I'naBa 13. PaaMmbinuieHus B Oyaymem
BpPEMEHH...

Mno2ue eewju HAM HENOHAMHLL He
nomomy, WMo HAWU NOHAMUA CAAObL; HO
nomomy, Wmo cuu éewju He 8x00am 6 Kpya
HaAQwux noHamuil.

Kak-to pa3 YenoBek yBUZENI TPYAOJTIOOMBBIX MYypaBbEB, KOTOPBIE
CTPOWJIM CBOM MypaBelHUK. CTPOUTEIBCTBO IIIJI0 aKTUBHO, MypPaBeHHUK POC
OyKBaJIbHO Ha IJIa3aX, OJHUMAsACh BCE BbIIIe U BbIIIe. YesoBeKk ObLT B
IIOJITHOM BOCTOpre OT TOTO, KaK CJa)KeHHO Oblyla opraHu3oBaHa paboTa
OTPOMHOM KOMAaH/pl: IIOKa OJIMH MypaBel TallluJ COJIOMHHKY, APYTou
pacyuIag nepBoMy IIyTh, TPETHU — HEC BOAY, UETBEPTHIA — OOBIBAJI €11y, a
IATHIN — CTPOUJI CTEHY UX OOJIBIIIOTO IOMA...

YeJi0BEK BOCKJIMKHYJI:
— MypaBbu, Kakue ke Bbl MOJIOAIbI!
— Mpbl 5TO 3HaeM, — OTBeTWIH
MypaBbU. — A KTO ThI?
— I — YenoBek, — OTBETHUJI TOT. —
PasymHoe cymiectso!
— Brl moxoxxu Ha Hac? — CIIPOCUJIN
MypaBbH.
— HemBoro. Mpl, JIoau, IIO3HAIHU
3aKOHBI TIPUPOABI, AOCTUIJIN JHA
OKeaHa, BBICAZIUINCh Ha JIyHy, CTPOMM JIOMa U J1aKe IeJible TOPOoa.
— Torpaa BbI TOKe JOCTONHBI MOXBAJIbI! — BOCKJIMKHYJIM MypPaBbU.
— Ho, YesnoBek, ecsu Thl TaKOW pa3yMHBIH, IOUEMY BMECTO TOTO, YTOOBI
3aHUMATHCSA YE€M-TO MTOJIE3HBIM, CUIUIIb 371eCh U Oece/lyelllb C MyPaBbsIMHU ?

B ogHy 13 MouX BCTpeu ¢ py3bAMU y MEHA I0Ma, KOT1a MeXy HaMUu
BO300HOBHJICS «BEUHBIH» CIIOP U IIPO3BYYa/Id HEU3MEHHbBIE «HY YTO, OISATh
oynem cnoputrs, YTO PAHBIIIE IIOABUJ/IOCH: saityo wau
Kypuuya?’..» — MOH BHYK 3,5 JIET OT POJXY, IE€PETUCThIBas KHUKKY C
KapTUHKaMU, C YKOPU3HOHN ITOCMOTPEJT B HAIILy CTOPOHY M KaK OYATO, MEXKITY
IIPOYUM, CHOKONHO ckazai: «IleTryx...»

MHorue ceroiHs MpeObIBAIOT B YBEPEHHOCTH, UTO YUEHBIE — HTO TaKUeE
JIIOJTA, KOTOpble IMOHWMAIOT, UTO BCE COBpPeMeHHOe 3HaHuWe O Mupe
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HEBEPHO, HO, Oyayunm oOpeMeHEHHBIMU CBOMMH CTEHNEHAMH U
nomkHocTamu, HE MOTYT storo npusHath. TosbKO OJ1arozaps Takum,
kak H. /lesawoe, A. Xamwvt606, H. Mopo306 u opyaue, 0 KOTOPHIX 5
rosopio B cBoell kHure, y Hac ECTb IITAHC y3Hath, 4T0 MUp Ha camMoM
JleJie  20pa3i0o0 npouje U MNOHAMHee, YeM HAM NbUNAIMCER
npenooHecmu YuéHvle, CUAACL O00KA3AMb, WIMO OHU O0eaAoM
3aHUMAOMCa, a He NPOCMO WMaMsvl npocudxcusarom. Jlwobas
Teopus, OyAb OHA XOTh TPHKJIBI NIPABUJIBHOM, Bcersia OyJieT BCTpeueHa B
mThiku. Kak mHe mumcan oxguda Mou 3HakoMmblii, HEJIb3fd IIIATATDH
371aHHEe HAyKH, HHaYe OHO MOXKET PyXHYTh U IMIOXOPOHUTH IO COOOH 1IETYI0
apMUIO JIIO/Ied, 0OpeMeHEHHBIX CTENeHSAMHU U 3BaHUAMU. Kakoil Aypak 1o
ZI0O6poii BoJie MPU3HAETCS B TOM, UTO OH MOPOYUJI JIIO/ISIM TOJIOBY TEOPHUSAMH,
IIPOTHUBOPEYAIIUMH 3JIeMEeHTapHbIM 3akoHaM [Ipuposbl, NPOBEPUTH
KOTOpblE HEBO3MOXKHO B Oimkaiimmue crosnetus? EcrecTBeHHO, OyzaeT
C/IeJIAaHO BO3MOXKHOE M HEBO3MOXKHOE, UTOOBI OCTaBUTDH BCE MO-cTapomy. 1
razpl OyayT camu cebs CKUMaTh W HarpeBaTh, W IlmaHeTsl OyayT
00pa30BBIBATLCA W3 WBUIM C IPOCEJOYHBIX JIOPOT KOCMHUYECKOTO
IIPOCTPAHCTBA, U Marepus Oy/eT TBOPUTbCA U3 HUYETO, U MPOCTPAHCTBO
VCKPUBJIATHCSH, W 3eMJIETPSACEHUs OyayT 3eMJTIO TPSICTH caMu To cebe, U
IToneii, okaspiBaeTCsA, pa3HbIX MHOTO BOKDYT, BKJIIOYAs OHUOJIOTHYECKOE,
CeJIbCKOXO3ANUCTBeHHOe U apyrue. Bor Toimpko O/ITHO ILVIOXO -
uHmMmepHem cywecmseyem, «cooaxa».. Ha xkadxcovtit pomox He
HaKuHewb naamoxk... H wiuaa 6 mewke — He ymauuls.

