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W3noxeHHas B MOHOFpa(l)I/II/I B(I)I/IpHO-BOJ'IHOBaSI KOHIOCHOIUA CTPOCHUA 3EMHOT'O MI/II)OBI[aHI/ISI - 9TO
PE3YJIbTAT JUYHBIX YMOSaKJ'IIO‘leHI/If/’I aBTOpa, BOSHUKIIINX ITOCJIC U3YUCHUA OOJIBIIIOr0 KOJIMYECTBA TPpYAOB

pas3HbBIX aBTOPOB 0 (PHU3HKE U CMEXKHBIM HayKaM, UMEHA KOTOPBIX OH C YIOBOJBCTBUEM U 0J1aroapHOCTHIO
YKa3bIBaeT B TEKCTE.



Cozpnarens chopMyIHPOBaJ 3aKOHBI (PU3UKH,
HapyILIUB KOTOPHIE - MOTagaeiib B aJl.
Hapoanas myapocts

du3zuka 3eMHOro Mupo3aanus

BBenenue

HcTopus nokasbIBaeT, 4TO MPOrpecc HAyKu
MIOCTOSIHHO CKOBBIBA€TCSI THPAHUYECKUM
BIMSIHUEM ONPEIEeNEHHBIX KOHLIEIINH, KOraa
MX HA4YMHAIIM PACCMAaTPHUBATh B BUJE JOTM.

ITo 370 npruMHE HEOOXOIUMO NEPUOTTUCCKU
MOJIBEpraTh TIIyO0KOMY HCCIIEeI0BaHUIO
II0JIO’KEHUSI, KOTOPBIE CTAJIU IIPUHUMATHCS

6e3 00CYKICHUS.

JIyu ne Bpoiiib

Y npupojisl HeT CPOpPMyITUPOBaHHON aOCOMIOTHON UCTHUHBI, €€ TIPUIyMBIBacT uenoBek. Crenyer
MOHUMATh, YTO U3BECTHBIE U CHOPMYJIMPOBAHHBIE HAYKOW CETOAHS «3aKOHBI IPUPOJIBD» €CTh JIHIIb
MCTOPUYECKH 00YCIIOBJIEHHOE 3HAHKE, OTPAKAEMOE B JOCTYITHBIX HAIIEMY TIOHHMAHHMIO MOJEIAX "
NPUPOIHBIX SIBICHUN, HEU3MEHHO BCE Oonee n Ooree OIM3KO MPHOIMKAIONINXCS K UCTHUHE.

KapTuna Hamrero Mupo3aanus, KoTopas OyJIeT NpeIcTaBIeHa Jajiee — 3TO JIUIIb JTHIHOE
MPEACTABICHUE aBTOPA O TOM, YTO U KaK CYIIECTBYET B HEM PEAJIbHO, €0 JINYHASL MOJEIb
MupoycrtpoiicTBa. OmHAKO, pajyl CIIPaBeIINBOCTH CIEAYET CKa3aTh, YTO BOOOIIE BCE, YTO MBI 3HAEM, BCE
HaIlTM 3HAHUS TOXKE SBIIIOTCS JIAIIH JIOTHYCCKUMHE T MAaTEMaTHISCKUMU MOJICTISIMU PEeaTbHBIX
MIPOIIECCOB U sBJICHUN B Mupo3nanuu. Eciu HekoTopble 13 3TUX MOJIeNel yI00HBI HaM IS OCBOSHUS
Halel cpeapl 0OUTaHus, Mbl OOPMIISIEM UX B BUJIE TIOCTYJIaTOB? UM 3aKOHOB.

BI/I,Z[I/IMO, TOJIBKO CaMbIM «IPCBHUM) (bHJIOCO(I)aM OBLIO JAaHO IMMOYYBCTBOBATh U NOHATH MUP BO BCeH
€T0 CJIOKHOCTH, HEJIOCTHOCTU U HEPA3ACIMMOCTH, KAKUM OH Ha CaMOM J€JIC ABJIACTCA. 3arem 3Ta
CIIOCOOHOCTH ObLIa yTpadycHa, IOCKOJILKY COBPEMCHHAs HayKa CMOTJIa 4YTO-TO IOCTU4Yb, TOJILKO Pa30opBaB
CANHOC 1CJIOC HAa YaCTHU U U3y4dad UX 10 OTACIIbHOCTH. A mocne oTkasa oT BCCO6’BCMJIIOIL[eﬁ B(prHOf/'I

1 Mogénb - 3T0 ynpowEHHOE NpeacTaBaeHne peabHOro YCTPONCTBA UK ABeHMUA. [TOCTPOEHME U UCCAef0BaHNE MOAENE, TO
ecTb MoAeNMpoBaHue, obaeryaeT nsyyeHne CBOMCTB U 3aKOHOMEPHOCTEN peanbHbIX ABAEHUI, MOCKO/bKY 6ECKOHEYHA CNOKHOCTb
noboro o6beKTa M OKpyKatoLwero ero mmpa. OAHU U Te e YCTPOWCTBA, MPOLECCHl MU ABNEHUSA MOTYT UMETb MHOTO Pa3HbIX
mozenei. Kak cneactene, cyLLecTByeT MHOTO Ha3BaHUIM mogenei, 60NbLMHCTBO U3 KOTOPbLIX OTPaXKaeT peLleHne HEKOTOPOo
KOHKPETHOM 3a4a4u.

2 MocTynar - 370 yTBEPXKAEeHWe, NPUHMMaeMoe 3a UCTUHHOE 6e3 A0Ka3aTeNbCTB B pamKax KaKon-1Mbo Hay4HO Teopuu.



Cpcabl C BOBHUKIIUMHA HpO6J'I€MaMI/I OIIMCaHUA B3aI/IMO,I[€I\/JICTBI/II>i U SIBJICHUI CMOTJIN 60p0TLC$I TOJIBKO
BBCJICHUEM COTCH BUPTYaAJIbHBIX BOO6pa)KaeMLIX qacTuil.

Bceobrias mpuBbIvka pa3ouBaTh MUp HAa YaCTH U HTHOPUPOBATh B3aMMOCBSI3b BCEX BEIEH MOPOXKIACT
BCE HalIK POOJIEMBI, H HE TOJIBKO B HAYKE, HO U B IMYHON M 00IIeCTBEeHHOW kn3HU. Hampumep,
pasjenieHue Mex 1y HaOIroIaTeieM U HaOIF01aeMbIM WITH Pa3AciicHHE MEXTy pa3yMOM U MaTepuen
MIOBJIEKJIO 32 COOOM Cephe3HbIC TPYTHOCTH B TOHUMAaHUK MUPA KakK 11eJI0ro u eauHoro. [Ipobnema
YeJIOBEUECTBA 3aKIFOYACTCS B TOM, YTO MBI, JIFOJIU, CETOIHS MBICIMM KYCOYHO, ()parMeHTapHO, KOT/Ia Hallle
CO3HaHUE pa3elseT MPEAMETHI U SBIICHUS Ha KYCKH U ()parMEHTHI U HE BUJIUT 3TH YacTH B UX CBSI3H C
nensiM. Hanmpumep, Bce HAPOIBI M HAIIMK KaK YacTH YEJIOBEUSCTBA B3aUMO3aBUCHMbI U B3aMOCBSI3aHEI.
OpHako 3HaYCHHE, IPUIABACMOE PA3THUUHI0 MEXKTY OTIEIBHBIMU JIIOABMHU, CEMbSIMHU, TPODECCUIMH,
HAIMSAMU, PacaMU, PEIMTHSIMH, HCOJOTUSIMHE U TpoYee, He TIO3BOJISET JIOISIM TPYIAUTHCS BMECTE pain
o01iero Oara Wiy XOTs OBl pajy BBDKMBAHHS YESJIOBEUSCTRA HA 3eMIIe.

Korpa uenoBek aymaer TakuM (pparMeHTapHbIM 00pa30M, OH HEH30€KHO CKJIOHEH BH/IECTh B IIEPBYIO
ouepenab cedsi, COOCTBEHHYIO MIEPCOHY, CIIOBOM, «COOCTBEHHYIO pyOalKy, KoTopas O0mmke K teiny». OH He
JIyMaeT o cebe Kak O BHYTPEHHE CBSI3aHHOM C LEJIBIM YEJIOBEYECTBOM H, CIICIOBATEIIBHO, C IPYTHMH
aro6MH. [1000HBIM 00pa30M OH pa3zesisieT TeIO U pa3yM, YTOObI OTHOCUTHCS K HUM 110 OTACIBHOCTH.
Oxka3zpIBaeTcst, 3T0 Jaxe Gu3nyecku HeOIaronpusITHO IS YelIOBeKa.

OOBSBUB €JMHCTBEHHOW PEabHOCTHIO BUIUMYIO M OIYIIAEMYI0 MaTEepHIO, YICHbIC BOJILHO HIIH
HEBOJILHO CY3WJIM MUp 10 BUAUMOTIO, CBEIM YeI0BEKa K ero (huznueckomy Teiry, a ero HoTpeOGHOCTH - K
norcky komdopTa. Ha camom niene Bce He Tak, U 32 pealbHOCTBIO BUTUMOW MBI YK€ B TIOJTHOH Mepe
OIIyII[a€M PE€AIbHOCThE HEBUAUMYIO.

®parMeHTapHOE MBILIICHHE, KOTOPBIM CEro/iHs 00J1alaeT YeJI0BEYECTBO, CIIOCOOCTBYET MOSIBICHUIO
TaKOW PeanbHOCTH, KOTOPasi IIOCTOSIHHO Pa3liaMbIBAeTCsl Ha OECHIOPSIOYHYIO, TMCTAPMOHUYHYIO U
JECTPYKTUBHYIO 1€STeIbHOCTb. M 3TO B TO BpeMs, KOr/ia MUp MPeACTaBIsieT CO00 eqrHOoe 1eNloe, KOTOpoe
MOJKET JIETUTHCA Ha YacTH (M OHU €CTECTBEHHBI), HO HE MOXET pa3aMbIBaThCs HA HECBSI3aHHBIE IPYT C
apyrom ¢parMeHTsl. [leneHrne Ha 4acTH MOYKHO IPUMEHSTH JIMIIb /10 W3BECTHOTO Mpezesia — Bceraa
CJIEyeT MOMHHUTH O TOM, YTO Ka)KJasi 4aCTh 3aBUCUT OT JIF000M APYroi yacTu.

JlJ1st yero HaM HY’KHO 3HATh ¥ MOHUMATH CTPYKTYpY Mupo3aanus? /[is Toro, 4to, ecnu Mbl OyneMm
3HATh MpaBHjIa 3TOTO MUpPA U Hallla IPUHATas MOJIETb YCTpoiicTBa Mupo3aanus (To eCTh Hallle
MHUpOBO33penue’) OyaeT aJeKBaTHOI, TO Oy1eM BECTH ce0sl pasyMHO 110 OTHOLIEHHIO K Ce0E,
OKpy>KatomuM u 3emiie. U, mpaBUIbHO MOHUMAsT MPOUCXOKICHHE M TPAHCPOPMALHIO
SHEPTHUil, 3HAYUTEIHHO YIIPOCTUM CIIOCOOBI €€ MOMyUYeHHS U UCTIOIB30BAHMS, TEM CAMbIM COXPaHUM
Oyayiee Hamiel MBUIM3ALUH.

[IpaBunbpHBIC IpEACTABICHUS O TIpUpoae Mupo3ganus OyayT CO3HUIAOITNME, a OIMHOOTHBIE —
pa3pylIarIIUMHU, KOTOPBIE MOTYT CTaTh OPYKHEM MacCOBOTO ITOPaXESHHS, TI0 CPABHEHHUIO C KOTOPBIM
siepHas OoMOa - 3T0 JeTcKas urpyiika. M 3To He Metadopa, a camas, YTO HH €CTh, UCTHHA. U 3Ta ucTHHA
HE 3aBUCHUT OT TOTO, IPUHUMAET €€ KTO-TO MJIH HET, a, KaK JT1000e UICTUHHOE MOJIOKEHUE, HE 3aBUCUT OT
CyOBEKTUBHOCTH BOCIIPUHUMAIOIIETO €€, KaK HE 3aBUCHT, HAIIPUMED, COTHEUHAs! aKTHBHOCTH OT TOTO,
MPAaBWJILHO MJIM HET MIOHUMAET YejioBek ee mpupoy. st CosiHIla COBEPIICHHO HE Ba)KHO, KaKKe

3 MupoBo33peHne - 3TO cUCTeMa BIFNAAOB U UAEi BOCIPUATUA MUPa (CTEPEOTUMbI) U, ECAN HEKOTOPbIE NOHATUA B HEM
OTCYTCTBYIOT WU/IM UCKAXKEHbl, TO ABJEHUA, COOTBETCTBYIOLLME STUM NOHATUAM, BYAyT HEOBbACHUMbBIMU UAWN HEBUAVMbBIMU UM
KaXKyLLMMUCA HE3HAUUTENbHBIMU.



MIPEJICTABJICHUS Y YEeJIOBEKA O TIPUPOJIC COTHEYHON aKTHBHOCTH. HacKOIIbKO 3TH IpeIcTaBICHYSI OIM3KU K
WCTHHHBIM SIBIICHHSM, IMEET 3HAYEHHE TOJBKO JIJIsl caMoro uenoBeka. U, uto emie 6osee BaKHO: «...B
HAyKe BCET/Ia MOXKHO B KOHIIE KOHIIOB PEIINUTh, YTO MPABWILHO U YTO JIOKHO; OHA UMEET JISJIO HE C BEPOii,
MUPOBO33PEHHUEM HJIM THIIOTE301, HO B KOHEYHOM CUETE C TEMH WIJIM UHBIMH OTIPEIeIICHHBIMH
YTBEPXKJACHUSMH, U3 KOTOPBIX OJTHU IMPABWIbHEI, APyTrUe HEMPaBUIBHBI, IPHYEM BOIIPOC O TOM, YTO
MPABWILHO U YTO HEMIPABWILHO, PEIIAIOT HE BEpa, HE MPOUCXOXKICHUE, He PAcoBasl MPUHAIICKHOCTD, a
cama NpHpOJia Wi, €CIIM XOTHTE, Bor, HO, BO BCAKOM CiTydae, He JIHoIm»*,

«C MOMeHTa BBeJIeHUS B (PU3UKY MMOHATHIA, HE UMCIONUX KOHKPETHOTO HATJISTHOTO TIPECTABICHUS (TaK
Ha3bIBAEMBIX (PU3NUECKUX aOCTPaKIINii), HO XOPOIIO OTOOpaKaeMBIX MaTEMaTHIECKUMU CUMBOJIAMH, OT
pa3paboTKN GU3HIECKUX MOJIETICH BOOOIIe OTKa3amuch. Hampumep, K HUIM OTHOCATCS TaKue (PU3NISCKHC
TIOHSTHS, KaK «II0JIe», KKBAHT», «(DOTOH», «BUPTyaabHas YACTHIIA, «OHTPOIHS» U T.II. — BCE OHU SBJISTFOTCSI
(br3udecKUMHU a0CTPaKIUSAMH U HE UMEIOT HaTJISIIHOTO KOHKPETHOTO oToOpaskeHus. C 3TOro MOMEHTa
BPEMEHH HACTAET Topa MOJIHOM MaTeMaTH3aIMY TEOPETUISCKON (DU3KKH, TIOCKOJIBKY anredpe BCe paBHO,
YTO CTOHMT 32 €€ CHMBOJIAMH: 00BEKT, KOTOPHIH MOXKHO OTOXICCTBUTH C HATJISIIHBIM 00pa3oM
NPEIIECTBYIOIIETO 3HAHUS O pealibHOM MPHUPOJIE, HITH STO He OoJiee YeM BUPTYaIbHbBIN (MEHTAIBHBIH,
HENPEACTaBUMBIN) (PaHTOM, HUMEFOLINI TOJIBLKO CBOM YMCIIOBBIE XapAKTEPUCTHKI».

Hmenno Hayka Oiarogapsi CBOMM MPAaKTUYECKUM pe3yiIbTaTaM OKa3bIBACT OMpPEISIISIIONIee BIMsSHIE Ha
JKU3Hb Jrofiel. JIokHbIe, OIMO0YHBIC IPEACTABICHHS O IPUpPOoie MUPO3aHus CTAIN TPUYUHON
HKOJIOTUYECKON KaTacTpO(bl, K KOTOPOH MBI CETOMIHSI TaK YBEPEHHO IBMXKeMcs Ha 3emie. Bcé roBoput o
TOM, UYTO IIYTHh pa3BUTH:, 10 KOTOPOMY ITOIIJIa COBPEMCHHAs HUBUIIU3allUA, BeI[éT K CAMOYHUYTOKCHHUIO
36MHOH IIMBHIIM3ALMH. A 3TO O3HAYaeT JIMIIb TO, YTO OOLIECNPUHATAS HA CeroHA HaYyYHAs Mapagnurma
KaK CHCTeMHOe IpecTaBJIeHHue YeJaI0BeKa 0 cTpyKrype Mupo3aanus (Moaejib MUPOYCTPOHCTBA) He
BepHA WM NpeJHAMePeHHO UCKaKkeHa. VIMEHHO HayKa Cero/iHs MOJBOJIUT YEJIOBEYECTBO K TOM IpaHUIIE,
3a KOTOPOM KHU3Hb U CMEPTh BCErO YEJIOBEUECTBA MOTYT OKA3aThCs B 3aBUCUMOCTH OT YIIPABIEHUYECKUX
peteHnii HeOOIBIION IPYIITHI JTF0/IEH, TOTOMY KaK Pe3yJIbTaThl HAYKH CETOJIHS CIIOCOOHBI IPUBECTH B
JeficTBUE TPOMaIHbIE CHIIbI, HAMHOT'O OOJIbIINE, YEM KOTAa-IN00 UMENNChH B PACIIOPSDKEHUH YETIOBEKa, HO
9TH CHJIBI IPUBEAYT K Xa0Cy U pa3pylleHH0 Mupo3aanus, €Clid OHU He OYIyT pa3yMHO PEryJInpoBaThCs.
[TosTOMy ceroiHst 3aja4a HAYKH COCTOUT MMEHHO B TOM, YTOOBI MPOOYAUTH B JIFOJISIX YyBCTBO TOTO,
HAaCKOJIbKO OIACHBIM CTaJl 3TOT MU, IOKa3aTh UM, KaK BayKHO, YTOObI BCE JIFOJH, HE3aBUCUMO OT HX
HAIlMOHAJIBHOCTHU U UJICOJIOTHUH, O6’b€):[I/IHI/IJ'II/ICI) IJId OTpAKCHUA 9TOM OIMACHOCTH.

KakoB mup, B koTopoM Mbl sxuBeM? KakoBbl ero popma, CTpyKTypa U Kak OH HaIOJHSAETCS SHepruei?

Kazanoch ObI 4enmoBeuecTBy TaKk MHOTO U3BECTHO 00 OCHOBHBIX U ()yH/ITAMEHTAIBHBIX 3aKOHAX
MupoycrtporicTBa. OJHAKO eCTh ¥ HEepeIlIeHHbBIE BOIIPOCKHL. B yacTHOCTH, Kakyto (opMy U CTPYKTYPY UMEET
Muposznanue? U, gamee, 3T0 BOIPOCHI O TOM, U3 YETO COCTOUT BCE M TIOYEMY OHO IIOCTPOSHO UMEHHO TaK,
TO €CTh BOIPOCHI 00 IEMEHTAPHBIX «IIEPBOKUPITUINKAX)» MATEPUN U SHEPTUH UX B3aUMOJICHCTBHIM.

/lanee npedcmasnena pusuueckan mooev mozo, KaK Kadcyuiancsa meepooilt Mamepus moxicem
O0bimb chopmuposana eonnamu pasnHvIX YACMOM, U YMO U3 IMO20 C/1e0yem.

4 BepHep Mei3eHbepr «HayKa Kak cpeaCcTBO B3aMMHOTO NOHMMaHWA HAapoAoBy»: «AaepHan 3uma. Yto byaerT, Korga Hac He
bynet?» - Moga pea. Envnszasetsl byTa.
5 Fnywko B.M. «Mupaku coBpemeHHOW ¢pr3nKm» - Anmatbl, 2015.



TepMuHBI U onpeaeJeHus

"[Ipupona BecbMa IPOCTA, YTO ITOMY IIPOTUBOPEUHT - JOJIKHO OBITH OTBEPTHYTO".
M.B.JlomoHnocoB

Mupo3aanue — BeCh OKPY)KarOIINi YeJI0BeKa MaTepUaIbHBIN MHpP BO BCEX €0 MHOTO0OPa3HBIX
¢dopmax u nposineHusIX. PU3NKA - HAyKa 0 MPOCTEUIINX U BMECTE ¢ TeM HanOosee 00IIuX 3aKOHaX
npupoasl Muposnanus, 0 MaTepun, €€ CTPyKType U ABMKeHUH. [Ipenmer e€ n3yueHus cocTaBisieT
MaTepus (B BUJE BelllecTBa) 1 Hanboee oommme (opMbI e€ IBIKEHHS, a Takke (hyHIaMeHTalIbHbIC
B3aMMOJIEHCTBUS IPUPOIbI, YIPABISAIOUINE IBUKEHNEM MaTepul. PU3MKa COCpeI0TOUeHa Ha U3YyUeHUN
(dbyHAaMEeHTaIbHBIX U IPOCTEHINNX SBICHUHN U Ha OTBETAX HA IPOCTBIE BOIPOCHI: U3 YErO COCTOUT
MaTepHs, KakuM 00pa3oM GOpPMHUPYIOTCS YaCTHIIBI MAaTEPHH U B3aUMOJICHCTBYIOT MEKIY COOO0M, IO KaKuM
NpaBUJIaM M 3aKOHAM OCYIIECTBIISIETCS UX JBWKeHHE. [[paBUiIbHOCTD (U3NUECKUX 3HAHUN MPOBEPSIETCS
9KCTIIEPUMEHTOM, UCTIONb30BaHUEM HAayUHbBIX 3HAHUH B PONU3BOJICTBEHHON AEATEILHOCTH.

HpI/I HN3YyUYCHHUU JII000TO SIBJIEHUS OKCIICPUMCHTAJIBHBIC 1 TCOPETUYCCKUEC aACIICKThI OAMHAKOBO Ba’XHBI.
[Ipu sToM 3anaueil TeopeTnuecKoi GU3UKH BISIETCS (POPMYTUPOBAHNE OOILINX 3aKOHOB MIPUPOIbI U
00BsICHEHHE Ha OCHOBE 3THX 3aKOHOB PA3JIMUHBIX SIBJICHUI, a TAKXKe MPeCKa3aHue 10 CUX Mop
HEHU3BECTHBIX SIBICHUM.

Marepust pa3zaessieTcsl Ha BelecTBO - CTPYKTYPUPOBAHHYIO (JUCKPETHYIO) YaCTh MAaTEPHH,
3aHUMAIOIIYIO TOJIBKO YacTh IPOCTPAHCTBA U MOTOMY MMEIONIYIO TPaHUIIB, U 3HUP - OECCTPYKTYpHYIO
4acTh MaTEPUU - HEIIPEPBIBHO 3AOIHSAIOLIYIO BCE IPOCTPAHCTBO U SBJIIOILYIOCS HEIPEMEHHON
KOMITOHEHTOM JTF000# MaTepruaIbHONH CHCTEMBI.

BeniecTB6 Kak COBOKYIMHOCTH JUCKPETHBIX 00pa30BaHuii (ATOMBbI, MOJIEKYJIBI, TeJIa) 001a1aeT
Mmaccoil. Macca — ckansipHasi pu3ndeckas BEeJIMUMHA, SBISIOMIASCS YHUBEPCATbHOW MEpOH KOJIMUECTBa
BEIIIeCTBA, 3aKJIIOYEHHOTO B cucTeMe. Maccoil 0611a/1at0T Bce MaKpOCKOITMYECKHE U MUKPOCKOITUYECKHE
00BEKTBI, JII00BIE YaCTUIIBI BELIECTBA.

A¢up ompeensiercs Kak "MpeIBenecTso", To eCTh CIUIONIHAS cpela (MaTepuHCKas cpeia), KoTopas ¢
HEOOXOTUMOCTBIO 00JIaJ]aeT HE TOJNBKO OTIMYHON OT HYJISl TNIOTHOCTBHIO M MacCoi, HO M HEKOTOPOH
NOTEHIHAIBHON SHEPruel, MepOil MJIOTHOCTH KOTOPOW SIBIISIETCS AaBJICHUE. DTO MO3BOJISIET ONPEACIUTh
3(¢Up Kak CILIONIHYIO BCEMPOHUKAIOUIYIO CPENly C OTJIMYHOM OT HYJISI TNIOTHOCTBIO M YIIPYTOCTHIO,
KOJICOJTFOIYIOCS B HEOIpaHMUEHHOM Jirara3oHe yactoT. Ilpu3Hanue 3¢gupa "npeaseniecTeom" ¢
€/IUHCTBEHHOM ynopsiio4eHHoil (popMoii K01e0aTeTIbHOT0 IBHKEHUS 0CBO0OOKIAET OT
He00X0AUMOCTH HAJeIATh €ro CBOICTBAMHU BellleCTBA, 32 MCKJII0YeHHeM CBOICTB, MPUCYIIUX JT1000i
MATEPUH - ee OTJIMYHOMH OT HyJIsl IJIOTHOCTH M YIIPYTOCTH.

EnuHcTBO BenecTBa v 3pHpa U UX HEMPEPHIBHOE B3aMMOIIPEBpAIllEHIE TTO3BOJISIET IPEICTABUTD
Mupo3znanue Kak OrpaHU4YeHHYI0 CUCTEeMY, OTIeNbHbIe 001aCTH KOTOPO HAXOAATCS Ha Pa3InIHBIX
CTaJusIX 3TOrO MpOLEecca U MOTOMY COAEPKaT B ce0e B Pa3IMUHBIX MPOMOPIHAX HE TOJBKO BEMIECTBO U
3(1)I/Ip, HO Y MPOAYKTHI UX B3aUMOIIPEBPAILICHUA. HpI/I OTOM CIIPAaBCIJIMB ITPUHIUII JTUXOTOMHU: IIPOILECCHI,
NPOTEKAIOLIHE B M30JIMPOBAHHOH (3aMKHYTOI) CUCTEME, BBI3BIBAIOT MPOTHUBOIOIOKHBIE H3MEHEHUS €&
CBOWCTB B Pa3JIMUHBIX 00JIACTSAX ITON CUCTEMBI.

MOMEHT HHEPIUH — CKaJsIpHAast (pU3UUYecKasi BEIMYMHA, MEpa MHEPTHOCTH TeJIa BO BpAIaTeIbHOM
JBW)KEHUH BOKPYT OCH, IOJOOHO TOMY, KaK Macca Tea SBISETCS XapaKTEePUCTUKON ero MHEPTHOCTH B
IMOCTYNATCIIbHOM ABUKCHHUU.

Bpémsi — 0/1HO M3 OCHOBHBIX TIOHATHH (PM3HKH, MEpa UTUTEIBHOCTH CYIIECTBOBAHMUS BCEX OOBEKTOB,
XapaKTEepUCTHKA MOCIEA0BATEIEHON CMEHBI X COCTOSTHUN B IIPOIIECCAX M CAMUX MTPOLIECCOB U3MEHEHUS U
pa3Butus. Bpewms xapaktepusyercsi CBOeH 0JHOHAIPaBIEHHOCTHIO, OJITHOMEPHOCTBIO, BPEMEHHOM
YIOPSAA0YEHHOCTHIO (IPUYKHA BCET 1A MPEIIIECCTBYET CIEACTBUIO). BpeMs Kak MOTOK AJTUTEIbHOCTH
OJIMHAKOBO OIIpeJeJIsieT X0 BCeX MpolieccoB B MUpO3jaHnu, KOTOPbIE, HE3aBUCUMO OT UX CIOKHOCTHU, HE
OKa3bIBAIOT HUKAKOTO BIMSAHUS Ha X0 BpeMeHH. [loaTomy Bpemst B pu3uKe sIBIsiCTCS aOCOMIOTHBIM.



B ¢wusuke cBs3bp MEXIAy MOHATUSME BPEMEHH U TIPOCTPAHCTBA MPOSIBISIETCS TTOCPEACTBOM
B3aMMOCBSI3M CBOMCTB HMITYJIbCa U 3Hepruu. l3mMenenne nmmysbca (COXpaHeHHE KOTOPOTO CBSI3aHO CO
CBOWCTBOM CHMMETPHH MPOCTPAHCTBA - OHOPOJHOCTBIO) OMPEACISIETCS] BPEMEHHOW XapaKTePUCTHKON
CHJIBI - €€ UMITYJIbCOM, @ U3MEHEHHE 3HEPrUH (COXpaHEHHE KOTOPO CBsI3aHO C AHAJIOTMYHBIM CBOMCTBOM
BpPEMEHH) OIIpE/esieTCsl IPOCTPAHCTBEHHON XapaKTePUCTUKOM CHITBI - €€ paboToi.

JHEéprus - CKaNsipHas (pU3UYecKasi BEIMYNHA, SBISIOLIASCS SANHON MEpOo pa3nuHbIX GopM
JBIDKEHUSI U B3aUMOJAEHCTBUS MaTepU, MEpOil Iepexosa ABMKECHUS MaTepUH U3 OTHUX (GOPM B IpyIHe.
DHeprust - 5TO He MaTepHusl, a CBOMCTBO MaTEePUH, MPOSBIISIOLICECS TOTAa, KOT/1a MaTepus IEPEXOJUT U3
OJIHOT'O KaU€CTBEHHOI'O COCTOSIHUS B IPYTOE.

BBenenue noHATHS 3HEPrUM yOOOHO TEM, UTO B CIIydae, eclid (pu3nyecKasi CUCTeMa sIBIISIETCS
3aMKHYTOM, TO €€ SHEPTHsl COXpaHIEeTCsl B 9TOW CHCTEME Ha MPOTSHKCHUU BPEMEHH, B TEUCHHE KOTOPOTO
cucrema OyZeT SIBJIATHCS 3aMKHYTOH. DTO yTBEpXKIEHHE HOCUT Ha3BAaHUE 3AKOHA COXPAHEHUS IHEPIUU.
IMoanasi JHeprusi cUCTEMBI OIPECISIeTCs KaK €€ CIIOCOOHOCTh COBEPIIATH JIIOOYIO paboTy -
YIOPSAIOUYCHHYIO U HEYIIOPSAA0UYECHHYIO, BHEIIHIO U BHYTPEHHIOIO, TIOJIE3HYIO U TUCCUIIATHBHYIO,
MEXaHMUYECKYIO0 1 HEMEXaHHYECKYIO.

Bosna. OtcyrcTBre B 3dupe quccunanuy SHEPTuu (BA3KOCTH) MPUBOAUT K BOSHUKHOBEHHIO B HEM
HE3aTyXaloIKX aBToKoseOanuil mioTHoctu. O0pa3yrouirecs Ipy 3TOM BOJIHBI INIOTHOCTH MOTYT OBITh KaK
CTOSTYMMHU, TaK ¥ OCTYIIMMH (B TOM YHCIIE KOJNBLEBBIMH, ABHTAIOIIUMHUCS TI0 3aMKHYTBHIMH TPAESKTOPHSM).
OCHOBHBIM CBOICTBOM TAKHX BOJIH SIBJISIETCS X CIIOCOOHOCTH MEPEHOCHTH YHEPTHIO 0e3 mepeHoca
3J1eMeHTOB cpe/lbl. DTH He3aTyXarolue KojaeOaHus U IPUBOAAT K BOSHUKHOBEHHIO B 3(HpeE BOIH
pa3Nn4HOM 4acToThl. HeT BoHbI 6€3 cpebl, MOTOMY, KaK Jr00asi BOJIHA - JTUIIb YIPyrue KojaeoaHus
3¢upHoii cpennbi!

PacnpocTpanenne MexaHM4ecKoOH BOJIHBI, IPECTABIISIONIEE COOOH TMOCIIEOBATENBHYIO MTepeaady
JBIDKEHUSI OT OJTHOTO Y4acTKa Cpefibl K IPyroMy, 03HayaeT TeM CaMbIM Iepeiady SHEpruu. DTy SHEPTUI0
JOCTaBJISICT MCTOYHHUK BOJIHBI, KOTJa OH IIPUBOJIUT B ABMKCHHE HEMTOCPEACTBEHHO NPUIICTAIOLINN K HEMY
cioit cpezipl. OT 3TOTO CIIOS SHEPTHSI TIepeIaeTCs CIeYIONIeMy CIIOI0 U Tak jaaiee. Takum oopas3om,
pacrpocTpaHeHHE BOJIHBI CO3IAET B CPEIE «IIOTOK SHEPTUM», PACXOAALIMICSA OT UCTOYHMKA. YacTh BOJH,
TPYyNIIUPYSCh B ONPEAeIeHHbIE IPOCTPAHCTBEHHBIE 00Pa30BaHUsI M0 YacToTe, HOPMHUPYIOT TAKUM 00pa3oM
CTPYKTYpHI BemiecTBa. 11 Ha000poT, J1r00bIe POLIECCH B BEIIECTBE HAXOAT aJeKBaTHOE OTPaKEHHUE B
adupe, MOLYIUPYS €ro 4aCTOTaMH, XaPAKTEPHBIMH JUISI €r0 CTPYKTYPHBIX 3JIEMEHTOB.

Mupo3zaanue TAKuUM 00pa3oM CTPYKTYPHPOBAHO BOJTHAMH, TO €CTh YNOpsA04eHO. B HeM HeT
MaTepUH BHe CTPYKTYP M nopsiaka. CTpyKTyphl CYIIECTBYIOT Ha BCEX YPOBHSX OpraHU3allil MaTEPHH:
0T MUKPOMHpa A0 MakpoMupa u fanee. To, 4To Ha IEepBBI B3I MOXKET IIOKA3aThCA Xa0COM, SIBIISIETCS
2JIEMEHTOM 00Jiee OOIUPHON CTPYKTYPBHI.

Mexanuka — pa3zaen GU3HKH, U3ydYarouui IBIKCHHE MaTepUaIbHBIX TeJ M B3aUMOJICHCTBHE
Mexy HuMU. [Ipr 9TOM ABM:KEHMeM B MEXaHUKE Ha3bIBAIOT U3MEHEHUE BO BPEMEHHU B3aMMHOTO
MIOJIOKEHUS TeJI WIIM MX YacTed B mpocTpancTie. [Ipu 3ToM Tena B3auMOoIeHCTBYIOT IO 3aKOHaM MEXaHUKH.
MexaHnueckoe IBUKEHHE MOYKHO pacCMaTpUBaTh AJIsl pa3HBIX MEXaHMYECKHX OOBEKTOB:

1. [IBwkeHHe MaTepUAILHOW TOYKH TIOJHOCTBIO OIPEIeIsieTCs K3MEHEHHEM e€ KOOPJIUHAT BO
BpeMeHH (HampuMep, A7l INIOCKOCTH - U3MEHEHHEM aOCIMCChl M OpAMHATHI). XapaKTepUCTUKAMH
JIBIDKEHUSI MATEPHATIbHOM TOUKH SBISIOTCS €€ TPaeKTOPHS, IIepeMelIeHue, CKOPOCTh U YCKOPEHHE.
KpuBonuHeitHoe [BUKEHNE - IBIKEHHE TOYKH 110 TPACKTOPHH, HE TPEJICTABIISIONIEH o000
NpPSMYIO, C TIPOU3BOJILHBIM YCKOPEHHUEM U IIPOU3BOJIEHON CKOPOCTHIO B JIFOOOH MOMEHT BpEMEHU
(HampuMep, ABMKCHHUE 110 OKPYKHOCTH).

2. JIBwxeHue TBEPAOTO TeNa CKIAABIBACTCS U3 IBIKEHHS KaKOi-1100 ero TOUKH (HampuMep, IeHTpa
Macc) ¥ BpallaTeIbHOrO ABHKEHUS BOKPYT 3ToM Touku. Eciin BpalueHue oTCyTCTBYET, TO
JBIDKEHHE Ha3bIBACTCA IIOCTYIATEIIBHBIM U [IOJHOCTBIO ONpeeIisieTcs ABUKEHUEM BbIOpaHHON
TOYKH. [IBIKEHHE TIPH 5TOM HE 00513aTEIBbHO SBISETCS MPSIMONIUHEHHBIM.

3. JIBW)KEHHE CILIOUIHON CPEebl.


https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D1%80%D0%B5%D0%BC%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE_%D0%B2_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B5

MexaHuKa pa3nuyacT NOTeHUHATbHYI0 IHePrulo (1in, B 0oJee o0IIeM ciydae, SHEPTHIO
B3aMMOJICHCTBHUS TEJ WK UX YacTel MEKIY CO00M) M KHHETHYECKYI0 IJHEPTUI0 (SHEPIHIO IBHKEeHMS). MX
CyMMa Ha3bIBaeTCs MOJHOI MeXaHM4YecKoi IHeprueii. Mexannueckas paboTa YMCIEHHO paBHA
M3MEHEHHUIO MEXaHU4ECKOM sHeprun. Mexanudeckas padora - 310 pu3nueckas BeIUUMHA - CKaJsIpHast
KOJIMYECTBEHHAs Mepa IeMCTBUS CHJIBI (PABHOACHCTBYIONIEH CHJI) HA TeJI0 WM CHJI HA CHCTeMY Tell,
3aBUCSINAS OT YMCICHHOW BEIMYUHBI U HANIPABJICHUS CHIIBI (CHJI) U OT MepeMeleHHs Tea (CUCTEMBI Te).
CymmapHas paboTa 1o HepeMeLIeHNI0 OAHON MaTepHaIbHOM TOUKH, COBEpIIaeMasi HECKOJIbKUMH CUIIaMH,
MPUIOKEHHBIMH K 3TOH TOUKE, OTpenensercsi Kak padoTa paBHOACHCTBYIOIIEH 3THX CHJI (MX BEKTOPHOM
CYMMBI).

B mexaHuke pa3nuyuaioT KHHEMATHKY, KOTOpasi pacCMaTpUBAaeT ABMKEHUE TEN B IPOCTPAHCTBE U
BpEMEHH HE3aBUCHMO OT (PU3UUECKUX MPUYMH STOTO ABMKECHUS, U IMHAMMKY, KOTOPAas BBIACHSET, TI0
KaKoll IpUYMHE U CIEAYS] KAKUM 3aKOHaM BO3HHMKAET TO WIHM MHOE JBIDKCHHUE B PA3IMYHBIX YCIOBHIX.

Ipouecc npeamnonaraeT n3MEHEHNE CBOMCTB 00BbEKTa HCCIIEOBAHMS, BBIPAKEHHBIX NTapaMETPaMH €T0
cocTosHus. 1S KaKA0T0 HE3aBUCHMOTO MIPoIiecca MOXKET ObITh HailieHa (pu3nudecKasi BeIMUMHA,
M3MEHEHHUE KOTOPOH ABIsIeTCSI HEOOXOANMBIM M JJOCTATOYHBIM IIPU3HAKOM IIPOTEKAHUS 3TOrO IpoLecca.
Takue BeTMYMHBI Ha3BIBAIOTCA KOOpAMHATAMHU Tiporiecca. Yucio crenenei cBoOOIbI KaKkoi-11u00
(paBHOBECHOM WIIM HEPABHOBECHOM, TPOCTON WIIH CIIOKHOHM, OTKPBITON MIIN 3aKPBITOH) CUCTEMBI, TO €CTh
YHCIIO HE3aBUCUMBIX KOOPJHHAT, TPEOYEMBIX JJISl OJHO3HAYHOTO OMIMCAHUSI €€ COCTOSIHUS, PABHO YHCITY
HE3aBHCUMBIX IPOLIECCOB, MPOTEKAIOUINX B HEM.

CkOpocThb IBIKCHUS - BEKTOpHAs (PU3MUECKask BEIMIMHA, XapaKTePH3YyIomast ObICTPOTY TIepEMEICHUS
Y HalpaBJICHUE IBWKCHUS MAaTePHAIbHON TOUYKH OTHOCHTEILHO BHIOPAHHOM CUCTEMBI OTCUETA.

Hmnynbe, uiay KOJIHYECTBO IBHKEHHUS], - 3TO MEPa MEXaHUYECKOTO JBIDKEHHS TOUKH, KOTOpast
OIIPEJEIACTCS KaK IPOU3BEICHUE MACChl TOUKHU Ha €€ CKOPOCTh JBUKEHUs. VIMITyJIbC SBIIIETCS BEKTOPHON
BEJIMYMNHOMN, €r0 HaIpaBJIEHUE COBIAAAET C HAIIPaBJIEHUEM CKOPOCTH. /|1 3aMKHYTOW CUCTEMBI
BBITIOJIHSICTCS 3AKOH COXPAHEHUSA UMNYJIbCA.

Cnuaa - puznyeckas BEKTOPHAsI BEJIMUKHA, SIBIISIOLIAsICS MEPOH BO3JICHCTBUS Ha IaHHOE TEJO CO
CTOPOHBI IPYTUX TeJl WU BOJIHEL. [IpHroxenne cuibl 00ycIoBIMBaET U3MEHEHHE CKOPOCTH Tella UiIH
nosiBiieHue ehopManuii 1 MeXaHMIeCKUX HalpshKeHnd. BaxHewmmil Gpusndeckuii 3aK0H, B KOTOPBIN
BXOJIUT cuja, - 6mopoi 3akoH Hviomona: B VHEPLIMAIBHBIX CUCTEMAX OTCUYETA YCKOPEHUE MAaTEpUAIBHON
TOYKH 110 HAIIPABJIEHUIO COBIIAJAET C IPUIOKEHHON CHUJIOH, a 110 MOYJII0 IPOIIOPLIMOHATIBHO MO0
CHJIBI ¥ 00pPaTHO MPOTIOPLIHOHAIFHO Macce MaTEPUATBHON TOUKH. Bo 6écex aenenusax npupoowl cuna,
He3a8UCUMO 0N C60E20 NPOUCXOHCOCHUS, ROPOIHCOACMCA 0AGIECHUEM G0IHbL HA MAMEPUATLH LI
00vekm (wacmuuyy) u RPOAGAAEMCA MOILKO 8 MEXAHUUECKOM CMbICIIE.

st mro0BIX ABYX T, KaK MOJCHCTEM 3aMKHYTOH B 1I€JIOM CHUCTEMBI, 8 COOMEENCIMEUU ¢ MPEmbUM
3axkonom Hetomona cuna 1eicTBHsI OTHOTO TeJa Ha APYroe TEJIO CONPOBOKIAAETCS MOABIEHUEM PaBHOMU IO
MOJTyJIF0, HO TPOTHUBOIIOJIOKHOM 110 HAIIPABJIEHUIO CUJILI MPOTUBOAEHCTBYSA, TO €CTh CHITBI BCET/Ia
BO3HUKAIOT NapaMu «JAeMCTBUE-TIPOTUBOJEIICTBHEY.

B ¢uszuke TepMrHOM NPOCTPAHCTBO 0003HAYAIOT TAK HA3BIBAEMOE usuieckoe npoCmpancmeo -
TpEXMEPHOE MPOCTPAHCTBO HAIIETO MMOBCEHEBHOTO MUPA, B KOTOPOM OTIPEIETISETCS MOJI0KEHUE
¢$u3nUECKUX T U B KOTOPOM NMPOUCXOIUT MEXaHUUECKOE IBUKEHUE, TEOMETPUIECKOE epeMEICHNE
pa3IYHBIX PU3NIECKHUX Tl U 00BeKTOB. TepMuH Duzuueckoe npocmpancmeo - 3T0 yTOUHIIOMINN
TEPMUH, UCTIOJIb3YEMBIi JJIsl pa3rpaHHYCHUS 3TOTO TIOHATHS KakK oT 0oJiee abcTpakTHOTO (0003HAYAEMOTO
B 3TOM OMIO3HUILIMH KaK a0CTPaKTHOE MPOCTPAHCTBO), TAK U AJIS Pa3InYEeHUs peajbHOTO MIPOCTPAHCTBA OT
YIPOLIEHHBIX €r0 MaTeMAaTHUYECKUX MOZAETIEH.

CBoiicTBa (U3MUYECKOTO MPOCTPAHCTBA (Pa3MEPHOCTD, OTPAaHMYEHHOCTh M UM MOI00HBIE) HUKAK HE
3aBHCAT OT NPUCYTCTBHS HJIM OTCYTCTBHS MaTepUabHbIX Tell. [Ipr 97TOM pa3MEéPHOCTH NPOCTPaHCTBA
oIpeieJIgeT KOJINIECTBO HE3aBUCUMBIX TapaMeTPOB (M3MEPEHUI), HEOOXOAUMBIX JIs1 OIIMCAHUS
COCTOSIHUSL U TIOJIOXKEHUsI TF000T0 (PU3NIECKOro 00beKTa, MIIM KOJMYECTBO CTENCHEH CBOOOIBI CUCTEMBI B
(GHU3UIEeCKOM TPEXMEPHOM MTPOCTPAHCTBE.


https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D0%BF%D0%B5%D0%BD%D0%B8_%D1%81%D0%B2%D0%BE%D0%B1%D0%BE%D0%B4%D1%8B_(%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0)

1. Idup u 3HeproBoJIHbI

"Mup BUOpHpyeT BOKPYT HAc,
Bcé B Mupe ecTb Bubpanus"®
I'epmec Tpucmerucr

«Ecnu Bbl XOTUTE pacKpbITh TaAHBI MUPO3/1aHUS,
JyMaiiTe B TEPMUHAX SHEPTHH, YACTOTHI M BUOPAIHI.
Huxoga Tecaa

MHOro4nciaeHHbBIC TOIIBITKH HayKHn HaWTH (byHILaMCHTaJ'II)HLIe OCHOBBI MI/IpO3I[aHI/I$l BCEra ObLIH
HaIrpaBJICHbBI HA ITIOXUCK Y€r0-TO O6H_ICFO, OOHOTHUIIHOI'O U MAaT€PUAJIBHOI'O IJIA BCEX €TI0 SIBIICHUHN U
00beKkTOB. TakuMm O6IIII/IM JJIA HAIICTo MI/IpO3I[aHI/I$I MOJKHO I10JIaraTb YHUKaJIbHOC COUCTAHUC!

- CTaOMIIBHBIX (PU3NYECKUX YCIOBHUM CYILIIECTBOBAHUS U )KU3HU BCEX OOBEKTOB M CUCTEM Ha 3eMIIE;

- €INHOW OCHOBBI MaTEPHATIbHOM CTPYKTYPBI BCEIO «’KHBOTO M HEXXHMBOT0» B HabI0AaeMoM Mupo3aaHuu,
«M3TOTOBJIEHHON» UCKIIOYUTEIHHO U3 MUHEPAIOB U BOJBL;

- €IMHON TEHOMHOI CHCTEMBI «3aIMCH» HACIIEICTBEHHON HH(POPMAINK B TEHETHIECKOM KOJIE MHHEPAIIOB,
MHKPOOPIaHH3MOB, PACTEHHH, )KUBOTHBIX M Y€JIOBEKA';

- €IMHBIM CTIOCO00M (hpakTabHOTO (POopMHUPOBaHUS HHTEP(HEPEHIIMOHHO-TONOTPAPHIECKON CTPYKTYPHI
MaTepuH, CBOMCTBEHEHHBIM BCEM U MaKpO- U MUKPOYPOBHAM Mupo3nanus;

- €INHBIM CIIOCOOOM PE30HAHCHOrO 00ECTIEUECHNUS SHEPrUeH BCeX MPOLECCOB U CUCTEM B MUpO3JaHuy;

- €IMHBIM CTIOCOOOM PE30HAHCHOT'O CaMOPa3PYLICHHUs] MaTEpHH, CBOMCTBEHHOTI'O BCEM YPOBHSIM
Mupo3znanust OT MUKPO- 10 MaKpOYpPOBHS;

- DHEPTeTHYECKUM €IMHCTBOM U B3aUMOCBSI3aHHOCTHIO BCETO CYIIECTBYIOIIETO B HameM Mupo3ianny,
KOTJIa BCsl cucTeMa MHpPO3JaHus, TaKe €CIIH ee YacTH pa3zielieHbl, PYHKIMOHUPYET KaK eTUHOE LeNoe, a
YEIIOBEK MBICTISIIANA — 9acTh 3TOW CUCTEMBI;

- 00513aTEILHOCTBIO COOJTFO/ICHHUS BCEX M3BECTHBIX 3aKOHOB COXPAHEHUS (SHEPrUH, MACChl, UMITYJIbCA U €T0
MOMEHTA).

Takum 006pa3om, Hamle 3eMHOe MHPO3JaHUe — 3TO €AMHAS CUCTEMa, HECTYYailHO M TOHKO
HACTPOCHHAS JUIsl CYLIECTBOBAHUS U PA3BUTHS KM3HU U COCTOSIIAS U3 HECKOJIBKUX UJICATBHO MOAXOASIINX
JIPYT APYTY B3aUMOCHCTBYIOININX YaCTEH, COCTABIIAIONINX €0 0a30BYI0 (DYHKIIHIO, TUKBUAIIHS OHOM 13
KOTOPBIX CTAHOBHUTCS MIPUYMHON npekparneHus 3pPpeKTHBHOTO (PYHKIIMOHUPOBAHUS BCEH CHCTEMBI.

U3 atoro cienyer, BO-TIEPBBIX, YTO ¢ (PUINUECKON TOUKH 3pEHUS Hallle MHpO3JaHHe - 3TO CUCTEMA,
KOTOpasi MOXKET OHOBPEMEHHO OBITh M30JIMPOBAHHOM (KOT1a He OOMEHMBACTCS SHEPTHEN C OKpY Karomei

6 repmeTnam yTBepaaeT, 4To 3dupHOE BelecTBo 06/1a4aeT YPE3BbIYAKHOI MNOTHOCTBIO M FMBKOCTBIO U NPOHU3LIBAET
(3anonHAeT) Bce MMPOBOE NPOCTPAHCTBO, CNY}Ka CPeAoi Nepesayun BOAHOBOM KoebaTelbHOW 3Heprun, Takow Kak Tenso, CBeT,
3/1eKTPMYECTBO, MarHeTU3M U TaK Janee.

" ELMHCTBO reHOMHOM CTPYKTYPbI - e4MHAA CUCTEMA «3aMUCU» HACNeACTBEHHOM MHPOPMALMM B FEHETUYECKOM KOAE MUHEPAsOB,
MWKPOOPraHU3MOB, PacTeHUI, MUBOTHbIX M YE/I0OBEKA, UYTO Y¥Ke UCMOJb3yeTca A8 NOHUMAHUA UX MPOUCXOMKAEHUA M IBOIOLMHN,
BbIACHEHWA NPUYMH U MEXaHW3MOB HACNEACTBEHHbIX M3MEHEHWNI, KOPPEKLMM M ONTUMMU3ALMMN YCIOBUIA CYLLLECTBOBAHMA (Npu
3TOM MUHEpPas PacCMaTPUBAETCA KaK «XKUBOM» OPraHN3M, UBOMN KpUcTann).



ee cpeqoit), 3aKphITON (He 0OMEHHMBAIOLIEHCSl MACCON ¢ OKpY KaIoILei ee cpelloif) M 3aMKHYTOMH (Korza He
HO/BEPIKEHA EWCTBUIO BHEITHUX CHII).

Bo-BTOpBIX, 3TO TTO3BOJSAET MPEAIIOIOKNATE, YTO MIPOCTPAHCTBO MUpO3AaHHs, B KOTOPOM MBI IMEEM
YeCTh HaXOAUTHCA, 3aMKHYTO M HE IIYCTO: OHO TUIOTHO M CIUIOIIHO 3aI0JHEHO «IIEPBOKAPITHIUKAMI)
Mupo3aanus - MeJIb4aillIuMU MaTepHaTbHBIMU, MMEIOIIMMH MacCy, YIPYTMMM 4acTULaMu® - amepamu®,
cocTapsromumMu 3¢pup’’ - maTepunckyio cpexy. Tormaa jJ1060e MeXaHHYeCKOe BO3AEHCTBHE MIEPEIaeTCs
B HEM I10 BCEM HAIIPABJICHUSAM 4Yepe3 COCETHUC YACTHIIBI.

U B 3TOM cucTeMe coBpeMeHHOM (pr3uKoi 3apIKCHPOBaHBI IPOSBICHUS U CBOMCTBA CPEIIbI, HAIIPUMED,
nepeaBaTh B3aUMOJICHCTBHS 00 BEKTOB JICKTPUICCKUM, MATHUTHBIM WJIH MEXaHUYECKUM CITOCOOOM,
pacIpoCTpaHsITh U3TyUYSHHS, OTHAKO CaM MEXaHW3M Tepeadn HeBeIoM. bruto pa3yMHO U TOCTaTOYHO Ha
ONpeIETICHHOM STare Ha3BaTh 3Ty «MUHUMAJIBHYIO» CPEY MOJIEM, BBOJIS OTPAHUYCHHUS JITIsl aHAIH3a B
rnyouny. [loxoske Ha «4epHBIH SIIUK»: Ha BXO/AE U BBIXOJIE COCTOSIHHE 3TOW Cpe/ibl H3BECTHO, OJTHAKO UTO
Y KaK MPOUCXOINUT BHYTpH?

YyeHble-3(UPLINKH, CETOIHS TPOAOIDKAs TPAAULINN KIACCHUIECKON (DU3UKH, PEAIaraloT CBOH
BapUAHTHI YCTPOEHHS 3TOTO «UEPHOTO SIIIMKa», TOYHEE CKa3aTh, CBOM (PU3NUECKUE Modenu
MEPBOKUPITMYUKOB U YCTPOUCTBA CPEIbl: YaCTUYHAS MM Oe34acTHYHasl, MaccoBas HITH Oe3MaccoBas, ¢
BBICOYAMIIIEH WM HU3KOW TUIOTHOCTBIO, KPUCTAITMYECKast WK Ta3000pa3Hasi. BaxkHO, 9TO KaxIbIit
BapHaHT B OTACJIBHOCTHU MMO3BOJIACT PECIINUTH KaKyHO-TO YaCTHYIO 3aJa1y (1)I/I3I/I‘IGCKOFO O6’B$ICHCHI/I$I,
HaIrpumep, [IﬂJIBHOILCﬁCTBI/ISI, CBECPXIIPOBOAUMOCTHU, JABJICHUA WX I'paBUTALIUU. OI[HaKO 3THU
IpeIaracMble MOJENIN HE YHHBEPCAIIBHBI, XOTS U ABIIAIOTCS ONPENEICHHBIM 3TalloM B HAYKE O CTPOEHHUH
Muposnanust. U, BeposTHO, )KAYT CBOETO 00bEIUHEHUSL.

A TOJIBKO T «3(QUPLIMKI» aHAIM3UPYIOT MOJIs Kak cpeny? Buumanue: «Dnexmpounuiii ¢parouo -
3TO 3aNOJIHAIOIIMI MUPOBOE IPOCTPAHCTBO AKTUBHBIN KBAHTOBBIM (MIOU WU Cpeaar.
«OnexmpomazHummubsiii ouo - T0 MPOCTO GIIIOU, ABYMsI KOMIIOHEHTAMH KOTOPOTO SIBJISIFOTCS
ANEKTPUYECKUI 1 MATHUTHBIA (QIIFOUIBI. DIEKTPOMATHUTHOE TT0JIE B JTFOOOM TOUYKE PaBHO CPEeTHEMY
3HAa4YCHUIO QIIIONAA B 3TOW TOUKE». OTH «(DIIHOUAHBIE» MOSICHEHUS - U3 U3BECTHON U, IO MOEMY MHEHHUIO,
Jyqiei u3 paboT Mo MPeACTaBICHUIO KBAHTOBO-MEXaHUYECKUX aCIIEKTOB COBPEMEHHON IVIaBHOI TeopuM
00beTUHEHUsI B3aUMOIECTBHIA, aBTOp KOTOPOH - ®paHk Buibuek, KOTOPhI «HE Ooutcs popmyit
¥ YMEET «Ha MaJbl[ax» M0Ka3aTh CaMble CIIOKHBIE BEIIHU, 3apakasi HaC OMOPOM H OILyIIeHreM dyaa»’t, To
€CTb U 3/1eCh (PM3HKH BBIHYKICHBI TOBOPHUTH O MOQ€/IAX MUPOYCTPOICTBA («U4EPHOTO SIIIUKAY), TOIBKO
MOJIENISIX MAaTEMaTHYECKHX, @ He (PU3UUECKUX, MO-MUPAropoBCKOMY: «HHCIIO ecTh CYIIIHOCTh BCEX BEIIeh.
A CyTb Ta Ke: MOJIENHUPYETCs CTPYKTypa MoJisl Kak cpensl noa uMeHeM ¢urronzpl! He nmest BO3MOKHOCTH
aHAJIM3UPOBATh BIIIYOb CTPYKTYPY MPEIBEIIECTBA, MBI €€ MOACTUPYEM.

8 AHTOHOB B.M.: «Ero XapaKTepucT1Ka NpeAenbHO NPOCTa: OH MAEALHO KPYI/bli, NAEaNbHO CKOMb3KUIA, UAEaNbHO YNpyruii u
obnagaet Hepumeit». U, nanee: «oH pearvpyet TONIbKO Ha JaBNE€HUA CO BCEX CTOPOH COCEAHMX LAPUKOB: 3TN AaBNEHUA MOTYT
6bITb YpaBHOBELLEHHbIMUN UM HeYPaBHOBELLEHHbIMUW; HeYpaBHOBELLEHHOCTb BO3HMKAET B pe3y/ibTaTe AeNCTBUA ABYX GaKTOPOB:
Hann4na cobCcTBEHHOWM MHEPLMU U HEOAMHAKOBOTO AaBEHWNA CBOMX coceaein».

9 fipyroe Ha3BaHue - «MoHaga» - aan amepy Nudarop. B nHAMNCKUX Begax menbyaiume 4acTUUKM MUPO3LaHUA Ha3biBaAW
napamaHy (Ha caHCKpuTe aHy, napamaHy — «TOHYAWLWMWIA», «MenbYalluMii») U UCNONb30BaNM 3TO 06O3HaYeHWe B KayecTse
NMOHMMAHUA, YTO TaKoe MUHUMANbHbBIN «CTPOUTENbHbIW 610K BceneHHol». HensmeHHble, HeBOCNPUHUMaEMble, HeaeMMble
4acTMUKKM 06pPa30BbIBAIOT BPEMEHHbIE U BOCMIPUHMMaeMble 06beKTbI.

10 Beguueckue 3HaHMa (4000 - 2000 r.r. 4o H.3.) yTBEPXKAAIOT CYyLLECTBOBAHME HEKOTOPOM NepBUUYHOM NpamaTepun, U3 KOTOPOi
porKaaeTca BCE M B KOTOPYLO BCE BO3BpaLLLaeTCcs.

11 «KpacoTa ¢usuku: Mocturas ycTpoicTBo npupogpl» / ®paHK Bunbuek.
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"...Mcxoms U3 sBIEHUH TEIIa U CBETa, MbI UMEEM OCHOBAHUE I0JIaraTh, YTO UMEETCS KaKas-TO
a¢hupHas cpeaa, 3amoHSIONast IPOCTPAHCTBO M IIPOHM3BIBAIOINAS BCE Tella, KOTOpas 00IagaeT
CIOCOOHOCTRIO MTPUBOIUTHCS B IBMKCHHUE, TIEPEIaBaTh 3TO IBMKEHUE OT OJTHOM CBOCH YacTH K APYrod
€o00IIaTh 3TO ABMKECHHE IUIOTHON MaTepHH, HarpeBast €€ U BO3ACHCTBYs Ha HEE pa3TUdHbIMU
criocobamu..."(JIx.K. MakcBemn)

«IIepBoKupIIMIHKAMI» B KAYECTBE TAKOTO CTPOUTENFHOTO MaTepraia Cpelbl BRICTYAIN U
3JICMEHTAPHBIC YaCTHIIbI BEIIECTBA, U JICMCHTAPHbBIE YACTHIIBI BakyyMa (amepbl). OHAKO eArHAs KapTHHA
MHUPO3JaHUs He BEIpUCOBBIBaNach. A oHa ecTh! M BoT kak 06 atom nyman H.Tecna: «Hanuuue oeusrcenus
Heu30edxcHo noopazymesaem mesio, ChOCOOHOE 08U2AMbCA, U CUJIY, RPUBOOAULYIO €20 8 O8UINCEHUE.
Cneoosamenvrno, mam, 20e ecmp JHCU3Hb, MAM eCMb macca, osuxcumas cunou. Kasxcoas macca
o01a0aem unepyueil, Kax)cooi cue céoiCmeeHHO 0sulceHUe.

Hcxo0s uz a3moeo eceoduiezo ceoticmea u yciogus, meno, 6y0b OHO 8 COCIOSAHUU NOKOSL UL 8
O0BUDICEHUL, CIMPEMUMCSL COXPAHUMb C80E COCMOSIHUE, d CUd, 20€ Obl OHA HU 0elCME06ad U YMO Obl HU
0bL110 €€ RPUYUHOIL, 8bI3blE6ACH PABHOCUTIbHOE NPOMUBOOEIICEUE, U OMCI00A HeU3DEHCHO Cledyem, Ymo
Kaxcooe 08UdNCEHUE 8 NPUPOOE OOJINCHO ObIMb PUMMULECKUM.

Oma npocmas ucmuna ysice 0agno uemko chopmynuposana I eppbepmom Cnencepom, Komopwlii
nPUéN K 000CHOBAHUIO 91020 NYMEM UH020 poda paccydcoenutl. Ona Haxo0um noomeepIHcoeHuUe 80
6CEM, HMO Mbl BOCHPUHUMAEM. 8 OBUNICCHUU NIAHEM, 8 MOPCKUX NPUIUBAX U OMIUBAX, 8 pegepbepayuu
6030yXa, 8 OBUNCEHUU MAAMHUKA, 8 KOIEOAHUAX IIeKMPUYECKO20 MOKA U 8 OECKOHEeUHOM MHO2000pa3uu
SA6NeHUL OP2AHUYECKOU HCUSHUL.

Pasee 6ca ocusnv wenogexa ne noomsepoicoaem smo? Poswcoenue, pazeumue, cmapocms u cmMepms
OMOeNbHO20 Yen08eKd, pood, Hayuu Uil pacsl — Ymo 3mo 8cé, eciu He pumm?

B maxom cnyuae sce srcuznennvie nposieienust, 0axce 6 Camblx CA0NCHBIX YOPMAxX, MAKUX KaxK, Hanpumep,
Yen08eK, KaK Obl HU ObLIU OHU 3aNYMAHbL U 3a2a004HbL, eCTb 8Ce20 UL 08UdNCEHUEe, K KOTNOPOM) 6HOIHE
NPUMEHUMbBL Me camble 00uUe 3aKOHbL OBUNCEHUSL, YMO YIPAGISIOM 8Cell MamepuaibHol Beeaennoiiy.

Kak ¢opmymupyrorcs 3T 3aKOHBI?

IIpocTpancTBo Mupo3nanus, B KOTOPOM MBI UMEEM YECTh HaXOAUTHCSA, 3AMKHYTO U HE ITyCTO: OHO
IUIOTHO U CIIOMIHO 3aII0JTHEHO MENbYalIIMMU MaTepUaIbHBIMHU, UMEIOIIUMH Maccy, YHPYrHMHU

YacTUI[AMU - aMe€PaMH, COCTABIISIIOIUMHE IQUP, IPUMEPHO TaK, Kak 0e3 MyCTOTHI 3aroJIHeHa SYeHKaMu
nena'? (Puc.1). Toraa mo6oe MEXaHUYIECKOE BO3IEHCTBHE TIEPENAETCA B HEM I10 BCEM HANPABJICHHUAM
yepes3 coceTHNE YacTHLbI (stueiiku). Takum 00pa3oM NpearonoxKeHue, YTo aMepsl d3pupa - eTUHCTBEHHAS
MaTepus Mupo3aanys, MO3BOJIAET ONPENEIUTD I(PUP KAK CIUVIOUIHYIO Cpeldy ¢ OTJIUYHOM OT HYJs
IVIOTHOCTBIO M YNIPYTOCTHIO, C €ANHCTBEHHON yNOpsifoYeHHO (opMoii K01e0aTeJbHOr0 ABUAKEHHUS.
IIpu 3THX ycaoBUAX 2GUP - eANHCTBEHHbI MaTepPHAJIbLHBIN NMEPeHOCYHK BCeX BUIOB
B3aUMOJIelicTBHSI.

12 MpocCTpaHCTBO - KOMMaKTHasA NeHa chep, yTBEPKAAET TeopUA «3ePHUCTOMN BCeNleHHOW» PaltHonbaca (1842—1912)
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Puc.1. ITena

Pa3zMmepbr amepoB HACTOBKO MaJibl, TAKHE, YTO MBI TIOKa HE B CUJIaX WX MOYYBCTBOBATH KAKMM-JINOO
CHOCOOOM HJIH M3MEPHUTh, a JIUILB AETaeM MPENIOoI0KEeHHEe, MOACTHPYEM UX TaK, KaK IMOACKA3bIBAET HAM
BooOpakenue. 10 HEKOTOPBHIM OLIEHKaM aMepbl UMEIOT pasmephl pumepHo 1073 metpa u Menbme®®,
PeanbHO MBI He MOYKEM 3HATH ITOKA CTPYKTYPY HPOCTpaHCTBa Ha ypoBHE MeHee 10710 meTpa u3-3a
OrpaHUYEHHs BO3MOXHOCTEH OpPraHOB YyBCTB 4eJIOBEKA U MPUOOPOB, IO3TOMY TEOPETU3UPYEM, IBITASACH
CTPOUTH Takue (PU3UYCCKUEC MOICIH.

OdeHb CI0KHO MPEACTaBUTh, YTO YEJIOBEK, BCE OKPYKAIOIIKE MPEAMETHI U B LIEJIOM 3eMJIS - BCE 3TO
HAXOAWTCS BHYTPH MPEIBENIECTBa, KOTOPOE HE TOJIHKO OOBOJIAKWBAET HAC M BCE MTPEIMETHI, HO 1
MIPOHU3BIBACT HAC, HAXOAUTCS BHYTPH HAC, M CO3/IaeT HAC U BCE B 3TOM MHUpE. JTO MPeIBenIecTBO (GUIUKA
Ha3bIBAIOT MO-Pa3HOMY: J(UpHAasi cpeaa, 3aN0THEHHAsE aMepaMy, HHOT/Ia GU3NUECKUI BaKyyM, NIpaHa,
HeOapuoHHas MaTepus win >up’*. DTa cpeaa B MCXOIHOM COCTOSHMM ObLIA OHOPOIHOM M 3aII0JIHSET
MOJIHOCTHIO 3aMKHYTOE peajibHOe (hu3ndeckoe npocTpaHcTBo Mupo3aanus! U B 3TOl eAMHCTBEHHOI
peajbHO CyllecTBYIOLIe MaTepun, KOTOPOii siBJseTca cama 3¢upHas cpena (0yaem HCNoab30BaTh
3TOT TEPMHH), H TOJILKO B Heill paclpoCTPaHSIOTCS Pa3HOYACTOTHbIE MeXaHHYECKHe IHEPrOBOJIHbI,
B3aUMO/ICHCTBUE KOTOPBIX MOPOKIAET pa3InIHbIe MaTepHaibHble 00BEKTHI U CTPYKTYPHI BELIECTBA,
Pa3sIMYHbIE CHIIBI U ABJICHUS, TAKME KAK DJIEKTPOMATHETHU3M M TEIIO, CBET U 3BYK™.

Yto U3 3TOrO ciemxyer?

Caencrpue 1. Takum o0pa3om, Bce Halle Mupo3aHue OCTPOSHO U3 CBEPXIUIOTHOTO IPE/IBEIIECTRA -
3¢upa (4T0-TO TUTIA «OKUIKOTO KPUCTAIIA» B IUCILIEE KOMITBIOTEPA), B KOTOPOM IEPEMEIAI0TCS
pa3IrYHBIC BOJHBI, CTPYKTYHUPYIOIIHE Cpenly, a Takke (QOPMUPYIOIIUE H TO, YTO MBI CUUTaeM TBEPIOM
MaTepuei. A mpuuuHa 00pa30oBaHMsl, ABMKYIINUE CHIIbI BCEX MEPEMEILICHHUI U JIBHKEHUI
TBEpIOMAaTEPUAIIBHBIX Tell TasiTCs B dQUpe.

Ha Bce marepuanbHbie 00pa30BaHUs OT aMEPOB U JIO ITAHETHI BO3JIEHCTBYIOT SHEPTOBOIHBI 3(hupa,
BCJIEJICTBHE YET0 OHM NIOCTOSTHHO BUOPUPYIOT (COBEPLIAIOT MyJIbCUPYIOIIUE KOJICOaHUs U BpallleHUs
BCJIE/ICTBE HECUMMETPUYHOCTH (POPMBI), HAUMHAS C aMEPOB, Jajee aTOMbI, MOJIeKYIbl. Bee HaxoauTes B
€IMHOM PHEPreTHYECKOM «KIIyOKe», OTINYAsACh JIMIIb YACTOTON BHOpaluy, HoToMy Mupo3naHue sSBiseTcs
KakK Obl MHOTOCJIOMHBIM 110 4aCTOTE, HO MOAYMHSIOIIUMCS €ANHOMY PUTMY JABWXEHUs... B cpene amepsl

13 MapTuH Puc: «Y mMeHs, Hanpumep, eCTb OCHOBaHWA NOA03PEBATb, YTO Y NPOCTPAHCTBA — AYEUCTaA CTPYKTypa. U Kaxaan ero
AYelika B TPUIIMOHBI TPUIMOHOB Pa3 MeHbLLe aToMa. Ho loKa3aTb MM ONPOBEPTHYTb 3TO, UK MOHATb, Kak TaKas KOHCTPYKLUA
paboTaet, Mbl HE MOXXeM. 3a1a4a C/IMLLKOM C/I0XKHas, 3anpeaesibHan A Yes0BeYECKOro pasyma.

14 pa ykazan, uTo BcA BceneHHan COCTOUT U3 BUGPUPYIOLLEN PasyMHOI SHEPrUM, KOTOPYIO OH Ha3Ban “ceeT-n0608b”.

15 MaKcBei MoNpoCTy He ycrnen 3aBepLunTb CBOI TEOPUIO U BbIABUTbL MeXaHU3Mbl GOPMUPOBAHUA 3/1EKTPOMArHUTHbIX Nosel B
adupe, HO OH BblN yBEPEH B TOM, YTO I1EKMPOMA2HUMHASA S3HEpaUsl_ecmb 3Hepaus MexdHUYecKas.

12



JBIYKYTCS, BPAIasch U COBEpLIAs IyJIbCALMHU C KOJIeOaHUAMHU CYTEpBLICOKOM gacToThl oT 10%° repu’® u B
MUJUTHAP]IBI Pa3 Bhille (TpaHUIla yciaoBHA!), M3-3a UeTro WX SHEPTHUs MPOCTO HelpeckazyeMo orpomHa. U,
YyeM BBIIIE YaCcTOTa KONeOaHui, TeM CTPYKTypa cpe/nl (BEIecTBa) B IeJIOM JkecTde U iotHee. C
YBEJIMYEHHEM pa3Mepa 00BhEeKTa 4acTOTa ero BUOpanuii ymeHbImaercsi. TakuM o0pa3oM, Bce 0OBEKTHI
Harieli BeceneHHo#, He3aBUCUMO OT pa3Mepa, JIs TOJISPIKaHusl CBOCTO CYIICCTBOBAHUS TIOCTOSTHHO
“BIBIXArOT” A(MPHYIO SHEPTHUI0, 0€3 MPUTOKA KOTOPOH OHU «PACTBOPSIFOTCS» 00paTHO B 3Up.

