOTUIa OOBIYHOTO uepBs. Tem Ooyee 4To s
3alMCU TaKOro KOJMYECTBA MH(POPMALUU MOHAZOOMICS OBl HOCHU-
TEeJIh BO MHOTO pa3 MPEBBIIAOIINA pa3Mephl YeTIOBEKa.

IToatomy B peanpHOocTH Monekyna JIHK npencraBuser co-
00if Bcero nuIib 0eakoByr (Gopmy sl "TITAMIOBKH'"' MOJICKYJIBI
MPOTENHA, U3 KOTOPOTO CTPOUTCS OpraHu3M. J1a popMa COCTOUT U3
MAaTepUHCKOW M OTIOBCKOM '"MOJOBHHOK" W IMO3TOMY MOJIEKYJa
Oenka, "oTmITaMmMIlOBaHHAas" B HEW, MMEET MHOXKECTBO CXOIHBIX
CBOICTB, KaKk C MaTEpUHCKUM O€JIKOM, TaK U ¢ oTIoBckuM. Ho, He-
CMOTpS Ha 3TO, HU C TEM, HU C IPYTHM OEJIOK I1J710/1a HECOBMECTHM.

Mornekyna nmpoTerHa CONEPKUT B cebe Oosee ThICSYU aTo-
MOB, a KOJJMYE€CTBO BAPUAHTOB PACIIOIOKEHHUS aTOMOB B MOJICKYJIE
MPOTEUHA HACTOJILKO OIPOMHO, YTO Ha 3eMJI€, 3a BCIO HCTOPHIO IBO-
JIOIMKM OPTaHUYECKON "KM3HU', HE MOTJIO OBITh JABYX JKHMBBIX CY-
IIECTB C OJIMHAKOBBIMH MOJIEKyJIaMH OeJKa.

W nns menunuHBL 3TO pa3zHOOOpa3ne OENKOB SBISETCS J0-
CTATOYHO OOJBIION MPOOJIEMOI TIPH Mepecake OpraHoB, W3-3a UX
HecoBMecTUMOocTU. Ho ¢ Ipyroit cTopoHbI 3Ta HECOBMECTUMOCTH SIB-
JSIeTCsl OCHOBOM MexaHu3Ma uMMyHuTeTa. CyTh mpoOIeMbl HECOB-
MECTHUMOCTH 3aKIJIF0UAETCs B TOM, YTO TIEPECaKeHHBIN opra, chop-
MHUPOBAaHHBI MOJIEKYJIaMH APYroro Oejka, B OPraHu3Me PEIMITH-
€HTa HEe CMOKET HOPMaJIbHO (YHKIITMOHUPOBATb.

OH He CMOXET y4acTBOBaTh B CUMOMO3€, IOTOMY 4YTO IpO-
ITYKTBI )KU3HEIEATEIbHOCTHU €T0 KJIETOK, POJHBIE KJIETKH OpraHu3Ma
pEeLUIMEeHTa UCIIOJIb30BaTh HE CMOTYT, a CaM Iepeca)XeHHbIN OpraH
TaK e He CMOXET UCIIOJb30BaTh OTXO/IbI JKU3HEACATEILHOCTH POJI-
HBIX KJIETOK OpraHu3Ma. A CJeI0BaTeIbHO KJIETKH MEePECakeHHOTO
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opraHa He CMOTYT HOPMaJIbHO Pa3MHOKaThCS U OH MOCTENEHHO OTO-
MpET.

BoT nmostomy serue Bcero NMpuKHUBAIOTCS OpraHbl OIM3KHUX
POACTBEHHUKOB, KaK HanboJiee COBIMAAIONINE IO CTPYKTYpe Oenka.
Ho Bce paBHO mpuXoauTCs yNOTPEONSTh MpemnapaThl, CHIKAIOIINE
HECOBMECTUMOCTH, CO3JJaHHBIE KPOIOTJIUBBIM TPYJOM MEIUKOB U
OMOJIOTOB, MO CYTH METOI0M "Hay4HOTO" THIKA.

JT0, TaKk HA3bIBAEMbIC AHTHOUOTHKH, MEXaHU3M JICHCTBUS KO-
TOPBIX OMOJIOraM MPAKTUYECKH HEU3BECTEH, IOTOMY YTO OH JIEKUT
HE B TUIOCKOCTH OMOJIOTHH, a cKopee B obsactu Gusuku... Kak yxe
OBLIO CKa3aHO BBIIIE, Pa3BUTHE OpraHM3Ma, U HE TOJIbKO BHYTpH-
yTpOOHOE, TTOYNHEHO MPOCTHIM (HU3UIECKUM 3aKOHAM U 00YyCIIOB-
JICHO CBOMCTBAMHU CpPEJIbl, B KOTOPOI MPOUCXOAUT MPOIIECC ero pas-
BUTHSL.

Omnucath 3TOT MpoIiecc, Ha KOTOPBINA y MPUPOIBI YIILIO OTPOM-
HOE KOJIMYECTBO BpPEMEHH B HEeOOIbIION paboTe HeBO3MOXkHO. Ho
MOHSITHh OOIIUK MIPUHIIUIT HECTIOKHO, TeM 0oJiee UTO MPUPO/Ia HEU3-
MEHHO TIOBTOPSIET €T0 MPU BHYTPUYTPOOHOM PA3BUTUU KaKIOTO HO-
BOT'0 OpraHu3ma.

Hayném ¢ Toro, 4ro maTepuHCKas M OTI[OBCKasi MOJIOBBIE
KJIETKH, HE CIIOCOOHBIE K JCIICHHUIO, COSAUHHUBIIUCH, OOpa3yroT
KJIETKY, 00JIa/Ialolyl0 TaKOM CIOCOOHOCTBIO M KOTOPYIO Y4EHBIE
Ha3bIBAIOT CTBOJIOBOM. IIuTaHKMe OHa mosy4aeT depes IUIALECHTY, K
KOTOPOW IPUKPEITICHAa U KOTOpast MPECTABIISIET COOO0M MOTYIIPOHHU-
[[aeMyt0 000JIOUKY, TPEMATCTBYIONIYIO CMEIINBAHUIO KPOBH ILJI0/1a
U KpPOBU MaTepH, HO MO3BOJISAIONIYIO KHCIOPOAY U APYTUM Bellle-
cTBaM OecIpensITCTBEHHO MPOHUKATh Yepe3 Hee U3 KPOBU MaTepH B
KpOBB I1JIO/Ia HE CMEILIUBAsSICh.

[To Mepe yBenmuueHHsI KOJIMYECTBA KJIETOK B pe3yJbTaTe Je-
JICHUSI, KJIETKU HaXOoAsIIuecs Ha nepudepuu BIAId OT TUIANEHTHI,
MOJTy4alOT MEHBIIIE MUTATEIHHBIX BEIIECTB U BEIHYKCHBI YACTUIHO
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UCIIOJIB30BAaTh OTXOJBI JIEJICHUS COCEIHHUX KJIETOK, KOHTAKTUPYIO-
IIMX HEMOCPEICTBEHHO ¢ IUIaneHToil. YTo, COOCTBEHHO U MPUBOJIUT
K BO3HUKHOBEHMIO MEXIy HUMHU TAKOTO SIBJICHUS, KaK CUMOUO3.

KpoBeHocHas cuctema yenoBeKka U d)KUBOTHBIX MPEICTABIISET
co0Ol KaHAIM3AaLMOHHYIO CEeTh, Ky/la COpAcBIBAIOTCS OTXO/IbI JeTie-
HUSA KJIETOK Pa3JIMYHbIX OPraHOB OpraHU3Ma, KOTOPhIE OTTY/Ia K€ U
OepyT CTPOUTENBHBIE MATEPUAIIBI JITIS ICTICHHUSL.

Jloka3aTenbCTBOM TOTO, UTO CIEIHANU3AINs KIETOK U (op-
MHUpPOBaHHE OPraHU3Ma, B OCHOBHOM, O0YCJIOBIIEHO CpeoH, B KOTO-
poil OH pa3BUBAETCs, a HE KAaKOH-TO TaM MH(PUYECKOHN "TIporpamm-
Hoii 3anuckio” B JIHK, MokeT ciiy>kuTh TOT (paKT, YTO y OJTHUX U TEX
)K€ POJUTENICH MOTYT POXIAThCS KakK "HOpMasbHbIE" NETH, TaK U
JIETU C PA3JIMYHBIMU OTKIOHEHUSIMU. ..

DTa CTBOJIOBAas KJIETKA, IO CYTH MPEJCTABISAET COOOM MOUKY,
no00HYIO MOoYKaM JepeBbeB. HO B OTIMUUU OT MOYEK PacTeHHUH,
OHa MOXET Pa3BUBATHCS TOJILKO BO BHYTPEHHEW Cpelie opraHu3ma,
Tak Kak TpeOyeT IJIs pa3BUTUS OYCHb CHEIU(PUICCKOTO MHUTAHHUS.
Ot1o cneuuduueckoe NUTaHUE MPEACTABISIOT CO00I OTXOIbI KU3-
HEJEATENbHOCTH KJIETOK MAaTEPUHCKOIO0 OPraHU3Ma, HUPKYIUPYIO-
e B KPOBEHOCHOU CHCTEME.

DTa mouKa Tak K€ KaK W TMoYKa PacTeHHi CIocoOHa pa3BU-
BaThCS B CPEJIC MATKHU JAPYroro OpraHu3Ma, HO TOJIBKO OYeHb OJU3-
KOro BHJIA.

A Tak e U TOT (PaKT, 9TO NTHIIBI U OCOOCHHO PBIOBI MIPO/IE-
JBIBAIOT OTPOMHBINA MYyTh K MECTY OTKJIAJIbIBAHUS UKPBI U BOCITPOU3-
BOJICTBA MIOTOMCTBA. DTa MPUBBIYKA TaK ke cpopMHUpOBaIacCh MHO-
TOJIETHUM IPOLIECCOM 3BOJIIOLIMY 110 MEPE pacIIupeHust apeasa oou-
TaHus. I oHa coxpaHseTcsi, IOTOMY 4YTO SIBJISIETCS TapaHTOM CTa-
OWIBHOCTH BUIA.

CTaHOBHUTCS TOHSATHO, IMOYEMY MpPHU PE3KOM H3MEHEHUU
YCIIOBUSI OOMTaHUS U COOTBETCTBEHHO MUTAHMUS, TIPOIIECC IBOTIOIIUN
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PE3KO aKTUBH3UPYETCS U BOSHUKAET MHOXKECTBO MYTAaIlMH, MPUBO-
ISIIUX K HOBBIM BHIaM OOJIE3HEH.

A ecnu ObI HEKasi TEHETHUYECKas TporpaMMa pa3BUTHs ObLIa
"3ammcana" B JIHK kietku, To cymiectBoBana Ob BO3MOXHOCTH BbI-
palIuBaTh )KUBbIE OPraHU3MbI U3 €IMHCTBEHHOM €ro KJIETKHU, B IIPO-
Oupke ¢ muTaTeNpHON cpeoi. M moToMCTBO, BRIpaIlIEHHOE U3 OU-
HAKOBBIX KJIETOK, ObLTO OBl a0COTIOTHO UACHTUYHBIM, HO B peabHO-
CTH Jlaxxe OJM3HEIbI UMEIOT 3aMETHBIC OTIIMYHS IPYT OT APYra.

U Takue opraHu3Mbl ObUTH OBI TUIIICHBI BO3MOYKHOCTH MyTa-
IIUH, a CJIeI0BATEIbHO, JTATBHEHIIIETO COBEPIICHCTBOBAHHUS U Pa3BH-
tusi. EcrecTBeHHO, 4TO M3MeHss1 kakue-To ydactku JIHK knetkw,
MO>XHO BJIMSITH HA CTPOCHHE MOJICKYJIBI O€JIKa TOJIyJaroIerocs op-
raau3Ma. OJJHaKO TaKOE CJIETIOe BMEIIATENIbCTBO B TIPOIECCHI, CHOp-
MHUPOBABIINECS B TCUCHUU MUJUIMOHOJIETHETO MPOIECCa IBOJIOIHH,
MOTYT MPUBECTH K HEMPUATHBIM U HEMPEJICKA3yEMBbIM JIJIs1 UETIOBEKA
IIOCIICICTBUSIM.

Beov npupooa 6e3ncanocmmno omceueaem HeyoauHvle
KOMOUHauuu yxyce Ha HAYAbLHOM Imane.

[Tpoie Bcero mpociaeauTh MPOIEcC CreluaIn3aiiy KIeTOK
Ha mpumepe ¢ pacteHussMu. CeMs JIFOOOTO pacTeHUs, MoIaaas BO
BIQXHYIO Ccpefly, mpopacTaeT. To eCTh ero KJIETKH HAuYWHAIOT Jie-
TUTHCS, 00pa3yst pocTok. [lutarenbHbIC BEMIECTBA TS ISTICHHUS, TI0-
CTYIArOT MO CTBOJY BBEPX, COTJACHO ONMCAHMIO B riase [ria.ll].
Haunbonee MHTEHCHUBHO JIeJICHHE KIIETOK TIPOUCXOIUT B CEP/IIICBUHE
CTBOJIA, II€ MPOXOJIUT OCHOBHOM MOTOK MUTATEIbHBIX BEILIECTB.

[TutaTtenpHbIE BeEHIECTBA JIETKO MOJHMMAIOTCS BBEPX IO
PBIXJION CepIeBUHE, CTUMYJIMPYS POCT pacTeHUsI, 00pa3ys HOBBIE
BeTBH U JHCThs. Ecim 6w B JIHK keTox Haxomwiack Hekas mpo-
rpamMma pa3BHUTHS, TO IEPEBbSI OJTHOM MOPOIbI OBLITN OBI COBEPIIICHHO
OJIMHAKOBEIE 1O cTpoeHuto. OHM MMenu Obl OJIMHAKOBOE KOJUYe-
CTBO BETOK, X KOH(DUTYpAINIO U TNIOTHOCTb.
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OnHako BHEIIHUE YCIOBHUA BHOCSAT CBOM KOPPEKTHUBBI.
Knerku, Haxonsdmumecs Ha nepudepuu, MoaydaroT MEHbIIE MUTa-
TEJIBHBIX BEIECTB U UM MPUXOIUTCS UCIOIb30BATh OTXObI )KU3HE-
NeSITEIbHOCTH CEPALEBUHHBIX KJIETOK, ITO3TOMY OHH MEHbIIE IO
pasMepam 1 00pa3yroT 60s1ee MIOTHYIO IPEBECUHY.

MuHMMaNbHOE KOJIMYECTBO IMUTATEIBHBIX BEIIECTB IOJIY-
YaloT KJIETKH HapY>KHOT'O CJ1051, KOHTaKTUPYIOLIHE ¢ Bo3ayXxoM. OHu
COXHYT M OTMHPAIOT, 00pa3ys kopy. Kpome Toro paznuuus B ocBe-
IIEHUH NIPUBOJUT K TOMY, YTO C OCBELIEHHOIN CTOPOHBI YBEIUYMBA-
€TCs KOJIMYECTBO BETOK, B Pe3y/bTaTe MX 00Jee MHTEHCUBHOTO PO-
cTa.

N36BITOK MUTATEIBHBIX BEIIECTB U BJIArd B CEPLIEBUHE NTPH-
BOJIUT K TOMY YTO B HE HAYMHAIOT Pa3BUBATHCS PAa3IUYHBIC Mapa-
3UTHI - OaKTEPUHU U MJICCHEBbIC TPUOKHU, IPUBOISIIINE K THOETH Jie-
peBa.

[TpumepHo Tak ke oOpa3yeTcs M KoXa y XKHBOTHBIX. JTO
CJIOW OTMEpLIMX U 3aCOXIIMUX KJIETOK, KOTOPBIN IIPEIOXPAHSET TIIy-
OMHHBIE KJIETKH OT BbICBIXaHUS U ru0enu. OKUBUTH 3TH KJIETKH Ka-
KHMHU-TO KpEMaMH MM Ma3ssMU HEBO3MOXHO. /la 3TO He HYXHO U
onacHo. KiieTku, He 3amMIEHHbBIE KOXKEH, JIETKO MOBPEKAAIOTCA U
CTAHOBSITCS MUILEN Pa3JIMUHBIX, JIETKO IPOHUKAIOIIMX B HUX OaKTe-

pHUH...
skkosk

Kaxk yxe ObUTO CKa3aHO BHINIE, C TOUYKH 3PEHUS HACTOSIICH
TEOpHUH, "JKU3HB'" - 3TO YUCTO OBITOBOE WU PEIUTHO3HOE MOHSITHE,
0OYCIIOBJICHHOE JPEMY4YUM 3a0JIy’KIEHUEM, YTO B MaTepHAILHOM
TEJIe YEeJIOBEeKa WJIM KUBOTHOTO CYIIECTBYET HEUTO HEMAaTepHuasb-
HOE, KOTOPOE U JEJIAaeT €ro ")KUBBIM".

Ha camowm e nene, )KWBOM OpraHU3M — 3TO MPOCTO OHOJIO-
TUYECKUN MEXAHU3M, CJIOKUBIIMHCA B PE3YyJIbTaTe JUIUTEILHON 3BO-
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JIOLMU MaTepuH, B KOTOPOM C(HOPMHUPOBAINUCH U JAECUCTBYIOT MHO-
JKECTBO aBTOMATUYECKUX, B3aUMOCOTJIACOBAHHBIX U MOIEPKUBAIO-
HIUX JPYT JIpyra MpoLeccoB, MOAUYNHSAIOMUXCS AMHCTBEHHOMY (hU-
3MYECKOMY 3aKOHY — BTOPOMY Hayally TepMoauHamMuku. W Huuero
"KUBOT0" B HEM HE COJICPIKUTCA.

Ero BnomHe MOXXHO CpaBHUTH, HallpUMeEp, ¢ pabOTAIOIIUM
JBUTATENIEM BHYTPEHHETO CTOpaHUs, B KOTOPOM TaKKe OCYIIECTB-
JISIOTCSL TaKWE B3aWMOCBSI3aHHBIE aBTOMATUYECKHE MPOIIECCHI, KaK
nojiaya TOPIOYEro, CMEIIMBAHUE €r0 BO3/YyXOM, C)KaTHE B I[MJIMH-
Jpax, NOJKUTaHUE CMECU B HY)KHBII MOMEHT, CHHXPOHHOE OTKPBI-
BaHUE M 3aKpbITHE KJIallaHOB U TakK Jalee.

U nosromy paboTaromuii 1BUTAaTENb, KAKOW-HUOY/Ib MIEPBO-
OBITHBIN TUKAPh C OCTPOBOB TyaMOTYy, BIIOJTHE €CTECTBEHHO MOXKET
CUHTATH YKUBBIM.

Tem Oonee, 4TO OOBEIUHUB €ro C HEPTIHOW BHIIIKOMH,
He()TENEPETrOHHBIM aIapaToM U aBTO3aMpPaBIIUKOM, MOXKHO 3aCTa-
BUTH €ro paboTarh aBTOMAaTUYECKH, 0€3 yJacTus yelloBeKa, 10 TeX
Mop, MOKa OH HE U3HOCUTCS U 3arjoxHeT. To ectb ympéeT. To ke ca-
MO€ TIPOUCXOJHT | C JII0ObIM oprann3mMoMm. COOM OTHOTO WU He-
CKOJIbKUX IIPOIIECCOB, HAPYIIAET UX COTJIACOBAHHOCTH, OTTOUEHHYIO
MUJUTMOHAMH JIET SBOJIIOIIMH M, B KOHEYHOM UTOT€ MPUBOAUT K OCTa-
HOBKE BCEX IMPOIIECCOB, MPOUCXOISAIINX B OpraHU3ME.

[IpaBma nBUTaTENb JIETKO OTPEMOHTHUPOBATH, IOCTATOYHO 3a-
MEHUTh KaKUe-TO AETau WIH MOYUCTHTh KOHTAKTHI, YTO C OCTAHO-
BUBIIIUMCSI OPTAaHU3MOM He Bcerja nmoiydaercs. [lotomy uto B 6uo-
JIOTUYECKOM OpraHu3Me, OYTH Cpa3y e HauMHAIOT MpeolianaTh
JIpyTHe MPOoIeCcChl CUHTE3a, ACNA0NIIe PEaHUMALIMI0 HEBO3MOKHOM.

Teno yenoBeka, Tak k€ Kak M JIIOOOr0 IPYroro >KMBOTHOTO,
M0 CYTH, MIPEACTABISIET CO00I COOOIIECTBO, HAXOMSIIMXCS B CUM-
Ou03e MHOXXECTBA MHOTOKJIETOUHBIX OPTaHU3MOB (OpPraHoB), KOTO-
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pbie OOBEAMHUBIINCH B TPOIECCE BOJIOIHH, PAa3BUBAIKMCh COB-
MECTHO ¥ HaBCET/1a MOTEPSUIH CaMOCTOSITEIbHOCTb. [10 cyTH, 3TO pe-
QJIM3alksl TOTO K€ CaMOro NMPHHIUIA CUHMe3d, TOIbKO Ha Oolee
BBICOKOM YPOBHE OpPTaHU3aIlUl MaTEPUH.

Cam MexaHu3M JieiicTBUS cUMOHMO03a TIOCTaTOYHO MPOCT ISt
noHMMaHus. [IBa MM HECKOJBKO MHOTOKJIETOYHBIX OPTraHHU3MOB,
CBSI3aHHBIX CUMOMO30M, HCHOJB3YIOT OOJBIIYI0 YacTh MPOIYKTOB
KHU3HEIEATEIILHOCTH APYT Apyra (OTXOAbI WK IPOCTO AEPHMO), KaK
CTPOMTENBHBIA MaTepua IJisi ce0sl, YTO B UTOTE MPUBOJHUT K YMECHb-
HICHUIO TIOTPEOJICHUS UK U SHEPTUH U3 OKPY)KAIOIICH CPEIIBI.

