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BBepneHue. MeTogonornyecknum Kpusmc
COBpPEMEHHOro eCTeCTBO3HaHUA U 3a4a4vm, CTo-
fAlWme nepen eCTeCTBO3HaAHMEM

MEI )kxMBEM B HEM3BECTHOM HaM mupe. Kakaslil neHb, BcTaBas C
MOCTEIH, MBI XOIUM IO 3eMJie M MOJb3yeMcsl TpaBUTalMel, HE UMes
HPEACTaBICHUS. O TOM, YTO 3TO Takoe. Mbl nonb3yemMcs (PU3NIEeCKUMU
3aKOHaMM, He TIOHUMas], I0YEMY 3TH 3aKOHbI MIMEHHO TaKHe, KaKUe OHU
ecTb. MBI HE 3HaeM, Kak yCTPOEHO BEILIECTBO, [IOTOMY UTO TO, YTO MBI O
HEM 3HaeM, €CThb BecbMa NPUONIKEHHAs MOJIeNb, TOBEPXHOCTHOE
NpeACTaBICHUE, HANMYKAHHAS BCSIKHUMHU MAapajoKCaMH, C KOTOPBIMH
Oe3ycrieniHo OOPIOTCS HallM y4ueHble. M Tak BO BceM.

— Uro Takoe 3JEKTPUUECTBO? — CHPOCHI OJHAXKIBI Mpodeccop
CTYZACHTA.

— 51 3Ham, HO 3a0bUI, — OTBETUJ CTYZICHT.

— Kakas notepst mist yenoBedectBa! — BOCKIMKHYI Ipodeccop. —
Hukto B Mupe He 3HaeT, 4TO Takoe 3JeKTpuuecTBO. OIMH UYeIOBEK
3Hai, ¥ ToT 3a0bu1! Korma Bl BcmoMHHMTE, cOOOWIUTE, MOXKAIyHCTa,
HaM, MBI TO)K€ XOTHUM 3TO 3HATb.

YTBepKaaTh, 4YTO HayKa BOOOIle HEe 3HAeT HUYEro, ObUIo OBl He-
KOTOpbIM npeyBennueHueM. Koe-uro ona Bce xe 3HaeT. Hampumep,
OHa 3HAaeT MHOXKECTBO «XOPOLIO YCTAHOBJICHHBIX» 3aKOHOB IIPHUPOBI,
OMHPAsICh Ha KOTOPhIE MOXKHO CTPOUTH JOMa, IIPOEKTHPOBATH MAIIINHEI,
JI00BIBaTh 3HEPIHI0O M BbIpamuBaTh Xxj1e€0. Ho mouemy 5TH 3aKoHEI
MMEHHO TaKue, a He Kakue-HUOYIb Ipyrue, HayKa CKa3aTh HE MOJXKET,
100 OHA He 3HAaeT BHYTPEHHETro ycTpoiicTBa martepun. [losTomy ee 3Ha-
HUS 0 3aKOHAX TPUPOIBI BEChbMa MPUOIIKEHBI ¥ TIOBEPXHOCTHBI.

Hy, ¢ dero sto Bapyr HproTOH Ha3Ban CBOM 3aKOH TATOTEHMS
«BcemupHBIM»? OH 49TO, MPOBEPUII €r0 MPHU BCEX BO3ZMOXKHBIX 00CTOS-
TeIbCTBaX W 3a mpenenamu CoiHedHOHN cucTembl? Bens 3TOT 3akoH
BBIBEJICH UM BCETO JIMIIb KaK 0000IeHHEe 3aKOHOB HEOECHOW MEXaHUKH
Woranna Kemnepa, koTopslii 00paboTtan JaHHbIe HAOIIOACHUH 3HaMe-
HUTOTO JaTcKoro acTpoHoma Tuxo bpare 3a HECKONBKIUMH TIJIaHETaMHU.
W3yuuB nonoxxenns Mapca B pa3nuuHble iepuonsl Bpemenu, Kenmnep
OTpEAETWII 3aKOH €r0 JBWXEHU, a TOTOM Y>K OH PaclpoCTPaHUI 3TOT
3aKOH Ha OCTaJbHbIE IUIAHETHl U Jake Ha JIyHy M 4eTblpe CIIyTHHKa
IOnurepa, He 00BsACHUB, IIpaBaa, IOUYEMY K€ IUIAHETHI IBUXKYTCA B CO-
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OTBETCTBHHU C 3THM 3aKOHOM. HBIOTOH moOKa3a, 4To eCTh LEHTpalb-
Hasi CWJIA TATOTEHUS, KOTOpas U ONpelessieT XapakTep IBIKEHUS
TUTaHEeT, HO OTKyJa OepeTrcs 3Ta cuia W mmoyeMmy oHa Takasi, HploToH
HUYEro HE CMOTI CKa3aTh, XOTS MHOTO Pa3 MBITAJICS MOHATH MPHUPOLY
TArOTeHUs. B KOHIIE KOHLIOB, OH OPOCHII 3TH MOMBITKH, TOPIO 3asIBUB:
«['unote3 s1 He U3MBILUIAO!», YTO 03HAYAIO €r0 IOJIHOE IOPaKEHUE B
3TOM BOTIPOCE.

[Toz:xe BBIICHUIOCH, 9YTO MepKypHii IMeeT HEeKOTOpble 0COOCHHO-
CTH JABWXEHHUS, HE TOYHO COOTBETCTBYIOLINE 3aKOHY BCEMHUPHOTO TSi-
roteHus, [ImyToH BooOIIe HEe YKIIaIbIBaeTCA B 3TOT «3aKOH», & €CIH YK
IIPUMEHUTh «BCEMUPHBIM» 3aKOH TAroreHus HproToHa ko Bceil Bcee-
JIEHHOH, TO TMOJydaeTcsl TOJMHBINA KOH(Y3: B KOKIONW TOYKE MPOCTPaH-
CTBa TPaBUTALMOHHBIN MOTEHIMAN OKa3bIBaeTCs OECKOHEYHO OOIb-
HIMM, U TYT YK BOOOIIEe HUKaKUE 3aKOHBI JIEHCTBOBATh HE MOTYT. JTO
MPUCKOPOHOE OOCTOSATENHCTBO OBLIO HA3BAaHO «TPAaBUTAIMOHHBIM TIa-
pamokcom», o yeM B XIX cromernn Ham moBeganmyd HEMEIKHE acTpo-
HoMbI 1 MaTtemaTuku Kapn Heliman u Xyro 3enurep, u ¢ TeX Mop 3TOT
NapajoKc HOCUT UX UMEHA.

[Ipumep HbroTona okasancst 3apasurenbHeIM. Hayka, ocoGeHHO
TeopeTnieckas (GU3UKa, JieKalias B €e OCHOBE, CIelys TeM K€ METO-
JTIOJIOTUYECKUM IIyTEM, TOXE IOJIaraeT, YTO He HY)XKHO 3HATh, MOYEMY
¢u3nuecKkue 3aKOHbBI MMEHHO Takue, Kakue OHM ecThb. llpuponma Ttax
yCcTpoeHa, U Bce TyT. «Hara 3agaua — chectb 00e], He 3alyMbIBasCh O
TOM. KaK M3rOTOBHJI €TI0 MOBap», — TaK IMoJyiaraeT OOJBIINHCTBO U3 HUX.
Ho nockonbky Bo Bcex o6nacTsax (pU3UKH MapagoKChl U HEYBSI3KU CTa-
T MHOXXHTBCS, TO «CEPbE3HBIMU YUYEHBIMU» OBIIT M300peTeH 3ameya-
TEJIBHBIA METOJ| MCCIIEOBAHNHN, B COOTBETCTBUU C KOTOPBIM IPUPOAY
HY>KHO M300peTaTh, BBIIBHUTAS «IIOCTYNATHI», IPUHIUIBD) U «aKCHO-
MbI» (AaKCHOMAaTUYECKH MeTOA). 3HaMEHUTHIH AnpOepT DHHIITEHH
TaK MPSIMO M 3adBHJI, YTO «AKCHOMAaTH4YeCcKasi OCHOBA (PM3MKH JOJDKHA
OBITH CBOOOIHO M300peTEeHA! .

He menee 3HaMenuTsIii HeMenkuil puszuk-reopetuk Makc [lnank B
1900 rony, emie 10 myONMKaUKM TPyAOB DUHIITEHHA, BRIABUHYI HEep-
BBIIl B MHpE MOCTYJIaT O TOM, YTO SHEPTHs M3IydaeTcsi He HempephIB-
HBIM ITIOTOKOM, & KBaHTaMH, MOPLHUSIMU. DTO OBLIO BIOCIEACTBUH MOJ-
TBEPKJICHO, OHAKO 3TO K€ CO3J1aJI0 MPELEACHT, U K HACTOSILEMY Bpe-
MEHHM H300pETEHO MHOXKECTBO «IIOCTYJATOB» U «IIPUHIUIIOBY, KOTO-
pBIM 00s13aHa ciefoBaTh npupona. Ecnu npupona He criemyeT HocTy-
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JaTaM, TO TeM XyXKe JJIs IPUPOIbl! DT OTKIOHEHHSI POCTO HE HYKHO
MPUHAMATH BO BHUMaHHe. (CaMu ke IMOCTYJIaThl Jake JOKa3bIBaTh HE
Haao ubo, kak ckazaHo B crtarbe «[locrymar» (bCO, 3 u3n., 1. 20 c.
423), «HE )ayues TOBOJOB B Pa3yMHOCTH («IIPAaBOMEPHOCTH») Tpe/ia-
raeMbpIX HaMH{ IOCTYJIATOB, MBI B KOHEYHOM CUETE MPOCTO mpedyem
(orcroma u aTuMotorus cioBa «I1.») aToro npunsTHSI». [ToHATHO?

Ha ceromusmnuii 1eHh B (PU3UKE CYIIECTBYET HECKOIBKO JECAT-
KOB «TIOCTYJIaTOB» U «IIPUHIUIIOBY», KOTOPbIE KaK-TO YBS3aHBI MEXIY
co00i1, HO BOBCE HE YBsI3aHBI C MPHUPOJION, KOTOpas HE 3HAET HU «IIO-
CTYJIaTOBY», HU «IIPHHIIUIIOBY, HU «aKCHOM,

3namenutas CTO — ChoemumanbHas TEOpUsS  OTHOCUTEIBHOCTH
A.D¥HmTEHA B CBOSGH OCHOBE MMEET ISITh (a HE JBa, KaK MHUIIYT B
y4ueOHHMKaX) MOCTYIAaTOB, NIEPBBIM U3 KOTOPBIX SIBJISETCS KaTEropude-
CKOE OTCYTCTBHE B IIPUPOJIC MUPOBOI Cpeibl — Adupa.

He menee 3namenntas OTO — OOmiast Teopusi OTHOCHTEIHLHOCTH
TOTO XK€ aBTOpPa UCTONB3YET 3T IATh HOCTYJIATOB U TOOABISAET K HUM
eIIe ISITh, T. €. BCETrO JIECITh MOCTYJIATOB, MOCIECIHUM U3 KOTOPBIX SIB-
JSIETCS TAKOE K€ KaTeropudeckoe HaIW4Yhe B Mpuponae dgupa (cMm. pa-
Ooter DitammTeliHa 32 1920 u 1924 11.). ..

KBanToBass MexaHUKa HCHIOIB3yeT MOCTynarhl CHeraibHON Teo-
PUH OTHOCUTEJIBLHOCTH M JIOOABJISET K HUM €Il JCBATh MMOCTYJIATOB. A
BCE TOCIIEAYIONINE TEOPUH 005S3aTENBHO UCTIONB3YH0T moctynatel CTO
(IpUHIUI COOTBETCTBHS) M JIOOABISIOT K HUM CBOM IOCTYJIAThl W
MPUHITUIIBL, 00II[ee YUCTIO0 KOTOPHIX COCTABISET YXKE HE OJUH JIECSTOK.
OTOT «IIPUHIIUATI COOTBETCTBUS) MHTEPECEH TEM, UTO CETOIHS «Cephe3-
HBIC yYeHBIS» TPEOYIOT, YTOOBI JIFOObIE HOBBIE TEOPUU COOTBETCTBOBA-
JIU TIOJIOKEHHSIM TEOPUH OTHOCHUTEIILHOCTH DWHINITEHA, 3a0bIBast, 9TO
caMa TeopHsi OTHOCUTEILHOCTH HUKAaK HE COOTBETCTBYET BCEH MpeEIbI-
JyIIel UCTOPUU €CTECTBO3HAHUSL.

B nocnennee BpeMs cpey HEKOTOPBIX «yUEHBIX)» MOSBIIIACH €ITIe
O7lHa TeHJieHIIMs. Pa3 MUp yCTpOE€H Tak pa3yMHO, 3HAUWT, €cTh bor,
KOTOPBIi Bce 3TO co3fai. llopa oObeqUHATh HAYKy U PEIUTHIO, 3asIB-
JSIOT OHHW, M IEPKOBb C 3TUM corjiacHa. OJHAKO HaM, WHXKEHEpaM-
MPUKIaIHAKAM, HaJI0 PemIaTh CBOM MPUKIIAIHBIC 3a4a9d, OMMUPAsCh HE
Ha MOCTYJATHI, TPUHIUIIBI U aKCHOMBI, 2 Ha peabHbIC IPUPOJHBIC 3a-
KOHBI, KOTOPBIC HAJIO MTOHSITh.

Ha bora Toxe Hagex sl Malio, XOTS M CYIIECTBYET PEKOMEHIAIIHS:
«Ha bora mazeticsa, Ho cam He 1uromaii!». 1 HaM xoTeaocs ObI, 9YTOOLI
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(hr3uUuecKre «3aKOHBD) OTpaxalu (HU3UUECKYIO PEaTbHOCTh, a IS ATO-
r0 HA/AO TOHATh WX BHYTPEHHHHA MEXaHU3M, IOHITH, TOYEMY OHHU
MMEHHO Takue, a He apyrue. HaMm He HpaBHUTCS HEEBKIUIOBA T'€OMET-
pus, IOTOMY YTO B HAIllel KU3HU MBI MOJIb3yEeMCs TOJBKO €BKJIMIOBOM.
A HeeBKJIHMIOBa reOMEeTpHs, HaBepHOe, OyZeT BEepHa He B HaIlel pe-
aITbHOM JKU3HM, a B HECBKIIMOBO.

[Moaromy crpaBeyIMBO CYUTATh, YTO COBPEMEHHOE €CTECTBO3HA-
HUE HAXOJIUTCS B IIIyOOKOM KpH3HUCE. DTOT KPU3KMC BhIpaXKaeTcs B He-
CIIOCOOHOCTH COBPEMEHHOM «HAyKH» IMOHATh BHYTPEHHIOI, MPHYMH-
HYH CYIIHOCTh CTPYKTYP MaTe€pHalbHBIX 00pa30BaHUH, MPOIECCOB U
(hU3MUECKUX SBJACHHUM, HE CTaBUTCS Ja)Ke 3ajlaya TaKoro IMOHUMAaHUS,
(haKTHYECKU HOBBIC OTKPBITHS MPOM3BOATCS METOAOM MPOO U OIIU-
00K; B mpeanoyTeHnd (PEHOMEHOJIOTHH (BHEIIHErO OMHCaHWsl) JHHA-
MuKe (PU3NIeCKOil CYIHOCTH B €€ Pa3BUTHU), B IPEBATUPOBAHUHN Ma-
TEMaTHUKU Hall (U3NYECKUM COAEPIKaHHEM CTPYKTYp M SIBJICHHI), B
MPUMEHEHUN MHOTOYHCICHHBIX TOCTYJATOB, aKCUOM U JIPYTHX BOJb-
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HBIX YTBEP)KIEHUH, B IPEICTABICHUAX O BO3MOYKHOCTH BBIa4M 4acT-
HBIX KaTeropuii 3a BceoOuye 1 T. 1., U T. 1. ¥ TIp.

Bot mostoMy u poaunock HOBoe (T. €. XOpoIlo 3a0kIToe cTapoe)
HanpaBJIeHHE B TEOpETHYECKOH (u3uKe — 3(QUpOANHAMUKA, KOTOPOE
BOCCTaHABIMBAET IpeacTaBiaeHUs 00 3hHupe M Ha ITOM OCHOBE IO3BO-
JsIeT MHOTOE IOHATh M KOTOPOE YK€ PELIMIO MHOTHE cTapble mpooiie-
MBI ¥ BBIIBUHYJIO HOBBIE BOIIPOCHI, ITPH 3TOM 00X0AsCh 0€3 OCTYNaToB
U akcWoM. B oTimune OT cOBpeMEHHOH TeopeTHdeckod (DHM3UKH, IO-
CTYIHOH AJI1 MIOHUMAaHHUS TOJIBKO 0c000 OJapeHHBIM JIMLIaM, 3GUpoIu-
HaMHKa MpOoCTa, JaKe OUYEBUHA U JOCTYIHA JUIsl IOHUMaHUs BCeX KTO
yMeeT UuTaTh, MUCATh U CYUTATh, T.€. OT UIKOJBHUKOB IO aKaJE€MHUKOB.
[IpaBma, akageMuKu He criemiar B 3TOM IpH3HATHCA. Bor 00 3TOoM 1
MOWJIET PEYD.

[pennaraemplii MaTepual MO CBOCH CYTH HYXHO pa3OMTh Ha TPH
yactu. K mepBoiil oTHOCsTCS 0011ast T0THKa, MPeICTaBIeHUs O pU3nye-
CKHX MHBapHAaHTaX M MX CBOMCTBaX M BBITEKAIOLIVE W3 3TOTO BBIBOJBI.
Ilo MHeHUIO aBTOpa, 3Ta YacTh IN1aBHas U OeccriopHast. TyT Bce sicHO.

Ko BTOpO# YacTH OTHOCSTCS BCE MOJENH KOHKPETHBIX CTPYKTYp H
B3aUMOJICHCTBUM — CHIIBHOTO M CJIA00T0 SACPHBIX, JEKTPOMATHUTHBIX
U rpaBUTalMOHHBIX. CIo/Ia K€ OTHOCSATCS M BCE MOJENN (HPU3NUYESCKHUX
SBJICHUH. DTH MOJENH TO3BOJSIIOT MOHATH (DU3UYECKYIO CYTh Bellle-
CTBEHHBIX O00pa30BaHUA, B3aUMOJEHCTBUN W (PU3UYECKHUX SIBICHUH.
OpnnHako 3TH MOJENH, KaK M BCSKHWE MOJIENH, JAOJDKHBI YTOUYHSTHCA U
JIOTIONIHATBCS TIO0 Mepe YIiIyOJeHHus B CYTh T€X CTPYKTYp W SIBIEHUH,
KOTOpBIE OHU OIHCBIBAIOT.

A K TpeTbeil 4acTH OTHOCATCS TMIIOTE3bl, KOTOPBIE BCETO JIMIIb
npaBronogo0Hsl. Ho TUmoTe3sl W ecTh THUIOTE3BI, T. €. HEKOTOpbIe
MIPENONIoKeHUsT 0 cyTH siBjdeHnid. OHM MHOTO€ HE YYUTHIBAIOT, U Ha
CaMOM JIeJIe BCE MOYKET 0Ka3aThCs BOBCE HE TaK, KaK MPEANOIaracTcs.
CKOJIBKO THIOTE3 YKe ObLIO BBIIBUHYTO M OTBeprayro! Tak 4To TyT
Oonbiie (aHTa3uu, yeM UCTHHBL. Ho, TeM He MeHee, TUIOTE3bl MoJe3-
HBI, TIOTOMY YTO MO3BOJISIFOT XOTSI OBl MPEATOJIOKHUTD, KaK K€ BCE 3TO
MoXkeT ObITh. [loTOMy 4TO MHAa4Ye HEOOBSCHEHHBIH (aKkT — 3TO UyJ0, a
YyJec B MPUPO/IE He ObIBaeT.

BoT ¢ yueTom 3TOro M Hy’HO OTHOCUTHCSA KO BCEMY H3JI0KEHHOMY
B 9TOM KHUTE.
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naBa 1. Yto Takoe Hayka?
1.1. InsA Yyero Hy>XHa HayKa?

Hayxka, 3agaya KOTOpOil COCTOUT B IOHUMaHUH NIPUPOABL,
JIOJDKHA UCXOIUTD U3 MPEITIOI0KEHHUS BO3SMOXKHOCTH
9TOTO MOHMMAHHMS M COTTIACHO 3TOMY MOJI0KEHHIO
JOJDKHA JIeNIaTh CBOM 3aKIIFOUCHUS U HCCIICAOBAHUSL.
I Tenvbmeonvy.

[ns yero Hy»Ha Hayka? Pa3zHble 110 MO-pa3sHOMY OTBEYalIM Ha 3TOT
Bonpoc. OKH U3 OTBETOB TJIACHUT, YTO HayKa HyXHa JJIs YIOBIETBOPEHUS
CBOETO JIFOOOMBITCTBA 3a CYET rocyAapcTa. [pyrue mojararoT, 4To Hayka
HYXXHa JJIS1 TIOBBILICHUS] HAIIMX 3HAHUHM O MPUPOJE, HO 3a4€M HYKHBI 3TU
3HAHWS, HE TOBOPAT. A TPEThU MOJAraroT, YTO HayKa BOOOIE HE HYXKHA,
MOTOMY 4YTO OTLBI U JIeAbl OOXOIMINCH 0e3 Hee, U HU4ero, xuin.OHH, KO-
HEYHO, MIPaBbl, U OTILHI, U JIEAbI )KWIH, HO KWIA HE OYCHb XOPOLIO, a, KPo-
M€ TOr0, CO BpEMEH OTIIOB U JIEI0B YEIOBEUECTBO MOJPOCIO, U MOITOMY
Onar Ha JyIry HacelleHHs MOyOaBMUIOCH Obl, eciii Obl HayKa He Halllia CIIo-
co0 yBennuuTh unciio Onar. Ocrancs Obl BCero OJUH BBIXOJ, HA KOTOPOM
HACTaWBaJl MEPBbIA 3aB. KadeApoil MOJMTIKOHOMHUM aHTJIUYaHuH Tomac
Manbryc. B 1788 rogy, korma Ha BCEM 3€MHOM IIape MPOXKUBAJIO BCETO
800 MUIITHOHOB YEIIOBEK, STOT YYSHBIH MOHAX O(HIMAIBHO BBIAN TAKYIO
PEKOMEHIAINIO: KOro NpUpoJia (PBIHOK, Pa3yMeeTcsl)) He CMOXKET IMPOKOp-
MUTh, TOMY OHa TIOBEJIEBAET yIAJIUThCA U3 KHU3HU. Tak-To BOT!

IIpexxne Bcero, BO3HUKAET BONPOC, MPaBUIIBHO JIM YEJIOBEK BOCIPHHHU-
Mmaet npupoay? EcTb MHeHHs, 4TO BOCIIPUHUMAET, HO ¢ OOJBLIMMH HCKa-
JKEHUSIMH 1 JJaKe BOBCE HEBEPHO. HeKOoTOphIe naxe CYUTAIOT, YTO MPHUPOIA
3TO TO, YTO YeJNOBEK cebe BooOpa3mi. M TyT HY)KHO BCEM TaKUM «yde-
HBIM», T. €. JIOASM, KOTOPBIX YEMY-TO YYMIIH, HO Majl0 YEMY BBIYUWIIH,
BO3Pa3UTh, YTO YEIOBEK BCE TO, OT YETO 3aBHCUT €r0 CYIIECTBOBAaHHE, KaK
poJia, BOCTIPUHIMAET B OCHOBHOM IMPABHIIBHO, XOTS U HE BO BCEH IMOJTHOTE.
[Toromy uTO MHAYE OH CIOTHIKAJICS OBl HA KaXKAOM LIary ¥ He JTOKWII ObI 10
cBaAbOBI. A Torzna He ObUIO OBl MOTOMCTBA, U POJI YEJIOBEUECKUH MpeKpa-
TIICS OBblL. 37€Ch BOIIPOC pellaeTcs B [10Jb3y MaTepualu3Ma: CHaJaja Ipu-
ponma (MaTepwmsi), a TIOTOM YK TIPEACTaBICHHUS O Hell (co3Hanwme). [ToaTromy
NpUPOAY MPUXOTUTCS MPU3HABATh 38 OOBEKTHBHYIO PEallbHOCTh W AeJaTh
U3 3TOr0 CBOM BBIBOJBL. Ecin e mocTynats HaoOOpOT M, KaK IOJIAraroT
UICAIUCTBI, IIPUPOLY MOXKHO BBIIYMaTh TO 4€JIOBEK HAuyHET COBEpLIAThH
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OINOKY, ¥ 4eJIOBEYECTBO CTHHET, a MPHUpo/Ia ocTaHeTcs. Eii-To Ha denoBe-
9ecTBO. ..

st Toro uToOBI BCe ke MOHSTH, AJsl Yero Hy)Ha HayKa, Hy>KHO pac-
CMOTPETHh B3aWMOOTHOIIICHHUS YEJIOBEKa C MPUPOION, YaCThI0O KOTOPOH OH
SBTISIETCS,, U CTPYKTYPY OOILECTBEHHOI'O MPOHM3BOACTBA, KOTOPOE €ro0 KOp-
MHUT, [TIOUT, OJIEBAET U BOCTIUTHIBAET.

Ho mmst Toro 9To0bI YenoBedecTBO KWIO Oojiee MM MEHee CHITHO U
KOM(OPTHO, My HY>KHBI CPEZICTBA TMOTPEOICHHUS - IPEAMETHI TOTPEOICHUS
U yCIyry. OTO U MHIIA, U OJSXK/a, U )KUIIbE, U TPAHCIIOPT, U CBA3b, U JIaXKe
KommbloTephl ¥ IHTEepHET. HO BCe 3TH cpefcTBa MOTpeOIeHNs Ha elKax He
pacTyT, WX HaJO cae’atb. BOT A 3TOTO W CYIIECTBYeT OOIEeCTBEHHOE
POU3BOJICTBO, KOTOPOE CO3/1aeT MOTPEOUTENHCKYI0 CTOMMOCTB, T. €. TO,
YTO MOJIE3HO JIOAAM, U ISl () (HEKTUBHOCTH KOTOPOTO CYIIECTBYET pasfie-
JeHne Tpyna. DTO YK€ BOIPOCH MOJTUTIKOHOMUHN U 00CYXKIAIOTCA OHU B
JIPyTOM MecTe.

31ech ke Hy)KHO 00paTUTh BHUMaHKHE Ha APYroe: Ui TOrO YTOOBI U3-
TOTOBUTb HpeOMembl ROMPEDIEHUA U CO30emb YC108Us ONA YCIY2, HYXK-
HBI Cpedcmea npou3eoocmea (MalTuHBI, TEXHUKA H T. I1.), KOTOPHIE SIBIIS-
IOTCS KOHEYHBIM 3BEHOM MEXHOA02Uil. A TEXHOJIOTHH MOXHO CO31aTh
TOJIEKO Ha OCHOBE €CHIeCHE03HAHUA, T. €. PEaJbHBIX, a HE BBIIYMAaHHBIX
3HaHUW O mpupoze. U Tyt omsate mpobiema pernaercs Ha Oa3e Martepua-
nu3Ma, 100, Mpex/e 4eM pa3padaTbiBaTh TEXHOJOTHH, HY)KHO 3HATh NPH-
pOIHBIE 3aKOHBI, KAKHE OHU €CTh Ha CaMOM Jielle, a He TO, YTO MpUAyMalln
reHUAJIbHBIC YUeHbIe, TaXKe eCITH OHM JaypeaThl HoOeneBCKuX mpeMuid.

DTO0 3HAYHUT, YTO TEOPHUHU, KOTOPHIE JIATYT B OCHOBY TEXHOJIOTHH, JTOJIK-
HBI YYUTHIBAThH BCE peajbHbIe (DaKTOPHI, HE3aBUCHMO OT TOTO, HPaBSTCS TH
(akTopsl cozgarensiM Teopuid Win He HpassTcsa. U eciaum Teopust 1 hakThl
OKa3aJIuCh B NPOTHBOPEUYNH MEXIY COOOM, TO MpearnovYTeHHe Hago OTHa-
BaTh (akTam, a TEOpUH HYKHO JINOO NopadaThiBaTh MO0 BOOOIIE OTMe-
HATh, a HE TIOJTACOBBIBATh (PAKTHI MO MOJHBIE TEOPUH, KaK 3TO, K COXKa-
nenuto, ciaydaerca. C mpuckopOueM cieayeT OTMETHUTh, YTO MMEHHO 3TO
npousonuio co 3HamennTor CTO - CrenmanbHON Teopueil OTHOCHTEIHHO-
cti A.DiHIITeiHA, HEe 3aMETHUBIIICH, 4TO 3(UPHBIN BeTep ObLT 0OHAPYKEH,
a 3HAa4YMT, 3P B IPUPOJIE CYLIECTBYET, XOTS €CIIM OH CYLIECTBYET, TO Ca-
Ma CTO yxe cymecrBoBath He MOkeT. Ho, TeM He MeHee, 3pup OTMEHU-
mu, a CTO ocranace, 1 Bce emie IpoJI0IDKAeT CYIIeCTBOBATh Ha PaoCTh e
MOCIIEOBATENSAM U Ha rope BceM ecTecTBoucnbITaTensiM. Ho neno mompa-
BUMOE: JIOKb PaHO HJIH [TO3IHO Pa300IUTCs, U BCE BCTAHET Ha CBOE MECTO.
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Takxum oOpa3om, HayKa O IPUPOE — €CTECTBO3ZHAHNE HYKHA IS TOTO,
9YTOOBI OPUEHTUPOBATHCS B OKPYXKAIOIICH Cpelie, 3HaTh, YTO OT HEE MOXKHO
OXXUJAaTh B HACTOSIIEM U B OyIyIIeM, U YMETh CO3/IaBaTh Ha OCHOBE 3TUX
3HAHWW TEXHOJIOTHH, B KOTOPHIX KOHEYHBIM 3BEHOM SIBIISTIOTCS CPENICTBA
NPOM3BOJCTBA, C TIOMOIIBIO KOTOPHIX MOKHO CO3/1aBaTh CPEACTBa MOTPEO-
JieHusl, 0€3 KOTOPBIX YEIIOBEUYSCTBO HE MOXKET CYIIECTBOBaTh. Bee mpocTto u
SICHO, XOTS ¥ YTHIIUTapHO.

1.2. Hayka n npousBoAacTBO

UenoBek SBISETCS YaCThIO HPUPoOsl. J{jist TOTO Y4TOOBI CYIIECTBOBATD,
€My HYXKHBI Cpedcmea nompeoienus - npeomMemovl HOMpedaeHus u yciy-
2u,, OCHOBOW KOTOPBIX SIBJISICTCS TPUPOJHOE ChIpbe. st mpou3BojcTBa
MPEIMETOB MOTPEOJICHUS HYXHBI opyous npou3eoocmea. Opyaus Ipous-
BOJICTBA SIBJISIFOTCS KOHEYHBIM 3BEHOM MieXHO102ull. TEXHOIOTHH CO3Jia-
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IOTCS1 HAa OCHOBE 3HAHHI MMPUPOIHBIX 3aKOHOB, ecmecmeo3nanus. J{is Toro
4TOOBI MPOM3BOANTH d(P(EKTHBHEE, JIOAM BBIHYKICHBI CO3/1aBaTh 0OIIe-
CTBEHHOE MPOU3BOJICTBO C pa3ieiicHueM Tpyaa [1].

IIpupona
Oﬁmecn&o\
EcrecTBO3HaHUE - codcmeennuxu »  Cpeacrpa
- mpyo;lmuec;l norpedIeHust
Texnonomu Opyausi npou3BoACTBA

(TexHuka)

CTpyKTypa 00111eCTBEHHOI'0 MPOU3BOACTBA

[MpupoaHkie pecypchl, 3HAHHS O PECypcax M 3aKOHAX MPHPOJbI, TEXHO-
JIOTUH, OCHOBAaHHBIE HAa 3aKOHAX MPUPOIBI, OPYAHs MPOU3BOJCTBA (TEXHH-
Ka), KaK 3BEHO TEXHOJIOTHH, U MpeaMeThl MOTpeOIeHuUs], paau KOTOPBIX U
CO3J1aHO BCE€ MPOU3BOJICTBO, & TAKXKE YUACTBYIOLIMNA BO BCEX 3TUX 3BEHBSIX
YeJIOBEK, €CTh JIEMEHThI O0IIECTBEHHOTO IIPOU3BO/ICTBA [2].

N3 cTpyKTyphl 0011€CTBEHHOTO IPOM3BOICTBA BHITEKAIOT, 10 MEHBIIEH
Mepe, [1Ba CIECICTBHA:

1) HE0OXOIMMOCTh MATEPHANUCTHYECKOTO MOJIX0/1a K pa3paboTke Teo-
puit 06 ycrporictBe npupoabl. [10CKOIBKY M3 TEOpHi JOJKHBI BBITEKATh
PEKOMEHAAUK N0 CO3JaHUIO0 CPEJACTB MPOU3BOJCTBA, BKIIOYAsl TEXHOJIO-
TUH M OpYIWs TPOM3BOJICTBA, & TAKKE CPEACTB IMOTPEOJICHUS, TEOPUH
JOJKHBI OTpayKaTh PealbHOE, a HE BBIIYMAHHOE C MMOMOIIBIO ITOCTYJIATOB,
«TIPUHLUIIOBY U aKCHOM yCTPOMCTBO MPHUPOIDI;

2) nsneMeHTaMH OOLIECTBEHHOTO NMPOU3BOJACTBA SIBJISIOTCS HE TOJBKO
IMPOU3BOJUTCIIBHBIC CUJIBI B BUJC NMPUPOAHBIX PECYpPCOB, CPEACTB IIPOU3-
BOJICTBA M YeJIOBEKA, HETOCPEICTBEHHOTO HCIOJHUTENS MPOU3BOACTBEH-
HBIX IPOIIECCOB, HO TAaKK€ M €CTECTBO3HAHME (3HAHHE NMPHUPOJTHBIX 3aKO-
HOB), TEXHOJIOTHUH U, TJIAaBHOE, CPEJCTBA MOTPEOJICHHUS - MPEAMEThI IOTPEO-
JIEHUS U YCIIYTH, Paid KOTOPBIX U OPraHU3yeTcs BCEe IPOU3BOJCTBO.

U3 cTpyKTYpBI IPOM3BOACTBA BUAHO, YTO HAyKa CBA3aHA C MPUPOJIOH, C
00IIIECTBOM, T.€. C JIFOABMH M C TEXHOJOI'MSIMU U Y€pe3 HUX CO CPEICTBAMHU
MOTpeOICHUS - TpeaMeTaMu oTpedieHns u ycayramu. OTcroAa U TJIaBHAS
3aJada eCTECTBO3HAHUS Kak (QPyHIaMEHTAIbHOW HAYKU - U3y4aTh NPUPOILY
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W YCTaHaBIMBaTh, & HE BBIIYMBIBATh €€ 3aKOHBI W HCIIOJIB30BaTh MX IS
CO3/1aHUs IPOU3BOJICTBA Ha 01aro oOIIeCTBa.

A 3a7mava IpUKIAIHBIX HAYK 3aKII0YACTCs B UCIOIB30BAHUU JTOCTHUXKE-
HUM (yHIAMEHTAIBHON HAYyKW JJIS CO3/IaHWS M PA3BUTHUS MPOU3BOJICTBA U
€ro 3JIEMEHTOB Ha 0J1aro 4eJI0BeYeCTBA.

1.3. Hayka n mxeHayka

O Tom, 4TO noMmKHA COOOH MpenCTaBIATh HayKa, CKa3aHO B bombIioit
COBETCKOM SHIIMKIIONEANH, 3 u3ganue, 1. 17 ¢. 323:

"Hayka, cdepa denoBedecKoi NesTeTbHOCTH, QYHKIUEH KOTOPOH SIB-
JsieTcsl BBIPaOOTKA M TEOpPETHUECKas CUCTeMaTH3anusi OObEeKTUBHEBIX (KYp-
cuB MO - B.A.) IaHHBIX O JAEWCTBUTENLHOCTH; OJHA W3 (OPM HeIoBeUe-
ckoro co3Hanusl. ...Jlonstue "H." BKimrouaeT B ce0si Kak OeATENBHOCTD MO
MOJTyYEHUIO HOBOTO 3HAHUS, TaK M Pe3yJIbTaT 3TOH JeATEIbHOCTH - CYMMY
MONTy4eHHBIX K JaHHOMY MOMEHTY 3HaHWH (00bekTHBHBIX! - B.A.), 00pa-
3YIOIIMX B COBOKYITHOCTH HAY4YHYIO KapTHHY MUDA.

...Hemocpencteennsie nmenu "H." - onmcanne u mpenckazaHue mporiec-
COB W SIBIIEHUI NEWCTBUTENFHOCTH, COCTABISIONIMX MPEAMET €€ H3yUeHHS
Ha OCHOBE OTKPBHIBAEMBIX €I0 3aKOHOB, T.€. B IIMPOKOM CMBICIIE - TEOPETH-
YECKOE OTpakeHHE NeHCTBUTEILHOCTH .

Jlayiee TOBOPHUTCS, YTO B HAyKe MOJYUYCHUE 3HAHUI 00pa3yeT ee IiiaB-
HYIO ¥ HEIIOCPEJCTBEHHYIO L1ETIb.

K coxanenuro, npeamer jkeHayku B bCO He onpeneneH, 4To, B IpUH-
IIUIIE, TTO3BOJIAET BOJIBHO TPAKTOBATh 3TO MoHsATHE. OIHAKO MOXKHO IMoJa-
ratb, 4TO JDKEHayKa eCTh aHTHTe3a HayKe, W ee 3ajaya - BeIpaboTKa He
OOBEKTUBHBIX, a CYOBEKTHBHBIX 3HAHWH, BBIAYMKa "3aKOHOB", COOTBET-
CTBHUE KOTOPHIX OOBEKTHBHOM JIEHCTBUTEIILHOCTH HE 00s13aTENBHO.

U3 dopmynmupoBKU NpeaMeTa HAYKA BBITEKAET, YTO YUCHBIE JIOJDKHEI
3aHUMATBHCSl IOUCKAMH HOBBIX (PAKTOB (HIESATEIBHOCTH IO MOJYYEHUIO HO-
BOT'0 3HAHHMS) U TEOPETUUYECKUM O0OOIEHHEM MOIYYEHHBIX OObEKTUBHBIX
3HAHWW W HA 3TOM OCHOBE AENaTh NMPEJCKA3aHHS O HOBBIX SBJICHHAX, T.€.
OTIPEAEIATh METOIOJIOTHIO UX MTOHCKA.

Ilockonbky Hayka sIBISIETCS HEMOCPEICTBEHHBIM YYaCTHHKOM COBpE-
MEHHOT'0 IIPOM3BOJCTBA, TO MOXHO J100aBUTh, UTO Y HEE UMEETCs elle 3a-
Jlaya 110 BOIUIOLCHMIO €€ TOCTIKEHUH B TexHosiorun. Ilocnenunee spisercs
IpPEIMETOM YK€ He (DyHIaMEHTAIBbHOM, a IPUKJIATHBIX (OTPACIICBBIX) HAYK.
be3 BHepeHNUs B TEXHOJIOTHH PaHO WX MO3HO (PyHAaMEHTaIbHbIE 3HAaHUA
yTpauuBaroTCs.
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K nHacrosimemMy BpeMeHH MOSIBUIIOCHh MHOYKECTBO CaMOJICATEIHHBIX aB-
TOPOB, KOTOpBIEC MBITAIOTCS PELIMTh YacTHBIE W oOLIMe MpoOieMbl ecte-
CTBO3HAHMS, HE peuraeMble O(QUIMAIbHBIMH HAYYHBIMH YUPEKICHUSMH.
HyxHO OTMETHTB, YTO MHOTHE U3 3TUX aBTOPOB, K COXKAJICHUIO, HE Biaje-
10T HAyYHOU METOJI0JIOTHEN, UX CY)KJIEHUS] TIOBEPXHOCTHBI, OHU COBEpIla-
IOT MHOTOYMCIICHHBIE OIIMOKH, KOTOphIE OBICTPO OOHApYXHBAIOTCS MPO-
theccronanamu. OgHako caMm (PakT TOSBICHHS TaKHX aBTOPOB TOBOPHT O
HEYJIOBIETBOPUTEIFHOM COCTOSIHMM HayKH U MPEXKJe BCEro Hayku (pyHIa-
MEHTAJIBHOM, K KOTOPON Yy MHOTHUX M, B TIEPBYIO OY€peNb, Y MPUKIIATHUKOB
HaKOIUJIOCh HEMAJIO PETEH3UM.

ITocMoTprM Kak OOCTOUT /IO B TEOPETUIECKON (U3HKE - OCHOBE BCe-
r0 COBPEMEHHOI'0 €CTECTBO3HAHUS.

Kak u3BecTHO, GyHAAMEHT COBPEMEHHOM TEOPETHYECKOM (PU3UKH CO-
CTaBIAIOT MexaHWka HproTona, CrnenmanbHas TeOpUs OTHOCHTEIHLHOCTH
Oitamretina (CTO) u KBaHTOBas MEXaHHUKA. YKa3aHHBIE TPU OCHOBBI CUU-
TalOTCA "TBEPJO YCTAaHOBJIECHHBIMU" M "XOpOIIO MPOBEPEHHBIMU'", TO3TOMY
BCE BHOBH CO3JaBacMble TEOPHH [IOJDKHBI COOTBETCTBOBATH MEXAHHKE
Hrrorona, CTO u KBaHTOBO# MEXaHHUKE.

st Toro 4TOOB!I OTINYUTE JIOXKHYIO TEOPHIO OT UICTUHHOM, «Y4EHBIMHK
pa3paboTaHbl COOTBETCTBYIOIUE METOIOJIOTUIECKIE YCTAHOBKU:

1. ecim XOTs1 OBI OJHO TOJIOXKEHHE HOBOW TEOPWUHU BXOJUT B MPOTHBO-
peure ¢ KakuM JIH0O0 TOJIOKEHHUEM HBIOTOHOBCKOW Mexanuku, CTO wiun
KBaHTOBOW MEXAHUKH, TO TEOPUSI CUUTAETCA JIO)KHOM M OTBEPraeTcs ¢ XO-
Ay;

2. ecnu B TIpeajiaraeMoil HOBOW Teopuu (OpPMYIIbHBIE BHIPAKCHHUS HE
COXPAHSIOT CBOM BHJ B JItO0OW TMOJBMYKHON WJIM HEMOJBH)KHON CHCTEME
KOOpAWHAT, T. €. HE COOTBETCTBYIOT IMPUHIMILY "JOPEHIIOBOM WHBAapHAHT-
HocTh", (JIT0OBIe ypaBHEHUS! (PU3UKHU JTOJDKHBI OBITH HEM3MEHHBI 110 OTHO-
mreHuto k [IpeodpaszoBanusim Jloperna, siexamum B ocHoBe CTO), To Teo-
pHS CUUTAETCS JIO)KHON B OTBEPIaeTcs C XO.Iy;

3. eciM Teopus B CBOCH OCHOBE WJIM B PACCYKICHUSAX YIIOMUHAET CJIO-
BO «A(UP» TO TEOPHUS CUNUTAETCS JIOKHOW W OTBEpPraercs CXOAy, U Ha 3Ty
TeMy B 1964 r. OpITO Jake BBIMTYIIEHO 3aKphIToe Pemenne ceKimm acTpo-
Homuu 1 Matematuku AH CCCP, B cOOTBETCTBUM C KOTOPBIM HE pa3pela-
JIOCh KPUTUKOBaThb TEOPHIO OTHOCHUTEIBHOCTH OHWHINTEHHA W IOHSITHE
"3¢up" - MUpoBas cpena OOBABILIOCH AHTHHAYYHBIM, [TOTOMY YTO ITOHS-
e 3dupa Obu10 oTBepruyTo CHenuanbHOM TeOphel OTHOCHTENBbHOCTH,
Kak aOCOJIOTHO HE COOTBETCTBYIOIIEE BCEM €€ HCXOAHBIM IOCTYJaTaM.
Ot1o Pemenne HE OTMEHEHO 110 CHX TOpP, ¥ HHU OJWH HAyYHBIN )KypHA HE
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MIPUHAMAET HU OJHOU CTaThH, B KOTOPOW €CTh yIIOMHHAaHKE clioBa "ydup"
WIM B YEeM-TO HUMEETCS HEeCOrJlacue C TeOopued OTHOCUTEIBHOCTH OifH-
mreriHa. KpuTvka TEOpUU OTHOCHTEIBHOCTH, IIMPOKO pa3BepHyTas B
HAyYHBIX XypHaJaX B MATHUIECITHIE TOJBI, IOJTHOCTHIO MCYE3NIa C UX CTpa-
HUII YK€ C Havalla MIeCTUIECATHIX TOJIOB.

OmHAaKO B HOBBIX TEOPUSX, KOTOPBIE MBITAIOTCS CO3AAaTh CaMOJACITEINb-
HbIE aBTOPBI, MPOTUBOPEUHMI C HHIOTOHOBCKON MEXaHWKOM M KBAaHTOBOU
MEXaHUKOH OOBIYHO HE BO3HHUKACT, C TCOPHEH K€ OTHOCHTEIHLHOCTH DHH-
IITeWHA MPOTHBOPEYUS BO3HUKAIOT, U OHU YaIlle BCErO HOCAT aHTArOHH-
cTuaecknid xapakrep. M1 ocobeHHO 3TH MPOTHBOpEUHst 0OOCTPUIIHCH B TIO-
CIIeTHUE Ba MECATIIIETHs, KOTJa MHOXXECTBO aBTOPOB CTalO YAENSATh
BHUMaHHUE IMpobieMe Bakyyma M d¢upa. YKazaHHas HpoOieMa BO3HHUKIIA
IIOTOMY, YTO K KOHIY BC€Ka BBIACHHIIACH ITOJIHAA HEBO3MOXXHOCTH IMTOHHUMaA-
HUSl CTPYKTYPHI BEIIECTBA, CYIIHOCTH (PU3UUECKUX MPOIECCOB U MPUPOIBI
B3aMMOJICHCTBUH Ha OCHOBE CYIICCTBYIONIMX (PU3UYCCKUX TCOPHIA.

Hy)KHO IMpU3HaTb, YTO TCOPUA OTHOCUTCIIbHOCTH U KBAaHTOBasd MCXaHU-
Ka JIaJiil Psil METOMIOB, MO3BOJISIONINX PACCUUTATh MHOTHE TPOIIECCH U Ja-
JKe TpeicKa3aTh HEKOTOphIe siBieHus. Ho 3Tu Teopun HUYEro He TOBOPSAT
HU O CTPYKTyp€ MaTepuy, HU O BHYTPEHHEH CYLIHOCTH IIPOLECCOB, HU O
BHYTPEHHHUX MeXaHNW3Max (M3NUYECKUX SBIICHUH W MOJIeH B3aMMOICHCTBUH.
IToatomy Bce orpaHuunBaeTcsi (DEHOMEHOJIOTHEH - TOBEPXHOCTHBIM U
BECbMa HCIIOJIHBIM OITMCAHUEM (I)I/ISI/I‘IGCKI/IX SIBJICHUH.

DTO NpHUBEJIO K TOMY, YTO ITOSBHIIACH Takas (popMynHupoBKa, Kak "mosie
- 0coOBbIi BU MaTepun", KOTOpasi HHKOMY HU O YeM He TOBOPHT, HO CO3/Ia-
€T HEKYyI0 3araJIo4YHOCTh TPEAMETa, IPOLECChl MUKPOMHpPA CTald 00BsiC-
HATBHCS CIYYalHOCTBIO, KOTOpask MOXKET OBITh, IpaBla, pacCUuUTaHa BEpO-
STHOCTHBIMH METOJIaMHU.

HenocraTtoyHOCTh Takoro monxoza, HeoOXOAMMOCTh MOHATh HMEH-
HO BHYTPCHHIOIO CYHIHOCTH MAaTCpUH U €€ )IBI/I)KGHI/Iﬁ 3aCTaBJIAIOT IpU-
KIIAaTHUKOB, CTOJIKHYBHINXCA C MHOTMMU HCIIOHATHBIMU SABJICHUAMU, IIPEA-
MIPUHUMAThH TTOTIBITKY M3BICKAHUS HOBBIX IyTei. Ho Torna oHn HaraikuBa-
IOTCSI Ha TIPOTUBOPEYHSI C TEOPHUEH OTHOCUTEIHLHOCTH, M '"'Cepbe3HbIC yde-
HbIe" OOBMHSIOT MX B JDKeHayKe. M B 3TOM 11ane 0COOEHHO OCTPO B HACTO-
sIee BpeMs CTOUT MpoOieMa MPU3HAHUS CYIIECTBOBAHUS B MpHUpoe ddu-
pa.

Hamo ckazate, 4to mpeacraBieHus o0 3dupe Kak cpeie, 3aIroIHsIo-
el Bceé MUPOBOE MPOCTPAHCTBO, COMPOBOKIANHN BCE Pa3BUTUE E€CTECTBO-
3HaHUS OT JPEBHEUIIUX BpeMEH N0 Havana XX cronerus. Panec Mumnet-
ckuii, Jlemokpur, Anakcumanap, P./exapt, U.Hetoron, M.B.JlomoHOCOB,
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JLbonbuman, B.Tomcon, M.®apaneit, J[x.Maxceemn, JIx.ToMcoH,
AU .Mennenees, A.K.Tumupsszes, H.Il.Kactepun, coBeTckuii akaaeMuk
B.®.MuTkeBrd ¥ MHOTHE ApYTHe YASIWIM BHUMaHWE 3ToH mpoOlieme.
MaxkcBerut BEIBEN CBOM 3HAMEHHTHIE ypaBHEHUS, ONMHUPAsCh Ha BUXPEBBIC
JBIDKEHMS dhHUpa KaK uaeanbHou )xuakocTa. Y MenaeneeBa 3up 4uCiIni-
csi B camoll mepBoil ("Hy’neBoi'") cTpoke ero TabmuIBl. JTa CTpPOKa BIIO-
CIIEJICTBUH HCYe31a U3 TaOIHIIBI.

YKa3aHHBIM aBTOPAM HE yIajoCh CO34aTh CTPOMHYIO U HENIPOTHBOpPE-
ynuByr0 Teoputo 3¢upa. CerogHst 3T0 MOXHO OOBSICHUTH TEM, YTO JIPEB-
Helllmre 3HaHus OBUIM MPOYHO YTpayeHbl, a HOBOE €CTECTBO3HAHHE HE
MIPOIILIO eIle HY>KHBIX 3TaNoB: pa0OTHI IO 3JEKTPOMATHETH3MY ITOSBUJIHCH
TOJILKO B cepenuHe XIX croyietus, "sieMeHTapHbIC YacTUIBI" ObUIM OT-
KPBITBHI TOJBKO K cepefiHe XX BEKa, ra30Bas MEXaHHKa, KOTOPasl OKa3a-
Jach HEOOXOJUMOHN JIJIsl TAKOH TEOPHH, U €€ BaXKHBIA paslieN - TeOpHus MO-
TPaHUYHOTO CJI0S1 OBUTH MPOPabOTaHbl TOJBKO B CBSI3U C CO3/IAaHHEM aBHa-
LMY, T.€. K cepearuHe XX CTOJIETUs. Y MEPEUNCICHHBIX aBTOPOB MPOCTO HE
OBUIO TOJ PYKOH HEOOXOMUMOTO MaTepuaia, 4TO TPUBEIO0 MX K CEpUHu
OmMOOK B WX MOJENAX, THIIOTe3aX W TeOpHsix 3upa. A Korjma, HaKOHEIl,
BECh HEOOXOAMMBII MaTepualj MOSBWJCS, B HAYYHOM CO3HAHHUU OKperia
MBICITE O TOM, 9TO 3(HPOM 3aHUMAThCS HE HaJ0, ToToMy uTo CriennaibHas
TEOpHsI OTHOCHTEIBHOCTH DWHINTEWHA €r0 OTBEpIIa.

Kaxkwue e oCHOBaHUS ISl STOTO MPUBET DWHIITEHH?

B 1851 1. ¢dpanmy3ckuii ¢uznk P30 MOCTaBUII IKCIEPUMEHT 10
npoBepke KodhdunmenTa OpeHens - yBICUSHUIO CBETa ABMKYILIEHCS cpe-
Joi (BOJOW) W TOATBEPIII YaCTHYHBIA 3aXBaT 3(pupa IBUXKYIIEHCS Cpe-
moit. B 1881 u 1887 rr. amepukaHCKHil uccienoBaTelh MalKelbCOH IMO-
CTaBMJI SKCHEPUMEHT 10 MpoBepKe rumoresbl JlopeHna o Hammuuu adco-
JIFOTHO HEMOJBIKHOTO 3(Upa B MPOCTPAHCTBE U HE MOATBEPIMI OXKHJIAB-
1Ierocsi 3Ha4eHust ckopoctu d¢upHoro Berpa B 30 km/c. Mim Obu1o monyye-
HO 3HaueHue B 10 pa3 MeHbliee, T.€. He OoJiee 3 KM/C. DTOT pe3ynbTaT ObLI
UCTOJIKOBaH DUHIITEHHOM KakK "HylneBou".

A nmanee DUHIMITEHH numieT B ctaThe "l IpHHIMIT OTHOCUTETFHOCTH U
ero ciaeactusa” (1910) (A.Dinmreitn. Cobp. HayuH. Tp. M., Hayka, 1965.
T. 1, c. 140).:

"NTak, 9aCTUYHO CBET YBJIEKAETCS IBHXKYLIEHCS >KUAKOCTBIO. DTOT
9KCIIEPUMEHT OTBEPraeT TMIOTEe3y IMONHOTO yBiedeHus s¢upa. Crenopa-
TEJbHO, OCTAIOTCS JBE BO3MOXKHOCTH:

1. D¢up NONMHOCTHIO HEMOJABIKEH, T.€. OH HE MPUHUMAET abCOIIOTHO
HUKAKOT'0 Y4acTH B ABIKEHUH MaTEPHU.
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2. Ddup yBrekaercss OBUKYIIEHCS MaTepueil, HO OH IBHUKETCS CO
CKOPOCTBI0, OTIIMYHON OT CKOPOCTH JIBMYKEHUS] MAaTCPHH.

PasButne BTOpO#i rumnores3sl TpeOyeT BBEACHUS KaKUX-IHOO MpEeAro-
JIOKEHUH OTHOCUTENHHO CBS3HM MEXITy d(DUPOM U IBHXKYIIEHCS MaTepHen.
IlepBast ke BO3MOXXKHOCTH OYEHb NPOCTA, M JJIS €€ Pa3BUTUS Ha OCHOBE
Teopun MakcBenia He TpeOyeTcsi HUKaKOW JOMOJIHUTENbHONW THIIOTE3bI,
MOTYIIEH OCIOXKHUTH OCHOBBI TEOpHH'.

U 3arem criemyet BbIBO (Tam xe, ¢. 145-146):

"... HeJlb3s CO3JaTh YAOBJIETBOPUTEIBHYIO TEOPHUIO, HE OTKA3aBIIUCH
OT CYILIECTBOBAHMS HEKOEH cpeibl, 3al0NHSIOIICH BCe MPOCTPAaHCTBO" .

310 U ecTh Bce 000CHOBaHME!

Uro xe mpousonuio naiee?

B 1913 r. H.bop ykpacun mianeTapHyoo Mojens Pesepdopaa cBouMu
MOCTYJIaTaMH, U3 KOTOPBIX CIEAOBAJIO, YTO 3JIEKTPOH YCTOWUYHMBO ABHKETCS
B aroMme 1o paspeuieHHbIM (kem?! - B.A.) opburtam, MONTHOCTHIO IPOUTHO-
pupoBaB GU3MKY MpUYMH Takoro "paspemreHus". Tem cambiM OblTa OT-
BEprHyTa BHYTPHATOMHAs Cpela, BHYTPUATOMHBIM MexaHusM. B 1924 r.
Hlpenunrep moay4yus cBOe ypaBHEHHE KojieOaHMM aHcaMOJsi MaTepHaib-
HBIX TOYEK B MOTEHIIMAJIHLHOM TIOJIE - OJIHY M3 OCHOB BCEW KBAaHTOBOW Me-
xaHUKUA. Ho XOTS M3Ha4ajIbHO 3/1€Ch HAINYECTBYET YMCTasi HBIOTOHOBCKAS
MEXaHHKa M BIIOCIEACTBUM, KaK MMOKa3aJd DIJUHITOH U MaJeiyHr, 3ToT
aHcaMOJIb MOXKHO OBUIO TPaKTOBaTh KaK M3MEHEHHE MacCOBOH IIOTHOCTH
Cpelbl B TIPOCTPAHCTBE, 3TO OBUIO 3aKPEIUICHO B (DU3MKE KaK "TUIOTHOCTh
BEPOSITHOCTU MOSBJICHUS JIEKTPOHA B JAHHOW TOUYKE IPOCTpaHCTBa', T.€.
¢usnveckoe NOHATHE OBUIO 3aMEHEHO MAaTEMAaTHUECKHIM.

Bce nocnenyromye TeoOpuH MONLIH 110 YUCTO MAaTEMAaTHIECKOMY ITYTH,
ciemyst 3aBeTy DUHIITEIHA, 4TO "akcMoMaThyecKkas OCHOBa (DM3HUKH JIOJIK-
Ha OBITh CBOOOHO M300peTeHa".

B Teoperrueckoit ¢puzuke XX CTONETHS YKOPEHHIICS METO]| BBIJIBHKE-
HUS TocTyaroB. Yto Takoe "mocrtymnar"?

B cootBercTBUU co cratbelt B BCO, 3 u3n., 1975, c. 423 "lloctynar -
MpeIOKEeHNe, B CHITy KaKuX-muoo coobpakeHune "mpuHumMaemoe" 6e3 J0-
Ka3aTenbCTB, HO, KaK MPaBUJIO, ¢ 0OOCHOBAaHWEM, NMPHYEM HMEHHO 3TO
000CHOBaHHUE M CITYKHUT OOBIYHO JOBOAOM B MOJB3Y "HPUHATHS". ... B KO-
HEYHOM cyeTe MBI IpocTo TpedyeM 3Toro mpuHsTus". Bot Tak, HU 60Ib-
11e, HA MEHbIIE, TpedyeMm, 1 Bce!

CrieniasbHasi TEOpUs. OTHOCUTEIBHOCTH B CBOCH OCHOBE MMEET IATH (a
HE J1Ba, KaK MMUIIYT B Y4eOHUKAX) MOCTYIATOB:

1. OrcyrcTBue B ipupoae ddupa;
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2. IlpuHIMO OTHOCHTENBHOCTH (BCE MPOIECCH MPOUCXOIAT B PaBHO-
MEPHO ABMKYIIECHCS CUCTEME TaK e, KaK M B HETIOABMYKHOM );

3. [IpyHIMT TOCTOSHCTBAa CKOPOCTH CBETa B JIIOOOH - MOABUKHOW HITH
HETIOJIBIDKHOM CHCTEME OTCUETa;

4. lHBapuaHTHOCTh YETHIPEXMEPHOTO HHTEPBAJA;

5. IlpuHIun ogHOBPEMEHHOCTH (CyXKICHHE 00 OTHOBPEMEHHOCTH CO-
OBITHII TT0 TPUXOASIIEMY CBETOBOMY CHUTHATY).

Bce 311 mocTynaTel HEBO3MOKHBI, €CIIH A(Up CYIIECTBYET B IIPHPOJIE.

OO0m1ast Teopusi OTHOCUTEIBHOCTH TOTO K€ aBTOpa PaclpOoCTpaHseT Ie-
pEUHCIICHHBIE MOCTYJIATHl HAa TPaBHTALUIO M J00ABISAET K HUM €IIe ISTh,
MOCTIETHUM M3 KOTOPHIX sBisieTcs Hanuwune (!) B mpupose 3¢dupa, nbo Kak
numer DWHmTelHH B ctatbe "Ddup u Teopus orHocuTenbHOcTH" (1920)
(Tam xe, T. 1.,c. 689):

"...00mas Teopusi OTHOCUTEIFHOCTH HAJENISeT IIPOCTPAHCTBO (HU3HUE-
CKUMH CBOWMCTBaMH; TaKMM OOpa3oM, B 3TOM CMEbICIE (PUpP CYIIECTBYET.
CornacHo o0IIei TEOpHH OTHOCHTEIBLHOCTH, MPOCTPAHCTBO HEMBICIHMO
0e3 apupa". ITy ke MbICTh OH MOBTOPMI B 1924 1. B ctathe "OO6 adupe"
(Tam xe, T.2. c. 160):

...MbI HE MOXEM B TeopeThdeckou (usuke oboiiTHch 0e3 3¢upa, T.c.
KOHTHHYYMa, HaJIeICHHOTO (PM3NYECKIMHU CBOWCTBaMHU".

[Tomyyaercsi, 9TO O/1HA W Ta e TEOPHs B IEPBOW CBOEH 4acTH HE MO-
JKET CYIIECTBOBATh MPH HANWYMU 3(upa, a BTopas 4yacTh ITOH ke TEOPUH
HE MOXET CYIIIECTBOBATh MPHU €ro OTCYTCTBUH. UTo ke 310 3a "Teopus"?!

KBanTOBas MexaHWKa, OTKa3aBIIUCh OT BHYTPUATOMHOM CpeJIbl, T.€. OT
TOTO e 3(upa, 3aMEHWIA BHYTPEHHUI MEXaHMU3M SIBJICHUH MOCTYyJIaTaMH,
W CEeroJiHS B €€ OCHOBE JIGKHT JIeBSITh MocTynaaroB. OHa pacnpocTpaHmia
PSA 3THX MOCTYJIATOB, HANPUMEp, KOPIYCKYJISIPHO-BOJHOBOM Ayallu3M Jia-
JIEKO 3a Mpeaesbl TOH 001acTH, A1l KOTOPOil OHU OBLIM Kak-TO 0OOCHOBa-
HBL. W cerojust oOliee YUCIO TOCTYJIATOB TEOPETUUECKON (BU3UKH yKE HE
MO/TACTCS TOYHOMY OIPEAENICHUI0: WX JecATKH (cM. B.A.AIFOKOBCKHIA.
Marepuanusm 1 pensiTuBu3M. KpuTrka MeTO0710ruu COBPEMEHHO Teope-
THYeCKO# Qu3uku. M., DHeproatomusaar, 1992, c. 23-26).

Otka3 oT 3¢upa NOCTaBHUI B TSHKEJIOE MOJIOKEHHE U caMy TeopeTHue-
ckyro ¢usuky. B xonue 20-X ToI0B CTano MOHSATHO, YTO BaKyyM - 3TO HE
MYCTOTA, MOCKOJIBKY B HEM MPOSBIUTUCH pa3HooOpa3Hbie 3 (EKTH - dHEp-
retudeckre (QIIyKTyaluu, noaspu3anus u T.4. [1o3ToMy BakyyM (IIycToTy)
CTaJi Ha3bIBaTh (PM3NUECKUM BaKkyyMoM ( He mycrortoii). Ho o Bo3Bpare k
KOHLEMINH 3QHpa HUKTO ¥ HE TTOMBIIIIISIL.
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1.4. Upeanuswm, MaTepuarnM3m n HaydyHasi metTogosfiorus

C xoHna 19-ro crometusi B HayKe CTaj yTBEpXKAAThCA Maean3M. YTo
ato takoe? Kiaccudyeckoe oObsSCHEHHE Haeann3Ma 3aKI0YaeTCs B TOM,
YTO CO3HAHUE OKAa3bIBACTCS MEPBUYHBIM 110 OTHOLICHHUIO K Marepuu. [Ipo-
1ie roBops, BbIAYMKa OIEpEKaeT peajbHOCThb. Peamusyercs 3to tak. Hc-
CJIeTOBaTeNh WIH TOT, KTO CYUTAET ce0sl TAKOBBIM, a 3TO MPAKTUIECKH BCE
COBpEMEHHbBIE (PU3UKH-TEOPETUKH, MPUIYMBIBAET HEKYIO TEOPHIO, a MOTO-
My Ha4MHAeT TOA Hee moaduparb (akThl, OTOpackiBas Te, KOTOPhIE 3TOU
€ro TEOpHH He COOTBETCTBYIOT M YKa3bIBas Ha Te€, KOTOpPHIE €l COOTBET-
CTBYIOT. BooO111e-T0, 3TO Ha3bIBaeTCs HANpaBICHHBIM MMOAOOPOM (HaKTOB,
YTO JOJDKHO KapaTbesi CypoBO. [Ipy 3TOM HUKaK HE YYUTHIBAETCS TO, YTO
Mo00H (aKT MOXKET COOTBETCTBOBATh W JIPYTHM TEOPHSAM, MPOTHBOpEUa-
IIAM TOW, KOTOPYIO IPHIyMall 3TOT UCCIIE0BATENb.

[TpumepoM SIBISIFOTCS BCE MHOTOYKCIICHHBIE IOCTPOCHHBIE YCKOPUTEIH
ANEeMEHTApHbIX 4acTUl. CTOPOHHUKHM TEOPUH OTHOCHUTEIBHOCTH OMH-
mTelHa OOBIYHO YKa3bIBAIOT HA TO, YTO, Pa3 OHU PACCUMUTHIBAIOT TPAEKTO-
PUM YACTHIl B YCKOPHUTEIAM MO (GopMmysiaM DWHINTEHHA, TO 3Ta TEOPHs
BepHa. Ha camom Jniene, 3TH K€ TPaeKTOPHH MOXKHO PacCUMTATh CAMBIMH
pasHBIMH CIIOCO0aMH, OCOOEHHO OMHUPAsCh HA 3aKOHBI Ta30BOM MEXaHUKU
WIN yYUTHIBas aCUHXPOHHBIH d(Q(QeKT - (aKT yMEHBIICHUS CKOJBKCHHS
YacTHUIBl OTHOCHTENLHO TIONA, T.€. [0 Mepe MPHUONMKEHUS] CKOPOCTH Ya-
CTHIIBI K CKOPOCTH PacHpOCTpaHEHUs 3JeKTpuueckoro moins. Ecmm Obr
CKOPOCTh TIEPEMEIICHHS YaCTHIIBI B TPOCTPAHCTBE CTana OBl paBHA CKOPO-
CTH CBETa, C KOTOPOW paclpoCTpaHsSeTCsl caMo TOJIe, TO CHJIBI B3aUMO/IeH-
CTBHSI YACTHIIBI | TIOJISI CTAIM OBl BOOOIIE PaBHBI HYIIO, U HUKAKOTO YCKO-
penus Gonbire O0b1 He ObT0. HO Ha Takue TeMbl TEOPETUKU HE PacCykia-
0T, TIOTOMY YTO 3TO TPeOYeT JOMOTHHUTENBHBIX 3aTPaT MO3TOBBIX YCHIIUH,
K 4yeMy (pu3MKH-TeOpeTHKH He MpHBHIKIH. [109TOMY Bce cruchiBaeTcs Ha
TeopHI0 DUHINTEHA: Tpolie U Oe3omacHee.

Bot 310 M ecTh naeanu3M: TeopHus OCKUT BIEPEAN PEANbHOCTH, a pe-
AIBHOCTH HTHOPUPYETCSI.

WnTepecHas ucTopust Mpou301Lia ¢ UCCIeOBaHUSIMU 3(QUPHOTO BETPA.

Hwu MaiikenscoH, HU Mopii, ero COpaTHHK, HUKOT/Ia He OBLIN COorJiac-
HBI ¢ NIPUITUCBIBAaHUEM UM "HyJIeBOTO pe3ynbrara’. PaboTsl Mo oOHapyxe-
HUIO 3(QUPHOTO BeTpa OBUIM MPOAOKEHBI, M HECKOJBKO TMOPKE TPYIIIOit
npodeccopa KeiicoBckoit mkonsl npukiaanoi Hayku (CLUHA, Kamudop-
HUS) aMepukanckuM uccienoBateneM . K. Mmmnepom B 1921-1925 rr. ObI-
JIM TIOJTy4eHbl Onectsiiue pe3yabTarbl. OHu Obutd B 1929 . moaTBepXKe-
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Hbl camMuM MaiikenascoHoM coBMmecTHO ¢ Ilucom u ITupconom. Ho Temnepn
OHM OKa3aJIUCh "HE MPU3HAHHBIMU'", IOTOMY YTO OHH HE COOTBETCTBOBAIIU
CHEIMaTbHOW TEOPUH OTHOCUTEIBHOCTH OWHIITEHHA. JlenaroTcs CChUIKH
Ha TO, 4To Apyrue ucciaepoparenu - Kennenu, Wmnunresopt, Ilukkap,
Crasnp u rpynna Taynca-CenapxoinbMa HE MOITYYMIIM JOCTOBEPHBIX pe-
3ynbTaToB. Ho, Kak BBISICHWIOCH CETOAHS, BCEMH UMM OBUIM JOMYIICHBI
rpyOeiinine WHCTPYMEHTAIbHBIE W METOJUYECKHe OMIMOKH, KOTOphIE B
HacTosIIee BpeMs o4eBUAHBI (cM. «dupHbIi BeTep. CO. cTareit mox pex.
n.T.H. B.A.AmrokoBckoro». M., DHeproarommsaar, 1993, 2-¢ wu3znaHue
2006). DTr ormmOKK OBLTH CBSI3aHBI C MOJHBIM HETOHUMAaHHEM (DU3HIECKOM
CYITHOCTH 3(Hpa, ero Ta30JMHAMHYECKOW CTPYKTYPHI, €ro (pu3muecKux
napaMmeTpoB U T.1. Ho MHeHHe ocTtanock. U 10 cux mop 3anHTepecoBaHHbIE
B COXpaHEHHHU CBOETO IpecTHXa TEOPETUKU TalJblyaT O «HYJIEBOM pe-
3yJbTaTe» dKCIEPUMEHTOB MalikenbcoHa 1 MOpIH, He B3Upas HU HA KaKue
apryMeHThl U CCBUIKM Ha CTaThU aBTOPOB, MOJYYUBIIMX IOJIOKUTENbHbIE
Ppe3yJIbTaThI.

HemonnManue BHyTpeHHEH CyITHOCTH (PH3UYECKHUX MPOIECCOB MPUBE-
JI0 K TOMY, YTO MHOTHE JIOPOTOCTOSIINE ¥ MHOTOOOCIIAFOIINE ITPOSKTHI HE
Jand OKUJAeMbIX pe3ynbTaToB. [locTpoeHbl OrpOMHBIE YCKOPUTENH BHICO-
KHUX SHEPrui, caMblil KpyIHbIi - B [IpOTBUHO MMeEET AIMHY TYHHENS 22 KM,
B KOTOPOM YCTAHOBJIEHO 6 THICSY MHOTOTOHHBIX MAarHWTOB, OITyTaHHBIX
IIOJIBIMU IIPOBOJIAMM, TI0 KOTOPBIM HYKHO IIPOILyCKaTh XUAKUN renuil. B
YCKOPHUTENSAX HAKOJIOTHIIM OTPOMHOE MHOYKECTBO 3JI€MEHTAPHBIX YaCTHIl U
TaK Ha3bIBaeMbIX "pE30HAHCOB", HO MOHMUMAHUS B CTPOCHHH MAaTepUU OHU
He npubaBmwiu. TOKaMaky Tak W HE JAIH YCTOMYMBOH IJIa3Mbl 1 HUKAKOW
MEPCIIEKTUBBI TOJYYUTh C WX IOMOIIbI0 HEOTPAaHMYEHHOE KOJIUYECTBO
3HEPrUM He BUAHO. BrIcokoTeMIIepaTypHas CBEpXIIPOBOJIUMOCTD 3acTpsuIa.
MaruauTtHas ruapoanHaMuKka ceds He ompaBaaia. U Tak manee. Ho Ha Bce
3TO 3aTpadyeHbl MHOTOMHUIMAPAHBIE CPEICTBA, KOTOPHIE MOXHO CUYHTATh
MPOCTO BBIOpOmIEHHBIMU. OTPBIB TEOPHUU OT PEATbHON JIEHCTBUTEIHLHOCTH
MCTHT ECTOKO.

CeromHsi y)Xx€ MOXHO YTBEPXKIAaTh, YTO TEOPHUS OTHOCHUTEIHLHOCTH
OliHiTeHa 1 Quiocockas 4acTh KBAHTOBOW MEXaHHMKH 3TO U €CTh YH-
CTelas JDKeHayKa, KOTopasi OTBEpPIJIa Pe3yNbTaThl 00BEKTUBHBIX JKCIIE-
PUMMEHTOB, YHUYTOXWJIA CaMy HUJACI0 HAIU4YWs BHYTPEHHHUX MEXaHH3MOB
SABIICHUH, YeM IuIuiaa ceOs MPEeeMCTBEHHOCTH CO BCEM IPEAbIIyIINM
€CTECTBO3HAHNUEM, IPUHUMAET aAMUHUCTPATUBHBIC MEPHI K MHAKOMBICIS-
MM M JIMIINWJIA €CTECTBO3HAHHME BO3MOXKHOCTH MpOJBUTaThes ganee. Het
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COMHEHHS, YTO TaKoe MOJIOXKEeHUE B (YHIAMEHTAIBLHON Hayke HE MOXET
OBITH JIajiee TEPIHMO.

[ToMHMO H3II0KEHHOTO, XapaKTEPHBIMUA Y€PTaMH COBPEMEHHOTO HJIca-
nr3Ma B GU3UKE SBISIOTCS:

- TIOCTYJaTHBHOCTh - BBIJIBIDKCHUE IMOCTYJIATOB, T.€. HEKOTOPBIX MPO-
W3BOJIBHBIX TIOJIOKCHUIA, MPUHUMAEMBIX 0€3 JJOKa3aTeIbCTB U PacIpoCcTpa-
HSIEMBIX JIAJIEKO 32 MPeJelbl 00JNACTH, ISl KOTOPOH OHU TPUHSITHI,

- aKCHOMAaTUYHOCTh - TO JK€ CaMoe, TOJBKO TEMeph BMECTO CIIOBA «II0-
CTyJIaT» BBOJUTCS CJIOBO «aKCHOMay;

- JIONMYCTHUMOCTh «IIEPEHOPMHPOBKM» - TOATOHKU BBIBOJIOB O0aHKPO-
THUBIIIEHCS TEOPHH TIO]] MOJTYYCHHBIC B OKCIIEPUMEHTAX PE3yJIbTATHI B IIEIAX
CTIIACCHHMSI KTCOPUM.

- IPOM3BOJIBHOCTH BHIOOPa MHBAPHAHTOB,

a TaKkXKe U IPYTUe )KyJIbHHYECKHE CIIOCOOBI.

1.5. Ponb Bceobwmx pnsnyecknx NHBapuaHToB B hnsnke

Ho mi1s Toro, 4ro0bI 3TO MOXKHO OBUIO CAenaTh, HEOOXOAMMO CHayaja
OTIpeAIeTTUTh BceoOIre (pr3nuecKkue HHBAPHAHTHI, T.€. Te KaTEeTOPUH, KOTO-
pBIE€ OCTalOTCS HEM3MEHHBIMHU MPU JIIOOBIX MPeoOpa3oBaHUsIX MaTepUallb-
HBIX CTPYKTYP Y TP JIFOOBIX TIpOIleccax.

Kak m3BecTHO, pe3ynbTaToM JHOOO0TO IKCHEPUMEHTA SBISIOTCS COOT-
HOUICHUSI MEXY (pr3ndeckuMu BelnunHaMH. B 3aBUCHMOCTH OT TOTO, Ka-
KH€ M3 9THX BEJUYWH CUMTAIOTCS MOCTOSHHBIMU, HE3aBUCHMBIMH UHBApH-
aHTaMH, OCTAJIbHBbIE BEIMYWHBI, KOTOPHIE CBSA3aHBI C MEPBBIMH COOTHOIIIE-
HUSIMH, TIOJIY9eHHBIMHA B JKCIIEPHMEHTE, OKa3bIBAIOTCS TepeMEHHBIMU. B
HEKOTOPBIX CIy4YasX BBIBOJBI U3 TOJOOHBIX COOTHOILICHWH OKAa3bIBAFOTCS
CTOJIb BaKHBIMH, YTO CYIIECTBEHHBIM 00pa30M BIIMSIIOT Ha Pa3BUTHE BCETO
€CTECTBO3HAHUS.

Tak, B pe3ynbpTare dKCIIEPHMEHTOB 10 OMPEICIEHUI0 MAacChl YaCTHIIBI
MIpH TPUOIMKEHIH €€ CKOPOCTH K CKOPOCTH CBETa MONY4YaeTCs CIOKHAS
3aBHCHUMOCTb, CBS3BIBAIOIIAS HANpPsDKEHHOCTb TMOJISl KOHJEHcaTopa H
HaANPsHKEHHOCTh MAarHWTHOTO TIOJIA, Yepe3 KOTOPHIE MPOJIETAeT YacTHUIIA, C
ee 3apsioM, CKOPOCTBIO TIOJIETa, PAIIyCOM KPWBH3HBI TPAEKTOPHUH U Mac-
coil [10]. IlpuHsATHE B KadecTBE MHBAPUAHTOB HANPSKEHHOCTEH MOISA U
3apsia YacTHUIBl NMPUBOAMUT K BBIBOAY 00 M3MEHUYMBOCTH Macchl. OIHaKO
€CJIM CYUTATh WMHBAPHAHTOM MAacCy, TO Ty )K€ 3aBHCHMOCTb MOYKHO WHTEp-
NPETHUPOBATh KaK OOHAPYKEHUE 3aBUCHUMOCTH 3apsiia OT CKOPOCTH, Ha YTO
Obu10 ykazaHo bymem. Ecnu ydecTs, yTo mpu mpuOIMKeHUH CKOPOCTH Ya-
CTHIIBI K CKOPOCTH CBeTa (CKOPOCTH PAaCIpPOCTPAHEHUS SIEKTPHYECKOTO
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HOJIs) B3aMMOJICHCTBUE MEXAY YaCTHLEH M IOJIEM AOJDKHO yMEHbIIAThCA
(o aHANMOTUM C POTOPOM aCHHXPOHHOTO JBUraTelsl, ABUKYIIUMCS B Oery-
[IeM MarHUTHOM TI0JIE), TO Ta € 3aBUCHUMOCTD JI0JKHA TPAKTOBAThCA Kak
3aBUCUMOCTH KO3()(UIMEHTa B3aUMOACHCTBHS MEKAY 3apsDKEHHOHN 4acTu-
e ¥ MmojieM NpU HEM3MEHHOCTH 3apsAga W Maccbl. MoryT ObITh M MHBIC
MHTEPIPETALNH 3TOH 3aBUCMOCTH.

B Teopum oTHOCHTEIRHOCTH DWHINTEHHA 3a BceoOIIre MHBAPHAHTHI
IPUHSTH CKOPOCTh CBETa M YETHIPEXMEPHBIH MHTEpBal, B KOTOPOM IpH-
pallleHst KOOpIMHAT CBS3aHbl C MPUpAIIEHIEM BPEMEHHU Yepe3 Ty K€ CKO-
pOCThb CB€Ta. DTO, BO-IEPBBIX, MMOCTABUIIO BCE BUJbl B3aUMOJCHCTBUU B
3aBHCHUMOCTb OT CKOPOCTH CBETa, XOTS CKOPOCTh CBETA €CTh BEIMYMHA
QJICKTPOMAruuTHas U HE UMCET HUKAKOI'O0 OTHOIICHHUA HU K AACPHBIM, HU K
T'paBUTAlIMUOHHBIM B3aI/IMOI[eI\/'ICTBI/IHM, BO-BTOPLIX, IIPUBECJIO K IMpEACTaBJIC-
HUSIM 00 HCKPHBJICHUHU MPOCTPAHCTBA W 3aMEAJICHUIO BpeMeHHU. [IpsamMbiM
PE3YIbTAaTOM I3TOI'O BI)I60pa HWHBAapHUAaHTOB SABUWJINCb M3MCHYUBOCTL MACChI
IIpyu MU3MCHCHHHU CKOPOCTU TCJI, USMCHCHHUEC HX pPa3sMCPOB, SKBUBAJICHT-
HOCTH JHEPTUH U Macchl U T.1. Ecin OBl 32 BceoOIre WHBAPHAHTHI OBLITH
BBIOpaHbl MHBIE BEJIWYHMHBL, TO U Pe3yJbTaT OblT Obl COBCEM WHBIM, U TEO-
pUuA OTHOCUTCIIbHOCTH NMEJIa OBI COBCEM HHOM BH.

W3 n310)KEHHOr0 BUAHO, YTO K BHIOOPY HMHBapUaHTOB HY)KHO OTHO-
CHUTBCS C OOJIBILION OCTOPOXKHOCTHIO. B CBSI3M ¢ BO3MOXKHOCTBIO MPOU3BOJIA
B BBIOOpE MHBapHaHTOB HE0OXoauMa pa3paboTKa METOHOJIOTHYECKUX OC-
HOB JJAHHOTO TpeaMeTa. PaccMOTpUM OCHOBHBIE TPEeOOBAHHS, MPEABSBIS-
eMble K 00IIMM (PU3NUECKIM MHBAPHUAHTAM.

OueBUAHO, YTO Ha POJb BCEOOLIMX (PU3MUECKUX MHBAPHUAHTOB MOTYT
MMpEeTCHAO0BAThL JIMIIb TaKUEC (1)I/I3I/I‘ICCKI/IG BCJIMYMHBI, KOTOPLIC IMMPUCYIIH
a0COIIOTHO BCceM (DPM3MYECKUM SIBICHUSIM M TaK MM HHA4Ye MPOSBISIIOTCS
CYLIECTBEHHBIM 00pa3oM B JIIOOBIX (hopMax CTPOEHHs MaTepuu Ha JTI000M
€€ YpPOBHE U IPH JIFOOBIX BHIAX B3aUMOICHCTBUI. DTH BEIMUNHBI JOJKHBI
IMPUCYTCTBOBATh Ha YPOBHEC OpraHHU3allud MAaTCpUH B NPEAMETHI U BEIIC-
CTBa, B MOJICKYJIbI, ATOMBI, JJIEMEHTAPHbIE YacCTHLBl, a TAKKE HA YPOBHE
TJIaHET, 3Be3]], TATAKTUK ¥ BceneHnol B memoM. J1o TpeboBaHme HE00X0-
JIUMO, TaK KaK OCHOBOHM KaXKJOro Makporpolecca sBISeTCs COOTBETCTBY-
IOUIMKA MHUKpONpoLecc, 00yCIOBIMBAIOMINN 3aKOHOMEPHOCTH MaKpOIPO-
necca. EMMHCTBO MpHUPOAB! 3aCTaBisIeT U sl MUKPOMUDA, U TSI MAaKPOMHU-
pa UcKaTh BceoOlIMe UHBAPUAHTbI, OTHOCUTEIBHO KOTOPBIX U MOXKHO Olle-
HUBATh JPYrue BEIMYMHBI, IPUCYTCTBYIOIIUE B Mpoleccax, SBICHUSIX H
JKCIEPUMEHTaX. DTOT MOAXO0/ MPUBOAUT K HEOOXOIUMOCTH UCKATh (HU3M-
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YeCcKHe MHBAPUAHThI TOJIBKO CPEIH BEIUYMH, MIPUCYTCTBYIOLIIMX Ha JH000M
YPOBHE OpraHU3aluy MaTepUH U CYILIECTBEHHBIX JJIs TIOOBIX SBICHUH.

C oTO¥ MO3UIMM TaKasl BEIMYMHA, HAIpUMEp, KaK JIEKTPUUYECKHUI 3a-
PsI HE MOXKET BBICTYIATh B Ka4eCTBE BCEOOLIETO (hU3MUECKOI0 NHBapUaH-
Ta, MMOCKOJIbKY 3Ta KaTEeropHusl, peajJbHO MPUCYTCTBYIOIIAsl B MUKPOMHUPE, HE
NPOSIBIISIETCS CYIIECTBEHHBIM 00pa3oM Ha YpOBHE OpraHM3alui MaTepuu B
MOJIEKYJIbI, BEIECTBA, 3BE3[bl, TATAKTUKU. BO BCSIKOM cilyyae, Halnu4ue
3apsiioB BHYTPU aTOMOB M MOJIEKYJI HECYLIECTBEHHO AJIsI (PU3NYECKUX B3a-
UMOZCHUCTBUI Ha OoJiee BBHICOKOW CTYMEHH opraHu3auuu. ['paBuranus, B
YaCTHOCTH, BooOImIe obxomutcs Oe3 mpencTaBieHHA 00 AIEKTPUIECKOM
3apsine. Majo Toro, Aa)ke Ha YpPOBHE 3JIEMEHTApPHBIX YacTUL[ KAaTETOPHS
3IEKTPUYECKOr0 3apsijia He BCEr/ia UrpaeT CYLIECTBEHHYIO POJIb, IIOCKOJIb-
Ky UMEIOTCS YaCTHLIbI, Y KOTOPBIX 3apsil OTCYTCTBYET.

Ilo mem j>ce npuuunam é Kavecmee 6ceoduUX PuzuyecKux uneapu-
AHMOG He MO2YHl GbICHYNAMb XaApAKMeEPUCMUKU OmOeNbHbIX hu3zuue-
CKUX AGJICHUIL UMW OMOEAbHBIX (hOpM mamepuu, Hanpumep napamempol
domonoe ceema (nocmoancmeo popmul pomona, NOCMOAHCHEO CKOPO-
CIu €20 08UMNCEHUA — CKOPOCHb Céemda, RPAMOIUHENUHOCMb PACHPO-
CHMpaHeHus u m.n.).

PaccmarpuBas Hanbosee oOIIMe XapaKTEPUCTUKA MaTepuu Ha JIH0O0M
YPOBHE €€ OpraHu3alld, MOXXHO KOHCTaTUPOBAaTh, YTO JUIA BCEX 3THX
YPOBHEH CYIIECTBYIOT TOJIBKO YEThIPE NEHCTBUTEIBHO BceoOIme Gusmye-
CKHE KaTerOpHH. DTUMH KaTETOPHSMH SIBIISIFOTCS COOCTBEHHO MaTepH,
npocrpancTso, Bpems. CyliecTBOBaHHE MaTepHUH B MPOCTPAHCTBE U BO
BpPEMEHH €CTh ABMKEHHe MaTCPHH.

B camom pene, o 1000M TPOHMCXOASIIEM SIBICHUHM MOXKHO CYIIUThH
TOJIBKO B CBSI3W C TEM, YTO 3TO SABJICHUE NMPOMCXOJUT C MaTepuei, a He
HE3aBUCHMO OT Hee (Bce SIBICHUS MaTepHalbHBI), B MPOCTPAHCTBE (BHE
MIPOCTPAHCTBA HE MPOUCXOANT HMYETO) U BO BPEMEHH (BCE MPOIIECCHI MTPO-
TEKal0T BO BPEMEHH), 4TO caMo T10 ceOe yKe 03HauaeT IBHKEHHE MaTEePHH.
Kax cnpasennuso 3ametun ®.OHrensc, B MUpe HET HUYErO, KPOME JIBH-
JKyILIENCsl MaTepuu.

Kareropun marepun, mpocTpaHCTBa U BPEMEHH M UX COBOKYITHOCTH —
JIBUKEHHS ABIIAIOTCS OCHOBOM I BCErO MUPO3JaHMsl. DTH KaTerOpHH BCe-
r71a TOJDKHBI CUUTATHCS HCXOAHBIMU TPH PACCMOTPEHHUH JIOOBIX CTPYKTYP
OpraHU3alNH MaTEPHUH, JTIOOBIX MPOIIECCOB H JIFOOBIX (DM3UUCCKUX SIBICHHI
MIPUPOJIBI.

ITockonbky KaTeropuu MaTepuu, NPOCTPAaHCTBA, BPEMEHU U HUX COBO-
KYIIHOCTU — JBIDKEHUs (CYILLIECTBOBAaHHME MAaTE€pPUU B IPOCTPAHCTBE U Bpe-



26 I'1asa 1.

MEHH) CITpaBeUINBHI JJIsl BCEX YPOBHEW OpraHU3aINHd MaTepu, HAYMHAS OT
BcenenHoll B 11e10M U KOHYas 3JIEMEHTApHBIMU YacTHUIIAMH BELIECTBA, HET
HUKAaKOI'0 OCHOBaHHMS IIOJIaraTh, YTO Ha YPOBHE OpraHU3aluu MaTepuu 0o-
Jee TITyOOKOM, YeM <«QJIEMEHTapHBIe» YaCTHIHl BEIIEeCTBA, 3TH KaTETOPHUHU
OKa&KYTCSl HECTIPABEATIMBBIMH, OHU BCEOOIIH.

Kak BceoOmne kareropuu AJisi BceX YPOBHEH OpraHu3allidl MaTepuw,
cOOCTBEHHO MaTepHs, MPOCTPAHCTBO, BPEMS U JBM)KCHNE TEM CaMBbIMU BbI-
CTYTAIOT B Ka4eCTBE BCEOOMNX (hM3MUECKUX WHBAPUAHTOB, HE 3aBHCAIINX
HH OT KaKHX YaCTHBIX (OPM OpraHM3allH, YACTHBIX BHIOB JBWKCHUS WIN
4yacTHBIX aBieHUH. ClieoBaTenbHO, BceoOmue (U3NYecKue WHBAPHUAHTHI
HE TOCTYJIMPYIOTCS, a ONMPEIEISIOTCS Ha OCHOBE 0000IIEHUsT BCEX M3BECT-
HBIX €CTECTBO3HAHMIO OTBITHBIX JaHHBIX, KaK 3TO U JOJDKHO OBITh MPH Ma-
TEPUATTUCTUYECKOM IOJIX0JI€ K U3YUEHUIO TPUPOJIBI.

s ucronb30BaHUsT MHBAPUAHTOB B PEABHBIX 3aBHCUMOCTSAX HYKHBI
COOTBETCTBYIOIINE MEphl — €IMHUIIBI U3MepeHHsd. B kauecTBe enuHUI] U3-
MEpPEHHsI MOTYT OBITH B3STHl €MHHUIBI COOTBETCTBYIONIMX (DU3NYECKUX Be-
mmavH. Hanpumep, B KauecTBe MEphl BPEMEHH BBICTYIIAET €IUHHUIA BpeMe-
HU — CEKyHJIa, paHee orpeneieHHas kak 1/24-60-60 mons cCyToK, a mO3xKe
MIpUBSI3aHHASI K aTOMHOMY 3TaJIOHY 4acTOTHl. B kadecTBe Mepbl IpoCTpaH-
CTBa BBICTYIAIOT €IWHUIIA JJIWUHBI U €¢ MPOU3BOJIHBIE (MEPHI IUIOMAAA U
o0bema). 3a eIUHUILY JUIHHBI NIPUHUMAJNCHh Pa3IMYHBIE STANOHBI, HO B
Hacrosiee BpeMs 3a exuauity npuast metp — 1/ 40.000.000 momst miMHBI
[Tapmxckoro Mepuanana, BIOCIEICTBUU TaKKe MPUBA3aHHAS K ATOMHOMY
sTanony. CrpaBe/UIMBOCTh BRIOOPA STUX BEITMYMH B KaYeCTBE MEP BPEMEHHU
Y TIPOCTPAHCTBA MOJATBEPKICHA BCEM OIBITOM €CTEeCTBO3HAaHWA. UTO Kaca-
eTcs Mep KOJNMYECTBa MaTepUu W JBIDKEHHS, TO 3/IeCh HEOOXOJUMBI JI0-
MOJIHUTEIBHBIE OTOBOPKH.

IIpsimMoli Mepbl KoIMYecTBA MaTepUU 10 HACTOSILErO0 BPEMEHHU HE
HaiineHo. KOoCBEHHOH, HO CTPOro NMpONOPLUOHAIBHON MEpPOM KOIMYECTBA
MaTepUu B KJIACCHYECKOM (QU3MKe cuMTajgach mMacca. Teopus OTHOCHUTE/b-
HOCTH, BHECS MOHATHE M3MEHYMBOCTH MAaCChl CO CKOPOCTBIO, TEM CAMBIM
MOCTaBUJIa MOJI COMHEHHE BO3MOXKHOCTh MCIOJIb30BAHHUS MAcChl KaKk MEpbI
KOJIMYECTBA MAaTEPHU.

[IpuHnunuansHO Macca MOXKET OBITh TOJBKO KOCBEHHOM MEpOM KOJIU-
YecTBa MAaTEePUU U MOXKET OBITh CBsI3aHA C KOJIMYECTBOM MaTepUH HE TMpsi-
MOH, a (yHKITMOHAJILHOHN 3aBUCUMOCTBIO, B KOTOPYIO BOMIYT U IPYTHE BE-
nuarHbel. OHaKO BEPOSTHOCTH TOTO, YTO MHEPTHAsI Macca sSBISETCS MHBA-
PUAHTHON MepoW KOJIMYECTBA MaTEPHH, T.€. CTPOro MPOMOPIHOHAIbHA KO-
JUYECTBY MaTeprH, TOPa30 BhIIIE, 9YeM BEPOSTHOCTH TOTO, YTO y IBHXKY-
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IIEHCs] YaCcTULbl HHBAPUAHTHBI B3aMMOJIEHCTBUSA 3apsiia ¢ NEKTPUICCKUM
Y MarHUTHBIMU MOJISIMH, UCTIOIB3yEMBIMH B SKCIIEPUMEHTE.

B camomM nerne, ckopocTh CBETa €CTh CKOPOCTh PacpOCTPAHEHUS SIIEK-
TPOMAarHUTHOTO MOJIS. 3apsi UMEET NMEeKTpUUecKyto npupony. Ilpubmmke-
HUE CKOpPOCTHU 3apsDKEHHOW YacTHIBl K CKOPOCTH PaCIpOCTPaHEHHs CHI,
BO3/ICHCTBYIOIIMX Ha Hee (2 HAPSHKEHHOCTH MAarHUTHOTO U DJIEKTPUYECKO-
IO TMOJIEH SIBJISIOTCSI CUJIaMH, BO3ACHCTBYIOIIMMHM Ha 3apsiia), HEMHUHYEMO
IpuBeAeT K M3MEHEHHMIO BEIMYMHBI B3aumozencTBus. Ecnu Obl yacTuna
UMeJla CKOPOCTh, PaBHYIO CKOPOCTH CBETA, ANEKTPUUECKOE TO0JIE, 10 Kpan-
HEeHl Mepe, HampaBiCHHOE BIOJb TPACKTOPUHU YaCTHLBI, BOOOIIE HE MOIJIO
Ob!I BusATE Ha Hee. Clie0BaTENbHO, B3aUMOACHCTBHE 3apsaaa U HAIIPSKEH-
HOCTH NPH JBW)KCHUW YaCTHIIBI JOJDKHO OBITh HEeMMHEHHBIM. UTO KacaeTcs
BO3/IEICTBHA Ha Maccy, TO HEMOCPEACTBEHHOTO BO3JEHCTBUS 3IEKTpoMar-
HUTHOTO TIOJISI HA Maccy A0 HAcTOSILEro BpeMeHHu He HaiineHo. Kpome To-
ro, U3BECTHA M AIKCIEPHMEHTAILHO MOATBEPXAECHA CTporas MpONopIHo-
HaJIbHOCTh MEXAY I'PaBUTALMOHHON U MHEPTHOM Maccamu. Ho rpaBuranu-
OHHBIE B3aHMMOJEHCTBHUS OTJIMYAIOTCS [0 BEJIMYUHE OT 3JIEKTPOMATHUTHBIX
Ha MHOTO TOPSIIKOB. DTO 03HAYAET, YTO IPABUTALIMOHHOE B3aUMOCHCTBHE,
a CcIIeIoBaTeNIbHO, M Macca UMEIOT IPYTYIO (PH3HUYECKYIO OCHOBY.

Takum 0bpasom, oxcudams, YUMo mMacca Yacmuybl MEHIEmcs no mepe
NPUOTIUIICEHUS. CKOPOCINU YACUYbl K CKOPOCMU C8emd, m.e. K CKOPOCmU
PACHPOCMPAHEHUs. INEKMPOMASHUMHO20 NOASL Hem HUKAKUX OCHOGAHUI.
Ecnu oice makoe usmenenue u npoucxooum, (Ymo He @ulmexaem u3 onu-
CAHHO20 Gblue ONBIMA, HO MOICEM OblMb NPOBEPEHO OPYSUM CHOCOOOM,
Hanpumep onpedeneHuem KUHeMuueckou dHepeuu OCmaHaeIueaemou 4a-
cmuybl), MO MOALKO 34 CYem NPUCOCOUHEHUs K Hacmuye Mamepu Maccol
cpeonl, oxpysxcaroweli ee. llocneaaeMy 00CTOATENBCTBY €CTh OINpPEEIICH-
Hasl aHAJIOTHS: Mepe JIETAIUM caMoJIeTOM 00pa3yeTcsl YIUIOTHEHHAsl BO3-
IyITHas TOJYIIKa, KOTOpas CO37aeT €My HEKOTOPYI0 MPHUCOETWHEHHYIO
Maccy, BIHAIONLYIO Ha €ro a3pOJUHAMHUKY.

Ilockonbky MHEpTHas Macca ABIAETCS KOCBEHHOW Mepol KOJIMYecTBa
MaT€pur, TO MOXHO IHPECAIOJIIOXKHNTb, XOTA OBl NPpUHOUIIAAIBHO, YTO BO3-
MOXHBI YCJIOBUs, IIPHU KOTOPBIX OAHO U TO € KOJIUYECTBO MAaTCpUHN 6szeT
MMETh B HEOAMHAKOBBIX YCIOBHSIX Pa3IMUHyI0O HHEPTHYIO (TeM Oojee rpa-
BUTAIIMOHHYI0) Maccy.

Uro kacaercss Mepbl JBIKEHUS, TO 3[€Ch U3BECTHBI TaKUe TPAJULINOH-
HBIE MEpbI, KaK KOJMYECTBO ABIDKCHHS (HENPABHIIFHO HAa3bIBAEMOE HM-
MYyJbCOM) U DHEPTUsi, MHOTOKPATHO MOATBEPKICHHBIC SKCIIEPUMEHTAIBHO
W CHpaBeUIMBbIE i1 BCEX MPOSBICHUM W B3aUMOJCHCTBUM C YyYETOM,
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€CTECTBEHHO, SBIICHUH, MPOUWCXOJAININX HAa BCEX YPOBHSIX OpraHU3aIluN
Marepuu. [IpumeHeHue Toi UM UHOM MEPHI B TOM WJIM MHOM SIBJICHUH 3a-
BUCHUT OT XapakTepa SIBJICHUS. 371eCh He0OXO0MMO BCIIOMHUThH aHAIU3 DH-
reipca, W3 KOTOPOTO BBITEKAET, YTO KOJMYECTBO MBIDKCHHS €CTh Mepa
JBIDKEHUS OJHOTO0 MEPAPXUUYECKOTO YPOBHS, a IHEPTHUSl €CTh Mepa JIBHKE-
HUs, HEOOpaTHMO TMEPEeXOIAIICro Ha TIIYOMHHBIH YPOBEHb OpraHU3alHH
MaTepuH, HalpuMmep, NP COyAapeHU HeYIPYTHX Tell B TeIUIOTy [7, ¢. 67—
81].

HeobxomumMo OTMETHTH ONHO Ba)KHEWIIEE CBOWMCTBO HMHBAapHAHTHBIX
BeJIWYMH. byayun W3HAYambHBIMH, STH BEIHYUHBI CTPOTO ITOXYHHIIOTCS
mpaBwiaM aaauTUBHOCTA. OO ATHX BeTMYWHAX HENb3s TOBOPUTH KaK O He-
JTUHEHHBIX, TaK KaK UMEHHO OTHOCUTEIHFHO HUX JOJIKHBI TPOBOJIUTHCS U3-
MEpPEHUSI U OIICHKHM BCEX OCTaIbHBIX BeMu4uH. ClenoBaTeIbHO, HEIb3S
paccMaTpuBaTh WCKPUBJICHHE JIyda CBeTa BOJMW3M TPaBUTAIMOHHBIX Macc
KaK pe3yJbTaT «MCKPUBIICHUS» IPOCTPAHCTBA, a HYXHO paccMaTpUBATh
(hu3MUECKU TIPOIECC MCKPUBJICHUS TPACKTOPHH (POTOHOB CBETa O] BO3-
JIEHCTBHEM TPaBUTAIMH WIH B PE3yJIbTaTe APYTUX MPOIECCOB.

Henp3s roBOpHUTH 0 3aMKHYTOCTH MTPOCTPAHCTBA, CCHUTASACH HA ONTHYE-
CKUU M TPaBUTAIIMOHHBIN MMapaIoOKChl, a HY)KHO MCKaTh HEY4YTEHHbIC (PHU3u-
yeckue (haKTOphl B TEX PACCYKICHUSIX, KOTOPhIE MPHUBEIU K TOSBICHUIO
MapaoKCOB U KOTOPBIe HOCSAT abCTPaKTHO-MaTeMaTHUECKUN HIeaTu3upo-
BaHHBIN XapakTep. OTH SBJICHUS MOKa YTO PacCMOTPEHBI HA CaMOM IIpH-
MUTHBHOM YPOBHE, XOTSI IPHUPOJA JIIO0Or0 SIBJICHUS CYIICCTBEHHO CIIOXK-
HeEe.

Henp3s TOBOpUTH O NWUCKPETHOCTH IIPOCTPAHCTBA M BPEMEHH Ha
YpPOBHE MHUKpPOMHpPA, TaK KaK JTUCKPETHOCTH JIIOOOW BEIMYUHBI MOXKHO
ONPENIETUTh TOJBKO OTHOCUTEIBHO APYrOM aHaJOTOBOM BEIMYUHBI, U AJIA
o0mieil WHBapUAHTHOW BEJIWYMHBI, SBISIONMIEHCS HMCXOMHOW M BCEX
OCTJIBHBIX, TaKOE IMOHATHE, KaK ITUCKPETHOCTh, HE MOXKET CYIIeCTBOBATH
MPUHITUTTHATHHO.

IIpocTpaHcTBO M BpeMsi BBICTYMAIOT HapsIy ¢ MaTepued Kak OOBeK-
THUBHBIC KaTETOPUH, HE 3aBHUCSIIUE OT KAKUX-JIMOO YCIIOBHH M SIBICHUH, B
HUX TPOUCXOJIAIINX, OHA OTPa)KalOT BCIO COBOKYITHOCTH JBIKCHHS MaTe-
puu Bo Bceil BceneHHON Ha BceX MEPApXUUECKUX YPOBHSX OpraHU3aliu
MaTepUU W HE 3aBHCAT HU OT KaKUX YaCTHOCTeH. Bcromy, B mr00BIX (op-
MYJIBHBIX 3aBHCHUMOCTSIX 3TH BETMIMHBI MOTYT BBICTYIIATh TOJIBKO KakK ap-
TYMEHTBI ¥ HUKOT/a HE MOTYT SIBISATHCS (DYHKIIUSAMU 4ero Obl TO HU OBLIO.
CrnenoBaTeNnbHO, UCIOJIB30BAHUE MPUHIIUIIOB TUAJIECKTUYECKOTO MaTepHua-
JU3Ma Ha BCEX YPOBHSIX (DM3MYECKOTO IMO3HAHUS HEM30E)KHO TMPUBOIUT K
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€BKJIMJIOBY IIPOCTPAHCTBY M OJHOHANpPaBICHHOMY HENPEPHIBAEMOMY Bpe-
MEHH.

Bo Bcex cnmywasx Kaxymuxcs «HETMHEHHOCTEH» MPOCTPaHCTBA U Bpe-
MEHHM HYXXHO HCKaTh HEY4YTEHHbIEC INIyOMHHBIE ITPOLIECCHI, B TOM YHUCIE U Ha
YPOBHSIX OpraHU3aliy MaTepuu, Oosee TIIyOOKUX, YeM OpraHu3alus MaTe-
PHH B «QJIEMEHTAPHBIX)» YaCTHIAX BEIIECTBA.

Hannuue BceoOmmx (u3ndeckux MHBAPHAHTOB AJISL BCEX YPOBHEH Op-
raHyW3aliy MaTepUM U CYLIECTBOBAHHE HENPEPHIBHOM LENM NPUYMHHO-
CIICZICTBEHHBIX OTHOIICHUH MEXYy YaCTHBIMHU SIBICHHUSMH, TAK)KEe OXBATbI-
BalOIIEH BCE YPOBHM OpPraHU3alMd MaTEpPHH, 3aCTaBISIIOT IOJIaraTh, YTO
HHUKaKUX MPEINOYTUTEIbHBIX MAaCcIITa00B IPOCTPAHCTBA U BPEMEHH B NPH-
poJie HE CYIIECTBYET, H IOATOMY Ha BCEX YPOBHIX OpPraHU3aldd MaTepUH
JEHCTBYIOT OHU M T€ XK€ (PU3MUECKHE 3aKOHBI U HUKAKUX «OCOOBIX» 3aK0-
HOB Ul SIBJICHUH MHUKpOMHpa He cymiecTByeT. OTCIOAa BBITEKaeT 0co0oe
THOCEOJIOTUYECKOE 3HAUCHHE aHaJOTHi MEXKIy SIBICHUSIMH MaKpO- U MHK-
pomupa.

Anrmmiickuit ¢msuk J[x. Pemeit (1842—-1919), mpumaBas Bompocam
aHaJIOTHH ¥ oA00us B (PU3NYECKUX SBJICHUSIX 0c000€ 3HaYCHUE, TOBOPHUII
[0 3TOMY MOBOJY: «f 4acTo yAMBISAIOCH TOMY HE3HAUMUTEIbHOMY BHUMa-
HHIO, KOTOPOE YIENAETCS] BETUKOMY MPUHLMITY «II0A00Us» JaxKe cO CTO-
POHBI KPYIHBIX y4eHbIX. Hepenko ciydaercs, 4To pe3ysbTaTbl KPOIOTIH-
BBIX I/ICCJ'Ie):[OBaHI/Iﬁ MPEIOJHOCATCA KaK BHOBL OTKPBITBHIC «3aKOHbBI», KOTO-
PpbIC, TEM HE MCHCC, MOKHO IIOJIYYHUTH AIIPUOPHO B TCUYHCHHUC HCCKOJIBKHX
MUHYT». B npunnune nop Peneii npas, ogHaKo KaXKAblid pa3 HY>KHO 3HATh,
KaKoil MMEHHO aHaJIOTHEH B KaKOM CJIydae MOKHO ITOJIb30BAThCS, a KAaKOH
HEJb3S.

OueBUAHOCTh TONYYEHHBIX PE3YJIbTATOB BBISICHSETCS, KaK IPaBHJIO,
1ocJIe IPOBEACHHS UCCIEJOBAHHM, a HE 10 HUX.

Yemuipe 6ceobuyux uneapuanma: OGUdiCEHUe U MPU €20 COCMABIAIo-
wue — mamepus, npoOCMpPaHcmeo u pems, 001a0arm cembio 0CHOGHbIMU
CBOUCMEAMU:

- HAJIMYMEM BO BCEX CTPYKTYpaX U ABJICHHUAX;

- COXpaHEHNEM TpH JTIOOBIX TPeoOpa3oBaHMSIX;

- OecrpeieNbHOM ASTUMOCTBIO;

- aITUTUBHOCTBIO;

- TMHEHHOCTEHIO;

- HEOTPaHUYEHHOCTHIO;

- OTCYTCTBHEM KaKUX-JIMOO MPEANMOYTUTEIBHBIX MacIITa00B WM Mpel-
HOYTUTENIbHBIX OTPE3KOB.
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W3 3TUX CBOWCTB MHBAPHWAHTOB C HEOOXOIMMOCTHIO BBITCKAIOT CBOW-
CTBa HAILIETO PEaJbHOTO MHpa:

1) HEYHHMUYTOXXKMMOCTb M HECO3/IaBaEMOCTh MAaTEpHH, IMPOCTPAHCTBA,
BPEMEHH U JABHKCHUS;

2) eBKIIMIOBOCTH IIPOCTPAHCTBA;

3) paBHOMEPHOCTb TECUCHHS BPEMCHH;

4) OecmpenmenbHas IEIMMOCTh MAaTEPHH, IPOCTPAHCTBA, BPEMEHU H
JBIDKEHMS,

5) mpucyTcTBHE MaTepUH W JIBUKEHHUS B JIOOOM, CaMOM MaJleHBKOM
o0BeMe MPOCTPAHCTBA;

6) HENmpepbIBHOCTh MAaTEPHAIBHBIX HPOCTPAHCTBEHHBIX CTPYKTYP
(BKJIIOYast TIOJIEBHIE) U MIPOIIECCOB BO BPEMEHU (OKOHYAaHWE OJJHUX Ipolec-
COB JIaeT Ha4yaJlo IPYTUM IpOLEccam);

7) nepapxuueckasi OpraHu3aLusi MaTepUH B IPOCTPAHCTBE U MIPOLIECCOB
BO BpPEMEHU;

8) oIMHaKOBOCTh (PM3NYECKUX 3aKOHOB Ha BCEX YPOBHSIX OpraHU3aIMN
MaTepHH;

9) 0aMHAKOBOCTH (PM3NYECKMX 3aKOHOB BO BCEX TOUYKaX MPOCTPAHCTBA
Y Ha J1000M OTpe3Ke BPeMEHH;

10) Cexnenue Bcex mpoueccoB (BKIIOYasi BCe Tak Ha3blBacMble pyHa-
MEHTaJIbHBIC B3aMMOJIEHCTBUS) K MEXaHUKE — IIE€PEMEILECHUIO MacC MaTe-
PHYU B IPOCTPAHCTBE;

11) beckoneynocTs 1 6ecripeieTbHOCTE BeeneHHoi B IPOCTPaHCTRE;

12) beckoneyHOCTh U OecpeeTbHOCTE BeeleHHOM BO BpeMeHU;

13) IlocTosHHBI (B cpeaneM) Bua BeeneHHOl BO Bce BpeMeHa.

[MpuHnMIManeHO IS GOPMYITHUPOBaHUS OOMIUX (PU3UUECKUX WHBApPU-
AHTOB W BBITEKAIOMIMX M3 HUX BBIBOJOB MaTepHaja ObLJIO JOCTATOYHO Ha
nro00oM dTane pa3BUTHs ecTecTBo3HaHMs. Ho s srama mo nawama XIX
cToneTus 3To ObUTO HE akTyanbHO, B XIX cromernu yxe Obuta B 3HA4YU-
TETbHON CTENEHW yTpadeHa MaTepHaTUCTHUYECKas METOHOJOrHs, a B XX
CTOJIETHH Bcsl pU3MKa oOparmiack B ujaeaqu3M. Tak WM WHaue, HO 3TOro
CZIeJIaHO He OBLIIO.

Bceobuine gu3nueckre MHBApHAHTBI CO3/Iat0T 0a3y JUIsl TOCTPOCHHUS
MoJeneil MaTepraIbHBIX CTPYKTYP U IIPOLIECCOB Ha JIIOOOM 3Tare pa3BUTHS
€CTEeCTBO3HaHMs. JTO TeM OoJiee akTyaIbHO ceifuac, BO BpeMs 0YepEeIHOTO
KpH3HCa, TIEPEKUBACMOT0 €CTECTBO3HAHUEM, U 3TOH BO3MOXKHOCTBIO HEOO0-
XOJMMO BOCTIOJIB30BATHCS.

W3 1310XEHHOTO BBITEKAET CIENYyIOIIee MPUHLINITHNAIBHOE TTOJI0KEHHE.
[Tockonbky B MUpE HET HMYEro, KpoMe JBIDKYLIEHcS MaTtepuu, Bce QU3H-
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YEeCKHE B3aUMOAEUCTBHA HMEIOT BHYTPEHHMH MEXaHH3M U MOTYT ObITh
CBEJICHBl K MEXaHMKE, T.e. K MEepeMEeUIeHUsIM Macc MaTepuu B MPOCTpaH-
CTBE M BO BpeMEHHU. /3BecTHOE MOJI0KEHUE COBPEMEHHOM TEOpEeTHUECKOM
(u3MKK 0 TOM, YTO CYLIECTBYIOT 4YeThlpe (PyHIAaMEHTAJIbHBIX B3aUMOJCH-
CTBHS — CHJIbHOE U ciaboe siiepHble, SIeKTPOMarHUTHOE U TPaBUTAIIOH-
HO€, HE CBOAMMBIX APYT K APYTY, BEPHO JIUIIb B TOM CMBICIE, YTO APYT K
Ipyry OHHM JEHCTBUTEIBHO He CBOIATCS. HO Tak e, Kak B CBOE BpeMs
ommbancs X.Dypbe, monaraBmmii, YTO TEIUIO MPUHAMIEKHAT K 0COOOMY
BUJY ABIKCHHS MaTepuH, He CBOAUMOMY K MexaHuke (1822), a crycrst 50
net JI.bonmpMaH Mokasai, 4To TEIUIO — 9TO Pa3HOBHIHOCTh KHHETHYECKOTO
JOBIDKEHHSI MOJIEKYJI, TaK K€ OIIMOaeTcsi U COBpeMeHHast (U3UUecKasi Teo-
pusl, ToJararonias, Yto ykazaHHble (GyHIaMEHTaIbHbIC B3aHMOICHCTBUS HE
MOTYT OBITh CBEICHBI K MeXaHuKe. 13 pacCMOTpPEHHBIX BBILIEC BCEOOIIMX
(u3nUeCKuX MHBAPUAHTOB HEMOCPEACTBEHHO BBITEKACT MX CBOAMMOCTH K
MeXaHHKe, HO Ha YpOBHE 0osiee TIIyOOKOM, YeM caMH 3TH (yHAaMeHTaIb-
HBIE B3aUMOJICUCTBUSL.

Otcrona cnenyer, yTo Jro0ast Teopus, B KOTOPOH yKa3aHHBIC BBILIE Be-
JIMYMHEI - MaTepHsl, IPOCTPAHCTBO, BPEMS U UX COBOKYITHOCTbH - JBM)KEHHE
HE WHBapHUaHTHBI, WM Ha POJIb HHBAPHAHTOB HAa3HAYEHbI CBEPX YKA3aHHBIX
elle Kakue-mubo KaTeropuy, HEBEPHA M3HAYalIbHO, HE MOXKET MPETEHIO-
BaTh Ha poJib (PU3NUECKON TEOPHH U €€ MOHO Ja)Xe HE paccMaTpUBath, Aa-
JKe eCITM KaKue-Tu00 CIEeICTBHS MX 3TOH TEOPUH COOTBETCTBYIOT peaibHO-
ctu. K Takum TeopusM cerogHs MOKHO OTHECTH TEOPHIO0 OTHOCUTEIHLHOCTH
OlHIuTeHa, Teopuro ¢usnyeckoro Bakyyma [.M.1Iumnosa, Teoputo oTHO-
curenbHocTH A.A.JloryHoBa, teoputo BpemeHu H.A.Ko3swipeBa, Teopuu
BCEBO3MOJKHBIX IATOJIOTMA IIPOCTPAHCTBA M HEIMHEHHOCTEW BPEMEHU U
T.I., KOTOPBIX CErOJHS HACOYMHEHO MHOXKECTBO M KOTOpBIE XOTS M 00ia-
JIAI0T «KPAacoOTON M3JIOKEHUS» HA CAMOM JIeJie HE COOTBETCTBYIOT PeabHO-
CTH.

1.6. Ponb pa3mepHoOCTEM U MOAEPHU3ALUA CUCTEMbDI
eauHuy CU

Kak m3BecTHO, Kakmas (pu3udecKkas BeTUIHMHA UMEET HEKOTOPYIO pas-
MEpPHOCTb, BRIPAKEHHYIO B UCXOJHBIX equHMNax. Hanmpumep, amvuHa oTpes-
Ka BBIpa)XXaeTcs B METpPax, CKOPOCTh - B METpax B CEKYHAY W TakK Jajiee.
EnuHMIBI CBOASITCS B CHCTEMBI €IMHUIL, U3 KOTOPBIX HAUOOJIee N3BECTHON
SBIISIETCSI METPUYECKasi CHCTEMa, B OCHOBY KOTOPOW IOJIOKEHA EIMHHUIIA
JUTMHBI - METpP, PaBHBIA OJHOW COPOKAMHJUTMOHHOM IIOJIC JITHHBI TaphK-
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CKOTO MepHuanaHa. JTo ObUIO HpuHATO Bo DpaHImm B 310Xy Bemmkoit
(hpaHIy3CKOH PEBOJIOIUK TOCIE TOTO, KaK JBYMS DKCHCAUIUSIMU OBLIH
U3MEPEHBI YacTH 3TOro Mepuauana Bo Opaniuu u B JlaTuHCKON AMepUKe.
MexmyHapoIHBIH XapakTep MeTpudeckas cuctema Mep npuoapena B 1875
r., korna 17 ctpan, B ToMm uncie Poccus nmoamucanu MeTpuueckyro KOH-
BeHIuio. Ha 6a3e merpa ObuM pa3paOOTaHbl M MPUHSTH TAKUE CIUHUIIBI,
KaK Mepa Beca (BeC 0OTHOTO KyOMYeCKOTo JeMeTpa BOJbI), MEpa BpEMEHH
- CeKyHIla U HEKOTOphIe Npyrme. MeTpuyeckasi CHCTeMa Mep OKasajach
IIPOCTOM U IOCTENEHHO CTala peaIbHO MeXAyHapoIHOM, KOTOPOH CTanu
MOJTE30BATHCS BCE CTPAHBI MHUPA, XOTSI HEKOTOPBIE MECTHBIE CHCTEMBI Mep
BCE €Ille OCTAITCS, Hanpumep, GyT, GyHT, MU 1 naxe Oappens (O0ouka).
Ho HauOGonpuiyro TpyAHOCTh COCTaBHJIA pa3pabOTKa CUCTEMbI CIUHUIL TS
3JIEKTPOMArHUTHBIX BEJIUYMH. B KOHIIE KOHIIOB OBLJIO CO3/IaHO TPH CHCTE-
MBI €IMHHUII 7151 SJIEKTPUYECKUX U MAarHUTHBIX BelnyuH - cucteMa CI'CE, B
KOTOPOW 32 WCXOJHYIO CIMHUILY ObUIa MPHUHATA BEJIMYMHA JUAICKTPUYC-
CKOI NMPOHHIIAEMOCTH BakyyMa - & = 1, cucrema enunur CI'CM, B xoto-
poli  3a MCXOTHYIO €NWHUITY MPUHATA BEIMINHA MATHUTHON MTPOHHUIIAEMO-
CTH BaKyyMma Lo = 1, a mo3xe yHHBepcanbHas ['ayccoBckas cucrema, B KO-
TOPOM ISl DNIEKTpUUECKnX BenuduH ucnonb3yercsa cucrema CI'CE, a ms
MarHuTHBIX - cucreMa MI'CM, 1 Ha 5TOM MOKa BCE YCIIOKOMIOCH.

Bce Ob110 OB XOPOIIO, HO CKOPO OKAa3aJ0Ch, YTO B OTIMYHE OT MeXa-
HUYECKUX CHCTEM, B KOTOPBIX HMCXOJHBIE MEpHI - Macca, JJIWHA U BPEeMs
UMEIOT IICJIOYHCIICHHBIE ToKa3zaTtenu, B NpuHATHIX cuctemax CI'CE u
CI'CM Bce BxomflIye B HUX MEpPHl UMEIOT JIPOOHBIE TOKa3aTely, YeMm
TOJIL30BAThCS 0Ka3ajoch KpaiHe HeynmoOHo. . B atux cucremax ¢urypu-
PYIOT IpOOHBIE TOKA3aTeU Y BCEX JICKTPOTEXHUYCCKUX BEIMYUH, BKIFO-
yaronux B ce6d, 2 2 umm cm®?, uTo nuieHo kakoro 6bl TO HY ObLIO (PU3H-
yeckoro cMmbicia. Kak MoxkHO, HampuMep, U3BIeYb KOPEHb KBAJPATHBIN U3
rpamMma mim Kyoudeckoro cantuMeTpa?! A Kpome TOro, Of[Ha U Ta ke Pu-
3UYeCKasl BEIMYMHA, HAIIPUMEDP, KOJIMUECTBO AICKTPUUECTBA ( (DJIEKTpHUe-
ckuii 3apsn) B cucreMax CI'CE u I'ayccoBckoi cucteme cTaiy U3MepsThes
KaK

[q] = em¥2-12-cex
a B cucreme CI'CM kak

[q] — CM1/2'F1/2 ]



Yro Takoe HayKa? 33

Maruautasiii motok @ B cucremax CI'CM u I'ayccoBckoit cranm uzme-
PATBCA Kak

[®] = em¥2-r12.cex 1,
a B cucreme CI'CM kak
[(D] — CM1/2T1/2.

To xe caMoe KacaeTcsi BCeX dIEKTPHUECKUX U MAaTHUTHBIX €FHHUIL

U mosToMy ydeHBIMH, 3aHUMAFOIIIUMHUCS METPOJIOTHEH, OBLITO TTPUHATO
pElICHHEe O TOM, YTO Pa3MEPHOCTH BCEX BEJIUYMH BOOOIE HE UMEIOT U HE
JIOJKHBI UMETh (PU3MYECKOTO CMBICIIA, OHH CITYKAT JIMIIb JUIS TOTO, YTOOBI
B ()M3MYECKUX YpPaBHEHHSX JIEBbIE W NpaBble YaCTH YpaBHEHWH compsra-
JIUCh, T.C. UMEIIN OJIMHAKOBBIC Pa3MEPHOCTH. A (DU3UUECKUN CMBICT TYT HU
TIPH YEM.

Opnaxo B cepeanae XX croneTwst Obuia co3mana cuctema equaui CH,
TIONTyYUBIIAs cTaTyc MeXayHapOoaHOH, B KOTOpyo ObLiia BBeJAeHA JOMOJI-
HHUTEIbHAS BenuuuHa [A] - AMIep, UTO MO3BOJMIIO BCEM DIEKTPHUECKUM H
MarHUTHBIM BEIMYMHAM JaTh OJHO3HAYHBIE PAa3MEPHOCTH W YCTPAHUTH
IpoOHBIE TOKa3aTenu. Temeps 3JIeKTPUUYECKU 3apsi mpuooOpen pasmep-
HOCTh [q] = A-c, @ MArHUTHBIN NOTOK - [®] = M2, J{plIATh CTAJIO JIErde, HO
(hU3MYECKOTO CMBICIA OT ATOr0 HE MPUOABHIIOCH, TAK YTO MHEHUS YUYCHBIX
Ha 3Ty TeMy He TIePEMEHILTUCH.

Tem He meHee, noctonHcTBamu cuctembl CU, obecnieunBImMu 0OITb-
mue ynoocTBa B MPAKTUIECKUX pacdeTax BEJIUMYUH, SBISIOTCS €€ YHUBEP-
CAJIBHOCTPH (OXBaTHIBAET BCE OTPACIIA HAYKH M TEXHHKH ), KOT€PEHTHOCTb, T.
€. COTJIACOBAaHHOCTh MPOU3BOJIHBIX EAMHHUIl, 00pa3yHIIUXCs 10 ypaBHEHU-
M, He coepykaimuM Kod(h(OUIMEHTOB MPONOPIMOHAIBHOCTH, KOTOPhIE B
HEl MOMPOCTY OTCYTCTBYIOT, a TaKKe IEIOYHNCICHHOCTh 3HAUYEHUH cTere-
Hell Bcex pa3MEepHOCTEM.

Opnako u B cucteme CU oOHapyXuimmuch HemocTaTku. Bo-mepBIX,
BBEJICHHE B KAa4EeCTBE OJHOW M3 OCHOBHBIX BenwduH Ammepa [A] mocta-
TOYHO TPOM3BOJBHO, XOTS M yAauHO. Bo-BTOpBIX, mpunuckiBaHue Oe3pas-
MEPHOCTH pajJiiaHy U CTepajnaHy BOOOIIEe HEMPaBOMEPHO, ITOCKOJBKY pa-
JIUaH eCTh OTHOIIEHHE JUTHMHBI AYTH K JUIMHE pagnyca, a OHU B3aWMHO ITIep-
MEHIUKYJISIPHBL U COKPAILIATHCA HE MOTYT, TO XK€ KacaeTcs U crepaguaHa. A
B pE3yJIbTATE CHCTEMa pa3MEepHOCTEH (PU3NUECKUX BEIUYMH TaK U HE MPH-
obperna pu3nIECKOro CMBICTIA.
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st Toro 9TOOBI B OMPEAETICHIH COCTaBa OCHOBHBIX BEIMYWH, SIBIISIO-
HIMXCS MUCXOAHBIMU ISl BCEX OCTANBHBIX (PM3UUECKUX BENWYHMH, HE OBLIO
OBl TIPOM3BOJIA, HEOOXOIMMO BEIOpaTh UX HAa OCHOBE BCEeOOMmUX (huzmye-
CKHX WHBAPUAHTOB, T. €. KATETOPHil, N3HAYAIFHO MPUCYTCTBYIONNX a0Co-
JIOTHO BO BCEX (PM3MYECKUX CTPYKTypax, SBICHUSX W mpoueccax. He-
CIIOJKHO YBHJETH, YTO TAKUMH KAaTETOPUSIMH SIBJISIOTCS HE CEMb, a TOJIBKO
TPH — Mamepusn, RPOCMPAHCHEO T 8PeMs, TIOCKOIBKY BCE TPEAMETH U
CTPYKTYPBI MaTepHAIIbHBI, BCE OHM HAXOASITCA B OOIEM MPOCTPAHCTBE U
BCE SIBJIEHMS U IIPOLIECCHI POTEKAIOT BO BpeMeHH. VMcknrouenuii 31ech HeT.
[ToaTomMy pa3MepHOCTH STHX BEITMYMH — Macca KaKk Mepa KOJIHYeCTBa MaTe-
pUH, IIMHA KaK Mepa MPOCTPAHCTBA M BPEMS MOTYT M JOJDKHBI SIBIATHCS
WCXOJTHBIMH OCHOBHBIMH BEJTMYMHAMH JJISI BCEX OCTAIBbHBIX (PUIUUECKUX
BenuuuH. Takue k€ BeNWYUHBI, Kak AMIiep (Mepa CHIBl TOKa), KaHJena
(Mmepa cuiel cBeta), rpaayc KensBuHa (Mepa TemmepaTypbl) U MOIb (Mepa
KOJIMYECTBA CAMHUI] BELICCTBA) HE SBISIOTCS BCEOOIIUMH U TIOATOMY
JOJDKHBI OBITh M3BATHI U3 OCHOBHBIX BEIUYWH W TEPEBEACHBI B Pas3psij
MPOM3BOAHBIX BenmnyuH. OIHAKO ISl 3TOTO HYXKHO BBISIBUTH WX (hn3nude-
CKYIO CYITHOCTh U B COOTBETCTBHU C HEIO YCTAaHOBHUTH MX Pa3MEPHOCThH B
OCHOBHBIX €TUHHIIAX.

B cucreme equann CU umeroTcs Takke JTOTIOTHHUTENBHEBIE Oe3pa3Mep-
HBbIE BEJIMYUHBI — TUIOCKUH YTOJI — pajiiaH W TEJIECHBIA yroll — CTepajnaH.
OnHaKo, yYUTHIBAst TPEXMEPHOCTD MTPOCTPAHCTBA U TO, YTO OPTHI BCEX TPEX
WU3MEpPEHNH NePIeHIUKYISPHBI APYT JAPYTy, HEOOXOJMMO IOJIaraTh, YTO H
3/1eCh UMEET MECTO HEMPAaBOMEPHOE COKpAIlEHUE JJINH, PACIIONOKEHHBIX B
pa3HBIX HANPABICHHSX, YTO ¥ MPUBEIO K IMPEACTABICHUAM O Oe3pa3MepHO-
CTH pajuaHa U cTepaguana. VIMEHHO ¢ 3THX BEIMYUH Ha4YHEM MEPECMOTpP
BCEX €IMHUI M3MepeHusa. B mpunoxennn 2 u3l0keHO NpeoOpa3oBaHHE
cuctemsl CU u3 cucreMel MKCA B cuctemy MKCA, dyeM u 3aBepaercs
Ha CETOJIHAIIHAN ACHDb €€ Pa3BUTHE.

Hannume B mpupoje Tpex MHBapHAHTOB - MaTepuu (Macchl), TpexMmep-
HOTO ITPOCTPAHCTBA M BPEMEHM 03HAYAET, UTO BCE MpOIiecChl BO BeenenHoit
MOTYT OBITh CBEJICHBI K MEXaHHMKE Ha Pa3JIUYHBIX YPOBHSIX OpraHU3aIMN
MaTepuH, a 3TO OTKPHIBAET MIMPOKHE BO3MOKHOCTH K MX MOAEITUPOBAHUIO,
MPEJICTABIICHUI0O B HArJAHOM BHUAC HM K TOHUMAHUIO NPUYHHHO-
CIICZICTBEHHBIX B3aMMOJICHCTBUIL, YTO OO CHUX HOpP OBIJIO HEBO3MOXKHBIM.
MexaHWuecKie BEIMIMHBI, B KOTOPBIX (PUTYPUPYIOT TOIBKO Pa3MEepHOCTH
Macchl, JUIMHBL (IPOCTPaHCTBEHHOW MPOTSDKEHHOCTH) M BPEMEHHU
MO3BOJIAIOT JIETKO TMOHATh U YCBOUTH (PM3MUYECKYIO CYLIHOCTDH JII000H ¢u-
3U4ECKOU BEIIMUUHBI.



Yro Takoe HayKa? 35

Jlumepamypa

1. Auroxoeckuit B.A. Marepuanusm u pensaTuBu3M. Kputruka MeTomo-
JIOTUH COBpPEMEHHOM TeopeTnueckoi pusuku. K 100-meTrro BpIX0a B CBET
kuuru B.M.JIennna «Matepuannsm 1 SMIApUOKpuTULM3M. M.: «IleTtuty,
20009.

2. Auroxoeckuii B.A. Odmas s3pupoauHamrika. MoaenupoBaHue Be-
HIeCTBA U TIOJIeH Ha OCHOBE MPEACTABICHUN O Ta30mog00HOM ddupe. M.
Oueproaromusnar, 2003.

3. Aurokosckuit B.A. Hauana >¢hmpogrnHaMI4ecKoro eCTeCTBO3HAHUS B
5 xkaurax. Kuaura 1. MeTogomoruueckuii Kpu3uc COBPEMEHHOMN TeopeTHYe-
ckoii pusuku. PAEH. M.: «Iletur» 2009.

4. Aurkosckuit B.A. BeceoOmye hr3nueckne HHBAPUAHTHI U TTPEJIIO-
JKEHUS IO MOJIepHU3auu MexxmyHapoaHou cucteMbl enuuaui CU. @yana-
MEHTalbHbIEe IPo0IeMbl MeTposioruu. M.: «[letut», 2004.



36

MmaBa 2. 3c¢mp u ero ponb B npupoae

2.1. KpaTkas uctopus acpumpa

Enuneiii agup npoHussiBaet
Bclo Beenennyro
Jlpesnexumaiickuti 0aocusm.

[Ipencrasnenne 06 3pupe — OOHO U3 CaMBIX JAPEBHUX MPEACTAB-
JeHni 00 ycTpoicTBE MPUPOIBL.

Ectb Bce ocHOBaHus npenmnoiaraTth, yTo B VI-IV Bekax a0 Hamei
3pBl, a BO3MOXKHO, U 3HAYUTENIFHO paHee, uaeu s¢upa ObuIM pacipo-
CTpaHEeHBI JOCTATOYHO IIHPOKO.

Tak, OCHOBHbBIE JPEBHEHHINUNCKUE YUCHUS — JDKANMHU3M, JIOKASTA,
HbSISL U ApYTHe, TaKHE PEJMTUH, Kak OpaxMaHW3M U OyInau3M, H3Ha-
YabHO Co/IepKaiy B cebe yuenne o0 3dupe (akama), eMUHON BEYHOH
U BCENPOHUKAIONICH (U3MUECKOM CyOCTaHIIMM, KOTopas HENoCpe-
CTBEHHO HE BOCIIPHHMMAETCS YyBCcTBaMH. ODdup eauH u Be-yeH. Ma-
Tepusi BOOOILE — MyArajia COCTOUT U3 MEJbYalIINX YacTull — aHy, 00-
pasyolyX aToMbl — MapaMaHy, 00JIaJaloIINX MOABHKHOCTBIO — AXap-
Moii. Bce coOBITHS POUCXOAT B MPOCTPAHCTBE M BO BPEMEHHU.

[Ipakputn — MaTepusi B yIEHUH CaHXbsl, CO3AaHHBIM Myzapenom Ka-
Haznoi (I'mykoil) — HUUEM HE MOPOXKIEHHAs NEPBONPHUYMHA BCEX Be-
meil. OHa BeYHa W BE3JleCymia. OJTO caMmas TOHKas TaMHCTBEHHAs U
OTpPOMHAsl CWJIa, NEPUOAMYECKH CO3Iaoliasl M pa3pyllaroiias MHUpBIL.
Ee ayieMeHThI — IyHBI — IPOCTHI, HEAECTUMBI U BEUHBI.

JKaWHUCTBI CYMTAIOT, YTO MX yYeHHe ObUIo mepemaHo um 24
yunrensmu. Ilocmennuii — Bapaxamana xun B VI B. 10 H. 3., €ro
npenmecTseHHUK — [lapmBanarxa — B IX B. 10 H. 3., OCTaJlbHbBIE JBa-
JIIaTh JiBa — B elle Oosee IpeBHUE BPEMEHA.

B apesrekutatickom maocmsme (IV B. 10 H. 5. 1 paHee) B KaHOHE
Jao 13 u3el u TpakTtarax «WkyaHb-13b1» U «Jlao-113b» yKa3bpIBaeTcH,
YTO BCE B MHPE COCTOMT M3 YaCTHIl TPYOBIX «Iy» M TOHYAHIINX
«3uHBY. OHU 00pa3yIoT SUHBIA «IIU» — dQHpP, U3HAYAIBEHOE, EIHHOC
Ui Bcex Bemei. «EnuHbiil a¢up nponusbiBaeT Bcio Beenennyro. On
COCTOUT U3 «HHb» (MaTepuaibHOE) U «SH» (OTOHB, 3Heprus). Her Hu
OJTHOM BeIllM, HE CBSA3aHHOW C JIpyroi, U BCIOAY MPOSBIISIIOTCS UHb U
SH.
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B npesreit Smornn ¢umocodsl mojlaraim, 9To MPOCTPAHCTBO 3a-
MOTHEHO MYTEKYy — OecrnpenensHOW YHHBEpPCAIBHON CBEpXecTecT-
BEHHOH CHJIOH, TUIIEHHOW Ka4yecTB U (OPM, HETOCTYITHON BOCTIPUSTHIO
YeJIOBEKOM. MHUCTHYECKHI a0CONIOT TakEKy SBISIETCS IPUPOAOH
UCANBHOIO IIEPBOHAYAIA «PH», CBA3aHHOTO C MaTepHaJbHBIM Haua-
JIOM «KW». «Pu» — 3HEprust BEUHO CBsA3aHAa C «KW» — MaTepuen u 6e3
HEro He CyIECTBYET.

Ectp Bce ocHOBaHuUSA mojaraTb, YTO BCE MHPOBBIE PEIUTUH —
Oyanu3Mm, XpUCTHAHCTBO, KOH(YLIMAHCTBO, CHHTOM3M,  HHAYH3M,
WyJau3M U Jp. B TOM MJIM MTHOM BHJI€ Ha paHHEH cTaJuy 3aMMCTBOBAIH
MaTepHaJHCTHUECKUE UIeH ApeBHel >QupoanHaMHMKH, a Ha 0Oojee
MO3HEH CTaAuU Pa3BUTHUS OTKA3aJIMCh OT MaTepHaln3Ma B IOJIb3Y MH-
cTuImM3Ma U nepconudukanmu «6oros». B apesnedt ['peruu 3to npo-
M301IJ10, BEPOATHEE BCero, nocie pepoitounu VII-VI BB. 10 H. 3., 10-
JIOKUBIIIEH KOHEI[ POIOBOMY CTPOIO M MPHBE/IIEH K obene pabosia-
JeNIbYeCcTBa.

AHTHYHas KyJIbTypa H, Ipexae Bcero, KyabTypa ApeBHel ['peruu
M CErofiHs OKa3bIBAET 3aMETHOE BIMSIHUE HA MUPOBO33PEHHE €BPOIICH-
CKUX HapOJIOB, OTYACTH MOTOMY, YTO OHA OCTaBWJa HaM OOJbILIOE
KOJINYECTBO THCHMEHHBIX TpyAoB. [peBHerpedeckue Quinocodsl, B
yactHOCTH, [11aToH, co00IIal0T, YTO MHOTUMH CBOUMH 3HAHUSIMH OHU
00s13aHBI MyJpelly, KOTOPOr0 OHM Ha CBOEM SI3bIKE Ha3bIBAJIM 30pO-
actpoMm. Kak M3BECTHO, 3TO IpeyecKHil BapHaHT cJoBa «3apaTycTpay,
TaK Ha3bIBaJIM Tpenckazateneid B npeBHed [lepcun. OpHako 310 HE
UM, a TUTYJ, KOTOPBIA B pa3HbIe BpeMeHa IIPUCBAaNBaIM 3HAMEHUTHIM
Mynpenam. [o 3Toil nmpuumHE TPYIHO BBIICHUTH BPEMS XKU3HU IEPBO-
To BeNMKOro mpezckazatens. Yame Bcero HazeiBaercs 600 r. 1o H. 3.
CoriacHo JJOKyMEHTaM, OCTaBJICHHbIM HaM JpeBHHMHU (uiocodamu,
B 3TOM 4YHCJIe HE XBaTaeT HyJs, cienoBatensHo, 6000 rox g0 H. 3. Oy-
JIET, BEpOATHEE, TPaBUIIbHEE.

[Ipo6nema ycrpoiictBa BeceneHHolt u ee eqMHCTBA B MHOT000-
pasuu BcerJa BoJIHOBaa GuiIocopoB U yUEHBIX.

®danecom Munierckum (626-547 TT. 0 H. 3.), JIPEBHETPEUECKUM
¢unocodom, poaOHAYATILHUKOM AHTHUYHOM W BOOOIIE E€BPOIEHCKOM
¢unocodun n Hayku, ocHOBaTeneM MuneTckoi (GuitocoCKor MIKOJbI,
OBLT OCTaBJIEH BONPOC O HEOOXOIMMOCTH CBEACHHUS BCETr0 MHOT000pa-
3US SABIICHUM W BEIICH K €IWHOW IEPBOOCHOBE (TIEPBOCTUXHUH WIIH
TIepBOHAYAITY), KOTOPOI OH CUUTANT KUIKOCTH («BIAXHYIO TIPHPOIY),
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Ha HallleM CETOJHSIIHEM S3bIKe, OH IPEAINoaran I'uApoJNHAMUIECKOe
YCTPOMCTBO MUpPA, HWHAau4e roBops, 3QUp OH CUUTAI KUAKOCTHIO.

Amnakcumanapom (610-546 rr. g0 H. 3.), yueHukom Daneca, ObLIO
BBEICHO B (puiocouio MOHSATHE EpBOHAYANIA — «ANEHPOHA» — SMHON
BEYHOM HEOIpeaeIcHHON MaTepHH, IMMOPOKIAAIOIICH OECKOHETHOE MHO-
rooOpasue cymero. OIHaKO MOKHO HPEIIOJIOKHUTh, YTO 3TO MOHATHE
«amneipon» ObIJIO HE BBEICHO AHAKCUMAaHAPOM, a 3aMMCTBOBAHO MM U3
Ooee IPEeBHUX NCTOYHHUKOB.

AnakcumeHn (585-525 rr. 1o H. 3.), Y4eHUK AHAaKCHUMaHJpa, dSTHM
MEPBOHAYAJIOM CYHUTAN Ta3 («BO3MyX»), IyTeM CTYLIEHHs U paspe-
JKEHHsI KOTOPOTO 00pa3yroTcsi BCe BEIlM, TO €CTh OH Mpearoarai Ie-
PEMEHHYIO IUIOTHOCTh allelpoHa U ra30JMHAMHUYECKOE yCTPOICTBO MH-
pa. B oToli yacT AHaKCUMEH MPEeIBOCXUTHI COBPEMEHHYIO d(DUpPOaU-
HaMUKY.

Wnen «nepBonauana» Obutn pazsuthl JleBkummom (V B. 10 H. 3.),
BBIIBUHYBIIUM HICI0 IYCTOTHI, Pa3AEiSIIOLIEH BCE CyIlee Ha MHOXKe-
CTBO 3JIEMEHTOB, CBOWCTBA KOTOPBIX 3aBUCST OT UX Pa3MEpOB, (OPMEI,
JOBIDKEHUS, U lasiee — yueHukoM JleBkuimna JleMOKpHUTOM, KOTOPOTO MBI
CYHUTaEM OCHOBOIIOJIO)KHUKOM aTOMH3MA.

[To psny cBumerenbeTB JIeMOKpUT o0ydalics y XajJieeB M Maros,
BHaJaJjie MPUCIAHHBIX B JIOM €r0 OTIa JIJs O0y4YeHHs JIeTeil, a 3aTeM
MOCeTHB MaroB B cTpaHe Munus (ceBepo-3ananneiii Upan). Cam [le-
MOKpHUT HE TPUNHCHIBaN ceOe aBTOPCTBa aTOMH3Ma, YIIOMHHAs, YTO
aTOMH3M 3aMMCTBOBAaH MM y MHJISH, B 4aCTHOCTH, Y MaroB — jkpeue-
CKOM KacThl (IUIEMEHH, IO CBUIETENLCTBY [ eposoTa, 0IHOrO U3 ILIECTH
IUIEMEH, HaceIIBIINX Muaunio).

lNocnoncTBOBaBmIAs HMaest MaroB (MOTY4YMX) — BHYTPEHHEE BEIIH-
YHe U MOTYIIECTBO, CHJIa MyApPOCTH U 3HaHME. [lo psiry cBHIAETENbCTB
Maru 3aMMCTBOBAJIM CBOM 3HAHUS y XaJJIeeB, KOTOPBIX CUUTAIN OCHO-
BaTeJISIMU 3B€3/104ETCTBA U ACTPOHOMUU. XaJJIEU, KOTOPHIM B JIpEBHEM
I'pettun 1 npeBHem Pume mpumaBanoch G0NBIIOE 3HAYEHUE, SIBISTUCH
JKpellaMHd U rajateisMH, a TakXke HaTypaluCcTaMH, MaTeMaTHKAMH,
TeocodaMu. Maru OCHOBaJIM Marvio — yueHHe, 03BOJISBIIEE HA OCHO-
B€ 3HAHUS TaifH MPHUPOBI TPOMU3BOANTH HEOOBIYHBIE ABNIECHUS. B mams-
HEHIIeM 3TO yueHHe, K COXKaJCHHUIO, ObUIO TUCKPEAUTHPOBAHO MHOTO-
YHUCIIEHHBIMU TICEBIOMAaraMu — IapaTaHaMH.

Hawnbonee moapoOHO aTOMHU3M JIPEBHOCTH OTPAKEH WMEHHO B
pabotax JleMokpuTa, 4eMy MOCBSIIECHO JOCTATOYHO MHOTO JIUTEPATyp-
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HBIX HccienoBaHuil. Cienyer, OJHaKo, 3aMETUTb, YTO PAJ IOT0KEHUH
aToMu3Ma JleMOKpHTa OCTajCsl He IOHATBHIM JI0 HACTOSLIETO BPEMEHH
MPAKTUYECKH BCEMH MCCIEIOBATENsIMU €ro TBopuecTBa. Peus, mpexne
BCETO, HJIET O COOTHOIIEHUAX aTOMOB M aMEpPOB — YacTe aTOMOB.

JIeMOKpUT yKa3bIBajl, YTO aTOMBI — 3JI€MEHTHI BEILIECTBA HEAEIH-
MBI (DU3UYECKH, HE pa3pe3acMbl B CHITY IUDIOTHOCTH U OTCYTCTBHUS B HUX
MYCTOTBl. ATOMBI HaJeleHbl MHOTUMH CBOMCTBAMH Tl BHUIMMOTLO
Mupa (TakuMm oOpa3om, JIEMOKpHWT ToJlaray, 4YTO AaHAJIOTHs MHKpPO-
MHpa U MakpoOMHpa YMECTHa), KaK TO: M30THYTOCTBIO, KPIOUKOBATO-
CTBIO, MUPAMUAATIBHOCTBIO U T. . B cBoeM OeCKOHEYHOM MHOr000pa-
31H, KaK 10 opMe, TakK W MO pa3MepaM aToMbl 00pas3yloT Bce coaep-
KUMOe peanbHoro mupa. OAHAKO B OCHOBE ITHUX PA3IMYAIOIIUXCS I10
¢dopme u pazMepaM aTOMOB JIEKAT AMEPbl — UCTUHHO HEJCITUMEbIC, JTHU-
HIeHHbIe YacTei. Mmes o AByX BUAAax aTOMOB ObLIa YIIOMSIHYTA U IO-
CIIeTyIOIIMMH HMCCIIEOBATENsIMU, HampuMmep, Jnukypom (342-272 1r.
IO H. 3.).

Awmepsl (110 JIeMOKpUTY) HIIH «3JI€MEHTHI (110 DNMHUKYPY), SABISSICH
4acTsMH aTOMOB, 00JIaIal0T CBOMCTBAMH, COBEPIIEHHO OTJIMYHBIMU OT
cBoiicTB aToMoB. Hampumep, eciin atoMaM npucyIia TSHKEeCTb, TO aMe-
PBI TIOJTHOCTHIO JIMIIEHBI 3TOTO CBOMCTBA.

[TonHoe HEmOHMMaHHWE Ha MPOTSHKEHUH MHOTMX BEKOB 3TOTO Ka-
JKYIIErocsi MPOTUBOPEYHUS] NMPHUBEIO K CYLIECTBEHHOMY HCKa)KEHHIO
TonmKkoBaHus  yueHus Jlemokputa. Yike Adjekcanap Adpoamiickuit
ynpekaet JleBkunna u J[eMOKpUTa B TOM, YTO HE MMEIOIIME YacTel
amepsl, IOCTUraeMble YMOM B aTOMax M SIBIISIOIINECS UX YacTsIMH, He-
BECOMBI. DTO HEMOHUMAaHHE MIPOAOIKAETCS U B HACTOSIIIEE BPEMSL.

YnoMmsHyTOE KaXKyIleecsi IPOTHBOPEUYHNE MMEET B CBOEH OCHOBE
MIPEJICTABIEHNE O TOM, YTO TSKECTh, Bec (TpaBUTalMs) €CTh BPOXK-
JEHHOE CBOMCTBO 000 MaTepuu. Mexay TeM, TpaBUTALMS MOXKET
OBITh OOBSCHEHA KaK Pe3yNbTaT JIBMKCHHUS U B3aUMOJICHCTBUS (coy/a-
penwmif) amepoB. Toraga atom, Kak COBOKYITHOCTh aMepPOB, OKPYKEHHBIT
amMepaMH K€, MOXKET HUCIBITHIBATH MPHUTSHKEHUE CO CTOPOHBI IPYTUX
aTOMOB OJjlarofapsi HMMITyJIbCaM SHEPruM, IepeaaBaeMbIMH aMepamMu
MO-pasHOMY, B 3aBHCHMOCTH OT TOTO, C KaKOl CTOPOHBI OT aroma
HaXOJIATCS APYTHE aTOMBI, YTO M co3AaeT dPQPEeKT B3aUMHOTO MPUTS-
JKEHUS] aTOMOB. AMEpBI XK€, ABIAACH HOCHUTEISIMH KUHETUYECKOH SHEP-
TUH, HHUKAKOH TsHKECThIO oOmamath He OymayT. CienoBaTelbHO, €CId
noJjaraTh TPaBUTALMIO CJIEACTBUEM IPOSIBICHUS COBOKYIIHOI'O IIOBEJE-
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HUS aMepOB, a HE BPOXKJIEHHBIM CBOWHCTBOM MAaTepHUU (SIBICHUEM,
CBOMCTBEHHBIM KOMIUIEKCY, HO HE MPUHAIEKAIIAM €T0 YacTsAM), TO
MIPOTUBOpEYHE JIETKO pa3pemia-eTcs. Bcs ke COBOKYNHOCTb aMepoB,
MEPEMEIAIOIIUXCS B IMyCTOTE M COYAAPSIIOUIUXCS IPYr C APYTrOM, SIB-
JITeTCsT OOIMIEMHUPOBON Cpemol, almerpoHOM, IO BRIPAKCHUIO AHAKCH-
MaH/Ipa, a MO-PYCCKU — 3PUPOM.

Takum o0pazom, 3pup MMEET AOCTaTOYHO IPEBHIOI0 HCTOPHIO,
BOCXO/S K CaMbIM HadallaM W3BECTHOW MCTOPWH KYJIBTYpPhI YeJOBeUe-
CTBa.

Bonee nmo3gusst ucropust 3hupa MHOTOKpPATHO OMKcaHa, MepeckKa-
3bIBaTh €€ HEeT 0co0oil HeoOxomumocTu. CBOM BKJIaa B pa3BUTHE Pas3-
JUYHBIX TEOpWH, THIOTE3 W Mojeinew 3dupa BHecnn: Onukyp, Tur
Jlykpeunii Kap, [1naton, M6on Cuna (ABuuenna), 1MOu Pymn (Asep-
posec), P.Jexapt, U.Hwioron, M.B.Jlomonocos, JI.Ditnep, Jlecax,
I'Tensmronsy, M.®apapeir, Mx.K.Makcemn. X.Jlopenu, I'.I'epu,
B.Tomcon (Jlopa Kenpsun), Jlx./Ix.Tomcon, 1U.O.SproBckuit 1 MHO-
rue, MHOTHE Ipyrue. M3 COBETCKUX yUYeHBIX HanOOJIee BBIIAIOLIUICS
BKJIaJ] B OTO HaNpaBJeHHWE CAENaN JEHHHTPAJACKUI akaneMuKk Bramu-
mup ®enoposry MuTkeBHu.

HecmoTpst Ha oOmumii IpaBHIIBHBINA METOHOJIOTUYECKUN TOIX0 K
npobiieMe 3dupa, NPaKTUIECKH BCEMHU aBTOpAMHU TEOPUH, MojeeH u
runore3 3pupa ObUTH JAOMYIIEHBI B UX Pa3padOTKax MPUHIMITAATHHBIE
OIIUOKH.

OCHOBHBIX HEJIOCTATKOB OBLIO TPH.

Bce Teopun, runoressl u Mojenu 3Qupa, HaYMHAS OT CaAMBIX Tep-
BBIX M KOHYas TOCJIECIHWMU, PacCMATPUBAIM OIPE/EICHHBIA Y3KH
KPYT SIBJICHUH, HE 3aTparuBasi OCTaJIbHbIX.

Mogenu [exkapra u HpioTOHa, €CTECTBEHHO, HHUKaK HE MOIJIU
Y4eCTh AJIEKTPOMAarHUTHBIX SIBIICHUH, TeM 0oJjiee, BHYTPUATOMHBIX B3a-
umopeiicTeuit. Paboter ®apanest, Makcsemna, Jlopenma, ['epma u npy-
X HE YYUTHIBAJIM I'PAaBUTAI[MM U HE pacCMaTPUBAIM BOIPOCOB CTPOE-
Hus BemlecTBa. PaboTel Ctokca u DpeHens TNBITATUCH 00BSIC-HUTH,
(akTUYeCKy, JHINGL SBJICHUS abepparu. Mexannueckue moaenu Ha-
Bbe, Mak-Kyinoxa u nanee B.Tomcona u J[>x.TomcoHa paccmatpuBaiv
TJIaBHBIM 00pa3oM Kpyr  JJIEKTPOMATHUTHBIX SIBICHUH, IpaBia,
B.Tomcon u [Ix.ToMCOH MBITANKUCh BCE K€ B KAKOW-TO CTETEHU MPO-
HUKHYTbH B CYyTh CTPOEHUS BeliecTBa. Takum o0pa3om, HHU OJTHA TEOPHS
a¢upa He THITAJach AaTh OTBET MO CYIIECTBY W OCHOBHBIX BOIPOCOB
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CTPOECHMsI BEIIECTBA, M OCHOB-HBIX BHJIOB B3aUMOJCHCTBHM, TEM ca-
MBIM OTOPBAaB X APYT OT ApyTa.

BTopbIM KpyITHBIM HEOCTATKOM HPaKTHUECKH BceX 0€3 HCKIroue-
HUsI TEOpHH W Mozenel adupa, kpome mozaeinei Hetotona, Jlecaxa u
SIpkoBckoro sBIAETCS TO, YTO 3(PHUP paccMaTPUBAJICSA KaK CIUIOLIHAS
cpena. Kpome Toro, 0ONbIIMHCTBOM aBTOPOB 3(Up paccMaTpUBajICA
KaK HeanbHas *KHUIKOCTh WK UAeaIbHO TBEpJOE Teno. Takas uaeanu-
3auusl CBOMCTB 3¢upa, [OMyCTHUMas JIUIIb AJs HEKOTOPBIX (u3nye-
CKHX YCJIOBHH WM ABICHUH, PaCIPOCTPAHATIACH ABTOMaTHYECKU Ha BCE
MBICIUMBIC (DU3NYECKUE YCIOBUS U SIBICHUS, YTO HEMHHYEMO BEIIO K
MIPOTUBOPEUHSAM.

TpeTbUM HENOCTaTKOM MHOTHX TEOPHH, KpOME MOCIENHHUX —
B.Tomcona u JIx.ToMmcoHa, siIBIA€TCS OTPHIB MaTEPUU BELIECTBA aTO-
MOB M 4acTull OT MaTepuu 3¢upa. Dpup BBICTyMaeT Kak CaMOCTOS-
TesbHasl cyOCTaHLMs, COBEPIICHHO HEHOHSITHBIM 00pa3oM BOCIPHHU-
Maroliasi 3HEPTUI0 OT YAaCTHIl BEIECTBA U MepeNaronas SHEPTUIo 4a-
cThlaM BemiectBa. B paborax ®@penens u JlopeHna gakTuyecku Npu-
CYTCTBYIOT TPH HE3aBHCHUMBbIE CyOCTaHLMH — BEIECTBO, HE3aBUCHMOE
ot 3¢wupa, 3¢up, cBOOOIHO NMPOHUKAIOIIMI CKBO3b BELIECTBO, U CBET,
HETIOHATHBIM 00pa3oM CO03/1aBaeMblil BEIIECTBOM, Tepe/laBaeMblii MM
3¢uUpy M BHOBH BOCIIPHHUMAEMBIH BEUIECCTBOM, COBEpPIICHHO 0e3 Ka-
KOTO OBl TO HM OBUIO PAcKpBITHSI MEXaHHU3Ma BCEX ITHUX Iepelady M
[IPEBPAILCHU.

XOTs aBTOpaMHy MEPEeYUCIEHHBIX BBIIIE TEOPUH, TUIIOTE3 U MOJIEe-
Jeil caM (aKT CyIIEeCTBOBAHHS CPEIbl — OCHOBBI CTPOCHUS BEIIECTBA U
MIEPEHOCUNKa SHEPTUHN B3aMMOJAEHCTBUI YTBEPAKAAIICS
MPaBWJIBHO, IEPEUNCIIEHHBIE HEIOCTAaTKH CHAETald TMPaKTHYeCKHh He-
BO3MOKHBIM HCIIOJIb30BAaHHE ATHX TEOPWUH M WX Pa3BUTHE B pamKax
UCXOAHBIX MPEIIOCHUIOK.

Teopust OTHOCHTENFHOCTH B KAY€CTBE CBOEr0 OCHOBHOTO MaTeMa-
TUYECKOT0 amnmapaTa 3auMCTBOBaia mpeodpa3zoBanus JlopeHma, BbIBe-
neHnble JlopeHnem 11st ciydast CyIecTBOBaHUS B IPUPOE aOCOIIOTHO
HEMOABIWXHOT0 3¢upa. IT0 mocienHee 0OCTOATENBCTBO NMPUHIMITHU-
aTbHO J]Aa€T BO3MOYKHOCTH HCTOJIKOBBIBATH BCE «IKCIIEPHMEHTAIbHBIE
MOATBEPKIACHNS CIENHAIbHON TEOPHUHM OTHOCHUTENBHOCTH» KaK IOJ-
TBepXAeHUuEe Teopuu JlopeHIa 0 HEMOIBMXXHOM 3dupe, MO KpailHel
Mepe, B Ipeieax yCTaHOBOK, Ha KOTOPBIX 3T PE3yJIbTaThl ObUIX I10-
JIy4YCHBI.



42 T'naBa 2.

Cama Teopust OTHOCHUTENFHOCTH 0a3upyeTcsl Ha JIOKHOM TOJIOXKe-
HUU O TOM, 94TO MallKeTbCOHOM U €ro MOocIeI0BaTeNsIMU SKOOBI HE ObI-
JIY TIOJTy4YEHBI TIOJIOKHUTEIbHBIC TAHHBIE B PE3YJIbTATe MOUCKOB d(Up-
HOro Berpa. Ha camom nesnie oHM OBUIHM TIOJTy4YEHBI YK€ B CAMOM Iep-
BOM oImbiTe MalikenbCoHa, XOTSd U HE Te, KOTOphble Oxujanuch. Ho
IIKOJIa PENIITUBUCTOB, 3aXBAaTHBIIAass KOMAaHHBIE BRICOTHI B TEOpETHUE-
CKOH (pu3uKe, aJMUHHCTPATUBHO HE JIOMYCTHJIA JAIBHEUIIIETO Pa3BU-
THS Teopuu 3upa, MIETbMYS BCSIKOTO, KTO MBITAICSA 3TO CAENaTh, CO-
BEpIIMB TEM CaMbIM NIPECTYIUICHHE Tepel] HayKoi. OOBIYHBIM IOJISM
9TOTO HE MOHATH, KaK MOXET OJHA M Ta XK€ TEOPHs B MEPBOH HaCTU
YTBEP)KIIaTh OJIHO, & BO BTOPOU YaCTU — HEUYTO IIPOTUBOMOIIOKHOE. Ho
TEOPETHUKH OTBEYAIOT: OYeHb MpocTO. B mepBoif wactu Teopuu 3dpup
OBLI HE HY)KCH, 3HAUYWT, €r0 HET, a BO BTOPOU YaCTH HY)KCH, 3HAYHT, OH
€CTh. A BaM, HE CIICIIHAINCTaM, 3TOr0 MOHATH He AaHOo. BoT Tak-To!
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CrienmanmbHasE TCOPUS OTHOCHUTEIBHOCTH A.DWHINTEHHA TIPHHITH-
MUATBHO OTBepria 3¢up. EMMHCTBEHHBIM apryMEeHTOM B IIOJIB3Y TAKOTO
OTPHLIAHMS SBJSUIOCH TO, YTO MPU HAJIWYMH 3(pUpa TEOpUsi CTAHOBUTCA
CIIMIIKOM CJOKHOW. Tak 4TO oTpUIlaHue 3Qupa ecTb, BCEro-HAaBCETO,
MOCTYJIaT, HUKaK He o0ocHOBaHHEIH. Jpyrue moctynatst CTO — o0 He-
3aBHUCHMOCTH CKOPOCTH CBETa OT CKOPOCTH UCTOYHHKA U O PaBHOIPA-
BUU HMHEPUHUATBHBIX CHCTEM TOXE HUKaK HE OOOCHOBaHBI M B CaMOM
JleJie He COBMECTUMBI C HJleeil cymecTBoBaHus B ipupoze ddupa. Og-
HAKO OO0IIast TEOpHsI OTHOCUTEIHHOCTH, KaK 3TO HE pPa3 TOAYEePKUBAIT
caMm DWHINTEHH, «HeMbIcIUMa 0e3 3(hupa», XOTS UCXOIUT U3 TEX Ke
IIOJIOKEHUN.

Kaxuwm xe 00pa3oM # 1Mo KakuM NpUIHHAM SPUPOIMHAMUYIECKHE
3HAHWS, KOTOPBIMH pacHoyiarajd JAPEBHUE YUYCHBIE, OKa3alHuCh yTpa-
YeHHBIMU?

OOBIYHO HCCIEeOBATEIN UCTOPHH €CTECTBO3HAHMUS MOJIATaoT, YTO
M0 MEpe CBOETO Pa3BUTHs YEIIOBEYECTBO HAKAIDIMBAET 3HAHUSA. DTO
HAaKOIUJICHUE CBS3aHO, B YACTHOCTH, C BBIBJICHUEM 3aKOHOB IPUPOJIBI
Y WCIOJB30BaHUEM WX JUIS HYX] 0O0IIecTBa. JTOT MPOIECC HECOMHE-
HeH. OJHAaKO B HEM CIIEyeT BBIIEIHUTH STall 3aKpeTUICHUs 3HAHUM,
CBSI3aHHBII C WX OCBOGHHUEM OOIIECTBEHHBIM MPOM3BOJCTBOM. TOIBKO
T€ 3HaHWs MMEIOT IIaHC COXPaHUTHCS, KOTOPhIC HYXKHBI JUIS JTAHHOTO
crocoba MPOW3BOJCTBA, W MPH STOM TOJIBKO TOT IMEPUOJ, MOKa 3TOT
CYIIECTBYIOT COOTBETCTBYIOIINE TEXHOJIOTHH.

Ecnu ke yxe umerolyecs: 3HaHNsl He OCBOSHBI KaK HE00XO0IUMBIH
AJIEMEHT TEXHOJIOTHH, TO OHU OCTAIOTCS He3aMEeUYeHHBIMH, yTpayuBa-
I0TCS, ¥ B OyZIyIIeM, KOTr/ia B HUX BO3HHKAeT HEOOXOJUMOCTh, EepeoT-
KPBIBAIOTCS. A €CII COOTBETCTBYIONIAS TEXHOJOTHS Ha ONpPECTICHHOM
JTane pa3BUTHS OKa3bIBAETCS BOOOINE HE HY)KHOW W OHA yTpayrBaeT-
s, TO BMECTE C HEel yTpauuBalOTCs U OTHOCALIMECs K Hell 3HaHus. He
HaBcer/la, KOHEYHO, IMOTOMY 4YTO, €CJIH BJIPYT BO3HHKHET HEOOXOJH-
MOCTb, TO OHH MOTYT U NTEPEOTKPBITHCSL.

[IpumepoB MHOrO. DTO aJXUMHA M acTPOJIOTHS, 3TO BCEBO3MOXK-
HBIE Maruy, pa3HooOpa3Hble MEAMLMHCKHE pelenTsl U 3IuKcupbl. Ho
ecTb 1 OoJiee pocToit mpuMep. B npesHem PriMe ObL1 M300peTeH crio-
co0 xoBku jnomianeii. B Poccun B kaxxom cene Obiia Ky3Hunia. [ ae onu
ceituac? DTOT cnocob mpakTHYecKH yTpadeH. M eciu HyXHO OyneT ero
BOCCTaHOBUTb, TO ITOYTH BCE HYKHO HAYMHAThH 3aHOBO.
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Takum oOpa3om, cieqyer OTMETUTh, YTO yTpaTa 3HAHUK CO BpeMe-
HEM eCTh TaKo# ke (yHIaMEeHTaJIbHBIN MPOIECC, COMPOBOKIAIOITHIT
pa3BUTHUE UEIOBEYECTBA, KaK U MX HAKOMJICHHE.

ABTOp BBIBUTAET MPEATIONOKEHNE, YTO 3(PpUPOAMHAMHKA, TO €CTh
HayKa O MPUPOJIE U CBOMCTBAxX 3(upa — MUPOBOU CPEIBI M O CTPYKTYpe
BEIIeCTBa M TOJIEH HA €ro OCHOBE ObLIa IIMPOKO M3BECTHA B JIPEB-
HeHeM MHUpe, U OTIENbHBIE €e¢ (parMeHThl U OTTOJOCKH JIOUUIH JO
HAC B BHJIE TaK Ha3bIBAEMBIX 330TEPUUECKUX 3HAHUH.

[To MHeHUIO aBTOpa, Takue y4eHus, Kak dYapBaka (apeBHssa WH-
Jusl), IPEBHEKUTANCKUI 1a0CU3M, a TaKKe HEKOTOpPHIE IpYTHe HECYT B
cebe ocTtaTku emle Ooyiee JPEBHUX MATEPUAIMCTHYSCKUX 3HAHUMA THUIA
spupoarHamMukn. ComoCTaBlieHHe Pa3INdHBIX YYCHUN APYT C JPYToM,
BEPOBaHMH, PENUTHHl TOBOPUT O TOM, YTO BCE OHM B TiyOovaiiien
JPEBHOCTH MMEINU O0IIre KOPHH U 3TH KOPHHU OBLIM MaTepHaIMCTHY-
HBI ¥ BEChbMa OCHOBATENbHBL.