CaencrBue 2. BrioiHe BO3MOXHO, 4TO B MPOCTPAHCTBE Halero Muposnanus, Kpome 3hupa, yCIoBHO
MOIKHO «Pa3iIHUUThy MPOTOIPHP, U POTO-MPOTO3(HUP, C MIIOTHOCTHIO, B MIJLTHAP/IBI Pa3 OOJIbIICH, YeM Y
adupa. BemectBo B a3hupe, BMECTe OHH B IIPOTOIDUPE, OTHOBPEMEHHO M B IPOTO-TIpoTod3dupe. BoT Takue
BOT MaTpeInkyu Bo3MOxkHbI!Y OnHaKo B HAIIKMX JaNbHEHIIMX PACCYKIEHHAX MBI YCIOBHO OIPAHUYUMCS
aMepHBIM YpOBHEM 3¢upa.

CaenctBue 3. Uro 3actaBisieT BUOpUPOBATH (IIyJILCHPOBATH) aMEPBI, YTO MOPOKAACT ITyJIbCAIHN?
Ecnn ynpyrue amepsl UIMEIOT GOpMY, TO BO3MOKHBI IBA BADHAHTA HAIOJHEHUSI CHCTEMbI
Mupo3aanus 3Heprueii.

Bapuanr 1: 3Heprus BoJIHAMH MMOCTYIIACT OT UCTOYHUKA M3BHE — 0T CoutHIa. Mpu 3Tom Ir000e BHEIIIHES
BO3JICHCTBHE HAa CUCTEMY, HapyIlas € paBHOBECHUE, BhI3BIBACT B HEW TAKHE U3MCHEHHSI COCTOSHUS,
KOTOPBIEC CTPEMSITCS OCJIA0UTH PE3yIIbTAT ITOTO BO3JEHCTBHUS (TO €CTh MOPOXKIAIOT COOTBETCTBYIOIINN
penaKcalnoOHHBIN MPoLece).

Bapuanr 2: 3¢up B cucreme Mupo3ianus HaX0JUTCSl B CKATOM COCTOSIHUM, KOT/Ia, TIPH CHcamuu Ihupa
(yéenuuenuu InepzuL) 6 NPOCMPANCHIBe 00 HEKOMOPO20 NPedenda™, aMepbl HAUNHAIOT

NNOTHOCTbL H 1]
C|
o,

AHE)

Puc.2. Chepuueckas BomHa

16 B repuax (I'y) nsmepsnetca yactorta KosebaHMI, COOTBETCTBYIOLANA KOAMYECTBY KonebaHuii 3a 1 cekyHay.

17 A Kywenes: «HaHOMMP» - 3TO KpucTannonoAobHbIn apup Papasen-Makcsenna, NNIOTHOCTb Maccbl KOTOPOro cocTasaset 1097
Kr/m3. «fl aKcneprmeHTanbHO 0BHaPYKUA APYro BUA 3Hepruu (BpalLleHne anemeHToB adupa), NNOTHOCTb KoTopoi 10114 [xk/m3.
B onTuyeckom AmanasoHe MOXKHO peanbHo H6paTtb 10000 MBT ¢ KybMUYecKoro caHTMMeTpa, He MPOM3BOAA XMMUYECKUX U ALEPHbIX
peakumniny. «INeKTPOH NpeacTaBafeT coboi pe3oHaHc ¢ AnnHOM BoHbI KomnToHa (10712 m), uTo cooTBeTcTBYET YacToTe 1020 Muy».
«3nemeHTbl HAHOMMPa (NNaHKMOHbI) No oLleHKam Makca MnaHKa umetoT xapakTepHoe Bpema 1043 cekyHAbl, YTO COOTBETCTBYET
pe3oHaHcy Ha yactoTe 103 Iy, 3Ty YacTOTY MOMKHO Ha3BaTb MAaKCMMAJIbHOM, YTO /IeXKaT B Noae moero 3peHusn. OAHaKo, A yxe
ceityac npesnonarato, YTO CyLLECTBYIOT 31EMEHTbI MTMKOMMPA C XapaKTepHoi yacToToi 10°3 Iy, a 3a NTMKOMUPOM Ham NpeacTounT
N3y4ynTb GEeMTOMUP, OKYMUP U HEM3BECTHO €eLLe KaKkne MUPbI...»

18 AHTOHOB B.M.: «[1710THOCTb a¢dupa B Bugmmom npocTtpaHcTee BceneHHoM B cpegHeM M3bbITOYHAA. DTO 03HAYaeT, YTo B
CMOKOMHOM COCTOAIHUU BCe IPUPHbBIE LWAPUKN YAaCTUYHO CAaBJ/IeHbl, TO eCTb 3PUpHanA cpeaa HanpAXKeHa; TONIbKO B TaKOM
COCTOAHWUM 3Ta cpefa CNocobHa HECTH TaK Ha3blBaeMble 3/1IEKTPOMArHUTHbIe BOHbI». KaBeHAWwW, a noske Jlogx npeanonaranu
naoTHOCTb 3dmpa 1012 r/cm3.
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BUOpUpOBaTh. BuOparuu 4acTUIIBI - 3TO MIEPUOAUYESCKUI MPOIIECC CKUMAHUSI-Pa3KUMaHUS («BIOX-
BBIZIOX») YaCTHIIBI B pazMepax (o0reme). Bubpaiuy mpuBOIAT K ITOCIIEIOBATEIIHHOMY
YepeI0BaHUIO YIDIOTHEHUS U Pa3PekKESHUsI B CPEJIe OKOJIO YaCTHIBI (Yepe3 IJIOTHO yITaKOBaHHBIC 0e3
MYCTOT COCETHHE aMephl), KOTOphIe CHeprHueCcKOl BOJTHOM pacpOCTPAHSIIOTCS BO BCE CTOPOHBI U
HEPEHOCAT TaKMM 00pa30M DHEPTHI0 BUOpAIMU Ha paccTosiHue B poctpancTBe (Puc.2). Takum oOpazom,
BUOpauu, HarpuMep, CHEPUUYECKON YaCTHUIIBI TOPOKITAOT C(HhepHUSCKUE BOTHBI JHEPTUN HA YaCTOTE
BHOpaIiy.

Takast KapTHHKA MOJTy4aeTCsl, €CJIM BUOPUPYET OJHA YacTulla. PeanbHO BUOPUPYIOT BCE MIIOTHO
YITAKOBAHHBIC YaCTHIIBI - «TAHIIYIOT BCe!», TOATOMY BOJHBI OT BUOpAIHiA B3aUMOACHCTBYIOT H
CYMMUPYIOTCS, TOPOXK/Ias TIOA00NE KUIIAIIETO OYJIbOHA YIUIOTHEHHUI U pa3peKeHui cpebl.

Bounusl sHeprun (Puc.3) 6onee Hu3Ko# 9acToTh BUOpanum (yciaosHo Menbmie 102 repiy) nmeroT
3HAKOMYIO HaM (DM3HYECKYIO IPUPOJLY B 00pasyroT (CTPYKTYpHMpYIOT) Hall pusndeckuii Mup'®. Onu
(bopMHPYIOT B cpee husndeckue Tena, mpeaMeTsl. BomHbl 3HEpriun 6osee BHICOKUX (TaK HA3bIBAEMBIX
«TOHKHUX») BHOpaUii UMEIOT CBOHCTBO MPAKTHYECKH CBOOOTHO MPOXOIANTH Yepe3 BEIIecTBO Oolee
HU3KOYACTOTHBIX BHOPAIIHH.

Bosina umeer onpeneneHHy0 NPOTSHDKEHHOCTh B IPOCTPAHCTBE U XapaKTEPHYIO CTPYKTYPY (OTKIIOHEHHUE

KOJICOJIOIIEHCSI BETMYMHBI TUIOTHOCTH CPEBl B 00€ CTOPOHBI OT CPEHETO MOJNOKEHHS), TOITOMY dPHUpHas

OJIMHOYHAS BOJIHA MOYKET PACCMATPUBATBLCS KaK JUIOJb ¢ NAPO NPOTHBOHANPABJIEHHBIX CHI?.

\VAVAVAVAITITINT

Hu3skan vacrora Byicokan vacrora

\VAVAVAVEAVAVAVAV.

Manan amnauryna Bonbwan amnnutyna

Puc.3. Hacrora u aMIIIUTy/Jia IVIOTHOCTH CPE€ALI B BOJIHE

DHeprus IepeHOCUTCS BOJTHOM depe3 cpeay (aMephl B «IIEHEY), IEPUOTUIECKA CO3IaBast B KK IO
TOYKE IPOCTPAHCTBA BOKPYT MyJIbCUPYIOIIEH YaCTUIIBI TO YILIOTHEHHUE, TO paspexkenue cpeabi’: (Puc.4).
Ha sty paGoty 1o koje6aHuI0 4acTUI] CPEIBI PACXOAYETCS IHEPTrUs BOJIHBI, YTO ITPUBOIUT K
IIOCTENEHHOMY 3aTyXaHHUIO BOJHOBOTO JIBUKEHHSAZZ B cpesie. 1Ipu BCTpede BOIHEBI ¢ TEaMH Pa3HOM

19 Nof MaTepranbHOCTLIO UK BELLECTBEHHOCTbIO OKPYXKAIOLLEro M1pa Mbl NOAPA3yMeBaem TO, YTO ABAAETCA OH GU3NYECKUM U
BOCMPUHMMAETCA OpraHamu YyBCTB YeI0BEKA MM GUKCUMPYETCA € MOMOLLbIO NPUBOPOB.

2 MocToAHHas TnaHKa — 3TO He 3arafouHbI «KBAHT AENCTBUA», a PasmMep AWUNONA BOMHbI, ONpeaenaemblii napameTpamm
amepHoli (3dupHoIA) cpeapbl, BOCMPUHUMAIOLLEN M3NlyYeHWe ¢ YacToTamm fo 2,484*102° 'y, AWCKPETHO, KBaHTaMM, TO ecTb
nepnogamu Catuma 1 pasperkeHua cpesbl B BOJTHE.

21 Het BonHbl 6e3 cpeabi! /llobasa BonHa - Avwb ynpyrue KosnebaHna aopupHoii cpeabl! - 3To M ecTb onpeaeneHune BOHbI.

22 PacnpocTpaHeHMe MexaHU4YecKol BOJHbI, NpeacTasasiowee coboit nocnefoBaTeNnbHy0 nepeaady ABUNKEHUA OT 04HOT0
yyacTKa cpeapl K Apyromy, O3HayaeT TemM CambiM Nepeaavy sHepruu. 3Ty SHEPruio J0CTaBAAET UCTOYHMK BOJIHbI, KOTAa OH
NPUBOAMT B ABUNKEHNE HEMOCPEACTBEHHO NPUEraloLWMii K HeMy €101 cpeapl. OT 3TOro cnoa sHeprua nepegaeTca cnegyrowemy
c/1010 M Tak Aanee. Takum obpasom, pacnpocmpaHeHue 80s1HbI co30aem 8 cpede «MOMOK 3Hepauu», PacXoaaLmiics oT
MCTOYHMKa. MpeacTaBneHne 0 NOTOKe SHePrum, NepeHOCMMO BOSIHaMU, Bnepsble BBen B 1874 r. pycckuii dpusmnk Hukonain
Anekceesuny YMoB.
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TUIOTHOCTH TIEPEHOCHUMas €10 SHEPTHUS MOKET MPOU3BECTH PabOTY MO CKATUIO-PA3PEKECHUIO HITH
NEPEMELLEHUIO ATUX TeJl, U3MEHUB IIPU 3TOM JIMHY BOJHBI U CKOPOCTh pacipocTpaHeHus. Eciau pa3mepsl
MCTOYHMKA BOJHBI IOCTATOUHO MaJjbl U SHEPTHUs OT HETO PaclpoCTpaHseTCsl BO BCE CTOPOHBI paBHOMEPHO,
TO UCTOYHUK MOXKHO PacCMaTpHBaTh KaK TOUYEUHBIN, a PACXOAALIAsACS OT HEro BOJIHA OyneT chepruieckoit
(Puc.2). B aTom ciydae sHeprusi, H3iy4aeMas HCTOYHUKOM, PABHOMEPHO paclpeieisieTcsl Mo BCei
MOBEPXHOCTH BOJHOBOH ceprl. UTHTEeHCHBHOCTE cheprdeckoil BOHBI YOBIBAET B Cpeie 00paTHO
IPOINOPLUOHAIBHO KBaApaTy PacCTOSAHUS OT NCTOYHUKA. ECIIM BO3MOKHOCTD PACX0XKICHHS BOJIHBI B
CTOPOHBI OTPaHUYMBACTCS YeM-HUOY/b, TO M YObIBAHUE HHTCHCUBHOCTH U3MEHHTCS.

Hocturas 61m3pacioioKeHHBIX aMepOB, BOJTHA BO3AEHCTBYeT Ha HUX. [IpudeM Kaxaoi dacTure
MEePEAAIOTCS YHEPTUHU BOJIH OT MHOYKECTBA OKPYKAIOIINX €€ COCETHUX YaCTHUIl, BO3ACHCTBUS ITUX BOJH HA
YaCTHILy CYMMHPYIOTCS, UYTO B PE3YIIbTATe, BO-TIEPBBIX, YACPKUBACT WIIH NIepeMeNIaeT JacTHITY B

HanpaBneuue pacnpocTpaHeHus BOAHbI

‘>
Hanpag/ienue CMelWeHUA YacThy

—_— ————— —_— —— —_—
© 000000000000 00 © 0000000000000 & 0 0 00000
® ® 0o 0 ® 6 e00000
0 000000000000 0 O ® ® 000000
0 000000000000 0 © 0 0000000000000 0 ¢ 000000
©® 0 000000000000 ¢ 0 0000000000000 0 ¢ 000000
® 00000000 o0 o ® © 000000
e © 00000000 LN N ® & 000000
© 0 00000000000 00 0 000000000000 0 © 000000

Puc.4. IlpogosasHasi BoJIHA (YepelOBaHHE YIUIOTHEHUH U Pa3pe eHHii) B TNIOCKOCTH PUCYHKA.

OMpPEACIICHHOM IIPOCTPAHCTBECHHOM IT0JIOKCHUH, 4, BO-BTOPLIX, ITOPOXKIAACT OTBETHYIO IIYJILCAIIUIO 3TOM

HaCTHUIIbI.

CaencrBue 4. J[Be u OoJiee MyIbCUPYIOIINX YaCTUI-OCIWILIATOPOB 00pa3yroT cuctemy. Ha Puc.5

Ol

5
i
e
M)

(XD

<

Puc.5

MOKa3aH NPOCTEHIINIA CiTyyail IBYX MyJIbCUPYIOIIMX YacTHUI, HAXOAAIIuXcs B 3QUPHOH cpene Ha
HEKOTOPOM PACCTOSHUH APYT OT Ipyra W M3MYyYaomKX MPUMEPHO OJIMHAKOBBIE TI0 9aCTOTE ChepruiIecKue

BOJIHBI (BO3MOXHBI U ApyrHe (GopMbl BoH). CHHHE KOHLEHTPHUYECKHE KPYTH MOKA3bIBAIOT YePeyIOLIHecs
B BOJIHAX MaKCUMYyMBI YIIJIOTHEHHS CPENBI B ITIOCKOCTH PUCYHKA. [lepneHIuKyIIpHO IUIOCKOCTH PUCYHKA
NIPY HAJIOXKCHUH YIUIOTHEHUH CPeJibl OT JABYX OMOPHBIX CHEPUIECKUX BOIH 00Pa3yrOTCs MonepevyHbie
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BOJIHBIZ® CyMMapHBIX YIUIOTHEHHH Cpeibl (PacXosAIIiecs: OPAHKEBbIE H KENTHIE KPYTH), JUTMHEL

KOTOPBIX OOJIBINE JUTHH TIEPBIUYHBIX BOJH (AHAJIOTHYHO 0OPA30BAHUIO IMOTIEPEYHBIX BOJH B MTEE30KPUCTAILIC
(Puc.6)). Takue mornepeyHbie BOJIHBI CYMMapHBIX YIUIOTHEHHH CPEIbl 00pa3yIOTCs MPU CYHEPIO3UITUH
BOJIH MPAKTHIECKH JIF000# (OpMEI.

Ecnu BBECTH B 3Ty BOJIHOBYIO CpeLy,
HaIpuMep, TPETHIO MyTbCUPYIONIYIO YaCTHILY,
s T
fIbESOkpHc ann TO 00pa3yroTcs HOBbIE BOJHBI YINIOTHEHUH.

A Bomme Takum 00pa3om, SHEPTHUS BOJH
MyJLCUPYIOIIMX YACTHI] IepepacipeaeseTcs
B TIPOCTPAHCTBE, B KOTOPOM, C OJHO
CTOPOHBI, Y’)K€ HaOII0AaeTCs CIEKTP

W3JIy4eHUH pa3iIu4HbIX JJIMH BOJIH, C IPYroi

CTOPOHBI, HOPMHUPYIOTCS YIUIOTHEHHS CPEbI,
Puc.6 o0pasyloniye 13 aMepoB CI'YCTKH BEIIECTBa
Pas3INYHBIX Pa3MEPOB.

CaenctBue 5. M3o00paxeHre mylsCUPYIINX YaCTUL] MPaBUIBHBIMU chepaMu YCIIOBHO, peaibHO
YaCTHIIBI JIIOOOTO MaciTada MMEIOT CIIOXKHYIO (POpPMY, BCIESICTBUE YEr0 HX MPOCTPAHCTBEHHOE BIDKCHUE
npHoOpeTaeT BpalaTesIbHyI0 (TOPCHOHHYI0) COCTABIIIOLIYIO - ONPEeIeHHOEe KpyueHHUE,

Puc.7. Bonna xpy4yenus (BUXpb)

MHOI'/Ia Ha3bIBaeMoe crupanbHOCThio (Puc.7). Kak ciencTBue, yacTuiia MMeeT yCTOHYMBOE MOJOKEHHE, HE
JIBIDKETCSI KYBBIPKOM, TaK Kak ei TakuM 00pa3oM MpHJIaH MOMEHT BpalleHus (2 MOMEHT BpaIlICHUsI, KaK
U3BECTHO, UMEET CBOMCTBO coxpanaThes!). Ilpu aToM Bpalmaromascs yacTiia M3iIydaeT He MPOCTO
cepuiecKyro BOJIHY, a 0oJiee CJI0KHYIO BOJIHY KPYUYEHUS HIT TOPCHOHHYIO BOJIHY.

HanomMuuM, 4T0 pacnpocTpaHsomuecs B MPOCTPAHCTBE SYHEPTOBOJIHBI MHOT/IA HA3bIBAIOT HOJSIMU
(Tomne rpaBHUTAIIMH, TOPCUOHHOE TTOJIE, 3JIEKTPOMArHUTHOE TI0JIE), XOTSI Ha CAMOM JIeJie pedb UAET O
Pa3sHOYACTOTHBIX MPOIOIBHBIX U/UIIM MONEPEUHBIX BOJHAX SHEPTHUZ?,

2 Nlebopmauma cpeapl B NPOAO/bHOW BOHE — 3TO NAOCKan AedpopmaLima, To eCTb 0f4HOMEPHOE CKaTue (uam

paspekeHue) B Hanpas/ieHUK PacnpocTpaHeHus BoaHbl. [Jedopmauusa cpespl, COOTBETCTBYIOLWANA NONEPeYHOW BOAHE, — 3TO
CMmelLeHve, NepneHAKYIAPHOE HanpPaB/IeHUIO PACNPOCTPaHEeHMA NOPOXKAAIOLLEN BOHBI.

24 B coBpemMeHHOM $U31Ke NOHATME NONA BBEAEHO AN 0603HaYEHNUA BO3AENCTBUA TEN HA PaccToAHUK, 6e3 HenocpeaCTBEHHOTO
COMNPUKOCHOBEHMA. MOTOMY KaK amepbl ANA HAaC HE3AaMETHbI, TO BOJIHA — 3TO U €CTb MEXaHW3M B3auMOAENCTBUA MaTepUanbHbIX
Tes Yepes CM/IOLHYI0 OA4HOPOAHYIO aMepHYIo Cpeay, Koraa UMMNy/bCHOE BO3AeincTBre (IHeprusa) maTepranbHOro Tena Ha ynpyro-
CKUMaeMble amepbl NOCAef0BaTe/IbHO NepesaeTca Ha PaccToAHME APYroMy maTepuansHomy Teny. Mpu 3Tom CKOpOCTb BOJHbI -
3TO M ecTb CKOPOCTb B3aMMOZENCTBUA.
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CaencrBue 6. O0beAMHEHNE YaCTUIT-OCIIMIUIATOPOB B 00JIee KPYITHBIE CUCTEMBI UJET C 00pa30BaHUEM
BOJIH HEKOTOPOM 001IIeH 11T HUX KOJJIEKTUBHON 9acTOTHI. U fanee, y’ke 3TH CUCTEMBI BIUSIOT IpyT HA
Jpyra U co3JaroT Ooee riaodaibHble 00pa30BaHus C COOCTBEHHON KOJJIEKTUBHOI YaCTOTOM.

Bce 6uonorngeckre, XUMHYECKHE U PaJHOAKTUBHBIE TIPOIIECCHI, JOCTYITHBIE N3MEPEHHSM,
JIEMOHCTPUPYIOT CBS3aHHBIC BPEMEHHBIC SHEPTETUUCCKUE U3MEHEHUS, TO €CTh HEKUH «yHUBEPCAIbHBIN
(akxTop» Muposaanus, MeHsIomuiics Bo Bpemenn?>. IIpencrapnennas nanee YUpPHO-BOIHOBAs MOJeIb
Mupo3znanus 00BSICHSCT, YTO PEJCTABIISCT COOOH 3TOT YHUBEPCAIBHBIN (PaKTOP: B CBOOOTHOM
MIPOCTPAHCTBE €CTh Cpefia, HapylIaeMas ABIKEHUSIMH TeJ U YaCTHIl, U Ta )K€ Cpeia OTBETCTBEHHA 32
COTBOpPEHHE OHOJIOTHUCCKUX, XUMUYECKUX U aTOMHBIX MPOIeccoB MOMEHT 3a MoMeHTOM (C.I11IHOIB).

Takum 00pa3om, MPOCTPAHCTBO HaIIero MUPO3TaHHs 3aII0JTHEHO BOJHAMHA SHEPTHH U MaTepUCH,
OTJIMYAIOIIUMUCS TOJIBKO YaCTOTOM U IIOTHOCTHIO, @ OCHOBHBIM CBOMCTBOM 3TOM CUCTEMBI SIBIIACTCA €8
CIOCOOHOCTH MPE0OPa30BBIBATH MOIBEACHHYIO K CHCTEME DHEPTHIO B SHEPTUIO COOCTBEHHBIX KOJICOaHHH,
YaCcTOTa KOTOPBIX SIBISIETCS OJJHOW W3 OCHOBHBIX XapaKTEPUCTUK cucTeMbl. Kaxkmas BoiHa oOnamaeT
HEKOTOPOH PHEPrUcH, H TOJbKO BOJHA MEPEHOCUT U MepPeiaeT IHEPrul0, IOTOMY TOIYCTUMO Ha3BaHHE
IHeproBoJiHa. [ Bce 371ech B3aMOCBS3aHO: JIBIKSHUS JTFOOBIX MAaTePHUANTBHBIX O0BEKTOB CO3Ial0T OUYeHb
YETKUE SHEPTreTHUECKNE HAPYIIIEHSI B POCTPAHCTBE, BIUSIONINE HAa KK IbIH OTIEIBHBIN aTOM, MOJIEKYITY
Y HEPTeTUYECKHIA TTPOIIECC B OKpYKaroIeH oosactu. « ¢ ekt 6abourmy»!

IdupHas cpega He 00HAPYKMBACTCH BU3YaJIbHO WM NPUOOPHO, HO CYIIECTBYET MHOXKECTBO
3KCIIEPUMEHTANBHBIX JAHHBIX, IOATBEPKIAIOLINX €€ HaJnuue. Y CIOBHO MHpo3/1aHue MOKHO
NPEICTAaBUTh KaK CUCTEMY BJIOKEHHBIX SHEPIeTUYECKUX CTPYKTYP, KaX1asi U3 KOTOPBIX COOTBETCTBYET
OTIpeIeICHHOMY JHara30Hy YacTOT SHEProBOJIH. BO3HMKHOBEHNE BOJIHBI HEPA3PHIBHO CBA3AHO C
NepeMEILCHUEM SHEPTHH, U IEpEeMELeHNE SHEPIUU HEOTAETUMO OT BOSHUKHOBEHHS BOJHBI. VIMEHHO
BOJIHOBBIE TIPOIIECCHI PA3TIMYHON YaCTOTHI SBISIFOTCSI OCHOBOM SHEPTETHYECKUX CTPYKTYP, MEXKIY
KOTOPBIMU HET YETKHUX TPaHMII, OHU TUTAaBHO MEPEXOAT OJHA B IpyTylo. Takue rpaHuIlbl yCIOBHBI U
BBOJISTCS JIMIIB [T yA0OCTBA KIaCCU(PHUKALUKN U PACCMOTPEHHUS CTPYKTYPBl MUPO3aHus B LIEIOM KaK
MO JUMHSIOIIEHCS TPUPOTHOMY MIPHHIUITY €IMHOOOPa3us U IOX0XKECTH (JOPM MOCTPOSHHS OTACITHHO
paccMaTpUBaeMbIX yacTed. DTOT NIPUHLIMI HA3BIBAETCS IPUHIUIIOM (PAKTAIbHOCTH.

Takum 00pa3oM, MPOCTPAHCTBO Hallero Mupo3iaHusl 3ar0JIHCHO BUOPUPYIOIIUMU U (POPMHUPYIOIIUMU
BOJIHBI 0ObekTaMu. [lpu sToM yacToTa (3HEprus) BUOpAIMK 3aBHCUT OT Pa3MepPOB OOBEKTOB M M3MEHSETCS
ot nmoutH 0 'l 11 caMbIX OOJIBIIUX 00pa30BaHUA U JI0 CBEPXOOJIBIIMX 3HAYCHUI YaCTOTHI [T aMEPOB.

Bech nuamna3oH sHEProBOJIH YCIOBHO Pa3/iesieH HA CHEKTPbI B 3aBUCUMOCTH OT JIJTUHBI BOJTHBI
W3ITydEHMs MIIM 9acTOThI BUOpanuuZ®, OIHM SHEPrOBOJIHBI YEJIOBEKY BUAUMBI, IPYTHE CIIBIIMMEL, TPEThH
0CsI3a€MBI, €CTh CIIEKTPhI, U3BECTHBIC HAM TOJIEKO IO CBOMM BO3JICHCTBHSAM OJiarojaps mpudopam, KOTOPhIS
(UKCHPYIOT UX BO3JCHCTBUE, 2 HEKOTOPHIE HaM ITOKAa HEJIOCTYIHEI. IHBIMH CIIOBaMU, MBI 3HaeM 00 3THX
Pa3TUIHBIX CIEKTPaxX Ha OCHOBE OMBITA UCITOJIE30BAHMS OPTAaHOB YYBCTB M BO3MOKHOCTEH HAIIETro
(hU3UYECKOTO U APYTHX Tell, a CBET, TEIJIO U 3BYK 005I3aHbI CBOMM CYIIIECTBOBAHUEM BOJTHAM, KOTOPBIS
JIBIDKYTCS OT 00BEKTa, NCITyCKAIOIIET0 BOIHBI, K YSJIOBEKY, BUASIIEMY CBET, OIIYIIAOIIEMY TETUIO

25 H.Tecna: «B pamkax 6eckoHeYHOI BCeIeHHOM He BblBaeT CMepTH Tesla — BCe BbIHYKAEHO ABUraThea, BUGPUPOBATh, @ 3HAUUT
HKUTbY.
26 CneKTp M3/1y4eHuUs - 3TO YNOPAAOYEHHAA MO AJIMHAM UM YaCTOTaM COBOKYMHOCTb BOJH.
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CJIbIIAIEMy 3BYK. Ha Puc.8 nokazaun BAapHaHT MMPEACTABJICHHUA CIICKTPa JJINH BOJ'IH2 HUIN 9aCTOT

M3JTy9eHUH (PM3MIECKOTO IUANa30Ha, TO ECTh TAKUX, KOTOPHIE MBI MOKEM HAOJIIONATE M H3MEPHTE S,

CneKTp y NoBepXHOCTU 3emam MMKposlongl MuKposonHoBol ¢oH 3eman
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3aMeTHO, YTO BUUMBII CBET (paayra), BOCIPUHUMAEMBIN TI1a30M YelIOBEKa, — 3TO JIUIIh Manas 4acTh
HIMPOKOTO CHEKTpa U3IMy4YeHUs PU3MUECKOTo TUara3oHa, BKIIOYAIOIIETO PalioBOITHOBOE, MUKPOBOIHOBOE,
nH(paKpacHoOe, BUAUMOE, YIbTPapUOIETOBOE, PEHTTEHOBCKOE M raMMa-u3nydenus>. Eciu npeocmaeums
6ech uzeecmuwlil puzuneckuil cnekmp 6 eude oucmanyuu npumepno ¢ 100 kunomempos, mo suoumvtii
ceem 3aumém ecezo 1 memp om 3mozo paccmosinusn! Oka3piBaeTCsl, KAK MHOTO B MUPE 00BEKTOB,
KOTOPBIC JIFOJTU HE MOTYT HaOIr01aTh! A B 11€7I0M HAIll IPUBLIYHBIN (U3NIECKUN MUP TIOTPYIKEH B
OTPOMHBI HEBUIAMMBIN IS TJ1a3 YeJIOBEKa OKE€aH BOJIH Pa3IMUHBIX YaCTOT, KOTOPBIC U CO3/Ial0T
(bopMupy10T) 00BEKTHI (hU3UYECKOr0 MUPa U Mupo3aaHus B 11eJIoM u3 ddupa. BoaMoxkHO 1m0 nporpamme,
B CO3JITAaHWU KOTOPOH YYACTBYIOT BCE MBICIIAIIME U SMOIMOHAIILHBIE cylecTBa. [Ipu 3ToM mto0bIe, 0e3
WCKJIIOYCHUS, JHEPTOBOJIHbI, CO3MAIOIINE IJISI YACTHI] MATEPHH HMITYJILC U 1aBJIeHHE, IBJISTFOTCS
(hakTHYECKH M O CYLIECTBY IPAaBUTAMOHHBIMYU JHEPTOBOJTHAMMU, 3AMOJTHAIOIIUME U ICHCTBYIOIIUMHU
Ha MaTepHalibHbIe 00BEKTHI B IPOCTPAaHCTBE MUPO31aHusl, HO UMEIOIIUMH Pa3HbIe JUANa30Hbl YaCTOT
KoJieOaHMI UM pa3HbIe JJIMHBL. B cOBpeMeHHOH (u3uke 3TH pa3Hble NUANa30HbI JUIMH MPABUTAIMOHHBIX
SHEPrOBOJIH, JUIA UX OTJIMYHUSA 0 PU3MUSCKHM Ka4eCTBAM, HA3HAYCHHUIO M TPUMEHEHUIO B TEXHUKE, U
HA3bIBAIOT: MEXaHMYECKUE, aKYyCTHUCCKHUE, FJICKTPOMArHUTHBIC, ONITHYECKUE, PAJIUO0, PEHTICHOBCKUC U
ramMma-3>HeproBOJIHEI.

MHOXeCTBO IKCIIEPUMEHTAIBHBIX ()aKTOB CBHJIETEIBCTBYET: TAKOE SBJICHNE KaK TATOTCHHE
(rpaBuTanMs) NOPOXKAACTCS HE BEIIECTBOM, HE MACCaMH, OHO OPTaHM30BaHO HE3aBUCHMO OT Macc.
MaccHBHBIE TeJTa UMb MOJYMHSIOTCS BO3IEHCTBHIO (MOATAIKHBAHUIO) TPABUTAIMOHHBIX BOJIH —
«TaJIat0T», €CIIM €CTh Ky/Ia MajaTh, WU JeGOpMUPYIOTCS, €CIIH NaJlaTh MEIaeT ornopa win nojsec. Ha

27 InviHa BOJIHbI — 3TO YC/IOBHOE PACCTOSHWE, OXBATbIBAOLLEE PA3PEKEHUE U YIIIOTHEHUE Cpefbl B OAHOM Nepuose BOJHbI.

28 Mup du3nYeCcKuii —3TO BCE, YTO Mbl MOXKEM ONPELENNUTD UNN OLLEHUTH C MOMOLLIO HALLMX OPraHOB YyBCTB U Npubopamu.
Hedusnyecknin mmp — Bce To, 4TO 3a Npegenamm Mmpa GU3NYECcKoro M YTO Mbl MOKA HE MOXKEM 3aMeTUTb U OLLYTUTb.

29 Teopua Makceenna nossonuna eauHbim 06pasom NOJOWTM K OMUCAHUIO PALMOBOJIH, BOIH ONTUYECKOTO U3/yYeHHs,
PEHTreHOBCKOrO MU3/ly4YeHUa, ramma-nsayyeHuna. OKas3anoch, YTO BCE 3TN BUADI U3/IyHEHUA eCTb «3N1eKTPOMArHUTHbIE» BOJHbI C
PasNNYHON ANIMHON BOJHbI, TO €CTb POACTBEHHbI MO CBOEN MexaHuyeckon npupoge. Kaxaoe U3 HUX UMeeT CBOE onpeaenéHHoe
MeCTO B eINHOM LUKasle SHEeProBOJIH.

30 M.B. /TomoHOCOB M WU.HbIOTOH Mosiaranu, YTo Ha CaMOM Ae/ie MPOUCXOAMT He TArOTEHWE, a KNOATaNKMBAHUEY Ten APYT K Apyry
BOJIHAMM B adupe.

18



Puc. 9 MMpUMEP TOr'o, Kak ACPKAT 4aCTULY COOTBCTCTBYIOIINC e o pasMCpy «rpaBUTALIUOHHBIC BOJIHBD) -

JICBUTAl WA KallCllb.

Kaxxnas gacTh B MpOCTpaHCTBE MaTEPHAIBFHOTO MUPa, MMEFOIast 60JIee BEICOKYIO YaCTOTy BUOpaIni,

MOPO’KJaeT BUOpAIINH IPYTHX YaCTel, 4acTOTa BUOpaNii KOTOPHIX HIDKE (MBI IOMHHUM, YTO BCE «IaCTH»
MOTYT 3aHUMATh OJHO U TO € MPOCTPaHCTBO). CTPYKTYPHO 3TO CBOMCTBO CUCTEMBI MOXKHO MPEACTABUTH B

Buge nmupamusl (Puc.10), ocHoBaHHEM KOTOPOH SBIISIETCS YPOBEHb HAUBBICIIEH YaCTOTH BUOpAIHH U
HAUBBICIICH IJIOTHOCTH, a IEPBBIH, HU3IIUI YPOBEHB, YPOBEHb HMU3KUX YaCTOT M HU3KOH TUNIOTHOCTH

(bM3UIECKOM SHEPTHH U €CTh HaIll MPUBBIYHBIN (DH3UICCKHUN MHP.

Tak xak OHEPrus BOJHBI IPAMO NPOIMOPIHHUOHAIbHA €€ YaCTOTEC, TO HAa YPOBHC HAWBBICIIUX BI/I6paIII/1ﬁ

(TaM mIpaKTHYECKH HAWBBICIIAS TUIOTHOCTH!) BOJTHA HAWBHICIIEH YaCTOTHI B POCTPAHCTBE
pacnpoCTpaHsIeTCsl MTHOBEHHO, BCE MPOCTPAHCTBO CTAHOBUTCS SAMHBIM («KHEJIOKAILHBIMY) U TOBOPUTH O

IPOCTPAHCTBEHHOM Pa3/Ie/ICHUH CTAHOBUTCS OECCMBICIICHHO.

BonHa

Yacmoma eubpayu

Yactuua (kanna soabl)

dHepeus
MaomHocme

Kannu BUCAT B BO3/Ayxe - BKyCTHuECKas NesiTaLus

AN

ul

Puc.9. BI/I3yaJ'II/ISaI_II/IH «rPABUTANUOHHBIX» YJIIBTPA3BYKOBBIX BOJIH IIPU IIOMOIIHU CIIPEA U3 STUJIOBOI'O CIIUPTA.

YPOBHU MUPO3LaHUA

YpoBeHb
HauBbICLWIEN
Bubpaumm

YpoBeHb
{ HU3KMUX 4acToT
dusnyeckoro mmnpa

Puc.10
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2. IlapameTpsl U CBOIiCTBA BOJIH

Jlst MexaHH4ecKHX BOJIH 00s13aTeNbHO HyKHA cpejia, 00Jajarolias cliocoOHOCTBIO 3aracaTh
KHHETHYECKYIO U IOTCHIUAIBHYIO 3Hepruio. BoiHoOBbIe ABM:KEHMS B cpe/ie HEBO3MOKHbI 0e3 HHepUHH
U ynpyroctu cpeabr. CieoBarenbHo, cpea J0KHA 001a1aTh HHEPTHBIME U YIIPYTUMHU CBOMCTBamMu. B
3(pUpHOI cpelie ITU CBOICTBA paclpeeeHbl 10 BceMy 00beMy.

Ynpyrocts 3¢ upHON cpene NPUAAIOT IBMKEHUS YIIPYTHX aMepPOB, U, Jajlee, YaCTHULIbI CPEAb
B3aMMOJCHCTBYIOT 3a CUET CHJI YIPYTOCTU. Hanmu4ane cun ynpyzocmu u unepyuu CIy>KUT IPUINHON
BO3HMKHOBEHHS BOJIHOBOI'O ABHKECHUS B 3(UPHOM cpere.

Takum oOpaszoM, ynpyzocme ecmo cunia, IpOTUBOJCHCTBYIONIAs CKATUIO cpelibl. BHelHee naBnenue,
10 KOTOPBIM HAaXOAUTCS cpefia, COMMKAET YaCTULbI CPEIbl, CHJIA XKE YIPYTOCTH CTPEMUTCS CPELy
pacmmputs. IIpn paBeHCTBE 3THUX CHII cpella HAaXOAUTCs B paBHOBeCHH. 1109TOMY BOJIHA B cpene
npecTaBiIsieT co00i YepeqoBaHue CKATUI U pa3pexeHni (Jumoel mioTHoCTy cpenbl). [Ipu cxatnu
YBEJIMUMBAETCS JAaBICHUE CPEIbl U, CIIEAOBATEIbHO, Bo3pacTaeT e€ ynpyrocts. HaobopoT, nmpu
pa3pexeHuH cpenibl €€ ypyrocTb YMEHbIIaeTCs.

BHemnee naBienue, TakuM 00pa3oM, MOXKET CIYKUTh MEPOH YIPYTOCTH, @ YIPYTOCTh CPEIbl MOXKET
OBITH YMCIICHHO NIPUpPaBHEHA a0COMIOTHOM BEIMYMHE AABJICHUS, KOTOPOE Cpelia OKa3bIBaeT HA CAUHHUILY
HOBEPXHOCTH 0OBEKTA, HAXOSIIErOCs B CpeJie..

B npocreiinieil AByMepHOii MoAe U YIPYTYIO CPELY MOXKHO MPEACTABUTH KAK COBOKYIHOCTh IAPOB,
MOJEIUPYIOIINX aMEPEI CPEALI, U MIPYKUH, MOAEIUPYIOLINX YIPYTHe CBA3U MEXAY aMepaMu Cpelbl
(Puc.11). Iapsr 061agar0T Maccoi M, a Py KUHBI — KECTKOCTBIO K, YTO YCIOBHO MO3BOJISICT Pa3CIUTh
WHEPTHBIE U YIIPYTHE CBOMCTBA cpebl. C MOMOIMIBIO TaKOH MPOCTOH MOIETH MOKHO OITUCATh
pacrpocTpaHeHUe BOJIH B U30TPOITHOH cpelie, prusndeckre cBoicTBa KOTOPOH OJMHAKOBEI BO BCEX
HampaBlIeHUAX. ECIM mapbl HCIBITBIBAIOT CMELIEHHS, TO IPYKUHBl PACTATMBAIOTCS HIIH CKUMAKOTCSL.
Takast neopmaryst HazpiBacTcs AeopManueid c:KATHSI WM PACTSKEHHs1, KOTOpas IPUBOIUT
K YIJIOTHEHUSIM MJIU pa3peskeHusiM 3HpPHON cpeabl.
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Puc.11. JIBymepHas u TpexmepHasi MOJENIN YIIPYTOil H30TPOITHOM Cpe bl

[Ipu kpaTKOBpEMEHHOM CMEILIEHHUH JII000T0 11apa MPUKPETICHHBIE K HEMY MPYKUHBI OyIIyT C OXHON
CTOPOHEBI CKUMATHCS, @ C APYTrO¥ CTOPOHBI PACTATUBATHCS, B IPYKUHAX OYAyT BOSHUKATH CHIIBI
YOPYTOCTH, KOTOPBIE C OTHOM CTOPOHBI OyIyT OTTAJIKWBATh COCEAHNE MIAPHI U TIepe1aBaTh UM DHEPTHIO, a,
C Ipyroi CcTOpOHBI, OyAyT BO3BpallaTh NEPBbIA CMELIEHHBIH Iap B HCXOIHOE ToNoxeHne. Bee
Je(OpMUPOBAHHBIC TIPY TAKOM CMEIIIEHHU TPYKHHBI OYAYT CTPEMHUTHCSI BO3BPATHTh BCE CMEIICHHBIC

31 ynpyroii aBasetca cpeaa, B KOTOPOIt AedopmaLms (KpyueHUe, CRaThe Uam U3rnb), NPONopLMOHabHA CUAE, BbI3bIBALOLLEV
nedopmaumto.
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YaCTHLBI B ITOJIOKCHUC PAaBHOBCCHUA. OTOT nIponccCc HHEPLUUMOHCH M3-3a MACCUBHOCTH YaCTHUL, BCJICACTBUC
YE€ro B HAIIPABJICHUN CMCIICHUA HepBOﬁ JacTHIbI MOOEKUT BOJIHA KaK Yep€aOBaHUEC YIUIOTHCHHUA U
Pa3peiKCHUs, a BO3BpallatoIHUECA B ITOJIOKECHUC PAaBHOBECHUA YaCTUIbL 6YI[}7T COBCpIIATh OTHOCUTCIIBHO
HCTO 3aTyXaromue aBTOKOJICOaHMUSI.

Puc. 12. Pactipoctpanenue BcTpedHbIX BOIH. CyTepIio3uliis BOIH

Ecnu B Takoi MoAenu 0THOBPEMEHHO CMEIIATh JIBE MM 00JIee YaCTHLl B Pa3HbIX HAIPaBICHUAX, TO
CKaTHUs U PACTSDKEHUS TIPYKUH OYAyT MPOMOPLUHUOHAIEHBI TEOMETPUIECKON CyMME YCUIIHI CMELICHHUS BCEX
yacTuil. TakuM 00pa3oMm, eciti B yrpyroi cpeae (CBOMCTBA Cpe/ibl He H3MEHSIFOTCS MO ICHCTBUEM
BO3MYIICHUIT) paclpOCTPAHSETCsl HECKOIBKO BOJTH, TO CMEIICHHUS YaCTHII CPE/Ibl OKa3bIBAFOTCS
TeOMETPUUECKON CYMMOI CMEIIIEHHI, KOTOPBIE COBEPIAIH Obl YaCTUIIBI MPH PACIPOCTPAHEHUH KaXKI0U 13
BOJIH B OTJEJIBHOCTH. BOJTHBI HaKIaAbIBAIOTCS APYT Ha Apyra, He UCKa)kas APYyT APYTa, 4TO U ONpeENeNsieT
HpUHYUN cynepno3uyu BOJH.

B Bos1HOBO# TeOpHK NPUHLIMI CYNEPIIO3ULINN OTPaXaeT TOT (HaKT, YTO MPUCYTCTBUE OJHON BOJIHBI HE
U3MEHSIET CIIOCOOHOCTH CpeJlbl HECTH JIPYTYIO BOJIHY. TO €CTh caMi BOJIHBI B Cpe/ie HUKAK He
B3aHMOCBSI3aHbI MEXKY c000¥, oHn He3aBucuMbI (Puc.12, 38).

"OOpatHoe" NpHUMEHEHHUE MPUHIHIA CYIEPHO3UINH AA€T BO3MOKHOCTh HPEACTaBUThH BOJIHY,
HaIpuUMep, B BUJE CYMMBl HECKOJBKUX APYTHUX BOJH.

Cyneprnosuiyst BOJIH, MaJIO OTJIMYAIOIIKUXCS IPYT OT Apyra MO 4acTOTe, Ha3bIBAETCA BOJTHOBBIM
NaKeTOM WJIM IpyIoi BojH. B BosHOBOM makete, rae $a3bl BOJIH COBIAAAIOT, HAOMIOAAETCS YCUIICHHUE
aMILTUTYIBL, TJIE HE COBIAIAOT - TameHne (pe3ynbTaT HHTePPEPEHIINN).

OnucaHHas CUTyalusi MOACIMPYET YIPYIyIo 3QUPHYIO cpelly, KOT/1a MeKIy YacTHLAMHU cpelbl
NPHCYTCTBYIOT CHJIBI YIIPYTOro B3anMOo/eiicTBHUS, KOTOPBIE MIPEMSATCTBYIOT AeopMaliuy 3TOH Cpebl.
i gacTHLl ynpyroii cpeabl BBIIOIHAIOTCS YCIOBUS BOSHUKHOBEHUS KOJIeOaHUH - IPH OTKIIOHEHUH
YaCTHIl BO3HUKAET CHUJIa, BO3BpAILAOLIas UX B HICXOJHOE MIOJIOKEHNE PaBHOBECHS, U, TaK KaK YaCTHIIBI
00JaaloT Maccoi, OHHM MPOJIOIDKAIOT ABMKEHUE 110 MHEPIMH MIPH MTPOXOJIe STOTO MoJiokeHus. biaronaps
3TOMY B YOPYTHX CPEAAX MOTYT PaCIpOCTPAHATHCS HE TOIBKO OJIMHOYHBIE BOJIHBI, HO U IEPUOINYECKHE
kosiebanus. [1pu 9ToM KonebaHus pacpOCTPAHSIOTCS B YIPYTOH Cpejie U Mepe/iatoT SJHEPTHIO B JIPyTHE
TOYKH, XOTS YaCTHIIBI CPEIbI OCTAIOTCS BOJIM3U CBOMX MCXOIHBIX MmonioxkeHuit. [Iporiecc pacpoctpanenus
KoJIeOaHU B yIIPYyTOii CpeJie, Ha3bIBAETCS MEXaHUYECKOH BOJTHOIA.

JIrobyro nedopManuio cpebl MOXKHO PacCMaTpUBaTh KAaK MCTOUYHUK BOJIH, IIOPOKIAIONIHN
pacnpocTpaHsIonpecs B cpefie Mexanudeckue BoiHbI (Puc.20, 21). B ToMm ciyuae, korna aericTeue
WCTOYHHKA MMEET eIMHUYIHBIN KPaTKOBPEMEHHBIN XapaKkTep, B Cpeie BOZHUKAET OANHOYHAA BoHA. Dopma
MCTOYHMKA BOJIHBI onpeessieT popmy GppoHTa BosHBL. B 3aBHCcHMOCTH OT (hOpMBI POHTA BOITHBI
pa3nuyaoT BOJHBI IVIOCKUE (IPOI0JbHBIE), cdepuyecKue WM MPOoN3BOIbHON hopmbl. Dopma (hpoHTa
BOJIHBI U3MEHSETCSI IPU PACPOCTPAHEHUH BOJIHBI B aHU30TPOITHOM CpeJie, CBOMCTBA KOTOPOM
HEOJTHOPOJIHBI IO pa3HbIM HalpPaBICHUSM.
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Bonna nMeeT onpeieneHHy0 NPOTKEHHOCTh B IPOCTPAHCTBE U XapaKTEPHYIO CTPYKTYPY
(OTKIIOHEHHME KOJIEOIIONIEHCS BETMYUHBI B 00€ CTOPOHBI OT CPETHETO MOJIOKEHHUS ), TOITOMY OJJTHOYHAS
BOJIHA MOKET pacCMaTpHUBAThCA KaK JHIIOJb € MAPOi NPOTHBOHANPABJIECHHBIX CHJI.

B mockoii BosTHE BOJTHOBBIE TTOBEPXHOCTH MPEICTABISIOT OO0 MIOCKOCTH, EPIIEHANKYIISIPHBIE K
HaIpaBJIEHUIO pACIPOCTPAHEHHS BOJIHBI.

BonHa oguHo4YHan nnockan

Cpepa (3¢up)

{OPOCTb BO/IHbI

7zt

MuHMManbHasa MakcumanbHas
NNOTHOCTb CpeAabl NNOTHOCTb CpeAbl

AUnonb NNOTHOCTU BONHbI

UCTOYHUK BONHDI-
NNOCKOCTb

Puc. 13. ITimockast ogrHOYHAs BOJIHA

Bo3BpatHo-nocTynarensHoe (kojedaTesbHOe) CMEICHUE HCTOUYHHUKA BOJIH, HAallpUMep, MOJ
BO3/IEICTBHEM BHEIIHEN CHJIBI, MOYKET MPUBECTH K MOSIBIEHUIO PACITPOCTPAHSIIOLINXCS MEXaHUIECKUX
BOJIH B BHJI€ KOJI€OaHU Pa3IMIHBIX y4aCTKOB yrpyroii cpeast (Puc.14).

CKOpOCTb BO/HbI
WNCTOYHMK BOAIHBI  MuHMManbHaA MaKcumansHas
(xonebannii) NAOTHOCTE CPEAbl  NAOTHOCTb Cpeabl

Puc. 14.

Cepuyeckyro BOIHY MOXKET CO3/1aTh MyJILCUPYIOIINK B OAHOPOJHOH ynpyro# cpene map. B cdepn-
YeCcKOii BOJIHE BOJIHOBBIEC TOBEPXHOCTH MPEACTABISIIOT CO00H KOHIIeHTpruieckue cephl. Takas BoJTHA B
M30TPOMHON Cpejie PaclpoCTPaAHIETCS C OJMHAKOBOW CKOPOCTHIO 110 BCeM HarpaBiieHusM (Puc.15).

Bce BOJHBI MOPOXKIAIOTCS MEXaHHYECKHMHU HMITYJIbcaMU cxkatus 3pupHoii cpenpl. U, BaxkHO, 9TO
BOJIHA - 3TO HE MaTepHaJIbHBIH 00BEKT, a (hopMa KosiedaTenpHOro ABMKeHus MaTtepun. Ha Puc.16
NIOKa3aH MpUMEp UCTOYHMKA U BOJIHBI, @ TaK jkK€ rpaiKk M3MEHEHHUS IIOTHOCTH 3(UpPHOI cpelsl B BOJIHE.
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Cpepa (3dmp)
Annons NNOTHO

obpasyer chepy

UCTOYHUK BONHDBI

Puc. 15. Chepuueckas oquHOIHAS BOJTHA

Paccrosiane, paBHOE yIMHE BOJTHBI A, BoiTHA Tipoberaet 3a nepuon T, cienoBarensHo, A =vT, rae v -
CKOPOCTh PaclpOCTPAHEHUSI BOJIHBIL.

YnnotHenue
Paspexenue

BonHa 3BykoBOro guanasoHa

MnortHocTe cpeap!

Puc.16. Uctounuk, BojiIHA U INIOTHOCTH CPeAbI B BOJIHE

ITepuon Bonusr T ompenensieTcss UICTOYHUKOM KOJIEOaHHA, 2 CKOPOCTH V 00yCIIOBIIEHA CBOWCTBAMHU
CpeJibl, TOSTOMY MPH PAcHPOCTPAHEHUM K0J1e0aTeJIbHOT0 Mpolecca U3 cpeAbl OJHOM NMJIOTHOCTH B
cpeay ¢ APYroii IIIOTHOCTHIO U3MEHSIIOTCS ¥ CKOPOCTH, ¥ ININHA BOJHBI, 2 YACTOTA U NMEPHO He
H3MEHSIIOTCS (TUcnepcust).

BonHpl, BRI3BaHHBIE B KAKOM-JIN0O MECTE YIPYTO# Cpelibl, pacTpoOCTPAHAIOTCS B Cpeie C
OTIpEJICIIEHHON CKOPOCTHIO, 3aBHCSIICH 00OpaTHO MPONOPIMOHANBHO OT TUNIOTHOCTH U TPSIMO
IIPOTIOPLIMOHAIILHO OT YIPYTHUX CBOMCTB Cpebl. YIIPYIHe CBOMCTBA CPEbl YUCICHHO XAPAKTEPUYET
MOAYJb yHpyroctu. B ciiyuae manbix nedopmaruii, koraa cpaBeiuB 3akoH ['yka, To eCTh UMeeT MeCTO
JMMHEHHAs 3aBUCMOCTD MEXTy HAPSHKCHUSMH U 1e(hOpMaIUsMK, MOJYJIb YIIPYTOCTH TPEICTABIISET
co0oi K03 PUIHMEHT MPONOPLUOHAIEHOCTH B 3TUX COOTHOIIEHUAX. OAHOCTOPOHHEMY HOPMAIIbLHOMY
HaANPSHKEHUIO G, BOSHUKAIOIIEMY MPH MPOCTOM PacTsHKEHUH (CKATHH), COOTBETCTBYET B HAIIPABICHUHT
pacTsKeHust MOAYJIb pooabHOM ynpyroctn E (Monyns FOnra). OH paBeH OTHOLIEHHIO HOPMAIBHOTO
HaIpsXEHUSA 6 K OTHOCUTCIIBHOMY YIJIMHCHUIO &, BbI3BAHHOMY 3THUM HAIIPSXKCHHUEM B HAIIPaBJIICHUU €TI0
nevictBus: E = 6/ €, v xapakTepusyeT CriocoOOHOCTh Cpeibl (MaTepraa) COMPOTUBIIATECS PACTIHKEHHIO.

B oTiinume oT ynpyrocty ¢:KHMaeMOCTh - 3TO CIOCOOHOCTH Cpelbl U3MEHATH CBOIO TNIOTHOCTD O
JIECTBHEM BCECTOPOHHETO MaBicHUA. CKUMaeMOCTRIO 00J1a1af0T Bee cpennl (Tena). Ecnm terno B
MIpOLIECCE CKATHA HE HCTIBITHIBAET CTPYKTYPHBIX U3MEHEHUH, TO IPU BO3BPALIIEHUH BHEIIHETO JaBIECHUS K
MCXOIHOMY 3HaUCHHIO HadallbHBIH 00BEM BoccTaHaBmuBaeTcs. ViMeHHO 00paTnMoe n3MeHeHne
3aHUMaeMOro TesoM 00bEéMa V oA paBHOMEPHBIM JaBICHHEM P U Ha3bIBAIOT OOBIYHO CKUMAEMOCTBIO WIIH
00bEMHOI yIIPYTOCThHI0.
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BennunHy ckMMaeMOCTH XapaKTepH3yeT KO PHUIIMEHT CKUMAaeMOCTH D, KOTOpBIN BhIpaKkaeT
YMEHBIICHUE EAMHUIHOTO 00bEMa (MM TUIOTHOCTH Q) TeJa TIPH YBEIUUYCHUH P Ha SAUHUILY:
b= -(1/V)(AV/Ap)=1/p (APIAP), Te AV 1 Ap - u3MeHeHust 00bemMa V U IIIOTHOCTH P TPU U3MCHEHUU
JaBJeHus p Ha BennuuHy AP. OOpartnast Bennunaa K=1/b ecTb Momysb 00bEMHO# yIIPyrocTs (MOIYITb
00BEMHOTO CKaThsl, 00bEMHBIN MOYJIb). B 001IeM ciyuae c)kuMaeMocTsb, a cienoBarensHo, K u b
3aBUCAT OT JaBJICHHs P U Temrepatypbl. Kak mpaBuiio, koadduimeHT cxxrumaeMocts b yObIBaeT npu
YBEJIMYEHUH AABJIICHUS P U PACTET C yBEIMUEHUEM TeMIIepaTypbl. HacTo CKMMaeMOCTh XapaKTepU3yIOT
OTHOCHTENIbHO# TI0THOCTRIO d = p /o, TIE po - oTHOCTH Tipu 0°C 1 p=1 atm.

OcHogHble XaPaAKMeEPUCMUKU 60JIHbL.

amMnaumyoa - MOiyJib MAaKCUMAJILHOTO CMEIICHUS TOYEK (aMEepOB) CPENIbl U3 TIOTOKEHHUH
paBHOBECHS IIPU KOJICOAHHSX;

nepuoo T - Bpems MONHOTO KoJiebaHus (TIepro] KoaebaHuil ToUeK cpelibl paBeH MePHOIY
KoJIeOaHUI NCTOYHUKA BOJIHBI);

yacmoma v - 9UCII0 MOJTHBIX KOJIeOaHM, COBEpIIaEMBbIX B JAHHON TOUKE B €IMHHILY BPEMEHH
v =N/At. YacToTa BOJIHBI OIPECIISETCS YaCTOTON KOJICOaHHI NCTOYHHKA,

CKOpPOCHb U - CKOPOCTH TIEpEMEIIECHUS BOJIHEI (3TO HE CKOPOCTh YacTuIl!);

OJIUHA 60JIHBL ) - OTO PACCTOSIHUE, HA KOTOPOE BOJIHA PACIPOCTPAHSETCS 3a IPOMEKYTOK BPEMEHH,
paBHBII Nepruoay KoneOaHuii HCTOUHNKA A=V-T;

gaza Konedanuil - BeTMUNHA, TTOKA3BIBAIOIIAS, KaKasi 4acTh KoJeOaHHs MPOIIlIa ¢ Havaja
rmpounecca. H3MCpﬂCTCﬂ B YIJIOBBIX BCIIMUMHAX — I'pagycax WJIN paaraHax.

YuuteiBas, 4TO IEpUO KoJiebaHuii 00paTHO MPOTIOPIIMOHATICH YacTOTe V 3TUX ke KoJeOaHuit
T=1/V, MOXHO BBIBECTHU CBSI3b CKOPOCTH PACpPOCTPAHEHHs BOJIHBI C YaCTOTOM KOJIeOaHHH V=A-V . ITO
He (pu3ndecKkuii 3aKOH B 0OBIYHOM CMBICTIE, @ IPOCTOE COOTHOIIEHHE MEKAY [UIMHON M YaCTOTOW BOJIHBI,
KOTOPOE NPSIMO CJIEAYET U3 ONPEEIEHUN JITTUHBI BOJIHBI U YACTOTHI.

,Z[J'II/IHH BOJIHBI pa3rpaHnvinBacT CBOMCTBA BOJHLI: Ha pacCTOAHUAX, 3aMETHO 60J'II)HH/IX JJIMHBI BOJIHBI,
M3JTy4eHHE NOJUUHSIETCS 3aKOHAM TeOMETPHUUECKON ONTHKH, €r0 MOXHO MPEJCTABIISTh KaK
pacrpocTpanenue jgy4ei. Ha MeHbIINX paccTOSHUSIX HEOOX0AUMO YUUTHIBATH BOJHOBYIO TIPUPOLY
M3JIy4EHHs], ero CocOOHOCTh 00TEKaTh NPENSTCTBHUS, HEBO3MOKHOCTH TOYHO ONPEAETUTH HOJIOKEHHE
ny4a.

W3 3T0T0, B 4aCTHOCTH, CIIEAYET, YTO HEBO3MOKHO MPHOOPHO (HAIPUMepP, B MUKPOCKOTIE)
NOJIYYMTh H300pakeHHe 00bEKTOB, €C/IM UX pa3Mep NOPsAKA WK MeHbIIe JJIUHbI BOJTHBI
H3JIy4YeHHUs], Ha KOTOPOii BejieTcsl HabMroieHne. DTo, HallpuMep, CTABHUT TPEIET BO3ZMOXKHOCTIM
MHUKPOCKOIIOB. B BUIMMOM cBeTe HEBO3MOKHO PacCMOTPETh 00BEKTHl pazmepoM Meree 0,5 MukpoHa,
M03TOMY yBelnu4deHue 0oJible yeM B 1-2 ThICSYn pa3 Al ONTUYECKOr0 MUKPOCKOIA HEBO3MOXKHO.

berymas nmeproandeckas BoJHa 00JiaaeT JBOWHON MEPHOJANIHOCTHIO - BO BPEMEHHU M IIPOCTPAHCTBE.
BpemenHoli neproa paBeH nepuoay Konedanuil T yacTull cpesl, IPOCTPAHCTBEHHBIH IEPUO/] PaBEH
JUTTHE BOJTHBI A.

Takum 00pazom, Mpennoso:keHue B m.1 o0 ToM, 4To MpocTpaHcTBO MHUPO3TaAHUS NJIOTHO U
CIJIOLIHO 3aM0JIHEHO «IePBOKMPIUYMKaMI» MUpo31aHus - MeJbYailllInMH MaTepUaIbLHBIMH,
HMEIOUUMH Maccy, YIPYrHMH YacTHIIAMH — aMepPaMH He SIBJIfIeTCsl OCTYJIaTOM, TAK KaK Bce
BOJIHBI, peajibHO Ha0/01aemMble B MUPO31aHHH, MOTYT PACHPOCTPAHATHCS TOJIBKO B cpeie, Mojellb
KoTopoii npuBeneHa Ha Puc.11, To ecth B 3¢upHoii cpeae.
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3. DHeprusi ¥ UMIYJIbC BOJHbBI

YHuBepcaTbHOM KOJTUISCTBEHHOW MEPOM MIBIKEHUS M B3aHUMOICHCTBHUS MaTEPHAIBHBIX 00OBEKTOB H
MepoH mepexoaa ABMKCHUS MaTepUH U3 OJHUX (POpM B Ipyrue ABISICTCs dHEeprus. Mojienb ynpyroi
cpenpl (Puc.11), B KOTOpO# pactipocTpaHsaeTCs BOJIHA, MTO3BOJISCT MPEACTABUTD, KaK KHHETHUECKAs SHEPTHS
BomHBI Wi=M,+ ¥ ?/2 coBepimaeT paboTy MO MepeMeNIeHHI0 YacTHI] cpebl (IapoB B MOJIENH cpefnl). Ilpu
3TOM YacCTh 3TOM SHEPTUH MPEBPAIIACTCA B TOTEHIINAIBHYIO SHEPTHIO YIIPYTO# Cpebl (PaCTIHYTHIX H
cxaThIX «pyxkun») Wp=K-X?/2, rie X - Benuuuna neopMaiuu cpeibl, KOTOpasi 3aTeM COBEPIIAET
o0paTHOE MpeBpaIleHne B KHHETHIECKYIO SHEPTHUIO0 BO3BPAIIAONINXCS B UCXOIHOE (PaBHOBECHOER)
MOJIO’KEHUE YacTHIl cpesbl. [loaHas MexaHndeckas 3Heprus BoJaHbl W, TIOTy4eHHAs OT UCTOYHHUKA BOJIHBI,
TakuM 00pa3oM, paBHa CyMMe YHEPTUH MexaHudeckoro aprmkeHus Wy n saeprun Bzanmonaencteust Wp :

W= Wit W, .

HpI/I BCTPCUYC BOJIHBI C TCJIaMH pa3Hoﬁ IIJIOTHOCTHU NEPEHOCUMaAs €10 SHCPIUusa MOXKET MPOU3BECTU
paboTy Mo CHKaTHIO-PA3PEKEHUIO WM NEPEMELICHUIO 3TUX TeJl, U3MEHUB IIPY 3TOM AJUHY BOJHBI U
CKOpOCTh pacripocTpanenus. Tak, HampuMep, Mbl HA0J1I0JaeM He BOJIHBI B BOJle, BO3yXe WM TBEpPAOM
TeJse, a yBjIeKkaeMble 3(HPHON BOJTHOI YaCTHIBI COOTBETCTBEHHO BO/bI, BO3AYXa WJIM TBEP/Oro TeJa,
Tak Kak Moaens Puc.11 cooTBeTCTBYeT TONBKO 3QUpHON cpefie B Mupo3naHu.

B cityuae niockoti 6oambl, At KOTOpoH yoenvHas cuna ¢onnst Fg= pg+Sg, e ps - 1aBIeHUE BOTHBI
[H/Mm?], Se= 1m?, BcTpedaroleiics Ha MyTH PacpoCTPaHEH s ¢ 0OBEKTOM MacColl My, Ha 3TOT OOBEKT
neiictByeT cuina Fy= pp-Sy, r11e Sy — 3¢ dexTuBHas (mapanienbHas IIOCKOCTH BOJIHBI) IJIOMIAL 0OBEKTa
(Puc.17). Dta cuna Fy coobuiaer 06bexTy yckopeHue ay= Fu/My. TIpu 5TOM 06BEKT My pHOGPETAET
KOJINYECTBO JABWXEHUS My*AVy U IEpeMeIIaeTcs B IPOCTPAHCTBE, a 10cye MPEKPaLeHNs ASHCTBUS CHIIBI

Fu TOpMO3HTCS Cpenoif?,

— P

paspexeHue ynnoTHeHue

£ T——s ~

MnoTtHoCTbL
cpeabin
P

pmax —— o - E_ ........... r— :L —
Pc 5 ;

\/ ~ [ivnonb

Pmin |- N

\ 4

32 Makc Mnank: «Bce Bo BceneHHoi co3faeTca U cywecTeyert 6iarogaps cune. Mbl fOMKHbI NpeanonaraTb, YTo 3a 3TOW CUIOMN
CTOMT CO3HaTEe/IbHbIV Pa3ym, KOTOPbIN ABAAETCA MATPULLEN BCAKON MaTepumy.
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MolHOCTh, 3aTpaueHHas! BOJIHOW Ha repeMelneHne 00bekTa My, paBHa Py = Fy-vy, Torma pabora
BOJIHBI 110 MIEPEMEIEHHIO 00BbEKTa My 3a Bpems At paBHa A= Py/At.
JlaBneHne BOJIHBI P MOXKET OBITH ONPENEIECHO U3 BBIPAKECHUS TSI UMHYI6CA CUTIBL 60JIHbL
Fg: At = mg-AVg, rie Fp= pp-Se. Torma ps = Me-AVs / Sp- At , [kr/m:-c?; [1a].

ITon maccoii BoaHBI Me OyZAeM HOHMMATh CYMMAapHYIO Maccy 4acTHI (AaMEpOB) CPEbL,
COCPEIOTOYCHHBIX B YIDIOTHEHUHU BOJIHBI JUIMHOM A, KOTOpast AJIsl OTMHOYHOI TUIOCKOH BOJIHBI

Me = ps-Ve = ps Sp* A, T7Ie 00beM BOJIHBI Ve OIpeieNieH It HEKOTOPOTO CErMEHTa BOJIHBI IIOIIAbI0 Sg, a
IUIOTHOCTB BOJIHBI P MIPAKTHYECKU MOXKET OBITH ITPHUPABHEHA TUIOTHOCTH CPEJIBI Ps = Pc HA JUTMHE BOJHBI A.
Torna naBneHue

Pe = Pec Spe A -AVg [ Spe Al = pc - A AV / AL, [kr/m-c?; [1a]. Takum 06pa3zom, Macca BOJIHbBI Mg,
€OCPe0TOYEHHAs! B YIUIOTHEHUH CPe/ibl B BOJIHE, epeMelalolelicsl 0 CKOPOCTHIO Vg , CO3/1aeT
JAaBJIeHHe Pp HA YACTHIBI CPelbl U Tesia (MaTepHaIbHbIe 00bEKTHI), Yepe3 KOTOPbIe BOJHA MPOXOIUT
10 BCeil MI0maau S , M 3TO TaBJIeHHE JJI KaXK/I0i 0TAeIbHOI YacTunbl (hopMupyeT cuity Fy= pg-Sy,

JefiCTBYIOLIYIO HA TeJIa B IPOCTPAHCTBE.

J7ist TMKITMYecKOr BOJTHBI (KoJieOaHMs) Takasl Criia MPONOPLIHUOHANBHA HE TONBKO 3()h(heKTUBHON
TUTOIAM OOBEKTa, HO ¥ YaCTOTE BOJHBI V: Fy=Ppu-Sa*N/At = pg-Sy-v, re wacrora v BBINONHSAET POJIb
koddunmenta ycunenus. Kak crnepcteue, nogdbopoM 4acTOT U CKOPOCTEH BOJIH MOXKET OBITh
c(hOpPMUPOBAHO «aHTUI PABUTALMOHHOE» BO3/EICTBHE Ha MI00bIE MaTepuabHble 00beKTh (Puc. 18).

5 gy 11111 1R ST

Puc. 18
Takum 00pazoM, dsis ghopmuposanus oasienus (Cuivl) 6030€icmeus Ha OAUPACNOI0HCEHHbLE
amepul cpeodvl u/uiu yacmuysl (mena) eeuiecmea 6€3mMaccoeasn 60aHA UCHOIb3YEm MACCY AMePO8 CPedbl
6 30He YNJIOMHEHUA, 3 30Ha YIUIOTHEHHUS CPE/IbI TOCTEIICHHO TIePEeMEIIaeTCsl B HAITPABJICHUH JIBHXKEHUS
BOJIHBI CO CKOPOCTBIO BOJTHBI.

s XapakTepuCTUKU OTEPh SHEPTUU, IEPEHOCUMOI BOJIHOM, UCTIONB3YyEeM MOHATUE U3MEHEHUS
uHmeHcusHocmu 60wt Al, onipeenseMoro kak u3MeHeHnue sHeprun AWy, TepeHOCHMON BOTHON 32
Bpems t = 1¢ uepes MOBEPXHOCTH MIOIAAEI0 S = 1 M2, pacIoIokKeHHYIO HEPHEHIUKYIIIPHO K
HaIpaBJICHHUIO pacTpocTpaHeHus BOMHBL. Al = AWk /Sg- AL.

Enununeii uatencuBaoctH Al B cucreme CU sinsierest 1 Br/c-m?.

33 “BuBpumpytolLee 1 KOHAEHCMPOBAHHOE 3BYKOBOE MoJe CMOCOBHO CBOAUTD K HY/IO cuAY rpaBuTaummn” (Onad AneKcaHaepcoH).
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Tak kak AWi= My-AV?/2, HCTIONB3YS BEIPAKEHNE UMAYAbCA CUbL 601HbL Fgr At = Mp-AVg,

T/I€ JUTA ONWHOYHOM BOJHBI Fg= pp:Sp, moxydaem Al = pp-Avp/2. Takum oOpa3om, H3MeHeHHE

HHTEHCHBHOCTH BOJIHBI C JABJIE€HHEM Py MPONOPIUOHAILHO H3MEHEHHUIO CKOPOCTH BOJIHBI B Cpefe.
Jnst nukmmaeckoit BoaHbI (Konebanusi) Al mpomopnroHambHO TakKe YacTOTE BOJHEI V:

Al = pB'AUB°V/2.

Takoit moAX01 K pAaCCMOTPEHUIO TIPHYHH JIBKCHUS (M3MECHEHUS IBMKCHUS U TTOJIOKCHUS)
MaTepHaIbHBIX 00BEKTOB B 3pHPHOIT cpene 3eMHOr0 MUPO3JaHus TIPOSICHSAET MOHSATHE WHEPMH JTFO00TO
MaTepHajJbHOro 00bekTa (Tena). [Ipu 3ToM HE0OX0AMMO MOHUMATh, YTO (CM. HIUTIOCTPALHIO):

1. TlpuumHO¥ M3MEHEHUS TBMKEHUS U TIOJOKEHUsI TF000T0 MaTepHaibHOro 00beKTa My Beeria SBIIsSeTCS
BO3/ICHCTBHE HAa HETO HEKOTOPOH pe3yabTUPYIOICH CHIIbI, CHOPMHUPOBAHHOH PSIOM CHIL,
MOPOXKIAEMBIX OJTHOBPEMEHHBIM JAaBIICHUEM Ha HETO Pa3IMYHBIX BOJH U BOJHOBBIX MAKETOB Pg, Pg, Pel
U Pc2 (HanpuMep, TPAaBUTAIMA, TUCIIEPCHBIX BOIH CIIEKTPA COTHEYHOTO W3TYUYESHHS, BOJH JABIKECHUS
BO3IYIIHBIX WX BOJHBIX MacC H T.IL.).

