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BeedeHue

MpI XMBEM B HEH3BECTHOM HaM mupe. Kaxblil J1eHb, BCTaBas C
MOCTENH, MBI XOJIUM TI0 3eMJIe U IMOJIb3yeMCs TpaBUTALlel, He UMes
MIPEICTABIEHUS O TOM, UTO 3TO Takoe. MBI mob3yeMcst (Pr3maecKuMu
3aKOHaMHy, HC IOHHUMad, MOYEMY O3TU 3aKOHBI MMCHHO TaKHUE€, KaKHC
OHU ecTb. MBI He 3HaeM, KaK yCTPOSHO BELIECTBO, IOTOMY YTO TO, YTO
MBI O HEM 3HaeM, €CTh BEChbMa MPHUOIIKEHHAs MOJIENb,
IMOBEPXHOCTHOC IIpEeACTaBJICHHE, HarmM4KaHHas1 BCAKHMHU
napajokcaMu, ¢ KOTOPBIMU Oe3ycrnenHo OOproTcs Hamm ydeHsie. U
TaK BO BCEM.

— Uro Takoe »IEeKTpHYECTBO? — CIPOCHII OTHAKILI Tpodeccop
CTYZACHTA.

— 51 3HaM, HO 3a0BLI, — OTBETHII CTYCHT.

— Kakas morepst s genoBeuecTBa! — BOCKIHMKHYI Tpodeccop. —
HukTo B Mupe He 3HaeT, 4TO Takoe IeKTpuuaecTBO. OIUH YelI0BEK
3HaJ, ¥ TOT 3a0bu1! Korma BBl BCOMHHUTE, COOOIIUTE, MOKATYHCTA,
HaM, MBI TO’)K€ XOTHUM 3TO 3HATb.

VYTBepxkaarh, 4TO Hayka BOOOINe HE 3HAET HHUYET0, OBLIO OBI
HEKOTOPHIM peyBenndeHneM. Koe-uTo oHa Bce ke 3HaeT. Hampumep,
OHAa 3HAET MHOXECTBO «XOPOIIO YCTAHOBJICHHBIX» 3aKOHOB TPUPOJIHI,
omHpasich Ha KOTOPbIE MOXKHO CTPOHWTH JOMa, MPOEKTHPOBATH
MallluHBbI, )Z[O6I)IBaTB OHEPTHUI0O U BbIpalllUBATH xie0. Ho IMo4YeMy 3THU
3aKOHBI UMCHHO TaKue, a He KaKue-HUOY/Ib pyTue, HayKa CKa3aTh He
MOXET, MO0 OHa HEe 3HaeT BHYTPEHHEro0 YCTPOWCTBA MAaTepHH.
[loaTomMy ee 3HaHHMS O 3aKOHaxX MPHUPOABI BECbMa MPUOIMKEHBI U
MTOBEPXHOCTHBI.

Hy, ¢ gero sto Bapyr HplOTOH Ha3Bal CBOW 3aKOH TATOTEHHS
«BcemupaBIM»? OH 4YTO, TPOBEPWUIT €ro HPHU BCEX BO3MOMKHBIX
oOcTosaTenbcTBax U 3a npenenamMu CoiHeuHoM cucteMbl? Beab 3TOT
3aKOH BBIBEJIEH MM BCETO JIHUIIb KaKk 00OOIIeHHE 3aKOHOB HeOecHOU
Mexanukn Horamna Kemepa, KoTopelii o0paboTanm JgaHHBIC
HAOJIFIOICHUA 3HAMEHUTOrO JATCKOro actpoHoma Tuxo bpare 3a
HECKOJILKUMHU TuTaHeTamu. M3yuuB monoxkenus Mapca B pa3indyHbie
nepruoabl BpeMeHH, Kermep onpeent 3aK0H ero ABIKEHHS, a TOTOM



YK OH PacHpOCTPaHUI 3TOT 3aKOH Ha OCTaJIbHbIC IUIAHETHl U JaXKe Ha
Jlyny u getsipe cnyTtHuka lOmnurepa, He 0OBSCHUB, IpaBaa, MOYEMY
K€ TJIaHETbl BUXKYTCA B COOTBETCTBUHU C ATHM 3aKOHOM. HbroTOH
MOKa3ajJ, YTO €CThb LEHTpajlbHas CHJa TATOTCHHUs, KOTopas W
ONpenensieT XapakTep IBIDKEHHMS IUIaHET, HO OTKyna Oepercs 3Ta
CWJIa M TOoYeMy OHa Takas, HbIOTOH HHYEro He CMOT cKa3aTb, XOTS
MHOTO Pa3 IBITAJICS HOHATH NPUPOAY TAroTEeHHs. B KOHIIE KOHIIOB, OH
OpocWJI 3TU TONBITKH, TOPAO 3asiBUB: «['HMIoTe3 s HE M3MBIIUIAIO!Y,
YTO 03HAYAJIO €ro MOJIHOE MOPaKEHHE B 3TOM BOIIPOCE.

Ilo3xe BBIICHMIOCH, uTO MepKkypuili HUMeeT HEKOTOpbIe
0COOEHHOCTH  JABMXKEHHUS, HE TOYHO COOTBETCTBYIOILUE 3aKOHY
Bcemuproro Ttsarorenus, IImyToH BooOmie He ykiaAbIBaeTcsl B 3TOT
«3aKOH», a €CIM YX NPUMEHUTh «BCEMHpHBIH» 3aKOH TATOTEHUS
HrrotoHa ko Bceli BceneHHOI, TO mMoiydaeTcs TMOJHBIA KOH(Y3: B
KaXIOH TOYKE IPOCTPAHCTBA IPABUTALMOHHBIA  MOTEHIHAN
OKa3blBae€TCsd OECKOHEYHO OOJBIINM, M TYT YX BOOOIIE HHKaKue
3aKOHBI AEHCTBOBAaTh HE MOTYT. DTO MPUCKOPOHOE OOCTOATENBCTBO
OBIJI0O HA3BaHO «TPABUTAIMOHHBIM Tapamokcom», o0 deM B XIX
CTOJIETUM HaM MOBEJAlIN HEMEIKHEe aCTPOHOMBI U MateMaTuku Kapn
Heiiman u Xyro 3enurep, U ¢ TexX NMOp 3TOT HapaZoKC HOCUT HX
MMCHA.

[Ipumep HuioToHa oKasancs 3apa3uTeNbHBIM. Hayka, ocoOeHHO
TeopeTHueckass (¢u3MKa, Jekamas B €€ OCHOBE, CIeOys TeM Ke
METOJOJIOTHYECKUM ITyTE€M, TOXKE II0JIaraeT, YTO HE HYXKHO 3HATh,
noyeMmy (PU3MUECKHE 3aKOHbI HMMEHHO TaKHE, KaKhe OHHM €cCTb.
IIpupona Tak yctpoena, u Bce TyT. «Hama 3agaya — cbecth 06en, He
3alyMbIBasICh O TOM. KaK M3TOTOBWJ €ro IoBap» — TaK MoJjaraer
OonpmMHCTBO M3 HUX. HOo mockombKy BO Bcex 00nacTax (HU3UKH
MapajoKChl W HEYBA3KH CTald MHOXHTBCS, TO «CEPHbE3HBIMHU
YYEHBIMI» OBLT M300peTeH 3aMevaTeNbHBI METOJ MCCIEeNIOBaHUM, B
COOTBETCTBHU C KOTOPBIM NPHUPOLY HY>KHO H300peTaTh, BBIABHUIAS
«TIOCTYJIAThI», «IPUHLUIBD M  «AKCHOMBI» (aKCMOMAaTHYECKHUH
MeTOJ). 3HaMEHUTHIH AnbpOepT DUHIITEHH Tak IPAMO U 3aiBUJ, YTO
«AKcuoMaTHyeckas OCHOBa (HM3MKM JODKHa OBITh CBOOOAHO
n3o0pereHal».



He meHee 3HaMeHUTHIN HeMelku# (u3nuk-reopeTrk Makc [lnank B
1900 rony, emie 1o TpyAoB ODiHIITEIHA, BEIABHUHYJ HEPBbIM B MUpE
MOCTYJIAT O TOM, YTO SHEPTHUS U3Iy4aeTCsl He HEMPEPBIBHBIM MMOTOKOM,
a KBaHTaMH, MOPLMAMHU. DTO OBIJIO BHOCIEACTBUHU IOATBEPXKICHO,
OJHAKO 3TO JK€ CO3JAJI0 MNPELEACHT, MU K HACTOSINEMY BPEMEHH
M300pETEeHO MHOKECTBO «IOCTYJIATOB» M «IPUHITUIIOBY», KOTOPHIM
o0s3aHa  cnenoBaTh PUPOAA. Ecnmn mpupoma  He ciemyer
HOCTYyJaTaM, TO TeM XyxXKe Ul Ipupoabl! DTH OTKIOHEHMS NIPOCTO HE
HY)KHO TpPHHMMaTh BO BHMMaHue. Camu ke TOCTyJaThl Jaxke
JOKa3bIBaTh HE HaJ0 MO0, Kak ckazaHo B craThe «[loctymar» (BCDO, 3
u3M., T. 20 c. 423), «He xanes TOBOJOB B Pa3yMHOCTHU («IIPaBOMEPHO-
CTH») TMpeJjlaraeMbpIX HamMH MOCTYJIaTOB, MBI B KOHEYHOM CUETe
npocTo mpedyem  (oTcroma u sTUMonorus ciosa «Il.») a3toro
npuHATUSY. [ToHATHO?

Ha ceronusimHuil 1eHb B QU3HKE CYIIECTBYET HECKOJIBKO JIECATKOB
«TIOCTYJIATOB» W «IPHUHIHUIIOBY», KOTOpPblE KaK-TO YBSA3aHBI MEXIY
co0OH, HO BOBCE HE YBSI3aHBI C MPUPOAOH, KOTOpasi HEe 3HAET HU
«TI0CTYJIATOBY, HU «IIPUHIUIIOBY, HU «aKCHOM.

3namenutas CTO — CnenmanbHas TEOPUS  OTHOCHUTEIBHOCTH
A.DiiHImTeliHa B CBOEl OCHOBE MMEET IIATh (a He ABa, KaK MUIIYT B
yueOHMKaX) IMOCTYJaToB, TMEPBBIM U3  KOTOPBIX  SBISIETCS
KaTeropuyecKoe OTCYTCTBUE B IPUPOAE MUPOBOH cpeabl — 3dupa.

He menee 3namenuras OTO — OO0mas Teopus OTHOCUTEIBHOCTH
TOTO € aBTOpa MCIOJb3YET 3T IISITh MOCTYJIATOB M JO0ABISET K HUM
ellle MATh, T. €. BCEro IECATh MOCTYJATOB, MOCIEIHUM U3 KOTOPBIX
SBISIETCSl TAKOE JK€ KaTeropuueckoe Haluuue B mpupoje 3dupa (cMm.
pabotel DiiHmTeiHa 32 1920 1 1924 rr.). ..

KBaHTOBas MexaHMKa HCHONb3yeT mocTynaarhl CrennanabHON
TEOPHHM OTHOCHTEIILHOCTH M J00aBiIsieT K HHUM eIle JAeBATh
MOCTYJIaTOB. A Bce MOCIENYIONIUe TEOpUH 00513aTeNbHO UCIONB3YIOT
noctyiatel CTO (mpuHLUI COOTBETCTBHA) U HOOABIAIOT K HUM CBOM
HOCTYJIaThl ¥ NMPUHLUIBI, 00IIee YUCI0 KOTOPHIX COCTABIAET YXKe He
OJIMH JIECATOK. DTOT «IPHHLHUII COOTBETCTBHUSN» WHTEPECEH TEM, UTO
CerOIHsS «CEpbe3HBIE Y4YEHBIE» TpeOyroT, YTOObI JIO0BIE HOBBIE
TEOPUH COOTBETCTBOBAJIM IIOJIOXKEHUSIM TEOPHUH OTHOCHUTEIBHOCTHU



OiHmTelHa, 3a0bIBasi, YTO CamMa TEOpUs OTHOCUTEIHHOCTH HHUKAaK He
COOTBETCTBYET BCEH NPEAbIAYLIEH UICTOPUHU €CTECTBO3HAHMSL.

B mocnennee BpeMsi cpend HEKOTOPBIX YUCHBIX IMOSBUJIACH EIIE
OJlHa TeHAEHUHUs. Pa3 MUp yCTpOeH Tak pa3yMHO, 3HAYUT, €CcTh bor,
KOTOpBIA Bce 3TO cozfan. llopa oObenuHATH HayKy W PEITUTHIO,
3asIBJIAIOT OHM, ¥ LIEPKOBH C 3THUM COTJIacHa.




OnHako HaM, WHXEHEpaM-TIPUKIaTHUKaM, HaJ0 pelmarh CBOU
MPUKJIAJHBIE 33Jaud, OMUPasCh HE Ha IMOCTYJAThl, MPUHIHUILI U
aKCHOMBI, a Ha peallbHbIC TPUPOIHBIC 3aKOHBI, KOTOPHIE HAJO TOHATD.
Ha bora toxe mnamexnasl Mamo. M HaMm Xoreloch OBI, 4YTOOBI
(hM3UYeCcKre «3aKOHBIY OTpaXau (PU3NICCKYIO0 PEaTbHOCTh, a IS
9TOTO HAAO MOHATH WX BHYTPEHHUU MEXaHU3M, MOHSTH, IIOUYEMY OHH
UMEHHO TakWe, a He napyrue. Ham He HpaBUTCS HEEBKIUIOBA
TEOMETpHs, MOTOMY YTO B HamIeH >KM3HH MBI TIOJIB3YEMCS TOJIBKO
EBKJIMIIOBOM. A HEEBKJINI0BA T€OMETPHs, HaBEpHOE, OyIeT BepHa HE B
Halllel peajbHOM KU3HU, 4 B HEEBKIUAOBOM.

BoT mostomy u poamiiocs HOBOe (T. €. XOpOIIO 3a0BITOE CTapoe)
HAIpPaBJICHUE B TEOPETHUECKOM (hH3MKEe — 3PUpOJIUHAMUKA, KOTOPOE
BOCCTAaHABJIMBACT TMPEJACTaBICHUs 00 3(upe W HA ITOH OCHOBE
MO3BOJISIET MHOTOE TOHSTh U KOTOPOE YK€ PEUINII0 MHOTHE CTapble
MPOoOJIEeMBI U BRIIBUHYJIO HOBBIC BOTIPOCHL. 1 0 TOM, M O IpyTrOM HIDKE
Y TIOMJET peyb.

[Ipemmaraempiii MaTepuall MO CBOCH CYTH HYXHO pa30HWTh Ha TPH
YacTH.

K nmepBoii oTHocATcs oOmmIas JIOTWKA, MPEACTaBICHUS O
(hM3MYECKUX MHBAapHAHTaX M MX CBOWCTBaX M BBITEKAIOUINE M3 3TOTO
BEIBOJIBL. [l0 MHEHMIO aBTOpa, 3Ta 4acTh TriaBHas U OeccropHas. Tyt
BCE SICHO.

Ko BTOpOIi yacTH OTHOCATCS BCE MOJIEIN KOHKPETHBIX CTPYKTYP U
B3aMMOAEHCTBUI - CHJIBHOT'O u ci1aboro SITEPHBIX,
3JIEKTPOMArHUTHBIX M TpaBUTAITMOHHBIX. Crofa K€ OTHOCSTCS W BCE
Monenu (DU3MYECKUX SIBJICHHA. OTH MOJCIU TO3BOJSIOT TOHATH
(hM3UYECKYI0 CyTh BEIIECTBEHHBIX OOpa30BaHMIiA, B3aUMOJICHCTBUIA U
(m3nyeckux sBneHwit. OMHAKO 3TH MOJIENH, KaK U BCSIKHE MOJIEIH,
JTIOJDKHBI YTOYHATHCS U JOMOHATHCS 1O Mepe yIriyOJeHus B CyTh TEX
CTPYKTYD U SIBJICHU, KOTOPHIE OHU OMHUCHIBAIOT.

A K TpeThell 4acTH OTHOCSTCS THUIOTE3bI, KOTOPHIE BCETO JIHIIh
MpaBAONOA00HE. HO THIIOTE3B W €CTh THIOTE3BI, T. €. HEKOTOPHIC
MPEANOIOXKEHUS O CyTH sBieHnd. OHU MHOTO€ HE YYHTHIBAIOT, U Ha
caMOM JIelle BCE MOKET OKa3aThCs BOBCE HE TaK, KaK MPeIoaraeTcs.
CKOJIBKO THUTIOTE3 YK€ OBLIO BBIABUHYTO W OTBeprHyTO! Tak 4to TyT
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Ooxnpmre (QaHTazuu, 4em HUCTHHBL Ho, TeM He MeHee, THUIOTE3HI
MOJIC3HBI, TIOTOMY YTO IO3BOJIIOT XOTS ObI MPEIIOJOKHUTH, KaK KE
BCE 3TO MOXKET ObITh. [loTOMY 4TO MHA4Ye HEOOBACHEHHBIN (aKT — 3TO
4yJ0, @ 9yieC B IPUPOJE He ObIBaeT.

Bort ¢ ydyeToM 3TOro u Hy>KHO OTHOCHUTBCSI KO BCEMY H3JIO)KEHHOMY
B OTOI KHUTE.

1. [Jns 4ye20 Hy)XHa HayKka?

Hayxa, 3aaua KOTOpOi COCTOUT B MIOHUMAaHHUU MPUPOAbIL,
JIOJIKHA UCXOJIUTh U3 NPEAOI0KEHUS BO3MOXKHOCTH
STOTO TIOHUMAHUS U COTJIACHO 3TOMY ITOJIOKEHHUIO
JOJDKHA JIeNTaTh CBOM 3aKIIIOUCHHUS U HCCIICOBAHUS.

I T'enbmeonvy.

Jna gero HykHa Hayka? Pa3Hble nronu Mo-pa3HOMY OTBEYalld Ha
9TOT Bompoc. OIWMH U3 OTBETOB TIJACUT, YTO HayKa HyXHa IS
YAOBJIETBOPEHHUSI CBOETO JIFOOOMBITCTBA 3a CUET TocyaapcTa. [pyrue
MoJlaraloT, YTO HayKa HYy)KHa Ui TIOBBIIIEHHS HAIINX 3HAHUN O
IpUpoAe, HO 3aueM HYXKHBI ATH 3HAHUS, HE TOBOPAT. A TpeThbu
MoJiararoT, YTo HayKa BOOOIE He HyXKHa, MIOTOMY YTO OTI(BI U JIE/BI
obxonumuck 6e3 Hee, U HU4ero, Xmwid. OHU, KOHEYHO, PABhI, U OTIIHI,
U JIeJIbI KIIIN, HO KWJIM HE OYeHBb XOPOIIo, a, KpOME TOTO, CO BpEMEH
OTIIOB ¥ JICMIOB YEJIOBEYESCTBO MOIPOCIO, U MOATOMY OJiar Ha AyIIy
HaceleHUs TOyOaBWJIOCH OBI, eciu OBl HaykKa HE Halla CIoco0
yBENMUYUTh Yuciio Osar. Octajncs Obl BCEro OJMH BBIXOJ, HA KOTOPOM
HACTaWBal TEPBBIM 3aB. Kadeapodl TOTUTIKOHOMHU AHTIIMYaHWUH
Tomac Maneryc. B 1788 romy, xorma Ha BceM 3€MHOM IIape
npoxkuBajgo Bcero 800 MWUIMOHOB YEJOBEK, 3TOT YYEHBIA MOHaxX
o(UIMATIBHO BbIIAT TAaKyl PEKOMEHIAIMIO: KOro MpHupojia (PBIHOK,
pazymeercsi) HE CMOXET NPOKOPMHUTb, TOMY OHAa IIOBEJIEBacT
YAATUThCA U3 XKU3HHU. Tak-To BOT!
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Jna Toro 4ToOBI BCe KE€ MOHATH, U Yero Hy)KHA HaykKa, HYXKHO
paccMOTpeTh B3aUMOOTHOIIEHHUS 4YEJIOBEKa C MPHUPOAOH, YaCThIO
KOTOPOIl OH SBIAETCS, U CTPYKTYpY OOLIECTBEHHOIO IPOM3BOCTBA,
KOTOPOE €ro KOPMHT, IIOUT, OFEBAET U BOCITUTHIBAET.

IIpexxne Bcero, BO3HMKAaeT BONPOC, MPABWIBHO JIM YEJIOBEK
BOCIIpUHUMaeT Npupoxy? EcTh MHEHHsA, 4TO BOCIPHHHMMAET, HO C
OOJBIIMMHU HCKaKEHUAMHU U Jake BOBce HeBepHO. Hekoropsle maxe
CUMTAIOT, YTO MPHPOJA 3TO TO, YTO 4YeloBEeK cebe BooOpasmi. U Tyt
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HY>KHO BCEM TaKUM YYEHBIM, T. €. JIOJSIM, KOTOPHIX YeMYy-TO YUHIIH,
HO MajJI0O Y€MY BbIYUYWJIM, BO3pa3uThb, YTO YECJIOBEK BCC TO, OT YE€ro
3aBHCHT €T0 CYIIECTBOBaHUE, KaK POja, BOCIPHHUMAET B OCHOBHOM
MPaBHIBHO, XOTS WM HEe BO Bced momHoTe. [loTomMy 4Wro wmHaye OH
CIIOTHIKAJICS OBl Ha KaXXIOM Iary W HE IOKHI OBl IO CBaghOBL. A
Tor/a He ObIIO OBl TOTOMCTBA, M POJI YEJIOBEUECKUH MPEKPATHIICS OBI.
3meck BOIpOC pemaercs B MOJb3y MaTepHalli3Ma: CHadala MpHpojia
(MaTepus), a IOTOM YK TIpeAcTaBiIcHHUS 0 Hell (co3Hanme). [losTomy
NPUPOAY TPUXOJUTCS TPU3HABATH 332 OOBEKTUBHYIO PEaNTbHOCTh M
JIeJIaTh U3 3TOTO CBOM BBIBOABI. Eci jke moCTynaTh Ha000pOT U, KaKk
MOJIATaloT UACATUCTHI, IPUPOTY MOXKHO BBIyMaTh TO YEIOBEK HAYHET
COBEpIIIATh OIIMOKH, U YEJIOBEUECTBO CTHUHET, a MPUPOIa OCTAHETCS.
Eii-To Ha yenoBevecTBo. ..

Ho mtst Toro 4ro0bI 4emoBedecTBO KO OoJiee WM MEHEE CHITHO
1 KoM(OPTHO, eMy HY>KHBI TIPeAMETHl TOTPEOICHHs. DTO W THINA, U
oacxKaa, U XWIbC, U TPAHCIOPT, U CBA3b, U AK€ KOMIIBIOTEPHI U
WuTepuet. Ho Bce 3TH npeamersl moTpeOiieHUs Ha elKax He pPacTyT,
WX Hago caenats. BoT g 3TOro W CyIIecTByeT OOIIeCTBEHHOE
NPOM3BOJICTBO, KOTOPOE CO3/[a€T MOTPEOUTENLCKYI0 CTOMMOCTB, T. €.
TO, 4YTO TOJE3HO JOAAM, Hu it S((EKTUBHOCTH KOTOPOIO
CYIIECTBYET pa3jielieHne Tpy/a. ITO yKe BOIPOCH MOJTUTIKOHOMUU U
00CYXTaf0oTCsI OHM B JPYroM MecTe. 31ech e HYXXHO 00paThuTh
BHUMAaHHE Ha JPYroe: s TOro YTOObI W3TOTOBUTH HpeOMembl
nompeodnenusn, Hy>XXHbl cpedcmea npouseoocmea (MaIUHbL, TEXHUKA
U T. T.), KOTOpPBIE SIBIAIOTCA KOHEYHBIM 3BEHOM MexHon02uil. A
TEXHOJIOTHHA MOYKHO CO3JIaTh TOJBKO Ha OCHOBE €CHECHBEO3HAHUA, T.
€. peaJbHBIX, a2 HE BBIAYMaHHBIX 3HAHWU O mpupoae. U TyT omsaTh
npobiemMa pemaeTcss Ha 0a3e MaTepuanu3ma, W00, TMPEKIE UYeM
pa3pa6aTI)IBaTI) TE€XHOJIOTUH, HYKHO 3HATh IMIPUPOJHBIC 3aKOHBI, KAKUEC
OHHM €CTh Ha CaMoOM Jelie, a HE TO, YTO MNPUAyMalld TCHHAJIbHBIC
y4eHBIe, Ja)Ke eCITi OHU JlaypeaThl HoOeneBCKUX mpeMuii.

Takum oOpa3om, HayKa O MPHUPOJE — €CTECTBO3HAHHE HYXHA IS
TOr0, YTOOBI OPUSHTHPOBATHLCSA B OKPYXKAOIEH Cpelie, 3HaTh, YTO OT
HEee MOKHO OKUAATh B HACTOAIIEM W B OyIyIeM, M yMETb CO3/IaBaTh
Ha OCHOBE JTHX 3HAHWU TEXHOJOTHH, B KOTOPHIX KOHEYHBIM 3BEHOM
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SBIAKOTCA CpCACTBA HNPOU3BOACTBA, C IMOMOIINBIO KOTOPBIX MOXHO
co3aBaTh NPCIAMCTBI HOTpe6JIeHI/IH, oe3 KOTOPBIX YCJIOBEYECTBO HE
MOXKET CyIIECTBOBATh. Bce IIPOCTO U ACHO, XOTA U YTUIUTAPHO.

2. dusudeckue pesosiroyuu u 3gup.

Baruiaael Ha npupoly Belllel AOKHBI HENIPEPHIBHO
COBEpILEHCTBOBAThCSA MyTEM MO3HAHUS HOBBIX
(haxTOB M MX HAYYHOTO 0OOOLICHUS

Aszycm Kekyne.

Kak mokaspiBaeT HCTOpHS, €CTECTBO3HAHWE MPOILIO HECKOIBKO
3TamnoB, KaXJbI U3 KOTOPHIX CBSA3aH C IMPOHUKHOBEHHEM BIIyOb
marepud. [lepexon OT OAHOrO YpOBHS OpraHU3alUHd MaTepHH K
cienmyromeMy, Oojiee TIIyOMHHOMY O3HAdall, 9YTO B PacCMOTpPCHHUE
BBOAMJICS HOBBI  «CTPOHWTENbHBIH  MaTepuanm». CTaHOBUIOCH
BO3MOXKHBIM ~ TPEACTaBUTH cebe  CTPYKTYpy  MaTepHanbHBIX
o0pa3oBaHWi, TOHATH MEXaHW3M  B3aMMOJCWCTBUS WX dYacTel.
Mornekymna, HampuMep, CHadalla pacCMaTpHBaJIaCh KakK IPOCTOE
HenenuMmoe oOpasoBanue. Ho korma okazaioch, YTO MOJIEKYJ CTaIo
MHOTO W YTO B MX OCHOBE IJIE)KHT KaKOW-TO OOIIMH CTPOUTEIHHBIN
MaTepHuall, B paCCMOTPEHHE OBUIM BBEIECHBI YaCTH MOJIEKYJ — aTOMBI.
Mornekyna Ooyee HE pacCMaTpUBaNach Kak MPOCTOE M HENEINMOE
o0pazoBaHHE MaTepUH — OHA COCTOSUIA M3 «KUPIUYUKOB» — aTOMOB,
KOTOpBIE TOXE CHadaja MPEAIoNaraiich HEJIeNTUMBIMUA. A IOTOM
OKa3aJoCh, YTO aTOMBI COCTOST M3 CBOETO «CTPOUTEIHHOTO
MaTepuaa» — «3JIEMEHTAPHBIX YaCTHUIl BEIIECTBA.

BBog B paccMOTpeHHE HOBBIX «KHPIHUYHUKOB» — HOBOTO
CTPOMTENBHOTO MaTepraia TIO3BOJSUI TOHATH CTPYKTYpy yKe
OCBOEHHBIX MaTepHAIbHBIX 00pa3oBaHMU, MOHATH BHYTPEHHUI
MEXaHWU3M B3aUMOJICHCTBHUS YacTeil. 3to Oornee riIyOOKOE
MMOHMMaHUe M OBUIO odepeaHor (Pu3MYecKoi peBOIONNEH, KoTopas
HE TOJIbKO IIO3BOJIAJIa MNOHATH CMBICI YXE€ JOCTUIHYTOTO, HO H
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OTKpbIBaJla KAayeCTBEHHO HOBBIE BO3MOXXHOCTM B  PEILICHUU
MPUKJIATHBIX 3a7a4.

[Ipu Takom moaxoae Kaxdas MaTepuainbHas CTPYKTypa
MOAPa3yMEBAETCA COCTOSALICH M3 YacTed, a KaxzJas 4acTb — U3 €lle
Ooitee MeNKuX. J[BIM>KEHUE DTUX YaCTEH, MX CBSI3HW U B3aUMOJCHCTBUE
B KOHKPETHBIX CIy4asiX ¥ €CTh KOHKPETHOE sIBIeHHE. TaKoi moaxos K
W3YYCHUIO (U3NYECKUX SBIICHUI HA3bIBaeTCd JAMHAMHUYECKHM (OT
CJIOBa TMHA — CHJIA).

OOBsICHEHUE SBJICHUS TPH TUHAMHUYCCKOM IIOAXOAE CBOAHUTCS K
MPOCIACKUBAHUIO  MPUYMHHO-CICICTBEHHBIX  OTHOLICHUH  MEXIy
AIIEMEHTAMU SIBJICHUS, 3TO M €CTh IVIABHOE COJEp)KaHUE, CYLIHOCTh
sBieHusA. JIuHamMudeckuil NOAXO0J TOApa3yMeBaeT BO3MOMXKHOCTh
CO3JaHUsl HArJsOHBIX MOJENel Ha BCeX YPOBHAX OpraHu3aluu

MaTepuHu.

Ucropus JIEMOHCTPUPYET MIPUMEPHI 3 pexTHBHOCTH
JUHAMHYECKOTO noaxoaa IS paspeienus HAKOILICHHBIX
IIPOTUBOPEYUUN.

B npeBHOCTH, Kak W3BECTHO, NMPHUPOJA CUHUTAJIACh SAWHOW. DTO
OBLIO OHATHO, HO CJ1a00 MOaBaJIOCh aHAIH3Y.

B VI-IV Bekax 40 Hamedl »3pbl COBEPLINJICA Tepexon
€CTECTBO3HAHUS OT NPUPOABI B IEIOM K CYOCTaHIUSAM — 3emiie
(TBepap), Bome (KMIOKOCTB), BO3AYXYy (Ta3) WM OTHIO (PHEPIH).
BeposiTHO, mpencTaBieHus 0 cyOCTaHIUAX CYIIECTBOBAIN M PaHBIIE,
HO JI0 HAC JOHECIH OTH CBEACHHUS JIpeBHErpedeckue (uiocodsl
OMITEIOKTT U APHUCTOTENh, KOTOPBIE MPHIAIA 3TOMY ONpeAeTeHHOe
3HaYeHHe. DTo Jaio pazButue guinocoduu.

B XVI Beke Hameidl 3psl B paccMOTpPEHHE OBUIM BBEAEHBI
MpeacTaBieHus o BemlecTBax. KoHeuHo, MpeacTaBieHus O BellecTBax
osun Bcerma. Ho korma EBpoma crama 3agpixaThCs OT MacCOBBIX
SMHUIEMHHN, HAILIENICS YeTIOBEK, KOTOPBIM PEHIN, YTO Bce 3TH OOJNE3HU
MPOUCXOJAT OT HEMPABUIBHOIO COCTABA BEILECTB B OpraHU3Max. JTo
on11 Bpau [lapanensc (dpor ['orenreitm). OH npugan ocodboe 3HaUCHNE
BEIIeCTBaM, M3Y4YWJ MHOTHE U3 HHX, U Ha 3TOW OCHOBE POJHIACH
(hapmakoorus.



15

mpocTHEe

vl MOJIEK YJIbI

B XVIII Bexe M.B.JIOMOHOCOBBIM OBLIO BBEIEHO IOHATHE O
KOPITYCKyJIaX — CJIOKHBIX M TpocThIX. ClIOKHAash KOpHycKyia Oblia
MMOPKE Ha3BaHA MOJIEKyNOW (MaJeHbKOW Maccoi), W cTana
pa3BuBathcs Xxumus. A.JlaBy3asbe UyTh TMO3)Ke BBEN IOHITHE 00
3JeMEHTaX — HE pa3jiaraéMbIX BEIIECTBAX.
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B 1824 r. aurnmyanuH [{anbTOH Ha3Bald MOPOCThIE KOPITYCKYJIBI
aTOMaMH, M CTaj0 $ICHO, YTO CJIO)KHbIE€ KOPIYCKYJBl — MOJEKYJIBI
COCTOST M3 TMPOCTHIX KOPIycKyal — aToMoB. Ha »3Tolf ocHOBe
MIOSIBIJIOCH AJIEKTPHUYECTBO.

B xonme XIX — magame XX Beka Pesepdopmom Obuta mpumymaHa
TUTaHeTapHas MOJENb aToMa, a BCKOpe OBLIO BBEACHO IpE/ICTaBICHUE
00 «3JIeMEHTapHBIX YacTUIaX», U TO /a0 HAa4ajuo aTOMHOW SHEPTHH.

Ho 4mncno «3neMeHTapHBIX YacTHIl» CTal0 HEYACP)KUMO PacTH, U
cerojHs ux HacuuthiBaeTcs To i 200, To mu 2000 (B 3aBUCUMOCTH OT
TOTO, KaK CYUTAaTh), U BCE OHU CIIOCOOHBI IEPEXOIUTD APYT B APYTa, a,
ClleoBaTeIbHO, BCE OHU CACNaHbl W3 OIHOTO W TOTO JKe
cTpouTensHOro Mmarepuana. [lomyudaercs, 4To Bce Tak Ha3bIBaeMbIe
«QJNIeMEHTapHble YacCTHLBI» BELIECTBA — CJOXHBIE 00pa3oBaHu,
MOCTPOEHHBIE W3 eme Ooyiee MENKMX 4YacTHIl. Takyr dacTHlly,
KOTOpas BO MHOTO pa3 MEHbIIIE AJIEKTPOHA, CIIEAyeT Ha3BaTh «aAMeEp»
(T. e. HE HWMEIOMIEH MEphI), MOCKOJbKY HWMEHHO TaK €¢ Ha3bIBall
IOpeBHerpedeckuil punocod eMOKpPUT, a COBOKYITHOCTb aMEPOB — 3TO
a¢up, cpena, 3amoTHSIONIAs BCE MHPOBOE IPOCTPAHCTBO, SBISIOMIA-
ACd CTPOHUTEIbHBIM MaTepuajioM [UIs BCEX BHJOB BeEIIECTBA U
o0ecreunBaroias CBOMMHU JBIDKCHUSAMHU BCE BUJABI B3aUMOACHCTBHI,
B TOM YHCJE SICPHBIE, JEKTPOMArHUTHBIE W TpaBUTAIMOHHBIC, a
TaKXKe W JpyTre, HbIHE HE M3BECTHEIE.

HNMeHHO Tak | CleAyeT MOCTYNUTb, M 3TO OymeT ouepenHas,
mecrasi Mo cuery (u3M4ecKas peBONIIONHSA, KOTOpas MOJDKHA NIaTh
YEJIOBEYECTBY COBEPIICHHO HOBBIE BO3MOXHOCTH JUIS COCYIIIECTBO-
BaHHUS C IPUPOJOH, YACTHIO KOTOPOU OH SIBISETCS.

3. Kak Hayka ympamuuna 3¢hup

A KOpOJIb-TO roJblii!
X.K.Anoepcen. I'onviii koponw

[IpencraBnenne o0 »dupe — OFHO W3  CaMBIX  JPEBHUX
MpecTaBIeHU 00 yCTPONCTBE IPUPOIHI.
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Ectp Bce ocHOBaHug mpeanonarats, 4to B VI-IV Bekax no Hameit
3pbl, a BO3MOXXHO, W 3HAUMTENBbHO paHee, uaen 3¢upa ObuUIH
pacnpocTpaHeHbl 1O0CTaTOUHO IIHPOKO.

Tak, OCHOBHBIE APEBHEHMHANNCKUE yUEHUS — JHKAWHU3M, JIOKAaATa,
HBSII W JpYyrHe, Takhe peNurud, Kak OpaxMaHm3sM H Oyaausm,
W3HAYAILHO coJiepkanu B cebe yueHue o0 adupe (akama), equHOI
BEYHOH M BCENMpPOHUKAIOMICH (U3NYECKOW CyOCTaHIIMH, KOTOpas
HETIOCPEICTBEHHO HE BOCHPHUHUMAETCA YyBCTBaMHA. D(Up €ITUH U Be-
yeH. Marepus BooOIie — myAraja COCTOUT U3 MeNbYalIInX YacTHIL —
a"y, oOpa3yIoLINX aTOMBI — apamMaHy, 00J1aJarolX MOABIKHOCTBIO
— nxapMoii. Bee coOBITHS IPOUCXOIAT B MPOCTPAHCTBE U BO BPEMEHHU.

[Ipakputu — Matepust B Y4€HHU CaHXbs, CO3MAHHBIM MYIpPELOM
Kananoit (I'mykoit) — HUYEeM He MOPOXKICHHAs MEPBOIPHUYMHA BCEX
Bemieil. OHa Be4Ha U Be3lecyma. JTO camasl TOHKas TAMHCTBEHHAsT U
OTpOMHAs CHIIa, TIEPUOJMYECKH CO3JAI0MIas M pa3pylIalonas MUPHL.
Ee a1eMeHTBI — T'yHBI — IPOCTHI, HEAETUMBI U BEUHBI.

J)KalHUCTBI CUMTAIOT, YTO WX y4YEHHUE OBLIO TepefaHo um 24
yuutensimu. Ilocnennuii — Bapaxamana >xun B VI B. 10 H. 3., €ro
npeamecTBeHHUK — IlapmBanarxa — B IX B. 10 H. 3., OCTajbHbIE
JBaaUaTh ABa — B ele OoJee IpeBHUE BpeMeHa.

B npeBHexuTaiickom maocusme (IV B. 10 H. 3. ¥ paHee) B KaHOHE
Hao 13 131 u Tpaktarax «WxyaHb-113b» U «JIa0-113b1» yKa3bIBaeTCH,
YTO BCE B MHPE COCTOMT M3 YACTUL TPYOBIX «Ily» M TOHYAWIIHX
«3UHBY. OHU 00pa3yIOT €NUHBINA «IIIm» — 3(QUpP, H3HAYAIBHOE, SIIHOEe
UL Beex Bernen. «Equnabiii a¢gup nporusbBaeT Bcio Beenennyio. OH
COCTOWT U3 «MHBY» (MaTepHaIbHOE) U «SIH» (OrOHb, 3Heprus). Her Hu
OJIHOM BeIM, He CBSI3aHHOU C JpPYyToil, U BCIOAY MPOSABISAIOTCS UHb U
STH.

B npesneit fAnonmn ¢uinocodsl mojarand, 4YTO MPOCTPAHCTBO
3allOJJHEHO MYTEKy — OecnpelesibHOH yHHBEPCAIBHOW CBEpXECTecT-
BEHHOW CWJIOH, JHMIIEHHOW KadecTB © (OpM, HEIOCTYIMHON
BOCTIPUSITHIO 9€TIOBEKOM. MUCTHUYECKHI abCONIOT TaKeKy SBIISIETCS
MIPUPOJIOH W7eaTbHOTO MepBOHAaYajga «pU», CBI3aHHOTO C
MaTepUaABHBIM HAa4allOM «KW». «Pwy — SHeprHsi BEUHO CBs3aHA C KI»
— Marepuei 1 6e3 Hero He CYIIEeCTBYeT.
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EcTth Bce ocHOBaHUS monaraTh, 4YTO BCE MHPOBBIC PEIUTHH —
OyAIu3M, XpHCTHAHCTBO, KOH(QYLIHMAHCTBO, CHHTOW3M, HHIYHU3M,
uyJau3M © Jp. B TOM WM HMHOM BHIEC Ha paHHEH CTaIuu
3aMMCTBOBAIIA MAaTEPHAIUCTHUYECKUE UJeH ApeBHEl d(UPOIMHAMUKH,
a Ha OoJee MO3IHEH CTaIWW Pa3BUTHS OTKA3AINCH OT MaTepHaIN3Ma
B TIOJIb3Y MHCTHIM3Ma M MNepCcOHUPHUKANUU «OoroB». B npeBHeit
I'peunn 310 mpouzonuio, BeposTHEE Beero, nocie pepononuu VII-VI
BB. JIO H. 3., TOJOXUBIIEH KOHEI] POJIOBOMY CTPOIO U MPUBEIIIEH K
nobese paboBIanenLICCTRA.

AHTHYHAS KyJbTypa U, IPEXkAE BCEro, KyJIbTypa ApeBHel ['pennn
W CEerofHd OKa3blBaeT 3aMETHOE BIUSHHE Ha MHPOBO33PEHHUE
eBpOMNENCKUX HApOOB, OTYACTH MOTOMY, UTO OHA OCTaBWJIa HaM
OonplIoe  KONWYECTBO MHUCHMEHHBIX TpynoB. JlpeBHerpeueckue
(unocodsl, B yactHocTH, [1naTOH, COOOIIAIOT, YTO MHOTUMH CBOUMH
3HAHUSAMHU OHH OOS3aHBI MyJIpeIly, KOTOPOTO OHH Ha CBOEM SI3BIKE
HaspiBasin 3opoacTpoM. Kak M3BECTHO, 3TO TpeuecKrii BApHAHT CIOBa
«3aparyctpa», Tak Ha3bIBAIM INpelcKasaTeneid B apeBHed Ilepcum.
OpHako 3TO HEe WMs, a TUTYJd, KOTOPBI B pazHble BpeMeHa
NPUCBaMBaJIM 3HAMEHUTHIM Myzpenam. [lo 3Toil mnpuvnMHE TPYAHO
BBIACHUTH BpEeMs JKU3HHM IIEPBOTO BEJIMKOro mpenckasaTens. Yame
Bcero HaszpiBaeTcss 600 r. mo H. 3.  CorjmacHo JOKyMEHTaM,
OCTaBJICHHBIM HaM JPEBHUMH (rtocodamu, B STOM YHCIIE HE XBaTaeT
Hyns,  ciemoBarenbHo, 6000 roxm mo H. 3. OyIeT, BeposiTHEe,
MpaBIIIBHEE.

[Ipobaema ycrpoiictBa BcemenHoit u ee eIWHCTBa B
MHOT000pa3nu Bceria BOIHOBaNa GUII0CO(OB U YUCHBIX.

®anecom Munerckum (626-547 TT. 10 H. 3.), IpeBHE-TPEUECKUM
(unocodoM, poJOHAYATFHUKOM AaHTHYHOW M BOOOINE €BPOMEWCKOMH
¢unocopun u Hayku, OCHOBaTelieM MuieTckor ¢unocodckoit
HIKOJBI, OBUT MOCTaBJEH BOIPOC O HEOOXOIMMOCTH CBEIEHHS BCETO
MHOTOOOpa3usi  SBJIGHMH W Beled K eIWHON TEepPBOOCHOBE
(mepBoCTHXMH WM TIEPBOHAYATY), KOTOPOH OH CYHTAN KHUAKOCTH
(«BMAXHYIO TPHUPOAY»), Ha HaIIeM CETOAHSAIIHEM f3bIKe, OH
Mpeanoarail THAPOIUHAMHYECKOE YCTPOMCTBO MUpa, MHAYE TOBOPS,
3(bup OH cUNTAI KUAKOCTHIO.
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Anakcumanapom (610-546 Tr. 0 H. 3.), yueHukom Daneca, ObUIO
BBEICHO B (WIOCOGHUI0 TOHITHE IEepBOHAYAIa — «almehpoHay —
€IMHOM BEYHOM  HEOINPEAECIEHHON  MaTepuH, MOPOKIAIIIEH
OeckoHewHOEe MHOTO00Opa3ue cymiero. OJHAKO MOKHO MPEATIONI0KHUTS,
YTO ATO TOHATHE «arneHpoH» OBUIO HE BBEACHO AHAKCHMAaHAPOM, a
3aMMCTBOBAHO UM U3 00Jiee JPEBHUX UCTOUYHUKOB.

Amnakcumen (585-525 rr. 10 H. 3.), yYeHHK AHaKCUMaHIpa, 3TUM
TIEPBOHAYATIOM CUYHUTAN Ta3 («BO3AYX»), ITyTEM CTYIICHUS W pas3pe-
JKEHHSI KOTOPOTO OOpa3yloTCsi BCE BEIM, TO €CTh OH MPEAIoarai
MEPEMEHHYIO TIOTHOCTh anedpoHa U Ta30IMHAMUYECKOE YCTPOMCTBO
Mupa. B 3T0il yacTM AHAaKCUMEH NPEIBOCXUTHUI COBPEMEHHYIO
3(pUpOANHAMUKY .

Uneun «nepBoHauana» Obutn pa3Buthl Jlepkunmom (V B. 0 H. 3.),
BBIABUHYBIIMM HJICK IYCTOTHI, pa3leisionieil Bce cyliee Ha
MHOECTBO 3JIEMEHTOB, CBOMCTBAa KOTOPBIX 3aBUCAT OT UX Pa3MEpOB,
(hopMbI, ABWKEHHS, U Jajiee — y4ueHHkoM JleBkumma JIeMOKpPUTOM,
KOTOPOT'O MbI CHUTAEM OCHOBOIIOJIOKHUKOM aTOMHU3MA.

[To psany cBumeTenbeTB JIeMOKpHUT OOydajcs y XalleeB W Maros,
BHavajie MPHUCIIAHHBIX B JIOM €ro OTIA JUIsl OOy4YeHUs IeTel, a 3aTeM
MOCETUB MaroB B cTpaHe Mwumus (ceBepo-zanaanbiii Mpan). Cawm
JleMOKpHUT He pUNHCHIBAI cebe aBTOPCTBa aTOMU3MA, YIIOMUHAS, YTO
aTOMH3M 3aMMCTBOBAaH HMM Yy MHUJSH, B YaCTHOCTH, y MaroB —
JKPEUYECKOW KacThl (TUIEMEHH, 10 CBUAETENBCTBY [epoioTa, OHOrO
13 IIECTH IIEMEH, HaceISIBIIMX MUIHIO).

I'ocnoacTBOBaBmIasE HaEs MaroB (Moryumx) — BHYTpEeHHEE
BEJIMYME W MOTYUIIECTBO, CHJa MyJIpocTH U 3HaHue. [lo pany
CBUJICTEILCTB Marv 3aMMCTBOBAJIM CBOM 3HAHUS Y XalJEeB, KOTOPBIX
CUUTAIM  OCHOBATEISIMU 3BE3/I0UYETCTBA M ACTPOHOMHUU. XalJeu,
KOTOpbIM B npeBHel I'penmm u apesHem Pume mnpupasaiocsk
0O0JIbIIOE 3HAYCHUE, SBJSUIUCH KpPElUAMU | TaJaTelsiMH, a TaKKe
HaTypaJluCTaMH, MaTeMaTUKaMu, TeocohamMu. Maru oCHOBaJIM Maruio
— yYeHHue, TO3BOJIABIIEE HA OCHOBE 3HAHUSA TalH MNPUPOIBI
MPOU3BOUTE HEOOBIYHBIC SBJICHUSA. B mampHeiIeM 3TO ydeHue, K
COXKaJICHHIO, OBLIO JUCKPEAUTHUPOBAHO MHOTOYHCIICHHBEIMH
TceBJOMaraMmu — mapjaTaHaMu.
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Haubonee moapoOHO aToMu3M APEBHOCTH OTPAXKEH HMMEHHO B
paborax /[lemokpuTa, YeMy TIOCBSIIEHO JOCTaTOYHO MHOTO
JUTEepaTypHbIX HccienoBaHui. Crenyer, OAHAKO, 3aMETUTh, YTO PN
NOJOXKEHUH aromu3Ma  JIeMOKpUTa ocTaics HE MOHSATBIM [0
HACTOSIIETO BPEMEHU IPAKTHUECKH BCEMHU HCCIIEIOBATEIIIMU €r0
TBOpuecTBa. Peub, mpekae Bcero, WAET O COOTHOUIEHHAX aTOMOB U
aMepoB — 4acTe aTOMOB.

JleMOKpHUT yKa3bIBajl, YTO aTOMBI — JIEMEHTHI BEIIECTBA HENEIUMBI
(usuydecku, He pazpe3aeMbl B CHIY IUIOTHOCTH M OTCYTCTBUSI B HHX
MyCTOTHl. ATOMBI Ha/JeJIeHbl MHOTMMH CBOMCTBaMHU Tel BUAMMOIO
mupa (TakuMm oOpazoM, JIeMOKpUT Tmojaraj, 4YTO  aHAJIOTHS
MUKpPOMHpa ¥ MakpoOMHpa YMECTHa), KakK TO: H30THYTOCThIO,
KPIOYKOBATOCTHIO, MUPAMUAAIBHOCTHIO U T. 1. B cBoeM OeckoHEeUHOM
MHOTo0o0pasuy, Kak mo ¢opMe, Tak U IO pazMepaM aTOMbl 00pa3yIoT
BCC COAEp)KUMOE peasbHOro Mupa. OJHAKO B OCHOBE 3THX
pasznuuaronuxcs no ¢opMe M pazMepaM aTOMOB JIeKaT AMEpPhl —
UCTUHHO HEJENuMBble, JHIIeHHble yacTed. Mped o aByx Buaax
aTOMOB OblIa yNOMSHYTa M HOCIEAYIOLUIMMH HCCIIEI0BATEISIMH,
Hanpumep, dnukypom (342-272 1. 10 H. 3.).

AmMepsl (110 JIeMOKpPHUTY) UITH «3JEMEHTHD (110 DIHUKYpPY), ABIAACH
4acTsIMH aTOMOB, OOJIafalOT CBOWCTBAMHU, COBEPLICHHO OTJIMYHBIMHU
OT CBOMCTB atroMoB. Hampumep, eciii aTomam MNpuUcyla TSHKECTh, TO
aMmephbl MOJIHOCTBIO JIUIIEHBI 3TOI0 CBOKWCTBA.

[lonHOe HemOHMMaHHE Ha MPOTSDKEHHMM MHOTUX BEKOB 3TOTO
Ka)XXyIErocsi MpOTUBOPEUHS IPUBEJIO K CYIIECTBEHHOMY HCKa)KEHHIO
TonKkoBaHUS yueHus [lemokputa. Yxe Anekcanap Adpoaunckuit
ynpekaer JleBkunma u JleMokpuTa B TOM, 4YTO HE MMEIOILIUE yacTel
amepsl, IOCTUraeMble YMOM B aTOMax M SIBJISIOLIMECS UX YACTSIMH,
HEBECOMBI. DTO HEITOHMMAaHHUE MPOJIOJIKAETCSA U B HACTOSIEE BPEMSI.

YnoMmsaHyTOe Kaxylieecss NMPOTUBOpEYHE MMEET B CBOEH OCHOBE
NpEACTaBIEHHE O TOM, 4YTO TSDKECTb, Bec (IpaBUTaLus) €CTb
BpPOXKJIEHHOE CBOWCTBO 000N Marepwu. MeXmay TeMm, TpaBUTAIUsS
MOXeET OBITh O0BSICHEHA KaK Pe3yJIbTaT JABMKCHHUS U B3aUMOJICHCTBHS
(coynmapenuii) amepoB. Torma aroM, Kak COBOKYIHOCTb aMepoB,
OKDY’>KCHHBIH aMepaMH K€, MOXET HCIIBIThIBaTh NPUTSDKEHHUE CO
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CTOPOHBI JAPYTUX AaTOMOB Omaromaps UMITyJIbCAM ~ SHEPTHUU,
nepeaBaeMbIMH aMepaMi M0-pa3HOMY, B 3aBHCHMOCTH OT TOTO, C
KaKol CTOPOHBI OT aTOMa HAaXOJATCS APYrHe aToMBbl, YTO M CO3/AaeT
3¢ ¢deKT B3aMMHOTO TPUTHKEHUS aTOMOB. AMeEpBl K€, SBISSACH
HOCUTENSIMA KHHETHYECKOW DHEPTUH, HHUKAKOU THKECThIO 00JanaTh
He OyayT. ClieloBaTeNnbHO, €CH T0JIaraTh IPAaBUTAIUIO CIIEIACTBUEM
MPOSIBICHUS. COBOKYITHOTO MOBEICHUS aMEpPOB, a HE BPOXKIACHHBIM
CBOMCTBOM MatepHu (SBICHHEM, CBOMCTBEHHBIM KOMIUIEKCY, HO He
MIPUHAUIeKAIIUM €r0 HYacTsAM), TO MPOTHUBOpPEUHE JIETKO paspelia-
etcs. Bed jke COBOKYIMHOCTh aMepoB, NMEPEMEIAIOIINXCS B TyCTOTE U
COYAApSIONINXCS APYT C APYTOM, SIBISIETCS OOIIEMHPOBOH CperoH,
anelpoHOM, IO BBEIPAKEHUIO AHAKCHMaH/IPa, a IMO-PYCCKH — S(PUPOM.

Takum 00pazom, 3QUp HUMeEET AOCTAaTOYHO JAPEBHIOID HCTOPHUIO,
BOCXOJS K CaMbIM HaudajaM H3BECTHOM HCTOPUU KyJIbTYpPHI
YeJI0BEYECTRA.

bormee mo3gHAs wucTopHs AdUpa MHOTOKPAaTHO  OIKCAaHa,
MepecKa3plBaTh € HeT oco0oi HeoOxoammocTH. CBOHM BKIax B
pa3BUTHE Pa3TUYHBIX TEOPHil, TUNOTE3 W Mojelnel 3¢dupa BHecHu:
Onukyp, Tur Jlykpenmit Kap, [lnaron, M6m Cuna (ABuueHHa),
U6n Pymn (Aepposec), P.Hexapr, U.Hetoton, M.B.JlomoHOCOB,
JL.Ownep, Jlecax, I'.I'enpmronsu, M.Dapageit, Hx.K.Maxkcemn.
X.Jlopenn, I'.T'epn, B.Tomcon (Jlopax KemwsBun), x./x.Tomcos,
N.O.SpkoBckuilt 1 MHOrHe, MHOTHeE Jpyrue. M3 cOBETCKMX yYEHBIX
HanOoyiee BBIJAIOMIMIICA BKIAJA B OTO HAlpaBJIEHUWE CJENal
JeHUHrpaackuil akagemuk Bragumup denoposuy MuTtkeBuy.

HecMoTpst Ha oOmmuil MpaBUIBHBIA METOIOJOTHYECKUN MOAX0A K
npoOieme 3¢upa, IpaKTHYECKH BCEMH aBTOPAMHU TEOpUil, Mozeneid u
rUnoTe3 3¢upa ObLIM IOMYIICHEI B UX Pa3padOTKax MPUHIIUIHAIBHBIC
OIITUOKH.

OCHOBHBIX HEJIOCTaTKOB OBLIO TPH.

Bce Teopum, rumore3pl m Monenu 3upa, HaYMHAS OT CaMBIX
MEPBBIX M KOHYAs IIOCIECOHUMH, PACCMaTPHUBAIM ONPEACICHHBIN
Y3KUM KPYT SBJICHU, HE 3aTparuBasi OCTaJIbHbIX.

Mopenu [exapta u HpioTOHa, €CTECTBEHHO, HHKAaK HE MOTJIH
Y4eCTh JJEKTPOMArHUTHBIX SBJICHHWH, TeM Ooiee, BHYTPHATOMHBIX
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B3anMoericTuil. Paboter ®apanes, Makceemna, Jlopenmna, ['epra u
JIPYTUX HE YYUTHIBAIA TPABUTAIIMH U HE PacCMaTPHUBAIA BOIPOCOB
cTpoenus BemiecTBa. Paborel CTokca n dDpeHens MhITAIUCh 00bsC-
HUTHh, (PAKTHUYECKH, IMIIb SIBICHUS abeppanuu. MexaHWdecKue
monenu Habe, Mak-Kyminoxa u nanee B.Tomcona u J>x.TomcoHa
paccMaTpUBaIHM TIABHBEIM 00pa3oM KpPyT JJIEKTPOMArHUTHBIX SIBIIE-
HuM, npasna, B.Tomcon u JI>x.TOMCOH NbITaINCh BCE K€ B KAKOH-TO
CTENIEHU IIPOHUKHYTh B CyTh CTPOCHHUS BEILIECTBA.

Takum o0pa3zom, HU OfHA Teopus d3(upa He MbITaIach AaTh OTBET
MO CYIIECTBY U OCHOBHBIX BOIIPOCOB CTPOCHHUS BEIIECTBA, M OCHOB-
HBIX BUJIOB B3aUMOJEHCTBUIN, TEM CAMBIM OTOPBAB UX APYT OT JIpyra.

BTopbIM  KpyIHBIM  HEIOCTATKOM TPAaKTHYECKH BCex  0e3
UCKJIIOYECHHUSI Teopuil M Mozenel adupa, kpome monened HrroroHa,
Jlecaxxa u SIpxoBcKOTO SBISIETCS TO, 4TO 3(PHUP paccMaTpHUBAIICS Kak
criomHass cpemna.  Kpome Toro, OONBIIMHCTBOM aBTOPOB 3(wup
paccMaTpuBaICs KaK HICaTbHASI >KUIKOCTh WIIM HIACAIBHO TBEPIOE
teno. Takas wieanusanus CBOMCTB 3(upa, IOMyCTHMAs JMIIb IS
HEKOTOPBIX (U3NYECKUX YCIOBHHA WIW SBICHHHA, PaCIpOCTPaHSIIACh
ABTOMATUYECKH Ha BCE MBICIIUMbIC (DH3MUECKUE YCIOBHS W SIBJICHUS,
YTO HEMUHYEMO BEJIO K IPOTUBOPEUHSIM.

TpeTbM HEIOCTATKOM MHOTHX TEOPHM, KpoMe MOCICAHUX —
B.Tomcona u J[Ix.TomcoHa, fBisi€TCSs OTpPHIB MaT€puUM BEIlECTBA
aTOMOB W 4YacTHI[ OT Martepuu 3¢dupa. Dup BBICTyHmaeT Kak
caMOCTOATeIbHAsE CyOCTaHIUS, COBEPIIEHHO HEMOHITHBIM 00pa3oM
BOCIIPUHHMMAIOIIAs] SHEPIUI0 OT YACTHI[ BELIECTBA W IMEpearolas
SHEPTHUIO YacTUIlaM BemiecTBa. B paborax ®penens u Jloperma
(hakTUYEeCKM TPUCYTCTBYIOT TpPU HE3aBUCHMBIC CyOCTaHIMH —
BEIIECTBO, HE3aBHCUMOE OT 3¢upa, 3pup, CBOOOIHO MPOHHUKAOIINN
CKBO3b BEIIECTBO, W CBET, HEMOHSATHBIM 00pa3oM CO3/1aBaeMbIi
BEIIECTBOM, TepelaBacMblii UM 3(pUpy ¥ BHOBH BOCHPHUHUMACMBIN
BEIIECTBOM, COBEPIIEHHO 0e3 Kakoro Obl TO HU OBLIO PACKPBITHS
MEXaHU3Ma BCEX ATHUX Ilepenad U NMPEeBpallcHUM.

XOTsi aBTOpaMu TEPEUYHCICHHBIX BHINIE TEOPUH, THUIOTE3 U
Moneneld caMm (haKT CYIIECTBOBAHHS CpPEObl — OCHOBBI CTPOCHUS
BEIIECTBA M IEPEHOCUYMKA SHEPIMM B3aUMOJCHCTBUN YTBEPKAAICS
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MPaBUIBHO, TEPEUYHNCICHHBIE HEIOCTaTKA CAENAd MPAaKTHYECKU
HEBO3MOKHBIM HCIOJb30BAHUE ATHUX TCOPHM U UX Pa3BUTHE B paMKax
UCXO/HBIX TIPEIIOCHLIOK.

CoeuuanbHasg TEOpUS  OTHOCUTEIBHOCTH A.DHHIITEHHA
MPUHIMIHAIGHO OTBepria 3¢up. ENWHCTBEHHBIM apryMeHTOM B
MOJIb3y TAaKOI'0 OTPULIAHHUS SBIISJIOCH TO, YTO NPU HAIUYUU PHpa
TEOpHUsl CTAHOBUTCS CIHUIIKOM CIOXHOH. Tak 4ro orpuranue 3¢upa
€CTh, BCEr0-HaBCero, IMOCTYJaT, HUKaK He 0OOCHOBaHHBIA. Jlpyrme
noctynatel CTO — 0 HE3aBUCUMOCTH CKOPOCTH CBETa OT CKOPOCTHU
UCTOYHHMKA U O PABHOMPABUHM WHEPIUAIBHBIX CHCTEM TOKE HUKAK HE
00OCHOBaHBI W B CaMOM JieJleé He COBMECTUMBI C wujaeei
CYIIECTBOBAaHUS B MpHUpoJe 3dupa. Omnako obmas Teopus
OTHOCHUTEIBHOCTH, KaK 3TO HE pa3 MOAYEPKHBAI caM DWHINTENH,
«HEeMbIcuMa 0e3 3¢upa», XOTS HCXOIUT U3 TeX K€ IOJ0KESHUH.
OOBIYHBIM JTFO/ISIM 3TOTO HE MOHSATH, KAK MOXKET OJIHA M Ta K€ TeOpHs
B IIEPBOM YacTHU YTBEpPXKAATh OJHO, & BO BTOPOM YacTH — HEYTO
npotuBomnonoxHoe. Ho TeopeTuku oTBeuaroT: O4YeHb mpocTo. B
TIEPBOW 4YacTh Teopuu 3¢Gup OBUT HEe HYKEH, 3HAYWT, €r0 HET, a BO
BTOPOM YacTH HYXKEH, 3HAYUT, OH €CTh. A BaM, HE CICIHAIKMCTaM,
3TOTO MOHSTH He 1aHo. BoT Tak-To!

Teopust OTHOCHUTENBHOCTH B KaueCTBE CBOETO OCHOBHOTO
MaTeMaTH4YecKOro  ammapara  3auMCTBOBajla  NPeoOpa3oBaHUS
Jlopenma, BeiBenmeHHbIe JIOpeHIleM Jisi Cilydasi CYIIECTBOBAaHHUS B
npupojie  abCONMIOTHO HEMOABMXKHOTO d¢dupa. ITO TOCIenHee
00CTOATENHCTBO MPUHIIUIIHAIBHO Ja€T BO3MOKHOCTh MCTOJKOBBIBAThH
BCE «IKCICPUMEHTAIbHBIC IOATBEPIKICHHUS CICIMAIBHON TEOpUHU
OTHOCHUTEIBHOCTH» Kak MOATBepxkAcHHe Teopun JlopeHma o
HETOJBM)KHOM 3(upe, 1o KpaifHel Mepe, B Ipelieax YCTaHOBOK, Ha
KOTOPBIX 3TH PE3yJIbTaThl OBUIN MOJIYUYCHBI.

Cama TeopHus OTHOCHTEIBHOCTH Oa3upyercs Ha JIO)KHOM
MOJIOKEHNH O TOM, 4TO MaHKeIhCOHOM W €ro MOCJeIOBaTelsIMU
AKOOBI HEe OBIIM TOJYYEHBI MOJIOKUTENbHBIE NaHHBIE B peE3yJbTare
mouckoB 3upHoro Berpa. Ha camom jenie oHM OBUIH MOTYYEHBI yKe
B CaMOM TIEpBOM OIbITe MaiiKenbCoHa, XOTS W HE Te, KOTOpbIe
oxuganuck. Ho mIkona pensaTHBHCTOB, 3aXBaTHBINAS KOMaHIHBIE
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BBICOTHl B TEOPETHUYECKON (PU3UKE, aIMHUHUCTPATHBHO HE NOIYCTHIIA
JabHENIIero pa3BUTUSL TEOpUH 3(Qupa, WIENbMYsl BCIKOTO, KTO
MBITAJICS. 3TO ClIENaTh, COBEPIIMB TEM CaMbIM IPECTYIJICHHE Mepes
HayKOH.
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Kakum xe 00pa3oM U M0 KakuM OpuurHaM 3(QUpoanHaAMUYECKHe
3HAHMS, KOTOPBIMM pacHoJlaraJld JAPEBHHE YUYEHBbIE, OKa3aJIUCh
yTpaueHHbIMU?

OObIYHO HCCIea0BaTEeNd HCTOPUN €CTECTBO3HAHMUS TOJIAraoT, YTO
II0 MEpe CBOETO Pa3BUTHUs YEIOBEUECTBO HAKAIUIMBAET 3HAHUA. OJTO
HAKOIUIEHUE CBS3aHO, B YACTHOCTH, C BBISBICHHEM 3aKOHOB IIPUPOIBI
M HCIONB30BaHUEM HX [UI1 HyXZA oOmecTBa. OTOT HpoLecc
HecoMHEHEeH. OHAKoO B HEM CIENyeT BBIICIUTH ITall 3aKPEIUICHUS
3HaHUM, CBA3aHHBIM C MX OCBOEHHMEM OOIIECTBEHHBIM MPOU3BOACT-
BOM. TOJIBKO T€ 3HAHUS MMEIOT IIAHC COXPAHUTHCS, KOTOPbIE HYKHBI
JUISL JAHHOTO CII0C00a MPOM3BOACTBA, M IIPH 3TOM TOJIBKO TOT MEPHOL,
II0Ka ATOT CYIECTBYIOT COOTBETCTBYIOIINE TEXHOIOIUH.

Ecnn ke yxe nmeromuecs 3HaHUsI HE OCBOCHBI KaK HE00XOAUMBIT
JIEMEHT TEXHOJOTMH, TO OHH OCTAIOTCS HE3aMEUYEHHBIMH, yTpadnBa-
I0TCS, W B OynylieM, KOTrJa B HUX BO3HUKAeT HEOOXOIMMOCTH,
MEPEOTKPHIBAIOTCS. A €CIM COOTBETCTBYIOLIAas TEXHOJIOTHS  Ha
OTIpENeNICHHOM JTale pa3BUTHSA OKa3bIBAECTCS BOOOIE HE HY)KHOW M
OHA YTPAauUBacTCs, TO BMECTE C HEH YTPAauMBAIOTCS U OTHOCAIIMECS K
Hel 3HaHMs. He HaBcerma, KOHEYHO, IOTOMY 4TO, €CJIH BIAPYT
BO3HHKHET HEOOXOAUMOCTb, TO OHU MOTYT M MIEPEOTKPBITHCA.

IIpumepoB  MHOro. OTO anXuMUs W acTPONOTHA, 3TO
BCEBO3MOKHBIE MAaruy, pPa3HOOOpa3Hble MEOULUHCKHE PEUEHnThl M
anukcupbl. Ho ectb u Gonee mpocroit npumep. B npeBaem Pume Obin
n3o0pereH crnoco0 koBkM Jomanei. B Poccun B xaxaom cene Obuia
Ky3HHuma. ['ne onm ceitgac? DTOT crmocod MpakTHIecKd yTpadeH. U
€CJIM HY’KHO OyZeT €ro BOCCTaHOBUTb, TO TIOYTH BCE HYKHO HAYHHATh
3aHOBO.

Taxum oOpa3om, cienyeT OTMETHTh, YTO yTpaTa 3HaHUH CO BpeMe-
HEM eCTh TaKOH ke (yHJAaMEeHTAIbHBIN MPOoIecc, COMPOBOXKIAIOIINI
pa3BHUTHE YETOBEYECTBA, KaK U UX HAKOIJICHUE.

ABTOp BBIABHTAET MPEATNOJIOKEHNE, YTO 3(PUPOINHAMUKA, TO €CTh
HayKa O TIPHUPOAEC W CBOMCTBaX »dupa — MHPOBOH cpeiasl U O
CTPYKType BEIeCTBa U MOJIeil Ha ero OCHOBE OBbLIa HTMPOKO M3BECTHA
B JpeBHEHIIEM MHUpE, U OTAEIbHBIE €€ (HParMEeHTHl M OTIOJOCKH
JIOIIUIM A0 HAaC B BUJE TaK HAa3bIBAEMBIX 230TEPUUECKUX 3HAHUI.
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[lo mMHeHuWIO aBTOpa, TakWe y4YeHUs, KaK 4dapBaka (IpeBHsI
WHnus), NpEeBHEKUTAMCKUN JaOCH3M, a TaKXKe HEKOTOPBIC APYTHE
HecyT B cebe ocraTku emie Oojiee OPEBHUX MaTEPUATUCTHYECKHUX
3HaHWUH THna 3¢upoauHaMuku. COMOCTaBICHHE PAa3IHYHBIX YUCHHN
IPYT C IPYTOM, BEPOBAaHUH, PETTUTUH TOBOPHUT O TOM, YTO BCE OHU B
riryOovaifiiield TpeBHOCTH UMENH OOIIME KOPHU W 3TH KOPHH OBLIH
MaTepUANUCTUYHBI H BEChbMa OCHOBATEIbHEI.

B ocHoBe MHUPOBBIX peNUTHii, 1O MHEHHUIO aBTOpPa,  JICKHUT
cepbe3Hasg MaTepHATUCTUYECKasi OCHOBA, HAIpUMEp, Ipe/CTaBlIeHUE
0 eIuHCTBE BceneHHOM.

EcTth ocHOBaHms monaraTth, 4TO psf IOPEBHUX yUYEHHH, KOTOpHIE
CETOJTHSI JIETKO OTHOCAT K CyeBEpPHSIM, MHUCTUIM3MY U IIapIaTaHCTBY,
TaKue, KaK aJXHMUs, aCTPOJIOTHUS, PAa3IMYHOTO BHUAA Marud, B CBOE
BpeMsl collepKanu B ceOe pealbHbIE M BechbMa IOJIE3HBIE 3HAHUA. B
KadecTBe NpHUMepa TIOJE3HOCTH TaKOTO HAaIPaBIEHUS MOXKHO
IpUBECTH pPabOTHI COBETCKOTO aKaJeMHKa A JL.YnxeBckoro,
(aKkTHYECKH YaCTUYHO BOCCTAHOBMBLIETO acTpojoruto. B cBomx
paboTax Ha OCHOBE OOJBIIOTO0 CTATUCTHYECKOTO Marepuansa OH
JIOKaszall B3aMMO3aBHUCUMOCTH IporieccoB Ha ComHile u Ha 3emie. A
U3BECTHO, yro mpoueccel Ha ComHie CIIMIIKOM ~ XOPOIIO
KOPPENUPYIOTCS C TONIOKeHHeM OonbpInx 1aHer — HOmutepa,
Carypna, Ypana n HenryHa.

ABTOp ToOJIaraeT, YTo T€ OCTaTKH JPEBHUX YUYEHUH, KOTOPHIE elle
COXPaHWJIKCh, JODKHBI OBITh TINATENEHO H3YUYEHBI U MIEPEOCMBICTICHBI
B IIEJISIX 3aMMCTBOBAHMS M3 HUX TIOJIE3HBIX CBENEHUH W MPOBENEHUS
HCCIIeIOBaHUI B HOBBIX, BECbMa HEOXKHJIAHHBIX HAIIPABIICHUSX.

A B XX cromernn o¢unManbHas Hayka OTKasajach OT
MpeCcTaBlIeHUil 00 3dupe, TOTOMY YTO ATOTO MOTpedOBaNa TEOPHUS
OTHOCHUTEIBHOCTH OWHIITeHHa. OJHAKO BCKOPE JKCIEPUMEHTHI
MOKa3aJH, YTO MyCTOTa — BaKyyM I04eMy-TO oOnagaeT Gu3n4ecKuMu
CBOWCTBAaMH — JMIJICKTPUYECKOH MPOHUIAEMOCTHIO, JHEPTUEH,
CIIOCOOHOCTBIO POXIaTh MHUKPOYACTHIBI M Jake mossipusanueii. U
Toraa ObLT M300peTeH TEPMUH «(PH3MYECKHH BaKyym», T.€. IIyCTOTa
(BakyyM), HO (pHU3HUECKUH, T. €. HE TIyCTOTa (HE BAKyyM).

B gem otnmdme TepMUHOB «PUINIECKUN BaKyyM» H «d3PUP»?
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«Du3nyeckuil BaKyymM» HE HMMEET AJUHOM NpenbICTOPUU. DTOT
TepMHH ObLT BBeJleH B 1928 r. anrnuiickum ¢usukom I1.Jupakom. U
XOTS 3TOT TEPMMH y3aKOHEH B COBPEMEHHOI Hayke, OH NMPaKTHYECKU
HUYErO0 HE OOBACHSAET, HE JaeT OTBETa Ha BOMIPOC, HOueMy OH
o0yamaeT BceMH W3BECTHBIMH HBIHE CBOWCTBaMHU. «Dusmueckuit
BaKyym» He HMeeT HMKAaKOW CTPYKTyphbl, OH HE YCTPOEH HMKaK, HO
moueMy-To 001agaeT GU3nIeCKuMU CBOHCTBAMH.

[TorsTHe *Xe «3PUp» CyIMECTBYeT THICTIENIETHsI. DPUp — 3TO
KOHKpETHasl cpena, MMEIomas ycTpoicTBo. Y 3dupa ecTh dacTu,
aneMeHThl 3¢upa. OHU Kak-TO ABHXKYTCS, 3T JBMXKEHHS MOXKHO
MOHATH, TO €CTh CBECTH HMX K YK€ OCBOCHHHIM U TOHSITHBIM
MPEJCTABIECHUSIM, U Ha 3TOM OCHOBE MOXHO IOHATH BCE CBOMCTBA,
KOTOpBIMU 00JIafiaeT «IIycToe» MPOCTPAaHCTBO, KOTOPOE HA CaMoM
JIeIIe 3aMoTHEHO A(PUPOM.

OmHako a1 TOTo YTOOBI pa3oOpaThes B CTPYKType ddupa, HyKHO
NPUHLIMIHAIGHO HW3MEHHTb BCIO METOJOJOTHIO  COBPEMEHHOM
¢usnueckoir Teopun. Hago He nzobperats mpupoxy, a mousaTs ee. 1
9TO NS MHOTHMX OKa3aJoch TOpa3fo TpylIHEe, YeM CBOOOTHOE
n300peTaTenbCcTBO. DTH «MHOTHE» CIeNlalld BCe, OT HUX 3aBHCSAIIEE,
4yT0OBI HUYTO HE MoKosebano ux cnokoiictBue. Ho ceromus aTo yixke
HEBO3MOJKHO, TIOTOMY YTO TPUKIAJHBIE 3alla4d CTy4yarcs B JIBEpb,
TpeOyIOT pemIeHus, a 3TO0 MOXHO CHeNaTh, TOJBKO TMOHWMAs CaMmy
CyThb, MeXaHW3M (QU3MYECKUX sABIACHUH. J[lng »TOoro mpuaercs
BO3BPATUTHCSA K TMPEICTaBICHUsM 00 3dupe, OO0 OH SBISETCS
CTPOUTENHHBIM MaTepUAIOM JJIsi YaCTHUIl BEIIECTBA, U €ro ABIKECHUS
ONpENENSIIOT BCE BHMIBI B3auMoneWcTeuil. Jlpyroro mnytd mms
(u3nuecKoi TEOpUH HET.

O¢dup — 310 (U3HUECKOe Teno KOHKPETHOW CTPYyKTyphl. Hamia
3a7laya — MOHSATh €ro YCTPONCTBO U 6Ce €ro CBOWCTBA, a HE TOJIBKO
T€, C KOTOPBIMH (IM3UKU CTOJKHYJIHUCh B CBOMX SKCHEPHUMEHTaX
BeChMa HEOXXUJAaHHO A ce0s, Korja MpHUpoja WX, Kak TOBOPST B
Hapoje, «TKHyJa HocoM». W mosToMy TepMUH «d)HUpP» HE MOXKET
OBITh TIOJMEHEH TEPMHHOM «(DU3MYECKUIl BaKyyM», Tak KakK 3TO
pasHble TIOHATHA, pa3HOE COJEepKaHHe WM Ppa3HOE OTHOIIEHHWE K
METOJIOJIOTHH NaTbHEUIIEeTr0 pa3BUTHS (PUUKH.
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[onstre »¢pupa HUKOTHA HE OBUIO «IHCKPEAUTHPOBAHOY», KaK
YTBEPXKAAIOT HEKOTOPHIE TEOpeTUKU. M B HacTodiee BpeMs eCTh Bce
HEOOXoOuMOe Uil BBISIBJICHHS CBOWCTB 3(Qupa U ero poiu B
YCTPONCTBE HALLEr0 MUpa. DTO HEMPABEIHO MONPAHHOE HAIIPABJICHUE
(MUK MOMHKHO OBITHh BOCCTAHOBJICHO M pa3BUTO. BoOT mouemy K
npobieMe 5¢upa, €ro CymeCTBOBAaHUIO W pOJIM B TPHPOJE
HEOOXOAMMO BEPHYTHCH.

4. Tak Ymo amo makoe — aghup?

Enuneiii a3¢up npoHnssiBaet Bcro BeeneHnyro
Jlpesnexumaiickuti 0aocusm.

[Ipexxne 4Yem OTBETUTH HAa JTOT BOMPOC, HYKHO ONPEACITUTH
METOJI0JIOTHIO TIONCKa CBOMCTB 3dupa. U 31echk pemaromee 3HaueHNE
NpUOOPETAIOT NpeicTaBIeHH 00 00X (PU3MUECKUX HHBAPUAHTAX.

OO0mue Qu3nUeckue WHBAPUAHTBHI — 3TO Takue  (UBUYCCKHUEC
KaTeropuu, KOTOpble He M3MEHSIOTCS HU MIPH KaKUX MPpeoOpa3oBaHMIX
(hopM MaTepuy W HU TIPH KakuX QU3NIECKHUX mporeccax. To ecTb OHU
WHBApHUAHTHBI 110 OTHOIICHUIO U K TIpeoOpa3oBaHusM (OPM MATEPHH,
U K KOHKpeTHbIM (prm3mueckuMm siBneHHsiM. O TOM, K 4eMy MOXXHO
MPUNATH, HE MPOAyMaB TIIATEIHHO MPOOJIeMy WHBApHAHTOB, HAM Jie-
MOHCTPUPYET CIEIUATbHAS TCOPUS OTHOCUTEIILHOCTH A.DHHIIITEHA.

B CTO, xak WH3BECTHO, B KaueCTBE MCXOJHOW BEIMYHHEI,
HEU3MCHHOUW TIPU JIOOBIX OOCTOSATEILCTBAX, TO €CTh  OOIUM
(u3nyeckuM (a ckopee, MaTEeMaTUYEeCKMM) MHBAPUAHTOM BBICTYIAET
YeTBIPEXMEPHBIN UHTEPBAI ds:

ds* = dx* + dy* + dz* — ¢ °d #* = const,

rae dx, dy, dz, — TpupalieHds KOOpIWHAT NPOCTpaHCTBa, df —
HpHUpalnieHne BPEMEHH, a ¢ — CKOPOCTh CBETa
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Ilocne Toro kak mpou3BeAeHAa 3aME€Ha CHUCTEM KOOPIMHAT,
nojy4varorcs npeodpazoBanust JIopeHiia, U3 KOTOPBIX 3aTeM BBITEKa-
0T 3aBUCUMOCTH BPEMEHH, JJIMHBI, MACCHI ABMKYIICHCS YaCTULIBI OT
CKOpocTHU ee nBMkeHud. [loayyaeTcst Takke, YTO CKOPOCTh CBETA €CTh
TpeebHas BETMYHHA T CKOPOCTH JIFOOBIX OOBEKTOB, a TaKXKe st
pacnpocTpaHEHHUs BCEX BUJIOB MOJIEH B3aUMOJIEHCTBUIA.

+ Z
Taxk,
qTO TaKO€

ds*=dx?*+dy*+dz>-c*dt>=const
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Ecmu Ob1 32 ncxomHyro 0a3y ObUT B3ST Opyroil MHBapHaHT, TO U
pe3yibTaT  HOJy4Ywics ~ Obl  coBepumieHHO  uHOM.  [loatomy
000CHOBaHHOCTh HMHBAPHMAHTOB HWMEET HCKIIOUYUTEIBHO BaKHOE
3HauYeHHE IS JTF000H Teopuu.

B mpunHnmme, mus BeIOOpAa  YIOMSHYTOTO YETBHIPEXMEPHOTO
WHTEpBaJa B KayeCTBE BCEOOINEro (UM3MYECKOr0 WHBApHAHTa, TO
€CTh pacCIpOCTpaHEHHsI €ro CBOWCTB Ha Bce 0€3 WCKIIOYEHUS
(hm3nyeckue SBICHHUS HET HUKAKOTO OCHOBAHMS, TaK KaK OJHOM W3
COCTaBJISIIOIIMX B HMHTEPBAJI BXOAHUT CKOPOCTh CBETa. A CKOPOCTh
CBeTa, KaK M3BECTHO, €CTh CKOPOCTh PACIPOCTPAHEHUs 3JEKTpoMmar-
HUTHOTO TIOJISl B ITyCTOTE, W TOJNILKO. A BOBCE HE BCEX BUIOB IOJICH.
Hampumep, K rpaBUTallui CBET HE HMEET HHKAKOTO OTHOLICHHS,
MOCKOJIBKY TpaBUTAIlUSl €CTh HHOE, HEXKEIU JJICKTPOMArHeTH3M,
(huznyeckoe sBICHHE.

KoHCTaHTBI ~rpaBHTallMMl  OTIMYAIOTCS OT KOHCTAHT DJIEKTPO-
marHetnsMa Ha 36 (!) mopsiakoB. [losroMy mpu co3maHuu oOIIEH
TEOPUU OTHOCUTEIHLHOCTU («TCOPHH TPABUTAIIMU», KaK €€ Ha3bIBAKOT)
OWHIITEHHY Hamo ObUTO OBl MCIOIL30BaTh YTO-HHUOYIb Apyroe, a He
CKOPOCTh CBETa, NPHUMEHEHHE KOTOpOil B TEOpHM TpaBUTALlUH, K
KOTOpOM CBET HE MOXET HMETh OTHOIIEHUS, HABOAUT Ha
pa3MBIIIUICHUs, BOBCE HE HAyYHEIE.

CKOpOCTBh pacrlpoCTpaHEHUsI TPABUTAIIMOHHOTO BO3MYIIEHHUS B
cBoe Bpems onpenenui [1.C.Jlamnac. B cBoem «U3nokeHun cucTemsl
MHUpa» OH pPacCYMTal, 4YTO 3Ta CKOPOCTh HEe MeHee, dyeM B 50
MHJUTHOHOB pa3 (!), BEINIE CKOPOCTH CBETa. A 3HAYCHHE CKOPOCTH
cBera BO BpemeHa Jlamnaca yxe 3Hanu xopomo. [lo Hammm xe
JAHHBIM CKOPOCTb  PACIPOCTPAHEHHUs TPaBUTALMK MPEBHIIIACT
CKOpOCTh cBeTa Ha 15 mopsaxoB. Tak uTo mpuHATHE 32 BCEOOIIU
(u3nUecKuii WHBapUAHT WHTEPBAJIA, B KOTOPOM HCIIOJIB30BAHO
YacTHOE, a He BceoOllee CBOMCTBO — CKOPOCTh YAaCTHOTO, a He
BCEOOIIETO SIBIICHUSI — CBETA, HEMPaBOMEPHO. JIOMKHO OBITH YTO-TO
IpyToe.

OTHUM «4€M-TO IPYTUM» MOTYT OBITh TOJNBKO TaKWe KaTeropuw,
KOTOpBIE SIBJISAIOTCS BCEOOIIMMHU i  6cex  6e3  UCKIIo4YeHUs
(hM3UYeCKUX SIBICHHWHA, TO €CTh JUII BCEH peaabHOCTH HAIIETro
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(hmznyeckoro wmwmpa. I[TopToMy uX BBIIYMBIBaTH HE HYKHO.
JlocTaToyHO MOCMOTPETH BOKPYT, YTOOBI X YBUAETh U 0000muTh. U
TOTIa CTAaHOBUTCS SICHO, YTO TaKUMH KaTETOPHUSIMHU SIBISIOTCS
Mmamepus,  HNPOCMPAHCMEO U 6pemsA U UX COBOKYNHOCTb —
osudiceHue.

N B camom Jene, B Halled peaJbHOM XU3HU Mbl HE MOXKEM
Ha3BaTh HU OJHOTO SIBJICHHS, HA OJHOTO (DM3MUYECKOTO TMpoIriecca,
KOTOpPBIA Tpoucxoani Obl 0e3 ydacTussi MaTepuu, WIN BHE
MPOCTPAHCTBA, WJIM BHE BPEMEHH. BCSAKMI mpoliecc, BCSIKOE SIBIICHUE
MPOUCXOJAT TOIBKO C Y4YaCTHEM MAaTE€pPHUH, TOJBKO B IMPOCTPAHCTBE U
TOJIBKO BO BPEMEHH, a 3TO U 03HAYAeT JBIKEHUE. B Mupe HeT Hu4ero,
KpoMme ABWXKYyIeicss matepun! Bcero 4erpipe KaTeropuu, ISITOW He
CYILIECTBYET, PUYEM YETBEpPTasl KATETOPHUs €CTh KOMOWHAIIHS ITEPBBIX
TpeX, KOTOpbIe He3aBUCUMBI. (CleA0BaTENbHO, 3TH YEThIPE KaTErOPUU
M SIBJISIOTCA BCEOOIIMMH. A BC€ OCTajJbHOE HOCHT YacTHBIH, a He
o0t xapakrep.

SIBnstsch BCEOOIUMU, MaTEpHs, TPOCTPAHCTBO, BPEMSI M JIBUKCHUC
TEM CaMbIM SBJISIIOTCSI W TEPBUYHBIMH, TO €CThb HCXOJHBIMH,
apryMeHTanbHbiMi. OHU HE MOTYT ObITh (DYHKIIUSAMHU Yero Obl TO HU
ObUIO, TaK Kak WHa4ye JOJDKHBI CYIIECTBOBaTh Hekue Oolee
MEPBUYHBIC KATETOPUU, YEM MEPECUUCICHHBIC, 4 B PEAIbHOCTH 3TOTO
HeT. A ¢aHTa3uu B pacyeT He IPUHUMAIOTCS.

B cuiny BceoOMIHOCTM W apryMEHTAILHOCTH TIEPEYHCICHHBIC
YEThIpE KAaTETOPUU SIBISIIOTCA TEM CaMbIM WU JIUHEUHBIMH. A 3TO
3HAQUWUT, YTO Hallle PEaJbHOE IPOCTPAHCTBO JMHEHHO, TO €CTh
€BKJIMJIOBO, W HUKAKOTO PMMAaHOBAa MPOCTPAHCTBA WJIU MPOCTPAHCTBA
MUHKOBCKOTO MM YhETr0-HUOYIb €Ille B IPUPOE HE CyIIecTByeT. Tak
K€ HE MOJKET CyIIECTBOBATh MHOIOMEPHBIX MPOCTPAHCTB, TO €CTh OHU
MOTYT CYIIECTBOBAaTh, HO HE B MPHUPOJAE, a B YMax MAaTeMaTUKOB. A
9TO HE OJHO W TO €. Bpems IMHEWHO M OJHOHAIPABJICHO, U HE
MOJKET OBITh HHKAKOTO «3aMeJUIeHUs» BpeMeHu. Hukornma m HH mpu
Kakux oOcrosTenscTBax. lloatomy, yBel! Hu «mapamoxcos
OJIM3HEIOB, HU MTYTEIIECTBHS BO BPEMEHH OBITh HE MOXKET. XOTS 3TO U
CKy4YHO, KaK CKa3aJl aBTOpYy OIMH U3 XYpPHAIHCTOB. B03MOXHO,
BO3MOXHO. ..
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HeBo3mokHOCTH (DYHKITMOHATHHBIX HCKKEHUH I MHBAPUAHTOB
03HauaeT, YTO y HUX HUKOTJa He OBbIJIO Havaja 1 He OyeT KOHIa, Hbo
3TO €CTh MepPEePhIB (PYHKIUU, a Y apTyMEHTOB TaKUX MEPEPHIBOB OBITH
HE MOXeT. 3Ha4yWT, 3TH YeThlpe KaTerOpuH HHUKTO HHUKOTJA He
cOo3/1aBajl, M HUKAKNX «bBOJBIINX B3PBIBOBY» MM «CHHTYJISIPHOCTEN» B
peasbHOM MpHpoAe HUKOTAa He OBUIO M, MOKHO HaJesThCcd, 4YTO HE
Oyner. A Oyner MHOTOKpaTHOE MOBTOPEHHE OJTHOTO M TOTO K€, H TYT
YK HUYETO He TOeaeIIb.

W emie Bce 3TO 3HAUUT, YTO B ITHX APTYMEHTAJBHBIX KaTETOPUAX
— MaTepuu, MPOCTPAHCTBE, BPEMEHHU M JBIIKCHUHM, HE MOXET OBITh
HUKaKHX MPEAMOYTHUTEIHHBIX MacIITaboOB, MO0 apryMEHTHI APOOSATCS
OecripeneIbHO. A OTCIOZAa HEMOCPEICTBEHHO BBITEKAeT, 4YTO U
HUKaKHUX «OCOOBIX» (DU3MUYECKUX 3aKOHOB B MUKPOMHPE TOXKE HET, B
HEM JCWCTBYIOT Te ke (U3NYEeCKHe 3aKOHBI, 4YTO U B Makpomupe. U
YTO JUIsl aHAJIM3a MPOIECCOB MUKPOMHPA MOXKHO M HYXKHO MIMPOKO
UCIOJb30BaTh AHAIOTHH MakKkpOMHpa, TO €CTh TO, UTO B CBOE BpeMs
pexoMeHzmoBan uieH JIOHZOHCKOTO KOPOJEBCKOTO oOmmiecTBa H
BEIHaromnuiics ¢u3nk koHma XIX — magama XX Beka Jopa Pameid.
[IpaBna, 310 OBUTO 1O DWHIITEHHA.

KoneuHo, KOHKpeTHbIE KOI((GUIMEHTHI MOTYT 3HAYUTEIIEHO
OTIIMYATKCS, pa3 MaclTadbl Apyrue. Ho B mpuHIHITE, BCe 3TO OJHO U
To xe. KomoccanpHble BO3MOXKHOCTH OTKpBIBAIOTCS TPH TaKOM
MOAXOA€ U aHAIW3a CYUIHOCTH SIBJICHUN MHUKPOMHUpA, U 3TO BOBCE
HE CKy4HO!

Orcroma ke BBITEKaET W €me OJHO  HEMalOBaXXHOE
o0cToATenbcTBO. Pa3 Bo BpeMeHM HET HHKAKUX IMPENNOYTHTEIBHBIX
MacIITabOB ¥ BCE BPEMEHHBIC OTPE3KH SKBUBAJICHTHEI JAPYT IPYTY, TO
BO BCe BpeMeHa Hamla BceneHHas nMena B cpeqHeM OJUH U TOT XKe
Buj. JKemaere 3HaTh, 4TO OBUIO B MPONLIOM WX OyaeT B Oymaymiem?
N3yuaiite Hacrodmee. BeeneHHas crauvoHapHa W AWHaMHU4yHaA. B
Hell OJHOBPEMEHHO CYIIECTBYIOT BCE€ BH[BI IMPOIECCOB, MX HAIO0
TOJIBKO YBHJETH W IOHATH B3aNMOCBSI3b.

Bor Begpr K KakuM BBIBOJAM MOXKHO TPHUATH, €CIH TPaMOTHO
TIOJTOMTH K OTIPEICTICHUIO BCeoOnX (PN3NIeCKNX NHBAPUAHTOB!
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CrenyooumyM BaXKHBIM BOIIPOCOM METOJOJIOTHU SIBIIsiETCs MpoOiie-
Ma B3aMMOOTHOIICHUS MPUIMHHOCTH U CITyYaifHOCTH B SIBIICHUSX.

Kak mpaBuio, B MakpOsBJIEHUAX BHIHO, K KaKUM CIJIEICTBHUSIM
NPUBOAAT T€ WIM MHbIE NpUYMHBEL. Korja ke He Bce YUTEHO, a BCe
y4eCTh HEBO3MOXKHO B MPHUHIMIE, TO W pPE3YIbTaTbl YacTUYHO
ciyvainbl. Takum 06pa3oMm, CIIy4aiiHOCTh BBICTYyMAaeT Kak pe3yibTaT
HenoiaHoro 3HaHus. OIHAKo, eca B MHUKPOMHUpE IEHCTBYIOT TE e
3aKOHBI, YTO M B MakKpOMHpE, TO W 3IECh CIy4alHOCTb IOJKHA
BBICTyIIaTh HE KakK IMPHHLHMII yCTPOWCTBA NMPHUPOABI, KaK MOJararoT
HEKOTOPBIE TEOPETHKH, a KaK Pe3yJIbTaT HaIleTo HEMOJHOTO 3HAHUS.

Kaxnoe sBieHHE e€cThb CIEICTBHE OBUKEHHSA COCTABIAIOIIMX €ro
aneMenToB. Kaxmoe marepuanbHOe 00pa3oBaHHE HMEET CTPYKTYPY,
TO €CTh COCTOMT M3 KaKHUX-TO YacTe, W 3TH YacTH CBsI3aHBl U
B3aUMOZCHUCTBYIOT APYT C APYroM. A (GHU3UKH A0 CHX IMOP CUUTAIOT,
YTO MHKPOYACTHIIBI UMEIOT Maccy, 3apsj, MarHUTHBI MOMEHT, HO
HE UMEIOT HHU Pa3MepoB, HHU CTPYKTYphL. DTO modemy xe? J{omKHBI
UMETB!

Kak yxe ObUTO T1I0OKa3aHO, OCHOBHOH JMHHEH pa3BUTHI
€CTeCTBO3HAHUS OBLIO YMNIyOJEHHE IO YPOBHAM OpTaHU3aLUU
marepud. OT BceneHHoli B meinoM K cyOcraHumusM, jgajgee — K
BEIIECTBaM, Jajlee — K MOJEKyJaM, Jajlee — K aromam, jJajee — K
«3IIEMEHTapHBIM 9aCcTUIAM» BEIECTBA. T0 €CTh KaKABIl pa3 MepPexos
OT HEKOTOPOTO «IIEeJOro» K ero 4vacTsM. Matepust OecnpeaenbHO
JpoOuMa: 3TO O3Ha4aeT, 4YTo J00Oe MaTepualbHOe O00pa3oBaHUE
JIOJDKHO MMETh YacTH, a 3HAYUT U pa3MepBl, U CTPYKTYpY.

A xak ompexpensuiick yactu?  Jlng 3TOrOo aHAMM3MPOBATIOCH
MOBEZICHUE «IENBIX» 00pa30BaHU MPU MX B3aUMOAEHCTBHAX MEXKIY
coboii. U B pe3ynpTare aHanu3a ONpenessINCh «4acT». Hampumep,
Ipu aHanu3e B3auMoneicTBuil Moiekyn (koHen XVIII — navano XIX
cronetuil) JlaByasse mnpumen K BBIBOAY O TOM, YTO y pasHBIX
MOJIEKYJ1 €CThb OOIIME YacTH, KOTOPble OH Ha3Ball «3JIEMEHTAMU».
M3yuuB B3aumoecTBrE psia MOJIeKy, JIaByazbe IpHIleN K BHIBOIY
0 TOM, 4TO MOJIEKyJIa €CTh KOMOMHAIMS 3TUX «IJIEMEHTOB», KOTOpbHIE
noyke JlambTOH MO3KE Ha3Ball «aTOMaMM», 3alMCTBOBAaB 3TO
HazBaHWEe y JleMokpuTa. BBeneHHE NOHATHS aTOMOB MO3BOJIWIO
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BBINTH W3 KpU3WCAa €CTECTBO3HAHHS TOTO Tiepuona. MoieKybl
npuoOpeny MW pa3sMepsl, U CTPYKTYpPY, @ XUMHUS TOTy4HJIa MOITHBIN
TOJYOK K Pa3BUTHIO.

To xe mnpomsonuto u mnpu a”amusze aromoB. Cam  dakT
CYIIIECTBOBAaHUS PA3JIMYHBIX aTOMOB, fiApa KOTOPBIX HECIH B cede
OCHOBHYIO Maccy, TOBOPHJ O TOM, YTO WMEHHO S/Ipa OIPENEIsIOT
OCHOBHBIC CBOWCTBa aTOMOB M YTO 3TH S[pa WMEIOT OJUHAKOBBIN
CTPOUTENBHBIA MaTepual ¥ OTIMYAIOTCA DPA3IUYHBIM COCTaBOM
9TOTO MaTepuana. BBeneHue mnpenacTaBiIeHUN 00 «3JIEeMEHTapHBIX
YacTUIaX» MO3BOJIMIO OMPE/ICIIUTh COCTABHI SJIEp U aTOMOB B IIEJIOM.
W wMeHHO 3TO HE TOIBKO MOJKPENHIO YXe CYIIECTBOBABIIYIO
XMMHUIO, HO MW JaJ0 TOJYOK K PasBUTHUIO aTOMHOM OHCPIrCTUKU.
[Toatomy u ceifuac, Korga «3JIEMEHTAPHBIX YACTHUID) BEIIECTBA CTAJIO
MHOTO (pa3Hble WCTOYHUKM HAa3BIBAIOT pa3HOE YHUCIIO YaCTHI]
mukpomupa — ot 200 mo 2000), mis modydeHHS IaHHBIX 00 HX
CTPYKTypax HYKHO IMPOCIIEIUTh 32 UX B3aUMOJICUCTBUSAMU U BBISIBUTh
HauboJiee O0IIHMe YePThl ITUX B3aUMOICHCTBHI.

W3 Toro dakra, 4TO BCE BHABI YACTHII MOTYT IIpe0oOpPa30OBHIBa-
ThCA ApPYT B Jpyra, BBITCKACT, YTO BCC OHU UMCIOT OIHU U TC XKC
YacTH — «KUPIMUYHKM». A U3 TOro (pakra, UYTO Takue mpeodpa3oBa-
HUSl CIEAYIOT TOJBKO MPH WX B3aMMHOM COYJapeHWH, TO €CTh B
pe3ynpTaTe MPOCTOr0 MEXaHWYEeCKOTo yraapa (a He B pe3yJibTarte,
CKa)XeM, MAarHUTHOTO HJIM DJICKTPUYECKOTO BO3JICHCTBUS), BHITCKACT,
YTO 4YaCTH YaCTHI[ TMEPEeMEIIaloTcs B MPOCTPAHCTBE U TOXeE
COyHapsIIOTCS:  BEOb  «OJEMEHTapHble  YacTHIBD»  BEIIEeCTBA
COYIapAIOTCSl KAKUMHU-TO CBOMMH YaCTSAMH, a HE BCEM TEJIOM cpasy.

Takum 00pa3oM, B pe3ysibTaTe aHAJIM3a MOBEACHUS MHKPOYACTHIL
BBISICHHJIOCH, YTO WX YacCTH, «KHUPIMUYUKI», JOJDKHEI MepeMeIiaTbes B
MPOCTPAHCTBE U coynapathes. C Apyroil CTOPOHBI, 3TU «KHPITHUMUKH)
JIOJDKHBI KAKUMU-TO CHJIAMH YICPKHUBATHCS B COCTaBE MUKPOYACTHIL.
BrionHe momycTHMO TPEANONOKEeHHEe O TOM, YTO HX YJIEP)KHUBAIOT
TaKAe e «KUPIMUYUKW», KOTOPhIe HaXOIATCS B OKPYKaroIieM
MHUKPOYACTHIIBI  TMPOCTPAHCTBE. DJTO TeM O0oJiee BEPOSATHO, YTO
W3BECTEH OKCIEPUMEHTANBHBIA (aKT «POXKICHHS»  MHKPOYACTHI]
«pU3UIEeCKUM  BaKyyMOM», TO €CTh TPOCTPAHCTBOM, HeE
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3alIOJJHEHHBIM BELIECTBOM. OTO TOBOPUT O TOM, UTO HCXOIHBIM
MaTepual — «KUPIOUYHUKH» YK€ COIepKaTrcs B BaKyyMe. %1
CJIeI0OBaTEIbHO, B BAKyyM€ COJCPXKHUTCA Cpella KaK COBOKYIHOCTH
ATUX «KUPIUYUKOBY.

A Tenepp OCTaJoCh OTBETUTH Ha BOMPOC, YTO KE ITO 3a Cpena,
3aIOTHSIONIAs MUPOBOE MPOCTPAHCTBO M COCTOSIIAS U3 TEX JKE CaMBIX
CKUPIUYHUKOBY, U3 KOTOPBIX COCTOST U BCE «3TEMEHTAPHBIE YACTULIBD)
BemecTBa. OTKPOBEHHO TOBOPS, BEIOOP HE OYCHH BEJHK: BEIb HAIO
BOCIIOJIb30BAThCS KaKOW-TO aHAJOTHel MakpoMupa. A HaM M3BECTHHI
BCEr0 JIMUIb TPU THUIA CpPEJ B MaKpOMHUpPE: 3TO TBEpAOE TeJjo,
JKHIKOCTH U Ta3.

W3 yka3aHHBIX TpeX TEJ Ha POJb MUPOBOU CPEIbI MOIXOIUT JIUIIH
ra3. TBeppoe Teno HE TOAMTCSA, TaK KaK TPYAHO OOBSICHUTH, KAaKUM
00pa3oM CKBO3b HETO MOTYT IPOTUCKHUBATHCS TUIAHETHI, MPAKTHYECKU
HE U3MEHss1 CKOpocTH. JKUIKOe Telo TOXKE MaJlo MOJXOJMT, TaK Kak
KUIKOCTh, 00Jamasi TOBEPXHOCTHBIM HATSXKEHHEM,  JIOJDKHA B
HEBECOMOCTU COOMpPAThCS B MIAPBL. A 3TO 3HAYUT, 4YTO TOrAa B
MPOCTPAHCTBE  OymyT  HAOMIOMATHCS  HEPAaBHOMEPHOCTH  IIPH
MPOXOXKICHUM CBETa, HO 3TOro He HaOmogaercsa. WM Toimbko ra3
YAOBJCTBOPSIET BCEM TpPEOOBAHUSAM, NPEIABIBIIEMbIM K MHPOBOU
Cpele: OH €CTeCTBEHHBIM OOpa3oM 3aloJHAET BCE MPOCTPAHCTBO,
AMEET MaTyi0 BS3KOCTh M CIOCOOEH B MIMPOKHX Mpeaesiax U3MEHSThH
CBOIO IUIOTHOCTh, YTO HEMAaJOBAXXHO NpU OOpa30BaHUM YACTHUIL
BEIIECTBA.

[IpuxoauTcs OCTAHOBUTHCS Ha raze. Toraa Mmojiy4aercs, 4To 3TOT
ra3 B BHJIC CBOMX MOJICKYJI U CONIEP)KHUT T€ CAMBIC «KUPIUUIHKN», W3
KOTOPBIX COCTOSIT MHKPOYAcCTHIBI BemiecTBa. Ho Torma  Hamo
WCTIOJIH30BATh BCE 3aKOHOMEPHOCTH OOBIYHON T'a30BOM MEXaHUKHU JIJIs
OOBIYHOTO pEallbHOTO, T. €. BS3KOTO W CHKMMAeMOTro Trasa, 4TOoOBI
pazo0paTbcs B YCTPOHCTBE MHKPOYACTHI[, a TaKXKe B YCTPOWCTBE
aTOMOB, MOJEKYNI U Bcell BceneHHOHU B 1emoM. A MOCKOJBKY ra3oBas
MEXaHWKa B HACTOSIIEe BpeMs YXKe HEIIoXo pa3paboTana,
MOJIy4aeTcsl, YTO Mbl UMEEM F'OTOBBII MOJIEIbHBIA U MAaTEMaTUUECKUI
amnmnapar s BBIIOJIHEHUS 3TOU 3aJauH.
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KayecmeeHHoOe onpedeneHue OCHOBHbIX ceolicme 3qbupa

CroiicTBa peajLHOI0 MUpa

| CaoiicTBa Y¢upa

Maxkpomup

WHuBapuaHTs! BeeX HU3MUECKUX
SBJICHUH — MaTepusi, IPOCTPAHCTBO,
BpEMsi, IBHKCHHUE

WuBapuanTsl 3¢upa — marepus,

MIPOCTPAHCTBO, BPEMsI, ABI)KEHHE

W30TponHOCT XapaKTEepPUCTHK
BEILIECTBA U NOJIEHl B MIPOCTPaHCTBE

EctecTBeHHOE 3amonHeHIe d3PHpoM
MIPOCTpaHCTBa 6€3 IMTyCTOT U
IUCIOKALUHN

Manoe COITPOTUBJICHUE ABUKCHHUIO
TCJI

Mautpie IUIOTHOCTH U BSI3KOCTH

Bonbiume ckopocTH pacnpocTpaHe-
HUS B3aUMOJIEHCTBUH

Bonbiias ynpyrocts

Muxpomup

Bzaumnoe IpeBpalICeHUC BCEX
OJIEMCHTAPHBIX YaCTHUILl BEIICCTBA

Bo3moxxHOCTH 00pa3zoBaHus
Pa3IHYHBIX CTPYKTYP

YcnoBue B3aMMHBIX pEBpalLieHUI
YCTOWYHBBIX «3JIEMEHTapHBIX
YaCTHID» — B3aUMHBIE COYAapEHH

C COXPaHEHHEM MEXaHUUECKUX
MapaMeTpOB ABMKEHHS — SHEPIHU U
UMITyJIbCa

DneMeHTHI dpupa TOJHKHBI
obecrie4nBaTh BO3MOYKHOCTb
B3aUMHBIX COYJIapEHUH ¢
COXpaHEHHEM MEXaHHYECKUX
[apaMeTpoB ABWKEHUS — SHEPTUH
Y UMITyJIbCa

Yaep)kaHue MaTepuu B Mpejiesiax
YCTOWYHUBBIX «3JIEMEHTAPHBIX
YaCcTHI» BEIIECTBA

Hannuane dhopm nBmkeHus,
o0ecrieunBaOLIMX yepKaHue
3¢upa B COCTaBE MaTePHUATBHBIX
00pa3oBaHuii

Paznuune ynenbHbIX IJIOTHOCTEN
«3JIEMEHTAPHBIX YACTUID> BEIIECTBA

CxumMaeMocTh dpHpa B IUPOKUX
npeaenax

Bb1600: 3dup — razonono6Hoe Te0 cO CBOHCTBAMH PeaibHOIO rasa

N sta cpena,

HMeEIOIIas CBOMCTBA ra3a, JOJDKHA OBITh Ha3BaHa

3¢hupoM, Kak 3TO U OBIJIO BCET/Ia, a SJIEMEHT Cpesibl — AMEpoM, KakK ero

Ha3bIBaJI I[eMOKpI/IT.
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Jns pacuera OCHOBHBIX IapamMeTpoB 3(dupa aBTOPOM OBLIO
HCIIOJIb30BAHO JiBa MCXOIHBIX MOMCHTA — J3HEPIUA JJICKTPUUCCKOI'O
Nojsl TMPOTOHA M LEHTPOOEKHBIC CHIIBI, CTpeMsIIuecs pa3zdopocaTh
TEJNO MPOTOHA TPU €ro BpalleHHH, HO KOTOpbIe pa30dpocarb ero He
MOTYT, ITOTOMY YTO 3TO HE IO3BOJIAET CIENaTh BHEIIHEEe IaBIICHUE
a¢upa. [lepBoe MO3BOIMIIO HAWTH TUIOTHOCTH AQUpPa B OKOJIO3EMHOM
MPOCTPAHCTBE, BTOPOE — €r0 JHEProcoJepKaHWe W NaBieHHe. A
3aTeM, MPUMEHUB QPOPMYJIBI OOBIYHOI Ta30BOM MEXaHWKH, 0Ka3ajoCh
BO3MOXKHBIM pPACCUMTaTh BCE OCHOBHBIC IMapaMeTphl 3(upa Kak
OOBIYHOTO Ta3a. Pe3ynpTaTel pacyeToB  NpUBEACHB B TabmHIE,
MAHHOHW B MpwiokeHnu. Kak BUIHO M3 TaOMUIBI, IUIOTHOCTH ddupa
Ha 11 TOpPSNKOB MEHbBINE, YeM IUIOTHOCTH BO3AyXa MPH OOBITHOM
JaBJICHUH W OOBIYHOW TeMmmeparype. 3aTo ero 3HeprocoiepkaHue u
JaBJICHWE BechbMa BeluKH. [lomydaeTcs, 4To OIWH KyOMYeCKHid METp
CcBOOOIHOTO A(Hpa COACPKUT B ceOe DHEPTHIO MOYTH MILIHApIA
MUJIJTHApJIOB METaTOHHBIX aTOMHBIX OomO. JKemaromme netanbHee
03HAKOMHTBCS C pacueTaMH MapaMeTpoB 3(upa MOTYT 3TO CIENIaTh
mo kHure astopa  «OOmas »dupomnHamuka. MoaenupoBaHue
CTPYKTYp BellecTBa M IIOJE€d Ha OCHOBE MPEACTaBICHUM O
raszonono0HoM 3dupe» 2-¢ m3manue (M., Dueproarommsupar, 2003,
584 c.).

5. BuObI deuxkeHusi aghupa

[TepBoHauana Bermeil B IyCTOTe HEOOBATHON MATYTCS
Tum Jlyxpeyuii Kap. O npupooe sewjeil.

YcTpolicTBO BemIECTBA — 3TO YCTPOMCTBO €ro  MOJIEKYJN H
aTOMOB, AaTOMHBIX SA€p W OJJIEKTPOHHBIX 00O0JIOYEK. UrtoOb1
pa3o0partbes B CIOKHBIX CTPYKTYpax, BCErna MPUXOAWUTCS HAYHMHATH
C MPOCTEHIINX.

Ecnu paccmaTpuBaTh OTIEIBHBIA aMep, TO Y HETO IO OTHOIICHUIO
K IpyTHUM aMmepaM MOXET CYIIeCTBOBATh JIMIIL OJTHA OCHOBHas (opMa
JBIDKEHUSI — TIOCTyIIaTeNIbHass. AMEp COXpaHSET CBOE IBIDKCHUE [0
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TEeX II0p, MOKa HE CTOJKHETCS C APYIMM aMepoM, 4TO HX 000HX
3aCTaBUT W3MEHHUTH HANpaBlicHHE IBHXKeHUs. KoHewuHo, TIpu 3TOM
MOTYT BO3HUKHYTh H Je(opMaluy aMepoB, U BpallleHHE UX, Ha YTO
3aTPaTUTCS 3HEPrHs, OXHAKO 3TH (QOPMBI ABWXKEHHUS UL dpupa B
LIEJIOM HE SIBJISIIOTCA TJIaBHBIMHU, MOITOMY W3YUEHHE BIMSHHUS ITHUX
(hopM Ha mapaMeTpsl dupa — 1e510 Oy AYIIETO.

OneMeHTapHBI 00beM d¢upa obmamaer yxe Tpems GdopMamu
IBIKeHUS — 1Iu(Py3HOHHOH, TOCTYNATEIhbHOW W BpamlaTeIbHOM
(puc. 5.1).