B ocHOBEe MHUPOBBIX pENIUruii, O MHEHHUIO aBTOPA, JICKHUT CEPbE3-
Has MaTepualuCcTUYecKas OCHOBa, HalpuUMep, MpeACTaBIEHHE O
ennuHcTBe BeeneHHOMN.

EcTh ocHOBaHMSA MONarath, 4To psijl IPEBHUX yUEHHH, KOTOPHIC Ce-
TOJHS JIETKO OTHOCAT K CY€BEpHUAM, MUCTHIM3MY M IIapjaTaHCTBY,
Takue, Kak allXUMHs, acTPOJIOTHS, PAa3TUYHOTO BHAA Maruu, B CBOE
BpeMsl CoJiepKair B ceOe peaslbHbIe W BeChMa IOJIe3HbIE 3HaHus. B Ka-
YEeCTBE NMPUMEPA IOJIE3HOCTH TAaKOTO HANpaBICHHUS MOXXHO MPHUBECTH
pabothl coBerckoro akajgemuka A.Jl.UmxkeBckoro, (HakTuuecku ya-
CTUYHO BOCCTAHOBUBIIIETO acTpPOJIOTHIO. B cBomx paboTax Ha OCHOBE
0OJBLIOr0 CTATUCTUYECKOTO0 MaTepualla OH JOKa3ajl B3aUMO3aBUCH-
MocTb TiporieccoB Ha ComHile 1 Ha 3emiie. A W3BECTHO, YTO MPOIIECCHI
Ha COJIHIIE CIUIIIKOM XOPOIIO KOPPETUPYIOTCS C TOJIOKCHUEM 00JTh-
mux mianeT — FOnurepa, CatypHa, Ypana n Henryna.

ABTOp TIOJIaTaeT, YTO T€ OCTATKH APEBHHUX YYECHUH, KOTOpHIE eIle
COXPAHWIUCh, IOJDKHBI OBITh TIIATENILHO M3YYEHBI U MEPEOCMBICIICHBI
B LIEJIAX 3aMMCTBOBaHMS M3 HUX IOJIE3HBIX CBEJICHUM M NPOBEICHUS
WCCJIEIOBAHNI B HOBBIX, BECbMa HEOKUJAHHBIX HAIPaBICHUAX.

A B XX cronetun oduimanpHas HayKa OTKa3aiach OT IMpeCTaBIIe-
HU 00 3¢upe, TOTOMY YTO 3TOro MOTpedoBaa TeOpusi OTHOCUTEIBHO-
ctu DifHmTeHa. OgHAKO BCKOPE IKCIEPUMEHTHI MMOKa3alld, YTO IMyCTO-
Ta — BaKyyM MOYEMY-TO O0JajaeT (U3MYECKHMMU CBOWCTBAMU — JIU-
JIEKTPUIECKON MPOHUIIAEMOCTBIO, SHEPTHEH, CITOCOOHOCTBIO POXKIATH
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MUKPOYACTHIIBI ¥ Jake mossgpusanueit. M Torma Obu1 n300peTeH Tep-
MUH «()HU3HUECKU BaKyyM», T.€. IIyCTOTa (BaKyyM), HO (PM3NIECKHIA, T.
€. He IycToTa (He BaKyyM).

B uem oTiinume TepMHHOB «(DU3HYECKUIN BAKyyM» U «3UP»?

«Dusnyeckuii BakyymM» HE UMEeT [UIMHON MPEeApICTOpUU. DTOT
TepMuH ObLT BBemeH B 1928 1. anrmuiickum ¢usukom I1. Jupakom. U
XOTS 3TOT TEPMHUH y3aKOHCH B COBPEMCHHOW HayKe, OH MPaKTHYCCKU
HUYEro He OOBSACHSET, HE JaeT OTBETa Ha BOIIPOC, HOUeMy OH 00namaeT
BCEMH H3BECTHBIMM HBbIHE CBOHCTBaMU. «DPU3HUYECKUN Bakyym» He
UMEET HUKAKOW CTPYKTYphI, OH HE YCTPOCH HUKAaK, HO IMOYEeMY-TO 00-
najaeT GU3NICCKUMU CBOMCTBAMHU.

[NonsTre xe «3pup» cymecTByeT ThicsuenaeTns. IGup — 3TO KOH-
KpeTHasl cpejia, UMEIoIas yCTPorcTBO. Y 3upa ecTh 4acTH, JICMEHTHI
3(1)1/1pa. Onu Kak-To ABWXXYTCA, 59T ABUKCHHUA MOKHO IMOHATHL, TO €CTh
CBECTH HX K YK€ OCBOCHHBIM W TIOHSATHBIM IIPEJICTABICHUSM, U Ha 3TOU
OCHOBE MOXHO TIOHSITh BCE€ CBOWMCTBA, KOTOPHIMH OOJNAIAET «ITyCTOE»
MPOCTPAHCTBO, KOTOPOE HA CAMOM JIeJie 3aII0JIHEHO 3(PHpOM.

O¢dup — 310 PHU3MUECKOE TENO KOHKPETHOW CTPYKTYphl. Hama 3a-
Jlaya — MOHATh €r0 YCTPOWCTBO U 6Ce €ro CBOMCTBA, a HE TOJBKO T€, C
KOTOPBIMU (1)I/I3I/IKI/I CTOJIKHYJIMCb B CBOHUX OJOKCICPUMCHTAX BECbMa
HEOXKUAHHO JUIss ceOsl, Korja NMpHpoJa UX, KaK TOBOPAT B Hapoje,
«TKHyna Hocom». M moatomy TepMuH «3pup» HE MOXKET OBITh MO/I-
MEHEH TEPMUHOM «(DHU3MUSCKUN BaKyym», TaK Kak 3TO pa3HbIC MOHS-
THS, Pa3HOE COACPKAHUE M PA3HOE OTHOIICHHE K METOJOJOTHH JaTb-
HeHIero pa3BUTHS (QU3HUKH.

2.2. Uenn acompognHamukm - Hayku o6 achmupe

[lycTtoe npocTpaHCTBO HE MOXKET CIIY>KUTb
apeHOM s KaKuX ObI TO HU OBLIO ACUCTBHIMA
Axaoemurx B.@.Mumxesuu

Korna peus uzer o moctpoeHnu oOmei pusnyeckoit Teopun, 3a-
TparuBaroLield OCHOBBI MUPO3JIaHHUsI, TO 0COOYIO BaKHOCTB IpUOOpeTa-
eT mpoOieMa LeNu TaKOW TEOPUH, M 371eCh BO3HHKACT BOIPOC O LEIISX
€CTECTBO3HAHMS, KaK HayKH, PACKPBIBAIOIICH TPUHIIUITEI OPraHU3a[HN
NPUPOJIBI, CYIIHOCTU MPUPOTHBIX SBJICHHHA B MX B3aUMOCBS3U. YTOU-
HCHHUE LIENIM €CTECTBO3HAHUS HEOOXOMMO, B YACTHOCTH, IIOTOMY, YTO
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TOT WJIM MHOW OTBET OMpeNesieT B 3HAYUTEILHON CTEIICHN caMy METO-
JIOJIOTHIO.

W3BecTHBI BBICKa3bIBAaHHS, KOT/A IIETBI0 €CTCCTBO3HAHUS OOBSIB-
JSIACh BO3MOXKHOCTh TPHUKIAIHOTO HMCIIONB30BaHUS HOBBIX 3HAHHH.
CymiecTByIoT MHEHHSI 00 OIMCATENbHBIX IENAX HAayKH, HalpuMmep o
MOyYSHUH MaTEeMaTHYEeCKUX 3aBUCHMOCTEH, SKCTPANOIMPYIOIUX MO~
Jy4eHHbIE SKCHEpUMEHTAIbHBIE PE3YJbTaTbl U OOBABISACMBIX [Jalee
3aKOHaMH MaTepHaIbHOTO MUPA.

OnHako ecTb OCHOBAHUS YTBEPXKIATh, YTO MEPEUUCICHHBIE MPEe-
CTaBJICHHSA O LENSX €CTECTBO3HAHUS SIBIISIFOTCS SIBHO HEIOCTATOYHBIMH.
B camom zene, TpakTOBKa MparMaTHYECKUX Ielieil HayKH, Kak MepBo-
OYepeTHBIX M €MHCTBEHHBIX, & HE KOHEYHBIX, HEMUHYEMO ITPUBOHT K
TOMY, 9TO COOCTBEHHO ITO3HAHUE MPHUPOJBI OTOABHUracTCsS Ha BTOPOH
TUTaH WM CHUMAeTCs COBCEM, B PE3YNbTaTe Yero W MPHUKIAIHBIC JO-
CTI)KEHHS OKa3bIBAIOTCS TIOBEPXHOCTHBIMH M CiTydaiiHBIMH. Kak moka-
3BIBAET OITBIT, HAWITYYIIHE MPAKTUYECKHE PE3YNIbTATHI JISKAT Ha CTHIKE
HayK, Ka3aJloch Obl, HE UMEIOUINX OTHOIICHHS K TOCTaBJICHHOW MpH-
KJIagHOU 3amade. JTo TpeOyeT NOMOJHUTENbHBIX YCWINH, U CIeA0oBa-
TENIbHO, peabHas MaKCUMaJlbHas OT/la4a HayKH HaXOJHUTCS B IIPOTUBO-
peuun ¢ ujeei OBICTPOTo MONyYeHHsI TPUKIIAJHOTO pe3yiIbTaTa.

MaremaTHyeckoe KOJMYECTBEHHO-(QYHKIMOHAILHOE OIMCAHUE
SIBJICHUI OKAa3bIBAETCS MOJIE3HBIM, a B HEKOTOPBIX CIIydasx M HE00Xo-
JUMBIM YCIIOBHEM TIONYyYEHHs IMPHUKIAJHBIX PE3yJbTaTOB, a TaKKe
npezcka3anusi HOBbIX 3(dekroB u senennit. OmHAKO, yUUTHIBas Oec-
KOHEYHOE pa3HOOOpa3yne KauecTB U CBOIMCTB KaXKJIOTO MaTepUabHOTO
TeJa, MOXKHO YTBEPXKAaTh, YTO JI0O0E MaTEMAaTHIECKOE OMMCAHUE €CTh
BeChMa y3KO€ U OJHOCTOPOHHEE OTOOPaKCHHE peaThbHOW JTEHCTBUTEIb-
HOCTH. Maio Toro, MareMaTH4ecKoe ONHcaHue JFO0ro SIBICHHS €CTh
ONMCaHWE HE CaMoro sBJIEHHs, a (QU3MYecKOil MoaenaH, KoTopas, IO
MHEHHUIO aBTOPOB, MOJIENH, OTPaXKaeT CYIIHOCTh (DPU3UYECKOTro sIBIIE-
Hus. Ho aTta Mojens oTpaxaer peanbHOE SBICHHE JIHIIb YaCTUYHO, 110-
CKOJIBKY OTpasuThb BCe OCCKOHEYHOE KOJUYECTBO CBOMCTB PEajbHOTO
SBJICHUSI OHA HE MOET, OTPAXKAET TOJIBKO T€ CTOPOHBI U CBOMCTBA, KO-
TOpBIE UCCIIEIOBATENI0 KaXKYTCS TIIaBHBIMHU, a MAaTEMaTHUECKOE OTHCa-
HHUE caMmo MPHUOJIMKEHHO OTPaXkaeT CBOMCTBA MOJICNIU, TOXKE WMEIOLIEH
OecurcIeHHOEe MHOXKECTBO CBOMCTB..

ITpm >TOM HET HUKAKOH TapaHTUH B TOM, YTO MaTeMaTHYecKas 3a-
BHCHMOCTb OTpa)kaeT BCE CYIIECTBEHHBIC CTOPOHBI SBICHHUS. Takxke
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HET TapaHTHUH U TOTO, YTO TIOCTAHOBKA HOBBIX SKCIIEPUMEHTOB BBISBUT
Kakue-1u00 HOBBIE CTOPOHBI SBJICHHN, MO0 cama IMOCTaHOBKAa HOBBIX
SKCIEPUMEHTOB OMUPACTCS HA T€ K€ MAaTeMaTUYECKUE 3aBUCUMOCTH,
CJIEIOBATEILHO, OTHOCHTCS K TOM K€ y3KOUM OO0JIACTH SIBICHUH, U3 KO-
TOPOH BBITEKAET W CaM TOJIYYCHHBIH paHee «3akoH». Takum oOpazom,
«3aKOH» BCE BpeMsl MOATBEpKIaeTcsl. BIWTH ke 32 paMKU HailJIeCHHOTO
OTHAXKJBl «3aKOHA» TMPAKTHUUYECKH YPE3BBIYAWHO TPYAHO, TaK Kak B
KaKIOM JKCIIEPIMEHTE UMEIOTCSI METOANYECKHE M WHCTPYMEHTAIbHBIE
MOTPEITHOCTH, ¥ OTKJIOHEHHUS OT «XOPOIIO YCTAaHOBIEHHOTO 3aKOHA
CIIMCBIBAIOTCS HAa HHUX, 4 KaUCCTBCHHO HOBBLIC 3KCIICPUMCHTBLI HE CTa-
BaTCsA. [loMck HOBBIX 00JlacTEl OKAa3bIBACTCS CIIyYalHBIM, a OXHJIac-
MBI pe3yIbTaT HEOMPEICICHHBIM.

Ortcrona cpa3y BBITEKAET BBIBOJ O TOM, YTO J1l000€e Mamemamuye-
CKOe onucanue, @KII0UAIOUiee «XOPOULo YCMAaHoGIeHHble) (huzuue-
CKUe 3aKOHbl, 6blpAXMCeHHble (OOPMYNbHLIMU 3AGUCUMOCHAMU U
YPAGHEHUAMU, 6C€20A eCMb HPUOIUNCEHHOE OMPAajceHue peaibHo-
cmu, noonexcauiee ymo4HeHUI0 no mepe NOay4eHUs HOGbIX (PaKmoe
UL NpU CMEHe NOCMAHO6KU 3a0ay. DTO Ke KacaeTcs U JIOOBIX ypaB-
HEHUI (U3NKH, BEIPAKAIOIINX «XOPOIIO YCTAHOBJICHHBIE» (U3NYECKUE
3aKOHBL.

Kak npaBuwibHO ykaspiBanm Makcsemn [9], matemarudeckue Gop-
MYJIBI CYTh PE3YNIbTAT YIPOIIEHHUS PEealbHBIX SBJICHUHN, a UCIIOIH30Ba-
HUE MareMaThyeckux (opmys, He MOJKPEIUIEHHBIX (U3NYECKUMH
MMpEeACTABJIICHUAMUA, IPUBOAUT K TOMY, UTO «... Mbl COBECPIICHHO TEPs-
€M U3 BUAY OOBSCHSAEMBIC SBJICHUS U TIOTOMY HE MOXXEM IPUHTH K 00-
Jiee MUPOKOMY TPEACTABICHUIO 00 X BHYTPEHHEH CBS3U, XOTS U MO-
’KEM TPEJIBBIYUCIIUTE CIIEICTBUS U3 JAHHBIX 3aKOHOBY». TakuM oOpa-
30M, HH TIPUKJIAJHas, HA OMHCATeNbHAss CTOPOHBI CaMHU 1O cebe
HE MOT'YT SIBJISATHCS TJIaBHOM 11eJIbI0 00I1el Ppu3ndeckoil HayKH.

Takolt yenvro onsa ecmecmeo3nanus 60oowe, u Gu3uKu 6 yacm-
HOCmU, Ha 6écex IMAnNAX U YPOGHAX PA3GUMUA OOJHCHO OblMb
6CKpblmue npupoosl A61eHuUll, 8blIACHEHUe NPUYUH, NOYeMYy IMU A6-
JleHUA UMEHHO maKue, 4 He UHble U Hem JU 6 HUX KAKUX-1ubo Ka-
yecme, noka ewje Heuzgecmnwix. Ho Takorl mojaxoa TpeOyeT moHUMa-
HUS BHYTPEHHETO MEXaHW3Ma SBICHWH, aHalu3a MNpPUYUHHO-
CJIEJICTBEHHBIX OTHOLICHWHA MEXIYy MaTepHUalbHBIMH O00pa30BaHUSAMH,
YYaCTBYIOIIMMHU B U3y4aeMbIX SBJICHUAX U d(dekrax. BekpeiTrue aTux
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CBSI3€H M OTHOIIEHUH TO3BOJISIET 00BACHUMb SBICHUS, T.€. OOBSICHUTS,
MIOYEMY 3TO SBJIICHHE UMEHHO TaKO€, a HE UHOE. BCKphITHE BHYTPEHHUX
CBA3EH, BHYTPEHHUX JIBWXEHHM MaTepuH B SBICHUAX MO3BOJISIET pac-
KPBITh CYIIHOCTH SIBJIGHWM OoJiee MOJNHO, YeM IPH HCHOJIb30BAHUH
TOJIBKO BHEMIHETO omucaHus. IIpu 3ToM MOTyT OBITH YUTEHBI O0ONaCTH
pacmpoCTpaHEHUs] MOJYYEHHBIX MAaTEMaTUYECKUX 3aBUCUMOCTEH H
chopMynupoBaHbl JOMYyUICHHBIE NPUOMMXKEHUS. DTO AaeT BO3MOXK-
HOCTb TIPH HEOOXOAMMOCTH YTOYHUTH TOTYYCHHBIE 3aBUCHMOCTH.

Bricmreit xe 1ienbio QU3NKH KaK OCHOBBI €CTECTBO3HAHUS JOKHBI
CTaTh BBIABJICHHE OOIICH IS BCEX SIBJICHUH (PU3NYECKON OCHOBBI, 00-
IIer0 CTPOUTENBHOTO MaTepuaa JUlsl BCeX BHUJIOB BEIIECTBA, CTPYKTYp-
HOW OpraHM3allid MAaTEepPHAIBHBIX 00pa30BaHWA Ha BCEX YPOBHSIX
MEepapXUUECKON OpraHW3allMd MaTepUH W BBISABICHHE OOIIEro mexa-
HU3Ma OCHOBHBIX ()YHIaMEHTAJbHBIX B3aUMOJACUCTBHN MEXKAYy HHUMHU.
Bort 310 1 ecTh OCHOBHAA 11eTh YPUPOANHAMUKH - OOJIACTH TEOPETHIE-
CKOH (pU3WKH, IOCBAIIEHHON N3yYeHHIO CBOWCTB MUPOBOH (pr3mueckoit
cpenpl - 3¢upa U BHISIBICHUS Ha €T0 OCHOBE BHYTPEHHHX MEXaHHU3MOB
CTPYKTYp MaTepHaIbHBIX 00BEKTOB U IPOILIECCOB Ha BCEX YPOBHSIX Op-
TraHU3alKUU MATEPUU.

CyliecTByoinas TeopeTudeckas (pu3uKa CUMTACT, 4TO IpeJCcTa-
BUTH B BHJIE MOJIENIEl TO, YTO OHA YTBEPXKAAET, HENb3s B MPHUHIIMIIE, a
MO3TOMY U MOHSTH HENb3. MOXKHO TOJIBKO BCE MNPOLECCHl CBECTH K HE-
KOTOPBIM BEPOSITHOCTHBIM OlleHKaM. (DU3WYECKUX K€ MPUYMH 3TUX
COOBITHIA, TI0 MHEHHIO COBPEMEHHON TEOPETUYECKON (DM3UKH, HENb3s
Y3HATh B IPUHLUIIE.

OduponnHamMuKka - coBpeMeHHas Teopus 3¢dupa yTBepx aaeT 00-
paTHOE: TOCKOJIBKY OHA paccMaTpHBaeT BCE CTPYKTYPHI U SIBICHHUS C
MO3UIMI CYIIECTBOBAHUS B NPHUPOJAE €AMHON MHPOBOH (pr3mueckoit
cpenpl - a¢upa, a TaKKe U TOr0 YTO UMEHHO 3Ta cpenia - 3QUp SABISETCS
CTPOUTENHHBIM MaTEPUAIOM JUISI BCEX BHIOB MaTepHAIBbHBIX 00pa3o-
BaHWI M CHJIOBBIX ITOJICH B3aMMOJEHCTBUI, TO MUp mMo3HaBaeM. Omupa-
ACh Ha BceoOure Gu3nvyeckue NHBAPHAHTHI - MaTEPUIO, IPOCTPAHCTBO,
BpEMsI U MX COBOKYIHOCTb - ABIKEHHE, 3PUPOTUHAMUKA CBOIUT BCE
BUJIBI MAaTEPUANTLHBIX CTPYKTYp K KOMOWHAIUsAM dJIeMeHTOB 3dupa, a
BCE BHJBI B3aMMOJCHCTBUI TaKuMX CTPYKTYpP K KOMOMHAILIUSM IBHKE-
HUH 3THX DIIEMEHTOB, T.€. K OOBIYHON MEXaHHKE - MEPEMEILECHHIO dIie-
MEHTOB 3(Hpa B MPOCTPAHCTBE W BO BPEMEHH. DTO IMO3BOJISET yTBEP-
XK/IaTh, YTO HE MOXET CYIIECTBOBATh KAKUX-THOO CTPYKTYp WiIH (PU3H-
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YEeCKUX SBJICHUH, MEXaHN3M KOTOPBIX HEIIb3s1 OBUIO NMPEACTaBUTh B BH-
Jie TIPOCTBIX MOJIeNIeH, a CIIeJOBaTeNbHO, TOHATh. TakuM o0pa3oM, cBe-
IO Bce 0e3 HCKIIOUEHHs MaTepHallbHBIE CTPYKTYpPBHl W (U3MYECKUe
npolecchl K MeXaHuke, 3(QUPOANHAMHMKA CO3[JaeT BO3MOXKHOCTBH IIO-
CTPOCHHMSI MOZENEH 3THUX MPOLECCOB, BO3MOKHOCTh MOHMMAaHUS BHYT-
PEHHHX MEXaHH3MOB 3THX IPOLECCOB, U TEM CaMbIM, CHUMAeT OPeo
HETO03HaBAEMOCTH C YCTPOWCTBA MPHUPOIBI U MUPO3IAHHS B LEeJoM. A
3TO 3HAYHWT, 9TO 32 Hel Oyaytiee.

2.3. Kak Hayka yTpaTuna acup
A KOpPOJb-TO TOJIBIH!
X.K.Anoepcen. I'onviii Koponw

Teopusi OTHOCHUTENIFHOCTH B KA4€CTBE CBOEr0 OCHOBHOTO MaTeMa-
TUYECKOIO ammapara 3aMMCTBOBaa mpeoOpa3zoBanus JlopeHa, BhIBe-
neHHble JlopeHeM [uTst citydasi CyIecTBOBaHHS B IPUPOJIE a0COTFOTHO
HENOJBMKHOTO 3¢upa. DTO TocienHee 0OCTOSTEIHCTBO MPHUHIIUIIHU-
aJbHO JAae€T BO3MOXKHOCTH HCTOJIKOBBIBATH BCE «IKCIIEPUMEHTATHHBIC
HOI[TBep)I(ILeHI/IH CHeHHaJIBHOfI TeOpI/II/I OTHOCHUTCIIBHOCTHU» KaK IIOJI-
TBepXkJeHue Teopuu JlopeHma o HEMOABMXXHOM d(upe, TO KpaiHen
Mepe, B MpejeiiaX YCTaHOBOK, Ha KOTOPBIX 3TH Pe3yJbTaThl ObUIN TO-
JTyYeHEL.

CaMma Teopust OTHOCUTEIILHOCTH 0a3upyeTcsl Ha JIOKHOM TOJIOoXKe-
HHH O TOM, 4TO MaiKeIbCOHOM H €r0 MOCIEA0BATEIIMH IKOOEI HE OBbI-
JIN HOJIyT-IeHI)I ITIOJIOKUTCIIBbHBIC JaHHBIC B pe3YJ]LTaTe IIOUCKOB 3(1)I/Ip-
HOTO BeTpa. Ha camom pgerme oHM OBLIM TIOJYYCHBI YK€ B CAMOM TIEp-
BOM OIbITe MailkenbCoHa, XOTS U HE Te€, KOTOphle oxkujamuck. Ho
IIKOJIa peJBITI/IBI/ICTOB, 3aXBaTUBIIAasd KOMAaHAIHBIC BBICOTEHI B TCOpeTqu-
CKOH (py3mKe, aAMHHUCTPATUBHO HE JOMYCTHJIA JANbHEHIIETo pa3BH-
THS Teopuu 3(pupa, MIETbMYs BCIKOTO, KTO TBITAICS 3TO CAENaTh, CO-
BEPIIMB TEM CaMbIM NPECTYIUICHHE Tepe]] HayKoi. OOBIYHBIM ITIOJISIM
3TOr0 HE IIOHATH, KaK MOXCT OJHA M Ta XKC TeOpI/ISI B HepBOﬁ qacTu
YTBEPKIIaTh OJIHO, & BO BTOPOM YaCTU — HEUYTO MPOTUBOMNONIOKHOE. Ho
TEOPETUKU OTBEYAIOT: OYEHb MPOCTO. B mepBoil wacTu Teopuu 3Qup
OBLT HE HY)KCH, 3HAYHT, €T0 HET, a BO BTOPOM YaCTH HY)KCH, 3HAYHT, OH
€CTh. A BaM, HE CIIELIMaJIMCTaM, 3TOTO IMOHATH He JaHo. BoT Tak-ToO!

Opnako U1 TOro 9ToOBI pa300paThCs B CTPYKTYpe 3dupa, HYyKHO
MPUHITUITHAIBHO H3MEHUTH BCIO METOIOJIOTHIO COBPEMEHHOH (hu3mde-
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ckoit Teopun. Hamo He m300peraTs mpupomdy, a moHATh ee. U 310 ams
MHOTHX OKa3ajJoCh ropasfo TpyIHEE, 4eM CBOOOAHOE H300peTaTeiib-
CTBO. DTH «MHOTHE» CAETaIH BCe, OT HUX 3aBUCSINEE, YTOObI HUYTO HE
nokonedano ux crnokoiictBue. Ho cerogns 3To y»e HEBO3MOXHO, IO-
TOMY YTO NPUKJIAAHBIE 3a/1a4l CTY4aTCsl B ABEPh, TPEOYIOT PeLICHHUS, a
3TO MOXHO CJ€JIaTh, TOJBKO IIOHUMAsl CaMy CyTb, MEXaHU3M (H3HUe-
CKUX sIBICHUH. BOT 1y 3TOro mpuaercs BO3BpAaTHTHCS K MpeacTaBiie-
HUAIM 00 2¢upe, n00 OH SABISETCS CTPOUTEITHLHBIM MaTepHUaIOM IS
YacTUI] BELECTBA,  €T0 IBIKEHHSI ONPEACISIIOT BCE BUbI B3aUMO/CH-
cTBHiA. Jpyroro mytu st GU3NUECKOM TEOPUU HET.

[onsTne »dpupa HUKOTAA HE OBIIO «IMCKPEAUTHPOBAHOY», KaK
YTBEP)KIAIOT HEKOTOPbIE TEOPETHKH. M B HacTosiee BpeMsl €CTh BCeE
HEOOXOIUMOe JJIsl BBISABIICHUSI CBOMCTB d()Hpa U €ro poiid B yCTPOii-
CTBE HAIIEr0 MUpa. DTO HEMpaBeIHO MMONPAHHOE HaTpaBlieHHE QU3HKH
JOJDKHO OBITH BOCCTAHOBJIEHO U Pa3BUTO. BoT mouemy k mpobiieme
a¢upa, ero CymecTBOBAHHIO U POJIX B MPUPOAE HEOOXOAUMO BEpHYTh-
csl.

2.4. du3uyeckue peeosiloyuuU U 8occmaHoeJsIeHuUe
aghupa

B3risiasl Ha IpUpoOy BELIEH TOJIKHBI HEIIPEPBIBHO
COBEPILIECHCTBOBATHCS IIyTEM ITO3HAHUS HOBBIX
(haKTOB M MX HAYYHOTO 0000IIECHHs

Aseycm Kexyrne.

Kak mokasslBaeT MCTOpHSA, €CTECTBO3HAHHE IPOIUIO HECKOIBKO
ITAIoB, KAXKJIBIH U3 KOTOPHIX CBSA3aH C MPOHUKHOBEHUEM BIIyOb Mare-
pun. Ilepexosm oT 0JHOTO YPOBHS OpraHM3allMK MaTepuH K Ooiee Tiy-
OMHHOMY O3HAyal, YTO B PACCMOTPEHHE BBOJMUIICS HOBBIH «CTPOUTEIb-
HBIH Marepuan». CTaHOBHIIOCH BO3MOXHBIM IIPEICTABUTH cebe CTPYK-
Typy MaTepHalbHBIX 00pa30oBaHWW, MOHATH MEXAaHW3M B3aWMOJEH-
CTBUS MX 4YacTed. MoJekyna, HalpuMep, CHadajla paccMaTpHUBalach
KaK IpocToe Heaennumoe obpasoBanue. Ho koraa okazanocs, 4To Molie-
KyJI CTajJO0 MHOTO M YTO B UX OCHOBE JIGKHUT KaKoi-TO OOl cTpou-
TEJNIHBIA MaTepuall, B paCCMOTPEHUE OBbUIH BBEJICHBI YaCTU MOJICKYJ —
aToMbl. MoJjiekyna Oojiee He pacCMaTpUBAIACh Kak IMPOCTOE M HEJETH-
Moe 00pazoBaHHE MaTepHUH — OHA COCTOSUIA U3 «KHUPIIHYUKOBY» — aTo-
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MOB, KOTOpBIE TOXKE CHadaja MPearoarajiuch HeASTUMBIMUA. A TIOTOM
0Ka3aJIOCh, YTO aTOMBI COCTOSIT U3 CBOEI0 «CTPOUTEIBHOIO MaTepUaia)
— «3JIEMEHTAPHBIX YaCTHUI» BEIIECTBA.

BBon B paccMOTpeHUE HOBBIX «KHUPIHUYHUKOBY» — HOBOTO CTPOU-
TEJILHOTO MaTepHalia MO3BOJISI HOHATh CTPYKTYPY YK€ OCBOCHHBIX Ma-
TEepPHATBHBIX 00pa30BaHWM, MOHATH BHYTPEHHUI MEXaHHU3M B3aUMO-
JIEHCTBUS yacTeil. DTo Oosee rryOOKOoe MOHMMAaHUE U ObLIO OYepe-
HOHM (pM3HUECKON PEBOIIIOIMEH, KOTOpas HE TOJBKO ITO3BOJISIIA TTOHATH
CMBICIT Y€ JOCTUTHYTOIO, HO U OTKphIBAJIa KAUECTBEHHO HOBBIE BO3-
MOXHOCTH B pCHICHUU MMPUKIIAAHBIX 3a1a4.

[Ipu TakoMm moaxone Kaxkaas MaTepHalbHas CTPYKTypa MOJpa3y-
MEBAETCA COCTOMIIEN M3 YacTel, a Ka)kJasl 4acTh — U3 ele 0ojee Mej-
KuX. [IB)KeHUE 3TUX 4acTel, UX CBSA3M U B3aMMOJIEUCTBUE B KOHKPET-
HBIX ClIy4dasXx U €CTb KOHKPETHOC SABJICHUC. Takoit moAxoJ K U3y4YCHHUIO
(u3MYeCKUX SBIEHUI HA3bIBACTCS AMHAMUYECKUM (OT CIIOBa JWHA —
cuia).

OOBbsicHEHUE SBJICHUS NMPU JUHAMUYECKOM IIOJIXOJIC CBOIUTCS K
MPOCIEKUBAHUIO NPUUYUHHO-CICACTBEHHBIX OTHOIICHUNH MEXIy 3Jie-
MEHTaMU SIBICHHUS], 3TO U €CTh IJIaBHOE COJIEP>KaHME, CYIIHOCTb SIBJIE-
HUs. MHamMu4eckuil moJaxo/ Mojapa3yMeBaeT BO3MOXHOCTb CO3/IaHUS
HarJsiJHbIX MOI[CJ'IGI\/'I Ha BCCX YPOBHAX OpraHvu3allii MaTCpuu.

Ucrtopust nemoHcTpupyer npumepbl 3()pPEeKTHBHOCTH TUHAMHYE-
CKOT0 MOAX0/a JUISl pa3pelieHus] HAaKOTUICHHBIX MPOTHBOPEUHIL.

B XVIII Beke M.B.JIoMOHOCOBBIM OBLJIO BBEACHO MOHATHE O KOP-
MyCKyJaX — CIOXKHBIX M MPOCThIX. C0oXHAsE KOPIYCKyJia Oblia MO3Ke
Ha3BaHa MOJIEKYJION (MaJIEHEKOM Maccoil), ¥ cTaia pa3BUBATHCS XUMUSL.
A.JlaBy3a3be 4yTh MMO3KE BBEJ MOHATHE 00 AIIEMEHTax — He pas3jiaraeM
B 1824 r. anrnuyanus JlansTOH Ha3Baj MPOCThIE KOPITYCKYJIbI aToMa-
MU, U CTaJO SICHO, YTO CJIOKHBIE KOPITYCKYJbl — MOJIEKYJIBI COCTOAT U3
MIPOCTHIX KOPITYCKYJI — aTOMOB. Ha 3To# 0CHOBE TTOSIBUIIOCH JICKTPHYIC-
ctBO. B xontme XIX — nagare XX Beka Pesepdopaom Obuta mpumymana
TUTAHEeTapHAass MOZENb aToMa, a BCKOpEe OBbLIO BBEICHO MPECTABICHUE
00 «3JIeMEeHTapHBIX YacTUIaX», U 3TO JIaJI0 HAaYal0 aTOMHOW YHEPTHU.

HNMeHHO Tak W CleIyeT TMOCTYIUTh, M 3TO OyAeT odepemHas, Iie-
cTas 1O CYeTy (pU3nYecKasl pEeBOIONUSA, KOTOpas JOJDKHA JaTh 4Yeio-
BEUECTBY COBEPIICHHO HOBBIC BO3MOXKHOCTHU JJISl COCYILIECTBOBAHUS C
MPUPOJION, YACTHIO KOTOPOMW OH SIBJISIETCSI.
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®U3NYECKHUE, TEXHOJIOTMYECKHE W COIUAJILHBIE PEBO-
JIIOIAN

I'ny6ouHa mpOHUKHOBEHHS HoBas obmactb JHeprus CounanbHo-
IKOHOMHUYECKast
B MaTepHI0 HayKH thopmanus
Ipupona B uesaom - MycKyibHas cuia paboBiagenpIecKast
(Parnec, 6 B. 10 H.2.) YeIoBeKa H )KUBOTHBIX
CyocTanuun
3emiiss  Boma Bosnyx Oronb  gunocogpusn To xe paboBiazenpye-

cKast
TBEPAb KUIKOCTh Ta3 IHEPrHst
(Apucrotens, 4 B. 10 H.9.)

BemecrBo apmakonocusn  DHeprus BOJbI (deonanpHas

(ITapauense, 16 B.) U BeTpa

Mouaekyaa xumus Hckonaemble KaIlUTaJIMCTHYeCKas

(JTomoHoCOB, 18 B.) 3SHEPrOHOCHUTEIH 1 daza

Atom NEKMPOMAZHEMUIM To xe KaIruTaIHCTHYECKast

(Janbrow, 1824) 2-i1 dazsl

JsieMeHTapHbIE aToMHas (H3NKa, aTOMHast TO Xe,
4aCTUIBI (u3uKa IIa3MBl 1 3HEpreTHKa U COLHAIICTHIECKAsT

(Pesepdopn, 1911) TBEPIOTO Tela TMOJTYTIPOBOAHUKH

¢pup s¢upoaHaMHKa SHEPIus KOMMYHHUCTHYE-

cKast
(21 B.) s¢upa

2.5. Tak 4To 3TO Takoe - achup?

[Ipexxae 4em OTBETUTH Ha 3TOT BOMPOC, HYKHO ONPEAETUTH METO-
JIOJIOTHIO MTOMCKa CBOMCTB 3¢upa. U 31eck pearoiiee 3HaYeHUE TpHU-
o0peTaroT mpeacTaBiIeHus 00 00mux (pu3nuecKnx HHBapHAHTaX.

Oobmnue Qu3nueckre MHBAPUAHTHI — 3TO Takue (u3ndeckue Kare-
rOpHH, KOTOpbIE HE HM3MEHSIOTCS HU NpPU KaKUX MpeoOpa3oBaHHAX
¢dbopM MaTepuH M HU NpU KakuxX (U3NUECKUX mporeccax. To ecTb OHH
WHBApUAHTHBI TI0 OTHOIICHHUIO U K peodpa3oBaHusiM GopM MaTepuu, u
K KOHKPETHBIM (U3UYECKUM SIBICHUSIM. O TOM, K YeMy MOXKHO HpHii-
TH, HE NPOAYMaB TIIATEIBHO MpoOJIeMy HWHBAPHAHTOB, HaM Jie-
MoHCTpupyeT CcreruanbHasi TCOPHS OTHOCUTEILHOCTH A DHHIIITeHHA.
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B CTO, xak HM3BECTHO, B KaueCTBE€ HMCXOJHOHW BEIWYMHBI, HEU3-
MEHHOH TIpH JIIOOBIX 0OCTOSATENHCTBAX, TO €CTh OOIMUM (PH3UICCKUM
(a ckopee, MaTeMaTHYECKUM) WHBAPUAHTOM BBICTYIAET YETHIPEXMEP-
HbIIT HHTEpBa ds:

ds? = dx? + dy? + dz2 — ¢ 2d t? = const,

rae dx, dy, dz, — npupaleHus KOOpAMHAT POCTpaHcTBa, dt — mpu-
paleHue BpeMeHH, a ¢ — CKOPOCTb CBETa

[locne Toro kak mpou3BeJeHA 3aMeHa CHUCTEM KOOPIUHAT, MOJy-
qaroTcsi mpeobpazoBanus JlopeHIa, W3 KOTOPBIX 3aTeM BBITEKa-IOT
3aBUCUMOCTH BPEMEHH, AJIMHBI, MacChl ABMKYLICHCS YacTULBI OT CKO-
poctu ee nBWwkeHHs. [lomyuaercsi Takke, YTO CKOPOCTh CBETa €CTb
npeacijibHad BCJIMYMHA 11 CKOPOCTU J'IIO6I)IX OGBCKTOB, a TaKXKE AJIsd
pacrpocTpaHeHHs BCEX BUAOB IOJIEH B3aUMOICUCTBHM.

Ecnu 651 3a nucxomHyro 6a3y ObLT B3ST IpYrol MHBApUAHT, TO U pe-
3yJbTaT MONXy4dniIcs Obl coBepiieHHO WHOH. [1oaTOMy 000CHOBaHHOCTH
WHBAPHUAHTOB MMEET MCKIIOUMTENHHO Ba)KHOE 3HA4YCHHE JUIA JII000H
TEOPHH.

B npunnune, qys Bei0opa YOMSIHYTOTO YeThIPEXMEPHOT0 UHTEp-
Baja B KadecTBe BceoOlIero Gpu3nyeckoro MHBapUanra, TO €CTh pac-
NPOCTPAHEHMsI €r0 CBOWCTB Ha Bce 0€3 UCKIOUEHUs (U3HUECKHe SBIIe-
HUA HCT HUKAKOI'0O OCHOBaHHs, TaK KakK OILHOI71 U3 COCTABJIAIOIINUX B UH-
TepBaJ BXOJIUT CKOPOCTh CBETa. A CKOPOCTh CBETa, KaK U3BECTHO, €CTh
CKOPOCTb PaclpOCTPaHEHHUS JEKTPOMAr-HUTHOI'O MOJSl B IyCTOTE, U
TOJIBKO. A BOBCE HE BceX BUIOB MoJieil. Hanpumep, k rpaBuTanuu cBeT
HE MMCCT HUKAKOI'0 OTHOIICHMSA, IIOCKOJIBKY rpaBUTalWsA €CTbh WHOC,
HEXKEJH DIIEKTPOMATHETH3M, (PU3NIECKOE SBIICHUE.
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4 VA
Tak,
qTO TakKo€

ds*=dx*+dy*+dz?-c’dt’>=const

KoHcTaHTBl  TpaBUTalMM  OTJIMYAIOTCS OT KOHCTAHT 3JIEKTPO-
marnetu3ma Ha 36 (!) nopsimkoB. [losTomy npu co3ganum oduiel Teo-
PUHM OTHOCHUTENBHOCTH («TEOPHM TpaBUTALUM», KaK €€ Ha3bIBaIOT)
OHHIITEHY Hag0 OBUIO OBl MCIOJB30BaTh YTO-HHOYIb APYroe, a He
CKOpOCTh CBETa, MPUMEHEHHE KOTOPOH B TEOPUH I'PAaBUTAIIUH, K KOTO-
POl CBET HE MOXKET UMETh OTHOLICHHUS, HABOAWT Ha pa3MBIILICHUS,
BOBCE HE Hay4HBIE.

CKOpOCTh pacrpoCcTpaHeHHsT TPABUTAIIMOHHOTO BO3MYIICHUS B
cBoe Bpems onpenenui 11.C.Jlammac. B cBoem «U3110KEHUH CUCTEMBI
MHpa» OH PaccuuTall, YTO 3Ta CKOPOCTb HE MeHee, 4eM B 50 MUILIHO-
HOB pa3 (!), BBIIIE CKOPOCTH CBETa. A 3HAYECHHE CKOPOCTH CBETa BO
BpeMeHa Jlarraca yxxe 3Hanmu xopomo. [lo HammMm ke JaHHBIM CKO-
POCTh paclpoCTpaHEHUs! TPABUTAIIMU PEBBIIIAET CKOPOCTh CBETa Ha
15 nopsiakoB. Tak yTo mpUHATHE 3a BCeoOIINH (U3HMUECKUl MHBAPHUAHT
MHTEpBajia, B KOTOPOM HCIIOJb30BAHO YacTHOE, a HE BceoOllee CBO-
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CTBO — CKOPOCTb YaCTHOTO, a HE BCEOOLIETO SIBJICHUS — CBETA, HEelpa-
BOMEpHO. JOMKHO OBITH YTO-TO APYTOE.

OTUM «4eM-TO APYTMM» MOTYT OBITh TOJNBKO Takde KaTEeTOpHH,
KOTOPBIE SIBJISIFOTCSL BCEOOLIMMU TSl 6cex 0e3 UCKaouenus pusmnye-
CKUX SIBICHMH, TO €CTh I BCEH peaJbHOCTH HAIIEro (hU3M4ECKOro
mupa. I1o3TOMy MX BEITyMBIBaTh HE HYKHO. JlOCTaTOYHO TOCMOTPETH
BOKDYT, YTOOBI WX YBHUAETh M 0000IUTH. M TOrma craHOBUTCA SICHO,
YTO TaKMMH KAaTE€TOPHSMHU SIBIIOTCA MAmepusa, HNPOCMPAHCHIEO U
épemsa U UX COBOKYITHOCTB — 08UJiCeHUe.

N B camom pene, B Halllell pealbHON XKWU3HU Mbl HE MOXKEM
Ha3BaTh HU OJHOTO SIBJICHUS, HU OAHOTO (pU3MYecKoro mpomecca, Ko-
TOPBIN MPOUCXOOMI OBl 0€3 yJacTHs MaTepuu, WIKM BHE IPOCTPAHCTBA,
WIM BHE BpeMeHH. Bceskuil mporecc, Bcskoe SBICHHE MPOUCXOIAT
TOJIBKO C y4aCTHEM MAaTepHH, TOJIBKO B MPOCTPAHCTBE M TOJIHKO BO
BPEMEHH, a 3TO W O3HA4aeT IBW)KEHHE. B MHpe HET HHYEro, Kpome
JIBIXKyIIelcss marepun! Bcero uerelpe KaTeropuu, HSTOW HE Cylle-
CTBYET, MMPHUYEM YETBEpTasi KATErOPHsl €CTh KOMOWHAIMS MIEPBBIX TPEX,
KOTOpBIEe He3aBUCUMBL. (Cl1e10BaTEIbHO, 3TH YEThIpE KATETOPUU U SIB-
JSIIOTCA BCeOOIIMMHU. A BCE OCTalIbHOE HOCHUT YaCTHBIM, a HE oOIuit
Xapakrep.

SBnsisich BceoOIUMH, MaTepus, MPOCTPAHCTBO, BPEMS U JBHXKE-
HUE TEM CaMbIM SIBIISIFOTCSI ¥ IEPBUYHBIMHU, TO €CTh UCXOIHBIMH, ap-
ryMeHTaIbHBIMU. OHH HE MOTYT OBITh (DYHKIMSMH 4ero Obl TO HU ObI-
70, TaK KaK MHAYe JIOJDKHBI CYIIECTBOBaTh HEKHE Oolice MepBHYHBIC
KaTeropuy, 4eM IepeuucliCHHbIC, a B PEaJIbHOCTH 3TOro HetT. A ¢aHnra-
3UH B pacyeT HE NPUHUMAIOTCSL.

B cuiy BceoOmHOCTH M apryMEHTATbHOCTH TIEpEYHCIICHHBIE Ye-
ThIpE KaTeTOPUH SBIISIOTCS TEM CaMbIM M JHHEWHBIMH. A 3TO 3HAYUT,
YTO Hallle peaJbHOE MPOCTPAHCTBO JUHEWHO, TO €CTh €BKIWAOBO, U
HUKaKOrO PHMaHOBa NMPOCTPAHCTBA WJIM MPOCTPAHCTBA MUHKOBCKOTO
WM YheTO-HUOYb ellle B MPUPOJAE HE CYIIECTBYET. Tak ke HE MOXKET
CYILLIECTBOBATh MHOTOMEPHBIX MPOCTPAHCTB, TO €CTb OHU MOTYT CyIIe-
CTBOBaTh, HO HE B MIPHUPOJIE, a B YMaxX MaTEMaTUKOB. A 3TO HE OAHO U
TO k€. BpeMs TMHEWHO ¥ OJHOHAIIPABIIEHO, U HE MOXKET OBITH HUKAKO-
ro «3aMeIUIeHUs» BpeMeHH. HHuKorma M HU MpH KakuX OOCTOSTEINb-
ctBax. [loatomy, yBel! Hu «mapamgokcoB OIM3HENOB, HU MyTEIIECTBUS
BO BpEMEHHU ObITh HE MOXeET. XOTS 3TO U CKYyYHO, KaK CKaszal aBTOpY
OJIMH U3 )KyPHAJINCTOB. BO3MOXHO, BO3MOXHO. ..



Od¢up u ero poab B npupoae 57

HeBo3MoxHOCTD (DYHKITMOHATBHBIX UCKAXEHHUH 1T MHBAPUAHTOB
03HAYaeT, YTO Y HUX HUKOTAa He OBbUIO Hayana u He OyAeT KOHIa, Hoo
3TO €CTh MepepblB PYHKIUHU, a Y apTyMEHTOB TaKUX IEPEPHIBOB OBITh
HE MOXKeT. 3Ha4yHT, 3TU YeThIpe KaTeropuM HUKTO HUKOTJa HE co3/a-
BaJ, W HUKaKUX «BONBIIMX B3PHIBOBY» WM «CHUHTYISPHOCTEH» B pe-
ATBHOMN MPHUPO/Ie HUKOTAA He OBLIO M, MOXKHO HAAESThCA, 4YTO He Oy-
neT. A OyneT MHOTOKpaTHOE MOBTOPEHHE OJHOTO M TOTO )K€, U TYT YK
HUYETO He TIOEIaeIb.

U eme Bce 3TO 3HAYUT, YTO B ITHX apTyMEHTAIBHBIX KAaTETOPHUSIX
— MaTepuH, IPOCTPAHCTBE, BPEMEHU U JIBHIKCHUM, HE MOXKET OBITh HU-
KaKUX TMPEANOYTUTEIIBHBIX MaciTaboB, MO0 apryMEHThI APOOSTCS
OecripeienbHO. A OTCIO/Ia HETIOCPEICTBEHHO BHITEKAET, YTO M HHKa-
KHX «OCOOBIX» (DM3MYECKHUX 3aKOHOB B MHKPOMHPE TOXKE HET, B HEM
JEHCTBYIOT Te K€ (PU3UUECKUE 3aKOHBI, YTO ¥ B Makpomupe. M uto amns
aHaJM3a MPOIECCOB MUKPOMHUPA MOXKHO M HY)KHO IIHMPOKO HCITOIB30-
BaTh aHAJIOTUM MaKpPOMHpPAa, TO €CTh TO, YTO B CBOE€ BPEMs pPEKOMEH-
JoBaj 4ieH JIOHZOHCKOTO KOPOJIEBCKOTO OOILIECTBA W BBIAAIOMIMACS
¢uzuk koHra XIX — Havama XX Beka sopn Paneit. [IpaBna, 3To G110
10 DUHIITEHHA.

KoneuHo, KoHKpeTHbIe KO3()OUIIMEHTH MOTYT 3HAYUTEIBHO OTJIH-
4aTbes, pa3 MacTadbl Apyrue. Ho B mpuHIHIIE, Bce 3TO OJTHO M TO XKe.
KomnoccanbHbie BO3MOKHOCTH OTKPBIBAIOTCS TPU TAKOM ITOAXOJE IS
aHaJIM3a CyIIHOCTHU SIBJICHUH MHUKPOMUPA, U 3TO BOBCE HE CKYYHO!

Otcrofa ke BBITEKAET M ellle OJHO HEeMaJOBaXHOE OOCTOSTEINb-
cTBO. Pa3z BO BpeMeHM HET HUKAKUX MPEIANOYTUTEIBHBIX MacIITaboB 1
BCE BPEMEHHBIE OTPE3KU IKBUBAJIICHTHBI APYT IPYTY, TO BO BCE BpeMe-
Ha Hamra BcenmenHast mmena B cpeHeM OAMH U TOT ke BHI. JKemaete
3HATh, YTO OBLJIO B MPOILJIOM WK OyaeT B Oyayiiem? M3ydakite HacTO-
siee. BeenenHas cranvoHapHa U JUHaAMU4HA. B Hell oJHOBpeMEHHO
CYIIIECTBYIOT BCE€ BHBI ITPOLIECCOB, NX HAJ0 TOJBKO YBUAETH M MOHATH
B3aMMOCBSI3b.

BoT Benp kK KakuM BBIBOJIaM MOXKHO MPHUJTH, €CIU TPAMOTHO IIO-
JIOWTH K OTIPEICTICHUIO BCeOOMX (hPM3NISCKUX UHBAPUAHTOB!

CrnenytomyM BaKHBIM BOIIPOCOM METOIOJIOTHH SIBISIETCS po0Iie-
Ma B3aUMOOTHOIICHUS MPUIMHHOCTH U CIIy9allHOCTH B SIBJICHUSX.

Kak mpaBuiio, B MakposIBICHUSIX BUJHO, K KaKHM CIICJCTBHSIM
MPUBOAAT T€ WJIM WHBIE MpUYrHBL. Korma ke He Bce y4TeHO, a BCe
y4eCTh HEBO3MOXXHO B MPHHIIUIIE, TO U PE3YJIbTAThl YACTHYHO CITydaii-
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Hbl. TakuM 00pa3zoMm, CilydyallHOCTh BBICTYNA€T KakK pe3yJIbTaT HEemoJ-
Horo 3HaHus. OIHAKO, €C/IM B MUKPOMHpE IEHCTBYIOT TE K€ 3aKOHBI,
YTO U B MakKpoOMHpE, TO U 3/1€Ch CIy4allHOCTb JOJKHA BBICTYINATh HE
KaK MPUHIMI yCTPONWCTBA MPUPOBI, KaK MOJaraloT HEKOTOPbIE Teope-
THKH, a KaK Pe3yJbTaT HAIIErO HETIOJHOTO 3HAHMSL.

Kaxknoe sBIeHHE e€CThb CIEACTBHE NBWKEHUS COCTABISIONINX €T0
aneMeHTOB. Kaxnoe MaTepuaibHOe 00pa3oBaHUE HMEET CTPYKTYpY,
TO €CTh COCTOUT U3 KaKUX-TO YaCTEH, U OTH YaCTH CBS3aHBI U B3aUMO-
JOEHCTBYIOT IPYT C APYroM. A (pU3MKH 0 CHX MOP CUMTAIOT, YTO MHUK-
pOYACTHIIBI UMEIOT Maccy, 3apsAl, MarHUTHBI MOMEHT, HO HE HMEIOT
HU pa3MepoB, HH CTPYKTYpHL. DTo0 nodemy xe? J{omKHbI UMETh!

Kak yxe OpUTO TIOKa3aHO, OCHOBHOW JTMHUEHW Pa3BHUTHSI €CTECTBO-
3HaHWS OBLIO yriIyOJeHHWe 1O ypOBHSAM opraHuzanuu marepud. Ot
BcenenHoli B 11eJ10M K CyOCTaHIIMAM, Jlajiee — K BEIIeCTBaM, Jajiee — K
MOJIEKyJIaM, Jajee — K aTOMaM, Jajee — K «3JIEMEHTapHBIM 4acTHIIaM»
BenlecTBa. TO €CTh KaXAbIl pa3 Mepexo] OT HEKOTOPOTO «IEIOro» K
ero vactsaMm. Marepusi OecrpeieibHO JpoOMMa: 3TO 03HAYAET, UTO
nmoboe MaTepralibHOE 00pa3oBaHHE JOKHO UMETh YacTH, a 3HAYUT U
pa3Mepsl, H CTPYKTYPY.

A xak ompezensanuch yactu? [l 3TOro aHaIM3UpOBaAIOCHh MOBE-
JICHUE «IICJIBIX» 00pa30BaHUl MPU UX B3aUMOJICHCTBUIX MEXIY COOOM.
W B pesynpTaTe aHanIM3a ONpenesUINCh «dacTh». Hampumep, npu aHa-
nu3e B3aumozeiictBuil Monekyn (koHery XVIII — magano XIX crone-
Tuit) JlaByasbe mpuIlen K BRIBOJY O TOM, YTO y pPa3HbIX MOJEKYJ €CTh
o01ye 4acTy, KOTOphIe OH Ha3Ball «3JeMeHTaMu». M3y4unB B3auMoieii-
CTBUE psiia MOJIeKyJ, JIaBya3be IpuIlIen K BBIBOAY O TOM, YTO MOJIEKY-
Ja eCTh KOMOWHAIMS 3THUX <QJIEMEHTOB», KOTOphIe Mo3xke JlanbToH
Mo3Ke Ha3Bajl «aTOMaMW», 3aMMCTBOBAB 3TO Ha3BaHMe y Jlemoxpwra.
BBeneHnne MoHATHS aTOMOB MO3BOJIMIIO BBINTH M3 KPHU3HCA €CTECTBO-
3HaHUs TOTO Tiepuoja. MoJekylbl MpUoOpeTH U pa3Mepsl, U CTPYKTY-
Py, @ XUMHUS TTOIy4HIIa MOIIHBII TOYOK K Pa3BUTHIO.

To e mpou3ouUIo U Npu aHaim3e aToMoB. CaM (hakT CyIecTBo-
BaHMs Pa3IMYHBIX aTOMOB, AJpa KOTOPBIX HECIH B cede OCHOBHYIO
Maccy, TOBOPWJI O TOM, YTO FIMEHHO $/Ipa OIPEJIENSIIOT OCHOBHbIE CBOM-
CTBA aTOMOB M YTO 3TH fApa HMEIOT OJWHAKOBBIM CTPOMTENBHBII

MaTepualn U OTIIMYAl0TCs Pa3InYHbIM COCTaBOM 3TOT0 MaTepH-
ana. Beenenue npencraBieHuil 00 «3J€MEHTApHBIX YacTHLIAX» I103BO-
JIWIO ONPEIEIINTh COCTABBI SJIEpP U aTOMOB B IIeJIOM. 1 IMEHHO 3TO He
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TOJIBKO MOJIKPEMHIIO YXKe CYIIECTBOBABIIYIO XUMHUIO, HO U JaJI0 TOJTYOK
K pa3BUTHI0 aTOMHOW 3HepreTukd. IlosToMy m ceiiuac, Korga «die-
MEHTapHBIX YacTHUI]» BEIIECTBA CTAI0 MHOTO (pa3Hble HMCTOYHHKU
Ha3bpIBAIOT pa3HOE YMCIIOo yacTull MUKpomupa — oT 200 mo 2000), mis
MOJTyYeHMs JAHHBIX 00 X CTPYKTYypax HYXKHO MPOCIEANTH 3a UX B3au-
MOJICHCTBUSIMH U BEISIBUTH HamOoliee oOIue 4epThl STUX B3aUMOJEH-
CTBUH.

W3 toro daxra, 9T0 BCE BHABI YACTHI] MOTYT IPEOOPAa30BHIBA-
TBCS JIPYT B JIpyra, BBHITEKAET, YTO BCE OHM MMEIOT OJHHU W T€ )K€ Ya-
CTH — «KUPIUYHKW». A M3 TOro (akra, 4YTO Takue MpeodOpa3zoBa-HUS
CIIEIYIOT TOJILKO TPH MX B3aMMHOM COYJApPEHUH, TO €CTh B Pe3yJbTaTe
MPOCTOTO0 MEXaHWYECKOTO yiapa (a He B pe3yibTare, CKaXeM, Mar-
HUTHOTO WJIM DJIEKTPHYECKOTO BO3ACHCTBHS), BHITEKAET, YTO YACTH Ya-
CTHIl TIEPEMENIAIOTCS B NPOCTPAHCTBE M TOXKE COYIApsIOTCS: BEAb
«3JIEMEHTapHbBIE YaCTHUIIBD» BEIIECTBA COYAAPSIOTCS KAKIMH-TO CBOUMHU
YacTsIMH, a HE BCEM TEJIOM Cpasy.

Takum 00pa3om, B pe3ynbTaTe aHAN3a TOBEACHUS MUKPOYACTHII
BBISICHIJIOCH, YTO MX YaCTH, «KHUPIUYHAKI», JOJDKHBI TEpEMEIaThCs B
MIPOCTPAHCTBE U coyHapsAThcs. C Ipyroil CTOPOHBI, 3TH «KUPITHYUKNY
JOJDKHBI KaKUMH-TO CHJIAMH YJIEP)KHBaThCSI B COCTaBE MHUKPOUYACTHII.
BrionHe 10mycTHMO MPEANON0KEHHE O TOM, YTO MX YACPKUBAIOT TaKHE
Ke «KHUPIUYUKH», KOTOPbIE HAXOATCS B OKPYKAIOIIEM MUKPOYACTHIIBI
MPOCTPAaHCTBE. JTO TeM Oojiee BEPOSITHO, YTO W3BECTEH DKCIIEPHMEH-
TaNBHBIA (QaKT «POXKICHHUSD) MUKPOYACTHUI] «(PUIUUECKUM BAKYyMOM,
TO €CTh NMPOCTPAHCTBOM, HE 3aIOJHEHHBIM BEIIECTBOM. OJTO TOBOPHUT
0 TOM, YTO MCXOIOHBIH Marepuan — «KUPIUYUKH» YXKE COAEp)KaTcs B
BakyyMme. U ciiezioBaTenbHO, B BAKyyMe COJIEPIKHTCS cpejia KaK COBO-
KYITHOCTb 3TUX «KHPITHYUKOBY.

A Tenepb 0cTaOCh OTBETUTH HA BOIPOC, UTO K€ 3TO 3a CpeAa, 3a-
MIOJTHSIOMIAs] MUPOBOE MPOCTPAHCTBO M COCTOSIIASI U3 TEX KE CaMbIX
«KHPIHYUKOBY», U3 KOTOPBIX COCTOSIT U BCE «IJIEMEHTApHBIE YACTHUIIBI)
BemiecTBa. OTKPOBEHHO TOBOPS, BBHIOOp HE OYEHBb BENMK: BEOb HAaJO
BOCIIOJIb30BATHCS] KAKOW-TO aHAJOrMed MakpoMupa. A HaM HU3BECTHBI
BCETO JIMIIb TPU THUNA CPEeJ B MaKpPOMHUpE: 3TO TBEPAOE TEINO, JKU-
KOCTb U Tas.

W3 yka3zaHHBIX TpeX Tel Ha POJIb MUPOBOH CpeAbl MOAXOANT JIHLIb
ra3. TBeplioe Telo He FOJMTCS, TaK KaK TPYJIHO OOBSICHUTH, KAKUM 00-
pa3oM CKBO3b HETO MOTYT MPOTUCKUBATHCS TJIAHETHI, MPAKTUYECKH HE
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MU3MEHsI CKOpOCTH. JKuaKOoe Teno ToXKe MaJlo MOIXOINT, TaK KaK XKHUJI-
KOCTb, 00J1a/1a51 IOBEPXHOCTHBIM HATSHDKEHUEM, JIOJDKHA B HEBECOMOCTH
coOMpaTbCsl B IIApbl. A 3TO 3HAYUT, YTO TOTZIA B MPOCTPaHCTBE Oy-
IyT HaOMIOJaThCsl HEPAaBHOMEPHOCTH MIPH MPOXOKACHUH CBETA, HO ITO-
ro He Habmoaaercs. M ToNbKO ra3 yaoBIETBOPSET BCEM TPEOOBAHUSM,
HOpeabsaBIsIeMbIM K MUPOBOM Cpeie: OH €CTECTBEHHBIM 00pa3oM 3a-
MOJHSET BCE NPOCTPAHCTBO, UMEET MAaIYIO BA3KOCTh U cIlocoOeH B
HIMPOKHUX Mpelesiax U3MEHATH CBOIO INIOTHOCTD, YTO HEMAIIOBAYKHO IPH
00pa30BaHUH YaCTHUI] BEIIECTBA.

IIpuxoauTcs OcTaHOBUTHCA Ha rase. Torma mojy4aercs, 4YTO
3TOT Ta3 B BUJE CBOUX MOJIEKYN U COAEPIKUT T€ CaMble «KHUPIUUYHUKI,
U3 KOTOPBIX COCTOSAT MHUKpOYAacTHLBI BemecTtBa. Ho Ttorma Hamo wmc-
MOJIb30BaTh BCE 3aKOHOMEPHOCTH OOBIUHOM Ta30BOM MEXaHUKH IS
O0OBIYHOTO PEaTHLHOTO, T. €. BA3KOTO M C)KMMAEMOTO rasa, 4ToObl pa3o-
OpaTbcs B yCTPOMCTBE MUKPOYACTHUI], a TaKXe B yCTPOICTBE aTOMOB,
MOJIEKYJT U Bcel BeeneHHOH B enoM. A MOCKONBKY ra30Basi MEXaHHUKA
B HACTOsIEe BpeMs yXKe HEIIoXo pa3paboTaHa, MOMY4aeTcs, YTO MBI
UMEEM TOTOBBIM MOAEIBHBIA U MaTEMAaTHYECKHI ammapar Ui BBIIOJ-
HeHUs 3Tol 3amaun. U 3Ta cpena, HMMerolas CBOMCTBA rasa, JOJDKHA
ObITh Ha3zBaHa APHUPOM, Kak 3TO W OBUIO BCErna, a dJIEMEHT CpPeabl —
4Mepom, Kak ero Ha3bIBad J[eMoKpur.

Hnst pacyera OCHOBHBIX MapaMeTpoB 3¢dupa aBTOpoM OBLIO HC-
MOJIb30BAHO JIBa MCXOJIHBIX MOMEHTA — SHEPTHsl JIEKTPUUECKOTO OIS
MIPOTOHA M LEHTPOOEKHBIE CHUJIBI, CTpeMsIIIMeCs] pa3dpocarh TENO MPo-
TOHA IIPU €r0 BPAILEHWH, HO KOTOpbIe pa3dpocaTh ero He MOTYT, OTO-
My 4TO 3TO HE MO3BOJISIET CAEIaTh BHEUIHEE naBieHue adupa. [leproe
MO3BOJIMJIO HAWTH TUIOTHOCTH 3(Upa B OKOJO3EMHOM IPOCTPAHCTBE,
BTOpOE — €ro IHEProcojepkaHhe W NaBieHne. A 3aTeM, NMPUMEHHB
¢dopMynbl  OOBIYHOW T'a30BOM MEXaHMKH, OKa3aJ0Ch BO3MOXHBIM pac-
CUHTATh BCE OCHOBHEIE MapaMeTpsl 3Qupa Kak 0OBIYHOTO Ta3a.
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Tabnuua 2.1.

Kauecmeennoe onpedenenue ocHoHbIX c60licme Ihupa

CBoiicTBa peajibHOr0 MUpPa

| CaoiicTBa 3¢upa

Maxkpomup

WHBapuaHTHI BceX (PU3NIECKUX

SIBTICHUH MaTepusi, Tpo-
CTpPaHCTBO,

BpeMsl, ABHKCHHE

WuBapuantel »¢upa — mare-
pysL, IPOCTPAHCTBO, BpEMsl, ABHKE-
HHE

M30TponHOCTE  XapaKTEpUCTHK
BEILIECTBA U MOJIEH B MPOCTPaHCTBE

EctectBenHoe 3aI0JIHCHUE
3(GHUpOM MPOCTpaHCTBa O€3 MyCTOT
M JUCJIOKaIUi

Marnoe conpoTHUBIEHUE IBUKE-
HUIO TeJ

Maigbie IIOTHOCTh U BA3KOCTh

Bompmme ckopoctm  pacrpo- Bonbmas ynpyrocts
CTpaHe-HUsl B3aUMOJAECHCTBUI
Mukpomup
B3anMHOe mpeBpamieHue Bcex BosMoxxHOCTE  00pa3oBaHUs
JJIEMEHTAPHBIX YaCTHII BEIIECTBA Pa3IHYIHBIX CTPYKTYP
VYcioBre B3aUMHBIX —TIpEBpa- OneMeHTHl 3(upa JTOIKHBI

HIEHUH YCTOMYMBBIX «3JIEMEHTApHBIX
YaCTHID — B3aUMHBIE COYAAPEHUS

C COXpaHEHUEM MEXAHMYECKUX
apaMeTpoB ABWXKECHUS — BHEPIUU U
HMITyJIbCa

obecrieunBaTh BO3MOXKHOCTH B3a-
UMHBIX COyJapeHuil C COXpaHEeHH-
€M MEXaHHYEeCKHX IapaMeTpoB
JBIDKEHHS — SHEPTHH U UMITyJIbCa

Vnepxkanue marepuu B Ipejie-
Jax yCTOﬁqHBBIX OQIJIEMEHTApPHBIX
YaCcTHI» BEIECTBA

Hanmnuwe ¢opM nBuxeHws,
o0ecTIieYnBarONINX yaep>kaHue
aupa B COCTaBe MaTepUATBHBIX
00Opa3oBaHMiA

Paznuune YACIBbHBIX IIJIOTHO-
cren «QJIEMCHTApHbIX YacCTUI» BEC-
eCTBa

CxxumaeMocTh 3dupa B ImIH-
POKHX Ipeienax

Buisoo: 3¢pup — rasomnojn
aJIbHOIO ra3a

00HOe TeJI0 CO CBOWCTBAMHU pe-
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Pesynprarer pacyeToB NpuBEACHHI B TaOnHIE, JaHHOH B MPHIIO-
keann. Kak BUmHO M3 TaOMMIEI, TUIOTHOCTH 3¢dupa Ha 11 mopsakoB
MEHBIIIE, YeM TUIOTHOCTh BO3yXa NPU OOBIYHOM JABJICHUU U OOBIYHOM
TeMmIeparype. 3aTo ero SHeprocoAep)kaHre W AaBJCHUE BECbMa BENH-
ku. [lomywaercs, dro omgmH KyOmueckuid MeTp cBoOomHOTO 3(dupa co-
JEPKUT B cebe IHEePTUI0 TOYTH MIUIHAPAA MUIUIHAPAOB METaTOHHBIX
aToMHBIX O0MO. JKemaromme nerajgpbHee O3HAKOMHUTBCS C pacdeTaMU
mapaMeTpoB 3¢dupa MOTYT 3TO cAelaTh Mo KHure aBTopa «OOmmas
spupoanHaMuka. MoennpoBaHue CTPYKTyp BeIIeCTBA W MOJieH Ha
OCHOBE TPEJCTaBICHUI O Ta3onogoOHOM d¢upe» 2-¢ u3nanue (M.,
Dueproaromusnar, 2003, 584 c.).

2.6. Bugbl aBmxeHusn acpupa
IlepBonauana Bewei B
Gecnjnt HEOOBATHOM MSITYTCS
Tum Jlykpeyuii Kap. O npupooe geuyel.

YcTpolcTBO BEMIECTBA — 3TO YCTPOMCTBO €ro MOJEKYJI W aTo-
MOB, aTOMHBIX SJIEp M 3JIEKTPOHHBIX 000J04eK. UTOOBI pazoOparbcs B
CIIOXKHBIX CTPYKTYpax, BCErJa NPUXOIUTCS HAYMHATH C IPOCTEHIINX.

Ecau paccmaTtpuBaTh OTAEIBHBIM aMep, TO Y HEro IO OTHOLIE-
HUIO K JPYTUM amepaM MOXET CYIIECTBOBAThH JIMIIb OJHA OCHOBHAS
dopMa ABWKEHHS — MOCTyNaTelbHas. AMep COXpaHSET CBOE JIBHIKE-
HHE /IO TeX IIOp, ITOKA HEe CTOJIKHETCS C IPYTUM aMepoM, 4TO HX 000-
UX 3aCTaBUT U3MCHUTH HampaBlieHHe JBWKeHus. KoHeuHo, mpu 3ToM
MOTYT BO3HHKHYTh W JeOpMalliil aMepoB, W BpallleHHe WX, Ha YTO
3aTpaTUTCs SHEPTUs, OJHAKO 3TH (POPMBI OBMKEHUS Ui d3¢upa B Le-
JIOM HE SIBJISIIOTCS TJIABHBIMU, TIOATOMY M3YUYECHHE BIHSHUS 3TUX POpPM
Ha rapamMeTpsl 3pupa — neno Oy ymiero.

OneMeHTapHbI 00beM 3¢upa obnamaer yxe TpeMms (opmamu
IOBWKEHUS — U PY3MOHHOM, TOCTYAaTENbHON U BpallaTebHON  (pHC.
2.1).

OTH Tpu HOPMBI UMEIOT CIIEAYIOLINE CEMb BUIOB JIBMKEHHS:

oughgpyzuonnas — Tpu BUa — nepeHoc macc (€Ciu TUIOTHOCTH B
Pa3IMYHBIX O0JNIACTAX MPOCTPAHCTBA PAa3HBIC); HEPEHOC KOAUYECHmEa
osurcenua (eClv B Ta3e €CTh IPAJANCHT CKOPOCTEH MTOTOKOB); HepeHoc
9Hepeuu (€CIU B ra3e ecTh Pa3HOCTh TeMIieparyp) (puc. 2.2);
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nocmynamenvhas — JBa BUJA — JAMUHAPDHOe Medenue (THIA
BETpa) U Hepeblil 36yK (TIepenada Majioro MpHUpaleHus 1aBieHus) (puc.
2.3);

eépaujamenbHaa — I1Ba BUIA — PA3OMKHYmOe eépaujenue (THIA
cMepua) U 3amKHymoe epawienue (Tuna topouna) (puc. 2.4).

OcranpHble (GOPMBI IBIKEHHUS Ta3a — 3TO JIUITE KOMOWHAITUH Tie-
PEYHCIICHHBIX.

Pasnomepnoe nocntynamenvroe Heuncenue
OSMWCQHue amepa JlemMernma 2aza
* ‘ + Jeuorcenue
JHudp@yzuonnoe HocmynamensHoe Bpawamenvnoe | .00 HmapHOZ0
Oeuoicenue eaza Jeudicenue casza Qeucernue 2a3a | opvaua 2asa

Puc. 2.1. IBu:kenue amepa, ¢popMbl M BUIbI ABH:KeHHs d¢upa

| Jlughgpysuonnoe ogudicenue |

L] Y Y

deuicenus ¥,
‘pagnerue Oypve
Saxon Duxa Vpasuenue Hoiomona do =-k ddedt
dm = DL asdr drF = n s n
dx o k=ne
d 1 - Vpasuenue
EL; =DAc n= 3 upl MENLONPOEOOH OCMIL
@
T = DAT - c,p
ap " B>E BT
Ps s s
v, AP T
B>, T>T,

Puc. 2.2. Tuddysuonnnie popmbl 1BHKeHUs Ipupa
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| Ilocmynamenvroe osusicenue |
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Y

4. Jlamunapnoe

Vpaenenue Bepuynnu
2
% + / ng: const

Vpasnenue cocmoanua

p=R 100

Vpaenenue Hasve-Cmoxca
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W3 Bcex nepeuncneHHbIX (GOpM U BUIOB ABMKEHUS 3GHUpa TOJBKO
OJIMH BHUJl JBWXKEHHSI — TOPOUAAIBHBI — MOXKET 0OO0ECIeYlTh B Orpa-
HUYEHHOM TPOCTPAHCTBE JOKAIH3ALHUIO YIUDIOTHEHHOTO Ta3a, OCTallb-
HbIE BH[BI IBIDKEHHS Ta3a B IPOCTPAHCTBE HE JIOKATM30BaHbL. TakuM
00pazoM, mopouodanbHulil 6UXpb — eOUHCHMEEHHOE 00pA306anue Ko-
mopoe modicem omodcoecmenamsca ¢ mukpovacmuyamu. Crenona-
TEJIBHO, HY>KHO Pa300paTbCsi B TOM, KaK YCTPOEH Ia30BbI BUXPb.

CrenManbHO MOCTABICHHBIE SKCIIEPUMEHTHl IOKa3ajiM, YTO JIU-
HEHHBIN Ta30BBIH BUXPh MPEJCTABISECT CO00H TpyOy € YIIIOTHEHHBIMU
CTCHKaMHU C MMOHWKEHHBIM JIaBIICHUEM BHYTPH TPpYObl (LICHTpOOEKHbIC
CHJIBI OTOPAChIBAIOT I'a3 M3 LIEHTPa K CTEHKaM) W TPaAMEHTHBIM IIO-
TpaHUYHBIM CJIOEM BOKPYT HEe..

Tor ¢axT, 4TO ra3oBbIii BUXPh UMEET TPYyOOOOpPA3HOE CTPOCHHE,
M3BECTHO JOCTATOYHO JABHO. DTO OBUIO MOIATBEPKICHO M Ha CIHELU-
QIBHOM CTEHZE C MOMOIIBI0 YCTAHOBJICHHOI'O HA 3€MJIE PEaKTHBHOTO
CaMOJIETHOTO JIBUTaTeIsl, IPH 3aIlyCKe KOTOPOTO TMepea HUM oOpas3yeT-
cst BUXpb (puc. 2.5).

Puc. 2.5. C:kaTne ra3oBoro BUXpsi Ha BXo/ie B BO31yX03a00pHUK
(c;1eBa BBEpXY) PeaKTHBHOIO IBUTaTeJIsl CAMOJIeTa Ha CTOSTHKE
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Taxue BUXpH 4yacTo 00pa3yroTcs Ha CTOSHKaX y OOBIYHBIX CamoJIe-
TOB, Y KOTOPBIX [BUTATEJId PACIIOJIOKEHBI OCTATOYHO HU3KO. Torma
TaKOW cMepd MOAMETAeT IJIOMAAKY Iepell CaMOJIeTOM U TAaIlUT B Typ-
OMHYy BCE, YTO Ha HEH OKa3bIBaeTCs — IMECOK, KOMbsI 3€MJIM, KAMHH H
3a0BIThIE HHCTPYMEHTHI. Bce 3T0 1eTuT B TypOMHY U JIOMAeT JIOMATKU.
[y BBIICHEHHUS BCEX OOCTOSATENBCTB U OBbUI IIOCTPOEH CTEH[, C IIOMO-
IIbI0 KOTOPOTO HAILIM PaJuKabHBIA crlocod OOpBOBI C MOTOMKaMHU.
Oxkazanoch, YTO MepeJl 3allyCKOM JBHraTells HY)KHO BCETo JIMIIb MOJI-
METaTh IJIOIAJKY U He 3a0bIBaTh Ha HEW HHCTPYMEHTHI.

a)

6)

8

Puc. 2.6. [lmiMHAPHYECKHIi ra30BbIi BUXPh: [ONIEPEYHOE CeueHUe BUXPs (a);
pacnpezaeneHue MIOTHOCTH ras3a (6); 3Mmiopa KacaTelbHBIX CKOpocTed (8);  3aBHCH-
MOCTb YIJIOBOW CKOPOCTH BpAIL[CHHs ra3a B BUXpE OT paauyca (2)

Bnaronapst norpaHndHOMY CII010 ra3oBasi TpyOa He pacchlmaercs, a
BpallaeTcs IOYTH Kak TBepoe Tejao. B morpaHudHoM ciioe 6iaaronaps
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BBICOKOMY TPaJHEHTy CKOPOCTEH TeMIeparypa IOHIKEHA, BSI3KOCTb
TOXE IOHIDKEHA, W BUXPh BpAallaeTCs B MOTPAHUYHOM CJOE€, KakK B
MOJIINTTHUKE CKOJBKEHUs, OTJaBasi BHEIIHEH cpelle Wb MUHUMYM
sHeprud. (puc. 2.6).

[IpuponHbie cMepur W IUKIOHBI UMEIOT TOPOOOpaszHyro (opmy.
Ho 00BI4HO MBI BUAUM TOJNBKO IEHTPAIBHYIO YacTb, IJI€ BO3AYX CHIIb-
HO ckaT. Ho BO3ayX, MOJHSBIIMCH BBEPX, NANbLIE pacTe-KaeTcs H
BHOBB OITyCKAaeTCsl BHHU3, CHOBA YCTPEMIISISICH K ITOM LEHTpa-JIbHOM Ya-
cri. Ho Ty 9acTp IBWKEHMS BO3IyXa, TJ€ OH JBWKETCS BHH3 MBI HE
BUJIMM, TIOTOMY YTO OH PacTeKaeTcsi MO OONBIION IUIONIAIH, TO3TOMY
oryckaercsi oueHb MeaieHHo. OqHako Ha GoTorpadusx HUKIOHOB TO-
poobpazHas ¢purypa MUKIOHA BCE JKE BUIHA.

BuHTOBOE NBWKCHHE Ta3a B BUXPEBOM CTOJIOE OoJiee YCTOMYHUBO,
YeM He BHHTOBOE, TaK KaK IPaJUCHT CKOPOCTH B TIOTPAHUYHOM CIIOE
YBEJIMYMBACTCS — MOOABISIETCS €Ile OJHO IEepEeMeNIeHHe Tra3a BJOJb
cronba. [ToaTroMy cmepun Hamboiiee yCTOWYMBBI TOTJA, KOTJa B HUX
COUYCTAIOTCA JiBa JABWIXCHUA — BpaAIlaTCIIbHOC BOKPYI' OCU M IIOCTYyIIa-
TEILHOE BIOJIb OCH BUXPs (puc. 2.7).
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Puc. 2.7. Cmepu: a — BHEIIHUI BUJI cMepya; O — CTPYKTypa cMepua Io 1O J1aH-
HBIM HaOJIIOICHUH
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B TopomnnansHOM ke BUXpE MPOUCXOIUT BCE TO K€ CaMoe, TOIBKO
3Ta TpyOa ra3oBOro BUXps 3aMKHYyTa cama Ha ce0si, B pe3yJbTaTe 4ero
NOJTy4aeTcsi BHHTOBOW BUXpEBOM Topoun (puc. 2.8).

Puc.2.8. O6pazoBaHue HUKJI0HA B paiioHe Daopuabl (CHIMOK W3 KOCMOCA)

BuHTOBBIE BUXpEBbIE TOPOHABI MOT'YT HMETh HECKOJIBKO (OpM.
OpHa n3 HUX — TOHKOE BHXpEBOe KoibLo. Bropas ¢opma — mapoo0-
pasHas, Onmu3Kas K TakK Ha3bpIBaeéMOMy BHXpio Xuiuia. B 3aBucumoc-
TH OT OPHEHTALMHU KOJIBLIEBOTO JBIKEHHS (JBM)KEHHS BOKPYT TJIaBHOM
OCH TOPOWZA) IO OTHOLICHUIO K TOPOMIAIBHOMY JABHXEHUIO BOKPYT
KOJIBIIEBOM OCH TOPOWAAIHHOTO TeJa BO3MOXHO IIPaBOE WIIH JIEBOE
BUHTOBOE NBIKeHHE. MOXET OBITh M TOJBKO OIHO TOPOHAA-THHOE
JIBIKEHHE, 0e3 KOJbIIEBOro, HO TaKOW BUXPb MEHEE YCTONYMB.

K BUHTOBOMY TOpOHIY MOTYT MPHUCOETUHSTHCS TOTIOTHUTEIHHBIE
— MpHUCOeINHEHHBIE BUXpHU. [IpuMepoM Takoro MHOTOCIOMHOTO BUXPS
ABJISIETCSl TAaK Ha3bIBaeMblil BUXph Teisiopa. DTOT TUI BUXPS ObLT TO-
Jy4eH SKCHEPUMEHTAIBHO B JABAALATHIX TIoJax TEKYIIEro CTOJIETUS
Jx.Teitmopom. HamomuHaeT aToM € €ro AJIEKTPOHHBIMH 000JI0YKaMH,
He npasa i (puc. 2.9).
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Puc. 2.9. Buxps Taiisiopa

brnarogaps HalMuYuIO TMOTPAaHUYHOTO CIIOS,  YJAEP>KUBAIOLIETO
BUXpPb OT pa3pyllIeHHs, BOSHUKAET TPAJTUEHT CKOPOCTEM, YTO MPHUBO-
JIUT K MaJeHUI0 TeMIIepaTyphl B MOIPaHUYHOM CJIO€, a MO3TOMY BCH-
KUH Ta30Bblil BUXPb OXJAXKAAET OKPYXKAIOIIYIO CpElly, MOCTEHEHHO
3abupas ot Hee Terwto. Korna Bce TeMmnepaTypbl BBIPOBHSIOTCS, TEMIIE-
paTypHBIIl TOTPaHWYHBIN CIIOM MEPEeCTaHeT CYLIECTBOBATh, & KHHETH-
YyecKasi JHEpIHs BpallleHUs Tella BUXpsS UCUepraeTcs, IOoCcie Yero BUXphb
pa3pyLmTcs.

Korna Buxpps OTHAeT 4acTb CBOEH DHEPIHH, OH YBEIMUYUBACT
cBoi auameTp. IIpHumH TOMYy HECKOJIBKO: OJIHA U3 HHUX 3aKIIIOYaeTCs
B TOM, YTO BHyTpEHHEe JaBJieHHE B IIEHTPAJIbHOM YacTH BHUXps Ha4u-
HaeT MOJHUMAThCA, TaK KaK IEeHTPOOEKHBIE CHIIBI HE TAK HHTEH-CUBHO
Tenepb 0TOPAChIBAIOT ra3 U3 BHYTPEHHEN 001acTH K CTEHKaM.

Kak ob6pasytorcs Buxpu? J[inst ux o0pa3oBaHusi JIOCTATOYHO MPO-
CTO XAOTHYECKOTO cOyJapeHus cTpyd rasa. Haumnas ¢ HekoToporo
KPUTHUYECKOTO 3HAaYEHHs CKOPOCTEHN COylapeHusl, ra3 HauMHaeT 3aKpy-
YMBATKLCS, U B MIOTPAHUYHBIX O0JIACTSAX CTPYH 00pa3yroTCs KOIBIICBEHIE
BUXpU. OTHU BUXPU CaMOYIUIOTHAIOTCA, MMOCKOJBKY ra3, B OTJIMYHE OT
JKUAKOCTH, C)KMMAEM, YMEHBIIAIOTCA B pa3Mepax U CaMOIIPOU3BOJIBHO
JeTIATCSl. AHAJIOTHYHOE SIBJICHHE, TONBKO 0€3 COKaThs BUXPEH, MOXKHO
Ha0MoAaTh B OOBIYHOMN BOJIE, €CJIM B HEE KAIHYTh C HEOOJBIION BHI-
COTBI KaIUTIO YEPHWI. ITOT MPOCTOH, KpacuBbIld 1 3peKTHBIN dKCIIe-
PUMEHT JOCTyIeH Kaxkaomy. [Ipu mpoBeaeHun omnbita He 3a0ynbTe TO-
CTaBUTh OKOJIO OAaHKM C BOJOI HACTOJBHYIO JIaMITy, YTOOBI JIydIle
HaOJro1aTh 00pa3oBaHKe BUXPEBbIX Kodel (puc. 2.10).
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Puc. 2.10. O6pa3oBanne u JejieHHE TOPONIAIBHBIX BUXPEBBIX KOJIEIX
B JKH/IKOCTH NPH NMaJeHNH KAILIH

mvr = const

THoepanuurviii

cnoﬁ\__: P > P
e i

——— —

Obnacms mopmosiceHus

-~

Puc. 2.11. Bpamenue tena: Bokpyr uminaapa (a); BOKpyr LEHTpa IpH U3MEHe-
HHUH pajauyca BpameHus (6); CTpyKTypa HIKHEH 9acTH cMepda, B KOTOPOIf ra3 JBIKET-
sl C UI3MEHEHHEM pajyca BpalieHus (8)
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3mech crnemyeT cAenaTh ONHO HEMalloBakHOe 3amedanwe. [lpu
BUXpeoOpa3oBannn  (popMupyrommecss BHXPH  CaMOIPOU3BOIBHO
YMCHBIIIAIOT CBOM pa3Mmep. DTO XOpOIIo BUAHO Ha (ortorpadusx wuc-
KYCCTBEHHO CO3JJaHHBIX BUXpeil u cmepueil. [To Mepe packpyTku BUXPh
YMEHbBIIIAeT CBOW paanyc. BBISICHEHO, YTO MPH 3TOM BHEIIHEE JaBIie-
HUE aTMoc(hepsl caBIMBaeT BUXPh M YacTh IMOTEHIMAIHHONW SHEPTHUH
aTMoc(epsl CaMOIMPOU3BOJIEHO MEPEXOIUT B KMHETUYECCKYIO DHEPTHIO
BpaieHus: BUXps. To ke caMoe MPONCXOIUT U TIPH BUXPEOOPa30BaHUU
adupa (puc. 2.11).

Jlydiie Bcero HaOJIOIaTh MPOIECC CKATUSA BUXPS C TIOMOIIBIO TaK
Ha3bIBaeMoro simuka Byna. Bo3sMuTe haHepHBIi AIIMK U3 TOJ TOCHLI-
KM ¥ MPOBEPTHUTE B €r0 JHE OTBEPCTHE JAUAMETPOM CAaHTHMETPOB 6-7.
BMecTo KpBIIKM HATSHUTE YIPYTyKd MeMOpaHy, HamnpuMmep, PE3uHY.
BHyTpbs HamO OpOCHTH JBIMOBYIIKY, YTOOBI KONTEA, HANpUMED, MOJ-
JKe4h pacdecKy Win 4To-HuOynb mapyroe. llocraBeTe simmk Ha OOK U
yaapbTe pe3ko o MmeMmOpane. M3 oTBepcTust ToT4ac K€ BBUIICTHT BIMO-
BOU TOPOWIANBHBII BUXPB (pHcC. 2.12).

_______ ~
5\_:‘_:__:_ —————— -: ""_-: ’I/n‘}_»‘ ”}\

0-0-0-0-0-0-0)-{ L)

1 2 3 4

Puc. 2.12. O6pa3oBaHue ra3oBbIX TOPOUAOB ¢ MOMOLIBLIO silMKa Byna:
1 — sk Byna; 2 — cranust cxaTust TOpouza; 3 — cTaausl pacliupeHHs TOpouaa
(muddysns); 4 — cranus pa3saiga Topouga

[Tomer Takoro BUXps MOXHO pa3/eNiuTh Ha TpH dTama. Ha mepBom
BUXPb CKHUMACTCA. 32160]) MMPOUCXOAUT YBECIIMYCHUEC DHCPIUHU BUXPS 3a
CYET TpeoOpa3oBaHus MOTCHIMAILHON HEPTHUU aTMOoc(]ephl — ee IaB-
JICHWsI B KHUHETUYECKYI0 SHEpruio BHXps. Ha BTOpoMm »sTame BUXPH
HAYMHAET PACIIUPATHCS. 3IECh OH TEPSCT HEPTUI0. A Ha TPEThEM 3a-
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KIIIOUUTEIIFHOM 3Talle OH TOPMO3UTCs U 1udyHIUpyeT, pacTBOpseTCs
B BO31yxe. BUuxpbs OKOHYMII CBOE CyYIIIECTBOBAaHHE.

3HaMeHHUTHI amepukanckuil ¢usuk Pobept Bynd, mpuaymasmmii
9TOT SIIUK, PAa3BIEKAJICA TEM, YTO Ha JEKIUIX pa3gaBall C €ro IIOMO-
IIbI0 TOUICYMHBI Pa300NATaBIIMMCS CTyIEHTaM, a Ha YJIHLE, HpHulle-
JIMBIIKUCH C IOJOKOHHUKA, COMBAJI C IPOXOXKUX HUISIBI HA PACCTOSHHUIX
B COTHHU MeTpoB. JKenaromue MoryT nonpo0OoBaTh 3TO Ha cede.

Taxum o0pazom, mporecc oOpa3oBaHus Ta30BBIX BUXpEH 3TO Mpo-
LieCC CaMOKOHLIEHTPALlUU SHEPIUH, a He paccenBaHus ee. To xe mpo-
HCXOINT U TIPH 00pa30BaHMH IIPOTOHOB B SIIPaX TANAKTHK.

He 3necp nu nexxur pasperieHne 3aragku oTcyTcTBHs «TemnoBoit
cMepTn» Bo Beenennoii?
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MaBa 3. CTpoeHue BelwwecTBa

Marepus, KaK CyIIeCTBYIOIIAs HE3aBUCUMO
OT HaIIIero CO3HaHMUs 0OBEKTHUBHAS PEaJbHOCTD,
HMEeT MIUPOKOe pasHooOpasue Ghopm.
T.Opoeu-I'pys. OcHogvl cmpoenus mamepuu.

3.1. MpoTOH — OCHOBHaA YacTuua MUKpoMupa

YTBepxkAcHME, UTO POTOH — OCHOBHAs yacTula BceneHHol, cie-
IyeT U3 TOro, YTO MPaKTHYECKH BCsl BecoMasi Macca BeulectBa Bo Bee-
JIEHHOM — 3TO Macca IPOTOHOB. B camoM Jiene, HEUTPOH — 3TO TOT K€
MPOTOH, HO OKPYXXEHHBIH MOrpaHUYHBIM cioeM d¢upa. Sdapa Bcex Be-
HIECTB — 3TO IMPOTOHBI U HEUTpPOHBI U Macca ux noutd B 4000 pa3
OombIIe, YeM Macca AIIEKTPOHHBIX 000JI04YeK. A AJIeKTPOHHBIE 000II0Y-
KM, KaK IMOKa3aHo HIXKe, IPEICTABISIIOT COO0H MPUCOESANHEHHbBIC BUXPH
a¢upa U CBOUM TIPOUCXOXKICHUEM O0SM3aHBI TEM XKe MPOTOHaM. A, Kpo-
M€ TOr0, BCE BU/IbI TIOJIEH B OCHOBE CBOEH MMEIOT JIBIXKEHUS 3(upa Ha
TIOBEPXHOCTH U B TeJle TIPOTOHA.

[TockoJibKy €IMHCTBEHHBIM BHJIOM JBIKEHUS 3dupa, CrIOCOOHBIM
B 3aMKHYTOM oObeMe coOpaTh YIUIOTHEHHBIH 3(up, SBISETCS
TOPOUAANBHBI  BUXPb, CTPYKTypa MpOTOHA JIOJDKHA  OBITh
OTOXKJECTBIIEHA UMEHHO C TAKOW CTPYKTYPOM.

Ha ¢ororpadun (puc. 3.1) mokazaHo JIMOBOE KOJIBIIO B MOMEHT
ero o0pa3oBaHusl, y KOTOPOTO I0CTATOYHO YETKO POCMATPUBAETCS €T0

CTPYKTYypa.

Puc. 3.1. CTpykTypa IbIMOBOr0 KOJIbIIA.



dusnyeckue B3aNMOJeiiCTBUA 75

T"a30BBIil TOpOMAANBHBIN BUXPH IMPENCTABISIET coOOH TpyOy, 3a-
MKHYTYI0 B KOJIbLIO, CBEPHYTasi TOPOUAAJbHAs CIUpPAJIb, OKPYXEHHAs
MOTPAHUYHBIM CJIOEM, KOTOPOM HJET Mepenaj IUIOTHOCTH, CKOPOCTH
OTTOKOB, BSI3KOCTH U TeMIepaTypbl. OTHAKO 3TO BCETO JUIIb MEPEXO/-
Hasi CTPYKTYpa, KOTopasi B JajbHEWIeM GpopMHpyeTcs B JIAMUHAPHBIHA
TOPOUJANbHBINA BUXPb, B KOTOPOM OTHENbHBIX CJIOECB YXKE HET, HO €CTh
norpaHuyHbId cod. CaM TakoW BUXpPb CYIIECTBYET Ojaromaps TOpOH-
JaJIbHOMY ABWKEHUIO Ia3a.

[IpocTeiM OWBITOM, AEMOHCTPUPYIOUINM OOpa30BaHUE M Pa3BH-
THE TOPOUIATBHBIX KOJICII, SIBJISICTCS] ONBIT C KarlIel YepHUII, YIaBIICH
B CTakaH ¢ BoJo# (puc. 3.2).

A

Puc. 3.2. O6pa3oBanme M JejieHHe TOPOMIAJBbHBIX BHXPEBBIX KoJjel B
JKHIKOCTH NPH NaJeHNH KaNIH

Heo0xoaumMo OTMETHTB, YTO B TAKOM TOPOHUIIATHHOM BHXPE CaMoO-
MIPOU3BOJIBHO BO3HUKAET KOJIBLIEBOE JIBUKEHUE BOKPYT €ro IJIaBHOU
ocH. DTO TMPOWCXOAWT IMOTOMY, YTO IUIOMIAJbh CEUCHUS BHYTPEHHHX
CTEHOK TOPOUJA MEHBIIE IUIOIMIATU CEUCHUS HAPYXKHBIX €ro CTECHOK,
MO3TOMY TOPOUJATBHAS CKOPOCTh T'a3a B HAPYKHBIX CTEHKAaX MEHBIIIE,
4YeM BO BHYTpeHHHX. HO CKOPOCTh HYXKHO JTHOO 4eM-TO MOTACUTh, TNOO
M3MEHUTH ee HarpaBieHne. [I0CKOIbKy TacuTh CKOPOCTh 3/1eCh HEUYEM,
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ee alcomioTHas BENWYHMHA OCTaeTCd HEWM3MEHHOW, W W3MEHSEeTCS
HaIpaBJicHHUE.

[lepexon moroka 3¢upa U3 BHYTPEHHEH YacTU TOPOUJA B HAPYIK-
HBIC CTEHKU COIPOBOXKIACTCS CHMKEHHUEM CKOPOCTU MOTOKA B TOPOU-
MATBHOM HampaBieHnd. Ho TMOTOKY HeKyAa OTAaTh CBOIO JHEPTHIO
JIBIKSHHS, TIOTOMY YTO BHEIIHUH 3(HUpP, OKPYKAIONUA TPOTOH, UMEET
MaJIyI0 IUIOTHOCTh. DTO 0O3HAYaeT, YTO MOTOK 3¢upa MO BHIXOJE U3
[EHTPATbHON YaCTH BHIHY)KJIEH M3MEHHTH CBOE HANpaBJICHHE ABIKE-
HUE, COXpaHsis 0o0lee 3HAYEHHE CKOPOCTH: TOPOHWJAIBHOE HaIpaBlie-
HHUE YacTUYHO IMpeoOpasyeTcs B KOJBIEBOE BOKPYT IIABHOW OCH MPO-
TOHa. B pe3ynbpTare B HapyKHBIX CTCHKAX MPOTOHA 00pa3yeTcss BUHTO-
BOE IBW)KEHHE — OJHOBPEMEHHOE CYIIECTBOBAHHE TOPOUIAIBLHOTO U
KOJIBIIEBOTO (BOKPYT IJIaBHOM OCH TOpouaa) ABMXeHM (puc. 3.3).

Vi

a

\

0) \

Puc. 3.3. PacnipenesieHue ckopocTeii IBHKeHUI B CTeHKaxX MpoToHa — 3¢up-
HOI'0 TOPOUAAJBHOI0 BUXPSI: @ — TOPOUJAIBHOE JBIKEHUE; 6 — KOJIBLIEBOE JABHIXKE-
HHC

B BHXpe BO3HHMKAECT BHUHTOBOC JBIDKEHHME 3(Upa, TOABISIETCS
KOJIBIIEBAs] COCTABIISIONMIAs JABIDKCHHS. TOPOUI HAYMHACT BPAIAThCS, a
BOKPYI' HEr0 BO3HUKAIOT COOTBETCTBEHHO BHHTOBBIC MOTOKH 3(upa
(puc. 3.3).
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BryTpu Tena mpoToHa B pe3ynbTare IeHCTBHS IEHTPOOEKHOHN CH-
7Bl JaBJIE€HUE dpUpa JODKHO OBITh MOHMKEHO M0 CPAaBHEHHUIO C BHEII-
HUM JlaBJIeHHEM 3¢upa, XOTs IIIOTHOCTh 3(hrpa MOKeT OBbITh U Oojee
BBICOKOM, €Clii TemIepaTypa 3¢(upa BHYTpH HNPOTOHA HUXKE TeMIepa-
Typsl BHeHIHEN cpenpl. K TakoMy IpeanosoXeHuo IpuBOIUT coo0pa-
JKEHHE O TOM, YTO BHEIIHWE CTEHKH NPOTOHA JOJDKHBI TAKXKE MMETh
MOHW)KEHHYIO TEMIIepaTypy OTHOCHUTENLHO BHEIIHEro 3dupa wu3-3a
HaJIM4Us Ha €r0 IOBEPXHOCTH I'PAANEHTHOIO TCUCHHUS.

Pacuert, BBINONHEHHBI Ha OCHOBE COIIOCTABJICHUS SHEPTHU JICK-
TPUUECKOTO MOJIsI MPOTOHA C SHEPTHEN ero MEXaHWYECKOr0 KOJIbIIEBOT0
JBWKEHUSI, TIOKA3aJl, YTO BHEUIHWE CTEHKH MPOTOHA JBUIKYTCS CO CKO-
POCTBIO Ha 13 MOPSIKOB MPEBBIIAIOLUINX CKOPOCTh CBETA, & BHYTPEH-
HUE — eIlle Ha J[Ba NopsiiKa ObIcTpee.

[TockonbKy MPOTOH 3TO TOPOHIAILHBIA BHXPh C YIUIOTHEHHBIMHU
CTEHKaMH, TO Cpa3y BHIHO, YTO B HEM €CTb U 000JI0UKa, U YIUIOTHEH-
Hasl [IeHTpanbHas 4acTb — KepH. U To, u apyroe o0pa3oBaHO BCE TEMH
K€ YIUIOTHEHHBIMU CTEHKaMH BHXpeBOW TpyOku. B meHTpe mportona
JOJDKHO CYIIECTBOBATh HEOOJBIIOE OTBEPCTHE, TaK YTO OH HE COBCEM
[IapHK, a HEMHOTro Moxox Ha Oyomuk. Ilo ananoruum ¢ copmupoBas-
HIMMUCS Ta30BBIMH BUXPSIMH MOYKHO T0JIaraTh, YTO OTHOIIEHUE pa3Me-
pa OomnbIIOro JWaMeTpa K TONIIMHE NPOTOHA JOJDKHO OBITh PaBHO
npumepHo 1,76. Oto o3Havaer, uro TpyOKa, oOpasyromiasi MpOTOH,
HUMEET He KPYTJIOe, a, CKOpee, JUTUIICOBUIHOE CEUCHHE.

CeueHne MOTOKA B LIEHTPE TeJa MPOTOHA UMEET JJIS TOPOUIalb-
HOT'O IOTOKA CYLIECTBEHHO MEHBIIYIO IJI0MIA/b, YEM CEUEHHE MTOTOKA B
Hapy>KHBIX CTEHKaX MPOTOHA, TO CKOPOCTh MOTOKA B LIEHTPE OyAET Cy-
HIECTBEHHO OOJIbIlIe, YeM B HapYKHBIX CTCHKaxX. MHEpIMOHHBIE CHIIBI
3aCTaBAT TeJO MPOTOHA BHITSHYTHCS B IIEHTPE BJOJIb OCH, a C MPOTHU-
BOIIOJIO’KHOW CTOPOHBI B CBSI3M C HAPACTAHUEM CKOPOCTH JI0JKHA 00pa-
30BaThcs BOPOHKA. B 11e710M 3T0 npuBeseT K ToMy, uTo (opMa MpoToHa
Oyznet HarmroMHHATH (hOpMY KyTiosa («MaKOBKY») MTPaBOCIaBHON IIEPKBU
(puc. 3.4).
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Puc. 3.4. Kynona npaBociaBHBIX HepPKBei

Takum o6pazom, xoTs hopMa MPOTOHA MPHOIIHKAETCS K IIaPOBOH,
OHa BCE K€ TAKOBOU HE SIBIISIETCS, M Y TIPOTOHA HE MOXKET OBITh MOJTHOM
CUMMETPHUU HH JIEKTPUUECKOT0, HI MarHUTHOTO TOJIEH, UX CUMMETPHUS
BO3MO’KHA TOJIBKO OTHOCUTEIBFHO LEHTPAIBHON OCH MPOTOHA.

Puc. 3.5. HeycToitynBoCTh JIAMHHAPHOT 0 BUXPEBOT0 KOJIbIA

Jranbl pa3BUTUS NPOTOHA B d(pHpE aHAJIOTHYHBI dTAllaM Pa3BUTHSI
BHUXPEBOTO KOJbIIa B Bojie. Ha prc.3.5 BepXHUil psiji CHUMKOB. MOKAa3bl-
BaeT UCTCUCHUE BOJBI C BBEACHHON B HEe KPacKOW uepe3 MSATUCAHTHU-
METPOBOE OTBEPCTHE, B PE3yJbTaTe Yero CO3JAAECTCS OCECUMMETPUIHOE
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BHXpEBOE KONbLO. HIKHUHI psil CHUMKOB ITOKAa3bIBACT IOCIEI0BATEIb-
HOE€ pa3pylleHne KOJbIla W3-3a HeycToiunBocTh. [lamee koibio mud-
¢ynaupyer. To ke IPOUCXOAUT U C MPOTOHOM C CYIIECTBEHHOH pas-
HUIIE BO BPEMEHHU: BpeMs CYILIECTBOBAaHHUS IPOTOHA, MO-BUIUMOMY,
cocTaBisieT nopsiaka 10 Muinuapios jaet

Bcro BHEIHIOW M BHYTPEHHIOKO MOBEPXHOCTH IPOTOHA OKPYXKAET
MOTPaHUYHBIN CIOW, B KOTOPOM MPOUCXOAMT Mepenas MIOTHOCTH, BS3-
KOCTH, CKOPOCTH M TEMIIEPATypbl OT UX 3HAUYCHUH B CBOOOAHOM 3dupe
JI0 3HAUYCHUH Ha MOBEPXHOCTH CTEHOK MPOTOHA, @ BOKPYT MPOTOHA 00-
pas3yroTcs MOTOKU dHpa — TOPOUAATLHBIA U KOJIBLEBOH, KOTOPBIE BOC-
NPUHUMAIOTCS. KaKk 00Iee 3JICeKTPOMAarHUTHOE TI0JIe MPOTOHA, B KOTO-
pPOM TOpPOHJAIBHBIE MOTOKM E€CTh MArHUTHOE IOJE, a KOJBLEBBIE -
3NEKTPUYECKOe ToJe.

[IpoToH MOXET HaXOAUTHCA B TPEX COCTOSHUSX — B COCTOSHUHU
COOCTBEHHO NPOTOHA, B COCTOSHUM HEHTPOHA M B COCTOSIHMM aroma
Bogopoa (puc. 3.6).
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Puc. 3.6. Tpu ycTOi4UBBIX COCTOSIHUS MPOTOHA: @ — COOCTBEHHO IPOTOH;
6 — HEUTPOH; 8 — aTOM BOJIOPOZA
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Uto Takoe HEHUTPOH? DTO TOT K€ MPOTOH, HO JOMOJHUTEIHHO C
TpaHCc()OPMHUPOBAHHBIM TIOTPAHUYHBIM CIIOEM, B KOTOPOM TaCHET KOJIb-
LEBOE ABIKCHHE M 0Opa30BaBLIMHCS HEHTPOH BOCIPUHUMAETCS, KaK
9NEKTPUYECKH HEUTpallbHasg YacTula. DTOT CI0H 00pa3yeTcs, eciu JBa
MPOTOHA OKaXyTcs BOIM3u Apyr apyra (puc. 3.7). OHH MOTYT COpHEH-
THPOBATHCS OTHOCUTENFHO APYT ApyTa TOJIHKO aHTHIIapayuIeNbHo, Ona-
rojaps MOBEPXHOCTHBIM MOTOKaM TOpoHJaabHOro nBmxkenus. Ho Torna
KOJIBIIEBBIE TTOTOKM HA WX MOBEPXHOCTH OKAXKYTCS B MEXHYKIOHHOM
MPOMEXKYTKE HaANpaBICHHBIMHU TapalieNbHO Apyr apyry. OHu OymyT
KOHKYPHPOBaTh, ¥ OJMH M3 HUX OK&KETCS 3aTOpPMOXKEHHBIM. Kak m3-
BECTHO U3 ra3oBoOi MCXaHHKH, B IMOTOKaX C BBICOKUM I'pPaJHCHTOM, B
KOTOPBIX CKOPOCTh IMOTOKA MEHSETCS Ha MaJbIX PACCTOSHHIX B ITUPO-
KHX Tpefernax, BI3KOCTh ra3a yMEHbBIIAeTCs, M0ATOMY 3TOT 3aTOPMO-
JKEHHBII NOBEPXHOCTHBIN CJIOW OKAXETCA YCTOMYMBBIM, IIOKA IO CO-
CEJICTBY CYIIECTBYET BTOPOU MPOTOH.

p p—=

o ——

Puc. 3.7. B3auMozeiicTBre NPOTOHOB H MeXaHNU3M 00pa3oBaHus HeliTpOHA

Macca neiitpoHa, paBHas 1,67482-10-27 kr, Gonpie, 4eM mMacca
npoTtoHa, paBHas 1,67252:10-27 kr  nHa Benuwumny 0,0023-10-27 «xr.
DTO0 JeTKO OOBACHATCS TEM, 4TO 3GUP, BXOAAIINI B COCTaB MTOTPaHUY-
HOTO CJIOS HEHTPOHA, YYUTHIBAETCS B €TI0 Macce, B TO BpeMs Kak 3dup,
JBHKYIIMICS BOKPYT NPOTOHA, BOCIPHUHMMAEMBIH KaK 3JIEKTpOMar-
HUTHOE TI0JI€ TPOTOHA, B Macce MPOTOHA HE YUIHUTHIBAETCS.

CocrosiHue npoToHa B (hopme HEHTpPOHA YK€ 3HAUUTEIHLHO MEHee
ycroiunBo. DaKTHUECKHU HEHTPOHBI YCTOWYUBEI TOJIBKO B siJIpax, KOTa
MOBBIIIICHHBIN TPaIuE€HT CKOPOCTH TMOJAEPKUBACTCS HAINYHEM COCEJI-
HUX MPOTOHOB. Ho, eciu mo kakuM nuO0 mpuvrHaM 00pa30BaBIIUANCS
HEUTPOH BBUICTUT U3 S/Ipa, TO HEKOMY OYJEeT MOIICPKUBATh YCTONYN-
BOCTB ITOTPAHUIHOTO CJIOS, M Yepe3 HEeKOTopoe BpeMs (B cpeaHeM 3a 16
MHHYT) 3TOT CJIOM paccoceTcsi, U BHOBL 00pasyeTcs nmpoToH. [Ipu aTom
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BOBCE HE 00s3aTelbHO, YTOOBI MPH pacmaae HeHTpoHa oOpaszoBajcs u
AIEKTPOH. DTOTO0 MOXKET W HE MPOM30uTH. TakuMm o0pa3oMm, eciu
HEUTPOH MpPeJOCTaBIeH caM cebe, TO MOrpaHUuyYHBIN CI0H OBICTPO pac-
CachIBacTCsl, U HEUTPOH MPEBPALIAETCs B OOBIYHBIA MPOTOH.

IIpoTOH B OOBIYHOM CBOEM COCTOSHHUH (pHc. 3.6a) HETOCTATOYHO
YCTOWYMB, IIOTOMY 4YTO 3aMbIKaHHE CTPyH 3¢HUpa INPOUCXOAUT HEpe3
MaJloe OTBEpCTHE B ero meHTpe. JocTaToyHo HeOONBIIOro BHEIIHETO
BO3MYILEHHs, YTOOBI 4acTh MOTOKOB M3MEHMJIA CBOE HAIpaBICHUE U
CTajla 3aMBIKAaThCSl HE Yepe3 3TO OTBEPCTHE, a BO BHE, 00pa30BaB Mpu-
COCIMHEHHBIA BUXpb. Torga W BO3HMKHET HE HMOHU3MPOBAHHBIN, a
HEUTpanbHBIN aToM Bogopona (puc. 3.60). [Bmwkenue 3¢upa B mpuco-
€AMHEHHOM BUXpE Jajee MOJACPKUBACTCS IBIXKEHHEM CTPYH a¢upa B
MOBEPXHOCTHOM CJIO€ MPOTOHA 3a CUET BI3KOCTH 3pupa.

CocTosiHME IPOTOHA B BUJE aTOMa BOJIOPOJA OTJIMYAETCS TEM, UTO
NOTOKH 3(upa, OKpYyXKarollye MPOTOH, B ONMKHEH 30HE 3aMBIKAIOTCS,
KaK M paHbllIe, YePe3 ero LEeHTPAIIbHOE OTBEPCTUE, a B Oosee oTHaIeH-
HOU 30HE 3aMBIKAIOTCS BO BHE, 00pa3ysl TaKk Ha3bIBaEMBI MPHCOEIH-
HeHHBIH BUXph (TepmuH BBeneH H.E.XKykoBckum). B atom npucoenn-
HEHHOM BHXpE HaIPaBJICHUE KOJIBLEBOIO IBIKEHHS TO XK€, 4TO U Y
npotoHa. Ho TopompanpHOe JBHXKEHHME HMMEET MPOTHBOIIOJIOKHOE
HanpasyieHre. [103ToMy 3HaK BUHTOBOTO JIBKCHHUSI Y IOTOKOB BOJIM3H
TeJla IPOTOHA OAMH (HANpHUMeEp, NPaBbId BUHT), @ y MPUCOCAUHEHHOTO
BUXpA JIpyroi (JIEBBIN BUHT). DTO U BOCHPHUHUMAETCA KakK HaJU4uue y
3TOr0 MPHUCOCIANHEHHOTO BUXPS (DJIEKTPOHHOUM 000JI0UKH) 3apsijia Mpo-
THBOIIOJIOKHOT'O 3HAaKa, Ye€M Y IIPOTOHA.

Bce aromubI€ si1pa OCTPOEHBI TOJIBKO U3 IPOTOHOB U HEUTPOHOB
— (pakTHYeCKH, TeX e MPOTOHOB, HO B JPYIrOM COCTOSIHUM, HUKAKUX
JIPYTHX YacTHII JJIsi HUX OOJbIe HE HY)XHO, MX W HeT. Ho mist Toro
YTOOBI B 3TOM Pa300paThesi, HY)KHO CHavyalla ySICHUTh CYIIHOCTh (hU3H-
YEeCKUX B3aMMOJECHUCTBU.

Takum 00Opa3oM, MPOTOH €CTh TOPOWIAIBHBIH BHHTOBOH BHUXPh
a¢upa, CTPyKTypa KOTOPOIO COOTBETCTBYET HEKOTOPOMY MOJOOHIO
TpyOBl, 3aMKHYTOH B KOJIbIIO. BuxpeBoe ABMKEHHUE, OHAXK/IbI BOSHUK-
mee B cpene, OyIeT CIOCOOCTBOBATH IOSBICHUIO BUXPEH TOTO JKe
BUHTOBOI'O 3HAaKa, YTO W YK€ CO3JaHHBIH BHXPb, B JAPYIHMX 00JAcTAX
cpenpl. To ke KacaeTcss U BUHTOBOTO JBMKEHHA. Co3laHHBIE B sApe
lanmaktuky Buxpu OyZyT CIOCOOCTBOBATH TOMY, YTO BO BCEM IIPO-
CTpaHCTBE s1pa OyIyT CO3/laBaTbCs BUHTOBBIE TOPOHJ TOTO K€ BUHTO-
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BOTO 3HAKa, JIMOO TOJBKO MPABOBHHTOBBIC, JIMOO TOJIBKO JIEBOBHHTO-
BbIe, KAKOTO UMEHHO 3HaKa, MPeJICTOUT BBIICHHUTDH B Oyaymiem. To xe
oTHocutTca u ko Bced Bceenmennoil. IlosTomy B mpenenax Bcenennoit
BpS JIM MOTYT CYIIIECTBOBAaThH OOJIACTH HAa OCHOBE TaK Ha3bIBACMOM
«aHTUMATEpUn», T. €. HA OCHOBE aHTUIIPOTOHOB. Takue aHTUIPOTOHBI
MOTYT OBITH CO3/IaHBI JINIITh HCKYCCTBEHHO.

3.2. SinepHble B3aUMOAelCTBUSI U MO/eJIH ATOMHBIX si/iep

3.2.1. CuabHoe siiepHOEe W JIEKTPOMATHHUTHOE B3amMOJeii-
CTBHA

[Ipn manbIx paccTOsIHUAX APYr OT Apyra B Ipefenax TOJIIHHEI
NOIPAaHUYHBIX CJIOEB HYKJIOHBI TPHUTATMBAIOTCS (MIOATAIKUBAIOTCS
BHEIITHUM JaBlIeHHEM d(upa) APYT K JAPYry, Ipu OONBINIUX — OTTAIIKHU-
BAIOTCsSl APYr OT JApyra JAaBjieHUEeM 3(upa MeXAy HyKIOHaMHu (puc.
3.8).
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Puc. 3.8. Pacnpenenenne rpaqueHToB AaBjeHuii 3¢upa BOJIN3H MOBEPXHO-
CTH HYKJIOHA; T.p. — TOUKA PABHOBECHS JIaBJICHUI

[Ipu paccTosHUSAX MEHBIIMX, YEM CyMMapHas TOJIIMHA IOrpa-
HUYHBIX CJIOEB 00OWX HYKJIIOHOB, HMX TOPOHIAIbHBIE IOTOKH IEepeMe-
IIMBAIOTCS, JABJIIEHUE BO3PACTAa€T, W B3aMMOJCHUCTBYIOIINE HYKIJIOHBI
OCTaHaBIUBAIOTCS BOJIM3HM TOYKH PABHOBECHS.

Takum 00pa3oM, MOXKHO YTBEpXKIaTb, UYTO CUIbHOE sA0epHOE U
INNEKMPOMAZHUNHOE 83AUMOOCIICEUA UMEIOM O00U{UIl MEXAHUIM U
MOJIbKO NPOAGNAIOMCA NO-PAZHOMY HA PA3HBIX PACCHOAHUAX MEHCOY
63aUMO0eHCMEYIOUUMU HYKTIOHAMU.

OTcrona cienyer, 94To CHIIBI SAEPHOTO U AIEKTPOMAarHUTHOTO B3a-
UMOJICHCTBHS CBOUM IPOUCXOXKICHUEM 00S3aHBI TPEM COCTABIISIOIIIM:

— CuWjiaM, CBA3aHHBIM C TOPOUAAJIbHBIM JABUXCHUEM :-)(bnpa Ha I10-
BEPXHOCTH HYKJIOHOB — MPOTOHa W HEHTpoHa (yObIBaHWE 3THX CHII
MIPOTIOPITHOHATBHO KyOy pacCTOSIHHSA), TIOJIE 3TUX CHJI TIPOSIBISIETCS KaK
MarHuTHOE TOJIe HYKJIOHA; 3TH CHIIBI 3aTyXaloT Ha PAaCCTOSHUH, MEHb-
mIeM OJHOI'o (DepMI/I, YTO YHMCJIICHHO COOTBCTCTBYCT OSKCICPUMCHTAJIb-
HBIM JIAHHBIM T10 CHIIFHOMY SJIEPHOMY B3aHMOJICHCTBUIO;

— CHWJIaM, CBSI3aHHBIM C KOJIBIIEBBIM JIBIDKEHHEM 3(upa Ha OBepX-
HOCTH T€X YK€ HYKJIOHOB (YObIBaHHE 3TUX CHJI IPOTIOPIIUOHAILHO KBa/I-
paTy paccTOSHUS), MOJie THX CHJI TNPOSBISAETCS KaK 3JIEKTPUUYECKOoe
MoJie HYKJIOHA. 3TH CHJIBI, 3aTyXalOT Ha PAaCCTOSHUSAX, COOTBETCTBY-
IOIUX paguycaM aTOMOB, T.€. Ha MATh U 00Jiee MOPSIIKOB OOJIBIINX.

CormocTaBisst B3aHMOHeﬁCTBHe TOPOUJAJIBHBIX BUXPEBBIX BHUHTO-
BBIX KOJICII C TIOBEJICHNUEM 3apsKEHHBIX YaCTHI], MOXKHO CENIaTh BHIBO/T
0 TOM, 4TO CHJIBHOE SZIEPHOE U 3JEKTPOMAarHUTHOE B3aUMOJICHCTBUS B
CBOEH OCHOBE UMEIOT OOUIMU dPUPOJTMHAMUYECKUNA MEXaHU3M U pa3-
JUYAIOTCS JIMIIb BEIMYMHOM BO3HUKAIOUIMX HA MOBEPXHOCTSAX HYKJIO-
HOB CHIDKEHUH JaBJIeHUs d(Upa BCIEICTBUE PANIUYMA B TPaIUCHTAX
CKOpOCTEH A3(PUPHBIX TOTOKOB B MIPOCTPAHCTBE MEXKTy HYKJIOHAMH.

W3 n3m0kxeHHOT0 MOYKHO CZeNIaTh CIEAYIOIINE BHIBOIBL.

[Ipucoenunenne AByX HEWTPOHOB B M30TOMAaxX sAep B OOJIBLIMH-
CTBE CIIy4aeB HE MEHAET 3HadeHHWs cnuHa. ClemoBaTeNbHO, 3TH
HEUTPOHBI COEANHSAIOTCS aHTUIIAPAJUIETHHO, HO BOZMOXKHO 3TO JIMIIH B
NPUCYTCTBUU ajib(a-yacTul. To >Ke TMOATBEPKIACT HEU3MEHHOCTD
MarHuTHOro MomeHTa. IloueMy Tak NPOUCXOAMT, JIETKO BHUIETH W3
CTPYKTYpPBl BUXpPEl: B ATOM Cllydae OCHOBHON TOPOMIAJIbHBIM MOTOK
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3TUX HEWTPOHOB IIPOXOAUT IO 3aMKHYTOMY IIyTH, YTO M O0YCIIOBIUBA-
€T UX aHTUIapaJUIeTIbHOCTh, HO OJUH MK 00a HEMTpOHAa CBOMMHU OOKO-
BBIMU CTCHKaMHU TPHUCIOHSIOTCS K OAHOM M3 aib(a-4acTHIl TaKKe aH-
TUINIAPAJUIETBHO.

3Ha4yeHue CIMHA SAEp, Y KOTOPhIX OH HE PaBeH HYJIO, II03BOJIAET
CYIOUTh O YHCJI€ HYKJIOHOB, HE BXOAALIMX B COCTaB aib(a-yacTul U
OpPUEHTUPOBAHHBIX MapajieNbHO JIpyr Apyry. B mpocrteiimem ciaydae
3TO YHUCIIO ONPENEIISETCS BEIPAKEHUEM!

|1
k=—o.
1/2

3nech 1/2 — cnMHOBOE YUCIIO B €IMHUIIAX h, IpUYeM B sIpax
C HEYETHBIM Z B 3TO YUCJIO BXOJIUT OAWH M3 IPOTOHOB, OCTAJIb-
Hbl€ TIPOTOHBI BXOJAT B COCTaB anb(a-yacTul], oOpa3yroumx oc-
HOBHYIO Maccy sjpa.

PaccmoTpenune o0mieii 3aKOHOMEPHOCTH W3MEHEHMs SHep-
UM MOKa3bIBaeT, 4yTo 10 28Ni56 oO0umuil ypoBeHb SHEpruu
CBsizel, MNPUXOMALIMICA Ha KaXIbli H00aBIEHHBIN HEHTPOH,
pacTeT C YBEIMYEHUEM OTHOCUTEIIBHON aTOMHOM MacChI.

Hanpuwmep, nepexon ot 28Ni61 k 28Ni62 naer 10,59 M»B, a
nepexoq or 29Cu62 x 29Cu63 — yxe 10,85 MsB, T1.e. B mpm-
CYTCTBUHU JIONOJIHUTEJIBHOIO IPOTOHA JOIOJHEHHE HEUTPOHOM
IIPU TOM € KOJMYECTBE HEMTPOHOB AaeT Oosblliee MpupalieHue
DHEPIUU CBA3EM.

OOBsACHEHUE MOKET 3aKIIF0YaThCI B TOM, 4YTO IIpU 06H_ICM 00JIb-
MeM YHUCJIC HYKIOHOB YIIAKOBKa HX IIO0JTY4Ya€TCAd HECKOJIbBKO Goiee
IJIOTHAadA, BUXPU IUIOTHEC IMPUIKUMAIOTCA APYr K APYry, 3a CUCT 4Y€TO
miomanb CONPUKOCHOBCHHS HYKJIOHOB B IMOTPAHUYHBIX CJIOAX BO3pac-
Tac€T, U DQHEPTHUA CBA3CU B3aMOACHUCTBHA HYKIIOHOB YBCJIIMUUBACTCA.

Wrak, s1pa MOKHO paccMaTpUBaTh Kak:

1) BKIIOYAOIIKUE B CBOI1 cocTaB aJ'IL(l)a-'iaCTI/IL[BI, YHCJIO KOTOPBIX
OIMPEACIIACTCA OmmKaiImM K AaTOMHOMY HOMCPY YUCIIOM, ACIIAIINUMCS
Ha 4, HO He OOJIBIINM, YeM OJrKaliliee K Z 4eTHOE YHCIIO;
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2) BKJIIOYAIOIIME B CBOM COCTaB MapajUICIbHO OPHCHTHPOBAHHBIC
HYKJIOHBI, YUCII0 KOTOPBIX paBHO k;

3) BKJIFOYAIOIUE B CBOW COCTaB Maphbl HEHTPOHOB, OPUCHTUPOBAH-
HBIC B3aMMHO aHTUIIAPAJUICIBHO, YUCIIO KOTOPHIX PABHO PA3HOCTH

n=A-N-k

3.2.2.CTpoeHHe aTOMHBIX sijiep

Kak n3BecTHO, 10 COBPEMEHHBIM MPEICTABICHUSIM aTOMHOE SIIPO
NpEACTaBIsIeT COO0W TOCTATOUHO CIIOXKHYIO CTPYKTYpy. st Toro yro-
OBl pa3o0paThcsi B HEW, MOCTPOCHBI BEChbMa T'POMO3JKHE U CIIOXHBIC
COOPYKEHHS — YCKOPUTEIH YacTHIl, ¢ TIOMOIIBIO KOTOPBIX HCCIIEI0BA-
TEN HANEITCsT pa3o0paThcs B YCTPOMCTBE aTOMHOTO siapa. [Ipemmo-
JIaraeTCsl, YTO B HEM MPUCYTCTBYET MHOXKECTBO TaK Ha3bIBACMBIX «3JIC-
MEHTAPHBIX YaCTHI, KOTOPBIC, TAK UK UHAYE, COACPIKATCS B AaTOMHOM
sape. JIo cux mop HEeW3BECTHO, CKOJBKO CYIIECTBYET B MPUPOJE ITUX
3JIEeMEHTapHBIX 4YacTull BemecTBa — 200, ecimu HEe CUMTATh 0CO0O0 KO-
POTKOXKUBYIIIHE YACTHIBI («pe3oHaHChD») win 2000, ecliu «pe30HAHCHI
yauThIBaTh. CUUTAETCS, YTO HYKJIOHBI — IPOTOHBI M HEHTPOHBI, «CKIIe-
EHBbD» B SAPE «IJIFOOHHBIM KJIEEM» M CHJIBHOE SJICPHOC B3aUMOJIEH-
CcTBUE OOYCIIOBJICHO HEMPEPHIBHBIM MCIYCKAHHUEM M TOTJIOIIEHUEM
3THX TIIFOOHOB.

B asduponuHamMuke Bce STO BBINIAIUT 3HAYUTEIBHO MPOIIIE:
aTOMHOE SJIPO COCTOMUT TOJBKO K3 MPOTOHOB M HEHUTPOHOB, 4YTO
0e3yCIIOBHO  MOJTBEPIKIACTCS aHaJIM30M aTOMHBIX  BECOB
ITepuomauueckoii cuctemsl 3nemeHToB (puc. 3.9). (npoOHBIC 3HAYCHUS
ATOMHBIX BECOB, YyKa3aHHbIe B TaOJiMIle, SBJSIOTCS CJICICTBUEM
MPOIEHTHOTO COOTHOIICHHUS W30TONOB B TIPHUPOJIE, ATOMHBIA BeC
KaXKI0T0 M30TOIA IIEJIOYUCIIeHEH). J[pyrux yacTuil, KpoMe IpOTOHOB U
HEHTOPOHOB, B COCTaBe aTOMHBIX siep HeT. OTCroja BBIBOA: BCE HE
YCTOHYMBBIC TaK Ha3bIBAEMBIC «IJIEMEHTAPHBIC YACTHIIBI SBJISIOTCS
pe3yIbTaTOM COYNAPSHUN YCTOWYMBBIX YACTHII, HX OCKOJIKAMH, U YHC-
JIO TIOJYYCHHBIX B JKCIIEPUMEHTAX HA YCKOPUTENISIX WM B BEPXHHK
CIIOSIX aTMOC(EPHI MOXKET OBITH CKOJIb YTOJTHO BEIIHKO.

OTtcroma BBITEKAET BO3MOXKHOCTH PACCMOTPEHUS CTPYKTYPHOU
OpraHM3aIMy ATOMHBIX SIJIEP.
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Puc. 3.9. Ilepuoanyeckas tadauuna 3s1ementoB .M. MenneneeBa

W3 toro daxkra, uTo It JIFOOOTO sSJIpa aTromMa, UMEIOIIETO MOPsiI-
KOBBI HOMEp B EpUOAMUYECKON Talbnuie 351eMeHTOB A, 3¢ (eKTUBHBIHI
paauyc a ompenensercs ooiel hopmyioi

R=ad"®, a=1,12¢,

CJIeyeT, YTO 00BbEeM JIF00Or0 aTOMHOTO spa OINPECIIIeTCs BhIpa-
KCHHUEM:

V = a4

U, CJeJIOBAaTENbHO, YAENbHAsl Macca SiAep OCTAaeTCS MOCTOSHHOM.
[loatomy s0pa nwbbix amomoe cocmoam moabKo U3 HYKIOHOE —
npPOmMOHO6 U Hellmponos, U HUKAKUX UHBIX Yacmuy 6 Hux Hem. Ha
3TOM OCHOBAaHUHM MOXKET OBITh CAENIAHO 3aKIF0UeHHe 0 (DOPMHUPOBAHUU
siiep IMyTEM MPOCTOr0 MPUCOSAUHEHUS! HYKJIOHOB APYT K JIPYTY.

B nacrosiee Bpems hu3MKaMy pacCuMTaHa SHEPrus CBA3EH Mpak-
TUYECKH BCEX M3BECTHBIX ATOMHBID SIIEP U MK M30TOTIOB. DHEPTHUS CBA-
3€i - 3TO PHEPrUsl, KOTOPYIO HYXHO 3aTPaTHTh HA TO, YTOOBI pa3BaIUTh
sa1po. IMeHHO 3T0 3HEPruio MpeArnoiIaraeTcs UCIoIb30BaTh MPU aTOM-
HBIX PEaKIMIX U ATOMHBIX B3PBIBaX.
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Ha puc. 3.10 mpuBeZeHbI CTPYKTYPHI siZiep HEKOTOPHIX aTOMOB,
TaM JKe TPHUBEICHBI YHEPIUHU CBS3EH HYKJIOHOB B 3THX sjpax Hewmerr)
Ecnu B aTome neHTpoHA COCTUHSIOTCS MPOTOH M HEUTPOH, TO SHEPTHUs
cBsA3el coctaBiser 2,27463 M»sB. DT HyKOHBI - IPOTOH U HEUTPOH-
UMEIOT OJIHY TMOBEPXHOCTh coeAwHeHus. Kazamocb OBI, 4TO eciu co-
eANHSATCA TPU HYKIOHA, TO Y KaXJOTO T3 HHUX OKaXeTCs MO JBE T0-
BEPXHOCTU COCAMHECHUS, a MOCKOJIbKY HYKJIOHOB TPH, TO CyMMapHas
SHEPrus AOJDKHA cocTaBUTh 2,27x3 = 6,81 M»aB. Ha camom nene, ecnu
COEIMHEHBI JIBa HEUTPOHA U OAWMH MPOTOH, TO MOSBISETCS J00aBOYHAS
sHeprus 1,67 MaB (sapo TpuTwHs), a €Ciii COSAMHSIOTCS /IBa IPOTOHA U
OJIUH HEHUTPOH, TO A0OaBouHa 3Heprus cocrasiseT 0,91 MsB. Dto ner-
KO OOBSICHSETCA, €CIH Y4eCTh, YTO HYKIOHBI Je(OopMHUPYIOTCS MpH
YBEIMYCHUM YKCIIa TIOBEPXHOCTEH COEIMHEHHUS, KOJBIIEBBIC IOTOKU
3¢upa y IPOTOHOB HAIPaBJCHBI BCTPEYHO, ITOITOMY OHHM HECKOJBKO
OTOABUTAIOTCS, TIOTPAHUYHBINA CJIOW CTAHOBUTCS TOJIIE, U SHEPTH CBSI-
3€il yMEHbIIAETCSl.

OpHako TMpH COSAVHECHUW 4YEThIpEX HYKJIOHOB (ayb(a-dacTuiia)
SHEprusl CBSI3el PE3KO YBEIMUYMBAECTCS, YTO O3HAYAET CTPYKTYPHYIO
MIEPECTPONKY sJIpa: HYKJIOHBI CTAHOBATCS B KOJNBIIO JPYT 33 JAPYTOM,
YTO MPUBOJUT K COKPAIICHHIO JJIMHBI MOTOKOB 3(Upa BO BHEIIHEM
MIPOCTPAHCTBE.

OTUM U OOBACHSIETCSA PE3KUI CKaYOK SHEPTHH CBS3H: €CIIU B SApe
aToma JIeHTepusi — MEUTPOHE COSTUHSIOTCS JBa HYKJIOHA, TO DHEPTHUS
CBSI3U, MIPUXOJSIIASICS HA OJWH HYKIIOH, coctaBisger 1,137 M»aB, Tto B
sanpe aroma renus — anbga-gactumne — 7,066 MaB. Otcroga u ocobas
CTaOUIBHOCTH ANTb()a-4acTUll. TO 03HAYAET, YTO CTPYKTYPHI BCEX siIIEp
HY)KHO CYMTATh COCTOSIIIUMH U3 ab(ha-dyacTHIl C J00aBIIEHUEM OHOTO,
JIBYX WM TPeX MPOTOHOB M HEKOTOPOTO KOJHMYECTBA HEHTPOHOB,
YCTaHABJIMBAIOLIMXCS HA TOBEPXHOCTH sapa. W3 M310KEHHOr0 BUIHO,
MOYeMy TaK Ha3bIBacMbIe YETHO-YETHBIC (Marmdeckuie) siapa UMEIOT
MOBBIIICHHYIO SHEPTUIO CBA3CH: OHM COCTOAT M3 alb(ha-yacTHII.

OTcroma MOXKHO CJIeNaTh BBIBOJ: B JIFOOBIX SIEPHBIX PEAKIUSIX
pasioM sjep OyleT MPOUCXOAWTHh HE IO Tely alb(da YacTHll, a Io
JIUHUSM pa3jielicHus aib(a-dyacTHll, a Yalle BCEro M C BbIICICHHEM
caMux anbda-yactuil. CrnenoBatenbHO, H3IIy4YCHHE reiust
CBUJICTEILCTBYET O TOM, YTO B OJU3JICKANIMX OOIACTAX MPOUCXOISAT
SIIEPHBIC PEAKIIUU, TIPHYEM, HE TIPU BEICOKUX TeMITepaTypax.
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Puc. 3.10. Ctpykrypa nportoHa (a), HeiiTpoHa (), nefiTpoHa (), TPUTOHA (2),
sapa reqaus-3 (0) u siapa resus-4 — anbda yacruua (e)

AHanu3 3HaueHUN 3H€pFI/Iﬁ ITIOKAa3bIBACT TAKIKC, YTO UMECCT MCCTO
MEePUOJUYHOCTH CMaJ0B U MOJIbEMOB SHEPIUM CBA3EH MPU POCTE UUCIa
HEHUTPOHOB, YTO CIPABEIJIUBO ISl BCEX SAEP. ITO MOKHO OOBSICHUTH
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KaK M3MEHEHHEM YHCIIa B3aMMOJCHCTBYIOIINX MOBEPXHOCTEH, TaK H
nedopmareli HykiIoHOB. Tak, IpH YCTAaHOBKE OHOTO HYKJIOHA HA IO-
BEPXHOCTH Apa MEXIY HUM M OCTaJIbHON Maccoi spa UMEETCs] BCETO
OJlHa MOBEPXHOCTh B3aUMOJEHCTBUS, BTOPOTO — JIBE, IIPH 3TOM OJHA
CTOpOHA paHee YCTaHOBJIEHHOTO HYKJIOHA BBIITyKJIasi, IPH J100aBICHUH
TPEThEro — TOXKE JBE, MPU TOM OJHA CTOPOHA eIe OoJiee BBITYKIIA,
YTO CHIDKAeT SHEPrHI0 B3aMMOJACHCTBHS 10 CPaBHEHHMIO C DHEPrUeH
CBSI3eH MMPEeIBIIYyIIero HyKIOHa, IpH J00aBICHUN Y€TBEPTOTO HYKJIOHA
— TP TIOBEPXHOCTH, HO JIBE U3 HHUX BhIMyKJbIe (puc. 1.11).

Puc. 3.11. K 00bsiICHEHHI0 MEPHOTUYHOCTH NMPHPAIIEHUs JHEPruu CBs3eil
HYKJIOHOB TIPH HAPAaIIMBAHHUU YHCJIA HYKJIOHOB B sipe: YCTaHOBKA Ha IOBEPXHO-
CTH siipa OJHOTO (a), ABYX (6), TpeX (8) 1 eThIpeX (&) HyKIOHOB.

B nanwHelineMm 0oliee neTanbHBINA aHAIN3 JOJDKEH OBITH BBITIOJIHEH
CIICIUAIUCTAMH, KOTOPBIM JUIS aHaIu3a SACPHBIX CTPYKTYP 3PUpOIH-
HaMHKa MOXET 0Ka3aTh CYILIECTBEHHYIO IOMOILIb.

3.2.3. Sinepuasi uzomepus

B snpax, o0pa3oBaHHBIX OOJBIINM KOJHYECTBOM alb(a-dacTHil,
Ha MIOBEPXHOCTH sJIEp OKAa3bIBAETCSI MHOYKECTBO BIAAMH, B KOTOPHIE
MOTYT BCTaThb HEUTPOHBI. VIMEHHO MO3TOMY Yy aroMOB ¢ OOJBIINM
ATOMHBIM BECOM KOJIMYECTBO M30TOIMOB OOJIBIIIE, YEM y aTOMOB C Ma-
JIBIM aTOMHBIM BecoM. IIpu 3ToM cTaHOBHUTCS OOJIBIINM KaK YHCIIO H30-
TONOB C MEHBIINM YHCIIOM HEMTPOHOB OTHOCUTENBHO IIETOYUCIEHHO-
T'0 YMCIIa alb(pa-4acTHIl, TaK U ¢ OOIBITNM YHCIOM HEHTPOHOB.

C yBenmueHHEM aTOMHOTO Beca M 4ucia ajbda-dyacTtui, oOpasy-
IOLIMX f7pa aTOMOB, BBIYKJIOCTh BHEIIHUX ajib(a-4acTHIl CTAHOBUTCS
Bce OOJIbLIE, T03TOMY Ul HOBBIX IPUCOEIUHSIIOIUXCSI HEUTPOHOB I10-
BEPXHOCTb COCIAVHEHHUS MX C COCEAHMMH HYKIOHAMH CTAHOBHTCS BCE
MEHBIIIE, COOTBETCTBEHHO MEHBIIE CTAHOBHUTCS M DHEPIUA MX CBs3eH.
IIpu 3TOM CBSI3M HEMTPOHOB, MOMABUIMX Ha Pa3HBIE YYACTKH MOBEPXHO-
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CTH sifiep, MOTYT OBITh Pa3HBIMH, XOTSI OOIIWN aTOMHBIM BEC W YHCIIO
MIPOTOHOB W HEUTPOHOB OYyIyT OMHUMH U TEMU XKe. B 3TOM mposiBUTCS
SBJICHUE SIZICPHON M30MEPHUHU — pa3iinuue GOpM siiep MPH OJHOM U TOM
’K€ COCTaBe HYKJIOHOB. KonmMuecTBO BO3MOXKHBIX SJEPHBIX H30MEPOB
OyZIeT pacTd ¢ yBelIHMdeHHEM aTOMHOTO Beca fapa, OJHAKO, HAYMHAS C
HEKOTOPOTO KOJIMYECTBA W M30TOIOB, U M30MEPOB COKpAIIATHCA, TaK
KaK YBEJIMYUBAIOUINECS BBITYKIOCTH SA€P NPUBEAYT K HENOIYCTUMOMY
COKPAIIEHHIO TUIOIAAN IIOBEPXHOCTH COETMHEHSI HYKJIOHOB. JTO Clie-
JIaeT OYepeTHON N30TOIl HEYCTOWYHBBIM, OH HE CMOXKET COXPAHSITHCS.

YienbHas 3HEPrusl CBS3M HYKJIOHOB B JIEUTPOHE COCTaBIISIET
1,1123 M»3B/HyKkJI0H, 3TO MUHUMAJIBHOE YHCJIO, IIPU 3TOM Yy KaXKJIOTO
HYKJIOHa BCETO JIMIIb 10 OJHOW MOBEPXHOCTH coeianHeHus. B ambda-
YJacTUIe KaXIblil HYKJIOH UMEET IO JIBe NMOBEPXHOCTH COEAUHEHHS, a,
KpOME TOT0, BcE€ HYKJIOHBI MIEPEBsA3aHbl TPEMS OOIIUMH ITOTOKaMH P u-
pa, IEePBBIH — MPOXOIAIINA CKBO3b IIEHTPAIbHBIE KaHAIBl BCEX HYKIIO-
HOB, BTOPO# — BHYTpH aib(a YacTHII, a TPETHH CHAPYKH.

YnaenvHas sHeprusi cBs3ed B anbga-uacTuile coctaeiser 7,074
MbB/HykioH. B cocTaBHBIX sapax MakCHMyMOM YAENBHOW YHEPTHU
o0namaeT siIpo U30TOMA XKelle3a C aTOMHBIM BecOM 56, B COCTaB KOTO-
pOro BXOJMUT TOJBKO 13 anbda-yacTui] U YEThIpe HEHTPOHA, 3/eCh
yIIeNbHas SHEPTHsI CBS3H cocTaBisieT 8,79 MaB/HykioH. B aToMm siipe k
SHEPTHH CBS3W HYKJIOHOB B  anb(a-yacTHIAX, COCTABIIAIONIEH
28,29624x13 = 368,85 M»B, nobapnsiercs SHeprus cBszed anbda-
YacTHIl JIpYT C APYTOM M CBSi3el HEHTPOHOB, HE BOIIEJIINX B COCTAB
anb(a-yacTul, ¢ anbQa-dyacTuiaMu. B xernese 3ta 1060aBoOYHAS SHEPTHS
cocraBnsieT 492,27 — 368,96 = 123,3 M»aB, wiu 2,2 MaB/ayknon. Ta-
Kast 100aBOYHAs SHEPTUs 0OBACHAETCS YBEITUYCHNEM YHCIa TOBEPXHO-
CTel HYKJIOHOB, OOpAIIEHHBIX APYT K APYTY Ha MOBEPXHOCTSX COCE/I-
HUX anb(a-4acTHll, 1 J00aBKOH YeThIpeX HEHTPOHOB, HE BOLIEIIINX B
coctaB anb(pa-gactur. Ho ata mobaBovyHas sHeprus pacrpeaeieHa He-
paBHOMEPHO, OHA NPHUXOAWUTCS TOJNBKO Ha TIOBEPXHOCTH HYKIJIOHOB,
HaxXOAIMXCA BHYTPH s/ipa, BHEITHHE MOBEPXHOCTH HYKJIOHOB IpHpa-
IIEHNS SHEPTHH CBA3EH HE NaroT.

ORHOBPEMEHHO C YBEJIIMYCHHEM YHCIa HYKJIOHOB B sIpax MpPOUC-
XOJUT YBEJIMYECHUE BBINYKIOCTH BHEIIHUX MOBEPXHOCTEH, YTO COKpa-
IIaeT IUIOLIab CONPUKOCHOBEHUS HOBBIX NOOABISIOMINXCA HYKJIOHOB.
Pacrer Takke u 4nCIO BOaaWH HAa TIOBEPXHOCTH HYKJIOHOB, B KOTOPBIE
MOTYT YCTaHaBIMBAThCSI HOBBIE HYKJIOHBL [loaTOMYy pacTeT dmciio HO-
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BBIX M30TOINOB C YBEIWYCHHWEM aTOMHOIO Beca aTOMHBIX suep. Yucio
W30TOIOB Yy TeNIUS W JIUTHUS JOCTHTACT 5, y TSDKENbIX simep — 1618, Ho
y saep ¢ aToMHbIM BecoM 180 1 Gosee Ynciio U30TOMOB HAYMHAET CO-
kpamarbes. [locnennee oObACHSIETCS TEM, YTO yBEIMYEHUE BBITYKIIO-
CTH TOBEPXHOCTEH SAEp COKpallaeT IUIOMAAb ITOBEPXHOCTH COEAUHE-
HUSI HYKJIOHOB U HE MO3BOJISIET CO3AATh YCTOHUUBYIO CTPYKTYPY sAApa.

VYBenuueHue KOMUYECTBa BIAJUH Ha MOBEPXHOCTH SIpa JOJHKHO
MPUBOJIUTH K TaK Ha3bIBAEMOU SIIEPHOU M30MEPUH, NMPU KOTOPOM OAUH
U TOT K€ COCTaB HYKJIOHOB MOXET 00pa30BbIBATh pa3Hble (POPMEI siuep
3a CYCT TOT'0, YTO HOBBLIC HYKJIOHBI YCTAHABJIIMBAIOTCA HA IMOBCPXHOCTHU
sgApa B pa3sHbIX MECTax. 9HepFI/II/I CBsA3U TaKUX HYKJIOHOB 6YILYT OTJIN-
4yaTbCsl APYT OT ApYyra, XOTsA U He3HauuTenbHo. Camu simpa Toxe OyayT
pas3InvaThCs, BEPOSTHO, HE CIMIIKOM CYHIECTBEHHO ()OPMOM BBIXOMS-
HIMX U3 SIEp MTOTOKOB 3(Upa U BCE JKe, KaK Pe3yJIbTar, HECKOIBKO pas-
HBIMHU (PU3MYECKUMHU U XUMHUYECKUMH CBOWCTBAMH.

B kauecTBe mpumepa MOXXHO MPUBECTH SIIPO KPEMHUSL, HUMEIOILEr0
aTOMHBIN Bec 28 U cocTosIero u3 7 anb(a-4acTHil. 37eCb BO3MOXKHBI
TpU CTPYKTYpHI: 1) KOTrJa K APy KUCIOPOIa, COCTOSIIETO U3 YEThIPEX
anb(a YyacTUL, MPUCOSAUHAIOTCS MO IKBATOPY TPH alib(a-dacTULIBI; 2)
KOTJ]a K 3KBATOpY S/Ipa KUCIOPOJia MPUCOCIMHEHBI TOJIBKO ABE alb(a-
YaCTHIIbI, a TPEThS PACIIONOKEHa HAa OJTHOM M3 TONIOCOB; 3) Korjaa Ha
9KBATOPE PACIOJIAraeTcsl BCETO OJHa aib(a-yacTua, NpUYeM OHa MO-
JKeT OBITh Ha Pa3HBIX y4acTKaxX MOBEPXHOCTH sJpa KUCIIOpOJa MOBep-
HyTa T0-pa3HOMY, OCTaJbHBIC JIBE PACIIONIOKEHBI Ha 00OMX IOJIOCAX.
Bo3MmokHO, Qu3nyeckre CBOHCTBA y BCEX 3TUX CTPYKTYPHBIX BapHaH-
TOB OyIyT HECKOJBbKO paznuuaThcs. C ydeToM Ke NPHCOCTUHEHUS
HeflTpOHOB B pa3HBIX MECTAaX IMOBECPXHOCTU sJpa YUCIO BapHUaHTOB
AACPHBIX M30MEPOB OJHOTO TOJBKO KPEMHHA 6y11€T NCUYUCIATBCA AC-
CSITKaMH.

MOHO TIPEAIONOKHTh, YTO SJePHbIE U30MEPHI OyyT 00JI1a1aTh U
Pa3IUIHON YCTOWYHUBOCTBHIO, OCOOCHHO K BHEITHUM BO3JIEHCTBHSIM, H
YTO OHM MOTYT TPaHC(HOPMHUPOBATHLCS APYT B JIPyra, HE MEHSA OOIIETo
cocraBa sapa. OOmiee cTpemyeHHE MEPECTPONKH SACPHBIX H30MEPOB
JOJIDKHO UATHU B HaAIIPpaBJICHHUU ITOBBIIICHUSA yﬂeHBHOﬁ OHEPruu cBsI3el
HYKJIOHOB.
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3.2.4. PaaiMoaKTHBHOCTh ATOMHBIX siIep

Kax momaram 3HaMeHUTHIN (QpaHIly3cKUil y4eHbIH KoHIa 19-ro -
Hauana 20 BekoB ['ycraB Jlebon (Jle BoH, dp. Le Bon Gustave; 1841—
1931), marepust MOXKET IUCCOLMHPOBATHCS MOJA BIUSHHUEM pa3HBIX
OpUYMH. DTO MOATBEP)KIACTCS NMPOBEICHHBIMU MM 3KCIIEPUMETAMHU C
PaanoaKTUBHOCTHIO.

PannoakTHBHOCTH aTOMHBIX siiep — U3ITyUEHHE SApaMH BBICOKOYA-
CTOTHBIX 3JIEKTPOMAarHUTHBIX KOJeOaHWH PEHTI€HOBCKOTO CIIEKTpa U
AIIEKTPOHOB (P-M3Iy4eHHEe) CBs3aHA C MPOXOXKIACHHEM BOJH IO TIO-
BEPXHOCTH HYKJIOHOB — IIPOTOHOB M HEUTPOHOB B si/ipaX aTOMOB. ODTH
BOJIHBI MOTYT TIOSIBUTBECS B PE3YyJbTATE yIApOB AAEp YaCTHLAMHU, NPHU-
JIETEBILMMH U3BHE, @ MOT'YT MOSIBUTHCSA CAMOIIPOU3BOJIBHO B PE3YNIbTATE
camoB030y>kaeHus sapa. [locneqHee MpOUCXOAUT TONBKO B siApax Tsi-
JKEJIBIX 3JIEMEHTOB. B 3TOM cilydae IpOUCXOIUT TaK Ha3bIBAEMBINA aJlb-
¢ba-pacnag, npu KOTOPOM M3 Apa BBUICTAIOT alib(a-dyacTULBl — SIpa
renusi, COCTOSAIINE U3 ABYX IMPOTOHOB U ABYX HEUTpoHOB. [Ipu anbda-
pacmaje 3apsan sapa yMEeHbIIaeTcs Ha JIBE €IMHUIIBI, a aTOMHBIN Bec —
Ha YEeThIpE, HAIIPUMED,

220 216 4

Ra— Rn + He
88 86 2

BoJIHBI, MPOXOAIIME 10 TOBEPXHOCTH M B IJIyOMHE HYKIOHOB,
BO30YXIAIOT B OKPYXKaroIeM 3PUpe KoJIeOaHUs — CKTPOMarHuTHBIS
BOJIHBI BBICOKOM uacToThl mopsyka 108-102 I (ramma-msimydeHue).
Takas BHICOKAsi 4aCTOTa M3Iy4EHHUsI OOBACHAETCS MCKIFOUUTENBHO BbI-
COKO MacCOBOH IUIOTHOCTBIO HYKJIOHOB B Ape, OOIBIION YIPYTrOCTHIO
TEJl HYKJIOHOB M, XOTSl U MEHBIIEH, HO BCE JKE BBICOKOH YIPYTrOCTHIO
CBSI3EH HYyKJIOHOB MeXIy Co0OMH. Pa3dpoc 4acToOT CBHIETENLCTBYET O
PasHBIX UCTOYHUKAX KONEOaHMii — BOJIHAX, NPOXOASALIMX O MOBEPXHO-
CTH s7Ipa, ¥ BOJIHAX, 3aPOKAAIOMIMXCS B [NTyOuHe sapa. Ilocieanue Ho-
CAT HE TOJIBKO MONEPEYHbIH, HO U TIPOIOJIBHBIN XapakTep.

Ha u3nydeHue 3aTpadnBaeTCs SHEPTHs, OITOMY C TEUEHHEM Bpe-
MEHH 5TH KojiebaHusi 3aTyxaroT. Ho mpomecc 3aTyXaHHs MPOXOIHT
OYEHb MEJIEHHO, TOTOMY YTO MAaccoBasi INIOTHOCTh HYKJIOHOB Ha MHO-
IO TIOPSZKOB MPEBBIIIAET IIOTHOCTH OKPY/KAroIEro 3pupa u J10J1s pac-
CEMBAEMOii SHEPTHH OTHOCHTEJLHO HEBEJIUKA.



du3nyecKkne B3auMoaeHCTBHS 93

BosiHOBBIE IpoLIECCHl OXBATHIBAIOT TEJIO KaXJIOT0 HYKJIOHA B SIAPE
U PacIpOCTPaHSIOTCS KaK 0 MX ITOBEPXHOCTH, TaK U B UX IIyOuHE. A
MOCKOJIBKY TIOTHOCTh Tejla HyKJIOHa Ha pasHbIX INIyOMHAax OT WX TO-
BEPXHOCTH U ITUIOTHOCTh MEXHYKJIOHHOTO MOTPaHUYHOTrO CJIOS pa3iuy-
Ha, TO B AApe aToMa pa3BHBAETCS Li€Jas CEepUsl BOJIHOBBIX NPOLECCOB,
ACHHXPOHHBIX OTHOCHUTEIIBHO APYT Apyra.

B Tex cmyuasix, korga rpeOHM BOJH COCEAHHUX HYKJIOHOB OJJHO-
BPEMEHHO OKa3bIBAIOTCSI BHYTPH OOILETo AJS HUX MOTPaHUYHOIO CIIOS,
HYKJIOHBI Pa3BUIAIOTCS, U €CNIM IIMPHHA CJIOS OKAa3bIBAaeTCS NPEBbI-
HIaromeil HeKOTOPYI0 KPUTHYECKYIO BEIMYHUHY, SIPO paclafaercs Ha
nBe i Oonee yacteil. [Ipu 3ToM MoryT 00pa3oBaThCs U HOBBIE YacTH-
LI, KAK YCTONYMBBIC, HAIPUMED, SJIEKTPOHBI, HEUTPUHO WU HEYCTOM-
YHBBIC C MaJIBIM BpEMEHEM cyllecTBoBaHus (puc. 3.12).

\

S

Puc. 3.12. l'[poxomnelme MOBEPXHOCTHBIX BOJIH 110 TeJ1y HYKJIOHOB

TakuM o6pazom, Mpupoja paglOaKTUBHOCTH (TaKk HA3bIBAEMOTO
c11aboro B3aMMOJIEICTBHUS) MMEET YUCTO MEXAaHUUECKON XapaKTep.

B Tene aToMHOTO Si1pa HYKJIOHBI B IEPBYIO OYepeb TPYIITUPYIOT-
cs B anmb(a-gacTUIlbl, B KOTOPBIX 3HEPTHA CBS3H HYKJIOHOB MEXIY CO-
0ol oueHb BENMK W cocTaBiseT mpuMepHo 7,1 MoaB (MeranekTpoH-
BOJIBT) Ha KaKAbIM HYKJIOH. DHEPTUs CBsI3ei HEUTPOHOB, HE CBSI3aHHBIX
B anb(da-yacTuax, Ha MOPSJIOK MEHBIIE, TaK K€ KaKk U alb(pa-4acTuIl
MEXIYy co00i. ITO, B YACTHOCTH, CBSI3aHO C BBIMYKJIOCTBIO MOBEPXHO-
cTell anb(a-yacTuIl, B CBSI3U C YeM IUIOLIA b CONPUKOCHOBEHUS alib(a-
YacTHUI[ MKy co0O0i M C OT/AENbHBIMU HYKJIOHAMH OKa3bIBAaeTCs 3Ha-
YUTEITFHO MEHBIIEH, YeM TaKHuX K€ HyKIOHOB BHYTPH aib(a-4acTHII.
IloaTomy mpm ynapax wid HMpH NPOXOKIEHUM BOJIH BHYTPH sipa BBI-
OpacbIBalOTCsA WM OTAEIbHBIC HEHTPOHBI, PACIIONOKEHHBIE HA TOBEPX-
HOCTH SiIEp, WIN LIEIUKOM allb(a-yacTUIlbl. A MOCKOJIBKY COCTaB siliep
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Y Pa3HbIX JIEMEHTOB Pa3HbIN, TO ¥ YIPYTOCTH CBs3el pa3Hble. OTcrona
U pa3HOe 3HauCHME IepHoAa Nolypacnaga saaep.

Takum 00pa3oM, paguOaKTHBHOCTD, CBS3aHHAS C SACPHBIMH peak-
LUSIMH, COTIPOBOXKAAETCSI BRIOPOCOM anb(a-uacThll, N3TydeHHEM 3JICK-
TPOHOB ¥ raMMa-U3JIy4eHUSIMHU.

Ecam Takoit mporecc uMeercsl B KaKuX-Tu00 TOpoaax, TO ramma-
M3JTy4eHHE 3aTyXaeT Ha OTHOCHUTEIHFHO HEOONBUIMX PACCTOSHUSX, HC-
YHCISIEMbIX CAaHTHUMETPaMH. DJIEKTPOHBI IOCTATOYHO OBICTPO pacceu-
BAIOTCSl WJIM MOIJIOLIAIOTCS BHIOPOIIEHHBIMU anbga-dyactunamMu. Ho
anb(a-yacTuipl, OOpeTss dIEKTPOHBI, CTAHOBSITCSA OJIEKTPHUYECKH
HEUTpaNbHBIMU ApaMU TEIHs, MO3TOMY OHH paclpoCTpaHsSIOTCS Ha
Oonpmme paccrosHus. Mciyckanue reiaus U3 NOPOA SIBISIETCS CBHIE-
TEIBCTBOM TOT'0, YTO B 3TUX MOPOJaX MPOUCXOIAT SACPHBIE peakluu
0€30 BCSIKUX BBICOKHX TeMIIepaTryp. JTO YCTaHOBJICHO I'€0JIOTaMu, 00-
Hapy>KUBIIUMH O4ard MHTCHCUBHOTO UCITyCKaHMS refius B pailoHe Teo-
JIOTHYECKHUX Pa3JIOMOB M HOA3EMHBIX HEOIHOPOAHOCTEH (CM., HaIllpH-
mep, U.H. Auunxuii. Kusas 3emmnst. M.: u3n-so AI'AP, 1998).

HecmoTps Ha TO, 9TO U1 K&XKAOTO PaIMOaKTUBHOIO 3JIEMEHTA I1e-
pHOA ToJdypacmala CUYMTAeTCsl MOCTOSIHHBIM, PSIOM HcCcienoBaTeseit
YCTaHOBJIEHO, YTO Ha CaMOM JIeJie MEpPHUOJ TOoJIypacnaaa MeHseTcs B
HIMPOKUX TIpenenax, A paaus ot 1 mupa. net (bexkepens), no 1 miH.
net (Kropm), mo 1 teIc. ner (Pesepdopm), 10 HECKOIBKUX COTEH JIET
(Kpykce). XaiinBaiiep HEmocpeACTBEHHBIM B3BEIIMBAHUEM OIPEIEINI,
4TO 5 T pagus TepstoT B TeueHue 24 41 okoiuo 0,02 mr. IIpu paBHOMED-
HOW ToTepe 3Tu 5 r moTepsin Ob1 1 T cBoeil Macchl B TeueHue 135 met
OnpiTe! ke JIeboHa MoKa3aiy, 4To paJuOoaKTUBHOCTH OJTHOTO M TOTO XKe
TeJa 3HAYUTEIIBHO PacTeT, KOTja TeJO MPOCTHPAETCs 10 OOJBINOH T0-
BEPXHOCTH. DTO JIOCTUTAETCS BBHICYITUBAaHMEM OyMaru, dyepe3 KOTOPYIO
MPOLIEKHUBAETCS] pACTBOP UCHBITYEMOT'O Tejia. DTH ONBITH npuBenH Jle-
0OHa K 3aKIIIOYEHHIO, YTO 5 T pagus TepsroT 1 T cBOel Macchl B Tede-
Hue 20 mer.

Haxe c¢ yuyeToM O(UMIHMATIBHBIX AAHHBIX, CBUIETEILCTBYIOIIUX O
TOM, YTO CaMbIM JOJIOTOKUBYIIUM SIBIIsieTCA alib(a-paiuoakTUBHBIN
226Ra ¢ mepmomgom momypacmamga 1600 meT, a Takxke TpPUHUMAS BO
BHUMAaHHE CYIIECTBOBAaHHE TaK HAa3bIBAEMBIX PaJHOAKTHBHBIX DPsIIOB,
HECJIOXKHO 3aKJIFOUUTh, YTO €ClU OBl Tela, o0Naaariue ObicTpoii Oec-
IPUYMHHON PaJMOaKTHBHOCTBIO, CYLIECTBOBAJIU B OTIAJIEHHBIE I'€0JI0-
THMUYECKHE 3I0XHU, OHU JABHO OBl MPEKPATHIIM CBOE CYIIECTBOBAHUE. . .
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W3 u3noxeHHoro BEITEKAET, 110 KpailHE Mepe, 1Ba BbIBOAA!

1. B macrosimee BpeMs B 3emiie MPOMCXOMAT caMmble pa3zHooOpas-
HBIC SIJICPHBIC PEAKIUM, HE CBI3aHHBIC C BBICOKUMH TEMIIEpaTypaMu U
0oJbLIel YacThIO IPOUCXOASIINE B 00IACTH [EOJOTHIECKUX Pa3IOMOB,
0 YeM CBHJIETEIIbCTBYIOT MHTEHCHBHBIE OYary M3ITyYeHHsI TS B 9TUX
MecCTax, HO HE CBS3aHHBIE C OOBIYHBIMU TPEACTABICHHUSIMH O €CTe-
CTBEHHOUW PaMOAKTUBHOCTH TSKEIIBIX JICMCHTOB;

2. Pacmag sgep DJIEMEHTOB 3aBHUCHUT OT BHEIIHHX (aKTOPOB, B
YaCTHOCTH OT HAIPsDKEHHOCTH SJIEKTPOHHBIX 00O0JOYEK, YTO MPHUHIIA-
HUAJIBbHO ITO3BOJIACT HCKATh CHOCO6I)I BJIMAHUA Ha pacriaa aacp aroMoOB
Yyepes3 BIAUSHHUE Ha UX 3JICKTPOHHBIC 000JIOUKH.
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B cB3M C U3N0KEHHBIM MOXET OBITh BBICKAa3aHO CIEAYIOLIEE
HPEATOIOKEHUE O Hadae PaguoakTUBHOCTH HEyCTOMYMBBIX siaep. Ma-
Tepus siaep, o0nagasi BHICOKOW yNPYrOCTbIO U OTHOCHUTEIHHO MajlbIMU
MOTEpSIMU Ha TPEHHUE, TEM CaMbIM UMEET BBICOKYIO AOOPOTHOCTH. Tak
KaKk BHXPH O0O0JIATalOT CIIOCOOHOCTHIO BOCHPHHHMATH DSHEPTHIO W3
BHEIIHEH cpelbl M, TAKUM O0pa3oM, MCTOYHHUK IOBBILICHUS 3HEPTUU
BUXpeEH Bcerza MpUCYTCTBYET, CJIOKHAS sJepHas CUCTEMA OKa3bIBAETCs
YYBCTBUTENBHOW Ja’kK€ K OTHOCHTEIBHO HE3HAUYUTEIbHBIM BHEIIHUM
BO30yXIeHUAM. B pe3ysnbraTe NOSABISIETCS MEXaHU3M PACKAauKH CHCTeE-
MBI, YTO W INPUBOIUT K IIOABJICHUIO BOJIH. QHCKTpOHHaﬂ O6OJIO‘IK3
(npucoenuHEeHHBIE BUXPH d(Hpa) CIYKUT AeMI(pepoM, OIHAKO IS
JUCCOLIMMPOBAHHOTO BEIIECTBa 3TOT Aemmdep ocimabeBaeT, mpouecc
yckopsiercsi. Takum 00pa3oM, MOKHO OKHJIaTh, YTO HAa YPOBHE siziep U
OKpY’KaloIUX MX 000JI0YEK MMEET MECTO MPOIEecC aBTOMATUYECKOTO
PEryIMpOBaHusl, CKJIOHHBIA K CaMOBO30Y>KAECHHUIO, YTO BCErJa MMeEET
MECTO B HEYCTOMYMBBIX cHcTeMax. 1lo3Tomy B manpHeWIeM HMeEET
CMBICJT MCCIIEZ0OBATh MPOIECCH CIa0BIX SACPHBIX B3aUMOJCHCTBUI ¢
MO3MULUI TEOPUH aBTOMATHYECKOTO PETYINPOBAHHMS.

3.3. CTpoeHue aTOMOB M MOJIEKY.JI

3.3.1. Ctpoenue aToMOB

[IpoToH MOXET HaxXOJWTHCS B OJHOM W3 TPEX YCTONYMBBIX
cocrostauii (puc. 3.13):

- B BHJIE COOCTBEHHO MNPOTOHA, KOTJa BOKPYT HEr0 BO3HHUKAIOT
BUHTOBBIE INTOTOKH 3(Hpa, BOCIPUHUMAEMBIE KaK 3JIEKTPOMAarHUTHOE
ToJIe IPOTOHA, 3HAK BUHTOBOTO JIBIKEHHS ATHX TIOTOKOB TOT XK€, YTO U
y mpotoHa (puc. 313a);

- B BHUJEC HEWUTpOHA, KOTJa BOKPYr TIPOTOHA oOpa3yercs
TIOTPAaHUYHBIN CJIOW, B KOTOPOM 3aMBIKAaeTCsl KOJBIIEBOE JIBUKECHUE, H
MO3TOMY HEHTPOH BOCHPHHHMMAETCS KaK JJIEKTPUYECKH HEHTpaibHas
yacTulla; B aroMe€ 3TO COCTOSHHE YCTOWYMBO, B CBOOOJHOM
MPOCTPAHCTBE HEWTPOH pacrajaeTrcsi, Kak CUUTAETCS, Ha TPOTOH H
9JEKTPOH, HO HA CaMOM JeJie, 3TO He 0053aTeNIbHO, T. K. MOTPaHNYHBIN
CIIOM MOXKET TMPOCTO paccocaThcs 0e3 00pazoBaHMs IEKTPOHA (pHC.