2. Jlpuratems D moboro Tuma, pa3MenieHHbIH Ha IBIKYIIEMCS 00BbeKTe My, popMHpyeT BOTHBI B
adupHOII cpene, MPOXOIAIIHe B TeYCHNE HEKOTOPOTO BPEMEHH Yepe3 dTOT OOBEKT TaKUM 00pa3oM,
4TOOBI JaBlieHHE P 3TUX NPOXOISIINX BOJIH HAa YaCTHIBI U YACTH 00BEKTa My CO3/1aBalo0 CHITY
JBWKEHUS (HampuMmep, cuity Taru Fu) B 3a1aHHOM HanpaBIieHHH, TOMUHHPYOIIYIO B
pe3yIbTUPYIOIIEH chile Ha 00BEKT, M TAKUM 00pPa30M BOJIHA NMOPOKAAeT (U COMPOBOXKIAET 10 e
Bpoiino) nBu:keHHe MaTEPUAJIBHOT0 00beKTa!

3. Tlocne OTKIIOYEHUS JBUTATENS MOPOXKACHHAS UM BOJIHA MPOXONT B TEUCHHE HEKOTOPOTO BpeMeHU tu
MPOTSHKEHHBIN 00BEKT My, OKa3bIBasi yMEHBIIAIOIIEECS CYMMapHOE TaBJICHHE HA €T0 YaCTHIIBl U 9YaCTH
" IpoAoJDKasA TEM CaMbIM B TCHCHHUE 3TOI'0 HEKOTOPOI0 BpEMCHHA tn BJIWATH Ha IBHXCHUC OGBeKTa,
KOTOPOE U MOXKHO OTIPEJICIIUTh KaK ABM;KEHHE 10 MHEPIUH.

| pg

Fy=PgSa D \\S‘ll

Fe=p, S D Po 0 my F,-F, 7

€= Pe1 a1 ( ) I B
G= m'{‘g - pg' qu \\,1" :'.'. ;]:
FCg:pc2'Sq2 // qu N — '
Ay
p
2 G- Fy,

" HaO60pOT, T10CJIE€ BKIIIOYCHUSA ABUTATCIIA ITOPOXKICHHAA UM BOJIHA IIPOXOJUT B TECUCHHUE HEKOTOPOT'O

BpeMeHH ly MpOTSKEHHBIH 00BEKT My, OKa3bIBasi BO3pACTAIOIIee CYMMapHOE JIaBJICHHE Ha COCTABIISIOLINE
€ro YacTHUIBl K YacTH, GOPMHPYS TAKHM 00pa3oM CHITy JBMKEHUS (TSTH).

Taxum 00pa3oM, KOJIMYECTBEHHO HA MHEPTHOCTh MAaTEPUAIbHOIO 00BEKTa BIUSIOT €ro HeM3MEHHAs
Macca My (B OJTHOM COOTBETCTBHH CO BTOPBIM 3aKOHOM HBI0TOHA) M POTSHKEHHOCTD, ONPEIeIIsIonast
JUTATENBHOCTD Tu JBIKEHHS IO MHEPUHHU. A HHEPTHOCTh OOBEKTA HE SIBIISIETCS €r0 CBOWCTBOM HJIH
CHOCOOHOCTBIO MPOTHBOIEHCTBOBATH BHEITHEMY BMEIIATENILCTBY B YCTAHOBUBIIMICS MPOLIECC
niepeMeNIEHHs, KaK 5TO IPeANoIaraioch panee,

34 «<YTOYHMTE 3HaYeHMe CNOB, M Bbl U36ABUTE YESIOBEYECTBO OT NONOBUHbBI 3361y KAeHMI!» (PeHe [ekapT)
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4. Jlucnepcusi u nudpakums IHEProBOJIH

B ocHOBEe MHOTMX WHTEPECHBIX SIBICHUI BOJTHOBOW MPHUPOIBI JEKUT 3P PEKT 3amMe1JIeHUs BOJH B
cpeaax ¢ pa3IM4HON TNIOTHOCTBIO. DTO CBSA3aHO C TEM, UTO MPU MEPEXO0/Ie BOIHBI U3 00JIACTH CPEMBI €
OJTHO¥ IJIOTHOCTHIO B JPYTYHO O00JIACTH CPEMIBI ¢ APYTOH MIIOTHOCTHIO CKOPOCTh BOJIHBI M JUTMHA BOJTHBI
M3MEHSIOTCA. VIMEHHO 3THM OOBSCHSIOTCS TAKHE BOJTHOBBIC SIBJICHHS KaK MpeJjoMJieHue, Tupakuusa u
AUCHEPCHS.

BonHal BonHa2
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Puc.19. JIBymepHas MoJeib YIPYroi HEOTHOPOIHOM CPeIbI

[pocreiimas nByMepHas MOJEIb YIPYroi HEOJHOPOAHOM A3PHUPHOH cpeasl mpencTasieHa Ha Puc.19,
T/ie U OTHOM yacTu cpefipl e€ ynpyrrue CBOMCTBa M MHEPIIMOHHOCTh XapaKTepU3yIOTCsI COOTBETCTBEHHO
YIPYrOCTBIO NPYKUHBI K 1 Maccoil aneMenTa M, a Jyisi APYroi YacTy - yIpyrocThio NpyXuHbl Ki u
Maccoit anmemenTa M. It onpeaeeHHOCTH MPEAnonokuM M) M u Ki » K. Torma nmpu aBrkeHun
OJIMHOYHOM BOJTHBI | MMITYJIBC CHITBI BOJIHBI Fy+ AT = My-Av, mocae10BaTeIbHO CMEIIAST YaCTHIIBI M,
CKUMast IPYXuHbI K. BX01s B yacTh cpeibl ¢ 3J1eMeHTaM:d M1 BoOJIHA | 3aMeuIsieT CKOPOCTh BCICICTBUE
M1)> M, CMEIIEHUEe YACTHI[ TAK)KE COKpalaeTcs Beieacrsue Ki» k. Takum oGpasom B Gosiee TIIOTHOM
cpele HabIIJaeTCsl yMEHBILICHHE CKOPOCTH JIBHKEHHUS U COKPAIIICHUE JITMHBI BOJIHBI (ucnepens). s
JBIDKEHUS OIMHOYHOM BOJIHBI 2 3TOT 3 ekt Oyaer oOpaTHbIM. IIpr 01HOBpEMEHHOM BCTPEUYHOM
MIPOXOXKIEHUH BOJH 1 1 2 cobmogaeTcss MPUHIUI CYHEePIIO3UIIH BOJIH.

Ecnu BBeCTH B pacCMOTpeHHE HeECMEIIaeMyIo A7l BOJIHBI 1 nperpany (YIUIOTHEHHE Cpe/ibl) Ha MyTH
pacmnpocTpaHeHHs BOJIHBI, TO BOJHA 1 MOJHOCTBIO OTPa3UTCs OT Mperpajbl B 0OpaTHOM HarpaBleHUN
(Puc.20). Mopenb Ha Puc.21 mo3BosisieT MOHATh, KaK Ha FPAHUILIE IIepexo/ia BOJIHBI | B 0oJiee MIOTHYO
Cpedy Hapsly ¢ 3aMeUISIOLIeHCs epetIe el npsiMoil BOIIHOW — BOJTHOM NMPEJIOMIIEHHOH - GopMUpyeTCs
YaCTMYHO OTpaKeHHas BoiHA. Takum o0pazom, J1000e H3MEHEHHE TUIOTHOCTH CPeIbl MOYKHO
paccMaTpuBaTh B Ka4€CTBE HCTOUHMUKA COOTBETCTBYIOIINX BOJIH.

BonHal Mperpaga
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IpaHuua pasgena AByX
cpeq

BonHa
npenomneHHas

Puc.21

Bruepseie ynauHoe 0ObsICHEHNE SBICHHUIO TTpeoMIIeHHsI BOIH qair MenbsiH. CornacHo MeHbsHy, Ipa
Iepexoie BOJIHbI U3 OAHOM Cpelpl B APYTYIO BOJIHA U3MEHSET CBOE HAIIPABICHUE aHAIIOTUYHO TOMY, KaK
W3MEHSIETCS] HalPaBJICHUE BIKEHUSI «CONAATCKOTO (PPOHTAY, KOT/IA JIYT, 0 KOTOPOMY HIIYT COJNJATEHI,
MIpeTpaXKaaeTcs NalrHel, TpaHuIa KOTOPOH MPOXOANT MO YIIIoM K GppoHTy. Kaxkasiit u3 comnnar,

JOCTUTTIHNX TTAIIHU, 3aMEIJIACT CBOC JIBUIKCHUEC, B TO BPEMA KaK TC U3 COJIJAT, KOTOPBIC €€ HEC JOCTUTIIN

ee, IIPOI0JKAOT UIATH C IIPEKHEN CKOPOCThIO. B pe3ynbTare 3T0ro cosanaTsl, BCTYIHUBILIUE HA MAIIHIO,
HAYMHAIOT OTCTABaTh OT WJYIIUX I10 JIYTY, ¥ KOJIOHHA BOMCK pa3BopauunBaercs (Puc.22). 3ameTHO

CYIIECTBEHHOC YMCHBIICHUC NJIMHBI BOJIHBI U CKOPOCTHU BOJIHBI, HO IIPX 9TOM 4Y€PCIO0BaAHUA YHHOTHeHI/Iﬁ n

paspexce}mﬁ CpeAbl ITPOUCXOAAT CHHXPOHHO KAaK B Ha4aJi€ BOJIHEIL, B OL[HOﬁ Cpeac, Tak U B KOHIIC, B ,Z[perﬁ

cpere.

Puc. 23. Iloctpoenue
MPEJIOMIIEHHOHN BOJIHBI 1O

Puc.22. TIpenomiienue BOJH. npuHOumy ['roiirenca —
Openens

IIpu aTOM IIpenenbHO MakCUMaabHask CKOPOCTh BOJIHBI B JAHHOW CPelie ONPEENISIETCs
COOTHOULICHUEM JIIMHBI BOJIHBI U IAPaMETPOB CTPYKTYPbI CPEBI.

Jns mprMepa 3HaUeHUS] CKOPOCTH CBETA B PA3NIMYHBIX CpelaX MPHUBEIECHBI B TAOJIHIIE.
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CKkopocTh cBeTa B pa3iMuHbIX Cpefax

Cpena v, km/c Cpena u, km/c
Boamyx 299704 Kenposoe macio 197 174
Jlen 228 782 Knapit 194613
Bona 225 341 Py6un 170 386
Crexno 199 803 Anma3 123 845

W3 nByx cpen Ta, B KOTOPOH, HAIPUMEP, CKOPOCTH CBETA (BOJHBI ONTHYECKOTO JHAla30Ha CIIeKTpa)
MCHBIIIE, HA3bIBACTCS ONTHYECKH 0oJiee IUIOTHOM («MeaJIeHHOo#»), a Ta, B KOTOPOH CKOPOCTh CBETa
0oJbIle, - ONTHYECKU MEHee IIOTHOM. Tak BoJa SBJISICTCS ONTUYSCKH 00JIee MIIOTHOM CPelloi, YeM
BO3/YX, & CTEKJIO - ONITUYECKH OoJiee IIIOTHOM CpeIoif, 4eM BOa.

CBeT ONTHYECKOTO AuanasoHa C pasHbIMU JJIMHAMHA BOJIH pAaCIIpPOCTPAHACTCA B CPEAC C pa3HbIMU
CKOPOCTSIMH: (PHOJIETOBBIN C HANMEHBIIICH, KPACHBIN - HANOOJBINEH, U MTOKA3aTeNb MPEIOMIICHHS CPE/IBI B
stom ciydae N = C/V, rae npusaTo ¢=300000 km/c. Ecau N1 1 N2 — noKasaTeny MpeJoMIEHHs CPEIBI
JUIS BOJIH C JUIMHAMM A1 M A2, TO N1/N2= A/A2 .

PeHTrenoBckoe M3nyyeHne NMeeT HaCTOIBKO MaJTyIO JUIMHY BOJHBI, YTO MPAKTUYECKH HE YYBCTBYET,
Yyepe3 uTO NPOXOJUT, IIO3TOMY CKOPOCTb PEHTTCHOBCKOW BOJIHBI MPAKTUYECKU BE3/€ B HAaLIEM (U3MUECKOM
MHUpe oAWHaKoBa. Tak Kak, yeM OoJblie JJTMHA BOJTHBI H3TyYeHNUs, TEM MEHBIIIE OHO TIOTJIONIAETCs
(pacceuBaeTcs), TO AJIs1 pEHTTCHOBCKHX JTydell Tak Ha3blBaeMbIi BaKyyM OKasbIBaeTcsi 0oJiee TUIOTHOM
cpenoi, yeM BemecTBo. [Ipu 3ToM He TOJIBKO BOJHBI PEHTIC€HOBCKOI'O IMaa30Ha COCOOHBI MPOXOANTh
yepes3 KaxyIuecs Helpo3pauyHbIMU MIPEIMETHI, Ha 3TO clTocOOEH U OOBIYHBIN BUJANMBIN CBET, HAIpUMED,
yepes3 KPacKy U YeoBeUeCcKre TKaHW. BoIpoc Iuibs B TOM, HACKOJIBKO TITy00K0?

Bce BoHBI M3-32 HEM30€KHOTO 3aMe JICHHS B JIFO00H cpelie 001a1aloT CBOMCTBOM TPEIOMIICHHSI.
Ocob6eHHo HarmaeH 3TOT 3G ¢eKT B ciydyae miockux BojiH (Puc.24). Ta yacTb II0CKOH BOJIHBL, KOTOpast
OKazajach B HOBOH, OoJiee MIIOTHOM “MeJyIeHHONW” cpejie, BHXKETCS B HEH ¢ MeHbIIeH ckopocThio. Ho
MTOCKOJIBKY 9Ta YacTh BOJHBI HEM30€KHO OCTAETCsI CBSI3aHHOM C BOJIHO# B “OBICTpO#t” cpene, e€ PppoHT
JOJDKEH U3JIOMUTBCSA, TO €CTh IPUOIM3UTHCA K TPaHulle pas3zena AByX cpea. Ilpu sTom 3ameTHO
YMEHBIICHUE JUIMH BOJIH, & TAKXKE TO, YTO (DPOHT BOJIHBI C MEHBIIEH UIMHOH (0003HAYECHA JKENTHIM
I[[BETOM) pa3BOpavYMBaCTCs CUIIbHEE, YeM (PPOHT BOJIHBI ¢ OoJbLIeH AHHOM (0003HAYEHA CHHIM LBETOM).
OTO sIBJIEHUE COKPAIICHUs JJTMH BOJIH B CBS3H C YMEHBIICHHEM CKOPOCTH BOJIH M CBSI3aHHOTO C HUM
paseneHns BOJIH B INIOTHOM CpeJie Ha3bIBaeTCsl AMCIepcHeil BOJIH.

Hanp

dpoHTd BONH

«BbicTpas» cpega

Puc.24. luctiepcus BOJH

JnvHa BoAHbI «MeanenHan» cpega
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Puc.25. Tak oTiiruaeTcss UICTUHHOE MOJIOKEHUE U3TydaTesst A
OT BUIUMOTO A pH HaOIr0IeHNH U3 OoJiee TUIOTHOM Cpebl.

Puc 26. ®oto 3akarta

V sBJeHUS JUCTIEPCHH BOJIH ECTh HHTEPECHOE CIIECTBHIE, CBA3AHHOE C TEM, YTO, €CIIH JI0 BX0/1a B
«MEIJICHHYIO CPelly» MOKHO HaOII01aTh, HAIPUMED, TOJy00H LBET KaK CYNEPIO3ULHIO JBYX BOJIH —
3€JICHOW U CHHEM, TO 32 «MEJJIEHHOH CpeIoi» 3eJIeHas U CHHSIS BOJHBI OYIyT HAOOAAThCS pa3/ieibHo,
Kak B pagyre. Ilo atoii xe npuunne CojHIIEe Ha PacCBETE U 3aKaTe JIHS Mbl BUIAMM KPACHBIM BCIIEICTBHE
TOTO, YTO, ueM Hrvke CoJHIle, TeM OOJIBIINI CI0M aTMOC(hEpPHI IOJIKEH MPEOA0JIETh COJTHEUHBIN CBET.
Nznyyenne ConHIla B 3TOM MOJIOKEHUH OTHOCUTEIBHO HAC KaK HaOII0JaTeNs POXOAUT CYIIIECTBEHHO
Oonpmmii myTh yepe3 atmocepy 3emMiTl, KOTopasi OTKJIOHAET U PaccerBaeT ciadee BOJHBI KpaCHOTO
CIIEKTpa, YeM JIpyrue 0oJiee KOPOTKHE BOJIHBI COTHEYHOTO M3ny4eHus (Puc.26) .

B BoimHOBOM ITakeTe Kaxjaas BOJIHA B ,Z[I/ICHCpI‘I/Ip}IIOH_ICﬁ cpeac nepeMenacTeda Co cBOCH CKOpPOCThBIO,
IMaKeT C TCHCHUEM BPEMCHU PACIIIBIBACTCA, €0 IMUPUHA YBECININBACTCH.

B nr0601i MatepuaiibHOM cpefe, 0y1b TO 3Qup, Boaa, arMochepa Uil MPOBO JTUHUH CBS3H, AUCIICPCHS
MoposKaaeT pazindubie 3pdexTol. Hanmpumep: «10BIbI HEUTPUHO» B O0JIBIIOM 00bEME BOJIBI OPraHU3YIOT
MIpHEM BOJIHOBBIX ITAKETOB, HAOIIOIasl JIUIIH T€ U3 HUX (T10J1aras, 4To 3T0 — KHEHTPUHOY), KOTOPHIE,
W3MEHSISI B BOJJHOM cpeJie CBOIO JUTHHY BOJHBI, «IIOTAJIAI0T» B HAOIFOIAeMBIi «JIOBIIAMHY JIMATIa30H
4acToT.

PazHoro posa cripaiTel, MOJSPHBIE CHSIHUS — 3TO TAK)KE CIIEJCTBUE TOTO, YTO B OTPE/ICTICHHBIX MECTaX
3emun B aTMOC(epe MEHSIETCS TUIOTHOCTh CPEJIbI, ITPH MPOXO0XKICHUU Yepe3 KOTOPYIO H3ITyYeHUE MCHSCT
JUTUHY BOJIHBI JI0 ONITUYECKOI M CTAHOBUTCS 3aMETHBIM st 113 yenoBeka (Puc.27). TlomsipHoe cusiHue
Heba 00BIYHO TIPUHUMACT BHJI JIYUCH, ITOJIOC, «3aHaBecei». L[BeTHBIE JIeHTH mupuHOH 10 160 1 qymHO#M 10
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1500 KUTOMETPOB CUSFOT MHOT/IA 110 HECKOIBKO CyTOK MOJPSIIT, IPUYEM KPaCHOE CBEUCHUE HAOIIOIaeTCs
Ha BbIcoTax 200-400 kM, a (pHoNeTOBO-CHHEE, KaK U 0XKUIATIOCh, HIKE, HA BRICOTE OKOJIO 110 KM.

CripaiiTsl - BOpPOHKOOOpa3HBIE BCITBIIIIKA CBETA UTUTENHHOCTRIO Topsiaka 0,1 cexynasl. Ha cHumKax ¢
BBICOTHI MOKHO HAaWTH JIECATKH MOAOOHBIX BCITHIIIIEK PA3HBIX IIBETOB - KPACHOTO (Ha BBICOTE OKOJIO 70 KM)
Y CHHETO (BCTIBIILIKA TIPOUCXOTUT OJIMKE K 3eMJIE).

Puc.27. CusHus, CBETAIIHECS CTOIOBI M CIIPANTHI

WHTepecen npumep U3 )KUBOK IPUPOJBI: KaJbMaphl, OCbMUHOTH, KapaKaTUIIbI U IpYTHE
NpeACTaBUTENH Kilacca 1edanonosoB U3BECTHB HAM KakK Oe3ynpeyHble MaCKUPOBILUKHU, KOTOPHIE,
BIIPOYEM, HE UMEIOT HU OJJHOT'O 3pUTEIBHOIO MUTMEHTA Ha CETYATKE U, CIIE0BATEIbHO, HE YMEIOT
paznuyath 1BeTa. OAHAKO BRISICHUIOCH, UTO OJIOJIETH 3TOT MapaloKC UM ITOMOTaeT XpoOMaTHIecKast
abeppauus ria3, B X0/1¢ KOTOPOH CBETOBBIE JTy4H, C(POKYyCHPOBaHHBIE B ONTHYECKOH CUCTEME II1a3a,
HPEJIOMIIIOTCS HEOIMHAKOBO M3-3a PA3IMYHON UTMHBI BOJIH. OKa3a10Ch, 4TO 1e(haaonoabl CHOCOOHBI
(hoKycHpOoBaTh 3peHUE HA ONPEAEICHHBIX CBETOBBIX BOJIHAX, «BBIYMCIISISDY UX JUIMHY, a 3aTE€M U CaM IBeT.

B3phIBBI MM SHEPTUYHBIC COYIAPEHHS OONBIIHX (PU3NIECKHX 0OBEKTOB, TAKHUE KaK CIBHUT
TEKTOHUYECKUX ILTUT (3EMIIETPSICEHHE) COMPOBOKIAOTCS OJTHOMOMEHTHBIM U3IYYCHUEM YIAPHOUW BOJHEI

Puc.28. B3priB Ha 3emite (BHI CBEPXY) M B3PHIB IIOJT BOJIOH C BEIXOIOM BOJIH B MEHEE TUIOTHYIO CPEAYy.



- makeTa (CyIepIio3uIiK) SHEPTOBOJIH U3 Pa3HbIX YaCTOTHBIX JHANA30HOB ¢ PA3HBIMU CKOPOCTSIMU
pacrpoctpanenus (Puc.28).

Bpems mocTmkeHus pa3HBIMHE IO YaCTOTE BOJTHAMH M3 BOTHOBOTO TIAKETa KAKOW-THOO yIaIeHHON
TOYKH B MaTepUaIbHOHN Cpe/ie TaKXKe MOXKET CYIIECTBEHHO OTIINYaThesA. [103TOMy HEKOTOpBIE )KHBOTHBIE U
PHIOBI, UMEIOIINE YYBCTBUTEILHOCTD K 00JIe€ OBICTPBIM BOJIHAM, PEarpPYyIOT Ha 3eMJICTPSICCHUS PAHBIIIC,
4YeM MPHUXOIUT IO 3eMJIe WK BOJIC 3ByKOBast Wil nH(pa3BykoBas BosHa (Puc.29).

344 34.4 3.44 0,344
AHABONHBI (ch)
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Puc.29. UyBCTBUTENBHOCTE K BOJIHAM >KUBBIX CYIIECTB.

B cityuae ¢ 6e1bIM cBETOM, KOTOPBIH MpeACTaBIsIeT cOO0H COBOKYITHOCTH (CYNEPIO3UITNI0) MHOKECTBA
BOJIH Pa3HOH JUIMHBI ONITHYECKOT0 IMANa30Ha, IPY ONPEACICHHBIX YCIOBHAX MIPOXOKICHUS Yepe3 NpUu3My

MIPOUCXOAMT AucIiepcHs (pa3iosKeHue) OeJIOro CBeTa Ha COCTABIIAIONINE BOJIHBI, KaK 3TO CXEMAaTUYHO
nokasano Ha Puc. 30.

HFALXORX

Puc.30

Tak 1 B MEKpOBOJTHOBOH 1eu: MUKpOoBoSTHOBoe CBY-m3imydeHne reTepofrHa UMEeT JUIMHY BOJTHBI
mopsinka 10 cm (2,4 I'T1r), BO3ayX B KaMepe MUKPOBOJTHOBKH IS TOM BOJTHBI HMEET MaTYyIO TUIOTHOCTb,
MO3TOMY HE U3MEHSET CYIIECTBEHHO JUIMHY BOIHBI. OHAKO, €CIU B KaMepy MUKPOBOIHOBKH ITOMECTUTh
IUIOTHBIM IPEeIMET, HAIPUMEP, KOTJIETY WJIU )K€ CTaKaH C BOJOU, TO B 3TOM IUIOTHOM pEAMETE AJIMHA
BOJIHBI MUKPOBOJTHOBOTO M3JIyYEHUS IUCIIEPCHO YMEHBIIAETCS 0 EAUHUI] MUTTUMETPOB, IPU STOM BOJIHA
yke craHoBuTCs nHPpakpacHo (MK), TernoBoil, koTopas 0THaeT CBOIO YHEPTHIO BOJE B KOTJIETE,
Harpesas ee. Eciu nporpeBaemblii IpeIMET OTHOCUTENBHO BEJIMK, TO «Iporpepatoire» NK-BonHb
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HAOJIOJAIOTCS CHAaYalla TOJIBKO B OTHOCUTEIHHO HEOOJIBIIIOM TOBEPXHOCTHOM CJI0€, TIOCTEIICHHO MPOHUKAST
BHYTPB TITy0>Ke U COKpAIIasich MO JJINHE.

U onpenenenne «ropAIMii-X0JIOIHBIN - 3TO JHUIIb CyOhEKTUBHBIE TIOHSATHS YeIOBEKa I PeaKIny Ha
UK-u3nyueHne «IaT4uKoB) KHUBBIX opraHu3mMoB, Ha 70-80% cocTosimux U3 BoJbl, UMEIOIIEH
SKUJKOKPUCTAIITMYECKYIO CTPYKTYPY, TapaMeTphl KOTOPOW COM3MEPHUMBI C JUIMHON BOJIHBI U3TYYCHUI
ynbraduoneroporo n MK-nuana3zonos.

B cBsi3u ¢ 3THM, €cTh OCHOBaHHMS N0Jarath, yTo Haule CoJlHIe KaK HCTOYHUK HEPTHH U3TydaeT
9HEPrOBOJIHBI TOJBKO B Y3KOM MUKPOBOJHOBOM AuanasoHe. ( ITo sToit nmpuuune, kcTatu, HabIronaeTcs
MHUKPOBOJTHOBBIN (QoH B HamieM Mupo3zaanun: B 1959 roay actpodusuk T.A.lllmMmaoHOB, BEITOTHABLINM
quccepTaoHHyo padoty B IlynkoBckoil oO6cepBaTopun, U3Mepsis aOCONIOTHBIE 3HAYCHUS U3ITyUYCHHS
Heba 13 00acTH 3eHNTa, (haKkTHUECKH 00HAPY U PEIUKTOBOE N3IyUYeHHE Ha BOJIHE 3 cM, a B 1964 roxy
A.llensuac u P.Bunbcon nprubopHO 00HAPYKHUIM MUKPOBOJIHOBOE (JOHOBOE M3TyUEHHUE, HIyllee ¢ Heba
OTOBCIOZlY, U3 K&KIOH TOUKH «KOCMUYECKOro» pocTpanctsa). [Ipoxoas uepes cpenbl pa3Hoil IIOTHOCTH
U, B TIOCJIEJTHIOI0 0Yepeib, 4epe3 00BbEKTHI MPU3eMHON aTMoc(hephl, y MOBEPXHOCTH 3eMJIH MUKPOBOIHOBOE
n3nydeHre CollHIa MpeBpalaeTcs Mocae10BaTeNIbHO B CYIEPIIO3ULIMIO SHEPTOBOIH PA3HOM JUIMHBI, KaK
9TO NOKa3aHO 3€JIEHBIM IIBETOM Ha Pnc.8.

HeG6omnbIioe oTcTymieHue. 3aMeTHO, YTO CIIEKTP PacCeIHHOTO Bo3MyxoM cBerta (Puc.31) 3ameTHoO
OTJIMYAETCS OT CIIEKTpa COJIHEYHOT'O CBETa HaJl aTMOC(EpOii: B COTHEYHOM CBETE MAKCUMYM SHEPTHH
MIPUXOUTCS Ha JKEJITO-3EJICHYIO YacTh CIIEKTpa, a B CBeTe Heba MaKCUMyM NepEIBUHYT K TOJy0OH 4acTu.
[IpramHa NEXXHUT B TOM, YTO KOPOTKHE CBETOBBIE BOJIHBI PACCEUBAIOTCS 3HAYNTEIHHO CHIIbHEE ITMHHBIX.
o pacueram /Ixxona Ctperra nmopaa Panes, moaATBEpKACHHBIM U3MEPEHUSIMHA, UHTEHCHBHOCTD
PaccestHHOTO cBeTa 0OPAaTHO MPOITOPIIMOHATIFHA YETBEPTON CTETICHN JITUHBI BOJIHBI, €CIIH PaCCEUBAIOIINE
YacTHUIIBl MaJIbI 10 CPABHEHHIO C JUTMHOW BOJHBI CBETA, U MIOITOMY (DHOJIETOBBIE JIyYH PACCEHBAIOTCS
(OTKJIOHAIOTCS) TOYTH B 9 pa3 cuiibHee KpacHbIX. [1oaTomy »kenToBathlii cBeT CONHIIA TIPU pacCeTHUH
mpeBparniaercs B roryooii nBet Heba. Tak 0OCTOUT Jeo P pacCesTHUY B YUCTOM BO3AyXe (B TOpax, HaJ
okeaHoM). Hannume B BO3yxe CpaBHUTENBHO KPYITHBIX YaCTUYEK NBUTH (B TOpoax) 100aBiseT K
paccessHHOMY TOIyOOMY CBETY CBET, OTPaKEHHBIN YaCTHYKAMU TIBIIH, TO €CTh IIOYTH HEM3MEHEHHBIH CBET
Comnana. braromaps 3Toi mpuMecH 1BeT Heba CTAHOBUTCS B 3TUX YCIOBHSIX Oojiee OeecOoBaThIM.

[IpenmymiecTBeHHOE paccesHue (OTKIOHEHUE) KOPOTKUX BOJH MPHBOJIUT K TOMY, YTO JTOXOASIINAHN 10
3emum nipsimoii cBeT ColTHIIA OKa3bIBaeTCsl OoJiee KENThIM, YeM IPU HAOIIoIeHUN ¢ OOJBIIOoH BhICOTHL. Kak
MBI YK€ OTMEYaIH, Ha ITyTH Yepe3 TOJILY BO3yXxa d3HeproBoHbl COITHITA 3aMeIISFOTCS M YKOPauYHBAKOTCH,
YaCTUYHO PACCEHBAIOTCS, IPUYEM PACCEHBAIOTCS CHIIbHEE KOPOTKHE BOJIHBI, TaK YTO JOCTUTLIHNA 3eMin
CBET CTAHOBHUTCS OTHOCUTENILHO Ooraye H3JIYUYCHHUEM HHHHHOBOHHOBOﬁ YacCTH CIICKTpa.
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Takum 00pa3oM, 4epe3 BCKO MaTepHIo Hamero MUpo31anus MPOXOIST 3TH «KOCMUIECKHE» BOJIHBI
CaMoii Pa3TMYHOI YaCTOTHI - OT CAMBIX [UTMHHBIX JI0 CBEPXKOPOTKUX. BIIaroapst 5TUM H3Ty4eHUsIM U
BO3HMKAIOT BCE 3€MHBIE 3JIEMEHTHI, KOHIIEHTPUPYETCS MATEPHSL, 3aPOXKIAIOTCS U Pa3BUBAIOTCS KUBOTHAS U
PacTHTENbHAS )KU3Hb Ha 3eMJIE, HATIONHAIOTCS SHEPTUEH 1 TIOIEPKMBAIOTCS BCE KU3HEHHBIE NPOLEcch. Bee
HaM W3BECTHBIE BUJIbI SHEPIUM €CTh JIMIIL MAHU(ECTALMI STUX U3JTyUeHHI, KOTOPBIE HATIONHAKOT COOOM Bee
Muposnanune.®

[IpoxoskaeHne SHEPTOBOIH Yepe3 MaTepralbHble 00BEKTHI pa3HOM MIIOTHOCTH MPHUBOAMT K
MHTEPECHBIM SIBIICHUSIM OTPAXKEHHUSI, OTKJIIOHEHUS], PACCESHUs U CIIOKCHUS — AM(YPAKINN U UHTEp(PEPEHLIUH.
Hanpuwmep, Prc.32 wiroctpupyeT «orunbanuey MmIoTHOTO 00beKTa BOIHOM, pacpoCTpaHstolIeiics B ObICTPOit
cpezie BOKPYT 3TOr0 00bEKTa, U, KOHEYHO e, C CHIILHBIM TOPMOKEHHEM B caMoM o0bekTe. [Iponcxonut

Pposm Boassr "

1
Hanpafsenye paenpscmpaneram foaw
'

Puc.32

N3MCHCHUC HAIIPABJICHUA pACIIPOCTPAHCHWA BOJIHEI, 3a O6’BeKTOM YK€ BCTPEUAIOTCA KaK OBl JABC BOJIHbBI, Ha
CaMoOM JIeJie BOJIHA BCTpeYaeTcs cama ¢ co0OH.

Ha puc.33 nokasana ynporieHHast Moaesb Au¢pakuuu, rae BUOpUpyroas YepHas TOUKa sSBJISIeTCS
MCTOYHUKOM BOJIHBI (KoJieOaHui). XOpoIIo BUAHO, KaK epe]l NPEemsITCTBUEM OSABISIETCS] OTpaKeHHAsK BOJIHA,
HaOJroaemMasi Hapsay ¢ IEpBUYHON BOJHOH (CYHEpIIO3HLHS), a 3@ MPEMSITCTBUEM OT TOUKH pa3phiBa B
COOTBETCTBHH € IPUHIUIOM [ tolireHca-DpeHenns HaUMHAET pacpOoCTPaHAThCS BTOPUYHAS BOJIHA, 3aX0/s 3a
IpaHUILIbI FEOMETPUUYECKOI TEHU OT IPEISITCTBUSL.

% T'eopruii JTaxoBckuil Ha3bIBAET COBOKYIHOCTb 3TOi KocMuueckoil sHepruu Yuusepcuos (Universion)
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Puc.33

Puc.34
Judpaxiust CyIecTBEHHO 3aBUCUT OT COOTHOIICHUS MEXKIY [UTMHOW BOJHBI M pa3MepaMH Tela,
HaXOJAIIerocs Ha myTH BojHbl. Ha Puc. 34 nposiBnsieTcs pa3HOCTh TUPPAKITUOHHON KAPTHHBI JJTS PAa3HBIX
pa3MepoB OTBepCTHS B mpenaTcTBuu. CeBa — JUTHHA BOJHBEI COU3MEPUMA C THAMETPOM

Puc.35. Ha cHUMKE ¢ BBICOTBI
XOPOIIO 3aMETHBI BCE TPOSIBIICHUS
JTUGPaKIMK BOJIH Ha MIOBEPXHOCTH
BOJBI.

OTBCPCTUA, BOJIHOBOH (prHT 3a OTBCPCTHUEM UMCCT BUJ HOJchq)epBI; CIIpaBa — AJIMHA BOJIHBI 3HAYUTCIBHO
MCHBIIC TNaMCTpPa OTBCPCTHS, BOJIHA IMMOYTHU HEC PACXOAUTCA B CTOPOHBI.
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[To xapaxTepy AnpakIMOHHONW KapTUHBI MOKHO OIIPEAeNUTh (JOpMY U pa3Mepsl OObEKTa.

Puc.36. CHumok audpaximm
PEHTTEHOBCKUX BOJH, TOITYIE€HHBIH
Pozanunnoit ®panknun B 1952 1., ais
MMOHMMaHUs AeTanbHol cTpykTyphl JJHK
OBLIT pemaroIiei 9acThio
9KCIIEPUMEHTAIBHBIX JaHHBIX. OH
noarsepxkaaet, uro JJHK umeer hopmy
JIBOWHOM CIIUpaiH, a AeTtaid GoTorpadpuu
MOTYT OBITh UCTIOJIH30BAHBI JJIS
olpeeNIeHHs pa3MepOB ATOH criHpau.

Puc.37

Db dexr Jomepa 3akimovaeTcsi B UBMEHEHUH 3HAYCHUS PETUCTPUPYEMON IPUEMHUKOM JJTUHEI BOJIHBI B
3aBHCUMOCTH OT JIBHXKCHHUSI HICTOYHHKA (MJIM TPpUEMHHKA) n3nydenus (Ha Puc. 37 nzo0paxeH 4epHOit
toukoii). C addpexrom [omnepa BeTpedancs kaxasiid. Hanpumep, koraa Hac 00roHseT Ty 1K Moe3/, TO
MOYKHO 3aMETHTbh, KaK MEHSIETCS BHICOTA TOHA, a, CIICA0BATEIbHO, U JUTMHA BOJHBI 3BYKOBBIX KOJICOaHUH OT
npoxozsiero noesaa. Ha pucyHke npuseeHa cxeMaTuuHasi KApTHHA 3TOTO SIBICHUS, BOSHUKAIOLIAs IPU
JBIDKEHUH MCTOYHHUKA BOJIH, KOTJIAa ITepe] ABMKYLIMMCS HCTOYHHKOM BOJIHBI CPEAY MOXKHO CUMTATh Oosee
IUIOTHOM, a 32 ICTOYHUKOM — MEHEE IJIOTHOM.
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5. ®opMupoBaHMe NMONEPEYHBIX BOJIH

[IpuHSTO TOTIEPEYHBIMU HA3BIBATH BOJHBL, B KOTOPHIX KOJEOAHWS MPOUCXOIST MEPICHINKYIISIPHO
HaIpaBJICHUIO UX pacmpocTpaneHus. HazoBem Takue BOJIHEI ONepeYyHbLIMU BosiHamu 1 poaa.

"/&ﬂ\
npodoasHble nonepeuHsie
KoJsieGaHHA B HaNnpaBJIeHHH KoJsieGaHHA B HaNnpaBJIeHHH
pacnpocTpaHeHHs BOJIHbI nepneHAHKy/JIipHOM HanpasJIeHHIO
> pacnpocTpaHeHHs BOJIHbI
- itt -
< — v,

Ty

PaccmoTpum obpaszoBanue 1 popMy nonepevyHbIX BOJIH 2 POJa MpH NEPECEUCHNUH IBYX
MPOCTPAHCTBEHHBIX MJIOCKUX MU c(heprIECKUX BOJIH.

Ha Puc.38 nokaszaHo u3MeHeHHe IIIOTHOCTH CPEeAibl p
B 1utockocTd O-0O, neprnesauKyIapHON INIOCKOCTH

[t

PUCYHKa, B IPOLECCE BCTPEYHOrO NEPECECUCHUS
(cyneprio3unnu) AByX OJMHOYHBIX IIOCKUX BOJIH C

nepeceucHus 0O-0 konebaHMe IOTHOCTH CpeAabl,
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\/ T A noa HEKOTOPBIM YIVIOM IBYX INNIOCKUX OJAWMHOYHBIX BOJIH,
I

Pe {v

JUTHHY ((TONIINHY», «IUIONb») A U IBHKYLIUXCS CO CKOPOCTAMU V1 U V2 COOTBETCTBeHHO. JlnHus O

Puc.38 YCJIIOBHO 0003HAYEHHBIX TUIOCKOCTSMHA | ¥ 2, IMEIOTITIX

nepeceueHns: BoJH 1 u 2 (0003HaueHA MYHKTUPOM) MIEPEMEIAETCS B IPOCTPAHCTBE B HAIIPABJICHUH
BEKTOPA CKOPOCTH V= V1+V2.

[Ipu 3TOM, Kak 3T0 nmokazaHo Ha puc.40 (Buz cBepXy Ha IepeceyeHre IBYX IJIOCKUX BOJH 1 u 2), 310
nepeceyeHne IpeCTaBIIsIeT COOO0H AUIIONb TUIOTHOCTH CPEIbl, IEPEMEIIAIONIINIACS B MIIOCKOCTH

repecedeHus BOJIH 1 1 2 cO CKOPOCTBIO Vm, TO €CTh BOJIHY MONEPeYHYIo 2 poja.
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Puc.41

OC00EeHHOCTH 3TOM BOJIHBI B TOM, YTO:

- OHAa MPEJCTABISIET COOOH THUIMOJb TUNIOTHOCTH CPEIbl, PACTIPOCTPAHSIONIUICS 8 NIOCKOCH U HepeceyueHus
MOPOXIAFOIINX €€ TIOCKUX BOJIH, UMEIONIHX «ToiuHy» A (Puc.41), u cymiecTByOIIHii TOJBKO B
npoliecce rnepeceueHust BOJH;
- €€ CKOPOCTb OIPEIENseTCs CYMMOM BEKTOPOB CKOPOCTEH IMOPOKAAIOIINX €€ BOJH,
- €€ BOJIHOBBIE «TIOBEPXHOCTI - MapajlIeIbHbIC TIPSMbIE TMHUU B IFIOCKOCTH MEPeceueH s MOPOXKIAOIINX
ee BOJIH, TIePIEeHANKYJISIPHBIEC K HAMPABICHHUIO PACIPOCTPAHEHHS BOJIHBI Vp, B OTJIMYKE OT MIIOCKOH
BOJTHBI, JIJIS KOTOPOW BOJTHOBBIE TIOBEPXHOCTH TPE/ICTABISIOT COOOM TIOCKOCTH, TIEPIICHANKYIISIPHBIC K
HATMPaBJICHUIO PACITPOCTPAHEHUS BOJHBI.

ITepeceueHue (Cynepro3uIs) MUKIMUECKUX IIOCKUX BOJIH (KOJICOaHHIT) TOPOXKIACT IIUKIHYCCKYIO
nonepeuyto BonHy (Puc.42).

Puc.42

[epeceuenrie nBYX cepruecKrx OJMHOYHBIX BOJH, PACHIMPSIONIMXCS CO CKOPOCThI0 V1 U V2
COOTBETCTBEHHO, MOPOXKJIACT MOMEPEUHYIO BOJIHY, AUIOIL KOTOPOU pacmpoCTpaHsIeTcsl HOBEPXHOCTHIO

PaCIIUPSIOMIErOCs U CMELIAOLIErocs 10 Uy OAUHOYHOIO TUCKA B INIOCKOCTH NIEPECEUeHHs BOIH 1 1 2
(Puc. 43). B ciyuae nepeceucHUsI UKINIECKUX CHEPHUCCKIX BOTH KOJIHYECTBO TAKUX PACHIUPSFOLIUXCS
HOJBIIKHBIX TUCKOB MEX/y HCTOUHUKAMH BOJIH 1 ¥ 2 1 HallpaBlIeHNE UX CMEILEHHS 3aBUCUT OT

COOTHOIIEHHUs cKopocTeii V1 ¥ V2 U JUTHH MepeCeKalouXcs BOMH Al u A2, a momepeyHas BOTHA
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oOpa3zyeTcss JUIOJSIMHU ITIOTHOCTH CPEJIb, TEPEMEIIAIOINMHUCS CO CKOPOCThIO Un B MOBEPXHOCTH
KOHYca, orudaromiero Bce 3T aucku (Ha Puc.44 Toukamu 0003HaYCHBI MECTA MIEPECCUCHHUS YILIOTHEHUI
(my4HOCTE#) MTepeCceKaroIINXCs BOJIH B INIOCKOCTH PUCYHKA).

YnnotHeHue

PaspexeHune

BonHa-auck

Puc.44

Ha Puc.45 nonepeunsie BoJIHBI 2 pojia 0003HaUEHBI CTpeiKamMu (crpaBa (OTO U CIeBa MOJEIb
HHTEpPEPEHIIMOHHON KapTUHBI, 00pa30BaHHOH c()epUIECKUMH BOTHAMH OT JIBYX KOJIEOITFOIIXCS
HUCTOYHHUKOB Ha TIOBEPXHOCTH JKUIAKOCTH).
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Puc.45

Taxum o0pazom, momepeyHas BojHa 2 poAa o0pas3yercs B pe3yibTaTe lepeceueHus AByX U 0ojiee BOJIH
MIPOU3BOJILHOM (popMel B 3pupHOIL cpene.
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6. BOJIHBI — COJITUTOHBI

TepMuH cOJUTOH 0003HAYACT YeIUHEHHYIO BOJHY. COJIMTOHBI HOPOXKIAIOTCS BOJTHAMH U HACIECAYIOT
UX HEKOTOpbIe cBolcTBA. OHAKO B IpOLIECCE PACIPOCTPAHEHHS M CTOJIKHOBEHHS MOTYT ITPOSIBIISTD
cBoiicTBa yactull. [loaToMy Ha3BaHUE STHX 0OBEKTOB B3TO MO CO3BYUHIO C OOIIEN3BECTHBIMU OHATHIMHU
3MEKTPOH, (POTOH, KOTOPBIE MPEANOTIOKHUTEIHLHO 00JIaAal0T TOAOOHOH ABOHCTBEHHOCTBIO.

PaccmoTpum npuHIun GopMHUPOBaHUsI COTUTOHA Ha IPUMEpPE OAUHOYHOH MIIOCKOW BOJIHEIL, CO
CKOPOCTBIO Vi MaJarolIeil Ha Mperpaay-oTpakaTelb, UMEIOIIYIO N3JI0M MMOBEPXHOCTH MOJT HEKOTOPBIM
YIJIOM 10 OTHOIIEHHIO K BOTHOBBIM MOBEpXHOCTAM. ([IpuHIMI HE M3MEHUTCSI, €CITH PACCMOTPETH U
o0pallleHHOE BIKEHUE OTpaXkaTelsl CO CKOPOCThI0 Vit HABCTPEUY CTOSIYEN BOJIHE; B 000X CIydasx
OTpakaTelb JOJDKEH PAaCCMATPHUBATHCS KaK HCTOYHHK OTPAXKEHHBIX BOJIH, ONPEICILIIOIN UX GopMy).
[locne orpaskeHus magaroieil BOJIHBI Mbl HAOIIOJAaEM YKE JBE OTPasKeHHBIX BOJIHBI Vo1 u Vo2 (Puc.46), a

TaKXe MOIMEPEYHYI0 BOJIHY 2 pOoAa IO JIMHUM IepecedeHus] OTPAXKEHHBIX BOJH (0003HAaUYEHA MyHKTUPOM).
Pa3meps! 3THX OTpaKeHHBIX IIOCKUX BOJIH ONPEAEISIOTCS pa3MepaMHt IUIOCKUX OTpaKarollluX YacTew.

\/\ TInockas nperpaja — IIperpana —
OTpakareinb OTpakareib

e N
Vo2 @Y
Vn
Vo1
Puc.46 Puc.47

Ecnu onHy 9acTh oTpaskaTessl BEIIOIHUTG B (JOpMeE, HAIIPUMED, CIIMPAIIH, TO BTOpask OTpaKEHHAsT BOJTHA
3aKpPYy4HBAETCS TOPOUIAIBHBIM BUXPEM IO BCEH [UTMHE U30THYTOTO OTPAXKaTeNsl, UMEET CYIIECTBEHHO

MEHBIIIYIO0 CKOPOCTh V02 U B OJHOPOHOMN Cpejie paclpOCTPaHEeHUS UMEET YCTOMUUBYIO (JOPMY, TO €CTh
MIPEACTABISIET COOOM CIIOKHYIO BOJTHY KPYYCHHSI HITM TOPCHOHHYIO BOJHY — coyiuToH (Puc.47). Takoif
COJIUTOH MOXET MPUHUMATH Pa3HOOOpa3Hyto (GOpMy B 3aBUCHUMOCTH OT POPMBI TIPETPAIBI - OTPAKATENS U

ckopocTr V. CKOpocThIO VI ONPEeaeTcs ¥ HallpaBiIeHHe 3aKPYTKH BUXPSI.

[To100HBII OMBIT MOXKET OBITh BHINOJIHEH, HAPHMED, B BOJIOEME C IIOMOIIBIO OTPaXKATEIsI — TAPEIIKH,
comepas e nBwkeHne B Boge (Puc.48). Ecnu aBmxeHune mpsMoInHEHHOE, TO B BOAC MOXKEM
HaOJIro1aTh JBIKEHHE KaK OTPaKeHHOW BOJHBI, Tak U conutoHa (Puc.49). Ilpuyem pacuBeyeHHBIH
COJIUTOH MOXKET BBITJISIETh KaK 9acTh OKPY)KHOCTH, €CJTM Tapelika B BOAY OblIa MOTpy’KeHa He MOJIHOCTHIO
(Puc.50), nnu Kak 3aMKHYTasi OKPYKHOCTD B CIIy4ae MOJHOCTBIO IOTPYKEHHON TapeIku — OTpakaTes,
Kak Ha Puc.51.
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Puc.50 Puc.51

Puc.52

Bo BpeMs B3aHMOZ[eﬁCTBHH APYyr C ApYTrOM U NP BOSMYILICHHUU CPCJbl COJIUTOHBI «BECAYT» cebst Kak

00bIUHbIC YacTHUIIbl. Hanpumep, IpoaoinKaroT IBUKEHHE, COXPaHssA IPU HOJ00HOM B3aUMOICHCTBUU
cobcTBeHHYIO cTpyKTYpY (Puc.52). Tlpu 3TOM OHHM HE MEHSIOT CBOIO aMILTUTYLy B CKOPOCTb, a
€JIMHCTBEHHBIM NU3MEHEHUEM, KOTOPOE TPOUCXOIUT MPH HAOCTaHUH OJHON TaKOW BOJHBI HA JIPYTYIO,
SIBIISICTCSl N3MEHEHME cIBUTa (ha3. DTO 3HAYMT, YTO TOCIIE TOTO, KaK JBE BOJIHBI Pa3beUHSITCS, OHH OYIyT
CMEIICHBI Ha HEKOTOPOE PAaCCTOSHUE OT TOTO MOJIOKEHHUS, KOTOPOE OHU 3aHUMAJTH ObI, €CJIH OBl HE OBLIO
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MeXly HUMHU B3auMoJeiCcTBUA. COMNUTOHBI TAKKE MOTYT CAMOCTOSATENBHO pacialaThCsl HA HECKOJIBKO
0oJiee MEIKUX BOJIH, B3aUMOACHCTBYIOIIUX JAPYT C APYTOM.

ConuToHSI, SBISACH BOTHAMH B 3(UPHOH cpesie, He H3MEHSIOT caMy 3Ty Cpeay U 00JIagaroT
HECKOJBKHUMHU OCOOCHHOCTSIMH, OTIMYAIOIIMMU UX OT OOBIYHBIX BOJIH!
- OHH JIOKAJTU30BaHbI B KOHEYHOU 001acTH;
- OHHU PacHpOCTPAHSIOTCS, IPAKTUUECKH HE U3MEHSISI CBOMX ITapaMeTPOoB (aMIIUTYLy, YaCTOTY, CKOPOCTh),
MEPEHOCs SHEPTHI0, UMITYJILC U MOMEHT UMITYJIbCa;
- IPY CTOJIKHOBEHUH [[BA COJIUTOHA HE NMPOXOAAT APYT Yepe3 Apyra, a OTTAJIKUBAIOTCS APYT OT APYra, He
MEHsISI HU (DOPMBI, HU CKOPOCTH, HU aMIUTUTYbI;
- OHH MOTYT 00pa30BBIBAThH CBA3aHHBIE COCTOSHHUS, CTPYKTYPBI;
- OHU CIIOCOOHBI 3aIIOMUHATh MH(POPMALIHMIO O XapakTepe BO3ACHCTBUA Ha HUX (OTpaskaTeslsl B HaIlleM
npumepe),

OTH CBOICTBA COIMTOHOB MOTYT OBITh MCIIOJIb30BAHbI IPH pealIM3alliK TEXHOIOTUH nepeaadn
uH(pOpMaLK Ha OOJIBIINE PACCTOSHUS 0€3 TOMEX U UCKaXCHUH.

Ha Puc.53 noka3zansl yacto HabIr01aeMble OJIMHOYHBIC BOJIHBI — COJIMTOHBI HA IOBEPXHOCTH MODSI, B
TOM YHCIIE IISITh BOJIH — COJIMTOHOB Ha ()OTO ¢ OOJBIION BEICOTHL. BhICOTa MOBEPXHOCTHON BOJHBI TAKUMH
COJIUTOHAMH HaOHP

acTCA
pay 3 ":;" T

1)

JIKHOBCHUS, HAIIPUMEDP, C IMOABOJHBIM YCTYIIOM HUJIN I‘pﬂ)lOﬁ.

IOCJIC UX CTO.
: 2P iy

36 CONUTOHHbBIE BOJHbI 3apPOXKAOaTCA U B MONIEKYNaX OHK, KOTOpble CNOCO6HbI COXpPaHATb MH(])OpMaLI,MIO 06 OopraHMU3me Ha
NpoTAXEHNN BCel Kusuu! C NOMOLLbIO CBEPXYYBCTBUTE/IbHbIX npw6op03 YAanocb npocnegnTb NyTb CONMTOHOB BO BCcel Lueno4ke
[OHK. OkasbiBaeTcA, BO/IHA CUMTbIBAET XPaHALWYCA Ha eé nymm MH(bOpMaLI,M!O, I'IO,D,06H0 TOMY, KaK 4e/l0BeK YMTaEeT OTKPbITYHO
KHUTY, O4HAKO TOYHOCTb BOJIHOBOIO CKaHMpPOBaHUA MHOTOKPAaTHO 6onbLe.
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Taxum 06pa3om, B HEOTHOPOIHOMH cpelie, CTPYKTypa KOTOPOi 0Opa3oBaHa CTOSYHMH BOJHAMH,
MOCTYTAIOIINE U3BHE BOJIHBI MOTYT UCTBITHIBATH MHOTOKPATHBIE OTPAXEHHS U, €CITH OHU UMEIOT He
HYJIEBYIO KPUBU3HY, TO MOTYT 3aMBIKaThCsI, U 00pa30BaTh yCTOMYMBBIE OETYIIME MO 3aMKHYTON
TPaeKTOPHH TPEXMEPHBIE BOJIHOBBIE CTPYKTYPHI. PazMep TakuxX CTPYKTyp OYEHB IIHMPOK OT MHUKPO JI0
Makpo, a popma oT chepryecKux crupaneil 10 TOpOuAaIbHBIX KOJIel THIIA «IeHT Mebuycay. ITo yxe He
COBCEM COJIMTOHBI, & COJTUTOHOMOIOOHBIE CTPYKTYPBI, KOTOPHIE XapaKTepHU3YIOTCS HE TOJIBKO YacTOTOM,
aMIUTATY 10U 1 (ha30ii, a SKBUBATIEHTHBIM JHAMETPOM HX
OpOHT, aroM CIHUpPajy, HAPaBICHUEM H CKOPOCTHIO
BpAIEHUs TUIOCKOCTH €€ MOJISIPU3AINH U APYTUMHI
nmapaMeTpaMu. YKa3zaHHOE OOCTOSATENBCTBO CHUMAET
OTpaHMYEHHs Ha TOCTPOEHHE TEOPETHUECKUX MOAETEH
MHKPOMHPA, CBSI3aHHBIE C 0053aTeILHON KOMITCHCAITHEH
Pa3HOPOJIHBIX CHJI (KaK B IUIAHETAPHOU MOJICIIH aTOMa), U
MO3BOIISIET PACCMATPUBATH PA3INMYHBIC BAPHAHTHI
JMUHAMHYECKHAX MOJETIeH dIIeMEeHTapHbIX YacTull. Takoro
poJa KoJblieoOpa3HbIE BOJHOBBIE CTPYKTYPBI
MPOCMATPUBAIOTCS M Ha (OTOTPAPUIX «aTOMOBY,
IMMOJIYYCHHLIX C ITOMOMIBIO CKAHHUPYIOIIETO TYHHCJILHOTO
mukpockorna (Puc.54).

Bcnencreue MHOr0o0oOpasusi CTPYKTYp COTMTOHOB BOJTHOBAsk MOJIENb aTOMa CIIOCOOHA OTPa3sUTh MHOTHE
XUMHYECKHE, IEKTPUUIECKIE, TEPMUYECKIEe U MEXaHUIEeCKIE CBOMCTBA BEUIECTB. P 3TUX CBOWCTB MOXKET
OBITH TIPOTHBOIIOJIOKEH, YTO C IMO3UIUI BOJTHOBOM TEOPUHU OOBSICHIETCS MX MOJISIpU3alei B CaMOM
IIIPOKOM CMBICJIE 3TOTO TEpMHUHA. B 4aCTHOCTH, CTOCOOHOCTSIM OTTAJIKHUBATHCS WU AaHHUTHIINPOBATh
COJIUTOH 0053aH CBOMM TOTIOJIOTUYECKHM CBOHCTBAM: B 3aBHCHMOCTH OT HAIPABIICHHUS €r0 3aKpy4eHHOCTH
€My MOKHO COIIOCTaBUTH TOJIOKUTEIBHBIN WM OTPUIIATEBHBIN "'3apsia”, U pa3iudre 3HaKa 3apsaa
AJIEKTPOHA U TIO3UTPOHA MOXKET SBUTHCS CIIEACTBHEM TAKOTO MPOTHBOIIOIIOKHOTO HAIIPABIICHUS
9KBATOPHUAJIHHOTO BPAIIEHHS B €r0 TOPOUIATBEHON MOJIENH, a pa3iInyue 3HaKa CIIMHA 3JIEKTPOHA -
MIPOTUBOHAIIPABICHHOCTHIO €T0 MEPUINOHAILHOTO BPAIIICHHUS.

Kazamoch ObI, mpupoa 3TOTO SBIECHUS TPOTUBOPEUUT XOPOIIIO H3BECTHRIM 3aKOHAM 00pa30BaHUS U
pactpoCTpaHEeHHsI BOJIH, OJTHAKO «OOHAPYKEHBD» COJIUTOHBI B KPUCTAIUIAX, MATHUTHBIX MaTepUaliax,
BOJIOKOHHBIX CBETOBOJIaX, B aTMOC(epe 3eMIIH U B )KUBBIX oprann3max. OKa3aioch, YTO U IyHAMH, U
HEPBHBIC HMITYJILCHI, U AUCIOKAINY B KpUCTaUIaX (HAPYIICHUS TEPUOTNIHOCTH UX PEIIETOK) - BCE TO
COJIUTOHBI!

MHoroo0pa3sue COTMTOHHBIX CTPYKTYP MO3BOJISIET OOBSICHUTH U MHOT0OOpa3He «3JIEeMEHTAPHBIX
YaCTHI» U UX B3aMMOIIPEBPAIIEHUH, a TAKXKE XUMHUECKUE, dJIEKTPUIECKIE, MAaTHUTHBIE, TEPMUUECKNE,
MEeXaHWYEeCKHe U APYTHUE CBOWCTBA aTOMOB.

Oxkazanoch, 4TO M YCTOHYMBOCTH BCEX aTOMHBIX CTPYKTYp O0OecIieunBaeTCs PpE30HAHCHBIM XapaKTepoOM
uX KojeOaHuil, a He GaTaHCOM IIEHTPOOEKHBIX U IIEHTPOCTPEMHUTENBHBIX CHII. IMEHHO pe30HaHCHOCTH
0oJiee MOHATHO OOBSICHAET CTPYKTYPY JIEKTPOHHBIX 000I0YEK aTOMOB, KOTOPBIE SIBIISIFOTCS y3JIaMU
CTOSTYMX BOJIH COJIUTOHA, a He OpOMTaMH AMeKTpoHa. Kpome Toro ¢ momoIipo TYHHETFHOTO
CKaHHPYIOLIETO MUKPOCKOMA MOTy4eHbI (OTOrpaduil «aTOMOBY, HMEIOIINE BUJI KOJIBIIEBBIX CTPYKTYD,
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MPSIMO MOKAa3bIBAIOIIKE WX BOJHOBYIO npupoay (Puc.55). DTo sSBUIOCH OCHOBAHUEM TSI CO3AHMS
000JI09eYHO-Y3JI0BOH, KOJbIIErPAHHOM U Apyrux Mozenei atoma (Puc.93).

Puc.55. «Monekyna» TpuaHryieHa (CTpyKTypa Ioka3aHa cIipaBa) oJl aTOMHO-CHJIOBBIM MUKPOCKOIIOM

Takum 06pa3om, ObUIO YCTAHOBIIEHO, YTO 110 MEPE yIITyOIEHHs B MUKPOMHUD BEIIECTBEHHAS MATEPHS
Bee Oollee TIPOSIBIISIET BOJIHOBBIE CBOMCTBA M, B KOHIIE KOHIIOB, IPEBPAIAETCs B 3araJ04HyI0 00J1acTh
3JIEMEHTAPHBIX B3aMMOIPEBPAIAFOIIMXCS YACTHIL - BOJH. MHKPOMHP SBJISETCS TIPEAETBHBIM COCTOSHUEM
PEANBHOCTH, B KOTOPOM BCE COCTABIISIOIINE 3TOrO YPOBH MUpPO31aHKs TIPOSBIISIOT CBOIO
OHTOIIOTHYECKYIO CyIHOCTh. OH HaumHaercst ot 10 mo 1078 merpa. Ilo-cymecTBy, 5T0 MMp HaHO-
PasMepOB, KOTOPBIH TPOCIIEKUBAETCS 10 TPEAENBHOTO YPOBHS PaspemIaroleil CiocoOHOCTH anmaparyphl.
BaxHO, UTO Ha 3mom ypoene peanbHOCHu RPOACIAIOMCA 60IHOGLLE U 6EULECHIEEHILBLE CEOTICMEA
Mamepuu u ce0licmea CO3HANUA YeN06€Kd, NO3EONAIOULUE eMy HENOCPEOCHEEHHO 63AUMO0CIICIE068aMb
¢ mamepueii. B Mukpomupe Hanbosiee OTYCTIIMBON CTAHOBUTCS BOJIHOBAsI CYIIHOCTH PEaIbHOCTH.

ConuTOHHBIE ABJICHUS OKa3aJIMCh HACTOIBKO YHUBEPCAIBHBIMH, YTO OBUIM «OOHAPY>KEHB» B
MaTeMaTHKe, TUAPOMEXaHUKe, aKyCTHKE, PaJHO(U3UKeE, ONITUIECKOH TEXHHUKE, aCTPOQU3UKE U
okeaHorpaguu, a Tak ke B Onojoruu. Tak B pOCCUICKOI akaeMUH HAayK UCCIIEA0BATEIN BO3IEHCTBOBAIIN
Ha COJIUTOHBI YEJIOBEUECKON peublo. SIpKUM MOATBEPKICHHEM 3TOMY ObUIH MCCIIeJOBaHUs, IPOBEICHHBIC
¢ 3épHaMH NIIEHMIIBL, TIPEIBAPUTENHLHO 00IyYEHHBIMU BBICOKOH J1030H paJinoakTUBHOCTH. [Ipn TakoM
Bo3aeicTeuu nenouku JJHK paspymatorcs, 1 ceMeHa TepsoT CBOIO XKHU3HecocoOHoCTh. Hanpasmsis
COJINTOHBI, «3aIIOMHUBLINE» YEIIOBEUECKYIO PEUb, HA «MEPTBBIEY» 3€PHA MILIEHULBL, y1aJI0Ch BOCCTAHOBUTh
UX ’KM3HECIIOCOOHOCTh, M OHH Jaiii pocTKu. VccnenoBanus, MpoBeieHHbIE [10]I MUKPOCKOIIOM, TTOKa3aJIHi
nonHoe BocctaHoBiieHue nenovyek JJHK. Bce 310 He ycTpaHseT HOIHOCTHIO PoOieMbl TO3HAHUS
CTPOEHHMS MaTEPHH, HO Ja€T OCHOBAHUE CUNTATH €€ YUCTO BOJHOBBIM SBJIECHUEMS .

Puc.56. ®dororpadus npennongaraeMoit
JHK (DNA Helix).

87 LK. [JKuHC: «B npupoae CywectByroT BO/IHbl U TOZIbKO BOJIHbl: 3aMKHYTbI€ BO/IHbl, KOTOPble Mbl Ha3dblBaem MaTepMeVI, n
HE3aMKHYTbl€ BOJIHbl, KOTOPbIE Mbl Ha3biBaem Usny4yeHnem nam cBeTom».
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7. Crosiuas BosiHa. UHTepdepeHums BOJIH.

WuTepdepenius HaOmoaeTCs B pe3yIbTaTe CIOKEHUS ABYX U 00JIe€ BOJIH, YaCTOThI KOTOPBIX
cosmazaarot (Pruc.57). Eciu B Takoii KapTHHE BOSHUKAIOT HE U3MEHSIONIMECS CO BPEMEHEM YepeTOBAHMS
MaKCHUMyMOB U MHHAMYMOB, TO HaOItoAaeTcs cToa4asi BoJiHA. OHa BO3HUKACT NPU CYNIEPIIO3UIIUU BOJIH,
KOTOPBIC UMCIOT OJIMHAKOBBIN MEPHOJ U HEM3MECHHBIH CIBUT (Da3 KojaeOaHuil B KaKION TOUKE
npocTpaHcTBa (KOrepeHTHbIE BOJIHBI). YCTOiuMBas HHTEP()EPEHIINS MOKET HMETh MECTO TOJIBKO TPH
YCIIOBUHM KOTEPEHTHOCTH BOJIH, U 3TO CaMOE IIABHOE YCJIOBUE IMOJTYYCHHE BOJTHOBON HHTEP(EPEHITMOHHOM
KapTHHEI.

nayanaworldfcom

Puc.57. UnrtepdepeHimu AByX BOJH B 3aBUCUMOCTH OT YaCTOTHI KOJICOAHUS U PACCTOSHUMN
MEXJy IIEHTPaMHU KOJICOaHHH.

B cTosueilt BosiHE €CcTh TOUKH, KOTOPBIE BCE BPEMsI OCTAIOTCSI HEMOABMKHBIMUA. B Toukax, riae
KoJIEOAHUS OT JIBYX BOJIH TacsT APYT Apyra, SHEPTUs BOJIH HE HCYE3aeT U He MPeBpallaeTcs B Jpyrue
BUJIBI, HO JIMIIH TIepPepaclpepesiseTcs B IPOCTPAHCTBE, TAK YTO MUHUMYMbBI YJHEPTUN KOJICOaHHI B OJTHUX
MecTax KOMIIEHCHUPYIOTCSI MAKCUMYyMaMH B IDYTMX B [IOJIHOM COOTBETCTBUU C 3aKOHOM COXPaHEHUS
SHEPIuHu.

Korna BonHa orpannveHa HeTOABIKHBIMH TPaHUIIAMH, TAKUMH, HAITPUMEP, KaK KOHIIBI CTPYHBI, MBI,
TIPH OTIPEACTICHHBIX YCIOBUX, TOIyYaeM JHHEWHYIO CTOSYYIO BOJHY. Ecin jke BoiHa orpaHmdeHa Ha
IJIOCKOCTHU, HAITPUMEDP, KPYTOM HIIA MPSIMOYTOJILHUKOM, IIPU U3MEHEHUH YaCTOTHI B IIpeaeax
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OrpaHUYCHUA 06pa3yeTCﬁ CTOsIYas BOJIHA HA INIOCKOCTU. TakKue BOIHBI HUITIOCTPUPYIOT, HAIIPUMED,

¢buryps! XiaHu, Kak CJIeACTBUE HHTePPEPEHIINU BOJIH HA TUIOCKOCTH.

Puc.58

Takue KapTUHBI MOYKHO YBH/IETh B O'PAHHYCHHOM MTPOCTPAHCTBE (HAIPHMEp, Ha IIOCKOCTH), €CIIU B
MPOCTPAHCTBO BOJHOBOTO JIBHKECHHUS, KOTOPOE MBI HE BHUM H3-32 OCOOCHHOCTEH 3pEHUSsI, BBECTH,
HarpuMmep, NecoK, KaJUIOMIHBIA pacTBOP WIIM MOJKPAIICHHYIO )KUAKOCTH (urypsl Xmnaanu Ha Puc. 58,
BO3PACTAHHE YACTOTHI CIIEBA HAMPABO, i 0ObeMHbIe (purypsl Mennu Ha Puc.59). BuaHo, Kak mecok
CKaIUIMBAaeTCsl Ha JIMHUM y3JI0B, YETKO BBIUEPUYHBAsK O0JIACTH Y3JIOB U IIyYHOCTEH CYMEPIIO3UINU CTOTUNX
5HEproBosH. OTHOCUTENHHO KPYIHBIE YACTHLIBI COOMPAIOTCS B Y3JIOBBIX JIMHUSAX CTOSYHUX BOJIH, I/1€
aMILTUTY1a KoJieOaHWii OTHOCUTEIBHO MaJia, MEJIKHe — B Iy4HOCTsIX. Takasi 3aBUCIMOCTh MecTa
KOHILIEHTPALMX YaCTHLl OT X pa3Mepa yCTaHOBJICHA U JJIs1 MUKPO- U HAHOYACTHLI.

Puc.59

I"anc Mennu nokasai: eciu >KUAKOCTH B hopMe cepbl BUOPUPYET C YUCTHIMH “AMaTOHUYECKUMH
3BYKOBBIMH 4aCTOTaMH, CKQ)KEM, C OCHOBHBIMHU BUOPAIMSIMU MY3bIKaJIbHON OKTaBbl, BHYTPH XKUJIKOCTH
HOSABJISIETCS YCTOIUMBas 00beMHasi TeoOMeTpuiecKasi CTpyKTypa. [Ipu n3MeHEeHn YacTOThI CTPYKTYPBI
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nocnenoBaTenbHO MeHsAoTcsA. [IposiBisiercst Takoi 3(pdeKT BeiieAcTBHE OTPAaKeHNH BOJTHBI HA
rpaHuIe cpelbl.

Bonnaa ®apanes npencrasisier coO0H CTOSIIYIO BOJTHY, KOTOPas BO3HUKAET B KUAKOCTH TPU
BUOpPHUPOBAaHNM CTEHOK cocyja. Korma yactota BuOparuii tocTuraet onpeaenEéHHON BEIIMIIHEI,
MOBEPXHOCTH KUIKOCTH TEPSAET POBHOCTH U TJIAJKOCTh, TOKPBIBASICH PEIbe()HBIM HETIOBUKHBIM «Y30POM)
u3 TpebHel 1 BaauH - psosio dapanest (Puc.60).

mirkristallov.com

Puc.61. ®otorpaduu cHexxMHOK 13 aTiaca bentim u Xamppu

OueBuaHO Mo00Me B 00pazoBaHuu Gpuryp XmaaHu u cHesKMHOK (Puc.61). B aToMm cinydae Monekyisl
BOJISTHOTO TTapa CKAaITMBAIOTCS B0 Y3JIOBBIX JIMHUH TOYHO TaK )K€, KaK TIECOK CKAIUITMBAETCS B Y3JIOBBIX
JMHUAX Ha IUIaCTUHE, 00pa3ys Gurypsl XiaaHu.

Ba)KHO, YTO BCC OTU (1)I/Il“ypBI Jar0T HaM BO3MOXXHOCTb BUJICTH, KAKOC BJIMAHUC HA MAaTCPHUIO OKa3bIBAOT
CTOSIYME BOJHBI M MHTEP(EPSHIIMS BOJH PA3IMYHON IPUPOIBI, TaK KAK CAMH YHEPTOBOJIHBI JISI HAC
HEBHUJIUMBI, & BOT Pe3yJbTAT UX BIUSHHS Ha BEIIECTBO OYeBHIeH. Ha 310 0OpaTuil BHUMaHUE eIlie
Jleonapno na Bunuu B xoHie 1400-x rofoB, HaO/Ir0Aas1, Kak MbUTMHKKA Ha BUOPHUPYIOIIEM paboyYeM CTOJIE
MePEeMEITUBAITUCH, co371aBast PopMbI: «S1 TOBOPIO, YTO KOT/IA 110 CTONIY YAAPSIOT MO Pa3HBIM JIMHUSM, ITBLIb
Ha HEM KOHIICHTPUPYETCS B BUJIE PA3IMIHBIX (OPM XOJIMOB U HEOOIBIIHX Top... [Tblib, KOTOpas
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paszaensercs Ha Pa3IMYHbIC TOPHI HA YAAPEHHOM CTOJIE, CITyCKAETCs C TUIIOTEHY3bI 3TUX XOJIMOB, BXOIUT
MOJT UX OCHOBAHUS M CHOBA MOJHUMAETCSI BOKPYT OCH OOJIACTH MOl BEPIIMHON TOPEBI».