«IIpn wuccenoBaHMM  NOPOIECCOB, MPOUCXOAAIMX Ha 3eMlle,
HEOOXO/IMMO HE€ TOJIPKO 3HATh BCE 3aKOHOMEPHOCTH (HEHOMEHATHHOTO
MHpPa, HO U YMETh aHAJIM3UPOBATH IPOIIEAIINE COOBITHSA, yCTaHABIUBAS
CBA3U MeXy HUMMU...» Tak rosopua H. JIeBauios.

13.1. IIpoBepsaemM HennpoBEepEeHHOE

3aKOHBI IPUPOBI HY?KHBI TEM, KTO HE MOYKET »KUTh 0e3 HUX. A Ternepb
MBI C BAMU MMOU/IEM... 3A NPedenbl AI00bIX 3AKOHOE.

CrpemiieHne OOBEJUHUTH BCe 3aKOHBI IPUPOJBI ThICAUYETETUAMU
JIPA3HUJIO ¥ MAaHWJIO B PaBHOU cTeneHu U ¢punocodos, u Gpusukos. Ilepsoe
CephE3HOE IPeJINoJIoKeHne, nMelolilee oTHolleHNe Kk «Teopun Bcero»,
JlaTupyeTcs MPUMEPHO 500 I. X0 H.3. CunTaercs, YTO IPUMEPHO B 3TO
BpeMs rpeKu-nudaropeinspl pasrajaii MaTeMaTU4decKue 3aKOHBI
My3bIKH. [IpoaHann3upoBaB y37bl U KOJIeOAHUSA JUPHOU CTPYHBI, OHHU
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CyMeJIM T0Ka3aTh, YTO My3bIKa IOAYMHIETCA 3aMedaTeJIbHO IPOCTHIM
MaTeMaTUUYECKUM ITpaBUjIaM. 3aTeM MOSBUJINCH PACCYKIAEHUS O TOM, UTO
TAPMOHUAMM JIMPHOM CTPYHBI MOXHO OOGBACHUTH BCE B
IIpUpoJIE.

MOXHO CMeJIO CKa3aTh, UTO YK€ B Hallle BpeMs 4YyTh JIA He BCE
ruradaThl pusuku XX B. MIpoOOBAIM CBOU CUJIBI B pa3pab0TKe €IMHON
Teopuu mnoJsAa. Ho, kak npenocreperaer ®pumen [laiicoH, «mose 60s
(usnueckoll HayKu CIUIOLIb yChIaHO Tpynamu Teopuit Beero». B 1946 1.
OpBuH llIpénuHrep, OAWH U3 OCHOBaTeJe KBAHTOBON MEXaHHUKH, cOOpas
npecc-KOHGEepeHI1I0, HA KOTOPOU 03BYYHJI CBOIO €MHYIO0 TEOPUIO IIOJIA.
Korzia oie 13 penopTEPOB CIIPOCHII, YTO OH OY/IET I€IaTh, €CTIU €TO TEOPHUS
okaxkercss omwubouHod, IlIpénunrep orBetwn: «f yBepeH, U4TO Ipas.
Eciim s He mpaB, A Oyay BBIIVIAAETh IIOJHBIM WJHOTOM>.
(IIlpénuHrep AeWCTBUTESIHLHO MOYYBCTBOBAJI cebs OCKOpPOJIEHHBIM, KOT/A
AUHIITEHH BEKJIMBO YKa3aJl HA OIIMOKHU B ero reopun). CaMbiMm
APOCTHBIM KPHUTHUKOM BcAKOro o6o0meHus 6pu1 pusuk BoJuab@raHr
IMTaysau'. OH ynpekasn JUHIITENHA, epedpasuposaB bubiuio: «MTak, 9To
Bor passyuns, TOro yesioBek Jja He coyeTaeT». OH 0€3IOoIaHO IPOMUII
JIO0YI0 HeXOpaOOTaHHYI0 TEOPHUI0, OTIyCcKas  A3BUTEJbHbIE
3aMevaHusA: «IATy TEOPUIO HeIb34 Jla’ke Ha3BaTh HEBepHOil». TeM He MeHee,
10 UPOHUM Cy/IbObI Besaumuanmmui ckentuk [laynu cam 3APA3NJICA
BCEOBIIIMM BE3YMWEM. B 50-x rr. oH BMecTre c¢ Bepnepom
leiizeHOeproM mpeaIoKuI COOCTBEHHYIO €/TMHYI0 TEOPHIO oJIA. B 1958 T.
[Taynn npexncraBun eauHyr0 Teopuio I'eiizeHOepra-Ilayium B
Konymbuiickom yauBepcurere. Ha Husbca Bopa, mpucyTcTBOBaBIIETO B
3ajie, OHA He IMpou3Besia ocoboro BreuatyieHus. bop Bctan u ckazan: « Mbl
371ECH, B 33/THUX psAax, yoex/ieHsl, uto Bama reopust 6eaymua. Ho Hammm
MHEHUS Pa3/eJUIUCh B TOM, JOCTATOYHO JIU OHA Oe3ymHa». Teopus
MO/IBEPIJIACh YHUUHKUTEJIbHOU KpUTHKE. [I0CKOJIbKY Bce OUeBUIHBIE
BApHAHTHl €JUHON Teopuu OBLIM JAaBHO PACCMOTPEHBI U OTBEPrHYTHI,
VICTUHHAA e/INHAaA TeOPUs MoJIA JO’KHA OblyIa BBITJIA/IETh COBEPIIEHHO
Heo:xuJaHHO U B kopHe OTVIMYATBHCA OT BCEX npexHUX BepCcHUU.
Teopus I'efizenbepra-Ilaysu 6bL1a MOMPOCTY CAAUMIKOM TPAAUITMOHHOM,
CJIUIIIKOM OOBIYHOM, CJUIIKOM 3JpPaBOii, YTOOBI OKa3aTbhbCHA
uCcTUHHOU. B Tom 3xe romy Ilaysm ObL1 O4YeHb BCTPEBOXKEH, KOT/A
leiizeHOepr 3aMeTUJI B OJHOW M3 PajUoINepesiad, YTO B UX OOIIEd TeopHuu