3.136);
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- B BHJE aToMa BOJOPOJA, KOTJa BHEIIHHWE IOTOKH 3dupa
3aMBIKAIOTCS HE Yepes3 IIEHTP IPOTOHA, & BO BHE, TOT/Ia 3HAK BUHTOBOTO
JBIDKEHHUS] Y HUX OKAa3bIBA€TCs MPOTHUBOIOJIOKHBIM HEHTPOHY, M STOT
NPUCOETMHEHHBIH  BUXPb  BOCIPHHMMAETCS KaK  OTPHIATEIHHO
3apsoKkeHHas obacTs (puc. 3.136).
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Puc. 3.13. Tpu ycTOiUMBBIX COCTOSTHUS MPOTOHA: @ — COOCTBEHHO INPOTOH;
6 — HEUTPOH; 6 — aTOM BOAOPOAA

a)

B cozmamHOoM B aroMe BoaOpoJa IPHUCOCAMHEHHOM BHXPE
JBWKEHHE 3(Hpa MOIEpKUBACTCS 38 CUET DHEPTHH IOTOKOB 3dHpa,
UCTEKAIONINX M3 MPOTOHA, T.€. 33 CYET DHEPTUH 3JIEKTPOMArHUTHOTO
MOJIsl TPOTOHA. DHEPrus e 3TOTO IMOJIsl YeprnaeTcst U3 NpoToHa. Takum
00pasoM, 2JHepeua NPUCOEOUHEHHO20 6UXPA — INEKMPOHHOU
000104KU — yepnaemcsa u3 IHePIUU AOPA, 4 6CA CUCHEMA — AOPO
amoma u e20 31eKMPOHHAA 000104KA — ATIACMCA OOHUM Uenbim, U
TOJNBKO C TakuX IO3UIMHA aTOM ILeJIeco00pa3HO paccMaTpuBaTh B
JAJbHEHIIIEM.

Ecnu B simpe aTomMa coIep>KUTCS HECKOIBKO MPOTOHOB, TO BOKPYT
aapa oOpasyeTcss HECKOJNBbKO NPUCOEAWHEHHBIX BUXPEH, pa3Melnaro-
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IIFXCS APYT BO3ie npyra. Takum oOpa3om, JaHHAS MOJAEIH OTIHYAETCS
OT TuTaHeTapHOUW Momenu Pesepdopma, mpexnae Bcero, TeM, 4To B Hel
HET OJJIGKTPOHOB, BpallalOUIMXCsl Ha opOWTax, a ecThb cpasy
3NEKTPOHHAA 000JI0YKa.

Ecnmm Bokpyr mpoToHa 00pa3zoBaics AOMOIHUTENHHBIA TOTPAaHNY-
HBII CIIOH, JIOKAJIM3YIOIIUN KOJIbLUEBOE JBM)KCHHE, TO TaKas CUCTEMa —
HEHTPOH — B COCTaBe sijpa Toxe ycToitunsa (puc. 3.13.6). OnHaKO BbI-
PBaHHBIN W3 spa U MPEIOCTABICHHBIN caM cebe HEHTPOH OKa3bIBACTCS
MEHee YCTOWYMB M pPachafaeTcsi Ha TMPOTOH U JJEKTPOH C MEPHOJOM
nonypacmana 11,7+£0,3 mun [45]. MatepuanomM JUisi CO3aHUS DIIEKTPO-
Ha SBIIsIETCS 3(UpP MOTPaHUYHOTO CJIOS, KOTOPBIA KOJUIAIICHPYET B 4a-
CTHITy, Oyly9r OTOpBaHHBIM OT MpoToHa. OTHAKO BeChbMa BEPOSATEH U
BapuaHT, IIPU KOTOPOM TIOTPaHUYHBIN CJION paccackiBaeTcs B aupe, He
00pas3yst AIEKTPOH.

CymecTByeT ele  TpeThe YCTOHYHNBOE COCTOSIHHE MPOTOHA, IMPHU
KOTOPOM BOKPYT IPOTOHA OPTaHU3YETCSI BTOPHYHBIA BUXPh — TaK Ha3bI-
BaEMBbIil «IPUCOETUHEHHBIN BUXpb» (TEPMUH, BBEICHHBIM B a’3ponHa-
muky H.E.)KykoBckum).

Takoit Buxpp monydaeTcs, eciu BHEIIHWE MOTOKW 3upa, paHee
3aMBIKABIIIMECs] Yepe3 LEHTpaTbHOE OTBEPCTHE NMPOTOHA, OYAYT 3aMbI-
KaTbCcs BOBHE. B TakoMm BUXPEC KOJIBIEBOC IBUKCHUC GYILCT HUMETH TO XKE
HampaBIIeHHE, YTO U KOJIBIIEBOE IBM)KEHUE MMPOTOHA, a TOPOUAAIBHOE —
ITPOTUBOIIOJIOKHOEC, ITO3TOMY 3HAK BHHTOBOI'O JBWIXXCHUA U IMPUCOCAU-
HCHHOTI'O BUXPAA 6y11eT ITPOTUBOIIOJIOKEH 3HAKY BUHTOBOI'O ABUXCHUA
MPOTOHA, YTO W OyIeT BOCIPHUHHUMATHCS KaK OTPHUIATEIbHAS MOJISp-
HOCTb JIEKTPUYECKOTO 3aps]ia BCETO MPUCOECTUHEHHOIO BUXPS — AJIEK-
TPOHHOM 000JI04KH aroma. [T0CKOJIbKY KOJIBIICBOE JBMIKEHHUE LICITUKOM
3aMBIKAETCSl BHYTPH 3TOH BHEIIHEW OOOJIOYKM W HE TPOHUKAET BO
BHEILIHIOIO 00J1aCTh, BCSI CUCTEMA B 3JIEKTPUYECKOM OTHOILEHUH OKa3bl-
BaeTcs HelTpanbHO#. Tak obpasoBaiicst atom Bogopoa (puc. 3.136).

B cozmanHOM B aToMe BOAOpOAa MPUCOEAMHEHHOM BHXPE JIBHKE-
HHUE 3dupa MOJAEPKUBACTCS 32 CUET SHEPIHH MOTOKOB d(PHUpa, UCTEKa-
IOIUX U3 MIPOTOHA, T.€. 32 CYET IHEPTHH NIEKTPOMATHUTHOTO OIS MPO-
TOHA. JHEPrHs JKe ITOro TOJIs YepraeTcs: U3 MpoToHa. TakuM o0paszom,
SHEPIUsl MPUCOCTUHEHHOTO BUXPS — JJIEKTPOHHOM 00O0JI0OYKH — uepra-
€TCsl U3 DHEPTuM A7pa, a BcA CUCTEMA — AAPO aTOMA U €ro dJIEKTPOHHAS
000J109Ka — SIBJIIETCSI OJJHUM IIEJIBIM, U TOJBKO C TaKUX MO3UIMHA aTOM
1[eIeco00pa3HO pacCMaTpUBaTh B JATbHEUIIIEM.
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PaccmarpuBas aToM Kak HEJIBHYIO CHCTEMY, MPUXOJHUTCS KOHCTa-
THPOBATh, YTO HE3aBHCUMOE IIOCTPOCHUE TAOJIUI] 3aTIOJIHEHUS] YPOBHEH
SHEPTUU B SIPax M B AJIEKTPOHHBIX 000JOYKAX, HCIOIB3YEeMOE HBIHE,
HE BIOJHE MpaBoMepHO. M XOTs cpein MHOTOYHCIEHHBIX paboT 1o Mo-
CTPOCHHIO TIEPUOAWYECKUX CHUCTEM 3IIEMEHTOB HMEIOTCS JO0CTATOYHO
MHTEPECHBIC U OPUTHHAIBHBIE TOCTPOCHHS, OCHOBAaHHBIC HA KBAHTOBOM
MOJXO0ME, BCE K€ OTH PadOTHl HOCAT (OPMalbHBIA, a He (HU3MYECKHUI
XapakTep |, TIaBHOE, HE YYUTHIBAIOT €AWHCTBA CHCTEMBI SIPO — DIIEK-
TpoHHast 000J709Ka. B 3TOM cMBICIIC HHTEPECHBI MOMBITKHA YYECTh 3TO
€/IMHCTBO.

B cBeTe u3nokeHHOTo 11e71eco00pa3Ho MPOCIEIUTD CBSI3b CTPOSHHUS
HPUCOCTMHEHHBIX BUXPEH — 3JIEKTPOHHBIX 000JI0YEK aTOMOB C MaTeMa-
TUYECKUM amlmaparoM KBaHTOBOW MEXaHHWKH. 3ajada CYIIECTBEHHO
ynopouracTes, €CJIW MNPUHATH BO BHUMAHHUC 3aMCYAHUC 9I[III/IHFTOH3 0
BO3MOKHOCTHU TIPHUITHCHIBAHHS /-(DYHKIIMU HETIOCPEICTBEHHO 3HAYCHHUS
¢usngecKol TIOTHOCTH. B 3TOM citydae skcTpemyMam y-(hyHKIHH 0y-
AYT COOTBETCTBOBATHL LICHTPLI BpAIICHUSA IMPUCOCAMHCHHBIX BI/IXpCfI, a
HYJIEBBIM 3HAYE€HHSM — JIMOO TOYKH CONPUKOCHOBEHUS, JTNOO TPAaHHIIBI
Buxpeil. [Ipn 3TOM cienyeTr y4uThIBaTh, YTO BHYTPEHHSS IUIOTHOCTH
BUXpEH COBCeM He 00s3aTeNbHO JIOJKHA B TOYHOCTH COOTBETCTBOBATH
xapakTepy y-QyHKINU, KOTOpas sBJSETCS He 0ojiee YeM rpyObIM MpH-
OJKEHUEM 3aBHCUMOCTH TUIOTHOCTH OT KOODP/IHHAT.

a) 5) 8) 2)

Puc. 3.14. AToM BOI0pO/ia B Pa3IMYHBIX COCTOSTHUAX
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Ha puc. 3.14 moka3zaHbpl pa3addHbIe COCTOSHHS aroMa BOAOPOa,
IpUYEM IIOCTPOCHHUS BBINOJHEHbI Ha OCHOBE PACCMOTPEHMS COOTBET-
CTBYIOIINX /-(pyHKIHH.

Ecnu HeB030yKA€HHOE COCTOSIHUE aTOMOB MOJAIEPKUBACTCS SHEP-
THel, HCXOASIIEeH U3 sApa, TO BO30YXKAEHHOE COCTOSIHUE BO3HUKACT 32
CYET PHEPTUH, MOCTYNAOLIEH B 3JIEKTPOHHYIO 000JI0UKY U3BHE, HAIIPU-
Mep, B Pe3yJIbTaTe CoyAapeHusl aTOMOB, MOTJIOMICHUS SHEPTHH (DOTOHOB
u T.1. llornomienne BHeIIHEN SHEPIUU NMPUBOAMUT K PEKOH(UIYpaLH
BTOPUYHBIX BUXpEH M JaXKe K IOSBICHHIO HOBBIX BTOPHYHBIX BHXpEH
WJIN YHUYTOXCHUIO YaCTH CYLICCTBYIOIIHUX, B PE3YJIbTAaTC 4YC€ro BHYT-
PEHHUC NTOTOKHU, UCXOAAIIMUE HEIMOCPECACTBCHHO U3 AApa, IMIPOPLIBAIOTCSA
HapYyXKy, 94TO co3iaeT d3PPeKT HOHU3AINH aTOMA.

3aMBIKaHHE BHHTOBOI'O IMOTOKAa BHE MIpOTOHA IMPUBOAMUT K IIOSABJIC-
HUIO BHEUIHETO OTHOCUTEIBHO sipa c(epuvecKoro BUXPS, YTO COOT-
BETCTBYET aTOMy Bojiopoza B coctosiHuu 1S (puc 3.14, a). Coctosiaue 25
(puc. 3.14, 6) obpa3yercs ImMyTeM yBEIWYCHHsI BHEITHETO CIIOS U Jele-
HUSI €ro Ha J1Ba. 371eCh BO3MOXHEI JBa BApHAHTa — MPOCTOE pas/esicHHe
BUXpsSl Ha /IBa ¢ 00pa30BaHMEM IIOBBILIEHHOIO T'PaJAMEHTa CKOPOCTEH
MEXIY BHXPSAMH WIN 00pa30BaHHE BTOPOrO BUXPS TaK, YTO B TOYKax
COIIPUKOCHOBCHUSA 3THUX BHCHIHUX BI/IXpeI\/'I IIOTOKU HAIIPpaBJICHBI B OJHY
cropony. LlenecooOpa3no oOparuTh BHUMaHNE HA TIOJHYIO aHTHUIApa-
JIENTBHOCTD COTIPHUKACAIOIINXCSA BUXPEH.

Cocrostust 2p u 3d (puc. 3.14 ¢ u 2) mony4aroTcs B pe3yjbrare
o0pa3oBaHMs METENb B KOJBIIEBOM ABIKEHUH: MPH JIBYX METIAX MOIY-
YaeTcsi COCTOsiHME 2P, a mpH yetbipex — cocrosinue 3d. Ha pucyHkax
MOKa3aHbl HampaBlieHUS MOTOKOB 3(HUpa BO BCEX COCTOSHHUAX aToMa
BOJIOPOJI.

B saape aroma renus MMEIOTCS JBa aHTUNAPALIETbHO OPUEHTUPO-
BaHHBIX MPOTOHA, YTO COOTBETCTBYET ABYM T'MAPOMEXaHHYECKUM BHH-
TOBBIM nyOneraM. Ha puc. 3.15 moka3zaHbl MOTOKH d(upa, OXBaTHIBAO-
IIUe SAPO Teusl, M IPUCOSAMHCHHBIC K HUM BHXPH 3JIEKTPOHHOW 000-
nouky. Kak BUIHO U3 pUCYHKa, KaK IEpBUYHBIC, TAK 1 BTOPUYHBIC BUX-
PH HaxoAATCS B aHTUIAPAJUICIBHOW OPHUEHTALlMd OTHOCUTEIBHO IPYT
npyra. CrnemgoBaTenbHO, MAarHUTHBIH MOMEHT W CIHH aroMa TeJus
JOJDKHBI OBITH PaBHBI HYIIO, YTO U MIMEET MECTO HA CaMOM JIeJIE.
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Puc. 3.15. CtpykTtypa aToma resust

HyxHO OTMETHTB, UTO yBEeNHYEHHE YHca TyOIeToB (MCTOYHUKOB
BUXPEBBIX TEUCHMI) HE 005M3aTENIbHO YBENWYMBaeT oObeM aroma. B
cllydae aroma Telusl 3TOT 00beM OyAeT yMEHbIIEH MO0 CPaBHEHHUIO C
o0peMOM OTAETBHOTO aTtoMa Bogopona. OOBSCHIETCS STO TEM, YTO
MIPOTOH B aTOME BOAOPO/ia BBIAYBAET MOTOK B IIpeesiaX TeJIECHOTO yria
B 47, B TO BpeMsI KaKk B aTOME TeJUs KK bl MPOTOH BBIIYBAET MOTOK B
TEJIECHBIM YToJl B IBa pa3a MEHbBIIHM, T.€. B yroa 2. DTO 03HAYAET, YTO
CKOPOCTH 3(PHPHBIX TTOTOKOB B AJIpe TeJHsl OONBIIE U B COOTBETCTBUU C
ypaBHeHHeM bepHyiuiu aaBiieHue 3upa B 3TUX MOTOKAX OyaeT MEHb-
1Ie, BHEIIHEe JaBIIEHUE COXXKMET BeCh BUXPb, U 00BEM aTOMa yMEHb-
mIuTCs B 2 pasa.

[IpucoenuHenne MpoTOHA K SAPY Tenus (JIMTUN) HapyIIaeT CUM-
METpHUIO0 000JIOYKH, YTO TIPUBOJIUT K yBEIMUCHHUIO e¢ 00bema. C TOUKHU
3peHUs CTPOCHHS 000JIOYKH BO3MOXKHBI Pa3IndHble BapuaHThl. OIUH U3
HUX, TIPA KOTOPOM B JJIEKTPOHHON 0005I04YKe 0O0pa3oBaH TPETHHA —
HECUMMETPHYHBIH JICIeCTOK, H300paxkeH Ha puc. 3.16.

Buo 4

Y

J@
&>

Puc. 3.16. CtpykTypa aToMa JUTHS
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[TpucoenyHenne MPOTOHA K AAPY JIUTHSA 3aCTABIISCT MEPEOPUCH-
TUPOBATHCS TPOTOHBI B KBAJIPYMOJIBHYIO CHUCTEMY. 3alolHEHHUE HIET
MyTeM MPHCOECIUHEHUS! K anb(a-dyacTHlle BHEIIHETO CJOs, MPH 3TOM
BO3HHUKAET CHCTEMa M3 YETHIPEX JyOJICTOB. YUHUTHIBast OIM30CTh BBIXO-
Jla TIOTOKa 3(Hupa U3 IEHTPa BHEIIHUX MPOTOHOB K BXOJY MOTOKA BO
BHYTPEHHHE MPOTOHBI, MOXHO MOJIaraTh, YTO 3TH MOTOKH BKIIOYAIOTCS
MIOCJI/IOBATENBHO, B PE3YyIIbTaTe YeT0 BO3HUKACT BCETO JIBA BBIXOIHBIX
MOTOKA, MOIIHOCTh KaXXIOTO M3 KOTOPHIX yABOEHa. Takoe ynBoeHHE
MOITHOCTA TIOTOKa MPUBOJUT K YBEIMYCHHUIO MOIIHOCTH TMPHCOETU-
HEHHBIX Buxpel. Hanbosee BEposSTHON CTPYKTYPOU 3JICKTPOHHON 000-
JIOYKH SIBIISIETCS IBYXCIIOWHAS CTPYKTYpa C aHTHUIIAPAJIICIbHBIMH BUX-
PSIMH BHEIITHETO CJI0s [0 OTHOILICHHUIO K BHYTpeHHeMy (puc. 3.17).

Puc. 3.17. CtpykTypa aToma Gepuiius

Ecnn paccMoTperh cTpoeHHe siapa aToMa KHCIOpPOJAQ, TO JIETKO
BHJICTh, YTO B COOTBETCTBUH C YPOBHSMH 3aIOJHEHUS S/Ipa [1BA BHYT-
PEHHHX MPOTOHA B JBYX HNPOTHBOJISKAIIMX ajb(a-yacTHIAX OKa3bIBa-
IOTCA OKpaHUPOBaHHBIMH BHEITHUMHU CJIOSAMHU, ITIOCKOJIBKY HECHTPAJIbHBIC
BHUHTOBBIC IIOTOKH 3THUX MPOTOHOB BBIAYBAIOTCA BHYTPH AApa. OJIHaKO
JIBa BHYTPEHHUX MPOTOHA BYX IPYTHX allb(a-4acTUI] BBIAYBAIOT CBOU
MOTOKU Hapy)Xy, U, IIOCKOJIBbKY BUHTOBOM (DaKTOP y BCEX 3THUX MOTOKOB
OIVH W TOT K€, BOBMOXKHO NEPEPACHIPCACIICHUEC ITOTOKOB BHYTPHU sAJpa
¥ CyMMHPOBaHHE MOIITHOCTEH JIBYX ITOTOKOB. TakuM 00Opa3om, Bcero u3
s7ipa KUCIIOPOJia BBIXOAUT IECTh BUHTOBBIX MOTOKOB, JIBA U3 KOTOPBIX
UMEIOT YIBOCHHYIO MOIIHOCTb. B pesyibrare 00pa3yloTCs YeThIpe
NPUCOCTMHEHHBIX BUXPS OAMHAPHOM W JIBa YIABOCHHOH MOIIHOCTH
(puc. 3.18).
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Puc. 3.18. CTtpykTypa aToMa Kucjopoaa (BapuaHT)

W3noxeHHble mpencTaBaeHUs] NPUBOAAT K TOMY, YTO YHCIO BbI-
XOJHBIX MOTOKOB 3(Upa U3 sIpa MOXKET OBITh MEHBIIE, YeM YHUCIIO
MPOTOHOB, HO CYMMapHasi MOIIHOCTh BCEX IMMOTOKOB IPONOPLUOHAIEHA
YHCIy IPOTOHOB. JlanbHelIIee HapalMBaHUue Yucia IPOTOHOB B siIpe
JOJKHO TPUBOAUTE HE TOJNBKO K YBEJITUUEHHIO YMCIIa BUHTOBBIX CTPYH,
UCXOJSIIMX U3 SIApa, HO B CBS3U C SKPaHUPOBAHHEM OJJHHX MPOTOHOB
JPYTUMH M K YBEJIWYECHUIO MOLIHOCTU OTHENBHBIX CTPYH. DTO compo-
BOXKJIA€TCSI BO BHEIIHEW 000J04YKe JTUOO pOCTOM MOITHOCTH COOTBET-
CTBYIOIIETO PUCOEINHEHHOTO BUXPSI, JIMOO YBEIMUYEHUEM YHCIIa TIPH-
COCIMHEHHBIX BUXPEH K COOTBETCTBYIOIIEH CTpPYE, YTO COOTBETCTBYET
YBEJTMUEHHIO YHCTIa JJIEKTPOHOB B AJIEKTPOHHOI 0007104YKe aToMa.

Taxum 00pa3om, yBeMUeHHE aTOMHOTO HOMEpa siipa MPUBOJMT K
MEPECTPONKE 3JIESKTPOHHBIX O000JIOUYEK BCEX YpPOBHEH, a HE TOJBKO
BHeIIHeH obonouku. [locTpoeHne Bcel cucteMbl 000JI0YEK U OIpese-
JICHWE CBS3U CTPYKTYPHI SJEPHBIX U DJIEKTPOHHBIX 000JI0YEK aToMa
SIBIISIFOTCS IPEJIMETOM CIIEIIHAIbHOTO HCCIIEIOBAHHS.

BuxpeBble MoJen# MO3BOJISIOT BBICKA3aTh MPENNOI0KEHUE O IPHU-
YMHAX MEePHOAN3AINH 00BEMOB aTOMOB C YBEIHMUYEHHUEM HX TOPSIKOBO-
ro HOMepa.

Kak u3BecTHO, 00BEM aToma Teius B /IBa paza MEHbIIE o0bema
aToma Bogopoaa. OObIYHO 3TO OOBIICHSAETCS TEM, YTO IBOWHOW 3apsin
A1pa TMOATATHBACT KXKJBIH JIEKTPOH ONMXKe K SIpy, YeM OJIUHAPHBIH
3apsia sapa atoma Bojgopoaa. C TOUKH 3peHHs ra30BOi TMHAMUKH TTPH-
YHHA MOXET 3aKJIF0YaThCsl B TOM, YTO TEJIECHBIM YToJ, 3aHMMAaEMBbIil
BBIXOJHBIM IIOTOKOM 3(Hpa Ka)JIOro IPOTOHA, B I'EJIUH COCTABISET
7/2, B TO BpeMs KaK B aTOME BOJOPOa — 7. DTO 3HAYMT, YTO CKOPOCTH
MOTOKOB 3(Hpa B ANEKTPOHHOH 000104Ke aTroma refust OymyT Gomblie,
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CJIeZIOBATENHHO, IaBJICHUE B HUX OyIET MEHbIIE, H BHENIHEES JaBIICHHUE
COXXMET aTOM POBHO B J[Ba pasa Mo o0beMy. Y CIEIyIoNIero aroMa —
JIUTHSI TPETUIH TPOTOH PACIONIOKEH TaK, YTO HAPYIIASTCS CUMMETPHUS
aToMa U 00beM Bo3pactaeT. Ho yxe y dyeTBepTOoro sjaemeHTa — Oepui-
TSl CUMMETPHsI BOCCTAHABIUBACTCS, M O0BEM BHOBH COKpAIACTCS.
[IpennonoxuTensHo, y MOCIEYIONINX IEMEHTOB 00beM aTOMOB JIOJI-
JKE€H 3aBUCETh OT CTCICHW HAPYIICHHS CUMMETPUHU: C YBEIUYCHUCM
ACUMMETPHUHN 00BEM aTOMa YBEIIMYUBAETCS, C MPUOIIKEHHEM K 00beM-
HOU CHMMETPHUH 00hEM aTOMa COKpAIacTCs.

3.3.2. Xumnueckme cBA3nN n obpasoBaHne MOJEKyr

B 1927 r. narckwnit pusuk O.Byppo BBINOTHHI KBaHTOBOMEXAaHU-
YECKUI pacyeT MOJICKYJIIPHOrO MOHa Bomopojaa Hp™ u mokasan, 4to
€IMHCTBEHHBIH 3JIEKTPOH B 3TOM HOHE 3aHMMAaeT OpOWTallb, KOTOpas
MPOCTUPAETCS BOKPYT OOOUX MPOTOHOB. TeopeTHuecKuil pacuer dHep-
THH CBSI3U 3TOTO MOJICKYJSIPHOI'O MOHA, T.€. Pa3HOCTU MEXIy CyMMap-
HOM 3HEPrUeil OTJAEIBHOTO aToMa W MPOTOHA M 3HEPrued MoHa B €ro
OCHOBHOM COCTOSTHUY TIPUBEIT K 3HaYeHHIO 255 KJ[/MOJIb.

C y4eToM TOro, 4TO YKCIIO MOJIEKYJ B MOJIE COCTaBseT 6,022.10%
(dancio ABorazpo) moyrydyaem, 4TO SHEPTHUS CBSI3M JBYX aTOMOB B HOHE
MoJteKybl cocTapiser 4,23-1071° Ik = 2,68 3B nHa omHy MoseKymy
H".

Crnenyer OTMETHTh, YTO TaK Ha3zbIBaeMasl PHEPIHs CPOJCTBA aTo-
MOB M MOJIEKYJ K 3JIEKTPOHY €CTh 3HEPTHs CBSA3U IEKTPOHA B COOTBET-
CTBYIOIIEM OTPHULATEILHOM HOHE — MUHUMAaJIbHAsl SHEPTUs, 3aTpaunBa-
eMasi Ha OTPBIB BJIEKTPOHA OT aToMa WJIM MOJIEKYJIBL. DTa SHEPrusi co-
cTaBiseT s moHa Bomopoaa H™ 0,754 3B, u a1 BceX MOHOB JISKUT B
npeaenax or 0,15 3B (Cr) ao 3,62 3B (CI), T.e. mopsaaok BenuuuH
COCTaBJISICT CAMHULIBI M JOJIN 3JIEKTPOH-BOJIBT.

1 cpaBHEHWS HAIIOMHUM, YTO SHEPTHUS CBS3U JBYX HYKJIOHOB =
MPOTOHA M HEHTPOHA B s/Ipe aToMa jaenTepus coctariieT 2,3 MaB, To
ecTb Ha 6 MOpsAAKOB OOJIBIIIE,

PaccmoTpum npupoay XMMHUYECKHX CBSI3€H aTOMOB B MOJIeKyJe [1—
3] ¢ mosunuit 3hUpPOTUHAMUKH.

[IpucoenuHeHHble BUXPH Pa3IMYHBIX aTOMOB MOTYT COCAMHATHCS
MEX1y c000ii b 1ByMs cocobamu (puc. 3.1).



dusnyeckue B3aNMOJeiiCTBUA 105

B nepBom cityuae (puc. 3.9, a) BUXpH YIEPKHUBAIOTCS OTHOCUTEIb-
HO APYT ApyTa B OOIIEM MOTPAaHUYHOM cJIoe, 00pa30BaHHOM Oiarogaps
MIPOTUBOIIOJIOKHO HAMPaBICHHBIM MOTOKaM 3¢dupa. Kak ObuI0 mokazaHo
BhIIIIE, OJlarofaps TPaJMEHTY CKOPOCTEH MEXIy BHXPSIMH JIaBICHHUEC
TIOHIDKAETCS, W BHEIIHEee NaBJeHne dpupa MPIKUMAET BUXPHU JAPYT K
npyry. Kakoro-nmnbo mpeoOpa3oBaHHs BUXpEH, KpoMe W3MEHEHUS WX
(dopMbI, 3/1ech He BO3HMKAeT. [laHHBIN cilyd4all COOTBETCTBYET MOHHOM
XUMUYECKOH CBSI3H.

OO0 OO
o QD

Puc. 3.19. Coenunenue BUXpeii: ¢ — MyTeM MPUIUIIAHUS IPYT K APYTry (COOTBET-
CTBYET MOHHOH CBsI3M); 6 — ITyTeM 00pa30BaHUs OOLIMX NMOTOKOB (COOTBETCTBYET KOBa-
JICHTHOH CBSA3U)

Bo BTOpOM Cilyyae coeMHEHUE ABYX BUXPEU JACT €IUHBIN BUXPhb
(puc. 3.1, 6). B BUHTOBBIX TOTOKaX TO BO3MOXKHO JIMIIb TOT/IA, KOT/Ia
WX BUHTOBBIC (DAKTOPHI COBIMAAIOT. DTO 03HAYAET, YTO B IPUCOCTUHEH-
HBIX BUXPSAX U TOPOUAAIBHBIE, U KOJBLEBBIE TBUKECHUS TOIKHBI UMETh
OJIHO ¥ TO K€ HaIlpaBJICHUE B TUNIOCKOCTH coeauHeHus. Toraa oopasyeT-
Cs €IUHBIN TPUCOCAMHEHHBI BUXPh, OXBATHIBAIONIHN 00a COSIMHUB-
muxcs aroma. B 3ToM 00mEeM NpPUCOSTUHEHHOM BHXpPE JaBICHHE
MEHbIIIE, YeEM B OKpY>Kalollel cpeie, a IJIMHA MOTOKA MEHbIIE CYMMbI
JUTMH MTOTOKOB B 000MX MPUCOCAMHEHHBIX BUXPAX OTACIbHBIX aTOMOB.
JaHHBII ciydall COOTBETCTBYET KOBAaJICHTHOM CBSI3U.

NznoxkeHHOE TMO3BOJIAET MPEIIONOKUTH BO3MOXKHOCTh 00pa3oBa-
HUSI MOHHBIX CBSI3EU MPH JTFOOBIX BUHTOBBIX (DaKTOpax B MPHUCOCTUHEH-
HBIX BHXPSX, €CJIH Y PEarnpyoNIIuX MOJIEKYJ OTOKU 3(upa Ha UX I0-
BEPXHOCTAX MOTYT OpPHEHTUPOBATHCS aHTUIAPAIIICIBHO HA JOCTaTOY-
HO¥ TuTOTIaan. /{71 KOBaJIEHTHOM K€ peaKIu 00s3aTeNICH OqMHAKOBEII
BUHTOBOH (hakTop.
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[TpUHIUIT TTOCTPOCHUSI MOJICKYJIBI JIydIlle BCETO MPOMLIIOCTPHPO-
BaTh Ha mpumepe Monekyiasl Hy (puc. 3.20). Bo3MoXHBI pa3Hble Bapu-
AHTBI MOCTPOCHHS MOJEKyIbl Hy — mpu mapaiienbHbIX W aHTHIApa-
JICTBHBIX CIIMHAX MPOTOHOB, MEPIICHIUKYIISIPHBIX U COOCHBIX OCH, MPO-
XOJISAIIEH Yepe3 [EHTPbI IPOTOHOB.

Puc. 3.20. O6pa3zoBanue moJiexky.ibl H2

Kak BumHO u3 puc. 3.2, BHEIIHHE TOTOKH MMCIOT OJHO U TO XK€
HaIpaBJIicHUE W B TOPOUIAIBLHOM, U B KOJBIICBOM JBHKCHHU. VIMEHHO
3TOT Ciy4ail M CleqyeT paccMaTpUBAaTh KaKk OCHOBHOM Citydail oOpa3o-
BaHUsT MoyieKynbl Hz. OOpa3oBaHue 0OIEro BHEIIHEro MOTOKa YKa3bl-
BAaeT HAa KOBAJEHTHOCTH XUMUYECKOHN CBSI3M, YTO M MMEET MECTO B JICHi-
CTBHUTEIBHOCTH. AHAJIOTMYHBIM 00pa30M MOXHO MOJYYHTh CTPYKTYPhI
U Ipyrux Mojekyn (puc. 3.21).

104,5°

a) 6)

Puc. 3.21. Ctpykrypa moJjeky. Boxopoaa H4 (a) m Boast H20 (6). Dnek-
TPOHHBIE 000JIOUKH — MIPUCOEAUHEHHBIE BUXPH 1P 1 4D JieKaT BHE MIIOCKOCTH PHCYHKA
U [I03TOMY HE [TOKAa3aHbl.
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HeranbHoe n3zyueHue (Gopm CBS3UM B MOJEKYJIax B 3(UPOIUHAMU-
YECKOH MOJENH SIBISETCA IPEIMETOM CIIELHaIbHOTO HCCIIEIOBAHMUS,
OJIHAKO YK€ celuac MOYKHO BBICKa3aThb HEKOTOPBIE JOMOJHUTEIbHBIC
COOOpaKCHUSI.

[Ipu o6pa3oBaHWM KOBAJIEHTHOW CBS3M CyMMapHas JHHHAS TOKa
00IIero MPUCOECAMHEHHOTO BUXPSI OKa3bIBACTCS KOPOUYE CYMMBI [UINH
JMHUAN TOKOB Pa3leNbHBIX aTOMOB, B MOMEHT OOpa30BaHUsI KOBAJICHT-
HOW XMMHYECKON CBSI3M 4acTh YIUIOTHEHHOTO 3aBMHTOBAaHHOTO 3¢upa
OKa3bIBaeTCA BHIOPOMIEHHON M3 MOJEKYNbl. Takol KycoueKk BHXpS HE
MOJXKET CYIIECTBOBATh B TOM JK€ BHJIC, U OH JUOO OyJET IMOTJIOUICH B
JIPYTOM MECTe, TJIe UJICT PeaKIUs Pa3IoKEeHUS MOJIEKYJI, JIN0O mpeodpa-
3yeTcs B TOPOUAAIBHBIN BUXPh €1a00 CXKaToro 3Qupa, KOTOPbI MOKHO
YCIIOBHO Ha3BaTh JIEITOHOM, IOCKOJBKY €ro Macca MEHbIIE MacChl
3neKkTpoHa. PacueT mokaspIBaeT, 4TO Macca TaKOro TOPOMJIA COCTABISET
nopsinka 0,0001 maccel 35€KTpOHA, HO AUAMETP €r0 COCTABIISIET MOPSAI-
ka 0,01 mm. s mpoBepKH 3TOTO OOCTOSTENHCTBA OBUT OpraHW30BaH
71a00PATOPHBIN AKCIICPUMEHT.

Boun mocTpoeHsl cnenuanbHble KPYTHIbHBIE BECHI, HA OJHOM M3
IUIed KOPOMBIC/IA KOTOPBIX 3aKpeljieHa allOMUHHEBas IUIacTHHA (Ta-
pyc), COEAMHEHHBIH C METaJUNIMYeCKHUM KOpIycoM BecoB uepe3 10-
MEroMHO€ CONPOTHBIIEHHE BO H30€KaHHE BO3MOXKHOTO BIIMSHUS JJIEK-
Tpoctatukd. Kopnyc BecoB 3a3eMiisicsi Ha 6aTapero mapoBOro OTOILIe-
Hus (puc. 3.22)..

IlmactmaccoBbIil HWIMHAP YCTaHABIMBAJICS HANPOTHUB Iapyca Ha
paccrosiHum 10 cm. PearnpoBanu cyxas menous KOH u koHueHTpupo-
BaHHAs CepHasl WM COJISIHASI KUCIIOTA.

IIpu npoBeaeHUM peakUuy MAapyc CHadalla NPUTIATUBAJICA K peak-
IIUH, a 3aTeM, TI0CJIe €€ OKOHYAHUs, OTXOAWJI OT Hee Ha MaKCHMaJbHOe
paccrosnue (10 ynopa) u uepe3 1,5-2 4. Bo3Bparasics o0paTHO.

Tot xe pe3ynpTaT MOTyJalCs, €CIH Peakiusi MPOBOJMIACH B TOM
K€ CTaKaHYMKE, YCTAHOBJICHHOM Ha JACPEBAHHOM HIIM IMEHOIIJIACTOBOM
KyOuke Branu ot BecoB. [lonHeceHne 3aTteM 3Toro KyOuka K Becam aa-
BaJIO TOT X€ pe3ynbTar. Bece QukcupoBanoch aBTOMaTH4eCKUM CaMo-
MTUCIIEM.
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Puc. 3.22. Cxema ;1a60paTOPHOro IKCIEPHMEHTA MO BbISIBJICHHIO JIENTOH-
HOIi MeHbI NPU 00PA30BAHUM KOBAJEHTHOH XMMHYeCKOii CBA3M (a) U rpaduK OT-
KJIOHEHHsI mapyca BecOB NMpH MPOBedeHHU XUMH4YecKoil peakuuu (6): 1 — crakan-
YUK C XMUMHYECKHMH peakTHBaMH; 2 — KPYTHIBHBIE BEChl, 3 — ya3ep; 4 —caMomucell.

OOmBsicHeHUE Pe3yNbTaTOB SKCIIEPUMEHTa 3aKIII0YAETCsl B TOM, YTO
IpY NPOBEACHUHN XUMHUUECKON Peakiuu U 0Opa3oBaHUM JIEHTOHHOM Iie-
HBI JIENTOHBI KacaroTcsl mapyca. Ilockonbky nBmkeHue s¢upa Ha IMO-
BEPXHOCTH JIENTOHOB TIPH JI000M UX OPHEHTAIMU BCerja MmapauielibHO
IUIOCKOCTH T1apyca, To o0pa3yeTcsi IpaiueHT CKOpOocTel 3¢upa ¢ MOHH-
JKEHHBIM JaBiieHHeM. Ilapyc HauMHaeT NpUTATUBATHCS K PearupyronuM
BEII[ECTBAM.

[ocne okoHYaHUS peakIMU JIENITOHHAS TeHa HauuHaeT MudQyH-
JUpOBaTh, MPUYEM B NEPBYIO OUEPEb YHHYTOKAIOTCS JIENTOHBI, OKa-
3aBILHECS B BEPXHEM CJIO€ MEHBI, IIOCKOJIbKY TPaJIMeHT CKOPOCTEH Ha UX
MOBEPXHOCTH MEHBIIIE, YeM Y BHYTPEHHHUX JICTITOHOB, CJIEOBATENBHO,
BSI3KOCTh BBIIIE W BpeMs CYIIECTBOBAaHHS MOBEPXHOCTHBIX JIENITOHOB
Menble. Ho nentoHsl, Kak U BCAKKWE BUXPH, UMENH IJIOTHOCTH 3dupa
Oosiee BBICOKYIO, YeM IIOTHOCTH 3(Hpa B CBOOOIHOM TPOCTPAHCTBE.
ITosTomy naBnenme >¢dupa Bo3pacraer, U mapyc oroxsuraercs. [locie
TOTO Kak Bce JIeNTOHb! AuHyHIUpOBaIH, JaBlieHHe B 3(hUpe BHIpaBHU-
BaeTcA, U NPY>KMHKA BO3BPAILAET KOPOMBICIIO BECOB B UCXOJTHOE COCTO-
aHue. PaznuuHble BelecTBa Aa0T Pa3InuyHOE OTKIOHEHHE, HO XapaKTep
MIOBEJICHUS BECOB COXPAHSETCA.
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OKCIEPUMEHTBI C «ICNTOHHOM TEHOW» OBUTH TPOJIOIKEHBI
10./0.JIo6apeBsiM, cTrynenTom xumdaka MI'Y. M OBIIO OTKPEITO, YTO
«IENTOHHAs TICHa» TPUBOJUT K CHUKCHHIO YYBCTBHTEIBHOCTH (POTO-
OyMaru, a Takxke TO, YTO KOHJICHCATOPBI, PACIOJIOKEHHBIC PSIIOM CO
CTaKaHYMKOM, B KOTOPOM IIPOBOJIMIIACH XMMUYECKas PEaKIIHs, B TIEPBBIC
)K€ CEKYHJIbI MOCIie Hayalla Peaklui YBEJINYHBAIOT CBOIO EMKOCTb IO-
gyt Ha 1%, a 3aTeM, MoCiie OKOHYAHUS PEaKIIUHU, MPOUCXOAUT MEIJICH-
HBIH, B TCUCHHE JICCATKOB MUHYT BO3BpPAT 3HAYCHUSI EMKOCTH K TIEPBO-
HAYaIbHOMY 3HAYCHUIO.

3.3.3. O6pa3oBaHNEe MEXMONEKYNSAPHbIX CBA3EN

HecMoTpst Ha TO, 4TO BCE MOJIEKYJIBI JIEKTPUUECKN HEUTPAJIbHBI,
B BEILIECTBE OHU B3aHMOJICHCTBYIOT Mekay coboii. CTeneHb 3TOro B3a-
UMOJICHCTBHS pa3iIM4Ha: B TBEPIOM TeJe OHAa MAKCHMAlbHA, B KUAKO-
CTH CPEHSA, a B Ta3¢ MUHUMAaJbHA.

MexMOoJIeKyJIApHOE B3aUMOAEHCTBUE — 3TO B3aUMOJICHCTBUE MEXK-
Jly JIEKTPUYECKH HEUTpaIbHBIMM MOJIEKYJIAMHU WM aTOMaMH, OIpeJie-
JSIOUIEE CYIIECTBOBAHUE KHMJIKOCTEM M MOJEKYJSPHBIX KPHCTAJIOB,
OTJIMYHE PEeaNbHBIX Ta30B OT UICAIBHBIX U MPOSBISIETCA B pa3HooOpas-
HBIX (pU3HYECKUX SBICHUAX. MEXMOJIEKYISIPHOE B3auMO/IEHCTBUE 3a-
BHUCUT OT PacCTOSTHUS MEXIY MOJIEKYJIAaMH M ONHUCHIBAETCS MOTEHIIU-
anmbHOW dHeprueil B3aumojencTsus U(r) (MOTEHIHATIOM MEXMOJIEKY-
JIIPHOTO B3aMMOAEUCTBUS). VIMEHHO CpefHssl MOTEeHIMaTbHAs SHEPTHs
B3aMMOJEHCTBHUS ONPENAECIAET COCTOSTHIE U MHOTHE CBOMCTBA BELIECTBA.

BriepBeie MeXMONEKYIIPHOE B3aUMOAEHCTBUE NPHHSAI BO BHUMA-
uue B 1873 1. romnanackuii ¢pusuk S.J[. Ban-nep-Baanbsc mis 00bsic-
HECHUSI CBOWCTB peabHBIX ra30B U kuukoctei [4—6]. TIpenrnonoxus,
YTO Ha MaJIbIX PAaCCTOAHUAX MEXKAY MOJEKYJaMH JEHCTBYIOT CHIIBI OT-
TaJKUBAaHUs, KOTOPBIE C YBEJIUYEHUEM PACCTOSIHUS CMEHSIOTCS CUJIaMU
MPUTSHKEHUS, OH NIOJIyYWJl YPaBHEHUE COCTOSHUS PEAIBHOIO rasa.

B Hacrosmee Bpemsl NPUHATO CUYMTATh, YTO MEKMOJIEKYJIIPHOE
B3aMMOJECHCTBUE MMEET JIEKTPUUECKYIO NMPHUPOAY WU CKIaIbIBaeTCs U3
CHJI TIPUTSHKCHHUSA (OPHEHTAIIMOHHBIX, WHIYKIIMOHHBIX W IHUCIEPCHUOH-
HBIX) B CHJI OTTanKuBaHuA. OpHEHTAMOHHBIE CUIIBI AEHCTBYIOT MEXKIY
MOJISIPHBIMU MOJIEKYJIaMH, T.€. OO0JaJarolluMH JUIOIBHBIMH 3IEKTPH-
YeCKMMU MOMEHTaMH. DTHU CHUJIbl BO3HUKAIOT BCIIEACTBUE TOrO, YTO pac-
CTOSIHHSI MEXKIy PAa3HOMMEHHBIMH 3apslaMid MHOTO MEHBIIE, YeM MeEX-
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1y OIHOMMEHHBIMHU. MHIYKIIMOHHBIC CHJIBI JEHCTBYIOT MEXIY MOJISp-
HOH ¥ HENOJIIPHON MOJIEKYJIaMH 3a CYET TOTO, YTO MOJIIPHAsT MOJICKYIIa
MOJISIPU3YeT HENOApHYIO. MCIEpCHOHHBIE CHIIBI JACHCTBYIOT MEXKIY
HETIOJIIPHBIMA MOJICKYJIaMH M BO3HHMKAIOT 3a CYET TOTO, YTO, XOTS B
CpemHeM MOJICKYJbI HE MOJIIPHBI, B KaX10€ MIHOBEHHE OHH BCE K€
HOJSAPHBEL. YTO B CpPEeHEM M CO3/1aeT COOTBETCTBYIOIIUH 3((PEKT mpH-
TshKeHus. Bce Tpu THIa cuil NpUTSHKEHHs YOBIBAIOT C PacCTOSHUEM
HPOIIOPINOHAIIBHO 6-if CTETICHN PacCTOSHHS MEX/Y MOJICKYJIAMH.

Cuiibl OTTAJKMBaHHSA BO3HMKAIOT HA OYCHb MAJIbIX PACCTOSHUSX,
KOTJ]a IPUXOAAT B COMPHUKOCHOBEHHE 3aII0JHEHHBIE AJIEKTPOHHBIE 000-
JIOYKH aTOMOB, BXOJSIIIUX B COCTaB MOJIEKYJI. OTH CHJIBI YOBIBAIOT C
paccTosIHUEM NPONOPUUOHAIBHO 13-i cTeneHn pacCTOSAHHUS.

OnHako Bce 3TO SIBISIETCSI HEKOTOPOM MOJIEINIbIO, B OCHOBHOM Ma-
TEMaTU4YeCKOW 3aBHCHMOCTBIO CHII MEXKMOJICKYJSIPHOTO B3aMMOJICH-
CTBHS OT PACCTOSHUS, MPAKTHYECKN HE MPOJIMBAIONIECH CBET HAa UCTHH-
HYIO IPUPOY 3TUX ciil. OTCI0Aa U TPYIHOCTH C PACUETOM ITHUX CHII H C
9KCIEPUMEHTATEHBIMU U3MEPEHUSIMUA MEKMOJICKYJISIPHBIX CHJL.

Ha 5T0#1 0OCHOBE MOTYT OBITh BBICKA3aHbI IPEIONIOKEHUS O MIPHU-
poxe cun Ban-nep-Baanbca, T. €. CHII, OTBETCTBEHHBIX 32 MEXMOJIEKY-
TSIpHBIE B3aMO/ICHCTBUSI.

C Touku 3peHust IPUPOJUHAMUKHU CHIIBI MEKMOJIEKYJISIPHOTO B3a-
UMOJICHCTBHS OOYCJIOBJIEHBI TEM, YTO K JJIEKTPOHHBIM 00OJIOYKaM —
MEPBLIM MTPUCOCAMHEHHBIM K sipaM 3(HUPHBIM BUXPSIM — MPUCOEINHE-
HBl BTOpHIE TPUCOEIWHEHHBIE BHXPH, KOTOPBHIE CIPaBEUIMBO OyaeT
Ha3BaTh oOoJoukamu Ban-nep-Baanbca, MOCKONIBKY HMEHHO OHH  OT-
BETCTBEHHBI 32 CO3/1aHUE CHJI MEXMOJIEKYJIIPHOTO B3aUMOICHCTBUSL.

Tak ke Kak BUHTOBOE II0JIe CKOpOCTel 3¢upa, co3raBaeMoe mpo-
TOHOM, TIPUBOJUT K TIOSIBJICHUIO TIPUCOESIUHEHHOI'O BUXPS — 3JIEKTPOH-
HOW 000JIOYKH, TOYHO TaK >K€ U BUHTOBBIE IOTOKH 3(Hpa Ha MOBEPXHO-
CTH 3JIEKTPOHHON O0OJIOYKH BBI3BIBAIOT BUHTOBBIE JIBIXKCHUS dpHpa B
OKpY’KalOIlleM IPOCTPaHCTBE. B pesynbrare o0pasyeTcs BTOpOi mpuco-
€AMHEHHBIN BUXPh, pa3Mep KOTOPOro Ha 4-5 MopsAKoB OoJiblIe pa3Mepa
9IIEKTPOHHOM 000s0ukK. Ecnu HyKIOHBI, UMeS KPUTHYECKYIO IUIOT-
HOCTh, HE MOTYT MPOHHUKATH JIPYT B JIPYTa, a TOJBKO COCAWHSIOTCS B
Aape, MPUMBIKasg APYr K OpYyry OOKOBBIMH IMOBEPXHOCTSIMH, TO YK€
3¢UpHBIE BUXPU DJIEKTPOHHBIX 00O0JIOUEK CIMOCOOHBI B3aMMOJIEHCTBO-
BaTh IyTeM OOBEAMHEHUs, OJTHAKO, HE TIPOHMKAs APYT B Apyra. Bropere
K€ TIPUCOEANHEHHBIE BHXPH MMEIOT Malyl0 IUIOTHOCTh M CIOCOOHBI
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MPOHHKATH JIPYT B Jpyra. B pe3ynbprare B OKPECTHOCTSAX AJIEKTPOHHBIX
obotodek 00pa3yroTcs pasHOOOpa3HbIe BUHTOBBIE MTOTOKH, MTOTAB B KO-
TOPBIC aTOMBI U MOJICKYJIbI YICPKUBAIOTCA B HUX Ojaromaps rpajivcH-
Tam ckopocreii (puc. 3.23).

10" m - siapo aroma

10" u - a3cKTpPOHHAL 0G0T0UKA

10~ M - oGomouka Ban-nep Baansca
1 M -000mouKa aypel

Puc. 3.23. O6pa3oBaHue 2-ro NpucoeMHEHHOr0 BUXPs — 000104k BaH-1ep-
Baasibca 1 nocsielyl0lMX NPHCOeAMHEHHBIX BUXpeii — aypsl 1-ro poaa

Takum obpazom, pupoaa MEKMOIEKYIISIPHBIX criI — cuil BaH-nep-
Baanbca — 3akimodaeTcs B CHIDKCHMH JaBiieHHs B 3¢upe Osaromaps
rpaeHTaM CKOPOCTEH MOTOKOB BO BTOPBIX MPUCOEAMHEHHBIX BUXPSIX
— BaH-JIep-BaaIbCOBOI 000I0UKeE.

Ecan auamerp atomHOro siapa paBeH mpumepHo 5-10 M, a
JMaMeTp  BJIEKTPOHHOM 0060s0uKkn cocTtasiser okono 10720 m, 1o
auameTp obonouku Ban-nep-Baanbca nomken coctaBnsth nopsaka 10°°
M W 0KOJ10 10 MKM.

BHyTpu Takoil 000704KH KaXXJ0r0 aTOMa MOYKET IIOMECTHUTHCS I10-
psagka 10%° mpyrux aromos. CnemoBarenbHO, BCe OOOJIOUKH BaH-IEp-
Baanbsca OymyT MHOTOKpAaTHO MepeMenIaHsl APYT C IPYTOM M COCTaBSIT
€AVHYIO CHCTEMY.

PaccmoTpum pacnpeneneHre cKopocTell IOTOKOB (upa U pacmpe-
JICJICHHE TJIOTHOCTH 3Hpa B 3TUX MOTOKAX JUIsS OJHOW 00ojouku Ban-
nep-Baanbca. Cnenyer yuecTb, YTO NPUBOJHBIM PEMHEM JUIsS 3TOH 000-
JIOYKH SBJSIIOTCS TOTOKU 3(hHpa MOBEPXHOCTH MEPBOTO MPUCOEAHHEH-
HOT'O BUXPSI — MIEKTPOHHOM 000JI0UKH aToMa.

ITocne Toro kak nepBbIil MPUCOETUHEHHBIA BUXPh CBOMMH IMOTOKA-
MU Onarofapsi BSI3KOCTH OKpyXarmomero 3¢upa Bo30yIui ABHXKCHHE
a¢upa B cocemHel 00JIACTH, 3TO IBHMKCHHME 3aMKHETCS caMoO Ha cels,

-15



112 I'naBa 3.

o0pa3oBaB BTOpOIl MpHCOeNWHEHHBIH BHXPH. llOCKONBKY amaMerp
BHYTPEHHETO OTBEPCTHS BTOPOTO MPUCOSAMHEHHOTO BUXPS HA TSATH TO-
PAIKOB MEHBILIE BHEIIHEro, TO M CKOPOCTh, M IUIOTHOCTH 3(Upa BO
BHYTPEHHHX CJIOS JOJDKHBI OBITH MHOTOKPATHO BBILIE B 3TOH 00JacTw,
4yeM BO BHemHeil gacTi. COOTBETCTBEHHO BhIIIe OyAeT U IPaHeHT CKO-
POCTH IIOTOKOB 3upa.

Otoro Okl He OBLIO, €ClIM OBl BUXPh CYIIECTBOBAN CaM 10 celde, TOo-
raa MakCUMaJIbHasi CKOPOCTh TIOTOKOB ObLTa OBl B ATOM ke 00JIacTH, HO
BO BHYTpeHHeW dacTh BuUxpsa. OIHAKO IBMKEHHE 3/IeCh TepenaeTcs
W3BHE, IOATOMY TI0 MEpe yIaJEeHUs OT CTEHKU CKOPOCTh MOTOKa Oyaer
nagatb HIPOIMOPHHUOHAIBHO BTOpOﬁ CTCIICHNU pPACCTOAHUA, ITOCKOJIBKY
BUXPb TOPOWJAIBHBIA, W IUIOMAAb CEYCHHS BO3PACTAET IMPOIIOPIIHO-
HAJILHO KBaJpaTy pajuyca, a TPaJIueHT CKOPOCTH OyleT YMEHBIIATHCS
MPOMOPLUHOHAIEHO KyOy paauyca. [IponopunoHansHO KBagpaty paany-
ca OyzmeT yMeHbBIIaThCS U TUIOTHOCTH 3(hupa B 3TOM moToke. Emie ogHy
CTEeTIeHb YOBIBAaHUS JO0ABHUT W MaJICHUE AaBIeHUS dprpa K HEHTPY dTO-
ro ke BUXps. Eciu BoO BTOpOH IPUCOEAMHEHHBIA BUXPh IONIAIET BTOPAst
MOJIEKYJIa MU aTOM, TO paclpe/ielieHue AaBleHUi BHYTPH 3TOTO BUXPS
Oyner cMmemaTh WX K BHYTpeHHeW rpanmile Buxps BaH-nmep-Baamnbca,
MIOCKOJIBKY € 3TOW CTOPOHBI 00lliee JIaBlIeHUe MOTOKOB 3(hHpa MEHBIIIE.
Cuita MPpUTAXKCHUA, T.C. CUJId, HAIIpABJIICHHAA OT LCHTpPa MOJICKYJIBI K
MOTPAHUYHOMY CJIOI0, OTIPEIETUTCS BEIPAKEHHEM

Fy = ypSovioy, (3.1)

rzae ¥ — Ko3QQUIUEHT THHAMUYECKOH BA3KOCTH 3(upa; p — MIOT-
HOCTh 3()Hpa B CTEHKE BTOPOTO MPHUCOCAMHEHHOTO BUXPSI; S — TUIOIIA/b
B3aHMOJICHCTBHS MOJICKYJT; OV/0y — TPaJMEHT CKOPOCTH B OJIMKHEH 30HE
BTOPOT'O MPHUCOETUHEHHOTO BUXPA.

[Monyvaercsi, uTo yOBIBAaHWE CHIIBI IPUTSHKCHUS TPOTIOPIIUOHATBEHO
MPUMEPHO 6-i CTETEeHN PACCTOSHUS MEXIY MOJIEKYJIaMH, YTO U UMEET
MECTO B peajbHOCTH. lIpu 3TOM CHIBI B3aMMOJEHCTBHUS C HMOTOKaMHU
a¢upa Ha MPOTUBOIOJIOKHBIX CTOPOHAX B3aUMOCHCTBYIOIINX MOJIEKYJT
OyIyT Maibl B CHJIy BBICOKON CTETICHH YOBIBAaHWSI M CYIICCTBEHHO HE
CKa)XXyTcs Ha oO11el cujie NpUTSDKEHUS B3aUMOACHCTBYIOMIMX MOJIEKYJI.

BsanmopeiicTByome MOIEKybl YCTaHABIMBAIOTCS HA HEKOTOPOM
PAaBHOBECHOM PAaCCTOSHUU JAPYT OT Apyra. [IombITKH COMU3UTE UX U Tie-
PEMECTHUTD B IMOTPAHUYHBIA MEKTY BUXPSAMH CIOH BBI3BIBAIOT CHIIBI OT-
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TaJKUBaHUS. DTH CHIIbI BBI3BAaHBI, BO-TIEPBBIX, TEMH K€ TPHIUHAMI, YTO
Y BbIIIE, C TOM, OJTHAKO, pa3HUIICH, YTO B IOTPAHUYHOM CJIO€ pacmpe-
JielieHre CKOPOCTH TOTOKOB, TPaJvMeHTa M IUIOTHOCTH HMOTOKOB 3(dupa
UMEIOT OOpaTHBI 3HAK W HAmpaBlIeHbl K LEHTpaM MOJIEKYN, a BO-
BTOPBIX, BO3PACTAHMEM [ABJEHUS B IMOIPAHUYHOM CIJIO€, B KOTOPBI
MIEPBBIN MPUCOSANHEHHBIH BUXPh — JJEKTpPOHHas 000JI0YKa aToMa —
3aroHseT BHEIIHWH 10 OTHOLICHUIO K Hel 3(Qup. YMeHbIIEHHE CeUeHUs
MOTOKA BBI3BIBAET C OIHON CTOPOHBI MOBBIIMIEHUE AaBIeHUS d(upa 3a
CYET €ro CXKaTus, C APYroil CTOPOHBI, €ro K€ HarpeB MO TOH ke Mpu-
YHHE, YTO TAaKXe BEJCT K MOBBIIICHUIO AaBJICHUS B 3TOH oOsactu. [Ipu
9TOM CHJIBI MIPHUTSDKEHUS] OyIyT MaaaTh, TaK KaK B3aUMOACHCTBYIOIINE
MOJIEKYJIBI OYAYT BBIXOAWUTH U3 30HBI BUXPA H MOMAAYT B MOTPAHUIHBIH
CJIOH, B KOTOPOM paclpeseiieHue CKOpOCTer Takke OyAeT crocoOCTBO-
BaTh UX OTTAJIKHMBAHMHIO. HOI‘)TOMy CTCIICHb 3aBUCUMOCTHU CHJIbI OTTaJI-
KHBAaHUSA OT PACCTOSHUS 3[IECh OYIET BBIIIE, YeM CTETIEHb 3aBUCHMOCTH
CUJIBI IPUTSDKCHUS B TEJIE BTOPOIO MPUCOECAUHEHHOTO BUXPSL.

[Ipencrapisier HECOMHEHHBIN MHTEpPEC 00pa30BaHUE CBs3EH, KOTO-
pBIe YCIIOBHO MOXXHO HAa3BaTh arperaTHBIMH, — TUN CBsi3ed, oOecredn-
BAIOIIMX COEJUHEHUE MOJIEKYJ B HEKOTOPYH) arperaTHyr COBOKYII-
HOCTh. CTPYKTYpy Takoro THIa CBS3ei MOYKHO MPOCTEINUTh Ha IpUMeEpe
COE/IMHEHUsI MOJIEKYJI BOJIbI B arperatsl (puc. 3.24).

[lotoku >dupa, Bo30yk)maeMble MOBEPXHOCTAMHU JIBYX IPOTOHOB,
COEJIMHEHHBIX C MOJIEKYJIOW KHCIOPOAa, HaIllpaBJIEHbl BO BHEIIHEE OT-
HOCHUTCJIBHO MOJICKYJIBI BOABI IPOCTPAHCTBO I10J] HEKOTOPBLIM YIJIOM
Ipyr K npyry. B pesymbrare co3maroTcs ycloOBHSA IS 0Opa3oBaHUS
JIBY>)KT'YTUKa — JIByX BUHTOBBIX BUXpEH, OOBUBAIONIMX ApyT npyra. Ha
HEKOTOPOM PACCTOSIHUY BUXPH, 00pa3yIoIHe ABYKI'YTHK, PACXOASITCA U
Jlajiee BO3BpaIIalOTCA K MPOTOHaM. B MecTax moBopoTa BHXpeil oOpa-
3YIOTCSI «KapMaHbI» — 00JIaCTH MOHMXKEHHOTO JaBiieHus 3¢upa, 4ro,
BEPOATHO, 1 00YCIIOBIMBAET CBOICTBA BOJBI KaK MOYTH YHHUBEPCAIHHO-
TO PaCTBOPHTEIS.

[loroxu 3¢upa, Bo3OykIaeMble MOBEPXHOCTIMH JBYX MPOTOHOB,
COEJIMHEHHBIX C MOJIEKYJOW KUCJIOPOAA, HAIIPaBJICHBl BO BHEIIHEE OT-
HOCHUTCJIBHO MOJICKYJIBI BOABI ITPOCTPAHCTBO I10J] HEKOTOPBLIM YIJIOM
Ipyr K apyry. B pesymbrate co3pmaroTcs ycioBust Ui 0Opa3oBaHHSA
JIBY’)KT'YTUKa — JIByX BUHTOBBIX BUXpEH, OOBUBAIONIMX ApyT npyra. Ha
HEKOTOPOM PACCTOSHHU BUXPH, 00pa3yolIue ABYKTYTHK, PACXOIATCI U
Jlaee BO3BpAIIalOTCA K MPOTOHaM. B mecTax moBopoTa BUXpel obpa-
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3yIOTCSl «KapMaHbI» — OOJAaCTH MOHIKEHHOTO AaBJIeHHs 3¢upa, 4To,
BEPOSATHO, M 00YCIIOBIMBAET CBOMCTBA BOJBI KaK IMOYTH YHUBEPCAIBHO-
ro pactBopurenst (puc. 3.24, a).

Puc. 3.24. Coequnenne Mos1eKyJ BOAbI B arperatel: ¢ — 00pa3oBaHue IIOTOKOB
a¢upa IPOTOHAMHU MOJICKYJIbI BOJIbL; O — «KBa3WHOHHOE)» COCANHEHUE MOJIEKYJI BOJHI ; 8
— «IBYXXT'YTHKOBOE» COCIMHEHHE MOJICKYJI BOJbL. 1 — 30Ha JBYXXI'YTHKOBOTO COEHHE-
HMSl BHEIIHUX MOTOKOB 3(Hpa, CO3/1aBaeMbIX IOBEPXHOCTSIMH aTOMOB BOJIOpOJa; 2 —
«KapMaHbD) TIOHIKEHHOTO JaBJICHHs; 3 — IPHINIAHUE TOBEPXHOCTEH IPUCOCANHEHHBIX
MOTOKOB 3(Mpa B «KBAa3MMOHHOM» COEIMHEHHMH MOJIEKYJ BOJBI; 4 — JBYXTYTHKOBOE
COEIMHEHHE MPUCOCINHEHHBIX TOTOKOB d(GHpPa MOJIEKYJ BOJBI.

ITockobKY B IBYKI'YTUKOBOM IPHUCOEAVMHEHHOM BUXPE INIOTHOCTh
3¢upa CyIECTBEHHO BBIIIE, YeM B CBOOOJHOM IPOCTPAHCTBE, TO COOT-
BETCTBEHHO M JU3JIEKTPUUECKAs IPOHUIIAEMOCTh OyIeT BBIIIE, YTO MOA-
TBEPXKJIAETCS TEM, YTO BOJA UMEET AUIIEKTPHUECKYIO TPOHUIIAEMOCTb,
paBubl. E = 81, 4TO 3HAUMTENHHO BBIIE, YEM Y JIFOOBIX JIPYTUX TPU-
POJHBIX BEILECTB.

3nak 6ora Mepkypus

O6pa3oBaHre B MEXMOJEKYISIPHOM TPOCTPAHCTBE ABYKTYTHKa
HPUBOANT K TOMY, YTO BHEIIHHE CTOPOHBI MOTOKOB 3¢upa mprobdpera-
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10T BRIMYKIYI0 (popmy. K 3TUM BHEIIHUM MMOTOKaM MOTYT MIPHCOETH-
HUTHCSI TaKWe K€ BHEITHUE TIOTOKH APYTUX MOJEKYJ, MPUYEeM TaKue
COCIMHEHHS MOTYT OBITh pa3nuyHbIMHA. OJIUH TUII [0 CBOEMY XapaKTepy
noJ00CH THIy HOHHBIX CBSI3€H, KOTOpBIE 00pa3yroTCs 3a CUET MPUIIH-
TIaHUS TTOBEPXHOCTEH MOTOKOB JIPYT K JAPYTY, B 3TOM CIydae Harpasiie-
HUE TIOTOKOB M, COOTBETCTBEHHO, OPUEHTANNS MOJIEKYN OyIyT aHTHIIA-
paJUleNbHBIMA — «KBa3WHOHHOE» coenuHenue (puc. 3.24, 6). Bropoii
THII 3TO THII CBSI3H, IPH KOTOPOM OOKOBBIE TTOTOKH OOPa3yroT OOIITHIA
MOTOK, TAKOW THI TI0 CBOEMY XapakTepy OyaeT momo0eH KOBaJeHTHOH
ca3u (puc. 3.24, ) — «KBa3UKOBAJICHTHOE» COCIUHEHHE. TpeTuii THII,
pY KOTOPOM OOKOBBIE MOTOKH MapajluieIbHO OPHEHTHUPOBAHHBIX B IPO-
CTPaHCTBE MOJIEKYJ OOpa3yroT TakKe JBYKTYTHKH, YTO JI€JaeT CBS3H
MEXIY MOJIEKYJIaMH HauOosee YCTOHUMBBIMU, — «JIBYK'YTHKOBOE» CO-
eaunenue (puc. 3.24, ). Bce 3T TUIBI CBsI3el MOTYT 00pa30BhIBATHCS
HE TOJBKO 1O OOKOBBIM, HO W TIO TOPIEBBIM YYaCTKaM MOTOKOB, IPHYEM
B caMoil pa3nmu4yHOi kKomOwHarmu. OrpaHHyYeHHre B YHCIE MOJIEKYII,
00pa3ylomux arperar, CBS3aHO C TEM, YTO IO Mepe YBEIMYCHHUS KOJIH-
4eCcTBa OOBEAMHSIOIINUXCS B arperat MOJIeKy. (hopma 3(hUPHBIX TOTOKOB
BHEIIHUX MOJICKYJ arperara CTaHOBHUTCS BCe OoJiee BBITYKIIOH, U SHEP-
THS CBSI3M 3THUX TOTOKOB C JPYTUMH MOJIEKYJIaMH CTaHOBUTCSI BCE
MEHbIIIE, ¥ HOBBIC IPUCOEJINHEHHSI MOJIEKYJI CTAHOBSTCS BCe OoJiee He-
ycroiunBbIME. 110 Mepe TOBBIIIIEHUsT TeMIIepaTyphl TAKUE CBSI3U CTaHO-
BATCSI BCE MEHEE YCTOHYMBBIMH, IMOKA, HAKOHEI], HE OCTAHYTCS JIHIIb
OJIMHOYHBIE MOJIeKyIbl. Toraa obpasyercs nap.

3.3.4. AdhmpoanHammyeckasa npupoaa aypbl

IlepBbIil pUCOETUHEHHBIM K aTOMHOMY SIAPY BUXPb — BJIEKTPOH-
Hasi 000J04YKa — OJaroaaps BSI3KOCTH 3(QUpa CBOUMHU ITOBEPXHOCTHBIMU
BUHTOBBIMU TIOTOKAMH CTHMYJIUPYET TNOSBIEHHE TOTOKOB 3(dmpa B
OKpYKalollleM MPOCTPAHCTBE, TEM CaMbIM, CO3/laBasi BTOPOM MPUCOETH-
HEHHBINM BUXPh — 000yI04uKy Bau-mnep-Baamsca. Ho, TodHO Tak xe, u
BTOPOM TPUCOEIUHEHHBI BUXPb CTUMYJIUPYET MOSBICHUE BHELIHUX
OTHOCHUTEIHFHO HET0 BHHTOBBIX ITOTOKOB, KOTOPHIE TAKXKE 3aMBIKAFOTCS
BOBHE M CO3/IAIOT TPETUWM MPUCOCIUHEHHBIM BUXPH, TPETHUH CO3MAET
YETBEPTHIA U T.JI. O0IEe YUCIIO MPUCOSAUHEHHBIX BUXPEH MOXET OBITH
OceckoHeyHO OoubIMM. Bee 3TH BUXpU, HAYWHAS C TPETHETO, SIBIISIOTCS
aypoii, 1MoJieM BHHTOBBIX MOTOKOB 3(Hpa, TIOTHOCTh KOTOPOTO B HHUX
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IPAaKTUYECKU MaJI0 OTIIMYAETCs OT IIOTHOCTH 3(upa B CBOOOTHOM IPO-
cTparctBe (cM. puc. 3.13).

JuaMeTp KaKAOTO BHEIIHET0 NPUCOSAWHEHHOTO BHUXpPS aroma
Oople BHYTPEHHErO Ha 4—5 MOPSAAKOB, TaK YTO €CIH AMAMETP sapa
umeeT nopsnok 1071° M, a IuameTp mepBoro NMPUCOETMHEHHOTO BUXPS —
>IEKTPOHHOM 060510uku cocTaBisier 107° M, To nuameTp BTOpOrO NpH-
COEIMHEHHOTO BUXPS COCTABHT Y)Ke BEIMUMHY nopsiaka 10° M, a Kak-
JOH Tocienytomieit eme Ha 4-5 mopsaakoB O6oibire. CKOPOCTH ke MOTOo-
KOB 3(pa Ha UX MOBEPXHOCTIX OYAYT COKpalIaThCs yxe He Ha 4-5 1mo-
psAAKOB, a B KBajapate, T.e. Ha 8-10 MOpAIKOB: eclii Ha MOBEPXHOCTH
IPOTOHA CKOPOCTh MOTOKa 3dupa cocrasnser nopsaaka 102! m/c, a mo-
BEPXHOCTH SIEKTPOHHOM o6omouku yxe 101-10'2 wm/c, To Ha moBepx-
HOCTH BTOPOTO MPUCOEAMHEHHOro BUXps mopsaka 10%-10% m/c, a nanee
COOTBETCTBEHHO €I1l¢ MEHBIIIE.

[lonoxeHne CymECTBEHHO MEHSETCS, €CIM paccMaTpuBaTh HE
OIIMHOYHBIA aToM, a peanbHoe Gu3nuecKoe Tei0. s KaKaoro mpuco-
€MHEHHOTO BUXPSI TEJECHBIH YTOJI COOTBETCTBEHHO COKpAIAeTCs, U
CKOpOCTH 3()MPHBIX MOTOKOB Bo3pacTatoT. IloaTomy Ha moBepxHOCTH
000ro Tena CKOpocTh 3(HUPHBIX MOTOKOB OCTAETCS TOH XKe, UYTO U Y
AIEKTPOHHBIX 000JI0YEK, a Jlaee CKOPOCTH TIOTOKOB YOBIBAIOT 0OPAaTHO
MPOTIOPIUOHAILHO KBaJpaTy PacCTOSHUSL.

Tak, Ha pacctossHuu B 100 M y mapa paguycoM 1M  CKOpOCTb
S(QUPHBIX TOTOKOB B aype JOJDKHA COCTaBHTh BCero Ha 4 mMopsjika
MEHBIIE, YeM CKOPOCTh Ha TIOBEPXHOCTU 3JICKTPOHHON 000JI0YKH, T. €.
nopszaka 107-108 m/c, na paccrosauu B 10 km — 103-10* m/c, Ha paccro-
ssauu 1000 KM mopsKa €TUHUL] U IECATKOB METPOB B CEKYHAY.

Takum 00pa3oM, XOTs U OciiabeBas C PacCTOSHHEM, CTaTHYecKast
aypa oT Jo00To mpeaMeTa MPOCTUPASTCS Ha THICSYH KUIOMETPOB, a ee
CTPYKTypa OTpa)kaeT CTPYKTypy Teia, ee mopoausmero. W, ciemosa-
TEJNIbHO, B KKAOH TOYKE MPOCTPAHCTBA UMEETCS aypa OT JIIOOBIX Ted,
HaxoAsA1umxcsi BO BeceneHHoM, HO pa3inyHON MHTEHCUBHOCTH, U BCE OHU
nepeMelansl Ipyr ¢ APYroM, Tak YTO BBIICIHTH JIIOOYIO BeCcbMa 3a-
TPYAHUTEILHO.

Ha cratngeckyto aypy (aypy 1-ro poma) XMMHUYEeCKHE MPOLIECCH B
JKUBBIX TEJax HaKJIAAbIBAIOT ITUHAMUYECKYIO aypy (aypy 2-To pona),
SBJISIOILYIOCS OTPaKEHHEM MPOTEKAIOUINX B )KUBBIX OPraHU3Max XUMHU-
YECKUX PEaKIMN, KOTOPbIE COIIPOBOXKIAIOTCS BbIICIIEHUEM U IOIJIOLIE-
HUeM a3¢upa. OTa aypa B CBOE BPeMs DKCICPUMEHTAILHO OblLIa O0Ha-
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pyxeHa cynpyramu Kupnuan (cBeuenme Kwupmman). Hammuume stoif
aypbl MOATBEPXKICHO IKCIEPUMEHTAIBHO ONBITAMHU C OTKJIOHCHHEM OT
PaBHOBECHOTO MOJIOKECHUSI METAJUIMYECKOH IUIACTHHBI, MOIBEIICHHOM
Ha yNpYyroil HUTH, MPU MPOBEJCHUN KOBAJICHTHBIX XMMHUYECKHUX Peak-
it (ArrokoBckul, [laBieHKo), a Takke SKCIIEPUMEHTAMHU C TIOTepe
YYBCTBUTENBHOCTH (HOTOOYMaroi M yBeIMYEHHEM €MKOCTH KOHIEHCa-
Topa BONM3M NpoBeeHUs Takux peakiuit (Jlodapes).

Bo03MO0OXHO Taxke CylIECTBOBAHUE OTOPBAHHOW OT BEUIECTBA aypbl
KaK CaMOCTOSITETbHOW BHXPEBOH 3(UPHOIN CTPYKTYpHI (aypbl 3-TO po-
J1a), YyCTOMYMBOCTH TaKOH aypbl OyAeT MEHbIlle, YeM yCTOWYHBOCTD Be-
IIECTBA B CHIIy €€ HEBBICOKOW MJIOTHOCTH, OIHAKO €€ CYIIECTBOBAHHE
MOJKET MPOMJINTHCS HE OAMH roi. DTa aypa MOXET ObITh MOIJIOIICHA
J'I}O6I)IMI/I npeaMeTamM, KpoMe€ MCTAJIOB, IIPOHMKHOBCHUE B KOTOPLIC
JJIsA 3(1)I/IpHLIX IMIOTOKOB 3aTpyAHCEHO BCJICACTBUC HAJIMYUA B HUX II0-
BepxHocTu Pepmu. Aypoil 4-ro poJla MOKET CUUTATHCSA aypa 3-To poJa,
NPUHYIUTENbHO MEpeAaHHas OT OJHOIO JKHMBOTO CYIIECTBA APYIOMY
0o ¢ LeNbI0 W3JIeUeHHs, MO0 C Iebi0 HaHeceHus Bpeaa. Ha sroit
K€ OCHOBe obOecrieunBaeTcss U OECKOHTAKTHAs CBSA3b MEXIY XKUBBIMH
CyIIIECTBaMH (TeJIenaTusl).

Jlumepamypa

1. Auroxoeckuii B.A. Obmas >¢puponuHamuka. MojenupoBaHue
BEIIECTBA M I0JICH Ha OCHOBE MPEJCTABIICHUH O Ta3010/100HOM 3dupe.
M.: Dueproatomuznart, 2003.

2. Auroxosckuii B.A. Hayana >pupoIMHAMUYECKOTO €CTECTBO-
3HaHuA B 5 kaurax. Kaura 2. YU 2. DduponnHammuaeckre OCHOBBI CTPO-
enus Bemectsa. PAEH. M.:»Iletut» 2009.
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MmaBa 4. AneKTpU4ecTBO U MarHeTU3M

— Yto Takoe d1MeKTpUYecTBO? — cpocui nmpogeccop.

— 51 3Ha1, HO 3a0BUI, — OTBETHJI CTY/ICHT.

— Kakoe Hecuactbe! — BockIHKHYI podeccop. — HUKTO B MUpe HE 3HAeT, 4To
Takoe MeKTpuuecTBo. OAMH YenoBeK 3Hal, U TOT 3a0bu1! Korma BcomHHMTE, paccka-
JKHTE, HOXKaTylCcTa, HaM, Mbl TOKE XOTHM 3TO 3HATh!

Cmapuii anekoom

4.1. Yto Takoe 3J1eKTPpu4ecTBO?

[IpuknanHble JOCTHKEHUS TEOPETUUECKON NEKTPOTEXHUKH CTOJb
BEJIMYECTBEHHBI M HACTOJBKO OPTaHWYHO CBA3AaHBI C caMOW Teopuei
3JIeKTpOMarHeTu3Ma, 4To MPaKTUUYeCKH HU y KOTO0 HE BO3HUKAET CO-
MHEHUU B BEPHOCTH BCEX €€ MOJOKEHUU. Takue OCHOBOIONArarue
paszmensl TeopuH, Kak 3akoHbl Kupxroga, Oma, Ammnepa, Dapanes,
ypaBHeHUs: MakcBeia, Teopema l'aycca 1 MHOrue Apyrue, Moixy4uInd
BCECTOPOHHIOIO IPOBEPKY JKU3HBIO M MO3TOMY 3aCIIy>KWIH BceoOliee
npu3HaHue. Bce 3TH mosjoKeHus: 1aBHO NpUoOpeny CHly AOTMAaToB, U
caMa IIOCTaHOBKa BOIPOCa 00 MX HETIOIHOTE BBI3BIBAET pa3ipaxKeHUe y
crnenranucToB. [1ockoybKy B 3JE€KTPOJMHAMHKE, a OTCIOAA M B 3JICK-
TPOTEXHHKE BCE SCHO.
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W, TeM He MeHee, Teopus IEKTPOMarHeTU3Ma IOoJIHa MPOTHBOpe-
YW U MapaJioKCOB.

PaccmoTpum Takoii ciywait (puc. 4.1). J[Ba oguMHaKOBBIX 3apsina
HaXOAATCAd Ha HEKOTOPOM PACCTOSIHUU YT OT Apyra. OHM UCTIBITHIBA-
10T OTTaJIKUBaHME APYT OT Apyra no 3akoHy Kynona:

1 Qi0or
F=——
&o 47[[’03

Tenepp 3acTaBUM 3TH JBa 3apsjia ABUTaTbCS BMECTE, COXPaHAS
MIOCTOSIHHBIM PacCCTOSIHUE MEKIY HUMH. TOrna OHU CTAaHOBSITCSI TOKAMU
Y UCTIBITHIBAIOT MPUTSKEHUE 110 3aKOHY AMIIepa:

Lo iniz T Ot 02

F=r ——— Nl h=— =

4nry® ot ot

Fa
Fx
+q +q — VvV

) 6)
+q + _—
Fk v
Fa
0102 Ho izl o1 oq2

Fx=—— Fa=- in= yi2 =

4qe,r? 4qr ot ot
3axoH Kynona 3akoH AMnepa

Puc. 4.1. DiiekTpuueckoe B3anMojeiicTBUe 3apsioB: /[Ba TOKOSUIMXCS OTHO-
CHTENBHO JPYT Apyra OJAMHAKOBBIX 3apsAa OTTAJIKUBAIOTCS APYr OT APYyra Mo 3aKOHY
Kynona (a), HO, ABUrasch BMeCTe, OHU MPUTATUBAIOTCA 1O 3aKOHY Amriepa (6). [Toue-
Mmy?
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Ho Benp paccrosiHme MeXIy 3apsiiaMd COXpaHSETCS M B JIBIDKE-
HUH, TI0YeMY K€ OHU B IBIDKCHWU TPUTATHBAIOTCS JIPYT K APYTY, a B
MOKOE OTTAIKHBAIOTCS?

[ToueMy sHeprusi 3JIEKTPOMATHUTHOTO TOJS, MPUXOIAIIAsICT Ha
eIMHUILY IJIWHBI TMPOBOJHUKA C TOKOM, CO3JAIOIINM 3TO MarHUTHOE
ToJie, CTPEMHUTCA K OECKOHEYHOCTH, €CIH OOpaTHBIA MPOBOIHUK OTO-
nBurath? He sHeprus Bcero mpoBOJHHKA, & UIMEHHO PUXOIAIIAsCS Ha
eIMHHUILY €TO JUIMHBI, CKa)XeM, Ha OJUH METp, MPHYeM caMa BeIHYrnHA
TOKa TPY 3TOM HE UTPAET POJIH.

Kak pemmts 3amady O pacnpoOCTpaHEHHUH 3JIEKTPOMAarHUTHBIX
BOJTH, M3JTy4aeMbIX AumoiieM ['epua (TO ecTh AMIOIEM C COCPENOTO-
YEeHHBIMU TIApaMeTpaMH), MMOMEIIEHHBIM B TOJIYIPOBOMAIIYI0 Cpemy?
HecMoTpst Ha TpUBHANBHOCTH MOCTAHOBKH, 3a7ada 00 W3IyYeHHWH TH-
nonst ['epua B mosrynpoBoisiielt cpefie HUKEM W HUKOTAA He OblLia pe-
IIIeHa, TIOTBITKH PEIIUThH €€ B 00IIeM BUIe HEM3MEHHO KOHYAINCh He-
ynadeil. HanricanHble B y4eOHHWKAaX M CHPAaBOYHHUKAX PEIICHUS CKOM-
MWIMPOBAHBI U3 JABYX pEIIEHUI Ha OCHOBE «3J[paBOTO CMBICIIA», a BO-
BCE HE MOJYYEHBI KaK CTPOTOE pelieHre. A Belb pemIuB 3Ty 3aady,
MOJKHO OBUTO OBI TIOTYYUTHh MHOTHE YaCTHBIC PE3YNbTaThl — H3ITyUYeHUE
JIIIIONISL B UJCATBHOM cpejie PH OTCYTCTBUHM aKTHBHOW MPOBOJMMOCTH,
3aTyXaHHUe IJIOCKOH BOJHBI B IMOJYNPOBOAHMKE TpU OECKOHEYHBIX
PaCCTOSHUSX OT JUTIONS U P APYTruX (B OTAETHHOCTH 0€3 CBSI3U APYT
C IPyrOM HEKOTOPBIE U3 3TUX 33]]a4 PEIIEHBI).

He peniens! mpenenbHbIe 3a/ja4d O BOBHUKHOBEHHH MarHUTHOTO
MoJisi B MYJIbCHPYIOMIEM SJIEKTPUYECKOM TI0J€ U O BO3HUKHOBEHUU
AIIEKTPUYECKOr0 IMOJISl B IYJBCHPYIOLUIEM MAarHUTHOM Iojie, 00 3JeK-
TPUYECKOM TIOTEHITHAJNIE, HABOJMMOM B IYJILCHUPYIOIIEM MAarHUTHOM
0JIe Ha OJIMHOYHBIN MPOBOJHUK U MHOTHUE JPYTHE.

MeTo1010THsT SNEKTPOJAMHAMUKY HE BCET/Ia OTIMYAeTCs Iocie-
JIOBATEIHHOCTBIO.

Hampumep, cratmueckmii mocTynaT MakcBemna — (Teopema
Octporpaackoro-I'aycca), momeriaeMblii B yueOHUKaX TEOPETUUYECKUX
OCHOB 3JICKTPOIMHAMUKY B Pa3/Ie)l CTATUKH, TIOCTIE TPEACTABICHHS €T0
B muddepeHimanpHoi hopMe MMOMENIaeTcsl YK€ B pasien TUHAMUKH,
XOTS MOCIISAHsISI (hopMa TPeACTABICHUSI IO (PU3MYECKON CYIIHOCTH HH-
YeM HE OTJIMYAeTCsS OT TpeAblayliei. B pesynbTare urHopupyercs
3ama3/ipIBaHNEe B 3HAYEHWH DJIEKTPHUYECKOro moteHimana D mpu me-
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pEMENICHUU 3apsoB ( BHYTPH OXBAUYEHHOTO MOBEPXHOCTHIO S TIPO-
CTpaHCTBA.

A 4TO Takoe «BEKTOPHBIN moTeHnMam»? He ckamspHbIi MOTEH-
1IUaJI, KOTOPBIM eCTh paboTa Mo MEPEMEIICHUIO SAUHUYHOTO 3aps/ia U3
OECKOHEYHOCTH B JAHHYIO TOYKY IMPOCTPAHCTBA, @ IMEHHO BEKTOPHBIN?
Kakoi#t oH mMmeeT (HM3WYECKHI CMEBICI, KPOME TOTO, YTO OH JOJDKCH
YAOBIETBOPATH HEKOTOPHIM MaTEMAaTUYECKUM YCIOBUSIM?

Takux mpumepoB MmHoro. [losToMy, mecMoTpst Ha OeccropHbBIE
YCHEXH COBPEMEHHOH TEOpUM 3JEKTPOMAarHeTu3Ma, CUYUTaTh 3Ty TEO-
pHUIO 3aBEepIICHHON HET ocHOBaHUN. OCHOBHBIM HEIOCTaTKOM CYIIIe-
CTBYIO-IIICH TEOPHUH 3JIECKTPOMArHeTU3Ma MPUXOJUTCS CUUTATH OTCYT-
CTBHUE MOJENbHBIX MPEICTABICHUI, HETIOHUMAHHUE CYTH JIEKTPHUECKHUX
MPOIIECCOB; OTCIO/Ia — TPAKTHYECKash HEBO3MOXKHOCTH JAJIbHEHUINEro
Pa3BUTHS U COBEPIICHCTBOBAHUS TEOpUU. A U3 OTPAaHHMYEHHOCTH TEO-
PHUU BBITEKAIOT U MHOTHE MIPUKIAJAHBIE TPYAHOCTH.

K Takum TpyIHOCTSIM HY>KHO OTHECTH, HallpUMEp, OTCYTCTBHUE B
TEOPHUH TOHATHS B3aMMOUHIYKIIMU TPOBOAOB. IloHATHe B3ammouH-
IYKUUU KOHTYPOB €CTh, & B3AUMOUHIYKLMU MPOBOJHUKOB HET. A 4TO
OyIeT ¢ KOHTYpPOM, €CII €r0 pa3pe3arh Ha YacTH, KakoBa OyJIeT 3.J1.C.
Ha Kaxaou yactu? Hukakas? Bot To-To *e!

[Tone3no HAIOMHUTD, YTO MBI M CETOJHS M YK€ MHOTO JIET TIOJIb-
3yeMcs Teopuei, Kotopyro B 3akoHueHHOM Buzae [[x.K.MaxkcBemn usz-
JIOXKUII B CBOeM 3HaMeHUTOM «Tpakrare 00 3JIEKTPUUECTBE U MarHe-
TH3ME», BBIIEANIEM B cBeT B 1873 romy. Ho mMano koMy u3BeCTHO,
yTo MaKcBeJT HUKOTJa ¥ HUYETO He TOCTYINPOBa, KaK ceiiuac 0T
(haHTa3UPOBATH HEKOTOPBIC TEOPETHKH, BCE €T0 BHIBOJBI ONMMPAIUCH HA
YUCTO MEXaHUYECKHUE MpeCTaBICHIS 00 ddupe, Kak 00 uaeansHON He
BSI3KOM M HE C)KMMaeMOM JKUIKOCTH, O 4eM MakcBeml B CBOUX TPY-
Jlax HEOJHOKPATHO MUIIIET.

DaKTUYECKH TEOPUS DJIECKTPOMArHEeTH3Ma OCTAHOBMIIACH B CBOEM
pa3BUTHHM Ha YypoBHe MaKCBeIIa, HCIONH30BABIIETO MEXaHHYCCKUE
npeacTaBieHus nepBod monoBuHbl XIX cronerus. IlosBuBmMecs B
XX CTONEeTHH MHOTOYHCIICHHBIE YUYEOHUKH TI0 3JIEKTPOTEXHUKE, 3IIEK-
TPOJUHAMHUKE M PATUOTEXHUKE COBEPIICHCTBYIOT (WJIH YXYAMIAIOT?)
U3II0KCHHUE, HO HUUETO HEe MEHSIOT T10 CYILECTBY.

Uero xe He XBaTaeT B TEOPUH dJIEKTpoMaruerusma ceroans? He
XBaTaeT, NPEKIEe BCEro, IOHUMAHMS TOrO, YTO BCAKAsi MOJEIb, B TOM
YHUCIIE W MOJENb 3JIeKTpOMarHeTu3Mma, pa3padoTaHHas MakcCBEIIOM,
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MMeET OTPAaHMUYCHHBIM XapakTep, a CIeJOBaTeIbHO, MOXKET M JOJDKHA
COBEPILEHCTBOBATHCS.

MakcBenn onepupoBai MOHATHAMHU dHpa Kak HACaIbHOH, T. €.
HE BSI3KOW M HE CO)KMMaeMOW KMIKOCTH, a 3pup okazaics razom, Ipu-
YeM ra3oM BSI3KHM M CKHUMAeMbIM. OTO 3HAYMUT, YTO HPEACTaBICHUS
MakcBeinna 00 3J1eKTPOMarHUTHBIX NPOLECCaX YaCTHUHBI, KAK U BCSIKUE
NpeACTaBIeHUs 0 JIOOBIX MpeaMeTax M MpoIleccax, a ero ypaBHEHHS
npuOIVKEHHBI, KaKk U BCsAKWe ypaBHeHHA. [loaTromMy Heobxomumo co-
BEPLICHCTBOBATh MOJEIIbHbIE IPEACTABICHHS IeKTpoMarseTusma. To-
raa mosBJIACTCA BO3MOXHOCTb HE TOJIBKO IMOHATH, UTO TAKOE€ 3JICKTPO-
MAarauuTHBIC ABJICHUA, HO U YTOUHHUTL YPaBHCHUA, X ONIMCBIBAIOIIUC.

Hcnons3zoBanHbie MakcBemioM npeacrasienus [.I'eapmronsua o
TOM, HampuMep, YTO BUXPHU HE 00pa3yloTcs U HE HMCYE3al0T, a TOJBKO
nepeMeniarTcs u 1ehOPMUPYIOTCS, O TOM, YTO IO BCEH CBOSH JIMHE
NpOM3BeCHUE LUPKYISLUH Ha IUIOMAlb MONEPEYHOr0 CEYECHHs BUXPS
OCTaeTCsl BEIMYMHON MOCTOSHHOM, JAleKo HE BCeraa BepHbl. B pe-
AIBHOM Ta3e BUXPH U 00pa3yloTCsl, W UCUE3al0T, a 9TO MaKCBEeIoM He
yUTeHO. YpaBHEHHUSI MakcBenia He OTpaXKaloT Ipolecca B 00beMe, Tak
KaK M [epBOe, U BTOPOE ypaBHEHHs MakcBelia paccMaTpuBaroT Mpo-
necc B miiockocTH. IlpaBna, 3areM 3Ta INIOCKOCTH MOBOPAYUBAETCS B
0CSAX KOOPJHMHAT, YTO U co3faeT 3PQPeKT 00beMHOCTH, HO, HA CAMOM
Jelne, CyTh OT 3TOTO HE MEHSIETCS, IUIOCKOCTh OCTAaeTCsl MIOCKOCTHIO.
Ecnu OBl mpoliecc paccmarpuBaics B o0beMe, TO HaJlo ObUIO OBl pac-
CMOTPETh UBMCHCHUC MHTCHCHUBHOCTU BUXPA BAOJb €ro OCH, TOorjaa
ObuTH OBl B KAKOM-TO CTENIEHN OXBAu€HBI IMPOLECCH BUXPEoOpa3oBaHUs
u pacrnaga Buxpeil. Ho MMEHHO 3TO M OTCYTCTBYET B ypaBHEHUSX
MakcBemna. A mMo3TOMYy Te 3a/1ayH, B KOTOPBIX BO3HUKAIOT 3TH BOIIPO-
Chbl, HaIpuMep, 3ajada o aunojie ['epia B moiaynpoBoJsIend cpeae, He
MOTYT OBITh pelIeHBI C TOMOIIBIO YpaBHEHUI MakcBea.

He yuren MakcBemioM u ¢akT HETOCPEICTBEHHOTO B3aUMOJCH-
CTBHA IMPOBOJHHWKA C MArHUTHBIM IIOJIEM B MOMCHT IIEPECCUCHUSA IIPO-
BOJHUKA 3TUM rnoneM. 3akoH Dapazesi, ABIAIOUIMICA MNPSMBIM CIE[-
CTBUEM MEPBOr0 ypaBHEHMsI MakcBesula, B 3TOM CMBICIIE €CTh OMHCa-
TEJIbHBIH, (DEHOMEHOJIOIMYCCKUI 3aKOH, 3aKOH JAJIbHOJCHUCTBUS, II0-
CKOJIBKY B HEM M3MEHEHHE NOJSA MPOHCXOAUT B OJHOM MECTE, BHYTPH
KOHTYpa, a pe3ynbTaT 3TOT0 U3MEHEHHS — 3.7.C. OKa3bIBAETCs Ha NEPH-
¢bepun koHTYpa. U ceromHs yke M3BECTHBI 3HAUUTEIbHBIC PACXOXK[Ie-
HUsSl MEXJy pacueTaMy, BBIIOJIHEHHBIMH B COOTBETCTBUHU C 3aKOHOM
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®dapanes, U pe3yJbTaTaMyd HENOCPEACTBEHHBIX U3MEpeHud. PasHuia B
HEKOTOPBIX CIy4asX COCTaBJIsIeT HE OJUH WIIU JIBa MPOIEHTa, a B He-
CKOJIBKO pa3!

Takux mpUMEpPOB MOXHO MPUBECTH MHOr0. DTO 3HAYHT, YTO K
TEOPETHIECKAM OCHOBAM JJICKTPOTEXHUKH M JJIEKTPOIAWHAMHUKHU JTaBHO
HY>KHO OBIJIO BEPHYTHCS, HO CETOMHS 3TO MOTPeOyeT (PU3NIECKOro Io-
HUMAaHUS IEKTPOMAarHUTHBIX MPOIECCOB, UX (PU3MIECKOTO MOJECITUPO-
BaHUS, U TOJIBKO ITOCJIE 3TOTO Pa3padOTKH ypaBHEHHIA, OMHCHIBAIOIINX
STH MPOIECCHL. A 3TO BO3MOXKHO TOJIKO Ha OCHOBE MOJEIMPOBAHUS C
npuBJIeYeHNEM GHUpa, YeM H PYKOBOJICTBOBAJICS B CBOMX HM3BICKAHHAX
BenuKui aHrnuiickuii yuensid Jx.K.MakcBenn, He pacnojiaraBiiiii B
TO BpeMs HeOOXOIMMBIMHU CBEJCHISIMA O MEXaHUKE COKUMAEMOro Tasa,
HO BBITTOJHHUBIINM, HECMOTPS Ha 3TO, TPOMAaHYIO0 TEOPETHYECKYIO pa-
00Ty, pe3yabTaThl KOTOPOW MBI 3KcIuTyatupyem oonee 100 net.

OpHako, MOBOJBHO CIIATh HA JOCTHIKEHHUAX BEJIHKUX YYEHBIX
MPOIILIOTO, TTOPa TEOPETUIESCKHUE N3BICKAHMUSI ITPOIOIKHTH !

4.2. DJIeKTPOH U 3JIeKTPpHYECKoe I10JIe

Ompenenenne dMEKTPUIECKOro moist nano B bomwimoi CoBerckoi
OHuukioneauu. TaMm cka3zaHo: «DJIEKTPOMAarHUTHOE TOJE — OCOOBIH
BUJ MAaTEepHH, IOCPEACTBOM KOTOPOH OCYILIECTBISIETCS B3aHMMOJEH-
CTBHE  MEXIY DJIEKTPUUYECKU 3apsDKeHHbIMHM uyactunammy».(bCO 3-e
u3nm., T. 30, c. 65).

[IpuBeneHHoOE BbIIE OGUIMATBEHOE ONPEAETICHNUE HIEKTPOMAarHHUT-
HOT'O IT0JIS1 HATIOMHUHAET ONpeieieHue, JaHHOE JOPEBOJIIOLUOHHBIM (e-
THETOHUCTOM ApkagueMm ABepueHko ueporiudam: «Mepormudsr — 3T0
Takre mMTydkn». OHO HE TOBOPUT HU O YEM, pa3Be YTO O TOM, YTO aB-
TOpPBI JAHHOTO ONpEJENICHUs] HE MMEIOT HUKAKOro IpPEJCTAaBICHUS O
TOM, 4TO K€ TaKoe 3JeKTpoMaruuTHoe noie. Ho ¢ mo3ummii adupomn-
HAMHUK{A MOXKHO DPa300paThCs, 9TO COOOW IMpEACTaBIsIET dJIEKTpoMar-
HUTHOE TI0JI€, KaK OHO YCTPOEHO.

OCHOBHOH yacTHIle MUKPOMHpPA, OTBETCTBEHHOW 3a 3JIEKTpOMar-
HUTHBIE TIPOIIECCHI, E€CTECTBEHHO, SBISIETCA JJIEKTPOH. I[lockonbky
€MHCTBEHHOW YCTOMUYMBON (POpMOI ABMKEHUS ABISETCS TOPOUIAIb-
HOE, TO MOXXHO MOJaratb, YTO JJIEKTPOH UMEET Ty ke (QopMy, UTO H
IPOTOH, HO BHHTOBBIC HOTOKM 3(Hpa B HEM 3aKpy4YECHBI CO 3HAKOM
BUHTA, IIPOTUBOIOJIOKHBIM T10 CPAaBHEHHIO CO 3HAKOM BUHTA IOTOKOB
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adupa B mpotoHe. [lockonpky B cBOOOAHOM dUpe CxKATHE BUXPS HIAET
JI0 KPUTHUYECKOI'O 3HAYCHUS, MOXKHO I10J1araTh, 4TO 00bEM CBOOOIHOTO
3MEKTpOHa OyIeT MPONOPLUOHANIEH €ro Macce, eciy TUaMeTp NPOTOHA
umMeeT nopsaok 107!° M, To muamerp smekTpoHa B cBOGOIHOM >(dupe
Oyzmer umeth nopsgok 1071 m. Ho 310 Tonbko B cBOGOaHOM 3dupe, B
BEIIIECTBE, T/I€ TUIOTHOCTH 3(prpa OoJbIe U TPaIueHTHI TOTOKOB d(upa
TOKe OoJIblle, NaBlCHHE, OKa3bIBAEMOE Ha JIIEKTPOH OyAeT MEHBIIE U
COOTBETCTBEHHO pa3Mep 3JIEKTpoHa OyzaeT OoJble, BO3MOXHO, CyILe-
CTBEHHO, @ MOMEHTHI KOJIMUECTB JABMKEHUS KaK TOPOMIAIBHOIO, TaK U
KOJIbOCBOIr0o COXpaHATCA HEHU3MCHHBIMH, T.C. MarduTHBIE MOMEHT H
E)HGKTpI/ILICCKI/Iﬁ 3apsaqa COXpaHATCAd HEUM3MCHHBIMH, YTO U UMCECT MECTO
Ha CaMOM JieJie.

Ji1st cBOOOAHOTO BUXPS TOJDKEH COXPAHUTHCSI MOMEHT KOJIMYECTBA
JIBWKCHUA U Y TOPOUIAIBHOIO, U y KOJBLEBOIO BPAILCHUA, YTO IIPU
C)KaTUM MPHUBEIET K CAMOIIPOM3BOJIBHOMY BO3PACTAHHUIO U JTUHEHHOH, U
YITIOBOH CKOPOCTH OOOWX IBI)KCHHU, MPHUYEM JIHHEHHOW CKOpPOCTH
IIPONIOPLIMOHAJILHO IIEPBOM CTEIEHU CKATUs, a YIVIOBOM — B KBaJpare.

Cxatue BUXpS UM BO3pacTaHHUE CKOPOCTH BpauleHus: OyayT mpo-
JOJDKATBCS 10 TeX MOp, MOKa IUIOTHOCTh BUXPS HE BO3PACTET 10 HEKO-
TOPOM KPUTHUYECKON BEJIIMYUHBI, MPEANOJIOKUTEIBHO TOU XK€E, 4TO U Y
NpOTOHa, T.e. 10 Benuumubl mopsaka 1017-10%8 kr/m3. B pesysbrare
MOJY4MBLIEECS] BUXPEBOE BUHTOBOE KOJIbIIO MPHOOPETET pa3Mepsl, Cy-
HIECTBEHHO MEHBIINE, YeM OBLIM Y UCXOJIHOTO BUXpPs. DTO u Oyner
CBOOOTHBI AJEKTPOH B CBOOOJHOM MPOCTpaHCTBE (pHC. 4.2).

a) 6)

Puc. 4.2. CTpyKkTypa cBOOOIHOI0 31eKTPOHA: @ — B MeTajlIe; 6 — B CBOOOTHOM
IPOCTPAHCTBE

Hanugue KoNbIEBOTO NBIDKCHHS Y DJIEKTPOHA ITOATBEPKIAACTCS
TEM, YTO Y IJIEKTPOHA 00HAPYKEH CIIMH — MOMEHT KOJMYeCTBa Bpalla-
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TETHHOTO JIBWKCHHS, PABHBIA Y2 B enmuHUNax /. ['maBHOW OChIO 3IeK-
TPOHA SIBJISIETCS OCh KOJBIIEBOTO BPAIICHIS.

Kak mokazan pacuer, ckopocTh MOTOKa 3(upa Ha MOBEPXHOCTH
CBOOOIHOTO 3JIEKTpoHa cocTaiser nopsaka 10'° m/c, T.e. Ha 13 mo-
PSAKOB MPEBBIIIAET CKOPOCTH CBETA.

Bokpyr BUHTOBOTO BUXPEBOTO TOPOMIa BOZHUKAIOT TOPOUJAITEHOE
U KoJbIleBoe mons ckopocted (puc. 4.3). [lepBoe omuchiBaeTCsl 3aK0-
HoM bmo-CaBapa u cOOTBETCTBYyeT MarHUTHOMY TIOJIIO YacTHIBL. Bro-
poe ommckiBaeTcs hopmMyioit ['aycca u COOTBETCTBYET IJIEKTPHUECKOMY
TMOJIIO.

(1
) O

)

Puc. 4.3. K BbIBOIYy 3aK0oHA pacnpeeeHHs] CKOPOCTell BOKPYT TOPOHAATIb-
HOT'0 KOJIBLIEBOr0 BUXPS: @ — JUISl TOPOUIAIBFHOTO ABIKCHUS U 6 — IS KOJBIIEBOTO
IBIKEHHS; 1 — pacmipocTpaHeHHe KOJIbIEBOTO JABMKEHUS BEPTYIIKON MPH OTCYTCTBUH
TOPOUAATBHOTO JBIKECHUS; 2 — PaclpoCTPaHEHHE KOJBIIEBOTO IBIKEHUS TOPOHIAIb-
HBIM JIBUKEHHEM; Vr — CKOPOCTh TOPOUAATBHOTO JABHKCHUS; Vi — CKOPOCTh KOJIBIIEBOTO
JBIKEHHS; p — PACCTOSIHUE OT LIEHTPA TOPOUIA

ComnocraBisisl MOBEIEHUE BUHTOBBIX BUXPEBBIX TOPOUIOB C IOBE-
JIEHUEM 3apsDKEHHBIX YacTHILI, MOXKHO CIIEJIaTh BBIBOJ O TOM, YTO Mar-
HUTHOE TI0JIE YacCTHI] €CTh TOPOWIAIBHBIA MOTOK 3hupa, 3IEKTpHUe-
CKOE€ — KOJIBIIEBOM TTOTOK, 3aps/l — MIOBEPXHOCTHAS ITUPKYJIIAINS dprpa
Ha YacTHIE, TO €CTh IPOU3BEJIEHUE KOJIBIIEBONH CKOPOCTH Ha MOBEPX-
HOCTH YacCTHIIBl M IUIONIAIN €€ TIOBEPXHOCTH, MOJISIPHOCTh — OPUEHTa-
IIUS1 KOJIBIIEBOTO JIBMKEHHUSI OTHOCHUTEIBHO TOPOHMJAIBHOTO, TO €CTh
3HaK BHHTOBOTO nBIKeHUs (puc. 4.4). 3akonsl buo-CaBapa s mar-
HUTHOTO nonst W KyloHa Ui 3JIEKTPUYECKOTO OIS BBIIOIHSIIOTCS
IIPU 3TOM TOYHO.
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Puc. 4.4. {ucranumonnoe (3JeKTPOMATrHHUTHOE) B3aMMOJeiCTBHE TOPOM-
Aadb-HBIX BUHTOBBIX BHXpel: ¢ — IpH HAXOXJCHUM UX B OOIIeH IUIocKocTH; 6 —
HPH COOCHOM IIOJIOKECHHH; 6 — B OOILEM Cirydae

Ecnu B 310 MONE cKOpocTelt adupa, cozaHHOE OTHOW YaCTHIIEH,
MOMagaeT aHAJIOTHYHAs YacTWIla, TO TOPOMJAIBHOE I0JIe CKOpocTeit
CO3/aeT Ui Hee BpalllaTelbHbIII MOMEHT, U YacTHIla pa3BepHETCS TakK,
YTO JMHHH TOPOMJAIBHBIX TOKOB COBIAAYT C HANPAaBICHUEM BBIXOS-
HIMX W3 ee MeHTpa cTpyi s¢upa. [Ipu 3TOM NHMHHM TOKa KOJIBIIEBOW
CKOPOCTH CO3/aJlyT JaBJI€HUE 10 KpasiM BTOPOM 4YacTHIbI TaKUM 00-
pa3oM, 4TOOBI OHA OTTAJIKMBANIACh, €CIH Y HEE TOT K€ 3HaK BUHTOBO-
ro JABWXEHHS, YTO M y TEPBOH, WIM NpUTArHBajach (IMOATANI-
KHMBaJlaCh), €CIIM ATH 3HAKH IMPOTHBOIOJIOXKHBEL. Bo3HHUKaromas cuia
OKa3bIBAe€TCAd MPOMOPLIUOHAIBHON MPOU3BEACHUIO UX MOBEPXHOCTHBIX
OUPKYJSIOUA W 0OpaTHO NPONOPLMOHAIBHOW KBaJIpaTy PacCTOSHHMS
MEX/Iy YaCTHIIaMH, YTO COOTBETCTBYET 3aKkoHy KyioHa.

4.3. MeTannu4ueckasi CBA3b M (pU3HIECKasi CYNIHOCTD YIEKTPO-
¥ TEMJIONPOBOHOCTH METAJLIIOB

dusnyeckas CYLUIHOCTb NIEKTPO- U TEIUIONPOBOJHOCTH XOPOLIO
00BsICHSICTCS ANEKTPOHHOH TeopHeid, pa3paboTaHHON HEMEIKUM (QH3H-
koM [1.Ipyze [5] u aunepnanackum pusukom . A.JlopeHnem.

B merannax aTombl COEIUHEHBI APYT C JIPYIOM JIEKTPOHHBIMU
obonoukamu, 00pasys B mpeaesiaXx OJAHOTO TOMEHA CIUIONIHYIO CHCTEMY
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TUNa OONBLIONH MOJEKYJIBI, TAKHE CBSI3U HA3bIBAIOTCS METAINYECKUMHU
W 10 TUNY Hanboiee ONM3KU K KOBAJICHTHOMY THITYy CBsized [6]. DTo
NPUBOJIUT K TOMY, YTO MpPU COCAMHEHHU aTOMOB JUIMHA 3(UPHOTO MO-
TOKa y MOJEKYJbI, COCTOSILEH BCEro M3 JABYX aTOMOB, OKa3bIBACTCS
MEHbIIIE, YeM CyMMa IJIMH MyTed 3(QUPHBIX [IOTOKOB y aTOMOB A0 CO-
eauHenus. [lostomMy mnpu coearHEHMH aTOMOB B MOJEKYIy 4YacTh
VIJIOTHEHHOTO 3aBHHTOBAHHOTO 3(Hpa BHIOpackIBacTCa U3 00pa3oBaB-
mieiics MoJeKynbl. B oTinmune oT OOBIYHON KOBAJICHTHOM CBSI3W, TPH
0o0pa3oBaHUH KOTOPO# BEIOpOIIEHHAS YacTh A(UPHOTO MOTOKA 3aMBbI-
KaeTcs cama Ha ce0si, B MeTajlaX 3TOT IOTOK CTUMYJIUPYeT OpraHH3a-

IMIO 3JIEKTPOHA 3a CYET MOTOKOB 3(hupa, OKa3aBIIMXCS MEKIY aTOMaMH
(puc. 4.5).

Puc. 4.5. MeTajuinyeckasi ¢Bi3b B aTOMax M 00pa3oBaHHe CBOOOTHBIX IEK-
TPOHOB B MeTaJLlIe

OO0pa3oBaHHbBIl CBOOOHBIA AIIEKTPOH HAYHHACT XAOTHUYECKH TIe-
peMeniaThCsl B MEXKMOJIEKYIIPHOM IIPOCTPAHCTBE B MpeiesiaXx 000I0UYKH
Ban-nep-Baanbca, coynapssick ¢ 3JeKTPOHHBIMH 000JIOYKaMH MOJIEKYIT
1 OOMEHWBAsACh C HUMH JHEpPrHUed. DTO NBIDKCHHE 3JIEKTPOHA OCY-
HIECTBIISIETCS] 32 CUET DHEPrHU €r0 TOPOWJAIBHOTO JBHKEHHS Ha TO-
BEPXHOCTH 3JICKTPOHA TaK *e, KaK 1 JI000ro razoBoro, HarmpuMep, Jbl-
MOBOTO KoJibIa. OCHOBHAs 4acTh 3JIEKTPOHOB COBEpPLIAET TEIJIOBOE Xa-
OTHUYECKOC ABMKCHHUE MCXKIY MOJICKYJIaMH ME€Talljla, a 4aCTb BBIXOAMUT
Ha MOBEPXHOCTh METAJlIa, YCTAHABJIMBAsACh B IaXMAaTHOM IOPAAKE aH-
TUNApaJUIEIbHO OTHOCUTENBHO OPYr Apyra, o0pasysl TaKk Ha3bIBAEMYIO
«moBepxuocts epmm» (puc. 4.6).
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Puc. 4.6 Ctpykrypa «noBepxHoctn ®epmmn»

ITocKOIBKY PIEKTPOH HAXOIUTCSA B HEMPEPHIBHOM TEIUIOBOM JIBH-
JKEHUHM BHYTPH METaJUIa, OH COyIapseTcs ¢ MOJICKyJaMH. OTOpachiBaeT-
Csl TI0 3aKOHaM IPSAMOTO COYJApeHHUs U TOCie "KaXxA0TO yaapa MeHSeT
CBOIO OPHEHTAIINIO B MpocTpancTBe. [[03TOMy BCce 3IIEKTPOHBI B MeTall-
Jie, HaXOJsIChb B HEMPEPHIBHO JBWKECHUU, B CPEIHEM OPUEHTUPOBAHBI
Xa0TUYHO, YTO M OOBSICHSET TOT (haKT, MOYEMy BOKPYT METAILTHIECKAX
00pa31oB, HE TMOAKIIOYEHHBIX K MCTOYHWKAM HAMPSHKEHUS, HET Mar-
HUTHOTO TIOJIS.

CornacHO 3J€KTPOHHOW TEOPUH, CBOOOIHBIC JICKTPOHBI B METaJl-
JUYECKUX TMPOBOJHUKAX OOPa3ylT 3JIEKTPOHHBIN Ta3. JlBurasch xao-
TUYHO B MEXXaTOMHOM ITPOCTPAHCTBE TeJIa MPOBOJHUKA, DIIEKTPOHBI CO-
YAAPSIIOTCS C TIOBEPXHOCTSIMUA aTOMOB U MOJICKYJI, 0OMEHHUBASICh C HUMH
UMITYJIbCAMH U TEM CaMbIM ITOJJICPKHBasi OOMIYIO JJISi BCETO Tella TeM-
neparypy. IMeHHO Hann4due u MOJBUKHOCTh JIEKTPOHHOTO ra3a odec-
MEYNBAET BHICOKYIO TEIUIONPOBOIHOCTh M BBICOKYIO SJIEKTPOIPOBOI-
HOCTh METATHYECKUX TPOBOTHUKOB.

B cooTBeTcTBHM ¢ ANEKTPOHHON TeopHel CBOOOAHBIE IIIEKTPOHBI,
JIBUTASICh XaOTHIECKH MEXKIY MOJICKYJIaMHU Tella, HEPEPHIBHO OOMEHU-
BaIOTCSl C HUMHU HMITYJILCAMH, Y€M CTIOCOOCTBYIOT BBHIPABHUBAHUIO TEM-
nepaTypsl B METaie ¢ BBICOKOM CKOPOCTBIO, YTO U OTIUYAET METAJIIbI
OT HEMETaJUIOB — BBICOKOE 3HaueHHe KOA(PPUIMEHTa TEIUIONPOBOIHO-
ctu. Ilpu temmeparype 20°C (293,3°K) cpeansisi CKOPOCTh TEILIOBOTO
JIBHKCHHS dJIeKTpoHa coctaBisier 115,45 kw/c. JlnuHa cBOOOIHOTO
mpoOera 3JEKTPOHHAS JOJHKHA UMETh BEIMUMHY MOPSIKA SIUHUI] MET-
POB, B TO BpEM KaK pacCTOSHUE MEXKAY LIEHTpaMu MOJIEKYJ COCTaBISET
sennuuHy nopaaka 107° M. DTo o3Ha4aeT, 4TO SIEKTPOHBI B METaJLIe
HUKaK HE B3aUMOJICHCTBYIOT MEXKITy CO0O0H, a KaXXIbIA dJIECKTPOH HETpe-
PBIBHO COYIapsieTCsl ¢ MOBEPXHOCTSIMU MOJEKYJ, OKOJIO KOTOPBIX OH
HaXOJIUTCS, U TIEPEMELIACTCS MEXTY MOJICKYJIaMH.
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4.4 Yto Takoe 3jIeKTpUYECKOe HANPSKEHUEe U Mar-
HHUTHOE noJie?

B 3apspkeHHON MeTaummaeckol cdepe DIIEKTPOHBI, OTTATKHUBASICh
Ipyr OT Apyra, OyayT pacrojiaraThCsi Ha €€ IOBEPXHOCTH B OJHOM
HampaBJIeHUH, TTOTOMY 4YTO TOPOWJAANbHBIE TOTOKHA 3¢upa, yObiBas
NPOMOPLUUOHAIBHO KyOYy paccTOsIHUS, IPAKTHIECKUE HE OKa3bIBAIOT Ha
JJIEKTPOHBI BIMSHUS, W OpPUEHTALMs 3JIEKTPOHOB HA IOBEPXHOCTH
OMpeacIaCTCA rpaJuCHTaMU KOJBIEBOI'O ABUKCHUS.

Ka)KZH:II‘/'I QJICKTPOH, HAaXOJ4ACh Ha IMOBCPXHOCTU, BBIAYBACT IMOTOK
a¢upa U3 MeHTpa B CBOOOTHOE TIPOCTPAHCTBO | 3abHpaeT MmoTok 3¢dupa
1o coeil nepudepuy, HanoxoOue TOro, Kak 3TO MPOUCXOOUT B IPO-
ToHe. Ho, Korma mo coceacTBy HaxOJUTCS MHOTO 3JIEKTPOHOB, TO MO-
TOKH JAeopMHPYIOTCS, 00pasyst TpyOKH C TEpEeMEHHBIM 10 CEUYEHHUIO
BUHTOBBIM (hakTtopom (TpyOku Dapazes). DT TpyOKH HMEIOT 110 CBO-
€My CEUYCHHIO MEePEeMECHHBIH BHHTOBOH (pakTop (OTHOIIEHHME MIara K
JUaMeTpy) U MO3TOMY He MOTYT CJIMBAThCA APYT C APYIOM, U MpHUilera-
0T JIpYT K APYTY, KaKk 3TO IOKa3aHo Ha puc. 4.7
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Puc. 4.7. D1eKkTpoH B TpyOKe 3IeKTPHYECKOI0 MO

Kak n3BecTHO, a51eKTpUiecKoe HalpsHKeHUE eCTh padoTa, KOTOPYIO
HY>KHO COBEPIIUTH IJISl TEPEMEIIEHUS €AUMHUYHOTO DIIEKTPHYECKOTO
3apsiaa u3 OECKOHEYHOCTH B JAHHYIO TOUKY JIEKTPHYECKOTo MoJisd. A B
ra3onoJo0HOM 3pHpe 3TO eCTh PabdoTa, KOTOPYIO HYKHO COBEPIIHTE,
IIPEO0JI0JIeBast 1aBICHUE, OKa3bIBAEMOE JICKTPUUECKUM II0JIEM Ha 3apsi-
’KEHHOE TeJO.
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JlaBnenue, oka3siBaeMoe 3(pupoM B TpyOKe IIEKTPHUECKOTO TIOIS,
HAa DJIEKTPOH, COCTOUT U3 JIBYX COCTABIISIONINX - TOPOUAAIHHOM, BBIPaA-
JKEHHOW B TpPyOKE MO TOCTYNAaTeNbHBIMH JBMKCHUSMHU 3QUpa, U
KOJIBIICBOM, BBIPAXKEHHOW BO BpAIllEHUH BOKPYT OcH Beel TpyOkwu. Ilep-
Bas COCTABIIIIONIAsl OKa3bIBAE€T HA JJIEKTPOH MOMEHT BpAIIeHUs, 3a-
CTaBIIOMIMNA DJIEKTPOH M3 JOOOT0 TOJOXKEHHWS TOBEPHYTHCS B
HaNpaBJICHUH COBMEICHHS CBOEH TJTaBHOM OCH C HampaBlICHHEM OCH
TpyOku (puc. 4.8). Bropas cocramisitonias o0pa3yeT pa3HOCTh MEXITY
06npIIMM JaBleHUEM 3(Upa HA CTOPOHE DJIEKTPOHA, ONMKHEH K HC-
TOYHHUKY IIOJIA, 1 MCHBIIUM JJaBJICHUCM 3(1)1/1pa Ha HpOTHBOHOJ’IO)KHOﬁ
CTOpOHE 3JIEKTpoHA. VIMEHHO 3Ta pa3sHOCTh JABICHUM NPUOACT JJIEK-
TPOHY YCKOPEHHUE B HAMPABICHUN OT UCTOYHHKA DIEKTPUUECKOTO TTOJIA,
YTO U €CThb JJICKTPUUCCKAaA HAIIPSAKCHHOCTD. A CyMMa BCCX HAIIPSAKCH-
HOCTEH MO BCEH JJIMHE TPYOKH, T.e. paboTa, KOTOPYH HYKHO COBEp-
IIUTH, TIPEOJoJieBas AdaBiieHHue >pUpa Ha MPOTHKEHUH BCEH IMHBI
TPYOKH, M €CTh Pa3HOCTbH MOTEHITHAIIOB.

00,
00,
60
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Puc. 4.8. CoBMecTHBIe TOBOPOT JJ1€KTPOHOB M 00pa3oBaHHe MArHUTHOTO
NoJisi BOKPYT NMPOBOJAHUKA: ¢ — OPHEHTANUs BEKTOPa CITHHA HJIEKTPOHA MapalieIbHO
OCH IIPOBOJTHHKA; 6 — CyMMHPOBaHHE BUHTOBBIX IOTOKOB BHE ITPOBOIHHKA.

Ob6pammaer Ha ceOs1 BHHUMaHHE, YTO Pa3MEpPHOCTHh pabOThI, BHIpa-
’)KeHHasd B JKOynsiX, COBMANaeT ¢ pa3MEPHOCTHIO PA3HOCTU AABJICHUN
Ha KOHIIaX TPyOKH, TaKKe BRIpAXKCHHOU B JDKOYIISX.
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4.5. Yto Takoe 3JIeKTPHYECKHIl TOK H MarHUTHOe 1oJie?

[Ipu oTcyTCTBHM B MPOBOAHUKE BIIEKTPUUYECKOrO IMOJISI, BCE DIICK-
TPOHBI METaJIa HAXOJATCS B Xa0TUYECKOM JBIKEHHH, TIOCIIE KaKAOTO
COyZIapeHusl CO CTEHKaMHU MOJIEKYJ, MEHSAS CBOIO OPUEHTALUIO B IIPO-
crpadctBe. [loaTomy moTtokm 3¢upa, co3maBaeMble 3ICKTPOHAMHU B
NPOCTPAaHCTBE, ycpeaHsioTcs Ho, korma B MPOBOJHHMKE MOSBISETCS
NIEKTPUIECKOr0 II0JIE€, BCE 3JICKTPOHBI HAYMHAIOT NPUOOpPETaTh COB-
MECTHYIO YIJIOBYIO OPHEHTAllMU U HAYMHAIOT IPHOOPETAaTh HEKOTOPYIO
00IIyI0 OHOHAIIPABICHHYIO CKOPOCTh IBW)KEHUS. B MeaHOM MpoBOa-
HUKE C IUIOUIaAbI0 MONEPEYHOTO CEUECHUS B ImMm? 1 Toke B 1 A cko-
POCTB MEPEMEIEHNS BCEH MACChI 3JIEKTPOHOB COCTaBUT 6,25-1076 m/c.

Kak Takas manasi CKOPOCTb MOXKET 00ECIICUUTh CO3JaHUE BOKPYT
MPOBOJHMKA MarHUTHOTO MOJS, B KOTOPOM CKOPOCTH IOTOKOB 3(upa
COCTaBJISIFOT COTHU KWJIOMETPOB B CeKyHIy? Hukak He MokeT. 3HauuT,
NPUYMHA MOSBICHUS MAarHUTHOTO IIPOBOJIHHMKA HE B IEPEMEIICHUH
9JIEKTPOHOB, & B YEM-TO IPYroM. DTHM JIPYTUM SBISETCS COBMECTHBIN
MIOBOPOT 3JIEKTPOHOB MM0J] BO3ICHCTBHEM TOTO K€ IIIEKTPUIECKOTO T0-
ns1. JlocTaTOYHO COBEPIIEHHO HUYTOKHOTO, HA Majble JOJH YIJIOBOH
CEKYHJIbl 00IIET0 TTOBOPOTA AJNEKTPOHOB, YTOOBI HA MOBEPXHOCTH IMPO-
BOJIHMKAa 00pa30BajioCch MarHUTHOE IIOJie, HANpPSHKEHHOCTh KOTOPOTO
OyzeT paBHa HANPSHKEHHOCTH, PACCUMTAHHON 10 3aKOHY MOJHOT'O TOKA.
A pnajnee BBIIIEAIINE HAa ITOBEPXHOCTh INPOBOJHHUKA MOTOKH 3dupa
HAYHYT (OPMHUPOBATHCS B TOPOHIAIBHBIE BUXPH, BIUIOTHYIO MPHUMBI-
Kalolye ApYr K APYrY U 00pa3yrolie COBMECTHO MarHUTHBIC JIMHUH U
BCe MarHuTHoe nose (puc.4.9)

Hcxons u3 toro dakra, 4To MpH MEepeMeIIeHHH B MPOCTPAHCTBE
He OOHapyXHBaeTCs HUKAaKWX JIOTIOJHHUTENBHBIX MarHHTHBIX TIOJIEH,
YTO MOJATBEPKICHO CHELHAIBHO ITOCTABICHHBIMU SKCIIEPUMEHTAaMH, a
TaKXe YUUTBIBAs OMBIT DPCTe/a, TOKa3aBIIero, YTO MarHUTHAs CTPel-
Ka YCTaHABJIMBaeTCsS NEPICHIUKYISPHO MPOBOJHUKY C TOKOM, BBIPH-
COBBIBAETCS] MPAKTUYECKH E€IMHCTBEHHO BO3MOKHAsl CTPYKTypa Mar-
HUTHOW CWJIOBOW JIMHUM KaKk HEKOTOPOH TpyOKH, B KOTOPOW MO IIO-
BEPXHOCTH TeueT 3pUp B OJHOM HANpaBJICHUH, & BHYTPH TPYyOKH BO3-
BpallaeTcsi B MPOTHUBOIOJIOKHOM, a caMa e TpyOka BpaliaeTcs, Tak
YTO TI0 €€ MIOBEPXHOCTH 3(pUp TeUeT 0 BUHTOBOH JINHUH C YTJIOM B 45°
K ocu TpyOku. [Ipn 3TOM, MOCKOIBKY (POPMUPOBAHHE MAaTHUTHON CHIIO-
BOM JIMHUU IPOU3BOAUTCS JIEKTPOHAMH, KOTOPbIE CaMU NIPEICTABIISIOT
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c000i1 BUHTOBBIE TOPOHIBI HanOoJiee BEPOSTHON CTPYKTYPOH MarHMT-
HOHM CHIJIOBOW JMHHUH SIBIISICTCS HAOOp BHHTOBBIX TOPOHIOB. B3ammo-
JieificTBUE BUHTOBBIX MIOTOKOB d(upa Mmokazano Ha puc. 4.11.

Puc. 4.9. CTpykTypa MATHUTHBIX CHJIOBBIX JTHHMIA

Takum 06pa3zom, CTPYKTYphl CHJIOBBIX JTMHUIM MarHUTHOTO TOJS U
3JIEKTPUYIECKOrO MOJsl BO MHOIOM HICHTHYHBI, HO UMEIOT M Pa3JIuyusl.
DJeKTprUYecKoe MoJie UMeeT UCTOYHUK BUHTOBOT'O JBIMKEHHS B TOpIIE,
a MarHUTHOE TOJIE C TIOBEPXHOCTH BCEW TPYOKH, IMOPTOMY MarHWUTHAs
TpyOKa MOXKET CTPYKTYpHUpOBaTbcsi B HAaOOp BHHTOBBIX TOPOUIOB, a
aNeKTprUecKas Tpyoka He MoxkeT. OZHaKO Bce 3TO TpeOyeT yTOUHEHHS.

4.6. D1eKTPOH B 3JIEKTPUYECKOM U MATHUTHOM IOJISIX

ITockonbKy maBieHHE €CTh NOTEHUUANBHASI S3HEPTHUs, PONOPLUO-
HaJbHAs KBAJpaTy CKOPOCTH MOJICKYJ, TO M CHJa, JICHCTBYIOMIAas Ha
SJIEMEHT JJIEKTPOHA, OY/IET YMEHBINATHCSA Ha BEJIUYUHY, MPOIOPIHO-
HaJbHYIO KBAJIPaTy OTHOCHTEILHON CKOPOCTH JBHKEHHS JIEKTPOHA Vg
K CKOPOCTH PacIpOCTPAHEHUS KOJIBIIEBOTO JBW)KCHHSI B CBOOOIHOM
cpeze — CKOPOCTH CBETa ¢, T.€. Ha BennduHy (Vq/c) 2, cienoBaressHo,

E=E,[1-(vgc)?]

U TIpU CKOPOCTH ABMKEHUS YACTHIIBI, pABHOW CKOPOCTH CBETa, T.€.
npu Vg = ¢, E =0, kak Obl HU MEHsUIach BeMUUnHa F,.

Ilocnennee o3HavaeT, 4To ¢ MPUOIIKEHUEM CKOPOCTH YacTHUIIBI K
CKOPOCTH CBETa CHJa, JEHCTBYIOLIas Ha YacTHUIy, YMEHbBIIAETCS. aHa-
JIOTUYHO TOMY, KaK INpPU YMEHBIICHUU CKOJIBKEHMS BpaIlaroIIErocs
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MarHATHOTO TIOJNSI OTHOCHTENFHO pOTOpa B ACHHXPOHHOW MaIInHe
YMEHBIIIAETCSI MOMEHT, Pa3BUBAEMBI POTOPOM. DTUM MPUHIIUITHATHHO
MOXET OBITh OOBSICHEH ()aKT HEBO3MOXXHOCTH pPa3roHa 3apsKCHHON
YACTHUIBI AJICKTPUUSCKUM ITOJIeM JIF000M, caMoi OOJIBIION HAIpsIKEH-
HOCTH JI0 CKOPOCTH CBETa, a BOBCE HE T€M, YTO CKOPOCTh CBETa MPHH-
UTHATEHO HEMPEOI0INMA.

Korpma aiekTpoHBI TPYIION JIETAT B OOIIEM IyYKe, OHH HUMEHOT
0OIIyI0 OpHEHTAIMIO B IMPOCTPAHCTBE OTHOCHUTENBHO APYT Npyra, a
3pUpHbIE TIOTOKM MEXIy COCETHHUMH OJIIEKTPOHAMH OKa3blaroTCA
HaIpPaBJICHHBIMU aHTHUIApalIebHO. [loaToMy naBieHue 3dupa B MexK-
3JIEKTPOHHOM IPOCTPAHCTBE CHU)KACTCS, U BHEIIHEE JaBlicHHE 3(upa
MPUTAIKUBAET DJIEKTPOHBI JIPYT y IPYry. DTUM M OOBSICHAETCS TOT
(baxT, 4TO ANEKTPOHHBIC Ty4l Ca0M(POKYCUPYIOTCA. A MPOBOJA, 1O KO-
TOPBIM TEKYT OAHOHAIIPABJIICHHLIC TOKHU, IIbITAIOTCA C6J'II/I3I/ITI>CSI.

PaccMoTpum moBeneHue IEKTpOHA B MArHUTHOM IoJie. MarHuT-
HOE ToJIe caMo 1o ce0e HUKaK He MOXKET MOBIHATh HA OPHEHTAIUIO
9JIEKTPOHA BCIJIEJCTBHE B3aMMHOIO YPABHOBEIIMBAHUS BCEX CHII, BO3-
JIEUCTBYIONIUX HA 3JIEKTPOH CO CTOPOHBI OIS, IIPUYEM HE3aBHCHMO OT
CTPYKTYPBI CAMOTO MarHWTHOTO IIOJIA W TpeoOJalaHus B HEM KOJbIIe-
BOH MJIM MOCTYIIATEILHOM COCTABISIONICH ABMKEHUS dupa.

B camom nene (puc. 4.10), B obiactu 1 umeeT MeCcTo IPUTSHKCHUE
BUXpeH 3a CUET MOTOKOB 3(Upa B IUNIOCKOCTH PUCYHKA, HO OTTAJIKHBA-
HUS 33 CYET BpPAICHMS ra3a, TaK KaK HAIPaBJICHUE CONMPITaeMbIX MOTO-
KOB ra3a OJMHAaKOBO — B CTPOHY, MEPICHIUKYISIPHYIO TUIOCKOCTH PH-
cyHKa. B o0mactu 2 — Bce Ha000OPOT — OTTANKWBaHUE BUXPEH MPOUCXO-
JIUT 32 CYET BpAIICHHUS MOTOKOB 3(Hpa B IJIOCKOCTH PUCYHKA, a MPH-
TAXKCHUC — 34 CUCT INPOTUBOIIOJIOKHOI'O HAITPABJIICHUA JIBI/I)KeHI/Iﬁ ra3a B
TJIOCKOCTH, TEPHEHAUKYISIPHOU IIIOCKOCTH pHCyHKa. [Ipu 3TOM co-
CTaBJISIOIIME CHJI, BBI3BAHHBIX IOCTYMATELHBIM JBIKEHHUEM 3(dupa,
YPaBHOBEIICHBI MEXAY COOOM, TaK K€ KaK M COCTAaBJISIONINE CHJI, BBI-
3BaHHBIC BpalaTCIbHBIM IBHUXXCHUEM :-xbnpa TaKXKC€ YPaBHOBCIICHEBI
MEXJTy COOOH.
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Puc. 4.10. YpaBHOBeIIUBaHNE TaBJIE€HNUI, 1eiiCTBYHOIIHNX HA HENMOABHKHBIT
3JIEKTPOH B MArHUTHOM MOJI€e

[lonoxeHre CyIIeCTBEHHO MEHSIETCS, €CJIM BHELIHUM 3JIEKTpHUe-
CKUM TIOJIEM 3JIEKTPOHY MPHUIAHO TOCTYMATENbHOE IBHKEHHE CO CKO-
pocTbio. B 3TOM cirydae k CKOpOCTH MOTOKa 3(upa B 3JIEKTPUIECKOM
0JI€ [0 MOBEPXHOCTH KOJIbLA AOOABISIETC CKOPOCTh HMOCTYHATENbHO-
TO IBKCHUS 3JIEKTPOHA, U BOSHUKAET Pa3HOCTD JaBJICHUH Ha 3JIEKTPOH
CO CTOPOHBI CHJIOBBIX JIMHUH MarHUTHOTO TOJIS, YTO M COOTBETCTBYET
3akoHy JlopeHna IuIs ABWXKYILErocsi B MarHUTHOM IIOJI€ 3JIEKTPOHA.
ITpu 3ToM, Kak BUIHO U3 puc. 4.11, HampaBiIeHHE CUIIbI EPICHIUKY-
JISIPHO HATMpaBIICHHUIO JBIKEHHUS dJICKTPOHA.

G-)Pz
F@J B>h
@131

Puc. 4.11. TlosiBjieHUe OTKJIOHSIIOMIEH CHJIBI NMPH JBH:KEHHH JJIEKTPOHA B
MAarHMTHOM HoJie
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4.7 UccnepoBaHUsl HEKOTOPbIX 3NIEKTPOMarHUTHbIX
ABIEHUMN.

4.7.1. UccnepoBaHua B3aMMOUHAYKLUUN KOHTYPOB

B cootBercTBUM ¢ 3ak0HOM Papajes MylIbCUPYIOLIEe MOJE B KOH-
Type CO3/aeT Ha ero nepudepuu 3ac¢, NPONOPLUOHATIBHYIO CKOPOCTH
M3MEHEHUS MOJIS U IUIOIAAN KOHTYPA.

SAB S dH

€2m —

2 dt dt

rzae S — miomaas KOHTypa; B — MarHWTHAsE UHTYKIIKS.

Cunraercs, 4TO IMyIBCUPYIOIIEE MATHUTHOE IIOJIE, MPOXOIAIIEe
yepe3 IJIOM@Ab KOHTYpa, MOXKHO CO3/IaTh MEPEMEHHBIM TOKOM, IIPO-
MyCKaeMbIM Yepe3 MPOBOJ, HAMOTAHHBIM Ha JKEJE3HBIH CepICUHHK
(puc. 4.12, a). Ha camom Jiesie Takoro mporecca B mpupojie BooOIe He
CYIIIECTBYET, €T0 HeNb3sa BooOIIe co3naTh. [Ipomecc uuer uHaue (puc.
4.12, 6): MarHUTHBIC CHITOBBIC JTMHUHU BBIXOST U3 MPOBOJHHUKA H, pac-
NPOCTPAHSSCh B MPOCTPAHCTBE, MEPECEKAIOT TMPOBOJHUKH KOHTYpa,
BO30YX/1ast B HUX 3.]1.C.

a) 0)

Puc. 4.12. HaBenenue D/IC B xoHType: a — no Makcsemry u ®apanero; 6 — B
peabHOCTH
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JI71st TPOBEPKH STOTO MOJIOKEHHST ObLT MPOU3BEICH IKCIIEPUMEHT C
[POBOJIOYHBIMU KOHTYPaMH, JIEKAIIMUMH B OJHOM TJIOCKOCTH C H3Me-
HEHHEM PACCTOSHHS MEX/y MPOBOJHUKAMHU TIEPBOTO U BTOPOTO KOHTY-
poB (puc. 4.13).

a) 6)

Puc. 4.13. Cxema 3KcnepuMeHTA 10 B3aHMOMHAYKIUU KOHTYPOB

VA s
4 =
3 o
2 o
A
] 2
0 2 4 6 8 10 wd

Puc. 4.14. Pe3y1bTaThl H3MepeHHs1 HABeJeHHOM 3¢ B IVIOCKOM KOHTYpe:

sasucumocts f1 (h/d) (teopernueckas kpusast) u 3aBucumocts f2 (h/d) (pacuer Ha
OCHOBE 3aKoHa MOJHOTrO Toka). KpecTHkHM O3Ha4aroT 3HauyeHHs 3.1.C., MOJy4YEeHHbIE B
IKCIIEPHMEHTE.

Ha puc. 4.14 npuBeneHs! pe3ynbTaTbl U3MEpEeHUH. 3aech mpHBe-
JICHBI IB€ KPUBBIX 3aBUCMOCTH HaBEICHHOM 3./1.C. HA BTOPUYHOM KOH-
Type MpH M3MEHEHUH PACCTOSHHS MEX/Y MPOBOJAHUKAMU KOHTYPOB: fi
- TeopeTHyecKas KpHBas, pacCUMTaHHAs B COOTBETCTBUH C 3aKOHOM
®apanes (puc.4.14, a), u f> - kpuBas, paccuuTaHHas U3 MPEACTABICHUIT
0 HEIMOCPEJICTBEHHOM IEPECCUCHUH MAarHUTHBIM TI0JIEM IPOBOJHHUKOB
BTOpUYHOro KoHTypa (puc.4.14, 6). KpecTukamu OTMEYEHBI SKCIIEPH-
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MEHTalbHble naHHble. Kak BUAHO, BCe Pe3ysbTaTbl M3MEPEHHUH JIETIH
Ha BTOPYH KPHUBYIO, a OTHOLICHHE 3HAYEHUH 3.1.C MEXIy MEpPBOH U
BTOpO#i KpuBbIMU nipu oTHomeHuu h/d = 10 cocraBnser 4. OOpamiaer
BHHMaHHE M TO OOCTOSTEIBCTBO, YTO KpuBas f...Hacwllaema, a 3To
MO3BOJIAET IIOCTaBUTh BOIIPOC O B3aMMOHMHIYKLIHH HE KOHTYpPOB, a O
B3aUMOUHAYKIUH NTPOBOTHUKOB, TAKOTO IOHITUS B COBPEMEHHBIX TEO-
PETUYECKUX OCHOBAX DIIEKTPOTEXHUKU HE CYIICCTBYET, HO B PAJE TEX-
HUYECKUX NPUIOKEHUH OHO COBEPILIEHHO HEO0X0IUMO.

4.7.2. UcciienoBanns 3aK0HA MOJTHOI0 TOKA

Kak cremgyer 3 3akoHa MOJTHOTO TOKA, YMEHBIIIEHUE HAPSHKEHHO-
CTH MarHMTHOTO TIOJISI BOKPYT MPSIMOJMHEWHOTO MPOBOJHUKA C TOKOM
JOJDKHO TIPOUCXOJUTH MO TUIEPOOINYECKO 3aBUCMOCTH H, CJIE/IOBA-
TEJIbHO, OTHOILIEHUE HANPSKEHHOCTEH JOJKHO COOTBETCTBOBATH BBI-
PaKEeHUIO

Hl/Hz = Rz/Rl,

rae Rz 1 R1 — cOOTBETCTBEHHO PacCTOSIHUE OT LIEHTPa MPOBOJIHUKA
0 TOYEK HM3MEPEHHUs HaNpsHDKeHHOCTeH MarHuTHoro mons. OpHako
3Gup CXKHUMaeM, CIEJOBATENbHO, JUIS MarHUTHOTO IOJS 3TO 00CTOS-
TEJIbCTBO JOJDKHO CKa3bIBaTbCs CYLIECTBEHHbIM oOpasom. [IpuBenen-
HO€ COOTHOILIEHHE CIPAaBEAIMBO TOJIBKO I MajbIX 3HAUYEHUH Hamps-
’KEHHOCTE MarHUTHOTO TIOJIA, JUUIsl KOTOPBIX €ro C)KaTHEM MOXKHO Tpe-
HeOpeub. C yBeIMUYCHHEM e HAIPSHKeHHOCTH JAO0JDKHBI HaOII0AaThCs
OTKJIOHEHHS OT 3TOTO 3aKOHA. DTO 0OCTOATENBCTBO MOCIYXHIO Mpe.-
METOM JKCIEPUMEHTAIBHBIX HCCIIEOBAHNH, KOTOPBIE IOATBEPAUIN
3TO MPENIOI0XKEHUE.

Ecnmu marauTHOe mosie 00iagaeT CBOMCTBOM CHKMMAaeMOCTH, TO
MpHUBEIEHHAs 3aBUCUMOCTH J0JDKHA HAPYIIATHCS, IPUYEM TEM OOJIbIIE,
4yeM OoJIbllle HAPSHKEHHOCTh MM TOK, MPOTEKAIOMINKA B MPOBOIHHUKE.
Ilo ananoruu co c’kxMMaeMbIM I'a30M 3TO MOYKHO MOSICHUTB CIIETYIOIINUM
00pa3oM: BBIXOIAMINKA U3 BepTymkd ra3 (puc. 4.15 B BepxHell 4acTn)
HaxoIuTcs IOJ OONBLIMM HaIlpsDKEHHEM, YeM ra3, HaxOAsIUics Ha
HEKOTOPOM PAacCTOSHUM OT BEPTYIIKH. DTO 3HAYUT, YTO C yAAJIECHUEM
OT BEPTYILKH ra3 OyJdeT pacIIupsATHCS M A00aBISITH CBOIO DHEPTUIO B
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JIBIKEHHE, T. €. CKOPOCTh C)KUMAeMOro raza BAalld OT IeHTpa Oymer
OompIrie, yeM OblIa OB CKOPOCTh HEC)KMMAEMOT0 Ta3a B ATOH JKe TOUKeE.
B mnpunnune, 310 sBICHHE OBLIO OOHAPYXKEHO B MPEIBIIYIIEM
IKCIIEPUMEHTE U OTPAXKEHO Ha KpuBoH T, BOMM3KM Hauama KOOPAMHAT.
Ha puc. 4.15 npuBeneHbl dKCIEPUMEHTATbHBIC 3aBUCUMOCTH OT-
Hotennit H/Ho 0T OTHOCHTEIBHOTO PACCTOSHUSA 10 IIEHTPa IPOBOIHH-
Ka MPH Pa3HbIX 3HAUCHUSIX TOKA.

<

H/H,
J A%
|:|/ !
5>
0,5 L
3
2
1
0 2 4 6 8 1

Puc. 4.15. DxcnepuMeHTANIBHBIE HCCIeI0BAHUS 3aKOHA MOJIHOTO TOKa: d —
MEXaHMYeCKasi aHAJIOTHsI — U3MEHEHNE CKOPOCTH TOTOKa CKMMaeMOil )KUIKOCTH, MPH-
BOJMMOH B JIBI)KEHHE BEPTYILIKOHU C JIONACTAMHU; 6 —HM3MEHEHHE HalpsHKEHHOCTH Mar-
HHMTHOTO TIOJI B 3aBHCHMOCTH OT PACCTOSIHHS OT OCH NMPOBOJHHKA; 1 — TeopeTnyeckas
KpHUBasi, BEIYUCICHHAS U3 YCIOBHS MOCTOSHCTBA LUPKYJISLMH MAarHUTHOTO MOJS; 2 —
9KCHEePUMEHTAJIbHbIE pe3yabTaThl pu Toke | = 1 A; 3 — sKCrieprMeHTalIbHbIC Pe3yIib-

TaThl ipK Toke 1 = 10 A. VisMepenus mpoBoumuch npu actotax 50, 400 u 1000 I'u B

Kak BUAHO U3 pe3ynbTaToB M3MEPEHHM, C YBEIUYCHUEM TOKA B
MEPBUYHOM TIPOBOJIHUKE OTKJIOHEHUE HANPSHKEHHOCTH MAarHUTHOTO
II0JIA OT BCIIMYHHBI, OHpeHeHCHHOﬁ 3aKOHOM ITOJIHOTO TOKa, CTAHOBHT-
csa Oonpire. C  yBeNMYEHWEM pACCTOSHUS OT MPOBOAHHKA, T. €. C
YMEHBIIIEHUEM a0COIIOTHON BEIMYHMHBI HAIPSHKEHHOCTH MarHUTHOTO
TIOJISI, 3aBUCUMOCTh YOBIBAaHHSI MATHUTHOM HAIIPSDKEHHOCTH TIPUOIIIKA-
eTcs K THIEpOOINYEecKOl, Oompe/ie]IeHHOW 3aKOHOM TIOJHOTO TOKa, M
TEeM B OOIIBIIIEH CTENEHHU, YeM MEHBIIIE 3Ta HAPSHKEHHOCTh. [Ipu aTOM,
Ka3aj0ch ObI, poibh KpaeBhIX 3(PeKToB MoIDKHA ObLIa OBI BO3pacTaTh,
OJTHAKO Ha JIeTie 0Ka3aJI0Ch, YTO KpaeBbie 3(P(eKkThl HUBETUPYIOTCS.
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4.7.3. UccnepoBaHus paboTbl 3NEKTPUYECKOro
TpaHcdhopmaTopa

Kak n3BecTHO, anekTpudeckuii TpanchopMaTop — 3TO CTaTHYECKOE
YCTPOMCTBO, MpeIHa3HAYCHHOE Ul MPeoOpa3oBaHMs BEIUYHHBI IIEpe-
MeHHBIX D/1C u TokoB. TpanchopMaTop COCTOUT M3 HECKOIBKHUX DJIEK-
TPUYECKH HE COCTMHEHHBIX U HEMOBIKHBIX IPYT OTHOCUTEIHHO IpyTra
00MOTOK, CBSI3aHHBIX MEXIy COOOH IMyTeM 3JIEKTPOMarHUTHOW MHIYK-
. OpHa n3 0OMOTOK SIBIISETCS] IIEPBUYHON, OHA IPUCOEAUHSETCA K
BHemHeMy ucTtouHUKy D/IC, ocTampHble OOMOTKH SIBISIOTCS BTOPHY-
HeIMH, DJIC B HUX BO3HMKAET B pe3yJIbTaTe NepecedeHns X CUIOBBIMU
JMHUSAMH MarHUTHOTO HOJISL, CO3/1aBaéMOr0 TOKOM MEPBHYHONW 0OMOT-
ku. C BTOPUYHBIX OOMOTOK IPeoOpa30BaHHOE MO BEIWYMHE HAIpsIKe-
HUE TIepeaeTcsi MOTPEOUTEIISIM SHEPTHH.

TpancdopmaTop ¢ Kelne3HBIM CEpIECYHUKOM BCIIEACTBHE 3HAUU-
TETHHOTO YBENHUYEHUS KOAP(PUIIMEHTa CBSI3M MEXKAY OOMOTKAMH I103-
BOJISIET IPU CYLIECTBEHHO MEHBIIMX radapurax, yeM TpaHcPopMaTop
0e3 cepaeuHuKa, MPeoOPa30BBIBATH 3HAYUTEIHEHO OOJIBIINE MOITHOCTH.

Koaddunment tpancopmarmu K npi HEHACHIILICHHOM cepiede-
HHUKE MPH 3TOM OIpEeIeNseTcsl KaKk OTHOLICHUE YUCIa BUTKOB BTOPUY-
HOW OOMOTKHM Wi K YHCITy BUTKOB NEPBHYHON OOMOTKH W (B HEKOTO-
PBIX CHIPAaBOYHHKAX OH ONpEJIeNieH KaK 0OpaTHas BETUUUHA):

k = wa/wz = Ui/Uo. (5.33)

3necy U u Uz — HanpshKeHUsT Ha IEPBUYHON M BTOPUYHOM 0OMOT-
Kax COOTBETCTBEHHO NPH OTCYTCTBHM HArpy3Kd Ha BTOPUYHOU OOMOT-
Ke TpanchopmaTopa (peKrUM XOJIOCTOTO X0/1a).

[Ipu ananuze npuHuMna paboTsl TpaHchopMaTopa BOSHUKAET Ce-
pHs BOIIPOCOB:

1. Kakum oOpa3oMm 3HEprus mneperaercs MarHWTHBIM TIOJEM W3
MIEPBUIHON OOMOTKH BO BTOPHYHYIO?

2. Kakyto posib Urpaet Keyle3Hblil CepICUHUK JUIsl YBEITUUEHUS KO-
s duUIMeHTa CBA3M MEX/Ty NIEPBUYHON U BTOPUIHON 00MOTKaMuU?

3. KakoB MexaHU3M BINSHUS TOKA BO BTOPUYHONH OOMOTKE Ha Be-
JMYUHY TOKa B IEPBUYHON OOMOTKE?

Ecnu Tpanchopmarop He MMEET KEJIE3HOrO CepAeYHMKa, TO Mar-
HUTHOE II0JI€ B IPOCTPAHCTBE DPACIIPEIETICHO HE HAIPSIKECHHO, 3TOT
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MPOIIECC ONKCAH BBIINIE MPHUMEHHUTEIBHO K B3aUMOJICUCTBHUIO MPOBO/I-
HUKOB M KOHTYpOB. OJJHAKO €CJIH B TPaHC(HOPMATOPE €CTh IKEICIHBIH
CEpJICYHHK, TO KapTHHA CYIIECTBEHHO MeHseTcsa. Eciu BTopuuHas 00-
MOTKa TpaHCc(opMaTropa pa3oOMKHYTa M TOK B HEW OTCYTCTBYET, TO
TpaHchOpPMATOp SBJISETCS OOBIYHBIM JPOCCENEM, UHIYKTUBHOCTBIO C
JKENE3HBIM CEepICYHUKOM, PACCMOTPEHHBIM BbIlIe. MarHuTHOE IOJe
OKa3bIBACTCS 3alePThIM B IPOCTPAHCTBE BHYTPH JKEIE3HOTO CEPACUHU-
Ka ¥ MO3TOMY [0 MEpe HapacTaHUsl TOKa B MEPBUYHOM IMPOBOHUKE
HarnpsraeTcs MoJao0HO CXKUMAEMOU NPYKUHE. DTO CxKATHE MATHUTHOTO
II0JIs1 IPEMATCTBYET Pa3BOPOTY DIEKTPOHOB B [IEPBUYHOM IIPOBOIHHUKE,
TaM TOK CTaHOBHTCS] MEHBIIIE TOTO, KOTOPBIH ObLT OBl B HEM TIPH OTCYT-
CTBHH KEJIE3HOTO ceplieuHuKa. Torma odpasyercs cieayronias nernovyka
B3aumoeiicTeuii: DIC ceTH co3maeT B MEPBUYHON 0OMOTKE 3JIEKTPH-
YECKYI0 HaNpsKCHHOCTb, 0] BO3ACHCTBUEM KOTOPOM 3JIEKTPOHBI Mep-
BUYHOW CETU OPHUCHTUPYIOTCS B MPOCTPAHCTBE, CO3/aBasi BOKPYT HUX
KOJIBIIEBBIC MOTOKU 3(upa. DT MOTOKH MPOHUKAIOT B XKEIE3HBIH cep-
JACYHUK U Pa3BOpavYUBAIOT JOMCHBI, YEM HAlIPATartOTCA CBA3U JOMCHOB C
OCTaJIbHBIM BEIIECTBOM cepjaeyHruka. UeM OoIblilie CEUCHHE IKelesa,
TeM 0OJIbIlie JOMEHOB HY)XHO MOBEPHYTh. DTO YCHIIHE Yepe3 MoJie me-
penaeTcst dNEKTPOHaM MEePBUYHONW OOMOTKH, B pe3ysibTaTe yroi MOBO-
pOTa AIIEKTPOHOB OKA3bIBAETCSI MEHBIIIE, YeM €CIIH Obl )KEJIEe3HOTO cep-
JICUHUKA HE ObLIO.

Hannune »xene3Horo cepjaeyHHKa MpPEISTCTBYET paclpocTpaHe-
HUIO MarHUTHOTO TIOJIA 32 €T0 Ipeseibl. B pe3ynbraTe sHEprus AaBie-
HUSI MATHUTHOTO TMOJIs1 00JIee TIOJIHO MCIOJIb3YEeTCs BTOPUYHOW 0OMOT-
KOH M TaM CO3/1aeTCsl BO3MOXHOCTH ISl TIOJUIEPKaHUsL OJTHOTO M TOTO
xe 3HaueHus /]C nmpu MEHbIIIEM COTIPOTHUBIICHUH HATPY3KH.

3nech HauOosiee OJIM3KOW MEXaHUYSCKOW aHaJOrMed SBJseTCs
TpyOa, 3amoNHEHHAs ra3oM, Ha KOTOPBIM JaBUT MopiieHs. B TpyOe
uMeeTcsl TypOuHKa, crocoOHas coBepinarh padory. [Toka oHa Hero-
JABW)XHA, OAaBJICHUE TI'a3a BBICOKOC, OHO BBIPOBHCHO, IMOPIICHHL HEIIO-
JIBIDKEH M He coBepmiaeT paboTel. OfHAKO eCiii TypOMHKAa HAYHMHACT
BpaliaThcs, coBepiias padoTy, TO ra3 MpOMycKaeTcs 4epe3 JIOMaTKu
TypOMHKH Ha BBIXOJ TPYOBI, HAYMHAET BBHITEKaTh, B COCY/I€ YCTaHABIIH-
BaeTCsS TPAIUCHT MABJICHHH OT MOPIIHSA K OTBEPCTHIO, & TAKXKE yCTa-
HABJIMBACTCS OIMPE/CIICHHAS CKOPOCTh MCTeUcHUs rasza. [lopiieHs xe,
mepeMeniasich, copepiiaet pabdory (puc. 4.16).



DJIeKTPUYECTBO U MATHETH3M 141

Ecnmu crenkn TpyOBI HE 00MAArOT AOCTATOYHOM YIIPYTOCTBIO, TO
IPY TOBBIIIEHUN JABJICHUS Ta3 PacIInpseT CTCHKH TPyObI, 00pasyercs
napauieabHbIi TypOUHKE BBIXOJ] ra3a BOBHE, 3(p(eKTHBHOCTD TypOHHEI
naznaeT. B 3Toil aHanmoruu posb CTEHOK TPYOBI BBITIONHSET >KEJIC3HBIH
cepreunuk. [Ipu HackIeHNN cepAeYHUKA OH IIEPECcTaeT SKPaHUPOBAThH
MarHuTHOE MOJe, YIPYTOCTh IOJSI CHIKACTCS, W YMEHBIIACTCS JIOJI
SHEPIuu, NOCTyHamIas BO BTOPUUHYI0 00OMOTKY. Bee 310 Xopomo co-
OTBETCTBYET M3BECTHOW SKBHUBAJICHTHOH cxeme TpaHchopmaropa.

a) 6) 6)

Puc. 4.16. U3MeHeHHe IpaJHeHTa HANMPSIKEHHOCTH MATHUTHOrO MOJsI B
TpaHcopMaTope ¢ H3MEHEHHMEeM Harpy3KH Ha BTOPMYHON 00MOTKe: a — cXxema
pa3MelIeHus] OOMOTOK B 3KCIIEPUMEHTE; 6 — 3JIEKTPUYECcKast CXeMa 3KCIICpUMEHTa; 6 —
U3MEHEHHE 3/IC Ha U3MEPHUTENbHON 00MOTKE IPU M3MEHEHUH Harpy3Kd Ha BTOPUYHON
00MOTKe; 2 — PKBUBAJICHTHAsI MEXaHUYECKasi CXeMa IepeJayd SHEPruM B ra30lpoBO/IE;
| — monoxeHue ynpyro# CTeHKH Ipu MayioM aaBieHud; || — monoxkenue ynpyroit cTen-
KU TIpH OOJBIIOM JABIICHUH; O — SIIIOPA JABICHUH B Ta30IpOBOJE; e — JIMIOpa CKOpPO-
CTeil B ra3onpoBojie

Hannaue pazoMKHYTOW BTOPUIHOM OOMOTKH HHMKAaK HE U3MEHSIET
cutyaruio. OHAKO eciii BTOpHYHas OOMOTKA MMOAKIIOUEHa K Harpys-
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K€, TO 9acThb YHEPTHH ITOTOKOB 3(Hpa, CO3MAHHBIX IMEPBUIHON 0OMOT-
KOW, TIepemacTCsl AICKTPOHAM BTOPUIHOW OOMOTKH, CKOPOCTH ITOTO-
KOB 3(upa CHIKAETCSI, a PAJANEHT CKOPOCTH yBEIMYUBAETCS, COOTBET-
CTBEHHO MPOIOPLHOHATIBHO YBEIHMYCHUIO TOKA BO BTOPUYHONW 0OMOTKE
pacTeT rpaaueHT HaMpPsHKEHHOCTH MAarHUTHOTO TTOJI.

[IpoBepka 3TOTO O0OCTOSATENHCTBA MOXKET OBITH BBHITIOTHEHA JOCTAa-
TOYHO mpocTo. Heo0xommmo pa3MecTUTh MEPBUYHYIO W BTOPHUYHYIO
00MOTKH TpaHc(hopMaTopa Ha MPOTHBOIIOIIOKHBIX KOHIAX YKEJIE3HOTO
CeplIEYHHKA, a MMOCPEANHE PAa3MECTUTh TPETHI0 OOMOTKY, COCTOSIITYIO
U3 JIByX OJWHAKOBBIX OOMOTOK écmpeuno eéknioyennvix. Ha Heii mo-
ssutcst DJIC, koTopas OyleT yBelIn4nBaThCs IPH YMEHBIIEHUH COIIPO-
TUBJICHHUS] HATPY3KH M YBEJIMYEHUS TOKa BO BTOPHUYHOW OOMOTKe. JTa
OJIC cBupeTenbcTBYeT 00 W3MEHEHHM TPajMeHTa MarHUTHOTO TIOJIS
NPy U3MEHEHWH TOKa BO BTOPUYHOW oOMOTKe. [locTaBneHHBIN JKcIie-
PUMEHT 3TO MOJHOCTHIO MoATBepAr. OIHAKO STO HUKAaK HE BBITEKAET
U3 CYIIECTBYIOIIEH Teopuu TpaHcopmaropa.

B o0buHBIX (opMynax pacdera TpanchopMmaropa 3aBHCUMOCTD
OJIC or TOro, Kak pacmoioXeHbl OOMOTKH Ha TpaHCHOPMATOPHOM
CeplIeYHHKEe, HE TPEIyCMOTPEHa, MOTOMY YTO B OOBIYHBIX TpaHCGOp-
MaTopax MepBUYHAS W BTOpUYHAS OOMOTKH pa3MeNaroTcs Herocpe/l-
CTBEHHO OJHa HaJ Jpyroi. OJHAKO M B 3TOM cCilydae HaOII0AaloTCs,
HEKOTOPBIE HECOOTBETCTBHSI pacueTaM, HO WX OOBSACHSIOT TaK Ha3bIBa-
€MBIMH MarHUTHBIMH TIOJISIMU paccerBaHusl. YacTHYHO 3TO Tak, HO, TEM
HE MEHee, He COOTBETCTBHE pacyeTaM HYKHO OOBSICHATh M pa3iIniueM
B PACIIOJIOKEHUSAX IEPBUYHON U BTOPUYHBIX OOMOTOK.

Kak yxe ykaspiBajoch BbIIIE, KOI(PPHUIMEHT B3aMMOMHAYKIUH
MPOBOJIHUKOB HEMOCPEACTBEHHO 3aBUCHUT OT PACCTOSHHS MEXILy HUMHU.
[MosTtoMy ¢ ynaneHuem oOMOTOK Ha TpaHchopMmarope JApyr OT JApyra
K03(pPULMEHT NX B3aMMOMHIYKLIUH TaKXKe JOJDKEH CHUKAThCS.

J111st IpOBEPKHU TOTO 0OCTOSATENHCTBA OBLI BHITIOIHEH CIIETYIOIINI
skcniepument (puc. 4.17). Ha ¢heppHuTOBOM KOJIbIlE WMEIOIIAM BHEIII-
Hull [uametp 98 MM, BHyTpeHHUH nuametrp 60 MM M TONmHMHY 15 MM,
ObUIM PacHONIOKEHBI JBe 0OMOTKH 1m0 10 BUTKOB, OJHA M3 KOTOPBIX
MOTJIa TIepeMEIIaThes BOIb KoJbiia (puc. 5.7, a). [lepudnas oOMOTKa
3aMUTBIBAIACH OT 3BYKOBOTO T'€HEpaTropa, Ha BTOPHUYHOH OOMOTKE B
PpeXHME XOJOCTOTO X0Ja u3Mepsiack 31c. Mi3MepeHus mpoBOIMIINCH HA
gactotax 20 um 200 kI'm. Pe3ynmpTaTel m3MepeHUl CBEEHBI B TaOIUITy
4.1 u B Bume rpaduka nokasansl Ha puc. 4.17, 6.
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Puc. 4.17. 3aBHCHMOCTb OTHOCHTEIBHOTO 3HAaYeHUs1 Kod(dduuuenTa Tpanc-
(opMamuu oT B3aMMOPACIOI0KEHHsST 0OMOTOK: g — CXE€Ma PaCIOIOKEHUsI 0OMOTOK
Ha KOJIBIIEBOM CEpICYHHKE NP MPOBEACHUH IKCIIEPUMEHTA; 6 — U3MEHEHHE KO3 u-
IIFeHTa TpaHc(HOPMaUH IPH U3MEHEHHH PACCTOSTHUSI MEXy OOMOTKaMH.

Tabauya 4.1

Yacrota Hamnpsokenue Yron pazHeceHUsl 0OMOTOK Ha CepJeUHHKE, TPaj

Ha BTOp. 00M., | (paccTosiHMEe MEKIY IEHTpaMu OOMOTOK, MM)

k03¢ d. Tpanc. | 0° 45° 90° 180°

0) (30,6) (55,9) (79)

20 xI'n Uy, MB 149 141 136 134

Kp 1 0,949 0,913 0,899
200 xI'g Uy, MB 1534 1459 1401 1364

Kp 1 0,951 0,913 0,899

HexkoTopsiii pa30poc NoKka3aHUi MOKET OBITh OTHECEH 3a CYET He-
TOYHOCTH (PUKCAIIMU PACIIOIOKEHUST 0OMOTOK Npu dkcniepumente. Oj1-
HAKO MTOTOBBIA pe3ynbTaT — 0ojiee 10% ymeHbleHus K03(pduirenTa
TpaHchOpMaLUK 3a CUET pa3ABUraHus OOMOTOK Ha OOLIeM cepaeuHUKe
— HUKaK He MOXeT OBITh OTHECEH Ha 3TOT CUET, TaK K€ KaK OH HE MO-
’eT ObITh OTHECEH M Ha CUeT TPaJMIIMOHHOTO 00bsicHeHus 3 dekra u3-
3a MOJIEN pacCeMBaHUsl MAarHUTHOT'O MOJISL.

Takum 00pa3om, KO3PPHUIMEHT TPaHCPOPMALMH IIEKTPUIECKOTO
TpaHchopMaTopa 3aBUCHT OT B3aHMHOT'O PACTIOJIOKEHHS Ha CepICUHH-
Ke IIEPBUYHOMN ¥ BTOPUIHOH OOMOTOK



144 I'napa 4.

4.7.4. UccaenoBanue C;KUMAEMOCTH 3JIeKTPHIECKOT0 TOKA

3akon Owma B guddepennmansHO GopMe Tpeanoiaract
MPOTMOPIUOHATBHOCTh 3HAYCHUS TUIOTHOCTh TOKAa O HANPSIKEHHOCTH
anekTpudeckoro nois E:

o0 =oE,

TJIe G - y/IelbHas TIPOBOJUMOCTh MPOBOTHUKA.

ITockoNbKy HAMPSHKEHHOCTD JIEKTPHYESCKOTO TOJIS PAcpOCTpaHs-
€TCs KaK BOJIHA, TO ATO O3HAYAET, YTO U AJICKTPUUCCKHUI TOK B IPOBOJI-
HUKE TOXE JOJDKCH PACIPOCTPaHAThCA Kak BoiHA. HO MOCKONBKY TOK B
MPOBOJIHUKE MPOMOPIMOHANICH HAMPSDKEHHOCTH, TO M PacpOCTpOaHe-
HUE TOKa JIOJKHO HOCUTH BOJIHOBOM XapakTep. A MOCIBKOJIBKY B JIaH-
HOM JIy4yae pacipOCTpaHCHHE HOCUT MPOJOJIBHBIN XapaKTep THUIlA 3BY-
Ka, 9JICKTPHUCCKHIIA TOK COKUMAEeM. A 3TO HY>KHO TIPOBEPSATh.

JI7st IPOBEPKU TAHHOTO TMOJIOKEHHST OBLT MPOBEJCH SKCIICPUMEHT
o cxeme puc. 4.18.