U 49T0, COOTBETCTBEHHO, HaéT TOPa3I0 OOJIBIITYIO0 HE3aBUCH-
MOCTB OT BHEIIHUX MPUPOAHBIX YCIOBHUI U TIOATOMY MBI MOKEM J10-
BOJILHO JJTUTENIFHOE BpeMsi 00XoauTcst BooOmie 6e3 nuum. B mpo-
TUBHOM Cllyyae MpH OTCYTCTBUU CUMOMO3a, HAM MPUXOAUIIOCH ObI
MOCTOSIHHO YTO-TO XeBaTh. A TakK, KJIIETKA OPraHOB BO BpeMsI Iepe-
PBIBOB B IMUTAaHUU OOXOAATCS OTXOAAMU JKU3HEACATEIBHOCTH APY-
I'MX KJIETOK OpraHu3Ma, IOCTYMAIoIIUMU B KpoBb. B pupoe, npak-
TUYECKH UCTIONB3YETCS BCE M HUYETO HE MPOIAAaeT MPOCTO TaK.

Kemynas >kermesza, Hampumep, HUCIONB3YeT IS ACTICHHS
CBOMX KJIETOK, a 9TO €€ OCHOBHAs 3a/1a4a, TPOAYKThI )KU3HEICITEIIh-
HOCTH KeITyJIKa, TIOCTaBIIsIeMbIe TOTOKOM KPOBHU M B KAYE€CTBE OTXO-
JIOB BBIJICIISIET KeT4b, KOTOPYIO JKEIYA0K B CBOIO OUY€pE/lb, HCIIOIb-
3yeT JUIsl mepepaboTKU HEKOTOPBIX MPOAYKTOB nuTanus. Eciu yna-
JMTb U3 OPTaHU3MA KETUHBIH MYy3bIPb, XKETyT0K HE CMOXKET HCIOJIb-
30BaTh HEKOTOPHIE BEILECTBA, B PE3YyJIbTATE YEro 4eJOBEK, XOTSI U
OyJIIeT )KUTh, HO Oy/IeT BRIHY)KJICH OTPAaHUYUBATH ce0s B ynmoTpeoie-
HUH HEKOTOPHIX BUOB TTHIIH.

[ToBpexxneHne cepaa HeMeAJICHHO PUBOIUT K CMEPTH, TaK
KaK CepJIle BBIMOJHSAET OYECHb BAXHYIO (YHKIHIO IO TIEPEKavKe
KpoBU. U X0T4 3Ta QyHKIIUS OUEHb BaXKHA, OHA TEM HE MEHee, J10-
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CTaTOYHO MPOCTa U MO3TOMY CEepJILe JETKO MOKHO 3aMEHUTh MeXa-
HUYECKUM IPOTE30M — MPOCThIM HacocoM. UTo, coOCTBEHHO, yxke
JIOBOJIbHO YCIICIIHO HAYMHAIOT JIeJIaTh MEIUKHU.

[ToBpexaeHue neveHu, Tak ke CMepTEIbHO OMAcHO, TaK Kak
HPOAYKTHI (OTXO/bI) €€ KUIHEACATEIEHOCTH — 3TO 0OJIBbIIOE KOJIH-
YeCTBO Pa3HOOOPA3HBIX BEIIECTB, KOTOPHIE HCIIOIB3YIOTCS APYTUMH
opranamu. be3 nedyeHu, oueHb MHOTHE OPraHbl NMEPECTaHyT MOJY-
4aTh HEOOXOAMMBIE UM OTXOJBI €€ )KU3HEACATeTbHOCTH, YTO OUYEHb
OBICTPO MPUBENET K COOI0 M OCTAHOBKE JAPYTUX CBSI3aHHBIX C HUM
MPOIECCOB B OpPraHU3MeE U €ro "cmepTu’.

[ToaTOMY 3aMEHUTDH TIEYCHb KAKUM-JTHOO YCTPOMCTBOM, CKO-
pee BCero He MoJIyuuTcs HUKoraa. To ecTh Jo0bie opraHbl HallIero
Tena "03a00ueHBl" JUIIb TEM, YTOOBI JACTHIUCH U Pa3MHOKAIUCH
TOJIBKO UX KJIETKH M UM TIIYOOKO Oe3pa3inyHa )KU3HEACITeIbHOCTh
Ipyrux opranoB. OpHaKO B pe3ylbTaTe UIMTEIBHOW 3BOJIIOIMH,
c(hOpMHUPOBAITUCH HACTOJBKO MPOYHBIC B3aUMOCBSI3H MEXIYy HUMH,
41O JII000H cOO0il B OTHOM Oprase, cpa3y *e OKa3bIBaeT BIMSIHHUE Ha
IpyTue.

Korga yaénple cMoryTt aetanbHO pa3oOparbes B paboTe op-
raHOB HAILIETO TeJia, BOT TOrAa 6€30 BCAKUX JIUMOBBIX pacuInppOBOK
HECYIIECTBYIOIIETO0 T'€HETUYECKOTO KOJa, JAEUCTBUTENBHO, IIO-
SIBUTCSI BO3MOKHOCTB CO3/1aBaTh OUeHb 3(PPEKTUBHBIC JICKAPCTBA OT
pa3TUYHBIX 00Je3Hel. XOTs MOJHOCThIO U30ABUTHCS OT HUX YeJIO-
BEUECTBY HE ynactcs HHUKOTAa. OCTaHOBUTH 3BOJIIOLMIO MAaTepUU
HEBO3MOXKHO, & BO3HUKHOBEHHUE OOJIE3HEW — ATO MPUHIIUITHATBHO
3aKOHOMEpHOE €€ CJe/ICTBUE.

Jlornueckoe pa3BUTHE HACTOSIIEH TEOPUU HEU3OEKHO TIPH-
BOJIUT K COBEPIICHHO OIIEIOMJISIONIEMY BBIBOJY, YTO TO, YTO MBI
Ha3bIBa€M '"JKU3HBIO", )KM3HBIO U HE SIBJISIETCS, a ABJISETCA MPOCTHIM
Y 3aKOHOMEPHBIM CIIEJICTBUEM IIPOLECCA IBOIIOLUN MAaTEPUU BCe-
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JeHHOU. Y TONbKO HEMOHUMaHUEM 3TOT0 OOCTOATENHCTBA OOBICHS-
€TCs TO, YTO el MHOTHE YYEHBIC-TEOPETUKH JO0 CHUX TMop Oe3-
YCIICIIHO MBITAIOTCS HAWTHU pas3rajKy OTIMYUS KUBOTO OT HEXHU-
BOTO, 110 CYTH, JIOMSICb B OTKPBITYIO IBEPb.

[ToToMy 49TO Takoro OTJIMYUS MPOCHIO HE MOIHCem Oblmb.
Tak e COBEPIICHHO SICHO, YTO YHUYTOXXHThH JKU3HB, KaK MPOLIECC
IBOITIOIIMU MAaTEPUH, HEBO3MOXKHO, ITO3TOMY JIF0OOBIE U3MBITILICHUS O
KOHIIE CBETa SBJISIFOTCS OpefoM CHMBOM KOOBUTBI. bormee Toro, mpo-
LIECC ABOJIIOIIMHM HE OCTaBIISIET HUKAKOH, JTa)ke MUKPOCKOMHYECKOMH
BO3MOXXHOCTH CYIIECTBOBAHUS HEKOETo BbIcHIero TBopua. [Ipocto
MOTOMY, YTO IIPUPOJIE OH HE HYXKEH.

W TOIBKO HEBEKECTBO U JETCKasi OrPaHUYEHHOCTh YeIOBe-
YECKOr0 pa3yMa MpHBeNia K BOBHUKHOBEHUIO HAWBHBIX CKa30YHBIX
YUEHHUH O HEKOEM BBICIIIEM CYIIECTBE, KOTOPOE, KAKHM-TO HEBEPO-
SATHBIM 00pa3oM, CO34aJI0 3Ty BCEJICHHYIO U "COTBOPHIIO" Bce "Ku-
BOe', IOMECTHB €ro Ha TIaHETy ¢ KOM(MOPTHBIMH yCIOBHSIMH TPO-
KUBaHUS. AOCYpAHOCTh 3TUX YUEHUIN CTAHOBUTCS OUEBUTHOM, €CITH
3aJaTh aBTOPaM U UX MOCJIEI0BATENsIM apy MPOCTHIX BOIPOCOB.

Bonpoc nepewtit: A st 4ero, cOOCTBEHHO, BCEMOTYIIEMY
CaMOJIOCTaTOYHOMY CYHIECTBY, KOTOpPO€ HU B 4YeM HE HYKJaeTcs,
3TOT reMOPPOH € YEIOBEYECTBOM, KOTOPOE TOJIBKO U JAENAET, UTO M0-
CTOSIHHO BOIOET, TpaOuT 1 yOuBaet apyr apyra?

U eonpoc emopoii: A 4T0, y 3TOTO BCEMOTYIIIETO CYIIECTBa
HE XBaTUJIO yMa PEIINTh 3TU MPOOIEMBI eIIé Ha CTaJAUH TPOSKTUPO-
BaHus? OTCyTCTBHE OTBETOB Ha 3TH BOMPOCHI JOKA3bIBAET, YTO 3TO
BCEMOTyIIIee CYIIECTBO HE Oojee ueM 1o yooroi (aHTa3zuu Jiro-
JieH, CO3aBIINX €T0 M0 CBOEMY 00pa3y u MoI00Hro.

Beputs B T0, 4TO 3TO BceMoryIiee CBepXpa3yMHOE CYIIECTBO
MOJKET OBbITh MPUMHUTHUBHBIM U YKECTOKUM, KaK MEPBOOBITHBIA JH-
Kaph, B BBICIICH CTETICHH HEJENo U 0eCCMBICIIeHHO. boree Toro, He-
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CMOTpSI Ha TO, YTO ITO CYIIECTBO 00OCIIACT JIOIM BEYHOE OJIaKeH-
CTBO B 3arpoOHOM MHpE, YTO-TO HUKTO OCOOCHHO HE CITCUTUT BOC-
MOJIb30BAaTHCSA 3TUM OOCTOSITENIHLCTBOM, a COBCEM Jake HAoOOpOT
OYCHb MHOTHE YU€HBIC OBIOTCS HaJ pa3pabOTKONW METO0B PO Ijie-
HUS CBOETO OPEHHOTO CYIIIECTBOBAHUS HAa TOM CBETE.

[TeITasich MOYEMY-TO KaK MOXKHO JOJIbIIIE OTTSHYTh MOMEHT
MOJTyYeHHUsT BEYHOTO OyakeHCTBA. 7 3TOTO Jaxke MpUIyMau
KPUOTEHHBIC KAMEPBI, T/Ie 3aMOPOKECHHBIE TPYIIBI BAXKHBIX (C TOUKH
3pEHUsI ’TUX TOKOMHUKOB) 000, OYyT XpaHUTHCS 10 TEX TOP, MTOKa
YeJIOBEYSCTBO HE HAMIET cnoco0a BBEUICYUThL MX U OKUBUTH. A BCe
MOTOMY, YTO JTa)Ke caMmble TITyOOKO BEpPYIOLINE PEIUTHO3HBIC (aHa-
THKH, B TIIyOWHE AYITH COMHEBAIOTCS U MYYarOTCsl TOM HEU3BECTHO-
CTBIO, KOTOpasi 0XKUIAET UX MOCIIE CMEPTH.

Benp uenosek co3nan cebe Oora IMEHHO U3 CTpaxa CMEpTH,
U JaXKe MOJHUMASCh IO JSCTHHIIC MO3HAHMS, OH BCE MBITACTCS CO-
BEPIIIEHCTBOBAThH CBOIO MPUIYMKY.

BmecTto BeTx03aBETHOTO W MPUMUTHUBHOTO 00XKECTBa, Te-
neph B MO3raX MHOTHX TICEBJIOTPAMOTHBIX BEPYIOIIUX (UTYpUPYET
YK€ HEKHM, KaK UM Ka)Ke€TCsl, BIIOJIHE "Hay4dHbIN" BBICHIUN pa3yM,
obuTaronuii MO0 B rTyOMHAX BCEJIEHHOH, THOO B KAKOM-TO APYTOM
HU3MEPEHHH, KOTOPBIH, MO-BUIUMOMY, OT CKYKH CO3/aJT YeJIOBEKa B
KaKUX-TO CBOMX HEMOHATHBIX HENsX. HO TyT BO3HMKAET JTOTUYHBIN
BOTIPOC, a KTO K€ Co3/all camoro oora..?

"XXu3Hp", KaKk yxe ObUIO CKa3aHO, 3TO CIEACTBHE MpoIecca
HBOJIOIIMY MATEPUU U MPOIIECC ITOT OECKOHEUYEH. A KellaHue MPo-
JUTUTH TO, YTO yXe€ caMO 10 cebe 0ECKOHEUHO, TIYIo U 0eCCMBIC-
neHHo. Kaxxprit uenoBek WM )KUBOTHOE, KaK MaTepHUAIIbHBINA OHO-
JIOTUYECKHH MEXaHHW3M, IMOCTOSTHHO BOCIIPOU3BOIUTCS TMPUPOIOH
3aHOBO U JIa)K€ HE 0CO3HAaBasi TOTO, MO CYTH, MPOKUBAET OCCKOHEY-
HO€E KOJIMYECTBO "JKM3HEN" Ha OECKOHEYHOM MHOKECTBE 00OHUTaEMBIX
IJIaHET BO BCEJICHHOM.
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W HaunHas KaXIyr0 HOBYIO "KU3HB' C HYJS, OH (pu3nyecKku
HE MOXET MOMHUTb, HU MPEAbIAYIINE )KU3HU, HU MECTO, TJIe OH yiKe
KOT'J1a-TO KWJI. DTOT HEOOBIUHBIN BBIBOJ, MO CYTH, 0OOCHOBBIBAET
Oynau3M, Kak MHTYMTUBHOE U TOYTH HAYYHOE MHPOBO33PEHHUE C
"perHKapHanuel" MaTepualbHOIO TENa.

A TO, 4TO JI10JI1, CAMU TOTO HE TOHUMas!, HA3bIBAIOT AYIIOMH,
TaK 3TO MPOCTO HAIlle CO3HAHHE, SIBIIAIOIIEECS] CBOMCTBOM BBICOKO-
OpraHU30BaHHON MaTepuH, GOPMUPYIOIIUMCS B Pe3yIbTaTe BOCIHU-
TaHUsI ¥ O0ydeHHUs, OECCIEAHO UCUE3ArOIIETO MOCIe CMEPTH Opra-
HU3MA.

U xots co3nanue win "myma" co CMEpThIO OECCIIeTHO HCYUe-
3aeT, 9TO HE MMeeT a0COJIIOTHO HUKAKOTO 3HAYEHHS, TOTOMY 4YTO
OHO TaK ke chOpMHUpPYETCS 3aHOBO B HOBOM Tene. M 1 3Toro He
notpedyeTcs Hu 00ra, HH JIbSBOJIA, HU BBICIIETO pasyma. J[is aToro
BIIOJIHE JIOCTATOYHO POJIUTENEH U 1e1aroros.

CmepTh Belb TOJBKO C TOYKM 3PEHUS TMOKa €Ie HEBEkKe-
CTBEHHOI'O YEJIOBEKA, SIBJSIETCS TpareaueH, A IPUPOIbI KeE - 3TO
3aKOHOMEpPHOE SIBJIECHUE, MPOUCXOASIIee MOBCEMECTHO U IOCTO-
SIHHO, TaK K€, KaKk U poKAeHHE. DTO HEOTheMIIeMasi COCTaBIISIOIIAs
mpolecca 3BOJIIOLMM MaTepud. B Hamem Tene Kaxaylo MHUHYTY
YMHPAIOT THICSUU KJIETOK. M KaXKyt0 MUHYTY THICSIUM KJIETOK POXK-
JTAI0TCSI BHOBB.

Jlumie pazymHOE OCO3HaHHE TOro (pakTa, 4TO CMEPTh ITO
Hen30eKHOE CIIEICTBHE MPOIIeCcCa SBOTIOIUH, TPUBEIET K TOMY, YTO
OHa npecmanem CMPAWIUMb JTH00€il C80eil HEeU36eCMHOCMbIO U
0e3b1cX00H0CmbI0, A CHAHEem 60CHPUHUMAMbCA RPOCHO KAK 00-
Ccaonasn Heu30exscHocme.

JlocagHas, HE CTOJIBKO MOTOMY 4YTO B HOBOW >KM3HH, HE
TOJIKO BCE HYKHO OyJIET J1e1aTh 3aHOBO - CHOBA YUUTbCS TOBOPUTb,
XOJIUTh, YUTATh, 3aBOJUTH APY3€H, a CKOJIBKO MTOTOMY, UTO B CIIEeIYy-
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IOIIEH JKU3HU BEPOATHOCTD HAIIETO MOSBICHUS B OECKOHEUHOM BCe-
JICHHOM Ha Tu1aHeTe 3eMis, HACTOJIbKO HUUTOKHA, YTO MPAKTUYECKU
HeBOo3MOkHa. Korna desoBek, HakOHEI-TO, TOMMET U OCO3HAET 3TO,
OH COBEPILEHHO MO-APYyroMy OYyIeT OTHOCUTHCA, KaK K >KM3HHU BO-
00111e, TaK U K KKI0W OTAEIBHON KU3HHA B YACTHOCTH.

DTO YTBEpKACHUE MOXKET, B HACTOSIIEE BpEMs, TOKa3aThCs
KOMY-TO IIUHUYHBIM, TaK KaK CKOpOb MO MOKOWHHKY H CIIOBa O
HEBOCIIOJTHUMOH yTparte, OyayT Ka3aThCs TIYIBIMU U HUKYEMHBIMHU.
[Toromy yTo NMt0/IM, YMEpILIUE UK MOTHOIINe B BOITHAX, B KATacTPO-
¢dax, B KOHLIJIArepsX U ryjarax, B CHJIy TOTO YTO MaTepus BEeUYHa U
HEYHUYTOXKMUMa, CHOBA M CHOBA )KHUBYT U €CJIM HE CPEI HAC, TaK Ha
JIPYTUX OOMTAaEeMbIX IJIaHETaX OECKOHEYHOW BCEJICHHOM.

JKuByT naxke 1 He 0OCO3HABAsl TOTO, YTO KOT/IA-TO YK€ KU
U OyayT *®uTh eumi€ He oauH pa3. Jlroau, ObIBIIME paHbIe APHUCTO-
tensimu, Hetoronamu, ['urnepamu CtanuHbiMu, pabaMu v TATPULIN-
SIMH, BO3MOKHO, CETOHS SIBJISIIOTCS] HAILIUMH J€ThbMU, BHYKaMH WU
MPaBHYKAMH, & MOJKET JIake COOaKaMu MITH KOIIIKAMH, XOTsI HUKTO 1
HUKOI'JIa 3TOT0 HE Y3HaeT.

Ho B cuny BeuHOCTH MaTepuu, 3TO aOCOJIOTHAS HEU30EK-
HOCTb 1 YEJIOBEUECTBY CO BpEMEHEM MPHUAETCS MPUBBIKHYTH K A TOMY
U IEPECMOTPETh CBOE OTHOILEHHE K 3JI0/I€IM U TUpaHaM MPOLLIOTo.
N xorpa nmoau HAKOHEL-TO OCO3HAIOT, YTO OHH, MO CYTH, BOIOIOT
camu ¢ co0oH, t00bIe KOH(DIUKTH U BOWHBI CTAHYT OECCMBICIICH-
HBIMH.

W Torpa oTHoOIIEHWE K MaMSITH TaKUX T€HUAIbHBIX JIIOAEH
Kak Xpucroc win JIeHuH, KOTOpbI€ B YCIOBUSIX CIErKa MOYMHEBILIEH
00e3bsIHbEH CTau YTO-TO MOHSIIN U O€3yCIEUTHO MBITAINCH U KHYTOM
U TIPSTHUKOM BBIBECTH 4Y€JIOBEYECTBO HAa HOPMAIbHBIA MyTh pPa3BU-
TS, U3MEHUTCSL.

[Tpon3oiaET 3TO OCO3HAHUE, K COXKAIECHUIO €€ OYEHDb HE-
CKOpO, HO HEM30EKHO MPOU30UIET.

123



Anexcandp BECEAOB

IIpumeuanue. 1 nacmosawyro meoputro, Haoo nojiazams, jiem
uepe3 500-1000, xomsa xomenocv 0bl HadeAmMbCA, YMO paHvlie, OyOym
usyuams 6 HauanvHou wkoe. Ona OKOHYamenbHo u Haecez0a yrHuumo-
JHcum ece penucuoznvle u mucmuueckue yuenusn. U nekomopuie npu-
3HAKU C1A0020 OBUNCEHUA K INMOMY, YIHCE MOHCHO 3AMEMUMD Yice Ceil-
uac no HeovIBAIOMY, HO CYMU, NPEOCMEPMHOMY 6CHIIECKY PETUZUOZHOZO0
MpaKobecus u Hegexicecmaed, KOmopule 00bI4HO CIYUAlOMcs nepeo cKay-
Kom npozpecca.