! Boawsdraar ApHer Ila yam (25 ampensa 1900, Bena — 15 gmexabpsa 1958, ILlopux) —
MIBEHIAPCKUI GU3UK-TEOPETUK, pAbOTaBIINi B 06acTi (GUBHKY BJIEMEHTAPHBIX YACTHUIl U KBAHTOBOM
mexaHuku. Jlaypeat HobeneBckoil mpemun o ¢pusuke 3a 1945 roa.
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HE XBATAET Juuip HEKOTOPBIX TEXHHUYECKHX aerasiedd. Ilaymm
OTIPaBUJI PY3bAM IIHCBMO C IIyCTBIM NPAMOYTOJBHUKOM U IOAIKCHIO
mox HUM: «Takum o0pa3oM s X04y MPOAEMOHCTPUPOBATH MHUPY, UTO
cmocobeH pucoBaTh, Kak TunumaH. Moemy pPHCYHKY He XBaTaeT JIHIIb
TeXHUUYECKUX JeTaJIeH».

MHorrue «HempoBepseMble» TEOPHMH CO BpeMeHEM CTaHOBATCS
npoBepsseMbiMu. Ha  To, 49TOOBI  J0OKa3aTh
CyIIeCTBOBaHUE aTOMOB, peJicKa3aHHbIX
JleMmokpuTOoM, MOTPpebOBAIOCH ABE ThICSAYH JIeT. Eé
B XIX B. ¢usuka Bpojze Jloasura bosbiMmana,
BEPUBIIIETO B aTOMHYIO TEOPHIO, MOTJIM 3aTPaBUTh
HacMepTb, a CErofHA y Hac €eCTb BEJIMKOJIEITHbIE
¢otorpaduu aromoB. OlHAKO KaK CHer Ha TOJIOBY
HEMOHATHO OTKyzAa cBanwica H. Jleamos.
PaccmaTpuBasi ~ B3auUMOJIEMCTBUE  HEIPEPHIBHO
H3MEHSIONIErocs HEOJAHOPO/JIHOI'O
ITPOCTPAHCTBA c marepueii, KoTopasg HMeeT
KOHKDETHBIE CBOMCTBAa M KadecTBa, OH BBOJUT IIOHATHE «KBAaHTOBAHUSI
(pasmeneHus1) MPOCTPAHCTBA IO MATEPUSIM ».

[TomoOHBIN MOAXOA IO3BOJISAET CBECTU Bce NMPUPOAHBbIE SABJIEHUS B
OAHY TAPMOHUMUYHYIO HEITPOTUBOPEUUBYIO CHUCTEMY.
ITO [aéT BO3MOKHOCTh OOBSICHHTh NPUPOOdY Z2paAsuUMauyuUoOHHOZ20,
MAZHUMHOZ20 U JAEKMPUHECKO20 noaell, KaK pPe3yJsbTar
B3aumozieiicteus  ~ HEQ/IHOPO/ITHOT'O  ITPOCTPAHCTBA ¢
HEOOHOPOOHO pacnpedeaéHHoll 6 JdMmom npocmpaHcmaee
mamepueil. ITH TPU THUIA TOJIEH UMEIOT €JUHYI0 NPHUPOAY U o0Iiee
MPOSIBJIEHNE KAXKAOTO W3 HUX. Tak co3faHa equHas Teopus IOJIA, Kak
nepsblil mar Kk «Teopuu Bcero». Vcmonp3ys NpUHIUII HEOJHOPOJAHOCTH,
Huxkosaii JleBamoB mOKasaj €AWHCTBO 3aKOHOB IPHUPOJIBI HA YPOBHE
Maxpo- u mukpoxocmoca. Ilo ero Teopun Haia rjiaHeta 3eMys BO3HUKIIA B
pe3yJIbTaTe IOCIeN0BATEIHHOTO CHHTe3a (PU3WYECKH IUIOTHOM MaTepUH
ceMbi0 (popMaMu IIepBUYHBIX MaTEPUU U IIPe/icTaBsAeT coOO0 1ecTs cdep,
BJIOKEHHBIX OJTHA B JIPYTYIO.