10

a

Puc. 4.18. DxcnepuMeHT no omnpefeneHHI0 GakTa CKUMAEMOCTH TOKa: a —
cXeMa OTBOJIOB OT MPOBOJHIKA; 6 — UMITYJICHI, BOHHUKAIOIINE Ha OTBOJIaX

[Ipeamnomnaranock, 9TO TIPH 3aMBIKAHUHM KOHTAKTa Ha JJTMHE OTPE3-
Ka MPOBOJA, MPUIIECTAIOIIEM K KOHTAKTY, AOKHA BO3HUKHYTH MaKCH-
MajgbHas IUIOTHOCTh TOKa M, KaK CJEICTBHE, KOPOTKUH WMITYJIhC
HaIpsHDKEHUS. DTOT UMITYJIBC JOJKEH YMEHBINATHCS 0 aMIUTUTyIe U
paciupsThCs O Mepe OTCTYIa OT KOHTAaKTa.

JIBa mpoBo/a JUIMHOW KaKIBIA MO0 HECKOJIBKO METPOB OBLIH TIO/I-
KITIOYEHBI K ICTOYHHKY TIOCTOSTHHOTO HarnpsbkeHust (00bIMHOM OaTapeii-
ke). OT KaxI0T0 U3 MPOBOAOB OBLTU ceNaHbl OTBOBI Yepe3 1 M. [Ipo-
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BOJIa MEPHOAMYCCKU 3aMBIKAINCh KOHTAKTOM. OTBOBI IOIKIOYAINCH
K BBICOKOYACTOTHOMY 3JIEKTpOHHOMY ocimuiorpady. Uaes skcnepu-
MEHTa 3aKJ0YallaCh B TOM, YTOOBI ONPEICIIUTh, KaK PAaCTEKACTCs TOK
MO MPOBOJAY MPHU 3aMBbIKAHUU TIETIH, HA PA30MKHYTHIX KOHI[AX KOTOPOH
HAXOIMTCS IOJIHAS Pa3HOCTh IOTECHIHAJIOB.

B pesyibrate npoBeieHUs DKCIIEPUMEHTA BBISICHIIOCH, YTO, KaK U
MPEINOJIarajgoch, MPH 3aMbIKAHUM KOHTAKTa Ha OJIMKHHUX K HEMY OTBO-
JaX BO3HHMKACT OCTPBIA HMMITYJbC, AMIUTUTYIOW TOYTH B TIOJTHOE
HaNpsHDKEHUE MCTOYHMKA, HA CIEAYIONIMX OTBOJAX 3TOT UMIMYJBC OKa-
3BIBACTCS MEHBIIE M0 aMILIUTY/E, HO IIHMPE 10 BPEMEHH, Ha CICAYIO-
IIMX €IIIe MEHBIIIC TT0 aMIUIMTYIC U €Il IIUPE 110 BPEMEHU. DTO CBUJIC-
TENBCTBYET O CKUMAEMOCTH DIIEKTPUYECKOr0 TOKa B MPOBOJIE U O BOJI-
HOBOM XapaKTepe ero pacipoCTPaHCHMUSI.

Takum 00pa3zom, pakT CHUMAEMOCTH TOKA OBbLI MOATBEPIKJICH.

4.7.5. UccnepgoBaHMe pacnpocTpaHeHUs nepeMeHHOro
TOKa pacTeKkaHusi B MPeCHOW 1 MOPCKOW Boge

KBasuctarndeckum MojieM TOKOB PACTEKaHUS CUMTAETCS CIydai,
KOI'Zla JJMHA JIEKTPOMAarHUTHOM BOJIHBI COM3MEpPHMA C PacCCTOSHUEM
OT MPHEMHHKA JI0 UCTOYHHKA JINOO TpeBbimaeT ero. C TOUKH 3peHUs
3(UPOIMHAMUKHN 3TO 30HA, B KOTOPOW DJIEKTPOMAarHWTHAas BOJHA MPO-
JIOJKAeT MOANMUTHIBATECA OT MCTOYHMKA. IloaTOMy 3aTyxaHue amIuim-
TYZBI C YBEJIMUECHUEM PACCTOSHUS 3aBUCUT TOJIBKO OT FT€OMETPHUM U Ma-
JIO 3aBUCUT OT CBOMCTB CpeJbpl U 4acTOThI TOKA. IIpu aTOM JuIMHA BOJI-
HBI BOBCE HE 00513aTEIIbHO COM3MEPHMA C PACCTOSHUEM OT UCTOYHHKA.

O4eBHIHO, YTO MPHU UCHOJIB30BAHUU TUIONSA C COCPENOTOUYEHHBI-
MH IapaMETPAMHM OCHOBHAs MOILHOCTb M3JIyYEHHUs 3aTPayuBacTCs Ha
ONMMKHIOIO 30HY. B momynpoBoasiiel 1 MOJHOCTBIO MPOBOAALICH cpe-
JIe 9Ty 30HYy MOXHO MCKYCCTBEHHO HCKIIIOYMTh, YCTAHOBHUB MEXIY
JNEKTPOJaMH IUIACTUHY U3 U30JILUOHHOTO MaTepHalla M Iepepacipe-
JIeIUB TEM CaMbIM TOK B JalbHIOW 30HY (puc. 4.19), cymiectBeHHO
YBEJIMYMB JJATbHOCTh PACIPOCTPAHEHHS TOKOB PACCESHUSI.
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Puc. 4.19. KBasucraTuueckoe M3JIydeHHE TOKa JHUIIOIEM C COCPEIOTOYECHHBIMU
napameTpamu: @ — 0e3 H30JHMpYIolell NeperopoaKu; é — ¢ H30JUPYIOLIel mepero-
PoAKoOli Me:KAy JIeKTPOAaMU AMNOISA; B 3TOM clIydae MOLIHOCThH Iepepacnpese-
JisieTcsl B 1AJILHIOI0 30HY

@dakTHYECKU B 3TOM CIlydae MPOUCXOJHUT KaK Obl YBEJIHMUYCHHUE pac-
CTOSIHUSL MEXIy OSJCKTPOJAaMM, YTO M CIIOCOOCTBYET YBEINYCHHIO
IUIOTHOCTH TOKA Ha OOJBIIMX PACCTOSIHUSAX. B TO e Bpems ais reHe-
paropa, pabOTaOLIEro Ha IEKTPOIbl Yepe3 OTHOCHTEIBHO KOPOTKHUE
kabenu, co31aroTcsl ONTUMaiIbHbIe ycinoBus. [ToaToMy B MOpckuX ycio-
BUSIX TIPH CO3/IaHMM OEPEroBBIX CTAHIMH HM3IYYEHHS SIICKTPUYECKHX
BOJIH HAWIYYIIUM BHJIOM PACHOJIOKCHHUS OyJeT TeppUTOpHs Ha BO3-
MOXKHO OoJiee y3KOM Iepeleiike MoIyoCTpOBa, UMEIOIIEr0 BO3MOXKHO
OOJBIIYIO ATUHY O€pETOBOI JIHHUU.

C TOYKM 3pEeHUS MHUHHMH3ALUH TOTEPh MOIIHOCTH HW3ITy4CHUS
TpeOyercsi Takke OOpaTUTh BHHUMAHWE HA MOTEPH MOIIHOCTH BOJIM3U
U3ITYyYaIOUIHX JIEKTPOIOB.

Cremyer IOMHUTB, YTO MOTEPU SHEPTUH B OJNVKHEH 30HE MPSIMO
3aBUCAT OT IUIOMIAJN SJICKTPOAOB, MOCKOJIBKY COINPOTHUBIICHHE CIOS
cpemsl BOJMM3M D3JEKTPOJa M COOTBETCTBEHHO BBIJEIsieMass B €ro
OKPECTHOCTH TEIUIOBAsi MOILIHOCTBH NPONOPIHOHAIBHBI TUIOMIAAN, KaK
9TO W cienyeT u3 oObiuHOro 3akoHa Owma (puc. 4.20). [TosTomy mst
YMEHBIIIEHUS TTOTEePh B OJFDKHEH 30HE 11e1ecO00pa3Ho MO BO3MOXKHO-
CTH MaKCUMAJIbHO YBEIMUUBATH IUIOIIA]b AJIEKTPOIOB.
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Puc. 4.20. 3aBucuMocTh NMajgeHHs] HANPSIKeHUs] BOJIU3H JIEKTPoAa OT IJI0-
LIA1 TOBEPXHOCTH JIEKTPOJA NMPH M3JIYHYeHHH TOKA B MOJYNPOBOASILIYIO Cpedy.
I'padvk COOTBETCTBYET IMOTEPSAM OJIEKTPUYECKOTO HAINPSDKEHHs BOJM3H 3JIEKTPOJA
IapoBOH (OPMBI

B nononHeHue nenecooOpa3HO HAIOMHUTB, YTO Ul MOPCKOIl BO-
IIbl, SIBIIAIOIIECHCS TUIWYHO MOJYIPOBOASAIICH Cpenoi, MpOBOAUMOCTh
Haxoautcs B npenenax 1-10 Omm . D10 03Ha9aeT, 4TO Ha Beex ya-
cToTtax, MeHbpux 800 mI 1, mpeoOnanatomieil OyAeT HE peaKTHBHAs, a
AKTUBHAs COCTaBIIAIOLIAs, T.€. HA BCEX MEHBIINX YaCTOTaX CpeAa sBIs-
eTcst OOBIYHBIM PE3UCTOPHBIM MPOBOAHHMKOM, IPAKTHUECKH 0e30 BCs-
KOHM peaKkTUBHOM (€EMKOCTHOI) COCTaBIISIOMIEH.

Haxonern, He cremyer 3a0bIBaTh, 4TO 3aTyXaHWUE CHUTHANA B TIyOb
BOJIbI ITPOUCXOJUT IO SKCIOHEHIHAIBHOMY 3aKOHY, YTO OBUIO MpOBe-
PEHO aBTOPOM. DTO BIIOJIHE COOTBETCTBYET 3aKOHY PacIpOCTPAHEHUS
SHeKTpOMaFHHTHOﬁ BOJIHBI B COOTBETCTBHUU C YPAaBHCHUAMU Makcsei-
Ja, a UMEHHO:

— Nuowl? h
H=Hye (684)

3necs H — HampsyK€HHOCTh MAarHUTHOrO mons B cpene, Ho —
HaIpPsHKEHHOCTh MAarHUTHOTO TIOJISI HAa MTOBEPXHOCTH CPEIBI, [ — Mar-
HUTHAs TIPOHMUIIAEMOCTb, 0 — MIPOBOIUMOCTL cpemsl, @ = 2uf, rme f —
YacTOTa JJIEKTPOMATHUTHOW BOJIHBI, N — paccTosiHHE OT MOBEPXHOCTH
Cpempl O TOYKH W3MEPEHUS MAarHUTHOW HANPSHKEHHOCTH BHYTPH Cpe-
JIBL.

[MoaromMy paccuuThiBaTh Ha OOJBIIYIO TIIYOWHY MPOHUKHOBCHHS
CUTHaJIa MOXHO MPHU HCHOJIB30BAHUU OTHOCHUTEIHHO HM3KHUX YacTOT
3BYKOBOTO JIMAITa30Ha MOpsaKa coTeH [ 'epir.
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OKcIepuMeHTa bHasT MPOBEPKAa HACTOSIIETO TOJOXEHHS B TIO-
BEPXHOCTHOM CII0€ MOPCKOH BOABI UepHOTO MOPS TIOTHOCTHIO €0 MOJI-
TBEpAWIIA: TMPH YacTOTE MPOIMycKaeMoro Toka B 1 MI 11 Ha moBepXHOCTH
BOJIbI CUTHANI HIMEET MaKCUMaJIbHOE 3HaUeHHe, Ha riyOuHe B 1 M u3Me-
HseTCs ci1abo, Ha TITyOMHE B 2 M 3HAYUTENHHO OCNA0JieH, Ha TIIyOHHE B
3 M. IPaKTHYECKH ITOTHOCTHIO OTCYTCTBYET.

DKCIEPUMEHTHI 110 TIPOBEPKE CO3/AaHUS U PACTIPOCTPAHEHUS TOKOB
pacTekaHHus B MPECHON BOJe OBLIM IMOCIENOBATENFHO MPOBEACHHI Ha
KpatoBckoM u Mensexbpem o3epax MockoBckoit obnactu (1964-65 1),
a 3areM ObUIM TepeHeceHbl Ha MockBa-peky, rae Obuia o0opyaoBaHa
0a3a, mpocyIecTBOBaBINas NouTH 3 rojga ¢ 1965 mo 1968 rr.

B mepBeIX AByX 3KCHepuMEHTaX OBLTH HCIIONB30BaHBI JJIEKTPO-
MAalllUHHBIC Hp€O6p330BaTCHI/I, MMUTAOMMUECA OT AKKYMYJIATOPOB U BbI-
naromue Hanpsbkenue 36 B 400 ['m. Ilpuem ocymiecTBIsICS HU3KOYA-
CTOTHBIM TPUEMHHKOM, TPUEMHBIMH aHTEHHAMH CIYXXWJIHA TUTOCKHE
AIIEKTPOIIBI M3 HepXkKaBerommeld cranmd. VHANKaTOpoM CIyKHIH OOBIY-
Hble HAYIUHUKH. [IpueM ocyIecTBIIICS ¢ JIOAKH, IEpEMEIIABIIECHCS 110
BCe TIOBEPXHOCTH 03epa. Pe3ynmbTar oKazasics MON0KHUTEIHHBIM, CIIbI-
MIIMOCTh ObLTa YeTKas W TpeKpalianach, €Cld OJUH M3 AIIEKTPOJIOB
BbIHUMAJICA U3 BOJBI.

[Ipu nepenoce sxcnepumenTa Ha MockBa-peky B 1965 r. ncnoms-
30BajJICsl CIIENMAIBHO CO3JIaHHBIA T€HEPaTop, TeHEPUPYIOIIUN BBIXOJI-
Hoi curHan 3 Ml ¢ Mmoxynsiuedt oT MUKpohoHa. DICKTPOAAMH CIIy-
JKUITK JIBE JIOPANIEBBIX TPYOBI, BOUTHIE B JTHO HA PACCTOSTHUM OKOyio 10
M. apyr ot apyra. [lpwmem curHama ocymecTBisuics ¢ Oopra Karepa,
yxoauBliero no MockBa-peke Ha JanbHOCTh 10 15 kM. [Ipuem curnana
OBUT YEeTKUH, TOJIOC oTeparopa JIETKO y3HaBaeM, HO BOJHM3H OOpyIleH-
HOIl B MOCKBa-peKy *ejae3Hoi (pepMBbl CTaporo MOCTa CHTHAJ 3aTyX B
HECKOJIBKHX JecATKax MeTpoB OT (hepmbl. IIpym BBIHUMaHHM OAHOTO
AJIEKTPOIa U3 BOJBI IIPHEM IIPEKPAITIaCs.

Beuto mpoBeseHo HECKONBKO BBIE3IOB Ha Oeper UepHoro mops,
1eJb. KOTOPBIX OBUIO TPOBEpKa pabOTOCIOCOOHOCTH anmnapaTyphl. Bol-
SCHUJIOCH, YTO CYILECTBOBABILAS TOTJa OOBIYHAS ammaparypa Ajsl Io-
CTaBJICHHBIX Heﬂeﬁ HEC IpUroJHa.

B 1970 r. Obuta coznana crienmanbHas anmaparypa — TeKCTOIHTO-
BbIe TepMETUYHBIE KOHTEHHEPHI ISl TeHepaTopa U MPUEMHHUKA, TeHepa-
TOp TOKOB yactoTod B 1MI'11 momHOCTRIO 400 BT, ciocoOHEBINH pado-
TaTh Ha HU3KOOMHYIO Harpy3ky B 1-4 Oma (paspadorka HUU snexTpo-
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IuHaMuky, T. Kues), cnenuanbHele KaOenu IIMHOW B HECKOJBKO JIe-
CSITKOB METPOB, IEKTPOAbI U3 HEPXKABEIOIIEH CTaIu U APYrHe dJIeMeH-
ThI. DKCIIEPUMEHT ObLJ1 BEIHECEH Ha MbIC XaMeneoH B Kpbim.

I'enepatop ¢ muTaOUMMM AKKyMYJISITOPaM{ YCTaHABIUBAJICA B
CKBO3HOM TOHHEJIE Y OCHOBaHMSA MbICa, KaOeIu MOAKIIOYaINCh K TeHe-
paTopy U BMECTE C JIEKTPOAaMH — IUIACTUHAMH U3 HEP)KaBEIOIIEH CTa-
T Touianpio B 1 KB. M. CIYCKAJIUCh 1O pa3HbIM CTOPOHaM MbIca U
YKJIaIbIBAINCH HA JTHO.

[Ipuem curnanos reHepaTtopa MpOU3BOIMICS C OOpTa KaTepa Iy-
TEM CIIyCKa NMPHUEMHBIX 3JIEKTPOAOB B Boay. K coxaneHuto, skcrepu-
MEHT, XOTS M JaJ TOJIOKUTEIbHBIE Pe3yIbTaThl, BCE K€ HOCWI Oojee
Ka4deCTBEHHbIH xapakTtep. OQHAKO 3TH pe3yNbTaThl ObUIM HCIOJIB30BA-
HBl N7 JajbHEHIero ycoBEpIIEHCTBOBAHHUS allllapaTyphl, TJIaBHBIM
00pa3oM, u3IyJarouei.

HNmenHO B pe3ynbpTaTe 3TUX HCCIENOBAaHWH CTalla siCHa HEOOXO-

JUMOCTh IIPUMEHEHUS MPOJOIBHOTO PE30HAHCA Uil 0OECIICUEeHUs BbI-
XO0/1a SHEpPruM OT reHepaTopa uepe3 Kabeau K 3IeKTPoJaM.

Mpeic Xameseon B Kpsivy. CkBO3HOH TYHHEIb HAXOJUTCS Ha BBICOTE 5 METPOB
OT ITOBEPXHOCTH BOABI BOIN3H CEVIOBUHEI

OnHuM M3 CYIIECTBEHHBIX KpUTEpHUEB BbIOOpa MecTa AJsl ycTa-
HOBKHM TeHepaTopa SBJSIETCS OTHOIICHHE JUIMHBI OEperoBOi JHHUH K
mup B mupe mMeercs nBa MecTa, SBISAIOLIMECS ONTHMAaIbHBIMHU I10
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JAHHOMY KPHUTEPHIO, 3TO ToidyocTpoB CHHONM Ha CeBepHOM Oepery
Typuuwn, u [lanamckwii kanan mexay CeBeproii u KOxxHOM AMepuK.

IoayocTpoB CuHON B cEBEPO-BOCTOYHOI YaCTH UMEET MBIC C y3-
KHM TepenielkoM mupruHoi okoio 200 M 1 AMHOM OeperoBoil TMHAN
oxomno 11 kM. MpIc uaeanbHO IPUCTTOCOOIIEH I UCTIONh30BAHUS HH3-
KOYAaCTOTHBIX TOKOB PAacTEKaHWs, TIOCKOJIBKY BCSl ONMKHAA 30HA H3ITY-
4yeHusl BbIpyOsieHa MbicoM. OTHOIIGHHE AJTMHBI OEperoBOil JMHUU K
LIMPHUHE MepelierKka CoCTaBIseT 0KoJo S55.

Jamna IMTanamMckoro xaHamga B Hanmboliee HU3KOW €ro 4acTH— B
81,6 kM, B T. 4. 65,2 kM 110 cymie u 16,4 kM 1o aHy. JlnuHa Geperosoit
TUHUU Kaxxaoro matepuka CeBepHoi u HOxkHOIT AMEpUK TIPUMEPHO 110
15 000 xm, sxBuBaseHT — 7500 kM. OTHOIIeHNE IHH OEpPEToBOM JTH-
HuW U nepemeiika mopsaka 100. UneanpHas cTpyKTypa IUisl pacmpo-
CTpaHEHHUs! HU3KOYACTOTHBIX TOKOB pacTeKaHHs 110 BCEM OKeaHaM

IMoxyocTpoB CuHON B ceBEpO-BOCTOYHON YACTH MMEET MBIC C Y3KUM IIepereii-
KOM
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SANABHOE ROAY APy,

Ianamckuii kaHaAJ: pacrojoXkeHne MexIy Matepuakmu CeBepHOU U
IOxnHolt AMepux

4.9. WUccnepoBaHWe pacnpocTpaHeHUs MNpPoAOSbHbIX
3NEeKTPUYEeCKNX BOJSTH B MOPCKOW BopAe

Kak m3BecTHO, M0 MakcBemnry MOTYT CyLIECTBOBATH B NPUPOAE
TOJIBKO 3JIEKTPOMAarHUTHBIE BOJIHBI, B KOTOPBIX BEKTOpa HANpaBJICHUS
pacupoCTpaHEeHUH 3JIEKTPOMArHUTHOW BOJIHBI M BEKTOpa JJIEKTPUIE-
CKOM M MarHUTHOW HAINPsDKEHHOCTH B3aMMHO MEPNEeHANKYISIpHbL. Ciy-
yail POJONBHOIO PaclpOCTPAHEHUs 3JEKTPOMAarHUTHBIX BOJIH ypaB-
HeHHsIMU MakcBelia He nipeaycMoTpeH. TeM He MeHee, peoOpa3oBa-
HHUE TPEThero ypaBHEeHUs MakcBellia U3 cTaTHueckod GpopMel B JHHA-
MHUYECKYI0 MOKa3aJ0 BO3MOXHOCTh CYIIECTBOBAHHS IPOJOJIBHBIX
JIEKTPUIECKUX BOJH, T. € JJIEKTPHUECKUX BOJH, PACIIPOCTPAHIIONINX-
csl HE TIOTIEPEeK OCH WMo, a Baosb Hee. Ilpu 3TomM okasamoch BO3-
MOKHBIM pPAacHpOCTpPAaHEHHE TAKMX BOJH B MOPCKOH BOJE Ha 3HAYH-
TEJbHBIE PAcCTOSHUS, MpaBla, B OTHOCUTENBHO TOHKOM IPHUIOBEPX-
HOCTHOM CJIO€.

IIpencraBnseT cneuuanbHbBId MHTEPEC Ciydaid W3Iy4YEHUsS IUIO-
JIeM MEPEMEHHOr0 TOKa, mpu KotopoM d = A/2, rae A — JJIMHA BOJHBI
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AIIEKTPUIECKOTO TOJIs B cpesie. B 3ToM cirydae kK TOMy MOMEHTY, KOT/a
BOJTHA OT JAJbHETO DJJIEKTPOJa IOCTHUTHET OMKHETO DJIEKTPOo.a,
HaNpsOKEHUE Ha OJIMKHEM JICKTPOJIE M3MEHUT MOJIIPHOCTh HA MPOTH-
BOTIOJIOXKHYIO U Jlasiee OyIeT pacipoCTPaHIThCS HE Pa3HOCTh JICKTPHU-
YECKUX HaNpPsHKEHHOCTEH, a MX CyMMa,

66 = 5el +5e2 .

9TO NMPHUBEAET HE K KyOMYECKOMY, a BCETO JIUIIb K KBAaJPaTUIHO-
MY 3aTYXaHHUIO HAIIPSHKEHHOCTH 110 PACCTOSIHUIO BJIOJb OCH JUIIONIS.

Heobxomumo oTMmeTuth, 4to npu 0 = A/2 OCHOBHAsS MOIIHOCTH
pacnpocTpaHseTcss He B IONEPEYHOM, a B MPOJIOIGHOM HAIPaBJICHHH,
NPY 3TOM IUIOTHOCTh TOKA B Cpe/ie HEe 3aBUCHUT OT [apaMeTPOB CPEJbI,
OT IJIOMIAZH 3JEKTPOAOB U OT YACTOTHI TOKA, & TOJBKO OT BEIUYHHBI
n3nydaemoro Toka. Ha puc. 4.21 npuBeneH »IIEKTPUYECKUAN JUTIONG C
COCpPEIOTOYCHHBIMH MTapaMeTpaMu, Uil KOTOPOTO BEITOJIHEHBI HEO0XO0-
JTUMEBIE TOCTPOCHHUS BEKTOPa MOTOKA U3ITy4aeMON MOIITHOCTH.

B By E;

Puc. 4.21. U3ny4yeHune >HEPruu AUTMOJEM C COCPeIOTOYEHHBIMHU MapaMeTpa-
MH

Kak 0buTO MMOKa3aHo BEIIIE, IPU PAa3BUTHU 3JIEMEHTApHON TPYOKH
3IEKTPUYECKOTO OIS B MPOAOIHHOM HAIPABIECHUH Ha €€ TOPIIE MOTOK
sdupa mepeMeriaeTcss B HANpPaBICHUH, MEPIECHIUKYJISIPHOM €€ OCH.
CrnenoBaTenbHO, Pa3BUTHE JJIEKTPUUYECKOTO TOJIA B MPOCTPAHCTBE BO
BCEX HaIpaBIEHUSIX OyIeT MPOUCXOTUTH CO CKOPOCTHIO OJIMHAKOBOUW U
PaBHOM CKOPOCTH PacIpOCTpaHEHUs CBETa B JaHHOM cpejie, He3aBUCH-
MO OT 3HaY€HMsI BEKTOpa MOTOKa INIOTHOCTH MOIIHOCTH. [loaTomy cko-
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POCTh paclpoOCTpaHEHUs] TOKa B cpelie OyleT TOH ke, YTO U CKOPOCTh
pacrpoCcTpaHeHusl ANEKTPHICCKON HHAYKIIHH, T.€.

Cr= C/\/S_

I'Zle C — CKOPOCTh CBETa B BaKyyMe, a € — OTHOCUTEIIbHAS AUIIEK-
TpHUecKas IPOHUIIAEMOCTb CPEIBI.

Crnenyer oOpaTuTh BHMMaHHE Ha TO, YTO IUIOTHOCTH TOKa, IIO
KpaiiHeil Mepe, B OJIMKHEH 30HE OT UCTOYHHKA OKA3bIBACTCSl HE3aBHCH-
MOM HHU OT CBOMCTB CpeJbl, HU OT BPEMEHHBIX MapaMeTpOB CaMOIo TO-
Ka. OOBIYHBIM BO3pPAKEHUEM 3/I€Ch SIBIISCTCS HAIMYUE MMOTEPH B CPElIe.
OpHako ciemayeT HalOMHHUTD, YTO TOK, IPOITYCKAaeMBIN depe3 OOBIYHBII
PE3UCTOp, Ha €r0 BBIXOJE UMEET Ty )K€ BEJIMYHHY, YTO U Ha BXOJE, He-
CMOTpPS Ha MOTEPU SHEPTUHU B 3TOM PE3UCTOPE, KOTOPHIE BBIPAKAIOTCS
TOH WJIHM MHOM BEIMYMHOHN MAICHUS HANIPSDKEHUS Ha PE3UCTOPE.

s mpoBepku (pakTa pacrpoCTPaHEHUS! MEKTPUIECKOTO MO U
COOTBETCTBEHHO AJIEKTPHUUECKOT0 TOKA BJIOJIb HANpPABJIECHUS CBOUX BEK-
TOPOB OB MPOBEJCH KCIIEPUMEHT, B KOTOPOM HCIIONIB30BAJICS Pe3H-
HOBBIHA IIJIAHT, HAITOJHEHHBIN MOACOJICHON BOJON M IMOJBEIICHHBIA Ha
HHUTSX Ha Kpbliie 3aanus (puc. 4.22).

%o e eraToTeTeTeTe e
RO

R SRS

Puc. 4.22. Cxema 3KCnepHMeHTa N0 NMPOBepPKe MPOA0JILHOI0 PACPOCTpaHe-
HUSl M3Jy4YeHHs JTUMOJISI C COCPeIOTOYEHHBIMH mapaMerpaMu: 1 — pe3HHOBBINH
IIJIAHT, HAMIOJIHEHHBIH MOCOJICHHOM BOJIOIT; 2 — 9JIEKTPOIbI N3ITy4aloIero JUIosst; 3 —
3JIEKTPOBI IPUEMHOTO JUIIOJIS

BrutrodeHue 35eKTpoIoB uepe3 KOaKCHaIbHbIC KaOenn UCKITFOUUIO
BO3MOJKHOCTD TOSIBIICHUS KAKUX-THO0 Mapa3uTHBIX KOHTYPOB.

IMpu u3MeHeHHH paccTosiHuss 0 MEXAY TUIOISMU B CBS3U C HE
Pa3BETBICHHOCTBIO TOKA CUTHAJN B MPUEMHUKE HE JOJHKEH MEHSTHCS,
Mo KpaliHel Mepe, A0 TeX IMOp, IOKa COMPOTUBICHUE KaHAla HE OKa-
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KETCSI COM3MEPUMBIM C CONPOTHBIICHHEM ITapa3UTHBIX EMKOCTEH. DTO
IPOUCXOTUT HAa HEKOTOPOM pPaccTOSHUM O, Tak Kak CONPOTHBICHHE
BOJIBI B KaHaJle ¥ IPOBOAUMOCTh Mapa3uTHOH eMKOCTU Crap MIPOMOPLIH-
OHaJIBHBI OTHOIIeHHIO 0/3. Ha puc. 423  mpuBeIcHBI MOJy4CHHBIC
3aBUCHMOCTH. Pe3ynbpTaT MOMHOCTBIO TOATBepaws oOxuianus. Ilpm
3TOM BBISICHWJIOCH, YTO YBEJIIMUYCHHE COJICHOCTH BOJIBI, T. €. YBEINYCHHE
ee MPOBOJIUMOCTH YBEIMUUBACT MOJIC3HBIN CUTHAI U YBEJINYHBACT 30HY
NOCTOSIHHOM aMIUIMTYABl BBIXOJHOTO CHI'HANa, OJHAKO COKpAIlaeT
JIaTTbHOCTH PACIPOCTPAHEHHSI. .

A
Ul u>u,

ﬁf2>fl
v

0 D/5

Puc. 4.23. 3aBHCHMOCTh CHTHAJIA IPUEMHUKA OT PACCTOSIHUSI MEXKIY AUTIO-
JISIMH TIPH TIPOI0JILHOM U3JIyYeHU U JHEPTUH

Bo BTOpOM 3KCIIEpUMEHTE UCIOJIB30BAJICS UIOJb C IIIOCKUMU 3JIEKTPO-
Jamu ¢ (hpuKcarueld HapsHKEeHHOCTH M AJIEKTPHYECKOW YHEPTHU BTOPBIM IHITO-
JieM. DKCIEpUMEHT CTAaBUJICSI B TOHKOM IUIOCKOM CJIO€ MOJIYIPOBOASILEN cpe-
JbI.

Ha puc. 4.24 nokazaHa amarpaMma paclpOCTPaHEHHS AJIEKTPHYECKOTO
MOJISL.

Enonep

F mpoJ

Puc. 4.24. PacnipocTpaneHHe 3JIeKTPHYECKOr0 MOJIsl AUTMOJEM € COCPeI0TO-
YeHHbIMH NapaMeTpaMH B TOHKOM cJioe MoJynpoBoasimieii cpeasl. IIpomonbHas
COCTaBJISTIONIAst OOJIBIIE ITONEPEYHOH COCTABISIIOMIEH MO T.K. 3aTyXaeT MpPOMOPIUO-
HAJIBHO KBaJIparty, a nonepeyHas — KyOy paccTOsiHuUs
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OKCIIEPUMEHTHI TI0 TTPOBEPKE CO3/IAaHUS U PACIPOCTPAaHEHHS TIPO-
JIONMBHBIX ANEKTPUYECKUX BOJH B MOPCKOW BOZie OBLIM NPOBEICHBI HA
6epery UepHoro Mops B mocenke [Ipumopckoe BOmm3u ropoga deono-
cusi B koHIle 80-TOOB MpONUIOro croyietus. Llenbio SKCIepuMeHTOB
OblIa TpoBepka (akTa BO3MOXKHOCTH CO3JIaHUS AIEKTPHUECKHUX BBICO-
KOYAaCTOTHBIX KOJEOaHWI B MOPCKOW BOZE — IOJYIPOBOISINEH Cpefe.
IMonroroBka K MPOBEACHUIO SKCIICPUMEHTA 3aHsUIa HECKOJIbKO JIET B
CBSI3W C HE IUIAHOBOCTHIO CaMOW pabOTHI M HEOOXOIUMOCTBIO IIPEOI0-
JIEHWs] MHOTOYHCJICHHBIX OPTaHU3AIlMOHHBIX, a TJIABHOE TEXHUYECKHX
TPYAHOCTEH, HE TPEAYCMOTPSHHBIX MIPH Havaje padoT.

Oco0y0 TPYAHOCTH MPEACTaBUIIAa Po0JIeMa COTIPSKCHUS TeHepa-
TOpa W MPHEMHHUKA C MapaMeTpaMu Cpelbl — MOPCKOW Bojbl. Jleno B
TOM, YTO Harpy3ka Ha F€HepaTop CO CTOPOHBI CPEIbl COCTABISET €/U-
Hullbl OM, HO OCHOBHYIO TPYAHOCTh IPEACTABISACT 3ajadya Mepenadyu
SHEPTHUH OT TeHEepaTopa Ha IEKTPOABI uepe3 Kadenn, pacupeaeneHHas
WHAYKTUBHOCTb KOTOPBIX COCTaBIISIET HECKOJIBKO MUKpol enpu, a pac-
MpeJIeiCHHas eMKOCTh Ha BOJY HECKOJIbKO coTeH muko®apan. Brixon
HAIIeJICSl B MCIIOJIb30BaHUH TIOCIIEIOBATEIHFHOTO PE30HAHCHOTO KOHTY-
pa, BKIIFOUEHHOTO TIOCTIEIOBATENFHO C BHIXOIHBIM KabeleM

Konreitnep c remeparopom  IloBepxHOCTH nHpca

DneKTpos JlHO MOps DneKTpon

Puc.4.25. Cxema pacnosioxkeHue reHepaTopa Ha upce

B skcniepuMeHTEe KOHTEMHEP C T€HEpaTOpOM YCTaHABIMBAJICS Ha
nupce, Kabenu ¢ 3JCKTPOJaMHU CITyCKaIHCh IO CTOpOHaMm mupca. [(u-
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MOJIb C TIPUEMHOM ammapaTypoid ObII pacroyio’KeH B OJHOM cliydae 3a
JIECSITh, B APYTOM 3a JABAANATH KIJIOMETPOB OT mupca (puc. 4.25, 4.26).
Iepenaua u mpuem ocymecTBISIIUCH Ha yactore 1 mIm. [1pu nmpoBene-
HUU 3KCIICPUMEHTAa OOHAPYKUJIOCh, YTO JUarpaMma HarpaBlIeHHOCTH
UMEET JICTIECTKOBYIO (hopMy, U HEOOXOIMMO TPHIIEINBATHCS JIMHUEH,
COEIIMHSIONICH AIEKTPOBI TeHEpaTopa B CTOPOHY mpueMHHKa. [ myou-
Ha PACIpPOCTPAHCHHS ICKTPUYCCKUX BOJH TaKUM CIIOCOOOM HE Tpe-
BEITIIAJIAa 3-X METPOB.

[Ipuemnux I'enepaTtop Ha nupce

Puc. 4.26. Pacnono:kenue renepaTopa Ha mupce U NpUeMHUKA BOJIM3H Oepe-
ra

[TormyTHO OBUTH BBISBICHBI CIICAYIOIINE OCOOCHHOCTH:

1. IIpu OTKIIOHEHUH TIEPEAAIONINX IEKTPOIOB OT HANPABICHUS HA
TOYKY pAaCIOJIOKCHUA ITPUEMHUKA CUTHAJI IIPUEMHUKOM HE YyJIaBJIMBaJI-
Cs1, YTO MOJATBEPHKIANO Y30CTh THArPaMMbI HANIPABICHHOCTH.

2. I1pu OTKJIOHEHHUH OCH MEPEAIOIIETO WK TPUEMHOTO JAMITOJNS OT
JIMHUM, COCIUHSIONICH I[IEHTpa MEPEIAIoero  MPUEMHOTO JIMITOJNICH
cuUTHan yObIBaJl 10 CHHYCOHMJAJIbHOMY 3aKOHY, IPH PACIIOJIIOKECHUHU
JM000T0 U3 TUTIONIEH TIEPIIEHANKYIISPHO 3TOM JIMHUU CBS3b TOJTHOCTHIO
npeKpananach.

3. Beinumanue j1r000ro 3JIeKTpoja W3 BOJIbI, KaK Y T'€HepaTopa,
TaK U y MIPUEMHHUKA MTOJHOCTHIO MPEKPAIIaJIO CBS3b.

4. IlonpITKa OTAETHHBIM MTPUEMHUKOM TIPH JIEHCTBYIOIIEM BOJTHOM
KaHaJIEM CBs3U O6Hap}I)KI/ITI) CUTHaJI B BO3AYyX€C YCIICXOM HE YBCHYA-
JIach: B BO3JyX CHTHAI HE MPOXOJIUIL.

5. [lpu mpenBapuUTENBHBIX HCCIEAOBAHUAX OBLIO BBISICHEHO, YTO
CUT'HAJI IIPOXOJAHUT J0 ITyOHHBI He Ooiee 2,5-3-X MeTpoB, Jajiee CUrHaI
Ha yactote B |1 MI 11 HE TPOXOMUT.
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6. MarauTtHOe 1oJie B BOJIHE OTCYTCTBYET, UTO AT MPaBO TOBO-
PUTH HE 00 DIIEKTPOMArHUTHBIX, & 00 INEKTPUIECKUX BOIHAX, PACIIPO-
CTPaHsAEMBIX B MOPCKOW BOJIE.

Jumepamypa

1. Auroxoeckuii B.A. Hauama >}upoamHaMHIecKOro €CTECTBO-
3HaHus B 5 kaurax Kuwura 4. Yacte 1. DdupoaunHamMuyeckrie OCHOBBI
AIEKTPOMarHuTHEIX sBiaeHui. PAEH. M.: «Iletruty, 2010.

2. Aurokosckuit B.A. DpuponnHaMndeckre OCHOBBI AIIEKTPOMATr-
HUTHBIX siBNIeHUH. Teopus, sKciepuMeHTsl, BHeapenue. 2-¢ u3a..PAEH.
M.: «Queproatromuzaaty, 2011.
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I'maBa 5. Uto Takoe cBer?

HetoToH oTAaBan npeanoyTeHne KOpIMycKyJIIpHOU TEOPHUH CBETa,

CUHUTAasl €T0 MIOTOKOM 4acTHLl. ...I' tolireHc nojarai, 4To CBETOBOE

BO30YX/ICHHE €CTh UMITYJIbCHI YIIPYTUX KojebaHuit aupa
A.M.Bonu-Bpyesuy. Onmuxa.

5.1. KpaTKaﬂ NCTopUuAa CTaHOBJIEHUA ONTUKH

5.1.1. Kpatkasa uctopusi CTaHOBNEHUSA TeOopeTUYEeCKOMn
ONTUKMN

H3BecTHO, YTO ONTHKA — pa3aei (PU3UKU, 3aHUMAOIIUNCS U3yde-
HUEM CBETOBBIX SIBJICHUU, MPONLIA JJIUTEIBHBIA MIyTh PA3BUTHUS, HAUU-
Has OT JPEBHUX BPEMEH J0 HAlMX AHEH. 3aKOHBl ONTUKU HAILLIU LIH-
pOKO€ MPUMEHEHHKE, B IEPBYIO OUEPE/b, KOHEYHO, MIPU CO3AAHUN OITH-
YECKUX MPUOOPOB, UCIOIB3YEMBIX B CAMbIX Pa3HOOOPA3HBIX 00JaCTsIX
— B aCTPOHOMHH, MOPCKOM JIeJIe, BOGHHOM JieJie, OMOJIOTUU, METUITIHE
¥ MHOTHX apyrux. ONTHYecKue yCTPOCTBa, OCHOBAaHHBIE Ha Pe3yJIbTa-
Tax TPYJOB MHOI'MX UCCIIEIOBATENEH, NO3BOIMIIM  3HAYUTEIBHO pac-
NIMPUTH OOJIACTH HCCICIOBAHHUS TPHPOJHBIX SIBICHUH W TPHHECITH
TPOMAJIHYIO TIOJB3Y JIFOJSM, CO3JIaIM BO3MOXKHOCTH HaOIIOAaTh Tena,
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JI0 TOHM NOpBI HEU3BECTHBIE HayKe. MHOTHE U3 ONTHYECKUX IIPUOOPOB,
HalpuMep, OYKH, BBITYCKAIOTCS MUUIMOHHBIMH THPaXaMH, ITO CBHIIE-
TEJNBCTBYET 00 MX IMOJb3€ U O COOTBETCTBUM MPUHIIMIIOB, KOTOpPHIE B
HUX 3aJI0’)KE€HBI, 3aKOHaM Npupoabl. Ho, TeM He MeHee, B ONTHKE, KaK U
BO BCEX OOJIACTSIX €CTECTBO3HAHMSA, €CTh NPUHLUIHAIBHBIE HEAOCTAT-
K1, OTPaHUYMBAIOLINE BO3MOXKHOCTH €€ pa3BuTus. Peus, mpexie Bcero,
UET O CTENCHU MOHMMaHHA (U3UYECKOW CYIIHOCTH CBETOBBIX sIBIIE-
HUU.

OnTHKa — 0JfHAa U3 IPEBHEUINX HAyK, TECHO CBSA3aHHAS C MOTpeO-
HOCTAMHU MpPAaKTHKH Ha BCEeX 3Tamax cBoero pasButus. Ilpsmonunei-
HOCTb PaclpoCTpaHeHHs cBeTa Oblila M3BECTHA HE MEHEE YeM 3a 5 ThIC.
JIeT 10 H. 3. U HcIoib30Banach B JlpeBHeM Erumnre mpu cTpouTenbHBIX
paborax. Han cymiecTBoM onTHYECKUX SBICHUN Pa3MBIIUISUIA APUCTO-
tens, [lnaron, EBknua, [Itonemeit. CyiiecTBeHHBIN BKIIA] B pa3BUTHE
ONTUKH BHeC apadckuit yduenbrii X1 cronerns V6H amp-Xaiicam [2, 3].
TouHbIE 3aKOHBI MTPEIOMIICHHSI yCTaHOBIIEHBI B 1620 r. CnemuycoM u
Hexaptom [3, 4]; nudpakuust 1 uHTEpPEpeHIIUs cBeTa OTKPHITH [ 'pu-
Manpau (myOnmmkanus 1665), nBoitHOe IJTyderperioMIIeHHEe OTKPBITO
baptimaeiv (1669). anpHeiimee pa3BUTHE ONTUKA CBA3aHO C MMEHa-
mu Hetorona, ['yka u [toiirenca [5—7].

[epBbie BhICKa3bIBaHUS O MPHUPOE CBETA OBLIM CAEIAHBI JIPEBHH-
MH TpekaMu U eruntsiHuHamu [[omkaes H.M. Onruka. M.: «Bbicmiast
mkosa», 1977]. CoraacHo OfHOW W3 3THX TEOPHH, CBET, MOJI00HO Te-
YEHUIO BOJBI M3 TPYOBI, BBIXOAMUT W3 TJIa3 4YeJOBEKa, Ojarojnaps 4yemy
MBI ¥ BUJUM OKPY>KaroIIUui MUp.

CornacHo ITudaropy (450 et mo H.3.), Tena CTAHOBATCS BUIIU-
MBIMH OJ1arofjapsi OMaJaHuIo B TJ1a3 YaCTHII, BBIIETAIOMINX U3 TEL. DTH
yactrunsl Jlemoxpur (460-370 net mo H.3.) Ha3Bas atoMaMu. [logo0HBIE
JIOTaJIKi OTHOCHTEJILHO TPUPOJIBI CBETA OB ONPOBEPTHYTH APUCTO-
teneMm. CormacHO ApHCTOTENIO, CBET, IepeaaBasich 4epe3 MOCPECTBO
MPO3PAYHON CPEIbl, PACTIONOXKEHHON MEX Ty 00BbEKTaMH H TJIa30M, BBI-
3BIBAET 3pUTENFHOE JeicTBUE. DTa ujest ApUCTOTENs Kak Obl OJIO0XKH-
Jla Ha4aJIo TEOPUH O CBETOHOCHOH cpenie — 3upe.

B 17 B. Kemutep BbicKa3asl cBoe MPEANOIONKEHHE OTHOCHUTEIHHO
npupoasl ceera. CornacHo Kemnepy, cBeT npezcrasiseT coOol yacTu-
Ibl, U3JTy4aeMble BELIECTBOM — UCTOYHMKOM. OH cUMTan pacrpocTpa-
HEHHE CBETAa MTHOBEHHBIM IIPOLIECCOM.
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[locmenoBatenbHas Teopusi O MPHUPOAE CBeTa ObUTA BBIBHHYTA
HeroToHOM.

N.Hb0TOH yCTaHOBWJI CBOMCTBA CBETOBBIX Jy4d€l: NPSIMOJIMHEMN-
HOCTh, MOJYMHEHHOCTh 3aKOHAM OTPAKECHUS U MPEIIOMJICHHS, CKO-
POCTh, IBETOBYIO HEM3MEHHOCTH ITPOCTOTO CBETA, €T0 MEPHOANIHOCTS,
MTOJISIPU3AINI0 U AUQpaKInio. Takoe 0OMTHe «IIPHUHITAIIOBY» 00paInajo
ONTHUKY B TPOMO3JIKYIO, TPYJAHO YCBOSIEMYIO U HEMIOHATHYIO HayKy. OT-
CYTCTBOBAJI OOIIHMI MPUHIINII, H3 KOTOPOTO BBITEKAJIHN OBl BCE HAMIeH-
HBbIE W3HAYAIIFHBIC CBOCTBA CBETA.

HpbioToH pomyckan BO3MOXXHOCTh BOJIHOBOW MHTEPIPETALUN CBE-
TOBBIX SIBICHUHN, HO OTJaBajl MPEIIOUYTCHUE KOPITYCKYJISIPHON KOHIIETI-
IIUH, CYNUTAs] CBET MOTOKOM YaCTHI], JEUCTBYIOIINX Ha 3QUp U BHI3BIBA-
IOIUX B HEM KoJicOaHus. BriepBbie MOHATHE O MOJSIpU3AIUN CBETa ObI-
710 BBeieHO B ontuky HerotoHoMm B 1704—1706 1T., XOTS SIBJICHUS, 00Y-
CIIOBJICHHBIE €10, M3YyJaJNCch U paHee (OTKPHITHE IBOMHOTO Iydemnpe-
JomiieHus B kpuctaiiax O.bapronuaoM B 1669 r. u ero teopeTudeckoe
paccmotpenue X.Irodirencom B 1678-1690 rr.). Ilonspuzauus mo
HeroToHy — «Hn3HadaabHOE» CBOHCTBO CBETa, OOBSCHSIEMOE OIpEJie-
JIEHHOW OpHEHTAIel CBETOBBIX YaCTHI] [0 OTHOIICHHIO K 00pazyemo-
My UMM JTydy.

l'unoresa s¢upa nosensiercss y Herotona Brepsbie B 1672 T. B 0T-
BeTe Ha mojeMuyeckue 3amedanus ['yka Ha «Teopuro cBeTa W IBETOB
Herorona». Onnako B ganbHeiieM Hbl0TOH (akTHUECKH OTKA3aJICs OT
MOMBITOK OOBSICHEHUS ONMCAHUS ONTHUYECKUX SBJICHUW C IOMOIIBIO
s¢upa. Ecnmun B nepeom m3nanun «Ontukm» (1704 r1.) 3¢up mpocto
3amManuuBaercs, To B u3ganuu 1706 roga oH pe3ko OTpULIAeTCs.

I'totirenc, cnemys unesm Jleonapmo na Buaam u pa3zBuBast pabOTHI
I'puraneau u ['yka, ICXOAMIT W3 aHAJIOTUH MEXKTy MHOTHMH aKyCTHYe-
CKUMH M ONTUYECKUMH siBiAeHUsMHU. OH moJiaraji, 4yTo CBETOBOE BO3-
OyXJIeHHE eCTh UMITYJIbCHI YIIPYTHX KoJeOaHui adupa.

Tepmun «monsipusanus cBeta» ObuT TpemtokeH B 1808 r. Oma-
mocoM. C ero umeneMm u ¢ umenamu JK.buo, O. @penens, [.Aparo,
J.Bproctepa u qpyrux CBS3aHO HAYAJO IIUPOKOTO HCCIEIOBAaHUS (-
(EeKTOB, B OCHOBE KOTOPBIX JIGKHT MoJsipu3anist ceera. CylecTBeHHOE
3HAQUCHUE JIs1 MOHUMAHUS MOJISIPU3AlMK CBETa UMEJIO €€ MPOSIBICHUE B
a¢pdekre naTepdepeHiu cBeTa. IMEHHO TOT (DaKT, YTO JIBa CBETOBBIX
Jy4a, THHEWHO MOJISPU30BaHHBIX, IO MPSMBIM YTIIOM JPYT K IPYTY HE
UHTEP(HEPUPYIOT, SIBIJICS PEIIAIONINM JI0KA3aTeIbCTBOM TOMIEPEUHOCTH
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cBeTOBBIX BOJNIH. Paboter FOnra, ®penens n Aparo (1816-1819) B
STOM HaNpaBJICHUH OTIPEAEIIIN 00Ty BOJTHOBOM TEOPHH.

Tem Bpemenem B paborax I[1.C.Jlammaca u JK.b.buo pa3BuBanach
Jlanee KOpIycKyispHas Teopus. Ee CTOpOHHUKY MPEASIOKUIN CUUTATh
0o0BsICHEHHE SIBIICHUS TU(PPAKINHA TOCTONHBIM MPEMUH, YUPEKIACHHOMN
Ha 1818 r. Ilapmkckoii Axagemueir Hayk. Ho 3ta mpemus Obiia mpu-
cyxneHa A.K.@penento, nccieroBaHUsS KOTOPOTO OCHOBBIBAJIUCH Ha
BOJIHOBOM TEOPHH.

Bwmecre ¢ Aparo ®@perens rccnenoBan HHTEPPEPEHIUIO MONSIPHU-
30BaHHBIX JIy4eil cBeTa U OOHAPYXKHJ, YTO JIy4YH, MOJSPU30BAHHBIE BO
B3aUMHO TEPICHINKYISPHBIX TUIOCKOCTSIX, HUKOTAa He UHTephepupy-
10T. DTOT (akT Hedb3s OBUIO COTjacoBaTh C OOIMICTIPUHSITHIM TOTIA
MIPEINONI0KEHHEM O IMPOJOIHHOCTH CBETOBBIX BOJH. FOHT, y3HaBIIMIA
00 3TOM OTKPBITHH OT Aparo, Hailesl pa3rajKy BOZHHKILIETO MPOTHBO-
pedns, IPeArnoI0KiB, YTO CBETOBbIE KOJIeOaHHs MOTIEPEYHEI.

[Nonmspusarnus cBera Hamnuia o0bsICHeHHE B TpyAax Jk.Maxkcsenna.
J>x.MakcBessioM MMoKa3aHo, YTO CBET MPEACTaBIACT COOOH He yrpyrue
KoseOaHus, a JJIEKTPOMarHuTHBIE BONHEL Jlpyne, ['empmrombiiem u
JlopeHnieMm mpu TOCTPOSHHH JIIEKTPOHHOW TEOPHH BEIIeCTBa OBLTH
00BeAMHEHBI HJIeU 00 OCHMIIIATOpPAX U JIEKTPOMAarHUTHAs TEOpHUs CBe-
Ta [9-11]. B 370 %€ Bpems psiioM HccienoBaTeneii ObUTH MpeaIpUHATH
pa3Ho00pa3HbIe U BeCbMa MHOTOYHCIICHHBIE TTOMBITKH OOBICHEHHUS OTI-
TUYECKUX 3PPEKTOB MyTeM KOHCTPYUPOBAaHHUS Ha 0a3e MpelnoioxKe-
HUH O CYIECTBOBAaHMM B MPHUPOJEC MHUPOBOU cpeiabl — 3dupa, 0JHAKO
STH TIOTIBITKU B CPETHEM YCIIEXOM HE YBEHUYAIHCH: OOBSCHSIS OJHU SIB-
JIeHUs1, BCE TEOPHH, MOJIEJIM U TUIIOTE3bl 3(hUpa HATATKUBAIUCH B JIPY-
TUX SBJICHUSIX Ha HEMPEOJONUMbIE TPOTUBOPEUHSL.

PazButue ontuku B XX CTOJETUU TECHO CBA3AHO C KBAHTOBOW Me-
XaHUKOW W KBAaHTOBOH 3jekTpoauHamukont [14—17]. U xots ¢usude-
CKas CYIIHOCTh ONTHYECKUX SIBICHWH TaKk W HE MOJydYMiIa YAOBJIETBO-
PHUTENBHOTO OOBICHEHHS, OBLIO PEIICHO, YTO OOBSICHEHHE ONTHYECKIX
ABJICHUH YK€ HE HYKIAeTCs B TMIIOTE3€ CYIIECTBOBaHHA 3(upa, 4To
JOCTaTOYHO MaTeMaTHYECKUX 3aKOHOB, ONMCHIBAIOLINX TH SBJICHUS.

Boprba Mexy KOpPIMyCKyNSIpHOW W BOJHOBOW KOHIIETIHEH MpO-
noiekanack U B 20-m cronetun. [losiBieHre KBaHTOBOM MEXaHUKHU pas-
PEIIMIO CYIIECTBOBABIIYIO TOTAA MPOOJeMy H3IydeHHs aOCOIIOTHO
YEPHOTO TeNa MyTEM BBEIECHUS HOCMYiama O TUCKPETHOM H3ITy9eHUU
SHEPTHH, TIOPITUHA KOTOPOW OBLIM OmpeneleHbl Kak (POTOHBI. DHEprus
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(OTOHOB OBITa ROCHYIUPOGAHA TIPOTIOPIIMOHATIHHON YaCcTOTE M3Iyde-
HUS B IEPBOM CTENEHH, T.€. KaK

E =hvo,

rae h — nocrostanas [Imanka. B 1924 1. I'yu ne bpoiins chopmy-
JUPOBAJT HOCIMYAAmM 0 KOPHYCKYIAAPHO-BOIHOBOM Oyaiusme céemd, B
COOTBETCTBHH C KOTOPHIM HE TOJBKO CBET, HO M JII00ast Macca obmamaer
Y KOPITYCKYJISIPHBIMU, W BOJIHOBBIMH CBOWCTBaMH, IPUYEM, YeM OOIb-
nre Macca, TeM KOpode BOJIHA M BhINIE YacToTa. HecMoTps Ha mosiHOe
HEMOHNMaHNe (PU3NIECKOM CYIIHOCTH 3TOTO, TaKas MOCTAHOBKA ITOKa-
3alach YAOBJIETBOPUTEIHHONH, U OHA B HACTOAIIEE BpPEMS CUUTAETCS
OJTHOW M3 OCHOB KBaHTOBOW MEXaHUKH.

Ha camom gene kopmycCKyJspHO-BOJHOBBIM CBOMCTBAMH 00Jiaaa-
10T MHOTHE SIBIICHHS U B Makpomupe. Hampumep, BoiHa Kav4aeT JIOKY,
€CJIM pa3Mephl JIOJAKH MEHBIIE JJIUHBI BOJHBI, HO Ta )K€ BOJHA ObET 0
0OpT KOpPaldJIs KaK YaCTHIIbI, €CJIU JUIMHA KOpaOiisi OOJIbIle JUTMHBI BOJI-
Hbl. CyIIECTBYIOT U IPYTHE IPUMEPHI.

B HacTosiiiiee Bpemsi ONTHKY MPUHATO MOAPA3NEISITh HA Te€OMET-
pHUECKYI0, PU3HUYECKYIO 1 (PU3HOTIOTHYECKYIO.

T'eomempuueckas onmuka OCTaBIISIET B CTOPOHE BOIIPOC O MPUPO-
JIe CBeTa, e 3a7jauya — MaTeMaTHYeCKH MCCIIeIOBATh X0 CBETOBBIX ITy-
Yyei B cpelie ¢ M3BECTHOW 3aBHCHUMOCTBIO TOKAa3aTells MpeoMIICHUS
Cpembl OT KOOPAWHAT JU00, HANIPOTUB, HAWTU ONTUYECKUE CBOWCTBA U
(hopMy TIPO3pPAYHBIX M OTPAKAIIUX CPEll, IIPHU KOTOPHIX JIy4H MPOXO-
JT 110 331aHHOMY ITyTH. 37€Ch HUKaKUX MPUHIUNHAIBHBIX 3aMeYaHui
HECT.

Qu3zuyeckasi onmuxa PaccMaTpUBAET IMPOOJEMBI, CBS3aHHBIE C
NPUPOIOH cBeTa U CBETOBBIX siBCHUNA. OHA YTBEPKAAET, UTO CBET €CTh
IMONECPEYHBIC JJICKTPOMAriuTHBIC BOJIHBI, XOTA IIPHUPOJa 3THUX BOJIH €O
He paccMatpuBaetcsi. Ee pasnenoM siBisieTcsl BOJHOBAsl ONTHKA, MaTe-
MaTHYECKHM OCHOBaHHMEM KOTOPOM SIBIAIOTCS 0OOIIME ypaBHEHHUS Kilac-
CHYECKOW D3JIEKTPOJMHAMHUKH — ypaBHeHUs MaxcBemna. PDakTuyecKku
9TO Ta )€ reOMEeTPHYECKasi ONTHKA, HO 37IeCh BO3HHMKAET MpodieMa o
¢u3nUecKol CYIIHOCTH CBETa, M Ha 3TOT BOIPOC OTBETa Kak HE ObLIO,
TaK U HeT.

Qu3zuonoeuyeckas onmuKda, CMbIKAOMAsIcs ¢ OMOPH3UKON U TICH-
XOJIOTHEH, MCCIeNyeT 3pUTEIbHBIA aHANN3aToOp OT IJa3a J0 KOPHI ro-
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JIOBHOTO MO3Ta U MEXaHU3MBbI 3pEHUs. 31eCh TaKXKe HET HUKaKUX OTBE-
TOB Ha BOIIPOCHI O B3aUMOAEHUCTBHM CBETa U BOCIPHUHUMAIOLINX CBET
PELENTOPOB.

HecMmotps Ha mepeuncieHHble HEAOCTATKH, BCE Pa3/eibl ONTHKU
HOJIYYMIM HIMPOKOE MIPAaKTU4ecKoe mpuMeHeHue. Co3aanbl MHOTOYHC-
JICHHbIE UCTOYHHUKH OCBEILLIECHHUS, OCHOBAHHBIE HA PA3JIMUYHBIX JOCTIKE-
HUSIX (U3HKH, HAYKA CBETOTEXHUKH YYUTHIBACT 3aKOHBI ONITUKU U (U-
3uosioru. ONTHYECKUE CIEKTPajbHbIE HCCIEAOBAHUS ITO3BOJMIN BO
MHOTOM pa3o0patbcsi co cTpoeHueM BemiectBa. Co3naHbl MHOIOYHMC-
JICHHBIC OIITHYCCKHEC HpI/I60pr AJId CaMBbIX Pa3IMYHbIX ueneﬁ, Ha4dyuHaA
OT HCCJEIOBaHUM MHUKpPOCKOIIMYECKHX OPTaHU3MOB M CTPOEHHS Bellle-
cTBa 0 uccienaoBanus Beenennoit. TakuM o0pa3oM, HOCTIDKEHUS OII-
THKM Kak NPUKIAJHOW HayKu OrpOMHBI. 1 mIpu BceM 3TOM CYIIHOCTb
ONITUYECKUX SIBJIICHUH M CAMOTO 3JIEMEHTapHOTO HOCHTENsS cBeTa — (o-
TOHA TO-TIPEKHEMY OCTAETCSA HEM3BECTHOM. ..

HecmoTtps Ha TO, 4TO ONTHKA UMEET JABHIOI UCTOPHIO, @ MOIBIT-
KM IPUMEHCHUA MATCMAaTUYCCKOI'0 armapara 3JICKTPO-AUHAMHUKHW Hada-
JHMCh Ccpa3y ke Mocie OmyOJuKoBaHUS MaKCBEUIOM CBOMX 3HAMEHH-
TBIX YpaBHEHUH, AOCTATOYHO OBICTPO OOHAPYXHIOCH M HEKOTOPOE
HECOOTBETCTBHUE PacrpocTpaHeHus (oToHa 3akoHaM Makcaera.

B cBoux paborax MakcBeiul OKa3ajl, YTO CKOPOCTb paclpocTpa-
HEHHMS JIEKTPOMAarHUTHBIX KoJieOaHUH U CBETa O/IHA U Ta JK€ U COCTaB-
JISeT:

1
C=
\/ &o Ho.

TJIe €0 U [lo COOTBETCTBEHHO JMAJICKTpUYECKas U MarHUTHAs Mpo-
HUI[AEMOCTH BaKyyMma.

HMMeHHO Ha 3TOM OCHOBAHHWU BCEMH ITOCIICAYIOUIUMH HCCIICI0BA-
TEJSIMU CJIeJIaH BBIBOJI O TOM, YTO CBET M PAJUO BOJHBI MPEACTABISIOT
co0O0l OJHO M TO K€ M OTIMYAIOTCS TOJBKO JUAIIa30HOM YacTOT, TaK
YTO CBET BKJIFOYEH B €IUHYIO TaOJUIYy 4aCTOT 3JIEKTPOMArHUTHBIX KO-
J1e0aHuit

OpmHAaKo JOCTaTOYHO OBICTPO OOHAPYKHIIIOCH U HEKOTOPOE HECOOT-
BETCTBHUE pacnpocTpaHeHus (oToHa 3aKkoHaM MakcBera.
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Kax m3BecTHO, MI0CKas AIEKTPOMArHUTHAS BOJTHA 3aTyXaeT B IO-
JyNpPOBOJSILIEH CPEle B COOTBETCTBUM C 3aKOHOM MakKcBeIa Kak:

Uoltow
( Y2y
2
H=H,e (1.1)

3nech H, — HaNpsPKEHHOCTh MarHUTHOTO TIOJISI HAa MOBEPXHOCTH
paszena cpen, HalpuMep Ha MOBEPXHOCTH MOPCKON BOJBI; 4 - OTHOCH-
TeJbHAsE MAarHUTHAsI IPOHULAEMOCTb CPENBl; 0 — MPOBOJUMOCTE Cpe-
Iel; @ = 2nf, f - gacrora 3JIEKTPOMATrHUTHOW BOJIHBI; I — paCCTOSIHUE OT
MIOBEPXHOCTH paszeiia Cpes.

[IpakTuka OOHapyXHMBaeT IOJHOE HOATBEPKACHUE YKa3aHHOM
dbopMynBl 3aTyXaHMIO IUIOCKOH PagroBOJIHBI B MOPCKOH cpeae U moJ-
HOE PacXOXKJCHUE €€ C 3aTyXaHUEM CBETa B IPO3payHOM MOPCKOM BO-
ne. Ilpu mposogumoctn Mopckoit Boasl 1 Om™'" M! Ha wactore 1
MI I TPaKTUYECKN MOJTHOE 3aTyXaHHE MIEKTPOMATHUTHOM BOJHBI IPO-
UCXOIUT Ha ITyOuHe B 3 M. YUUTHIBas, UTO

r2=riN (10/10%) =10"*r,.

CBET JI0JDKEH Obl IPOHMKATh Ha [NIyOHHY He Oosiee ueM Ha 0,3 MM.
Bwmecrto aToro, cBer mpoHukaer Ha riryOuHy mopsaka 150-200 m. Ta-
KM 00pa3oM, pacXxoXKJICHHE TEOPHU C TPAKTHKOH 37IeCh COCTABIISET
500 TeIC. pa3! DTO O3Ha4aeT, YTO CBET M JJIEKTPOMArHUTHHIE BOJHBI —
3TO Ka4eCTBEHHO pa3Hble (YM3MYECKUE SBICHUS, M HENb3sl HA OCHOBA-
HUH OIMHAKOBOCTH TOJBKO OJHOTO MPHU3HAKA — CKOPOCTHU — JIEJIaTh BbI-
BOJI 00 MX TOXJIECTBE.

Takum 00pa3oM, HCCIIEOBaHMS B YACTH BBISICHEHHS MPUPOMBI
CBETa HEOOXOJMMO MPOJOIIKATb.

Bo Bceit nctopur ONTHKHA UMENH MECTO IBE IPUHIIUITHATEHBIE Me-
TOAUYECKUE OLINOKU:

1. Bcerma cuuTanock, 4To CBET 3TO MOIEpEYHbIe KojaeOaHusl, pac-
nmpocTpanstoniecss B agupe (kpome mnpemiokennii Hprotona, mona-
raBILEro, YTO CBET — ATO IIOTOK KOPITYCKYJI, MJIH IIPEUI0KEHUH KBaHTO-
BOW MEXaHUKU 00 M3TyYEHUH CBETa MOPLUUSIMU — GOTOHAMH, (aKTHye-
CKHU BO3BPAILIAIOIINXCS K TEM K€ KOPIYCKYJIaMm);
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2. Beeraa cumranocs, 9To B BaKyyMe, BKIIIOYasi BCe€ KOCMHYECKOE
MPOCTPAHCTBO, HUKAKUX MCKaKEHUH CBOWCTB CBETa HE MOXET OBITh HU
B YacTH €ro CBOMCTB, HAaIIpUMEp, CIIEKTPATbHBIX XapaKTEePUCTHUK, HH B
YaCTH MPSIMOJIMHEHHOCTH PacIpOCTPaHEHHH.

U To, u npyroe HEBEpHO.

CBeT He MOXKET OBITH MOTIEPEUYHBIMHU KOJICOAaHUAMHU d(HUpa MO TOH
MPOCTOH MPUYUHE, YTO TONepeuHble KoeOaHusl He MOTYT paclpocTpa-
HATHCS HA B KAKOW CIUIOLIHON OJHOPOHOM Cpejie, B CIUIOUIHBIX cpeiax
MOTYT PacIpOCTPaHATHCS TOIBKO MPOIOIBHBIE KOJIeOaHus THTIA 3BYyKa,
pacIpoCTpaHsIOUIETOCs B BO3AyXe. B monepeyHoM HampaBieHUH MPO-
HCXOOUT TOJIBKO IMOBOPOT MOJICKYJ, OOJII SHEPruu, 3aTpadyruBacMas Ha
3TOT MOBOPOT, OTHOCUTEIFHO MaJia, M 3Ta 3HEeprus OBICTPO 3aTyXaeT.

Cger, Kak u J11000€ KOHKpETHOE (PU3MUYECKOE SIBICHHE, HE MOYKET
OBITH a0COTIOTHBIM 3TAIOHOM Ha CBeT OKa3bIBaloT BIUSHHE BCE CYIIe-
CTBYIOIIIME B MHpPE Tela U (U3NUYECKUe SBICHUS, U BO3MOXKHOCTh TIpe-
HEOpEeKEHUS STUMH BIUSIHUSIMHA 3aBUCHT OT TOTO, KAKOBBI YCIOBUS TO-
CTaBJICHHOM 33/1a4dl ¥ C KaKOH CTETEHbIO0 TOYHOCTH 3Ty 3a/1a4y HY>KHO
pemiats. 3apaHee U Ui BCeX CIIy4aeB JKU3HU ATO OIPEJIETUTh HEellb3sl.

HyxHO Taxke mMeTh B BHIY, YTO JIOOON (haKT MOXKET TPaKToO-
BaThCs OECUMCIICHHBIM MHOKECTBOM CIIOCOOOB, M BEIOOp TOM HITH HHOM
TPAKTOBKH 3aBHCUT OT MHOTHX (PAKTOPOB, YACTO HOCAIIUX CYyOHEKTHB-
HBIA ¥ TIPEJB3ATHIN XapakTep. Bce 3T0 OTHOCUTCS M K CBETOBEIM SIBJIE-
HUAM.

Taxum 00pazom, k pobieMe GU3HIECKOl CYITHOCTH CBETa HY)KHO
BepHYThCS. OT 3TOr0 MOXET CYIIECTBEHHO 3aBHCETh HE TOJIBKO Pa3BH-
THE CaMOW ONTHKH, HO U pAja Ipyrux objacTeil ecTeCTBO3ZHAHUS, KO-
TOPBIE UCIIOJIB3YIOT MPEJCTABICHUS O CYLIHOCTH CBETOBBIX SBJICHUM.

5.1.2. KpaTkas ucropusi uamepeHusi CKOpocTu cBeTa

ITepByto MOMBITKY ONpPEAETUTh CKOPOCTh CBETA MYTEM U3MEPEHUS
BPEMEHH MPOXOXKIACHHUS CBETa MEXAY ABYMs IMyHKTamMu ciaenain [ amu-
neit. OH MOCTaBUII IBYX YEJOBEK C (DOHAPSIMHU, U ITH OTIEPATOPHI JOTIK-
HBI OBUIM OTKPHIBATh M 3aKPBIBaTh (JOHAPH JIAJOHBIO B MOMEHT TOJNY-
yeHMsl curHana. OmbIT He YIallcs B CBS3H C HECOM3MEPUMOCTBIO U3MeE-
PSEMBIX IPOMEKYTKOB BPEMEHH U BPEMEHEM PEaKIIUU ONEePaToOpOB.

B XVII Beke mombITKa HU3MEPUTH CKOPOCTh CBETAa YBEHUANIACh
ycnexoM. B 1675 1. Mmonoaol gaTdaHuH PeMep 3aMeTHII, 9TO TeHb OJ-
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HOW u3 JyiyH lOmurepa nepuoauyecKd MOSIBISIACHE HA MOBEPXHOCTH
ToTaHeTsl Ha 16 MuHYT 36 CeKyH[ paHbIle, 9eM IpH HAOIOJSHUH B
Japyroe Bpems rozaa. Pemep pemmi, 4To NPUYMHON pa3HUIIBEI BO BpeMe-
HHU SIBIISIETCA TO 0OCTOSATENBCTBO, YTO OJWH pa3 B roAy 3eMJIs HaXOAUT-
sl Ha KparJaiiiieM paccTossHuu ot HOnurepa, a yepes mecTb MeCsILEeB —
B MakCHMaJbHOM yJaJIeHHH. Pemep monarai, 4To pa3HuLa B HECKOJIBKO
MUHYT paBHa BPEMEHHU, B TE€YEHHE KOTOPOTO CBET MEPECEKAET 3EMHYIO
opbuty. PaznenuB 3to pacctosHue Ha 16 MUHYT 36 CeKyHI, OH TOXIY-
gt 186 Teicsia MuITs (0HA MU paBHa 1852 M) B cekyHy.

Tonbko uepe3 cTo cempiecsaT Tpu roaa, B 1849 romy, craio Bo3-
MOYKHBIM HM3MEpPEHHE CKOPOCTH CBETa, MPOXOASIIETO MEXIY IBYMS
TOYKAMH Ha TMOBEPXHOCTH 3emun. BreiOpamu paccrossaue B 10 Muib.
®paHuy3ckuil yueHbli PH30 NOCTaBUII IKCHEPUMEHT, MOCHUIAS WUM-
MYJbCHI CBETA Ha yIAIEHHOE 3epKallo M U3Mepsisi BpeMsi, Tpebyromieecs
Ha BO3BpalleHUE Jy4a. g 3Toro jayd mpoxXoaui CKBO3b MPOMEXKYTKH
MEXIY BBICTYIIaMH Ha OKPY>KHOCTH OBbICTpO Bpawiaromerocs aucka. Ha
nucke ®u3o O6bu10 720 BBICTYIOB, U OH el 25 000pOTOB B CEKYHY.
3Has paccTOsIHME OT MCTOYHHKA CBETa JI0 3epKajna U obpaTHo, Puzo
MOJCYUTAI CKOPOCTh CBETAa U NOIy4n 194 THICSYM MUJIb B CEKYHAY.

B 1862 r. dpaniy3ckuii puznk Oyko peannzoBal BHICKa3aHHYIO B
1838 1. umero D.Aparo, IpUMEHHB OBICTPOBPAIIAIOINICECS 3EPKAIO.
OTtpaxasich OT 3epKaja, My4OK CBETa HalpaBJsUICsS Ha 0a3y M IO BO3-
BpallleHUH BHOBb IOTAJa Ha TO K€ 3epKajio, yCIIeBIIee MOBEPHYTHCS
Ha Manblit yron. [Ipu 6aze Bcero B 20 M ®Dyko HaIiemn, 4YTo CKOPOCTb
cBeta coctaBiszer 298000 + 500 km/c.

HauOonpimee passutue wMerox @Dyko poctur B paborax
A.Maiikenbcona [18, 19].

Pesynprar Maiikenscona coctaBisan 299895 + 30 KumomMeTpoB B
cexkyHay. OH MOATBEpIWI HpeArNoioKeHne MakcBemia ¢ TOYHOCTBIO
10 OTHOM NECIATUTBICSIYHOM.

B 1926 rogy MaiikeasCOH MPUMEHHI CHCTEMY, B KOTOPOM JIyd
CBETa TMOCHUIAJICS C BepUIMHBI ropsl Buibcon Ha Bepmuny Can-
AHTOHHO, TO €CTh Ha 22 MWIH B 00paTHO. MalKeIbCOH MOATBEPIHI
pe3ynbTaT CBOMX MPEBIIYyINX W3MepeHuid. /[Ba roma cmycts, B 1928
roJy, B BO3pacTe CEMUACCATH IIECTH JieT, MalKeITbCOH MOIydniI cpe-
CTBa JJIsl U3MEPEHHs CKOPOCTU CBETa B BakyyMe. Bakyym mpenmnonara-
JOCh cO3/1aTh B TpyOe U3 ro)pupOBaHHOTO CTAIBHOTO MPOKATa JTMHON
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mouty B Mui0. TpyOa mmena 3 ¢yra B Amamerpe u M0CTaBIsIach Ha
MecTo ombITa 60-hyTOBBIMH CEKIIUSMHU.

B 1930 roay Obutn mpowu3BeneHbl COTHU HabmroaeHui. Beero Obi-
JIO TIOCTaBJIEHO MOYTH 3 ThICAYH OMBITOB. CKOPOCTh CBETA B BaKyyMe
OKazajach paBHOW B cpemHeMm 299774 xunomeTrpam B cekyHay. Hayu-
Hasl cTaThs, HanucaHHas MalKeIbCOHOM Iepel CMepThIO, Ha3bIBajlach
TOYHO TakK ke, Kak M ero mepsast paboTa, HaneuyaTanHast B 1878 rony B
Amnnanonuce «O MeToIe U3MEPEHNS CKOPOCTH CBETaA.

B coBpeMeHHBIX M3MEPEHUSIX CKOPOCTH CBETa HCIOIb3YETCS MO-
JICPHU3MPOBAHHBIN MeTox PU30 ¢ 3aMEHON 3y0YaToro koJjieca u Bpa-
HIAIOLIETOCS 3epKaa Ha DJIEKTPOONTUYECKUH, AU(PaKIMOHHBINA, WH-
TepPEepEeHITMOHHBIA WM KaKOH-TM00 WHOW MOAYNIATOpP CBETa, MOJHO-
CTBIO TIPEPHIBAIOIINA MM OCIa0ISIONIMK CBETOBOW my4ok. [IpumeHe-
HUE Ja3epa B KayecTBEe UCTOUYHUKA CBETA, YIbTPa3ByKOBOI'O MOAYJSTO-
pa co cTabMIM3UPOBAHHON YaCTOTOW M TMOBBILICHUE TOYHOCTU U3MEpe-
HUSI JUIMHBI 0a3bl MO3BOJIMIM CHU3UThH IOIPELIHOCTH U3MEPEHHUS U T10-
JYYHUTH 3HAYCHHE CKOPOCTH cBeTa ¢ = 299792.5 + 0,15 km/c.

K nacrosmemy Bpemenu pemrennem Xl ['enepanbHoit accamOien
MexmyHapoHOTO coro3a paguocBs3u (1957) MpUHATO CUUTATH CKO-
pOCTh CBsI3U B Bakyyme paBHOH 299792 + 0,4 kMm/c, HO b1 1972 1. ame-
pUKaHCKUH ydeHbIii CTUBEHCOH C MOMOIIBI0 KPUIITOHOBOTO CTaHapTa
YacTOThl ONpPEAEIMI CKOPOCTh CBE€Ta M IOJNy4YMJl 3HA4YE€HHE B
199792456,2 £+ 0,8 m/c, M03TOMY BO3MOXKEH IEPECMOTP 3HAYCHHUS CKO-
pOCTH CBETa, 3aJI0KEHHOT0 B CTaHAapTax.

3HaHUe TOYHOH BETMYMHBI CKOPOCTH CBETa UMEET OOJIBIIOE IpaK-
TUYECKOE 3HaYEHHE, B YACTHOCTHU B CBS3H C ONPEIEICHUEM PACCTOSHUI
M0 BPEMEHH MPOXOXKACHUS Paauo- WM CBETOBBIX CHUTHAIOB B PajHoO-
JIOKAIMH, ONTHYECKOW JIOKAINK M AadbHOMeTpuH. OCcOOEHHO IHUPOKO
3TOT METOJ MPUMEHSIETCA B T€OJIE3UU U B CUCTEMAaX U B CHCTEMax Clle-
KEHHSI 32 MCKyCCTBEHHBIMU CITyTHHKamu 3emisii. OH HCIIONIb30BaH IS
TOYHOT'O U3MEPEHUS PACCTOSHHS MeXay 3emieit u JIyHol u mis perre-
HUS psizia IpyTuX 3ajad.

He nmest Hukakux 3aMedaHuil B aJipec UcCcienoBaTenel CKOpOCTH
CBETa KaK OJIHOTO M3 BXKHBIX (DU3UUECKUX SBICHUI, CIIeyeT BHIPA3UTh
MOJIHOE HECOrjlacue C COBPEMEHHOW (U3UYECKOW «Teopueit», 00b-
SBUBIIEH CKOPOCTh CBETa MPENEILHON IS TIOOBIX BUAOB (PU3NIECKUX
CUTrHaJIOB. Bce mpoBeneHHblE HM3MEPEHHUs] CKOPOCTH CBETa HHUKAKOI'o
OTHOIIEHUS HE UMEJIM U HE MOI'YT UMETh OTHOIIEHUS K CKOPOCTH pac-
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MPOCTPaHEHUs APYTUX BUIOB CUTHAJIOB, UMEIOIINX UHYIO (DU3NUIECKYIO
MpHUpOTy. 3aTO caMa CKOPOCTh CBETa B BaKyyMe BOIIPEKH yTBEPKIICHU-
SIM TIPUBEPKEHIEB TEOPUHM OTHOCUTEIBHOCTH A.DWHIITEWHA, MOXET
3aBHCETh OT BHENIHMX (DaKTOPOB, TJIABHBIM M3 KOTOPBIX SIBIISETCS
3(UPHBIA BETEp, B MOTOKAX KOTOPOTO HAXOIUTCS HE TONBKO 3eMIIs U
ConHeyHasi CHCTEMA, HO M BCe 3B€3/IbI Hallel I aakTuk.

5.1.3. CkopocTb cBeTa U 3(hMpHbLIN BeTep

Hecmotpst Ha To, 4TO B MHPOBOIl Hayke YTBEPAWIOCH MHEHHUE O
TOM, 4TO omnbITaMu MalikenbcoHa 1 Mopiu B koHiie 19-ro B. n0Kka3aHo,
4TO 3(pUpHBINA BeTep OTCYTCTBYET U, CIEA0OBATENbHO, B IpUpoae ¢upa,
KaK TakOBOT'O, BOOOIIE HET, HAa CaMOM Jiefie, 3TO MHEHHE HE TOJBKO
MOBEPXHOCTHOE, HO U TJIyOOKO ormbouyHoe. Takoe MHEHUE MTOIEPIKHU-
BaeTcsl cTopoHHMKamMHu CrenuanbHOM TEOpUHM OTHOCHTEIHHOCTH
A.DiHIITEliHA, 3aMHTEPECOBAHHBIMU B COXPAHEHUU TOCIOACTBA B
HayKe LIKOJIbI PEIATUBU3MA U HE CTECHSIOIUMHUCS LIeJIbMOBATh BCAKO-
ro, KTO CMEET MOKYCHUTHCS Ha 3TO MOJIOKEHHE.

Ha camowm nierne, sxcnepumenTsl Maiikenscona (1881) u Maiikens-
cora u Mopmu (1887) Bcero nmuiip mokasanu, 4to Tunore3a JlopeHna
00 abGCOIOTHO HEMOJABMXHOM B MHPOBOM MPOCTPAHCTBE U BCEMPOHU-
KatonieM 3¢Qupe He TOATBEPXKIAETCS W YTO HYKEH MPHUHIHUIHAIEHO
MHOHM TOAXOJ, KaK B IMOMCKax 3()UPHOro BETPa, TaK U B ONpPENEIICHUH
CBOWCTB 3¢wupa.

DKCIEpUMEHTHI 10 A(PUPHOMY BETpY OBLIM MPOJOJDKCHBI PSIOM
uccienoBareneid, Ho HauOOJBIIMX ycrexoB AocTur npodeccop Keit-
COBCKOH mmikonbl npukiagHod Hayku B Kammudopuuu (CHIA) ditron
Kiapenc Musnep. Musiepom ObUT BBITOTHEH TPOMAIHBIA 00BEM W3-
MepeHHii 3¢upHOro Berpa B oOcepBaTopun MayHt Buicon (BbicoTa
Haj ypoBHeM Mops B 1860 M), 1 MOTy4eHbI CTATUCTUYECKH 3HAYMMBIC
Y JIOCTOBEPHBIE PE3YIIbTATHI.

MuiutepoM BhISICHEHO, 4TO 3(UPHBINA BeTep 001yBaeT 3eMIIt0 HE B
TUIOCKOCTH SKJIMIITHKH, KaK MPEANoiarajochk, a NepHeHIuKyIspHO i,
Y TIOCKOJIBKY OCh 3€MJIM TIOBEPHYTa OTHOCHTENFHO 3TOTO HAIPABIECHUS
Ha 26°, TO CKOPOCTh HA TIOBEPXHOCTU 3€MIIM MEHSCTCS B TEUCHHE CY-
ToK. CKOpOCTh TaKXKe MEHSETCS C YBEJIMUECHHEM BBICOTHI HaJl YPOBHEM
MOpsI: Ha MaJIbIX BBICOTaX 3TO mopsaka 3-3,5 kM/c, Ha BeicoTe B 1860 M
CKOPOCTh Kojie0ercs ot 8 mo 10 km/c.
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Puc. 5.1. ®parmenTs! 3anuceii 3¢pupnoro Berpa rpynmnoii I.K.Muiiepa Ha
rope Mayunt Busicon B 1925 1.



Yro Takoe cBer?

169

B

W, wm/cexx10®
£
=

B

W, m/cekx10°®

a) aBryer 2001

I |
4 8 12 16 20 T, vac

b) aBrycr 1998

13,5

W, M/cek x10°

a3
h
T

4 8 12 16 20 Ty, uac

¢) aerycr 1925

4 8 12 16 20 Ty, mac

Puc. 5.2 U3menenue ckopocTH 3)HPHOro BeTpa B TeyeHNe CYyTOK B IMOXY aB-
IycTa 110 JAHHBIM Pa3JIMYHbIX IKCIIEPUMEHTOB:

@) SKCIIepHMEHT B ONTHYECKOM [HAla30He BOJIH,
b) skcmepumMenT B amama3zoHe pagMOBONH , T. XapbKOB, YKpawHa;

r. XappkoB, YKpauHa;

¢) A.K.Mwuep,

9KCIEPHMEHT B ONTHYECKOM JHarna3oHe BoyH , MayHat Buicon, CLLA.

3

Wh~ M/ cek x10

3

Wh, M/ cek x10

0211

a)
2001-2002 rr

1998-1999 rr.

Puc. 5.3. Cpeanuii cyTOYHBI X0 CKOpPOCTH 3()MPHOro BeTpa B TedeHHe
3Be3IHBIX CYTOK: d) — ONTHYCCKHH AIKCIEPUMEHT, D) — JKCIICPHMEHT B JHala3oHe

PazuOBOIH .
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Puc. 5.4. Pe3yasTaThl H3MepeHHI CKOPOCTH 3(PMPHOr0 BeTpa HA Pa3HbBIX BbI-
€OTaxX HAJ 3eMHOIi MOBEPXHOCTHIO (10 AAHHBIM PA3THYHBIX IKCIIEPUMEHTOB):

1 — sKkcHepuMEHT B ONTHYECKOM AMama3oHe BONH, T. XapbKoB, YKpanHa; 2 —
SKCIEPUMEHT B JMaNla30HE PAJHOBOJH, T'. XapbKoB, YkpauHa; 3 — JI.K.Mumnep, ontu-
gecKrue 3KcrepuMeHTsl, T. Kimenenn, Mayntr Bucon, CIIA; 4 — A.A.MaiikenbcoH,
@.I".ITuc, d.Ilupcon, ontruueckuit akcnepuMeHT, MayHt Buiicon, CIHA

IIpoBeneHHbIE BCKOPE NOCIE 3TOr0 MalKeIbCOHOM U €0 IOMOII-
HUKaMH OTIBITHI TI0 M3MEPEHUIO d3PUPHOTO BETPa, Pe3yIbTaThl KOTOPHIX
omyonukoBaHbl B 1929 r., moaTBepaAnau pe3ynsTaTsl Musuiepa.

Uzmepenus s¢upuoro Berpa K0.M.I'anaeBbim (XaprkoB) B 1973-
2000 rr. TaKXe MOATBEPAMIN JaHHbIE MIIIIepa U BBISIBIIIA HEKOTOPBIC
HOBBIE acnekThl. OKa3anoch, YTO B HEKOTOpBIE MECSIBI CKOPOCTh
3¢HUpHOTO BeTpa MagaeT A0 HyJs, 3aTeM MEHSET 3HakK, a 3aTeM BOcCTa-
HABJIMBAETCS [0 MPEKHEro 3HA4eHHA. AHAIN3 MOKa3ajl, YTO MCTOYHU-
KOM TaKHX HCKakeHui sipisiercst CoHIle, BOKPYT KOTOPOTO GOpMHUPY-
IOTCSl CBOM NOTOKHM 3(upa, HaKIaAbIBAIOLIMECS Ha OCHOBHOW IOTOK
3(MpPHOTO BETpa, IMEIOIETO TATAKTHYECKOE MTPOUCXOXKICHHE.

OTO 03HAYaeT, YTO CKOPOCTH CBETa B IKCIIEPUMEHTaX, MPOBOH-
MBIX Ha ITIOBEPXHOCTH 3eMIIH WU B KOCMOce, Oy/eT oABEep)KeHa Bapu-
anusaM, KOTOpble HEOOXOAMMO YYMTHIBaTh, HO JO0 CHX IOp HUKaK He
YUUTHIBAIUCH.
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Ha puc. 5.5 npuBenena TeopeTndeckas 3aBHCHMOCTbh M3MCHCHHUS
CKOPOCTH 00/1yBa I1apa MoToKoM rasa [[ILmuxTuHr], u3 KOTOpoi BHIHO,
YTO CKOPOCTh MOTOKA Ta3a OTHOCHTENILHO MOBEPXHOCTH IIapa PacTeT ¢
YBEJIIMYCHUEM PACCTOSHHUH OT IIapa, YTO MOJHOCTHIO OOBSCHSCT IMOITY-
YeHHbIe MHJIIEPOM BBICOTHBIC 3aBUCHMOCTH 3(DUPHOTO BETpA.

o

—

0 0,5 wu=

a) 0)

Puc. 5.5. O0Texkanue mapa ra3oBbIM MOTOKOM: ¢ — HallpaBJICHUE TIOTOKOB,;
6 — smropa M3MEHEHHS! OTHOCUTEINIBHOI CKOPOCTH MOTOKA C YBEJIMYCHHUEM PACCTOSHHS
OT ITOBEPXHOCTH IlIapa

Heo0xoqumMo OTMETHTB, YTO CYIIECTBYET €Ille OJHa KOMIIOHEHTa
3(UPHOTO BETPa, TO MOTOKH dHpa MOTIOMAEMBIE BCEM TEJIOM 3eMIIH.
OHH BBI3BAHEI Pa3HOCTBIO TEMIICPATYpPhl IMMOBEPXHOCTHU IMPOTOHOB —
VIUIOTHEHHBIX TOPOUAAIBHBIX BUXpel dhupa U TeMIiepaTtypsl CBOOOI-
Horo 3¢wupa. [TockonbKy B Ta3e TeMiiepaTypa MporopIuOHaIbHAS JIaB-
JIEHUI0, TO 00pa3yeTcsi pa3HOCTh JABJICHHM, O] JACHCTBHEM KOTOPOM
3¢up cO BTOPO KOCMUYECKOW CKOPOCTHIO BXOJHUT B TENO 3E€MIIH, Ya-
CTHUYHO YCBAaMBAETCs €10, YTO MPHUBOIUT K PACHIMPEHUIO 3eMid, a ya-
CTHYHO BBIOpPACHIBAETCS BO BHE.

Ha puc. 5.6 npuBenena cxema o0ayBa MOBEPXHOCTH 3€MJIM ITOTO-
KaMH TaJJaKTHYECKOTO 3(HUPHOTO BETpa, a Ha puc. 5.3. mpHUBeJeHa cXe-
Ma TIOTOKOB 3¢upa, co3maBacMbix COJHIIEM B CBOMX OKPECTHOCTSX.
CouHIle JeiicTBYeT MOJ00HO EHTPOOESIKHOMY HACOCY, BTSTHBAs dHUP
B TOJIFOCHBIX OOJIACTAX M BBIOPACHIBAIOIIETO €ro MO BCEMY 3KBATOPY.
[I10CcKOCTh SKIMITHKY HAKIIOHEHA OTHOCUTEIBHO TUIOCKOCTH 3KBAaTOpa
CounHila, 1 IO3TOMY 3eMIIs MIEPEXOAUT U3 O0JIACTH, B KOTOPOH rajak-
TUYECKUI M CONTHEUHBIH TMOTOKU 3(Hpa CYMMHPYIOTCSI B 00JacTh, Tae
OHU BBIYHUTAIOTCS, YTO U OOBSICHAET IMOyUYCHHBIE PE3YJIbTAThI.
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Puc. 5.6. O6rexanue 3emMu 3(pUPHBIM BeTPOM: 1- 30Ha NOBBILIEHHOTO JIaBJIe-
Hus 3QHpa; 2 — 30Ha HOHWKEHHOTO JIaBiIeHus d(upa; 3 — 30Ha 3aXBaTa BIArd U3 OKea-
Ha; 4 — IPUCOEANHEHHBIH TOPOUIATBHBIN BUXPh 3(upa, 3aXBaThIBAIOLIMI 3UMOI BO3-
IyX aTMocdepsl.

Crnenyer 3aMeTWTh, YTO PSIOM HCCIEIOBaTelNel, MPOBOAUBIINX
u3MepeHuss 3PUPHOrO BeTpa, ObUTM JOIMYLICHBl IpyOble MHCTPYMEH-
TaJbHBIC W Ja)Ke METOJUYECKUE ONIMOKH, HE MO3BOJMBIINE UM TOJY-
YUTH MTOJIOKUTEIIbHBIE PE3YJIbTATHI.

Kennenu m UnnuHTBOpT CHpOEKTUPOBAIN MHTEP(EPOMETP OTHO-
CHTEJILHO MAJIOro pasMepa ¢ INIomaasio 1 M2, B KOTOPOM ObLIO Hpesy-
CMOTPEHO CTYICHYATOE 3epPKaJI0, 3HAYHUTENLHO MOBBIMIAIOIIEE, MO UX
MHEHHUIO, YyBCTBUTEIBHOCTh MPHOOpa, YTO MO3BOJIMIO MM COKPATUTDH
JUTMHY TIyTH TI0 CPaBHEHHIO ¢ nHTephepomerpom Mumepa. Becs npu-
00p OBLT MJIOTHO 3aKYMOPEH B JKEJIE3HBIN SIIIUK, 3aTIOTHEHHBIH TeIHeM
JUTS BBIPABHUBAHUsI TEMIIEpATyp. 3amoIHeHHE TEINEM CBUACTENbCTBYET
0 TOM, YTO repMeTH3anus Oblia BBIIONIHEHa N00pocoBecTHO. M3mepe-
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HUSl TIPOBOJIWINCH Ha TOW ke rope MayHT Buicon (1926-1927 rr.),
Pe3yIbTAThl OBLTH OTPUIIATEILHBIMHU.

oghupnvlit semep

o ARRREY

e ———————

Commeunas cucmema
———

Conneunaa cucmema
~—

a)

sbliumanue
ceseprnoco
U 1OHCHO20
ROMOKOG

nomoxu 3¢upa,
govlOyEaemble

CO.WHI{GM RJIOCKOCMb

KIURMUKY

CYMMUpOBaHUe
CeBEPHBIX
NOMOoKos

6)

Puc. 5.7. HanpaBienne 3(pMpHOTo BeTpa 0OTHOCHTEJILHO OPOUTHI 3eMJIn:
a — B Havase obpa3oBanust COJHEYHOI CHCTEMBI M B HACTOAIIEE BPEMst; O — IoJI0-
BbIE NEpEMEIIEHUs 3eMII OTHOCUTEIBEHO MOTOKOB 3(Hpa, co3naBaembix ConHIeM

ABTOpaM M B TOJIOBY HE NPHIUIO, YTO MOTOKH 3(upa HE MOIIN
MPOHUKATh CKBO3b JKEJIE3HBIE CTEHKH SIIHKA, IIOTOMY YTO TOTAa TOC-
MOJCTBOBAJIO yOEKAECHUE O TOM, 4TO 3GHp BecenpoHukaronl. Ha camom
JieNie TaKue U3MEPEeHHUs MOJOOHBI TOMY, KaK €clii Obl POBOAMUTH U3Me-
peHusi OOBIYHOTO BETpa, AYIOIIEro Ha YJMLE, VIS Ha aHEeMOMETP,
CTOSIIIMHI B IUIOTHO 3aKyIOPEHHOH KOMHATe, IIOCJIE Yero JeacTcs Bbl-
BOJI HE TOJBKO 00 OTCYTCTBUH BETpa Ha YJHIIE, HO U CAMOT0 BO3AyXa.
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Ty xe omn6ky coBepumay u ITukap n Ctasip, OJHUMABILIMECS C
MHTEPPEPOMETPOM TAKOT'O )K€ pa3Mepa Ha BO3AYIIHOM IIape Ha BBICO-
Ty 2500 M. Hlap Bpamancs cnenuanbHbIMU MPOMENIepaMu, HO pe3yib-
TaThl OBUIM HEONpeACICHHBIMH, a BBIBOABI KAaTETOPHUYECKHMU: dPHP-
HBII BETEp OTCYTCTBYET, a 3HAYMT, 3(Upa KaK TAKOBOTO HET.

Ho camyto ¢danTacTryeckyro ommOKy yXe METOAMYECKOTO IIaHa
coBepmwiin Y. TanyHe (m300peTarens Ma3epoB u naypeaT HobeneBckoit
npeMun) 1 ero noMomHuK CemapxoibM, YCTaHOBHUBLIME HA Bpallaro-
IIEeMCS IUCKE /IBa Ma3epa U MCKABLIMX 3aBUCHMOCTh U3MEHEHHS YacTo-
ThI OueHust (25 k['1y) OT yriia MoBOpOTa MOJ BIUSHHEM 3(QUPHOTO BETpa.
Civit YUYCHBIC 3a61>1m/1, 4YTO Yy B3aMMHO HCHIOABHXHBIX OTHOCHUTCJIILHO
JOpyT Opyra UCTOYHHUKA W MPUEMHHKA KoJeOaHUH NOIIEPOBCKUN CABUT
HJaCTOT MPUHOHUINHAIBHO OTCYTCTBYCT U 4YTO, IMOCTAaBUB SKCIICPUMCHT
NoJOOHBIM 00pa3oM, OHM BCEro JIMIIb HPOJIEMOHCTPHPOBAIH COO-
CTBEHHYIO HETPaMOTHOCTh B 3TO BOIIPOCE.

Takum o0Opa3om, JIFOObIE SKCIEPUMEHTHI, B KOTOPBIX, TaK WM
MHaye, UCTOJIb3yeTCs CKOPOCTh CBETA, JOJDKHBI YUUTHIBATH HE TOJBKO
HaJm4ue 3(QUPHOrO BETpa, HO U NPUHUMATH COOTBETCTBYIOIINE MEPHI
BO HM30ekaHNe UCKaKEHUH Pe3ybTaToB,

O TOM, YTO Takasg HEOOXOAUMOCTh CYIIECTBYET, CBHIETEIbCTBYET
HECKOJILKO IMPOBCACHHBIX pPAa3JIMYHBIMHU HMCCICAOBATCIIAMMN JBKCIICPpHU-
MEHTOB.

1. FO.M.T'astaeBy (XapbkoB, 1993) ObuIO MOPYYEHO HCCIICIOBATH
3aBHCHMOCTh CKOPOCTH PacHpOCTPaHEHHs PaJMOBOIH OT METEOPOJIO-
rudeckux ycnosuid. [IpoBoast uccnenoBanusi, oH OOHAPY>KWII IEPHOAHU-
YECKHUE U3MEHEHHS] CKOPOCTH HE TOJBKO OT M3MEHEHHS] METEOPOJIOTH-
YECKHMX YCJIOBHUH, HO U OT BPEMEHH CYTOK U JAXK€ OT BPEMEHU rOAd.
MosiepHuU3upoBaB yCJIOBUSA SKCIEPUMEHTA OH OTAEIWI 3aBUCUMOCTH
pE3yJIbTaTOB OT METEOYCIOBHH OT CYTOUYHBIX M TOJIOBBIX MEPHUOIUYE-
ckux 3aBucuMOcTed. CoIOoCTaBICHUE MONMYICHHBIX TAHHBIX C PE3yJIb-
TaTaMu u3MepeHuii d¢pupHoro Betpa JI.K.Mumnepom mokaszano ux mos-
HYI0 KOppeJLMIo, Y4eT 3(UPHOro BeTpa MO3BOJMI YETKO BBIACIHUTH
3aBUCHUMOCTb CKOPOCTH MPOXOKACHHS PaJMOBOIH OT METEOYCIIOBUI.

2. B KpsiMmckoii o6cepBaropuu, Mpo(hecCHOHAIBHO 3aHMMAIOIIEH-
Csl CIISKEHHEM 32 HU3KOJICTSAIIMMH CIyTHUKaMH (BBICOTA HaJ MOBEPX-
HocThIo 3emnu nopsaka 200 kM) 0OHapyKEHO, YTO ONTHYECKOE H300-
pa’keHHe CIyTHHKA HE COBNAJAET C PaJMOJIOKAIMOHHBIM N300paKeHHU-
€M TOTO K€ CIyTHMKA Ha yroj OKOJO 35 YIJIOBBIX CEKYH[, B TO BpeMs
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KaK TpeJIeNbHbIE TIOTPENIHOCTH M TeJIECKOMa M PaauoIoKaTopa He mpe-
BBIIAIOT KAKJIOT0 1 yriaoBOW CEKyHBI, IPUYEM BEKTOP 3TOU pa3HOCTH
B TE€YEHHE ToJa MoBopauuBaeTcs Ha 360°, BO3Bpamasch B UCXOJHOE
OJIOXKEHHE POBHO Yepe3 rof (puc. 5.8).

2 1 3 1
O — O“-—__
el QA G-
/ I C
) |/
o |
1, ! /
o
Ly II :Il DdupHbIT
I I |,’ BETED
4l 5

¥~ e

Puc. 5.8. Pazninunble n300paxkeHnsi CNyTHAKA: 1 — HCTHHHOE MOJIOKEHHUE; 2 —
PaIMOIOKAIIMOHHOE M300pakeHHe; 3 — ONTHYECKOE U300pakeHue; 4 — paJauooKaTop;
5 — npuemHUK onTHYeckoro uzoopaxenus; C — ConHie.

B sTux pabortax omeparopamu He ObLI YYTEH CHOC CBETA M JOKa-
IIMOHHOTO JIy4Ya OT 00AyBaIOIIEro 3eMJII0 A3(PUPHOTO BETpa.

VYder 3T0ro cHoca MO3BOJNMI OBl HE TOJNBKO OOBACHUTH IPPEKT
(comHe4HBIH JTy4, OTPa)KEHHBIA OT CITyTHHUKA, IPOXOAUT PACCTOSIHUE OT
CIYTHHMKa 70 3eMJIM OJMH pa3, a paJuoJOKallMOHHBIM Jy4 JBa pasa,
MOATOMY OHHU CHOCSITCSI 3)MPHBIM BETPOM T0-Pa3HOMY), HO H YTOUHHUTH
MCTHHHOE TI0JIOKEHHUE CITyTHHUKA.

3. Kak crano u3BecTHO U3 psla MCCIEAOBAaHUN CKOPOCTH Bparle-
HUS 3eMJTH BOKPYT cBoeil ocu u BOKpyr CoiHIla, 00a 3TH BHIa BpaIlle-
HUS HECTAOMJIBHBI BO BPEMEHH. JTa HECTAOMIBLHOCTH OTHOCHTEIIBHO
HEBEJMKa, TeM HE MEHee, MOXET ObITh U3MepeHa Pa3IUYHBIMHU CIIOCO-
Oamu, BKJFOUas actpoHoMu4deckue. HeoOxonmumo oOpaTtuTh BHUMaHHE
Ha TO, YTO CaMO HAIIPABJIEHUE Ha 3BE€3[Ibl, CUUTAIOLICECS ITAJIOHHBIM,
MOYKET W3MEHSTHCS MPH MPOXOKACHUH CBETA, U3Iy4acMOro 3BE31aMH,
a TakKe cBeTa, oTpaxkaemoro JIyHOH, depe3 moToku 3¢upa, o0myBaro-
1ero 3eMIIL0.
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Hy»XHO OTMETHTh, UTO pacueT OOKOBOI'O CHOCA CBETA KakK BOIHBI,
HE COOTBETCTBYET JCHUCTBHTEILHOCTH, Ha CAMOM JIEJIe CBET CHOCHTCS
MEHBIIIe, TOCKOJNBKY (DOTOHBI HE SBISIOTCS BOJIHOM, a SBIISIOTCS
VIUIOTHCHHBIMH BUXPEBBIMH CTPYKTypamu. HeEKOTOpyr aHaIoruro
CHOCa MOXHO YCMOTPETh B HCIYCKaHHH JBIMOBBIMH TPyOaMu jJbIMa
(puc. 5.9), xoraa TaMUHAPHBIH MMOTOK JBIMa CHOCUTCST BETPOM, 2 KITyOBI
JIbIMa CHOCSITCSI BETPOM B rOpa3zio MEHbBINCH CTCIICHHU.

Puc. 5.9. YMenbInenne cHoca IbIMOBBIX KOJIell BeTPOM IO CPABHEHHIO C
OOBIYHBIM JHIMOM

4. Heo0X0auMO yYHTBIBATh, YTO CKOPOCTh 3()UPHBIX MOTOKOB HE
SIBJIIETCS TTOCTOSIHHOM, COOTBETCTBEHHO CKOPOCTh CBETA, HA KOTOPYIO
Oymy BIUSTH ABWXKEeHUs 3pupa, Takke OyJeT MEHATHCS.

Bo-mepBbIX, CKOPOCTh 3(PUPHBIX MOTOKOB OTHOCHUTEIHLHO MOBEPX-
HOCTH 3eMJIH YMEHBINAETCS C YMEHBIIEHHEM BBICOTHI,

BO'BTOPBIX, Ha CKOpOCTI) n HaHpaBHeHI/Ie 3¢)I/IpHI)IX IIOTOKOB cyme-
CTBEHHOE BIIUSHUE OKa3bIBalOT MECTHBIC MPEIMETHI — TOPHI. XOJIMBI U
JaXke 3IaHus;

B-TPETBUX, MPU y4yeTe BIHSHUS d(DUPHBIX ITOTOKOB HA CKOPOCTh
CBCTa UJIN palII/IOBO.HH HY)KHO y‘-H/ITI)IBaTB IIOTOKH a(bnpa, BXOIAIIINE B
3eMIII0 CO BTOPOM KOCMUYECKOI CKOPOCTBIO.

Takxum 00pa3om, MOXKHO KOHCTATUPOBATH, YTO:

1. pusuyeckas cymHocTh cBeTa B OQUIMAIBHON HayKe HE BBISB-
JIEHA JI0 HACTOSIIETO BPEMEHH, XOTS U CUMTAETCS, YTO CBET U DIIEKTPO-
MarHUTHBIC BOJHBI SIBJICHUSI OJTHOTO MOPSIIKA, OTIMYAIOIIUECT TOJIBKO
Juana3oHoM 4JacToT. Ha camoM nesie 3To sABJCHMS pasHbIC, MOCKOJIBKY
3aTyXaHue B MOJYNPOBOAIICH Cpejie, HalpuMep, MOPCKOM BOJIE Y HUX
pa3Iu4aloTCs Ha HECKOIBKO TMOPSIIKOB, U O0BSICHEHUE 3TOMY B O(UIIH-
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aTbHON HayKe He HalJeHo. A (u3mueckas CynHOCTh DIEKTPOMAarHuT-
HBIX SIBJICHUHN TaKoke OQHUIMaIbHON HAYKOM HE PaCKpHITA,

2. BCe MPOBE/ICHHBIE UCCIIEAOBAHNS CKOPOCTH CBETa HE YUWTHIBA-
JIM BIIUSHUS TEPEMEIICHUSI B MPOCTPAHCTBE S(UPHBIX IMOTOKOB, TO-
CKOJIBKY O(QUIMambHOW HayKoW cam (akT cymecTBoBaHHS dhupa B
npupojie He npu3HaH. OgHAKO 3QUP CYIIECTBYET, i IPH KaXKIOM BHIE
M3MEpPEHNH HY)KHO YUUTBIBATH 3TOT (PakT, a Taxke (akT nmepeMerieHus
3¢UPHBIX Macc, MHAa4Ye TMOTPEITHOCTA U3MEPEHUH MOTYT OBITH HEIOMY-
CTUMO OOJIBIIUMHU.

5.2. CTpyKTypHasi Opranu3anus cBera

5.2.1. CTpykTypa hoTOHa

B nponecce npoBeAeHHBIX pa3IUYHBIMU aBTOPaMU HCCIIEIOBAaHUI
OBLTN BBISICHEHBI OCHOBHBIE CBOWCTBAa CBETa W €r0 3IEMEHTapHOU CO-
crapsroled — poroHa. CBONCTBA 3TH TaKOBBHI:

1. Haumenbimii 3meMeHT cBeTa — (DOTOH HECeT B ceOe DHEPrHio,
KOTOpast cOrfiacHo 3akoHy [laHka nponopuuoHaibHa 4acToTe:

E=hv, 2.1)

rae /i=6,62-10%, Jlx-c — nocrosiuHas IlnaHka

2. CBeT, U3ITyYCHHBIN aTOMOM, TOJIApu30BaH. CBET HE MOJSPHU30-
BaH B OOBIYHOM JIy4e (KpyroBasl MOJSPHU3AIINs), TOCKOIBKY Pa3InHbIC
aTOMBI U3JIyYalOT CBET B Pa3jIMYHbIC MOMEHTHI BPEMEHH U OT/CIIbHBIC
MOPIIUH CBETA U3JTYYAOTCS HE3aBUCHMO JIPYT OT ApyTa.

3. dOTOH KaK YaCcTHIIA HE UMEET ICKTPUUICCKOrO 3apsia.

4. ®oroH MokeT 001a/1aTh OAHUM U3 JABYX 3HAUYCHUH CIMHA: J100
+ 1, mu6o — 1.

5. Cser oOiamaeT JaBicHHEM, Clel0oBaTelbHO, (POTOHBI 00JaIa-
0T Maccoi.

6. DOTOHBI JIOKAIM30BaHbI B TIPOCTPAHCTBE, PACIIPOCTPAHSIFOTCS B
BaKyyMe MPSMOJMHEHHO W 00J1aJal0T MOCTOSHHOHW CKOPOCTBIO, YTO
JISJTaeT X MOJJOOHBIMU TIOTOKY YaCTHII.

7. Cet obnazmaeT cBoiicTBaMu HHTEpHEPEHINN U TUPPAKIUH, YTO
MO3BOJIUJIO CUYUTATH POTOHBI BOJTHAMHU.
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8. IlapamnensHO OpHEHTHPOBaHHBIE (POTOHBI UHTEPHEPHUPYIOT, a
B3aUMHO NEPIEHANKYIISIPHO NOJSPU30BaHHbIE (POTOHBI HE HHTEepdepu-
pPYIOT.

Bce panee pa3paboTaHHBIE pa3IMYHBIMU aBTOpaMu Mojenu (GoTo-
Ha HE YJOBJETBOPSIOT 10 COBOKYIHOCTH IEPEUUCICHHBIM CBOMCTBaM,
CO3JIaHHBIC K€ TEOPHUH OIPAaHMYMBAIOTCS HE INPOTHBOPEUUBBIM OIHCA-
HUEM CBOMCTB ()OTOHA M CBETa B IIEJIOM, HO HE BCKPBHIBAIOT CTPYKTYPY
¢oToHa M HE OOBICHAIOT, MOYEMYy CBET O0JaaeT MMEHHO TaKHUMHU
CBOMCTBaMHU.

Kpome Toro, o6HapykeHO, YTO XOTS CBET M 3JCKTPOMATrHUTHEIE
BOJIHBI CHUTAIOTCA SABJICHHUAMU OOHOI'O IOpAJKA, TO 3aTyXaHUC CBCTAa B
MOPCKOH BOJIe¢ HE COOTBETCTBYIOLIMM 3aKOHY 3aTyXaHHs IJIOCKOH
3JIEKTPOMArHUTHOM BOJIHBI B TAKOM CpeZie BO MHOT'O COTEH ThICSY pas.

IIpakTHka oOHapy:XKMBaeT NMOJIHOe MOATBep:kIeHHe Makces-
JIOBCKUX YPABHEHHUH 3aTyXaHUIO IJIOCKOH PaJIHOBOJHBI B MOPCKO
cpele U MOJHOE PacxoxkIeHHe X ¢ 3aTyXaHMeM CBeTa B Mpo3pay-
HOW MOPCKOIi Bo/ie: CBeT MPOHUKAET B MOPCKYH Boay Ha 150-200
M, B TO BpeMsl KaK N0 ypaBHeHusiM MakcBesia riiyOMHAa NPOHMK-
HOBeHHUsI He noJikHa npeBbimatbh 0,3 mm. Takum oOpasom, pac-
XO0K/IeHle TEOPUH ¢ PAKTHKOH cocTaBJsieT 0oJiee 500 Thic. pa3!

Bce yka3zaHHbIC BBIIIE CBOMCTBAa CBETa JIETKO OOBACHSIOTCS Ha
3$UPOIMHAMUYECKONH BUXPEBOI1 OCHOBE.

OOpazoBanue (HOTOHA MOXKHO TNPEACTABUTh KaK PE3yJIbTaT KoJje-
OaHuil B 3pupe BO30YKICHHOM DIIEKTPOHHOH 000JI0UKH aToMa.

Kak ykaspiBajock BbIlIE, JIEKTPOHHAs 00O0JI0YKA aTroma Mpen-
CTaBNseT COOOH ympyruil mpucoeIuHEeHHBIH BHUXph 3¢upa. Ecmm mo
HEMy HaHECEeH yJap, TO Ha HEM BO3HHKAIOT ropObl M BIQJNHBI, KOTO-
pble coBepmIaroT KojebaHus BOKPYT 1ieHTpa atoMa. CoBepias koyeba-
HUsI, BO30Y)KICHHAs! BUHTOBAsI BUXpeBasi 000JI0UKa B MPUIIETAIOIIUX K
ee TIOBEPXHOCTH cIOAX d(upa Bo30YkKJTaeT BUHTOBBIE CTPYH, MPUIEM
HampaBJieHHe TOoKa 3pupa B CTpye COBMAJAeT C HANpaBICHHWEM TOKa
a¢upa B MOBEPXHOCTHBIX COsIX 000s0uku. BunToBas crpyst adupa co-
3/1a€T B OKpY’KalolieM 3(pHupe CMELIeHNEe B NPOJOIbHOM OTHOCUTEIHHO
CTpyHM HamnpaBleHHM. Takas CTpysd COOTBETCTBYET 3JIEMEHTApHOMY
BUHTOBOMY AYIUIETY B TWApoMexaHuke. Kak U B KaXJIoM rase, AymieT
CO3J1aeT BUXpeBoe TeueHue cpeabl. OFHAKO MOCKONBKY cTpys 3dupa
MMEEeT BHUHTOBOM XapakTep, TO U CO3JlaHHBIA 3JIEMEHTapHBIM BUXPh
TaKxe OyZeT UMETh BUHTOBYIO CTPYKTYDY.
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[Tpr BO3BpaTHOM JBKEHHUH ropOa 00O0JIOYKH MPOTHBOIOIOKHAS
CTOpPOHA €e CTaHeT Halerarouieil, B pe3ysbTaTe 4ero Ha BTOPOH CTO-
poHe OyJeT co3maHa BTOpast CTpylKa ra3a, KOTopas oOpa3yeT BTOpOi
BUXPb, TAK)KE UMEIOINI BUHTOBYIO CTPYKTYypy. O0a BUXpsI CO3/1aI0TCS
HOOYEPETHO, TIPUYEM JIBIKEHHE ropOa 000JIOUYKH OTTATKHBAET MO0YE-
peaHo 00a BHXpsl B HANpaBJICHHU MX OYIyIIEro ABWXKCHUS, 3aIaBas
HavyaJbHBIA UMITYJIBC 0Opasyromemycs Gorony (puc. 5.10).

Puc. 5.10. O6pa3oBanne ¢poToHAa BO30Y:KIEHHOI JIEKTPOHHOIl  0007104YKOit
aroma: 1 — Bo30OyXIeHHBIA aroM; 2 — HHAYLHPOBaHHAS CTpylKa 3¢upa; 3 — MOTOK
a¢upa MeXIy BUXPIMH

JlBwkenue (oTOHA HANPABJICHO B CTOPOHY IBMXKCHUS d(pHUpa Ha
MPUJICTAONIUX TOBEPXHOCTAX €r0 BUXPEH, T.€. TaK JKe, KaKk 3TO ObIBACT
1 y OOBIYHBIX KOJBIEBBIX BUXpell. [lockonbKy pa3Mepsl aToMa coCTaB-
nsr0T, npuMepHo, 1071% M, To 1 pasMep aymueTa JI0MKEH OBITh TOTO Ke
nopsika. 3aMbIKaHUE jK€ 00Pa30BAHHOTO BUXPSI MOXKET MPOUCXOUTD B
CYIIIECTBEHHO OOJbIel 00JIacT, KOTOpask OrpaHUYEeHA JIUIIb TOsBIIe-
HUEM TTOCIICYIONIETO BUXPSL.

BuxpeBast BUHTOBasI CTPYKTYPbI, COCTaBJICHHAs U3 JIMHEHHBIX pac-
XOJAIIMXCS BUXPEH 3¢upa, pacroOKEHHBIX OTHOCUTEIBHO APYT JIPY-
ra B MIaXMaTHOM TIOpPsJIKe, MoKa3aHa Ha puc. 5.11. Takoe oOpa3oBaHue
UMEET B TUAPOMEXaHUKE aHaJIOT, TaK Ha3bIBAEMYIO BUXPEBYIO JOPOXKKY
Kapmana (puc. 5.12). B naHHOW CTpyKType BHXpH OJIHOTO psijia Bpa-
IIAFOTCSI B OJIHOM HAIIPaBIIEHUH, BUXPU BTOPOTO Psiia — B MPOTUBOIIO-
JOoKHOM. JIJIMHOWM BOJIHBI (POTOHA SIBJIIETCS PACCTOSIHUE MEXKIY IICH-
TpaMu BUXpEH oHOro psiaa. [TocKoIbKy KakIblii BUXPh (OTOHA HMEET
Maccy, JIETKO BUACTH, YTO (POTOH SBISICTCS M YAaCTUIICH, U BOJHOU OJI-
HOBPEMEHHO.
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Puc. 5.11. CtpykTypa ¢oTOHA: IPOJOIBEHOE CeUYeHHE (a), TIOTIepeyHoe CeUeHHe
npu crimHe —1 (0), momepedHoe cedeHue npu crune +1 (B)

Buxpu, cocrapistonme (OTOH, MMEIOT BUHTOBYIO CTPYKTYPY,
CJIeIOBaTeNbHO, BJIOJIb OCEH ATHUX BUXpel mMeeTcs TOK 3¢upa, KOTo-
pBI B BUXpSAX IEPBOrO psAlla HAIMPaBJICH B OJHY CTOPOHY, B BUXPSX
BTOPOTO PsiJia — B IPOTUBOMNOJIOAKHYIO. [10 OTHOILIEHUIO K 3TOMY MTOTOKY
BUXPH BBICTYNAIOT TAKXKeE JyIUIETaMHU, TaK YTO MOTOKH, TEKYIIUE BJIOJIb
oceii BUXpeid, OyyT MepexouTh U3 BUXpEH OJHOTO psiJia B BUXPU BTO-
poTo psAnia, a ¢ MPOTHUBOIOIOKHBIX TOPIIOB, HAOOOPOT, U3 BUXPEH BTO-
pOro B BUXPU MEPBOTO Psija.

3aMbIKaHUE BUHTOBBIX BUXPEBBIX IMOTOKOB B TOPLAX BUXPEU MpH-
BEJIET K TOMY, YTO BUXPEBOE JBM)KEHUE HEe OYAET pacipoCTPaHsThCS 3a
TIpeaesbl Y3KOUW 30HBI IPOCTPAHCTBA, MPHIIeTaroniero K ¢porony. Huka-
KOT'O KOJIBIICBOTO JIBIXKEHHSI B OKpY»kKatoiieMm 3¢upe GoToH He co3maeT
W, CJeIoBaTeNnbHO, OyJIeT BOCIPUHUMATBCS KaK dSJICKTPUYSCKU
HeWTpasibHas 4YacTULA.
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Puc. 5.12. BuxpeBas aopoxka Kapmana: a) — cTpykTypa HOTOKOB; 0) — BUXpH
Kapmana B Boje. Kamepa nBmkercs BMecTe ¢ BUXpSAMH; B) — nopokka Kapmana 3a
KPYroBbIM LUIMHIPOM ITpu Re = 105; B neBoit yacTu BUIHA HayanbHas cTaaus oopas3o-
BaHUS JOPOXKKH; I') MOJEIMPOBaHHE AOPOKKH B BO3AYIIHOH cpene; 1) — CTPYKTypa
IIOTOKOB BUXPEBOH JIOPOKKHM HA KOHEYHOH CTa[MM CYLIECTBOBAHUS

Tak ke Kak U OOBIYHOE BUXPEBOE KOJIBIIO, CUCTEMa JIMHEHHBIX
BHXpEH OyIeT mepeMemaThes MPSMOITMHEHHO, TOCKOJIBKY B HEH cyMMa
HUPKYJAIMI KOJIBIIEBBIX CKOPOCTEN BCEX JTUHEHWHBIX BUXpPEW paBHA HY-
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JI0, WITH, WHAYEe, CYMMBI IIUPKYIANNNA 000UX PSAIOB JIMHEHHBIX BUXpEn
PaBHbI ¥ IPOTUBOIIOIOKHBI IPYT APYTY.

[lockonbky HampaBieHHH OCEBOTO MOTOKA B KaXKAOM BHXpPE B
NPUHIIMIIE MOXET OBITh /IBa (JISBOBHHTOBOE JIB)KEeHHUE 3(Upa U MpaBo-
BUHTOBOE), TO COOTBETCTBEHHO U CIIMH MOXET IPUHMMATh Ba 3Haue-
Hus. TpeTbe 3HaueHHE CIMHA, PaBHOE HYJIO, 03HAYaeT, YTO OCEBOTO
MOTOKa HET U JJMHEHHbIe BUXpH, 00pa3ytomye GOTOH, HUYeM He CKpel-
JeHsbl. Jl1d TUHEMHBIX BUXPER TAKOE COCTOSHHUE HE YCTOMYMBO, MO3TO-
My BCSI CTPYKTypa pa3oObeTcs Ha OTHeIbHbIE ObIcTpo MuddyHIUpPYIO-
HIMe KOJIbIIA.

Takum oOpa3oM, GOTOH, TOMKEH MPEACTaBISTh COO0 BHXPEBOEC
oOpa3oBaHHe MPHOIM3UTETHFHO KBAJPATHOTO CEUEHHUS CO CTOPOHOM
KBaJpaTa, paBHO npuMepHo 2\ u jumMHOi nopsiaka 108 A, T.e. mmun-
HYIO0 TOHKYIO HUTh. [lpu nmne BosHbI 0,5 MKM (3€J€HBIH LBET) dJie-
MeHTapHbI (HOTOH OymeT umerh pasmepsl I1MkMm X Imkm x 0,5 M. On-
HaKo JuinHa (pOTOHA MpH OIHOW M TOH K€ AJMHE BOJHBI MOXET OBbITH
camoit paznuunoid. C momomisio syeek Keppa GpoToH MOXKHO MOpyOHUTH
Ha yac

O06pasyst coBMECTHO OOIIYI0 BUHTOBYIO CTPYIO 3(hupa B mpuiiera-
IONMX K HUM 00JacTsIX, aTOMBI 3aTPauyMBaOT HAUMEHBIIYIO SHEPTHIO,
€CIIM OHU KOJIEONIOTCS CHHXPOHHO M CHH(a3HO, MO0 BO BCEX OCTallb-
HBIX CIy4yasx MeXIy BO30YXIEHHOH KojeOimomieiics 000m0ukoil u
CTpyeH BO3HUKAET JOTMOJHHUTEIHLHOE BS3KOE TPEHUE W TPOUCXOJUT 3a-
MeIJICHHE TeX aToMOB, (aza KOTOPHIX omepekaeT (asy CTpyH, H,
HAo00POT, CTPYs, onepeauBLIas Mo (a3e OCHUUIATOP, HAYMHAET OTJa-
BaThb SHEPTUIO0 3TOMY OCUWIUIATOPY, B pe3yjbTaTe Yero OTCTAIOLIHE
aTOMBI TMOJTATUBAIOTCA K (aze cTpyd. TakuM o0pazoM, MPOHCXOIST
B3aWMHas CHHXPOHHU3aIMs U CUH(a3upoBaHue KojeOaHuii BO30YXKIICH-
HBIX 00O0JIOYEK pa3IM4yHbIX aToMOB. lIpy 3TOM oOJHOHampaBiiCHHbIE
BUXpH (DOTOHOB, CO3/IaHHBIX B COCEHHX 00NACTSX M3ITydaress, OyayT
HOATATUBATHCS APYT K APYTY, co3aaBas oomue notoku (puc.5.13).

PeanbHble MCTOUHMKM KOT€PEHTHOI'O CBETa HUKOI/A HE OBIBAIOT
TOYEUHBIMH, UX TUIOLIA/b 3aHUMAET, KAK MUHHUMYM, HECKOJIBKO KBaj-
pPaTHBIX MUJUTUMETPOB. MeXIy TeM, CBET OT TaKOro HUCTOYHHKA, OYy-
Iy4H paclierJieH Ha JBa Jy4a, a 3aTeM coOpaH Ha o0IeM dKpaHe, CIIo-
co0eH co31aTh HHTePPEPESHINOHHYIO KapTHHY. DTO 03HadaeT, uyTo do-
TOHBI B 000MX JIy4aX HE TOJBKO UMEIOT OHY U Ty XK€ 4acTOTy, HO U
enuHyo (azy, 00 WHaYe HUKAKON MHTEp(PEpEeHIIMOHHOW KapTHHBI HE
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nomyugminock Obl. Ha puc.5.14 mokaszano, 9To (OTOHBI OJMHAKOBOH Ya-
CTOTBI CITOCOOHBI CO3/IaBATh CJIMHYIO CUCTEMY, B KOTOPOW Bce OHHU OY-
YT CUH(a3HBL. JTO e 03HAYACT U TO, YTO B KAK/BIH MOMEHT BPEMEHU
BCE aTOMBI IUIOIIAHOTO MCTOYHUKA KOTEPEHTHOTO CBETA TaKXKE CHH-
XPOHU3UPYIOTCSI JIPYT C APYTOM.

ofofolofofofolo
LT

Puc. 5.13. CoennHenne ¢poTOHOB, 00Pa30BAHHBIX Pa3JINYHBIMA ATOMAMH, B
001IYI0 BUXPEBYIO CHCTEMY

DHepreTHKa BCe COBOKYITHOCTH BHXpel ()OTOHA pacrpeneseTcs
o Bcemy Teily ()OTOHA 3a CYET TOPLEBBIX MOTOKOB 3(Hpa, IepereKa-
IOLMX U3 BUXPEW OAHOTO psifa B BUXpH Apyroro psna. Ilostomy yrpara
SHEPI'HH FOJIOBHBIM BUXPEM (POTOHA MPH MTPEOIOTICHUH COMPOTUBIICHUS
a¢upa KOMIICHCUPYETCs SJHEPIUel BceX BUXpEH, 00pa3yroiux (OoToH.

31ech cieayeT pasiMyaTh SHEPrUi0 KOPOTKOTo (hOTOHA, COCTOS-
Iero M3 MaJoro 4riciia BUXped (MUHHMAaTbHOE WX YMCIO — TPH), U
SHEPIHI0 JUTMHHBIX ()OTOHOB, COCTOSIINX W3 MUJUTMOHOB BUXpeil. [lpu
BCEIl OJIMHAKOBOCTU UX BHEIIHMX CBOMCTB — YacTOTHl U ITUIAHKOBCKOM
SHEPTUU — TPOHUKAIOMIAS CIOCOOHOCTh Y HHUX OYAET CYIIECTBECHHO
pasHasi; KOpoTkue (OTOHBI OYAYyT 3aTyXaTh B MOIYIPOBOMAIICH cpeie
3HAYUTENHHO OBICTPEE, YeM JITMHHBIE.
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U3 ykazaHHBIX JIBYX OOCTOSTENBCTB — JHEPTHH BCErO Tena GoTo-
Ha, T.e. JHEPTUU BCEU CHCTEMBI €r0 BHXpPEH M HAKOIUICHHUS SHEPTHH B
LEHTPAIBHON YaCTH KaXJIOTO BUXPS — BBITEKACT BEChbMa BAXKHOE CJIC]I-
cTBUe: (DOTOHHAS CTPYKTypa HE MOAYUHSCTCS 3aKOHY MakcBelia o 3a-
TYXaHUH B MOTYIIPOBOJISIIEH cpefe.

Haynnvre yruloTHEHHOTO KepHa B KaXJIOM JIMHEHHOM BHXpE TO-
WHOMY 3aCTaBJISIeT MPEJACTABUTh CTPYKTYPY (POTOHA, HEXKEITU 3TO OBbLIO
OBl B HECO)KMMAEMOH Cpefie, a C JPYTroil CTOPOHBI, 3TO OOBIACHAET (aKT
YCTOWYMBOCTH (DOTOHOB M OTCYTCTBUE MX B3aUMOJCUCTBHS JPYT C IPY-
TOM.

5.2.2. NepemelieHne HhOTOHOB B NPOCTPaHCTBE

PaccmoTpum ocobGeHHOCTH TiepemenieHus: (OTOHOB B HPOCTpaH-
CTBE.

[IpuunHoli aBMKeHUS (OTOHA KaK CHUCTEMBl JTUHEWHBIX BUXpEi
SIBIISICTCS, TaK K€ Kak U JJis1 0OBIYHOTO BUXPEBOTO KOJbIIA, CO3JaHUC
MOTOKOB Ta3a B Cpe/ie 3a CUET BUXPEBOTO JIBWKCHHUS YacTed CcaMoro
¢doroHa. B 3TOM cMbICIie 3aKOHBI IBHKEHUS ()OTOHA HE JOJDKHBI TIPUH-
[UIMHAATBHO OTIMYATHCSA OT 3aKOHOB JIBHXKCHHS OOBIUHBIX BHUXPEBBIX
KOJIel.

[Mpu popmupoBannu ¢GoToHa, Tak ke Kak U Npu (HOPMHUPOBAHUH
BHUXPEBOTO KOJIbI[A, TIPOUCXOJUT CIKATHE BUXPS JABICHUEM OKPYKaro-
1Iel cpefibl, 9TO MPUBOAUT K YBEITHUEHHUIO SHEPTHU BUXPS U YMEHBIIIE-
HUIO ero juamerpa. OTIMYUTENbHOW 0COOEHHOCTHIO ()OTOHA SIBIISIETCS
TO, YTO B MOMEHT 00Pa30BaHMs CXKATHIO MOJIBEPraeTcs TJIaBHBIM 00pa-
30M, HEHTpaJIbHAs YacTh JJMHEHHOTO BUXPS, B pe3yJIbTaTe 4ero u oopa-
3yeTcs KepH. B nmanbHeleM B Mpolecce ABMKEHHUsS dHEprus (poToHa
TOJIBKO PAacXOAyeTcsi, B OCHOBHOM Ha NPEOAOJIEHHE BS3KOTO TPEHUS
a¢upa npu BpalieHHH BUXPEN.

B noctymnarensHOM JBIKeHUH (OTOHA, TaK K€ Kak M B JIBUKCHUH
BHXPEBOT'0 KOJIBIIA Ta3a, CIEAYET pa3iniaTh Tpu dTama [6-9].

[lepBbIii 5Tan IBMKEHUS — 3TO ABIKEHHE (DOTOHA cpasy Ke mociie
ero oopazoBanus. Kak u JJist BCSIKOTO BUXPEBOTO KOJIbIIA, B OTOHE BCE
OCHOBHBIC TIEPEXOJ/IHBIC TPOIIECCHI, CBSI3aHHBIC C YCTAHOBIICHHEM €Tro
CTPYKTYpPBI ¥ CKOPOCTH JOJDKHBI OKOHYUTBCS Ha MPOTSHKEHHU (4—5)A
(1 KoJBLIAa — HA MPOTSHKEHHH 4—5 ero IuaMeTpoB), T.€. Ha IyTH II0-
panka 5-10° M u Bpemenn nopsiaka 21072 ¢,
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HaganbpHast cKOpocTh IBIKEHUS (OTOHA HE paBHA CKOPOCTH CBETa
— €ro yCTAaHOBHBIICHCSI CKOPOCTH, MOCKOJBKY Macca 3¢upa, oOpa3o-
BaBILErO ()OTOH, MOKOWJIACh OTHOCHTEIBHO aToma. JTa Macca 3dupa
00J1alaeT MHEPIIMOHHOCTBIO, CIIE0BATEIIFHO, PA3rOH (POTOHA JTOJDKSH
HPOUCXOJHTH O 3KCHOHEHIIHATEHOMY 3aKOHY C ITOCTOSHHOW BpEMEHH
nopsaka 10°-1071* ¢. Koneuno, 118 pa3anuHbIX JUIMH BOJIH ITOCTOSH-
Hasl BpeMEHU Oy/IeT pa3HoH.

VuauteiBas, 4to (OTOH, OOPA30BAaHHBIA H3IYYAIOIIAM ATOMOM,
NPECTABIICT COOOH IyT BUXPEH, IPUXOIUTCS CINTATH, YTO B OJTHOM U
ToM >ke ()OTOHE BO BpeMsi ero oOpa3oBaHHS MPOTEKAIOT pPa3IHYHbBIC
nporeccel. B Toit uactu, kotopas mociie BUXpeoOpa3oBaHHs OTOILIA OT
U3ITy4aloniero aroma Ooiee 4eM Ha TATh JUIMH BOJH, BCE OCHOBHEBIC
IPOLIECCHl YK€ 3aBEPIIMINCh, B TO BpeMs Kak B TOH 4acTH, KOTOpas
HaXOAMUTCS BOJIU3HM aTOMa, 3T MPOIIECCHI ele mpoaospkarorcs. [locto-
SHHYIO BPEMEHH pasroHa ()OTOHa CJIeAyeT OTJIMYaTh OT ITOCTOSHHOI
BPEMEHH TIOTIEPEYHOT0 CMEIIeHNS (POTOHA P TOTAAaHUN €T0 B IOTIe-
PEYHYI0 OTHOCHTEIBHO HAIPaBJICHUs JABIKEHUS (OTOHA CTPYIO 3dupa.
OTa TOCTOSIHHAasE BPEMEHH OIPEAeNsAeTCsS CHIOW TONEPEeYHOro JaBiie-
HUS 2(QUPHOTO MOTOKA Ha KepH (POTOHA U MAcCOH KepHa, M OHa BO MHO-
ro pa3 Oonblle MOCTOSHHON BpPEMEHU MPOJOJIBHOTO JBMKEHUs (HOTO-
Ha.

BropbiM 3Tanom aBuwkeHHS (OTOHA SBISAETCS €ro yCTOWYMBOE
JABUXCHNUEC Ha BCEM OCHOBHOM ITYTH, 3aKJIIOYEHHOM B MHTCPBAJIC 1024—
10% M u Bpemenu cymiectBoBanus nopsaka 1017-10% ¢ (necsatku mun-
JUAPJIOB JIET).

Pammyc Buxpeii hoToHa, Kak M BCIKHUX ra30BBIX BUXPEH, U UTHHA
€ro BOJIHBI PACTYT CO BPEMEHEM I10 3aKOHY

R(t) = R, + aRL(t),

rJe o — Mayblid napaMeTp. [l BO3AyIIHBIX BUXpEW 3Ta BEIUYMHA
pasna 0,01-0,001, a nuis 3dupa CyIIeCTBEHHO MEHBLIE.

A=l L()
_—:H_,
Ao C

rae H=3-10"8 ¢! — nocrosnnas Xa66a, moaydaeM:
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ct
c‘b = - @@ @ @ @ @ @ @ @ @ @@ 0
(1 + 8Ht) 34

CxopocTpb (oToHa yMeHbIIaeTcs co Bpemenem, mpu Ht = 1 (10
MJIpJ. JIET) CKOpPOCTh (hoToHa cocTaBut Beero 0,37c.

IToacTanoBka BeIpakeHns 3akoHa [lmanka E = /iv B 3akon Xab66ma
«KpacHoro cMereHus» CrekTpoB nanekux ramaktiuk [10] mossomser
YCTaHOBUTH 3aKOH MOTEpH (POTOHOM DHEPTUM 3a BPEMsI BTOPOTO 3dTama
ero newkeHus. CBopaunBas 3akoH Xa00ma ¢ 3akoHom [lnanka, moiy-
YHM:

-—t
c -10
E = Eoe = Eoe = Eoe .

—26L _qo-lot

rze paccrossaue L uamepsiercs B MeTpax, a Bpems t — B rogax.

Takum 00pa3om, MOTydaeTcsl eCTECTBEHHbBIM SKCHOHEHLMATbHBIN
3aKOH yOBIBaHMsI 3HEPruH (POTOHA, YTO MOXKHO CUHUTATh HE Pe3yibTa-
TOM «pa3beranusi BceneHHoi», Kak 3TO ceifyac MPHUHSITO, a pe3ysbTa-
TOM BSI3KOCTH 3(pHpa, B KOTOPOM MpoxoauT GoToH. Bpems, 3a koTopoe
JUIMHA BOJHBI ()OTOHA YBEJIIMYMBACTCSA BIBOE, OKAXKETCS PaBHBIM 7
MUJTHAPIAM JIeT.

Tpertuii atan nBuxkeHUs (HOTOHA HACTYIACT HA MOCIEAHEU CTaIuU
€ro CyIeCTBOBaHUA uepe3 Bpems nopsiaka 10—20 miapa. JgeT mocie ero
oOpa3oBanus. 3a 3To BpeMsi GOTOH TepsieT sHepruio B 2,7-7,3 pasa.
[otepst sHeprun GOTOHOM JOJDKHA CKa3aThCsl HA €r0 YCTOWYHMBOCTH.
CrpykTypa (oToHa paspymaercs, KepHbl yKe HcuepHaiid CBOIO dHEp-
rui0, (OTOHBI APOOSITCA HA OCKOJKH, COYHApSIOTCS APYT C OPYTOM U
00pa3yroT, eclTi MOXKHO TaK BBIPA3UTHCA, «(DOTOHHBIN ra3y», B KOTOPOM
OHHM CTaJIKWBAIOTCS IPYT C APYTOM M TEPSAIOT NMEPBOHAYAIBHOE HaIpaB-
JICHHE.

[lo ananorum ¢ KOJBIEBHIM BUXPEM Ha 3TOM dTame JOJKHO Ipo-
HCXOANTh TOPMOXKEHHE M B JanpHelmeMm nuddyHanpoBanue, u mepe-
X071 MaTepuu 3pupa, 00pasyromero GoToH, B CBOOOJHOE COCTOSIHUE, HE
CBSI3aHHOE C BUXPEBBIM JBM)KEHHEM. BeposTHO, 4TO ()OTOHBI HA TPETh-
€M JTalle MX CYIIECTBOBaHMS BOCIHPUHHMMAIOTCS KAaK TaK Ha3bIBAEMOE
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(hoHOBOE («PETUKTOBOEY») MIITYICHHE KOCMUYECKOTO MPOCTPAHCTBA, H
YK, 110 KpaliHel Mepe, SBIISIOTCS €r0 YacThO.

[IpuBeneHHBIC COOTHONICHUS HAXOASITCS B KaUSCTBEHHOM COTJIa-
CHU C U3BECTHBIMHU IMPEJICTABICHUAMU O 1 Py3un BUXpel B cpeaax.

5.2.3. «KpacHoe cmelleHMe» CNeKTpPOB AaneKkux ranak-
TUK

B 1911-1914 romy amepukanckuMm actpoHoMoMm B.Cnatidheprom
ObUTO OOHapyKeHO Tak Ha3biBaeMoe «KpacHoe cMmeleHHe» CIEeKTPOB
JIANIEKUX TAJAKTHK - TOHWKEHUE YACTOT DIICKTPOMATHUTHOTO U3JTyde-
HUSI, UCITyCKaeMOTro 3Be3JlaMH JalleKuX TanakTuk. «KpacHeM» MOHU-
JKEHHE YaCTOT Ha3BaHO MOTOMY, YTO CIEKTP YaCTOT CMEUIaeTcs K Kpac-
HOMY KOHIIy CIEKTpa, T.€. K 0oJiee JJIMHHOBOJHOBOMY, Y€M BOJHBI (H-
oneroBoil yactu. B 1929 roay npyroid aMepHUKaHCKHM acTpOHOM
3.Xab0n ycTaHOBHII, YTO CIIEKTp OT OoJiee ANeKUX TaJakTHK CMella-
€TCsl CUJIbHEE, YeM OT OJIM3KHX, ¥ BO3pacTaeT MPHOMIHTEIBHO MPOIOop-
[UOHAIILHO PACCTOSHUIO. B pe3ynbraTe ObUT YCTAHOBJICH 3aKOH YJIH-
HCHUA BOJIH JJICKTPOMArHUTHOI'O H3JIYUYCHHA, HOJ'Iy‘H/IBH_II/Iﬁ Ha3BaHUC
3akoHa Xa06ua [10].

CuMraetcs, 4TO TaKOE MOHMKCHUE YACTOT CBSI3aHO C JIOTUICPOB-
ckuM 3¢ dekrom u cBUIETETHCTBYET 0 pacmpeHnn Beenennoit. Camo
)K€ pacuiMpeHue BceesleHHOU ecTh pe3ysbTaT bonbloro B3pheiBa HEKO-
el CHHT'YJISIpHOM TOYKH, B KOTOPOM KOI/Ia-TO ObLIa COCpeIOTOUCHA BCS
Mmacca Bcenennoit [Tocne B3pbIBa Bes Macca crajia pasjieraTbes, U4To U
MIPOUCXOMT JIO CUX TIOP, O YeM, SIKOOBI, M CBHJIETEILCTBYET «KpacHoe
cMmereHue» [12].

OduupnanbHas kocMoinorus Tpakrtyer Qakr «KpacHoro cmerie-
HUS» COBEPIICHHO OJHO3HA4HO: «KpacHoe cMerieHne» CIEeKTPOB ra-
JIAKTHK 3TO JIOIUIEPOBCKHMM CABUI YacTOT B Ppe3yJlbTaTe pPacLIMpPEHUs
Bcenennoit, npuueM cKOpocTh pa3deraHus rajJakTUK TeM OoJblie, yeM
JIATBIIIE OHU HAXOJMSTCS PYT OT JIPyTa.

B 1948 rony I'eopruem "amoBbiM, Panshom Anbdepom u Pobep-
ToM I'epMaHOM Ha OCHOBE CO3JaHHOHW MMM IIE€PBOI TEOPHUH TOPSUETO
Bonbmioro B3peiBa OBLIO MPEACKAa3aHO PEIUKTOBOE M3Iy4YEHHUE, KaK OC-
HOBHasi 4acth DoHOBOro m3nmydenus - Aup( y3HOTO U MPAKTHUYECKH
HM30TPOITHOTO 3JIEKTPOMArHUTHOTO U3Jy4eHus: BeeneHHoil.



http://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%BC%D0%BE%D0%B2%2C_%D0%93%D0%B5%D0%BE%D1%80%D0%B3%D0%B8%D0%B9_%D0%90%D0%BD%D1%82%D0%BE%D0%BD%D0%BE%D0%B2%D0%B8%D1%87
http://tolkslovar.ru/p16812.html
http://tolkslovar.ru/i1032.html
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Hapsiny ¢ xocmonorndeckuMm «KpacHBIM CMELICHHEM», PETHKTO-
BOE M3IIyYCHHE PAcCMaTPUBAETCS KaK OJHO W3 TJIABHBIX MOJATBEPXKIE-
HUI Teopun bonbioro B3peiBa. CUUTAETCS, YTO PEIMKTOBOE HM3Iyde-
HHUE COXPaHUIIOCH C HaYalbHBIX ATAIlOB CYyIECTBOBaHUS BceneHHOU u
pPaBHOMEPHO €€ 3amoJIHAET. Y CTAHOBJICHHE PAaBHOBECHUS HACTYIIMIIO Ye-
pe3 400 TwIc. JeT mocie bombmoro B3phIBa — Hadaiga poxkacHUS Bce-
nenHoi. C Tex Mop TeMmeparypa U3IydeHHs CHU3WIACh M celdac co-
craBmsger 2,725 K, 9TO COOTBETCTBYET CHEKTPY aOCOIIOTHO YEPHOTO
Tena.

Ceronnst 3akoH Xa0bnma marematnueckud (HOPMYIHPYETCS OUYCHb
MpOCTO:

v=Hr

r/ie V - CKOPOCTh YAaJIeHUS TATaKTHKH OT HAC, ' - pacCTOSHHUE JI0
Hee, a H - Tak Ha3pIBaemas nmocTossHHAs Xab0ma. [locnenuss onpenens-
eTcs SKCIEPUMEHTAIFHO, U Ha CETOAHALIHUN JIeHb OLCHUBACTCS Kak
paBHas npuMepHo 70 kM/(c-Mnk) (KHIIOMETPOB B CEKYHY Ha Merarap-
cek; 1 Mk mpuOnu3uTensHO paBeH 3,3 MIJUTMOHAM CBETOBBIX JIET).

A 3TO 03HaYaeT, YTO TajlaKTHKa, yJaJIeHHas OT HaC Ha pacCTOSHUE
10 meranapcek, yberaer oT Hac co ckopocThio 700 KM/C, ramakTHKa,
ynanensas Ha 100 Mk, — co ckopocteio 7000 km/c, u T. 1. U, xoTs
M3HaYaIbHO Xa00J1 MpHUIIeS K 3TOMY 3aKOHY 10 Pe3yJbTaToM HaOJIi0-
JICHHUsI BCETO HECKOJBKUX ONMKAWIIMX K HaM TalakTUK, HH OJlHA W3
MHOJKECTBa OTKPBITBIX C T€X TOp HOBBIX, BCE OOJiee yTaNeHHBIX OT
Mineunoro Ilytu ranaktuk BuauMon BeenenHol uz-noa qeicTBUS 3TO-
T'0 3aKOHA He BHITIA/IaeT.

Ha camom nene «KpacHoe cMeleHue», Kak M3MEHEHUE 4YacTOT
CIEKTPOB OT PACCTOSIHUS MEXKAY TaJlakKTUKaMH MOXET UMeTh Oecuuc-
JICHHOE€ MHOXXECTBO TPAKTOBOK, B TOM YHCIIE, HE MMEIOIINX HHUKAKOTO
OTHOIIEHUS K «pa30eTrannioy rajJakTUK U pacuupennio Beenennoit. Ho
B OOBEKTUBHBII aHAJIN3 BMEIINBACTCS MOJMTHYECKAs COCTABIISIOMIAS —
3aMHTEPECOBAHHOCTh B TOM, YTOOBI AaHHBIA (DaKT MOATBEPAWI CyILe-
CTBYIOIIYIO MApagurMy, B TaHHOM cirydae, — OOIIyI0 TEeOpHUI0 OTHOCH-
TeIbHOCTH OHHIITEHHa. [loaTOMy NIpyrue TpakTOBKM HE paccMaTpH-
BAIOTCsl, a IOTJIEPOBCKasl TPAKTOBKA, OTBEYAIOIIAsl IOCTABJICHHOM 1IEIH,
MIPETIOAHOCUTCS KaK €THHCTBEHHO BO3MOXKHASL.


http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BA%D1%80%D0%B0%D1%81%D0%BD%D0%BE%D0%B5_%D1%81%D0%BC%D0%B5%D1%89%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%92%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F
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O¢uponnHamMuKa TpakTyeT PenTnKkTOBOE H3IyUeHHE KaK CIEACTBHUE
HOTepHU dHeprur (GpoToHaMHU yKe B IIPEIABEPUH MX IOJHOIO pacTBOpe-
HUsI B KOCMU4YecKoM 3¢upe. EcTecTBeHHBIH SKCIIOHEHIINATIBHBIN 3aKOH
yOBbIBaHUS HEPTUH (POTOHA MOKHO CUMTATh HE PE3YJIbTATOM «pazdera-
Hus BceneHHoi», Kak 3TO ceiluac MpHUHATO, a Pe3yJbTaTOM BSI3KOCTU
a¢upa, B KOTOPOM MPOXOAHT (POTOH.

Modozple 3Be3[bl, H3My4arolde MaKCUMyM CBETa, UMEIOT TOdy-
0O LIBET, 4TO COOTBETCTBYET JUIMHAM BOJH OT 4,2-107m 10 4,9-10 7'M,
Y BECh JIMAIA30H JJIUH BOJH PEIUKTOBOro m3iydenus ot 0,05 mm mo 1
M. oOpasyercs B mpomexyrtke Bpemenu oT 20 a0 150 mupn. ner. Ot
OoJiee JambHUX 3BE3] CBET HE TOXOJWT, T.K. (JOTOHBI MMOTHOCTHIO TEpsi-
IOT YCTOMYMBOCTD M PACTBOPSIIOTCA B 3HpE, UTO, KCTATH, SIBISETCA HE
pe3ynbTaTOM OrpaHHuYeHUsl BCEIIEHHOH, KaK yTBEPKIAOT aCTPOHOMBI,
a OrpaHMYEHHBIMU BO3MOKHOCTSIMU ONTHYECKOH CTPOHOMHUH.

[ocnennsist ctanus cymectBoBanust (oToHa HacTymaeT yepes 10 -
20 Mipna. et mocie ero oOpazoBaHUsS. 3a 3TO BpeMs (OTOH TepseT
sHepruto B 2,7-7,3 pasa. [lorepst sHeprun HOTOHOM OTpakaeTcs Ha
ero ycrounoctu. Ctpykrypa (OTOHA paspylIaeTcsi, KEpHbI YK€ Uc-
yepnajayd CBOIO SHEPrHi0 U HE CYLIECTBYIOT, ()OTOHBI APOOSTCS Ha
OCKOJIKH, COYJIApPSIIOTCS JIPYT C IPYrOM U 00pa3yroT, TaKk Ha3bIBAEMBIi
«(OTOHHBIH Ta3», B KOTOPOM OHU CTaJKHBAIOTCS IPYT C JPYrOM M Te-
PSIOT IEepBOHAYAJIbHOE HANpPAaBJIEHUE, YTO M HaOMIOJaeTcs: HUKAKOIro
BBIJICJIEHHOTO HAIPABJICHUs Y PEIIMKTOBOTO M3ITyYeHHS HET.

Otcroga cnenyer, 4To MpeelibHAas I'paHUIA WHCTPYMEHTAIBHBIX
BO3MOXHOCTEH ONTUKU cocTaBisieT nopsaaka 10-20 MunapaoB CBETO-
BBIX JIET, @ (JOTOHBI IMOJIHOCTBIO PA3BAIUBAIOTCS M 00OpaIalOTCS B CBO-
0oHbIN 3¢hup yepes 150 mupa. JeT mocine ux o0pa3oBaHUs aTOMaMHU.
Ha camom nene ObicTpee, T. K. 3TOT MPOIecCe K KOHIY CYIIECTBOBAHUS
(OTOHOB yCcKOpSETCs, KaK U y JII000H ra3oBoil BUXPEBOIl CTPYKTYPHI B
CBSI3U C YBEIMUYCHHEM WX Pa3MEpOB U YCKOPEHHEM IOTEPH SHEPTHH.
Pazymeercsi, monydeHHBIE OIIEHKH HOCST CaMblil NMPHOIMKCHHBIA Xa-
paxTep.

Crenyer OTMETUTH TaKXe, YTO K KOHILy CBOETO CYIIECTBOBAHHS
CKOpPOCTh ()OTOHOB B MPOCTPAHCTBE 3aMEJUISIETCSI H COCTABIISIET OKOJIO
37% c. Pacmyxiee Teno GoToHa MIIOC 3aMeJIeHHast CKOPOCTh YBEJH-
YHBAET BEPOSITHOCTD CTOJIKHOBEHHSI (JOTOHOB, MPUXOSIINX OT Pa3HBIX
JaJleKuX 3BE3[l C Pa3HbIX HaIpaBIEHUH, 4TO elle Oosiee ycpeaHseT
HaIpaBJICHUs] UX JBWKCHUH B IPOCTPAHCTBE.
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5.3. OnTuueckue ABJIEHUSA

5.3.1. OTpaxeHue cBeTa

Otpaxenue cBera — SBICHUE, 3aKIIOYAIOMIEECS B TOM, YTO IPH
HaJeHUH CBeTa (ONTUYECKOTO M3TyUeHHs) U3 OJHOI Cpe/bl Ha TPaHUILy
Ha TPaHMIy ee paszena co BTOPOH Cpeloil B3aMMOJACHCTBHE CBETa C
BEIIIECTBOM TIPHBOJUT K IOSBIECHHIO CBETOBOM BOJHEI, PAacIPOCTPAHs-
IoIIeiics OT TpaHuIBl pa3zena oOpaTHO B mepByro cpexy. Hecamocse-
TAMIHUECA TCJIa CTAHOBATCS BUANMBIMUA 6naroz[apﬁ OTpPa’XCHUIO CBETA OT
UX TMIOBEPXHOCTEH.

B nuTeparype MexaHHM3M OTpPaKCHHS CBETa CBS3BIBACTCS C BO3-
HUKHOBCHHUEM BTOPHUYHLIX BOJIH, BbBI3SBAHHBIX KOHC63HI/IHMI/I QJICKTPO-
HOB moBepxHocTH Depmu moj Bo3zaeiicTBUeM mnanaromero ceera. On-
HAaKO OCHOBAHHWH IUISl TIOJOOHOTO YTBEP)KACHUS HET, IIOCKOJIBKY TOTJa
ObLTO OBl 3aMEUCHO BIMSHUE COCTABA BEIECTBA OTPAKAIONICH ITOBEPX-
HOCTH Ha CHEKTp OTpakeHHOTO cBeTa. Ha camom nene, GotoHn Oyner
OTpayKeH OT TaKOW TTOBEPXHOCTHU 10 BCEM MPaBUJIaM OOBIYHOTO YIIPYTO-
O y/1apa, a BOBCE He Iepen3IydeHus, KaK 3TO Mpe/roiaraeTcs ceiuac.

s dhas
f ~
/\ /\ /\»/ _

Puc. 5.14. Crpykrypa «noBepxHoctu ®@epmm»

Macca kaXJI0ro 3J€KTpOHAa paBHa NMPUMEPHO Macce OJHOrO JIU-
HelHOoro BUXps (OoTOHA. YUHUTHIBAS, YTO (DOTOH CTAJIKHUBAETCS C dJIEK-
TPOHaMH, COBOKYITHAsI Macca KOTOPBIX ITPEBOCXOANT €0 Maccy B MUJI-
Iuapasl pa3, NPUXOAUTCA KOHCTATUPOBATh, YTO AJIEKTPOHBI MOJ BO3-
JeiictBueM (OTOHA CMECTATCS Ha HUYTOXKHO Mallyl0 BEIHYHHY, KOTO-
pas HM B KOe# Mepe He CMOXKeT 00eCIIeYHTh Nepen3iydeHne GpoToHa.

CrnenyeT OTMETHTb, UTO PACCEMBAHUE CTPYH, BBI3BAHHOE OTKJIOHE-
HHEeM (OpMBI «rToBepXHOCTH DepMn» M «CBOOOJHBIX» IIICKTPOHOB
OT IJIOCKOCTH, II0CJIE€ OTPAKEHUSI Cpa3y IPEKpallaeTcsl, IOCKOIbKY OT-
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paKEeHHBIE CTPYH 00pa3yloT OOIMIMK ISl 3TUX CTPYH BUXPb U OOIIHIA B
3TOM BHUXpE IIOTOK, B KOTOPOM BCE€ OTPa)KCHHBIE CTPYH BHOBb YIIOPSIIO-
ynBatoTcs. YacTe MOTOKOB 3¢upa, KOTOpas MpoIuIa B METAUT M HE
BBIIIUIA HA [TOBEPXHOCTH, OyJET paccesHa B MeTaJljle, U €€ SHEeprus yi-
JIeT Ha MTOBBIILIEHHE TEMIIEPaTyPbl METaJlIa.

Takum oOpazom, OTpaskeHHe dIIEMEHTapHOW cTpyd 3¢dupa OT mo-
BEPXHOCTH MeTaljia MPOUCXOAMT MO 3aKOHAM MPOCTOTO0 MEXaHUYECKO-
ro yAapa, Ipu 3TOM aBTOMAaTHYECKHU IIOJIy4aeTcs, YTO YroJl MajeHus u
Yrojl OTPaXXEHUs 3JEeMEHTapHbIX CTPyH OyayT paBHbI Ipyr Apyry. Ta-
KHAM e 00pa3oM MOXKHO PacCMOTPETh U OTPaXCHHUE OT MOBEPXHOCTH
MeTaJia Bcero (hOToHa.

[Ipu ynape o mperpany (3epkaio) B KaXIIblii MOMEHT BPEMEHH pe-
arupyer JIMIIb OJJMH BUXPb, TAK KaK BO30YXkIeHHe (OTOHA MepeMelna-
eTcs CO CKOPOCTBIO CBeTa B Teje (pOTOHA, HO M caM ()OTOH IepeMera-
€TCs1 C TOU KE CKOPOCTHIO.

Ecau sneMeHTapHbIl BUXPb, UMEIOIUNA OTHOCUTEIBHO MOBEPXHO-
CTH OTPaXXCHUSI HOPMAIBHYIO M TaHT€HIMAIBHYIO COCTABISIONINE CKO-
POCTH, KOCHETCSI IIOBEPXHOCTU OTPAXKEHUS U OyAeT NMpOJODKAaTh CBOE
JBIDKEHHE, TO KaXJIas €ro dJIEMEHTapHas CTpys, UMEoLas B BUXPE
(bopMy OKpPYKHOCTH, OTpaXkasich 10 3aKOHY YIPYroro ynapa, COXpaHHT
(bopMy OKpYKHOCTH, HO T€UeHHE B Hel OyJeT Toclie yiapa Harpase-
HO B CTOPOHY IPOTHBOIOJOXHYIO HalpaBJIeHUIO 10 yaapa (puc. 5.15).
B pesynbrare 3TOro B OTpaXKEHHOM BHUXpE IUPKYJSIHASI CKOPOCTH BHX-
ps (MarHUTHAs HANPSHKEHHOCTH) OyIeT MMETh MPOTHUBOIIOIOKHBIN 3HAK
M0 CPAaBHEHMIO CO 3HAKOM LIMPKYJISIIIMK CKOPOCTH B IAJAIOLIEM BUXPE.

[TockonbKy ke BUXpHU MEPBOTO M BTOPOTO PSAAOB MOMEHSIOTCS Me-
CTaM{ OTHOCUTENILHO HANpaBIICHHS JBIKEHHS, TO 3HAK LUPKYJISIUHA
OTHOCHUTEIIFHO 3TOTO HANPABICHHUS COXPAHHUTCSI.

Wnaue obctouT Aeno ¢ UUPKYJSLIMEH NPOJOJIBHOTO JIBMXKEHUS
a¢upa. [Ipn oTpakeHUH OT MOBEPXHOCTU HAMpABJICHHE MPOJIOIHHOTO
JIBYDKEHUSI 2Hpa COXPAHHUTCS, HO CaMO HalpaBJCHUE JBWKCHHS OTpa-
JKEHHOTO (POTOHA M3MEHUTCS, PSAABI BUXPEH MOMEHSIOTCS MECTAMH, YTO
NpUBeAeT K U3MEHEHHUIO 3HaKa CIIMHA HA MMPOTHBOIOJIOKHBIN, €CJIN Ma-
JAIOIINN CBET UMEN CIUH +1, TO OTpakeHHBIN OyaeT UMETh CTIUH —1 u
Hao0OpOT, 4TO HE CIeayeT U3 OOBIYHBIX Teopuit (puc. 5.16).

@dakT U3MEHEHHUs 3HaKa CMHA HA MPOTHBOMOJIOXKHBIA HPU Kax-
JIOM OTPaXXEHHUHU OT METAIJIMYECKOI0 3epKajia I0Ka Ha MOATBEPXKICHHUS,



192 I'nasa 5.

HU ONPOBEPKCHHUS HE MMEET W TOJUIKHUT IKCIEPUMEHTaIHHOU IpOo-
BEpKe.

Puc. 5.15. OTpaikenne u npejoMiieHHe JeMEeHTAPHOT0 BUXPSI

Puc. 5.16. U3meHeHHe 3HAKA CIMHA (POTOHA MPH OTPAKEHUH

5.3.2. NpenomneHue ceeTa

[Ipenomiienune cBeTa — M3MEHEHUE HATIPABJICHHUS PACTIPOCTPAHCHUS
cBeTa (ONTHYECKOTO M3ITyYeHNUs1) TIPH €ro MPOXOXKICHUN Yepe3 MPaHHIly
IBYX Cpel.

[omagast Ha TIOBEPXHOCTH pa3jieNa Cpeil, CBET YaCTUYHO OTpaxka-
eTcs, YaCTHYHO TmpesioMisieTcsl. B ocHOBe 3TOro sSIBICHUS JIEKUT OTpa-
JKEHHE U MPeJIOMJICHUE 3JIEeMEHTapHOH cTpyiiku raza (puc. 3.4), mpo-
XOZSIIIEH U3 cpelbl OJHOM IIOTHOCTH 3¢Hpa B cpeay APYrod MIOTHO-
cTtd. Pa3HOCTh TJIOTHOCTEM MPHU COXpAaHEHWW PABEHCTBA JABJICHUN Ha
rpaHyIe ABYX Cpell MOXET OBITh BBI3BaHA, HAPUMED, pasHULECH TeM-
nepatyp 3¢upa B 3TUX Cpedax, YyTo, B CBOIO O4Yepeb, SIBISETCS CIE-
CTBHEM Pa3HUIIBI BUXPEBBIX CTPYKTYP 3THX CPEIl.
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~0

Puc. 5.17. lIpesomienne cTpyiiku raza

Y4yuThiBas, YTO OTHOIIEHHE CKOPOCTEH pPAaCIpPOCTPaHEHUS 3JIeK-
TPOMAarHUTHOW BOJIHBI B BaKyyMe M B CpEZ€ €CThb IOKa3aTelb MPeIoM-
JICHUS ¥ YTO OTHOCHUTENIbHASI MarHUTHAs IPOHULIAEMOCTD ISl BCEX IPO-
3pavHbIX Cpe]] MPAaKTUYECKU paBHa 1, moyryyaem.

pcp/ Prax = VBaKZ/ ch2 =n? = HE =&,

rie N — nokxasaresb MPEeIoOMIIEHHs Cpellbl; [ — OTHOCHUTENbHAs
MarHuTHas MPOHHULAEMOCTb; & — OTHOCHUTEJIbHAs IUIJIEKTPHUYECKas
npoHunaeMocts. CriemoBaTenbHO, AWUAIICKTPUYEcKas MPOHULAEMOCTb
Cpezibl €CTh OTHOLICHUE IUIOTHOCTH MOTOKA 3(Hpa B cpene K INIOTHO-
cTH 3QHpa B TOM )K€ IIOTOKE B BaKyyMe.

¥~

\VZ v, <V

Puc. 5.18. K BbIBOAY 3aK0Ha MpeJIOMJIEHHUS CBETa
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[Ipu moctmwxeHnn ogHUM KpaeM (OTOHA TPAHUIIBI IBYX CPEIXl B CH-
Ny Oomblueil TUIOTHOCTH 3¢upa B onTHYecKH Oojiee IIIOTHOW cpene
CKOPOCTh YMEHBIIUTCS B N2/N1 pa3, B TO BpeMsl Kak Ipyroi Kpai ¢GpoTo-
Ha MPOJOJDKAET IBUTATHCS CO CKOPOCTRIO Vi (puc. 3.5).

CrenoBaTellbHO, KOTJa BTOPOi Kpail (poToOHa KOCHETCS TIOBEPXHO-
CTH ONTUYECKU OoJiee TIIOTHON cpeabl, mpoiineT Bpems o, B TeueHUe
KOTOPOTO MEPBBIN Kpail BO BTOPOM cpejie MPOUJET paccTosIHue Votp =
OE. [lns BTOporo kpas Vito = B’B1. U nanee Bce OyneT Tak ke, Kak 3TO
OIINCAaHO B yqe6H1/H<ax I10 OIITHKE, T.C.

n

A =h (38)

n2

¥ AWaMeTphl BUXpeH B cpene ¢ OOIbINel MIOTHOCTHIO COOTBET-
CTBCHHO MCHBIIC NUaMETPOB Bpreﬁ B Cpeac C MCHBIICH IJIOTHOCTBHIO
sdupa. B mpunnune, oObACHEHHE NPENOMIICHHS CBETa HA TPaHULE
IBYX cpell B 3QUPOINHAMUKE TO K€, UYTO U B OOBIYHON (pHU3HKE.

5.3.3. UHTepdepeHuun

NuTepdepennms cBeta — cI0XKeHHE CBETOBBIX BOJIH, TTPH KOTOPOM
0OBIYHO HAOIIOAAETCS XapakTepHOE MPOCTPAHCTBEHHOE pacIipesere-
HUE WHTEHCHBHOCTHU cBeTa (MHTepEepEeHIIMOHHA KapTHHA) B BHUJIE Ue-
PEAYIONINXCS CBETJIBIX M TEMHBIX moinoc. MHTepdepeHIus cBeTta BO3-
HUKAaeT TOJBKO, €CJIM Pa3HOCTh (a3 BOJIH MOCTOSIHHA BO BPEMEHHU, T.€.
BOJIHBI KOTC€PCHTHBI (T-IaCTOTBI BOJIH KPAaTHBI U COTJIaCOBaHBbI MEXAY CO-
0oii Bo Bpemenn) [10].

WuTepdepennmst — ofHO U3 OCHOBHBIX SIBIICHHM, MOATBEPIKIAIO-
IIMX, KaK CUUTACTCs, BOJIHOBYIO Mpupoay ceta [9, c. 242-340]. Onna-
KO HECIJIOXHO TM0Ka3aTh, YTO CXOJICTBO MHTEP(EPECHIIUN CBETA C UHTEP-
(epeHIMEll BOJH MOBEPXHOCTHOE, HE PACKPHIBAIOILEE CYIIHOCTH SIBJIE-
HHA.

[Ipexae Bcero, ciieayeT OTMETHTD, YTO CIOXKEHHE KOojeOaHuH BO-
BCE HE SABJISICTCS MPEPOTATUBON TOJIHLKO BOJIH. TOYHO Tak ke, Kak IoIe-
pEYHbIE OTHOCHTEIBHO HAIpPABIICHUS JBIKECHUS BOJIHBI, BEIyT ce0s U
BUXPEBbIE CTPYKTYpPbI: MX UHTEHCUBHOCTH MOTYT CYMMHPOBATHCS MPHU
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OJIMHAKOBBIX pa3Mepax M HANpPaBICHUHM ABIKEHUS U HE B3aHMOJIEH-
CTBOBaTh MEXIy COOOW IpPHM PAa3HBIX HANpaBICHUAX IBMXKCHUS WIIH
pa3HBIX pa3Mepax.