A ceiiuac MHe 0OJBHO M CTBIAHO 3a Poccuio, KoTopas
OoJIbIIIe APYTHX MOTPS3IIa B 3TOM HEBEKECTBE U MPAaKOOECHH.

Bb1600 u3 6cezo ckazannozo ouenv ONMUMUCIUYEH: Yel0-
6€K, KAK C/IOMCHEUWUIl A8MOMAMUYECKUIl MAMEPUATbHBLIL 00b-
eKm, chopmMuposasuIniica MUITUOHAMU JiIem IGONI0UUN U 00.1a-
oarouwuil CeOUCMEOM CO3ZHAHUSA, HCUGEM 8€UHO, NOCHOAHHO 00-
HOGIAACH 6 8UOE MAMEPUATILHO20 Mmed.

U nosmomy on Hukoz0a ne cmodcem OKOHYamenbHo node-
oumo Hu 00J1€3HU, HU CMEPMb, MAK KAK OHU AGAIOMCA 3AKOHO-
MEPHBIMU COCMABIAIOUWUMU RPOUECCA IGONIOUUU MAMEPUU.

Kcratn, uMeHHO yiTydmiaroniiecs, mpuoIMKaroImmecs K mo-
YTH CTEPUJIbHBIM, YCIOBHUS KU3HHU, & BOBCE HE IIIOXas SKOJIOTHYe-
CKasi 00CTaHOBKa, Y)Ke IPUBEIIH K OCJIa0ICHHUIO 3alTUTHBIX MEXaHU3-
MOB U IIMPOKOMY PACHPOCTPAHEHUIO CPEIA YETOBEYECTBA AJIJIEPTH-
YEeCKHX M PaKOBBIX 3200JICBaHUH.

ITerTasice M30aBUTHLCA OT OXHHUX OOJIE3HEH, UYEIOBEUECTBO
HEen30eXHO OyIIeT MmoyyyaTh Apyrue U HaBepHsKa OoJiee CTpallHbIe.

IToaToMy IpOAIUTE OTAENBHYIO ">KU3HB'" pa3a B OJITOpA Ye-
JIOBEK BO3MOYXKHO U CYMEET, HO CTaTh 0€CCMEPTHBIM OH HE CMOXKET
Hukoraa. [loToMy 4TO OCTaHOBUTH ABOJIOIMIO MAaTEPUU TPUHIIUITH-
AJIbHO HEBO3MO’KHO.
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18. O CO3HAHUN
N IMAMSATH

Hepenxo npuxoauTcs 4uuTaTh COYMHEHHS (QHIOCO(POB, U
OYCHb JAPEBHUX, U HE OYEHBb, O COZHAHHNH, KaK O HEKOEH HeMaTepH-
aITbHOM CYOCTaHIINMH, CYIIECTBYIOIIEH Ie-TO B OpraHu3Me, cama o
cebe. DTO MPOUCXOIUT OT HEMOHUMAHUS TOTO, YTO B MIPUPOJIC HU-
YEero HeMaTepHaIbHOTO HE CYIIECTBYET.

Paccmampueams uenogeueckoe co3Hanue Kak ocooyio uoeans-
HYI0 (HemamepuanbHyio) Cyocmanyuio, NPUHYURUALHO OMJIUYHYIO OM
cyocmanuuu MamepuanbHoll, eCms 0aHb PETUSUOZHOMY MPAKodecuio u
uoeanucmuyueckoii unocopuu, Komopvie ANAIOMCA KOMHOHEHHOM
U0e0102UHecKoll peaKyuu, Havasuwiencs 6 KOHye 08aduamoz0 eKa ¢
Kpaxom co8emcKo20 KOMMYHU3IMA U NOPOMHcOarouieli momaibHoe no-
mymuenue ymos (A.3unoeves).

Co3nanue — 3TO CBOWCTBO BBICOKOOPTAaHM30BAaHHOW Mare-
pHUH, 2 UMEHHO KOPBI YEJIOBEYECKOTO TOJIOBHOTO Mo3ra. U1 ero gpyHk-
IUsl TOCTaTOYHO MPOCTa, OHO 3aHUMaeTcsi 00paboOTKOM U AIEeMeH-
TapHBIM CPAaBHEHUEM CHUTHAJIOB C OPTaHOB YYBCTB, OPraHU3ys UX B
BUIe 00pa30B HEUPOHHBIMH CTPYKTYpaMHU. A Tak xe KOMOUHUPOBa-
HUEM, TpeoOpa30BaHUEM M COXPAHEHHEM ITHX 00pa30B B MaMSITH.

[Tponecchl MBIIIIEHUS — 3TO U €CTh MPOLIECCHl U3MEHEHUSI U
npeoOpa3zoBaHus 3TUX 00pa3oB. Cama MaMsTh HUTJE HE JOKATU30-
BaHa, I0ATOMY UYTE€HUE MBbICIEH HEBO3ZMOXKHO.

A ceifyac MbI MOKaXKeM, KaK TPOUCXOUT BOSHUKHOBEHUE U
3aroMHHaHue 00pa30B B MO3Te ¢ TOUYKH 3peHus pu3nku. GOTOHBI, a
MOMPOCTY OBICTPBIC AJIEKTPOHBI, UcTyleHHbIe COJHIIEM, OTpaka-
I0TCSI, HAPUMED OT SI0JI0KA U C TTOMOIIBIO0 XPYCTAIHKA PUCYIOT Ha
ceTYaTKe N300paKeHUE ITOTO A0I0Ka. DTO U300PAKEHHUE TTPEICTAB-
JsieT co00i KapTy IpaJMeHTOB 3JEKTPUUECKUX OTEHIIMAIOB Ha CET-
yaTke.
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B manouke (unu kK01604YKe) CETYaTKH MPOUCXOIUT HAKOTILIe-
HHE 3JIEKTPOHOB B MOJIEKYJIE POJIOTNNHA, CO3A0IIEE PA3HOCTh AJIEK-
TPUYECKUX TMOTCHIHAIOB, KOTOpPas HAYMHAET BBIPABHUBATHCS I10-
poXaas IBUKEHUE ITUX 3apSAJ0B 10 HEPBHOMY BOJIOKHY B HEHPOH
Mo3ra. DTH 3aps]ibl HAKAIUIMBAsICh B HEUPOHE CO3/1al0T Pa3HOCTH I10-
TEHIMAJIOB MEXIYy HUM U APYTMMU HEUPOHAMH COCIUHEHHBIMU C
JPYTUMU NaJOYKaMH.

CuwiamMu OTTaJIKUBAHUS AJIEKTPOHBI HAUMHAIOT BBITATUBATH
JICHJIPUTHI HAIIIETO HEMPOHA MO HANPABJICHUIO K IPYTUM, MEHEE 3a-
PSOKEHHBIM HEHPOHAM U ACHAPUTHI COSTUHSSICH C HUMH 00pa3yroT B
MO3Te CTPYKTYpY, MOAOOHYIO KapTe AICKTPUUYECKUX MOTEHIINATIOB
Ha ceTyatke. ([[BrkeHue Bcerja nopokIaeTcs CuiiaMu, a CUJIbl BCe-
ra o0YyCIOBIEHBI PA3HOCTHIO AIEKTPUUYECCKUX WM TPABUTAIMOH-
HBbIX MOTEHIMAJIOB.) JTa CTPYKTYpa, IPUTATHBAS MOJEKYJIbI TJIIO-
KO3bI U3 MEXKJIETOYHOMN KUIKOCTH, YEpPE3 HEKOTOPOE BPEMS B pe-
3y/lbTaTe MOBTOPEHUS, IOCTETIICHHO MPOPACTAeT, 00pasys MOCTOSH-
HBIE CBSI3U, KOTOPBIE U MPEACTABISAIOT c000i 00pa3 s610Ka.

K 3Toil cTpykType BHOCIEACTBHH MPUCOCTUHSIOTCS KOH-
CTPYKIIMH, 0Opa30BaHHBIE €II¢ U CUTHAJIAMH C OPTaHOB OOOHSHHUS U
BKyca. ECTECTBEHHO, YTO 3TH MPOPOCIIME CTPYKTYPHI Pa3TUUHBIX
00pa3oB JACHCTBUTEIHLHOCTH OYEHb YCTOMYHMBBHI K Pa3JIMUYHBIM BO3-
JEUCTBUSIM, HAIpUMEP K moTepe co3HaHus. Korna yenoBek mpuxo-
JUT B ce€0s1, OHU TYT K€ BOCCTAHABIUBAIOTCS.

Hpumeuanne! Ceoiicmey mo3za K npeodpazoeanuio u co30anuio
HOBbIX 00pA306 Ha OCHOBe 00PA308, COXPAHEHHBIX 8 NAMAMU, Mbl 005~
3aHbl C80€Il CROCOOHOCHBIO K meopuecmey u panmazuu. Teopuecmeo u
danmazua — amo nexkasa popma maxoiu 6e3o0o6uonou axcu. Ho nwoasn
J10IHCH, 8 OMAUYUU OM BPABOBL, 0ZPAHUYEHHOU KAKUMU-MO DAMKAMU U
daxkmamu, ecezoa oezepanuuna. U umenno 3moil 6e32panudHoll axcu
Mbl 00A3aHBI MAKUMU OPE)06bIMU COUUHEHUAMU, KAK K8AHMO08AA Me-
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XAHUKa, meopusa OMHOCUME/IbHOCMU U KOCMO/i02usa, npomueopeua-
WUMU eOUHCIMBEHHOMY 3AKOHY HPUPOObL — 6MOPOMY HAYATLY MEPMOOU-
HaAMuUKu.

Mo3r cocTOMT M3 OTPOMHOrO 4YMCIa HEPBHBIX KIETOK —
HEHPOHOB, 00bETUHEHHBIX B MPOLIECCe HAKOMIIEHUsI HH(POpMaIuu B
CJIOKHEHUIITYI0 HEHPOHHYIO CETh M CIIOCOOHBIX HCIIOIh30BATh AJICK-
Tpuueckue curHaibl. Kakapiii HEMpOH MMEEeT MHOXKECTBO OTPOCT-
KOB — JEHAPUTOB, KOTOPBIMH OH COEAUHSETCS C APYTMMHU HEUpO-
Hamu. OT CII0)KHOCTH M KOJIMYECTBA ITUX COEAMHEHUN 3aBUCUT pa-
3YMHOCTb WJIM UHTEJUIEKT UHUBU]A.

Camu 00pa3pl peanbHOCTH (POPMHUPYIOTCS MPOpPACTaHUEM
JEHAPUTOB U COXPAHSIOTCS B MO3r€, B OTJIMYUU OT KOMIIBIOTEPHON
aMATH, JO CaMOM CMEPTH OpraHusMa. X HEBO3MOKHO YHUYTO-
JKUTh U TP BPEMEHHOM IMOTEPE CO3HAHUS, OHM HE NCUYE3A0T.

[ToaTOMy mnepeyduTh 4YellOBEKa ITOYTH HEBO3MOXKHO, YEM
COOCTBEHHO M O0BSCHSETCS KUBYUYECTh CTapbiX ujaei. HoBble naen
no0eXIal0T TOJBKO KOTJa BHIMUPAIOT HOCUTENHU CTapbiX. S He na-
poM 1uraty Makca [1nanka o uaesix BeIHEC B Ha4ajo padoThI.

OO0pa3Ho, maMsATh MOXXKHO CPaBHUTH C OOJBIION 0OBEMHOIMA
MO3aW4YHON KapTUHOU MHUpaA. 1 yeM MeHbIlIe 2IEeMEHTBI 3TOU MO3a-
MKH, TEM BBIILIE JeTanu3anus kaptunel. [Ipouecc odyuenus — 310
MPOIECC CO3JaHUSI HOBBIX CBS3EH MEXIY HEUpPOHAMH, MPOLECC MO-
BBIILICHUS JI€TaIN3alUHU 3TOW KapTUHBI MUpa. [ ubens wiu paspyiie-
HUE, OJJHOTO WUJIH JIaXKe JIECATKOB U COTEH 3JIEMEHTOB, 00Pa3yIoInX
KapTUHY, HE MPUBOJAUT K (aTaIbHBIM MOCIEICTBUSAM, TaK KaK CBI3H
3TH MHOTOKPATHO JyOJMPOBAaHBI U TOYTH JIFOOOH JIEMEHT JIETKO
BOCCTAHABJIMBAETCS 110 COCEIHUM.

YenoBek poxKAAETCSA C MO3TOM, B KOTOPOM MUJUTMOHAMH JIET
IBOJIIOIMH yXKe CHOPMHPOBAHBI HEKOTOpPbIE 0a30BbIE CTPYKTYPHI
CBSI3€M HEMPOHOB, OMPEACIISIONINE MOJICNIM CTAaHAAPTHOTO MOBEJIEe-
HUS UM CTApTOBBIE MHCTUHKTHI, HEOOXOJUMBIE JIJIsl BEDKUBAHUSI T10-
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CJie POXKIEHHUsA. A ero Kopa BHaJajie MPEACTABISIET COOOM CTPYK-
Typbl C XAOTHMYECKUMHU CBA3SIMH MEXAY HEUPOHAMH, KOTOpbIE
HEIPEPBIBHO U3MEHSIOTCS M YCIIOKHSIOTCS B PE3yJIbTaTe Mpolecca
00yuenua u 60CRUMAaHUA.

U npouecc 3TOT 04eHb MEJIEHHBIA U DHEPro3aTpaTHbIM, O-
TOMY YTO 3HaHUS JIOJKHBI, B OYKBaJIbHOM CMBICTIE CIIOBA, RPOpACHIU
6 6uoe 0enopumoeg Mexnay Heiiponamu. [lo3TomMy cuuTaTh ConepKu-
MO€ MaMSTH WK NIepe3anucaTh €, Kak 3TO JIETACTCs B KOMIIbIOTEPE
HE MOJIYYHUTCS. 3allOMUHATh MO IPYyromy, MpUpoJa, K COXKAICHUIO,
IIPOCTO HE YMEET U 00eIaHts 3aMEHUTh MO3T 3JIEKTPOHHBIM YHIIOM,
KaKk TpeiaratoT, HampuMep, OpraHu3aTopbl mpoekta "Poccus-
2045", SBISIOTCA, IO CYTH, OOBIKHOBEHHBIM TICEBIOHAYYHBIM IIap-
JTATAaHCTBOM.

VYyactHuku npoekta "Poccun 2045" X0TAT cenaTh yenoBeKa
OeccMepTHBIM, HE IOHUMAs TOTO, YTO MBITAThCS ClIeNaTh OecCMepT-
HBIM TO, YTO YK€ caMo 1o cebe GeccMepTHO, IPOCTO TyIo U Oec-
CMBICJIEHHO.

YenoBek - 3TO CIOKHBIA MaTepHATbHBIM 00BEKT, CHOPMUPO-
BaHHBIM OECKOHEUHBIM MPOILIECCOM 3BOIOIUU MAaTepUU B TEUCHUU
MUJJTMAPJIOB JIET, BOBCE HE sBJsAETCS UBBIM. [la 1 BooO1Ie B npu-
pOZ€ HET HUYEro >KUBOro. KU3Hb - 3TO YHCTO PEIUTHO3HOE MOHS-
THE, Beb J1a)K€ TaKash BHICOKOOPIaHM30BaHHAsI MaTEpusi, KaK MO3T,
COCTOUT U3 COBEPLIEHHO MEPTBBIX aTOMOB U MOJIEKYII.

YenoBek, Kak MaTepHalbHbI 00BEKT OCTOSIHHO BOCIIPOU3BO-
JUTCS TIPUPO/IOH 3aHOBO U JKUBET OECKOHEUHOE KOJINYecTBO pa3. He
JyMailTe, 4TO BaM CHJIBHO IIOBE3JI0, UTO BbI )KUBETE. BhI sxuiu n 10
CBOETO POKIEHUS U OyJieTe KUTh Nocie Bamei cMepTu. ToNbKO Bbl
HUKOI'/Ia HE Y3HaeTe, KeM U IJie Bbl ObUIH B MPOLLIOHN KU3HHU.

Mo3r — 3TO He MPOCTO KYCOK CEPOro BEIIECTBA B YEPEMHOU
KOpoOKe, MO3T — 3TO euHas CUCTeMa, B KOTOPYIO BXOIHUT emié U
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OTPOMHOE KOJIMYECTBO JAaTYMKOB, CBSA3BIBAIOLIUX €T0 C OKpYXkaro-
IIMM MHUPOM U HCIOJB3YIOIIUX B MPOIECCE JKU3HENEATEIbHOCTH
JNIEKTPUYECKUE CUTHAIBI DTO M OpraHbl 3pEHHUs, OpraHbl ClIyXa,
0OOHSIHUSA, OCI3aHUS.

DNEKTPUYECKHE CUTHAIBI C JATYUKOB (OPMHUPYIOT BPEMEH-
HBIC CBS3M, B BHJIE Pa3HOCTU MOTEHIIMAIOB, 0OpPa30BaHHON HAKOII-
JICHHBIMU B HEHpPOHE 3apsIaMu, KOTOpasi COXPaHSETCS B TECUYCHUU
KOPOTKOTO BPEMEHH U BO BpEeMs CHa IIPOPACTAET B BUJE ICHIPUTOB
MeXy HelpoHamH, 00pa3ysl OCTOSTHHBIE CBSA3H, COXPAHSIOLINECS
BCIO XKM3Hb. be3 3TUX CUTHajIOB C JaTYUKOB HE MOXKET ObITh HUKA-
KOT'O CO3HaHMS M HUKAKOW MaMATH, TOTOMY YTO HU 3allOMHHATh, HE
0o0pabaTheIBaTh HUYETO KPOME HUX, MO3TY OOJIBIIIE HEUETO.

U Tak kxak BpeMEHHBIE CBSI3H, B BUJIE PA3HOCTHU YJICKTPHUECKUX
MOTEHIIMAJIOB, IOBOJILHO OBICTPO UCYE3AI0T, "TIepruo 1 oaypacmnaaa”
NaMsITH IPUMEPHO OJHH CYTKHU, MO3TY HYXXEH TIepepbhIB JIsl CHA, BO
BpEeMs KOTOPOT'O JCHIPUTHI MHTCHCUBHO PACTYT.

OTHU CBSI3U MEXKIY HEMPOHAMH MHOTOKPATHO TyOJIUPYIOTCS B
Ipolecce HEOTHOKPATHOTO MOBTOPEHUS U OTOMY THOeb Helpo-
HOB OT CTapOCTH WJIM HEXBATKU KUCIOPOJIa HE MPUBOAUT K (aTalib-
HBIM TOCJEICTBUSAM U1 maMsATH. Pa3pylieHHbIe CBSI3U MOTUOIINX
HEHpPOHOB OepyT Ha celst COCeTHME.

W 511 cBA3U Mex Ay HEHPOHAMU Y Pa3HBIX JIFOACH COBEPLICHHO
pa3IUYHbBIE, TO3TOMY K OJJUHAKOBBIM BBIBOJIAM Pa3HbIE JIOIH MPH-
XOJIST B PE3YJIbTaTe COBEPIICHHO PA3IMYHBIX IOTUIECKUX MOCTPOE-
HUul. B mpupo/e HeT 1 He MOXKeT OBITh IBYX MO3TOB C OJIMHAKOBBIMU
CBS3SIMH MEX]ly HEHpOHaMH, KaKk HE MOXET ObITh ABYX JIECOB C Jie-
PEBBSIMH, HMMEIOIMMMU a0COJIOTHO OJMHAKOBYIO KOH(MHTYpaIuio
BETBEH, a MO3TOMY 3alucaTh BCE 3TU CBA3H Ha JPYTroil HOCUTEINb WU
MEPEHECTH UX HA KAKOH-TO APYrol MO3T, HEBO3MOKHO.

[ToToMy 49TO AJist ATOTO B 3TOM APYrOM MO3T€ HYKHO OyIeT
COTHH MUJUIMAPJOB JIEHAPUTOB MEpepe3aTh U MPOPACTUTH 3aHOBO,
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COTJIACHO ATOM 3anmucu. Mo3r — 3TO HE KOMIBIOTEP, B KOTOPOM JIO-
KaJIN30BaHO BCE — OINEPATUBHASI U JIOJITOBPEMEHHAs MaMsATh, MPO-
1Ieccop, 3TO OpraH, padOTalOMUii HA COBEPIIEHHO WHOM (u3nue-
CKOM ITpUHIUIIE.

Tonpko mOaU, cyUTaroImue ce0s yI4EHBIMU, MOYEMY-TO HE
MMOHUMAIOT 3TOTO U MO-BUAMMOMY €€ N0JT0 HE MOMMYT. IMEHHO
II03TOMY BCSl COBpEMEHHAs HayKa HAXOAUTCS B IJIAYEBHOM COCTOS-
HUH, TaK KaK Y4EHbIC MPAKTUYECKU YKE PA3YUMIHNCh MOJIb30BATHCS
pa3ymMoM, a IpeanoyuTaroT Oosiee JETKUIM MyTh — MCIOIb30BaHUE
MHCTHUHKTOB, KOTOPBIi He TpeOyeT OOJIBIINX 3aTpaT SHEPTUH.

VIMEHHO MO3TOMY OHM HE JqyMmasi, HACKOJIBKO 3TO COOTBET-
CTBYET (PU3NYECKON pearbHOCTH, TYIO MOBTOPSIOT T€ HEOBLIUIIBI O
KBAHTaX W YEPHBIX JBIpaX KOTOPbIE UM KOTJA-TO BOWUIU B T'OJIOBHI,
MOJIKPEIUISS BCIO ATY UyIllb MareMatndeckumu popmynamu. 1 Hu-
KTO He naét cebe Tpyaa pa3zoOparhbesi, B KaKoil creneHu 3TH Gop-
MYJIBl COOTBETCTBYIOT (PM3NYECKOM pealbHOCTH.