[Tyrém ciusaHusa oOpa3oBaHbI Bce MaTepuasibHble HeOecHbIE Tesla BO
BceX BceseHHBIX: IIJIaHeTHI, 3BE3JBI M TaJaKTHUKH. ACTpPOdU3UKY,
M3yJaroliye IBIKeHUs HeOeCHBIX Tesl, 0OHAPYKWIN: YTOOBI HeOecHbIe Tesla



JBUTAQJIMCh II0 CBOMM  HaOJII0ZaeMbIM
opbuTaM, COIJIACHO 3aKOHaM HeOecHOM
MeXaHHKH, Macca MaTePUU B IIPOCTPAHCTBE
JIoJKHA OBITh B 10 pa3 0oJibllle, YeM OHAa
ectb. JIpyruMu  CJIIOBaMM, W3BECTHAS
COBPEMEHHOH HayKe MaTepusi, KOTOPYIO
MbI MOZKEM «motporaTb pyKamu» C
ITOMOIIIBIO IIATH OpraHoB YyBCTB,
COCTaBJISIET TOJIBKO 10% OT OOIIeld MaccChl
MaTepPUH, a, CKOpee BCEro, ¥ TOro MeHblire. A
ocmaswueca 90% nepeuUMHbIX U
2uOpudHbix mamepuit 60 Bceaennoii,
KaK Nokasslédrom pacHémbvl, Mbl He UOUM, HE CAbIUUM, He
ocasaem.

CoBpemMeHHass OpPTOZOKCAJIbHAs HayKa Has3Baja TaKyl) MAaTepHIO
«témHoun marepuei» (dark matter). 9to nmpusHano odunuanpHO. B
Poccun akagmeMuk BennxoB jaske HEOJHOKPATHO OOBSBISAI 00 3TOM
OTKPBITO Ha BCIO CTPaHY, IPAaKTHYECKU IPU3HAB, YTO aKaJieMuyeckas HayKa
0 «TEMHOU Marepum» HUUero He 3HaeT. Ho 3Haer Hukosaii JleBaios.
Omnupasich Ha pe3yJbTaThl CBOUX HCCIEAOBAaHUM, OH co3zian «I'eHepaTop
IIcu-mosisAs» W3 Tak Ha3bIBAEMOW «TEMHOM MaTepum» WIH, APYTUMU
CJIOBaMHM, U3 IEPBUYHBIX MaTepuil. I'eHepaTop ICHU-IOJSA — 3TO OCOOBIH
«mpubop» ¢ OIIPEAEJEHHBIMU BO3MOKHOCTAMMU 1o
mpeobpa3oBaHUIO MpocTpaHeTBa u MaTepuid! I1pu co3ganuu I'eneparopa He
HCIIOJIB30BAJIOCh HU OJHOTO (u3Myeckoro (B HBIHENTHEM BYJIbrapHO-
MaTepHaJUCTUYECKOM MOHUMaHUM YesioBeka) BelecTBa. Tem He MeHee,
BO3/ielicTByeT 3TOT «I'eHepaTop NCHU-NIOJIA» U Ha QU3NUYECKU IVIOTHYIO
MaTepuio: Kak Ha JKUBYIO, TaK U HEXUBYI. Pe3ysbpTaT ero JelcTBus
IPOSABJIAETC B MaTepwuy, KOTOpas HaM WM3BECTHA M IOHATHA HA YPOBHE
Hammux opraHoB uyBcTB. Co3nanue 3Toro ['eHepaTopa sIBUJIOCH IIpeATeveit
co3maHua I'eHepaTtopa, KOTOPBIM ceromHsa ucrnosib3yercs B Kommiiekce
«CBetJI» u ynpasnserca IIporpammavu «CBetJI», 0 KOTOPBIX MHOTO€
y>Ke HaIllFCaHO U PAcCKa3aHO B 3TOU KHUTE.

MO3KHO CKa3aTh, UTO B paMKax MPOUCTEKAIOIINX TpeoOpa3oBaHui, 1
ocobenHo B Cucreme xu3HeoOecmedyeHus Joaed, I[Ipupoma coszana
AKCTPEMAJIBHBIE YCJ/IOBU S g npoBepku pabotsl «'eHepaTopa
ncu-nosa». V1 oH okasainca BecbMa 3(QQEKTUBHBIM, Kak IIOKa3asa
IIpakTUKa ero mnpuMmeHeHus. OJIHAKO He HYKHO 3a0bIBaTh, YTO IICH-
reHepanus (B monnmanuu H. JleBammosa) oTHocuTessbHO YesioBeka — 3To,
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IIpeXJie BCero, TeHepanus Aji OoOpeTeHus TapMOHUU MCUXUKUA CO BCEMH
BBITEKAIOIINMU IIOCJIE[CTBUAMU OTHOCUTEJIBbHO MoO3ra W OTHOCUTEIBHO
mesTebHOCTH Mo3ra Kak BHYTpH «pybamkm» Tak 1 BHE EE. Uro kacaercs
PACTUTENBHOCTU M XKUBOTHOTO MUpa — INPUHIMII TOT Ke, OJHAKO (PU3UKaA
MpoIlecCOB — HeCKobKO mHasA. Ho onu B3AVMMOYBA3AHDBI. 910 u
mo3Bosisier YesoBeky (IIOATOTOBJIEHHOMY) VIIPaBJIATh IPOIECCAMHU,
IIPOUCTEKAIOIMMU B PACTEHUAX, €CJIN, KOHEUHO, OH JIOCTUT TaKOTI'O YPOBHA
CBOEro pa3BUTUA U TOHUMAET 3TU Iporecchl. Hukosait HeEOJHOKPATHO
obparras Ha 3To 0c000€e BHUMAaHHE.