[Tockonbky mIOTHOCTH 3(hupa B POTOHE COCTaBIAET MAIYIO JOJIO
OT IJIOTHOCTH CpEeIbl, @ CPeAHss IUIMHA Mpodera Ha MHOTO IOPSIKOB
IPEBOCXOJUT Pa3Mephl aMEPOB, TO (POTOHBI OKA3BIBAKOTCS CIIOCOOHBIMU
MPOHUKATH CKBO3b APYT Apyra 0e3 3aMeTHOTro B3auMojaehcTBus. KepHsl
K€, UMEIOIIHE BBICOKYIO IUNIOTHOCTh, HO MaJIble pa3Mepsbl, OyayT IpocTo
orubath Apyr apyra. B To ke BpeMs Ha NpensiTCTBUH, KOTOPBIM SIBIISI-
eTcs JI000W 3KpaH, JOHKHO BO3HHMKATH CMEIICHHE CTPYH U COOTBET-
CTBYIOIIEE YCHJICHUE WJIM YMCHBIICHHWE WX MHTEHCHBHOCTH. be3 cuH-
¢azHOCTH (POTOHOB, UCXOMAIIMX W3 PA3HBIX TOUEK H3IIydaTessl CBETa,
SIBJICHUE MHTEP(PEPEHINH ObLIO ObI HEBO3MOXKHO, MTOCKOJIBKY (POTOHBI B
UHTEepPEePUPYIONINX JTydax ObLIM Obl HUKaK He CBS3aHBbl MEXAy coOoM
mo ¢aze, qaxke eciau Obl 9acTOTHl y HUX OBUTH ONWHAKOBBL. PDazbl OT-
JeNbHBIX (POTOHOB MMENIN Obl XaOTUYECKUH CABUI OTHOCHTEIBHO APYT
Ipyra, U HUKakas uHTepdepeHus Obuta Obl HeBo3MOkHA. MHTepde-
PEHLIUS CBETa — peajibHOe SABJICHUE, & 3TO O3HAYAET, YTO M3JIydarolIne
aTOMBI HETIPEMEHHO JIOJDKHBI CHHXPOHHU3UPOBATHCS M CHH(a3HpPOBATh-
cst Mexay coboit. OJHaKO BOJTHOBAsi TEOPHS 3TOIO OOBSCHHUTH HE B CO-
CTOSTHHH.

[IpuHIUNUanbHBI MEXaHW3M B3aWMHOM CHHXPOHHW3ALMHU U CHH-
(ha3upoBaHUs M3ITyYaIONIMX aTOMOB ObLUT M3JIOKEH BbIle. Takol mexa-
HHU3M, HEBO3MOJKHBIH B BOJIHOBOM MOJEIHN, IIO3BOJIIET OOECIICUHTH
CHHXPOHHOE U CHH(]A3HOE U3ITyuYeHHE BCEX M3Iy4aeMbIX B OJUH U TOT
K€ MOMEHT (DOTOHOB.

B pesynbTare 3TOTO Ha BCEW IMIIOMIAIN U3ITydaTels, KOTopas MHO-
TOKpPaTHO TIPEBBINIAET TUIONIA(b CEUSHHS OTIENBHOIO (OTOHA, B KaX-
JbIi MOMEHT BPEMEHH yCTaHaBIIMBaeTcs equHas ¢asza uznydenus. llo-
clie paclieIuieHus Jy4d B MHTepdepoMeTpe COXpaHSIOT CTabWIbHYIO
(da3y u3nydeHuss OTHOCHUTENHLHO JIPYT Jpyra, 4TO U TO3BOJISIET TOCIe
CIIOJKEHHS 3THUX Jy4el MOIy4YUuTh HHTEPPEPEHLIIMOHHYIO KapTHHY.

[Tockonbky (haza u3myueHHS MOXKET CO BPEMEHEM MEHSTHCA, TO B
ciydae, ecid JUIMHBI HHTepPEepUPYIOIUX JTy4el CYIeCTBEHHO pa3iiy-
HBI, YETKOCTh HHTEPPEPEHLMOHHONW KapTHHBI Hapymaercsa. Otcioma
NpaKTHYeCcKasi peKOMEHAALM: MPH pa3paboTKe HHTEPPEPOMETPOB Lie-
JIec000pa3HO CTPEMHTHCSI K PAaBEHCTBY UTHH o0omX HHTEpdepupyro-
LIUX JIy4eH.
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Bo BceMm octanpHOM KapTHHA WHTEp(hEPEHIINN BUXPEBHIX (DOTOHOB
COBEPIIIEHHO MMOI00HA BOJHOBOH, TaK KaK MHTEHCHBHOCTH BUXpEH MO-
TyT CYMMHPOBAThCSA TOYHO TaK K€, KAK U MHTEHCHUBHOCTH OOBIYHBIX
BOJIH, M BUXPEBbIC (DOTOHBI CIIOCOOHKI TaK K€ CO3/1aBaTh MHTEPHEPCH-
[IUOHHYIO KapTHUHY, KaK U BOJHBL

5.3.4. Qudbpakuumsa

Judpaxius cBeTa — OTKIOHEHHE HAIPABICHUS! PacIpOCTPaHEHUS
CBETa OT MPSIMOJMHEHHOrO BOJIM3M KPaeB HEMPO3PaYHbIX NMPEIMETOB —
MPOMCXOANT B PE3yJbTaTe B3aMMOJICHCTBUS CBETA C 3TUMH KpasMH, Ha
yT0 ObUTO 0Opameno BHuManwue eme IOurom B 1800 . Ilpu 3TOM cBeT
3a KpaeM IpeAMeTa OTKJIOHIETCS B CTOPOHY 3TOrO MPEIMEeTa, 3aCBeUH-
Basi TEHEBOM Y4acCTOK.

Hudpaxuus Hapsgy ¢ uHTepdepeHIei 00BIMHO paccMaTpUBaeTCs
KaK TIOATBEPKACHUE BOJIHOBOM MpUpoabl cBeTa. OAHAKO, KaK U UHTEp-
bepeHMIO, TUPPAKIUIO MOXKHO PACCMATPUBAThL C MO3ULMN BUXPEBOIO
cTpoeHus GpoToHa.

HcronkoBanue mudpakuuu ¢ ydetoM npuHumna [roirenca, co-
IJIACHO KOTOPOMY TOYKH Kpasi IpeiMeTa MPUHUMAIOTCS 32 HOBBIM HC-
TOYHHMK BOJIH, BECbMa MCKYCCTBEHHO, ITOCKOJIBKY 32 MCTOYHHMK BOJH
COTJIACHO TOMY K€ MPUHIIMITY MOKHO MIPUHSATH JI00YI0 TOUKY, U B 3TOM
CMBICJIC Kpail mpenMmera He SBISETCS 4eM-TH00 ocoOeHHbIM. Takoe
o0BsICHEHHE HE TPOJMBACT CBETa Ha (PM3MUYECKYIO CYIIHOCTh Au(DpaK-
[IUH U B JIYYIIEM CIIydae, SBJISETCS paCUeTHBIM IPUEMOM.

CymHocTh AM(PAKIUK HECIOXKHO TOHATH, €CIU PAaCCMOTPEThH
NPOXO’KAEHNE BHXPEBOro ()OTOHA B HEMOCPEICTBEHHOW OIM30CTH OT
Henpo3pauHoro npeaMera. Kak BugHo u3 puc. 5.19, nmoBepXxHOCTh He-
NPO3PAaYHOTO MPEIMETa, PAIOM C KOTOPBIM MposieTaeT (HOTOH, eCTh MOo-
BEPXHOCTbH B CPEJHEM HEMOJBIKHOIO 3¢pupa. DTO cieyeTr u3 Toro, 4To
MEKATOMHBIE PACCTOSHUS MMET nopsmok 107° M, a mopsgok mmmn
BonH (otona — 10° m. ToaToMy 1O OTHOWIEHHIO K (POTOHY BHXPEBBIE
JBWKEHUSI TOBEPXHOCTH aTOMOB YCPETHEHBI.

B 3a3ope mMexmy (GOTOHOM W MPEIMETOM UMEET MECTO OOJBIIOH
IPaUEHT CKOPOCTH, IIOCKOJIBKY Kpail (JOTOHHOIO BUXPS ABHXKETCS C
OONBLION CKOPOCTBIO B HANpaBICHWH, OOPaTHOM HAMpaBiICHHUIO IBU-
KeHuss QoToHa, a 3a30p OTHOCUTENBHO Mail. C TPOTHUBOIOJIOKHOMN
CTOPOHBI ()OTOHA OCTOPOHHUH IPEAMET OTCYTCTBYET, CJIEA0BATEIbHO,
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rpagueHT ckopoctu mair. OTciofa clemyeT, 4To naBieHne >hupa co
CTOPOHBI MPEIMETA CYNICCTBEHHO MEHBIIIE, Y€M CO CTOPOHBI CBOOOTHO-
ro 3¢upa, ¥ POTOH MPWKUMACTCS K IPESIMETY.

- QQQ%GJ%)Q\

Puc. 5.19. Mexanusm audpakunn ¢GoToHOB

IMocre Toro kak GOTOH MPOXOAUT MPEIMET, OH TOMAACT B 30HY, B
KOTOpOI\/'I AaBJICHUC HAYUWHACT BbIPABHUBATLCA, ITIOCKOJIBKY IMPEAMET TaM
YK€ OTCYTCTBYET. B 3T0il 30HE NaBieHUe yXKe BBIIIC, YeM B 3a30pe, HO
emie HIKe, 9eM B cBoOOmHOM 3¢dupe. IlocKombKy HeEmpo3padHbIi
MpeaIMET He MelIaeT OoJbIe CMEIICHHIO (POTOHA, a pa3HOCTh JAaBJICHUN
elle CYIIeCTBYET, (DOTOH OTKIIOHSETCS] B CTOPOHY TE€HH TpEIMETa.

W3 M310KEHHOTO BBITEKAET, YTO yrojl MOBOpoTa (HOTOHA TOJKEH
3aBUCETh OT (OpMBI Kpas mpeamera. [Ipy yBeqHMueHHWH pajauyca 3a-
KPYIJICHHS Kpask HEMpO3pavHOro IpeiMeTa yroji MoBopoTa (OTOHA
JIOJDKEH HECKOJBbKO YBEITHUUTHCS, YTO MOXKET OBITh MPOBEPEHO DKCIIE-
PUMEHTAITbHO. MOXHO 0XKHJIaTh, YTO 3((HEKT HAYHET 3aMETHO MPOSB-
JAATBCSL MIPU pajuycax 3aKpyIJeHUs IOpsAKa IAECATKOB CAHTUMETPOB
WIN eTUHUI] METPOB.

5.3.5. AGeppauus

Aleppanueil cBeTa B aCTPOHOMHH HAa3bIBACTCS W3MECHCHHUE BUIIH-
MOTO IOJIOKEHHUS CBETHUJIa Ha HeOecHOH cdepe, 00ycIOBIEHHOE KOHEY-
HOCTBIO CKOPOCTH CBETa W JIBUWKEHUEM HaOJro/1aTelsl BCIECTBHE Bpa-
nieHus 3emun (cyTouHasi abepparus cBeTa), oOpaieHus 3eMIu BOKPYT
Connna (roguuHast abeppauusi cBeTa) U nepeMerieHns CoaHEYHOH cH-
CTEMBI B IPOCTpaHCTBE (BekoBas abepparus ceeta) [9, c. 420-450; 36].

Teopust 3Be3mHO# abeppamnuu, Kak U3BECTHO, H3MCHSIACH C M3Me-
HEHHEM NpeAcTaBiIeHU o npupoae ceera. Cam bpamielt coznan ee B
1725 r., ucxond M3 TOCIOJCTBYIOIIEH B €r0 BpeMs KOPITYCKYJISIPHOM
teopun. Openens pazpadoran Teopuro abepparuu (1823) Ha ocHOBE HE
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YBIJIEKAEMOT'0 M YaCTUYHO yBiekaeMmoro 3¢upa. Korma ontuka aBuxKy-
IIMXCS TeJl BCTPETUIACH C TPYAHOCTSIMU, CTOKC, MBITasICh IIPEONOJIETD
uX, 00BsicHWI abeppanuio, NoJIb3YsACh THIIOTE301 MOJHOCTHIO YBIIEKae-
moro s¢upa (1852). C npuxomoM B HayKy KBAHTOBOW TEOPUHU U TEOPHH
OTHOCUTENIFHOCTH BO3HUKJIA COBPEMEHHAs PEJSITUBUCTCKAsA 0e3 adup-
Has Teopus 3Be3qHOM abeppammu. OIHAKO Ha BO3MOXKHOCTH OOBSICHE-
HUS sIBIeHUS a0eppallii Ha OCHOBE ydeTa d(hupa yKe y Halld AHU
BHOBb 00OPaTHJIN BHUMaHHE HEKOTOPbIE HCCIIEIOBATENH.

Cgem
11},
!/ l/1
N4 J
/ /1

ll lll ll ll ll

72

Puc. 5.20. K Mmexanu3my adeppainuu cBeta

B pesynbrare cyroyHoii abeppalu cBeTa 3BE3J(bI CMEMIAOTCS 1O
OoJpIIOMY Kpyry HeOecHOH cephl B HAIIPABJICHUU K TOYKE BOCTOKA Ha
Benmunny cos@’sin(0,3197c), rae ¢’ — reoueHTprYecKas IIMPOTa MECTa
HaOJIIOIEHHS, a G — YIJIOBOE PACCTOSHUE CBETHIIA OT TOUKH BOCTOKA.

Us Ucy'r

Us

p6

Aopo o

2anaKmuxu 0 Uran

a) 0)

Puc. 5.21. [IBuskenHe TOYKH, PAcNoJIOKeHHOIi HA IMOBEPXHOCTH 3eMiH: a —
raJlakTUuecKasi, OpOUTaNbHas M CyTOYHas CKOPOCTH; 0 — BEKTOPHOE CyMMHpPOBaHHE
CKOpOCTEH
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BekoBoe abeppalinoHHOE CMEILIEHHE 3BE3/ PAKTUYECKH HE 0OHa-
PYXHMBaeTCs, TaK KaK HampasiieHue AwxeHus: COIHEYHOH CHCTEMBbI B
MPOCTPAHCTBE MEHSETCS KpaitHe MEAJICHHO.

[Ipencrasisiercs, 4To AaHHOE BBIIIE OOBSICHEHUE NPUYMH abeppa-
LUK SBIsIeTCsl HemOoIHBIM. ClielyeT YUuThIBaTh BEKTOPHOE CyMMHUPOBa-
HHUE CKOPOCTEH IBMXKEHMs 3eMJIM OTHOCHUTENIBHO ['aakTHKM ¥ OTHOCH-
tenpHO CoHila (OpOUTaNBHOE JBIIKCHUE), & TAaKXKE CYyTOYHOE Bpallle-
uue 3emin (puc. 5.21).

Knaccnueckas Touka 3peHusi, npeamnonararonias abCoIoTHYIO He-
MOJBMKHOCTE ddupa B mpoctpancTse (Teopust @penens-JlopeHna) Obl-
na Obl COBEpIICHHO CIpaBeIMBa, ecid Obl HA caMoM Jene 3up He
CMEIIAJICsl B IPOCTPAHCTBE U €clii Obl 3eMJIsl IpU CBOEM JIBI)KEHUM HE
3axBaThiBajia dQUp, OJHAKO 3TO HEe Tak. D(QUPHBIA BeTep 00ayBaer
3eMIII0, €ero OTHOCHUTEJbHAsI CKOPOCTh YMEHBIIAETCSl ¢ YMEHBIICHUEM
BBICOTHI, ¥ TIOSTOMY sIBJIeHHE aOeppaliuyl CBeTa Ienecoo0pa3Ho B Oy-
OyLIeM IOpOaHaIM3UPOBaTh C YUETOM U 3TOro obcrostenscrsa. U3 ms-
JIOKEHHOTO CIIEAYET, UTO:

1) roguunas abepparusi ceera B mosice 44,6-90° 1. m. Oyner
MMETh MEHbLIeE 3HAUCHHE, HEXXEIH B CEBEPHBIX IIUPOTaX;

2) roguyHas abeppalysi Ha MallbIX BBICOTaX, a TeM OoJiee B TIy0o-
KX IIaxTax, JOJPKHA MMETh HECKOJBKO MEHbIIEee 3HAaueHHe, 4eM Ha
0O0JIBIIMX BBICOTAX B TEX )K€ IINPOTAX;

3) mpu KOCMUYECKUX TepesieTax HeoOXOIMMO MPOBOJAUTH KOPPEK-
TUPOBKY MECTOIIOJIOKEHHS C YYE€TOM COOCTBEHHOH CKOPOCTH JIBHXKE-
HUsI 00BEKTa OTHOCUTENIBHO MOTOKOB 3(Hpa, €CIIU 3Ta KOPPEKTUPOBKA
BBITIOJTHSETCS aCTPOHOMHUYECKUMH CPEACTBAMH, PACIIOJIOKEHHBIMH Ha
camMoM OOBEKTe.

OO0xye 3eMHOro mapa 3(QUPHBIMH IOTOKAMH HE HOCHT CTPOrO
PaBHOMEPHOT'0 XapakTepa, MOCKOJIbKY 3TH IMOTOKU CaMH I10JIBEPKECHEI
pasHOOOpa3HbIM U3MEHEHUSIM, CBS3aHHBIM, B YaCTHOCTH, C CONTHEYHON
aKTUBHOCTBIO. Kpome TOro, B sIBJIGHHUHM a0eppalii y4acTBYIOT BO3-
OyuiHble TOToKu atMmocgepsl. [loxpobnoctn o0xyBa 3emim 3¢upom
M3JI0KEHBI HIDKE.

Knaccuveckne mpencrtaBieHuss O NMPHUPOJE adeppalyd COOTBET-
CTBYIOT U3JIaraeéMbIM B HacToseil paboTe, 0THAKO, ¢ HEKOTOPBIMH T10-
npaBKaMu. DTU MOIMPaBKU CBSA3HBI C TEM, YTO 3eMJIsl HE TOJBKO mepe-
MelaeTcs B TPOCTPAHCTBE, HO M O0IyBaercss IMOTOKaMu 3¢upa,
HaIlpaBJIeHUE U CKOPOCTh KOTOPHIX HOCHT HE TOJIbKO CTallMOHAPHBIN
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XapakTep, HO YaCTHYHO M NepeMeHHbIH. Kak cranmpuoHapHbIE TOTOKH —
3(upHBII BeTep, TaK W HECTAI[MOHAPHBIC B HACTOSIEE BpeMs OOHApY-
JKEHBI SKCIIEPUMEHTAIFHO U UccleaytoTca. OTHOCUTENbHas CKOPOCTh
3(UPHOrO TOTOKA OTHOCUTEIBHO MOBEPXHOCTH 3eMJIM YMEHBILACTCS C
YMEHBIIEHHEM BBICOTHI HAJ 3€MHOW ITOBEPXHOCTBIO, 4TO OBLIO OOHA-
pyxeHo eme J.K.Munnepom B 1925 1., HO 9emy Torzna He OBLIO JaHO
o0bsicHeHns. CerogHs yxKe SICHO, YTO 3TO yMEHbIIICHHE CBSI3aHO C BA3-
KOCTBIO 3()upa M COOTBETCTBYT TEOPUH IOTPAHMYHOTO CJIOS Ta30BOTO
MOTOKa, 00TyBaIOMIETO IIap.

CooTBeTcTBHE 3HAUCHHH a0eppaliu, MOTYyYCHHBIX DKCIIEPHUMEH-
TaJIbHO, PACYCTHBIM 3HAYCHHAM, CBUACTCILCTBYIOT O TOM, UYTO (I)OTOHLI
HE MEHSIOT CYIIECTBEHHO HAIPABICHUS CKOPOCTU NMPU MPOXOXKICHUH
MOTPAaHUYHOTO clios ddupa B aTMocdepe 3eMin, T.e. B3aUMOACHCTBHE
00KOBOT0 A(UPHOTO MOTOKA C (POTOHAMH MaJI0 M TIOCTOSIHHASI BPEMEHHU
MONEPEYHOT0 YCTAHOBICHUSI CKOPOCTH CBETa OTHOCHTENBHO IOIeped-
HOTO TTOTOKA JJOCTaTOYHO BEJIMKA, O YeM yxe ObUTO cka3zaHo BbIe. He-
KOTOPYIO aHaJOTHUI0 MOYXHO BHJETh B PACHpPOCTPaHEHHUH KOJIEll JIbIMa,
BBIPBIBAIOIINXCS U3 JBIMOBBIX TPYO NpPW HATMYMKM TOPU3OHTAIBHOTO
BETpA.

Ecmm BETCP 3aME€THO CHOCUT AbIM, TO ABIMOBBLIC KOJIbI[a OKa3bIBa-
OTCA CMCIHICHHBIMH HE3HAYUTCIBHO.

Tem He MeHee, pazaHyHe SKCHEPHMEHTAIBHBIX JAHHBIX abeppa-
UM U Pa3IUdHBIX 00CEpPBATOPHIA, PACMOIOKEHHBIX HA Pa3IHYHBIX
MrpPOTax U BbICOTAX, HOJIKHO 6BITB JONOJJIHUTCIIBHO ITpOaHAJIN3HUpPOBa-
HO C TOYKH 3PEHUS HAJIMYMS MOTPAHUYHOTO cios 3(hupa, 3aXBaThIBae-
Moro 3emiiel Ipu €€ JBUKEHUH.

Takum 00pazoM, ¢ y9eTOM HEKOTOPBIX IMOMPABOK MOXHO CUHTAThH
KJIACCHYECKYI0 TEOpHI0 abeppanny, yYWUTHIBAIONIYI0 HAJIWYHE B MPO-
cTpaHCTBe 3(hupa, B IIEPBOM NPHOIMKEHHHN YIOBICTBOPHTEIBHOIM.

5.3.6. BzanumopencrBue nyyen ceeta

Cuwnraercs, YTO JIy4d CBETa HUKAK HE B3aUMOJICHCTBYIOT MEXKIY
co00i1. B OONBIIMHCTBE CllydaeB 3TO TaK M €CTh, U 3TO OOBACHACTCS
TEM, 4TO TeJI0 (POTOHA MPENCTaBISIET COOO0H JOCTATOUHO Pa3pPEKEHHYIO
CTPYKTYpY 3a HCKIIOUeHHEeM KepHa. Ho kepH MMeeT Ype3BbIuaifHO Ma-
JIBIe pa3Mepbl, U TPU BCTpeue (OTOHOB KEpHBI OYAyT orudath ApPyT
Jpyra, B TO BpeMs Kak Teia (JOTOHOB MPOUIYT ApYyr CKBO3b aApyra. He-
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OoJbIIMe H3MEHEHHS, KOTOPhIE TIPH 3TOM MOTYT BO3HHKATh, BOCCTAHO-
BATCS Cpasy ke Mocie BeIxoAa (JOTOHOB B CBOOOIHOE,

7 7 L\

)

Puc. 5.22. B3auMojeiicTBie KOTepeHTHBIX MOJISIPU30BAHHBIX (POTOHOB: @) B
cllydyae OIMHAKOBBIX CIIUHOB; 0) B CIyyae IPOTHBOIOJIOKHBIX CIIMHOB.
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OpHaKO TMOJIOKEHHUE MOXXET W3MEHUTHhCS B ClIydae B3auMOJICH-
CTBUS KOT'€PSHTHBIX MOJIIPU30BAHHBIX JIy4el cBera. Kak BUIHO U3 puC.
5.22, ecnu nBa doToHA, 0OIATAFOIINX OJTMHAKOBBIM CIIMHOM, TIPOXOJIST
OJIU3KO JPYT OT JIPYTa, TO MEXY HUMH 33 CUET KOJIBIEBOTO JBIIKCHHS
oOpa3syercsi TpaJiueHT CKOPOCTEH, B KOTOPOM JaBjeHHUe 3(upa MOHHU-
3uTCs, U QOTOHBI OYAYyT MPUTATUBATBCS JAPYT K npyry. Ecnu xe doTo-
HBI 00JIAJIAI0T TPOTHBOIOJIIOKHBIMUA 3HAKAMH CIIMHOB, TO OHHU, Ha000-
poT, OYIYT OTTAJIKUBATLCSA APYT OT Apyra. COOTBETCTBEHHO M3MEHSTCS
W HampaBJICHUS PacCIpPOCTPAHEHHUS CBETOBBIX IIOTOKOB. BeposTHO,
HauboJiee 3aMETHO TaKOe SIBJIIEHUE JOJDKHO HAOI0aThCs B Cl1abo pac-
CEUBAIOIIMX Cpeax, HalPUMEP, B ITapax METaJLIOB.

W3 U37105KEHHOTO BBIIIE CACAYET, YTO, HECMOTPSI Ha BHICOKUE JO-
CTH)KEHHUS B METOJ]aX pacueTa CBETOBBIX SIBICHUH M ONTHYECKUX IPH-
0OpOB, MIMPOKOE MPUMEHEHUE MX Ha MPAKTHUKE, HAKOIUICHHBIA OTpPOM-
HBIH OIBIT B CO3JaHMU W WCIOJb30BAHMHM ONTHUYECKUX MPHOOPOB, (hu-
3u4ecKass ONTHKA, OT KOTOpOoH Tpedyercs OOBsICHEHHE (QHU3MYECKON
CYIITHOCTH CBETA M CBETOBBIX SIBJICHUI, HAXOJUTCS B KPU3UCE U HE CIIO-
coOHa HH OOBSCHUTH (PU3UYECKYIO CYNIHOCTH CBETa, HH (PUIHUECKYIO
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CYIIHOCTb Ja)K€ OCHOBHBIX CBETOBBIX SIBICHHH. JTO CBSI3aHO C TE€M, YTO
TeopeTHdeckas (U3MKa NPHHIUINAIBHO OTBEpIa caMmy HJICI0 CyIe-
CTBOBaHUs d(Upa — MUPOBOH cpenbl B pupoae. be3 BoccTaHOBIEHHS B
¢usnke npeacraBieHuid 00 dpuUpe BBINTH U3 CO3JaBLIerocs B (pusnke
KpH3HCa, B TOM YHCJIE, U B TCOPETHYECKONW ONTHKE, HEBO3MOXKHO.

D¢upoarHAMIYECKHE MPEICTABICHHS O CYITHOCTH CBETA U CBETO-
BBIX SIBIICHHH HE TOJBKO MO3BOJIAIOT pa3paboTaTh Bce HEOOXOAMMBIC
JUIS 3TOTO (prU3MUECcKre MOENH, HO U OOBSCHUTH T€ SIBICHHS, KOTOPHIC
JI0 CHX TOpP TOJBKO AEKIAPUPYIOTCS, MOCTYIMPYIOTCS, HO HHUKaK He
00BsICHSIOTCS. Pa3symeercsi, 3TO TOJNIBKO Hadano, HO HET COMHEHHUSI, UYTO
UMCHHO Ha 3TOM NyTH (HU3HKY B IEJIOM M €¢ OTAeIbHbIe 00JacTH, B
TOM YHCJIE ¥ ONTHKY, KT CEpbe3HOE Pa3BHTHE.

Jumepamypa

1. Auyroxoeckuii B.A. O6uias 3¢pupoauHamuka. MojienupoBanue
BEIIECTBA U MOJICH Ha OCHOBE MPEJICTaBICHUH 0 ra3omnono0HoM 3¢dupe.
M.: Dueproaromuzaart, 2003.

2. Auroxosckuii B.A. Hauana 3¢pupoarHaMU9YeCKOro eCTeCTBO3HA-
Hust B 5 kaurax. Kaura 4. Y. 2. DpupouHaMuvecKue OCHOBBI ONITHYE-
ckux sBineHuid. PAEH. M.:»Iletut» 2010.
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naBa 6. NpaBuTaumsa n pacwmpeHve 3emMnu

TskecTh TOKOSLIETOCS TeNa €CTh 3aJIepyKaHHOE IBUKEHHE
M.B.Jlomonocos. O msicecmu mei.

6.1. dPusnyeckasa npupopaa rpaBuTaLum

I'paBuTanoHHBIE ABIECHUS Ha MPOTSDKEHUU BCErO CYIECTBOBAHMS
YeJIOBEYECTBA BBI3BIBAIM MOBBIIMICHHBIH WHTEpPEC, MMOCKOJIBKY B CBOEH
MIOBCEITHEBHOM MPAKTHKE YEJIOBEK HEMPEPHIBHO C HUMH CTAJIKHBAJICS.

EcTtecTBO3HaHWE BBIIBHHYJIO IIBa BOMPOCAa B ATOW OOJIACTH — O
MIpHUpoJIe TPaBUTAlMU U O 3aKOHE rpaBUTanui. OTBET Ha MEpBBIA BO-
NpoC JOJKEH ObIT OBl MPOJITH CBET Ha NPUPONY TPaBHTAIMU, €€
BHYTPEHHUH MEXaHH3M, Ha YCTPONCTBO TI'PaBHTAllMOHHOIO IOJIA, a
TaK)K€ Ha HEKOTOpBIC NPHUKIAIHBIE ACIEKTHI, BBITEKAIOIINE M3 BO3-
MOKHOTO TTOHHMaHHUS CyTH TPaBUTALIMOHHBIX MPOILIECCOB, HAIPUMED,
HENb3s JIH YBEJIMYUTh WM YMEHBIINTH TSHKECTH TEJ, HENb3s JM JKpa-
HUPOBATHCS OT BIMSAHUSA NPUTATHBAIOIIETO TENA U T. T1.

OTBeT Ha BTOPOIi BOMPOC JOJDKEH IMPUBECTH K MO3HAHUIO (YHKIIU-
OHAJIBHBIX 3aBUCHUMOCTEH, HEOOXOAMMBIX JIJISl pacdeTa JBHKCHUS Tell B
M0JIE TSHKECTH APYTUX TEJ, HaIpHUMeEp, U1 pacueTa ABMIKCHUS TPacK-
TOPHI MJIAHET ¥ KOMET, WM JUIs pacyeTa OaJUIMCTHYECKUX TPACKTOPU
T€J B 0JIE TSDKECTH 3EMITH.

[lompiTkM aTh OTBET Ha MEPBBIH BOMPOC OBLIM NPENNpPUHSTHI
MHOTOUYNCJIEHHBIMHA YY€HBIMU. OTHM 3aHuManuch P.Jlexkapt, mnpen-
JIOXUBIIHMKA Teoputo d3QupHbIX Buxperd, ['yk, Jlecax, bwsepknecc, a B
Poccun — Jlomonocos, Spkosckuit, KykoBckuii, CaBueHko, OpioB-
CKH{ M MHOTHE ApYTHE.

M.B.JIoMOHOCOB moJlarajl, YTO Ha CaMOM JEJ€ NPOUCXOAUT HE
«TIPUTSATUBAHUE», a «MOATANKUBAHHUE» TeJ APYT K APYTy YacTHIIAMHU
sdupa. OH cuuTan, 4to Onaromaps SKpaHUPYIOLIMM CBOMCTBaM Tell
YacTUIlbl dQUpa Mo-pasHOMY BO3ACHCTBYIOT Ha IIPUTATHBAEMBIC» Te-
J1a: CO CTOPOHBI IIPUTATHUBAIOLIETO) TEJNa YacTUIIBI d(hupa ocnabieHsl,
a CO CTOPOHBI CBOOOJHOTO MPOCTPAHCTBA OHM HMMEIOT IMOJHBIA HM-
nyibe. [1omoOHON TOYKM 3peHUs NPUAEPKUBAIUCH 1 MHOTUE APYTHE
UCCJIEIOBATENN 3TOTO Bomnpoca. HEMOHATHBIM OCTaBaNoCh TO, YTO CH-
Ja TATOTEHHs ObUTa MPONOPIMOHATIBHA Macce MPUTATHBAIOIIETO Tela,
a He IUIOLIAAM ero momepeyHoro ceueHus. He siceH Takxke ocraBaics
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BOTIPOC ¥ O CKOPOCTH PacHpOCTPaHEHHSI TPABUTAIMOHHOTO B3aNMO/ICH-
CTBUSI.

OTBeT Ha BTOPOH BONPOC B HEOOXOMUMOW JJIsi TOTO BPEMCHH
MOJIHOTE Aall, Kak u3BectHo, M.HpioToH B «MaremaTuueckux Havamzax
HaTypansHOU Qrmmocodum» (1687 1.), B KOTOPBIX OH 000OIIIIT JaHHEIE,
nonyueHsusle ['.I'anuneem, M.Kennepom, P.Jlexkaprom, X.I'tolireHcom,
Hx.bopermnu, P.I'ykom, D.T'amneem u np. CorinacHo 3aKOHY TATOTCHUS,
Ha3BaHHOMY HeroToHoM BceceMupHbIM, Kaxkaas yactuiia Bo BeeneHHol
MPUTATHUBACT KXKIYIO JPYTYIO YacTHILy C CHIIOH, OOpPaTHO MPOTOPIIHO-
HaJIbHOU KBaApaTy PacCTOSIHUS MEXJIYy HUMH M «IIPONOPLHAOHAIBHON
HEKOTOPOMY KOJIMYECTBY MAaTE€pUH, KOTOpoe oHU comepxkar»y. C mo-
MEHTa OTKPBITHS 3TOTO 3aKOHA TPABUTANHS CTalla PacCMaTPUBATHCS
€CTECTBOMCHBITATENIMU KaK YHUBEpCaJIbHOE CBOMCTBO MaTepHuu (TO-
JIOOHO MHEPIIUH).

To, 9TO rpaBUTAIMOHHAS CHJIA POIIOPIIMOHATIFHA Macce MPUTSTHU-
BaroIero Tena, HpIOTOH BBIBEN M3 AKCIEPUMEHTAIRHOTO (haKTa, Co-
cTodIero B ToMm, 4ro OmuTep BO3AEWCTBYET Ha CBOM CIIyTHHKH,
ConHile Ha TuTaHeTHl, a 3emiist HA JIyHy W Ha HaxomsmIuecs Ha IO-
BEPXHOCTH 3€MITH TIPEAMETHl TaKUM 00pa3oM, YTO MX YCKOPEHHS paB-
HbI Ha PaBHBIX PACCTOAHUAX OT COOTBETCTBYIOUICTO HECHTPAJIBHOI'O TC-
ja. 3aKoH 00paTHOro KBajpaTa €CTh MPSAMOE CICJACTBHE 000OIICHNUsS
3akoHOB Kerepa, KOTOpBIH CUHMTai, YTO JBIKEHHE IUIAHET HE €CTh
XOTsl OBl U YHOPSAZOYCHHOE, HO CaMOIPOM3BOJBLHOE OJIy)KIaHHE: OHO
MIPOUCXOJINT IO BIMSHUEM HEKOTOPOTo BHemrHero areHTa — CoJHIa, B
KOTOPOM HaXOJHTCS «IBWXKYIIas IyIla» BCEW IIAHETHOW CHUCTEMBI.
Eciu Obl offHa W Ta ke IJIaHeTa MOOYEPEJHO Bpallajach BOKPYT
ComH1ia Ha ABYX Pa3IMYHBIX OT HETO PACCTOSHUSAX, TO TEPHOIBI OTHO-
CHJIUCH OBl KakK KBaJpaThl PACCTOSHUN WIIH PaInyCOB OKPYKHOCTEH.

HyxHo 3ameTuth uto nociae HproTOHA OBLITH NIPEAIPUHATHI ITOTIBI-
KN YTOYHHUTH 3akoH BCEMHPHOT'O TATOTCHUA, IIOCKOJIBKY OIIPEACIIN-
JIMCh paCXOXJACHUA MCKAY PACUCTHBIMU U SKCIICPUMCHTAJIbHBIMH JaH-
HBIMH 10 HaOJIOJCHHUSM TIOJIOKEHUS TIaHeT. OJHAaKO BCKOPE BBISCHHU-
JIOCh, YTO OMIMOOYHBI OBUTH JaHHBIE, TOJTyYEHHBIC U3 HAOMIOACHHUN, H C
TEX MIOPp 3aKOH HreroToHa cTall CYNTATHECS HCTUHHBIM.

Onnako B XX CTOJNETUU BHOBb BO3HHUK BOMPOC O MOJHOTE 3aKOHA
BCEMUPHOTO TATOTeHHSI HhfoTOHA. DTO OBUIO CBSA3aHO C ABYMS 00CTOS-
tenabcTBamMu. B 1895-1896 rr. I'. 3emurepom Obul chopMyIHpOBaH
M3BECTHBIA TPABUTAIMOHHBIA TAPaTOKC, BBITCKAIOIHI W3 3aKOHA BCe-
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MHUpPHOTO TAroTeHus: HptoToHa. 3enurep mokaszai, 4YTO €Cliv CIelI0BaTh
3aKoHYy BCEMHPHOTO TATOTeHHs HBIOTOHA, TO MHTEHCHBHOCTH TPaBH-
TAIlMOHHOTO TIOJII OKa3bIBaeTCsi OECKOHEYHOW B JIIOOOH TOYKE IMpo-
cTpaHCTBa. BBHIy Takoll mapaJoKcaabHOW CUTYyalluu 3eIurep NpuIien
K CIIeIyIOMIeMy BBIBOAY: «3aKoH TsaroTeHusi HpIOTOHA, HECOMHEHHO,
He SBJSIETCS COBEPIIEHHO CTPOTHM, OH JOJDKEH OBITh BHAOW3MEHEH
MOCPECTBOM HEKOTOPBIX KO3()(UIMEHTOB, Onarojapsi 4yemy OTH
TPYOHOCTH OyIyT ycTpaHEeHb». sl ycTpaHeHUs TPYIHOCTH 3enurep
TIPEIOKIIT U3IOKHUTH 3aKOH HproTOHA B BUIE

M M,
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OJHAKO BBIYHCJIICHHUEC BCIINMYNHBI k HATOJIKHYJIOCh Ha TPYAHOCTH.
3Hauenne K, BRICUMTAHHOE JUIS IIIAHETHI Mepkypuii, HE MOAXOIUIO
JUTSL pacueToB MIPUMEHUTENFHO K IPYTHM TUTaHETaM.

3HaYNTENLHEIE TPYAHOCTHU BO3HUKIIN U C O6T)SICHeHI/IeM CKOpOCTHU
pacrpoCcTpaHEHHUs] TPABUTALIMOHHOTO B3auMOJENHCTBUS Ten. B cooTBeT-
CTBUU C 3aKOHOM HBIOTOHa CKOpPOCTH pPacHpOCTpaHEHHS TPaBHTAIIUU
OECKOHEYHO BEIIMKa, BOMYIICHUE MepPelaeTCsl MTHOBEHHO. JTO Hero-
CPEIICTBEHHO BBITEKACT M3 CaMOTO BBIPOXKCHHUS 3akoHa: (opmMylia cra-
TUYHA, B HEW OTCYTCTBYET 3ama3jipiBaHue. B cBoe Bpems Ha 3To oOpa-
tun BHUMaHue [1.C.Jlannac, KOTOpbI HA OCHOBAHUM AHAIN3a BEKOBBIX
yCcKopeHuil JIyHbI clienall BBIBOJ O TOM, 4YTO CKOPOCTh paclpocTpaHe-
HUS TpaBUTAIlMA KOHEYHA, HO BEJIMKA, HE MeHee, 4eM B 50 Muyummo-
HOB pa3 BHIIIE CKOPOCTH cBeTa. CKOPOCTh CBETA K TOMY BPEMEHH ObLiia
y)ke Xoporro u3BecTHa Omaromapst padboram O.K.Pemepa (1676 r.) u
Jx.bpamgnes (1728 r.). Ilocmemuee oOCTOSTENBCTBO, BOOOIIE TOBODSI,
HEIUTOXO MOJTBEPKIAETCS BCEM OITBITOM HEOECHON MEXaHUKH, OINEpH-
pyHoIIeH NCKITIOYUTEIBHO CTATHYECKUMHU (DOPMYJIaMH, BHITEKAIOIIUMHU
u3 3akoHOB HbetoToHa u Kemuiepa, To €cTh MOIYAIMBO UCXOJSIIEH U3
MPEIMOI0KEHUS O TOM, YTO CKOPOCTH PACIpPOCTPaHEHUS T'PaBHTAIIUU
3HAYUTEIHLHO MPEBBIIIAET CKOPOCTh CBETA.

Crnenyer oTMeTuTh, uTO yke Jlamumacom mokaszaHo, YTO Jaxke Ha
paccrostaun 3emist — JIyaa  (380.000 kM mimu 1,3 ceKyHABI IO BPEMCHH
pactpoCTpaHeHHs CBETa) 3ara3/bIBaHUEM PacIpOCTPAHCHUS TPaBUTA-
LIUK BOOOIIIE-TO MpeHeOperaTh ObLIO ObI HEJIb3S: CIUIIKOM OOJIBIINE
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OHNOKK B BBIYMCIICHUSIX IOJIOKEHUS JIyHBI HAKOMATCSI CO BPEMEHEM.
Uro ke TOoraa rOBOPUTH O PACCTOSIHUAX MEKIY APYTHMHU I1aHeTamu? !

O6mas teopust otHocurensHocTH (OTO) mo-mHOMY TOCTaBHIa
npobjeMy U IPUMEHUTENBHO K MEPBOMY, W MPUMEHHUTEIBHO KO BTO-
pomy BompocaM. Tsarorerne mo OTO oOBsICHSIETCS «KPUBU3HOW MPO-
CTPAHCTBa», BOSHUKIIEH BCIEACTBHE HAJTMYMUS B HEM TPABUTA-LIUOHHBIX
Macc. Yero paau NpocTpaHCTBO «MCKPHUBIIAETCA», €CIIM B HEM 3TH Mac-
Chbl HAJIMYECTBYIOT, B YEM 3aK/IIOYAETCsl MeXaHu3M uckpusienus, OTO
He paszbsicHseT. [To OTO ckopocTh pacnpocTpaHeHUs TPaBUTALUU PaB-
Ha CKOPOCTH CBETa, YTO HAXOJUTCS B MOJHOM MPOTHBOPEYHH C BBIUHUC-
nenusmu Jlammaca. OgHaKoO HUKakuX MEpPECUETOB 3THX JaHHBIX CTO-
ponnuku OTO HUKOrJa HE IETaNH.

OnHako MOCMOTPUM, KaK d3PUPOJUHAMUKA JACT OTBET HA MOCTaB-
JICHHBIE BOTIPOCHI.

B coorBercTBUM ¢ 3)UPOIMHAMUYECKUMH IPEICTABICHUIMHI
Hambonee oOmmii BUJ MBWXKEHHS 3(QUpa, Kak W JIOOOro rasa, ecTh
IBIKeHHe TepMoauddysnonHoe. Jlaxxe Torma, Korga Bce OCTalbHBIE
BUJIBI IBKEHUSI OTCYTCTBYIOT, TepMOAN((HY3MOHHOE IBH)KEHUE UMEET
MECTO: MOJIEKYJIbI Ta3a JaXKe B yCTAHOBUBILEMCS COCTOSIHUH JIBUKYTCS
U coyaapsoTcst Mexy coboi. [Toaromy utst aHanu3a Hanbosee ooie-
ro (u3HYecKoro B3auMOJIEHCTBHS — IPaBUTAIIMOHHOTIO CIEqyeT HpH-
BJI€Yb MMEHHO TEPMOJMHAMHUYECKHUE MPEACTABICHUS.

[IpuBnedenne TepMOIUHAMUYECKUX TPEACTABICHUM IS aHAIN3a
TpaBUTAIMOHHBIX SBJICHUH TeM OoJiee MpaBUIILHO, YTO BUXpH 3dHpa,
KaK 1 BUXPH JIOO0ro raza, Onarozaps HOBEPXHOCTHOMY TIPalueHTy
CKOPOCTEH MMEIOT TEMIIEPATypy, HOHMKEHHYI0 OTHOCHUTEIBHO TEMIIE-
patypsl OKpyKarouied ux cpenbl. Bce BUIBI OCTAIbHBIX IBUKEHUN
a¢rpa pacrpoCTpaHAIOTCA Ha HEOOJBIINE PACCTOSHUS, U TOJIBKO IMOJIE
TEMIIEPaTypHOTO TPalMeHTa, TaK e KaK U TpaBUTaLMs, PaCIpOCTPaHs-
€TCsl Ha PACCTOSIHUA BeChbMa 3HauMTeNbHbIe. ECy pemuTs ypaBHEHHE
TETIOTPOBOHOCTH TakK, Kak 3TO chenano B kumre A.H.Tuxonoma u
A.A.Camapckoro «YpaBHeHHs Matemarndeckoil ¢pusuku» (M., Hayka,
1966, c. 447-455), v BCIOMHUTbD, YTO JIJISl BCAKOTO ra3a IpajleHT J1aB-
JICHUsI TIPOTIOPIIUOHANIEH TPAJMEHTY TEeMIIEPaTyphl, TO MOXHO BHOBb
TIOIIBITATHCS BHIBECTH 3aKOH BCEMUPHOTO TATOTEHUS, YTO U OBUIO aBTO-
POM BBINIOJIHEHO, C 3aMMCTBOBAaHHEM M3 YIMOMSHYTOTO Y4eOHHMKa OC-
HOBHOI yacTu BeIBoza (puc. 6.1).
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Puc. 6.1. Mexanu3mM rpaBHTAIIMOHHOTO B3aHMOJEICTBUSI TeJl: M3MEHEHHE
TeMIIepaTyphl U JaBlIeHUs 3(Upa BOMNM3H TPABUTAIIMOHHON MacChl U TPaBUTAI[MOHHOE
B3aMMO/IEHCTBUE JIByX Macc

Okazajgoch, YTO B 3aKOHE TATOTCHHS IIOSBIISICTCS JOIOJHUTEIIb-
HBI COMHOXHUTENb, MPAKTHYECKH HE CKA3BIBAIOIIMICS Ha MAJbBIX pac-
CTOSIHUSIX, HO UTPAIOIINIA CYIIECTBEHHYIO POJIb Ha OOINBIINX: HAa pac-
CTOSIHUSX TIOPSJIKA JACCATKOB U COTCH aCTPOHOMUYECKHUX CIUHUI] YOBI-
BaHUE CUJI MPUTSDKEHUS UAET ObICTpPEe, 4YeM OOPaTHO MPOMOPIUOHAIb-
HO KBaJIpaTy pacCTOSHUSI.

3aK0H BCEMHUPHOTO TIATOTSHHSI MPeoOpa3yeTcs B CIASAYIONIUN BU/T;

M1 M2
F=f— 1),

[MosiBuBmmiics wieH @(r, t), comepxaiiuii B CBOEM COCTaBe HHTeE-
rpan ['aycca, paBeH 1 Ha OTHOCUTEIIEHO MaJIbIX PACCTOSIHHUSAX, HO PE3KO
yOBIBaeT Ha OOJBIINX, MOPSIKA JACCITKOB ACTPOHOMHUYECKHX E€IMHUIL
paccrostHUAX. [loatoMy B mpenemax ConHEUHO# cucTeMbl 3akoH Hbro-
TOHA TPAKTHYECKU COXpaHseTcs, HO opbura [lnyrona — mocnmeanei
ruraneThl COIHEYHON CHCTEMBI, YK€ 3aMETHO OTJIMYAETCS OT PaCCUH-
THIBa€MBIX 110 3aKOHY HproTOHA. A KpOoMe TOTO OKa3bIBAETCS, YTO TUTa-
HeThl mpuTsaruBaioTcss CoJHIIEM, a 3BE3/IbI MEXKAY CO00# HE MPUTITrH-
Batotcs! [Tapanokc 3enurepa, mojararoniyii, YTo Npu CTPOroCTU 3aKOHA
HrproToHa B Kax10M TOUKE MPOCTPAHCTBA IPaBUTALIMOHHBIA MOTEHIIM-
anoyneT 0eCKOHEYHO BEJUK,d(OUPOTMHAMHUKON aBTOMAaTHYCCKU pa3pe-
maercs, a 3akoH Hpl0TOHA OKa3bIBaeTCs HE BCEMHUPHBIM
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CKOpOCTh pactpoCTpaHeHHs TPaBUTAIIMHA OKa3anach PaBHOW CKO-
POCTH pacTpoCTpaHEHUs MIEPBOTO 3BYKa B 3upe, oHA HA 15 mopaakoB
MPEBBIIIAET CKOPOCTh cBeTa. Tak urto Jlammac, omnpenenuBIIMA HHUXK-
HIOIO TPaHUIly 3HAYEHUsI ATOM CKOPOCTH, OBLT COBEPILIECHHO MpPaB, TaK
JK€ KaK ¥ BeCh OITBIT HeOeCcHO# MexaHuku. U Temepr Bce KOHIIBI, HAKO-
HeIl, YBSA3bIBAIOTCS 0€30 BCIKMUX HATSKEK.

Crenyer OTMETHTh, YTO YKa3aHHOE BBIpAYKEHHE MOIy4eHO 3¢upo-
TUHAMHUKOW B Pe3yJbTaTe€ 6b1600a 3aKOHA TATOTEHHS W3 d(HUpOTUHA-
MHUYECKHX MPEKCTABICHUN 0 (U3NIECKON CYIIIHOCTH TPAaBUTAIUH, a HE
MyTeM aIpPOKCHUMAIUH SKCIICPUMEHTAIBHBIX AaHHBIX, KaK 3TO OBLIO
caenano Herotonom. IlocienHee ecth )eHOMEHOJIOTHMUSCKUN MOAXO/I.
JnHaMuyeckuid ke, MOACIbHBIN NOAXO0/ MO3BOJIUI 6bl6ECHU 3aKOH,
4yero (PeHOMEHOJIOTHS He cMoTJIa Obl cieTaTh TPUHIUIHATIBHO.

Ha ocHoBaHMM NpuBEAEHHOrO BBIpAKEHUS MOSBUJIACH HaJEXIa
paccuuTarh MHoBencHUE IUIaHeThl [ImyTOH, KOTOpoe, Kak H3BECTHO,
TIOXO COOTBETCTBYET 3akoHy HetoToHa. OmHaKo 3Ta paboTa KAeT CBO-
€ro 3HTy3HacTa.

Uto kacaercs moBeneHUs nepurenusi Mepkypus, HE MOTHOCTHIO
COOTBETCTBYIOILIETO 3aKOHY TAroTeHusi HbIOTOHAa M KOTOpPOE Haaudue
JIOTIOTHUTENBHOTO 4YJIEHa B BBIPAXKEHWHM 3aKOHA TATOTEHHS TOXE He
MOXET OOBSCHUTB, TO W 3Ta paboTa KJET cBoero sHTy3uacra. Ero 3a-
nmadelr Oymer pazoOpaThcsi B MHOTOYHCIICHHBIX BO3MOXHOCTSIX, CYIIE-
CTBYIOIIMX JJisi OOBSICHEHUs] BEKOBOTO CMellleHus Tepurenust Mepky-
pus. 371ech MOXKHO TEpPEYHCIUTh JIUIIb HEKOTOpPhIE M3 BO3MOXKHBIX
MPUYUH 3TOTO HE OYEHb YETKO 3a(PUKCHPOBAHHOTO SIBJICHHS: 3TO U
Oomwxkaiimas k ConHIy MjiaHeTa, KOTOpas elle He OTKphITa, U He cde-
pruHocTh ConHIa (qoctarouHo uMethb crurtocHyTocTh Conana 0,001 u
JlaKe MeHee, 4TOOBI TIOJHOCTBIO OOBSCHUTH IPQEKT, y 3eMIu 3Ta He
cpepuunocts cocrapisier 0,0033, To ects B Tpu paza Oosbie. [louemy
6n1 u ConHITy HE UIMETh Takyro xke?), u Bpamenue CoHIa, 1 HE [ICH-
TpasbHOCTh Macchl ConHIla, W HE HEeHTPaIbHOCThH BpamieHus CoHia,
nockosibky 1 CoJHIle, ¥ TUIAHETHI BPAIAIOTCS BOKPYT OOIIETo LEeHTpa
Macc, 1 HaJIMuue BBIOPOCOB Macchl B BHJIE MIPOTYOEpaHLEB, U MO JIH
yto enie. YtoObl pa3oOpaThCsi BO BCEM 3TOM, UMes B BHIY, YTO CMe-
IICHUE TIEpUTEIHs cocTaBiseT Bcero numib 43" 3a cromerue (!) wnm
34" 3a cronerue, Kak yTBEPKAAIOT APYTUe, MOTpeOyeTcs TepIeHNE.
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6.2. N'paBUTALMOHHOE pacluMpeHne HebecHbIX Ten

Haxonsce mon Bo3melcTBHEM IpafMeHTa AABICHUS, KOTOpOe B
HEM CO3AaJI0Ch OJaroaps OXJIaKICHHIO MAcCaMH BEILIECTBa, caMm d(up
HAa4YMHAET CMEIIAThCA B CTOPOHY 3THX Macc M MOIIoImartbes UMH. B
pe3ynbTaTe BCE MPEIMETh, BCE IUIAHETHI M 3BE3/bl HEIIPEPHIBHO YBE-
JUYMBAIOT CBOKO MaccCy M YBEIMUYMBAIOTCA B pa3Mepax. Y Jaloch ycTa-
HOBUTb, YTO NpPHU NaJeHHH B HebecHoe Teno 3(GUp He MpeTepreBacT
annabaTUuecKuX M3MEHEHUH, TO €CTh 00bEM €AMHUIIBI €r0 MacChl HE
MEHSIETCS: IO Mepe MPOABMKEHUS K TEy IUIOIAAb CJIOS MAaAaoLIero
a¢upa cokpamaercs, HO MPOMOPIHOHAIBEHO PACTET €ro TOJIMHA. A
3TO 03HA4aeT, 4yTo 3(up nagaer u3 6ECKOHEUHOCTH KaK TBEPIOE TEJIO U
BXOJIUT B T€JIa CO BTOPOU KOCMUYECKOW CKOPOCTBIO, PABHOU JUIsl 3€MJIIU
11,18 km/c, mis Comuia 618 xkm/c (puc. 6.2).

Puc. 6.2. K omnpenejieHHI0 CKOPOCTH NOIVIOIIeHUS 3¢Hupa rpaBUTALMOHHOM
Maccoii




210 I'naBa 6.

3Hast TUIOTHOCTH 3(Hpa B OKOJIO3EMHOM IPOCTPAHCTBE, YIAIOCH
paccuuTaTh CKOPOCTH TorioleHust Macchl ContHIleM U rianeTamu. s
3emMJIM MIOCTOSIHHAas BPEMEHU pOCTa MacChl OKas3ajlach paBHOU 3,75
MIIpA. JIET, 32 9TO BpeMs ee Macca yBeIW4umiIach B «e» pa3. Kyna ke
JieBaeTcs 9Ta Macca?

Puc. 6.3. Cucrema oxkeanmyecknx pupToBbix xpedToB 3eman: 1, 7 — Bocrou-
Ho-Tuxookeanckoe mnoansatue; 2  Ceepo-Atnantudeckuit xpeder; 3 — HOxHO-
ATtnantndeckuid xpebet; 4 — 3anagHo-Vuauiickuii xpeber; 5 — ABcTpano- AHTapKTH-
yeckoe noaasatue; 6, 8 — KOxxHo-TUX00KkeaHCKOe TOTHATHE

[TpuGaBnenne Maccel BejeT K pasOyxanuto 3emnu. M30bTounas
Macca, 00pa3oBaBIIasics BHYTPU Tella 3eMIIM, BBIIEISIETCS Yepe3 pud-
TOBBIE XPEOTHI, PACIOIOKECHHBIE HA JTHE OKEaHOB, pa3JBUTas JHO B
06e croponsl. IIpoBefeHHBIC CHEIUMAIBHBIMA JKCHEIUIHUIMH (B OC-
HOBHOM, (hPaHITy3CKUMH) HU3MEPEHUs TOKa3aJId, YTO 110 OCSIM OKEaHHU-
YeCKUX CpeArHHBIX XpeOToB — CeBepo- u lOxHO-ATHaHTHYECKHUX, 3a-
nagHo-Uuauiickoro, a Takke ABcTpano-AHTapkTHdeckoro, KOxHO- u
BocTouHo-THuX00K€aHCKUX MOJHATHI OKeaHCKas Mopoja MMEET BO3-
pact, He npeBbimarommii 10-20 v ner.  Jlanee k Oeperam Bo3pact
MOPOJ] YBEIIMINBACTCS MOHOTOHHO, JHOCTUTast y OeperoB 200 MiIH JeT.
A Ha MaTepHKax dTOT BO3PAcT CKAaYKOM YBEJIIMYMBAETCS W IO BCEH TTO-
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BEPXHOCTH MAaTEPUKOBBIX TUIUT cocTaBisier 4-5 mupn. net. B uem ne-
no?

A 71eno, BUAMMO, B TOM, YTO 00Pa3yIOIascs Macca BHYTPH 3eMITH
co3/1aJ1a HaMPSDKEHHOCTH B KOpe, KOTOpasi, B KOHIIC KOHIIOB, JIOTIHYJIA,
W 3aCTBIBIIME TUIMTHI CTAI Pa3JABHIaThCs. ITO JBUKCHUE MATCPHUKOB
MPOJIOIDKACTCS M CETOJHS, W OHO TOJYYWIO HAa3BAaHHE «CIIPEIUHTay
(puc. 6.4, a).

OnHako TpUpalleHHe MacChl HE COMPOBOXKIAETCS MPOMOPIHO-
HAJTLHBIM MPHPANICHAEM IUIOIAAN TUIAHEThl: €€ MATepHKH HE H3Me-
0T,  [oaToMy OKeaHWJYecKoe JHO, CMeMasch OT Ocel PH(TOBBIX
XpeOTOB, AOCTUTAsT MAaTEPUKOB, YXOJIUT MOJ HUX. OTO sIBICHHE TMOTY-
YHJIO HA3BAHHUE «CYOIYKIIHNY.

!

a

Mopckoe OHo Mamepuxosas

niuma

Pugpmosur
OOHHbII
xpebem

sewecmaa,
06 pasoeanHbili
U3 NO2NOWEHHO20
aghupa

0)

Puc. 6.4. Pacmpenune 3emin: a — noromieHue 3¢upa 3emieil; 6 — oauH u3
MEXaHU3MOB IOpooOpa3oBaHUs

Panuyc 3emnu mocteneHHO pacTteT. DTOT POCT paguyca HE COOT-
BETCTBYET U3MEHEHHUSM paJiiyca MaTepUKOBBIX TUIUT, KOTOpBIE COXpa-
HUJIA €T0 C MOMEHTa PacKoja TMOBEPXHOCTH 3eMIIM, KOTJla pa3Mepsl
3emutn ObUTH MEHBINE, 4YeM ceiidac. Takoe HECOOTBETCTBHEC PajyCOB
MOCTENEHHO BCE BO3PACTall0, YTO HEM30EKHO MOIHKHO OBLIO PUBECTH
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K HaKOIUICHHIO HAINIPSHKEHHOCTH B KOpe. A 3TO HEM30€KHO MPHBOIUIO
K ropoodpasoanuio (puc. 6.4, 6). KoHeuHo, 3T0 He €AMHCTBEHHAs
npu4rHa TopooOpa3oBanus. BosHukHOBeHMEe AMepukaHckux Kopau-
JbEp, BEPOSTHO, HMEET APYrYIO0 NPUYMHY: MOJXO0Jl OKEaHCKOrO JHA M
OTCyTCTBHE CyOnyKIMH y 3amamHoro nodepexbs CeBepHoit u KOxHOM
AMepHK BBI3BAJIO B 3TOM MECTE CMATHE KOPBI, YTO M IPHUBEJIO K 00pa-
30BaHMI0 XpeOTa. MoryT OBITh M UHBIE IPUYMHBI, HO B OCHOBE HX Jie-
KHUT TTI00TBHBIN MPOLECC YBEIWYEHHUS MAacChl 3eMJI  BCJICICTBHE T10-
TJIOLICHHS €10 3(Hpa MUPOBOTO MTPOCTPAHCTBA.

6.3. NMpoucxoxaeHne MarHUTHOro Nonsi He6ecHbIX
Ten

C 3TUX K€ MO3UIUN MOXKET ObITh PACCMOTPEHO U TOSBJICHUE IJIa-
HETapHBIX MATHUTHBIX TTOJIEH.

JlaBHO 3aMe4Y€HO, YTO MATHUTHOE TI0JIE UMEETCsI TOIBKO y Bpalia-
rouxcs mwiadet. [103TomMy ObUTH BBIABHUHYTHI TUIIOTE€3BI O TOM, YTO
CYHIECTBYET (DYHJIaMEHTAJIbHBIA 3aKOH MPHUPOJIbI, COTIIACHO KOTOPOMY
BCSAKOE Bpallarolieecs MaCCHBHOE TEJNO JOJDKHO 00JajaTh MarHeTh3-
MoMm. OjHaKO TIPOBEpPKA 3TOr0 MPEINOIOKESHHUS HE IOJTBE-pAMIA:
BpallleHUe MAaCCUBHOT'O 30JI0TOI'O IlIapa ¢ BBICOKOW CKOPOCTHIO HE BBI-
3BaJIO MOSBJIEHHUS JOIOJHUTEILHOIO MArHUTHOIO MOJIS.

B nHacrosimiee BpeMs BBIABHHYTa THIOTE3a O THIPOMATHHTHOM
JquHaMo. COrJIacCHO 3TOM THUIIOTE3€ B JICKTPOIPOBOIAIICM JKUIKOM Si1-
pe 3eMiin MOTYT MPOUCXOAUTH JOCTATOYHO CIIOKHBIE W MHTEHCHUBHBIE
JIBIKSHHSI, TIPUBOIAIINE K CAMOBO30YKJIEHHIO MAarHUTHOTO TIOJIS aHa-
JIOTHYHO TOMY, KaK MPOUCXOJNUT I'eHepalys TOKa 1 MarHUTHOTO TIOJIS B
MHAMOMAIIIHE C CaMOBO30YKICHHUEM.

OpHako Ha Halll B3TJISA]] OTa THIIOTe3a HEKOPPEKTHA, TaK Kak aHa-
JIOTUI C peajbHOM JUHAMOMAIIMHOW 3/leCh HET. B peanbHON JguHa-
MOMaIIIMHE POTOP IMEpeceKaeT MarHUTHOE T10JIe CTaTopa, a BO Bpalla-
romeiicss 3emiie TaKOro craTopa HET, U CO3JaHHBIC €0 MarHUTHBIC CH-
JIOBBIE JIMHUU BPAaIIaOTCSl BMECTE C HEW, TaK YTO HaBPSI JU MOXHO
TOBOPHUTH O KAaKOM-TO CaMOBO30YykJIeHUH. UTO-TO IOJKHO OBITH APY-
roe.

C nmozunuiit 3pUPOAUHAMUKHU MPOIECC MOXKHO TPAKTOBAThH CIEAY-
oM o6paszoM (puc. 6.5, 6.6). TlormomieHue 3dhupa U3 OKPYyKaIOLIETO
3eMITI0 TIPOCTPAHCTBA MPUBOAUT B TIOBEPXHOCTHBIX CIIOSX 3eMIIH K
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TOSIBJICHUIO KOPHOJIMCOBBIX CHJI, BO3JICHCTBYIONIMX Ha MOTJIOMIASMBI
a¢up. HeTpyaHo BHIETH, YTO ITO BEIET K BO30OYKJCHUIO BO BCEM IIO-
BEPXHOCTHOM cJioe 3eMiid BUXpeBoro moToka 3¢upa. K rentpy 3emiu
9TH CHJIBI YOBIBAIOT, MO3TOMY B IICHTPE OHH HE MOTYT MPOTHBOCTOSATH
MOTOKY 3aKpy4eHHOTro 3(Hpa, MOCTYMAOMIET0 C MOBEPXHOCTH. ITO
MO3BOJIIET 3aKPYYCHHOMY TOTOKY 3(Hpa 3aMKHYThCS 4epe3 LEHTP,
4TO U co3aeT obmmii 3 ekt 3eMHOro Maruetuzma. KoHeuHo, Ha 3TOT
MPOIIECC HAKIIAIBIBAIOTCS W JIOMONHUTEIBHBIC TPOIECCH], BHI3BAHHBIC
BCSIKOTO POJIa HEOJHOPOIHOCTSMH CTPYKTYPhI 3eMIM U APYTHMHU TIPH-
YUHaAMMU.

(0] (o)

Aop, )
Vi el Vi

o

Puc. 6.5. Bo3HHKHOBEHHEe BUXPEBOTro MoJisi 3)upa BO BpalawuieMcsi Hedec-
HOM TeJie

Puc. 6.6. O6pazoBanue maruuTHoro nmoJs 3emuu. XKenesnoe spo 1
He co3paeT MJIC HermocpeCTBEHHO, HO SBISAETCS MPOBOJHUKOM H YCHIIUTE-
JIeM CO3JJaHHOTO B IOBEPXHOCTHOM CJIO€ 2 MarHUTHOTO IIOJIS

[IpoBeneHHble pacdeTsl MoOKa3anu, 4To y Mepkypus u Benepsl
JOJDKHBI CYIIECTBOBATH clla0ble MarHUTHBIE TOJIS (OHU MOKa He O0Ha-
PYKEHBI), s 3eMJIM pacueThl Jajly XOpOIlee COBIAJCHNUE, TaK ke Kak
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u mns FOnurepa. JlomkHO CymecTBOBaTh MarHuTHOE mose Uy Mapca,
oZHaKo, B 2-3 pa3za Gonee ciaboe, ueM y 3eMin. JTO ToJie TTOKa TOXe
He 0OHapyxeHo. B nmpunnume pacuet caenas ajs Beelt CollHEYHOH CH-
CTEMBI, B TOM YHUCJIC W JJIS IUIAHET, Y KOTOPhIX MarHUTHOE TOJIE eIle
HE HalJCHO.

Takum o6pa3om, XOTs OBl B IpHHIHIIE, YOUPOTMHAMHIESCKOE MO-
JICTUPOBAHNUE OKA3bIBACTCS TMOJIE3HBIM U MPH PACCMOTPCHHU TPaBUTA-
[IAOHHBIX SIBJICHUH.

A BO3MOKHA JIM B TAKOM CJly4ae aHTUIrpaBuTanud? UTto ckaxkeT Ha
9TOT cYeT BceMorymas 3pupoIuHaMuKa?

K cokaneHuro, HUYero XopoIiero oHa He ckaxer. JIroOoe Bere-
CTBO — 3TO BHUXpH 3(Hpa, CIEAOBaTEIBHO, 00pa3oBaHus Ooliee XOI0/I-
HBIE, YeM OKpyXarolas ux cpeaa. U cienoBarenbHO, CO3/AIOUINE T1O-
HWIKCHUC TEMIICPATYpPhI, TO €CTh I'paBUTALUIO. CO3ILaTB IIOBBIIIICHUC
TeMrepatrypsl 3Qupa MBI He B cuiax. [losToMy B mpsiMOM B TOYHOM
CMBICITIE aHTHUTPABUTALIAIO MBI CO3/1aTh, BEPOATHEE BCETO, HE CyMEeM.
Ho 310 eme Huuero He o3HavaeT. Yero XoTAT Te, KOTOPHIE HE MPOYb
ObUTH OBI 3aMMeTh aHTHTpaBHUTAIMIO? OHH XOTAT JIeTaTh. Tak 3TO XKe
coBceM npyroe nemno! Jlns 3TOro BOBCcE HE 00s3aTENHFHO CO3/IABaTh
UMEHHO aHTHrpaBUTaNMIO. JIeTaroT >Ke caMmoJIeThl, CO3/1aBasi IPOTHBO-
JICHCTBHUE TPaBUTAIUU JAPYTUMH cujaMu. Bo3MOxHO co3ianue U 3du-
POIMHAMHUYECKUX CHJI, TMPOTHUBOJECHCTBYIONINX TPABUTALINN, U BOT 3TO
BITOJIHE BO3MOIKHO U 3a 3TUM OO0JIbIIIOE OyayIIiee.

A BripoueM, Kto 3Haet! Bapyr Halinercst kTo-HHOY b, KTO HE TO-
BEPHUT aBTOPY, BO3BMET U CO3/IaCT aHTHUrpaBuTanuio. 100, kak n3BecT-
HO, CO3Jal0T HE T€, KTO TBEPJAO 3HAIOT, YTO 3TOT0 HE MOXET OBITh, a
TOT, KTO HIMEHHO 3TOT0 M HE 3HaeT!

6.4. Yto Takoe reonaTtoreHHble 30HbI

Xotb ybeit, cnena He BuaHo! COMIMCH MBI, YTO AeNaTh Ham?
B mosne 6ec Hac BOAUT, BUAHO, Ja KPYXKHT IO CTOPOHam!
A.C.Iymkun

I'ynsas mo necy, mapKy WK IPOCTO MO TOPOre, BOIh KOTOPOH BbI-
CaXEHBI JICPEBbs, MBI YaCTO BUIMM, YTO HEKOTOPBIC JIEPEBBSA PACTyT
HaKJIOHHO. BhIBaeT u Tak, 4ToO M3 OJHOTO KOPHS PACTET Cpa3y HECKOJIb-
KO JepeBbeB, MpuueM oOpamiaeT Ha ce0s BHUMaHHE TO OOCTOSTENb-
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CTBO, YTO OOBIYHO B OJTHOM MECTE PacTeT He OJHA TaKas rpyIna, a He-
CKOJIBKO. A WHOT/Ia TIOMAAAr0TCS AEPEBhS COBEPIIEHHO MPHUUYIIUBOM
dhopmel. Ecnu Takux JIepeBbEB B JieCy B KAaKOM-JIMOO MECTE MHOT'O, TO
MECTHBIE JKUTEJIA CTAPAIOTCS Ty/Ia HE XOJUTh, IOTOMY YTO 3a00JICBAIOT.
Takne mMecTa CUUTAIOTCSA THOMBIMH M JaKe MPOKIATEIMA. C HUMU TTyd-
1Ie He cBs3bIBaThCsA. Ho Ha camoM fiene BceMy 3TOMY ecTh (hM3UYEeCcKue
MIPUYUHEL, 3TO TaK HA3bIBAEMbIE I€0NaTOTCHHBIC 30HEI.

I'eomaTorenasle 30HBI — 3TO 30HBI, B KOTOPBIX CYIIECTBYET HECKO-
TOpoe, TIOKa ellle PaKTHYECKH He U3yYCHHOE HAYKOW M3Ny4deHHUe, HC-
xoJis1Iee u3 TIyOMHHBIX Heap 3emin. OHU BCTPEUYAIOTCs TOBCEMECTHO,
W TOYTH B KXKIOW KBapTHUPE, B KAKJOM CITy>)KEOHOM IOMEIIEHUU WX
00bI9HO OBIBaeT 1o 2 — 3 mTyku. HaxoAUThCS B TAKUX MECTaX MOAONTY
HEJB3s: YEJIOBEK HauyMHAeT O0JETh, a €CIIU 30HA SHEPreTUUYCCKH CHITb-
Has, TO MOTYT OBITh W CJIy4ad BOBCE HEMPHUATHBIC, KOHYAFOIIUECS TS-
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JKETIBIMH 3a00JICBaHUSIMU M 1K€ CMEpThI0. TakuxX Ciydaes, YBBI, He-
Maio. M 3To MOHATHO: pa3 yX U3IIydeHHE TeONaTOTeHHBIX 30H CyMEIo
HCKOPEKUTh JICPEBbs, TO UX HETaTUBHOE BIMSHHUE HA YEJIOBEKA BIIOJHE
00BICHUMO.

VHTeHCUBHOCTH TETaTOreHHBIX 30H Pa3iMYHA B PAa3HOE BpPEM,
HO, KOTJIa OHM aKTHBHU3UPYIOTCS, TO OKAa3bIBAIOT HETATUBHOE BIIHMSHHE
Ha JII0/IeH ¥ Ha YCIIOBHUS IOPOKHOTO IBUKCHUSL.

CoBpemeHHast opuIanbHas HayKa K ()aKkTy CyIIECTBOBAHHUIO Te0-
NAaTOTCHHBIX 30H OTHOCHUTCSI HETATUBHO, KaK M KO MHOTHM JIPyTHM SIB-
JICHUSIM, KOTOPBIC OHA HE MOKET OOBSICHUTH HA OCHOBE CYILIECTBYIOIIEH
napaaurmel. [ToaToMy KO BceM MOJOOHBIM SBJICHUSM OHa OTHOCHUTCS
OTpPUIIATENFHO, YTBEPXKast, 4TO HUYETO MOJO0OHOTO Ha CBETE HET, H UTO
BCE 3TO — JDKeHayKa. Ho OT 3Toro reonaroreHHbIC 30HBI, KaK U APYTHE
SBJICHUSI, HUKYAa HE HCYE3al0T. A TOCKOJIBKY C TaKHMH SIBICHUSMH
NPUXOJUTCS CTAIKUBATHCS BEChbMa YacTo, M OT MOHUMAaHHS MX MPUPO-
JIbI 3aBUCST M MEpbl MO HEHTpaIM3ally WX BIUSHHSA, TO STHM 3aHU-
MaTbcss Hamo. Ho moka 4To 3aHMMAIOTCSI TeonaTOreHHBIMH 30HAMH
JMIIb OTJIENIbHBIE SHTY3HACThl, KOTOPhIE WHOTJA HAaXOIAT M OOBsCHE-
HHUA U CrocoObl MHUHUMHM3AIMM HETaTUBHBIX BIUsHUE. Ho, KOoHewyHO,
BCE 3TO HEJIOCTATOUHO 3PPEKTHBHO Oe3 OPHUIUATEHON TOIEPHKKH.

A monu MpoA0IDKAT 00JeTh U JakKe YMHUpaTh, U MEIUITMHA Ja-
JIEKO HE BCEr/ia OKa3bIBAaeTCs B COCTOSIHUM MM TIOMOYb, a Ha JIOpOrax
MEPUOIMUECKH BO3HUKAIOT aBapUHBIC CUTYAI[H, MHOTHE U3 KOTOPBIX
MPOUCXOIST B OJJTHUX U TEX KE MECTaX.

Yro ke TaKoe TeonaToreHHbIe 30HBI, KAKOBa HX (pH3MYecKasi IpH-
poJa, Kak uX 00HapyXUBATh U HEIb3s JIM BCE K€ HAWTH CIIOCOO Kak-TO
n30eXaTh UX BPEIHOTO BIUSHUSI?

[To MHEHHIO aBTOpA, reONaTOreHHbIE 30HBl — PE3yJbTaT HaKoILIe-
Hus 3emiiel (Kak ¥ BCEMH HEOECHBIMH TellaMH) 3(Hpa U3 OKpYXKaro-
niero 3emirio KOCMHYECKOro npoctpancTBa. Hakoruienue s¢hupa mnpu-
BOJIUT K POKJICHUIO HOBOTO BelIecTBA B 3eMiie, 32 CUET Yero OHa pac-
HIMPSIETCS W €€ BpallleHHe 3aMeJyIsIeTcsl, 3T0 ycraHoBieHo. HoBoe Be-
IIECTBO BBINOJI3aET U3 HEIp B BHJE CHCTEMBbl PU(PTOBBIX XpeOTOB IO-
CpeIuHE BCEX OKEaHOB, WX oOmast amuHa — 60 THICSY KMIIOMETPOB, a
TaKXe B BUJIE OTIACIEHBIX OCTPOBOB, KOTOPBIX OCOOCHHO MHOTO B IOT0O-
3anagHoi yactu TUXOro okeaHa, U B BUJE OTIACIBHBIX TOP.

CeronHs yXe HOHATHO, YTO 3QHp MpeACTaBIseT cO00H TOHKUH ra3
OTHOCHTENIFHO HEOOJIBIION TUIOTHOCTH, HO MCKIIOUUTEIHFHO BBICOKOTO
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JaBJIeHUsT M 3Heproconepxanusi. Hamo He 3a0bIBaTh, YTO IHEProco-
JepKaHusl BO3AyXa XBaTaeT [uli 0o0pa3oBaHMs BO3LYLIHBIX BUXpEH —
IUKJIOHOB U CMEpUeH, YCTpauBalOUINX yparaHbl ¥ pa3pyLIAlONIUX J0-
Ma. A sHeprus 3Qupa MHOTOKpaTHO OOJbllle, U HE MPOSBISIETCS OHA
JIUIIb TIOTOMY, 9TO B 3(hupe, Kak U B BO3AYIIHOHN aTMocdepe, B OCHOB-
HOM, Bce ypaBHOBemeHo. Ho He Bcerna.

Ecnu B adupe 00pasyroTcs BUXpH, TO HA UX TTOBEPXHOCTH BO3HU-
KaroT IPAAMEHTHI JAaBJICHUSA, KOTOPbIE MOTI'YT BBI3bIBATh IEpeNajbl JaB-
JIeHWH Ha IpeAMeTax BechMa 3HauuTeNbHbIC. Torga HauYMHAIOT JEeTaTh
CKOBOPOJKH, TajaaTh MKadbl, a U3 PO3ETOK BBHICKAKUBATH IIAPOBBIC
MonHHuU. Takue sBIEHUS TONYyYWIM Ha3BaHHE MOJTepreicra («urym-
HBIH 1yX»), © OHU U3BECTHBI JOCTATOYHO IIHUPOKO. Bo Bpems montep-
reliCTOB Ha JIIOJIeH HEOXKUIAHHO BBUIMBACTCS BOAA, B3SBIIAsICS HEBECTD
otkyzaa. Ha camom nene sTa BoAa cofepKUTCS B BO3AyX€e, HO 3(DUpHBIC
BUXPH €€ COOMpAIOT TaK XK€, KaK 3TO MPOMCXOAMT B CTaKaHE Has C
YauHKaMH: 3TO M €CTh IPUYMHA MOSIBICHUS TYMaHOB Ha Joporax. JTo
SIBJICHUE HCIIOJIb30BAHO B TaK Ha3bIBAEMBIX «IIOWJIBHUIAX» B MYCTHIHE
I'obu: 3TO0 KaMeHHbIE Yallll, YCTAaHOBJIEHHBIE B CHJIBHBIX I'€ONAaTOreH-
HBIX 30HaX, B U3JIy4€HHH KOTOPBIX BBINAZAET POca U3 BO3AyXa, U Yalln
BCETJa HAIOJIHEHBI BOJOM.

B psimy mo00HBIX SIBIICHHMI HAXOIATCS U TeONaTOreHHBIE 30HbI,
T.€. 30HBI, B KOTOPBIX CYLIECTBYIOT 3()UpPHBIC BUXPH, HE BUAUMBIE IJIa-
30M, HO KOTOpPBIE CO3/Ial0T Ha 3(UPHOM YPOBHE 3HAYUTEIIBHBIC MTeperna-
Ibl JaBJICHUH, TaKWe, YTO JEPEBbsl MOJYMETPOBON TONIIHMHBI MOJ MX
HaIopoM THYTCHL.

[IpaBna, BexyT cebst mOTOKH 3pHpa B 3TUX 30HaX OoJiee CIIOKOHHO,
4YeM B TOJTEpreiicrax MM B MIAPOBBIX MOJHHSAX, HO 3aTO OHH CYIIe-
CTBYIOT TOJIOJITY, MHOTHE TOJIbI, U WX BJIMSHHE MMOCTETIEHHO HaKarlTu-
BaeTca. Ho 30HBI MOTYT M aKTUBHU3UPOBATHCS, TOTZA B 3TO BPEMs UX
BJIMSIHUE HA JIF0JIe M HA MECTHOCTD YCHIJINBACTCS.

OTtkyna e OepyTcs TeolaToreHHbIe 30HbI? Ha 3TOT cueT aBTopoM
paspabotana ciuenyromas Bepcus. [lormomaemsiii 3emineit agup He
BECh IPEBpAILAECTCsl B BEIIECTBO, YacTh €ro OPOAMT B Tese 3eMid,
HAKaIUTUBasICh B OTJENLHBIX MECTaX M B KOHTAKTE C BEIIECTBOM HEJp
M3MEHSISI CBOIO TEMIIEpaTypy, a, CJel0BaTeNIbHO, U JAaBjieHue. Toraa
3¢up HAUYMHAET COUYMUTHCS HAPYXKy B BHJC 3aBHXPEHHBIX MOTOKOB. Ta-
KHE BUXPH MOTYT OBITh JINOO OJMHOYHBIMH B BHJE LIIHHAPHIECKOTO
ctonba, 1160 B BUAE ABYXIYTHKA, KOT/a J1Ba BUXPS BpAILAIOTCS BO-
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KpYr Opyr apyra. Moryt ObITh U Apyrue cTpykTypsl. Haie Bcero 3to
IPOMCXOAUT HAa BCSKUX IOJI3EMHBIX HEOIHOPOAHOCTSAX — pasjiomMax
3€MHOM KOpBbI, TPaHUIIAX MMOJ3EMHBIX BOJHBIX MOTOKOB, PYJHBIX BKIIO-
YEHUAX, TYHHENAX, MYCTOTaX W JPYI'MX €CTECTBEHHBIX WU HCKYC-
CTBEHHBIX HEOIHOPOAHOCTAX. HekoTophle M3 TaKux MECT COIPOBOXK-
JAI0TCSA UCTEYCHHUEM TeIHs, YTO TOBOPUT O TOM, YTO B HEApax 3eMilud U
ceifuac MpOTEeKaloT SACPHbIC PEaKUUH, IpUYeM 0e30 BCSIKHX CBEPXBHI-
COKHX TeMIIepaTyp.

OTIHYNTETFHONU YepTOH TaKuX S(UPHBIX MMOTOKOB SBISETCS, BO-
MEPBHIX, UX CaMO(pOKYCHPOBKA, TOCKOJBbKY JaBJICHHWE B HUX MEHBIIC
JABJICHUSI OKpY>Karolero 3(upa, BHEIIHE IaBJICHUE HX CKUMACT, U OHH
CTaHOBSTCS OTHOCUTENIBHO KOMIIAKTHBI, @ BO BTOPBIX, CHOCOOHOCTH
MPOHUKATh BBEPX CKBO3b JIHOOBIC HM30JISTOPHI, HAllpuMep, CKBO3b Oe-
TOHHBIE TEPEKPBITUS 3Taked TOMOB, MO3TOMY TeONaTOreHHas 30Ha
OLIYIIAeTCsl HAa BCEX ATa)XKax MHOIOATAXHbIX 3maHuil. Ho ckBo3p Mme-
TaJIJ1 IOTOK 3()rpa IPOUTH HE MOXKET, ITOMY HPEISTCTBYET TAaK Ha3bl-
BaeMas NOBEpXHOCTb (DepMu — IUIOTHBIA CIIOM 3JIEKTPOHOB, BCETIA
MMEIOLUICA Ha MMOBEPXHOCTIX METAIMUECKUX MpeaMeToB. Mertasu-
YecKHe MpeaMeThl IOTOKU 3(pupa OrudaroT, OHU JIMIIb CBOUMH KPasMHU
HECKOJIbKO TPUTOpMaXHBatoTcA. [103TOMy MOMBITKM TMEPEKpPHITh Me-
TATMYECKUMH JINCTAMH TIOTOKH 3(Upa, BOSHUKAIOIINE B T€OMATOrCH-
HBIX 30HaX, NPUBOIAT JMIIb K HEOOJBIIOMY CMELICHHIO IOTOKOB,
HaIpuMep, OT TOJIOBBI K HOTaM, €CIIM MOCTeNh OKa3ajach B paiioHe 30-
HBL.

I'eonmarorenHble 30HBI OKA3bIBAIOT BIMSHHE HA PACTUTENBHBIA U
JKUBOTHBII MHp. J[epeBbsi HCTIBITHIBAIOT BIMSHKAE OTOKOB 3(Hpa C MO-
MEHTa CBOETO MOSBJICHHS, U I3MEHEHUS B HUX HaKaIUIMBAIOTCS MO0 Mepe
BbIpacTaHus. JKMBOTHBIE YyBCTBYIOT 3TH ITOTOKH M PEAarupyroT Ha HUX
no-pazHoMy. B 3aBHCHMOCTH OT CTPYKTYpHI ITIOTOKOB OHHM JH0O H30e-
TarT UX, JTU00, B HEKOTOPBIX CIy4asx, HA000POT, JFOOST B HUX HAXO-
IUTHCS, TocienHee penko. Ha mromed ke, Kak MPaBHUIIO, M3ITyYEHUE
reonaToreHHbIX 30H OKa3bIBa€T HEraTUBHOE BO3JCHCTBHE, OCOOCHHO
Ha JIETeH, KOTOpbIe N30 AHA B JIEHb, U3 MECALA B MECSI], U3 roJia B rojl
BBIHY)K/IEHBI CIIaTh JIOMa FJIM CHETh B IIKOJE Ha OJJHOM M TOM K€ Me-
CTE. A 3TO M IJIOX0€ CAaMOYYBCTBHE, M CKOJIMO3bl UCKPHUBIICHUS 1103BO-
HOYHHKA), U JIIOObIE Opyrue OOJE3HM, BKIIOYAs OHKOJIOTHIO, MPUYHH
KOTOPBIX YCTaHOBUTH, KaK IIPABUIIO, HE YIAETCH.
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Ecnu BHHMaTenbHO NMPOaHAIM3UPOBATh BCE, YTO M3BECTHO O MPHU-
YMHAX BO30YXIEHUs 00JI€3HEH, TO 3TO JOCTATOYHO IIMPOKHUH aCCOPTHU-
MEHT NPHUYUH. DMHUJIEMUN BO3HUKAIOT ITyTEM Nepeadn IApyr APYTy BU-
pycoB min OO0JIE3HETBOPHBIX MUKPOOPTaHU3MOB. [IpocTyabl BBI3BaHBI
nepeoxyaxaeHneM. OHKoONOTH4eckue 3a00J1eBaHUsI B 3HAYMTEIBHOU
CTETIEHH CBA3aHbl C TEXHOTCHHOW AEATEIFHOCTBIO YEJOBEKAa. DTO H
KaHLIEPOT€HHbIE XUMHUYECKHUE COECIUHEHHS, U UCTOYHHKH HOHHU3UPO-
BAaHHOTO M3JIY4YEHUS, U TOKCHYHBIE METAJJIbl, U €€ MHOTOE APYroe,
YTO MOJIYYEHO, CO3AaHO MM AOOBITO B OOJIBIIMX KOJINYECTBAX YEJIOBE-
KOM. OTO TakXe W HEMpaBUJIbHOE NMHTaHUE, KypeHHE, aJIKOrOJIH3M,
CTPECCHl, a B MOCJIEIHNE TOAbl U HapKOTHKH. Ho Bce 3TM MCTOYHUKH
NPEACTABISIIOT COOOH OMacHOCTh TOJIBKO B COUETAHUH C OcalleHueM
OpraHu3Ma, HapylICHUSIMH €r0 (YHKIHiA, BEI3BAHHBIX OTIAJICHUEM €TO
OT MPUPO/IBI, ITHOPUPOBAHUEM €€ 3aKOHOB U npeanucanuil. 1 k cymie-
CTBEHHBIM NPUYMHAM, OCIAOJSIOIINM 3J0POBbE YEJIOBEKA M CHIKAIO-
IIMM €r0 UMMYHHTET, HEOOXOJUMO OTHECTH U I€ONIaTOr€HHbBIC 30HbI.

HerarupHble Bo3eliCTBUS Ha YeIOBEeKa M HA TEXHUKY OKa3bIBAIOT-
Csl HE TOJIBKO B KBapTHpaXx M CIIy>KeOHBIX nmoMerneHusx. Kak ogHax bl
coo0ImmIIo TeneBuaeHne, Ha 41 kmmomerpe mocce MockBa-IlerepOypr
BpeMsi OT BPEMEHHM BO3HHKAET HEMOHITHOE SIBICHUE: HEOXKUIAHHO
MOJHUMAETCS TYMaH M OJHOBPEMEHHO BO3HHKAET HECKOJBKO OYaroB
aBapuil. beuto cka3aHo, YTO MECTHBIE )KUTENU CUUTAIOT 3TO MECTO MPO-
KIISATBIM.

I'eonaTorenHbie 30HBI OJIMHAKOBO JIEMUCTBYIOT Ha BCEH IUIAHETE.
Hemeukas y4yenas baunep oOcnenoBana 3 ThICSYM KBapTHP U JIOMOB B
14 cTpanax u ycTaHOBWIIA, YTO BCe 0€3 MCKIIIOUEHUS paKOBbIe OOJbHBIE
Crajid Ha MCTOYHHMKAX 3€MHOTO W3IY4YEeHHS, JIETH Xy>K€ Pa3BHBAJINCH,
acTMa, peBMaTH3M, CKJIEpPO3 TpeBpaIainch B XxpoHndeckue. [lonpekue
uccienoparenu obcnenoBanu 1300 sxureneit Bapmassl. Okazaiiocs,
4yT0 TOJBKO 20 U3 HUX CIIAT B «YHCTOM» 30HE MEXKIY SHEPTreTHIECKUMU
JUHUSIMH, ¥ BCE OHH 310poBbI. U3 ocTtanpHbIX 335 Tspxeno 60mpHEL, 108
Ha CETOHALIHUNA J€Hb CKOHYAINCH. BBIIM CIeaHbl TaKKE HHTEPECHBIE
BBIBOJIBI: KaXABIH U3 T€X, KTO O0JIeNl pakoM, JJIUTEIFHOE BpeMsl HaXo-
JUIICA B 30HE CO 3HAKOM +, a KaXXIbpIi OOJIbHOM TyOepKyIe30M — B OT-
pHULATENBHO 3apsKEHHOM 30He. Pe3ynabpTat ouH — CMepTh.

C coxajJeHueM clieyeT KOHCTaTHpOBaTh, YTO MpH BbIOOpE ILIO-
IIAaJ0K JJIs1 CTPOUTENbCTBA JIOMOB, CIIY>K€OHBIX U IIPOM3BOJCTBEHHBIX
MOMEILIEHHH, OTBETCTBEHHBIX U JIaXkKe 0CO00 ONAacHBIX OOBEKTOB, a TaAK-
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JKe TIPH TPOKIIAIKE MOCCEHHBIX JOPOT HUKAKKE WCCIIEOBAHUS B 9aCTH
HAJIMYHS Ha ATHX TUIOMIAIKaX TeOMaTOTeHHBIX 30H HE MPOBOISATCS, HOO
caMO HUX CYIIECTBOBaHHE COBPEMEHHON HAyKOW HE MPU3HAHO. JTO —
JKEHAYKa, U «CEePhE3HBIC YUEHBIE» ATUM HE 3aHUMAIOTCs. OIHAKO JTI0-
I OOINEIOT ¥ yMHPAIOT, U OCHOBHOM 3a/1aueil ABISETCS HE CTOJIBKO MX
JIeYeHNE, CKOJBKO TpeAynpexaeHne Ooie3Hei, OIMHOW W3 BaKHBIX
MPUYUH KOTOPBIX SIBIIICTCS OCJIA0JICHUE OpraHu3Ma W3JIyYeHHEM Teo-
MATOTeHHBIX 30H. /st 3TOTO HAZO 3HATH MecTa PACIONIOKEHHS 30H H
CIOoCOOBI HEUTPATN3aIlUN UX HETATHBHOTO BO3/ICHCTBHSI.

Kak o0HapyKUTh reornaToreHHbIe 30HbI?

CerojHs ye CO3AaHbl PUOOPHI, MO3BOJISAIONINE 3TO caenarb. Ho
mpuOOpPOB Maslo, 2 TEOMAaTOTeHHBIX 30H MHOTO. lIpomie Bcero mis ux
O0OHapyXCHHsT BOCIIOJIB30BATHCSA METOJOM OHMOJIOKAIIUH, JOCTYITHBIM
NPaKTUYECKH KaXAO0MYy, HO TpeOYyIOImMM HEOOJbIIOH TPEHUPOBKH.
CymHOCTh METO/1a 3aKITF0YaeTCsS B TOM, YTO TIOMCK 30H TPOU3BOIUTCS C
MTOMOIIIBIO TaK Ha3bIBAEMBIX «PaMOK», IO KOTOPBIMH TOIPa3yMeEBaI0T-
Cs1 U30THYTHIC TIOJT TIPSIMBIM YTJIOM METATUYECKUE MPOBOJIOKH, JIYUIIES
BCETO — BSI3AJIbHBIE CIHLBI TUaMeTpoM 2 MM U AJuHON 40 cM ¢ 3a0CT-
PEHHBIM OJHUM KOHIIOM. 1/3 IUIMHBI CHUIBI W3rHOaeTCs TOJ MPSIMBIM
YIJIOM K OCTanbHOM yacTu. KOpOTKOH 4acThio ¢ 3a0CTPEHHBIM KOHIIOM
CITMIIA BCTABIIACTCA B KOPITYC OOBIYHON CTEPIKHEBOU aBTOPYIKU BMECTO
cTepHs. JITMHHBIN KOHEIl HY)KHO 3aTYMUTh B IENIX O€30MacHOCTH.
Pamka rorosa (puc. 6.7).

Omnepatop O6epeT B KaXAYI0 pyKy MO0 paMKe, HAKJIOHSIET X HEMHO-
TO BIEepe] TaK, 9TOObI OHU OBUTH MapaUieNbHBI IPYT APYTY, U 00XOIUT
TUIOIIA/IKY MK moMerienue (puc. 6.7, a, 0) .

0 bl

Ne o
. ) &

Puc.1 Puc.3

Puc.2




I'paBuTanus u pacuupenne 3emMJiau 221

Puc. 6.7. O6napy:xeHne reonaToreHHbIX 30H

[IpoBepky UyBCTBUTEIHHOCTH OIEpaTopa MOXKHO IPOU3BECTH,
noaHocs paMku k crene. [Ipumepno, 3a 3040 cM OT CTEHBI paMKu
HAYHYT pacxoauThes (puc.6.7, 6).

Hap reomarorenHoi 30HOM paMKH caMu MepeceKyTcsi 0e3 Kakoro
ObI TO HU OBLIO YKeTaHus omneparopa (puc. 6.7, 2).

[Ipu BBIXOZE M3 30HBI PAMKH BHOBb CTAHOBSTCS TIAPAJICITBHBIMI.

VY nronelt co ciaabbiM cOOCTBEHHBIM OHOIONIEM paMKH He paboTa-
10T, TIOTOMY YTO Yrojl OTKIOHEHHsI PaMOK MpPSIMO 3aBUCHUT KakK OT
HANPSHKEHHOCTH TIOJISI 30HBL, TaK M OT HANPSHKEHHOCTH COO-CTBEHHOTO
oumomonst omeparopa. OgHAKO TMOTEHIIMAIBHBIMH CIHOCOO-HOCTSIMHU K
Ounosokanuy o0JamaeT MOJAaBIIAIOIIee OOJBIIHHCTBO JIOJACH, HO s
paboThl C paMKaMu TpeOyeTcs HeOOJbIlas TPEHUPOBKA. JTUM MOTYT
OBJIAJIETh MPAKTUYECKU BCE JKEIAFOIIHE.

Ha moBecTke nHS — peleHne OHOMOKAIIMOHHOW 3KCIIEPTH3BI MPH
BHIOOpE TUIOLIAJIOK ISl YKWIHIIHO-KOMMYHAIIbHOTO CTPOMTENBCTBA H
OCOOEHHO /ISl TIPOMBIIIIEHHBIX OOBEKTOB TOBBINICHHOW SHEpreTHYe-
CKOH OMacHOCTH, HanpumMep, A1 ADC — aTOMHBIX 3JEKTpOCTaHIui. B
CBOE BpeMsl IIpH BBIOOpE MECT JJIsl CTPOUTENBCTBA IIEPKBEl Mo00HAas
3KCIIepTH3a MPOBOANUIIACH, TOTOMY YTO IEPKBH HUKOI/IA HE CTPOMIINCH
Ha TeOMaTOTEHHBIX 30HAX M 30HBI BOKPYT LIEPKBEH BCETIa NEHCTBYET Ha
JIIOJIEH TTOJIOKUTEIIBHO.

Camast mydimasi peKkoMeHIaIus W30eKaTh BIHSIHAS T€0NaTOTeHHBIX
30H — B IOMEIIEHUIX IePECTaBUTh MEOEIb TaK, YTOOBI CIIalbHBIE U Pa-
Ooume mMecTa B 3TU 30HBI HE MONAaAaiy, B mpuHIMIE, 3TO MOXKHO Clie-
JaTh, TIOTOMY YTO OOJBIIMHCTBO 30H MMEET HEOOJBIINE pa3Mephl —
OKOJIO OZHOTO MeTpa B AMaMeTpe, Ooiee KPYyIHbIE TOXKE CYIIECTBYIOT,
HO MX OTHOCHUTEJIBbHO HeMHOro. Ho n3MeHuTh pacnonoxenue meOenu B
KBapTHUpPE HE BCETJa BOZMOXKHO, T. K. KBAPTHUPHI Y OOJBIIMHCTBA JIFOJIEH
MaJleHbKHe, 0c000 TaM He pa3BepHelibes. 1 moaToMy HENpHSTHOCTH,
NPUYMHSAEMBIE T€0NIaTOreHHBIMHU 30HAMH, JIIO/IN TEPILIT, AaKe HE Mpel-
cTaBisgss cebe MPUYMH HABAJIMBIIMXCS HAa HUX Oosie3Hei. Jloporu xe
TIEPEHECTH TOXE BPSII JIU BO3MOXKHO, TeM 0o0Jiee, YTO IreomaTOreHHBIX
30H MHOTO, MpaB/ia, HHTCHCUBHBIX, CIOCOOHBIX peaJbHO MOBIHMATH Ha
0e30MacHOCTh JOPOXKHOTO IBMXKEHUS, K CHACTBIO, OTHOCUTEIIFHO MAaJIo.
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bena >xe 3axirogaeTcst B TOM, YTO T€OMATOTeHHBIMU 30HAMU 3aHUMAIOT-
sl TOJBKO OTHEIBbHBIE JIIOH Ha JIIOOUTEIECKOM YPOBHE.

Ecnu nepectaBuTh MeOenb B IOMEIIEHUSIX WK NMEPEHECTH AOPOTH
3aTPYOHUTEIBHO, TO MOXHO JIMKBHUAMPOBATH T'€ONATOTEHHYIO 30HY
MyTeM JAeCTpyKTypu3anuu (paccenBanusi) ee a3¢dupHOro moroka. [e-
CTPYKTYpHU3aIisl T€OMaTOT€HHOW 30HBI MOXET OBITh MPOW3BEIEHa C
MOMOIIBI0 3()UPOANHAMUYIECKOTO TACCHBHOTO HEUTpaIn3aTopa.

DdupoaHAMUIECKUH MTACCHBHBIM HEHTPAIN3aToOp IMPEACTABISICT
co00¥1 CILTIONIEHHBIH B JIETICKY AHaMeTpoM, TpuMepHo, B 100 mm xa-
OTHYECKH CMOTAHHBI MOTOK TOKPBITOH JIaKOM TOHKOW TpaHchop-
MaTopHOHU mpoBosioku auamerpoM 0,1-0,2 mm u mopsinka 100 M miu-
HoW (puc.3). [IpoBonouHas Jemenika 3aTeM 3alpecCoBBIBACTCS B JIIO-
00l M30JIATOP WM BKJICUBACTCS B KAPTOH WIIM B OOBIYHBIA KOHBEPT.
Bo3MoxHO 3amojHeHue HeWTpanu3aTropa TUICOM, OETOHOM, TEHOIO-
JTUYPETaHOM, T. €. JIF000# He MPOBOIAIICH TOK MaCcCOM.

[IpuHuun npeicTBUS HEUTpanu3aTOpa OCHOBAH HAa Pa3pyLICHUH
BUXPEBOrO TMOTOKAa d(Upa, MPOXOJSIEro CKBO3b Hero. bmaromaps
CIEIUICHUIO 3(HUPHBIX TIOTOKOB C TOBEPXHOCTHIO MPOBOJIOKH OOIIast
BUXpeBas CTPYKTypa 3(QUPHOTO MOTOKA paszpymiaercs, U COOCTBEHHO
M3y4YeHHEe Te0NaTOreHHON 30HbI, KaK TaKOBOM, MEPECTaeT CYIIECTBO-
BaTh.

Pa3pymenne 3¢upHOTO MOTOKA T€OMATOreHHOW 30HBI HAYMHAETCS
HEMEIJICHHO MOCJE PACIOJIOKEHUs] Ha Hell HedTpanmmzaropa. [ocra-
TOYHO HECKOJIBKUX CEKYHJI, YTOOBI 30Ha KaK TaKoBasl Hcye3ja, HO €CITU
HelTpanu3atop yOpaTh, MOTOK 30HBI BOCCTAHABIMBAETCSA, XOTA U B
ocnabnenHoM Buae. OgHAaKO, €CIM HEHTpanu3aTop NpoAEp:KaTh Ha
30He OoJjiee yaca, TO 30Ha BOCCTAHOBHTCS TOJBKO Uepe3 HECKOJIbKO
IHEH. DTO 00BSICHICTCS MAION BA3KOCTRIO d(upa.

Heiirpanuzatop nenecoobpa3Ho pa3MeliaTh Ha MOy B TOM MECTE,
rie oOHapyxkeHa 30Ha. OJHAKO JIydlle BCEro HEHTpamu3arop pa3me-
IIaTh B MOJIBaJIe, TOT/Ia 30HAa yOUpaeTcsa Ha BCeX dTa)kax 37aHMs.

[lockonbky cam HeHTpanu3aTop MpencTaBiseT coO0il BCEro JHIIb
MACCUBHBIH MOTOK INPOBOJIOKH, HUKAaKUX BPEIHBIX BIUSHUM OH OKa-
3aTb HEC MOXKCET, HC3aBUCUMO OT TOI'O, HAXOAUTCsA OH HA 30HC WJIHM BHC
ee. Hukakux ocoObIX paspelleHuil Ha ero MpUMEHEHHE HH Y KOro He
HY>KHO CIPAalINBaTh, IOTOMY YTO MBI )K€ HE CIIPAIINBAEM pa3peLIeHUs
Ha TO, 9TOOBI TOJMETATh KOMHATY HIJIM OTKPBIBATh (POPTOUKY TSI TIPO-
BeTpHUBaHUA. Beab HUKTO HE COOMpPAETCS JIEUUTD JIIO/Ie HOBBIMH CIIO-
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cobamu, pedb HIET BCEro JIHIIb 00 O3IOPOBICHHUH TIOMEIICHUS, 00
OCBOOOXKJICHUU €r0 OT MPUPOJHBIX, ECTECTBEHHBIX, HO BPEIHBIX JUIS
YeJI0BeKa U3IMyUCHHH.

To xe camoe MOKHO JienaTh U Ha Aoporax. Bnons o6ounH, a yd-
1Ie BCErO W MO HEHTPY o] achabTOM HYXKHO Pa3MECTHTh PSJi 000~
HBIX HEHTpaM3aTOpOB Ha PACCTOSIHUSAX TMopsiaka 2—4 Mmerpa ApYyr OT
apyra. 3oHa OyzAeT paspylleHa, 1 HHKaKuX TyMaHOB U BIMSHUI Ha JIO-
nieit Ooubiie He OyAeT.

VY aBTOpa HacToAIIel cTaThbU HET COMHEHHS B TOM, YTO TpobiieMa
CTOMT TOIO, ‘ITO6I>I €10 Ha4YaJI1 3aHUMATHCA B MACCOBOM IIOPAAKE. B
KOHIIE KOHIIOB, pe4b HJIIET O 3[0POBbE JIOJACH M O BO3MOXKHOCTH HC-
KIIOYUTEITFHO JCNICBBIM CIOCOOOM O3I0POBHThH HAlIM MOMEIICHUS U
IIOBBICUTH 6630HaCHOCTb JABUKXCHUS. Taxk cToUT U MOCJIE 3TOTO Impu-
CIYIIMBATbCA K MHCHHUIO TaK HA3bIBAEMBIX «CCPBLE3HBIX YUCHBIX» O TOM,
YTO BCE ATO JDKeHayka? Bripouewm, eciu UM HPaBHUTHLCS OOJIETh HITH TI0-
NajiaTh B aBapUH, 9TO UX JTHYHOE JIENO.
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MmaBa 7. Kocmonorus, KOCMOroHUA U Kpyro-
o6opoT achupa B npupoge

7.1. YtO TaKoe KOCMOJIOrM U KOCMOFrOHUA?

Kocmonozua — yaenue o 6eckoHeuHoid BeeneHHOH, kak o CBs3aH-
HOM IIeJIoM, M 000 Bcel OXBaueHHOW HaOomeHUsMH oOmactu Mupa,
KaK O 4YacTu BcelleHHOH, BCErJa COCTABIIANIO HEOTHEMIIEMYIO YacTh
actponomuu [bCO 3-e m3a. 1. 13, c. 256]. B nmocneanue necstuneTus
KOCMOJIOTHS CKJIQJBIBACTCSI B CAMOCTOSITEIbHOE HAIIPABICHUE HAYKH,
CBSI3aHHOE C (DH3HUKOU.

ACTPOHOMHUYECKYIO U (PU3UYECKYI0 OCHOBY COBPEMEHHON KOCMO-
JIOTHH COCTaBISIIOT, BO-TICPBBIX, JaHHBIC HAONIOJCHUH, Kacaloluecs
CTPOCHHUS U CBOICTB U3BECTHON HaM 4yacTu BceneHHOM, nomosHseMble
JaHHBIMU O CTPOCHWH BEIIECTBA, W, BO-BTOPBIX, 3HAHUS O (PH3MUECKUX
3aKOHax B3aMOJCHCTBHS U IBWKCHUS MaTepuu. B cBonx 0000mIeHUX
KOCMOJIOTHSI 110 CYLIECTBY HampaBiisieTcs ¢uiocodueid 1 He MOMKET
OBITH TIOCIIEIOBATENIFHO HAay4HOU 0e3 ¢minocodckoll OCHOBHI, coaep-
JKallel TpaBUIIBHYIO TEOPHIO MO3HAHUS W PacKpbIBarolel oliue 3a-
KOHOMEPHOCTH MaTE€pPHHU U €€ IBHKECHHUSL.

Kocmosnornueckue Teopuu pasHBIX 310X CYIIECTBEHHO pa3iinya-
IOTCSl B 3aBUCHMOCTH OT TOTO, Kakue (PU3NYECKUE MPHHIUIBI ¥ 3aKOHBI
NPUHUMAIOTCS. B KaueCTBE YHHBEPCAJIbHBIX. BBIBOABI U3 ATHX TEOpHI
JOJDKHBI MOATBEP)KIATHCS WM XOTS Obl HE MPOTUBOPEUYUTH HAOIIO/E-
HUSIM, a TaKKe IMpeJCKa3blBaTh HOBHIE SIBJIEHUs. B HacTosimee Bpems
CUHTAETCS, YTO STOMY TPeOOBaHUIO HAMIYYIIMM 0Opa3oM yJIOBIIETBO-
pAIOT pa3zpaboTaHHBIE Ha OCHOBE OOLIe TEOPHUH OTHOCHTEIBHOCTH
OHHIITEeHA OTHOPOAHBIE U30TPOITHBIE MOJETH HECTAIMOHAPHOM ropsi-
yell BeeneHnHoi.

Kocmozonua — obnacte Haykd, M3ydalollas NPOUCXOXKICHUE U
pasBUTHE KOCMHYECKHUX TeJl U UX CUCTEM, — 3BE3]l U 3BE3IAHBIX CHUCTEM,
TallaKTHK, TyMaHHocTel, COTHEUHOH CHUCTEMBI U BCEX BXOJAIINX B Hee
ten — ConHna, muaHeT (BKIOYast 3eMITI0), UX CITyTHHKOB, aCTEPOHIOB
(MM MaJbIX IUTaHeT), KOMET, METEOPUTOB [Tam xe, c. 251].

Kocmoronnyeckue runoresst XVII — nauana XI1X BB. oTHOCHINCH
IJIaBHBIM 00pa3oM K npoucxoxaeHuto ConHeuHol cucremsl. Jluip B
XX B. pa3BUTHE HAONIOAATEILHOW M TEOPETUYECKOH acTpo(U3UKU U
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(DU3KKK TIO3BOJIMIIO HAYaTh CEPbE3HOE U3YUYCHUE MPOUCXOXKIACHUS W
pasBUTHSA 3Be3M, a B 60-X roiax Ha4aioch U3y4UeHUE TIPOUCXOKICHUS U
Pa3BUTHSA TaJaKTHUK.

Ha mporspkeHun Bceil MCTOpUM €CTECTBO3HAHUSI KOCMOJIOTHS MU
KOCMOTOHHSI OBbIIIM CBSI3aHBI MEXIY COOOW W SBISJINCH apeHOH Oxe-
CTOYCHHOH, YacTO BeChbMa JpaMaTHIeCKOW OOpbOBI MaTepHaIuCTHYC-
CKUX M HMIeaJHCTHUeCKuX KoHIenuuil. He mpekpamena sta 6oprda u
ceifuac, U OHa Jjaxke OOOCTPHUIIACh B CBS3U C OOIIMM KPH3HCOM COBpE-
MEHHOU TEOPETHYECKOU (PU3HKHL.

MarepuanucTiHueckas Ue0JOTHSI OCHOBBIBANIACH HA HAOTIOICHUSX
W JKCIIEPUMEHTAX, HCATUCTHYCCKAs — HAa YTBEPXKICHHUSIX, BBITEKAIO-
UX U3 «OOIIETPU3HAHHBIX» TEOPHH T'OCIOJCTBYIONINX IMKOJI. JTO
0COOCHHO CHIIBHO MPOSIBUIIOCH B CPEHUE BEeKa, KOT/a JIro0bie mpooiie-
MBI PEHIATUCh MyTEM COOTBETCTBYIOIIUX CCBHUJIOK Ha OmOIeiickue Tek-
ctel. Ho U B Hacrosiiee BpeMss MHOTHE MPOOJIEMBI PEIIAIOTCS 10100~
HBIM JX€ 00pa3oM, Mmpasia, cchikaMu He Ha bubiuio, a Ha Teopuro OT-
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HOCHUTEIBHOCTH DWHINTEIHA, TOTMaThl KOTOPOH HAPYIIATh 3alpeIIeHO,
0 YeM Jake UMEIOTCSI COOTBETCTBYIOUINE OCTAHOBICHMUS.

Han Bceit coBpemenHO# Haykoil 0 BcelleHHOM Kak €JuHOM LIEIOM
— KOCMOJIOTHEN M HayKOH O MPOUCXOKACHUN U Pa3BUTHUH KOCMUYECKHUX
TeT — KOCMOTOHHEW BuTaer TeHb OOIIel TEOpHH OTHOCHUTEIHLHOCTH
A.DWHmTENHHA.

Teopust OTHOCUTENBHOCTH DWHIITEWHAa — YUCTO MaTeMaTH4ecKas
Teopwusl, mpeHeOperaromas KakuM Obl TO HH ObUTIO (PM3WYECKHUM CMBIC-
JIOM paccMaTpPUBAEMBIX €H0 SIBJICHUI, B TOM YHUCJIE U KOCMUYECKHUX.
OO0m1ast TeopHsi OTHOCHTEIILHOCTH — BTOpPasi YaCTh TEOPHH, CUUTAIOIAS-
Csl TeopHel TpaBUTAIlMM M SIKOOBI OTBETHBIIAs Ha BCE OCHOBHBIE BO-
MPOCHl MUPO3/IAHUSI, HA CAMOM JI€JI€ HE OTBEYAECT HU HA KAKHE BOIPOCHI
M0 TOH MpUYKHE, YTO OHA HE paccMaTpuBaeT (PU3NUECKUE MPOLECCH U
BCE CBOJUT K IPOCTPAHCTBEHHO-BPEMEHHBIM HCKaXE€HUSIM. B 3Toi
«TEOpUU» TMPOCTPAHCTBO HCKPUBISAETCA, & BpEMs 3aMEMIACTCA, 4YEM
WCKJTIOYaeTCsl Kakasg Obl TO HA OBLJIO BO3MOXKHOCTh M3Yy4eHUs (hnsnde-
CKHX mporeccoB. CripamirBaeTcsi, OTHOCUTENBHO YEeT0 «UCKPUBIIAETCS
MPOCTPAHCTBO, BEllb «HCKPUBIEHHE» €CTh (YHKIIHs KaKOro-TO HE HC-
KPUBJIEHHOTO apryMeHTa. BMecTo HM3yyeHusl peajbHbIX MPOLECCOB BO
BcenenHol coBpeMeHHas HayKa JKOHIJIMPYET MaTeMaTHYECKHUMHU (Gop-
MyJIaMHU U BC€ CBOJUT K ()EHOMEHOJIOTHH, T.€. K BHEIIIHEMY OIHCAHHIO,
HE MHTEPECYSCh NMPUYMHAMH KOCMHUYECKUX CTPYKTYp WM SIBICHUH. DTO
TYIHUK.

Bopr0a 3a BoccTaHOBIEHHE MAaTEpUATMCTHUECKONH METOIOJIOTHH B
HayKe HE yThxaeT W ceiuac. OKecTodyeHHe MPOTHBOOOPCTBYIOMINX
IIKOJI HE CIajaeT, XOTsA caMa 00phOa, KOHEYHO, TproOpena uHble Gop-
MBI, 4YeM 3TO OBLIO B CpeIHEBEKOBbE. MOKHO KOHCTATUPOBATH, YTO, TIO
KpaliHe# Mepe, B (DU3MKE W MPUMBIKAIOIIUM K HEil 00JacTsIM HayKH, B
MEPBYIO OYepeab, B KOCMOJIOIMHM M KOCMOTOHUU CETO/IHSA TIaBEHCTBYET
WCaTUCTHYECKAst METOJOJIOT S, YTBEPKAAIOIIAs, YTO B3aUMO/IEHCTBHE
HeOECHBIX TeJ MPOUCXOJUT Yepe3 MyCTOe MPOCTPAHCTBO, YTO dPHp —
¢dusnueckas cpefa, 3amoNHAIOMAs BECh KOCMOC H SIBIISIIOLIASACS CTPOU-
TEJIBbHBIM MaTEPHAJIIOM JJIsl BCEX BUJOB BEIIECTBA U MOJEH B3auMonae-
CTBUH, B Ipupoze oTcyTcTByeT. OTCYyTCTBYET HE MMOTOMY, YTO 3Ta Cpe-
Jla CYILIECTBYET WJIM HE CYLIECTBYET, & MOTOMY UYTO OHA HE HY>KHa JUIs
MOCTPOCHUSI TeopuH. TeM He MeHee, Oe3 MPUBJICYCHUS! STOH MaTepu-
ANBHOW Cpe/ibl HEBO3MOXKHO HH OOBSCHUTH YXKE WU3BECTHBIC SIBICHUS,
HU ONPEIEIUTh HOBBIE HAIPABIICHUS UCCIIEI0BaHUNA KOCMOCa.
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Heo6xonumMo HaOMHUTE, YTO MaTepUATMCTUUECKasi HayKa O KOcC-
MHUYECKUX CTPYKTypax W SBJICHUIX 00s3aHa MMEHHO ONPEAEIHUThH MPH-
YHMHBI, IO KOTOPBIM CTPYKTYPHI HMEIOT TOT WJIM MHOHM BUJ U TpeoOpa-
3YIOTCS M3 OJHON (DOPMBI B APYTYIO, @ TaKKe MPUUUH, TI0YEMY KOCMHU-
YEeCKHE SABICHUS] UMEIOT UMEHHO TOT BH[, KOTOPBIM OHU UMEIOT.

7.2. KpynHomacwTtabHasa cTpyktypa BceneHHon

B Hacrosiniee BpeMsi U3BECTHO, YTO OCHOBHAsI Macca 3BE3[ COCpe-
JIOTOYCHA B TallaKTUKaX, a CaMH TANaKTHKH TPEACTaBISIIOT COOOH
CKOIUIEHUS 3B€3], UX MWJUIMApIbl B Kaxjoil raidaktuke. Ho camu ra-
JIAKTUKU COCPENOTOUYEHBI B CKOIIJICHUSIX TaJaKTHK, 1, KaK YCTaHOBJIEHO,
CKOIUICHUS TaJTaKTHK 00pa3yIOT CBEPXCKOIICHHUS. A 9TO Jalblie?

[IpoGiemy yctpoiictBa Bcenennoii B meiaoMm B 20-e¢ roast 20-ro
cronerus noctasun K.J.1luonkoBckuil. B cratbe «DpupHBIH 0CTPOBY
OH OMHUCHIBAET CBOE IPEJICTABICHNE O KPYMHOMACIITAOHOH CTPYKTYpe
Bceenennoit. Ilo ero MHEHUIO, B KOCMUYECKOM MPOCTPAHCTBE HAXOMAST-
csi mapooOpasHble «dPUPHBIE OCTPOBA», B KAKIBIH U3 KOTOPBIX HAXO-
JATCS MAJUTHAPBI TATAKTUK CO BCEMHU CBOMMM 3BE3/1aMHU.

HunonkoBckmii oOpammaeT BHUMaHHE Ha TO, YTO BO BceneHHO
MMEIOT MECTO MWJUIMOHBI CIHPAIbHBIX TYMaHHOCTEH, coJleprKaIinx
MUJUTHAPJIBI 3BE3], BCE OHU IOTPYKEHBbI B 3up, HO caM «3dup pac-
MPOCTPAHSETCS TOJNBKO Ha HECKOJIBKO COTEH MUJLJIMOHOB JIET. Jlanee oH
0e3MepHO paspexaercs, Kak pa3pekaloTcs BBICIINE CIOW Hallel aTMo-
chepsl. 3a rpanuliaMu 3Upa HauYMHACTCS KaKas-TO JApyras Marepus
0e3mepHO pexe ero. [1oaToMy s M3BECTHYIO TPYIITy MIEYHBIX ITyTeH
Ha3BaJl DPUPHBIM OCTPOBOM. 3a HUM, BEPOSITHO, JISKAT APYTHE 0100~
HBIE OCTPOBa, HO O HUX MBI HE MOXXEM IOJIyYUTh HUKAKUX CBEICHUH,
TaK KaK CBET HE MOXET NPOXOAMTH yepe3 0e3dHpHbIe MEXKAY HUMH
MIPOCTPAHCTBA.

Ortcrona HanpamuBaetcsi BeIBOA, uTo 1mpo d¢up y K. 3. [{ronkos-
CKOT0 yke OBUIO JIOCTaTOYHO 3HAHWH, a MPO ITY «IPYTyI0» MaTEepHIO
eme HeT. Ha camoM pene, KOHEYHO, TOrJa HU T€X, HU JPYrMX 3HAHUN
emte He Obw10. Tem He MeHee, Touka 3peHus K. O. [{uonkosckoro 3a-
CIy’KMBAa€T BHUMAHHSL.

Bcesikoe marepuanbHoe oOpa3oBaHHE NODKHO MMETh TPaHMLBI B
MPOCTPAHCTBE, B KOTOPOM HMEETCSl TpaJueHT MJIOTHOCTU. B 3TOM
riane 3Gup, 3aN0IHAIONIMNA MUPOBOE MPOCTPAHCTBO, HE SBISETCS UC-
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KIIIOUEHHEM, IT03TOMY 3(QHPHBIE OCTPOBA, O KOTOPBIX mucai L{nonkos-
CKHH, BIIOJHE BO3MOXHBEL. Ho map — oOpemHas ¢urypa, y KOTOpoit
OTHOLICHKE IJIOMAAHN TTOBEPXHOCTH K €r0 00beMy MUHUMAIBHO, a 3TO
CBOWCTBO TOJIBKO JKMIKOCTEH, UMEIOIINX CLEIUIEHHNE MOJIEKYN OPYT C
apyrom. D¢up ke — ra3, 1 HUKAKOro CLEIUICHHS €r0 MOJIEKYJ y HEero
HeT. [l ra3a ycroiumBod (urypoit OymeT TOIbKO BHXPEBOW TOPOWI,
MOCKOJIBKY 3TO M €CTh BHXPb 3aMKHYTBIH caM Ha ce0s M MOKPBITHIA 1O
BCEHl NOBEPXHOCTH IMOTPAHUYHBIM CJIOEM, B KOTOPOM M IIPOUCXOIUT
nepexos IIOTHOCTH OT OOJbLIeH BHYTPh TOpOMIa K MEHBIIEH — BO
BHEIIIHEe MpocTpaHcTBO. [losTOMy Hambonee BEpOSITHOW CTPYKTypou
BceneHnHo# siBisieTcs HaoMHEHWE POCTPAHCTBA APUPHBIMH OCTPOBa-
MU HE IIapOBOH, a TOpOUAaIbHON Gopmbl. Takoi sxe hOopMbI JOIHKHEI
OBITh  CBEPXCKOIUJICHWS! TANaKTUK W CKOIUICHUS TalaKTUK BHYTPH
CBEPXCKOIUIEHUH.

TopounmanbHass ¢opMa CBEpXCKOIDIEHHH M CKOIUIGHWH IOATBEp-
JKAaeTcs TeM, 4To nopsaka 60% ranakTuk B CKOIUIEHUH COOpaHbI KOM-
nakTHo, a 40% pazOpocaHbl BOKPYT Ha OTHOCHTENILHO OOJBILIOW ILIO-
maau. To ke camoe MPOUCXOAUT U ¢ CAMUMH ranaktukamu: 60% ckormn-
JICHUH JepKaTcsi OTHOCUTEIBHO KOMIAKTHO, a 40% paep:karcs BOKpYT
HUX Ha OTHOCUTEILHO OOJIBILIOM PACCTOSHHU.

Uro KacaeTcs «HEBEIOMOI» MaTepuu Mexay dOUPHBIMH OCTPO-
BaMH, TO TaK Xe, Kak 3(QHp, 3aMoJHsIET IIyCTOTY MEXIy HEOECHBIMU
TeJIaMU, TaK K€ U MEXIY «3QUPHBIMUA OCTPOBAMI» JAOJKEH HAXOUTh-
csl 9Up-2 — CTPOUTENBHBIN MaTepuall aMepoB, MOJIeKy: 1 3¢upa-1 uimm
npocto 3¢wupa. Jloruka MpOHUKHOBEHHUS BITIyOb MaTepUH OJIHA U Ta XK€,
MO3TOMY MOKHO IMPEIION0XKUTh, YTO 3pHUp-2 TOXKE ra3, HO €ro napa-
METPHI Ha JIAHHOM 3Tare ONpesesieHbl elle ObITh He MOTYT. XOTsI €CTh
OCHOBAaHHUSI TPEJIoaraTh, 4To Tak ke, KaK IUIOTHOCTh aMepoB Ha I0-
PAIKM BBIIIE IJIOTHOCTH NMPOTOHOB M HEHTPOHOB, TAaKXe IUIOTHOCTH
amepoB-2 (MoJieKyJ 3(upa-2) Ha MOPSIAKH BBIIIEC IIOTHOCTH aMEpPOB
a¢upa-1, a CKOPOCTh TEIIOBOTO JIBUKCHHUSI UX TaKXKe BBIIIE U 0o0Iee
JaBJIeHHE W BHYTPEHHETO TEIUIOCOAEPXKaHMs B d(upe-2 Ha MOPSIKU
BhIIIE, yeM B 3¢upe-1 nim npocto B 3¢upe. Ho 310 BCce nums npearo-
JIO’KEHUSI, OCHOBAaHHBIE Ha JIOTHKE.

BeposiTHO, «3(UPHBII OCTPOB» COCTABIEH M3 OrPaHUYCHHOH —
TOPOUAATBLHON Macchl 3Qupa U IUIABAIOIIMX B HEM CBEPXCKOIUICHHH U
CKOIUICHUH TalaKTHK, MEKIy KOTOPBIMHM HAXOOUTCS W Ham MiledHbIi
nyTh, T.e. Hama ["amakTuxa. CrnupanbHBIX TYMaHHOCTEH, MUJIJIMOHBI.
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Pasmeps! ux momoOHEI pasmepam Hamrero Miedanoro [Iytu, a paccros-
HUSI MEXIy TajJaKTHKaMU H3MEpSIIOTCS MWUIMOHAMH CBETOBBIX JIET.
Tak uTo Oe3qHBI, UX pa3leNAoNIne, B JECATKA pa3 OoJbIIe UX pazMe-
poB. Becb D¢upHBIi OCTPOB 3aKII0YaET MHOTHE MHJUTHOHBI MHJUIAAD-
JIOB COJIHII BCEX BO3PACTOB U MUJUIMAPAbI MUIJIMAPIOB ILIAHET.

Ho u a3¢upHEIit 0cTpoB TOIBKO Maas (qake OECKOHESTHO Majas)
yacThIa Hen3BecTHOM Beenennoii. Kak kamist Mmana B cpaBHEHUH C
OKEaHOM, KaK aTOM HUUYTOXEH B cpaBHeHUH ¢ 3emuieil nim ConHIeM,
Tak 1 D(PUPHBIA OCTPOB HUYTOKHO MaJl B CPABHEHHH C OECKOHEUHBIM
KocMocoM. To jke MOKHO CKa3aTh M O HAIIMX 3HAHHUAX O KOCMOCe, 00
D¢dupnHom octpoBe u 000 Beeii npupoze.. [louctune 61 mpaB Kozema
[IpyTKoB, KOT/Ta 0OBSBHUI, UTO ... «HeT cToIs BeNnKoil Bemu, KOTOPYIO
HE TPEB30IlIa OBl BETMYUHOIO eIlie OOoibIash. ..

7.3. Kocmonorus n kpyroo6opot achupa B npupoae

Kaxnprii mpomecc B cBoell KOHKpETHOH (opMme TOKEH HMETh
HA4aJo M KOHEIl, TONBbKO BcelleHHas B LIENIOM COXPaHSAETCS HEU3MEH-
HO#l. U TO nmumib B cpenneM. Bo BeeneHHON HENPEPBIBHO POXKAAIOTCS U
racHyT 3B€3/bl, HENPEPBIBHO POXKAAKOTCS M MCYE3A0T aTOMbI BEIllE-
CTBa, BCE HAXOJOUTCS B HENPEPHIBHOM M BEYHOM Kpyrooboporte. Bce,
YTO POAMIIOCH U3 3¢upa, B 3(up xe, B KOHIIE KOHIOB, U BO3BPATUTCH,
pacTBOpUBIIKCH B HEM. O0 3TOM e CBHICTEIILCTBYET HA/AIMUCHh HA Ka-
MEHHOU TUTHTE, HaWJIEHHO y)Ke B Hallle Bpems B mycTbiHe ['o0u:

Uro ObLIO, TO OCTAHETCS BCET 1A, Beb yX OeccMepTeH,
UTto cymiecTByeT ceiivac, To BpeMsi MPEBPaTUT OTHAKIBI B 3PHp. ..

CerojiHsi MBI YK€ IMEEM BO3MOXXHOCTH TPOCIIEIAUTH KPyrooOopoT
a¢upa B ero KOHKpeTHbIX ¢opmax. I[lombiTaemes 310 caenathb. Jls
3TOr0 HY>KHO CBS3aTh BOEAMHO HEKOTOPHIE MPOLECCHl B TallaKTHKAaX,
KOTOPBIE 10 HEJTABHETO BPEMEHU Ka3aJUCh HE UMEIOIIUMH OTHOUICHUS
ApYyr K Ipyry.

UTO e MBI CETOTHS 3HAEM O TAJIAKTHKAX W O TOM, YTO CYIIECTBYET
B MEKTIaKTUYECKOM MPOCTPaHCTBE?

MBI 3HaeM, 9TO CYIIECTBYIOT CITUPAIbHBIE TAIAKTHKH, UX OOJIBIIe
MOJIOBUHBI OT YHCJIa TANAKTHUK, HO €CTh €Il TAIAKTUKH MIAPOBbIE U 3JI-
JUNTHYECKUE, €CTh TAAKTUKKA HENPaBWIBHbBIC, HATOMHUHAOIIUE 001a-
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Ka, €CTh T'aJJaKTHKH JBOWHbIE, COSIMHEHHbBIE IPYT C IPYrOM «MOCTH-
KoM» u3 3Be3 (puc. 7.1-7.3).

8) 2)

Puc.7.1. Pazanunble BUABI TAJaKTHK: @ — IIAPOBOE CKOIUICHHE; O — THIOBAs
CTMpanbHas rajJaKkTHKa, BUJ Ha MIIOCKOCTh; 6 — CIIMpaNbHas rajJakTUKa, BUA MO YIIIOM;
2 — cIHpasbHas TalakTUuKa, BHJ COOKY
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Puc. 7.2. B3aumojeiicTBy0IHe FaJaKTHKH: a — CXeMa B3aUMOJICHUCTBHS Ta-

naktuk; 0 — dororpadust IBOHHON rallaKTHKH.
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Puc 7.3. HeraBPlJleaﬁ rajJakTuka — nocjieaHsiss Craausl CyleCTBOBaHUSA
3BE3/IHOI'0 CKOILJICHUSA

Kpome Toro, CyIecTByIOT HCTOYHHKHU PaTUOU3ITydeHHsI, HEBH U~
MEIE B TEJIECKOII, €CTh TaK Ha3bIBaeMbIe KBa3aphbl — TOUCUHBIC PaIUOU-
CTOYHHMKH OOJIBIIION MOIIHOCTH, €CTh HEOOJBIINE, HO OUYEHb AKTUBHEIE
CetihepToBCKHE TAIAKTUKH U €CTh XOPOIIIO BUAUMBIEC PaJIHOTATaKTHKH,
HEOOJBIITNE TI0 pa3Mepy, HO aKTUBHO M3IIYYAIOIIHNE JIEKTPOMAarHUTHOE
M3ITy9CHHE.

Bce 3ty ranaktuku coOpaHbl B CKOIJICHHS, 8 CKOIUICHHUS TaJIAKTUK
— B CBEPXCKOIUICHUSA, W T€, W JAPYTHAe BKIIOYAIOT B CEOS MUJUTMOHBI U
JTaXke MUJUTAAPABl MIAAMINX CTPYKTYPHBIX enuHmIl. B 3THx 0OpasoBa-
HUSX TAJIAKTUKUA B CKOIUICHMSIX, a CKOIUICHHUS B CBEPCKOIUICHUSX pac-
MpeNIeieHbl  HepaBHOMEPHO, Oosiee  yHojo0NssiCh TOPOHIATBHBIM
CTPYKTYypaMm, HEXKEITH IIapOBBIM.

B mpoctpancTBe BeenmenHoit MHOTO Ta3a, €CTh PEIMKTOBOC HM3IIY-
YyeHue U T. 1., ¥ T. II. MHoro 4dero ecth Bo Beenennoii! U enquHcTBEHHO,
Yero HeT, 3TO TOHUMAaHWS, TOYeMY BCE ATO Tak.

Heckombko ¢ITOB cleayeT cka3aTh 0 CYNIECTBYIOMNX Kiaccu(puKa-
[IUAX TaJaKTHK.

Kak w3BecTHO, B HACTOsAIIEE BpPeMs HUKAKOW (DYHKIIMOHAIBHOM
KJIACCU(UKAIIMK TaJIaKTUK HE CYIIECTBYET, IIOTOMY YTO HET HHKAKOTO
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NPEACTaBICHUS HU O BHYTPEHHHX MEXaHH3MaX I'alaKkTUK, HU, TeM 00-
jee, 0 MEXaHU3Max MX Pa3BUTHUS U B3auMozeicTeus. Bee cymecTByro-
mue Kiaccupukanuu — MoppoJoruieckue, T. €. OCHOBAaHHbIC Ha BHEII-
HUX, opManbHBIX Tpu3Hakax. B 1922 r. mepBylo Takyro Kiaccupuka-
IIHIO TIPEIIOKUIT aMEPHUKAHCKHI acTpoHoM D.Xao0ir (puc. 7.4).

Crupanvhvie 2anakmuxi

< -~ & Sc
Onuunmuyeckie canaKmuxu 5‘5
¢
: e Sb
SO . s Henpasunvnvie
A
SBa P vy 2anNaKmuKu

SBb .

(V%

E0 E

Cﬂllpa’lbllble CAnNaKmuKu ¢ 5(1}7@\4

Puc. 7.4. Mopdosornveckasi Kjiaccupukanusi rajlakTuK nmo Xaoouay: pas-
JIMYHBIC THIBI TAJTAKTHK PACIIONOXKEHBI HA CXEME TaKHM 00pa3oM, YTO OTHOCHUTEIBHOE
CoZiep)KaHHe B HUX T'a3a U MOJIOABIX 3B€3/] yMEHBILAETCS CJIeBa HAIIPABO.

B cooTrBeTcTBUU € 3TOI KinaccuduKalueid Bce TallakKTHKH pa3OUThI
Ha CJI/TyIOLINE KIIACCHI:

cnupanvusle 2anaxkmuxu — SB (oxomo 60% ot o0mero yucina ra-
JIAKTHUK);

annrunmuyeckue canakmuxu — E (13%);

aunzooopasnsvie canaxkmuku —SO (22%);

uppezynapusle (nenpasunvtuie) carakmuku — | (4%).

BHyTpH HUX UMeeTCst APOOICHHUE 10 TTOIKIACCaM.

bonee mo3mHue KiaccupUKANUY YTOYHSUTM T€ WIM WHBIC JETallH,
HO B IIEJIOM OHH OCTaBAJIHCh MOP(OIOTHYECKUMH, K TOMY K€ HE y4H-
THIBAIOIIMU HEKOTOPBIX TAaKTHK, HAIIPUMEP, TBOHHBIX TAIAKTHK WA
ranaktuk Ceiidepra — UMEIOUIMX HEOONBIINE SApa M MOIIHBIE BBIOPO-
CBI rasa.
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OtcytcTBHE 3GUPOIMHAMUYECKUX MPEACTABICHUH O MPUPOAE Be-
IIECTBA HE MTO3BOJIUIO IO HACTOSILETO BPEMEHH IIPOCMOTPETh, XOTsI ObI
B IIPUHLIMIIE, BCIO SBOJIIOIMIO TaJIAaKTHK.

OpHako ceifuac Takast BO3MOXHOCTH IOSIBUIIACh.

[Tockonbky Hanbojee yCTOMYMBBIMH SIBIISIOTCSI CIMpPAJbHbBIE Ta-
JIAKTHUKH, a 3TO CIeLyeT U3 TOro, 4TO MX OOJIBIIMHCTBO M YTO OHH OT-
HOCHUTEJIBHO YCTOWYMBBI, CJEAYyEeT B TEPBYI0 OYEpPEAb PAacCMOTPEThH
IPOLIECCHI, IPOUCXOISIINE B HUX.

[Iporuecce! 3TH TaKOBBI.

Bo-niepBbIX, B criupanbHBIX pyKaBax | amakTuku oOHapy»KeHO Mar-
HUTHOE TI0JIe HampshKeHHOCThIo mopsinka 10 Mxl. CtpanHoe Maraut-
HOE T0JI€, HE MMEIOIIee HUKAKOoro UCTOYHMKA. EAMHCTBEHHOE, CHIIO-
BbI€ JIMHUU KOTOPOr'0 HE 3aMKHYTbl caMH Ha ceOs.. COBEpLIEHHO YHU-
KaJbHOE B 3TOM CMBICIIE, IOCKOJIBKY BCE OCTaJIbHBIE MAarHUTHBIE I1OJIS
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HMEIOT CHWJIOBBIC JINHUY, 3aMKHYTBIE CaMu Ha ce0sl. A MarHUTHOE IoJIe
CIUPAIbHBIX PYKABOB HE 3aMKHYTO.

Bo-BropeiX, H3 HeHTpaibHOW obnmactu ['amakTuku, U3 ero sapa
BO BCE CTOPOHBI BBITEKaeT ra3. IleppoHauaibHO mpeanosaaranock, 4To B
Ape HaXOJUTCS KaKoe-TO 0c000 MacCHBHOE TeJo, KOTOpPOe, pasJara-
ACh, HCITyCKAeT 3TOT a3, COCTOSIIUN W3 IPOTOHOB U aTOMOB BOJOPO-
Ja. A Korga MpUCMOTPENINCh, TO OKa3aloch, 4TO B Aape ['amakTuku
BOOOIIIE HUYETO HET, OJlHA JINIIb IIyCTOTa. M 3Ta mycrora HEBEIOMBIM
00pa3oM HCIyCKaeT ra3 B HEMaJIOM KOJIMYECTBE — Macca €ro COCTaBIIs-
eT noaTopsl Maccel CoHIIA B TOJ.

B-tpetpux, cama ¢opma Hamel cnimpanbHO# ["amakThku HaBo-
IUT Ha pa3HOOOpa3Hble pasMbinuieHUs. OYeHb yX OHa IIOX0XKa Ha BO-
JOBOPOT, B KOTOpOM oOpazyercsi BopoHKa. OHako ais oOpa3oBaHus
BOPOHKH HYXHO, YTOOBI B HEE UTO-TO BTEKANI0. A MHAYE KaK OHA MOXKET
obpa3zoBatbcs?

B-getBepThIX, B IEHTpaimbHOU OOMacTh [amakTukm wMeeTcs Imia-
pPOBOE CKOIUIEHHE 3BE3]], a B CIIMPAJIBHBIX PYKaBax 3BE3/Ibl PacIloyioxKe-
HBI 110 Iepu(eprun ITUX CIUPAIBHBIX PYKAaBOB, B UX CTEHKaX, Kak Obl B
TpyOax.

B nareix, 06a pykasa jexaT B OJHOHN TJIOCKOCTH.

B-mectoix, sapo I'amakTukyu OKpy)KeHO MmIapooOpa3HBIM CKOTLIE-
HUEM M3 CTapbIX 3BE3.

B cenpMbIX, 110 BHEIIHEH CTOPOHE PYKaBOB [ aJlaKTHUKH pacIolio-
’Ke€Ha TeMHas 1oJjoca.

B BOCBMBIX... U Tak ganee.

Kak Bce ato cBa3ars?

C no3utuii 3(pUpOAMHAMHUKH BCE BBITISIUT O4YEHb IIPOCTO.

Ha puc. 7.5 npencrariena 3¢pupoauHaMUdecKas CTPyKTypa CIu-
pasIbHOM ranakTuku. B Hell nMeeTcs sapo, eCTh ABa CIHPAJIBHBIX pyKa-
Ba, CYXKaIOIMXCA K SAPY, 3BE3BI PACHOJIOKEHBI MO0 «CTEHKaM» pyKa-
BOB, B pyKaBax Te4yeT 3QHp OT nepudepuu K sSapy, a cCaMu 3BE3]Ibl JIBU-
KYTCsl OT siipa K mepudepun. 3Be3pl, HE NONABIIKE B pyKaBa, JIBU-
JKYTCSl B APYTHX HampaBiICHHUAX M 00pa3yloT IIapOBOE CKOIUIEHHE BO-
KpYT sizpa, 3TO CTapblie 3Be3/bl. Bce COOTBETCTBYET M3BECTHBIM (hak-
Tam.



236 I'nasa 7.

Jeuoicenue 36e30

De————__ Obnacme
e >~ paccacviganys
e N selecmea
s A b
Xl )
Hopo
TT——

! Maenumsui

O6nacme / NOMoK,
36e300- % OgudICeHUe

0Bpazoeana 3 / agupa

p /

.o e /
/ e 7
\\\\ - -
a)

mapoo%vmﬂaﬂ obacmb
36e30 80KpYe A0pa

( )2%:52
AN R AN i
(N

N — - S

6)

Puc. 7.5. DpupoanHamuyeckasi CTpyKTypa CHHPAJIbHON raIakKTHKH:
a — BUJ Ha IUIOCKOCTB; O — BUA COOKY.

Uro MokeT BTeKaTh B sApo ['amakTuku, o00pa3ysi CHUpaTbHBII
«BogoBopoT»? KoHeuHo ke, 3pup, U 3T0 HE BOAOBOPOT, a «3(hUPOBO-
pot»! Kyna xe neBaercs 2¢up, Brekas o JBYM CIUPAILHBIM PyKaBaM
B sampo ["amaktuku? B pe3ynpraTe coymapeHus cTpyd sdupa mocie ux
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Xa0THYECKOTO TIepEMENINBAaHNsI Ha BBICOKHX CKOPOCTSX 00pa3yroTcs
TOpOMIAIbHBIE BHHTOBBIE BUXPH d(QHpa. OTH BUXPU CAMOYIIOTHSIOT-
Csl M ICNIATCSI, TIOKa HE IOCTUTHYT HEKOTOPOH KPUTHUYECKOH MIIOTHOCTH
cBoero tena. CHayana oOpa3yloTcsi BUHTOBBIE BUXPEBBIE TOPOHIBI —
MPOTOHEI, a 3aTeM MPOTOHBI CaMU cebe CO3MAI0T U3 OKPYIKAIOIIET0 UX
adupa dMEKTPOHHYIO0 000JI0UKY, ¥ TIOTy4daeTcs atoM Bogopona. Obpa-
30BaBIIUIICS MPOTOHHO-BOJOPOIHBIN Ta3 pacIIUpseTcs W CTPEMUTCS
yAamuThCs W3 sinpa, 9yTo W HaOmromaercs. llo mamabiM bropakanckoit
00cepBaTOpUU CKOPOCTh UCTEYCHHUSI ITOTO Ta3a coctaBisier 50 km\c.

A UTO K€ B CIIMPaJbHBIX pykaBax? DQup TeueT B HUX B HANpaB-
nenuu siapa. OTHAKO, KaK | MOJIaraeTcsl B «BOJOBOPOTEY, 3pup HE MO-
JKET Tedb Ty/a MPOCTO MOCTyNaTeNbHO. OH 3aKpy4YHBaeTCs, IOCTETICH-
HO CMENIAsCh K APy M YBEIMYUBAs C KaXIbIM 000pOTOM CBOM IIIar

(puc. 7.6).
7 \ -
N\

Puc. 16.6. [IBmxeHne 0 CUpaIy ¢ HEPEMEHHBIM [IaroM: a — JIBWXXeHHe dpupa B
CIMpaNbHOM pyKaBe ['anakTuku; 6 — JBHKEHHE BOJIBI IPH CTOKE B OTBEPCTHE

Pacuer nokaspiBaer, uTo Ha ypoBHEe CONHEUHOH CHUCTEMBI 3(up,
JBUTAsICh B pyKaBax co ckopoctbio 300-600 kM/C mepreHauKyJIIpHO
OCH CHHPAJILHOTO PyKaBa, 3a OJHY CEKyHAY CMeLIaeTcsl B HarpasJie-
HUHM S1pa FajJakTHKH BCETO JIMIIb Ha OJWH MHKPOMETp. A OKOJIO siapa
CeUeHHEe pyKaBa yMEHBINAETCs, Iar MEeHseTcs, . 3(UpP CO CKOPOCTHIO
JIECSITKU THICAY KUJIIOMETPOB B CEKYH/y BpbIBaeTca B obmacts siapa ['a-
JIAKTUKH. 37eCh OJHA CTPYs CTAJKUBAECTCS C APYrOM, BTEKAIOIIEH Tyaa
K€ U3 JPYroro CIMpajbHOTO pyKaBa, IPOUCXOIUT COYAApEeHue CIpyii,
nepeMeluBaHyue, BHUXpeoOpa3zoBaHue U (OPMHPOBAHHE MaKporasa.
OcTanbHO€ YK€ OIHCAHO.
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Torna cTaHOBUTCS MOHSTHBIM HallMYUE «PA30OMKHYTOTO» Mar-
HUTHOTO TOJIs. [T0CKOJIBKY MarHWTHOE IOJIC MPEACTAaBISET OO0 Imo-
TOK 3aKpY4eHHOTO 3(hHupa, TO MbI M HAOJIFOJaeM €r0 B CIIUPATBHBIX PY-
kaBax ['amakTuku.

Uro e MPOUCXOJNT JaiblIe ¢ MAKPOTa3oM, BBIJCIUBIIAMCS U3
sipa ['amakTHKu? A MPOMCXOAWT BOT UTO.

Kak u3BecTHO, OBEPXHOCTH JIFOOOTO Ta30BOrO BHXpsl OoJee XO-
TIOJIHASI, YeM OKpYIKarolmas BUXpb cpefa. DTOT (pakT moAaTBepIKIaeTCs
TEM, YTO MPH BCSIKOM TPaMEHTHOM TCUCHHHU ra3a MPOUCXOJUT OXJia-
JKJICHUE Ta3a.

OxJIaXKIAI0TCsl CTCHKH BO3AYX03a0OpDHHUKOB HAa BXOJE T'a30BBIX
TypOUWH, TMOCIe MPOXOXKICHHUS CMepyYa Ha 3eMiie BbinanaeT uueil. O0b-
SACHACTCA 3TO TEM, YTO B BHXPAX MNPOHUCXOAUT IMCPEPaACHpPCACIICHUC
SHEPTUHU MOJICKYJI: MOCKOJIBKY YaCTh 3HEPTUU YXOJIUT Ha YIOPSIOYCH-
HOE TEYCHHUE CTPYH M Ha XAOTHYECKOE, TO €CTh TEIJIOBOE, JHEPTHU
0CTaeTCs MEHBIIIE, 3HAYUT, TEMIIEpaTypa MOHWKaeTcs. [ 0BOpst OTKpO-
BEHHO, 00BsICHEHHE claboBaToe, 0HaKO QakKT ecTh (pakT, Temmepary-
pa BUXpeil U B caMoM Jielie Huxke, 4eM cpebl. [ToaTomy B cpene obpa-
3yeTcs TPaJUEHT TEMIIepPaTyp, COOTBETCTBEHHO 00pa3yeTcsl rpaJHeHT
JaBJICHUA W HAYUHAKOT }leﬁCTBOBaTB CHUJIbl, KOTOPBIC MBI Ha3bIBA€M
rpaBUTALIUEN.

3HAYNT, CTOUT TOJBKO MOSBUTHCS MAKporasy, Kak HauWHAeT JCW-
CTBOBATh rpaBUTallysA, U ra3 co6HpaeTc5{ B CKOIIJICHHs, ITOCTCIICHHO
(bopMHpPYSCH B 3Be3/bI. A MOCKOJIBKY T'a3 PACHIUPSUICS, CTPEMSChH BBIN-
TH U3 s7pa, TO 0Opa30BaHHBIC M3 HEro 3Be3Jbl OYJYT CTPEMHUTHCS K
nepudepun [amaktrku. O TOM, Kak BOKPYT 3Be37] 00pasyroTcs Iuia-
HETHBIE CUCTEMBI, OYJIET CKa3aHO OTJEJbHO, ITOKa HAZ0 PacCMOTPEThH
JANBHEHIITYIO CY/Ib0Y 3BE3/I.

Te 3Be3/1bI, KOTOPBIC HE MOMATIH B CIIMPATLHBIN pyKaB [ amakTuky,
OTHOCHUTEJILHO MEJICHHO, ¢ HaYaJbHOW CKOPOCThIO mopsiaka 50-100
KM/C, YAQJISIOTCS OT €€ HeHTpa. [locTerneHHo BUXpu 3¢hupa — MPOTOHBI
YTPaYMBaIOT CBOIO YCTOWYUBOCTH BCJIEICTBUE TPeHHS 00 3PUp: XOTSA
BA3KOCTh 3(upa W Mayia, OJHAKO OHA He paBHa Hym0. C mpoToHAMH
IMPOUCXOAUT TO K€ CaMO€, YTO C ALIMOBBIMH KOJIbIIAMH, KOTOPBIC KYy-
PWIBIIMKKA  BBIMYCKAIOT W30 PTa: KOJbIA MOCTEMIEHHO TEPSIOT CBOIO
SHEPIUI0, CKOPOCTh BPAIICHUS YMEHBIIIACTCS, TPATUCHT JaBJICHUS
YMEHBIIIAETCS, TUaMETp BUXpEH yBennunBaeTcs. A 3aTeM BHXPb Teps-
eT cBow (hopMy ¥ oOpaiaeTcss B CBOOOIHBIN Ta3. Bo3ayiiHoe KOJIbIOo
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MpeBpamIaeTcss B MPOCTO BO3AYX, a O(UPHBIA BUHTOBOH TOpOWI —
MIPOTOH — B MPOCTO CBOOOAHBIN 3dup. MaTeprs HUKyIa He Ucdesna, a
MPOTOH U MPHCOETUHEHHBIN K HEMY BHUXPb — 3JICKTPOHHAsI 000JI0YKa —
MCUe3JH, pacTBOpUIKCH B d¢upe. [losToMy mapoBoe cKOmIeHHE 3BE3]
BOKDYT siipa ['alakTuKy MMEeT OTHOCUTENBHO YETKYIO TPAHUILy: BCE
IPOTOHBI, 00pa30BaBIIMECS OJHOBPEMEHHO, IIOYTH B OAHO BpeMs
HAYHYT pacrmajatbesi, PacTBOPSSICH B 3(hrpe MUPOBOTO MPOCTPAHCTBA.
OO0 3TOM CBUIETENBCTBYET TO, YTO IIAPOBOE CKOILICHUE 3BE3/1 B LICHTPE
["ajakTHKK COCTOUT U3 CTAPbIX 3BE3[

A 4TO e co 3Be37]aMH, MONaBIIMMHU B CIIpalibHbIe pyKaBa [ anak-
TUKHU?

CHauana OHM CMECTATCS K HOTPaHUYHBIM CJOSM 3TUX PYKaBOB,
TaK Kak JaBJeHHUe B dpHUpe B OTHX pyKaBax pacrpeesieHO TaKuM o0pa-
30M, YTO ¥ U3 BHYTPEHHHX O0JIACTEH, 1 M3 BHELIHUX, €CIIM OHH OJIN3KH
K TOBEPXHOCTH DPYKaBOB, 3Be3[bl OyAyT CMEIIECHBI B IOTPAHUYHBIC
ciou. Ho u B 31X cnosix oHu OyIoyT ABUraThes OT siApa K nepudepu.
OnHako, XOTS OHH JABHXKYTCSI C TEMH e CKOPOCTSIMH, HYTO W 3BE3BI,
MOIIABIIKE B IIAPOBOE CKOIUIEHUE, YCTOWYHMBOCTH IIPOTOHOB B HHUX OY-
neT OousplIel: BeAb OHM JIBWXKYTCA B 3(UPHOM IOTOKE, KOTOPBIA MX
OMBIBA€T W CO3JIa€T TMOBBIIICHHBIN TPaJUEHT CKOPOCTH HA TpaHHIIaX
Ka)XJIOTO BHXPS. A 4eM BbIIIE IPAJUEHT, TEM MEHBIIE B 3TOM CIIOE
BSI3KOCTH T'a3a, TEM MEHbILE 3Hepruu OyJeT OTJaBaTh BUXPb OKpYKa-
Ioiel cpene. 3HAYUT, MPOTOHBI B 3BE37IaX, MOMABIINX B CIUpPAaJIbHbIC
pykaBa ['anmaktuku, OyIyT CyIIECTBOBATH JOJBIIE, U MyTh, IPOXO/IU-
MBI UMH, OyzeT Oonblie. JTO 04eHb XOPOLIO BUAHO Ha (oTorpadusix
CHOHUPAJIbHBIX PYKAaBOB TalIaKTUK: JJIMHA CIHPAJbHBIX PyKaBoB B 2-3
pa3za Gonblie, YeM. pagnuyc IapoBOr0 CKOTUIEHHUS 3B€3]T BOKPYT LEHTpA.

Korpga xe B cnmpaibHOM pyKaBe 3Be3Jla MPOWAET JOCTATOYHO
OONBIION MyTh, TO MPOWAET | 3HAYUTEILHOE BPEMS, HCUHUCIIEMOE
JIECSITKOM (WJIN JIECATKAMH?) MUAJLTUAP/IOB JIET, MPOTOHBI OTAAAYT 3hu-
Py 3HAUUTENBHYIO YaCTh CBOEH SHEPTUU BpAIICHUS, MOTEPSIOT YCTON-
YUBOCTH M Pa3BajisiTcs, pactBopsTcs B apupe. Ilepexon adupa u3 co-
CTOSIHUSI BUXPSl B CBOOOZHOE COCTOSIHUE O3HAYaeT yBeJIMUEHHUE JaBiie-
HUSI B OTOM MeCTe, TaK Kak BCSKWU BUXpb OBUI YIUIOTHEH, H TOT )K€
3¢up 3aHNMaNT MEHbIIUI 00BeM, a BUXpeoOpa3oBaHue B siApe, HA000-
POT, CHW)KAeT NaBJIEHHE, TaK KaKk BUXPU B mpouecce HOpMHUPOBAHUS
YMEHBIIAIOT CBOIO 3Hepru0. CrenoBaTenbHO, UMEETCsl Pa3sHOCTh JIaB-
JIEHUH B CIIUPAIBbHOM pyKaBe ['ajakTHKH: B siApe MEHbILE, a Ha MepU-
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dbepun OompIie. JTa pa3HOCTH NABJICHWH W TOHUT BHOBB 3(Hp OT ITe-
pudepnu K Sapy.

Takum 00pa3oM, B CIMpaTbHBIX TaJaKTHKaX MPOUCXOJUT KPYro-
00opoT 3dupa: ot nepudepun K HeHTpy 3QUp TeUYeT B BUIAEC CTPYH, OT
anpa K nepudepun mepeMeniaeTcss B cocTaBe 3Be3a. M Tak ecnm He
OECKOHEYHO, TO, BO BCSKOM Cilydae, JAOCTAaTOYHO JOJr0. MHOTO COTeH
MUJUTHAPJIOB JIET, IOKa 3(pHUp 3TOH TajJaKTHKU HE OTCOCETCS KaKOH-
00 IPYrod TaJaKTUKOW WIM HOBBIM IIEHTPOM BUXPE0Opa30BaHUsI.

B 3TOM 1UTaHE WHTEPECHO BCIIOMHHUTH O TaK HAa3bIBAEMBIX JIBOW-
HBIX TajakTukax (puc. 16.2). MHOXeCTBO TaKMX JBOMHBIX TalaKTHK
oOHapyxeHo acTpoHoMoM b.A.BopoHiioBeiM-BenbsMuHOBBIM. Xapak-
TEPHON 0COOEHHOCTHIO IBYX B3aUMOICUCTBYIOIINX TATAKTHK SBISAETCS
MPOMEXYTOUYHBI MOCTHK W3 3BE€3Jl, COCAMHSIOMNN 3TH TalaKTHUKH.
[Tpu 3TOM mepeMbIuKa U3 3B€3/ MPOHU3BIBAET OJIHY U3 TaIaKTHK H MIPO-
JOJDKAETCS ajiee Ha 3HAUYMTENIbHOE PACCTOSIHHE, a 3aTeM 3BEe3JHasl J0-
POXKKa 3aBOpAYMBACTCS K TOHM TajlakTHKE, KOTOPYIO OHAa MPOHHU3aNa, U
rIe-To, He oA 10 Hee, oOpbIBaeTcs. B yem TyT neno?

A neno mpejcTaBiseTcs TaKUM 00pa3oM. DPUp U3 MEepBO Tajak-
THUKH OTCAChIBAETCS BTOPOIL, O0JIee MOIIOOM.

O¢dup B mepBoil rajJakTUKE BMECTO TOTO, YTOOBI OTIPABUTHCS OT
nepudepun K ee IEHTPY, OTIPABISETCS K HOBOMY IIEHTPY BUXpeoOpa-
30BaHUs — AJIpYy BTOPOI ranakTuky. TedeHne adupa He TOIBKO 0TOMpa-
eT 3¢up y MepBOi rajlakTHKH, HO 10 JJOPOTe€ OHO 3aXBaThIBAET 3BE3JIBI
U3 DTOM K€ TAIAKTUKH, ¥ OHU 00pa3ylT MOCTHK, YCTPEMIISISICh TOXKE
KO BTOpO#i ranmaktuke. OJHAKO eciiy 3(UPHBIN MOTOK yCBaWBaETCS sI/I-
POM BTOPO# TrallakTUKX M Jajblle OH HE JABMXKETCS, TO 3BE3THBIN pYy-
YeeK MPOJI0DKAeT CBOE TEUeHWE 10 WHEPIUH, MPOH3asi BTOPYIO ra-
JAKTHKY. A Tak Kak BpeMs )KU3HHU 3Be3]] 3HAUUTEIHHOE, TO 3BE3/Ibl TaK
M0 MHEPLUH U MPOAOIDKAIOT IBUTATHCS, NMOKWAAs W BTOPYIO TralakTH-
Ky. Uepe3 HEKOTOpOoe BpeMs 3BE3[JHOE BEUIECTBO pacajaercsi, U CBO-
OOHBIN dPUP ¢ KOHIIA 3BE3]THOTO pyUeliKa yCTpeMsTCS K SIpy BTOPOM
ranakTukd. [lo mopore oH 3axBaThIBa€T T€ 3BE3/bI, KOTOPHIE €Ile He
ycrenu pacopMHpPOBaTHCA, 3TO M BUAHO B BUAE KPIOUKOBATOTO XBO-
CTa 3BE3AHON MOPOXKKH. TakuM oOpa3oM, M3 ABYX TalakTHK, OOMEHH-
BaloMMXcsa 3QUpPOM, NepBasi — yMHUparomas, BTOpas — HapOKIaroImas-
csl.

[To xakuM mpuYMHAM BAPYT HAYaJIOCh BUXpEOOpa3OBaHUE 3a Mpe-
JleJlaMu TIepBOi ycToiunBoi ramaktuku? Ceituac 310 HensBecTHO. Of1-



Kocmoutorusi, kocMoronusi 1 Kpyroo6opor 3¢upa B npuposje 241

HAKO HEKOTOpbIe TPEANONI0KEeHUS MOKHO BhICKa3aTh. Hagamo Takomy
BHXPEOOPa30BaHUIO MOJKET OBITh TOJIOKEHO B HEApax IEpBOM Trajak-
TUKM B pe3ynbTaTe, HaNpUMep, CTOIKHOBEeHUs KomeT. Ilepeme-
HMIMBaHUE CTPYH 3(upa, CKOPOCTb KOTOPBIX BHYTPH KOMET OTPOMHA,
MOXXET JaTh Havajl0 BHUXPEOOpa3oBaHHUIO. OJTOT IIEHTP BUXpeoOpa-
30BaHUs, 0Opa30BaHHBI BHYTPH TaJaKTHUKH, 3aTE€M BBIHOCHUTCS 3a €€
npeensl ¥ JaeT Hadajao 00pa30BaHUI0 HOBOW TalaKTHKH.

He npoucxooam nu nonsimku npoeéecmu noOoOHbLE IKChepu-
MeHm Ha YCKOPUMENAX 6blCOKUX IHepIUll, KOMOPbIX PA36ea0cCh
HeCcKobKo Gonbute, em Imo HysHcHo uenoseuecmey? Kro 3Haer rpa-
HUIIB! JTOIIYCTUMOTO MOBBIIIEHUS YPOBHA 3Hepruu Ha Hux? He moxer
JU TIONYYUTHCSI TaK, YTO B PE3yNbTaTe YCIENIHbIX JKCIIEPIMEHTOB Ha
YCKOPHTENISIX B JallbHEHWIIEM HEKOMY OYIeT MOpafoBaThCs TOCTUTHY-
TBIM ycriexam?

Hcxons w3 Bcero M3NOKEHHOTO, MOXHO TIOTBITATHCS COCTaBUTH
(YHKIIMOHANBHYIO KIIACCU(HUKAINIO TAIAKTHK, YIUTHIBAIOIIYIO BCE 3TH
3(pUPOTMHAMHYECKUE TTPOLIECCHI.

OTnpaBHOW TOYKOW KIACCH(HUKAIUK SIBISAETCS MPEJCTABICHUE O
TOM, YTO B Pe3yJbTaTe CTOJIKHOBEHHS KOMET B yXK€ CYIIECTBYIOIIMX
rajJjakTHK 00pa3yeTcss HOBBIM IICHTP BUXPEOOpa3oBaHUsI U CO3JaHHUS
NpOoTOHOB. [TOCKOJBKY MPOTOHBI — 3TO YIUIOTHEHHBIH 3QUp, aBICHUE
adupa B 3TOM IEHTPE MAJaeT, U TyJla YCTPEMIISIFOTCS TIOTOKH 3upa u3
OKpY>Kalolero npoctpancrsa. [IpoToHBI co31at0T BOKPYT cebst mpUco-
eIMHEHHbIe BUXpH 3(upa — 3J1eKTpOHHBIE 00OJOYKH, MPEBPAIIAsCh B
aTOMBI BOJIOPO/IA.

[lo mepe yBenmuueHHsI Macchl MPOTOHHO-BOJAOPOIHBIN ra3, paciiu-
pSSICh, TIOKUNIAET TICHTP BUXPEoOpa30BaHMsl, OJTHOBPEMEHHO cOOUPasCh
B 3Be31bl. LIeHTp BHUXpeoOpa3oBaHusi CTAHOBUTCS BHUJICH, HO 3BE3]I CIIe
HEIOCTATOYHO JUIS TOTO, YTOOBI SKPaHUPOBATh IEKTPOMATHUTHOE M3-
Jy4eHue, TeHEpUpyeMoe [IEHTPOM BUXpPEoOpa3oBaHus. ITO — rajaKkTu-
ku CeliepTa.

YBenuuuBalomieecs: 4Mcio 3Be31 Bce 0oJiee SKpaHUPYyeT LEHTP, HO
ellIe He MOJIHOCTBIO 3aKPBIBAET €r0. JTO PaAHOTaNaKTHKH.

HanbHeillliee yBennYeHUE 4uCIa 3Be37 DKPAHUPYET LIEHTP, 3TO
IIApOBBIC TATAKTHKY.

[IpoToHBI 3BE37 MIAPOBBIX TalaKTHK, OTOABUTASCH OT LEHTpA, MO-
CTETICHHO TEPSIOT CBOIO YHEPTHUIO W HAYMHAIOT PacTBOPSITHCS B dupe.
Hasnenue >¢upa Ha nepudepru MOBbIMACTCS, U d(PUP HAYUHACT BO3-
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Bpamarecs K HeHTpy. O0pasyroTes cHavaia JUIMITHYECKUE FaJJaKTHKH
n  QopmupyoTCcS pykaBa. l'amakTuka mocTerneHHO (GopMmupyercs B
CIHPAIILHYIO.

Ecmu mponecc BuxpeoOpa3oBaHusi B IIEHTPE KOHYMTCS PaHBbIIE,
YeM HadHeT MOCTyMaTh 3¢up ¢ nepudepud, To OH yKe He BO30OHOBUT-
csi, 00pa3oBaHHBIE 3BE37bl OyAyT yXOOUTh OT LIEHTPA M IOCTEIIEHHO
pacTBOpsTbCA B 3dupe. DTO HEMpaBUIbHBIE TANAKTHKH, MOCICTHSISI
CTa[usl UX CyLIECTBOBAHUS.

Ecnmm mocTatoyHO MOIIHBIA TEHTP BHXPEOOpPA3OBaHUS OKazajcs
BOJIM3M OJHOHM M3 CTapbIX T'aJaKTHUK, OH HA4YHET OTCaChIBaTh 3(pUp OT
Hee, IPU 3TOM BCIIE] 32 CTPYSIMU dHpa TyJa K€ YCTPEMSITCS U 3BE3/IbI,
00pa3ys 3Be3THBI MOCTHK. D(up OyAeT yCBauBaTHCSH HOBBIM IEHTPOM
BUXpeoOpa3oBaHus, a 3Be3[bl €ro NpockodaT. M3 BTOpOW TajmakTHKH
OyzeT TopyaTh 3BE3IHBIH «XBOCT». B KOHIIE 3TOro «XBOCTa 3BE3JBI
pacTBOpATHCS B 3(hupe U 3TOT 3(PUp BEPHETCS K LIEHTPY BTOPOH Tajak-
THKU.

Ha »3T0li OCHOBE M MOXHO TeIeph NPEACTABUTh (PYHKIIMOHAILHYIO
KJ1acCH(DMKAIINIO raakTuK (puc. 7.7).

Toueunvie
pacuoc-
UCHIOUHUKY

Cmankusanie
Komem

Konvijesvie
2aNGRMUKY

Henpasunvuuie
2ANAKMUKY

Ceobooubtil s¢up

Puc. 7.7. dpupoaunamuyeckass GpyHKUHOHAIbHAA KJIaccH(PUKALUS Trajak-
THK

A y4HTBIBas, YTO YCTOHYHUBHIM 00pa3oBaHueM dOUPHON CTPYKTY-
pBl SABIAETCS TOpOMJAlbHAsA CTPYKTYpa, TO CTAHOBUTCS IOHSTHBIM U
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CTPYKTypa CKOIUIEHMHM M CBEPXCKOIUIEHHH TaJaKTHK: 3TO TOPOMIAlb-
HBIE CTPYKTYphl INOTOKOB 3(upa BO BceneHHo#, opraHu3oBaHHBIE
HEepapXUUYEeCKH, CTAaTHUCTUKA PACIpE/eNeHN rajlaTuk B CKOIUICHUSX U
CKOIUIEHUH B CBEPXCKOIUIEHUSAX 3TOMY BIIOJIHE COOTBETCTBYET.