Kak 370 HM cTpaHHO, HO CIIOCOOHOCTH K MBIIICHHIO 00Yy-
CJIOBJICHA OMMOKaMH B pabOTe HAIIETO roJIOBHOTO Mo3ra. KomIibro-
Tep, HapuUMep, padoTarONMi Ha IBY3HAYHOU JIOTHKE, HUKOTJA HE
ommbaeTcs, Tak Kak COCTOSIHHSI €r0 3JIEMEHTOB aMSITH — TPUTTEPOB
OJIHO3HA4YHO ormpezaeneHbl. OHM UMEIT TOJIBKO JBa COCTOSTHUSA:
BKJIIOUEHO — BBIKJIIOYEHO, UMEHHO IOATOMY KOMIIBIOTEP HECIIOCO-
OCH pemmTh MPOCTEHbKYIO 3a7auky bypupana, ¢ KOTOpPOH JIErKo
CIIpaBJIsieTCs Jake KOMHATHasi MyXa.

Jleno B TOM, 4TO HEMPOHBI HAIIETO MO3Ta paboTalT Ha CO-
BEPIIECHHO JPYTrOM INPUHLHNIE, YeM KoMmbloTep. HelipoHbl umeror
TBICSYM JEHAPUTOB, KOTOPBIMM OHM CBSI3aHbI C IPYTUMHU HEUpO-
HaMH, MO3TOMY OHM MOTYT MMETh OIPOMHOE KOJMYECTBO COCTOS-
Huil. To ecTh, MO CyTH, MO3T — 3TO aHAJIOroOBas cUcTeMa. A aHajo-
TOBbI€ YCTpOWCTBA Bcerjga paboTaloT ¢ OmMOKAMU W IMOTPELIHO-
CTSIMM, 3aBUCAIIMMH, MHOTHX (DaKTOpPOB, Hampumep, oT "nmpeiida
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Hyna". Ho umeHHO ommbKaM MBI M 00sI3aHBI CBOEH CITIOCOOHOCTHIO
K 00yYEHHUIO ¥ TBOPUYECTBY.

KonnuecTBO HEMPOHOB B MO3re, UCKIKOYAs €CTECTBEHHYIO
yObLIb, BCIO KH3Hb OCTAETCS MOYTH HEU3MEHHBIM, TaK KaK OHU HE
UMEIOT MEXaHU3Ma JIEJICHHUS, [IOTOMY YTO OHO TIOCTOSIHHO HAPYIIIAJIO
Obl paboty mo3ra. Ho apyroro croco0a o0y4ueHus y )KMBBIX Opra-
HU3MOB HET U, B 0003prMOM OyAyIIeM, €1Ba JIU MOSBUTCS.

C BO3pacTOM HEHPOHBI MOCTEIIEHHO TEPSIFOT CITIOCOOHOCTH K
"MpopacTaHui0" U MO3T CTAHOBHUTCS HEBOCIIPUMMYHUB K HOBBIM 3Ha-
HUSIM. 3aTo "Tmpopociire” B MOJOAOCTH 3HAHUA JEPKATCA B HEM
OUEHb KPENKO, XOTSI TOXKE MOCTETEHHO HCUYe3al0T ¢ OTMHPAHUEM
HelipoHoB. [loaTOoMy UenoBedecTBy, YTO ObI HE OCTAHOBUTHLCS B pa3-
BUTUU MHTEJUICKTA, CTOUT MO3a00TUTHCS O TOM, YTO ObI BEPHYTH B
IIKOJIbI IUTAKAThI CO CIIOBAMU: "'YUUTBHCS, YUUTHCS U YUUTHCA...", KaK
3aBelnai OJNH, BeCbMa HETTyIbIi YeJI0BeK.

K coxanenuio B mocnennee Bpems npeodiagaet Ipyras TeH-
JICHLIMSI, @ UMEHHO "MOJIUTHCS, MOJIUTHCS U MOJIUTHCS" BEyIllas ye-
JIOBEUECTBO HAa3aj, K JIerpajallii U CPEAHEBEKOBBIO. B CBS3M C BBI-
MIEU3JI0KEHHBIM, HECKOJIBKO CJIOB O TAKOM ''3araloyHoM" sSIBJICHUU,
Kak "dexcagro".

OOBIYHO MaJIOTPAMOTHBIE PEITUTHO3HBIC JIFOAU OOOCHOBBI-
BalOT UM cyIliecTBoBaHue Mymiu. OIHAKO ¢ TOYKHU 3pEHUSI TEOPUU
IBOITIOIINH, ITO SIBJICHHE OOBICHSAETCS BEChbMa MPOCTO.

Kak u3BeCTHO, CyIIECTBYIOIINE B HACTOSIIIEE BPEMSI KUBHIC
OPTaHU3MBI JIJIs1 TAHHBIX IPUPOIHBIX YCIOBHM SBISIOTCS ONTUMAITb-
HeIMU. TO ecTh OMOJIOrMYECKH OHU MMEIOT BIIOJIHE 3aKOHYEHHBIN
BUJI U €CIIM MPOUCXOJAT KaKUe-TO OMOJOTHYECKHEe MU3MEHEHHS, TO
OHH OYEHb HE3HAYUTEIIbHBI.

[Io MHEHHMIO HEKOTOpBIX OHOJOrOB, B HACTOSIIEE BPEMs
HA4YMHAET MpeolsiafaTh, TaKk Ha3biBaeMasi, KyJIbTYPHAsl SBOJIOIHS
WIH KYJIBTYpHOE HacienoBanue. Ha camoMm nerne sta KyiabTypHas
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9BOJIIOLUS UJIET MapaJlIeIbHO ¢ GU3NOJOTHYECKOH, IPOCTO OHA To-
pa3no MeJUIeHHee KyIbTYPHOM.

[Tpr3Haku 3TOro MOKHO 3aMETUTh Ja)xe 10 TOMY, 4TO To-
poackue Opoasiune co0aky Hay4nIMCh NEPEXOAUTh YIHIbI Ha 3eI1é-
HBI cUTHaJ cBeToopa, Jaxe €CIU Ha MEepexoie HeT JIOJCH.
VIMeHHO ¢ TOUKH 3peHHS TEOPUH SBOJIIOLIMU OUYEHbB JIETKO U JIOTUYHO
o0BsicHAETCS U siBlieHHe "nexaBio”. Kakue-To o4eHb sipkue coObl-
TUSI WIN KapTUHBI OKpY’)Karole 00CTaHOBKH, B KOTOPOH YeJIOBEK
KHUBET MPOAOIKUTENBHOE BpPEMs, 3aKPEIISIOTCS B HEHPOHHBIX
CTPYKTYpax MO3ra M MOT'YT HAaclIeZICTBEHHbIMH MEXAaHHW3MaMHU ya-
CTHYHO NEPEAABATHCS ITOTOMCTBY.

EcrecTBEHHO B MOCIEAYIONMX MOKOJIEHUAX MOTOMOK, OKa-
3BIBASICh B OYCHD IMIOX0XKUX YCIOBUSIX U CPABHUBAs YBUIEHHOE C Xpa-
HSIIMMUCS B MOJICO3HAHUU (PparMEHTaMH KaKUX-TO 00pa3oB, BIPYT
OCO3HAEeT, YTO OH KOT/1a-TO yXe 3To Bujaen. He ymest oObsCHUTD Ta-
Koe "dyaecHoe" sIBJICHUE, YEJIOBEK MPUXOIUT K BEIBOAY O CYIIECTBO-
BaHUH YEro-TO OECCMEPTHOTO U BEYHOTO, & UMEHHO - AYIIIH.

Penurum ecrecTBEHHO, OJAEPKUBAIOT 3TH 3a0J1yKICHUS B
CBOMX KOPBICTHBIX MHTEpecax. B CBSA3U ¢ 3TUM JIOTMYHO IPEOIo-
KHTb, YTO YEM IO3HEE YEJIOBEK 3aBOAMUT MMOTOMCTBO, TEM OOJIbLIE
BEPOSITHOCTb NI€pPEJauu €My 3TOW HacleCTBEHHON HH(pOpMaIuy.

[Mo3aHuMu OpakaMu, BO3MOXHO M OOBACHSETCS PHIBOK B
TEXHUYECKOM Pa3BUTHH €BPONEWCKOIN HUBMWIM3ALUN B OTIMYUU OT
OMMKHEBOCTOUHOM MM apUKAHCKOH, I71€ BCerja MPakTHKOBAIHNCh
O4YCHb paHHUE Opaky, B 14 JeT u gaxxe paHblle.

19. OB 3BOJIIOLUA
PA3YMA

B mporuecce 3BOMIONMM, KaK HENPEPHIBHOTO YCIOXKHEHUS
CTPYKTYpbl MaTepuu B TEUEHHUH IJIUTEIHHOTO BPEMEHHU, BO3ZHHUKIIO
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OTPOMHOE KOJMYECTBO Pa3HOOOPA3HBIX OMOJOTHYECKUX OPTaHU3-
MOB, ITOTYMHSFOIINXCS HHCTUHKTY TOMUHUPOBaHUs. CyTh 3TOTO OC-
HOBHOTO MHCTHHKTA 3aKI[F0YAETCS B TOM, UTO B CIICJICTBHH JICHCTBHSI
BTOPOTO Hayajla TEPMOJUHAMUKH, JIF00asi 0COOb CTPEMHUTCS 3aHSTh
HauboJIee BRITOAHOE TIOJIOKEHUE, Cpean ceOe MOJO0HBIX.

U B cuity AeiicTBUSI 3TOr0 MHCTUHKTA, JII00asi rpyIina Wid co-
00IIECTBO KUBBIX OPTaHU3MOB, aBTOMaTHUECKH O0BETUHSAETCS B CO-
00I11eCTBO ¢ MUPaMUIATIBHON HepapXHUuecKoi cTpykTypoil. Ha Bep-
[IMHE YTON MUPAMUJIBI BCET/Ia HAXOAUTCS camasi KpyIHast U CUIIbHAs
0Cc00b — BOXAaK, BCE OCTAIbHBIC 3aHUMAIOT MECTa B UEPAPXHH CO-
IJIACHO CBOEMY CTaTycCy, ONpPEeieMOMY B OCHOBHOM, pa3MepaMHu.

Tak kak pa3mepsl Mo3ra y oco0el OJTHOTO BH[Ia, IPUMEPHO
OJIMHAKOBBI, CUJIa U Pa3yMHOCTh UX OMpPEIENSIETCS COOTHOLLIEHUEM
pa3MepoB, a CJIEOBATENbHO U CIOKHOCTBIO HEUPOHHBIX CTPYKTYP
MO3ra, OTBEUAIOLIUX 32 MOTOPHBIE U aCCOLMATUBHBIE (DYHKIIUU.

Ecnu cTpykTypbl, OTBedarolue 3a MOTOPHBIC (QYHKIHH
KpyInHee U 0osiee pa3BUTHI, YeM CTPYKTYpPbI, OTBEYAIOIIUE 32 aCCO-
[[UaTUBHBIC, 0COOb COOTBETCTBEHHO KpyIHEe U 00namaer Oobiieit
¢du3nueckoi cuioi.

Ecnu ke mpeo6aaloT acCoMaTUBHBIE CTPYKTYPBI, 0COOb
yMHee, HO gu3ndecku ciadee. [103ToMy HErpsl, y KOTOPBIX B CHUILY
0COOEHHOCTEH cpeibl OOUTaHMS OOJIBIIIE PA3BUTHI CTPYKTYPHI, OTBE-
Yaroliye 32 MOTOPHBIE (PYHKIINH, B COPEBHOBAHUSX 10 CUIIOBBIM BU-
JlaM criopTa - Oery Wiy npbhKKaM, Bcerja OyayT MooeXaaTh OebIX.

[ToToMy uTO y GeNBIX MPEBAIUPYIOT CTPYKTYPHI MO3Ta, OT-
BEYAIOLIHE 32 aCCOIIMATUBHBIE PYHKINHU, CHOPMUPOBABILUECS B pe-
3y/bTaTe MPOKUBAHUS B 00JIE€ CYPOBBIX KIMMATHUECKUX YCIOBUSIX
U TpeOyromux 0ojiee BHICOKMX MBICTUTEIBHBIX CIOCOOHOCTEH st
BbDKMBaHUs. V1 HUKakue TPEHUPOBKH 3TOTO HE U3MEHAT. Tak uTo ¢
Jpyroi cToponsl, "BoliHy u Mup" Herp HUKorjga He Hanumer. Of-
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HaKo BepHEMCS K HamuM OapaHaMm. B r000if cTae MOCTOSITHHO Mpo-
UCXOJAT MEJKHUE KOH(GIUKTBI U CTHIYKH, B KOTOPBIX KaXKIbIA 4JieH
CTau MOATBEPKIAAET CBOE MOJ0KEHHUE B HEPAPXUH.

OTO MO3BOJIIET MOJOJBIM M CHJIBHBIM OCOOSIM B MpoIecce
B3POCJIECHUS IPOJBUTATHCS BBEPX M0 UEPAPXUUECKOM JIECTHUIIE, UYTO
ABTOMATUYECKU MPUBOJIUT K MOCTOSHHOM poTanuu "mpaBsiieit Bep-
Xymkn".

[Ipu BcTpede ¢ Bparom, camble CHIIbBHBIE 0COOU BO TJaBe C
BOKaKOM HeE pa3ayMbIBasi BCTYIarT B 60i. Ho coBcem He 111 TOTO,
YTOOBI 3aLIUTUTH CTAl0, & MPOCTO B CUJTY JAEUCTBUS MHCTHHKTA J0-
MUHUPOBaHUs, YTOOBI MTOKA3aTh BCEM OKPYXAIOUIUM U CTae, B TOM
YHUCle, KTO €CTh KTO U MTOATBEPANUTH CBOE MOJIOKEHHUE B UEPAPXUU.
W oHu MoOTyT NOTHOHYTH, HO HE OTCTYIISAT MOKA CTast HE CIIPSYETCS B
6e3omacHoM MecTe. ToNBKO KOoria cTasi OKaXeTcsi B 0€30MaCHOCTH U
3pUTesiell He OCTAHETCsI, BO’KAaK MOXKET IIPOCTO yIpaTh.

Tak kak B MPUPOJEC CAMKH BBITIONHSIOT OOJiee CIOKHBIC
(GYHKIINH, 9YeM CaMIIbl, TO IPUOPUTET B BbIOOpE mapTHEpa IS pas-
MHOKEHHUSI BCerja MpHUHAUISKUT camkaM. OHHM BBIOUpAIOT cebe
CaMIIOB M0 Pa3JWYHbIM OTJIUYUTENIbHBIM IPU3HAKAM, KOTOPBIMH
MpUpoJAa BBIJETAET caMila U3 OCHOBHOM Macchl. IMEHHO 1Mo 3TOM
IMPUYMHE B IPUPOJE CAMIIbI UMEIOT Pa3IuvHbIC YKPAILIECHHUS, BPOJE
MBIIIHOTO MABJIMHBETO XBOCTA, IJIMHHOTO HOCA, KPACHOTO 33/1a, pa3-
JUYHBIX TPeOHEN U Ipoyee.

W umeHHO 10 3TON MPUYMHE KPYITHBIE CaMIbl UMEIOT OOJIb-
110€ KOJMYECTBO CaMOK, @ BOBCE HE MOTOMY, YTO OHU UX MPUHYXK-
JAloT K 3ToMy cujioi. CaMKH Tak e MOTYT BbIOMpaTh MapTHEPOB HE
TOJIBKO IO BEJIMYMHE, HO U MO KaKUM-TO JPYTUM OTJIMYUTEIbHBIM
MPU3HAKaM, HallpUMeED, [0 Pa3yMHOCTH, YMEHUIO YXOJIUTh OT Omac-
HOCTH WJIA YMEHUIO MaCKUPOBATHCA.

[ToaToMy B IHKOI MPUPOAE MPAKTUYECKH BCE OCOOU UMEIOT
[IAHChl OCTABUTh MOTOMCTBO, KPOME Pa3Be YK CaMbIX XWJIBIX U
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OOJIbHBIX, a 3HAYHUT YTBEPIKJICHHE, YTO "BEDKMBACT CUIILHEUIUN", B
npupojie He paboTaeT U sBiseTcs 3a0yxaenueM. [Ipupona ncnosnb-
3yeT COBEPUICHHO APYroil, BECbMa JEMOKPATUYECKHUI MPUHIIUII, a
MMEHHO, "morubaer ciabedmuii”, B IPOTUBHOM Ciy4yae Ha 3emiie
OCTaJUCh OBbI TOJIBKO CJIOHBI U KHTHI.

Bonee Toro, mpupona 6e3 coxkaleHUs KepTByeT Hamboiee
CHJIBHBIMHU, HO "TYHBIMH" OCOOSIMH, KOTOpBIC peau3ys HMPUHIHUII
JOMUHUPOBaHUA, THOHYT B paKax, J1aBasi BO3SMOKHOCTb OoJiee clia-
ObIM, HO OoJiee YMHBIM, OCTaBUTBH TOCIIE ceOsi Oojiee pazymHOE
MOTOMCTBO.

YenoBeueckoe OOIIECTBO HE SIBISETCS KAaKUM-TO HUCKIIIOUe-
HUEM, B HEM JIEHCTBYET TOT K€ MPHUHIIUI JOMUHUPOBAHUS, TUIIEP-
TpoupoBaHHBIN MOKA emI¢ TOBOJLHO HECOBEPIICHHBIM U TIPUMHU-
TUBHBIM pazymoM. Camble TPUMHTHBHBIE 0COOH, PYKOBOJCTBYIO-
HIFecs B KU3HU YHCTO JKUBOTHBIMH MPHHIIMIIAMU, OOBIYHO JTOCTH-
raroT BBICOKOTO TOJOXKEHUS B OOIIECTBE, TaK KaK UM HUYETO HE
CTOUT MEPECTYIHUTH Yepe3 JIF000Tr0, CTOSIIEr0 Ha X MYyTH.

OHHU MPEKpacHO YMEIOT MOJABIATH €II¢ TOBOJBHO CIIAOBINA
roJI0C COBECTH M HE 00paIiaTth 0co00ro BHUMAaHMS Ha KaKUE-TO MO-
palbHble U HpaBCTBEHHBIE MPUHIUIEL. [[0ATOMY camoe BBICOKOE TT0-
JI0’)KEHUE B OOIIIECTBE, MOKA KaK MMPaBUIIO, 3aHUMAIOT CaMble TIPUMHU-
TUBHBIC U OCCTIPUHITUITHBIC.

20. Ob MHCTHUHKTAX
1 MBIIIVIEHUN

[Ipexne yeM HayaTh Pa3sroBOp O MBILIUIEHUM U CO3HAHUH,
HYXHO 3aMETUTh, YTO B IPUPOJE HET MECTA KAKUM-TO MUCTHUYECKHM
Y CBEPXBECTECTBEHHBIM SIBJICHUSIM, B HEH BCE IPOUCXOJUT B COTIJIa-
CHH C NIPOCTHIMU (pu3nueckumu 3akoHamu. [Ipupona npocra u naxe
B HEKOTOPOH CTENEeHU MPUMUTHUBHA, U YTO OBl MOHATH 3TO, HAYHEM
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C caMBbIX MPOCTHIX Bemield. Mbl He OyaeM yriyousaThcs B 1eOpu op-
TFaHUYECKON XUMHH 1 OUOJIOTHH, a MONPOoOyeM MOHSITh MPUPOY Ha
IIPOCTEHBbKUX IPUMEPAX.

JlomycTrM, 4TO MBI UIMEEM B PACIOPSHKEHUH JECSATOK IMPO-
CTBIX OPraHU3MOB, Hanpumep, yepBeil. Kaxxaplil yepBs UMeeT npu-
MUTHUBHBIN TJ1a3, B BUJE HEPBHOI'O OKOHYAHMUSI, YyBCTBUTEIBHOTO K
CBETY, PacloJioXKeHHOTO B sSIMKE Ha IepeIHEM KOHIIEe TynoBuina. Hu-
KaKoro n300pakeHus OH, KOHEYHO, CO37aTh HE MOXET, HO Pa3Jiu-
YUTBh I'/I€ CBETIIO, & [I€ TEMHO €MY BITOJIHE I1OJ] CHILY.

VY Hero ecTb Tak K€ NMPUMHUTUBHBIA MO3T, COCTOAIIMN W3
Maphl AECATKOB HEUPOHOB, YIPABJIAIONIUN MAPOK MBIIII, HA OCHOBE
curHanos riasa. [IpeacrtaBum uist mpOCTOTHI, UTO COBEPLIEHHO CITY-
YallHO, B PE3yJIbTATE MYTALM, Y IIATH YE€pPBEH HEPBHBIC BOJIOKHA,
MOAXOAAT K MBIIIIAM HaNpsMYyI0, MapajuiesibHO, a Yy APYTUX MSTH,
BOJIOKHA TIEpEKpeENIeHbI. To eCTh MATh YepBEl, KaK U BCE KUBOE, OY-
JIET TYTO JBUTaThCS HA CBET, a APYTHE MATh, TYNO MOIMOJ3YT B TEM-
HOTY.