J1711 TOTO YTOOBI XOTh KaK-TO «IIOJIOUTHU» K TOHATHUIO «Teopuu Beero»,
HY>KHO IIpPeXK/ie YAACHUTD — YTO JKe Takoe Marepus, Kak HeoTbeMyieMas 4acTh
¢usuku Duepruit, Mosra u Kierku. Bosee mUpOKUIl CMBICT, BIIEpBbIE
BJOKeHHBI H. JleBamoBbIM B NOHATHE «MaTepUs», O3HAUYAET, YTO HA
caMOM ziesie mamepusn — amo JdocmamovHo
CAOMHCHOOP2AHU308AHHAA cYOCcMaHyua, B KOTOPOH GU3UYIECKH
IUIOTHAsA, MpUBBIYHAsA JAad Hac Martepusa, 3JAHUMMAET JINIIIb
HE3HAUYUTE/IBHYIO uacte. Ecim ckazarb 0OoJsiee JOCTYIIHO, TO
Marepuss — OOBEKTHBHAs peasbHOCTh, KOTOpasg HE TOJbKO JlaHa HaM B
OLIYIIEHUAX, HO U Ta, KOTOPYIO 4YeJIOBEK He MOXKeT IOCTUYb CBOUMU
opranamMu uyBcTB u mpubopamu. H. JleBamoB cmor OIIPE/IE/INTDH
IIAPAMETPBI stoii JIPYT'OM MATEPUMU, u3y4uTh €6 W Hayduics
HCIOJIb30BaTh B CBOUX IeJAX. DTOMY OH «Hayuwa» U MeHsd. CerogHs d
IIOHMMAIO, YTO 3HAI0, BepHee MOTY IIPUMeHATD, emé aaneko HE BCE, o uém
MHe pacckaspiBasl Hwukosaii, OJHAKO HECOMHEHHYI0 IIOMOIIb B
npakTryeckoM npuMenennr CBOUX 3HAHWM, g kak pas ¥ HAmIEN y
AnexkcaHzapa XaTbsI00Ba B €ro TpyZAaxX U, KOHEYHO Ke, B IOCTOSHHOM
nuasiore ¢ bopucom MaxkoBeiM. BoT Tak, mo Kpymuiiam, coOHUpaoch
IIOHUMaHHe BCero TOrO, YTO CBA3aHO C CO3JaHUEM U IPUMEHeHUeM
IIporpamm «CBet/I». U tpyz stoTr JAJIEKO HE 3SAKOHYEH. 35anue
PEAJIBHOI'O CTPOEHMA marepuu INpUBEJIO MeHA K NOHUMAaHUIO
peasibHOTO ((aKTHYECKOr0) CTPOEHUS 3eMJIM U JIEHCTBYIOIIHMX 3aKOHOB
IIpuponsl. A 3T0, B CBOIO OuYepezb, MO3BOJIUJIO YCIIEIIHO NPUMEHATh 3TU
3HaHUA, U He TOJbKO B co3gaHuu IIporpamm «Cset/I». To, uTOo MHe
yAAJIoCh cAesaaTh, MOXKHO uHTepnperuposars kak CO3JAHUE
COBCTBEHHOM CHUCTEMBI, «ominyamomeicsa» Ot IpeAbIYIIEH,
KoTopas OpLia co3zaHa JleBamoBeIM ¢ MouM y4dactueM. Ho, Kak s yxe
TrOBOPUWJI HEOJTHOKPATHO, Toabko IIporpammammu — 6ojiee HIMPOKUMH B
IIPUMEHEHUU U COOTBETCTBYIOIIMMU CETOJHAIIHUM peatuaM. Bcé, 4ro
cBsa3aHo ¢ [eHEpaTOPOM «TEMHON MaTepPUH» — BCE 3TO CO37JAHO TOJIHKO
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Huxosnaem 1 HE TPEBYET Hukakux KOppeKTyp WJIM H3MeHEHUU.
OTHOCHUTBCA K 3TOMY MOKHO IO-Pa3HOMY — BCE 3aBUCHUT OT IIOHUMaHUS U
«Haymunsi» Moara. Ho B pszie coryaaeB Mo3ar He o0si3aTesieH, ObIBa€eT, YTO U
IIpU BBITaCKMBaHUM rBo3/s u3 rososl Mosr HE ITOBPEXK/IAETCA
(ma>ke ecyix OH €CTh).

Or JleBallloBa, KaKk cO3/AaTeJis MOJO0HOTO0, 1a U OT MEHA TOXKeE,
o6bryHO Tpebyior YMEHUWE OBPUCOBATDH CYTD OykBasIbHO B JBYX
cioBax. Tak BOT, CMBICJI CO3JaHHOTO, Kak moadyépkuBan H. JIleBamios,
3aKjouaeTcs B ToM, 4yTo BcesileHHass — HEOJHOPOJAHA, €€ CBOMCTBA U
kagectBa MEHAIOTCA ot Touku k Touke, 1 MATEPUSA cama mo cebe
tocxke HEO/THOPO/ITHA nake B caMbIX NPUBBIUHBIX JJIsI HAac dopmax.
BzammMmopelicTBie  HEOJHOPOJHOTO  IPOCTPAHCTBA €O  CTOJIb  Ke
HeopHopoaHol Mmatepueit POYK/IAET MHOT'UE ABJIEHUA, kxoTopbie
COBpEMEHHasi HayKa He CIIOCOOHA OOBACHHUTH, a MOXKET JIUIIb OITHCATh,
KOHCTATHUPOBATh, Ia U TO — He Bceraa. OHaKO 3TO He yMaJIsSeT CO3JaHHOTO,
KOTOPOE TPYAUTCA BO 6JIaro U TAET ONTyTUMBbIE PE3YJIHTATHI.