B 3axioueHne CTOMT yKaszaTh, YTO OTHOLICHHE Macchl 3¢upa Koc-
MHYECKOTO IIPOCTPAHCTBA K Macce BEIIECTBA B 3B€3[jaX COCTABIACT IIO-
psaakal0® wim 100 MummonoB. [109TOMy MOKHO OBITH YBEPEHHBIM, YTO
IPOLIECCHI, MPOUCXOASNMEe B 3hUpe KOCMHUYECKOI'O IIPOCTPAHCTBA,
CYIIIECTBEHHBIM 00pa3oM BIIMSIOT Ha BCe BO BcelrleHHOM.

7.4. CoBpeMeHHble npeacTtaBneHus o ConHue

Kax ycranoBneHo coBpeMeHHON Haykoil, CoJHIIE HpeICTaBIseT
co00i1 packajeHHBbIN MIa3MeHHbId miap. Macca CojHIIA COCTaBIIET
1,99-10% xr, u sm0 99,866% Macchl Bcelt COIHEUHOH CHCTEMBI.
Ocranbubie 0,134%, B OCHOBHOM, 3TO Macca IDIaHET. Y CKOpPEHUE CHIIBI
TskecTH Ha nosepxHocty Comuia — 273,98 m-c™ unnm 28g, 1. e. B 28
pa3 00JIbIlIe YCKOPEHHUS CHIIBI TSKECTH Ha 3emiie.

CounHIle, Kak 3Be37a, SBISETCS TUMUYHBIM JKEITHIM KapIUKOM H
pacroJiaraeTcsl B CpeIHEeH YacTH TJIaBHOM IMOCIEI0BATEIIBHOCTH 3BE3]T
nuarpammbl  eprimmpynra-Paccena. CofHIlE pacIioyioKeHO BHYTPH
OJIHOM M3 CHUPAJIbHBIX BETBEH Hamel ['anakTUKU HA pacCTOSIHUU OKO-
7o 10 xnc ot ee nentpa. Ilepuon obOpamenus: CoiHLa BOKPYT LEHTpa
lamaxtuku oxono 200 miH. met. Bo3pact ComHila 0KoI0 5 MIIp/I. JIeT.

[IpenmonoxuTenbHo, cofepxkanne Bogopoaa B CoiHIe 1Mo Macce
okoino 70%, remus okono 27%, BCEX OCTaJIbHBIX JJIEMEHTOB OKOJIO
2,5%. Ha ocHOBaHWM 3THUX MPEIIOIOKECHHIN BBIYHCIICHO, YTO B IICHTPE
Comama temmepartypa cocrtaBiusier 10-15 mmH. TpamycoB KenbpuHa,
IJIOTHOCTH 0K0J10 150 ThIc. Kr/M3, T.€. B 150 pa3 mioTHee BOJbI, JaBe-
Hue okoyio 3-10 armocdep.

ConHeuHast KOpOHA - caMasi BHEIIHSS 4YacTh COJIHEYHOU atMoche-
PBL, IPOCTHPAOIIASCS HA HECKOJIBKO COTHEYHBIX PajIIyCOB

Atmocdepy ConHma o00pa3yloT BHEIIHHE CIOW, JOCTYITHBIE
HaOmonennio. [loutn Bce m3mydenne CoONHIIA UCXOAUT W3 BHEITHEH
yacTh ero atMocepsl, HazbiBaeMol (poTtochepoii. Tommmua GoTocde-
pu1 okoito 300 kM, ee cpeaHss IIOTHOCTD 3+ 10~4krm 2. TemmepaTypa B
dorocthepe mamaer Mo Mepe mepexoia K BHEITHUM CIIOSIM, CPEIHEE ee
3Hauenue mopsaka 6000 K, Ha rpanune ¢orocdepsr oxomo 4200 K.
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CYIIECTBOBaHNE KOHBEHIMH B Moj(oTochepHOl 30HE MPOSBISETCS B
HEpPaBHOMEPHOH IPKOCTH GOoTOChEphl U ee 3epHICTOCTH, B TaK Ha3bIBa-
eMOH TpaHyISIIHOHHON
CTPYKTYpE.

Ilepenoc sHepruun
W3 BHYTPEHHHUX CJIOEB
ConHlla B OCHOBHOM
MIPOUCXOIUT IIyTEM IIO0-
[JIOLEHHUST AIIEKTPOMAr-
HUTHOTO  M3JIyuYeHHS,
MPUXOMSIIET0 CHU3Y, U
MOCTIEIYIOLIETo  Iepe-
n3nyuyeHus.  Ilepenoc
SHEPTUM  JIBMOKCHUEM
ropsiYero BelecTBa W3
BHYTPEHHHUX CIJIOEB, a
OXJIXKJICHHOTO BHYTPh
(KOHBEKLIMS) UTPAET CYIIECTBEHHYIO POJIb B BEPXHUX CIIOAX, KOTOpas
HauuHaeTcsi Ha rayouHe 0,2 COMHEYHBIX paguyca U UMEET TONLIUHY
okosio 10 Teicsu kM. B emie Oosiee BBICOKHX ClIOSX — B atMochepe
ConHila mepeHoc YHEPTUU OIATh OCYIIECTBIsIeTCs u3nydenuemM. Hako-
Hell, B BEepXHEl 4acTu CONHEYHOHW KOPOHBI OOJIBLIYIO0 YacTb HHEPTUH
VHOCSIT ITOTOKHU BEIECTB, NBMXKymecs oT CoNHIA, 3TO TaK Ha3biBae-
MBI COJHEYHbIN BeTep. Temneparypa B KaXIOM CJIO€ YCTaHABIMBACT-
CS Ha TAaKOM YpPOBHE, YTO aBTOMAaTHUYECKH OCYIIECTBIISICTCS OaslaHC
SHEPIUU: KOJMYECTBO NMPHUHOCHMOW 3HEPrUM H3HYTPU PAaBHO CyMMeE
BCEX HEPreTUYECKUX IIOTEPh CIIOA.

ConHeynast KOpOHa
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®ortorpapun Coanua. Ilo Bceil moBepXHOCTH BHIAHBI
CTPYiiHbIe BLIOPOCHI U3JIyYeHHUs U BellecTBa

CunTaercs, YTO UCTOYHUKOM 3HEPTUH, MOMOTHSIIOIIUM TTOTEPU Ha
U3Iy4YeHHUE U TOJACP>KUBAIOIINM BBICOKYIO Temmeparypy ComHIa, sB-
JISTFOTCS SIIEPHBIE PEaKINy, poucxosre B Heapax CoiHIa, mpu Ko-
TOPBIX BOAOpPOA mpeBpamiaercs B renuii. Ha CoxHIle BO3MOXXHEI 11BE
TPYIIBl TEPMOSIICPHBIX PEaKIUii — MPOTOH—TIPOTOHHBIN (BOIOPOI-
HBII) UK 1 yriiepoaHbid muki (it bere). Ho, kak cauTaroT HEKo-
TOpBIe YUEeHbIE, HanOoJee BeposITHO, 9To Ha COJHIIEe mpeodiagaeT mpo-
TOH—TIPOTOHHBIN ITUKJI, COCTOANINHN M3 3-X peakinii, B IepBON U3 KOTO-
PBIX U3 siAep BOIOpOJa 00pa3yroTcs NEHTPOHBI — sapa JaerTepus —
TSKETIOr0 BOAOPOJa, 31ech Bbiaensiercss 1,135 M»B na HykioH, BO
BTOPOH M3 siiep AeTepus W BOJAOpOoAa 0Opa3yloTCsl aTOMBI Telusi-3,
3/1eCh TOTIOMHUTENBHO BhIEIsAIOTCS eme 1,82 M»aB Ha HyKIIOH, B Tpe-
Thell cTaanu 00pa3yroTcs sSApa yCTOMUMBOIO H30TOMA T'eJIisl ¢ AaTOMHOM
Maccoil 4, mpu 3TOM JIONOJHUTENbHO BbiAenserca euie 4,14 MsB Ha
HYKJIOH.

ComnHIle, KaKk U3BECTHO, U3Ty4aeT B OKpPY’Karolee MPOCTPAHCTBO
HE TOJIBKO CBET, HO M BEIIECTBO (UTOJbYAThIC BEIOPOCHI), a TAKKE MPO-
TyOepaHIIbl.

CouHlle, Kak ¥ Jir00ast 38e3/1a, MOMAaBIIas B IOMPAaHUYHBIN CI0H
CIUPAJIHHOTO pyKaBa ['anakTHKK, OKaXeTcs MOoJT BO3IEUCTBUEM JIBYX
3(UpHBIX TOTOKOB. [IepBhIli MOTOK yCcTpeMseTcs OT nepudepuu K sii-
Py, 3TOT MOTOK SIBJISIETCS CIEICTBUEM TpaBUTANHU M BXoaUT B ComHIIE
CO BTOPOI KOCMHYECKOM CKOPOCTBIO, paBHO Viic = 6,18-10° m/c. Bro-
POi¥i MOTOK UMEET raJlaKTUIEeCKOe MPOoUCXokAcHUE (3QUPHBIH BeTep),
CKOPOCTh €T0 HEe N3BECTHA, HAa3hIBAIOTCS BeUInHbBI OT 50 10 400 kM/c.
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B paspexxenHOM Makporase, 00pa3yroolieM 3Be3ly Ha Ha4aJbHOM
JTame ee pa3BUTHA, dPUPHBIH BETep, MEPEMEIIAIONINNACS B MPOCTPaH-
CTBE B palOHE s/ipa cO CKOPOCTSIMM TBHICSIUM KUJIOMETPOB B CEKYH.Y,
OyzeT OKa3bIBaTh AAaBJICHUE HA KAXKIBII MPOTOH, TOPMO3S €T0.

Onnako oOpa3zoBaHME 3BE3MbI COIPOBOXKAACTCA €€ CXKATHEM, YTO
IOPUBOIUT K B3aUMHOMY AIKPaHHPOBAHUIO IPOTOHOB. OTO O3HAYaET,
4TO (JaKTUUECKH HEMOCPEACTBEHHO I0] MOBEPXHOCTHBIM CJI0eM 3Hp-
HBII BeTep PE3KO CHIDKAET CBOIO CKOPOCTh. TakuMm oOpa3oM, BO3ICH-
cTBHE 3(QUPHOrO BETPA CKa3bIBACTCs, IJIABHBIM 00pa3oM, JHIIb Ha
MOBEPXHOCTHOM cJIO€ 3Be3lbl. BimsHue e d¢dupHOro BeTpa Ha
YMCHBUICHUE IOCTYIATCIBHOIO ABWXCHHUA 3BC3Jbl OKAa3bIBACTCA HE-
OonpIKMM (pacyeT MOKa3bIBAET, 4YTO 3a TOJ OTHOCHTENHbHOE yMEHbIIe-
HUE CKOPOCTH COCTAaBIISAET JIMIIb OJHY CTOMWIIMAapAHYIO noio). [lo-
BEPXHOCTHBIN CJION I'paBUTALIMEH NPUBSA3aH K 3BE3Jl€ U OTOPBAThCA OT
Hee HE MOJXKET, HECMOTpPsS Ha TOPMOXKEHHE, KOTOPOE OKAa3bIBAECT €My
BCcTpeuHbId 3upHBI Berep. Ho mockombKy TOTOK 3(HPHOTO BeTpa
HUMEET IPaJUeHT CKOPOCTH, TO Ha MPOTHBOIIOJIOKHBIX CTOPOHAX 3BE3-
Ibl CKOPOCThb CTPYH, 0OIyBalOLIMX 3Be31y, OyAeT pa3iuvHOM, M BO3-
JIEeHCTBYIONINE CHIIBI OyIyT pa3HBIMH, [I0O3TOMY ITOBEPXHOCTHBIN CIIOH
3Be3[IbI, CJIA00 CBSI3aHHBINM CO BCEM TEJIOM 3BE3/bI, HAUHET BpAIaThCS
(puc. 7.8).

Sttty
©

a) 6)

Puc. 7.8. Tes10 B rpagneHTHOM NOTOKe 3(pupa: a — nepeMelieHue rena B 00-
JIaCTh HaUOOJIBIIEro rpareHTa CKOPOCTeH Ta30BOH CTPYH; 6 — CO3[aHKeE BPaIaTeb-
HOTO JIBHKEHHSI TEJIa B TPAJUCHTHOM CTpye ra3a

HOJ’Iy‘lGHHBIfI MOMCHT KOJHMYCCTBA JIBWXCHHA 6y):[eT IIOCTCIICHHO
pacupeaciadaTbCsa Ha BCIO MACCy 3BE€3bl, HO OCHOBHOC BpallICHUC COXpa-
HUTCA 3a IMOBEPXHOCTHBIM CJIOEM. DTO Tak W ecTh. Pacuer Imoxasali,
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YTO TpagueHTa 3(QUPHOTO BETPa, YCTPEMISFOIIErocs K siapy | amakTu-
K#, OoJiee 4eM JOCTATOYHO, YTOOBI 00eCTeunTh PaCKPYTKy MOBEPXHO-
ctu ConHua, TeM OoJiee, €CK yUUTHIBATh €T0 MOCIEAYIONIee CKATHE U
TO 00CTOATENBCTBO, YTO Ha paHHEl ctaguu Macca CosHIa cocTaBisiia
He 6omee 0,01 coBpeMEHHOH €ro MacCHI.

PeansHo mporecc mien cioxuee. [lo mepe cxaTtus COJHEUHOM
Macchl M yBenuueHus miuoTtHocTd CojHIA CWIIbI, JEeHCTBYIOIINE Ha
MPOTOHBI CO CTOPOHBI 3(PUPHOTO BETpa, YMEHBIIAINCH BCIIEICTBHE
SKPAHUPOBKU TPOTOHOB JpyT npyroM. CoOINHIlE K€ IMepeMenaioch OT
aapa K nepudepun, Mnepexons B 00NaCTh paCIIMPEHHBIX PYKaBOB, TlE
U CKOpOCTb, M TPagUCHT 3(QHUPHOTO BETpa YMEHBIIAIOTCA, a TJIaBHOE,
BcienctBue Toro, 4yto CONHIIE CO BpeMEHEM HaKalUIMBajo MacCy 3a
CYET TOTJIOMICHUS OKpY)Karomero 3Qupa, €ro OKpyKHas CKOpOCTb
yMeHbIlIaTach, ¥ HaKOIUICHHBIH MEepBOHAYAIbHBIH MOMEHT KOJHUYECTBA
JIBIKSHHS TIOCTETICHHO Iepepacipeersuics Ha Bcro maccy ComHia. 3a
cuer yBenuueHns Macchl CONIHIIA M €T0 pajnyca Ha BTOPOH CTaiuu
¢dopmupoBanuss CosiHIIAa €r0 CKOPOCTh BpallleHHsS JOJDKHA Oblia
YMEHBIIUTHCS BO MHOTO pa3, MPHUOIIKAsCh K COBPEMEHHOMY 3Hade-
HUIO.

Taxum 00pa3oM, Ha HaYaIbHOH cTajnuu oOpazosanusi ColHIA TPU
OTHOCHTENFHO HEOOIBIIOM PaJyce U OTHOCHTENBHO HEOOIBIION Mac-
Cc€ CKOpOCTh BpallleHHs ero Oblia BBICOKOW. Ecim Obl B TO Bpems
ConHIile ycneno HaKOMUTh BECh BpallaTeIbHbBIi MOMEHT, KOTOPBIl OHO
UMeEeT ceiuac, TO CKOPOCTh JBM)KEHHA €ro 3KBAaTOPUAIBHBIX CIIOEB
cocrapuia Obl He MeHbIre 4yem 1000 kM/c, ¥ MPH TaKOM COOTHOIIIE-
HHUH LEHTPOOEKHAasl CUIIa MPEBhICKIIA OBl CHITY IPUTSDKEHHUS HA TIOBEPX-
Hoctu Coiama B 100 pa3s!

JT10 3HauWT, 4TO TUmoTe3a [[x./lapBruHa, BrICKa3aHHAs UM OTHO-
cUTeNIbHO 0Opa3oBaHus JIyHBI, Kak OTOPBABILICHCS YaCTH 3€MIIU, MOXKET
OBITh IPUMEHEHA U 10 OTHOIIIEHHUIO K 00pa30BaHMI0 BCEH TUIAHETHOU
cuctembl: ipu cxatuu COJHIIA Ha MEPBOU CTAJNU €r0 ABOJIOLWU Ha
€ro MOBEPXHOCTH IO SKBATOPY BIOJHE MOTJIa BOSHUKHYTH TNPHINBHAS
BOJIHA, KOTOpasi BCIEICTBHE NpeoOiagaHus HEHTPOOSKHON CHIIBI HAJ
TATOTEHHEM OTOpBajach M Jajiee paclanach Ha YacTH, TaK Kak B Hel
MMENUCh BHYTPEHHHE BpAIICHUs: BEAb 3Ta YacTh OTMHaja OT MOBEpX-
HOCTHOT'O CJIOSI, B KOTOPOM OBUT CBOHM TPalieHT CKOPOCTU. DTH YacTH
c(hopMHPOBAIKCh B IIAHETHI, C KOTOPHIMH IIPOM3OILIO TO K€ Camoe,
— y HAX 00pa3oBajHCh NMPWUIMBHEBIE BOJHBI, a Jajee 0 TOH ke CXeme
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00pa30BaIMCh CITyTHUKH, BO3MOXKHO, Cpa3y K€ Iocie oOpa3oBaHU
rraneT. EcTecTBeHHO, UTO BCEe A3TH MpeoOpa3oBaHMs MPOUCXOIAT B OJI-
HOW TJIOCKOCTH, Y BPAIICHUS BCEX OCHOBHBIX TEJ OyIyT MPSIMBIMHU.

Te cHyTHUKH, KOTOpBIE BpaIIAlOTCS B OOpaTHOM HampaBICHHUU
(uetpipe 3 13 —y Omutepa, omun u3 10 —y CaTypHa u OTUH U3 JBYX
—y Henryna), Bo3MOXXHO, OBLTM 3aXBaueHBI IIaHEeTaMH u3BHe. He
UCKJIIOYEeHO, 4TO TpUTOH, BechMa KpymHBIH cnyTHUK HemntyHa, Bpa-
MIAIONTUICS Ha OpOWUTE B MPOTHBOIIOIOKHOM (0OpaTHOM) HampaBlie-
HHMH, OBUI KOI'ZIa-TO CaMOCTOATEIbHOM camoil manbHel mraneror Col-
HEYHOHN cuctembl M ObLI 3axBaueH Henrynom. Torma ero oOpatHoe
opOUTaIbHOE BpallleHHE ECTECTBEHHO.

OCHOBHO# TPYIHOCTBIO TIPH OOBSICHEHNN YKa3aHHBIX ()aKTOB ObI-
JI0 TIPEATIONIOKEHNUE O TOM, YTO Ta3000pa3HOe TENO0, KAKOBBIM SIBIISIETCS
ComnHIle, MOKHO BpaIIaThCsl O 3aKOHY IOCTOSIHCTBA IHUPKYJISIIAH
CKOPOCTH, T. €. 4eM TIy0>ke, TeM OOJbIlle CKOPOCTh BPAIIEHHsS, UYTO
TpuBeIo OBI PH OTPHIBE TUIAHET K 00paTHOMY BpameHn0. OHAKO 3TO
HEBEpHO. 3aKOH IMOCTOSIHCTBA LUPKYISIUH CIPaBEeIJIMB AaJeKO He
BCerjna. OJTOT 3aKOH PEalbHO BBITIOJMHACTCS MPH HATUYUW OOIIEeH ISt
BCel MacChl IPUYMHBI PACKPyTKH Tena. Hudero momobHOTO B JaHHOM
cimydae HeT. Packpyrka CoilHIIAa TPOHMCXO/AMIA TI0 €r0 MOBEPXHOCTH,
MOATOMY TOBEPXHOCTHBIE CJIOW JOJDKHBI OBUTH JIBUTAThCS ObICTpee,
4YeM BHYTPEHHHUE, W HHKAKOTO IMPOTHBOPEYHS 3/1€Ch HE BOZHUKAET.

Uro kacaeTcsi 3HAUMTEIBHOTO MPEBBINICHUS OPOUTAIBLHOTO MO-
MEHTa Y TUIaHET M0 CPaBHEHHIO C MOMEHTOM Bpaienus: camoro CoiH-
1a, TO 3/IeCh TaKXKe HEe BO3HHKAET HUKAKUX TpyAaHocTei. [locme oTpeI-
Ba mianeT oT CoJTHIIa Ha TIEPBOM 3TaIlle ero pa3BUTHs 00pa30BaBIINECS
TUTAHETHI OTXOMSAT OT HETO BCE JANbIIe, B Pe3ylbTaTe 4ero MpH OJHOM
U TOM € TPaJieHTe CKOPOCTH S(PUPHOTO BETpa Pa3HOCTh CHII HA Kpa-
X OpOUT BCEX IUIAHET BCE PACTET M YBEIMYUBACTCS II0 MEPE YBEIH-
yeHus ux paccrosiHust or CouHila. DPUpHBIA BeTep OyaeT Bce 0OJbIie
pacKpy4dnBaTh IUIAHETHI HA WX OpOWTax, BCce Oojee ymamsis uX OT IeH-
TPAJILHOTO TEJIa, YTO W TPHBENET K HAKOIUICHUIO ITUIAHETaMH OpOU-
TajabHOro MoMeHTa. COJHIE K€, CKUMASCh IO/ JCHCTBHEM TpaBUTa-
Y, Ha TIEPBOM CTauH, HA00OPOT, OymeT yMEHBIIaTh CBOW paguyc,
YTO YMEHBIINUT BO3JICHCTBHE HA HETO A(UpPHOTO BeTpa (puc. 17.2).
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7.5. QHepreTnka ConHua un 3Be3pf

Kak cumraercs, sHepretuka u 3Be3n, u CojHIIA 00eCIICUMBACTCS
TEPMOSIACPHOIN peaklued cuHTe3a Boaopona B renuil. Ho yxe maBHO
PacCYUTaHO, YTO MIPU TEX SACPHBIX PEAKIUSIX, KOTOPhIE, KaK CYUTACTCS,
umerorcst Ha CoJHIIE OHO JJaBHO MCUEpITaio ObI CBOM 3araca BOAOPOIa
M Ioracjio. XBaTwiIo Obl 3THX 3amacoB He Ooiiee, ueM Ha 100 musano-
HOB JieT, a CoHIIe CYIIIECTBYET HE MEHEE 5 MIILIHAPIOB JIET U JaXKe 110
MPOIIIECTBUU 3TOI'0 BPEMEHH raCHYTh HE COOMpaeTCs.

OpHako mpu BceX MOMOOHBIX pacdyeraX HUKTO W HUKOTAA HE Y4H-
THIBAJI TOTO, YTO BCce HeOecHble Tena, BKiroudas CoJHIe, HEeTpephIBHO
MOTJIONIAFOT 3(PUP U3 OKPYIKAIOIIETO MPOCTPAHCTBA, U, TIOCKOJIBKY TETI-
ToBast SHEPTHs okpyxkaroriero CoHie 3¢upa BhIIIIE TETTIOBOH YHEPTUH
sadupa B MPOTOHAX, TO HJIET HEMPEpPHIBHAS ITOANUTKA MPOTOHOB HE
TOJILKO Maccoi adupa, HO U 3TOW BHEUIHEW dHeprued. ITo 03HAYaerT,
4TO, BO-TIEPBBIX, CyMMapHasi dHeprus u3nyueHus CoiHIa, Kak U J000it
3BE3/bl 32 BCE BPEMs €€ CYIIECTBOBAHHS MOXKET OBITh CYNIECTBEHHO
OonbIel, YeM BEIWYMHA DHEPTUW TEPMOSICPHOTO CHHTE3a, PaCCUH-
TaHHAsg UCXOJS M3 TEKYIIEro COCTOSHUS 3Be3abl. COBEPIIEHHO YIIy-
IICHHBIM M3 PaCCMOTPEHHUsSI OKa3aliCs BOIPOC O BHYTPEHHEH SHEPTruu
caMuX HYKJIOHOB. Ha camoMm nene, OCHOBHYIO BHYTPEHHIOK DHEPIHIO
3BE3]] COCTaBIIAIOT MMEHHO HYKJIOHEI, IMMOCKOJBKY OHH CYIIECTBEHHO
VIUIOTHEHbI W TIOCKOJIbKY SHEPrusi IBWXKEHHS CTpyH 3¢upa B Teiaax
HYKJIOHOB, CKOPOCTh KOTOPBIX MHOTOKPATHO IPEBHIIIAET CKOPOCTH
CBETa, HEMPEPHIBHO TOAMUTHIBAET YHEPTUIO CTPYH 3hHUpa B MEKHYK-
JIOHHOM MPOCTPAaHCTBE. 9t0 3HA4YUT, 4YTO U BpEMA CYIIECCTBOBAHUIA
3BE37Ibl MOXKET OKa3aThCsl OOJBIIMM, YeM PACCUMTAHHBIM W3 3aTpaT
SHepruu Ha uznydeHue. Ho emie okaszaics ymylleHHBIM BOMNPOC O IO-
MTOJTHEHHUH 3Be3]] U, B YacTHOCTH, COHIIA SHEPTHEH TIOCTYHAIOIETO U3
KOCMHUYECKOT0 TIPOCTPAHCTBA dUpa.

[IpeacraBnsieT MHTEpEC OLICHUTHb SHEPTETUYECKHUE BO3MOKHOCTH
ComHra.

IToce Toro Kak MPOTOHBI 0OPA30BAIKCEH B sApe | amakTUKH, MEX-
Jly HUMHU BO3HHMKACT T'PaBUTAI[MOHHOC B3aMMOJCWCTBUE, U OHH HAYH-
HAIOT KYYKOBaTbCsi B 3Be3[bl. B3ammopeiicTBHEe MPOTOHOB B 3BE31aX
NPUBOJUT K WX CJIHIIAHHIO, 0Opa30BaHUIO W3 MPOTOHOB HEUTPOHOB U
nanee anbga-yactui. [Ipu oOpazoBaHUM KaXI0#W aib(a-4acTUIBI BBI-
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nemnsiercs aHeprus 28,3 MbB, xoTtopas peann3yercss B BHJIE CXJIOMBIBA-
HUSI HyKJIOHOB U BBIOpOCa 3()MPHOTO IOTOKA M3 MEXHYKJIOHHOTO IIPO-
CTpaHCTBa.

CxJonbIBaHNe HYKJIOHOB MPUBOAMT K MOSIBJICHUIO BOJIH HA WX TIO-
BEPXHOCTH U, KaK CJIEICTBHE, K BBICOKOYACTOTHOMY 3JIEKTPOMArHMT-
HOMY W3JIydeHHI0. BeiOpoc 3dupHBIX CTpyH NPUBOAUT K YCKOPEHHUIO
MPOTOHOB, TONABIIUX MOJ HHUX, OTCIOJIa BBICOKAs TEMIIepaTypa MOJO-
IIBIX 3BE3[l, a TAaKXKe K 00pa3oBaHUIO TypOYyJIEHTHOCTEH W caMOMy pa3-
HOOOPa3HOMY 3JIEKTPOMAarHUTHOMY H3Jy4YEHHIO.

JlanpHeiye  SHEPreTHYECKHE  IPOLECCHl  IPOXOJAT,  IOo-
BUJMMOMY, KaK IO/ BO3JCHUCTBHEM COCAMHEHHS HYKJIOHOB B albda-
YacTUIIbl, TAK U B CBSI3U C DHEPIeTUKOM CaMUX MPOTOHOB — JIBUYKECHUS
3(UPHBIX TIOTOKOB B TeJI€ HYKJIOHOB.

[MpuHOMNUANEHO SHEPTeTHKH CJIMSAHUS TPOTOHOB B anb(da-
YacTULBl JOCTATOYHO Ui OOBSICHEHHsSI SHEPIUU H3IIyYeHHsS 3BE3[.
[Ipocnenum 310 Ha npumepe ConHia.

Kak u3BecTHO, 3Heprust cBsizu anbda-dyacTuibl paBHa 28,3 M»B,
win 4-10712 Ik, 4ro cocrapiseT Ha Kaxabli Hykaon 1072 JIx. Ilpu
macce Conrna 1,99-10% kr B nem comepxurcs 1,2:10%  HyknoHOB, H,
eciii Obl Bce OHM OOpaTWIIMCh B anb(a—dacTHIBl, SHEPTUSI UX CBSI3eH
cocrasuia 661 1,2-10% Ik, a MomHOCTS 061mero usnydenus CosHia
cocraBmia 0b1 3,83-10%° Br. CiegoBarenbHo, Bes sHeprus ConHua my-
TEM MpPEBpalIeHUs] BOAOPOJIa B TEIHH M3pacXoyeTcs Ha M3ITyYeHHe 3a
100 mupa. ner. Ecnu ke ydecTh SKCIOHEHIUATLHOE MaJeHUE WHTEH-
CHUBHOCTH U3JIy4eHUs co BpeMeHeM, TO 100 mipa. ier OyneT He CpoK
M3JIy4eHHs], a TOCTOSHHAs BpeMeHH, oOmui e cpok Oyner B He-
CKOJIBKO pa3 Oompmre. 3a 310 Bpemsi ConHIlE MOTepseT Ha H3TydeHHe
6-107%? nomm cBoeli macchl. TakuM 00pa3oM, B HPHMHIUIE, HPOILECC
CIIMSHUS HYKJIOHOB B anib()a—4acTULy OOBSICHAET MIPUPOAY SHEPTECTHKH
W3ITy4eHHUs 3BE3/I.

OnHako ciemyeT OTMETUTh, YTO HA CaMOM Jejie MOTeHIHAbHbIE
BO3MOXXHOCTU 3HEpreTHKU 3Be3q u CoylHIa 3Ha4uTeNbHO Oonbiie. B
PaccMOTPEHHOM BBILIE MIPOLIECCEe HE yUTeHa COOCTBEHHAs SHEPTHS MPO-
TOHOB, KOTOpasi H& MHOTO TIOPSIIKOB OOJIbIIIEe, YeM DHEPTUsl CHHTE3a
anba-yactuy. C Apyrod CTOPOHBI, YCTOWYMBOCTH NPOTOHOB CYIIE-
CTBEHHBIM 00pa30M 3aBUCHT OT MOTEPH MMH COOCTBEHHOW DHEPTHUH,
KOTOpasi TepAETCsI BCIEACTBHE BSI3KOCTU OKPY’KAIOIIEro MIPOTOHBI 3hu-
pa. ¥ B U3Iy4eHHUE He nepexonuT. M eciu BpeMs CyLecTBOBaHHUS MIPO-
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TOHOB cocTaBisieT 10-20 MiIpa. JIeT, TO 3TO O3HAYaEeT, YTO YacTh DHEP-
TUH, U3ITy9aeMOU B MPOCTPAHCTBO, CKPBITAsl OT HaOIfoaTeNnel, cyIie-
CTBCHHO IIPEBBIIIACT YHEPTUIO DJICKTPOMATHUTHOTO M3IY4YCHHUs, (PHK-
CUPYEMYIO HAOJIOIaTEIIIMHU.

N3 pacyeToB MOJMYy4aeTCA YTO: €XKECEKYHIHOE MPHPALICHHE
maccel ConHIeM 3a cueT noriomenus 3upa B 7,9 paz doavuie, uem
execekyHanass mnotepss ConHueM Maccsl 3¢Qupa, BBIOpachIBacMOit
ComHlleM B BUJC HM3IyYCHHs, CONHEYHOTO BETpa, MpPOTYOEpaHIEB,
Ppa3Hulbl JOJDKHO XBATHUTh HE TOJILKO Ha BOCIIOJIHCHHUE IMMOTCPb, HO U Ha
oOpa3zoBaHHe HOBOTO BemlecTBa BHyTpu ColHIa, a Takke Ha 00pa3oBa-
HHUE KOMET; HO ©XKECEKYHTHOEe mpupaiicHue sHepruu CoiHIeM 3a cyeT
nornomenus s>pupa B 10%2 paz Gonvuie, yem execeKyHaHas IOTEPS
OHEPTHUU B BUAC U3ITYUCHHA.

CrnenoBarelbHO, SHEPTHs MOJHOTO M3nydeHuss COJHIIA COCTaBIISI-
€T COBEPIICHHO HHYTOXHYIO JIONIO OT SHepruu, noiayyaemoir ConHIeM
n3BHe. Kyna ke 3aTpaunBaeTtcs 3Ta SHEprus?

HaunGosee BeposATHBIM SBJISCTCS TO, YTO M30BITOK 3HEPTUH, MOITY-
yaeMblid CONTHIIEM B pe3yJbTaTe MOTJIOIICHUS dPUpa, TPATUTCA Ha 00-
pasoBaHNe HOBOTO BeLIECTBAa M3 A(Hpa, MOCTYIAIONIEr0 U3BHE BHYTPb
Comnana. Ho Bce 310 TpeOyeT NOMOTHUTENBHBIX UCCIEAOBAHUNA H COOT-
BETCTBYIOIIUX PACYETOB.

7.6. CtaHoBneHue ConHe4yHou cuctemMbl

Bompocy BoznukHOBeHUsI COTHEUHOW CUCTEMBI H OOBSICHEHHIO
OCOOCHHOCTEH €€ CTPOCHUS TOCBATHIIM CBOM YCHIINS MHOTOYHMCIICHHBIE
uccienosarenu, Takue, kak P.Jlekapt, M.Kant, XK. broddon,
IL.J1annac, dx.Japsun, ®.Xoitn, Ix.Koiinep, Y.Mak-Kpu u MHOrHE
npyrue. HanGomnee nmpu3HaHHON B HACTOAIIEE BPEMS ABISETCS KOH-
uenius akagemuka O.10.11ImMuara, corjaacHO KOTOPO# IJIaHETHAS CH-
cTemMa 00pa3oBaJiach M3 O'POMHOTO YIUIOIIEHHOTO Ta30IbUIEBOTO TPO-
TOIUTAHETHOT'O 00J1aka, HEKoT1a OKpyskapirero ComHIle (BOpocC 0 TIpo-
HCXOXKICHUHU caMoro o0Jiaka He pacCMaTpHUBaeTCs). 3eMIIs U POI-
CTBEHHBIE €ii ITaHeThl 0T MepKypus 1o Mapca akkKyMyTHPOBAIUCH U3
TBEP/BIX TEIl U YACTHII, a IPU aKKyMYJIAIWH TIAaHET-TUTaHTOB, IO
Kpaiinenr Mmepe, lOnmrepa n CarypHa, copepKaliux, B OCHOBHOM, BO-
JIOPOJI, y4aCTBOBAJ HaPSIy C TBEPIBIMH TeJIaMH Takxke U ras. Cyiie-
CTBYIOT U IPYTHUE TUTIOTE3HI.
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Baiimzekep B 1943 1. BRIABUHY (U3NIECKYIO TEOPHIO TYpOyIEHT-
HOCTH NPHUMEHUTEIBHO K IpobieMe BO3HUKHOBeHHs CONHEYHOH CH-
CTEMBI, COTJIaCHO KOTOPOW MJIaHETHl BO3HUKIIN U3 CHJIBHO CILTIOCHYTOH
ra3oBO¥ TyMaHHOCTH, Bparatorieiics Bokpyr Comnuna. B.I'.decenkoB B
1943-1960 rr. oOpaTiin BHEMaHKME HA BO3MOXXHYIO POJib B hopMupoBa-
HUM TEPBUYHBIX BUXPEH-TIJIAHET KOHBEKIIMOHHBIX TOKOB BEIIECTBA B
MIPOTOIIIAHETHON TYyMaHHOCTH.

Amnrnuiickuit actpodmsuk @.Xoitr B 1944 1. npeayoxuI TAmoTe3y
0 (OPMHUPOBAHHH IITAHET U3 TOPSIYEro 3BE3AHOTO Ta3a, a B 1960 1. oH
Ke TPEAJIOKMI THIOTE3y O (POPMHUPOBAHHMU IJIAHET U3 XOJOAHOTO
MeX3Be3IHoro BemiecTBa. OH ke M3BECTEH B KOCMOT'OHUHU KakK aBTOP
WU O BO3MOXKHOCTH IIEPEHOCa MOMEHTa KOJIMYECTBA ABMKCHHS OT
ConHlla K MJIaHETaM JIEKTPOMAarHUTHBIM ITyTEM.

Awmepukanckuit actpoHoMm JDx.IL.Koiimep npeamomoxui, dTo
Conaile 00pa3oBajoch B OYEHb IUIOTHOM OOJaKke W YTO MPU STOM
ocTalach TyMaHHOCTb B ()OpMe JHCKa PAIIyCOM B HECKOJIBKO JAECATKOB
aCTPOHOMUYECKHUX €IUHMII, KOoTopas Bpamaigach BOkpyr ConHIa U u3
KOTOpOW B JalIbHEHIIeM W C(HOPMUPOBAINCH TUIAHETHI. AHTIUHACKUI
actpousuk ¥Y.Mak-Kpu paccmorpen mpouecchl TI'paBUTAlMOHHOM
KOHJICHCAIIUN OKOJIO3BE3JHOW TYMAaHHOCTH Pa3MEpOM JO JIByX CBETO-
BBIX JIET U MPOAHATH3UPOBAI €€ BO3MOXHYIO 3BOJIOIUIO MTPH HEOIHO-
POIHOH IUIOTHOCTU. DTy MACI0 OH HMCIOIB30BAJT Ul OOBSCHEHUS MPO-
ucxoxeHus: CoTHEUHOM CUCTEMBI.

WU Tak nanee...

OnHako Bce ATH TMIIOTE3bl HE OTBEYAIOT HAa BCIO COBOKYITHOCTb
BOIPOCOB, CBSI3aHHBIX C OCOOCHHOCTSIMH cTpoeHuss CoJHEYHOH cu-
creMbl. BOT 3TH BONPOCHI:

1. Kakum o6pazom BooO1ie Bo3HuKIa CosHevHas cucteMa?

2. Tlouemy nopaBnswomas 4acTb Macchl COJIHEYHOH CHUCTEMBI
(99,87%) 3axmrouena B Comarie?

3. Ilouemy, HECMOTpS HA MalylI0 Maccy, CHCTEMa IUTaHET HECET B
cebe ocHOBHOM (98%) opOUTaNbHBI MOMEHT?

4. Iloyemy mIOCKOCTH OPOUT BCEX IMJIAHET U OCHOBHBIX CITyTHH-
KOB TUTaHET TMOYTH COBIAJIAIOT C IJIOCKOCTHIO COTHEYHOTO IKBaTOpa?

5. [Nouemy Bce manetsl u camo CojiHLE 00pamarTcs B OTHOM U
TOM k€ (TPSIMOM) HampaBJieHUN ?

6. [Touemy camu TIAHETHI BPAIIAIOTCS BOKPYT CBOMX OCEH Takke
B TOM JK€ HaIIPaBJIECHUH — NIPSIMOM?
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7. Tloyemy OONBIIMHCTBO CHYTHHKOB BpAIllacTCs BOKPYT CBOUX
TUTAHET B TIPSIMOM HAITPaBIICHUU?

CyIecTBYIOT U APYTUE BOIPOCHI, HO MEPEYUCICHHBIC OCHOBHBIE.

OTBevas Ha 4acTh BOMPOCOB, KaXKJas TMIIOTE3a HE HAIlJIa OTBETa
Ha npyrue. [IpakTHvecku HHU OJJHA THITOTE3a, 32 UCKIIOUEHHUEM, pa3Be,
runote3sl Jlekapra 00 d(UPHBIX BUXPSX, HE Jajia 00BICHEHUS MPOMC-
XOXJIEHHS Marepuana, U3 KOoToporo oOpasoBanack ConHedHas Cu-
ctema. Ho TTaBHBIM HETOCTATKOM TUIIOTE3, HA HAIl B3TIIS, SIBISETCSI
OTPBHIB BOIMPOCA O TPOUCXOKIACHUU U cTaHOBICHUU COJIHEYHOW CHCTe-
MBI OT TAJIAKTHYECKUX TpoiieccoB. Beap ConHeYHas cucTeMa SBISETCS
3JICMCHTOM TaJIaKTUKH, TaKHX COJIHI] B I'anaktuke — MUIMapAbl, H
BOMPOCHI MPOUCXOXKICHHUS CHCTEM, MOMOOHBIX COJHEYHOU, NOJKHBI
pemarbesi Ha obmield ocHoBe. Ho pa3oOpaTbest BO BCeM 3TOM MOYKHO,
TOJIBKO IMOCTaBUB 3a/lavyy BBIACHCHUA BHYTPCHHCTO MEXaHH3Ma KOCMU-
YECKUX SIBJIICHHIA, a 3TO MOXKHO CJIeNIaTh, TOJNBKO BBE/S B PACCMOTPCHHE
O0IIIyI0 KOCMUYECKYIO cpely — 3(up, SBISIOIUICS CTPOUTETBHBIM Ma-
TEPpUAJIOM JJid BCEX BUJAOB BCUICCTBA U HC6CCHLIX TCJI, ABUXKXCHHSA KOTO-
pOro 00YCIIOBIUBAIOT BCe (HU3NUCCKUE SIBIICHHS, BKJIIOYAs U BCE SIBJIC-
HUSI KOCMHYECKHE.

94,upubni semep
te— - —

/
/ — Dpuproii e:;? \ @

Puc. 7.9. Bo3HnKHOBeHHE UIAHETHOH CHCTEMbI M HAPAIIHMBAHHE OPONTAIb-
HOI'0 MOMEHTA IJIaHeT 1o/l Bo3/eiicTBHEM IpaalenTa 3(UPHOro BeTpa
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ITo mpomrectBum HekoTOporo BpeMeHH COJNHIIE CO BCEHM CBOECH
TUTAHETHOW CHCTEMOM MeperIeT B APYTYI0 00JacTh CIIUPAIBHOTO pyKa-
Ba [amaktuku. B 3TOH 001acTH CKOPOCTH APHUPHOTO BETpa MEHBIIE,
rpaueHT MEHbIIIE, CYIIECTBEHHOTO BIUSHHA 3(pupHOTO BeTpa Ha (op-
muposanue CosHeuHOU cucteMsl yxe He Oyner. Ilonoxenue miocko-
cty BpameHus CoJHIA U IVIOCKOCTH 3KJIUNTUKYA B OCHOBHOM COXpaHSi-
eTcs, HO HampaBiieHHe 3(UPHOTO BETpa M3MEHWIOCH MO CPaBHEHHIO C
TeM, KOTOPOE OHO MIMEJIO B OKOJIOSIepHOU obmactu. Tereps dhupHBIC
notoku o6xyBaroT CoJHLIE W BCIO CUCTEMY B IOYTH HEpHEHIUKYJISP-
HOM IIJIOCKOCTH SKJIUNTHUKM HampasieHuH. Ha opueHTanuu miocKocTH
SKJIMIITUKH 3TO W3MEHEHHE HANpaBieHUs 3(UPHOTO BETpa HUKAK IO-
BJIMATH HE cMor1o, 11t ConHLa ke ObUT CO37aH OTIOTHUTENbHBIA MO-
MEHT, 4TO IPHUHYAWIO, II0 KpalHEW Mepe, IOBEPXHOCTHBIE CIIOU IIpe-
L[ECCUPOBaTh M M3MEHUTh HECKOJBKO YO TUIOCKOCTH BpalleHUS
BHEILIHUX CJIOEB OTHOCUTEIHHO BHYTPEHHUX.

Camo ConHue sBAsieTCS LEHTPOOEKHBIM HAacOCOM 3(upa, 3THUM
MOET OBITh OOBSCHEHO W BOSHUKHOBCHHE COJIHEYHBIX MATEH B 00Ja-
ctu Mexay 20 rpagycamu oT noiocoB U 20 rpagycaMu OT 3KBaTOpa B
00e cropoHsl. Ha camux mojrocax M Ha caMOM 3KBaTOpE COJHEYHBIE
TMSATHA HE TOSIBIIIOTCA.

Jleno B TOM, 4TO UMEHHO B 3THX ob6macTsax mexay 20 u 70 rpany-
camu B oboux nomymapusx CojHIa MoToku 3¢upa TEKyT MOJ YIJIOM
noutu B 90°, co3naBas B 5TUX 0OJACTSAX TMOBBIIIEHHBIA IPaUEHT CKO-
POCTH U CTHMYJUPYS T€M caMbiM 00pa30BaHMid BUXpel dpupa B caMOM
Comnniie. 310 U crtocoOCTBYeT 00pa30BaHHUIO COJHEYHBIX IISITEH, Mpel-
CTaBISIOMINX coOol BUXpeBble oOpa3oBaHus d¢upa (puc. 17.3). Camu
COJTHEYHBIE TISITHA HAa CaMOM JIeJie SIBIITIOTCA YacThIO TOPOHUIAIBHBIX
BUXpel 3Qupa, 3aXBaTUBIINX COJTHEYHOE BEIIECTBO. B cBs3uM ¢ Tem, 4To
B Tesie CoNHIIAa MIIOTHOCTD BElIecTBa OOJIbILE, YeM B OKPYXKAIOIIEM €TO
MPOCTPAHCTBE, BUAUMBIMU CTAHOBATCS T€ YaCTH TOPOMAAIBHBIX BHX-
peil, KOTOpBIe HETIOCPEACTBEHHO BBIXOIAT Ha MOBEPXHOCTHh COHIIA.

Kak BuaHO M3 pHCyHKa, BO3MOKHO JBa CIOCO0a PacHOIOKEHUS
3¢pHUPHBIX TOPOUIOB Ha NoBepxHOCTH CONIHIA: B OJHOM CIIydae oChb TO-
pouna mepneHauKyaspHa nmoBepxHocTd CoNHIA, TOT/IA BHIHA TOJIBKO
LEHTpalbHas 4YacTb, 3TO COOTBETCTBYET OJHONOJSIPHOMY IISTHY, BO
BTOPOM ClIydyae OChb TOpPOMAA MapayienbHa moBepxHocTH CoiHIa, 3TO
COOTBETCTBYET JABYM IISITHAM — OJHOMY «CEBEPHOMY» U BTOPOMY —
«IOKHOMY» (aHaJIOTHYHO MarHuTam) (puc. 17.3).
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[Tockonmpky oTHOCHTENBHO BHemmHero 3¢upa ComHIle BeneT ceds
KaK MEHTPOOCKHBIN HACOC, BRIOpackIBas dup 1Mo epudepruu U BTITH-
Basi €ro 1o IMoJirocaM, B pesynbrare Bokpyr CosHna oOpasyercst cepus
npucoeinHeHHbIX Buxpeil. Ha puc. 17.4. mokazana aHajoruyHas
CTPYKTypa TIOTOKOB B KHUAKOCTH, HWHIUIUPYEMbIE KOJEOIFOINMCS 1-
JTUHIPOM.

B nenrtpax Buxpeill HMerOTCsS 00NacTH MOHWKEHHOTO JaBIICHUS, U
BCE TUTAHETHI PACIIONATAIOTCA B HUX, YeM W OOBCHSETCS M3BECTHAs 3a-
BucuMocTh Turnmyca-bome — reomerpudeckas mporpeccust HapainBa-
HUS paccTosHui mranet ot CosHa gpnc. 17.5).

w

Puc. 7.10. O6pa3oBanne nsiteH Ha CosHue: g — ConHIe Kak LHEHTPOOCKBIi
HAcoC, TepeKavnBaroIIuii 3QUp; 6 — MOTOKU dPUpa B palloHEe YHUIIOISPHOTO IIATHA; 6 —
notoku 3¢dupa B paiioHe GunonsipHoro msATHa. 1 — HampasieHHe mojcoca d¢upa; 2 —
BblyBaHKe ddupa no skBaropy Connia; 3 — 001acTh MakCHMalbHBIX TPaIHEHTOB
3(UPHBIX TOTOKOB M 0OJIACTh BO3HHKHOBEHUS COJHEUHBIX IIATEH; 4 — MOBEPXHOCTH
Couaiia; 5 — o6acTy HaOMIOAAEMBIX COTHEYHBIX TSTCH.
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Puc. 7.11. BropuuHble BUXPH, HHIULHPYeMbIe KOJIEOJIOMMMCH HHIMHIPOM
TeyeHus: BOKpYr HWIMHApA MOAZOOHBI TedeHHsM 3¢upa Bokpyr CoiHIa Kak LEHTPO-
6exxHOTO Hacoca

T

gt
T T 7

1 L T
04 07 10 16 28 52
3asucumocme Tuyuyca - booe

Puc. 7.12. Topouaanbubie BUXpH 3¢upa, cosnaBaembie ColHIEM, 30HBI N0-
HUZKEHHOT 0 1aBJIeHNs dQupa, COOTBeTCTBYIOIMMeE 3aBucuMocTn Tunnyca-boxe.
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nomoku s¢upa,
gviOVeaembvie

(?(lr'lllb{é’.’\/l NAOCKOCHb

DKAUNINUKY

cymmuposanie
CeB8EPHBIX
nomoxoe

6)

Puc. 7.13. HanpasJjieHue 3upHOro BeTpa 0THOCUTEIbHO OPOMTHI 3emin:
a — B Havase oOpa3zoBanusi COTHEUHON CUCTEMBI M B HaCTOsIIee BpeMs; O — ro-
JIOBbIE NepeMeILeHNs 3eMII OTHOCUTENIBHO OTOKOB 3(upa, coznaBaeMbix CoHIEM

U3 nznoxenHoro cienyer, 4to 3(upHbIii Betep B paiione ConHeu-
HOW CHCTEMBI UMEET HE OJHY, a JBE CHCTEMATHYECKHE COCTABIISIONIHIE
— TaJIaKTUYECKyI0 M conHeuHyto (puc. 17.6). IlocnenHss cocraBisio-
m1as 3UpHOro BeTpa o0s3aHa CBOMM npoucxoxaenuem ConHiy, pado-
TaloIeMy Kak IIeHTPOoOeKHBIN Hacoc.

B pesynerate Bce miuaHeThl CONHEYHON CHUCTEMBI TOIATAIOT B
pasHoe BpeMsl CBOET0 rofia B pa3Hble 001aCTH, B KOTOPBIX HANPaBJICHUE
3¢upHOro BeTpa MEHsET CBOM 3HaK. [[/Is1 HUX MMEET MECTO U3MEHEHUE
HarpasJIeHus 3(UPHOTO BETpa B TEUCHHE T0JA, MOCKOJIbKY Ha OIHOM
CTOpOHE OpOUTHI 00€ COCTABISIOIINE CyMMHUPYIOTCS, a Ha MIPOTHUBOIIO-
JIO’KHOW BBIUUTAIOTCH.



258 I'nasa 7.

OTO TPHUBOAUT K CMEMICHUIO IUIAHET, a B LEJIOM — K HaKJIOHY
IJIOCKOCTEH OpOUT, MpUMepHO Ha 7° OTHOCHTENIBHO COJTHEYHOIO SKBa-
TOpa.

Takum 00pazoM, paccMOTpPEeHHE MPOLECCOB 00pa3oBaHMs U pas-
BuTUsl CONHEYHOW CHCTEMBI KaK pe3yjbTaTa MPOIECCOB, IPOUCXOS-
mux B [amakTuke, Ha OCHOBE S()HPOTUHAMHYECKUX MPEICTABICHUI
MO3BOJISIET €CTECTBEHHBIM 00pa30M OOBICHUTH OCHOBHEIE 0COOSHHOCTH
crpoeHust COTHEIHOM CHCTEMBI.

7.7. 9cpmpHbIN BeTep n chopma 3emnu

B3rusinel Ha IpUpOAY Belleil JOJKHBI HEeIPEPHIBHO
COBEPIIICHCTBOBATHCS yTEM MO3HAHHS HOBBIX (haKTOB
U MX HAyYHOT'O 000O0IICHHS

Aseycm Kexyne

[Totoku adupa, TeKyue B CriMpalbHOM pyKaBe Harein [ amakTu-
K{, OMbIBalOT COJNIHEYHYIO CUCTEMY M COOTBETCTBEHHO 3emito. Ha To,
YTO TPOCTpPaHCTBO B pailoHe CoNHEYHOW CHUCTEMBI HE COBCEM M30-
TponHO, oOpamand BHHMaHME MHOTHME HccienoBarenu. Tak,
A.A.lllnutanpHas yKa3blBaeT Ha PE3KYI0 HECUMMETPUIO aKTHBHOCTH
ConHua: Ha ero ceBepHON CTOPOHE BCIBIIIKU IMPOUCXOAT, IPUMEPHO B
1,5 pa3a game, yeM Ha IOKHOH CcTOpoHE. V3BECTHBI BHICKA3BIBAHHS O
TOM, YTO B HAaIllpaBJIeHUU co3Be31us JIbBa MMeeTcs aHM30TPOIHOCTh
PEITUKTOBOTO U3ITYyUEHHS.

AHU30TPOITHOCTh TPOCTPAHCTBA MPOCIEKUBACTCS M HA ypPOBHE
3emin.

Ha 3emne Bynkanndeckas AesTenbHOCTs B CeBEpHOM MOTYIIApUU
3HAYUTENILHO Ooyiee MHTEHCHBHA, yeM B IOkHoM. B CeBepHOM mojy-
IIapUU COCPEIOTOUYEeHA OCHOBHAS YacTh MaTepukoB. Ha 3emie nmeercs
rioOanbHas kimMaTtnieckas pasHuna CesepHoro u FOxxHoro mnomyma-
pyii: Hamruue OYpHBIX COPOKOBBIX IUPOT, OKeaHa B paiione CeBepHO-
ro TMOJII0ca U JIE0BOTO MarepHuka B paiioHe HOxHOro mosmoca, TOHH-
JKEHHasl 110 CPAaBHEHHUIO C CEBEPHBIMU 00JacTsAIMH TeMIilepaTypa paio-
HOB O»HOro momroca CBUIETENBCTBYET O NMPOCTPAHCTBEHHOW acHM-
METPHUH 3€MHBIX ITI00aIbHBIX IPOLIECCOB.
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MHorue n3 MepevyrCcICHHBIX SBICHUN MONYYarT MPOCTOe 00bsC-
HEHHe, eCIIN y4ecTh 00ayB 3emuid 3(OUPHBIM BETPOM, T.€. TEM MTOTOKOM
3¢upa, B KOTOpoM Haxonutcs Hama CoJHEYHAas CHCTeMa M KOTOPBIN
TEYET B CIIUPATHLHOM pykaBe ['amakTuku, uMest oOlee HanpaBICHHE OT
ee nepudepuu K Sapy.

®daxT HAMYKS 3PUPHOTO BETPaA SKCIIEPHUMEHTAIBHO TIOTBEPKIACH
paboramu Muiiepa u ero rpymmbl B 1905-1907 u nanee B 1921-1925
IT., a mo3xke — B 1929 r. Maiikensconom, Ilucom u [IupcoHom, o gem
CYIIIECTBYIOT COOTBETCTBYIOIIME OTYETHI ATHX rpynm. B paborte [56]
MIPHUBEJICHBI CTaThU, B KOTOPBIX U3JI0XKEHBI PE3yJbTAThl MPOBEIEHHBIX
OTUMH TpyIIIaMi 3KCIICPUMEHTOB, a TAKXE ITOKa3aHbI IMPUHIUIINAIb-
HbIE TpyOeiIre MeToIU4YeCKre U MHCTPYMEHTAIbHBIE OIINOKH, JOIy-
niennble Apyrumu rpynmavmu (Kennemau, MmnmuaroproMm, [Tukkapow,
Crasmu, Tayncom, CemapXxoiabMOM), HE TMOIYYUBITUMHU HHUKAKHX pe-
3yJIbTaTOB, OOBSIBUBITMMI BMECTO aHAJN3a CBOMX OIIMOOK O HE CyIIle-
CTBOBaHHMU A(PUPHOTO BETpa M caMoro 3(upa Kak TaKOBbIX. B HacTos-
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Iiee BpeMsI CHCTEMAaTHUECKHE HCCIEeNOBaHUs 3(UPHOIO BeTpa OcCy-
mecTtristioress FO.M.I"anmaeBbiM (XapbKoB) .

B pesynbrate ckpymyne3HbIXx pabOT aMEepHKaHCKOTO YYEHOTO
J.K.Muiepa, TOCTaBUBIIETO CEPHIO DKCIEPHUMEHTOB ¢ HHTEpdepo-
METPOM, YHAacjeAOBaHHBIM MM OT MaiikenbcoHa U Mopid, BBIACHU-
JIOCh, YTO MMEETCS YeTKasi 3aBUCUMOCTb CKOPOCTH 3(UPHOTO BETpa OT
BBICOTHI, TIPUYEM Ha MOBEPXHOCTH 3€MIIM, KaK 3TO U OBLIO MOKa3aHO B
1881 u 1887 IT. aBTOpaMH , OTHOCHTEIbHAS CKOPOCThH d(DUPHOTO BETpa
Maja U Ha BeicoTe 250 M HaJl ypOBHEM MOpPsSI COCTaBJISIET HPUMEPHO 3
KM/c, a Ha BbicoTe 1860 M — ot 8 1o 10 xm/c. Takum oOpa3om, OTHOCH-
TeJIbHAs CKOPOCTh A(UPHOrO BETpa HapacTaeT ¢ BHICOTOH. MOXKHO T0-
JaraTh, 4YTO CKOPOCTh 3(hHPHOrO BETpa B IPOCTPAHCTBE cocTaBisieT S0—
60 km/c.

[locne oOpaboTku maHHBIX Muiiep Halien, YTO HaMpaBJiCHHUE
3(UPHOTO BETpa TAaKOBO, KaK e€ciin Obl 3eMJyIsl B CBOEM JIBI)KEHUH B He-
MOJBIDKHOM 3(upe nepeMeranach 1o HaIpaBICHUIO K 3BE37e CO3BE3-
st [lpakona (ckioHeHHe +65°, mpsimoe Bocxoxaenue 262°). Beposit-
Hasl IOTPEIIHOCTh B 3KCIIepuMeHTax Musuiepa He npeBbimana 2°. OTu
KOOPJAMHATHI IOYTH COBIAJAIOT C KOOPAUHATAMHU MOJIOCA SKJINITHKH.

ITonyyennsle Musuiepom pe3yJibTaThl HAXOAITCS B IIOJHOM COOT-
BETCTBUU C TEOpHel OOTeKaHHs IIapa MOTOKOM ra3a. PemieHue cucre-
MBI ypaBHEHUH AJ1s1 00TeKaHus mapa rpadudeckn n300pakeHo Ha pHUC.
7.14.

[Ipu oOTekanuu mapa raz oOpa3yeT MOTPaHUYHBIN CIIOH, TIPUYEM
OnmwkaiIine K MOBEPXHOCTU Tella CJIOU ABHXKYTCS BMECTE C LIapoM, a
OTJIaJICHHBIE NMEIOT HEKOTOPYIO IPOMEKYTOUHYIO CKOPOCTb, IPU 3TOM,
Ha4YMHAs C HEKOTOPOTO 3HAYEHHs, CKOPOCTh Ta3a COOTBETCTBYET €ro
CKOpPOCTH B CBOOOIHOM TpPOCTpaHCTBe. MIHaue roBOps, MOTPaHUIHBIN
CJIOM MMEET OIPENEICHHYIO TOJIIMHY, 3aBUCSAIIYI0 OT MapaMeTpoB U
rasa, ¥ mapa.
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a) 0)

Puc. 7.14. O6Texkanne mapa ra3oBbIM MOTOKOM: a — HaNpaBJIeHHe MOTOKOB;
0 — 3MI0pa U3MEHEHHs] OTHOCUTEJIbHOI CKOPOCTH IOTOKA C YBeJIUYECHUEM PaccTo-
SIHUSL OT MOBEPXHOCTH IIapa

B Toukax ¢ KoopauMHAaTaMKU OTHOCUTENHHO LEHTPAIbHON OCH Ira30-
BOTO TOTOKA (Porp = 109,6° mOTpaHUYHEIA cIloi oTphIBaeTcst. Haumnast ¢
JTOW KOOPJIUHATHI a3 JIOJKEH ObITh HEMOJBUKCH OTHOCUTEIILHO IIapa
Ha Pa3IfYHOM OT HErO PacCTOSHUH BIUIOTH JI0 OTOPBABILIETOCS M MPO-
XOJSIILET0 HA HEKOTOPOM PACCTOSHHUM OT IIapa IOTPAHUYHOTO CIIOSL.

Ecnu map o6ayBaeTcst HOTOKOM ra3a, TO Ha IOBEPXHOCTH HIapa co
CTOPOHBI 3TOT0 NOTOKA JAaBJeHue OyaeT pa3nuiHbeiM. B 1000Boit yacTy,
HaxoJIIEHCs] 1O NPSMBIM BO3ACHCTBHEM yAapa IOTOKA, NaBJICHHE
ra3a Oyzer nosbiueHo. Ha 3emie sto cootBercTByeT obnactu Cesep-
Horo JlemoBuToro okeaHa, MaTepUKU ClojJja MPOHUKHYTh HE MOTYT, TaK
KaK IOBBIILICHHOE JaBiieHue 3¢upa B 3T0H 00nacTu OyAeT MX OTOJBH-
ratb. J[anee »dupHbIi NOTOK OOTekaeT miap, obpasyeTrcs rpaJueHT
CKOpOCTEH B TIOTPAaHUYHOM CJIO€, a CIIEIOBATENBHO, TIOHIKEHHOE JIaB-
nenne. Ha 3emie 3To mpuBeneT kK ToMy, 4To U3 obnactei Ooee BBICO-
Koro gasineHus B HOKHOM mMmonymiapuu MaTepUKH IOCTEIIEHHO CMe-
CTATCS B 00JIaCTh MOHIKEHHOTO AaBieHus B CeBepHOM MOIyIIapuH,
KOTOPOE€ OKaXXETCA HCCKOJIBKO BBITAHYTBHIM 110 CPaBHECHUIO C FOxHBIM
nojiymapueM. B pesynbrate 3emis 10bKHA TPUHATE GOPMY HEKOTOPO-
ro nmoxoOus TpyLIx, YTO U UMEET MeCTO Ha camoM jene: CeBepHoe 1o-
Jymapue BBITAHYTO 1o cpaBHeHUIO ¢ KOxkapiM Ha 400 M, Takas ¢popma
3eMiIM OJTy4niIa Ha3BaHHUE Teouaa.
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Takum o6pazom, B TOM, UTO 3eMHOH Imap uMeeT (hopMy reouma —
HEeKoe Nojo0ue TpymH, BHITAHYTOH K CeBepHOMY IOJIOCY, BHHOBAT
BCE TOT e d(upHBIi BeTep, 001yBatoiuii ero ¢ ceBepa (puc. 7.15).

Puc. 7.15. OoTexanne 3emian 3pupHBIM BeTpoM: 1 — 30HA TOBBIIIEHHOTO J1aB-
nenus d¢upa; 2 — 30Ha MOHWKEHHOTO JaBiieHus 3¢upa; 3 — 30HaA 3axBara BIard M3
okeaHa; 4 — MPUCOCAMHECHHBIH TOPOUIANBHBIH BUXPh 3(dUpa, 3aXBaThIBAIOIINI 3UMOM
BO3/yX aTMoc(ephl.

Camo noHsiTHE «Teou» BBeneHOo B 1873 r. HeMenkuM (QU3HKOM U
MmatematukoM HMoranaom Jluctuarom. Ilomx sTmMm IOHSTHEM, O3HaAYa-
IOIMM «BUJ 3eminy (Tped.), moapasymeBaercsi Gurypa, KOTopyro o0-
pazoBaya ObI MOBEPXHOCTH MHUPOBOTO OKEaHa M COOOIIAFOIIUXCS C HUM
MOpEH MPH HEKOTOPOM CPEIHEM YpOBHE BOABI, CBOOOTHON OT BO3MY-
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IICHUI NpWINBaMH, TE€ICHUSIMH, Pa3HOCTSIMU aTMOC(HEPHOTO IaBJICHUS
u T.1. [loBepXHOCTH reonaa sBIsSIETCS OJHON M3 YPOBHEBBIX MOBEPX-
HOCTEH MOoTeHuuMania cuibl TshkecTH. OT reousia OTCUUTHIBAIOTCS
HUBEJIUPHBIE BBICOTHI. KOrja roBopsT, 4To BBICOTA HAJl YPOBHEM
MOps Takas-TO, TO 3TO U €CTh BBICOTA OT IIOBEPXHOCTU reouaa B
JTAaHHOM TOYKE 3€MHOIO0 I1apa, XOTsS UMEHHO B 3TOM MECTE HHKa-
KOT'O MOps HET, @ OHO, 3TO MOpE, HAXOIUTCA OT dTOr0 MECTa 3a
HECKOJIBKO ThICAY KUIIOMETPOB.

[TonsiTve reonaa HEOJHOKPATHO YTOUHSIOCh. COBETCKMiA Teodu-
3UK, TPaBUMETPUCT, TeoAe3ucT U actpoHoM M.C.MonoaeHckuit co3aan
TEOPHIO ompeneneHus (GUrypsl U TpaBUTALMOHHOTO TONA 3E€MJIM IO
BBITMIOJTHEHHBIM Ha €€ MOBEPXHOCTH M3MEpPEHMsIM, Ui 4ero OH pas3pa-
6oran mepseiii B CCCP npyXWHHBIA TpaBUMETP — IPUOOP ISl U3Me-
peHust Cuiibl TspKecTd. OH e MPEUIOKIIT HCIIOIb30BaHUE «KBa3UI€0-
uaa» (MOYTH Teouza), ONpeesieMoro o 3HaYeHHUsIM MMOTeHIIMaNa CH-
JIBI TSHKECTH Ha 3éMHOM moBepXHOCTH. OTCTYIUIEHUS OT reoujia HeBe-
JMKH, HEe OoJniee 3 M., HO reoJie3usi — HayKa TOYHasl, AJSl Hee W TaKue
OTCTYIUICHUS CyIIECTBEHHBI.

Cymectyer eme amauncoun @.H.Kpacosckoro, koTopsiii am-
NPOKCUMHUPYET TE€OM[ 3JUIMIICOMIOM BpAILEHHS; 3TO NPUMEHSETCS B
reofie3nYecKux M KapTorpadguueckux paboTax B3aMEH paHee NpHMe-
HSBIIETrocs JUIsl 3TUX LieJied aiuicousia beccens, pasMepsl KOTOPOro
oKazaluch OommMO0YHbIMUA. OOTeKaHHe 3eMHOTO M1apa 3(QUPHBIM MOTO-
KOM NPHUBOAMT B paiioHe HOKHOro mojtoca K BOSHUKHOBEHHIO IPHUCO-
€IMHEHHOTO BHXPsl TOpouAanbHoi (hopmbl. Ock 3TOTO TOpouaa Oyner
UMETh IOCTOSHHOE TaJJaAKTUYeCKOe HarpaBlieHHEe, a CaMU MMOTOKHU d(u-
pa Buxpst OyIyT BOBJIEKAaTh B CBOE ABHKCHHE AHTAPKTHYECKHE BO3-
IOyurHele Macchl atMocdepsl. O0pa3oBaHue TOPOUAATIBHOTO MPUCOSHH-
HEHHOT'O BUXPsI MOATBEPKICHO MOieupoBanueM (puc.7.16).

Bo3aymneie Macchl, momnasmye B 30HY 3(HPHOTO MPHCOETUHEH-
HOT'O BUXP$, OyIyT UUPKYIHPOBaTh, IPOXOAUTH HaJl OKEAHOM, I/Ie OHH
OynyT HaOMpaTh BJary, a 3aTeM, MOJAHMMAsCh B cTparocdepy U OxJia-
&KIasch, OyIyT HarHeTaTh TyJa BO3YyX, MOBBIIIAS AaBIEHUE, U BHIOpa-
CBIBAaTh BJIAry B BHJIE CHETa yXKe Ha caM JIeJ0oBBIN MaTepuK. OHAKO 3TO
HPOUCXOAUT TOIBKO 3UMOH. OOBSICHEHHEM 3TOMY MOXKET CIYXHUTb TO
0OCTOATENBCTBO, YTO 3UMOM BO3AYX HMIKHHMX CJIOEB arMoc(epbl Xo-
JIOJIHEE, a, CIIEA0BATENBHO, U TUIOTHEE.
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0)

6)

Puc. 7.16. O06Texanne Tesia BpalleHHs] MOTOKAMH ra3a: a — oOTeKaHHE Kpy-
TOBOTO IMIMHJpA 1pu Re = 26; 6 — oOTekanue mapa npu Re= 118; B — o0TekaHue ma-
pa pu Re= 500

[T10THOCTH BO3MyXa MPH OJHOM M TOM K€ JaBJICHHHM TEM BBIIIE,
YeM HIDKE TeMIIepaTypa, ¥ Mpu aTMOC(EpPHOM JAaBJIICHUU H JICTOM IpHU
temneparype 0°C cocrasiser 1,2928 kr/m3, 3umoit ke npu —60°C co-
craBnsger 1,656 kr/m3, 1.e. B 1,28 paza Gosbiie. [T0CKOIBKY YHCIO MO-
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JIeKyJ1 BO3AyXa B €IMHHLE 00beMa YBEIMYMBACTCA, TO U CyMMapHas
CHJIa, BO3JCHCTBYIOIIAasi Ha HEr0 CO CTOPOHBI NPOHUKAIOIIKMX B 3TOT
00beM TOTOKOB 3(rpa MpOMOPLUUOHANBLHO YyBelIH4YHBaeTcs. Bo3myx
HAuMHAET 3aXBaTbIBATHCS IPUCOCIUHEHHBIM d(QHUPHBIM BUXPEM, Pa3BH-
BAeTCA TOPOUIANIBHBIN BO3IYLIHBIM BUXPb, U 3TOT IPOLIECC HAPACTAET
JIABUHHO. JTO COOTBETCTBYET EHCTBUTEIBLHOCTH, TaK KaK B AHTapKTHU-
Jie BCerjga CTOUT yCTOWYMBBIM aHTULMKIIOH, a 3MMON MPaKTHYECKH BCE
BpeMsl MIET CHEr, HapalluBas JICASHbIE MAcChl, KOTOPbIE ITOCTEIEHHO
CIIOJI3aI0T K OKEaHy M OTKAIBIBAIOTCS, 00pasys aiicOepr.

B Tex mecTax, rie NpUCOCIUHEHHBIM BHUXph 3Qupa Haubojee
ONM3KO KacaeTcs MOBEPXHOCTH OKEaHAa, BO3HHKAIOT TYpOYJIEHTHOCTH,
YTO NPUBOJUT K BOJIHEHHIO BOAHBIX MAcC, HAXOASILIMXCS B 3TOM paii-
OHE. 37ech OYIOT YCTOWYMBBIC 3aMaJHbIe BETPHI, YTO OOBACHSIETCS MPO-
sBieHreM cui Kopronuca, BEI3bIBAEMBIX OTHOCHUTEIBHBIM TIepeMellie-
HUEeM 3¢upa U BpalleHneM 3eMIId. JTO U €CTh «PEBYIIHE COPOKOBBIEY,
KOTOpbIe aKTUBHO HPOSBISIIOT ce0s B 3uMHMH nepuon. Jletom Bce
YCIIOKanBAETCs, YTO TOBOPUT O TOM, UTO C MOBBIIICHUEM TEMIIEPATYPhI
BO3/1yXa U COOTBETCTBEHHO C YMEHBLICHHEM €r0 IUIOTHOCTH BO3YII-
HBIE MAacChl YK€ HE 3aXBaTbIBalOTCS d(QUPHBIMU ITIOTOKAMHU C TaKOH CHU-
JIOH, 4TOOBI 00pa30BaTh yCTOWYHBEIA BUXPb.

[NogoOHOE siBIEHWE OTCYTCTBYET Ha IUIAHETaX C MOHMKEHHBIM
JaByieHHeM atMocgepsl, HarpuMep Ha Mapce, HO MOXKET UMETh MECTO
y IUTaHET ¢ OOJBIION TNIOTHOCTBIO aTMOC(EPBI IPH MOHWKEHHOU TEeM-
neparype.

B coueranun ¢ nornomenueM 3¢gupa 3emieid, NpUBOIIIINM K €€
pacUIMpEeHNIO, HapallMBAaHUIO MAcChl, 3aMEAJICHUIO BpallleHHs, CIpe-
JTUHTY (pa3JIBUTaHUI0) MATEPUKOB JIPYT OT Jpyra, oOpa3oBaHUIO CH-
CTeMbI PUQPTOBBIX XpeOTOB, PAa3JBUTAHUIO OKEAHCKOTO JIHA W €ro cyo-
OyKOUU (MOJNOJI3aHMIO) TOJ MAaTEPHKOBBIE IUIMTHI, 0OLIas KapTHHA
MIPUYUH CTPOEHUS 3eMJIM CTAHOBUTCS O0Jiee TOHATHOM.

Ucnyckanue B pe3ynbTaTe BHYTPEHHUX Bo3MmylieHUi CoHIeM
TOPOUAATBHBIX U (OTOHOOOPA3HBIX CTPYKTYp, 3a()UKCUPOBAHHBIX AB-
TOPOM Ha 3amUCcAX KOJICOAaHWH JIa3epHOro Jyda, MO JOCTHXKEHHH HX
3eMHOl MMOBEPXHOCTH, IPUBOJUT K KOJIEOAHUSIM BEJIMYHH W HarpaBlie-
HUI 3(UPHBIX IOTOKOB HA OBEPXHOCTH 3eMJIH. JTO K€ ABISACTCS TpU-
YMHOMW TaK Ha3bIBaeMbIX MArHUTHBIX Oypb U Bo3MyIeHH# (puc. 7.17).
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nepuoo
0KOJI0 7 MUH

nepuoo
| ™ oxono 20 mun

nepuood
™ okono Z uac 1

Puc. 7.18. Bapnanuu 3¢upHOro BeTpa, 00Hapy:KeHHbIe IPU U3MEPEHHSIX Ha
JIa3epHoOi yCTAaHOBKeE

W3 u3M0’KeHHOTO BBIIIE BHITEKAIOT CJIECICTBHS, HOCSIINE TPUKIIAT-
HOM Xapaxrep.

1. B HacTosmee Bpems 00HApYKEHO, YTO ONTUYECKUE U PAHAOIIO-
KAllMOHHBIE BBICOKOTOUHBIE HM3MEPEHUS MOJIOKEHUM IJIaHET U UCKYC-
CTBEHHBIX CIIYTHHKOB 3e€MJIM JAlOT HECOBMECTUMBIEC pe3yibTaThl. Pac-
XOXKJICHUE B PE3yJibTaTaX M3MEPEHUH NAeT BEIUYHUHBI, CYIIECTBEHHO
OombIIKE, YeM 3TO CIEyeT U3 CYMMHUPOBAHUS MPEACITBHBIX TOTPEITHO-
creii obomx MeTonoB. IIpeacTaBiseTcs, YTO NMPUYWHON SBISICTCS HE
y4eT BIMSHUS 3(PUPHOTO BETPa, UCKAXKAIOIIETO 3HAYCHHS JaJIbHOCTEH,
MOJIYYEHHBIX PaIUOIOKAIIUOHHBIM METOAOM.

2. Bce BnusHMS, oka3biBaeMmble COJHIIEM Ha 3€MHBIE TPOIIECCHI,
MIPOUCXOMAST MOCPEACTBOM MPOMEKYTOUHOM Cpelbl — 3upa. YUuThI-
Basi, YTO BCE IMPOIECCHl UMEIOT MHEPLHUOHHOCTb, MOKHO YTBEPXKIATh,
YTO U JIFOOBIE MPOIIecCh Ha 3eMiie OyIyT UMETh 3ama3bIBaHusl OTHOCH-
TEJIbHO M3MEHEHUH MapaMeTpoB 3Qupa B OKOJIO3EMHOM MPOCTPAHCTBE,
BbI3BaHHBIE nporeccamu Ha CONHIE WM HHBIME BO3AEUCTBUSAMU JPY-
TUX KOCMHYECKHUX TEN.

ITo npenBapuTEIbHBIM JaHHBIM, 3aI1aC BPEMEHU B TaKUX CIIydasxX
MOJKET COCTaBJIATh HECKOJBKO MECSIIEB, a BO3MOXHO, U 0OJbIIe. JTO
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3HA4YUT, YTO WUCCIICAOBAHUA M PETYJSIpHbIC HAOMIOAEHUs 3a 3(UpHBIM
BETPOM H IapameTrpaMy 3(pupa B OKOJIO3EMHOM INPOCTPAHCTBE MOTYT
UCIIOJIb30BaThCsl B KAYECTBE JIEMEHTOB IIPOTHO3a I MpeJoTBpalle-
HUSI MM XOTS1 Ob MUHUMH3aLIMU HETaTUBHBIX MPOLECCOB, KOTOPHIE MO-
TyT BBI3BaTh Ha 3eMjie KOCMHYECKHE BIMAHUS. MOXHO C YBEPEHHO-
CTBIO YTBEPXKAaTh, YTO €CIIM OBl UMEJICS IIPOTHO3 HaBoAHEHMH B EBpo-
ne B aBrycre 2002 r., TO pyKOBOAMUTENN CTpaH yCHenu Obl IpUHSTH He-
00xoArMBIE MEpBI Ul MPEAOTBPAIIECHUs TOro yuiepOa, KOTOpOe OHH
MIOHECTN B pe3yNbTaTe MOJHOW HEOXUAAHHOCTH Ipoucleamero. Ta-
KM 00pa3oM, HEOOXOTUMOCTb HCCIENOBaHMUS COCTOSHHS 3(PHUPHBIX
MOTOKOB M 3(HMPHOTO BETPa, €r0 CKOPOCTH M HANpaBICHHUS B OKOJIO-
3€MHOM IPOCTPAHCTBE MPUOOPETAET CTPATErNIECKOE 3HAUCHHE.

MOo’HO Tak)Ke CUMTaTh BIIOJIHE BEPOSTHBIM, YTO CHIJIbHBIE U MPO-
TSOKEHHBIE BO BPEMEHHM BO3MYILECHHS B OKOJIO3EMHOM 3(pHUpe MOTYT ce-
PBE3HO HOBJIMATH Ha KJIMMATHYECKHUE OCOOCHHOCTH, HAIllpUMeEp, Ha Te,
KoTophIe yxe HaOmonamiuchk B 2002 r., korga Oypu, yparaHbl ¥ JTUBHU
oOpymmnck Ha EBpory 1 B TO e Bpems B UHanu, oxxuaaBmield 00b4-
Hble MYCOHHBIE JIMBHH, HACTYNHIA 3acyXa. MOXXHO Takxe Mpearnosa-
ratb, YTO NepeMarHMYMBaHUE CIIOEB IOPOJ, OOHAPYKEHHOE Ire0J0raMu
B pAJ palioHOB, SBIISIETCS CJIEICTBHEM HE TMEpEeMarHUYMBAHHS BCEil
3emiH, a JHMIIb MECTHBIX W3MEHEHWH, CBSI3aHHBIX C TOJOOHBIMHU Ke
BO3MYIIECHUSIMH 3(QHUPHBIX TTOTOKOB.

7.8. PoguHa KomMeT - nnaHeTbl U...ConHue

Komersr (ot rpeu. kometes — 3Be31a ¢ XBOCTOM, OYKB. JUTMHHOBO-
JIOCHIN) — XBOCTATHIE 3BE3/IbI — CaMbIe 3araiouable ooutarenu ComHed-
Ho cuctemsl (puc. 19.1). Ha npotsbkenun TeicsiueneTuii oHu Oynmopa-
JKUJIH BOOOPaXKEHHE JIIOJCH, UX TOSIBIICHUE Ha HeOE BBI3BIBAIO CMSTE-
Hue. Jla m xak OBUTO HE BOJHOBATHCS, €CIU IMOCIIE TaKOro HEOESCHOTO
3HAMEHHUsS MOTJIM IOCNIE0BaTh KpYyIMHOMAcCIITaOHbIe OCACTBHS, H3ME-
HSIOIINE CyAbOBI IIapei, IMHACTHIA U IIEITBIX HAPOJIOB.

B cpennue Beka nosiBieHUE KOMET CBA3BIBAIOCH C MPEACKa3aHUEM
SMUJAEMUN YyMBI M OCIBbI, OIYCTOIIWTEIbHBIX BOWH W HamecTBuid. B
XIX Beke U MO3kKe K KOMETaM YK€ OTHOCHIIUCH IMPOLIE, HO BCE XKE C
onackoi. 3HameHuTas komera 1812 roga okaszanach NHpelBECTHULICH
BoiHBI Hamomneona ¢ Poccueit, a xomera 1910 roma mpenckasana
IlepByto MUpPOBYIO BOMHY.
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6)

8) 2) 0)

Puc. 7.19. ®otorpadmum komer: a — koMera Xuskyraku, 1996 r., oTueTIHBO
BHHA TOPOHMIaJbHAs CTPYKTypa; 6 — komera Mkes—Cexu, 1965 1., y KOMETHI BepeTe-
HOOOpPAa3HBIN 3aHUH «XBOCTY»; ¢ — kKoMmeTa Ukes, 1963 T., 3a1HMIT «XBOCT» 0OaCHIMPEH U
paciueruieH; ¢ — komera Apenna—Pomnana, 1957r., y KoMeTbl mosiBWiIcs — NepeIHHui
OCTpBII «XBOCT», 0 — KoMeTra Mapkoca, 1957 T., BeIIeCcTBO paccemBaeTcs, KOMeTa
Oyu3Ka K rubenu
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Opamniry3ckuit moat [Ieep XKan bepamxke B cepennne 19 Beka nu-
ca:

bor nurer Ha HAaC yKacHYIO KOMETY,
MpI yyacTu cBoeil He U30EKuM;
S 9yBCTBYIO, KOHEII IPUXOIUT CBETY;

Bce komMnacel HCYE3HYT BMECTE C HUM....

OpHaKo, CIpaBeNIMBOCTH Pald CTOUT 3aMETHTh, YTO HEMPHUATHO-
CTH CIIyYaJIUCh U 0€3 KOMET, U JTaXKe TOpa3/Io Yaimle, MOTOMY YTO KO-
METBI TIOSIBJISIMCH Ha HEOOCKIIOHE BCE XKE PEXKE, YeM CIIyYaIuCh roJiof,
MOp ¥ BOWHBI. Ho yk ecru koMeTa MosIBIISIach, TO HUYETO XOPOIIEeTo
OT Hee JXJaTh He PUXOJUIIOCH.

UTto0 Ke MBI CErOJTHS 3HaeM O KoMeTax?

Kometsl — Tena ConHEYHON CHCTEMBI, HUMEIONTUE BUI TYMaHHBIX
00BEKTOB, OOBIYHO CO CBETJIBIM CTYCTKOM — SIAPOM B IIEHTPE M XBO-
ctoM. KonnyectBo komeT B COTHEUHOM cHCTEME YpE3BbIUaHO BEITHKO
U JOCTUTaeT COTeH MuumMapaoB. OIHAKO HAOIOICHHUSAM JIOCTYITHO
JUIIb MaJIoe YHCIIO0 KOMET, 3aXOAAIuX BHYTph opouTthl KOmurepa. Ko-
METBI HAOIFOJAIOTCS TOT'/1a, KOTJa €€ PO — HEOOIBIIOE JISJSTHOE TEJI0
npubmamxkaercs k ComHIy Ha pacCcTOSHUE, MeEHbIee 4-5 acCTpOHOMHU-
YECKHUX €JIMHUL, T. €. Ha paccrosiHue nopsaka 600-750 MUIIIMOHOB KU-
nomeTrpoB. Torga oHo mporpeBaetcs gydamu CoNHIA, ¥ U3 siIpa HA4H-
HAIOT BBIJCISITHCS Ta3 U MBUTb.

B oTnuume oT mIaHET KOMETHI IBIDKYTCS O BBEITSHYTHIM TPAeKTO-
pUsM, TTOAXOIs OJU3KO K 3eMJIe U APYTUM TUIAaHETaM, HO JalIbHSS 4acTh
opOouTHl — apenuii — y MHOTUX KOMET BBIXOJUT JalIEKO 32 IPEJIeIbl
ConHeyHOH cHUCTEMBI. A HEKOTOpPbIE KOMETHI B Hee HE BO3BPAIIAOTCS.

K 1971 r. OBUIO BBIYHCIICHO OKOJIO 1 THICAYH CHUCTEM DJIEMECHTOB
KOMET, pPEe3yJbTaThl BHIYUCICHUM CBEJICHBI B COOTBETCTBYIOIIUE KaTa-
soru. CyIecTBYIOT KOMETHl KOPOTKOTIEPUOANYECKHIE C TIEPHOIOM 00-
pamenus Bokpyr Comarna Menee 200 jeT W JJIMHHONEPHOINIECCKHUE C
OonpimM miepuosioM. Kometsl, o0ianaroniyie runepOoInIecKuMu op-
Oourtamu, ynamssck or CoiHia, HaBceraa MOKumAaroT CONMHEYHYIO CH-
CTEMY, YXOJIS1 B MEXK3BE3HOE ITPOCTPAHCTBO.

KomeTsl yacTo conpoBOKIal0TCA METCOPHBIMU TOTOKAMU U JJaXKe
JUBHSAMH, KOTJIa Ha 3eMJII0 OOPYIIMBACTCS IENBIA PO  «IIaaroliX
3Be3m». Jlo 3emim, mpaBaa, JOJETAIOT JIMITE HEMHOTHE, OHH IOJTyYH-
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71 Ha3BaHue 00iMIOB, OOJBIIMHCTBO )K€ «3BE3I», a HA CaMOM Jeje
MaJIEHBKUX YaCTHL, CTOPAET B BEPXHUX CIIOSIX aTMOC(]EpBHI.

UYro xe Takoe KOMETHI?

CoBpeMeHHBIC y4YEHbIE MPEICTABISIIOT WX cebe B BUAE TUIOTHOM
«TOJIOBBI» M Pa3pPeKEHHOT0 Ta30BOr0 XBOCTA. Y OOJIBLIMHCTBA KOMET B
cepeauHe TOJIOBHI HaOMromaeTcsl 3Be3noolpasHoe win auddysHoe sip-
KOe sSIpo, MpeAcTaBisiioniee co0ol cBeUeHHe LEHTPaIbHOM, Hanboee
IUIOTHOM 30HBI Fa30B BOKPYT HCTUHHOTO S1pa KOMETBHI.

Ilo coBpeMEeHHBIM NPEACTABICHUAM AApa KOMET COCTOST U3 BOIS-
HOT'O Ta3a ¢ IpuUMechio «1baoB» apyrux razoB (COz, NHsz u ap.), a
TaKXe KaMEHHUCTHIX BemlecTB. [[bUIMHKY YaCTUYHO BBIACISIOTCS U3 SI-
pa IpH UCTIAPEHUH JIbAOB, YACTUYHO O0PA3yIOTCS B €r0 OKPECTHOCTAX
IIPY UCIAPEHUM JIBJOB U IOCIEAYIOIIEH KOHAEeHcauuu mapos. I'a3 u
MBUTb CO3/IAIOT BOKPYT siipa TYMaHHYIO 000JI0YKY — aTMOC(epy KoMme-
ThI, HHOTJa Ha3bIBAEMYI0 KOMOMH, KOTOpas U COCTAaBIIAIOT BMECTE C S
POM TOJIOBY KOMETHI. 1'0J10Ba KOMETBI U €€ XBOCTBI HE MMEIOT PE3KHUX
ouepTaHuid. ATMocgepa KOMEThl HENpEepBIBHO PAaCCEHBAETCSl B IPO-
CTPAHCTBE M CYILECTBYET JIUIIb TOTJa, KOTAa HPOHUCXOAUT BbIJICIICHHE
ra3oB M IelIM  u3 sapa. [lon gelicTBHEM CBETOBOTO JaBJICHHS M COJI-
HEYHOI'0 BETpa — IOTOKOB YacTHIl, BbiAensieMbix COJHIIEM, Tra3bl H
IBUTb YHOCSITCS OT siipa, 00pa3ysi XBOCTHI KOMET.

Cuuraercs, 4TO Ta30BbIil XBOCT MOSABISIETCS Y KOMETHI, KOT/a OHa
npudmkaeTcs K CoiHily. ACTPOHOMBI ITOJIararoT, YTO CaM ra3 sIBJISeT-
Csl Pe3yJIbTAaTOM HCIApEHUs Tela KOMETHI MO/ BO3JCHCTBHEM COJHEY-
Horo cera. COJHEYHBIH CBET OTTAIKHBAET BbLIEIIEMbIE KOMETOH Ta3
M 4acTHLBL, U o0pasyercst «xBocT». IIpaBaa, OBIBaIOT KOMETHI U C JIBY-
M «XBOCTaMW», OJIMH, HanpaBlieHHbIH oT ComHIla, a Bropoi — k CoH-
Iy. A OBbIBaeT YHCIIO «XBOCTOB» U OOJIBIIE, U OHU Pa30pOCaHbl BEEpoM,
TyT yx ConHue Kak OyaTO M HU [IPU YEM.

Habmonenus mokasanu, 9T0 KOMETHI OBICTPO TEPSIOT BEIIECTBO U
camble CTOWKHE M3 HUX JKUBYT He OoJiee, YeM YCIIEBAIOT COBEPIIHUTH
HECKOJIBKO THICSIY 000poTOB BOKpYr COJHIIA, 3TO BpEeMsl Upe3BBIYAHO
Majo ¢ KocMoronuueckoil Touku 3penus. Ho uucno ux B CoxHeuHoin
CHCTEME COCTABIISIET MHJUIMAPJIbI, ACTPOHOMBI COOOINAIOT NIMPOKOM
nyOJIMKe TONBKO O HEKOTOPBIX W3 HHUX, TE€X, KOTOphlE MOTYT OBITH
HaOJII01aeMbl HEBOOPYKEHHBIM TJ1a30M. [ BO3HMKAIOT BOIPOCHL  OT-
Kyza
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B3sUTMCh BCE 3TH MUJUIMAPbI KOMET, KTO UX IOPOXKIAET B HACTOS-
IIee BpeMsl U KakKHe ONIACHOCTHU TasT KOMETHI JUIs KuTeseit 3emiun?

Ha mepBblif Bompoc coBpeMeHHas Hayka JaeT TyMaHHBIH OTBET.
[To muenuto coBerckoro acrponoMa C.K.BcexcCBATCKOro KOMETHI SIB-
JSIFOTCA  PE3YJIbTaTaMU  MOIIHBIX BYJKAaHMUECKHX W3BEP)KEHUM Ha
OONPIIMX MJIaHETaX U MX CHyTHHKax. [lo MHEHMIO TOJIJTaHICKOIO acT-
ponoma S1.0opTa, KOMETBI IPUXOIAT U3 TUTAHTCKOTO KOMETHOTrO 0071a-
Ka, Okpyxammero COIHEUHyI0 CHCTeMy H  IPOCTHUpaOIIerocs Ha
OTpPOMHBIE paccTosHUSL 110 150 TBIC. ACTPOHOMHYECKUX EIMHHII U 00-
pa3oBaJioch TOTJa K€, KOr/la U Bce IiaHeThl. [IpaBaa, cTaHOBUTCS He-
TIOHSITHBIM CYIIECTBOBaHHE KOPOTKOMEPHOINYECKUX KOMET, oOpalia-
rommxcs B npeaenax opourtsl KOnutepa. Ho 3T0 criuceiBaercst Ha BO3-
Mymiaromiee aeiicreue miaHeT. OgHako mepBas TUIOTe3a He MOATBep-
JKJIeHa CTaTUCTHKOMW, a BTOpasi HeE MOATBEPXkJAEHAa acTPOHOMHYECKUMHU
HaOmroneHusiMu. [loaToMy BOIpoc O MPOUCXOKACHUN KOMET OCTAETCS
OTKPBITBIM.

A BTOpOIl OTBET BIIOJIHE OIPEAEICHEH: HUYEro XOpOUIero OT
CTOJIKHOBEHMS KOMETHI ¢ 3eMJIeH IaTh HE MIPUXOAMUTCS HU 3emJie, HU
komere. Ho 3T0 mpoucxomur peako, mpaBia ciydad ObIBaJH — 3TO M
3HaMeHUTHI CHXOTI-aTMHCKUI MeTeopuT BecoM B 70 TOHH, ymaBIIUil
12 ¢espans 1947 roga, HO K CHACTHIO TIO JOPOTe pa3BATUBIIUICS Ha
KYCKH, 3TO, BO3MOKHO, U eie Oonee 3HaMeHUTHIN TyHrycckuii MeTeo-
put 1908 roga. M BooOIie Ha 3eMHON TTOBEPXHOCTH HMEETCS HEMAJo
MECT, CBHJETEJIbCTBYIOIIMX O BCTpEUYe ¢ KOCMUYECKUMH MPHIIENbIIa-
MH.
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Puc. 7.20. Pa3memenne pa3BelaHHbIX KPYNMHBIX acTpodieM Ha 3emire

[IpaBna, MHOTHE U3 HUX BBIIJISIAAT KaK-TO CTPAHHO: OHM MMEIOT
KOJIBLIEBYIO ()OpPMY, HEUTO BPOAE KOJBIEBOTO Xelo0a, OKPYXKEHHOTO
MIPUIIOAHATHIM BAJIOM, a B LIEHTPE BO3BHIIIAETCS TOPKa U3 PBHIXJIOr0 Ma-
Tepuana. He momxHa Obl 3Ta ropka ynesnerb, €CId yaap MPHILIEINCs
U3BHE...

OpHMM U3 TaKUX MECT sBJseTcd UeHTp Pycckoil miuuThl, Ha KOTO-
poii oOHapyxeHa acTpobiiemMa, Ha3BaHHas [lyuexx-KaryHckoii. Brer-
Hull quametp xemnoba coctaBnseT 80 KM, TITyOWHA — HECKOJIBKO COTEH
METPOB, 0 KpasiM xejioda UMEeTcs Teppaca, HEYTO BPOAE KOJBIIEBOTO
MOJHATHS, @ B LIEHTPE BO3BBIIIAETCS KOHMYECKHUWA XOJIM, MMEIOIIUI
nuaMeTp ocHoBaHus B 14 kM u BeicoTy 1,9 kM. KpyTusna cnanos y He-
ro cocrasisiet 35-40 rpagycos (puc. 7.21).

Puc. 7.21. Peaved mnoBepxHoctn ucruHHoro aua Ilydex-Kartynckoii um-
MAKTHOH CTPYKTYPBI: a — acTpOOJIEMbl B IIENOM; O — LEHTPAIBHOTO MOIHATHS; B —
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CBOJIa IEHTPAIBHOTO MOAHATHS BbIe n3orumckl 0,5 kM. COOTHOIIEHNE BEPTUKAILHOTO
1 TOPU30HTATIBHOrO MacmTados 1:3.

Hano 3ametutsh, uro momoOHBIX MecT MHOTO U Ha JlyHe, KOoTOpas
OTKpBITa HalleMy B30py. TaMm UMEIOTCSl «IHUPKH» MOT0OHOTO K CTPO-
exus quameTpom a0 200 KM, KaXABIH U3 HUX OKPYKEH KOJBIEBOU TO-
POH M B LEHTpE Ka)XIO0ro W3 HUX TOXKE BO3BBHIIIACTCA TOPKa, KOTOpas
TOK€ HUKaK He cMorja Obl yueneTh mpu BHemHeM yzaape. U sto He
BYJIKaHBI, IOTOMY YTO OTKYJa TOTJZIa MOT B3SATHCS JKEJI00 M KOJbIIeBast
ropa BOKpPYT, OTHECEHHasl OT «BYJIKaHa» Ha JECATKU KUIOMETPOB?
[MonoGHbIe ke 00pazoBaHusi OOHApPYXEeHBI U Ha Mapce, IHaMeTpbl UX
coctapistoT 100-200 kM, rirydrHa skermoba COCTaBIsIET HECKOIBKO KH-
JIOMETPOB, BBICOTA BaJOB — TOXKE€ HECKOJIBKO KHIIOMETPOB M B IIEHTpE
TOXKE MMeeTcsl Topka. Takue o0pa3oBaHMsI UMEIOT Ha3BaHUs — KaJbje-
pbl. XOTs yUeHBIE TOJIaraioT, YTO OHU UMEIOT B3PBIBHOE WIIM BYJIKaHU-
YECKOe MPOUCXOKACHHE... A BIPYT 3TO CJIEIbI KOMET, Beb MPOTHO3H-
POBAJIH K€ yUeHBIE BO3MOXXHOCTh CTOJIKHOBEHUS C HUMU?

Taxum 00pa3om, BO3HHKAET CepHsl BOIIPOCOB MO KOMETaM:

— KaKOBO BCE K€ MIPOUCXOXKICHHE KOMET?

— TMOYeMy KOMETHI UMEIOT BBITSHYTHIE OPOUTHI, PE3KO OTIHYAIO-
HIMECs OT OPOMT IUTAHET, KaK MOTJIM CPOPMHUPOBATHCS TAKHE OPOUTHI?

— TIPOXOJIAT JIN KOMETHI B CBOEM CYIIECTBOBAHMH KaKUe-IN0O CTa-
WU 3BOJIOLUA?

MoryT OBITh 32/1aHBI 1 MHOTHE JIPYTHE BOIIPOCHI.

C no3unuit 3QUpoANHAMHUKHE MOXET OBITh BBICKA3aHA THIIOTE3a O
MPOUCXOXKICHUH, NBIKEHHH ¥ JBOJIOIUH KOMET, OTINYAIOIIAsACS OT
BBIIIETIPUBEICHHBIX.

12 ampens 1991 roga B [lens KocMOHABTHKH B paiioHe ropoa Ca-
coBo Pszanckoii obmactu B 1 yac 34 MUHYTHI HEW3BECTHOE SIBIICHUC
BBIIIMOJIO OKHA W JIBEPH Y MHOXKECTBA JIOMOB, MPOM3BENS W APYIrHe
paspyieHus. A yTpoM H3yMIICHHBIE XUTEIH OOHApYXWIH Ha JyTy,
nepe HeTe0a30i OrpoOMHYI0 BOPOHKY auaMeTpoM moutd 30 u riyou-
HOH 0K010 4 MeTpoB. OCOOEHHOCTHIO BOPOHKH OBIJIO TO, YTO OHA UMe-
na GopMy TOJIOBUHBI TOPOMAA, Kak OBl pa3pe3aHHOTO IOIOJIaM Tep-
MEHAUKYJSIPHO OCH TopouJa. B caMoMm meHTpe BOPOHKH OKa3ajics He-
TPOHYTBIM KOHYCOOOPa3HBIM KPYIJIBIA XONMM M3 PBIXJOH 3€MJIH, HeE
3aTPOHYTHIN B3pHIBOM. BOKpyr BOpoHKM 00pa3oBajcs KOJIBLEBOH 3eM-
nsHo#t Banm.  Temerpadubpie cTonObI, HaxomsIIHecs Oojlee YeM B CTa
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METpax OT BOPOHKH, OKa3allCh HAKIOHEHHBIMH K BOPOHKE, a 3HAa4Yu-
TeTbHAs YacTh 3eMiId, BbIOpomeHHas u3 Hee,(1800 ToHH) mompocty
ucuesna (puc. 7.22).
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Puc. 7.22. Ctpykrypa CacoBckoii BOPOHKH

[To moBomy B3phIBa OBUTH BBICKa3aHBI PA3MYHBIE IIPEIITOIIONKE-
HUS, B TOM YUCJIE JUBEPCHS, XAIaTHOCTh (HeaneKko ObLT 00HAPYKEHBI
OCTaTKH CEJIUTPhI) U T.1. Bce oHM, Tak WK WHAYe, ObLIM OTBEPTHYTHI.
Bomnpoc octaincst oTkpbIThIM. [103%e 0Ka3aoch, 4TO MOJIOOHBIX ClTyda-
eB OBLI0 Ha 3eMiie MHOTO.

JIt000TBITHO, YTO, HECMOTPS Ha SIBHBIE Pa3pyIICHUS, KOTOPHIC
MOJKHO OBbLIO ObI OTHECTH TOJIBKO 3@ CUET B3phIBa OOJIBIIION MOIIHOCTH,
MPAKTHYECKH HUKTO €ro He CIbImai. Maio Toro, CKIaJbIBAIOCh BIIe-
yaTIIeHUe, YTO BOJIHA IIJIa HE OT BOPOHKH, a K Hell. [loxpoOHee 0060
BCEM 3TOM MOXHO mpouecTh B kHure A.d.Yepusesa «Kamuu nagarot
B HeO0» (M., 1992 u M., 1995).

Onyckas o0bsicHeHus1, nanHble A.D.UYepHseBbIM M0 MOBOAY JaH-
HOTO SIBJICHUS U JPYTUX COMYTCTBYIOMHNX €My ()EHOMEHOB, IOIBITACM-
CsS W3JIOKHUTHh CBOIO BEPCHIO ITOTO W JIPYTUX MHOTOYHCIICH-HBIX aHa-
JIOTUYHBIX SIBJICHUN C MO3UIHIA 3(PUPOTMHAMUKH.

Bce HeOecHbIe Tenma MOriomamT 3QUp U3 OKPYXKAKOIIETO UX MPo-
CTpPaHCTBA, KOTOPBIA BXOJHUT B HUX CO CKOpPOCTBIO, PAaBHON BTOpPOH
KOCMUYECKOH, s 3emiu oHa paBHa 11,18 km/c. 3a cyer morsomeHus
a¢upa Bce HEOSCHBIE Tela HapallMBalOT CBOI MacCy M PaCHIMPSIOTCS.
DTO ommcaHo aBTOPOM B padote «O6mIas apupoguHamuka» (M., DHep-
roaromusnaar, 1990; To xe, 2-e u3a. 2003), Tam ke AaH pacyeT mpupa-
IICHHUS Macc BceMH TeaaMu COJTHEUHOM CUCTEMEL.
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CrnemyeT 3aMeTHTh, YTO TMOTJOUICHHE 3(HUpa pacrpenensercs mo
MIOBEPXHOCTH TeJl HEPAaBHOMEPHO, TaK KaK Pa3Hble YYaCTKH IOBEPX-
HOCTH H3-32 HAIWYHA Pa3HBIX MOPOJ MMEIOT pazHoe 3(PHUPOJUHAMH-
YeCKOoe COIPOTHBIICHHE, IO3TOMY HaKoIUIeHHE 3¢upa B TIyOHHE Tena
MIPOUCXOIUT HEpPaBHOMEpPHO. YacTHYHO HAKOIUICHHBIH 2(QHUp Iepepa-
OaThIBaeTCS B BEILECTBO, MEXaHU3M TaKOH IepepabOTKU He SICEH, HO
TO, YTO 3TO MPOUCXOJUT, COMHEHHUH HE BBI3BIBAET, IOTOMY YTO 00pa3o-
BaBIIIEECS] BEILIECTBO BBUIC3AET U3 HEAP B BUJIE MUPOBOI CUCTEMBI pUd-
TOBBIX XpeOTOB, PACIOJIOKEHHBIX 10 CEPEIUHE BCEX OKEAaHOB U HMe-
omux o0uyto uHy okoso 60 Teicssd kuiomeTpoB. Ho He Beck adup
nepepadaThiBacTCs B BEIIECTBO, & YaCTh €ro HaKaIIMBaeTCs B IIyOHH-
HBIX CJIOSIX, CO34aBas B HEKOTOPHIX MECTaX M30BITOYHOE IABJICHUE,
yIepKUBaeMOoe MOPOAAMH, UMEIOIIUMH BBICOKOE 3()UPOANHAMIYECKOE
COIIPOTHUBJICHUE, TAKMMHU NOPOJaMU ABJIAIOTCA J'IIO6I)I€ TOKOIIPpOBO -
1K€ TTOPOJIBL.

Hakorutenne nmaBnenus >dupa HE MOXKET MPOIOIDKATHCA OecKo-
HeuHo. OH Mu00 HaYMHAET MPOCauYnBaATHCS HAPYKY, JTUO0, €CITU HAKOII-
neHue adupa uueT ObIcTpee, UYEM paccachblBaHUE, YAEP>KUBAIOILUE
3¢up NOpOAbI NPOPBIBAIOTCS, U TOrAA CTPYS (GHUpa BBIXOAUT HAPYKY
1o mopoaaM, HMMCIOIIHM BBICOKYIO JUBJICKTPHUYCC-KYIO IIPOHUIIACMOCTD
U KOTOpBIC U3-3a 3TOTO SBJSIFOTCS 3QHUPOIPO-BOJAMH, T. €. KaHAIaMHU,
UMEIOIUMH Majioe 3(PUPOJMHAMUYECKOE CONPOTHUBICHHE. A TaKUMH
MOPOJIaMU SIBIISIFOTCA JTFOObIE U30JISTOPHI.

[Mocne Toro kak cTpys ddupa U3 U30JATOPA BEIPHIBACTCS HAPYKY,
OHa CTAJIKUBAETCS C IYCTHIM IPOCTPAHCTBOM, B KOTOPOM IHU3JIEKTPH-
YyecKasi MPOHULIAEMOCTh paBHA €UHUIE U SPUPOIUHAMUIECKOE COMPO-
TUBJICHHE U CTPYH PE3KO BO3PACTAeT. IDTOrO JOCTATOYHO JJIS TOTO,
4TOOBI CTPYS CTalla CHadasla pacIIupsAThCS, a 3aTeM CBOPAYUBATHCS B
TOpPOUA, Kpas KOTOPOTO KacaroTcsl MOBEPXHOCTH 3EMJIH, TOPOIBI KOTO-
PO UMEIOT TUDJIEKTPUUECKYIO MPOHHUIIAEMOCTD BBIIIE, YeM CBOOOJIHO-
ro TPOCTPAHCTBA. ITO CIOCOOCTBYET 3aBEPIICHHIO (HOPMUPOBAHUIO
3(pHUPHOTO TOPOUAA, B COCTaB KOTOPOTO TENEPh YK€ BKIIOUYHIUCH 110~
BEPXHOCTHBIE TIOpObI (puc. 7.23).

D¢bupHBI TOPOUJ — CHCTEMa YCTOHYMBAs 1 dHeproemkas. ['panu-
€HTHI 3(QHUPHBIX MOTOKOB BHYTPH TOPOMJA CO3JAIOT CHJIBI, JOCTATOY-
HBIE JJIS OTPHIBA M YAEP)KAaHHSI B HEM OTOPBaHHOTO OT MOBEPXHOCTH
BemectBa. Cam ke 3(pUPHBIN TOPOWI, KaK U BCSIKHN Ta30BBIA TOPOH-
JAJIbHBIA BUXpPb, BHEIIHEH IMOBEPXHOCTBIO OTTAJIIKUBACTCA OT OKpYXKa-
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IONIel cpebl U MepeMeINIacTcs B MPOCTPAHCTBE B HANPABICHUH, B KO-
TOPOM JIBMKYTCS TIOTOKH 3(hUpa B €ro IEHTpE, T.€. B TOM K€ HaIlpaB-
JICHUH, B KOTOPOM TiepeMelnaics 3Qup B cTpye, 00pa3oBaBIlIei TOPOUST.

Takum oOpa3zoM, BeIpBaBLIasICs U3 HeAp ddupHas cTpyst oOpasyeT
Ha TIOBEPXHOCTH 3€MJIM TOPOHMJAIBHBIN BUXPb, KOTOPBIH 3aXBaTHT B
CBOE TEJIO HAXOJIIYIOCSA MOJ[ HUM IOPONY, 4YacTh MPOHECET 4Yepes3
BEPX TOPOMIA M PACCHIIJIET MO OKPY)KHOCTH B BUJIE KOJBLICBOTO BaJa,
HEOOIBIIIYI0 YacTh COOEpPET B IIEHTPE B BUJIC TOPKH, a YaCTh YTAIIHT C
co00ii.

A nanee Bce OyJeT 3aBUCETh OT TOTO, KAKOW CHJIBI U KaKOW MOII-
HOCTHU OBbLTa UCXO/HAs CTPYs ddupa.

N
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Puc. 7.23. O6pa3oBaHne KOMeTbI: a — HAYaIBHBIN 3Tam; 0 — (opMUpOBaHUE;
B — BBIXOJ] KOMETHI B KOCMOC; T — 00pa3oBaHHE 3aJHETO «XBOCTa; I — 0Opa3oBa-

HHUE MEPEAHETO «XBOCTaA»; € — p2136p0C BCHICCTBA, XK — MCTCOpHBIfI IIOTOK, OCTaBIIHICS
TIOCJIC KOMCTHI

Ecnu MomHOCT ObITa OTHOCHTEIHHO HEBETHKA, TO TOPOUJ MOCTe
¢dopMupoBaHUs OBICTPO MOTEPSET YCTOWYMBOCTH. Torna Mpou30HAeT
B3pHIB, C pa30pocoM HaOpaHHOTO BelIecTBa U YPUPHBIX cTpyid. ['pagu-
€HTHI (UPHBIX TTOTOKOB CO3AayT CHIIBI, KOTOPhIE TIPOU3BEIYT pa3py-
IICHHUSA, TPUYEM CHJIBI IO OCH CTPYH OyIOyT HampaBJieHBl B CTOPOHY
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nepeMenienns 3(pupa, a OKOJIO CTPYH HAIMpPaBIEHHOCTh CHII OyAeT K
ctpysiM. Cuiibl MOTYT OBITH OY€HB OOJIBIIMMHM, TOCTATOYHBIMHU IS
paspyllIeHus TOpoA, 3AaHuM, JTIeCOB.

Ecnu MOIIHOCTE MCXOJHOW CTpYH OOJbIIAs, TO TOPOH]] BMECTE C
BEIIECTBOM YMYHUTCS B KOCMHYECKOE MPOCTPAHCTBO, M B KOCMOCE TIO-
SBUTCSA HOBasi komeTa. O06namas, Kak W BCIKHUH Ta30BbIA BUXPh, CaMO-
JIBUKCHHEM, TOPOUIAIbHBIN BUXPh 3(Hpa, OTTAIKUBAsCh OT OKpYyXa-
formero 3¢Qupa, MOCTEIIEHHO HApPAaCTHT CKOPOCTh M OPOMTAIBHBIN MO-
MEHT, Tepexois Ha Bce 0oJiee BBITSHYTYIO OpOUTY J0 TeX MOp, MoKa
ero sHeprus He Oy/eT ucyepIraHa.

OnHOBPEMEHHO TOPOWAANBHBIA BUXPh OyAeT (OpMHUPOBATHCS B
oOpa3oBanue THIAa TPpyObl, 3aMKHyTOH Ha cebs. CoOpaHHOE UM Bele-
CTBO OyZeT cOCpeNoTOYeHO B CTEHKaxX dSTOH TpyObl. [lorpanuvnsiii
cio# 3(hupa Ha MOBEPXHOCTH TPYOBI HE JACT pa3dpachiBaThCs HU -
py, HE BemecTBy. OTHAKO /10 TE€X TOp, ToKa d(OUPHBIN BUXPh HE HAYHET
TEpSITh CBOIO DHEPTHUIO 32 cUeT AUQPQPY3uH U 32 CUET MPeodpa3oBaHUL
OHEPTHU BpalllCHUA B SHCPIrUIO INOCTYIIATCIIbHOI'O ABUKCHH.

JlanbHelias 5BONIONAS KOMETHI CBS3aHA C TOTEped DSHEPTUU
3$UPHBIM BHXPEM 3a CUET BA3KOCTH 3(ripa U 3a cUeT Mpeodpa3oBaHusd
€TI0 SHEPIMU BpallCHUA B SHEPIHUIO MOCTYNATCIIBHOTO ABMXKCHHUA KOME-
ThI, ¢ cyOaMManyen 3aXBayeHHOTO0 KOMETOM BEIIeCTBA U C PSAAOM JIpy-
rux (paKTOpOB, MOIHBIA YIET KOTOPBIX TPEOYET OTIEIBbHBIX UCCIICIOBA-
Huit. OIHAKO U 3716Ch MOKHO BBICKAa3aTh HECKOJIBKO MPEION0KECHHM.

3axBadyeHHOE TOPpOUAAJIbBHBIM BUXPEM BCHICCTBO IMOABEPTacTCA
pa3MoIly BHYTPH BUXPS, TAK KaK B HEM UMEIOTCS TPaIUEHTHBIE TIOTOKU
3¢upa ¥ BO3HHUKAIOT OOJBIINE CHIIbI, Pa3phIBAIOIIUE BEIIECTBO. DTH
CHJIBI MOT'YT OBITH CTOJIb BCJIMKHW, YTO pa3phbIiB BEIICCTBA MOXET IIPOHC-
XOJUTh HE TOJBKO Ha MOJICKYJIAPHOM HJIM aTOMHOM, HO U HA SAJCPHOM
ypoBHsiX. [loaTromy BHyTpu 3(DMPHOTO TOpOHIA MOMKET MPOUCXOJIUTH
TpaHCMYTaluA BEUICCTB U 3JIECMCHTOB, BO3MOXXHO, OTUM U 00BsICHSIETCSA
COCTaB METEOPUTOB, COJIEPIKAIIUX B OOIBIIIOM KOJIIMYECTBE KETe30.

BeposiTHO, IOBEINIEHHOE COAEPIKAHUE Kele3a B METCOPUTAX MOXK-
HO OOBSACHUTH HauOOJIee BHICOKUM 3HAYCHUEM SHEPTUH CBSI3€ HYKIIO-
HOB B aTOMHOM sAJp€ 110 CPABHCHHUIO C dApaMU APYTrux 3JIEMCHTOB,
HAXOJSIIUXCS CJIEBa W ClpaBa OT HETO0 B TEPUOJUYECKON Ta0HIle.
Hanuuue npyrux 31eMeHTOB - allFOMHHUS, KaJbIUs, KUCIOPOa, KPeM-
HUS, MarHus, HUKEJS ¥ Cephl OOBSICHACTCS TaKXKe OTHOCHUTEIBHO BBICO-
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KON yAEIbHOW DHEPTHEH CBS3H HYKJIOHOB B YETHBIX paxX, XOTA M He-
CKOJIKO MEHBIIIEH, 4eM y JKele3a.

Ho ecnu BuxpeM uacTh SHEpruy BpallleHHs YK€ IMOTepsiHa, TO H
MOTPaHUYHBIN 0 Ha TOBEPXHOCTU BUXPA 0CIa0eBaET, U OH HAYMHAET
IPOIyCKaTh HAKOIUICHHOE BelecTBO. IIpy 3TOM 4YacTh mepeMosoToro
IBLIC00OPA3HOTO BEIECTBA BHIOPACHIBAETCS BUXPEM Has3al, U y KOMETHI
o0pasyeTcsi «XBOCT», KOTOPBIA CTaHET BUAEH, KOTJa KOMETa CTaHET
npubnmwkaTtbes K ConHiy. Eciau jxe moTepu sHEpruu eie yBeJlndaTcs,
TO TIOTPAaHWYHBIN CIIOH 3upa U B IEHTPAITBHON YacTH TOPOHA Pa3MO-
eTcs U MEepecTaHeT YAEPKUBATh BEIIECTBO. Toraa 4acTe pa3MoJIOTOrO
BEIIECTBA Ha OOJIBIION CKOPOCTH BBIOPACHIBACTCS BIIEPE., U 'y KOMETHI
oOpasyeTcsi NOMOJHHUTENBHO K 3aJHEMy MNEpeAHUH «XBOCT». A eciu
MOTEPH SHEPTUM CTaHYT elle 00JjIbIlle, TO BEIIECTBO HAYHET pa3dpachi-
BaThCS BO BCE CTOPOHBI. JTO 3HAYUT, YTO KOMETA OJIM3KA K THOCIIH.

[TockonbKy npu moTepe SHEPIUU BUXPEM CKOPOCTH BPAILIECHUS €ro
3aMeIJIsieTCs, BEILECTBO, 3aXBAaUCHHOE BHYTPEHHEHW YacTbiO BHXpA,
HAYyHEeT COOMpAThCsl BMECTE, KaK 3TO MPOUCXOIUT C YaHMHKaMH IOCie
noMeInBaHus 4as B crakade. Ilocie momHoro paccaceiBanus 3GUpHO-
ro BUXPSl HA MECTE€ KOMEThI OKa3bIBAETCS BCETO JIUIIb PO METEOPHUTOB,
KOTOPBI 0OJbllle HE HapaluBaeT OpOUTAILHOIO MOMEHTA, HE MPOM3-
BOJIUT HUKAKUX TPAHCMYTAIMH, a MPOCTO JIETHT MO WHEPIHU AaJbIIe.
Komera morn6na.

Hackonbko mpapnomnono0Ha npuBeneHHast Bepcusi? Ilpepcrasis-
eTcs, YTO OHA BIIOJIHE MMEET MpaBo Ha cymecTBoBaHue. Ha ¢otorpa-
¢usx KoMeThl XHUAKYTaKH, IMONydeHHBIX B I'naBHOW Poccuiickoit 06-
cepBaropun Axkagemun Hayk HayunsiMu cotpyanukamu M.C.I'ycesoit
u H.A.CokomnoBsiM B Tiepuof ¢ 14 mo 21 mapra 1996 r. (cMm. ra3. «AHO-
mammspy N 11 (119) 1996, c.5), oTueTnuBO mMpocMaTpuBaeTcss TOPOHU-
JalbHasi CTPYKTypa KOMEThl. Pa3inuHble 1BeTa «KOJel» B TOPOHUIE Ha
¢dororpaduu MOTYT OBITH OOBSICHEHBI PsZOM (DAKTOPOB — pazIHMUUEM
TUIOTHOCTH, TEMIIEpaTypbl, CKOPOCTEH BpaIlleHUs CJIoeB U T.I. Takum
00pa3om, BbICKa3aHHAsl THIIOTE3a UMEET 1aKe HEKOTOPOe MOATBEpXKIe-
HHE.

Opnako HaOmIomaTeNbHAs aCTPOHOMHS HHUKAK HE IMOJITBEP)KAAeT
TOPOUAATBLHYIO CTPYKTYpY KoMmeT. Hao60poT, KOMEThI MPEACTaBIAIOTCS
KaK HEKHE KaMEHHBIE IJIBIOBI, B KOTOPBIX €CThb TOPHI, LeNble XPeOThl,
JIOJIMHBI M JJaKe acTpoOieMsl (TOJBKO ofHa Ha Komery). Kak Bce 310
coyeraercs ¢ IPUPOAMHAMHUYECKUMH HIPEACTaBICHUSIMU O TOM, YTO
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KOMETHI TIPEIICTABIIIOT c000H »hupHBIA Toponn? OKka3sIBacTCs, code-
TaeTCsl, €CIM Y4eCTh, YTO BO BHYTPEHHEH YacCTH JIFOOOTO Ta30BOTO TO-
pOMAa CKOPOCTH TEpeMeEIleH s ra3a K ero TOpOuAaIbHON OCH YMEHb-
HIAIOTCS 10 HYJSL, 8 TPAAUEHT CKOPOCTH OCTACTCS 3HAYUTEILHBIM, XOTA
¥ MEHbIIIe, YeM Yy CTeHKH Topowsja. ClemoBaTellbHO, UMEHHO BIOJb
BHYTPEHHEW IEHTPaIbHONH KPYroBOMl OCH Topomaa OyIOyT CO3MaHBI
ycnoBus A pOpMHUpPOBAaHHUS BEIIECTBA M BCEBO3MOXKHBIX mopo. OHU
MOTYT MMPOCMATPHUBATHCSA CKBO3b MPO3pPAvHbIE CTEHKHA 3(UPHOTO TOPO-
una. U 3Te cTeHKn OyIQyT MpensTCTBOBATH NMPOHUKHOBEHUIO K STOMY
Tesy J00BIX MPEJMETOB, TOCTYMAIONINX CHApYKu. B mpunnune, B He-
KOTOPO# MEepCHeKTHBE Ha 3TOM NPHUHIMIE MOXKHO OyNeT, BO3MOXKHO,
OpTraHM30BaTh 3aIUTY KOCMUYECKHIX KOpabiielt OT METEOPUTOB.

Yacro nmu obpasyrorcst 3pupHbIE BUXpEBBIE TOpOUIBI Ha 3emie?
[Mo-BuIuMOMY, JOCTATOYHO YaCTO, HO Yallle 3TO MPOUCXOAUT B OKEaHe,
4eM Ha cyle. Bo-TiepBhIX, MOBEPXHOCTh OKEaHOB B JBa pasa OOJbIIe,
4YeM MOBEPXHOCTH CYITH. BO-BTOPHIX, THO OKEaHOB TOHBIIE, YEM MaTe-
PUKOBBIC IIJIUTBI, 4 AUBJICKTPUUYCCKAsA IMPOHUIAEMOCTb BOALI BLICOKA,
TaK 4YTO YCJIOBHUS H I MPOXOXKIEHU dDUPHBIX CTPYH, U It 00pa3o-
BaHUSl BUXPEBBIX TOPOUIOB 3/IeCh Nyulie. MMerTcs MHOTOYHCIICHHEIE
CBHJCTCIILCTBA MOPAKOB O TOM, KaK M3 BOJIbl BBIPBIBAIOTCA U YXOIAT
BBepx Hekue HJIO Gmronuesuanoi Gopmel. He Oyayiiue u 3170 KoMe-
TeI? U He moToMy 1 sifjpa OONBIIMHCTBA KOMET, C KOTOPBIMH BCTpe-
gaeTcs 3eMIIs, COCTOAT U3 Jibaa?

Ho ecTb cBuzerenscTBa W IpPYyroro poja, KOIJa TOJA BOJOW Ha
OombIION TIyOWHE BUAHBI KPYIHBIE 3aMKHYTHIE BHXPEBBIE 00pa3oBa-
HUsL. MOXKET OBITH 3TO TOXKE TOPOHMIIBI, HO Y HUX HE XBAaTHJIO SHEPIHH
JUISL TaTbHEHITETO TIEPEIBIKEHNS, ¥ OHH 3aCTPSIIN B Boie?

U3 Toro, 4to 3/eck cka3aHo o cirydasx HaOIroaeHus d3(QUPHBIX TO-
POUJIOB B OKE€aHAX M MOPSIX BHITEKACT OJMH HEMAJIOBAYKHBIN MPaKTHYIEC-
CKHMU BBIBOJ: HaOJIIOJIATEIIIM PEKOMEHIYETCS HEMEIJICHHO YOMpaThCs
nogajabuie OT 3THUX O6’LCKTOB, €CJIM XOTST OCTaThbCsA B KMBBIX. TO ke
OTHOCHUTCSI X K TTOJBOJHBIM JIOJKaM, KOTOpbIe ObLI0 OBl HE BpeaHO 000-
pPyAoBaTh XOTs OBl poTOnpHUEeMHUKAMH 1J1s1 OOHAPYKEHHUS TOABOAHOTO
cBeYCHHS. DPUPOIUHAMUUECKUE TOJISA, COMPOBOXKIAIOIINE MTOJT00HBIC
SIBIICHUS, MOTYT YMEPTBUTH JIFOOBIC )KUBBIE OPTaHU3MBI, TaK YTO JAJTh-
1Ie KopaOJib MOWIET TYJIATh 0 MOpsIM 0e3 dKUMaxa, kak Hekuid Jlery-
yuii ['omranment. ['oBopsT, Takue KOpaOiaw WHOTAA BCTPEUYAIOTCS Ha
mpocTopax okeaHoB. [Ipudyem cam KopaOib MOT TIONYYUTH APUPOAUHA-
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MHUYECKHI 3apsi] U CO34aBaTh BOKPYT ce0sl OACHOE [UIS JKUBBIX Op-
TaHU3MOB ITT0JIE, a TIPHOOPOB I ero (PUKCAITMH TI0Ka HE CO31aHo, T0-
CKOJIbKY o(HUIManbHas HayKa He MpHU3HAeT caM (aKT CyIIECTBOBAHHUS
a¢upa B mpupoge. Ho MoxeT ciaydnThCsi, YTO d3PUPHBIE TOPOUIBI OKa-
JKYTCSI CTOIb MOILIHBIMM, YTO IPOCTO yTaIIaT B KOCMOC BECh KOPaOIb.

Ha cyme momo6nbIe cny4dan Toxke ObiBanmn. CBUAECTEIHCTBOM TOMY
aBisieTcst XoTs Obl Ta ke [lydexx-Karynckas actpobnema, quaMeTp Ko-
Topoit coctaBmsieT 80 kM. CKONBKO e MOPOAbl B KOCMOC yTaIlwI BbI-
pBaBILUiicA B 3TOM MecTe 3(UPHBIN OTOK, €CJIM OH 00pa30Bal TOPOUL
takoro nuamerpa? Ha CeBepe nMeeTcsi MHOXKECTBO KpYTJBIX 03€p, B
KOTOpBIE HE BMAJAIOT peku. He cienpl U 3TO MpoleccoB TUIA CACOB-
ckoro? U kakoB mpo¢nib JHA ¥ TaKuX 03ep?

A 4T0 XKe MOXKHO CKazaTh 0 JIyHe, Ha MOBEPXHOCTU KOTOPOU HMe-
IOTCSl COTHHM MOJOOHBIX «acTpobiem» (puc. 7.24), IMEIONIUX ITUaMeTp
MHOTHE AECSTKH U COTHU KWJIOMETPOB?

HebGonpmoit kparep Tpuchekkep B roxxHON yactu Mops Ilapos
UMeeT AuaMeTp 25 KM M BBICOKYIO IICHTPadbHYIO0 TOpKy. Mosojsie
Kparepsl Manwnmii, bomkosud u Arpunna umerot nuamerpsl 40, 44 u
40 KM ¥ YETKO BhIpaKEHHbIE LICHTPaJbHbIE TOPKU. B 10:KHOU BepxHEH
4acTH Ha OOIIMPHOW MAaTEPUKOBON TEPPUTOPHH, YCESIHHOW OTPOMHBIM
MHO>KECTBOM KpaTepoB, BBIIEISAIOTCS JBE MCIOJMHCKHE KONblieoOpas-
HBIE TOPBI — KpaTepbl Anpoareranii u ['unmapx. [lonepeunuk nepBoro
— 120 kM, UMEIONUHN CIOXKHBIA KOJBIIEBON Bal. [ Wmmapx mMmeer mua-
MeTp 190 KM U KOJBIIEBOM BaJl, HECKOJIBKO MoHIKE. Oba KpaTepa yce-
SIHBI TIAPa3UTHBIMU KpaTepamH, B TOM YHUCIIE€ U TAKUMH KPYITHBIMH KaK
kpatep ["amnelt tuamerpom B 29 kM, kpatep ['tonbieH auamerpoM B 37
KM B COBCEM MOJIOZION kpatep ['oppokc aramerpom 30 kM.

Ha noGepexxpe Mopst Hekrapa nMeercst memnoyka u3 Tpex Kpare-
poB — Teodun (99 km), Kupunn (85 km) u Karapuna (102 km). B ce-
BepHOH wactu JIyHBI oOpamiaroT Ha ceOsi BHHUMaHWE JBa KpaTepa —
Apwucrorens (85 kM) u EBnokc (64 kM), pacmojOXEHHBIE Ha F0)KHOM
oepery Mopst Xouona.

Ha Jlyne cymecTByeT MHOKECTBO MEIKUX KpaTepOB, IHAMETPOM
B HECKOJIBKO KHJIOMETPOB M €CTh TPOMAaJIHbIE KpaTepbl, Takue Kak JIoH-
romoHnTaH (137 kM), Marusn (187 xm) u Knasuii (200 km). 1 ecTb Takue
kak kparep Tuxuii nuamerpom 82 kM, riryOuHoit 3700 M u BBICOTOH
Baya 2400 meTpoB.
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[lepeuncnuts Bce KpaTepsl, aCTpOOIEMBI 1 KAJIbAEPHI, HMEIOLINE-
cs Ha JlyHe, He MpeAcTaBiIseTCsl BO3MOXHBIM. VX COTHM Ha BUAMMOM
CTOPOHE U MHOYKECTBO, XOTsI U MEHbIIIe, Ha HeBUAUMON. Tam pacmo-
JIOKEHO OTPOMHOE KOJMYECTBO MEIKUX KpaTepoB, HO €CTh U Takoe 00-
pasoBanme, kak Mope Bocrounoe, nuamerpom 800 kM, 1o «Oeperam»
KOTOPOTO PpAacIIOJIOKEHbI TPU KOHIEHTPUYECKUX Bana. BeposTHo, pas-
HUIIa B KOJINYECTBE KPAaTEPOB HAa BUANMOM M HEBUIMMON cTopoHax Jly-
HBl OOBSACHSIETCS pasHHULEH B CHJIE TSDKECTH Ha €€ IOBEPXHOCTH: Ha
ONMvDKHEH CTOpOHE OHA MEHbIIE, TaK KaKk Ha 3TOI CTOpOHE 3eMHOE IpH-
TSHKCHUE BBIYUTACTCS, & HA TIPOTUBOIIOJIOXKHON — MPUOABIAETCS K MPH-
TSHKEHUIO JIyHBI.
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Puc. 7.24. TloBepxHocTh JIyHBI B nepBoii YeTBepTH (10 PHCYHKY YEHICKOI0
actpoHoma U.Kienewmrsr)

B nHOs16pe 1958 1. m3BecTHBIM acTpoHOoM H.A.KO3BIpeB BIEepBBIC
HaOronan Ha moBepXHOCTH JIyHbI siBIEHHE, KOTOpPOE OH YBEPEHHO
OTHEC K M3BEPXKEHHMIO BylKaHa. B kparepe AnbhoHc Hauanoch u3Bep-
JKEHUE B HOYb cO 2-T0 Ha 3-¢ HOsA0ps. B uckarens 50-mroiiMoBOrO pe-
dbaexropa KpeiMckoit actpodusndeckoit oocepBaropun Ko3wsipeB 3ame-
TWI, YTO LEHTpajbHas ropka AnbdoHca crala KaKoi-TO pa3MBITOH,
HEOTYETJINBOU, C HEOOBIYHBIM KpacHOBAaTHIM OTTEHKOM. B 3 waca 30
MUHYT Tiocne mnepepbiBa KosbipeB ObUT mOpaskeH HEOOBYaHON SIPKO-
CTBIO M OCJICHIUTENbHBIM OEJBIM IIBETOM LEHTPAILHONH TOPKH. 3aTeM
OUYECHb CKOPO, 4epe3 HEeCKOJIbKO MHHYT, OSTOT OCICTIUTEIbHBIN OJeck
ucyes3, M ropka mpuodbpema oObryHbIl BuA. [locme obpaboTkm Beex
CHMMKOB HCCIICIOBATENN MIPULIITH K BBIBOAY, YTO MMEJIO MECTO U3BEp-
JKeHHe BylkaHa. Ho To, 4To MpHHSAIM 32 U3BEPKECHUE, BIIOJHE MOTIIO
OBITh BTOPUYHBIM BBIOPOCOM 3(DHPHOTO BHXPs, O BO3MOXKHOCTU KOTO-
POro TOTJa HUKTO JAaXKe He M0J03peBall.

Ckoubko ke koMeT mopojawia JlyHa 3a Bce BpeMsi CBOEro Cylile-
CTBOBAHUSI M KAKOH MOIIHOCTH JIOJKHBI OBITH BBIOPOCHI S(UPHBIX MMO-
TOKOB, €CJIM MX SHEPTMU XBATHIIO JUT 00pa30BaHMS [CHTPATBHBIX «T'0-
POK» JTMAMETPOM B JIECATOK KHIIOMETPOB U BBICOTOIH B HECKOIBKO KH-
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JIOMETPOB, TSI 00pa30BaHUsS KOJIBIEBBIX CTPYKTYP, COAEPIKAIINX JIe-
CATKH MWIUIAAPAOB TOHH IOPOXBI, M d(PUPHBIX TOPOUIOB-KOMET, BO-
OpaBiux B ce0sl ¥ BEIOPOCHBILIMX B MPOCTPAHCTBO TOXKE HEMAJIO TPYH-
ta?! U uro MoxHO cka3ath o OnuTepe, mopoauBIIeEM LEIBIN MOSIC KO-
MET, a TAKXKXE€ O JAPYTUX IUIAHETAaX, U MOBEPXHOCTh, U KOMETHBIC I1OsCa
KOTOPBIX JIO CHX ITOP U3yUEHBI TI0XO0?

Takum 06pa30M, JKUTEISIM 3eMJIM KOMETHass ONaCHOCTD T'pO3UT HE
TOJIBKO W HE CTOJIBKO M3 KOCMOCA, CKOJIbKO M3 Henp camoit 3emun. Her
COMHEHHS, YTO JIOAHM CO BPEMEHEM HaydaTcsl TPOTHO3UPOBATH M000-
HBIC SIBJICHUSI U BO BpeMs U30eraTh rpsaIymux onacHocted. OMHaKo s
3TOro O(QUIMAILHON HayKe NPUICTCS JUIsl Hadalla TIepeCMOTPETh CBOU
MO3UIMHA OTHOCUTEIFHO CYIIECTBOBAaHUS 3(prpa B MpUpoIe.

[lpuBenennas Bepcusi, B MPHUHIUIE, OOBACHIET MOYTH BCE CBOW-
CTBa KOMCT, UX HNPOHUCXOXKICHUC U pa3BUTUC, KPOME OAHOIrO: pacucT
IIOKAa3bIBACT, YTO B CoaHEeYHOH CHCTEME KOMETHI POXIAOTCA KaXKAbIC
2-3 cexyHIbI MO3TOMY HX Tak MHOTO B ColHEeYHOU cucteMe. Tak KTo
KEC ABIIACTCS OCHOBHBIM ITIOCTAaBIIMKOM KOMET B COJ'[HC‘-IH}/IO CUCTEMY,
He obnako xe Opta!

Ecnu ydects, 4TO Ha BCell TOBEPXHOCTHU CYILIN 3€MJIU UMEET-
sl BCEro JHIb 0KkoJio 150 6ompmux acTpobieM, U ecliu MpeAro-
JIOKUTh, YTO BCE OHU HMMEIOT BO3pACT MEHbIIMH, yeM [lyuex—
Karynckasi, To momydaercs, 4To Kaxjaas KpyIlHas acTpoOiieMa
MOSIBIISIETCS HE Yaie, yeM | pa3 B MuuInoH JeT. Ho menkue acT-
poOnembl Tuna CacoBCKOW MOSBISIOTCS 3HAUMTENbHO yaiie. Ho
9TO HE OOBICHSIET, OTKYy/a B3SJIOCh TO TPOMATHOE KOJUYECTBO
koMmeT (mopsiaka 10 mMusiapaoB), KoTopoe HamonHseT CoiHed-
HYIO CUCTEMY.

[IpousBeneM MoacyeT 4acTOTHI MOSBICHHUS HOBBIX KOMET B
Conneunoit cucreme. [IpumeM u1s pacuera HEKOTOPBIE CPETHHE
udpsl: nepuo odparieHuss koMeTsl Ha opoute — 100 et (ko-
Meta ["aytest umeer mepuon oOpamienus 75 - 76 neT); KU3HEH-
HBIA IIUKI KOMETHI (KOJIMYECTBO MEPUOIOB OOpaleHus Mo opOu-
te) — 100, oTkyna Bpems >KU3HU KOMETHI cocTaBUT 10 ThIC. JIET;
obmee xommuectBo komer B Conneunoit cucreme 10'°, T.e. 10
MUJUTHAPIOB.
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[omydaem, uTo Kakawli rox poxmaercs 101%/10* = 10°
(mwumnon!) xkomert, T.e. Kaxknable 30 CeKyHJ TMOSBISECTCS HOBas
koMeTa. Ho 3T0 TOnbKO OopueHTHpOBOYHAs mudpa, peaabHO OHA
MOJKET OBITh Ha MOPSIOK OOJIbIlIE WIHM HA TIOPSAIOK MEHBIIIE.

Uranpstackuii actporom pyOexka XIX—XX BB. [>xoBanau Bup-
mxkrHno Ckuanapesuid, uiydasi IBrkeHne komeT B COolHEYHO cucre-
Me, BIIEPBbIE MTOKa3aJl, YTO POH KOMETHBIX TeJ conpoBoxkaaeT CoNHIE B
€ro ABXEHUH cpenu 38e37. OH BBIABUHYJ MPEANOIOKEHUE O TOM, UYTO
KOMETHI U Hallla IUTAHETHAs! CHCTEMa POBECHUKH, TO €CTh KOMETHI 00pa-
30BaJIUCh OMHOBPEeMEHHO ¢ COIHEYHOW CUCTEMOM M, YTO OUYEHb BAXKHO,
U3 TOTO K€ BellecTBa. DTOT poil koMeT, npuHaiexkamux CoHeqHOH
cucteme, 01 Ha3BaH "Conreunsdd poit Ckuanaperu''[18].

Omnyckas npennonoxenus Ckuamapeuii 0 TOM, YTO KOMETHI
W Hallla UTaHETHAs! CHCTEMa POBECHHUKH, TO €CTh KOMETBI 00pa30Bajich
onHoBpeMeHHO ¢ COTHEYHOH cucTeMou, 00paTHM JIHMIT, BHUMAaHHE Ha
YCTAHOBJICHHBIA UM (aKkT TOTO, YTO BECH POUl KOMEMHbBIX Mel COnPo-
eoxcoaem Connuye 6 €20 06UICEHUU cPedu 36€30. A 3TO TIPSIMO TOBO-
PHT O TOM, YTO BCE KOMETBI TECHO CBsi3aHbI ¢ COJIHIIEM.

KakoB BO3MOXHBIH MeXaHHU3M «poxAeHUs» KoMeT ConHuem?
Hanbonee BepoSTHBIM SBISIETCS TOT K€ CaMblil dQHUPOJIMHAMHYECKHUHA
MEXaHHU3M, 4TO W y muaHeT. Hakomnenue 3dupa B kakoi TO moAro-
BEepXHOCTHOM obnact CoHLA NPUBOJIUT K TOBBIICHUIO AABJICHHUS C
MOCJIEYIONIMM BBIPBIBOM CTPYH 3(Hpa B KOCMHYECKOE MPOCTPAHCTRO,
a nanee GpopMupoBaHUe FIPUPHOTO TOPOUJIA, CAMOPA3TOH HA HAYAIBHOM
aTamne " T. J., KaK ONMCcaHo Bblme. MOXHO NPeANoI0KHUTE, YTO 0C00YI0
POJIb B POXKACHUN KOMET UrPalOT COJHEYHbIC MATHA, HO B APHBIX IIAT-
HaX TOJBKO OJTHO M3 HUX I'EHEPUPYET KOMETHI, TO, B KOTOPOM 3(UpPHEIE
MOTOKH IBMXKYTCS 13 Heap CoslHIa HapyKy, a B OJUHOYHBIX MATHAX —
BCE.

Bo3nukaer u eme oAuH BOIPOC: MOYEMY TPU TaKOM OOHIHH KO-
MeT B COTHEYHOM cUcTeMe MpakTHIeCKd He ObUTo 3a)MKCHUPOBAaHO HU-
KaKUX NPAMBIX CTOJIKHOBEHUI KOMET ¢ 3eMiei?

Kak ycTaHOBIE€HO acTpOHOMHUEW, COJHEYHBIE MATHA - BUXPEBBIE
obpazoBanms Ha ToBepxHOCTH COJIHITA 00pa3yrOTCs HE BE3E, a TOIBKO
B OTIPENEIIEHHBIX MHpOTax B mpeaenax ot + 20° ot nomrocos Ao + 20°
OT DKBATOpa. ITO MOXKHO OOBSICHUTH TE€M, YTO UMEHHO B 3TUX Mpere-
JaX TOTOKHU dupa, npoHusbBatomue CoJHIle, paboTaroIIero Kak IeH-
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TPOOCKHBIN FPUPOTUHMUSCKHA HACOC, UMEIOT HAHMOOJBIIHE TPaaucH-
TBI CKOPOCTEH M CKIIOHHBI K TypOynm3anun. B obmactsx + 20° ot mo-
mrocoB U £ 20° OT 3KBaTOpa HMKAKHX I'PaJWEHTOB MPAKTUYECKHA HET.
[T10CcKOCTD K€ SKIMNTHKHA OTKJIOHEHA OT TNIOCKOCTH COJTHEYHOT'O 3KBa-
TOpa BCero Ha 7° W, CIeOBATENLHO, MOTAaeT B MEPTBYIO 30HY, U KO-
METHI B 9Ty 30HY MPAKTUYECKU HE 3aJIeTar0T.

7.9. PaspelueHue KOCMOOrM4yeckux napagoKcoB

Ha KaXXaAOM JTall€ pa3BUTHUA KOCMOJIOTMHW HaXOAWJIUCH YUYCHBIC,
KOTOPBIC IoJiarajii, 4T0 B OCHOBHOM B KOCMOJIOTHYECKOM YYCHHHU BCC
OCHOBHBIE NPOOJIEMbI PEIICHBI, U OCTAIOCh YTOUYHUTH TOJBKO HEKOTO-
pBIC ACTaIun. Ho )Z[ZlJILHGfIHII/IG HCCJICA0BAaHNA OTKPBIBAJIXW BCEC HOBBIC
00CTOSTEILCTBA U MOSBIISINCHL HOBEIE HpO6H€MLI. Heuto anamoruunoe
MPOU30LIIO U C KIACCUYECKON KOCMOTOHUEH, OCHOBAHHOM Ha MPOCTHIX
HBIOTOHHAHCKUX TPEACTABICHUAX ACTPOHOMOB O IIPOCTPAHCTBE U Bpe-
MEHH.

Domomempuueckuil napadokc

[TepBas Opemib B 3TOW CHOKOWHOW KJIACCHMYECKOW KOCMOTOHHH
onuta mpobuta eme B XVIII B. B 1744 r. mBelnapckuii acTpoHOM
JK.Ille30, M3BECTHBIA OTKPHITHEM «ISATHXBOCTOI» KOMETHI, BBHICKA3all
COMHEHHE B IIPOCTPAHCTBEHHOW OECKOHEYHOCTH BeeneHHo.

Ecnu npeanonoxuts, paccyxaan llle3o, uro B OeckoneuHoii Bcee-
JIEHHOH CYIIECTBYET OECUMCIEHHOE MHOKECTBO 3BE3]] M OHU pacipe/ie-
JIEHBI B TIPOCTPAHCTBE PaBHOMEPHO, TO TOT/Ia TO JIFOOOMY Harpasiie-
HUIO B3TJISIT 38MHOTO HAOJIIOIaTENsI HEITPEMEHHO HATBHIKAJICSA Ha KaKylo-
HUOYb 3Be31y. JIeTKO MOoICYUTaTh, 9TO HEOOCBO/I, CIUIONTH HETIPEPHIB-
HO yCEesSTHHBIH 3Be3/1aMH, UMell Obl TaKy0 MOBEPXHOCTHYIO SIPKOCTb, YTO
naxe CormHile HA ero (oHe BBITIAAENIO0 Obl YepHbIM IsiTHOM! HezaBu-
cumo ot Ille3o B 1826 T. kK TakuM >K€ BBEIBOJAM MPHUIIET HEMEIKUH
actpoHoM [".Onp0epc. 310 mapagokcalbHOE YTBEP)KACHUE TOIYYUIIO B
ACTPOHOMHUY HaUMEHOBAaHUE (POTOMETPHUECKOTO.

N3baButhcs oT mapagokca Ile30-Onpbepca mhITANHMCH TIO-
pazHoMy. M0>KHO JOMyCTHTh, HAllpUMEp, YTO 3BE3/bl PaCIpEICIICHEI B
MPOCTPAaHCTBE HepaBHOMEPHO. Ho Torma B HEKOTOPBIX HalpaBICHHAX
Ha 3BE3THOM HeOe ObIII0 OBl BUIHO MaJIO 3BE3, a B IPYTUX, €CIH 3BE3T
OecurciieHHOe MHOKECTBO, UX COBOKYITHAs SIPKOCTh CO3/1aBajl ObI Oec-
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KOHEYHO SIPKHE IIATHA, Y4ero, KaKk W3BeCcTHO, HeT. Korma OTKphUId, Y4To
MEXK3BE3IHOE TIPOCTPAHCTBO HE MyCTO, a 3aMOJIHEHO T'a30BO-TIBUICBBIMH
o0nakaMu, HEKOTOPBIC YUYCHBIE CTAJIM CYUTATh, YTO TaKHe O0JaKa, mo-
IJIONIasi CBET, M30aBIISAIOT HAC OT (POTOMETPHUECKOTo mapajokca. On-
Hako B 1938 r. akagemuk B.I'.®DeceHkoB mokasaj, YTO ITOTJIOTHUB CBET
3BE3JI, Ta30BO-MYJIEBbIC TYMAaHHOCTH BHOBH MEPEU3ITYYAIOT TOTJIOIICH-
HYI0 UMH 3HEPTHIO, a 3TO He U30aBiseT Hac OT (POTOMETPUICCKOIO Ia-
pamokca. Takum 00pa3oM, BOIPOC Ha MHOTHE T'OJABI OCTABAJICSA OTKPHI-
TBIM.

I'pasumayuonnstii napaookc

B xonne XIX B. Hemenkuit actpoHoM X.3emurep oOpaTuia BHUMA-
HHUE W Ha JPYroi mapaaokc, Hen30eKHO BBITEKAIOIIUA U3 MPEJICTaBIIe-
HUs 0 OeckoHeuHocTH BeenenHoi. HerpynHo moxcunTarth, eciu OmMu-
paThbcsi Ha 3aKOH BCEMHUPHOTO TATOTeHUs HpIoTOHA, 4TO B O€CKOHEUHOMH
BcenenHoli ¢ paBHOMEpPHO pacIipe/leICHHBIMHA B Hell HEOECHBIMH TeJa-
MU 3HEPrusl TATOTEHHs (TPaBUTALlMOHHBINA MOTEHLMAN) CO CTOPOHBI
BceXx Tenl BceneHHOH Ha JaHHOE TeNo OKa3bIBaeTCs OECKOHEYHO O0Jib-
IO, M TOT/Ia HUKAKOE MPUTKEHUE MIIaHEeT HEBO3MOXHO, a TO Mapa-
JIOKC: B3aMHOE TIPUTSDKEHNE HEOSCHBIX TeJl CYIIECTBYET, a OTO Hapa-
JTIOKC, KOTOPBIH HE pa3pelieH JI0 CETOJHSIIIHETO THS.

Tepmoounamuueckuii napaooxc

B cepeaunne X1X B. ObUI OTKPBIT BETUKUI 3aKOH MPUPOJIBHI — 3aKOH
COXpaHEHHs SHEPTUH: NIPU BCEX CBOMX IIPEBPAILICHUSAX M3 OJHOTO BUIA
B JIPYrOi 3HEprusi He cye3aeT U He BO3HUKAaeT u3 Hudero. O0mee Ko-
JIMYECTBO SHEPTUHU OCTAETCS MOCTOSHHBIM. JTOT 3aKOH, MHOXKECTBO pa3
MIPOBEPEHHBIIN OIMBITOM, MPAKTUKOM, U HBIHE CUUTAETCS OCHOBHBIM 3a-
KOHOM ITPUPOJIBI.

B TepmoauHamMuke cymectByeT BTopoil 3aK0oH, rOBOpSAILUI O TOM,
YTO MPH BCEX MPEBPAIICHUAX PA3TUIHbIE BUIBI SHEPTUH PACCENBAIOTCS
U, B KOHEYHOM CYETE, MEPEXOJAT B TEIUIO, KOTOPOE, MOXKET IEPEXO0-
IUTH TOJIBKO OT OoJiee HAarpeToro Tejla K MeHee Harperomy Teny. M3
HETO CIIEZyeT, YTO KOT/la BCE TEMIIEPATypPhl YPaBHSIIOTCS, BCE IIPOIECCHI
OCTaHOBATCS M HacTynuT— «Tennosas cMepTh». Ho Beenennas cymie-
CTBYET, U 3TO €CTh MApafoKC, KOTOPBIH chopMyIrpoBail HeMEIKHH (Hu-
3uK Pynons¢ Kiaysuyc B 1850 1.
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OmrenoMIsitoriee BreyaTIeHUe, TPon3BeieHHOe BTOphIM 3aKk0HOM
TEPMOIMHAMHKY Ha €CTECTBOMCITBITATENIEH, OBIJIO OCOOEHHO CHIBHBIM
eIIe U MOTOMY, YTO BOKPYT ceOs B OKPYXKAIOIICH MPHUPOJIC OHU HE BU-
nenu (akToB, ero ompoBepraromux. HaoGopoT, kaszanoch, Bce MOJ-
TBEPKJIAJI0 MpavHble MporHo3bl Kimaysnyca.

Bo3nukna anprepHaTtrBa: MO0 OTKa3aThCsA OT OJHOTO W3 Hadal
TEPMOJMHAMUKH, THOO B TOUM MM HHOHM (pOopME MPU3HATH BO3MOKHOCTh
napagokca. OT Ha4ajn TEePMOJWHAMUKH HE CTajll OTKa3bIBAaThCS, HOO
OHH TIPECTABIIAIOT 3aKOHBI, PETYIHPYIONIUE MPOLIECCH, KOTOPHIE TPO-
TEKAIOT B MaTepHalibHOM Mupe. [lapaokc ke, CBA3aHHBIN C YTBEPKIC-
HUSIMHU O JJAJICKOM OYAYIIeM, MOXXHO OBUIO OTOJIBUHYTH Ha HEOIpe.ie-
JIEHHOE BPEMHL.

Ho yxe B Haile Bpemsl IIMPOKO 00CyKaaJIach IIpodiieMa 00BIYHOTO
XOJIOAWIBHUKA, KOTOPBI OepeT SHEPTrUIo He TOIBKO OT 3JCKTPOCETH, HO
elIe W OT KypHIIbl, MEp3HYIIEeH B MOPO3HIIKE, TEM CaMBbIM YTBEpXKIasd,
4TO He Bceraa Bropoe Havamo TepMoJuHAMUKH IIPABO.

OnHako cerofHs HaIIeJCs MPUPOIHBIN MPOIecC, B KOTOPOM IHEP-
TUSl HE PacCEeUBAETCs, a HA000POT, KOHIIEHTPUPYETC. DTHUM IPOIIECCOM
oKazajzcsi mporecc (hOpMUPOBaHUSI Ta30BBIX, B TOM YHCIE S(OUPHBIX
BUXpEH, B KOTOPBIX TOTEHIMAIbHAS SHEPTUs OKPYXKAIOIel BUXPh ra3o-
BOH CpeJibl CIIOCOOHA CaMOIIPOU3BOJILHO TMEPEeUTH B (POPMY KHUHETHYE-
CKOH SHEpPruM BpAIICHUs BHXPsI, a Yepe3 HEKOTOPOe BPeMs Tak ke Mpo-
W3BOJIBHO BO3BPATUTHCS OOPATHO B TEILIOBYI (HOPMY SHEPTHH OKpPY-
JKAIOMICH Cpeibl. DTUM CaMbIM TPUHIUIIMAIBLHO YTBEPKICHA BO3MOXK-
HOCTB CO3/IaHUS YCTPOUCTB C K.IT.J., OOJBIINM €UHHIIEI.

Ha camowm e nere, sHepruto (ABIKEHHUE MaTEpUU) HEIb3s HHU CO-
3/1aTh, HU YHUYTOXHUTbh, €€ MOXKHO TOJIKO IIEPEBECTH M3 OJHOIO BHJIA B
JIPYTOH, TIEPEBECTH C YPOBHS MaKpoMmupa (SIBHOE ABIKEHHE) B DHEp-
TUI0 MHUKpOMHpa (CKPBITOE IBWKCHHE - TEIUIOTa), HMMEHHO 3THUM IIO-
cieaHuM >HUPHEII (Ta30BBI) BUXPh U 3aHUMAETCS . TIEPEBOJNUT BO Bpe-
Ms cBOero (hopMHPOBaHHUS TEIUIOBYIO SHEPIHIO 3(Upa B KUHETHUECKYIO
SHEPTHI0 BPAIICHUS BUXPS, a IIOTOM, HE TOPOIISCH, IEPEBOJUT KHHETH-
YECKYH0 SHEPTHI0 00PaTHO B TEIIOTY..

B Hacrosmee BpeMss BO BCEM MHpPE CO3JIaHO MHOXECTBO
YCTPOWCTB, Y KOTOPBIX KIIJ OOJbIIE EAWHUIIEI, BCE OHU Pa0OTAIOT 110
MPHUHIIMITY TETUIOBOTO HACOCA, TEM WJIM MHBIM 00pa3oM 3adupasi 3Hep-
THIO U3 OKPYXAromero 3(upa v MOMHS, YTO JOTIOJHUTENbHYIO YJHEPTHUIO
CO3/1aTh HEJb35, €€ MOXKHO TOJIBKO OTKYyJa-TO B3ATh. Heuto momoOHOe
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IPOMCXOAMNT CHayajga Mpu oOpa3oBaHUM S(PUPHBIX BUXPEH — JJIEMEH-
TapHBIX YaCTHIl BEILIECTBA, a 3aT€M IIPH HX pacnaze, 4YeM oOecrednBa-
€TCsl IOCTOSIHCTBO KOJIMYECTBA IBUKEHHUS, a, CIIE0BATENIbHO, U SHEPTUH
BO Bceil BceeneHHOH: mpu 00pa3oBaHMH BHXpPEH 4YacTh SHEPTHU OKpPY-
JKAIOILETo 3(upa NepexoquT B SJHEPTHIO BPALICHNUH Tejla BUXPEH, a Ipu
WX pacmaje Bo3BparaeTcs oopaTHo B cBOOOAHBIN 3dup. 31eCh, Kak U B
TOOBIX IMpoIeccax MakpoMHUpa, IPOUCXOAUT MEPeXol SHEPrHU U3 Of-
HOT'0 HepapXxUYEeCKOT0 YPOBHS OpraHU3alMd MaTE€pPUU B IPYToi, a 3aTeM
BO3Bparaercst o0patHo. OTauuue ¢ OOJBIIMHCTBOM HPOLIECCOB MAKPO-
MHpa 3aKJII04Ya€TCd B TOM, YTO B HHUX JHEPIHUid, NMEPCXOsl U3 MaKpO-
YPOBHS — IOBHKEHUS MaKpOTEN, IIEPEXOAUT B DHEPTUIO MUKPOYPOBHS —
TEIUIOBOE IBMKEHHE MOJIEKYJI M 00paTHO HE BO3BpaluaeTcs, npu  ¢op-
MHUPOBaHWHU BO3AYIIHBIX BHUAPEH MPOUCXOIUT MpeoOpa3oBaHUE TEILIO-
BOW SHEPTUU Cpelibl — MOTCHIMATBLHON SHEPTHH JaBICHHS aTMOC(EPHI B
KMHETUYECKYI0 SHEprusi BpallleHWs BUXpeH, a 3areM, Iocie pachazaa
BUXpel (cMepuel, MUKIOHOB) MPOUCXOANUT BO3BPAT MX KUHETHYECKOW
SHEPIUU BPAILICHUsI B TEIJIOBYIO SHEPTUIO aTMOChepEhl.

Takum 00pa3oM, HUKaKHUX MapagoKCOB, BKIIOYas U KOCMOJIOTHYE-
CKHU€, B IPUPOJIE HE CYLIECTBYET, CYLIECTBYIOT JIUIIb HETIOJIHOTA 3HAHUS
Y KOCHOCTh HayYHBIX PaOOTHHKOB, HE KEJAIOIINX BUACTH JaJbIIe CBOC-
ro Hoca.
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I'naBa 8. DdupoanHaMuyecKue rumoTe3bl

8.1. Ll.lapOBble MOJIHUN N JHepreTn4yeckas nepcrnek-
TUBa

[To3aBuepa MBI HIYETO HE 3HATU 00 ANECKTPUUYCCTBE,
BUYECpa MBI HUYETO HE 3HAIH 00 OIPOMHBIX PE3epBax,
SHEPIHH, COCPIKAIIUXCSA B ATOMHOM sIJIpe,

0 YeM MBI HE 3HAEeM CEroaHs?
Jhyu oe bpoiinw

YenoBeuecTBO NOTPEOISET AT CBOMX HYXKI IPOMagHOE KOJIHNYe-
CTBO BHepruy, B Hacrtosuee Bpems 10%° mkoyneii B roa, u norpeGHo-
CTH B DHEPI'HHM MOKa YBEJIUYUBAIOTCS BJBOE KaXKJple 25 neT. 3a CcTo JIeT
20-ro cronerus sHepronoTpedIeHre BeIpocio 6onee yeM B 15 pas. Co-
OTBETCTBEHHO BBIPOCIA U JOOBIYA IHEPIrETUYECKUX PECYPCOB — YIJIA,
HEQTH, MPUPOJHOTO rasza, THAPOITEKTPOIHeprur. [losBrIacy aToMHast
SHEPreTHKa, HO IJIaBHOE MECTO B 00I1eM OajlaHce Mo-IpeXHEMY 3aHU-
MaroT He(Th, IPUPOAHBINA I'a3 U Yroib, UMEIOIINE, IPUMEPHO, PABHOE
3HaveHue. [maposHepreruka maer He Oomee 20-25% oT Kaxmoro w3
HHUX, BKJaJg HIlepHOﬁ OHEPreTUKU CEroJHA HEMHOI'O MPCBLIMIACT BKIIAL
THIPO3HEPreTUKU. Bce 3TH BBl SHEPIUU 3KOJOTMYECKH HE YUCTHI U
OTrpaHUYCHBI B CBOUX BO3MOXXHOCTSIX.

[Ipomeammii B korre 70-x - Havane 80-X TOJOB SHEPTETUICCKUI
KPHU3HC MOKa3aJl, YTO 3alacOB 3HEPreTHKU IOJIE3HBIX MCKOMAEMBIX HE
TaK Y 1 MHOTO, U XOTsI OCTPOTa 3TOr0 BOIIPOCa MOKa craja, MPUILIOCh
Cephe3HO 3aJayMaThbcs Haja OynymmM sHepreThkd. Hy, xoporro, eme
MATHIECAT, JaKE CTO JIET IPOXKUBEM. A ajbIlne Kak ObITh?

Ho eme octpee crout Bonpoc 00 3KOIOTMHU YHEPIeTHKU. YIKe ce-
TOAHA MHOI'ME€ CTpaHbl, B TOM YMCJIC PA3BUTHIC KallUTAIUCTUYCCKUC,
BBIHYXXJICHBI TOBOJILCTBOBATHCA HI/I3KOK3J’IOpHI71HBIMH TOINIMBAMU —
OypbIMH YIIISIMH, CIIaHIAMH, TOp(aMu. DTH BUABI TOIUIMB JAIOT BBICO-
KWW TPOLEHT OTXOMAO0B, Oypble yIiM COAEp)KaT MHOTO CEepbl;, CEpHU-
CTBII Ta3 M BBIOPOC 30761 B aTMocdepy yKacarolie 3arps3HsIioT OKpy-
JKAIOIYIO CPemdy.

I'unoposnepreruka, «Omaromaps» IUIOTWHAM, TpHBETa K YHHYTO-
YKEHHUIO PBIOHBIX PECYPCOB M Hapymniaa OajmaHc BOABL. [ MOHYT peku u
neca. TokcHuHBIE BBIXJIOIBI TPAHCIIOPTa M BBHIOPOCH! B aTMOcdepy 3a-
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BOJICKUX TPYO, TETJIOBBIX IEKTPOCTAHIMKA W TEIJIO’HEProLeHTpaeH
OTPaBJISIIOT BO3AyX. Ecim Tak mermo moiaer manbine, TO CKOpPO OyK-
BaJIbHO HEueM OyJeT AbIIATh.

MHoro HajexJ BO3/Iarajioch COBCEM HEJABHO HAa aTOMHYIO 3HEp-
retuky. OmHako coObiTHsi B UepHOOBUIE M Ha HEKOTOPBIX JIPYTHX
aTOMHBIX CTAHIMAX y HAaC U 3a pyOeXOM MOKa3ajiH, Yero OHA MOJXKET
crouth. KoHEUHO, MOKHO HaJEAThCSA, YTO Haimyrcs Ooyee Oe3omac-
HbI€, HAJIEXKHbIE U 0€30TXOHbIE METOABI ITOJyYEHUSI aTOMHOM SHEPTUU.
Ho He npeyBenuyeHbI 11 3TH HAAEKbI?

A ¢ npyroit cTopoHbl, 4TO fenats? MHOro JecsiTKOB JeT jesa-
FOTCA ITONBITKUM OCBOUTH TepMOSII[CpHI)IP'I cunre3. C Hadana AT ACCA-
TBHIX TOJIOB BEIYTCS] HHTCHCUBHBIE PaOOTHI B 3TOM HANpaBJICHUH, BJIO-
JKCHBI I'pOMAaAHBIC CPEACTBA, CO3JaHbl KOMUTCTBI, IMPOBCACHO HECMCT-
HOE KOJIMYECTBO 3ace/laHuii U KOH(EpEeHIM MEXyHApOTHOTO YPOBHS,
HaIMCaHbl TUCCEPTALUM, pa3paboTaHbl IPOrpaMMbl U CO3AaHBI CHELU-
aJbHBIE 3aBOJBI, OOCIYKMBAIOLIME 3TH Mporpammsl. Jlaxe mosyueHa
«ycToH4MBas» IUIa3Ma, KOTOpas OJHAXJbl JaXe MpoJaepikaiach «Ie-
aeie» 0,01 cekynnel. Bee ecte. Het TonbKO TepMOsiia — TEPMOSIAEPHO-
ro crocoda MoyyyeHus JeIIeBOW SHEPIrUM M3 OKEaHCKOro AeWTepus,
KOTOpOTo Tak MHO-0-To! VI HUKTO He 3HaeT, Korja TepMos OyneT u
Oynet i BooOIIe.

Ceituac cpouHO Hayanu NpopadaThIBaTbCS aJbTEPHATUBHBIE CIIO-
cOOBI MMONTyYeHHUs1 SHEPTUHU, Ha KOTOphIE paHbllle He 00Opallaiyd BHUMa-
Hus. BerposHepreTrka. DHEprusi oKeaHCKUX BOJH M mpuinBoB. Coil-
HEe4YHasl SHeprus. DHEprusl Temia 3eMid W TePMalbHBIX MCTOYHHKOB.
Ectp naxke mpennokeHue o0 MCIOJIb30BAHMM B KauecTBE TOILIMBA Ce-
pOBOZIOPOIA, PacTBOpPeHHOTro B Bogax YepHoro mops. CioB HET, 3TH
HNCTOYHUKH 3aCIyKHMBAIOT CaMOT'0 MPUCTAJIbHOI'O BHUMAHUS. MHorue
U3 HUX 3KoJorndeckd YucTsl. Ho B ToM 00beMe, B KOTOpoM TpedyeTcs
OHEPTHUA YK€ CErogHs, HE roBops O 6y1:[y111eM, OHU HaBpsAd JIU 3aMCHAT
He(Th, Ta3 U yroib. KpoMe TOro, OHM HEYJOOHBI: HATIpUMEP, B aBTO-
MOOHWJISIX ¥ B aBUAIMU MX MCIOJIB30BATh 3aTPYAHUTEIBHO.

He orpunas mosesHoctu Bcero, 4ro Jenaercs B 00NacTH SHepre-
THUKH, aBTOP XOTEJI 6BI O6paTI/ITB BHUMAaHKUEC HAa BO3MOXHOCTHU, KOTOPBIC
naet apupoauHamMuka. Ho i TOro 4roObl MOHATH 3TH BO3MOMKHO-
CTH, HaJIO CHayajga BCIOMHHUTH O TOM, YTO MHOTJa Mo 3emiie MpOHO-
CSITCA LIMKJIOHBI C MX BETpaMM U Jak€ yparaHaMH U CMep4M — ecTe-
CTBEHHBIE Ta30BbIe BUXPEBbIe 00pa30BaHus, 0OIamaromue TPOMaTHON
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HeyTIpaBisgieMoii sueprueii. aTepecHo OBl 3HATh, OTKY/Ia OHU ee 0epyT,
3Ty SHEPIHI0, U HENb3sl U KaK-HUOYIb €€ MPUCIIOCOOUTH ATl MOJIb3bI
yenoBeyecTBa’?