OTH TpH HOPMBI IMEIOT CIIEAYIOUINE CEMb BUIOB JBIKCHHS:

oughghysuonnan — tpu Buna — nepenoc macc (eciy MIOTHOCTU B
Pa3IMYHBIX 00JIACTSX MPOCTPAHCTBA pa3HbIC); HePeHoC Koauuecmea
oguricenua (eciu B Traze €cTb TIPAAMEHT CKOPOCTEHl IOTOKOB);
nepenoc 3Hepeuu (€Ciiv B raze eCTh pa3HOCTh Temrieparyp) (puc. 5.2);

nocmynamenvHaa — J1Ba BULA — JAMUHAPHOe meuyeHue (TUIIA
BETpa) U nepewlii 36yk (Ieperada MaJioro IPHUPAIICHUS JaBIICHUA)
(puc. 5.3);

eépawjamensvnas — JBa BUNA — PA3OMKHymoe epaujeHue (TUla
cMepua) U 3aMKHymoe épaujenue (tuna Topouna) (puc. 5.4).

OcranbHble (GOPMBI IBIKEHHS Traza — 5TO JUIIb KOMOWHAIUU
NEePEUNCIICHHBIX.

W3 Bcex mepedncieHHbIX GOpM U BUAOB ABWXKEHUS 3GHUpa TOIBKO
OIUH BHUI JABWXCHUS — TOPOUIANBHBIH — MOXET OOECle4nuTh B
OTPaHMUYCHHOM MPOCTPAHCTBE JOKAIN3ALMIO YIUIOTHEHHOTO Ta3a, BCeE
OCTaJIbHBIE BH[BI IBI)KEHUS I'a3a B IPOCTPAHCTBE HE JIOKAJIM30BAHBI.
Takum oOpazoM, mopouoanvHvlii 6UXPb — eOUHCHIBGEHHOE
o0pazoeaHue  KOmopoe  MOJXCEm — OMONCOECHEAAMbCA €
mukpoyacmuyamu. ClegoBaTeIbHO, HYXXHO pa3o0paTrbcsi B TOM,
KaK YCTPOEH ra30BbIil BUXPb.

CrieniuajbHO TOCTABJICHHBIE OSKCIEPUMEHTHl  MOKa3ald,  YTO
JUHEWHBIA Ta30BBI BHUXPh TNPEACTaBIseT coOol TpyOy ¢
YIUIOTHEHHBIMU CTEHKaMM C IOHMKCHHBIM JaBJICHUEM BHYTPHU TPYObI
(eHTpoOEKHBIE CHIIBI OTOPACHIBAIOT Ta3 M3 IIEHTpa K CTEHKaM) U
IpaJveHTHBIM OTPAaHUYHBIM CIIOEM BOKPYT HEe.
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bnarogaps morpaHMYHOMY CJIOKO Ta30Bas TpyOa He pacchimaeTes, a
BpalllaeTcsl IMOYTH Kak TBEPIOE Telo. B MOrpaHHMYHOM Clioe
Onmaromapsi BBICOKOMY TPaJUCHTy CKOpPOCTEH TeMIeparypa
MOHWKEHA, BA3KOCTh TOXKE TOHMXKGHA, M BHXPh BpAIllacTCs B
MOTPAaHUYHOM CJIO€, KaKk B TOJIIUITHAKE CKOJNBXKCHHUS, OTHaBas
BHEIITHEH CpeJie JINIITh MUHUMYM 3HEpruu (puc. 5.5).
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Puc. 5.5. HuianHapuyecKuid ra3oBblii BUXPh: MIONEPEYHOE CCUCHHE BUXPA (a);
pacipenieficHHe IUIOTHOCTH Tasza (6); Omiopa KacaTelbHBIX CKOpocTed  (8);
3aBUCHMOCTbH YTJIOBOM CKOPOCTH BpAIIECHHS Ta3a B BUXPE OT paauyca (2)
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Puc. 5.6. C:kaTne razoBoro BUXpsi Ha BX0/i¢ B B031yX03200pHHK
(c1eBa BBepXY) PEaKTHUBHOIO ABUIaTeJ/Isl caMoJieTa (Ha CTOSIHKe)

Tot daxT, 9To Ta30BBIH BUXPh UMEET TPyOOOOpa3HOE CTPOCHUE,
U3BECTHO JOCTaTOYHO JaBHO. OTO OBUIO TOATBEPXKACHO Ha
CMCIUALHOM CTCHJE C IOMOIIBI0 YCTAHOBICHHOTO Ha 3eMiie
PEaKTUBHOTO CaMOJICTHOTO JIBUTATEIlsl, P 3aIyCKe KOTOPOTO Tepen
HUM 00OpazyeTcst BUXpb (puc. 5.6).

Takue BHXpPH 4YacTO OOpa3ylOTCS Ha CTOSHKAX Yy OOBIYHBIX
CaMOJICTOB, Y KOTOPBIX JBUTATEIH PACMOJIOKEHBI JOCTATOYHO HU3KO.
Torna Takoit cMepy MoMETaeT TUIOMAJKY TIepe]l CaMOJIETOM M TaIIUT
B TypOWMHY BCE, YTO Ha HEW OKa3bIBACTCSA — MECOK, KOMbS 3EMIIH,
KaMHH | 3a0bIThIC HHCTPYMEHTHL. Bee 3TO eTUT B TYpOHHY U JIOMaeT
nonatku. JI7s BBIICHEHHSI BCEX OOCTOSATENBCTB M OBUT TIOCTPOCH
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CTEH]I, C MTOMOIIBI0 KOTOPOTO HAIIUTH PATUKATBHBIN CIIOCOO OOPHOBI C
nojgomkamu. Okazanoch, YTO Tepel 3allyCKOM HYXXHO IOIMETaTh
TUTOIIAJIKY W HE 3a0bIBaTh HA HEH MHCTPYMEHTHI.

[TpupoaHble CMEpPYH W [HUKIOHBI MM HMMEIOT TOPOOOPa3HYIO
¢dopmy. Ho OOBIYHO MBI BHJUM TOJIGKO IICHTPAIBHYHO YacTh, TJE
BO3OYX CHUJIBHO CXKart. Ho BO34YX, NIOAHABIIUCH BBCPX, JAJIbIIC pacTe-
KaeTCs U BHOBb OMYCKAETCsl BHU3, CHOBA YCTPEMJISISICh K 9TOH IICHTpa-
JbHOM yacTu. Ho Ty yacTh JBMKEHHUS BO3/IyXa, IJIe OH JBHIKETCS BHU3
MbI HE BHJHUM, MOTOMY 4YTO OH PacTEKaeTcs MO OOJIBIIOHN ILIONIaay,
MO3TOMY OITyCKaeTcs OouyeHb MeiyieHHo. OmHako Ha Qororpadusx
UKJIOHOB TOpoOOpa3Has (puUrypa nNuKIOHa BCE JKE BHUIHA.

BuHTOBOE JIBUXKEHUE ra3a B BUXPEBOM CTOJIOE Oojiee YCTOHYMBO,
YeM HE BUHTOBOE, TaK KaK I'PaJHMEHT CKOPOCTH B IMOTPAHHUYHOM CJIOC
YBEITUYUBACTCA — MOOABIACTCS €lle OJHO MEepeMEIIeHHe ra3a BAOJb
cronba. [ToaToMy cMepun Hauboliee yCTOWYHMBEI TOT/IA, KOTJa B HHX
COUYCTAIOTCA JBa MABMXKCHHA — BpallaTCJIbHOC BOKPYI' OCU U
MOCTYIATEIbHOE BJIOJIb OCH BUXps (puc. 5.7).
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Puc. 5.7. Cmepu: a — BHEIIHUH BUJ cMepya; O — CTPYKTypa cMepya 110
IO OaHHEM HaOJ0IeHUM
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Puc. 5.8. O0pa3zoBanue nuK/I0Ha B paiione ®aopuabl (CHUIMOK U3 KOCMOCA)

B TopommanbHOM K€ BUXpE MPOUCXOANT BCE TO JKE CaMOe, TOIBKO
3Ta TpyOa ra30BOTO BUXPS 3aMKHyTa caMa Ha ceOs, B pe3yJbTare
YeTo MOJTyYaeTCss BHHTOBOH BUXPEBOU Topous (puc. 5.8).

BHHTOBBIE BHUXPEBBIC TOPOMIBI MOTYT HMMETh HECKOJIBKO (OpM.
OpHa U3 HUX — TOHKOE BUXPEBOE Koublo. Bropas dhopma — 11apooo-
pasHas, OnMM3Kas K TakK Ha3bpIBAaeMOMY BUXpPIO Xwiuia. B 3aBucumoc-
TH OT OpHEHTAllMHd KOJIBIIEBOTO IBWXEHUA (IBWKEHHUS BOKPYT
[JIaBHOM OCH TOPOHUZAA) MO OTHOUICHHUIO K TOPOUAATBEHOMY JIBHKEHUIO
BOKPYT KOJBLEBOM OCH TOPOMAAIBHOTO Tella BO3MOXHO MPAaBOE WIH
JIeBO€ BUHTOBOE JBIKEHHE. MOXET OBITh M TOJBKO OJHO TOpOWIa-
JTBHOE NIBIDKEHUE, 0€3 KOJIBIIEBOr0, HO TaKOW BUXPh MEHEE YCTOWYMB.

K BHHTOBOMY TOpOHAY MOTYT HPUCOCAMHSITHCS TOTOTHUTEILHBIC
— MpPHUCOEIUHEHHbIE BUXpU. IIpuMepoM Takoro MHOIOCJIOWHOTO
BUXps SBISETCS TaK Ha3blBaeMblil BUXph Teimopa. OTOT TUN BUXpS
OBbUT TIONYYEH O3KCICPUMEHTAJIbHO B JBAIIATBHIX TOAAX TEKYIIETrO
cronerust [Jx.Teitmopom. HamomuHaeT aToMm ¢ €ro 3J€KTPOHHBIMU
obonoukaMu, He TIpaBaa au (puc. 5.9).
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Puc. 5.9. Buxps Taiisiopa

brnaromaps HamW4YMI0 TOTPAHUYHOTO CJOSA,  YIEPKUBAIOIICTO
BUXPh  OT pa3pylICHHs, BO3HUKACT TPAaJUCHT CKOPOCTEH,  YTO
MIPUBOMT K MMAJICHUIO TEMIIEPATyPhl B IOTPAHUYHOM CJIO€, a MTO3TOMY
BCSIKUM ra3oBbIi BHUXpb OXJAXJA€T OKPYXAIOIIYIO Cpeny,
MOCTENICHHO 3a0upas oT Hee Temno. Korma Bce TemmepaTypsl
BEIPOBHSIOTCS, TEMIIEPATYPHBIA TOTPaHWYHBIA  CIIOW TIepECTaHeT
CYIIECTBOBaTh, a KHHETWYECKas OJHEPTHs BpalleHUs Tela BUXPS
HCYEPIIaeTCs, TIOCIIE YeTO BUXPh Pa3pPyIIUTCS.

Korma BUXph OTHAaeT 4YacTh CBOEH SHEPrUM, OH YBEIUYMUBACT
cBoif nuameTtp. [lpuumH TOMy HECKOJBKO: ONIHA M3 HUX 3aKIF0YAeTCs
B TOM, 4YTO BHYTPCHHCC [aBJICHHUEC B HeHTpaJIbHOﬁ JaCTUu BHXPA
HAYMHAET MOJHUMATRCS, TaK KaK I[EHTPOOEKHBIC CHIIbI HE TaK UHTCH-
CUBHO TeNepb 0TOPAChIBAIOT ra3 U3 BHYTPEHHEN 001aCTH K CTEHKAM.

Kak o6pa3yrorcs Buxpu? Jlng mx o0pa3oBaHHMs JOCTATOYHO
MPOCTO XAaOTHUYECKOTO COoyIapeHus cTpyd raza. Hauwnas ¢
HEKOTOPOTO KPUTHYECKOTO 3HAUEHHUS CKOPOCTEH COyAapeHHs, ra3
HAa4YMHAET 3aKpy4YMBaTbCsi, W B TOTPAaHUYHBIX OO0JacTAX CTpyH
0o0pa3yloTcs KOJNBIEBBIE BHUXPH. OTH BHUXPU CAMOYIIJIOTHSIOTCH,
MOCKOJIbKY Ta3, B OTJIMYUE OT JKUIKOCTHU, COKUMAEM, YMEHBIIAIOTCS B
pa3Mepax W CaMOIIPOM3BOJBHO JENATCS. AHAIOTUYHOE SIBIICHHE,
TOJNBKO O€3 CokaThsi BUXpeH, MOXKHO HaONromath B OOBIYHON BOJIE,
€ClId B HEe KAlHyTh C HEOOJBIIONH BBICOTHI KAILUTKO YEPHMI. OTOT
MIPOCTOMN, KPACHBBIA U 3PPEKTHBIN SKCIIEPUMEHT JTOCTYTICH KaXkKIOMY.
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Ilpn npoBeneHun ombiTa He 3a0yabTE€ MOCTABUTH OKOJIO OaHKU C
BOJION HACTOJIBHYIO JIaMITy, YTOOBI JIydllle HaONI0NaTh 00pa3oBaHHE

BUXPEBBIX Kouel (puc. 5.10).

Puc. 5.10. O6pa3zoBanue u aejieHHe TOPOUAAIbHBIX BUXPEBBIX KoOJIEI]

B JKUIKOCTH IPHU NAACHUHU KAIlJIN
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Puc. 5.11. Bpamenue Tema: BOKpPYr LWIMHIpA (a); BOKPYr ILIEHTpa IpH
W3MEHEHUH pajJiiyca BpalleHus (6); CTPyKTypa HIKHEW 4acTH cMepya, B KOTOpOii ra3

JIBIDKETCS C U3MEHEHUEM paiyca BpalieHus (8)
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3nechy ciemyer craenaTh OJHO HeMaloBakHOe 3amedanue. [lpu
BUXpeoOpa3oBaHnu  (HOpMHUpYIOLIHECS] BUXPH  CaMOIIPOM3BOIBHO
YMEHBIIAIOT CBOM pa3Mep. DTO XOpoWIo BHAHO Ha (oTorpadusx
HCKYCCTBEHHO CO3JaHHBIX BUXped u cMmepuei. Ilo mepe packpyTku
BUXPb YMEHBILAET CBOH panuyc. BIICHEHO, 4YTO IpU 3TOM BHEIIHEE
JaBlieHHEe aTMOC(epbl CIABIMBACT BHXPh M YacTh MOTCHIHUAILHOU
SHEPrUM aTMOoc(ephbl CAMONPOHU3BOIBHO MEPEXOAUT B KHHETHYECKYIO
SHEPIUI0 BpameHus BuUXpsA. To Ke camMoe MHPOMCXOAMT U MpHU
BUXpeoOpa3oBanuu 3¢upa (puc. 5.11).

Jlyume Bcero HabIIOAATh MPOLECC CXKATHUSL BUXPS € MOMOIIBIO TaKk
Ha3blBaeMoro suuka Byna. Bospmute GaHepHbId SAMUK U3 I1OA
MOCBUIKH U TIPOBEPTUTE B €TO JHE OTBEPCTUE TUAMETPOM CaHTHMETPOB
6-7. BMecTo KpBIIKM HATAHUTE YOPYTyl0 MeMOpaHy, Hampumep,
pesuHy. BHyTpp Hamo OpocHTh ABIMOBYIIKY, YTOOBI KOIITeNa,
HalpuMep, MOJKEeYb PacdyecKy WM 4To-HuOynp apyroe. IlocraBbre
SIIMK Ha OOK W yJapbTe pe3Kko 1mo memoOpane. 13 oTBepcTHst ToTHac ke
BBUIETUT JBIMOBOM TOPOUIATIBHBIN BUXPH (puc. 5.12).

Puc. 5.12. O6pa3zoBanue ra3oBbIX TOPOUAOB ¢ MOMONIBLIO AlUKa Byna:
1 — smuk Bypma; 2 — cramus cxatus Topouaa; 3 — cTaaus pacIIUpeHHs TOPOWAa
(muddysus); 4 — ctagus pa3Bajga Topouaa

[Toner Takoro BUXpsi MOKHO pa3felUTh Ha TpH 3Tana. Ha mepBom
BUXPb C)KMMaeTcs. 31eCh IPOUCXOAUT YBEIMUEHHE SHEPTUN BUXPS 3a
CYeT MpeoOpa3OBaHUsl IMOTCHUIUAIBHON JSHEPrHH aTMochepbl — ee
JABJICHUSI B KUHETHUUECKYIO dHEpruto Buxps. Ha BTopom 3Tame BUXpb
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HAauUWHAET PaclIMpSThCA. 31eCh OH TEpsieT SHEPIUI0. A Ha TPETheM
3aKIIOYUTENIFHOM ~ dTarne OH TOpMO3UTCA ©  AuddyHIUpYyeT,
pacTBopsieTcs B BO3ayxe. BUXpbh OKOHUMII CBOE CYIIIECTBOBAHUE.

3HaMeHUTHIH aMepukaHckui ¢u3uk Pobepr Byn, mpuaymasmmii
3TOT SINMK, DPAa3BIEKAICA TEM, YTO Ha JIEKUMAX pasfaBal C ero
MOMOIIbIO TIOUICYMHBI Pa300ITaBIIMMCS CTYICHTaM, a Ha YIIHIE,
NPULETUBIINCH C IOJOKOHHHMKA, COMBal € MPOXOXKUX LUISAMIBI Ha
PacCTOSHMUSIX B COTHU MeTpoB. JKenaromue MOTyT onpo6oBaTh 3T0 Ha
cebe.
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TakuM 00pa3oMm, mporecc 0Opa30BaHMS Ta30BBIX BHXPEH 3TO
NPOIIECC CAMOKOHICHTPAIlUA SHEPTHHU, a HE pacceuBaHus ee. To ke
MPOUCXOJUT U MPH 00pa30BaHKH ITPOTOHOB B SI/Ipax TaJaKTHK.

He 31ech nu JIeKUT paspelieHne 3arajku oTcyTcTBUs «TemnoBoit
cMepTH» Bo BeeneHHoH?

6. [I[pomoH — ocHOBHasi Yacmuya MUKpomMmupa

Marepwusi, KaK CyIIECTBYIOIIas HE3aBUCUMO

OT HAIIIEr0 CO3HAHMS 0OOBEKTHBHAS PEaJIbHOCTb,

HMeEeT IHPOKOe pazHooOpasue hopMm.
T.Opoeu-I'py3. OcHogbl cmpoeHus mamepuu.

[MompoOyem 111 Hadana MOHATh, KaK YCTPOEH MPOTOH — OCHOBHAs
yacTUlla MUKpoMHpa Bo BeeneHHOo.

VYT1BepKIeHUe UTO, 4TO MPOTOH — OCHOBHAas ydactuila BceneHHOU
ClIeyeT U3 TOTOo, YTO MPAKTUYECKH BCS BecOMas mMacca BEIIecTBa BO
BcenenHolt — 3T0 Macca MpOTOHOB. B camMoM fiene, HEUTPOH — 3TO TOT
e TIPOTOH, HO OKPY’KEHHBII NOrpaHUYHBIM clloeM 3¢upa. Sapa Bcex
BEIIECTB — 3TO MPOTOHBI U HEHUTPOHHBI M Macca ux moutu B 4000 pa3
Oomplre, 4eM Macca OJICKTPOHHBIX O000JI0YeK. A  3JIEKTPOHHBIE
000JI0YKHM, KaK  IIOKa3aHO  HWXKE,  INPEACTaBISIOT  COOOH
IPUCOEAVHECHHbIE BUXPH 3(Upa U CBOMM IIPOMCXOXKICHUEM OO0s3aHbI
TEM K€ MPOTOHaM. A, KpoMe TOTO, BCEe BHJIBI MOJIEH B OCHOBE CBOEH
UMEIOT JIBIDKCHHMSA 3¢Hpa Ha MOBEPXHOCTH mpoToHa. [lostomy B
HEPBYIO OYEpeb U HY>KHO Pa300paThCs ¢ yCTPOMCTBOM IIPOTOHA.

Ha pucynke 6.1 mokaszaH pa3pe3 TOPOHAAIBHOTO Ta30BOT0 BUXPA.
Bonbiie Bcero oH HamoMmuHaeT TpyOy, CBEPHYTYIO B KOJNBLO, C TOU
JUIIb pPa3sHULEH, YTO BHYTPEHHHE CTEHKM Y HEro TONIIE, 4YeM
HapyxHble. [1o eHTpy Komblia UMeeTCs] CKBO3HOE OTBEPCTHE, BHYTPHU
TpyOBbl cymiecTByeT paspekeHne. CaM  TakoH BHXph CYIIECTBYET
Onaronapsi TOpPOMIAIEHOMY JBIDKEHHIO Ta3a.
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Puc. 6.2. CTpykTypa AbIMOBOr0 KOJIbLA. Bolmyckas 1bIM B BO3IyX Uepe3 KOHEL]
TpyOBI, MOJKHO yBHAETH, YTO 3TO TYrO CBEPHYTas TOpOHIaibHAs crmpais. OqHako
9TO BCEro JMIIb IEPEeXOJHasi CTPYKTypa, KOTopas B JajbHeiieM Qopmupyercs B
JIAMUHapHBII TOPOUAJIbHBIN BUXPh, B KOTOPOM OT/ENBHBIX CJIOEB YK€ HET

Ha ¢dororpadun (puc. 6.2) moka3aHo IEIMOBOE KOJBIIO B MOMEHT
ero o0Opa30BaHUs, y KOTOPOTO JIOCTATOYHO YETKO MPOCMATPHUBACTCS
€ro CTPYKTypa.

HeoOXoquMo OTMETHTh, YTO B TaKOM TOPOUJAIBHOM BHXpE
CaMOIIPOM3BOJIBHO  BO3HHMKAET KOJBIICBOE JBHKCHUE BOKPYT €ro
[JIABHOM OCH. DTO TPOHMCXOJUT TMOTOMY, YTO IUIOIIAAb CCUYCHUS
BHYTPEHHHUX CTEHOK TOPOMJ]a MCHBIIIE TUIOIIAJN CCUCHHS HAPYKHBIX
€ro CTEHOK, M03TOMY TOPOHUJAlIbHAS CKOPOCTh Ta3a B HapPyKHBIX
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CTEHKaxX MEHbIIE, YeM BO BHYTpeHHUX. Ho ckopocTb HyXHO 1100
YeM-TO TIIOTacuTh, JIMOO H3MEHUTH ee HarpasieHue. [lockoybky
racuTh CKOPOCTH 3/1eCh HeueM, ee abCOJNIOTHAas BEIWYMHA OCTaeTCs
HEM3MEHHOH, W HW3MEHsETCS HampaBieHHe. B Buxpe BO3HHKaeT
BUHTOBOE IBIKCHHE 3(QUpa, MOSBIACTCS KOJIBLEBAas COCTABIIIOLIAS
JABUXKXCHUS. TOpOI/IZI Ha4YWMHACT BpallaTbCsd, a BOKPYTI' HEr0O BO3HUKAIOT
COOTBETCTBEHHO BUHTOBBIC IOTOKH 3upa.

Pacnpenenenue TOpouganbHOM M KOJBIEBOW CKOPOCTEH B TaKOM
BHUXPEBOM 00pa30BaHMHM MTOKa3aHO Ha PUCYHKe 6.3.

al

Puc. 6.3. PacnpeneiieHne ckopocTeil JBM:KeHHH CTEHOK TOPOMIAJIbLHOIO
BHUXPS: @ — TOPOUJAIBHOTO; O — KOJBLIEBOTO

Hukakux  gpyrmx  BapHMaHTOB  CTPYKTypel Yy  Ta30BOTO
TOPOMJIANIBHOTO KOJIbIIa HET. A TOCKOJBKY 3(HUp 3TO OOBIYHBIN Ta3,
XOTSI U C HECKOJIBKO HENPUBBIYHBIMH ISl HAC TapaMeTpaMu, TO €CTh
BCE OCHOBAHHMS I0JIaraTh, YTO MPOTOH UMEHHO TaK M YCTPOEH.

Jlydmie Bcero mMpOTOH MOXKHO TPEACTaBUTH cebe Kak TpyOKy,
CBEPHYTYIO B KOJIBIIO (puC. 6.4). OTHAKO €CTh U HEKOTOPOE OTIHYHE:
TOJIIIMHA CTEHOK TaKOW TPYOKH OOJIbIIE K IEHTPY MPOTOHA U MEHbIIIS
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K ero mnepudepun. OTO OOBICHAETCS TEM, 4YTO TOPOUIATBHOE
JBIDKEHHE d(QUpa B Telle MPOTOHA ONMKe K HEHTPY JOJDKHO MPOHTH
4yepe3 MEHBIIEE CEUCHHE, MMO3TOMY M TUIOTHOCTH raza B 3TOH 00iacTw,
U CKOPOCTh JBIJKCHHS OyayT 37ech OOJbllle, YeM Ha mepudepuu.
OmHAaKo M TONIIMHA CTEHOK 3/IeCh TaKXe OyaeT OoJbIIe.
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Puc. 6.4. CTpykTypa NpoTOHa: ¢ — NONEPEUHBIH pa3pes; 6 — SIIopa INIOTHOCTH;
6 — BIII0Pa TEMIIEPATYP; 2 — FMOPA CKOPOCTH TAHTEHIIHAIBHOTO MIOTOKA; O — MI0pa
CKOPOCTH KOJIBLIEBOTO TIOTOKA

Pacuer, BBITIOJHEHHBIM HAa OCHOBE COIOCTABJICHUS JHEPTUU
SJEKTPUUECKOrO0 TOJS MPOTOHA C DJHEPrueil ero MeXxaHU4eCKOro
KOJIBIIEBOTO [IBM)KCHUs, II0Ka3aj, YTO BHEIIHHE CTEHKH IPOTOHA
JBIDKYTCS CO CKOPOCTBIO Ha 13 MOPSIAKOB MPEBBIMIAIOIINX CKOPOCTH
CBeETa, a BHYTPEHHHUE — eIIle Ha JIBa MMOpsiaKa ObICTpee.

[lockoabKy TPOTOH 3TO TOPOUAATBHBIA BUXPH C YIDIOTHEHHBIMHU
CTEHKaMH, TO cpa3y BHAHO, 9YTO B HEM €CTh M 000J0YKa, W
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VIUIOTHEHHasl IeHTpallbHas dYacTh — KepH. W To, w© npyroe
0o0pa3oBaHO Bce TEMH € YIUIOTHEHHBIMH CTEHKAMH BUXPEBOM
TpyOku. B wLeHTpe mpoTOHAa OJHKHO CYIIECTBOBAaTh HEOOJBIIOE
OTBEpPCTHE, TaK YTO OH HE COBCEM IIapWK, a HEMHOTO IMOXO0X Ha
OyOmuk. [To amamoruu ¢ cOpMHUPOBABIIMMHUCS Ta30BBIMH BUXPSIMHU
MOXHO TMoJiarath, YTO OTHOIICHHE pa3Mepa OOINBIIOro Juamerpa K
TOJNIIIMHE TPOTOHA JOKHO OBITH paBHO mpumMepHo 1,76. Oto
O3HaJaeT, 4To TpyOka, oOpasyromias MPOTOH, HWMEET HE KpyTJioe, a
CKOpee DJUIMIICOBHUJIHOE CEYEHHE. Hannoe 00CTOSTENTLCTBO
OKa3bIBaeT CYLICCTBEHHOE BIMSHHEC Ha OPraHU3alUI0 CTPYKTYpPHI
ATOMHBIX SIZIep.

J

Puc. 6.5. HeycToiiunBOCTh JIAMHHAPHOTO0 BUXPEBOro Kojabua. Bepxuuil psg
CHUMKOB IIOKa3bIBAaeT WCTEUYEHHE BOIBI C BBEACHHOH B Hee KpacKkod depes
IIITHCAHTHMETPOBOE OTBEPCTHE, B PE3YJBTaTe YEro CO3MACTCS OCECHMMETPHYHOE
BUXpEBOC KOJNBIO. HmKHMH psJ CHUMKOB IIOKa3bIBaeT IIOCIIENOBATEILHOE
paspyllieHHe Kojiblla u3-3a HeycroiuuBocTd. Jlanmee kombio audbyHIUpYET
HOJIHOCTBIO



54

[IpoToH ycroiumB u ynpyr. Bpems ero cymiecTBoBaHUs, BHIMMO,
cocraBisier  Ooiee JecATKa MWIIHAPIOB  JIET. [Mpsameix
9KCHEPUMEHTANBHBIX 3aMEpOB HE CYLIECTBYET, Te, 4YTO €cCTb,
METOJJMYECKH HEBEPHBI, HO BCE PaBHO, KOCBEHHBIC JTaHHBIC TOBOPST O
TaKOM TOpsAAKE BEIWYHMHBI. [lo MCTEUeHHMM 3TOr0 BPEMEHH IPOTOH
TepsieT YCTOWYMBOCTD, PaCcNaiaeTcsi U pacTBopsieTcs B adupe. Tak ke
BezleT cebst U 1r00e BUXpeBoe oOpazoBanue (puc. 6.5).

[IpoTOH MOXXET HAaXOOHUTHCS B TPEX COCTOSHHUAX — B COCTOSHUH
COOCTBEHHO IMPOTOHA, B COCTOSHUM HEHTPOHA W B COCTOSIHUM aToMa
Boopoza (puc. 6.6).
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Puc. 6.6. Tpy ycTOIYHBBIX COCTOSTHUSI TPOTOHA: @ — COOCTBEHHO IIPOTOH;
6 — HEHTPOH; 6 — aTOM BOJOPOAA

CoO6CTBEHHO TPOTOH 3TO TOT CaMBli BHHTOBOM TOPOHIATBHBIHI
BUXpPb  YIUIOTHEHHOTO 3(Qupa, OKpYKEHHBIH TeMIepaTypHbIM
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MOTPAaHUYHBIM CIIoeM 3¢upa, KOTOPHI HE JaeT €My pPacChImaThCs.
Bokpyr mnpotoHa o00pa3yroTcs MOTOKM 3(upa — TOPOUAAIBHBIN U
KOJIBIICBOM, KOTOpPHIC BOCHPUHUMAIOTCS KakK OOIIee AJICKTPOMArHHT-
HOE ToJie POoTOoHA. TakuM 00pa3oM, MPOTOH — 3TO HOHU3UPOBAHHBIH
aTOM BOJIOPO/IA.

Uto Takoe HEUTPOH? DTO TOT KE MPOTOH, HO JOMOTHHUTEIHHO K
TEMIEePaTypPHOMY OKpY)KEHHBIH eIlle W TPaJHeHTHBIM ITOTPAaHHYHBIM
cioeM. DTOT CJIol o0pa3yeTcsi, €ClIM IBa MPOTOHA OKaKYTCS BOJIU3H
npyr apyra (puc. 6.7). OHM MOTYT COpPUEHTHPOBATHCA OTHOCHUTEIHHO
JIpyT Apyra aHTHIapaJIeNIbHO, OJaroaaps MOBEPXHOCTHBIM MOTOKaM
TOPOHMIIANBHOTO JABIMKEHUS. Ho Torga KonblieBblE TOTOKM Ha WX
MOBEPXHOCTH  OK&XYTCSI B MEXKHYKIOHHOM  IPOMEXKYTKE
HANpaBICHHBIMU  TapajuiebHO  Apyr  apyry. Oxm  OyayT
KOHKYypUpOBaTh, U OJIWH W3 HHUX OKAXXETCS 3aTOpMOKeHHBIM. Kax
M3BECTHO M3 Ta30BON MEXaHUKH, B TIOTOKAaX C BBICOKUM TPAIUEHTOM, B
KOTOPBIX CKOPOCTh IIOTOKAa MEHSETCS Ha MaJlblX PacCTOSHHIX B
IIMPOKUX TMpENenax, BA3KOCTh Ta3a YMEHBIIAETCS, MO3TOMY JTOT
3aTOPMO>KEHHBINM MTOBEPXHOCTHBIN CIION OKaXeTCs yCTONYUBBIM, MOKa
0 COCEJICTBY CYIIECTBYET BTOPOU MPOTOH.

Puc. 6.7. B3aumopeiicTBe IPOTOHOB U MEXaHU3M 00pa30BaHMsA HEHTPOHA

Kornma y mporoHa oOpa3oBayicsi JOTIONHUTENBHBIA ITOTPAaHHYHBIN
CJIOM, W OH MpPEeBpaTWICI B HEUTPOH, TO KOJBIIEBOE JBH)KCHHUE
3aMBIKACTCA BHYTPH 3TOTO CJIOA M HC BBIXOOUT HAPYXKY, OTO 3HAYUT,
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YTO Temepb HYKIOH OylIeT BOCHPUHUMATBHCA KakK JICKTPUUECKU
HEUTpaJIbHAs YacTULIA.

CocrosiHue npoToHa B (opMe HEHTpOHA yXKe 3HAYUTEIILHO MEHEe
ycToMunBO. DaKTUYECKH HEUTPOHBI YCTOWYUBHI TOJBKO B SApax,
KOTJIa TIOBBILICHHBIN IPaAMEHT CKOPOCTH IOIEPKHUBACTCS HATUIUEM
coceqHux mpoToHOB. Ho, ecnm mo kakuM Ju00 NpUYHHAM
00pa3oBaBIIUiiCd HEUTPOH BBUICTUT W3 sIpa, TO HEKOMY OynxeT
HOJJIEPKUBATh  YCTOMYMBOCTh IOTPAHUYHOTO CJOS, MU  4Yepes3
HEKOTOpoe BpeMs (B cpemHeM 3a 16 MUHYT) 3TOT CJIOH paccoceTcs, U
BHOBb 00pasyeTcst mpoToH. [Ipu 3ToM BoBce He 00s3aTENBHO, YTOOBI
IpHU pacraze HeWTpoHa 00pa3oBasiCsl U 3JIEKTPOH. DTOTO MOXKET U HE
npousoiitu. Takum o6pa3zom, ecinyu HEHNTPOH IMperocTaBieH caM cele,
TO TIOTPAaHWYHBIA CJIOH OBICTPO paccachlBaeTcsi, U HEHTPOH
IpeBpalaeTcst B OOBIYHBIA MPOTOH.

IIpoToH B OOBIYHOM CBOEM COCTOSIHUM HEIOCTATOYHO YCTOWYHMB,
MOTOMY 4YTO 3aMbIKaHHE CTPYH 3(Hpa MPOUCXOIUT HYepe3 Mayoe
OTBEpCTHE B ero IeHTtpe. JloctaTrouHo HEOONBIIOT0 BHEIIHETO
BO3MYILIEHHs, YTOOBI 4acTh IOTOKOB M3MEHMIA CBOE HAIIPABICHUE U
CTajla 3aMBIKaThCcsd HE 4Yepe3 3TO OTBEpCTHE, a BO BHE, 00pa3oBaB
NPUCOEANHEHHBIH BUXpPb. Torna u BOSHUKHET HE HOHU3UPOBAHHBIH, a
HEUTpaJbHBIH aToM Bopoposa. JBrxeHue 3¢upa B MPUCOCIUHEHHOM
BUXPE MOAJEP)KUBACTCS JBIKEHUEM CTPYH 3¢upa B OIMKHEH 30HE 3a
CUET BSI3KOCTH d(upa.

CocrosiHuE IPOTOHA B BHIIE aTOMa BOJAOPOAA OTIMYAETCS TEM, YTO
MOTOKH 3(rpa, OKPYKAIOIINE TIPOTOH, B OIMKHEH 30HE 3aMBIKAIOTCS,
Kak W paHbllle, Yepe3 ero IEeHTpalbHOE OTBEpCTHE, a B Ooiee
OTIaJICHHOW 30HE 3aMBIKAIOTCS BO BHE, 00pa3ys Tak Ha3bIBACMBIii
npucoennHeHHbIN BUXph (TepmuH BBeneH H.E.JKykosckum). B atom
NPUCOEANHEHHOM BUXpE HAIpaBJIEHHE KOJBIEBOTO JIBHKEHUS TO )Ke,
4TO U y mpoToHa. Ho TopomnmanbHOe ABMXKEHHWE MMEET MPOTHBOIO-
JOXHOEe HampasieHue. IlodToMy 3HaK BHHTOBOTO JABHXKEHHUS Y
MMOTOKOB BOJIM3M Tejla MMPOTOHA OJWH (HAIPUMED, MPaBbIii BUHT), a Y
MIPUCOEINHEHHOTO BUXPS APYroil (JIeBblif BUHT). DTO U BOCIPHHHU-
MaeTcsl Kak HaJM4Yhe Y 3TOro MPHUCOSAMHEHHOTO BUXPS (3JEKTPOHHOMN
0001109KH) 3apsia MPOTHBOTIONOKHOTO 3HaKa, YeM y MPOTOHA.
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Bce atomabie sAApa MOCTPOCHBI TOJBKO U3 IMPOTOHOB U HeﬁTpOHOB
— (l)aKTI/I‘-IeCKI/I, TEX KC MPOTOHOB, HO B APYIrOM COCTOAHWH, HUKAKUX
APpYrux 4acTul [JIs1 HUX OoJIbllIE HE HYXHO. Ho ngns Toro 4TOOBI B

3TOM pPa300paThCs, HY)KHO CHadana YSICHUTh CYIIHOCTH (hPU3NIECKHX
B3aNMOJICHCTBHI.

7. Ymo makoe ¢husudeckue nosnsi
e3aumodelicmeulti?

[onst pusnueckue — ocodast popma Matepuu, hpusuueckas
cucTema, odaarornas OOJBIINM YHUCIOM CTEIEHEH CBOOO/
C.Iepwmerin. FCO 3 uz0. T.20, ¢.325
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[IpuBeneHHOe ompezaeneHne PUINIESCKUX TOJEH HE TOBOPUT HHU O
YyeM, TOYHEe, TOBOPUT O TOM, YTO aBTOPHI MOJOOHBIX ONpeneiIeHUN
MIPOCTO HE 3HAIOT cBoero mnpeaMera. duU3MuUecKHWe Tena HHUKAaK He
MOTYT JIeHiCTBOBATh APYT HA APYyra Ha PacCTOSHUU, €CITH MEXIYy HAMHU
HET TIPOMEXYTOYHOM cpeapl. B 3ToM 1uiaHe MHOro JeT
CYILIECTBOBABIIas M CYIIECTBYIOLIAs eme M ceiiyac KOHLEMIUA
«IIEHCTBHUS Ha PacCTOSHUMW uYepe3 Hudero» («action in distance») He
BBIJIEP)KMBAET HUKAaKOW KpuTUKH. [IpaBaa, aBTOphl 3TON KOHIIEHIUU
MOJIaraloT, YTO TAaKOW Cpeabl HET HE MOTOMY, YTO €€ HET B MPHUPOJE,
9TO HEHM3BECTHO, a MOTOMY YTO MM, aBTOpaM, 3Ta cpela He Hy)KHa, a
MO3TOMY C HEeH MOXHO He cuMTarbcs. Ho mockonbKy 0e3 yuera 3Ton
cpeasl HEBO3MOXKHO pa3zoOparbcd B TOM, KaK IPOUCXOAUT
B3aUMOJICHCTBHE MEKAY TEIaMH, TO HY)KHO pacCMaTpUBaTh HE MPOCTO
B3aMMOJICHCTBUE TeJ, KaK A3TO MPEINHCHIBACTCS BCEMH 3aKOHAMHU
(m3ukn. CHavanma Hy)XHO 3HaTh, KaK OJTHO TEJO B3aUMOJIEHCTBYET CO
CpeIoi, T. e. KaKue BUIBI JBM)KEHHS OHO B HEM BBI3BIBACT, a TOTOM
YK HYXHO paccMaTpUBaTh B3aUMOJCHCTBHE STHX IBM)KEHHH CpeIbl
CO BTOPBIM TeJioM (puc. 7.1).

cpeoa

Puc. 7.1. BzaumopeiicTBue (pu3nyeckoro rejia co cpeaoii u cpeanl
€0 BTOPBIM (pU3HYECKHM TeJI0M

IlomyuyaTcst M U3BECTHBIE «XOPOLIO NMPOBEPEHHBIE 3aKOHBD» NPH
9TOM WIJIM HET, 3apaHee HEH3BECTHO. /[OIDKHBI MONMy4YUTHCSA, KOHEUHO,
HO TOJIbKO, KaK 4YacTHBIM ciydail. OOmuil ke ciaydaid MOXeT
OKa3aTbCsi OoJiee IOJIHBIM, IIOCKOJIBKY B PAacCMOTPEHHE TeHeph
JIOTIOJIHUTENIBHO BKJIFOUEH MEXaHU3M B3aUMOIEHCTBHI.
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W3 npakTuky U3BECTHO, YTO B MPUPOAE BEILECTBO CO3JAET MO, a
He HaoOopoT. Henp3s co3aark cHavaia rpaBUTAIIOHHOE T10JIE, YTOOBI
B pe3yJbTaTe MOSBMWIINCH I'paBUTAIlMOHHBIE Maccel. Ho 3aTo, ecimn
MMEETCs Macca, TO BOKPYT Hee cpasy ke 00pa3yeTcs rpaBUTallHOHHOE
none. Henb3s cHauana co3garh 3MEKTPUYECKOE II0JIe, YTOOBI B
pe3ynbTaTe MOSBHJIACH 3apshKEHHAas YacTHla. 3aTo, €CIM HMeeTcs
3apsDKEHHas 4YacTHIa, TO BOKpYT Hee cpa3y K€ MOsBIAETCSA
anekrpudeckoe mnoine. M tak Bezne. I109TOMy NepBUYHBIM SIBIIAETCS
BEIIIECTBO, a MOJIE — 3TO €r0 NMPOU3BOHAS BETUUNHA.

[Tockonmeky 3¢up — 3TO Ta3, TO W HYXHO BBIICHHTH, Kakue
JBUKEHUS B Ta3e MOXKET IMPOU3BECTH BEIIECTBO, KOTOPOE CaMO €CThb
COBOKYITHOCTh YIUIOTHEHHBIX BHXPEBBIX Ta30BBIX 0Opa30BaHUH,
MOTOMY 4YTO TOJIBKO JIBXKEHMS MOTyT CO3/aBaTb B rase
HEPaBHOBECHBIC NaBIECHMs, TO €CThb TIpaJueHTHl AaBileHUH. Ecmm
IBVKCHHN HET, TO PABHOBECHE HAPYIIATbCd HE MOXKET, W TOrna
HUKAKUX B3aUMOJICUCTBHIM Tel He OyaeT.

B momHOCTBIO ypaBHOBEIIEHHOM ra3e HE MOXET OBITh HHUKaKHX
B3auMozencTBui. OOHAKO B HEYPABHOBELIEHHOM Ta3€ BO3HUKAIOT
JIBWKEHUS, JaMUHApHBIE TEUEHUS, BUXPH, TEMIIEpaTypHbIE pazIudus
u T.I. B pe3ynbrare co3garoTcst TpaAMeHThl AaBICHUS, U Ha TeJo,
MoMaBIIee B TOJ€  OTUX TPAaJUEHTOB, HAYMHAET [JEHCTBOBATh
pa3sHOCTb CWJI JABICHHN, KOTOpas CTPEMHTCS CMECTHTH TEIO B
CTOPOHY MEHBIIEr0 JaBICHUS. [MosToMy pmast TOrO, dYTOOBI
pa3oOpaTbcs B PazIMYHBIX (U3MYECKHX CHJIOBBIX IOJSX, HY>KHO
HOHATh, KakuM o00pa3oM B TIa3e MOIYT BO3HHKAaTh I'DaJUCHTEHI
JaBJICHHH W KaK BCE 3TO COOTHOCHUTCS C TeMH  (H3HMYECKHMH
B3aMMO/JICUCTBUSAMH, KOTOPbIE HAM M3BECTHBI.

B3aumopeiictBust raza ¢ (QU3MYECKHMM ~ TEIOM  MOXET
OCYIIECTBIATHCA BCETO TPEMs CrIoco0amHu.

1.Cmamuueckoe 6030eiicmeue Ha TEIO  HEPAGHOBECHLIM
Oasnenuem Ta3za, BO3HUKAIOIINM B pe3yJbTaTe HEPABHOMEPHOCTH
temneparyp. HepaBHOMEpHOCTH TeMimeparyp B ras3e, B KOTOPBIH
MoMenIeHo (U3NYECKOe Tell0, BOZHUKAET BCIICJCTBHE TOTO, YTO CaAMO
TEJI0, COCTOSIIEeEe M3 BUXPEH TOTO e rasa, Bcerma 0osiee XOJ0IHOE,
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YeM ra3, TAKOBO CBOMCTBO JFOOBIX T'a30BBIX BUXpEH. DTO MPOBEPEHO
Ha cMepyYax, KOTOpble KOHIEHCHUPYIOT BJIary BO3/yXa U BEIOpAachIBAIOT
JeSTHOM Tpaj, DTO M3BECTHO U3 (haKTa KOHACHCAIMY BJaru B JIFOOBIX
IPAJUCHTHBIX TEUCHHSX BO3JyXa: CMEPUYH BBIOPACBIBAIOT JEITHON
Ipaj, y CaMOJICTOB OJIeJICHEBAIOT BO3JyX03a00PHUKHA W KPBUIbS,
Kopoue, 3T0 u3BecTHO. [103TOMY BelecTBO, COCTOsIIEe U3 BHUXpEi
YIUIOTHEHHOTO 3(upa, TOXE OoJiee XOJIOHbIC, YeM OKPYKAIOIIHHA UX
3¢up. Y mosTOMy OHH OXJIQXKIAIOT OKPYKAIOIMNN WX 3up, co3maBas
B HEM TIpagueHT TeMIeparyphl, a CIEI0BaTeIbHO, U TpPaJUEHT
JIABJICHUH, TIOCKOJBbKY B ra3e TeMIeparypa W JIaBJICHHC
NPOMOPIUOHANBLHBI IPYT ApyTY (puc. 7.2).
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Puc. 7.2. Bo3HuKHOBeHMe I'PajlUeHTAa JaBjeHus B d¢upe 3a cueT ero
OXJIaJKIeHUsl Maccoil BUXpeii 3¢upa, o0pa3ylommx BewecTso, 1 CHIOBOE
TepMOANHAMHUYECKOE BO3/1eliCTBHS HA TeJ0 CO CTOPOHBLI HEPABHOMEPHO
Harperoil cpeabl : M — macca tena; T., P, — Temmeparypa U [aBICHUE
3¢upa B cBOOOTHOM OT Macc MPOCTpaHCTBe; 1, P — TeMnepaTypa 1 JaBlcHHUE
B 3¢upe BONMM3M Maccel; AP — pa3HOCTh JaBJIEHHH, co3jaromas cuiy F,
BO3JICUCTBYIOIICE HA TEJI0 00beMoM V; M,— MoJisipHas Macca
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Bokpyr BHHTOBBIX BHUXPEBBIX TOPOUIOB BO3HHMKAET MOJE
TEMIIEPaTypHOTO TpagucHTa W, Kak CJIEICTBHE, IOJe TpagucHTa
naBieHuit 3¢pupa. Koraa kakoe-mubo TEno COCTOUT M3 MHOMKECTBa
BUXPEBBIX TOPOMIOB U OHU OPUEHTHUPOBAHBI B IPOCTPAHCTBE
Xa0THYHO, TO BCE OCTaJbHBIC BUABI IBIDKEHUS d(DHpa, BEI3EIBACMBIC
UMH, 3aTyXalT B TPOCTPAHCTBE NIOCTaTo4HO ObIcTpo. Ilome ke
rpaJlieHTa TEMIEPaTyp U COMNPOBOXKIAIOLIEE €ro IMoJie TpagucHTa
JIaBJICHUM pacTpOCTPaHSAIOTCS Ha MHOTHE MUJUIMOHBI KHUJIOMETPOB.
OTo M ABNSAETCS TOM MPUUMHOW, IO KOTOPOH Tena MPUTITUBAIOTCS
Ipyr kK apyry. Ha kaxnmoe Ttenmo, momaBilee B TOJE TPagUCHTA
JABICHWH 3¢upa IeHCTBYET Pa3HOCTh CHI, 4YTO co3maeT 3¢deKT
MPUTSDKCHUST OHOTO Teia JpyruM. Takoe TemmeparypHOe IIoJie
OIHCHIBACTCS OOBIYHBIM ypPaBHEHHUEM TEILIONPOBOAHOCTH, a €ro
pElICHUE MO3BOJIET BIEPBBIE CTPOrO BBIBECTH 3aKOH TATOTCHHUS.
HamomauMm, uto V.HbpI0TOH 3TOT 3aKOH BBIBOAWI HE M3 MOACIHHBIX
MpEICTaBIEHUI, a Ha OCHOBaHMM OOOOIIEHHS KEIUIEPOBCKHX
u3MepeHu nonoxeHuil rianer CollHeyHOUM cuctembl. BriBog u3
MOJIETIbHBIX TMPEJICTaBICHUN Aall TOT K€ 3aKOH, HO C HEKOTOPBIM
CYIIECTBEHHBIM  yTO4YHeHHeM. Okas3ajoch, 4YTO Ha  OJU3KHX
pacCTOSIHUSAX — A0 HECKOJIBKUX COTEH a. €. (a. €. — aCTpOHOMHYECKast
eIUHUIa, paBHas cpenHeMmy paccTosHuio oT 3emun 1o ConHuoa —
149,6 ™MiH. KM) BBIBEJACHHBI 3aKOH TITOTEHHS COBHIAJaeT C
HBIOTOHOBCKMM, a Ha OOJBIIUX PACCTOSHHUSAX CHJIBI TSATOTCHUS
yOBIBAIOT OBICTpEE, YeM KBaApaT pACCTOSHUSA. OJTO IO3BOJISAET
n30eKaTh TPABUTAIMOHHOTO MapaioKca, KOTOPBIA IMOTYJaeTCs, eCITH
CTpOro cieaoBaTh 3aKkoHy HploToHa.

2. /lunamuueckoe 6o030eiicmeue Ha Teno Haleramoiel cTpyeit
rasa — 10060Boe conpotuBienue (puc.7.3).

OTOT BHI BO3ACHCTBUS BCTpedaeTcsl IpH OOAyBe IUIaHET
3(UPHBIMH TTOTOKAMH B KOCMOCE U OKa3bIBAET CYIIECTBEHHO BIHSHHE
Ha ¢opmupoBanue ¢uryp miaHeT. Ha ypoBHe MHUKpomMHupa CHiIa
BO3JICHCTBHUS TMOTOKOB d(Hpa HA MHUKPOUYACTUIBI BECbMa Malla U €0
MPAKTHYECKU MOXKHO MPeHeOpedh M0 CPaBHEHUIO C CHIIAaMU OOKOBOTO
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BO3JICUCTBUA CTPYH, KOTOpBIE U ONPEICISIOT BCE OCHOBHBIC
B3aMMOJICHCTBUS YaCTULl MUKPOMUDA.
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Puc. 7.3. Jlo6oBoe BO3elicTBHE, OKA3bIBaeMOE HA TeJO CO CTOPOHBI MOTOKA
raza: P; — jmaBieHume rasa co cTOpoHBI HaOeraHus motoka; P, — maBneHue
rasa Co CTOPOHBI IPOTHUBOIMOJIOKHOW HaOCraHWIO MOTOKa, F\, — CHIa,

BO3JICHCTBYIOIIAs HA TEJIO MOTOKOM HAOETarolero rasa; c, — 6e3pa3MepHbIi
koddduIreHT, onpenensemMelii Gopmoit Tera, S — IUIOMANL MONEPSYHOTO CEYCHUS

Tena, p - INIOTHOCTH ra3a B HAberaroIieM MOTOKe; Vy — CKOPOCTh ITOTOKA

3. lunamuueckoe 6030eiicmeue Ha Te0 OOKOBOM CTpyeii rasa.

IIpn o0myBe TUIOCKOHM IUTACTHHBI CTpyeH rasza B HampaBlICHUH
BJIOJIb TUIOCKOCTH IUIACTHHBI BO3HHUKAIOT JIB€ CHJIBI — TPOJOJIbHAS
(BIONTE HAIpaBICHUS CTPYHM) W TONepedHas (Tomepek HampaBIICHUS
CTPYH).

IlepBast cocraBnstomasi, Kak HM3BECTHO, OIpPENENIeTCs 3aKOHOM
Herorona (puc. 7.4). DTa cocTaBisAoOmas CBA3aHA C BSI3KOCTHIO Ta3a,
MOTOK KOTOPOI'O0 TOPMO3MUTCA TIJIACTUHOM, B pe3ylibTaTe Yero u
BO3HHUKAET MPOJOJIbHAS CUTIA.

Bropast cocraBmsiromasi cBsfizaHa C TOH K€ BSI3KOCThIO rasa, B
pe3ynbTaTe Yero OKOJIO TUTACTHHBI BO3HHWKAET TPAaTUEHT CKOPOCTH
notoka rasa (puc. 7.5). OTO BBI3BIBAET CHIDKEHHE IaBIIEHUS Tas3a
OKOJIO TUIACTHHBI, U Pa3HOCTh JAaBJIECHUN ra3a ¢ NPOTHUBOIOJIOXKHOU
CTOPOHBI, TIe IBIKEHHE ra3a OTCYTCTBYET U TOH, KoTopas o0ayBaer-
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Puc. 7.4. IIpoucxoxaenne Npoao0IbHONH CHJIbI, BO3ACHCTBYIOIICH HA TEJI0 €O
CTOPOHBI OMBIBAKOLIEr0 NOTOKAa: Fy — cuia, AEHCTByIOIas B TNPOAOIBHOM
HAMpaBJICHUH CO CTOPOHBI MOTOKAa Tra3a, MAYyIOIIEro BAONb IUIACTHHBI; Vi —
OTHOCHTEJbHAsE CKOPOCTh ITOTOKA Ta3a, yObIBaoIas MpH MPHOJIMKEHUH K IUIACTHHE
Onarozapsi BA3KOCTH rasa; 7 — Kod((GHIUEHT THHAMUYECKOH BSI3KOCTH; S — IUIOIIAIh
TUIACTHHBI; gradyVy — rPaJMenT CKOPOCTH MOTOKA, 00,1yBalOIETO TIACTHHY
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Puc. 7.5. IlpomcxoxaeHHe MONEPEeYHOl CHJIBbI, BO3JeiicTBylOIIeld Ha
NMOBEPXHOCTH TeJa €O CTOPOHBI OMBIBAIOLIET0 TOTOKA: V, — OTHOCHUTEIIbHAsS
CKOpPOCTh IIOTOKA Ta3a, yOblBaioIlas NpH MPUOMIDKCHMH K IJIaCTHHE Ojaromaps
BSI3KOCTH Ta3a; Avy, — HU3MEHEHHE CKOPOCTHU IOTOKA OKOJO IJIACTUHBI; p — IIOTHOCTh
s¢upa; AP, — pa3sHOCTb NABIEHUMH, CO3JAIOMIAs CUILY, HONEPEYHYI0 OTHOCHTEIBHO
HAaIpaBJICHUs] MOTOKA M IIJIOCKOCTH IUIACTHHBI; 77 - KO3()(OHULIMEHT BHYTPEHHETO
TpeHUs Ta3a (AMHAMUYecKas BA3KOCTB), S — IUIOUIa b OBEPXHOCTH Tella CO CTOPOHBI
notoka; gradv, = dv,/dy — TpaqleHT CKOPOCTH CTPYH raza
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csl CTpyed rasa, co3maeT CHIIy, HalpPaBICHHYIO NEPIECHAUKYISIPHO
HaMpaBJICHUIO ABIKEHUS CTPYH, IPUYEM B HAIIPABJIEHUHU 3TOU CTPYH.
OTO sIBIEHUE U3BECTHO, B YACTHOCTH, KaK MPOSIBIEHUE CHIIBI Marnyca
U CBSI3aHO C NepepacnpencieHueM NOTEHUUATbHON U KHMHETHYECKOIl
9HEPTUH B CTpYE.

IIpu oOmyBe cTpyeil raza BpalIaloUIErocs IMIUHIpA MepBas
COCTABIISIIOIIASL CO3AAET HEKOTOPBIH TOPMO3SIIUN 3P ¢eKT, 00BIYHO
OTHOCUTEIIbHO HEOOJBIIONW, TEM HE MEHee, NPHUBOISIIIMKA B KOHIE
KOHIIOB K IIOTEpE PHEPTMM BpAIIEHHSA, a BTOpas COCTaBJISAIOMIAA K
TOSIBIIGHUIO CHUIIBI, JAEUCTBYIOIEH MONEpPEK HANpaBICHUsI CTPYH, —
cwia Marnyca (puc. 7.6).

'

a) 6)

Puc. 7.6. IlpomcxoskaeHue TMONEpPeYHOl CHJIBI, BoO3JeiicTByloIeld Ha
Bpalalouuiicss HUIHHIP CO CTOPOHBI OMBIBAIOLIEr0 MOTOKA: a — oOTeKaHWe
LWINHAPA TOTOKOM ras3a: 6 — BIopa AaBICHUH ra3a Ha ILMIUHAD; V, — CKOPOCTh
HOTOKa 3(Hpa OTHOCUTENHHO LEHTpA LWIMHAPA; Vy — CKOPOCTh IABM)KEHHSI CTCHKU
LITHHAPA; F — cuma, Bo3gmeiicTBylomas Ha LWIHHAP B HAIpPaBICHHH,
NEPHEHIUKYSIPHOM  HAIpaBICHUIO I10TOKa; AP — pa3sHOCTb [JaBICHUH Ha
HPOTHBOIOJIOXHBIX CTOPOHAX BpalllAlOLIerocs LMIMHAPA; P.— naBieHue 3¢dupa B
CBOOOJTHOM IIPOCTPAHCTBE
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O0e 3TH COCTaBIAIONIME MPUHUMAIOT HEMOCPEICTBEHHOE YYacTHE
B (OpMHUPOBaHHWU CTPYKTYpPhl AaTOMHBIX SJep U O00eCHeUYCeHUHU
CHWJIBHOTO SIIEPHOTO B3aUMOJCHCTBUS HYKJIOHOB B AaTOMHOM SITIPE.

[Ipu BpameHN# B Ta30BOH Cpejie BYX MapalIeIbHO PACIIONIOKEH-
HBIX [WIAHIPOB MEXIy HUMH BO3HHKAET CHJIOBOE B3aMMOJEHCTBUE,
Ilpu >TOM B3aMMOJCHCTBHE MWIMHIAPOB OYIET ONPEACTATHCA HX
HaNpaBJIeHUSIMH BPAIllEHUs] OTHOCUTENBHO IpyT npyra (puc. 26). Ecmu
MEXIy IIFUIMHAPAMH TPOBECTH IUIOCKOCTH CHMMETPHH, TO JIETKO
BHUJIETh, YTO IUJIUHAPHI CBOMM BpAIICHUEM JIOJDKHBEI 3arOHSTH Ta3 U3
CBOOOJIHOTO MPOCTPAHCTBA B O0JIACTh MEXK/Y MOBEPXHOCTHIO IUIHH-
JIpa ¥ 3TOH ITOCKOCTHIO. YUUTHIBAsA, YTO Ta3 00J1a/1aeT TNIOTHOCTHIO H,
CJIeI0BaTeIbHO, WHEPIIMOHHOCTBIO, JUISI TOTO YTOOBI OH JBUTAJICS
YCKOPEHHO B 3TOM IMPOMEKYTKE, €ro HYy>XKHO CXaTh. JTO MPUBEAET K
TOMY, YTO IUIOTHOCTh Ta3a B IPOMEXKYTKE MEXIy IWINHAPOM W
TUTIOCKOCTBIO CHMMETPHUH OKa)KETCS BBIIIE TUIOTHOCTH ra3a B CBOOO-
HOM TIPOCTPAHCTBE, 3TO MOBLICUT €T0 TeMIIepaTypy U JaBJICHHE.

Ecnu mununapsl BpaimaroTcs B MPOTHUBOMOJIOKHBIE CTOPOHBI, TO
OHM BMECTe 3aIyBalOT ra3 B TPOCTPAHCTBO Mexny umu. [a3
VIUIOTHSIETCS, JAaBJICHHE B HEM IIOBBIMIACTCSA, W HA IHIHHAPEI
HaYMHAeT ACHCTBOBATh pacTalKuBaromias ux cuia (puc. 7.7a). Eciu
YK€ MUIHHIPHI BPAIIAIOTCS B OJHY CTOPOHY, TO OHH TaK K€ 3arOHSIOT
ra3 B MPOCTPAHCTBO MEXIYy HHUMH, HO TYyT YK€ BO3HUKAET TPAJHEHT
CKOpOCTH, OJlarojapss KOTOPOMY [aBJICHHUE MEXJy UWIHMHIPAMU
YMEHBIIAETCA, W [HIMHAPHl HCIBITHIBAIOT CHIIBL, KOTOPBIE HX
commkator (puc. 776). B 3TOM OCHOBa CHIBHBIX SIIEPHBIX H
3JIEKTPOMArHUTHBIX B3aUMOJEHCTBUI HYKJIOHOB.

Hanuume cocraBmsomed Cuibl B3aUMOACHCTBUS HYKJIOHOB,
JIEHCTBYIOMIEH BAOJIh IOBEPXHOCTH, 3aCTABIISIET UX 3aHUMATh MECTO B
AIpax aTOMOB TI0 MIPUHLIMITY HanOoJiee TUIOTHOH yrnakoBku. Haubonee
MPOCTO YBUAECTh 3TOT MIPOLECC HA MpPUMEpPE TPEX BPALIAIOLIUXCS
WIMHAPOB, HAXOASIIUXCA B OOmIed ra3oBod cpene BOMW3U JAPYT
npyra (puc. 7.8).

Ecmu Tpu mapaiienbHO pacloiOKEHHBIX HUIWHApPA (JTMHEHHBIX
BUXps1) BPAIIAIOTCS B OJTHOM U TOM K€ HaIlPaBJIEHUH, TO MEXIY HUMHU
BO3HHKAET TpaaWeHT CKOPOCTH Tra3a, NaBIeHHWE B JTOW oOmacTu
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MajgaeT, U BHEIIHEE AABICHUE ra3a MPWKUMAET UX APYr K JpYyry.
Hanu4re mpoTHBONONOXHO HAIPaBICHHBIX MOTOKOB 3(Hpa B 3TOU
00JacTh 3acTaBiisieT U300paKCHHBIM HA PUCYHKE BEPXHUU IIMIIMHAP
CMEINAaThCS IO TeX MOp, MOKa OH HE MOMNajieT B yIayOleHne Mexay
HIDKHAMH IFJIMHAPAMHA. DTO W COOTBETCTBYET NPWHIUITY Hamboiree
TJIOTHOM YMaKOBKM IMJIMHIPOB, TJE BEPXHHUHA ITMIIMHIP OKA3BIBACTCS
yAep>KUBaeMbIi B 3TOM MECTe 30HAMH ITOHIKEHHOTO JaBIeHUs dpupa
MeXTy HUM 1 000OMMH HIDKHUMH IUIHHApPaMHU. To ke TIPOUCXOIUT U
B aTOMHBIX SIAPax C HyKJIOHAMHU.

a) 0)

Puc. 7.7. BzaumopeiictBue AByX HIUJIHHAPHYECKHX ra30BbIX BUXPeIi:
a — BPAILAIOINXCS B IPOTUBOIIOIOXKHBIX HAIIPABICHUAX; O — BPAILAIOIIMXCS B OJTHOM
HaIpaBJICHUH

Hannuue cocraBmustomet cuibl, JEHCTBYIOMIEH NepEHIUKYISIPHO
MMOBEPXHOCTH HYKJIOHOB, MEXaHU3M KOTOpOW IMOKa3aH Ha puc. 7.5,
3acTaBIsIeT MWIMHAPHL (a B siApe — HYKJIOHBI) MPHXUMATBCS APYT K
IPYTY, 3TO U €CTh CHIIBHOE SJIEPHOE B3aNMOJICHCTBHUE.
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Puc. 7.8. BzaumogeiicTBie Tpex BpalaloIuxcsl IUJIHHAPOB

Ecim nBa mpoTOHa COEIMHUTH AHTHUIIAPAIUIEIBHO, TO €CTh TaK,
YTOOBl TMOTOKM 3(Hpa Ha MX MOBEPXHOCTAX  HANPABISUIUCh B

IIPOTUBOIIOJIOKHBIE CTOPOHBI, u CcOMM3UTP WX Ha TOJIIMHY
IPaAUEHTHOrO IOTPaHUYHOro cios (anst Mukpouactuny — Ha 0,1
®epmu = 107'° M), To Gnaromaps OdYeHb BHICOKOMY TPAJHEHTY

CKOpOCTE€l BO3HUKHYT CHJIBI, YAEP)KUBAIOLIUE 3TH TOPOUABI APYT
OTHOCUTENBHO Ipyra. Pacder moka3piBaeT, YTO CKOPOCThH IBUIKECHUS
3¢pupa B CTEHKE IIPOTOHA — BHUHTOBOTO BHUXPEBOI'O TOPOUAA
cocraBimser 2.10*' M/c, MO3TOMy 3HAYEHHE TPAIMEHTAa CKOPOCTEH
odeHb BeiHKo, mopsiaka 2.10° m/c-m. TIpu 5TOM MeX/Iy HyKIOHAMH
BO3HMKAIOT [BE CHJIBI, OJlHA KacaTesbHas, AEHCTBYIOIAs BIOIb HX
MOBEPXHOCTH, 3aCTaBJISIOIIAs HYKJIOHBI IIEpeMeNaThCsl OTHOCUTEIHHO
IOpyT Apyra, a BTopas HOpMalibHasl, MPWKUMAIONIas HYKJIOHBI APYT K
Ipyry W HE Jaroliasi UM OTopBaTbesl Apyr oT npyra. llepmas cuna B
OHUX CIydYasx 3acTaBlIieT HYKJIOHbI BpAIIaThCi OTHOCHUTEIHHO
oOmeil ocu, BTOpas BOCIPUHUMAETCS Kak INPHUYMHA CHIBHOTO
anepHoro B3auMozeiictus. [Ipupona obenx cuit ogHa U Ta e — 3TO
BSI3KOCTH d(Hpa.

IIpu sToM 3¢up, HAXOAANIUIICS B MOTPAHUYHOM MEXHYKIOHHOM
CJIOE OKa3bIBACTCSl HECYIIECTBEHHO CKaT, YTO TOXKE COOTBETCTBYET
(hHU3MKe SIBICHU.
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8. CunbHoe si0epHoe u asleKmpomMa2HUMmMHoe
e3aumodelicmeusi MUKpoyacmuy,

CuiipHOE SepHOE M AIEKTPOMArHUTHOE B3aMMOICHCTBHSA
MHUKpPOYACTHIL — 3TO Pa3Hble PyHIaMEHTaIbHbIE B3aUMOICHCTBHUS
Obweuszsecmnast (huzuyeckas UCmMuHa

Ha ocHOBaHMHM H3II0KEHHOTO MOKET OBITh PACCMOTPEH MEXaHU3M
B3aUMOJCHUCTBHSI MUKPOYACTHILI.

Kak yxe ynoMumHamoch, €IMHCTBEHHBIM BHJOM [IBIDKEHHS TIasa,
CIIOCOOHBIM yNiepKaTh YIUNIOTHEHHBIN Ta3 B JIOKAJIM30BaHHOM 00beMe,
ABJISIETCS] TOPOUJANBHBIN BUXph. Ha 3TOM OCHOBaHMHM MOXKHO CUHTATB,
YTO BCE YCTOMUYMBBIC MUKPOYACTHIBI BEIIECTBA — MIPOTOH, HEMTPOH U
AJIEKTPOH SIBIISIOTCS TOPOUIATBHBIMHA BUXPSAMH YIUIOTHEHHOTO 3(upa.
CoOcTBeHHO, IMEHHO Onaroiaps TOpOMIAIBLHOMY IBHKEHHUIO d(upa
OHU U CYIIIECTBYIOT.

Hapsimy ¢ TopoumaibHBIM, MHUKPOYAaCTHLBI OOJAalOT U
KOJIBLIEBBIM JBM)KEHHEM, MEHEE YCTOMUMBBIM, Ye€M TOPOHUAAIBHOE.
COBOKYMHOCTh TOPOMAAIBHOTO M KOJBLEBOTO [BIDKEHHE €CTh
BUHTOBOE JBIKeHHe. lloaToMy BOKpyr mr000H MHMKpPOYacTHUIIBI
3(upHBIE MTOTOKH JBIXKYTCS BAHTOOOPAa3HO.

[TpuHIMIUATEHO, CKOPOCTH TOPOHIAIBHOTO ABWKEHUS 3(dupa OT
LEHTPa MUKPOYACTHIIbl YOBIBAET IPONOPLHOHATIBHO KyOy paccTOSHUS
(KONBIIEBOTO — MPOTIOPLMOHATIEHO KBajpaTy paccTosHus). Ho BOmu3n
CTEHKH HYKJIOHAa 3aKOH 3TOT MEHSETCS, M OKOJO CTEHKH I'paJHEHT
pesko HapactaeT (puc. 8.1). [losromy pnns BTOpOil dYacTHIIHL,
HaXOJsIIeicss BOIM3W MEepBOH, HAa CTOpOHE, OOpaIIeHHON K TEepBOM
yacTule, OyJeT rpaJueHT CKOPOCTH BecbMa OOJIbIION, Ha CTOPOHE K€
NPOTHBOIIOJIOKHOH TPaJueHT CKOPOCTH Maj, MaJeHUE [aBICHUS
s¢upa MexAy HYKIOHAMH 3HAYUTEIbHOE, Ha IPOTHBOIOIOKHON
CTOPOHE OTHOCHTENHHO HEOOJBIOE, Pa3HOCTh NaBICHUNA NPIKMET
HYKJIOHBI JpyT K JIpyry. B 3ToM 3akitouyaercd CyIIHOCTb CHUJIBHOTO
AEpHOT0 B3aMMOIEHCTBUSI.
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Puc. 8.1. BzaumopeiicTBue yacTull BelecTBa Yepe3 rpagneHThbl AaBJIeHHIi:
a — B ciydae OJIM3KOro KOHTaKTa (CHIBHOE SIEPHOE B3aNMOJCHCTBHE); O — B CITydae
JUCTaHLIUOHHOI'O (JIEKTPOMAarHUTHOI'0) B3aUMOeiCTBUS

OKCIEPUMEHTAIBHO MTOYYCHHBIC SHEPTUH SIIEPHBIX B3aUMOJACHCT-
BUIl B 3aBUCHMOCTH OT PAacCTOSIHUS MEKAY HyKJIOHaMHU IIPUBEAEHBI Ha
puc. 8.2. Kak BuaHO, IpU aHTUNAPAJUIETBHBIX CIIMHAX OTPHUIIATeNbHAs
SHEPrUs NPOTOH-IPOTOHHOTO B3aHMMOJIEHCTBUS MEHbIIIE, YeM MPOTOH-
HEUTPOHHOT0. DTO JIETKO OOBACHIETCS TEM, UYTO KOJIbLIEBBIE JIBIDKE-
HUS y JIBYX B3aUMOJIEHCTBYIOUINX NMPOTOHOB MPH TaKOM B3aMMOJEH-
CTBHHU OKa3bIBAIOTCS B MEXKHYKIIOHHOM MPOMEXYTKE HAPABICHHBIMH
B OJJHY CTOPOHY, YTO YMEHbIIAET OOIINI IrPaAUeHT CKOPOCTH 3upa.

Ecnu xe HyKJIOHBI HaXOJATCS Ha PACCTOSHUSX, MPEBBIIIAIOIINX
3HaYeHUE MOTPAaHUYHOTO CIOS, T. €. OONBIIUX, YeM MAECSATHIC AONU
®epmu, (10 = 10" M), TO PasHOCTh IPaIMEHTOB TOPOMIATBHBIX
CKOpPOCTeH YMEHBLIAETCSI W BO3PAcCTae€T 3HA4YCHUE IPAJUCHTOB
KOJIBLIEBBIX CKOpocTel. Ha moBEepXHOCTSIX HYKJIOHOB, OOpaIleHHBIX
JIpyr K Jpyry, HOTOKM KOJIBLEBBIX CKOpPOCTEH COBMAJalOT, 3/1€ECh
IPafiveHT KOJIBLEBBIX CKOPOCTEH OTCYTCTIBYeT M IaBiieHHE 3(dupa
BEJINKO, Ha MPOTHBOIOIOXKHBIX CTOPOHAX TMOTOKU 3(pHpa OT 000X
HYKJIOHOB OKa3bIBalOTCS IPOTUBOIIOJIOKHBIMH, 31€Ch AaBJIeHUE dhupa
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MOHWKEHO. HyKIIOHBI OTTAJIKHBAIOTCA B COOTBETCTBHH C 3aKOHOM
Kymona (puc. 8.3).

EM>3B

) \ P-p //

A

-2 N

-3

0 05 1,0 r 10 wm

Puc. 8.2. 3aBHCHMOCTH DJHEPrUHM B3aUMOJAEHCTBHS MeEXKIy HYKJIOHAMM
(IPOTOH-NPOTOHHOE M NPOTOH-HEHTPOHHOE B3aUMOJEHCTBHS) OT PACCTOSIHUSA
MKy HHMM IPH aHTHNAPAJLIEIBHBIX CHITHAX
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Puc. 8.3. DuiekTpuueckoe B3auMOJeHCTBHE JIBYX MHKPOYACTHI MpPH

AHTHUNIAPpA/VICJIbHOM HAaNMpPaBJE€HUU TOPOUAAJBHOr0 [JBHKEHHMSA: a — T1pHUu
MPOTHUBOIIOJIOKHBIX 3HAKaX BHUHTOBOT'O JBUKCHMUS;] 6 — IIp OAMHAKOBBLIX 3HAKax
BHUHTOBOI'O JIBWXXCHUS (3HaKaMI/I « + » U « — » OTMEYEHO HaIpaBJICHUC

TOPOHMIAJIBHOTO JIBHKEHHMs d(hHpa 10 neprudepurt MUKpOIaCTHIY)

Ilpy  coemuHeHMM  TPOTOHOB  BO3HHMKAET  CYIIECTBCHHOE
OCIIOKHEHHUE: TIPH JIF000I B3aUMHOW OpUEHTAIMU MTPOTOHOB OJHO M3
IBIDKEHWH, JmOO0  TOpowWmaabHOE, JMOO  KOJBIEBOE, OyIeT
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OpUEHTHPOBAHO TMapajuIeIbHO B TIOTPAHUYHOM CJIOE: 3TO CO31acT
I/I36I)ITO‘IHOG JaBJICHUEC B MCKHYKJIIOHHOM IIPOMEKYTKE, U MPOTOHBI
pasnersarca. OgHaKO TOPOMIATIBHOE IBMXKEHHUE BBI3BAHO TEM, UYTO
3¢up BBIAYBaETCS CKBO3b OTBEPCTHE HYKJIOHA, KOTOPEIM paboTaeT Kak
Hacoc, JTO JBWXKeHUE YycroilunBo. KonbleBoe XKe [BHKECHHUE
MOJIZICP)KUBACTCSA TOJNBKO 3a CUET BA3KOCTU 3(Hpa B MOTPaHUIHOM
CJIO€ Ha TIOBEPXHOCTH HYKJOHA. [Ipu 3TOM C yBenmndeHuem rpajneHTa
CKOPOCTH BA3KOCTb YMEHBIIAETCA, M 3TO JIBUKEHHE MEHEe YCTONIHBO.
IloaToMy Ha MalbIX PAacCTOSIHUSAX HYKJIOHOB Jpyr OT JpyTa,
COOTBETCTBYIOIIUX  CHUJIBHOMY  SIIGPHOMY  B3aMMOJCHCTBHUIO,
OTIPEICTISIONINM SIBIISIETCS TOPOHUIATBHOE IBUKCHHE.

IIpu 3TOM, €ciu y 0IHOTO U3 IPOTOHOB 00PA30BAJICs IPaTUCHTHBIH
MOTPAaHUYHBIN CIIOM, TO BO3HUKAET ONTUMAILHBIA BapUAHT: TOPOUAA-
JbHBIE TIOTOKH ABYX IMPOTOHOB aHTHIIAPAIIENBHBL, a KOJIBIEBOE JABH-
JKEHHE, BBIXOJAIIEe BO BHE, WMEETCS TOJNBKO Yy OIHOTO W3 HUX,
IMO3TOMY OTTAJKMBaHHWA HYKJIOHOB HCT. KOHC‘IHO, I’paIlI/IeHTHHﬁ
MOTPAaHUYHBIA CJIONH BO3HUKAET HE IOTOMY, YTO OH MOJE3€H MJiA
yaepKaHusT HYKIOHOB Jpyr okojo japyra. IIpocto stor cioi
BO3HUKaeT Onarojaps MOBBIIIEHHOMY TpaJueHTy CKOPOCTeH mpu
AHTUTNIAPAIUICIIBHON ~ OPHEHTAllUd TOPOUJANBHBIX  JIBHKCHUH B
HYKJIOHaX. A aHTHIApaJUIeTbHOE COEJAMHEHUE IIONTydaeTcsl TOXe
ABTOMAaTHYECKH — HYKJIOHBI BBIHY)KJIEHBI OPHEHTHPOBATHCS UMEHHO
TakuM oOpa3oM, W00 AaBIeHHUS B 3QUpE HAa MOBEPXHOCTH HYKIOHOB
TaKOBBI, YTO HYKIOHBI BBIHYXXIEHBl TIOJI WX BO3JeHCTBHEM
Pa3BEepHYTHCS aHTUTIAPAIIIETHHO.

9. Cmpykmypa amoMHbIX s10ep U amomMoe

CBolicTBa OOBEKTOB OIPEEIIOTCA UX COCTAaBOM U CTPOCHUEM
A.M.Bymnepos

[IpucoeanHenne HyKIOHOB IPYT K APYry HPOUCXOAUT OOKOBBIMHU
cTeHkamu. Ecnu Obl COOTHOIIEHHE pa3MepOB KaXKIOro HYKJIOHA ObUIO
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WHBIM, HalpuMep, eclid Obl MPOTOHBI MPEICTABISUIN CO0,0i TOHKHUE
KOJIbI[A, TO MOXHO OBUIO OBl OXHIAaTh, YTO OHM JISITYT OAMH Ha
JOpYyToi, COeIUHSSACH TopuaMu. Ho mpu TOM COOTHOLIEHWH, KOTOPOE
XapakTepHO U1 COPMUPOBAHHBIX TOPOHMIAIBHBIX Ta30BBIX BUXPEH,
MHUHHUMAJIbHON SHEPTUM COCIMHEHUS (SHEPIHus COCIUHEHHs OTpuLaTe-
JIbHA) COOTBETCTBYET TOJIBKO COSIMHEHNE HYKIOHOB OOKOBBIMU CTECH-
KaMH. A KOrJla OHM TaK COeIMHHIIMCH, TO OHH Ie(OpPMUPYIOTCS BHE-
IIHUM JaBjeHueM 3¢upa, eme Ooiblie NPHUILIIOCHYBIINUCH APYT K
IOpyTy: BeAb JaBlieHHE 3(upa B MOTPAaHUYHOM CIIO€ MOHMKEHO U
BBIPABHUBAETCS TOJILKO OJlaroapsi MOBBILIEHHON MJIOTHOCTU 3(upa B
HeM. [lodywaercss KOHCTpyKUuS, TMOXOKasi Ha JBa BO3IYIIHBIX
HIapyuKa, MPUXKATHIX APYT K IPYyTy, TPHUEM OKa3aJoch, 4TO dGUp B
MOTPAHUYHOM CJI0€ MEXAY HYKJIOHaMM YIJIOTHEH Bcero B 16-20 pa3
(puc. 9.1a). Tak obpasyercs qeUTPOH — AAPO aToma JieHTepus.

ITpucoeanHeHue MOCICIYIOUIMX HYKJIOHOB IPOUCXOIUT aHAJIOTHY-
HO (puc. 9.16 u 8). OgHaKO, KOT/Ia COSTUHSIIOTCS YeThIpe HYKJIOHA, TO
NOSIBISIETCS. HOBAsl CUTYalMsl: YeThIpe HYKJIOHa 0Opa3yloT KoJjblie-
BYIO CTPYKTYpY, KOI'Zla IO UX Hepudepuy MpOXOAUT OOLIMH MOTOK
a¢upa, a BHYTPEHHUH TOTOK, IBWXYIIUICS B TPOTHUBOIIOJIOKHYIO
CTOPOHY, TOKE CTAaHOBHUTCS 00IuM (puc. 9.12). 3a cueT 3TOro SHEprust
CBSI3W PE3KO YBEIMYMBAETCS M 0OpasyeTrcs ycToiumBas anbga-
yactuna. B pesynprare nedopmainuu 4eTsipe HyKIOHa B COCTaBe
anb(a-yacTUBl NPYOKAMAIOTCS APYT K APYry, oOIias MOBEPXHOCTh
CTaHOBWTCSI BBIITYKJIOW, MOXOXEH Ha Imap, W OHEPrusl CBs3eil
HOCHEAYIOMNX IPUCOESIUHEHUH OTHEIbHBIX HYKJIOHOB CTaHOBMTCS
HE3HAYNTEIHHOU, €CITU TOJBKO OHU CaMH HE 00pa3yloT KaKUX-THOO
3aBEPIUCHHBIX CTPYKTYp THIIA, HapuUMep, ACHTPOHA MU TaKHUX KE
anbda-gacrur (puc. 9.10).

Otcroma cpasy k€ BHIHO, YTO DHEPTUU CBSI3€il MpHCOeNnHEHUS
YeTHBIX HYKIOHOB JOJDKHBI OBITH OONbIIe, YeM HEYETHBIX, IO
KpaliHel Mepe, B JIETKUX sIpax.
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A, KpoMe TOro, U 3TO CyIIECTBEHHO, BCE BOOOIIE CTPYKTYPHI siAEp
CIIelyeT  pacCMaTpuBaTh COCTOSIIMMH M3  ajb(a-dacTui U
JOTIOJHUTENIFHO IMPUCOCAMHEHHBIX K HUM HYKJIOHOB. Torma Jierko
NOJIYy4aloT OOBSCHEHHE CTPYKTYpbl fOep C Tak Ha3blBae-MbIMH
Marg4ecKUMHM 4YHCIaMH  HEWTPOHOB, Yy KOTOPBIX 3HEPrus CBs3eil
ocob0  Oosblras. [IpaBna, aHAJIM3 JHEePruil  M30TOIOB C
Maru4ecKUMH YHCIaMu HEWTPOHOB MOKA3bIBAET, YTO YACTh U3 HUX HE
MMEET TOBBIIICHHBIX 3HAYCHUH 3Hepruil cBs3u. Ho 310 3HaumT, 4TO B
TaKUX s/Ipax aub(a-4acTHIbl He 00pa3yoTCs.

OnopHBIMH CTPYKTYpaMH Ui aTOMHBIX SII€p BCEX H30TOIOB
SIBIISIIOTCS SiIpa C YMCIIaMi HEUTpoHOB (puc. 9.2 — 9.4):

2 -remuit (1 anpda-yactuna);

8 - kucmopon (4 anb(ha-yacTHIIbI);

20 - kampruit (10 anbda-yactum);

28 - aukens (14 ampda-gactun);

50 - pyrernii (22 anbda-gactuns! + 10 HEHTPOHOB);
82 - ragonuuunii (32 anbga-yactunsl + 18 HEUTPOHOB);
126 - Topuii (45 anpda-gactuir + 36 HEUTPOHOB).

B mocnemHux Tpex ciaydasx K COOCTBEHHO MCXOIHOM CTPYKType
siIpa MPeAbIAYIIEero psaa Jo0aBIsAIOTCA Kak ainb(a-4acTHLBl, Tak H
OTIENbHbIE HYKJIOHBI, KOTOPbIC, BUANMO, YCTAaHABIMBAIOTCS B ILENAX
Mexny anbda-gactunamu. [loaroMy obmiee YMCIIO HOMOIHUTEIBHBIX
HYKJIIOHOB YBEIMYHMBaeTCi C YyBEJIMYEHWEM AaTOMHOIO  sjpa:
MOBEPXHOCTh YBEJIMUUBACTCS U IIeJIeld CTAaHOBUTCS OOJIbIIE.

16

Puc. 9.2. Crpykrypa siapa O
8
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Puc. 9.4. Crpykrypa szpa Ru

Yuer nmedopmarii HYKIOHOB TIO3BOJIIET HECIOXHO OOBSCHUTH
yepe/oBaHWE YPOBHEW OHEPruil NPUCOCNMHEHUS KaXJ0ro U3
NOCIEAYIONIUX HYKIOHOB: W3BECTHO, YTO €CJIH IMPHCOCIHUHEHHE K
AOpy elle OJHOrO HYKJIOHa JaeT HEKOTOpYI NpHOaBKY SHEpruu
CBSI3W, TO MPHUCOEAMHEHHUE €Ie OJHOTO — TOXKEe NAeT MpHOaBKy, HO
MEHBIIYIO, CIENyIONmETO — eme TnpubaBKy, OOJBIIYI0, YEM
MpeabIay1as, HO MEHBIIYI0, 4YeM nepBas U T. A. (puc. 9.5).

Puc. 9.5. K 00bsICHEHHIO NEPHOAMYHOCTH NPHPAIEHHS SHEPruH  CcBs3eid
HYKJOHOB  NpPU HAPAUIMBAHHM YHCJIA HYKJIOHOB B si/Ipe: YCTaHOBKa Ha
TIOBEPXHOCTH sijpa OIHOTO (a), ABYX (6), Tpex (6) ¥ 4eThIpex (2) HyKJIOHOB.
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Ecimm Ha TOBEpXHOCTPH si/ipa CTAHOBUTCS OIWMH JIOTIOJTHUTENBHBIH
HYKJIOH, TO y Hero OyJeT OJHa IOBEPXHOCTb COENWHEHHS C 3TUM
sapoM. [IpucoenauHeHne BTOPOrO HYKIOHAa TpUOABIIIECT JIBE
MMOBEPXHOCTH — MEXy HOBHIM HYKJIOHOM H ITOBEPXHOCTBIO fifpa W
MPEIBIIYIIAM HYKJIOHOM, 3HA4UT, OOImas 3HEPTHUs COCIMHEHUN
Oymer Oomblie, YeM B TMpeaplaylieM ciydae. l[IpucoenuHenue
TPEThEro HyKJIOHA TOXKE JacT JoOaBIICHUE IBYX IMMOBEPXHOCTEH, HO Ha
0ojiee BBIMYKIIBIE TMOBEPXHOCTH TPEABIAYIINX OBYX HYKIIOHOB,
neOpMHUPOBAHHBIX 3a CYET MX B3aMMHOI CBA3M, 3HAYMUT MIpuOaBKa
9HEpPTUU CBsi3eil OyleT MeHblle. A TPUCOSAWHEHHE YETBEPTOTrO
HYKJIOHa JaeT HOBYIO anb(a-dacTuily, © TmpubaBKa B JHEPTUHU
CBA3E€l CHOBa BO3pacTaeT, XOTA  H3-3a BCE BO3pacCTaOIIEH
BBINMTYKJIOCTH HYKJIOHOB 3Ta J00aBKa 1 HE OYET YK CTOJb BEIHKA.

HefiTpoHbl He BBIYBAIOT 3aKpYYE€HHBIX CTPYH 3(upa, MOCKOIbKY
BOKPYT HHUX 00pa3oBayiCsl MOTPAHUYHBIN CIIOW, TacAIIuil KOJBIIEBOE
newkenue. [lporoHel ke BbiAyBaloT. [loatomy crpyn 3dwupa
HEHUTPOHOB BOCIPUHUMAIOTCSI TOJIBKO KaK MAarHUTHOE IOJIe, a CTPYH
3(upa MPOTOHOB — KaK MAarHUTHOE U 3JIEKTPHUIECKOE TTOJIE.

ITotoku a¢upa, oOpasyroe MarHUTHOE U 3JIEKTPUUECKOe IIO0JIe,
HE SBJISIOTCS TOTOKaMH 3(upa, 00pa3youX Tejaa HyKJIOHOB, 3TO TaK
Ha3bIBaeMbIe MPHCOEIWHEHHBIE IOTOKM BHEIIHEH cpenpl. OTUM
MOTOKAaM HE yJaeTcsl 3aMKHYThCS 4Yepe3 OTBEpCTHE B IPOTOHAX:
OTBEPCTUA B IICHTPAX MPOTOHOB MaJibl. [103TOMY OHH 3aMBIKAIOTCS BO
BHE, o0pa3ys cHCTeMy TpPHCOEIWHEHHBIX BHUXped ddupa —
3JIEKTPOHHYIO 000JIOYKY BCETO aTOMa.

B wu3maraemoil KOHCTPYKIIMM aToMa HE BO3HHKAET IPOOJIEMBI
YCTOMYMBOCTH 3JEKTPOHOB Ha OpOHWTE: 31eCh HET OpOUT W HET
AIIEKTPOHOB, a €CTh Cpa3y BCS DIIEKTPOHHAS 00OJOYKa, TOATOMY HE
BO3HMKaeT W HHUKAKUX MapagokcoB. IleproAWYHOCTh H3MEHEHUs
00BbEMOB aTOMOB TIPY YBEJIHMYEHUH aTOMHOTO Beca 3[eCh OOBSICHACTCS
MEPUOANIHOCTHIO U3MEHEHHS COOTHOIIIEHUSI CKOPOCTH U JaBIICHUN B
MPUCOETNHEHHBIX BUXPSAX: C YMEHBIIEHHEM TEJIECHOTO yTria s
KaXX/J0T0 BHUXpA CKOPOCTh IMOTOKAa B HEM BO3pacTaeT, a JaBlICHHE
najaeT, W BHEIIHEE [aBJICHHE CXKUMAeT BUXPh JSJIEKTPOHHOH
obomoukn. Ho ecnmm cuMMerpus CTPYKTypsl HapylleHa, TO BUXPhb
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BBIPBIBACTCSL HAPYKy B CBOOOZAHOE MPOCTPAHCTBO, U €r0 00bEM BHOBb
BO3pacTaer.

CrnenyeT OTMETUTh, YTO BCE KBAHTOBBIE COOTHOILIEHUS BBIBOJSATCS
U3 MEXaHUKU PEAJbHOI0 CKMMAaeMOro rasa, Ha 4TO O CHX IOp He
oOpamanocs BHUMaHus. ClienyeT OTMETHTh TakXe, YTO ypaBHEHHUE
IIpenuHrepa, ONMCHIBAIOIIEE SHEPTETUYECKUE COOTHOIIIEHHUS B aTOME,
OMHUCHIBAIOT TOYHO TaK JK€ M ODHEPreTHYECKHE COOTHOILCHHS B
IPUCOEAVHECHHBIX BUXpAX. OIHAKO IpHU 3TOM BOJHOBAs (YHKLUS
(ncu-¢pyHKIMA) NpHOOpeTaeT MPOCTOE  TOJIKOBAaHUE:  KBajpar
aAMIUTUTYAbl OKa3bIBAeTCS PAaBHBIM MAacCOBOW IUIOTHOCTH 3¢Hpa B
BUXpe. 3Has 3Ty (YHKLHUIO, HECIOXKHO IIOCTPOUTH BUXPEBYIO MOZECTbH
m000ro aTromMa WM MOJEKYJbI, TaK Kak ee DJKCTpeMyMaMm
COOTBETCTBYIOT LUEHTPHl NPUCOEAWHEHHBIX BUXpEH, HYJIEBBIM
3HAYEHUSIM — PAaHULbl BUXPEH, a KBaJgpaTy aMIUIUTYAbl — MaccoBas
TJIOTHOCTH 3(Hpa B BUXPsX (puc. 9.6).

0 r 0 r

a) 6) 8) 2)

Puc. 9.6. AtoM Bo10poa B pa3IUYHbIX COCTOSTHUSIX
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Puc. 9.7. CTpykTypa aToma rejius

Buo A

Puc. 9.8. Crpykrypa atoma JiuTus

10. PaduoakmueHocmb amoMHbIX sidep

Marepust MOJKET TUCCOLMAPOBATHCS 10| BIUSHAEM PA3HbBIX IIPUIHH.
Tycmag Jlebon

PanuoakTUBHOCT  aTOMHBIX  sI€p — HU3Iy4YEHHE  sAIpamMu
BBICOKOYACTOTHBIX 3JIEKTPOMArHUTHBIX KOJeOAaHWH PEHTI€HOBCKOTO
CIEKTpa U 3JIEKTPOHOB ([-U3y4YeHne) CBsA3aHa ¢ MPOXOKACHHUEM BOJIH
IO MMOBEPXHOCTH HYKJIOHOB — IIPOTOHOB M HEMTPOHOB B siApax aTOMOB.
OTH BOJHBI MOTYT TOSIBUTECS B pe3yJIbTaTe yIapoB sAep YacTHUIIAMH,
IMPWIECTEBIIUMU H3BHE, a MOTYT IOSBUTHCA CaMOIIPOU3BOJIBHO B
pesyibTaTe camMoBO30ykaeHus sapa. [locnenHee mpoucxomuT TONBKO
B sIpax TSDKEIBIX JJIEMEHTOB. B 3TOM ciy4yae NpOMCXOIUT Tak
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Ha3bIBaeMbIil anb(a-paciaj, Ipu KOTOPOM M3 siApa BRUIETAIOT anb(da-
YacTULBl — fAJpa TeNus, COCTOSIIHME W3 JIByX IPOTOHOB MU JBYX
HelTpoHoB. [Ipu anbda-pacnane 3apsng sapa yMEHbLIaeTCS Ha JBE
€IMHUIIBI, 3 aTOMHBIN Bec — Ha YEeThIpe, HalpuUMep,

220 216 4
Ra— Rn + He
88 86 2

BonHbI, poxoasiue Mo MOBEPXHOCTH W B TIIyOWHE HYKIIOHOB,
BO30YXKIAI0T B OKPYXKAKOIIEM dPUpe KOJIeOaHUs — SJICKTPOMAarHuTHHIC
BOJIHBI BBICOKOM 4YacTOTBI MOPSAKa 10'%-10% T'n (ramMmma-u3myueHue).
Takast BBICOKas 4acTOTa W3Iy4YeHHs] OOBACHSIETCS HCKIFOUYHUTEITHHO
BBICOKOM MAacCOBOH IUIOTHOCTBIO HYKJIOHOB B sApe, OOJBITION
YOPYTOCTBIO TEJ HYKJIOHOB M, XOTSA YU MEHBIICH, HO BCE KE BBICOKOU
YOPYTOCTRIO CBsI3ed HYKIOHOB MeXIy coOod. Pa30poc wgacTor
CBUETEIBCTBYET O pa3HbIX HMCTOYHHWKAaX KojeOaHWi — BOJHAX,
MPOXOSIIUX 1O MOBEPXHOCTH Sjpa, M BOJHAX, 3apOXKIAMOIIUXCS B
ryoune spapa. [locnepHue HOCAT HE TOJNBKO TONEPEYHBIA, HO U
MIPOAOJBHEIN XapakTep, TO3TOMY UX YacTOTa BHIIIE.

Ha wusnyueHue 3aTpayuBaceTCs JHEPIUs, IMO3TOMY C TCUCHHEM
BPEMEHHU 3TH KoJieOaHus 3aryxawT. Ho mporecc 3aTyxaHus IpOXOJUT
OUYeHb MENJICHHO, MOTOMY 4YTO MaccoBas IUIOTHOCTh HYKJIOHOB Ha
MHOTO TIOPAIKOB TIPEBBINIAET IUIOTHOCTH OKpYy’Karomero s¢upa u
JIOJIS1 pacCerBaeMOi SHEPTUU OTHOCUTENIbHO HEBEJIHKA.

BoiHOBEIE TTPOIIECCH OXBATHIBAIOT TENO KAXKOTO HYKJIOHA B SApE
1 PacTpoCTPaHAIOTCSA KaK MO UX TOBEPXHOCTH, TaK U B UX IITyOHHE. A
MOCKOJIbKY IUIOTHOCTh TEJa HYKJIOHA Ha Pa3HbIX TIyOMHAX OT MX
MMOBEPXHOCTH M IUIOTHOCTh MEXHYKJIOHHOTO IOIPAaHHYHOTO CJIOS
pa3nuyHa, TO B SIpe aroMa pa3BUBAeTCs Ielias Cephs BOIHOBBIX
MIPOIIECCOB, aCHHXPOHHBIX OTHOCUTEIBHO APYT ApyTa.

B Tex caywasx, koraa TpeOHM BOJIH COCEAHMX HYKIOHOB
OJTHOBPEMEHHO OKa3bIBAIOTCS BHYTPH OOIIETO IS HUX MTOTPAHUYHOTO
CJIOSl, HyKJIOHBI Pa3IBHTAIOTCS, W €CIH IIMpPWHA CJOS OKa3bIBAeTCS
MPEBBIIIAIONICH  HEKOTOPYH)  KPUTHUSCKYIH  BEJIMUYUHY,  SIPO
pacmanmaeTcss Ha JBe wuiaM Oonee wuwacredl. [lpm 3TOM MOTyT
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0o0pa3oBaThcsi M HOBBIC YACTHIIB, KaK YCTOWYHBBEIC, HAMpUMep,
JNIEKTPOHBI, HEUTPUHO WM HEYCTOWYMBBIE C MalbIM BpEMEHEM
cyuectBoBaHus (puc. 10.1).

TakuM 00pa3oM, NPUPOJA PAJAUOAKTUBHOCTH (TaK HA3BIBAEMOTO
c1a00T0 B3aMMOJICHCTBHS) UMEET YMCTO MEXaHMIECKON XapaKTep.

\

N

Puc. 10.1. IIpoxo:xieHne HOBEPXHOCTHBIX BOJIH 110 TeJIy HYKJIOHOB

B Teme aromHOro sapa HYKJIOHBI B TEPBYIO odepenb
IpYyNIUpPYIOTCSs B anb(a-4acTUIbl, B KOTOPBIX 3HEPrus CBA3U
HYKJIOHOB MEXJIy COOOW OYeHb BEJIMK M COCTaBJgeT MmpumepHo 7,1
M>dB (MeraieKTpoH-BOIBT) HA KaKABIM HYKIOH. DHEprus cBszeil
HEUTPOHOB, HE CBS3aHHBIX B alb(a-4acTUIAX, HA MOPSAIOK MEHBIIE,
TaK ke KaK ¥ aib(a-gacTuil Mexay coboit. 3To, B 4aCTHOCTH, CBSI3aHO
C BBIMYKJIOCTHIO TOBEpPXHOCTEH anb(a-dyacTHll, B CBSA3U C UEM
IUIOLIAlb CONPHKOCHOBEHHs aib(a-yacTUL MEXAy co0oi Hu C
OTIENBHBIMA HYKIIOHaMH OKa3bIBACTCA 3HAYUTEIIEHO MEHBIIEH, YeM
TaKWX k€ HyKJIOHOB BHYTpH anb(a-dactuil. [loaTromy npu ynapax unu
IpU TPOXOXKICHUHW BOJH BHYTPH sApa BbIOPACBIBAIOTCS WIN
OTJIEJIbHBIE HEHTPOHBI, PACIOJIOXKEHHBIE Ha IOBEPXHOCTH SIEp, WIN
HETUKOM alb(a-4acTHIbl. A TOCKOJBKY COCTaB siAep y PpPasHBIX
3JIEMEHTOB pa3HbId, TO W YIPYrocTH cBsi3eil pasHele. OTcroma u
pa3Hoe 3HaUeHHe Neproia oaypacnaja saep.

Takum 00pa3oM, paAMOAKTHBHOCTb, CBSI3aHHAs C SIAEPHBIMU
peakiusaIMu, COMpPOBOKAAETCS BEIOPOCOM aib(a-yacTHIl, U3TyUEHHEM
3JIEKTPOHOB M raMMa-H3Ty4YeHUsIMHU.

Ecnmm Takoil mporiecc mMeeTcss B KaKUX-JIHO0 MOpoaax, TO raMMa-
U3Ty4YeHHE 3aTyXaeT Ha OTHOCUTENHHO HEOONBIINX PAaCCTOSHUSIX,
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UCYHCISIEMBIX  CAaHTHMETPAaMHU. OIIEKTPOHBI JOCTaTOYHO OBICTPO
pacceuBarOTCs WM TODJIOINAIOTCS  BBHIOPOIIEHHBIMH  anbda-
yactuniamu. Ho anbga-gacTuimbl oOpeTs 3JIEKTPOHBI, CTAaHOBSATCS
SJEKTPUUYECKH HEUTpaNbHBIMU  SIAPAaMHU  TeNds, IMO3TOMY OHH
pacIpoCTPaHsIOTCS Ha OOJBITHE pacCTOSHUSA. Vcmyckanume renmus u3
MOpOJl SBJIACTCS CBHUIETEIHCTBOM TOTO, YTO B OJTHUX MOpoAax
MPOUCXOMST SACPHBIE PEaKIu 0e30 BCSIKUX BBICOKHUX TEeMIIEparyp.
DTO yCTaHOBJIEHO, B YaCTHOCTH, T€0JIOTaMH, OOHAPYKHUBIIUMHU OYaru
WHTEHCUBHOTO UCITyCKaHUS TeHsI B paiiOHE TCOJIOTUYECKUX PA3IIOMOB
U TOA3EMHBIX HEOJHOPOAHOCTeH (cm., Hampumep, W.H.Snunkwmii.
JKupas 3emisa. M.: m3a-Bo AI'AP, 1998).
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HecMotpst Ha TO, 4TO AN Ka)XKAOTO PagMOAaKTHBHOTO 3JIEMEHTa
03 (Vi noJrypacrmasa CUHTAETCA MOCTOSTHHBIM, psaom
UCClleZloBaTeNell  yCTaHOBJEHO, 4YTO Ha CaMOM Jiele TepuoJ
nojypacnaga MEHSeTCs B IMIMPOKUX Mpeaenax, Uil pagus oT 1 mMupng
net (bexkepens), no 1 muH net (Kropn), 1o 1 teic 1eT (Pesepdopn),
o Heckonmbkux coTeH jeT (Kpykc). XaiinBaiiep HemocpenacTBEHHBIM
B3BELIMBAHUEM OIPEICIWI, YTO 5 T pagus TepsIoT B TeueHHe 24 4
okosio 0,02 mr. IIpu paBHOMEpHOIT TIOTEpe 3TH 5 T TOTEPsIH OB 1 T
cBoeli maccel B Teuenue 135 ner OnwiThl ke JIeOoHa mokasaim, 4To
PannoaKTUBHOCTH OJHOTO U TOTO K€ TeJla 3HAUUTENIbHO PacTeT, Koraa
TEJI0O MPOCTUPAETCd N0 OOJBIIOH MOBEPXHOCTH. OTO JOCTHIaeTCs
BBICYIIBAHWEM OyMaru, uepe3 KOTOPYIO MPOICKUBAETCS PaCTBOP
UCTIBITYEMOTO TeJla. DTHU OIBITH NpuBesn JIeOoHa K 3aKIII0UEHHIO, YTO
5 r pagus TepsitoT 1 T cBoeit Macchl B TeueHue 20 jer.

Jaxe c yderoM o¢HUIMaNbHBIX AAHHBIX, CBUAETEIBCTBYIOIIHUX O
TOM, YTO CaMbIM JIOJIOTOXKUBYIIIUM SIBJISIETCS anbda-pajanoakTUBHBIN
*6Ra ¢ mepuogoM momypacmaga 1600 ner, a TakKe NPUHHMAS BO
BHUMAaHHE CYIIECTBOBAaHHE TAK HA3bIBAEMBIX PAAMOAKTUBHBIX PAIOB,
HECIIO)KHO 3aKJIOYMTh, YTO €clii OBl Tena, oOiajaromniue ObIcTpoi
OeCIpUYMHHON PaAMOAKTUBHOCTBIO, CYIIECTBOBAJIM B OTIAJICHHBIC
TeOJIOTUYECKUE JMOXH, OHM [JAaBHO OBl TNPEKpaTHiIH  CBOE
CYLIECTBOBAHHE. ..

U3 13105k€HHOTO BBITEKAET, N0 KpaliHel Mepe, 1Ba BBHIBOJA:

1. B Hacrosmee BpeMsa B 3emiieé IPOUCXONAT  CaMble
pa3sHoOOpa3Hble SAIEpHBIC DPEAKLUH, HE CBA3aHHBIC C BBICOKHMMU
TeMIepaTypaMi ¢ OOJNbIIEH 4YacThlO0 MPOMCXOASIINE B 00JIacTH
TeOJIOTUYECKUX Pa3jIoOMOB, O YeM CBHICTEIbCTBYIOT HHTCHCHUBHBIC
OYard M3JIy4eHHs Teus B 3THX MECTaX, HO HE CBA3HHBIC C OOBIYHBIMU
MPEICTABIEHUSIMH O €CTECTBEHHOW paJMOaKTUBHOCTH TSKENbIX
3JIEMEHTOB;

2. Pacmag simep 5JIEMEHTOB 3aBHCHT OT BHEIIHUX (DakTopoB, B
YaCTHOCTH OT HAIPSKEHHOCTH JJEKTPOHHBIX O000JIOYEK, YTO
MPUHLIUITHAIBEHO MTO3BOJIET UCKAaTh CIIOCOOBI BIMAHMUS Ha pacmaj siaep
aTOMOB Yepe3 BIHMSHUE HA UX 3JEKTPOHHBIE 000I0UKH.
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11. Snekmpomaz2HUMHbIe e3aumoodelicmeusi
Yyacmuy,

DJeKTPOMArHUTHOE 10JIe — 0COOBIH BUA MaTepHHy,
MOCPEACTBOM KOTOPOM OCYIIECTBIISIETCS B3aUMOIECHCTBUE
MEXK/Ly SJIEKTPUUECKU 3apsDKEHHBIMI JaCTHIIAME

BCD 3-e uzo., m. 30, c. 65.

[TpuBeneHHOE BhIIE OQUIMATEHOE ONpPEACTICHUE 3JICKTPOMAarHuT-
HOTO IIOJISI HAITOMHHAET OIpEe/eNICHHE, TaHHOE IOPEBOIONHOHHBIM
(denbeToHrcTOM ApkaareM ABepueHko ueporiudam: «epormudur —
9TO Takue WMTy4ku». OHO HE TOBOPHUT HU O YeM, Pa3Be YTO O TOM, YTO
aBTOPBI JAHHOTO ONPEENICHUS He NMEIOT HUKAKOTO MPEACTABICHUS O
TOM, 4YTO >K€ TakKoe OJJIeKTpoMarHuTHoe mnone. Ho ¢ mnosunmit
3QUPOIUHAMUKN MOXHO pPa3o0parbecsi, 4To co0O0i MpeacTaBisieT
AIIEKTPOMArHUTHOE TI0JIe, KaK OHO YCTPOECHO.
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Bokpyr BUHTOBOr0 BHXPEBOT'O TOPOHA BOSHHKAET TOPOHAITBHOE
U KoJblieBO€ ToJisi ckopocteil. IlepBoe omuckiBaercst 3akoHOM buo-
CaBapa U COOTBETCTBYET MArHUTHOMY TMOJIO 4YacTUllbl. BTtopoe
omuckiBaeTcs ¢Gopmyloil ['aycca W COOTBETCTBYET JIIEKTPHUECKOMY
TIOJTIO.

Q

(1
L) D

6)

-3, -2
Ve~ pP 5 Ve~ p

Puc. 11.1. K BbiBOAY 3aKoHa pacnpejejeHUs] CKOpPocTell BOKpYr
TOPOMAAIBHOIO KOJIbIIEBOI0 BUXPSA: d — JUISl TOPOUAAIBHOTO JIBIKCHUS W 6 — JUis
KOJIBIIEBOTO JBVDKCHUS; / — paclIpOCTPaHEHUE KOJBIEBOTO IBHKEHHS BEPTYIIKON
IIPU OTCYTCTBHUM TOPOUJAIBHOTO MABIDKCHUS; 2 — pPAacIpOCTPaHEHHE KOJBIEBOTO
JBH)KCHHS TOPOUJATIBHBIM JIBHKEHHEM; Vy — CKOPOCTh TOPOUIAIBHOTO IBMIKECHHS; Vi
— CKOPOCTB KOJIBLIEBOTO JIBHKEHUS; P — PACCTOSIHUE OT LIEHTPA TOPOUIa

Ecmu B 310 MONE cropoctelt 3¢upa, cO3AaHHOE OHOW YaCTHIICH,
MomNafaeT aHAJIOTMYHAas 4YacTHLA, TO TOPOMUIAIBHOE IOJIE CKOPOCTEU
co3JlaeT JJid Hee BpalllaTelIbHbIi MOMEHT, U YacTHIla Pa3BepHETCS
TaK, YTO JMHUU TOPOUAAIBHBIX TOKOB COBHAAYT C HAaIlpPaBICHUEM
BBIXOMAIINX W3 ee LeHTpa cTpyd 3¢dupa. Ilpm stom nmHWUM ToKa
KOJIBLIEBOM CKOPOCTH CO3/IalyT JaBJIEHHUE 10 KpasiM BTOPOM YaCTHUIIbI
TakuM 00pa3oM, uTOOBI OHA OTTAJIKUBANIACh, €CJIHM Y HEE TOT )K€ 3HAK
BUHTOBOTO JBMXCHUS, YTO U Y MEPBOH, WIM NPUTATUBAIACh (OATANI-
KHBaJlach), €CIIM 3TH 3HAKU MPOTHBOIOJIOXKHBL Bo3HuKaromas cuia
OKa3bIBa€TCS MPONOPLIMOHAIIBHON MPOU3BEAEHUIO X TOBEPXHOCTHBIX
UUPKYJSIIUA 1 00paTHO MPOMOPIIMOHANBEHON KBaapaTy pacCTOSHUSA
MEXAY YacTHUIIAMU, YTO COOTBETCTBYET 3akoHy KyoHa.
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(o) (D) “

a) L 8)

Puc. 11.2. [ducraHuuoHHoe  (3JeKTPOMArHMTHOE)  B3auMOoOJeiicTBUe
TOPOMIAJIb-HBIX BUHTOBBIX BUXPeli: @ — IIPU HAXOXKAECHUH UX B OOIIEH IIOCKOCTH;
6 — TpU COOCHOM IIOJIOXKEHHUH; 6 — B OOILEM CIIydae

CorocTaBisisi TOBEICHUE BHWHTOBBIX BHXPEBBIX TOPOUIOB C
MOBEACHUEM 3apsKECHHBIX YaCTHII, MOXKHO C/IENIATh BEIBOA O TOM, HYTO
MarHMTHOE TIOJI€ 4YAaCTHI[ €CTh TOPOHMIAIBHBIA MOTOK 3dupa,
ANEKTPUYECKOE — KOJBLEBOM MOTOK, 3apsii — [OBEPXHOCTHAs
MAPKYJISIIES 3QUpa Ha YaCTHUIE, TO €CTh IPOU3BEACHHE KOJIBIICBOU
CKOPOCTH Ha MOBEPXHOCTU YACTHUIBl U IUIOHIAJAHN €€ MOBEPXHOCTH,
MOJIAPHOCTh — OPHUEHTALMS KOJBLEBOTO ABMXKEHHS OTHOCUTEIBHO
TOPOUIAIBHOTO, TO €CTh 3HAK BHHTOBOTO JBIKCHHS. 3aKOHBI bro-
Cagapa g marauTHoro noist ¥ KyjoHa i 3JIeKTpUYECcKOTro MO
BBITIOJTHSIIOTCSI IPU 3TOM TOYHO.

Kak BUAHO W3 W3I0XKEHHOTO, OOBeAMHEHUE (yHIAMEHTAIBHBIX
B3aMMOJICUCTBUHN, HaJl 4YeM (QU3UKU OBIOTCS MHOIO JCCATHUIICTHUH,
3J1eCh POUCXOUT MPOCTHIM B €CTECTBEHHBIM 00pa3om. [Ipu aTom Bce
YHCJICHHBIE OLICHKU B3aHMHO YBS3bIBAIOTCS C HETIOXOH TOYHOCTHIO.
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12. Ymo makoe anekmpudyecmeo?