KoneuHo, Teopusi «HeOZHOPOAHOU BcesleHHOM» NMPOTUBOPEUUT
OUHIIITENHY, COTJIACHO KOTOPOMY, IIPOCTPAHCTBO — OHOPOAHO U obJiajziaet
pa3 W HaBcerJa ONpeIeJEHHBIMH CBOHMCTBAMHM M KadectBamu. OHa
MIPOTUBOPEYUT U BBEJIEHHBIM JUHIITEHHOM KOHCTaHTaM, BPOJiE CKOPOCTHU
CBETa, KaK CaMOM BBICOKOUM CKOPOCTHU BO BcesieHHOM.

«Te  ONBITHI, KOTOPBIE
HEOTHOKPATHO MIPOBOJTHJIUCH
YYE€HBIMHU 10 M3MEPEHHIO
hropest. cuna e CKOPOCTU JIBUIKEHUS PA3JTUUHBIX
YacTUIl, OIIPOBEPraiOT TEOPHIO
OUHIITEHA " BIIOJTHE
BIIUCBHIBAIOTCSA B MOU IOCTPOEHUS
0 HeogHOpOZHOM BeenenHoi. Tak,
HaInpuMep, onbIT Bo Dopuze, B
KOTOPOM JIa3€PHBIA JIyd ObLI
MIPOIYIIIEH CKBO3bh HECTAOWIBHYIO
ra3oByl0 Cpeay, /iajl CKOPOCTb, B
300 pas MIPEBBIIAIONILY IO

CKOpPOCTbB CB€Ta...»

A xouy oAUEPKHYTh, UTO Jake ecyu YesioBek 00s1a/1aeT KaKUMU-TO
HEOp/IMHAPHBIMU (OTHOCHUTEIBHO JIIOJIeH) CIOCOOHOCTSIMHU, TJIaBHOE —
PABBUTUE »tux CIIOCOBHOCTEM. fApuaiimuMm mpumepoMm



MPOSIBJIEHUS JTOU TeHJeHINUu sABjaseTcd JudHocTh H.B. JleBamona.
I[Ipuuém (1 5TO TPUHIUIIKAIBLHO Ba)KHO) OH HE TOJBKO U HE CTOJIBKO
obJyiaziayl Ype3BbIYAHHBIMU CIIOCOOHOCTAMH OT POXKJEHHUS, CKOIbKO 6
daavHeltiwem PA3BUJI X CAM, 1iesieHanIpaBjIeHHO HapaluBas CBOM
MOTeHIIMaJl. DTO B COUYETAHUM CO 3HAHUAMH O Hacrosmed I[Ipupoae
(dbusmke) ecTecTBEHHBIX MPOIECCOB MO3BOJIMJIO €My OYKBaJbHO TBOPHUTH
uyzneca. TosbKo caM OH cHOBa U cHOBA noguepkuBa, uro UY/IEC HET, a
ectb IIOHNMAHME + CIIOCOBHOCTM.

Bcé 5T0 mo3BosIAET CO3aTh HEKUU UHCTPYMEHT. DTOT UHCTPYMEHT —
cuaa Mmwbleau, KoTtopas CIocoOHa YIpaBiATh MaTepuell M CBOMCTBAMH
IIpocrpancrsa.

13.2. Teopusa Bcero...

B mporeccax HBIHEINTHErO0 MO3HAHUS IIPOUCXOJUT CepPbE3HeHIas
JIOMKA IIPOLLIBIX CTepeoTHUnoB. Jliogu — Ha NepeJOMHOM 3Tale
(opmupoBaHuA HOBBIX 571eMeHTOB Co3HaHUA. ATO OYE€Hb XOPOIIIO, YTO MBI
HE CTOHMM Ha wMecTe. Y:Ke HET COMHEHHA B TOM, YTO HYyKHA
IPUHIUNINAJIBHO WHAadg TIpylla HOBBIX NapajgurM, TeOpeTUuYeCKUuX
IpeAIonoKeHul, uneil, teopuil. OHU peanbHO nposBsAoTcesa. Ho 3To He
03HAYaeT, YTO MOI00HO0e Oy/IeT BHICTABIATHCA Ha ITyOJIMYHOE CYKIeHNe, KaK
y:ke MHorue XoTaT. TPEBYETCH ené MHOI'O npakTuyecKkux I1aroB 1o
00peTeHHI0 TEXHOJIOTHYECKHUX PEIIEHUH TSI BRIPAXKEHU s I0Ka3aTeIbHON 1
arnpoOMpPOBAHHOM 6a3bI BCEX TEOPETHUYECKUX IMPEAIION0KEHUHN. ITO, B CBOIO
ouepesib, TPEOYET KAKOTO-TO BPEMEHU. YK€ MMEETCS COBEPIIEHHO HOBas
«KoncrpykrusHan Teopusa Beero». B pamxkax HUHM IYC 3asepiiena
teopuss «CucreMHON ®U3MKH» U MHOTOe WHOe U3 obslactu Pusmku
OHepruii. Bcé 5TOo, Kak Bbl IOHUMAETE, CTAJO0 BO3MOXKHBIM TOJIBKO
Beaeacteue Tex KAPJIMHAJIBHBIX I/ISMEHEHI/Ifl, KOTOpbIE
HavaJInCch HA Hamed [anere, u 61arogaps HauneHHeNU e nHGOPMAaIUH,
KoTopasg ImepenaHa Bcem Ham H. JIleBamoBbIiM, A. XaTbhIOOBBIM,
H. Mopo030BBIM U PYTUMU PYCCKUMHU YUEHBIMHU «C OOJIBIION OYKBBI». ITO
U TI03BOJIAET CETO/IHs, HECMOTPS Ha UNHUMBbIE IIPENIOHBI, CO3/jaBaTh HOBbIE
TEXHOJIOTUM W HOBYIO IIapaJluTMy COBPEMEHHOW Hayku. I s He Oymy
OTBeUaTh Ha BOIPOCH: «I'de MOIHCHO O3HAKOMUMBCA», «KO20a
oyoym nyo6aukayuu» u nodooMble. KopoTko — «..II0 Mepe
HEOOXOIUMOCTH B ITyOJIMYHOM OOCYKJIEHUM ».