B pesynbpTaTe pasnuM4HOro MOBEIEHHUS, YEPBH, BBINOJ3IINE
Ha CBET, OyAyT OBICTPEHBbKO ChEICHBI, & T€ YTO MOMOJ3IU B TEMHOTY,
octanytcs xuBbl. Hy, eciii 1 He Bce TO, BO BCIKOM ciydae, 00Jib-
mMHCTBO. OCTaBIIMECS B )KUBBIX IPUHECYT IOTOMCTBO, B KOTOPOM,
€CTEeCTBEHHO OyAyT mpeobiazath 0coOU ¢ MepeKpeICHHBIMI HEPB-
HBIMU BOJIOKHaMHU.

B kaxxmom mocnemyroneM MOTOMCTBE ATOT MpHU3HAK Oyner
3aKpEeIUISATHCS U, B KOHIIE KOHIIOB, BCE UePBU BCer/1a OyaAyT yIoi3aTh
B TEMHOTY. BOT NpuMepHO Tak BO3ZHUKAET UHCTUHKT.

WHCTUHKT — 3TO cTaHIapTHas MOJENb IMOBEACHHS, 0Tpabo-
TaHHas U OTTOYEHHAs MPOLIECCOM IBOJIIOLMHU. JIF00OBB K OJIMKHEMY,
HaIllpuMep, 3TO TOKE NHCTUHKT - UHCTUHKT BOCIIUTAaHUS TOTOMCTBA.
Ecnmu pomgurenu B mpupoae OpocarOT MOTOMCTBO Ha MPOU3BOI
CyIb0BI B MIIQJICHUECKOM BO3pacTe 0e3 3aIIUThI, TO OHO HE JOKHUBET
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JI0 B3pOCJIOr0 BO3pacTa U HE OCTaBUT CBOErO MOTOMCTBA. To ecTh
POJl HA 3TOM MOXKET 3aKOHUYUTHCS.

Tak BOT B pe3yJbTaTe dBOIIOIUN CMOIJIU BBKUTH TOJIBKO T€
BU/IbI )KUBOTHBIX, KOTOPbIE 3a00TUITUCH O TOTOMCTBE J10 "'COBEpILIEH-
HosieTust". Buabl, B KOTOPBIX 3TH Ka4€CTBA UTHOPUPOBAIUCH U HE
3aKpeIUISIINCh, IPOCTO HE BBKWIIM U B HACTOSIIEE BPEMs HE CYIlle-
CTBYIOT.

A Teniepb BO3bMEM 00J1€€ CIIOKHBIN OPTraHU3M, C MO3TOM yXKe
COTHU B JB€ HEHPOHOB, KOTOPBIMA YK€ MOMKET «MBICIUTH». [Ipen-
CTaBbTE, YTO OH BUAMT MHIIY, KOTOPYIO MOXKHO IMOHMAaTh ABYMS CIIO-
cobamu. JInbo nepedexarh HAPSAMYIO Ye€pe3 OCBEIIEHHOE MECTO U
CXBaTHUTb, JTUOO0 JIJIs1 TOTO XKe, MOJAKPACTHCSA B 00X0/1 IO HEOCBEIIEH-
HOMY MECTY.

IlepBbIil BApHUaHT 4peBaT TEM, YTO KOI'JJa OXOTHUK BBIMJET HA
CBET, MHUILIA €T0 YBUAUT U MOXKET yCcHeTh yapaTh. K Tomy ke u cam
OXOTHUK PHUCKYET, BBIXOJS HA CBET - €r0 TOXKE MOTYT CXBaTUTh U
COXKpaTbh IpYrue OXOTHUKHU.

Bo BTOpoM Bapuante, moka oH Kpaa€rcs 1o TeMHOTE, MHIIa
TOKE MOXKET yOekaTh WM €€ KTO-To Ipyroi coxpér. Ho 3ato aTtot
nyTh Oe30MacHee, 0XOTHHK, IMTYCTh Jake U TOJIOJHBINA, HO XOTb B JKU-
BBIX OCTAHETCS.

Jpyrumu cioBaMu, pelieHrue B pe3yabTaTe MBIIUICHUS HIIN
CpPaBHEHHUSI IBYX BapUAHTOB JCHCTBHS, MOXKET OBbITh, KaK MPaBUIIb-
HBIM, TaK ¥ OIIMOOYHBIM. B mepBom BapuaHTe eCTh OOJbIIast BEPO-
SITHOCTh NMOTHOHYTh, a BOT TOCTYNHTh TaK, KaK MpeisiaracT WH-
CTHUHKT - OoJiee pazymHo. MHCTHHKT — Oe30muboueH, nHa4Ye XHUIIl-
HUKU HE YMEJH Obl MOAKPAIbIBATHCS.

[ToaToMy Bce *UBBbIE OPTaHU3MBbI M YEJIOBEK B TOM YHUCIE,
MPEOYUTAIOT HE MBICIUTD, a MPOCTO CIIEAOBATh MHCTUHKTAM, TO
€CTh KaKUM-TO CTaHIapTHBIM MOJEIsAM MoBeneHus. Tem Goiee uTo
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JUTSL MBITIUTCHHS (CpaBHEHHUs) TpeOyeTcst mopaboTaTh MO3TraMu, a 3TO
TpeOyeT yCWINIA B, COOTBETCTBEHHO, 3aTpaT YHEPTHH.

Kak MBI BUIMM, cam MPOIECC MBIIMUICHUS — 3TO, MO CYTH,
HaXO0JK/ICHWE HECTAHAAPTHOTO PEIICHHUS, B KAKOW-TO CUTYaIlUH, WIH
POCTO, OAHANBHBIN MPOLIECC CPABHEHUS U 3alIOMIUHAHHUS.

U Korja HEKTO HAYMHAET YTBEPKAaTh, uTo Gpopmyina E=mc?
HEBEPHA, MOJABJISIONICe OONBITUHCTBO HAUNHAET €r0 CMEIINBATh C
rps3pio. BoBce HE TOTOMY, YTO OHH MPUIILIM K 3TOMY B PE3YJIbTATE
MBIIIJICHHUS, a TTPOCTO MOTOMY YTO BOCIOJI30BAJIMCH CTaHIAPTHBIM
METOI0M Tiepedopa TeX 3HaHUH, KOTOPBIC OBIITH BOUTHI KM B TOJIOBBI
B IIIKOJIaX U MHCTUTYTaX. Vmu 1o cyTH, HHCTHUHKTOM.

DTO HAMHOTO TIPOIe ¥ HE TpeOyeT 0co00r0 YMCTBEHHOTO
HanpspkeHus. Hudero mioxoro B 3TOM MOBEJCHUH HET, Pa3Be KpoMe
TOTO, YTO OHO Y€ HE MPEJIoiaracT HUKaKoro JAbHEUIIETo pas-
BUTHSL.

A Temnepb HECKOJBKO CIIOB 00 OCO3HAHWU COOCTBEHHOTO fl.
JIro60i1 oprannsm, 00J1a1aI0NNI Pa3BUTON HEPBHOI CUCTEMOI, cam
ce0s KymaTh He OyeT, TOTOMY KakK ONIYyIaeT ceOst Kak OJTHO IIeJI0e.
Opnnako, omryrieHue ceds Kak IeJ0oro OpraHu3Ma, emeé HeaocTa-
TOYHO JIJIsl OCO3HAHUS ce0s1 KaK MHIANBUYAJIbHOCTH WJIH JIMYHOCTH,
WHA4Ye BCE JKMBOTHBLIE OBUIM OBl JUYHOCTSIMHM M COCTAaBUJIU OBl
OTPOMHYIO KOHKYpEHIMIO uenoBeky. [IpeacraBpTe TONBKO cebe
TUTpa WIH Jake CO0aKy C HHTEJUIEKTOM YeJIOBEKa.

K Hamemy c4acTbio, 3TO BO3MOXKHO TOJBKO B pe3yibTare
0o0ydYeHHUs U BOCIIUTAHUS HA OCHOBE, TaK Ha3bIBAEMOM, BTOPOIl CHUT-
HaJIbHOW cucTeMbl. M si3pika. A It 3TOTO HYXEH JOCTaTOYHO
OOJIBIIION MO3T, KOTOPBIM MOT MOSIBUTHCS y YETIOBEKA, B PE3YJIbTATE
SBOJIONMOHHON MyTanuu. JKHBOTHBIE XOTh M HE WMEIOT TaKOTO
MO3ra, HO TaK K€, KaK M 4eJIOBEK CIOCOOHBI K 00y4yeHuto. M xors
OHH TIOJIB3YIOTCS JJIs1 OOIICHUS HEKOTOPBIMU 3BYKaMH, HO UX HEJIb35I
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Ha3BaTh S3BIKOM, IOATOMY OOYUYEHHE y KUBOTHBIX MPOUCXOIUT Ha
OCHOBE UHCTHUHKTOB — 3TO CaMOOOY4YEeHHE MOIPaKaHUEM.

YeroBeuecKUH OETEHRII, BOCOIUTAHHLIN B CTa€ >KUBOTHBIX U
JKUBYIIUI B HEH JOCTAaTOYHO JUIMTEIIBHOE BPEMS, TAK K€ HAYUYHUTCS
BCEM NMpUEMAM OXOTHl U MOBEACHUS CPEIU KUBOTHBIX, HO B Jallb-
HEHUIIeM y)e HUKOT/1a HE CMOXET OCO3HATh Ce0sl TMYHOCTHIO. Y JKHU-
BOTHBIX HAYMCTO OTCYTCTBYET YYBCTBO CTPaxXa, 3aTO XOPOILIO Pa3BUT
WHCTUHKT IUCTAHIIUPOBAHMUS.

JIro0oit >)XKMBOM OpraHuW3M BCETZIa CTapaeTcsl IepKaThCs OT
JPYrUX HE POJCTBEHHBIX €My OPraHW3MOB, Ha ONPENEIEHHON Iu-
CTAaHUWHU. Y BBICIIMX KUBOTHBIX TOT HHCTUHKT JIOBOJIBHO CJIOKEH.

OHU MOTYT OIIpEeAEATh CTENEHb ONTACHOCTH, B 3aBUCUMOCTH
oT oOpaza xuBoTHOro. Ho 310 He crpax. Kocyns ymupaer ot re-
nap/ia He TOTOMY, 4TO OOUTCS OBITh ChECHHOMW, a MPOCTO B CUITY
UHCTUHKTA. [loToMy 4TO Te 0cOOM, KOTOpPHIE HE yaUPAU, JaBHBIM-
JMaBHO OBUIM CHEICHBI M MOTOMCTBA HE OCTaBWIM. Kak TOIBKO Te-
napj M3-3a yCTaJOCTH MPEKPATUT MPECIICIOBAHUE, TYT KE OCTAHO-
BUTCS U Ipeciieyemasi xeptsa. M yxe depe3 IecATOK CeKyH]l OHA
OyZIleT MUPHO MMacTHCh, HE 00paIlas Ha Hero 0co00ro BHUMaHUSA.

WHCTUHKT IUCTaHIUPOBAHUS €CTh U Y XUITHUKOB. Eciu Bl
HEOKUJAHHO TMOSIBUTECh Ha HEOOJIBIIIOM PACCTOSHUU JaXKe OT Chl-
TOTO TUIPa, OH HanaA€T He pasgymsiBas. Ho ecim 310 paccrosHue
Oyner Ooubllie HEKOTOPOTO KPUTHYECKOTO, OH MPEANOYTET He3a-
METHO YJAIUThCS.

W3 mpoCThIX MHCTUHKTOB TaK ke OepyT Havyalo, U MpaKkTuye-
CKH JTI0ObIe HpaBCTBEHHbBIE MPUHLUIIBL. Bo3bMEM, Hanmpumep 3a00Ty
o motoMcTBe. [louemy Bce KUBOTHBIE 3a00TSITCS O CBOUX JETEHbI-
max? MosxeT ObITh 3TO UM BHYIIWJ rocnob? J[a, HET, KOHEYHO, ATO
CJIEICTBHE ACHCTBUSA MPOCTOTO MHCTUHKTA. Ecnu poaurenu He cTa-
HYT 3a00TUTCS O CBOEM ITOTOMCTBE, a Oy1yT OpocaTh ACTEHBIICH HA
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IIPOM3BOJI CYIBOBI Cpa3y Mocie poKJIEHUs, TO €/1Ba U UX POJ MPO-
TOJKUTCS. Bece oHM Moka GecrioMoIHbIe OyIyT CheIeHbl U PO/ Ha
3TOM IPEKPATUTCS.

Ho xorma pomutenn oOydarOT M OMEKAIOT ACTEHBIMIEH 0
B3POCJIOT0 BO3pPACTa, TO UM JIETYe BBDKUTH U B CBOIO OY€pe/b MPU-
HECTH CBOE ITOTOMCTBO, KOTOPOE OYJIET MOCTYIATh TaK XKe.

A crnenoBaTenbHO TakHWe YEJIOBEUECKHE KauecTBa, KaKk MO-
pajib ¥ HPAaBCTBEHHOCTb TaK e OepyT Hadaio U3 OOBIYHBIX WH-
CTHUHKTOB, @ BOBCE HE OT KaKOro-TO MU(HUYECKOTO CyIIecTBa, BIIO-
JKUBIIETO, AKOOBI 3TU MOHATHUS B CO3HAHUE YEIOBEKA.

Jroau, He MOHMMAs TaKOM MPOCTON 3aBUCUMOCTH, COUUHSIOT
CKa3K{ O pa3yMHOCTH MPHUPOABI, KOTOPOIl y HE€ HUKOr1a He ObLIO.
B npupoze Bce npoucxoaut ropasao npoie. [louemy, Hanpumep B
MPHUPOJIC HE BCTPEUAIOTCS OEIbIe TUTPBI, HO 3aTO MOJHO OENbIX MEJI-
Benein?

Jla moToMy 4TO OeJNbIii TUTP HE CMOKET BBDKUTH B YCIOBUSX
caBaHHbl. OH CIMIIKOM 3aMETEH U HE CMOXET MOJKPACThCS K JI0-
6brye. OH MpocTo YyMPET C TOJO0JY, TaK U HE OCTaBUB MMOTOMCTBA.
Takas sxe cuTyanus v ¢ MeaBeasiMu. VX [iBeT onpenenseTcs: cpenou
oOuTaHus.

[TpuBeny emé mpocToit mpuMep ¢ KoJoHueH OakTepuid. Ecin
B yaiky Ilerpu comepxaliyro NUTaTesIbHYIO Cpey C KOJIOHUEH Ka-
KHUX-JINOO OJTHOKJIETOYHBIX, KalTHYTh KAIUII0 CaXxapHOTO CHUPOIIA, TO
Yyepes mapy MUHYT B 9TOM Karuie coOepyTcsi Bce OaKTepuH.

IIpnyém camble KpYyIHBIE OKAXKYTCS B CAMOU CEpENUHE ITOU
Karai. HUKTO W3 y4€HBIX, KOTOPBIX 5 CIpalluBaji, HE MOT 00BscC-
HUTb, KAK OHH 3TO JIEJIAIOT.

[IpakTHuecku kak 6e3rpaMOTHBIE OOBIBATENN, OHU HECIIH Ka-
KYIO-TO YYIIb O TOM, YTO OaKTepuH, NMPHU IBUKEHUH CIy4dailHO MO-
najasi B CUpOIl, epecTaroT ABuraThes. [loTromy 4uTro Tam mMoi sHep-

140



Beonroyust MATEPHH

I'Usl MUHMMaJIbHA. [ 3TO IpH TOM, YTO y OHOKJIETOYHBIX HET HUKA-
KHUX OPraHOB OCSI3aHMsI MM OOOHSIHUS, U TeM 0ojlee HUKAaKUX opra-
HOB JBMKeHUsA. C TOUKHM 3pEeHUs HACTOSIIEH TEOpHUH, OOBSICHEHHUE
aToro "gpeHomeHa" aeMeHTapHO.

Kamns cupona nojn aeiicTBUEM BTOPOrO Hadajla, pacTBOPS-
eTcs ¥ IOCTENeHHO pacuiupsieTcs. Ha MemOpaHe KJIeTKH, MOmaBIIei
B 30HY €€ JeCTBHsI, BOSHUKAET OCMOTUYECKOE JJaBJICHHE, 00YCIIOB-
JIEHHOE Pa3HOCThIO KOHIIEHTPALMi CHpONa CHapyXM U BHYTPHU
KJeTKU. [Ipy 5TOM BO3HMKAEeT IMOTOK MOJIEKYJ caxapa, HallpaBJICH-
HBII CKBO3b 000JI0YKY BHYTpPb KIIETKH.

Ho Tak kak ¢ MpOTHBOIOJIOKHBIX CTOPOH KJIIETKH OCMOTHYE-
CKO€ JaBJICHHE Pa3IN4aeTcs, TO B pe3yJbTaTe 3TOM Pa3HOCTH AaBJIE-
HUH, KJIeTKa HAYMHACT ABUTaThCs B CTOPOHY OOJIbIIEH KOHIIEHTpa-
nuu cupona. Korzna kiierka 10CTUraeT cepeiMHbl Kallik, KOHIIEH-
Tpauysi BBIpaBHUBAETCS U JBUKEHHE NTPEKPAILAETCSI.

[TpumepHO TakuM ke 00pa3oM OOBACHIETCS U XaOTUYECKHM
3Ur3aroo0pa3HbIi 1MoJIeT UM Oer HaCeKOMBIX. Y HUX MPAKTUYECKH
HET MO3ra M IOYTU HET HEPBHOW CHUCTEMBI, MIOITOMY HACEKOMBIE
MPEACTABISIIOT CO00# MPOCThIe OMOPOOOTHI, PYKOBOJICTBYIOIIHUECS
TOJIBKO JIMIIb CUTHAIAMU C OPraHOB OOOHSHUS, YyBCTBUTEIbHOCTD
KOTOPBIX IPOCTO NOPA3UTENbHA.

CBonmu ycukamu (opraHamMu OOOHSIHHS) OHHM DPa3IUYaiOT
HUYTOXXHYIO Pa3HUIYy B KOHLIEHTPAIIMM MOJIEKYJ IHUIIU B BO3JyXE.
W ecnu ckaxem, cupaBa OT HACEKOMOTO 3amax CHJIbHEE, TO KPbUIO
WJIA HOTH HACEKOMOTO CO CTOPOHBI O0JIbIIeH KOHIIEHTPAIIUH 3araxa
IIPOCTO HAYUHAIOT ABUTaThCS MEUICHHEE U HACEKOMOE IOBOPAYH-
BAeT B CTOPOHY OO0JIbIIEH KOHIIEHTPALHH.

Ho Tak kak Bo31yX Bce BpeMsl IEPEMEIINBACTCS IBH)KEHAEM
BO3/1yXa, CUTHAJIbI IOJy4YaeMbl€ MBIIILAMH OT OPraHOB OOOHSHMS
XAOTUYECKU U3MEHSIOTCS U B COOTBETCTBUM C HUMU XaOTHYECKH U3-
MEHSIETCSl M HalpaBJIeHHe MojETa iy Oera.

141



Anexcandp BECEAOB

U Tak kak Bce, Tak Ha3bIBAEMbIE, JKUBbIE OPTaHU3MBI SIBIISIFOTCS
00BEKTaMU MaTEpPHAILHOTO MUPA, UX MMOBEJACHHE TAK e TTOJYMHEHO
npuHIMIY oObeAuHeHUsa. Menkas peiOerika, Harmpumep, Bceria
o0BeANHSIETCS B CTal0, IOTOMY YTO CTasl, BeJeT ce0sl KaK caMOCTOs-
TeNbHBIA 00BEKT, UMEIONINI OYeHBb OOJBIINE Pa3MEPhI, 8 XUITHUKA
HUKOTJa HE HamaJaroT Ha TO, YTO MPEBBIIAET UX pa3Mepbl. XHUIII-
HUKU OOBIYHO CTApaIOTCs OTCEYh HEOOBIIYIO TPYIITY OT OCHOBHOM
MaccChl ¥ TOTOM JIOBSIT UX IMOOJIMHOYKE.

K TtoMy e craeii HaMHOrO Jerde uckaThb muiry. MexaHusm
MOMCKa BeChbMa MPOCT. PHIOKM ¢ KaKoW-TMOO CTOPOHBI CTaH, UyB-
CTBYsI 3alax MUIIY, Pe3KO MOBOPAUYUBAIOT B €0 CTOPOHY U MX JIBU-
JKE€HHE BOJIHOBBIM MEXAaHU3MOM MEpPEAaeTCs CO CKOPOCThIO 3BYKa B
BOJI€, Ha BCIO CTal0, KOTOPAasi IOYTH MTHOBEHHO MTOBOPAYUBAET B TY
K€ CTOPOHY, CO3/1aBasi WIUIIO3UIO NEpelayd CHUTHajla OCTaJIbHbIM
0Cco0sIM.

[IpumepHo Tak xe crast pearupyert Ha xuiHuka. Korga xui-
HUK OTCEKaeT HeOOJBIIYIO TPYIIY, OHA PE3KO YXOJIUT B CTOPOHY, a
0CcO0M CO CTOPOHBI OCHOBHOM MAacChl, yXO/sl B TPOTHUBOMOJIOKHYIO
CTOPOHY, 3aCTaBIIAIOT Ty/1a e MOBEPHYTH U BCIO CTaIo.

A celiyac HECKOJILKO CJIOB O BeUHOHU ku3HU. IlomaBnsgromias
Macca MpoCThIX OObIBaTeNIel CUNTAET, YTO y HUX ecTh ayma. M mpo-
1eHTOB 50 yBEpeHbI B TOM, YTO 3Ta caMasi 1yIla MOCTOSIHHO U HeTlpe-
PBIBHO TIepecensieTcs B HOBOE Telo 1 skUBET BeuHo. Ho camoe 3a0aB-
HOE B TOM, YTO JAYIIa 3Ta HUKOMY U HE JIJIsl Yer0, COOCTBEHHO U HE
HY>KHA.