CMepun — OJTHO M3 CaMbIX 3arafloyHbIX ABIEHUM mpuponabl. Hu
IPUYKMHBl 00pa30BaHUSA CMepYel, HU OrpOMHAs BCECOKPYIIAIOIIAsl UX
SHEPrusl HE HAllUI O CUX IMOpP KAaKOro-aulo YIOBJIETBOPUTEIHHOIO
00BSICHEHHS.

Ho cymectByroT 1 eme 6os1ee yIuBUTEIbHbBIE U 3araJI0OYHbIE SIBIIC-
HUs, oOJlajaroImye eme OONbIIeH, 4eM CMepYH, yIeITbHON 3HeprueH,
T.C. SHGPFHCﬁ, HpI/IXOZISIIlIeI\/'ICSI Ha €AMHHIY MAaCChbl, 39TO IAPOBLIC MOJI-
HHU.

Uro e Takoe mapoBasi MOJHUS, U KaKOBa ee mpupoaa?

H_[apOBaSI MOJIHUA — 9TO OAMHOYHAA SAPKO CBETANIAACA OTHOCHUTC-
JHHO CTaObWibHAs HeOomnbllash mMacca, KOTopas HaOIromaeTcs B aTMO-
cdepe, mIaBaroIas B BO3AyXe U NepeMeLIaronasicss BMECTE C TOTOKaMH
BO3/1yXa, COJEp:Kallas B CBOEM TeJie OOJIBIIYIO SHEPTUIO, HCUE3aoLIast
THUXO HJIN C 6OJ'II)IHI/IM IIyMOM THUIla B3pbIBa U HC OCTaBJIAIOIIAA ITOCJIC
CBOET0 HMCUYE3HOBEHMsI HUKAKUX MaTEpUAJIbHBIX CIEAOB KpOME TeX pas-
PYLIEHHUH, KOTOpble OHA ycresa HaTBOPUTh. (OOBIMHO BOSHUKHOBEHHUE
HIHpOBOﬁ MOJIHUHM CBA3aHO C I'PO30OBBIMH ABJIICHUAMU U €CTECTBEHHOM
nuHeHoi MonHueid. Ho 31o He o0s13aTenbHo.

W3BecTHBI cityyan, KOrja mapoBasi MOJIHUS BHICKAKMBAET HU C TO-
ro, HU C CEero u3 OOBIYHOM INTEINCEeNbHONH PO3EeTKH, W3 MarHUTHOTO
MycKartessi, yKpeIIeHHOTO Ha TOKapHOM cTaHKe. M3BecTHBI Takke Ciry-
Yyad BHE3AITHOTO MOSIBJICHHS IIAPOBOM MOJHHMHU Ha KPbUIE JICTALIETO ca-
MOJIETa W YCTOMUYMBO NEPEMELIAIOIIEHCS MO KPBIIY OT €ro KOHI@A K
¢rozemsoky. OOBIYHO TaKoe MOSBICHHE HHYETO XOPOIIEro He TMpejBe-
IIaeT, Tak KaK MPOHUKHOBEHHE €€ B KaOMHY WJIM B CAJIOH CamMoJieTa CO-
NPOBOXAACTCS PA3IMYHBIMA HETPHUSATHOCTSIMH: MPUOOPHI BBIXOIAT U3
CTpOSL, 9aCTh KaOWHBI Pa3pylIaeTcs, BO3MOXKHBI KEPTBHI.

N3BecTeH nevanbHbIN cilyyail IOSIBJICHUS IIIAPOBOM MOJIHUK Cpe-
o Oena JHA M B CIIOKOWHYIO SICHYIO TOTOJly B ropax Ha OOJIbILOW BBI-
core. Bo3HuKIIas HEBEAOMO OTKy/a LIapoBasi MOJHHS HaOpOCUIIach Ha
H}Oﬂeﬁ, CIINUX B IMAJIaTKE, M CTajla UX «KYyCaTb», NPUYUHAA 3HAYM-
TenbHbIE 0’kOTH. OHa MOJHMMAaJa LIEPCTIHOE OJEsI0, PACTEKAsACh 110
HEMy roily0OBaTBIM OTHEM, a 3aTeM, Kak W IoJaraercs, mucuesia, He
OCTaBHB TOCIIe ce0s1 CIIEOB.
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Co311aH0 3HAYUTENBHOE KOJIMYECTBO TUIIOTE3 O MPHUPOJE U CTPYK-
Type IIapOBOH MOJIHHHM, TaKHe, KaK CBeTsIIeecs 00JaKo NOHOB BO3IY-
Xa, MOANUTHIBAEMbIX W3BHE; IUIA3MEHHbIE U XUMUUECKUE TEOPUM; Kila-
CTEpHBIE TUIIOTE3bl (MOJIHUSI COCTOUT U3 KJIACTEPOB - THIPATHBIX 000-
JIOYEK MOHOB) M JIaXKe MPEAINOJIOKEHHE O TOM, YTO IApoBasi MOJHUS
COCTOUT U3 @HTUBEILECTBA U YNPaBJIETCS BHE3EMHBIMU LIUBUWIIN3ALU-
amu. OOIIMM HEZOCTATKOM BCEX IMOAO0OHBIX TEOPHH, THIIOTE3 U MOJIe-
Jiel MapoBON MOJHUHU SIBIAETCS TO, YTO OHH HE OOBSICHSIOT BCEX €e
CBOMCTB B COBOKYITHOCTH.

[MompoOyeM mepevrcianTh CBOWCTBA MAPOBBIX MOJHUH, IMOYEPII-
HyThIe W3 HAOMIOACHUI 32 UX OBEACHUEM:
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1) paszmep yCTOWYMBOW MIAPOBOW MOJHHU COCTaBISIET OT €IUHHII
IO IECSITKOB CAaHTUMETPOB;

2) dopma — mapooOpa3Has Win TPYyLIEBHIHAs, HO WHOTZA pac-
TUTBIBYATAA, IO POpME IPUIIETAIOIECTO IPeIMETa;

3) sipkasi CBEeTUMOCTD, BUIUMAsI B THEBHOE BPEMS;

4) BeIcOKOE 2Heprocoaepxanne — 10°-107 JIxx (omHa bl IapoBast
MOJIHHS, 32a0paBIIKCh B O0UKY ¢ BOJOH, ncnapuiaa 70 Kr BOJIbI);

5) ynmenbHas macca, COBMAJAIONIasl MPAKTHYECKH C YACIbHOU
Maccod BO3/IyXa B pailoHe TOSIBICHUS (IIapoBasi MOJIHHUS CBOOOIHO
TUTaBaeT B BO3JyX€ Ha Jr000i BHICOTE);

6) CrlOCOOHOCTD MPWJIUIATHh K METALTHYSCKUM TIPEIMETaM;

7) cIOCOOHOCTH TPOHWUKATH CKBO3b ITUAIEKTPHUK, B YACTHOCTH,
CKBO3b CTEKJIA;

8) crnocoOHOCTh ehOpMUPOBATHCSA M MPOHUKATH B IOMEINCHUS
yepe3 Majble OTBEPCTHS THIA 3aMOYHBIX CKBKWH, a TaKXe CKBO3b
CTEHBI, I10 JUHHSM IIPOBOOB M T.I1.;

9) cmocoOHOCTH B3PBIBATHCS CAMOIPOU3BOJIBHO MO0 MPU CONPU-
KOCHOBEHHU C MPEIMETOM;

10) crtocoOHOCTH OAHUMATE U TIEPEIBUTAThH Pa3IMYHBIC TIpeIMe-
ThI;

a TaKk)Ke HEKOTOpBIE IPYTHe CBOIMCTBA, MEHEE CYIIECTBEHHBIC.

C TouKkH 3peHus Ta30BOIl MEXaHUKH CMEPYH, INKIJIOHBI U IapOBbIe
MOJIHUHM — 3TO I'a30BbIC BUXPHU, CMEPUYN U HHUKIIOHBI BO3AYIIHBIC BUXPH,
[IaPOBBIC MOJTHUH — 3(DUPHEIE.

["a3oBBIE BUXpHU HE PacCHITIAIOTCS M3-3a HAJMYWS HA UX MTOBEPXHO-
CTH MOTPAHUYHOIO CJIOS, B KOTOPOM BEJMK Iepenaj CKOpocTed u Io-
OTOMY IIOHM)KC€HA BA3KOCTH U TEMIIEpaTypa, a IJIOTHOCTH I'a3da ITOBLI-
nieHa. Teno BUXpsl BpallaeTcsl BHYTPHU IIOIPaHUYHOrO CJIOsI KaK B IOJI-
HIMITHUKE CKOJIBKEHHUSL.

Ha noBepxHOCTH BUXPS ypaBHOBEIIECHbI TPY CUJIBL:

CHJIa BHYTPEHHETO JIABJICHHsI W IIEHTPOOEKHAs CHia, JIEHCTBYIO-
HIMe U3HYTPH HAPYXKY;

CHJIa BHEIIHETO JIaBJICHUs], IEHCTBYIOIIAs CHAPY>KU BHYTPb.

OTH CHIIBI B YCTAaHOBUBHIEMCA ABMXXCHHUU CTPOro KOMIICHCHPYIOT
JOpyr Opyra, OJHAKO NpHU (OPMHUPOBAHWMU BUXPS TAKOTO PaBHOBECHUS
HeT.

[TockonmbKy CTEHKH BUXPS IUIOTHBIE, 3aKOH WX BPAIIEHUS OJIN30K K
3aKOHY BpallleHHs TBEPJOTO Telld. ITO 3HAYUT, YTO LEHTPOOEIKHAS
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CHUJIa YBEITMYUBACTCS C YBEJIMYEeHUEM paauyca. Ho cTeHKH BHUXpS - 3TO
BCE )K€ YIUIOTHEHHBIN ra3, a He )HJKOCTh M HE TBEPJIOE TENO, a B rase
CWJIBI CLCIUICHUS MOJICKYJ MEXAYy COOOW MPAKTUYECKH OTCYTCTBYIOT.
W, cnenoBarenbHO, KaK TOJBKO JJIs AJIEMEHTA Ta3a, HAXOSIIErocs Ha
MOBEPXHOCTH BHXPsS, CyMMa BHYTPCHHUX CHWJI, BKIIOYas IEHTPOOCK-
HYI0, TPEBBICUT CUITy BHEITHETO JABJICHHUS, 3TOT JJEMEHT Trasza OyneT
BEIOpoOIIICH U3 Tena BUxps. [103ToMy B BUXpe BCETa CHIIbI BHYTPEHHUE
MEHBIIIE WM PABHBI BHEITHEH CHIIE.

Korna Buxps hopMupyercsi, cuiia BHEIIHETO JaBICHUS MPEBHIIIA-
€T BHYTPCHHHME CUJIBbI, U TEJIO BUXPS HAYMHACT CXKUMATHCS BHEIIHUM
JIaBJICHHEM. DTO XOpOIIO BUIHO M3 (ororpaduii Buxpeil, BOZHUKAIO-
HIMX Tepe]] aBHAIIMOHHBIM JBHUTraTeieM. [Ipu miomanm Bo3ayxo3abop-
HUKa MopsIKka 1 KB. M IUIOIIAIb BOSHUKAOIETO MEPE]] HUM BUXPS CO-
crasnser 40-60 cm.

CxuMasi Teno BHUXps, BHEIIHSS cpela coBepmiaeT padoTy, a cam
BUXPh YCKOpSIET CBOE BpalleHue. [IpH 3TOM peanmn3yeTcsi W3BECTHBIN
3aKOH COXPaHEHUS KOJUYECTBA JIBHIKCHUS:

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

Ecam pannyc cmepua ymensimwicss B 10 pa3, To CKOpOCTH JBH-
J)KeHus cTeHku Bo3pocna B 10, a sHeprus B 100 pa3! IlnotHocTb ke
CTEHKH BO3pocia npumepHo Toxe B 100 pa3 — Benp momaapb npomop-
[IMOHAJbHA KBaJIpaTy pajuyca. ITO 3HAUUT, YTO HA HETIOABH)KHOE TEJIO,
NomaBIlIee B CTEHKY BUXps, Oyner neiictBoBath cuia B 10 Teicsd pas
Oonblie TOH, KoTopas AeWcTBOBana Obl HA HETO B MOMEHT 00pa3oBa-
Hus BUXps. U eciin 3rta cuia B HAYAJIbHBIA MOMEHT COCTaBJIsLIA, IOITY-
cTHhM, Bcero 1 T, To mociie chopMHUpPOBaHUS BUXPSI OHA COCTABUT yxke 10
kr. Ilpu miomanay 1 xB. cM A7 co37jaHMsl CHIIBI B HAYaJIbHBIH MOMEHT
TpeOoBasioch OBl Bcero M3MeHeHus: naBieHns 3a cuer Berpa (0,001
aT™M. A B cQOpMUPOBAaHHOM BUXPE HA TOT XK€ MPeJIMET JAeHCTBOBAJIO ObI
nasienue B 10 atM. Ha tutomans B 1 kB. M mpunmiace Ol cuna B 100
T. HemynpeHo, 4TO HHMKaKkMe KOHCTPYKLMH HE MOTYT BBIAEP)KATh IO-
Jo0HOro Haropa!

U3 ckazanHOrO cienyer, 4yTo aTMOC(EpHBIE BUXPU — CMEpPUU U
UKJIOHBI — 3TO MPHUPOJHBIE MAIIUHBI MO MepepadoTKe MOTCHUUAIb-
HOM »2Hepruu aTMocdepbl B KMHETHYECKYIO DHEpruio Buxpeit. Ilpwm
9TOM HaJl KaKIbIM aTMOC(HEpHBIM BUXPEM TPYAUTCS Bci aTrMocdepa
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IUTaHeThl. B pe3ynbrate mpoOMCXOAMT CaMONpPOU3BOJIbHAS KOHIIEHTpA-
LIUs1 SHEPTMH U3 PAcCesTHHOM B JIOKAJIbHYIO, TAK Ha3bIBacMasi SHEPTrOUH-
Bepcusi. Ho To ke mpoucxoauT u ¢ mapoBod MOTHHEH, TOJIBKO ee Ma-
TEpUAJIOM SIBJISIETCS] HE BO3AYX, a 3(up.

['a3oBble BHXpH HAISIMHO JEMOHCTPHUPYIOT HEMPaBOMEPHOCTb
pacrpocTpaHeHus] BTOPOTO Hadaja TEPMOAMHAMHMKHM Ha BCE Cly4au
xu3Hn. [Iponecc ¢opmMupoBaHUs ra3oBBIX BUXpEH HIET SIBHO TOX
3HAaKOM HE pOCTa, KaK Be3/le, a CHIPKCHHS SHTPOIIHH.

C Touku 3peHus 3QUPOTUHAMUKY ILIAPOBAsi MOJIHHS - 3TO TOPOU-
JAbHBIA BUHTOBOH BUXPbH c1abo cxaroro 3¢upa, OTIACICHHBIN Morpa-
HUYHBIM cJI0eM 3(Hpa OT OKPYNKAIOWIETo dpupa. JHEPrus MIapoBOi
MOJIHMH — 3TO SHEPTHUs OTOKOB 3(HUpa B TEJIE MOJIHUU.

UmncneHHble OLEHKH MMOKA3bIBAIOT, YTO MPH JUaMeTpe 6 cM U
sHeprocoaep:kanuu B 10 muH. K, pu TOMIIMHE CTEHKU Topouaa 1 cMm
U IpU HadaapHOM auamerpe 3¢upHoro mapa 60 M (rpaHuIa MAarHuT-
HOTO TIOJSI B MOMEHT MTPOX0XKICHUST OOBIYHOM MOJHHM) O0IIast SHEPTHUS
3a CYeT CXKaTHs IIapa OKpYKalolmuM 3(QHUpoM BO3PacTeT MPOMOPIHO-
HAJILHO KBaJpaTy OTHOLICHUS] HAa4YaJbHOT'O M KOHEYHOI'O AUAMETPOB, T.
€. B MIUUIMOH pa3! DTo 3HAYuT, 4TO Ui 00ecreyeHrs1 SHEProcoaepKa-
HUS 11apa C SHEPrued B JECITh MUJUIMOHOB J[XOysell N0oCTaTo4HO,
YTOOBI HAYaJIbHOE COJICPIKAHUE SHEPIUU B MOTOKax 3(dupa ObUIO ObI
Bcero aecath xoyneit. Ilpu 3TOoM 3a cueT ckaTHsl IUIOTHOCTH Teja
MOJIHMHM TaKXe BO3pAacTeT B MWUIMOH pa3 U coctasutr 10° xr/m 3.
OO6mras Macca MOJTHHUH IIPH 3TOM COCTABUT BCEro 1 MKT, B TO BpeMs
KaK Macca BO3[yXa B 3TOM o0beMe Ipu JaBiieHud B 760 MM pT.cT. Oy-
net pasHa 100 mr, T1.e. B 100 TBICSIY pa3 Oonbiie. Bor mostomy mapo-
Basi MOJIHUS U JICPXKUTCS B BO3yXe Ha JIO0OH BBICOTE 3a CUET CIIeTie-
HUS SQUPHBIX MTOTOKOB TeJla MOJIHUM ¢ 3(QUPHBIMH kK€ TIOTOKAMHU Tell
MOJIEKYJ BO3/ayxa. Beicokoe sHeproco-aepkanne MOJIHUM OyaeT obec-
MIEYNBATHCS COOTBETCTBYIOIIEH CKOPOCTHIO MOTOKOB 3(upa B ee Tele.
Jng yKa3aHHOTO JHEPrOCOAEP/KAHMS OHA JOJKHA cocTaButh 1,4.107
M/C, 3TO 3HAYUTEIHHO MEHbIIIE CKOPOCTH CBETA.

CBeueHue BO3yXa — 3TO HECYLIECTBEHHOE CJICACTBUE BO30YXIe-
HUSI MOJIEKYJT BO3/lyXa MOTOKaMu 3(upa, COMyTCTBYIOIIEE, JHEPreTH-
YEeCKH HE3HAYUTEIBHOE SIBJICHUE.

Takum oOpazom, Bce 3hupoaAMHAMHUYECKHE TapaMeTphl IIapoBOii
MOJIHMU BecbMa yMmepeHHble. CaMy MOJHHMIO MOXHO TPakTOBaTh, C
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OTIpeeICHHBIMU HATSHKKAMH, KOHEYHO, KaK CHIIBHO CXKAaTO€ U JIOKAJIH-
30BaHHOE B IPOCTPAHCTBE MArHUTHOE TIOJIE.

HecnoxxHo BuIeTh, 4TO mpeyaraeMasl MOJIENb IO3BOJISIET 00BsI-
CHHUTh BCE OCHOBHBIC CBOMICTBA IIAPOBOH MOJHHH — pasMmep, Gopmy,
CBETUMOCTB, BBICOKOE SHEProcoJepikaHne, yIeIbHYI0 Maccy, Takke H
SIBJICHUS, CBA3aHHBIC C HEH, BKIIOYAs M HCIIApeHHe Opaciera ¢ pyKH
YyeJloBeKa (JeHCTBUTENbHBIN ciay4aii). CiocoOHOCTh MPUJIMIATH K Me-
Ta/ulaM OOBSACHAETCS HAJTMYMEM TpaueHTa CKOPOCTEH B IOTOKAax
a¢upa BOMM3M METalIa U CHIDKEHHEM B CBSI3U C 3THM JaBJICHUS d(U-
pa MEXIy TEIOM MOJHHU M METAIJIOM. TeM ke OOBACHSIETCS W TOIb-
emHas cuina MoiHuK. Citydail ¢ IeTSIUM caMoJIeTOM, KOTJa IapoBas
MOJIHUSI TIPUIIUITIA K KPBUTY, O0OBsICHAETCSA 3THM ke. [loToku adupa
BO30YXKIAal0T MOJIEKYJBI Ta3a, KOTOpbIE MPEKpaIlaloT CBEYCHHUE, Kak
TOJILKO OHU TIOKUAAIOT TEJIO MOJIHHH.

[lotoku 3¢pupa CBOOOMHO TPOHUKAOT CKBO3b U3OJATOP aHAIO-
TMYHO MarHUTHOMY 1oiio. [TOoCKOJBKY cBedeHHe BO3IyXa SIBIISIETCS
IMOMYTHBIM SABJICHUEM, TO IOHATHO, YTO BO3AYX, BI)II\/'IZ[H n3 T€iI1a MOIJI-
HHUH, CBETHTHCS IEPECTAHET, a MOCIJIE TOTO KaK MOJHHUS OKaXeTCs 10
JPYTYI0 CTOPOHY H30JIATOpa, HAlpUMep, OKOHHOTO CTEKJa, HOBas
JaCTb BO3ayXa, IornaBliad B €€ TCJI0, HAYHET CBETUTLC, CO3/1aBasi BIIC-
YaTJeHne, YTO CKBO3b CTEKJIO MPOIILIO HMEHHO CaMO CBEUYCHHE.

B3pbIB aBTOHOMHO CYyIIECTBYIOIIEH IIApOBOH MOJHHUH HECIOKHO
00BsICHSETCS TIOTEpell YCTOWYMBOCTH TOTPAHUYHOTO CJIOS 3PHpa, UYTO
MOXET OBITh YCKOPEHO CONPUKOCHOBEHHEM TEla MOJIHHU C KaKuM-
HUOYAb mpeameroM. [locie B3pbIBa HUKAKUX CIIEA0B OT MOJHUH, KPO-
M€ MPOU3BEACHHBIX PAa3pYyLICHUH, HE OCTAETCH.

TakuMm o0paszoMm, 3dupoauHAMHYECKAs MOECIb APOBOM MOJHUHU
OOBSICHSIET MMPAKTUYECKHU BCE OCHOBHBIC CBOMCTBA HIapOBOfI MOJIHUHU B
COBOKYITHOCTH.

[porieccel, MPOUCXOISIIUE B TEJIE MAPOBOH MOJIHHH, IO MHEHUIO
aBTOPA, SABJISIETCS KIFOUYOM K Pa3peIIeHUIO SHEPTETHUECKON MPOOIIEMBI.

[TockonbKy Tpyu CXKaTHM TeJla MOJTHUM 3(PUPOM MPOUCXOIUT CaMO-
NIPOM3BOJIBHBIA MEPEeX0A MOTEHUHUAIbHON 3Heprun 3¢upa (XaoTude-
CKOTO JBW)KEHHS aMepoB) B KMHETUYECKYIO (YMOPSIOYECHHOE JBIIKE-
HHUE aMepoB), TO LIAPOBAsi MOJHUS SBJISETCS IPUPOIHBIM MEXaHU3MOM
MOJYYeHUs dHEpruM U3 3¢upa. A TMOCKOIBKY 3QHp pacnpocTpaHEeH
MIOBCEMECTHO, TO HCKYCCTBEHHBIC IIAPOBBIC MOJHHH ITO3BOJIMIIN OBI
HOJHOCTBIO PEIINTh NMpoOieMy OecChIpheBOTO MOTYUCHHS KOJIOTHYe-
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CKU YHCTOH 3HEPIUu B TOM KOJIHWYECTBE, KOTOPOE HEOOXOAUMO B JaH-
HOM MECTE B JAHHOE BpEMsI.

Kak MOXHO MONy4nTh MIAPOBYIO MOJIHHIO? OTOr0 CEroJHs Mpak-
TUYECKHM HE 3HAeT HHUKTO. MOXXHO, OJHAKO, BBICKa3aThb HEKOTOPHIC
HPETOJIOKCHHUS.

Ecnu 1mo mpoBOAHMKY NMPOIYCTHTH TOK, @ 3aT€M €ro pe3Ko 000-
pBaTh, TO OKpY)Karollee MPOBOJHUK MarHUTHOE TOJIE JOJDKHO CXJIOMN-
HYTBCS, CAMOIIPOM3BOJIBHO CXKAaTbCs, JIOKAJIN30BAThCSI U 00Pa3oBaTh
Teno wwapoBod MoiaHUU. OJHAKO TAaKOE CXJIONBIBAHHUE MPOU30MAET
JUIIbL B TOM ClIydae, ecid OyIOyT CO3/IaHbl YCIOBHS 00pa3oBaHuUs rpa-
JUCHTHOTO TedeHWsi 3(upa Ha MOBEPXHOCTH MArHUTHOTO TOJIS, €CITU
(hopMa MarHUTHOTO OIS OyIeT MPUOIIKEHA K IIAPOBOM U €CIIK TOK B
NPOBOJHMKE OyneT obopBaH Tak Pe3KO, YTOOBI MarHUTHOE TOJIE He
YCIIENO CIpsITaThcsi 00paTHO B MPOBOJHHMK. Bce 3T0 Tpebyer KpaiiHe
KOPOTKHX (DPOHTOB MMITYJIbCOB, JUINTEIBHOCTh KOTOPHIX HE JOJDKHA
OpPEBBIIATh JAECATHIX N0JIe HAaHOCEKYyHJ IIpH 3HAYCHHAX TOKOB B
MPOBOJHHUKE B JICCATKU THICSY amIiep. IJIEKTPOHHBIE KIIIOYH, KOTOpPhIC
JOJDKHBL BCE 3TO OOECNEYNTh, NOJDKHBI HE TOJBKO IMPEPHIBATh TaKue
OoyplIME TOKH, HO €LIe M MPOTHBOCTOSTH 3JIEKTPOABMXKYIICH cuie
CaMOMHJIYKIIUK B JIECATKH M Ja)K€ COTHM KHJIOBOJIBT, & COOCTBEHHAs
E€MKOCTh 3THX KIIIOUEeH He JOJDKHA TMPEBBINATh eAWHHI THKodapa.
OJEeKTPOHHBIE KITIOYH C MOJO0OHBIMH TapaMeTpaMHU IOKa He CO3/1aHbl, U
HEM3BECTHO, MOXKHO JI UX BOOOIIE co3aarh. EcTecTBeHHO, TPUXOIUT
Ha M B Ka4eCTBE TaKHX KIFOYEH MCIOJIb30BaTh ra30BbIC WU BaKyyM-
HbIE pa3psAHUKU. Ho M pa3psIHUKOB ¢ TAKUMHM IapaMeTpaMH TOXKE He
CYILIECTBYET.

OpmHako mpupoaa Kak-TO yMyApseTcsl 0OXOMHUTheS W 6€3 DIIeKTPOH-
HBIX KIIOYeH, U 0e3 pa3psaHHKOB, U Jaxe 0e3 rpo3. Kak 3o ynaercs
npupoae? OTO oAHA M3 3araiok, KOTOPYI0 HayKa BBIHY)XIEeHa Oyner
pemaTh, €clii X04eT peasbHO OO0eCHednTh YEeIOBEUECTBO JIEIIEBOM
9KOJIOTMYECKH YUCTON SHEPTHell B JIIOOOM KOJIMYECTBE B JIFOOOH TOUKE
MPOCTPAHCTBA U B JII0O0E BpeMsI.

B nocnennee Bpems B CBSI3M ¢ 000CTPUBIIMMCS] HHTEPECOM K IPO-
OJieMaM SHEPreTHKH MHOTHE BCIOMHWIM 00 ymepineMm B 1943 r. Boiia-
fomiemMcsi cepOckoM HHKeHepe-dekTpuke Hukone Tecna.

Hukoma Tecna mo 1882 r. paboran uHXEHEpOM TenerpadHOro
obmectsa B bynamemre, B 1882-84 rT B komnanuu Jaucona B [lapu-
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ke, a 3ateM — smurpupoBaB B 1884 r. B CIIIA, pabortan Ha 3aBojax
Onucona u Bectunraysa.

Tecna M3BECTEH KaK aBTOP MHOTHX H300peTeHuil, 0cOOEHHO B 00-
JIACTH TOKOB BBICOKOM YacTOTHI M 0ONbIINX HanpsbkeHuid. OH 3aHuMall-
¢ W TpoOsIeMoil OecTIPOBOIOYHON Tepedadn SHEPTUH Ha OoJbIIne
paccTOsHUS, YTO OKa3alo CYIIECTBEHHOE BO3JEICTBHME HAa DPa3BUTHUE
panuorexHukd 20-rogoB XX CTONETHs: MPaKTHYECKH BCE PagUOCTaH-
i CIHIA Toro BpeMeHH paboTaiM Ha BEICOKOBOJILTHBIX TpaHChOpMa-
Topax Tecna B cpelHEBOITHOBOM JIMara3oHe

Tecna mooGeman onHaXkAbI HepenaTh dHeprur0 Huarapckoro Bo-
nomana B Ilapwk u Jlomon. Ero mpenBapuTenbHbIE ONBITHI OBLTH
CTOJIb YCIICIIHBIMH, YTO €My IpunuchiBanu aaxe 3¢ ¢ext TyHrycckoro
MeTeopuTa: Teciia MPOBOIMII ONBITH M OIIMOCS B HAIPABJICHUH, a MO-
XKET 6])ITI>, OH IPOCTO MPOBOAWII HUCIILITAHUA N Bbl6paﬂ JJIA 3TOTr0 IIO-
uytH Oe3moaayto Cubups. [lokazaTenscTB 3TOMY, TipaBaa, HeT. Paccka-
3BIBAJIM TaKke, 4To Tecna Hae3auia MHOTO MIJIb Ha aBTOMOOMIIE, KOTO-
P BOOOIIIE HE 3aNpaBIsyICS HUUEM.

OnHako BCKOpe IOCIE 3TOro B JAEJI0 BMeMIajcid caM He(TSIHOH
marHat Mopras, cyOcuaupoBasiuii jaboparoputo Tecna. OH mpekpa-
TWI TIOIEPKMBaTh Tecia, M TOT BCKOpe ObLIT BBIHYXKACH MPEKPaTUTh
CBOH MCCIIEIOBAHUS.

B Hacrosiiee BpeMsi OCHOBHbIE aTeHTHI Tecia ormyOnMKoBaHbl, U
C HUMH MoxeT uepe3 VHTEepHET 03HAKOMHUTHCS JIOOOH IKENaroIInii.
Tam MMPUBEACHBI KOHCTPYKIMHN U CXEMbI, JJaHbl OIIMCaHUA, BCC MOXXHO
Bocripou3BecTd. Ho Tam He cka3aHO OHOTO, KaK e OHM paboTaroT, Ha
KaKMX IpUHOMINAX. A, HE MOHWMasi OCHOB, 3aCTAaBUTh BCE 3TH yCTPOU-
cTBa paboTaTh TaK, Kak OHM padoTanu y camoro Tecia, HEBO3ZMOXKHO.
IToromy uTO 3nekTpoauHamuka Tecna — 3T0 Jpyras IEKTPOAUHAMMU-
Ka, HENPaBWJIbHAS C CErOAHSIIHEH TOUKM 3peHHs, dHepreTuka Tecna —
9TO Jpyras JHEpreTHKa, TOXe HemnpaBwibHas. U BooOlme Bce ero
yCTpoiicTBa paboTaTh HE JOJDKHBI. A OHH padoTtanu!..

Bot Tak-To, yBaxkaeMble y4EeHbIE JIEKTPUKU M SHEPTeTHKH !
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8.2. Kak poneTteTb Ao 3Be3n?
JleTuM MBI 110 BOJILHOMY CBETY,
Hac BeTpy nornate Henerko.
Jlo camoil naniekoi MiaHeThl
He Tax yx, npy3ss, naiexo!
U3 nonynapuotl necnu

[lewarts 3axmecTHya BodaHa coobmenuit 00 HJIO — HeomozHaHHBIX
JeTarIuX 00bekTax. OUeBHIIBI YTBEPKAAIOT, uTo Buaean HJIO sBHO
TEXHOTEHHOHM MPHUPOABI. Y HUX HET COMHEHHsI, YTO OHU HaOJII0Jaln
KOCMHUYECKHE KOpaOJii HMHOIUIAHETHHIX LMBUIM3anuid. OgHAKo Hare
CO3HAaHHUE OTKAa3bIBAETCS MPUHSTH 3TO: Uil TuaHeT CoJaHEYHOH cucre-
MBI HaJM4We TUBHIU3AIMN, KpoMe 3eMJIH, IIOYTH UCKIIIOYeHO, N00 Ha
HUX HET YCJIOBHMM IJIsl *KU3HHU, IO KpailHell mepe, Ha UX MOBEPXHOCTH.
MoskeT OBITh, TIOJT TOBEPXHOCTHI0? Bpsia mu, XOT4...

A Ha maHeTax APYTUX CHUCTEM >KM3Hb, BO3MOXKHO, U €CTh, HO
OYCHB YK JTAJICKO JI0 HUX: Owmkaiiiue 28 3Be3/1 paclojIOkKeHbI B Ipe-
nenax ot 4 (brmwkaiimas LenTaBpa) no 13 cBetoBbix net (3Be3na Kan-
teitna). Takue 3Be3pl, kak Cupnuyc A u Cupuyc b, Ilopuuon A u b,
Tay-Kura, Haxomsrcst BHyTpH 3Toro wHTepBana. He Omusko! Ecnm
Kopabmm OyayT JieTaTh TyJa U 0OpaTHO CO CKOPOCTHIO CBETa, TO B 00a
KOHIIa UM TloTpedyercs oT 8 10 26 JIeT, ¥ 3TO TOJNBKO 10 ONIKANIINX
3Be31. He cumtas BpemeHu Ha yckopeHHe W 3ameasieHue. Bpsia iau ta-
Koe 11e51eco00pa3Ho, a 3HAYNT, JIETaTh HY)KHO OBICTpEe CBETA.

Uro X, NMPUKHHEM, CKOJBKO BPEMEHH 3aliMET pasroH A0 TaKuX
cKopocTel (1 TopMOXKeHHe). Paan HarasAHOCTH Pe3yIbTaThl CBEICHHI B
TabIMITy, U3 KOTOPOH MOXKHO cpa3y y3HAaTh BpeMs, HEOOXOANMOe s
JOCTHKEHHUS TOW MM MHOW CKOPOCTH NMPH TOM WM MHOM YCKOPEHUH.
Ilony4daercs, 4TO €cnM AOMYCTUTh CPOK IYTEIIECTBUS B OJUH KOHEI[
pPaBHBIM OJHOMY MECSILy, TO JIETETh HYXHO CO CKOPOCTBIO IMOPSAIKA
MHOTHX JIECSITKOB CKOPOCTEH CBETa, a Pa3TOHATHCS (M TOPMO3UTHCS) C
YCKOPEHHEM BO MHOTHX COTEH 3€MHBIX YCKOPEHHI.

M-na! IloneBorie 3amyMaenibcsi, OCYIIECTBUMBI JT BOOOIIIE MEX-
3Be3aHble pericel? Ho oTkyzma ke Tornma mpuoOsiBatoT kK Ham HJIO? [la
eme BeayT ceOsi BBI3BIBAIONIE: BAPYT HMCYE3al0T, MAaHEBPHPYIOT IOJ
HPSAMBIMU YIJIAMH, YTO-TO U3JIy4aroT...
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Tak 3asucum npoooIICUmMENbHOCHb Ny eUleCn ULl
Om yCKOpeHUil u cKopocmu

a, M/c? v, M/c

0,1c 1c 10 10 100c¢

c Oc

1=0,19 10 mec. 8 ner 80 sier 800 ner | 8000 yer
10=1¢g 1 mec. 10 mec. 8 ner 80 ner 800 set
100=10g 3 cyT. 1 mec. 10 mec. 8 ner 80 ner
1000 =100¢g 8 u. 3 cyT. 1 mec. 10 mec. | 8 mer
10°=10%¢g 50 MuH. 8 u. 3 cyr. 1 mec. 10 mec.
105=10%¢g 8 MuH. 50 MuH. 8 u. 3 cyr. 1 mec.

Uro6s1 00bsicHnTs Takoe moseneHne HJIO, HyXHO BCero JHIIb
OTBETHUTH Ha TPHU BOIIpOCa:

1. MOXHO 711 B MPHUHLMIE JIETaTh CO CKOPOCTSMH, IPEBBILIAIO-
IIFMH CKOPOCTH CBETA (B IIKOJIC YYUIIH, YTO HEIb35)?

2. MOXXHO 1M CHIIBHO YCKOPSIThCS, HE paspyiast opranuzma ? (1o
COBpPEMEHHBIM IpeJICTaBICHUsIM yxke 10-KpaTHas meperpyska sBiseTcs
NpeaeNbHO TOIYCTUMOH. )

3. MoxHO 11 TOOBITh SHEPTHIO HA pa3roH W TopMmoxkeHue? (Pac-
YeT TIOKa3bIBAaeT, YTO HUKAKOW TEPMOSAEPHON SHEPTUH Ha 3TO HE XBa-
THT.)

U, Tem He MeHee, 3(upoarHAMMKA JAET TOJOXKUTEIBHBIE OTBETHI
Ha BCe TPH BOIIpOCa.

JletaTb CO CKOPOCTSIMH, MTPEBBIMIAIOIIUMI CKOPOCTh CBETA, HEJb3s
TONIBKO M3-332 3alpeTa, HAJI0KEHHOI0 TEeOpueil OTHOCHTENbHOCTH
A.Dunmtetina. Ho ¢ kakoit cTaTu ero Teopusi OTHOCUTEILHOCTH BO3BE-
JIeHa B paHr a0CONIOTHOW MCTUHBI? Haie oTHOIIEHHE K HEMl MBI yKe
BBICKa3aJi. TeopHsi OTHOCUTENFHOCTH HE MOKET HU B KOEH Mepe siB-
JSTbCS MEPHUJIIOM HCTHHBI B TOAOOHOM BOIIPOCE, a HUKAKOH Apyroit
Teopuu, 0OOCHOBBIBAIOIICH MaHHBIN 3ampeT, He CYIIECTBYeT. B cooT-
BETCTBUU k€ C SPUPOIMHAMUYECCKUMH IMPEICTABICHUSIMH CKOPOCTD
CBETa €CTh CKOPOCTb BTOPOTO 3ByKa B 3dupe, T.e. CKOPOCTh pacipo-
CTpaHEHUs TIOTIEPEYHOTO JIBMKCHHUS, HO HM B KOEM ciydae He Mpo-
JOJTBHOTO, CKOPOCTH KOTOPOTO Ha 15 MOPSIKOB BhIIIE CKOPOCTH CBETA.
BeposiTHO, mpeoosieHne CBETOBOTO Oaphepa COCTAaBUT HEMable TPYI-
HOCTH, HO, KaK TOBOPUTCSI, 3TO JIeJI0 TEXHUKHU, a He npuHiuna. C atum
3allpeToM IIopa paccTaBaThes pa3 M HaBceraa. Her Takoro 3ampera y
pHUpOJIb!
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IIpuctynum ko BTOpOoMy Bompocy. PaccMoTpum, Kak yCKOpsieTCs
KOCMOHABT. ['a3bl pakeTsl 1aBAT Ha CTEHKY KaMephl CTOpaHus, Ta — Ha
pakeTty, pakeTa — Ha CIIMHKY KpecJia, CIIMHKa Kpecia — Ha KOCMOHAaBTa.
A Teno, Bcs Macca KOCMOHABTA, MBITasICh 0 WHEPIUH OCTAaThCS B TI0-
Koe, nedopMUpyeTcs U MPH CUIBHBIX BO3IEHCTBHAX MOXET pas3py-
muTbea. Ho ecnu ObI TOT ke KOCMOHABT Ia1all B ITOJIE TSHKECTH KaKOW-
HUOYIb 3BE31IbI, TO OH, XOTS U YCKOPSUICS OBl 3HAUHUTENBHO OBICTpEE,
HUKaKO# aedopMannuu BooOIIe Okl He UCIIBITAN, HOO BCE DIIEMEHTHI €r0
Tela YCKOPSIOTCS OAHOBPEMEHHO W OJWHAKOBO. To ke Oyzmer, ecrmu
NpoayBaTh KOCMOHaBTa dpupoM. B sTOM cimydyae moTok adupa — pe-
AIBHOTO BS3KOTO Ta3a YCKOPUT KaKABIM MPOTOH M KOCMOHABTa B Iie-
nom 0Oe3 medpopmanuu tena. [lpudem yckopeHHe MOXKET UMETh JTH000e
3HAYCHHE, JIUIIb Obl TMOTOK OBUI OAHOPOAHBIM. Tak 4YTO 37eCh BO3-
MOYKHOCTH TOXE €CTb.

Ecnu rpaguent monst cocraBusier 1% Ha 1 M, TO JomycTUMoe
yckopenue coctasuio 0s1 50-100 g, a mpu 0,1% wa 1 m — 500-1000 g,
TaK 4YTO U 3ACCh HUKAKHX MPUHOHUIIHAIBHBIX OFpaHI/I‘ICHI/Iﬁ HE CylIc-
CTBYET.

[TomoxuTeNnbHBIN OTBET Ha MPEIBIYIIUE IBA BOMIPOCA 3aCTaBISET
3aJyMatbesl Hajl Mpo0IeMoid TOTyueHHsT SHEPTHH JIJIsl YCKOPEHUsI, a Ha
KOHEYHOM 3Tarie — JiIsi TOPMOXKEHHMS arlnapaTa u JUIs IPEOoI0JICHHS CO-
MIPOTHUBJICHUST MEK3BE3THOM cpenbl. CyIIecTBYIONINE METOIBI YCKOpe-
HUA KOCMHUUYCCKUX alrapaToB OCHOBAHBI Ha PCAKTHBHOM JIBUKCHUMH.
Amnmapar I0DKeH YCKOPHTh H OTOPOCHTH HEKYI0 HHEPTHYIO Maccy, OT
KOTOPOW OH (paKTHYECKH M OTTAIKUBAETCs. J[JIs 3TOro HY»HO BCIO 3Ty
Maccy umeTh npu cede. Otcrona n Bo3Hukia uaes K.3.1{nomkosckoro
0 JIByX- M TPEXCTYNEHYATHIX paKkeTax, COTJIaCHO KOTOpPOW IepBbIe
CTYIICHU SABJAIOTCA PE3€pByapaMu TI'OpHOYETro WU HOCHUTCISAIMU B BUIC
TOPIOYEro M OKHUCIUTENs 3Toi camoil Macchl. CaMu OTIENSIOMINecs
CTYIICHU SABJIAIOTCA, B INPUHOUIIC, HYXHBIMHU JIMIIb JJIsI XPaHCHUSA 3TO-
r'o TOPIOYEro, M UX Macca, Tak JKe KaKk U Macca TOprovero, He BeIOpa-
CBIBAEMOTO B JIAaHHBI MOMEHT B TIPOCTPAHCTBO, SBIISFOTCS ITapa3UTHBI-
MU, TPEISATCTBY-IONIMMHA YCKOPEHHUIO ammapara. Ecnu Obl ObUIO BO3-
MOHO 3a CYET HMemmeﬁCH TATU YCKOPATH TOJIBKO CaM arlmapar, TO
MOXHO OBUIO OBl TOJTYYHUTH 3HAYUTEIBHO OOJBIINE YCKOPEHUS, YeM
cefiyac, Tak Kak MPH TOHM K€ Tsre pasroHy MOjBeprajiach Obl 3HAUH-
TeJIbHO MeHbIas Macca. Ho emie addexTrBHEe ObUIO OB BOOOIE HE
BO3UTH ¢ c000il Toprodee, a MOJB30BAaThCS TEM, YTO MPEAOCTABISIET B
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pacnopspKeHHe TaKuX ammapaTtoB caM KocMoc. U Takue mpeioxkeHns,
KaK M3BECTHO, CYIIECTBYIOT.

W3BecTHBI TpeANOKEHUS] HUCIONB30BaTh B KAdyeCTBE HMHEPTHON
Macchl W Jake B KayeCTBE SICPHOTO TOPIOYEro MEXK3BE3AHBIA BOAO-
pox. CymecTBYIOT NpeUIoKeHNsT 00 NCTIONIb30BaHUN U3ITyUCHUH 3BE31
B KQ4eCTBE JABAIIETO 1MoJsi. ECTh naen OTHOCHTEIBHO MCIOJIB30BAHUS
SHEPTUM PETUKTOBOTO M3IYUEHHSI, MEK3BE3THBIX MAarHUTHBIX M AJIEK-
TPOMArHUTHBIX TOJICH H T.II.

K coxanenuro, cieayer OTMETUTb, YTO pacyeThl HE MOATBEpPKIa-
I0T NEPCIEKTUBHOCTH MPUMEHEHHS YKa3aHHBIX BUAOB DHEPTUH, XOTS
cama wujes HMCIOJIb30BAHUS 3aacOB KOCMHUYECKOW 3HEPTrUM BechbMa
3amaH4ynBa. Ho XOTS [0 HacTosIIero BpeMEHHW M HE OBUIO Ha3BaHO
TeX BUJOB SHEPTUU KOCMOCa, KOTOpbIe OBLIO OBI 1enecoodpa3Ho npu-
MEHHTH JJISl YCKOPEHHS U TOPMOXKECHUSI MEX3BE3IHBIX KopabJel, cie-
JyeT Iojarath, 4TO NPUHIUIHAAIBHBIX OTPAaHWYEHHH 371eCh TOXKE He
CYILIECTBYET.

OduponnHaMuKa mpejiaraeT ¥ B 3TOM BOIIPOCE CBOE PEILCHHUE.
Ecnu anmapat Oyaer umers GOpMy 4€YEBHUIIBI, TO JUIS HETO HECIOXKHO
OIIPECIUTh CONPOTUBIICHNE dpUpa ABWKEHHI0. B coorBercTBHM C
pacuerom (I'.Inuxtunr. Teopus morpanuyHoro cnos. M., Hayka,
1974, c. 685) g Tena takoit Gpopmbl, 00pa30BaHHOIO JIBYMsI cdepa-
mu, mpu auamerpe 50 M u TommmHE 5 M Kod(hdUIMEHT JT000BOTO CO-
MPOTUBJICHHUS, YIUTBIBAIOIIETO U COMPOTHUBICHHUE JAaBJICHUS, U COMPO-
tuBienue Tpenus, cocrapisieT 0,005. Ha ckopocrtu, paBHO# ckopocTH
CBeTa, CONpPOTHBIEHHE 3(upa cocTaBUT npumepHo 50 T., a Ha CKOpo-
ctu, paBHoil 10 ckopoctsim cBera — 5000 T. Eciin cam anmapar BecuT
100 1. u ecnu yckopenue cocrapiser 100 g, TO HHEPLHOHHOE COMPO-
tuBienue cocrapnser 10 Teicsy ToHH. TakuMm 00pa3oM, TSITH JABHTaTe-
75t B 10-20 ThIC. TOHH OBLTO OBI JOCTATOYHO ISl IPUBEACHUS ammapara
B JIBWKEHHUE C yCKopeHueM u TopMoxkeHreM B 100 g u nmanbpHeiimero
JIBIDKEHUSI CO CKOPOCThIO mopsiyika 10 ckopocteii cBeta.

g cpaBHEHHs CleyeT 3aMETUTh, UTO TATOBOE YCWIINE YETBIPEX
JIBUTATEJIEH COBPEMEHHOTO TsDKEIOro camosiera Tuma Au-124 («Pyc-
nan») coctasiseT 100 T., a otmenbHble aBuratenu JKPJ| pa3BuBatoT
Tary o 1000 T., 9To MO MOPSIIKY BETHYUH yKe OJIM3KO K TpeOyeMo-My.
IIpaBma, 5TH ABHUTaTENM CO3MAIOT HE OOBEMHOE YCKOPEHHE, a TIOBEPX-
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HOCTHOE, pa0OTaTh OHM MOTYT OTHOCHTENHHO KPAaTKOBPEMEH-HO, HO
BCE )K€ BHHO, YTO ITOPSIOK BEJIMYMHBI TSATH JOCTIKUM.

Jst Toro 4yToObl CO37aTh OOBEMHOE YCKOPEHUE Tela, HY’KHO
NpPOAYBaTh €r0 HACKBO3b 3(UPHBIM MOTOKOM. JlJIs1 co3maHusl Hy>)KHOTO
YCKOPEHHSI CKOPOCTh IPOJyBa HE 00S3aTEIBHO JOJDKHA OBITH CBEpPX-
CBETOBOM, JOCTATOYHO, KaK ITOKa3bIBAET pacyeT, UMETh CKOPOCTh IPO-
IyBa Ha OJUH MOPSAOK MEHbIIE. DTO HE JAOJKHO BBI3BIBATH HEJOyMe-
HUS, TaK Kak BCE 3aBHCHUT OT IPHHIIMIIA OPTaHU3AINH TIOTOKA.

TakuMm 00pa3oM, BOZHHKAET HEOOXOIUMOCTh B M3BICKAHUH CITOCO-
0a co3maHus MOTOKa 3(upa, YCKOPSIOUIEro KOCMUUYECKUI ammapar U
BO3/JICHCTBYIOIIETO Ha BCE AJIEMEHTHI €0 00BbeMa.

st Toro 4yToObI co31aTh HEOOXOAMMBIA TOTOK 3(upa, MPoayBa-
IOIUI KOCMHYECKUH ammapar, MOXKHO BOCIOJIb30BaTbCs METOIOM
AHHUTWISAIMH dQUPHBIX BUXpei. /11 3TOro Hy»KHO, 9YTOOBI B TOJIOBHOI
yacTu amnmnapaTa ObLIM CO3IaHbl YCJIOBHS AJsl BUXpeoOpa3oBaHus 3du-
pa u 4ToOBI IO 00EUM CTOPOHAM armnapaTa ObUIM MPOJI0XKEHBI BUXPE-
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IIPOBO/IbI, BBIIIOJIHEHHBIE U3 IUAIEKTPUKA C BEICOKOW AUAIEKTPUIECKOM
IPOHHULIAEMOCTBHIO.

Ecnu B nepeaneii yacTu anmapara co3JaTh ABa BUXPS C OAMHAKO-
BBIM 3HAKOM BHHTOBOT'O JBM)KEHHA, a 3aTEM MPENPOBOAUTH 3TH BUXPHU
B 33HIOI0 YaCTh allapara U TaM CIOXXUTh UX TaK, 4TOOBI BpallaTelb-
HOE JIBI)KEHHE OBLJIO B3aMMHO IIOTAIIEHO, TO B HEKOTOPOM 00beMeE B
XBOCTOBOM 4YacTH ammapara OKaKeTcd HHUYEM HE CIEepXKUBaeMbIN
YIUIOTHEHHBIH 3(up, UMEIOLUIMNA Ty K€ TeMIEepaTypy, 4TO U OKPY>Karo-
mui 3¢up. OTOT 00bEM B30PBETCS, TAK KaK HUYTO HE MPEMSATCTBYET
ero pacmmpenuro. Paciupssace, 3Gup yacTbio OyaeT OTOpOIIEH, 4YTO
MPOSIBUTCS. B BHJIE PEAKTUBHON CTPYH, YACTBIO INPOMAET BIEPEN,
yBJIEKas 3a cOOOW ammapar M Bce, 4TOo B HeM Haxomutcs. M kopabnb
MOJICTUT, OlEepekasi CBET, B 0OBIYHOM €BKIIMIOBOM TPOCTPAHCTBE U B
O0OBIYHOM BpEMEHH...

A Kax xe OBbITb C mapagoKkcamMy OJU3HELOB, YBEIMUYCHUEM MACChl U
cokpaiieHreMm anuH? A Hukak. [locTynatel — OHM U €CTh MOCTYJIAThl —
BOJIGHBIC  BBIIYMKH, IUIOABI CBOOOIHOW (paHTazuu. M OHM JODKHBI
OBITH OTMETEHBI BMECTE C «T€OpHei», UX mopoausuei. Moo ecnu ge-
JIOBEYECTBY HAcTaja MOpa pellath NPUKIAagHbIE 3aJadd, TO €ro He
JOJDKHBI OCTAaHABJIMBATH HUKAKUC pasAayThbi€ aBTOPHUTETHI C UX HEBECTH
OTKya B3ABHIMMUCA YMO3PUTCIIbHBIMU H_IJIaF6aYMaMI/I.

8.3. MoxHo nv genaTb 30/10TO0?

AJIXMMUS €CTh HE YTO MHOE, Kak Xumus. To, 9To
QJIXVMUIO YTAIOT C HOMBITKAMU MOJIYYUTh
30510T0 xuMH4YeckuM nytem B XVI-XVII BB., —
BeJIMYaNIIas HECTIPaBeIIIMBOCTh

FOcmyc Jlubux

AnxuMus — HayKa 0 BCeOOIeM MPEBPAIICHUH BEIECTB U DIIEMEH-
TOB, W B YaCTHOCTH, O IIPEBpAIllCHUU HEOIaropoIHBIX METAJUIOB B OJia-
TOpPOJIHBIE — 30JI0TO U cepedpo, MPapOIUTENFHUIIA COBPEMEHHON XH-
MMM — BO3HHKJIA B rny60K0171 JPEBHOCTH.

Pa3Hbie HCTOYHUKY MO-PA3HOMY TPAKTYIOT MMPOUCXOXKICHUE 3TOTO
y4eHHus, HO OOJBIIMHCTBO CXOIOUTCS B TOM, YTO POJWHA ATXUMUU —
JipeBHUI Erumert, KOTOpBI CBOMM Ha3BaHUEM, I0JI KOTOPBIM €ro 3Ha-
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JI B IPEBHOCTH — «XeMay, JaJl HAMMEHOBAaHUE 3TOM HayKe — «aJlb Xe-
May.

UccnenoBarenn uCTOpUM alxXxWMMHMH, B TOM YHCJIE€ 3HAMEHMTBHIN
¢dpanmysckuii xumuk I[Ibep Dken MapceneHn beptiio, MOCBATHUBIIUN
ATXUMHH, €€ UCTOPUHM U OCHOBHBIM MOJOKEHUSAM TPU TOMA U3 TPUIALIA-
TH UM HalHMCaHHBIX, HanucaBmwmii B 1885 r. tpyn «lIpomcxoxnenne
anxumun», a B 1887-1893 rr. onyOiMKkoBaBIINi COOpaHUE ApEBHE-
TPEUYECKUX, 3aMaTHOCBPONEHCKIX, CHPUICKIX U apabCKUX alxXuMude-
CKUX PYKOIUCEH, MPU3HABAIM TECHYIO CBSA3b aJIXMUMHUH C Marueu, Hc-
KYCCTBOM MMJSHCKHUX >KpPEIIOB MaroB (MOTYYHX) MPOU3BOAMUTDH UyJec-
HBI€ SIBJICHUS HA OCHOBE 3HAHUSA TailH U 3aKOHOB MPHUPOJIBI.

Havana anxumuu cBSI3bIBalOT C JIEr€HJAPHOU JHUYHOCTBIO — ['ep-
MecoM TpucmeructoM («TprKIapIBETHUANIINMY), TOUEMY HCKYCCTBO
JlesaTh 30J10TO Ha3bIBAJIOCh repMeTndyeckuM. B yects I'epmeca B Erun-
T€ BO BPEMEHA PUMCKOI'O BJIaJbBIYECTBA BO3JIBUTalM KOJOHHBI C HEPO-
rmmdaMy, B KOTOPBIX 3aKITIOYANIUCHh AIXUMHUCKUE penentsl. B Erum-
T€ B TalHBI AIXUMUU MOTJIH OBITH MOCBALICHBI TOIBKO CHIHOBBS XKpe-
1oB-(hapaonoB. Ilo mepe Toro, Kak yKperusuioch MHeHHe, uyTo Eruner
CBOMMH 0OOTaTCTBaMH B 3HAYUTENBHON Mepe 00s3aH aJXUMUH, 3Hade-
HHUE 3TOT0 HCKYCCTBA BCE BO3pacTalo.

Kpome Erunra anxumus mnporserana eue y JpeBHUX BaBUJIOIHSIH
U XajnjaeeB. Y BaBWIOHSH 3apOJWINCh NEPBBIE MPEICTABICHUS O CBSI3U
MEXy TJIAHETAMH U M3BECTHBIMU B IPEBHOCTH METAJIaMH, W TOCIEI-
HHUE cTanu 0003HAaYaThCs 3HaKaMu HeOeCHBIX cBeTHII: 30510T0 — CoulH-
nem, cepedpo — JlyHo#, Mmens — BeHepoii, xxene3o — Mapcom, 010Bo —
Mepkypuem, cBuner] — CarypHoM. OT 3TUX HapoAOB AIXHMHS IeEpe-
LUIA K [IepcaM, J1ajee — K HHIycaM M KUuTaiam.

B 326-323 rr. 10 H. 3. AjekcaHap MakeJOHCKUIT 3aBOCBAT BEChH
JPEBHUI MHUp, YTO CIIOCOOCTBOBAJIO PACIIPOCTPAHEHUIO TPEUECKON LIH-
BUJIM3AINH, ¥ TpeyecKas KyJlbTypa, BCTPETHBIINCEH C ETUIIETCKOM, IIO0-
BUJIIMOMY, He 0e3 BIUSHHS WyJercKuX GuinocodoB, cimuiack B €JHHOE
cTpoitHoe menoe. B 3To BpeMs uyzeiickoe BIMSHUE HA alXHUMUIO OBLIO
BEJIMKO.

M.bepmiio yka3plBaeT Ha HEPEJIKO TPUBOJUBIIMECH OIMUCAHUS
YIOTPEOISBIIUXCS Y MYACHCKUX AIXMMHKOB MPUOOPOB, a TakXke Ha
TEKCThl peuentoB Mowuces, COIJIaCHO KOTOPBIM  OCYIIECTBISAIOCH
yIBOEHHE Beca 30JI0Ta C MOMOIIBIO MIPEBPAICHHsI B HETO HeOIaropo-
HBIX MeTaiutoB. W3 counmbenus [lnwaus crapmero u rHoctukoB (I B.)
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cienyer, uTo B Pume nmpeBpaiiaeMocTh MeAu U ee pya B cepedpo, a 3a-
TEM B 30JIOTO CYMTAIOCH (DaKTOM.

[TockoJbKy anxXuMUs, TaK K€ KaK U Marusi, ObUTH HETIOHSTHBI He-
HOCBSIIIICHHBIM, U B TO K€ BpeMsi 00eIianyd ¥ o0oramieHne, 1 BEYHYIO
MOJIOZIOCTh, U JIaXKe MOJIHOE CYACThe, MPaBja, IyTEM CIUSHUS C «MHU-
POBBIM JIyXOM», TO MHa4e, KaK BMEIIATEILCTBOM JABSBOJIA ATO 00BsIC-
HHTB, pa3yMeeTcs, ObLIIO HUKAK Hesb3s. [103TOMy U Maru, M ajJXuMHUKH,
a 3a0[JHO W JIPyTHe y4eHbIC BCSUYCCKU NMPUTECHSUIUCH, a CAMO 3aHSATHE

ﬁﬂ”ﬂlﬂ,l “;’ l%'

"'

aIXUMUCH Ha MMPOTAKCHUHU MHOTUX CTOJICTHI CTPOro KapajaocCh.

Tak, mo puMCKOMY IpaBy CUMTAJIOCh IIPECTYIUIEHHEM, KapaeMbIM
CCBIJIKOM M CMEPTHON Ka3HbIO, HE TOJIBKO U3yYEHHE aIXUMHUH U Maruy,
HO JIa)ke TIPOCTOE 3HAKOMCTBO ¢ HUMH. lIpecienoBanocs BooOIIe Bee,
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YTO MMEJO OTHOIIEHHE K U3YUECHUIO IIPUPOJIBI M TOUHBIX HAyK — BCE 3TO
HOJBOJMIIOCH TIOA MOHATHE Maru.

Hctopust coxpanuna HEMao MPUMEPOB TSHKKUX HAKa3aHWM, BbI-
NaBIIMX Ha A0mo yueHbIX. Tak, nmpu Tusepuu (14-37 IT. H. 3.) 0COOBIM
nekperoM u3 WMramum ObLM M3rHAaHBL Maru ¥ MaTeMaTHKH, U OIUH W3
nocneaaux — [lutanmit Obur kasHeH. [lomoOHBIE y3akoHEHWs, ecTe-
CTBEHHO, MMEJH CJICACTBUEM CEKPETHOE M3YUYCHHUE alXUMUHU, YTO eIIe
0oIee OKpyXKajo ee OpeoIoM TAMHCTBEHHOCTH.

I'peueckast anxumus npouBeTajga MNPEUMYIIECTBEHHO B AJEKCaH-
npuu B Il m IV cromerusix H. 3., Korja Tam mpeo0sanano rpeko-
MakeJqoHCKoe HaceneHue. OHa mpernonaBajach B AJleKCaHIPUKHCKOM
yHUBepcUTeTe, OcHOBaHHOM euie IItonemeeM I u HasbiBaBmMMCS My-
CEYMOM, a XMMUYECKHE U3bICKaHUS IPOU3BOAMIIKCH B TIIABHOM IICHTpPE
MEIWIMHCKUX U €CTeCTBEHHBIX HayK — B Xpame Cepamuca, nIpu KOTO-
POM CYILECTBOBAJIM BCEBO3MOXKHbIE Jabopartopuu. Ho auu 3TuX yupe-
JKACHUHM OBUTM COYTEHBI: II0 MPUKa3y Ipeueckoro ummneparopa deono-
cust (374-395 rr.) xpam Cepanuca Obl1 pa3pyuieH, a B 391 r. moru6na
3HaMeHMTast AJeKcaHIpuiickas OMONHOTEKa, pa3rpoOMIIEHHAsl XPUCTH-
aHckuMHK (aHaTtukamu. JestenbHocTh Myceyma, 0JHAKO, MPOAOIIKa-
Jlach €I11€ HEKOTOpOe BpeMs, OMOJIMOoTeKa ObLIa OTYACTH BOCCTAHORBIIC-
Ha, YUTAIUCH JIEKIUH BIUIOTH O OKOHYATEIHFHOTO pasrpomMa Myceyma
B 415 rony, xorma mo HaylieHHro natpuapxa Kupuia xpuctuanckas
YepHb paspyimia MyceyM U 3Bepcku yomina ¢uiocodpa U MaTeMaTH-
ka 'mnaturo (370-415 rr.), caBUBIIYIOCS CBOUMH JIEKLIUSAMHU U Kpaco-
TOH.

B IV cronetun 3HaMEHHUTHI OBLIM aIXUMHKU 3ocuMa, CUHE3HH,
Omummronop. 3ocuMa Harmmcan 28 KHUT TI0 aIXUMHUH, HO COXPAHIINCH
TUIb Kankue octatkr. Cynp0a anxuMHUM ele pa3 MOKa3bIBaeT, 4YTo
YeJI0BEYECTBO HE TOJBKO HaKarIMBaeT 3HaHus. [lapaniensHo ¢ Hakom-
JICHWEM WJET MPOTHBOMOJIOXKHBIA TPOLECC pacTpaunBaHHs 3HAHUH,
3a0BIBaHUE M UCKAXCHUE C TPYJOM JOOBITHIX, HO HE JOCTATOYHO OCBO-
€HHBIX 3HAHUM.

B cpennue Beka anxumuyeckue cBeleHHs nonand B Pum u Bu-
3aHTHIO Yepe3 eTUIIeTCKUE TEKCTHI U uepe3 apaboB. K sTomy BpeMeHH
ANXUMUYECKUE CBEICHHUS CTald YObIBaTh OJiaroaapst HEOJHOKPATHOMY
CHCTEMAaTUYECKOMY YHHUUTOKCHHIO «CBSALICHHBIX» PYKOMNHCEH 1 KHHT,
B KOTOPBIX 3TH CBEICHUS COACPIKAINCE.
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W3 anxuMHUKOB CpeIHEBEKOBhS 0COOCHHO 3HaMeHUT Poxkep Bakon
(1214-1294). OTKpHITO IPOMOBEABIBAEMBIE UM HIEH O €IUHCTBE Be-
IIECTB U BO3MOKHOCTH TPAHCMYTAllMd — B3aUMOIPEBPALICHUU HJIe-
MEHTOB, a TaKXe JJAOOPATOPHBIC 3aHIATHS C 3TOH IICJBI0 CO3JIANIA EMY
ClaBy IEUCTBUTEIBHOIO aJCNTa, TO €CTh YEJOBEKA, BIAAEBIIECTO CEK-
peToM «prmocohCcKOro KaMH» H YMEBIIIETO C €T0 TIOMOIIBI0 MPOU3BO-
IUTh TpancMyTanuio. COBpEMEHHBIE UCCIIEIOBATEIN KU3HU U TBOpUE-
ctBa P.bokoHa BUIAT MPOTHBOpPEYHE B TOM, UYTO bIKOH, KOTOPHIi OBLT
CTOPOHHUKOM CTPOTHX OOJYMaHHBIX OTBITHBIX WCCIIEIOBAaHWH, SBIIS-
IOLIUICS, MO BCEOOIIEMY MPU3HAHHUIO, OTIIOM 3KCICPUMEHTAIBHBIX
MCCCIICZIOBAHUH, UMEJ HEIOoKoJIeOuMoe yoekieHue B cuie Qriocod-
CKOr'0 KaMH$, KOTOPBIM, IO €ro MHEHHIO, MOT HE TOJBKO MPEBPALLAThH
HeOJIaropoAHbIC METAJIIBI B OJIArOPOJIHBIC, HO U MPOJIEBATh YCJIOBE-
YEeCKYI0 JKU3Hb. B03MOXXHO, YTO MOHaxH ObUIM YBEPEHBI B OTKPBITHH
BskoHOM cekpeTa TpaHCMyTAallMM METAUIOB U IPOJUICHHS KU3HHU H,
JKeJlasi UM BOCHOJIb30BaThCs, 3aKI0YMWIN bakoHa B TIoppMy. B cpen-
HEBEKOBLE BOOOIIE MPAKTUKOBAIUCH aPECThl U IBITKA aJXUMHUKOB C
IENBI0 BBIBEATh BIEKYIYIO BceX TaliHy. B TiopbMe mo TpeOoBaHMIO
namnel pUMCKOro bakoH Hamucal HECKOJIBKO COUYMHEHU. Mexny HuMu
BeChMa Ba)kKHbI «3eplano anxuMun» 1 «TaifHple nefcTBUS IPUPOIBI U
HCKYCCTBa U HUUTOXKECTBO MAarum» — CaMble CTPOWHBIE M3 JOISIIIIIX
JI0 HAC COYMHEHUN. «3epuajio alXuMHUW», BIUSIHUE KOTOPOU 3aMevacT-
Cs BO BCEX MOCJICIYIOIINX aIXMMUYECKUX paboTax, sSBISETCS OJHON U3
00CTOSATEIHHBIX KHUT, IOJOXXCHHBIX B OCHOBY MHOTOCTPaJalbHBIX U
OECIUTOIHBIX TOMBITOK ATXUMHUKOB J€IaTh 30J0TO.

Brpouewm, Gecrutogsbix au? Morio jm JOATO MPOCYIIECTBOBATH
y4eHHE, €CJIA Obl OHO BpeMsl OT BPEMEHHM HE MOAKPEIUIIOCH BIIOJIHE
KOHKPETHBIMU JTOCTHKCHUSIMU ?

Kak u3BecTHO, IS MONYyYeHHUs 30JI0Ta ajXUMUKaM ObUT HeoO-
xonauM «pumocodckuit kameHb». BooO1e-To 3T0 OBIT U HE KAMEHb BO-
BCE, a MOPOIIOK MK XuaKocTh. Ilo P.bakoHy ojHOro rpamma ¢uo-
cockoro kaMHsl OBLIO JTOcTaTouHO s mpeBpameHust 1000 kr gemre-
BBIX METAJUIOB B 30JI0TO (IPYrve OTPaHHYUBAIHNCH TPAHCMYTAaIlUeH B
CTOKpAaTHBIX pa3Mmepax). Pumocockux KamHel ObUIO JBa: IVIaBHBIH —
«KpacHBIU JEB», «KPACHBIM KaMEHb MYAPOCTH», «BEIUKUN AIIUKCUDP,
«KpacHasi THUHKTYpa», «MarucTepuym», «HaHales», <(OGKU3HEHHBIN
3JUKCHUPY, — CIYKUJI KaTAIA3aTOPOM B PEaKLMX, CBSI3aHHBIX C U3rO-
TOBJICHHEM 30JI0Ta; BTOPOCTENIEHHBIN — «OEIbIi JIeBY, «O0enas THHKTY-
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pa», «MaJbplii MaruCTEpUyM» — MpeAHa3HAYaICs JUIIb U TpeBparie-
HUS METAJIOB B cepebpo. [Ipm 3TOM OCHOBHBIMH METaJIAMHM TSI TI0-
Jy4eHUus] 30JI0Ta SBISUIMCH PTYTh U Menb, a Ajs cepedpa — CBHHEL.
upoko UCTIONB30BATUCH TAK)KE CePa U MBIIIBSIK.

dunococknii KaMeHb CIYXKHJI W YHUBEPCATBHBIM JIEKAPCTBOM:
pacTBOp €ro, Tak Ha3bIBAEMBIN «30J0TOW HAMUTOK», MOJKEH OBLIT HC-
HensATh Bce OOJIe3HH, OMOJIAKMUBATh CTapoe Tejo, Jeas Ku3Hb Oojee
MPOAOJDKUATENBHON. YTBepkaanu, OyATO aJenThl, YnoTpeOss Hamu-
TOK, MOTYT npoxuthb 10 400 u Oonee ner. [loHsATHO, UTO Takoe dymec-
HOE CBOHCTBO (priocockoro KamHsi JOIDKHO OBLIO MpHBIEKATh BCe-
o0liee BHUMaHKE, U OBJIaJICHUE €r0 MHOTUMH MPHUBEIIO OBI €ro kK odec-
neHnBaHuo. [loaToMy TaiiHa MOJTy4YeHHS KaMHS TIIATENBHO obepera-
Jach OT CIy4YalHBIX JUl. TeM ke, KTO TBEpAO PELIMI CTaTh AIXHUMU-
KOM, TPHUXOJUIOCH IPOUTH CKBO3b MHOTHE TEPHHUH.

[Torpyxasichk B axuMuio, HEOPUT TIPEKIE BCErO JODKEH OBLT 3a-
y4UBaTh BCE CHUMBOJBI W pa3rajiblBaTh CTPaHHBIC PeOYCHI AJS TOTO,
9TOOBI JOOpATHCS 10 KPYIHIl PeaibHOro 3HaHUs. Jlaxe omexna anxu-
MHUKOB M 00CTaHOBKa WX Jaboparopuii mMenn 0co00 TaWHCTBEHHBIH
BuJ. HeymuBuTenbHO, YTO OJHM Pa304apOBHIBAINCEH B 3TOH MpeMy/I-
pOCTH, a JApyrHe, IOTPaTHB HA €€ N3yYeHHe MOJOBUHY KHU3HH, WIH 00-
pamaiuch B IIApJaTaHOB, WM, KaK MaHBSKH, BEPHIN AIXHUMHHU BO
BCEM.

U Bce ke, mo-BuauMoMy, (GUIOCOPCKHIA KaMEHb CYIECTBOBAI,
Mo KpaifHell Mepe, TOMY €CTh HCTOPHYECKHE CBUAETENbCTBA. J[la m
Bps 1 Moria Okl CyIIecTBOBaTh Ooliee JBYX THICAY JIET HaykKa, IIO-
CTpOEHHas Ha YHCTOM BbIMBICHIE. KOHE4HO, BO BCAKOH HayKe W BO BCS-
K€ BpEMEHa HAXOJWIIUCh JIFOAH, JJISl KOTOPBIX MPUHAIUIEHKHOCTHh K
HayKe sIBJSUIaCh MCTOYHHKOM JIoXoJa. Takue JII0JM He OCTaHaBJINBa-
JHCh U mepe] npsAMbIM oOMaHoM. OJHAKO HUKakod oOMaH HE MOXKET
CYIIECTBOBATH JIONITO, €CIIM HE HAXOJATCS JPYyTUe JIIOAH, TPYJIbl KOTO-
PBIX peaNbHO ONPaBJbIBAIOT H30PaHHOE HAIIPABIICHHUE.

[Tocne Poxepa bakona B EBpone MHOTHE 3aHUMANKCh aTXUMUEH.
Pacuserom ee cunraercs XIII Bex. Pasnocroponnuii yuensiii Anpoept
Marnyc Benukuii, ApHonsa BummanoBanyc, Paiimonna JIymr — BoT 1e-
Tast myesiia 3HaMEeHUTBIX YYCHBIX, ONMPABIINXCSA HA 3HaHUA Oojee paH-
HHUX, B YaCTHOCTH, Ha paboThl apabckoro ydeHoro X Beka Jlxadapy
(I'epbepa), TOCBATHIIM BCE CBOM CHJIBI TIOCTaBICHHOW TIpoOiemMe,
0I00PEHHOM TaKUM aBTOPHUTETOM, Kak DomMa AKBHHCKHUH.
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Paiimonn Jlynn, punmocod, mucarens, aBtop 300 counHeHn#, pas-
padOTYMK MEPBOIl IOTMUECKON MAIIMHBI, IPU JKU3HU IOJIb30BAJICS pe-
MyTaluel HMCKYCCHEHIIero ajlxuMuKa, JOCTUTIIETO NMPU €€ IMOMOIIH
BCETO, YTO OHAa MOXKET AaTh. YBICKIINCh MUCCHUOHEPCTBOM, OH ITOTHO
B CeBepHoii Adpuke B 80-1eTHeM Bo3pacte. Jlymn yTBepkman, dTO C
MOMOIIEI0 (PrTOCOPCKOTO KaMHSI MOYKHO TIPEBPATHTH JTI000€ KOJIHIe-
CTBO PTYTH B 30JI0TO.

«Bo3pMH KycO4YeK 3TOro AparoleHHOro MeIUKaMeHTa BeJIU4u-
HOW ¢ 600. bpock ero Ha THICSYY YHIIUI PTYyTH — TIOCTIENHAS IIpeBpa-
TUTCA B KpacHbI Mopomok. [IpubaBs yHIINIO 3TOTO HOPOIIKA K THICS-
4Ye YHUUN PTyTHM — M OHA TaKXK€ IPEBPATUTCSA B KPACHBIA IIOPOIIOK.
Ecny u3 sTOr0 mnopouika B34Th OJHY YHIUIO U OPOCUTH Ha THICAYY YH-
LUHA PTYTH — BCE€ IPEBPATUTCS B MEAMKAMEHT. bpoch YHIMIO 3TOrO
MeJMKaMeHTa Ha HOBYIO ThICAYY YHIUI PTYyTH — M OHa IpeBpaTUTCA B
30JI0TO, KOTOPOE JIy4YIle PYAHUIHOTOY.

«3amMeTh 04eHb Xopomo,— nucan Jlymn,— marepuan kamHs (uio-
coon nemes. Ero Haxoast moBcromy».

B 310 BpeMsi alIXMMUK{ BCTpEYalIH MIMPOKYIO MOAJEPKKY Cpeau
KOpOJIEH M Ipyrux BIMATENBHBIX 0C00, BCEr/a KpailHe HyKIaBIINXCS
B 3010Te. B XV, XVI u XVII cTonerusix MHOrM€ KOPOHOBaHHBIE OCO-
OBl caMM 3aHUMAIIUCh ATIXUMUEHN, HalIpUMep, aHIJIMICKIE KOPOJIH, a B
ocobenHocty, ['eopr VI, B npaBieHue KoToporo Oyaromaps crapaHusiM
MHOTOYHCIICHHBIX JeTlaTeNnei 30J0Ta, CTpaHa Oblia HaBOJHEHA 30JI0TOM
1 (QanbIIMBON MOHETON. MeTasul, UrpaBIIMiA POJIb 30J10Ta B 3TOM CITy-
yae, BO3MOXHO, ObUT MenHOW amanbramoi. I[logoOHBIM ke 00pazom
0KO0JI0 3TOro BpeMenu aerictBoBai u Kapn VII Bo @panumu B coobure-
cTBe ¢ u3BecTHbIM JKakom sie-Kapom.

[axe >KEHIIMHBI, KaK Hanpumep, umieparpuna Bapsapa, BgoBa
umneparopa CUrn3MmyHzaa, CTOSAT B CHHUCKax aaentoB. lmmepatop
Pymonsd I (1576-1612) 6611 MEeLIeHATOM CTPAHCTBYIOIIUX aIXUMHUKOB,
M €T0 Pe3WJCHINA TPECTABIIA IEHTPAITBHBIA MyHKT AIXUMHYECKOH
HayKd TOro BpeMmeHH. JIFoOMMIIbI MMIepaTopa Ha3bIBaJld €ro TepMaH-
ckuM ['epmecom TpucMernucrom, | €ro NpuMmep Haen MoJapakaHue
IIpH COCeHEeM cakcoHCKOM aBope. Kypdropcr Apryct CakCOHCKHI U
ero cynpyra AnsHa Jlatckasg IpOM3BOAMIIM ONBITEI — OH CaM B CBOEM
JIPE3IEHCKOM «30JI0TOM JIBOPLE», a CyNpyra — B POCKOILIHO YCTPOEH-
HO¥ Jtaboparopun Ha cBoel made B AHHaOypre. [Ipe3aeH monro ocra-
BaJICS CTOJIMLEH TOCYAAapCTB, IOKPOBUTEIHCTBYIOIUX AIXUMUH, KOTO-
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past B 0COOEHHOCTH CIIy’KHJIa MPEIMETOM PEBHOCTHOIO M3YUYEHHUS B TO
BpeMs1, KOTJja COIIEPHUYECTBO 32 IOJIBbCKYI0 KOPOHY TpeOOBaJIO 3HAUNU-
TEJIBHOTO PacXxo/a JEHEKHBIX CPE/ICTB.

WnTepecna uctopus motnanackoro aeopsHuuHa Ceronus. B 1602
rofy oH cosepwmiwi B ['ommanaun psn yoauHbIX TpaHcMyTauuil. OTo
IPUHECIIO €My CIIaBy, U HECKOJIBKO JIET CITyCTsl OH okasaics B Ctpac-
Oypre, rae moceiuics y U3BECTHOTO 30J0THIX JieNl MacTepa [ rocTeHro-
¢epa, KoTopoMy OCcTaBWI HEMHOTO (rnocodckoro kamMHs. Mmmeparop
Pynoned II mpurmacun ['tocrenrodepa B IIpary. Ho dwunocodcekuit
KaMeHb, ocTaBieHHbI CeToHHMEM, CKOpO OBbLT M3pacxoJOBaH, W He-
YIa4YHOMY «TPaHCMYTaTopy», HE YMEBIIEMY H3TOTOBIATH 30JI0TO,
npuniocs ymepers B TioppMe. Camoro CeroHus cynp0a 3aHecna B
Caxconmto, rae Xpuctuat Il 3atounn ero B Temuuiry. CeToHui, He-
CMOTpSl Ha HEUMOBEpHBIE TBITKH, JTOBEJIINE €ro MOYTH JO CMEpTH,
YIOOPHO XpaHWI CBOIO TailHy. I3 TIOpBMBI €ro BbI3BOIMI NOJSIK CeH-
I3uBoM U mpuse3 ero B Kpakos. 3aeck CeToHHMH yMep OT HAHECEHHBIX
eMy YBEuHi, HO mepes cMepThio oH aan CeHI3uBOIO CBOHM (uiocod-
CKUIl KaMeHb, HE OTKPBIB CEpeTa ero M3rotoByieHus. C MOMOIIBIO 3TOTO
cpeacrBa CeHA3UBOM oOpalai pa3Hble METaUIbl B 30JI0TO TIPH ABODPE
Curusmynpa Il B Kpakose, 0 4eM cymiecTByIOT HECOMHEHHBIE HCTOPH-
YecKHre CBUJIETENbCTBA, M ObUI mpuriamieH B [lpary, rie umiepaTtop
Pynoned, nmoay4duB oT HEro HEMHOT'O MTOPOLIKA, CaM COBEPLIMI YyAec-
HYIO TIepEMEHY.

B Bioprembepre xusa3p @punpux npuHuMan CeHI3UBOSI C BBICO-
KAMH  TOYECTSIMHM, HO 1o03aBHI0BaBIIMKA CEHI3MBOIO AIXUMUK
MioneHdensc TaiHO 3axBaTWil €ro, OTHsUI QUIOCOPCKUil KaMeHb U
nocaaui B TeMHuIly. Korna ato 06110 oTKphITO, MIoneH(ensc B Haka-
3aHue ObLI moBenieH, Ho CeHI3UBOM He TIOIYYrII 0OpaTHO KaMHS, caM
CZeTaTh ero He yMel, U 00paTuics B IPOCTOrO aBaHTIOPUCTA.

Anxumusi mpocymiectBoBaia a0 1819 r., korma pacmanoch mo-
cnennee «['epMeTrueckoe 00IIeCTBO» aIXUMUKOB, B 1790 r. ocHOBaH-
Hoe B Bectdamuu. Ho u nosxe, B 1837 rogy oauH TIOPUHICKUN aixu-
MUK IpeactaBusl BelimapckoMy NpOMBILIIIEHHOMY OOIIECTBY THHKTY-
Py, CIOCOOHYI0, SIKOOBI, 00OpaIlaTh METAJLIbI.

B gem ke 3akirouanacsk punocodus anxumun?

OcHoBHas Hjesl AIXUMHUKOB — CYIIECTBOBaHHME €IUHON MEPBUYHON
MaTepHUH, U3 KOTOPOI COCTOMT Bce. IJTO 0OCTOATENBCTBO CO3AET OC-
HOBY U AJIs1 BCeOoOIell TpaHCMyTallui BELIECTB U 3JeMEHTOB. [lomoi-
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HUTENBbHO K 3ToMy P.BoKOH BBIIBHHYIN W0 O KaYECTBEHHO pPa3ind-
HBIX 3JIEMEHTaX, KOMOMHAIINU KOTOPBIX 00pa3yloT KOHKPETHBIE BEIIIH.

AJNXUMHKY BIIOJIHE MPEACTABIISIIN, YTO MEPEXO0J]] OJHUX dJIEMEH-
TOB B JIPYyTH€ MOXKET MPOUCXOIUTH TOJBKO B MPUCYTCTBUH OTNPEICIICH-
HOTO KaTaJlu3aTopa, KOTOPHIA caM HE BXOJHUT B PEAKIHI0, HO CIIOCO0-
CTBYET €€ MPOBEJACHHUI0. OJTHUM KaTallu3aTOPOM W SBISIICS  «HITO-
cOo(CKUll KAMCHBY.

Pacxon dhumocodckoro kaMHs CBA3BIBAJICS C YICTO MEXaHHYECKH-
MU TPYAHOCTSIMH €TO COXpaHEHUs BO Bpems peakuuid. [Ipu aTom anxu-
MHKH HE JA€JaJii NPUHOHUIIHAIbHBIX pa3n1/1q1/1171 MCXKAY TEM, UYTO MBI
Ha3bIBaeM celuac «XUMHYECKUMU» U IACPHBIMMWY PCAKIUAMU. HO3I[-
HUE UCCIIEOBATENN ATXUMHIH CYUTAIOT, YTO UMEHHO B 3TOM COJICPIKHUT-
CA OCHOBHAas OHH/I6Ka AJIXUMHUKOB, KOTOPBIC IIYTAJIX IIPOCTHIC 3JICMCHTLI
CO CIIOHBIMH M TIOJIarajid, 4YTO JI00OM METama - 3TO CIUIaB JIPYTUX
MeTaanoB. Ho Tak moiaranm anxuMuku XV # 0osiee MO3IHUX BEKOB, a
HE OCHOBATEJU 3TOU HAYKHU.

Peakiuu, B KOTOpPBIX AIXMMHUKHU MONydaId Kak (uinocodckuit
KaMeHb, TaK M C €ro NMOMOINBI0 OJIArOPOJHBIE METAJUIbI, OTIUYAJIVCH
MPUMEHEHUEM Pa3HOOOPa3HBIX BEIECTB, COJIEH, KUCIOT, KBAaCI[OB, KYy-
MOpPOCOB, OypbI, Kpemyakiiero ykcyca, T0 €CTh, B OOIIEM-TO, OOBIY-
HBIX XUMUYECKUX BEIIECTB, HO, KaK TIPABWIIO, MPOU3BOIIINCH C MIPE-
BapUTEIbHBIM MHOTOJIHEBHBIM BBICTAMBAHWEM Ha SIPKOM CBETY, BBI-
IMMOJIHAJIMCE IIPU BBICOKUX TEMIIEpaTypax H 00s3aTeIbLHO B réepMeTu4-
HBIX cocynax. Clemyer OTMETHTh, YTO CaM TEPMHH «TEePMETU3AIINS)
MIPOM30IIIe] OT IMEHU | 'epMeca, KOTOPHIHA Jall allXMMHH HavaJo.

B moAroToBUTENBEHBIX peakIusIX TOKE HE OBUIO HUYEro OCOOCHHO-
TO.

Hcnonp30Banich Takue IPUEMBI, KaKk 00JKUTaHWe, BO3TOHKA, JIEK-
HTalws (CLeKMBAHKUE), PACTBOPEHUE, IMEPETOHKA, KPHUCTAJUIMAIUS,
¢ukcarus (orBepaeBanue). Ho peakiuu 1M D00, OT HECKOJIBKHX
4acoB J0 HeJenb. Bo BpeMst Apyrux, BUAMMO, TJIABHBIX peakiui, uMen
MECTO «OOM, MPEBOCXOIAIINN BCE, YTO TOJIHKO MOXHO BOOOPA3HUTHY.
Korma peakiust 3akoHY€HA, «...d MHP BO3POJIHUTCS OT MOOEIBI OJHOTO
H3 IBYX», HA0 IMOJOXHUTH B KaKoM-TO IMPOAYKT KaKoH-TO COJIM, KOTO-
pas B ICUCTBUTEIILHOCTU «COBCEM HE COJICHas», M TorAa «00i nemaercs
BO CTO KPaT OKECTOYCHHEE.

Wneonorudeckn KOHEI alXUMHH MOJI0XUI A.JlaByas3ne, mMmokasa-
BIIHH, YTO XUMUYECKUMH PEaKIUIMHA HEBO3ZMOXKHO MPeoOpazoBaTh OJI-
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HU 3JeMeHTH B Jipyrue. C BBIICHEHHEM MOHSATHS O MPOCTHIX TeIax U
AJIEMEHTaX BOMPOC O MPEBPAIaeMOCTH METaUIOB C TOMOINBIO (hHII0-
cockoro kaMHsl OBLT OKOHYATENBHO CIIAH B APXHB.

OKkoHYaTEeNbHO JIH?

Kax 0pUT0 mMOKa3zaHO BBIIIE, pEaKIWH, KOTOPBIE TIPOBOIMINCH all-
XUMHKaMH, TpeOoBaau 00s3aTeTbHOTO MPUCYTCTBHUS «PHIOCO(CKOTO
KaMH$», UTPABILIEro pojb KaTanu3zaropa. YTo ke Mbl cedyac, CIycTs
MHOTO BEKOB, 3HAE€M O JIEHCTBUH KaTaau3aTopoB, 0e3 KOTOPHIX COBpe-
MEHHasi XUMIsI He MOTJia Obl CyIIEeCTBOBAaTh, KPOME TOTO, YTO KaTa-
JIU3aTOPBl YCKOPSIIOT PEaKIIHIo?

Axanemuk H.H.CemenoB Beickazan B 1933 r. u moarBepawa B
1977 r. cienyroniyro MbICib:

«IIponuto CTO JE€T CO BPEMEHU OTKPBITUS KATAIUYECKOIO JEH-
CTBHSI, W BOT ceyac y4eHbIE TaK K€ Mall0 IOHUMAIOT, IMOYeMYy BOOO-
1Ie UAEeT KaTajlu3, Kak 3TO ObUIO CTO JeT Hasan. He moHumMast camoii
CyTH SIBJIICHUS, MBI, €CTECTBEHHO, HE MOXXEM JaTh HUKAKWUX yKa3aHH
0 palMOHaJIbHOM BBIOOpE KaTalu3aTopa, U TEXHWYECKH HE OCTAeTCA
HUYETO JPYroro, KaKk HaXOAWTh HYXHBIN KaTanu3aTtop, MpoOys THICSUH
BEIIECTB B TOM TMOPSAKE, KAK OHU CTOST Ha IMOJKaX XMMUYECKOH J1a0o-
patopum» («IIpupoma», 1978, N 2, c. 68).

[opsnka 70% Bcex M3BECTHBIX XUMHUECKHUX PEAKLIMH B TPOMBIII-
JIEHHOCTH, a BHOBb OTKPHITHIX — Oojiee 90% MpoBOAATCS C ITOMOIIBIO
Katanu3aTopoB. [lo katanu3y HamucaHbl THICAYH TPYJIOB, HO TEOPUHU
KaTaju3a, pacKpbIBaIOIIeN €ro CyTh, 10 CUX MOp HET.

CyIecTBYIOT KaTalu3aTopbl JUIsl OT/IEIBHBIX BEMIECTB M PEaKITUi,
CYIIECTBYIOT KaTaJu3aTOPhl IUPOKOTO IUIaHA, KaK, HapuMep, IUIaTu-
Ha. OcoOblil HHTEpEC MpeACTaBIsIeT (ePMEHTATUBHBIN KaTaln3, OTIH-
YaIOUIMICS MCKIIOYUTEIBHO BBICOKOH 3((EKTHBHOCTBIO: CKO-POCTh
peakiuii yBeInMuuBaeTCs B MHJUIMAPABI M OoJiee pa3, MpU ITOM JeH-
CTBHE KaTaJM3aTOPOB OTIMYAETCS BHICOKON M30MpPATENIbHOCTHIO U pe-
TYIUPYEMOCTBIO. OTH TIOCIEIHUE KaTalu3aTOPhl WMEIOT MeN0 CO
CJIOXHBIMU MOJIEKYJaMH. Y TIOMUHABIIHECS HEOMOIOTHYECKUE KaTallu-
3aTOpBl MCIOJB3YIOTCS B PEAaKUUsAX, B KOTOPBHIX y4acTBYIOT Oolee
MIPOCTHIE BEIIECTBA, JAKE DJIEMEHTAapHBIE, PEarnpyroT aTOMBI.

MoxeT OBbITh, BOBMOXKEH KaTajH3, CYIECTBEHHO H3MEHSIOIIUMA
SAepHBIE PEaKLUH, TeM OoJiee, YTO CIMSHHUE SIACP DJIEMEHTOB MEPBOM
MTOJIOBIHBI TIEPUOINIECKON TaOIUIIBI TPOUCXOANT C BBIJIEIICHUEM DHEp-
run? Takue peakiuy B NPHUHIMIIE CIIOCOOHBI CaMOMOIEPKUBATHCA,
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€CJIi, KOHEYHO, K TOMY IIPHHSATHI MEPHI U CO3/IaHBI COOTBETCTBYIOIIHE
ycroBusi. Ho mist Toro 94to0BI CTPOWUTH MOAOOHBIE TMPEAIIONIOKEHNS,
HYXXHO yOeIUTbCcS B TOM, YTO DJIEMEHTBI COCTOAT U3 OJHUX U TEX XKe
«KHpIHYEH», XOTA CYLICCTBYIOIINE TEOPHHM YCTPOHCTBA ATOMHBIX
sfiep U3 MPOTOHOB M HEHTPOHOB YK€ MAIOT K STOMY OIpe/IeJIeHHBIE
OCHOBaHWUSI.

Kak m3BecTHO, Benmymiel uaeel alXMMHUKOB OBLIO TpeacTaBiie-
HUE O €IWHCTBE MATePHH Ha BCEX YPOBHIX €€ OpraHM3alu, HIes,
KOTOPYIO BPSI JIM CTOUT OCIIApUBaTh. JTa Hjesl Obllla TECHO CBS3aHA C
IIPEACTABJICHUAMY O HAJIUYHUU B NPUPOJE MUPOBOH CPEABI — «alenpo-
Ha», B OoJiee MO3JHEM HauMeHoBaHWU — 3¢dupa. [lossraenue 3¢hupo-
JMUHAMHKHU CETOMHS ITO3BOJIMIO MO-HOBOMY IOCTPOUTH MOJEIN aTOM-
HBIX Si7iep, aTOMOB M MOJIEKYJ, M 3TO JIa€T HEKOTOpPbIE BO3MOXKHOCTH C
HOBBIX HO3I/IHI/II>1 IMOCMOTPCTh HA TO, UYCM 3aHUMAINCH AJIXUMUKU.

[Tockonmpky aToM TpenCcTaBIseT COOON €AMHYI0 KOHCTPYKIIHIO, B
KOTOPOW 3JEKTPOHHAs 000JI0YKAa TOPOXKACHA SAPOM, TO WU3MEHEHHE
CTPYKTYpHI SiIpa MyTeM 3aMEHBbI IPOTOHOB Ha HEWTPOHBI U HAO0OPOT
HEMEJIEHHO CKaXXEeTCsl Ha CTpoeHnH 00osouku. OOpaTHOE BIHSHUE —
AJIEKTPOHHOH 000JIOUKH Ha CTPYKTYPY SJpa — CYIIECTBEHHO MEHBbIIIE,
HO Takoe BIHMSHHE BIIOJHE MbICIUMO. Bo3zaelicTBue Ha 3JIE€KTPOHHYIO
000JI04Ky MOXKET MPHUBECTH K CO3JaHHUIO YCIOBHUH, CHOCOOCTBYIOIINX
MPOHUKHOBEHHUIO OJHUX SJep K IPYyTruM, OOpa3OBaHUIO KaHAJOB B
OJICKTPOHHBIX 000104YKaxX U TEM CaMbIM CHHIKEHUIO MMOTCHUHAJIOB, IIPO-
THBOJECHCTBYIOIIMX TaKOMY IPOHUKHOBEHHIO. EciM ke Impu 3ToM Io-
BBIIIICHBI TEMIIEPATYPHl, TO €CTh CKOPOCTH XaOTHYECKOTO IepeMelne-
HUS B TIPOCTPAHCTBE pEArnpymrIIUX aTOMOB, W JaBJICHHUE, TO €CTh
YHUCIIO aTOMOB B €IMHUIIE 00beMa, WIH, HA00OpOT, TeMIepaTypbl
CHMKCHBI 10 MHWHHMAJIbHBLIX, TO €CTh MOJABWXHOCTH B IPOCTPAHCTBE
pearupyronmx aToOMOB C/ieJlaHa MUHUMAJIBHOH, a JaBJICHUE — MaKCH-
MaJIbHBIM , TO 3THU YCJIOBUA U 6YJIYT TEM CaMbIM CO3JaHBbI. ATOMEI
OyIyT COymapsThCS NMPU OTHOCUTEIHLHO YMEPEHHBIX SHEPTHSIX, U, €CITH
OyAyT CHIKEHBI MPOTHBOACHCTBYIOIINE MOTEHIUAJBI, BIIOJHE MOXKET
NPOM30MTH HepecTpoiika 000JIOUEK, CIUIHUE sAep U 00pa30BaHUE HO-
BBIX dJ1ieMeHTOB. Hukakmx MMPUHOUIIAAJIBHBIX 3aIIPETOB 31€CHh HET.

U3 paccMOTpeHHBIX MOJeJel MPOTOHAa U HEUTpOHa CIEeIyeT, 4To
MEXy HUMU HET NMPUHIUIUAAIBHON pPa3HUIBI: HEUTPOH 3TO TOT XKE
MPOTOH, BOKPYT KOTOPOTO 0OOpPa30BAJICS yCTOWYHMBBIM TOTPAHUIHBIH
cioit adupa. CrenoBareibHO, pa3pylICHHE 3TOr0 CJIOs y HEHTpOHa
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IpUBEAET K TOMY, YTO HEHTPOH IIPEBPATUTCS B MIPOTOH, YTO U MPOUC-
XOIUT Y CBOOOJHBIX HENTPOHOB — HEMTPOH pacmagaercsi Ha IPOTOH U
3MeKTpoH (OeTa-pacmaa) ¢ BpeMEHEM IMoilypacnaja npuMepHo 12 Mu-
HyT. [IpaBaa, HelTpoH B cocTaBe sipa BeAeT ce0sl cTaOMIIbHO, HO MPH
BceX U obOcrosaTenscTBax? Henb3s nu, Hampumep, MOBIUATH Ha HETO
yepe3 NPOTOHbBI, Ha KOTOPhIE, B CBOIO OY€pEllb, BO3AEHCTBOBAThH YEPE3
3NEKTPOHHYIO 000JI0UKY?

B 1902 r. akanemuk H.H.bekeToB, ocHOBarenh (HU3UIECKON XU-
MUH, TIHCAT:

«HecMmoTps, Tak ckazaTh, Ha BIOJHE JOKa3aHHYIO Hepa3pyUIH-
MOCTb 3JICMCHTOB IIPU BCCX XUMHYCCKHUX IIPOLECCaX, BCCraa MOABJIA-
JICSl B yMaX COBPEMEHHBIX YUEHBIX HEBOJBHBII BOIPOC O TOM, HE MO-
JKEM JIH MBI TIOMTH Jlasiee OOBIKHOBEHHOTO XMMHYECKOTO Tpolecca, T.
€. OOBIUHBIX peakuii JBOMHOTO OOMEHAa B COJIEOOpa3HBIX COelIu-
HEHMAX M 3aMEIIECHUs OJHHUX 3JEMEHTOB JIPYTMMH B MOJIEKYJax
CIoXHBIX Ten? W He MoryT nu ObITh NPUAYMaHbl Kakue-HUOYAb
YCJI0BUA, NPHU KOTOPBIX XWUMHUYCCKHUE 3JIEMCHTLI MOITIN 6I>I OBITh WJIN
YHUYTOXXEHBI (KOHEYHO, B CMBICJIE AMCCOLMALUHI X aTOMOB Ha OoJiee
NepBOHAYAIILHOE, HEYJIOBUMOE JUIsl HAC BELIECTBO), WM Mpeodpa3oBa-
HBI?

...JlanbHeNIIe HCCIEN0BAHNUS HAJ BO3MOYKHOCTBIO M3MEHEHUS
CaMMX aTOMOB OYyAyT NpHHAAJEKaTh K OOIIEMY YYEHHIO O MaTEpUH.
Ecnu 1 camu aieMeHThl 00pa3oBalIUCh U3 KaKOW-JIMOO MEepBHYHON Ma-
Tepuu, Hampumep, dpupa, TPU ITOM JOJKHA ObLIa MPOU3OUTH TPO-
MaJiHasl HOTepsl PHEPTMU M MOTOMY IIpHUCYIIas B HACTOALICE BpEeMs
BIIEMEHTAaM XHMHYECKash 3HEPrHsl eCTb TOJIBKO CIadblil OCTaTOK TOrO
3amaca JKHBOU CHJIBI, KOTOPOM 00JIaaeT 3Ta MEPBUIHAS MATEPHS».

H.H.bexeToBsIM OBLIH MPEMIOKEHBI IKCIIEPUMEHTHI TI0  TIpeobpa-
30BaHUIO JIEMEHTOB ITyTEM YABOEHHUS BeCa aTOMOB B YCIOBHMAX HU3KHX
TEeMIIepaTyp ¥ Ype3BbIYaifHO BBICOKHUX JaBicHui. Tak, mnpeoOpasoBa-
HUE KUCJIOpOJa B CEpy U a30Ta B KpeMHuil, no MmHeHuro H.H.bekerosa,
MOTJIO Obl OBITH BBIMOJIHEHO, €CIIM TBEPABIM KUCIOPOJA WM TBEPIABINA
a30T 3allevyaTaTb B HOCOBYIO YacTh CTAJIBHOI'O CHAps/ia M BBICTPEIUTH
OTUM CHApAAOM B INUIMTY M3 MAT'KOTO KEJI€3a TakK, 4TOOBI cHapsa B Hen
3actpsain. Torma obpasyercs repMeTHuHas Kamepa, B KOTOPOH M TPO-
M30UIYT HEOOXOAUMBIE TIPEOOPA30BAHUSI.

Peakiun yaBOCHMS JIETKUX 3JIEMEHTOB JOJDKHBI IPOUCXOAUTH C
BBIJICJICHEM JHEPruM; NPUMEPOM TAaKOM peakLuu SIBIACTCSA CIUSHUE
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sanep AeuTepus B Aapo renus (anbda-4acTuiry), MpU KOTOPOH BBIIEINS-
eTCs Ha KaXAyIo mapy snep aeritepus 23,7 MaB. Ho u mHOTHE npyrue
peakiuyu yABOCHUS TaK:Ke MIYT C BBIJCICHUEM SHepruu. Tak, mpespa-
IICHHUE YTJIEPOJia B MarHUi JTOJKHO COMPOBOXKIATHCS BBIICIICHUEM 14
M>5B, a3zora B kpemauii — 27 MaB, Hatpus B TuTaH — 25 MbaB, kpeMHAS
B xkene30 — 19 MaB u T.11.

HuTepecHo, 4TO peaknuu, B pe3ysibTaTe KOTOPBIX MOTIH ObI TIO-
JMy4aThCsl 30JI0TO U cepedpo, TOXKE MPOUCXOJAT C BbIJICICHHEM JHEp-
THH, TO €CTh TAKUE PEaKI[MX MOTJIA ObI CAMOTOIICPIKUBATHCS XOTSI OBI
B IpuHIMIE. TaKUMH peakuusMH MOTYT OBIThb, B YaCTHOCTH, CIIEAYIO-
ue:

goHg + 16S => AU + 17Cl +2n + (4,74 - 9,46) M>bB,;
soHg + 33As => 70Au + 34Se + 2n + (4,27 - 26,25) M»B;
82Pb +20Cu =>70Au + 3,Ge + 14,38 M»B;

g2Pb +26C => 247/Ag + 12n + (23,3-42,1) MaB;
g2Pb + 14Si => 2 7Ag +.He + 14n+ 21,1 MaB.

B npuBeneHHbIX peakuusax UCIOIb30BAHbI TPAJUIIMOHHBIE I ajl-
XUMHKOB HCXOAHBIE MaTepuaibl — PTYTh, C€pa, CBUHEI, MBIIIbSIK. B
OOJIBIIMHCTBE pEaKUMH MPOUCXOAWUT BBIJEICHHE CBOOOIHBIX HEHUTpPO-
HOB, KOTOpbIE, B CBOIO OY€PE.lb, MOTYT CIIOCOOCTBOBATH MPOX0XKICHUIO
PEaKIui ¥ TOSBIEHUIO TOOOYHBIX HOBBIX 3JIEMEHTOB.

[IpuHIMTIMATEHAS BO3MOKHOCTH MPEBPAILIEHUS JIEMEHTOB JpPYT B
Jpyra 3acTaBiisieT MOCTaBUTh IPYro BOIPOC — KaKUM ke 00pa3om
00pa3oBaJIUCh Pa3IUyYHbIE MIEMEHTHI B ipupoae? I[louemy pasnuuHble
HY>KHBIE HaM 3JIEMEHTHI COMPOBOXKIAIOTCS APYTUMH, TPAAUINOHHBIMHU
JUISL 3THX 3JIEMEHTOB M TOJIBKO JUISl HUX, JAPYTMMH 3JIEMEHTAMH, HaM,
NpaBJa, HE HYXKHBIMH MU SBISIOIIUMHUCS «IIycToH nopoxnoi»? He sBns-
€TCsl JIM 3Ta «IIyCTasl MOpOJa» MCXOIHBIM MAaTepHAIOM I HYKHBIX
HaM 3JIEMEHTOB, WIH, HAao0OpOT, HE SBISETCA JIM 3Ta TOPOJAa Pe3yib-
TaTOM, OCTAaTKOM IpPOILIEANINX paHee SAECPHBIX peakiuii? Y He mpowc-
XOJIST JIM 3TU peaklUy celdac, B Halle Bpems?
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[louemy camopogHOE 30J0TO BCTpPEYaeTcs, Kak IIPaBUIO, B
KBaplle WM CyJIb(UAax jKene3a, WIK apCeHOIUPUTE U MPAKTHUECKU HE
BCTpEYaeTCsl B COUCTAHUM C APYrHMH dreMeHTamu? He crout nu oOpa-
TUTh 0cO00OEe BHUMaHME Ha CJIOH, OTIENSIOMMI 30J0TO OT KBapla, B
KOTOPBIN 30JI0TO BKpaIJIEHO, HE B 3TOM JIM TOHYaMHIIEM CJIo€ Haxo-
mutcst  kKaramm3atop? Kro-HmOyns mccnemoBan stoT cioit? To ke
MOJKHO CKa3aThb M O JIPYI'MX NMPHUPOAHBIX 31eMeHTax. He Ha rpanumax
T C «ITyCTOM MOPOAOH» HaJ0 UCKATh OTBET?

A Temnepb Opa BEPHYTHCS K BOIPOCY O MEXaHU3ME KaTajln3a.

Cunraercs, 4YTO yCKOpAIOIIee NeicTBHE KaTalu3aTopa OCHOBAHO,
TJIaBHBIM 00pa3oM, Ha TOM, YTO B IPOIECCE BCCH XMMHUECKOM peak-
UM KaTajJu3aTop BCTYNAeT B HEKYK IPOMEXYTOUHYIO PEaKLUIO, a
3aTeM BBIXOJIUT u3 Hee. Hu B koewm ciydae, boxe ynacu, He oTpunas
TaKOW TPaKTOBKH JEHCTBUS KaTajm3a, XOTeJOoCh Obl yKa3aTb Ha elle
OIIHY BO3MOXHOCTb, HAa KOTOPYIO B IIECTHIECITHIE I'OAbl 00paTHI
BHUMaHHMe mpodeccop MI'Y A.A.bamanaun. Ilo ero MHeHHIO, MOITe-
KyJIBI-pEareHThl ¥ MOJIEKYJIa KaTalu3aTopa MpeACTaBISIOT cOO0H HEUTO
noJo0HOe MaTpulle U MyaHCOHY. Eciii MOBepXHOCTh y4acTKa MOJICKY-
JBI-KaTanu3aTopa M MOBEPXHOCTH MOJIEKYJI PEareHTOB MOJ0O0HBI M
IMPOTUBOIIOJIOXHBI, T. €. BBICTYIlY Ha OI{HOP'I N3 HUX COOTBETCTBYIOT
BIIaJWHBI Ha prrOﬁ, TO CHJIBI MEKMOJICKYJIIAPHOTO B33PIMOILCI71CTBI/I$I
(cunsl Ban-nep-Baanbsca) nmpuTsaHyT HX Apyr K Apyry. Torma mMoinexy-
JIBI-peareHThl OKaXXyTCs B MOJIOKEHUH, HauboJiee yI00HOM ISl pearu-
poBaHus. B pesynbrare jke peaknuu y HUX U3MEHUTCS JopMa MoBepX-
HOCTH, U OHM OTHagyT OT MOJIEKYyJbI-KaTanu3aropa. Ta mocie 3Toro
rOTOBA NPUHAITH K ce0e CIEAYIOUIYIO Tapy MOJIEKYJI-pearcHTOB.

Kak BumHO, 371€CH TpaKkTOBKAa MEXaHHM3Ma KaTaliu3a HECKOIBKO
WHasl.

B 310l TpakTOBKE KaTanu3a HE XBaTaeT IMyCTSIKa — MOHUMAaHUS
MIPUPOABI CHUJI MEXMOJEKYISIPHOrO B3aumonencteus. IlpaBnma, wu3-
BECTHO, YTO 3TO B3aMMOJEHCTBUE MMEET JICKTPUUYECKYIO MPUPOLY U
ONpEAEsAeTCS CHWJIAMHU TPUTSKEHUS — OpPUEHTALMOHHBIMH, HWHAYK-
LIMOHHBIMHM M AMCIIEPCHOHHBIMH, a TaKXKe CHJIAMH OTTAJIKWUBAaHUS, HO
MU3BECTHO U TO, 4YTO pacCUUTaTb 3THU CHUJIbI Ha OCHOBE KBaHTOBOU Me-
XaHUKHA TIPAKTHYECKH HENB3s, TaK Kak «BXOISIIUE B ()OPMYINbI BelU-
YUHBI ONIPENEISAIOTCS KCIEPUMEHTAIBHO.

He MoxeT i ueM-HuOy b 31€Ch ITOMOYh d(OUPOTHHAMAKA?
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B cootBercTBMU € MONOXEHUSIME 3(OUPOIUHAMHUKE KOH(DHUTYparus
000N MOJIEKYITBI KECTKO OMPENeNsIeTC CTPYKTYPOH Aapa, a CTPYK-
TypHl f7ep ISl BCEX M30TOIOB MPAKTHUECKU YK€ MOCTPOEHBI, IIO-
CKOJIbKY B aib(a-4acTHYHOH MOJIENU 3TO AeaeTcsl HecloxkHO. [Ipu
WCIIOJIb30BAaHUU ammapara ra3oBOM MEXaHUKH IOSIBISIETCS BO3MOX-
HOCTb HOCTPOUTHh U CTPYKTYphl NPUCOCAMHEHHBIX K HUM BHXpEHd —
9NEKTPOHHBIX 000JI0UEK, COOTBETCTBEHHO M ()OPMY MMOBEPXHOCTEH MO-
JEKYI.

3mech ecTb HeKas OCOOEHHOCTh, KOTOPYHO HHKaK HE MOTJa
y4ecTh KBaHTOBas MeXaHuKa. Jlemo B TOM, 4YTO B COOTBETCTBUH C
KBaHTOBOW MEXaHHUKOW IMOBEPXHOCTh MOJIEKYJIBI — 3TO MPOCTO MOBEPX-
HOCTB, @ B COOTBETCTBHH C d(QUPOTUHAMHUKON TTOBEPXHOCTH MOJIEKYJIIBI
— 3TO0 MOTOK 3(upa, UMEIOINI COBEPIICHHO OMPEACTICHHYI0 CKOPOCTh
W OPHEHTAIMIO B MPOCTPAHCTBE. [ paaMeHT ke ckopocTH dpupa B
MPOCTPAHCTBE U OyNIET OMpEAeNATh MPUPOAY W CHIIBI MEKMOIIEKY-
JIIPHOTO B3aUMOJICUCTBUA: €CJIH €CTh I'PAJUEHT — €CTh TAaKUE CHJIBI,
HET IpaJiieHTa — U CHJI HeT. A TouHee, OyAyT CHIIBI OTTAIKHBaHUS,
MOCKOJIbKY TPaJUEHT CKOPOCTU U COOTBETCTBEHHO YMEHBILICHUE JIAB-
JIEHUS €CTh HA NPOTUBOMNOJIOKHON CTOPOHE MOJIEKYJIBI.

Toraga oTkpeIBaeTcs 3aMaH4YMBas BO3MOYKHOCTH C IIOMOIIBIO CO-
BPEMEHHOMN BBIYMCIUTEIBHON TEXHUKH:

a) paccuuTaTh KOHQUTYPAalMd MOJEKYN M BCE MOTEHIMANBI, WX
OKpY’KaloIllHe;

0) paccMOTpeTh BO3MOXHOE B3aUMOJICHUCTBHE MOJIEKYJ HA MIpUMe-
€ XOPOLIO U3BECTHBIX PEAKLIUM;

B) pacCMOTPETh MPOCTEHIINE IPUMEPBl HM3BECTHBIX XUMHUYECKHX
peaxiuii, B KOTOPBIX Y9aCTBYIOT KaTaau3aTophl;

I) MOXyMaTh, HENb3sl U BCE 3TO KaK-HUOYAb MPHUCIIOCOOUTH K
JlaJbHEHIIeMy MTOUCKY MEXaHU3Ma KaTalusa.

Brpyr uto-aulynp momydutcs?

N yx mocne aToro mocoobpaxkatb, a HENb3s I Yepe3 dJIEKTPOH-
HbIe 000JIOUKU MOBO3/IEHICTBOBATE HA SIpa B LEJISIX M3MEHEHUS UX CO-
CTaBa.

B 1900 r. B JIoHI0HE TTOSBUJICS HEKUH TOCTIOWH, KOTOPBIN Mpe/I-
70KU1 MOpcKOMy BEIOMCTBY KYIIUTh Y HETO UACIO O TOM, KaK MO>KHO
WCIIOJIb30BaTh OOBIKHOBEHHYIO BOJAY BMECTO OCH3MHA Jisi aBTOTPAHC-
mopTa Wik I 9ero yrogHo eme. OH TeMOHCTPHPOBAI CBOE M300pe-
TEHHUE, pa3be3kas C MPeACTaBUTEIIMA MUHUCTEPCTBA HA aBTOMOOMIIE,
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B KOTOPBIN OH Ha WX TJIa3ax 3ajJuBall BOMY BMECTO O€H3WHA, J00aBIssI
B HEE HEKYIO 3€JeHYIO JKUAKOCTh, KOTOPYIO OH MOKynal B anTeke. Hu-
KakuX 0COOEHHOCTEH B BOXKACHWHM MAIIUHBI HE HAOIIOAAJIOCh, KpoMe
TOTO, YTO BBIXJIOT OBUT COBEPIIEHHO YHCTHII. MOTOp 3aBOMIICS JIETKO.

Cynp0a rociognaa Hem3zBecTHa. OIHAXKIBI OH, HU C TOTO HH C
Cero, MpoCTO WCYe3 BMECTE CO CBOWM aBTOMOOWIIEM, HE YCIEB IOIY-
YUTH CBOMX JeHer. C TeX Mop 0 HEM HUKTO OOJIblle HUYETro HE CIBIIIA.
A mpo uaero Bckope 3a0buTH, TeM OoJjiee, 9TO BceM OblTa sicHa ee ao-
cypaHoctb. HapepHoe, kakoi-TO cymacumienmuid. Mamo v uUx TyT
Opoaut, Hajoeast 3aHATHIM JIFO 1AM !

A upnes Heruloxas, XOTs U He cpa3zy oueBuAHad. Jleno B ToM, 4TO
B OOBIYHOW BOJIE CONEPXKUTCS HEMHOTO TsDKelo Boapl. Camas Ka-
nenibka. Ho eciin OBl ee MOJICKyJIbI TPOpearupoBaIv MKy co00i, TO
BBIJICJIWIICS ObI KUCTIOPO/ U TEJINH, a 320/IHO SHEPTHUSI COSIUHEHNUS IBYX
JNEUTPOHOB B OJHY anb(a-4acTHIly. OTOH IHEPTHH C y49EeTOM JaxKe
HeBbicokoro KIIJ[ xBatmimo 01, 4TOOBI BOJA IO KAJIOPHUITHOCTH OKa3a-
Jlach JIydile, 4eM OcH3uH. A paOodee Teno — cama BOJa TOXKE UMECT-
cs. Tak 4ro Bnepen, TOMBKO XMH Ha nieganu. Ho 3neck He xBaTaeT Koe-
4Yero, a IMEHHO, TaKOTO KaTalln3aTopa, KOTOPBIH yCTaHOBHI OBl JBE
MOJIEKYJIBI TSKEJIOW BOJBI Ha CBOCH MOBEPXHOCTH TaK, 4YTOOBI JIEH-
TPOHBI OKA3aJIUCh KaK MOXKHO OJIMXKe APYT K APYry. A Jajnee HMCKpa,
BO30yXeHne U OHW ciumnHyTcsa. W nmeno cmenano. Tombpko BOT rie
B34Th Katanm3aTop? UTo 3T0 rocrnouH u300peTareib MOoKynall B amnTe-
Ke, HEeUTO 3eJIeHoe?

Jla Her, epyHJa BCe 3TO, HE CTOUT OECITIOKOUTECS... Vnn ctont?

OcHOBaHU# CYNTATh TPAHCMYTALIUIO JIEMEHTOB B UCKYCCTBEHHBIX
YCJIOBUAX HEBO3MOXKHOU HET. He MCKII0UeHO, YTO IPEBHUE AIXUMUKHU
BJIQ/IETI TEXHOJOTHEW, HBIHE yTpauyeHHOW. Bo3moxHO, uTo B Oymy-
11eM oA00Has MM HECKOJIBKO MHAsl TEXHOJIOTHUS, OoJiee COBpEeMEHHasl,
YEM Yy aJIXUMHKOB, ITO3BOJIUT OCYIICCTBJIATE TPAHCMYTAIIUIO 3JIEMCHTOB
B .Ha60paT0pHBIX WK 3aBOJICKHX YCJIOBUAX, W OCYIICCTBUTCA ME€UTa
AIXUMHUKOB M3 BCETO JIENaTh BCE.
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8.4. MOXHO U NOHATb YTO TaKkoe buonone?

Hukakux 6uomnosieit Ha cBeTe HE CYIIECTBYET.
[IpocTo 3T0 XOpOIIO U3BECTHBIE HAM
9JIEKTPOMAarHUTHBIE U TEIUIOBHIE TIOJIS.

U3 evicmynnenusn akaoemuxa A.B.Muzoana

6 nepedaue « OuesuOHOe-HeBePOAMHOE)

Jloruka (U3UKOB-TEOPETHKOB, B COOTBETCTBHU C KOTOPOH, C O-
HOU CTOPOHBI, OMOTIONS HE CYIIECTBYIOT Ha CBETE, & C IPYroi CTOPOHBI,
OHH XOpOIIO M3BECTHBI, Ta XK€, YTO JOTHKa (PU3NUECKOro Bakyyma (He
mycTasi MyCTOTa) WM Karteropmueckoe orcyrctBue ddupa B CTO mpu
kareropuueckom ero npucyrctsur B OTO. Yro nenats, mikona ogHal

OIHAaKO MOYKHO CUHMTATh YCTAHOBJICHHBIM CYIIECTBOBAHUE CHIIO-
BBIX U MH(GOPMAIIMOHHBIX MOJIEH, TPUPOJAa KOTOPHIX HE YKIaIbIBACTCS
B MIPUBBIYHBIC PAMKH YETHIpEX (QYHAaMEHTAIbHBIX B3aUMOACHCTBHIA —
CHJILHOTO U €Ja00ro SAepHBIX, DJIEKTPOMATHUTHOTO M TPaBUTAI[OH-
Horo. K TakuM mossiM, B 9aCTHOCTH, HY)KHO OTHECTH M TaK Ha3bIBae-
Mble OMOTIOJSI, KOTOPbIE TeHEPUPYIOTCS KUBBIMU OpPraHU3MaMH H IIPO-
U3BOAAT pasinuHbie 3(G(EKThl, HE UMCIOIIUE €Ile CeroaHs (usmnue-
CKOTO OOBSICHEHUSL.
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Hakommmock mocTaTogyHO — OOJNBIIOE KOJHUYECTBO — MPOSIBICHHI
pasHoro pona 6uonosiell. 3aech U TEJenaTHs — CBA3b MEXKAY JTIOABMHU
WIM MEXAY KMBOTHBIMU Ha PAacCTOSIHUU, M TEJEKWHE3 — IepeMelle-
HHUE MPEIMETOB C MOMOIIBI0 MAHUITYJISIHUNA PYK, HO O€3 MpUKacaHus, a
TO W MPOCTO B3MJIAAOM WM HaNpsDKEHHEM MBICIH, a TaKKe€ MHOI0e
IpyToe.

K uucny nposiBnenunit 6nomnonel OTHOCAT — OHOJIOKAIMOHHBIN 3¢-
(GexT — CHOCOOHOCTh CHEUUAIBHO ITOJrOTOBIEHHOIO YeJIOBEKa C IO-
MOILIbIO PA3ABOCHHOIO IpyTa — JIO3bl WM METAJUINYECKOM paMKH
HAXOJUTh TIOA3EMHBIC BKJIIOYCHUS: BOAY, PyIbl, HE(Th, MyCTOTHI, Ka-
MEHHBIE KIaJKd, Kabenu U T. . Bo3HUKIO TpeacTaBieHHE O Cylie-
CTBOBAaHMM TI'EONATOI€HHBIX 30H, 3€MHBIX M3IY4YEHHUI THIa Ouomoneii,
B KOTOPBIX JIIOAU U KUBOTHBIE YYBCTBYIOT ce0sl HEYIOTHO W JIaKe 3a-
OoseBaror.

[osBuAMCEH 3KCTPACEHCHI, CIIOCOOHBIE HAJIOXKEHHUEM PYK, a TO H
0e3 HEeMoCPEeICTBEHHOIO NPUKOCHOBEHHUS K Tely OOJBHOrO CTaBHUTh
JIUarHo3 W HCUENATh Oose3Hu. Bce 3T0 moka HUKaK He OOBSCHAETCS
COBpEeMEHHOU (hHU3UKOH.

O6miee i Bcex MepevrciIeHHBIX 3()(eKToB U sIBIECHUH — TO, YTO
OHM CBSI3aHBl C JKMBBIMH OpPTaHHM3MaMH - YEJIOBEKOM, KHBOTHBIM,
HACEKOMBIM, MUKPOOOM, pacTEHHSMH, KOTOPBIE CO3/Ial0T MU BOCTIPHU-
HUMAIOT 3TH SHEPreTUYECKHUE 107151, OTCI0Ja U Ha3BaHUe — OMOIIOIs.

ITo moBoxy NEPEUUCICHHBIX NMPOSBICHUN HEBEAOMOM NPUPOJBI
MHEHHS YUEHBIX Pa3AeTIINCh. BOIBIIMHCTBO TaKk HA3bIBAEMBIX «CEph-
€3HBIX YYEHBIX» CUMTAET BCE 3TO YEIyXOH, He cTosmIel BHUMaHus. Ho
OT TaKOT'O OTHOILLIEHHS CO CTOPOHBI OQUIMATIBHON HAYKH BCE 3TH SB-
nenus u 3QHEKTh He UCYE3NH, OHU CTY4aTcsl B IBEPh U TPEOYIOT BHU-
MaHHUsL.

[onbiTkM M3MepHUTH OMOMONS OOBIYHBIME NpUOOpaMH  (€ciu CUu-
TaTh WX 3JEKTPOMArHUTHBIMU I TEIIOBBIMH TOJISIMHU) MPAKTHUECKU
HUYero He gaid. EcTh, mpaBna, moOo4HbIe 3PQPEKTH B BUIC TEX Ke
AIIEKTPUYECKUX W TEIUIOBBIX MOJIEH, HO OHM CJIadbl M YK HHKaK He
MOTYT HH CABUHYTbH IIPEIMET, HH NEPENATh MBICIb TEIEHaTHUECKH.
XOoTs, ecnu CHEeUalbHO MOCTapaThes, TO MOXKHO KOE-YTO CJENAaTh.
Opnaxasl B MI'Y aBTOpy chenualbHO NPOJEMOHCTPHPOBAIH, Kak
MOKHO TOHATH MO IUIEKCHUTJIACY KWUJIOIPaMMOBBIN CTaJbHOW HMIUHIP,
MPEJIBAPUTEIILHO HATEPEB €ro IMIEPCTAHOM Tpsnkod. Ero rowsnu, He
INPUTPAruBasiCh K HEMY PyKaMH, JEMOHCTPUPYS TEM CaMbIM CBOE CKEIl-
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TUYECKOE OTHOIIEHHE K OMOTOIeBHKaM BOOOIIE W K aBTOPY, B HacCT-
HocTh. Tem He MeHee, Takue (POKYyChl HHYETO He JOKa3bIBAIOT. DJeK-
TPOCTaTHKA — JICKTPOCTATUKON, a OWOMOIIsI — OUOMIONISIMU.

OOBEKTUBHBIC CBHJICTEIILCTBA TOBOPST O TOM, YTO IEPCUUCIICHHBIC
BBIIIIE SBIICHUS W €Illeé MHOTOe Jpyroe mMeeT mecTto. M 310 o3Hauaer,
YTO )KHBOE TEJI0 YeM-TO KapAHMHAIHHO OTIMYAETCS OT TeJla HeXXUBOTO.

[Tocnennee co Bceld OUEBUIHOCTBIO NOATBEPKIACTCS TaK Ha3bIBa-
eMbIM 3¢ dextom cynpyro Kupnman. CyTb ero B ClieAyIoneMm.

Ecnu B34TH Kakoe-HHOYIb )KMBOE TENO, HANPUMEP, TOJBKO HYTO
COpBaHHBIN JIKCT JEpeBa, M IMOMECTHTh €r0 MEXJy OOKIaIKaMU KOH-
JIEHCATopa, TI0/IaB Ha HUX BBICOKOEC HANPSDKEHHE, HMEIOIIET0 YacTOTy
HECKOJIbKMX COTEH KWJIOTEpI], TO IOBEPXHOCTh 3TOTO YXKHBOTO Teja
HAYMHAET CBETUTHCSA. DTO CBEUCHHE IMPEICTABIACT COOOW Mepliaro-
M€ Pa3HOLBETHbIC (DOHTAHYMKHU, HENPEPHIBHO M3MCHSIOIIUECS U I1e-
penuBaronuecss  pa3NIWYHBIME [BeTamMu. [lo mpormecTBun BpeMeHU
cBeUeHHE ociabeBaeT, M YXKe depe3 HECKOIBKO JIECATKOB MUHYT CBe-
yeHue ucyesaet. JINCT ymep, XOTs BHEITHE OH HUCKOJIBKO HE M3MEHUII-
cs1. OHAKO )XU3Hb B HEM MTPEKPATUIIACh, U TIOATOMY CBEUEHHE HCUE3IIO.
Kax 310 M0O’XHO 00BSICHUTB?

Ecnu BcTaTh Ha mo3unmu 3QUPOAMHAMUKH, TO MPOLECC MOXKHO
MPEICTaBUTH CIAeAyIomuM o0pa3oM. [IposiBieHue KU3ZHEHHBIX MPOIIeC-
COB B XMBOW TKaHU 3aKJIFOUAETCS, KaK U3BECTHO, B OOMEHE BeIecTB. A
KaK TPOUCXOIUT 00MeH BemiecTB? [lyTem 3aMEeHBI OJJHUX BEIIECTB JIPY-
MMM, HO HE MEXaHHUYECKUM, & XUMHUECKUM ITyTeM, T.€. IIyTEeM pa3jio-
JKEHUS OJTHUX MOJIEKYIN M o0pa3oBaHus Apyrux. [Ipm sToM B opraHuzm
OTOMPAIOTCS CTPOUTENBHBI MaTepHal W 3HEPTUs. 3HAYUT, HYKHO
o0paTHTh BHUMaHHE Ha JHEPreTHYCCKUE IMPOIECCHI, CTPOUTEIIBHBIC
nena k a¢dexry Kupiuan OTHOIICHHS HE UMEIOT. A JUIsSl 5TOTO HY>KHO
MOCMOTPETh, KaK O00pPa3yIOTCs MOJEKYJIBbI C TOUKU 3PCHHS SHEPTETHKH,
YTO B HUX IPOUCXOJIHUT.

Kak u3BeCTHO, CYIIECTBYET JBa POja XMMHUYCCKUX CBS3CH — HOH-
HBIC W KOBAJICHTHEIE.

[Ipu MOHHOW CBSI3U ByX aTOMOB WX MPUCOCIUHEHHBIC BUXPH —
3JICKTPOHHBIE 000J0YKH KaK Obl MPHUIIMIAIOT APYT K APYTY 3a CUET TO-
ro, YTO IMOTOKH 3(Upa Ha MOBEPXHOCTIX MOJICKYJI 00pa3yloT TPaJUCHT
CKOPOCTEH, B KOTOPOM JIaBJICHHUEC TOHWXKaeTcs. BHemmHee aaBieHUe
a¢upa NpWKUMaeT aTOMBI ApYT K Apyry. lIpu KOBaIeHTHON ke CBSI3H
MIPUCOEINHEHHBIE BIUXPH JIBYX aTOMOB MEPECTPAMBAIOTCA TaK, YTO 00-
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pasyercs o0muid MoTOK 3upa, OXBATHIBAIOIIMIA 00a aToma. 1 mMeHHO
3TOT CITydail TpeACTaBIsAeT cOO0H HAMOONBIINNA WHTEPEC C TOUKH 3pe-
HUSI 3yueHus Ouononet BooOIe, u cBeueHust Kupinuas, B 4aCTHOCTH.

Kaxxnp1ii Ta30BbIH BUXph UMEET IUIOTHOCTh OOJNbIIE, YeM OKpY-
JKAIOMIMHA €ero ra3, TO XK€ OTHOCHUTCS W K d(QHUPHBIM BHXPAM. A MIpH
o0pa3oBaHMH MOJIEKYJIBl CyMMapHasi IJIMHA IMOTOKa 3¢dupa, oOTeKaro-
HIero JiBa aToMa, OKa3bIBaeTCSd MEHBIIIE, YeM CyMMapHas AJTUHA 3THUX
JKe CTpyH a¢upa B OTAENBHBIX aTOMax. OJTO O3HAYaeT, YTO IMPH CO-
€IMHEHUU JIBYyX aTOMOB B MOJIEKYJY NPH KOBAJIEHTHOHN CBSI3M 4acTh
a¢upa, 3aKITIOYCHHOTO B TMPHCOCIUHEHHBIX BHUXPSX — DIIEKTPOHHBIX
000JI04YKaX, OKa3blBaeTCs JIMIIHEH, HEHY)KHOW Al MOJEKYJbl. JTa
YacTh BO BpeMsl XMMHYECKOW KOBAJIECHTHOHN peakimuu OyIeT BHIOpoIIIe-
Ha U3 MOJIEKYJIBI B OKPY’Kaloliee MPOCTPAaHCTBO.

HaoGopoT, npu peakuuu pasfieieHisi MOJIEKYJIbl HA aTOMBI OKa3bl-
BaeTcs, 4TO »¢upa, 3aKII0UYEHHOr0 B 00IIei cTpye, oOTeKaromei a8a
aToMa B MOIIEKyJIe, HEIOCTaTOYHO IJIsi OOpa3oBaHUS BUXpEH dJIeK-
TPOHHBIX 0007104€EK B ABYX pa3ACJICHHBIX aTOMax. HpI/IXOI[I/ITCSI TOoraa
3aMMCTBOBATh €T0 U3 OKPYKAFOIIET0 IPOCTPAHCTBA.

Eciu B kiieTKe KUBOTO OpraHW3Ma HETPEPHIBHO HIYT XHMHYe-
CKHE pC€aKMu COCIUHCHUS, a B IPYTUX - p€aKIun pasacjaCcHus, TO €CTh
UMeEeTCsl MHOXKECTBO HCTOYHUKOB BBICBOOOXIaromerocss sdupa u
MHOJKECTBO TOYEK TOTJIOMEHUS 3(rpa U3 OKPYKAIOMIETO MPOCTpaH-
CTBa. DTO 3HAYHT, YTO MMEETCS MHOXKECTBO UCTOKOB U CTOKOB d(Hpa,
€CIIM BBIPAXKAThCS THAPOJMHAMUYECKH, B Pe3ysibTaTre 4ero u oopasy-
10TCs (DOHTAHYMKH, KOTOpBIe OOBIYHO HE BUJHO, a €CIIU MX TOJICBETUTH
BBICOKOYACTOTHBIM I10JIEM, TO CTAHOBHUTCS BUJIHO.

Ceeuenne Kupnuan mnpencrtaBisieT cOo0OH Maccy MepLAIONIAX
(OHTAHUYMKOB, CBETSAIIUXCS B TEMHOTe. Takoe CBEUCHHE IOIYUHIIO
Ha3BaHUE «aypa». Aypa OKpyKaeT Jr00H KUBOW OpPraHu3M, B TOM
YUCIIC U YCIIOBCKA, IPpUYEM MHTCHCHUBHA OHA B paﬁOHe T'OJIOBBI U Yy HE-
KOTOPBIX OPTaHOB, MEET Pa3Hylo (GOpPMY U CBEUCHHUE, B Pa3HOE BpeMs
OHa pa3lNYHa, U €€ NHTCHCUBHOCTH CBSI3aHa C HHTEHCHBHOCTHIO pabo-
THI OpraHa B JAaHHbI MOMEHT. CyIECTBYIOT JIIOJH, KOTOPBIE MOTYT
BHJIETh aypy, HO TAaKUX Majio. 3aTo IMOCJIC BBEIACHUS TOTOTHUTEIHHON
BBICOKOYACTOTHOW DHEPTHH aypa HE TOJIBKO JIETKO pa3iddMMa B TEM-
HOTE, HO €€ CBEYCHHE MOXHO coTorpadupoBaTh, YTO MHOIO pa3 U
BBITIOTHSIIOCH.
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OdeBuIHO, YTO HAWOOJBINAs WHTEHCHBHOCTHh W3IMy4deHHs 3(upa
MIPH XUMUYECKHUX PEAKIHSIX OyJeT MPONCXOIUTh B T€X CIydasx, KOTAa
SHEprus CBsi3eld aTOMOB B MOJIeKyJaxX OyneT Ooibiie. B aTom cMbIciie
MPEJICTABJISIFOT HAUOOJIBIITNI UHTEPEC MaKPO3PTHUSCKUE COSAMHEHUS U
MaKpOIPTUYECKHE PEeaKkidd, TO €CTh TaKhe, B PE3ylIbTaTe KOTOPBIX
DHEPrys KOBaJCHTHBIX CBs3eH oOKa3piBaeTcs HamOoibmiel. K Takum
BEIICCTBAM B IIEPBYIO OYEpEab OTHOCATCS pa3lndHble GochopHbIC
COCIMHCHMS, B YAaCTHOCTH, anesmHTpudoc-popHas kuciota (ATD).
Bce u3BecTHBIE MaKpOIPTUYECKHE COSTUHEHHS conepkaT Gochoprinb-
HYIO WU allIbHYIO ITPYIIy, T. €.

|
(-PO% ) wm R-C-

u onuceiBatotres popmynoir X — Y ,tme X —arom N, O, S uimmn
C, a Y—arom Pumu C.

Kak u3BecTHO, B Tpolecce OHOJIOTHYECKOW DBOJIONUU UMEHHO
bochopHbIe COeTUHEHHS CTATd YHUBEPCATLHBIMU XPAHUTEISIMA TCHE-
TUYECKOW MH(POPMALIMU ¥ MEPEHOCYNKAMU SHEPTUU BO BCEX JKUBBIX
cucTeMax. 3jech HEeT HM HEOOXOIMMOCTH, HH BO3MOXHOCTH Tepe-
YUCITUTh BCe 3HAa4YeHHE (POCHOPHBIX COCAUHEHHU JJISI OPraHU3MOB,
MOJXKHO CKa3aTh JIMIIb, YTO 0€3 3TUX COEJAMHEHUH, a Takke 0e3 yrie-
POJHBIX COETUHEHUN (BTOpasi TPpyIa MaKpOIPTUUECKUX COETUHEHHN)
Bpsia i Obl1a OBI BO3MOXKHA JKM3HB BooOIIe. Docthop comepxurcs B
MOBBIILICHHOM KOJIMYECTBE B MO3TYy, MMEHHO OH 00JIaaeT MOBBIIICH-
HOU CIIOCOOHOCTBIO K TeHepaluy 3(PUPHBIX H3ITYyYCHUH, 4TO BUIHO HA
npuMepe aypbl TOJIOBBI — OHA MOXET MPOCTHPATHCS Ha PACCTOSIHUE JI0
MeTpa 1 6onee (y OTAEIBHBIX JIMI HA AECATKH METpoB). U 310, KOHEU-
HO, HE CIIy4YaiHo.

HecomuenHo, wu3iyueHue 3¢upa HeceT B ceOe MHGOpPMAIUIO O
mpoleccax B JKMBBIX TKaHsX. B mpocreiiinem ciydae, Kak 3TO U
HaOmronaercs B 3¢ dexre Kupianan, MHTEHCUBHOCTD M3JTyYEHUs! CBUIE-
TCJIBCTBYCT 06 WHTCHCHUBHOCTHU ITPOLECCOB XU3BHCACATCIBHOCTHU TKa-
HEH ¥ OpraHoB, IIO3TOMY YK€ [0 OJHOMY 3TOMY MOXHO J€JIaTh BBIBO-
Ibl O COCTOSTHHH COOTBETCTBYIOLIETO OPraHa, O €ro 30pOBbE WM Ma-
tonornd. Ho TOHKasi CTpyKTypa M3ITyYeHHS JOJKHA, KOHEUYHO, HECTH
B ceOe Oorarefimnyio uHGopmanuto. 1 31ech BBISCHIETCS, YTO MBI CO-
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BEpIICHHO HE MpeICTaBiIsieM cebe, Kakhe BHIBl MOIYJISIUH MOTYT
MMETh Ta30BbIe, & B JAHHOM Clly4ae d(HpHBIEC TOTOKH, CTPYH M BHXPH,
M KaK 3TH BBl MOJYJISLIMU MOTYT OBITH CBSI3aHBI C COAEpIKaILEHCs B
HUX HH(OpMaIHEH.

[MpuHIMIHANTBEHO Kakaas CTpys dhupa MOKET UMETh Pa3IHIHBIN
BHUHTOBOW (paKTOp; CTPYs MOKET IPH 3TOM HMETh OJHOCTOPOHHEE IO-
CTyHaTelnbHOE IBIKEHHE BAOJb CBOCH OCH, & MOXET MMETh JBYCTO-
pOHHEE, KaK 3TO MMEET MECTO B TPyOKe SJICKTPHYECKOTO MO — IO
OCH OT HWCTOYHHKA, 110 Nepudepun — K UCTOYHUKY. [Ipn obonx Bumax
JBWKEHUSI TI0 OTHOIICHUIO K OCH CTPYH MOTYT MMETh IIPaBOBHHTOBOE,
a MOTYT UMETh W JICBOBUHTOBOE ABIKeHHE. CTPyH MOTYT 3aMBIKaThCs
B TOpHUIAJIBHBIC WM WHOM KOH(UTypanuu 3aMKHYTBIE TIETIIH, 00pa3ys
CIIO’KHBIE (PUTYpPBI, HE MEHEE CJIOKHBIE, YeM CTPYKTYPHI aTOMOB U MO-
JIeKyJ1, UX MopoAuBIIue. Takue CTPYKTYphl MOTYT OTHOCHUTENIFHO CBO-
00HO conepkaThbesl APYT B Apyre, NPOHUKAs IPYr CKBO3b Jpyra, He
Hapymas CTPYKTYp ¥ He Memlas JApyT Ipyry, MOJOOHO TOMY, KaK Ipo-
HUKAIOT PaJMOBOJIHBI, HE B3aUMOJACWCTBYS W HE OKa3bIBas APYr Ha
Jpyra HUKaKOTrO BIIUSHUSL.

YacTp Takux CTPYKTYp, KaK CTPyH, UMEIOIINE MCTOYHHK M CTOK,
HE OTpPBIBAIOTCS OT HHUX, ApYyras 4acTh, TaKHX, KaK TOPOHWalbHbIC
CTPYKTYpHBI, cla0b0 CBSI3aHHBIE C JIPYTHMH CTPYKTYpaMH, WK Lebie
aHcamOJIM, MOTYT NEepeMeIaThcsi B MPOCTPAHCTBE, ITOCKOJIBKY B HUX
JIOJDKHBI BO3HUKATH CHIIBI OTTAIKHBAHUS OT OKpY’Karoliero agupa aHa-
JIOTHYHO TOMY, KakK Ta30BbI TOPOMIAIBHBIA BUXPh THUIA JIBIMOBOTO
KOJNIbIIa, Oyaydn ci1abo CBSI3aHHBIM C MCTOYHHMKOM, OTPBIBAETCS OT
HETO W NepeMelaeTcsl B pocTpaHcTBe. Bee 3To JkaeT cBoux uccieno-
BaTele, JUIsl KOTOPBIX 3PHUPOJMHAMHUKA PUTOTOBUIIA HEOOBSITHOE T10-
JIe AeSATEIbHOCTH.

[Ipu BO3meicTBUM 3()UMPHBIX MOTOKOB HA BHHTOBBIC BHUXPEBBHIC
TOPOUBI TIOCIEIAHUE CTPEMSTCS Pa3BEPHYThCS TaK, YTOOBI TPajeHT
CKOpOCTEHl 1Mo MX 00pa3yloIuM CTall MaKCHUMaJIbHBIM, B 3TOM ClIydae
JaBJIeHHNE Ha MX IOBEPXHOCTH MHHUMAIBHO, U TOPOUABI CTAHOBSATCS
YCTOMYMBBIMH K TIOTOKY.

Ecnu ke BUXpY 3aBsi3aHbBI JIOTIOJIHUTEIBHBIMHU CBSI3IMH € IPYTHMH
BUXPSIMH, TO OHU Pa3BEPHYTHCSA TaK, KaK TpeOyeT MOTOK, He MOTYT. To-
r71a B MOJIEKyJ1axX BOSHUKAIOT IONOJHUTENbHBIE HampsoKeHus, Aedop-
MHPYIOIIHEe MOJIEKYJTy ¥ MEeHSIoIue ee cBoiicTa. Eciu motok a¢upa, K
TOMY €, MOAYJIHPOBaH BO BPEMEHH, TO Ha MOJICKYIy OyAyT OeHCTBO-
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BaTh NMEPHOAMYECKUE CHIIBI, a IMMOCKOIBKY KaXIBIi AIIEMEHT MOJIEKYJIIBI
MpeACTaBIsIeT co00l BRICOKOAOOPOTHOE KOjebaTenpHOe 3BEHO (MMe-
eTcs Macca W YIpyTue CBA3M), TO MPH COBMAJCHUHM YacTOT IyJbCa-
U IOTOKA W 4acTOT OTACIbHBIX 3BEHHEB B MOJICKYJIaX MOTYT BO3HH-
KaTh PEe30HAHCHI, YCHIUBAIOMINE BO3AecTBHE d(DUPHBIX KoJeOaHuil Ha
MoIeKynbl. 1lpr coXHBIX KOHPUTYpaIUsIX ITOTOKOB, KOT/Ia TaKHe BO3-
JEHCTBUS OXBATBHIBAIOT TPYIIBI aTOMOB, BO3/ICHCTBHE MOXKET OKa3aThCs
JIOCTaTOYHO CHJIBHBIM. A €CJIHM TaKHe MOTOKH BO30YKIAIOTCS MO00-
HBIMH JK€ MOJIEKYJaMH, TO CBS3b MEXIy MOIEKYJIaMH OIMHAKOBOTO
CTpoeHus 4yepe3 3(pHup CTaHOBUTCS OYEBHUAHOH. B 3TOM miane MOKHO
TOBOPHUTDH U O TEJIEMaTHH, U O MEXaHU3ME B3aUMHOTO PETYIMPOBAHUS
JKUBBIX OPTaHU3MOB uepe3 dhup.

B craree B.E.JKBupGnuca «AcumMmeTpus MPOTHB Xaoca, WIH YTO
takoe buonone» («Xumwus u xxu3uby», 1980, N12, c. 81-87) mokaszano,
YTO B3aMMOJEHCTBYE JIEBO- U TPABO-, HO OJMHAKOBO MOJISPH30BAHHBIX
MoJIel W CTPYKTYp BEIIECTBA MPOUCXOAWT C HAMBBICIIECH YyBCTBU-
TEJIBHOCTBIO M TIOMEXOYCTOMYUBOCTBIO, TAKUM 00pa3oM, Kak OYyATO
3TO B3aUMOJICHCTBHE MPOUCXOAUT 0O€3 MOMeX IpPU a0COTIOTHOM HYIIe
Temrepatypel. Ha Takoe monspuzoBaHHOE IBWKCHHE HE JIEHCTBYET
Xa0THUYECKOE JIBUKEHHUE, BEIIECTBO MPH 3TOM OTIHYAETCS MaKCHMAIIb-
HOU M30MPAaTENILHOCTHIO K (hOpME MOCTYIAIOIIETO MOTOKA.

TakuMm oOpazom, y Tiporiecca TelenaTuy ecTh BIOJTHE pU3ndecKas
ocHOBa. J{y1st TOrO 4TOOBI YOOUTHCS B HAIMYUW WM OTCYTCTBUU Te-
JIeTIaTHH, aBTOP MPOBENT OJTHAXKABI SKCIIEPUMEHT C TaK Ha3bIBAEMBIMU
KapTamu 3erepa — HeOOJBIIIOTO pa3Mepa KapTOYKaMH, Ha KOTOPBIX
n300paxkeHbl GUTyphl: KpYyT, TPU 3Ur3ara, MATHYTOJbHAs 3B€3da, Tpe-
YrONBHUK | KBajpaT. UMCio coBnajeHu mpu nepeaade nHpopManuu
MOJIHOCTBIO YOEIMIIO aBTOpa B CyIlleCTBOBaHUH d(dekTa.

C nomopio ooMeHa nHopManrei yepes 3pup ocymecTBisercs,
BHJINIMO, M MEXaHU3M CaMOPETYJIMPOBaHUS y TMPOCTHIX OPraHH3MOB.
Ecnu 11eiocTHOCTh BUIa Y BBICIIUX CYIIECTB TOJICPKUBACTCS 33 CUET
CYLIECTBOBAaHUS MEPEKPECTHBIX CBS3EH MYKCKUX U KEHCKUX 0cobeH,
NPUHAUIEKAIINX PA3IMYHBIM CEMBSIM, TO Y OJHOKJIETOUHBIX OPraHU3-
MOB 3TOr0 HeT. OcoOM OHOTO KIIOHA HEM30E€KHO JOJIKHBI ObUIH ObI
MYTHPOBAaTh U HAKOMHUTh, B KOHLIE KOHIIOB, CYILIECTBEHHBIC Pa3IHuus,
eciu Obl He OBIJIO HUKAKOTO PETYIUPYIOMIET0 MEXaHH3Ma, CTa0HIN3H-
PYIOIIEro uX APYT OTHOCHUTENBHO IpyTa.



326 I'naBa 8.

B sTOM m1aHe 1MOJIe3HO BCIIOMHHUTH, YTO MOJOOHOE BO3AECHCTBHE
on110 oOHapyxeHo eme A.I'.['ypsuuem, koTopsrit B 1923 r. onmcan tak
Ha3pIBa€MOE MHTOTCHETHYECKOe HW3IydeHue. pyruMu ucciemoBare-
nsimu — akagemukoM B.I1.KasnaueeBbIM 1 ero rpynmoil ObLIH mocTas-
JICHBI SKCIIEPUMEHTHI, B KOTOPBIX BBIpalBaeMasi TKaHEeBas KyJIbTypa
YACTUYHO TMOJIBEPrajiaCh BIUSHHIO PACTyNIed TKaHEBOW KYIbTYpBI,
PacIoNoKEHHOW Ha MPOTHBOTIONIOKHOW CTOpPOHE KBapLEBOW IJIACTHU-
HBI, & YaCTHYHO — HeT. Ta yacTh, KoTopas MoJBepraiach TAKOMY BITU-
SIHUIO, CYIIECTBEHHO OTJIMYajach IO CBOMCTBAM OT TOM 4YacTH, KO-
Topas MoA0OHOMY BIUSIHHIO HE MOJBepraiach. ABTOpHI MpeIoiaraiu
HaJIM4Me CBETOBOT0 MH(OOPMAIIMOHHOTO BIUSHUS TKaHEH APYyr Ha Jpy-
ra. OmHaKoO MOXHO TMPEINON0KUTh, YTO, XOTS CBETOBOC MHPOpMa-
UOHHOE BO3/ICHCTBHE TIOJIHOCTHIO HCKIIOYUTH HENB3s, OCHOBHYIO
poOJb WrpaeT HE OHO, a MPOCTPAHCTBEHHO U BPEMEHHO-
MOy TMPOBaHHBIC MOTOKH upa. JlaHHBINA BOIPOC, KAK U MHOTHUE JPY-
THe, TOAICKUT NaTbHEHIIIEMY U3yUCHHIO.

PaccmoTpuM  BO3MOXHOCTH 3(DUPOANHAMHYECKOTO OOBSICHEHUS
TeJIEKUHE3A.

Buomnorne, u3nydaemoe KHBOW TKaHBIO, NMPECTABISIET COO0i He-
Kuii Habop BUXpEBBIX cTpyi 3¢dupa. Ecnm ctpys obmyBaeT mpeamer,
TO W3-32 HAJMYUS JTOOOBOTO CONPOTUBIICHUS TMpeaMeT OyleT HCIbI-
TBIBATh CHIIY, MPOMOPIMOHANBHYIO TUIOTHOCTH OOJyBAIOIIEro rasa,
KBaJ[paTy CKOPOCTH U IUIOIIAAM TIONEPEYHOro CeYEeHUs mpeamera (ec-
JIM 5TO MeTaill) Wik 00beMy (eciiu 310 uzonstop). Ecnu sxe cTpyst 00-
JyBaeT MpeaMeT cOOKy, TO Ha TeJI0 JeHCTBYET TaHTCHIMAJbHAS CHJIa
Marnyca, npeagMeT NOATATHBAETCS K CTPye 3a CUeT TOro, YTO Ha ATOH
CTOpOHE JaBJICHHE OCJIa0eBaeT, a Ha TPOTHBONOJIOKHOW, TIE CTPyH
HET, OCJTa0JIeHHs JaBJICHNUs ra3a HeT.

BosgeiicTByromas cuia B 3TOM cliyyae OyIeT NpOrnopLUOHAIbHA
K03 PUIIMEHTY BSI3KOCTH rasza, TPaJUeHTy CKOPOCTH M OOKOBOH IUIO-
nehe

OnHako ecny CTpysl BUHTOBAsl, TO M B Cllydae, €CIIM OHa BO3/CH-
CTBYET Ha TEIIO MPSIMBIM 00pa30M, MOXET MPOUCXOIUTHh KaK OTTAJIKH-
BaHMe, TaK W MPUTSHKEHHE K UCTOYHUKY, TaK Kak Ojarojapsi Bpaiie-
HUIO Ta3a Mo TOPIY CTPYH MOTYT BO3HUKATh CHJIBI TPAJAUCHTHOTO TPH-
TSOKSHHSI W OTH CHJIBI MOTYT MPEBBIIATH CHITY JIOOOBOTO COMPOTHBIIC-
HUSL.
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JroGombITHEI 2QQeKT MOXKET BOSHUKATh B CiIydae my0iera — oj-
HOBpPEMEHHO JICHCTBYIOIINX UCTOKA M CTOKa »dupa. B aTom cinyuae mo
OCH CHMMETpHH AyOJieTa JIOOOBOE CONPOTHBIICHUE OTCYTCTBYET, a
rpaMeHTHOE BO3JEHCTBHE MaKCHUMajbHO. 31ech OynyT BO3HUKATh
MPUTSHKEHNE K MCTOYHUKY W O0KoBoe cmemieHue. lIpuTsbkenne K wmc-
TOYHUKY MOJDKHO BO3HHMKATh M B Cilydae 00ayBa Tena AyOJIeTHBIMU
BUHTOBBIMHU CTPYSIMH, Y KOTODPBIX KPyroBOE JBIKEHHE COUETACTCS C
MCTOKOM 3(pHpa IO IEHTPY CTPYH H CTOKOM IO Iepudepu.

Takum o6pazom, 3¢dupoaHAMHKA TOJBOIUT HEKOTOPYIO 0a3y
10]] BO3MOKHOCTH TEJICKUHE3A.

JIroOombITHBIN citydail omuicaH B razere «M3Bectus» 13 HOSAOpS
1988 1.

Ha 3anmage AsepOaiimkana Ha jmopore, Benyimied k ozepy ['ek-
Tenb, HE J0€3KadA celia KIO]_HKIO, AdBTOMAIIIMHBI C BBIKJIFOYCHHBIM MO-
TOPOM HEYKJIOHHO TaIllUT BBEPX B TOPY, IIPU STOM CHJIBI TAKOBBI, YTO
yAepKaTh MaIluHy HENb3s, €CIM He BKIOUeH MoTop. [IpoBeneHHbIC
9KCHEPUMEHTBl OJHO3HAYHO TOKAa3ajl, 4YTO SIBJICHHWE CYLIECTBYET.
CoznmaHHasi WMIIPOBU3WPOBAaHHAS KOMHUCCHS, B KOTOPYIO CPOYHO BO-
nuin HadanbHUKU MecTHeIX MBJI u OBXCC, noarBepauiu sBl€HUE,
YeM CO3Jajii TOJIOBOJIOMKY JUIsl azepOaimkanckorl Axamemun Hayk.
Takum 00pa3oM, BIIOJIHE BO3MOXKHO, YTO SIBJICHUS THIIA TEJICKHUHE3a
CYIIIECTBYIOT U B IPUPOJIC.

Nmerorcsa u CKCIITUKHU, KOTOPLIC ABJICHUA HE BUJCIIU IO IIPUINUHE
€ro OTIAJICHHOCTH OT MecTa MX NpokuBaHus. CKENTHKH, TeM He Me-
Hee, BBICKA3bIBAIOT NPEIOJIOXKEHHe, YTO B MIANDIBIYHON, pacroio-
JKEHHOW B KOHILIE JIOPOTH, Ha KOTOPOW HAONIOAAeTCsl 3TO CTPaHHOE
SIBJICHUE, JieTia TIOUTH TUI0XO, TI03TOMY MPUBJICYEHHUE MACChl TypHCTOB
ObII0 OBl Kak HeNb3sd Ooyiee KcTaTH. BO3MOXHO, B 3TOM KPOIOTCS MPH-
YUHBI AHOMATUH?

TCHCKI/IHC3, BBI3BIBAEMBIN KUBBIMU OopraHusMamMu, NOJDKECH MMCETH
1oJ| cOOOW PHEPTETHUECKYIO OCHOBY. 3/I€Ch CHOBA MPUXOJUTCS BCIIOM-
HUTHb O Makpospruueckux (ocdopHeix coeanHeHusx. B orimume ot
MJIEKOTIMTAIOIINX, Y KOTOPBIX (hochop cocpenoToUeH, TIaBHbIM oOpa-
30M, B MO3I€ — I'OJIOBHOM M CIIMHHOM, Y pBI6 OH B OOJIBIIIOM KOJIMYeE-
CTBE UMeeTcs U B Mblnnax, CrnpammBaeTcs, 3a4eM peioam docgop?

OnHako B JHTEpaType MPOCKONB3HYJIO COOOLICHHE O TOM, 4YTO
mryka (a pei0aky yTBEp)KIAlOT, YTO W TaMEHb TOXKE) CIOCOOHA cle-
JIaTh PHIBOK B BOJIEC B TIOTOHE 32 JKEPTBOW, He uieeenbHys HUuem M He
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oTTaikuBas oT ceds Bomxy. llpu sToM oOHa crmocoOHa caenmaTh TaKOH
PBIBOK TOJNBKO OIHMH pa3, TOCJIE Yero OHa JOJDKHA HEKOTOPOE BpeMs
OTIIOXHYTh U TOJILKO TOT/Ia OHA CIIOCOOHA Ha MOBTOPHBINA PBIBOK. He
PCAKTUBHBIN JM 3TO MPUHIIUII C MCIIOJIb30BaHUEM 3(PUPHOTO OTTAIKH-
BaHMsI? Xopomro ObI, YTOOBI HXTHOJIOTH IMOATBEPAHUIIN HIIH OTIPOBEPTIIN
3TO COOOIIEHHE. ..

B mensx mpoBepkH BO3MOXKHOCTH CO3/IaHUS MEXaHUYECKHX BO3-
JICUCTBUUA TIPU MPOBEJICHUN XUMHUUYECKUX pEaKIuid aBTOp MpOBEN clie-
IYIOIIUNA SKCIIEPUMEHT. B IMacTMaccoBOM CTakaHYHMKE, 3aKPBITOM
KPBIIIKON C JIBIPOYKOH, ObLIa MpOBEICHA XMMUYECKas peaKius, camast
oOBIYHAsA: Ha TaOJNIETKY IIENOYM M3 MHUIETKU Kamanack Kuciora. Kakoe
3TO MOTJI0O MMETh OTHOIICHHE K IMOJHOCTHIO 3a3KPaHUPOBAHHBIM KPY-
TUJIBHBIM BecaM C MeTalIndecKoi J'IOHaTO‘-IKOfI, YCTaHOBJICHHBIM B
HECKOJIbKMX CAHTUMETPAaX OT CTaKaHYHMKa?

Hukaxkoro. A Beas umeno!

[Tocme Toro xak peaknus 3aKaHYMBajIach, MeTAJUTMYECKas Joma-
TOYKAa HayMHAajIa MPHUOIKAThCS K CTAaKaHYMKY, a 4Yepe3 HECKOJbKO
MUHYT OHa yXOJWJa OT HEr0 Ha HEKOTOPOE IMpPENEeNbHOE PACCTOSHUE,
W JUIIb Yaca 4epe3 IMOJITOpa OHa MeJIEHHO BO3Bpallaliach Ha CBOE
MecTo. Bee 3T0 npojienbIiBaioch HEOAHOKPATHO, BCE MEPhI HCKITFOUSHHUS
MOCTOPOHHMX BIIMSHUN ObUIM MPUHSTHI, TOKa3aHHs (DUKCHPOBAINCH
aBTOMATHYECKH, KPHBbBIE YKIAJBIBAIUCH JAPYT HAa ApPYyra ¢ XOPOIIeH
MMOBTOPSIEMOCTbIO.

Ho »t0 He Bce. Korma ata sxe peakiiusi poBOAMIACH HA JCPEBSH-
HOM WJIM TIEHOIUIACTOBOM KyOWKE C BBIIEPIKKON CTakaHYMKa Ha HEM
OKOJI0O OJHOW MHUHYTHI, a 3aTeM 3TOM KyOWK yke 0e30 BCSKOro CTa-
KaH4YMKa IIEPEHOCUJICA K BE€CaM, TO BECHI BEIIN ce0st TOYHO TaK KE, Kak
IO 3TOTO CO CTaKaHIMKOM. BoT Tak-To!

OOBscHEHHUE C TOYKH 3peHUs d(HUPOJUHAMHUKH 37I€Ch OTHOCHUTEh-
HO HecnoxHoe. IIpu peakiuu Kaxaas rapa pearupyrommx MOJCKYI
BBIJIENISIET CTPYHKY 3aKpy4eHHOTo 3¢dupa, KoTopas TyT e CBOpavnBa-
€TCS B BUHTOBOW BUXPEBOW TOpoui. TakuxX TOPOUIOB CO3MAETCS IO
YHUCITy pearupyroIinux MOJeKys. Pacuer mokassiBaeT, 4To AUaMeTp Ta-
KOro Topomuaa cocrapiisgeT nmpumepHo 0,01 MM, BITOJIHE MaKpOCKOTIMYE-
ckas BennunHa. [lomoOHbIe BuXxophku akajemMuk A.D.OxaTpuH Ha3bI-
BaJl «MHKPOJICITOHAMW», HO OH B CBOHMX 3KCIICPUMCHTAX IMOJIydal
«JIENTOHHBIN Ta3», a TYT SBHO «JICMTOHHAS TICHAY.
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CHauana «1eHa» HakaluIMBaeTcsl U ee 00beM pacmupsierca. Korna
OHa KacaeTcsl METa/NIMYECKON JIOATOYKHM BECOB, JaBiieHHE 3(upa Ha
JIOMIATOYKEe YMEHBIIAeTCsl, TaK KaK MOTOKH 3(upa B BUXOpPbKax
HaIpaBJeHbl MO KAacaTEJIbHOM K JIONIATOYKE, CJIEJOBAaTENbHO, UMEETCs
IrpaueHT CKOpocTu moToka. Ho uepe3 HekoTopoe Bpemsi MOBEPXHOCT-
HbI€ BUXOPbKHM HAaYMHAIOT TEPATh YCTOMYMBOCTH U JomaroTcs. [lasie-
HHE 3}upa BO3pacTaeT, U MNIACTHHA BECOB OTTAJKUBAaeTCs. A Korja Bes
IICHA UCUE3HET, BECHI BO3BPAIAIOTCS HA CBOE MECTO.

JlaHHBII 5KCOEPUMEHT UHTEPECEH HECKOJIbKUMHU MOMeHTaMu. OH
MOKA3bIBACT MPUHIUITUAILHYIO CBSI3b XUMUYECKHUX peakiuil ¢ 3Qu-pom.
On IMOATBECPIKAACT BO3MOXKHOCTDH XUMHYECKOM IMPpUPOAbI TCJICKU-HE3A.
OH noKa3bIBaeT BO3MOXHOCTh HCKYCCTBEHHOTO MOJEINPOBAa-HUS OHO-
nosst. OH I@MOHCTPUPYET BO3MOXKHOCTD ITOCTPOCHHUS dPUPOJHAMUYC-
CKOT'O JIBUTATENsI, MOIIHOCTh KOTOPOTO MOKa, MPAMO CKaXeM, HEBEJIH-
Ka, HO KTO 3HAET, KaK 0 IMOUACT Jabiie?

C no3uuuii >pUPOIMHAMUKH MOTYT OBITH PACCMOTPEHBI M TOUKH
aKyMyHKTYPBI — OCOOBIE TOUKH Ha TeJie uesnoBeka (ux okono 700), me-
XaHWYECKOe, 3JIEKTPUUECKOE WMJIM TEIJIOBOE BO3JEHCTBHE HA KOTODPBIE
MO3BOJIIET PETYIUPOBATH AEATEIBLHOCTD PA3IMUHBIX OPTaHOB Tea.

OTnnyuTeabHON OCOOEHHOCTHIO TOYEK aKyIyHKTYpPHI SIBIISETCS TO,
YTO OHH, C OJHOM CTOPOHBI, HE BBIPAKEHBHI AHATOMHUYECKH, Kak,
HanpuMep, HEpBHAsl WIM KPOBEHOCHAS CHCTEMBI, a C JpPYroi CTOpo-
HBbI, o6na;1a10T YCTKUMU DBJICKTPUICCKUMU OCOOEHHOCTAMHU — PE3KO
IMOHM)XCHHBIM 110 CPaBHCHUIO C COCCAHUMH YYAaCTKaMU KOXHU COIIPO-
TUBJICHUEM W PE3KO IOBBILICHHOW AMIEKTPUYECKOM MPOHHLIAEMO-
cTpio. Kaxmas Touka coefMHEHa C ONpENeIeHHBIM OpraHOM, paclo-
JIO’)KEHHBIM COBCEM B JIPYTOM MecTe. A TaKoW 3JIEMEHT TeJla YeJIOBEKa,
KaK ylIHas paKOBUHA, COCIWMHCH OCCATKAMM TOYCK aKYIMYHKTYPBI CO
MHOTMMH OpraHaMH 4YeJI0OBEYECKOro OpraHHU3Ma.

Bce Toukn Mexmy coboi 00bennHEHBI CUCTEMON «MEPHINAHOBY,
KOTOPBIX HACYHUTBIBACTCA ABCHAAATD. CHpaHH/IBaeTCSI, 3a4eM IpUpo-
Jla co3Jlajia TaKue TOUKH, 3a4€EM COEIMHIIIA UX C OpraHaMu?

C Touku 3peHus 3pUpoANHAMHUKH, HATUYWE TAKUX TOUYEK U B ca-
MOM JieJie MCKIIOUUTENbHO TOJIe3HO IS )KUBOTO oprann3Ma. [lockosb-
Ky Ka)KAbIi OpraH BBITIONHAET CBOIO KOHKPETHYIO (DYHKIHIO, TO B HEM
UAYT COBEPLICHHO OMNpEAEJICHHBIE XUMUYECKHE PEaKUUH, W OHOoImoje
KaX/I0Or0 OpraHa MMEET CBOI KOHKPETHYIO CTPYKTYpY, OTIMYHYIO OT
CTPYKTYpBI OMOIIOJIS APYTUX OPTaHOB.
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XUMHUYECKHE PEaklHUy, NPOTEKAIoIIUe B OpraHax, HENPEephIBHO
COIIPOBOYKAAIOTCS M3JIYyYEHUEM M IMOTJIOIIEHUEM dhHupa M3 OKpYXKaro-
HIel cpenbl, 3HAUUT, KaXKIbIH OpraH HyXKIaeTcs B CBOOOAHOM OOMeEHe
3¢UpHBIMU MIOTOKaMH C OKpyKaromei cpenoii. Ho atoro cnemats B
OpraHu3Me HeNb3sl, HEe 3a[eB M3JIYyYeHHEM COCETHMH OpraH, IJisi KOTO-
POro Takoe OHOIOoJIEe OKAXKETCSI BPEIHBIM, TIOCKOJIBKY OTPaXaeT dyKyIo
CTPYKTYpy H UyXXHe XMMHYECKHE peakuuu. B ciyyae Gomne3Hu 31O
MIOCTOPOHHEE JJIsl JAHHOTO OpraHa OMOIOJE OKAKET €Ile U BPEAHOE
BO3/ICHCTBHE, 3HAYUT, YCTOMYMBOCTH BCEr0 OPraHM3Ma K BPEAHBIM
BIMAHUSAM OyZeT MOHMKeHa. Hanuuue ke «3QHupornpoBoOB», BBIBO-
JSIIUX TIOTOKK HAa TTOBEPXHOCTH TeJla, 3HAYMTENBHO OCIa0IsSeT HeHYXK-
HOE OpPraHu3My B3aMMOJICHICTBUE OpPraHoB depes 3¢pup.

AB TOM, YTO TOYKH AKYIIYHKTYPBI ABJIAIOTCA BBIXOOOM KaHaJIOB,
M0 KOTOPBIM 3(UpPHBIE TOTOKKA MOTYT JIE'KO PaclpOCTPaHsIThCS, Y aB-
TOpa HET HUKAKUX COMHEHHUH, TaK KaK [0 CBOMM 3JEKTPHUECKUM Xa-
PaKTEPUCTUKAM OHHM CJIMIIKOM XOPOLIO MJISi 3TOTO MPHUCHOCOOJICHBI.
UeMm jxe 3aHUMAIOTCS BpayH-UIJIOTEpPAIeBTHI, KOTIAa pa3apaxkaloT CBO-
MMM UTJIAMHU 3TH BBIXOJBI?