CeropHsA e JIJIs1 BCEX T€X, KTO BCTaJI HA STOT HOBBIN IIYTD, BackeHn
HEe TOJBbKO IIOMCK OTBETOB OTHOCHTE/JLHO YKa3aHHOW HCTHHBI ITyTEM
y/IOBJIETBOPEHUS HAYYHOTO JII0OOTBITCTBA. HecpaBHEHHO BaKHee TOOUTHCA
IIOATBEPK€HUS PE3yIbTATOB HAOJIIOZEHUN B MIPUMEHEHUH IIPOIIECCOB Ha
MUKPO- U MAaKPOYPOBHAX, IOJY4YEHUS 3KCIEPUMEHTAJIbHBIX Pe3yJIbTaTOB
yepe3 oOpeTaeMble TEXHOJOTHUECKHE BO3MOKHOCTH Y U3BICKAHUS,
mockosibky 310 U ects EJJMHCTBEHHBIN IIVTHh ITO3HAHUA
NCTUHBDBI pna nwoaen. [[yia MeHs 3TO, B MEPBYIO OYepe/lb, BCE TO, UTO
cBsA3aHo ¢ [Iporpammamu «CBeTJI», BO3MOKHOCTAMU UX MPUMEHEHUA — U
HE TOJIbKO OTHOCHUTEJIBHO O37[0POBJIEHUS JIIOZleH, HO U TapMOHUYHOTO
BIUAHUA uUX Ha camy llpupoany B pamkax wusmeHeHuss CHCTeMBbl
JKuszneobecrieueHusi. ATO TOJIHLKO HAYasIO AJUHHOTO IyTH. M s yBepeH, 4To
Yurarenu meHsa noHuMarwT. Ho B Hauasne storo mytu ciaenyetr BBIPASUTD
CAM IIYTDh, T.e. HaAy4yHOE IIPEATIOJIOKEHE 000 BCEM COTBOPEHHOM H3BHE
1 ero IMpakTUYeCKU IPOJIEMOHCTPUPOBATh — B TAPMOHUU C OKPYKaIoIei
IIpupomoii, kak aToro xoresa H. JleBaros. ATuM ceryac s 1 3aHUMAIOCh.

«Konempyxmuenas meopuss Bcezo» — ecmv, HO OHa B
HACTOsIIllee BpeMs B IIOJIHOM CBOEM 3aBEPIIEHHOM BHJE IO Pa3HBIM
IIpUYMHAM HE MOJKET OBITh JOCTyITHA KakjoMmy. EcTh emé jgocraToyHoe
KOJIMUECTBO «IKEJIAIOIUX» TOKCIIEPUMEHTUPOBATh, 1 B OCHOBHOM IOYEMY-
TO B PaMKaX YHUUTOKeHuA U Yenoseka, u Bcero xkusoro. Ho HE HY2KHO
JleJiaTh M3 3TOTO TOBOJ /IJIA OTOPUYEHUM WU JIa3elKy ]Il OompaBAaHUU
camomy cebe orHOcuTeTbHO BE3SCMBIC/IEHHO ITPOZKMUBAEMOI'O u
IIPO€e/IaeMOT0 BpEMEHU U CBOEH KU3HU, KaK 3TO BUTHO U3 MIPUXOAIIAX MHE
nrceM. ECTh 10CTaTOUHOE KOJIMYECTBO OTKPBITHIX PAOOT, KOTOPBIE HYKHO U
M0JIE3HO U3Yy4UTh (elé pa3 MOBTOPIOCH — IIPU BCEM MOEM YBaKEHUH K
Hacaenuio H. JleBamosa u A. Xarteioosa) wiu ECTh CMBICJI xots Obl
nozHakoMutbca. PASMBIIIIJIEHUA B BY/IYIIITEM BPEMEHMU - 510
Xopoliiasg TpeHUpPoBKa Moara. ITo 1axe JIydiiie, 4eM IIPOCTO MOJIYUYUTh Cpasy
BCE B TOTOBOM BH/IE U, <«BBIy4uB», Hampumep, «HeomHOpOIHYIO
Bcesaennyro» JleBamoBa (mpekpacHass paboTa, MHOTO€ OTKPBIBAIOIAsi),
«IIPUHOCUTbH I0JIb3Y», Hecd e€ B Macchl. Tak — HUYEI'O HE PABOTAET
u paborats He OyzeT. Bo3pmute, Hanpumep, Ha caiite HUM IIYC pabotsl
Jlyauaa. OHU OTKDPBITHI, HUKY/Ia HE CIIPATAHbI, aBTOP OOZIp ¥ MPOJOIKAET
TPYAUThCs. BCE uM co3panHoe, 1e1ecoo0pa3Ho BHUMATEIbHO U3y4YnuTh. He
HY>KHO, KOHEUHO, HUleaTM3NPOBaTh. HaX0AUTHCs BCET/Ia HYKHO, KaK ITHCAT
Hwukonaii, He BHyTpU TeopuH, a Bblllle, BHe e€. Torga BCE U CIOKUTCA B
COOTBETCTBUHU C PEAIBHOCTHIO, a HE C UbHMM-TO IIPEJICTABJIEHUSIM O HEH.
Koneuno, aTo 6yzaet Bai B3 u Baiie mo3HaHue, HO y Hero 0y/ieT BEpHBIN