Takum 00pa3oM, CTosI9ast BOTHA IMPEACTABIISET COOOH MTEPHOINICCKOE BO BpeMEHHU KojIeOaHue ¢
XapaKTepHbIM HEU3MEHHBIM TIPOCTPAHCTBEHHBIM paclpe/ieICHEeM aMILTUTY bl — YepeIOBaHUEM y3IIOB
(obmacreit HyneBOM) U ydHOCTEH (MAKCHMYMOR) TUIOTHOCTH CPEIBI.

B stux cTpykTypax npossuics pusndeckuii 3hdexT, oTpaskaromuii mo cymecTBy BceoOIue cBoicTBa
BCEil MaTepHH: C YBEIIMUEHUEM YaCTOTHI BOJIHBI B HEH MOSABIISIOTCS OoJiee CII0KHbBIE TeOMETPUIECKIE
CTPYKTYPBI, IPH YMEHBIIEHUH YaCTOThI BOJHBI 10 IEPBOHAYATILHOTO 3HAYCHNUS, BO3BPALAETCS Ta JKE
CTPYKTYypa, C KOTOPOI IKCTIEPUMEHT HauuHAJCA. SICHO, YTO Ha (PyHIaAMEHTATLHOM YPOBHe GU3MUeCKnX
MpoueccoB AeiicTBYeT GoJee riIy0oKHii, 4eM MPocTas CIy4YaitHOCTh, 3aKOH. JTOT 3aKOH
CBHIETEJIBCTBYET 0 TOM, YTO 32, Ka3aJ10Ch Obl, CJIY4aiiHOI BePOSITHOCTHOIN KAPTHHOM
(opmupoBanust 00ekToB MHUpO31aHNs CKPBLIBAETCA 0oJIee IIy00Koe colepKaHue WM NMPUYUHA,
HMeloLIast JoruyecKoe 00bsiICHeHUe, a MMEHHO TO, YTO HHTepdepeHIHOHHAs KAPTHHA, BUIMMAast
0s1aroaps nepeMenieHnIo 3GpUPHLIMH IHEPTOBOJHAMU BUAMMBIX MeJbYANIINX YACTUL, TAKHM
o0pa3oM oTo0paxaeT IHEPreTHYECKYI0 CTPYKTYPY NPOCTPAHCTBA WU cpelbl, (POPMUPYEMYIO
3HepropoJiHamMu. [losToMy, Koraa B cpele BO3HMKAKT BUOPaLMOHHBIE NIPOLIECCHI, TO BMeCTe ¢ 3THM B
Hell BO3HUKAeT U MPOCTPAHCTBEHHAS JHEPreTHYecKas CTPYKTypa (CKeJieT), KOTopasi 0Ka3biBaeT
cylecTBeHHOe BJIUsIHME HA pacnpeleeHle 4acTHL BeulecTBa U GopMHUpPOBaHHe 00bEKTOB BHYTPH
3(pupHOIi cpeabl.

l. oy .
4 W -
= ;/‘ ahd

Puc.62

Teneps, Korja MBI YBUIETH, KaK CTOSTYAst BOJIHA OYKBaJIbHO CO3HUIAET MaTepUaIbHbIE CTPYKTYPHI H
(hopMBI, HanIpUMeEp, B XKHUJIKOHM HITH JKEIe00pa3HOM cpefie, MPUXOAUT TOHUMAaHKE TOTO, KaK
CTPYKTYHPYIOTCS, (POPMHPYIOTCSI MaTepHaIbHbIC O0HEKTHI.
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Puc.63. Ctosiuast BorHa Ha peke

Kax aTo Bce mporncxoaut? I1oTOKM SHEPTOBONH pa3HBIX YacTOT (IJIMH BOJIH), IPOXOIST depe3
BUOPUPYIOILIYI0 MPOCTPAHCTBCHHYIO CTPYKTYPY, IPH OMPEIEICHHOM COBIAJCHUH (COOTHOIICHHUH)
napamMeTpoB BOJH U pa3MEPOB CTPYKTYPHI, PACCECHBAIOTCS U OTKIIOHSIOTCS, TPOUCXOIAT JUPPAKIHSL,
IpeIoMIIeHHE U roromeHue BoiaH. IIpu HaMuuum oTpaskaomuxX rpatmll IOSBISIOTCS OTPaXKEHHbIE
MOTOKU BOJIH, KOTOPBIC HHTEPHEPUPYIOT C YACThIO MaaloNuX BoJH. MHTepdepeHIMs 3TUX TTOTOKOB IMPH
HEKOTOPBIX YCIOBUSAX MOPOXKIAET IPOCTPAHCTBEHHBIC CTOSIYHE BOJIHBI, KOTOPHIE, B CBOIO OUEPEb,
UHTEPPEPHUPYIOT C YACTHIO MAAIONINX TOTOKOB. I Tak mocienoBaTenbHO MPOUCXOAUT GOPMUPOBAHHE
MaTepuH (BeulecTBa) MEHbBIICH INIOTHOCTH U3 BEIIECTBA O0Jiee BHICOKOH IIOTHOCTH. Takum o0pazom
COMOCTABJISICTCS IIKAJIC YaCTOT BUOPAIHiA COOTBETCTBYIOIIAS Cif IKasia mioTHocTel Bernectsa (Puc.10).

B Mupo3nanuu crosune BOJIHBI®® HAOIIOIAI0TCS MOBCIOYy. MHOTHE XUMHUKH U OCOOCHHO
KpucTayuiorpadsl yke IPUXOIAT K BEIBOIY, YTO U CAMH TeJla — 3TO MAKEThl CTOSYUX BOJIH, 00pa3yrolye
BOJIHOBbIE PEIIETKH, B y3J1aX KOTOPBIX HAXOAATCH CTYCTKH BelIeCTBA - ATOMbI WJIH MOJIEKYJIbI.

[TosrydaeTcs, 4TO CTOSYME BOJIHBI B CTPYKTYpE BEIIECTBA BRICTYINAIOT B POJIM CHIIOBOrO Kapkaca. Tak
MEKaTOMHBIE CBSI3U B KPUCTALINYECKOMN PELIETKE UMEIOT BOJIHOBYIO IPUPOLY U UX MOXKHO NPEACTABUTH B
BUJIE€ CTOSTUMX BOJIH. Ecnii BHyTpeHHee CTpOeHUE BEeLIECTBA pacCMaTpUBaTh UMEHHO TAKHM 00pa3oM, TO
paccTosIHUS MEXK]Ty aTOMaMH BCeT/1a OyIyT ONpeeNsAThCS Pa3MepaMu CTOSIYUX BOJIH.

Taxum 06pa3om B HalleM BUOPaIMOHHOM MHpPE OCHOBOM BCcel OpraHu3auuy (CTPYKTyHPOBaHHS)
BEIECTBA (MAaTEPHK) ABJISETCS CTOSYAs DHEPTOBOIHA®, a TO, UTO paHbIlE CYUTATIOCH «JaCTHIIAMUY» B
aToMe, 3TO Ha CaMOM JieJie 00J1acTH CTOSYMX BOJIH B 3()UPHOM cpezie, MMEIOIIEHCs] BO BCeM MPOCTPAHCTBE.
EnnHcTBEeHHAs «pealibHO» CYIIeCTBYIOMIAst MaTepHsl — 9TO caMa 3(upHas cpelia, a CBeT, 3BYK,
AJIEKTPOMArHETHU3M M TEIIO - 3TO pa3HOYACTOTHBIC BUOpaIuy 3pUpHOHN cpelibl. HecKoJIbKO CTOIKHOBEHHIM
MEXIY aTOMaMHU MM MOJIEKYJIaMU JAI0T pe3yibTaT chepruyecKoro pacrpoCTpaHEHHs SIEKTPOMarHeTu3mMa.
[oBomoM [yt chepudIHOCTH, TIOX0KEH Ha 3BYK, CITY>)KUT KaXKJI0€ CTOIKHOBEHHE, KOTOPOE UMeeT dPdeKT
nudpakuuu Ha GIM3JIEkKaIUEe aTOMBI UJIH MOJIEKYITbI.

38 Kaykfian U3 ABYX OZMHAKOBbIX BCTPEYHbIX BOIH, 06Pa3yHoLLMX CTOAYYIO BOJIHY, NEPEHOCUT SHEPTUIO B HAaNpaBAEHUWU CBOEro
pacnpocTpaHeHus. Tak KaK 3TW Hanpas/ieHUsa NPOTUBOMNOJIONKHbI AAPYT APYTY, TO B pe3y/bTaTe NepeHoca S3Heprumn B CTosYei BoNHe
HeT. JHeprua ocTaeTca Ha MecTe, HaKanAMBasACh U NePexoaa U3 KMHETUYECKOM B MOTEHLMabHYIO M 06paTHO (3TO U ABNAeTcA
rNaBHbIM OCHOBaHMEM, YTOBbI Ha3blBaTb TaKYO BOJIHY «CTOAYEN»).

39 yTBepsKAaTh, UTO SHEPrUA NPAMO NPEBPaLLAETCA B MaTePUIO BelLecTBa HeBepHo. Macca cywiecteyeT cama no cebe, aHeprua
TONIbKO HYXXHa ANA 06pa30BaHUA MACC YacTUL, U 06EKTOB U3 3/IEMEHTOB CPefibl U He MOKEeT NPeBpaLaTbcA B Maccy.

40 Hanpumep, ANA CO34aHUA TAaKTUAbHBIX OLLYLLEHWI OT 06HEKTOB BUPTYaIbHOTO MUPA NPUMEHSAETCA HaNoKeHne
YNbTPa3BYKOBbIX BOJIH, UCMYCKAaEMbIX U3/1yyaTenamu. B 3aBMCMMOCTM OT pOpMbl BUPTYasIbHOrO 06bEKTA BOIHbI HACTpanBsatoTcs
TaK, 4To6bl HOKYCHpPOBaTLCA (MHTEPPEPUPOBATL) B ONpeaeiEHHbIX TOUKaX. Bo3HMKaloLLee B 3TUX TOUYKaX 3BYKOBOE AaB/ieHue
BbI3bIBAET HAa 1aZ0HM OLLyLLIeHWEe NPUKOCHOBEHMA K NpeameTy.
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B mponecce npeBpatenns 3gpupa B BEIIECTBO SHEPTHS BEIISCTBA U €T0 Macca B COOTBETCTBUH C
3aKOHAMH COXPaHECHHS SHEPTHH W MacChl BO3PACTaeT 3a CUET YOBUIN DHEPTUH M MacChl ddupa. 1o
03HayaerT, YTo B Mpolecce KOHACHCANHU (CTPYKTypu3aun) 3¢upa, To ecTh MPEeBpaLICHHUs €0 B BEIIECTBO,
U3MEHSIETCS] B Macca IOKOsI BEIIECTBA, B PE3yJIbTATE YEro BEIIECTBO MPUOOPETAET MHOKECTBO IPYTHUX
CBOWCTB - pa3IMYHBII XUMUYECKUH COCTaB, BSI3KOCTh, SHTPOIHIO, 3apsiJl pa3HOTO 3HAaKa, MOJSPU3yEeMOCTb,
HaMarHMYeHHOCTh. HanpoTuB, 1o Mepe yCKOpEHHS BEIIeCTBa U MPHOINKEHUHN €ro CKOPOCTH K
npeIeIbHOM CKOPOCTH B JAHHOW CpeJie 3TH JIOTIOJIHUTEIbHbBIC CBOWCTBA BBHIPOXKIAIOTCS, ¥ BEIIECTBO CHOBA
nepexoauT B 3Gup.

dDu3uyecKue 00bEKThl MAKPOYPOBHS, HAaNIpuMep 3eMJIsl, TaK:Ke c(pOPpMHUPOBAHbI CyNepPNo3uLHei
NMPOCTPAHCTBEHHBIX CTOSIYMX IHEPrOBOJIH PA3JIMYHBIX YACTOT B Mpe/esax orpaHudenuii B popme
ceps! win noaycdepst. Tak Harra 3emiist UMeeT MHOTOCTIOWHOE CTPOEHHE, T/IE KAXKIIBIH CII0H YCIIOBHO
ompeJieNisieTcs B Tpe/ieiax OMHOPOJHOTO COCTOSIHUSI MaTepUH: TBEPJOH 000IOUKH, BOABI, BO3AYIIHBIX Macc
10 nonochepu*!. TpuueM Kakaplii CII0M HMEET TOJIBKO €EMY CBOMCTBEHHYIO IIPOCTPAHCTBEHHYIO
SHEPTeTHYECKYI0 OCHOBY, CTPYKTYPHUPOBaHHYIO B hopMe GUTypbl XIIaJHA B 3aBUCUMOCTHU OT YaCTOTHI
BHYTPEHHEH CTOSTUCH BOJIHBI (aHAJIOTHYHO PI/IC.58,59,64).42 CusoBble JIMHUHM, CO3JaHHbBIC TaBJICHHEM
BOJTHEI, TTO3BOJISTIOT TIO-HOBOMY B3TJISIHYTh Ha TUHAMHKY TPAaBUTALMW M Ha TIporiecc (hOpMUPOBaHUS
CTPYKTYPHBIX OCOOEHHOCTEH IMOBEPXHOCTH 3€MIIH, TAKMX KaK KOHTHHEHTBI, IIOJIBOJIHBIC XPEOTHI H TOPHBIC

o0Opa3oBaHws.
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Ha Puc.64 moxazans! ¢purypsl XiaaHu Ha BEPXHEH AeKe TUTaphl, KOTOPBIE IEMOHCTPUPYIOT HaM
M3MEHEHHE MOJIOKEHHUS Y3JIOBBIX JIMHUIA HOPMaJIbHBIX KOJeOaHWH Ha TIACTUHE JEKH NP U3MEHEHUH
YaCTOTHI BXOJAIIEH BOJHBI, aHAJIOTUYHO Mporeccy (POpMUPOBAHUS CTPYKTYPHBIX OCOOEHHOCTEN
MTOBEPXHOCTH 3EMIIH.

41 ATmocdepa 3emInm — 3TO TaKKe MHOTOCIOMHBIN NUPOT, KaXKAbli CION KOTOPOro MMeeT COBCTBEHHYIO PELLETKY M CMEKTP YacToT.
HukHMiA cnoit atmocdepbl copgepkut 6osee 100.000 yacror.

42 B.BepHaackuit: «O6 3TUX NPOCTPaHCTBAX C pacceAaHHbIMM aTOMaMM M MONIEKYIaMW NPaBU/IbHEE MbICNIUTb HE KaK O
MaTepuanbHOM NyCTOTE «BaKyyMa», HO Kak O KOHLLeHTpaLmMKn cBoeobpasHoi sHepruu, B pacceaHHOM BUAE COAEPKaLLLen
KOJI0CCa/IbHble 3anacbl MaTePUUN U SHEPTUM Y.
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BrioskeHHBIC OJTUH B IPYTOH CIIOM BCE BMECTE U COCTABJISIFOT MPOCTPAHCTBEHHO - SHEPTETHUECKYIO
cTpyKTypy Beelt 3emmn.* M3MeHeHHe 4acTOThI AasKe OHOI M3 MHOKECTBA BHYTPEHHHX CTOSYHX
BOJIH IPUBOAUT K H3MEHEHUIO CTPYKTYPHI KapKaca Halleil mianeThl. Tak, H3MEHEHUE YacTOT
BHYTPEHHHX CTOSIYMX BOJH 3€MHBIX CJIOCB, IPOUCXOSIICE MO/ BO3JACHCTBIEM KaK BHEITHETO U3TyUCHHS,
TaK U U3IYYCHUH BCEro KUBOTO Ha 3eMJie, MPUBOAUT K U3MECHEHHIO IPOCTPAHCTBEHHO-IHEPTCTHYCCKUX
CTPYKTYp Kapkaca, BCJICIICTBUE YET0 Mbl HAOIFO1aeM 3eMIICTPSICCHHSI U UHBIE TII00aIbHBIC KaTaKIN3MBI, a
TaK e IMOCTOSHHOE YBEITMYEeHNE CIITBI TpaBUTAINy (3amedeHo ¢ 1996 roxa).

Y xax1oii Takoi reoMeTprIecKoi (GUTYpHI, CHOPMUPOBAHHON SHEPTOBOITHAMH, UMEIOTCS OCOOBIE
y3JI0BBIE TOUKH, 00JIa/IAfOIIIe YANBUTEIbHBIME CBOlicTBaMu. Hampumep, coBceM HeaBHO CTPYKTypa
coBpemeHHo# 3emiu (Puc.65) npencrasnsiiachk B popme goaekasapa ¢ 12 y3a0BbIMH TOYKaMH, B KOTOPBIX:
OKEaHWYECKHE TCUCHHUS Ha TOBEPXHOCTH TEKYT B O/IHY CTOPOHY, B TIOIBOJTHBIE TEUCHUS — B IPYTYIO,
IMMPOABIIAIOTCS JICKTPUUCCKUC CIIMPAJIN 3eMJ'II/I, CJIbIIIATCA CTPAHHBIC 3BYKHU U IPOUCXOAAT MarHUTHBIC U
rpaBUTALIMOHHBIE AHOMAJIHHU, HAXOAATCS caMble TITyOOKHE MECTa OKEaHCKOT0 THA, HAOII0IAl0TCS CHITbHBIE
OypH Ha MOPCKOM JIHE, A TOBEPXHOCTHBIE BOJIbI OKEAHOB CaMBbI€ COJICHBIC, HAOIIIOIAI0TCS TIOTO/THEIC
CHCTEMBbI BBICOKOI'O 1 HU3KOI'O )IaBJICHI/II\/'I " HCHTPLBI 6ypl>, IIOCTOSIHHO Ha6HIO[IaIOTC$1 CBCUCHUA
(MOHM3UPOBAaHHBIC YACTHUIIEI), B 3THX reorpadMueckruX 30HaX KUBYT yI'PH, HOTJIOMIAIONIHE JKEJIE30
OaKTepHH M AIICKTPHUYECKUE PHIOBI (3TH TOUKU MJCANBHBI IS TOTO, YTOOBI )KU3Hb TEHEPHPOBAJIa
ANEKTPUIECKYIO dHEepruo). U emne, ¢ 3TUMHU y3JI0BBIMH TOYKAMH HAMIPSMYIO COOTHOCSTCS TIOBEPXHOCTHBIM
cio#t 3emiu (urocdepa) u GuU3NIECKUE ACTIEKTH TEKTOHUKH TUTAT (30HBI HATSKSHHUS, TPAHHUIIBI TLTUT,
OILEMBI, PA3JIOMbI, HANPSHKEHHS, AHOMAJIMH CEMCMMYECKHX BOJIH)*,

Puc.65

Eme B 1889 rony pycckuii nnxenep MBan SIpkoBCKUI MpUIIET K BBIBOAY, UTO 3€MJISl YBEIHMUUBAETCS B
o0beMe BCIIEICTBUE TOTO, YTO «HEKOTOPBIE BU/BI 3(Hpa MOTJIOMAIOTCS 3eMIei» H, TpeoOpasysach B HOBBIE
XUMUYECKHE 3JIEMEHTHI, IPUBOJAT K ee paciuupenno. Anbdpen Berenep B 30-e rofs! yxe MpoIuioro
BEKa pasriisiaes CXOKYIO JIMHUAIO KOHTYPOB MaTepukoB AMepuku, AQpuku 1 KoHTHHEeHTa EBpombl.
CrnoxuB ux 1o 6eperoBoil KpoMKe ATIAHTHKH, OH MTONYYHII... €AUHBIN MaTepuk — [lanrero, u 31O

43 AiiBeH CaHAepCOH CBeN BOeAMHO BCe MMetoLMeca gaHHble 06 McYe3HOBEHUM CamMoNeToB U Kopabnelt B KoHue 1960-x rogos.
OH 06Hapy»KMA, 4TO Ha NOBEPXHOCTM 3eMAN UMetoTcA 12 TOYEK, B KOTOPbIX B PasHOE BPemMsa NPOUCXOANIMN UCYE3HOBEHMA, U BCe
MCYE3HOBEHMA KOHLUEHTPUPYIOTCA BOKPYT 3TMX 12-Tu Touek. Ho elle 6os1ee CTpaHHO TO, YTO 3TM 12 ToYeK HaxoZATCcA Ha paBHOM
paccToaHum apyr ot gpyra. Mo cywecTsy, coeaAnHMB BCe 12 TOYEK, OH NOYYUA NPABU/bHbLIV FTEOMETPUYECKUI 0BBEKT, M3BECTHbIN
KaK MKOCasAp, KOTOPbI BbIFAAUT KaK MAY C ABAALATLIO TPEYroNbHUKaMu. MOXKHO NpeanonoXKnTb, YTO MMEHHO OH HAaXOAUTCA
BHYTPW 3eM/IN B BUAE SHEPreTUYECKOro CKeneTa.

44 Y. H. AHULKNI: «DHEpProHacbIWeHHas U BbICOKOOPraHM30BaHHAA HOCUTE/IbHULLA XU3HU - HEIMHEWHaA 3eMAA npeacTaBaseT
cob6011 cnoxHoi Gopmbl KpUCTana. B camom ynpoLeHHOM BUAE 3TOT KPUCTAN MMEHYETCA UKOCA30POM».
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HaOJIoIeHNE JIETJI0 B OCHOBY TEOPHH JABKECHUS IMTOC(EPHBIX IUIUT U Apeiida KOHTHHEHTOB. U, nanee,
Ortro Xpucrodp XuereHOepr mnepeHec HAC0 ¢ KapThl Ha T100yc. [ToxyueHHbIe MOIETN TMHAMUKI
pacumupenns 3eMiIM TPUBEIH K BEIBOAY — eci 00beM 3eMIId YMEHBIINTh, TO MATEPUKH COBIAIYT APYT C
JPYroM, KaK B y30pe MO3aHKH, C TOUHOCTBIO 710 94%!
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Puc.66. 'moOycer Xunbrenoepra

W3mepenust ¢ TOMOLIBIO BEICOKOTOYHBIX HMHCTPYMEHTOB CHIIBI TPABUTALIMH, PACCTOSIHUN MEXILY
(hMKCUPOBaHHBIMHU TOUKaMH Ha 36MHOM MOBEPXHOCTH, KOOPAUHAT reorpaduueckoro CeBepHOro moioca,
ypoBHA MHpPOBOro OKeaHa, a0COMIOTHON BBICOTHI IOBEPXHOCTH CYIIH, ITOJIOKEHHS 36 MHOH KOPBI,
BBITIOJIHSIEMbIE B TEUSHHE IUTEILHOTO CPOKa, HOATBEPKAAIOT yBenueHue oobema 3emnn. CUUTaiIoch,
YTO TaKoe yBeJIUUeHHe 00beMa JIOJDKHO HEMPEMEHHO COMPOBOKIATHCS POTIOPIIHOHATEHBIM POCTOM
Mmacchl. A 3toro He HaOmonaercs. [lo3aHee, B poliecce UCCIeI0BaHUS OKEaHUIECKOT0 JHA BBIACHUIIOCH,
YTO OHO COCTOMUT W3 TIOPOJI 3HAYUTEIHHO MOJIO’KE MaTEPUKOBBIX TUTUT, & 9TO TOATBEPIKAAET TEOPHIO, BE/lb B
npolecce pacimupeHus 3eMIu pacTeT He Macca, a 00beM. Cle10BaTelIbHO, OKPYKAaIoIas Cpeia HaXOJUTCs
B PEXXHMME IIOCTOSIHHOM HeoOpaTumMoii Tpancdopmarmu (Puc.67).
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AHAaJIOrHYHO BEICTPOEHBI IIPOCTPAHCTBEHHEIE CTPYKTYPhl 00BEKTOB MUKPOYPOBHs: (JOTOHOB*, aTOMOB,
MOJIEKYJI, @ TAKXKE BCEX 00BEKTOB MUPO3aHHUs B TIOJHOM COOTBETCTBHH € MIPUHIUIOM (DpaKkTaibHOCTH.*®
[IpakTHuecky Bce, YTO Mbl BOCIIPUHUMAEM BOKPYT €01, MIPEICTaBISIET COOOM HE CTOJIKO TBEPIbIC
00BEKTHI, CKOJIBKO «CTOSYHE BOJTHBD) MIIH «CTYCTKID DHEPTUU. MBI caMy TIpeICTaBIsieM cOOOH Takue
«CTYCTKH» KaK Ha YPOBHE MCHTAJIbHOM (BBICOKMX YaCTOTaX ), TaK U Ha (PU3NYCCKOM (HM3KUX 4acTOTax
konebanuii). [IpocTo Ha pa3HBIX YPOBHSX IUIOTHOCTh 3TUX CTYCTKOB MaTepUU pasHasi. Tak, B HaIIeM
TPEXMEPHOM IPOCTPAHCTBE CYIIECTBYET MEHTAIBHOE TEJI0 YeloBeka. MeHTaIbHOe Telo, MPOEIUpYsICh B
CTOPOHY MPOCTPAHCTB MEHbIIIEH TUIOTHOCTH, PE30HAHCHO MTOPOXKAAET acTpaIbHOE A(PUPHOE TETIO U, B
KOHIIE MPOEKIINY — MIPUBBIYHOE TeTo (hru3uueckoe. CymecTBOBaHUE BCEX TEIN - 3TO HE WILTIO3HS,
BO3HUKAIOIIAs B COZHAHUM ITPH H3MEHEHWH YPOBHS BOCTIPUSATHS, & peadbHOCTh. OOBIYHO MEXaHU3M
MPOEKIIMU TaKOB, YTO BCE TEJIa HAXOASTCS B OJTHOM U TOM K€ MECTE, TaM XKe IJIe U TeJI0 (PU3UIecKoe, eCiu
paccMaTpuBaTh B TPEXMEPHOM MIPOCTPAHCTBE.

IIpunHuun "MUPHOTO COCYIIIECTBOBAHHUSA" SHEPTOBOIH Pa3HOM YacTOTHI B MPOCTPAHCTBE MOKHO
MIPUMEHUTH | K IpyruM (hopMam (dactotam) sHeprun. Ousmaeckre u dQUpHBIE Tea CIIOCOOHBI TaK JKe
MHUPHO COCYIIIECTBOBATh, KAK U PaAHOBONHEL [Ipu 3TOM 3HEpreTHdyeckre MaTpulbl 3PUPHOTO U
MEHTAJIBHOTO TeJl YeJIOBeKa CHHEPTeTHUECKH HAKJIAABIBAIOTCSA HA MOJIEKYJISIPHYIO CTPYKTYPY (DU3UUECKOTO
TeJa ¥ YIPaBISIOT €r0 POCTOM U Pa3BUTHEM - 3TOT KOMIUIEKC U 00pa3yeT TO, 4TO Mbl Ha3bIBaeM
YEJI0BEYECKUM CYILECTBOM - B CAMOM LIMPOKOM CMBICIIE 3TOTO clioBa*’.

Mupo3znanue TakuM 00pa3oM CTPYKTYPUPOBAHO BOJIHAMH, TO €CTh YHOPsIIOYeHO. B HeM HeT MaTepun
BHE CTPYKTYp U nopsiaka. CTpyKTypbl CyLIECTBYIOT Ha BCEX YPOBHAX OpraHU3ALMK MaT€pUu: OT
MHUKpOMHpa 10 MakpoMupa. To, 9To Ha MepBbIil B3I MOXKET ITOKA3aThCsl Xa0COM, SIBIISICTCS JIEMEHTOM
OoJiee OOIMPHON CTPYKTYPbI, KOTOPasi TAK ke (popMHUPYeTCsl CTPYKTYPOOOPa3yIOIUMHU CHIIAMH
CYNepno3uIHU CTOSITYMX BOJIH B 3aMKHYTOM clcTeMe 3¢eMHOro Mupo3aaHus.

45 BakmuHCTep Dynnep NPeanonokKu, 4To GOTOH KCOCTABAEH» ABYMS TETPAsAPaMM.

46 B 1976 r. 3aMeyeHa onpefieNieHHas CUMMeTpUA GU3NYECKUX TeNl B OTHOLLIEHMU UX XapaKTEPUCTUK, COOTBETCTBYIOLLAA
CTPYKTYpUpyoLemy nHTepdepeHLMOHHOMY KapKacy CTOAYMX BOJIH cpeapl. HauMHan ¢ MMKPOMMpPa PaccTOAHUA MeXKAY Teamu,
MX Maccbl U pasmepbl B p-agnyeckoin MeTpuKe B NpeHebpeskeHM HEKOTOPbIMU HECYLL,ECTBEHHbBIMM CTYy4aliHbIMM OTKJIOHEHUAMM
COCTaBNAIOT BOCbMEPUYHbIE U YeTBEPUYHbIE PAAbI. YTO MHTEPECHOD, M OpraHbl YyBCTB YE/I0OBEKA COXPAHAIOT 3Ty rpagaumio — ot
3peHus 1 cyxa (OKTaBbl) L0 BKYCOBbIX OTTEHKOB, OLLYLLIEHMI Tenaa U X01043, 3anaxos U 60/1eBbIX NepexknBaHuii. Boisoa;: 1
B6UOPUTMbI YeI0BEKa NOAYMHEHDI TOM e CTPYKType.

47 Kum BOH XaH, uccaesyn CTpYKTYpbl MEPUAMAHOB SMBPUOHA HYe0BeKa 0BHaPYKMA, YTO CTPYKTYPa MepUaMaHoB GopmupyeTcs
B aM6puroHe paHblLe, YeM OCTasibHble OpraHbl Tesla. A TaKk Kak 3Ta CUCTeMa TECHO CBA3aHa C 3GUPHbIM TEIOM, TO JIETKO MPUATH K
BbIBOAY, YTO MMEHHO OHO YNpaB/iAeT NPOCTPAHCTBEHHbIM Pa3BUTUEM U OpraHusaLmelt Gusnyeckoro Tena.
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8. T'onorpadguyeckas crpykrypa Mupo3aanus

Eme oqH0 00CTOATELCTBO CBSA3aHO C TEM, YTO CO37aBaeMasi BOJTHAMU (HE 00s13aTEIIHFHO OAMHAKOBOM
JUTMHBI) HHTEppEepEeHINOHHAs KapTHHA (OPMUpPYETCS B cpelie B BUAe AU(PPaKIIMOHHON PELIETKH, Ha
KOTOPO# 3TH K€ BOJHBI TUPParupyroT (sSBIeHUE caMoAn(PAKINN).

O6pa3zyromuecs: TakKuM 00pa3oM roJjorpaguyeckie JMHAMHYECKHE PEHISTKH U3MEHSIOT aMIUIUTYAbI 1
¢a3pl pacIpoOCTPaHAIOIINXCS TOTOKOB M3yUCHUI U OHM HAaYMHAIOT B3aUMOJICHICTBOBATH APYT C IPYTOM.
370, B CBOIO OYEpEeb, U3MEHSIET KapTUHY UX HHTepdeperuun. 1 nanee 310 HOBTOPSIETCS CHOBA U CHOBA.
B pesynbraTte nHTEpQEpHUpyIONIHE BOTHBI B3aHMOJICHCTBYIOT B KXK/IbI MOMEHT BPEMEHH C CO3JIaHHOM
MMM B 3TOT )K€ MOMEHT BPEMEHH I'0JI0rpaMMOii. B cieyroniuii MOMEHT BpeMeHH MPEeIblayILast
roJIoTpaMMa UcUe3aeT, ¥ BOJIHBI B3aUMOEMCTBYIOT C HOBOM TOJIOIpaMMOM, KOTOpasi COOTBETCTBYET
napameTpaM BOJIH Ha JaHHBIH MOMEHT.

Korzaa BcTpedaroTcst MHOTO BOJIH € Pa3lIWYHbIMU HAIIPABICHUSMH PaclpOCTPaHEHUs, AMHAMHUYECKast
roJyiorpaMMa MpeJcTaBisieT co00i HanoxeHne AUQPAKIMOHHBIX PEIIETOK, MPUBOAAILINX K Pa3THIHBIM
nepepacnpeAeIeHusIM HHTeHCUBHOCTEN U (ha3 B3aumoaencTByromux BosH. [lomydaercs, 4ro rojzorpamma
Muposaanus — ObICTPO MEHsIOIIascs HHTepdepenuus Heproposn’®. Tlpuuem sta ronorpamma®®, Bo-
MIEPBBIX, HEe WJIKO3HS, 8, BO-BTOPBIX, HA Pa3HbIX YaCTOTaX UMEET Pa3HbIi BUA (MHTEpdEpEeHIIMOHHBIH
KapKac CTOSYMX BOJIH CPeIibl).

1o sTo¥ MpUyYMHE OKPYKAIOIINN HAC MUP BBITIISANT COBEPIICHHO HE TaK, KAK MBI CYIUM O HEM, a
MHOTHE €CTECTBEHHBIE JIJIs1 HCTHHHOTO MUpA SBJICHHSI U TPOIIECCHI KAXKYTCSl HAM HHBIMH, CTPAHHBIMH U
HEJIOTMYHBIMH, 3 MHOT/Ia U BOBCE HEAOCTYITHBIMHU U1 HOHUMaHUs. Hampumep, npu H3MEeHEeHUU
CcOOCTBEHHOW 4aCTOTHI 00BEKTOB (PU3NIECKOTO MUPa HAOTIOAAFOTCS SBIICHUS CaMO3apOKISHUS MATEPHH -
13 "HUOTKY/1a" BO3HUKAIOT «3JEKTPOHBI» U «ITO3UTPOHBI», a TI0 UCTEUEHNUH KOPOTKOTO BPEMEHU OHU
00BEIMHAIOTCS W MICUE3AI0T B TOH JK€ TOUKE Cpelbl, B KOTOPO MposBUiKCh. [11a3ma nmeeT crmocoOGHOCTh
TIPH OTIPEACTICHHBIX YCIIOBUSIX BO3HUKATH WITH «POXKIATHCSI» U3 «(PHU3NIESCKOTO BaKyyMa, a P IPYTHX —
«pacTBOPATHCS» B HEM 00paTHO. B 3TOM 3aximouaeTcst CEKpeT MOSBICHNUA U ICUE3HOBEHHS Pa3IMYHBIX
XUMHYECKHX 3JIEMEHTOB (HAIIpHUMeED, MOSIBIICHUE CAMOPOIHOTO 30JI0Ta WIIH HEPTH B BEIPaOOTaHHBIX
MECTOPOXKICHISIX, IPE0Opa30oBaHe OJHUX XUMHUYIECKUX JIEMEHTOB B IpyTHE MPH 00padoTKe
OTpeIeIEHHBIM U3ITYICHUEM ).

YenoBeKy SBHO HEJIOCTATOYHO JMAIIA30HOB YYBCTBUTEIILHOCTH OPraHOB UYBCTB M TPUOOPOB, YTOOBI B
MOJTHOM Mepe MPUHUMATh HMEIOIIYIOCS B OKPYKeHHH HHPopMaIwio. To eCTh sIBIICHUS 1 OOBEKTHI €CTh B
JIEHCTBUTEIHLHOCTH, HO CITIOCO0A WX YBUAETH WIH 3apETUCTPUPOBATH, IIOKA HET. B 3TOM cMBICiIEe YemoBek
BCEr/la UMEET JIeJI0 C YPe3aHHBIM IPECTaBICHUEM 00 H3ydaeMOM IPEeIMETE, I03TOMY CO3/1aBaEMbIe UM
(u3rYeCcKre MOJIETHN BCET/Ia HETIOIHbBIE, B ATHX MOJIEINSX BBIHYKJICHHO MPUCYTCTBYIOT JAOIMYIIEHHUS B BHJIE
aKCHOM U TIOCTYJIaTOB. Tak, pajyra HEe UMEET LIBETOB, HO €CTh Pa3HbIE MO YaCTOTE CUTHAIIbI, 4 MO3T
YeIIOBEKa PacKpallnBaeT 3TH CUTHAIIBI Pa3HBIM [IBETOM, U He Oonee. [loaTomy 1IBET — 3TO owyywenue,
KOTOpPOE MOJyYaeT YeJIOBEK MPU MOMaJaHuU €MY B IJ1a3 CBETOBBIX BOJIH. OJJHU U T€ € CBETOBBIC
BO3MICHCTBHSI MOT'YT BBI3BAaTh Pa3HbIE OIYIICHUS YV Pa3HBIX JIFOAeH. U 1T KaKI0T0O M3 HUX [BET OyaeT

48 MoxoKe, 4To ronorpamma Hawwero MnposgaHus COCTOMT U3 B3aMMOHAAraroLWmxcs MHTepdepeHLMOHHbIX CETOK (peLLeTok)
SHepPruu pasnnyYHbIX YacToT. Toraa Kaxaasn ceTka onpeaeneHHoM YacToTbl COAEPKUT YHUKANbHYIO MHOOPMAaLLMIO O Hallem MUPE B
COOTBETCTBYHOLLEM YaCTOTHOM AManasoHe.

43 MOCKO/IbKY TEPMUH «rOI0OrPamma» 06bIMHO OTHOCUTCA K CTAaTUYHOMY M306paKEHUIO U He NepeaaeT AMHAMUKY U aKTUBHbIN
XapaKkTtep 6eCcKOHeYHbIX CBepPTbIBAHUIM U Pa3BEPTLIBAHMWIA, HENPEPLIBHO CO34A0LLMX HaLLy BceneHHyto, 3BecTHbI Gusnk bom
npeAnoYnTaeT onpeaenaTb BceNeHHyIo He KaK roNorpammy, a Kak «roNogMHaMUKY» UU KTONIOABUMKEHMUE ).
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passabM. OTCrO/Ia CIIEYET, YTO CIIOPBI O TOM, "KaKO# IBET Ha caMOM Jieiie'"- 0ECCMBICIEHHBI, ITOCKOJIBKY
JUISL KaXKI0T0 HAOMIOAATENsT HCTUHHBIA IBET - TOT, KOTOPBIM BHINUT OH CaM.

U, eciu MBI TOCMOTPUM Ha OKPYKAOIIHIA HAC MU IPHOOPAMHU, HACTPOSHHBIMH Ha OTIpeIeICHHBIN
YaCTOTHBIN JMAMa30H, Kak Obl MEHss1 CBETOQUIBTPHI B OUKaX, TO, YTO MBI YBHIUM, OYET MO-pasHOMY
BBITJISICTh B PAa3HBIX JUana3oHax. Hamm opranel 4yBCTB (Y4eI0BEYECKUE MPUOOPHI) JAFOT HAM CBOKO
KapTUHY IPUBBIYHOTO HaM (usndyeckoro Mupa. CBeT, TEIUIOTa, 3BYK - BCE 3TO BOJIHOOOPA3HbBIC IBIKCHUS
MaTEepPUU: CBETOBBIC BOJIHBI BOCIIPUHUMAIOTCS CETYATON 000JI0YKOM HAIIIETO TJ1a3a, TeIJIOBBIC BOJIHEI -
MMOBEPXHOCTHIO HAIIIETO TeJla, 3BYKOBBIE BOJIHEI - OapabaHHOW MEPEOHKON yXa; 3HAYUTENBHO Oolee
OBICTPBIC BOJHBI MBICIIA COOOINAIOTCS YSTIOBEKY TAKUM JKE €CTECTBEHHBIM ITyTEM, KaK ¥ BOJIHBI CBETA U
3ByKa. ECITi 5ke HaCTPOUTHLCS Ha YaCTOTHI JMAIIa30Ha PaJUOBOIH, TO MOKHO ObLIO OBbI YBUJIETh KapPTHUHY,
c(hOpPMHUPOBAHHYIO PAJUOBOIHAMH, C KOTOPOH CUMTHIBACT HH(POPMAIIUIO, HATIPUMED, PATHOTIPUEMHUK, TIPH
M3MEHEHUU HACTPOMKHU €ro Pe30HAHCHOM 4acTOThl. [Ipy 3TOM MBI HE BUJIUM U HE OLIYIaeM KapTUHY
panuoarana3zona, a MaTepHaitbHas roJorpadpuueckasi CTpyKTypa paauorana3oHa B MOpsaKe
CYTIEPITO3UIINY CYIIECTBYET B TOM XKe MPOCTPAHCTBE, YTO U MBI, TPOCTO HAC HE 3aMeyasl.

C ronorpaduuecKUMU CTPYKTypaMy APYTHX YACTOTHBIX ITUAMAa30HOB IIPOUCXOIUT TO XKE CaMoe: BCe
OHM MUPHO «y)KMBAIOTCS» B OJIHOM M TOM ke npoctpancTee®. XoTs Hama Gpusndeckas MaTepust MOKET
0TYacTH HaOOAATHCS B O0Jiee BHICOKUX YaCTOTHBIX AMANa3oHaX, B HUX CYHIECTBYIOT U MaTepHaibHbIC
00pa3oBaHMs, KOTOPBIX MBIl HE BUANM, IOCKOJIBKY OHH HE M3Jy4ar0T SHEPTrOBOJIHBI 00JIee HU3KHUX YacToT,
4TOOBI CTAHOBHUTHCS «PU3MUECKUMHY. M B TOM K€ caMOM IPOCTPAHCTBE («M3MEPEHUN»), HAM 3HAKOMOM
KaK Hallle IPUBbIYHOE (PU3NUECKOE MPOCTPAHCTBO KU3HU U OOUTaHMSA, TAKUM 00pa3oM MOTYT
CYLIECTBOBATh KaK «T€MHasi MaTepHs», TaK ¥ UHbIE crieruduyeckne GopMbl KHU3HH, OTIIMNIHBIE OT
OOBIYHBIX, HO HE HA0II0jaeMbIe YEIIOBEKOM Ha 3eMJIe B CHITY €T0 OTpaHHYEHHBIX TICUXO0(PU3NOIOTHIECKUX
Bo3MokHOCTER:, [ToX0%Ke Ha CUTYyaluIo, TIOKa3aHHYKo Ha Puc.68, korna Busyanusanmns 0ObEKTOB B
WH(paKpacCHOM JMana3oHe JOMOJTHIET MPOCTPAHCTBEHHYIO KAPTHHY BUAWMOIO JMana3oHa CIeKTpa.

Puc.68

50 B pu3mKe 06LLenpr3HAHO, YTO GOPMbI SIHEPTMM C PA3/IUUHBIMM YAaCTOTAaMM MOTYT COCYLLECTBOBATb, HUCKO/IbKO APYT APYry He
mewas. Cynepno3sunums!

51 PazymeeTcs, ec/im Kaxkabl ypoBeHb “M3mepeHnn” — 3To NpocCTo Apyras 4acToTa OAHOrO M TOTO e BUbpupytowero adupa,
TOrAa Kaxaoe M3amepeHue Hag HaluMm NPUBbIMHLIM GU3UYECKUM U3MEPEHUEM LOKHO BbITb MONHO M3HM, BO3MOXHO HAMHOTO
bonee nobAWEN, TAPMOHUYHOM U PA3yMHOM, YEM YPOBEHb MO HUM.

57



Jpyrumu ciioBamu, BCS pa3iuduMas HaMu (pr3uuecKas MaTepus SIBJISCTCS JIUIIh BEPXYIIKON
aiicbepra, OJaBIIAIONIAS YACTh KOTOPOTO CKPHITa BHE 30HBI BOCIIPHUATHS HAIIUX OPTaHOB YYBCTB U
TEXHMUYECKUX MPHUCIIOCO0ieHui. Y mycTh Ha3BaHUE «TEMHAs MaTepus» HAC HE CMYIIACT, TAK KaK OHO
MOJKET TOBOPHUTH JIUIIIb O €€ HEBEIOMOM U HEPA3ITMINMOM TOKa XapaKTepe U TOIBKO.

KoHTypHI 1 «HaMOTHEHNE» CTPYKTYPHI UEJIOBEKA TaK K€ MEHSIOTCS IPU U3MEHEHHH YaCTOTHI
BOCIIPHATHS, TO €CTh U YEJIOBEK MO-Pa3HOMY BBITJSIIUT U «IUIOTEH» B PA3HBIX CIICKTPANBHBIX THANIA30HAX.
U xuBoTHBIE, U pacTeHus: «MccineqoBanust SIEKTPHYECKUX MMOTEHIIMATIOB BOKPYT CEMSH PACTCHUHN ann
(eHoMeHanbHbIE pe3y abTaThl. [Tocie 06paboTkn JaHHbIX, yuénbie (Xepona bepp n3 Henbckoro
VHHUBEPCUTETA U JIP.) C YAUBICHAEM OOHAPYKUIIH, YTO B TPEXMEPHOH MPOCKIMK JTAHHBIC 3aMEPOB BOKPYT
ceMeuKa JII0THKa 00pa3yroT co0oit popMy B3pocoro pacteHus JroTHKa. CeMeuKo emé He JIerso B
OIaroaTHyIO Mo4By, emé Jake He «IPOKIIOHYIOCHY, a (hopMa B3pOCIIOro pacTeHUs yiKe TYT, KaK TyT»

( Jlepamos H.B.). Droii 6osiee BHICOKOUACTOTHOM SHEPreTHYecKoll popMe HyKHO OYAET TOIBKO
3aIMlOJTHUTHCS AIEMEHTaMH «HAIIeT0» (PU3NIECKOTO MUpa (AaTOMaMH U MOJIEKYJIaMH ), YTOOBI LIBETOK CTaJ
BUIMMBIM JIJIsl HAIIIKX TJ1a3.

Takoi BEICOKOYAaCTOTHBIN SHEPreTHUECKUH Kapkac (MH()OPMAIMOHHBIN «IyXOBHBIN)» CKEIET) UMEET
KaXxz1asi IpUpoHas BewecTBeHHas Gopmanud. Ene omHuM (eHOMEHONOTHUECKUM JOKa3aTeIbCTBOM 3TOI0
YTBCPKACHUS ABJISICTCA ThICAYCKPATHO HpOBOILHMBIP'I Hncciaea10BaTeIIMHU BO MHOT'UX na6opaTopH;1x MHpa
9KCIEPHUMEHT ¢ HEU3MEHHO IMOBTOPSIEMBIM PE3yJIbTaTOM, Ha3bIBAEMbIM «(haHTOMHBIM JTUCTOBBIM
s dhexkTom».

Takoit «ckene» uMeeT 3eMIIA - CONPSHKEHHYIO J0JeKad IPHIECKO-UCKOCAIPHIECKYIO (POPMAIIHIO
(ycedeHue BepiIMH MKocasdapa 1aét Gpopmaruio goaekasipa u Haooopot). Takoil nepBUYHBIM
BBICOKOYACTOTHBIN 00pa3 («CKeneT») uMeeT U (U3NIECcKOoe TEellO YEIIOBEKa.

Taxum 00pazom, rostorpaduvaecKue CTPYKTYPhI Pa3HbIX YaCTOTHBIX JUANa30HOB UMEIOT Pa3HbIC
wiotHocTH BemectBa (Puc.10), pa3nenensl HaMu MO TUana3oHaM 4acTOT YCJIOBHO U JIMIIb A7l yI0OCTBa
HAIIIEr0 MOHUMAHMS, @ B IIEJIOM COCTABJISAIOT €MHYIO UHTETPAILHYIO CTPYKTYpy Mupo3nanus®.

MoxeT ObITh MBI IPOCTO UTHOPHPYEM MMEIOIINECS] BOKPYT HaC CBUIETENBCTBA, YKA3bIBAIOLIME HA TO,
4T0 Bce B MUpo3aHnu — 3To NpoayKT Bubpanuun? Ecnu dyHaameHTansHas SHeprusi, Co3/1arolas BCro
peanbHOCTb, BAOPUPYET, MOXKET JIM OBITH TaK, YTOOBI YTO-TO HE 00J1a1aJ10 BOJIHOBOM MPUPOA0H?

[TomyyaeTcst, 4TO IMEHHO M3-3a OTPAHHUYEHHOCTH MHCTPYMEHTOB MO3HAHNSA YeJIOBEKa BO3HHKIIA U cTaja
(OpPMHUPOBATECS HCKAKEHHAS JIOKHAS KApTHHA MUPO31anus . Jlake MOBEPXHOCTh HALIEH 3€MIIM BBITJISIUT
WHa4Ye B AMANa30HaX 9YacTOT, OTIMYHBIX OT BUANMOTO (Prc.69)!

52 Ewe M. MnaHK NpuLWén K BaXHeNLWemMy OTKPbITUIO, YTO CYBCTaHLMM € pasHbIMU YPOBHAMMU SHEPTUU He B3aMMOAECTBYIOT
APYr C APYrom HenocpeAcTBeHHO. Ha COBpeMEHHOM A3blKe 3TO 03HAYaET, YTO CUCTEMbI, B3aMMHO BJIOKEHHbIE APYT B Apyra C
pasHbIMM MO YPOBHIO YaCcTOT 3HEPrUAMM (Cynepno3numsal) ABAAITCA KKOHGOPMHO-CUMMETPUUYHBIMKUY. U 4TO B3aumogaeiicTeune
«KOH(OPMHO-CMMMETPUUYHBIX» YPOBHE maTepun (nepeaaya aHeprum) OCHOBAHO Ha NpUHLUMNe peBepbepupoBaHUa
(pe3oHaHca) TOHOB pa3HOYPOBHEBbIX YAaCTOTHbIX CNEKTPOB (OKTaB, “3Takeit” MuposaaHus).

53 Y7061 yBUAETL NPEAMET r1a3aMM, HA/AO, YTOBbI OH OTPaXKaN UM U3/y4an BO/HbI B BUAUMOM CieKTpe. YenoBeK He MOXKeT
NpeACTaBUTb, KaK BbIMIAAUT peanbHan KapTUHa BbITHA, NOCKO/IbKY OH MOXeT BUAETb MeHee 1% OT 31eKTPOMarHUTHOTO CMeKTpa 1
cnblwath He 6onee yem 1% ot akycTuyeckoro. 90% KNeToK B Tesie YesioBeka paboTatoT B CMBMO3e C MUKPOOPraHn3mamu,
KoTOpble uMetoT cobcTBeHHY [HK 1 He aBasAoTca "yenoBeyeckummn'". ATOMbl B Tesie YesioBeKa NpeacTaBastoT Ha 99,9999%
MyCTO€e NMPOCTPAHCTBO, U HY OAMH U3 HUX He ABNAETCSA NOPOXKAEHHBIM YE/IOBEKOM - BCE 3aMMCTBOBAHbI U3 OKPYXKatoLwen cpeapl.
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B LN

Puc.69. C momompio CIryTHUKOBBIX HH(paKpacHbIX H300paxenuii B Ernnre oOHapyxeHo Ooinee ThicTIn
rpoOHHMIT U OoJiee 3 THICAY JPEBHUX MMOCEIICHUI.

Puc.70. Pactenus B ynbTpaduosere BRITISIAT COBCEM HE TaK, KAK X BUJIUT IJ1a3 YeIOBEKa.
HacexoMmsle, B CBOIO ouepe/ib, 00J1a1al0T Pa3BUTHIM YIbTPa(dHOIECTOBBIM 3PEHUEM.

Takum 00pa3oM, HECMOTPSI HA OTPOMHYIO IUCTAHIIAIO JJAKE MEXy aMEPHBIMH W aTOMHBIMHU
YPOBHSIMU MaTepUH, TeM 00JIee MEXTy aMEPHBIMU U TJI00ATbHBIMH YPOBHSIMH, OJIUH U TOT XK€ CIOCO0
(hopMupoBaHUs TONOTpadUIECKON CTPYKTYPHI MATEPHH CBOMCTBEHEH U MaKpO- U MUKPOYPOBHSIM
opraam3anuu Mupo3ganus. Mup npeicTaBiseTcs eMHBIM aHCaMOJIeM, CO3JIaHHBIM BOJTHAMH U3 dpupa 1o
eanHoM nmporpamMme. U ecim 3To Tak, TO Halle 3eMHOe Mupo3iaHue npeacTaBisieT co0oi cucTemy,
COCTOALIYIO U3 OECKOHEUHO OOJIBIIOTO YKcia BXOIINX B HEE SJIEMEHTOB, U éce 6 Mupo3oanuu, nayunas
Om AMEPHBIX CMPYKMYpP, CHPOUMCA RO eOUHOMY RPUHUURY: CYUieCmeyem 00uH eOuHblil Ighup,
KOmOopblil 014 CMpYKmyuposanus ceds cjiedyem 807HOGbIM 3AKOHAM sUOpayuu u, 2eomempudecku
macwmaoupysacs, oopazyemcsa nodoono pasnvim Ilnamonosevim menam é paznplx 4acnOmMHbIX
OUana3zonHax cobcmeeHHbIX eudpayuil.

U uto ObI HY HOSIBUIIOCH B IMPUBBIYHOM JJId HAC (I)I/I3I/I‘IGCKOM MHPE, CYIIECTBYCT TAKKC U B IPYIrUX
YCJIOBUAX, KOTOPBIEC Mbl HE MOKEM BOCIIPUHSATE. Mg Tak HaCTPOCHBI, YTO BOCIPUHUMAEM PCAJIbHOCTH
(HpeZlMCTLI, O6’BCKTBI) TOJIBKO TOraa, Korga OHM JOCTHUIarOT OHpeﬂCHGHHOﬁ «BBICOTHI TOHa», KOrga OHHU
nonagaroT B AUaria3oHbl BOCTIPUATHSA HAINX OPraHOB YYBCTB, TO €CTh KOT'Jda OHU CIIMBAIOTCA C HpPIBI:I‘IHOﬁ
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(usnueckoii MaTepueil He caMOii HHTEHCHBHOI KOHIIEHTpAlUK SHeprun®. Bymyun chopMupoBaHa U3
BHOpHpYyIomero a3hupa, MaTepus ¢ I3BMCHEHHEM €€ COOCTBEHHON YacTOTHI KaK OBl «IIEPEXOIUT» B IPYTOM
YaCTOTHBIN TMANa30H KaK B IPYTYIO PeaabHOCTh. DTO OOBSICHSECT, IIOYEMY TOPHAI0 MOXKET CILIABJIATh
TBEPJIbIC OOBEKTHI, H TIOYEMY B BUXPSIX HKOCA3/Ipa 3EMITH MPOUCXOJIAT «HUCUCIHOBESHHS» MaTEPHAITbHBIX
00BEKTOB.

To4HO Tak ke BOKPYT JFOOOT0 dKHBOT'O OpPraHU3Ma ero WHIUBHUIyaIbHbIC HHTEp(EePCHIIMOHHBIE
oOpa3oBanus HOPMUPYIOTCS IO NPUHITUNY Toorpaduu. [jis 00pazoBaHus TaKUX FOJIOTPaMM OJTHA BOJTHA
(peaMeTHas) CO31aeTCs OPTaHM3MOM >, B KA4€CTBE APYrOro U3IydeHus (OMOPHAs BOJIHA) BBICTYIIAET
€CTECTBCHHOE 3€MHOE HMJTH COTHEUHOE M3ITyUYCHHE.

W, BO3Bpamasch K caMOMy Hadaly HAITUX PacCyXKIEHUH 00 aMepax v BOJHAX, BO3HUKAET CIIEAYIOIIHHA
BOIPOC: KaK 00pa3oBaioch U30BITOYHOE JaBlieHHE B 3QUPHOI cpeae? — BOPOcC, OTBET Ha KOTOPBINA TPYIHO
JlaTh C OJHOM rapanTuei. M0>XHO TOJIBKO pacCy AaTh.

Bot OIWH U3 BO3MOXHBIX BApHUAHTOB:

O «boab1IOM B3pbIBE» H HE TOJBKO...

Kak mocturaercs coctostHEe IPEEBHOTO CKaTHsI aMepoB (TipamaTtepun)? Bo3moxkHO, yepes
IIPOCTPAHCTBO, 3aMOJHEHHOE aMEPAMH, B OJIHOM HAIPABIIEHUH TIPOIyCKaeTcs «Oenas BomHay ™. Benas BonHa,
M0 AHAJIOTHHU C «OEJIbIM CBETOMY, MIPEJCTABIsIET COO0H CyNeprno3nInio, HaTpUMEp, SHEPTOBOIH BCEX
BO3MOXKHBIX YacTOT (AJIMH), KOTOPbIE MOTYT I€peJaBaTh UMITYJIbC U SHEPTHIO MaTepHaIbHBIM 00pa30BaHHIM
(amepam, yactunam). [lo-cymecTBy, CyMMapHYyO SHEPTHUIO, COACPIKALILYIOCS B «OJION BOJIHEY, HEBO3MOXHO
NPEACTAaBUTh, HACTOJIBKO OHA BEJIMKa. AMEpHI B «0€JI0i BOJIHE» yXKe HE B COCTOSIHUM COBEPILAThH
KoJie0aTeILHBIE ABUXCHUA, NO0ITyCTUMA JIMIIb BI/I6paHI/IH aMEpoOB. O,Z[HaKO TCICPb MOABIACTCA BO3MOXKXHOCTD
C03/1aBaTh B 3TOM MIPOCTPAHCTBE CTPYKTYPHI JTFOOOT0 MaciTada — CTpyKTYpUPOBaTh MPOCTPAHCTBO,
HaInpasJisisi B HETO JIOTOJIHUTENIbHBIE «YIPABIISIOINE) SHEPTOBOIHBI C IPYTUX HAIPaBJICHHUM.

Ecnu «Oenast BoJHa» - 3TO OMOpHAst BOJIHA, TO YIPABJISIIOLINE BOJHBI OPMUPYIOT JUHAMUYECKHUE
rojorpaduyeckue oopazoBaHus. ['onorpaMMel He WILTIO30pHBIE, & pealbHbIE MaTepHallbHble OOBEKTHI HALIErO
MUPO3IaHUSL.

YesnoBek crocobeH (popMUpPOBaTh YIIPABIISIONINE SHEPTOBOJHBI B Pa3HbBIX JMala3oHax 4acToT, B
OCOOCHHOCTH COOTBETCTBYIOLIUX MEHTAJILHOMY M SMOILIMOHAJILHOMY JIHania30HaM, U TAKUM 00pa3oM
y4acTBOBATh B CTPYKTYPUPOBAHUH MPOCTPAHCTBA, OJJHAKO MTPABOMEPEH BOMIPOC: KTO POPMHUPYET «OeITyro
BOJTHY»?

MasiomMo1HOH MOJIENBI0 (DOPMUPOBAHUS «OEII0i BOIHBD) MOXKET ObITh, HATIPUMED, SACPHBIN B3PHIB,
CIIEKTP U3JyYCHHUH yIapHOH BOJHBI KOTOPOI'O NIEPEKPHIBAET BECh HAOMOHaeMbIl (hU3ndYeCcKuil quamna3on. T

54 Ham cnepnoBano 6bl NOHATb, YTO /IHOAM TaKKe MHOFOMEPHbIE CYLLeCTBa, BO3MOXKHO yTepsBLUMe 0CO3HaHWe (oLLylieHne) eAMHOM
«BONbLON KapTUHBI».

55 lio6oit Bronornyecknin o6beKT obadaeT 4OCTaTOYHO WMPOKMM CMEKTPOM YacTOT KosiebaHWUIM 3a CYeT BCEBO3MOMKHbIX
BHYTPEHHMX NPOL,EeccoB. ITO MOryT 6biTb KonebaHNA cepaeUHOM MblLLLbl, COBCTBEHHbIE YAaCTOTbl MONOCTHbIX OPraHoB.,
3/1EKTPOXMMMHECKAN aKTUBHOCTb rOJI0OBHOMO MO3ra 1 Apyrne. MOKHO CYUTaTb, YTO }KMBOI OPraHU3M - 3TO NOCTOAHHO
M3NyYaloLWmii 06bEKT B ONpeseNeHHOM M NOYTU NOCTOAHHOM pPexXMMe.

56 BO3MOKHO, peyb MAET O TOM CAMOM HEUCCAKAEMOM UCTOYHMKE CBOBOAHOW 3HEepruu, KoTopas XapaKTepus3oBasiacb Kak
Be3fecyLas, BCenpoHMKatoLwan («HeT mecta B maTepuanibHOM MuUpe, rae eé 6ol He bbl1o»), 04HA M3 NepBOOCHOB
MaTepuanbHOro M1pa. B ApeBHEMHAMNCKMX MCTOYHMKAX, OHa MMEHYeTCA KaK «aKkalla». Akdsa — 3To caHCKpUTCKoe C0Bo,
06paszoBaHo OT a + kas, byKBaNbHO «CUAHME Aanblue», KHEMPEeKpaLLaloWweecs cUAHME», OCBELLEHHOEe NPOCTPAHCTBO.
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Toraa, BO3MOKHO, TOT CaMblii «BoMbIIO B3phIB», 0 KOTOPOM TaK MHOT'O TOBOPST COBPEMEHHBIE (PU3HKH, U
€CTh HCTOYHHK OIIOPHOM «OeI0i BOIHEB»? °7

U uro B utore?

Maxc Inank: «...Bcst BoCpuHUMaeMast MaTepHst IPOUCXOAUT OT MEPBUYHOTO BEIIECTBA, HEMOCTHIKUMO
TOHKOT0, 3aIOJHSFOIIET0 BCE MPOCTPAHCTBO, AKallla, WJIM CBETOHOCHOTO 3(Hpa, Ha KOTOpOe
BO3JICHCTBYET Aaromast ®u3Hb [IpaHa, WM TBOpYECKas CHJIa, BBI3BIBAIOIIAS K KU3HHM B OECKOHEYHBIX
[IUKJIaX BCE OOBEKTHI U SIBICHUM.

Hukona Tecna: «...Bce 00BeKTHl Mupa 00Jaal0OT CBOWCTBAMHU IMPOCTPAHCTBEHHOW OTIAEIUMOCTH APYT
OT Jpyra UMEHHO OJaroiapsi TOMy, 9TO OHH OKPYKEHBI aKalleld ¥ B3aUMOJICHCTBYIOT C HeEH.
[IposiBieHreM akamy ecTh BCE, YTO MPEACTaBisieT co0Ol KOMOMHAIMIO DJIEMEHTOB, BBICTYIIAET
KaK OLIyTHUMOE, CJBIIINMOE, BUAUMOEY.

HpeBHue rpeku, nepeHumas 3HaHusi ¢ Bocroka, B uactHoctu ¢ JpeBHel MuHauu, HazBaiu
HEHCCSAKAEMbI MCTOYHUK CBOOOIHOW DHEPTHH CIOBOM «3(PHpP» (OT Tped. «avnp» —
«Ty4de3apHbBIi»), MBITAsICh MEPEIaTh CMBICIIOBOW MIEPEBO/I HA TPEUECKUN S3bIK MHIUHCKOTO TEPMHUHA
aKama, Kak «HelpeKpalamplieecsi CUsiHNe», OCBeIEHHOE MPOCTPAHCTBO. DTOT TEPMUH
YHOTPEOIISsT B aHTHYHBIE BpeMeHa APUCTOTENb sl 0003HAYeHHS MaTepUH, U3 KOTOPOH COCTOUT
BCE, B TOM YHCIIE U3 YeT0 COCTOUT HeOO U uTo Ha HeOe». COOTBETCTBEHHO, Y HUX 3(Hp, TaKKe Kak
akaia, 0003Ha4aJ BCEMPOHUKAIOUIYI0 CPeNy, OAMH M3 KOCMHYECKHX 3JIEMEHTOB, COCTABIISIOLIUX
HEBECOMYIO CyOCTaHIIMIO HeOa W 3BE3/, caMOe TOHKOE IEPBOBEIIECTBO, KOTOPOE OBLIO
HEJOCTYITHO YYBCTBEHHOMY HaOJIoJIeHuIo». «MaTepus co3naeTcs U3 MepBUYHON U BEYHOH
SHEPruu, KOTOPYIO Mbl 3HaeM Kak CBeT. OH CBETHII, U U3 HETO MOSIBUINCH 3BE3/1bl, INIAHETHI,
yesoBeK U Bc€ Ha 3emiie U Bo Beenennoil. Mcxonast ©3 MOero omyuieHus U oneita, Beenennasn
uMeem auuib 00Ny CyOCManyuio U 00HY 6ePX06HYI0 IHeEP2uUI0, ¢ OECKOHEYHBIM YHCIIOM
MPOSIBICHUN KU3HWY.

Takum 06pazom, MpocTpaHCTBO MHUpPO31aHKs CILUIONIb 3aII0OJTHEHO aMepaMu 3(Hpa, HATIOIHEHO
SHEPruei OnmopHO «OeIol BOJIHBD U TONOrpadpuuecku CTPYKTyUpYETCs YIPaBISIOIINMHI SHEPrOBOJIHAMH,
peanu3yoNMH HEKYIO TporpaMmy (GopMupoBaHus, N3MEHEHHUS M Pa3BUTHS C HETIOCPEICTBEHHBIM
y4acTHEM YeJIOBEeKa U BCETro KUBOro B Muposnannu. B ocHOBe Bcero MarepuajibHOro - Tpuajaa 3¢upa,
JHEpruM M nporpaMmel passutus (Cosnanusn?)®,

57 MMon [desuc: «Bca npupoaa, B KOHEYHOM cyeTe, NoAYMHEHa AENCTBUIO HEKOM CynepCusibl, MPOABAAIOLWENCA B Pa3/INYHbIX
«unocTacax». ITa cMna 4OCTaTOYHO MOLLHA, YTOBbI CO34aThb Haly BcesieHHYI0 M HaZeNTb ee CBETOM, SHepruei, matepumei n
npuaaTb ei CTpyKTypy. Ho cynepcuna - Heuto 6obluee, Y4em MPOCTO CO3nAatoLLee Hauyano. B Helt maTepus, MPOCTPaHCTBO-BpeMs
1 B3aMMOAENCTBUE C/IUTbI B HEPA3Ae/IbHOEe rAPMOHUYHOE LLe/loe, MOPOoXKAatoLee Takoe eaNHCTBO BceneHHOM, KOTopoe paHee
HWKTO He npeanonaarany.

58 [lyxoBHblit MaTtepuanunsm Mudaropa onpesennn EbiTve Kak TPOMYHOCTb TPEX aCMEKTOB: MaTepum, ABUMKEHNUA U CO3HAHMSA, U HU
OAMH U3 3TUX TPEX HE MOKET CYLLeCTBOBaTh 6€3 ABYyX APYrMX, @ BCA MaTePUA HAXOAUTCA B ABUNKeHUU U 06n1agaeT Co3HaHMEM.
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9. TemnepaTypa BOJIHbI

«Jloporoit npyr, Bce 3HAIOT, YTO CBET SIBJISAETCH
HMCTOYHHUKOM TeIlla B BellecTBe. MajcHbKas CHIa CBETA,
PacIpoCTPaHSIOMAsCS ¢ OOIBIION CKOPOCTHIO, MOKET
BBI3BATh B BELLIECTBE C MAJION CKOPOCTBIO PEAKLIUH CUITY,
JIOCTATOYHYIO IS pa3pyILICHHs BELIECTBA U JaKE aTOMOBY.
(U3 nucema Ncaaka HeromoHa enuckony beHmau — pekmopy
Kembpuodxrckoeo TpuHumu-Konnedma, 1700 200)

B coBpemMeHHOM MHpE NOJTy4YeHHE TEIIOBOM IHEPTHH MYTEM CXKHUTaHUs OPTaHMYECKOTO TOIIMBA CTAJIO0
OCHOBO¥ ITPOMBIIIUIEHHOTO Pa3BUTHSI MEPOBOH 3KOHOMHKH 0€3 afileKBaTHOT'O MPECTABIEHHUS O TOM, UTO
OHa co00¥i MpeCTaBIIsIeT, I/I¢ B TOIUTMBE HAXOIUTCS U [TOYEMY BBLACISIETCS P €r0 CrOPaHUH, Kak
nepesaeTcs Ha paccTosHre. B Teopuu TermmooOMeHa peAcTaBIeHre O TeIUIOTe, KaK O pe3ybTaTe
Xa0THUYHOTO JIBUKCHHS YaCTHUII, HE MTO3BOJISET MPABUIIBHO OOBSICHUTH IPUPOY ITOTO SBJICHUS B IPUHITUIIC,
TaK Kak JJIsl 5TOr0 Hy>KHO 3HaTh CTPOCHUE PeaIbHBIX YACTHIl K UMETh PaBUIILHBIC MIPEJICTABICHUS 00
SHEPTHH U MPUPOJIE TEMIIEPaTyphl BEIIECTBA.

i TepMOAMHAMUKH TETJIOTA - 3TO YacTh YHEProoOMeHa, 00yCIOBIEHHAs! HCKIIOYUTEIBHO Pa3HOCTHIO
TEMIIEpaTyp MEXIy TeJIaMH U HE CBsI3aHHAsl C 0OOMEHOM BELIECTBOM MEXKAY HUMHU.

CyIIecTBYIOT HECKOJIBKO OTPEIeNICHNI TeMIepaTypsl (B TepPMOANHAMUKE TeMIepaTypa 0003HadaeTcs
cumBosioM T). Tak B MOJIEKYJISIPHO-KHHETHYECKOH TEOPUH TEMIIEpaTypa MPONOpLHOHAIbHA CpeHeN
KUHETHYECKOI SYHEPTUU YaCTUI] CHCTEMBIL, TIPUYEM YacTUI] B XAOTHYHOM JIBWKEHUH. [Ipu 3TOM BHOparus
9acTHIl (ATOMOB M MOJIEKYIT), KOTOpast M ONPEAesIeT TeMIIepaTypy H KOTopast HeCET B cebe «TEIUIOBYIO
SHEPTHUIO», HE MOXKET PACIIPOCTPAHSATHCS, €CITH PSIOM HET APYTHX aTOMOB M MOJIEKYJ. DTO THITMYHOE
CBOWCTBO TEIJIONPOBOAHOCTH, pacCMaTpUBaeMON Kak BUJ Terutonepenaurd. OJHAKO TeMieparypa Kak Mepa
WHTEHCHBHOCTU Xa0TUYECKOTO JABMKCHHUS B BElIeCTBE BOOOIIE HE PUCYIIIa MUKPOMHPY B B 0COOEHHOCTH
a¢upy Kak cpefie ¢ ynopsiioueHHoi (GopMoit BrmkeHus. B Mukpomupe u B adupe, rie Takoit hopmbl
SHEPTHU HET, HET M JAUCCUTIALIIN SHEPTUH.

Ecnu nepeHoCuTh SHEPTuio CocoOHa TOJIBKO SHEPTOBOJIHA B 3()UPHOI cpese, TO U pacCMaTpUBaTh
Ha/I0 KHHETHYECKYIO SHEPIHIO aMepoB 3¢Hpa B BOJIHE.

ITpousBobHas Oeryiasi BOJIHA KaK HEMPepbIBHAS IOCIEN0BATEIbHOCT OJJUHOYHBIX BOJIH C JJIMHON A
npejcTasieHa Ha Puc.4.

Kunernueckas sHeprus Oeryiei BOJHBI €CTh KHHETHUECKas SHEPTUsl aMepoB 3(hupa, mepeMeriaeMbIX
BOJTHOH (CKMMaHHe-pac)kMMaHue «IIPYKHH» CPEMIbI) B IEPHOE YIUNIOTHEHUS B HAIPABICHUH JIBIKEHUS
BOJIHBL:

E = pe Su L-9%2,

T/€ P. - IDIOTHOCTH 3QUPHON CPE/Ibl PACTIPOCTPAHEHUS KoNeOaHui; Sy A, 9 — mromanp, JTMHA U CKOPOCTH
BOJTHBL.

3a cueT MOoTEeHIMAILHONW YHEPTUH YNIPYTroil 3UpHON cpeabl (CKUMaHUS IPY>KUH») aMepbl
BO3BPAIAIOTCS B CBOE MCXOIHOE MOJNIOKEHNE, 3aBeplias TakKuM 00pa3oM B TIPOJIOIBHOM HAIIPaBIEHUU
KoJiebaTeIbHOE IBIKEHUE B OJTHOM IIMKJIE BOJIHBEL. B 11eJ10M 3TH HEXaOoTHUECKHE ABMKECHHUS aMEPOB
HIOBTOPSIFOTCS C YACTOTOM V, YTO MO’KET OBITH IIPUHSATO 3a IPU3HAK TEMIIEPATYpPhl (TEIJIOBOTO ABMKEHUSA).