A 3adem oHa? Ecnu Obl B HEl COXpaHSIUCh Kakue-HUOY/Ib
OCTaTKH 3HAHUH, TOTJ1a MOHATHO. Posmiics peGEHOK, momyuns oopa-
30BaHHYIO AYIIY U HAT€ BaM, FOTOBbIN akaaeMuK. OJHAKO KaKIbIi
HOBOPOXXIEHHBIA BBIHYXJIECH YUYUTHCS TOBOPHUTb, XOJUTh, MHCATh,
YUTATh... BCIO )KU3HBb MPUXOJUTCS YeMY-HUOYb YIUTHCS.
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BoT u BBIXOOUT, UTO HET HUKAKOW AYIIH, & €CTh MPOCTO CO-
3HaHUE, KaK CBOMCTBO OpraHn4eckor marepu. )Ku3Hb - Kak cief-
CTBHE DBOJIIOIIUN MAaTEPUH B CHITY MPOCTHIX 3aKOHOB TIPUPO/IBI, a CO-
3HaHUE, KaK €€ CBOMCTBO. M Hallla )u3Hb — 3TO HE KaKOU-TO yaad-
HBIH ¥ peyailnii cirydaid, a camas HacTOsIIast HeM30€KHOCTb.

3T0 POCTO OYEpEeaHOE 3BEHO B OECKOHEUHOM IeTH POXKIe-
HUI 1 cMepTeit. Mbl Hen30exHO "KUBEM" OECKOHEYHOE MHOKECTBO
pa3, TOJILKO MBI HUKOT/1a HE Oy/IeM TOMHUTE KEM MBI ObLIN B TIPE/IbI-
IYIIAE KU3HU U KKIbIN pa3 OyleM y4YuTh BCE 3aHOBO U CUUTATh,
YTO HaM CTPAITHO IMOBE3JI0, YTO MBI POUIHCH.

Bonee Toro, B cuiny HEM3MEHHOCTH 3aKOHOB MPUPOIBI IS
0001 TOYKH BCEJICHHOW, MBI MOYKEM MHOTOKPATHO POXKIATHCS T/Ie
YrOJIHO M K€M YTOJIHO, B JIIOOOH CTpaHe W Ha 000 U3 OecKoHeu-
HOTO MHOXKECTBA IJIAHET, HA KOTOPBIX CYHIECTBYIOT MOAXOJSIINE
YCIJIOBHS IJIs CYILIECTBOBAHUSI OPTaHUYECKUX MOJIEKYIL.

W HaBepHoOe, Bceraa OyaeM cuuTaTh, YTO IUIAHETa, Ha KOTO-
POl MBI KUBEM, SIBIISETCS MCKIIOUYEHUEM M OyJeM raiarh, CyIIe-
CTBYIOT JIK BO BCEJICHHOM Apyrue oOuTaeMble rmiianeThl. M korma Mel
CMO>KEM TI0JIETETh Ha HUX, MBI HalIEM TaM COBEPIIICHHO TaKUX XK€,
KaKk W MbI, oOuTtatenei. Jla w mmaHeTsl OymyT MOXOXH APYr Ha
JIpyra, MOYTH KaK JBE KaIlju BOMBI. ..

21. O TEOPUH
OTHOCUTEJBHOCTH

Teopust OTHOCUTENHLHOCTH DWHIITEHHA, KaK OCHOBaHHAsl HA
HEMMOHUMAHUU CYIIHOCTH TpaBUTALUU MaTEMaTU4YeCKas MOJEIb,
HAIpaBHJIa HayKy 10 JIOXKHOMY ITyTH M 0OJiee 4YeM Ha CTOJIETHE 3a-
TOpMO3uJIa €€ pa3BUTHE.

[TonbiTKa OOBSICHEHUS TPABUTAIIMN HEKUM "HCKPUBJICHUEM"
IIPOCTPAHCTBA-BPEMEHH, HE BBIICPKUBAECT HUKAKOW KPUTHKU. Benpb
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JUISL TOTO, YTO Obl OOHAPYKUTH 3TO UCKPUBIIEHUE, HY)KHO, KaK MHU-
HUMYM CPaBHUTH €T0 C YEM-TO MPSMBIM.

A WCKpUBJIEHHE BPEMEHU — 3TO BOOOIIE KaKOW-TO BCEJICH-
ckuit 6pen. Ho Tak kak BceneHHass OECKOHEYHA U HUYETO MPSIMOTO,
C YeM MOKHO OBLIO ObI €€ CpaBHHTB, 32 MpeaeraaMu e€ 0ECKOHEUHO-
CTH He HaOJro/aeTcsl, TO pacCcyKaarb 00 ’TOM MOKHO OECKOHEUHO
JI0JITO, COBEPILIEHHO HE OIacasiCh, YTO TBOIO JIOXKb OBICTPO pa3obuia-
yar.

U naxe HACOUMHATDH CKa30K O MHOKECTBE BCEIEHHBIX, 110 KO-
TOPBIM JIa)Ke MOXKHO YBJIEKATEJIbHO IMOMYTEIIECTBOBATh, MPOHUKAs
W3 OJIHOW B APYTYIO Yepe3 "KPOTOBBIE HOPBI' WUJIN "4EPBOTOUHUHBI".

[TpyHLIMIT OTHOCUTENBFHOCTHU — 3TO, IO CYTH B3SITHIN U3 MaTe-
MATUK{ TPUHIIAIT KOMMYTAaTUBHOCTH apU(METHIECKUX OMEPAIIUM.
Benb coBepiiieHHO HEBaXHO MPHUOABISETE BB ABA K TPEM HIIU TPHU K
JIBYM, B PE3yJIbTAT BCE PaBHO OY/ET IATh.

Benp maras mo 3emuie, BIIOJIHE MOKHO CUUTATh CeOS MOKOSI-
[IMMCSI ¥ JIBUTAIOIIMM HOTAaMH 3EMITI0 BMECTE CO 3BE3/IaMU, Tallak-
TUKaMH U BCEl OECKOHEYHOU BceneHHOW. Bee popmyiibl MexaHUKH
MPUHLIUITHATIBLHO OCTAHYTCSI HEU3MEHHBIMHU.

C ToukHM 3peHus] MaTeMaTUuKH, Hanpumep, cucteMa Konep-
HUKAa MPAKTUYECKU HE UMEET HUKAKUX MPEUMYILIECTB Mepesl cucTe-
Mol [Itonomes. Benp imroau NpekpacHO yMeEIU pacCUUTHIBATh 30U-
aKaJgbHBIC MOJOXKEHUS, JTYHHBIC M COJNHEYHBIC 3aTMEHHUS, JTaxke He
npeanonaras, yTo He 3emuis Bpauaercss BOKpyr CoiHIa, a COBCeM
Jake Ha00opOoT.

JIst MaTeMaTHKy 3TO COBEPIIEHHO 0e3pa3indHoO, (HOpMyIIbI
OT 3TOr0 HE MEHSIOTCS, HO C TOYKH 3peHUs (PU3UKU U 3APaBOro
CMBICIIa - 3TO abcypa. OCoOEHHO KOT/Ia U3 MaTeMaTHYECKUX TTPeoo-
pa30BaHUM MbBITAIOTCS BBIBECTH KaKHe-TO (hU3HUECKHE UCTHUHBI, KO-
TOPBIX B MATEMATHKE HET U OBITh HE MOXKET.
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OpnHako y4€Hble y’Ke HaCTOJbKO 3allyTallch B MaTeMaTHye-
CKUX NpPeoOpa3oBaHMSIX, YTO COBEPILIEHHO HE 3aMEYaroT, 4To Ipe-
BPATWIM HayKy B OaHaIbHYIO HyMepoJoruto. Ho HeBO3MOXKHO Haty-
BaThb MBUIbHBII Iy3bIpb OcckoHeyHO. OH BCe paBHO paHO WIH
MO3/HO JIOIHET.

Bce Hay4yHOE co00111€CTBO, C 3TOM TOUKU 3PEHHS, IPEICTAB-
JsieTcs TONMON NPUMHUTUBHBIX JUKapel, HAlleIIIMX JBUTATEelb
BHYTPEHHEI'O CTOPAHUS U MBITAIONIUXCS MMOHITh MPUHIIMII €T0 Jeii-
CTBHUS, U3y4as CTPOCHHE JIeTAJICH.

Pa3zo0paB ero Ha yacTu M pacTalUB MO0 XMKUHAM, OHM IIbI-
TAIOTCSI C OMOILBIO N3YYEHUS Pa3MEPOB OTIEIbHBIX JeTalei, mo-
cuéTa KOJIMYECTBA KaHABOK IS IMOPIIHEBBIX KOJIEI] M Yuciia 3yObeB
Ha BEHIIE MAaXxOBHKa, a TaK k€ MpoObl CMa30yHOI0 Macja Ha BKYC,
MOHATH MPUHIIMII €T0 JEHCTBUS.

W yem Gostbliie OHU YrITyOIISIOTCS B U3YUEHUE JeTalel U UeM
0o0JIbIIIe UCIIUCHIBAIOT CTEHBI Meuep GopMyIaMu, TeM BCE Jalbliie
yXOIAT OT moHuMaHus. M yxe Te, KTo mociadeil pasymMoM, Hauu-
HalOT OOBACHATH €ro paboTy HEKUMH 0OKECTBEHHBIMU CHJIAMH WU
KaKMMHU-TO MU(UUECKMMH KBAHTOBBIMH 3aKOHAMH.

22. O MATEMATHUKE
N ®U3NYECKOM
CMBICIJIE

Cremnoe nepBoOBITHOE MPEKIOHEHNE HAYYHOTO COOOIIECTBA,
nepes MaTEMaTUKOM, KaK [apulel HayK, IEPEyTaBIlero e€ co Ciy-
KAHKOM, OKa3alo Y4E€HBIM MEJIBEKbIO YCIIYTY, IPEBPaTUB HAYKY B
HEKoe MoJ100Me XWPOMAaHTUH, CO CBOMMH IIaMaHaMU, IpOpHIlaTe-
JISIMHU M TOJIKOBATEJISIMHU.

Ctporo roBopsi, MaTeMaTHKa BOBCE HE SIBISIETCS HAYKOH, a
BCCTO JIMIIb KPATKUM U JJOBOJIbHO IPUMUTUBHBIM A3BIKOM, KOTOPBIM
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OIKCATH J1aXKe MIPOCTYIO0 OKPY>KHOCTh MO>KHO TOJIBKO OYE€Hb IPUOIIH-
3UTEIIBHO.

CrpemiieHne BBIBECTH U3 MAHUITYJIALNUNA aOCTPaKTHBIMU Ma-
TEMaTUYECKHUMH CUMBOJIaMU U ¢opMysiaMu HeKHe (hU3HUECKUe HC-
TUHBI, IPUBEJIO K U300PETEHUIO MOHITHIA, HE COBMECTUMBIX C 3aKO-
HaMU Npupoabl. MaTeMaTUKON, KaK KPAaTKUM A3bIKOM, MOKHO OIU-
caTh Kakoe-110o SBJIEHNE, HO OOBSICHUTL €r0 OHA HE B COCTOSIHHUH,
MOTOMY YTO CO3JAET TOJbKO WILTIO3HI0 TOHUMAHUSI.

B omiinunm oT MateMaTuku, B IPUPOJIE HE CYIIECTBYET HHU-
YEero OTPULATEIBbHOTO WM MHUMOTO, IIO3TOMY B HEH HET U HE MO-
JKET OBITh HUKAKOW aHTUMaTepuu. [10710KUTETBHBIN U OTPUTIATEIh-
HBII 3apsibl — 3TO MPOCTO MPOTUBOIOJIOKHBIE CBOMCTBA MaTEPHH,
aQHAJOTUYHBIC, HAMPUMEpP, MPO3PAYHOCTH M HEMPO3PAYHOCTH Be-
IIECTB.

U npu o0beIMHEHNH MaTepUaIbHBIX O0BEKTOB C MPOTHUBO-
MOJIOKHBIMU CBOMCTBaMH, 3TH CBOMCTBA IIPOCTO O0BEAUHSIOTCS. B
MPOTUBHOM cllydae, 00beJMHEHHE CTeKIIa ¢ (paHepoil MPUBOAMIIO ObI
K aHHUTWJISIIIMM, KaK K IOJIHOMY MPEBPAIlEHUIO UX B CBOE COOCTBEH-
HOE CBOMCTBO. B mpupoe HET HU MHTErpajIoB, HA KBaIPaTHBIX KOp-
Hel, HU cuHYCOB. [loToMy 4TO BCe 3TO — Jake HE Kakue-TO pusnye-
CKHE BEJIMYMHBI, a BCETO JIMIIb OTHOIIEHHS 3TUX BEJIUYMH.

N yxe ner yepe3 CTO MOTOMKH OYIyT TMOKATHIBATHCS CO
CMeXy HaJl TAKUMH "Hay4YHBIMH "' TIepJIaMu, Kak 0030HbI XUITCa, Yep-
HbIE JBIpBI, pyuku Yusuiepa, koTsl llpeaunrepa, rpaBUTaliuOHHBIC
KOJUIAINChl U TPOUYXE MOPOKACHUS TPUMUTUBHOIO CO3HAHMUSL.

Kak ckazan omgHaxapl DUHIITEHH, MaTEMaTHKa — 3TO €IUH-
CTBEHHBIN CITOCO0 MPOBECTH camoro ceds 3a Hoc. U caM ke mo yim
B 9TO BIIANAJICA. .. [ paBUTAlMOHHBIN KOJIJIAIC M aKKpeLus, KaK MoJ-
HATHE caMoro ceOsi 3a BOJIOCHI. boJbIIoi B3phIB, Kak TBOPEHHE Ma-
TEPUU U3 HUYETO.
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MonexkyaspHO-KMHETHYECKasi TEOPHsl U TEOpUs CTPYH, Kak
00pa3unKy BEYHOT'O ABUraTessl U MHOKECTBO APYTUX a0CYpIHBIX U
0€CCMBICIIEHHBIX THIIOTE3, BEIBEIEHHBIX U3 MaTEMAaTHUECKUX MPE00-
pa3oBaHMil, MAJIO Y€M OTIUYAIOIIUXCS OT OMOJICHCKUX CKA30K M CO-
YUHEHUH (aHTaCTOB, CO BpPEMEHEM HABCET/1a UCUE3HYT U3 HAYKH.

Benp HeyaMBHUTENBHO, YTO TEOPHs OONBLIOTO B3pbIBA, Kak
00KECTBEHHOE TBOPEHHUE MATEPHH U3 HUYEro, ¢ OONBIION OXOTOM
ObUIa IpU3HaHa PEIMTMO3HBIMU Mpakobecamu Batukana.

Henb3st orpunaTh TOro, 4T0 MaTreMaTHYECKH MOXHO MTOCUH-
TaTh HACKOJIBKO YBEIMUMTCS JUTMHA JKEJI€3HOM JIMHEHKU TPU MUIUIU-
OHE IpajlyCoB, HO OOCYX/aTh IPU 3TOM €€ CBOWMCTBA MOT'YT pa3Be
YTO yMaJIMIIEHHBIE, IOTOMY YTO HU NPH TAKOW TeMIepaTrype OHa
IPOCTO HE CYIIECTBYET.

OnHako, HECMOTPSI Ha ATO, TICEBJOYUEHBIE HA TTOJIHOM CEpb-
€3¢ ONMUCHIBAIOT, HAIPUMEp, YepHBIE IBIPBI, KaK OyITO yXKe IMOILy-
HaJld UX COOCTBEHHBIMU PYKaMH, TOBOPAT 00 aKKpeLuH, KaK maje-
HUH MaTepUU caMoii Ha ce0sl, Kak OyITO BUIETH ATO I'/1e-TO BOOUHIO.

OnrcaHust pa3IMYHBIX MAPATIOKCOB, HEOOBICHUMBIX d(Ddek-
TOB U SIBJICHUH, SIKOOBI CYIIECTBYIOIUX B IPUPOJIE JTABUHOH JILETCS
C 2KpaHOB OOJIBIIMHCTBA TEJIEKAHAIOB U YK€ MPEBPATUIIOCH B JI0-
XOJIHBIY OM3HEC Ha HEBEXKECTBE 0ObIBAaTENIEH M TaK HE CHIIBHO 00pe-
MEHEHHBIX CIIOCOOHOCTHIO K MBIIUICHUIO.

N camoe crpamHoe, 4TO HACTOSAILIUE YYEHBIE IIPU YTOM HHU-
Yero He MOTYT BO3pa3uTh. B MX cpelie HEBEXECTBO YK€ JOCTUTIIO
TaKOM CTENEHH, YTO MHOTHE M3 HUX BEPSAT B OOra, a HEKOTOPBIE AaXe
U HE CKPBIBAIOT 3TOTO.

bosiee Toro, B HEKOTOPBIX Y4E€OHBIX 3aBEICHUAX YK€ Jeia-
IOTCSl TONOJ3HOBEHUs yupeauTh Kadenpsl OorocioBus. U s He
YIUBIIOCh, YTO B CKOPOM BPEMEHM AOHAET O4epelb U 10 BO3POXKIe-
HUSI CBATEUIIEN MHKBU3ULIUH.
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VYuéHble U caMM yXe JaBHO MPEBPATHWIINCh B TOJIKOBATEIEH
pe3yabTaToOB MaTEMaTHUECKUX PeoOpa30BaHuii, T0J00HO acTpoIIo-
ram, MpeCKa3bIBaOILUM JIOICKHE CyIbOBI IO PUCYHKY PACIIOIOKE-
HUS 3BE3] HAa HeOe, COBEPLICHHO HE MOHMMAs, YTO ITH SBICHMS
HECONOCTaBUMBI U ITOJYMHEHBI COBEPIIEHHO pa3HbIM 3aKkoHaM. Eciu
JIBI)KEHUE HEOECHBIX TEJ JJOBOJIBHO JIETKO MPEACKa3yeMo, TO ToBe-
JICHUE OTJENILHOTO YeJIOBEKa, 00JIaJaroIero cBo00 101 BOJH, Mpe/l-
CKa3aTh HEBO3MOXKHO.

YMenne paHTacTHIECKH HAyKOOOPa3HO TPAKTOBAThH PE3YJIb-
TaTbl MaHMIYJALUN MaTeMaTHYeCKMMH (opMyliaMH, CUMTaeTCs
IPU3HAKOM HEOPAUHAPHOTO yMa U HECTAHJAPTHOIO MBIIUIEHUS, He-
JIOCTYITHOTO TIpocToMy cMepTHOMY. Co3/1aB cebe O0KKa 10 UMEHH
"MaTreMaTHKa', y4€HbIe YK€ HECKOJIbKO CTOJICTHI BOJAT ceds 3a
HOC, JJa’K€ HE MO0J03PEBAst 3TOTO.

3Has1, 4TO JABAX/bI JIBa — YETHIPE U HArPOMOXKIAsi Ipyr Ha
Jpyra Maccy MHOTOATaKHBIX (OpMyI, JIETKO HalHucaTh BIIOJHE
HAYYHYIO CTaThI0 0 KaKOM-JTH00 (PU3NYECKOM SBJICHUH, JJA’KE HE T10-
HUMasl ero (PU3MYECKOro CMBbICJIAa U, TEM HE MEHEee, CO3/1aB B Ia3ax
oOBIBaTEINIs WIUTIO3UI0 BBICOKOM Hay4HOCTH. W 3Ty MILIIO3HIO JIETKO
HOJKPENUTh MPOCTON MPOBEPKONH MAaTEeMAaTUYECKHUX BBIKIAJOK 00-
paTHBIM J€MCTBUEM — pa3/IeNIUB YEThIPE Ha /IBA.

[Toromy 4To M00BIE MaTeMaTUYECKHE T0KA3aTeNbCTBA MPe-
CTaBJISIFOT COOO TAaBTOJIOTHH, YKJIAJIbIBAIOIINECS B MPOCTYIO (op-
MyJ1y: "IBaXbl 1B paBHO YETHIPEM, IOTOMY UTO YETHIPE, NENEHHOE
Ha J1Ba, paBHO ABYM". 1 BOT Ha 1MO100HBIX TaBTOJIOTHSIX BHICTPOCHBI
IPaKTUYECKH BCE, TAK Ha3bIBa€Mble HAYUYHbIE TEOPHH.

[Ty6nuKysich B CBOMX PELEH3UPYEMbIX HAYYHBIX M3AHUSAX,
KyJZla 3aKpbIT JIOCTYIl CBEXEW MBICIM U OECKOHEYHO MOACUUTHIBAs,
KTO KOTO INEpEeLUTHPYET, HayuyHOe COOOIIECTBO IMpeBpaTHach B
CEKTy IOCPEICTBEHHOCTEH, COCTOSIYI0O B OCHOBHOM M3 JIIOJIEH,
YMEIOIIHUX JIUIIb BUPTYO3HO MAHUITYJIUPOBATh IH(pamu, 0codo He
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3alyMbIBasCh HaJ UX GU3NYECKUM CMBICTIOM. M 1axke MMeeT MecTo
COBEPIIICHHO Ope0BO€ MHEHHUE, YTO YeM abCypaHee TEOpUs U 4eM
OoJbIIe B HEH MaTeMaTUKH, TEM OHA T€HHAJIbHEE.