He Tomy ciiesyer yaAuBIATBCS, YTO K 3TUM YPaBHEHUSIM
ObUIO 4TO-TO NMPHUOABIIEHO, a TOpa3lo Oosee TOMy, KaK
MaJIo OBUIO K HUM NPHOaBIICHO

JL.Bonvyman. [lpumeuanus k pabomam Maxceenna.

HecmoTpss Ha OeccropHble yclieXH COBPEMEHHOM TeOpHHU
3JIEKTPOMAarHeTH3Ma, Co3/IaHne Ha €€ OCHOBE TaKHX HaIlpaBJICHUH, KaK
3JIEKTPOTEXHUKA, PAIUOTEXHUKA, JIEKTPOHHUKA, CYUTATh ATy TEOPHIO
3aBEpPILICHHON HEeT ocHOBaHMM. OCHOBHBIM HEIOCTATKOM CYIIECTBYIO-
el TEOpUHM SJIEKTPOMArHeTH3Ma IPUXOIUTCS CUUTATh OTCYTCTBHE
MOJIETTHHBIX IPENICTABICHNH, HEMOHHNMAaHUE CYTH JJIEKTPUIECKHUX
MIPOIIECCOB; OTCIO/Ia — MpaKTUYecKas HEeBO3MOXHOCTh JajbHEHIIero
pa3BUTUSL U COBEpPUICHCTBOBAaHUS TEOPUH. A U3 OrpaHUUYECHHOCTH
TEOPHUH BBHITEKAIOT 1 MHOTHE TIPUKJIAHBIE TPYIHOCTH.
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OcHoBaHMH U1 TOTO, YTOOBI IOJIATaTh TEOPUIO 3IEKTPOMAarHeTu3-
Ma BEPXOM COBEpIICHCTBA, HET. B caMoMm fiene, B TEOpUH dIeKTpoMar-
HETH3Ma HaKOIUIEH DS HEJOMOJIBOK M NpPAMBIX MapajoKCoB, A
KOTOPBIX MpPUAyMaHbl BECbMa HEYIOBIETBOPUTEIbHBIE OOBICHEHHS,
WIN TaKUX OOBSICHEHUH HET BOBCE.

Hanpumep, kak OOBSCHHTH, UYTO JBa B3aHMMHO HETIOJBHIKHBIX
OIMHAKOBBIX 3apsAla, KOTOPBIM MOJaraeTcsi OTTAJKUBAThCA IPYT OT
Ipyra 1o 3akoHy KyioHna, Ha caMoM 1eine NPUTSATUBAIOTCS, €CIH OHU
BMECTE JIBUXKYTCS OTHOCHTEIHHO JaBHO MOKUHYTOTO MCTOYHHKA? A
BeJb IPUTATUBAIOTCS, IOTOMY YTO TEEeph OHU — TOKH, @ OJJUHAKOBBIE
TOKH NPUTATUBAIOTCA, H 3TO SKCIIEPUMEHTAILHO JO0Ka3zaHo (puc. 12.1).

Fa
Fx
+q +q —Y
a) 0)
+q +q —_—>
F; K 1%
Fa
9192 Ho iia! 06]1 06]2
Fy=—— Fy=— ;i = s =
4mg o 4y ot ot
3axon Kynona 3akoH Amrepa

Puc. 12.1. Duexkrpuueckoe B3aumojeiictBue 3apsaoB: [IBa
MOKOSIIIIUXCSI OTHOCUTENBHO JPYT JIpyra OJAWHAKOBBIX 3apsiia OTTAIKUBAIOTCS
Ipyr oOT npyra mo 3akoHy KymoHa (@), HO, JABHTasCh BMeECTE, OHH
MIPUTATHBAIOTCS 110 3aKoHY AMriepa (6). [louemy?

HOquy OHEPTHUA JJICKTPOMArHUTHOTO IIOJIA, IMPUXOAAIIAsACA Ha
CANHULY JJIWHBI MPOBOJHUKA C TOKOM, CO3JAIOIIHUM 3TO MAarHUTHOC
noJjie, CTpEMHUTCA K 6GCKOH€LIHOCTI/I, CCJIn 06paTHLIﬁ IMPOBOJAHHUK OTO-
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nBurath? He sHeprus BCero mpoBOJHHKA, a UMEHHO MPUXOISINAsCS
Ha EIWHUIy ero JJUHBI, CKakeM, Ha OJAMH MeTp, IpHhYeM cama
BEJIMYMHA TOKA IIPH ATOM HE UTPAET POJIH.

Kak pemwmrts 3amady o pacrnpocTpaHEHHH 3JIEKTPOMArHUTHBIX
BOJIH, M3JIy9aeMBIX AWIoNeM ['epma (TO ecTh AWIONIEM C COCPEIOTO-
YEeHHBIMH TapaMeTpaMH), MOMELIEHHBIM B MOJYIPOBOISAILYIO Cperxy?
HecmoTps Ha TpWBHANBHOCTh MOCTAHOBKH, 3a/laya 00 W3IyYCHUU
munois ['epiia B momynpoBOIAIIed cpelle HUKeM W HUKOTAa He Obuia
pelieHa, TOMBITKH PElINTh €€ B 00IeM BUAe HEU3MEHHO KOHYAIHCh
Heynaded. HamucanHele B y4yeOHMKax M CIPaBOYHHKAX PELICHUS
CKOMITIITUPOBAHBI U3 ABYX PEIISHU Ha OCHOBE «3IpaBOTO CMBICIAY,
a BOBCE HE IOJIy4eHBI KaK CTpOroe pelieHue. A BeIb peIuB 3Ty
3aJady, MOXHO ObUIO OBl MOJYYHUTh MHOTHE YACTHBIE PE3YJIbTaThl —
W3Iy4YeHHE NUIIONSA B WACATbHOW cpele NMPU OTCYTCTBHH aKTHBHON
MIPOBOIMMOCTH, 3aTyXaHHE IIOCKOW BOJNHBI B MOJIYTPOBOAHHUKE IPH
OECKOHEYHBIX PAaCCTOSHUAX OT AWMONSA U PSII APYTUX (B OTACIBHOCTH
0e3 CBsI3U APYT C APYTOM HEKOTOPBIC M3 3THX 3a/1a4 PELICHBI).

He pemens! npenenpHbIe 3aa4d O BO3HUKHOBEHHH MarHUTHOTO
MOJIl B IYJBbCHPYIOLIEM 3JIEKTPUYECKOM IOJIE M O BO3SHHUKHOBEHUHU
9NEKTPUYECKOTO IMOJsl B MYJbCUPYIOIIEM MAarHUTHOM Iojie, 00
AIIEKTPUYECKOM  TIOTEHIMAaje, HaBOJAMMOM B  MYJIbCHPYIOIIEM
MarHMTHOM IT0JIe HA OJWHOYHBIA IPOBOIHUK U MHOTHE APYyTHE.

Metoponorust  3NEKTPOAWHAMHUKM  HE  BCerga  OTIMYaeTcs
MOCTIEI0BATEILHOCTHIO.

Hampumep, cratmueckmii moctynar MakcBemria — (Teopema
laycca), mnomernaeMblii B y4eOHHKAaX TEOPETHUECKUX OCHOB
9NEKTPOANHAMUKN B Pa3liell CTATHKH, IMOCJE NpPEACTaBIECHHUS €ro B
muddepeHnanbpHoN hopMe TOMemaeTcs yxKe B pasfell JUHAMHKH,
XOTSI TOcNefHsiss (opMa TPEACTaBICHHS MO0 (HU3MYECKOH CYIIHOCTH
HUYEM HE OTIMYaeTcs OT mpeapaylieid. B pesynprare urnopupyercs
3ama3/plBaHAE B 3HAUYEHUM OJJIEKTPHUYECKOTO MOTeHnHaia D mpu
MepeMEeNIeHNH 3apsAfoB ¢ BHYTPH OXBAYEHHOTO TIOBEPXHOCTHIO S
MIPOCTPAHCTBA.

A 4TO Takoe «BEKTOpHBIA mnoTeHHuanm»?  He  ckamxspHbId
MMOTEHIIHAN, KOTOPBIA €CTh PadoTa MO TEepPEeMENIEHUI0 EIMHHYHOTO
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3apsaa u3 OECKOHEYHOCTH B JAHHYIO TOYKY IPOCTPAHCTBA, a UMEHHO
BeKTOpHBIN? Kakoil oH uMeeT pU3NYECKHl CMBICT, KpOME TOTO, YTO
OH JIOJKEH yIOBIETBOPATH HEKOTOPHIM MAaTEMAaTHYECKUM yCIOBUSIM?

W3noxeHHble MOMEHTBI, a TakKKe U HEKOTOpble Jpyrue
COOOpakeHHsI He MO3BOJIAIOT CUNTATh Pa3BUTHE TEOPHH dIIEKTpOMar-
HEeTH3Ma, KaKk M BCAKON HayKH, MOJHOCTHIO 3aBeplIeHHBIM. OmHaKo
JanbHeHIas 3BOJIIOLMS €€ BO3MOXKHA JIMIIbL HA OCHOBE NI€TalIbHOTO
KAUECTBEHHOI'O  PACCMOTPEHHUS]  IPOLECCOB, MPOUCXOAAIIMX B
3JIEKTPOMATHUTHBIX SIBIICHUSX.

[Tone3sHo HAMOMHHUTH, YTO MBI U CETOAHS M YXKE MHOTO JIET
MOJIb3yEeMCsl TEOpUEH, KOTOpyo B 3akoHUeHHOM BuJe k. K.MakcBenn
U3JIOKWI B CBOEM 3HaMeHUTOM «TpakraTe 00 3JEKTpUYECTBE U
MarHeTusMe», BolmieAmeM B cBeT B 1873 romy. Ho mano xomy
U3BECTHO, UYTO MAaKCBEJUI HUKOI/IA U HUYErO HE MOCTYJIUPOBall, Kak
cefigac JOOAT (haHTa3MpPOBaThH HEKOTOPBIE TEOPETHKH, BCE €ro
BBIBOJBI OMUPATNCh HA YHCTO MEXaHHYeCKHE IPEeACTaBICHHUS OO0
a¢upe, Kak 00 HaeaTbHON HEBSI3KOW M HEC)KUMAaeMOW JKUAKOCTH, O
yeM MakcBell B CBOMX TPYAAaX HEOIHOKPATHO MHUILET.

DaKTHYECKH TEOPHUS AIEKTPOMarHeTU3Ma OCTaHOBHJIACH B CBOEM
pa3BuUTHH Ha ypoBHe MakcBeiia, MCIOJIB30BABIIET0 MEXaHUYECKUE
npencrapieHus nepBoil nmonoBunbl XIX cronetus. IlosiBuBmimecs B
XX CTONEeTHH MHOTOYMCIICHHBIE YUYEOHHKH IO JIIEKTPOTEXHHUKE,
JNEKTPOANHAMHUKE W  PAJAUOTEXHUKE  COBEPIICHCTBYIOT  (WiIH
YXYAIAOT?) U3TI0KEHHE, HO HUYETO HE MEHSIOT IO CYIIECTBY.

Uero e HE XBaTaeT B TEOPHH JJIEKTpoMarHetnsma ceromas? He
XBaTaeT MPEX e BCEro MOHWMAaHUS TOTO, YTO BCAKAas MOJEIb, B TOM
YHCIe W MOJENb JJCKTpOMarHeTu3Ma, pazpaboranHas MakcBeIIoM,
UMEET OIPaHUYEHHBIA XapaKTep, a CICAOBATEIbHO, MOXKET U JOKHA
COBEpIIIEHCTBOBATHCH.

MakcBenn onepupoBai MOHATHAMHU 3Pupa Kak HICANbHOW, T. €.
HEBSA3KOW M HECKUMAEMOH XKHUIKOCTH. A 3(QHp oOKazaics Ta3oM,
MpUYeM Ta3oM W BSA3KHUM, H CXHUMAaeMbIM. OJTO 3HA4HUT, YTO
npeacTaBieHuss MakcBemia 00 3JIEKTPOMAarHWTHBIX — IIpoleccax
YaCTUYHBI, KaK U BCSAKHE TIPEACTaBICHHUA O IOOBIX TpeaMeTrax u
mporeccax, a €ro YypaBHEHHS NPUONMKEHHBI, KaK W BCSIKHE
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ypaBHeHus. [loaToMy HEOOXOMUMO COBEPIIEHCTBOBATH MOJEIBHBIC
MIpPEICTaBIICHUS AIEKTPOMAarHeTH3Ma. Torna MOSIBJIAETCS
BO3MOXHOCTh HE TOJBKO IOHATh, YTO TaKOE BJICKTPOMAarHUTHBIC
SIBIIEHUS, HO U YTOYHUTH YPaBHEHHS, UX ONHCHIBAIOIINE.

Ucnonb3oBanubie MakcBemioM npeacTtasienus ['.I'enpMronbia o
TOM, HalpuMep, YTO BUXPHU HE 00Pa3yIOTCS M HE MUCUE3AI0T, a TOJBKO
nepeMenIarTes U AeQOpPMHUPYIOTCSI, O TOM, YTO I10 BCEH CBOEH nHE
MPOM3BEACHUE IUPKYJSIUA Ha IUIOMAAh  IONMEPEYHOTO CEUCHUS
BUXpPSA OCTAETCS BEJIMYMHOWU MOCTOSIHHOM, JAJIEKO HE BCEr/a BEPHBI.
B peanpHOM Ta3e BuXpu U 00pa3yrTCi, H HCYE3AIOT, a 3TO
MakcBeuioM He y4YTeHO. YpaBHeHHs MakcBeisia He OTPaKaroT
mpormecca B 00BbeMe, Tak KaKk U TIEPBOE, W BTOPOE YpaBHEHUS
MakcBenna paccMaTpuBalOT Ipoiecc B Iockoctu. IlpaBma, 3arem
3Ta TUIOCKOCTh ITOBOPAYMBAETCS B OCAX KOOPAHMHAT, YTO W CO3/aeT
3 dexT 00beMHOCTH, HO Ha CaMOM JeJie CYTh OT dTOTO HE MEHSICTCS,
TJIOCKOCTh OCTaeTCs ITOCKOCThIO. Ecimu OB mporiecc paccMaTpuBancs
B 00BeMe, TO Hajgo ObUIO OBl PaccMOTPETh H3MCHCHHE
WHTEHCUBHOCTH BUXPS BIOJb €r0 OCH, Toraa ObumH ORI B KaKOH-TO
CTENIEHU OXBAYE€HBI  TIPOIECCHI BUXPEOOpa3oBaHUS M pacmanaa
Buxpeil. Ho UIMEHHO 3TO U OTCYTCTBYET B ypaBHeHMsIX MakcBemna. A
MO3TOMY T€ 33Ja4H, B KOTOPBIX BO3HUKAIOT 3TH BOIIPOCHI, HAIPUMED,
3a/1ada o AWToje ['epma B MONyIpOBOIAIICH cpeie, MPUHIIAITAATLHO
HE MOTYT OBITh PEIlIeHbI C IIOMOIIBI0 ypaBHEHHIT MakcBea.

B xavectBe rmpuMepa MOXXHO TIPUBECTH B3aWMOJEHCTBHE
MPOBOJHUKOB ¢ TOKaMH. Kak W3BeCTHO, €CIi B TapauIeTbHBIX
MPOBOJHUKAX TOKH TMPOXOASIT B OJMHAKOBOM HANpaBICHWUHU, TO
MPOBOJHUKK COJIIKAIOTCS, & €CIOM B Pa3HbIX, TO OTTAJIKWUBAIOTCS.
Hukakoro ¢u3nueckoro oObsICHEHUS TEOPHS HE AaeT, XOTs U JaeT BCe
HEOOXOJUMbIE€ YMCJICHHbBIE BEJINYHNHBI.

He yuren MakcBennoM u ()akT HEMOCPEACTBEHHOTO B3aUMO/ICH-
CTBUSl TNPOBOJAHHMKA C MAarHUTHBIM IIOJIEM B MOMEHT IIepeceueHUs
MPOBOJHUKA 3TUM mojeM. 3akoH Dapanes, SBISIOMUANUCS TPIMBIM
CJIEICTBHEM IIEPBOTO ypaBHEHHUS MakcBeiia, B 3TOM CMEICIIE €CTh
OIHCATENbHBIH, ()EHOMEHOJIOTHYECKUI 3aKOH, 3aKOH NajbHOICHCT-
BHS, TIOCKOJBKY B HEM M3MEHEHHE TOJIS MPOUCXOANT B OJTHOM MECTE,
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BHYTPH KOHTYpa, a pe3ynbTar 31oro usmenenus — J/1C okaspiBaeTcs
Ha mepudepun KoHTypa. VM cerofgHst y>ke W3BECTHBI 3HAYHTEIbHBIC
PacxXoKJIEHUSI MEXIY pacueTaMH, BBIIIOJHEHHBIMH B COOTBETCTBHHU C
3akoHOM Dapanesi, ¥ pe3yNbTaTaMH HEMOCPEACTBEHHBIX H3MEPEHHH.
PasHumna B HEKOTOpPBIX CllyyasX COCTaB/IsICT HE OJMH WM [Ba
MIPOIIEHTA, a B HECKOJIbKO pa3!

Ceromnsi 3¢upoIMHAMUKA IIO3BOJSIET HAIJLSIAHO IIPENCTABUTH
HEKOTOPBIC IEKTPOMATHUTHBIE IIPOLIECCHl B BUJE I'a30MEXaHUYECKHX
MoJIeNel, CBeIs, TAKUM 00pa3oM, BCIO 3JIEKTPOAMHAMUKY K MEXaHUKE
peanbHOTO, T.€. BI3KOr0 U CKMMAaeMoro rasa — 3gupa.

Ha puc. 12.2 uzoOpaxkeHa CTpYyKTypa DIIEKTPHYECKOTO TIOJS, B
KOTOPOM HaXOJAUTCS DIIEKTPOH.

Puc. 12.2. Dy1eKkTpoH B TpyOKe 2JICKTPHYECKOI0 MOJIst

ONEeKTPOH pa3BOpAUMBAETCA B TPYOKE 3JIEKTPUYECKOTO MO U
yckopsiercst uM. [TOoCKONBKY 3JEKTpHUYECcKOe MOJIEe PacIpOCTPaHIETCs
BJIOJIb HANpPAaBJICHUSI TPYOKH CO CKOPOCTBIO CBETa (CKOPOCTH BTOPOTO
3ByKa B 3(upe), To cpazy CTaHOBUTCS TIOHATHBIM, YTO C €r0 MOMOIIBIO
Pa30TrHaTh 3JICKTPOH WX APYTUC SJICKTPHUUYCCKU 3aPSKCHHBIC YaCTUIIbI
70 OoJee BBICOKMX CKOPOCTEH Heb3sl MPUHIMIHAIGHO, MO0 cuia
BO3JCHUCTBHS TIOJII HAa dYacTUIy Oyner yObIBaTh C yMEHBIICHHEM
CKOJIBXKCHHS IO OTHOCUTEIIBHO YaCTUIIBI 110 3aKOHY

E=Ey(1 -V,
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rae £ — cuna BO3IGWCTBHS MO HAa CMHUILY 3apsiia BO BPEMs €ro
IBIDKEHHS CO CKOpPOCTBIO v, Ey, — Ta e ChiIa TpU OTCYTCTBHUH
JBIDKEHHS, ¢ — CKOPOCTh CBETA..

Ecim v = ¢, To cuima mpocTto OTCYTCTBYET M YacTUIA TOPMO3HUTCS
CONPOTHBIEHUEM 3(hupa, Kak ObI HY TTOBBIATH HAPSHKEHHOCTH OIS

TakuM 00pa3oM, OTCYTCTBHE CBEPXCBETOBBIX CKOPOCTEH YaCTHIl B
YCKOPHTEIISX SBIISICTCS HE CICICTBHEM YBEIMUCHHUS €€ MACChI, KaK 9TO
TPaKTyeTCs, a CIIeICTBUEM IPUMEHEHHOTO METO/a, TOYHEee, CIICACTBH-
€M IIOJTHOTO HEMTOHUMAaHUS TPOIECCOB, MPOUCXOASIINX B YCKOPHUTEIIE.

Ecnm ydectp, 4To 3iIeKTpruiecKoe NoJje nmpeacTaBiseT coboit Habop
BUXPEBBIX TPYyOOK 3(upa, B KOTOPBIX 10 LEHTPY d(up nepemeraercs
OT HWCTOYHHMKA, a MO NepuPepur — K HCTOYHHKY, a CBOOOJHBII
9NEKTPOH MpEACTaBIsIeT cO00W TOHKOE BHHTOBOE BHUXPEBOE KOJBLIO,
OPHEHTUPOBAHHOE JJICKTPUYECKUM TIOJIEM, TO Jaiblle KapTHHA
HOJTyJaeTcss TPOCTOH: IOTOKHM 3¢Hpa, CO3IaBaeMbIe 3IEKTPOHOM,
BBIXOJSIT M3 MPOBOJHHKA M B3aUMOACUCTBYIOT C TOJOOHBIM JKe
3JIEKTPOHOM B JIpyroM IpoBoJHUKE (puc. 12.3).

a) 6)

Puc. 12.3. B3aumopeiicTBie 371¢KTPOHOB B NIapaJlIeJbHbIX IPOBOAHUKAX: a —
NP TPOTEKAaHWH TOKOB B OJHOM HANpPaBIE€HHWH; 6 — INpHU HPOTEKAaHHH TOKOB B
TIPOTUBOTIONOKHBIX HAPABICHUIX

3a cueT rpaJueHTa CKOPOCTEH MONydYaeTCsl Pa3HOCTh JNABJICHUH B
a¢upe MO CTOPOHAM BTOPOTO JJIEKTPOHA, W B 3aBHCUMOCTH OT
OpHUCHTAlMN JJICKTPOHOB B ABYX HNPOBOAHUKAX OTHOCHUTCIBHO ApPYyT
Jpyra OHM WIN CONMXKAIOTCS, WM OTTAJKUBAIOTCS, MepeaaBas CBOU
UMITyJIbC ~ MOJIEKyJaM  MeTamia. MeXaHu3M  B3auMOJICHCTBHS
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NPOBOJHUKOB  OKa3blBaeTCs MPOCT W TmoHsATeH. Ho  Torma
3JIEKTPUYECKHI TOK 3TO HE TOJIBKO M HE CTOJBKO CMEIICHUE 3apsJIOB,
HO €IIe U HMX YNOPSAJAOYCHHAs OPHCHTAIUS B MPOCTPAHCTBE. Takoro
TIOHATHS B DJICKTPOMATrHETH3ME JI0 CHX MOp HE OBLIO.

B  kadectBe mpuMmepa  MOJIE3HOCTH  3(PHUPOIUHAMHUECKUX
MPEJCTABJICHUI MOYKHO MPUBECTH B3aUMOUHIYKIIMIO TIPOBOTHUKOB. B
HACTOSIIEEe BpPEMs TAKOTO MOHATHS B O3JCKTPOTEXHHKE HET, €CTh
MPEACTABIICHHE O B3aMMOHMHIYKIIMH KOHTYpOB. ECiaM B IPOBOIHHUKE
TE€YEeT TOK, TO BOKDPYI HEro 00pa3yeTcss MarHUTHOE Mojie. IDIC BO
BTOPOM TPOBOJHHUKE TOSBISCTCS KaK Pe3yJbTaT MEPECCUCHUs 3TUM
MOJIeM BTOPOTO MPOBOJHHUKA. ITO CYIMIECTBEHHO APYras KapTHHA, YeM
omMcaHHas B Y4yeOHMKax, TIJ€ TaKoe IMepeceueHue BOOOIIEe He
paccmarpuBaerca. Ho Torma HEKOTOpbIe 3aBUCUMOCTH, HampuMmep,
NpY B3aUMOMHIYKIIMU KOHTYPOB, OKa3bIBAIOTCS CYNIECTBEHHO MHBIMH,
yeM y MakcBeia, U 3TO MOATBEPIKICHO DKCICPUMEHTAMH.  ITO
JIETKO YBHJIETh Ha ipuMepe 3akona dapanes.

B coorBerctBum ¢ 3akoHoM Dapajnes MyJabCHpYOIEE IOJIE B
KOHTYpe co37aeT Ha ero mnepudepur 37C, MTPOMOPIHOHAIBHYIO
CKOPOCTH M3MEHEHHUs TOJs M IUIomaau KoHTypa. Ha camom nerne
TaKOTO TpoIlecca B NPUPOJE BOOOIIE HE CYIIECTBYET, €r0 HEb3s
BooOIIE co3natk. [Iponecc uner nnaye (puc. 12.4).

a) 6)

Puc. 12.4. HaBeaenne 3/IC B koHType: a — no Makcsemty u Papanero; 6 — B
peasbHOCTH
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B nepBuyHOll 00OMOTKE MOSBISIETCS TOK, ¥ BOKPYT Hee HauWHAET
MOSIBIIATBCS MarHuTHoe mosie. CHIIOBBIE JHHUM TONS HAYHWHAIOT
CryIIaThCs K LIEHTPY, Mepecekas Mo AO0pOore NPOBOAHUKH BTOPOIO
KOHTYpa, 3a cueT yero u nosBisiercss J/IC Ha BTOprYHON 00MOTKE. A
9TO JpyTas 3aBUCHMOCTb.

[To1oOHBIX IPUMEPOB MHOTO.

MeHbIlle BCErO0 OSTH YNPEKd MOXKHO OTHECTH K CamMoOMy
Jx K.MakcBeisly wWiM JpyrdM  BBIJAIOIIMMCSL  MCCJEI0BATENSIM
anekTpomarHetusma. OHM  cBoe  geno  caenand.  Teopus
3JeKTpoMarHeTu3smMa MakcBesia oKa3ajlach CTOJIb XOPOIIa, YTO Ha €€
OCHOBE CO3/IaH psJ TJIaBHEWIIMX o00JacTeld COBPEMEHHOW HayKH,
pelIeHo TPOMaJHOE KOJMYECTBO MPUKIAIAHBIX 3a71a4, BOCIHUTAHBI
nokoJeHus wuccnegosatesned. Ho 3Tu ympeku chpaBeqIMBHI 110
OTHOIIIEHUIO K TOCIIEAYIONNM TOKOJICHUSIM yYEHBIX, BOOOPA3UBIIHX,
yTo MakcBe/ioM CcaenaHo BCEe, W HE pPa3BUBAIOIINX YUYCHHE
Makcsemia gajislie.

He BpaBasce B Jeranu, MOXHO OTMETHTh, YTO MNpPUBJICYCHHE
mpeacTaBieHuit 00 3dupe Kak O BI3KOM CKMMaeMOH cpeme yxke
MO3BOJIMJIO  YTOYHUTH  HEKOTOpPHIE MIPEICTABICHUS] TEOPHUHU
3JIEKTPOMAarHeTu3Ma, B YacTHOCTH, pa3pelIuTh HEKOTOphIE U3
MIEPEUYHCICHHBIX BBIIIE MapaoKCOB, a TaKXKe MPEIOKUTh HEKOTOPhIE
HOBBIE HAIPABJICHUSI.

JBwkyuiecss 3apsasl, HampuMmep, XOTh U TPOJODKAIOT
0CTaBaThCSl HEMOJBMKHBIMH JPYT OTHOCHTEIBHO Ipyra, JBHXKYTCS
OTHOCHUTENHHO 3(Hupa, BOT MOITOMY W BO3HHUKAET MAarHWTHOE IIOJIE,
KOTOpOE HAYMHAET UX COMMKATH.

Oxkazanoch, 4To B OMIKHEW 30HE U3IydaTeNeil BO3HHKAeT
MPOAOJIBHOE 3JEKTPUYECKOE TOoJie, B KOTOPOM BUXpHU 3dupa ee
TONBKO oOpa3yiorca. B TakoM 1moie BEKTOp 3JIEKTPUYECKOU
HaNpsDKEHHOCTU PACIIONIOKEH HE TONEPEeK HANpaBICHUS JIBHXKEHHS
SHEpPTHH, a BAONHh Hero. M TONBKO Ha HEKOTOPOM PACCTOSHUU OT
W3Iy4yaTenel B pe3yslbTaTe BEKTOPHOTO CJIOXEHHA TaKuX IOJiei
oOpasyercss  BOJHa, B KOTOPOH BEKTOp  DBJEKTPUYECKOU
HANPSHKEHHOCTH PACTIOIOXKEH YXKe MEePHeHIUKYISIPHO HAIMpPaBIECHUIO
pacmpocTpaHeH!s YIHEPT .
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BrisicHIIIOCh, YTO BCIIEACTBHE CKUMAEMOCTH 3(Hpa MarHUTHOE
MOJIE TOYKE MOXKET C)KUMAThCS, W 3TO CXKaTHE BITOJHE 3aMETHO JaXke
JUId TIONeH, CO3JaBaeMbIX TOKaMH B JEcATble JOJIM aMIepa.
OKCIepUMeHTalbHas IMPOBEpPKa 3aKOHA IMOJIHOTO TOKA, KOTOPBIN, KaK
BBUICHWJIOCH, HHKOTZIa W HHKEM HE TIPOBEpsIICS B CHIY €ro
OUYEBUIHOCTH U KOTOPBI HEMOCPEICTBEHHO BBITEKAET U3 BTOPOTO
ypaBHeHUs1 MakcBelia, mokazaia, dYTO TOYHO OTOT 3aKOH
coOMIomaeTcsi  TOJIBKO IIPH HMCYE3aoNle MAaNbIX HaNpsHKeHHOCTAX
MarHuTHOTO Tois. Jlake B OOBIYHBIX CIIydasX OTIHYHS PEATbHBIX
HaMNpsSKEHHOCTEW MOJS OT BBIYUCIEHHBIX MO 3TOMY 3aKOHY MOTYT
OBITh  OYEHb OONBIIMMH, YTO JANEKO BBIXOAWT 32 IPEIENbl
BO3MOKHBIX  TIOTPELIHOCTEH H3MEpeHUil WM He y4eTa KpaeBbIX
3¢ dekTon.

[losiBUunace BO3MOXKHOCTH paccuuTath J[C, BO3HHMKAIOLIYI0 Ha
MPOBOJHUKE, MOMENMIEHHOM B MYJIbCHUPYIOIIEe MarHUTHOE Iojie, U
3KCIIEPUMEHTHI MOITBEPIMIN MTPABUIBHOCTS 3TUX PAaCUETOB.

Oxka3anoch BO3MOXHBIM C€O37aTh IIOHATHE  «B3aMMOMHIYKIIUH
MIPOBOTHUKOBY, XOTS B OJIEKTPOJANHAMHUKE CYIIECTBYET JIMIITH IOHATHE
«B3aUMOMHAYKIIMH KOHTYPOB». DTO a0 BO3MOXKHOCTh pa3paboTaTh
METOJAUKY CO3[aHUsl STAJOHHBIX MOMEX B JIMHUAX CBSI3H OOPTOBOTO
o0opynoBaHus caMOJIeTOB, BBecTd ee B coorBercTByromuil ['OCT u
YCTENTHO HCIIONTE30BaTh B MIPaKTHKe obecrniedeHus
MOMEXO03AIIUIIEHHOCTH OOPTOBBIX JNEKTPUUYECKUX JIMHHUN CBSI3H. A
paHbIlie 3TO HUKAK HE MOIyYalIoCh...

U 310 TONBKO cCaMoe Hayvajo.

[lone3Ho HamOMHUTH, YTO B HayKe 00 O3JEKTpUYECTBE OBLIH
HalpaBJeHMs, CYIIECTBEHHO OTIMYAIOIIMECS OT TeX, K KOTOPBIM MBI
NpUBBIKIN cerofHa. COOTBETCTBYIOUIMMH HCCIEAOBAaHUS B OTHX
JIpYTHUX HalpaBICHUSAX 3aHUMaUCh Amnep u Dpcten, gaxe Dapazaei,
TPYAbl KOTOPOTO HE TOJHOCTBIO OCO3HaHBl M cerofgHs. Ho oco6o
ClleyeT OTMETHUTh BEIIMKOTO cepOckoro ydeHoro Hwuxomy Tecna,
JIEKTPOTEXHUKA KOTOPOTO KA4eCTBEHHO OTJIMYalach OT CETOIHS
cyuiecTBytomein. Ha cBoMX ycCTaHOBKax ¢ TOMOILIBIO CBOEro
HETNOHATHO Kak paboTaromero TpaHchopMaTopa, MOIKIIOYSHHOTO
yepe3 pa3psIHUK K KOHIEGHCATOpPY, OH TIOJydaj HalpsDKeHUS B
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MUJITHOHBI BOJIET C TPUOABIIEHUEM HEW3BECTHO OTKyZa B3SIBIIEHCS
006aBOYHOM SHEPTHUHU. . .

CeroaHsi W3BECTHBI MHOTHE JAECSITKU HKCIEPUMEHTOB, MAIOIIUX
pe3ynbTaThl, KOTOPhIE HE MOTYT OBITh OOBSICHEHBI COBPEMEHHOU
Teopuer dJIeKTpoMarHeTusMa. ABTOpP JIOJDKEH CaMOKPUTHYHO
MPU3HATHCS, YTO HEKOTOPBIC M3 HUX 3(PHpOJUHAMMKA MOKA TOXKE HE
MOXeT 00BsCHHTH. HO TOJ00HBIX CilydaeB y aBTOpa OBLUIO MHOTO, U
BCE OHM MOCTEIIEHHO HAIJIU CBOE PEIICHHUE.

Teopuss snmekTpomarHetusma xjaer cBoux DapaneeB wu
coBpeMeHHBIX MakcBeiioB. Henb3ss OSCKOHEYHO 3KCILTyaTHPOBATh
aBTOPUTET BEJIHMKHUX, HO JIaBHO YIIeNHNX y4eHbIX. Hamo paborate u
caMuM.

13. YUmo makoe ceem?

HreroTon oTnaBan npearnouTeHne KOPMYCKYISIPHOI TEOPHH CBETa,

CUHTAs €ro NOTOKOM YacTHIl. ...I FoireHC moJjiarajl, 4To CBETOBOS

BO30Y’K/ICHHE €CTh UMITYJILChI YIPYTHX KosieOaHui 3¢upa
A.M.Bonu-Bbpyesuy. Onmuxa.
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Ontuka — OAHA U3 JAPEBHEWINUMX HAyK, TECHO CBsI3aHHAas C
MOTPeOHOCTSIMH TPAKTUKH Ha BCEX  OTalmaxXx CBOETO pPa3BUTHUA.
[IpsMOnMHEWHOCT pac,IPOCTPaHEHUS CBeTa Oblla HM3BECTHA HE
MEHEEe, YeM 3a 5 ThICSAY JIET A0 Halled 3pbl U UCHOJb30BaaCh B
npeBHeM FErumnTe mpu mpoBemeHWHM CTPOWTENBHBIX pabdor. Han
CyIIECTBOM ONTHYECKUX SBJICHUN Pa3MBIIULLIN  ApPHUCTOTENb,
IInaton, EBknua u Iltonemeil. CymiecTBeHHBIH BKJIaJ B pa3BUTHE
onTHKXA BHec apabckumii yuenerii XI cromerns MOH anp-Xaiicam.
TouyHble 3aKOHBI  TpEJOMJIEHMS ycTaHOBIeHsl B 1620 T
B.Cnemmnycom u P.Jlexkaprom, mudpakuus u uHTEp)EpeHIHS CBETa
OTKpBITBl uTanbsHieM @.I'pumansau B 1656 T, IBOMHOE
JTy4YenpesiOMIICHHE OTKPBITO AardyaHuHOM J.bapTimaycom B 1669 T.
JanpHeliliee pa3BUTHE ONTHUKM CBs3aHO ¢ uMeHamu W.HbroToHa,
P.I'yxa u X.T'rolirexca.

N.HproToH gomyckainl BO3MOXXHOCTh BOJHOBOM HWHTEpIIpETalUU
CBETOBBIX SBJICHUH, HO OTHaBaJ MPEANOYTCHHE KOPITYCKYJISIPHOU
KOHIICTIIIUY, CYUTAsi CBET MOTOKOM YaCTHII, JCHCTBYIOIIUX HA d3GUp U
BbI3BIBAOIMX B HeMm kojebOanus. [lomapusamus mo HeroToHy —
«W3HAYAIGHOE» CBOMCTBO CBETa, OOBSACHAEMOE OMpEIEICHHON
OpHUEHTANMEH CBETOBBIX YACTHII IO OTHOIICHUIO K 00pa3yeMOMy HMU
ayuy. X.Iwiirenc, cienys ugesm Jleonapno na Bunuum u pasBuBas
pabotel ['punambmu w ['yka, HCXOmWI W3 aHAIOTHA MEXIY
AKyCTUYECKUMU U ONTUYECKUMHU sABIeHUAMH. OH TMoyarai, dYTo
CBETOBOE BO30YXKJICHHE €CTh UMITYJIbCHl YIPYTUX KolebaHuil adupa.
Pa6orer  T.FOmra, O.Openens u J.Aparo B XIX crojernn

ompenenuad MoOemry BOJHOBOH TEOpHH. M. K.Makcpemiom
NOKa3aHO,  4YTO CBET MpelcTaBisieT coboil  He ympyrue, a
ANEKTPOMArHUTHBIE  BOJIHBIL. ILIpyne, [I'I'enpmrompueM u

X.JlopeHtieM Mpu MOCTPOCHUU DJICKTPOHHON TEOPHU BEIIECTBA OBLIH
oObeMHEHBl uaeu 00 OCHWILIATOpPaX U 3JICKTPOMArHUTHAs TEOpHUs
CBeTa. A.I'.CroneroBsiM B 1886-1890 r1r. OBLT OOHapyxeH
dhotoadpdexr. I1.K.JIebenerbiM B 1899 1. OTKPHITO MaBICHUE CBETA.
JanbHeilee pa3BuTHE ONTHUKHA YK€ B XX CTOJIETUM  TECHO
CBS3aHO C KBAaHTOBOM MEXaHUKOH U KBAaHTOBOM 3JIEKTPOIMHAMUKOU
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U 3HAMEHYETCS TaKUMM KPYIHEWIIMMH JOCTHXKEHUSIMH, Kak
CO3/1aHNe KBAaHTOBBIX F€HEPATOPOB CBETA — JIa3€POB.

TakoBa KpaTKasi HCTOPHS ONTHKH, HAYKU O CBETE.

HecMoTpsi Ha BBICOKME HOCTMXKEHHUSI M IIMPOKOE MPAKTHYECKOE
UCIIOJIb30BaHME,  TOATBEPAMBIIEE  IIPABUIBHOCTD  OCHOBHBIX
MOJIOXKEHUM TEOPETHYECKONM  ONTHKH, HEKOTOpPHIE  BOIPOCHI H
HEeIOYMEHHUSI BCE )K€ BO3SHUKAIOT.

IIpexxne Bcero, duro takoe (otoH? Kak OH BO3HMKAaeT M Kak
ycTpoeHn? Benmp pa3 OH uMeeT [JIMHY BOJIHBL, TO CYHTAaTh €ro
0e3pa3MepHBIM, TOUEYHBIM YK€ Hellb3s. KakoBa e ero cTpykrypa?
Kakum o0pazom OH o00namaeT CIIMHOM — MOMEHTOM KOJHMYECTBa
BpallaTeNIbHOTO IBMKECHUSA, Ja ellle To4YeMy CIHH MOXKET UMETh JBa
3HaueHuss +1 u —1? [louemy mpu Bcem ToMm (oTOH He oOmagaer
3apsitoM? UTo 3a mpoluecc MPOUCXOIUT NMPH OTPaXEHUH (OTOHA OT
METaJUTMIECKOTO  3epKajia’? OOBIYHO CYMTAETCSA, HYTO JTO —
nepensnyucHre. OTHaKo OeJblil CBET COCTOUT U3 (POTOHOB PA3THYHOM
JUIMHBI BOJIHBI, B OOIIEM BechMa INMPOKHH crekTp. Kak moxer
CIIy4UTbCS, YTO OTPAKEHHBIM CBET B TOYHOCTH IIOBTOPSET 3TOT
criekTp? 3HAYMT JIK 3TO, YTO KAXKIBIA aTOM OTPaXKAaIOIIEro 3epKaa,
NOTJIOTUB (POTOH, 3aTEM UCITYCKAaeT €ro C TOYHO TOH K€ YaCTOTOH, C
kakoi mormotmn? UYem ke 310 obecrieueHo? Kakum oOpazom B
MOHOXPOMAaTHYECKOM HCTOYHHUKE CBETa BCE (POTOHBI HE TOJBKO
MUMEIOT OJJUHAKOBYIO YacTOTY, (3TO MOKHO OBUIO OBI JIETKO OOBSICHUTD
TEM, YTO aTOMbI UMEIOT OAWHAKOBBIC YaCTOTHI U3IYUYEHHIl), HO TaKKe
u ¢azy? Benp wHaue HEBO3MOXHO OBUIO OBl  IONYYHTH
UHTEeP(PEPEHIIMOHHYIO KapTUHY IIOCIIe pa3AesIicHus Jiyda U 3aTeM €ro
CIIOKEHUS. Uem obecreunBaeTcs MeXaHU3M CHH(a3HOCTH
U3JIy4eHHUs] aTOMOB IpH poxkaeHuu (HotoHoB? I BooOIIEe, KakoB
MEXaHH3M ONTHYECKUX sBieHuii? Ha momoOHBIE  BOMPOCH!
COBpEMEHHasl TeopeThdeckass ONTHKA HE OTBEYaeT, 4YTO O3HadaeT
HETIOHMMaHWe CaMOH CyTH ONTHYeCKHuX mnpoueccoB. OIHAKO cC
NO3ULUH 3PUPOJUHAMHYECKUX MPEACTABICHUI Ha HHUX MOXKHO
MOMBITaThCA  JaTh OTBET, TaK Kak 3(upoauHaMHuKa I103BOJIAET
paccMaTpuBaTh MOAENH BeeX 0€3 UCKIIIOUCHUS! ONTUYECKUX SBJICHUH.
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CylIecTBYIOT M HUHBIE HEAOpPa3yMEHHUsS, HOCSLINE BIIOJIHE
MIPUKIIAIHON XapakTep.

C nerkoil pyku MakcBelia cuuTaercs, 4To (POTOH — 3TO BHUJ
ANEKTPOMArHUTHOTO M3IY4YEHUS, OTJIMYAIOLIUHCSA TOJNBKO BBICOKOU
9acTOTOH. DTOT BRIBOI MaKCBEIUT Ceall Ha OCHOBAaHUH TOTO, YTO MM
OBLIO YCTaHOBIIGHO, YTO DJICKTPOMATHUTHOEC W3IYYCHHE W CBET
PacIpoOCTPAHSIIOTCS ¢ OMMHAKOBOM CKOPOCTHIO. JI0CTaTOUYHO 1M TaKOTro
COTIOCTaBJICHHUS, YTOOBI cHelaTh TaKOW KaTErOPUICCKUN BBIBOX?
TToxoe, 4TO HE JOCTATOYHO.

[IpencraBum cebe Takyr cutyanuio. [1o qopoxke, B3SBIIUCH 3a
PYKHU, UIYyT C OJHOM M TOHM XK€ CKOPOCTBIO MalbuMK W JAeBouka. Ha
TOM OCHOBaHHWH, YTO OHHM UAYT C OJMHAKOBON CKOPOCTBHIO JEIACTCS
BBIBOJI, YTO MAJIbYUK U JIEBOYKA — OTO OJHO U TO *ke. Bepen nu Oynuer
Takod BbBOA? Bpsan nu. CoBmageHue OIHOTO NpU3HAKA HE €CTh
rapanTus ToxzaecTBa. To xe u ¢ hoToHOM. OKa3bIBACTCS, CYIIECTBYET
SIBJICHHE, B KOTOPOM 3JJICKTPOMArHUTHOE HW3IyYCHHE W CBET BEIyT
ceOs KaueCcTBEHHO TO-pasHOMYy. Peub wuIeT O MOIJIONICHUU
3JIEKTPOMAarHUTHOU BOJIHBI M CBETA B MOPCKOM BOJIE.

N3BecTHO, 4YTO B COOTBETCTBUM C YpaBHEHUsIMH MakcBeia
IJIOCKAasi JJEKTPOMArHUTHAS BOJIHA, YIaB Ha IMOBEPXHOCTh MODH,
Jlajnee 3aTyXaeT 10 3aKOHY

—hv 2
H=Hye 177

3nece Hy w H — HampshkeHHOCTH 3JICKTPOMArHUTHON BOJIHBI
COOTBETCTBCHHO Ha ITOBEPXHOCTH MOPS W Ha TIyOmHEe /, u M 0 —
COOTBCTCTBECHHO MAarHvuTHas IMPOHUIACMOCTb U MPOBOAUMOCTL CPEIbI
— MOPCKOM BOJBL.

W3 npuBeeHHOTO BBIpaXEHUS CIEAYET, YTO HAMPSIKEHHOCTD MO
yOBIBaeT Ha OJHOW W TOW JK€ TIIyOWMHE TeM OOJbIle, YeM BEIIIC
4acToTa, T.C.

hl/hz = \/COQ/Q)l = \/szﬁ,

I‘,E[Cf— JacToTa U3JIyUCHUH.
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OKCIIepUMEHTalbHO  YCTaHOBJIEHO, 4TOo B UYepHOM Mope
3NEeKTPOMArHUTHAs BojiHA yactoroil B 10° I'y (1 MI'L) moTHOCTBIO
3aTyxaeT Ha IilyOmHe B 3 M, a B OKeaHEe BCIEICTBHE OoublIel
COJIEHOCTH M COOTBETCTBEHHO IMPOBOJIMMOCTH — Ha TryOuHe B 1 M.

I[TocKkoNMbKy 4acToTa cBeta cocraBisieT mopsmka 10 T, To ceer
nmoipkeH B UepHOM MOpe 3aTyXaTh MOJIHOCTBIO Ha riryOune B 0,3 MM, a
B okeaHe Ha rinyOoune B 0,1 MM. A cBeT 00 3TOM HWUYErO HE 3HAET U
MpoXoauT Ha TiayOwmHbl Oonee, dem B 100 M. HecoorBercTBHE C
pacuerom cocrapinser 10°, 1. e. B Mummon pa3! Ho 3To HuKOro He
CMYyIIaeT, W MPOJOJDKAIOTCA MOMBITKH KaK-HUOYIb MPUCTIOCOOUTH
ypaBHeHUs1 MakcBeiila K CBETOBBIM SIBIICHHSIM, K KOTOPBIM OHHU
HUKAKOT'O OTHOIICHHsI BOOOIIE HE UMEIOT.

Jns Toro 4toOBl pa3pemuTbh BCE 3TH HEAOPAa3yMEHHs, HYKHO
MIOHATH, KaK e CO3AaeTCs ¥ KaK YCTPOEH JIEMEHT CBeTa — (POTOH.

Kak >xe ¢ mosunuii 3(pUpOIMHAMHUKHA OCYIICCTBIISICTCS CO3IaHHE
¢dorona? [Ipoucxomut 310, BUAMMO, TaK (puc. 13.1).

Puc. 13.1. O6pa3zoBanue GoTroHa BO30Y:KICHHOH JIEKTPOHHOI  000J109KOM
aroMa: [ — BO30OYXIEHHBINH aTOM; 2 — HHIYLUPOBaHHAs CTpyiika 3¢upa; 3 — MOTOK
a¢upa MeXKIY BUXPIMHU.

Bo30yXmeHHBIH aToM, T. €. aTOM, y KOTOPOTO MPHUCOETUHEHHBIH
BUXpb d(Hpa yBEIHUYCH B pa3Mepax W 4YacTh €ro KojeOJeTcs OKOJIO
HEKOTOPOTO PABHOBECHOT'O TIOJIOXKEHUS, CO3JaeT B OKPY>KarolleM
a¢upe MOTMONTHUTENBHBIE CTPYHKU dhupa. DTH CTPYUKH BBIHYKICHBI
3aMBIKAThCS B KOJIBIIA, KOTOPHIE TEM K€ BHICTYIIOM MTPHCOEINHEHHOTO
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BUXpS OTOJABHTAIOTCS B CTOpPOHY. [Ipu oOpaTHOM XOja€ BBICTYI
CO3JIacT BTOPYIO CTPYHKY, KOTOpas Takke oOpa3yeT BUXpb. Takum
o0pazoM, KoyiebaHUsl BBICTyNa MPUCOCAMHEHHOTO BHXps aToMa —
DNIEKTPOHHOW OOOJNIOYKH — CO3MAOT B OKPYXKAIOIIEM  aToOM
MPOCTPAHCTBE MIAXMATHYIO IIETIOYKY BUXPEH.

OTH BUXpH, B KOTOPBIX Cpa3dy e YCTaHaBJIHMBAaETCS BHUHTOBOC
JBIDKEHHE 3(upa Hu3-3a TOro, 4TO MOPOAMBIIMNA HMX BBICTYN aroma
TOKE WMEJI BUHTOBOW TOTOK, (DOPMHPYIOTCS B €IWHOE 00pa3oBaHHE
JVHEHHBIX BUHTOBBIX BHXpEH, pACMOJOKEHHBIX B MIAXMaTHOM
MOpAAKE IpYyr OTHOCUTENBHO ApyTa (puc. 13.2).

b-b

Buo A Keon
5]

b
68)

oy
2

Puc. 13.2. CtpykTrypa ¢oToHA: ponoIbEHOE cedeHne (@), HOIepevHoe CeUeHHe
npu crivHe —1 (6), nonepedHoe cedyeHue npu cnuue +1 (6)

[Monyuusiieecs oOpa3oBaHKE, HAIOMUHACT «IOPOXKKY Kapmanay
(puc. 13.3), XOpoIII0 U3BECTHYIO B TUAPOJIUHAMUKE.



102

Puc. 13.3. Buxpesas nopo:xxkka Kapmana: a — cTpykTypa oTokoB; 6 — BUXpU
Kapmana B Boze. Kamepa nBuxkeTcss BMECTE C BUXPSIMHU; ¢ — nopoxkka Kapmana
3a KpyroBbIM IWIMHApOM Ipu Re = 105; B neBoii yacTu BUIHA HayaJbHAs CTAIH
00pa30BaHUsl JOPOXKKH; & — MOAEIUPOBAHUE JOPOXKKH B BO3MYLIHOW cpepe; 0 —
CTPYKTypa IOTOKOB BHXPEBOH JOPOXKKH HAa KOHEUHOH CTAANH CyIECTBOBAHUS
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OpnHaKko eCTh M pa3HMIA: CepelrHA KaXJOro BUXPs (POTOHA CHUIBHO
cKaTa U B Hel 00pa3oBaH KepH — YIUIOTHEHHAsI CEp/ILIEBUHA.

OO0pa3oBaHHasl CUCTeMa JIMHEHHBIX BHHTOBBIX BHXped — (GoTOH —
HE MOXKET MOKOWTHCA Kak M Jr00as cucreMa ra3oBbIX Buxped. OH
HEMeJICHHO OyAeT caMOpa3rOHATHCS B HAIPABICHWH BBIXOA TIOTOKA
u3 ero 1eHTpa. [locKONbKYy MO €ro Topiy MOTOK  ddupa
TIEPIICHANKYJISIPEH HANPAaBICHHUIO JIBUKCHHS, CKOPOCTH JABIMIKECHUS
CHUCTEMBI OYyIeT OMpeAensaThCs CKOPOCTHIO «BTOPOTO 3BYKa» IS
Cpebl — CKOPOCTBIO Tepeiadyy MOMEPEYHOro BO3MYLICHUs (0J00HOe
SIBJICHUE HAOJIONACTCS B KUIKOM TCIIHH ).

Jlerko BUAeTh, 4TO pazpaboTaHHas >PUPOAMHAMUYECKAS MOMIEIH
(hoToHa YIOBIETBOPSIET BCEM JAHHBIM, H3BECTHBIM O (JOTOHE:

— sduponuHamudeckuli  (HOTOH oOO0JIaJaeT Maccod, TaK Kak
KaXIBI €ro BHUXphb BKIIOYaeT B ceOsi HEKOTOPYI Maccy adwupa,
KOTOpasi COCpPeI0TOUYeHa, B OCHOBHOM, B KEpHE, CIIEZIOBATENBHO, TIPH
OTpaX€HHUU OH 6YIICT OKa3bIBaTh AABJICHUC Ha MNPCIATCTBUC, 9TO
OTIpE/ICTISET €r0 CBOMCTBA KaK YaCTHUIIBL;

— (oroH 00namaeT ONpeAeTeHHON UITMHON BOJIHBI — PACCTOSHUEM
MCXKAY LOCHTpaMU OJHOHAIPaBJICHHBIX JIMHEWHBIX BHXpefI OIHOTO
psaa; 3TO ONpeneisIeT ero CBOWCTBA KaK BOJIHEI,

— (oToH oOmamaer momspuzanueil, T. K. COCTOUT W3 JIMHEHHBIX
BUXpEH;

— (oToH oOnamaeT OJHUM W3 JIBYX BapUAHTOB 3HAUCHUI CIMHA
(+1 nnm —1, TOCKOJBKY TOTOK 3Hpa, ecIr CMOTPETh Ha (OTOH

— €CJIH CMOTpPETh Ha ()OTOH CIIEpPEeIH, TO BUIHO, UYTO IMOTOK dupa
IepeEMEIAeTC U3 OJHOTO psfla BUXPEW B APYroM IO 4acOBOM WIIH,
HA000POT, IPOTUB YAaCOBOW CTPEIIKE;

— (OTOH HE WMEEeT 3apsAga, TaK KaK Bech d(UPHBIN MOTOK B HEM
3aMKHYT, BOBHC HC BBIXOJUT IMMPAKTUUCCKU HUYETO,

— a¢dupoguHamMuyecKkuil POTOH ABIIKETCS C MOCTOSIHHOM CKOPO-
CTBIO, OTIPEIENIIEMOI mapaMeTpamMul cpeibl (3TO, KCTaTH, 3HAYUT, UTO
MIPH IPYTUX IMapaMeTpax CpeIbl CKOPOCTh (OTOHA OYIET MHOMH);

— (OTOH JBIDKETCS MPSMOJIMHEHHO, €CIIM cpelia OAHOPOIHA, U HE
MIPSIMOJTMHEHHO, €CITH Cpejla HeOTHOPOTHA.

Haxkonen, ¢poTOHBI HE B3aMMOAEHCTBYIOT APYT C IPYTOM MTOCKOIBKY
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pa3Mepbl KEpHOB Malbl, BEPOSTHOCTh TOTO, YTO COYAAPSATCS KEPHBI
IByX (OTOHOB HCUE3alOlle Maja, KpOMe TOro, KEpHBI >XECTKO
CBSI3aHBI CO BCEM OCTaJbHBIM TEJIOM CBOEro ()OTOHa, a camMoO TeJO
BUXpel (OTOHA HE YIUIOTHEHO, W pPa3Nu4Hble (POTOHBI CBOOOIHO
MPOXOST APYT CKBO3b ApyTa HAmoAo0He TOT0, KaK 3TO MPOUCXOANT C
paaroBOTHAMH.

Tax 4TO Bce BIIOJIHE COOTBETCTBYET H3BECTHBIM DKCIEPUMEHTAIb-
HBIM (haKTaM ¥ HAXOAWT BIIOJHE MOHATHOE W MPOCTOE OOBSICHEHHE.
Ha ocHOBe W3MOXKEHHOW MOJENM MOTYT OBITh PACCMOTPEHBI M
MeXaHU3MBbI OCHOBHBIX ONITUYECKHUX SIBIICHHH.

[louemy ¢(oOTOHBI NPOHWKAIOT B MOPCKYIO BOJYy HE TaK Kak
3neKTpoMarHuTHas BosHa? IloToMy 9TO OHM UMEIOT HHYIO CTPYKTYPY.
B anmexkTpoMarHUTHON BOJHE Ka)KABIM MOJYMEPHOJ CYLIECTBYET caM
nmo cebe, TOCKOJNBKY JABIDKEHHS dS(Hpa B KaXJAOM IONyIEpUONe
HaIpaBJIeHBI TI0-pa3HOMYy. B dhoToHE ke TOTOKH ddupa MepexomsiIT U3
OJIHOTO psila BUXpEH B JIPYro psi, HUIJE HE NpephiBasch. Bechb
¢oToH — enuHas SHepreTrueckas crpykrypa. [lo Toif ke mpuuuHe B
BOJIe HUKTO HE CTpENsieT KOPOTKUMH MYJISIMH, a TN00 CTpesamu, 00
JUIMHHBIMU IyJISIMA THIIA TBO3AeH. Tak ke B OpoHEOOHHOM CHapsje
Ba)KHA HE TOJIBKO TBepHas IUICHKAa Ha HOCY CHapsia, HO M BCs Macca
OonBanku. POTOH — HE 3NEKTPOMArHUTHAS BOJIHA, BOT YTO OTCIOJA
BbITEKaeT!

[Tomumo 3HEpruH, cBsI3aHHON B OTOHE ¢ cooTHoUIeHneM [lnanka

E =hy,

rae h — mocrosnnas Ilnanka, a v — yactoTa, sHeprus GpoToHa — 3TO
SHEPrHs BCEX €ro BHXpEH, a MX MOXET ObITh B OIHOM (OTOHE
MHJUTHOH u Oonee. POTOH — CTPYKTypa, CO3AaBaeMasi MHOTHMU
aToOMaMH, a BOBCE HE OJTHUM, KaK I10JIaraloT TEOPETHUKH.

Ho ectp m eme omumH dakrop. OcHOBHas sHeprus (oToHa
COZIEPXKUTCS B KEPHE — IEHTPATHHON YacTH Ka)KIOTO BHUXPS, CXKATOH
BHEIITHUM JIaBJieHHeM d¢upa. YeM cuibHee OHA c)KaTa, TeM OOJIbIIe B
Hell comepKUTCs dHepruu. BoT mouemy (OTOH NMpPOHHMKaeT B BOAY B
MHJUTHOH pa3 Aajblle, YeM IPOCTasi JIeKTPOMarHuTHas BOJTHA!
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[lonnmast CTPyKTYpy (OTOHA, MOXHO TIOHATHP U TPHPOIY
ONTHUYECKUX SIBICHUH.

Kak, Hampumep, MpoMCXOOUT OTpaskeHHE (POTOHA OT METaJIHYec-
Koro 3epkana? MeTtajn OTIM4YaeTcsl OT HEMETAUIOB TeM, YTO Ha €ro
MOBEPXHOCTH TOSBIISIIOTCS 3JEKTPOHBI, 00pa3ys Tak Ha3bIBaeMYIO
«moBepxHocTh DepMu». INEKTPOHBI caMu N0 cebe ecTh KOJBIEBhIE
BUHTOBBIE BHXPH BCE TOTO ke 3(Hupa, OAHAKO MEHee IUIOTHHIE, YeM
MPOTOHBI, HO Oonee IUIOTHBIE, 4YeM ¢oToH. Buxpu dorona,
HATaJIKMBAasACh Ha IOBEPXHOCTh MeETalUla, CTaJIKHBAIOTCS  C
«moBepxHocTeio Pepmu». Ilpu 5ToM Ha miIOMWAAL MOMNEPEYHOTO
cedeHus: (POTOHA MPHUXOAUTCS OKOJIO CTa MUJUTMOHOB JJIEKTPOHOB,
KaXIIbI U3 KOTOPBIX UMEET MacCy, IPUMEPHO PaBHYIO Macce OJHOTO
Buxoppka (otoHa. IloaToMy HH O KakoM  «IepeBO30OYXKICHHM
aToMa He MOXeT uATH u peur. [Ipoucxoaut mpocto ymap GoToHa o
MIPETSITCTBUE W OTPAXKEHHE €ro 10 BCEM IPaBHJIaM YIIPYToro yaapa.
Opnnako ¢ ogHON ocoOeHHOCThIO. [locKONIBKY MIIOTHOCTH (POTOHA HE
JOCTHraeT KPUTHUYECKOW, B TOM 4YHCIE W B KEpHE, TO YMPYro
yIapsroTcs CTpyHku a¢upa, odpasyromtue GotoH. [Ipn dToOM KaskIbIii
BUXPb Kak Obl BHIBOPAUUBACTCS, B PE3yJIbTATE Yero 3HaK BUHTOBOTO
JBIDKEHHS B BUXPE MEHIETCS! Ha TIPOTUBOIONOXKHBIA. OHAKO U PAIBI
BUXpeH MeEHATCI MecTamd. [loaToMy oTpakeHHBIH (HOTOH
MPOJIOJDKAET ABUTATHCS, OTPa)kasich B IIEJIOM OT TOBEPXHOCTH TIO
OpaBWiaM yIOpYIroro yjuapa, HO CIMH Y HEro JOJKeH M3MEHUTH 3HAaK
Ha TPOTHUBOMONOXHBIN. MHTepecHO, Tak s 3T0? Xopomo Obl
MIOJIy9UTh OT KOTO-HHUOYZb TIIOATBEPKICHHE WIH OIPOBEPKECHHE
ckazanHoro (puc. 13.4).

Puc. 13.4. H3MeHeHMe 3Haka cnMHa (OTOHA TIPU OTPAKEHHUH OT
MeTaNINYeCKOro 3epKajia
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IMpocroe oOBsicHeHue monydaer audpakius. Ecmu  ¢GoToH
NPOJIBUTACTCS BIIOJb HETIPO3PAYHOro Telia, TO BOJIU3M Teja TPagreHT
CKOpOCTH 3(Upa TOBHIIICH, TABJICHAE B HEM YMEHBIICHO, [I03TOMY,
KaK TOJbKO (DOTOH MOCTHraeT I'paHMIBI TENa, OH TYT )K€ HAYMHACT
OTKJIOHATHCS B HAaIpaBlieHUH TeHH (puc. 13.5).

- QQQ%fgo\

Puc. 13.5. Mexanusm au¢ppakuuu GpoToHOB

C unHTepdepeHIueil Bce TOXKE HE OYCHb CIIOKHO: BHXpU 3dupa
00J1a71at0T BCEMU BEKTOPHBIMU U BOJHOBBIMH CBOWCTBAMH, MO3TOMY
OHM MOTYT W CKJAJbIBaThCS, W BBIYUTATHCS, KaK BOJHBL. A B
MOHOXPOMAaTHYECKOM HMCTOYHUKE aTOMbl CHHXPOHM3HPYIOTCS U
cuH(Da3UpyIOTCs Yepe3 BUXpU 00pasyeMoro uMu (HOTOHA, KOTOpHIE
OHH CO3/Ia0T OJHOBPEMEHHO, TPYASCh COBMECTHO HaJl KaKIbIM
BUXOPHKOM (POTOHA. DTO MPOUCXOIUT MOTOMY, UTO Ui CHH(A3HOI
paboThl 3HEpPTUU TpeOyeTcs MEHbIIE, IO3TOMY, HaXOMIsACh B OOIIUX
3(UPHBIX CTPYSAX, aTOMBI BO BpeMs KojeOaHWHA JHUO0 HECKOJBKO
YCKOPSIFOT CBOM  KojeOaHuss 10O HECKONBKO 3aMeUIIOT —HX,
MOJICTPaNBasCh O] OOIIUN PUTM.

IMpenomneHne JETKO  OOBICHSICTCSA, €CIH  y4YecTh, 910
JIUDJICKTpUYEecKas TMPOHHWIIAEMOCTh BaKyymMa paBHA  MacCOBOH
IJIOTHOCTH 3(upa B BaKyyMe, a COOTBETCTBEHHO IUAJICKTPUUCCKAs
MPOHUIIAEMOCTh BEIIECTBA €CTh IUIOTHOCTh d(UPHBIX CTPYH B Tene
IUDJIEKTpUKa (HE MyTaTh C INIOTHOCTHIO 3dmpa camoro Tenma). ITo
IMPUBOAUT K 3aMCIJICHUIO CKOPOCTH q)OTOHa B JUDJICKTPUKE H, KakK
CJIEJICTBHE, K NPEIOMIICHHIO cBeTa. B 00Iem, Tak, Kak 3TO OIMUCAHO
BO BCEX yueOHHKAX MO OMTHKE.

A6eppau1/m CB€Ta — UIBMCHCHHEC BUJIMUMOTI'O IIOJIOKCHHUS CBCTHUJIA Ha
HeOOCKIIOHE,  OOYCIIOBIIEHHOE KOHEYHOCTBIO CKOPOCTH CBeTa U
JBIDKEHHEM HaOMIomaTessl BCICACTBHE BpalleHUs 3€MJIM BOKPYT
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Conaua (roguvHas abepparus ceera) u mepemenieHus ColHEYHON
CHUCTEMbI B NPOCTpaHCTBE (BeKoBas abeppallisl CBeTa) - paHee Oblia
paccMOTpeHa pSIIOM aBTOPOB, HCXOMSAIINX U3 TPEIMONIONKCHHUS O
pacrpocTpaHeHHHn  cBeTa B HemoABWKHOM d¢dupe. [lomydeHHbie
BBEIPKCHHUS BIIOJIHE COOTBETCTBYIOT pe3ylbTaTaM W3MepeHuid. Tak
HaszbIBaeMas PENATUBHUCTCKAs TOIMpPaBKa, BBITEKAIONMIAas W3 TEOPHUH
OTHOCUTENBHOCTH, cocTaBiser Bcero 0,0005", T. e. MeHbIIe morpe-
IITHOCTEH JIFOOBIX WHCTPYMEHTATBHBIX CPEICTB, MMOTOMY ITPAKTHYIC-
CKHM HHMKOTJ]a HE MCTOJb30BaNiack. Kiaccuueckas Teopus adeppanuu
BIIOJIHE COOTBETCTBYET A(PUPOJAVHAMHUKE W, B NPUHIUIE, NPOCTa U
nonara. Ho w3 auponnHamMuKU BBITEKAaeT, 4YTO HamO OBl y4ecTh
JIOTIOJTHUTEJIBHO ~ HEKOTOpble TOHKHME A((EKTh, CBs3aHHBIE C
U3MEHEHUEM CKOPOCTH J(QHUPHOTO BETpa C BBICOTOH, a Takke
CBSI3aHHBIE C OCOOSHHOCTSMH pacnpocTpaHeHusi (JOTOHOB B ddupe,
MMOCKOJIBKY ~ CHJIBI  CIyBaHUS (OTOHOB dS(HPHBIM BETPOM B
MOTPAHUYHOM CJIOE€ OKOJIO3EMHOT'0 3()Hpa OTHOCUTEIILHO HEBEIIUKHU.

Takum o0Opa3oM, 3pUpoAUHAMUYCCKAS MHTEPIIPETALIUS MO3BOJISET
OoJyiee TIOJNIHO TIPEICTABUTh MEXaHW3M (HU3MUECKOTO COICpIKaAHUS
ONTHYECKHUX SIBICHUH M NOaXXe CHeNaTh HEKOTOPBIC MpeACKa3aHuUs.
HasepHoe, 3T0 TOX€E MOIE3HO.

14. pasumauusi u pacwupeHue 3emsnu

TspKecTh OKOALIETOCS TeNa €CTh 3aep >KaHHOE JBIDKCHIE
M.B.Jlomornocos. O msicecmu mei.

['paBUTaLIMOHHBIE ABIECHUA HA HNPOTSHKEHUH BCETO CYIIECCTBOBAHUS
YeJI0BEUYECTBA BBI3BIBAIM MOBBILICHHBIA MHTEPEC, TOCKONBKY B CBOEH
MOBCEIHEBHOM MPAKTHUKE YEJIOBEK HETMPEPHIBHO C HUMU CTAJIKUBAJICA.

EcrecTBo3HaHME BBIIBHHYJIO JIBa BOMpOCa B 3TOM 00mIacTu — o
NpUpOAE TPaBUTALMU W O 3aKOHE rpaBuTamuu. OTBET Ha NEPBBIA
BOIPOC JIOJKCH OBbLI ObI MPOJUTH CBET HA MPUPOJY IPAaBUTAIUH, €€
BHYTPEHHHMII MEXaHHU3M, Ha YCTPOWCTBO T'PaBUTAUMOHHOIO MOJIA, a
TaKKE HAa HEKOTOpblE IPUKIAIHBIE ACHEKTHI,  BBITEKAIOIIUE W3
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BO3MOXXKHOTO TIOHHMaHHUS CyTH TPaBUTAIMOHHBIX  IPOIECCOB,
HampuMep, HeIb3s JU YBEIHMYUTh WIH YMEHBIIUTH TSDKECTh Tell,
HEJB35 JIM SKPaHUPOBATHCS OT BIUSHUS MPUTATUBAIOIIETO TENa H T. 1.

OTBeT Ha BTOpPOW BONPOC [OJDKEH TMPHUBECTH K MMO3HAHUIO
(hyHKIIMOHANBHBIX ~ 3aBHUCHMOCTEW, HEOOXOAMMBIX [UIsI  pacdera
JBHKEHUS Tell B MOJIe TSDKECTH JPYTUX TeN, HampuMep, Ui pacdera
IBUKCHUS TPAaeKTOpUH IUTAaHET ¥ KOMET, WM JJs pacdera
OATUCTUYECKUX TPACKTOPHIA TN B IMOJIE TSHKECTH 3EMITH.

[TomeITKM JaTh OTBET HAa MEPBBIM BOMPOC OBUTH MPEAIIPUHSTHI
MHOTOYMCIICHHBIMH YYe€HBIMH.  OTHUM 3aHumanuce  P.Jlekapr,
MpeUIOKUBIINH Teoputo >GupHbEIX Buxpel, ['yk, Jlecax, brepkrecc,
a B Poccum — JlomonocoB, SpxoBckuii, JKykoBckuii, CaB4eHKO,
OpJI0BCKUI U MHOTHE JIpyTHE.

M.B.JIoMOHOCOB TONIaraji, 4To Ha CaMOM Jejie TPOMCXOIUT He
(TPUTITUBAHUE», & «HOATAIKWBAaHWE» Tell APYT K IPYTy YacTHIAMHU
a¢upa. OH cumrtan, 4ro Onaromaps dKpaHUPYIOIIUM CBOWCTBAM Tl
qacTHLBl 3(upa TO-pa3HOMY BO3ICHCTBYIOT Ha «IPUTSITHBAEMBIC)
Tena: CO CTOPOHBI «IPHUTATHUBAIONIETO» Tela dYacTHIbl 3dupa
ocnabyeHsl, a CO CTOPOHBI CBOOOJHOTO MPOCTPAHCTBA OHHM HMEIOT
NOJHBIM uMIynbe. [logoO0HOM TOYKHM 3peHus] MPHUIEPKHUBAIUCH U
MHOTHE JpyTHhe WCCIeNoBaTeNld dSTOro Bompoca. HemoHATHRIM
0CTaBaJOCh TO, UTO CHJIA TATOTEHHs OBLIa MPOIOPLIHOHATIHHA Macce
MPUTATHBAIOIIETO TeNa, a HE IUIOIIAH €ro MomnepedyHoro ceuenus. He
SCEH TaK)Ke OCTaBalCS BOIPOC M O CKOPOCTH PaCHpPOCTPaHEHUS
TPaBUTAI[MOHHOTO B3aMMOJIEHCTBHS.

OTBeT Ha BTOPOH BOMPOC B HEOOXOAMMOW JUISI TOTO BPEMEHHU
NOJHOTE Jal, Kak u3BecTHO, WM.HprioToH B  «MaremaTnyeckux
Havajax HarypainbHOW ¢wmiocopum» (1687 T.), B KOTOPHIX OH
0000mmn  ganHele, noxydeHasle [.lammmeem, UW.Kemmepowm,
P.Jexaprom, X.I'toiirencom, JIx.bopemtn, P.I'ykom, D.'anmneem u
np. CormacHo 3akOoHy TITOTEHHWs, Ha3BaHHOMY HbloToHOM
BcemupHbiM, kaxaas dyacTuila BO BceleHHON NPUTATUBAET KaXIylo
IPYTYyI0 YacTUIly C CHJIOH, 0OpaTHO NPOMOPIIMOHAIBHOM KBajapaTy
paccTOSHHUST MEXAy HUMH W «IIPOIMOPIUOHAIBHONH HEKOTOPOMY
KOJIMYECTBY MaTepuu, KOoTopoe OHHM coaepxkar»y. (C MomeHTa
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OTKPBITUSL 3TOr0 3aKOHAa TIpaBUTalUs CTajlla pPacCMaTpUBAThHCS
€CTECTBOUCIIBITATETSIMH KaK  yHHMBEpPCAJIbHOE CBOHCTBO MaTepuu
(mog00HO UHEPIUH).

To, 4dYTO TpaBUTAUMOHHAs CHUJA [PONOPUUOHATBHA Macce
MPUTATUBAIOLIET0  Tejla, HbIOTOH BBIBEI U3 HKCIEPUMEHTAIBHOIO
(daxra, cocrosimero B Tom, uro HKOmurep BO3AEHCTBYET Ha CBOM
cnytHukd, ConHue Ha miuaHeTsl, a 3emis Ha Jlyny u  Ha
HaXO/ISIIUECS Ha MOBEPXHOCTH 3€MIIH MTPEeIMETHI TAKUM 00pa3oM, 4To
UX YCKOPEHHUS paBHBI Ha PaBHBIX PACCTOSHHUAX OT COOTBETCTBYIOIIETO
LHEHTPaJbHOTO TeNa. 3akOoH OOpaTHOTO KBagpaTa eCTh MpPsIMOe
ciencTeue 0000meHns 3akoHOB Keriepa, KOTOpBIM cuuTal, dYTO
IBI)KEHHE IUTaHET HE ecThb XOTd OBl M YHOpSAOYeHHOE,  HO
CaMONPOU3BONBbHOE ONy)KAaHHE: OHO HPOMCXOAUT TOA BIHSHHUEM
HEKOTOpOoro BHemHero areHTa — CollHIA, B KOTOPOM HaXOAUTCA
«IBYDKYIIAs TyIIa» BceW IUTaHeTHOHM cucTeMbl. Ecnm OB oqHA W Ta
JKe TJIaHeTa TooYepeAHo Bpamaitack BOkpyr ConHIa Ha JBYX
Pa3NUYHBIX OT HETO PACCTOSHUSX, TO IEPHOABI OTHOCHIIUCH ObI Kak
KBaJIpaThl pACCTOSIHUN WM PaJINyCOB OKPYKHOCTEH.

HyxHo 3ameTutsh uto mocie HpioToHa ObUTH MPEANPUHSTHI MO
KM YTOYHUTH 3aKOH BCEMHUPHOTO TATOTEHMS, IOCKOJIbKY OINpEneiu-
JUCh PACXOXKACHUSI MEXKAY PACUCTHBIMU U SKCIEPUMEHTAIbHBIMU
JAHHBIMH TI0 HaOJIOAEHWSAM TOJOXKeHHs riaHer. OmHako BCKOpe
BBIICHWJIOCH, YTO OLIMOOYHBI OBUIM JaHHBIE, MOJTYYECHHBIE W3
HaOMIOZeHW, ® C TeX MOop 3akoH HPBIOTOHa CTanm CYHTATHCS
HUCTUHHBIM.

Omnako B XX CTOJETHH BHOBb BO3HHMK BOMPOC O TOJHOTE 3aKOoHA
BCEMHUPHOTO TAroTeHUs HploToHa. DTo OBUIO CBSI3aHO € JABYMS
obcroarenpcTBamMu. B 1895-1896 rr. I'. 3emurepom Obut chopmynn-
pOBaH H3BECTHBIM T'PaBUTALIMOHHBIN MapagoKC, BBITEKArOMUN u3 3a-
KOHa BceMupHoro TsaroteHus Heplorona. Hesicen octaBasncst u Bompoc
0 CKOpPOCTH pPacCHpOCTPAHEHHsI TPABUTALMIOHHOIO B3aUMOJECHCTBUS,
xots emie B 1796 r. I1.C.Jlamumac mombITancs aTh OTBET HA ATOT OTBET
Ha 3TOT BOIPOC.

3denurep MNOKa3zajd, 4YTO €CIU CIEJOBaThb 3aKOHY BCEMHPHOTO
TAroreHus Hpl0TOHAa, TO MHTEHCHMBHOCTh T'PAaBUTALUOHHOTO IIOJIS
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OKa3bIBaeTCss OCCKOHEUHOW B JIFOOOH TOYKE MPOCTPAHCTBA. BBUaY
TaKoW TapaloKCaJbHOW CHUTYyaluu 3elurep NpHUIIeT K CISAYIOIEMY
BBIBOJY: «3aKOH TATOTeHHS HBIOTOHAa, HECOMHEHHO, HE SIBJIACTCS
COBEPIICHHO CTPOTUM, OH JOJKEH ObITh BUIOU3MEHEH MOCPEICTBOM
HEKOTOPHIX KO3 (DHUIMEHTOB, Onaromaps 4eMy 3TH TPYIHOCTH OYIyT
ycTpaHeHb». [l  ycTpaHEeHHS TPYAHOCTH 3eNHUrep MPeaiokKuII
U3JI0KUTh 3aKOH Hbl0TOHA B BHJIC

M, M,
F=f—— ¢ ",

OTHAKO BBIYHCIICHWE BEJIMYWHBI K HATOJIKHYJIOCH HAa TPYIHOCTH.
3uayenne k, BBICYUUTAHHOE JUIA IUTaHEThl MepKypuid, He MOAXOIUI0
JUISL pacyeToB MPUMEHUTENIBHO K IPYTUM IUIaHETaM.

3HaYUTENbHBIE TPYAHOCTA BOSHUKIHA U C OOBSICHEHHEM CKOPOCTH
pacnpocTpaHEHUs] TPaBUTALIMOHHOTO  B3aWMOJEWCTBUS Tein. B
COOTBETCTBMM C 3aKOHOM HBIOTOHa CKOpPOCTh paclpoCTpaHEHUs
rpaBUTaIlUU OECKOHEYHO BeJMKa, BO3MYIIEHHE TIepeaaeTcs
MTHOBEHHO. JTO HEMOCPEICTBEHHO BBHITEKAET U3 CAMOTO BBIPAKEHUS
3akoHa: (opMyJsia CTaTW4yHa, B HEH OTCYTCTBYeT 3amasibiBaHue. B
cBoe BpeMs Ha 3T0 oOparun BHuUManme [1.C.Jlammac, koTopslii Ha
OCHOBAHMHM aHAJIM3a BEKOBBIX YCKOpeHUU JIyHBI caenan BEIBOA O TOM,
YTO CKOPOCTh pPaclpOCTpaHEHHs IPaBUTALMU KOHEYHA, HO BEJIHKa, He
MeHee, yeM B 50 MUJIJTMOHOB pa3 BbIIIE€ CKOpocTH cBeTa. CKOpoCTh
CBETa K TOMY BpeMEHH Oblla YK€ XOpOIIO W3BECTHa Onaromaps
paboram O.K.Pemepa (1676 r.) u JIx.bpagnes (1728 r.). [locnennee
00CTOSITENBCTBO, BOOOIIE TOBOPS, HEMJIOXO IMOITBEP)KIACTCS BCEM
ONBITOM HEOECHOW MEXaHUKH,  OINEpPHPYIOIeH HCKIIYATEITHHO
CTaTHYeCKUMH (popMyrtaMu, BBITEKAIONIMMH W3 3aKOHOB HbloToHa n
Kemnnepa, To ecTe MOTUAIMBO HUCXOIAIICH U3 MPEIANOTIOKEHUS O TOM,
YTO  CKOpPOCTh  PACHpOCTPaHEHWs  TIpaBUTALUU  3HAYUTEIHBHO
MPEBBIIIAET CKOPOCTh CBETA.

CrnenyeT OTMETUTH, 4TO yxe JlammacoMm mokaszaHo, 4TO Jake Ha
paccrostaun 3emust — Jlyna  (380.000 kM wmnm 1,3 cexyHABl MO
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BPEMEHH PAcIPOCTPAHEHHUS CBETA) 3ara3iAblBaHHEM PaCIpPOCTPAHCHHUS
rpaBUTAIlUK BOOOIE-TO MpeHeOperarh ObUIO Obl HEMb3S: CIHMIIKOM
Oonplre OMMOKH B BBHIYUCICHHUAX MOJOXEHUS JIyHBI HAaKOMSTCS CO
BpeMeHeM. UTO e TOTJa TOBOPHUTH O PACCTOSIHUSAX MEXIY APYTHMHU
iaHetamu?!

Ob6mas Tteopuss orHocutenbHocTH (OTO) mo-nHOMY mMOCTaBHia
npoOsieMy M NPUMEHHTENFHO K NEPBOMY, M NPHUMEHHUTEIBHO KO
BTOpOMYy BotmpocaM. Tsrorerume mo OTO oOBICHICTCS «KPUBHU3HOU
IIPpOCTpaHCTBaA», BO3HHKIIEH BCJICACTBUE HAJIM4YWA B HEM TI'paBUTa-
LUOHHBIX Macc. Yero paau MpOCTPAHCTBO «HMCKPHBISIETCS», €CIU B
HEM 3TH MacChl HATMYECTBYIOT, B Y€M 3aKIFOUACTCSl MEXaHU3M MCKPH-
Biaeans, OTO ne pazwscuser. Ilo OTO ckopocTh pacrnpocTpaHeHUs
IpaBUTALMM paBHA CKOPOCTH CBETa, YTO HAXOOUTCA B IOJHOM
NPOTHBOpeUNH ¢ BbMHCIeHWsAMH Jlammaca.  OmHaKO HUKaKHX
HIepeCYeTOB STHX JaHHBIX cTopoHHHKH OTO HHMKOTrHa HE Ienaiy.

OpHako TOCMOTPUM, Kak 3(QupoanHAMHKa JaeT OTBET Ha
MOCTaBJICHHBIE BOIIPOCHI.

B cootBercTBHM ¢ 3HMPOANHAMHUYECKUMH IIPEICTABICHUSMH
Hanbojee oOmMi BUA NBWXKEHUS d(Hpa, Kak U JIOOOTO ra3a, ecTh
nBkeHne TepmoandysuonHoe. Jlaxke Korma Bce OCTalbHBIE BHIBI
JBIKEHHUST OTCYTCTBYIOT, TepMOIU(P(PY3NOHHOE IBIKCHUE HMEET
MECTO: MOJIEKYJIbI Ia3a Ja)Ke B yCTAHOBUBILIEMCSI COCTOSIHUH JIBHXKYT-
csl ¥ coynapstoTcs Mexay coboi. [losTomy mns ananusa Hambonee
o0mero (pU3MYECKOro B3auMOICHCTBHS — IPAaBUTAIIMOHHOTO CIIETyeT
MIPUBJICYs MMEHHO TEPMOIAMHAMUYECKHE TIPEICTABICHHS.

IIpuBnedyeHre TEPMOJMHAMUYECKUX MPEACTABICHUM Ul aHAJINA3a
TPaBUTALMOHHBIX SBICHUHN TeM Oojee MpaBHIBHO, YTO BUXpHU 3¢dupa,
KaK U BUXpHU JIO0O0TO rasa, Oyarojaps MOBEPXHOCTHOMY TIPagHEHTy
CKOpPOCTEH HMEIOT TEMIIEpaTypy, IMOHMKEHHYK) OTHOCUTENIBHO
TEMIIEpaTypbl OKpYyKalolleld uX cpeasl. Bce BUABI OCTaJIbHBIX
JBIDKEHHUH d(upa pacrpocTpaHsIOTCsT Ha HeOOJNbIIME PACcCTOSHHUS, U
TOJIBKO TOJI€ TEMIIEPAaTyPHOTO TPAJMEeHTa, TaK K€ KaK M TPaBUTALMS,
pacnpocTpaHseTcsl Ha pacCTOSHUS BecbMa 3HAuUTeNbHbIE. Eciu
pEeIINTh ypaBHEHHE TEIUIONPOBOAHOCTH TaK, KaK 9TO CIENaHO B KHUTE
A.H.TuxonoBa um A.A.Camapckoro «YpaBHEHHS MaTEeMaTHICCKOM
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¢msukm» (M., Hayka, 1966, c. 447-455), © BCIOMHUTH, UTO IS
BCAKOIO Ta3a TPagUCHT JaBJICHUS NPOIOPIMOHAIEH  TPaIUCHTY
TEMIEpPaTypbl, TO MOXHO BHOBb IIONBITATECS BBIBECTH 33aKOH
BCEMHUPHOTO TATOTEHHS, 4YTO M OBUIO aBTOPOM BBIMIONHEHO, C
3aMMCTBOBaHHEM M3 YIIOMSHYTOI'O yueOHHKAa OCHOBHOM 4acTH BBIBOJA
(puc. 14.1).
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Puc. 14.1. Mexanu3M rpaBUTAIMOHHOIO B3aWMOJAEHCTBHUS TeJl: U3MEHEHHE
TeMIIEpaTyphl U JaBieHus 3(upa BOIM3U IPaBUTALMOHHON MacChl U IPaBUTALIHOHHOE
B3aUMOJIEHCTBHE ABYX Macc

Oxa3zanoch, 4T0 B 3aKOHE TATOTCHUS TIOSABIISIETCS TOTMOTHUTENbHBIN
COMHOXHTEb, NPaKTHYECKH HE CKA3bIBAIONIMICS HAa MAaJbIX
PACCTOSHUSX, HO UTPAIOIIMIA CYIIECTBCHHYIO POJIb HAa OOJIBIIMX: Ha
PACCTOSHUSX TOPSIKA JECATKOB U COTCH aCTPOHOMHYECKUX CIUHMIL
yOBIBaHME CHJI TIPUTSOKEHUS HWIOET OBICTpee, gyeM 00paTHO
IIPONOPLMOHAIIBHO KBaJApaTy pacCTOSIHUA.

3aKOH BCEMUPHOTO TATOTECHUS MPEoOpa3yeTcs B CASAYIONIMIA BU;

M M,
F=f———"—@0, 1,
2

[osiBuBmmiics uien O(r, t), paBeH | Ha OTHOCHTEIHHO MAaJbIX
pacCTOSIHUSIX, HO PEe3Ko yOBbIBaeT Ha OOJNBINIHMX, MOPSIKA JECSITKOB
ACTPOHOMHUYECKUX EIUHHUI] paccTossHUsIX. lloatomy B mpenenax
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ConHe4yHOH cucTeMbl 3aKOH HbhIOTOHA MPaKTUYEeCKH COXPaHSETCs, HO
opburta ITmyToHa — MOCIIeAHEH TUTAHETHI YK€ 3aMETHO OTJIUYACTCS OT
paccuuTaHHBIX 1O 3aKOHY HpIOTOHA. A KpOoMe TOTO OKa3bIBaeTCs, 4TO
TraHeTsl npuTsaruBaroTcs ConHIEM, a 3Be3[bl MEXay coOoi He
nputsruBaroTcs! [lapamgoke 3enurepa aBTOMaTHYeCKH pa3pemraercs, a
3akoH HpI0TOHA OKa3bpIBaeTCsS HE BCEMUPHBIM

CKOpOCTh  pacHpoCTpaHEHHs TpaBUTAIMH OKa3anach paBHOM
CKOPOCTH paclpOCTpaHEHUsI MEpBOTO 3Byka B 3¢upe, oHa Ha 15
MOPSAJKOB  IPEBBIIIAET CKOpPOCTh cBera. Tak uro Jlammac,
OTIPEICNUBIINI HIKHIOIO TPAaHUIy 3HAYEHHs 3TOW CKOPOCTH, OBLI
COBEpIIICHHO TIPaB, TaK )€ KakK M BeCh ONBIT HeOecHO MexaHuku. U
Ternepb Bce KOHIIBI, HAKOHEI, YBS3bIBAIOTCS 0€30 BCSKUX HATSKEK.

CrnenyeT OTMETUTb, YTO YKa3aHHOE BBIPAXEHHE IOMYyYEHO B
pe3ynbTaTe  6blgoda  3aKOHA TATOTCHHS, a He allpOKCHUMAIUU
9KCIIEPUMEHTAIBHBIX JaHHBIX, KaK 3T0 ObUT0 chemaHo HproToHOM.
[Mocneanee ecth HhEHOMEHOJIOTUYCCKHUIA TOAX0A. JIMHAMHUYESCKUI Ke,
MOJENBHBIN MOAXO TO3BOJMII @bléecmu 3aKOH, 4ero (peHoMeHo-
JIOTHSI He CMOTJIa OBl ClIeNaTh MPUHITUIHAIBHO.

Ha ocHOBaHMM TNpHBEICHHOTO BBIpKEHHS TMOSBIJIACH HAJEKIa
paccuntaTh moBeAeHHE IUaHeThl [LMyToH, KOTOpoe, Kak HM3BECTHO,
TUIOXO COOTBETCTBYeT 3aKkoHYy HproToHa. OmHako 3ta paboTa xaer
CBOETO PHTY3HACTA.

UYro kacaeTcsl MOBeJCHUS mepurenuss MepKypus, He MOJIHOCTBHIO
COOTBETCTBYIOIIETO 3aKOHY TAroTeHuss HpI0TOHA M KOTOpOe Hamdne
JIOTIOJTHUTENIBHOTO WieHa B BBIPAKEHUHM 3aKOHA TATOTEHHS TOXE HE
MOKET OOBSICHUTh, TO M 3Ta paboTa >KIET cBoero sHTy3uacra. Ero
3agaueil Oyaer pa3o0paThCsi B MHOTOYMCIEHHBIX BO3MOXKHOCTSIX,
CYIIECTBYIOIUX JJIsi OOBSCHEHHS BEKOBOTO CMEUICHHS MEPUTEIUs
Mepkypusi. 31ech MOXHO TEPEUYHCIHTh JIMIIb HEKOTOpBIE U3
BO3MOXXHBIX TNPHYUH 3TOTO HE OYEHb YETKO 3a(HUKCHPOBAHHOTO
sBIeHUs: 3To W Ommkaimas k CoNHIy IJIaHeTa, KOTopas eile He
OTKpBITa, W He chepuyHocts ConHIa (IOCTATOYHO HMETh
crurtocayTocTh Comuna 0,001 w gake mMeHee, YTOOBI MOJIHOCTBIO
0o0BsicHUTE  3PdexT, y 3emnu 3Ta HE CHEPUIHOCTh COCTABISAET
0,0033, TO ecth B TpH pa3za Oomseine. [louemy 661 1 CoNHITY HE UMETh
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Takylo xke?), W BpameHne COJHIIA, W HE ICHTPAILHOCTH MAacCChI
ConHula, ¥ He UEHTpanbHOCTH BpamieHus CoNHIa, MOCKOJIBKY U
CouHIle, ¥ TUTAaHETHI BPAIAIOTCA BOKPYT OOIIEro IIEHTpa Mmacc, U
HaJIM4Yie BHIOPOCOB MAacChl B BHJE NMPOTYOEpaHIIEB, U MAJO JIA YTO
eme. YroOBl pa3oOpaThcs BO BCEM 3TOM, HWMeES B BHIY, YTO
CMEIIeHIe TIepurenusi coctaBisier Bcero jumb 43" 3a ctomertue (!)
wm 34" 3a cromeTHe, KaK YTBEPKAAOT Jpyrue, MOTpedyercs
TEpIIeHHE.

Haxomsice moa BO3MECUCTBHEM TpaJMeHTa JAaBICHHS, KOTOpPOE B
HEM CO3JaJIOCh Oyiarojaps OXJIAXJICHUIO MaccaMd BEIIeCTBAa, caM
5¢Up HAYMHAET CMEMIATHCS B CTOPOHY 3TUX MAacC M MOTJIOMIATHCS
uMu. B pesynprare Bce TpeaMEThI, BCE IUIAHETHI W 3BE3IbI
HENPEPHIBHO YBEJIMYUBAIOT  CBOKD MAacCy W YBEIHYMBAIOTCA B
pa3mepax. YJanoch YCTaHOBHUTH, YTO TIPU MaJCHWU B HEOECHOE TeJo
3¢dup He mperepreBacT aTuadaTHUCCKUX U3MEHEHWH, TO €CTh 00bheM
€JIMHHUIIBI €r0 MAacChl HE MEHSETCS: MO Mepe MPOJBUKCHUS K TEIy
wiomiaae  Cclos  majaromero  3dupa  coKpaimaercs, HO
MIPOTIOPIIMOHATBHO PACTET €r0 TONIIMHA. A 3TO O3HAYaeT, YTO APUP
najaeT U3 OECKOHEYHOCTH KaK TBEpJO€ Te0 M BXOIUT B Tella CO
BTOPOU KOCMUYECKOW CKOPOCThIO, paBHOU aist 3emuu 11,18 xkm/c, s
Comnana 618 kM/c (puc. 14.2).

ol

Puc. 14.2. K onpeaeneHu0 cKOpOCTH NOIJIoLieHUs 3¢pupa rpaBUTALUOHHOM
Maccoi

3Hast TWIOTHOCTH 3(hMpa B OKOJO3EMHOM TPOCTPAHCTBE, YyAalIOCh
paccuuTaTth CKOPOCTH TOTJIOmEeHUsT Macchl CONHIEM W TUTaHETaMHU.
st 3eMnu TOCTOSTHHAST BPEMEHU POCTAa MacChl OKaszallach paBHOM
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3,75 mupa. net, 3a 3TO BpeMsA €€ Macca yBelauuuiach B «e» pas. Kyzaa
e JieBaeTcsl 3Ta Macca?

[Ipubanenue maccel BeAeT K pa3Oyxanuro 3emun. 30bITouHas
Macca, oOpa3oBaBIIasCsi BHYTpU Tela 3€MIIH, BBHIIEISIETCS depe3
pudTOBBIC XpeOThI, PACIOIOKCHHBIC Ha JIHE OKEAHOB, pa3jBHUIas JTHO
B 00e¢ croponsl. [IpoBeneHHBIC CHEIMATBHBIMU AKCICAULIUAMU (B
OCHOBHOM, (paHIly3CKHMH) HW3MEpPEeHHs II0Ka3zajdh, 4YTO IO OCAM
OKCAaHWYECKUX CPEIMHHBIX xpedbroB — Cepepo- u HOxHo-
AtnanTndeckux, 3amagHo-WHmuiickoro, a Takke ABCTpalo-
AmnTapkruyeckoro, KOxHo- u BocTouHO-THXOOKEaHCKUX MOAHSTUN
OKeaHCKasl TopoJia UMEET BO3pacT, He npeBbimaronuii 10-20 MiH Jer.
Jlaee k OeperaM BO3pacT IMOPOJ YBEIMYHUBACTCS MOHOTOHHO,
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nmocturas y Oepero 200 muH yeT. A Ha MarepwKax 3TOT BO3PacT
CKaYKOM YBEJIMYHMBAETCS U MO BCEH MOBEPXHOCTH MATEPUKOBBIX IUIUT
cocrapinger 4-5 mupz. net. B uem neno?

AL

Puc. 14.3. Cucrema oxeanumyeckux pu¢ToBbIX XxpedToB 3emumm: 1, 7 —
Bocrouno-Tuxookeanckoe momastue; 2  CeBepo-ATiaHTHUecKuid Xxpeber; 3 —
OxHO-ATnanTnyeckuii xpeder; 4 — 3anamHo-UHouiickuii xpeber; 5 — ABcrpaio-
AmnTapkTHyeckoe nogusrue; 6, 8 — KOxuo-THUX00KeaHCKOE TIOAHATHE

A neno, BUOIUMO, B TOM, YTO 00pa3ylomascs Macca BHyTpH 3eMIIH
co3laja HampsHKEHHOCTH B KOpe, KOTOpas, B KOHIIE KOHIIOB,
JIOTIHYJIa, ¥ 3aCTHIBIIME TUIMTHI CTAM Pa3JABUTATHCSA. IJTO JBIKCHHE
MaTEepPHKOB TPOJOJDKACTCS W CETOMHS, ¥ OHO IOJNyYHIIO Ha3BaHUE
«cripenuHray» (puc. 14.4a).

OnHako HpHUpaIeHne Macchl HE CONPOBOXKIACTCS
MPOTIOPIUOHATEHBIM MPHUPAICHUEM IO [UIAHETHI: €€ MaTePUKU
He u3MeHsATca. lloaToMy okeaHMYecKOe IHO, CMEIIasich OT oceil
pu(TOBBIX XpeOTOB, NOCTUTAs MATEPUKOB, YXOIHMT MO HHX. ITO
SIBJIICHHE TIOJIyYHJIO HAa3BaHNE «CYOIyKIIUM».
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Puc. 14.4. Paciupenne 3emiu: a — nmoryomenue 3¢upa 3emieii; 6 — onuH U3
MEXaHH3MOB IOpoo0Opa3oBaHUs

Pagmyc 3emmu moctemeHHO pacTer. OTOT POCT paanyca He
COOTBETCTBYET M3MEHEHHUSIM pajiyca MaTepUKOBBIX IUIUT, KOTOPHIE
COXpaHHJIM €ro C MOMEHTa pacKoja IOBEPXHOCTH 3eMIIH, KOria
pasmepsl 3emMiu ObUTH MEHbBLIE, 4YeM ceiyac. Takoe HECOOTBETCTBHE
paanycoB TIOCTETIEHHO BCE€ BO3pAcTalio, YTO HEM30€XKHO IOIDKHO
OBUIO TIPHBECTH K HAKOIUICHWIO HAIPsDKEHHOCTH B Kope. A 3To
Hen30eXHO MPUBOIUIO K ropooOpasoBanuio (puc. 14.46). Koneuno,
3TO HE EIMHCTBEHHAs NMPUYHMHA TOpooOpa3oBaHUs. Bo3HMKHOBEHHE
Awmepukancknx Kopaunbep, BEpoATHO, WMEET IPYTYI0 MPHUYHHY:
MOJXOJl OKEAHCKOTO IHa M OTCYTCTBHE CYOAYKIMH Vy 3alagHoro
nobepexbss CeBepHoir 1 HOxHON AMepuK BBI3BaJO B 3TOM MecCTe
CMATHE KOPBI, YTO M TIPHUBENIO K 00pa3oBaHuIo XxpedTta. MOTYT OBITh U
WHBIC TIPUYUHBI, HO B OCHOBE HX JICKHUT TJIO0ATBHBINA Ipolecc
YBEMUYEHUS MacChl 3eMJIM  BCJEACTBUE IOTJIOMICHUS €0 3dupa
MHUPOBOTO MPOCTPAHCTBA.
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C 3THX e TO3WIHMA MOXeT OBITh PacCMOTPEHO M TOSIBIICHHUE
TJIaHETAPHBIX MarHUTHBIX TIOJICH.

JlaBHO 3aMeyeHO, YTO MAarHUTOE II0JIE HMEETCA TOJBKO ¥y
Bpamaonumxcs miader. [lodToMy OBITH BBEIABHHYTHI THUIOTE3B O
TOM, YTO CyHIeCTBYeT (hyHIaMEHTAIbHBIA 3aKOH MPHUPOJIBI, COTIIACHO
KOTOpPOMY BCSIKO€ BpAIaroIeecss MaCCUBHOE TeN0 JOJDKHO 00aiaTh
MaraetusMoM. OIHAKO TPOBEpKa 3TOTO MPEIOI0KESHHUS HE IMOATBE-
pAnia: BpaIIeHHEe MAaCCHBHOTO 30JI0TOTO IIapa ¢ BEICOKOH CKOPOCTHIO
HE BBI3BAJIO MOSBICHUS JOTIOTHUTEIEHOTO MATHUTHOTO TTOJIS.

B Hacrosmiee BpeMs BBIABHHYTa THUIIOT€3a O THAPOMATHUTHOM
muHamo. COrjlacHO STOW THUIOTE3€ B AJIEKTPOIPOBOMASIIEM KHUIKOM
saape  3emiu MOTYT TIPOHUCXOJUTH JOCTATOYHO CIIO)KHBIE U
WHTCHCUBHBIC JIBWKCHHS, TMPHUBOJAIINE K CaMOBO30YKICHHUIO
MarHWTHOTO TIOJS AHAJIOTUYHO TOMY, KaK IMPOUCXOAMT TeHEepaIus
TOKAa ¥ MAarHATHOTO ITOJII B AMHAMOMAIITHE C CaMOBO30YKIEHHEM.

OmHako Ha Haml B3MVISAJ 3Ta TUIOTE3a HEKOPPEKTHA, TakK Kak
AHAJIOTHI C peaJlbHOW JWHAMOMAIIMHOW 31ech HeT. B peanpHOI
JUHAMOMAIIIMHE POTOp IepeceKkaeT MarHWTHOE T0Je CTaTropa, a BO
Bpamaromieiicas 3emie Takoro craropa HET, U CO3JaHHBIE €l0
MAarHUTHBIE CHUJIOBBIC JIMHUM BPAILIAIOTCSd BMECTE C HEH, TakKk 4To
HaBPSII JIX MOYKHO TOBOPUTh O KAaKOM-TO CaMOBO30YykaeHuu. Uto-To
JIOJDKHO OBITH JIPYTOE.

C mno3unuii  3QUPOAMHAMUKHA TPOLECC MOXHO TpPaKTOBAaTh
crnenyromuM obpasom (puc. 14.5, 14.6). Ilornomenue s¢upa u3
OKPYKafoIIero 3eMil0 MpOCTPaHCTBA MPUBOAUT B TOBEPXHOCTHBIX
CIOoAX 3eMJIM K TIOSIBJICHHIO KOPHOJHCOBBIX CHJI, BO3JCHCTBYIOIINX
Ha morjom@aemsli 3¢up. HerpynmHo BUAETB, YTO 3TO BEAET K
BO30YXK/IEHHIO BO BCEM ITOBEPXHOCTHOM CII0€ 3€MJIM BHXPEBOTO
noroka 3¢upa. K 1nenrpy 3emiu 3TH Cwibl yOBIBalOT, MO3TOMY B
LIEHTPE OHM HE MOTYT MPOTUBOCTOSTH MOTOKY 3aKpy4eHHOTO 3(upa,
MOCTYTAOIIEr0 C TMOBEPXHOCTH. OTO TIO3BOJIIET 3aKpPYYEHHOMY
MOTOKY 3(Hpa 3aMKHYTHCSA dYepe3 IIEHTP, YTO W CO3JacT OOIIHit
a¢dexkr 3emHOro Maruetusma. KoOHEUHO, Ha OTOT THpoIleCC
HAKJIaJILIBAIOTCS M JIOTIOJHHUTEIBHBIE TIPOIECCHI, BRI3BAaHHBIE BCSKOTO
pozia HEOTHOPOAHOCTSIMHI CTPYKTYPHI 3eMITH U APYTUMHU MPUIHHAMH.
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Puc. 14.5. Bo3HUKHOBeHMe BHXPEBOro mojs 3(pupa BO BpalaLIEeMCs
HeOeCHOM TeJre

Puc. 14.6. O6pa3oBanne MarHuTHOro noJs 3emJu. XKenesHoe sapo 1 He
coznaer M/IC HerocpencTBEHHO, HO SBIISIETCS IPOBOJAHUKOM U YCHITHUTEIEM
CO3JJaHHOTO B TOBEPXHOCTHOM CJIO€ 2 MarHUTHOTO TOJIS

[IpoBeneHHble pacueThl Mokaszalid, 4To y Mepkypuss u BeHepsl
JOJDKHBI CyHICCTBOBATH ci1adble MarHWUTHBIE TIOJIS (OHI/I IIOKa HC
0oOHaApYKEHBI), I 3eMJIM PacdeThl JAJIM XOPOIIEee COBIAJIEHUE, TaK
e kak 1 s KOmurepa. JIomkHO CymiecTBOBaTh MArHUTHOE TIOJIE H Y
Mapca, ommako, B 2-3 pasa 6oree cimaboe, 4eM y 3emiid. DTO IOJe
MoKa TOXE He OOHapyxeHOo. B mpuHIUIE pacyer cenaH s Bcel
CoNHEYHOH CHCTEMBI, B TOM 4YHCIE W Ui IUIAHET, ¥ KOTOPBIX
MarHWTHOE TIOJIE eIlle He HaliIeHo.

Takum o6pazoM, XOoTs Obl B MpHHIHUIE, 3(HUPOIUHAMUYECKOE
MOJICIMPOBAHNUE OKAa3bIBACTCH IIOJIE3HBIM W TPU PACCMOTPECHUU
TPaBUTAI[MOHHBIX SIBICHUH.
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A BO3MO’KHA JIM B TAKOM Cllydae aHTHrpaBHuTarusa? YTo ckaxer Ha
3TOT CYET BceMoryiias 3GupoauHaMuka?

K coxanenuto, HHuYero xopomero oHa He ckaxer. Jlro0Ooe
BEIIECTBO — 3TO BUXpH 3Upa, cilenoBareabHo, oOpa3oBanus Ooee
XOJIOAHBIE, dYeM OKpykalmas wux cpema. M ciegoBarensHO,
CO3AIONINE TMOHIKCHHE TEeMIIepaTypbl, TO €CTh TPaBUTAIUIO.
Cosznarh NOBBIIEHUE TeMIlepaTyphbl 3¢hupa Mbl He B crinax. [loatomy
B TIPIMOM H TOYHOM CMBICIIC AaHTHUTPABUTAIIAIO MBI CO3/aTh,
BeposITHEE BCero, He cymeeM. Ho 3To emie Hudero He o3Havaer. Uero
XOTAT T€, KOTOPbIE HE MPOYb ObUTH OBl 3aUMETh AHTUTPABUTALIUIO?
OHu XOoTAT JeTatb. Tak 3TO ke coBceM Apyroe aeno! Jlas storo
BOBCE HE 00S3aTEIBPHO CO3/1aBaTh UMEHHO aHTUTpaBHUTANMIO. JleTaroT
JKE CaMOJIEThl, CO3/7aBas TMPOTHUBOJACHUCTBUE TPaBUTAIMM JPYTUMHU
cwiamMu. Bo3moxHO co3maHue ©  3QUPOAMHAMUYECKHX  CHII,
MPOTHUBOJCHCTBYIOMINX TPABUTAIMN, W BOT 3TO BIOJHE BO3MOXKHO H
3a 3THM 00JIbIIIOE Oy TyIIee.

A Brmpouem, kto 3Haer! Bapyr Halinercs KTO-HUOYIb, KTO HE
MMOBEPHUT aBTOPY, BO3BMET W CO3JAcT aHTWUTpaBuTarnmio. I0o, kak
W3BECTHO, CO3MIAI0T HE TE€, KTO TBEPJO 3HAIOT, YTO ITOTO HE MOXKET
OBITh, a TOT, KTO KIMEHHO 3TOr0 U HE 3HAeT!

15. Ymo makoe 2ceonamo2eHHbIe 30HbI

Xotb y6eii, cnena He BuaHO! COMINCEH MBI, UTO JeNaTh HaM?
B mone 6ec Hac BOAMT, BUAHO, Aa KPY>KUT IO CTOpOHaM!
A.CIlymkun

I'ynsas mo necy, mapky WJIM OPOCTO 1O JOPOTe, BAONb KOTOPOH
BBIC)KCHBI JIEPEBBS, MBI YacTO BHUJIUM, 4YTO HEKOTOPBHIC IEPEBbS
pacTyT HakJIOHHO. BBIBaeT M Tak, 4TO M3 OJHOTO KOPHS PacTeT cpazy
HECKOJBKO JIepeBhEB, NpuYeM oOpamaer Ha ce0s BHUMaHHE TO
00CTOSATENHCTBO, YTO OOBIYHO B OJJHOM MECTE PacTeT HE OJHA TaKas
TpyIIa, a HECKOJIBKO. A HHOTZA MOMAJaroTCs JIEPEBbs COBEPUICHHO
npuayaauBoi Gopmel. Ecnu Takux NepeBbeB B Jiecy B KaKOM-ITHOO
MEeCTe MHOTO, TO MECTHBIE JKUTEIH CTaparoTcs Tylda HE XOIHTh,
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MIOTOMY YTO 3a00JIeBalOT. Takhe MecTa CUUTAIOTCS TMOJIBIMU M Ja)Ke
npokiaTeiMU. C HUMH JTydllle He cBA3bIBaThCs. Ho Ha camom perne
BCEMY JTOMY €CThb (HU3MUYECKHE TNPHYUHBI, 3TO TaK Ha3bIBaeMble
reONaTOreHHbIE 30HBI.

T'eomarorennsle 30HBI — 3TO 30HBL, B KOTOPBIX CYIIECTBYET
HEKOTOPOE, TIOKA €IlIe MPAKTUYECKH HE U3YUCHHOE HAyKOH U3I1yUYeHHeE,
ucxopasiiee u3 IyOMHHbIX Henap 3emun. OHH  BCTPEUYArOTCS
IMOBCEMECTHO, U TIOUYTH B KAXKJIOH KBapPTHUPE, B KAKIOM CITyKSOHOM
MOMEIICHHH WX 0OBIYHO ObIBaeT 1o 2 — 3 mryku. HaxomuThes B Takux
MecCTax IMOJOJITY HENb3s: YEeJOBEeK HadyWHaeT OoJieTh, a €CIHM 30Ha
SHEPreTHYECKU CUJIbHAs, TO MOTYT OBITh M CJIy4al BOBCE
HENPUATHBIE, KOHYAIOIIUECS TSDKEIBIMU 3a00JICBaHUSAMH M JTaXKe
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cMepThlo. Takux ciiydaeB, yBbl, Hemano. M 3TO HOHATHO: pa3 yx
H3JIYUYCHHUE TI'CONMATOTCHHBIX 30H CYyMEJIO UCKOPCKUTH JACPEBbA, TO UX
HETaTUBHOE BIIMSIHHUE HA YEIOBEKA BIIOJIHE OOBSICHUMO.

VHTEHCUBHOCTh IenaTOreHHbIX 30H pa3inyHa B pa3HOE BpeMsl, HO,
KOI'/Ia OHU aKTHBU3UPYIOTCS, TO OKa3bIBAIOT HETaTUBHOE BIIUSHUE HA
JIOJIEH M Ha YCIIOBHSI TOPOKHOTO JIBHXKCHUS.

CoBpeMmeHHas: oduIHaIbHas Hayka K (aKTy CYIIECTBOBAHUIO
reonaToreHHbIX 30H OTHOCUTCSI HETaTUBHO, KAK U KO MHOTMM JPYTUM
ABJICHUAM, KOTOPBIE OHA HE MOXKET OOBSICHUTH Ha OCHOBE
CYIIECTBYIOMICH NMapaaurMel. [103TOMY KO BCeM MOJOOHBIM SIBIICHUSM
OHa OTHOCHUTCS OTPHUIIATENIEHO, YTBEPIKAAS, YTO HUYETO MOA0OHOTO Ha
CBETe HET, U YTO BCE ITO — JuKeHayka. Ho oT 3Toro reomaroreHHbIE
30HBI, KaK U JPYTHUE SBICHUS, HUKYJA HE HCUYE3al0T. A MOCKOIBKY C
TaKUMH SIBIICHUSMU MNPUXOJUTCS CTaJKHUBAThCS BECbMa 4acTo, U OT
MOHUMAHUSI UX MNPHUPOABI 3aBUCAT U MEPBHI M0 HEUTPATU3ALHUHU X
BJIMAHWUA, TO O3THM 3aHHMAThCsI HaIo. Ho moka 4rto 3aHumaroTcs
reOMaTOreHHBIMUA 30HAMU JIUIIL OTAENbHBIE SHTY3UACTBI, KOTOPHIC
WHOT/IA HaxoHsIT ¥ OOBACHEHHS W CHOCOOBI MHHHUMH3AIUU
HEraTUBHBIX BiMsSHUNA. Ho, KOHEUYHO, BCE 3TO HEAOCTATOYHO
3¢ dexkTrBHO Oe3 OPUIMATHEHON TOICPIKKH.

A nmromu mpomoKarT 00JeTh M Jake yMHparh, W MeEAHIMHA
JaJIeKO HE BCEra OKa3bIBAa€TCS B COCTOSIHUM UM IIOMOYb, a Ha
JIOpOrax MeprUOINYECKH BOSHUKAIOT aBapUMHbBIE CUTyaIlud, MHOTHE U3
KOTOPBIX MPOUCXOMST B OJHUX U TEX K€ MECTaxX.