BHeapssice B TOYKM aKyIyHKTYpPbl CHELHAIBHBIMU WIJIAMH MU
pasorpeBad 3TH TOYKH, Bpadud PETYIHMPYET TEM CaMbIM 3aCJIOHKU,
HNMCIOIIMECS Ha NPUIIOBEPXHOCTHBIX IMOAKOKHBIX ydaCcTKax 3(1)I/Ip01'[p0-
BOJIOB, PEryJIUpysl TEM CaMbIM CONPOTUBIEHHE H(PHUPHBIX MyTeH, 4TO
OJIaronpUsATHO CKa3bIBACTCSl HA YHEProoOMEHE COOTBETCTBYIOLIMX Op-
raHOB C OKPYXKaroUIel Cpelod U MOMOraeT TEM CaMbIM UX H3JICYEHUIO.
Kuraiickass MeAuMIIMHA ThHICSAYETETUIMH OTpa-OaThIBajla METOIUKY pa-
0OTBI C TOYKaMU aKymyHKTYphl. [lo MHEHHMIO HEKOTOPBIX KHUTAWCKUX
Bpaudel, 0OJIe3Hb OTCTYIaeT TOTJa, KOTJa IMEPEeKPhIBAIOTCS «IKUH-
rj1ac» — HEBUJAUMBIC KaHaJIbl B OpTraHU3ME€, I10 KOTOPBIM TCYET KU3-
HEeHHas 3Heprud. Ecin ¢ MOMOIIbI0 «UM» — XKU3HEHHON SHEPIHH 3TH
KaHaJbl IPOYNCTUTH, OOJIE3Hb OTCTYMAET.

Kak u B xaxmom Jene, 37€ch HY)KHO HE IepecTaparbcsi, HHade
MPOLIECC MOXKHO TEPEPEryINPOBaTh; MOCIEACTBUSA 3TOTO HESICHBI, HO
HaBEepHsKa OTpHLATENbHBL. [103TOMy BO3IE€HCTBUSA Ha TOYKHM aKyIyHK-
TypBl CTPOTO O3WUPYIOTCS, BMEUIMBATHCS CIOJa HECIHEIHaTucTaM He
PEKOMEHYETCA.

A Temepp 0 JIOJAX, KOTOPBIX Ha3bIBAIOT «3KCTpaceHcamm». B
o01ieM, 3To 0, 00IaJaroIUe OBBIIIEHHON YyBCTBUTEIBHOCTBIO K
yyKOMy OHMONOMI0 U 00J1aJaroIue TOBBIIEHHONW YHEPIreTUKON CBOETOo
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COOCTBEHHOT0 OMOIOJIA U KOTOPbIE MOTYT II0 CBOEMY JKEJIaHUIO IIPOU3-
BOJIUTH Pa3lWYHbIC NCHCTBUS HaJ OHOMOJISIMH Kak CBOMMHM, TaK U 4y-
KUMH. B mpuHIMIIE, SKCTPaceHChl MOTYT yMOTPEOUTH CBOM CIOCO0-
HOCTH BO 0Jaro, JUIst Jie4eHHs! OOJNBHBIX, TOTJa 3TO LENUTENN U Bpaye-
BaTeNU. A MOTYT U BO 3710. Takue nake Hay4YHOI'O Ha3BaHWA HE IOJIY-
YMJIM, Pa3Be€ UYTO «3Jble KOAAYyHb». Il03TOMY U1l MpaBMIIBHOTO HC-
MOJIb30BaHUsI CBOMX CIIOCOOHOCTEH IKCTPACEHCH JOJKHBI MONYyYHTh
MEIUIMHCKOE 00pa30BaHUE M UMETh BBICOKYIO HPAaBCTBEHHOCTb.

C gem MOXHO cpaBHUTH O0JbHOTO 4YenoBeka? Hampumep, ¢ mpy-
JKUHHBIMHU YaCaMH. OI[HI/I H TC JKC YacChbl MOT'YT 6I>ITI> HE 3aBCICHHBIMU
JacaMM, Torga OHU CTOAT, €CJIM TOJKHYTb MaidTHUK, OH BCC pPaBHO
OCTaHOBUTCS: HET 3allaCeHHOW 3Heprur. Tak e u OONBbHONM YeTOBeK:
SHEprus KOHYMJIACh, €r0 HAJl0 3aBECTH. B yacax 3aBOASAT MpyKUHY, a
JKCTPACEHC OTJAAaeT OONBHOMY CBOIO DHEPTHI0. ITO CTOMT €My HeMa-
JBIX YCWIMM, OH YCTaeT, KaK U KaXKIbli 4eJIOBEK, OTAABIINI CBOIO
SHEPIUI0, KaK (PU3NIECKyI0, TaK U YMCTBEHHYIO.
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DKcTpaceHc BOAUT pyKamu HaJl OOJFHBIM MECTOM H CBOUM OHO-
MoJIeM TepeflaeT YacTh CBOEH PHEPTHH, CTUMYIHAPYS TEM CaMbIM IPO-
HecChl B OpraHu3Me 0O0nbHOT0. 3aBeJeHHBIC Yachl HYKHO, MEXIY NpPO-
YUM, TIOTPSCTH, YTOOBI OHM NOUUTH. BO3MOXHO, YTO TIpH KIMHUYECKOI
CMEPTH DKCTPACEHCHI TOXX€ MOTJH OBl TIOMOYb BEPHYTH YEIOBEKa K
JKU3HU, TOJNBKO HYXXHO HE TOJNBKO MepeAaTh eMy SHEpruio, HO |
Kak-TO TOJKHYTH? He Takoi nu cmydail onucan B EBanrenuu, xorma
Hucyc Xpucroc Bockpecun Jlazapsi, y:xe coBceM ObIIO OTAaBmIero bo-
ry aymry?

B 3ToM cBeTe HECKOJIBKO MHayYe, YeM MPHUHSITO, MPUXOAUTCS OTHE-
CTHCH KO BCSIKOTO pojJia «Iop4yam». YBBI, 3TO BIIOJHE pealbHOE JIeJI0 —
HAaBECUTh Ha HEYTOIHOE JIUIO HEeOIaronpusTHOE JUIA HEro OHOTole 1
HCTIOPTUTh €My CyllecTBOBaHME. He Kaxaplii 3TO MOXKET MPOAENaTh,
Hy ¥ ciaBa bory. A To ObI M )KUThsI He cTano BoBce. Ho u 31mech cyie-
CTBYIOT, OKa3bIBaeTCS, JIOAH, KOTOPHIE MOTYT HE TOJHKO «HACHLIATH
Mop4y», HO U CHUMATh ee. [loaTomy Goprba mobOpa 1 371a B 3TOM caydae
nepeMeraeTcsi Ha, Tak cKa3aTh, HeBUAUMBIN (poHT. 1 100po, KoHeu-
HO, ToOeanT 370. Ecnu criath He OyeT.

buonone urpaet BaXHYIO POJb B TaK HAa3bIBAEMOM OHOJIOKAIHOH-
HOM 3(dekre — OOHApYKEHHH TIOA3EMHBIX HEOTHOPOJHOCTEH C MOMO-
IIBIO JIO3BI WJIM METAJUIMYECKONW PaMKH.

[Ipexe Bcero, K CBEJIEHUIO BCEX COMHEBAIOIIMXCS B CYIIECTBO-
BaHUU 3P dekTa: 3T0T 3(PEKT AABHO BHIIIES U3 dTAlla COMHEHUHA B €ro
JIOCTOBEPHOCTH W TPUOOpEN MPOMBIIIICHHOE 3HaYeHne. Bce ocHOB-
HBIE PYIHBIE MECTOPOXeHMs B EBporie B cBoe BpeMsi ObUIM HaWeHBI
JI030X0/IAMH — CHELUAIIEHO TPEHUPOBaH-HBIMH JIIOJbMH, KOTOPBIE 110
MOBEICHUIO HAXOJAMICHCS B UX PyKax JIO3bI — Pa3fBOCHHOTO TPyTa,
CpE3aHHOTO C jAepeBa (OONbIIel 4YacThiO, C OPEUIHHKA) OMPEeNsITH
MECTOHaxoxieHue pya. C MOMOIIBIO JIO3BI BCErla UCKAJId MECTO JUIS
konozaues. ITo norosopy ¢ MoHrosieir 0HOU JICHUHI'PAJICKOW OpraHu-
3amyel MHOTO JIET YCIIENIHO OMpPEIeNaoCh MECTOHAXOXKIEHHE IOJI-
3eMHBIX BOJ, NPUYEM IHOTPEIIHOCTH OMPEACIEeHHUs] cocTaBisia He 0o-
Jiee OTHOIO METpa, OLIMOOK He OBIJI0O HM OJHOH, HO MPOMBIIIJICHHYIO
BoAy Haxommiu npumepHo B 80% ciywaeB. Ha aTux mectax 3aTem op-
TaHU30BBIBANCH TOCXO3BI.

VY Hac B cTpaHEe HMEIOTCS JECATKHU CIEUATbHO MOATOTOBIEHHBIX
OTIepaToOpOB, KOTOPBIE 00ECTIEUNBAIOT PEIIEHNEe MHOTHUX MPUKIAA-HBIX
3a/1a4, WMEIOIIUX TNPOMBIIJICHHOE W Hay4dHOe 3Ha4deHwe. buoio-
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KalMOHHBIN 3Q@eKT y Hac B CTpaHE TOJBKO €lle Hayaj pa3BHBATHCS,
XOTS U3BECTEH C JPEBHEHIINX BpEeMEH. Y aBTOpa HET COMHEHHUS B TOM,
4yTo JI00as CTpOWTENbHAs TIJIOMaaKa, TeM Oonee, 0cob0 OTBETCT-
BEHHBIX OOBEKTOB TUIA ATOMHBIX CTaHUUH W T. M., OO0 Hayajia CTPOU-
TEJIbCTBA JOJDKHA OBITH 00CiIe0BaHa OMOJOKALMOHIINKAMH, KOTOPBIE
JOJDKHBI J1aBaTh COOTBETCTBYIOIIME 3aKIIOUEHHS O JOIyCTHMOCTH
CTPOUTENILCTBA B AAHHOM MeECTe. DTO TOMOTrJI0 Obl M30€KaTh MHOTHX
KPYIHBIX HENpUATHOCTEH THa YepHOOBUTBCKON TpareInu, K KOTOPOH,
KaK MOKHO IPEATOJIOKUTb, TIOA3EMHBIE MIPOLIECCHl MOTJIM UMETh Ipsi-
MO€ OTHOUICHHE.

OnHako 0 QuU3MYECKHX OCHOBaxX A(QeKTa CerofHs HE H3BECTHO
MOYTH HUYETO, U 3TO OOCTOSITEIHCTBO HEMOCPEICTBEHHO MPETATCTBYET
CO3JIaHHIO COOTBETCTBYIOLIMX M3MEPHUTEIBHBIX PUOOPOB U HE MO3BO-
JII€T aBTOMATU3UPOBATh IPOLICCC. AB PE3YIbTATE BCA TEXHOJIOTUA 3TO-
ro Ba)KHEHILIET0 HaNpaBJIEHUs COXPAHSIETCSl HA YPOBHE CPEIHUX BEKOB.

BrIcka3bIBalOTCSI MPEATIONOKEHNUS O TOM, YTO HEM3BECTHBIC 3€M-
HBIE TIOJII B MECTax MpPOSBIICHHUs OHOJIOKAaIMOHHOTO 3(dekra okasbl-
BAIOT BO3JCHCTBUE HA YEIOBEKA, JEPKaIlero JIO3y, B YaCTHOCTH, Ha €T0
runo¢us, B pe3yibTaTe Yero OnepaTop JelaeT HEOCO3HAHHBIE M He-
IMPOU3BOJIbHBIC ABMKCHUA pYKaMU, IIPUBOAAIINE B IIOBOPOTY TOPHU30H-
TaJbHOM pamKu. I B caMOM Jiesie, eClny paMKa pacloyloKeHa B TOpU-
30HTAJBHON IIOCKOCTH, TO JOCTaTOYHO YyThb-4yTh HAKJIOHHUThH €e,
YTOOBI OHA OTKJIOHWJIACH B )KEJIAEMOM HarpaBlICHHH.

Ho Torpma pe3oHeH Bompoc, a Kak e OCYIIECTBISICTCS BIHMSHUE
3THX HEBEIOMBIX IOJIEH Ha YeJIOBEKa W YTO, COOCTBEHHO, H3MEHUIIOCH
B IOCTaHOBKE MpoOisieMbl? He CBOJMM JIM MBI HEMTOHATHOE K HEU3BECT-
HOMY? A KpOMe TOro, Kak 00BbSCHUTH JBUKCHHE JIO3bI B BEPTUKAIBHON
TUTOCKOCTH, KOT/Ia €€ KOHIIBI OIepaTop JCPKUT B PyKax TOPH30OHTAIb-
HO? Beap CHIIBI TaKOBBI, YTO KOHEII JIO3BI MIOJHUMAETCS BBEPX, YAEP-
KUBAs TIPH 3TO JOTOJIHUTEIHHO MPUKPEIIEHHYIO TUpio B 0,5 KT U BHI-
rubas JT03y BBEpX, JaXKe CIIM OIepaTop MBITaeTCs ee yaepKarTh B mep-
BOHAYaJIbHOM I10JIOKEHHH !

C moMOIIBIO JT03bI WIIM PAMKH MOXHO OTBICKAaTh 30JI0TOE KOJIBIIO,
CIPSTaHHOE B TpaBe Ha JYTy — KakoBa MPHPOJA TaKOW TOYHOCTHU?
Ecnmu  x xoHumky [-o0pa3sHOil paMKH NpPUKPENUTh KyCOYEK KaKoii-
HUOYIb TEOJIOTMYECKOM MOPOJIBI, TO TOTA paMKa npuoOpeTaeT u3ou-
paTenbHOCT, — OHA JIy4IlEe BCEr0 PearupyeT MMEHHO Ha 3Ty IOpOAy.
ITouemy? Omepatop Ui yIydllIEHHs 4YyBCTBUTEIBHOCTH [OJDKEH
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«HAaCTPOUTHCS» Ha MOMCK HMMEHHO JaHHOH moponsl. UTo mpu 3TOM
npoucxoanut? Kakosa ¢usmka mporiecca?

J11st TOro 4To0BI BRIACHUTH BOTIPOC, CYIIECTBYET JIM KaKoe-HUOYIb
JIOTIOTHUTENBHOE T10JIe, Ha KOTOPOE pearupyeT paMka, U 4TO SBISAETCS
€ro HCTOYHHUKOM, aBTOP MPOBEN MPOCTOM IKCIEPUMEHT. BbIaM B3ATHI
JBE OJMHAKOBBIC PAMKH, U JIBA OIE€PaTOpa CTAIN COMMKATh 3TH PAMKU.
[To MbIcTH aBTOpa, 3TU PaMKH JOJKHBI ObLIM OTTaJIKUBATHCS APYT OT
apyra. OTO MOATBEPAMUIIOCH: INpPH COJIMKEHWH paMOK IBYMs OIepaTo-
paMy paMKH PacXoAsTCs, U 4YeM OJIMKE MOABOIATCS PaMKHU APYT K Apy-
Ty, TeM OOJIbILIE YTOJl paCXOXKACHUS paMoK. UTo u3 3TOro creayer?

A cnemyer U3 3TOro To, 4To 00a onepaTopa SBISIOTCS HE MPOCTO
NPUEMHHUKAMHU M [TACCUBHBIMHU HAOJIIOJaTEIsIMU OOCTaHOBKHU, B PE3YJlb-
TaTe 4Yero OHW MPOM3BOJAT HETPOU3BOJIbHBIE JIBHKEHUS, & aKTUBHBIMU
UCTOYHUKaMU nosield. CrieAyeT ele u To, YTO 3T MOJIs, BEIXOS U3 PyK
OIIEepaTOpOB, Jajiee PacIpOCTPAHSIIOTCS [0 MPOBOJIOKE PAMOK, KOTOPbIE
ABJSIFOTCS HAIPABILIIOIIMMM 7Sl TaKUX IOJIeH. A OTCIoAa BBITEKAeT
3aKJII0UeHUE 00 OOBEKTHBHOM CYIECTBOBAHMH TAKUX ITOJICH, BBIXOJIS-
mux u3 3emid. Korna omeparop pacxakuBaeT IO 3eMJIE U €T0 paMKa
OTKJIOHSIETCS, TO OH (PUKCUPYET TEM CaMbIM I0OJI€, BBIXOIIIEE U3 3EM-
JU B JJaHHOM MECT€, a HE€ IMPOCTO «IIPOU3BOAMT HENPOU3BOJLHBIC
JIBIKEHUS», KaK YTBEPKAAIOT CKENITUKUA. A 3TO 3HAYHT, YTO TOJS CY-
IIECTBYIOT OOBEKTHUBHO, M 3TO CTaBUT Iepel NpUOOpUCTaMH 3agady
MOWCKa MPUOOPHBIX METOAOB perucTpanuu Tux noineil. HyxHo pa-
0oTaTh HaJ CO3JaHHEM MPHUOOPOB, PETUCTPUPYIOLINX MOJOOHBIE MO,
— BOT YTO BBITEKAET M3 BBIIIECKA3aHHOIO, a HE CKeNTHUUpoBaTh! Mc-
KaTb METOJBI perucTpanuu!

BeposiTHo, Takre MeToAbl MOXXHO HaliTh. He momMoxkeT ju 3/1ech
Kak-HuOyIb 3pdext Kupmman? Beap 310 Bce-Taku METOJT PETUCTPAIIUT
ouononeil. Unu >xuakue xpucrauibl? Beap oHm obnanmatror mzbupa-
TeTHHOCTRIO. Vi uTo-T0 eme? Kak u B Apyrux o0acTsx, 31eCh TOXKE
HY>KHO MCKaTh. M XOTS HaBepHsSKa MHOTHE HANpPaBJICHHUS IIOMCKOB OKa-
JKyTCA TYNUKOBBIMHU, HaliICHHBIE, B KOHIIE KOHIIOB, METO/BI OIpaB/aa-
IOT BCe 3arparhl. MbI OyJaeM 3HaTh 000 BCEM, UTO CYIIECTBYET Yy Hac
O]l HOTaMH, a HE TOJBKO TO, YTO TI0J] CAMBIM HOCOM.
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8.5. lyMHbIl Oyx

3HaKOMCTBO C (hakTamu, IO KpaiHei
Mepe, He IPHHECET Bpesa.
Y.boiic

SIBnenue mojaTepreiicta — IMIyMHOTO JAyXa — W3BECTHO JIaBHO, Be-
POSITHO, MHOTO BekoB. CyThb €ro 3aKi04aeTcsi B TOM, YTO B JOMax
0€30 BCAKOH BUAMMON NPUYMHBI HAYMHAIOT JIETaTh NMPEAMETHI, CaMHu
co00i1 BBIBUHYHMBAIOTCS TPOOKH, OMPOKUABIBACTCS TsKeNas MeOelb.
[TpssMo 13 KaMeHHOI CTEHBI BIPYT HaYMHAET OUTH OrOHb. BO3MOXKHEI
CJIlydal caMOBO3TOPaHHs CaMbIX HEOXHIAHHBIX IPEAMETOB — IOIYLICK,
MocTeJe, pa3nuYHOW JOMalmHeld yTBapH, mpubdopoB. TpaexTopuw,
KOTOpbIE OMKCHIBAIOT JIETSAIIME MPEIMETHI, MOPaXKarT BOOOpPa)KEHHE.
Kak mpaBuio, HHUKTO HE BHIUT Hadaia JABIXCHHUS. 3aTO MOTOM Mpe.-
MET JICTUT, HEOKUIAHHO CBOpAayMBas B CTOPOHY, WM BHU3 IOA Ips-
MBIM YTJIOM, TO €CTh BONPEKH BceM 3akoHaMm ¢usuku. MHorma xpym-
KUE TpeIMEThl B CBOEM IIOJIeTe MPOOUBAIOT CTEKJIA, OCTABIISs MOCie
ceOsl IBIpBI C OIUIABJICHHBIMU KpasiMH, HO CaMH OCTaBasCh HEBPEIU-
MbIMH. UYTOOBI co31aTh Takoi 3()(PEeKT HYKHO, UYTOOBI ITU MPEAMETHI
JBUTAINCH C TPOMATHBIMHE CKOPOCTSIMH, HO TOr/a Obl OHH pacchlma-
JMCh B MIOPOLIOK. A OHHM, 3TH XPYNKHE MPEIMEThl — CTAaKaHbI, YaIlKH,
Ba3bl, — NPOOUB OKHO, TYT € OTBECHO M IUIaBHO OIIyCKAalOTCid Ha
3€MJII0 COBEPIIEHHO HEBPEIUMBIMH.

A uHorga nosiisiercd Boga. Huorkyna. OHa wiM JeTCs C MOTOJI-
Ka, WIM BO3HMKAET Ha NoJTy. M MHOro Ipyrux 4dyaec CoBEpIIaeTcs MpH
noJTepreiicrax: CIBILIMTCS YbsI-TO HEBHATHAS PeUb, PA3JarOTCs CTYKH.
W3myueHHbIe X03s51€Ba 00palaoTcs B MIJIUIMIO, HO 3TO Majo [IOMOra-
er. Tak e Majno momMoraeTr ¥ oOpaleHe K CBALICHHOCTY)KUTEIAM. A
MOTOM BCE IPEKpaIaeTcsl.

3aMedeHo, 4TO SIBICHHS MOJTEpreiicta MPOSBISIOTCS WHOTIA B
NPUCYTCTBUU JIETEH, yalle MajJbuuKOB, 4YTO JABAIO OCHOBAHUS JUIS
NPEANOJIOKEHHS 0 MPUYACTHOCTH 3TUX JAETEH K MOJOOHBIM SIBJICHHUSM.
Ho Hm yroBopsl, HM Haka3zaHUs 37€Ch HE TIOMOTANH, a MEPee3/ ITHX
JIeTe B APyroe MECTO WM MIpeKpaliaji sSBJIeHHe BooOIIe, Jubo OHO
BO3HHKAJIO B JPYrOM MeECTe, a HUMEHHO, TaM, Ky/a 3TOT peOeHOK mepe-
exan. Ho depe3 HekoTopoe BpeMs MONTEPreHCT CaMOIpPOU3BOJIB-HO
cTHUXall.
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ITockoabKy HHUYETO XOPOIIEro OT MOJTEprercTa KIaTh HE MpHU-
XOJIMIIOCh, a BpeH, Kak (PM3NYECKHUM, TaK ¥ MOPAIBHBIN, OH IPUHOCHII
OUYEHb OILYTUMBIN, TO MOHEBOJIE BOZHUKAIHU MBICIU O YbEM-TO KOJIOB-
ctBe. IlpaBma, 3TO Majio YTO OOBSICHSIO, HO KaK-TO YTEIIAI0, IOTOMY
YTO TOSBJISUIACH HANAEKIa HAWTH ATOTO HEXOPOIIETO KOJNAyHAa U WA
JIOTOBOPUTHCS C HUM, HJIU B3IYTh XOPOIICHBKO, YTOOBI HE OalOBaJICS.
OcraBajcs, mpaBaa, OTKPBITBIM BOIIPOC, KaKUM Ke 00pa3oM KOJIyH
YXHUTPSICTCS MPOU3BOAUTE BCE 3TH BpeaHbIe nerictBusi? Ho 310 yxe ma-
JI0O KOr0 MHTEPECOBANIO, IIaBHOE, HAJ0 OBUIO MPEKPAaTUTh BCE 3TH 0e3-
oOpa3susi.

Crydanuch SIBJICHHS ¥ BOBCE 3aHATHBIC M HETOHATHBIC. Hampu-
Mep, U3 OJHOTO 3aKPBITOTO XOJOAUIFHUKA BBUICTATU XPAHSIIIUECS TaM
sifia. [loTepneBiuii, SBASBIIUNACS OJHOBPEMEHHO OYEBUIIEM, OKa-
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3aJICsl  YEeJIOBEKOM XJIAAHOKPOBHBIM U CKJIOHHBIM K aHanu3y. OH mepe-
METHJ AHlla B XOJIOAWIbHUKE UYCPHWIBHBIM KapaHIAIIOM, a 3aTeM
HaOIIoaN MOJIET UMEHHO JTHX SIHI, HO HE Ha MEpPBOM CTaauu, a Ha
nocieaHen, nepBoit craauu kak Obl He Obuto. [lo ckopmyme pa3OuTHIX
Ha TOJIy MLl OH OIpeAeNni, 4TO Aa, 3T0 Te cameble aina. Ho xomo-
JWIBHUK IIPU 3TOM OCTaBaJICs 3aKPBITHIM, HUKOTO B IIOMEIIEHUH O0JIb-
nre He Obu10. M Kak Bce 3TO MPOUCXOMIIO — HEMOHSTHO.

Obparenre K HayKe MMEN0 POBHO TOT ke 3QeKT, uro u obdpa-
[IEHUE K MIJIUINU U CBSIILEHHOCTYXHUTesiM. OHa, Hayka, pa3BoAuia
pykamu u k bory He oOpamianace pa3Be uto u3 ropaoctu. Hukakoro
MYTHOTO OOBSICHEHUS HayKa MPEeJIOKUTh He Moria. [loaToMy ydeHbie
CTaparoTCs B 3TO TEMHOE JIeJI0 HE BCTPEBATh, HUKAKUX T'MIIOTE3 HE BbI-
CKa3bIBaTh 1 HUKAKHUX O6’L$ICHCHI/II71 HE HaBaThb.

Hy uto %, mycts momnpoOyer adupoaunamuka! CkazaTb, 4TO
sadupoArHaMUKa CIOCOOHA [aTh MCUEPITHIBAIOIINE OOBSICHEHNS BCEM
SBIICHUSM TIOJTEPrelicTa, a X MHOTO U OHH Pa3sHOOOpa3HBI, OBLIO OBl
OombIMM npeyBenndeHreM. Ho koe-4To monpo0oBaTh MOXKHO.

Haunewm c Toro, 4uro B 3¢upe, Kak ¥ BO BCSIKOM I'a3e, MOI'YyT BO3HH-
KaTbh TEYCHHMSI, @ MOT'YT BO3HUKATh M BUXpU. DTHU TEUEHHS U BUXPH TJa-
30M HE 6y,HYT BUJHBI, TaK X€, KaK HC BUAHbI MArHUTHBIC U BJICKTpUYC-
ckue nons. TeMm He MeHee, WX CYIIECTBOBaHHE HUKEM HE OCIIapHBacT-
csl.

Ho QJICKTPUUYCCKUEC U MAarHUTHBIC ITOJISI HE CO34al0T BUAUMBIX YCHU-
nvii B OBITOBOM 0OCTaHOBKE, Jla €llle HU C TOTO, HU C cero. He moryt
71 3(UpHBIE TIOTOKU CO34aBaTh Takue ycuiusi? OKa3plBaeTCs, MOTYT.

HanmomuuM, 4TO ycTOHYMBBIE BO3IYLIHBIE BUXPH — CMEPYH WIIH,
KaK WX Ha3bIBAIOT aMEPUKaHIIBI, TOPHAJIO CIIOCOOHBI HE TOJBKO CO3JIa-
BaTh OONBIINE CUJIBI, HO M IPHYNHATH OOJBIIHE pa3pyIIeHusl. A Beb B
OCHOBE DHEPreTHKU CMepYel JISKUT TeIIoBasi SHEPTUsl €ro MOJIEKYJI.
Dta sHeprus coctasuser Beero aumb 10° Jhx/m® . A sHepretrka >du-
pa no6onbmie u cocrasnser 103 Jhx/m3. U eciu B odupe 1m0 Kakum-
HUOYIb IPUYMHAM CTaHYT BO3HHMKATh BUXPH, TO, XOTS OHH M OymyT
HEBUJIMMBIMH, OHH MOTYT MHOTO Y€ro HaJeJaTb HHTEPECHOTO ISl O0u-
Tarenei 1oMa, B KOTOPOM OHU BO3HUKHYT.

BoT on, MexaHH3M NiepeMeIIeHNUs U Pa3pyIICHUS IPEIMETOB.

[To oxpyXHOCTH BHXPS BO3HHKAET MOTPAaHUYHBIIN CJIOH, B KOTOPOM
CKOpPOCTh IIOTOKA MEHSETCs, YBEIMYMBAsACh K LIEHTPY BUXpsA. Eciu
3TOT BUXPb KOCHETCSI KaKOTro-1100 ImpeaMera, TO 3TOT IpeaMeT Oyaer
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HOPUTSHYT K BUXPIO U CMECTUTCS. A eclI HEOOIbLION MPeIMeT OKaKeT-
sl BTAHYTBIM B TEJIO BUXPS, TO TaK )K€, KaKk B CMepYe, OH MOJIy4YUT UM-
IIyJIbC CWJIbI C TOW TOJIBKO PAa3HULEH, YTO CMEPY BO3AYLIHBIA BO3JIEH-
CTBYET Ha TIOBEPXHOCTH BTATHBAEMOrO Teja, a 3QUPHBIA BUXPH OyaeT
BO3J€MICTBOBATh HA BCE DIEMEHTHI T€NNA, Ha BCE €0 MOJEKYJBI U aTo-
MBI OJHOBPEMEHHO.

Co3pmaBast TpoMaiHbIe YCHIIUS, S(QUPHBIA cMEpY HE CO3JacT B Telle
U Kakux Aedopmanuid, 160 3TH yCHINS NPUIOKEHBI OJHOBPEMEHHO M
OJIMHAKOBO KO BCEM 3JIEMEHTaM Tena. Teno OyAeT ycKopsTbhes, HE Uc-
MBITBIBas aedopmMaruu!

D¢dupHBI BUXph MOXKET CBOOOIHO MPOHUKATH CKBO3b U30JISITOPHI,
€CJIM 9TH M30JIATOPBI HE UMEIOT MIPOBOAAIIMX MTpuMecel. B nmpoTuBHOM
cllydae B 3TOM MECTe BO3ZHHKHET JIOKaJIbHBII pa3orpeB, W oOpa3yercs
JbIpa C OIUIABJICHHBIMH KpasMu. Bo3aMoOXHO, 4TO B M30IsTOpE OymeT
oOpa3oBaHa OpIpa, a ee Kpas OyIyT OIIaBICHBI M TOIZA, KOIZa BUXPb
s¢upa NpOTAIIUT CKBO3b M30JIATOP KAaKOM-MHOO MpeaMer: B MOMEHT
MPOXOKACHUS TPEeIMETa BO3HHUKHET OOJNBLIONW TpajiieHT CKOPOCTH,
CJIEZIOBAaTEIbHO, MTHOBEHHbIE OOJIbILINE CHJIBI, U M30JIATOp OyneT pas-
pylIeH, a Kpas oruaBieHsl. C caMUM )K€ IPOHOCHMBIM MTPEIMETOM HE
IIPOU30MUIET HUYETO.

O¢dupHBI BUXph, BO3HHKIINKA B KOMHaTe, crocobeH coOparh B
CBOEM LIEHTPE BCIO BJIary, paCTBOPEHHYIO B BO3[yXe, HalloJo0He TOTO,
KaK COOMpAIOTCs BMECTe YaMHKH B CTaKaHE BOJIBI IIPHU MOMEIINBAHUH.
Hopmanbsao B Bo3ayxe conepxurcst 10-15 r Bogsl B kyOometpe. [Ipu
wiomanu koMHatsl 20 M® U BBICOTE MOTOJKA B 3 M. B BO3IyXe OyJeT
cogepxarscs 0,5-0,8 nuTpoB Boxel. JTa Boja, 0e3yCcIOBHO, MPOHU3BE-
JIET BIIEYaTJIEHHE Ha JKWJIBLIOB, €CJIM OHAa HEOXXKHAAHHO IPOJhETCA Ha
HUX C COBEPIIIEHHO CyXOro MOToJKa!

A Kak xe OBITh ¢ IPOHUKHOBEHHEM IPEAMETOB CKBO3b MPEAMETHI,
HEYXeNnn 1 3T0 Bo3MokHO? Hy, 4To X, naBaiiTe mopaccyxmaeM.

Kak yxe ynmoMuHanoch paHee, KaXJbld aTOM COCTOUT U3 sipa U
NPUCOEAMHEHHOTO K HEMY BHUXPS — 3JIEKTPOHHOM 000s10uku. SAapo, co-
CTOAIIEE M3 MPOTOHOB M HEUTPOHOB, MMEET BECbMa BBICOKYIO ILIOT-
HOCTb, ¥ TIOATOMY ITPOTOH HE MOKET MPOCOYUTHCA CKBO3b MPOTOH. Ho
OTHOCHUTENbHAS IUIOIIAJL CEUYEHUS sJpa B aTOME HHUUYTOKHO Majla H
cocrapnster Beero nmmb 1070 o Beell mwiomanyu atoma. A SIEKTPOH-
Hble 000JIOYKHM — NMPUCOECIMHEHHBIE BHXPH BCE TOTo ke »dupa — He
HUMEIOT BBICOKOW IUIOTHOCTH.
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KonewHo, »5Ta MJIOTHOCTH BHINIE, YeM IUIOTHOCTH CBOOOJHOTO
a¢upa, HO BCe e OHA HEBEJHKA W MPUMEPHO paBHA IUIOTHOCTH BO3AY-
Xa. A 3TO 03HAYaeT, YTO NPOHUKHOBEHHUE MPEIMETOB CKBO3b MPEIMETEI
BO3MO>HO, €CIM CO3[laH COOTBETCTBYIOLIMI BHUXPEBOW KaHal. Sapa
aToMOB OyyT Oorubarh ApyT Apyra, a 3JEKTPOHHBIE OOOJOYKH MpO-
HUKAaTh IPYT CKBO3b JpyTa HAmoAoOMe TOTro, Kak 3TO JENaloT paamo-
BoNHBL. BbUT OBI co3man kKaHan! A ganple TpaeKTOpHs MojeTa npen-
Meta Oymer ompenensThest (GOpPMON M3rHOAIOMIETOoCs Tela BUXPS U
MOJKET OBITh BECbMa Pa3HOOOPa3HOM.

Uro xe crocoOcTByeT obOpazoBanmio camoro Buxps? K coxane-
HUIO, CETOJHS IMPEJACTaBJICHUS 00 3TOM camble HpuOIMKeHHbIe. [0
CUX TIOp HayKa HE CMOTJIa TOJKOM pa3o0paThCs ¢ 00pa30BaHHEM BHX-
peil y caMOJICTHBIX JBHWTaTelicl, a Belb BUXPH, OOpa3yrolIuecs Ha
BXOZIE BO31yX03a00pHHKOB, SIBISIOTCS MpHYMHOW 75% ciryyaeB mo-
JIOMKH aBUAIMOHHBIX J[BUTATelel, 00, 3aMBIKasICh Ha IOBEPXHOCTh
OETOHHOM ITOJIOCHI HA CTOSIHKE CaMOoJIeTa, 3TH BHXPH TamaT B TypOUHY
BCE, 4YTO BajsieTCs Ha 3TOW MOBEPXHOCTU. MBI TakKe IUIOXO Mpe.-
cTaBisieM cebe, Kak 00pa3yroTcsl BO3AYIIHBIE BUXPU — CMEPUYU U ITUK-
nonbl B atmModepe. Co BpeMeHeMm, HaBepHOe, pazbepemcs. M eme
TpYJHEE, KOHEYHO, Pa300paThCs ¢ BUXPeOOpa3oBaHUueM B d(hUpe, XOTs
1 He Oe3HaIeKHO.

B sTtom BHXpeoOpazoBaHMH MOTYT Y4acTBOBaTh M 3€MHBIE Pa3Jio-
MbI, U MOTOKHU 3(Upa, BOZHHUKAIOIIME HA IPAHHUIIAX MOJ3EMHBIX BOJ, U
3JIEKTPOMArHUTHBIE TOJISI, CO3/aBacMble IIPOBOJAMU M aIlapaTypou.
W, nakoHel, HepBHbIC MaJbUWKH, OJarogaps aKTUBHOW HEPBHOU Jes-
TEJIbHOCTH KOTOPBIX 00pa3yloTCsl CHJIbHBIE OMOIIOINS — TOXKE BUXPEBBIE
NOTOKH 3(Upa, CO3/Ar0IUEe MECTHBIE HEYCTOMYMBOCTH B TIOTOKaX 3(hu-
pa ¥ CIOCOOCTBYIOIINE TEM CAMBIM IOSBICHUIO d(PUPHBIX BHUXPEH U
SIBJICHUU MONTEepreiicra.

8.6. OTKyna B3sinacb HePTb?

Hed1b — nenneiimee XUMHU4YECKOE ChIphE, €€ HAJIO
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6epedb. A KOTJIBI TOMUTh MOXKHO U aCCHUTHALUSIMH
I M. Menoenees

Hecmotps Ha TO, 9TO K KOHIy XX CTONETHS cTana OypHO pacTH
aTOMHas SHepreThka, HeTh B SHEPreTHUECKOM OajaHce BCEX CTpaH
MO-TIPeKHEMY 3aHMMaeT BaxkHeimee Mecto. [la u kak ke nHaue? Benn
HE IOCTAaBUIIb )K€ aTOMHYIO 3JIEKTPOCTAHLIMIO HA aBTOMOOMIIM U CaMmo-
netbl! ATOMHBIE KOPaOiii, KOHEYHO, €CTh, HO UX MaJlo. A KaK OBITh CO
BCEM ocTanbHbIM? [la 1 HE OJHON 3HEepreTukoil kuB yeiaosek. OH Xo-
IUT TI0 ac(aabTOBEIM JIOpOTaM, a 3TO HePTh. A BCE STH OSH3WHBI, Ke-
POCHHBI, Ma3yTbl, Macja, KaydyKH, Pe3WHbI, TMOJHUITUICHBI, acOecTo-
TEXHUYECKUE H3JeNus U Jake MHUHepaibHble ynoOpenus! [lioxo
MIPHUIILTOCH OBI HaM, eciii OBl Ha 3eMHOM Tiape He Obpu1o Ob1 HedTu. Ho
HedTH Ha 3emiie MHOTO, €€ Ha4yalu J0O0bIBaTh emle B VI TeicsueneTnn
JI0 HalIeH 3phl, a Tereph eXeroJHas Jo0blYa COCTaBISET COTHU MUII-
JIMOHOB TOHH.

Hedts npunocut Oombimme moxozasl. Llemsie crpanel OnaroseH-
CTBYIOT, MpOJiaBas CBOI0 He(Th M BHI3BIBAsI 3aBUCTH coceneil. Jpyrue
CTpaHbl 3aKa4yMWBarOT He(bTI) B €CTCCTBCHHbLIC WU MCKYCCTBCHHLIC IICIIIC-
PBI, co3/1aBasi Ha BCAKUHM ciydail cTpaTermueckue 3amacel. Hedrsiblie
KOpOJIM M MOHOIIONMH, TPYOONPOBOABI M 3aBOJBI 1O TepepaboTke
HedTH, iepenen HedTIHOH cOOCTBEHHOCTH, He(TSHBIE BOMHEI, JIOTOBO-
PBI ¥ CIIEKYJISIMU U T. . U T. 1. Yero ToJbpKO He OBLIO B UCTOPHUH YEJIO0-
BeuecTBa u3-3a HeTH! CKyuHO KHUIOCH OBl MIOJSM, eciiu Obl ee He Obl-
JI0 Ha CBeTe.

Ho HedTh cymectByer, ee 3amachl NCUHCISIFOTCS COTHSIMU MHUJI-
JIMapA0B TOHH, M paclpoCcTpaHeHa OHa MMOBCEMECTHO, Ha CyIE M Ha MO-
pe, nmpuyeM Ha 6OJ'IBIHI/IX FJ'Iy6I/IHaX, HUCYHCIIIEMBIX KUJIOMETPAMH: TO,
YTO JISKAIO HA MOBEPXHOCTH, JJABHO HMCIOJH30BAHO, U TENeph HEPThH
oOBIBArOT ¢ TIIyOuH 2-4 u Gosiee kunmomeTpoB. Ho eme rimy0xke ee eme
Oosble, IpPOCTO OTTYAA JOOBIBAThH €€ MOKa HEPEeHTa0eIbHO.

Ho BoT 4TO cTpaHHO: XOTSI HEYTH MHOTO ¥ OHA IIIUPOKO UCTIONB3Y-
eTcs, 10 CUX MOP HUKTO He 3HAET, OTKY/1a ke He()Th BOOOIIE MOSBUIIACH
Ha 3emute. CymiecTByeT MHOXKECTBO AOTAIO0K M THIIOTE3 Ha 3TOT CUET,
OJIHM OTHOCSTCS K JI0 HAy4HOMY IIE€PHUONY, KOTOPBIH MPOAOIKAJICS 10
CPEIHUX BEKOB, a JPyrue — K HayYHOMY, Ha3BaHHOMY YU€HBIMH JIFO/Ib-
MU [IEPUOJIOM HAYUHBIX JIOTaJIOK.
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B 1546 r. Arpukona nucai, 9To HeTh U KAMEHHBIE YTIIIA UMEIOT
HeopraHnudeckoe npoucxoxjenue. JJomonocos B 1763 rogy BbIckazan
NPEAINOJIOKEHHE, YTO HE(Th MPOM30LUIA U3 TOH K€ OPraHUKH, YTO H
KaMeHHbIe yriu. B Tpetuit nepros — nmepruo pa3BuTHsI HEQTIHOW MPO-
MBILIIJICHHOCTH OB BBICKa3aH PsiJi IPEANOJIOKEHUH Kak 00 opraHude-
CKOM, TaK U 0 HEOPraHWYECKOM NpoucxoxaeHnu nedptu. He nmes Bo3-
MOKHOCTH JJaK€ MPOCTO MEPEUNCITUTD UX, OTPAHUYHMCS JIUIIb HEKOTO-
PBIMHU.

1866 r. dpanmysckuit xumuk M.beptino: HedTs 00paszyercst mpu
BO3/I€HCTBUHU YIJICKUCIIOTH] Ha LIEJIOYHbBIE METAJLIBL.

1871 r. dpanuysckuit xumuk I'.buaccon: HedTh oOpa3oBaiiach
Onmaroznaps B3aMMOJEHCTBUIO BOJBI, YTICKHUCIOr0 Ta3a U CEpOBOJOPOAA
C pacKaJIeHHBIM JKEJIE30M.
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1877 r. I..Mennenees: HedTh 0OpazoBanack B pe3yibTare Ipo-
HUKHOBEHHSI BOZBI BIITyOb 3eMJIH U €€ B3aUMOJIEHCTBHSA C KapOugamu.

1889 r. B.[1.ConoBbeB: YriaeBOAOPObI CONEPKAIUCH B Ta30BOU
o0omouke 3eMiH elle Korjaa oHa Oblja 3Be370H, a JAajee OHH MMOTIIOTH-
JIUCh PacIUIaBIEHHON MarMoit u o0pa3oBanu He(PTh.

A 3aTeM mouuia cepys rMroTe3 HEOPraHMIECKOTO MPOUCXOKIAECHUS
HEeQTH, HO OHH HE OBUIH MoJAepKaHbl MeXKayHapOHBIMA HEDTSIHBIMH
KOHI'PECCaMM, U CepHsl TUIOTe3 00 OPraHMYECKOM IPOUCXOXKIECHUH
He()TH, KOTOPBIE OBLIH TIOIIEPKAHEI.

CHHTaCTCH, YTO OCHOBHBIM HMCXOIAHBIM BE€HICCTBOM He(bTI/I ABJISICT-
csi TaHkToH. llopoasl, oOpa3oBaBIIKECs] M3 OCAAKOB, COACPIKAIINX
TAKOro TUIA OPraHUYECKOE BEIIECTBO, NOTCHLUUAIBLHO He(TeMaTepHH-
ckue. [locne anurensHOTO TporpeBa oHU 00pa3yloT HedTh. Bapuanmii
Ha 3Ty TeMy CO3/IaHO HeMajo, MpaBla, HUKaK He OOBSICHSETCS OTHO
3aTpyAHEHHEe, KaKUM 00pa30M Takasi Macca IUIaHKTOHA (MJIX MaMOHTOB,
3TO BCE PAaBHO) MOIJIA IONACTh HA TaKHE TIIyOHUHBI IO BCEMY 3EMHOMY
nrapy, Ja eie OCeTUThCs B MeCUaHuKax, XOTs Obl ¥ MOpUCTHIX. 1 ere
HESICHO, TOoYeMy He(TSHbIE MECTOPOXAEHHs BCErAa COAepXKaT He
TOJILKO He(pTh, HO ellle U cepy B BHIE CEpOBOAOPoAa uiu cMmoi. U mo-
Y€MYy B MNOIMYTHBIX BOJAaX, COIIPOBOXIAIOIIUX ,Z[O6BI‘Iy He(l)TI/I, HUMECTCA
IIOYTHU BECH Ha60p XUMUYCCKUX BJIEMECHTOB, HaBPAI JIM COACPKAIIUXCA
B IJIaHKTOHE. Ho Te, KTO HayyHO JOraJbIBaeTcs O MPOMCXOXKIECHHH
He(i)TI/I, CTaparoTCAa HC aKIICHTUPOBATh BHUMAHUC HA TAKUX ITYCTAKax.

OnHako X0Tenock Obl 00paTUTh BHUMaHKE Ha elle OJTHY BO3MOXK-
HOCTb, KOTOpasi BEpOsITHEE BCero He OyaeT mpu3HaHa MexayHapon-
HBIMHU HE(TSHBIMH KOHTPECCAMHU.

Jlerno B TOM, 4TO TIECYAaHUKH, B KOTOPBIX CONEPKUTCS HEPTH, 3TO B
OCHOBHOM OKHCh KpeMHust — SiOz. U eciu oT OIHOTO sigpa KpeMHUS,
MMEIOILET0 aTOMHBIN Bec 28, OTHATH OJHY alb(a-4yacTUIy ¢ aTOMHBIM
BecOM 4 W TpuOaBUTH €€ K JPYyroMy aToMy KPEeMHHUsI, TO TOJyYUTCS
aTOM Cepbl C aTOMHBIM BecoM 32. A OCTaBIIHMICS OT NEPBOTO aroma
M30TOIl MarHusi C aTOMHBIM BECOM 24 YaCcTHUYHO COXPAHUTCS KaK Mar-
HUH, KOTOPBIH TOKE COJEPKUTCS B TIOMYTHBIX BOJAxX, a YACTHYHO pas-
BaJIUTCA M JAACT JIB€ MOJIEKYJBI yTiepoaa ¢ aTOMHBIM BecoM 1o 12, co-
3/1aB TaKUM 00pa3oM HEKOTOPYIO OCHOBY AJisi 0Opa3oBaHus U HE(TH, U
KaMeHHbIX yrieil. Ho ecim 3T0 Tak, TO BO3HHKAET BOINPOC O MEXaHH3-
Me, KOTOPBIil MOT OBbI BCE 3TO COBEPILIHTH, H JaXKe O ABYX MEXaHU3Max,
HOTOMY YTO HE()Th M KAMEHHBIE YIIN HE 3aJI€Tal0T COBMECTHO.
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31ech X0Tenoch ObI 00PATHUTH HA CIEMYIOIINE OOCTOATENCTBA.

Jlemno B TOM, 9TO MOJEKYJISpHBIN Bec Monekynsl SiO2 paBen 60.
Oto poBHO 5x12, T. e. ogHa Monekyna SiOz Mo aTOMHOMY Becy B TOY-
HOCTH PaBHa MATH MosieKynaM yriepoaa. C Apyroil CTOPOHBI, KakK yke
YKa3bIBAJNIOCH BBIIIE, 10 aTOMHOMY Becy JaBE€ MoseKynbl Si02 MOryT
pasBaJIUTbCA HA CEpPy U €€ COeIMHEHUS C KUCIOPOAOM U JIBE MOJIEKYJIBI
yriepoja ¢ HabopoM caMbIX pa3HOOOPA3HBIX JOMOIHHUTENBLHO 00pa3o-
BaBIIMXCSA MOJIEKYJ U aToMoB. Ho Toraa 3To ABe pasHBIX SAEPHBIX pe-
aKUuM, U 00e JOJDKHBI NMPOTEKaTh HE IPHU BBICOKMX TEMIEpaTypax B
MUJUTHOHBI TPaAyCOB, a B IOCTATOYHO OOBIYHBIX YCIOBUSIX.

C Touku 3peHust 3PpUPOAMHAMUKH TaKOW MEXaHHU3M CyllecTByeT. B
3emiTto, Kak ¥ B J000e Ipyroe HeOECHOE TeNo BTEKAaIT M3 KocMoca
3¢UpHBIE TIOTOKHU, CKOPOCTh BXOXKICHHS WX paBHAa BTOPOH KOCMHUUe-
CKOH ckopocTH, cocTaBiistomieii s 3emmu 11,18 kM/c. DTH MOTOKM
NPOHMKAIOT BHYTPh 3€MJIM Ha JIIOOYI0 IIyOHMHY, IO AOpOre MPOXOAs
CKBO3b IOPOABI U TypOynmu3upysck. Pesymprarom TypOynuzanuu
3(QUPHBIX TIOTOKOB SIBJISIOTCS BUXPH, KOTOPbIE BHEIIHWUM JaBJICHUEM
a¢upa CKUMAIOTCS, U CKOPOCTb MOTOKOB B HUX MHOTOKPAaTHO BO3pac-
TaeT, TaK € KaK M TPaJUeHThl CKOPOCTEH, a 3HAYMT, MOSBISIOTCS
Oonblve TPaJWEHTHI NABICHUM, Pa3phIBAIONINE MOJIEKYJbI, aTOMbI H
Aapa W TepecTpauBalolllde BemecTBO. [Ipy STOM 3a MHOTO JIeT W3
OOBIYHBIX HEOPTaHUYECKUX ITOPOJ MOTJIM CO3AAThCS JIIOOBIE YIIIeBOAO-
POZBI ¥ BOOOIIE JTF00BIE DIIEMEHTHI, TPHYeM Ha JT000i TiyOHnHe.

[Tono6HbIe mporiecch BIIOMHE MOTYT HMPOTEKaTh B HEAPax JIOOBIX
IUTAaHET, a 3TO 3HAYMT, YTO U HEPTh, U KAMEHHBII yroib, U APYrUe MU-
HepaJbl U 3JEMEHThl MOTYT CYLIECTBOBAaTh Ha Bcex mianerax CosHeu-
HOU CHCTEMBI U HE TOJBKO ee. DTO, MpaBja, He 03HAYAeT, YTO Ha 3TUX
TUTaHeTax ObLIa )KHU3Hb. Takke Kak U OTIEYATKH CTPEKO3 WJIH JINCTHEB B
KaMEHHOM YIJIe BOBCE HE CBHIETEIBCTBYIOT O TOM, YTO KaMEHHBIH
yroib 00pa30BaAJICS U3 3TUX CTPEKO3 WM JHUCThEB. Majo M KTo KyJa
MOT 3aJIETETh 32 MPOIIEANINE MUJUTHOHBI JIeT!

U3 u3n0KeHHOro ciiefayer, YTo HeQTSIHOH KPHU3HC MOXKET OBITH
CBSI3aH HE C HEXBAaTKOW HeTH Ha 3eMile, a C JOPOrOBU3HOH ee JOoOBIYH
U3 TITYOUHHBIX CIIOEB.

Tak uto [I.M1.MenzaeneeB npaB He TOJABKO B TOM IJIaHE, YTO HEPTH
HYXHO Oepedb, TOTOMY YTO OHA LIEHHOE CHIPbE, 3TO BEPHO, NaXKE €CIH
ee MHOro. OH IpaB ellie ¥ 0TOMY, YTO, HAauuHasA ¢ KaKOro-To MOMEHTa
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CTOMMOCTL €€ ,I[O6BI‘II/I BO3paCTE€T HACTOJBKO, YTO TOIIMTH KOTJIBI acC-
CUTHallUsAMH, T. €. 6yMa)KHLIMI/I JCHBI'aMHM OKaXXCTCA ACUICBIIC.

8.7. Okyaa pacteHus 6epyT yrnepoa?

Ha nporsokeHnn BEKOB MEpE]  YEIOBEYECTBOM — CTOUT
npobjema oOecrieueHrss HaceleHUs MPOAOBOJILCTBHEM. [ 0yof
CTaJl OOBIYHBIM SIBJICHHEM BO MHOTHX CTpaHax. [IpuymHamu ro-
7012 OBLIN 3aBHCUMOCTh YPO’KaeB OT KIIMMAaTUYECKUX YCIOBUU U
MOT0JIbl, PACCIIOCHUE HACEJIEHUS 0 UMYIIECTBEHHOMY MTPU3HAKY
U COLIMAJIbHOMY IIOJIOXKEHUIO, U MPECTYINHAs MOJUTUKA IO JKC-
nopty npoaoBoibcTBUs 10 30% B TOJNOAHBIE  TOMABI
(mopeBomononHas Poccus).

B Poccun B 18 Beke Heypoxau U rojioJi HOBTOPSUIUCH pery-
JSIpHO KaxKawle 8 jeT, Bcero 0bu1o 34 royoaa, B 19 Beke B mepBoi
NoJIOBUHE OBLIO 34, a BO BTOPOH IMOJIOBHMHE emie 35 roJioJoB,
oco0eHHO ToogubIMu ObuIH Toma 1873, 1880, 1883, 1891-93 rr.
B mauane 20 cromerusa - 1901, 1905-8, 1911-12, »HaceneHue mo-
rubano MmwiMoHamMu. B coBeTckoe Bpems rononano B 1921-23 r.
1o 40 muH. 4en., (Hacnenue ['paxmanckoi BoWHbI), 1932-33 rr.
(mepuon koyutekTHBHU3aIMK) U 1947 IT. (MOCIEBOEHHBIN EPHOL).

Ho Heuro mogoOHOE HaOIIIOAAI0Ch U BO BCEM MHPE, B CBSI3H C
3TUM B 3allaIHOM MI/Ipe TIOSABUJIICS pSI):[ TeOpI/II/I, B KOTOpBIX n3JjiarajJiocb
MHEHHE O MMPUYMHAX TOJI0a U 0 Mepax o ero npeoonenuio. OcobeH-
HBIM BHHMaHHEM I10J1b30BajIach JeMorpadude-ckas TeOpHsi, CO3IaHHasI
B koH1e XVIII Bexa anrnuiickuM yuensiM TomacoM ManbTycoM, KOrna
Hacesnenue 3emiu coctaBisuio 800 murH. e, (1788 1.).

CornmacHo Teopud MaJbTyca, Ha3BaHHOW I[03)KE MalbTy3HaH-
CTBOM, POCT HACEJICHHs 3HAYMTENILHO MPEBBINIAET POCT MPOU3BOICTBA
IPOAYKTOB MUTAHUA, BCIAEJCTBUE YETO HEKOHTPOJIUPYEMBIA POCT Hace-
JIEHHsT HEMHUHYEMO TPHUBEAET K rojoay. MalbTy3HaHCTBO Cpasy IpH-
BJIEKJIO K ce0e BHUMaHHE TEM, YTO BOIILIO B MMPOTHBOPEYHE C ONTHMH-
CTHYHBIMH TEOPUSIMHU COLMaIbHBIX pedopmaTopoB Konmopce, [onBrHa
u Oyona. Ceifuac xe Teopusi ManpTyca paccMaTpruBaeTcs Kak BayKHAs
COCTaBHAs YacTh TaK HA3BIBAEMON KIACCHYECKON SKOHOMUYECKOM TEO-

puy.
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ManpTy3uaHCTBO TOTZAa, KaK M MaJIbTY3MaHCTBO B HACTOSIIEE
BpeMs, MpeiaraeT COKpalaTh HaceJeHne 3eMIn IyTeM (PU3NIEecKOTo
YHUYTOXKEHUS - BOHHAMH, TNIOOATBHBIMU SMUAEMUSIMH (TTaHACMUHU) U
JPYTUMH PYKOTBOPHBIMU CIIOCOOAaMH, TpHBIEKas A7 3TOW UENn
HayKy.

Hacenenne 3emMiu u B caMoM Jiejie pacTeT. Bce HaceneHue 3emim
cocraBisuio: B 1810 r.- 1 mupa.; B 1930 r.- 2 mupa.; B 1960 r.- 3 mupa.
2011 r.- 7 mapa. B urore 2014 1. 9UCIIEHHOCTh HACEICHUS 3€MJIH CO-
craBuia 7,217 mupa., 1 OHO IPOJOJIKAET YBEIUIUBATHCSL.
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Opnnako, HaunHasi ¢ 1960-X TOJOB OTHOCHUTEIBHBIE TEMIIBI POCTa
HaceJIeHUs1 CTaju BcE OOJIbIIEe CHIDKATHCS, M HA CMEHY MHUPOBOMY TH-
nepooIMIEcKOMY JAeMOrpaduIecKoMy POCTY MPUIIEN MPOTHBOMOIOK-
Hel THI pocta. C 1989 r. cranm cHWXATbcs U aOCOJIOTHBIE TEMIIBI
MpHpocTa YUCIEeHHOCTH HaceneHus mupa. K 2100 rogy npupocTt MoxkeT
CHU3UTHCS JI0 BETTMYMHBI MEHEee 5 MIIH. 4YelloBeK 3a aecsatuierue. [lo
Monenn ¢paniry3ckoro menuka YKana-Hoams bupaGena npegen pocra
coctaBuT 10—12 mMipa. dYenoBek, OONBLIIMHCTBO APYTHX MOJENeH
MpeJnoJiaraeT JOBOJIBHO OJIM3KHE YPOBHU CTAOMIN3AIINN YHCIEHHOCTH
HacejeHus: Mupa. J[OBOIBHO MPaBIONOJOOHBIMU TPEACTABISIOTCS U
CLICHApUHU CHIKEHHS YUCIEHHOCTH HACEIEHHs 3€MJIU T1OCINIE AOCTHKE-
HUS €10 CBOETO MaKCUMAaJIbHOTO 3HAYEHMSL.

CornacHO HEKOTOPBIM JIPYTUM IIPEAIOJIOKEHUAM, HE IIOJIyYUB-
IIUM CKOJIbKO-HHOYIb CEpbE3HOr0 0OOCHOBAHUS, POCT HACEICHUS MO-
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JKET TIPUBECTH K POCTY HACEJIEHHUS TOpa3zo BhIIIE ONTHMAIBHOTO, U3-3a
YeTo HE WCKIFOYEHO HACTYIICHHE KPU3HCa, KOTOPBIA MPUBEIET K Pe3-
KOMY TMaJICHUIO YNCIIEHHOCTH HACEJICHHsI, HO HE TPUBENET K JOCTHKe-
HUIO ONTHMAIBHOTO KOJIMYECTBA, a MPOAOIDKUT MajJeHHe JO HEKOTOPOU
KPUTHYECKOHN BETMIHHBI.

3mech cieayeT HAlIOMHUTD, 9TO BTOpas MupoBast BoifHa mpuBena K
rubenn 100 MIH. YenmoBeK W, Ka3aJoch Obl, peKOMeHAauun ManbTyca
STHM TOATBEPXKACHBI, OJHAKO YHCICHHOCTh HACelleHus 3emMiid Oblia
BOCCTaHOBJICHA 4epe3 2,5 roaa. B cpenHue Beka aNUAEMHH OMyCTOIIA-
T 1eNble TopoJia U 001acTH, HO YHCICHHOCTh HAaceIeHUs] BOCCTaHAB-
muBanack uepe3 30-35 ner. Takum oOpa3oM, HU BOMHBI, HU SMUJACMUN
HE SBJISTFOTCSI CPEJICTBOM COKPAIICHHS HACEICHUS.

Tak 4uro xe AenaTh, KaK OCTAHOBUTH POCT HaceleHus 3eMJH, U
HaJIO JI BOOOIIE ITO JIeNaTh?

JHemorpadaMu ycTaHOBIIEHO, YTO POCT JOXOJIOB MPUBOJIUT K pe3-
KOMY TaJICHUIO POKJAEMOCTH, YTO KOPEHHOE HACEIICHHEe BCEX Pa3BH-
TBIX CTPaH COKPAILAETCs U YTO YUCIEHHOCTh HACEICHUS PacTeT TOJIbKO
B MOJIYTOJIOAHBIX cTpaHax. OTcio/ia caM co0O0i HAIIpalTuBaeTCsl BBIBOJ!
JUTSL COKpAIIeHHsT HacelleHUsI 3eMITH HaJl0 He YHHUYTOXATh ero Qpu3nde-
CKH, 3TO 0ecroje3HO0, YeIOBEYEeCTBO HA/I0 HAKOPMHUTH M OKYJIbTYPHUTh,
TOT/Ia COKpAaIllCHWE HACEJICHWS! MPOU30UJIET €CTECTBEHHBIM 00pa3oMm.
Ho 49T00BI HAKOPMHTH YETIOBEYECTBO HYXKHO CO31aTh TEXHOIIOTHH, KO-
TOpBIE CITIOCOOHBI 3TO CIENATh.

Ceromnst B Poccun IrekTap 3eMiIn KOPMUT OJHOTO YEJIOBEKa, HA
YkpauHe - Tpex, HO OHH 3aBUCHUMBI OT BHEITHUX ()aKTOPOB - TeMIIEpa-
TYpBl, HAJIMYUS BJIard, COCTOSIHMS MOYBBI M T.II. 3UMOH pacTeHHs BO-
0011Ie HE pacTyT, 0 HOYaM POCT pacTeHult 3amemsercs. [loatomy ObI-
70 OBl IenecooOpa3Ho mpu OOJNBIIMX TOPOJAaXx CO37aBaTh KPYITHBIE
MapHUKOBBIE XO35CTBA, UCIOIB3YIONINE TEXHOJIOTHIO THAPOTIOHHUKH, B
KOTOPBIX IMPOU3BOJUTCIIBHOCTE HE 3aBUCUT OT BHCIIHUX yCHOBI/Iﬁ u
KOTOpBIE OBUTH OBl aBTOMATHW3WPOBAHBI. Takue MapHUKH, B MPHHIIAIIE,
CYLIECTBYIOT, HO UX OTHOCHTEJIBHO Majo, IOTOMY YTO IOMHUMO BOABI U
Teia OHU TPeOYIOT OOJBIIOr0 KOJMYECTBA HJIEKTPOIHEPIHU, H €CIU
OBl yIaJI0Ch CYIIECTBEHHO COKPATUTh MOTPeOIeHNe IHEPTHH, TO TOTa
TaKue XO35HCTBa MOINIM OBl MOBBICHUTH CBOIO PEHTA0ENbHOCTH, M HX
cTajno ObI CyIIECTBEHHO OOJIbILE.

OnHako 37iech MpoOiieMa YIUPAETCs B OTCYTCTBHE TEOPHH TPOWC-
XOXKICHUSA yTIIepoJia B PACTCHHUSAX.
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Bboranuku Bcero mMmpa MojararT, YTO PACTEHHMsI HAKaIUIMBAIOT
CBOIO CYXYIO MacCy 3a CUeT MOIIOIIEHHS YIJIEKHUCIIOrO ra3a u3 BO3ayXa.
[lomeiTkM  aBTOpa  MOMYYHTh  pa3bsiCHEHUS y  OOTaHUKOB-
npodecCHOHANIOB BCerja KOHYAIUCh THEBOM, IOCKOJBKY IMONyYCHHE
pacTeHUsMHU YIJIEepOAa U3 YITIEKUCIIOTO ra3a, COAEpKaluMcs B BO3IY-
Xe, ecTh (paKT, TBEpAO YCTaHOBICHHbIM camuM Knumentuem Apkanabe-
BUY THMHUPSA3EBBIM, aBTOPUTET KOTOPOTO HE3BIONEM, W BBIpaXaTh CO-
MHEHHUE B 3TOM O4YE€BHUAHOM BOIPOCE HEMPUIUYHO!

OnHako MHOTOJIETHEH MPAKTUKOW YCTAHOBJIEHO, YTO JIyYILE BCEro
pacTeHus pacTyT BECHOHW, KOTJa BeTpa HET, HO 3aTO B M30BITKE €CTh
BOJIa M CBET, 0e3 KOTOpHIX OHHM BooOme He pactyT. Ilo kecTkomy
HACTOSIHUIO CYIIPYTH aBTOP B MOJIOJOCTH IOCAIHI BeIpO KPYITHOM Kap-
TOIIKU B TYCTOH T€HU AepeBa U coOpaji MEeHee YEeTBEPTH Bepa MEJIKOi
KapTOIIKK, YeM JIMYHO YOeIWwJCs B CHIPaBEIJIMBOCTU H3JIOKEHHOTO
yrBepkaeHus. IloaTomy mo moBoay BOABI M CBETAa Y aBTOpa HUKAKHX
BO3pPaKCHUII HET, a 110 TOBOJY TOrO, YTO OCTAJIbHAsl Macca Tejla pacTe-
HUI HAKAIUTUBAETCS 32 CUET YTICKUCIIOTO Ta3a COMHEHHSI BO3HUKAIOT.

B camom gene, cyxas apeBecuHa JIOOBIX OPOJ IEPEBBEB COCTOUT
Ha 49,5% u3 yrnepona Ha 44,2% wn3 xucinopona 1 Ha 6,3% Hu3 BOIOpO-
na. Bo3ayx ske coctout u3 azora (78,1%), kucnopoxaa (20,95%), apro-
Ha (0,9%) u yrnekucnoro rasa (0,03%), Tak 9TO ¢ y4eTOM aTOMHBIX
BecoB kuciopoaa (16) u yrnepozaa (12) mociemHero coaepKuTcs B BO3-
nyxe He Oosee 0,01%. Pactenust pacTyT, B OCHOBHOM, BECHOM, KOTrJa
MOT0JIa CIIOKOWHAsI, BETPOB MaJIO, H MOTJIOMICHHS BO3/IyXa PaCTCHUSMH
SIBHO HEIOCTAaTOYHO AJIs1 00pa30BaHMs B HUX HEOOXOAMMOTrO KOJHYe-
CTBa yriepoaa.

Ho npu Takux cOOTHONICHUSIX JUIsi 0OecTiedeHusl CoAep KaHusl yr-
JiepoJia B PaCTEHHSX JIOJKHBI JIyTh YparaHHbIe BETpPhI, 4ero He HaOIto-
naercsi. Hao00poT, MHTEHCUBHBIH POCT pacTEHUH MPOMCXOIUT BECHOH
NPY TIOJIHOM 3aTHIIbE, B TOM YHWCIIC B OpaH)KepesX M TEIUTUIIAX, YTO
HAXOJUTCS B TIOJIHOM MPOTHBOPEYHH C CYHIECTBYIONICH TEOpHel, TeM
Oonee, uto (PakTOB, MOATBEPKIAIOMINX MOJyYEHUE PACTCHUSMH YTJie-
poJa U3 Bo3ayxa BOOOIIE HE CYIIECTBYET, 3TO TOJBKO IPEAIOIOKECHHUS.
DduponuHamuKa ke MpeIaraeT HHOE PelIeHre MPOoOIeMBbl TOTyYeHHS
pacTeHUsIMH YTIiepoa.

Kak wm3BecTHO, sfApO aroma yriepona COCTOMT M3 Tpex anbga-
YyacTull, a AApo KUCIOpoaa - U3 YeThipex. Eciu TeM ni1 uHBIM ITyTeM U3
Aapa KUCJIOpOoJa YIAlUTh OAHY ajb(a-4acTHIly, TO IOJIyYUTCA SIpO
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aToMa yriiepoja M spo aroma renus. B 3ToM cMbIciie Boga, conepika-
Iasi B COCTaBE MOJIEKYJBI aTOM KHCIOPOZA, SIBIACTCS MUACAIBHBIM I10-
CTaBIIMKOM YTJIepoJa JUIsl paCTeHUH.

B cootBetcTBUM € 3QupoaAMHAMIYECKONH MOJENBI0 ATOMHOTO SiApa
KHCTIOpOJa TP anb(a-dacTUIBl, BXOISIIETO B €r0 COCTaB, 00pa3yroT
TPEyrojibHHUK, a dYeTBepTas aib(a-dyacTHLBl JIOKUTCSI Ha 3TOT Tpe-
yronbHUuK. IIpu 3TOM 3HeEprus cBs3eil Apyr ¢ Apyrom 3TOH YETBEPTOU
anb(a 4acTULBI C OCTAJIBHBIMU TPEMS B NECATKU, @ MOXET ObITh, U B
COTHH Pa3 MEHBIIE, YeM OCTaIbHBIX YaCTHL APYT C IPYTOM.

Ecnmu 3Ty 4erBepTyro anb(da yacTUI] MOIMBITATHCS OTOABHHYTH OT
€e pPaBHOBECHOTO MOJ0XEHHsI, TO OHa OyIeT CONMPOTUBIATHCS U CTpe-
MUBTCS] BEPHYTHCA K MOJIO)KEHUHU. PAaBHOBECHS, €CIIN €€ MPUABUHYTH K
JIPYTUM ab(a-4acThiiam, TO OHa OyJeT COMPOTHUBIISATHCS U CTPEMHUTHCS
BHOBB BEpHYTbHCA B MIOJIO’KEHHE PaBHOBECHSI.
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M3MeHeHMe 3HAKA CUJI SIIEPHOTO B3aMMO/IelHCTBUS
NPH U3MEHEHUHU PACCTOSIHUS MexXIy ajlb(a-dyacTunamu

Taxkum 06pa3oM, 3TO €CTh IPYKMHHBIA MasSTHUK, UMEIOIIUH CBOKO
PE30HAHCHYIO 4acTOTy. Pacuer mokaswIBaeT, 4To COOCTBEHHAS YacTOTA
TAKOTO «MasiTHHKa» cocTapjsgeT nopsaaka 103 ',

Eciu Takol «MasTHMK pacKauuBaTh, TO aMILIMTyAa KoJeOaHuit
OyJIET yBEJIMYMBATECS M JOCTUTHET MPENENa, IPU KOTOPOM OTTaJIKH-
BAIOIIUE DJIEKTPUYECKHE CUJIBI MIPEBBICAT MPHUTATUBAIOIINE MATHUTHBIE
CHIIBL, U anb(ha-4acTHIa BHUIETUT U3 AApa. A OCTaBINMECS TpU anbda-
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YaCTHUIIBI 3TO M €CTh SJIPO aToMa yriiepoaa. Mamno Toro, aToM yriepoja
Cpa3y OKa3bIBaeTCs COCJMHEHHBIM C JBYMS aTOMaMH BOJOpOJA, TO-
CKOJIBKY aTOM KHCJIOPOZA yXKe ObLT yKe BKIIIOYEH B 3 3Ty ICTIOYUKY:

H>0 =H-O-H - H-C-H+ a

BosHukaet Bompoc, Kak ke Takoe nmpeodpa3oBaHie BO3MOKHO, YTO
SIBIISIETCS] €T0 MeXaHU3MOM? [[J1st 3TOTr0 HYKHO pacCMOTPETH CTPYKTYPY
CBETAa, €Tr0 DIIEMEHTA - ()OTOHA.

B Hacrosimee Bpems TeopeTmyeckas (U3MKa HHYETO HE 3HAET O
cTpykType (doTtoHa. Ecnmu xe 0000IIUTh BCe MMEIOIIMECS TaHHBIE O
MoBeIeHNU (DOTOHA, TO OKa3bIBAETCS, YTO (POTOH MMEET CTPYKTYpPY TH-
na Jlopoxku Kapmana, cocrosieil U3 MIJITHOHOB BHUXPEH, pacmoio-
JKEHHBIM OTHOCHUTEJIBHO APYT Apyra B IIaxMaTHOM nopsake. Jlopoxka
Kapmana cocTouT U3 IByX psAOB JIMHEHHBIX BUXPEU, pacIONOKEHHBIX
B [IaXMaTHOM IOpsiZIKe, U 00pa3yeTcs 3a ObICTPO UAYIUM TI0 BOJIE KO-
pabieM, ecny y Hero Tymas Kopma. YcTpoicTBO (POTOHA pacCMOTPEHO
B TJIaB€ 5 HACTOSIIEH PabOTHI.

Hopoxka Kapmana

Kax BrwsicHeHO, pasmepsl ¢GoToHa cOCTaBIAIOT — 2Ax2Ax(1-2)m.
Kaxpiii poTon namaer Ha 108 aToMoB XJ10poQuiLIa, U TYT BOSHHKAET
BOTIPOC: MOYEMY JIUCTHS MOJABIISIONIET0 OOJBIIMHCTBA PACTEHHUHN 3ele-
Hble? Benp 3emeHblil BET JIICTa 03HAYAET, YTO JIUCT TOTJIONIAET Kpac-
HYI0O COCTaBJISIIOIIYI0 COJTHEYHOT'O CIEKTpa, HO BEIb KpPAacHBI CBET
uMeeT AJIUHY BOJIHBI A = 0,76 MKM, 3TO HaMEHee SHEPTUYHas 4acTb
COJIHEYHOT'O CHEKTPa, a JOJDKEH OBl MOTJIOIIATh CHHUM CBET, UMEIOLIUI
UIHY BOJHBI A = 0,4 MKM, KaKk OoJiee SJHEPIrHYHBIN, HO 3TO K€ He Tak!
IToaTomy, BeposATHEE BCETO, €TI0 B PE30HAHCE CBETA U ATOMHOTO SApa.
Ho Benp y ¢oTona 1 anbda gacTHIbl, BXOAAIIEH B COCTaB SApa aToMa
KUCIIOPOJa, YacTOThl pasHbie: y ¢ortona 10 I'n, a y anba-uacTuus!
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10*° I'n! Huxakoro pe3oHanca TyT ObITh He MOXKeT. OKa3pIBaeTCs, MO-
xert! JIeso B TOM, 4TO CYIIECTBYET HE OJIMH, a TPH BHJIA PE30HAHCA.

[lepBBIM BapMaHTOM PE30HAHCA SBIISETCA TOT, KOTOPHIM IIMPOKO
TIOJIB3YIOTCS PAJIMOTEXHUKHU: M3 BCETO CIEKTPA YacTOT, yJIABIMBAEMBIX
KOHTYPOM, YCHJIMBAETCS TOJIBKO TOT CUTHAJI, 4aCTOTa KOTOPOTO COBMA-
AT C COOCTBEHHOM YacTOTOW KOHTYypa., OCTAJLHBIEC ITOJABISIOTCS.
10 Bee 3HaT. Ho ecTh elle BTOpOi U TpETHii BapUAHTBI PE30HAHCA.

BTOpbIM BapuaHTOM pPE30HAHCA MOJB3YIOTCS MaMallld, PacKauu-
BaloOIIME CBOEro pebeHka Ha kavensx OHM HE pacKauMBaKOT —Kayuesu
BIIEPE/] ¥ Ha3aJl, a TOJIBKO MOATAJIKMBAIOT Ka4elH B OJHOM HallpaBJie-
HUH, KOTJIa KPECIIO Kaueslel NPUOIMKAETCS K HUM.

A TPETbUM BapHAHTOM SIBJISIFOTCS TOT K€ BTOPOii, HO MOATAJIKHBA-
HHE OCYLIECTBISETCS HE KaKI0€ KayaHWe, a OJMH Pa3 3a HECKOJIbKO
Ka4yaHWii, TeM peke, YeM MEHBIIE 3aTyXaHHe, T.€. YEM BBILIE JT0OPOT-
HOCTb CHUCTeMBI. A B MHUKPOMHpE JOOPOTHOCTH BhIcouaimias! Kak m3-
BECTHO, IMHEHMHBINA pasMep aToma cocTapiser mopsaka 1070 m, a mu-
HelHbI pasMep aapa - 1071 M, T.e. nuHEHHBINA pasMep aToMa B CTO Thi-
s pas OoJIbIILE IMHEHHOTO pa3Mepa sIpa.

1

O

CxemaTrnyeckasi cTpykrypa atoma: 1. [IpucoeanHeHHbIiH BUXPD
(3J1eKTpoHHAas 060J104Ka); 2.5I1po aToma

ITnomank ke nosepxHocTH Gonbine yxe B 101 pasa. U s1o 3Ha-
YHT, YTO BpPEMs BO3JICHCTBHS MOJYBOJHBI KpacHOro (oroHa, Ha IO-
BEPXHOCTH 3JIEKTPOHHOM 060104KH, cocTaBistomee 3,5-107° ¢ Ha no-
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BEPXHOCTH S[pa COCTABUT Ha TMOBEPXHOCTH Spa aToMa KHCIOpoaa
Beero 3,5-102° ¢, uT0 cooTBeTCTBYET yacTtoTe oKono 3-10% I'm, xoTs
JUIS PE30HAHCa C YeTBEPTOH anb(pa-dyacTuieil HyxHa yactora 10% I'm.
Ho Bce nmu ™Mbl yunu? Beap IJIOTHOCTH MPHUCOCAMHEHHOTO BUXPS Ha
PasHBIX €0 yJacTKax pas3Has, TeMIlepaTypa pas3Has, TaKk 4TO HeJocCTa-
o1Me 6 MOPSIKOB MOTYT OBITh HaliIeHBI MTPH 00JIee TOYHBIX pacyeTax,
€clli yKa3zaHHbIe (akTopbl ydecTs. Celiuac 5To TpyAHO, HO B MEPCIeK-
THBE 3TO 33/1a4a BIOJHE peraeMasi.

Hanmuaume yrnexucnoro rasza B BoA€ HECKOIBKO IMPOJUIEBAET CPOK
JKU3HH PaCTeHU, HO HANW4KUe TUcKoMdopTa odeBUaHO. 3 mpoBeneH-
HBIX 3KCIICPUMCHTOB CJICAYET, UTO, er’IeKHCJ’IBIfI ra3 paCcTCHHUAM HYXKCH,
HO 3a4eM, MTOKa HE U3BECTHO, BO3MOXKHO, IIOJO00HO TOMY, KaK YEIOBEKY
HYXCH XJIOPUCTBIA HATpHid, 6€3 KOTOPOTo 4enoBeK ymupaeT. OnHako,
KaK M3BECTHO, YeJIOBEK KAMEHHOM COJIBIO HE MTUTAETCSL.

W3 n3noxeHHOTO CleyeT, 94To:

1. coBpeMeHHas TeOpHs, yTBEPXKIAIOIIAs, YTO PACTEHHS MTOTYIar0T
YIIIepOJ U3 YTIIEKUCIIOTO Ta3a, COAEPIKaIlerocsi B BO3Iyxe, HeBepHa,

2. OCHOBHAS YacCTh YIJIEPOAa, COAEPIKAIIETOCs B PACTEHUSX, €CTh
pe3ynbTaT TPAHCMYTAIIMK KUCIOPOAA BOABI B YTIIEPOL;

3. YITIEKUCITBIN Ta3 B MaJIbIX KOJIMYECTBAX IS PACTeHUH HE00XO-
JM;

4. ocHOBHas (HE KpacHas) 4acTh CIEKTPa COJIHEYHOTO CBETa pac-
TCHUAMU HE YCBAUBACTCA,

5. B OpaHXepesx OCBELATh PACTEHUs HYKHO MHTEHCHUBHBIM Kpac-
HBIM, a He OEITBIM CBETOM, YTO COBPEMEHHOW TEXHHUKOH JIETKO JIOCTHTa-
eTcs IyTeM MPUMEHEHHUS! KPacHBIX CBETOAMOJOB, U 3TO IMO3BOJHT CY-
HIECTBEHHO COKOHOMHUTH JIEKTPOIHEPTHIO, YIIEIIEBUTH TPOU3BOJICTBO U
OIHOBPEMEHHO IMOJHATH ypO)KaﬁHOCTB.

Uccnenosanus, mposeneHupie A.B.lllecronanmom (MockBa) u
WN.H.I'ankunsiM (AsexceeBka, benropoackoid 005acT) MOATBEPIMIN
N3JI0KCHHBIC ITOJIOKCHH .

JBy™mst YUYEHBIMU A.B.IllecTomanoBsiM (Mockga) u
W.H.I'ankunsiM (AnekceeBka, benroponckoit o0macTi) MpoBeaeHBI
9KCIEPUMEHTHI 10 BBHIPAIMBAHUIO KOMHATHBIX PAaCTEHUI B 3aKPBITHIX
CTEKJISTHHBIX COCY/Iax, HO TP OOMITUH BOJBI M CBETA.

Cocynpl HAaOJMHSUIMCH PA3MTUYHBIMHU Ta3aMH, B TOM YHCJIE a30TOM
U3 J10apoB, a TaKKe HHEPTHBIMU (OJIaropoJHBIMHUY») ra3aMHu, U BhIACHE-
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HO, YTO OT COCTaBa ra3oB, OKPY’KalOIIUX PACTEHUsS, POCT PacTEHUH He
3aBucuT. Ilo McTeyeHNH OBYX Henenb POCT PACTCHHMH 3aMeluIsaics, U
pacTeHus HauWHaIM 4axHyTb. Ho ecnu 100aBUTH B HEOONBIINX KOMNH-
YecTBaxX YIJIEKUCIBIH ra3, TO paCTeHHUs BBIIPABISUINCH U MPOIOIDKAIH
pactu. IlosTomMy OBIIO BBICKAa3aHO HPEATNONOXKEHHE, YTO HEeOOJbILas
IpUMECh YIJIEKHCIIOrO ra3a HeoOXoIuMa pacTeHHsM I0J00HO TOMy,
KaK 4eJIOBEK HY)KJaeTCsl B COJIU, XOTsI B LIEJIOM OH M3 COJIM HE COCTOMT.

Takum o0pa3oMm, OBUIO PKCIIEPUMEHTATBHO ITOATBEPKICHO, UYTO
pacTeHus MOJIy4aroT YIJepoa U3 BOJbI, XOTS B YMCTOM BHUJE YIJIEpO. B
BOJIe HE cojiepkuTcs. Hannume ke renws, BBIIENSIOUIETOCS W3 BOJBI,
UCCIIeIOBaHO OBUIO HEAOCTATOYHO, U 3TO TPEOYET MPOIOJIKEeHUs padoT.

OrbIThI NPOBOJMINCH Ha PaCTCHHsIX: repaHb JAoMaliHss (pelargo-
nium); amo» (aloe); xamanxos (kalanchoe); kaktyc «Mopckoit ex»
(astrophytum asterias); kapauKoBBIi Teper; TOPbKHi; KapJIHUKOBBIE I10-
MHIOPbI YeppH; BBIOHOK KOMHATHBIN (Convolvulus); raxmuan; oObIu-
HbI€ TIOMHJIOPBI U OTYPIIbI.

Takum 00pa3oM, CUUTATh, YTO MACChl IPEBECHHBI M JINCTHEB, 00-
PasyloTcsl U3 YIJIEKMCIIOro Ta3a, KOTOPOro MPAaKTUYEeCKH HET B aTMO-
cdepe 3emiin, HET OCHOBAHUH.

[Toapo6HOCTH SKCTIEpUMEHTOB OmrcaHbl B cTaThsax M.H.['ankuna u
A.B.IllecTonanoBa, IIOMEIIEHHBIX B KHUI'€ 5 MATHTOMHUKA B.A.A1o-
koBckoro «Hauana s¢upoaunammueckoro ecrectBozHanus» M. «lle-
tat», 2010. C. 125, 132.

B skcniepumente Ne 3 A.B.IlanoBanoBa pacreHus (LITHHAT U
I1aBeJIb) B TOPIIOYKAX U BBICAKEHHBIE CEMEHAMH B IIPOMBITHII peyHOI
MIECOK TMOJUBAIIMCH BOJON M MPOBETPUBAIUCH BO3IYXOM, JIMIIEHHBIMH
YIJIEKHUCIIOTOo ra3a. Bee pactenus Tpy HeJeNu YCIENIHO Pa3BUBAUCH.

OxcnepuMeHT Ne 5 MpoBOAMIICS TaK K€, KaK U dKcIepruMeHT Ne 3,
HO OTJIMYAJICSI KOHCTPYKTUBHBIMH 0COOEHHOCTSIMU OapOarepa OYHCTKH,
MO3BOJISIONTUMHE OOABISATh peareHT U 0TOMpPaTh MPOOBI BO BPEMS IKC-
NEpPUMEHTA.
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A.B.lllectonanos (Mocksa). O6mmii Bua s3xcniepumenTa Nes.
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A.B.lllecronanos (MockBa). YUepe3 Tpu Heae1u MPOBeTPHBa-
HHUA OYHUIINCHHBIM BO3/lyXOM PACTCHHUHA HAYUMHAJIA YAXHYTb.

—= a30T BaTMOChepy

NPOBONOYHbIA “GyTnap” ana
NONUITUNEHOBOO PyKaea

M3MEPUTENb JaBNeHUA UMNMHAP U3 NPO3PAYHON
NOAM3TUNCHOBOW NNEHKK & 100 MM
BbicoTa 1200 MM

BO/A + MUHepanbHble yaobpeHua
Ana nonusa
pacTeHue B ropLIKe C MUHepanbHO ) 9
NOYBOI M NUTaTENbHBIM PACCTBOPOM “
(= ~— a301 n3 6annoHa

HN.H.I'asikun (AnekceeBka, bearopoackoii 0djactu). YcraHoBKa 1Js
BbIPALIMBAHUS PACTEHHUS B 230Te (PUCYHOK).
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BriBon: Ha 06asze simepHOTO pe3oHaHCa BO3MOXKHA TPAaHCMYTAITHS
KHCJIOPOJIa BOABI B YIJIEPOJl, U HAa 3TOM OCHOBE CO3JaHK€ Ha OOJIBIINX
TUIOIIAIIX MHOTO3TaXHBIX aBTOMAaTH3HPOBAHHBIX OpaH)Kepell U TEIUIUIT
C MCIOJb30BaHUEM THAPONOHUKH U CBETOJMOAHOTO OCBEIICHUs, pabo-
TAIOIIMX KPYIJIOCYTOYHO ¥ KPYITIOTOJUYHO.

K nmpoBeneHuto uccneIoBaHUN NPUIIAIIAXOTCS SHTY3UACThI, CO-
rJIacHbIE SKCIIEPIMEHTHPOBAThH Ha OOIECTBEHHBIX Havanax

HNwmeer mu Bce »TO mpakTHyeckoe 3HadeHne? Mimeer. Ha aTol oc-
HOBE MOXHO OyJeT CTPOUTh SKOHOMHMYHBIE B HHEPrETHYECKOM OTHO-
IIEHUH TapHUKH, B KOTOPBIX BBICAKEHHBIE DPACTEHMSI OCBELIAIOTCS
KpacHBIMHU CBeToArOAaMU. Vcronb3ysl THAPOTIOHUKY U COBPEMEHHYIO
TE€XHUKY, B TaKUX KPYIIHBIX aBTOMATHU3UPOBAHHBIX MHOTO3Ta’KHBIX
MapHUKaX MOXKHO OyIIeT BBIPAIMBATh HECKOJIBKO YPOXKaeB B TOJl, CHU-
’Kas Hallly MPOJOBOJIbCTBEHHYIO 3aBUCUMOCTD OT NMPHPOIHBIX YCIOBUH.

OpHako paccMOTpeHHAs MPOoOIeMa NMEET ellle M HayJHBIH acIeKT.

CoBpeMeHHOU opHIHaThHON HAYKOW «TBEPIO YCTAHOBIEHOY», YTO
HUKaKOW TPaHCMYTAllMU 3JEMEHTOB 0€3 MCIOIb30BaHHS BBICOKHX CKO-
pocTeil u OONMBIINX SHEPTUIl HE MOXKET ObITh. JTa «Cephe3Has» HayKa
TPETUPYET BCEX, KTO MBITACTCS 3aHUMAThCS TAK HA3bIBAEMBIM «XOJIOJI-
HBIM TEPMOSIOM M BOOOIE TPaHCMYTallHEH 3JIeMEHTOB 0e3 MpHrMeHe-
HUS BBICOKHMX TEMIIEPATyp M BBICOKHX CKOPOCTEH, MOJTydaeMbIX B Iie-
YalbHO M3BECTHBIX YCKOPUTENSX YacTHL, KoJUlaiiepax M TOKaMakax.
Ha Bce st Mmanod(d¢eKTHBHBIE COOPYXEHHUS TOCYIapcTBa TPaTST
OTPOMHBIE JICHBI'M, IPAKTHUECKH HE UMes HUKaKOi oTaa4du. DPupou-
HAMUKOH ke 0003HaueH WHOU mMyTh, W padotel A.B.Illecronanosa u
N.H.l'ankuHa mnoATBEpAMWIM BO3MOXKHOCTH TaKOr'O HAMpaBiCHUA. A
HY)KZla B Pa3BUTHH ITOTO HAIpPABIEHUS - HANPABICHHUS «XOJOTHON»
TPaHCMYTAIINU 3JIEMEHTOB OOJIbIIAs.

[louemy B maxTax, JOOBIBAIOMIMX yrojib, oOpasyercs meraH CHy,
MOJIEKYJIApHas Macca Kotoporo 16, T. e. Ta Xe, 9YTO M y KHCIOPO[a,
BXOJISIIIETO B cocTaB Bojbl? [Ipu KakuX ycIOBUSX METaH oOpasyercs, 1
HE SIBJISICTCS JIM €r0 MOSBJICHHE Ha OOJIBIINX ITyOMHAX B IIAaXTax Ciell-
CTBUEM HECOBEPLIEHCTBA UCIIOIB3YyEMBIX TEXHOJIOTUN?

[Tomo6HpIX TIPOOIEM MHOTO, HO WX PEIICHUIO0 MEMaeT YCTaHO-
BUBIIICECS] MHEHHE O TOM, YTO pa3doupaThCs HE HAJ0, U TaK Bce SICHO!
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8.8. UeMm naxHeT 3anax?
BKyCHO IMaXHET CBCXKUM XJ'IC6OM
Ha TOKY COJIOMEI CTOT...

Kak wm3BecTHO, y uenoBeka CyIIECTBYET BCETO IATh YYBCTB —
3peHHe, CIyX, Ocs3aHue, BKyc U 000oHsHuEe. COOTBETCTBEHHO UM HMe-
IOTCSI M OpraHbl BocHpuATHA. i 3peHus CyIIecTBYIOT (POTONPHUEMHU-
KM — 3T0 riasza. Jns cmyxa — ymm. Ocsi3aHue BOCIIPUHHUMAETCsl BCeil
Kokeli u BooOme BceM TenoM. st omIylieHHWs BKyca CIIy>KaT Tak
Ha3bIBa€MbIE€ BKYCOBBIC PELENTOPBl — «IIYHBIPHILIKKY, PACIOI0KEH-
HBIE BO PTY U Ha s3bIKe. J{J1s 3amaxa cyIiecTByeT HOC, B KOTOPOM HMe-
IOTCA... HCPBHBIC OKOHYaHUs.

3peHue U CIlyX HECyT OCHOBHYIO JIOJNIO WH(OpMAIlNH, MOoJydae-
MYIO 4€JI0BEKOM, U OHHM M3YY€HBI JOCTAaTO4YHO Xopoiuo. Jis Hux pas-
paboTaHBI ONITHKA U aKyCTHKA.

Ocs3anue HeceT B ceOe MH(pOpPMANUY 3HAYUTEIIEHO MEHBIIE, HO U
3eCh HE BO3HHMKACT OCOOBIX BOIPOCOB. Bce-Taku MOHSATHO, YTO IPHU
OCSI3aHMM BO3HHMKAIOT HEKHE HamNpsDKeHHS W IehOpMalldd KOXKU HIIH
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tena. Co BKycOM J1eJ10 OOCTOUT CIIOJKHEE, HO U 3[IECh MOXHO TPEIIo-
JIOKUTh, YTO MEXAHU3M BOCTIPUSITHS OCHOBaH Ha XUMHUYECKOM B3aHMO-
JIEUCTBUM BElIECTB. XUMHS Pa3BUTa HEIUIOXO, U OHA MO3BOJIAJA CO-
3/1aTh MHOT'OYHMCIICHHBIC MTPHOOPHI JIJIs aHAJIM3a COCTaBa BEIECTB, TaK
CKa3aTh, BKYCOMETpBI. XOTS HAI0 CKa3aTh, YTO MEXAaHU3M BOCIPUATHUS
BKYyCa HE COBCEM SICEH, IOCKOJIBKY BKYCOBBIE «ITYIBIPBILIKNY) CAMU HU B
KaKue PeakIMy HE BCTYMAIOT, a KaK-TO BCE K€ OTIMYAIOT KUCIOE OT
CITaJIKOTO U TOphKOe OT cojeHoro. Ho ¢ 3amaxoM neno o6cTouT u3 pyk
BOH II0X0. Hukakoi Teopuu 3amaxoB HET, OPAaKTUYECKH HET U HUKA-
KHX TIPUOOPOB IS ONIPEICICHHS 3a1axoB. [ 'a30aHan3aTophl HE B CUET,
TaK KakK 3]IeCh HJICT HACTPOMKA Ha KAKOH-THOO ONpPE/ICIICHHBIN BUJ Ta-
3a. A 3amaxoB CYLIECTBYIOT MWUIMOHBI WIM MUJUIMAPAbl, HUKTO HE
3HAET CKOJIBKO.

HyxHO 3aMeTUTh, YTO €CJIM JJIs YeJIOBeKa OOOHIHHUE UIpaeT Jajie-
KO HE TJIABHYHO POJIb, TO 3TOTO HENB3Sl CKa3aTh O PhIOAX, )KHBOTHBIX
WM HAaCEKOMBIX. AKylla, HallpuMep, YyBCTBYET KPOBb KEPTBHI 32 He-
CKOJIBKO JICCSITKOB KHJIoMeTpoB. CHUTHaNl 00 3TOM JIOXOJIHUT JO HEe B
CUHMTaHHBIC JOJH CeKyHJ. HescHo, mpaBaa, KakuM 00pa3oM MOJIEKYIIbI
OT NPOJUTONH KPOBU MOTYT 3a TaKO€ KOPOTKOE BpeMsl IPOWUTU Takoe
0OJTBIIIOE PACCTOSTHUE, JAa M CKOJIBKO WX JIOCTUTHET Ienu. Tem He Me-
Hee, (pakT HaNMIIO: aKyJja, OMKMCaB KPYr M ONpEC/IUB HalpaBICHUE Ha
KepTBY, MunTCcs K Hell. CoOaku BOOOIIE MPOCIABUIMCHE CBOUM HIO-
XOM. Y XOpoIuX co0aKk HOC BCETAa MOKPBIA M XOJIOAHBIH. DTO TOXe
HABOJUT HA MBICJIb O XUMHUYECKOH MIPUPOJIE 3araxa, MOCKOIbKY COOaKu
UMEIOT JT1abopaTopHio ipu cebe. XOTs Naiblile BCe PACCyKISHHS U BCE
COMHEHUSI OTHOCUTEIBHO MPUPOJIbI BKyCa BCTYNAIOT B CUIYy U HpHUMeE-
HHUTEJILHO K OOOHSHHUIO.

HekoTtopsie 0a004KH OIIYIIAIOT 3alaX 3a MHOIO KHJIOMETPOB,
MPUYEM yYEHBIC TIOJICUNTAIIN, YTO JIJIS OIIYIIEHUS 3araxa 0abouke Jo-
CTAaTOYHO BCETO JIUIIH OJHON MOJICKYJIBI MMaxXHyIIero BemecTBa. M 6a-
0OYKM 1O 3TOM eIWHCTBEHHOW MOJIEKYJE€ CIIOCOOHBI ONPEAETUTh
HaIpaBJeHUEe Ha HMCTOYHHUK 3amaxa. TyT yK MOXHO TOJBKO Pa3BECTH
pyKaMmu.

KaKOB K€ MOXKET 6I)ITB MECXaHU3M HpI/IpO)IBI BKyca " 3armaxa ¢ To4-
ku 3peHus 3puponuHamuku? OTBeTa MOKa IMOJIHOTO HET, HO HEKOTOPbhIS
COOOpaXCHHS BCE JKE TOSIBIISTFOTCSL.
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Kaxxnas monexysa maxy4ero BemecTBa CO3/IaeT BOKPYT ceds aypy,
COCTOSIIIYI0 W3 BHUXpeH 3(Qupa, MPHUCOSTWHEHHBIX K BHXPSIM 3¢pwupa
9NEKTPOHHOH 000I0YKHU 3TOH MOJICKYJIBL.

Ora aypa (I pomga) uMeeT CTPYKTypy, OTPaKalOIIyl0 CTPYKTYPY
MOJIEKYIIBI, ee oOpasytomieil. Kak u BCsSKHe HEYINTIOTHEHHBIE ITOTOKH
adupa, HaIIpUMeEp, PaINOBOIHEI, TPUCOEINHEHHBIE BUXPH d(Hpa aypsl
CIIOCOOHBI IPOHUKATh B JIFOOBIE MaTepUAIIbI, KOHEUHO, B Pa3HOM CTelle-
HU. ['paveHTHBIE MOTOKU aypbl CO3JA0T B MOJIEKYJaX YyBCTBHUTEJb-
HBIX PEUENTOPOB — HEPBHBIX OKOHYAHUI MEXAHMYECKHE HAMPSKEHUS
3a CYeT B3aMMOJCHCTBHUS MOTOKOB ayphl M MOTOKOB 3(Hpa BellecTBa
penienTopoB. B BemiecTBe penenTopoB BO3HUKIINE MEXaHUYECKHE
HaIpPsDKEHUST U3MEHSIOT COOTBETCTBYIOIINME MOTEHUUANBI, KOTOPHIE 3a-
TeM 00pabaThIBAIOTCS MO3rOM. TakoB K€ MOXKET ObITh U MEXaHU3M
BKYCOBBIX OIIYIIEHUH, OTIMYAIOIIMICS JTUIIH TEM, YTO 3€Ch BCE TPY-
Oee, TOCKOJIBKY HE TpeOyeTCsl OIIYIaTh BKYC OTACIHHON MOJIEKYJIBI.

Takum 00pazom, MeXaHHU3M B3aHMMOJECHCTBHS MAaXy4dero WiIH BKY-
COBOTO BEIIECTBA C PELENTOPaMU OCHOBAaH Ha HETOCPEICTBEHHOM B3a-
MMOJEHCTBUU ayphl MOJEKYJ 3TOT0 BEIIECTBA C aypOd WM 3JIEKTPOH-
HBIMH 000JIOYKaMH MOJIEKYJI BellecTBa penentopoB. Ho kak ke Bce ke
MIPOUCXONUT B3aUMOJICUCTBHE MOJIEKYJI BEIIECTBA C PEIENTOPAMU YKH-
BOTHOT'O, HAXOJIAIIETOCS Ha OOJIBIIIOM PACCTOSIHUU OT 3TOTO BEIIecTBa?

UTto Kacaercs 3amaxa B BO3yX€, TO U3BECTHO, YTO MHOT'O€ 3aBUCUT
OT HampaBJlIeHUs BETPa, TO €CTh OT TOTO, MO0 Maxydee BEIIeCTBO B
HOC JKMBOTHOMY WJIM HE monano. XoTs co0aku, HaTPEHUPOBAaHHBIC Ha
MOMCK OIPEAENICHHOTO BEIECTBA, MOTLYT, BEPOSTHO, ONPEHENATh €ro
HAJIMYUE HE 10 CAMOMY BEIECTBY, a 10 €ro 3pUPHON aype, KOTOPYIO
3a3KpaHUPOBATh HE TAK-TO MPOCTO. ABTOp, HAIIPUMED, HE 3HACT, MOXK-
HO JIM BOOOIE 3TO ciaenarh. Kak mokaszal 3KCIEPUMEHT, CTalbHON
9KpaH He TOJILKO HE DKPAHUPYET TaKhe MOTOKHU, HO, HA00OPOT, YCHITHU-
BaeT UX.

Ho moxer ObITh, YTO-TO M MOXHO MOAOOPaTh WU 3a0UTH OIMH
3amax JpyruMm.

Ho BoT uTO Kacaercst pacmpocTpaHEHHs 3amaxa B BOJAE, TO 3/1€Ch
OJIHUX PacCyXIEHUN O B3aUMOJIEHCTBUM ayp Oka3biBaeTcs Mayo. Hyx-
HO €Il¢ MOHATh, KaK aypa MOXKET paclpocTpaHsaThcs B Boje. Oka3biBa-
ercs, MoxkeT. HekoTopoil anamorueit MoxeT CIy>KUThb JIEJICHUE TOPOU-
JATBHBIX BUXPEH, 00pa30BaHHBIX KaIUICH YEPHHIL.



DdupoauHAMHYECKHE THIOTE3bI 359

Bo3bpMuTe 4epHIIBHYIO aBTOPYUYKY W ¢ HEOOJBIION BBICOTHI B 2-3
CM KaIlHUTE B 0aHKY C BOJOH KaIlIl0 YEpHUI, XKEJIaTelbHO, IOMEHbIIE
pasmepoM. U BBl yBuzeTe, Kak 3Ta Karuisi cpasy *e o0pazyeT TOpOH-
JabHOE KOJBIIO, U3 KOTOPOTO 3aTeM OYAYT BBHIMYIICHBI CMEPUYUKH, Ha
KOHIIE KaKI0I0 U3 KOTOPBIX OyzaeT o0pa30BaHO TOPOUAAIBHOE KOJIBIO
MOMEHBIIIE, U3 KaXKJI0r0 U3 HUX OyIyT BBIIYIIEHBI HOBbIE CMEPYHKH, HA
X KOHI[aX CHOBa OyAyT TYT ke 00pa30BaHbl HOBbIC TOPOHIAJIbHBIC
KOJICYKH U T.I., [I0Ka, HAKOHEL, BECh IIPOLIECC HE OCTAHOBUTCS, IIPOUIS
5-6 sranoB menenmii. OgHAKO 3TO KacaeTcs YEpPHHI, KOTOpPHIE, KaK U
BO/Ia, HE CKUMAIOTCH.

Ecnu ke pedus noiizet 00 SOUPHBIX BUXPSX, TO HY)KHO TIOMHHTH O
TOM, 4TO 3(Up 3TO I'a3 U YTO BCSKUE BUXPHU, UM OOpa30BaHHBIC, CIIO-
COOHBI TaK e C)KUMAThesl, Kak U caM 3¢up. U 4to npu cxxatuu razo-
BBIX BUXpEH BHEIIHUM JaBJICHUEM OHH HE TOJBKO YMEHBIIAIOT pa3Mme-
PBI, HO €Il ¥ HApallBarOT CBOIO 3HEPreTHUKY 3a CUET MPeoOpa3oBaHus
NOTCHIHAIBHOW 3HEPIUU AaBlieHHs 3(QUpa B KUHETHUECKYIO SHEPIHUIO
BpalleHusl BUXpel. A B BOJIE, KaK U3BECTHO, AUAIECKTPUUIECKasl MPOHU-
naemocThb B 80 pa3 Oouiblile, 4eM B BO3AyXe, INIOTHOCTH 3(Upa COOTBET-
CTBEHHO OOJjbllle, a TIOATOMY BCE€ BUXPH OYAYT CXKHUMATBHCS CHUJIBbHEE,
YeM B BO3/yX€, SHEPTEeTHKA W YCTOHYMBOCTH MX OYAYT BbINIE. A TOTO-
MY ¥ CIOCOOHOCTH K JIeJICHUIO OyJIeT MHOTOKPATHO BBIIIE, YEM y Yep-
HUJI B BOJIE.

TakuM oOpa3oM, MOXHO TPEANOJOXKHUTb, YTO aypa BEIECTB,
MIOTIABIINX B BOAY, UMEIOIAs CIOKHYIO BUXPEBYIO CTPYKTYpPY, HAUHET
MOPOXIaTh BOKPYT ceOs Mogo0HBIE ke CTPYKTYPHI YK€ 4ucTo 3dup-
HbI€, KOTOpPBIE U HAYHYT PaclpOCTPAHITHCS B OKPY’KarOIeM IPOCTpaH-
CTBe, Hecsl MH(POPMAIMIO O MOJIEKyNax, uX mopoAuBmux. CKOpOCTbH
pacipoCTpaHEeHHS 3TOW aypbl MOXKET PaBHATHCS CKOPOCTH pacipocTpa-
HEHHS CBETa B BOJE, HO MOKET OBITh M MEHBIIE: BeIb KaKOE TO BPeMs
yXOIuT Ha cCOOCTBEHHO BuXpeobpazoBanue. Bee 310 Tpedyer uccieno-
BaHUMU.

MOXHO MpeanoiI0KNUTh, YTO HA TOM K€ IMPUHIMIIE OCHOBaHA U
JUCTAaHIIMOHHAS CBSI3b HACEKOMBIX MEXIy coOoi. Kak m3BecTHO, Bce
HACEKOMbIE MMEIOT YCBbI, MPUYEM TapakaHbH YCHI JIaXKe BOCIETHI IO-
sToM. Bce 3HaIoT, 4TO yCchbl HACEKOMBIX — 3TO aHTeHHBL. Ho HUKTO He
3HAeT, KaK 3TU AHTEHHBI OCYLIECTBISIIOT CBA3b. MOXHO J0Orajarthbces,
YTO BpPsJ JIM Takas CBS3b OCYILECTBIISETCA C IOMOILBIO PaJHdOBOJIH,
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MIOCKOJIBKY BpSII JIM CTOJb KPOLIEYHbIE CYIIECTBA MMEIOT IpHU cebe
CTOJIb COBEPILICHHYIO paguoTexHUKy. Ho Benb cBA3bIBarOTCS Kak-To!

Ho ecnm ycwl pacnpocTpaHsIOT B MPOCTPAHCTBE aypy HEPBHBIX
OKOHYaHHUI HaCEeKOMOro, a APyroe HaCeKOMOE C MOMOIIBIO CBOMX YCOB
BOCIIPHHUMAET 3Ty aypy U IepelaeT ee CBOMM HEPBHBIM OKOHYAHUSIM,
TO MOXXHO IPEAINOJOXKHUTh, YTO HANpsDKEHUS B PELENTopax IMEpBOTO
HACEKOMOT0 OYAyT U3MEHSTh aypy, YTO U OyIeT BOCIPUHSITO PEeLenTo-
paMu BTOPOro HaCEKOMOro. Bo3Mo)xHO, Ipy 3TOM BO3HUKHYT MEXaHU-
YEeCKHE HANPSDKCHMS, 2 BO3MOXKHO — JICKTPUUECKUE WM XUMHUUECKHUE
MUMITYJIbCHI, 3TO IOKa HeU3BecTHO. Bo BCAKOM ciydae, MOKHO Ha 3TOM
OCHOBE TOTIBITATHCSI OPTaHU30BaTh CBS3b MEXIy BeulecTBamu. [IpaBna,
nog00p mapsl BEIIECTB, CHOCOOHBIX B3aUMOJICHCTBOBATH TUCTAHIOH-
HO, HE MPeCTaBIAETCS JIETKUM 3aHATHEM.

Ho, moxet ObITh, U TYT HalayTcs 3HTY3uacThI? IIycTh TONMBKO HE
3a0yIyT PO YCHI.

A B 3aKJIIOYCHHE KaK MOXXHO HE BCIIOMHUTH O TOMEONATHH — Me-
TOJIe JICUCHHS YPE3BBIYAIHO MAIBIMU KOHIICHTPALIUSIMH JIEKapPCTB.

I'omeomarus (ot rped. homoios — momoOHEI 1 pathos — cTpana-
HHE) — MeToA, pa3paboraHHbIi HemenkuMm BpauoMm C.I'anemanom B
Hayasie XIX Beka. B 0CHOBY romeonaTuy moJIOKEH MPUHLUI JICUEHUS
1mo100HOT0 10100HBIM (similia similibus curantur). 'omeonaTust mbITa-
€Tcs MCIIONb30BaTh TAKUE JIEKAPCTBA, KOTOPhIE B 3/[0POBOM OpraHU3Me
CO3JIAIOT T€ YK€ CHMIITOMBI, 4TO u OoJie3Hb. Ho 3TH ekapcTBa, BBE/ICH-
HbIE B OOJILHOW OpraHW3M, BBUICUUBAIOT €ro. M JUIst 3TOro HYKHO BBO-
IUTD 3THU JIEKAPCTBA B YPE3BBIYAIHO MaNbIX 103aX.

['aneman momarai, 4To cuia AEHCTBHS JIEKapCcTBA YBEIUYHBACTCS
M0 Mepe YMEHBIIEHHs J03bl, ¥ TIO3TOMY MHOTO pa3 (0 TpHUILATH) pa3-
BOJIMJI HCXOJTHOE JIEKAPCTBO B BOJZE, YMEHbINAs KaXKIBIH pa3 cojepika-
HHE JIEKapcTBa B CTO Pas.

U xoTs1 coBpeMeHHbIE TPAKTHKYIONINE BPaunu-TOMEOIAThl MPOU3-
BOJISIT BCETO JIMIITB TPEX WIIHM MIECTUKPATHOE Pa3BeAeHNE, 3TO BCE PABHO
MOBEPraeT B LIOK OOBIYHYI0 MEIULKHY, IOTOMY YTO U IPH TaKOM pas-
BEJCHUHU CaMOI'0 JIEKAPCTBa OKA3bIBAETCS CTOJb MAJIO, YTO HUKAKOTO
NIeWCTBUS OHO OKa3aTh He MOXeT. [loaTomy addexT romeonaTuu Bpa-
YaM{ JAPYTHX HANpaBiIeHUH OOBICHAETCS BHYLUICHHEM W CaMOBHYILE-
HHUEM, & B MEAULIUHCKHUX SHIUKIONEINSIX U CIPABOYHUKAX TOMEOTIATHS
IpsMO Ha3BaHa aHaXPOHU3MOM. TeM He MeHee roMeonaTHsl POooIKa-
€T CYILLECTBOBAaTh, IPUMEHSI B OOILEM BCE T€ K€ METO/bI U BCE TOT XK€
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ACCOPTHMEHT JIEKAPCTB W TpeHeOperas HeraTWBHBIM OTHOIIEHHEM K
HEel MEeITUITTHCKUX CBETHIL.

CriacaeT ToMeonaTHIO OT MOJHOTO pa3rpoMa BUAMMO TO, YTO CO-
BpEeMEHHass MeIWIMHA MPHUIAeT OOJIbIIOE 3HAYEHUE TICHUXOTEPaNiH, H
TO, YTO roMeornatus (KOHEYHO K€, TOJBKO Onaromaps mcuxorepanuu!)
KaK-TO YMYIpPSIETCS JOCTUTATh MOJOXKHUTEIBHBIX PE3yIbTATOB TaM, TIe
OoOBIYHAs MEIUIMHA STOTO HE YMYIpSETCS, Aa)Ke HUCIOJB3Ys Ty Ke
TICUXOTEPAITHIO.

XOTs TOMEOMaTHs HSMIUPUYECKA M JOCTUTIA ONpelesIeHHBIX
YCIIEXOB, BCE e BO3HUKAET BOMPOC O BO3MOKHOM MEXaHHU3ME BO3JeH-
CTBHSI CTOJIb MJIBIX JI03 JIEKAPCTB Ha OOJIHLHOI OpraHu3M.

Ecnu momoiitu k 3TOMYy BOTIpOCy C 3(pHpOIUHAMIYECKUX TTO3UIINH,
To oOpamaer Ha ce0si BHUMaHUe TOT (aKT, 4TO pa3BeleHUE JIEKapCTB
MPOUCXOANUT B BOJE, 00JIaIAIONICH BHICOKON MUAIIEKTPHUYECKOMN MPOHU-
ITAEMOCTBIO U CITOCOOHOH MO 3TOW MPUYMHE CHIIBHO CKUMATh d(UPHEIE
BUXpH, TIPUABasi UM TEM CaMbIM IOBBIIICHHYIO SHEPTHIO M yCTOWUH-
BOCTh. DTO 3HAYMT, YTO aypa JICKapCTB, MOMAaBINas B BOAY, OyIET MO~
MUTaHa SHEPTeTHYECKH M CMOXKET CO3[aBaTh IMOJO0OHYIO )K€ aypy Ha
CBOMX T'paHUIaX, Pa3MHOXasICh JIajiee 110 BceMy 00beMy BoJbl. U maxe
€CJIM TMEePBOHAYAIBLHOE JIEKAPCTBO M3bATH M3 TAaKOM BOBI, CO3/aHHAs
UM aypa OyIeT HEKOTOpOe BpeMs COXPAHSITHCA B BOJE M OKa3bIBATh TO
JKe JIeiCTBHe, YTO U CaMO JIEKapCTBO. TakuM oOpa3oMm, B OTIHUYHE OT
XUMHYECKOTO JICHCTBHUS JIEKAPCTB MPH OOBIYHOM JICUSCHHUH, TOMEOTIATHS
JICYUT HE CAMUM JIEKapCTBOM, a €ro aypoil. B psne ciaydaeB 310 MoxeT
okazatbCsi 3(()EeKTHBHBIM, M HUKAaKOW MHCTU(UKAIMU B 3TOM HET.
dakTHyeckn OOJLHOMY OpraHu3My IepenaeTcs CTPYKTypHas HHQop-
MaIs JIEKapcTBa MPU OTCYTCTBUHM CAMOT'O JIEKapCTBa, YTO MTO3BOJISAET,
BO3MOXXHO, M30€XKaTh HEKOTOPHIX MOOOYHBIX 3(P(PEKTOB, CBA3AHHBIX C
XUMHAYECKUM OTPABJIEHUEM OpTaHU3Ma.

[lomBoast UTOT M3IOKEHHOMY, MOXXHO OTMETHTBH, YTO BOIPOCAM
(GU3UKU ayphl JIO CHX TIOpP HE OKa3bIBaJOCh BHUMAaHUS M HE INpHJaBa-
JI0Ch TOJKHOrO 3HaueHwus. [IpuunHa, BEpOsSTHO, B TOM, YTO IO CHX IIOp
¢u3MKa aypHBIX IPOLECCOB HE MOJTyyalla HUKAaKOTO Pa3yMHOTO 00Bbsic-
Henus. OIHAKO Terepb HeT COMHEHHUS, YTO (DU3HKa ayphl 3aCIyKUBaeT
CaMoro MpHUCTAIBHOIO BHUMAaHHUS. DTO HOBOE HampapiieHHE B (HU3UKE,
XUMUHU, OMOJIOTHH W MEIUIMHE MMeeT Ooiplnoe Oyayiiee, 1 UM mopa
3aHUMATHCS BCEPHE3.
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8.9. Aypa, rpagMeHTbl U1 NO3HaHME MUpa
Ha cBere HeT HUuero 0oJjee MPakTHIECKOro,

YeM XOpOIIIasi TEOPHSI.
Hayunas ucmuna

[louemy TBepaple Tema HE pacCHIAIOTCS B Mpax, a JKUIKOCTH
HMMEIOT TIOBEPXHOCTHOE HaTshkeHue? Benb u Te, U Ipyrue COCTOAT U3
3JIEKTPUUECKU HEUTPAIBHBIX MOJIEKYJ, B KOTOPBIX BCE 3apsiAbl YPaBHO-
BEIICHBI W CJIEIOBATEIbHO HET MPHUYWH I COSNWHEHHS MOJIEKYN B
o1HO u3uueckoe Teno. OAHAKO Ke HET, MEKMOJICKYIIIPHBIC CHITbI HITH
cwibl Ban-nep Baanbca, romianackoro (pus3uka, BIEpBIC IOCTABUBIIIC-
TO ¥ pemmuBIIero npobiemy eme B 1873 romy, CymecTByIOT.

Ho xots mpoGnema u ObUta perieHa Ha MyTAX MaTeMaTHIECKOTO
ONHUCAaHUS STUX CWI, IOHUMAaHUE MX MPUPOJIBI C T€X MOP MAaJIO MPOJIBH-
HYJIOCh. A TOYHEEe TOBOPSI, M BOBCE HUKY/a HE MTPOABHUHYIIOCH.

Ms&1 3HaeM, 94TO MEKMOJEKYJISPHBIE CHIIBI FIIA CHIJIBI B3aUMOJIEH-
CTBUSI MOJICKYJI MEKIY COOOH «3aBUCAT OT PACCTOSHUS MEXIYy MOJIe-
KyJlaMH U, KaK MPaBUJIO, OMUCHIBAIOTCS TTOTCHIIMALHON YHEpTHei B3a-
UMOJIEHCTBHS, T.K. UMEHHO CPEIHSS MOTEHIMAbHAS YHEPTHUS B3aUMO-
JICUCTBUA OIpEJENseT COCTOSSHUE M MHOTHE CBOMCTBA BELIECTBa»
(bCO, 3 u3n., 1. 15, c. 626), 9TO €CTH CpeaU HUX OPUEHTAIIMOHHBIC,
WHIYKIIMOHHBIE CHIIBI U CHITBI OTTAIKMBAHUS U YTO TI0 BCEH BUIMMOCTH
BCE OTH CHJIBI BHI3BAHBI MOJISIPU3ALIEH MOJIEKYJI, OTTAIKUBAHUEM JJICK-
TPOHHBIX 000JI0UYEK U T. M., ¥ 1Ip. HO KaKk BCe 3T CUIIBI YCTPOCHHI, OT-
Kyza OepyTcs Bce 9TH MOTEHIHANbI, pU3uKa He coo0mIaeT. A Belb Kak-
TO K€ 9TU CUJIbI YCTPOECHBHI!

OmHako ecnu B3MVISIHYTh Ha MEXaHW3M B3aMMOJICHCTBHUS MOJICKYIT
C TOYKHU 3peHHs 3QUPOIUHAMUKH, TO KOE-YTO HAYMHAET MPOSCHATHCS.
B camom nene, ecnu NpUCOETUHEHHBIH K MPOTOHY BUXPh ddupa —
AJIEKTPOHHASI 000J0YKa — 00sI3aH CBOEMY MPOUCXOXKICHUIO IBIIKESHUIO
3(dupa Ha TTOBEPXHOCTH NPOTOHA, TO BEAh W HA TOBEPXHOCTH DJIEK-
TPOHHOU 00OJOYKHU IPUP ABMKETCS, CBOUM JBUKCHHEM OH OyJleT 3a-
XBaTBHIBaTh COCEIHUE CJIIOM CBOOOJHOTO 3(Upa M TEM CambIM CIIOCOO-
CTBOBAaTh CO3JIaHHUIO BTOPOTO MPHUCOSTMHEHHOTO BUXpsA. Ho u y 3Toro
BTOPOT'O TPHUCOSAMHEHHOTO BHXPS MOBEPXHOCTHBIC CIIOW 3(upa IBU-
JKYTCs, U OHU OyIyT CO3/1aBaTh TPETHH MPUCOCTUHECHHBIH BUXPh H T.I.
TTomygaeTcs, 9TO K Ka)XJIOMy IMPOTOHY TPHUCOSAMHEHA Ieas CHCTeMa
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BUXpel 3¢upa, pacmpoCTPaHAIOMAACS OT HETO Ha BCE OKpY’Karoliee
MIPOCTPAHCTBO.

CrnenyeT 3aMEeTHUTh, YTO KaXKJIbI MOCIEAYIOUINI MPUCOEANHEHHBIH
BUXpPb UMEET pa3Mep OOJIBIINKA, YeM MPEIbIIYIIHH, TPUMEPHO B TOM
’K€ COOTHOIIICHHH, KaK pa3Mep 3IEKTPOHHOW 000I0YKH K AIpy, T.e. 4-5
nopsaKoB. CKOPOCTh Ke IBMKEHHS d(PHpa Ha TMOBEPXHOCTH KaXKIOTO
MOCNIEAYIOUIETO BUXPS YMEHBLIAETCA B CTENEHU OT 2-X 10  3-X OTHO-
CHUTEIHHO COOTHOIIEHHUS pa3MepoB, T.c. Ha 8-15 mopsakoB, HO 3TO
TOJIBKO B TOM CJIy4ae, €CJIM PACCMAaTPUBACTCA ONUHOYHBIA aTOM.

Ecnu xe paccmMarpuBaTh COBOKYITHOCTh aTOMOB M MOJIEKYJ, TO
IMPUXOAUTCA YYUTBIBATH TO, YTO COCCAHHEC NPUCOCAMHCHHBLIC BUXPU
OyIyT MemaTth ApyT APYTY, U BCE OHHU OYIYyT BHITSTUBATHCS B COCEIHIE
CBOOOJHBIE OT BellecTBa 001acTH. A TOT/a MOTYYaeTCsl, YTO CKOPOCTh
3(1)I/IpH])IX IIOTOKOB Ha MOBEPXHOCTHU TCJI COCTABJIACT TY K€ BCIIMYUHY,
YTO M CKOPOCTh HAa TOBEPXHOCTH 3JEKTPOHHON OOONOYKH W yOBIBaeT
TOJIBKO YK€ Ha PacCCTOSIHUU, HCUUCIISIEMOM MUKPOHAMH, U COBCEM HE B
TOW cTeneHu. [ pagMeHTHl CKOPOCTEH TOTOKOB d(Hpa B MPUCOCTUHEH-
HBIX BUXPAX CO3JAI0T IPAJAMEHTHI JABJICHUN B MPOCTPAHCTBE, MPHKHU-
MAaIOILKE AIEKTPUUECKH HEUTPATBbHBIE MOJIEKYJIBI APYT K APYTy. DTO U
€CTb MCKMOJICKYJIAPHBIC CUJIBI.

Taxum 00pa3zoM, BOKPYT KaXI0T0 (GU3MYECKOTO Tesla MIMEETCsI 10~
JIe OTHOCUTEIFHO BBICOKHX CKOPOCTEH MOTOKOB 3(hUpa, CO3/IaBaEMBIX
BTOPBIMU, TPECTbUMHU U T.A. NPUCOCINHCHHBIMU BUXPIMU. HpOCTpaH-
CTBEHHAs] MOJYJISIIAS 3TOTO MOJSI OTpakaeT COOOH CTPYKTYpy Belle-
CTBa, CTPYKTYPY KaXIOH MOJIEKYJbl, PaCOpOCTPAaHIETCS B MPOCTPAH-
CTBE Ha OYCHb OOJBINKE PACCTOSHUS, W KaXKJas TOYKa MPOCTPAHCTBA
HeceT B cebe nHpopMaIuio 000 BceM, 4TO UMEETCs Ha 3eMHOM IIape, a,
MOXET ObITh, M B COJTHEUHOH cucreme.

Bce atn notoku 3dupa BOKpyr (PpH3MUECKUX TN U €CTh HX aypa,
HO 3TO TOJIBKO aypa | poma, oTpakaromasi CTaTHYECKYIO CTPYKTYpY Be-
IeCTBa.

Nwmenno aypa | poaa oTBETCTBEHHA 3a IIETOCTHOCTD TEN U 3a arpe-
TaTHBIE COCTOSIHUS BELIECTB. OJEKTPUUYECKU HEUTPaATIbHBIE MOJICKYJIBI
HE MOTJIH Obl HUKaK COCJMHUTHCS B TBEPJOE TEJIO, €CIU ObI HE CyIIe-
CTBOBaJIa aypa B BHJIC MPUCOCIUHEHHBIX K JJICKTPOHHBIM 000JI0YKaM
Buxpel a¢upa. [Ipu 3TOM HarpeB Tena BBI3BIBACT KOJICOAHUS €ro MoJie-
KyJ U BBI3BIBAET UX B3aUMHOE OTTalkuBaHue. Kornma cuia orrankuBa-
HUS OPY HOBBILICHUU TEMIIEPATyphl IPEBBIIIACT CUJIbI IPUTSKECHUS B
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TPagueHTHBIX MOTOKaX 3(Hpa OKOJO AIEKTPOHHBIX O0OJOYEK, Belle-
CTBO W3 TBEPIIOTO COCTOSHUS MEepPexXoanT B kuakoe. Korma sxe amrum-
Tyga KojieOaHUi MOBEpXHOCTEH MOJEKYJN IMPEeBBIIACT pa3Mepsl Onm-
JKaKIIero MpUCOeAMHEHHOTO BUXPSI, BEIIECTBO oOpalaercs B map.

CrnemyeTr OTMETHTb, UTO TaK XK€ KaK CTPYKTypa AJIEKTPOHHOM 000-
JIOYKU TIOTHOCTBIO OIPENENSIeTCs CTPYKTYpOH aTOMHBIX siep, TaKk |
CTPYKTypa aypbl poAa MOJHOCTHIO OMpPEAENSieTcs CTPYKTYPOH 3iek-
TPOHHBIX 000109eK Tena. M Tak ke Kak CymeCTBYeT MpUHINIHATbHAS
BO3MOKHOCTh MOJIETTUPOBAHHS CTPYKTYP JFOOBIX MOJIEKYJ Ha OCHOBE
3HAHUS CTPYKTYP SA€pP, TO TOYHO Takas )K€ BO3ZMOXXHOCTH CYIIECTBYET
NPUMEHHUTENHHO K aype | poga Ha OCHOBE 3HaHHUS CTPYKTYP DIIEKTPOH-
HBIX 00OJIOYEK BEIIECTB, OOpa3yIOMIMX TENO, €ro KOHQUTYpanmud ¢
pacrpenencHus BemecTB B Tene. OTCroa MOSBIAETCS MPUHINTHATb-
Hasi BO3MOXKHOCTh PEILECHHUS 33[]aui KaTaln3a, MOCKOIbKY €ro OCHOBOM
SBIISIOTCS TPAIMEHTHI NABICHUN B 3(hHUpe, OPUEHTUPYIOIUE MOJIEKYIIBI
B MPOCTPAHCTBE OTHOCHUTENBHO APYT ApyTa Tak, YTO JJIS UX COeNuHe-
HUsI He TpeOyeTcsl BBICOKMX TEeMIIEpaTyp, M XHUMHYECKHE pPEaKIUH
YCKOPSIIOTCS B MWJUTHOHEI pa3. M XOTs 3Ta 3ajada MOXET OKazaThCs
BeChMa CII0’)KHOM, MPUHITUIHAIFHO OHA pa3pelinma.

Ecmm xe ¢ Teramn MMPOUCXOAAT UBMCHCHUS, TCIa ABUKYTCA OTHO-
CUTCJILHO APYT Apyra UKW B HUX IMOABJIAIOTCA MEXAaHUYCCKUC NJIM MHBIC
HaANpPsDKEHUS, TO COOTBETCTBEHHO OYAET M3MEHSATHCS W aypa ITHX Tell.
Ha reonornueckux pazioMax MmopoJi B TOUYKaX BHICOKUX MEXaHHYECKHX
HanpsDKEHUH aypa OyleT MHOMW, HeXelH aypa HeHANPsHKEHHBIX MOPOJI,
W 3Ta Pa3HUIA MOXET CBUIIETENBCTBOBATh O OyaylieM HeOIaromoy-
YHH B 3THX MECTaX — 0 BO3MO>KHOM OYAyILEM CIIBUTE MOPOJ, O 3eMile-
TPACCHUAX HJIKM MPOCTO O CYHMIECCTBOBAHMH TaK HA3bIBAEMBIX I'€OIIATO-
T'€HHBIX 30H.

U Bcem 3THM Hajo 3aHMMAaTbCA CEPbE3HO, HE JOKUIAASCH, MOKa
oduIIMANTEHBIE «yYECHBIe» MPU3HAIOT CYNIECTBOBAHUE ayphbl, NHAYE H B
Oyaymiem karactpodbl, 0 J00HbIC Y€PHOOBLILCKOM, HEM30EIKHBI.

UznoxxeHHOe AaeT HEKOTOPYI0 OCHOBY JJisl TIOHMMaHMs (U3UUe-
CKOM CYIIHOCTH JIO30XO/ICTBA — HAXOKACHUIO MOJA3EMHBIX CKOIUICHHH
pyI, BOIBI, pPa3IOMOB, kKabenel U Tpyd M TOMYy MOAOOHBIX HEOIHO-
pOOHOCTEH. DTHUMM TelaMH CO3[aHa aypa COOTBETCTBYIOLICH CTPYK-
TYpBl, KOTOpasi U OOHapy)KUBaeTci JIO30XOJALAMHM, NPH 3TOM ayphl
Pa3IMYHBIX TEJ MOTYT COCYIIECTBOBAaTh B OOIIMX TOYKax IMPOCTPaH-
CTBa, HE B3aMMOJAEHWCTBYS M HE MeIIas JpyT APYTY, TOJOOHO TOMY, Kak
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3TO MPOUCXOIUT C paguoBoidHaMu. OTCrOA BBITEKAET IPUHLIUIIHNAIG-
Hasl BO3MOXKHOCTh CO3/aHHs OOBEKTHBHBIX NPUOOPHBIX METOIOB, BbI-
MOJHSIONMX Ty )K€ POJb, YTO W JIO30XOJCTBO. DTHM K€ MOXKET OBITH
00BSICHEHO B MpHUHIMIE ONaroTBOPHOE WM, HA00OPOT, BPEAHOE BO3-
JIEeHCTBUE TEX WJIM MHBIX MUHEPAJIOB, KPUCTAJIOB, METAJUIOB WIH IIO-
POI lepeBa Ha KHUBBIE OPraHU3MBbl, IOCKOJIBKY ayphbl 3THX T€J1 UMEIOT
Pa3INuYHYyI0 CTPYKTYpPY M Pa3IMYHYIO DHEPTETUKY, MO-pa3HOMY BIIUS-
IOLIME HA MPOLECCHI, MPOTEKAIOIINE B 3TUX OpPraHu3Max.

Ho B mpupone cymectByer ewme u aypa Il pona, mpucymas Bcem
JKUBBIM OpraHH3MaM, CBsi3aHHasl C MpOIleccaMH, KOTOpPble MPOUCXOIAT
BO BpeMsi OOMEHa BEIIECTB, T. €. BO BPeMs XUMHUYCCKHX PEaKIHi, 00
sToM HamucaHo Bbime. U ects eme aypa Il poma, koTopas siBisieTcs
Yy>KEPOJHON NAHHOMY OpraHU3My aypoi, UCKYCCTBEHHO HAaBEJEHHOM,
MOJICA)KEHHOM K OpraHU3My BOJIBHO WJIM HEBOJBHO JIPYTHMMH >KHUBBIMU
cymectBamu. U mpu Beeil Hemr0OBH aBTOpa K CyeBepusIM H, TeM Ooiee,
K MHUTEJIBHOCTH, EMY NPUXOJUTCS MIPU3HATH BO3MOXKHOCTh CYILIECTBO-
BaHUSI «IIOPYM», «CTIa3a» U TOMY MOJOOHBIX aHTWHAYYHBIX BELIEH, OT
KOTOPBIX OTKpeIuBaeTcsi opuiuanbHas MeULMHA, HE CIIOCOOHAsA, TeM
HE MEHee, TI0YEeMY-TO BBIJICUUTDH LETYI0 CEpUI0 OOJIe3HEH, XOTs ¢ HUMH
CIIPABIISIOTCS 9KCTPACEHCHI, 3HaXapH, IaMaHbl, «KOJAYHBD» U MPOCTO
JIepEeBEHCKHE 0a0KH.

A BO3MOHO CYyILECTBYeT emle 1 aypa [V poxa, xorna nuHamuge-
CKHe€ ayphl 1OCJIe CMEPTHU KHUBBIX OPTaHU3MOB MPOJIOIDKAIOT HEKOTOPOE
BpeMsi cBoe cyliecTBoBaHue. KakoBa ux cyap0a M KOrJla OHH pacTBO-
pstes B 3¢upe? U He OyayT 1M OHM KaK-TO B3aUMOZCHCTBOBATH, CO3/1a-
Basi B IPOCTPAHCTBE HEKOTOpoe oO1iee mose?

Hwugero MbI moka He 3HaeM, IPEBHHUE 3HAHUS yTPAadeHBI, a HOBbIE
He TPUOOpeTaroTCs Giaroapsi COBEpIIEHHO (PaHTACTHIECKOMY 3a3Hal-
CTBY COBPEMEHHOH (DU3NIECKON «HAYKM».

Ho moker OBITE HUUEro 3Toro u He Hago? bor ¢ Hel, co Bceit aToi
aypoH, OTIIBI XWJIM, U MBI NpokuBeM Oe3 Hee. Ho He moirydaercs.
Hano!

VYike co3maHBl TEXHOJIOTMU Ha OCHOBaX 3()MPHBIX MOTOKOB M MO-
IyJISIIAN, BechbMa BBICOKO3(D(EKTUBHBIE W DKOJIOTUYECKH YHCThIe. B
NeYaTH TOSBIUIIOTCA COOOIICHNSI O TAMHCTBEHHOM JACHCTBUM MUPaAMU-
JTANBbHBIX U MHBIX CTPYKTYp Ha BEIECTBA, JIEKAPCTBA U aXKe MPOCTO Ha
BOJly, Oarosapsi ueMy CBONCTBA OOBIYHBIX BELIECTB U3MEHSAIOTC.
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M3MeHs10T CBOM CBOMCTBA JlaXKe TaKWe BEIlleCTBa, HA KOTOPhIE BO-
o0Iie HU9YeM He yAaBalioch MOBIUSATh — KEPAMUKH ¥ KOpyHABI. Heko-
TOPBIC MCCIICIOBATEIU COOOIIAIOT O CO3aHUU TOPCHOHHBIX I'€HEPaTO-
POB, CO3JIAIOIINX 3aKPYy4YCHHBIE d(DUPHBIE MOTOKU. Eciau B Takux moTo-
Kax OXJaKIAaTh PacIUIaBICHHBIH METaJUl, TO Y HETO COBEPIIIEHHO MEHS-
eTCsl BHYTPEHHSISI CTPYKTypa, ¥ OH IPHOOpETaeT MHBIE KadecTBa — dIia-
CTUYHOCTb, YCTOMYMBOCTH K KOPPO3UH, BEICOKYIO IPOYHOCTb.

Crnenyer ¢ mpuckopOueM 3aMeTUTh, 9TO Ha MYTH BHEIPEHHUS HO-
BBIX TE€XHOJIOTHU CYMIECTBYET IUIOTHHA B BHJIE PACTIPOCTPAHEHHBIX BO
BCEM MHpE, a Teleph W B Hallel CTpaHe SIBHO THIIEPTPOPUPOBAHHBIX
TOBapHO-I[eHe)KHI)IX OTHOIHGHI/II\/'I. CTpCMJICHI/Ie K HOJ]y‘-IeHI/IIO CUOMMU-
HYTHOW BBITOJIBI, K TIONYYEHUIO MAaKCHMAIBHON MPUOBUIH M OIaceHHe
HACBIIICHUS CIIPOCa MPEMSATCTBYIOT MPOBEACHHUIO UCCICIOBAHUNA U CO-
3JaHU0 JOJI'OBCYHBIX U HAJACKHBIX MaTepI/IaJIOB, 3(1)(1)CKTI/IBHI)IX MCTO-
JIOB JIEYEHUS W JIeKapcTB. IMEHHO OHM, 3TH OTHOIICHHS SBJISIOTCS Ce-
TOMHS TIABHBIM BparoM IIporpecca M HWMEHHO OHH IIPEMSITCTBYIOT
BHCILpCHI/IIO HC TOJIBKO 3TUX HOBBIX TCXHOJ’IOFHfI, HO U y)Ke CYIIICCTBy-
IOIUX OOBIYHBIX, KOTOPBIX BO BCEM MHpE HapabOTaHO MHOMXECTBO, B
TOM YHCIIE U B Halllel CTpaHe.

Hayka ctayia He Hy’)KHOH, IOTOMY 4TO €CTb JIFOJH, OT KOTOPBIX 3a-
BUCUT M CyIb0a HayKu, W Ccyab0a BCEro 4eJOBEUECTBA M KOTOPBIC
MEHBIIIE BCETO IyMarT O HAyKe W O YEJIOBEYECTBE, a OOECIIOKOCHBI
JIMIIIb CBOUMU BTOUCTUYCCKUMHU I/IHTepeCElMI/I. Pa,un COXpaHeHI/ISI CBOUX
NPUBWIETHI OHHM BIIOJIHE CIIOCOOHBI yrpoOWTHh W HayKy, W 4elloBeye-
CTBO.

OpnHako He Ha/lo YHBIBaTh. YenoBeuecTBO HE pa3 MPOXOAUIIO Yepes
TAXKCIIBIC UCIIBITAHUA. MO)KHO HC COMHECBATbBCA B TOM, YTO OHO BBIpr-
TATCA W Ha 3TOT pa3. M cHOBa Hayka 3aiiMeT CBOE MOYETHOE MECTO B
pasBUTHM OOIIECTBA.

Ha 6yaro Bcem mrozsim, sxuBymuM Ha 3emie!
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Y BX0za B HayKy, KaK y BX0/a B aJi,
JOJDKHO OBITH BEICTABJIICHO TpeOOBaHME:!
«3pmeck HyXHO, 4T00 ayIIa Obla TBEpAa;
3[1eCh CTPax He JI0JDKCH I0JaBaTh COBETA
K Mapxc (Humama u3 /lanme)

Konenn XIX — mauanmo XX crojeTuil XapakTepusyercs psaoM
OTKPBITHH, KOTOpBbIE TMEPEBEPHYIU NPEACTABICHUs O TpUpOAE. DTH
OTKPBITHSI HE COOTBETCTBOBAJIM TOTJAIIHUM HPEACTaBICHUSIM (PU3UKH
U ObUTM BOCHPHUHSTH Kak Kpu3uc. OJHAKO KpPU3UC OJIATONOIYYHO
paspemics mocje TOro, Kak (pU3MKH MOHSIHM, YTO aToM — J0 TOTO
HeZlenuMasi JacTula okasaics AenuMbIM. [losBuimck mpeacTaBiieHUs
00 «3J7eMEHTAapHbIX YacTUIAX» BEIIECTBA M HayKa IABHHYJAch BIEpEX
CEMHUMMWIIBHBIMU IIaraMH.

K coxanenuto, B 3T0 k€ BpeMs M Ha TOW K€ BOJHE MOSBHIIUCDH
HOBBIE «TEOPHM», KOTOPbIE YIPa3IHWIN CTPOUTEIbHBIA MaTepuan
BEIIECTBA, CHJIOBEIC IMOJISI OOBSBUIIN «OCOOBIM COCTOSIHUEM)» MAaTepHUH,
CTalll CBOJUTH CYIIHOCTh (PU3HYECKUX SIBICHHHA K MPOCTPAHCTBEHHO-
BPEMEHHBIM MCKaKEHHSM, & MaTeMaTHUKE OTAAJN NPEANIOYTCHUE Nepes
¢usukoii. W, HakoHel, BBEIH TMOHATHE O «(HUIUUECKOM BAKYYMEY,
KOTOPBI BOBCE M HE BaKyyM, a HEBECTh UTO.

Ilepexox K <«3IEMEHTApHBIM YacTHIIaM» BEILECTBA OKAa3aJiCs
Ype3BbIYaiiHO TOJIe3eH M MpHUBEN K IMOSIBICHUIO aTOMHOW 3HEPIrUU H
noiaynpoBoaHrKaM. Ho mepexo/; K HOBBIM MOJIHBIM TEOPHSIM — TEOPUH
OTHOCUTEIIFHOCTH W KBaHTOBOH MEXaHWKE B KOHIIE KOHIIOB 3aBell
(GU3UKY B TYNHK, B KAKOBOM OHa MPOAOJKAET NMPEeObIBATH U TIOHBIHE.

Hauunass co BTOpod mMOJNOBUHBI XX CTOJETHUS KOJHWYECTBO
OTKPBITUI pe3ko ymano. MaTeMaTHYeCKHe BBIBEPTHI YK€ HHYEro
HOBOTO HE MpHOaBIAIOT. 3aJOXKEHHBIE HAa OCHOBE OTHX TEOPHH
KpyIHeWIMe  mporpaMMbl [0 ~ MHOTMM  HampaBleHHSIM  —
UCCIICIOBAHUSM  TIPUPOJBI  BEIECTBA, TEPMOSY, MAarHUTHOM
TUIPOAMHAMHKE, CBEPXIPOBOJUMOCTH M T.II. MPAKTUYECKH HUYETO HE
Jlaly, KpOMe TOTo, YTO ObUTH 3aryOseHsl orpoMHble cpeactsa. M ato He
cilyyailHO, IIOTOMY YTO SBWJIOCH MpPSIMBIM CJIEACTBUEM OTKa3a OT
HOIBITOK INPOHUKHYTh BO BHYTPEHHIOIO CYLIHOCTb SIBJI€HHUH, B HX
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BHYTPEHHHH MEXaHWU3M, B CKPBIThIE IBIKCHHS MAaTE€PUU, SBIISIOIINECS
OCHOBOM Bcsikoro siBieHus. Maen Hadanma XX CTOJETHS HCUYEpIIaHbI
MOJTHOCTBIO M HE MOTYT OoJiee SIBISATBCSA 0a3ol Ui JanbHEHIero
pas3BUTHS PU3NKH U €CTECTBOZHAHUSI.

CeropnsmHsas (u3nyeckas TeOpUs HAXOAUTCS B TYIHKE H
HYXZaeTcsd B KOPEHHOM IIEPECMOTPE CBOMX OCHOB. JDTO MOXKET ObITh
CZIeTIaHO TOJILKO Ha OCHOBE MEPeX0/a Ha OuepeaHoi, Ooiee rTyOnHHBIH
YpOBEHb OpraHu3auuy Martepuu. Jlormka Takoro mnepexona,
OCHOBAaHHas Ha aHAINW3E YK€ OCBOCHHOI'O YPOBHS, OJHO3HAYHO
NPUBOJIUT K HEOOXOAMMOCTH BOCCTAHOBIICHHS MPEACTABICHUN 00
adupe, cpeme, 3amoNHSIOIMIEH BCE  MHpPOBOE  IPOCTPAHCTBO,
SBJISIFOILEICS] CTPOUTEIBHBIM MAaTEPUAIOM AJsl BCEX BHUIOB BELIECTBA,
JIBKEHMsT  KOTOPOM  BOCHPHHUMAIOTCS  KaKk  CHJIOBBIE  IOJSA
B3aNMOICHCTBUH.

OcduponnHamuka nenaetr mepeble maru. Ho yxe Ha 3TOM HyTH
HaME4aroTCsl BO3MOKHOCTH Pa3pelLIeHUs] BCAKOIO pofa MapaloKCOB U
HEYBSI30K, KOTOpBIE CETOJHSIIHAS Hayka pa3pelidTh HE B CHIIAX.
[losBnsitoTcsT  TEpBBIE  NPUHLUUIMAIGHO  HOBBIE  TEXHOJOTHUH.
OTKpBIBaIOTCSl HOBBIE BHEPreTHYECKHE NEPCIEKTUBHL Jlaxke B TakwuXx,
KasaJioch ~ Obl,  W3BEIKEHHBIX  OONacTAX, Kak  MEXaHHKa,
JJEKTPOAWHAMUKA, XHMHS W  JpyTde€  OTKPHIBAIOTCA  HOBBIE
BO3MOXXHOCTH.

OduponnHamMuka HEe MOXET OBITh yJIeloM H30paHHBIX. Bce
o0JacTH ecTeCTBO3HAHMA HYXKIAIOTCI B KOPEHHOM IepecTpoiike Ha
o0rmiell OCHOBE, U MOATOMY BO BCEX OOJIACTSIX €CTECTBO3HAHMS ITOJIE3HO
UCIIOJIb30BaTh OTKPBIBAIOLIUECS BO3MOXHOCTH. 3510’)keHHOE B 3TOM
KHHATE€ €CTh BCETO JIMIIb NMPUIJIAlIeHNe HUCCIEeI0BATEIsIM KOHKPETHBIX
oOmacTell ecTeCTBO3HAHHUA K HOBBIM HCCIIEZIOBAHUSAM B UX OOJIaCTAX Ha
OCHOBE Y(PUPOJMHAMUYECKIX NPEICTABICHHUH.

B 1934 r. cympyramu Kommo-Kropu ObUTO OTKpHITO SIBIIEHHE
HCKYCCTBEHHOM paJMOAKTUBHOCTH. BBUIO MOJIy4€HO BCETO J1BA aTOMa —
cMexoTBOpHO Mano. A 11 ser cmycts, Hax SlnoHued Obuta B3opBaHa
aToMHas 60M0a, 1 ceifuac yer0BeYeCTBO BHIHYKJCHO IPHHUMATh MEPHI
0 00€CIIeYeHNIO CBOEH BEDKMBAEMOCTH B SIJIEPHBIN BEK.

[lepexon x mpencTaBIeHUAM O CYIIECTBOBAHHH B MpHpoJe dpupa
03HayaeT IMepexo K O4YepeAHOMY YpPOBHIO OpraHM3allUd MaTepuH,
0ojee rIyOMHHOMY, YeM €CTECTBO3HAHHE 3HAJIO 0 CHX IIOp. ITO
O3Ha4yaeT OYepeHylo, IIECTYI0 MO CueTy (PU3NYECKYI0 PEBOJIIOLUIO B
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ectecTBO3HaHUU. [locnenHsis cocToAnack B KOHIE NMPOIIJIOro — Havaje
Tekymero cronetuii. A npeapiaymas — B kKorre XVIII - magame XIX
cTonetuil. M Tak ke, Kak W MpeplaylIne, ouepeAHas Quszndeckas
pPEBOJIIOLIMSA  OTKPBIBAET KAYECTBEHHO HOBBIE BO3MOXKHOCTH B
OBJIAICHUH YEJIOBEKOM TallH MPHUPOJIbI U IPUOOPETEHUN MOT'YILECTBA.

Kyna GynyT HanpaBieHbI 3TH HOBBIE BO3MOXXHOCTH?

Hasepnoe, HaliyTcs 11011, KOTOPBIE MOMBITAIOTCS. MCIOJIB30BaTh
3THU BO3MOKHOCTH B CBOUX 3TOMCTUYECKUX LIEJISIX, JTUO0 JTMYHBIX, JTH00
y3ko# rpynnsl mur. Jlo cux mop Bcernga Tak M Obuio. OmHAKO yKe
OBJIaJICHUE SAJEPHBIM OpPY)KMEM I[I0Ka3al0, YTO IONBITKA MOJYYUTh
OJTHOCTOPOHHHE MPEUMYIIECTBA OECCMBICICHHBI, 8 OPYXKHsI HAKOTUICHO
CTOJIBKO, YTO JAaBHO MOXXHO ObUIO OBl MHOTO pa3 YHHUYTOXXHUTh BCE
JKUBOE Ha 3eMJIe.

[lepen yenoBeyecTBOM CTOWT TNpoOJIeMa BEDKHUBAHHS, M ceifuac
3TO TJaBHAs 3€MHas MpobiiemMa, W AaXe HE B PE3ysIbTare aTOMHBIX
BOITH eMy Tpo3uT rudenb. OCHOBHONW HCTOYHHK BO3MOXKHOUM THOeny —
HEpasyMHas TCXHOJIOIUsA € €€ XUIIHNYCCKHUM XapaKTEPOM, CBA3aHHBIM
C TpeOOBAHUSAMH IIOJYUYCHUS MAaKCHUMAJIBHOW JEHEXHOW NpUObUIN H
OCHOBaHHasl Ha UAEOJIOTHH (HPAHILY3CKOTI0 KOPOJISl — «II0CTIe HAC — XOTb
MIOTOTI.

O¢dupoauHamMuKa CTaBUT BONPOC MHAYE: TEXHOJIOTUH, OCHOBAHHBIC
Ha MCIOJIb30BaHUM CBOMCTB 3Hpa, JOIKHBI ObITH 0€30TXOIHBIMHU, OHH
o0manaroT OecrpeeTbHBIMA BO3MOXKHOCTSIMHU, MO0 001Iee KOJIMIEeCTBO
a¢upa B NPUPOJIE HEOIPAHUUYCHHO BEJIMKO W €ro SHEPIus B SIMHHUIIC
o0bema orpomMHa. Ho W €10 HYXHO NOJIB30BaThbcs pasymMHO, HOO U
3eCh MOXKHO TP HEOCTOPOXKHOCTH JTOOMTHCS OTPULATENBHBIX
pe3yabTaToOB, HAIPHUMED, neperpeTb IJIaHETYy WA  BOOOIIe
JUKBUIUPOBATH €€, MPEBPATUB B TOSAC acTEPOUIOB, KaK 3TO CAETAIN
KOIZla-TO MOTYIIECTBEHHBIE,  HO HEpPa3yMHBIE J>KUTENH IIJAHETHI
DasToH...

3(1)I/IPOJII/IH21MI/IK3 IMMO3BOJISIET MHOI'O€ — IIOJIy4aTb JSKOJIOTMYCCKHU
YHCTYI0O DSHEPrui0 B JIOOOM MecTe M B JIOOOM KOJIHMYECTBE,
NPOM3BOAMTE JIIOOBIE MaTepHalibl, CO3/aBaTb HEBHIAHHBIE  BHJIBI
TPAaHCIOPTa M CpEJACTBA CBS3M, CO37aBaTh H300MIHE TIPOJYKTOB
MUTaHWA, B IMPUHLUIE W3MEHUTh JKU3Hb Ha IUIAHETE B JIYYLIYIO
CTOpOHY, o0ecrieyrB  Ha JONTHE CTOJIETHS OJaroJeHCTBHUE
YeJI0BEYeCTBa.

Nnu coznats emy an.
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— Beap Bbl, mNoOXallyil, €O BpEMEHEM CMOXKETE pa3HECTH HE
TOJIbKO 3eMITi0, HO U BCo COTHEYHYIO CHCTeMY!— cKa3aj MHE OJIMH U3
YYaCTHUKOB CEMHHapa, O3HAKOMHBIINCH C MOMM JOKiIagzoM. — He
npaBuibHee JIM  ObUIO Obl  OOBSBUTH MOpaTOpwid Ha JrOOBIE
HCCJICIOBAaHMS B 00JIACTH JTHHAMUKHU ddupa?

Her, mempasunsHO. I[Ipekme Bcero, 3To Oecmoiie3Ho. B caMbIx
pasHOOOpa3HBIX O0O0NacTsIX 3HAHWM BO3HUKIA HEOOXOJUMOCTH B
BBISICHEHHW BHYTPEHHETO YCTpPOWCTBA SIBICHWH, WHa4Ye Hem30exeH
TYNHK W TOJHAS NeTpafanys U HAyKW, W KyJIbTYPBHI, W MPOU3BOJCTBA.
A 3TO HEBO3MOXXHO cClielaTh 0€3 MPUBJICUCHUS MPEACTABICHUNA 00
adupe, cpeme, 3amONHIIONIEH BCE MHPOBOE TMPOCTPAHCTBO,
SIBIISIOIIEICS CTPOUTENHHBIM MAaTEpPHaJiOM JJIsi BCEX BEIIECTBEHHBIX
o0pa3oBaHMii, ABMXKEHHS KOTOPOH NPOSBISIOTCS B BHUJAE CHIIOBBIX
noied B3aumoneiictBuid. He 3ps ceiluac Hayanu TOSBIATBCA B
MacCOBOM KOJIMYECTBE pa3HOOOpa3Hble d(HUPHBIE TEOPUH, U3II0KEHHAST
B ATOH KHUTE JalIeKO HE eMHCTBEHHAS U3 YK€ CYIIECTBYIONIHUX.

He 3pech, Tak B Apyrom Mecte, HE B TOM, TaK B MHOM BHJE,
spupoarHaMuKka Hen30exHO OyneT co3maHa OAHWMHU WA JAPYTUMHU
aBropamMu. Pa3 BO3HWKIA TOTpeOHOCTH, OHa OyAeT pealn3oBaHa,
HUKaKHe 3ampeThl 37IeCh He TOMOTYT. A, KpOME TOTO, SKOJOTHYECKHE
npoOJIeMbI CTY4aTCs B IBEPH M TPEOYIOT HEMEUIEHHOTO PEILICHHSI.

Taxk yto e nenars?

Ocrtaetcs e)Z[I/IHCTBeHHBIﬁ BbIXOJl — HAallpaBUTb UCCIICAOBAaHUA HE B
PYyCiiOo MOJYYC€HHUSA HOBBIX BUAOB OPYXHA HIUW OOCTHXXCHUA KEM-TO
OJTHOCTOPOHHHX MPEUMYIIECTB, & B PYCJIO PEHICHUS SKOJIOTHUECKUX
U CONMANBHBIX TPOOIEeM, YIIyUIICHUS XU3HH BCETO YEIIOBEUECTBA.
CHIIbHBIM MHpa CEro MmpuacCTCsa JOTOBOPHUTHCH 00 9TOM, HHA4€C, KakK u
B cllydae HEMHPHOTO (W JaXe€ MHUPHOTO, HO O0€30TBETCTBEHHOIO)
UCTIONb30BaHMsI ~ aTOMHOW  DHEpPrHHM, HAc JKJAeT  Karactpoda.
AHI)TepHaTI/IBBI 9TOMY HET.
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Ilpunosicenue 1.
Hapamempul 3¢hupa ¢ okonozemuom npocmpancmee

[TapameTtp | Bennunna | Enunanna namepenus
Dup 6 uenom

ITnotHOCTH = 8,8510-12 KEM-3
JlaBienue P>1,3-10% H-m-?
VaenbHOE w>1,3-10% Tox- M3
9HEProcoep kaHne
Temmeparypa T<104 K
CKOpOCTB MEPBOTO 3BYKa Vi >43-10%8 m-c!
CKOpOCTb BTOPOT'O 3BYKa v2=c=3-108 M-t
Kosduuuent Temmepa- a=4-10° m2-¢ct
TYPOIPOBOJTHOCTH
Kosdpuuuent kr=1,2-10% kr-mee K-t
TEIJIONPOBOIHOCTH
Kunemarndeckas 7 ~4:10° M2-C
BSI3KOCTh
JluHamuueckast BSI3KOCTh H~3,510-2 kr.m Lo¢t
TTokazarens agnadaTh 1-14 -
TemnnoeMKoCTb pU cr > 1,4-10% M2,sz, K1
MOCTOSIHHOM JIaBJICHUU
TennoeMKocTh IpH cv > 10% M2-¢c 2 K1
MIOCTOSIHHOM 00BeMe

Amep (Inemenm 3¢hupa)
Macca m.<1,5-10-1 KT
Huamertp d.<4,6-10-% M
KonunuectBo B enunuLe n. > 5,8-10102 =]
o0BpeMa
Cpenmsis nmuHa Aa<7,4-10°15 M
CBOOOIHOTO TIpo0Oera
Cpenssisi CKOpoCTh U, ~5,4-10%8 M-c L

TCIIJIOBOT'O JBHMXKCHUA
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Ipunoscenue 2.
Eounuyot snexmpuueckux u maznummnuix geaudun é cucmeme MKC

Bennunna HazBanue | O6o3Ha- Enunanna Enunanna

COVHHIBI | YCHHE U3MEpEHHS U3MEpEHHS

B MKCA* B MKC
DJIeKTPpHYECKHE BeJIMYHHBI

Pa6ora u sHeprus Jxoynb Jx M2'Kr°c 2 K™ M2'c?
MouHoCTh Barr Bt M2'Kr-c™? Kr* M*'c™?
KomuuectBo anexrpu- | Kymon Kn A-c Krec!
gyecTBa (NEKTpUye-
KU 3apsim)
Cuita Toka Awmriep A A Kr-c?
ITotok snexkrpuuecko- | Kynon Kn A-c Kr' ¢!
TO CMenIeHus (MHIyK-
1IUH)
DJeKTprYecKoe cMe- Kynmonna | Kom? Acm? Kr* M*'c2
nieHue (MHIYKIHSA) KBaJpaT-

HBI MeTp
Hanpsbkenue, pas- BosbT B M>Kkr-A~tc3 m>c™!
HOCTb MOTEHIHAJIOB,
ANIEKTPOABIIKYIIIAs
cua
DIEKTPOEMKOCTb Ddapana D A-ctm? xr! KI'M 2
DneKkTpudecKkuii Mo- - Kn ‘M Ac™m Kkrme™!
MEHT
Bekrop nomsipusanun - Ka- M A cm? Kr'M ¢!
(OJIIpU30BaHHOCTb)
DnexkTpudeckas dapana oM™ A-ctM k! KI'M
NPOHHUIAEMOCTDb Ha MCTp
HampsbkeHHOCTH Boubt B-m™! MKr"A™!c Mc
AJIEKTPUYECKOTO MOJIsl | Ha METp
OnexTprdeckoe Om Om M*Kr" A7 ¢ Kr 'mM*c
CONPOTHBJICHHE
VY nenbHOE 3eKTpUYe- - Om'Mm MK A3 ¢T3 Kr* M>'c 2
CKOE CONPOTHBIICHHE
Y nenpHas anekTpude- - Om'M! A2 c3M KD Kr " M 3¢?
CKasi MPOBOJANMOCTD
HPOBOJAUMOCTh
IToABMXHOCTH HOHOB - M B¢ | Arc?kr! -
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MarHuTHbI€ BeJIHYMHBI
MarsuTHbIA IOTOK BebGep B6 M»krr A™''c? | M?
MarHutHas HHAYKIHS Tecna Tn K- A7 ¢ Mg M. |
MarHuTHBIIf MOMEHT - Am? A m? Kr* M*c™
BekTop HHTEHCHBHO- - AwM™! Awv K" M 'c?
CTH HAMArHHYCHHUS
(HaMarHMYEHHOCTH)
VHIyKTHBHOCTD U Tenpu I'u M>KkrA™' ¢ | kT ''m*c?
B3aUMHAasT HHYKTHB-
HOCTb
MarnutHast nponunae- | Ienpuna | TH-M! M'KI"A™? '¢? | kr '"'M'c?
MOCTb MeTp
HamnpsbkeHHOCTH Mar- AmmepHa | A'M! Awv™ Kr'm ¢ ?
HHUTHOTO TOJISI MeTp
MaruauroaBmwxymias Awmrnep Amm AB | A Kr-c 2
cuia una Am-
[ICPBUTOK
MarsuuTHOe CONpoTHB- | - A-B6™! A>cM2krY | kM2 C?
JIeHue WK
AB-B6!

*Tlo ganHbiM CrpaBOYHUKa 10 (DU3UKE IS MHKEHEPOB M CTYIEHTOB BY-
30B. M., Hayka, 1971 [30, c. 892-909].

Iepeson emunwmil ¢usnueckux BennuuH u3 cucteMbl MKCA B cucremy
MKC ocymiecTBIIeH ITyTeM 3aMeHBI ¢IWHUIIBI CHIbl Toka Amriep [A] pa3mep-
HOCTBIO [KT ¢ ?].

B cBsi3u ¢ TeM YTO UCXOAHBIMH (PU3NYECKUMH WHBAPHAHTAMH SBIISIFOTCS
COCTAaBJIAIONINE JBW)KEHHUS — MaTepHsi, IPOCTPAHCTBO U BpPEMs, YEMY B MeXa-
HHUKe cooTBeTcTByeT cucteMa eauHuny MKC (MeTp, Kmiorpamm, CeKyH[a),
cucrema equauy MKCA (Metp, kumitorpamm, cekyHaa, AMIep), IpHHATas B
AIIEKTPOANHAMHUKE, OKA3bIBACTCSl M3OBITOYHON M 3aTPyAHSIONICH MOHWMAaHHE
(hm3M9ecKoil CYIIHOCTH MPOIECCOB 3JIeKTpoMarHeTn3mMa. Ha ocHoBaHMM pas-
paboTaHHBIX 3(PHUPONMHAMUYECKUX MOJENEH SJIeKTpOMarHeTu3Ma CHCTEMa
MKCA mnpeobpazoBana B cucteMmy MKC, HOCAIIYIO0 9UCTO MEXaHUYIECKUN Xa-
paxTep, ¥ Ha 3TOH OCHOBE MOSBHIIACH BO3MOXHOCTH CO3IaTh MPEICTABICHUS
AIIEKTPOMArHUTHBIX BEIWYHH B BHJE T€X WM MHBIX (OpM IBIKEHHUS >dupa,
YTO B OIIPEAEICHHOM CTENEHN IT03BOJIMIIO YSICHUTD UX (pU3nUecKuii CMBbICIT.

B cucreme MKC marnTHas MHIYKIUS OKa3bIBaeTCsl Oe3pa3MepHOi, ecin
HE YYUTBIBaThb TOTO, YTO BEKTOP MAarHUTHOM HMHAYKLIMU MEPHEHIUKYISPEH
CKOpPOCTU €€ pacnpocTpaHeHHsa. Eciu ke 3TO0 y4ecTb, TO OKa3bIBaeTCs, UTO
MarHMTHasE WHIYKLOUS €CTh CKOPOCTh ABIKEHHS d(Hpa NEpreHIUKYISIPHO
BEKTOPY MarHUTHOW MHIYKIWHU B M meprneHauKyIapHO HAIpaBJICHHUIO PACIpO-
CTPaHEHHIO MAarHUTHOTO MOJS, OTHECCHHAs! K CKOPOCTH €€ PacIpOCTPaHEHH,
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paBHOI CKOPOCTH CBETa ¢, MEepIeHANKYIApHOH BekTopy B. Ho B 0benx 3Tmx
CKOPOCTAX TPHCYTCTBYET BpPEMs, BHIDAKCHHOW B CEKyHOaX. B ornmdme ot
TPEXMEPHOTO MPOCTPAHCTBA, BPEMsI OXHOMEPHO, ITOITOMY €0 MOXKHO COKpa-
THUTH, U ATISI THIYKIUH OCTaeTCsl pa3MEPHOCTh

[B] = Ms/Me. (1.11)

B otmmune ot cymectByromeit cucremsl MKCA, B koTOpoll mocTpoeHue
HaIJBIIHBIX Mojeneil 3aTpyaaurensHo, B cuctremMe MKC g Beex anekTpude-
CKHX U MarHUTHBIX BEJIMYMH IOSBISETCS BO3MOKHOCTh MEXaHUYECKOTO MOJIE-
JIMPOBaHMUs, JOCTATOUYHO HATJISIIHOTO JJISl MOHMUMaHUs UX (PU3MYECKOTO CMBbIC-
na.
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AumoxoBckuii BaaguMup AKUMOBHY,
JIOKTOp TEXHUYECKUX HayK, aKaJeMHUK
PAEH (Poccuiickoif akagemuu ecte-
ctBeHHbI3 Hayk), PAKIL] (Poccuiickoit
akagemun kocMoHaBTHKH uM. K.O.1{nom-
KOBCKOT0), TOYeTHBIN akamemuk PAOH
(Poccuiickoil akageMud BIEKTPOTEXHU-
yeckux Hayk), MABOT (Mexnynapon-
HO¥ akaJieMUuH OMOIHEPrOTEXHOJIOTHIA).

B xuure B.A.Amtokosckoro «IlomyaspHasi 3¢gupoauHaMuKa
WJIH KaK YCTPOE€H MHP, B KOTOPOM MBI KHBEM) U3JI0KEHBI €r0
MPEJICTABICHUS O (PU3NYSCKOM YCTPONCTBE MHPa, B KOTOPOM MBI ¥KH-
BEM. OTH NPEACTaBICHUS IPEAIONaralT, YTO BCE Ha CBETE COCTOUT U3
MUPOBOH razomnomo0HoH cpeabl — 3dupa. Ha 310l 0cHOBE aBTOp IbITa-
eTcsl OOBSACHUTH HE TOJBKO YCTPONCTBO BEIECTBA, U3BECTHBIE (hr3HUe-
CKHE B3aUMOJEUCTBUS U MpoucxokaeHue CONHEUYHOU CHUCTEMBI U KO-
MeT, HO U Takue, kak HJIO, TenekuHes, U Tenenartus, MOATEPreicT u
OumoroJs, a TakkKe MHOTO€ IPYyroe, YTO, KaK YTBEP)KIaeT COBpEMEHHAs
HayKa, 1 BOBCE HE CYLIECTBYET Ha CBETE.

ABTOp moJiaraet, 4To MOKHO MCIIOJIb30BaTh HOBBIE TEXHOJIOTHU U
n30exaTh MHOTHX HEMPHUATHOCTEH Ha 3emile, eciim BCTaTh Ha d(hupo-
JIMHAMUYECKYIO TOUYKY 3PEHUS, BO3MOXKHO, aHTUHAYy4HYy10. [losTOMYy OH
BBIJIBUTAET CEPUI0 IPUPOIMHAMUYECKHUX THUIOTE3. Bripouem, runoTess
BBIJIBUTAIOTCS MHOTHUMH...

B.A.AnoKoBCKHiT H3BECTEH KaK aBTOP psa KHUT B 00JIACTH CHCTEMO-
TEXHHUKH, TEOPETHUECKOH (HU3UKH, TPUKIATHON HHUIOCO(UH U COLUOIOTHH.