3a4yaTOYHOE COCTOSHUE JIOTUYECKOTO MBILIUICHHUSI BCEro
HAyYHOTO COOOIIECTBA, SBJISACTCS MPUUNHOMN TOTO, UTO YUCHBIC HE B
COCTOSIHUY O0JIee WIH MEHEee PaB0N0100HO OOBSICHUTH CYTH JIaXKe
OUYEHBb TIPOCTHIX SIBICHUN TPUPOJIBIL.

C nmoMoIIp0 MaTeMaTUKHA HEBO3MOXHO OINMUCATh JIaXke TPo-
CTYIO OKPY>KHOCTh 4epe3 e€ AMaMeTp, IOTOMY YTO BEJIMYUHBI 3TH -
HecousMepuMbl. Hukakue TaHibl ¢ 6yOHAMU HE yCTPaHSAT TOrO, YTO
TUaMeTp WM He OyAeT J10CTaBaTh /10 OKPYXKHOCTU WJIM ke Oyner
"topuath” u3 He€ HapyxKy. Yucno [Iu — 3To0 He Kakasg-To MUpPOBas
"KOHCTaHTa", a OecKkOoHeuHasi APoOb, KOTOpas BCErja MoiydacTcs
P COTIOCTABIICHUH HECOM3MEPHUMBIX BEITUUHH.

K Tomy ke yu€Hble qaxke MaTeMAaTUKY-TO K (PU3NUYECKUM SIB-
JCHUSIM HE yMEIOT MPUMEHATh MpaBuibHO. Hampumep, Teopus
Bonbiioro B3peiBa pazpaboTaHa Ha MPUMUTHBHOM IKCTPATIOJISIIAH,
TaK Ha3bIBAEMOT'0 Pa30ETraHus TATaKTHK, OMMMO0YHO OOBSICHEHHOTO
s dexrom Jlommiepa.

VYuuTeiBas rOpU30HT BUAMMOCTH BCEJIEHHOU C 3€MJIU U JKC-
TpanoJimpysi paz0eraHue TaJakTUK, y4€HbIE "TCHUAIbHO'" BBIYHC-
WM, 94TO 14 MUITHAPIOB JIET Ha3a/ BCEJICHHAS MPEACTAaBIIsIA CO-
0oli 6e3pa3MEPHYIO TOUKY ¢ OECKOHEUHOM Maccoil.

Koropasi, Mo HEMOHATHBIM MPUYUHAM BIPYT B30PBAIACH...
CoBepIIeHHO BUAMMO HE cOOOpaskasi TOro, YTO BCEJICHHAst HE Tpo-
CTO OYEHB OOJIbIIast, a 0ECKOHEUHAS M SKCTPAIOJIAIU €€ OyIeT TakK
e 0ECKOHEUHOM.

Boob6mie-To, B Hayke 3a0myxaeHus Obutn Bcerna. Muorma
OHM JUTMJIUCh CTOJIETHSIMHM, a MHOIJA U ThicaumieTusMu. JIroobie
HAy4YHBIC SKCIIEPUMEHTHI BCET/Ia TUIAHUPYIOTCS TAKUM 00pa3oM, 4To
OBl IOTYYUTh KaKHE-TO 0KUIAEMbIe, Pe3YyIbTATHI.
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W ecnu momydeHHbIE pe3yJbTaThl PacXoIATCs C OKHIae-
MBIMH, BO3HUKAET COOJIa3H MOAKOPPEKTUPOBATh UX KaKUM-HUOYIb
OYCHb BaXXHBIM KO(PPHUITUEHTOM.

[Tpuaymars, HapuMep, KaKyr-HUOYIb "TIOCTOSTHHYIO bosib-
MaHa" WIH U300peCcTH KaKOW-HUOYIh "MPUHIIAIT HEONpeaenEHHO-
CTH", YBEKOBEUMB CBOE MMs B UCTOPHM HAyKH U 3aKpENUB B HEH
CBOU 3a0JTy’KICHUSI.

B npupone He cyiecTByeT HMKAaKuMX HapauleIbHBIX Ips-
MBIX, J0Ka3aTeIbCTBO TEOPEMBI O KOTOPBIX MOAPOOHO pa3zdupaeTcs
B IIKOJBHBIX y4eOHHUKax, JIOObIe JIMHUM B HEW Bcerja repeceka-
10TCs. [laxke CBET HE MOXKET IBUraThCsl MPSAMOIUHEHHO.

K HacTosiemy BpeMeHHN TaKMX MaTeMaTUYeCKUX 3a0TyxKie-
HUH 1 IPOTUBOPEYNI B HAYKE HAKOIIMJIOCH CTOJIBKO, YTO HEKOTOPHIE
"yuéHble" pa3yBepUBIINUCH B BO3MOKHOCTU MTO3HAHUS TPUPOIBI, 10-
IyCKAaIOT CyIIECTBOBaHME OOra.

U yxe ocobo nepemyapeHHbIe "TeHHH" OT IICEBIOHAYKH ITbI-
TAlOTCS NPOJABUraTh "TEOPUHU', OCHOBAHHBIE HA CPEIHEBEKOBBIX
MPEJCTABICHUAX O TOM, YTO "JIy4H 3peHHs" UCXOIST U3 IJ1a3, a 3Ha-
YUT pe3yibTaThl HAYYHBIX SKCIEPUMEHTOB HAIPSMYIO 3aBUCAT OT
TOTO, CMOTPUT Ha HUX HKCIIEPUMEHTATOP WM CIy4allHO OTBEp-
HYJICS.

Hano nonarats, yTo B (OopMysax CKOpPO MOSBUTCS HOBBI,
Jlocese HEBUIAHHBIN 4ieH - HaOmonarelb. Y BO3MOXKHO €ro aaxe
OOBSBAT HOBOW MHUPOBOM KOHCTaHTOM.

Ecnu Obl yenoBeKk HE HMMeEN OpPraHoB 3pEHMs, TO BIIOJHE
MorJa Obl MOSABUTHCS TEOPHUs, YTBEPKAAIOIIAsl, YTO CKOPOCTh 3BYKa
HEBO3MOKHO INPEBBICUTH. [ TEOPETHKU C YMHBIM BHJIOM pacCyX-
Jainy ObI 0 TOM, UTO Y JIETSIIETO CaMOJIETa HEBO3MOKHO ONPEEUTh
CKOPOCTh M KOOPAUHATY OJHOBPEMEHHO U IOTOMY OH SIBIISIETCS HE
MaTepHaIbHBIM TEJIOM, a BOJIHOM U MpocTo "pazMazan” mo Hedy. ..
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BosbméM 11t mpumepa mpoctyio GopMyily, Tak Ha3bIBae-
MOT0, 3aKOHa BCEMUPHOTo TsAroteHus. [IpaBaa e€ yxe 1aBHO yclioxk-
HWINA PA3JINYHBIMUA KOO(PPUIIMEHTaMU, XOTS JUIsl HAC 3TO HEBAXKHO.
Baxen cam npuHuun. B e€ yuciauTene CTOMT MPOU3BEICHUE Mace
B3aUMOJICHCTBYIOIIUX TeJ. YUEHBIE OOBICHSIOT 3TO MPOU3BEICHHUE
TEM, YTO KaKJlasg 4acTUlla OJHOIO Tella MPUTSITUBACTCS K KaXKI0M
YyacTHLIE APYToro.

[IpuTAruBaTHCI-TO OHU MPUTSITUBAIOTCS, HO TOJBKO HE Kak
OTJIeIbHBIE YacTHUIbI, a Kak eauHoe 1enoe. Kycok GetoHa — 310
TBEPJOE TEJIO U €r0 CBOMCTBA PA3UTEIBHO OTIMYAKOTCS OT TOPCTKU
HeMEeHTHOU mbUIH. W BOOOIEe HETOHSATHO, KaK MOKHO YMHOXHUTh
Maccy Ha Maccy? Benp cienys mpaBuigaM MaTE€MaTHUKH CIELYET
YMHOXaTh M pa3MepHOCcTH. W 4TO momywaercss B pe3yibrare-To?
KBanparnas macca?

W Bo3bMéEM u3BecTHYIO hopmyiy E=me? u mycTh KTo-HH-
OyIb U3 YUE€HBIX OMPOOYET OOBICHUTH (PU3NUECKUN CMBICI KBa/l-
paTa ckopocTu cBeTa. Kak yMHOXHUTB CKOPOCTh Ha CKOPOCTh? DTO
4r0, 9*101® xBagpPATHBIX KMJIOMETPOB B KBaAPaTHYIO CeKyHy? Wnm
B CEKYHIY 3a CEKYHY?

W Ttakux JsMCycoB, MO MUJIOCTH MaTeMaTHKU B (U3UKe
IpenocTaTodHo. J[OCTaTOYHO BO BCSIKOM Cllydae JJisi TOTO, 4TOObI
IIPEBPATUTH €€ B IICEBIOHAYKY. [ camoe cTpalHoe B 3TOM TO, 4TO B
TOJIOBBI CTYZIEHTOB Yke 0oJiee cTa JIeT O]l BUIOM BBICOKOM HayKH,
"BTIOXMBAIOT", 110 CYTH, HOBYIO ICEBAOHAay4YHYIO0 cucteMy Iltomno-
Mmesl.

XoTs1 3a0Ty’K/IEHHUE B TEOIEHTPU3ME, ObIIIO HE OT TIIYIOCTH,
Belb JUISI TOTO, YTO ObI MOHATHb, YTO 3€MJIsl JIBUXKETCS BOKPYT
CounHila, Hy’)kHO *UTh Ha ConHue. [1oAToOMy B UICTOPUU HAYKU CH-
crema [ITomomess ocTaHeTcs Kak HEM30CKHBIM M 3aKOHOMEPHBIH
3Tal HAy4YHOTO MO3HAHUSL.

151



Anexcandp BECEAOB

A BOT KBaHTOBasi (U3UKA, TEOPUSI OTHOCUTEIBHOCTH, I'PaBH-
TAIlMOHHBIN KOJIIAIIC, YEPHBIE JBIPBI, YK€ B HEAAJIEKOM OyaylieMm
pa3aensaT cyab0y MHOTOUNCIIEHHBIX TPAKTATOB CPEJHEBEKOBBIX CXO-
JIaCTOB O KOJUYECTBE YEPTEH WIIM aHT€JIOB Ha OCTPHUE MUIJIBL.

OHu HUKOI'ZIa HE TOJy4yaT NOATBEP)KIEHUS U Pa3BUTHS, TaK
KaK SIBJSIIOT COOOW CBHUIETENLCTBA MCEBJAOHAYYHOTO HEBEXKECTBA U
OTKPOBEHHOMU I'IyNOCTH. ..

23. BbIBOJIbI

Ha ocHOBe BBIIIEN3TI0KEHHOTO MOABEAEM HEKOTOPBIC UTOTH.

Bcenennasa - 1o 6eckoHeyHasi MaTepusi, HAXOAAIIASCS B BEU-
HOM OJIHOHAIPABJIEHHOM U HEOOpaTUMOM IPOIECCE CUHTE3A.

Cunme3 — 3TO TPOIIECC HETIPEPHIBHOTO YCIOKHEHUS CTPYK-
Typbl MaTepuu, OOYCIOBIEHHBIH €€ ANEKTPUUECKUMH 3apsagaMu U
COTIPOBOKIAIOIINICS HETTPEPHIBHBIM COBEPIIICHHUEM PAOOTHL.

Ilpocmpancmeo — 310 CBOMCTBO NMPOTSKEHHOCTH CaMOM Ma-
Tepun. Hu B KakoM IpyroM MpoCTPaHCTBE, B BUE IMMYCTOTO SIIIIUKA,
BCEJICHHAS HE HYXIAeTCS.

Bpema — 3T0 CBOMCTBO BBICOKOOPTAaHM30BAaHHOW MaTE€pUU —
MO3ra, 3alIOMHUHATh TPOMEKYTOUHbIE COCTOSIHUS KaKHX-TO MpolLiec-
COB, CPaBHMBAs UX C APYTUMU. B nmpupose HeT Takoro Gpu3nuecKoro
mpolecca, Kak BpeMs, OHa CYIIECTBYET B BEUHO JJIALIEMCS HACTOS-
IIEM.

JIroOble MaTepuanbHble 00pa3oBaHMs — YAaCTULBI, MAKPOTEIa,
KOCMUYECKHE OOBEKTHI, O0JANAIOT 2PA6UmMAUUOHHBIMU TIOIISIMU,
COCTOSIIIIMMH U3 ICKTPUUECKUX MOJIEH TPOTUBOTIOIOKHBIX 3HAKOB.

B rpaBuTaninoHHOM 10JI€ pacpOCTPAHSIIOTCS, BO30YXKTaeMble
B HEM JIBIDKEHHEM MAaTe€pHAIbHBIX OOBEKTOB, 2pAGUMAUUOHHbLE
60J1Hbl, Ha3bIBaeMble O(DUIIMATILHON HAYKOU, SIIEKTPOMArHUTHBIMH.
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['paBuTanimoHHas BOJIHA — 3TO MOIEPEYHAsl BOJIHA, PacIpo-
CTPAHSIOLIASACS HA TPAHUIIE JBYX JJIEKTPUUYECKUX MOJIEN C IPOTUBO-
MOJIOKHBIMM CBOMCTBAMH, M3 KOTOPBIX COCTOUT I'PABUTALMOHHOE
noJie.

['paBuTaninoHHOE 1MOJIE OOBEKTa MOXKET MUMETh ACUMMENt-
puto, OOYCIIOBICHHYIO Pa3IUYHON BEIMYMHOW OOpa3yIoIUX €ro
ANEKTPUUECKHUX MOJIEH, KOTOpast ONMPEEISIETCS pAa3HOCThIO AJIEKTPU-
YECKUX MOTCHIIUATIOB B KAKOK-JIMOO TOYKE, TPABUTAIIIOHHOTO MTOJISL.

[Ipu ABMXKEHUU YaCTUIBI B ACHMMETPUYHOM I'PaBUTALIMOH-
HOM TI0JIe, BO30Oy>Kaemas el rpaBUTAIlIOHHAsl BOJTHA UMEET acuM-
METPUYHBIE aMIUIUTY/IbI MOJOKUTEIBHBIX U OTPULIATEIBHBIX BOJIH,
YTO BJIMSET HA HANPABICHUE JIB)KCHHS STOM YaCTHLIBI U €€ Bpalle-
HUE.

A =Aq=(-qhn—-(+q)n 20e
A = Aq — acummempus spasumayuoHHo20 noJi,
(+qQ)n — nomenyuan noas NOLOHCUMENLHO20 3apA0a 8 mouke N, a
(-q)n - nomemyuan nons ompuyamenbHO20 3apsa0a 8 MOU dHce
mouke.

Acummempus TpaBUTAMOHHOTO TOJISI MOKET OBITh, KaK T0-
JIO’KUTEIIBHOM, TaK U OTPULIATEIILHOM.

Benuuunou acummempuu rpaBUTAMOHHOTO MOJII ATOMOB

OIIPEAEIISAETCS arperaTHOE COCTOSIHUE BEIIECTBA.

Temnepamypa MaTepUabLHOTO Tela ONPENEIACTCA PA3HO-

CMmbl0 acummempuii €ro aTOMOB U aTOMOB OKpYyXarolen

Cpelbl.

to= AA =As— Ao = AQs— AQoTIE

AA — paznocms acummempuil,

Ao - acummempus 2pasumayuoOHHO20 noisi 0oveKxma,

AQs - acummempusi 2pasumayuOHHO20 Nos Cpeobi.
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Cneoosamenvno, acummempus — 3mo, no Cymu, u30btmouy-
HbLIl INIeKMPUYECKUIL 3apA0 U nepemeKanuem 3J1eKmpuiecKux 3a-
PA008 8 NOHOIL Mepe ONPedenAIOMca 6ce 63aumMo0eiicmeus 6 npu-
pooe.

Kpome 3T0ro, rpaBUTalilMOHHOE OJIE MOKET UMETh "nepe-
Koc", 00yCIIOBJICHHBIN JIMHEWHBIM CMEIIeHHuEM, 00pa3yroIuX ero,
IIEKTPUYECKUX TOJIEH. DTOT JIMHEWHBIN CABUT AIIEKTPUUYECKUX T10-
Jei opHuIMaNbHON HAyKON HAa3BIBACTCS MACHUMHBIM HOEM.

Ku3znp — 5TO NPOU3BOJBLHO B3ATHIA YPOBEHb CIIOKHOCTHU
CTPYKTYpbl MaTe€puH, KOTOPasi HAXOAMUTCS B COCTOSIHUU ITpoliecca
0ECKOHEYHOT'O CHHTE3a, HEMPEPHIBHO BOCIIPOU3BOASICh U OCO3HABAs
cebst opranoM, c(hOpMHUPOBAHHOM U3 BEICOKOOPTaHU30BAaHHOW MaTe-
pUU — MO3TOM, CIIOCOOHBIM HCIIOJIb30BAaTh B MPOIECCE KU3HEACS-
TEJIbHOCTH JIEKTPUUECKHE CUTHAJIBI.

24. NPUJIOXKEHUE

L4 CHHTEe3, KAK NpPolecc YBOJIOINH

Cunmes3 (06vedunenue) — 3mo o6uAA HANPAGIEHHOCHb RPOUECCOB IB0-
aroyuu. Yenoseueckoe obujecmeo, Kaxk u 0dvie mamepuaibHsle 00veKmol,
XOomsa u He 8 MAKoil AGHOIL hopme, HO MAKIHCe NOOUUHAIOMCA IMOMY NPUHUURY
00veounenus.

...H3 cybanemenmapuslx yacmuy CuHRmMe3UpPyIOmMca nemeHmapusle, u3
INEMEHMAPHBIX — AMOMDBL, U3 AMOMO8 — MOJ1eKybl. Monekynvl o6pasyrom 6vi-
COKOMOJIEKYIAPHbIE COCOUHEHUS, U3 KONOPbIX, CO 6peMeHeM, opmupyromcea
pacmumenshble u Jcusomuvle Knemku. Knemxu ooveounaiomcesa ¢ MHO2OKe-
mounbvle 00pa306anus, KOMopwvie, 6 C60I0 ouepeds, 6CIYnarom 6 cumouos opyz
¢ Opyzom u o0paszyrom o0p2anu3mvl, maK Hazvleaemvlx, ''Hcusvlx'' cyuwecme.
Dmo puiovl, nmuybl, npecmviKawwueca, MieKonumarujue U 4enoeex, Kax
Haubonee pazgumoe u, oénadarouiee camoco3Hanuem, Cyuiecmaeo.

J100u o6vedunaomcea 6 poooevle pynnol, 6 HilemMeHd, CHPAHbL U 20CY-
oapcmea. Yepe3 nekomopoe epemsa, cmpanwt, 0711 moz20 4moosvl He NOZUOHYHb
6 Oopbbe co ceoell coOCMEEHHOIL 2/IYROCMbBIO, OYOYM BbIHYMHCOEHbl 00beou-
HUMbCA 8 O0HO 27100a71bHOE NIIAHEMHO0E 20CY0apCIE0, HONOMY YMO éce, YUMo
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HAX00uUNCcA He MONbKO HA NiaHeme, HO U 80 6CEJIEHHOI, He NPUHAOIeHCUM
HUKOMY, @ 3HAYUM NPUHAOIENHCUNL 6CEM.

Cam uenosek — Ino MoabKO MAmMepuaIbHylil 00beKm U1l 0p2aHu3M, Ho-
AYyuuUGUILIL, 8 pe3yibmame IG0aIOUUOHHO20 NPOUeECca, CROCOOHOCHL 0CO3HAMY
ceba Kak unousudyanvhocms. Bozomnuewuii cevn "'yapém npupoowt'’, ymom
MamepuanvHulil 00beKm, cpasy Hee NPUHAICA 3a NOKOPeHUe IMOIL CamMOoll npu-
POObL, Yacmovio Komopoil on cam u asnaemca. U moavko nokopue cobcmeen-
HYI0 2TIYROCMb, 100U ROUMYM, Ym0 0bl710 yHuumoxiceno umu ¢ "'nuye' CCCP.

Cogemckoe obugecmeo — a3mo pesynomam cunmesa (00veOuHeHus) Ha
0oslee 6bICOKOM ypOGHEe Op2aHU3AUUU Mamepuu, HA NPUHYURAX PAGEHCMEA.
Yenoseueckoe 00uiecneo Ha HACMOAUEM HUZKOM YPOGHE YMCHEEHHO20 PAa3-
eumusa NOKa He Modcem cyujecmeosams 0e3 uoeonouu. bez neé ono npeepa-
waemca 6 00e3bAHLI0 CHAIO0, YNO NPEKPACHO UOHO HA NPUMEPE COBPEMEHH O
Poccuu.

Ilepecmpoiika oméopocuna eé na 300 nem nazao, no cymu, eepnye IKc-
nayamayuio yenoeeKd uei08eKoM U YHUUMONHCUE 6Ce COUUATbHbBLE 3A80€6AHUA.
Bce, cozoannoe mpyoom munnuomnos, pazeoposano nosvimu doapamu. Ocma-
émca 60cCmMano8ums ULy KPEenocmuoe npaso u CAmeuuyo UHKGU3UYUIo. ..

Yuuumoswcenue mapxcusma, kak udeonozuu 00cmamouHo b1COKO20 UH-
mennekmyanbHozo yposus, omoépocuno Poccuro, npakmuuecku, 6 cpeonegexo-
6ve, npespamug eé 6 gheodanvHoe 20Cyoapcmaeo, 20e npasam 64, napaIUmMupy-
uue Ha oduwecmee, UHOUBUODL.