Uro e Takoe TeolaTOreHHble 30HBI, KakoBa WX (hH3mdeckas
npupoJa, Kak Ux OOHapyXHBaTh M HENb3s JIM BCE K€ HAWTH crocol
KaK-TO M30exXaTh UX BPEIHOTO BIIUSIHUSA?

[lo MHeHUIO aBTOpa, I'€ONMATOr€HHBIE 30HBl — PE3YIbTAT HAKOILIE-
Hus 3emiiei (Kak U BceMH HeOECHBIMHU TellaMu) 3dupa U3 OKpyKaro-
mero 3eMiIl0 KOCMHUYECKOro TpocTpaHcTBa. Hakorenwe 3d¢upa
MPUBOJUT K POKICHUIO HOBOTO BEILECTBA B 3eMiie, 3a CUET YEro OHa
pacivpsieTcs U €€ BpallleHue 3aMeIJIIeTcs, 3T0 yCTaHoBJIeHO. HoBoe
BEIIIECTBO BBIMON3aET M3 HEApP B BUJAE CHUCTEMbI PUPTOBBIX XpeOTOB
MoCpeInHE BCEX OKEaHOB, WX o0mIas amuHa — 60 THICSY KHJIOMETPOB,
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a Takke B BHJE OTJACIBHBIX OCTPOBOB, KOTOPHIX OCOOEHHO MHOTO B
I0Tr0-3anaiHoi yactu TUXOro okeaHa, U B BUJI€ OTAEJIbHBIX TOp.

CerojiHs yKe OHSATHO, YTO (UP MPEICTaBIACT COO0M TOHKUI Ta3
OTHOCHUTEIFHO HEOOJBIIIOH TUIOTHOCTH, HO UCKIFOYUTEIHHO BEICOKOTO
MABIeHWS W DJHeprocomepkanus. Hamo ©e 3al0bBarh, dYTO
SHEPrOCOCPIKAHUS BO3JyXa XBaTaeT JJii 0Opa30oBaHMs BO3IYIIHBIX
BUXpeH — IMKJIOHOB W CMep4Yed, YCTpaWBaloOUUX yparaHel U
paspymapmux oMa. A sHeprus 3gupa MHOTOKPAaTHO OOJBINE, W HE
NPOSIBIISICTCS. OHA JIMIIb MOTOMY, 4TO B d(Upe, Kak U B BO3IYLIHOM
aTtMocgepe, B OCHOBHOM, BCe ypaBHOBeleHo. Ho He Bcerna.

Ecim B »dupe oOpasyioTcs BUXpH, TO Ha HX MOBEPXHOCTH
BO3HUKAIOT TpPaJUCHTBI HOaBJICHHA, KOTOPbIE MOI'YT BbI3bIBATH
nepenaabl JaBJICHUH Ha MpeaMeTax BechbMa 3HAYMTENbHBIC. Torma
HAYMHAIOT JIETaTh CKOBOPOJAKH, MaaaTh IKadbl, a U3 PO3ETOK
BBICKaKMBaTh IIApOBBIE MOJHAW. Takve SIBICHUS MOYYHIIN Ha3BaHUE
nonTepreiicra («IIyMHBIH JyX»), WU OHH W3BECTHBI JOCTaTOYHO
mupoko. Bo Bpemss monTepreficToB Ha JIOACH HEOXKUIAHHO
BBUTMBAETCSl BOJA, B3SBIIAsCS HEBECTh OTKyaa. Ha camom merne sta
BOJIa COJCPXKHUTCS B BO3JyXe, HO d(DUPHBIC BUXPHU €€ COOMPAIOT TaK
e, KaK 3TO TMPOMCXOJIUT B CTakaHe 4as C YaWHKaMU: 3TO U €CTh
NpUYMHA TIOSBIIEHWS TYMaHOB Ha JOporax. OTO  SBIEHHUE
WCTIOJh30BAHO B TaK HA3BIBAEMBIX «IIOWJIBHHIAX» B IyCThIHE [ 00M:
3TO KaMCHHBIC Yallld, YCTAHOBJICHHBIC B CHJIBHBIX T'€ONAaTOICHHBIX
30HaX, B M3IyYEHHUH KOTOPHIX BHIMAJaeT poca W3 BO3MyXa, W Yalld
BCEI/1a HAMOJHEHBI BOAOK.

B psny momoOHBIX SBICHUN HAXOMATCS W TE€OMATOTCHHBIC 30HEI,
T.€. 30HBI, B KOTOPBIX CYIIECTBYIOT 3(UPHBIC BUXPHU, HE BHUIUMBIC
IJIa30M, HO KOTOpBIE CO3MAIOT Ha A(UPHOM YpPOBHE 3HAYUTEIHHBIC
nepenanbl AABICHHUM, TakUe, 4TO AECPEBbsl MOJYMETPOBON TOJIIUHBI
IIOJT UX HATIOPOM THYTCSL.

[IpaBna, BeayT cebs moToku 3upa B ITUX 30HAX 0OJIEE CIIOKOWHO,
YeM B TOJNTEpreiicTax WiIM B MIAPOBBIX MOJHHSIX, HO 3aTO OHHU
CYHECTBYIOT IIOAOJTY, MHOIHME TOAbI, U HUX BJIIMAHUC IIOCTCIICHHO
HakarumBaercsi. Ho 30HBI MOTYT M aKTHBH3HPOBATHCSA, TOT/Ia B 3TO
BpeMsI HX BIIMSHUE HA JIOAEH U HA MECTHOCTh YCHIINBAETCSI.
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OTtkyna xxe OepyTcs TreonaroreHHsie 30Hb1? Ha 3ToT cuer aBTopoM
paspabotana cieayromias Bepcus. [lornomaemeiii 3emnelt 3¢up He
BECh MPEBpAIIaeTCs B BEUICCTBO, YacTh €ro OPOJIUT B Telie 3eMIIH,
HAKaIUTMBAsCh B OT/ACIHHBIX MECTaX W B KOHTAKTE C BEIIECTBOM HEAP
W3MEHSAA CBOIO TEMIIepaTypy, a, CJIeloBaTelbHO, W AaBiieHHe. Torma
3¢up HaYMHAET COYUTHCS HAPYXKY B BHJE 3aBUXPEHHBIX IIOTOKOB.
Takue BUXpH MOTyT OBITH JHOO OAMHOYHBIMH B  BHJE
OWIAHIPAYECKOTO CTON0a, MO0 B BHAE NBYXKIYTHKa, KOTAa [Ba
BUXpSl BpalIalOTCs BOKPYT JApYyr apyra. MoryT OBITb W Jpyrue
CTPYKTYphl. Yarie Bcero 3TO MPOUCXOIUT Ha BCSKUX MMOA3EMHBIX
HEOJTHOPOTHOCTSAX — pa3ioMax 3eMHOW KOPBI, TPAHHUIAX TMOJ3EMHBIX
BOJHBIX TIIOTOKOB, PYAHBIX BKIIOYCHUAX, TYHHEIAX, NYCTOTaX U
JIPYTUX €CTECTBEHHBIX WIIM HCKYCCTBEHHBIX HEOJHOPOJHOCTSIX.
HekoTopsle U3 TakuX MECT CONMPOBOXKIAIOTCS UCTEYCHUEM Telrs, YTO
TOBOPHUT O TOM, YTO B HeApax 3eMJIM M Ceidac MPOTEKaIoT SAepHBIC
peaxium, mpuyeM 0e30 BCIKHUX CBEPXBBICOKHX TeMIIEpaTyp.

OTIMYUTENHHON YepTOi TakuX 3(PUPHBIX MOTOKOB SBISCTCS, BO-
MIEPBBIX, UX CaMO(OKYyCHPOBKa, MIOCKOIBKY AaBlIEHHE B HUX MEHBIIE
JABIICHUST OKpY’Karomero 3¢dupa, BHEITHE JABICHUE UX CXKUMACT, W
OHM CTaHOBITCSA OTHOCHUTEIILHO KOMITAKTHBI, a BO BTODBIX,
CIIOCOOHOCTHh ~ NPOHUKATh BBEPX CKBO3b JIFOOBIE  HM30JSATOPHI,
HalpuMep, CKBO3b OETOHHBIE TEPEKPHITHS 3TaXeH ITOMOB, MOITOMY
TeONMaTOreHHass 30HA OIIYNAeTCs Ha BCEX 3TaKaX MHOTOATaXKHBIX
3nanuii. Ho ckBo3b MeTaimun moTok 3¢upa MpOHTH HE MOXKET, 3TOMY
MPEMSTCTBYET TaK Ha3bIBaeMasi MOBEpXHOCTh, DepMH — MIJIIOTHBINA CIIOU
QJICKTPOHOB, BCErja I/IMe}OH_[I/II‘/‘ICH Ha TMOBCPXHOCTAX METAIMYCCKUX
penIMeToB. MeTanieckue IpeMeThl MOTOKU 3dupa orudarmT, OHU
TG CBOMMH KpasMH HECKOJBKO NpuTOpMakuBatoTcs. [losromy
IMONBITKU TMCPEKPLITh MCTAJUIMYCCKUMU JIMCTAMU ITIOTOKH 3(1)I/Ipa,
BO3HUKAIONINE B TEONATOICHHBIX 30HAX, MPHUBOAAT JIMIIL K
HEOOJBIIIOMY CMEIIEHHIO TTOTOKOB, HAIpUMeEp, OT TOJIOBBI K HOTaM,
€CJIM TIOCTENb OKa3ajach B pailoHe 30HBI.

I'eomaTorenHnle 30HBI OKA3BIBAIOT BIIMSHUE Ha paCTHTeHBHBIﬁ u
JKUBOTHBIH MHp. JlepeBbsi MCIBITHIBAIOT BIHSHUE MOTOKOB 3(upa c
MOMEHTa CBOETO TMOSBIEHUS, U N3MEHEHHUS B HUX HAKaIUIMBAIOTCS TIO
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Mepe BeIpacTaHus. JKHBOTHBIE YyBCTBYIOT 3TH IOTOKU U PEAarupyroT
Ha HHUX TO-pasHOMY. B 3aBHCHMOCTH OT CTPYKTYphl MOTOKOB OHHU
60 n30eraroT ux, IMb0, B HEKOTOPHIX CIIydasX, HA00OPOT, JIOOAT B
HUX HaxOAMThCS, MocinenHee peaxko. Ha miomed ke, Kak NpaBuio,
U3JTy4€HHE T'€0NaTOreHHBIX 30H OKa3blBaeT HETaTUBHOE BO3/ACHCTBHE,
0COOEHHO Ha JieTel, KOTOpbIe N30 THS B JIEHb, U3 MECALla B MECSIL, U3
rofia B roJ BEIHY>KACHBI CHIAaTh JOMa WM CHIETD B IIKOJIE HA OIHOM U
TOM € MecTe. A 3TO U IUIOXO€ CaMOYyBCTBUE, M CKOJINO3BI
WCKPHBIIEHUS TTO3BOHOYHMKA), U JIOObIe Ipyrue OOJIe3HH, BKIFOYAs
OHKOJIOTHIO, IPUYUH KOTOPBIX YCTaHOBHTH, KaK MIPaBHIIO, HE YIaeTcs.

Ecn BHMMaTenbHO NPOAHAIU3UPOBATH BCE, YTO H3BECTHO O
NpUYrHAX BO3OYXKIEHHS OOJIe3HEH, TO 3TO JOCTATOYHO HIMPOKHUH
ACCOPTHMEHT MpPHUYUH. DNUAEMUN BO3HUKAIOT MyTeM Mepefadu ApYyT
IpyTy BHPYCOB MM OOJE3HETBOPHBIX MUKPOOPTaHU3MOB. lIpocTysl
BBI3BaHBl IepeoxyiaxacHueM. OHKOJOrHMYecKre 3a00eBaHus B
3HAYUTEILHONW CTENEHU CBS3aHBl C TEXHOTEHHOW JAEATEIbHOCTHIO
4yeoBeka. OTO W KaHLEPOTeHHblE XUMHUYECKHE COEIUHEHHS, U
MCTOYHUKH MOHU3UPOBAHHOI'O H3JIyY€HHS, U TOKCHYHBIE METaJUIbl, U
€Ille MHOTOE APYroe, YTO MOJIyUYEeHO, CO3J[aH0 MIIH JTOOBITO B OOJIBIIMX
KOJINYECTBAX YEJIIOBEKOM. OTO TaKXe W HENpaBWJIBHOE IHUTAHUE,
KypeHHe, aIKOIOJIU3M, CTPECCHI, a B IOCJIEAHUE T'OAbl M HAPKOTUKU.
Ho Bce 3TM MCTOYHMKM IPECTaBISIOT cOOOH OMACHOCTH TOJIBKO B
COYETAaHUU C OCJIA0JICHWEM OpraHMu3Ma, HapyLIEHUSIMU ero (QyHKIWH,
BBI3BAHHBIX OTHAJICHHEM €ro OT IPHUPOIbI, HUTHOPUPOBAHHEM €€
3aKOHOB W npeamnucaHuii. I K CyIIECTBEHHBIM INPHYUHAM,
OCHaOMAIONINM 3I0POBBE YENOBEKAa M CHIKAIOIIMM €r0 MMMYHHTET,
HEOOXOJMMO OTHECTH U T€ONaTOreHHbBIE 30HbI.

HeratuBHble BO3HEHCTBHS Ha 4eNOBEKAa © HAa TEXHHUKY
OKa3bIBAIOTCA HE TOJIBKO B KBapTHpax U CIYyKEOHBIX MOMEUICHHSX.
Kak omHaxnmbl cooOupwio TeneBujcHue, Ha 41 KuIoMeTpe IIocce
Mocksa-IlerepOypr BpeMs OT BpPEMEHH BO3HHKAE€T HEMOHATHOE
ABJICHUE: HEOXMJAHHO IIOAHUMAETCs TyMaH M OJIHOBPEMEHHO
BO3HHMKAET HECKOJIBKO OYaroB aBapuid. BbUIO CKa3aHO, 4TO MECTHBIE
JKHUTENIN CUUTAIOT 3TO MECTO MPOKJIISTHIM.
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I'eonarorenHsie 30HBI OJMHAKOBO JEHCTBYIOT Ha BCEHl IIIaHETe.
Hewmerkas yuenas bawiep o6cnenoBana 3 ThICSYd KBapTHP U JOMOB B
14 cTpaHax W YyCTaHOBWJIA, YTO BCE 0€3 HCKIIOYCHHS PaKOBBIC
OOJIbHBIE CIaM HA WMCTOYHHUKAX 3EMHOTO H3IYYCHHUsS, NETH XY¥Ke
pa3BUBAINCh, acTMa, pPEBMAaTH3M, CKIEpPO3 MpEBpaIiaiich B
xponnueckue. [Tonsckue uccnenosarenu oocnenoBanmu 1300 sxureneit
Bapmasel. Okazanocs, 4To ToabKO 20 U3 HUX CISIT B «UHCTON» 30HE
MEXIy DHEPIeTHUYCCKUMH JUHUSIMH, W BCE OHH 370poBBL U3
ocTanbHEIX 335 Tsmkeno OGombHbl, 108 Ha CceromHANIHUN IEHDL
CKOHYAJIUCh. BBITN clieaHbl TaKKEe WHTEPECHBIC BBIBOJBI: KAXKIBIA U3
TeX, KTO OOJeNn pakoM, MIUTEIIbHOE BpeMs HaXOAWJCS B 30HE CO
3HAKOM +, a KaXAbli OONBHON TYyOepKyJe30M — B OTPHUIATEIBHO
3apsOKEHHOM 30HE. Pe3ynbrar olvH — CMEpTb.

C coxaneHweM CcIeayeT KOHCTAaTHpOBaTh, YTO IIPH BBIOOpE
IJIOIIAI0K JInIL| CTPOUTENHCTBA  JIOMOB, CITY)KEOHBIX 74
MPOU3BOJICTBCHHBIX IMOMEIICHHUH, OTBETCTBCHHBIX M JaXKe 0C000
OMACHBIX OOBEKTOB, & TAaKXKe MPH IMPOKIATKE IIOCCEHHBIX OpPOT
HHMKAaKH€ HWCCIEAOBAHMSA B 4YaCcTH HaJIMYMI Ha JTHX ILIOIIAAKaX
TEOMAaTOTeHHBIX 30H HE MPOBOAATCS, MO0 CaMO WX CYIIECTBOBAHHE
COBPEMEHHOM HAayKOW HE MPU3HAHO. DTO — JDKEHAYKa, U «Cepbe3HbIC
Y4eHBIe» 3THUM He 3aHuMaroTcs. OHaKo oA OOJICIOT U YMUPAOT, U
OCHOBHOM 3ajadeil sBIJETCA HE CTOJBKO HX JIEUEHHE, CKOJILKO
MpeaynpekIecHIe O0Ne3HEH, OJHOW W3 BAXKHBIX IMPHUYMH KOTOPBIX
ABIseTCS ocnabieHne opraHu3Ma W3IyYeHHEeM TeOlaTOTeHHBIX 30H.
s sTOorO Hamo 3HATHP MECTa PACIOJIOKEHHS 30H M CIIOCOOBI
HEWTpaau3aluy UX HEraTUBHOI'O BO3JEHCTBUSI.

Kak 00Hapy»UTh reonaTOreHHBIC 30HbI?

CeromHs yxe co3maHbl TPUOOPHI, TIO3BOJISAIONINE ATO caenarb. Ho
mpuOOPOB MaJIo, @ TEOMaTOTeHHBIX 30H MHOTO. IIporre Bcero mist ux
O0OHApYKEHUS BOCIOJIB30BATHCSI METOJOM OWOJIOKAIMH, TOCTYITHBIM
MPAKTHYECKH KaKIOMY, HO TpeOYIOUMM HEeOONBIION TPEHHUPOBKH.
CylurHocTh METO/Ia 3aKTF0YACTCS B TOM, UTO ITOUCK 30H TIPOU3BOIUATCS
C TIOMOIIBID TaK HAa3BIBAEMBIX  «PaMOK», TOA  KOTOPBIMU
MOJIPa3yMeBalOTCs M3OTHYTHIE IO NPSAMBIM YIJIOM METaJUTHYECKUE
MPOBOJIOKH, JIYUIIIE BCETO — BS3AJBHBIC CIHIBI THAMETPOM 2 MM H
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JumHOW 40 CM ¢ 3a0CTPEHHBIM OJHHUM KOHIIOM. 1/3 AIWHBI CIUIIBI
u3rubaeTcss MoJ MpSMBIM YIJIOM K ocTambHONW uacTH. KopoTkoit
YacThI0O C 3A0CTPEHHBIM KOHIIOM CIHMIIA BCTaBIAETCS B KOPILyC
OOBIYHOW CTEPKHEBOW aBTOPYYKH BMECTO CTEPXKHS. JIJTMHHBIN KOHeEI]
HY>KHO 3aTyITUTh B IeNIIX Oe3omacHocTh. Pamka rotosa (puc.15.2).

Oneparop Oeper B KaxAyl0 pyKy IO paMKe, HAKJIOHSIET MX
HEMHOTO BIepe]] TaK, YTOOBl OHM OBUTM MapalUIeNbHBI APYT IPYTY
(puc. 15.1a, 6), 1 OOXOIUT TUIOIIAIKY WJIH TIOMEIICHHE.

[IpoBepKy dYyBCTBHUTENBHOCTH OIEpaTopa MOXKHO IIPOM3BECTH,
nojHoca paMKku K cTteHe. [IpumepHo, 3a 3040 cM OT CTeHBI pamMKu
HAYHYT pacxonuthes (puc.15.16).

Han reomaToreHHO# 30HOW paMKH caMH IepeceKyTcs 0e3 Kakoro
OBl TO HU OBLIO XeNaHus oneparopa (puc. 15.12).

[Ipu BBIXO/E M3 30HBI pAMKH BHOBB CTAHOBSITCS ITapaJUIeIbHBIMHU.

Puc.2

Puc.1 Puc.3

Puc. 15.1. O0Hapy:keHHe reoNaTOreHHbIX 30H

Y mogeit co cmabbiM COOCTBEHHBIM OHOIIONIEM paMKH He
paboTarT, MOTOMY YTO YrojJ OTKJIOHEHHUS PaMOK IPSIMO 3aBUCHT Kak
OT HANpPsHKCHHOCTH TIOJIS 30HBI, TaK M OT HAIPSHKEHHOCTH COO-
CTBEHHOTO Omomnois oreparopa. OJHAKO NMOTEHIMAIBLHBIMUA CHOCO0-
HOCTAMHM K OHOJOKamMM oOJajaeT IOABIAIONIEE OOJIBIIHHCTBO
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moaei, HO g paboTel C pamMKamMu TpeOyeTcs HeOOoJbImas
TPEHHUPOBKA. DTUM MOTYT OBJIAJAETh MPAKTUYECKH BCE YKEJIAIOIITHE.

Ha noBecTke AHA — pemieHHe OMOJOKAIIMOHHOM 3KCIEPTU3bI IpU
BEIOOpE TIJIOMIAIOK JUIS JKAJIMITHO-KOMMYHAIBHOTO CTPOUTENBCTBA U
OCOOCHHO Ui TPOMBIIUIEHHBIX  OOBEKTOB  ITOBBIIICHHOMN
SHEPreTHUYECKOW OMacHOCTH, Hampumep, a1 ADC — aTOMHBIX
aNeKTpocTaHImii. B cBoe Bpems mpu BEIOOpE MeCT JUIs
CTPOUTEHCTBA IIepPKBEH MOJ00HAs AKCIIEPTH3a MPOBOAMIACH, TOTOMY
YTO ICPKBU HUKOTAa HE CTPOWIMCH HAa I'€OIMAaTOICHHBIX 30HAX W 30HBI
BOKpYT LIEpKBEH Bcerja JeHCTBYET Ha JI0AEH MOJOKUTEIBHO.

Camas myuniasi peKOMEHAIHs N30€KaTh BIMSHHS T€0MaTOTeHHBIX
30H — B NNOMCHICHUAX NEPCCTABUTH MCGGJ’IL Tak, yTOOBI CHAJIBHBIE U
paboune MecTa B 5TH 30HBI He NoNajgaiv, B mpuHIuUNE, 3TO MOXKHO
CenaTh, MOTOMY YTO OOJBIIMHCTBO 30H MMEET HeOOJNbIINe pa3Mephl
— OKOJIO OIHOTO MeTpa B JWaMeTpe, Oojee KpyIHBIE TOXe
CYHE€CTBYIOT, HO HUX OTHOCHUTCJIBHO HEMHOIO. Ho wu3MeHuTh
pacmonokeHre Me0en B KBapTHpe He BCerga BO3MOXHO, T. K. KBap-
TUPBI y OOJBIIMHCTBA JIFO/IEH MajeHbKHe, 0c000 TaM He pPa3BEepHEIIb-
ci. U IMO3TOMY HEIIPUATHOCTU, IMPUYHUHACMBIC T'€OINMATOICHHBIMU
30HaMH, JIIOAM TEPHAT, JNaKe He NpeAcTaBisis  cebe NpUYrH
HABAJIMBINUXCSA Ha HUX Oone3Held. Jloporu ke mepeHecTH TOXe BPS
TN BO3MOXKHO, TeM OoJiee, 9TO T'eONMaTOTeHHBIX 30H MHOTO, MpaBia,
WHTEHCHBHBIX, CINOCOOHBIX pEallbHO IOBIUATH Ha 0€30HacHOCTh
JIOPO’KHOTO JIBUKEHHSA, K CUACTBhIO, OTHOCHUTENbHO Majo. bema ke
3aKJIIOYAETCSI B TOM, YTO TEOMAaTOTeHHBIMH 30HAMH 3aHMMAaIOTCS
TOJILKO OTIEIbHBIC JFOIN Ha JIIOOUTEIHCKOM YPOBHE.

Ecnu nepectaBuTh MeOellb B IOMELICHHUSX WM MEPEHECTH AOPOTH
3aTPyIHUTEIHHO, TO MOXHO JUKBHIUPOBATh T€OMATOTEHHYIO 30HY
NyTeM JEeCTPYKTypH3aluu (paccenBaHUs) ee¢ S(PHUPHOrO IIOTOKA.
JecTpyKTypH3anus reonaToreHHOH 30HbI MOKET OBITh IPOU3BECHA C
MTOMOIIBIO 3(hUPOAMHAMUYECKOTO TACCHBHOTO HEWTpan3aropa.

DdupoaHAMHUYECKII TTAaCCUBHBIN HEHTpamu3aTop IMpeACTaBIsIeT
co00i1 CIUTIOIIEHHBIN B JIEMIEMIKY AMAMETpOM, NMpuMepHo, B 100 mm
Xa0TUYECKH CMOTAHHBIH MOTOK IOKPBITOM JIAKOM TOHKOW Tpancdop-
maTopHOM mpoBosioku auamerpoMm 0,1-0,2 MM u mopsaka 100 m
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mmHO# (puc.3). [IpoBosodHas Jenenika 3aTeM 3arlpeccOBBIBACTCS B
M000M M30JATOp WM BKJIEHBAE€TCI B KAapTOH MM B OOBIYHBIN
KOHBEPT. BO3MOXXKHO 3amojHeHUe HeWTpaau3aTopa TUIICOM, OETOHOM,
TICHOTIONINYPETAaHOM, T. €. TF000I He TPOBOIAIICH TOK MacCOM.

[IpuHMn AedcTBUS HEWTpadu3aTopa OCHOBAH Ha pa3pylIeHUU
BUXPEBOTO TIOTOKa 3(upa, MPOXOJSIIET0 CKBO3b HeEro. bmaromaps
CIETUIEHUIO 3(UPHBIX TOTOKOB C MOBEPXHOCTHIO IPOBOJIOKH 00IIast
BHXpEBas CTPYKTypa 3PHUPHOTO MOTOKA pa3pyliaeTcs, # COOCTBEHHO
W3JIy4YE€HHE TEONaTOreHHOM 30HBbl, KaK TaKOBOM, IIepecTaeT
CYLIECTBOBATb.

Paspymienne 3¢upHOro moToka reonaToreHHON 30HBI HAYWHAETCS
HEMEIJIEHHO TMOcCJie paclojioKeHUsT Ha Hel HeWTpaiau3aropa.
JlocTaToyHO HECKONBKUX CEKYHJ, YTOOBI 30Ha Kak TakoBas Hcye3na,
HO €Cll HeWTpanu3aTtop yOpaTh, IMOTOK 30HBI BOCCTaHABJIMBAETCS,
X0oTss W B ocmabneHHoMm Buae. OmHAKO, €CITH HEHTpaIu3aTop
npoAepkaTh Ha 30HE Ooyiee yaca, TO 30Ha BOCCTAHOBHUTCA TOJBKO
Yyepe3 HECKOJBbKO AHEH. DTo 00BsICHAETCS Mallol BSI3KOCTHIO 3dupa.

Heiirpanmsarop menecoobpazHo pa3MeniaTh Ha MOy B TOM MECTE,
rae oOHapykeHa 30HA. OpfHAKO JIydYIIe BCEro HEHUTPaTU3aTop
pasMemarhb B IOABaJe, TOra 30Ha yOupaeTcs Ha BCeX dTaKax 37aHusl.

[MockonpKy caM HEUTpanM3aTop MPEACTaBISIET COOOW BCETO JIUIIID
MACCHBHBII MOTOK IIPOBOJOKH, HHKAKHX BPETHBIX BIMSHUNA OH
OKa3aThb HE MOYKET, HE3aBUCHUMO OT TOTO, HAXOIWTCS OH Ha 30HE HIIH
BHe ee. Hukaknx ocoObIX pa3pelieHuii Ha ero IpUMeHEeHHEe HU Y KOTO
HE HYXXHO CIpallnBaTh, IOTOMY YTO MBI JX€ HE CIIpalluBaeM
paspeui€Hus Ha TO, LITO6I~;I moaAMETaTh KOMHATy WM OTKPLIBATH
¢dopTouKy A mpoBeTpuBaHUS. Beab HUKTO He coOHMpaeTcsl JEUnTh
JIOZIe HOBBIMH CITOCOOAMH, PeUb UIET BCETO JIHIIL 00 03A0POBICHUU
noMeIeHns, 00 OCBOOOXIEHUH €Tr0 OT MPHPOIHBIX, €CTECTBEHHBIX,
HO BPE/IHBIX JJISl YeJI0BEKa U3ITyUSHUIH.

To xe camoe MOXHO JenaTh W Ha Joporax. Bmoms o6ouwmH, a
Jyd4IIe BCETO W MO HEHTPY Moja acGallbTOM HYXKHO Pa3MECTHTh DAL
NOJOOHBIX HEWTPaIM3aTOPOB Ha PACCTOSHUSAX Topsaka 2—4 Mmerpa
Ipyr oT npyra. 3oHa Oyaer pa3pylieHa, W HUKaKHX TYMaHOB H
BITUSTHUY HA JIFO/IeH OoJbIe He OyaeT.
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v aBTOpa HaCTOSIH.IefI CTaTb HET COMHCHHA B TOM, 4YTO np06J1eMa
CTOUT TOTO, YyTOOBI €10 HAa4yajy 3aHUMAaThCI B MacCOBOM TMMOopAaKe. B
KOHII€ KOHLOOB, pCYb HIACT O 3J0POBbLE Joaeil 1 0 BO3MOXXHOCTH
HUCKIIIOUUTCIIBHO JCIICBBIM CII0CcO0OM 03J0pPOBUTH HAIIW IMOMCIICHU
1 TIOBBICUTH 0€30MMacHOCTh JBUXKCHUA. Tak cTOWT M TOCJE ATOTO
MMPUCITIYHINBATHECA K MHCHUIO TaK HAa3bIBAEMBIX «CCPBE3HBIX YYCHBIX» O
TOM, 4YTO BCEC 3TO J'DKCHaYKa? Bnpoqu, €CJIM UM HPABUTHCA 0oIeTh
WJIK IoIIagaTh B aBapuu, 3TO UX JIUYHOE OCTI0.

16. Kocmonozus u kpy2coobopom aghupa e
npupode

Uro OBIIO, TO OCTAHETCS BCETIa, BEb TyX OeCCMEpTEH,
Uro cymecTByeT ceifuac, To BpeMs IPEBPATUT OJHAXKABI B 3(hup
Haonuce na xamennot niume 6 nycmuine I'oou

Kaxnpiii mpomecc B CBOeH KOHKpeTHOW (opme JOKEH UMETh
Hayajo M KOHEL, ToiJbKo BceneHHas B 1enoM coxpaHsercs
Hen3MeHHOU. M To numb B cpenHeM. Bo BcenenHolt HenpepbIBHO
POXKAAIOTCA M TACHYT 3BE3[bl, HENPEPBIBHO POKIAIOTCS U MCYE3AIOT
aTOMBI BEIIECTBA, BCE HAXOIUTCA B HENPEPHIBHOM U BEYHOM
Kpyroodopore. Bce, uTto pommnocs u3 3dupa, B 3up xe, B KOHIIE
KOHIIOB, U BO3BPaTUTCS, PACTBOPUBIIHNCH B HEM.

CeromHsi MbI y’k€ UMEEM BO3MOXKHOCTh IPOCIEIUTh KPyroo6opoT
a¢upa B ero KOHKpeTHBIX (opmax. [lomeiTaemcst 3T0 caenarb. s
3TOrO HY>KHO CBSI3aTh BOEAMHO HEKOTOPHIE MPOLECCH B TaJlaKTHKaX,
KOTOpBIE /0 HEJaBHEro BPEMEHH Ka3zajiuch HE HMEIOIIUMHU
OTHOILIEHUS APYT K APYTY.

Yto k€ MBI CErOfHs 3Ha€M O TaJaKTHKaX U O TOM, YTO CYILECTBYET
B MEKI'aTaKTHYECKOM IIPOCTPAHCTBE?

MBI 3HaeM, YTO CYIIECTBYIOT CHHMpAJIbHbIE TalakKTUKH, UX OONbIIe
MOJIOBMHBI OT YHCIa TaJlakTUK, HO €CTh €IIE TaJJaKTUKH IIapoBbIE U
JJUIMNTHYECKUE, €CTh TalaKTUKH HETPaBWIBHBIE, HAllOMUHAIOIIHE
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obyaka, eCTh TaJaKTUKU JBOWHBIC, COCTUHEHHBIC IPYr C APYroM
«MOCTHKOM» U3 3Be31 (puc. 16.1-16.3).

8) 2

Puc. 16.1. PaznuuHbie BUABI FAJIaKTHK: g — [APOBOE CKOIUICHHE; 6 — THUIIOBAs
criupajbHasl TajakTHKa, BUJ Ha IUIOCKOCTb, 6 — CIMpaJibHAasl TaJlakTUKa, BUJI IOJ
YIJIOM; 2 — CIHpajlbHas TaJaKTHKa, BHI COOKY
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“xeocm”’

THoON_L
/_\ nepemulyra

a)

0)

Puc. 16.2. B3zaumopeiicTBylomue rajakTHKH: @ — CXEMa B3aUMOJCHCTBUS
ranakTuK; 6 — QoTorpadus IBOWHON raJaKTHKH.



133

Puc 16.3. HenpaBuiibHasi rajJakTuKa — MOCJIEIHASI CTAUsI CyNIeCTBOBAHUS
3BE€3IHOI0 CKOILIEHUS

Kpome TOro, CymecTByIOT HWCTOYHHKH  pPaTdON3IYUCHHS,
HEBHUJIUMBIC B TEJIECKOII, €CTh TaK Ha3bIBAEMBIC KBa3aphl — TOUCUHBIC
PaAMOUCTOYHHUKH OOJIBIIION MOIIHOCTH, €CTh HEOOJBIINE, HO OYCHb
aktuBHble Cel(epTOBCKHME TaNaKTHKH W €CTh XOpOIIO BHIUMbBIE
paaroTaIaKTHKH, HEOOJBITHE TI0 pa3Mepy, HO aKTHBHO H3JTyJarolne
3JIEKTPOMATHUTHOE U3ITyUCHHE.

Bce ot ranaktuku coOpaHbl B CKOIUICHUS, & CKOTUICHHUS TATaKTHK
— B CBEPXCKOIUICHUS, ¥ TC, M IPYTHE BKIIOYAIOT B CE0S MIJITHOHBI U
Jaxe MWUIMAPAB MIAANIUX CTPYKTYPHBIX €IWHUIL. B  3THX
0o0pa3oBaHUAX TATAKTUKA B CKOIUICHUSX, a CKOIUICHUS B
CBEPCKOIUICHHUAX PACIIpelelieHbl HepaBHOMEPHO, OoJiee YIIOm00MIsIsICh
TOPOUIAITBHBIM CTPYKTYpaM, HEXKEJTH IaPOBBIM.

B 1mpoctpanctBe BcemeHHoil MHOro rasa, €cTb pPEIUKTOBOE
U3y4eHue U T. A., U T. . MHoro yero ectb Bo Bcenennoi! U
SIMHCTBEHHO, YETO HET, 3TO IMOHUMAaHUSA, TTI0YeMY BCE 3TO TaK.

Heckonpko  caoB  ciiemyer  cKa3aTh O  CyIIECTBYIOIIUX
KIIacCH(PHUKAIHAX TaTaKTHK.
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Kak wm3BecTHO, B Hacrosiiee BpeMs HUKAaKOW (yHKIIMOHAIBHOM
KJIaCCU(HKALIUYU TaJaKTUK HE CYIECTBYET, IOTOMY YTO HET HUKAKOTO
NpeACTaBICHUsI HU O BHYTPCHHUX MEXaHW3MaX TalaKTUK, HU, TEM
Oojee, O MeXaHMW3Max WX pa3BUTHA U B3aUMojeicTBusa. Bcee
CyIIECTBYIOIINE KiacCHpUKanmuu — Mopdojorudeckne, T. €.
OCHOBaHHBIE Ha BHEIIHWX, (OpPMalbHBIX MpH3HaKax. B 1922 r.
MEPBYI0 TakKyl KIacCH(UKALMIO TPEUIOKII  aMEepUKaHCKUN
actpoHoM 3.Xa006x (puc. 16.4).

Cmtpcm bHblE SANaKmuK

& s, -
Dnunmuieck e canakmuxu ':
4
T Sb
. Ir
: Henpasunsnsie
. " ST KN

SBb L=

EO E3

SBe

Crupanbuble 2anakmuki ¢ Gapom

Puc. 16.4. Mopdonoruueckass KiaccupuKanus rajakTuk mno Xaoouay:
pa3NuyHbIC THIBl TaJaKTHK pPACIONOXKEHbl HAa CXeMe TaKhM o00pasoM, dYTo
OTHOCHTEJIBHOE COJEp)KaHME B HHUX ra3a M MOJOIBIX 3BE3J YMEHBILIAETCS ClieBa
HAaIpaBo.

B cootBeTcTBHM ¢ 3TOH KiacCH(pUKANMEH BCE TATAKTHKU Pa3OHUTHI
Ha CJIETYIOIINE KIaCCHI:

cnupanvhule 2anakmuxu — SB (oxono 60% ot oOmero ymcna
TAAKTHK);

annunmuyeckue canakmuku — E (13%);

aunzooopasznvte canaxkmuxu —SO (22%);

uppezynapnovie (nenpasunsnsie) canaxmuxu — I (4%).
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BHyTpu HUX MMeeTcst ApoOIeHre TI0 TIOIKIIaccaM.

Bonee mo3muue kiaccu(UKAIMKM YTOYHSIM TE WM WHBIC JIETallH,
HO B IIEJIOM OHU OCTaBalIMCh MOP(OJIOTHMYCCKHUMH, K TOMY K€ HE
VYUTHIBAIOIIUMH  HEKOTOPBIX TallaKTUK, HAlpUMep, JIBOWHBIX
TATaKTUK WM ranakTtuk Ceidepra — UMEIONMX HEOOJBIHNE Sapa U
MOIITHBIE BEIOPOCHI Ta3a.

OtcyTcTBUEe A(OUPOAMHAMUYECKUX TIPEACTABICHHA O MPHPOJIE
BEIIIECTBA HE IMO3BOJISIIO 10 HACTOSIIETO BPEMEHH IIPOCMOTPETh, XOTS
OBl B TIPUHITKUIIE, BCIO YBOJIIOIUIO TaTaKTHK.

Opnako ceifdac Takas BO3SMOXHOCTbH ITOSBUIIACK.

[Mockonpky Hambollee YCTOHYMBEIMH SIBISIFOTCSI  CHHPANBbHEIE
TaJIakTUKH, a 3TO CJIEAYET U3 TOrOo, YTO UX OOJBIIMHCTBO, CICAYET B
MIEPBYIO OYEPEIb PACCMOTPETh MPOIECCHI, MPOUCXOISIINE B HUX.
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IIponeccel 311 TakoOBBI.

Bo-mepBeIX, B CHHpaNbHbIX pyKaBax [amakTHKH OOHapyXEHO
MarHuTHOE MoJjie HampsbkKeHHocThio mopsinka 10 Mkl'c.  CrpanHOe
MarHuTHOE I0JIe, He NMEIOIIee HUKAKoro UCTOYHNKA. EauHCTBEHHOE,
CHJIOBbIE JIMHUU KOTOPOTO HE 3aMKHYTHI caMu Ha ce0s. CoBepLICHHO
YHHUKAJIbHOE B ATOM CMBICIIE, IIOCKOJIbKY BCE OCTaJIbHbIE MAarHUTHBIE
HoJsl WMEIOT CWUJIOBBIE JIMHUHM, 3aMKHYTble caMH Ha cebs. A
MarHMTHOE I0JI€ CIIMPAIBHBIX PYKaBOB HE 3aMKHYTO.

Bo-BTOpBIX, W3 IeHTpanbHOW obmactu ['amakTuku, u3 ero sapa
BO BCE CTOPOHBI BHITEKAeT ra3. [lepBoHayabHO MpEaNoIaraiochk, YTo
B fAOpe HAXOIUTCA KaKoe-TO 0co00 MAaCCHBHOE TEJlO, KOTOpOE,
pasiarasich, UCIyCKaeT 3TOT ra3, COCTOSIIMKA M3 MIPOTOHOB U aTOMOB
BOOpOAA. A KoOrja HPUCMOTPENNCh, TO OKa3aloch, 4YTO B sfApe
lanakTrkn BOOOIIE HUYErO HET, OJHA JUIIbL IycToTa. M 3Ta mycrora
HEBEIOMbIM 00Pa30M HCIIyCKaeT Ia3 B HEMaJIOM KOJIMYECTBE — Macca
€ro CocTaBJIgeT NOATOPHI Macchl COJHIIA B TOJ.

B-tpetpux, cama ¢opma  Hamel crnupanbHOM ["amakTuku
HaBOJMUT Ha pa3HooOpa3Hble pa3MbliieHns. OueHb YK OHA IOX0XKa
Ha BOJOBOPOT, B KOTOpOoM o0Opa3zyercs BopoHKa. OmHAKO s
00pa3oBaHUsl BOPOHKH HY>KHO, YTOOBI B HEE YTO-TO BTEKalo. A MHaye
KaK OHa MOXXET oOpa3oBaThcs?

B-ueTBepThIX, B IEHTpadbHOW oOmacTh [alakKTHKH  UMeeTCs
1IapOBOE CKOIUIEHHE 3BE37, a B CIHPAIbHBIX pyKaBax 3Be3fbl
pacIoyoXKeHbl MO Mepudepurl 3TUX CIUPATBbHBIX PYKaBOB, B HX
CTEHKaX, Kak OBl B TpyOax.

Kak Bce 370 cBs3aTh?

C no3unmii 3pUpoJMHAMHUKH BCE BBITTISAUT OYE€HB MPOCTO.

Ha puc. 16.5 mnpencraBneHa »¢pupoanHaMUYEcCKas CTPYKTypa
CIIMPAJILHOM TalakTHKU. B Hell uMeercs sapo, ecTh JBa COUPAIBHBIX
pyKaBa, CyKaloUIUXCs K sJIpY, 3BE3/bl PACHOJIOKEHBI 110 «CTEHKaM»
PYKaBOB, B pyKaBax TedeT 3Gup OT nepudepuu K sIpy, a camu 3Be37bl
JOBIDKYTCSL OT siipa K nepudepun. 3Be3Jbl, HE IOIABIINE B PYKaBa,
JIBUKYTCSI B IPYTHX HANpaBJICHUSX U 00pa3yloT IIApOBOE CKOIUJIEHHE
BOKPYT s7pa, 3TO CTapble 3Be3[bl. Bce COOTBETCTBYET HM3BECTHBIM
(haxTam.
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Puc. 16.5. DpupoanHamMmuyeckas CTpPYKTypa CIMPAIbHOMN raJIAKTHKH:
a — BHJ Ha IUIOCKOCTh; 6 — BUJ COOKY.

Uto MoXeT BTEKaTh B sAApo lajmakTukw, oO0pa3ysl CIUPaIbHBIN
«BomoBopoT»? KoHeuHo ke, >¢uUp, W 3TO HE BOJOBOPOT, a
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«o¢upoBopot»! Kynma e neBaercs os¢up, BTekas MO ABYM
CIHUpalIbHBIM pyKaBaM B siipo l'amaktuxu? B pesynbrare coymapeHus
CTpy# 3¢upa mocne X Xa0TUUYECKOTO IMEePEeMEIINBAaHUS HA BBICOKHX
CKOpPOCTSIX 00pasyloTcsi TOpOWAAJIbHBIE BHHTOBBIC BHXpHU 3(upa.
OTH BUXpHU CaMOYIUIOTHSIOTCS W JEJNSTCA, II0Ka HE JOCTHTHYT
HEKOTOPOH KPUTHYECKOH IJIOTHOCTH cBoero Ttena. CHavana
00pa3yloTcs BUHTOBBIC BUXPEBBIE TOPOWIBI — IPOTOHBI, a 3aTeM
MPOTOHBI caMH ce0e CO3Mal0T M3 OKpYKaromero wux 23dupa
JJEKTPOHHYI0  000JOYKY, H  TOJy4yaercsi aTroM  BOAOpPOJA.
OO0pa3oBaBIIMICS MPOTOHHO-BOAOPOAHBIA Ta3 pacimupsieTcs |
CTPEMHUTCS YAAIUTECS U3 SApa, YTO U HAOIIOAAETCsl.

A 4YTO Ke B CHUpPANBHBIX pykaBax? O¢up TedyeT B HUX B
HanpasiieHuu siapa. OIHAKO, KaK U MOoJaraeTcsi B «BOJOBOPOTEY, 3pup
HE MOXET Teuyb TyAa MpOCTO mocrynaresbHo. OH 3aKpyduBaercs,
IOCTETIEHHO CMEIIAsACh K SIAPY M YBEJIHUYUBAs ¢ KaXIbIM 000POTOM
cBoit miar (puc. 16.6).

/,f\"
N &/

Puc. 16.6. /IBu:keHHe mo Cnupaaud ¢ NepeMeHHBIM IIATOM: g — IBIKCHHE
s¢upa B criMpaabHOM pykaBe ["anakTuku; 6 — JABHXKEHHE BOABI IPU CTOKE B OTBEPCTHE

Pacuer mokaspiBaeT, 4To Ha ypoBHE CONHEUHOU cHCTeMBI 3pup,
IBUTAACH cO CcKopocThro 300-600 KMm/C TepreHAMKYISIPHO OCH
CIMpPaJIbHOIO PyKaBa, 3a OJHY CEKyHIY CMEIIAeTCs B HAIlPaBICHUHU
A1pa TaJaKTUKHA BCETO JMIIbL Ha OJUH MHUKpPOMETP. A OKOJIO sapa
CeueHHE pyKaBa YMEHbBIIAETCS, ar MEHIETCSI, U 3(QHP CO CKOPOCTHIO
JECATKU THICAY KWJIOMETPOB B CEKYyHIy BpPbIBae€TCS B 00JacThb spa
TlamakTuky. 3mech OMHA CTPYS CTAIKHUBAETCS C IPYTOM, BTEKAIOIICH
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TyJa K€ W3 APYroro CHHPAIBHOTO PyKaBa, MPOUCXOIUT COyAapeHHe
CTpyH, TmepeMelrBaHue, BHXpeoOpazoBanne W (QopMHUpoBaHUE
Makporasza. OCTaJIbHOE YK€ OIHCAHO.

Torma CTaHOBUTCS TOHSATHBIM  HallM4He  «Pa3OMKHYTOTO»
MarHuTHOro moisl. [IocKONbKY MarHUTHOE TTOJIe TIPECTABIISIET COOOH
MOTOK 3aKPY4eHHOTO 3(Upa, TO MBI U HAOJIONAEM €Tr0 B CIIUPATBHBIX
pykaBax [ 'amakTukw.

Uro xe MPOUCXOAUT AAIBIIE C MAKPOTa30M, BBIIEIUBIINMCS U3
anpa ['amakTHku? A MPOUCXOAUT BOT YTO.

Kak wu3BecTHO, TMOBEPXHOCTH JIOOOr0 Ta30BOr0 BHXps Ooiee
XOJIOJHAs, YeM OKpyXKalomas BHXPh cpega. JToT  ¢akT
MOJITBEPKAAETCS TEM, YTO IMpPH BCSIKOM T'PAaJUEHTHOM TEUEHHMH ras3a
MIPOUCXOUT OXJIAXICHHUE raza.

OXJaXIAI0TCs CTEHKH BO3IyX03a0OPHUKOB HAa BXOJE Ta30BBIX
TypOWH, TIOCTE TPOXOXKICHHWS CMepua Ha 3eMJie BBINanaeT HHEM.
OObsacHseTcss  3TO  T€M, UYTO B BHUXPAX  IPOUCXOIUT
nepepacnpeieieHe 3HEPTUU MOJIEKYJ: TOCKOJIBKY 4acTh 3HEPTUU
YXOAWUT HA YIOPAJOYEHHOE T€UCHHE CTPYH, a Ha XaOTHYECKOe, TO
€CTh TEIUIOBOE, JHEPrHM OCTAETCS MEHbIEe, 3HAuuT, TeMIeparypa
MOHMXKaeTcsa. ['0BOpsl OTKPOBEHHO, OOBSCHEHUE CIadOBaTOE, OJHAKO
(hakt ecth (hakT, TeMmreparypa BUXpPEHl W B caMOM Jelle HIDKE, YeM
cpensl. IlosTomy B cpeme oOpasyeTcst TpaaueHT TeMIeparyp,
COOTBETCTBEHHO 0Opa3yeTrcs TpaAWeHT [aBICHUS M HAYMHAIOT
JIEHCTBOBATh CHIIBI, KOTOPHIE MBI Ha3bIBaE€M TPaBUTALIAECH.

3HAYUT, CTOUT TONBKO TOSBUTBCS MaKporasy, Kak HadYWHAEeT
JeficTBOBaTh T'PAaBUTAI[MOHHOE NPUTSHKEHHWE, W Ta3 coOHpaeTcs B
CKOIUICHUS, MOCTENIEHHO (POpMUpYsCh B 3Be3Abl. A MOCKOJBKY Ta3
pacIIupsics, CTPeMsCh BBINTH M3 sipa, TO OOpa3OBaHHBIE M3 HETO
3Be3bl OyAyT cTpeMHuThCs K neprudepun ["amakTuky.

O ToM, Kak BOKpYT 3Be3l] OO0pa3yroTcsi MJIaHETHBIE CHUCTEMBI,
OyIer cka3aHO OTAENBHO, IMOKa HAaJ0 PacCMOTPETh IalbHEHIIyIO
cyap0y 3Be3I.

Te 3Be3pl, KOTOpPBIE HE MOMAIM B CIHMPANbHBIN pykaB ['amakTukwy,
OTHOCUTEJIBHO MENJIEHHO, C HayalbHOU CKOpOCThiO mopsanka 50-100
KM/C, yHaIAroTcsS OT ee IeHTpa. llocremenHo Buxpu 3¢dupa —
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MPOTOHBI yTPAYMBAIOT CBOI YCTOWYMBOCTH BCIJICJCTBHE TPEHHUS 00
3¢up: XOTsS BA3KOCTH 3(Hpa U Majia, OJHAKO OHA He paBHa Hymio. C
MPOTOHAMHU MPOUCXOANUT TO K€ CaMOE, YTO C JABIMOBBIMH KOJBIIAMH,
KOTOpBIE KYPHJIBIIUKH BBITYCKAIOT H30 PTa: KOJNbIA MOCTEIICHHO
TEPSIFOT CBOIO DHEPTHIO, CKOPOCTh BpaIleHHs] yMEHBIIAeTCs, TPAAHEHT
JABJICHUSI YMEHbIIAeTCA, TUaMeTp BUXpel yBenuuuBaeTcs. A 3areM
BUXph TepseT CBOW ¢GopMy U oOpamaercs B CBOOOIHBIN ras.
Bo3aynrHoe KombITo mpeBpamiaeTcsl B MPOCTO BO3MyX, a dA(OHUPHBIH
BUHTOBOW TOPOMJ — IPOTOH — B MPOCTO cBOOOHBIH 3up. Matepus
HUKyJa He ucyYe3sia, a MPOTOH U NMPHUCOEANHEHHBIH K HEMY BUXPb —
AIIEKTPOHHAsT 000JI0YKa — MCYE3NH, PACTBOPHUINCH B ddupe. [loaromy
[IIapOBO€ CKOIICHHE 3Be3[ BOKpYTr siapa lamakTuku wuMeer
OTHOCUTENIBHO YETKYIO0 TPaHUIly: BCE MPOTOHBI, 0Opa30BaBIINECS
OIHOBPEMEHHO,  IIOYTH B OJHO BpeMs HAYHYT pachaaaThCs,
pacTBOPSISICh B 3(hHPe MUPOBOTO MPOCTPAHCTBA.

A 4tO Xe co 3BC3aMH, IIOMaBIIMMU B CIIMPAJIBHBIE pPYyKaBa
lamaxktuxu?

CHayasa OHM CMECTATCS K IMOTPAHWYHBIM CJIOSM 3THX PYKaBOB,
TaK Kak JaBlieHHE B dQupe B 3TUX PyKaBaxX PaclpeAesicHO TaKuM
00pa3zoM, 4TO M U3 BHYTPEHHUX OONacTeld, M U3 BHELIHUX, €CIU OHHU
OMM3KM K TIOBEPXHOCTH PYKAaBOB, 3BE3[bI OYIyT CMEIIEHBl B
rorpaHnyHbIe ciou. Ho 1 B 3THX cosix oHM OyIyT JBUTATHCS OT SAIpa
k nepuepun. OmHaKO, XOTS OHU ABHKYTCS C TEMH K€ CKOPOCTSIMH,
YTO W 3BE3[bl, IIOTABIIKE B IAPOBHIE CKOIUICHHS, YCTOWYUBOCTH
MPOTOHOB B HUX OyIeT OOJNBINCH: Benb OHH ABMXKYTCA B d(OHPHOM
IIOTOKE, KOTOpBIﬁ X OMBIBACT U CO344acT MMOBBIIIICHHBIN rpaavCHT
CKOpPOCTH Ha IPaHUIaX KaXKJOro BUXps. A 4eM BBIIIE TPAJUEHT, TEM
MEHBIIIE B 3TOM CJIO€ BS3KOCTh Ta3a, TEeM MEHBIIe dHepruu Oyaer
OT/aBaTh BUXPb OKPYXKAIOIIEH cpene. 3HAYUT, MPOTOHBI B 3Be3fax,
MOMABIIMX B CIHpajibHbIE pyKaBa ['amakTuku, OyIyT CyLIeCTBOBATh
JOTbINIe, W TYTh, MPOXOAWMBIN WMH, OymeT Oonbmie. OTO OYEHb
XOpoIIo BUAHO Ha (poTorpadusx CHUpPaIbHBIX PYKAaBOB TaJaKTHK:
JUIMHA CIHPAJbHBIX pPyKaBOB B 2-3 pasa Oomblie, 4YeM. paguyc
IIAPOBOTO CKOTUIEHWUSI 3B€3]] OKOJIO IIEHTpA.
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Korma »xe 3Be3ma mpoimeT MOCTaTOYHO OONBIIOW MyTh, TO
HpOfIIlCT U 3HAYUTCIBHOC BPEMA, HCUYHCIIICMOE IOCCATKOM (I/IJ'II/I
JIECATKAMHU?) MIJUTHAPAOB  JIET, MPOTOHBI  OTHAAYT Ahupy
3HAYUTENBFHYK) YacTh CBOEH OHEPrUM  BpAIICHUS, IOTEPSIOT
YCTOWYHUBOCTE U pa3BaJLATC, pacTBopsaTcs B 3dupe. Ilepexom adpupa
U3 COCTOSHHUS BUXPS B CBOOOJHOE COCTOSIHME O3HAa4yaeT yBeTWdeHHe
JIABJICHUS B 9TOM MeCTe, TaK KaK BCSKUW BUXPh OBbLI YIJIOTHEH, X TOT
ke 2pup 3aHWMal MEHBIHH 00bheM, a BHXpeoOpa3oBaHWE B sIpe,
HAaoOOpOT, CHIKAeT [aBJ€HHWE, TaK Kak BUXpPH B Ipoliecce
(¢opMHupOBaHUs YMEHBLIAIOT CBOIO dHepruto. (ClenoBaTenbHO,
UMeeTcs Pa3HOCTh JaBICHWH B CIUPATbHOM pyKaBe [ ajmakTHKu: B
A7Ipe MeHbllle, a Ha nepudepun Oomnpire. Bot 3ta pazHocTs naBieHUN
Y TOHHUT BHOBB 3(DUp OT mepudepuu K sapy.

Takum 00pa3oM, B CIUPANbHBIX TaNaKTUKaX IPOWCXOIUT
Kpyroobopot 3¢dmpa: or mepudepun K MEHTPY 3PHUp TeUeT B BHIE
CTPYH, OT szpa K nepudepun mepeMeniacTcs: B coctaBe 38e3. U Tak
ecnu He OECKOHEYHO, TO, BO BCSIKOM Cilydae, IOCTaTOYHO AOJITO.
MHOTO COTE€H MIIIHApIOB JIET, TOKa 3(Up STOH TATaKTHKA HE
OTCOCETCS KaKOW-JIMOO ApYyroil raJakTUKOH HIIM HOBBIM IIEHTPOM
BUXPeoOpa3oBaHHUS.

B 3TOM mm1aHe WHTEpPECHO BCIIOMHUTH O TaK Ha3bIBaEMBIX JIBOW-
HBIX TajakThkax (puc. 16.2). MHOXXECTBO TaKWX JBOMHBIX TaJTaKTHK
00HapyXKEeHO aCTPOHOMOM b.A.Bopon11oBsIM-BenbsIMUHOBEIM.
XapakTepHO OCOOCHHOCTBIO JIBYX B3aUMOJIEHCTBYIONIMX TaJaKTHK
SBISIETCSI TIPOMEKYTOYHBIH MOCTHK W3 3BE€3Jl, COCTUHSIONMNNA 3TH
TaJIaKTHUKHU. HpI/I OTOM IIEPEMBIYKa M3 3BE3J]] IPOHU3BIBACT OAHY U3
TaTaKTUK W MPOJOJKACTCS dajiee Ha 3HAYUTENIBHOE PACcCTOSHUE, a
3aTeM 3Be3[Has JOPOXKKA 3aBOPAYMBACTCS K TOW TaJaKTHKE, KOTOPYIO
OHa IMpOHHU3aNa, U TJe-T0, HEe JOWMIM 10 Hee, oOpbIBaeTca. B uem TyT
neno?

A neno mpexacraBisieTcs TakuM oOpasoM. Odup u3 IepBor
TATAKTUKA OTCACHIBACTCSI BTOPOH, O0JIee MO0 IO,

D¢dup B nepBoi raJakTUKe BMECTO TOTO, YTOOBI OTHPABUTHCSA OT
nepudepurt K ee UEHTPY, OTIPaBIIeTCI K HOBOMY IIEHTPY
BUXPEOOpa3oBaHUs — SAPY BTOPOW TalaKTHKH. TeueHue 3¢upa He
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TOJIBKO OTOMpaer 3¢up y NEpBOH TaJaKTUKHU, HO MO IOPOre OHO
3aXBaTHIBACT 3BE3Jbl M3 JTOW K€ TaJaKTUKH, HW OHH 00pasyroT
MOCTHK, YCTPEMIISISICh TOXE KO BTOpoil ramaktuke. OIHAKO, eciu
3(¢UPHBII TOTOK YCBAaUBACTCS SIAPOM BTOPOI TalaKTUKH U AajbllIe OH
HE JIBHDKETCS, TO 3BE3AHBIH PydeeK IPOJIODKACT CBOE TEUYEHHE 10
WHEPLUH, IPOH3ast BTOPYIO TAJTaKTHKY. A Tak Kak BpeMs KHU3HU 3Be3]
3HAYUTENIFHOE, TO 3BE3/bl TaK 110 MHEPLUH U MPOAOIIKAIOT JBUraThCs,
NOKHJAas W BTOPYIO rajJakTHKy. Yepe3 HEKOTOpOe BpeMs 3BE3JHOE
BEIIECTBO  pacmajaeTcs, U CBOOOMHBIA 3(Hp ¢ KOHIA 3BE3AHOTO
pyueiika ycTpeMmsTcsl K sSApy BTOpod rajmaktuku. Ilo mopore oH
3axXBaThIBACT T€ 3BE3/Ibl, KOTOPHIE €Ile HE yCIeNn pachopMUpOBaThCS,
9TO W BUAHO B BHUJE KPIOYKOBATOTO XBOCTa 3BE3IHOHN JOPOXKKH.
Takum oOpa3oMm, M3 ABYX TallaKTHK, OOMEHHUBAIOLIMXCS 3PHUPOM,
nepBasi — yMHUpAIoIasi, BTOpas — HapO>KAAIOLIAsICS.

Ilo xakuMm mOpuYMHAM BIPYT HA4yajloCh BHUXpeoOpa3oBaHuE 32
npeaeaMu MepBoi ycToiunBoi ramaktuku? Celyac 3T0 HEM3BECTHO.
OpHaKo HEKOTOpBIE MPEANOJIOKEHUS MOXKHO BbICKazaTh. Hauaino
TaKOMY BUXPe0OpPa30BaHHIO MOKET OBITh IIOJIOKEHO B HEAPAxX MEepPBOH
TaJIAKTUKU B PE3yNbTaTe, HAPUMEDP, CTOJKHOBEHHs KoMeT. Ilepeme-
MIMBaHUE CTPYH 3(upa, CKOPOCTh KOTOPHIX BHYTPH KOMET OTPOMHA,
MOXET JaTh Hadalo BUXpeoOpa3oBaHMIO. DTOT LEHTP BHXpeodpa-
30BaHMA, 00pa30BaHHBIA BHYTPH TaJIaKTHKH, 3aTE€M BBIHOCHTCS 32 €€
npeaessl U AaeT Hayajao 00pa30BaHUIO HOBOW TalaKTHUKH.

He mpoucxonsT M MOMBITKM HPOBECTH MONOOHBIN 3KCIEPUMEHT
Ha YCKOPHUTEJSIX BBICOKUX 3HEPIHH, KOTOPBIX Pa3BENIOCh HECKOJBKO
Oonblie, 4YeM OTO HYXHO 4desoBedecTBy? KTo 3HaeT rpaHHIEbI
JOMYCTUMOTO MOBBIIIEHUST YPOBHsI HEPru Ha HuX? He Moxer nu
HOJYYHUTBCSL TakK, YTO B PE3YJIbTaTe€ YCHELIHbIX 3KCIIEPUMEHTOB Ha
YCKOpUTENSAX B JajbHeWIIeM HekoMy OyJeT IopajoBaThCs
JOCTHTHYTBIM ycrexam?

Hcxons n3 BCEro M3JIOXKEHHOTO, MOKHO IONBITAThCSI COCTABUTH
(YHKINOHAJIBHYIO KIACCU(UKALUIO TAJIAKTHK, YYUTHIBAIOLIYIO BCE
9TH dPUPOJIUHAMHYECKHIE MPOIIECCHI.

OTnpaBHOM TOYKOH KiIacCU(pHUKALUHU SBISIETCS HPEACTaBICHHE O
TOM, 4TO B PE€3yJIbTaTe CTOJIKHOBEHUS KOMET B YK€ CYILIECTBYIOLINX
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ralakTUK o0pa3yeTcs HOBBIA IEHTP BUXpeoOpa3OBaHUS W CO3MaHUS
MpoTOHOB. I10CKONBKY MPOTOHBI — 3TO YIJIOTHEHHBIN hUp, TaBIeHNE
a¢upa B 3TOM LIEHTpE Najnaer, ¥ TyAa YCTPEMJIIIIOTCS MOTOKH 3dupa
U3 OKPYJKAIoMIero MpocTpaHCcTBa. [IpOTOHBI CO3MAOT BOKpPYT ceOs
MPUCOCTUHEHHBIE BHUXpH ddupa — DOICKTPOHHBIE OOOIOYKH,
NPEBPaIIasch B aTOMbI BOJIOPOJIA.

I[lo wmepe yBenmueHWss Macchl TPOTOHHO-BOJOPOIHBINA Tas,
pacmupssich, MOKHIAET IEHTP BUXPEoOpa3oBaHUs, OIHOBPEMEHHO
cobupasck B 3Be3/bl. LleHTp BHxpeoOpa3oBaHUs CTAaHOBUTCS BHJIEH,
HO 3Be3[l €Ie HEAOCTaTOYHO JUIS TOrO, YTOOBI 3KpaHHPOBAThH
AIIEKTPOMAarHUTHOE H3ITydeHue, TeHepupyeMoe EHTPOM
BUXpeoOpa3oBanus. JTo — ranaktuku Ceiidepra.

YBenuuuBaromeecs: 4ucio 3Be3]] Bce 0ojee IKpaHUpyeT HEeHTp, HO
ellle He IMOJTHOCTHIO 3aKPBIBAET €r0. JTO PaliOTATAKTHKH.

JlanpHeiilliee yBeTWYEHUE YMCIA 3BE3] IKPAHUPYET ILIEHTP, 3TO
HIapPOBBIC TATAKTHUKH.

[TpoToHBI 3Be3 MIAPOBBIX TalaKTHK, OTOABUTAsACH OT IEHTA,
MOCTENEHHO TEPSIOT CBOIO JHEPTHI0 W HAYMHAIOT PACTBOPATHCS B
a¢upe. [aBnenwe s¢upa Ha mnepudepud TOBBIIIACTCS, U IPHUP
HauMHAaeT BO3BpamlaTbcss K  I1eHTpy. OOpasyrorcs  cHayana
AITUNITUYECKUE TaTaKTHKH ¥ (OpPMHUPYIOTCS pyKaBa. [ amakTuka
MOCTENEHHO (POPMUPYETCS B CTUPATHHYIO.

Ecnu mpornecc BuxpeoOpa3oBaHMs B LEHTPE KOHYUTCS PaHBIIE,
YyeM HadHeT NocCTymarte 3¢up c mnepudepud, TO OH YyKE HE
BO300OHOBUTCS, 00pa3oBaHHBIC 3BE3Abl OyAyT YXOIUTH OT IICHTPA H
MOCTENICHHO PAcCTBOPATHCS B 3upe. DTO HEMpaBUIIbHBIC T'aJIAKTHKH,
TOCIEIHSS CTaJus X CYLIECTBOBAHMUS.

Ecimm moctarouHo MOIIHBIN HEHTP BHXpeoOpa3oBaHHS OKazajcs
BOJIM3U OIHOW M3 CTapbIX TaJaKTHUK, OH HAYHET OTCACHIBATH dPUP OT
Hee, TP 3TOM BcJel 3a CTPysAMHU 3¢dupa Tyaa ke ycTpemsTcs U
3Be31bl, 00pa3ys 3BE3HBINA MOCTUK. DPHUp OyIET YyCBaUBaTHCS HOBBIM
[EHTPOM BUXpEoOpa3oBaHMUsA, a 3BE3Ibl ero mpockodar. M3 BTOpoOit
rajJlakTUK{ OyJIeT TopyaTh 3BE3HBIN «XBOCT». B KOHIIE 3TOrO «XBOCTa
3Be3Ibl PacCTBOPATHCS B 3upe W 3TOT 3Pup BEpHETCI K MEHTPY
BTOPOH TaJIaKTUKH.
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Bor Ha »9TOif OCHOBE W MOXHO Temepb MPEICTaBUTH
(YHKIMOHANBHYIO KIacCU(PHUKAINIO TanakThK (puc. 16.7).

® Toueunvie /\ Cetichepmoackue mm

Kavem padiio- STARMIUK N

Keasapw
: asaps 1 paono- CRONACHUA
HCMOHYHUKH SLTARTMURH

SRAunmMuecKue
2aNaKnKi

Henpasuﬂ bHbIE
2ANAKMUKY

Ceoboonvtit agup

Puc. 16.7. Ddupoaunamuyeckass (yHKHHOHAJIbHasl KJaccupukanms
rajakTHK

A yuuTBIBas, YTO YCTOMYMBBIM 0Opa3oBaHWEeM JPUPHOU
CTPYKTYpBI SIBISETCS TOpPOHIANbHasg CTPYKTypa, TO CTaHOBUTCS
MOHSITHBIM U CTPYKTYpPa CKOIIJICHUI M CBEPXCKOIUICHUH TaJIaKTHK: 3TO
TOpOMAAJbHBIE CTPYKTYpbl IOTOKOB 3¢upa Bo BceneHHoH,
OpPraHM30BaHHbBIC HEPAPXUUECKH, CTATUCTUKA PACHPEAETICHUI rajlaTUK
B CKOIUIGHHAX U CKOIUIGHHH B CBEpPXCKOIJICHHUSX O3TOMY BIIOJIHE
COOTBETCTBYET.

B 3akmroueHMe CTOMT yKaszaTh, 4TO OTHOLIEHHWE Macchl 3¢upa
KOCMHUYECKOTO TPOCTPAaHCTBA K Macce BellecTBa B 3Be3dax
cocrapmser 10° wmmm 100 MumimoHOB. I103TOMY MOXKHO OBITH
YBEPEHHBIM, YTO MPOLECCH], MPOUCXOALINE B 3PUpPEe KOCMHUYECKOTO
MPOCTPAaHCTBA CYIIECTBEHHBIM 00pa3oM BIMAIOT HAa BCE BO
Bcenennoi.
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17. lIpoucxoxxdeHue u cmaHoeJsieHue
CosilHe4YyHOU cucmembl

Her cTonp Benukoi Beny, KOTOPYIO HE
npeB3oiuia Obl BEIMYHHOIO el OoJbIIas
Kosvma Ilpymkoes

Bomnpocy Bo3HmkHOBeHHs1 CONHEUHOW CHCTEMBI M OOBSCHEHHIO
OCOOCHHOCTE  ee  CTPOCHHMsS  MOCBSITHIM  CBOM  YCHIIUSA
MHOTOUYHCIICHHbIE UccaedoBaTenn, Takue, kak P.J/lekapt, WM.Kanr,
K.broddon, I1.Jlammac, Jx. Japsun, ®@.Xown, Jx.Koiinep, Y.Mak-
Kpu u mHOTHE nMpyrme. Hambonee mpu3HAHHOW B HACTOSIIEE BpeMs
spisgercs kKouuemnusa akagemuka O.}O.IlIMuara, cormacHO KOTOPOW
IUTAHETHas cucTeMa oOpa3oBajlaCh U3 OTPOMHOTO YILIOUICHHOTO
ra3onpUIeBOTO TPOTOILIAHETHOTO 00J1aka, HEKOTJa OKPYKaBIIEro
Comname  (Bompoc O  TMPOMCXOXKIEHWH  caMoro oOllaka  He
paccMaTpuBaeTcs). 3eMJIsl U POJICTBEHHEIE € IIaHETHI OT MepKypHs
no Mapca akKyMyJIHpOBAJIUCh M3 TBEPABIX TNl M YacTHIl, a Mpu
aKKyMYJISIIMM TUTAaHET-THTAHTOB, TO KpaiHei wepe, lOmmrepa u
CatypHa, coliepKallux, B OCHOBHOM, BOJIOPO/JI, y4aCTBOBAJI HAPSIY C
TBEPJBIMH TEJIAMU TaKXke U ra3. CyIIeCTBYIOT U JPYTUE TUIIOTE3HI.

Baiiizekep B 1943 1. BBIIBHHYN (U3UYECKYIO TEOPHIO
TypOyJI€HTHOCTH TPHUMEHUTENIFHO K TIpobjieMe BO3HHKHOBEHUS
CoJIHEYHOH CHCTEMBI, COTJACHO KOTOPOHM IUTAHETHI BO3HHUKIM U3
CIWJIBHO CIUTIOCHYTON Ta30BOM TYMaHHOCTH, BpallaloIelcs BOKPYT
Comama. B.I.®ecenkoB B 1943-1960 rr. o0patun BHUMaHHE Ha
BO3MOXXHYIO POJIb B (OPMUPOBAHUHM TEPBUYHBIX BUXPEH-IIIAHET
KOHBEKIIMOHHBIX TOKOB BEIIECTBA B MPOTOIUIAHETHOW TYMaHHOCTH.

Anrmmiickuii acrpodusuk @.Xown B 1944 1. mpemioKuia THIIOTE3Y
0 (OpMHPOBAHUHU TUTAHET U3 TOPSIUEro 3BE3JHOTO raza, a B 1960 r.
OH K€ MPEUIOKMII TUTIOTE3y O (POPMHUPOBAHUU TUIAHET U3 XOJOIHOTO
MeX3Be3qHOro BemectBa. OH ke M3BECTEH B KOCMOTOHUM KakK aBTOP
HIer O BO3MOXKHOCTH TEPEHOCa MOMEHTa KOJMYECTBA IBHUKEHHS OT
ConHIla K TJIaHETaM 3JIEKTPOMArHUTHBIM My TEM.
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Amepukanckuii actpoHoMm JDx.II.Koimep mnpenmonoxuna, — 9To
ConHile 00pa3oBaioch B OYEHH IUIOTHOM OOJIAKE W 4YTO MPH 3TOM
ocTallach TYMaHHOCTb B (opMe [UCKa paguycoM B HECKOJBKO
JECATKOB aCTPOHOMHMYECKHMX EOUHHUI, KOTOpas Bpallajach BOKPYT
ConHIa ¥ U3 KOTOPOH B AajbHEHIIEM U COPMUPOBAIUCH IJIAHETHI.
Amnrnuiickuii  actpodusuk Y.Mak-Kpu  paccmorpen  mporecchl
IPAaBUTALMOHHOM  KOHACHCAMM  OKOJIO3BE3AHOM  TYMaHHOCTHU
pasMepoM 10 JBYX CBETOBBIX JIET U IIPOaHAIU3UPOBAI €€ BO3MOXKHYIO
SBOJIIOLIMIO TIPM  HEOJHOPOJHOW TIJIOTHOCTH. OTy HACI0 OH
HCTOJB30BaI AJIs1 0OOBSICHEHUS MPOUCXO0KACHUS CONHEYHON CHCTEMBI.

OI[HaKO BCC OTH T'HIIOTC3bI HC OTBCYAKOT HA BCHO COBOKYHHOCTL
BOIIPOCOB,  CBSI3aHHBIX C OCOOEHHOCTSMH  cTpocHus COJHEYHOU
cucTeMbl. BOT 3TH BOIIPOCHL:

1. Kakum o0pa3om BooO1iie Bo3HukiIa CoHeuHas cucremMa?
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2. Ilouemy mnopammsitomas 4yactb Macchl COJHEYHON CHCTEMBI
(99,87%) zaxmrouena B Comuiie?

3. [loyemy, HECMOTpS Ha MaJyO Maccy, CUCTEMa IUIaHET HECET B
cebe ocHOBHO (98%) opOUTATBEHBIN MOMEHT?

4. IloyeMy TUTOCKOCTH BCeX IIJIAHET W BCEX OCHOBHBIX CITyTHHKOB
COBIIQJAIOT C IIOCKOCTHIO COTHEYHOTO dKBaTOpa?

5. [louemy Bce mmaHeTsl U camo ColHIIE OOpamaroTcsi B OJJHOM H
TOM ke (TIPSIMOM) HaIlpaBICHUH?

6. [Toyemy caMu TUIAaHETHI BPAIAIOTCS BOKPYT CBOMX OCEH TakxkKe
B TOM € HaIllpaBJICHUH — MPAMOM?

7. IloueMy OOJBIIMHCTBO CIYTHWUKOB BpamaeTcs BOKPYT CBOUX
TUTAHET B MPSAMOM HanpaBjicHUH?

CyIIecTBYIOT U JPyTHE BOMPOCHI, HO MIEPEUUCIICHHBIC — OCHOBHBIC.

OTBevas Ha YacTh BOIIPOCOB, KaK[as TUIIOTE3a HE HaIllla OTBETa
Ha apyrue. lIpakTnyeckn HU OJHA TUTIOTE3a, 32 HCKITIOUEHUEM, Pa3Be,
runote3sl  Jexkapra 00 3(QuUpHBIX BUXpSAX, HE Jaja OOBICHECHUS
MIPOUCXOKJICHUS MaTeprana, 13 Kotoporo obOpasoBanach CoiiHeUHas
cucreMa. Ho T7maBHBIM HEJOCTATKOM THWIIOTE3, HAa HaIl B3TJIA,
SIBJIICTCSI  OTPBIB BOIpPOCAa O TMPOUCXOXKICHUH U CTAHOBJICHUU
CoJIHEYHOH CUCTEMBI OT T'aJlaKTHYeCKUX TpoiieccoB. Beap ComHeunas
CUCTEMa SIBIISIETCS JIEMEHTOM TaaKTUKH, TaKUX COJHI[ B ['amakTuke
— MWUIHApABl, ¥ BOMPOCH MPOUCXOXKIACHHUS CHUCTEM, ITOJOOHBIX
CoJIHEYHOH, JIOJDKHBI PelaThcsl Ha 0OMIed ocHOBE. DPUPOAUHAMUKA
BIIEPBBIE JA€T BO3MOXKHOCTh PaCCMOTPETH BOIPOCHI MPOUCXOKIACHUS
u ocobeHHOCTH cTpoeHus COJIHEYHOW CHCTEMBI B CBS3H C
raJIaAKTHYECKUMHM TPOIIECCAMH, YTO MO3BOJIIET OTHOCUTEIBHO MPOCTO
OTBETUTH Ha MMOCTABICHHBIE BOITPOCHI.

B cootBercTBUM ¢ nipeacTaBneHUsIMEA 3(PUPOTUHAMHUKH B TIPEIeiax
cnupaibHON ["alakTHKK OCYIIECTBIIAETCS KpyrooOopot 3dupa: K
anpy d(QUpHBIE MOTOKH YCTPEMISIOTCS B CHHPAIBHBIX pyKaBax, OT
aapa 3pUp YXOIUT B COCTaBe 3Be37 B BHAE C(POPMHUPOBAHHBIX
TOPOUIATBHBIX BUHTOBBIX BHUXPEH — MPOTOHOB C MPUCOEAMHEHHBIMU
BUXPSMH —  JJIGKTPOHHBIMH  oOonodykamu. Camu  3Be3pl,
o0pa3oBaHHbBIE W3 Ta3a, BBUICTAIONMIETO W3 sApa, IMPOJOIIKAIOT TIO-
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WHEPLUU JIBUTATBCA OT Apa K Mepudepuu B MOTPAHUYIHOM CIOE
3(upa cnupanbHBIX PyKaBOB | adakTUKH.

Jlto6ast 3Be3na, momnasiiasi B MOTPAHUYHBIN CJIOH, B TOM YHUCIE U
ConHile, oOKaxeTrcs TOJX  Bo3AeWcTBHEM 3(HUpHOrO  TOTOKA
YCTpEeMIIAIOIIerocss OT Tmepudepunt K sAapy. B pazpexenHom
Makporaze, o0Opa3yoleM 3Be3y Ha HAa4aJbHOM JTarle €€ Pa3BUTHSA,
3UpPHBIA BeTep, NMepeMelIaoNIniicss B MPOCTPAHCTBE B palioHE sapa
CO CKOPOCTSIMH JECATKHA THICAY KWJIOMETPOB B CeKyHOy, Oymaer
OKa3bIBaTh JaBJICHUE HA KaXKIIbIi IPOTOH, TOPMO3S €TO0.

Opnnako o0Opa3oBaHUE 3BE3IIbI COMPOBOXKIACTCS €€ CXKATHEM, YTO
MPUBOANT K B3aMMHOMY 3KPaHHPOBAaHUIO NMPOTOHOB. JTO O3HAYAET,
9TO0 (PAaKTUYECKH HETOCPEACTBEHHO II0J] TMOBEPXHOCTHBIM CIIOEM
3(UpPHBII BEeTep PE3KO CHIDKAET CBOK CKOPOCTh. Takum o0Opa3om,
BO3JeHicTBHE 3(HUPHOTO BETpa CKa3bIBaeTCH, TIJIABHBEIM 00pa3oM,
JUIIF Ha MOBEPXHOCTHOM CIIO€ 3Be3dbl. BnmsHue xe 3dupHOTO
BeTpa Ha YMCHBIICHHWE TIOCTYNATEIbHOTO JIBIDKCHUS  3BE3IbI
OKa3bIBaC€TCs HEOOJbIIUM (pacyeT IIOKa3bIBaeT, 9TO 3a TOJ
OTHOCHUTEIFHOE YMEHBIIEHHE CKOPOCTH COCTAaBISIET JIMIIb  OXHY
CTOMIJITHAPIHYIO A0Ji0). [lOBepXHOCTHBIM CJIOW TpaBUTALIUCH
MpUBSA3aH K 3BE3/I€ U OTOPBAThCA OT HEE HE MOXKET, HECMOTPS Ha
TOPMOKEHHUE, KOTOPOE OKAa3hbIBAET €My BCTPEUHBIH I(UPHBIA BeTep.
Ho nockonbKy moTok 3upHOTO BeTpa UMEET IPaTueHT CKOPOCTH, TO
Ha MPOTHUBOIIOJIOXHBIX CTOPOHaX 3BE3Ibl CKOPOCTh  CTPYH,
00/yBafOIIX 3Be31y, OyAeT pa3iINdHOW, W BO3ACUCTBYIOIINE CHIIBI
OyIoyT pa3HBIMH, TMO3TOMY IIOBEPXHOCTHBIA CIIO 3Be3fbl, ciabo
CBSI3aHHBIA CO BCEM TEJIOM 3BE3IbI, HAUHET Bpamartbes (puc. 17.1).
[TomydeHHBIE MOMEHT KOJMYECTBA JBWXKCHHS OYJET IMOCTEIEHHO
pacrpenensaTbCsl Ha BCIO MacCy 3Be3lbl, HO OCHOBHOE BpalllcHHE
COXPaHUTCS 33 TOBEPXHOCTHBIM CJIOEM.

Pacuer moka3zan, 4to rpamueHTa 3(PUPHOTO BETPa, YCTPEMIISIO-
merocs K sapy [amaktuku, Oonee YeM JIOCTaTOYHO,  YTOOBI
obecrrieunth packpyTtky ComHIa, TeM 0Oojee, €CIM YYHUTHIBaTh €ro
MOCIICYIOIIEE CKATHE U TO OOCTOATEIBCTBO, YTO HA paHHEH cTanuu
Mmacca Coxnaia cocrasisia He 6osee 0,01 coBpeMeHHON €ro MacChl.
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Puc. 17.1. Teso B rpaiMeHTHOM NOTOKe 3(uUpa: a — IepeMelleHUe Tela B
001acTh HauOOJNIBLIEr0 TpaJMeHTa CKOPOCTEH TIa30BOH CTpyH; 6 — cO3JaHue
BPALIATEJILHOIO IBU)KEHH Tella B TPAJIUCHTHOH CTpye ra3a

PeansHO mpouecc men cnoxHee. Ilo mepe cxatus COJHEYHOM
Macchl M yBenudeHus ioTHocTd CoNHIA CHIIBI, JEWCTBYIOIIME Ha
MIPOTOHBI CO CTOPOHBI A(UPHOTO BETPA, YMEHBIIAIHUCH BCIECICTBUE MX
SKpaHUPOBKU Jpyr npyroM. CofHIlE K€ MepeMemanoch OT sapa K
nepudepun, MepexoAss B 00JacTb PacIIMPEHHBIX PYKaBOB, TAE U
CKOpOCTh, U TpaaueHT >(QUPHOTO BETpa yMEHBIIAIOTCS, a TIaBHOE,
BCJeCTBUE TOro, uTo CONHIE CO BPEeMEHEM HaKaIlJHBaJl0 Maccy 3a
CUET MOTJOMICHUsSI OKPY)Kaloero 3Qupa, €ro OKpPyXHas CKOPOCTbH
YMEHbIIANACh, M HAKOIIJICHHBIN IMePBOHAYAILHBI MOMEHT KOJIHYECT-
Ba JBIDKCHHS TIepepacrpencisuics Ha Bcro Maccy ComHra. 3a cuer
yBenuueHust Macchl COJIHIIA M €ro paguyca Ha BTOpOi cramuu Qop-
mupoBaHus CoJHIIA €ro CKOPOCTh BpAIIeHHUs IOJDKHA ObLIa yMEHb-
IIATHCS BO MHOTO pa3, IpUOINKasICh K COBPEMEHHOMY 3HAYEHHIO.

Takum oOpa3oM, Ha HadaJdbHOM cTanuu oOpasoBanusa CoJHIIA TPU
OTHOCUTENBHO HEOOJBIIOM pagnyce W OTHOCHUTEIBHO HEOONbLIOH
Macce CKOpPOCTh BpallleHHus ero Obuia BeICOKOH. Ecim ObI B TO Bpems
ConHue ycmeno HaKONUTh BECh BpallaTeIbHBI MOMEHT, KOTOPBIi
OHO MMeeT celvac, TO CKOPOCTh ABI)KEHHS €ro SKBAaTOPHAJIbHBIX
cioeB coctaBuia Obl He MeHblne, yeM 1000 km/c, W mpu TakoM
COOTHOIIEHUHY IEHTPOOEKHAs CHIIa TIPEBhICHIIA OBl CHITY TPUTSKEHUS
Ha noBepxHocTy Comuia B 100 pas!
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Orto 3Hauut, uro runore3a Jx./lapBuHa, BBICKAa3aHHAsT WM
OTHOCUTEIHHO 00pazoBanus JIyHBI, Kak OTOPBABIIEHCS YacTU 3eMIIH,
MOXeT OBITh MPUMEHEHa M MO OTHOUICHWIO K 00pa3oBaHHIO Bceil
TUTAHETHOW cHCTeMBbl: Tipu ckathu CoNHIIA HAa TIEPBOU CTaIUH €ro
9BOJIIONIMM ~ HA  €ro TOBEPXHOCTH IO 3KBATOPY BIIOJHE MOTIIA
BO3HUKHYTHh MpPUJIIMBHAs BOJIHA, KOTOpasl BCIEACTBHE IpeolanaHus
HEeHTPOOSKHON CHJIBI  HAJ TATOTEHHWEM OTOpBaJIaCh M Jaliee
pacrmanach Ha 4acTH, TaK KaK B HEW MMENMCh BHYTPEHHHUE BpaIlleHHS:
Be/Ib 9Ta YacTh OTHajJa OT MOBEPXHOCTHOTO CJIOS, B KOTOPOM OBLI
CBOU TPaJHEeHT CKOPOCTU. DTH YacTU CHOPMUPOBATUCH B ILIAHETHI,
C KOTOPHIMH TIPOHM3OIUIO TO € camMoe, — y HUX 00pa3oBalluCh
NpUINBHBIE BOJHBI, a Jajiee MO TOW jXe cxemMe 00pa3oBaluCh
CIYTHHKH, BO3MOXHO, cpa3y ke Tmocie oOpa3oBaHHs IUIAHET.
EctectBeHHO, 9TO BCce ATH TpeoOpa3oBaHUs MPOUCXOAST B OJHON
IDIOCKOCTH, ¥ BPAIIEHUS BCEX OCHOBHBIX TeJ OyIyT MPSIMBIMH.

Te cmyTHUKH, KOTOpBIC BpaIIalOTCS B OOpaTHOM HaIMpaBICHUU
(uetpipe u3 13 —y IOmnurepa, onun u3 10 —y CarypHa u ouH U3
IByX —y HenrtyHa), BO3MOXXHO, OBUIHM 3aXBadeHbI INIAHETAMU W3BHE.
He wuckmroueno, uro Tpurton, BecbMa KpynHblii cnyTHUK HenryHna,
BpallalomIuiicss Ha OpOMTE B MPOTHBONOJIOXKHOM (0OpaTHOM)
HaNpaBJIeHUH, OBUT KOT/A-TO CaMOCTOSTENFHOW caMOW JaibHei
maneTo CojTHeYHOU cucTeMbl W ObIT 3axBadeH Hemrynom. Torma
ero o0paTHOe OpOUTATBHOE BPAIICHUE ECTECTBEHHO.

OCHOBHOH TpPyAHOCTBIO TIpH OOBSICHEHWH YyKa3aHHBIX (HaKTOB
OBIIIO TIPEIIONIOKEHHE O TOM, YTO Ta3000pa3HOe Tello, KaKOBBIM
apnsercss CousiHIle, AOIKHO Bpallarbcd IO 3aKOHY IIOCTOSTHCTBA
LUPKYJSIUA CKOPOCTH, T. €. 4eM IIyOxke, TeM OoJblle CKOpOCTh
BpalleHus, 4YTO NpWBEJIO OBl MpH OTPHIBE IUIAHET K OOpaTHOMY
BpameHnio. OHAaKO 3TO HEBEPHO. 3aKOH IMOCTOSHCTBA LUPKYJIALUU
CIpaBeUIMB AajJeKO He BCErAa. OTOT 3aKOH PEAIbHO BBIMOJIHACTCS
MpH HAMAYUKM OOMmIei IuIsi Bceld MacChl MPUYHMHBI PACKPYTKH Tela.
Hwuuero momoOHOTO B maHHOM cioydae HeT. Packpytka ComHira
MIPOUCXO/NTA TI0 €r0 MOBEPXHOCTH, MO3TOMY IMOBEPXHOCTHBIE CIIOU
JIOJDKHBI OBLITM JIBUTAThCS ObICTpee, YeM BHYTPEHHHE, W HHUKAaKOTO
MIPOTUBOPEYHS 3/IeCh HE BOZHUKAET.
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Yro KkacaeTcs 3HAYUTEIBHOTO TMPEBBINICHUS OPOUTATBHOTO
MOMEHTa Yy TUIaHEeT TI0 CPaBHEHHIO C MOMEHTOM BpAICHHS CaMoTo
ConHila, TO 3[ech TaKKe HE BOSHUKAET HUKAaKuUX TpyaHocteil. [locne
orpbiBa TaHeT oT CoJHIIA OHM OTXOMAT OT HEro BCE JAanblie, B
pe3yibTaTe 4ero Ipu OJHOM U TOM Ke TPaJUEHTe CKOPOCTH S3PUPHOTO
BETpa Ppa3HOCTh CWJI Ha Kpasgx OpOHMT BceX IUIAHET BCE PACTeT M
YBEIUYMBACTCA IO Mepe yBEIWUYCHHs WX paccTosiHus ot CouHIa.
DdupHbIt Betep OymeT Bce OOJBIIE pacKpyduBaTh IIAHETHI HA HX
opbutax, Bce Ooiee ymamnsisi UX TeM CaMbIM OT IEHTPAIbHOTO Tela,
YTO U NPUBEICT K HAKOIUICHUIO IUIAaHETaMU OPOMTAIhbHOIO MOMEHTA.
ComnHIle JKe, CKHMAasCh TOJ JACHCTBHEM TpaBHUTAIMU, Ha MEPBOM
CTaanu, Ha000pOT, OyJeT yMeHbIIaTh CBOM pagMyC, YTO YMEHBIIUT
BO3JICHiCTBUE Ha HEro aupHoro Berpa (puc. 17.2).
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Puc. 17.2. Bo3HuKHOBeHHe IUVIAHETHOI CHCTEMBbI H HApalMBaHHe
OpOHMTATLHOTO MOMEHTA IJIAHET MOJ BO3/ielicTBHEM rpajueHTa 3(pupHoro Berpa

[lo mpomectBur HekoToporo Bpemenu CoiHIIE cO Bcel CBOeil
IUIAHETHOW CHCTEMOHM TepeimeT B IPYrylo OOJacTh CIUPAIBHOTO
pykaBa [amaktuku. B 3Tol o0macTu CKOpOCTH 3(HUPHOTO BeTpa
MEHbLIE, TPaJUeHT MEHbIIE, CYIIECTBEHHOI'O BIMUSHHA 3(QHUPHOTO
BeTpa Ha QopmupoBanne COTHEYHOW CHCTEMBI yxe He Oyjer.
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[Tonoxxenune murockocty BpamieHus CoJHIA U TUTOCKOCTH KU THKA B
OCHOBHOM COXpAaHsIETCs, HO HarpaBlieHHe 3(QHUPHOTO BeTpa M3MCHH-
JIOCh IO CPAaBHEHHWIO C TEM, KOTOPOE OHO MMEJIO B OKOJIOSAEpHOU
obmactu. Temeps a3¢upHbIe MOTOKH 00myBaroT CONHIIE ¥  BCHO
CHUCTEMy B TIOYTH MEPICHANKYJISPHOM IUIOCKOCTH OJKJIHANTHKA
HanpaieHnd. Ha oprueHTanuy niocKOCTH SKIUITHKY 3TO U3MEHEHNE
HamnpaBJIeHus >(QHUPHOTO BeTpa HHUKAK IOBIHUATH HE CMOTJO, IS
ComnHna xe ObUT CO3[aH JOMOJHUTENFHBIA MOMEHT, YTO MPHHYAUIIO,
10 KpaifHeil Mepe, MOBEPXHOCTHBIE CJIOU MPELIECCUPOBaTh U U3MEHUTh
HECKOJIbKO YTOJI INIOCKOCTH BPALIEHHS BHELITHUX CJIOEB OTHOCUTEIBHO
BHYTPEHHUX.

Camo ComHIle gBIsSETCS IEHTPOOESKHBIM HAcocoM 3¢dupa, 3THUM
MOXET OBITh OOBSCHEHO ¥ BO3HUKHOBCHHC COJIHCYHBIX TSTCH B
obmactn mexay 20 rpagycamu ot moirocoB u 20 TpamycamMd OT
9KBaTopa B 00e cTopoHbl. Ha camux momocax u Ha caMOM JKBaTtope
COJTHEUHBIE TSATHA HE MOSBIISIOTCS.

Jleno B TOM, YTO UMEHHO B A3THX oOmactsax Mmexnay 20 u 70
rpamycamMu B obenx monymapusx CoyHIIa TOTOKH 3upa TEKYT MO
yIJIOM TIOYTH B 900, co3IaBasi B OTHUX 00JACTAX [OBBILIEHHBIN
TPaJUCHT CKOPOCTH U CTHUMYJIUPYS TEM CaMbIM OOpa3oBaHMil BUXped
spupa B camom ComHie. OT0 M CcHocoOCTBYyeT 0O0pa30BaHHUIO
COJTHEUHBIX IIATEH, MPEACTABISIONINX cO00I BUXpeBble 00pa30BaHUs
a¢upa (puc. 17.3). Camu coNHEUYHBIE MATHA HA CAMOM JICIIE SIBIISIOTCS
YacThI0 TOPOHMIANBHBIX BHUXpeH 3(Qupa, 3aXBaTUBIIMX COJHEYHOE
BemecTBo. B cBs3u ¢ Tem, uTo B Tene CoNHIIA TNIOTHOCTH BEIIECTBA
Oojplle, 4YeM B OKpYXKaIOIIeM €ro IPOCTPAaHCTBE, BUIUMBIMHU
CTAQHOBSITCS. ~T€  YacTH  TOPOMIAIBHBIX  BHUXpEH,  KOTOpHIC
HETIOCPEJICTBEHHO BHIXOIAT Ha MOBepXHOCTh CoHIIA.

Kak BuUAHO M3 pHUCyHKa, BO3MOXKHO JBa CIOCO0a pPacHoIOKEHHUS
3(QUPHBIX TOPOUIOB Ha MoBepxHOcTH CONHIA: B OJAHOM Cly4yae OCh
TOpoWa TEPHeHIUKYIsipHa moBepxHocTn ConHIA, TOT/Aa BHUIHA
TONIBKO IIEHTpaJIbHAsl YacTh, 3TO COOTBETCTBYET OJHOMOJSPHOMY
MATHY, BO BTOPOM CIyyae OCh TOpOHIa MapajuieibHa MOBEPXHOCTH
CornHIa, 3TO COOTBETCTBYET JABYM ISTHAM — OJHOMY «CEBEPHOMY» U
BTOPOMY — «IOKHOMY» (aHAJOTHIHO MarHuTam) (puc. 17.3).



153

1
.‘Jh 2
1

€9

2

a)

5 (7 \ .
4 1 1 4
(@)
6) 8
Puc. 17.3. O6pazoBanne mnsaren Ha Coanme: a — ConHie Kak

HEHTPOOCSIKBINA HACOC, TIEPEKAYNBAONIHIA dPHpP; 6 — MOTOKU 3Pupa B paioHe
YVHHIIOJIIPHOTO IIATHA; 6 — TOTOKH 3(upa B paiioHe OUIOJSIPHOTO maTHA. [
— HampasiieHue nozacoca aupa; 2 — BeigyBanue 3¢upa no sksaropy ConHna;
3 — o0macTh MaKCUMAJbHBIX TPAJUCHTOB 3(UPHBIX IMOTOKOB W 00JAacTh
BO3HHUKHOBEHUS COJTHEYHBIX IAATCH; 4 — moBepxHOCcTh CollHIa; 5 — obnmactu
HAOJIOTaeMBIX COTHCUHBIX ITATCH.

[TockombpKy OTHOCHTENEHO BHemrHero »¢upa ConHile BemeT ceds
Kak LEHTPOOEKHBI Hacoc, BeIOpackBas 3¢up mo mepudepun u
BTATWBAs €ro Mo ToiocaM, B pesyibraTe Bokpyr ConHia oOpa3yercs
cepuss TNpuUcOeNMHEHHBIX Buxpe. Ha puc. 17.4. mnoxkazana
aHaJIorndHasA CTPYKTypa IIOTOKOB B JXHUIKOCTH, WHANOUPYEMBIC
KOJICOTIOIUMCS TUITUHIPOM.
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Puc. 17.4. Bropuunble BUXPH, HHIHLIHMPYeMbIe KOJIeOTIOMUMCH HUIHHAPOM
Teuenuss BOKpYr IIMHIpa NHOAOOHBI TeueHMsM ddupa Bokpyr ComHma Kak
LEHTPOOEKHOr0 Hacoca

B nentpax Buxped UMEIOTCS 00JaCTH MOHWKEHHOTO JABJICHUS, U
BCE IUIAHETHI PACIIOJIAralOTCs B HHUX, YeM M OOBCHSAETCS W3BECTHAs
3aBUCUMOCTh  Tunmyca-boge — reoMeTpuueckas mporpeccus
HapammBaHHs pacctosHui wianet ot Comana (puc. 17.5).

I I I I 1 I }’0
04 07 L0 1,6 28 5,2
3asucumocms Tuyuyca - booe

Puc. 17.5. TopoupajibHble Buxpu 3¢upa, cozgaBaemble CoJIHIEM, 30HBI
NMOHMIKEHHOTO fAaBJieHUs1 3¢upa, COOTBeTCTByWIIHe 3aBHcHMOcTH Tunmyca-
Boge.
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W3 wu3i0keHHOTO cleayer, 4to S(UpHBIA BeTep B paloHe
ConHedHON CHCTEMBI WMEET HE OJHY, a JBE CHCTEMAaTHYECKUE
COCTaBJIOIINE — TaJaKTUYEeCKyl0 M coiHeuHyio (puc. 17.6).
Iocnenusist  cocraBistonias >PUPHOrO BeTpa o00s3aHA  CBOUM
npoucxoxaeaueM ConHIly, paboTaroneMy Kak IMeHTPOOSKHBIH HACOC.

oupnviii gemep
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Puc. 17.6. HanpagpJjieHue 3¢pHOro BeTpa OTHOCUTEJIbHO OpPONTHI 3eMin:

a — B Ha4dalie O6pa3OBaHI/I$I CoJTHEeYHOU CHCTEMBI U B HACTOsALICC BPCMSI; 0 — TOIOBBIC
NEepEMEIICHUA 3eMIIi OTHOCHTENEHO TIOTOKOB 3(1)1/Ipa, co3naBaeMbrx CoJHIIEM
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B pesynprare Bce mmaHeTsl CONHEYHOW CHUCTEMBI TIOMANAIOT B
pa3HOe BpeMs CBOETO Trojla B pa3Hble O0JacTH, B KOTOPBIX
HanpaBJeHne 3(QHUPHOTO BETpa MEHSAET CBOH 3Hak. (s HUX mMeer
MECTO W3MEHEHHE HampaBlieHHs >(QUPHOTO BETpa B TEUYCHHE TOa,
MOCKOJIBKY Ha OJHOH CTOpOHE OpOUTH 00€ COCTaBISAIOIINE
CYMMHPYIOTCSI, @ Ha IPOTHBOITOJIOKHOW BEIYUTAIOTCS.

OTO NMPUBOIUT K CMEUICHHWIO IJIAHET, a B I[EJIOM — K HaKIOHY
TIOCKOCTEH OpOUT, NPUMEPHO HA 7° OTHOCHUTEIHHO COJHEYHOTO
3KBaTOpA.

Takum o00pa3oM, paccMOTpEHHE NPOIECCOB  00pa3oBaHHS U
pazButuss CoNHEUHOM CHCTeMBl KakK pe3yJjbTara IIpOIIECCOB,
MPOUCXOAANMX B [amakTWke, Ha OCHOBE A(MUPOAHMHAMUYECCKHX
MPEICTABICHUI TIO3BOJSIET E€CTECTBEHHBIM 00pa3oM OOBSICHUTH
OCHOBHBIE 0COOCHHOCTH CcTpoeHUsT COTHETHON CUCTEMBI.

18. ApupHbIlL eemep u ghopma 3emsu

B3ruisizipl Ha IPUPO/LY BEIlEi JOIKHBI HETPEPHIBHO
COBEPLICHCTBOBATHLCS ITyTEM MO3HAHMUS HOBBIX (JAKTOB
W MX HAY4HOTO 0000IIeH s

Aseycm Kekyne

IMotoku »o¢dupa, Tekymue B COUPATGHOM pyKaBe Hamlen
lamaktuky, ombiBatoT CONHEYHYIO CHUCTEMY H COOTBETCTBEHHO
3emumro. Ha To, 9T0 mpocTpancTBO B paiioHe COTHEYHOH CHCTEMEI HE
COBCEM H30TPONHO, OOpallaii BHUMaHWE MHOTHE HCCIIeIOBATEINH.
Tak, A.A.lllnutanpHas yKa3plBaeT Ha PE3KYH HECHMMETPHIO
aktuBHOocTH COJNHIIA: Ha €ro CeBEepPHOH CTOpPOHE BCIBIIIKH
MIPOUCXOMAT, IpUMEPHO B 1,5 pa3a yamie, yeM Ha I0KHOW CTOPOHE.
W3BecTHBI BBICKA3bIBaHUS O TOM, YTO B HampaBieHUU co3Be3nus JIbBa
UMeeTcs aHU30TPOITHOCTh PETMKTOBOTO W3ITYUYCHHS.

AHN30TPOMHOCTHh IPOCTPAHCTBA TPOCIEKUBACTCS W HA YPOBHE
3eMiu.
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Ha 3emne BynkaHuueckas qesTenbHOCTh B CeBEpHOM MOJIyIIapUu
3HAUUTENbHO Ooyiee wHTeHCHBHA, deM B HOxuHom. B CeepHOM
MOJYIIApUU COCPEOTOYEHAa OCHOBHAs yacTh MarepukoB. Ha 3emie
uMeeTcs rao00anbHas kmuMatudeckas pasHuna CesepHoro u FOxHoro
HOJIyIIapuii: Haluuue OypHBIX COPOKOBBIX LIMPOT, OKeaHa B pailoHe
CeBepHOro momoca M JIeIOBOTO MaTepuka B paiione HOxHOrO
MOJIOCA, TOHIPKCHHAsh MO CPaBHEHHIO C CEBEPHBIMH O0JIacTAMH
Temneparypa paioHoB HOKHOro mostoca CBHAETENILCIBYET O
NPOCTPAHCTBEHHON aCHMMETPHH 3€MHBIX TJI00aJIbHBIX TPOLIECCOB.

MHormue w3 TEpeYHCICHHBIX SBJIEGHUH IOJy4aloT IPOCTOE
00BSICHEHHE, €CJIM y4ecTb 00xyB 3eMiH 3(UPHBIM BETPOM, T.€. TEM
MOTOKOM 3(upa, B KOTOpOM HaxoauTcs Hama CojHeUHas CUCTeMa U
KOTOpPBI TEYeT B CHHMPATbHOM pyKaBe [ amakTHkH, uMmesl ollee
HarpasJICHHE OT €€ IepU(EepHH K SAPY.
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®daxT Hanuuus 3QUPHOTO BETPa SKCIIEPHUMEHTAIBHO MTOATBEPKICH
paboramu Muiepa u ero rpymmsl B 1905-1907 u ganmee B 1921-1925
IT., a mo3xe — B 1929 r. Maiikensconom, [Tucom u Ilupconom, o uem
CYIIECTBYIOT COOTBETCTBYIOIIME OTUETHI 3TUX Tpymil. B pabore [56]
MIPUBEIEHBI CTaThH, B KOTOPBIX M3JIOKEHBI PE3yIbTaThl IPOBEICHHBIX

STUMH TpyImaMyd  DKCIIEPUMEHTOB, a TakKe ITOKa3aHbl
MPUHIUTHAILHBIE TPyOeHIlIne METOANYECKHe W WHCTPYMEHTAIbHBIE
OIMOKH, JOITyIIIEHHBIE JIPYTHMHA TpyHIIaMu (Kennenwu,

Wnmuarsoptom, ITukkapom, Crtasmu, Tayncom, CemapxoibsMoMm), HE
NOJYYHMBLUIMMHU HUKAKHX PE3yJIbTaTOB, 0OBSIBUBLIMMHU BMECTO aHAU3a
CBOHX OLIMOOK O HE CYIIECTBOBAaHMU 3(UPHOTO BETpa M CaMoOro
3¢upa Kak TakoBHIX. B HacTosmiee Bpems uccienoBaHHs 3(puUpHOro
BeTpa ocymecTsistoTes rpynnoi FO.M.I"anaeBa (XappkoB) .

B pesynpraTe CKpymyJe3HbIX pPadOT aMEPHKAHCKOTO YYEHOI'O
J.K.Mwunepa, MOCTaBUBIIETO CepHI0 9KCIIEPUMEHTOB c
uHTEepPEepOMETPOM, YHACIETOBAHHBIM UM 0T MaiikenbcoHa 1 Mopiu,
BBIACHUJIOCH, YTO MMEETCSl YeTKas 3aBUCHMOCTb CKOPOCTH 3(HPHOTO
BETpa OT BBICOTHI, IIPUYEM HAa IOBEPXHOCTHU 3€MJH, KaK 3TO U ObUIO
noka3aHo B 1881 u 1887 rr. aBropamu , OTHOCHTEIbHAsA CKOPOCTh
a¢upHOrO BeTpa Mayja M Ha BbicoTe 250 M Hajg ypOBHEM MOps
cocTaBJsieT MpUMepHO 3 KM/c, a Ha BeicoTe 1860 M — oT 8 mo 10 km/c.
Takum 00pa3oM, OTHOCHTENbHAs CKOPOCTh 3(PHUPHOTO BETpa
HapacTaeT ¢ BBICOTOH. MOXHO MojiaraTb, 4YTO CKOPOCTH 3(QHPHOTO
BETpa B IPOCTpaHCTBe cocTaBiseT 50—-60 km/c.

[Tocme 00pabGoTKM MaHHBIX MMIIEp HaIeN, YTO HAMpaBICHUE
3(upHOTO BETpa TAaKOBO, KaK eciu Obl 3eMiisi B CBOEM JBH)KCHHH B
HETOABMXHOM 3(upe MepeMelanach 10 HampaBlIeHHIO K 3BE3Je
co3Be3mus JIpakona (ckioHeHue +65°, mpsmMoe BocxoxkaeHue 262°).
BeposiTHast mOrpeniHoCTh B AKCIEpUMEHTax Musuiepa He MpeBbIlIana
2°. DTH KOOpAWHATHI MOYTH COBMAAAIOT C KOOPAMHATAMHU IOJIIOCa
SKJINOTHKH.

Ilonydennsle MunaepoM pe3yiabTaThl HAaxoISITCA B IOJHOM
COOTBETCTBHU C TeOpHeH OOTeKaHWs Iiapa MOTOKOM rasa. PerneHue
CHCTEMBl YpaBHEHHH U1 oOTeKaHus Liapa rpaduiyecku n300paxxeHo
Ha puc. 18.1.
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Puc. 18.1. O0rexanue mapa ra3zoBbIM HOTOKOM: ¢ — HAaIpaBJICHUE IIOTOKOB;
0 — oIIopa U3MEHEHHs! OTHOCUTENIBHOI CKOPOCTH IIOTOKA C YBEJIIMUCHUEM PACCTOSHHUS
OT IIOBEPXHOCTH I1apa

[Ipu oOTekanum mapa raz oOpa3yeT MOTPaHUYHEIN CIIOH, MPHUIEM
Onmoxaiile K TIOBEPXHOCTH TeJla CIOM JBMXKYTCSl BMECTE C IIapoM, a
OTIaJICHHBIE WMEIOT HEKOTOPYI0 NPOMEKYTOUYHYIO CKOPOCTh, NPH
3TOM, HaUYWHAs C HEKOTOPOTO 3HAYEHHS, CKOPOCTh Ta3a COOTBETCTBYET
€ro CKOpOCTH B CBOOOJHOM TpocTpaHcTBe. Haue TOBOpA,
MOTPAHUYHBIA CJIOW MMEET OINPEEIEHHYIO TOJIIKHY, 3aBUCSIIYIO OT
nmapaMeTpoB U rasa, u mapa.

B Toukax ¢ KoopJauMHaTaMM OTHOCHUTEIBHO IEHTPaJbHON OCHU
ra3oBOro IMOTOKa Qo = 109,6° morpaHmuHbIi CcI0# OTpBIBaeTCs.
Haumnass ¢ 93TOM KOOpAMHATHI Ta3 JOJDKEH OBITh HEMOABHKCH
OTHOCHUTENBHO Iapa Ha Pa3iindyHOM OT HErO PacCTOSHWUU BILIOTH JIO
OTOPBABILETOCS U MPOXOJIIEro Ha HEKOTOPOM PAacCTOSIHUM OT IIapa
MOTPAHUYHOTO CIIOSL.

Ecmu map o6ayBaercst MOTOKOM Ta3a, TO Ha TIOBEPXHOCTH Iapa co
CTOPOHBI 3TOTO TIOTOKAa JaBiieHWe OyneT pa3nuyHbIM. B moGoBoit
4acTH, HaxoJdllelcss MoJ MpsSMbIM BO3JAEHCTBUEM YyJapa IOTOKa,
JaBiieHHe ra3a Oyaer moBblmieHo. Ha 3emie 3To cooTBETCTBYeET
obmactu  CeBepHoro JlemoBHTOTO OKeaHa, MaTEepUKHA CHOJIA
NPOHUKHYTH HE MOTYT, TaK KaK TIOBBIIICHHOE JaBlicHHE d(Upa B dTON
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obnactn Oymer ux oromsurarb. [lamee sdupHBIi mOTOK OOTEKaeT
map, obpasyercd TpPaJUeHT CKOpOCTed B TOTPaHUYHOM CJioe, a
ClIeI0BaTeIbHO, TOHMKEHHOE naBieHue. Ha 3emuse 3TO mpuBeneT K
TOMY, 4YTO W3 o0OjacTeil Oojiee BBICOKOTO JHaBieHuss B HOxHOM
MONyIIApUXA  MATePHKH  TOCTETIEHHO  CMEcTATCI B 00JIacTh
MOHIKEHHOTO JaBieHusl B CeBEpHOM MOIyLIapHH, KOTOPOE OKaKETCs
HECKOJILKO BBITSHYTHIM MO cpaBHeHHIO ¢ FOKHBIM moxymapuem. B
pe3ynbTare 3emiid JOJDKHA TPHHATH (GOPMY HEKOTOPOTO IOI0OMS
TpyIId, 9TO U UMEEeT MeCTO Ha caMmoM jneine: CeBepHOE MOJyIIapue
BBITSHYTO 10 cpaBHeHHIO ¢ HOxubM Ha 400 M, Takas dopma 3emian
MOJTyYHIIa Ha3BaHUE TeOH/Ia.

Takum 00pa3om, B TOM, 4YTO 3€MHOM Iiap uMeeT GopMmy reomaa —
HEeKoe MoJo0ue TpylH, BHITIHYTOH K CeBepHOMY IOJIOCY, BHHOBAT
BCE TOT k€ 3UPHBINA BeTep, 00AyBaromIwii ero ¢ cerepa (puc. 18.2).