Ilepemerniaembie BOTHON aMephl CO3JAI0T JaBJICHUE B HAMPABICHUN ABM)KCHUS BOJHBI HA
BCTpEUAIOINecs yIJIOTHEHHS U O0BEKTHI, U, Jjajiee, IBUKYIIYIO CHITY, TEPEMENIAIONIyI0 I
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Je(hOpMUPYIONIYIO UX B cpefe. JlaBieHue BOJTHBI Py (POPMUPYET YACTBHYIO CHITY, NEHCTBYIONIYIO Ha
eIMHUITY IIOMan 00bekTa Fy/Sq = psv, KOTOpas IIsi BOMHOBOH (HOPMBI JIBHKCHUS SIBISIETCS
AMIUIMTYTHO-4ACTOTHBIM MOTEHI[AJIOM BOJIHBI:

Y =psV=ps Y.

[ToTeH1an BOIHBI Y MPONOPLHUOHAIICH YaCTOTE U3NYyUCHHUSI V U ¢ €€ yBennueHueM BozpactaeT. Eciu
MIPUPABHATH YMCIEHHO IMOTEHIINA BOJHEI y Temmeparype 7.

T=vy=ps 9,

T€ Ps, A 1 3 — maBeHue (aMIUIATY/A), JUIMHA ¥ CKOPOCTH BOJHBI B 3(pHPHOI Cpefie, TO, B COOTBETCTBUH C
dopmynoit Buna T =b /A, koapduuuent b npuaumaer Bun: b = pe-3. Hampumep, b=01 2=
2,898-107 krc/m-c 114 ciydasi, KOraa CKOpocTh M JIMHA BOMHEL 9o = 2,898-108 m/c m Ao = 28,98-107 M,
I KOTOPBIX TeMIepartypa >¢gupa npaktudecku Hynesas T = 2,73K %, a naBnenue Bonusl ps = 2,7*10%°
Kre/m2,

Taxum 00pa3oMm, Tak Kak TOJIBKO BOJIHA B 3(UPHOI cpele MEpEeHOCUT SHEPTHUIO, TaM, T1Ie €CTh BOJIHA,
€CThb ¥ cOOTBETCTBYIOMas eif Temneparypa (O.J1.JIomK), KOTOPY0 MOKHO OHpPEAENUTh Npu6opHo®’.
AMILTUTYIHO-4YACTOTHbI OTEHHAJ BOJIHbI U €CTh €€ TeMInepaTrypa s J100i Boa1HOBOH Gopmbl
JBHKEHWSI JHEPTHH BO BCEX THANA30HAX BOJIHOBOIO cnektpa (Puc.71). VIMeHHO mo3TOMY SHEprust
MOJXKET MCPEeAaBaThbCA U3JIYUCHHUEM OT OAHOI'0 TCJIa K Apyromy u 0e3 nx HCIMMOCPEACTBCHHOI'O KOHTAKTA, a
TaK ’kK€ TEPMOAMHAMHUYECKH B TEJIaX IOCIEA0BATEIbHBIM PE30HAHCOM BOJIHBI, KOTOPOH MpHCYIIa
olpeJiesieHHas TeMiiepaTypa. IIpu 3ToM TernoBoe U3IydyeHrue — 3T0 SHEPTOBOJIHbI C COOTBETCTBYIOIIEH
JUIMHE BOJIHBI TEMIIEPATYPOH.

Takum 00pazom, SHEPTHsl U3TYUEHUS JTF0O0TO Tea MPOSBISIETCS SIPKOCTHIO0 CBEYESHHS,
MIPEJICTABJISIONIEr0 COO0N MEXaHUYEeCKHUE BOJIHBI, CIIEKTP U3IYYSHHUS KOTOPBHIX (PYHKIIMOHAIBLHO CBS3aH C
peasibHOM TemmnepaTypoid. DHeprus U3MyYeHHs] HEpaBHOMEPHO paclpeessieTcs Mo AINHaM BOJIH. Yem
BBIIIIE TEMIIEPATypa, TeM OOJbIIIas A0JIS SHEPTUU MPUXOANUTCS Ha H3ITydeHHE C MEHbBINEH IJTMHON BOJHBI.
Hampumep, B COITHEYHOM H3ITy4eHUH MPeodIagaeT yibTpa(roNeTOBBINA CIEKTP.

59 TpoliHaa TouyKa Boapl 273K TouHo B 100 pas Bbiwe TemnepaTypbl apupa 2,73K, a Bce ceepxnpoesodaujue u ceepxmeKky4yue
sewjecmea NUMELOT KpUTUYECKMe TeMNepaTypbl, KpaTHbie HOPManbHOM TemnepaTtype adupa 2,73K.

60p BpyKxenBeHCKOMN HauMoHanbHOW nabopatopum (JloHr-AitneHa) 6bi1v 3adpuKcMpoBaHbl TemnepaTypbl cBbilwe 1012 K.
Hanbonee Hu3Kaa TemnepaTypa (450+80)-10-12K KoHgeHcaTa bo3e-diiHIUTEHA aTOMOB HaTpuA Bblna nosydeHa 8 2003 r u
cooTBeTcTBOBaNA 061aCTN ANMH BONH NopAaaka 6400 km. TemnepaTtypy abCoNOTHOIO HyNA AOCTUYb HEBO3MOXHO.
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<« YBenuyeHue temnepatypbl T (K)
1022 10% 10% 108 10* 102 10° 102 104 10° 10 10 1012
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PaamoBoIHe!

v oo | ot et N | e | | |

'10-* 107 107 10° 10° 10 10° 10% ()