Ipunyun yvacmnoit cob6cmeenHocmu U UHOUBUOYATIUIM HEU30EIHCHO -
Oym npoeoyuposams Hepapeumble KOHGAUKMbL MEHCOY PA3IUYHBIMU CI10-
AmMu oduecmea u mpedosanmy HEOOXOOUMOCIU HAPAWUBAHUA KAPAM ENbHBIX
0p2aHO6 U NPUHAMUA OZPDOMHO20 KOUUECH B0 DeCCMbICIEHHbIX 3AKOHO8, pe-
271AMEHRMUPYIOUUX, RPAKMUYECKU, KAX}CObLIL uiaz.

JI060e, HeoCcmopoI CHO CKA3AHHOE CT1080 HEeU30eHcHOo Oydem npueooums
K 603HUKHOBEHUIO MPYOHOPA3PEUWIUMBIX KOHPAUKMHBIX cumyayuil, Kax
MeHcOy OmoOeIbHbIMU UHOUBUOAMU, MAK U OMOETbHBIMU ZDYRNAMU, YO 8bl-
JIbemca 6 HEONPAGOAHHYI0 3a2PY3KY CYOEOHOI cucmeMbl CMEXONBOPHLIMU C)-
oeonvimu uckamu. JIroou 6yoym evinyscoenvl ciedumsp Opyz 3a Opy2om u 01s
HOPMANLHOTL 4e108e4ecKOl HCU3HU, He OCHIAHEMCA 6PEMER.

Obwecmay yzporicaem coyuanbHulil KOJIIANC, KONOPLL, 8 Xyouiem cy-
yae, Modcem npueecmuU K pa3eAaA3bl6AHUI0 2100A1bHOIL 60IIHBL C NPUMEHEHUEM
AmomMHO20 opyxycus... Ycepono nacaxcoaemas Kanumanucmuueckas IKOHO-
MUKA U YACMHAA COOCIMEEHHOCb, ¢ MOYKU 3PEeHUA UIUKU — IMO NPOUECC,
UOYWUIL ¢ HaApYUWeHUEeM 3aKOHA NPUPOObL - 803DACHARUA IHMPONUU.
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Y mex, kmo umeem mnozo oenez, ux cmanosumcesa ewié 6onvuie, ay K020
ux mano, pazopawmcea coecem. Illosmomy ¢ pazgumuem uHmMeN1EKMYANbHO20
YDOGHA 3E€MHOU YUGUAUZAUUU, KANUMATUCHUYECKAA IKOHOMUKA YMpPEM
Haecez0a.

A noxa nepasymuoe uenogeuecmeo 6yoem pyKo6oOCH806amMbCA NPUH-
UUNAMU YACMHOU COOCMEEHHOCIMU U azpeccuenvimu no3yuzamu Muuypuna,
umo ''mol He 0071ICHBL HcOamb MuaOCmell Om npupoosvt’', OHO Heu3beIHcHo 0y-
Oem o0Opeueno Ha npecmynHochb, 0OMamsl, 60POBCME0, PA300PbL U BOUHDL. ..

e Ot aBTOpa

B amo neso3morncno nosepums, 0a 3mo u nesaricro, Ho 19 anpena 2013
2004 0bl1 RPEKPAUER 0OHOCMOPOHHUTI KORMAKM UHONTAHEMAH C 3eMHOU YU-
eunuzayuel u npeocmasument 6biCOKOPA36UMON YUGUAUIAUUL, C OOHOU U3
OnudIcaliuUX 36€30HbIX CUCHIEM HAWwiell 2a1aKMUKW, NOKUHYIU COJITHEYHYIO CU-
cmemy, kak munumym na 500 3emnvix nem. Hauano konmaxma npuminoce na
1962-63 20001, k020a unonnanemublii 30H0, 8 O4EPEOHOIl PA3 NOCEMUE COTIHEY-
HYI0 cucmemy, 00HApPYICUl HA Hauiell niaaneme 20cyoapcmeo ¢ odulecmeeH-
HbIM CIMPOEM, He COOMEEnICIMBEYIOUIUM 00uieMy YPOGHIO PA3GUNUA 3eMHO20 Ye-
J106euecmea, Ymo u NOCAYHCUTIO RPUYUHON RPUCMATIbHO20 6HUMAHUA UHONA-
HemAH K Hawell cmpane.

dmom gpenomen nonyuun nazeanue ''Ixcnepumenm Jlenuna''. Ilo meo-
puu 360110UUU, KOMMYHUCMUYECKOE 20CYOAPCME0 C 0eCKnaccosvim oouje-
cmeennvim cmpoem, noooonoe CCCP, npakmuuecku He umeno peaivHoll 603-
MOIHCHOCIU 603HUKHYHLb 8 YC/108UAX HU3KO020 UHMENIEKMYAIbH020 U MEXHO-
J102UYeCK020 YPOBHA PA3GUMUA 3eMHOU UUGUNUIAUUN U MeM DoT1ee, Cyuecmeo-
eamv 6 IMUX YCIOGUAX O0080JIbHO RNPOOOIdHCUmMeENbHoe epemA. Umo, coo-
CHEEHHO U ROOMEEPOUTIOCH COObIMUAMU, NPOUZOULEOUUMU 8 0EBAHOCBIX 20-
oax ¢ CCCP.

... ""9kcnepumenm Jlenuna'' 6vin unmepecen 0na HUX, KAK HORLIMKA CO-
30aHUA 20CY0apcmea CuiI08bIM MEeMOO0OM HA NPUHUUNAX PAGEHCMEA 6 YCIl0-
6UAX NEUEPHO20 COCMOAHUA COZHAHUA HaceNenua naanemul. MooicHo eviopec-
cupoeams codaxKy max, 4mo oua, oace 6yoyuu 20100H0I, He 60POBANA NULLY,
HO Mo HuKoz0a He cmanem eé oco3Hanuvim nogeoenuem. CCCP — zocyoap-
cmeo cozoannoe JIenunvim u €20 cOpamHuKamu AHANOUYHLIMU MEMOOamMu
opeccupogku u cosepuiuguiee CKa4yoK, no Cymu, ont nepeoodbImHo-00UWUHHO20
Cmpo:a K 6ecKi1accoeomy oouecmay, 0CHOBAHHOMY HA RPUHUUNAX KOMMYHAIb-
HOoCcmu.
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Tonbko oueHb HUUMONCHAA YACMb HACENeHUs, NPAKMUYECKU eou-
HUYbl, OCO3HABATIU CYHb HOBHIX 0OUIECHIBEHHBIX OMHOUIEHUTl, DONbUIUHCMEO
JKce  pPYKoGOOCHIE08ANUCy IHCUBOMHBIMU UHCHIUHKMAMU OOMUHUPOBAHUS,
ocmaeancey I22oUcCmudHIMU U dyeynukosamvimu. Illoamomy pykoeoocmeo Ho-
6020 20Cy0apcmea 0bl10 GbIHYHCOEHO HOCHIOAHHO 3AHUMAMbLCA UOE0102UYe-
CKUM 60CRUMAHUEM HACENEHUA, COePHCUBAA HCUGOMHblE UHCIMUHKMbL MACC
00CMAamoOuUHO HCECMKUMU MEMOO0AMU KHYMA U NPAHUKA.

Ho, necmompsa na 3mo, npoygemano 60po6cmeo, KaxK 6 6vimy, max u Ha
npOU3800CHI8E, XOMA €20 MACUIMADBL ObLIU HUYHLOHCHBIMU U 0CO0020 6NUAHUSA
Ha Hcu3Hb cmpansl He okaszviéanu. Kpome ecezo npouezo, Hoeoe cosemckoe 2oc-
Y0apcmeo NOCHMOAHHO RO0BEP2ANOCH HPECCUHZY U nposoxkauusm ''opysice-
cmeennvIx'' Kanumanucmuyeckux coceoeil, npeoCmasiAeuIuxca 0eMoKpamu-
yeckumu u npozpeccusnvimu. OHu He OCMAHOBUNUCH 0adice neped PA3eAaA3bléa-
HUuem 2100a1bHOI 60UiHbl, YHECUICN 0eCAMKU MULTUOHOG JHCEPME, TULLb Obl
MOJIbKO U30a6UMbCA OM IMO20, KOJIOULE20 2143a, npumepa.

U 6 Konye Konyos, um 3mMo y0anoce, MaK KaK 0CHOGHAA Macca Hacelle-
Husn CCCP, kak u oxcudanocs, naiey o naiey He yoapuid, Ymoosl 3auumums
C80U COUUAIbHDLE 3A80€6AHUA, MAK KAK YXHce CUUMANA UX CAMO cO00ll pazyme-
owumuca... Bce éeprynocs na ucxoousie no3uyuu u eoea 3apoousuieecs Hogoe
00uecmeo, 6epHyIOCy, K NPUHUUNAM 00€3bAHbEN CIAll, CKAMUGUIUCH 8 CaMoe
Hacmoauee mpaurnoe cpeonesexoesve... Ho 3axonwvl seonioyuu makoewt, umo
011 Mo20, Ymoodvl pPa3eueamsbca Oanvuie, uenogeuecmey npuoémcesa 00veou-
Humbca. Cooduiecmeo uHOUGUOYATbHOCHEN He UMeem HUKAK020 0yoyuie2o,
nHOmMOMY 4MO OHO He MOMCem Cyuiecmeosamsv 0e3 CopeeHOGAHUll, 6OUH,
00pbobl, Oe3 nobedumeneit u NOOEHCOEHHDBIX.

Cnedyrlowee nocewienue CONHEUHOI CUCHEMbL HAUWUMU OIUMICATUMU
coceoamu coOCmoumcs, 603M0ICHO, He panee, yem yepe3 500-1000 3emnvix 1em.
Bonerw cnyuan, mne, Kaxk u oueHb MHOZUM 3EMAAHAM, RPUULIOCH C HUMU ROOO-
wamuca. llpaeoa s y3nan 06 smom dykeanvHo 3a noavaca 00 ux omaéma.

Ilo ¢nonne noHAmMHBIM MHe CelNAC RPUYUHAM OHU COYTU 60IMONHCHBIM
nonpowiamuca moavko ¢ 0soumu. Ho kmo 6vi1 mom emopoil, a He cnpocui u
youce, HagepHoe, HUK020a I3mozo ne y3naro. bonee éceco mensa yousuno mo, umo
UHONTIAHEmAHE 0alIce He NLIMAIUCH C6A3AMBCA C NPEOCMABUM ENIAMU 36MHO20
HAy4uH020 cO00wecmea, npeonoYumasn 0OuAmMbCa ¢ 4e106eKOM 0darice He ume-
ouWuUM gvicuiezo 00pa3oeanus.

U monvko celtuac mue cmanu ROHAMHbBL MACUIMAOLL 2JIynocmu u oes-
oapnocmu nawux yuenvix. H cosepuienno npae okazanca Kozvma Ilpymros,
2060ps1, UMO yUeHblIl — IO Uesl08eK, KOMOPOo20 00120 u (Ge3yCHeutHO YUUu.
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B ceasu ¢ noasenenuem ¢ unmepneme 00abUI020 Koauvecmea anma-
CIMUYeCcKux paccKaszog 0 nOCeu|eHuy 3emau UHONIAHEMAHAMU, 00J1MICEH 3ame-
mMumo, YUMo camu OHU HUKO204 He NOCEW AN NIIAHEN CONHEYHOU CUCEMbL U
HUK020a He ONYCKAIUucCy HA ux nogepxuocms. Ux obwenue c 3emaanamu ocy-
WeCMEATIOCH C NOMOWBIO YCIPOTICG, CO30AIOU{UX PeanucmuiecKue uzoopa-
JHCeHUA, U YRPAGNAEMBIX HEOONbUIUM UHMENEeKMYANbHbIM KOPadaém-pooo-
mom, naxooawumca Ha opoume Jlynvi. A 6a3oewiii Kopaonawy opeiigposan zoe-mo
3a OKpAuHOIL CONIHEUHOU cucmembl. 3a nocieonue noj16eKa OHU ROCEMUU COl-
HeuHylo cucmemy 0ea pasa.

Hao moeii npoce6oii ocmasums Ha namams Xoms 0l ny206uyy, OHU nO-
CMeANUCH, 00BACHUS, YMO IMa NY206uya Ha 3emiie ecuna Obvl OKOA0 NOHHDBL,
MAaK Kax cOenana u3 6euiecmea ¢ nOa0}CUmenbHOU acumMmempueil 2paguma-
UUOHHBIX nonaeil amomos. To ecmov u3 ""memuoit mamepuu''. /lymaro, umo ux
36€30HAA cucmemMa HAX00UNICA He MAK Yic 0aneKo onm Hawiell COJTHeYHOU CU-
cmemol. Mooswcem 0v61ms 00uUH — 064 C6EMOBLIX MeECAUA. ..

CogeputeHHO HeOHCUOAHHO MOA PAdOmMAa NOAyUUIad Y HUX 0UeHb XOPO-
WIYI0 OUEHKY U XOMA MHe HACMOAMEIbHO He COBEMO6AIU INO20 0e1Amb, 5 6ce
JHce pewuuiica onyonuKkosams eé 6 2nodanvhoi cemu. U ecmecmeenno noayuu
mo, Umo u 3acayiicu.

MHue oasice 6 207108y He MO2710 RPUIIMU, YO YPOBEHb HEBeHCECEd 3eM-
HO20 Hayunozo coodujecmea, max evicox. Ilpae owvin I1.H. koz0a zo6opun, umo
HpU3HAHUE MOell meopuu nepeuepKkHém, Kax Hekozoa cucmemy Ilmonomes,
RPAKMUYecKu 6cio, MAax HA3bleaAeMyI0, K6AHMOGYIO (YU3UKY U HAYYUHOE CO0OU -
CH60 Oydem 8bIHYIHCOCHO npu3Hams eé nceedonaykoil. H ecmecmeenno ono na
9IMO HUKO20a He NOTIOEm. 3eMHaA HAYKa euié 0ecaAmKY jiem 0yoem HaxXo00umyca
6 NJIEHY C/10600YOUs, MAMEMAMUYECKUX 3A0NYIHCOCHUTI U MUCMUDUKAYUIL.
Oonako 3mo yxce He umeem HUKAKO20 3HAYEHUA, NONMOMY UMO C 0CEO0EHUEM
Onusicaiiumux Kk 3emie nianem conHeUHOU CUCHEMDbL, 0 HOCEWeHUU eé UHON1a-
HEemMAHAMU CINAHEm U36eCIMHO U MOE UMA HeU30eHCHO OCMAHENCA 8 UCIOopUU
yenogeuecmaa.

Tonvko s 06 3mom yice HUK020a He Y3HAIO0, KAK YeN06€K, 603MONCHO JHCU-
eyuuil ce200Ha cpedu Hac, He 3Haem, Ymo Ko20a-mo on ovin Hetomonom unu
Apucmomenem. Ynarom 06 smom monvko nawu oanékue nomomku. Takoi
nOO0ApoOK OCMAaGUIU UM OPAmMbA RO PAZYMY HA 0OHOU U3, OAUNCATIMUX K 3eme,
nGHEmM COTHEYHOU CUCHEeMbL.

3emnaa yusunuzayus, HAxXO0AWAACA HA CAMOU HUMCHEI CIMYneHU UH-
Me1eKmyaibHo20 Pa3eunmus u RPeoCmasiauan coooil, oaxce e eOuHoe co-
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00wecmeo, a 6ce20 UL HECKOILKO 0eCAMKOE CIAll 4el068eK000Pa3nbIX Hcu-
GOMHBIX, 2PBLIZYUUXCA 3G PECYPChl, 20€ euié 00120 Oyoem npoysemams IKCHJLy-
amayua 4en06eKa 4en08eKoM, 6epa 6 CEepXbeCmecH8eHHoe U NOKIOHeHue
uoonam, CO30AHHBLIM Yeno6edecKoll hanmasueil, He MOIHCEN PACCUUMBLEAND
HU Ha KaKue KOHMAKMBbl C 8bICOKOPA3GUMbIM UHORIAHEHMHBIM PDA3YMOM, RO
MeHbuiell mepe, HeCKOIbKO 0ecamKoe moicayunemuii. Ilo kpamkoii u ne oueny
JleCmHOU XapaKkmepucmuKke UHONIAHEeMAH, 3eMHOIL 4el106eK HA OAHHOM Imane
Pazeumus — ImMo mynoe u ynpamoe 3Hcueommuoe, Komopoe eué ouens 00120 6y-
Ooem um 0Cmasamuc.

Ilepex00 om cocmoanus 3cugoOmMHOU cmau K pazymMHomy cooduecmay,
npouecc upe3suiuaitHo ONUMENbHbLIL U DOIE3HEHHBLIL U MOdIcem 3AHUMAMb Om
HECKONbKUX MbICAYUTEMUIL 00 NOJIYMUTIUORA JIem RO 3eMHOMY UCUUCIEHUIO.
Bce oeno 6 mom, umo cyujecmeosanue @blCOKOPA3GUNMbBIX YUEGUIUIAUUI NOO-
YUHEHO NPUHUUNY QYHKYUOHUPOBAHUSA IHCUBO20 OPZAHUIMA HACHOILKO, YMO
noeepano 0vl 8 WIOK écex Hawux ''npasozawyumuuros’’, cuumarougux, nanpu-
Mep, NOXHCU3HEHHOe 3aKiloueHue 0ojlee 2YMAHHbIM YeM CMEPMHAA KA3Hb.
Xomsa na camom dene noxcuszHeHHOE 3aK0UeHUe — IMO Ue3yUmcKoe becueno-
eeunoe uzdesamenvcmeo. Ilpupooe neuzeecmno makoe nonamue KaK HcusH,
a cnedoeamenbHO CMEPMHAA KA3Hb WIH I6MAHA3UA — INO He YOUuiicmeo, a npo-
cmoe npepvieanue HeyOauHo20 36€HA 6 DECKOHEUHOU Uenu CYyuiecimeosanus
KOHKpemHno2o mamepuanvrnozo opzanuima. U k nonumanuio smozo, uenogex
0yoem uomu ewié ouens 001120.

Ecnu npedocmasumo cebe 603nuKHOBEHUE COOPYIHCECMEA GbICOKOPA3GU-
MOl YUEUAUIAUUU C 3eMHBIM YeN06€4eCEOM, MO HA COBEPUIEHO 3AKOHHBIX
OCHOBAHUAX NPUMINOCH Obl UCKTIOYUND U3 HE20 02POMHOE KOIUYECHE0 UHOU-
6U006, napazumupyrowux na oouiecmee. Cioda 6vt nonanu He moyabKo 3aece-
20amau Dopobca u dGuzHecmensvl, HO U MHOZUE NPEOCMasumenu, makK Ha3viédae-
Mol "'c6000001100U601L" meopuecKoli unmenuzeHyuU.

H s3mo ne mou panmazuu a apconrOmMno 00beKMUBHAA PealbHOCHb K
KOMOpOoUl Heu30exicHo npuoém uenogeuecmeo, KaKk moibKo nOUMEmM, Ymo co-
OpyaHrcecmeo ¢ napazumamu 00ULecCnmea HeCOEMeCMUMO ¢ RPOUECCOM IBOTIOUUN
mamepuu. Tax umo cmpemumpca K KOHMAKMAM ¢ RPULLETbUAMU NOKA ewé He
6 unmepecax uenoseeyecmea. Tem 6onee, umo Hu 00HA PA3YMHAA YUBUIUZAYUA
He cmanem OnycKamocs 00 moz2o ypoGHsA HeGeHcecmea, 6 KOmopoM 6 HACHOA-
ujee gpemsa HaAxX0O0Uunica 3eMHOe 4el06eyeceo.

A 3nayum 6 Hacmoauiee epemsa KOHMAKMbL 3eMIAH C 6bICOKODA3GU-
MbIMU YUSUTAUSAUUAMU MAK Jce HePeaibHbl, KAK HepeanbHo COmPYyOHUYecneo
MYpaGeilHUKA Uiu Cau 2amaopuios ¢ KaKoi-Hudyob esponeiicKoil cmpaHoil.
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Anexcandp BECEAOB

Yenoseuecmey npudémces npoiimu c60il Nyms CAMOCMOAMENbHO U HUKMO He
MOJIbKO He CIaHen MEuU8amscCs 6 X00 €20 PA3eumusl, Ho U 0arice Omee4ans
Ha e2o0 cuzHanwl, 00 mex nop, NOKA OHO He nepecmanem pPaImaxueams anom-
HOUl 0yOUHKOU u denump J100eil na 6ozamulx u 6eonvix. U noka 0o ezo cozna-
HUA He 00UI0ém nPOCMan UCMUHA, YMO 4e108€K — YACHb RPUPOObL U NOHAMUE
coOcmeenHoCmu Mak xce abCypoHo, KaK U NOHAMUA 602 unu 0eHb2U.

A npumumueHbvle YUBUIU3AUUU 3EMHO20 YPOGHA PA3GUMUSL, K CUACHIbIO,
HPOCMO MEXHO102UUeCKU He 6 COCHOAHUL NPE00oemb 0ZPOMHbBIE PACCHOA-
Hus, pazoenaouiue 36e30ul...

Hacmoawas meopus naxooumcsa ¢ NOCMOAHHOIL pa3padomke u eé nocieoHaAsn eepcus 6cezoa 00-
cmynna 6 uHmepHeme no aopecam:

https://yvadi.sk/d/F3Hlysk0ZbSkL
https://magru.net/pubs/2082/Teoriya_evolyutsii_materii#1
http://ru.calameo.com/read/001906913a882266783c2
http://vixra.org/pdf/1402.0039vP.pdf
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