CaMo TIOHATHE «T'eOH» BBeleHO B 1873 1. HeMENKUM (PU3UKOM
MaremaTukoM HMoranHom JlucTtuHrom. Ilon »>TuM mOHATHEM,
O3HAYaIMM «BUA 3emin» (Tped.), moapazymeBaercs (urypa,
KOTOpYyI0 oOpa3oBaa OBl TIOBEPXHOCTH MHPOBOTO OKeaHa |
COOOIIAIOMINXCS C HUM MOpEeH NMpu HEKOTOPOM CpEeJHEM YpPOBHE
BOJIBI, CBOOOJHOW OT BO3MYIICHHH MpPUIMBAMH, TEYEHHUSIMHU,
pasHocTsIMU aTMocdepHOoro naeieHus u T.I. [loBepxHOCTH Teowma
SBISIETCSI OAHOM W3 YPOBHEBHIX IOBEPXHOCTEH IOTEHIMANIA CHIIBI
TsokecTH. OT reouaa OTCUMTHIBAIOTCS HUBENUpPHBIE BBICOTHL. Korma
TOBOPSIT, YTO BBICOTA HAJ[ YPOBHEM MOpsS TaKas-TO, TO 3TO M €CTb
BBICOTA OT TIOBEPXHOCTH T€0H/Ia B JAHHOM TOYKe 3eMHOTO IIapa, XOTs
UMEHHO B 3TOM MECT€ HHKAaKOro MOps HET, a OHO, 3TO MOpE,
HAXOJIHUTCA OT 3TOTO MECTa 32 HECKOJIBKO THICSY KUIOMETPOB.

[lonsatre Teomma HEOMHOKPAaTHO yTOUHsUIOCH.  CoOBETCKHUit
reo(U3uK, FPaBUMETPUCT, reo1e3ucT U actpoHoM M.C.MonoaeHckuii
CO3JaJl TEOPUIO oOmpeneseHHss (QUIypbl M TPaBUTALUOHHOTO MOJIS
3eMiIi TI0 BBITTOJIHEHHBIM Ha €€ TIOBEPXHOCTH M3MEPEHUSIM, IS Y4ero
oH pazpabortan mepBeiii B CCCP nmpyXWHHBIN TpaBUMETP — IpHOOP
JUIS U3MEpeHust Cuiibl TspkecTH. OH ke MPeIoKuiI UCTIOIb30BaHHe
«KBazureouAa» (IMOYTH TEOoHnaa), OMpEIeNsIeMOro II0 3HAYEHUSIM
MMOTEHIIHANa CHJIBI TSHKECTH Ha 36MHOW TOBEepXHOCTH. OTCTYIUIEHHUS
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OT reonga HECBCINKH, HE Ooiee 3 M., HO Ireo/ie3usd — HaykKa TOYHasd,
AJI1 HEC U TAKHC OTCTYIJICHUSA CYIICCTBCHHBI.

N\
D
“"u
\d

\__.-

Puc. 18.2. O0rexanue 3emyin 3(pUMPHBIM BeTPOM: / — 30HA IOBBILIEHHOTO
JaBieHus 3(upa; 2 — 30Ha MOHIKEHHOTO JaBleHus 2(upa; 3 — 30Ha 3aXBaTa BIIark U3
OKeaHa; 4 — IPUCOSIMHEHHBIN TOPOUIAIBHBIA BUXPB (Hpa, 3aXBaTHIBAIOLINI 3UMON
BO3/1yX aTMOC(EpBL.

w

CymectByer eme ommnconn @©.H.Kpacosckoro, KoTopbIit
aNMPOKCUMHPYET T€OU]I SILTUIICOUOM BpPaIICHU; 3TO MPUMEHSIETCS B
reofie3ndeckux M Kaprorpaduueckux paboTax B3aMeH paHee
IOPUMEHSABLIEToCcs A 3TUX Leneil amunconnga beccems, pasmepsl
KOTOpOro OKaszanuch omubounpiMu. (OOTekaHHe 3eMHOro Iapa
3¢UpHBIM [OTOKOM IPHBOAWT B paiioHe IOxxHOro momoca K
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BO3HUKHOBCHUIO MPUCOCAMHEHHOTO BHUXPS TOPOUAATIBHON (HOPMBL.
Ocb ororo Ttopounga OyHeT WMETh MOCTOSHHOE TaJaKTHYeCKOe
HaIpaBJicHHUE, a cCaMM MOTOKH 3(upa BUXpsi OyIyT BOBJICKATh B CBOC
JBIDKCHHE  AHTAPKTUYECKHE  BO3AYIIHBIE MAacChl  aTMOCHEpHI.
OO6pa3zoBanue TOPOUTATBHOTO MIPUCOCTUHEHHOTO BHXPS
MOATBEPXKACHO MoaenupoBanuem (puc. 18.3).

0)

o

Puc. 18.3. OGrekanme Teja BpalleHWsl NMOTOKAMH ra3a: a — OOTCKaHHC
KpyroBoro uuinHipa mnpu Re = 26; 6 — obrexanue mapa npu Re= 118; ¢ — oOtexanue
miapa npu Re= 500
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Bo3aymHele mMacchl, MomaBLve B 30HY 3(QUPHOTO NPUCOEAUHEH-
HOTO BUXp#, OyIyT IUPKYJIMPOBaTh, MPOXOJUTH HAJ OKEaHOM, Te
OHU OyIyT HaOHWpaTh BIary, a 3aTeM, IIOAHUMAsCh B cTpartochepy U
oXJIaXkaasicb, OyIyT HarHeTaTb TyJda BO3AYX, IOBBIIAs JABJICHHUE, U
BBIOpachIBaTh BJIATy B BUIE CHETA YK€ Ha caM JICJOBBbIH MaTEpHK.
OmHAKO 3TO MPOUCXOIUT TONBKO 3UMOU. OOBICHEHUEM 3TOMY MOXKET
CIly’)KUTh TO OOCTOSITENILCTBO, YTO 3UMOH BO3AYX HH)KHUX CIIOEB
aTMocdepsl XOJIOJHEE, a, CIeI0BATENIFHO, U IUVIOTHEE.

[InoTHOCTE BO3MyXa MPH OJHOM M TOM K€ JAaBICHHUH TEM BBIIIE,
4eM HUKE TeMIlepaTypa, U Ipu aTMOC()EPHOM JaBICHUH H JIETOM IPU
temmeparype 0°C cocraBmsier 1,2928 kr/m>, 3umoit xe mpu —60°C
cocrasisier 1,656 kr/m?, T.e. B 1,28 pasa 6Gosbiie. [T0CKOIBbKY YHCIIO
MOJIEKYJ]l BO3[yXa B €IMHHUIEC o0O0BeMa YBEIUYMBACTCSA, TO U
CyMMapHasl cujia, BO3JEHCTByIOIass Ha HEro €O CTOPOHBI
NPOHMKAIOMIMX B 3TOT 00BEM MOTOKOB 3(¢Hpa MNPONOPLIHOHATIHHO
yBenuuuBaercs. Bo3myx HauMHAeT 3aXBaThIBAThCS MPHCOEIUHEHHBIM
3(bUpPHBIM BUXPEM, Pa3BUBAETCS TOPOUAAIBHbIM BO3LYLIHBII BUXPh, U
3TOT  TpOIecC  HapacTaeT  JIABUHHO. OJTO  COOTBETCTBYET
JeHCTBUTENBHOCTH, TaK KaKk B AHTapKTHJE BCETJa CTOUT YCTOWYUBBIN
AHTUIMKIIOH, & 3UMOH MPAKTUYECKHU BCE BPEMS UIET CHET, HapaluBas
JeNsgHbIE MAacChl, KOTOpbIE ITOCTENEHHO CION3al0T K OKeaHy u
OTKaJIBIBAIOTCS, 00pa3ys aiicOepru.

B Tex mecrax, rae NpHCOCOUMHEHHBIH BHXph 3(upa Hauboiee
OJIM3KO KacaeTcsl MOBEPXHOCTU OKEaHa, BO3HUKAIOT TypOyJIEHTHOCTH,
YTO MPUBOJUT K BOJHEHHIO BOJHBIX MAacC, HaXOAALIMXCA B ITOM
paiioHe. 31ech AYyIOT YCTOHYMBBIC 3aMaHble BETPbI, YTO OOBICHICTCS
nposiBieHneM cuil  Kopuonnca, BbI3BIBAEMBIX  OTHOCHUTEIBHBIM
nepeMerieHueM 3dupa U BpalleHueM 3eMJd. JTO U eCTh «PEBYIIUE
COPOKOBBIE», KOTOPbIE aKTUBHO TPOSBIAIOT ce0s B 3UMHHN MEPUOI.
JleroM Bce ycIOKauBaeTcs, YTO TOBOPUT O TOM, YTO C IIOBBIILICHHEM
TeMIepaTypsl BO3AyXa M COOTBETCTBEHHO C YMEHBIIEHHEM €ro
IUIOTHOCTH BO3AYIIHBIE MAacChl YK€ HE 3aXBaThIBAIOTCS 3(PUPHBIMH
MIOTOKaMU C TaKOH CHIIOH, 4TOOBI 00pa30BaTh YCTOMUUBHINA BUXPb.

IlonoGHoe sBIEHHE OTCYTCTBYEeT Ha IIJIAHETaX C IOHMKEHHBIM
JaBiieHHeM atMoc(depbl, HanpuMep Ha Mapce, HO MOKET HMETh MECTO



164

y IUTaHeT ¢ OOJBIION TUIOTHOCTBIO aTMOc(ephl MPH MOHMKEHHON
TeMIepaType.

B coderanuu ¢ mornorieHuem s¢upa 3emied, TPUBOISIIUM K e
pacIIMpeHUIo, HapallBaHWUIO MacChl, 3aMEJICHUIO BpaIlCHHA,
CIIpeIUHTY (pa3IBUTAaHUIO0) MAaTEPUKOB JAPYT OT JApyra, 0Opa3oBaHUIO
cUCTeMbl pU(TOBBIX XpeOTOB, pa3IBUTAHUIO OKEAHCKOTO JHA U €ro
cyOnykumuy (MOMAMON3aHUIO) MO MATEPHUKOBBIE IUIMTHI, OOIIas
KapTHHA IPUYNH CTPOEHUS 3eMIIA CTAaHOBUTCS O0Jiee TIOHSATHOM.

Hcnyckanue B pe3ynbraTe BHYTPEHHHX Bo3MyieHHi CoiHIeM
TOPOUJIANTBHEIX W (OTOHOOOPa3HBIX CTPYKTYp, 3a()UKCHUPOBAHHBIX
aBTOPOM Ha 3aIUCIX KOJeOaHWH Ja3epHOTO Jy4a, MO JTOCTHKESHHH HX
3eMHOI TMOBEPXHOCTH, MPUBOJUT K KOJICOAHHMSIM BEJIUYMH U
HaNpaBiICHUN 3(UPHBIX TOTOKOB HAa TOBEPXHOCTH 3eMiH. DTO Ke
SBISETCS TPUYMHONW TaKk Ha3bIBaEMBIX MAarHUTHBIX Oypp U
BO3MyTIeHHUH (puc. 18.4).

nepuoo
OKONO 7 MUH

nepuoo
| ™ oxono 20 mun

nepuoo
™ okono Z uac L

Puc. 18.4. Bapnanuu 3¢upHoro Berpa, o0Hapy:KeHHbIe IIPH U3MEPEHUAX HA
JIa3epHoOi YCTAaHOBKE
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W3 W37M0KEHHOrO BBIIE BBITEKAIOT CJIEACTBUS, HOCAIINE
MIPUKIIAIHON XapakTep.

1. B mHacrosimee Bpems O0OHapy>KeHO, YTO OINTHYECKHE U
PaIuoIOKAOHHbBIE BHICOKOTOYHBIC H3MEPEHUS TON0XKEHUH TUTaHEeT U
UCKYCCTBEHHBIX  CIIyTHUKOB  3€MJIM  JAlOT  HECOBMECTUMBIE
pe3ynpraTel. PacxoxxnmeHne B pe3yJbTaTax H3MEpPEHHMH  Jaer
BEJIMYMHBI, CYLIECTBEHHO OOJNbIIME, 4YeM OTO CIedyeT W3
CYMMHPOBAHHUSI NpPENENIbHBIX  IOIPEIIHOCTE 000MX  METOOB.
[pencrapnsgercs, YTO TNPUYUHON SBISIETCS HE YYeT BIHSHUS
3(UpPHOTO BETpa, UCKAKAIOIIETO 3HAYEHUS NAIBHOCTEH, MOIyUYeHHbBIX
PaIuOIOKALIMOHHBIM METOAOM.

2. Bce BnusHuUs, oka3piBaeMble CONHIIEM Ha 3€MHBIE IMPOIECCHI,
NPOUCXOAAT TOCPEACTBOM MPOMEKYTOUYHOH cpeasl — ddwupa.
Y4uuThIBas, YTO BCE MPOLECCH HMEIOT WHEPLHOHHOCTh, MOXHO
yTBEp)KIaTh, YTO W JIIOOBIE TIpolecchl Ha 3emiie OyIOyT WMETh
3ama3/ibIBaHUsl OTHOCUTEIBHO W3MEHEHHH mapamMeTpoB Jdupa B
OKOJIO3EMHOM MPOCTPAaHCTBE, BBI3BaHHBIC NpoueccaMu Ha ConHIie
WIN UHBIMU BO3ICUCTBHSMU APYTMX KOCMHYECKHX TeJl.

[To mpenBapuTENbHBIM JJAHHBIM, 3allac BPEMEHH B TaKHX CITydasx
MOXET COCTaBJIATh HECKOJIBKO MECALEB, a BO3MOXKHO, M OoJblie. JTO
3HAYUT, YTO MCCICOOBAHUS U PETYJISIpHbIE HAOMIOACHUS 3a 3(UPHBIM
BETPOM U MapamMeTpamu 3¢Hupa B OKOJIO3EMHOM IPOCTPAHCTBE MOTYT
UCIIONIB30BATBECS. B KayecTBE  DJIEMEHTOB  MPOTHO3a s
OpEeAOTBpAILEHUS HMIM XOTS Obl MUHMMHU3ALMM  HETaTUBHBIX
IPOLIECCOB, KOTOPBIE MOTYT BBI3BaTH Ha 3eMJIe KOCMHUYECKHUE
BIIHSHUS. MOKHO C YBEpEHHOCTBIO YTBEPKAATh, UTO €CIIU OBl UMEIICS
nporHo3 HaBojaHeHUH B EBpone B aBrycre 2002 r., To pyKOBOAUTENH
CTpaH ycrenu Obl IPUHATH HEOOXO0AUMBIE MEPHI JUTS IPEIOTBPAILECHHS
TOro ymepba, KOTOpO€ OHM TIOHECIM B pe3yibTaTe MOJHOU
HEOXHMJAHHOCTH Mpouciieamero. Takum o0pa3oM, HEOOXOAMMOCTH
HCCIIEIOBAHUS COCTOSIHUS 3(QUPHBIX NOTOKOB M 3(UPHOTO BETPa, €ro
CKOPOCTM W  HampaBlI€HUs] B  OKOJO3€MHOM  IIPOCTPAHCTBE
npruoOpeTaeT CTpaTernieckoe 3HaueHue.

MOXHO TaKK€ CUYMTaTh BIOJHE BEPOSTHBIM, YTO CHJIBHBIE U
IPOTSDKCHHbIE BO BPEMEHHM BO3MYIICHHS B OKOJO3€MHOM 3¢upe
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MOTYT CEphe3HO TMOBIUATH HAa KIMMATHYECKHE OCOOCHHOCTH,
HampuMep, Ha Te, KOTOphIe yxke HaOmomamucek B 2002 ., korma Oypw,
yparassl ¥ JINBHU oOpyHIwiiuchk Ha EBpory u B TO e Bpems B Unaun,
OXKHJIABIIICH OOBIYHBIC MYCOHHBIC JIMBHHU, HACTYMHIA 3acyxa. MOXHO
TaKKe Tpeanojaratb, 4YTO IEPEMarHUYMBaHWE CIIOEB TOPOJI,
00HapyKEHHOE TEOJIOTaMHU B PsIIl pailOHOB, SIBIISAETCS CIIEACTBUEM HE
NepeMarHUYMBaHUsl BCEH 3eMJM, a JIMIIb MECTHBIX HM3MCHCHHH,
CBSI3aHHBIX C MOJJOOHBIMHU e BO3MYIICHUSIMHA dPUPHBIX TTOTOKOB.

19. PoOuHa komem - nnaHemabl

bor nuier Ha Hac y»KacHyI0 KOMETY,
MBblI yuacTu cBoel He H30€KuM;

51 uyBCTBYI0, KOHEIl IPUXOIUT CBETY;
Bce xoMmacsl HCUE3HYT BMECTE C HUM...

bepanorce
Komerst (ot rpeu. kometes — 3Besma ¢ XBocToM, OyKB.
JUIMHHOBOJIOCBI) — XBOCTaTble 3BE3[Bl — Camble 3araJovHble

oburarenu Conneynoit cucremsl (puc. 19.1). Ha mnporsxenun
THICSYENETUH OHU OYyJIOpaKWiIH BOOOpaskeHHe IJIOJEH, UX TOsSBICHHE
Ha HeOe BBI3BIBANIO CMATEeHHE. Jla M Kak ObLIO HE BOJHOBATHLCS, €CIU
Imocjie  Takoro HeOeCHOro  3HAaMEHHsS  MOIVIM  IOCIENOBAaTh
KpymHOMacmTaOHble OENCTBHS, W3MEHSIONMEe CyAbOBl  Iapew,
JIMHACTHUH U 1IEJIBIX HAPOJIOB.

B cpennue Beka NOSIBJICHHE KOMET CBSI3BIBATIOCH C TIPE/ICKa3aHUEM
SMUAEMHUI YyMbl U OCIbI, OIyCTOLIMTEIbHBIX BOWH U HallecTBUH. B
XIX Beke v mo3KE K KOMETAM YK€ OTHOCHIHCH MPOIIE, HO BCE XKE C
omackoi. 3HaMeHuTas kometa 1812 roma okasanach IpeaBECTHHUIIEH
BoiHbl Hamomeona c¢ Poccueilt, a xomera 1910 roma mpenckasana
IIepByt0 MUPOBYIO BOMHY.

CrpaBeyTMBOCTH  pagll CTOUT 3aMETUTh, YTO HETPHUATHOCTH
CIIy4aJIUCh U 0€3 KOMET, M JJakKe TOPa3JIo Yalie, MOTOMY YTO KOMETBI
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8) 2) &)

Puc. 19.1. ®ororpaduu komer: a — komera XuaKyTakd, 1996 r., oTyeTnuBo
BUHA TOpOWIANbHAs CTPYyKTypa; 6 — komera Mkes—Cekm, 1965 1., y KOMETH
BEPETEHOOOPa3HbI 3amHUN «XBOCT»; 6 — Komera Ukes, 1963 r., 3amHuil «XBOCT»
OaclIUpeH U paciieruieH; ¢ — komera Apenna—Ponana, 1957r., y KOMeThl MOSBUICS
TIepeTHAI OCTPBII «XBOCT»; 0 — KoMeTa Mapkoca, 1957 r., BemecTBo paccenBaercs,
KoMeTa Oyn3Ka K THOeIH



168

MOSIBIISLITNICH HAa HEOOCKIIOHE BCE JKE pexe, 4eM CIy4alluCh TOJIOMI, MOP
1 BoMHBI. Ho yXx ecnu koMera MosiBIIsIach, TO HUYETO XOPOLIETO OT
Hee JKIaTh He IPUXOAUIOCH.

Uto xe MBI CerOJTHS 3HAeM O KOMeTax?

Kometsr — tena ConHe4HO# cHCTEMBI, WMEIOIINEe BUA TYMaHHBIX
O00BEKTOB, OOBIYHO CO CBETJIBIM CTyCTKOM — SIAPOM B IEHTpE U
xBocToM. KonuuectBo koMeT B COJHEYHOM CUCTEME UYpE3BBIYAITHO
BEJIMKO W JOCTHTaeT COTeH MIDIHapAoB. OIHAKO HAOIIOIEHUSM
JIOCTYTIHO JIMIIh Majo€ YHCIO KOMET, 3aXOJAIIMX BHYTPh OPOUTHI
IOnurepa. KomeTsl HaOMIOAa0TCS TOT/A, KOT/IA €€ AP0 — HEOOBIIOe
nensiHOE Teno npubmkaeTcs K COJHIYY Ha pacCTOsSHUE, MeHbIee 4-
5 acCTpOHOMHYECKHX CAWHHWII, T. €. Ha paccrosHue mopsaka 600-750
MUJUTMOHOB KHJIOMETpPOB. Torma oHo mporpeBaercs ydamu ColHIIa,
U U3 s/Ipa HAYMHAIOT BBIICTSATHCS Ta3 U MBI,

B ornomume OT IUTaHET KOMETHI JBIDKYTCA TIO BBITSHYTHIM
TPACKTOPUSM, TOAXOIs ONHM3KO K 3emiie W JIPYyruM IUIaHeTaM, HO
JITBHSISL 9YacTh OPOUTHI — aeNuii — Y MHOTHX KOMET BBIXOIUT JalIeKO
3a mpenensl CONTHEYHOH CHCTeMBI. A HEKOTOpBIE KOMETHI M BOBCE B
Hee HE BO3BpAaIIaroTCsl.

B ConneuHoli cucteme cyiiecTByoT Muirapasl komer. K 1971 r.
OBUIO BBIYHCIEHO OKOJO | THICSYM CHCTEM DJJIEMEHTOB KOMET,
pe3yNIbTaThl BBIYMCIEHWH CBEIEHBI B COOTBETCTBYIOIIME KAaTaJIOTH.
CyIIeCTBYIOT KOMEThI KOPOTKOIIEPUOAUYECKUE C TIEPUOJIOM OOpariie-
Hus Bokpyr Comnua MeHee 200 neT U JJIMHHONEPUOAMYECKHE C
OoompmuM meproaoM.  KomeTsl, oOnamaromue THIepOOTHIECKUMHU
opbutamu, ynamssick ot ConHila, HaBceraa nokunaaoT CoOTHEYHYIO
CUCTEMY, YXOJSl B MEXK3BE3HOE TPOCTPAHCTBO.

KomeTsl yacTo conpoBOKAAIOTCS METEOPHBIME TIOTOKAMH | JTaXKe
JTUBHSAMHM, KOTJa Ha 3eMJII0 OOPYIITMBAETCS MENBIH PON  «IMaJaroIuX
3Be3n». Jlo 3emim, mpaBaga, OOJETAIOT JIMIIb HEMHOTHE, OHH
MOJTyYMIIA Ha3BaHWE OONHIOB, OOJBIIMHCTBO XKe «3BE3/», 4 HA CaMOM
JIeJie MaJIEHbKHX YaCTHII, CTOPAET B BEPXHHUX CIIOSIX aTMOCQEPHI.

UTo xe Takoe KOMETHI?

CoBpeMeHHBIE Y4eHbIe TPEICTABISIOT UX cebe B BUIE TUIOTHOM
«TOJIOBB» W PAa3PEKEHHOTO Ta30BOTO XBOCTA. Y OOJBIINHCTBA KOMET
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B cepelrHe TOJOBHI Halmromaercss 3Be3noobOpasHoe wiu AudQy3HOe
SpKOE SIAPO, TIPENCTABIAIONIEE COOOW CBEUYCHHE IICHTPAILHOM,
HauOoJIee TIOTHOM 30HBI Ta30B BOKPYT UCTUHHOTO S/{pa KOMETHI.

[lo coBpeMEeHHBIM TMIPEICTABICHUSM sJIpa KOMET COCTOAT W3
BOJSTHOTO Ta3a ¢ IPUMECHIO «IbI0B» npyrux ra3os (CO,, NH; u np.),
a TaK)Xe KaMEHMCTBIX BellecTB. [IbUTMHKH YaCTUYHO BBIICISIFOTCS M3
Aqpa TPU WCTIAPECHUH JBJIOB, YACTUYHO OOpa3yroTCsl B €r0 OKPECT-
HOCTSIX IIPH WCTIAPEHUH JIBI0B U MOCIEAYIONIeH KOHISHCAIINHA apoB.
I'a3 u mbLIL CO3AI0T BOKPYT s/Ipa TYMaHHYIO 000JI0UKY — aTMochepy
KOMETHI, HHOT/Ia Ha3bIBAEMYI0 KOMOM, KOTOpast U COCTaBISIOT BMECTE
C SAIpOM TOJIOBY KOMeThL. ['0710Ba KOMETBI W €€ XBOCTHI HE UMEIOT
pe3kux ouepTranuii. ATMochepa KOMEThl HEIIPEPHIBHO PacCeUBACTCs B
MPOCTPAHCTBE M CYIIECTBYET JIUINb TOTAA, KOTJa HPOUCXOIUT
BBIJIEJICHHE Ta30B W TbUIM U3 sjapa. [lom meficTBueM CBETOBOTO
JABICHWS W COJHEYHOTO BETpa — IOTOKOB YACTHII, BBIJEISIEMBIX
CouHIeM, Ta3bl U MbLUIb YHOCITCS OT Spa, 00pa3ys XBOCThI KOMET.

CuuTtaercs, 4TO ra30BbIA XBOCT TOSBISETCS Y KOMETHI, KOTJla OHa
npubmmxkaercss K CoiHIly. ACTPOHOMBI II0JaralrT, 4YTO caM Tra3
SIBJIICTCSI PE3yJIbTATOM HCIAPEHUs TeJla KOMEThI MOJ BO3JCHCTBHEM
comHeuyHOro cBeTa. COJHEUYHBIH CBET OTTAJIKHUBACT BBIICISCMbIC
KOMETOH Ta3 W 4YacTHIBl, U o0Opasyercs «xBocT». llpaBma, ObIBaroT
KOMETHI U C IByMs «XBOCTaMI», OJMH, HanpaBiaeHHbI oT ConmHia, a
BTOpoit — K ConHily. A ObIBa€T YUCIIO «XBOCTOB» W OOJIBIIE, U OHU
pa3dpocaHbl BeepoM, TyT Yk ColHIle Kak Oy/ATO U HU MPH YeM.

HabGmonenns mokazanm, 9T0 KOMETHI OBICTPO TEPSIOT BEIISCTBO M
caMble CTOWKHE M3 HUX JKUBYT HE 0OoJiee, 4YeM YCIEBAIOT COBEPILUTH
HECKOJIBKO ThICSTY 000poTOB BOKpYr COJHIIA, 3TO BpeMs Ype3BhIUAHO
Majo ¢ KOCMOIOHMYECKON Toukd 3peHus. Ho uncno ux B ConHeyHOU
CHUCTEME COCTABJIICT MHJUIMAPJbI, aCTPOHOMBI COOOIIAIOT IIMPOKON
MyOJIUKe TOJLKO O HEKOTOPBIX W3 HHX, TEX, KOTOPhIE MOTYT OBITh
HaOII0aeMbl HEBOOPY)KEHHBIM Ti1a3oM. I ecTecTBEeHHO BO3HWKAaeT
JIBa BOIIPOCA!

1. OTkyma e B3SJIUCh BCE OTH MIUIIHAPIBI KOMET, KTO HUX
MIOPOXKAAET B HACTOSIIEE BpeMs?

2. Kakwue omacHOCTH TasAT KOMETHI IS JKuTenel 3eMiun?
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Ha mnepBeIii Bollpoc coBpeMeHHasi HayKa aeT BECbMa TyMaHHBIN
otBeT. Ilo muenmio coBetckoro actponoma C.K.BcexcBsiTckoro
KOMETBl  SIBISIIOTCSL  pe3yJbTaTaMH  MOIIHBIX  BYJKAaHHYECKHX
M3BEPKEHNH Ha OONBIIMX IUIaHETaX M MX COyTHHKax. Ilo apyroit
TUIIOTE3€,  BBIABUHYTOM  rojulaHICKuM acTpoHoMoM S1.Ooprowm,
KOMETHI IPUXOJAT U3 TUTAHTCKOTO KOMETHOTO 00JIaKa, OKPY KaroIero
ConHeuyHyl0 cucTeMy. OJTO OO0JIAKO IPOCTUPAETCS Ha OTPOMHBIE
pacctostamst A0 150 THIC. aCTPOHOMUYECKUX SIUHUI B 00pa30BaIoCh
Torga e, Korga W Bce IlaHeTel. TyT, mpaBaa, CTaHOBHTCA
HEMOHATHBIM  CYLIECTBOBAaHME  KOPOTKOMEPHUOIUYECKUX  KOMET,
oOpamatoruxcst BHyTpu COJHEUHOH CHUCTEMBI B Tpenenax OpOUTHI
KOnutepa. Ho 310 cimchiBaeTcs Ha BO3MYIIAIOIICE JACUCTBUE TIIAHET.
OpHako mepBasi TUIIOTE3a HE MOATBEPXkIEHA CTaTHCTUKOW, a BTOopas
HEe TOATBEPKACHAa ACTPOHOMUYECKMMH HaOmoneHusMu. IlosTomy
BOIIPOC O MPOUCXOKACHUH KOMET OCTAETCSI OTKPHITHIM.

A BTOpOIl OTBET BIIOJHE OIPENEICHEH: HUYEr0 XOpOIIETro OT
CTOJIKHOBEHMS KOMETHI ¢ 3emJiel )k1aTh He MPUXOAUTCS HU 3eMJle, HU
komere. Ho 3T0 mpoucxoauT peaxo, mpapna ciaydad ObIBaad — 3TO U
3HaMeHUTHIH CHXOT?-aMMHCKUM MeTeopuT  BecoM B 70 TOHH,
ynaBmmid 12 ¢eBpans 1947 roma, HO K cYacThl0 MO JOpore
pa3BaMUBILMIICS HAa KyCKH, 3TO, BO3MOXXHO, U el1e 0ojee 3HAMEHHUTHIN
Tynarycckuiti  mereopur 1908 roma. KM BooOme Ha 3eMHOU
MIOBEPXHOCTH HMMEETCS HEMaJo MECT, CBHJETENbCTBYIOIIUX O
BCTpeUE ¢ KOCMHMYECKMMH Ipuuiensbuamu. llpaBma, MHOrHe W3 HHX
BBINVIAST KakK-TO CTPAaHHO: OHM HMEIOT KOJbLEBYIO (hopmy, HEUTO
BpOJIE KOJIBLIEBOTO keJ00a, OKPY>KEHHOTO NMPHUIOAHITHIM BajloM, a B
LEHTPE BO3BBILIAETCS TOPKa U3 PHIXJIOT0 Marepuana. He momxHa Obl
9Ta FOPKa yLeNeTh, €CJIM YAAp MPHLIEICS U3BHE...

OgHMM W3 TakuX MeCT SBisgeTcid LeHTp Pycckod miuTh, Ha
KOTOpoil oOHapykeHa acTpobiema, Ha3zBaHHas Ilyuex-KaryHckoii.
Bremnwuii auametp xenoba cocrapnseT 80 KM, rTyOWHA — HECKOJIBKO
COTEH METpOB, IO KpasM >kejlobda MMeeTcs Teppaca, HEYTO BPOJE
KOJIBLIEBOTO TOTHATHS, a B IIEHTPE BO3BBIIIAETCA KOHUYECKHH XOIM,
UMEIOIUN auameTp ocHoBaHus B 14 kM u BbicOTy 1,9 kM. KpyTusna
crazioB y Hero cocraBisieT 35-40 rpamxycos (puc. 19.2).
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Puc. 19.2. Peaned mnoBepxHocTH wucrtuHHoro ana Ilyuex-Karynckoii

HMIIAKTHON CTPYKTYPBI: ¢ — acTpoOJIEMbI B IIEIOM; 6 — LEHTPAILHOTO HONHSATHUS; B
— CBOJa LEHTpaJbHOro moAHATHs Bbime wusoruncel 0,5 kM. CooTHomeHue
BEPTHKAIBHOTO ¥ TOPH30HTAIBHOTO MacmTados 1:3.
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Hapmo 3ameruts, yTo momoOHBIX MecT MHOro W Ha JlyHe, KoTopas
OTKpBITA HAlleMy B30pYy. TaM HMEIOTCS «UUPKW» MOJOOHOTO IKe
cTpoeHust guametpoM A0 200 KM, KaxIbli M3 HHX OKpYKEH
KOJIBLIEBOM TOpOH M B LEHTPE KAXKIOI0 M3 HUX TOXE BO3BBILIACTCS
ropka, KOTOpasl TOXKE HHMKAaK He cMorjia Obl yIeJeTh IIpU BHELIHEM
ynape. M1 3To He ByJKaHbBI, IOTOMY YTO OTKYJa TOT/Ia MOT B3SIThCS
XKeno0 M KOJbLEeBas ropa BOKPYI, OTHECEHHas OT «BYyJIKaHa» Ha
necatku kmioMeTpoB? IlomoOHBIE ke 00pa3oBaHUS OOHAPYKCHBI U
Ha Mapce, auametpsl ux cocraBistor 100-200 kM, rimyOuna xemoba
COCTaBIISIET HECKOJBKO KHJIIOMETPOB, BEICOTA BaJIOB — TOKE HECKOJIBKO
KWIOMETPOB M B LIEHTPE TOXKE MMeeTcs ropka. Takue oOpa3oBaHUS
UMCIOT Ha3BaHHWA — KaubJepbl. XOTS YYEHBIE MOJararoT, YTO OHH
HMMEIOT B3PBIBHOE WM BYJIKAaHHMYECKOE MPOUCXOKICHHUE... A BIAPYT
9TO ClieAbl KOMET, Belb NPOTHO3UPOBAIU K€ YUCHBIE BO3MOXKHOCTH
CTOJIKHOBEHHS C HUMH?

TakumM 00pa3oM, BO3HHKAET CEPUsl BOIIPOCOB IO KOMETaM:

— KaKOBO BCE K€ MPOUCXOKACHUE KOMET?

— I04Ye€MYy KOMEThl UMEIOT BBITSHYThIE OpPOUTHI, PE3KO OTIMYAIO-
HIMecst OT OpOUT IJIAHET, KaK MOTJIM CPOPMHUPOBATHCS TaKKUE OPOUTHI?

— TMPOXOAT JH KOMETHl B CBOEM CYILIECTBOBAHUM KaKue-THOO
CTaJ1H HBOJIOLHN?

MoryT ObITh 3aJaHbl U MHOTHE JIPYTHE BOIPOCHI.

C nmo3uuuii 3UPOJMHAMUKH MOXKET OBITh BBICKa3aHa THIIOTE3a O
NPOUCXOXKICHNUH, ABWKCHUU U IBOJIOLMU KOMET, OTIMYAIOLIAsiC OT
BBILIECTIPUBEICHHBIX.

12 anpenst 1991 roma B JleHP KOCMOHABTHMKH B paiioHE Topoja
CacoBo Ps3anckoii o6nactu B 1 yac 34 MUHYTBI HEU3BECTHOE SIBJICHUE
BBIIIMOJIO OKHA M ABEPH Yy MHOMKECTBA JOMOB, IPOM3BEIS U IPyTue
paspylieHus. A yTpoM H3yMIJICHHbBIE KUTEIH OOHApYXWIH Ha JIyTY,
nepen HedTeOa3zoil OrpoMHYI0 BOPOHKY IuameTrpoMm moutd 30 u
riryOuHoi okono 4 mMerpoB. OCOOEHHOCTBIO BOPOHKH OBIJIO TO, YTO
oHa wMena ¢GopMy IIOJOBHHBI TOPOWIA, Kak OBl pa3pe3aHHOTO
MOTIOJIaM TMEPIIEHANKYJIISIPHO OCH TopouJa. B camMoM LeHTpe BOPOHKH
OKa3aJiCsl HETPOHYThIM KOHYCOOOPA3HBIH KPYIJIBIH XOJIM M3 PBIXJION
3eMJIM, HE 3aTPOHYTHIH B3PBIBOM. BOKpPYr BOpPOHKH 0OOpa3oBaiCs
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KOJIBIIEBOM 3eMysiHOM Ban.  Teserpadubie CTONOBI, HAaXOASAIIMECS
Oojee yeM B cTa MeTpax OT BOPOHKH, OKa3alHCh HAKIOHEHHBIMH K
BOpPOHKE, a 3HauUMTENbHAsl YacTh 3eMIJIM, BhIOpomeHHas u3 Hee,(1800
TOHH) TOTIPOCTY ncuesna (puc. 19.3).

0,8u

.4

28m

Puc. 19.3. Crpykrypa CacoBckoii BOPOHKH

[lo moBomy B3phIBa OBLTH BBICKA3aHBI Pa3IMYHBIC IMPENITONIONKE-
HUS, B TOM 4YHCIIE [AWBEPCHS, XaJlaTHOCTh (HeJalleko Obun
OOHApyKEHbI OCTATKU CEJIMTPHI) U T.I. Bce OHHU, TaK WM WHAYE,
ObuTH OTBEpPTHYTHI. Bompoc ocrancs oTKpbIThIM. [l033ke 0Ka3anocs,
YTO TIOJJOOHBIX CITydaeB ObLIO Ha 3eMJyie MHOTO.

JIt000MBITHO, YTO, HECMOTPS HAa SBHBIC pa3pyIICHHs, KOTOPHIC
MOXXHO OBbUTO OBl OTHECTM TOJBKO 3a CHYET B3phIBa OOJBIION
MOIITHOCTH, TPAKTHYECKA HHUKTO €ro He ciblmain. Majo Toro,
CKJIa/IBIBAJIOCH BIIEYATIIEHHE, YTO BOJIHA IIJIA HE OT BOPOHKH, a K HEH.
I[MonpoGHee 000 BCeM  3TOM  MOXHO TMPOYECTh B KHUTE
A.®.Yepnsena «Kamuun nanator B HeO0» (M., 1992 u M., 1995).

Omyckas o0wscHeHus, maHable A.D.YepHseBEIM 10 TIOBOIY
JAHHOTO SIBJICHUS M JPYTUX COMYTCTBYIOUIMX €My (EHOMEHOB,
TIOTBITAEMCSL M3JI0XKHUTH CBOIO BEPCHUIO 3TOTO M JPYTUX MHOTOYHUCIICH-
HBIX aHAJIOTUYHBIX SBJICHUN C MO3UIHHA A(OUPOAMHAMUKH.

Bce HebecHple Tema moTIOmMAaroT 3GUP W3 OKPYKAMOIIETO HX
MPOCTPAHCTBA, KOTOPBIA BXOJIUT B HUX CO CKOPOCTHIO, PABHOHN BTOPOU
KOCMHYECKOM, mis 3emnu oHa paBHa 11,18 xm/c. 3a cuer
norJomeHus 3¢upa Bce HeOCSCHBIE Tella HApaIMBAIOT CBOIO Maccy H
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pacmupsrTcsa. OJTO ONMUCaHO aBTOpoM B pabore «OOmas
s¢upoaunamuka» (M., Dueproarommsmar, 1990; to xe, 2-e u3..
2003), Ttam ke JaH pacyeT MPUPALIEHUS MacC BCEMH TellaMu
COJHE4YHOH CUCTEMBL.

Crenyer 3aMeTHUTh, YTO TIODJIOMICHHE d(Hpa pacupenesieTcs Mo
MOBEPXHOCTH TeJl HEPABHOMEPHO, TaK KaK pPa3HbIC YYacTKH MOBEPX-
HOCTH W3-3a HAJIMYHUS Pa3HBIX IMOPOJ MMEKT pasHoe 3(upoauHamu-
YECKOE€ COTMPOTHBIICHHE, MO3TOMY HakKoIieHHe 3(upa B TIIyONHE Tena
NIPOMCXOIUT HEPABHOMEPHO. YacTHYHO HAKOIUICHHBIA 3dup
nepepabaTeiBacTCd B BEIIECTBO, MEXAaHH3M TakoW IepepaboTKu He
SCEH, HO TO, YTO ATO MPOHCXOJUT, COMHEHUH! HE BBI3BIBACT, IOTOMY
4YTO 00pa3oBaBIIEeCs] BEIIECTBO BBUIC3AET M3 HEAP B BHUIE MHUPOBOH
cucTeMbl PU(TOBBIX XpeOTOB, pPACIONOKEHHBIX IO CepelInHE BCEX
OKEaHOB W HWMEIOIINX OOIIyI0 [UIMHY 0KOJI0 60 THICSY KHIOMETPOB.
Ho He Bech adup mepepabaThiBacTCs B BEIIECTBO, a YacTh €T0
HaKAaIJINBaeTCs B TIyOMHHBIX CIIOSX, CO3/1aBas B HEKOTOPBIX MECTax
M30BITOYHOE JABICHHUE, YACPKUBAEMOE TOPOAAMH, HMEIOMIUMHI
BBICOKOE I(UPOAMHAMUYIECKOE COMPOTHBIEHUE, TAaKUMHU ITOPOJAMHU
SIBIISIFOTCSL JTIOOBIE TOKOITPOBOISIIIUE TOPOIBI.

Hakoruienue nmaBieHus d¢upa HE MOXKET MPOAOIKATHCS
oeckonewHo. OH MO0 HaYMHAET MPOCAYNBATHCS HAPYXKY, 00, eciu
HakomieHue oddupa wuger ObICcTpee, YeM paccachIBaHHE,
yAepKUBaoIe 3Qup Mopoasl MPOPHIBAIOTCA, U TOrAa CTpys dhupa
BBIXOJIUT HAPYXKy IO TIOPOAaM, HMEIOIINM BBICOKYIO JAMAJIEKTpUYEC-
KYI0 TIPOHHIIAEMOCTh M KOTOpPBIE M3-3a ATOTO SIBISIOTCS IPHUPOIPO-
BOJIAMH, T. €. KaHaJlaMH, UMEIOIUMH Manoe 3(QUpoJAnHAMUYECKOe
COIIPOTHBIICHUE. A TAKUMH MOPOJIAMH SIBJISIOTCS JIIOOBIE U30JIATOPHI.

[Tocne Toro kak cTpys 3dupa U3 U30IATOPA BEIPHIBAETCS HAPYXKY,
OHa CTalIKWBACTCS C IYCTBIM MPOCTPAHCTBOM, B  KOTOPOM
OU3JIeKTpHYecKas MIPOHUIIAEMOCTh paBHa eIMHULIE u
3(UPOAMHAMUYECKOE COTPOTHUBIICHHE JJIS CTPYH PE3KO BO3pACTaeT.
DTOro JOCTAaTOYHO IS TOTro, d9TOOBI  CTPysd CTaja cHadaia
pacmmpsThCs, a 3aTeM CBOPAYMBATHCS B TOPOWA, Kpas KOTOPOTO
KacaloTCSi MOBEPXHOCTH  3€MIIM, TIOPOJBl  KOTOPOW  HMEIOT
TUDIIEKTPUYECKYIO TMPOHUIAEMOCTh  BBIIIIE, 4eM CBOOOJHOTO
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NPOCTPAHCTBA. OJTO CIOCOOCTBYET 3aBEPIICHUIO (HOPMHUPOBAHHIO
3QUPHOTO TOpOHIA, B COCTAaB KOTOPOTO TEIEpPh YKE BKIIOYUIINCH
MOBEPXHOCTHBIE MTOPOAHI (puc. 19.4).
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Puc. 19.4. O6pazoBaHue KOMeTbI: @ — HAYaJIbHBIHA 3Tall; 6 — GopMUpOBaHIE;
6 — BBIXOJI KOMETHI B KOCMOC; 2 — 00pa30oBaHNe 3aJJHET0 «XBOCTa»; 0 — 00pa3oBaHHe
TIEPEeITHET0 «XBOCTa»; e — pa3dpoc BEIEeCTBa; Jc — METEOPHBIN IIOTOK, OCTaBIIMICS
HOCJIe KOMETBI

O¢dupHBIi TOpOMA — CHCTeMa YCTOWYMBAasT M JHEProeMKas.
'panuentsl 3QUPHBIX MOTOKOB BHYTPU TOpPOMIA CO3JAIOT CHIIHL,
JOCTaTOYHBIC IUISI OTPBIBA M YAEP)KAaHUSA B HEM OTOPBAHHOIO OT
HOBEpXHOCTH BemiecTBa. CaM ke 3(QUPHBIA TOPOMA, KaK U BCAKUI
ra3oBbli  TOPOMAANBHBIA  BUXPb,  BHEIIHEH  MOBEPXHOCTHIO
OTTAJIKUBACTCS OT OKpYyXKalolled cpeapl M IepeMeInaeTcs B
IPOCTPAHCTBE B HANpPaBJIEHUH, B KOTOPOM JABHXKYTCS MOTOKH 3¢upa
B €ro IEHTpE, T.. B TOM K€ HAIlPaBJICHUHU, B KOTOPOM IepeMeiacs
3¢up B cTpye, 00pa3oBaBIIei TOPOUI.

Taxum 00pa3om, BBIpBaBIIAsics w3 Heap dupHas cTpys obOpasyeT
Ha TOBEPXHOCTH 3€MJIM TOPOUJAJIbHBIA BUXPb, KOTOPBIM 3aXBATUT B
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CBOE TEJI0 HaXOJSIIYIOCS TI0J] HAM TIOPOJY, 4YacTb MPOHECeT 4depe3
BEPX TOPOHJIA M PACCHIMJIET [0 OKPYKHOCTH B BUJIE KOJIBLIEBOTO Baa,
HEOOJIBIIYIO YacTh COOCPET B IIEHTPE B BHJIE TOPKH, a YACTh YTAIIUT C
cO0O0iA.

A npamee Bce OyIeT 3aBHCETh OT TOTO, KAaKOH CHIIBI W KakKOM
MOIIHOCTH ObllIa UCXOHAS CTPYs ddupa.

Ecim MomHOCTh OBbIJIa OTHOCUTENHFHO HEBENHKA, TO TOPOU MOCIIE
(hopMHupOBaHUS OBICTPO TOTEPSET YCTOMUIMBOCTE. Torma mpou3oiaer
B3pBHIB, C pa3bpocoM HaOpaHHOTO BemeCTBA WU JPHUPHBIX CTPYH.
I'pagreHThI 3UPHBIX TOTOKOB CO3aIAYT CHIIbI, KOTOPHIC POU3BEIAYT
paspylleHds, TpUYEeM CHIIBI TI0 OCH CTpyd OymyT HampaBlieHBI B
CTOPOHY IiepeMeleHust d3upa, a OKOJIO CTPYH HANpaBICHHOCTH CHII
oyner k ctpysMm. Cuwiabl  MOTyT  OBITh OYEHb OOJBIIMMH,
JIOCTATOYHBIMU JIJIS pa3pyLIeHHs OO, 3AaHUMN, JIECOB.

Ecnu MOIIHOCTE MCXOMHOHN CcTpyH OOJbINas, TO TOPOHUI BMECTE C
BEIIECTBOM YMUHUTCS B KOCMHYECKOE MPOCTPAHCTBO, U B KOCMOCE
nosiBUTCS HOBas komera. (OOnanas, Kak W BCAKHIA Ta30BBIA BUXPb,
CaMOJBM)XKCHHUEM, TOPOHMIAIBHBIH BUXpPh 3(Hpa, OTTAIKHBASICH OT
OKpy’Karomero 3Qupa, IOCTEIIEHHO HApacTHT  CKOPOCTh U
OpOUTaNBHBIA MOMEHT, TEPEXOJs Ha BCe 0oJiee BBHITSHYTYHO OpOUTY
IO TeX TOp, TI0Ka €T0 HEPTus He OyIeT ucueprnaHa.

OIHOBPEMEHHO TOPOUIAIBHBIH BHXPh OyIeT (hOpMHpPOBATHCA B
oOpa3oBaHue THMa TpPyObl, 3aMKHYTOH Ha cebs. CoOpaHHOE UM
BEIIECTBO OYyJeT COCPEeJOTOYEHO B CTEHKaxX JTOW  TpYOBL
Ilorpannunenii cimoil >dupa Ha TOBEPXHOCTH TPYOBI HE IacT
pa30paceiBaThess HU 3QUpy, HU BemiecTBy. OQHAKO 0 TEX MOp, MoKa
3(UpHBII BUXph HE HAYHET TEPATh CBOKO PHEPTHI0 3a cueT nuddysun
W 32 cYeT MpeoOpa3oBaHMsI HHEPrHM BpallleHUs B OJHEPTHIO
MOCTYNATEIbHOTO JABHIKESHUS.

JlanbHelass 3BOJIOIMS KOMETHI CBS3aHA C TOTEPEH JHEPTruu
3(UPHBIM BUXPEM 3a CUET BSI3KOCTH 3(hMpa | 3a CUEeT MpeoOdpa3oBaHuUs
€ro SHEPruy BpaIlleHWs] B DJHEPTUIO0 TOCTYIIATENBHOTO IBMKEHUS
KOMETBI, C cyOnuMaImel 3aXBa4eHHOI'0 KOMETO! BEIIECTBA U C PSIOM
Ipyrux (akTopoB, MOJHBIA YYeT KOTOPBIX TpeOyeT OTIENbHBIX
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uccrnenoanuii. OMHAKO W 3[eCh MOXXHO BBICKa3aTh HECKOIBKO
IIPEATIONOKEHU .

3axBaueHHOE TOPOHMAAIBHBIM BUXPEM BELIECTBO MOJBEPraeTcs
pasMonly BHYTPH BHXps, TaK Kak B HEM HMEIOTCS TpaJHeHTHBIC
MOTOKM d(upa W BO3HUKAIOT OOJBINHE CHJIBI, Pa3pHIBAIOIINC
BEIIECTBO. OTH CHJIBI MOTYT OBITH CTOJIb BEJIMKH, YTO pa3pbIB
BEIIECTBA MOJKET MPOUCXOJUTh HE TOJIHKO HA MOJEKYJSIPHOM WIN
aTOMHOM, HO W Ha fAepHOM ypoBHsX. [loaromy BHyTpm 3dupHOTO
TOpOUAa MOXKET IMPOUCXOJUTH TpaHCMYTallUsad BCUICCTB U 3JICMCHTOB,
BO3MOXXHO, 3TUM H OOBSICHSIETCS COCTaB METEOPUTOB, COJCPKALINX B
0O0JIBIIIOM KOJHYECTBE JKENIe30.

BeposaTHo, MOBBIIIEHHOE COACpKAHHE IKelle3a B METEOpPHUTax
MOXHO OOBSACHUTH HambOoliee BHICOKMM 3HAUYEHHEM DSHEpPIUM CBS3eil
HYKJIOHOB B aTOMHOM spe [0 CPaBHEHHIO C sApaMU JIPYTHX
9JIEMEHTOB, HAXOMAAIINXCS CIIEBA M CIIPaBa OT HETO B MEPHOANYECKON
tabmmie. Hamuuwe npyrux OdJIEMEHTOB - QIIOMUHUS, KaJbIIHS,
KHCIIOPOJIa, KPEeMHHUS, MarHus, HUKEIs U CEpPbl OOBACHICTCS TaKXKe
OTHOCUTEJIHHO BBICOKOW YJIETbHOM SHEprued CBS3M HYKIOHOB B
YCTHBIX gApax, XOTsA U HCCKOJIBKO MeHI)IHeﬁ, 4YeM Yy KeJe3a.

Ho ecnu BuxpeMm 4acTh SHEpPruM BpalleHHUs Y>Ke€ MOTepsiHa, TO U
MOTPAaHWYHBI CJIOH Ha TOBEPXHOCTH BHXpS oOclabeBaeT, W OH
Ha4YMHAET MPOIMYCKAaTh HAKOIUIEHHOE BemecTBO. [Ipm 3ToM dacthb
MEPEMOJIOTOr0 TBUIEOOPa3HOTO BEIIECTBA BBHIOpPACHIBACTCS BHXPEM
Ha3aZ, U y KOMETBHl 00pa3yeTcs «XBOCT», KOTOPBIA CTaHET BHJIEH,
Korjga Komera craHeT mpubmmkatecs K Comunyy. Ecnmm ke mortepm
SHEPTUU eIllle YyBeNW4YaTcs, TO IOTPaHWYHBIA ClIOH 3dupa U B
LIEHTPaJIbHON YacTU TOpPOUAA pa3MoOeTcs U MepecTaHeT yAEp KUBATh
BelecTBO. Torja dYacTh pa3MOJIOTOTO BellecTBa Ha  OOINBIION
CKOpOCTH BBIOpachIBaeTcs BIepel, U y KOMETHl oOpasyercs
JIOTIOJIHUTENIBHO K 33JHEMYy MepeqHU «XBOoCcT». A eciu MoTepu
SHEPTHH CTaHYT emle OOJbIIe, TO BEIIECTBO HAYHET pa3dpachiBaThCs
BO BCE CTOPOHBI. JTO 3HAYHT, YTO KOMETa OJIN3Ka K THOCIH.

ITockoapKy Mpu MoTepe SHEPTHH BUXPEM CKOPOCTH BPAIIEHUS €To
3aMeJUIIeTcs, BEIIECTBO, 3aXBaue€HHOE BHYTPEHHEH YacThlO0 BHUXDA,
Ha4YHET COOMPATHCS BMECTE, KaK 3TO MPOWCXOIUT C YaMHKaMH ITIOCIIe
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MOMEIINBaHWsT dYasi B cTakaHe. llocie TOMHOTO paccachIBaHUS
3(UPHOro BUXPsS HA MECTE KOMETBhI OKa3bIBACTCS BCETO JIMIIL PO
METCOPUTOB, KOTOPBIH OOJIBIIIE HE HapaluBaeT OPOUTAIBHOTO
MOMEHTA, He TTPOU3BOANT HUKAKUX TPAHCMYTAIIH, & IPOCTO JIETUT 110
uHepuu nanpine. Komera morutia.

Hackomnbko MpaBIoONOA00Ha MIpUBEICHHAs Bepcus’?
[IpencraBnsercs, 4TO OHA BIOJHE MMEET MPaBO HA CYIIECTBOBAHHE.
Ha dororpadpmsx komeTrsl XHWAKYTaKW, TMOIYYEHHBIX B | JIaBHOM
Poccuiickoit  obcepBatopun  Akamemun — Hayk  HaydHBIMHU
corpyaaukamu U.C.I'yceBoii u H.A.CoxonoBbeiMm B iepuoa ¢ 14 mo 21
mapra 1996 1. (cMm. ras. «Amomammsi» N 11 (119) 1996, c.5),
OTYETJIUBO TPOCMATPUBACTCA TOPOMIANbHAS CTPYKTypa KOMETHI.
Paznmuunble 1BeTa «konem» B Topoune Ha (oTorpadmu MOTyT OBITH
OOBSICHEHBI PAIOM (PaKTOPOB — Pa3IMYUEeM TUIOTHOCTH, TEMIEPATYPHI,
CKOpOCTEH BpallleHUs CJIOEB W T.II. TakuM oO0pa3oM, BBICKa3aHHAas
TUTIOTE3a UMEET JIaXKe HEKOTOPOE MOATBEPKICHUE.

Yacro mu o0Opa3yrorcs 3(QUpHBIE BUXPEBbIC TOPOHUIBI Ha 3emiie?
[lo-BumuMoMy, MOCTATOYHO HYacTO, HO Yalle 3TO TMPOHUCXOIUT B
OKeaHe, 4eM Ha cyIie. Bo-TiepBhIX, MOBEPXHOCThH OKEAHOB B JIBa pasa
0o0JIbIle, YeM MMOBEPXHOCThH CyIIH. BO-BTOPBIX, JHO OKEaHOB TOHBIIIE,
YeM MaTePHUKOBEIE IUIUTHI, a AUAJIEKTPUYECKasi MPOHUIIAEMOCTh BOJIBI
BBICOKA, TaK YTO YCIOBHSI W IJISl TMIPOXOXAEHUS d(PHUPHBIX CTPYH, U
JUIs  00pa30oBaHMsI BUXPEBBIX TOPOWJIOB 3/IeCh Jiydiie. Mmerorcs
MHOTOYHUCIIEHHBIE CBHJIETEIILCTBA MOPSIKOB O TOM, KaK W3 BOJbBI
BBEIPBIBAIOTCS M yxomaT BBepXx Hekwe HJIO OmrommeBumHOW (GOpPMEL.
He Oynyume nu 310 komeThl? W He moTomy ju sijipa OOJIBIIMHCTBA
KOMET, C KOTOPBIMH BCTpEYaeTCs 3eMJisi, COCTOST M3 Jibaa?

Ho ects cBuaerenbcTBa M Ipyroro poja, KOT/a IMOJA BOAOH Ha
00JbIION  TIyOMHE BHJHBI KPYIHBIC 3aMKHYTBIE BHXPEBBIC
oOpa3oBanusi. MOXeT ObITh 3TO TOXE TOPOUJIBI, HO Y HUX HE XBaTUIIO
SHEPTHH IS TaJbHEHIIETO MepeIBIKEHS, U OHU 3aCTPSIIH B BOJE?

W3 Toro, 4To 3mech CKa3zaHO O CIydasx HAOMIOMEHHUS I(PUPHBIX
TOPOMJIOB B OKEaHaX W MOpPSAX BBITEKAET OJUH HEMaJOBaKHBIN
MPAaKTHYECKUH BBIBOJ: HAONIONATENSAM PEKOMEHAYETCS HEMEIJICHHO
youpaThcs TOJANbIIEe OT 3TUX OOBEKTOB, €CIM XOTIT OCTaThCs B
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*UBBIX. TO k€ OTHOCHUTCS M K TOJBOJHBIM JIOJKaM, KOTOpPbIE ObUIO OBl
HE BpemaHO o00OpynoBaTh XOTS OBl  (OTONPHUEMHHUKAMH IS
OOHapy»XeHHUsI TOABOAHOTO CBEUCHHA. D(PUPOTUHAMUYECKUE IO,
COIIPOBOXJAIOIINE IMOAOOHBIE SIBICHHUS, MOTYT YMEPTBHUTH JIIOObIE
JKUBBIE OPraHM3Mbl, TaK YTO Jajbllle KOpalOiab MOHAET TylIATh IIO
MopsiM  Oe3 okmmaxa, kak Hekwid Jleryuwit [ommangen. [oBopsr,
Takue Kopalyin HHOTa BCTPEYaroTcs Ha MpocTopax okeaHoB. [Ipuuem
caM KopaOib MOT HOIy4UTh 3GUPOIUHAMUYECKUN 3apsa] U CO34aBaTh
BOKPYT ce0sl OIIacHOE ISl JKUBBIX OPTaHU3MOB TI0JIE, a TPUOOPOB JIJIs
ero (uKcaliy MokKa He CO3[aHo0, MOCKOJNbKY o(uIManbHas HayKa He
npusHaeT caM ¢akT cyuiecTBoBaHUs 3¢upa B npupoze. Ho moxer
CIIYYHUTBCS, YTO I(UPHBIE TOPOUIBI OKAXKYTCS CTOJIb MOIIHBIMHU, YTO
IPOCTO yTalIaT B KOCMOC BECh KOpalib.

Ha cyme nogoOHsie cityyau Toke ObiBaian. CBUAETENHECTBOM TOMY
aBisiercst XoTst Obl Ta xe Ilyuex-KaryHckas actpobiema, quamerp
KoTopoi#t cocraBiser 80 kM. CKOIBKO ke MOPOABI B KOCMOC YTaIIlHI
BBIPBABILUICA B 3TOM MecTe 3(QHUPHBIM MOTOK, €ClIu OH 00pa3oBai
topoun takoro auamerpa? Ha CeBepe nmeercsi MHOKECTBO KPYIJIBIX
03€ep, B KOTOpBIE HE BMAAAIOT peku. He cieapl 11 3To MpoLeccoB TUma
cacoBckoro? U xakoB mpoduiib 1Ha y TaKux o3ep?

A 4TO Xe MOXHO cKa3aTb o JlyHe, Ha MOBEPXHOCTH KOTOPOH
AMEIOTCS COTHH MOAOOHBIX «acTpobmem» (puc. 19.5), mmeromux
JUaMeTp MHOTHE AECATKH U COTHH KHMJIOMETPOB?

HebGomnpmoii kparep TpucHekkep B tokHOW dacTH Mops I[lapos
UMEET JuaMeTp 25 KM U BBICOKYIO IIEHTpajbHYI0 TOpKYy. Momojbie
KpaTepsl Manunuii, boukosuu u Arpunma nmerot auameTpsl 40, 44 u
40 XM ¥ 4YeTKO BBIpaXEHHBIE IIEHTpAJbHBIE TOpPKU. B 1oxHOMI
BEpXHEH 4acTH Ha OOMIMPHONH MaTepUKOBOW TEPPUTOPHUH, YCESTHHON
OTPOMHBIM MHOKECTBOM KpaTepoB, BBIACIAIOTCSA IBE HMCIIOIWHCKHE
KOJblLeoOpa3Hble Topsl — Kparepbl AnbOarerHuii u ['mnmapx.
ITonepeunuk neporo — 120 kM, UMEIOLIUN CIOKHBIN KONBIIEBOM Bal.
T'unmapx wumeer auamerp 190 KM M KOJBIIEBOM Bajl, HECKOJIBKO
nonmke. O0a Kparepa ycesHbl Tapa3sUTHBIMU KpaTepaMH, B TOM YHCIIe
U TaKUMH KpyIHBIMU Kak kparep [anneit quamerpom B 29 kM, KpaTep
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I'tonpaen nmuamerpom B 37 KM U coBceM MoJionoi kpatep ['oppokc
nuameTpoM 30 kM.

Ha noGepexne Mopst Hektapa nMeeTcs Lenovka u3 Tpex KparepoB
— Teodun (99 xm), Kupmmn (85 xm) wu Karapmna (102 xm). B
ceBepHOU gacTu JIyHBI oOpamaroT Ha ceOs BHUMaHHE JBa KpaTepa
— Apucrorens (85 kM) u EBmokc (64 kM), pacroyiokeHHBIE Ha
10)KHOM Oepery Mopst Xouoa.

Ha Jlyne cymecTByeT MHOXKECTBO MEJIKUX KpPaTepoB, AUaMETPOM
B HECKOJBKO KHJIOMETPOB M €CTh IPOMAJHBIE KpaTepbl, TaKue Kak
Jlouromonran (137 kM), Marun (187 kM) u Knaswuit (200 km). U ectb
Takne Kak kparep Tuxwii aumametpom 82 kM, rimyouHort 3700 M u
BBICOTOH Basa 2400 MeTpoB.

[lepeunciuts BCe  KpaTepbl, acTpoOIeMBl W KalbIephl,
umeronecs Ha JIyHe, He mpeacTaBiseTcsi BO3MOXKHBIM. VX COTHM Ha
BUAMMON CTOPOHE M MHOXXECTBO, XOTS M MEHbIIE, HA HEBUAUMOH.
Tam pacrmosio)keHO OTPOMHOE KOJIMYECTBO MEIKHUX KpaTepoB, HO €CTh
1 Takoe oOpazoBanue, kak Mope Bocrtounoe, nuamerpom 800 kM, 10
«Oeperam» KOTOPOI'O PACIOJIOXKEHbl TPH KOHLEHTPUUYECKHX BaJa.
BeposiTHO, pa3HWIla B KOJIMYECTBE KpaTepoB Ha BHIUMOH U
HEBUANMOH cTopoHax JIyHbI 0OBsICHSIETCS pa3HHULEH B CHJIE TSKECTH
Ha ee MOBEPXHOCTU: Ha OJIDKHEH CTOpOHE OHAa MEHbIIE, TaK Kak Ha
9TOH  CTOpPOHE 3€MHOE INPUTSKEHWE  BBIUMTAeTCs, a Ha
MIPOTHBOTOIOKHON — MPUOAaBISIeTCs K MPUTSHKEHUIO JIyHBI.

B Hos0pe 1958 . m3BectHbll actpoHOM H.A.Ko03BIpeB BnepBbIe
Habmronan Ha MOBEPXHOCTH JIyHBI sBIEHHE, KOTOPOE OH YBEPEHHO
OTHEC K H3BEPXKEHUIO ByJIKaHa. B kparepe Anb(doHC Hadanockh
U3BEp)KEHHE B HOYb €O 2-ro Ha 3-¢ Hos0ps. B wuckarens 50-
moiMoBoro pediexkropa KpeiMckoit actpodusnyeckoii odcepBaropun
Ko3bipeB 3ameTwi, 4To HeHTpadbHas ropka Anb(oHca cTajga Kakon-To
Pa3MBITOH, HEOTYETIUBOM, C HEOOBIYHBIM KPACHOBATHIM OTTEHKOM. B
3 yaca 30 mumHYT Tocme mepepbiBa Ko3pipeB ObLT TOpaskeH
HEOOBIYalfHOH  SPKOCTBIO M OCJICHHUTEIbHBIM O€JIBIM  LIBETOM
HEHTPAIbHON TOpPKHU. 3aTeM OYeHb CKOpO, uepe3 HECKOJIbKO MHUHYT,
9TOT OCJIEIUTENIbHBIN OJIeCK Ucue3, U TOpKa Npuodpena OOBIYHBINA BU.
ITocne 0OpaboOTKH BceX CHUMKOB HCCIEIOBATENH MPHIUIM K BBIBOLY,
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YTO WMEJI0 MECTO W3Bep)KeHHe BylkaHa. Ho To, 4To mpwHSIM 3a
U3BEPIKCHUE, BIIOJIHE MOTJIO OBITh BTOPUYHBIM BBIOPOCOM 3(UPHOTO
BHXPSI, 0 BO3MOXKHOCTH KOTOPOT'O TOT/Ia HUKTO JJaXKe HE M0I03PCBAlL.

Puc. 19.5. IloBepxHocTh JIlyHbl B mepBoii 4eTBepTH (IO PUCYHKY YEUICKOTO
actponoma M.Kmenemrsr)
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Ckonmpko ke KomeT mopomwna JlyHa 3a Bce BpeMsl CBOETO
CYLICCTBOBaHUSI M KAaKOW MOIIHOCTH  JIOJDKHBI OBITH ~ BBIOPOCEHI
SQUpPHBIX MOTOKOB, €CIM HMX JHEPrHU XBaTHIO Uil 00pa3OBaHHUs
ICHTPAIBHBIX «TOPOK»  THAMETPOM B JECSATOK KHJIOMETPOB U
BBICOTOIl B HECKOJBKO KWJIOMETPOB, I OOpa3OBaHUS KOJBIEBBIX
CTPYKTYp, COJAEpXKAIMX JECATKH MHIUTMAPJOB TOHH MOPOJbI, U
3(pUPHBIX TOPOUIOB-KOMET, BOOpaBIIMX B ce0s W BHIOPOCHUBIIHX B
MPOCTPAHCTBO TOXXKEe Hemano TpyHTa?! W 9TO MOXHO CKa3aTh O
IOmuTepe, mopoauMBHIEM WENBIA TOSC KOMET, a TaKkke O IPYTHX
IUTAaHETaX, U MOBEPXHOCTh, M KOMETHBIE MOsica KOTOPBIX O CHUX IOp
U3Y4eHBI II0X0?
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Takum 00pazom, KUTENSIM 3eMII KOMETHasl OTTAaCHOCTh TPO3HUT HE
TOJIBKO M HE CTOJIBKO M3 KOCMOCA, CKOJIBKO W3 HEAp CaMO 3eMIIH.
Her comHeHnus, 4To mI0aU CO BpEeMEHEM HaydyaTcCsl MPOTHO3UPOBATH
no/IoOHBIe SIBIEHUS M BO BpeMs W30eraTh TPSAYIINX OIaCHOCTEH.
OmHako s 3TOro OMHIMANBEHON HayKe MpHAETCS I Hadaira
MEPECMOTPETH CBOH MO3UIIMHA OTHOCUTEILHO CYIIECTBOBaHMS dhupa B
TIPHUPOJIE. .

20. lllapoeble MOJTHUU U 3Hepa2emu4YecKas
nepcrnekmusea

[To3aBuepa MbI HUYETO HE 3HAIH 00 IJICKTPUICCTBE,
BUYEepa MBI HIYETO HE 3HAJIM 00 OPOMHBIX pe3epBax,
SHEPTUH, COICPIKAIIUXCSA B ATOMHOM SIIIPE, O YeM
MBI HE 3HAeEM ceromHs?

Jlyu de Bpoiinb

UenoBeuecTBO MOTpeOIsieT Ui CBOMX HYXJ TPOMaIHOE
KOJNIMYECTBO SHEpruu, B Hacrosiiee Bpems 10°° mxoymeii B rox, u
MOTPeOHOCTH B DHEPIHHU MTOKA YBEIIMYMBAIOTCS BIBOE KaXKIbIe 25 JeT.
3a IEBSHOCTO JIET, TPOIICANTNX C Hadajda BeKa, SHEPronoTpeOiieHre
BeIpociio Oonee yem B 12 pa3. COOTBETCTBEHHO BHIpOCIA M J00BIYA
SHEPreTHYECKUX PECYypcoB — yIiisg, He(TH, NPUPOJHOTO Tasa,
TUAPOAIEKTpodHepruu. llosBunacy aToMHas YJHEPreTHKa, HO TJIABHOE
MecTo B 00111eM OanaHce Mo-MPeXHEMY 3aHUMAIOT He(Th, IIPUPOTHBII
ra3 4 Yyrojib, HMEIONINE, MPUMEPHO, paBHOE 3HaudeHue. [ uapo-
sHepreTrka aaet He Oomee 20-25% OT KakIOTO M3 HUX, BKIAJ sIEp-
HOW OJHEPreTHKH CEeTONHS HEMHOTO TPEBBIMIAET BKJIAX THAPOIHEP-
reTuku. Bce 3T BUIBI 3HEPrUU SKOJOTUYECKHM HE YHUCTHI U
OTPaHUYCHBI B CBOUX BO3MOYKHOCTSIX.

[Mpomenmmii B koHne 70-x - Hayane §0-X roJ0B IHEPTreTHUECKUN
KPHU3HUC [0Ka3aj, YTO 3aacoB SHEPTETUKH MOJIE3HBIX HCKOMAEMbBIX HE
Tak yX ¥ MHOTO, U XOTS OCTpPOTa A3TOrO BONpOCAa IOKa CIiajia,
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MPUIIUIOCH CEePhE3HO 3aayMmarbcs Haa OymymuMm 3Hepretuku. Hy,
XOpOIIIO, €IIe TATHACCST, NaXXe CTO JIET MPOKHMBEM. A JajbIle Kak
OBITH?

Ho eme ocTtpee crout BOIpoc 00 3KOJOTHH IHEPTETUKU. YIKe
CEeTO/IHA MHOTHE CTPaHBI, B TOM YHCIIC Pa3BUTHIE KaITNTAMCTHIECKHE,
BBIHYKJICHBI JOBOJBCTBOBATHCS HUZKOKAJIOPUHHBIMU TOILUTUBAMH —
OyppIMU YTJISIMH, CHAaHIIAMH, Toppamu. OTH BHIBl TOIUIUB JAIOT
BBICOKAW TIPOIIEHT OTXOJOB, Oypble YIIM COXEpKaT MHOTO CEpEHl;
CEPHUCTHIN ra3 U BBIOPOC 30JIbI B aTMOC(EPY yKACAIOIIE 3arpsI3HAIOT
OKPYKaIOIIYyI0 Cpeny.

l'uoposneprernka,  «Omaromaps»  IUIOTMHaM, TMpHBela K
YHHUYTOXKEHHUIO PHIOHBIX PECYPCOB M HapylIia OanaHc BoAbl. [ MOHYT
pexu u Jeca. TOKCHYHBIC BBIXJIONBI TPAaHCIOPTa W BBIOPOCHI B
atMochepy 3aBOACKHX TpyO, TEIUIOBBIX DIEKTPOCTAHIIUN u
TEIUIOAPHEPTOLICHTpaJIed OTPaBIAOT BO3ayX. Eciu Tak neno moinuer
JabIle, TO CKOPO OYKBalIbHO HEYEM OYIET IbIIATh.

MHoro Hajexa BO3JIAarajoch COBCEM HENaBHO Ha aTOMHYIO
sHepreTuky. OmHako coObITHS B UepHOOBIIE W HA HEKOTOPBIX APYTHUX
ATOMHBIX CTAHIMSAX Y HAC U 3a pyOeKoM TOKa3aiaH, Yero OHa MOXKET
ctouth. KOHEYHO, MOXHO HaJeiITbCci, 4YTO HaWayTcs Ooiee
Oe3omacHbIe, HA/ICKHBIE U OE30TXOAHBIE METOBI TIOTYUYSHHS] aTOMHON
sHeprun. Ho He mpeyBeiamdeHs! 1 STH HAACKIBI?

A c gpyroi cTOpoHBI, 4TO aenarb? MHOTO JECSTKOB JIET
JIENAIOTCSl TIOTIBITKA OCBOUTH TepMOsiiepHBbIH cuHTe3. C Hauana
MATUAECATHIX TOJOB BEAYyTCS HWHTEHCHBHBIE pabOTBI B AITOM
HaIPaBJICHUH, BJIOKEHBI TPOMAIIHBIE CPEICTBA, CO3/IAHBI KOMHUTETHI,
MPOBEJICHO HECMETHOE KOJIMYECTBO 3acelaHuii W KoH(pepeHImi
MEXTyHapOJHOTO YPOBHS, HANMCAHBI AWCCEPTAlluU, pa3paboTaHbI
MpOrpaMMbl U CO3/IaHbI CIICLUANBHBIC 3aBOJIbI, 00CTYKUBAIOIINE 3TH
nporpammel.  Jlake TofydeHa «yCTOMuYMBash» IUIa3Ma, KOTOpas
ONHaXIBl Jaxe mpoaepxanach «uensie» 0,01 cekyHnel. Bce ectb.
Her Tompko Tepmosima — TEpPMOSAEPHOTO Croco0a TONyYeHHUS
JICIIEBOM PHEPTrUU W3 OKEaHCKOro JeHTepus, KOTOPOTrO TaK MHO-O-
ro! 11 HUKTO HE 3HaeT, KoT/ia TepMosiT OyaeT u OyAeT i BOOoOIIe.
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Celiyac CcpoyHO HadajaM TPOpadaTHIBATECA albTEPHATHBHEIC
CHOCOOBI TOJYYCHHSI SHEPTHUH, Ha KOTOPHIC PaHBIIC HE OoOpariaiu
BHUMaHMs. BeTposHepreTika. DHEprus OKCaHCKHX BOJIH M MPUIINBOB.
ConHewyHast dHeprusi. OHeprus Terma 3eMId W TepMalIbHBIX
ACTOYHHKOB.  ECTh nmaxe TmpemiokeHne 00 WCIOIb30BaHUHA B
Ka4yeCcTBE TOIUIMBA CEPOBOJOPOJA, PACTBOPEHHOIO B Boaax YepHOro
MOpHI. CinoB Her, 9TH MCTOYHHUKHU 3aCIy’KUBAIOT CaMOTO
MIPUCTANTHHOTO BHUMaHUA. MHOTHE W3 HUX DKOJIOTHYECKH YHCTHL. Ho
B TOM 00BbEMe, B KOTOPOM TpeOyeTcsl SHEeprus yxe CeromHs, He
roBOpsi 0 OyAyIIeM, OHHU HaBpSAJ JIA 3aMEHSAT He(PTh, ra3 U yTOJb.
Kpome Toro, oHr HeyTOOHBI: HaIPUMEp, B aBTOMOOWIIAX U B aBHAIIUU
UX HUCIIOJBb30BaTh 3aTPYIHUTEILHO.

He orpumas mone3HOCTH BCEro, 4YTO JelaeTcs B 00JIacTh
SHEPTeTHKH, aBTOp XOTed Obl 00paTUTh BHUMaHHE HAa BO3MOYKHOCTH,
KOTOpBIE maeT 3¢upoauHamMuka. Ho mis Toro 4roObl TMOHATH OTH
BO3MO>KHOCTH, Hago CHaydaJla BCIIOMHUTHL O TOM, 4YTO HHOrJga IIO
3emiie MPOHOCATCS LMKIOHBI C MX BETpaMH M JaXKe yparaHamu U
CMEpPUYH — €CTECTBCHHBIE Ta30BBbICe BHUXpPEBBIC 00pa30BaHUA,
obnagaroriyie TpOMagHON HEyIpaBisieMol 3Heprueil. HTepecHo OB
3HaTh, OTKYJa OHH €¢ OepyT, 3Ty JHEPTHUI0, U HEJb3s JU Kak-HHOY b
€€ MPUCTIOCOOUTH JIJIS TTOJTB3BI YeJoBedecTBa?

CMmepun — OJHO W3 CaMbIX 3araJloYHBIX SBICHUH Tpupoabl. Hu
MIPUYUHBI 00Pa30BaHUs CMEpUYeH, HU OTPOMHAs BCECOKPYIIAMOMIAs HX
SHEPTrHUs HE HAIIUIA JI0 CHUX IMOpP KaKOTO-TMOO YIOBIETBOPUTEIHHOTO
00BsACHEHHS.

Ho cymiectByror u emie Oosiee yAMBHUTEIbHBIC W 3araJi0o4HbIC
SIBJICHUS, oOnajmaronue emle OoJblel, YeM CMEpYH YJICIbHOM
SHEpPrHeH, T.e. dHEPrHeH, MPUXOIAIICHCS Ha EAWHUILy MacChl, 3TO
HIapOBI)Ie MOJIHUH.

Uro ke Takoe MIapoBasi MOJIHUS, M KaKOBa e¢ nmpupoaa?

[[lapoBast MOJTHUSI — 3TO OAMHOYHASL SPKO CBETAIIASCS OTHOCHTE-
JTHHO CTaOWiIbHAs HeOObImass Macca, KOTopas HaOII0IaeTcss B aTMO-
chepe, IUIaBaromas B BO3AyXEe W IepEMEINAroNIascs BMECTE C
MOTOKAaMH BO3/IyXa, COJEprKalas B CBOEM Telie OOJIBIIYI0 SHEPTHIO,
HACUYE3aoNass THUXO WX C OONBIMUM IMTyMOM THIAa B3pbIBA W HE
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OCTABJISIIOIIAS TIOCIE CBOETO MCUE3HOBEHMSI HUKAKUX MaTEPHATbHBIX
CIEeIOB KpOME TeX pa3pyIlIeHHH, KOTOphIE OHA ycCIelia HATBOPUTH.
OOBIYHO BO3HUKHOBCHHE IIAPOBOW MOJHHUU CBS3aHO C I'PO30BBIMU
SBJICHUSIMA M €CTCCTBEHHOHM JWHEHHOM MomHMeHd. Ho 3To He
00s13aTEIBLHO.
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W3BecTHBI cimyuau, KOrja IIapoBas MOJHHSA BBICKAKHBAaeT HU C
TOTO, HU C CEr0 M3 OOBIYHOM IITENCEeNbHON PO3ETKH, W3 MarHUTHOTO
MmycKartems, YKPEIUIEHHOIO Ha TOKapHOM cTaHKe. V3BecTHBI Takke
CIly4ad BHE3alHOTO TMOSBIECHHA IApOBOM MOJHUM Ha KpbLIe
JETAIETO camMojeTa M yCTOMYHMBO MEPEMEMIAIOMIENCS M0 KPBUTYy OT
ero KoHIa K ¢rozensky. OOBIMHO TaKoe MOSBICHUE HUYETO XOPOILETO
HE TpeBEIIaeT, TaK KaK MPOHUKHOBEHHE €€ B KaOMHY WM B CaJOH
caMoJIeTa COIIPOBOKAACTCS PA3IMYHBIMU HEIPHUATHOCTAMM: IIPUOOPHI
BBIXOJAT U3 CTPOSI, YaCTh KaOMHBI pa3pylIaeTcs, BOSMOKHBI )KEPTBBI.

W3BecTeH nevanbHeli cllydail MOSBICHUS IIAPOBOU MOIHUMU CpPEAU
Oema AHA W B CHOKOHHYIO SICHYIO MOroXy B ropax Ha OOJbLION
BbicoTe. BoO3HWKIIAs HEBEIOMO OTKyAa IIapoBas  MOJIHUS
Habpocuiachk Ha JIIOJEH, CIALIMX B MajaTke, M CTajla UX «KycaTby,
NPUYUHSS 3HAUMTENbHBIE OXorM. OHa TNOJHMMAaNa MIEPCTSIHOE
OJIesI0, PacTeKasCh MO HEMY IoylyOOBaThIM OTHEM, a 3aTeM, Kak U
TMoJlaraeTcsi, uc4esna, He OCTaBHB IOCIe ce0s CIe0B.

Co31aHO 3HAUMTENBHOE KOJIMYECTBO THUIOTE3 O MPUPOAE H
CTPYKType IIAapOBON MOJHHUH, TAaKUE, KaK CBETsAIIEECs 00JaKO HOHOB
BO3/yXa, IIOANMUTHIBAEMBIX W3BHE; IUIa3MEHHbIE M XHUMHYECKHE
TEOpUH; KJIACTEPHbIE TUIOTE3bl (MOJIHUS COCTOMT M3 KIJIACTEpPOB -
THIPAaTHBIX 000JOYEK MOHOB) M Aa)Ke MPEIIONIOKEHHE O TOM, YTO
mapoBasl MOJIHUS COCTOUT M3 aHTHBEINECTBA M  YIPaBIACTCS
BHE3EMHBIMU  I[MBWJIN3ALUAMH. O6umm HEJOCTaTKOM BCEX
NOJOOHBIX TEOPHH, TUIOTE3 U MOAENEH MIapOBOMl MOJHHUU SIBISETCS
TO, UTO OHU HE OOBACHSIIOT BCEX €€ CBOMCTB B COBOKYITHOCTH.

[TompoOyem  TEpeYUCIUTh  CBOMCTBA  IIAPOBBIX  MOJHUH,
MOYEPIHYThIE W3 HAOJIIOJCHUH 3a X TOBEICHUEM:

1) pasmep ycTOUMBOIl MIApOBON MOJIHUU COCTaBISET OT €IWHUIL
JI0 IECSITKOB CAHTHMETPOB;

2) ¢opma — mapooOpa3zHas WM TPYLIEBUAHAS, HO WHOTIA
pacIuibIBUaTas, Mo GopMe NPUIETAIOIIEr0 PeIMEeTa;

3) sipkasi CBeTUMOCTD, BUIUMasl B JHEBHOE BpeMs;

4) Bricokoe sHeprocogepxkanue — 10°-107 JIx (omHaX b apoBas
MOJIHHS, 3a0paBIIMCh B 00UKY ¢ BOAOH, ncnapuia 70 Kr BOIbI);
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5) ynenmpHas Macca, COBNAJAIOIIAs MPAKTHYECKH C yIEIbHOU
Maccoif BO3Ayxa B paiioHe MOsBiIeHHs (IIapoBas MOJHHS CBOOOIHO
IUIaBaeT B BO3AyXE Ha Jr000ii BHICOTE);

6) CIOCOOHOCTH NMPHMIIUIATH K METAJUTHYECKAM MTPEAMETaM;

7) CcmOCOOHOCTH TNPOHMKATh CKBO3b IHAICKTPHK, B YaCTHOCTH,
CKBO3b CTEKIIa;

8) cmocoOHOCTH ae(OPMUPOBATHCS M NMPOHUKATH B MOMEIICHUS
gepe3 MaJible OTBEPCTHUS THIA 3aMOYHBIX CKBAXXHH, a TaKKe CKBO3b
CTEHBI, I10 JIMHUSM MPOBOJIOB U T.I1.;

9) cmocoOHOCTH B3pBIBATbCA CAMOIPOM3BOJBHO JIMOO TIpHU
COIPHKOCHOBEHHH C MIPEIMETOM;

10) crnocoOHOCTh TMOAHUMATHL W TEPENBUTATh  Pa3THUYHBIE
peAMETHI;

a TaKke HEKOTOPbIE APYTUe CBOMCTBA, MEHEE CYIIECTBEHHEIE.

C TOYKHM 3peHUsI Ta30BOH MEXaHUKH CMEPYH, IUKIOHBI U MIApOBHIE
MOJHUM — 3TO Ta30BbIe BUXPH, CMEPYM W IHMKIOHBI BO3IYIIHEBIE
BUXPH, IIAPOBBIE MOJIHUH — d(UPHBIE.

['a30Bble BHXpH HE pacChIIAlOTCd W3-32 HANMYUI Ha HX
MOBEPXHOCTH MOTPaHMYHOTO CIJIOS, B KOTOPOM BEIUK Ieperaj
CKOpPOCTe M TMOSTOMY TIOHIKEHa BS3KOCTh M TeMIeparypa, a
IVIOTHOCTh Ta3a TOBBIINIEHAa. Telo BUXpA BpamiaeTcs BHYTPH
HIOTPAHUYHOTO CJIOSA KaK B MOAIIMITHUKE CKOJIBKEHHUS.

Ha moBepXxHOCTH BUXPS YpaBHOBELIECHBI TPU CHJIBL:

CHJa BHYTPEHHETO IaBJCHUS W IIEHTPOOEKHas CUia, NEHCTBYIO-
Iye U3HYTPH HApYXKYy;

CHJIa BHEIIHETO JIABJICHUsI, JeUCTBYIONIAsl CHAPYKH BHYTPb.

OTH CHJIBI B YCTAaHOBHBLIEMCS IBIKEHUH CTPOTO KOMIIEHCHPYIOT
JpYT Apyra, OIHAKO NPH (OPMHPOBAHUU BUXPS TAKOTO PABHOBECHS
HET.

[TockonbKy CTEHKH BUXPsI IUIOTHBIE, 3aKOH UX BpalleHHs OJIM30K K
3aKOHY BpAIlleHHs TBEPAOTO Tela. DTO 3HAYUT, YTO LEHTPOOEIKHAS
CHJIa YBEIMYMBACTCS C YBEJIIMUCHNEM paauyca. Ho cTeHKH BUXpS - 3TO
BCE K€ YIJIOTHEHHBIN Ta3, a He XUAKOCTh U HE TBEpAOE TEIO, a B
rase CWJIbl CLCIUIGHHS MOJIEKYJT MeXIy co0ol MpaKkTHYECKU
OTCyTCTBYIOT. UM, cremoBaTenbHO, Kak TOJBKO JUIA 3JEMEHTa Trasa,
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HaXOISILErocss Ha IOBEPXHOCTH BHXPS, CyMMa BHYTPEHHUX CHII,
BKJIIOYAs! IIEHTPOOEKHYIO, MPEBBICUT CHUTy BHEIIHErO AaBIEHUS, 3TOT
JJeMeHT raza OyzaeT BeIOpomieH M3 Teia BHXps. [loaToMy B BHXpe
BCETJa CHJIbl BHYTPEHHHE MEHbLIC WM PaBHBI BHELIHEH CHJIC.

Koraa Buxps GpopMupyercs, cuina BHEIIHETO JaBJICHUS PEBBIIIAET
BHYTPEHHHE CHJIBI, U TEJO BHUXpPS HAYMHAET CXKUMAThCA BHEIIHUM
JaBIeHWeM. OTO Xopomio BuUAHO w3 (QoTorpaduii  BUXpei,
BO3HMKAIOUIMX II€pe] aBUAlMOHHbIM apurareneMm. [lpu momanu
BO3yX03a00pHUKa MOpsAIKka 1 KB. M IUIOIIAAh BO3HUKAIOLIETO IEpes
HuM BUXps cocTasiseT 40-60 cm.

CxuMmasi TeJIo BUXpS, BHELIHSA CpeAa coBeplIaeT paboTy, a cam
BHUXPb YCKOpSIET CBOE BpauieHue. [Ipu 3ToM peanu3yercss U3BECTHBIN
3aKOH COXPaHEHUs KOJUYECTBA JABMKEHUS:

L=mvR=const wmu v=L/mR.

Ecmu paguyc cmepua ymenpmmics B 10 pa3, TO CKOpOCTb
IBIDKEHUS CTeHKH Bo3pocia B 10, asmeprus B 100 pa3! ILnoTHOCTH
K€ CTeHKHM Bo3pocia mpumepHo Toxke B 100 pa3 — Beap mmiomniazas
MpOMOpPIMOHATBHA KBaJpaTy paauyca. OITO 3HAYUT, UYTO Ha
HETIOJIBM)KHOE TEJO, TOTaBIee B CTEHKY BHXpS, OyIeT neiicTBOBaTh
cuna B 10 TeICSY pa3 OoJbIle TOW, KOTOpas AeHCTBOBasia OBI HA HETO
B MOMEHT 0o0pa3oBaHusi BuUxps. W ecnmu 3Ta cuia B Ha4aabHBIN
MOMEHT COCTaBIIslIa, TOMYCTHM, Bcero 1 T, To mocie chopMrupoBaHus
BUXpA oHa cocTaBUT yke 10 kr. [Tpu momaau 1 kB. cM 1171 CO31aHUS
CHJIBI B HaYallbHBII MOMEHT TpeOoBaloch Obl BCEro W3MEHEHHUS
nmasnenus 3a cuet Berpa 0,001 atm. A B chopMHpPOBaHHOM BUXpE Ha
TOT K€ TpeaMeT aelicTBoBasio Obl naBienue B 10 atm. Ha mmomazns B
1 xB. M mnpunuviacek Obl cmia B 100 T. HemynpeHo, 9TO HUKaKue
KOHCTPYKIMH HE MOTYT BBIAEPKATh MOJOOHOr0 Hamopa!

U3 ckazanHOTO CiiefyeT, 4To atMoc(epHble BUXPH — CMEpPYH U
[UKJIIOHBI — 3TO TPHUPOIHBIE MAIIWHBI MO TEPepadOTKe MOTEHIHANb-
HOW dHepruu aTMocdepsl B KMHETHUECKYIO dHepruto Buxpeil. [lpu
3TOM HaJ| K&KABIM aTMoc(hepHBIM BHXpEM TPYIUTCS Bcs aTtMocdepa
IUTaHeTel. B pe3ynbprare  TPOMCXOOUT  CaMOIPOM3BOJIbHAS
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KOHIICHTpAIMsT dSHEPTrUM W3 PacCesSHHOW B JIOKaJbHYI, TaK
HasblBaeMas dHeprouHsepcus. Ho TO ke IMPOHUCXOIUT U C IIApOBOU
MOJTHUEH, TOJIBKO €€ MaTePUAIIOM SIBJIICTCS HE BO3YX, a d(up.

l'a3oBble BHXpH HAIATHO AEMOHCTPUPYIOT HEMPaBOMEPHOCTH
pacmpocTpaHeHus BTOPOTO Hadajla TEPMOJAWHAMHKM Ha BCE CIydau
xku3nu. [lporecc popMHUpOBaHMS Ta30BBIX BUXPEH HAET SBHO MOJ
3HAKOM HE POCTa, KaK Be3[Ie, & CHIDKEHUS SHTPOIHH.

C Toukm 3peHUS S(PUPONMHAMHUKH TMIapoBas MOJHHUS - 3TO
TOPOUAATBHBIH BHHTOBOW BUXPb CI1a00 CKaToro 3upa, OTAEICHHBIN
MOTPAHUYHBIM CllIoeM 3¢upa OT OKpyxkatomero 3dupa. DHeprus
[IAPOBOM MOJIHUAHW — 3TO YHEPTUS MOTOKOB 3(hHpa B TEIe MOTHUH.

YucrneHHbIE OLEHKH TOKA3bIBAIOT, YTO TPH AUaMETpe 6 ¢cM U
sHeprocoaepxkanuu B 10 muH. Ik, pH TONIIMHE CTEHKU Topouja 1
CM W TpH HadabHOM amamMerpe 3¢dupHoro mapa 60 M (rpaHuna
MarHUTHOTO TIOJIT B MOMEHT TTPOXOKICHUS OOBITHOW MOJIHAN) 00IIast
SHEPTrHUsl 3a CUeT CXaThusd Iapa OKpYKaloUM 3(HUPOM BO3pacTeT
MPOMOPIIMOHAIBHO KBaJIpaTy OTHOIICHHS HAYaJlbHOTO U KOHEYHOTO
IAAaMETPOB, T. €. B MIUITHOH pa3! DTo 3HAYMT, YTO TSI OOCCIICUCHUS
SHEPTOCOAEPKAHMS 11apa C SHEPTHEH B JECITh MWIIMOHOB [[XKoyeit
JIOCTaTOYHO, YTOOBI HAYAIILHOE COJCPKAHWE JHEPTrUU B IOTOKAX
adupa Obuto ObI Beero aecstb Jxoyneir. [Ipu 3Tom 3a cuer cxarus
IUIOTHOCTh TeJa MOJNHHUHM TakXXe BO3pacTeT B MWIJUIMOH pa3 U
coctaBut 10° kr/m > . OGIIas Macca MOJHHM TIPH TOM COCTABHT
Bcero 1 MKr, B TO BpeMs Kak Macca BO3/AyXa B 3TOM oObeMe Mpu
nmaBineHuH B 760 MM pT.cT. Oyaer paBHa 100 mr, T1.e. B 100 THICSY pa3
Oonpiie. Bot mosToMy mmapoBas MOJHHUSI U JIEPXKHUTCS B BO3IyXe Ha
000 BBICOTE 3a CUET CIETUICHUS 3QUPHBIX TOTOKOB TeJla MOJHHH C
3(UPHBIMH K€ IOTOKAMH TeJ MOJIEKYJ BO3ayXa. BeIcOkoe 3Heproco-
JIep)KaHue MOJTHUU OyJeT OO0eCIeYHBATBCS COOTBETCTBYIOIICH
CKOPOCTBIO TOTOKOB 3¢upa B ee Tene. [ug yKazaHHOTO
SHEPrOCONIEPKAHUSI OHa JIOJDKHA COCTABUTh 1,4.107 m/c, 3TO
3HAYUTEIFHO MEHBIIIE CKOPOCTH CBETA.

CBedeHue BO3MlyXa — 9TO HECYIIECTBEHHOE CIIEJICTBUE BO30YKIe-
HUSI MOJIEKYJI BO3/IyXa IMOTOKaMH 3(hrpa, COMYTCTBYIOIEE, YHEPreTH-
YECKH He3HAYUTEIFHOE SBIICHHE.
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Takum oOpa3omM, Bce 3(pUpPOIUHAMHYECKUE TapaMeTphl IapoBOi
MOJIHUHM BechMa yMmepeHHble. CaMy MOJHHIO MOXHO TPaKTOBaTh, C
ONpEeAETCHHBIMI HAaTsDKKAaMH, KOHEYHO, KakK CHJIBHO CXaToe u
JIOKaJTM30BaHHOE B IIPOCTPAHCTBE MarHUTHOE TIOJIE.

HecnoxxHo BHaeTs, 4TO IpeiaraemMas MOAETh TIO3BOJISIET OOBS-
CHHUTHh BCE OCHOBHBIE CBOICTBa IIapOBOIl MOJHHUH — pa3zMep, Gopmy,
CBETHUMOCTh, BEICOKOE 3HEPTOCOepKaHne, yACTbHYIO0 MacCy, TakKe U
SBIICHUS, CBSI3aHHBIE C HEH, BKIIFOUas W WCHapeHue Opaciieta ¢ pyku
yenoBeka (IeicTBUTENbHBIN ciydail). CriocoOHOCTh MPHIUNATE K
MeTailaM OOBACHSETCS HalUYueM TpaueHTa CKOPOCTEeH B MOTOKAxX
adupa BOMM3M MeTasla M CHIDKEHHEM B CBA3M C OTHM JaBJICHUS
3¢upa MeXIy TE€JIOM MOJHUU U METAIOM. TeMm ke OOBICHIETCS U
noabeMHasd cwia MoiaHuM. Coydail ¢ JeTSIIMM camojeToM, Koraa
[1apoBasi MOJIHUS TIPUJIUILIA K KPBUTY, OOBsICHAETCS 3TUM *ke. [loTokn
3dupa BO3OYKHAIOT MOJEKYJNBl Traza, KOTOpPhIC IPEKpaIlaroT
CBEYEHHE, KaK TOJIBKO OHH MOKUAAIOT TEJIO MOJIHHH.

[Motoku s¢dupa  cBOOOIHO  MPOHUKAIOT  CKBO3b H30JIATOP
AQHAJIOTUYHO MAarHuTHOMY momi0. IlOCKOJBKYy cBeueHHE BO3IyXa
ABJISIETCS TIOMYTHBIM SIBJIGHHEM, TO TOHSATHO, YTO BO3AYX, BBIMISA U3
Telna MOJIHUM, CBETUTHCS IEpecTaHeT, a II0CJie TOro KaK MOJIHUA
OKaXEeTCS MO0 JPYTyl CTOPOHY HW30JIATOpa, HAIpuUMep, OKOHHOTO
CTeKJIa, HOBas 4YacTh BO3/AyXa, I[OMaBIIass B €€ TeJNOo, Ha4YHEeT
CBETUTHCS, CO37aBas BIIE€YATIEHHWE, YTO CKBO3b CTEKJO MpPOILIO
WMEHHO CaMO CBEYCHHE.

B3pbIB aBTOHOMHO CYIIECTBYIOIIEH IIAPOBOM MOJIHMM HECIOKHO
00BsICHSIETCSI IOTEPEH YCTOMYUBOCTH MOTPAaHUYHOTO CII0S 3upa, 4TO
MOXET OBITh YCKOPEHO CONPHUKOCHOBEHHEM TEla MOJHUHM C KaKHM-
HUOYyAp mnpeameroM. [locne B3pbIBa HUKAaKWX CIEAOB OT MOJHHH,
KpOMe MIPOU3BECHHBIX Pa3pyIIeHUH, HE OCTAETCS.

Takum o0pazom, 3dupoanHaMuveckas MOAETIb HIAPOBON MOJIHHUU
OOBSICHSIET MPAKTUYECKH BCE OCHOBHBIE CBOIMCTBA IIAPOBOI MOJIHUH B
COBOKYITHOCTH.

IIporeccrl, npoucxosmue B Tejle HIapOBOW MOJHHH, IO MHEHHIO
aBTOpa, SABIETCS KIIOYOM K pa3pelieHHI0  JIHEePreTHYeCKOi
TPOOIIEMBI.
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[lockonmpKy TpW CXKaTHH Tela MOJNHHUH J(PUPOM MPOUCXOIUT
CaMOTIPOM3BOJIGHBIA  TIepexo]] IMOTEHIMAIbHOW JHEpPruu ddupa
(xaoTHUECKOTro JBYKEHUS amepoB) B KUHETUYECKYTO
(yrmopsimoueHHOe JBIKEHHE aMepoB), TO MIAPOBask MOJHUS SIBIISETCS
MPUPOTHBIM MEXaHH3MOM IIONydeHHUs »HHepruum w3 ddupa. A
MOCKOJIBKY 3(Hp paclpoCTpaHEeH MOBCEMECTHO, TO HCKYCCTBEHHBIE
[IAPOBBIE MOJHHUH IO3BOJIWIH OBl TOIHOCTHIO PEIIUTh MPoOIeMy
0ecChIpbEeBOTO TONYUYEHHS] DKOJOTHYECKH YHUCTOH HSHEPTHH B TOM
KOJIMYECTBE, KOTOPOE HEOOXOAMMO B JAHHOM MECTE B JAHHOE BpEMSI.

Kak MOXHO NOIy4YMTh MIAPOBYIO MOJHHIO?  DTOr0 CEroiHs
MPAaKTHYECKH HE 3HAaeT HHUKTO. MOXHO, OJHAaKO, BBICKa3aTh
HEKOTOPBIE MPEITONI0KEHHS.

Ecnn mo mpoBOIHMKY NpPOMYyCTUTh TOK, a 3aTeéM €ero pe3Ko
o0opBaTh, TO OKpYXarolllee MPOBOJHUK MAarHUTHOE IIOJIE JTOJIKHO
CXJIOTTHY ThCA, CaMOTIPOM3BOJBHO CXAThCA, JIOKATU30BaThCI U
obpazoBarh Teno mapoBoi MosHHUA. OFHAKO TaKOe CXJIOMBIBAHUE
NPOM30HAET JHUIIL B TOM Ciydae, €cli OyIOyT CO3AaHBbl YCIOBHS
00pazoBaHHS TPAJAMCHTHOTO TeYeHHS ddHpa Ha TOBEPXHOCTH
MarHUTHOTO IOJIsI, ecii (hopMa MarHUTHOTO NOJst OyeT MpuOIMKeHa
K IapOBOM M e€ciM TOK B MPOBOJHHMKE OyneT 00opBaH Tak pPe3Ko,
YTOOBI MAarHUTHOE TIOJIE HE YCIIeJI0 CIPATATHCS 00paTHO B MPOBOIHUK.
Bce o310 Tpebyer KpailiHe KOPOTKHX (PPOHTOB HMITYJILCOB,
JUIMTETIbHOCTh KOTOPBIX HE JOJDKHA MPEBBINIATh JECATBHIX JOJel
HAaHOCEKYH/I TIpW 3HAYEHUSX TOKOB B NMPOBOJIHUKE B JECSITKH THICTY
ammep. OJNEeKTPOHHBIE KITFOYH, KOTOPBIE JOIDKHBI BCE 3TO 00ECIEUNTH,
JOJDKHBI HE TOJIbKO TpPEphIBaTh Takue OOJNbINIUE TOKH, HO ele U
MIPOTHBOCTOSTH AJIEKTPOABIKYIIEH CHIIe CAMOMHAYKIMH B IECATKH U
Jla)ke COTHHU KHJIOBOJBT, a COOCTBEHHas €MKOCTh ATHX KIIOUed He
JOJDKHA TPEBBIATh eAWHHI NuKodapan. JIEKTPOHHBIE KIOYH C
MOJOOHBIMH TTapaMeTpaMH IOKa He CO3JaHbl, 1 HEM3BECTHO, MOYKHO
TN UX BOOOIIEe co3naTh. ECTeCTBEHHO, TPUXOIUT HA YM B KayecTBe
TaKWX KIIOYEH HCIIONIb30BaTh Ta30BbIE WIIM BaKyyMHBIE pa3psIHUKH.
Ho u pa3psiTHUKOB ¢ TAKUMH MTapaMeTpaMu TOXKE He CYIIECTBYET.

OpHako TIpUpoAa Kak-TO YMYIpPSETCs o0xomuThcst W 0e3
3JIEKTPOHHBIX KITIOUEH, U 0€3 pa3psaIHUKOB, U gaxke 0e3 rpo3. Kak ato
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yaaetcs npupoze? ODTo 0HA U3 3araloK, KOTOPYIO HayKa BBIHYKICHA
Oymer pemarb, €Cid XOYeT pEalbHO O0CCICUYUTh YETOBEYECTBO
JEIEeBON SKOJOTHYECKH YHCTOH SHEpPTHeil B JIOOOM KOJIMYECTBE B
710001 TOYKE MPOCTPAHCTBA U B JII000E BpeMsl.

B mocnenHee Bpemsi B CBA3M C OOOCTPHUBIIMMCS HMHTEPECOM K
npobiemMaM IHEPreTUKH MHOTHE BCIIOMHHIN 00 ymepuieMm B 1943 r.
BBIJAIONIEMCs cepOCKOM HHXeHepe-anekTpuke Hukone Tecna.

Hukona Tecma mo 1882 1. paboran WHXEHEpOM TenerpadHOTO
obmectBa B bynamemte, B 1882-84 1T B KOMmanum DAHWCOHA B
[apuxe, a 3arem — smurpupoBas B 1884 r. B CILA, pabortan Ha
3aBojax JpaucoHa u BectuHraysa.

Tecna W3BECTEH Kak aBTOP MHOTHX H300peTeHHH, O0COOCHHO B
00JIacTH TOKOB BBICOKOHW YacTOTHl M OONbIIMX HampsbkeHuil. OH
3aHUMaiCs M HpoOieMoll OecpoBOJIOYHOM Mepefadd 3HEPrud Ha
OosplIME PACCTOSHMSA, YTO OKa3alo CYIIECTBEHHOE BO3ACHCTBHE Ha
pa3zButue paguoTrexHuku 20-rofoB XX CTOJETHS: MPAKTHYECKH BCe
pamnoctanuuu CIIIA Toro BpemeHu paboTanu Ha BBHICOKOBOJIBTHBIX
TpaHchopmaTopax Tecna B cpeJHEBOIIHOBOM JHUAaIla30HE

Tecna moobeman ogHaXIBl IepenaTs 3SHepruro Huarapckoro
Bononana B [Tapmwx u Jlongon. Ero mpeaBaputenbHble OMBITH OBLTH
CTONb YCHIEMIHBIMH, 4YTO €My NPUIHMCHIBAIM Jaxe 3SPQeKT
Tynrycckoro mereopura: Tecia IpOBOOMI ONBITHI U OWIKOCA B
HanpaBJiCHHH, & MOXET ObITb, OH MPOCTO MPOBOAWI HCIBITAHHUS U
BBIOpan i 3Toro moutd OesmonHyto Cubupb.  [lokazaTenscTs
3TOMY, IIpaBJa, HeT. Paccka3piBanu Takxke, 4yTo Tecna Hae3quil MHOTO
MUIJIb Ha aBTOMOOMIIE, KOTOPBIH BOOOIIE HE 3alPaBIISIICS HUYEM.

OpHako BCKOpe IMOCJe ATOTO B JENO BMemiaici caMm HedTsHoH
MarHatT MopraH, cyOcuaupoBaBmuii naboparoputo Tecma. OnH
MpeKpaTl MOANEpXKUBaTh Teciaa, WU TOT BCKOpe ObUT BBIHYXIEH
MIPEKPATUTh CBOU HCCIIE0BAHMS.

B Hacrosmiee BpeMsi OCHOBHBIE MAaTEHTHI Tecia omyOIMKOBaHbI, U
C HUMH MOXXeT depe3 VHTepHEeT O3HAKOMHTHCS JTFOOOW IKEITAFOTIIHIA.
Tam npuBeeHbI KOHCTPYKLIMU U CXEMBI, JaHbI ONMCAHUs, BCE MOXKHO
Bociipon3BecTd. Ho TaMm He cka3aHO OJHOTO, KaK K€ OHU paboTaloT,
Ha KakdX IpUHOMNAX. A, He IOHMMas OCHOB, 3aCTaBUTh BCE 3TU
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ycTpoiicTBa paboTaTh Tak, Kak OHH paboTamu y camoro Tecna,

HEBO3MOXKHO. [loToMy 4TO 3ieKTpoaMHamuKa Tecna — 3T0  Japyras

3NIEKTPOIMHAMUKA, HEMPaBWIbHAS C CETOAHSIIHEH TOYKU 3pPCHHS,

sHepreTHka Teciaa — 3TO Ipyras 3HEPreTHKa, TOXKe HempaBuibHas. 1

BOOOIIE BCE €T0 YCTPOCTBa paboTaTh He JODKHBL. A OHH paboTanm!..
Bot Tak-To, yBajkaemMble yueHbIE JIEKTPUKH U SHEPTeTUKH !

21. Kak donememb 0o 36e307?

Jletum MBI IO BOJIBHOMY CBETY,
Hac BeTpy nornarb Hejerko.
Jlo camoit ganekou rIaHeThl
He tak yx, npy3bs, naneko!
H3 nonynsapuoii necnu

[Neuars 3axnectHyna BomHa coobuiennii 00 HJIO — Heomo3HaHHBIX
netamux o0bekTax. OYeBHALBI yTBEPXKIAlOT, 4to Buaenu HIIO
SIBHO TEXHOIM€HHOW MNpUPOABl. Y HUX HET COMHEHMS, 4YTO OHH
HAOMIOAT  KOCMHYECKUE KOpPaOJIi WHOIUIAHETHBIX IUBUIIM3ALINN.
OnHako Halle CO3HAHUE OTKA3bIBACTCS MPUHATH ATO: JAJsA IUIAHET
ConHeYHOH cHCTeMBl HaJW4He IHUBIIN3AINIM, KpoMe 3eMIIH, ITOYTH
HCKITIOUEHO, MO0 HA HUX HET YCIOBHM JUIS KU3HHU, TIO KpaitHel mepe,
Ha WX TOBEPXHOCTH. MokeT OBbITh, MOJ MOBEPXHOCTHIO? Bpsn Ju,
XOTHL....

A Ha mIaHeTax IPYrUX CHUCTEM >KH3Hb, BO3MOXXHO, U €CTh, HO
OUCHb YK JaJIeKO JI0 HUX: Ommkaiimue 28 3Be3] PacloiOkKEHBI B
npenenax ot 4 (bmmkaiimmas LentaBpa) mo 13 cBeToBbIX JeT (3Be3na
Kanteitaa). Taxwue 3Be3nbl, kak Cupuyc A u Cupuyc b, [loprmon A u
b, Tay-Kura, HaxonsTcst BHyTpH 3Toro uHtepsana. He 6musko! Ecin
Kopabuu OyIyT JIeTaTh Ty/a U 00paTHO CO CKOPOCTBIO CBETA, TO B 00a
KOHITIA M TIOTpedyeTcs oT 8 10 26 JIeT, | 3TO TOJIBKO 0 OJIMKANTIIIX
3Be3n. He cumras BpeMeHM Ha yCKOpEeHHE W 3aMmenjieHue. Bpsa mu
TaKoe 1eaecoo0pa3Ho, a 3HAYUT, JETaTh HYXKHO OBICTpEE CBETA.
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UTo X, MPUKUHEM, CKOJIBKO BPEMEHH 3aliMET pa3roH IO TaKHUX
cKopocTel (1 TopMokeHue). Paay HarJIIIHOCTH Pe3yIbTaThl CBEICHBI
B TaOJIUIly, U3 KOTOPOil MOKHO cpa3y y3HaTh BpeMs, HEOOXOOMMOe
ISl JOCTHXKEHUST TOM MM HMHOM CKOPOCTH MpPU TOM HIM HHOM
yckopenuu. Ilomydaercs, 4To eciu HONMYCTUTh CPOK IyTEIIECTBUS B
OIMH KOHEIl pPaBHBIM OJHOMY MeCSIy, TO JIETeTh HYXXHO CO
CKOpPOCTBIO TMOpSAJKA MHOTHX JECATKOB CKOPOCTEH CBeTa, a
pasroHATHCS (M TOPMO3WUTHCS) C YCKOPEHHEM BO MHOTHX COTEH
3€MHBIX YCKOPEHUI.

Tak 3asucum npoooICUmMenbHOCHb HYymeuecmeuil
Om yCKOpeHUil u cKopocmu

a, m/c? v, M/C
0,1c lc 10c 100c 100c
1=0,1g 10 mec. 8 mer 80 mer 800 et | 8000 ;er
10=1¢g 1 mec. 10 mec. 8 ner 80 ner 800 set
100=10g 3 cyT. 1 mec. 10 mec. 8 ner 80 net
1000=100 g 8 u. 3 cyT. 1 mec. 10 mec. 8 ner
10°=10° g 50 MuH. 8 u. 3 cyT. 1 mec. 10 mec.
10°=10"¢g 8 MUH. 50 mMuH. 8 u. 3 cyT. 1 mec.

M-na! TloneBoie 3amyMaemibecs, OCYIIECTBHMBI I BOOOIIE
Mex3Be3Hble peiickl? Ho oTkyna ske Torma npudsiBatoT K Ham HJIO?
Ha eme BenyT ceOs BBI3BIBAIOLIC: BAPYT MCYE3aIOT, MAaHEBPHPYIOT
O] IPSMBIMH yTJIIaMH, YTO-TO H3JIy4aroT. ..

Urobb1 00bscHUTH Takoe mosenenune HJIO, HyxHO Bcero iuimb
OTBETUTH HA TPH BOIPOCA:

1. MOXHO JU B TPHUHIIMIIE JIETaThb CO CKOPOCTSIMHU, IPEBBIIIAIO-
IIIMMH CKOPOCTH CBETA (B LIKOJIE YUHMIIH, YTO HENb3s)?

2. MOXHO 1 CUIIBHO YCKOPATHCS, HE pazpymas opranusma ? (Ilo
COBpEMEHHBIM  TpeAcTaBleHUsM yxke 10-kpaTHass meperpyska
SBIISIETCS IPEAETHHO JOMYCTUMOM. )

3. MoxHO 5 mOOBITH SHEPrHI0O Ha PasrOH U TOPMOXKEHHUE?
(Pacder mokasbIBaeT, YTO HUKAKOW TEPMOSIIEPHON SHEPTUU HA 3TO HE
XBaTUT.)