I HM

I | |
100 10 10" 10" 10

~~~~~~~~~~~~ VYBeauueHHe JUVTHHBI BOJIHEI (A) —

400 500 600 700 2 (HM)
Puc.71

TemmnepaTtypa He U3MepseTcst HermocpeAcTBeHHO. 00 M3MEHEHUH TEMIIEPATyPhl CYAAT 10 H3MEHEHHIO
Ipyrux (GU3NUECKUX CBOMCTB Tell, HAIPUMEP KUAKOCTH. KUAKOCTH OOBIYHO YBETHUMBAIOT 00BEM IIpH
MOCJIeJOBAaTEIFHOM PE30HAHCE BOJIH BHYTPH KHIKOCTH (TIPH HATPEBaHUH ), YTO HCIOIB3YETCS B
JKUIKOCTHBIX TepMOMeTpax. M, BciencTBUE BO3pACTaHUsI HHTEHCUBHOCTH U3JIyY€HHS HArpeTol BOJTHAMU

MOBEPXHOCTH, (haKTHUYECKas TEMIIEPATypa MOXKET ObITh ONpeiesieHa ITyTeM U3MEPEHUs N3IydaeMon
SHEPTUH, YTO UCTIOIB3YETCs B ONTHYECKOI TepMOMETPHUH.
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10. BuOpanum 4 BOJIHBI N0 3aKOHAM MY3bIKH

Kakas 31ech CBsI3b C «3aKOHAMU MY3bIKW»? MaTeMaTHYeCKH, camast BRICOKAst HOTa B MY3bIKaTbHON
OKTaBe 00J1aJaeT YaCTOTOM BOJIHBI BJBO€E OOJIbIIIEH, YeM camas Hu3Kas HoTa. M 3To caMblii OCHOBHOM
croco0 yOeauThes, YTO OKTaBa 00pa3yeT OJHY IMOJIHYIO IPYIINY 3BYKOBBIX BOJH.

Kaxxnast HOTa, Oyab TO 751, cu, 00, pe, (ha, Mu WIH COb, TyOIUPYETCS B CIEAYIONIEH OKTaBe.
ITOCKOJIbKY OKTaBbI HEMIPEPBIBHO Iy OIUPYIOTCS, TOJI0CA 3BYKOBBIX YaCTOT, BOCIIPUHHUMACMAas
YEJI0BCUCCKUM CITyXOM, OTPAHHIUBACTCS OTPEICICHHBIM YHUCIIOM OKTaB. BhIIe OMpe e IeHHOr0 YPOBHS
BOJIHBI CTAHYT HACTOJIBKO 6I>ICTp])IMI/I, 4TO MEPECTAaHYT BOCIIPUHUMATLCA YCIIOBECYECKHUM YXOM, XOTA U
OyyT CyIIecTBOBATh BOKpyT Hac®,

JIro60ii, KTO KOrAa-HUOYAb UTpall HA CTPYHHOM HMHCTPYMEHTE, 3HAET, YTO CPEIHUM HACTPOCUHBIN
KaMepTOH 3BYyUYHT Ha HOTE i — puMepHo 370 440 I'n (konebanuii B cekyHy), TouHee 432 I,

JuaroHnveckast 4ucnoBas IIKajla YacTOT MPEICTABISIET “TaApMOHUYECKNE YMCIIOBBIE BEJIMYHUHBL,
KOTOpbIE YPE3BBIYAHHO BaYKHBI JJIsl K3MEPEHUS M aHAITU3a MTOBEICHHS dupa.

288 324 360 384 432 480 540 576

Pe Mwu ®da Conb Na Cn [o Pe

Yacrotsl BUOpanuii Auara3oHa BUIUMOTO CBETa — 3TO 00Jiee BHICOKAsl OKTaBa YacTOT, YEM YacTOTHI
3ByKa B MYy3bIKaJIbHOW OKTaBe. Tak, eciii B3ATh YUCJIOBbIE OTHOIICHUS MEXKY KaxXJ 0 HOTOU
MY3bIKaTFHON THUaTOHUYIECKON MTKAJIBI, yIBAMBATh X MHOTO Pa3, TO OOHAPYKUBAIOTCS TAKUE KE
OTHOLIEHUS MEXIY YaCTOTAMHU CBETOBOTO CIIEKTpa. EAMHCTBEHHAs pa3HUIIA MEXTy HUMU — BEJIMUMHA, TaK
KaK 4aCTOThI BOJIH 3BYKOBOT'O JIMaNia30Ha CYIIECTBEHHO MEHBIIIE YACTOT CBETOBBIX BOJIH.

%1 Fonoc CKPUMKK, Hanpumep, NepekpbiBaeT NPUBM3UTENLHO TPU C NON0BMHOM OKTaBbl (196—2340 ), @ 3ByKM NMAHUHO — CEMb
C IMLIHUM OKTaB (27,5-4186 lu).
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Oxkmasa Yacmoma Homa

48 316659348799488 Pe
56241767399424 Mwu
375299968947541 da NHbpaKkpacHbIi
422212465065984 Conb KpacHblit
474989023199232 Na OpaHKeBO-KeNTbli
534362651099136 Cu *ento-3eneHbin
562949953421312 o 3eneHblit

49 633318697598976 Pe 3eneHo-ronyboi
712483534798848 Mwu CuHe-puoneToBbii
750599937895082 ®a ®unonetosbli
844424930131968 Conb YnbTpaduoneTosbii

949978046398464 Na

OHepruu Mupo3naHus MOXKHO BbIPa3UTh OKTaBOM 3BYKOBOT'O CIIEKTpa, OKTaBOM CBETOBOTO CIIEKTPA,
TeOMETPHUECKH - Hepapxuen (opM KpUcTaioB. Ecian yclnoBHO crpynnupoBaTh BCE BOZMOKHBIC YaCTOTEI
BOJTH HalIero Gu3nYecKoro Mupa B TaOJIHUILY, TO MOTYYHIIH OBl TIOJTHOE OTCYTCTBHE JIBUKCHUS BHH3Y
TaOJIMILIBL, @ CKOPOCTh CBeTa — HaBepXy. CKOPOCTh cBeTa ONpeaesieT Kpai Wiiu TpaHMIly 4acTOT B HaIleH

oBepTOoHbI

JaWANANNAY 5-1
\VARVEARVARVERV)

\J

\J
PN 2-1
NN

N4
/\ OCHOBHOM TOH
N

Gopma 3By4aHus

Puc.72
(bu3nyuecKoll pealbHOCTH, HO He B MUPO3IaHNH.

Tak xak OoJyiee KOPOTKUM JIITMHAM BOJH COOTBETCTBYIOT 00JIee BHICOKHE YaCTOThI, TO BOJIHY C
HpO(i)I/IJ'IeM, COOTBCTCTBYIOIINM OZIHOP'I JJIMHE BOJIHBI, HA3bIBAKOT OCHOBHBIM TOHOM, 60.]'[66 KOPOTKHE
BOJTHBI Ha3bIBAIOT TAPMOHUKAMU WIIK 00epTOHAMHU. [IpUHITUIT CyTIepHO3UIIUY TTO3BOISET MHOTUM
rapMOHHKaM COCYIIIECTBOBATh, HAIPUMEP, Ha CTPYHE B OJIHO U TO ke Bpems (Puc.72). 3To HMEHHO TO, 4TO
NpUAaeT My3bIKaTbHBIM HHCTPYMEHTAM WX XapaKTepPHBIA 3BYK, TaK KaK YACTO OJHOTOHHAS BOJHA CO3JIacT
JIOBOJILHO CKYYHBIM MEXaHUYeCKuii 3ByK. KuMaTudeckoe npeicraBnenne 12 ¢popTennaHHbIX HOT
npuBeneHo Ha Puc.73.
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11. Pe3oHaHc 1 JHepromnepeaaya

Bce cBs3n MeX Iy SBICHUSIMH yCTaHABINBAIOTCS
HCKJIFOYXTEIBHO ITyTEM PAa3HOTO POJa MPOCTHIX M CIIOKHBIX
PE30HAHCOB — COTJIACOBAHHBIX BHOpannii PH3HUECKIX CHCTEM.
H. Tecaa

H.Tecna nmonaran 3akoH pe3oHaHca Hauboee OOIIUM IPUPOTHBIM 3aKOHOM. OOBIUHO K SIBIICHUSM
pEe30HaHCA OTHOCSTCS U MasTHUKH Ha O0IIeH HUTH, ¥ TTOCYa, Apede3xamias B mkady B OTBET Ha
MPOEXaBIIUI IO yJIHIIE TPaMBail, U paCKaulBaHKE KadeJiel, U MUTEPCKUM MOCT, pyXHYBUIUI OT CTPOEBOIO
iara npoIeANIuX Mo HeMy COJIJIaT, ¥ Jla3epHas renepanus. Pudapn ['epOep Ha3pIBaeT pe30HAHC «KITFOUOM
K MMOHMMAaHUIO U YITPABICHHUIO JIFO00M CHCTEMOH, KOTOPBIA OTKPOET JBEPh B HEBUAMMEBIN MUP KU3HEHHBIX
mporeccoBy». Tak 4To Takoe pe3oHaHC?

Pe3oHaHc - 3T0 yBeJIn4UeHUe JHEPrUM BOJIHBI 32 CHeT MHOKEeCTBEHHOH MHTepepeHIuN NPSIMOi U
MHOTOKPATHO 0TPAKEHHOI BOJIHBI B MATEPHAILHOM 00beKTe - pesonarope®. 1 uuuero Gosee.

Takum 00pazoM, 9TOOBI pe30HAHC COCTOSIICS, HEOOXOANMBI SHEPTOBOIHA M PE30HATOP, HAXOISIIHIACS
Ha IMyTH €€ pacpocTpaHeHHs U 00JIaatoIINil TEM CBOMCTBOM, UYTO BOJIHA UMEET BOZMOYKHOCTH ITPOXOIUTh
BHYTPb HOJIOCHHOI CIMPYKMYPbL Pe30Hamopa, MHOTOKPAaTHO BHYTPH OTPaXKaThCsl OT YACTHIHO
MPO3PavYHbIX JJIsl HEe CTCHOK M MHTEeP(EepPHPOBATh, HAKAILTUBAsI SHEPTUIO BXOJSIIEH BOIHBI, TOCKOIBKY BO
BHYTPEHHEM pa3zMepe pe30HaTopa YKJIaJbIBAETCs LEJI0€ KOJINYECTBO MOJOBHHBI JUTMHBI BOJIHBI, & 3aTEM
BBIXOJIUTH 32 MpeAeibl pe3oHaTopa. CiaenoBaTenbHo, yCIOBHEM PE30HAHCA SBISETCS BO3SMOXKHOCTD
UHTEep(EpPEHLINN BOJIHBI BHYTPH PE30HATOPA ¢ 00pa30BaHUEM CTOSUEH BOJIHBI, UMEIOLICH YacTOTY,
YCJIOBHO Ha3bIBaeMyI0 pe3oHaHCHOH. [Ipu momomm pe3oHaHca MOXKHO BBIJICIUTH W/WITH YCUIIUTD JaXe
BeCbMa Ci1abble SHEPrOBOJIHBI JIF000M (GOpMBI (TUTOCKHE, ChEepUIecKHe, ...).

B PCAJIbHBIX PE30HAHCHBIX CUCTEMAX MTOHATHUC peSOHaHCHOﬁ HaCTOTBI HEPA3PbIBHO CBA3aHO C IIOJIOCOH
ImpomnyCcKaHusd, TO €CTbh HCKOTOPBIM JUAIla30HOM YaCTOT BXOJAAIINX B pE30HATOP SHEPIrOBOJIH, B KOTOPOM
peaknusa CUCTEMbI MaJIO OTIIMYACTCA OT pEaKIUH Ha pe3OHaHCHOﬁ qacToTeE. U_II/IpI/IHa ITOJIOCHI ITPOIYyCKaHuA
pe3oHaTopa OOBIYHO HA3BIBACTCS HOﬁpOTHOCTbIO peSOHaHCHOfI CHUCTCMBI.

62 Pe3oHaTop (OT /1aT. resono - 3By4y B OTBET, OTK/AMKAIOCh) — YCTPOWCTBO MM NPUPOAHBIA OBBEKT, B KOTOPOM MPOUCXOAUT
HaKonneHve 3Heprum KonebaHwii, NOCTaBNAEMON U3BHE.
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[ mpuMepa paccMOTPUM PE30HAHC B ClTydae
YCUJICHUS IUNIOCKOM LIUKINYECKOU BOJIHBI B IIJIOCKO-
napanieabHOM pe3oHaTope, paccTosiaue L Mexmy
TOHKHUMH 3epKATEHBIMA OOKJIaIKAMH KOTOPOTO
PaBHO JUTMHE BOJHBI A, C OJMHAKOBOU IJIOTHOCTHIO
cpenpl cHapyxu ¥ BHyTpH (Puc.74). HanpaBnenue
IIBIDKCHUS BOJTHBEI (()POHTA) TTOKA3aHO CTPEITKAMH.

B momenT Bpemenu t=0 GpoHTHI KoaeOaHmi
(Hampumep, BOJTHOBEIE TOBEPXHOCTH MAKCHMAaIbHOU
TJIOTHOCTH) | 1 2 pacroNoKeHbI Ha BXOJIE U TIEpe]
peszonaropoM. IIpu a3Tom pponT 1 YacTuaHO
MpoXoIuT 0OKIaIKy a pezoHaTopa | U yacTU4HO
oTpaxkaetcs 1.

Uepes Bpemsi, paBHOE niepruony BoiHsbl t=T,
¢pouT 1 nocturaer npasoit oOkaaku b, acTuaHo
MPOXOJUT Yepe3 Hee | 1 yacTuyHO oTpakaercs 1. B
3TO BpeMsl PPOHT 2 YaCTUYHO MPOXOIUT OOKIaIKy a
pe30HaToOpa 2 U YaCTUIHO OTPAKAETCS 2
((peHeneBckoe oTpakeHue).

UYepes Bpemst t=2T ¢ponT 3 nocturaer
0OKJIaJIKK &, YaCTUYHO OTPAXKAETCS 3 U YACTHYHO
NPOXOAUT Yepe3 Hee, GopMUpYsl CYyNepIIo3UINI0
¢ponTOB 3+1 C BTOpUYHO BHYTPEHHE OTPAKEHHBIM
¢ponToM 1; GPOHT 2 MOKKUAAET PE3OHATOP Hepe3
o0knaaky b u yactuuno ot Hee oTpaxaercs 2. I[lpu
ITOM BHYTPEHHE OTPaKEHHBIN OT 00KIIaaKu b
(¢poHT 1 MOKHUIAET Pe30HATOP Yepe3 OOKIANKY a,

(bopMHpYs CYyHEPHO3ULIIO OTPAKEHHBIX (POHTOB
3+1.

U tak nanee. Yrke uepes Bpems t=5T
HaOJrOIaeTCsl CYNEePIO3UIUS OTPKEHHBIX ()POHTOB
5+3+1 u cynepno3unys NpoLeNInX Yepes3
pe3onarop ¢GppoHToB 5+3+1 BOJIHBIL

Ecnu B miiocko-napajuiensHOM pe3oHaTope Ooree
JIBYX TapaJuIeIbHBIX 00KIIaI0K, PACIIOIOKEHHBIX
MIOCJIE/IOBATENILHO C COOJIIOCHUEM YCIOBUS
pE30HaHCa, TO B HUX TOCIEI0BATEIbHO Oy IyT
HaOJII0AATHCS BBIICOTMCAHHBIE TPOIIECCHI
OTpakeHHs1, UHTep(EePEHINH U CYTIePIO3UIINT
BXOJISIINX M OTPKEHHBIX BOJH. Tak uepe3 Bpems
t=5T B uI0CcKO-NIApaICIIFHOM PE30HATOPE C TPEMs
oOKJazKaMu OyIeT HaOIIOAaThCS CYIIEPIIO3UIIUS
OTpaskeHHBIX PpoHTOB 5+3+1+1+3+1+1+1 u
CYNEPIIO3HIIHS MPOLIEIINX Yepe3 pe30HATOP
¢pouToB 3+1+1+1+4+2+2 BOJHBI.
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[TpunImI 00pa3oBaHUs CTOSYCH BOIHBI MEXKAY OOKIaKaMHu (3epKajlaMu) pe30HaTopa

pA . | h wiutoctpupyet Puc.75. I'paduku mI0THOCTH Cpeabl
S R R — r><c-fF----- B niepeMeniarotnetics BonHe (npu t=0 Bxopsiei
t=0 | cuHero 1Beta, npu t=T/4 oTpaXKeHHBIX OT OOKIIAIKK
Pe a KpacHOro I[BeTa U 0T 0OKIaaKu b *kenToro nsera,

_____________ u npu t=5T/4 BTOpHYHO OTPaKEHHBIX PO30BOIO

w=17/a / \ Vi \) 1[BETa) MMOKA3bIBAIOT, KaK, HAIPUMEP, B PE30HATOPE C

uaTepBaioM Bpemenn T Hauunas ¢ Mmomenta t=3T/4

Pe
/4 \1/ MPOMCXOAUT CYMMHPOBAHHE IUIOTHOCTH (SHEPTHH)

I HpﬂMOﬁ " OTPAXKCHHBIX O6K.I'IaI[KaMI/I BOJIH.

I
I
p I [[BETA ¥ BHIIIEIINX Yepe3 00KIAAKy 8 KOPUIHEBOTO
I
I
I

t=2T/4 /\l g Uro npoucxonut B pezonarope? Ilpoucxomut
Pe YBEJUUEHNE YHEPTUH BOJIHBI (MHTEpdEpeHIHs) 32

Cc4eT MHOTOKPATHBIX BHYTPEHHUX OTPaKEHUN U
[ CYTIEpHO3ULIMHY PAMOI U OTPaKEHHBIX BOJIH, a U3

T W I 7& ---------- PE30HATOPA BBIXOAMUT TAKUM 00pa30oM yCHIICHHAS
t=31/4 / /4 BousHa (Puc.75, 76). IIpu atom ko3 duituent

[

Pe I
\ / : \ / ycunenus pesonaropa K, onpenensercs creneHnio

|

I

I

I MIPOIYCKaHMS BOJIHBI OOKJIaIKAMU PE30HATOPA U

Yo} I ______________ N MOJKET OBITh CYIIECTBEHHO Ooubie enuuuiipl Kp >>1.
=T Bxogsmas BonHa MOKeT OBITh c1a00M, HO

Pe \/I \/Z CIOCOOHOM BOMTH B PE30HATOP.

B A ) e

STM?%%I ,\v}

LN TN

31/4

21/4

Puc.76
R IR AN I
N %} A /g Ilocne oTKIIFOYEHHS BHEIITHETO
0 : HWCTOYHHKA BXOJISIIEH NEPUOIUUECKOM
v | \\ / BOJIHEI BHYTPU pe30HATOpa KOoieOaHUs
1T--""""7T """ ==~ "~"~""~""= HEKOTOpOE BpeMsl coxpaHsatoTcs. [IpuueM reomerpust
P L_____ I_ o L_____ MOJIOCTH PE30HATOPA UMEET 3HAUCHHE: KOT/1a OHA
t=2T I/Z>\ ONTUMHU3MPOBAaHA JIJIs1 BOJIHBI HA BXOJE, TOT/Ia Ha
Pe f BBIXOJIE MOXKET OBITh JJOCTUTHYTO MaKCHUMAaJIbHOE
1 A4 _: _____________ YBEJIMYEHHE SHEPTUH BOJHEL. U ueM Oosbiie BpeMs,
L - KOTOpOE BOJIHA HAXOJIUTCS B pE30HATOPE, MOKa
M2 ROV Puc.75 aMIUTMTY1a HEe 3aTyXHET, TeM 00JIbliie JOOPOTHOCTh

pe3onHaropa. /{1 moBkImeHus JOOPOTHOCTH
pe3oHaTOpa HY’)KHO YMEHBIIIATh MPO3PavyHOCTh 00KIIJI0K, IPUYEM BO3ZMOXKHO JIMHAMUYECKOE YIIpaBIICHHE
JIOOPOTHOCTRIO ITyTEM U3MEHEHHS MTPO3PAYHOCTH OOKIIAIOK (TaKoW Pe30HAHC ¢ JUHAMUYHO U3MEHSIEMBIMU
napaMeTpaMu pe30HaTopa Ha3bIBACTCs MAPpAMETPHYECKHM Pe30HAHCOM).
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t=1T/2 /\?/
f3

W2

hJ

Ofo3HayeHa BOAHA: NOOXOAALLAS—3 ; EOWEAWAR B DEIOHATOR =3 ;

OTPaMeHHaA GPeHEReBCKan = ; OTPAXEHHAA PE3DHAHCHD t ;

-
BHYTPEHHE OTPamEeHHaA 3’.&—_3 £—__ ; BBIXOAAWEA :) —_3

Puc.77

[IpakTudecku r00ast BOJHA MOXKET OBITh
YCHJICHa TAKMM 00pa30M B TIOAXOISIIEM
PE30HATOPE COOTBETCTBYIONICH (DOPMBI.
VYcioBue «IoIX0AAIICCTH, HAPUMED, JUIS
TJIOCKO-TIAPAIICILHOTO PE30HATOPA C Pa3MepoM
monoctu L: L=nA2, rnen=123... To
ecTh B pa3Mepe L mosyBosina A/2 qorkHa
YKJIQIBIBATHCA IIeJI0e YHCJI0 pa3. Ha
Puc.77 npuBenena cxema pe30HUPOBAHUS TSI
cirydasi pa3Mepa 1moJIocTd pezonatopa L = A/2.

Takum o6pazom:

1. B mosoctu pe3oHaTOpa MmyTeM
MHOT'OKPAaTHBIX BHYTPEHHUX OTPaXKCHUI
BXOI{ﬂHICﬁ BOJIHBI MTPOMUCXOANUT HAKOIIJICHUEC
MIOJIHOM PHEPrUU, pABHOU CyMME SHEPruu
MEXaHHUYECKOTO IBMKEHUS BOIHBI W 1
OHEPruu B3aI/IMOIleI\/'ICTBI/I$I JacTul Cpeabl B
BostHE W)

W = WitW,.

2.  Cynepro3unus mpsiMOi BOJIHBI U BCEX
BHYTPEHHE OTPa)KEHHBIX BOJIH MPUBOAUT K
pOCTy B PE30HATOpE CYyMMAapHOM CHIIBI
JlaBJieHus BOJIHBI Fy (3TO mOka3ano Ha Puc.76
0e3 ydera TOTEpb PHEPIUH IIPU OTPAKEHUH U
Ha MPEOJI0JICHUE IIPOXOSIIEH BOJIHOM
00KJIa/IOK IUIOCKO-TIAPaJUICIIEHOTO PE30HATOPA).
3. Ilpwu 3amaHHOM YacTOTE U aAMILTUTY/IE
KoJIeOaHUI KMHETHYeCKast SHEPTUS YaCTHI]
cpensl OyneT TeM Ooublie, YeM OOoJbIle uX
Macca, TO eCTh YeM OOJIbIIe TUIOTHOCTh CPEJIbI B
rosiocty pesonaropa. IIpu Tex xe ycaoBusx
NoTeHUKanbHas (yrnpyras) sHeprus OyneT TemMm
0oJbIIIe, YeM cpelia «KECTUe», TO eCTh YeM
MEHBIIE ee CKUMaeMOocTh. Clie10BaTeNbHO, IPH
3aJJaHHON YacTOTE U aMILTUTYAE KojeOaHuit
WCTOYHUKA PE30HATOP CO3JIAET TeM Ooliee
WHTEHCUBHYIO BOJIHY, 4YeM OOJIbIIE B HEM
TUIOTHOCTH M YIIPYTOCTh CPEJIbI.

BosneiictBue cuinl Fy Ha
OTPaHMYUBAIONIHE TOBEPXHOCTH (OOKIIAIKH)
pe30HaTOpa MOXKET UX 1e(hOPMUPOBATH,
M3MeHss (YBETTUIHBAsi) 00BEM TOJIOCTH
pe3oHaTOpa, YTO MPOSBIISIETCS B IIpoIeccax
CTPYKTYpOOOpa30BaHUS B TUCIIEPCHBIX
CHCTEeMax MpHU CaMOIPOU3BOIILHOM COETMHEHUHT

71



YaCTHI[ TUCTICPCHOM (ha3bl M UX arperaTtoB B MPOCTPAHCTBEHHBIC CTPYKTYPHI, HAIIPUMEDP B PA3THYHBIX
neHax. B aToMm — ¢u3ndeckast npuUMHA YAUBUTENBHBIX TIPHPOAHBIX SBICHHUH, KOT/Ia U3 HEOPTaHM30BaHHOMN
Xa0TUYHOW MaTePHU BO3HHUKAIOT CTPYKTYPBI, 00JIaJar0IIHEe YIOPSI0UYCHHOCTHIO U MPAaBUIILHOM
reomeTtpuueckoit popmoii (Puc.120-122). TIpu 3TOM MOJOCTHASI CTPYKTypa Pe30HATOpa TODKHA OBITH
NPOYHOIA, YTOOBI COXPAHSTH 11e10CTHOCTD (Puc.78).

Puc.78

B xauecTBe nmpumepa MOKHO IPUBECTH ONTHYECKU pe3onatop @adpn — Ilepo (Puc.79), kotopsrit
XOPOIIIO M3BECTEH B (DM3MKE M MPEACTABISICT OO0
JIBa COOCHBIX, MapaUICIIbHO PACIIOTI0KEHHBIX U
OOpaIleHHBIX IPYT K IPYTy 3epKaia, MeX1Ty KOTOPHIMU
MOXeT (pOpMHUPOBATLCSI PE30HAHCHAS CTOSYasi BOJIHA,
HAaKaIlJIMBAIOIIas YHEPTHIO BXOAALIEH BONMHEL. B
Ja3epax OJHO U3 3epKall INTOCKO-TIApaJIeTbHOTO
pe30HaTOpPa JIeNaeTCsi OOBIYHO YACTHIHO
MPOITYCKAIOIIUM JJISl IPEUMYIIIECTBEHHOTO BBIBOJIA
H3JIYUCHHU B 3TOM HaAllpaBJICHUU.

Puc.79. Pesonaropsr ®abpu-Tlepo:

1- TInocko-mapanienbHbIH;

2- KOHLeHTpHYecKkuii (chepuueckuii);
3- monycdepudeckuii;

4-  koH(DOKaTLHBIIH;

5-  BBIMYKJIO-BOTHYTHI.

CxeMa JBMKEHUS OJTHOTO ITUKJIIA (JIATTIOJIS ) TIFIOCKOW BOJTHBI, BXOJIAIIEH B TUIOCKOTIAPAIIIETHHBIN
pe3oHarop, ycIoBHO nokazana ctpenkamu Ha Puc.80. Ilpu BXoje B pe30HATOp 4acTh S3HEPTUN BOJHBI
oTpakaeTcst oT oOKIanku ((ppEeHeNeBCKOe OTPAKEHUE ), AaJiee BOIIE IIasi B PE30HATOP BOJIHA MHOTOKPATHO
OTpa)kaeTcsl B MOJIOCTH PE30HATOPA U (POPMHUPYET CYIEPIIO3UIIUHU BHIXOSIINX U OTPAKEHHBIX BOJIH.

v
v

A 4
v

n
~

v
v
v

| L Puc.80
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OnHako, BCIIEACTBUE UHTEPPEPEHLINHU TOJIBKO HEKOTOPBIE MPOCTPAHCTBEHHBIE CTPYKTYPHI U
SHEPIOBOJIHBI COXPAHAIOTCA KaK CTOSYME BOJIHBI (MOABI Pe30HATOPA) B PE30HATOPE IPOU3BOJIBHON
(hopMBl, Ipyrue MONABISAIOTCS AECTPYKTUBHON HHTEpepeHIHEH.

[Tocre mpekparieHus TOCTYIUICHUS B PE30HATOP TPSIMOW BOIHBI B HEM HEKOTOPOE BpeMsl Oy IyT
HaAOJI0IAThCSI 3aTyXalolUe KojeOaHusl OTPAKEHHBIX BOJIH B TIOJIOCTH PE30HATOPA U TIOCTETICHHOS
YMEHbIIIEHUE SHEPTUH BBIXOSIINX U3 PE30HATOPA BOJH.

OOOOOOO Taxk kak TOJBKO BOJTHOW 3HEPTUs NepeaacTcs Yyepe3 dPUpHyro
j :)[ ] cpeny, Puc.81 winmroctpupyet NpUHIIKI IHepronepeaavn
OOOO( (TeMmepaTypornepeaun) BOJIHAMH B TIOJIOCTHBIX CTPYKTypax
O:O:OOOOO MaTepHaTbHBIX 00BEKTOB MOCIIEA0BATEILHEIMU PE30HAHCAMH.
j : : %% Cy1iecTBYIOT pe30HATOPbI, HCIOJB3YIOIINE B KaUeCTBE

paboueii cpe/ibl pa3HbIE arperaTHbIE COCTOSHMS BEIIECTBA.
\® O@O( Hanpumep, a3epsl Ha pacTBOpax KpacuTeNnel 1M a3epbl
O TIONMXPOMATHIECKHE TBEPIOTETbHBIE.
i\/\(\/ Pe30HaTOp MOKET NepeaBaTh SHEPTHIO U B APYTHe IUANa30HbI
BOJIH TIPH TIOCIIEI0BATENHHO PACTIONOKEHHBIX MONOCTAX,
3aTIOHEHHBIX CPe/laMu pa3Hoii mioTHocTH. Tak, HanpuMep, COOBIIANOCh O HaYale IPOMBIILIEHHOTO

MIPOM3BOICTBA OeCIBETHBIX KpucTauioB HrHobarta mutus (LiINDO3), KoTopble IPUMEHSIOTCS B Ja3epax st
PE30HAHCHOTO YBEJIMUYCHHUS JITHHBI BOJIH BUIAMOTO M MH(PPAKPACHOTO TUAMa30Ha.

Kak Oyzet 00CTOSITh JIeI0 B TOM Cily4ae, €CIM Y CHCTEMBbI He 0JJHa COOCTBEHHAs! 4acTOTa, a IENbIid
Habop ux? Eciu cOOCTBEHHBIX 4aCTOT PE30HATOPA HE OJJHA, & HECKOJIBKO, TO PE30HAHCHBIC SIBICHUSI
HOJTY4YarOTCs MIPU COBIAJACHUU YaCTOThI BXOISIIICH BOJIHBI € JIF000# U3 COOCTBEHHBIX YacTOT pe3oHaTopa. K
KaXK/I0W M3 3THX COOCTBEHHBIX YaCTOT MPHUMEHHMO BCE TO, YTO OBLIO CKa3aHO BBIIIE 110 OTHOLICHHIO K
CITy4aro OJIHOM coOCcTBeHHO# YacToThl (Prc.82).

« H
/, : i X
HEAN
B RN
’ 1]} N
/ 1 v AN
1
1
v
BonHa B pezoHaToOpe:
— - BXOAAWan
""" > - OTpaMeHHaA
------ > - PE30HAHCHO OTPaXeHHan Puc.82
- BBIXO/ALLAA
e - He pe3oHMpyloLLan
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Puc.83a

B=2A
dopma pe30HaTOpa MOKET
T ——— ; CYIIECTBEHHO H3MCHHTh
! HAIPABJICHHE IPOXOUIIIHX U
'| t=T _ OTpakeHHBIX BOJH. Tak Ha
t=3T . =37
T N R Puc.83a nokasauno

MPOXO0XKJICHUE OTMHOYHOU
IJIOCKOW BOJIHBI YEPE3
pe30HaTOp - OOBEMHBIH
PaBHOCTOPOHHUI
TPEYTOJIBHUK BHICOTOM 2.
Habmonarores kakx
CYHEPIIO3ULINS OTPAXKEHHBIX
BOJIH, TaK W CyIEPIO3HUIIHS

MPSIMO MPOXOIAIICH BOIHBI C
BHCHIHEC IMPCIIOMJICHHBIMU
BOJTHaMH (0003HAYCHBI

MTyHKTHPOM, OTPaKEHUE U

HPETOMIICHHE BOJIH C
MomeHTa 2T nponUTIOCTPUPOBAHBI Pa3IeIbHO
COCeTHUMH n300pakeHusiMU). Takum 0Opa3om
TPEYTOJIbHBIH pe30HaTOp GOPMHUPYET BOJIHBI OT
BCEX TPEX CTOPOH 0OBEMHOI'0 TPEYTrOJIbHUKA.

IIpu npoxoxJIeHNH yepe3 TaKOH PE30HATOP

pog)  DOVHOBBIX KoJeOaHuil BHyTPH pe30HaToOpa
HaOJI0aeTes CTosYast BOJIHA TPEYrOJIbHOM

tdhopmel. Eciin BeIcOTa pe3onaTopa 34, TO
BHYTPH Pe30HATOpa HaOJI0AaeTCsl CTOsA4asl BOJIHA
B BH/IE TpeX TpeyroiabHukoB (Puc.830).

PPOHT BOAHbI 1

Puc.836
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Ha Puc.84 moka3aHo mpoxoxaeHue
OJMHOYHOM IJTIOCKOW BOJIHBI YEPE3 PE30HATOP
MUITHHAPHYECKOi GopMbl, tuamerp d KOTOporo
paBeH 4A. IIpu t=T nabmomaercs GpeHeIeBCKOE
orpaxkenue. Uepes Bpemst 8T pezonaHCHBIH
LIUKJT OOpaICHHS BOJIHBI BHYTPH TOJIOCTH
pe3oHaropa MoOBTOPSIETCS.

Ha Puc.85 nmokasan pe3oHaTop
I'enmpMronbpma - akycTHIecKuid Iprudop, Cocya
cepuueckoit GOPMBI ¢ OTKPBHITOI TOPIOBUHOM.

N3obpeten ['enpmromniiem okomo 1850 r. ais
aHaJIM3a aKyCTHYECKUX CUTHAJIOB. Pe3oHarop
crocoOeH (hopMUPOBATH HU3KOYACTOTHBIC
coOCTBeHHBIC KOIeOaHMs, JITHHA BOTHBI
KOTOPBIX 3HAYUTEIIBHO OOJIBIIIEC Pa3MEpOB

pe30HaTOpa, TaKk KaKk pE€30HaHCHAaA 4acToTa

v

I'enbMrombua B 3TOM Cilydae ONpeenseTcs
TaKke U MHEPUHUEH ABHKYIIETOCs B TOpIe
pe3oHatopa Bo3ayxa (B KoiebaTensHOe
JBMXKEHUE BOBJIEKAETCsl Macca BO3yXa BOJIN3U
ropJa pe3oHaTopa ¢ 000ux KOHIOB). Takoit

! puOop pearupyer TOIBKO Ha KOJIEOaHUs C
' =5T t=6T t=7T t=8T PHOOp p Py 5 B .
BIIOJIHE OTIPE/ICIICHHOMN PE30HAHCHOM YacTOTOM.
[TosTOMy HabOp TAKUX AKYCTUYECKUX PE30HATOPOB C
pa3J’II/I‘-IHLIMI/I COGCTBGHHLIMI/I pe3OHaHCHI)IMI/I gacToTaMunu

MNPUMCHACTCA AJI aHAaJIn3a 3By1<a63.

Ha Puc.58,59 nokazans! ¢urypsl Xnagau u Menuu,
WILTIOCTPUpYIOIne GOPMUPOBAHUE CTOSTYMX BOJH B
IJIOCKUX ¥ OOBEMHBIX PE30HATOPAX.

Hpyroii BapuaHT pe3oHaTOpa - OpraHHas Tpyoa.
Crosturie BOJTHBI B TAKOM PE30HATOPE BO3MOXKHBI JIUIIb IS
TeX CIIy4aeB, KOTJa Ha JUIMHE TPYObl YKIIaJbIBACTCS
HEYETHOE YUCIIO YETBEPTEH JUTMH BOJIH. TaK JUIst 4acTOTHI
HacTpoiiku 27 ['1 qnmHa opranHoi TpyObI COCTaBIIAET
Puc.85 npuMepHo 3,1 M.

SBnenue pe3onaHca BrepBbie ObuT0 ommrcano ['ammieo [Nammneem B 1602 1. B paboTax, MOCBAMEHHBIX
UCCJIEJOBAHNIO MAsTHUKOB U MY3bIKAJIbHBIX CTPYH.

63 flBNeHMe akyCTUUYECKOro pe3oHaHca UCMob3yeTca B apXMTEKTYpe, aBTOMOBUIECTPOEHUM, KOHCTPYMPOBAHUM MY3blKa/ibHbIX
MHCTPYMEHTOB.
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12. Pe3onanc B nmpupoae Mupo3naHus

12.1. BoJiHOBBIE KOHCTPYKIIUM MATEPUHAIBHBIX CTPYKTYP

B npupone Mupo3nanusi, MaTepuaibHble 00beKTbI KOTOPOT0 CO3aHbI U3 OJIHUX U TEX Ke
3JIeMEHTOB, HeT HHBIX FeHepaTOPOB YHEePruH, KpoMe pe3oHaTopos®. JI000ii MaTepuanbHblii 06bEKT
(kKaMeHb, JIepeBo, OTOHb, BOJIA, MOJICKYJIA. ..) «H3ITy4aeT» U «OTPAKACT» B OKPYIKAIOIIee MPOCTPAHCTBO
JIMIIB T€ SHESPTOBOJIHBI, KOTOPBIC N30UPATEIBHO YCHIICHBI MTOJIOCTHBIMH CTPYKTYpaMH B CAaMOM
MaTepUaTbHOM O0BEKTE U3 BCEH COBOKYIMHOCTH BO3JICHCTBYIOIIMX HA HErO SHEPTOBOJH 3(hupa, Tak Kak
TaKue CTPYKTYPhI pa3HbIX GOPM U pa3zMepoB, CaMH 00pa30BaHHBIC CTOSIYUMH YHEPTOBOIHAMH, COCTABIISIOT
OCHOBY «KOHCTPYKIIUM» BCEX MaTepUabHBIX CTPYKTYp B HabmoaaeMoM Muposganuu®,
PaccmatpuBaemble sBIeHHS TOPOKIAIOT U (poTodhdeKT, M POTOCHHTE3, HOHU3AINIO U (PITyOPECHIEHITHIO, ’

«hoTosaepHbIC» PEaKINU.

UtoOBI HOHATH TAaKYIO BHIJAIOILYIOCS POJIb PE30HAHCA B MPUPOAE Halero Mupo3aanus, pacCMOTPHM,
Kak c()OPMHPOBAHBI B HEM KOHCTPYKIIMU BCEX MaTEPHAIbHBIX CTPYKTYP.

U3 gero cocTout BemmecTBo — pU3NUECKasi MaTepHsi, KOTOPYIO Mbl BUANM, OIYLITaeM U MOKEM
n3MepuTh? Ilpeamonaraercs, yTo Gu3MUecKast MAaTEPHsI COCTOUT U3 MOJIEKYII, MOJIEKYIIbI — U3 ATOMOB.

Puc.86

Bce Bo3mokHEIE BHYTPUATOMHBIC YaCTHUIIbI, TAKUC KAK 3JICKTPOHBI U IPOTOHBI, ABJIAIOTCSA
KpOIICYHbIMU I/IHTep(i)epeHI_II/IOHHBIMI/I CCTKaAMU CTOAYUX BOJIH SHCPIUH.

Pa3sMepbl «aTOMOB)» OLIEHHBAKOTCS B IMANa30Hax HAHOMETPOB MM aHrcTpeM®. PaccmoTpum,
Harpumep, Kpuctasu oosranoi moBapenHoit coiu NaCl (Puc.86). [Tpu MHOrOKpaTHOM YBEITHUYCHUH
KPHCTAJLIa MOl MUKPOCKOIIOM MbI YBHIUM, KaK OH COCTOMT U3 aToMoB HaTpus Na u xmopa Cl,
00pa3yIomuX KPUCTAUIMYECKYIO PEIIETKY IPUMEPHO TaK, KaK CXeMaTH4HO MoKa3aHo Ha Puc.87.

OOBIYHO JIEMEHT KpHCTaﬂHH‘{eCKOﬁ PCHICTKH I/I306pa)KaIOT TaK, KaK 3TO IIOKa3aHO Ha Puc.87 CIipaBa,
TO €CTb YCJIOBHO IMMOKA3bIBAOT IIPOCTPAHCTBCHHYIO CBA3b MCKAY YaCTULIAMMU.

% NpuHLMN NpocTpaHCTBEHHO TPaHCHOPMALLMM SHEPrUM NPEANONAraeT, YTo BCe SHEPreTUUYECKMe LMKbI CBOAATCA K
0CBOBOXKAEHUIO SHEPrMU 13 adurpa, HE3aBUCMMO OT TOTO 3aXKMraeM Mbl CBEYY UM B3pbiBaeM AafepHyto 6omby.

65 MonocTHan CTPyKTypa - 06bEM, BbIAENAIOLWMI B NPOCTPAHCTBE HEKOTOPbIN O6BEKT, MONOCTb KOTOPOro 06bIYHO 3aNONHEHA
BELLLECTBOM, OT/IMYHbBIM OT BELLECTBA MOBEPXHOCTH (rpaHuMLbl) 3TOro 06beKTa.

66 1 aHrctpem — 3710 10%yactb 1 meTpa, To ecTb B 10 MUAMAPA0B pa3 MeHblue meTpa; 1 HaHomeTp (HM) — 3To 10-°yacTb 1 meTpa,
TO ecTb B 1 MMnanapp, pa3s meHblue meTpa.
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Puc.87. YcnosHoe pacnonoxkenne yactuil Hatpus Na u ximopa Cl B kpucraiie

HpaKTI/ILICCKI/I BC€ BC€IICCTBA Ha 3eMJ'Ie, H3 KOTOPBIX COCTOUT BCE, YTO Mbl BUAUM, UMCIOT
KPUCTAIUTMYECKYIO CTPYKTYpY, Aake oObraHast BoAa (Puc.88), u sTor dakT oueHb BaykeH sl TOTO, YTOOBI
MOHATH, KaK U3TyyeHHe (BOJIHA) B3aMOJICHCTBYET C BEIIECTBOM.

Puc.88. Kpucrammuaeckas ctpykrypa Boasl H.O u 30mota Au.

Bona, Tak ke kak 1 3Qup, - KUIKUHA KPUCTAILT, HO KPHCTAJUTMYECKHE CBOMCTBA BOA MPOSIBIISET TOJIBKO
JUTst OBICTPBIX IBMKEHMH, KaK, HAllpuUMep, IS IyJIH, JIETSIei yepe3 Boay. s MeUIeHHBIX MPOIIEeCCOB
BOJIa — )KUAKOCTbh, aHAJIOTHYHO dPUpY.

Kaxxnast kanmst BOJpI UMEET Ype3BBIYAHO CIIOKHOE cTpoeHHe. OKa3pIBaeTCs, YTO Karis COCTOUT U3
MHO>XECTBA MOJYMHUKPOHHBIX siueeK. M B KayK0M TaKOU STYEHKE COAEPAKUTCS OKOJIO TPEX MUJUIMOHOB
CTPYKTYpHBIX 371eMEeHTOB. Kaskblil TaKOH 3JIEMEHT B CBOIO OUEPEb COACPIKHUT OKOJIO THICSYM MOJIEKYII,
KOTOpBIE OYEHB JKECTKO CBA3AHBI M 0€3 BHEIIHNUX BO3JIEHCTBUI CBOW B3aWMOOTHOIIEHHS HE MEHSIOT.
Hanpumep, npu MmexaHn4eckoM BO3JCHCTBUH BO3HUKAET HOBasi KOMOMHAIINS 3JIEMEHTOB M CBOMCTBA BOABI
MEHSAIOTCS, PE30HAHCHO IepeaBas TOJIYOK OT TOUYKU K TOYKE BOITHOBBIM IIPUHIIUIIOM, COXPaHsAA OJHAKO
MIPY 3TOM NIaMSATh TIEPBOHAYAIBEHOTO UH(POPMAIIMOHHOTO COCTOSIHUS, U Ha 3TOW OCHOBE TIPUHUMAs
HauboJIee BBITOHBIE VIS ce0sl SHEPrETHUECKUE MO3UIIMN®

57 iuTepecHo, 4To TpoiHasA TouKa Boabl 273K TouHo B 100 pas sbiwe TemnepaTypbl a¢upa 2,73K, a Bce ceepxnposodawue u
ceepxmekKyvue eewecmea NMeLOT KpUTUYECKME TemMnepaTypbl, KpaTHble HOPMasibHOM TemnepaType adupa 2,73K.
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JlaibTOH BBIBEJ 3aKIIOYEHHE O CYIIECTBOBAHUU
aTOMOB M3 PETYIIAPHOCTEH Macc 3JIEMEHTOB,
COEMHSFOIIUXCS APYT ¢ ApyroM. CeromHst Mbl MOKEM
[peNoJarath H300paKeHHs «aTOMOBY» KPEMHHUS Ha
MOBEPXHOCTH KPEMHHEBOTO 00pas3iia ¢ MOMOIIBIO
CKaHUPYIOLIEr0 TYHHEIBHOTO MUKPOCKOIA, KOTOPBII
«IyBCTBYET» MPOXOAUMYIO UM TIOBEPXHOCTD, &
KOMIIBIOTEPBI TIPE0OPa3yIOT CUTHAIBI, IIOCHLIAEMBIE
30HIOM, B H300paKCHUE C Pa3pEIICHHEM «aTOMHOT0»
MmaciTaba (Puc.89).

3nech OyJeT yMECTHO MpeCTaBIeHUE O pa3Mepax pa3lIndHbIX 00BeKTOB. Eciy HanpuMep «aToM» uMeer
JMaMETp OKomo 3 MuHapaHbIx Metpa (3x107° M, 3 HaHOMETpa, 3 HM), TO MHUILUTMOH TAKHX aTOMOB,
BBUIO’KCHHBIN B PsiJi, IPOTSIHETCS Ha 3 MM B JuiuHy. Eciin Ob1 aToMm 00sagan pasmepamu GyTO0IBHOTO
CTaJMOHa, TO SIAPO UMEJI0 OBl pa3Mepsl PyTOOIBHOrO MsA4a B LIEHTPE. Y CJIOBHO TOBOPS, IIEPBOE «KOJIBLIO»
3JIEKTPOHOB B HIAHEMAPHOU MOOeIU amomMa HaX0IWIOCh Obl IPUMEPHO HA YPOBHE IIEPBBIX PSIOB TPUOYHHI,
a KaXJ0€ MOCIeIy0IIee «KOIbII0» 3JIEKTPOHOB - Uepe3 MAThAecAT psiaoB. CleAyIONUi aTOM pacroiaraics
Obl, BEpOATHO, B ciieaytomeM ropoge. [lomyuaercs, yto arom 6omnee yem Ha 99,9999% - ycnoBHO «mycToey
IIPOCTPAHCTBO, a AIEKTPOHBI, IPOTOHBI, HEUTPOHBI — HE IIPOCTO YACTUILBL, & TAKETHI S3HEPIOBOJIH.

TakxuMm 00pa3oM, B sIpe mpenoaraeTcs mo4tu Bes Mmacca aroma — 99,9999%. Kornma Mbl nogHuMaem
TSDKEJTBINA 00BEKT, TO B ICHCTBUTEIBHOCTH MOJHAMAEM sijipa. TakuM 00pa3oM, HaKTHIECKH aTOM
NPEJICTaBIISIET COOOM MOYTH MOTHOCTBIO «ITYyCTOE» MPOCTPAHCTBO. BCst ero macca cocpeioToueHa B
MeEJTbYaNIIIeM IIEHTPATLHOM SI/IPE, @ OKPYIKAIOIIIEe SIPO MPOCTPAHCTBO, BIUIOTH JI0 PACCTOSHUS,
COCTABJISIOIIET0 MPUMEPHO 10 THICAY THAMETPOB SIIPA, 3aHITO TOPCTHIO 3JIEKTPOHOB — HATIPHMED, IIECTHIO, B
ciydae yriepoja. Best kaxyimasics Iyctota aToma 3arojiHeHa amepaMu 3dupa.

B xpucramiax nuddepernmupoannbie aToMmbl (chepsl) Tak:ke BEICTPOSHBI B TETPAIPHI, KyOBI, OKTadPHI,
rKocasphbl u goaexasapsi®® (Puc.90). U He ToNbKO B MPUBBIYHBIX KpucTawiax®, Hanpumep, TeTpasap
HaXOIMTCS B JIFOOBIX KOHCTPYKIMSIX, U €r0 SJIEMEHTHI CAUMMETPHH TIPOSIBIISIOTCS HA Pa3IMYHBIX YPOBHAX H
€ro CTPYKTYpa IIOBTOPSIETCS M HA YPOBHE aTOMOB M MOJICKYJI, @ TAK)Ke Ha KJIETOYHOM YPOBHE M Ha MaKkpo-
YPOBHSIX.

68 [ 1.LLUnnoB AoKasan, yTo 06BEKT, UMEIOLLMIA ONpeaeieHHYI0 reOMETPUI0 NOBEPXHOCTH, BCIEACTBME FTEOMETPUYECKOTO UK
TOMNONOTMYECKOro BO3MYLLEHUA GpU3MYecKoro Bakyyma (admpa) nopoxaaet o4HOBPEMEHHO NpaBble U 1IeBble TOPCUOHHbIE NOAA
onpegeneHHoW NPOCTPaHCTBEHHOM KOHUIrypaLmm (B 3aBUCMMOCTU OT reOMeTpUKn 06beKTa).

69 3HaunTENbHOI ABNAETCA PO/b TETPA3APa, OKTasApa U MKocasApa Ha Cyb6aTOMHOM YpoOBHE, B YaCTHOCTM YKasaHHble
MHOFOrpaHHWUKM, MPAaHAMM KOTOPbIX ABAAKOTCA NPaBU/bHbIe TPEYFrOAbHUKN, BOSHUKAIOT NP NpeacTaBAeHUN 3NEKTPOHHbIX nap.
[onroe Bpemsa CYMTaNOCh, YTO B HEOPraHNMYECKOM NPUPOAE NOYTU HE UCNOIb30BANUCh A0AEKA3AP M MKOCA3AP, MMetoLLMe Tak
Ha3bIBaeMYyHO MATEPHYIO UM "MeHTaroHaAbHY" 0Cb CUMMETPUMN, HO "NeHTaroHaabHas" 0Cb CUMMETPUN ABNSETCA NOCTOAHHbIM
"CnyTHUKOM XM3HK". MKOCasap - reomeTpuyeckoe Tesio, GopmMy KOTOPOro NPMHUMALOT BUPYCbI, cocToswwme u3 [IHK v 6enka, To
ecTb MKocasapanbHas Gopma 1 neHTaroHaabHas cuMmmeTpus "ABastoTca GyHAaMeEHTaIbHbIMM B OPraHM3aLmMm XUBoro selectsa’.
Bonee Toro, B npouecce AeneHna ARLEKIETKM CHayana obpasyertca TeTpasap M3 YeTbipex KJAETOK, 3aTeM OKTasap, Kyb u,
HaKoHeL, A0AEKa3APO0-MKOCasApUYecKan CTPYKTypa racTpy/bl. M HakoHel, camoe, NoXanyn, rnasHoe - cTpyktypa AHK
reHeTMYECKOro KOAa U3HU - NpeacTaBaseT coboi YeTbipexmepHyto pa3BepTKy (Mo ocv BpemeHM) Bpaluatolieroca gogeKkasgpa!
Takum 06pa3om, oKkasbliBaeTcs, 4To Mrpo3gaHne NOCTPOEHO MO 04HOMY MPUHLMNY - BECKOHEYHO BMUCbIBaeMbIX 4PYr B Apyra
004EKa3Apa M MKOCasapa, HaXoAALMXCA MeXay cobo B NponopLumm 30710TOro ceyeHus!
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OkTtasgp 3Be3gHbii TeTpasap Kyb Jopaekasap UKocasgp

Puc. 90. 'eomeTpus [11aTOHOBBIX TEN

Puc.91. B ycnoBusix Bakyyma ObLT IPOU3BEACH
9KCTIIEPUMEHT C YETBEPTHIM COCTOSIHUEM
BeniecTBa — Iu1a3mMoit. Okaszanoch,

YTO MJ1a3Ma B YCJIOBUSAX HEBECOMOCTH
00J1a/1aeT CBOWCTBAMU KMKOr0 Kpucrasiia!
B xone omeiTa y He€ Obliia 9€TKO BHIHA

KpHCTaIM4yecKast peeTkal

To, 4TO MUKPOYACTUILIBI — 3TO BOJIHBI SHEPTHH, ITpesckasan JIyu ne bpoiuibs 3a 1Ba rona 10 3KCIIEPUMEHTOB
110 g pakiuy (OTKIOHEHUIO M PACCEMBAHMIO) MUKPOYACTHUIL HA PEIIETKAX MOHOKPUCTAILIOB . Pe3ynbTaThl
9KCIEPUMEHTOB ITOKa3ajH, 4TO SABJICHUS A (PPAKINHU, CBOIICTBEHHbIC BOJTHAM, XapaKTEePHBI VIS
MHKPOYACTHUII JIIOO0H NPUPOABI - JIEKTPOHOB, IPOTOHOB, HEHTPOHOB, a TAKKe JI1 AaTOMOB M MOJIEKY.I,
3a YTO UX M NMPO3BAJIM BOJHAMH MATEPHH, TOUYHee, NMAKeTAMH BOJIH. To, 4TO 2JIeMEHTapHbIe YaCTHULB U
MOJIEKYJIBI — 3TO BCET0 JHIIb Pa3JInUHbIC BapUallMU 3HEPTOBOJIH, TAKUM 00pa3oM, HAIIUIO [TOJTHOE
MOTBEP)KIACHHUE. A 3TO 3HAYMT, YTO YACTHIIBI U MOJIEKYJIbI HE UMEIOT YETKOW MPOCTPAHCTBEHHON CTPYKTYPHI
¥l X TPAHUIIBI «PA3MBITBD B HEKOTOPOM 00BEME MPOCTPAHCTBA .

[Tpu sToM audpakys MEKPOYACTUL] UIMEET B O0IIEM CiTydae He IOBEPXHOCTHBIN, a CKopee 00bEeMHBIN
XapakTep, 00HAPYKUBASICh IIPH TPOXOKACHUN Yepe3 MOHOKPHCTAIUIBI MITH 00JIETE MPETISITCTBHM.
MoHoKpuCTaIT BelecTBa MPEICTABISIET COO0I COBOKYITHOCTh 3aKOHOMEPHO PACIIOIOKEHHBIX B
NPOCTPAHCTBE MOJIEKYJI MJIM aTOMOB, HAXOASALIMXCS B y3JIaX KPpUCTAIUIMYECKOH pemeTku. Mimeercs, Tak
Ha3bpIBaeMasl, JJIeMEeHTapHas siuelika (HaMMEHbIIIast TPYIIa aTOMOB), IOBTOPEHHEM KOTOPOW B TPEX B3AMMHO
NEePICHTUKYISPHBIX HAPABICHUSIX MOKHO MOCTPOHUTH BECh MOHOKpHCTAIT. TakuM 00pa3oM, MOHOKPUCTAILIT
XapaKTepU3yeTcsl TPEXMEPHOM NMepruoaudHOCThIO0. 11pH najgeHnuy BOJIHBI Ha KPUCTAILT Y3JIbI €0

70 B coBpeMeHHOM TeOPUK CTPYH NOMAratoT KOHEYHbIM CTPOUTE/IbHbIM 610KOM BELLLECTBA MaNEHbKUI KPYMKOK, MOA06HbIN CTpyHe
(Takas mogenb!). 9Ta CTpyHa — MMHMMaNbHaA CTOAYan BOJIHA - OYeHb Mana: pagnyc Kpyra okono 103> m. Ecav yBenmuuTb agpo
aToma [0 pa3mepa 3emu, CTpyHa ByAeT Kpyrom ¢ paguMycom He HaMHOro 6o/iblue, Yem paguyc NepBoOHaYaibHOro Aapa. dTa
CTPYHa OYeHb TYro HaTAHYTa U KoiebaeTca C 04eHb BbICOKOW YacTOTOM: ee HaTAXKEeHNe SKBMBAIEHTHO HaTAMXKEHUI0, KoTopoe
BO3HMK/0 6bl, ecnn 6bl Ha Hee noasecuan rpy3 B 103° TOHH, UTO, KaK No/1aratoT, SKBUBANEHTHO «TpuaanoHy ConHuy». Kaxaan us
PasNNYHbIX MOZ ee KonebaHWii, CornacHo TeOPUM CTPYH, COOTBETCTBYET PasIMYHbIM GyHAAMEHTaNbHbIM YacTuMLam. Mo-cyLiecTsy,
3Ta TeopusA cBOAMT GU3MKY K MaTeMaTUKE: FeOMETPUM OYEHb CIOXKHbIX MPOCTPAHCTB, YTO UCKHOYAET B 3TOM C/lyyae afeKBaTHOCTb
mozaenu.

71 B.3TKMH: «COBPEMEHHbIE IKCMIEPUMEHTANbHBIE AaHHbIE CBUAETE/LCTBYIOT O HAIMUYMM Y TaK HAa3bIBAEMbIX €4ACTULLY CAOKHOM
BHYTPEHHEM CTPYKTypbl. B 4aCTHOCTK, 3/1eKTPOHDBI, HANPUMEp, PaccemMBaloTCcA Ha NPENATCTBUAX TaK, KaK 6yATO OHU COCTOAT U3
KOHLLEHTPUUYECKUX 30H (MOACOB) yNpyrocTu, oTCTOALMX APYT OT APYra Ha PacCTOAHMM, KPaTHOM AJIMHE BO/HbI ge Bpoitna».
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KPUCTAIUTMYECKOW PEIISTKH PE30HAHCHO CTAHOBSTCS HICTOYHUKAMHU BTOPHYHBIX BOJH (puHIUN [ tolireHca-
O®penenst). M, ecnu y37bl pacioioKeHBI B OTHOM IIIOCKOCTH, TO OTPAKEHUE BOJHBI OT TUNIOCKOCTH
MIPOU30MIET MO YTIIOM OTPAKCHUS, PABHBIM YTy MaJICHHUS.

Tak BoNHA, MAJAKOAs HA TEJIO, YACTHYHO OTPAKAETCS OT HEr0, YACTHYHO MPOXOJUT HACKBO3b, YACTUYHO
nornomaercs. B GOIBIIMHCTBE CIydaeB SHEPTHs HOTIONIEHHOM CBETOBOM BOIHBI PE30HAHCHO HEPEXOIUT BO
BHYTPEHHIOIO SHEPIHIO BemecTa. MHOra HEKOTOpas 4acTh 3TOM MOIJIOIEHHON SHEPTHHU BBI3BIBAET U APYTUE
ABIICHUS? .

V31161 KPUCTAILTMYECKOM PEIIETKH ISl aTOMOB MIIM MOJIEKYJ — 5TO JIUIIb HEKUE CPEIHUE HOI0KEHHUS,
OTHOCHUTEIHFHO KOTOPBIX OHH HENPEPBIBHO KojiebmoTes. [Ipoxosias yepe3 peleTKy BOJIHA MOKET C/eNaTh
5TO JIBUKEHHE aTOMOB HJIM MOJIEKYIl COTTTACOBAHHBIM M [1aKe H3MEHUTh BUJI PELIETKU (B3aUMHOE
pacHoNoKEeHHE AaTOMOB UM MOJIEKYIT), TO €CTh H3MEHHTh, CO3aTh HOBOE BEIIECTBO.

Jaxe oprannieckue MOJIEKYJIbl, BKJIFOYast MOJIMMEPHBIE LIETIOUKH, aMUHOKUCIIOTHI U UX (PParMeHThl, MOTYT
OBITH CHHTE3UPOBAHBI SKCIIEPUMEHTAIILHO B MPOLIECCaX CBEPXCKOPOCTHOTO CTOJIKHOBEHHUS SHEPTOBOITH
matepun! Ha Puc.92 mpuseneHo nzobpakeHne BHYTPEHHEH CTPYKTYPBI OPraHUIeCKOH MOJIEKYJIbI TICHTAIleHa,
cocrosel u3 22 aToMoB yriepona 1 14 aToMoB Bosioposia. A CHHTE3WpOBaHA OHA WHTep(hepeHIINEH TIIIa3MBbl,
KOTOpast o0pa3yercs npu yoape (UCnOYHUK nAKema IHep206onH!), €CllU B CTAIKUBAIOIIMXCS YaCTUIAX
HUMEIOTCSI aTOMBI YTJICPOIa M DJIEMEHTHI, 00pasyromrue oprannueckue Bertectsa (H, N, O).
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Puc.92. Ha kapTuHKe, MOITy4eHHON C TOMOIIBI0 OECKOHTAKTHOW aTOMHO-CHIIOBOM MUKpockormuu AFM
(BBEPXY), MOXKHO TIPETIOIOKHTD IAThH YIIIEPOAHBIX KOJIEIl TeKCArOHATHHON (POPMBI U BU3yaTHU3UPOBATh
MO3UIINH «aTOMOBY» yTiiepofa 1 Bojopoaa. Ha nimoctpanyny BHU3y pacipocTpaHEHHas CXeMa TOH ke
MOJIEKYJIBI: CephIe IaPUKU — aTOMBI yTiiepoia, Oeble — BOJ0poIa.

OpHaKo MOTyYEeHHOE C MTOMOIIbI0 OECKOHTAKTHON aTOMHO-CHJIOBOH MHUKPOCKOIIMH N300paKeHne, a OHO
ABJIACTCA CaMbIM ACTAJIBHBIM B HACTOAIIEC BPEMA, HE CTOJIBKO OTpaXacT WCTUHHBIN BHENTHUMN BUJ aTOMa U
TeM OoJiee He PacKphIBAET €ro CTPOCHUE, CKOJIBKO CO3/IaeT Ik BOCIIPUSATHS BU3yaIn3aliio Habopa
KOJIBLIEBBIX CTPYKTYP, IEMOHCTPHUPYIOIINX UX BOJHOBYIO NpUpoy. FICTOpUYECKH Npeiarajauch pa3inuHble
BU3yaaM3anuu — Mmozaean atoma (Puc.93).

2 Apyrumu LeicTBUAMM CBETA, NONYYMBLUMMM BO/IbLIME NPAKTUHECKME NMPUMEHEHMA, ABAAIOTCA POTOINEKTPUYECKMIT 3 dEKT,
doTontomUHecLeHLMA U GOTOXMMUYECKME NPEBPALLEHNS.
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Puc.93

doTtoMeTprueckre HaOII0IeHHS TOKA3BIBAIOT, YTO aTOMBI HCITyCKAIOT BOJHBI TOJIBKO OMpeeIeHHON
JUIMHBI, IPHYEM CHEKTPaIbHbIC IMHUN TPYIIUPYIOTCS B TAK HA3bIBAEMBIC CEPHH, SIBIISIOIINECS IPU3HAKAMU
JUTSL MIeHTH(OUKAIH U pa3IndeHus] aTOMOB (Bce pa3HOOOpasue BenecTB U MPeMETOB Haiero Mupo3aanus
HOCTPOEHO JiHIib Ha 120 Buaax pa3indHbIX aTOMOB!).

Tax na Puc.81 mokazan npumMep pe3oHaTopa ¢ TIIOCKO-NapaieIbHBIMU CTOPOHAMHU (0OKIIQJKaMH) € TPEMsI
CIIEKTPALHBIMU JIMHUAMU pe3oHupoBanus. Ha Puc.94 Beinenenst mmab BoH 200-2000 HM, HEMTPEPHIBHO
«M3JIly4aeMble» aTOMOM BOJIOpoja. MOXKHO MPEANOI0KHUTh, YTO €AUHCTBEHHO BO3MOYKHBIM T€HEPAaTOPOM
3THX BOJIH SIBJISIETCA cama CTPYKTypa aToMa: c(hopMUpOBaHHas! U3 MOJIOCTHBIX pa3HOPa3MEPHBIX 3JIEMEHTOB
OHa NPE/CTaBISIET COOON CTPYKTYPY PE€30HATOPOB AJIS [UIMH BOJIH YKAa3aHHBIX CEPUH U3 CIUIOIIHOTO CIIEKTpPa
OKpYXarIux u3iyueHuit. Takum o0pa3om, pa3Mep aToMa BOJIOpoaa npeanoiaoxureabio 1000 HM, a atoma
HaTpus 300 HM.
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Puc. 94. JInuHBI BOIH, H3]Ty4a€MBIX aTOMOM BOJIOPO/IA: CHEKTP COCTOHUT U3 CEpUi

Taxk xak B mpupoie Mupo3naHust HeT HU4ero, KpoMe 3dupa (HeOapuOHHON MaTepUX) M BOJIH SHEPTHH, a
COBpPEMEHHBIE IKCTIEpUMEHTAIIFHBIE TaHHBIE CBUACTEIBCTBYIOT O HAIMYHMH Y TaK HA3bIBAEMBIX
«IIEMEHTAPHBIX YACTUID» CII0KHOU BHYTPEHHEH CTPYKTYPBI, MOKHO IPEMOIOKUTh, YTO CTPYKTYPhI aTOMOB
(6apuoHHas matepus) 00pa30BaHbl MAKETAMM 3AMKHYTBIX BOJH, OTJIHYAIONINXCS «APYT OT JApyTa yiKe He
TOJIKO 4aCTOTOH, aMIUTUTY10% U (ha30i BOJHBI, HO M PSIOM CTPYKTYPHBIX 0COOCHHOCTEH: SKBUBAJICHTHBIM
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JIMaMETPOM UX OpOUT, OpUEHTAIIEH Ocell BpallleHHs, B3aUMHBIM TIOJIOKEHUEM, IIIATOM CITUPAITH,
HaIlpaBJICHUEM M CKOPOCTHIO BPAIICHUS INIOCKOCTH €€ MOJISIpU3anue U T.1.» (B.OTkuH).

12.2. IlopoBbIe M MOJIOCTHBIE Pe30HATOPLI B Mpupoae Mupo3aaHus

B cooTBeTcTBHM C IPUPOJHBIM MIPUHIHUIIOM (HPAKTATBHOCTH BCE MaTepUaIbHbIE O0BEKTHI
CTPYKTYPUPOBaHBI €JMHOOOPA3HO IO (hOpMaM MOCTPOCHHUS U HANIOJHEHUS KAPKACOB, YTO OTYETINBO
NPOSIBIISIETCA y’Ke Ha MHKpOypoBHE. JIro0ast yacTh KOHCTPYKIIMH JIFO00r0 0OBEKTa HE SIBISETCS OAHOPOIHON
0 CTPYKTYype, a chopMHpOBaHA M3 MHOKECTBA MEJIKUX (COTHIE U THICSYHBIE JIOJIM MIJUTUMETPA) TTOJIOCTHBIX
MIOPOBBIX stueek u 3epeH. [leTpodusuka onpenenser CTpyKTypy HOPOBOTO MPOCTPAHCTBA MO XapaKTepy
pacrpeneneHus Iop mo pasMepam, GpopMe 1 KOHPUTYpaUH, a TAKXKE M0 B3AUMHOMY PACIIOIOKEHHIO MTOP
OTHOCHTENBHO ApyT Apyra. CTpyKTypa HOPOBOTO MPOCTPAHCTBA PH ITOM XapaKTePH3yeTCs
MOP(OJIOrHIECKUMHU OCOOCHHOCTSIMH IYCTOT (IIOP, TPEIIMH), pa3MepaMH U IPOCTPAHCTBEHHBIMH
B3auMOOTHOLICHHAMH HX (Puc.95), Hann4neM MPOCTPAHCTBEHHON KOPPEIsSIMH TAKOH MUKPOCTPYKTYPBI
BeIIecTBa JIHOO B IpeieTax BCEr0 MaKpOCKOITMIECKOTro 00pasia (IaasHHA MOPSI0K ), INOO0 B 00IaCTH C
KOHEYHBIM paJliycoM Koppensauuu (OMmKHUA nopsinok). PacnpocrpanenHas kiaccuukanisi HEKOTOPBIX
cTpyKTyp npuBezneHa B Tabmn.1. ITomocTHbIe (MOPOBBIE) 3epHA TPEXMEPHBI, U pa3Mephl X B TPEXMEPHOM

HpOCTpaHCTBe MOFyT N3MCHATHCA.
TG

e

SSARATARATASY

0.yt S0y,

T I Puc.95

Ta6mmma 1. Kimaccudukanus cTpykTyp

TWnNbI CTPYKTYP MoAaTun cTPYKTYPBI Buael cTpYKTYP
luraHTosepHucTan
KpynHozepHucTan
CpenHeaepHucTan
MenkoaepHucTan
MopdupoeuaHan

MNermaTtutoean

PaeHoMepHo3epHUCTaA

MonHoKpHUCTANNUUECKaA

HepaBHoMepHO3epHUCTaA

Mopdupoean

HenonHokpUcTaNNUUYecKaA CHKpBITOKpUCTANNMYECKAA
CTeknoBaTtan
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Puc.98. 3epHucras cTpyKTypa cTajiu

MeTasutbl ¥ CIUTaBBI ABJISIOTCS, KaK MPAaBUIIO, KPUCTAIUIMYECKIMH MaTepHalaMi, XOTSI OOBIYHO HE HMEIOT
KpPHCTaJUIMUECKUX IPaHe, Kak y MUHepasoB. Kpucraminueckas CTpyKTypa METAJUIOB M CIUIABOB OIpENeseT
UX CBOWCTBA, B YACTHOCTH aHU30TPOIHIO, TO €CTh HEOJIWHAKOBOCTH CBOMCTB MaTepHaa Mo pa3HbIM
HaIpaBJICHUSIM B KPUCTAJUIE, HAIIpUMEp, CBOMCTBA XKECTKOCTU U TEIJIOBOT'O PACLIMPEHUS [T Pa3HbIX Ocel
KpHCTallla pa3iudHbl. YacTo aHU30TPOINS METAIUIMYECKOTO 00BEKTa He3aMeTHA, TaK Kak OH COCTOUT U3
MEJKUX KpucTaumkoB (Prc.98), mMeronux mpon3BoIbHYI0 OPHEHTALNIO KPUCTAUIMYECKUX OCeH, 4TO
HPUBOANT K YCPEAHEHHIO aHU30TPOITNH B 00BEKTE Kak esioM. OIHAKO, KPUCTAJUIMYECKUE OCH B METaJlIe
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CTPEMSATCS IPUHATH HEKOTOPOE MPEIIOYTUTEIHLHOE HAPABJICHNE, BCIICACTBHE YETO METAITMUECKUN OOBEKT
MMEET MPEANOUTUTENFHYIO OpUeHTAHIO (TEKCTYpY). [loprcTeie MeTamIbl — JOCTATOYHO HOBBIE,
MEPCIICKTUBHBIC MaTepuabl. [{Jisi HUX XapaKkTepHBI HU3Kas IIOTHOCTh U CIIOCOOHOCTh MOTJIOMIATH 00JIbIII0E
KOJIM4eCTBO IHEPTUH B mporiecce nedhopMaIiui Mpu OTHOCUTENFHO HU3KOM YPOBHE HAPSKEHISL.

Takum 0Opazom, HaLIpHMep, BCE TOPHBIE TOPOABL: Py/Ibl, KAMEHHBIC YTJIM 1 MUHEPAJIbI, CIIararoIie
3eMHYIO KOpY, HE SIBISIOTCS CIUIOIIHBIMU TenaMu. Bee oHM 00/1a1af0T EMKOCTHBIM MTPOCTPAHCTBOM, TO €CTh
coJiepKat MOJIOCTH (MOPBI), KOTOPHIE B YCIOBHAX €CTECTBEHHOTO 3aJieTaHHs 3all0JHEHBI INIACTOBON BOJIOH,
razamu, He()ThIO I CMECKIO ATUX (IFOMIOB, TO €CTh 00J1aal0T TOPHUCTOCTHIO, a, CJICAOBATEILHO, H
MPOHHULAEMOCTHIO0. [IpH CBEPXBBICOKHX JaBICHHUAX BCE OHU MPOHHUIIAEMBI, BKIIIOYAsl M TOPOBI C HU3KOM
CYOKaIMUIIPHON TIOPUCTOCTHI0. AOCOIIOTHO HEIIPOHUIIAEMBIX TEJI B IPUPOJIE HET. XOPOIIO MPOHUIAEMBIMU
HOPOJIaMH SIBIISTFOTCS: TIECOK, ECYAHUKH, TOTTOMUTHI, JOJIOMUTH3NPOBAHHbBIC N3BECTHSAKH, aJIEBPOIIUTHI, a TaK
K€ TJINHBI, IMEIOIINE MACCUBHYIO TAKETHYIO YITAKOBKY — BCE OHU KJIACCHYECKHE TIPUMEPHI TIOPO/I C
MEPBUYHBIMU TIOPaMH, UMEIOIIHE 00BEM BCEX TIONOCTEH, KaK COOOIIAIONUXC MEXKTY CO00# (OTKPBITHIX), TaK
Y He cOO0Iaromuxcs (3aKphIThIX). [Ipy 5TOM CKOpPOCTH NPOHULIAEMOCTH, HATIPHUMED, JJISl BOABI, B IIOPUCTOH
cpejie MpOoTopIHOHAIbHA TPAIUEHTY TaBICHU, @ TOPUCTOCTH - 3TO OTHOLIEHHE 00beMa TIop K 001emMy
00BeMy TTOPOJIBI.

KoMmakTHOCTB PpacroIoKEHU YaCTHUIl ITOPObI, a, CJIEA0BATCIIBHO, O6H_Ia$[ 1 OTKpbITasd NOPUCTOCTH
3aBHUCAT OT TaKUX q)aKTOpOB, KaK JaBJICHUC, KOTOPOC UCIIBITHIBAIOT Ha cebe ImopoJbl, OT IJIOTHOCTH IOPOA,
FJ'Iy6I/IHI)I 3aJICTaHus U, KaK IIpaBUjIo0, IOPUCTOCTD MMOPOJ YMCHBIIACTCA C YBCIIMUCHUEM FJIy6I/IHI)I 3aJICTaHUs B
CBA3U C UX YIINIOTHEHHUEM IO ,I[Cf/'ICTBI/IeM BBILICJIC)KAIIUX TTOPO. C YBEIIMYECHUEM FJ'IY6I/IHI>I YIUIOTHAIOIIEE
JaBJICHUE PACTCT, a BMCCTC C 3TUM YMCHBIIACTCA MMOPUCTOCTH IMMOPOJBI.

3amMeueHo, 4TO B IPUPOJE Bce PppakTaibHO NoBTOpsieTcsi. Hanmpumep, cTpykrypa rpadura mojg
3JIEKTPOHHBIM MHUKPOCKOTIOM BBITJISIIUT O4Y€Hb TOX0XKe Ha IMUeIHHbIE COTHl. COTOBBIE CTPYKTYPHI B IPUPO/IE:
KallWJUISIpHbIE 00pa30BaHUs PACTEHUH, CTPOCHNE BHYTPEHHUX OPTaHOB Y€JIOBEKA U )KUBOTHBIX, TYEITHHBIC
COTBI U OECKOHEUYHOE MHOXKECTBO (PpaKTaIBHBIX CTPYKTYp. B Mpou3BOACTBE MpOUYHAsi COTOBAsI CTPYKTYpa
HpeCTaBiIsgeT camoe (P dexTHBHOE 3ar0IHEHHE TEIUIO- U 3BYKOU3O0JISIIMOHHBIX ITaHelel, 000JI04exK,
PYJIOHHBIX MaTE€PUAJIOB, TaK KaK cOTa - (PUrypa ¢ CaMbIM MaJIbIM IEPUMETPOM — 3TO T'€KCaroH-
IIECTUYTOJIbHUK.

HccrenoBanust MOPUCTHIX MATEPHAIOB KpaiiHe BayKHBI BO MHOTHX 00JIaCTsAX HAYyKW M TeXHUKH. Hampumep,
XapaKTEPUCTHKH TIOPUCTOCTH MCIIOIB3YEMBIX BEMIECTB ¥ MATEPHAIOB BIHAIOT HA 3()()EKTUBHOCTH
OMOTEXHOJIOTHH.

HHuHOBaIMOHHBIE OHOTEXHOJIOTUYHBIE TOBAPHI U MPOAYKTHI BCEe OOJIbIIE U OOIBINE HCITOIb3YIOTCS B
3/[paBOOXpaHEeHUH, MeuIHHe, (papmaneBTuke. Hampumep, npenapatsl Ajsl pocTa TKaHEH, CUCTEMBI JJOCTaBKH
JIEKapCTBEHHOTO BEUIECTBA K YUACTKY AEHCTBHS, MMILUIAHTATHI, IIOBS3KH HA PaHy, apTepHAIbHBIE TPOTE3BI,
GUIBTPHI AJ1S1 OTAENEHUS OaKTEpHid U3 JKUAKOCTEH Oprann3Ma, CyOCTpaThl OPraHHBIX KYJBTYP.

D hekTHBHOCTD BCEX MaTEPUAIOB 3aBUCUT OT WX MOPHUCTBIX XapaKTEPUCTHK, IIOCKOIBKY MOpHCTast
CTPYKTYpa Pe30HAHCHO YNpPaBJjsieT MOTOKOM HEPTUU U KHHETHKOH OMOXHMHYeCKHUX MPOLECCOoB.
Hampumep, UMIIIaHTaTh! AOKHBI UMETH CTPOTO ONPENEIEHHBIN pa3Mep Mop A KPOBEHOCHBIX COCYIOB BO
BpeMmsi pocTa TKaHel. [Iopel, ¢ MEHBIITNM WM OOJBIIMM Pa3MepPOM, YeM KPUTHUECKUH, MMPEMSTCTBYIOT POCTY
KPOBEHOCHBIX cocy10B. IloprcThie XapaKTepUCTUKH, BaXKHBIE JUI1 OMOTEXHOJIOTHUECKUX MPUIIOKECHUH:
JUaMeTp TOpPbl, HAMMEHBILINH CKBO3HON THaMeTp Mop, paclpeaeeHue mop o pamepam, 00beM 1op,
IUTOIIAb HOBEPXHOCTH, THAPO(GOOHOCTE M THAPOPHIBHOCTH MOP, Ta30BasT U KUIKOCTHAS TIPOHUIIAEMOCTD,
CKOpOCTH Mepeaadd BOASHOTO Napa (BOIONapoIpOHUIaeMOCTh), A1 (y3HOHHBIM MOTOK. XUMHUYECKas cpeja,
TeMIlepaTypa, BIKHOCTb, JaBJICHNE/CKAaTHE/HAarpy3Ka MOTYT 3HAUHTEIIFHO BO3AE€HCTBOBATh Ha CTPYKTYPY
nop. IToaToMy BaXHO 3HaTh KaK MOPUCTAsl CTPYKTypa BEIIECTBA MOKET MEHATHCS NIPU BHEITHEM BO3JICHCTBHH.
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Taxum 06pazom, mobast MOpHCTast MOJIOCTHAS CTPYKTYPa SIBISIETCS COBOKYITHOCTBHIO PE30HATOPOB IS
BOITH, COOTBETCTBYIOIINX UX pa3mepam. M3 3Toro ciemyer, 4to, Harpumep, B3pbIB — €CTh ObICTpas
MOCIIE0BATENILHOCTh PE30HAHCOB B TOPOBOM CTPYKTYpPE B3PHIBUATOrO BELLIECTBA, B PE3YIbTATE YETO B
OKpY’KaroIIeM MPOCTPAHCTBE HAOIIOJAeTCS IIMPOKHUH CIIEKTP U3ITyUYeHUI SHEPTOBOIH, CyMMapHO UMEHYEMBIX
«yZAapHOW BOJIHOM». IHUIIMUpPYET NMpoLiecc B3pbIBHOTO PE30HAHCA TEIJIOBOE, MEXAHUYECKOE WIIH
JETOHALIMOHHOE U3MEHEeHHe (eopMalusl) 3JIeMEHTaPHOH CTPYKTYpPhI B3pBIBYATOrO BELIECTBA O Pa3MEpOB
PE30HAHCHBIX JTUH BOJH, C KOTOPBIX CTAPTYET IeTHasT PeaKIHs MOCIeI0BaTEIbHBIX PE30HAHCOB C
MOCTEAYIOLINM pa3pyIIEHUEM CaMOil CTPYKTYpBI.

T'openue ¢ BbIICIICHHEM BOJTHOBOI SHEPTHH — POIIECC, AHATIOTHYHBIH B3PbIBY, OTHOCHTEIILHO Oosiee
MeJUICHHBIH. MUKPOCKOIMYECKOE CTPOCHHE IPEBECHHBI KaK HanboJiee pacipoOCTPaHSHHOTO TOPHOYEro
Marepuaia, 00pa3oBaHHOTO U3 TOJIOCTHBIX PA3HOMACIITAOHBIX CTPYKTYP, ABJISIOIIAXCS MMO-CYIIECTBY
pe3oHaropamu, nokazano Ha Puc.99, 100. Takoe cTpoeHHe IpeBECHHBI 00ECIICUUBACT IIepeaady SHEPTHH
MOCJIeI0BATEILHBIME PE30HAHCAMHE OT KPaeB K IIEHTPY U OT 3¢MJIH BBEPX, 3(h(heKTHBHOCTH DHEPromnepeaadn
3aBHCHUT OT BHJA JPEBECHUHBI U BIAKHOCTH.

KCcunema

Kambéuin

BHewHue KneTku

cTebnn
Puc.100. [MTonepeunsiii cpe3 cTebdist

[Ipu 3TOM IBET 00bEKTA ONPEILIIICTCS pa3MepPaMH MOJIOCTHBIX CTPYKTYP €ro MOBEPXHOCTH, B KOTOPBIX
PE30HUPYET YacTh BOJIH BHIMMOTO CIIEKTPa, & MATOBBIA OJIECK HAOIIOMACTCsI Y MOPUCTHIX TOHKOAUCIICPCHBIX
Macc mMarepuana nmopepxHoctu. [logpoOHee pacCMOTPUM CIIEICTBYS PE30HAHCOB B TAKHX CTPYKTYpPax B
SIBJICHUAX OTPAKEHHMS, IPEIOMIIEHHUS 1 Toriomienns BonH (Puc.101).
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BonHa BonHa
BXoaaulan OTPaMKeHHan

\ ‘ /
BonHa
pe30HaHCHO /,/,,Q/ \
KK
OTpaxKeHHas f,l,;,é:/,@&,
N/

.0 0% 7
KRB0

[TopoBas CTpyKTypa BonHa

npenoMneHHas
Puc.101

Korna BosiHa npoxoauT B 0ojiee IIOTHYIO Cpely, HEKOTOPask 4acTh BOJIHBI OTPAYKAETCSI B HCXOIHYIO
cpemy. OToT 3¢ deKT noaydu HazBaHue oTpaxeHne Openens. YeM Oopliie pa3HUIA TOKa3aTeeH
IPEJIOMIIEHHS CpeJl, TeM OOoJIbIIast J0JIS BOJIHBI OTpaxaeTcs. dpeHeeBcKoe 0TpaskeHHe BOJIHBI - 5TO
BO3BpAIlIEHUE YacTH BOJIHBI IIPU €€ NaJCHUN Ha TIaJKyI0 IOBEPXHOCTh paszesa ABYX Cpel ¢ Pa3IHYHbIMU
MOKa3aTeNSIMA TIPEJIOMIICHUS ""00paTHO" B HCXOHYIO cpemy. Eciin moBepXHOCTH pa3jena IByX cpel He
rIajaKasi, To ppeHeIeBcKoe oTpaxkeHne BoJHbI OyeT nuddy3Hbm.

IIpenomieHnue BONHEI - IBJICHHE, 3aKIII0YAIONIEECS B U3MEHEHNH HANPABJICHUS PACIIPOCTPAHEHUS
BOJIHBI TIPH TIEPEX0/I€ U3 OJHON CPEebl B APYTYIO, OTIUYAIOIIYIOCS TTOKa3aTeleM peIoMIIeHHS.

IorJiomenne BOJHBI - 3TO YMEHbIIEHNE HHTEHCUBHOCTH BOJIHBI, IPOXOAAIIEH yepe3 MOpoBYIO cpeny,
BCJIEJICTBHE B3aMMOJIEHCTBUS ee ¢ yacTulaMu cpensbl. IlormomenHas BemecTBOM 3HEPT sl BOJHBI MOXKET
OBITH ITOJTHOCTHIO WJIM YACTUYHO PE30HAHCHO MEPEn3IyueHa B Cpeie Kak B IPSIMOM, TaK U B 00paTHOM
HaIpaBJICHUH JBHXCHHUS TIPEIOMIICHHOW BOJHEL. [Ipn 3TOM pe3oHaHCHOE 00paTHOE Nepen3TyueHHe BOTHBI
SBJISIETCS TIO-CYILECTBY PE30HAHCHBIM OTPaskeHUEeM M UMEHHO OHO, TAKUM 00Pa30M BBIAEIISI
PE30HAHCHO BOJHOBOM MakeT COOCTBEHHBIX BOJIH MOJOCTHBIX PE30HATOPOB, OMPEACIAET I{BET
MOBEPXHOCTH TIpeaMeTa min o0bekTa. JI100oii mpenmeT cam 1o cebe He MMEeEeT HUKAKOTO IIBETa, IIBET
BO3HUKAET B OCHOBHOM IIPH PE30HAHCHOM OTPaXEHUH OT HETO BOJH BHAMMOTO YEJIOBEKOM JIMaa3oHa OT
380 mo 740 nanometpoB. Takum 00pa3oMm, MoUYeMy OJHU IOBEPHOCTH MPEAMETa HM3IIydaroT, HaPUMED,
3eJIEHBIN CBET, a APYTUE — KPacHBIN? ITO oNpeneseTcsa NOpoBOH CTPYKTYpPOl TOBEPXHOCTH MIpEIMETA.
MsI MOXKeM BUETH [[BETA PAa3HBIX MPEIMETOB, IIOTOMY YTO OHHM OTPAXKAIOT M TOTJIOMIAIOT Ta Ial0IIHe Ha
HUX BOJIHBI. DTH IIPEMETHI HE CBETSIT COOCTBEHHBIM CBETOM, a PE30HAHCHO IMOTJIOMIAIOT U OTPAKAOT
PE30HAHCHO YCHUJICHHBIE BOJHBI ONPeIeIEHHON [UIMHBI U3 JUana3oHa BUANMOIO CBETa, (ppeHeIeBcKu
oTpakas OCTaJbHBIE.

@ryopecueHIHs — 3TO CBOMCTBO HEKOTOPBIX MUHEPAJIOB CBETUTHCS B BUIUMOM JMAaINa30He MpU
BO3/IEMICTBUHU yIbTPadHUOIETOBBIX BOIH. MHUHEpaIIbl, JEMOHCTPUPYIOIINE TAKOe CBONCTBO, HA3BIBAIOTCA
¢byopecueHTHBIMU MUHEpallaMi. JTH (IyopeclieHTHbIE MUHEPAJIbl HIMEIOT B CBOEH TIOPOBOW CTPYKTYpe
PE30HATOPHI CO CPEIOi pa3HOM MIIOTHOCTH, TMOCIIE0BATENHHO H3MEHSIOMINE JITHHY T1a1al01Ieil BOJTHEI,
KOTOpBIE MOCIIEI0BATEIFHO PE30OHAHCHO OTPAXKAIOT MATAIONIYI0 YIBTPa(QUOIETOBYIO BOIHY, CBETSICH B
BUAMMOM AMana3oHe. B 3aBUCMMOCTH OT MUHEpala M €ro CTpyKTYpHI LBET H3y4aeMOoro TakuM o00pa3om
CBETa pa3JIfyeH.
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B otnnume ot ¢uyopecrentHoro, gocpopecueHTHoe
H3JIy4eHHe TIPETIOMICHHON BOJIHBI IPOSIBIISIETCS € 3aICPIKKOH 1O
BPEMCHHU IOCIICAOBATCIIBHOI'O ITPOXOXKIACHUA BOJIHOM HOpOBOfI
CTPYKTYpBI MaTepuana. PocdopecueHnns xapakrepusyercs
CpaBHUTCIILHO OOJBIION JJIMTCIBHOCTBIO OCTATOYHOI'O CBCUCHU A,
(iroopecHeHIHs Ncue3aeT HEOCPEACTBEHHO TI0 MPEKPAIIEHHIO
BO3JIEUCTBUS NAJAIOIINX BOJIH.

Ha Kupnunan-dororpadun oTIETINBO TPOSBIAETCS PE30OHAHCHOE
W3Iy4YeHHe BOKPYT OMOJIOTHYIECKUX OPTaHU3MOB (PacTEeHHil) MpH
BO3JICHICTBUY Ha HUX BOJHOBOTO ITAKETa Ta30BOTO pa3psja.

12.3. Pe3oHaHCHI B ABUIaTEJIAX

["opeHvie U B3pHIB C BBICICHUEM CIIEKTPa SHEPTOBOJH, OPTaHU3YEMBIX IO TIPHHIIUAITY
«IeMCTBUE=TIPOTUBOJICHCTBUION, JIC)KAT B OCHOBE PabOTHI BCEX COBPEMEHHBIX JIBUTATEIIEH, BKIIIOYast
pEaKTHBHBIE, B KOTOPHIX HIMEHHO PE30HUPYIOIINE YHEPTOBOIHEI B KAMEPE CTOPAHHUS CO3/IAI0T PEAKTHBHYIO
Tary. [IpuHimn GopMHUPOBaHUSI CHITBI TSTH MPOSICHSET MPOLIECC BBICTPETa: B3pBIB TOPIOYCH CMECH B
Kamepe cTBojia (POPMUPYET PE30HAHCHO YCHIIMBAIOLIHMICS B ITOJIOCTH CTBOJIA TAKET SHEPTOBOJH C
MPUMEPHO PaBHBIMU 10 BEJTMYMHE U MPOTHUBOHANPABICHHBIMUA CHJIAMU JIABJICHUS HA CHAPS] U 3aTBOPHYIO
yacTh cTBoJA. [locie BeITATKMBaHMS CHApsi/ia M3 CTBOJIA HECKOMIICHCHPOBAHHAS CHJIa AaBJICHHUS TIaKeTa
SHEPTOBOJIH Ha 3aTBOPHYIO YaCTh CTBOJIA (YOPMHPYET JIBIKEHHE OTKATA MYIIKH — PEaKTUBHOE JBHKEHHE
(Puc.102a). [Tpu 3TOM POYKTHI CropaHust (B3pbIBa) OMYTHO BHEIOPACHIBAIOTCS M3 KaHANA CTBOJIA
BEIXOAAIUME dHeproBoHaMu (Puc.10206).

Puc.102a

Puc.1026

N

DA N,
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R cuna pasneHuna B3pbiBa Ha KopnycC ABUraTtena

T - Cvna 1arm

(TonkaHwuA) R

Kamepa cropaHus (B3pbiBa)

Conno

Bbi6poc npoayKTOB cropaHua (B3pbiBa)

Umnynbe cunbl T At = mo AVo, rae Mo wn Vo - maccan cKopoCcTb 0bbeKTa (pakeTsl)

Puc.103a

Puc.103a wumocTpupyeT IpUHIUIT (OPMUPOBAHMS CHIIBI TSTH T ¥ UMITyJIbca CHIIBI TATH TIPH
YpaBHOBEIICHHBIX crilax R jaBieHus Ha Kopiryc Kamepsl cropanus. COIUIo ABHTATeNs MO3BOJISET
PEryarpoBaTh TATY IO MOAYJ0. IMEHHO Tak ycTpOoeH peakTUBHBIN aBuratens K.J. IlunonkoBckoro
(Puc.1036) 1 kamepbl CropaHusi COBPEMEHHBIX PeaKTUBHBIX jBurateneii (Puc.104).
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noMe oo TCH
JIFOM,
NPUBOPK VA
ocBeKCHNA
BO3AVXD uY
ocAaKue

HMIKKIT ras KHCNO:

Py O‘IOHb CHIBHOM XOJI01© '
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K CKMAKAM BOROPOAOM
4- Hacoc
5- kamepa cropaHus

._

AN

Pcaxrstsnas
Pcakrunias :
crpysn [ crpyst

Puc.104
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Brrxopasimue u3 coruia ABUraTeIIs caMoJieTa YHeproBoTHE 3amMeTHH Ha Puc.105 . Ha Puc. 106 B
pe3ybTaTe MPOCTOro SKCIEPUMEHTA OTYETIMBO IIPOCMATPHUBAIOTCS PE30OHUPYIOIINE BOJHBI B IIOJOCTH
cocya-pe3oHaTopa, 00pa30BaBIIKUECs MOCIE MOKUTa TOIUTMBHON CMECH BHYTPH COCY/a.

Puc.106

Takum 00pazoM, JTr000€ TOTUIMBO MTOCIHE TOHKATA WITH IETOHAIINN B IBUTATENSIX PE30HAHCHO CO3/IAeT
B KaMepe CropaHus, SIBISIONICHCS BOJTHOBBIM PE30HATOPOM, BOJTHOBBIE TTAKETHI, CHJIA TaBJICHUS KOTOPHIX
00 TepeMeInaeT MopIIeHb B MWIHHPE, JINOO0 KOPITYC IBUTATENS B IPOCTPAHCTBE.

BonHoBOe naBnieHue B IBUTATENE MOKHO (POPMHPOBATH U 0€3 TOTUINBA, HATIPABIISS B PE30HATOP BOJIHBI
PE30HAHCHOM JUTMHBI, KaK 3TO JIEMOHCTPUPYET IMPOCTON SKCIIEPUMEHT C JABYMs IIACTHKOBBIMH Oy THIIIKAMHU
C OTKPBITBIMH TOPJIBIIIKAMH, 3aKPETJICHHBIMHU H TIOJIBEIICHHBIMU Ha HUTH HAaJ] TeHEPATOPOM-HCTOYHHKOM
BOJTH TaK, YTO UCXOISIIUE OT UCTOUYHHKA BOJIHBI (0003HAUECHBI PACXOSIIUMHCS KPyraMu), pE30OHUPYS B
MOJIOCTH OYTHUIOK, 3aCTaBISIFOT Oy THIIKM SHEPIHYHO BPAIIAThCsl OTHOCUTENBHO ocH ToaBecku (Puc.107),
ocymecTBIsis dG ekt nepemenneHus 6e3 BeIOpoca Macchl. Takol He pacXoMyoIHid pabovyI0 peaKTHBHYIO