U, Tem He MeHee, d(UPONUHAMUKA JTAET TIOJOKUTEIBHBIE OTBETHI
Ha BCe TPH BOIIpoca.
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JleTaTh co CKOPOCTSIMU, MPEBBIIAIOIIMMHI CKOPOCTh CBETA, HEJIb3S
TOJIBKO M3-3a 3alpeTa, HAJOXEHHOTO TEeOpHed OTHOCHUTEeNbHOCTH
ADitHmreitna. Ho ¢ xakoi cTaTu €ro Teopus OTHOCUTEIBLHOCTH
BO3BEJICHa B paHT abcomoTHOW MCTHHBI? Hamre oTHomeHwe K Hel
MBI YK€ BbICKa3alH. TeopHs OTHOCUTEIBHOCTH HE MOXET HU B KOEH
Mepe SIBISTHCS MEPHJIOM HCTHHBI B MOJAOOHOM BOIIPOCE, 8 HUKAKOW
JpyTroi TeopuH, 0OOCHOBHIBAIOIIECH NaHHBIN 3alpeT, He CYIIeCTBYET.
B coorBercTBHEM ke ¢ 3(PpHUPOIMHAMHYECKUMH TPEACTABICHUAMU
CKOPOCTb CBETa €CTh CKOPOCTh BTOPOTO 3ByKa B AUpE, T.€. CKOPOCTh
pacrpocTpaHeHHs MOMEPEYHOT0 ABUKEHUSI, HO HU B KOEM ClIy4ae He
MPOJOJIBHOTO, CKOPOCTh KOTOPOro Ha 15 MOpSAOKOB BHIIIE CKOPOCTH
cBeta. BeposTHO, mpeojoNeHHEe CBETOBOTO Oapbepa COCTAaBUT
HEeMalble TPYIHOCTH, HO, KaK TOBOPUTCA, 3TO NEJO TEXHUKH, a He
npuHiuna. C 3TUM 3aIpeToM IOpa paccTaBaThbCA pa3 M HABCETAA.
Her Takoro 3ampera y nmpupozs!!

IIpuctynum ko BTOpoMy Bompocy. PaccMoTpuM, Kak ycKopsieTcs
KOCMOHABT. ['a3bl pakeThl NaBsIT Ha CTEHKY KaMephbl CTOpaHusl, Ta — Ha
pakeTy, pakera — Ha CIHMHKY Kpecia, CIMHKAa Kpecia — Ha
KOCMOHaBTa. A Telo, BcA Macca KOCMOHABTA, MBITasICh 110 WHEPLIUHU
OCTaThCs B IMOKOE, Je(OPMUPYETCS U TPU CHIBHBIX BO3JCHCTBHSIX
MOXeT pa3pymuTbes. Ho ecim OBl TOT k€ KOCMOHABT Majal B TMOJe
TSOKECTH KaKoW-HUOyAb 3Be3Abl, TO OH, XOTA W YCKOpsuICS OBl
3HAYUTEIHLHO OBICTpEe, HUKaKOH nedopMmaiuu BooOIIe OBl He
UCTIBITAN, HOO BCE DIIEMEHTHI €T0 Tella YCKOPSAIOTCS OJHOBPEMEHHO U
onuHakoBo. To e OyIeT, ecu IMpoAyBaTh KOCMOHaBTa dhupoMm. B
9TOM ciy4ae TIOTOK 3(Hpa — peallbHOTO BSI3KOTO Ta3a YCKOPHT
KQXJIbI MPOTOH W KOCMOHaBTa B IEIOM 0e3 jaedopmanuu Tela.
[Ipuuem yckopeHHe MOXKET UMETh JIF000€ 3HAUSHHE, JHIIb Obl MOTOK
OBLT OTHOPOAHBIM. Tak 4TOo 3/1€Ch BO3MOKHOCTH TOXKE €CTh.

Ecnu rpaguent nons cocraBuser 1% Ha 1 M, TO mgomycTumoe
yckopenue cocrasuiio 0s1 50-100 g, a mpu 0,1% na 1 M — 500-1000 g,
TaKk 4YTO W 3[E€Ch HHMKAKUX MPHUHLUNHUAIBHBIX OrPaHUYECHUH  HE
CYILIECTBYET.

[TonoxuTenbHbI OTBET HA MPEABIAYIIUE ABA BONPOCA 3aCTABISIET
3alyMaThCs Ha/I MPOOIEMO MTOTyYeHUs DHEPTUH ISl YCKOPEHHs, a Ha
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KOHEYHOM dTamne — JJIsl TOPMOXKEHUSI ammapara | JUis MPeo0eHUs
CONPOTHUBJIEHUSI MEXK3BE3IHOM CpEIBbI. CyIIecTBYIONINE METOTBI
YCKOPEHUSI KOCMHYECKHX ammapaToB OCHOBAaHBl Ha PEaKTUBHOM
JBIDKEHUH.  ATMmapar OODKEH  YCKOPUTh W OTOPOCHTH HEKYIO
WHEPTHYIO Maccy, OT KOTOPOH OH (paKTWYeCKH W OTTaaKuBaercs. J{is
3TOrO HY>KHO BCIO 3Ty Maccy UMeTh Ipu cebe. OTCioJa U BO3HHKIIA
unes K.O.I[MOMKOBCKOrO O JABYX- M TpPEXCTYNEHUYAThIX paKeTax,
COTJIACHO  KOTOpPOW TMEpBbIE CTYINEHU SIBIISIOTCS pe3epByapamu
TOpIOYEero M HOCUTCIIIMU B BHJAC T'OPrOYECro M  OKUCIUTCIIA 3TOU
camoii Maccbl. CamMH OTHENSIOIIMECs CTYNEHH SBISIOTCS, B
OPUHIIMIE, HYXHBIMH JIHIIb JUIS XPAHEHUS 3TOTO TOPIOYEro, U HMX
Macca, Tak ke Kak 1 Macca roplovero, He BhIOpachkiBAeMOro B IaHHBIH
MOMEHT B TMPOCTPAHCTBO, SBIISIFOTCS TMapa3UTHBIMHU, NPEMATCTBY-
IONIMMHU yCKOpeHHuto ammapara. Ecmu Obl ObIJIO BO3MOXHO 3a CHUET
UMCIOIIEHCS TSATH YCKOPATH TOJBKO CaM  ammapar, TO MOXKHO ObUIO
OBl TTOJTyYUTh 3HAYUTEILHO OOJBIINE YCKOPEHHS, YeM ceidac, Tak Kak
OpU TOH K€ Tre pasroHy NOoABepranach Obl 3HAYMTENHHO MEHbILAs
Macca. Ho eme s¢dextuBHEe OBLIO OB BOOOIE HE BO3UTH C COOOM
roprouee, a MoJb30BaThCSI TEM, YTO MPEJOCTABISET B PACHIOPSDKEHHE
TaKUX amnmaparoB caM KocMoc. U Takue MpeisioKeHHs, Kak
U3BECTHO, CYIIECTBYIOT.

W3BeCTHBI TPEANIOKECHUSI HCIOJIB30BaTh B KAUECTBE HHEPTHOU
Macchl M JaXe B KauecTBE SIEPHOTO TOPIOYEro MEK3BE3THBIH
Bostopo/. CyIecTBYIOT MPEATIOKEHUS 00 UCTIONB30BAHUH H3TYUCHUI
3Be3l B KauecTBe JaBsIIero moyiss. EcTh WAEH OTHOCHUTEIHHO
HCIIOJIb30BaHUA OHEPrurv PCIMKTOBOI'O0 M3IIYUYCHUSA, MCIK3IBE3IHBIX
MAarHUTHBIX ¥ 3JICKTPOMArHUTHBIX MOJIEH H T.II.

K coxanenuto, cieyeT OTMETUTh, YTO PACUEThl HE TIOJATBEPIKAAIOT
MEPCIICKTUBHOCTH NPHUMCHCHHA YKa3aHHBIX BHUIOB JHCPIUH, XOTsA
caMa wujesl MCIOJb30BaHUS 3allacOB KOCMHUYECKOH PHEPrHMH BecbMa
3aMaHunBa. HoO XOTSA [0 HACTOAIIErO BPeMEHH U He ObLIO HA3BAHO
TE€X BHIOB DJHEPIHM KOCMOCa, KOTOpHIE OBLIO OBI IIeNecoo0pa3Ho
NPUMEHUTH 7Sl YCKOPEHHSI U TOPMOXKEHHSI MEX3BE3IHBIX KopalJeH,
CIIeAyeT TONarath, YTO MPUHIUIMUAAIGHBIX OTPAHHUYCHHN 3/1€Ch TOXKE
HE CYIIECTBYET.
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D¢duponuHamMuKa MpeiaraeT ¥ B 3TOM BOIPOCE CBOE peEIICHHE.
Ecnmu ammapar Oyner umerh (GopMy 4YeYeBHIBI, TO UIS HETO
HECJIOKHO ONPEACINTh CONPOTUBICHHE 3(upa  IBIKEHHIO. B
cootBerctBun ¢ pacuetoM (I.Illmuxtuar. Teopus morpaHWYHOTO
ciosa. M., Hayka, 1974, c. 685) nmna Tenma Takod (opMmBI,
00pa3oBaHHOTO MBYMs cepamu, mpu guamerpe SO M U TOIIMHUHE 5 M
KOO(pUIIMEHT JTOOOBOTO  COMPOTHUBIICHHS, VYHUTHIBAIOIIETO U
COTIPOTHBJICHUE JABICHWS, M COMPOTHBICHWE TPEHUS, COCTABIIAET
0,005. Ha cxopocTtH, paBHOI CKOPOCTH CBETa, CONMPOTHUBIEHHE 3Pupa
coctaBuT mpuMepHo 50 T., a Ha cKopocTd, paBHOH 10 ckopocTsiM
ceera — 5000 1. Ecnu cam anmapat BecutT 100 T. u ecnu yckopeHue
coctrapisger 100 g, To MHEPIMOHHOE COMPOTUBIEHUE cocTaBisieT 10
ThICSY TOHH. Takum oOpasom, Tsaru apurarens B 10-20 Teic. TOHH
ObUTO OBl TOCTATOYHO Ui TPWBEICHHS armapara B JBUKCHHE C
yCcKopeHueM U TopmokenreM B 100 g u manbHEHIero JBUXKEHUS CO
cKopocThio nopsaaka 10 ckopocreii cera.

Jns cpaBHeHHMs ClelyeT 3aMeTHTh, YTO TATOBOE YCHJIME YETHIpEX
JIBUTATEJICH COBPEMEHHOTO TSDKEJIOTO camojieTa Tuiia Au-124 («Pyc-
nany) coctaBisieT 100 1., a otmensHbie ABuratenu JKPJ[ pa3BuBaroT
Tary 1o 1000 T., 9T0O MO MOPSAKY BETHYUH yKe ONH3KO K Tpedyemo-
my. IlpaBma, 3TM nBUTaTeNM CO3MAIOT HE OOBEMHOE YCKOpEHHE, a
MOBEPXHOCTHOE, PabOTaTh OHH MOTYT OTHOCHTEIHFHO KPAaTKOBPEMEH-
HO, HO BCE € BHUJHO, YTO MOPSIOK BEJIMYHHBI TATH JOCTHKUM.

Jns toro 4roObl co3maTh 0OBEMHOE YCKOpPEHHE Tela, HYXKHO
MPOAYBaTh €ro HaCKBO3b A(UPHBIM OTOKOM. [IJ1 co3manns HyKHOTO
YCKOPEHHUS CKOPOCTh TIPOJAyBa HE 00s3aTelNbHO JIOJDKHA OBITh
CBEPXCBETOBOM, [OCTATOYHO, KakK IIOKa3blBAeT pacueT,  HMETh
CKOPOCTh TIpOIyBa Ha OJWH MOPSAOK MEHbIIE. DTO HE [OJHKHO
BbI3BIBATh HENOYMEHHMS, TaK Kak BCE 3aBUCUT OT NpPUHIIMIA
OpraHu3alry MOTOKA.

Takum 00pa3oM, BO3HHUKAaeT HEOOXOJUMOCTh B H3BICKAHUHU
croco0a CO3MaHMs TOTOKa 3(Hpa,  YCKOPSIOMEro KOCMUYECKUN
anmapar 1 BO3JeHCTBYIOIIEr0 Ha BCE AIIEMEHTHI €ro 00beMa.

Jns Toro 4ToOBl CO31ATh HeO0OXOIUMBIIA MOTOK 3¢upa,
MPOAYBAIONINI KOCMUYECKHI ammapar, MOXXHO BOCIIOJIB30BaThCS
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METOIOM aHHMTHIISIMK 3QUPHBIX BUXpel. [y 3TOro Hy>kHO, 4TOOBI B
TOJIOBHOM  4YacTu anmapata ObUIM CO3[aHBl  YCJIOBUS Ui
BHUXpeoOpa3oBaHus 3pupa U UYTOOBl MO 00EUM CTOpPOHAM ammapara
OBUIM TIPOJIOKEHBI BUXPEIIPOBOBI, BHIIIOJHEHHBIEC U3 OUIJICKTPHKA C
BBICOKOM TMAJIEKTPUYECKON MTPOHUIIAEMOCTBIO.

Ecnu B mepenHeit dWacTu ammapata  co3gaTh JBa BHUXpPA C
OJIMHAKOBBIM 3HAKOM BHHTOBOI'O IBM)KEHHUS, a 3aTEM NPENPOBOIUTH
9TH BUXPH B 33JHIOI0 YaCTh amIapara u TaM CIOXHUTb WX TaK, YTOOBI

BpallaTeNbHOE JIBIDKEHHE ObUIO B3aUMHO TIOTalleHO, TO B
HEKOTOpOM 00bEeMEe B XBOCTOBOM YacTH ammapara OKaKeTCs HUYeM
HE CHECpKUBACMBIN YIUIOTHEHHBIH 3QHUp, HMEOLMHA Ty Xe

TEMIIEPATypy, YTO M OKPYKAIOMHK 3PHUp. ITOT 00bEM B3OPBETCS, TaK
KaK HUYTO HE TMPEMATCTBYET €ro paclupeHuto. Pacumpssich, s3¢up
4acTelo OyAeT OTOpOLICH, YTO MPOSBUTCA B BHUAEC PEAKTUBHOU
CTPYH, 9acThIO TPOHACT BIEpel, yBiIeKas 3a coOoif ammapar W Bce,
YTO B HeM HaxoauTcs. M kopaOnbp MOJMETHT, oOmepexas CBET, B
OOBIYHOM €BKJIMIOBOM MPOCTPAHCTBE U B OOBIYHOM BPEMEHH. ..
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A Kak ke OBITh C TTapaJiokcaMu OJU3HEIOB, YBEIHYSCHHEM MacChl U
cokparmieHueM JH? A Hukak. [locTymatel — OHM W €CTh MOCTYJAaThI
— BOJIbHBIC BBIIYMKH, TUIOABI CBOOOHOMW (haHTa3uu. I OHM JOIKHBI
OBITh OTMETEHBI BMECTE C «Teopuei», ux mopomusmiei. KMb6o ecmn
YEeJIOBEYECTBY HACTalla MOpa peuaTh NPUKIAIHBIE 3a4a4d, TO €T0 HE
JIOJKHBI OCTaHABJIMBATh HUKAKUE Pa3AyThle aBTOPUTETHI C UX HEBECTh
OTKYyJia B3BIIUMHUCS YMO3PHUTEIHHBIMU IIIJIar0ayMamH.

22. Mo)xHo nu denampb 30/710Mo?

AnXuMUSI €CTb HE YTO MHOE, KaK XMMUSL.
To, 9TO aNXUMUIO MYTAIOT C MOIBITKAMH TTOJIyYUTh
30J10T0 XuMuueckum nyteM B XVI-XVII BB., —
BeJIMYAiIIast HeCIIPaBEIMBOCTh

FOcmyc Jlubux

AnxuMuss — Hayka O BCeOOIeM MPEBPAlICHUH BEIIECTB U
3JIEMEHTOB, W B YaCTHOCTH, O TMPEBPAlICHHH HeOIaropoIHbIX
METAJUIOB B OJIarOpOJHBIE — 30JI0TO M Cepedpo, MpapOAUTEIbHUIA
COBPEMEHHOH XMMHHU — BO3HUKJIA B TITYOOKOU JPEBHOCTH.

Pa3Hble HCTOYHUKYU MO-Pa3HOMY TPAKTYIOT MIPOUCXOXKICHUE STOTO
YYeHHUs, HO OOJBIIMHCTBO CXOTUTCS B TOM, YTO POJAHWHA AIXUMHH —
JipeBHUM Erumer, KOTOpbIi CBOMM Ha3BaHHMEM, IOJI KOTOPHIM €ro
3HQJIM B IPEBHOCTH — «X€May, 1aJl HAMMEHOBAHHUE 3TON HAayKe — «ajlb
XeMay.

UccnenoBarenu HCTOPUM AIXUMHUH, B TOM YHCIE 3HAMEHHUTHII
(panmysckuii xumuk [Ibep Dxen MapceneH beptiio, MOCBATHBINNI
AIXUMHUH, €€ HCTOPUU M OCHOBHBIM IOJIOXKEHHUSM TPU TOMa U3
TPUALIATH WM HaNWCAHHBIX, HanucaBmmii B 1885 r. Tpyxd
«[Ipoucxoxnenue amxumMumn», a B 1887-1893 rr. omyOnukoBaBIIuii
coOpaHHE JpPEBHETPEYECKHX, 3alaTHOCBPOICHCKUX, CUPUUCKUX U
apaOCKUX aIXUMHYECKUX PYKOIMCEH, TpHU3HABAM TECHYIO CBS3b
AIXMMHA C Maruei,  HCKYCCTBOM MHJISIHCKUX JpPELOB Maros
(MOTy4HX) TIPOM3BOIUTH UyICCHBIC SBJICHUS HA OCHOBE 3HAHWS TalH U
3aKOHOB MPUPOJIBIL.
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Hauana anxuMuu CBS3BIBAIOT C JIETEHOAPHOM JIMYHOCTBIO —
T'epmecom Tpucmerucrom («TprxapiBennYaliumM»), MOYEMY
UCKYCCTBO JIeNIaTh 30JI0TO Ha3bIBAJIOCh TIepMeTHYecKuM. B decThb
I'epmeca B Erunrte Bo BpeMeHa PUMCKOTO BIaJbIYeCTBA BO3IBHUTAIN
KOJIOHHBI C Meporiau(aMy, B KOTOPBIX 3aKIIOYAINCh AJIXUMHUCKHUE
peuentel. B ErunTte B TafHBI aqXWUMHH MOTIH OBITH TOCBSIIICHEI
TOJIBKO CBIHOBBSI XpenoB-(apaoHoB. [lo Mepe TOro, Kak yKpersuioch
MHeHue, yto Eruner cBommu OorarcTBamMm B 3HAUUTEIBHOM Mepe
00513aH aNXUMHIH, 3HAYEHHE ITOT0 UCKYCCTBA BCE BO3PACTAIIO.

Kpome Erunta anxumus nponserana emie y JpeBHUX BaBHIIOIHSIH
U XangeeB. Y BaBWIOHSH 3apONWINCH IEPBBIC NPEICTABICHUS O
CBSI3M MEX]y TUIAaHETaMH U M3BECTHBIMHU B JPEBHOCTHU METAJUIaMHU, U
NOCNEHNE CTald 0003HAYaThCsl 3HAKaMH HEOECHBIX CBETHII: 30JI0TO
— Comuanem, cepedpo — JlyHoii, mens — Benepoii, xxene3o — Mapcowm,
ooB0 — Mepkypuem, cBuHenl — CarypHoM. OT 3THX HapOJIOB
ANXUMHUS TepeluIa K mepcaM, Jajnee — K HHAycaM M KUTalIam.

B 326-323 rr. 1o H. 5. Anekcanap MakeZOHCKUH 3aBOEBall BEChH
JPEBHUH MHp, YTO CIIOCOOCTBOBANO PACIHPOCTPAHEHHIO IPEUECKOM
IUBWIN3ALNN, U TpedecKas KyJbTypa, BCTPETHBIIUCH C €TUIIETCKOH,
NO-BUAMMOMY, He 0e3 BIUSIHUS WyIerckux ¢uiaocodoB, ciuiach B
elIMHOe CTpoiHOe menoe. B 3To Bpems wuyzaelickoe BIMSHHE Ha
IXUMUIO OBIJIO BEJIUKO.

M.bepti0 yka3plBaeT Ha HEPEAKO MPHUBOJMUBILMECS ONUCAHUS
YHOTPEOISBILUXCS Y WYNEHCKUX alXUMHUKOB IIPHOOPOB, a TakXe Ha
TEKCThl peuenToB Momuces, COINIACHO KOTOPBIM OCYIIECTBIIUIOCH
YABOEGHHE Beca 30J10Ta C TOMOIIbI0 TPEBpAIIeHUs B HETO
HeOnmaropoAHelx MeTayuioB. M3  coumnenus [lnmHus crapiiero u
rHoctukoB (I B.) cnemyer, uro B PumMe mpeBpamiaeMocTs MeOu U ee
pyA B cepedpo, a 3aTeM B 30JI0TO CYUTAIOCH (haKTOM.

[TockonmbKy anmxuMmusi, TaK K€ KaKk W Marusi, ObUTM HEMOHSTHBI
HETIOCBSILLICHHBIM, U B TO K€ BpeMs oOemann U oOoramieHue, M
BEYHYI0 MOJIOJOCTb, M @K€ IIOJHOE C4YacThe, MpaBla, IyTeM
CIIMAHUSA C «MHPOBBIM JyXOM», TO HHade, KaK BMeEIIaTE€IbCTBOM
IbSIBOJIA 3TO OOBSACHUTH, pa3yMeeTcs, ObII0 HUKaK Hemb3s. [lostomy n
Mard, WM aIXUMHKH, a 3a0AHO M JpPYyrde Y4YEHBIE BCIUECKH
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NPUTECHAIIUCh, 4 CaMO 3aHATUEC aIxXuMued Ha IMPOTSXKEHUU MHOTUX
CTOJICTHIM CTpPOT0o KapajaocCh.

|’gmv, TN

Tak, M0 pUMCKOMY NpaBy CUMTAIOCH NMPECTYIUIEHUEM, KapaeMbIM
CCBUIKOM M CMEPTHOH Ka3HbIO, HE TOJBKO H3YUCHHE AIXUMHH U
Maruy, HO Jaxe IpocToe 3HakoMcTBO ¢ HuMU. [IpecienoBanoch
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BOOOIIIE BCE, YTO MMEJIO OTHOIICHHE K M3YYCHUIO TPUPOABI U TOUHBIX
HayK — BCE 3TO TOJBOJUIIOCH ITOJ] IOHATHE Maruu.

Ucropuss coxpaHmia HeMallo MNPUMEPOB TSKKUAX HaKa3zaHUH,
BBHIMABIINX Ha JOM0 ydeHbIX. Tak, mpu Tuepum (14-37 r1r. H. 3.)
0co0BIM nlekpeToM u3 MTannu ObUTM M3THAHBI Maru U MaTeMaTHKH, U
OIMH U3 mocjequux — llnranwnii OblT Ka3HEH. IToxoOHbIE
Y3aKOHEHHUSI, €CTECTBEHHO, HMENHU CIEACTBUEM CEKPETHOE H3YyUYCHHE
ANXUMHH, 9TO eIIe 0ojee OKpyXkKajlo ee OPeoIOoM TAaMHCTBEHHOCTH.

I'peueckas anxumus TpolBETaa MIPEUMYIIIECTBCHHO B
Anexcannpuu B Il u IV cronmetusix H. 3., Korja Tam mpeodiamaio
TPEKO-MaKEAOHCKOE HaceJICHHUE. OHa MpEeno1aBanach B
AnekcaHIpUiiCKOM yHUBEPCHUTETE, OCHOBaHHOM erie [ITomemeem I u
Ha3bIBABIIUMCS Myceymom, a XUMUYECKUE M3BICKaHUS
MPOU3BOJUIIUCH B TJABHOM ILIEHTPE MEAMLMHCKUX U €CTECTBEHHBIX
Hayk — B xpame Cepamuca, TpH KOTOPOM CYyIIECTBOBAIU
BCEBO3MOXKHBIE JabopaTtopuu. Ho mHM 3THUX yupexaeHuil ObLTH
COUTEHBI: 0 MpHUKa3y rpedeckoro uMmeparopa deogocus (374-395
rT.) Xpam Ceparca ObI1 paspymieH, a B 391 r. moru6ia 3HAMEHHUTAS
Anekcanapuiickass OuONMOTEKa, pPa3TPOMIICHHAS XPUCTHAHCKHMH
(hanatukamu. JlestenpbHOCT, MyceyMa, OHAKO, MPOJOJIKAIACH €Il
HEKOTOpOe BpeMms, OubnmoTeka OBLIA OTYACTH BOCCTAHOBIICHA,
YUTAINUCH JIEKIUU BIUIOTh 10 OKOHYATEIbHOrO pasrpoMa Myceyma B
415 romgy, xorja mo HaylleHuIo mnaTpuapxa Kupuiia xpuctuanckas
YepHb paspymmiia MyceyM W 3Bepckd yoOmna — ¢umnocoda
Martematuka [umatuio (370-415 1T.), CHIaBUBIIYIOCS CBOWUMU
JIEKIUSAMU U KPaCOTOM.

B IV cromernn 3HaMeHUTHI ObUIM anxuMuku 3ocuma, CHUHE3UH,
Omumnuonop. 3ocuMa Hamucan 28 KHUT 1O alIXUMHUH, HO
COXpaHWINCHh JIMIIL Xankue octatku. Cyapba anxumum eme pas
MOKa3bIBa€T, YTO YENOBEYECTBO HE TOJBKO HAKAIUIMBACT 3HAHUS.
ITapannensbHO € HaKOIJICHUEM HAET MNPOTUBOIONOXKHBIM MpoLEcC
pacTpaurBaHusl 3HAaHWH,  3a0bIBaHUE W MCKAXKEHHWE C TPYAOM
TOOBITHIX, HO HE JIOCTATOYHO OCBOCHHBIX 3HAHHM.

B cpennue Beka anxumuueckue cBeAeHUs mnonand B Pum u
BuzanTrio depe3 ermmeTckhe TEKCTHI W depe3 apaboB. K sromy
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BPEMEHH aIIXMMHYECKHUE CBEIEHHS cTanu yOwrBaTh Onaromaps
HEOJHOKPATHOMY CHUCTEMAaTHYCCKOMY YHHUTOXKCHHMIO «CBSIICHHBIX)
PYKOTIHCEH ¥ KHHUT, B KOTOPBIX 3TH CBEJCHHS COJICPIKAIHCH.

N3 anxuMuKOB cpeTHEBEKOBbs 0COOCHHO 3HaMeHUT Poxep bakoH
(1214-1294). OTKpHITO TPOMOBEILIBAEMBIC UM HICH O CIUHCTBE
BEIIECTB U BO3MOXXHOCTH TPAHCMYTAllMd — B3aMMOIPEBPAICHUU
AJIIEMEHTOB, a TaKkKe JabopaTOpHBIC 3aHATHUS C STOW MEhI0 CO3IalU
eMy CIIaBy JeHCTBHUTENBHOTO aJienTa, TO eCTh YeJIOBEeKa, BIAJIEBIIETO
CeKpeToM «(UIOCO(MCKOrO KaMHSI» M yMEBIIEr0 C €ro IMOMOIIbI0
MPOU3BONTH TpaHCMyTaluio. COBpEMEHHBIC UCCIICIOBATENN KU3HU
u TBOopyecTBa P.BokoHa BHIAT mpoTHBOpedrne B TOM, 4TO bB3KOH,
KOTOPBIA OBUI CTOPOHHHUKOM CTPOTHMX OOJYMAaHHBIX OIBITHBIX
UCCIICZIOBAaHUM, SBJISIFOINUINCS, IO BCEOOIeMy MPH3HAHUIO, OTIIOM
SKCIEPUMEHTANFHBIX ~ HMCCCICNOBAaHHWNA, HWMENl  HEIOKOJIeOMMOoe
yoexkmenne B cuie (QmIOCOPCKOro KamHS, KOTOPBIA, IO €ro
MHEHHMIO, MOT HE TOJIbKO IMpEeBpallaTh HEOJAropoaHbIC METaIbl B
OJIarOpoHBIE, HO W MPOJJICBAThH YEIIOBEUSCKYIO KU3Hb. B03MOXKHO,
YTO MOHaxXxW OBUIM yBEpeHBl B OTKPHITHH b3KOHOM cekpera
TPAaHCMYyTallUd METAUIOB U TNPOJJICHHMS KH3HH H, JKeJas UM
BOCIIOJIB30BAThCS, 3aKIIOUMIN bakoHa B TIOppMY. B cpenHeBekoBbe
BOOOIIEe MPAKTUKOBAIKNCH apecThl W TBITKH aJXUMHKOB C IEJIbIO
BBIBE/IaTh BIIEKYIIYIO BCEeX TaiiHy. B TioppMe mo TpeOoBaHHWIO Marmbl
pumckoro bokoH Hammcand HECKOJNbKO COYMHEHHMU. Mexay HUMU
BECbMa Ba)KHBI «3epuano anxuMun» U «TailHble nelcTBUS TPUPOIBI
M HCKYCCTBA M HHYTOXXECTBO Marmm» — caMble  CTPOMHBIE U3
JIOLIEIINX JIO HAC COYMHEHHHA. «3epuajo alxVuMHW», BIIHSIHHE
KOTOPOU 3aMeyacTcs BO BCEX MOCISAYIONNX allXUMUYECKHX paboTax,
SIBIISIETCSI OJTHOM M3 OOCTOSATENBHBIX KHUT, IIOJIO)KEHHBIX B OCHOBY
MHOTOCTPaJaIbHbIX W OECILIOAHBIX IONBITOK aJIXMMHKOB JIEJIaTh
30J10TO.

Brpouem, Oecrutomabix au? MoOrio v A0AT0 MPOCYIIECTBOBATH
y4eHHe, ecii ObI OHO BpEMs OT BPEMEHH He MOJIKPEIUISIIOCH BIIOJIHE
KOHKPETHBIMH JJOCTHKCHUSIMU ?

Kak wm3BecTHO, A TONy4YeHHS 30JI0Ta  AIXUMHKaM  OBLI
HeoOxomuM «dumocockuit kameHb». BooOmie-To 310 OBLT W HE
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KaMeHb BOBCE, a MOPOIIOK WM >kuakocTb. Ilo P.bakony ommoro
rpamMMa (uI0co(CcKoro KaMHs OBLJIO JOCTATOYHO IS MPEBPAIICHUS
1000 kr pgemeBbIX METAJUIOB B 30J0TO (OpYyTrHe OTPaHUYMBAIHCH
TpaHCMyTalMeH B CTOKpaTHBIX pasMmepax). Punocopckux kamHen
OBIIO [1BAa: TJIABHBIM — «KPAcCHBIH JIEBY, «KpacHbIH KaMeHb
MYJIPOCTH»,  «BEIIMKUH  DJIHKCHUP»,  «KpacHas  THHKTYypay,
«MarucTepuyM», <«IaHaues», <CKU3HEHHBIH OBIUKCHPY», — CIYXKUI
KaTaJu3aToOpOM B PEAKLUSIX, CBA3AHHBIX C HM3TOTOBJIEHHEM 30J10Ta;
BTOPOCTEINIEHHBI — «OenbIii JnieB», «Oemas THHKTypay, «Majbli
MarucTepuym» — IpeAHa3HavayCcs JUIIb IS MPEBPALICHUS METaIOB
B cepeOpo. IIpm 5TOM OCHOBHBIMH METAIIAMHU U HOTY4EHHS
30JI0Ta SBJSUIMCH PTYTh U MeIb, a IJs cepeOpa — cBuHer. Llupoko
UCIIOJIB30BAITUCH TAK)KE Cepa U MBIIIBSIK.

Ounocodckuil KaMeHb CIYXHJI W YHUBEPCAJIbHBIM JICKAPCTBOM:
pacTBOp €ro, Tak HAa3bIBAEMbIH «30JI0TOH HAIMTOK», IOJDKEH ObLI
UCIENATh Bce OO0JIe3HH, OMOJIA)KUBATh CTApOe TEJo, JAeias KHU3Hb
Oosee MPONOIHKUTENBHON. YTBEpKAanu, OyATO alenThl, YHOTpeOss
HAIUTOK, MOTYT MpokuTh A0 400 u Ooxee net. [loHATHO, 9YTO Takoe
YyJIeCHOE CBOMCTBO (PHIOCO(CKOro KaMHsI JODKHO OBLIO MPUBIIEKATH
BceoOlliee BHUMAaHKE, M OBJIAJCHUE €r0 MHOTUMH NPHUBEJIO OBl €ro K
oOecueHuBanuio. IlosTomy TaiiHa MoOMy4YeHHs KaMHS TIIATEIbHO
o0eperanace OT CIy4alHbIX Jull. Tem ke, KTO TBEpAO PEIINI CTaTh
AIXUMUKOM, TPHXOJUIIOCH IPOUTH CKBO3b MHOTHE TEPHUHU.

[Torpysasicb B anxuMHio, HEOQUT MpEXIE BCETO NODKEH ObLI
3ay4uBaTh BCE CUMBOJIBI U pasraJblBaTh CTPaHHbIE PeOyChl AT TOTO,
yTOOBl OOpaThCs OO KPYHHI] peanbHOro 3HaHusA. Jlaxke onexna
AIXUMUKOB M OOcTaHOBKa uX JabopaTopuil wuMenn 0c000
TAaMHCTBEHHBIH BuA. HeynuBHUTENbHO, YTO OJHM Pa304apOBBIBAINCH
B 3TOM MPEMYAPOCTH, a JpPYyTHUE, NOTPATUB HA €€ U3yUECHUE MOJOBUHY
KHU3HH, WM 00paIlaluCh B MIApIaTaHOB, WM, KAK MaHBSKH, BEPHIN
IXMMUH BO BCEM.

N Bce ke, mo-BuauMoMy, GuiIocoCKuUii KaMeHb CYyIIeCTBOBAI,
Mo KpaifHell Mepe, TOMY €CTh MCTOpPHUYECKHE CBHUAETeNnsCTBa. [la u
Bpsil 1 Morjia Obl CymIecTBOBaTh Oojiee ABYX THICSY JIET Hayka,
IOCTPOEHHAsI Ha YACTOM BbIMbIcie. KOHEYHO, BO BCSIKOW HayKe U BO
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BCSIKHE BpeMeHa HaXOWIINCH JTIOH, U KOTOPBIX PUHAIIEKHOCTD K
HayKe fABJSUIACh HCTOYHMKOM  JOXOa. Takue mroguM  He
OCTaHaBIMBAJIKCh M TMepel NpsMbIM oOMaHoM. OIHAKO HUKaKOM
o0MaH HE MOXET CYIIECTBOBATh MIOJITO, €CIM HE HAXOAATCS ApyTHe
JOAW, TPYObl KOTOPBIX pEaTbHO ONPaBABIBAIOT  M30paHHOE
HampaBJIeHHE.

[Tocne Poxepa bakona B EBpone MHOrHe 3aHUMaNUCh AIXUMUEH.
Pacuserom ee cuumtaercs XIII Bek.  Pa3HOCTOpOHHMI YyueHbIH
Anrbept Marnyc Benukuii, ApHonsa Bunnanosanyc, Paiimonn Jlysn
— BOT Lienas Tuiesiia 3HAMEHHUTHIX YUYCHBIX, ONMUPABIIMXCS HA 3HAHMS
Oojiee paHHHMX, B YACTHOCTH, Ha paboThl apabckoro ydeHoro X Beka
Ixadapy (I'epOepa), NOCBATHUIM BCE CBOU CHIIbI ITOCTaBJICHHOU
npobiemMe, 00OPEHHOM TaKMM aBTOPUTETOM, Kak DomMa AKBUHCKHIA.

Paiimonn Jlymn, ¢wunocod, mumcarenn, aBrop 300 counHEeHUH,
pa3paboTYNK MEPBOH JTOTHUECKOW MAIIWHBI, TIPY JKA3HH TOJIB30BAIICS
pemnyTanueil HCKycCHeHIero aTxumMuKa, JOCTUTIIETo Py € MTOMOIIN
BCEro, 4YTO OHAa MOXET JaTb. YBJEKIINCh MHUCCHOHEPCTBOM, OH
nmoru6 B CeBepHoit Adpuke B 80-meTHEM Bo3pacte. JIymun yTBepKaal,
YTO C TIOMOIIBIO (QHIOCO(CKOr0 KamMHS MOKHO IPEBPATUTH JIH00O0E
KOJINYECTBO PTYTH B 30JI0TO.

«Bo3pmu KyCOUeK 3TOTO JParoleHHOr0 MeJINKaMeHTa
BETMYMHON ¢ 000. Bpoch ero Ha THICAIY YHIMH PTYTH — MOCIIETHSS
NpPEeBpaTUTCsS B KPacHbIM MOpOIIoK. [IpnbaBe yHIUIO 3TOr0 MOpOLIKA
K THICAYE YHIUW PTYTH — M OHA TaK)Ke MPEBPATUTCS B KPaCHBIN
nopomrok. Eciii u3 3T0Or0 mopomka B3ATh OJHY YHIHIO U OPOCUTH Ha
THICAYY YHLIUN PTYTH — BCE NpEeBpaTUTCI B MeIUKaMeHT. bpoch
YHIIMIO 3TOTO MEUKAaMEHTa Ha HOBYIO THICSIUYy YHIMH PTYTH — U OHa
MIPEBPATHUTCS B 30JI0TO, KOTOPOE JIyUIlle PYJIHHIHOTOY.

«3ameTh OueHb Xopomo,— mucan Jlymi— marepuanm  KamHS
¢unocodos gemieB. Ero HaxoAsT NOBCIOAY».

B 3T0 Bpemst alrXxuMHK¥ BCTpEYalld MIMPOKYIO TOINEPKKY Cpelu
KOpOJIeH U APYTUX BIMATENBHBIX 0C00, BCErna KpaifHe Hy>KIaBIIHXCS
B 3osote. B XV, XVI u XVII croserusix MHOTHE KOPOHOBAaHHBIE
0COOBI caMU 3aHUMAJINCh AIXHUMHEH, HallpuMep, aHTJIHHCKHE KOPOJIH,
a B ocobennoctu, ['eopr VI, B mpaBieHne KOTOporo Oijaromaps
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CTapaHUSM MHOTOYHCJICHHBIX JeNaTellell 3050Ta, CTpaHa Oblia
HAaBOJHEHA 30JIOTOM W (anblmuBOil MOHETOH. MeTaml, WUrpaBIIUii
POJIb 30JI0Ta B 3TOM CiIydae, BO3MOXKHO, OBUT METHOH aManbramoil.
[TomoOHBIM ke 00pa3oM OKOJIO 3TOTO BpeMeHH JeiictBoBan u Kapi
VII Bo ®panmuu B coodmecTBe ¢ n3BecTHRIM JKakom ne-Kapom.

Jaxe xeHIMHBI, KaKk HampuMmep, uMIeparpuna Bapsapa, BIoBa
umneparopa CUTH3MyHZAA, CTOSAT B CIMCKax aaenTtoB. Mwmmepartop
Pymomedp II  (1576-1612) ObT MENEHATOM  CTPAHCTBYIONTUX
AIXMMUKOB, U €r0 PE3UACHIUA MPCACTaBIAIa HeHTpaﬂBHbIﬁ ITYHKT
AIXMMUYECKOW HayKd  TOro BpeMeHH. JIoOMMIBI uMIeparopa
Ha3bIBallK ero repManckuM ['epmecom TpucMmerucrom, u ero npumep
Halled TMoJpa)kaHHe MPHU COCEIHEM CaKCOHCKOM jBope. Kypdroper
Asryct CakcoHckuil U ero cynpyra AHHa JlaTckas MpOW3BOIWIN
OMBITHI — OH CaM B CBOEM JPE3IACHCKOM «30JI0TOM [BOpIE», a
Cymnpyra — B POCKOIITHO YCTPOCHHOH J1abopaTopny Ha CBOCH Jade B
AnnaOypre. Jlpe3neH MOIT0 OCTaBaICS CTONUIEH TOCYIapcCTB,
NOKPOBUTENBCTBYIOIINX aIXUMHHU, KOTOpas B OCOOCHHOCTH CITYXKHJIa
MPEeIMETOM  pPEBHOCTHOTO HM3Y4YeHHS B TO  BpeMms, Koraa
COTIEPHUYECTBO 3a TIOJBCKYI0 KOPOHY TpeOOBajO 3HAYHUTENHHOTO
pacxosa JeHEXHBIX CPENICTB.

WuTepecna ucropus motnanackoro asopssuuHa Ceronus. B 1602
TOIy OH cOBepIIniI B ['OJTaHIUM P yAAYHBIX TPAaHCMYyTalUd. OTO
OpUHECTIO €My ClaBy, M HECKOJBKO JIET CIYCTS OH OKasaics B
CrpacOypre, T/h€ TOCENHIICS Yy H3BECTHOTO 30JIOTHIX Jed MacTepa
I'tocrenrodepa, KOTOPOMY OCTAaBHII HEMHOTO (PIIOCOPCKOTO KaMHS.
WUmmneparop Pynoned I mpurnacun ocrenrodepa B Ilpary. Ho
¢unocopckuii  KameHb, ocTaBleHHbIH CeToHHeM, CKOpO ObLI
W3pacXolloBaH, W HEYJauHOMY «TPAaHCMYyTaTopy», HE YMEBIIeMy
M3TOTOBJIATH 30JI0TO, IPUIUIOCH yMmMepeTh B TiopbMe. Camoro
Cetonus cyap0a 3anecna B Cakconuto, rae Xpuctuad Il 3atounn ero
B TeMHHIly. CeTOHMIA, HECMOTPS HAa HEUMOBEPHBIE MBITKH, JOBEAIINE
€ro MOYTH JI0 CMEPTH, YIIOPHO XPaHWJI CBOIO TaiiHy. V3 TIOPBMEBI ero
BbI3BONIMII oAk CeHa3uBoi u mpuses ero B Kpakos. 3necs CeTonuit
yMep OT HaHECEHHBIX €My YyBeYHWd, HO Tepel CMEpPThI0 OH Jail
CenmauBoro cBoi (mmocockuii kamMeHb, HE OTKPHIB CepeTa €ro
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usrorosyneHus. C momoirpio dToro cpeacrea CeHA3WBON oOparman
pasHble MeTajulbl B 30510T0 TipH ABope Curuszmynna Il B Kpakose, o
YeM CYIIECTBYIOT HECOMHEHHBIE HCTOPUYECKUE CBUACTEIILCTBA, M OBLI
npurnamen B [lpary, rme mmmeparop Pynonbd, momydumB oT Hero
HEMHOT'O TIOPOIITKa, CaM COBEPIIIHI YyAeCHYIO IIEPEMEHY .

B Bioprembepre xkHsi3p @puapux mnpuHuMan CeHI3MBOS C
BBICOKHMH TOYECTSIMH, HO TO03aBHIIOBaBIINNA CEHI3WBOIO AIXUMHK
MroneH(penbe TalHO 3aXBaTHII €ro, OTHUT (GUI0CO(MCKHH KaMEeHb H
nocagui B TeMmHuily. Korma 3to Obuto OTKpBITO, MioneHdpensc B
HakazaHue OblT moBemieH, HO CeHA3UBOH HE MONyYWJ OOpaTHO
KaMHs, caM ClelaTh ero He yMel, u oOpaTtwics B TPOCTOTO
aBaHTIOPHUCTA.

Anxumus mpocymectBoBana Ao 1819 r.,, korma pacmanochk
nocnennee «lepMermdeckoe oOIIECTBO» anXWMUKOB, B 1790 r.
ocHoBanHoe B Becrdpammn. Ho wm moszxe, B 1837 romy onmmH
TIOPUHICKUH aIXMMHK MpeiacTaBuil BeliMapckoMy NpOMBINUIEHHOMY
00IIeCTBY THUHKTYPY, CHOCOOHYIO, SIKOOBI, 00paIiaTh MeTaslIbI.

B gem xe 3akimouanach GrIocopus arxuMun’?

OcHOBHas Huesl aMXUMUKOB — CyIIECTBOBAHNE €IUHON MEPBUYHOM
MaTepud, U3 KOTOPOH COCTOMT Bce. ITO OOCTOSATENBCTBO CO3AAET
OCHOBY W JUI1 BCEOOIEH TpaHCMyTallMd BEIIECTB U 3JIEMEHTOB.
HononautenbHo K 3ToMy P.BAKOH BBIIBUHYJ HJICH0 O Kade€CTBEHHO
pa3NMYHBIX  DJIEMEHTaX, KOMOWHAIMM  KOTOPHIX  00pa3yroT
KOHKPETHBIE BEIIIH.

ANXUMHUKA BIOJHE TMPEICTABIBLIIN,  9YTO TMEPEeXoJl  OJHUX
3JIEMEHTOB B JpPYTH€ MOXET MPOHCXOIUTH TOJIBKO B MPHUCYTCTBUU
OTPEIETIEHHOT0 KaTalu3aTopa, KOTOPBIMA caM HE BXOJIUT B PEaKIUIo,
HO CITOCOOCTBYET €€ IMPOBEICHHUI0. DTHUM KaTalu3aTOPOM U SBIISIICS
«punocodckuit KaMeHb.

Pacxon  ¢umocodckoro  KamHsS ~ CBSI3BIBAJICA € YUCTO
MEXaHUYECKHUMH TPYJTHOCTSIMH €r0 COXpPaHEHHS BO BpEMs pPEaKIni.
[Ipu 5TOM anXWMUKK HE NeNaidl MPUHINIAAIGHBIX Pa3InIuil MEXIy
TE€M, YTO MBI Ha3blBaeM Ceiuac «XUMHUECKUMU» U «SIIEPHBIMI»
peaxmusamu. [lo3aHMe nccienoBaTeNny aTXuMUU CUUTAIOT, YTO UMEHHO
B OTOM COJEPKUTCS OCHOBHAs OITMOKAa alXHMMHKOB, KOTOPHIE ITyTalll
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MPOCTHIE IEMEHTHI CO CIIOKHBIMU M TIOJIAraid, 4TO JHOOO0W MeTan -
3TO CIUIaB JApYyrux MerauioB. Ho Tak momaranu anxuMukd XV u
0oJiee MO3AHUX BEKOB, & HE OCHOBATENIN ATOW HAYKH.

Peaknnu, B KOTOPHIX alXWMHUKH TMONYyYand Kak (Huiocodckuii
KaMeHb, TaK W C er0 MOMOIIBI0 OJIaTOPOJHBIE METAIIIBI, OTIMYAINCH
MPUMEHEHUEM Pa3HOOOpa3HBIX BEIIECTB, COJICH, KHCJIOT, KBAcIIOB,
KyIopocoB, Oyphl, KpermyaiIero ykcyca, TO €cTh, B OOIIEM-TO,
OOBIYHBIX XUMHYECKHX BEIIECTB, HO, KaK MPaBHIIO, TIPOU3BOIMIHCH C
npeaABapUTCIIbHBIM MHOI'OAHCBHBIM BBICTAMBAHHWEM Ha SAPKOM CBETY,
BHIMOJIHSUTUCh TIPU  BBICOKMX TeMIepaTypaXx H 00s3aTelbHO B
TEepMETHYHBIX cocynmax. CremyeT  OTMETHTh, YTO caM TEPMHH
«TepMeTH3allisg» MPOM30IIeT OT MMEHH l'epmeca, KOTOpBHIH mai
ATXUMHUY HAYaJo.

B moaroTtoBWTENBHBIX peaKIHSAX TOXEe HE OBUI0 HHYEro
0COOEHHOTO.

Hcnonp3oBanuch Takue MPUEMBI, Kak 00KUTaHUe, BOTOHKA, K-
HTanus (CIEKHUBAHUE), PACTBOPCHHE, MEPErOHKa, KPUCTAJUIHALMS,
(dukcarus (oTBepaeBanue). Ho peaknuu MUtk J0ATO, OT HECKOJIBKHX
4acoB N10 Henenb. Bo BpeMsa Opyrux, BHAMMO, TJIaBHBIX peaKUUi,
UMENI MeCTO «O00#, NPEeBOCXONUAIINIA BCE, 4YTO TOJNBKO MOYKHO
BoOOpa3uTh». Korma peaknus 3aKkOHYEHA, «...H MHP BO3POAMUTCS OT
mo0eapl OAHOTO W3 [BYX», HANO IMOJIOKHTH B KAKOW-TO MPOIYKT
KaKOW-TO COJIM, KOTOpas B JICHCTBUTEIHLHOCTH «COBCEM HE COJICHAS,
U TOrz1a «OOM JEeNaeTcs BO CTO KPaT 0)KECTOUCHHEEY.

Nneonorvuecku KkoHell adxumuu nojoxun A.JlaByasbe, mokasza-
BIIMM, YTO XUMHUYECKHMMU PEaKIMsIMH HEBO3MOXXHO IMPeoOpa3oBaTh
OIIHU 3JIeMEHTHI B Jipyrue. C BBISCHEHUEM TOHATHUS O MPOCTHIX TEIax
U DIIEMEHTaX BOMPOC O TMPEBPANIAEMOCTH METaNIOB C ITOMOIIBIO
(unocodckoro kaMHsi ObLUT OKOHYATEIBHO C/IaH B apXUB.

OKOHYaTeNbHO JH?

Kak OpUIO mOKa3aHO BEINIE, PEAKIUH, KOTOPHIE ITPOBOIMIHNCH
ATXAMHKaMH, TpeboBaH 00s13aTEIHFHOTO MIPUCYTCTBUS
«pu0co)CKOro KaMHs», UTPABIIECTO POJIb KaTaau3aTopa. YTo jxe Mbl
ceifuac, CIycTs MHOTO BEKOB, 3HAEM O JISHCTBHH KaTalu3aTopoB, 0e3
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KOTOPBIX COBPEMEHHAss XUMHUS He MOIJIa Obl CYIIECTBOBAaTh, KPOME
TOTO, YTO KaTalM3aTOPBl YCKOPSIOT PEAKIIHIO?

Axanemux H.H.CemenoB Beickazan B 1933 1. u moxarBepaus B
1977 r. cnenyomyo MbICIb:

«lIpormuro c¢TO JET CO BPEMECHH OTKPBITHA KaTaTHICCKOTO
JIEUCTBUSA; W BOT ceHYac y4yeHbIE TaK € MaJlo MOHUMAIOT, MOYEMY
BOOOIIlE MIET KaTajau3, KakK 3TO ObLIO CTO jJeT Ha3al. He moHumas
caMoO#l CyTH SIBJICHHS, MBI, €CTECTBCHHO, HE MOXEM JIaTh HUKAKHX
yKa3aHU| O palMOHAIBFHOM BBIOOpE KaTaau3aTopa, U TEXHUYECKH He
OCTaeTCsl HUYETrOo NAPYroro, Kak HAXOIUTh HYXHBIM KaTaau3arop,
poOysl THICSIYM BEUIECTB B TOM TOPSJKE, KaK OHU CTOAT Ha IOJIKaX
xumuueckoi madoparopum» («IIpupoman, 1978, N 2, c. 68).

[Mopsinka 70% Bcex W3BECTHBIX XHMMHUYECKHX pEakIud B
MPOMBIIIUIEHHOCTH, & BHOBb OTKPHITHIX — Oonee 90% mpoBoasTcs ¢
MOMOIIEI0 KaTann3aTopoB. [1o kaTanwm3y HamMCaHBI THICSYH TPYIOB,
HO TEOPHH KaTaJin3a, PaCKPBIBAIOIIEH €ro CyTh, 10 CUX IOpP HET.

CyIIecTBYIOT KaTaau3aToOphl A OTAEIBHBIX BELISCTB U PEAKIUH,
CYIIECTBYIOT KaTalM3aTOphl MIUPOKOTO IDIaHa, KakK, HaIlpuMep,
wiatrHa. OcoOBli HHTEpEC MpeCTaBIsIeT epPMEHTATHBHBIN KaTalln3,
OTJIUYAIONIUICS WCKIIOYUTEIBHO BBICOKOW A3(()EKTUBHOCTBIO: CKO-
POCTh peakiuii YBEIHMUUBASTCS B MIIITHAPIBI M OoJiee pa3, PH 3TOM
JIEHCTBHE KAaTaJIM3aTOPOB OTIMUAETCSI BEICOKOW M30MPATEIHLHOCTHIO U
PeryIupyeMOCThIO0. OTH MOCIEAHUE KaTalIU3aTOPhl UMEIOT IEJO0 CO
CIIO)KHBIMH ~ MOJIEKYJIaMH.  YTIOMHHABIIMECS  HEOHOJIOTHYECKUe
KaTaJlu3aToOPhl UCIONB3YIOTCS B PEaKIMsIX, B KOTOPBIX y9aCTBYIOT
OoJee MPOCTHIC BEIIECTBA, JAKE JJIEMEHTApHBIC, PEarupyroT aTOMBI.

MoxeT ObITh, BO3MOXKEH KaTallu3, CYIIECTBEHHO W3MEHSIOUIUI
SNIEpHbIE peaklud, TeM OoJiee, UTO CIHAHUE SIep JIIEMEHTOB
MEPBOM  TOJIOBUHBI MEPUONWYECKON TaOMHUIBI TPOUCXOTUT C
BbIIeJIcHHEeM dHepruu? Takue peakiuu B TPHUHIMIE CIIOCOOHBI
CaMOTIOIIEPKUBATHCS, €CIIH, KOHEYHO, K TOMY IPHHSATHI MEpPHI U
CO371aHBl COOTBETCTBYIOIIHME yCIOBHSA. Ho 11 TOro 9ToOBI CTPOUTH
MOI0OOHBIC TIPEITIOI0KESHHS, HY)KHO YOSAUTHCA B TOM, YTO IJIEMEHTHI
COCTOST M3 OIHHX M TEX )K€ «KUPIHUYEH», XOTA CYIIECTBYIOIINE
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TEOPUHU YCTPOICTBAa aTOMHBIX SiZiep M3 MPOTOHOB M HEHTPOHOB yKe
JAIOT K 3TOMY OIIpe/IeJICHHbIE OCHOBAaHUS.

Kak u3BecTHO, Beayliel uieeil alXuMUKOB OBLIO TPECTABICHUE
0 ©IWHCTBE MaTepPHH Ha BCEX YPOBHAX €€ OpraHu3aluu, wuies,
KOTOPYIO BPSIJ JIN CTOUT OCTIapHBaTh. JTa Hies Obljla TECHO CBSI3aHA C
MPEACTABICHUIMA O HAJIWYUU B IPHUPOJE MHUPOBOM Cpeibl —
«arreiipoHay, B OoJliee MO3/HEM HauMeHOBaHWU — ddupa. [losBienne
3(UPOAMHAMUKH CETOJHS TO3BOJHIIO MTO-HOBOMY MOCTPOUTH MOJENN
aTOMHBIX SIIEp, AaTOMOB M MOJIEKYJ, H JTO JaeT HEKOTOpPHIC
BO3MOXHOCTH C HOBBIX TO3UIUI MOCMOTPETH HA TO, YeM 3aHUMAIIUCh
ATXUMUKH.

ITockoabKy aToM MpPEACTaBIsAET COOOW €IUHYI0O KOHCTPYKIHIO, B
KOTOPOU 3JICKTPOHHAsE 000J0YKa MOPOXKICHA SAPOM, TO M3MCHEHUE
CTPYKTYPHI s7pa MyTEM 3aMEHBI IIPOTOHOB Ha HEUTPOHBI U HA0OOPOT
HEMEJUICHHO CKaXKeTCsl Ha CTpOeHUHM 00010ukn. OOpaTHOE BIUSHHAC —
3JEKTPOHHON  OOOJOYKM Ha CTPYKTYpy SfAApa — CYIIECTBEHHO
MEHBIIIE, HO TaKOe BJIUSHUE BIIOJHE MBICIUMO. Bo3neiicTBue Ha
JJIEKTPOHHYIO O0O0JI0OYKY MOXKET TPHUBECTH K CO3JaHUIO yCIOBHIA,
CIIOCOOCTBYIOIIMX  NPOHUKHOBEHUIO OJHUX fAlep K JpyTuM,
00pa30BaHUI0 KaHAJIOB B JJIEKTPOHHBIX O0OJIOYKAX M TEM CaMbIM
CHIDKEHUIO MTOTEHIIUAJIOB, MIPOTHUBO/IEHCTBYIOIIUX TaKOMY
MPOHUKHOBEHHIO. ECiu ke mpH 3TOM TOBBIIIEHH TEMIEPaTyphl, TO
€CTh CKOPOCTH  XaOTHYECKOr0 TMEpeMEIICHUs] B MPOCTPAHCTBE
pearupyonmx aToMOB, W JaBlIEHHE, TO €CTh YHCJIO aTOMOB B
eauHWIle o0BeMa, WM, Hao0OpOT, TeMIepaTypsl CHIDKEHBI JI0
MHUHUMAJIBHBIX, TO €CTh ITOABUKHOCTE B IIPOCTPAHCTBE PEarupyromnx
aTOMOB clieJlaHa MUHUMAJIbHOU, a JaBJICHHE — MAaKCHUMAJIbHBIM , TO
3TH YCIOBUS W OYyOyT TeM CcaMbIM CO3/[aHbl. ATOMBI  OyAyT
COYapATHCSI IPH OTHOCUTENLHO YMEPEHHBIX JHEPTHSIX, H, €CIIH OYIyT
CHUXEHBl TPOTUBOACUCTBYIOIIME MOTECHIMANBI, BIIOJIHE MOXET
MIPOU30MTH TepecTpoiika 000JIoUeKk, CIHSHUE sfep W o0pa3oBaHUE
HOBBIX JIEMEHTOB. HUKakyWX MPUHIMITHATBHBIX 3aIIPETOB 371€Ch HET.

N3 paccMoTpeHHBIX MOJENEN MpOTOHA W HEWTpPOHA CIIENYET, YTO
MeXIy HUMH HET NMPUHIHUIIMAIBHON Pa3HHUIBI: HEHUTPOH 3TO TOT XKe
MPOTOH, BOKPYT KOTOPOTO OOpa3oBayICs yCTOWYWBEIN MOTPAHUIHBIN
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cioit a¢upa. CiemoBarenbHO, pa3pylICeHHUE ITOTO CJIOS y HEWTpoHa
IPUBEAET K TOMY, YTO HEUTPOH IPEBPATUTCS B IPOTOH, YTO U
MIPOUCXOJUT y CBOOOJHBIX HEHTPOHOB — HEUTPOH pachaaaercs Ha
MPOTOH H DJIIEKTpOH (Oera-pacmaz) ¢ BpeMeHeM TMollypacmaja
npuMepHo 12 muHyT. IlpaBma, HEHTPOH B cocTaBe sAapa BEAET ceOs
CcTabWIIbHO, HO TIpM BceX Jd  oOctosrenbcTBax? Hempss w,
HampuMep, TOBIHUATH Ha HETO Yepe3 MPOTOHBI, Ha KOTOpHIE, B CBOIO
odepenib, BO3IEHCTBOBATE Yepe3 dIIEKTPOHHYIO 000JI0UKy?

B 1902 r. axkagemuxk H.H.BeketoB, ocHOBaTenb (u3MUECKO
XUMUH, TTUCAT:

«HecMoTps, Tak cka3aTh, Ha BIOJHE JOKa3aHHYI HeEpa3pyIIu-
MOCTbB 3JICMCHTOB IIPU BCEX XUMHUYCCKHUX IMPOLCCCax, BCCTrIa IMOSABIIA-
JICSL B yMaX COBPEMEHHBIX YUYCHBIX HEBOJIBHBIA BONPOC O TOM, HE
MOJKEM JIM MBI ITIOUTH Jlaiee OOBIKHOBEHHOTO XHMHYECKOTO TpoIiecca,
T. €. OOBIYHBIX pEaKIHMi TBOMHOTO OOMEHa B COJCOOpa3HBIX COCIH-
HCHHUIAX W 3aMCHICHUA OJHHUX JJICMCHTOB JAPYTIrMMH B MOJICKYJIax
CIOXHBIX Ten? W He MoryT 1M ObITh MPUAYMaHbl KaKUe-HUOYIh
YCIIOBUSI, TIPH KOTOPBIX XWMHYECKHE DJIEMEHTHI MOTJIH ObI OBITH WIIH
YHHUYTOXCHBI (KOHG‘-IHO, B CMBICJIE JOuUcCcolMalMM HMX aTOMOB Ha
Oojiee TmepBOHAYANBHOE, HEYJIOBUMOE JUIS HAC BEIIECTBO), WU
npeoOpa3oBaHbI?

...JlalbHeWIIne HUCCAEAOBAHUS HAaJ BO3MOYKHOCTBIO M3MEHEHUS
caMHX aTOMOB OyJyT MPHHAJJICKATH K OOIIEMYy YYCHHIO O MaTEpUHU.
Ecmn m camm sneMeHTH 00pa3oBaliCh W3 KaKOH-IIMOO TEPBUYHOMN
MaTepuy, HampuMmep, 3Qupa, IPH ITOM IOJDKHA ObLIa MPOU3OUTH
TpoMazaHas NoTepsd SHEPIrun U IIOTOMY IMpHUCYIIasd B HACTOAIICEC BPEMA
3JIEMEHTAM XUMHYECKash 3HEPTHUS €CTh TOJIBKO CIalblif 0CTATOK TOTO
3araca >KHBOHM CHJIBI, KOTOPOH 00J1aiaeT 3Ta IepBUYHAS MATEPHUSD).

H.H.bexeToBbIM  OBUTM  TPEVIOKEHBI  SKCIIEPUMEHTHl IO
npeoOpa3oBaHMUIO AJIEMEHTOB IIyTEM VYABOCHUS Beca aTrOMOB B
YCIIOBUSIX HU3KHX TEMIIEpaTyp M YPE3BBIYAITHO BBICOKHUX JaBIICHHA.
Tak, mpeoOpa3oBaHMEe KHUCIOpPOJa B Cepy M a30Ta B KPEMHHUH, TIO
mHeHnio H.H.bekeroBa, MOrio 661 OBITH BBINOJHEHO, €CIU TBEPABII
KHUCJIOPO/] MJIM TBEPJIBIA a30T 3arevyaraTs B HOCOBYIO YacTb CTAIBHOTO
CHapsa W BBICTPENUTh STUM CHApPSIOM B TUIUTY M3 MSTKOTO JKeJe3a
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TaK, 4YToObl cHapsix B Hell 3acTpsul. Torma oOpa3yercst repMeTHYHAs
KaMepa, B KOTOPOW U MPOU30HAYT HEOOXO0IUMBIE ITPeoOpa3OBaHHUS.

Peakuuu yaBOeHUS JIETKMX 3JE€MEHTOB JOJDKHBI MPOUCXOAWTH C
BBIJCJICHUEM 3HEPTUH; IPUMEPOM TAKOW PEaKLUH SIBISETCS CIHUSHUE
smep nAeWTtepus B sAapo Tenus (anbda-dacThiry), TMpH KOTOPOM
BBIZIEJISIETCS Ha KaXIyro mapy siep aeiirepus 23,7 MaB. Ho u MmHOTHE
JOpyTUe PeaklyH YABOCHHS TaKKe UAYT C BBIACICHUEM PHEpruu. Tak,
OpeBpalleHue yIJIepoja B MarHud JOJDKHO — CONPOBOKAATHCS
BbIeieHneM 14 M»aB, a3ora B kpemHuuit — 27 M»aB, HaTpus B TUTaH —
25 MbhB, kpemHus B xene3o — 19 MaB u 1.4.

WHTEepecHO, 4YTO peakuuu, B pe3yibTaTe KOTOPBIX MOTJH OBl
MOJTy4aThCsl 30JI0TO U cepedpo, TOKe IMPOUCXOAST C BBIACICHUEM
9HEPTUH, TO €CTh TaKHE PEAKUUU MOIJIM OBl CaMOMOJIIEPKHBATHCS
XOTs OBl B IPUHLUIE. TaKUMH pEakHUsIMU MOTYT OBITb, B YaCTHOCTH,
CJIeAyIOIINeE:

soHg + 16S => Au + ;Cl + 2n+ (4,74 - 9,46) M»1B;
soHg + 33A8 => 30Au +34Se +2n+ (4,27 - 26,25) M3B;
oPb +5Cu => 59Au + 3,Ge + 14,38 M>B;

oPb +2,C => 24,,Ag + 12n + (23,3 -42,1) MaB;
ePb + 4S1=> 2 4,Ag +,He + 14n+21,1 M3B.

B mnpuBeneHHBIX peakUMAX HCIONb30BAHBI TPAJAULIMOHHBIE IS
QIXMMUKOB HCXOIHBIC MaTepHajbl — PTYTh, CEPa, CBUHEL, MBILIbSIK.
B  OompmmHCTBE peakiuil MPOUCXOIUT BBIIEIEHHE CBOOOJHBIX
HEWTPOHOB, KOTOphIC, B CBOIO OYepedb, MOTYT CIIOCOOCTBOBAThH
MPOXOKACHUIO PEAKIUU U TOSBICHUIO TOOOYHBIX HOBBIX 3JIEMEHTOB.

ITpuHnMnuaneHast BO3MOXKHOCTh IPEBPALIECHUS JJIEMEHTOB APYT B
JpyTra 3acTaBiseT MOCTaBUTh JPYTroil BONPOC — KaKUM e o0pa3om
00pazoBauCh pa3IuyuHbIe 3JIeMeHTHI B ipupozae? Ilouemy paznuunble
HY>KHbIE HaM 3JIEMEHTHI CONPOBOKAAIOTCS IPYTUMH, TPAAULUOHHBIMH
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UL OTUX 3JIEMEHTOB W TOJBKO JUIS HUX, APYTUMHU dIIEMEHTaMHU, HaM,
npaBlia, HE HYXHBIMH M SBJSIOIMIMMUCS «IIycTOM mopomoi»? He
SIBISIETCSL. NI 3Ta  «IyCTas IMOpPOJa» HMCXOAHBIM MaTepHalioM JUIs
HY)KHBIX HaM DJIJIEMEHTOB, WM, HAao0OpOT, He SBISETCS JIM 3Ta
Moposia pe3yibTaTOM, OCTATKOM TIPOIIEANINX paHee SICPHBIX
peaknmii? 1 He TPOUCXOMAT JIU 3TU PEAKIIUU ceiivac, B HAIIEe BpeMs?

[louemy caMopomHOE 30II0TO BCTpeYaeTcs, Kak MPaBHIO, B
KBapIe Wik Cymb(uaax jxenes3a, WIN apCeHOIMUPHUTE U MPAKTHYECKH
HE BCTpeYaeTcs B COYETaHWHU C JAPYyTUMHU dneMmeHTamu? He crout nu
o0paTUTh 0co00e BHMUMAaHHWE Ha CJIOW, OTAEISIOMIUA 30JI0TO OT
KBapIia, B KOTOPBIM 30JI0TO BKpAIIeHO, HE B 3TOM JIA TOHYAMIIEM
cioe HaxomutTcs Katanmszatop? KTo-HuOynmb mcciemoBai 3TOT CIon?
To ke MOXXHO CKazaThb U O APYrMX MPHUPOIHBIX 3neMeHTax. He Ha
TpaHUIaX JI C «IIYCTOH MOPOIOI» HAIO UCKATh OTBET?

A Temieps Mopa BEPHYTHCS K BOIIPOCY O MEXaHU3ME KaTajn3a.

CuuTtaercs, 4TO yCKOpSIOlIee JecTBUE KaTaln3aTopa OCHOBAHO,
[JIaBHBIM 00pa3oM, Ha TOM, 4YTO B Ipolecce Bceld XUMHUYECKON
pEeaKIiy KaTaan3aTop BCTYIAET B HEKYIO MPOMEXYTOUYHYIO PEaKInIo,
a 3ateM BBIXOOUT u3 Hee. Hu B koeMm cmyuae, boxe ymacu, He
OTpHLAs TAKOW TPAKTOBKH JIEHCTBUS KaTalll3a, XOTEJNOCh Obl yKa3aTh
Ha emle OJHY BO3MOXXHOCTh, Ha KOTOPYH) B IIECTHACCATHIC TOMIBI
obpatun BHMManme mpodeccop MIY A.A.bamangua. Ilo ero
MHEHHMIO,  MOJIEKYJBI-peareHTl W MOJeKyJa  KaTaau3aTopa
MPECTaBISIIOT co00i HEYTO MOJO00HOE MaTpulle W MmyaHcoHy. Ecmu
MOBEPXHOCTh y4YacTKa MOJIEKYyJbI-KaTanu3aropa H IOBEPXHOCTH
MOJIEKYJI peareHTOB MOJ00HBI ¥ IPOTUBOIOIOXKHBL, T. €. BBICTYIY Ha
OIHOM M3 HHUX COOTBETCTBYIOT BIAAWHBI Ha JApPYroil, TO CHIIBI
MEXMOJIEKYJISIpHOTO  B3amMojneicTBus (cunbl  Ban-nep-Baanbca)
MPUTSAHYT UX APYT K ApYyry. Toraa MoOJEKyJbl-peareHThl OKaXyTcs B
NOJOKEeHUH, Hanbonee yaoOHOM Aisl pearnpoBaHus. B pesynbrate
YK€ peaklny y HUX M3MEHUTCS (hopMa MOBEPXHOCTH, H OHU OTIAIYT
OT MOJIEKyJbI-KaTajgn3aTopa. Ta mociie 3Toro roToBa NpUHATH K cede
CIIEYIOIYIO ITapy MOJIEKYJI-PEareHTOB.

Kak BumHO, 37€Ch TpPaKTOBKa MeXaHHW3Ma KaTain3a HECKOJIBKO
WHasl.
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B 31Ol TpakTOBKE KaTanm3a HE XBaTaeT IyCTAKa — MOHWMAaHUS
OPUPOABl CHUJ  MEKMOJIEKYJISIPHOTO B3aUMOJICHCTBUSI. IIpaBna,
U3BECTHO, YTO ATO B3aMMOJCHCTBUE UMEET ANEKTPUUECKYIO MPUPOLY
U ONpPEIENsIeTCs CUIIaMU MPUTSHKEHUS! — OPUEHTAIMOHHBIME, WHIYK-
[MUOHHBIMH U TMCTIEPCHOHHBIMH, & TAKXK€ CHJIAMH OTTAIKHBAHHS, HO
W3BECTHO M TO, YTO PACCYMTATh 3TH CHJBl HAa OCHOBE KBaHTOBOM
MEXaHWKH TPAKTHYECKH HENb3s, TaK KaK «BXOMAAIIHE B QOPMYJIBI
BEJIMYUHBI OTIPEICIISIOTCS SKCIIEPUMEHTAIBHOY.

He mMoxer a1 ueM-HUOYIb 371e€Ch TOMOYb A(hUPOIHMHAMUKA?

B cootBeTcTBUU ¢ MOJIOKEHUAMU SOUPOAMHAMUKNA KOH(PUTYpaIust
MO00H MOIIEKYJBI JKECTKO OIpenessercs CTPYKTYpod sipa, a
CTPYKTYpPBI SACP JUIS BCEX HM30TOMOB MPAKTUYECKH YKe MOCTPOCHBI,
MOCKOJBbKY B  alib()a-4aCTUYHON MOJETH 3TO JENAeTCsl HECJIO0XKHO.
IIpn wcmonb30BaHWM ammapata Tra30BOW MEXaHWKH  IOSBISIETCS
BO3MOKHOCTh TIOCTPOUTh M CTPYKTYPHI TPHUCOCAMHEHHBIX K HUM
BUXpEH — DJIEKTPOHHBIX OO0OJIOYEK, COOTBETCTBEHHO u (Hopmy
MOBEPXHOCTEN MOJIEKYI.

3mech ecTh HEKas OCOOCHHOCTh, KOTOPYIO HHKAaK HE Morja
y4eCcTh KBAHTOBas MexaHuka. JleJo B TOM, 4YTO B COOTBETCTBUH C

KBaHTOBOM MEXAaHUKON IMOBEPXHOCTh MOJIEKYJIBl — 3TO  MPOCTO
MOBEPXHOCTh, & B COOTBETCTBUH C 3(UPOAMHAMHUKON IMMOBEPXHOCTH
MOJIEKYyJIBI — 3TO TMOTOK 3¢upa, WMEIOMHNA COBEPUICHHO

OTIpeaeNICHHYI0 CKOPOCTh U OPHUEHTALUIO B IPOCTPAaHCTBE. [ 'pagueHT
YK€ CKOPOCTH 3rpa B MPOCTPAHCTBE U OyAET ONPENeNsTh MPUPOIy U
CHJIBI MEXMOJIEKYIJIIPHOTO B3aMMOJCHCTBUS: €CIIH €CTh IPaJUeHT —
€CTh TaKHe CHIIBbL, HeT IpaJIueHTa — U CHJI HeT. A TouHee, OyayT CHIIBI
OTTAJIKUBAHMA, IOCKOJBbKY TPaJUEeHT CKOPOCTU M COOTBETCTBEHHO
YMEHbBIIIEHNE JAaBJIEHUS €CTh Ha MPOTHBOIIOJIOXKHON CTOpPOHE
MOJIEKYJIBI.

Torma oOTKpbIBaeTcs 3aMaHYMBash BO3MOXKHOCTH C ITOMOIIBIO
COBPEMEHHOHN BBIYUCIUTEIIEHON TEXHUKH:

a) paccunTaTh KOH(QWUTYpalmu MOJIEKYJ W BCE MOTEHIHANBI, WX
OKPY’KaIOIIHE;

0) paccMOTpeTh BO3MOXKHOE B3aMMOJEWUCTBHE MOJEKYJl Ha
MIPUMEpE XOPOIIO N3BECTHBIX PEaKITil;
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B) PacCMOTpPETh MPOCTEHINNE MPUMEPHl HM3BECTHBIX XHUMHUYECKUX
peakImii, B KOTOPHIX YYaCTBYIOT KaTaIH3aTOPHI,

r) MOAyMaTh, HENb3s JIM BCE ITO KaK-HUOYIb MPUCTIOCOOUTH K
JATbHERIIIeMY TIOMCKY MEXaHH3Ma KaTajun3a.

Bnpyr uro-aubyas nomyanrcs?

N yx mocme 3TOoro mocoobpaxaTh, a HENB3sI JH  4epe3
AJIEKTPOHHBIE OOOJIOYKH TIOBO3JEHCTBOBATh Ha sApa B IENIX
W3MEHEHHSI HX COCTaBa.

B 1900 r. B JloHmoHEe MOSBUIICS HEKUH TOCIOIWH, KOTOPHIi
npeanoxuil MopckoMy BEIOMCTBY KYIUTh y HErO HACIO O TOM, Kak
MOKHO HCIOJb30BaTh OOBIKHOBEHHYIO BOJY BMECTO OCH3HWHA s
aBTOTPAHCIIOPTAa WIM JJig 4ero yromHo emie. OH JeMOHCTPHUpPOBAI
CBOE M300peTeHUE, Pa3be3kKas C MPEACTABUTEIIIMA MUHUCTEPCTBA HA
aBTOMOOMIIE, B KOTOPBHIM OH Ha WX TJla3aX 3allMBal BOAY BMECTO
OeH3MHA, 1O00aBIAL B HEE HEKYIO 3€JIEHYIO JKHIKOCTh, KOTOPYIO OH
MOKyTaji B anteke. Hukakux 0cOOCHHOCTEH B BOXKICHUM MAIIIMHBI HE
HAOII0IAIOCh, KPOME TOTO, YTO BBIXJION OBUI COBEPIICHHO YUCTHIN.
Motop 3aBojusICA JIETKO.

Cynwsb6a rocrionuaa HewsBecTHA. OTHAXKIBI OH, HHU C TOTO HU C
Cero, MPOCTO KCYe3 BMECTE CO CBOMM aBTOMOOWJIEM, HE YCIICB
MOJTyYUTh CBOUX JaeHer. C Tex mop 0 HeM HUKTO OOJNbIIE HHYEro He
CIBIMaN. A TIPO HACI0 BCKOpE 3a0BLIM, TeM Oosee, 9TO BCeM ObLIa
sicHa ee abcypnHocTh. HaBepHoe, kakoi-To cymacuieqmuuii. Mano nu
WX TyT OpOJAUT, Hajoeaast 3aHSTHIM JFOsM !

A uzes HeruIoXas, XOTs M He cpa3y odeBuaHas. [lerno B ToMm, 9TO B
OOBIYHOM BOJE COACPKUTCS HEMHOTO TSKEIIOH BOJEI. Camas
Karenbka. Ho ecnu ObI e MOJISKYJIBI TIPOpearupoBaliv MeXy COOOH,
TO BBLICTHIICS ObI KHCIIOPOJ M TENUii, a 320/JHO SHEPTUsI COSAMHEHUS
JIByX JICUTPOHOB B OJHY ajb(a-yacTHIly. OTOH SHEPIHU C yUETOM
naxke HeBbicokoro KIIJ[ xBaTuio Ob1, 4T0OBI BOJIA TTO KAJIOPUWHOCTH
OKa3aiach JIydimie, 4em OeH3uH. A pabouee TelIO — camMa BOJA TOXKE
uMmeercs. Tak 4TO BHepen, TONBKO XMW Ha nexanu. Ho 3xech He
XBaTaeT KOe-4ero, a HMMEHHO, TaKOro Karajau3aropa,  KOTOPBIMA
YCTaHOBWII OBl JIB€ MOJIEKYJIBI TSDKEIION BOIBI Ha CBOEH MOBEPXHOCTH
TaK, YTOOBI JEHTPOHBI OKA3aJINCh KaK MOXHO OJIDKe APYT K APYTy. A
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Jlaee MCKpa, BO30YXKIEeHHWE W OHHM ciaumHyTcs. U meno caemalo.
Tonbko BOT Te B3sITh Katanu3aTop? UTo 3T0 TOCIOAUH H300peTaTeb
MOKYTIAJ B aNTeKe, HEUTO 3eJIeH0e?

[a Het, epyHIa BCe 3TO, HE CTOUT OECITOKOUTHCS... Vmu ctout?

OCHOBaHWH CYNTATh TPAHCMYTAIMIO 3JEMEHTOB B MICKYCCTBEHHBIX
YCIIOBUAX HEBO3MOXHOM HET. He wuckntoueHo, 4To JpeBHUE
ATXUMUKHU BJIAJIEN TEXHOJIOTHEH, HBIHE yTpadeHHOH. Bo3moxHO,
9TO B OymaymieM Mmogo0Has WM HECKOJBKO MHAs TEXHOJOTHS, Oosee
COBpEMCHHaAa“, 4yeM Yy QAJIXHUMHUKOB, TIIO3BOJHUT OCYUICCTBIIATH
TPaHCMYTAIlUI0 JJIEMEHTOB B Ja00PAaTOPHBIX MIIM  3aBOJICKHX
YCIIOBUSIX, ¥ OCYIIECTBUTCS MeUTa aJIXUMHUKOB M3 BCETO JIENaTh BCE.

23. Mo)xHo f1u NoHsIMb Ymo makoe 6uonosne?

Huxkaknx 6momnosei Ha cBeTe HE CYIIECTBYET.
ITpocTo 3TO XOPOIIIO U3BECTHBIE HaM DIICKTPO-
MarHUTHBIC U TEIUIOBBIC TTOJIS.
U3 evicmynnenusi akaoemuxa A.b.Muzoana
6 nepedaue « OuesUOHOe-HEGEPOSMHOE)

Jloruka (PU3UKOB-TEOPETHKOB, B COOTBETCTBUH C KOTOPOM, C OXHON
CTOPOHBI, OMOIIOJS HE CYLIECTBYIOT Ha CBETE, a C APYrod CTOPOHHI,
OHHM XOpOIIIO U3BECTHBI, Ta )K€, UTO JIOTHKA (PU3NUECKOTO BakyyMma (He
nmycTast ycToTa) WM Kareropuieckoe orcyrctBue 3¢upa B CTO mpu
KareropuyeckoM ero npucyrctsuu B OTO. Uto nenats, mikona ogHa!

OnHako MOXKHO CYHTaTh YCTAHOBJICHHBIM CYIIECTBOBaHHE
CHJIOBBIX M WH(POPMALMOHHBIX TMOJEH, MNpUpoAa KOTOPBIX  He
YKJIaIpIBacTCs B IPUBBIYHBIC PAMKU YEThIpeX (YyHAaMEHTAIbHBIX
B3aMMOJICHCTBUN — CHJIBHOTO W CJIa0OTO SACPHBIX, JJIEKTpOMar-
HUTHOTO ¥ IpaBUTAIMOHHOTO. K TakuM moisiM, B 4aCTHOCTH, HY>KHO
OTHECTH W TaK Has3bIBacMble OHOIONS, KOTOpPHIE TI'€HEPUPYIOTCS
KUBBIMHM OPraHM3MaMH M IPOU3BOAAT pa3nuuHble 3(dexTsr, He
UMCIOIIHE eIlle CerOAHsT (PU3UIECKOTO OOBICHEHHUSI.
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Hakommmnocs gocratoyHo OoJbIIOe KOJUYECTBO — HPOSIBICHHUIN
pasHoro poza 6uonosieil. 3mech U TelenaTHs — CBSI3b MEXKAY JIIOIbMHU
WIM MEXAYy JKHBOTHBIMH Ha pAacCTOSIHMM, W TEJIeKHHe3 —
MepeMelleHne NPEeAMETOB ¢ MOMOIIBI0 MAaHUIYJIALUN pyK, HO Oe3
MIPUKACaHUs, a TO M IPOCTO B3IIIAIOM WM HAaNpsHKEHUEM MBICITH, a
TaKXXe MHOT0€ JpyToe.

K uncny mnposiBieHuit OWoOMoNed OTHOCIT — OHMONOKAMOHHBIN
3pdeKkT — crnocoOHOCTh CIEHUANTbHO MOArOTOBICHHOTO YEIOBEKA C
IIOMOILBI0 Pa3ABOCHHOIO IPYyTa — JIO3bI WJIM METAJUINYECKOH paMKu
HAXOJUTh TOA3EMHBIC BKIIIOYCHUS: BOAY, PYAbl, He(Thb, MyCTOTHI,
KaMEHHble KIaaky, kabenu u T. 1. Bo3HMKIO mpencraBieHHE O
CYLIECTBOBAaHWM T€ONATOreHHBIX 30H, 3EMHBIX U3Iy4eHHH THIa
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Omornoneil, B KOTOPBIX JIFOJN M )KUBOTHBIE YYBCTBYIOT Ce0sl HEYFOTHO
U JTake 3a00JIeBaIOT.

[NosIBMIIMCH AKCTPACEHCHI, CIIOCOOHBIC HAJIOKEHUEM PYK, & TO U
0e3 HEemOoCPEeICTBEHHOTO MPHUKOCHOBEHHS K Tely OOJBHOTO CTaBUTh
IUarHO3 W HCIENATh 0oje3HH. Bce 3To moka HUKak He OOBSICHIETCS
COBpEeMEHHOH (PU3NKOH.

OO1ee Ui BCeX NepevHCIeHHBIX 3(pEeKTOB U SBICHUN — TO, YTO
OHM CBSI3aHBI C JKWBBIMH OPTaHW3MaMH - YEJIOBEKOM, JKMBOTHBIM,
HAaCEKOMBIM, MHUKpPOOOM, pPACTCHHUSIMH, KOTOPBIC CO3MAIOT WU
BOCIIPUHUMAIOT 3TH JHEPreTUYECKUE TOJsI, OTCIOa M Ha3BaHHE —
ouoroms.

Ilo moBoAy mNEpPEUYUCIICHHBIX MPOSBICHUA HEBEAOMOM NPUPOJBI
MHEHHUS YUYEHBIX pa3AeluiInch. BOJIBIIMHCTBO Tak Ha3bIBAEMBIX
«CEepBE3HBIX YYEHBIX» CUYHTAeT BCE OTO YENMyXOi, He CTosmei
BHUMaHHUsA. HO OT Takoro OTHOMIEHHWS CO CTOPOHBI OQHUIHAIHLHON
HAyKH BCE 3TU SBJCHHUS U 3PQPEKThI HE MCYE3NU, OHU CTy4arcs B
JIBEPb U TPEOYIOT BHUMAHHS.

[TonbITKH W3MEpPUTH OWOMONIA OOBIYHBIMH TIpHOOpamMu  (eciu
CUHUTAThH WX OJEKTPOMATHUTHBIMH WM TEIUIOBBIMU TIOJISIMU)
MPAaKTHYECKU HU4Yero He namu. Ecth, mpaBna, moO6o4HbIe 3PGEKTH B
BUJIE TEX K€ DIIEKTPUUYECKUX M TEIUIOBBIX TOJEH, HO OHHU CIadbl U
y’K HUKaK HE MOTYT HH CIOBUHYTH NpEAMET, HU TepelaTh MBICIb
TenenaTudecku. XOTs, €eCIH CIEeHHAIbHO MOCTapaThCs, TO MOXHO
KOE-UuTO CHeJaTh. Opmnaxnel B MIY  aBropy cnenuanbHO
MPOAEMOHCTPUPOBANH, KaK MOXHO TOHSATh II0 IDIEKCHUTJIAacy
KIJIOTPAMMOBBIM CTAIBHOW IMIJIWHIDP, MPEeIBapUTEIHLHO HATEPEB €ro
HIEPCTAHOMN TpsnKoil. Ero roHsn, He IpUTparuBasch K HEMY pyKaMu,
JNEMOHCTPUPYS TeM CaMbIM CBO€ CKENTHYECKOe OTHOIICHHE K
OuoIoJieBUKaM BOOOIIE M K aBTOPY, B 4aCTHOCTH. TeM HE MEHee,
Takue (QOKYChl HHYErO HE JIOKa3bIBAIOT. OJEKTPOCTaTUKA —
ANIEKTPOCTATUKON, a OHOMONSA — OMOTIOSIMH.

OOBEeKTUBHBIE CBUIETEIHCTBA TOBOPAT O TOM, UTO TIEPEUHCICHHBIE
BEIIIIE SIBIICHUS U €Ille MHOTOE IPyroe uMeer Mecto. M 310 03Hadaer,
YTO )KMBOE TEJIO YeM-TO KapAHHAIBHO OTIMYAETCS OT Tea HEXXHUBOTO.
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IMocnenHee co Bcell  OYEBHUIAHOCTBIO TOATBEPIKAACTCS — Tak
Ha3biBaeMbIM 2 dexToM cynpyroB Kupnuan. CyTh ero B cIeIyOeM.

Ecnm B3iTh Kakoe-HUOYIb JKUBOE TeNO, HAllpUMEp, TOJIBKO YTO
COPBAaHHBIA JIMCT JIepeBa, W IMOMECTHTh €ro MEXAy OOKIaIKaMu
KOHJICHCATOPa, TMOJaB HAa HUX BBICOKOE HANPSHKEHHE, HMEIOIIETO
YacTOTY HECKOJIBKHX COTEH KWJIOTEPIl, TO MOBEPXHOCTH ATOTO KUBOTO
Tela HAYMHACT CBETHTHCS. OTO CBEUCHHE TMPEICTaBisIeT COOOM
MeplamIle  pa3HOIBETHble  (DOHTAHUYUKH, HETPEPHIBHO
W3MEHSIONINECS W TIepelUBAIONINECS  pa3IMYHbIMU [BeTamMu. [lo
NpPOLIECTBUM BPEMEHH CBeUYCHHE ocnabeBaer, H  yxKe uepes
HECKOJIBKO JIECATKOB MHHYT CBeUeHHE ucuesaeT. JIMCT ymep, XOTs
BHEITHE OH HHUCKOJBKO He u3MeHwics. OJHaKo JXU3Hb B HEM
NpeKpaTuiach, W TOITOMY CBeYeHHE Hcye3no. Kak 3To MOKHO
0O0BSICHUTB?

Ecnu BcTaTh Ha mo3unmu 3GUPOTUHAMUKH, TO MPOIECC MOXKHO
NpPEACTaBUTh  CIEAYIOMUM o0pa3oM. [IposiBIeHHE >KU3HEHHBIX
NPOLIECCOB B JKUBOW TKAaHH 3aKJIIOYAaeTCs, KaK M3BECTHO, B OOMEHe
BEIIECTB. A KaK MPOUCXOJUT 0OMeH BeriecTB? [lyTemM 3aMeHbI OJJHHX
BEILIECTB JIPYTMMH, HO HE MEXaHHYECKUM, 2 XUMHUYECKUM ITyTEM, T.C.
NyTEeM pa3loKeHHs OJHUX MOJEKyl1 M oOpazoBaHus Apyrux. [lpu
3TOM B OPraHW3M OTOHMPAIOTCSA CTPOUTENBHBIN MaTepuan | SHEPrusl.
3HAYNT, HY)KHO OOpaTWUTh BHUMaHHE Ha YHEPreTHYECKHE MPOIIECCHI,
cTpoutenbHble Aena K 3¢ dexty Kupanan oTHomeHus He UMEOT. A
JUTSL 9TOTO HYXXHO TIOCMOTPETh, KaK 00pa3yTCsl MOJEKYIbI ¢ TOUYKH
3pEHHS SJHEPTETUKHU, YTO B HUX MPOUCXOJIHT.

Kak wu3BecTHO, cymiecTByeT JBa poJa XWMHUYECKHX CBs3eH —
VOHHBIE W KOBaJEHTHEHIE.

ITpy MOHHOWM CBSI3M JBYX aTOMOB WX MPUCOCAWHCHHBIC BUXPU —
JJIEKTPOHHBIE O00JIOYKH KaK Obl MPWIMMAIOT APYT K APyry 3a cdeT
TOTO, 4YTO MOTOKH 3(Hpa Ha MOBEPXHOCTIAX MOJIEKYNI 00pa3yoT
IPaJueHT CKOPOCTEH, B KOTOPOM JaBlicHHWE MOHMXaeTcs. BHemiHee
naBneHne d¢upa NPWKAMAaeT aroMel JApyr K Jnpyry. Ilpu
KOBJICHTHOW JK€ CBSI3M IPHUCOCIMHEHHBIE BHUXPH [BYX AaTOMOB
MepecTpamBalOTCsl Tak, 4TO obpasyercs oOmud TOTOK 3dupa,
OXBaTHIBAOIMMKA 00a aroMa. M1 WMEHHO ATOT CiIy4ail NpeacTaBIIIeT
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co0oif HamOONBIIMIA MHTEPEC C TOYKH 3PEHHS M3ydeHHUs OHoIoieit
B0OOIIIE, U cBeueHUs] KupimaH, B 4aCTHOCTH.

Kaxnpili Ta30BBI BHXpb MMEET IUIOTHOCTH  OoJjblie,  4eM
OKpPYKaOIIUHI €ro ra3, TO ke OTHOCUTCS U K d(OUPHBIM BUXPSIM. A
npu 00pa3oBaHWM MOJIEKYJIBI CyMMapHas [UIMHa MOTOKa 3dwupa,
oOTeKaromero JBa aToMa, OKa3bIBaeTCs MEHbBIE, YeM CyMMapHas
JUTMHA 3TUX K€ CTPYH 3(upa B OTIACNBHBIX aTOMax. OTO O3HAYaerT,
YTO TPW COEIMHEHWHW JBYX aTOMOB B MOJIEKYJIy HpH KOBAJIEHTHON
CBSA3M 4acTh 3(upa, 3aKIIOUYEHHOTO B IMPHCOEAWHEHHBIX BUXPAX —
9NEKTPOHHBIX  00OJOYKaX, OKa3bIBaeTCs IUIIHEH, HEHYXHOH st
MOJIEKYJIBI. JTa 9acTh BO BpeMsl XHMHYECKOH KOBAJICHTHOH peakiuu
OyZIeT BBIOpOIIIEHa U3 MOJIEKYJIBI B OKpY KaroIliee MPOCTPAHCTRO.

HaobopoT, mpu peakuuu pa3geieHus MOJEKYJIbl Ha aTOMBI
OKa3pIBaeTCs, YTO OddHupa, 3aKIOUYEHHOro B O00med crpye,
oOTekaromeir aBa aromMa B MOJEKYyJe, HEJIOCTaTOYHO IS
00pa3zoBaHusg BUXpEH AJIEKTPOHHBIX 000JOYEK B NIBYX pPa3AelICHHBIX
atoMax. IlpuxonmuTcs TOornma 3aMMCTBOBATH €r0 M3 OKPY)KAIOLIETO
MIPOCTPAHCTBA.

Ecin B KieTke JKMBOTO OpraHu3Ma HENpPepBIBHO HUOYT
XUMHUYECKHE pEaKIMU COEOUHEHHA, a B JAPYyTUX - pPEaKkIuu
pasgeneHus, TO  €CTh  HMEETCS  MHOXECTBO  HCTOYHHUKOB
BBICBOOOKAAfOImErocss 3pupa U MHOXKECTBO TOYEK IOTJIOIMICHHUS
a¢upa U3 OKPYXKAIOILIETO MPOCTPAHCTBA. DTO 3HAYHUT, YTO UMEETCS
MHOXKECTBO FWCTOKOB W CTOKOB 3dupa, €CIIH  BBIPAXKATHCS
THAPOIMHAMHYECKH, B PE3yNbTaTe Yero W o0pa3yroTcsi (OHTAHUUKH,
KOTOphle  OOBIYHO HE BHAHO, a €CIM HUX TOJACBETUTh
BBICOKOYACTOTHBIM I10JIEM, TO CTAHOBUTCS BUJHO.

Cseuenne Kupnman mnpencraBmser co0oil Maccy MepIaroIInX
(hOHTaHUYMKOB, CBETAIIUXCS B TEMHOTE. Takoe CBEUEHHE ITOJIyYHIIO
Ha3BaHHE «aypa». Aypa OKpyKaeT Jr000i KUBOW OpraHu3M, B TOM
YHUCIle W YelIOBeKa, MPUYEeM HMHTCHCHUBHA OHAa B pailoHE TOJIOBBHI U Y
HEKOTOPBIX OPTaHOB, MMEET pa3Hylo (OpMy W CBEUYEHHE, B Pa3HOE
BpeMs OHa pa3M4Ha, W €€ MHTEHCHUBHOCTh CBfi3aHAa C
WHTEHCUBHOCTBIO pabOTHI opraHa B JaHHBIA MOMeHT. CyIIecTBYIOT
JIOAHM, KOTOpPBIE MOTYT BHIETHh aypy, HO TaKWX Majo. 3aro Iocie
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BBEJICHHs  JIOTIOJTHUTEIBHOH BBICOKOYACTOTHOW SHEPTHM aypa He
TOJIBKO  JIETKO pa3IndyuMa B TEMHOTE, HO €€ CBEUYCHHE MOXHO
cororpapupoBaTh, YTO MHOT'O Pa3 U BHITOIHSIIOC.

OdyeBuIHO, YTO HAMOOJNBIIAs WHTEHCUBHOCTh W3IMydeHHs 3dupa
MpH XUMHYECKUX peakiusix OyaeT MPOUCXOIWUTh B TeX CilydasXx,
KOTJIa SHEeprHs CBs3ed aTOMOB B MoJseKysax Oyner Oonbine. B aTom
CMBICJIE TPEJCTABISAIOT HAaWOOJBIINH WHTEPEC  MaKpOIPTHUECKUE
COCOMHEHHS W MaKpOIPTUYECKHe pEaKIWH, TO €eCTh TakKue, B
pe3ynbpTaTe KOTOPBIX DHEPTHsl KOBAJICHTHBIX CBS3CH OKa3bIBACTCS
HauOoubmieit. K TakuMm BemecTBaM B TIEPBYIO O4Yepellb OTHOCSATCS
pasnuuHble QocOpHBIE COSAMHEHWsS, B YaCTHOCTHU, ane3uHTpudOoC-
(dopuas  kucimora (ATdD). Bce wu3BeCTHbIE MaKpO3PIHUECKUE
COCIUHEHHUS CollepKaT PochHOPUIbHYIO WIH AIlMIIbHYIO TPYIIY, T. €.

|
(-PO% ) umm R-C-

u onuchiBaroTCs opmynod X —Y ,tme X —atom N, O, Swmu C, a
Y —arom P wmu C.

Kak wu3BecTHO, B mporecce OHMOJIOTHYECKON 3BOIIOIUN HMEHHO
(hocopHBIe COenMHEHWS CTald YHUBEPCAIbHBIMH XPaHUTEISIMHU
TCHETUYEeCKOW WMH(OPMAIUM U TEPEHOCYMKAMHU DHEPTHH BO BCEX
JKUBBIX CHCTEMaX. 3/1eCh HeT HM HEOOXOJUMOCTH, HH BO3MOKHOCTHU
MIEPEUNUCTUTD BCE 3HaueHHE (OCPOPHBIX COCAUHEHUH IS
OpraHU3MOB, MOXKHO CKa3aTh JHIIb, YTO 0€3 ATUX COCIWHCHUU, a
Takke  0e3  YIIepOAHBIX  COCNMHEHWH  (BTOpas  Tpymma
MaKpOIPTUYECKUX COSIWHEHUI) Bps U OblIa OBl BO3MOXHA KH3HB
BooOIIe. Pochop comEepPKUTCS B MOBHIIICHHOM KOJUYECTBE B MO3TY,
UMEHHO OH O0JIaJ]acT TIOBBIIICHHOW CIIOCOOHOCTBIO K TEHEpaluu
3GUPHBIX W3IYYSHHA, YTO BUAHO Ha MpPUMEpPE ayphl TOJOBBHI — OHA
MOJKET TIPOCTHPATHCS Ha PACCTOSIHHUE IO MeTpa u OoJiee (Y OTASIbHBIX
JIMII Ha IECATKHA MeTpoB). U 3T0, KOHEUHO, HE CIyJaiiHo.

HecomuenHo, w3mydeHue s¢upa HeceT B cebe WHGOPMAIMIO O
mpoIreccax B JKMBBIX TKaHSAX. B mpocTteiimem ciydae, Kak 3TO W



223

HaOmomaercs B d3(dexte KupmmaH, WHTEHCHBHOCTh H3ITyYEHUS
CBUIACTCILCTBYET 00 MHTEHCUBHOCTHU IMPOUCCCOB KUBHEACATCIILHOCTU
TKaHEH W OpPraHoOB, IMOATOMY YK€ IO OJHOMY 3TOMY MOXKHO JIENaTh
BBIBOJIBI O COCTOSTHUM COOTBETCTBYIOIIETO OpPTraHa, O €ro 3/J0pOBbE
wim natojiorui. Ho TOHKas cTpyKTypa M3mydeHHs T0DKHA, KOHETHO,
HecTu B cebe Oorareiiinyro nHpopmanuio. W 31ech BBISCHSETCS, YTO
MBI COBEpIICHHO HE MpPEJCTaBIsieM cede, KaKue BHUIbI MOIYIISAIUU
MOTYT UMETh Ta30BbIe, a B TaHHOM cliy4dae d(HpHBIEC IOTOKH, CTPYH U
BUXPU, U KakK 39TH BHAbl MOAYJAOHUU MOTYT OBITh CBS3aHBI C
coJieprKalieicss B HUX HHPpOpMaIIHeH.

[MpuHOMTIMAEHO KaXAas CTpys dGupa MOXKET UMETh Pa3IUJHBIN
BUHTOBOHM (aKkTOp; CTPys MOXKET NMpPHU 3TOM HMMETh OIJHOCTOpPOHHEE
MOCTyNaTeIbHOE JBUKCHUE BJIOJb CBOCH OCH, a MOXET HMETh
JIBYyCTOpPOHHEE, KaK 3TO UMEET MECTO B TPYyOKE AIIEKTPHUECKOTO ITOJIS
— 110 OCH OT HWCTOYHHUKA, IT0 Iepu(epun — K HUCTOYHHKY. [Ipn 060mx
BUIAax JBWIXCHUA 110 OTHOUICHHIO K OCH CTPyH MOTI'YT HUMETH
MPaBOBUHTOBOE, & MOTYT UMETh W JICBOBUHTOBOE JBMXkeHUE. CTpyun
MOTYT 3aMBIKaTbCi B TOPUIAIbHBIE WIW WHOM KOH(UTYpalluu
3aMKHYTHIC TIE€TJIM, 00pa3ysl CIOXHbIE (QUTYpHI, HE MEHEe CIIOXKHBIE,
4eM CTPYKTYpbl aTOMOB W MOJIEKYJ, WX TOpojuBIIHe. Takue
CTPYKTYpPBI MOTYT OTHOCHUTEIBHO CBOOOJHO COJepXarbcsi Ipyr B
Ipyre, MPOHMKAs APYT CKBO3b Npyra, HE Hapymias CTPYKTYp U He
Melias Ipyr APYry, MOJ0OHO TOMY, KaK MPOHUKAIOT PaJUOBOJHBI, HE
B3aMMOJICHCTBYSI W HE OKa3bIBas JPYT Ha JIPyra HUKAKOTO BIIMSTHHUSL.

YacTe Takux CTPYKTYp, KaK CTPyH, UMEIOIINE MUCTOYHHK U CTOK,
HE OTPBIBAIOTCA OT HHX, JApyrad 4acCTb, TaKWX, KaK TOPOWUIAJILHBIC
CTPYKTYpBI, cIab0 CBS3aHHBIC C APYTUMH CTPYKTYpPaMH, MU IEJbIe
aHcaMmOJH, MOTYT TIepEeMEIIaThCs B MPOCTPAHCTBE, IOCKOJIBKY B HHUX
JOJDKHBI BO3HHMKATh CHJIBI OTTAIKUBaHHS OT OKpY’Karomero 3dupa
AHAJIOTUYHO TOMY,  KakK Ta30BbIi TOPOWAANBHBIA BUXpPh THUIA
IBIMOBOTO  KOJIbLIA, Oymydd ciabo CBS3aHHBIM C HCTOYHHKOM,
OTPBIBAETCS OT HETO U MepeMenaeTcs B MpocTpaHcTBe. Bee aTo ket
CBOMX HCCIICJOBATENCH, i1 KOTOPBIX 3(PUPOJIUHAMHUKA MPUTOTOBHIIA
HEOOBSITHOE TTOJIE ACSITEIHHOCTH.



224

IIpu Bo3meiicTBHM >QUPHBIX NMOTOKOB HAa BHHTOBBIC BHXPEBBIC
TOPOUABI TIOCIIEAHUE CTPEMSITCS Pa3BEPHYTHCS TaK, YTOOBI TPaUCHT
CKOpOCTEH 10 MX 00pa3yIoIUM CTaJl MaKCUMAJIbHBIM, B 3TOM ClTydyae
JaBJICHHE Ha MX MOBEPXHOCTH MHUHHMAJIBbHO, U TOPOUIB! CTAHOBSTCS
YCTOMYMBBIMH K IIOTOKY.

Ecnu sxe BUXpH 3aBs3aHBI JOTIOTHUTENLHBIME CBS3SIMH C IPYTHMH
BUXPSIMH, TO OHH Pa3BEPHYTbCA TaK, KaK TpeOyeT MOTOK, HE MOTYT.
Torma B MonekyjlaXx BO3HHMKAlOT —JONOJHMUTENIBHBIC HAIPSKCHHUS,
neGOopMUpYIOIINE MOJICKYJy W MEHSIOIIKe ee cBolicTBa. Ecnmu motok
3¢upa, K TOMy ke, MOAYJIHPOBaH BO BpEMEHH, TO Ha MOJIEKYIy OyayT
JeCTBOBAaTh NMEPUOJMYECKHE CHIIBI, a MOCKOJBKY KaKIBIH 3JIEMEHT
MOJICKYJIBI TIPE/ICTAaBIsET COOOM BBICOKOJOOPOTHOE KoJebaTeabHOe
3BEHO (MMeeTcsi Macca M yIOpYTHe CBSI3H), TO IPU COBMNAJCHUU
4acTOT MyJIbCALMH MOTOKA U YaCTOT OTAEIbHBIX 3BEHBEB B MOJICKYJIax
MOT'YT BO3HHMKATh PE30HAHCHI, YCUIMBAIOLINE BO3ACUCTBHE d(PUPHBIX
Kosnebanuii Ha MosieKyibl. [Ipu CIOXHBIX KOH(UTYpaLUsiX MOTOKOB,
KOTJa TAKUE BO3JEHCTBUS OXBATHIBAIOT TPYIIBI aTOMOB, BO3JEHCTBHUE
MOXET OKa3aThCs AOCTaTOYHO CHJIBHBIM. A €CIHM Takue IMOTOKH
BO30YKIalOTCsl TMONOOHBIMH K€ MOJIEKYJIaMH, TO CBSI3b MEXKIY
MOJIEKYJIaMH OJIMHAKOBOTO CTPOCHHS uepe3 d3(Up CTaHOBUTCS
O4YeBHIHOH. B 3TOM mulaHEe MOXHO TOBOPUTH M O TeNEMAaTHH, U O
MEXaHU3ME B3aMMHOIO PEryJIMPOBaHUS XXUBBIX OPraHU3MOB 4YEpe3
a¢up.

B cratee B.E.)XKBupOmmca «AcuMMeTpus pOTHB Xaoca, WM YTO
takoe buomome» («Xumms w km3HB», 1980, N12, c. 81-87)
MOKa3aHO, YTO B3aWMOJEHCTBHE JIEBO- M TPaBO-, HO OJWHAKOBO
NOJISIPU30BaHHBIX MMOJIEH W CTPYKTYpP BELIECTBA IMPOUCXOJUT C
HaMBbICIIEH YYBCTBUTEIBHOCTHIO U IIOMEXOYCTOHYMBOCTBIO, TAaKUM
obpazoM, Kak OyATO 3TO B3aUMOJCUCTBHE MPOUCXOMUT 03 ImoMeX
npu aOCONIIOTHOM HyJie Temmeparypbl. Ha Takoe momsipu3oBaHHOE
JBIDKEHHE HE JeHCTBYET XaOTHUECKOE IBMKEHHUE, BEIIECTBO IPH 3TOM
OTNIMYAeTCS ~ MaKCHUMaJlbHOM  M30MpaTenbHOCTRIO K dopMme
MOCTYTAIOIIETO ITOTOKA.

Takum 00pa3zoM, y mporecca TelenaTuu ecTh BIOJHE (pu3ndecKast
ocHoBa. i Toro uytoObl yOenuThcs B HANUMUUM WIH OTCYTCTBUM
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TEJIENaTUH, AaBTOP MPOBEN OIHAXKIBl O3KCIEPUMEHT C TaK
Ha3bIBa€MBIMH KapTaMH 3erepa — HeOOJIBIIOTO pa3Mepa KapTOYKaMH,
Ha KOTOPBIX HM300pakeHbl GUTYpHI: KPYT, TPH 3Ur3ara, MATHYTOJIbHAs
3Be3/a, TPEYroJbHHUK M KBajpaT. YMCIO cOBHalICHHWH MpH Iepenayde
MHQOpPMAIMM MOJHOCTBIO YyOenwio aBTopa B CYLIECTBOBAHUH
a¢dekra.

C nomompio o6MeHa nHpopManue uepes 3pup ocyIecTBIseTcs,
BUANMO, ¥ MEXaHU3M CaMOPETYJIMPOBAHMUS y MPOCTHIX OPraHU3MOB.
Ecan IECJIOCTHOCTh BH/a Y BBICIIUX CYHICCTB MMOAACPKHUBACTCA 3a CUCT
CYLIECTBOBaHUS TIEPEKPECTHBIX CBS3EH MYKCKHX M KEHCKUX 0COOeH,
OPUHAUIEKALNINX PA3IUYHBIM CEMbSM, TO Y OIHOKICTOYHBIX
OopraHu3MoB 31oro Her. OcoOU OJHOTrO KIIOHA HEM30€KHO OJIKHBI
ObuTM OBl MyTHPOBaTh U HAKOIMUTh, B KOHIIE KOHIIOB, CYIICCTBEHHEIE
pasnuuus, ecnu Obl He OBIJIO HUKAKOTO PEryJIMPYIOIIET0 MEXaHH3Ma,
CTaOMJIU3UPYIOLIETO UX APYT OTHOCUTENIFHO APYTa.

B 9TOM 1uIaHe MOJNIe3HO BCIIOMHHUTH, YTO MOJIOOHOE BO3IEHCTBHE
obuto oOHapyskeno eme A.I.['ypBuuem, kotopsiii B 1923 1. omucan
TaK  Ha3bIBAEMOE  MHUTOTEHETHYEeCKOoe  u3iaydeHue. Jpyrumu
uccnenosaresiMu — akagemukom B.I1.Ka3znadueeBelM U ero rpynmnoi
ObUIM TIOCTaBJCHBI  OKCIEPUMEHTHI, B KOTOPBHIX BBIpalMBaeMast
TKaHeBasg KyJbTypa YacTHYHO IIOJABEPrajiach BIHSHHUIO DACTyIIEH
TKAHEBOM  KYJIBTYphI, PACIOJOKEHHOM Ha MPOTHUBOIOJIOXKHON
CTOPOHE KBapLEBOM IUIACTHHBI, a YacTMYHO — HeT. Ta 4acTs,
KOTOpas MOJBEPraiach TaKOMY BIMSHHIO, CYIIECTBEHHO OTIMYaIach
10 CBOWCTBAM OT TOW YacTH, KOTOpas MOMOOHOMY BIIMSIHHIO HE
nojBepraisack. ABTOpbl  MpeAnojiarajd  HaJIWYHEe  CBETOBOTO
WHPOPMALIMOHHOTO BIMSHUS TKaHeH Apyr Ha apyra. OQHAKO MOXKHO
NPEATNONOKHUTb, YTO, XOTS CBETOBOE MH(OPMALMOHHOE BO3ICHCTBHUE
MOJTHOCTBIO MCKJIIOUUTH HEJNb3d, OCHOBHYIO POJb WIPaeT HE OHO, a
MPOCTPAHCTBEHHO M BPEMEHHO-MOIYJIHPOBAaHHBIE MOTOKH 3upa.
JaHHBI BOIpOC, KaK ¥ MHOTHE JApYIHe, MOIUICKHT AanbHEeHImemy
H3YYEHHIO.

PaccMoTprM  BO3MOKHOCTH 3()UPOIUHAMUYECKOTO OOBSICHEHUS
TEeJIEKUHE3a.
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buomnore, nzmyuaemoe KHBOH TKaHBIO, IIPEACTABISAET COO0 HEKHIt
Ha0Op BUXPEBBIX CTpyH ddupa. Ecmu cTpyst oOmayBaer mpeamer, To
u3-32 HaJIU4yusl JIOOOBOTO CONPOTHBICHUS npeaMeT Oyzer
UCTIBITBIBATh  CHITY, TPOTOPIHOHAIBHYIO TUIOTHOCTH OOyBaroIIero
ra3a, KBaJpaTy CKOPOCTH W IUIOMIAAH TIOMEPEYHOTO CEYCHHS
npeaMeTa (eciy 3TO METall) Wik 00beMy (eciu 3To u30ysITop). Ecnu
XKe CTpys o00ayBaeT mpeaMeT cOOKy, TO Ha TeJo JeHCTBYyeT
TaHTeHIIMaIbHAs cuiia MarHyca, IpeIMeT TOATITHBAeTCs K CTpye 3a
CYeT TOro, YTO Ha O3TOH CTOpPOHE JAaBlieHHE oOciabeBaeT, a Ha
NPOTHBOIIOJIOKHOH, T/Ie CTPYH HET, ocTalleHus JaBlIeHHS ra3a HeT.

BozneiicTByromiast cuia B 3TOM ciiydae Oy/AeT MpOoropuHOoHalbHA
K03 (QUIMEHTY BA3KOCTHM Ta3a, TIPAJAUEHTY CKOPOCTH H OOKOBOIi
TUTOIIAH.

OnHako  eclu CTPyst BHHTOBas, TO W B Cllydae, €CIH OHa
BO3ZCHCTBYET Ha TEJI0 MPSIMBIM 00pa3oM, MOXET MPOUCXOAUTH Kak
OTTaJIKUBaHHE, TaK M MPUTSHKEHHE K UCTOYHHUKY, TaK Kak Ojaromaps
BpallleHUI0 Tra3a II0 TOpPLy CTPyH MOTYT BO3HHUKATh CHJIBI
TPaJUeHTHOTO TMPUTSDKEHUS W OTH CHIIBI MOTYT MPEBBIIIATH CHITY
J060BOTO COMPOTHUBIIECHUS.

JlrobonbITHEIA 3((eKT MOKET BO3HHMKATh B Cilydae AQyOnera —
OJTHOBPEMEHHO JIEHCTBYIOIUX HCTOKA U CTOKa 3dupa. B aTom cirydae
M0 OCH CHUMMETPHH Iy0JieTa 1000BO€ COMPOTHUBIIEHUE OTCYTCTBYET, a
IpaJeHTHOE BO3JCHCTBHE MAaKCHMAIBHO. 3/eCh OyAyT BO3HHMKATh
MPUTSDKEHNE K HMCTOYHUKY W OOKOoBoe cMmeleHue. llpurskenne x
WCTOYHHKY JOJDKHO BO3HHKATh M B CiIy4ae 00ayBa Teia AyOJIeTHBIMU
BUHTOBBIMH CTPYSIMH, y KOTOPBIX KpyroBO€ JBHKEHHE COUETAETCS C
MCTOKOM 3(pHpa TO LEHTPY CTPYHU H CTOKOM MO HEepU(EpHH.

Takum 06pazoM, 3pupoIMHAMIKA TTOABOTUT HEKOTOPYIO 0azy o
BO3MOKHOCTH TEJIEKUHE3A.

JlrobonbITHRIA ciydail omucan B razere «MW3Bectus» 13 HoAOps
1988 T.

Ha 3amame A3sepOaiimxana Ha gopore, Bemymed k o3epy [ek-
T'enb, He moesxkast cena Kromkio, aBTOMAIIUHBI C BBIKIIOYECHHBIM
MOTOPOM HEYKIIOHHO TAIllUT BBEPX B TOPY, IMPH ITOM CHIIBI TaKOBBHI,
YTO yAep)KaTh MAIlWHy HeNb3d, €eCIH He BKIIOYEH MOTOP.
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[IpoBeneHHbIE SKCIIEPUMEHTHI OAHO3HAYHO TOKa3alld, 4YTO SIBJICHHE
cymectByer. Co3gaHHass  WMIPOBH3MPOBAaHHAs KOMHUCCHS, B
KOTOPYIO CpOYHO BoUUIM HadanbHUKH MecTHhIX MBJ[ m OBXCC,
MIOJITBEPIUIIA  SIBJICHUE, 4eM CO3/1ajil  TOJOBOJIOMKY  JUIS
azepOaiimkanckorr  Axamemmn Hayk. Takum oOpazom, BIIOJIHE
BO3MOXKHO, UTO SIBJICHUS THIIA TEJIEKWHE3a CYIECTBYIOT U B IPHPOJIE.

HmeroTcs v CKeNTHKU, KOTOpBIE SBICHUS HE BUACTH IO MPHYUHE
€ro OTJAJEHHOCTH OT MecTa WX NpoknBaHUSA. CKENTHKH, TeM He
MEHEe, BBICKA3bIBAIOT MPEAINOJIOKEHHE, 4YTO B  IMIAIUIBIYHOH,
PAacToNIOKEHHOW B KOHIE JOPOTH, Ha KOTOpOW HaOIromaeTcs 9TO
CTpaHHOE fBJICHHE, JeJla MONUIH IUIOXO0, IO3TOMY IPHUBIEYCHUE
Macchbl TYpUCTOB ObLIO ObI Kak HeJb3s Oojiee kKcTath. Bo3MokHO, B
9TOM KpPOIOTCSl IPUYMHBI aHOMAIHH?

TenexknHe3, BHI3BIBAEMBIN KUBBIMUA OpPTraHU3MaMHU, JOJDKEH UMETh
moa co0oil DJHEPreTHUYeCKyl0 OCHOBY. 31eCh CHOBA TIPUXOIUTCS
BCIIOMHHUTh O MaKpOdprHYeckux (POochOpHBIX COCIUHEHHIX. B
OTJMYHE OT MIIEKONMTAIOMINX, y KOTOpBIX (hocdop cocpemoToueH,
TJIaBHBIM 00pa3oM, B MO3T€ — TOJIOBHOM M CIIHHHOM, Yy PBIO OH B
OOJIBIIIOM KOJMYECTBE UMEETCsl U B MbIIIax, CrpammBaercs, 3a4em
pribam docdop?

OnHako B IUTEpaType MPOCKOIB3HYIO COOOIIEHHE O TOM, YTO
myka (a peldaKkd yTBEpXKIAIOT, YTO W TaMEHb TOXE) CIIOCOOHA
C/IeNaTh PHIBOK B BOJIE B [TIOTOHE 3a XEPTBOH, He uieeenbHys HUUeM
W HEe OTTajKkuBas oT cebs Bomy. [lpm 3Tom oHa cnocoOHa caenath
TaKo#l PHIBOK TOJIBKO OJUH pa3, IIOCJIE Yero OHa OJDKHA HEKOTOpOe
BpeMsi OTIOXHYTh M TOJBKO TOT/Ia OHAa CIIOCOOHA Ha TOBTOPHBIH
peiBOK. He peakTuBHBIH JIM 3TO MNPUHLMI C HCHOJIB30BAHHEM
s¢upHOTO OTTaNKMBaHUA? XOpomio OFl, YTOOBl MXTHOJIOTH
MOJTBEPIMIIN MU OIPOBEPIIIH 3TO COOOIICHHE. .

B wmemsx mpoBepkH BO3MOXKHOCTH CO3AaHHSI MEXaHHMUECKHX
BO3JCHCTBUN TPY TPOBEACHUN XWMUYECKHX pPEaKIUH aBTOP MPOBEI
CIIEYOIINI SKCIIEPUMEHT. B T1acTMaccOBOM CTaKaHYHKE, 3aKPBITOM
KPBILIKOM € JBIPOYKOM, OblJa MpoBeleHa XHWMHUYECKas peakius,
camasi OOBIYHAsSI: Ha TAOJETKY MIETIOYN U3 MUTIETKHN Kanajach KUCIOTa.
Kakoe 3T0 MOrno  WMeTh  OTHOWmIEHWE K  IOJHOCTBIO
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3a9KpaHUPOBAHHBIM KPYTHJIbHBIM BE€CaM (¢ METaJINYeCKON

JIOTIATOYKOHM,  YCTAaHOBJICHHBIM B HECKOJNBKHX CAHTHUMETpPax OT
cTakaH4uuka?

Huxkaxkoro. A Bexnp umeno!

[Tocme Toro Kak peakIus 3aKaHUYNBAJIACH, MeTaJInyecKas

JIOIIaTO4YKa HadYuHaja HpI/I6JII/I)KaTI)CH K CTaKaHYUKY, a qyepes3
HECKOJIbKO MHHYT OHa YXOJIWJIAa OT HEro Ha HEKOTOpOe MpeeIbHOC
paccTosHMe, W JHWIIb Yaca 4Yepe3 IONTopa OHAa  MEUICHHO
BO3BpalllajlacCh Ha CBO€ MecTo. Bce 9TO  NpOJENbIBaIOChH
HEOJTHOKPATHO, BCE MEPBI UCKIFOUYCHUS TOCTOPOHHUX BIUSHUMN ObLTU
OPUHSATBI,  TMOKa3aHWus (UKCUPOBAIKNCH ABTOMATHYECCKH, KPHBBIC
YKJIQABIBAJIUCH APYT HA Jpyra ¢ XOpOILIEH TOBTOPSEMOCTBIO.

Ho srto He Bce. Korma arta xe peakius NpOBOJWIACH Ha
JICPCBSIHHOM HJTH TICHOIJIACTOBOM KyOHWKE C BBIICPIKKON CTaKaHYMKa
Ha HEM OKOJIO OJHOM MHHYTHI, a 3aTeéM 3TOM KyOHK yxke 0e30
BCSKOI'O CTaKaHYMKa MEPESHOCUIICS K BecaM, TO BEChI BEJIU CeOsl TOYHO
TaK ’®e, Kak JI0 3TOr0 CO CTakaHUYMKOM. BoT Tak-1o!

OOBsICHEHHE C  TOYKH 3peHus JI(OUPOIUHAMUKH  37eCh
OTHOCUTENBHO  HecliokHoe. [lpm  peakuumn KaKaas mapa
pearupyommx MOJCKYJ BBIACISACT CTPYHKY 3aKpydeHHOTO 3¢dupa,
KOTOpass TYT JX€ CBOPAYMBAETCSl B BHHTOBOM BHUXPEBOH TOPOMI.
Takux TOPOMIOB CO3JAaeTCsl 1O YHCIY pPEarHpyrolInX MOJEKYIL.
Pacuer mokaswpiBaeT, UYTO JMAMETP TAKOTO TOPOHIA COCTABIISACT
npumepHo 0,01 MM, BIOOTHE MaKpOCKOMHMYECKas BEIHYHHA.
ITonoOueie  Buxoppkm  akamemMuk  A.D.OxaTpuH  Ha3bIBaI
«MHKpOJICITOHAMU», HO OH B CBOMX OKCICPUMEHTaX TOJIydall
«IENTOHHBIN Ta3», a TYT SBHO ICMITOHHAS TICHAY.

CHavana «reHay» HaKalUuBaeTcs U ee 00beM pactmpsiercs. Korna
OHa KacaeTcsi MEeTaJUIMYeCKOW JIONAaTOYK! BECOB, JaBlicHHe 3¢dupa Ha
JIOTIATOYKE YMEHBIIAETCSA, TaK KaKk MOTOKU 3dupa B BUXOpPHKAX
HAMpaBIICHBI MO KACATEIHLHON K JIONATOYKe, CIIE0BATEIBHO, UMEETCSI
TpaJueHT CKOpOCTH ToToka. Ho uepe3 HekoTropoe BpeMms
IMMOBCPXHOCTHLIC BUXOPHBKM HAYUHAIOT TCPATH YCTOﬁqHBOCTB u
nonarotrcs. JlaBnenwe oSdupa Bo3pacTaeT, W IJIACTHHA BECOB
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OTTaJIKUBAETCS. A KOTJa BCs ITeHAa MCUE3HET, BECHl BO3BPAIIAIOTCSA HA
CBOE MECTO.

JlaHHBINH 3KCIEPUMEHT UHTEPECEH HECKOIbKUMU MOMeHTaMu. OH
MOKa3bIBaET MPUHIMIIAAIBHYIO CBSI3b XUMHUYECKUX peakuuid ¢ 3¢du-
pom. OH oaTBEpKAaeT BO3MOKHOCTh XUMHUIECKOM TIPUPOIBI TEICKH-
He3a. OH TIOKa3bIBae€T BO3MOXKHOCTh HMCKYCCTBEHHOTO MOJIEITHPOBA-
Hus Owomonss. OH JEMOHCTPHPYET BO3MOXKHOCTH TOCTPOSHUS
3(pUpOTMHAMHIECKOTO ABUTATENS, MOIIHOCTH KOTOPOTO TOKa, MPSIMO
CKa)keM, HEeBEJIMKa, HO KTO 3HAET, KaK JIeJI0 ITOMIeT nabiie?

C no3unwmii 3QUPOIUHAMUKA MOTYT OBITH PACCMOTPEHBI U TOYKH
aKyIyHKTYpbl — O0COOBIE TOYKH Ha Telne yenoBeka (ux oxoyo 700),
MEXaHUYECKOe, DJICKTPUUECKOEC WM TEIUIOBOE BO3JIEHCTBHE HAa
KOTOPBIE TIO3BOJIAET PETYIUPOBATH AEATEIBHOCTh PA3IUYHBIX OPTAaHOB
Telna.

OTIMYIUTETHEHON 0COOEHHOCTRIO TOUCK aKyIMYHKTYPHI SBJISCTCS TO,
YTO OHH, C OJHOW CTOPOHBI, HE BBIPAKCHBI AHATOMHYECKH, Kak,
HampuMep, HEpBHAas WM KPOBEHOCHAas CHCTEMBI, a C Jpyrou
CTOPOHBI, 00JIAAIOT YETKUMH DJICKTPUICCKUMH OCOOCHHOCTSIMU —
PE3KO TOHIKEHHBIM 110 CPAaBHEHHUIO C COCETHUMH YYACTKaMH KOXKH
CONPOTUBJICHHEM M  PE3KO  TOBBIIEHHOM  JIHUAJICKTPUUECKOU
MpoHUIIaeMOCThr0.  Kaxkmas Toyka COeAMHEHa C ONpeAelICHHBIM
OpraHOM, pAacIOJIOKEHHBIM COBCEM B JIpyroM Mecre. A Takou
3JIEMEHT Tela 4YeOBEKa, KaKk YyIIHAas pPaKOBHUHA, COeMHEH
JNECSITKAMH  TOYEeK  aKyNmyHKTYpel CO  MHOTHMH  OpraHaMu
YEeJI0BEUECKOT0 OpraHU3Ma.

Bce Touku mexmy coboit 00beTUHEHBI CUCTEMON «MEPHUINAHOBY,
KOTOPBIX HACUYUTHIBaeTCA JBeHadnarh.  ChpammBaeTcs,  3aueM
MPHUPOJIA CO3/alIa TAKUE TOYKH, 3a4eM COeIMHIIIA UX C OpTaHaMu?

C Touku 3peHHs 3QUPOAMHAMUKU, HAJIMYUE TAKHX TOYCK U B
caMOM JieJ€ HCKIIOUUTEIBHO TOJIE3HO MJIA JKHUBOTO OpraHu3Ma.
[TockoabKy KaXIblii OpraH BEHIONHAET CBOIO KOHKPETHYIO (PYHKITHIO,
TO B HEM HIYT COBEPIIICHHO OMPEICIICHHBIE XUMUIECKIE PEaKITUH, M
Ouorone KaXIOoro OopraHa HWMEET CBOIO KOHKPETHYIO CTPYKTYpY,
OTIIMYHYIO OT CTPYKTYPBI OHOTIONS APYTUX OPTaHOB.
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XUMHUYECKHE pEaklMH, NPOTEKAIOIINEe B OpPraHax, HENPEPHIBHO
COTNPOBOXKIAIOTCS  M3JIYYCHHEM | TOTJIOIMIeHHEeM ddupa u3
OKpY’Kalolled Cpenbl, 3HAYUT, KaXKIbId OpraH  HYyXXJIaercs B
cBOOOHOM OOMeHe 3(HPHBIMU TOTOKAMU C OKPYKAIOIIeH Cpemoi.
Ho »storo caenmate B OpraHusMe HeENb3s, HE 3aJ€B H3IyYCHHEM
COCETHUU OpTaH, JJIsi KOTOPOTO TaKOe OMOIOJIE OKAXKETCS BPEIHBIM,
MOCKOJIBKY OTpa)KaeT YyXyl CTPYKTYpy M 4UyKHUE XUMUYECKHUE
peakmuu. B cmydae 6ose3HH 3TO MOCTOpPOHHEE Ui JAHHOTO OpTaHa
OmoroIe OKaXET €Ile U BPEHOE BO3ACHCTBHUE, 3HAUUT, YCTONYUBOCTh
BCEro OpraHu3Ma K BPEIHBIM BIUSHUAM OyneT moHwkeHa. Hammuue
ke «3(UPONPOBOIOBY», BBIBOISIINX IMOTOKH Ha MOBEPXHOCTH Tela,
3HAYUTEIHHO OCIA0NSIeT HEHY)KHOE OpTraHu3My B3auMMOJICHCTBUE
opraHoB uepes 3dup.

A B TOM, YTO TOYKH aKyMyHKTYpbI SIBISIOTCSI BBIXOJIOM KaHAJIOB,
M0 KOTOPBIM d(PHpHBIE MOTOKM MOTYT JIETKO PacHpOCTPAaHITHCA, ¥
aBTOpa HET HUKAKUX COMHEHUH, TaK KaK IO CBOUM DJJIEKTPUUCCKUM
XapakTEepUCTUKAM  OHH  CJHMIIKOM  XOPOIIO UL 3TOTO
npucrocoOeHsl.  Yem  Ke  3aHMMAaloTCS Bpadyd-HIJIOTEpPaIeBTHI,
Korjga pasapaxaroT CBOMMU UTJIAMHU OTU BBIXOIH)I?

Baenpsisick B TOUKM aKymyHKTYpbhl CHEHHAIbHBIMU UTJIAMU WJIH
paszorpeBasl 3TH TOYKH, Bpaud PETyIHPYET TEM CaMbIM 3aCJIOHKH,
UMEIIMECSs HAa  [PUIOBEPXHOCTHBIX  IOAKOXKHBIX  ydacTKax
3(UPONPOBOJIOB, PErYIUPYsS TEM CaMbIM COMPOTHBIICHUE 3(PUPHBIX
myTed, dro OJarompusATHO CKaspIBaeTCs Ha  HJHEprooOMeHe
COOTBETCTBYIOIIUX OPraHOB C OKpY:Kalollled cpesoil U MOMOTAaeT TeM
caMbIM MX m3neueHnro. Kwuraickas MCIUIIMHA TBICAYCIICTUAMU OTpa-
OaTbIBaJla METOAMKY pa0OThI C TOYKAMHU aKyMyHKTYpbl. [lo MHEHUIO
HEKOTOPBIX KHUTAaWCKUX Bpayeil, OOJe3Hb OTCTyMaeT TOrjaa, Korja
TMEPEKPLIBAIOTCA «PKUHIJIAC» — HEBUIAUMBIC KaHaJIbl B OpraHu3Mme,
M0 KOTOPBIM TEYET XU3HEHHAs dSHEprud. Eciu ¢ MOMOIIBI0 «4m» —
JKU3HEHHOW SHEPTUH 3TU KaHAIbI IPOYHCTUTH, OOJIE3Hb OTCTYIIAET.

Kak u B kaxxnom nene, 374€Ch Hy’KHO HE MEpECTapaTbcs, HHaye
MPOIIECC MOXKHO TIEPEPETYIHPOBATE; TOCIEACTBUS 3TOTO HESICHBI, HO
HaBepHsAKA OTpuuaTenbHbl. [l03TOMy BO3AEHCTBUS HAa TOYKHU
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aKyMyHKTYpbl ~ CTPOTO  JO3UPYIOTCS,  BMEHIMBATLCS  CHOJA
HECTICIIMAIMCTAaM HE PEKOMEHIYeTCsl.

A Temepb O NIOAAX, KOTOPBIX HA3BIBAIOT «3KCTpaceHcamu». B
o011eM, 3TO JFOIH, 00JIaIAr0IIUe MOBBIIIIEHHON YyBCTBUTEIBHOCTBIO K
Yy)KOMY OHOIIOJIIO M 00JIaIar0II1e OBBIIICHHON SHEPTETHKON CBOETO
COOCTBEHHOTO OHOIOJII M KOTOpPble MOTYT IO CBOEMY KEJIaHHIO
NPOU3BOIMTE PA3INYHbIC NCHCTBUS HAJ OMOTONSIMU KaK CBOUMH, TaKk
U 4y)KAMH. B npuHIMIE, 3KCTPACEHCH MOTYT YIOTPEOUTH CBOHU
CITOCOOHOCTH BO 0J1aro, Jyis Je4eHus: O0JIbHBIX, TOTAA ATO HEIUTEIH U
BpaueBaTeNid. A MOTYT U BO 3710. Takue Jake HaydHOTO Ha3BaHUS HE
MOJYYHIIH, Pa3Be UTO «3Jble KOMAYHB. [103TOMY Ui MPaBHIBHOTO

WCIIONL30BAHUSA CBOMX CIOCOOHOCTEH OKCTPACCHCHI JOJIKHBI
IMOJIY4YUTH MECIUIIMHCKOC O6p330BaHI/IC n HUMCTb BBICOKYHO
HPAaBCTBCHHOCTD.

C 4YeM MOXHO CpaBHHUTH OOJNBHOTO denoBeka? Hampumep, c
NpYXUHHBIMM YacaMud. OJHHM W T€ JK€ dYachl MOTyT OBITh He
3aBEJCHHBIMU YaCaMU, TOTJAa OHU CTOAT; €CIU TOJKHYTh MAasTHUK, OH
BCE pPaBHO OCTAHOBUTCS: HET 3alaceHHOM »Hepruu. Tak ke u
OONBEHOM YEeJOBEK: PHEPrus KOHYWIACh, €0 HAao 3aBeCTH. B wacax
3aBOJAT NPYXKHUHY, a IKCTPACEHC OTHAeT OOJBHOMY CBOIO SHEPTHIO.
OTO CTOUT eMy HEMaJbIX YCUIIUH, OH YCTAaET, KaK U KaXKIbIil 4eJIOBEK,
OTJABIINK CBOIO DHEPTHUIO, KaK (PM3WUYECKYI0, TaK M YMCTBEHHYIO.

OKcTpaceHC BOAWT pyKaMH Haj OONBHBIM MECTOM U CBOHUM
OmoroneM mepeaaeT 4acTh CBOCH DHEPTUH, CTUMYJIHPYS TeM CaMbIM
MIPOIIECCH] B OpTaHU3Me OOJBFHOTO. 3aBeJeHHBIE Yachl HY)KHO, MEXIY
MPOYMM, TMOTPSACTH, YTOOBI OHM TOUUIM. Bo3MOXHO, YTO mpHU
KIIMHUYECKOH CMEPTH DKCTPACEHCHI TOKE MOTJIM OBl IIOMOYb BEPHYTh
YelIOBeKa K JXKU3HM, TOJNBKO HYXHO HE TOJbKO MEpPEeAaTb €My
SHEPrHI0, HO M Kak-TO TOJKHYTh? He Takoil nu cimyuail omucaH B
EBanrenmuu, korga Mucyc Xpucroc Bockpecun Jlazaps, yxke coBceM
ObUT0 oTHaBIIero bory mymry?

B sTOM cCBEeT€ HECKOJBKO HHA4e, YEM MPUHATO, MPUXOJUTCS
OTHECTHCH KO BCSIKOTO pojJia «Iop4yam». YBBI, 3TO BIIOJHE pealbHOE
JIEJI0 — HABECUTh Ha HEYTOJHOE JIMIO HeOIarompusTHOE U HEro
OmOoIMoNe U NCIIOPTHTH €My CyIlecTBOBaHHE. He KaxIblif 5TO MOXKET
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npojieNiaTh, Hy U ciaBa bory. A To ObI M )KUThs He cTano BoBce. Ho
U 37IeCh CYLIECTBYIOT, OKAa3bIBaeTCs, JIIOAU, KOTOPbIE MOTYT HE
TOJILKO «HAChLIaTh MIOPYY», HO U CHUMaTh ee. [loaTomy Goprba 100pa
W 371a B OTOM Cllydae TepeMelaeTcs Ha, TaK CKa3aTh, HEBUIAUMBIN
tdhport. U 1o6po, koHe HO, ToOeauT 3110. ECiin criaTh He Oyaer.
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buomone urpact BAXKHYIO POJib B TaK Ha3bIBACMOM

OWONIOKaIMOHHOM  3dekre  —  OoOHApYKEHHH  TOA3EMHBIX
HEOJAHOPOJHOCTEH C MOMOILBIO JIO3BI MM METAIIMUECKON PaMKH.
[lpexxne Bcero, K CBEAGHHIO BCEX COMHEBAIOIIUXCS B

cymecTBoBaHUH 3¢ dekra: 3TOT 3PPEKT MaBHO BBIMIET W3 3Tara
COMHEHHH B €ro JOCTOBEPHOCTH M TPHOOPET NPOMBIIIJICHHOE
3HaueHHe. Bce OCHOBHBIE pyIHBIE MECTOPOXKIeHHUS B EBporme B cBOe
BpeMsi ObUIM HaWIEHBI JI030XOAIAMH — CIIENUAIbHO TPEHUPOBAH-
HBIMHU JIIOIBMH, KOTOpPBIE 0 TOBEJCHHUIO HAaXOIIEHCS B MX pyKax
JO3bI — pa3ABOCHHOTO  TIPyTa, CPE3aHHOro C jepeBa (Ooubliei
YacThI0, C OpPEUIHWKAa) OMNpeNessIn MecToHaxoxaenue pyn. C
MOMOIIIBIO JIO3BI BCEr/la MCKaJld MecTo s Kojofies. [lo morosopy ¢
MoHronueii OJHOW JIEHUHTPAACKOM OpraHu3alueil MHOro JET
YCTETHO OTIPENENIIOCh MECTOHAXOXKIIEHUE IIO/3EMHBIX BOJI,
MpPUYEM TIOTPEIIHOCTh OMpPEIEeNICHUs] COCTaBisula HEe 0oJee OTHOTO
MeTpa, OMMOOK He ObUI0 HH  ONHOW, HO TPOMBILIUICHHYIO BOJIY
Haxoaunu mnpumepHo B 80% cmyuaeB. Ha »Tux mecrax 3arem
OPTaHU30BBIBAINCH TOCXO3HBI.

Y Hac B CTpaHE HUMEIOTCS JIECSATKHU CIEHUAIBHO MMOATOTOBIEHHBIX
OTIEpaTopPOB, KOTOPBIE 00ECHEYMBAIOT PELIEHHE MHOTHX MpPUKIal-
HBIX 3a]]a4, IMEIOIIHX IMPOMBIIUICHHOE W Hay4HOe 3HaueHne. buoio-
KallMOHHEIA 3((eKT y HacC B CTpaHE TOJBKO €Ile Hadaj pa3BHUBAThC,
XOTS U3BECTEH C JAPEBHEHMIIMX BpeMeH. Y aBTOpa HET COMHEHHUS B
TOM, YTO JTI00ast CTPOUTENbHAS TUIOIIAKa, TeM Ooliee, 0c000 OTBETCT-
BEHHBIX OOBEKTOB THIIA aTOMHBIX CTaHIMA W T. M., JO Hadaia
CTPOUTEILCTBA JIOJKHA OBITH 00CIEI0BaHAa OHOJOKAIMOHIIUKAMH,
KOTOpBIE JOJDKHBI ~ J1aBaTh COOTBETCTBYIOLIME 3aKIIOYEHHS O
JIOTTyCTUMOCTH CTPOUTENhCTBA B JAHHOM MecTe. JTO TMOMOTIIO OBl
n30exarh MHOTUX KPYITHBIX HENPHUATHOCTEW THIa YepHOOBUIBCKOI
Tpareiuy, K KOTOPOH, Kak MOXHO TPEANON0XHUTb, IOJ3E€MHbIC
MIPOIIECCHI MOTIIM UMETh IIPSIMOE OTHOIICHHE.

Omnako o (m3mYecknx ocHoBax 3¢ (deKTa CeromHs HE H3BECTHO
MOYTH  HHUYEro, U 3TO  OOCTOSATENHCTBO  HEMOCPEICTBEHHO
MPETSATCTBYET  CO3MAHHUI0  COOTBETCTBYIOIIUX  HM3MEPUTEIbHBIX
npuOOpOB W HE TIO3BOJSET aBTOMATHU3WPOBaTh TMpormecc. A B
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pe3ynpTaTe BCSl TEXHOJIOTHS OTOTO0 Ba)XKHEHIIEro HalpaBIECHUS
COXPaHSETCs] Ha ypPOBHE CPETHUX BEKOB.

Bricka3bpIBatoTCSl MPEAINOJIOKEHUS O TOM, 4YTO HEHU3BECTHBIE
3eMHBIC TIOJISI B MECTax IpPOsBICHUS OMOJOKaUMOHHOTO 3ddekTa
OKa3bIBaIOT BO3JCHCTBHE Ha 4YEJNOBEKa, JIEpKallero Jiody, B
YacCTHOCTH, Ha €ro TUMoQu3, B pe3yiapTaTe 4ero orepaTop JenaeT
HEOCO3HAHHBIE 1 HEMTPOU3BOJIBHBIE IBUKEHHS PyKaMH, IPUBOASIIUE B
MOBOPOTY TOPU3OHTAIbHOW paMku. M1 B camom Jene, €ciu paMka
pacmojoXkeHa B TOPU30HTAIBHOW IUIOCKOCTH, TO JOCTAaTOYHO UyTh-
9yTh HAKJIOHUTH €€, YTOObl OHa OTKJIOHWJAach B JKEJIaeMOM
HaIpaBICHUH.

Ho Torma pe3oHeH BOIpOC, a Kak K€ OCYIIECTBISETCS BIUSHHE
9THX HEBEJOMBIX IMOJICH Ha YeJIoBeKa M YTO, COOCTBEHHO, U3MEHHUIIOCH
B MocTaHoBKe npoOmembel? He cBoauM 1M MBI HEMOHATHOE K
HeW3BeCTHOMY? A KpoMme TOro, Kak OOBSICHUTH ABMKCHHE JIO3BI B
BEPTUKAJIBFHON MIOCKOCTH, KOTJ]a €€ KOHIIBI OTIepaTop ACPKUT B pyKax
TOpU30HTANIbHO? Benp CHIIBI TaKOBBI, YTO KOHEI] JIO3bI IOJHUMAETCS
BBEPX, YAEPKUBAs IIPU TO JAONOIHUTEIBHO NMPUKPEIUIEHHYIO THPIO B
0,5 xr u BeIrMOas 703y BBEpX, MJaK€ €CIM OMEpaTop MBITAETCS ee
yAep>KaTh B IEPBOHAYAIBHOM IOJI0KEHUN !

C moMomIbIo JIO36I WM PaMKH MOXHO OTBICKAaTh 30J0TO€ KOJBLIO,
CIPATAaHHOE B TpPaBe Ha JYI'y — KaKOBa INPHPOJA TaKOH TOYHOCTHU?
Ecmu  x xonumky [-00pa3HOii paMKM MPHUKPENUTh KYyCOUEK KaKOM-
HUOYIIb TE€OJIOTHUECKONH MOpOIbl, TO TOTAA paMKa NpHoOpeTaeT
n30MpaTeabHOCTh — OHA JIy4dlle BCEr0 pearupyeT MMEHHO Ha 3Ty
nopony. Ilouemy? Omnepatop i yIydIlIeHHS YyBCTBHTEIHHOCTH
JOJDKEH «HACTPOMUTHCA» Ha MOMCK HMEHHO JaHHOW mopojsl. Yto
nipu 3ToM nipourcxonut? Kakosa ¢usuka mpomecca?

st Toro 4ToObI BBISICHATH BOTIPOC, CYLIECTBYET JIM KaKoe-HUOY b
JIOTIOJIHUTENIBHOE T10JI€, HA KOTOPOE PearupyeT paMka, ¥ 4To SBISIeTCS
€ro UCTOYHHUKOM, aBTOpP MPOBEI MPOCTON 3KCIEPUMEHT. BbUIN B3STHI
B OJMHAKOBBIE DaMKH, W J[Ba OIEpaTopa CTald CONMMXKAaThb 3TH
pamku. 1o MpIcu aBTOpa, 3TH paMKH JOJKHBI OBIITH OTTaJIKUBATHCS
IOpyT OT Apyra. OTO HOATBEPIMIIOCH: IMPU CONMKEHUH PAMOK IBYMS
OIIEpaTOpaMu PaMKU PacXoIsTCs, U 4eM OJIMDKe IOABOAATCS PaMKH
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IPYT K IPYTy, TeM OOJbIIIEe yToll PacXOXAeHUs paMoK. UTo W3 3TOro
ciemyet?

A crnemyer U3 3TOro To, 4To 00a omeparopa SBISIOTCA HE IPOCTO
MPUEMHUKaMHU W TIACCUBHBIMH HAONIOJATEeNsIMH OOCTaHOBKH, B
pe3ynpTaTe 4ero OHH MPOU3BOAAT HEMPOW3BOJBHBIC JBIDKEHUS, a
AKTHUBHBIMH MCTOYHHMKaMu rosieli. Cliemyer eme W To, 4TO 3THU IO,
BBIXOJI M3 PYK OIIEPaTOpOB, Aajiee PACIPOCTPAHSIOTCS 10 MTPOBOJIOKE
paMoK, KOTOpPBIE SABISIOTCS HAMPABIAIOMIAMHE IS TaKkuxX Toleil. A
OTCIOZIa BBITEKAeT 3aKiioueHne 00 OOBEKTHBHOM CYIIECTBOBAHUH
TaKWX TOJIeH, BRIXOMAMX U3 3eMin. Korma omeparop pacxaxubaeT
Mo 3eMJie U er0 paMKa OTKJIOHSETCS, TO OH (DUKCUPYET TeM CaMbIM
noje, BBIXOJMIEE W3 3€MIM B JaHHOM MeECTe, a He MpPOCTO
«MPOU3BOJUT  HEMPOU3BOJBHBIC JBMKCHUS», KaK YTBEPXKIAIOT
CKEMNTUKU. A 3TO 3HAYHUT, YTO TOJSI CYIIECTBYIOT OOBEKTUBHO, W 3TO
CTaBUT Tepesa MPUOOPHCTAMH 3a7ady NMOWCKa TNPHOOPHBIX METOI0B
peructpanuu 3TUX Tmonei. HyxHo paboTaTh Ham co3gaHHEM
npuOOpPOB, PETUCTPUPYIOLINX MOAOOHBIE MOJS, — BOT YTO BBITEKAET
W3 BBHINIECKAa3aHHOTO, a He cKenTunuposatb! Ickate MeTomsl
peructpauuu!

BeposiTHO, Takue MeTonbl MOKHO HaiiTH. He momoxer nu 3xech
kak-HUOynb dddexkr Kupnuman? Beagp 3TO Bce-Taku  METON
peructparuu  Omomoireit. Mmm  xuakwe Kpuctammisl? Benmbp  oHH
obmagaroT m3bupatenbHOCTBIO. Mnm urto-To eme? Kak m B apyrux
o0JyacTsx, 3/1eCh TOXE HYKHO HCKaTh. M XOTA HaBepHsKa MHOTHE
HaIpaBJIeHHUS TIONCKOB OKAXXYTCS TYHHKOBBIMH, Hal/IeHHBIE, B KOHIIE
KOHIIOB, METOZIBI OINpaBIAIOT BCe 3aTparhl. MEbI OyaeM 3HaTh 000
BCEM, YTO CYIIECTBYET Y Hac IOJ HOTaMH, a HE TOJIBKO TO, YTO MOJ
CaMbIM HOCOM.
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24. lllyMHbIG Ayx
3HaKOMCTBO ¢ aKTaMu, 10 KpaitHe

Mepe, He TIPUHECET Bpea.
Y. boiic

SIBneHne monTepreiicra — MIYMHOTO IyXa — HM3BECTHO JaBHO,
BEpOSATHO, MHOTO BeKOB. CyThb €ro 3aKif04aeTcs B TOM, YTO B JIOMax
0€e30 BCAKOM BH)Z[I/IMOP'I IMPUYNUHBI HAYMHAIOT JICTATh MPEAMECTBI, CaMHU
co00Oi BBIBUHUMBAIOTCS MPOOKH, OMPOKUABIBACTCS TsDKENas MeOelb.
[IpsiMo U3 kKaMeHHOH CTEHBI BAPYT HAYMHAET OUTh OTOHb. B03MOXKHBI
CjIydyan CaMOBO3TOpaHud CaMbIX HCOXHUIAAHHBIX MPEAMETOB —
NOJyLICK, IOCTeNlell, pas3auyHOH JoMallHeld yTBapH, MpPHUOOpPOB.
Tpaekropuu, KOTOpBIE OIMUCHIBAIOT JIETSAIINE MPEAMETHI, TMOPaKAIOT
BooOpaxxeHrne. Kak mpaBWiio, HHKTO HE BHIWT Hayalla ABIKEHUS.
3aTo MOTOM MpenMeT JIETUT, HEOXKHWIAaHHO CBOpaduBas B CTOPOHY,
WIM BHHU3 TOJA NPSAMBIM YTJIOM, TO €CTh BOIIPEKH BCEM 3aKOHaM
¢m3ukn. MHOTHA XpymnKMEe NMpeaMeThl B CBOEM IIOJIETe MPOOUBAIOT
CTEKJIa, OCTaBIAs Mocie ceOs JIBIPHI C OMJIABICHHBIMU KpasMH, HO
caMH OCTaBasChb HEBpeOUMBIMH. UTOOBI co3gaTh TakoW SP¢exT
HYKHO, 9TOOBl JTH TPEIMETHl JBUTAINCh C TPOMAJTHBIMU
CKOpPOCTSIMH, HO TOTJa ObI OHH PacCHIANNCH B MTOPOIIOK. A OHH, 3TH
XpYyTKHE NPeAMETHl — CTaKaHbl, YalllKd, Ba3bl, — IPOOUB OKHO, TYT
)K€ OTBECHO M IDIABHO  OIYCKAlOTCS  HAa 3€MIJIF0 COBEPIIESHHO
HEBPEIUMBIMHU.

A wuHorma mosBisercs Boxa. HuoTkyma. OHa WM JbeTcs C
NOTOJIKA, WM BO3HMKaeT Ha moiy. U MHoOro npyrux uynec
COBEpIIIAETCS NPU MONTEPrecTax: CIABIIINTCS YbsI-TO HEBHITHAS PEUb,
pa3narTcst CTyKd. V3MydeHHbIEe X03s5€Ba 00pallarTcs B MUIHIIHIO,
HO 3TO Majo momMoraeT. Tak e Majo [OMOraeT W oOpalleHHe K
CBSAIIICHHOCITY)KATENISAM. A TIOTOM Bce IpeKpariaercs.

3aMedyeHo, 4TO SABIEHHS MOJTEpPrericTa MPOSBISIOTCS WHOT/AA B
NPUCYTCTBUU JIETEH, Yalle MalbYMKOB, YTO JABaJO0 OCHOBAHHS JIJIS
MIPEIONIOKEHHS O IPUYACTHOCTH ITHX JETEH K IMOJTOOHBIM SIBICHUSM.
Ho um yroBopsl, HU HaKa3aHUs 37leCh HE IIOMOTANIM, a Tepee3] dTHX
JeTel B IPyroe MecTO WM MpeKpalial sSBIeHne BoooIe, MO0 OHO
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BO3HHKAJI0O B JPyrOM MeECTe, a MMEHHO, TaM, KyJa 3TOT peOeHOK
nepeexan. Ho uepe3 HeKoTOpoe BpeMs MOATEPreiicT caMONpOH3BOIIb-
HO CTHXAJL




238

[lockonbKy HHYEro XOpOIIEro OT MOJTepreicra XaaTb He
NPUXOAWIOCh, a Bpel, Kak (U3WYecKuil, Tak M MOpPAJbHBIA, OH
MPUHOCUII OYEHB OIIYTUMBIH, TO TOHEBOJIE BO3HUKAIU MBICIIH O YbEM-
To KommoBcTBe. I[IpaBma, 3T0 Mano 4YTO OOBSICHANIO, HO KakK-TO
yTelmago, TM[OTOMY 4YTO TIOSBISAJAch HAAEXJa HaWTH  3TOTO
HEXOpPOIIEro KOJyHa W WU JOTOBOPUTHCA C HUM, WIH B3IyTh
XOpOIIEHbKO, YTOOBI He OamoBainca. (OcraBajics, MpaBia, OTKPBHITHIM
BOIIPOC, KaKWM Jke€ 00pa3oM KOJIYH YXUTPSIETCS IPOU3BOIUTEL BCE
9T BpeaHble AccTBUsA? Ho 3TO yXe Majo KOro HHTEPECOBao,
IJIaBHOE, HAJI0 OBLIO MPEKPATUTH BCE 3TH Oe300pa3usl.

Cry4anuch sIBICHUS W BOBCE 3aHATHBIE M HENOHSATHEIC.
Hanpumep, #3 OZHOro 3aKpbITOTO XOJOAWIbHUKA BBUIETAIU
XpaHsamuecs Tam sAWna. [loreprneBmuii, SBIABIIMICA OQHOBPEMEHHO
OYEBUJILIEM, OKA3aJCs YEJIOBEKOM XJAJAHOKPOBHBIM M CKJIOHHBIM K
agamm3y. OH TIepeMeTHNI silla B XOJIOAWJIEHUKE YCPHIIBHBIM
KapaHJalioM, a 3aTeM HaOroaj MOJeT UMEHHO STHX SHII, HO HE Ha
MIEPBON CTaJuM, a Ha TOCJICIHEH, epBOi cTaiuKu Kak Obl HE OBLIO.
ITo ckopiytie pa30oUTHIX Ha TOJY SUIl OH ONPEACIHI, YTO 1Ia, TO TE
camble siina. HO XONOIWIBHMK HpPU 3TOM OCTaBAJICS 3aKPBITHIM,
HHKOTO B IIOMEIIEHMH Ooawiie He Opto. M kKak Bce 3TO
MPOUCXOIUIIO — HEMOHSATHO.

OOpamenne K Hayke HMEIO0 POBHO TOT ke d(ddexrt, dro u
oOpallleHle K MIUIMIIMM W CBANIeHHOCHyxutensim. OHa, Hayka,
pa3Boania pykamu U K bory He oOpamianace pa3Be 4TO U3 TOPIOCTH.
Huxakoro myTHOTO OOBSCHEHWsS HayKa TPEIJIOKHATh HE MorJa.
IloaToMy yueHblE cTapalOTCs B 3TO TEMHOE JEJIO0 HE BCTPEBATh,
HHUKAKHMX THIIOTE3 HE BHICKA3LIBATH M HUKAKHUX O0BSCHEHUH HE JaBaTh.

Hy uro x, mycte mompoOyer 3¢upommnamuka! CkazaTh, d9TO
s¢uponrHaMuKa cCiocodHa JaTh HCUSPIBIBAIOIINE OOBSICHEHUS BCEM
SIBIICHUSIM TIOJITEPTreiCTa, a UX MHOTO ¥ OHH Pa3HOOOpa3HEI, OBLIO OBl
OoJpIMM IpeyBennyeHneM. Ho koe-4To mompo6oBaTs MOXKHO.

Haunem ¢ Ttoro, 4yro B 3dupe, Kak W BO BCAKOM Ta3e, MOTYT
BO3HHUKATh TEUEHUS, a MOTYT BO3HHKATh M BHUXPHU. DTH TEUCHHS U
BUXPH TJIa30M He OYIyT BHIHBI, TakK K€, KaK HE BHIHbI MarHUTHBIE U
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aNIeKTpUYecKre Nois. Tem He MeHee, WX CYIIeCTBOBaHHE HUKEM He
OcCTIapHBaeTcs.

Ho onexkTpuueckre M MarHUTHBIE TOJISI HE CO3AAIOT BHIMMBIX
ycuImii B OBITOBOI 0OCTaHOBKe, Ja elle HU C TOro, Hu ¢ cero. He
MOTYT JIM 3(QHUPHBIC TTOTOKHW CO3/1aBaTh Takue ycmimsa? Okas3pIBacTcs,
MOT'YT.

HanmoMHMM, 4YTO ycTOWUYMBBEIE BO3AYIIHBbIE BUXPH — CMEPYH HIIH,
KaK WX Ha3bIBAIOT aMEpHKAaHIIB, TOPHAZ0 CIIOCOOHBI HE TOJBKO
CO3/1aBaTh OOJIBIINE CHJIIBI, HO M IPUYUHATH OOJNBIINE pa3pylIeHus. A
Bellb B OCHOBE DHEPreTUKU CMEpUYeH JIKHT TEIJIOBas dHEPrusl ero
MOJIEKYJ. DTa SHeprusi cocrapiser Bcero aumb 10°  Jhi/m® . A
sHepretuka >bupa modombure u cocrasmser 107 /M. U ecin B
a¢upe Mo KakuM-HUOYIb MPUYMHAM CTaHYT BO3HHUKATh BHXPH, TO,
XOTs OHH U OyJyT HEBUIUMBIMH, OHH MOTYT MHOTO 4Yero HaJenarb
WHTEPECHOTO Uil OOMTaTesel JoMa, B KOTOPOM OHH BO3HUKHYT.

Bot oH, MexaHN3M TIepeMeIIeHUs U Pa3pyLICHUS IPEIMETOB.

ITo okpy>XKHOCTH BUXPsI BOSHUKAET MOTPAHUYHBIN CIIOH, B KOTOPOM
CKOpPOCTH TTOTOKAa MEHSETCs, YBENWYMBAsCh K IEHTpYy Buxps. Ecmm
3TOT BUXPb KOCHETCSI KaKOT0-JIM00 MpeaMeTa, To 3TOT IpeaMer Oyner
OPUTSHYT K BUXPIO M CMECTUTCA. A eciu HeOONbLUIOH NpeaMeT
OKa)XeTCSl BTSHYTHIM B TEJIO BHUXPSA, TO TaK XK€, KaK B CMepdYe, OH
MONYYUT HWMIYIBC CHJIBI C TOH TONBKO pasHUIEH, 9TO cMepd
BO3/IYIIHBIA BO3JCHCTBYEeT Ha MOBEPXHOCTh BTATMBACMOrO Tela, a
3UpHBIA BUXph OyIeT BO3JEHCTBOBATH HA BCE DIIEMEHTHI Tela, Ha
BCE €r0 MOJIEKYJIBI M aTOMBI OJHOBPEMEHHO.

Co3znaBas rpoMajHble yCUaus, 3(QUPHBINA CMepY HE CO37acT B TEJe
U Kakux nedopmanuii, 100 3TH yCHIIHs IPUIIOKEHBI OJHOBPEMEHHO U
OIMHAKOBO KO BCEM 3JIEMEHTaM Tella. 1eno OyAeT yCKOpSThCs, He
UCTIBITBIBAS Aedopmanuu!

O¢dupHBI BUXPb MOKET CBOOOJHO MPOHHUKATH CKBO3b M30JIATOPHI,
€CIIM OTH U30JIATOPHl HE WMEIT TMPOBOIAIIMX TNpuMeceir. B
MPOTHUBHOM CJIy4ae B ’TOM MECTe BOSHHKHET JIOKAIbHBIH pa3orpeB, U
oOpasyercsi nplpa C OIUIABICHHBIMH KpasMu. Bo3MOXHO, 4TO B
usonATope Oymer oOpazoBaHa [pIpa, a €e Kpas OyIyT OIIaBIICHBI U
TOTJa, KOTJa BUXPh 3(Hpa MPOTAIIUT CKBO3b H30JATOP KaKOW-IHOO
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MPEeaIMET: B MOMEHT IMPOXOXKICHHUS TpeaMeTa BO3HUKHET OOIBIION
TpaAuCHT CKOPOCTHU, CICAOBATCIHLHO, MI'HOBCHHBLIC 60JII)HH/I€ CHJIBI, U
uzosATop Oyjper paspylieH, a kpas ormiaBieHel. C caMuM ke
MIPOHOCHUMBIM MTPEIMETOM HeE ITPOU30IIeT HIYETO.

DQupHBIH BUXph, BO3HHUKIIMKA B KOMHATe, CIOCOOCH coOpaTh B
CBOEM IICHTPE BCIO BJIATy, PACTBOPECHHYIO B BO3/IyX€, HAMIOJI00ME TOTO,
KaK COOMPAIOTCSl BMECTE YaMHKH B CTaKaHE BOJBI MIPH MIOMEIINBaHUH.
Hopwmansro B Bo3ayxe comepkutes 10-15 r Bomel B kyOomeTpe. Ilpu
IOMAAM KOMHATH 20 M> M BBICOTE TIOTOJIKA B 3 M. B BO3IIyXe OymeT
comepxarbest  0,5-0,8 JIUTPOB BOIBL Ora Boma, 0€3yCJIOBHO,
MPOU3BENET BIIEYATIICHHE HAa JKWIBIOB, €CIM OHAa HEOXHUIAHHO
MPOJILETCS] Ha HUX C COBEPIIEHHO CYXOro MOTOJKa!

A xax ke ObITh C IPOHUKHOBEHUEM MPEIMETOB CKBO3b MPEIMETHI,
HEYKeJ ¥ 3T0 BO3MOXkHO? Hy, uTo %k, HaBaiiTe mopaccyxmaem.

Kak yxxe ynmoMuHalioCh paHee, KaXKJbIii aTOM COCTOUT M3 fAlipa U
MIPUCOEIMHEHHOTO K HEMY BUXPS — 3JEKTPOHHON oOomouku. Smpo,
COCTOSAIIIICE K3 IPOTOHOB U HEUTPOHOB, HMEET BEChbMa BBICOKYIO
IUIOTHOCTh, W TIO9TOMY TIPOTOH HE MOXET IPOCOYUTHCS CKBO3b
IIPOTOH. Ho OTHOCHUTCJIbHAA IUIOIIAaJlb CCUCHHUA sAApa B aTOMC
HUYTOXHO Maja M COCTaBIseT Bcero mmb 107 oT Beeil miomau
atoMa. A 3JIEKTPOHHBIE OOOJIOUKH — TMPHUCOCIWHEHHBIE BUXPU BCE
TOTO e 3(pupa — He UMEIOT BBICOKOW TUIOTHOCTH.

KoHeuHo, 3Ta MJIOTHOCTH BBINIE, YEM ILIOTHOCTH CBOOOJHOTO
sdupa, HO BCE KE OHAa HEBEIMKAa W IMPUMEPHO paBHA IIOTHOCTH
BO3Iyxa. A 9TO O3HA4YaeT, 4TO MPOHUKHOBEHHE MPEIMETOB CKBO3b
MPEAMETHl BO3MOXHO, €CIIM CO3[laH COOTBETCTBYIOUIMI BUXPEBOI
kaHan. Slapa atomMoB OyIyT orubaTh ApPYr Ipyra, a 3JICKTPOHHbBIC
000JI0YKH TPOHHUKATH JIPYT CKBO3b JIpyra HamojmoOue Toro, Kak 3TO
JICNIAlOT  paaMoBOJIHBL.  Bbul Obl co3maH kaHan! A janbiie
TpaeKTOpHs TIOJieTa TpeaMeTa  OyJIeT  ONpeneNaThes (QopMon
M3rUOAIOIIETOCs Tela BUXPA U MOXET OBITh BEChMa Pa3HOOOpa3HOM.

Uro xe cmocobcTByeT oOpazoBanmio camoro Buxpsa? K
COXKaJICHUIO,  CErOMHS  MpEACTaBICHHS 00  OTOM  camble
npudmmkeHable. 1o cux mop Hayka He CMOTJIa TOJIKOM Pa3o0paThes ¢
oOpa3oBaHHEM BHXpeH y CaMOJIETHBIX BUTATENEW, a BEeIb BUXPH,
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oOpa3yroirecss Ha BXOJ/Ie BO3IyX03a00OPHHUKOB, SIBISIFOTCS TMPUYMHON
75% crmydaeB MOJOMKHU aBUAIMOHHBIX JBHUTaTeieil, n0o, 3aMBIKasCh
Ha TIOBEPXHOCTh OCTOHHOH MOJIOCKI HA CTOSHKE CaMOJIeTa, 3TU BUXPHU
Tamar B TypOMHY BCE, YTO BaJAETCS HAa 3TOM MOBEPXHOCTH. MBI
TaKkKe INIOXO TpEIACTaBIsieM cebe, Kak 0O0pa3yroTCs BO3AYIIHBIC
BUXPH — CMEpPYH U ITUKIOHBI B atMo(epe. Co BpemMeHeM, HaBEpHOE,
pasdepemcs. W eme TpyaHee, KOHEYHO, pazoOpaThCcs ¢
BHXpeoOpa3oBaHUeM B d3GUpe, XOTs U HE Oe3HAIEIKHO.

B oatoM BuXpeoOpa3oBaHWMM MOTYT YYacTBOBaTh M 3EMHBIC
Pa3IoMbl, ¥ TIOTOKHU 3(Upa, BO3HUKAIOIIWE HA TPAHUIIAX MOJI3EMHBIX
BOJ, U DIIGKTPOMAarHUTHbIE MOJs, CO3/JaBacMble MPOBOAAMHU U
ammaparypoil. U, HakoHell, HepBHbIC MaILYUKH, OJIaroapsi akTUBHOU
HEPBHOH JEATEIBHOCTH KOTOPBIX 00pa3yroTCs CHIbHBIC OHOIOJS —
TOXKE  BUXpPEBbIE  TOTOKM  d3(pupa,  CO3AAOIIUE  MECTHBIC
HEYCTOWYMBOCTH B MOTOKAxX 3(pupa M CHOCOOCTBYIOIINE TEM CaMBIM
TIOSIBIIEHUIO D UPHBIX BHUXpPEU U SIBICHUH MONTEpreicTa.

25. OmkyOQa e3sinnacb Hegpbmb?

Hedts — neHHeiiee XMMHUIECKOE ChIPhE, €€ HAI0
6epeqb. A KOTJIbI TOIIMTHh MOKHO H aCCUTI'HallUsIMH
J.U Menoenees

Hecmortpst Ha TO, 9TO K KOHIYy XX CTOJNIeTHS cTayna OypHO pacTH
aTOMHasl DHepreThka, He)Th B IHEPreTHUECKOM OajaHCce BCEX CTpaH
MO-TIPSKHEMY 3aHUMAeT BaKHelmee mecro. [la m kak ke uHaue?
Benp He mocTaBUIIb k€ AaTOMHYO AJIEKTPOCTAHIIMIO Ha aBTOMOOWIIH U
camoiieTbl! ATOMHBIE KOpaOiH, KOHEYHO, €CTh, HO MX Majio. A Kak
OBITH CO BCeM OCTaNIbHBIM? J]a ¥ HE OJTHOM YHEPTETUKOH JKUB YEIIOBEK.
OH xomuT mO acgalbTOBBIM JOpOTaM, a 3TO HepTh. A BCe 3TH
OCH3MHBI, KEPOCHUHBI, Ma3yThl, Macja, KaydyKd, pPE3UHBI,
MOJIUATUJICHBI, aCOSCTOTEXHUYECKHE M3JICHHS M JIaXKe MUHEpaIbHbBIC
ynoopenus! Ilmoxo npummock Okl HaM, eciu ObI Ha 3eMHOM IIape He
obut0 Obl HehTH. Ho HedTH Ha 3emiie MHOTO, €¢ Hadainu JA0OBIBATH
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emie B VI ThIcsyeneTHn 10 HaIIeH 3pbI, a TENeph eXeroaHas no0b4a
COCTAaBJISIET COTHU MUJUIMOHOB TOHH.

Hedts  mpunocut  Oonbmme  moxonsl.  Llemple  cTpaHbl
071aroIEHCTBYIOT, IPOIaBasi CBOIO HE(Th M BHI3BIBAS 3aBUCTH COCEICH.
Hdpyrue crpaHbl 3akayuBalOT He()Th B  €CTECTBEHHBIE U
HCKYyCCTBEHHBIC  TeELIephl, co3daBas  HA  BCAKUM  ciydaid
cTparermyeckne 3amackl. HeQTsHsle Koponmm ¥ MOHOIIOJHH,
TpyOOIPOBOBI U 32aBOKI 1O MepepadoTke HeTH, niepeaen HeTIHOH
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COOCTBEHHOCTH, HE(TAHBIEC BOMHBI, TOTOBOPHI U CHEKYJISIIUU U T. 1. U
T. . Yero Tompko He OBUIO B MCTOPUM YEJIOBEUECTBA U3-3a HEPTH!
CKy4HO KHJIOCH OBl JIFOJISIM, €U ObI €€ He OBbLJIO Ha CBETE.

Ho HedTh cymecTByer, ee 3amachl MCUUCISAIOTCS COTHSAMH MUJI-
JWapIOB TOHH, W PAcIpOCTpaHEHa OHa TOBCEMECTHO, Ha CyIlIe M Ha
Mope, mprueM Ha OONbIIMX TTyOWHAaX, NCUHCISIEMBIX KHIOMETPAMHU:
TO, YTO JIEKAJIO Ha IOBEPXHOCTH, JABHO HCIIOJNB30BaHO, U TEHEPh
HeTh JOOBIBAIOT ¢ TyOHH 2-4 u Oonee kunoMeTpoB. Ho eme rimyOixe
ee emie OoJIbIIIe, MPOCTO OTTYAA AOOBIBAThH €€ IIOKa HEPEHTA0EIbHO.

Ho BoT 4ro crpaHHO: XOTd He()TH MHOIO U OHa ILIMPOKO
UCIIOJNIb3YETCS, 10 CUX MOP HUKTO HE 3HAET, OTKYa )K€ He(Th BOOOIIe
nosiBuiack Ha 3emite. CymecTByeT MHOKECTBO JOTAJ0K U THIIOTE3 Ha
3TOT CYeT, OJHM OTHOCATCS K IO HAayyHOMY MEpHOJIY, KOTOPBIH
OpOJOJDKANCS JI0 CpPeIHUX BEKOB, a Jpyrde — K HaydHOMY,
Ha3BaHHOMY YUYECHBIMH JIFOJbMU TIEPHOAOM HAYUYHBIX JAOTAIO0K.

B 1546 r. Arpukoina mucai, 9To HeQTh ¥ KaMEHHBIC YIUIH UMEIOT
Heopranuieckoe npoucxoxaeHue. JJomonocor B 1763 roay BbIcKazan
MIPEIIoIoKEHHE, YTO HEPTh MPOU30ILIA U3 TOH e OPraHUKH, YTO U
KaMeHHBIC yTau. B TpeTwit mepmonm — mepHon pa3BUTHSA HEPTIHOM
NPOMBIIUIEHHOCTH OBIT BBICKA3aH PSAJ NPEANONOKEHUH Kak 00
OPTaHMYECKOM, TaK ¥ O HEOPraHMYeCcKOM IpoucxoxaeHnu Hegru. He
UMesl BO3MOXKHOCTH OaXK€ IPOCTO IMEPEUYHCIUTh WX, OIPaHUIMMCS
JIMIIb HEKOTOPLIMHU.

1866 r. ¢dpanmysckuil xumuk M.beptno: HedTh 00OpasyeTcst mpu
BO3/IEIICTBUY YIJICKHCIIOTHI Ha IEJI0OYHbIE METAIBI.

1871 1. ¢pannysckuit xumuk [.Buaccon: Hedts oOpazoBasach
Onmaromapss ~ B3aMMOJEHCTBUIO  BOABI,  YIVICKHCIOIO rasa o
CEpOBOIOPO/IA C PACKAIEHHBIM JKEJIC30M.

1877 1. [d.M.Mennenees: HepTh oOpazoBamack B pe3ysbTaTe
NPOHMKHOBEHUS BOABl BIIyOb 3eMiIM M €€ B3aUMOAEHCTBHA C
KapOugamu.

1889 r. B.JI.ConoBBEB: YTIIEBOIOPOABI COMEPIKATNUCH B Ta30BOM
obonouke 3emiM eme Korga OHa Oblla 3BE3IOH, a Jajee OHHU
TIOTJIOTHIIMCH PacIUIaBIICHHON MarMoi U oOpa3oBai He(PTh.
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A 3areM moma cepusi THII0Te3 HEOPTaHUIECKOTO MTPOUCXOKICHUS
HehTH, HO OHM HEe OBUIM mTOAAEepX)aHBI MEXITyHAPOIHBIMU
HEe(TIHBIMU KOHIPECCaMH, W CEpUs TUNOTe3 00 OpPraHu4YecKOM
MIPOUCXOXKIEHUH HE(TH, KOTOpPBIE OBUTH TOAEP KaHBI.

C‘II/ITaeTCH, YTO OCHOBHBIM HCXOJHBIM BCIHICCTBOM He(bTI/I
SIBIISICTCS.  TUIAHKTOH. [Moponpl, oOpa3oBaBIIMECS W3 OCAIKOB,
CoJlepKallliX TaKOTO THIIA OPTaHMYECKOE BEIIEeCTBO, IMOTCHINAIHHO
Hedremarepurckue. Ilocie mIMTETBRHOTO TMpOrpeBa OHU 00pa3yroT
HedTh. Bapuanmii Ha 3Ty TeMy CO3llaHO Hemallo, NpaBja, HUKaK He
OOBSCHAETCS OTHO 3aTpyOHEHHE, KakKuM o0pa3oM Takas Macca
INIAaHKTOHA (I/IJ'II/I MaMOHTOB, 3TO BCEC paBHO) MoOTIJ1a MIoIacTb Ha TaKue
DIYyOMHBI 1O BCEMY 3€MHOMY Iapy, Ja eIle IOCCIUThCI B
MecUYaHuKax, XoTs ObI M OpHUCTHIX. U emme HesicCHO, TodeMy HedTsIHbIE
MECTOPOXKICHUS BCEra COJEPKaT HEe TOJIBKO He(Th, HO €IIe U cepy B
BUJIC CEPOBOJOPOJAAa MIM CMOJ. M ToueMy B MONYTHBIX BOJaX,
COTIPOBOXKIAIOIMNX TOOBIMYy HEPTH, HMEeTCs IOYTH BECh Habop
XUMHUUYCCKUX 3JIEMEHTOB, HaBpPAd JIX COACPKAINIUXCA B IIJIAHKTOHE. Ho
T€, KTO HAy4HO JIOTAJbIBACTCS O MPOUCXOXKIACHUU HEPTH, CTAPAIOTCS
HE aKIeHTHPOBaTh BHUMAHNE Ha TAKUX ITyCTIKaX.

Opnako XxoTenoch Okl 00paTHTh BHHMAaHHE Ha €IIe OJHY
BO3MOXKHOCTh, KOTOpas BEpOsITHEE BCEro He OyneT TNpu3HaHa
MesxryHapOTHBIMA HEQTSIHBIMU KOHTPECCaMH.

[eno B TOM, YTO MECYaHUKH, B KOTOPBIX CONEPKUTCS HEPTH, 3TO B
OCHOBHOM OKHCh KpeMHUs — Si0O,. 1 ecnu oT ogHOTO sipa KpeMHus,
HMMEIOIIETO aTOMHBIN BeC 28, OTHATH OAHY ainb(}ha-qacTHITy ¢ AaTOMHBIM
BecoM 4 U MpHUOaBHTH €€ K APYroMy aTOMy KPEMHHS, TO TOIYUIHUTCS
aTOM CEpbl C aTOMHBIM BecoM 32. A OoCTaBUIMIICS OT MEPBOro aroMa
M30TONl MarHus C aroMHBIM BecOM 24 YacTHYHO COXPAHHUTCS Kak
MaFHI/Iﬁ, KOTOpBIﬁ TOXKE COACPKUTCA B IMONYTHBIX BOAAX, a YaCTUYHO
pa3BaNMTCS U JACT JIBE MOJICKYJIBI yIIIepo/ia C aTOMHBIM BECOM 10 12,
CO371aB TaKUM O00pa3oM HEKOTOPYIO OCHOBY I OOpa3oBaHHS U
HeTH, 1 KaMeHHBIX yried. Ho ecin 3To Tak, TO BO3HMKAET BOIIPOC O
MeXaHHU3Me, KOTOPBIH MOT OBl BCE 3TO COBEPIIUTH, M Jaxe O IBYX
MeXaHW3MaxX, MOTOMY YTO He(d)Th W KaMEHHBIC YITH HE 3aJeraroT
COBMECTHO.
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31eck X0Tenoch Obl 00PaTUTh Ha CIEAYIONIUE 00CTOSTENHCTRA.

Jeno B ToMm, 4TO MOJEKYISpHBIA Bec MOieKynbl SiO, paBeH 60.
Oto poBHO 5x12, T. e. omHa Monekyna SiO, MO aTOMHOMY BecCy B
TOYHOCTH paBHA IIATH MOJIeKyJiaM yriepona. C Apyroil CTOPOHBI, KaKk
YK€ YKa3blBAJIOCh BHIIIE, 110 aTOMHOMY Becy ABe MoJieKynbl SiO,
MOTYT Pa3BaIUThCS HA CEPY M €€ COCIUHCHHS C KHCIOPOJOM U JBE
MOJICKYJIBI ~ yIyiepola ¢ HaboOpoM  caMbIX  Pa3HOOOpPa3HBIX
JIOTIOJTHUTENIbHO 00pa30BaBIIMXCA MOJIEKYT M aToMoB. Ho Torma sto
JIBE pa3HBIX SJICPHBIX PEaKIMH, U 00¢ JOJKHBI MPOTEKATh HE MU
BBICOKHAX TeMIIepaTypaX B MHJUTHOHBI TPagycoB, a B JOCTaTOYHO
OOBIUHBIX YCIIOBHUSX.

C Touku 3peHus 3PUPOIUHAMUKN TAKOW MEXaHHU3M CYIIeCTBYeT. B
3emitro, Kak ¥ B JIt000€ Apyroe HeOECHOE TEl0 BTEKAIOT M3 KOCMOCa
3(QUpHBIE TIOTOKH, CKOPOCTh BXOXJEHUS HUX paBHa BTOPOU
KOCMHYECKOM CKOpOCTH, cocTaBiistromeit ans 3emum 11,18 km/c. Ot
MMOTOKHM TIPOHUKAIOT BHYTPH 3eMJIM Ha JIO0YI0 TIyOWHY, O JOpoTe
OpOXOJsi CKBO3b IOPOABI W TypOyJIM3HpYysch. Pesynbratom
TypOynu3anuu 3(QUPHBIX TIOTOKOB SBISIOTCS BUXPH, KOTOPBIC
BHEIIHAM JIaBJICHHEM d(Hpa CKUMAIOTCS, ¥ CKOPOCTh TOTOKOB B HHUX
MHOTOKPAaTHO BO3pacTaeT, TaK e Kak W TPagHeHTHl CKOpocTeH, a
3HAYUT, MOSBISAIOTCS OONBIINE TPAJAUEHTHI ABICHUN, pa3phIBaIOIINe
MOJIEKYJIbI, aTOMBI ¥ A1pa M MepecTpanBatomie Bemiecto. [Ipu atom
3a MHOTO JIET M3 OOBIYHBIX HEOPraHWYEeCKUX MOPOA MOTIIH CO3/AaThCS
MOOBIE YTIIEBOAOPOABI M BOOOIIE IFOOBIE AJIEMEHTHI, NMpUYeM Ha
M000# TITyOuHE.

ITooOHBIE MpoLIECCH BIIOJIHE MOTYT NMPOTEKaTh B HEApaX JIOOBIX
TUTAaHET, a 3TO 3HAYUT, YTO U He(Th, M KAMEHHBIA yTOllb, U APyTHE
MUHEpaNbl ¥ DIIEMEHTHl MOTYT CYyIIECTBOBATh Ha BCEX IUIAHETax
CoHEYHOH CHCTEMBI U HE TOJNBKO €e. JTOo, IIpaB/aa, He 03HAYAET, YTO
Ha 3THX IUIaHeTaX OblIa XKU3Hb. Takke Kak U OTHEeYaTKH CTPEKO3 WIIN
JUCTEEB B KaMEHHOM yTJie BOBCE HE CBHJETEIHCTBYIOT O TOM, YTO
KaMEHHBIA yrosib 00pa3zoBaici M3 3THX CTPEKO3 WU JHCTheB. Maio
JIM KTO Ky/1a MOT 3aJIETETh 32 MMPOLIeIINe MAJUTHOHEI JieT!
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W3 uznoxxeHHOTO CliefyeT, 4To HEe(PTIHOH KPHU3UC MOXKET OBITH
CBSI3aH HE C HexBaTkod HedTu Ha 3emiie, a C JOPOTOBH3HOH ee
JIOOBIYM M3 TITYOMHHBIX CJIOCB.

Tak uro /I.11.Mennenees mpaB He TOJBKO B TOM IDIAaHE, YTO HEPTH
HY>XKHO Oepeub, TOTOMY YTO OHA IIEHHOE CBIPBE, 3TO BEPHO, AXKE SCIIH
ee MHoro. OH mpaB eme U MOTOMY, YTO, HAuWHAs C KaKOTO-TO
MOMEHTa CTOMMOCTb €€ JOOBIYM BO3PAaCTET HACTOJIBKO, YTO TOIUTH
KOTJIbI acCCUrHanmusMu, T. C€. GYMa)KHBIMI/I JCHbI'aMH OKaXXETCiA
JIeIIEeBIIE.

26. Yem naxHem 3anax?

BkycHO maxHeT cBE&XHM XJIeO0M
Ha TOKY COJIOMBI CTOT...

Kak wm3BecTHO, y 4YeloBeKa CyIIECTBYET BCEro IMATh YYBCTB —
3peHHe, CIyX, OcsA3aHue, BKyc U 00oHsHHEe. COOTBETCTBEHHO UM
UMCIOTCSL W Opranbl Bocmpusatus. J[ns 3peHus CyIIecTBYIOT
dotonpuemMuukn — 310 mnaza. Jna ciayxa — ymm. OcszaHue
BOCITPUHUMAETCSI BCel KOXKeil ¥ BOooOIIe BceM TeoM. JIJist oIy IeHust
BKyca CIyXaT TaK Ha3blBaéMble BKYCOBBIC pEIENTOpPHl —
«IYTBIPBIIIKWY, PACHOJOKEHHBIE BO PTy W Ha s3bike. Jlns 3amaxa
CYIIECTBYET HOC, B KOTOPOM HMEIOTCSI... HEPBHbIC OKOHUYAHHSI.

3peHne U CIyX HECYT OCHOBHYIO JIOJIF0 HH(POPMAIIHMH, TTOTyIaeMYI0
YEeIIOBEKOM, W OHHM HW3YYCHBl JOCTaTO4YHO Xopomro. Jlns Hux
pa3paboTaHbl ONITHKA U aKyCTHKA.

Ocs3anmne HeceT B ceOe MHPOPMANUK 3HAYUTEIHHO MEHBINE, HO U
3/IeCh HE BO3HUKAET OCOOBIX BOIPOCOB. Bce-Taku MOHATHO, 4TO MpH
OCSI3aHUM BO3HUKAIOT HEKUE HAMPSIKCHUS U JePOPMAIMH KOXH HITH
tena. Co BKyCOM €0 OOCTOMT CIIO)KHEE, HO H 3JeCh MOXHO
MPEIOI0KUTh, YTO MEXaHU3M BOCIIPUSATHSI OCHOBAH HA XUMHUYECKOM
B3aUMOJICUCTBHM BEIIECTB. XHUMHS pPa3BUTa HEIUIOXO, M OHA
MO3BOJIWJIA CO3/IaTh MHOTOUUCIICHHBIC TIPUOOPHI IS aHAJIM3a COCTaBa
BEIIECTB, TaK CKa3aTh, BKYCOMETpHIL. XOTS Hag0 CKa3arh, 4YTO
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MEXaHU3M BOCIPHUATHS BKyCa HE COBCEM SICEH, IMIOCKOJBKY BKYCOBBIE
IYTBIPBITIIKAY) CAMU HUA B KaKWe peaklMy HE BCTYIAIOT, a KaK-TO BCE
K€ OTIIMYAIOT KUCIOE OT CIAJKOT0 U TOPHKOE OT COJICHOTO.

Ho ¢ 3amaxom nmeno o6CTOMT W3 pyK BOH IUT0OX0. Hukakoi Teopuun
3alaxoB HET, NPAKTHYECKH HET ¢ HHUKaKUX MpHOOPOB Uis
ompeeneHus 3amaxoB. ['a3oaHanu3aTopel HE B CUET, TaK KakK 3]1€Ch
HIIET HACTPOIKa Ha KaKoW-TrOO0 ONpeaeeHHbIN BUA ra3a. A 3amaxoB
CYHECTBYIOT MUJUIMOHBI MJIM MUJIJIMAPJbl, HUKTO HC 3HACT CKOJIbKO.

HyxHO 3aMeTuTh, YTO €clu JUIA dYeloBeKa OOOHSHHE HWTpaeT
JAJIEKO HE TJaBHYK pOJb, TO 3TOTO HEIB3S CKa3zaTh O phIOax,
JKUBOTHBIX MJIM HACEKOMBIX. AKyJa, HamnpuMmep, YyBCTBYET KPOBb
JKEPTBBI 3a HECKONBKO JECATKOB KuiomeTrpoB. CurHaa o0 »ToM
JIOXOJIUT IO Hee B CUMTAHHBIE JOJIM CeKyHI. HescHo, mpaBma, KakuM
00pa3oM MOJIEKYJbl OT MPOJUTONH KPOBH MOTYT 32 TaKOE€ KOPOTKOE
BpeMsl TPOMTH Takoe OOJNBIIOE PACCTOSHUE, Na U CKOJBKO WX
JIOCTUTHET nenu. TeM He MeHee, (paKT HAIWIO: aKyJia, OMKCaB KPyT U



248

OTIpe/IeTIB HalpaBJIeHHe Ha KepTBY, MunTcs K Hell. Cobaku BooOIIe
NPOCTIABUIIMCH CBOMM HIOXOM. Y XOpOIINX co0ak HOC BCerja MOKpHIit
Y XOJIOTHBIH. DTO TOXXE HABOAMT Ha MBICIb O XMMHUYECKOH MpHpoje
3amaxa, IMOCKOJIBKY COOaKd MMEIOT JabopaTopuio mpu cede. XOoTs
JaNbIlle BCE PACCYXKACHHS U BCE COMHEHHUS OTHOCHUTEIFHO MPHPOIBI
BKyCa BCTYNAIOT B CHJIY M IPUMEHHUTEILHO K OOOHSHHIO.

Hekoroprie 0a00YKM OIIyIIAfOT 3amax 3a MHOTO KHJIOMETPOB,
MpUYEM YyuYeHbIC MOJCUYMTAIM, YTO JJIs OIIYIIECHHUS 3amaxa 0abouke
JOCTaTOYHO BCETO JIMIIb OJHOW MOJIEKYJbl MaxHyllero BemecTtsa. U
0a009YKH TIO PTOW EAMHCTBEHHOM MOJIEKYJIE CIIOCOOHBI OINPEACINTH
HalpaBJICHUEC Ha MCTOYHUK 3aliaxa. TYT YK MOXHO TOJIBKO pa3BECTH
pyKamu.

KakoB xe MokeT OBITh MEXaHW3M HPUPOABl BKyCa W 3amaxa C
TOYKH 3peHus 3¢pupomuHamuku? OTBeTa MOKa IOJIHOTO HET, HO
HEKOTOPBIE COOOpaKEHHS BCE JKE MOSBISIOTCA.

Kaxxmas Monexysa maxydero BeIIecTBa CO37aeT BOKPYT ceds aypy,
COCTOSIIIYIO W3 BHXpeH dQupa, MPUCOSTUHEHHBIX K BHXPSAM ddupa
9NEKTPOHHON 00OJIOYKH STOH MOJIEKYJIBI.

Ota aypa (I poma) mMeeTr CTPYKTYpY, OTPaXKAIONIYIO CTPYKTYpPY
MOJICKYJIbI, e¢ oOpa3ymomieii. Kak u BCskie HEYIIOTHEHHBIC MOTOKU
adupa, HapuUMep, PaJAHOBOIHBI, TPUCOCIMHEHHBIE BHUXpHU 3Hpa
aypsl CIIOCOOHBI MMPOHUKATH B JIFOOBIE MaTepHalbl, KOHEYHO, B Pa3HON
crerieHd. ['pagueHTHbIE TIOTOKM aypbl CO3Jal0T B MOJEKYJIax
YYBCTBHUTENBHBIX PEIENTOPOB — HEPBHBIX OKOHYaHHHA MEXaHHUYECKUe
HANpPsDKEHWSI 32 CYET B3aWMOJEHCTBHS IOTOKOB ayphl M IMOTOKOB
a¢upa BellecTBa PEIENnTOpPOB. B BelecTBe pelienToOpoB BO3HUKIINE
MeXaHUYeCKHe HaNPSDKEHUS WU3MEHSIOT COOTBETCTBYIOIINE
MOTCHIIMANIBI, KOTOPBIE 3aTeM 00pabaThIBalOTCSI MO3TOM. TakoB ke
MOXKET OBITh U MEXaHHM3M BKYCOBBIX OIIYIICHUH, OTIMYAFOIIUNCS
JUIIb TeM, 4TO 37IeCh Bce Tpydee, MOCKOIbKY He TpeOyeTcs OIIyIIaTh
BKYC OTIEITEHONW MOJIEKYJIBI.

TakuM 00pa3oM, MeXaHH3M B3aHMMOJEHCTBUS IAXydero WIn
BKYCOBOT'O BEIIIECTBA C PEIENTOPaMU OCHOBAaH Ha HETOCPEICTBEHHOM
B3aMMOJICHCTBUU ayphl MOJIEKYJ STOTO BEIIECTBAa C aypod WIn
AJIEKTPOHHBIMH 000JIOUKaMH MOJIEKYJI BellecTBa perentopos. Ho xak
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K€ BCE JK€ TMPOMCXOIUT B3aUMOJICHCTBHE MOJIEKYJI BEIIeCTBa C
peucunropaMu XMUBOTHOI'O, HAXOAAIIETOCA Ha 0O0JBIIOM PacCTOAHUN
OT 3TOTO BemlecTBa?

Uro kacaercs 3amaxa B BO3/IyXe, TO U3BECTHO, YTO MHOTOE€ 3aBHCHUT
OT HaTpaBJICHUS BETPa, TO €CTh OT TOTO, MOIAJ0 Maxyyee BEUICCTBO B
HOC J)KUBOTHOMY WJIM HE TIOMAI0. XOTS COOaKH, HATPSHUPOBAHHBIC HA
MOWCK OTIPENETICHHOTO BEIIECTBa, MOTYT, BEPOSTHO, ONMPEAETATH €ro
HaAJIMYMe He TI0 cCaMOMYy BEIECTBY, a MO ero 3(QUPHOH aype, KOTOPYIO
3a3KpaHUpPOBaTh HE TaK-TO MPOCTO. ABTOp, HAmpuMep, HE 3HACT,
MOXKHO JIM BooOmie 3To cnaenarb. Kak TOKasan SKCIIEpHMEHT,
CTAJIbHOW JKpaH HE TOJILKO HE SKPaHHPYET TaKWUe IOTOKH, HO,
HA00OpOT, YCUIIMBACT MX.

Ho moxer OBITh, 4TO-TO W MOYKHO TOIOOpaTh WM 3a0WTH OIMH
3amax IpyruM.

Ho BoT uTO Kacaercs pacmpoCTpaHEHHs 3amaxa B BOJEC, TO 37eCh
OJHUX PacCCyXXJI€HUH O B3aUMOJICUCTBUU ayp OKa3bIBa€TCS MalIo.
HyxHO elle MOHATh, Kak aypa MOXKET PaCIpPOCTPAHSATHCS B BOJE.
OxkaspiBaeTcs, MokeT. HekoTopoil aHamormeli MOMXKET CIYKUTh
JIeJIEHNE TOPOUIATIBHBIX BUXPEH, 00pa30BaHHBIX Karliel YepHHUII.

Bo3pmuTe YepHIIBHYIO aBTOPYUYKY U ¢ HEOOJBIIOW BBHICOTHI B 2-3
CM KaIltHUTe B 0aHKY C BOJIOW KAILTIO YEPHWII, KeJlaTeIbHO, [IOMEHbIIIE
pasmepoM. W BBl yBHaeTe, Kak 3Ta Kaluil cpady jke oOpasyer
TOPOUAATIBHOE KOJBIO, M3 KOTOPOIO 3aTeM OyIyT BBITYIIEHBI
CMEpYMKH, Ha KOHIIE KaXIOT0 U3 KOTOphIX Oymer oOpa3oBaHO
TOPOHJIATBHOE KOJBIIO TIOMEHBIEe, W3 KaXKIOTO W3 HUX OyayT
BBIITYIICHBI HOBBIC CMCPYMKH, HAa HUX KOHIAX CHOBa 6YZIYT TYT XK€
00pa30BaHbl HOBHIE TOPOWJIANBHBIE KOJEYKH U T.X., MIOKa, HAKOHEII,
BECh IPOIIECC HE OCTAHOBHUTCS, MPOWs 5-6 dTamoB aeneHuii. OmHaKo
9TO KacaeTcst YepHHJII, KOTOpPhIE, KaK M BOJIa, HE CKMMAIOTCSL.

Ecmu ke peds noiiner 00 3UPHBIX BUXPSIX, TO HY’KHO TIOMHUTH O
TOM, 4TO 3(QHUp 3TO Ta3 W YTO BCSKHWE BUXPH, UM 0OOpa3oBaHHEIC,
CTIIOCOOHBI TaK K€ C)KUMAaThes, Kak U caMm 3¢up. M uTo mpu cxatuu
ra3oBBIX BUXPEW BHEIIHWM JABICHWEM OHHU HE TOJHKO YMEHBIIAIOT
pasMepbl, HO €Ile W HapamMBalOT CBOIO JHEPreTHKYy 3a CYeT
npeoOpa3oBaHusl IMOTEHIMAIBHOW JHEpruy JaBiieHus d>dupa B
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KHHETUYECKYIO SHEPTUI0 BpallleHUsl BUXpeil. A B Boze, KaKk U3BECTHO,
I3JIeKTprYecKas MpoHuaeMocTs B 80 pa3 Oolblle, 4eM B BO3AYXE,
IUIOTHOCTH 3(Hpa COOTBETCTBEHHO OOJIbIIE, a MO3TOMY BCE BHUXPH
OyZyT CXXuUMaTbCsi CHJIbHEE, 4YeM B BO3AyXe, OJHEPreTHMKa U
YCTOWYMBOCTH UX OyIyT BBIIIE. A TTOTOMY U CITOCOOHOCTH K JIEJIEHHUIO
OyZeT MHOTOKpPAaTHO BBIIIE, YEM Y YEPHUI B BOJIE.

Takum o00pa3oM, MOXHO HPEANOJOXKHUTb, YTO aypa BEIIECTB,
MIOIABIINX B BOLY, UMEIOIIAs CIOXKHYIO BUXPEBYIO CTPYKTYPY, HAUHET
NOPOXKIATh BOKPYT ceOsi MOJOOHBIE K€ CTPYKTYPBl YXKE YHCTO
3¢upHBIE, KOTOpblE M HAYHYT PACHPOCTPAHATHCA B OKPY’KAIOIIEM
NPOCTPAHCTBE, HECS WHPOPMAIMIO O MOJEKYJaX, MX IMOPOJUBIIHX.
CKOpOCTh paclpoCTpaHeHHs 3TOW aypbl MOKET PaBHATHCS CKOPOCTH
pacIpocTpaHeHHsl CBeTa B BOAE, HO MOXKET ObITh M MEHBIIE: BEIb
Kakoe TO BpeMs yXOJHUT Ha cOOCTBEHHO BHXpeoOpazoBaHue. Bee 310
TpeOyeT ucclie 0BaHnH.

MOXHO NPeNoNIoKUTh, YTO Ha TOM K€ IPUHIIMIIE OCHOBaHA U
JIMCTAHITMOHHAS CBS3h HACEKOMBIX MEXAy cobOoii. Kak m3BecTHO, Bce
HACEKOMBIE HMMEIOT YCBI, NMpUYEM TapakaHbH YCHl Jak€ BOCHETEHI
no3ToM. Bee 3HaroT, 4TO yChbl HACEKOMBIX — 3TO aHTeHHBI. Ho HMKTO
HE 3HACT, KaK OJOTU QaHTCHHBI OCYUICCTBJIAIOT CBA3b. MosxHO
JOragaTbesi, YTO BPSI JM TaKas CBS3b OCYLIECTBIISIETCS C MTOMOIIBIO
PaIuoBOJIH, IIOCKOJIBKY BPSII JIM CTOJb KPOIIEYHBIE CYIIECTBA NMEIOT
npu cebe CTOJIb COBEPILICHHYIO painOTeXHUKY. Ho Beqlb CBSI3BIBAIOTCS
KaK-ToO!

Ho ecnu ycbl pacmpocTpaHsIOT B IPOCTPAHCTBE aypy HEPBHBIX
OKOHYaHHMH HACEKOMOTO, a JPyroe HACEKOMOE C IOMOIIBI0 CBOMX
YCOB BOCIPHHHMMAET 3Ty aypy M IepeJacT €€ CBOUM HEpPBHBIM
OKOHYaHMSIM, TO MOXKHO IIPEAINOJIOXKHUTh, 4YTO HAIPSKEHHUS B
penenTopax mepBoro HaCEKOMOTo OYIyT U3MEHSTh aypy, 4To U OyJeT
BOCIIPUHATO PELENTOpaMH BTOPOr0 HaceKoMoro. Bo3MoxHO, mpu
9TOM BO3HUKHYT MEXaHWYECKHE HANpPsDKCHHUSA, a BO3MOXKHO —
OJICKTPUUYCCKUC WM XUMHUYCCKHUE UMITYJIBChI, 3TO IIOKa HCU3BECCTHO.
Bo Bcskom cioydae, MOXXHO Ha 3TOH OCHOBE IOIBITATHCS
OpraHu30BaTh CBS3b MEXIy BemlecTBaMu. llpaBma, mombop mapbl
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BEIIECTB, CIIOCOOHBIX B3aMMOACWCTBOBaTh JTUCTAHIIMOHHO, HE
MIPECTABIISETCS JIETKUM 3aHATHEM.

Ho, moxer ObITh, U TYT HaiimyTcst 3HTYy3HacThI? [lycTh TONBKO He
3a0yIyT PO YCHI.

A B 3aKiIl0YeHHE KaK MOKHO He BCIOMHHUTh O TOMEONaTHH —
METOJIe JICYEHUS YPE3BbIUATHO MAJIBIMHU KOHLIEHTPALMSIMHU JIEKapCTB.

l'omeonmatust (oT Tped. homoios — momoOHBIA W pathos —
CTpaJaHue) — METOJ, pa3pabOTaHHBIH HEMELUKHM  BpavuoM
C.I'anemanom B Hauane XIX Beka. B ocHOBy romeomnaruu mosyosxeH
TIPUHITAI JICYESHUS MOA00HOTO OH00HBIM (similia similibus curantur).
I'omeomarusi mpITaeTCs MCIIONB30BaTh TaKHWE JIEKapCTBa, KOTOpPbIE B
3I0POBOM OpraHU3Me CO3JAI0T TE YK€ CUMIITOMBI, 4To U Ooje3nb. Ho
9TH JIEKapCTBa, BBEIEHHBIE B OOJIbHOWM OpraHu3M, BeIIEUNBaiOT ero. U
JUIS 3TOr0 HY>KHO BBOAMTH ITH JIEKapCTBAa B UPE3BBIUANHO MalbIX
J03ax.

['anemaHn momarai, 4To cuijia JEWCTBUS JIEKAPCTBAa YBEIHMIUBACTCS
M0 Mepe YMEHBIIEHHUS J03bI, U MO3TOMY MHOTO pa3 (IO TpUIIATH)
pPa3BOAMI HCXOIHOE JIEKapcTBO B BOJE, YMEHbIIAs KaXIbld pa3
coJiepKaHHe JIeKapCcTBa B CTO Pas.

N XOoTs CcOBpeMEHHBIE MPAKTHKYIOIIME BpPaYH-TOMEOIATHI
MPOU3BOAAT BCETO I TPEX WM MIECTHKPAaTHOE pa3BeACHHE, ITO
BCE PaBHO TOBEPraeT B MIOK OOBIYHYIO0 MEAWINHY, TIOTOMY YTO H IIPU
TaKOM DPa3BEeJIECHHUU CaMOTO JIEKapCTBa OKa3bIBAETCS CTOJIb Majlo, YTO
HUKaKoOTO JEWCTBUS OHO OKa3aTb He MoxeT. lloatomy »ddekt
TOMEOTIaTHM BpadaMH JAPYTUX HAIPaBIEHUH OOBICHSAETCS BHYIICHHEM
W CaMOBHYIIEHHEM, a B MEAMIMHCKUX OSHUUKIONEAUSIX U
CIIPaBOYHMKAX TOMEOMaTHs MPSAMO Ha3BaHa aHAXpOHH3MOM. TeMm He
MeHee TOMEOIaTHs MPOAO0JIKAET CYIIECTBOBAThH, MPHUMEHAS B 00IIEM
BCE T€ K€ METOABl M BCE TOT K€ AaCCOPTHUMEHT JIeKapcTB U
npeHeOperast HeraTUBHBIM OTHOIICHHWEM K He MEAMIIMHCKAX CBETHUIIL.

CracaeT rOMeomaTWio OT TIOJTHOTO pa3rpoMa BHAMMO TO, HYTO
COBpEMEHHas MeIUIMHA MPHUIAeT OOJbIIOe 3HAUCHUE TICHXOTEpPaIty,
U TO, 4UTO ToMeomatusi (KOHEYHO IKe, TOJbKO Omaromaps
ncuxorepanuu!) Kak-TO YMYAPSAETCS TOCTUTATh IMOJIOKUTEIBHBIX
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pe3ynbTaToOB TaM, Te OObIYHAs MEIWIIMHA STOTO HE YMYHApSeTcs,
JKe UCTIOJIB3YS TY JKe€ TICHXOTEPAIHIo.

XoTs TOMeomaTHsl SMIHMPHYECKH W JIOCTUIJA OINpelesIeHHbBIX
YCIEeXOB, BCE JK€ BO3HMKAET BOIPOC O BO3MOXHOM MeEXaHHU3Me
BO3JICHCTBUS CTOJIb MaJIbIX JI03 JIGKAPCTB Ha OONBHOW OPTaHU3M.

Ecnu mopmoiitu k 3TOMY BONpocy € 3(UPOANHAMUYECKUX TTO3UIIHH,
TO oOpamaeT Ha ceOs BHUMaHUE TOT (PaKT, YTO pa3BeleHUE JICKapCTB
MPOUCXOAUT B BOJE, O0OJanaromiel BBICOKOH JAHMINEKTPUYECKOM
NPOHUIAEMOCTBIO M CIIOCOOHOM MO 3TOW MPUYUHE CHIIBHO CXKUMATh
3(upHBIE BUXPH, IPUAAaBAaT UM TEM CaMbIM HOBBIIICHHYIO SHEPTHIO U
YCTOMYHUBOCTh. DTO 3HAYHT, YTO aypa JECKapCTB, IOIMABIIAs B BOIY,
OyzeT MoAMHUTaHa SHEPreTHUECKH U CMOXKET CO3JaBaTh MOJOOHYIO XKe
aypy Ha CBOMX TpaHHUIaX, Pa3MHOXKAs’Ch Jajiee M0 BCEMY OOBeMy
BOJBL. M naxke eciM mepBOHAYANBHOE JIEKAPCTBO HM3BSATh W3 TaKOM
BOJIbI, CO3JaHHAs UM aypa OyAeT HEKOTOpOe BpEeMs COXPaHATHCS B
BOJIE M OKa3bIBaTh TO JK€ JEHUCTBHE, YTO M CaMO JIEKapcTBO. Takum
o0pa3oM, B OTIHYME OT XHMHYECKOTO JEHCTBHUS JICKapCTB IPH
OOBIYHOM JICUCHHH, TOMEOTIATHS JICUUT HE CaMHUM JIEKApCTBOM, a €ro
aypoii. B psime ciaydaeB 3TO MOXKET OKa3aThCsd I(M(OEKTHUBHBIM, H
HUKaKoW MuUcTU(UKami B 5ToM HeT. DakTuueckun OOILHOMY
OpraHM3My IiepenaeTcsi CTPYKTypHas WH(GOpMaIus JeKapcTBa IpHU
OTCYTCTBHH CaMOTO JIEKapCTBa, YTO MO3BOJISET, BO3MOXKHO, N30€KaTh
HEKOTOPBIX MOOOYHBIX J(PQEKTOB, CBA3aHHBIX C XHMHUYECKUM
OTpaBJICHUEM OpraHu3Ma.

IlomBoast MTOT WM3MOKEHHOMY, MOKHO OTMETHTH, YTO BOIpPOCAM
(u3MKK aypel OO CHX IIOp HE OKa3blBAJIOCH BHUMAHUS M HE
MPHUIABAIOCH MOJHKHOTO 3HaueHus. [IpuunHa, BEpOSTHO, B TOM, YTO
I0 cux mop (M3WKa aypHBIX NPOIECCOB HE IOJlydaida HHUKaKOTO
paszymHoro o0bsicHeHus. OHAKO Ternepbh HET COMHEHUs, YTO (pu3HKa
aypel 3aciHy)KHBAeT CaMOr0 IPUCTAIFHOTO BHUMaHHUS. ODTO HOBOE
HampapieHHe B (HU3UKE, XUMHH, OHOJIOTHM W MEAWIUHE WMEeeT
Ooubloe Oyyliee, 1 UM MOpa 3aHUMAaThCS BCEPhE3.
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27. Aypa, epadueHmbi, MOOynsiyuu U KaHyH
mexHoJsio2u4ecKou pesoJsiroyuu

Ha cBere Her HU4ero Gosiee MPaKTHYECKOTO,
YeM XOpOoIlasi TEOPHsl.
Hayunaa ucmuna

Ilouemy TBepzble Telda HE pacChIIAlOTCA B IpPax, a >KUIKOCTH
UMEIOT MTOBEPXHOCTHOE HaTskeHue? Beap U Te, U Jpyrue CoCToAT u3
DNIEKTPUYCCKH HEUTPAIBbHBIX MOJEKYJ, B KOTOPBIX BCE 3apsbl
ypaBHOBeIHeHI)I " CJIea0BaTCJIbHO HET HpI/I‘II/IH JIs1 COCAUHCHUSA
MOJICKYJI B  OmHO (usmueckoe Temo. OpHAKO Ke  HET,
MEKMOJICKYJISIPHBIC CHJIbI WK CHITbl BaH-nep Baanbca, rommanackoro
(u3KKa, BIEPBbIC MMOCTABMBILEIO M PEINMBIICr0 MpoOjeMy elie B
1873 romy, CyImecTBYIOT.

Ho xots npobnema u Obula pelieHa Ha MyTSIX MaTeMaTHYeCKOTO
OMHCAaHUSI ITHX CHJI, MOHMMAaHHE HX MPHUPOAbI C TEX IIOp Mo
HpOI[BI/IHYHOCL. A TOYHEC FOBOpS[, 1 BOBCEC HI/IKYI[a HE HpOIIBI/IHy.HOCB.

Mbl  3HaeM, 4YTO MEKMOJCKYJSPHBIE CHJIBI WJIH  CHIIBI
B3aUMOJICUCTBHS MOJIEKYJ MEXAy COOOH «3aBHCAT OT PaCCTOSHHUS
MEXIy MOJICKYJIaMU U, KaK MPaBUIIO, OMUCHIBAIOTCS MOTCHIMAIbLHON
SHEpPruei B3aUMOJICHCTBUSA, T.K. MMEHHO CPEIHSA IMOTCHIUAIbHAS
SHEPrus B3aUMOJICHCTBUS ONPEENACT COCTOSIHUE U MHOTHE CBOMCTBa
BemectBa» (bCO, 3 wm3m., T. 15, ¢. 626), 9T0 ecTh cpeaum HHUX
OpI/IeHTaI_[I/IOHHBIe, I/IHI[yKHI/IOHHI)Ie CHUJIBI U CUJIBI OTTAJIKUBAHUA U UTO
10 BCEH BUJIMMOCTH BCE 3TH CHJIbI BHI3BAHBI MOJSIPU3ALIUEH MOJICKYII,
OTTAJIKHUBAHHEM DIICKTPOHHBIX 000JIOUEK U T. 1., U TIp. Ho kak Bce 3TH
CHJIBI YCTPOCHBI, OTKyJAa OepyTcs Bce ITH MOTEHIHAaNbl, Qu3nka He
cooOmaer. A Beib KaK-TO K€ 3TU CHIIbI YCTPOCHB!!

OnHAKO eclY B3MITHYTh HA MEXaHH3M B3aMMOJICHCTBUS MOJIEKYJI C
TOYKH 3pEHUS 3QUPOIUHAMHUKH, TO KOE-U4TO HAYMHAET IPOSICHATHCA. B
caMOM Jielie, €CJIM TIPUCOCIUHCHHBIM K TMPOTOHY BUXPh 3dupa —
JNIEKTPOHHAS 000JIouka — O00s3aH  CBOEMY  MPOUCXONKACHUIO
IBIOKCHHIO 3(Hpa Ha IOBEPXHOCTH MPOTOHA, TO BEeAb M Ha
MOBEPXHOCTH 3JICKTPOHHOH 000JI0ukM 3(UP JABHIKETCS, CBOUM
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IBIOKCGHHEM OH OyIeT 3axBaThlBaTh COCEAHHE CJIOH CBOOOIHOTO
3bupa W TEM caMbIM CIIOCOOCTBOBAaTh CO3JI@HUIO BTOPOTO
npucoennHeHHOro Buxps. Ho u y 3TOro BTOpOro mprucoeIuHEHHOTO
BUXpsl TOBEPXHOCTHBIC clloM 3Qupa IBUXKYTCI, U OHH OyAyT
CO3/1aBaTh TPETUMN MPUCOCTUHEHHBIH BUXphb U T.1A. [lonydaercs, 4yTo K
Ka)XXJIOMy TpPOTOHY IPHCOCIMHEHa IleNasi cucTeMa BUxped s¢wupa,
PacIpOCTPaHSAOMIASACS OT HETO Ha BCE OKPYIKaroIIee MPOCTPAHCTRO.

Cremyer 3aMeTUTh, YTO KaXXIBIH IMOCICAYIONNN MPUCOCTNHEHHBII
BUXpPb UMEET pazMep OOJBIINH, YeM MpenblIyInii, IPUMEPHO B TOM
K€ COOTHOIICHUH, KaK pa3Mep dJIEKTPOHHOW 000JIOUKH K AAPY, T.e. 4-
5 mnopsakoB. CKOpOCTh e JABWKEHHS d(uUpa Ha MOBEPXHOCTH
KaXX/I0TO TOCJIEAYIONIET0 BUXPS YMEHBIIAETCS B CTEMEHH OT 2-X IO
3-X OTHOCUTENBHO COOTHOUIEHHS Pa3MepoB, T.e. Ha 8-15 mopsakos,
HO 3TO TOJBKO B TOM CIIy4ae, €CIM PaccMaTpPHUBAETCS OJUHOYHBIN
aTOM.

Ecnu xe paccmMaTpuBaTh COBOKYITHOCTH aTOMOB M MOJIEKYJ, TO
MPUXOJUTCS. YUUTHIBATh TO, YTO COCEAHHE MPHUCOENNHEHHBIE BUXPU
OyoyT Memarb ApPYr Opyry, W Bce OHU OYyIyT BBITATHBATHCA B
coce/IHUEe CBOOOIHBIE OT BEIECTBa 00JacTH. A TOTJa IOJydaercs,
YTO CKOPOCTh A(UPHBIX OTOKOB HA MOBEPXHOCTH TEJI COCTABISIET TY
K€ BENUYMHY, YTO W CKOPOCTh Ha TIOBEPXHOCTH 3IEKTPOHHOU
0005I09kH M YyOBIBaeT TOJBKO YK€ Ha PACCTOSHUH, HCUUCISIEMOM
MHUKpPOHaMH, U COBCEM HE B TOW cTemeHH. ['paaMeHThl ckopocTeit
MOTOKOB 3(Hpa B TMPUCOCIVMHEHHBIX BUXPSAX CO3JAIOT TPATUCHTHI
MABICHWH B  TMPOCTPAHCTBE, NPWKUMAMOIINE  DIEKTPHUECKU
HEHTpanbHblE  MOJEKYJbl Jpyr K JApyry. OTO0 H©  €cTh
MEKMOJIEKYJISIPHBIE CHIIBI.

Takum 00pazoM, BOKPYT KaXKAOTO (U3NYECKOTO Tela HMeEeTCs
Moje OTHOCHUTENBHO BBICOKHX CKOpPOCTEH TOTOKOB  3¢wupa,
CO37]aBa€MbIX BTOPHIMH, TpPETbUMH U T.JA. HPUCOCAUHEHHBIMU
BuxpsiMu. [IpocTpaHCTBEHHAass MOIYJSAIUS OSTOTO TOJSA OTpakaeT
co00i CTPYKTypy BEIIECTBA, CTPYKTYpYy KaXIOH MOJEKYJIbI,
pacnpocTpaHseTcs B IPOCTPAHCTBE HAa OUYEHb OOJIBbIINE PACCTOSIHUSA, U
KaXK1asg TOYKa MPOCTPAHCTBA HeceT B cebe mH(opMmanuio 000 BceM,
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YTO WMeEETCs Ha 3eMHOM Iape, a, MOXeT ObiTh, U B CoNHEYHOU
CHCTEME.

Bce T moToku 3¢upa BOKpYT (U3NYEeCKUX TN U eCTh UX aypa, HO
3TO TOJBKO aypa | poma, oTpaxaromias CTaTHYECKYIO CTPYKTYpPY
BEILECTBA.

NMeHHo aypa I pona OTBETCTBEHHA 3a LEIOCTHOCTh TEN U 3a
arperaTHble COCTOSIHUSI BELIECTB.  OJIJEKTPUYECKU HEUTpaibHbIE
MOJIEKYJIBI HE MOTJIH OBl HUKAK COEIMHUTHCS B TBEPAOE TEJIO, ECIIN OBl
HE CyHICCTBOBaJIa aypa B BHIAC NPUCOCIWMHCHHBIX K J3JICKTPOHHBIM
obonoukam Buxpeid os¢upa. [Ipm >ToM HarpeB Tena BBI3BIBACT
KoJIeOaHHsI €ro MOJIGKYJ W BBI3BIBAET MX B3aUMHOE OTTAIKWBaHUE.
Korga cuna oTTalKuMBaHUS NpPH  IOBBILEHUU  TEMIIEPATYyphI
NPEBBILIIACT CHIIBI IPUTSDKEHHS B TPAAUEHTHBIX IIOTOKAX 3(Upa OKOJIO
AJIIEKTPOHHBIX  000JIOYEK, BEIIECTBO U3 TBEPAOTO  COCTOSHUS
mepexoauT B kuakoe. Korma ke  aMrmmuTyma  KoseOaHWH
MOBEPXHOCTE  MOJIEKYJl  TPEBBbIIIAET  pa3Mepbl  Onrxkaifiiero
NPUCOEANHEHHOTO BUXPSI, BEILECTBO oOpalaercs B map.

CrnemyeT OTMETHTh, YTO TaK K€ KaK CTPYKTypa 3JIEKTPOHHOI
000JIOUKH TTOJTHOCTBIO OMPEENIAETCS CTPYKTYpO aTOMHBIX A1ep, Tak
U CTPYKTypa ayphl poja IOJHOCTBIO ONPENENsAeTcsl CTPYKTypoi
ANIEKTPOHHBIX 000MO4YeK Tema. M Tak e Kak CyImEecTBYeT
MPUHIUTHATEHAS BO3MOXHOCTh MOJAETUPOBAHUS CTPYKTYp JFOOBIX
MOJIEKYJI Ha OCHOBE 3HAHHs CTPYKTYp fAep, TO TOYHO Takas ke
BO3MOXHOCTb CYILIECTBYET MPUMEHUTENBHO K aype | poma Ha ocHOBe
3HAHUSA CTPYKTYp DSJEKTPOHHBIX 000JI0YEK BEMIECTB, O0OpPa3yOUINX
TeJo, ero KOHQUTypauu | pacrpenelieHus BemecTs B Tene. Orcroaa
MOSIBIIAETCS  NMPUHLUIMAIBHAA BO3MOXXHOCTh  PELIEHHMS  3a7ayuu
KaTaju3a, IOCKOJIbKY €ro OCHOBOH SIBISIFOTCSI TPAAUEHTHI NaBICHUN B
3¢upe, OPUEHTUPYIOIINE MOJIEKYJIBI B NMPOCTPAHCTBE OTHOCHUTEIHHO
Ipyr JApyra Tak, 4TO Ui UX COEAMHEHHsS He TpeOyeTcs BBICOKHX
TEMIIEPaTyp, U XUMUYECKUE PEAKLMHU YCKOPSAIOTCS B MUJUIMOHBI Pa3.
N xors »sTa 3amaya MOXKET OKa3aTbCsl BECbMa  CJIOXKHOM,
MIPUHIMIINAJILHO OHA paspelinMma.

Ecnu xe ¢ TemaMu OPOUCXONAT H3MEHEHHMs, Tela JBUXKYTCS
OTHOCUTEJIBHO JIPYT APYTa UM B HUX MOSBIISIOTCS MEXAHUYECKHUE WIN
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WHBIE HAMpPSHKEHUs, TO COOTBETCTBEHHO OyJEeT W3MEHSThCI W aypa
TuX Ten. Ha reojormyeckux pasziomMax MOPOJ B TOYKAX BBICOKHX
MEXaHUYECKHX HANpsOHKCHW aypa OyJIeT WHOH, Hexelu aypa
HEHAINpPsHKEHHBIX TIOPO/JI, W 3Ta Pa3HHUIA MOXKET CBUIETEIECTBOBATh O
OymymieM HeOJIaromoaydrud B ’THX MECTaX — O BO3MOKHOM OyIyIeM
CIBUTE MOPOJ, O 3eMJICTPACCHUSIX WM MPOCTO O CYIIECTBOBAHUU TaK
Ha3bIBAEMBIX T€OMATOT€HHBIX 30H.

N BceM 3TMM HamO 3aHUMATBHCS CEPHE3HO, HE IOXKHIASCH, MOKA
oduIHaTbHBIC «YYCHBIC» MPU3HAIOT CYIICCTBOBAHUE ayphl, MHAYEC U B
Oynymiem karacTpodbl, MOJOOHBIC YePHOOBLIHCKOW, HEHM30CKHBI.

UznoxkeHHOE 1aeT HEKOTOPYH OCHOBY Ui  TIOHUMAaHHS
(hM3UYECKON CYIIHOCTH JIO30XOJICTBA — HAXOXKICHHUIO IMOJI3EMHBIX
CKOIUICHUH Py, BOJBI, Pa3jioMOB, kabenel u TpyO U TOMY MOJTOOHBIX
HEOJHOPOTHOCTEH. DTHMHU TellaMu CO3/IaHa aypa COOTBETCTBYIOIIEH
CTPYKTYpBI, KOTOpas W OOHAPY>KUBAETCS JIO30XOAIAMH, IIPH ITOM
ayphl Pa3IMYHBIX TEJI MOTYT COCYIIECTBOBaTH B OOIIMX TOYKAX
MPOCTPAHCTBA, HE B3aMMOJCHCTBYS U HE MelIas APYT APYyTY, MOA00HO
TOMY, KakK 3TO TPOWUCXOIWT C paguoBomHaMu. OTCIOZa BBITEKAeT
MPUHIMITHAIbHAS BO3MOXKHOCTh CO3J[aHHUsS OOBbEKTUBHBIX MPUOOPHBIX
METOJIOB, BBITIOJHSIOIIUX TY € POJIb, UTO U JO30XOACTBO. DTHM Ke
MOJKET OBITh OOBSCHEHO B MPUHIUIE OJArOTBOPHOE HITH, HA00OPOT,
BpEIHOE BO3ICHCTBHE TEX WM HWHBIX MHHEPAJIOB, KPHUCTAJUIOB,
METaJUIOB MM TIOPOJI JIepEBa HA XKUBBIC OPTraHU3MbI, TOCKOJIBKY ayphl
3THX Tell UMEIOT Pa3NIUYHYI0 CTPYKTYPY U PAa3IUYHYIO DHEPreTHKY,
MO-pa3HOMY BIHUSIONIME  HAa MPOIECCH], MPOTEKAIONe B OTHX
OpraHH3Max.

Ho B mpupone cymectByert emie u aypa Il poga, mpucymias Bcem
JKUBBIM OpraHH3MaM, CBSI3aHHas C TMpOoIleccaMi, KOTOPhIE IPOUCXOMISAT
BO BpeMs oOMEHa BEIIECTB, T. €. BO BpeMs XUMHYECKUX peakiuid, o0
3TOM HanucaHo Bbie. 1 ects eme aypa III pona, koTtopas sABisercs
Yy>KEPOJHOI TaHHOMY OpPTaHU3MY aypol, HCKYCCTBEHHO HaBEICHHOM,
MOJICA)KEHHOW K OpraHN3My BOJBHO FJTH HEBOJBHO APYTUMH KUBBIMHU
cymectBamu. M mpu Bcell HemOOBU aBTOpa K CyeBEpUsSIM U TeM Ooliee
K MHHUTEIBHOCTH, €My NpPHUXOJUTCS NPHU3HATH BO3MOXHOCTH
CYIIIECTBOBAaHUS «IOPUM», «CTIa3a» M TOMY MOJOOHBIX aHTHHAYYHBIX
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BEIICH, OT KOTOPHIX OTKpEIIUBaeTcs OQHIHMaIbHAS MEAWIMHA, HE
CIocoOHasi, TeM HE MEHEe, IOYEMY-TO BBUICUHTH IEIYI0 CEpPHI0
0oJie3HEH, XOTS C HHUMH CHPAaBJISIOTCS DKCTPACEHCHI, 3HAXapH,
[IIaMaHBI, «KOJTYHBD» H TIPOCTO JAepEeBEHCKUE 0AOKH.

A BO3MOXHO cyllecTByeT eme u aypa [V poma, koraa
TUHAMUYECKHE ayphl TTOCIIe CMEPTH KUBBIX OPTaHU3MOB MPOJIOIKAIOT
HEKOTOpOe BpeMs CBOe cylecTBoBaHue. KakoBa nx cynpda u Korma
OHM pacTBOpATCS B ddupe? WM He OyayTr AW OHH KaK-TO
B3aMMOJICHCTBOBATh, CO37[aBas B TMPOCTPAHCTBE HEKOTOpPOE oOIee
nojie?

Hudvero MbI moka He 3HaeM, JApEeBHHUE 3HAHWS YTPAaueHbI, a HOBEIC
He TnpuoOperaroTcs Omaromaps COBEPIICHHO (DaHTaCTHYECKOMY
3a3HaHCTBY COBPEMEHHOM (PU3NUECKON «HAYKI».

Ho moxeT ObITH HUYEro 3TOro U He Haxo? bor ¢ Hell, co Bcell IToi
aypoii, OTHHI KWW, U MBI TpokuBeM 0Oe3 Hee. Ho He momywaercs.
Hapo!

VYke co3maHbl TEXHOJOTMH Ha OCHOBaX 3(UPHBIX IOTOKOB U
MOJyJISAIINH, BeChbMa BBICOKOA()()EKTUBHBIE M IKOJIOTHUYECKH UYUCTHIE.
B nmewyarm mpoxomaT CooOIIEHHS O TAWHCTBEHHOM JCHCTBUU
MUPaMUJATBHBIX U UHBIX CTPYKTYp Ha BEIIECTBA, JICKAPCTBA U JaXKe
MPOCTO Ha BOXy, Olaromaps 4YeMy CBOWCTBAa OOBIYHBIX BEIECTB
MU3MEHSIOTCS.

W3MeHsI0T cBOM CBOMCTBAa Ja)Ke€ TaKUEe BEHIECTBA, HA KOTOPHIE
BOOOIIIe HUYEM HE YyJABAJIOCh MOBIUATH — KEPAMHUKH W KOPYHBI.
HekoTopsle wuccnemoBaTenn cooOMmIAIOT O CO3JAHUH TOPCHOHHBIX
TEHEPATOPOB, CO3JAIONINX 3aKpydeHHBIC 3(hUpHBIE MOTOKH. Ecim B
TaKUX I[OTOKaX OXJaXAaTh pAacIJIaBICHHBIA MeTal, TO Yy HEro
COBEpIICHHO MEHSETCS BHYTPEHHSS CTPYKTypa, U OH TIpuoOperaer
WHBIE KQYeCTBA — DIIACTUYHOCTh, YCTOMIYUBOCTH K KOPPO3HH, BHICOKYIO
MPOYHOCTb.