Maccy IBUraTellb He TOTPeOIIsieT H He CKUraeT HUKaKOTro TOIuMBa!

OcHoBa TaKkoro ABUraTeJisi — M3Jy4aTesb, KOTOPbIi reHepUPyeT BOJTHbBI Pe30HAHCHOM AJHUHBI, U
Pe30HATOP, HAKAIUIMBAIOLIMIA SJHEPTrHI0 UX KOJe0aHUil IPH ONTUMAJILHOHI (popMe MOJI0CTH, 2 BOJIHA
U €CTh HCTOYHHUK CHJIBI TATH M IPUYMHA ABUKEHHUS.

Puc.107
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12.4. Pe3oHaHCHI B 4eJI0BEKE

Bubpanmn 311eMeHTOB Pa3InYHBIX «TeJ» YeJIOBEeKa WM CTPYKTYpP MaTepUH MPUHAIEKAT K PA3ITHIHBIM
YaCTOTHBIM JIMANIa30HaM, TIOPOXKIaeMbIe UMHU 3HEPTOBOJHBI HE CMEIITMBAIOTCS HANPSIMYIO (Cyneprio3utus!),
HO MPOUCXOJUT PE30HAHCHOE B3aUMOCHCTBUE MEXTy NHUana3oHaMmu (nepenaya sueprun). Kak B oktaBax
¢doprenmano: BUOpaMy CTPYHBI OMPEIETICHHON HOTHI B OJHON OKTaBE PE30HUPYIOT C COOTBETCTBYIOIIUMHU
CTpYHaMH OKTaB BbIlIE U HIKe. OHU pe30HUPYIOT U 3ByuaT! Tak u BUOpaIuu MBICTH YeIOBEKa B
MEHTAJILHOM IHAIIa30HE BOJH BBI3BIBAIOT PE30HAHC B 00JIe€ HU3KOYACTOTHBIX Y(OHPHOM (IMOITMOHAIIEHOM)
JMana3oHe U B TWANa30He YyBCTBUTEIHFHOCTH HAIIEro (PU3NIECKOro Tena. Tak jKe YHEProBONHEI 3(UPHOTO
JanazoHa Pe3oHUPYIOT B (PU3MYECKOM U MEHTAJILHOM Juana3oHax. [locienoBaTenbHO ecTh pe30HaHCHAS
peaknust Ha Bcex okTaBax! C k03 GHUITHEHTOM, 3aBUCSIIINM OT HHTCHCUBHOCTH ITEPBUYHBIX BUOPAITHHA (CHIIBI
MBICITH, CHJIBI 3MOITUY WM CHJIBI BUOpAIiK B (PU3MYECKOM TEJIC) M OT PacCTOSHUS (3aTyXaHUsl, pacCesHUs
SHEPTHH B MIPOCTPAHCTBE) MEXKITY OKTaBaMHU.

Takum 00pa3oM, MEKIY BCEMH BBIICISIEMBIMH 110 YACTOTE U3ITYyUEHHS CTPYKTYpaMH PUPOIBI MOTYT
MPOMCXOANTH PE30HAHCHBIE YHEPTETHUECKHUE B3aUMOACHCTBHS, YTO 00ECIICUNBACT BIMSHUE, IEpeaayy
SHEPIUU | YNPaBICHHUE M3 OJHOTO AMAaNa30oHa Ha YJHEProoOeceyeHne 1 N3MEHEHUE CTPYKTYP APYTHX
JUaIa30HOB.

Pa3Buture ronocoBoro anmnapara 4ejioBeka 1 BbICIIUX KUBOTHBIX U IITUI] OCHOBAHO HA «HCIIOJIb30BaHUN
PE30HAHCHBIX CBOMCTB ABIXaTEIBHOrO TPAKTa U ()OPMHUPOBAHMS 3BYKOOOPa3yIOIIel CUCTEMBI JbIXaHUE -
TrOpPTaHb - PE30HATOPBI, aHAJOIMYHOM JyXOBBIM MY3bIKaJIbHBIM HHCTPYMEHTAM.

Pe3onanc obecnieunBaeT 3HEpruen Bce MpOLECcChl B OpraHu3Me uenoBeka. YenoBek, Kak u Jirodoe apyroe
JKUBOE CYIIECTBO, UMEET DIIEMEHTAPHYIO CTPYKTYPY pa3HOpa3MEpHBIX PE30HATOPOB (K0XKa, KOCTH, MBIIIIIIHI,
OpraHbl, KpOBEHOCHasi U JUMdocucTemMa U T.1.), TO3BOJISIONIAS EMY HCITOIB30BATh SHEPTHIO PA3TUYHBIX BOJH
a¢upa U1 )KU3HEAEATEIIEHOCTH, C BO3MOYKHOCTBIO IEPEHACTPOMKH 3THX PE30HATOPOB CBOMM MEHTAJIBHBIM U
SMOLIMOHAIBHBIM «M3NTydeHuem». KcTartu, 3a cueT 3Toi nepeHacTpOKH YeI0BeK B COCTOSIHUM U3MEHUTh
Jr00bIe POLIECCH BHYTPH CBOETO Tela, TO €CTh U3JICUUTHCS, 3aMEINTh CTAapEHUE OpTaHu3Ma.

MonekynsipHast OMOJIOTHS UMEET Psijl IPUMEPOB KITFOYEBOTO PE30HAHCHOTO B3aUMOCHUCTBHSI, HAPHMED,
6enkoB. Ha ypoBHe Oenka Bce GHOIOrn4eckrue 0ObeKThl IPUMEPHO OJAMHAKOBBI, OJJHAKO, CHHTE3UPYS
NPUPOIHBIN O€T0K (HPUINKO-XUMHUECKUMU METOJIAMH, OKa3bIBACTCSI BO3MOYKHO BOCIIPOH3BECTH
M0CJIEJ0BATENLHOCTh AaMUHOKHUCIIOT, HO HEBO3MOXKHO NOJ00PATh KaK YaCTOThI HENTUAHBIX PE30HAHCOB MEXKILY
OJTHUMH M TEMH e NapaMH aMHUHOKHUCIIOT, TaK U MOJIHbIE HA0OPHI YacTOT MENTHIHBIX Pe30HaHcoB. Hackonbko
e 3To obneryaeT paboTy MUMMYHHOM CHCTEMBI )KHBOTO OpraHU3Ma 10 PACIIO3HAHUIO “UyKHX’~ OCIKOB,
HanpuMep, BUpycoB!

BuyTpeHHss CTPYKTYpa OHOJIOTHYECKUX 00BEKTOB XapaKTepU3yeTCs Pa3HO00pa3ueM ONTHUSCKUX
KOA(UITMEHTOB PE30HAHCHOTO paccesHusl 1 norolieHus B Buaumom, Y ® u UK nuamazonax jumH BoH. Ha
KJICTOYHOM ypOBHE (CpPEIHUI TUaMeTp KISTKH COCTABIIAECT 5 MKM) OKa3ajoCh, UTO KIETKHA PE30HAHCHO
«TEHEPUPYIOT» KOT'€PEHTHBIE BOJHBI, U ATO - CUCTEMHBIN ITPOLIECC, B KOTOPOM MPUHUMAIOT Y4aCcTHE
KIJIETOYHBIE MEMOPaHBI, OEJIKOBbIE MOJISKYJIBI, MEXaHU3M OOMEHa BeIecTB. YacTOThl TeHEpUPYEMBIX
KOJICOaHMI OTIPeNeNIIoTCS PE30HAHCAaMU B MEMOpaHax, a SHEPTHsI MOJBOAUTCS K MeMOpaHaM HaXOSIITAMICS
B ITUTOILIa3Me OEIIKOBBIMH MOJICKYJIAMH, CLIOCOOHBIMU PE30HUPOBATH HA TEX K€ 4acToTax. [Ipu aTom
YacTOThI M3TYYCHUS KIETOK OOJIE3HETBOPHBIX OPTaHU3MOB B Telle HHOUIIMPOBAHHOTO YEIIOBEKA OTIIMYAIOTCS
OT YacCTOT, U3JIy4aeMbIX 3JOPOBBIMU KJICTKaMHU.

IIpu Hapymernn HOpMAITBHOTO (PYHKIIMOHUPOBAHUS, KOTAa (pOopMa KIETKH UCKaKaeTCs, CO3TAI0TCS
YCIIOBUS IS PEUMYIIIECTBEHHOTO BO30YKICHHS KIIECTOYHBIX MEMOpaH Ha ONpeIe/ICHHBIX PE30HAHCHBIX
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yacToTaX. Ha 3THUX 4acToTax yCHIIMBaeTCs rmepeaaya SHEPTUH OT OSIKOBBIX MOJIEKYNl MeMOpaHaM, 4eMy
COZIEHCTBYET pe30HAaHCHAs CHHXPOHHU3AIM MeMOpaHaMy KOJIeOaHHU CBS3aHHBIX C HUMHU OEJIKOBBIX MOJIEKYIL.
I'enepupyemblie TakuM 00pa30M KIIETKAMU BOJHBI OTOOPaKAIOT UMEIOIUECS HapyIIeHUs (YHKIIMOHUPOBAHUS,
YTO B COOTBeTCTBHU ¢ mpuHIHIIOM Jle-1llarense (1 ero anamorom B OMOIOTHH - IPUHIIATIOM COXPaHEHUS
TOMEOCTa3a) MPUBOAMT K MPOIECCaM, BO3BPAIIAIOIIMM CUCTEMY B HCXOTHOE COCTOSIHUE (MIMMYHOJOTHYECKUN
nporiecc!). Takum 00pa3oM OpraHu3M PETYIUPYET CBOC (PYHKIIMOHUPOBAHUE, YCTPaHss BOSHUKIIINE
HapYyIICHUS WK PUCITIOCA0INBAsICh K N3MEHUBIIIIIMCS YCIOBHSIM CYIIECTBOBAHUS, UCTIONB3YS IS 3TOTO
PE30HAHCHO T'eHEepUPYEMBbIEC KJIIETKAaMHU KOTepEeHTHBIC BOIHBL. [103TOMYy HccienoBaHue CIIEKTpa TeHEPUPYEMbBIX
KJIETKaMH YacTOT JaeT MH(POPMAIHIO O XapaKTepe COBOKYITHOCTH 3a00JIeBaHM W HAPYIIEHUH OpraHu3Ma.
Ecnn umets B Buy Bo3mokHOCTh Tepanuu (MPT) 3aboseBanmnii ¢ TOMOIIBI0 KOTEPEHTHBIX BOJH, TAHHBIE O
TEHEPUPYEMOM KIIETKAMU CIEKTPE SIBJISIOTCS OMHOBPEMEHHO U JTUATHOCTUYCCKUMHU, U OMPEACIISIOMIUMU
METOJUKY H3IICYCHHUS.

HpI/I 9TOM PE30HAHCHBIC METO/AbI UCCJICAOBAaHNS BCIICCTBA — Hanbosee YYBCTBUTCIIbHBIC 1 TOUYHBIC. Onu
HalllJT1 HIMPOKOE NPUMEHCHUE HE TOJIBKO B (I)I/IBI/IKe 1 XUMHHU, HO 1 B OHOJIOTHH H Me,Z[I/II_II/IH€73.

DKCTIepUMEHTATHHO OTIPEIEICHBI MPUOIN3UTENFHBIE PE30HAHCHBIC YaCTOThI M3ITyUeHHs] HEKOTOPBIX
CTPYKTYP ’KHUBO# KJIETKH, KOTOpbIE yKIabiBaloTcs B auanason 101°- 10%° ', naspanHoro 6uodoToHHBIM 4,
[IpuBeneHHBIC TaHHBIE MTOTHOCTHIO COBIAIAIOT C YACTOTHBIMHU XapaKTEPUCTUKAMH BOJIH COTHEYHOTO CIIEKTPA,
JIOCTUTAOIIUX MTOBEPXHOCTH 3eMiin. B To ke Bpemsi, paboure puTMbl (DYHKITMOHAIBHBIX CUCTEM OpraHH3Ma
YeJIOBeKa UMEIOT HU3KOYAaCTOTHBIN nuana3oH: 1,6-8,2 I'u. Tak, puTm *xeiyaka U kunieunuka - 3,8-4,6 ',
pUTM AbixaHus 6,3-7,6 ', puT™M cepledHbIX COKpaIEeHUl - 0K0i0 3,2 ['ll, puTM HEPBHO-MBILIEYHOT'O
31eMeHTa - 2,6-6,5 I'll, puTMBI yIIPaBISIOIIUX CUTHAIOB rojioBHOTO Mo3ra - 0,5-13 I'u. Ipu sToM ams
ONTUMATBHOH JKU3HEIEATENTFHOCTH OpraHu3Ma Heo0X0IMMa CTa0MIIBHOCTE Pa00YUX PUTMOB
(YHKIIMOHAIBHBIX CUCTEM, X PE30HAHCHASI HE3aBUCUMOCTh OT BHEITHUX BO3JIEHCTBHIMA, KOTOpast
o0ecrieunBaeTCs AUCIIEPCUEH BOJH B IOBEPXHOCTHBIX TKAHIX OPraHU3Ma 4eI0BeKa, KOTopasl O3BOJIIET

MPAKTHUYCCKU MOJIHOCTBIO «9KPAHHUPOBATL)» BHCHIHCC U3TTYUCHUC HU3KUX YACTOT (ILO 103 FI_I)

B 20-e ronst 20-ro Beka 6uosor A.I.I'ypBuY OTKPBUT TaK Ha3bIBAEMbIE MUTOT€HETHYCCKHE JTyYH -
cBepxciiaboe ynbpTpadHoeToBoe U3ITydeHue KUBbIX TKaHel. [Tozxe @-A.Ilomm oOHapyX)HI cieayromniee:
€CJIM OCBEIAaTh CBETOM JKHBBIE KIIETKH, CHaYalla OHH €T0 MOTJIONIAIOT, a 3aTeM, Yepe3 HeOOIbIION
HPOMEKYTOK BPEMEHH, PE30OHAHCHO MCITYCKAlOT B BU/I€ HHTCHCHBHOMW BCITBIIIKK HOBOTO cBeTa. OH Ha3Bal
3TOT 3P PEKT PE3OHUPOBAHUS «3aMEJICHHON (HOTOIFOMHHECIICHITHEIH.

B CIIA (HACA) u I'epmanuu (uactutyT M. [1nanka) npoBOAMINCE JNIUTENbHBIE SKCIEPUMEHTHI, B
pe3yibTaTe KOTOPBIX ObLIO YCTAHOBIIEHO, YTO YAMBUTEIHLHO CTA0MIBHBIC B BOTHOBOM CIIEKTPE TUIAHETHI
BoJHBbI [llymana HeoOXOqMMBI [J1s1 CHHXPOHHU3AMK OHOJIOTMYECKIX PUTMOB U HOPMAaJIbHOTO CYLIIECTBOBAHUS
Bcero xuBoro Ha 3emiie (hopmuposanus JJHK). Yacrorsr pe3onanca Illymana (na Puc.108 ocnoBnas 7,83 '
u OoJiee BRICOKHE) COBNAIAIOT HECITyYaHO C YaCTOTAMHU MO3T'a, YTO CBHJIETEIHLCTBYET O TICPBUYHOMN CBSI3H
yenoBeka ¢ 3emnéi. Tak B pa3HBIX yCIOBUAX YETIOBEYECKUH MO3T PE30HAHCHO M3IIyYaeT BOJHBI YACTOTOH OT

3 B.1. YepenaHos: «Kax0e BELLECTBO MMEET CBO/, XapaKTepHbIM TONLKO ANA HEro YaCTOTHbINM AW SHepreTUYecKuit
PEe30HAHCHBbIN cnekTp. ITOT Habop YaCTOT CAYKUT BUIUTHOW KapTOUKOM BELLECTBa, U3y4as KOTOPYHO MOXHO pacnosHaTb
XUMUYECKUIA COCTaB, CTPYKTYPY, CUMMETPUIO, XapaKTep BHYTPEHHUX B3aUMOAEWUCTBUI (31EKTPUYECKMX, MarHWUTHbIX U T.4.) Mexay
CTPYKTYPHBIMU €AUHULLAMM BELLECTBA U APYrMe ero XapaKTePUCTURU».

4 BopOTOHMKa — Pasaen HayKu, 0BbEAMHAIOLLMI ABAEHUA U METOAMKM, CBA3AHHbIE C B3aMMOAEICTBMEM cBETa (POTOHOB) C
610N0rMYECKMMM 0BBEKTAMU (KNETKaMM, TKAHAMU U OPraHM3Mamm). ITO OTHOCUTCA K U3/TyHEHUIO, OBHAPYKEHWMIO, MOTOLLEHUIO,
OTpaXkeHuto, MoandUKaALMM U CO34aHUI0 U3NyYEeHUA OT BUOMONEKYA, KNETOK, TKaHei, OpraHM3moB 1 6MoMaTepuanos.
Bblaenserca ABa OCHOBHbIX HanpasaeHus B 6UObGOTOHWKE — UCMONb30BaHMA CBETA B KAYecTBe MHCTPYMEHTa BO34eNCTBUA Ha
6uoNorMyeckme TKaHU 1 NoslyyeHre MHGOPMaLLMM O COCTOAHUMN BUONOTUYECKUX OBBEKTOB.
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0 mo 35 repIr: B COCTOSIHUU CHA U TIPU OOJPCTBOBAHUU B pacciiabiieHHOM cocTtossHir — oT 0 1o 14 repir; B
COCTOSIHHH OT ¢j1a00ro BO30YKACHHUS 0 CHIILHOTO cTpecca — oT 15 10 35 repu. ITpu 3TOM 4YeaoBek
OJTHOBPEMEHHO IOJIBEPTASTCsI BIUSHUIO «BHEIITHEH CPEIIbD» M CaM BIIMSCT Ha HEe, SIBIISICTCSI CUCTEMOM, B
KOTOPOI MOXET OBITh BO30YXK/ICH PE30HAHC U KOTOpas CriocoOHAa BBI3BIBATH PE30HAHC B IPYTUX CUCTEMAX
Mupoznanus. U BaxXHO, 4TO B OCHOBE BO3MOYKHBIX MEXaHU3MOB TaKUX CBSA3CH JIGKHUT OJMH U3 OOIIHMX
MPUHIIMIIOB, OCHOBAaHHBIN Ha A()(heKTe pe30HaHCa, a TAKKE TO, YTO PEHOMEH JTUCTAHTHOTO B3aMMOCHCTBUS
IPOSBISETCS HAUOOJIEE 3aMETHO B OCOOBIX TUCKPETHO MEHSFOIIMXCS COCTOSHUAX CO3HAHMSA' > .

PezoHaHchb! LLymaHa:

HoyHble peaoHaHchl Wymana
: 8-14-20-26-32-39-45-50 'y,

1
!
|
il 4m 20310

| 4m264ru |0
@ 241y

0123285678910

Puc.108

Puc.109. Tlpumep pe3onatopa -ppaxTanbHas CTPYKTypa MO3TOBOTO ITECKa

UemoBek — cucTEeMa CII0KHAS, COCTOSIIAS U3 YPE3BBIUANHO OOJIBIIIOTO KOJIMIECTBA «IacTei» U
MOJICUCTEM, PE30HAHCHBIE YAaCTOTHI KOTOPBIX NMEIOT TIEPUO/ OT J0JIEH CEKYyH I (MOJIEKYIISIPHbIE
OCIIWUIIALINN) 10 HECKOJIBKUX JIET (FOpMOHaJ'ILHBIe)76. U, HECMOTpSs HA TakOe OOMIIME COCTABIISIFOIINX YacTeH,

5 NopeHc [lomel, U3ydatoLnit AeHCTBUE MO3rOBbIX BOH BO BPEMA FYBOKOM MeANTALMM: «...COBMECTHbII PE3OHaHC
MW/IIMOHOB K/IETOK BbIBOAWUT CO3HAHME B MHOW $pa3oBbli pexknm. KOHLEHTpauma BHUMaHWA BO BpeMa MeauTaLumn opraHusyet
HelpoPU3noaorMyeckme NPoLLecchl Tak, YTO OHM HAaYMHAIOT AEMCTBOBATL B PeXMMe pe3oHaHca. Pesynbtatom asnaetca
HeorpaHM4YyeHHaa 0CO3HAHHOCTbY.

6B 70-e rogpl XX BeKa coTpyaHMKM Kadeapbl 6uodusmkm MIY nog pykosogctsom b.H.Tapycosa, npumeHns GOTOYMHOKUTENN
YCTaHOBW/IN, YUTO CBETUTCA KaXKAaa KNeTKa, Ntoboi opraH XKMBOro opraHnM3ma, HauMHasA OT NPOCTENLLIMX KAETOK U 10 YeN0BeKa.

93



Onarosiapst MX PE30HAHCHON CHMHXPOHM3ALMU OPTaHU3M YeJIOBEKa TIPEJCTABISET cO00M eMHOE enoe’’, a
OINITHYECKUE METO/IBI SIBIISIFOTCS MIPAKTHYECKU Oe3aIbTepPHATUBHBIM CIIOCOOOM HAOIIOICHUS MOJIEKYIISIPHBIX
MPOLIECCOB B OTACTBHBIX KJIETKaX B KOHTEKCTE (PYHKIIMOHAILHON aKTUBHOCTH BCETO KUBOT'O OpraHu3Ma, Ipu
3TOM OHH MO3BOJISIOT CYIIECTBEHHO CHU3UTDH HEXEIAaTeIbHOE BINSHNAE 30HIUPYIOIIET0 CUTHAIA Ha KIIETKY.
Tak onToreHeTrka, OAWH U3 METOAOB OMO(OTOHHKH, Oa3UpyeTCcsl Ha BHEIPEHUH METOAAMHU TeHHOM
WH)XEHEpUH B MEMOpaHy HEPBHBIX KJIETOK CIICIIHAIbHBIX KAHAIOB - OTICHHOB, PE30HAHCHO PEarnpyIONINX Ha
BO30YX/I€HHE CBETOM.

JHK — omHa 13 caMbIX JHHAMAYHBIX YacTel OMOIOrmIecKoro opranu3mMa. OHa MOCTOSHHO H3ITydaeT
Pa3HOKAuYECTBEHHBIE S3HEPrOBOIHBI U, TOCKOJIbKY JIHK nMeeT BOIHOBYIO IPUPOAY, TO OHA PE30OHAHCHO MOKET
B3aumoneiictBoBath ¢ JIHK Bcex moaeit. [lomygaetcs, uto mbl Bee mocpenactsom JJHK Bnusiem npyr Ha apyra.
Bcé, 4To 4enoBeKOM MHAMBHIYAIBHO MBICIUTCS, YyBCTBYETCS U IIEPEIKUBAETCS, TYT K€ HA BOJITHOBOM YPOBHE
HEJIOKAJIBHO IIEPENACTC BCEM OCTAIBHBIM. J[ayke eClv OHM HaXOASATCs Ha IPYTrOM KOHIIE IUIAHETHI.

U emé. Yemosek Ha 70-80% cocTout u3 Boapl. Boja ecTh B IUTOIIIA3ME KaXKIOM HAIICH KJIETKH, OHA
CTPYKTYpUpPOBaHa M YyU4aCTBYET BO BCEX OMOXMMHUYECKHX Tpolieccax. B Boge 00pas3yroTcst ycTol4YnBEIe
COEIMHEHWSI - KJ1acTephl, cocrosmme u3 30-50 u Goee MOJIEKyYN BOABI, KOTOPHIE SBISIOTCS CBOSOOpPa3HBIMU
sueiikamu mamaty Boabel. OnuH kinactep umeet 440000 nadopmannonnbix na”eneii. [lomydgaercs, 94To Boma
3alIOMHHAET BCE, YTO €€ OKpYXKaeT, KBUIUTY, «CIBIIINTY, «ollyIiaeT». Hamm MpIcian, Hallle OTHOIIEHUE K
JKU3HH BO3/ICHCTBYET U HA BOLY, KOTOpast HAXOIUTCA BHYTpH Hac. M3 3TOTo cieayeT, YTo HaIlll MBICIH
(BOJ’IHOBI)IC CTPYKTYpPbI B MCHTAJIbHOM )Z[I/IaHa?)OHe) PE30HAHCHO YE€PE3 BOAY BJIMUAIOT HA HAIly )XU3Hb W )KU3Hb
Ha 3emJie B 1esoM. Vcnpasiisisi CTPYKTYpY BOIBI B OpraHU3MeE, Mbl H3MEHsIeM HH()OPMAIHIO B BOJE KaXI0H
KJIeTKH (IuTOIUIa3Me). B utore B opraHmn3me 3amyCKarTCs MPOIECChl CAMOPETYIISIUH U HOpMaIH3aluH
OMOXUMHYECKHUX, (pepMEHTATUBHBIX U OOMEHHBIX MeXaHH3MOB. U Korna Bc€ rapMOHUYHO paboTaeT B
HOPMaJIbHOM pekuMe, 0e3 N30bITKa WM HEJOCTATOYHOCTH (DYHKIKH, TO U 310POBbE YEJIOBEKa IPUXOIUT B
HOpMY.

Kpome Toro, pe3oHaHC JIEKUT B OCHOBE JIFO0OT0 OTKPBITHS U 03apeHHUs. e «BUTAIOT» B BO3yXe
(HOOC(EpE), HO YIIOBUTH UX CIIOCOOCH JIUIIB TOT, KTO PE30HAHCHO HACTPOEH Ha UX BOCHIPHUSTHUE.

12.5. 3aKkoH pe30HAHCHOI0 caMopa3pyuieHus B mpupojae Mupo3aaHusi

YKu3Hb BO3HHKIIA Oarogapst U3Iy4EHHUIO.
YKu3Hb moanep )KUBaeTCA N3TyUYECHUEM.
JKuzHb paspymiaetcs U3ydeHueM».
I".JlaxoBckui

Pe3onancHoOe caMmopaspylieHre CBOHCTBEHHO BCEM YPOBHIM MUPO31aHUs OT MHKPO 10 MaKpPOYPOBHSL.
CaMopa3zpylleHHe 3a10)KEHO B CaMOW OCHOBE MAaTEPHH, CTPYKTYPhl 00BEKTOB KOTOPOH MOTYT OBIThH
paspyLIeHbI TOJBKO BO3ACHCTBUEM CHIIBI, (HOPMUPYEMON BOJTHOBBIM JIABJICHUEM, JINOO CHAPYKU 00BEKTa
MTOCPEACTBOM JIEHCTBHS IPYTHX 00HEKTOB, JINOO PE30HAHCHO U3HYTPH Pa3pylIaeMoro o0beKTa
(camopazpytieHue).

Takum 00pa3om, pa3pylieHUue U3BHE — 3TO Pa3pylIeHHE BHEITHUMHE CHIIAMH, (POPMHPYEMBIMH
SHEProBOJIHAMHU 110 Ae bpoiito, Koraa npocTpaHCTBEHHOE MepeMeIeHHe TI000r0 MaTepUaIbHOTO 00bEKTa

7 ®.A.MoNN NOAAraerT, YTo Ha/MYMe KCOMNACOBAHHOCTY, YNIOPAAOYEHHOCTM B MPOTEKaHWM KoneBaHuii, CTabuIbHOCTb PasHOCTU
$as M NOCTOAHCTBO amMNAUTYAbl CYMMAPHOM BOJIHbI, XapaKTepHble A/19 KOrepeHTHbIX BOJIH U CBOMCTBEHHble 6UOGOTOHHOMY
M3/IY4EHUIO, KaK Pa3s v CBUAETE/IbCTBYIOT O TOM, ..., YTO €C/in 6bl GUOPOTOHbI Bbliv ABEHUEM CyYaliHbIM, NO60UYHbIM
pesynbTaTOM BHYTPUK/IETOYHOrO 06MeHa BELLECTB, TO U3MeHeHMe aMMINTYAHO-(a30BbIX XapaKTEPUCTUK TaKOro U3/yYeHun
OT/MYaNochb 6bl XaOTUYHOCTbIO. B 3TOM Cayyae UCMyCKaeMblii KNeTKamu CBeT He 6bln Bbl KorepeHTHbIMY.
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(TBepmoro Tena, BOJABL, BO3IyXa) HOPOXKIAIOT U COMPOBOXKAAIOT BOJIHBI JaBiieHUs ddupa, GopMHUpYIOLIHe
CHJIBI JIABJICHHUS.

Camopa3pyuieHnue - pa3pyleHne H3HyTPH MaTepUaATbHOTO 00bEKTa PE30HAHCHO YCHITHBAIOIIIAMUCS
CHUJIaMHU JIABJICHHS B TIOJIOCTHOU CTPYKType caMoro oobekTa. [Ipumeps: crakan Puc.78, ropeHue u B3phIB B
pe3yabTaTe MOCIEA0BATEIEHOTO PE30HAHCA, PE3PYIIICHHUE KUBOW U PACTHTEIBHON KIICTKH.

[MpuunHaMu caMopa3pyIICHHS TOPOBON CTPYKTYPBI 00BEKTa MOTYT OBbITh, BO-IICPBBIX, YBEIUICHUC
MOIIHOCTHU BXOJISINEH B PE30HATOP BOJIHBI, IPUBOJIAIICE K PE3KOMY YBEIHUSHUIO CHUIIBI JIABJICHUS U3HYTPHU HA
CTCHKH Pe30HATOpa, MPEBBINIAIONIEMY TOPOTOBOE 3HAYCHUE; BO-BTOPBIX, YMEHbBIIICHHE TIPOYHOCTH CTCHOK
pe30HaTopa, MPUBOAAIIEE OO0 K UX pa3pyNICHUIO MO JCHCTBUEM CHIIbI BHYTPEHHETO IaBJICHHUS B
pe3onHarope, 00 K X 00beMHOMY Je(OPMHUPOBAHUIO, TPUBOSIIEMY K H3MEHEHHIO COOCTBEHHON 9aCTOTHI
pe3onaropa. Hanpumep, pu TakoM yBEITUYEHUU COOCTBEHHOM YacTOTHI pe3oHaTopa (YMEHBIIICHUU JITUHBI
BOJIHBI U3 NTAKETa BXOSIINX SHEPrOBOJIH), PE3KO YBEIHUUMBACTCS JIaBJICHUE HA CTCHKU BHYTPH PE30HATOPA C
BO3MOXHOCTBIO JICCTPYKIIHU CTCHOK.

IIprunHa yMEHBIIEHUS MEXaHMYECKOM MPOYHOCTH CTEHOK MIOPOBOM CTPYKTYpBI PE30HATOPA —
IpeKpaleHne IpoLecca BOCCTAHOBICHHS (YKPEIUIEHHUs) CTEHOK Pe30HATOpa, HallpUMep, B INIMHUCTON
001acTH 3eMHOH MTOBEPXHOCTH, TOPHBIX MOpoaxX (MUHEpaiax) Win B IpeKpaTUBLIEM (GYHKIIMOHUPOBAHUE
JKUBOM HJIM PACTHTENBHOM OpPraHU3MeE MU €0 YaCTH, YaCThI0 KOTOPOTO SBJISIETCA paccMaTprUBaeMas opoBast

CTPYKTYypa.

[TpruMepoM MOXKET CITY)KHUTh paJiOaKTUBHBIA pactaj («paInoaKTHBHOCTHY») PaJMOAKTHBHBIX BEIIECTB,
TaKuX, KaK ypaH 1 IUIyTOHHH, Ja)ke B OYeHb HEOOIBIINX KOJTHYECTBAX HAXOSAIIUXCS, HApUMeEp, Ha
HOBEPXHOCTH 3€MJIH U B T€UEHUE JUTHTEILHOTO NepHo/ia paciaga (OpMUPYIOIINX BEICOKUI ()OH raMma-
u3rydeHus. [IpOuCXoauT 3TO BCIEACTBUE TOTO, YTO 3JI€MEHTapHbBIE TOPOBBIE CTPYKTYPBI M YaCTHIIBI
palMOoaKTUBHBIX BEIECTB C pa3MepaMH B HAHOMETPOBOM JIHAIIa30HE PE30HAHCHO YCHIIMBAIOT HEKOTOPHIC
BOJIHBI TaMMa-/Iiaria3oHa u3nydeHus u3 crekrpa (Puc.31), MOIIHOCTh KOTOPBIX B CHIEKTPE HE3HAUUTEIbHA IS
(bopMupoBaHMs 3aMETHOTO YPOBHS pajuanuoHHOro ¢oHa. Ilepnos pacnana B 3ToM cirydae — Bpems, 3a
KOTOPOE MPOUXOAUT Pa3PYIICHNE ITHX AIIEMEHTAPHBIX TIOPOBBIX CTPYKTYP KaK €CTECTBEHHBIM 00pa3oM
(BBIBETpUBAHHUE), TAK M B PE3YJIbTaTe PE30HAHCA, IIPOMCXO/ISIIETO B TEYEHHE BCETO MEPUOa pacaia.
CyIecTBeHHO COKpPaTUTh MEPUO/] €CTECTBEHHOTO pacnaia u yopaTth MECTHBIN paJualioHHbINA ()OH MOXKHO,
BOCIOJIb30BABIIMCH BTOPOI NPUYUHOM CaMOpa3pyIIeHHs IIOPOBOM CTPYKTYPHBI, TO €CTh JIOTIOTHUTEIbHBIMH
U3ITydaTeNIMA YBEITMYUTh MOIITHOCTh BXOASIINX B OTH PE30HATOPHI BOJH.

[ornomas pacTUTENBHYIO H/WIH )KUBOTHYIO IUIILY, YEJIOBEK IPUHUMAET B Ce0s1 SHEPTHIO BOJIH
PE30HAHCHBIX YaCTOT MOTJIOMAEMBIX KIETOK. TakuM 00pa3oM «IIOIHTKa SHEPTHei» B mpouecce
NUILIEBAPEHHS - 3TO [IOCIIEeI0BATEIbHBIC PE30HAHCH B CTPYKTYPE 3JIEMEHTOB IHIIH, UIYIIIE B
«TUIIEBAPUTEIILHON CHCTEME» C MOCIIEI0BATEIbHBIM PE30HAHCHBIM CaMOPa3pyLICHUEM JIEMEHTOB
CTPYKTYPBI TIUIIY (aHAJIOTHYHO pa3pyieHuo 6okana Puc.78). 1 HaoGopoT, Onosoruueckoe Teso 0e3
oOecnieueHus TpeOyeMoii sl PyHKIIMOHUPOBAHUS SHEPTUEH TaK jKe pa3jiaraercsi B pe3yJbTaTe HEKOTOPBIX
MPOJIOJDKAIONIMXCS PE30HAHCHBIX MPOIIECCOB C MIOCTENICHHBIM CaMOPa3pyIIEHHEM CAMUX CTPYKTYP
PE30HATOPOB.

M3BecTHBI po1IecChl caMOpa3pyIIeH!sT Ha MOJIEKYJISIPHOM U KJIETOYHOM YPOBHE JKHBBIX OPTaHU3MOB.
IIpouecc camopa3spymieHus TKaHH, KJIETKH WM YacTH KJIETKH Ha3bIBAETCS AyTOJIM3 U TAKXKE SIBIAETCA
PE30HAHCHBIM, KOT/1a IPOUCXOANT (PU3HOJIOTHYECKas (€CTECTBEHHAs) THOCIB KIIETOK, TO €CTh Pa3pyIICHHAE
KJIETOK B XOJIe HOPMAJIbHOTO OHTOreHe3a. biaroaaps ectecTBEHHOM yOBIIN KIETOK peryIupyercs
MOCTOSIHCTBO COCTaBa TKaHMU (CTPYKTYPHBIN MJIM TKaHEBBIH roMeocTas). Jpyrum MexaHu3MOoM €To Perysisinuu
ABJISIETCS pereHepalys, o0ecreunBaroIas OOHOBJIEHUE U BOCCTAHOBJICHNE TKAHEBBIX JJIEMEHTOB.

95



13. ®pakrajabHas npupoaa Mupo3aanus

«Kpacora Bcerna otHocutenbHa... He ciieyer... monarats, 9To Oepera okeana U BOpSIMb Oec)OpMEHHBI
TOJIKO TIOTOMY, YTO WX (hOpMa OTJIMYHA OT IMPABUIBHON (POPMBI TIOCTPOCHHBIX HAMH MPUYIAIOB; (hOpPMY TOp
HEJIb3s CYUTATh HEMPABWILHON HAa OCHOBAHUHU TOTO, YTO OHU HE SBJISIFOTCS] IPABIIILHBIMU KOHYCAMH WA
MUPaMUAZIAMH; U3 TOTO, YTO PACCTOSHUS MEXy 3BE3/1aMi HEOIMHAKOBEI, €Ille He CIeAyeT, YTO UX pasdpocana
1o HeOy HeyMenas pyka. OTH HEMPaBWILHOCTH CYIICCTBYIOT TOJIKO B HAllleM BOOOPaKCHUHU, HA CAMOM XKe
JleJie OHM TaKOBBIMU HE SBIISIOTCS M HUKAK HE MEMIal0T UCTHHHBIM ITPOSBICHISIM XKU3HU Ha 3eMIle, HA B
1IapCTBE PACTEHUH U )KUBOTHBIX, HU CPEIU JIIOJICH».

Hcrtounnkom BroxHOBeHUs: benya Maniens0pot Ha3Ba 3Tv cioBa Puuapna bentnu s ceoeit
BIIEUAT/IAIONIEH paboThl «DpaKTaabHas TeOMETPHS IPUPOILI» S, B KOTOPOIl OH OYEHb HOAPOOHO MOKA3all, YTO
BCe 00BEKTHl MUpO3/1aHNs MaTepHAIBHBI, X CTPYKTYPHI HAOTIOAAr0TCS B Pa3HBIX JUATa30HAX BOJHOBOTO
CIIEKTpPA U TIOCTPOCHBI IO ()PAKTAILHOMY MPUHIIMITY U3 IMOJIOCTHBIX CTPYKTYP OT MEJIbYaHIINX
MOCIIEOBATENEHO IO HanboJee KPYIMHBIX pa3MepOB, WILTIOCTPUPYS TEM CaMbIM WX N3MEHSIOIIUECS
SHEPreTUYECKUE «CKEIEThDY.

Camoopranu3zanus 1 caMonogo0ue sSBISIOTCS OCHOBHBIMU ITPHU3HAKaMU (PpaKkTaioB U XapaKTepHBI IS
BCEX 00BEKTOB 3eMHOI0 Mupo3aanus. ITo CBOMCTBO 00bekTOB beHya MaHienp0poT Ha3Ba
(pakTanbHOCTBIO, & CAMHU TaKne 0OBEKTHI - (pakTanamu. [Ipu sToM Kaxaas ux Gopma ciI0XKHa U KHUBET CBOCH
coOCTBEHHOH XKM3HBIO, pa3BuBasi cede moo0HbIe (POPMBI ITyTEM KOTMPOBAHHS U MacIITaOUPOBaHUSI.

OObIYHO (paKTaTIOM HA3BIBAIOT TEOMETPHUECKYIO PUTYPY, KOTOPast yIOBIETBOPSET OJHOMY HIIH
HECKOJIBKHM M3 CIIEAYIONIHX CBOHCTB!

* OHA 00JIaJaeT CIIOKHOM CTPYKTYPO MPH JII0O0M YBEIHYESHUH MacIiTada;

* OHa sIBJIAETCS (MPUOIKEHHO) CaMOIIOI00HOI;

* oHa o0nagaer ApoOHOI xaycaopdoBoii ((hpakTabHO) pa3MEPHOCTHIO, KOTOpPast OOJIbIIE TOMOIOTHIECKOMH;
* OHa MOXeET OBITh IOCTPOCHA PEKYPCUBHBIMHU TPOLIETyPAMH.

CaMonoao0HbIMH SIBISIIOTCS (hOpMa 1 OPOXKIAIOLINH ee KacKal, €CIIM Kaxkaask U3 yacTed 3Tol (popMel
reoMeTpuuecku moaooua menomy (Puc.110).

B b e

Puc.110. /IBa Buga caMomnofo0usi: CTaHIapTHOE U PpakTaabHOES

78 [10 NOABNEHUA TEPMUHA «bPaKTaN» B MUHEPANOrMU U B XMMUW YNOTPEBNAN TEPMUH KAEHAPUT» U «AEHAPUTHbIE GOPMbI»
ons 0603HaYeHns obpa3oBaHUI 4 PEBOBUAHON, BETBALLENCA CTPYKTYpPbI.
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Puc. 111. [Ipumeps! npupoaHbIX (paKTaIoB

Uro obmero y nepea, 6epera Mopsi, TOPHOTO MaccHBa, KOPaJIOB, PEYHOT0 OacceiHa Wi
KpoBeHOCHBIX cocynoB (Puc.111)? CymecTByeT 0THO CBOHCTBO CTPYKTYPBI, IIPUCYIIIEE BCEM
TIePEYHCIICHHBIM 00 BEKTaM: OHU caMoIoIoOHBI. OT BETKH, KaK M OT CTBOJIA JIEPEBA, OTXO/ST OTPOCTKH
MTOMEHBIIIE, OT HUX — €IlIe MEHbBININE, U TaK JaJiee, TO €CTh BETKA U JIUCT NMOJJ00HBI BCEMY JICPEBY.
[Momo6GHBIM ke 00pa3oM yCTpoeHa U KPOBEHOCHAS CHCTEMA: OT apTepUil OTXOST apTEPUOJIbI, & OT HUX —
Mebuaiime Kanwuisipel. beperosas JIMHUS MOPS TIPU YBEITHYEHUH MacIITada OCTaeTCs MOXO0XKEH Ha camMy
ce0s1. Ecim B3MISIHYTH ¢ camMoJieTa Ha Jiec, 32 KOTOPBIM HUKTO CUCTEMAaTHYECKH HE «ITPUCMAaTPHUBACTY,
MOYKHO YBHUJIETh, UTO €TI0 TPaHUIIA BEChbMa HAIIOMHHAET OeperoByro JIMHUI0. KOHTYPBI OTAENBHBIX TPYIII
JIEPEBHEB UPE3BHIYAHO U3BUIIMCTHI U U3PE3aHbl, H 10 COCEJICTBY C KaXI0U OOJBIION rpynnon
PacIoJIOKeHBI MEHBIIIUE TPYIITBI PA3TUYHOTO pa3Mepa.

s popMupoBaHus BceX MPUPOTHBIX 00bEKTOB Mupo3nanust hpaKTaibHBIA TOAXO SIBISETCS
OJJHOBPEMEHHO U 3()(EKTUBHBIM, H €CTECTBEHHBIM. Harmpumep, TakoB MOPSIIOK PACTIONOKEHUS JIUCTHEB (1
BETBCH) y pacTeHuii 1 paccTosiHus Mexay HuMu (Puc.112). CtBou repeBa pas3aessercs Ha BETBH, CHavaa
HEMHOTOUHUCIIEHHBIE U MOLIHBIE, @ 3aT€M BETBU IIOCIEJOBATEIbHO Pa3Ae/sA0TCs Ha Bce 0oJiee TOHKHE 10

97



npasuiy Jleonapao’®. IIpaBuio 5T0 yCTaHABIMBAET, YTO B MECTE, TJIE CTBOJ UM BETBb Pa3iBAUBAETCH,
CyMMa CEYeHHUH pa3IBOCHHBIX BETOK Oy/IeT paBHA CEUEHHIO CXOIHOW BeTBU. Koria 3atem u 9Ta BeTka
Pa3IBOUTCS, CyMMa CEUCHUI y>KE YEThIPEX €€ OTBETBICHUMN OyIeT MO-IIPEeKHEMY paBHA CEUCHUIO
ucxoaHoro creoia. U rak manee. B nienom momoOHOE OTHOIICHKE, C OTHOM CTOPOHBI, ONTUMABHO IS
paboThI CHCTEMBI TPYOOK, TI0 KOTOPHIM BOZA MOJHUMAETCS OT KOpHEH JepeBa Kk JTucTBe (0T KBaaparta
pamuyca npsiMo 3aBHCHUT IIOIIAAb CEUCHHSI, OMPECIISIONIas MPOMYCKHY0 ClIOCOOHOCTh TpyOnI). C apyroit
CTOPOHEI, 3aKoH JleoHapmo obecreunBaeT MUHUMAIIBHYIO BEPOSITHOCTD TOTO, YTO BETKH JIepEeBa
CJIOMAIOTCS TIOJT HAIIOPOM BETPA.

K

l

Puc.112. [Ipasumno Jleonapmo

OT0 MpaBWIIO 3aIIMCBHIBACTCS MAaTEMAaTUYECKU: €CIM CTBOJI AuaMeTpoM D pasnensiercs Ha
NPOM3BOJIBHOE YHCIIO BeTBeH n ¢ quaMeTrpamu d1, d2 u Tak nanee, cyMMa X JUaMETPOB, BO3BEICHHBIX B
KBaJpaT, OyeT paBHa KBaJpaTy IuaMeTpa CTBOJIA

D?=Ydi’,rnei=1,2,...n.

CrarucTrueckd (GpakTajibl BKIKYAIOT B CE0s DIEMEHT CTy4aiiHOCTH, HO B IIEJIOM 3aBUCHMOCTB CTPOTO
coomomaercs.

Ectb u npyrue 3akoHOMepHOCTH. Tak, HanpuMep, OTHOIIEHUE KBaapaTa BBICOTHI JiepeBa K KyOy
JMaMeTpa CTBOJIA MOCTOSIHHO JUIA JIF0OOTO BUJIa IEPEBLEB, A IJIOIIA/Ib JIMCTHEB Ha BETBU NPOIOPIHOHATIbHA
KaK 3aHUMaeMOMY BETBbIO 00BEMY, TaK U IIOTIEPEUYHOMY CEUCHHUIO BeTBU. Kpome Toro, BETBU U JIUCThs
JiepeBa IeMOHCTPHUPYIOT mocienoBarenbHocth Pudonayuu (Puc.113), 9To reoMeTpuieckn COOTBETCTBYET
«30JI0TOMY CEYEHUIO».

Uncna @ubOHAYYH - 3TO IeNIbIe HATypabHBIE YHCIa, PACTIONIOKEHHBIE B YHCIIOBOM
MOCJIE0BATENFHOCTH TAKMM 00Pa3oM, YTO KaX10€ OCJICAYIOIIEE YUCIIO SBISIETCSI CyMMOM ABYX
IpeaplIyuX yrcen. [Ipu 3ToM B 3TOM YHCIIOBOM psifie MPOSBISIOTCS YHUKAIbHBIE HHTEPECHBIE CBOMCTBA,
BBIPAKCHHBIE B IOCTOSIHHBIX OTHOLIEHUSAX MEXKY OTAEJIbHBIMU WICHAMHU IIOCIIE0BATEIIBHOCTH U
(opMHPOBAaHIH HEKOTOPBIX MOCTOSHHBIX K03()()UIIMEHTOB, UMEIOIINX BaYKHOE MTPUKJIIAIHOE 3HAYCHHE.

79 [leoHapao Aa BuHum nuweT B 3ameTke N2 394: «COBOKyNHas TO/ILLMHA BCEX BETBEN AepeBa Ha /1060 BbicOTe paBHa TO/LLMHE
cTBONA (HWKe UX)», «COBOKYMHAsA LUMPUHA BCeX BETBEN (MOTOKa) BOAb! HA /1t06OI CTaAMM ero TeYeHUn paBHa LWMPHUHE OCHOBHOTO
MOTOKa (MPK YCNOBUM, UTO CKOPOCTU TEYEHUS BCEX MOTOKOB OAMHAKOBbI)» .

80 /119 peanibHbIX A4epeBbes CTeNeHb He BCerga CTPOoro pasHa ABYM M MOXKET BapbMpoBaThcA B npegenax 1,8-2,3, 8 3aBUCMMOCTH
OT 0cOBEHHOCTEW reoMeTpUM TOro UM MHOTO Aepesa.
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0+1=1
1+1=2
2+1=3
21 3+2=5
5+3=8
34 8+5=13
gk 13+ 8 =21

13 21+ 13=34
\f_ 34+21 =55
55+34=289

0,1,1,2,3,5,8, 13,21, 34,55, 89, 144... 89+55=144

Puc.113. Yncnosoii psx @ubonaqun

[Ipupona «ipumensier» yucia u3 paga PuOOHAYYM BO MHOTHX CBOMX OOJIACTSIX: OT MENbYAHIITNX

ATOMHBIX CTPYKTYP, MOJICKYJI I[HK, MHUKPOKAIMAIIIAPOB MO3ra 4Y€JIOBEKa U 1O OI'POMHBIX MCTACTPYKTYP
(Puc.114, 115, 116).

Puc.114




Puc.115
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Puc.116

EcTp MHOTrO IprMEpOB COOTHOLIEHUM YacTel Tena YeIoBeKa U )KUBOTHBIX HA OCHOBE
nocienoBarensHoctd Oudonayun (Puc.117).

1

| N |
-
| ]

N
-t
(o)

Puc.117
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Tapgeit chopmymupoBalt uiero KPOBOOOPAIIICHUS YETI0BEKa, COTTIACHO KOTOPOU TIOUTH B KXKIOW TOUYKE
TeJla MO’KHO HalWTH Ha MaJIOM PacCTOSIHUY JAPYT OT JIpyTa M apTepuro, U BeHYy. BeHsI u apTepuu B
«KOHCTPYKITUH) YEJIOBEKa SIBIISIOTCS CTAHJAAPTHBIMH TPEXMEPHBIMHU 00JIaCTSIMU, IIOCKOJIBKY B HUX JIOJKHBI
[EUKOM YMEIAThCst cepbl Majoro paanyca (KpoBsHbIe mapuku). COBMECTHOE PaCTIONIOKEHHE
JIBIXaTeIbHBIX MYTEH U KPOBEHOCHOM CUCTEMBI B JISTKOM TaKXX€ MPEJCTABIISET COO0M «KOHCTPYKIIHIOY, B
KOTOPOH OOIIYI0 TPaHUIly UMEIOT yXKe TPU MHOXKECTBA — apTEPHH, BEHBI B OpOHXHUOIBI. C IPyroi CTOPOHBI,
COCY/Ibl 3aHUMAFOT OYCHBb HEOOIIBIIIYIO JIONO OT 00IIero o0beMa Tela, B TO BpeMs Kak TKaHb Tella YelloBeKa
HE MMEET HU OJTHOTO Y4YacTKa, CKOJIb YTOJHO MAJIOT0, KOTOPBIN He ObLT ObI MEPECeUCH U apTePHUCH, U BEHOM.
[To5TOMy TKaHb TaKKe MPEICTABISAET cOO0M (PaKTATBHYIO ITOBEPXHOCTBS,

Takwne YAUBUTEJIBHBIC «COBIIAACHU» HE MOI'YT HE IOPOXKIAATh CTPEMIICHUE K ITIOUCKY TOTO €IUHOI'O
aJIropuTMa, KOTOpOMY NOAYMHAKOTCS BCC ABJICHUA B JKU3HU MI/Ip03I[aHI/I$1.

buonormueckue GopMbl 4acTO YPE3BBIYAIHO CIIOKHBI, 1 MOXKET MTOKA3aTHCSI, YTO MPOTPaAMMBI,
OTBEYAIOIIVE 33 BBIPALIHUBAHUE TAKUX (POPM, JOJKHBI OBITH OYEHb TPOMO3AKMMHU. OHAKO 3TO HE TaK.
®usnyueckre BOIHOBBIE MPOIECCHI, HTOTOM KOTOPBIX CTAJIO CTPYKTYPHUPOBAHUE BEIIECTBA B CUCTEME
Mupozaanusi, OCYIIECTBISIOTCS [0 OJJHUM M TEM K€ 3aKOHaM, TIOPOXKasi pa3HOMacITaOHbIe, HO TIOXOXKHUE
CHCTEMBI, SIBIISIFOIUECS IMOJCHCTEMaMK 0osiee OOIIMPHON CTPYKTYPBI, KOTOpas Tak ke GopMHupyeTCs
CTPYKTYpOOOPa3yIOIIIMH CHJIAMH CYTICPIIO3UIIUH CTOSYMX BOJIH B 3aMKHYTOH crcTeMe MUpO31aHusI.

Tak kak 0Opa3oBaHHE PA3HOMACIITAOHBIX YIOPSIJOYCHHBIX CTPYKTYP MPOUCXOANT HE 3a CUET JACHCTBUS
BHEIIHHUX cwi ((pakTopoB), a B pe3ynbTaTe BHYTPEHHEH MEPECTPONKN CHCTEMBI, TO 3TH TPE0Opa3OBaHU
MOYKHO Ha3BaTh CAMOOPraHu3amueii, KOTopas MoIaraeTcsi BTOPbIM OCHOBHBIM NMPHU3HAKOM
¢pakransHocTH. Camoopranuzanus - GyHIaMeHTaIbHOE MOHATHE, YKa3bIBAIOIIEEe Ha Pa3BUTHE B
HaIpaBJICHUH OT MEHEE CIOKHBIX 0OBEKTOB K 00JIee CIIOKHBIM H YIOPSJ0YEHHBIM (opMaM OpraHu3aiuu
BEI[eCTBA. B Ka)/10M KOHKPETHOM CIIy4ae caMOOPraHU3aLus MPOSIBISIETCS O-pPa3HOMY, 3TO 3aBUCUT OT
CIIOYKHOCTH U TIPHPOJIBI PACCMATPHBAEMOM CHCTEMBI, OJTHAKO B TAKOI CHCTEME BCeTaa HaOIro1aeTcst
COIJIACOBAaHHOE MOBEJICHHUE TTOICUCTEM U BO3PACTAET CTENCHb UX YIOPSIOUYSHHOCTH, TO €CTh YMEHBINASTCS
OHTPOIIUA CUCTEMEI B IICJIOM.

U 3T0 NpOoUCXOANT OTOMY, YTO (PU3HUECKOE MPOCTPAHCTBO MUpO3aHHsl, 3aII0JTHEHHOE 3(QUPOM,
HEOJHOPOJHO. BOJIHBI, BOZHUKAIOIME B HEOJHOPOJHOU Cpesie, B TOM WIK HHOM MEpE UCIIBITHIBAOT
MHOTOKPaTHOE OTpakeHHE Ha HEOTHOPOAHOCTAX. HeorpaHuueHHOe YUCIIO TAKUX OTPAKEHHUH JeJaeT UX B
KOHEYHOM HMTOTe CTOSYMMHU. FIMEHHO HEOAHOPOAHOCTH Cpeibl (pacIipe/ielIeHrsl Macc B IPOCTPAHCTBE), B
CTOSTYMX BOJIHAX TIOPOXKIA0Iasi pa3HOMAaCIITa0HbIe TPAIMEHTHI TUIOTHOCTH 3(hUpa, SBISIETCS
€IMHCTBEHHOW NPUYNHON BOZHUKHOBEHUSI CHII IPUTSDKEHHUS U OTTAIKUBAHUS, HOPMHUPYIOLINX
SHEPTeTHYECKUI CKEJIET IPOCTPAHCTBA, B KOTOPOM CHadalla epPEeMEIAONINX U TPYIIHPYIOIINX aMepHI B
MaTepHaJbHbIE CTPYKTYPHI, a 3aTEM I0CIEe0BATENIFHO COOMPAIOIINX 1 CAMH Pa3HOMACIITAOHBIE OOBEKTHI
B MaTepHabHbIC TIOJACUCTEMBI U CUCTEMBL. TakuM 00pa3oM, BOJTHOOOpa30BaHUE SBISIETCS HEOOXOUMBIM
3TarioM Ha MyTH MpeBpalieHns HebapruonHoro (B.OTkrH) HECTPYKTypHpPOBaHHOTO MIPEIBEIIECTBA B
0apHOHHOE (CTPYKTYpPUPOBAHHOE) BENIECTBO,

81 B. MaHaenb6poT: «Mprpoaa AEMOHCTPUPYET He MPOCTO 60/1ee BLICOKYIO CTeNeHb, HO COBEPLLIEHHO UHOM YPOBEHb CAIOXHOCTY.
KonmuecTBo pasnnyHbIX MacluTaboB AMHbI B €CTECTBEHHbIX GOPMaX MOXKHO CYMTaTb GECKOHEUYHBIM ANA KaKUX YrOAHO
NPaKTUYECKUX 3a4a4».

82 B.3TKMH: «CyTb 3TOrO MPOLLECCA CTPYKTYPU3ALMM COCTOMUT B «MOAPU3ALLMMY» CUCTEMBI B CAMOM LUMPOKOM NOHUMAHUMU 3TOTO
TePMMHa, T.e. B CO3aHWNM B Hel NPOCTPAHCTBEHHOM HEOLAHOPOAHOCTU pacnpeaeneHuns Ntobbix CBOMNCTB, XapaKTepusyembix
9KCTEHCHMBHbBIMU NapameTpamm».
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14. DHeprocern B CHJIOBOM Kapkace 3eMJIu

Hawre 3emHoe Mupo3nanue CTpyKTYpUPOBAaHO CYIIEPIO3ULUEN CTOSUUX BOJH KaK pe3ysbTaT
MHTEep(EPEHLIMN SHEPTOBOIH PA3IUYHBIX JUANIa30HOB, B OTIUYME OT Kiaccuyeckux ¢puryp XnaaHu,
oTpeJieNIIeMbIX, KaK MPaBUIIO, BOJHOM OJTHOU JUIMHBI (4acTOThl). BeneacTBue aToro HabmoaaeTcs
MHOT000pasue MpOCTPaHCTBEHHBIX (opM Kopsl 3emin. Ha cHEMKax ¢ OONBIION BEICOTHI 3aMETHO, UTO C
YBEJTMYEHHEM BBICOTHI MEJIKasl, IpOOHAs CTPYKTYpHas ceTh GOpMUPYET OoJiee KpyIHYI0, KOTOpasi, B
OCHOBHOM, U co3fiaeT ook 3emin quddepennnarueii Bemectsa. Tak, B.[InorpoBckuii o6HapyX i, 9TO
«pa3Mepsl hopM penbeda 3eMIH He eCTh KaKOe-TO CKOIJIEHUE CITydalfHbIX BEIMYMH: OHU PACIIPEAEIIIOTCS O
ompeIeIEHHBIM TPYIINaM CO CBOMMH "IIYYHOCTSIMH'", @ MaKCHUMaJIbHbIE 3HAYCHHUS B COCETHHUX Ipymmax (MHKA
"myqHOCTer") COOTHOCATCS Kak 3:1».

Puc.118

Tonorpaguyueckoe H300pakeHNE BUANMOTO Pa3HOXAPaKTEPHOTO pesibeda Kak Obl 3aKITIOUSHO B
HEKOTOPOW COBOKYITHOCTH Pa3HOMACIITAOHBIX HEBHIUMBIX CETEH, IPEICTABISIOMIX CO00I0 00BEMHBIC
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TpEXMEPHBIE KOHCTPYKITUHU, KOTOPhIC UMEIOT BIIOJTHE KOHKPETHBIC (PH3NYCCKUE XapaKTePUCTHKU
(TOMImUHY, BBICOTY, IUAMETP), @ HEKOTOPHIE IMPHU MX MPOEKIIMH Ha TNIOCKOCTH MECTHOCTH BBITJISIAT KaK
npaBwiIbHbIC ceTH. OOBIYHO MECTa TIEPECCUCHUI STUX CETCH HA3BIBAIOT IeONAaTOTCHHBIMHU 30HAMHU.

K Hacrosiemy BpeMeHN 00HAPYKEHBI MHOTOUMCIICHHBIC PENIeTYaThie CTPYKTYPHI C TICHKaMU
pa3nu4HOM (POPMEBI M pa3MepoB: CeTH MPsIMOYyToibHbIe J. XapTMaHa u 3. BurTtMmana, ceTn quaroHaabHbIe
M. Kappu u Ans0epra.

Ipsamoyroasnyio cetky Xaprmana (G-ceTh) Ha3bIBalOT 0OIIEH, TI100aIBHOI, TaK KaK OHA
OXBaTHIBAET BCIO 3€MHYIO [TIOBEPXHOCTh U UMEET IOCTATOYHO MPABUIBHON (POPMBI PEILIETUATYIO CTPYKTYPY.
Ee Taroke Ha3bIBAIOT KOOPAWHATHOW B CBSI3H C TOYHOW OPHEHTHUPOBKOH 10 FTeOMarHUTHOMY MEpUANAHY U
TeOMarHuTHOW mapaurenu. CeTka MpeacTaBIIeT cCOO0H YepeyIOIIHIACS PsIT MapalIeIbHbIX TOJI0C (CTeH),
mpuHon okojo 20 cM (ot 19 1o 27 cm). M3iydenue moyioc HeOJHOPOIHO, & COCTOUT U3 TICPBUYHOMN YacTH,
HIMPHHOM 2-3 CM C BBIPaKEHHBIMU BOJTHOBBIMHU CBOICTBAaMH, M BTOPUYHON, 00pa30BaHHON H3ITyYCHUSIMH
Pa3IMYHBIX BOJH, MOKPHIBAIOIIMMH MIEPBUYHYIO YacTh B BUe cBoeoOpa3Hoi "mryosr". Kaxmas ee siaeiika
npezcTaBiIeHa IByMs ToJiocaMu - 6onee KopoTkumu (oT 2, 1 10 1, 8 M; B cpeaHeM 2 M), HanpaBJICHHBIMH
Ha ceBep-1oT U Oosee JTUHHBIME (0T 2, 25 10 2, 6 M; B cpefHeM 2, 5 M), HallpaBJIeHHBIMU Ha BOCTOK-3arma.
ITomocs ceTkn XapTMaHa MOISPHU30BaHbI HA YCIOBHO "MONOKUTENbHBIE" U "OTpHIATeNbHBIE" (W,
COOTBETCTBEHHO, "MarHuTHbIE" U "anekTpudeckue"). [Ipu 3ToM HanmpaBJeHHe HX IHEPreTHYECKOT0
NOTOKA MOKeT ObITh BOCXOASALINM WJIM HUCXOASAIMM. B MecTax nmepecedyeHuit oHU 00pa3yroT TaKk
Ha3bIBACMBIC Y3JIbl XapTMaHa, BEJIMYHUHOM OKOJIO 25¢M: IMPaBOINOJIAPU30BAHHLIC, JICBOIIOJIAPHU30BAHHBIC U
HelTpanpHble. Yepes kaxapie 10 M B pemeTke CEeTKH MPOXOAT IMOJIOCH OObIIeH HHTEHCHBHOCTH U
mupuHbl. CeTka XapTMaHa IPAKTUYECKU CTaTHYHA.

C oJHO# CTOPOHBI, B IMHUAX XapTMaHa BCTPeYaroTcs Kak Obl 1e)OpMUPOBaHHbIE, HCKAKECHHBIE
YUYaCTKH, J1a ¥ cama 1o cebe ceTh OTYACTH KPUBOJIMHEWHA B JIETAJISIX, XOTS MI00AIEHO CTPOTO
ynopspodeHa. C 1pyroil CTOpOHBI, peajdbHasi FEOMETPHUS CETH MO3BOJISIET YIPOIIEHHOE N3YUYEHUE
MECTHOCTH: €CJIH STYEHKHN CETKH CIHILIKOM 3ay>KEeHBI, TO €CTh €CIIU IIar siueek He 2-2,5 mMeTpa, a MeTp u
MeHee, 3TO TOBOPHUT O TEOMAarHUTHOM pa3JioMe WIIM MaToreHHoW 30He. Eciu ke stueiiku, HaobopoT, ropa3no
KpYITHEE, TO 3TO «YHCTOE» MECTO. DTO 0COOEHHO HAIJISAHO, €CIU JaHAIAdT UMEET PACTUTEIBHOCTh, KOTAa
II0 H30THYTOH (hOpME AEePEeBbEB MOXKHO OIPEEIUTD «BPEIHYIO» HUITH «I10JIe3HYI0» anoMauuio (Puc.119).

Puc.119

Cerb M.Kappu (D-cets) muaronansHasi, 00pa3oBaHa mapauieIbHBIMU TTOJOCAMHU (CTCHAMH),
HaTPaBJICHHBIMU C IOT0-3aIaj[a Ha CEBEPO-BOCTOK U MEPIEHANKYIISPHO K 3TOMY HAINPaBJICHUIO C CEBEPO-
3arajia Ha I0r0-BOCTOK, IepeceKas 10 TMaroHaIn NPsSMOYTOJIbHYIO ceTKy XapTMmaHa. CyIiecTByeT
HECKOJILKO TIOPSIKOB ITOJIOC JMaroHaabHOU ceTKH. Yepes kaxpie 14 mapauienbHbIX TOHKHX TI0JI0C
MIePBOTO MOPSJIKA, IMUPUHON HECKOIBKO CAHTUMETPOB, HIET 15-1 1o0ca BTOPOro MOpsIKa, IIUPHHOM
oxoio 30 cMm. Takoe uepe0BaHNE MPOIOIIKACTCS HA IPYTHX YPOBHSX, TaK YTO MOcie 14 moaoc BToporo
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nopsiika unet 15-1 mosoca TpeThero mopsika, LMpPUHON okoso 1 M, mocne 14 mosoc TpeThero mopsaka
MPOXOJUT MOJI0CA YETBEPTOTO MOPSIKA, IMUPUHON 0KoJIo 3 M 1 T.JI. Takum 00pazom, GopMHUpYIOTCS
S4YEHKN T0J0C IEPBOTO MOpAIKa, pasMepamu 4-6 X 4-6 M; BToporo nopsiika 90 x 90 m, Tperbero - 1250 x
1250 ™, geTBeproro - 17500 x 17500 m u T.n. Ha mepecedennu monoc obpasyrorcs y3musl Kappu wmm D-
30HBI, 00J1a/TAIONTIE BEIPAKCHHBIM I'€ONaTOTeHHBIM JICHCTBUEM.

Cetb 3.ButT™Mana nmeet pasmep sueiiku 16 x 16 M, ceTb D.Ileiipo nmeeT pazmep siaeku 4 X 4 M.

Puc.120

Takum 00pa3oM, CHIIOBOM Kapkac 3eMJIH, KOTOPBINA XOTs U HE3PUM, HO aKTUBHO IIPOSIBISIET ceOs,
MOPOXKasi CHCTEMY CUMMETPHUYHBIX aHoManuid. [Ipu 3ToM nepBUYHASI SHEPTETHUECKAs CTPYKTYpa 3eMITn
UMEET UHTEPBAJI OT 2 710 2,5 M U € MoJIHas sUYelKa JOKaIU3yeTCs NPUOIM3UTEIbHO Ha riomiaau 20 M2
3eMHOM MOBEPXHOCTH, TO ECTh CETKA MEPBOTO MOpsAKa 00pasyeTcs u3 eauHun miomansio 20 M2, CeTka
BTOPOTrO NOPsi/IKa 00pa3yeTcs u3 euHuMIL miomanbio 400 M2, ceTka TPeThero MopsKa - U3 euHuIL 16 km?,
CETKa YETBEPTOro MOPSAIKA - M3 €IUHMIL IIOMAAb0 264 KM?, a CeTKa MATOro MOPSAIKA - M3 €IUHMII
TUIOMIA IbI0, ipudM3uTenpHo 70000 km? (Puc.120).

HarnsigHo sHeproceTeBasi CTpyKTypa 3eMIIM MOXKET YaCTHYHO MPOSIBISTHCS TOBCEMECTHO, HAIPHMED,
BO BpEMsI PaCTPECKUBAHUS JIb/IOB B MPUIIOJISPHBIX PaiOHAX MOSBUBIIUECS TPEIINHBI 00pa3ylOT TaKy0 jKe
NpaBUIbHYIO CeTh. [IpH 3TOM, KaK MOKa3bIBalOT CHUMKH C OOJIBIIION BBICOTHI, B TEX MECTaX, I/Ie BOjia
OCBOOOXK/ICHA OTO JIbJIa, Ha €€ TIOBEPXHOCTH BH/HA CETh TEMHBIX MOJIOC - KaK ObI IIPOJIOJDKEHHE CETH
TpeIrH Jibaa. VumrocTpalmii pa3Ho0Opa3HbIX MPOSIBICHHI SHEPrOCETEBBIX CTPYKTYP HA MOBEPXHOCTH
3eMiln MHOKECTBO, Haripumep, JIeHCKHe CTONOBI - CKallbHbIE 00pa30BaHMsl, BEICOTa KOTOPBIX JTOXOIHUT JI0
100 metpoB (Puc.121), unu Topora rurantoB (Giants Causeway) B CeBeproit Upnanauu (Puc.122), wiu
Mpeic Crosbuatsiii (Kypunbsckue octposa) (Puc.123).
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8 Puc.121

N Puc.123
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15. I¢pupHo-BoHOBas reoPpusuka 3eMiau

COBOKYITHOCTB ¥ MTOCJIEI0BATEILHOCTD IBIKEHUH
36MHOM KOPBI SIBJIIETCS PE3YJIbTATOM JEUCTBUS
KaKOTr0-TO IIPaBIJIBHOTO 3aKOHOMEPHOTO MEXaHH3Ma.
B.B.besnoycos

Uro xe Ha caMOM JieJie IPE/ICTABIIIET COOOH 3Ta HEBUAUMAS U BCEIIPOHUKAIOIIAS CTPYKTYPHAS CETh Ha
3emiie? ['mobanpHas KapKacHasi CeTh Pa3HBIX MOPSIKOB (Pa3MEpPOB) WMEET IHEPTO-CHIIOBYIO PUPOIY
CMOAYUX 60TH 8 IPUPHOIL cpede, TPOSBIIIONIYIOCS B BUJE CHIIOBBIX JIMHUH TNIOCKOCTEH M SHEPreTHUECKHX
y3JI0B, U3TYYCHUS KOTOPBIX MMOJIIPU30BaHbl. TakuM 00pa3oM 3eMilsl UCTIBITHIBAET Ha cebOe JeiicTBre
(GOPMHPYIOIIHUX CTPYKTYPY €€ MOBEPXHOCTHOTO M OoJiee TIIyOOKUX CII0EB MEXaHHMYECKHX CHJI DHEPTOBOJIH B
5(UpHOI cpesie, KOTOphIE, B CBOIO 0YEPE/Ib, HATIOMHAIOTCS SHEPTHUEH IO cXeMe pe3oHaHca®,

s reorzngeckux mo-cymecTBy OJ0KOBBIX U BPAILAIOIINXCS CPE 3eMHON MMOBEPXHOCTH TEOPETUYECKU
OBLJIO YCTAHOBJICHO CYIIECTBOBAHUE YIIPYTHX POTALMOHHBIX BOJIH U MIOKA3aHO, YTO UMCHHO TaKHE BOJIHBI
OTBETCTBEHHBI 32 B3aMMO/IEIICTBUE U IIepeMeleHre OJIOKOB U IUIUT U, KaK CJICACTBHUE, 32 MUTPALIUIO
3emieTpsaceHui. TakuM 00pa3oM CIIOKHUIIOCH IOHATHE «BOITHOBOW KOHTPOIIBY, UTO MOBJIEKIIO 32 COO0H
MOCTAaHOBKY AKCIIEPUMEHTOB 1 0co3HaHue 3(dekra cTosyei BOIHBI ¢ UENBIO TIOHITh IPUPOIHBIA MEXaHU3M,
CIIOCOOHBIN BO30YIMTH MOJIE CTOSMUX BOJIH B O110Ke 3eMHOM Kopbi®®. 1o pe3ynbraTaM CreKTpanbHOro
aHaJIu3a [0Ka3areel aHU30TPOIIUMY YIIPYTUX CBOMCTB KEPHA U ITOPOJ] C IIOBEPXHOCTH I10JyYECHHBIE
JMHEHYAThIE CIIEKTPHI ¢ MPU3HAKAMU 3aTyXaHHs, Kak 3QeKT rapMOHHMUECKOTr0 KojIeOaHus, He MOTJIN
MOSIBUTHCSI BHE KOJI€0ATEIbHOM CHCTEMBI. TakuM 00pa3oM MOSIBUIIOCH 3KCIIEPUMEHTAIbHOE O0BSICHEHNE
BOJIHOBOT'O KOHTPOJIS C ONMCAaHUEM €ro «MEXaHU3May»: THHAMHUYeCKOe BO3/IEHCTBUE HAa TOPHYIO IOPOY,
M3MEHEHHYIO NI0JIEM CTOSYMX BOJIH, IPUBOJIUT K N30MPaTEIbHOCTH pa3pyIeHHsI HOPOABI 110 CUCTEME U3
MHOXKCCTBA TOYCYHBIX TPEIIMHOBATHIX 30H, KOTOPBIC BO3ZHUKAIOT B PE3YJILTATC HAKOIIJIICHUSA N30BITOYHBIX
HanpsDKEHUH B y371aX CTOSYMX BOJIH, a MOJIOKEHHE Y3JI0B B 00bEME MOPOIbl KOHTPOJIUPYET CTPYKTYpa
BOJIHOBOTO 10JIs1. TO ecTh paccTOosIHUE MEXAY COCEAHUMH 30HAMH, HAlIPUMEP Pa3pyLICHUs], PaBHO JUINHE
cTos4eil BOJIHBI. MexaHn3M BOJTHOBOTO KOHTPOJIS (IIOJISl CTOSIYMX BOJIH) HaJI MIPOIIECCOM pa3pyLIeHHs, Mo-
BUAMMOMY, CBOJUTCS K TIOSIBJICHHUIO B pa3pylIaeMoi cpee crielupuuecKix YCIOBUN pasesieHus ee oobema
HCMOJABMXHBIMHU Y3JIOBBIMU TOYKAMU Ha KOJ'IGGJIIOIIII/IGCH 30HbI Hy‘IHOCTCﬁ ¢ HEOOJIBIIIUM ITOBBIIIEHUEM
IJIACTUYHOCTH CPE/IbI.

BbIBOJT 0 HEOOXOAMMOCTH PACCMOTPEHUS T€0JIOTHYECKHX 00BEKTOB KaK KOJIe0aTeIbHBIX CUCTEM OBbLI
CIIEJIaH aBTOPOM METOJA CIIEKTPalibHOM ceiicmopaspenku A.I'. I IMKMaHOM IpU aHAIU3€ KauecTBa
ceficMopa3BeI0YHON HHPOPMAIIUU: CTPYKTYPa U CIOKHOCTh KOJIe0aTeIbHOM CUCTEMBI (KOJIMYECTBO BOJIH) B
00beMe 0JI0Ka TOPHBIX ITOPO/T 3aBUCUT OT POPMBI 00BEKTA HITH OT IOJIOKEHHUS B HEM OTPaXKAOLIUX TPaHHUII.
Takum 00pa3oM, MOATBEPIKICHO SBJICHIE BOJIHOBOTO KOHTPOJIS HAJl F€OJUHAMHYECKUMH MPOIIECCaMH, a €T0
pacrnpocTpaHeHHEe UMEET IJI00aIbHbIN XapakTep U HAOJMI0aeTCsS BO BCEX COCTABIISIOIINX 36MHOMN KOPBI.

Amnanus MUI'pallviyi O04aroB BCMJ'IGTpHCCHI/If/i " NICPEMCIICHNA YHYACTKOB I'PaHUI] TCKTOHUYCCKUX TUIUT TAKKE
ITO3BOJINJI BBIABUTD Y TAKUX JIBI/I)KCHI/II\/II O6HII/I€ CBO¥CTBa 1 00OCHOBAThH UX BOJIHOBYIO IIPUPOAY, JJIA OIIMCaHUA
KOTOpOﬁ MOCTPOCHA U AHAJIMTUYCCKHU PCIICHA NIPUHIUIINAJIBHO HOBAd BOJIHOBAasA MOACIIb. B paMKax TaKOM

8 Bupaen npegnonaraert, 4To pasHble 061aCT NPOCTPAHCTBA 0613/4at0T Pa3HBLIMM AaBAEHUAMM SHEPTUM, KOTOPbIE Mbl 0BbIYHO
He 3aMeyaeM. ITU HEeBUAMMbIE SHEPTETUYECKUE CUJIbl OH HA3Ban “CKanApHbIMU BOIHaMK”. Mcnosb3ya KaTyLwKy,
3KpaHMpoBaHHble B Kamepe Papagen, bupaeH CKOHCTPYMPOBAN AETEKTOPbI, NO3BONAIOLLME UX U3MEPATD.

84 B./1. UnbueHko. «TeKTOHOCTpaTUrpadunyeckaa mogenb 610Ka 3eMHOI KOpbI Kak KonebatenbHON cnucTembl». - Ffeonornyeckuii
MHCTUTYT KHL, PAH.
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MOJIe ¥ OJIOKU U TUTUTHI B3aUMOCBSI3aHbl YIIPYTHMH JATbHOICHCTBYIOIUMHE MTOJIIMU, (POPMUPYIOTITHMHU
€IMHOE IJITAHETAPHOE T€OAMHAMHYECKOE IOJIE - «CaMOCOTJIaCOBAHHOE» COCTOSIHUE T€0CPEbl, ONPENEIsis TEM
CaMBbIM T€OIMHAMUKY KaK BYJKaHU3Ma, TaK M TEKTOHUYSCKUX MEPECTPOCK JIUTOChHEphl BCelt 3eMHOM KOPHI.
UepTsl 3aKOHOMEPHOCTEHN YIOPSAOYCHHOCTH 36MHOM KOPBI M 00Jiee TITyOOKHX 000JI0YeK IIIAHETHl pa3HOTO
paHra u nopsijika 00Hapy>KMBAKOTCS OT MIIOOATBHBIX JI0 JTOKAJTBHBIX MACIITa00B, IPOSBIIAACH B BHIIE
CUMMETPUH, aHTUCUMMETPHI U I0J00ui. OCHOBHBIM (pr3rueckuM (akTOPOM, Ha OOIIEreOIOTHYECKOM
YpOBHE MPUBOIAIINM K ONPEIEISIONIEi POITM HETHHEWHBIX BOJTHOBBIX SABJICHUH B Te0(U3NUECKUX MPOIIeccax,
SIBIIIFOTCSL OTPOMHBIC SHEPTUH, BBIJCIISIONIUECS B IIPEIeax OOJBIINX MPOCTPAHCTBEHHBIX MacIITabo0B,
BKITIOYAs TUTAHETAPHBIN, B TEUCHHUE MTPOAOJDKUTENIHBIX BPEMEHHBIX HHTEPBAJIOB. AHAIIN3 €CTECTBEHHBIX
HaIpsDKEHUH, BHITOJIHEHHBIN 110 Pe3yJIbTaTaM U3MEPEHUN, HalIpUMEp, B PYJHUKAX, [I0Ka3aj, YTO BECb MACCHUB
KOPBI, 00J1a/1ast ONPEACIICHHON CTPYKTYPOH B KaXKJIbIii MOMEHT CAaMOOPTaHU3YETCS, YXOJIUT OT CHUTYaIIHid C
HaKOILJIEHUEM 3HEPrUU 32 CUET MEPECTPONKU CTPYKTYPBL, PE3KO NEPECTPAUBACTCS U OPraHU3YET HOBYIO
CTPYKTYpy. Onucanue Takoi mepecTporKU OCYIIECTBIACTCS, B TOM YHCIIE U C IOMOIIBIO BOJIH-COJUTOHOB
TEKTOHUYECKON IPUPOJBI, IApaMETPhl KOTOPBIX, KAK U ONMKUCAHHBIX BBIIIE BO3MYILIEHUNA BOJTHOBOI'O XapaKTepa,
OTIPEIETISIOTCS pa3MepaMu OJIOKOB ¥ IDTUT (MaTEPUKOB), MX YIIPYTUMH MOAYIISIMU U THIOTHOCTBIO. Kpome
TOT0, reo(r3KKa 3eMJIM HAKOTIMJIa MHOTO TAHHBIX, MPSIMO MJIM KOCBEHHO YKa3bIBAIOIIUX HA CYIICCTBOBAHHE
BUXPEBBIX (KOJBIEBBIX) CTPYKTYP B TUTOC(hEpe, BEICICHHBIX HA T€0JIOTHIECKOM MaTepHalie Bcex
TeOJIOTMUYSCKUX AII0X Ha CaMbIX Pa3HbIX MAaCIITa0OHBIX YPOBHAX: OT JIOKAJILHOTO 10 TlaHeTapHoro. Camoit
0O0JIBIIIOH 1O pa3Mepy KOJIBIECBOM «IMCIOKAIMOHHON CTPYKTYpOor 3eMiH sBiseTcs THX00KEaHCKOE KOJIBIIO.
AHanm3 CTPYKTYPHBIX, BEIIECTBEHHBIX, MOP(HOIOTUIECKIX, TeOPU3NIESCKAX U TEOAMHAMUYIECKUX JAHHBIX
MO3BOJISIET CAENATh BBIBOJ O KPYTrOBOM CUMMETpUM THX00KEaHCKOro nosca. BekTop ABHKeHUs
THX00KeaHCKOU IUTUTHI UCIIBITHIBAET MEPUOJUYECKUE TTIOBOPOTHI IO U MIPOTUB YACOBOM CTPENKHU IpHU
aMILUTUTY/IE yTJIa BpalleHus okoyio 10 rpaaycoB, 9TO IPUBOIUT K CMEIICHHSIM, TOCTUTAIOIIUM HECKOIBKUX
COTEH KUJIOMETPOB. Takue BUXPEBBIC CTPYKTYPhl HEOOXOAMMO pacCMATPUBATh B UX TECHOM B3aMMOCBS3HU, B
TIEPBYIO OYEPE.lb, C TPOOIEMO OpTaHU3aAIMH CTPYKTYPHI BEIIECTBA B IPOCTPAHCTBE U BO BPEMEHH.

C apyro# cTopoHsbI, Ha0IIOJAETCsl CHMMETpHS B pactpeneneHun popm penseda 3emin. Hampumep,
CPEIMHHOOKEAaHNYECKHE XPeOThl, OCTPOBHbIE AYTU U ApyrHe KpyIHble PopMbl peibeda cyOMepuIHOHATIBLHOTO
NPOCTUPAHUS paclipeesicHbl paBHOMEPHO, puMepHO Yepe3 90 rpamycoB. Takue 3akoHOMEpHOCTH (HOpM
penbeda SBISIOTCS CISACTBUEM PacpeieeH s HAPsDKEHUI 3eMHON KOPBI, BOSHUKAIOIIMX MO IeiicTBUEM
BOJTHOBBIX cHJI 3emJin. Kak yacTHBIN citydaid 3Toi 3aKOHOMEPHOCTH MOYKHO paccMaTpUBaTh Moj001e
KOHTYpoB CpennHHo-Okeanndeckoro xpebra u 3anaaHo-TuXx0oKeaHCKOW aKTUBHOM 30HBI, COBITAJAIOIINX TIPH
nosopote Ha 180 rpanycos. OOpamaer Ha ceOs BHUMaHHE XapaKTEpHOE S-00pa3HOe OYepTaHue
CyOMepHIMOHAIBHBIX (hOpM pelnbeda, TpUIeM KOHIBI S MPUXOJISATCS Ha TOJII0CA, a €T0 CPETHSISI YacTh
IpOXOIUT IpuMepHo 1o TeTucy, KOTOpbIit Beeraa ObuT ocaaOieHHON 30H0M 3eMHOI Kopbl. Takum o0pazom,
3aKOHOMEPHOCTH COBPEMEHHOT'O pacTpe/ieieHus] KpYITHBIX (hopM penbeda, BUINMO, He CITyYaiHbI: YepPThI
3aKOHOMEPHOH YHOPSI0YEHHOCTH PA3HOI0 HOPSIKAa U paHra OOHAPYKUBAOTCS OT II00aJbHBIX MACIITa0O0RB 10
JIOKaJIbHOTO YCTPOIMCTBA CPABHUTEIILHO HEOOJBIIMX PEIrMOHOB MOBEPXHOCTH 3eMJITH, CHUMMETPUH,
aHTHUCHMMETPHH, TIOJ00HS 0OHAPYKMUBAIOTCS HAa Pa3HBIX MAaCIITa0HBIX YpoBHsX. U, moxkanyii, HanOosee
CYLIECTBEHHO TO, YTO 3TOT (heHOMEH INI00aIbHON YHOPSIOYEHHOCTH YCTaHOBJIEH HE TOJIBKO JJIsl IOBEPXHOCTH
TBepaoi 3emin — penbeda, HO ¢ JOCTATOYHON HaIEeKHOCThIO IPOCIIEKEH B 0oiee Ii1yOoKHe 000I0YKH
TUTAHETHI: TUTOochepy, BEpXHIOI MaHTHIO. [1opoJibl, cliararoniue BUXpeBbie CTPYKTYPhI, POPMUPOBAITUCH B
TBEPJOM COCTOSHMM Ha MECTE M 3a CUET BEIIeCTBA BEPXHEH MaHTUH U C CaMOT0 Hadajia (YOpMHUPOBAIIMCH KaK
JIyrooOpa3Hble, a He MEXaHHYECKH H3THOAINCH U3 TIEPBOHAYATBHO MPSIMOJIMHEHHBIX CTPYKTYp. [Ipn 3TOM
MEPEKPHITHE BUXPEBBIX CUCTEM MPUBOIUT K 00pa30BaHUIO CHCTEM MEHBILETO pa3Mepa, COSANHSS B HOBBIE
BUXPH OTPE3KH OOJNBIINX AYT KPYIHBIX CUCTEM, @ CHCTEMBI BUXPEBBIX CTPYKTYP OOBEAUHSET B €AUHYIO
HEPapXUUECKYI0 TEKTOHUYECKYIO IIJIAHETApHYIO CTPYKTYPY.
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Takum 00pa3oM, Ha CETOMHAIIHMNA JeHh 0000IIEHO U CBEIICHO B IIEIIOCTHYIO KAPTHHY JIOCTATOYHO
00JBIIOE KOTHYECTBO (DAaKTHUECKUX JIAHHBIX, KOTOPBIE IEMOHCTPUPYIOT CO BCEH OYEBUIAHOCTHIO
YHOPSIOYCHHYIO CTPYKTYPHYIO BOJHOBYIO OPTaHU3AIINIO0 3eMITH, B KOTOPOU BOJIHOBBIC JBMKCHUS drpa
BJIMSIIOT Ha BECh KOMIUIEKC (PU3HKO-TeorpapuecKiX YCIOBHMA, TMHAMUAKY BCEX KOMIIOHEHTOB PUPOTHON
cpelibl, penbeoodpa3yroIIre IPoIecChl 1 OMochepy, OTMEHsISI MPEACTABICHUE O 36MHOU IMOBEPXHOCTH U
BepxHeil 000/10UKe TIaHEeTH KaK TBEpAUS®. 3eMHas Kopa IIpeICcTaBlIseT cOO00 BepXHHUIi cl10H KeCTKOI
000109KH 3eMITH — €€ TUTOCGEPHl U OTINIAETCS OT IOTKOPOBBIX YacTel JINTOCHEPH CTPOSHUEM U
XUMHYECKUM COCTAaBOM. 3eMHasi KOHTHHCHTAJIbHAS KOPa, KaK M0 COCTaBy, TaK U 10 CTPOCHUIO PE3KO
OTJIIMYAETCs OT OKeaHndeckoil. Ee MoniHocTh MeHsieTcst ot 20-25 KM 1MoJ1 OCTPOBHBIMH AyTaMU H
YYaCTKaMU C MEPEXOHBIM THITOM KOPBI 10 80 KM IO MOJIOBIMH CKJIaTYaThIMH MOSCAMH 3eMJIH,
HanpuMmep, nox Aunamu wim Anbenuiicko-I mmanaiickum nmosicom. CpeIMHHO-OKEaHMYECKUE XPEOTHI U
BHYTPUKOHTHHEHTAIbHBIE PU(TOBBIE 30HBI 00Pa3yI0T EAMHYIO TTI00ATBHYIO CHCTEMY PHQPTOB (pa3ioMOB).
O0a Trmna CTpyKTyp SBISIOTCS 30HAMHU, /I ICHCTBYIOT HANpsDKEHUs pacTspkeHus. CpeTuHHO-
OKCaHUYECKHE XPeOThl UMEIOT IIIMPHUHY OJTHY-JIBE THICSIYM KHUJIOMETPOB W BO3BBIIIAIOTCS HAJT THOM
OKCaHCKUX KOTJIOBUH Ha 2-3 KM.

HHTepecHo, 4TO MOAABIAIONIA YaCTh BCEX 3€MIIETPACEHUH IIAHETHI, B TOM YHCIIE BCE CaMble CHUIIBHBIE
U3 HUX, IPOUCXOST B TIpe/iesiaX TEeKTOHMUECKH aKTUBHBIX TOSICOB. BOMIM3M TaKUX MOSICOB PACIONI0KEHBI 1
caMble aKTUBHBIE BYJIKaHbI IUTAHETHl. DTH JaHHBIE YKa3bIBAIOT HA TO, YTO MPUYUHBI, IPUBOIALINE K
3eMJICTPSICEHUSIM U K U3BEP)KEHUSIM BYJIKaHOB, UIMEIOT O0IIMe TeHeTHYecKre KOpHU. 11pu 3TOM BOJTHOBBIE
JIBUKEHHSI, COOTBETCTBYIOIINE CEHCMUYECKUM, BYJIKAHUYECKUM U TEKTOHHUUYECKHUM TpolieccaM, UMEIOT
Takue oOIre POTAMOHHO-YIIPYTHe 3aKOHOMEPHOCTH, KOTOPBIE YKa3bIBAIOT HA HATMYUE CIUHOTO
TreOJMHAMHYECKOTO0 HCTOYHUKA BOJTHOBOM 3HEPTHH, SHEPTOMOTOKH OT KOTOPOTO HEMOCTOSIHHBI BO BPEMEHH.
B nneBHOE Bpemst sHeprocucTemMa 3eMiIi MOXKET HaXOAUTHCS B MPUEME SHEPTUH, NTepeiade YHEPTHH U B
IPOMEXYTOYHOM MEPEXOTHOM COCTOSHUH (ITOT MPOLIECC MPUHATO HA3bIBATh JbIxaHueM 3emin). B
HOYHOE BPEMsI 3TH IIPOLIECCHI 3aMEUISIOTCS UM COBCEM OCTAaHABIUBAIOTCS. TakkKe 3aMETHbI CE30HHbBIE
WU3MEHEHUS.

Taxum 00pa3oM BhIIIEyKa3aHHBI BOJIHOBOI KOHTPOJIB SIBJISIETCS CIECTBHEM BO30YKIEHUS YIIPYTUX
KoJsieOaHuil B 6J1I0KE 3eMHOM KOPBI OT UMITYJIbCOB SHEPrOBOJIH COJTHEYHOI'O MPHJIMBA ¢ TpaHchopManuei
9THX KOJEOaHHH B CUCTEMY CTOSYHMX BOJIH, OXBaTBIBAIOIIYIO BECh OJIOK C pa3/ielIeHueM ero MpoCTpaHCTBa
Y3JI0BBIMH TOUYKaMH — KOHLIEHTPATOPaMH HaMpsHKEHUH B TOPOIax HAa 30HBI TyYHOCTEH.

[Tonst Temnepatypsl, BIQXKHOCTH H O0JIAYHOCTH, 001Iast HUPKYJISIHS aTMOC(EPHI, SIBISIOTCS
OCHOBHBIMH KJIMMaToo0pasyrommMu® nporeccamu Ha mianere. [109ToMy B Kak10i 061acT 3eMiu
XapakTep 3TUX NPOLECCOB, YACTOTA UX MOABIICHUS, JJINTEIbHOCTD U ITOPSIO0K CMEHBI BO BDEMEHH TAKKe
OTIPEISIISIOTCS ITUPOTON JIAHHOTO MECTa, BPEMEHEM T'0J1a, YCIOBUSIMU pelibeda U TAKUMU III00aTEHBIMU
(akTopaMu, Kak pacnpeaescHie OKEaHOB U CYLIH, TO €CTh BKJIIOYEHBI B PACCMATPUBAEMYIO CHCTEMY
CTOSTYMX BOJIH B 3UPHOMN cpejie 3eMHOro Mupo3aanus.

Wnmoctpupyrot npuseneHHbIe BEIBOAbI poTorpaduu va puc.111,118, 121-123 u [punoxenus.

8 BukynuH A. B. «HoBbIM TMN ynpyrmMx poTaLMOHHbIX BOJIH B reocpee U BUXpeBasa reogMHammnKkar.-
WHCTUTYT BynKaHonoruu n cecmonorum BO PAH.
8 K numatonorua — Hayka o KaMmarte, ero popMMpoBaHMM, reorpadMyeckom pacnpeaeneHui 1 USMEHeHUN BO BPeMEHMU.
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16. Ilpupoaa 3J1eKTPUIECKOro TOKa

S mpITaroch MPOOYAUTH SHEPTHIO, COJIEPIKAIITYIOCS B BO3IyXE.
Huxouaa Tecaa

O¢up — 3T0 MIOTHAs Cpeaa, TONBKO B KOTOPOi U pacpocTpansiercs BoiHa. Hukona Tecna Bo Bpemst
CBOMX KCIIEPUMEHTOB C JIEKTPUYECTBOM 3aMETUII, UTO 2J1EKMPUUECKUL MOK PACRPOCMPAHACHICA UMEHHO
no cmpykmype 3gupa, npeocmasnaruieii cmoauue 60nsvl Ha nosepxuocmu zemau: «He octaBanocs
HUKaKUX COMHEHUH - s1 HabIroan cTosune BoiaHb». OOHapy>KeHHE 3TUX CTOS4MX BOJH Tecna cunran oqHIM
13 BOXKHEHIINX CBOMX OTKPBITHH, UMEIOIIHUX OTPOMHYIO IPAKTUYECKYI0 IEHHOCTh. OH XOPOILO MPEACTaBIIsI
ce0e caMmble pa3HOOOpa3HbIE BOZMOMXKHOCTH UCIIOIb30BaHUS TOKOB, KOTOPBIE COOMpAsICs MepeaaBaTh CTOSTYMMU
BOJIHAMHU 0€3 IIPOBOJIOB B JIIOOYIO TOUKY 3€MHOIO I1apa, 3KCIIEPUMEHTAIBHO [TOATBEPANB BO3MOXKHOCTh
BBI3BATh Ha 3eMJie sSIBJICHUE AIEKTPHUYECKOTO PE30HAHCA M HCKYCCTBEHHO MOMYYUTh HEOOXOAUMBIE CTOSIUUE
BOJHBL. M 3TOT 3puip MOKHO “‘liepexBaThIBATh” C LENBIO MOTY4YCHHUsI HEOTPAHMUEHHOTO KOJIMYECTBa
CBOOOTHOM SHEPIHM BO MHOTHX PA3IHMYHBIX ()OPMax, BKIKOUAs IPABUTALMIO M JJIEKTPHIECTBO® ',

Kak mepexBatesiBath? JIt000if MaTepuanbHbIH 00beKT B Mupo3aannu, cOpMUPOBAHHBIN SHEPTOBOIHAMUA
adupa, cam CTaHOBHUTCSA “dPpHUPHON CTOUHON TPyOOit”, T/Ie IHEPTOBOIHBI APUPa HEMPEPHIBHO BTEKAIOT» B
HETO OJIMHAKOBO CO BCEX CTOPOH, HAIIPUMED, KaK BOJHBI «PaBUTALUI» B 3eMITi0. U, MOCKOIBKY BCSI MAaTEpHsI
COCTOUT U3 uUpa, II000 MEHBIINN 00BHEKT OyIeT HEMUHYEMO 3aXBaThIBATHCS IOTOKOM SHEPTOBOJIH,
TEKYIIM B OOJIbIINH OOBEKT.

H.Tecna Ob11 yBepeH B HaJTMYWHU MPAKTUIECKH HEOTPAHMYEHHON SHEPT U, HAKOTUICHHOH B CTOSTIUX
BOJIHAX 3HEPTOCTPYKTYPhI 3eMIIH, IIEpEKPHIBAIOLIEH moTpedHOCTH YenoBeuecTBa. Kak ee n3pneun?

B cBoux onsiTax @apanei, Bpamias IPOBOAHUK, CMOT B HEM MOJy4YaTh dIEKTPUUECKHI TOK, XOTS UMEIICS
TOJIBKO POTOP M HUKAKUX JIPYTUX ABWXKyHmxcsa yacrtedl. [le [Taapma OTKpBUL, UTO 3IEKTPUIECTBO MOXKET
TeHEPUPOBATHCS ABMKCHUEM IIPOBOJIHUKA B MAZHUMHOM RoJe, N TPeOYeTCs TOIBKO OTAEIbHBIA NPOBOAHUK,
a MarHuT BoBce He HykeH. [Ipu atom [le Ilanbma 1eMOHCTpHUPOBAI, YTO TAKUE «OTHOTIONSPHBIEY» UITH
LEJIbHBIE BpAILAIOIINecs FeHEPaTOPhl JIEKTPUUECTBA IPEBOCXOAMIN B pab0Te TUIIMYHBIE IPOEKTHI CTATOPA C
poTopoM. be3ctaTopHBIE T€HEPATOPBI HE TOJIBKO MPEBOCXOAMIIN TUIIHYHBIE IPOEKTHI; OHU Ka3aJIKCh
HEBEPOATHBIMH, HOO CO3/1aBAIN OOJIBIINHN BBIXOJI DJIEKTPUUECKOW DHEPTHH, YeM TPeOOBaIOCh ISl UX
BpauieHusl. Takum o0pazoM, oeudcenue nPOGOOHUKA 2eHepupyem 31eKmpudecKuli mox 6
IHepzOCmPyKmype Ccmoayell 60J1Hbl.

Bropoe BaxxHOE OTKpBITHE OBLTO coBepiieHO [loHanbaoM PoTom: maznemusm — 310 NBUKEHUE SHEPTUH
BHE CaMOI'0 MAarHUTa, 310 YnPaAeIaeMblil MAZHUMOM «HOMOK IHEP2UU» 6 Ihupe, U, KOTa Mbl «3aCTaBIIIEM»
3TOT MOTOK SHEPTHU NPOXOANUTE YEpe3 ONpPEeSICHHYIO 001aCTh MPOCTPAHCTBA, OH MOXKET TeUb C OJJUHAKOBOU
CHJION, IakKe eCITM MarHUT HAaMHOTO yJaJleH OT MecTa aeicTBusa. Kak OyaTo BpeMeHHBIH 3QHUPHBII TOTOK
SHEPTUH CO3/4aeTCs B CAMOM IOJIOTHE MPOCTPAHCTBA. VIMEHHO BBIpaBHUBAIOLIME CHIIBI 3QHUPHOI SHEpTUHy,
co3zaomnieit 00bEKT, TEKYT Yepe3 Hero Kak 1Mo TpyOe B OIpeIeICeHHOM HaIlpaBJIEHHH, BMECTO TOTO, YTOOBI
BTEKaTh M BHITEKATh M3 HETO OJIMHAKOBO BO BCEX HANPABJICHUAX. TaKOBO MOXKET OBITH ONpeieNiCHUE
MarHeTH3Ma: MAZHUMHOE nojle — 3TO 00JaCTh, I'lie cCOOUpaeTCs OKpY>KaroIuii 3¢Hup, YTOOBI T€Ub B OJHOM
HanpapieHnH. OpHUEHTAIHs CeBEP-IOT «AIEKTPOHHBIX OPOUT» B MOJIEKYJIaX MarHuTa 3aCTaBISET UX
BBITATHBATH MOYTH BeCh POPMUPYIOIINI UX 3QHUP U3 CEBEPHOIO MOMI0CA M BO3BPAIIATh €r0 B FOXKHBIN MOJTIOC,
00pa3oBbIBas METII0. MarHUT HE CO3JaeTcsl Kak JIF000i Apyroi 00beKT B Hallel (pu3ndecKoi peaabHOCTH,

87 MyTxodd YacTo HazbiBa 3TOT SPUPHBINM KBaKYYM» OrPOMHBIM “KUMALLMM KOTOM” SHEPTUM, KOTOPYIO MMEHOBaNM “SHeprueit
HyNeBOM TOUKK”.
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OTJIUYHE B TOM, YTO Y (PUPHOMN IHEPTUH, TEKYIIICH CKBO3b HETO, CYIISCTBYET ONPEICICHHOES HAIIPABJICHUE.
MarHuT croco0eH KOHIIEHTPUPOBATh, (POKYCHPOBATh U 3aKpy4YHBaTh d(PHUPHBIC SHEPTUU HAMHOTO Ooliee
HaINpaBJICHHO, YeM HEMarHUTHBIN MaTepuain. BeiOpaB npaBUiIbHBIN BUJI, HATIPUMED, METAJUIA, MBI TIOTYYHM
MarHATHYIO CHJIY TOJBKO TOTJa, KOT/Ia B HEM MPOU30MIET MOJIEKYISIPHOE BRIPABHIUBAHHE «CEBEP-FOTY.

BonpmmHCTBO MaTepuanoB Ha 3emiie SABIAIOTCS HEMAarHUTHBIMU, HEIPOBOASIIIIUMU «IUIJICKTPUICCKUMI.
DT0 03HAYAET, YTO OHHU HE JIETKO MPOBOIAT IEKTPUUECTBO, M UX YACTHUIIBI (MOJICKYJIbI) HE BHIPOBHCHBI B
OJIHOM HaIpaBJieHUH. B TakoM citydae, MOCKOJIBbKY caM 3(pup HEMPEPHIBHO CO3/1aET NUAICKTPUKH, B HUX
OJIMHAKOBO U OTOBCIOAY OyzaeT BTekaTh d(pupHas sueprus. [Ipu 3Tom Brekaromuii 3upHBIH TOTOK H30TPOIIEH,
TO €CTh OJJUHAKOB BO BCEX HAIPABJICHUSAX.

B ciyuae HaMarHUYEHHOTO MaTepuaia, 3pUpPHBIA ITOTOK aHU30TPOIIEH, TO €CTh HE OJJMHAKOB BO BCEX
HAINpaBJICHHUAX U OH UMECT KOHKPETHYIO OpUEHTALMIO. [I0CKOJIbKY BCE MOJIEKYJIbl MarHUTa BEIPOBHECHBI B
OIPEe/ICIICHHOM HAIPaBJICHUHU U SBJISIOTCS XOPOIIUMH IIPOBOAHUKAMHU, TOK 3upa Oy/eT Te4b 110 HUM B
KOHKPETHOM HaIpaBJICHHH, KaK TeKyIas 1o Tpyoe Boxa. M mumib popma MpoBOIHHUKA ONPEALIISET, KaK TeUeT
a¢upHas SHEPTUsl.

VHEepIHOHHOCTh «MarHUTHOTO MOJISH OMPEACIASTCSl HHAYKTHBHOCTBIO. IHBIMH CJIOBaMH, MEXaHUYECKUM
AHAJIOrOM MHAYKTHBHOCTH SIBJISICTCSI HHEPLIMOHHOCTh, KOTOpasi CBOMCTBEHHA TOJIBKO TeJlaM, 00J1aJat0IM
maccoii. Ha Puc.124 noka3aHbl COOTBETCTBHUS CAMOMHAYKIIUH MarHUTHOTO TIOJIsl ¥ MHEPIIMH MAaCCHBHOT'O TeNa
(A.bnarun).

HHJIYKTHBHOCTH MACCA
L m
CHJIA TOKA CKOPOCTR
i ()]
SHEPIHS KUHETHUYECKASI
MATHATHOI'O [TOJIS SHEPLHS
.2 2
W, = Li E = muo
; 2 2
Puc.124

Torua 10 aHAJIOTHUU C UMNYTIbCOM CUJIbL 60JIHbL FB' At = Mg*AVp II0JIy4acM BBIPAXKCHUC IS UMNYIbCA

cunvl mazHumuozo nomoka Fm- At = L-Al | rne vHAyKTUBHOCTH L 3aBUCHUT OT TOTO, KAKOW JJTMHBI
MPOBOJTHHUK C TOKOM, TIPSIMOJIHECH JIM OH WM CBEPHYT B Criupalib win karymky (Puc.125).

Puc.125. ®opma MarHuTHOTO MOJISl MPSIMOTO MPOBOJIA ¥ IPOBO/A, CBEPHYTOTO B CHIHPAIIH.
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«U3 yero popmMupyeTCs «MarHUTHBIA TOTOK», YTO ONpEAesIeT HHEPUUOHHOCTh U KWHETUYECKYIO
SHEPTHIO0 «MarHUTHOTO MOJIT», MBI TETIEPh 3HAEM — «MAarHUTHOE ToJIe» (hopMHpyeTcs U3 Be3/AecyIlei u
He3puMoi obnafaronield Maccoil mporoMaTepun BeeneHHOH, KOTOpast, KOTrla OHa HE YYacTBYeT B

AIIEKTPOMAarHUTHOM B3aUMOJICHCTBHH, O(UIINATLHO Ha3BIBACTCS «TEMHOM MaTepuei» (A.bmarun), To ecTh
3¢hupom.
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17. MblIcib 4ejioBeKa Yepe3 Mbicjie()OpMy TBOPUT PeaIbHOCTh

B namiem MI/Ip03HaHI/II/I HET HUYCTO KpOMC CHCTCMHO-OpFaHHSOBaHHOﬁ MaTepuu, ILBH)KymefICH 1o
3aKOHaM BOJHBI. BO3HHKHOBEHHE U ABHXKEHHUE BOJIHBI HEPA3PBIBHO C IIEPEMEIICHUEM SHEPIUn, U
MNEPEMCUICHNUEC SHEPIUU HCOTACIMMO OT ABUKCHH S BOJIHBI. HpI/I 5TOM TJIaBHBIM MMpU3HAK CYIIECTBOBAHUSA
CHCTEMEI - Halnuue €€ COOCTBEHHBIX KojaebaHuii. B 3TOM CMBICIIE YeI0BEK — CHCTEMA.

Kpome ¢usndeckoro tena, yenosek o0nagaet emé 1 MEHTATBHBIM, SPUPHBIM U aCTPAJIbHBIM «TEIaMu».
Kax u mo06o#t apyroii OHOI0THYeCKrii 00BEKT, YeJIOBEK B IIPOIIECCE KUZHEACSITEIbHOCTH TeHEPUPYET
CJIOXKHYIO KapTuHY Gu3nueckux usirydyeHuid. C OIHOW CTOPOHBI, aHAJIU3 IPOCTPAHCTBCHHO-BPEMEHHBIX
XapaKTePUCTUK ITUX U3ITYUYCHUH MPEACTaBISACT BAXKHYIO HH)OPMAILIHIO O COCTOSHIUM OPTaHOB U TKaHEH
YeJI0BEKa, C APYrol CTOPOHBI, OHU OKa3bIBAIOT CYILIECTBEHHOE BO3CHCTBUE HA CUCTEMBI U OOBEKTHI
OKpY:KaroIero Mupa. M moiciu uenosexa - 3mo 60aHbl, «COEIAHHBIE) U3 MAMEPUU MEHMAbHOU OKMAGbl
wiKanwl Inep20601u Mupozoanus. COOTBETCTBEHHO T MBICITH, KaK Takoi 0co00ii popmel sHEpTHUH,
NPAaKTUYECKU HE CYIIECTBYET TAKUX MOHATHH, KAK CKOPOCTh M PAaCCTOSIHUE, TO €CTh MBICIIb HEJIOKAJIbHA.

ITpolecc NCUXOKUHETUYECKOTO BO3IEHCTBHS MBIC/IH HA 0OBEKTHI HAIIEro (PM3MYECKOro MUpa (PUKCHPYETCS
HAYYHBIMHU IPUOOPAMM, UTO IKCIIEPUMEHTAILHO J0KA3BIBAET MAMEPUATBHOCH Ye06e4eCKOll MbICIU.
BBIHOHHCHHI)IC SKCHepI/IMeHTI)I IIOKa3bIBaKOT, 4YTO, KaK OCO6O IIOATOTOBJICHHBIC, TaK U O6BI‘-IHI)IC JIFOIH,
crocoOHbI

- BO3/ICHCTBOBATh NICUXOKHMHETHUYECKH CHUIION Ha MPEIMEThI, H3TOTOBJICHHBIE U3 JIIOOOT0 110 KaUYeCTBY
Marepuaia (IepeBo, MeTal, INIaCTHK, KEPaMHUKa, CTEKJIO) - IEePEABUIaTh UX, IOJIBEIINBATh B BO3yXe
(a"nTHrpaBUTALUA);

- IepeMeiaTb ICUXOKMHETUYCCKU MAaTCPHUAJILHBIC TCJIa 3a CUCT ACJIOKAIN3alu B IIPOCTPAHCTBE,

- BOSHeﬁCTBOBaTB IICUXOKMHETHYECKH CHJION Ha HpI/I60pI>I, HU3MCPAOIINEC CUITY 'PpaBUTALINU, €€ TPAJUCHTBI
1 UBMCHCHUS - TPaBUMETP, BEChI, MAATHUK;

- BO3/ICHCTBOBATh ICUXOKHMHETHYECKH Ha MPUOOPHI, N3MEPSIOLINE PA3IMYHbIE BUbl MATHUTHBIX U
3JIEKTPOMArHUTHBIX NOJIEH U U3JIy4eHUH - Kamepy BuibcoHa, cueturk I'eidrepa, MarHuTOMETp, TEPMUCTOP,
(doToconpoTHBIICHHE;

- BO3,Z[eI\/IICTBOBaTB IICUXOKUHETHYSCKH CUJION Ha METAJUIMUCCKUE U KPUCTAJUIMYECKHUE TECJIA - I/I3FI/I6aTb,
,I[e(l)OpMI/IpOBaTB, Pa3pbIBaATh, pACKAJIBIBATh UX;

- UIBMCHATH NICUXOKWHCTUYCCKU NICPUO MMOJIypaciiaga paaAuOaKTUBHBIX 3JICMCHTOB,

- UIBMCHATH IICUXOKMHETUYCCKN TPACKTOPHUIO CBETOBOI'O JIy4a HUJIU IIPEPHIBATH ﬂeﬁCTBHe JIa3€PHOro JIy4da Ha
MUIICHDb,

- COo3aBaTh MYTEM MBICJICHHOI'O YCHUJINA JIF00BIE BOJIHEI B (1)I/I3I/I‘ICCKOM JAHUara3oHe 94aCcToT U 3Hepmi'1;

- CO3/1aBaTh 000U BUJI BEIICCTBEHHON MAaTEPUH U YHEPTHUHU C TIOMOIIHIO MBICIICHHOTO YCHITHS;

8 OynbHes I.H. B nounckax ToHKoro mupa. McMXoKkmMHes, Tenenatma, TeneknHes: GakTbl U Hay4dHble aKcnepumeHTsl. - UT "Becb", C-
Metepbypr, ISBN: 5-9573-0376-3, 2004.
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- IPEOI0NIEBATD 32 CYET ""MBICJICHHOI'O TYHHEIBHOTO Mepexoaa’ puznueckue Oapbepbl, CTEHKH, SKPaHBL,
0OBIYHO HEZOCTYIHbIE ISl IPOXO0XKICHUA MaTePUANIbHBIX TEJI;

- B3aMMO/ICHICTBOBATh C BEIIECTBOM Ha ATOMapHOM YPOBHE;
- 3aCBCUYMBAaTh (bOTOHJ'ICHKy npu JIFOOOM THIIE 3alllUTHOI'O 3KpaHa.

U, kxpome TOT0, MPaKTHUECKU OBUTH TOTYyYSHBI MUKPOOHOIIOTHUECKUE JIOKA3aTEILCTBA TOTO, UTO MbIC/Lb
4e106eKa CNOCOOHA PeanbHo Co30asamy (huzuuecKue U XumudecKue U3MeHeHus 6 CHpPYKnype MoJieKyivl
JIHK, coeqnHATD WIH Pa3beIUHATH €€: KOHTPOIbHBIE 00Pa3Ibl, C KOTOPHIMU HUKTO HE MBITAJICS YTO-THOO
c/enaTh, MEHSUIMCH TOJBKO Ha 1,1%, a «0OpaboTaHHbBIe» MBICIBIO - 10 10%. DTO JI0Ka3bIBaCT BOBMOKHOCTh
00paTIMOCTH BO3PACTHBIX M3MEHEHHI HAa CAMOM TIIyOOKOM - MOJIEKYJIspHO-TeHeTndeckoM ypoBHe. JHK
YeJoBeKa TAaKUM 00pa3oM CIIOCOOHA K CAMOBOCCTAHOBIICHHUIO MTOBPEXKACHUH H, €CITH 3Ty CIIOCOOHOCTH
CTUMYJIMPOBATh, MOKHO U30aBUTh OPraHU3M OT 3HAYMTEIBHOTO TPY3a «OIIMOOK» U OBPEKICHUH,
HakonuBIIUXCs B Monekynax (L[3sta Karpwkon).

JHK 4esioBeka — 3T0 KUAKHE KPUCTAJLIBI, 00pa3yomye HaealbHyI0 CHCTEMY AaHTEHH, KOTOpas
BOCIIPMHHMAET M PE30HAHCHO reHepHpPYeT BOJIHBI B LIMPOKOM JAuana3oHe cnekTpa. Takum oOpazom,
JHK yenoBeka MOKeT MPOrpaMMHUPOBATHCSI MBICIISIMHU, IMOIMSMH, PEUBIO M 3BYKOBBIMH KOJICOAHUSIMH KaK
camoro ce0sl, TaKk 1 JII000ro IPyroro 4ejaoBeka. AHAJIN3 TAKOI0 TUCTAaHIMOHHOTO HHPOPMALIHOHHOTO
B3aMMOICHCTBUS — TEJENaTHH — IT0Ka3all, YyTo:

- ICTaHTHAs (TeNernaTuieckas) CBA3b He 3aBUCHUT OT PAcCTOSHIUS (BBICOKHE CKOPOCTh U YacTOTA);
- rIepeaayda I/IH(l)OpMaHI/II/I MMPOUCXOJIUT IMTOMUMO U3BECCTHBIX OPraHOB YYBCTB,
- epesiaya u nprueM MHQOpMaNuy He TPeOyeT HANPSHKEHUsI ICUXMUYECKUX CITIOCOOHOCTEHH;

- [Iepeaava u npuem I/IH(bOpMaLII/II/I HEC 3aBHUCUT OT TOT'O, BEPUT HUJIM HE BCPUT YUACTHUK OIIbITA B
TCJICTIATUYCCKYIO CBA3b,

- YCIICIIHOCTH ﬂHCTaHTHOﬁ, TeJICHAaTHISCKOM CBSA3H 3aBUCHUT OT IICUXHMYSCKOI0 COCTOSIHHUS YEI0BEKA.

U eme: yacTo YeoBeK BCIIOMUHAET O KAKOM-TO JAPYTOM YEJIOBEKE, M BAPYT STOT APYTO, WIH
WHQOPMAIUS O HEM BCKOPE MOSBIISIOTCS, WIIH YEIOBEK YTIyOJieH B pellleHne KaKoiH-HuOy b MpoOIeMbl, 1
NOICKa3Ka HEOXKHUIAHHO «CITy4aitHO» MPOSBISETCS B TOM mim uHOH (opme. [ToueMy, Korna 4eaoBeK HIeT
OTBETHI, OHU MIPUXOAAT K HEMY U3 «HEOXHJIAaHHbIX» HanpasiaeHuid? Kapn FOHr oOpatun BHUMaHue Ha
HO]IO6HI)IC SABJICHUA W BBCJI IIOHATHUEC CUHXPOHHOCTHU, OITUCBHIBAIOIICE TAKUEC SABJICHUSA MCXKIY JIIOAbMU U
COOBITHSIMU: CHHXPOHHOCTb - 3TO «OJIHOBPEMEHHOE BOSHUKHOBEHHUE JIBYX COOBITHI, UMEIOLINX
MHOT'O3HAYUTCIIbHYIO, HO HC IIPUYHNHHYIO CBA3b). OOBICHUTD npupoay TaKuX «3HAYHUMBIX COBHa}IeHHfI))
MO>KHO JINIIb IHEP2EMUYECKUM MAMEPUATIbHBIM eOUHCHIGOM U 83AUMOCEA3AHHOCHIbIO 6CE20
cywiecmeyroujeco 6 nawiem Mupozoanuu. Teopema J[xoHa bemna yTBep)K1aeT, 4TO HE CYIECTBYET
H30JIMPOBAHHBIX CUCTEM, KaXKJasd YacTHUla MI/IpO?;}IaHI/I}I HaAxXoOUuTCsA B «MTHOBEHHOI» CBSI3H CO BCEMH
OCTaJIbHBIMH yacTullaMu. Bes cucrema Mupo3nanus, 1axe eclid €€ YaCTH pas/eeHbl, QyHKINOHUPYET KakK

eIMHOE 11eJI0€, a YEJIOBEK MBICIISAIINI — 4acThb 3TOI CUCTEMBI..

89 Meiimc MxuHc: «KoHuenuma BceneHHOM Kak MUPa YMCTOM MbICM MPOMBAET HOBbIN CBET Ha MHOTMeE NPOBAEMbI, C KOTOPLIMM

Mbl CTONKHY/IUCb B COBPEMEHHbIX MCCNeoBaHUAX B obnactn (bVIBVIKVI ».
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Yka3aHHbIC SBICHUS OOBICHSIIOTCS (POPMUPOBAHUEM U3ITYUCHUH (BOJTH), BO3HUKAIOIINX B MO3TE WU
JIPYTUX YaCTAX TeJla YeJIOBEKA-UHIAYKTOpa (4TO MPUIAET 3TUM M3ITYICHHUSIM XapakTep OMohH3NIeCcKuX).

Takxum 00pa3oM, MPOIIECC MBIIIICHHS MPOUCXOAUT HE TONBKO B KJIETKaX TOJIOBHOTO MO3Ta, HO U B KaXKIOH
KJICTOYKE HAIIETO TENA — MBI MBICJHM BCEM CBOUM cymecTBOM™. JI3KOH DKKIC BBIABMHYJI TUIIOTE3Y, YTO
MO3T K HallleMy HHTEJUIEKTY HE UIMEET HUKAKOro oTHolieHus. OH IMEeT COBCEM MHBIC (PYHKIIUU:
BOCTIIpUHUMaeET WH(OpMAIHo u3 ceprl CO3HAHUA U (OPMUPYET €€ B TIOCIEeI0BATEILHOCTS BO3ICHCTBUI Ha
HEPBHBIC IICHTPHI, 2 Y’K OHU - Ha MBIIIIBI TOTO WJIM HHOTO OpraHa (PU3N4eCKOro Tejia. Tak 4To MO3T YeloBeKa
- 3TO CHUCTEMa yTIpaBIeHUS (PU3UIECKUM TEJIOM U KaHaJl CBS3U (PM3UUIECKOTO TeJla C CO3HAHNUEM YEIOBEKa.

Tak KaK BCe MPOLIECCH B HAIIEM MUPO3IaH|U UMEIOT BOJIHOBYIO PHUPOJLY U MPOMCXOISAT C TONJIOMIEHUEM
VJIM BBIJICJICHUEM SHEPIHH, C €€ OOpETEHHEM HMIIM MOTEPEi, 4aCTOTH MEHTAIBHOTO quanaszona ot 10%° no 10%
'l ¥ BBIIIE, @ 4aCTOTHI PU3MUECKON peanbHoCTH oT nHdpassyka 10 1o ramma-Bosn 1022 ', To sHEprus
MBIC/H (BOJIH MEHTAILHOTO IMANa30Ha) OYeHb BHICOKA. Hampumep, 11 BOJHBI MEHTAIBLHOTO AMala3oHa
v=10%T"11 KuHETHYECKas SHEPTHS

Wi=mg: 0 2/2= my( Av )?/2,

r7ie My, A ¥ V — Macca, JUTHHA U 9acTOTa BOJHBI COOTBETCTBEHHO, ONPEENAETCS KBAaAPATOM YacTOTH V2 U
SKBUBAJIEHTHAS MOIHOCTh COCTABJISAET BEJUYMHY, MHOTOKPATHO MPEBBILIAIOILYI0 MOIIHOCTh JHOGOro
MCTOYHHMKA SHEPTHH HAIIETO (PM3MIECKOTO MUPA, BKIIFOUAsk TEPMOSIEPHBIE.

BounHel B 9dupe u3 MeTbYaiilinX yIpyrux U 00J1aIal0luX MacCoi «IIOTHO YIAKOBAHHBIX)» YACTHIL -
aMepoB (OPMHUPYIOT MOCIENOBATENBHO YACTHIIBI U CTPYKTYPBI PA3HBIX PA3MEPOB U MACCHI, OT MUKPOMHPA JI0
MaKpOMHpa, TIOPOKIast HEOIHOPOAHOCTh (PM3UIECKOrO MPOCTpancTBa Muposaanus. [Ipu 5TOM 3TH YaCTHIBI
U CTPYKTYpBI, 00pa3oBaHHbIEC B 3pUpe BCIEACTBUE TUPPAKIUH, AUCTICPCHH, HHTepPEpEHIINH, rojorpadguu 1
PE30HAHCA HCXOHBIX BOJIH, CAMH CTAHOBATCS PE30HATOPAMHU-«TEHEPATOPAMH» SHEPrOBOIIH B PA3HBIX
JMana3oHax BOJHOBOTO CIIEKTPA.

DTOT MPOLECC MOXKHO TIPECTABUTE Ha CIIEMYIOIIEH IIPOCTON MexaHudeckoi Mojenu. Harpumep, miockast
BOJIHA B TOHYAHIIEH aMEPHOM CPEJIe MPOXOUT 6€3 NCKAKEHUH U TIOTEPh SHEPIUM YEPE3 YACTHUIIBI U
CTPYKTYPBI C Pa3MepPaMu U MacCOl U3 APYTrux, 60JIee HU3KUX «OKTaB», TO €CTh KOTJIa aMePhl BOJIHBI
«IIPOJIETAIOTY» YEPE3 MYCTOTY YaCTHIIbI (HAPUMED, aTOMa, «ITyCTOro» Gosee yeM Ha 99%). Ha yacTuip! u
CTPYKTYPBI «POJHOTO» JMAIa30Ha CIIEKTPA, KOTOPBIE MPENATCTBYIOT POABUKEHUIO aMEPOB, BOJIHA

JecTByeT cuiioi Fy, coo0Ias UM KOTMUYECTBO IBMIKEHHUS My*AVy , TJIe AUy - U3BMEHEHHE CKOPOCTH YacTHUIIBI,

¥ MepeMenas uX B IIPOCTPAHCTBE C yCKOPEHHEM Ay— Fy/My, IIpH 5TOM mepeiaBas UM HEKOTOPYEO SHEPTHIO.
HcxomHast BosiHA TakuM 00pa3oM JIeOpMHUPYETCs, pacTEeT HEOJHOPOJAHOCTH BOJTHOBOH CPEJIBL.

[aiiee, B CBOIO 0UYepe/Ib, STH MEePEeMENIaeMble YaCTHIIBI M CTPYKTYPBI, TPOHUKAs Yepe3 00BEKTHI elle Oolee
HU3KHMX OKTaB, BO3JCHCTBYIOT TaK JK€ CHJIOBBIM 00Pa30M Ha YaCTHIIBI M CTPYKTYPhI OJIMIKAUIITNX 00JIee HU3KUX
OKTaB, TIepeMeIIasi X B IPOCTPAHCTBE C IMepeaadeii UM dHEPTUH U €IIe OOJbIIe YBETUINBAs HEOJHOPOTHOCTD
BOJIHOBOM cpenbl. M Tak najnee 3TOT 3Hepro3aTpaTHBI MpoIece pacpoCTPaHsIETCs OT OKTABHI K OKTaBE C
YMEHBITICHUEM CKOPOCTH M ITTMHBI HCXOTHOM BOJIHBI (TUCTIEPCHS ), KOTOpas yKe MPEACTABISIET COO0H
BOJIHOBOM MAaKET € Pa3INYalOIIUMHUCS IITMHAMU U CKOPOCTSIMU BOJIH.

[epenaua sHEPrUM UCXOIHOM BOJIHBI B pacCMaTpUBAEMOM HEOHOPOTHON cpelie U3 BBICIIHNX B Oojiee
HHU3KHE OKTaBbl MOXKET OCYIIECTBIISATHCS U pe30HaHCHO. Pe30HaHCHOE HAKOIIICHHUE SHEPTHH BOJIHBI
HaOJrOIaeTCsl B cllydae, KOr/ia BHYTPH MOJIOCTHON CTPYKTYPBI MM YaCTHIIBI BO3MOYKHO MHOTOKPATHOE
OTpa’KeHHE 3HEPrOBOJIH U IPOXOSILAs yepe3 Hee BOJIHA YKJIAIbIBAETCS B PE30HATOPE LIEI0E YHCIIO pa3

9 Tomac IAMCOH: BCe HaLLM KAETKN SyMatoT.
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(raBHOE yCiI0BHE pe3oHaHca). Pe30HaHCHBIH coco0 mepeaul SHEPTUH MEHEe DHEPro3aTpaTHbIid, HO
OTJIIMYACTCS 3aJIEPXKKON BO BpEeMEHH Ha HAKOIICHHUE SHEPTHH B PE30HATOPAX.

O0a paccMOTpEeHHBIX CITOco0a Mmepeiau BOJIHOBOW YHEPTHH OT CTPYKTYP BBICIIMX OKTaB BOJIHOBOTO
CIEKTpa K CTPYKTypaM HHU3IINX OKTaB (B TOM YHCIIE U OKTAB MIPUBBIYHOTO YEIOBEKY (PU3NIECKOT0 AHara3oHa)
paboTaloT OAHOBPEMEHHO, TAKUM 00pa3oM HaJlelisisi SHEprhel oclieI0BaTeIbHO BCe BOJHOBBIE 00pa3oBaHus
Y CTPYKTYPBI HU3IMINAX OKTaB MUpo3gaHws.

Taxkum 06pa30M, MBICJIb o6na)laeT aHeereﬁ, KOTOpast UMECT TCHACHIIUIO BLIPAXKCHUS B JICHUCTBUSX B MUpC
(1)I/I3I/I‘ICCKOM, U KaXXKaast MbICJIb CTPEMUTCA K IIPOABJICHUIO, HE3aBUCUMO OT TOI'0, AyMA€T 00 3TOM YEJI0BEK HIH
HCT.

Bonee Toro, MBICITB TIpeICTaBISIET COOOW CaMOOPTaHU3YIOIIYIOCS CTPYKTYPY, CHOCOOHYIO JKUTH CBOSH
HE3aBUCUMOM KU3HBIO M BIHATH caMa Ha ceOs1. [1o3ToMy mpon3BoArMAasi YEITOBEKOM MBICIIB:

- 3TO BOJIHBI, KOTOPBIE 3aTyXaIOT MPOMOPIIMOHATILHO YIAJICHUIO OT UCTOYHHMKA, U, KaK BCAKUE KOJicOaHus,
CTPEMSTCS BOCIIPOU3BOIUTH Ce0sl, MO3TOMY, BO3JICHCTBYS Ha IPYroe MEHTAJIbHOE TEJIO, CTPEMSTCS
PE30HAHCHO BO30YIUTH B HEM X COOCTBEHHBIN TEMIT JIBIKEHUS;

- (hopMHpYeT MPOCTPAHCTBEHHYIO POPMY - MEICTIEhOpMYy.

Mbicaedopma — 3TO KOHKpPETHasi reoMeTprueckas Gurypa, KoTopast COAEpKUT B ceOe SJHEPTHIO MBICIH
genoBeKa. HeckoIbKko B3aMMOCBSI3aHHBIX MBICIIEH, COAEPIKAIINX 3aKOHYEHHOE COOOIIeHNE, 00pa3yoT
MbIcieopmMy. DTO IMEHHO POpMa MBICIIEH, KOTOpask COOTBETCTBYET KAKOMY-JINO0 00BEKTY HHPOPMAIH U
BOCIIPHHUMAETCS uepe3 Co3HaHHe YenoBeka. CymecTBYIOT MbICIe(OPMBI TOJILKO 3a CUET MBICIIEH,
HOPOJIUBIIKX HX, H YeM Yallle TeHePUPYETCs OJTHA ¥ Ta e MBICIIb, TeM OOJIBIINI MOTeHIMaI HabupaeT
MbIciedopma.

Meicnedopma oOpasyercs B pe3ybTaTe HHTep(GEpEeHINN BOIH MBICIICH YeJIOBEKa U 3HEPrOBOJIH
MEHTaIBHOTO Anana3oHa 3¢upa. Jltobas yenoBedeckast MbICIb, TAKUM 00pa3oM, CTAaHOBUTCS (PUKCHPOBAHHOM
(MaTepuanbHON), M YEJIOBEK UMEET BOSMOXKHOCTh MPUMEHHUTh 3HEPTHIO 3TOH CYOBEeKTHBHOM PEealbHOCTH B
CBOMX IIEJIfX.

Barnsay sicHOBHASATIMX MBICTe()OpMa OTKPHIBAETCS B BUIE MEHTAIILHOTO TEJIa U MOXET OBITh TIPOCTOH H
cinoxHou. Eciu MbIcib aOCOJTIOTHO MTPOCTaA, TO HAOJIOAACTCS JIMIIb OJ[HA YacTOTa KOJIeOaHUM U TOJIBKO OJUH
THUIl MEHTAJIbHOW MaTepUu MOBEPIaeTCs CUILHOMY BO3/IEUCTBUIO. B NeCTBUTENFHOCTH K€ UEIOBEUECKUE
MBICJIA HE SIBIISTFOTCSI IIPOCTHIMU.

A. Bezant u Y. Jlenourrep B kaure «MpiciaeopMb», BEIBEIH TPU OCHOBHBIX MPHUHIIMIIA, JISKAIINX B
OCHOBE CO3JIaHUs MBICIe(opM:

- KQUECTBO MBICITH OIIPEEIISAET 1[BET;
- IPUPO/a MBICIIU ONpeAessieT Gopmy;
- OIIPEJICJIEHHOCTD MBICIIU OIPEJEISAET ICHOCTh OUePTaHuUsI.

Taxum 06pazom, MbIcieopMa - 3TO Tosorpadpuueckoe 00pazoBaHue, COCTOALIEE U3 HEKOTOPOTO
KOJIYECTBA 3aJI0’KCHHOH B HEE SHEPTUH ONPEAEICHHON YacTOThL. DTa yacToTa BUOpAIiid MbIcIe(hOpMEI,
noJ00HO HecylIel 4acToTe WHPOPMALMOHHOTO CUTHANA, ONPEAETISIET €€ MOJI0KEHUE B BBICLINX, THOO0 HU3IIUX
okTaBax MUpo31aHHs.
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OxkpyKaroriee Hac MPOCTPAHCTBO 3aIOTHCHO Pa3INYHBIMU MBICIC(POpPMAMH U, C TOYKHU 3PCHUS
OMOBHEPTeTHKH, MPEJICTABIIET COOOH eHOe YHEProrH(OPMAIMOHHOE TI0JIe, 00IIee s BCel TUIaHeTHI.
JIto60e MBICTUTEIBPHOE TBOPUSCTBO YCIIOBEKA TaK MIIM HHAYE CBOAUTCS K TCHEPHPOBAHUIO B IIPOCTPAHCTBO
cepuid pa3IIHBIX MbIcTedopM. MbiciedopmMaM CBONCTBEHHA BBICOKAsI CTAOMIIBHOCTD, YTO OOYCIIaBIUBAET UX
COXPAaHHOCTH B TEUCHHUE JJTUTCIHLHOT'O BPEMEHU.

OO0mmas unes WM UX COBOKYITHOCTh IPUBOIAT K 00Pa30BaHUIO YEIIOBEUECKUMHU COOOIIECTBAMH B
MPOCTPAHCTBE TaK HA3bIBAEMBIX ATPETOPOB, SIBIISIONIUXCS MO CYIMIECTBY MPOAYKTAMHU KOJUICKTHBHBIX
MEICTeGopM. 3mech KOHKPETHBIE MBICIIE(OPMBI 3a CUET 0OBEAMHEHHS IPHOOPETAIOT OTPOMHBIC Pa3Mepsl U
sHepruto. He cimydaiino GobIme cooOIecTBa JIF0IeH (M dKHUBOTHBIX, HEKOTOPHIX HACEKOMBIX H JaXe
OaxTepuii!), OTHOBPEMEHHO T'EHEPUPYS U PUHUMAs POJICTBECHHBIE MBICIS()OPMEI, CITIOCOOHKI JIEHCTBOBATS,
KaK eJInHoE Tienoe. JIpyriMu CIIOBAMU 92pe2op - IMO IHEP20-UHPOPMAUUOHHLIL 00bEKM 8 IMOUUOHATILHOM
U MEHMAanbHOM ouanazone yacmom Mupo3zoanus (moHKoOM Mupe), C6A3AHHBLI ¢ ONPEOCAEHHBIMU
COCHOAHUAMU JII00€H, UOCAMU, HCCTAHUAMU U YCHIPEMTICHUAMU.

C Touku 3peHUs QU3KMKH, STPETOp KaK BOJTHOBOEC MHTEP(EPSHIIMOHHOE 00pa30BaHuUE MPEACTaBIISICT CO00M
CITOYHO# (hOPMBI PE30HATOP, B KOTOPOM HAKAIUTMBAETCS SHEPT U BOJIHOBBIX H3JTyUCHHUI YeI0BEeKa U, Jaee,
YCHJICHHBIE TAKUM 00pa30M SHEPTOBOJIHBI HEJIOKAJIBHO JOCTUTAIOT BCEX WICHOB JIFOJICKOTO COOOIIECTRA,
TOJIBKO 9aCTh KOTOPOTO ¢(HOPMHUPOBAJIA STOT STPETOP CBOMMHU OJHOPOIHBIMHU (KOTE€PEHTHBIMH)
MbiciehopMaMu. ITO 3HAYUT, YTO €CIIM B KAKOM-TO KOJJIEKTHUBE OINpPEIEICHHAs 4aCTh COTPYIHHKOB
MHTEHCHUBHO TIOJIICP>KUBAIOT OJIHY U TY K€ UCI0, TO UX KOJJICKTUBHOE CO3HAHUE (STPETop) HAUMHAET
paboTaTh Kak Pe30HATOP M OKa3bIBaTh BO3JICHCTBHE M HA APYTHUX JIFOACH B IUIAHE MOICPKKH ITOH UICH,
CO3HAHUE KOTOPBIX HE BCET/Ia OTCIICKUBAET SHEPTO-HH(DOPMAIIHOHHBIE MOCTYILUICHUS OT 3TPEropa, a ux
«HOBBIC» MBICJIN U KCJIaHUA OIMPEACTIAIOTCA UMHU KaK CO6CTBCHHBI€.

MOIHHOCTL orperopa 3aBUCHUT OT KOJIUYECTBA YICHOB KOJJICKTHUBA 1 MTHTCHCUBHOCTU UX MBICJIUTENbHON
JICSITEIILHOCTH U JKeNlaHuil. Morydasi SHeprusi Srperopa, eciu OHA HanpasieHda Ha co3udanue, CriocooHa B
KOPOTKOE BpEMsI TPUBECTH TOT MM WHON KOJUIEKTHB K OJIECTSAIINM PE3yJibTaTaM, a Kakoe-JIM0o 00IIecTBO UITH
roCyIapCTBO M3 OTCTAJIOrO B MpOIBETarolee. TakuM 00pa3oMm, 32pezopsl 6 CpYKHype CUucHembl
YHPA6eHUA YSIOBCUSCKUMHU COOOIECTBAMH MMOMOTAIOT M3MEHATh HAIIl MHUP, OKa3bIBAIOT CHIIBHOE BIIMSHUC HA

BCIO OOIIECTBEHHYIO )KU3Hb M JIEHCTBUS OTAEIbHBIX TMUHOCTEH .

Orperop paspyLaercs, eciu ero chopMUpoBaBliee 00beAMHEHHE JIIOJEH paciaaeTcs.

MCcTHHY MOKHO ONPEIETHTh Kak aJleKBaTHOE OTPAKEHHE CO3HAHUEM YEJIOBEKA PEAMETA U ABICHHUS
NEWCTBUTENBLHOCTH, HANPUMED, Gpusndeckoro mupa. CTpeMIIEHHE TO3HATH UCTHHY JIEKMT B OCHOBE BCEX
HAYYHBIX HCKAHMH U CBOMCTBEHHO KaXIOMY YEJIOBEKY 2,

Tak Kak mpoLecchl MBIIICHHS YEI0BEeKa UAYT Ha YACTOTaX MEHTAIBHOIO JUANa30Ha, TO U UCTUHA
GopMymupyercs MbICIBIO U popmupyeTcs B Mbiciedopme® yenoBeka Kak HEKOTOPas MOJETb, B MEHTAIEHOM
JMana3oHe YacTOT BOCIPOU3BOIAIIAS IPEAMET WU SBJICHUE TI0JJOOHO TOMY, KaK OHU CYIIECTBYIOT PEAILHO B

91 Anekceit AMuTpreB: “ECTb NPU3HAKM, YKa3bIBAIOILME Ha TO, YTO POCT STUMECKOTO MM AYXOBHOTO KayecTsa YenoBeyecTsa
YMEHbLUAET KOIMYECTBO U UHTEHCUBHOCTb C/IOXKHBIX KaTacTpod”.

92 MnaToH noscHseT B "Mocyaapctee': "B HayKax OYMULLAETCA M BHOBb OXMBaeT HEKOE OpyAMe AYLUM KaXa0ro YeNoBeKa, Kotopoe
Apyrue 3aHATUA ryBAT U AeNaloT CAenbiM, @ MeXAY TeM COXPaHWUTb ero B LLeI0CTHOCTM 60/1ee LLeHHO, YeM UMEeTb ThbicAYy ras, -
BEe/,b TO/IbKO NMPU €0 MOMOLLM MOXKHO YBUAETb UCTUHY".

93 «To, YTO Ha3bIBAIOT aypPOI YE/IOBEKA — 3TO BHELUHSAA YacTb 061aKoNoA06HOM MaTePUM ero BbICLIMX TeJl, B3aMMOMNPOHUKAOLLMX
0ZHO B APYroe 1 NPOCTUPAIOLLMXCA 33 FPaHMLLbl pU3NUECKOro Tena, CamMoro ManeHbKoro 13 Beex. [18a U3 HUX, MeHTabHOe U Teno
KeNnaHwi, ABAAIOTCA TEMU, KOTOPbIE B OCHOBHOM 3a4e/MCTBOBaHbI B MPOABAEHMUM TOTO, YTO Ha3blBaeTca mbiciedopmamm». (AHHM
besaHT, Yapns Jleabutep «Mbicnedbopmbl»).
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JIPYTHX NUana3oHax, HallprMep, B BOJTHOBOM JHara3oHe (PU3NIECKUX YaCTOT, COOTBETCTBYOIIUX IITKAJIC
HaOJII0aeMBIX TIPUOOPHO «IIIEKTPOMATHUTHBIX)» BOJH ",

Tak kak Mupo3naHue cylecTByeT, TO CYIIECTBYET U €ro NepBUYHBINA MbICJIEHHbIH 00pa3 - 6a3oBasi
mbiciaedopma Mupo3aanusi ot Co3aarelisi, IOCPEACTBOM KOTOPOii KaK 1Mo MporpamMMe M ObLJI0 CO31aHO
Mupo3zaanue B uesaoM. bazoas mpicnegopma Muposaanus siBIsieTCS OCHOBHOM, CTPYKTYPHPYIOLICH U
HaIOJHSIOIIEH coep)aHueM Bce MUpOo3IaHne U ONPeAeIIONIEH ero pa3BUTHE KaK €JUHOTO CIIaKECHHOTO
opranusma. bmaromaps 6a3oBoii Mbiciedopme Bce B Mupo3nannu (yHKIMOHANBEHO, paboTaeT
B3aUMOCBSI3aHHO U €IMHO, KaK B JIIOOOM LIEJIOCTHOM >KHBOM OpPIaHU3ME.

HcTuna, 10CTyIIHAS Y€N0BEKY, BCETa OTHOCUTEIbHA, TaK KaK y KaXJJ0T0 YEJIOBEKa CBOSI YHUKAIIbHAS
MbIciehopMa MpeaMeTa UilH SBICHUS, KOTOPAast OTIIMYAETCS OT MbICIe(hOpMBI IPYTOTo YeloBeKa U
CYIIIECTBEHHO OTIHYacTCsa OT Mbiciedopmbl Co3naTens. B 3ToM cMBICIie CTENEHb pa3IUIUs MbICIE(HOPMBI
yesoBeka oT Mbiciiedopmbl Co3atest ABISETCS CTEIICHBIO OTHOCUTEILHOCTH TIO3HAHUS UCTHHBI (CTEIICHBIO
«IPEMYYECTHY YEIOBEKa), KOTOPYIO OCO3HAOIIHUI YeTOBEK MOXKET HCIIONh30BATh JUIS YIIPABICHHUS CBOCH
JKU3HBIO Yepe3 No3HaHue U (OPMYITUPOBAHHE HOBOM MbICIEPOPMBI®.

ITo cTeneHu afekBaTHOCTH (OTHOCHTENBHOCTH ) MBICJIS()OPM MBICIISIIUE W TIO3HAIOIIUE YSTIOBEKH YCIOBHO
MOTYT OBITh PACIIPE/ICIICHBI [0 Pa3IMYHBIM YPOBHIM HepapXxuu Mupo3aaHus OT HU3MIETO (CTapTOBOIO)
ypOBHS 10 BepxHero ypoBHs Coznartens. [Ipu 3ToM 11 KaXJI0TO YelIoOBeKa Ha JII00OM U3 YPOBHEH HepapXuu
OTpeIesICHO HEM30E)KHOE OTHOHAIIPABIICHHOE PA3BUTHE M0 UEPAPXUU HaBepX. Tak MPOUCXOIUT MMOTOMY, YTO
0oJiee MOJIHOE MMO3HAHKE CTPYKTYPHI U B3aUMO/IcHCTBHIT MUpO3aHusi U COOTBETCTBYIOIIES (hOPMYJIUPOBAHUES
OoJee aJleKBaTHBIX MBICIIE)OPM MO3BOJISCT YSIOBEKY U YEJIOBEUYCCTBY B LIETIOM YJOBICTBOPSATH CBOU
MIPUPOJIHBIC IOTPEOHOCTH 00JIee SKOHOMHO 10 BPEMEHH U 3aTpaTaM CBOUX KU3HEHHBIX PECYPCOB IIyTEM
CO3JIaHMS U YCOBEPIICHCTBOBAHUS TEXHOJIOTHMH U KOHCTPYKIUH, 00ECTICUHBAIOIINX HEOOXOIUMBIC YCIOBUS
CYIIECTBOBaHUsA, 1 03 pa3pymieHus [Ipupoapl kak COOCTBEHHOr'O ioMa. boliee Toro, BO3MOXKHO M03TOMY B
K)KJI0M Y€JIOBEKE eCTh CHJIbHOE CTPEMIICHUE TI03HABATh U Mepe/iaBaTh HHPOPMAIIHIO, MOTHBUPOBAHHOE
BEJIMYANUTIIMM U3 YIOBOJIBCTBHI, KOTOPOE COMPOBOMK/IACT MPOIIECC MO3HAHUS H OTKPBITHE UCTHUHBI.

Taxum 00pazoM 3rperopsl — 3T0 OJIM3KKE B ONPEIEIIEHHOM CMBICIIE MBICIE(OPMBI, TO €CTh UMEIOLIHE
HEKOTOPYIO OOIIHOCTh MJIM aHAJIOTHIO, K KOTOPBIM MOXKHO OTHECTH JIFOOBIE CO00IIeCcTBa JIIOAEH C TOJ0OHBIMH
MbIciehopMaMH, TaKKe Kak MapTHUH, HAIUH, TPOPEeCCHOHANBHBIE OpraHu3alluy U povee. To ecTh Iroan
00BEIUHSIOTCSI CHAYajla Ha MEHTAJIbHOM IUIAHE.

Bce mpicniedopmbl GOPMHPYIOT 1O IPUHIIMITY CYTIEPIIO3UIIMU 0000IIEHHYIO MbICIIE(hOpMY
001eCTBEHHOI'0 CO3HAHUS JIIO/IEH, KOTOpas Tak K€ UMEET HEKOTOPYIO CTENIEHb OTHOCUTEIBHOCTH 110
OTHOILICHHMIO K 6a30Boi MbIciedopMe MUpo3aaHus, ¥ 3Ty CTENIeHb OTHOCUTEIBHOCTH OCO3HAIOIICE
YeNoBeYeCcKoe OOIIECTBO TaK YK€ MCHOIb3YET [UIsl YIIPABICHHUS CBOEH OOIIECTBEHHON KU3HBIO Yepe3 MO3HaHUE
UCTHHBI U (popMyIrpoBaHUe HOBOH 001IecTBEHHOU MbIciedopMbl. [lo-BuIuMOMy, HE3aBUCUMO OT YPOBHS
MepapXur, K KOTOPOMY MOXET OBITh OTHECEH YEJIOBEK IO CTETIEHH a/IEKBATHOCTH CBOMX MBICIE(QOPM,
KaXIIblii MHIUBHIyaIbHO U Yepe3 yyacTue B 000011eHHON Mbicaedopme siBisieTcs co-TBopuoM Muposnanus

9 Mbicnedopma — maTepuanbHoe ronorpaduyeckoe obpasosaHve, cGopMMPOBaHHOE B MEHTaIbHOM AMana3oHe 4acToT
OMOPHOW BOJIHOM OT UCTOYHMKA CBETA M BOJIHAMU MEHTA/IbHOTO U3/yYeHns (Mbicin) yenoseka. Mbicnedopma — CyLWHOCTHO
370 Nto6as MbIC/b YesloBEKA MM NHOBOTO KMBOTO OCO3HAOLLEro cylecTBa. KauecTBo Mbicav onpegenseT ugeT (AUHY BO/HbI
M3/ly4EHUA MEHTA/IbHOTO AManasoHa), NPMpPoAa MbIC/N onpeaenseT Gopmy, onpefeNEHHOCTb MbIC/IM ONpeaenseT ACHOCTb
oyepTaHusa. CTabunbHOCTb MbicnedopmMbl ONpeaenseTca YyCTOMYMBOCTBIO M SHEPruein MbICAU U1, B CBOIO ouepessb,
npegonpeaenser cTabuabHOCTb CO34aBaeMbiX 06LEKTOB U ABNEHWI PeasbHOro GU3NYECcKoro naaHa.

% Mo MnaToHy, MyApbIii - 3TO YENOBEK, NO3HAIOLLMIA UCTUHY 1 NOTOMY 0BpeTaloLLMil 6e3CMepTUe, NOTOMY YTO AyLLa 3TOFO
YyenoBEeKa BCMOMMUHAET CBOK HOXKECTBEHHYIO Npupoay.
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B 11EJIOM U (pU3HYECKOTO TUIaHa OBITHS B 9aCTHOCTH. U B 5TOM CMBICIIE KaK/IbIH YETOBEK HECET
OTBETCTBEHHOCTb 33 BCE YEJIOBEUECTBO, TAK KAK CBOUMU MBICIISIMU I€HCTBUTENBHO TBOPUT PEAIbHOCTb.
BbIxXoauT, 4To OT KaXKI0T0 M3 HAC 3aBHCHUT, BO YTO B UTOTe YEIOBEUECTBO Kak BUJ TPAaHC(HOPMHUPYETCS BO
BpPEMEHHU.

IToacunTano, yTo B TEUEHHUE CYTOK YesoBek nopoxaaeT okono 60 000 meicnelt u npumepHo 5% U3 HUX
CONPOBOJKIAIOTCS TOCTATOYHO CHIIBHBIMU SMormsamMu. Ha 3emute sxuBet Gosee 7,8 MIIUIHApA0B YEIOBEK, YbH
MBICIIH ¥ SMOLUH (HOpMHUPYIOT 001muii srperop B Muposnanuu . Takum o6pa3oM MBICITH JIF000TO YelloBeKa,
COeIMHEHHbIE C MHO)KECTBOM TAKHX )K€ YCTPEMIICHHBIX MBICIICH APYTUX JIIOAEH, MOTYT HOBIIUATH M U3MEHUTH
Bech MHp. OcTaeTcst TONBKO ONPEAEINTh, Ha UTO M KaK JIFOU JIOJDKHBI HAIIPABUTH BCE CBOM yCHIIHSL.
[lepeoueHka meHHOCTEH M MOUCK CMBICIIA JAIbHEHUIIEr0 CYIIECTBOBAHMS - BOT OCHOBHOMW BOIPOC, K
KOTOPOMY TTOJIONIIO YeIOBEYECTBO CETOHS. DTOT BOIPOC U JIOJKEH CINIOTHTH 3EMJISTH B COBMECTHOM TTOMCKE
OTBETa Ha HETO.

OT KaXXa0ro 4yejaoBeKa 3aBHCUT BCe nmpoucxojsiiaee B 3TOM MUPE, H TOJIbKO OH OTUH MOKET
H3MEHUTDb 3TOT MHP. Bean KPUTHYECKad MacCcCa 1nepexoa B HOBO€ Ka4eCTBO Y€JI0BeYECTBA HAM
HEHU3BECTHA...

KOrgA OBOLUO BCEMY MHPOMIAHMIO
I'IOTOMY 4yT® OHO ABNAETCA
OAHMM EAMHbIM OPI'AHM3MOM

6 H.Tecna o6nap,an KpaVIHe 3KCTPaBaraHTHbIMU B3rNna4amMum Ha Nnpupoay peasibHOCTU. OH nonaran, yto VIOHOCd)epa 3emnn
ynpasnaeT maccoBbiMU HyBCTBAMU U MbICNAMMU, U, C TOYKUN 3pEHUA COBPEMEHHDbIX Teopm"/'l MOAY/IMPOBAHHbIX KonebaHuim cBepx-
BbICOKUX U CBEPX-HU3KUX H4aCTOT, TEXHO/IOTUN BHYLLEHUA MblICNen n 3MOLl|l4f;1 Ha PacCToAHUM NPU NOMOLLUK pe30HaHCa C
3N1IEKTPOMATHUTHBbIMU NepeaaTinkamm, a Tak e - BO36V)K,CI,EHVI€ MacCcCoBbIX 3MOU,VIVI Yy 60/1bWOro KonnyecTsa mop,eﬁ, BK/1tO4aA
FaPMOHUKN KONNNEKTUBHOTIO 6ecco3HaTeNIbHOro Bcero yesoBseyecTBa, - 60nee 4em BO3MOXKHbI !
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BbIBOABI M 3aKJII0UEHUA

IloapITOXKMBAS pacCyKacHus, MOKHO BBIACIUTD CICAYIOIINUEC ITIAaBHBIC MOMCHTBI B TIOHUMAaHUU TOI'0, KaK

ycTpoeHo Hanie Muposanue:

1.

[TpocTpaHCTBO Halero MUpa 3amoIHEHO KUAKOKPUCTAIUINIECKOH cpenoi - apupom, sneMeHTaMu
KOTOPOH SBJISIFOTCS MeJbyaiiliine MaTepraIbHbIe YIIPYrO CXUMAEMbIe YaCTULIBI - aMephl, BUOpALIIH
KOTOPBIX Ha CYNEPCBEPXBBICOKOH YaCTOTE MOPOKAAIOT BOJIHOBBIE BO3MYIICHHUS B 9TOH cpelie uepes
ommxHenencTBre. Ighup — 5TO pa3znmMIHbIE IO BEIHYMHE MaTepHaIbHbIE YCTOWYNBHIE (hOpMAITHH
(amepsbl), CIIIOMIHBEIM 00Pa30M 3aIlOHSFOIIE MUPOBOE MMPOCTPAHCTBO U SIBISIOIIUECS
CTPOUTENILHBIM MaTEPUAIOM CTPYKTYpP OT JIEMEHTaPHBIX YACTHL] BEIECTBA 10 MAaKPOOOHEKTOB
(«Dduponunammka).

«Kocmuueckwuii a¢up - 6azoBast puzndeckas Marepus BeceneHHo, 3anonHsionmas Bce (hU3NIECcKoe
MIPOCTPAHCTBO, Cpea Bcex Gu3ndeckux sBieHnil. Kpome adupa Hudero Bo BeeneHHoit Her.
dusnueckue nois (3MEKTPUUECKOE, MATHUTHOE, JIEKTPOMAarHUTHOE) U TaK Ha3blBaeMast
«aHTHMaTepus» SABISIOTCS GpopMamu ABKeHHs dupa. 13 amepoB a¢upa «coOpaHb» BCe
3JIEMEHTapHBIC YAaCTHLBI BelecTBa. M3 3(pUPHBIX 3IEMEHTapHBIX YaCTHI] COCTOSIT ATOMBI
BenlecTBa. M3 aToMOB cOCTOSIT MOJIEKYIBI U Apyrue Teixa Mupo3nanus. DQup npeacTapiset
c000H KOPIYCKYJISIPHYIO Cpeay, HaXOISIIYIOCS B PABHOBECHOM COCTOSIHUH T€PMOIUHAMUYECKOM
TPOWHOM TOYKH ¢ Temrieparypoit 2,73°K, koTopas HaONFOHaeTCs B BHIE MUKPOBOIHOBOTO
manyueHus» (K.A. Xaiimapos).

BemiecTBo HE €CTh YTO-TO OTAENIBHOE OT JIEMEHTAPHBIX YACTHUL, & OHO COCTOUT U3 HUX KaK
0a3oBoii MaTepun. TakKe U 2JIeMEHTAPHBIC YaCTHIIBI COCTOAT M3 YacTuIl ddupa Kak 6a30BOH

MaTepHH HIDKHETO YpOBHs (IpaMaTepun). Takum 00pazom, BcE, 9To ecTh B MUpO3IaHuH - 3TO
ectb 3¢up. Ddupa 100%. 13 HETo cocTosT 37eMEHTaPHbBIE YaCTHUIIbI, & U3 HUX BCE OCTAIBHOE.
BouHbl 3HEprUH, TOpPOXKIaeMbIe TyJIbCAIIMSIMU aMEPOB, PACIIPOCTPAHSSCH B CPEJIE IO BCEM
HanpaBJICHUSIM, B3aUMOICHCTBYIOT C 3JIeMEHTaMU cpeibl, GOPMUPYS MaTepUalIbHbIE
MPOCTPAHCTBEHHBIE CTPYKTYPBI, TOPOXKAAst IOCIEAOBATEIbHBIN MPOIIecC 00pa3oBaHMsi BTOPHYHBIX
BOJTH pa3HbIX YacTOT M (POPMHUPOBAHHS HHTEPPEPEHIIMOHHBIX YIIOTHEHUH U pa3peeHUH Cpelibl.
BosnHa B3aMozeHCTBYeT Co cpeoi (YacTULaMH U 3JIEMEHTaMH CPEJIbl), 3aMeUISAACh U U3MEHSIS
JUTHHY, Yepe3 nepeaady (00MeH) UMITyIbCa.

YIUI0THEHHS U pa3peXeHUs] HECTALIMOHAPHOM U MIOCTOSIHHO U3MEHSIOLIEHCS CPeIbl TOPOKIAIOT
JUHaMHUYEcKue rojorpaduyeckue NpocTpaHCTBEHHbIE MaTepHalibHble 00pa30BaHMs, YHaCTBYIOLIHE

B Mpoleccax OTPKEHHS U JUPPAKIUH BOIH, B PE3yJIbTaTe KOTOPHIX HEKOTOPHIE
MHTEP(EPEHLMOHHBIE SIBIICHHUS CTAHOBSITCSl YCTOHUMBBIMHU, 00OPa3yIOTCs CTOSYHNE BOJIHBI KaK
JJIeMEHTapHbIE KapKachl YITIOTHEHHOTO WIIH Pa3peKEHHOT0 BEIECTBa — MATEPHH.

Marepus cymiecTByeT B AByX (hopMax: a) CIJIOLIHAS MaTepualibHasl cpeia u3 amepoB (3¢up),
3anonHsomas Bce Muposaanue 0e3 maneiero o0beMa ImycToThl; B) Teja, COCTOSILHUE U3
2JIEMEHTAPHBIX YacTHUIl, CHOPMHPOBAHHBIX BOJTHAMU 13 ddupa. OHNA BOJTHBI CO3/IAI0T
MPOCTPAHCTBEHHBIE YIUIOTHEHHSI U pa3pEXKEeHMUs1, BOJHBI APYTON JIMHBI UX Ae(hOPMHUPYIOT U
HepeMEIAtOT.

Ecnu yto-nmbo o0nagaet Maccoi, TO OHO peajibHO CYIIECTBYET B MaTEPUAIBHOM MHUpPE Kak
MaTepHaJbHbI 00beKT. Macca sBIeTCsl MEpoil KomvecTBa BemlecTBa. Ecnun y o0bexTa
MHUKPOMHpA WIM MAaKpOMHpPA HET MAacChl IIOKOs (MHEPLIMOHHOCTH), TO 3TO HE MaTepHajbHas
YacTulla, a BOJIHOBOIM 00BEKT (MTaKeT SHEProBOJIH KaK MOJENb B JINHEHHOM NpPEACTaBICHUN MU
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10.

11.

12.

13.

14.

15.

BOJIHA-COJINTOH KaK MOJIE/b B HENMHEHHOM TpescTaBienuu’’). Tak pasandHbie Ge3MaccoBble
(OTOHBI — 3TO MPOCTO MAKETHI COOTBETCTBYIOMINX YHEProBosIH. HIKaKoro KOpImycKy JIsipHoO-
BOJIHOBOT0 IyaJIN3Ma 3JIEMEHTAPHBIX YacTHI] B MUKpoMupe HeT. EcTs 3dupHas cpena u
BOJIHOBBIE IIPOLIECCHI B HEH, U €CTh COCTABJISIIOLIME Ty CPelly YaCTHLIbI — aMepbl, 00JIaAatone
Mmaccoii. [loaromy, HanpuMep, ABHKETCS HE YaCTHIIA «(OTOHY», a MPOAOIbHAS BOJIHA (TTAKET BOJH),
ompenensemMast Kak «(poTon».

B pesynbraTte nnTepepeHLun CTOSIeH BOIHBI IyTEM IIepeladyn S3HEPIHMH BOJIHAMHU U IEPEHOCOM
BEIIECTBA IPOUCXOANT aTOMHU3ALMS U CTPYKTYpPHU3aLs INIOTHO YIAKOBaHHBIX 3JIEMEHTOB
IPOTOBEIECTBa B MUPO3AaHuy 110 (PPaKTaIbHOMY NPHHLUITY CTPYKTYPHU3ALUN MATEPUH «UTO
HaBepXy, TO ¥ BHU3Y», I/Ie IOl «KHABEPXy» NOHUMAeETCs 00Jiee BRICOKOYACTOTHBIN TUaa30H
3HEProBOJIH, a HE MAKpO WM MUKpocucTeMbl. Kak crieacTBue: sHeprust He BO3HUKAET U3
«HUOTKYZIa» ¥ HE UCYE3aeT B «HUKYZA», @ TOJIbKO YUacTBYET B IIPOLIECCE BCEOOILETO
sHeprooomeHa. [Ipu 3Tom Macca BemecTBa HUKaK He MOXKET MPEBPAIAThCsl B SHEPTHIO. 3aKOH
COXpAHEHHs MaCChI CTOJIb K€ HEPYILNM, KaK U 3aKOH COXPaHEHHs SHEPTUH.

EcTecTBeHHBII nponecc pacceMBaHUs SHEPTUU B IPOCTPAHCTBE U B3aUMOJICHCTBUE BOJIH C
MaTepHaJbHBIMU 00bEKTaMH 00ECTIeYMBaET KPYroBOPOT 3HEprun B Muposaanuu. To, 4To B
NPUPOJE NPOUCXOANUT OAHOBPEMEHHO U PACCEUBAHME, U aKKyMYJIUPOBAHNE SHEPTHU B
MaTepHaJbHBIX 00BEKTaX, U 00ECTIEUNBACT YCTOMYMBOCTD MPOIIECCOB B MUPO3IaHNH.
I'onorpaduyeckre oOpa3oBaHus MaTepuu (BCE TE XK€ YIUIOTHEHHS U Pa3pexKeHUs!) UK, TI0 —
WHOMY, CTOSTYME BOJIHBI B BUJE TUHAMHUYECKUX TOJIOTPAMM, PA3JIMYHBI B Pa3HBIX YaCTOTHBIX
Juarna3zoHax, HeCMOTps Ha TO, YTO pa3HOYACTOTHBIE TOJIOTPaMMBbI 3aHUMAIOT OJHO U TO e
(u3rIecKoe IPOCTPAHCTRBO (B MIEPBOM MPHUOIIDKEHUH 110 MPUHIIAITY CYNEPIIO3UIINH), KyBUACTH)
KOTOpBIE€ MOKHO, JIUIIb HACTPOUB IPUEMHHUKH (IE€TEKTOPHI) Ha 3TH YaCTOTHBIE TUATIA30HBI.
VYIUIOTHEHMS U pa3peXeHUs CPEIbl B PA3IMYHBIX MacIITabax BUANMOTO M HEBUAUMOTO JIJIsl HAaC
¢bu3nUecKoro Mupa MpeaCcTaBIsIOT CO00H MyIbCUPYIOIINE U Bpallatoliecs U3Iydarolye u
MepeIaroIIe YHEPTHIO CTYCTKU (0OOBEKTHI) U MEXaHUYECKHE CUCTEMBI BEIIECTBA OT aTOMAapHOTO JI0
MakKpo- M Mera-Iuanas3oHa, TaK 4YTO IPOCTPAHCTBO HaIIero Mupo3aaHusi IOCTOSIHHO
MIPOHM3BIBACTCS BOJHAMH SHEPTUU BCEBO3MOXKHBIX YACTOT CHEKTpa. DHEPrHsl N3TydeHHs Jr000ro
TeJa TMPOSBISETCS IPKOCTHIO CBEUSHHS, TPENICTABIISIONIETO cO00H MEXaHMYECKHE BOJHBI, CIIEKTP
M3JTy4eHHs KOTOPBIX ()YHKIHMOHAIBHO CBSI3aH C peaIbHON TeMIepaTypoi.

KakoB Mexann3m ooMeHa sHeprueii? CUmuTanock, 4To 3T0 J100 nepeaada KHHETUIeCKO SHepTuy,
1100 TEII0BOMH, 00 n3nydenne. OmHAKO, €CJIM BOJHA MOPOXKIAET (M COMPOBOXKIACT MO A
Bpoiinio) aBmKeHne MaTepHaIbHOrO 0OBEKTa, TO KHHETHUECKAsi SHEPTUsl — 3TO SHEPIUs BOJIHBI!
DHeprus Teria TaK K€ BOJHOBas sHeprus. [103ToMy HIMEHHO 3HeProBOJIHbI OTBETCTBEHHBI 32
00MeH 3Heprueil B HameM Mupo3gaHuu.

DHeprus, NpoH/s MyTh OT U3ITYYEHHUS A0 TBEPJOTO TeNa, B TBEPAOM Telle 3amacaercs
NPEUMYIIECTBEHHO B OOBIYHBIX KOJIeOaTEeIbHBIX ABMKECHHUSIX YaCTHILL (HallpuMep, aTOMOB U
MOJIEKYJ), TO €CTh B BUI€ UX KHHETUYECKON SHEPTUH.

Bce u3BecTHBIC B3aUMO/ICHCTBHS 3JIEMEHTOB M OOBEKTOB (TPaBUTAIIMOHHOE, AIIEKTPHUYECKOE,
MarHUTHOE U JIPyTUE) ABJISIOTCS MEXaHUYECKUMH B3aUMOJCHCTBUSIMH B Pa3HBIX JHAaNla30HaX
4acToT. B3auMoaeicTBYs - 3TO IPUUMHA U CIEACTBUE BCETO B MUpPO3IaHNU: BCE SIBJICHUS

97 B.3TKMH: «CylL,eCTBOBAHME 3aMKHYTbIX BOJIH C YaCTULLENOL0BHbIMI CBOVMCTBAMM JIETKO OB BbACHAET KTOMEYHBINY» XapaKTep cieaa
OT MOTOKAa MUKPOBOJIH Ha GOTO3IMYIbCUMN UM B Kamepe BUbCoHA, flyannsm «BOJIHA - YacTUL@» M KBAHTOBYH NpMpoay npoliecca
n3nydeHus. Mpm sTOM ecTecTBeHHbIM KBaHTOM MU3/1lyYeHUs CTaHOBUTCA Cama BOJIHa, ABHbIM 06Pa3oM AMCKPETHanA KakK B
MPOCTPAHCTBE, TaK U BO BPEMEHM, 1 K TOMY e HeAe/IMMasn Ha 4acTi. ITO No3BOIAET NO/YYUTb 3aKOH U3aydeHua MnaHka 6e3
NPUBJEYEHUA TMNOTE3 U NOCTYNATOB, NPOTUBOPEYALLUMX KNACCUUECKOW GpU3NKe».
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16.

17.

18.

00yCIaBIMBAIOTCS TOJIBKO B3aMMOJICHCTBUSIMH JIEMEHTOB, OOBEKTOB M CHICTEM B CTPYKTYpE
Mupoznanusi.

Mupo3aanue npeactaBiseT co00i CHCTEMY, COCTOSIIYIO U3 OECKOHEYHO OOIBIIOro Yucia
BXOJMIIMX B HEE DIIEMEHTOB, ¥ Bce B MUpO3JaHNH, HAYMHASI OT aMEPHBIX CTPYKTYpP, CTPOUTCS 110
€IMHOMY MPUHIIMITY: BO BCeM MMPO3/1aHiK CYLIECTBYET OJMH €IUHbIN “3dup”®, koTopsIii 11s
CTPYKTYHPOBaHUsI ce0s CIeAyeT BOTHOBBIM 3aKOHAM U, TeOMETPUIECKH MacIITaOUPYSICh,
oOpasyercs B BUJE pa3HbIX [IIaTOHOBBIX TeJ B pa3HBIX YACTOTHBIX JHAINIa30HAX COOCTBEHHBIX
BuOpanuii®®.

TNonorpaduyeckue cTpyKTypsl pa3HbIX YaCTOTHBIX JUANIa30HOB UMEIOT pa3Hble JIOTHOCTU
BEIIIECTBA U B LIEJIOM COCTaBIISIOT €IUHYI0 HHTETPAJIbHYIO CTPYKTYpy. Takum oOpazom,
MEePBUYHAs CTPYKTYpa MIPOCTPAHCTBA SIBJIAETCS CBEPXIUIOTHOM KUAKOKPUCTAIIMYECKON U
o01azaer KoJI0CCcaIbHOM yIPyrocThi0. TO IPOTUBOPEYUT IPUBBIYHOMY 3APABOMY CMBICITY,
KOTOPBI yTBEPIKAAET, YTO B IPUBBIYHOM HaIlIeM (PH3HYECKOM MHPE BHYTPU «TBEPIOTO» Tela He
CIOCOOHBI K JIBMXKEHHIO JpyTrue TBepAble Tena. Kak 00bexThl MakpoMupa IBHKYTCS B IIOTOKAX
«TBEPIOrO» KPUCTAIII000pa3HOro cAaBIeHHOro 3gupa? M Kak yenoBek JBUraeTcs CKBO3b
TUTOTHBIN 3¢up u He omrymaeT ero? — «is a¢upa Hamm Tena He MOHOJIHT, a COBEPIICHHO
npo3padnas cTpykrypa. CBepxTeKyuuil 3hup mpoTeKaeT CKBO3b HAC JIerye, 4eM BoJa depes
KpynHosiuenucTyto ceth» (bykoB A.A.), Tem Oomnee yepe3 aToM, KOTopblii Ha 99,9999 % coctout u3
«IIyCTOTO» NPOCTPAHCTBA.

Ecnn npeanonaokuTs, 9To SIBICHUE HHEPIIMH CBA3aHO C B3aMMOACHCTBHEM MaTEpHAIIBHBIX TEII C
MHPOBOW MaTe€pUaILHON CPEOH, TO 3aMKHYTOM CUCTEMON B YUCTOM BHJIE SIBIISIETCS TOJIBKO BCE
Mupo3ganue B HEIOM.

19. Habnronaemoe yMeHbIIIEHHE JAJIMHBI BOJIHBI (POTOHOB KaK MAKETOB SHEPIOBOJH B HEKOTOPOU

cpelie — 3TO HE 4TO MHOE, KaK pe3yJbTaT YMEHBIIEHHUS UX CKOPOCTH B 3TOH cpene (Iuchepcusi).
Tax xKak mpoCTpaHCTBEHHAs INIOTHOCTH (POTOHA HU3KA, TO YMEHBIIEHHE CKOPOCTH OyAeT
MPOUCXOJUTH OJJMHAKOBO JIJIsl OTOHOB BCEX JUIMH BOJIH.

20. S(I)I/IpHO-BOJ'IHOBaH MOACIb OOBSCHSET SIBJICHUEM PE30HaHCa CBA3b YAJICHHBIX 00BEKTOB JKHBOU U

HEKUBOM MPUPOJIBI (AMCTAaHTHOE B3aMMOICHCTBUE), MX NMPHHAUICKHOCTBIO K OJHOU | TOH ke
«TPaBUTAIUOHHON» BOJIHE, BBICOKYIO UYBCTBHUTEIBHOCTH JKUBBIX OOBEKTOB K CBEPXCIIA0bIM
(OnosoTMYEeCKN aKTHBHBIM) JATbHOIEHCTBUAM, W30MpPATEIbHBIN (aIpECHBII) XapakTep psjia
B3aMMO/ICHCTBUI, a TAK)Ke MPOHUKAIOLIYIO CIIOCOOHOCTh 3TUX B3aUMOJICHUCTBHMH, JArOIIYI0
BO3MO’KHOCTB JIMCTAaHIIMOHHOM JIMarHOCTUKH U TEPAIHU psijia 3a00IeBaHN KHUBBIX 00BEKTOB U
NepeHoca CeKTPaIbHBIX KON JIeKapcTBeHHBIX npernaparos u JJHK no nmuausM paanocsssu.

98 Bce B MMpPO3aHMU HE eCTb YTO-TO OTAEe/IbHOEe OT 3dMPa, TaKKe KaK U YeSIOBEYECKOE Te/I0 He eCTb YTO-TO OTAE/bHOE OT aTOMOB
1 MONIeKYN ero coctaBnstolmx. OHO M eCTb 3T aTOMbl U MOJIEKY/Ibl, COBpaHHble B onpeaeneHHoOM nopagKe. TakKe 1 BeLLecTso
He eCTb YTO-TO OTAE/IbHOE OT 3/1IEMEHTAPHbIX YaCTULL, @ OHO COCTOMUT M3 HUX Kak 6a30B0OI maTepuu. TaKKe U 31eMeHTapHble
YacTULLbl COCTOAT M3 YacTUL, 3dUpa Kak 6a30BON MaTePUU HUKHETO YPOBHSA. TaKMMm 06pa3om, BCE, YTO eCTb BO BCEIEHHOM - 3TO
ecTb apup. Idmpa 100%. 13 Hero coCToAT 31eMEHTAPHbIE YAaCTULbI, @ U3 HUX BCE OCTa/IbHOE.

9 3 LlIpéauHrep nucan: "...8006LLe CYLLLECTBYIOT TONIbKO BOJIHbI. KaK CBET, TaK U TO, 4YTO paHblUe NPUHIUMANOCh 3a YacTULbI, Ha
CaMom Zene ABAAITCA BOIHAMU. 3HAUMT, BOOBLLLE He CyLLeCTBYeT YacTuL, U MaTeputo, KOTOPYIO paHbLUEe CYUTAIN COCTOALLEN U3
YacTuL, Mbl JO/IKHbI NPEACTaBUTb cebe KaK COCTOALLYIO M3 BOJIH. 3TO B 3HAUYUTE/IbHOW CTENEHM CNocob6CTBOBANO Bbl JOCTUNKEHMIO
e[MHCTBA Halel KapTuHbl mmpa'.
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21. Nzny4yeHue cTpyKTYpbl HEXKHBOTO BEIIECTBA UMEET BOJTHOBYIO (POPMY SHEPTHH, COTIOCTABUMYIO C
BOJIHOBOH (hOPMOI SHEPIUH, U3ITydaeMO KHUBBIM CYIIECTBOM, & CAMH JKUBBIC OOBEKTHI COCTOAT U3
TEX KE DNEMEHTOB, YTO M 0OBEKTHI HEXKUBOI MIPHPOIBI-.

22. Hayka 0 KIETOYHO# THOENH - OJTHO U3 Haubosiee OypHO Pa3BHBAIOIIMXCS HAPABICHUN B
onosoruu. 310 00YCIOBIIEHO HE TOJIBKO TEOPETHYECKUM HHTEPECOM, HO U IPAKTHYECKHUMU
3arpocaMy KIMHUYECKOW METUIMHBL. 3Has, KaK Pe30HaHCHO CaMOpa3pylaeTcs KIEeTKa, MOKHO
pa3pabaTheIBaTh TEXHOJIOTHH, IPETOTBPAINAIONINE MIIH YCHIINBAIOIINE STOT MPOLECC, HCXOIS U3
MHTEpECOB OOJIBHOTO Opranu3Ma. Tak TEXHOJIOTHAM JIy4eBOH TEpaluy JOCTHKUMBI TAKHUE
3¢} dexTsI, Kak pa3pynIeHHe OMyXOJIeBBIX 09aroB B OPraHu3Me WM CACPKUBAaHHUE HX POCTa,
BOCCTAaHOBJIEHHE HOPMAJBHON CTPYKTYPBI KOCTHOW TKaHH.

23. B uenom 3pupHO-BOIHOBAst MOJIENb CTpOeHUS Mupo3aanus oObICHIET MHOTHE OCOOEHHOCTH
MPOLIECCOB MPEOOPa30BaHMUS SHEPTHH U BEIIECTBA, HE BBIXO/IS IIPH 3TOM 33 PAMKH KIACCHYECKON
bu3ukn.

100 U3nyyeHne YenoseKa - ectb! M OHO YacTMUHO U3MepeHo. U AnManasoH onpegeneH. 7-8 MUAIMMETPOB, TO ecTb B
pagmoyactoTax. Kpome TOro, Kaxablii aToM, Kax4an KNeTka MMeeT CBOM CNeKTp usaydeHua. MNpu sTom Bce aTOMbl O4HOTO U TOrO
e 3/1IeMeHTa, KaK BCe KJ/IETKM O4HOro Yen0BeKa MMEeT OAMHAKOBYO CNEKTPasibHYIO (4aCTOTHYHO) XapaKTEPUCTUKY, OTIMUHYIO OT
OCTa/IbHbIX 3/IEMEHTOB M NII0AEN TaKKe Kak OTNe4YaTKu NasblLes, 3aKNagblBaeMyto Npu 3a4aTy OpraHM3ma v NpUCyLLyH BCeM
K/JIeTKaM 3TOro OpraHM3ma He TO/IbKO OT POXKAEHUA M 40 €r0 CMEPTU, HO M NOoC/ae CMepTH.
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Ipuaoxenue 1. YIuBuTEIbHA U IPEKPACHA 3(PUPHO-BOTHOBAsE 3eMulst

Pernon anadinop Ucnanama

ST N AL &5
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yacTtbto Tuxoro
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Obnaka Hag, 1oXHOM
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OKeaHa. (PoTo NASA):
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Aneytckue octpoBa. (Poto NASA):
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https://phonoteka.org/uploads/posts/2021-06/1623431273_19-phonoteka_org-p-gornii-relef-tekstura-krasivo-24.jpg
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https://phonoteka.org/uploads/posts/2021-06/1623431217_26-phonoteka_org-p-gornii-relef-tekstura-krasivo-32.jpg
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https://phonoteka.org/uploads/posts/2022-09/1663116011_43-phonoteka-org-p-tekstura-poverkhnosti-zemli-oboi-65.jpg
https://phonoteka.org/uploads/posts/2021-06/1623431267_6-phonoteka_org-p-gornii-relef-tekstura-krasivo-8.jpg
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https://gamerwall.pro/uploads/posts/2021-11/1637306732_28-gamerwall-pro-p-tekstura-poverkhnosti-zemli-oboi-na-zastav-39.jpg
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https://phonoteka.org/uploads/posts/2021-06/1623431238_22-phonoteka_org-p-gornii-relef-tekstura-krasivo-28.jpg
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https://gamerwall.pro/uploads/posts/2021-11/1637306772_15-gamerwall-pro-p-tekstura-poverkhnosti-zemli-oboi-na-zastav-21.jpg

Meii3ax Ha ceBepe BaomuHra. (Poto NASA)
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https://abrakadabra.fun/uploads/posts/2022-09/1663938018_7-abrakadabra-fun-p-relef-mestnosti-13.jpg
https://gamerwall.pro/uploads/posts/2021-11/1637331638_29-gamerwall-pro-p-tekstura-relefa-mestnosti-oboi-na-zastavku-39.jpg

KapTa penbeca aHa Tuxoro okeaHa
AN
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https://gamerwall.pro/uploads/posts/2022-06/1655585384_1-gamerwall-pro-p-relef-dna-tikhogo-okeana-priroda-krasivo-f-2.jpg
https://gamerwall.pro/uploads/posts/2022-06/1655585468_19-gamerwall-pro-p-relef-dna-tikhogo-okeana-priroda-krasivo-f-24.png

TpELLI,VI Hbl B ME€Tannie
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Ipuaoxenue 2. Pu3uka NIyTUT

OTKAYAEM onvAA
 BAKYYM...

apany. \

| Hac He CO%A

abeypa’ i

T Y 3Tc.«:uumgﬂmn» nz-2a notpAcal Uy
coBnafgHuA ued

W3 MUNNUOKE cHEX

«MoxHo nezxo
dokazame

2my akcuomy».

7T0o npasaa M sTo npasna

ot

- A 3TO crmHa

-

M 3To npasaa
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CTyAeHT-PHIUK YBACKCA peAUTHei u nepeseacs
B CMMHapUIO. BOT CMAMT OH Ha AeKLMM U C
HENPUBHYKY (a MOXET, IO NMPUBHYKE)
noapemsipaer. BaTiomka no xoay aexuun
TMOAXOAMT K HEMY M CTIpamIMBaeT:

- MTtak, ckaxure, uto takoe 6oxecrsenHas cuaa?

CeMuHapHCT B3AparkpaeT, HO MTHOBEHHO
J,ZZz oTBevaert: — ®UWMA, Tbl MOMHULLDb, YTO NPV

HATrPEBAHUWN TEINO PACLLVPHETCAH?

- BoxecTBenHaa macca Ha

GoxecTsenHoe yckopenuel — OA, U Lo U3 3TOoro?
— TAK, 3HAYUT, 9 HE TOICTAS,
A NMPOCTO YEPTOBCKMW ropa4asa!

MHe HpaBaATCS
TONCTYLUKKU!

B OBLWLEM-TO HEBAXH(
KAK YCTPOEH MWUP
ECAUM BAM XBATAET
HA BUHO U CbIP

-Ho HI0OTOH,Mbl He
MO)XXEM 3TO
3anucbiBaTb!
-Xopowo
nuwmTe, YeM 6onbLue
Macca TeM cCuibHee
cuna nputskeHus!

%' CbIPKAX HETHU'TA3,
HU CbIPA :

A0KTONCRYIO

- A 3HAYWTA BEGH
HALL MMTJ"ﬁoc-gEOE.H
D

3ammu

HA DKV
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BOT /1 [IPOLLIEST ELLIE OQVH SHAETE,3A 4TO0 A NIOBJIH
AEHb, KOFIA MHE HE ®U3NKY? HUKTO HE MOXET

UL ey HAPYILWTD EE 3AKOHbI
LS | e 3n neHbr

Ry - S TS
/' KAK YMNPABJIATDH
BCEJIEHHOR,
HE IMPHBJIEKASA
BHHMAHHKSA
CAHHTAPOB

Korgia Bbl HaTArMBaeTe oguH HOCOK Ha NeBYylo
HOFY, BTOPOIl aBTOMaTU4YeCcKN CTaHOBUTCA
npasbiM. [pUYEM MOMEHTanbHO, He3aBUCUMO
| OT paccTosiHUA MeXay BallMMKU HoraMmu.
| D70 U ecTb CYTb KBaHTOBOfﬁ CBSI3HOCTMW.
5 o TR AT g

MpasuTaumdHHan CUHryNnApHoc
Tb, 3TO TOYKA B NPOCTPaHCTBE-
BPeMEeHM, Yepes KOTopyio
HEBO3MOXXHO rnagxko
NPOAC/KUTL BXOAALLYIO B Heé
reofle3n4ecKyio NIMHUIO.

\ [

|~ A T0, UTO OIMH HOCOK YacTo Nponafaer B
cTUpasnke MoXeT 06bACHUTbL BapuoHHyto
Acnmmetputo BeenerHom
A ewgé ectb Hocok LpeauHrepa, koTopbii
MMeeT AbIpKy Ha nanble. Ho ecnu ero
NpaBuiIbHO NOBEPHYTb - OH YKE BMOSHE
uenblit Takum 06pa3om oH OLHOBPEMEHHO U
Lienbi U MOPBaHHbINA.

KBaHTOBas HeonpeaeneHHoCTb.
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TAPEJIKH LIPEJUHT EPA:

Mano kto 3Haer, uto LlpéauHrep
o6oxan pycckue ckasku. OcobeHHo
panoBany ero ¢pasbl <A01ro m,

FOPATKO AT, YLD RESUAME™ BN | 01t OHOBPEMEHHO LIENo| Y PASGHTS
M, KOHEUHO e, <HU VB HY1 MepTE>. NOKA Thi HE OTKPOELLIb [IBEPLLY

«Ecnu 6b1 epemMs

He u3smMmepsisiu, mo

e20 6bI Kak 6b1 U
He 6b110».

anpon3geneHme cnbiHa

PaccTOAHME. JONE

m

Yuenbie gokazanu ,49TO ecnn
B39TbCs pyKov 3a oronerHbi;
NpoBop, To BbITAHY THIE Horm ; |

NoKaxyT Hanpaenenye TOKaB MPOTOH X0
cetun

onp H.
POLIUN.
bYIb KAR NMPOTOH.
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TEHb OT 3EMAH HA AYHE.
PEAKOE ®0TO U3 APXUBOB HACA

Ecnu 6 3emMns
Obina NNOCKOW, KoKy
Obl yxe Beé ¢ Heé
CKUHyny

Yyenbie omrmOamch...

Ona kBagpatHasi!

[lepBoe nmpaBuiio Kiryba KOCMOHABTOB
HE roBOPUTb HUKOMY, YTO 3emns nnockas
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Wax u mar, pusmkn

>HeNnb3s

CAMAS HU3KAS CKOPOCTb Ep(fsgé’fbezze :
B MUPE - 3T0 CKOPOCTb Sehvebc el
3BYKA.TO,YTO TEBE ggxm/q 2
FOBOPUJIA MATb B 16 JIET, BkntoyaeM hoHapuKk
JOXOAUTTONIbKO K 40. CkopocTb

T FREE ucxopnaLLlero ceeta =
(20kM/4 + cKkopoCTb
ceeTa)
DOU3UKHU,
onpasabiBanTeCh

-

Ul
¥

DANTES
L\ EMYBTALLY
N

. %

EC/W Bbl BCTPETWU/IN BABY
C NONHbIMW BEAPAMM YPAHA

-

YEHbIE: HaLW NCCNeaoBaHNs
6ecnonesHbl, ECN BbiPbIBaTb
NX Pe3ynbTaThl U3 KOHTEKCTa

YyéHble YTBePXKIAIoT, UYTO UX
JICC/IefOBaHMs 6ecIioie3Hbl

«PaduoeosiHbI
6ezarom no eo30yxy,
a mok xolum rno
npoeodamy».

«Podumernismuy
padyeu ssensromec
KLos1HYe u oxOb ».
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HE INYCKAUTE YYUTEJI] ®U3UKHU
HA JIETCKYIO IVIOITAZIKY!

g \
) . @
; CTBE OTEL|'’XOTEA YTOBf1 CTAA
) ~Ad Tt ’ T -
}0"3"&0&1, noaromy EM_MEHﬂ HE

s 4 -

PEMHEM, A TOKOM. 1103TOMY,Sl CTAA
nPoBoAHHKOM™ ¥y

B

— Kak Tam 3ByuuT Ta necxs
NP0 KBaHTOBYI0 MeXaHuKy?

— Kakasn?

— TaMuT0-T0 NPO MHOXECTBEHHbIe
PeanbHOCTU 1 0 TOM, UTo HabntogaTenb
¢opmupyer Habntopaemoe...

— «§] ornsHyNCs NOCMOTpeTb,

i S astia el L He OrNSHYNacb 1 OHa, YTo6

S -HEMOIY, BPEMEHMHET. NOCMOTPETb, He OFNAHYACS N 57

— TouHo!
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OTHOLUEeHMe
YWUCTO Macchbl K
YUCTO 0O bEMY

=%

TonbKo TO YTO Thl NpaB, He O3Hayaer,
YTO 91 OLUK6aIoCh. Thl MPOCTO HE BUAMLLb
KM3Hb TaK, Kak BUXY eé 1.

ma He HaAo

NMouemy oaHn
Adenst Mopo3bi
B cuHen wybe,
a Apyrue B KpacHon?

Ha camom pgene wuyOGbi
Yy HUX XXEeénTtble, NpocTo
O4HM ABUXXYTCHA Bam
HaBCcTpe4dy, a apyruwe —

OoOT BacC
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benka, BbipocLuan B ceMbe

6e3napHbiX QU3UKOB-SAePLUNKOB,
TaK M He Hay4YMnacb pacuwennaThb
AApa 0pexos.

OMmcK - 310 BonbTc
AeSIeHHbIN Ha
AMnepck

H AULLAM, TPOMUBANULWM B PAIMYCE
20 KM OT MECTA ABAPUW OBPALLATHCH
C NPUCTABKOW «D0H>,

B PAUYCE 10 KM - «BAWA CBETADCTb»,
B PADUYCE 5 KM ~ «BAWE CUATEALCTEO»,

— He BblfeLwwb U3-3a CTONA,
[10Ka He 3aKOHuMLb (POTOCHHTES

1/2
Bo3gyxd

1/2
60_9(71.

> 3

TexruYdecku, cmdkdr
6cezgd hoJoH
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I'aABA 6. ToxaecTBeHHbIE YACTHILbI
[paBuaa CUMMETPHH H AHTHCHMMETPHHU
[Mpunuun MMayau
Mdepau-ras
AToMB

I'J1ABA 8.

CTpouTenbHblE ATEMEHTDI
CTONKHOBEHHS H pacnaabl HacTHIL
Yekoputean

CBO/CTBA M 3aKOHOMCPHOCTH

BCA CYTb
KBAHTOBOW MEXAHUKU

ﬂOﬂﬂPHbIE MEQBE/

e

®u3uka 3xaer,
YTO TaKoe <<He NOoBe3Ji0 C COCeAaMM>>,

AL e e e

Mue kaxercs,

8 Tebe ecrs Moxer,
4TO~TO , npobnema |
oTTanKkueamuee /' B Tebe? //'
e P
( /
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Teno yenoseka
Ha 90% cocTouT U3 BOAbI.

TexHuyecku Mol NPocTo C/IULLIKOM

becrnoxkonHble orypubl.

TONBKO YT

NPPOCTMUTE, IE

HAXOAMTCS OTAEN
- || HAHOTEXHOROTWIA? |7

Ckaxelub 4YenoBekKy,
yTo Bo BcenenHoun 300
MUIIMapAoB 3BE3f, —
OH noBepuT. Ckaxellb,
4YTO CKaMeuka OKpaLleHa,
— OH 0653aTeNlbHo
a norporaet!

Thl MOXeILb BbiTh:
beckoHeHHo Npag, ecnu
pa3pe/nilib npasoTy

d HOJlb..

o o o,
00Cy1aKoT npoGsiempy
KBAaHTOB(} Ousngy,

) Ipepripger 6ecegy.
| b, MYRHKY g '
TPAnkay)
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YYEHBIE HAKOHEL-TO HALUJMUX OTBET
HA OABHO UHTEPECYIOLLlUA BCEX BONPOC:
“MOYEMY XENE3HONoPCK
A0 CUX NMOP HE NPUTAHYIICA
K MArHUTOIrOPCKY?«

Nocenox
3nexTponsonsTop

55°3515° ¢ w 38°29'48's g MO F O

PUINK — 3TO CNOCOG aTOMOB
aymarts ob atomax.

' [/1ABHOE

ARYXUTE €O
ceoeit
KYRYLLIEYKOV
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