Crnemnyer ¢ mpucKopOMeM 3aMeTHTh, YTO Ha IyTH BHEAPEHHS
HOBBIX TE€XHOJIOTHUH CYIIECTBYET IUIOTHHA B BUIE PACIIPOCTPAHEHHBIX
BO BCeM MmHpe, a Temepb ©W B HAIE CTpaHe SBHO
TUNEPTPOPUPOBAHHBIX TOBAPHO-ACHEKHBIX OTHOMEHUH. CTpeMieHne
K TOJIY9€HUIO CHIOMHUHYTHOM BBITOJBI, K TONYYEHHUIO MaKCHMaIbHOMN
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npuOBITM W OMACEHWE  HACHIIIEHHS CIpPOCa  MPEMSTCTBYIOT
MPOBEICHUIO MCCIICIOBAaHUN U CO3JaHUIO JOJTOBEUHBIX M HAJICKHBIX
MaTepuayioB, 3pPEKTHUBHBIX METOJIOB JICYCHUsI M JieKapcTB. MMeHHO
OHH, 3TU OTHOIIECHHUS SBISIOTCS CETOHS TJIABHBIM BparoMm Imporpecca
W WMEHHO OHHU TPEMATCTBYIOT BHEIPEHHIO HE TOJBKO ATHX HOBBIX
TCXHOHOFHﬁ, HO U YK€ CYIIECCTBYIOIIUX O6I)I‘IHBIX, KOTOPBIX BO BCEM
MUpe HapabOTaHO MHOXKECTBO, B TOM YHCJIE U B Halllei cTpaHe.

Hayka crana He HY>XHOW, MOTOMY 4YTO €CTh JIIOJH, OT KOTOPBIX
3aBHCUT U CyAb0a HayKd, U Ccyab0da BCEro UeIOBEYECTBA M KOTOPHIC
MEHBIIIE BCETO JYyMAalOT O HAYKE U O YCIIOBEUYECTBE, a O0CCIIOKOCHBI
JIUIIb CBOMMH ATOMCTUYECKIMHE HHTepecamu. Paay coxpaHeHHs CBOMX
NPUBMIIETUH OHM BIIOJHE CIIOCOOHBI YTpoOMTH W HAyKy, U
YeJI0BEUECTBO.

OpHaKko He Ha/O YHBIBATh. YeIoBEeYEeCTBO HE pa3 MPOXOIMIIO Yyepes3
TSDKENbIe WCTBITaHusA. MOXXHO HE COMHEBAThbCSI B TOM, YTO OHO
BBEIKPYTHTCS M Ha 3TOT pa3. M cHOBa Hayka 3aiiMET CBOE MOYECTHOE
MECTO B pa3BUTHHU OOIIECTBA.

Ha 6iraro Bcem momsm, )XUByIIEM Ha 3emite!

3aknrovyeHue. HakaHyHe o4yepeOHoU ¢hu3u4veckoli
peesosnroyuu

VY BXoJla B HayKy, Kak y BXoJia B aJi,
JIOJDKHO OBITH BBICTABIIEHO TpeOOBaHUE:
«31eck HyKHO, 4TO0 JyIia ObUIa TBEPAA;
3JIeCh CTPax HE JOJDKEH M0JIaBaTh COBETa
K. Mapxc (umama uz Jlanme)

Konenn XIX — Havano XX croneTtuil XapakTepusyercs psioM
OTKPBITHH, KOTOpBIE MEPEBEPHYJN MPEICTABICHUSA O MpHUpoJe. OTH
OTKPBITHA HE COOTBETCTBOBAJIM TOTJAIIHNM IMPEICTABICHUAM (QHU3UKU
U ObUTM BOCHPUHATHI Kak Kpu3uc. OmHako Kpu3UC OJaronoiayvHo
paspermics mocie Toro, Kak (U3UKU MOHSIM, YTO aTOM — JIO TOTO
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HEJeNUMasl YacTula oKaszancs neiaumbiM. [losBUIUCH mpeacTaBieHus
00 «3IeMeHTapHbIX YacTHIIax» BeIlecTBa M HayKa JBUHYJAch BIIEpe.
CEMUMUIBHBIMHU IIATaMH.

K coxanenuto, B 3TO xe BpeMsl U Ha TOU K€ BOJIHE MOSBUIUCH
HOBBIE «TEOPUN», KOTOPBIE YIPA3AHUIN CTPOUTENbHBIA MaTepHual
BEIIIECTBA, CHJIOBBIC MOJISI OOBSBUIIN «OCOOBIM COCTOSIHUEM)» MaTEpHH,
CTalli CBOJUTH CYITHOCTh (PM3UYECKHUX SIBICHUH K IIPOCTPAHCTBEHHO-
BPEMEHHBIM HCKOKEHHSIM, a MAaTeMaTHKe OTAAJIM NPEIIOYTECHUE
nepen (usukoi. M, HakoHEI, BBEIM IOHATHE O «(PUINICCKOM
BaKyyMe», KOTOpPBIH BOBCE U HE BaKyyM, a HEBECTb UTO.

[lepexoq K «3JIEMEHTapHBIM YacTHULAM» BELIECTBA OKAa3ajics
Ype3BBIYAHO I0JIE3€H M MPUBEJ K MOSBIECHUIO aTOMHON SHEPTHUH U
nosynpoBogHukaM. Ho mepexos kK HOBBIM MOJHBIM TEOPHUSIM — TEOPUHN
OTHOCUTEIBHOCTH M KBAaHTOBOM MEXAaHUKE B KOHIIE KOHIOB 3aBEll
(hM3HKy B TYIIMK, B KAKOBOM OHa ITPOJI0JDKAET MPEObIBAaTh U MTOHBIHE.

Haumnas co BTOpoM monoBHHBI XX CTOJETHS KOJIMYECTBO
OTKpPBITUH pe3ko ymajgo. MareMaTH4ecKue BBIBEPTHI YXE€ HHUUYETo
HOBOTO HE TMPHOABIAIOT. 3aJIOKEHHBIE HA OCHOBE JTHX TEOPHH
KpyNHEHIIe  MporpaMMbl IO  MHOTMM  HAalpaBJIEHUSM  —
UCCIICZIOBaHUAM  IPUPOJABI  BEIIECTBA, TEPMOSAY, MarHUTHOU
TUAPOAUHAMUKE, CBEPXIPOBOAUMOCTH U T.II. MPAKTUUECKU HUUETO HE
Ty, KpoMe TOTO, 4TO OBLTH 3aryOJieHBl OTPOMHBIE cpencTBa. M 3To
HE CIy4ailHO, TOTOMY 4YTO SIBUJIOCH IPSMBIM CJEICTBUEM OTKa3za OT
MONBITOK MPOHUKHYTh BO BHYTPEHHIOK CYIIHOCTb SIBIIEHUH, B HX
BHYTPEHHMI MEXaHU3M, B CKPBIThIE IBM)KCHHSI MAaTEPUH, SIBIISIOLLINECS
OCHOBOM BecsKOro sipiaeHus. Mnen Hayanma XX croneTus McuepraHbl
NOJHOCTBIO M HE MOTYT Oonee sIBISTbCA 0a30i Ui AajbHEHIero
pa3BUTHUS PU3UKU U €CTECTBO3HAHUS.

Cerogusmusag (¢u3ndeckass TEOpUsS HAXOAUTCS B TYNHKE U
HYXZIAeTCsl B KOPEHHOM NEPECMOTPE CBOMX OCHOB. DTO MOKET OBITH
CIAeNmaHO TOJBKO Ha OCHOBE TIiepexoia Ha ouepeaHoH, Ooiee
TIyOWHHBI ypOBEHb OpraHM3aluy Marepud. Jlormka Takoro
nepexoja, OCHOBaHHAas Ha aHalM3e YXKEe OCBOCHHOTO YpOBHS,
ONHO3HAYHO TPHUBOAMT K  HEOOXOJMMOCTH  BOCCTAHOBIICHUS
npeacraBieHuit 00 3dupe, cpeme, 3aMONHSIIONIEH BCE MHPOBOE
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MPOCTPAHCTBO, SBJISIFOIIEHCS CTPOUTENBHBIM MaTepHuajoM sl BCeX
BHJIOB BEIIIECTBA, ABIKCHUSI KOTOPOH BOCIIPUHUMAIOTCS KaK CHUJIOBBIC
IOJIs1 B3aMMOJICHCTBUM.

OduponuHamuka nenaer nepsble maru. Ho yxe Ha 3TOM myTH
HaMEYaloTCsl BO3MOXXHOCTH pa3pelieHus] BCSIKOTO poja MapagoKCoB U
HEYBS30K, KOTOpPBIE CETOAHSIIHSS HayKa pa3pelinuTh HE B CHJIaX.
[losBnsiroTcst  TmepBBlE  MPHHIOWIMUAIGHO  HOBBIE  TEXHOJIOTHU.
OTKpBIBAIOTCSl HOBBIE DHEPTETUYECKHE MEePCIEKTUBEI. J{ake B TaKwuX,
Ka3aJloch OB, H3BE3KEHHBIX  OOJacTIX, KaK  MEXaHHUKa,
SJEKTPOJWHAMUKA, XUMHUS U  JPYTHE  OTKPBIBAIOTCS  HOBBIC
BO3MOKHOCTH.

OcduponnHamMrka HE MOXeT OBITH ynenoM u30paHHBIX. Bce
00J1aCTH €CTECTBO3HAHUS HYXKIAIOTCS B KOPECHHOW NEPECTPOMKE Ha
o0mieil OCHOBe, W IO3TOMY BO BCEX OOJAcTAX E€CTECTBO3HAHUS
TTOJIE3HO MCIOIB30BAaTh OTKPBIBAIOIINECS BO3MOKHOCTH. M3MmoskeHHOE
B OTOW KHHUTE €CTh BCEro JHINb MPUTJAIICHHE HCCICAOBATEIISIM
KOHKPETHBIX 00JIacTeli €CTECTBO3HAHUS K HOBBIM HCCIICJOBAaHUSM B
HX 00JIaCTSIX Ha OCHOBE A(UPOANHAMUYECKHX TIPEACTABICHAN.

B 1934 r. cynpyramu Xommo-Kropu OBIIO OTKPBITO SIBIEHUE
HUCKYCCTBEHHON PaJiMOaKTUBHOCTHU. BBLIO MOMy4YeHO BCEro JBa aToMma
— cMmexoTBopHO Mamo. A 11 n;er cmycrs, Han SmoHued Obpuia
B30pBaHa aroMHas OomOa, M celJac YeIOBEYECTBO BBIHYXKICHO
MIPUHUMATH MEPBI MO0 00SCIICYCHUIO CBOCH BEIKMBACMOCTH B SICPHBIN
BEK.

[lepexon k mpeacTaBIEHUSIM O CYIIECTBOBAaHWU B Ipupoje 3dupa
03HAYaeT TEePexXo] K OUYEpPEeAHOMY YPOBHIO OPTaHU3AINN MaTEpHH,
0ojee TIyOMHHOMY, Ye€M €CTECTBO3HAHHME 3HAIO JO CHX TOp. DTO
03HauYaeT OYepeHYI0, MECTYIO M0 CUETy (PU3HUYECKYIO PEBOIIOIUIO B
ectecTBo3HaHuU. llocnmemHsss cocrosuiach B KOHIIE TIPOIUIOTO —
Hayaje TeKyllero croieruil. A mpensinymas — B koHne XVIII -
Havyane XIX croneruil. U Tak ke, Kak M mpenplayliue, oOdepeaHas
(m3nyeckass ~ peBONIONMA  OTKPHIBAET  KAUeCTBEHHO  HOBBIE
BO3MOXXHOCTH B OBJIAJICHUHM YEJIOBEKOM TallH TIPHPOABI U
MPUOOPETEHUN MOTYIIECTBA.

Kyna 6ynyT HampaBIeHbI 3TH HOBBIE BO3MOYKHOCTH?
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HagepHoe, HaiixyTcs JTr0aM, KOTOPBIE MOMBITAIOTCS MCIIOIB30BATh
3T BO3MOXHOCTH B CBOHUX OJOI'OHMCTHYCCKHX IICIIAX, J]I/I60 JIMYHBbIX,
nubo y3Koii rpynnsl jaul. Jlo cux mop Bcerda Tak u Obuto. OgHAKO
y)K€ OBJaJeHHE SIACPHBIM OpY)KHEM II0Ka3al0, YTO MOIBITKU
HOJIY4YHUTh OJHOCTOPOHHHE NIPEUMYIIECTBA OECCMBICIIEHHBI, @ OPYKHS
HAKOIJIEHO CTOJNBKO, YTO JaBHO MOXHO ObUIO OBl MHOTO pa3
YHHYTOXXUTH BCE J)KUBOE Ha 3eMIe.

[lepen denmoBedecTBOM CTOWUT TMpoOjeMa BEDKHBAHUSA, W ceidac
9TO TIJaBHas 3eMHasi mpobieMa, W Jake He B pPe3yibTaTe aTOMHBIX
BOWH eMy Tpo3uT rudens. OCHOBHONH HCTOYHMK BO3MOKHOH TMOEnH
— HepasyMHasi TEXHOJOTHA C €€ XHUIMHHYECKHUM XapaKTepoM,
CBSI3aHHBIM C TPEeOOBAHMAMH TOJTYYEHHS MaKCHUMAaJIbHOW JE€HEKHOMH
OpuObUTM M OCHOBAaHHAs HA MICOJIOTUH (PPAHIy3CKOTO KOpOJS —
«T10CTIe HAC — XOTh TMOTOID).

O¢dupoanHaMyKa CTaBUT BONPOC MHAYE: TEXHOJIOTHH, OCHOBAHHBIE
Ha HCIOJB30BaHUM CBOWMCTB 3(Hpa, JOKHBI OBITH 0€30TXOTHBIMH,
OHM 00nazalT OecrpelneNbHBIMH BO3MOXKHOCTSMH, K00 oOmee
KOJINYECTBO 3(upa B IPUPOAE HEOIPAHUIECHHO BEIHUKO U €r0 SHEPTHs
B enuHune oObemMa orpomMHa. Ho W €0 HYXHO MOJB30BATHCS
pasymHo, u0OO0 W 3IeChb MOXHO IpPH HEOCTOPOXKHOCTH JOOUTHCA
OTpPHULATEIbHBIX PE3yJbTaTOB, HAPUMEP, IEPerpeTh IJIaHETy HIIH
BOOOIIIE JTUKBUANPOBATH €€, IPEBPAaTHB B IOSAC aCTEPOMIOB, KaK 3TO
CeNaJd KOIJNA-TO MOTYIIECTBEHHBIE, HO HEpa3yMHBIC >KUTEIH
wiaHeTsl PasToH. ..

O¢dupoanHaMyKa MO3BOJIAET MHOTOE — IOJIYy4aTh 3KOJIOTHYECKU
YHUCTYI0O DHEPrui0 B JIOOOM MecTe M B JIOOOM KOJHMYECTBE,
NPOU3BOAMTE JIIOOBIE MaTepualibl, CO3[aBaTh HEBHIAHHBIC BUJBI
TPaHCIIOpPTa M CPEACTBA CBSA3M, CO3JaBaTh H300MJIME MPOLYKTOB
MMUTaHusd, B MPUHOUIC UW3MCHUTH XU3Hb Ha INUIAHCTC B JIYUIIYIO
CTOpOHY, o0ecrieunB Ha JONTHE CTONETHs OJlaroneHCTBUE
YeJI0BEYECTRa.

Nnu coznate emy an.

— Benp Bbl, NOXalnyW, CO BPEMEHEM CMOXKETE Pa3HECTH HE
TOJIBKO 3eMilto, HO U BCio COJIHEUHYIO CHCTeMY!— cKa3ajl MHE OAWH
U3 yYaCTHUKOB CEMHHAPa, O3HAKOMUBIIUCH C MOUM JIokianoM. — He
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nmpaBwiibHEe JHM OBLIO OBl OOBSABHTH MOpATOpPHWiA Ha JHOOBIE
HCCIIeIOBAaHUS B 00JIaCTH JTUHAMUKH dpupa?

Her, nempasunbno. [Ipexxae Bcero, 3Tto Oecrone3Ho. B campix
pa3HOOOpa3HBIX OONACTSIX 3HAHWM BO3HUKIA HEOOXOAMMOCTh B
BBISICHEHWW BHYTPEHHETO YCTpPOWCTBA SIBICHWH, WHade HEM30eKeH
TYNHK U TIOJIHAs AETPajalys U HayKH, U KyJIbTYypbl, U IPOU3BOJCTBA.
A 3TO HEBO3MOXXHO CllenaTh 0e3 MPHBICYCHHUS IPENCTaBICHUH 00
aupe, cpeme, 3amoONHSOMIEH BCE MHPOBOE  MPOCTPAHCTBO,
ABIISAIONICHCS CTPOUTENBHBIM MaTepUAIOM i BCEX BEHIECTBEHHBIX
00pa3oBaHUi, ABMKCHUS KOTOPOH MPOSBISIOTCS B BUAE CHUIOBBIX
nosned B3aumopeiicTBuil. He 3ps celiluac Havanu mMOSABIATHCS B
MaccoBOM  KOJHYECTBE  pa3HOOOpa3Hble  Jd(QHpHBIE  TEOPHH,
U3TIOKEHHAass B JTOM KHUTE JaJeKo HEe EIWHCTBEHHas U3 Yke
CYIIECTBYIOIIUX.

He 3gecp, Tak B Apyrom Mecrte, HE B TOM, TaK B MHOM BHIE,
a¢upoarHaMrUKa Hen30eXHO OyIeT co3fgaHa OAHUMHU WIH IPYTHMHU
aBTOpaMu. Pa3 Bo3HHKIAa TOTpeOHOCTh, OHa OyAeT pealn3oBaHa,
HUKaKWe 3aIPEeTHl 3[IECh HE TIOMOTYT. A, KpOME TOTO, SKOJIOTHIECKHE
npoOJIeMBI CTYYAaTCsl B IBEPh U TPEOYIOT HEMEUIEHHOTO PEIICHHS.

Tak 4o xe nenatn?

OcTraercs €eTMHCTBEHHBIN BBIXOJ] — HAIIPAaBUTh HUCCIIECJOBAHUS HE B
PYCIO TOIMY4YeHHS HOBBIX BUIOB OPYXKHS WM JTOCTHKEHHS KEM-TO
OJIHOCTOPOHHMX MPEUMYIIECTB, @ B PYCJIO PEIICHUS IKOJOTHYECKUX
U COIMANIBHBIX MPOOJIeM, YIyYIIEHUS JXU3HU BCETO YEIIOBEYECTBa.
CunpHBIM MHUpa CEro MpUIeTCS JOTOBOPUTHCS 00 STOM, WHade, Kak U
B Cllyda€ HEMHPHOTO (M JaK€ MHUPHOro, HO OE30TBETCTBEHHOIO)
UCIIOJIb30BAHMSl aTOMHOW  JHEprHMHM, Hac JKAET Karactpoda.
ATNBTEpHATHBBI 3TOMY HET.



263

[Ipunoxenue 1.

Ilapamemput 3ghupa 6 oKon03eMHOM RPOCMPAHCIEe

[TapameTtp | Benuunna | Enununna usmepenus
Dpup 6 uenom
IL1oTHOCTB 0,=18,8510"" KM ™
JaBnenue P>1310"° Hm?
YaensHOE w>1,3-10% Jkm
SHEProcoaepKaHue
Temmeparypa r<10™* K
CKOpOCTb IEPBOTO 3BYKa v, >4310% M
CKOpOCTH BTOPOTO 3BYKa v=c=310° Mc!
Koadpunmenr Ttemmnepa- a=~410° mic!
TYpOTIPOBOTHOCTH
Koadpdumment kr~12-10% krmec K
TEILUIOPOBOTHOCTH
Kunemarnaeckast z ~410° MC
BS3KOCTh
JlnHamu4deckast BI3KOCTh H~3,5107 KM ¢
ITokazarens agnadaThl 1-14 -
TennmoeMKkocTh Ipu cr > 1,410” Micn K
MTOCTOSTHHOM JIaBJICHHUH
TennoeMkocTs npu cy > 10" Mc K
MIOCTOSIHHOM 00BbeMe
Amep (21emenm 3¢pupa)
Macca my<1,5107 Kr
Jlnametp d,<4,610™% M
KommuectBo B equnmIe n, > 5,8-10102 -
o0bema
Cpennsist inmuHa As < 7,4-10'15 M
cBoOotHOTO TIpodera
CpenHsisi CKOPOCTh u, ~5,4-10% M
TEIUIOBOTO JABIDKCHHS
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[Tpunoxenue 2.
12 3¢pupoauHaAaMHUYECKHUX IKCIIEPUMEHTOB

lMpeducnosue

Hwxe onmcansl HEKOTOpBIE OKCIEPUMEHTHI, BBIIIOJIHEHHEIE
agTopoM ©  ero mnomomHuKamMu B Dunmane  JletHo-
HCCIEIOBAaTENbCKOTO HMHCTUTYTa, a 3areM B HIUW aBuanumoHHOro
obopynoBanus (r. XKykoBckuit MOCKOBCKOH 007acTH) B MEpPHOX C
1960 mo 1990 rr. llempr0o SKCIIEpUMEHTOB ObUTa IPOBEpKa
TEOPETHYECKUX BBIBOJIOB, IIONyYEHHBIX aBTOPOM B CBA3H C
pa3paboTkoii 3(UPOAMHAMUKA — HOBON OO0JaCTH TEOPETHYCCKOU
(u3uky, ommparomielics Ha NPEACTABICHUS O CYIICCTBOBAHUU B
npupoae Gu3MIecKor cpeapl — ddupa, 3aMOHAIONIET0 coboil Bce
MHUPOBOC MPOCTPAHCTBO U ABJIAIOIICTOCA CTPOUTECIBHBIM MaTCpraioM
JUIL  BCEX BEIECTBEHHBIX O0Opa30BaHMii, JBIDKEHHS KOTOPOTO
COCTaBJISIOT CYIIHOCTh BCeX (PM3UYECKUX MOJIEH B3aMMOICHCTBUH.

Henp myOmuKamuy — peKOMEHAANUA BCEM KENAIOUTIM TIOBTOPUTH
ONMCAHHBIE OJKCIIEPUMEHTHI C TEM, YTOOBl YOEOHWThCS, 4YTO B
ANIEKTPOJUHAMHUKE CYIIECTBYEeT eIle MHOXXECTBO HEpeIIeHHBIX
pooIIeM.

Hecmorpss Ha mpocTOTY W OTHOCHUTENIBHYIO  JICIIEBU3HY
MPOBENCHHBIX  HUCCIENOBAaHUN, OHU HMEIOT MNPUHIUIHATLHBIN
XapakTep, MOCKOJIbKY WX pe3yNbTaThl COOTBETCTBYIOT HCXOTHBIM
ITOJIOKCHUAM 3(1)I/Ip0I[I/IHaMI/IKI/I, HO HaxoIOATCA B IPOTHUBOPCYHUU C
CYIIECTBYIOMICH (pru3uueckoil Teopueil.

[IpoBeneHHbIE SKCIIEPUMEHTHI HU B KOE€H Mepe He HCUEpITBIBAIOT
MepeyHs] SKCIIEPIMEHTOB, KOTOpPHIE HY)KHO IPOBECTH IJIsl TIOJHOTO
YTBEPXKACHUS IPUPOJMHAMUKH KaK HOBOH (DM3UUECKOW TeopHH,
MO3TOMY 37€Ch OTKPBIBAETCS MPOCTOP KaK I TEOPETUYECKUX, TaK U
JUISl SKCHEPHMEHTAJbHBIX MW3BICKAHWA B HSTOW HOBOM M BecbMa
MEePCIeKTUBHOM 00JacT, 3aTparvBarolieii HHTEpeckl Bcex oliacTeit
€CTECTBO3HAHUS
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IIpoBeneHHbIE aBTOPOM M €ro IOMOIIHUKAMH SKCHEPUMEHTHI IO
CBOEH CYTH IMPOCTHI U MOTYT OBITH TOBTOPEHBI BCEMHM >KEJIAIOIINMHU,
JaKe IIKOJBPHUKAMU CTapIIMX KiaccoB, TeM OoJee, CTyACHTaMHu,
WHKCHepaMd ¥ HAy4YHBIMM DPa0OTHMKaMH. OTO LeEJIecO00pa3HO
cenaTh Kak MOXKHO 0ojiee INMPOKUM KpPYTOM JIMI], HOCKOJIBKY OT
0O0IIIeCTBEHHOTO MHEHMSI HETIOCPEICTBEHHO 3aBHCHUT Pa3BUTHE TaKOM
Ba)XHOW 00JIaCTH, KaK TeopeTuuecKkas Gpusuka, sBIsSIoIIEiics OCHOBOM
BCETO €CTECTBO3HAHMUSL.

Akcnepumenm 1. B3auMouHOyKuusi NpoeoOHUKO8

Ilocmanoeka 3a0auu

Kak wu3BEeCTHO, B TEOPETUYECKOW JIIEKTPOTEXHHUKE IOHSATHE
B3aMMOWH/IYKIIUH POBOJTHUKOB OTCYTCTBYET, XOTSI UMEETCS ITOHSITHE
B3aMOMHIYKINH KOHTYpoB. B coorBercTBum ¢ 3akoHoMm dapanmes
OJIC Ha KOHType, JEXKalleM B IUIOCKOCTH X-) ey, ONPENeNAeTCs
BBIPKCHUEM

0B,
exy: _S—; (11)
ot

rae S — miomaas KOHTypa, B, — MarHuTHas UHAYKIMS B, = uH,; u —
MarHuTHas MPOHUIAEMOCTh; [, — HANpPSKEHHOCTh MarHUTHOTO MOJISA
(puc.1.1)

W3 BBIpakeHUs cleqyeT, YTO MarHWTHOE I0JIe M3MEHSAETCS [0
HaNpsSKEHHOCTH, HE MEHSAsS CBOETO IOJIOKEHUS B IPOCTPAHCTBE, a
HaBoguMmas DJIC obpasyercs mo mepudepuu MO, MPUYEM CaMo
MarHATHOE T0JIE HE NIEPECEKAeT NMPOBOJHUKOB KOHTYpa.

Ecnu B onHOW mIocKOCTH JekaT 1Ba KoHTypa (puc. 1.2), u B
NEPBOM KOHType TedeT IEpPEeMEHHBIH TOK, TO HANpPSKEHHOCTh
MarHUTHOTO TIOJIA, IIPOHMKAIOLIEr0 BO BTOPOM KOHTYp, Oyzaer
OTIPEETIATHCS B COOTBETCTBUH ¢ 3aKOHOM ITOJIHOTO TOKA
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i= | Hdl, H=i/2nr, (1.2)

rae i — BeIn4rMHa TOKa, 7 — paCCTOAHUEC OT LIECHTPA IIPpOBOAA.

H(Y

-

a) 6)

Puc. 1.1. Hasenenne IJIC B koHType: a — no dapanero u Maxkcsemnny;
6 — B peaTbHOCTH

B »stom caygae 3JIC, HaBemeHHass BO BTOPOM  KOHTYpE,
OTIPENIENTUTCS KaK

0B,
ey = —3S ; (1.3)
ot
wloi vy, dr d+on dr i d+h d+2h
ee= — () — — )=——(nr| -Inr| )=
mor 4 » ah o d dvh
wloi (d+ hy* uloi
= In = fi(h/d) (1.4)

2not d(d+2h) 2not
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[Ipu h >> d nonyumnm:

wloi  (d+ h) uloi h
e = In = In (1.5)
2not  d(d+2h)  2mot 2d

B coortBeTcTBHM C 3(QUPOAMHAMUYECKHMH MPEICTABICHUIMHI
MpoIleCC pa3BUBaeTCA WHaye. MarHuTHasg BOJHA, co3jaBaeMas
TOKOHECYIIUM TPOBOJHUKOM, CHadajia TIepeceKaeT ONKalmumi K
HEMY MTPOBOJIHUK BTOPOTO KOHTYPA, a 3aT€M YK€ B OCIIa0JICHHOM BHJIE
MEepeceKaeT BTOPOM NMPOBOAHHMK TOTO K€ KOHTYypa, CO3JaBasi B HEM
3J1C mpOoTHUBOIOIOKHOTO HAPABICHUS U YMEHBIIICHHON BEIMYUHBL.
To e MpOUCXOOUT U OT APYroro NpOBOJHHKA NEPBOTO KOHTypa. B
sToM ciydae D/]C Ha BTOPOM KOHTYpE COCTABUT BEIMUYUHY

pll, o 2d d pill, Oi

&= (1- + )= So(hid),  (1.6)
2ndot d+h d+2h  2ndot

3neck [,= 1 M (B cucteme CU) — MaciraOHbIil ko3 duiimeHT.

\

a) 0)

Puc. 1.2. [IpoHuKHOBeHHE MATHUTHOT'O T0JIs1, CO3/1aBA€MOr0 OJIHUM KOHTYPOM, BO BTOPOii
KOHTYP.

Oyukunn fi(h/d) u f,(h/d) npusenenst Ha puc. 1.3.
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A

Sk 7
4 F
3 F
2 F

A

] 2

' T TR TR T TN T TN W | >
0 2 4 6 8 10 h/d

Puc. 1.3. Pe3yabTaThl H3MepeHHS] HABeAEHHOH 3/1C B IUIOCKOM KOHTYype:
3aBHCUMOCTH f] (h/d) ~ M| w 3aBucumocts fr (h/d) ~ M.

Kak BugHo w3 rpadukoB, (QyHKOMH f; W f, CYIIECTBEHHO
pacxomiTCcs: TepBas YXOIUT B JIOTapH(PMHUUECKYyI0 OSCKOHEYHOCTD,
BTOpas Haceimaercs. [Ipu A/d = 10 oTHOmeHHe 3HaUYeHUN (YHKUUI
OKasbIBaeTcs boiee 4-X.

IIposedennsvie IKcnepumenmopl HOOMEEPOUIU 3AGUCUMOCHLD [

Ilocmanoeka IKcnepumenma

IIpu mnpoBepke TOIYYEHHBIX 3aBUCHUMOCTEH IleiecooOpa3Ho
UCIIOJIb30BaTh MEAHBIH MPOBOA 0€3 M3OMSIUHA TUAMETPOM TOpAIKa
0,5 — 1 MM, pu JuIHE CTOPOHBI KOHTYpa / oT 0,5 M 1 Gonee, MeHss
pacctossamst d OT 2-3 MM IO JECATKOB CaHTUMETPOB. M3mepeHws
HY)KHO TIPOM3BOJAWTH B 3BYKOBOM Juama3oHe dacToT. Cxema
HKCIIEPUMEHTA IPOBOAMUTCS B COOTBETCTBHH C pHcC. 1.2.

Buvieoowt
I/IS N3JI0KCHHOI'O BBITCKACT HeHeCOO6paSHOCTL BBCIACHHUA B
JJIEKTPOTEXHUKY  TOHATHS  KOd(h(UIHMEHTa  B3aUMOWHIYKIIHH

IIPOBOJHHKOB, paBHOTO JIIA rnapaui€JIbHO PacCIioJIOKCHHBIX
IMPOBOJAHHKOB BCIIMYNHE

€ ully
M= —=—. (1.7)
0i;/0t 2nd
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AkcnepumeHm 2. [I[posepka 3aKoHa NMoJIHO20 MOKa

Ilocmanoexa 3a0auu
Kak n3BecTHO, 3aKOH ITOJTHOTO TOKA

i= | Hdl, H=i/2nr, (2.1)

BBIpa)KaeT 3aBUCHUMOCTb MEXKIY BEJIMYMHON TOKA i, A, MPOTEKAIOIEM
B TIPOBOJHWKE, W HANpPSDKEHHOCTHIO MarHutHoro mnoist H, A/wm,
CO3/1aBa€MOro UM Ha pAcCTOSHHUM I, M, OT OocH IpoBoaHuka. Kax
BUIHO, 3[IeCb HMEET MECTO TUNepOOIMYecKUuil 3aKOH yOBIBaHUS
HaIpPsDKEHHOCTH MAarHUTHOIO IIOJA C YBEIUYEHHEM DPACCTOSHHSA.
HanpsxkeHHOCTH OZHOrO W TOTO K€ MarHUTHOTO IOJS Ha Pa3HbIX
PacCTOSHUSIX OT OCH IIPOBOJHHUKA OYAyT OTHOCUTHCS KaK

H1 r
S — 2.2)
H2 r

B cBmBu ¢ TeM, UYTO OKCIEPUMEHTAIbHAas  MPOBEpKa
CIPaBeUIMBOCTH ATOTO 3aKOHA B JIUTEpAType OTCYTCTBYET, a TaKXe B
CBSI3H C TIPEAIIOJIOKEHUEM O HETOYHOCTH (POPMYIHHOTO BBIPAKEHUS
BCJICZICTBUE COKUMAEMOCTH 3(Hpa H, CIEIO0BATEIHHO, CKUMAEMOCTH
MAarHUTHOTO MOJIS, YTO HE YYTEHO 3aKOHOM ITOJIHOTO TOKAa, BO3HUKJIA
HEOOXOAMMOCTH B ITOCTAHOBKE COOTBETCTBYIOIIETO IKCIIEPUMEHTA.

Ilocmanoeka 3xcnepumenma

OKCIEPUMEHT CTAaBHUTCSA IO CXEMe JKCIepHMEHTa |, mapaMmeTphl
KOHTYPOB M YacTOT T€ K€, HO JKCIIEPUMEHT CTaBUTCS MPHU Pa3HBIX
3HAYCHMSIX TOKOB M TPH Pa3UYHBIX paccTossHuax d Mexmy
OJTM3IIeKATITIIME TIPOBOTHHKAMH KOHTYPOB.

B cBsa3u ¢ Tem, Wro HaBoAMMas Ha BTOpPHYHOM KoHType DJC
MPOTMOPLHOHATFHA U3MEHEHUI0O MarHUTHOTO TOJISI, & TAKXKE B CBSI3U C
TEM, 4TO B BbIpaxeHHU 2.2 oTHomeHue H/ H, MoxeT OBITh 3aMEHEHO
Ha OTHOIIEHUE ¢/ e,, TOrJa
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(3] r
- = (2.3)

€ r

OTnajieHHBIE  TPOBOJHHMKM  KOHTYPOB  OTOIBHUTAIOTCA  Ha
paccTostHUe, MPU KOTOPOM HX BIHMSHHE HE OKA3bIBAET 3aMETHOTO
BIMSIHHUSL Ha Pe3yJbTaThl M3MepeHus (noctaToyHo paccrosHus 0,5-1
M). 3ateM B mpenemax 2-20 MM MEHSETCS PACCTOSHUE d MEXOY
OnM3NeXanMi  TIPOBOAHUKAMH  KOHTYPOB. Y CTaHABJIMBAIOTCS
3Ha4YeHUs TOKOB B nepBuyHoM npoBoanuke 0,1; 1,0 u 10 A Ha Bcex
4acToTaX, MCHOJB3yeMbIX mpu u3MepeHusx (ucmonbdyercs ['CC ¢
MOHWKAIOMIUM TpaHc(hopMaTopoM Ha BBIXOJIE).

Oxugaemas 3aBUCUMOCTh IIPUBEACHA Ha puC. 2.1.

H/H,

0,5

0 2 4 6 8 1

Puc. 2.1. DxcnepuMeHTA/IbLHbIE HCCIEJOBAHNSA 3AKOHA MOJHOI0 TOKA:

a — MeXaHW4ecKasl aHAJIOTUS — U3MEHEHHE CKOPOCTH IOTOKAa C)KUMAEeMOU JKUAKOCTH,
MPUBOJIUMON B JIBIIKCHHE BEPTYIIKOW C JIOMACTSAMU; 6 —HM3MEHEHUE HANPSHKCHHOCTH
MarHuTHOTO TIIOJiI B 3aBHCHMOCTH OT pacCTOSHHS OT OCH MpPOBOAHWKA; [ —
TEOpPETUYCCKAsl KpHBas, BBIYMCICHHAS W3 YCJIOBHS TOCTOSIHCTBA IMPKYJISIIIAA
MarHuTHOrO MoJisl; 2 — DKCIEpUMEHTAIbHbIE pe3ysbTaThl npu Toke [ = 1 A; 3 —
SKCHEepPUMEHTAJIbHbIE pe3yabTaThl npHu Toke I = 10 A. M3mMepeHust mpoBOAUINCH IPH
gactorax 50, 400 u 1000 I'g



271

Boieoowt

SKCHCpI/IMCHTaJ'H:HOC HOI[TBCp)KI[CHI/IC OXKNJacMbIX pCSyJ'II)TaTOB
6y,Z[CT O3Ha4dyaTb, 4YTO B SHGKTPOI[I/IHaMI/IKe HCO6XO,I[I/IMO BBOIUTH
HOHOHHHTCHBHbIﬁ napaMeTp — CTCIICHBb CXXAaTUsg MArduTHOTO ITIOJIA U
COOTBCTCTBCHHO YTO‘IHHTL 3aBUCHUMOCTH, B KOTOpLIX, TaK HUJIM MHA4C,
(I)I/II‘ yppreT HaHpﬂ)KeHHOCTI: MArdmTHOIO IIOJId MM MAr"HuTHas
WHIYKLUSL.

Akcnepumenm 3. [Nlepedaya aHepauu Mexay
obMmomkamu e mpaHcghopmamope

Ilocmanoeka 3a0auu

MexaHu3M Tepeadyd  dHEPTrUd W3 IEPBHYHOM OOMOTKH BO
BTOPUYHYIO B TpaHC(hopMaTopax C >KeJe3HbIM CepACYHHMKOM OINHCAH
HEJOCTaTOYHO OTYETIMBO. B HEM HEZOCTaTOYHO SCHBI MPUYHHBEIL, 110
KOTOPBIM CHIDKEHHE COINPOTHBIICHUS HArpy3Kd BO BTOPUYHON
0o0MOTKE TpaHCPOpPMAaTOpa BBI3BIBAET YBEIMYECHHE TOKA B €r0
nepBuiHO 00MOTKe. OOBIYHBIM OOBSCHEHHUEM SIBISIETCA TO, 4YTO
KOMIICHCAIlUsl MarHUTHOTO TIOJS, CO3[IaBa€MOI0 TOKOM TMEPBUYHOMN
OOMOTKHM, MAarHUTHBIM TIOJIEM, CO37]aBaéMbIM TOKOM BTOPHYHOMN
0OMOTKH W MPOU3BOIUT Mo100HOe aericTBue. OQHAKO TOrna JOJDKHA
Obuta OBl YMEHBIIATHCH WHIYKTUBHOCTH TEPBHYHOW OOMOTKH U
YBEIMYMBATHCS ~ PEAKTHBHAS  COCTABIAIONIAS TOKAa MEPBHYHOU
00OMOTKH, a He aKTHBHas, KaKk 3TO IPOUCXOIUT HA CAMOM JIelie.

IlockoapKy mepenada 3HEPTUM MOXKET IMPOUCXOIUTH TOJIBKO Yepes3
MarHuTHOE TIOJIE, CO3/1aBaeéMO€ TOKOM, MPOTEKAIOIIUM B TIEPBUYHOMN
00OMOTKEe, TO BO3HHKJIO TIPEANONOXEHHE O TOM, YTO SBICHUE
MIPOUCXOJHUT 3@ CUET TOTO, YTO IPATUEHT HAIPSXKEHHOCTH MarHUTHOTO
TOJISl U3MEHSIETCS C YBEIMYSHHEM TOKa BO BTOPUYHON 0OMOTKE, a 3TO
Y BeJIET K YBEITMYEHHUIO TOKA B IEPBUYHON OOMOTKe.

Ilocmanoeka 3xcnepumenma
CxeMa dKcIiepuMeHTa IpuBeieHa Ha puc. 3.1.
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&S
RS
Q
]

[JMSM

~grad H
W

a) 6) 8)

~§
S

Puc. 3.1. U3MeHeHHe TrpagWeHTa HANPSIKEHHOCTH MATrHHTHOTO TOJSI B
TpancopmaTope ¢ U3MeHEHHEM HArpy3KH Ha BTOPMYHOH 0OMOTKe: a — cxema
pa3MelleHiss OOMOTOK B 9KCHEPUMEHTE; O — DJIEKTPHYECKas CXeMa SKCIICPHMEHTA; 6
— H3MEHEHHE 53]C Ha H3MEPHUTEIbHONH OOMOTKE IpUM W3MEHEHHHM HArpy3Kd Ha
BTOPUYHOH OOMOTKE; 2 — SKBHBAJICHTHAsI MEXaHUYECKasi CXeMa Iepeaadyn SHepruy B
ra3onpoBoze; / — I0JI0XKEeHHEe YIPYTroi CTeHKH P MaJoM JaBleHNH; /] — monoxKeHue
YIPYrol CTEHKH HpH OOJIBIIOM AaBICHHUU; O — JIIOpa JABJICHUI B ra3onpoBOie; € —
3MMI0pa CKOPOCTEH B ra30IPOBOJIE

Ha >xenesHbrii cepmeunmk TtpaHchopmaropa (KeIaTeIbHO W3
tpancopmaroprHoro xkeneza 111-40) wHameBaroTCs OOMOTKH —
nepBuyHas W BropuuHas mo 100 BuTkoB. OOMOTKH OJWHAKOBHI,
MHOTOCJIOWHBIE TIpW  mUpuHE Topsaka S5 wMMm. OOMOTKH
YCTaHABIUBAIOTCS MO KpasM CpegHero cepicyHuka. Mexay HHMH
pacmonaraeTcss TpeThsl OOMOTKa, cocToAllas W3 [JIByX BHUTKOB
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BKJIIOUEHHBIX BCTPEYHO APYT IPYTY U PACIOJIOKCHHBIX pAAOM. JTa
00MOTKa SIBIIIETCS] U3MEPUTEIIbHOM.

[lepBuunass OOMOTKa MOJKIIOYAETCS K  HHU3KOBOJIBTHOMY
UCTOYHUKY  TMEPEMEHHOIO  HampsbkeHus, Hampumep, JIATP.
BropuuHnast 0OMOTKa Harpy»eHa Ha [IEPEMEHHBIH PE3UCTOP, B €€ LIEIb
BKJIIOUEH aMIIepMETp I u3MepeHus Toka. VMzmepurenbHas oOMOTKa
HOJKIIIOYEHA K MUJUTUBOJIBTMETPY.

ITpy yMeHBIICHUN COIPOTHUBIICHUS HArpy3KU BO BTOPHUYHOH IIETIH
¥ COOTBETCTBYIOIIETO YBEIMUYEHHS B 3TOM LIEMM TOKA HANpsDKEHHE Ha
MU3MEPUTETbHON 0OMOTKE pacTeT MPONOPLUOHANEHO 3HAYCHHUIO TOKa,
YTO MOATBEP)KIAET BBICKA3aHHOE TMPEINONIOKEHHE O TOM, 4YTO
nepegadya  dSHEPIUM M3 TEePBHYHOM OOMOTKM BO BTOPHUYHYIO
MPOUCXOAUT  4Yepe3  M3MEHEHHWE TIpajldeHTa  HaIlpsKEHHOCTH
MarHUTHOTO MOJIsI, CO31aBaEMOT0 TOKOM, IIPOTEKAIOIIUM B IIEPBUYHOI
0o0MOTKe.

Buwvieoowt

HpOBC,[[CHHI:II\/'I OKCIICPUMCHT MO3BOJIACT JYULIC IOHATH (I)I/IBI/IKy
nponoecca mnepeaadyu SHEPrud C IMIOMOINBIO CO3AaBacMOro TOKOM
MarauTHOTO IT0JIA.

Akcnepumenm 4. lpoesepka 3asucumocmu
KoaghgpuyueHma mpaHcgopmayuu om
pacrnosioxeHust o6MOMmMoK

Ilocmanoeka 3a0auu

B HacTosmiee BpeMs — MOJIpa3yMeBaeTcs, UYTO  MOPSAOK
pacroyio)keHuss  0OMOTOK  Ha  TpaHchopMmarope HE  WIpaeT
CYIIIECTBCHHOW pOJIH, XOTS MPAKTHYECKA MOBCEMECTHO MEPBUYUHAS
00MOTKa pacroylaraeTcst TIEPBOH, BTOPHUYHEIE 00MOTKH
pacronararotcst Hajg Hel. CUMTAaeTCst, 9TO TaKOe PaCIONIOKEHHE BCE
JKe JIydIlle, MOCKOJIbKY YMEHBINACT MO PAacCeMBAHHMS MarHUTHOTO
noist. OOHAKO MpH OTHOCHTENLHOW MArHUTHOW TMPOHHUIIAEMOCTH
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TpaHcopmaTopHoro Keneza, paBHOM 400, mons paccemBaHHS HE
TMOJDKHBI TIpeBbImath 0,5 — 1% OT Bcelt BeMMYWHBI MAarHUTHOTO TIOJIS,
a mnpu  OONbUIMX  3HAYCHUSX  OTHOCHUTENFHOH  MarHUTHOHN
MPOHUIIAEMOCTH 3Ta JIOJIA JIOJDKHA coKpamarbes. Ecim Obl 3TO OBLTO
TaK, TO B pse CIIy9aeB ObUIO OBI Topazio ymaoOHee MOTaTh OOMOTKH
Ha HE3aBHCUMBIX KaTylKaX, a 3aTeM HaJeBaTh WX Ha OOImuWi
cepaednuk. OOHAKO Takas NpPaKTHKa HE TMPHUBWIACH B CBS3U C
YXyAIICHHEM TapaMeTpoB TpaHchopmaropa, MpHYEM HE TOJIBKO
k03 duIrieHTa 3amoNHeHns, HO ¥ He COOTBETCTBHS KOI(PPHUIIUEHTOB
TpaHC(OpPMaIMK pacueTHbIM 3HaueHusAM. [losToMy BO3HMKIA 3amada
MPOBEPKH  3aBHCUMOCTH  Kod((uimeHTa TpaHCPOpMAmHUHA  OT
pacIoIOKEeHHSI OOMOTOK.

Ilocmanoéka skcnepumenma
Cxema 3KcIieprMeHTa puBejieHa Ha puc. 4.1.

kTP
s i

Wy

05
(4
s 0 10 20 30 40 50 60 70 r MM
WI WZI
a) 6)

Puc. 4.1. 3aBHCHMOCTHL OTHOCHTEJILHOTO 3HaYeHHsi Koddduuuenta
TpaHcopManuu OT B3aHMOPACHOJIOKEHHS] 0OMOTOK: ¢ — CXEMa PaCIOJIOKEHHS
00MOTOK Ha KOJIBIIEBOM CEPJCYHUKE IIPH IPOBEJICHNH YKCIICPUMEHTA; 6 — N3MEHEHHE
ko3¢ ureHTa TpaHcHopMaIMH IIPU H3MEHEHUH PACCTOSHUS MEKTy 0OMOTKAMH.

Ha ¢epputoBoe KOJBIIO C OTHOCHUTEIBHON MarHUTHOM MPOHUIIA-
emocThio 5000 Hanmesarorcsa e oOMOTKHA 10 100 BHUTKOB TOHKOIO
(mmametrpom 0,1-0,2 MM) TIpoBOIa, OJHA HETOIBWIKHAS, ApyTas —
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NOJBIDKHASI, CINOCOOHAa IepeMernaThcss Mo cepaedyHuky. llupuna
oOMoTok mopsaka 8-10 mm. V3mepsercs paccTOSHHE MEXKIY
HeHTpaMd 00MoTok u oTHomeHne OJ[C Ha BBIXOJEC BTOPHYHOMN
OOMOTKM K HampsDKEHHIO Ha MepBUYHOM oOMoTke. B kadecTse
reHeparopa IePeMEHHOI'0 HANPSIKEHUS MOXKET ObITh HCIOJIb30BaH
I'CC. H3mepeHre mpou3BOANUTCS Ha Pa3HBIX YacTOTaX WM MPH Pa3HBIX
HalpsDKEHHSIX.

IIpoBeneHHbIE  3KCIEPUMEHTHI  IOKa3aId  CYLIECTBEHHYIO
3aBUCHMOCTh K03 (duimeHTa TpaHCQOpMaK OT PACCTOSHUS MEKIY
oOMoTkamu (pa3Huua coctaBisier 10 11%), d9To COOTBETCTBYET
NPEACTaBICHUSIM O B3aWMOMWHAYKIMH MPOBOJHHMKOB, 2 HE KOHTYpPOB
(cm. aker. 1).

Buisoowt

Hacrosgmumii 3xcriepuMeHT MOATBEPKAAET BBIBOJABI IKCIIEPUMEHTA
1 o TOM, 4YTO IIeeco00pa3HO OINEPHUPOBATH MPEACTABICHUSIMU O
B3aUMOWHIYKIIMYA TPOBOJHUKOB, a HE KOHTYpoB. Ha mpakTuke mnpu
HEO0OXOTMMOCTH pa3HECeHHs 00MOTOK, HaIpuMep, B
BBICOKOBOJILTHBIX ~ TpaHC(opMaTopax, HEOOXOAUMO YBEIHMYHUBATH
YKCJI0 BUTKOB BTOPUYHON OOMOTKH MO CPaBHEHHIO C YHCIIOM BUTKOB,
PaCCYMTAHHBIM OOBITHBIM CIIOCOOOM.

SkcnepumeHnm 5. KomneHcauyusi 3sekmpu4eckKo20
nosns e cpede

Ilocmanoeka 3a0auu
B cootBerctBum ¢ 3akoHoM Papanes I/IC Ha KOHType, JIekKaIeM
B INIOCKOCTH X-V €xy OIPENEIISIETCS BBIPaXKCHUEM

0B,
ey = —S——; 5.1
ot
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rae S — mwiomaab KOHTypa, B, — MarHUTHas UHAYKuus B, = uH,; u —
MarduTHas MpOHHUIAaCMOCTh, Hz — HaMNpsHKEHHOCTbh MAarHUTHOI'O ITOJIA
(puc.1.1).

N3 »srtoro 3akoHa BHAHO, YTO W3MEHEHHE BO BpEMEHH
HANPSHKEHHOCTH MAarHUTHOTO TIOJNS BBI3BIBAET IO €ro Inepudepun
cootBercTBytomyo JJIC. Ha 3Toif OCHOBE CIOXKHIIOCH YCTONYHBOE
yOeXJIeHne B TOM, YTO BCerAa INpPU W3MEHEHWH HaNpsHKeHHOCTH
MarHuTHOTo Toyis Bcerda mosiBisiercss DJIC. 3akon Dapanes npu
OTOM HUKAK HC YUUTBHIBACT BIUSAHUA MarHUTHBIX HOJ'Ieﬁ, HaXoOsgIuxcs
BHE KOHTYpa.

Mexay TeM 3TO JaleKo He BCET/a TakK, MOCKOJIBKY B CIUIOIIHOM
cpene o00s3aTeNbHO OYyJET MPOUCXOAUTh KOMIICHCAIUS BIIMSHUS
MarHUTHBIX TIOJICH, HAXOMAAIIUXCS BHYTPU M BHE KOHTypa. OTO
MPOUCXOJUT BCIEJICTBHE TOTO, YTO COCEIHUE OJHOHAIpPABIICHHBIE
BUXpH 3(dupa, WMes B CONPEACITBHBIX O0OJACTAX ITOTOKH 3(Hpa,
HalpaBJICHHBIC B MNPOTHUBOIOJOKHBIC CTOPOHBI, CO34al0T B3aMMHYIO
KOMIIEH Ao mosei (puc. 5.1).

Puc. 5.1. Komnencanuu moJieii: ¢— MarHuTHOro MOJsL B paclpencsieHHOU
CUCTEME TOKOB; O— DJIEKTPUUYECKOTO IOJISI B PACIIPENIEICHHON CUCTEME MarHUTHBIX
MTOTOKOB
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ITpu paBHOMEPHOM pPACIPEACICHUH TMOJA B MPOCTPAHCTBE MOJIS
OYyIyT MOJIHOCTBIO CKOMIICHCHPOBAHBI, B PE3YJIbTaTe UYEro BO3HUKHET,
Ka3aJioch Obl, MapajoKcaibHas CUTYalUs: MEPEeMEHHOEC MarHUTHOE
NoJie CYMECTBYET, & AJICKTPUUYECKOE IMOJie MPH 3TOM HE BO3HHKACT.
COOTBETCTBEHHO M HA00OPOT: MPH MEPEMEHHOM DJICKTPUIECCKOM TOKE
B Cpelic B HeW HE BO3HHMKAeT MarHuTHoro mnojs. IlpaBma, ecnu u3
HEKOTOPOro 00BbeMa Cpefibl U3BATh TOK MYTEM IMOMEIICHHS B CPEIy
U30JISITOpa, TO Ha TpaHMIAX JTOro O00beMa BO3HUKHET MArHUTHOE
noste ( puc. 5.2).

CrneioBaTellbHO, y4YeT BHEIIHHX OTHOCHUTEIILHO KOHTypa IMoJiei
npruoOpeTaeT MPUHINIHATBHOE 3HAYCHUE.

Puc. 5.2. Bo3HUKHOBeHHEe MATHMUTHOIO IO/ HA IPaHUIIE CPeldbl U BHYTpPH
cpelbl IPH NOMeEIIEHUH B Hee U30JSINHOHHOI0 00beMa

Ilocmanoeka 3xcnepumenma

Ha nmmockoil mmacThHe W3 M3OMSMLUMOHHOIO — MaTepuana
pacrionararoTcsi MpPOBOJIOYHBIE KOHTYPa, B KOTOPBIX IIPOITyCKAaeTCs
MEepEMEHHBIM TOK, CO3JAIOIMM TEepeMEHHOE MArHUTHOE TMoJIe.
KoHTypa coequHsIOTCS MEXIy CO0OH Tak, 4TOOBl 0Opa30BBIBATH
KOHIICHTPUYECKUE PAIbI, MPUYEM UYTOOBI KOHTYpa ITHX PSAOB NpHU
MOJIKITIOYEHNN OKa3bIBATINCH BKIFOUEHHBIMH TIOCIIEIOBATEIHHO.

Han xoHTypamum pacrnonararorcss HM3MEPHUTEIbHBIE  KOHTYpa
pasnuyHoro pasmepa. B oskcmepumente wusmepsiercss OAC Ha
W3MEPHUTEIbHBIX KOHTYpaxX MpH MOAKIIOUSHUH Pa3InIHBIX PSIOB
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TOKOHECYIINX  KOHTYPOB,  HAXOASIIUXCSI BHYTpH W  BHE
U3MEpPUTEIHHOTO KOHTYPA.

(0 0 0 0 0 O)
~

o hboo

L%y

a) 6)

Puc. 5.3. HUsmenenue I/IC Ha wu3MepuTeJbHBIX KOHTYypax IO Mepe
yBeJIMYeHHs] YHCIA TOAKJIIOYAeMBIX TOKOHECYIIMX KOHTYPOB: a  —
pacroyioKeHHe WU3MEPUTEIbHBIX KOHTYPOB Ha IUIACTHHE C TOKOHECYIIUMHU
KaTyIIKaMH, CO3JAOIIMMU MarHUTHOe moje; 6 — DJIC Ha M3MEepHUTENEHOM KOHTYpe
10 Mepe MOJKITIOUYEHHNST TOKOHECYIIUX KaTyIIeK

OKCIEPUMEHT MMOKa3aJ, 4TO M0 Mepe MOIKIIYCHUS BHYTPCHHUX
M0 OTHONICHHIO K M3MEPHUTEIBHOMY KOHTYPY TOKOHECYIUX KOHTYPOB
OJIC Ha  W3MEPUTEIHPHOM  KOHTYPE  YBEIMYUBACTCSA, IIpH
JOIIOJIHUTCIBHOM  IIOAKJIIIOYCHUMHM BHCHIHUX IIO0 OTHOHIICHHIO K
U3MEpUTEIbHON paMke KOHTYpoB DJIC Ha M3MEpHUTEIBHOM KOHTYypE
yMeHbInaetcs (puc. 5.3). TeM caMbIM BbICKa3aHHBIC TPEAMOIONKCHHUS
MOITBEPKIAFOTCSL.

Buisoowt

Pe3ynbTaTel 3KClEpUMEHTa IOKA3bIBAlOT, YTO YCTAHOBHBIIEECS
MHEHUE O TOM, YTO IPHU BCSKOM H3MEHEHHMM MAarHUTHOTO MOJS B
MPOCTPAHCTBE BO3HUKAET IEPEMEHHOE IEKTPUUECKOE I0JIE, HEBEPHO.
OTO ecTh BCEero JHIIb YAaCTHBIA CiIydald, CIIpaBEAJUBBIA B paMKax
JIOTTYCTAMOTO TTPEHEOPEKESHHS BIMSHUEM BHEITHUX 110 OTHOIICHHUIO K
U3MEpUTEIHHOW paMKe mojieii. B o0meM cirydae Takue moist JOJKHBI
yuuThiBaThcsa. OTCIOZa TakKe CIeAyeT, YTO M B MEPBOM M BTOPOM
ypaBHEHUsIX MakcBenna y4TeHbl JIMIIb MPOLECCHl Ha MOBEPXHOCTHU
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HIIEKTPOMATHUTHOMN BOJIHBI M HE YYTEHBI MPOIECCHI, TPOUCXOASIINE B
ee TryouHe.

AkcnepumeHm 6. CxxumaeMocmb mokKa

Ilocmanoexa 3a0auu

Kak wu3BecTHO, TUIOTHOCTH TOKa P B cpeAe, HUMEIOUIeH
MPOBOJUMOCTD G, TUAIEKTPUUECKYIO IPOHUIIAEMOCTh € U MAarHUTHYIO
MIPOHUIIAEMOCTH | OTIPENENSIeTCs SJISKTPUISCKON HAIPSKEHHOCTRI0 E
KakK

y= (o +c0/NE. (6.1)

HOCKOHLKy QJICKTPUYCCKasd HANPsKCHHOCTH W IJIOTHOCTH TOKa B
KOHKPETHOW  cpene CBS3aHBl  TPOCTBIM  KO3((PUIIMECHTOM
MPOMOPIIMOHABHOCTH, 2, KaK IO0Ka3aHO B TMPEIbIIyIIeM pasfele,
pacrmpocTpaHeHue JNMEKTPUIECKOI HAIPSHKEHHOCTH MOJXKET
MPOUCXOJUTH B TMPOJOJLHOM HAIPABJICHUU, TO U PACIPOCTPAHCHUE
TUTOTHOCTH TOKa MOYKET UMETh BOJTHOBOHM XapakTep.

OmHako BOJHOBOM XapakTep JIFOOOTO BO3MYIIEHUS MOXKET
IMPOUCXOUTH TOor/Ja, Koraa MaTepHaJ’[BHLIﬁ HOCHTCIIb 9TOTO
BO3MYIIIEHUS CIOCOOCH CXKUMAThCs, 00pa3ys TeM CaMbIM TPaJHCHT
TUIOTHOCTH, KOTOPBIA B JaHHOM MeCT€ U SBISIETCS TPUINHON
JlaJIbHEUIIIETO TPOJIBUXKEHUS MTpOIIecca.

Ilocmanoeka 3xcnepumenma

Jlns npoBepku (akTa CHKATHSA IIEKTPUUECKOTO TOKA MOMXKET OBITh
UCTOJIb30BaHA KOMMYTHpYyeMas 1ienb. [[0CKOJIBKY B pa3phIBe IENH Ha
KOHTaKTaxX 00pa3yercsl pa3HOCTh MOTEHIIMAIOB, TO MOCTE 3aMBbIKaHUS
KOHTaKTa OKa3bIBaeTCS, YTO 3Ta Pa3HOCTh MMOTEHIMAIOB IMOAKIIOUYECHA
K Y4acTKy LIENH C HYJCBBIM COMPOTHUBICHUEM, YTO JIOJDKHO BBHI3BATh
BCILIECK TOKA Ha 3TOM HYJIEBOM CONMPOTHBICHHU. DTOT BCILJIECK 3aTEM
OyJeT pacXOJUThCS BIOIb IICTTH.

CxeMa sKcIiepuMeHTa IpuBeieHa Ha puc. 6.1a.
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10 5

a)

Puc. 6.1. DxcriepuMeHT 1o omnpejfeaeHHI0 (GakTa CKHUMAEMOCTH TOKAa: d—
cXeMma OTBOJIOB OT IIPOBOJHMKA; O — HMITYJIbChI, BOSHHKAIOIIME HA OTBOJAX

DrekTpuueckas Ienb MPEACTaBIAET CO00H Ba OTpe3Ka MPOBOJA
M0 HECKOJBKO METPOB JIIMHOW TOJKITIOYCHHBIX KAXIBIH OJHUM
KOHIIOM B JJICKTpUYECKOW Oarapee, a BTOPbIM KOHIIOM K
MEPUOMYCCKH  3aMBIKAEMOMY M pa3MbIKaeMOMY KOHTakTy. OT
MPOBOJIOB OTXOJAT OTBOJIBI, MPUTIASIHHBIE K TPOBOJY OCHOBHOM IIeMTH
Ha PACCTOSHUM OJHOTO MeTpa apyr oT JApyra. [lpu 3amblkaHuu
KOHTaKTa B ILENU BO3HHUKAKOT HMITYJIbChI, KOTOPBIE MOTYT
(ukcupoBathes ocruiiorpadoM. YcraHaBIUBaeTcss (GakT TOro, 4To
NPy 3aMBIKAaHHM KOHTAKTa HAa KaXJOW Tape OTBOJOB BO3HUKAIOT
KOPOTKHE UMITYJIbCHI, IIPU 3TOM Ha OTBOJAX, VAAJCHHBIX OT KOHTAKTa,
aAMILTUTY1a UMITYJIbCOB YMEHBIIICHA, a JIUTEIBHOCTh YBEIHUEHA. DTO
U 03HAYaeT paccachlBaHHE TOKA BJIOJb MPOBOJIHUKA, YTO MOXKET OBITH
0XapaKTePU30BAHO KaK CBEPXIIEPEXOJHON PEKUM KOMMYTAIIMH.

[IpenBapurenbHble SKCIIEPUMEHTHI TOJATBEPIMIIA BBICKA3aHHEIC
TIpearnonoxeHus (puc. 6.10).

Bwisoownt

OKCIIEpUMEHT IOATBEPKAaeT (PAaKT COKUMAEMOCTH TOKA, a TaKKe
HEOOXOAMMOCTh M B 3TOM YacTM YTOYHEHHS ypaBHEHUH
3IEKTPOJUHAMUKH.
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Akcnepumenm 7. [podonbHoe pacripocmpaHeHue
3/1eKmpomMa2HUMHOU 80JIHbI

Ilocmanoeka 3a0auu
W3 3-ro ypaBHeHUss MakcBena

divD =p, 7.1

roe D — onekrpuueckoe cmemieHue paBHoe D = eggFE, € —
OTHOCHTE/bHAS IMAICKTPHYCCKAsl IIPOHHUIAEMOCTh; & = 8,85.107"72
®/M; E — HaNpsHKEHHOCTD AIIEKTPUYECKOTro 1ojst, B/M, p — IIoTHOCTS
SJIEKTPUUECKOTO 3apsiia, BEITEKAET, UTO MPU OTCYTCTBUU 3apsaa

divD =0, (7.2)
T.C.
oD, oD, oD,

+ + =0. (7.3)
ox oy 0z

Ypasnenue 7.3. nocum uucmo cmamuueckuil xapaxmep, HUKAKUX
BDEMEHHBIX NPOYECCO8 8 HeM He NPedyCMOMPeHo. Mo COBEPUICHHO
NPOMUBOPEUUM NPUPOOE INEKMPULECKO20 ROJISL, KOMOPOe 8 8AKYYME
MOdICem  PACHPOCMPAHAMbC  MOAbKO €O CKOPOCMbIO — c6emad,
onpeoensemol Kax

1
c=—, (7.4)
\/Souo

e & W Mo COOTBETCTBEHHO JUDJICKTPUYECKAs W MarHUTHAs
MPOHUIIAEMOCTH BaKyyMma.
TakumM 00pa3oM, HATUIIO MPOTHBOPEUYHE TEOPUH C PEATEHOCTHIO.
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OOpamaer Ha ce0s BHUMaHHE HEMOJHOTA BBIBOJA TPETHETO
ypaBHeHus Makcgeimia (puc. 7.1).

N
Iy
>
Q
=

oD oD,
Dy | Doy g
Z.
p
710,
oD, oD,
0 Dy+ @ydyﬁ» ﬁydl .
X

Puc. 7.1. K BbIBOOy YpaBHeHHHi pacIPOCTPaHEHHS] JJIEeKTPUUYECKOMH
HHAYKITH

I[lo ocsm x, y u z B 00beM dxdydz BXOHIAT COCTaBISIOLINE
anekTpudecko mupykuuu D,, D,, D.. Ha Brixonme o0bemMa uMeeM
COOTBETCTBEHHO

oD, oD,, oD,
D.+— D, + D+ — (7.5)
0x oy 0z

BBIUMTAs U3 KOTOPBIX BXOJHBIE COCTABISIONINE, TOIYYaeM YpaBHEHNE
7.3, a 3aTeM U ypaBHeHHe 7.2.

B cBs3u ¢ TeMm, YTO M3MEHEHHE BJIEKTPUYECKOTO CMEIICHHs BO
BpPEMEHM IIPH TaKOM BBIBOJE HE y4T€HO, 3-¢ ypaBHeHHe Makcesia
HUKAaK HeJb3s IPU3HATH MOJIHBIM.

Ha camom pnene, Ha BbIXoJ4e 0OBbEMa COCTABIAIOLIME BEKTOpa
MHIYKIMU OyIyT paBHBI
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oD,, oD, oD,, oD, oD. oD,
Dy+——+— D, + +— D A+——+——: (7.6)
ox ot gy ot oz Ot

U COOTBETCTBEHHO 3-¢ ypaBHeHHEe MakcBeiia IpuoOpeTeT BU:

oD
divD+——=0. (7.7)
c ot

Ile CKOPOCTH € PacHpOCTPAaHEHMs BOJIHOBOTO (poHTAa CBsA3aHA C
HPOCKIHSAMHE O OCSIM KOOPAWHAT BBIPAKCHUEM:

4 , (7.8)

[MomyueHHOe ypaBHEHHE €CTh BOJIHOBOC YpaBHCHHE IIEPBOH
CTCIICHU, KOTOPOE IOKAa3hIBACT, YTO 3JCKTpUYecKas WHAyKius D
pacrpocTpaHseTcsl B HAlpaBJICHUH BEKTOpa ¢, T.€. B MPOJOJIHHOM, a
HE TomnepedyHoM HampaBiieHuu. Jlenenue BekTopa D Ha BEKTOp
CKOPOCTH C TOBOPHT O TOM, YTO 3TH BEKTOpa KOJUIMHEAPHEI, T.C.
napasuielnbHbI IPYT IPYTY.

Pemenunem ypaBHeHust 7.7. OyneT BOTHOBasT (DyHKIIHS

Dr—ct)=0. (7.9)

OTcrona  BBITEKAeT, 4YTO JHIOIb C  COCPEIOTOYCHHBIMH
napamMeTpaMu OyZeT M3Iy4aTh SHEPTUIO BO BCe CTOPOHBI (puc. 7.2),
IpUYeM, €CIH pACCTOSHHE MEXKAY MyJIbCHPYIOIUMH 3apsaaMu
(ammekTpomamu) OyJeT paBHO ITOJOBHHE JUTHHBI BOJHBEI, TO JHEPTHS
BIOJIb OCH JWTONS OyJeT HM3NIydaThCsl CYIIECTBEHHO WHTCHCHBHEE,
4yeM ronepek aumosst (puc. 7.3).
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Puc. 7.2. U3i1y4eHne JHePruu JUII0JIeM C COCPeJOTOYCHHBIMHI NIapaMeTpaMu

Enonep

Ny,

Puc. 7.3. PacnpocrpaHeHue  3JJEKTPHYECKOI0 1OJS  JHUIIONEM C
COCPEIOTOYCHHBIMH TapaMeTPaMH B TOHKOM ¢JI0€¢ IOJIYNpOBOAsIIIeH cpeabl.
[IpononbHas cocrapisonias 60bIIE ONEPEYHON COCTABIAIOMICH OIS

Ilocmanoeéka 3xcnepumenma

s mpoBepKH BBIABHHYTOTO TIOJOXEHHUS O CYIIECTBOBAHUU
NPOMOJBHBIX ~ BOJMH ~ HEOOXOMAMMO  HW3rOTOBUTH  JHUIMONL  C
COCPEJIOTOYCHHBIMH MTapaMeTPaMH, T.€. KOHCTPYKIIHIO, COCTOSIIYO H3
JIByX O3JEKTPOJOB, Ha KOTOpbIE TMOAAKTCI B NpoTHBO(dA3e
HaNpsDKEHWST OT TeHeparopa MepeMEeHHOro Toka. Hambonee mpocto
UCIIOJIb30BATh B KAadeCTBE Cpelbl Mepelavyd CUTHala PE3UHOBYIO
KHIIIKY, HATIOJTHEHHYIO TIOJICOJICHOM BOIOH (puc. 7.4).
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2RI R R R

Puc. 7.4. Cxema JKcnepuMeHTa 10  NpoOBepKe  MNPOAOJIbHOIO
PACIPOCTPAHEHHS U3JIYYeHHUS JUIOJIA € COCPEAOTOYCHHBIMH NApaMeTPaMu:
1l — pEe3VHOBBIM IIIAHT, HAIOJHEHHBIH IOACOJCHHOW BOIOH; 2 — 3IIEKTPOJBI
U3JTy4aloIero JUIons; 3 — 3JIeKTpoAsl mpueMHoro aumons; I' — reneparop; IT —

HPUEMHUK] C nap — YCJIOBHOC 0003HaUYEeHUE napa3suTHBIX E€MKOCTEH

Kak  wmsmywarouiuid, TaK WU TPUHUMAIONIUN  JTATIOJHU
W3rOTaBIMBAIOTCS OnWHAKOBO. C 4YacTW KOAKCHAIBHOIO KaOems
CHUMAeTCsl OIUIeTKA, M30JSIusA coxpaHsercsa. K KOHIy ocTaBieics
OIUIETKH TPUIAWBAETCS METAITMYECKUNA KpPYTIBIA IUCK, TUAMETP
KOTOPOT'O JIOJKEH OBITh HECKOJIbKO MEHBIIIC BHYTPEHHErO JuameTpa
nutanra. K KoHIly sKWjibl IpUNIauBaeTCs MOTOOHBIIH Ke JTUCK.

B xaugecTBe TeHeparopa MOXKET OBITh HCITOIB30BAaH OOBIYHBIN
I'CC, B kauecTBe MPUEMHHUKA — JUOTHBI MOCT C MUKPOAMIIEPMETPOM.

BHyTpu 1mmaHra mpoTSAruBarOTCS OCSYEBKH, C MOMOIINBIO KOTOPBIX
MOJKHO CIIBUTaTh M Pa3BUTaTh JAUIIOIH.

W3MmeHeHne curHaia ¢ pacCTOSHHEM MEXIY AWIONSIMHU ITOKa3aHO
Ha puc. 7.5.

94 | U,
Vxe/
.

0 D /o

U

7.5. 3aBHCHMOCTH CHTHAJIa NMPHEMHHUKA OT PACCTOSTHUSI MEKAY IHIOJSIMU
NPH NPOI0JIHLHOM U3JIy4YeHHH SHEPTUHU
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C Wu3MCHEHHMEM pAcCTOSHUS MEXIYy JUIONSAMH  CcHavana
HpI/IHI/IM&CMLIfI CHUrHala 6y):[eT IIOCTOAHCH IIO0 BCIIMYHMHE, 3aTCM HAYHCT
3aryxarh. C yBEIIMYCHUEM YACTOTHI CHTHAJI TPU MAJIOM PACCTOSHUU
JIUIONIEH IpYT OT Apyra OyJeT pacTH, MOCKONbKY JJTUHA BOJHBI OyIeT
COKpaImaThbCss W IMOJIOBHHA JJIMHBI BOJHBI OYJET MpPUOIIKATBCS K
BCJIMYMHE PACCTOAHUA MEKAY DJICKTPOAaMU JUIIOJIA. C YBCINYCHUEM
pacCTOsSHKS CUTHAN Ha BBICOKOM 4YacToTe OyJeT 3aTyxarh ObIcTpee,
YeM CHTHaJl Ha HH3KOH 9YacToTe. DTO OOBACHIECTCS CTPYKTYpOM
BOJIHBI, B KOTOPOW KaK[gas IMOJYBOJHA HMEET CaMOCTOSTCIIbHYIO
SHEPreTHKY W, YeM OHa KOpo4Ye, TeM OBICTpPEe H3PACXOAyeT CBOIO
SHEPTHUI0 HA HATPEB CPEIIBL.

C yBeIMUYEHUEM COJICHOCTH M COOTBETCTBEHHO IMPOBOIUMOCTH
CUTHAJ MPU MAJIOM PACCTOSIHUU MEXK]y TUTONSMHU YBEITUYUBACTCS, HO
paccTosiHie, Ha KOTOPOM CHTHAIT HAYHET YMEHBIIIAThLCS, COKPAIACTCS.

Buvieoowt

[lonTBepkaeHne  CyHmIECTBOBAHUS  MPOJNOJIEHOTO  M3ITyYEHUS
O3Hauaer, 4To 3-¢ ypaBHeHUs MakcBesuia BechbMa HE IMOJHO, TaK XKe
KaKk U BC€ ypaBHEHHS MakcBemsia, HE TOJHOCTBIO OTPaKaloIlue
CYIITHOCTh JIEKTPOMArHUTHBIX MporeccoB. DaKTHUECKH 3TUM CaMbIM
CTaBUTCA TpoOjeMa Hadama IepecMOTpa BCETO MaTeMaTHYeCKOTO
ammapara dJeKTpoMarHeTusma. [loATBepKIeHHE CYIIEeCTBOBAHUS
MPOJOJIBHOTO M3IYYCHHUS MOXKET OKa3aThbCi TAaKXKe U IMPAKTUYECKU
MOJIE3HBIM, HO ISl TIONYYEeHHS TPHUKIATHBIX PEe3yIbTaTOB HYXHO
IMPOAOJIKUTE OKCIICPUMCHTAJIBHBIC HCCJICAOBAaHHWA B YKAa3aHHOM
HaTPaBJICHUH.

Akcnepumenm 8. UccnedoeaHue 2a3oebix suxpeli ¢
nomouwibro siujuka Byoa

Ilocmanoeka 3a0auu

[Tpu GpopMupoBaHKHM Ta30BBIX BUXPEH MPHHIUIIHATLHOE 3HAUCHHE
UMeeT HavaJbHbIM 3Tan (OPMUPOBAHMSA, KOTZA BUXPU CAMOIPOMU3-
BOJIbHO YMEHBIIAIOT CBON AnameTp. IMEHHO B 3TOT MOMEHT IIPOHCXO-
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AUT IICpCKavKa HOTCHHHaﬂLHOﬁ SHECPrun MAaBJICHUA OKPYIKAKOIICTO
BUXPb ra3da B KUHCTUYCCKYIO SHCPIUi0 BpallCHUA BUXPA B COOTBETCT-
BHH C 3aKOHOM ITIOCTOSAHCTBA MOMCHTA KOJIMYCCTBA ABUKCHUA

mvr = const (8.1)

rJie m — Macca 3JeMeHTa o0beMa BUXpPs, V — KacaTelbHas CKOPOCTh
BpaleHus, » — pagnyc BUXPSL.
B sTOM ciiydae cripaBesIMBO COOTHOIIEHHUE

r
V=V . (82)

r

T.€. CKOPOCTb BpPAIlEHNsl YBEIMYMBAETCS TEM OOJblIe, 4YeM MEHBbIIE
paauyc BUXpsS. DTO 3HAYHUT, YTO MPHU COKpalieHnH paauyca B 10 pas
CKOpOCTH BpalieHus Bo3pactaet B 10 pa3, a sneprus B 100 pas.

[TockoJbKy 3TO €CTh MPUPOJIHBIA aHTUIHTPOIIUUHBINA Mpolecc, MpU
KOTOpPOM CaMOIIPOU3BOIBHO KOHIIEHTPUPYETCA SHEprus,
3KCIIEPUMEHTAIBHOE TOATBEPAKACHUE €ro MMEEeT MNPUHIUNHAIBHBIN
XapaxTep.

Ilocmanoeka 3xcnepumenma

[IpoBepky  BBICKA3aHHOTO  IPENIMOJIOKEHHS  TPOIIE  BCETO
OCYIIECTBUTH C MOMOIIBIO TaK Ha3bIBAEMOTO siuka Byna (Mo uMeHu
aMEPUKAHCKOTO (hU3UKa, IPEJIOKUBIIETO 3TOT OIIBIT).

SAmwmk  Byna mnpencraBmser coOoii  (haHEpHBIM ANIMK —THIIA
MOCBUIOYHOTO 0e3 KpBIIKH SHuKa. B JHE mpocBepirBaeTrcs
OTBEPCTHE JAMAMETPOM 5-6 cM. BMecTo KpBIIKH HakJIeUBaeTCs
ynpyras MemOpaHa Trra 0apaOaHHOH TUIEHKU WM PE3UHOBOTO JIHCTA.
Slmuk craBuTCA Ha OOK, BHYTPh BOpPACHIBACTCS JBIMOBYINKA, YTOOBI
MOKHO OBLIO BHJIETh BBbUICTAIOINUN BUXPh. SIIIMK yCTaHABJIUBACTCS
OKOJIO CTCHKH, Ha KOTOPOH HY>KHO HaHECTU TOPU30HTAILHBIC JIMHUH,
Ha pacCTOSHWM HE MEHee I[ollymMeTpa OT Hee. Bech mporecc
(ukcupyercs Ha BHIEOKaMepy.
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Puc. 8.1. @opMHUPOBaHHE rA30BOr0 TOPOHJAIBLHOI0 BUXPS ¢ MOMOIIBIO
sAmmuka Byna: / — cragus cxarus topomma; 2 — crajgus pacIIMpPEHHs TOPOHA
(mudysms); 3 — cragus pa3Baia Topousa

Pesknii ymap mo memOpaHe NpPUBOIUT K BEIOPOCY KOJBLIEBOTO
BUXPSl M3 OTBEPCTHs sINMKA. BUXpbh JBUXKETCS BIOJIb CTEHKH,
OKHAETCS, YTO JBMKEHHE COCTOUT U3 TPEX JTAIOB.

Ha nepBom »sTame — cpa3y I©ociie BbUIETa BUXPS — BHUXPb
YMEHBIIAET CBOU Pa3MEphL, ITOT IIPOLIECC U SABISAETCS OCHOBHBIM.

Ha BTOpOM 3Tane BUXph yBEIHYMBAET CBOH pa3Mephl U 3aMEAIISAET
CKOPOCTB.

Ha TperbeM »3Tame BHUXpb OCTAaHABIUBACTCA U pPa3pyLIacTCs
(mubdynmpyer).

IIpoBenecHHBIE TIpEABAapUTENBHBIE JKCHEPUMEHTHI ITOATBEPAHIN
HCXOJHBIE NIPEACTABICHHUS.

Boieoowt

SKCHCpI/IMCHT HO,[[TBGp)K,E[aeT CyH_IeCTBOBaHI/Ie B anpone
CaMOHpOI/BBOJ'IBHOFO aHTHBHTpOHHﬁHOFO npouecca, qTO ABISACTCA
HpHHHI/IHI/IaJ'ILHBIM HC TOJIBKO IJIA 1"2130130171 JUHAMHKH, HO U JJIsSI BCETO
CCTCCTBO3HAHUS.
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Akcnepumenm 9. O6pa3oesaHue JIeNMOHHOU MeHbI 8
XUMUYECKUX peaKuyusix

Ilocmanoeka 3a0auu

W3 sduponmHamMuuecKux TNpPEACTaBICHUH BBITEKAET, YTO IIPH
00pa30BaHWU KOBAJCHTHBIX M METAUIMYECKHX CBS3€H pearupyromue
MOJICKYJbl  BBIOPACHIBAIOT 3(QHUPHBIE TOPOUAAIBHBIE BUXPH —
MUKposenToHel (puc. 9.1). B Meramrax OHH WM COCTaBIISIOT Tak
Ha3bIBaGMbIIl  JJIEKTPOHHBI Ta3 —  DJJEKTPOHBI, CBOOOIHO
NepeMEeLIAoNINecs MeXIy aTOMaMy MeTajlla 1 00eCIeUNBAaIOLIIe KaK
BBICOKYIO  DJIEKTPONPOBOJHOCTh METa/UIOB, TaK M  BBICOKYIO
TCIUIOIIPOBOJHOCTb. B HeMeTamnueckux COCAUHCHUAX THIIA LICIIOYb-
KHCJIOTa BOKPYI' PEaKLMU HAauWHAET cOOMpAaThCs JENTOHHAs MeHa, B
KOTOPOH BCE MHKPOJENTOHBI, BBIACIMBIIMECS H3 COCIMHHUBIINXCS
MOJIEKYJI, 00pa3yroT OOIIyI0 BHUXPEBYIO CTPYKTYpYy THIIA TEHHOU
IAMTKK BOKPYT PearupyoLIfX BELICCTB.

Puc. 9.1. Merajuinyeckasi CBfi3b B aToMaxX M 00pa3oBaHMe CBOOOJIHBIX
3JIEKTPOHOB B MeTaJLIe

HOCKOHLKy Ha TOBCPXHOCTU JICTITOHOB B(I)I/IpHI:IC IIOTOKH
ABUXXYTCA IO KACATCJIIbHBIM HAIIPABJIICHUAM, TO OHH OKa3bIBAKOT
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OTpeNeNIeHHOe  TpaJueHTHOE  BO3JICHCTBHE HAa  OKpYXKarollue
MpEeAMETHI: HaxXOoOAIHECA BOMM3U JIETKHE mpeaAMETHI 6YZIYT MU
nputsaruBatbes. Ho uepe3 HekoTopoe BpeMs, KOrja YCTOWYHBOCTH
JIENITOHOB CHU3UTCS, M OHH HAYHYT Pa3pymIaThCs, a MOCKOIbKY B HHUX
3¢up OBIT YIUIOTHEH, KaK U B JIFOOBIX TAa30BBIX BUXPSAX, TO JTABJICHHC
a¢upa HAYHET BO3pacTaTh, U T€ XKE JICTKUC NPEAMETHl HAYHYT
OTTaJKUBATHCS. DTU MPEIIOIOKEHHSI MOTYT OBITh SKCIIEPUMEHTAIBHO
MIPOBEPEHBI.

[IpeAmnoaoXuTenbHO MOAOOHBI MEXaHU3M MOXKET CYIIECTBOBAThH U
pu 00pa30BaHUM OMOMOJICH C TOW Pa3HUIICH, YTO B )KUBOM BEIIICCTBE
MPOUCXOAAT HE TOJBKO XHMHYECKHE TPOLECChl OOBEAHMHEHUS
MOJIEKYJI, HO W pacliajia, Ipy MpoILeccax pachaja HeoCcTalomui a¢up
MOTJIONIAETCA U3 OKPYXKAIIIEro MpOCTpaHcTBa. Torma oOpasyrorcs
KaK HMCTOKM J(Hpa, TaK M CTOKH, B pe3yjibTare OOpa3ylroTCs He
JIEITOHBI, 2 (POHTAHUPYIOITHE 00pPa30BaHUs, UTO U OBIJIO B CBOE BPEMsI
00HapyKEHO HcCIe0BaTENsIMU Kupnuan (KupIHMaHOBCKOE
U3ITy4YeHHE).

Ilocmanoeka sxkcnepumenma

H3mepuTenbHBIM MPUOOPOM B JaHHOM AKCIICPUMEHTE SIBIISIOTCS
CIIE[IMANBHO W3TOTOBJICHHBIE KPYTWJIBHBIE BECHl C JIEPEBSHHBIM
KOPOMBICIIOM M YPaBHOBEIICHHBIM Ha OJIHOM €ro KOHIIE MapycoM —
JIETKOW METaTIMYECKON IIACTHHOM IUIOIAAb MOPSIAKA HECKOIBKHX
JIECSITKOB KBAaZpaTHBIX CAaHTUMETPOB. KopoMeicio moaBemmBaeTcs Ha
METaJNTMYECKO HHTH, MO3BOJISIONICH MOBOPAYMBATHCS €MY BOKPYT
BEpPTUKAILHOW ocH. B cepeanHy KOpoMBbICIa TPHKICHBAETCS
HEOOJBIIOe TUIOMAABI0 1-5 KB. MM 3epKaiiblle, OT KOTOPOTO OTpaka-
eTcsl Ja3epHBIN Ty (Ja3epHas yKa3Ka), OCBEIIAIONINI HEIOBIKHYIO
IIKally, YCTAaHOBJCHHYI0O Ha cTeHe. llapyc uyepe3 BBHICOKOOMHOE
CONPOTHBIICHUE TMOPSIIKA JECITKOB MErOM COCAMHSIETCS C HHTh
Ho/IBeCa, HHUTH 3a3eMJIIeTCS. TeM caMbIM HCKIIIOYAeTCsl BIHSHHE
ANEKTPOCTATHUECKUX HABOJAOK. Bcsi KOHCTPYKIHMS BECOB TIOMEIIACTCS
B (QyTisap, BBIIOJHEHHBIH M3 JIO0OTO 3JEKTPOU3OISLIHOHHOTO
MaTepuala, Hapumep, KapToHa win (anepsl (puc. 9.2).
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Puc. 9.2. Cxema 1a60paTOPHOTo IKCHEPHMEHTA MO BHISBJICHHIO JIENTOHHOIM
NeHbl NpH 00pa30BAHMM KOBAJICHTHOH XMMH4YeCKOW ¢Bsf3H (a) M rpaduk
OTKJIOHEHHs [Iapyca BeCOB IIPH NPOBeJeHHH XUMHYeCKOl peakuuu (6):

/] — CTakaH4YMK C XUMHYECKUMH PEaKTHBaMH; 2 — KPyTHJbHbIE BeChl; 3 —
nasep; 4 —camoIucell.

HampotuB mapyca Ha pPacCTOSHUM HECKOJBKHX CAHTHMETPOB
MOMEIIACTCS CTAKAHYMK U3 M30JISIIMOHHOIO MaTepualia, B KOTOPOM U
MPOMCXOJNT PEAKIUs: CHAYalIa TyJia OpOCaroTcsi HECKOIBKO TabIeTOK
IeI0YH, 3aTeM TyJa ke Kamaercs kuciora. Cpasy ke Tmociie Havana
PEaKIMU BEChl MPUXOMAAT B IBMIKCHHUE: CHAYAJA MAPYC MPUTATHBACTCS
K CTaKaHYHKY, 3aTE€M 4epe3 HECKOJIbKO MUHYT OTXOJHUT OT HEro JIo
ymopa, uepe3 1-2 yaca mapyc BO3BpaIiaeTcsi B MCXOJAHOE COCTOSHHE.

BTOprIM BapuaHTOM 3KCIIEPUMEHTA SIBJSIETCS TPOBEJACHUE B
CTOPOHE OT BECOB TOU KE PEaKI[K B CTAKAHYMKE, YCTAHOBICHHOM Ha
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JICPEBSHHOM WM TICHOIUIACTOBOM KyOHMKE C pa3MepoM CTOpPOHBI
nopsaka 5 — 10 cm. Ilocne okoHYaHHS peakIiy K BecaMm MOJIHOCUTCS
TOJILKO KyOuK. Peakius BecoB Ta ke, 4TO U B MPeIbIAyIIEeM cliydae.

Buoieoowt

Pe3yJ’IBTaTLI OKCIICPUMCHTA NOATBEPKAAIOT MNPpEANIOJIOKCHUA
S(I)HpO,HI/IHaMI/IKI/I 0 IMPOUCXOXKIACHUN CB060,E[HI>IX DJICKTPOHOB B
MeTaJlIax, a TAKXKE 0 BO3MOXHOM (DU3MYSCKOM MEXaHHU3Me OHOTIOJeH,
KOTOPBIC IMPOUCXOIAAT 6naroz[ap${ HEMPCPBIBHBIM XUMHUYCCKUM
nponeccaM, MPOTCKAIIUM B JKXUBBIX OPraHU3Max.

Akcnepumerm 10. UN3meHeHue emMkocmu
KOHOeHcamopa 86s1u3u xumu4yeckol peakyuu

Ilocmanoeka 3a0auu

B cBs13u ¢ TeM, 4TO BCSAKUIl ra30BbIi  BUXph, B TOM 4YHCIE U
3(UpHBII BUXpPh — JIENITOH, 00JaJaeT MOBBIIIEHHOW IJIOTHOCTHIO, a
IUIOTHOCTH  3¢upa B SPUPOIUMAMHUKE €CTh IUDICKTpUUECKas
NPOHMIAEMOCTh, TO €CTECTBEHHO OXHIATh, YTO JICIITOHBI, IPOHUKHYB
B KOHJIEHCATOpP MEXIy METAUVIMYECKHUMHM IUIACTHHAMH, MOBBICST €T0
€MKOCTb, YTO MOKET OBITh MTPOBEPEHO IKCIIEPUMEHTAIBEHO

Ilocmanoexa IKcnepumenma

‘YKa3zaHHBIH SKCIEPUMEHT OBIT pa3paboraH W BemoiHeH B 2001 T.
CTylIeHToM 1-ro  Kypca  xummyeckoro  dakymprera MIY
10.JIo6apeBbIM.

KonpeHncaTopsl pa3HBIX THIOB MOJAKIIOYAINCH K H3MEPUTEIIO
€MKOCTH ¥ BOJIM3M KOHJIEHCATOPa MPOBOIMIIACH XUMHUECKasl peakius
IIeJI0Yb-KUCIOTa. B pe3ynbpTaTe eMKOCTh KOHAEHCATOPa 32 HECKOIBKO
CEeKyHJ yBenuuuBasack Ha 1%, a 3areM MEIJICHHO B TEUCHHUE
JIECSITKOB MUHYT YMEHBIIAIACH /10 IIEPBOHAYAIEHOW BETTMYNHBL.

DKCIEPUMEHT MOATBEP,INAI HCXOTHBIC TIPS ITOIOKCHISI.
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Boieoown

DKCIEPUMEHT MOATBEPIUII CYIIIECTBOBAHUE JICNITOHHOHN TICHBI U TO,
4yTO 3(UPHBIE BUXpU 007aIAI0T TOBHIIIEHHON IIOTHOCTBIO, KOTOPAs,
Kak W OBII0O TMOKa3aHO B A(PUPOIUHAMUKE, COOTBETCTBYET
JUAIEKTPUYECKON IPOHUIIAEMOCTH.

AkcnepumeHm 11. UsmepeHue 3pupHO20
eempa ¢ NoMouwbto s1azepa

Ilocmanoeka 3a0auu

Kak wn3BecTHO, cCOBpeMeHHas TeopeTHdecKkas (HU3MKa OTBepraer
3pup Ha TOM oOCHOBaHWH, 4YTO0 AkoO B 1881 m 1887 rr
MalikeabCOHOM TNpPU U3MEPEHUHM S(PUPHOrO BeTpa  IMONYYCH
«OTpHULATENLHBINA pe3yabTaTy, T.€. dIQUPHBIA BeTep He ObLT HalaeH.
Ha camom nene a¢upHsIii BeTep ObUT 0OHapyskeH yxe B 1887 T., xoTs
Y HE TOM BEJMYMHBI U HE TOrO HampasieHus. PsnoMm uccienopareneit
3¢upHbIil BeTep OblT 0OHapyskeH, 3T0 Maiikenbcon u Mopmu — 1887
r., Mopmu u Mwumiep — 1905 r., Mwmep — 1921-1925 r,
MaiikenbcoH, [Iuc u [Tupcon — 1929 r. Beiacauinoch, 9to 3pupHBI
BeTep 00/yBaeT 3eMJII0 HE B OpOMTAILHOM HAIPABJICHHUH, a MOYTH B
TepIEHIUKYIAPHOM (CO CTOPOHBI 3Be3.bI { co3Be3aus Jlpakona, 26°
or [lomroca mmpa). Bce aBTOphl, He NONyYHBINHE pe3yjbTara —
Kennenn u Wnmuureopt, Iluxkap u CTasnb) JOMYyCTHIM B CBOHX
OTIBITAX CEPhE3HBIE METOMYECKHE U HHCTPYMEHTAJIbHbIE OIINOKH.

NmeHHO He momydeHHe OXXHJAeMbIX [0 TOTAAITHEH TeOopUHu
pe3ynbTaTOB M TOCIEKWIO OCHOBOH [UISI TIONHOTO OTPHIIAHHUS
CYLIECTBOBaHUs B Tpupone 3(hupa, YTO B KOHIIE KOHIIOB HPHUBEIIO
€CTEeCTBO3HAHHE B TyNHK. [103TOMy BO30OHOBICHHE IKCIIEPUMEHTOB
1o 3(UPHOMY BETPY UMEET NPUHITUIHAIFHOE 3HAUCHNE.

Ilocmanoeka 3xcnepumenma

['maBHOW  TPYJOHOCTHIO B MPOBEICHUM OIKCIIEPUMEHTOB IO
UCCIIEIOBAHUIO A(UPHOTO BETpa SIBISIETCS CIOKHOCTh W3TOTOBJICHUS
U3MEPHUTEIBHOTO yCTpoiicTBa — wuHTepdepoMerpa MalikenbCcoHa,
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npubopa 2-ro nopsiika, B KOTOPOM OTKJIOHEHHE HHTEp(EpEeHIHOHHOI
KapTHHBI COOTBETCTBYET BHIPAXKEHHUIO

8 =2DV/c? (11.1)

3neck D — yiHA ONTHYECKOTO IyTH; V — OTHOCUTENFHAS CKOPOCTh
3(UPHOTO BETpa, ¢ — CKOPOCTH CBETA.

[Ipu nnuHe onTHYecKoro MyTH B 1 M M OTHOCHUTENBHOW CKOPOCTU
a¢upHoro Berpa B 30 km/c (Kak OXHMIAIOCh TOTZA) 3Ta BEJIUYMHA
coctaBut & = 2-10"° M, mpu ckopoct B 3 kM/c Bcero muuib & = 2107
M, TO €CTh Mallyl0 [OJI0 JIMHBI BOJIHBI CBeTa. JTO TpedyeT
YBEJIMYCHHS JJTUHBI ONTHYECKOTO MyTH, T.€. YBEIUYCHHUS pPa3MEpOB
npubopa 10 HECKOJBKHX METPOB IMPH MHOTOKPATHOM OTPaXCHUU
CBETa OT 3ePKaJl, a TAaKXKe BBICOKOW CTAOMIBLHOCTH BCE KOHCTPYKIIUH.
Taxkoit mpubop co3naTh TPYIHO.

OpnHako B HacToOsIEe BpeMsi HaWIeH WHOW CIOCOO HM3MEpEHUS
a¢upHoro Berpa. Cioco0 OCHOBaH Ha TOM, YTO JIA3CPHBIN JIy4 TOJ
Harpy3koi »(UpPHOTO BeTpa U3rHOAeTCsI MOJO00HO TOMY, Kak
usrnbaeTcss oOblHas Oanka IMOJ HArpy3KOH OOBIYHOTO BO3IYIITHOTO
BeTpa B 3TOM ciyyae OTKIOHEHHE JIa3epHOrO Jiyya IMOXK
BO3ZeiicTBHEM  3(GUPHOTO  BeTpa  OyJeT  IMPOIMOPIUOHAIBHO
OTHOCHUTEIBHOW CKOPOCTH 3(PHUPHOTO BETpa B TEPBOW CTCIICHH H
OTIPEACTATHCS BRIPAXKCHHEM

d=kDvi/c (11.2)

rae k — Kod(pQHUUUEHT ymnpyrocTu jasepHoro Jyda. [lpm mimHe
OINITUYECKOI'O IyTH B HECKOJIBKO METPOB M CKOPOCTH 3(PHUPHOTO BETpa
B 3 KM/C OTKJIOHEHHE JIa3epPHOTO JIyya COCTaBUT JECSTHIC IIOJH
MUJJTUMETPA, YTO BIIOJIHE JOCTYITHO NU3MEPEHUSIM.

Cxema mpubopa nokazana Ha puc. 11.1.

Bces  ontmueckas dacth nmpmOopa  KpemMTCS Ha  KECTKOM
wiatpopme. Ha koHmax muaTQopMbl YKpEIUISIOTCS 3epKaia C
NOBEPXHOCTHBIM OTpPaXXEHUEM [uisi 3-4-X KpaTHOTO OTpPaKEHHs
Ja3epHOro Jyda. B KoOHIE IyTH na3epHBI JIyd HampaBisieTCs B
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JOETEKTOP-IPUEMHHUK,  MPEACTABISIONMKA  COOOH  3auepHEHHYIO
U3HYTpHU TPYOKy, B KOHIIE KOTOPOW yCTAHOBJIEHO MaTOBOE CTEKJIO, a
32 HUM — 4 QOTOCONPOTUBICHHUS, pa3lesieHHble HEMpOo3pavyHon
neperopoakoi. HuKakux KOJUIMMaTOpOB AJs Jia3epa NMPUMEHATh He
HYXXHO, TaK KaK CIIOCOO OCHOBAaH Ha M3MEPEHUHU CBETOBOTO IIOTOKA,
CHMMAaEeMOI'0 CO Bcell II01au MaToBOIo CTEKIIA.

OnpHbIN BETEP 5

bAd bbb i

Puc. 11.1. Cxema u3MepeHUs] CKOPOCTH I(PHUPHOro BeTpa ¢ MOMOUILIO
JlazepHoro Jy4a: [/ — TeIMEBO-HEOMOBBIM Jazep; 2 — JETeKTop; 3 —
(doTtoconpoTuBIeHNs; 4 — MAaTOBOE CTEKJIO; 5 — HENpo3padHas INeperopojuka; 6 —
YCUJIUTENb CUTHAJTa BEPTHUKAJIBHOTO OTKJIOHEHHWs Jyda; 7/ — YCHJIUTENb CHUTHala
TOPU30HTAIBHOTO OTKJIOHEHUSI JTyda.

OMNBIT MOKA3bIBACT, YTO MPUMECHEHUE YCHIIUTENEH He 0053aTeNbHO,
MOCKOJBKY UYyBCTBUTEIFHOCTH MOCTa, B KOTOPBIH BKIIOYCHBI
(hoTOCOTIPOTHUBIICHUS, OOJiee HYeM JIOCTATOYHO, W  IOSBIISICTCS
BO3MOXXHOCTH €€ peryiupoBaTh. B KkadecTBe W3MEPHUTEIBHOTO
npubopa B MOCT BKIIOYAeTCS JHOO MHKpoamIepMmerp, Juoo
caMOITHCeTl, YTO, KOHEYHO, JydIe ajs cOopa craTuctuku. lluranue
MOCTa TIPOIIEe BCEro OCYIIECTBIATH OT OOBIYHON OaTapeu THIIA
«KpoHa» wnm OT ceTu yepe3 CTaHIAPTHBIA MpeoOpa3oBaTeNh Ha 5
unmu 9 B.

B u3noxxeHHoOM Buze MpuOOp MPUTOAEH A U3MEpPEHHs IPHUPHOTO
BETpa C UCHOJb30BaHMEM BpamieHus 3emian. B 3ToM  ciydae
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OIpe/IENIAETCS CYTOYHAsI BapHallysi, KOTOPYIO HYXKHO MPUBSA3BIBATH K
3Be3MHOMY (cuaepudeckoMy) Bpemenu. OmHako B Oosee 00IeM
cllyyae MpeCTaBIIsIeT HHTEPEC BpallieHue TIaTGOPMBI.

Puc. 11.2. IlopopoTHas ja3epHasi CKaMbsl: | — JKeCTKas CKaMbsl; 2 — IeJIUEBO-
HEOHOBBIH Jlazep; 3 — JETEKTOp OTKIOHEHMs JIa3epHOro iy4a; 4 — 3epkama ¢
MOBEPXHOCTHBIM OTPAXKEHUEM; 5 — KOJBLEBON TOKOCHEMHUK JUIS IOJBOAA TUTAHUSI U
CHATHS CUTHala C JETeKTopa; 6 — IIeTKH; 7 — MOTOp C pexyKTopoM; 8 —
LWTMHIPUYECKUH MOJIIUITHUK CKOJIBXEHHUS C IIapOBO ONOPOif; 9 — ocHOBaHUE.

IIpu mpoBegeHHMM DSKCIEpUMEHTa CIEAYeT 3aMEeTHTh, UYTO Ha
OCHOBHYIO  COCTaBIISIIOLIYI0 3(UpHOrO BeTpa HAaKJIaIbIBAIOTCS
COJIHEYHbIE Bapualuy, T. €. JONOJHUTEIbHBIE BO3MYIIEHUS 3(PUPHBIX
MOTOKOB, reHepupyemble Comuiiem (cMm. 1. 16). AMIUIUTYIBI 3THX
BO3MYILIEHHH MOTyT MpPEBHINIATh OCHOBHBIE OTKJIOHEHHMS U IO
JUINTEIIBHOCTH COCTABIITH OT A0JIEH MUHYT /10 HECKOJIBKHX YacoB.

Buieoowi

Usmepenne sdupHOro BeTpa SBISAETCS NPUHIMITHAILHBIM IS
COBPEMCHHOI'O COCTOsITHUA €CTCCTBO3HAHUA u JOJIPKHBI GI)ITL
NpoAoJKeHbl. Pa3paboTanHble B HACTOsAIIEe BpeMs CIIOCOOBI 1-ro
MopsiKa IO3BOJIAIOT  pa3paboTarh mpocTthle T ddderuBHBIC
N3MEPUTCIILHBIC HpI/I60pLI, CO3J1aHHUC KOTOPBIX IMPAKTUYCCKHN
JIOCTYTTHO BCEM.
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Akcnepumenm 12. UccnedoeaHusi 3ghupHO20
eempa ¢ noMow,br0 uHmMepghepomempos(crpaeka)

Hwxe npuBeneHa kpaTkas HUCTOPUS OCHOBHBIX 3KCIIEPUMEHTOB I10
3(upHOMY BETpY, MPOBEACHHBIX ¢ KOHIA 19-ro 1 10 cepeaunasnl 20-ro
CTOJIETUH.

B 1877 r. B 8 tome bBpuranckoii sHmmkionenuu (c. 199-200)
Jx.K.MakcBennm ucxolis M3 TUIOTE3bl a0COJIIOTHO HEMOABHYKHOTO B
MHUPOBOM TIpocTpaHcTBe adupa (Teopus Openens-Jlopenna), ykasan Ha
NPUHIMITHATBEHYI0 BO3MOXKHOCTh M3MEpeHus d¢pupHoro Berpa («ether
drift») Ha moBepxHOCTH 3emiu: 3eMiisl B CBOEM JIBUXKEHHHU IO OopOuTe
JOJDKHA WCIBITHIBATh HAa CBOEH TIOBEPXHOCTH BCTPEYHOE IBHIKCHHE
a¢upa co ckopocThio 30 KM/C, YTO MOXXHO, B NPHUHIHUIE HU3MEPHUTH,
X0Ts U ¢ TpynoM. A.MaiikenscoH B 1880 r. pa3zpaboran cxemy Takoro
npubopa — KpectooOpazHOTO HWHTepdepoMeTpa, KOTopas Jerja B
OCHOBY BCEX TMOCIENyIOIIUX HW3MepeHud 3dupHOro  Betpa,
BBITIOJTHEHHBIX UM CaMUM M €ro nocienoarensmu (puc. 12.1).

CooTBeTCTByOIINE HU3MEpEeHHS ObLTH MIPOBEICHBI
A.MatikensconoMm B 1881 1. u 3arem Bmecte ¢ O.Mopnu B 1887 T.
[lomydyeHHple UMM pe3ynbTaTbl HE COOTBETCTBOBAIM MCXOJHOU
TUIOTe3e, MoKazaHusl mpuoopa namd B 10 pa3 MEHBIIYIO BETHYUHY.
OT0 OBIIO BIIOCIEACTBUU HCTONKOBAHO KaK «HYJIEBOH pe3ynbTary,
YTO HE COOTBETCTBYET JAEUCTBUTENHLHOCTH.

[ponomxennsie B 1905 r. 3.Mopau coBMecTHO ¢ mpodeccopom
KbniicoBckoit 10JTBI MPUKJIATHON HayKH J.K.Mwunnepom
JKcIepuMeHTHl Ha EBKITUI0BBIX BhIcOTax (250 M HaJx ypoBHEM MODS)
Jany YyCTOWYMBBIA pe3yibTaT B 3-3,5 KM/C, a 3aTeM BBINOJHEHHBIE
Mumnepom B 1921-25 rr. Ha rope MayHT Busicon oOmmupHbie paboThI
MOKa3alid, 9TO 3MIeCh CKOPOCTh 3(upHOTrO BeTpa cocraBiser 8-10
KM/C.

Takum 00pa3om, 3HAYEHHE CKOPOCTH I(PHUPHOTO BETpa PACTET C
YBEIMYEHHEM BBICOTHI, YTO TIOJTHOCTHIO COOTBETCTBYET TEOPUHU
NOTPAaHUYHOTO CJIOS JUIS Ta30B. BBLICHWIIOCH TakXke, YTO dQHUPHBII
BETEp UMEET He OpOUTANBHOE, a TAJJAKTHYECKOE HallpaBJieHHE.



298

Puc. 12.1. Cxema u3MepeHUs] CKOPOCTH I(PHUPHOro BeTpa ¢ MNOMOUILIO
KpecToBOro unrepgepomerpa MaiikeabcoHa: | — HCTOYHUK cBera; 2 —
MHKPOCKOII, B KOTOpPOM (opMHpyeTCsi HHTep(pEepEeHIINOHHAs KapTUHA; 3 — 3epKaja ¢
MOBEPXHOCTHBIM OTPaKEHUEM; 4 — IOTYTIPO3PauHOE 3€PKAIO.

A.MaiikenbconoM nu4yHO coBMecTHO ¢ D.ITucom u @.Ilupconom
OBUT TIOBTOpEH CBOIl JKCHepuMEHT Ha rope MayHT Buicon u
NoATBepXKAeHO Hamumuue s¢upHoro Berpa (JOSA Ne 3, 1929).
[IpoBeneHHbIE HECKOIBKUMU APYTrUMH uccienoBatesiMu (Kennenu u
Wmmmareopr, a Ttakke I[lukkap u Crasnb) comepkanu TpyObie
MHCTpYMEHTaNIbHBIE OMMOKH (MHTEphEepOMeTphl ObUIM MOMEIICHBI B
METaJNIMYECKUE SKPaHbl), HE IO3BOJMBILKE MM MOJIYYUTh BOOOIIE
KakoW OBl TO HHM OBUTO pe3yibTaT. ODKCIEPUMEHT, ITOCTaBICHHBIN
U.Tayacom u J[Ix.CemapxomemMoMm B 1958 1. mo wuccienoBaHuio
JOTUIEPOBCKOTO CABUTA YAaCTOT Y Ma3epoB TaKXKe HE JaJl Pe3yJbTara,
IIOCKOJIbKY OB IIOCTAaBJICH METOAWYECKH OE3rpaMOTHO — HCKAaJCs
JOTUIEPOBCKHUH CIIBUT YacTOT MPH B3aUMHO HETIOJBUKHBIX HCTOYHUKE
Y IPHEMHUKE M3IyUYCHUSI.

PaGoTel 1O  HCCIENOBAaHMIO  3aBUCHMOCTH  NPOXOXKICHUS
pPaaMoBONH §-MH MMJUIMMETPOBOTO JMana3oHa ObUIM BBITIOJHEHHI B
nepuog ¢ 1996 nmo 1998 rr. B Xapskosckom HUW pannodusukn u
anekTpoHuku rpynmnoit FO.M.I'anaeBa. ['pynmnoii B.A.AL0KOBCKOTO B
HUWMU aBuarmmonHOoTo 000pymoBaHus B T. JKyKOBCKOM OBLT pa3paboTaH
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METOJ] U3MEPEHUsI CKOPOCTH A(PHUPHBIX MMOTOKOB C MOMOIIBIO J1a3epa,
Jyd KOTOPOTO HCKPHBISIETCS TOJA AelcTBHEeM 3(QUPHOI BeTpOBOH
Harpy3kd, U TaKkxke OBUIM TONYyYCHBI MOJIOXKHUTENIbHBIE Pe3yJbTaThl,
XOTsI CTATUCTHUKA 37IeCh OblJIa HEOOJIBIIOM.

B macrosimee Bpems rpymmoit FO.M.I"amaeBa pa3pabortan mpudop
JUISL I3MEPEHUSI CKOPOCTH 3(UPHOTO BETpa Ha MOBEPXHOCTH 3EMIIH.
[Ipubop ocHOBaH Ha WHEPIMOHHOCTH IMEPEXOJHOrO Ipolecca Io
YCTAaHOBJICHUIO 3(GUPHOTO0 TOTOKa B TpyOe, KOTopas B Iporecce
u3Mepenust mopopaunsaercst Ha 180°. Bpemst mepexomHoro mpomecca
ompenenseTcs  BSA3KOCTBIO  3¢dupa.  DKCIEPUMEHT  SBIACTCS
SKCIEPUMEHTOM TIEpBOrO TOpsAAKa, NpHOOp 00JamaeT BBICOKON
YYBCTBUTEIBHOCTHIO.

KO.M.I'anaeBbIM BBISIBJIIGH pPsifi HOBBIX OCOOEHHOCTEH 3(UPHOrO
BEeTpa, OOHAPYKEHO TPU COCTABISIONIMX TIOTOKA, OOJaJAIOIINX
pa3IMYHOM  BSIBKOCTHIO M, BEPOSITHO, PA3IUYHON TIUJIOTHOCTHIO.
[IpenmonoxxuTenbpHO, MepBasi COCTABIAIONIAsS HMEET TaJlakKTHYecKoe
NPOHMCXOXKICHNUE, 3TO OCHOBHOHM MOTOK 3(Hpa, HAMPaBISIIOMIUICI OT
neprudeprn TaJakTHKU K ee sSaApy. Bropas coctaBusiomas poxmaaeTcs
ComnHuem, paboTaromyM Kak TEIUIOBOM HAcOC B COOTBETCTBHHU C PHC.
17.5. B pa3Hoe Bpems roja OoHa MMEET pa3HOE HaIpaBJIEHHE, YTO
XOpOIIIO BHIHO W3 TIPUBEJCHHON Ha PHUCYHKE CXEMBL. Tperhs
COCTaBJISIIOIIAsi —  HECTAlMOHApHAas  COCTABISIOMAs  ITOTOKOB,
BeIOpackiBaeMbIX CoiHLeM. B cBoe Bpems 3Ta coctaBisionias Obuia
3auKcUpoBaHa MmuiepoM, KOTOPBI OTHEC €€ K OMIHOKaM
HaOIIOCHAS.

Buwvieoowt

HpOBe,[[CHHI:Ie pa3JInM4YHbIMU  aABTOpaMH H3MCPCHUA 3(prHOI‘ (8}
BE€Tpa TIIOKasajii €ro HaJIu4yue n COOTBCTCTBHUC TEOpUHU
IMOTrpaHU4YHOTI O CJIOs rasa. Ot OKCIICPUMEHTLI HUMCIOT
MNPUHOUIIAAIBHOC 3HAYCHUC [Jid Ppa3BUTUA CCTCCTBO3HAHUA nu
JOJKHBI OBITh NpoAOKECHBI W CYHICCTBCHHO paCInupeHBbI.
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B. A. AnlokoBcKHii
Honyaspuas 3¢upoAuHAMUKA WIN KAK YCTPOEH MMP,
B KOTOPOM MBI KMBEM
HayuHno-nonynspHoe uzganue
Biiagumup AkuMOBHY AIFOKOBCKHMIA JOKTOP TEXHUYECKHUX HAyK,
npodeccop, akaneMiK Poccuiickoil akageMuy €CTEeCTBEHHBIX HAYK,

YJICH-KOPPECTIOHCHT AKaJIEMHH dIIEKTPOTEXHUICCKUX HAYK
akageMuk MexayHapoIHoW AKageMuu OMOIHEPrOTEXHOIOTHIA

Xynoxuuk Bnagumup Hukonaesny Pomanos