BEKTOP, OIIpe/leJIEHHBIA He KeM-TO WJIM 4eM-To, a cTpeMmsieHueM I[lo3HaTh
uctuny. f, k npumepy, Hukorga HE COBMEIIIAJI nadopMmanuio n3 KHUT
JleBamoBa m nHOpManuio U3 KHUT XarpiOoBa. f udepenoBas e€, U BCE
mmosiydasaoch. BoT, Hampumep, Kak (GopMUpPYyeTCA BeIeCTBO BOOOIIE BO
Bcenennoii? Crpocute KOTO-HUOY/Ib M3 CBOMIX 3HAKOMBIX, CBSI3aHHBIX C
«COBpEeMEHHOW» HaykKou. OKakeTcs UTO OHU IIOYEMY-TO He 3a7]aBajiiCh
stuM BompocoM. Hy a ecau B Poccuiickoil AkajieMuu HayK 3TOT BOIIPOC
3aJ1aTh, TAM Y MHOTHX U3 KPYIJIbIX IJ1a3a KBaJ[PAaTHBIMU CTAHOBATCS.

— A pasBe OHO KOTZIa-TO (POPMHUPOBAIOCH? IATO K€ HOPMAJIbHO U
ecTecTBeHHO. «bax!» 1 0HO mosABUIIOCH!..

— HET, «pebsara!» Brer co cBoummu «baxamu» B «Komumccuu 1o
JDKeHayKe» pasbumpaiiTech, a A Bam 3amaro mamorckuil, Ha Bam B3rian,
BOIIPOC: «BEIIECTBO BO BecesleHHO Kak 00pa30Bajioch? »

OTtBeT ObLT mpocToi: «Ciymiai, a 3aueM Tebe 3To HykHO0?» Ho, uTo
XapaKTEePHO, — IeHbl Ha HEJIBUKUMOCTh OHH 3HAIOT...

BoT BaMm u 1epBbI cTyIop cpasy. I[lepBbIii BOIpoc, HA KOTOPHIM He
MOTYT OTBETUTh. JHAUUT, (U3NKA UCTUHHA TOI/Ia, KOI/Jla OHA OOBSACHAET U
710 MacITabHOM MEPHOCTH aTOMapHOM, U iajiee — TO eCTh BCE. BoT cmoTpute
— YestoBeK JIe?KUT HA CMEPTHOM OJIpe, Y KOTOPOTO «MaTepus, JaHHAsA eMy B
omymeHuax». Ero He crtaso. OH HUYEro He OILIYIIAET, U TOT/la MAaTEPUU —
HeT? Tak o kakoul ¢usuke UAET peub? BoT Teneps Ha 3TOM (PoHe OTBETa
ouenutre Tpyn H. JleBamoBa «HeomHopoaHaa BcesieHHasaA» U Jpyrue
ero Tpyxpl. Bor Tak, mo kpymuiam, B caMOM cebe HYKHO CKJIaJbIBaTh
«Tteopuio Becero».

Ha mamux pecypcax myOJUKYIOTCA MaTepUaIbI
B.C. /IeonoBaz2, Ha MO B3IJIA/], TAJIAHTIUBOTO YUEHOTO
1 wusobperaresns, MOeEro Apyra, ¢ KOTOPbIM
IMO3HAKOMUJICA B 2004 TOAY.

Onu nybsnukyioress HE KAK HEITPEJIOZKHAA
NCTUHA, xoTOopyi0 HOCTUT U HU3JI0KUI ABTOp. OHHM
MyOJIMKYIOTCST 1A Bac, 4roObl Mo3ry ObUIO Ha UYEM
TPEHUPOBATHCS, — 9TO BO-NIEPBBIX. A BO-BTOPBIX —
yToObl ObL1a BO3MOXKHOCTH yBHUAEeTh PEAJIBHYIO KAPTUHY
IMPOUCXOOAIIIEI'O, He OrpaHMYMBAsACH paMKaMH Yero-To OJIHOTO,
HanpuMep, pamkamu Tpyzos H. Jlepamosa wiu A. Xatsibosa. [TociiencTBust

2 Baagumup CeméHoBu4 JIeOHOB — pycCcKHI Y4€HBIH, jaypeaT IpeMmuu IIpaBuTesnbcTBa
Poccun, cozgaBmnii pyHaaMeHTaIbHyI0 Teopuio CynepoOobe AnHEeHH.
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KEAPKOHMM TaGmiwa 2
Hy/1eBoil CHVIB WTHICCKHIT 3JIeMeHT
Tabmer MeHaeeesa

Keapkonmii - Q]

Pan pynna 0
0 +2e :
r waca -2e a
0 Qn 0,000 +1g p
” -1g *
KsapxoHuii H

Puc. 1. Ipaduueckoe npeacTaBaeHne CHMBOAUYECKOr O
HyAeBOro anemenTa Tabauup Menpeneesa Keapkonua Q; B
BU/IE 3HEePreTMUeCKOro KpecTa M3 KBapKoB B COCTAaBe KBAHTOHA

10I00HOTO BBI HAOJIIOTA€TE CAaMH, 32 IPUMEPAMH JAJIEKO XOAUTDH HE HYKHO.
CooTHecuTe BCE, yTO M3JI0KeHO B Tpyzax H. Jlepamosa, ¢ TeM, 4TO W,
OCOBEHHO, KAK «zaér» Bragumup Ceménosuy. OOpaTute BHUMaHHE
Ha caMy €ero TeOpHI0 U Ha BOIUIOIIEHHE €€ B PeajIbHbIX WHIKEHEPHBIX
KOHCTPYKIIMAX W TIPe/JIaTaeMbIX UM IIPOEKTaX. ABTOp BCE Hammcasl
INPEJAEJIBHO IIOHATHO maa J000ro, KTO BHHMATEJIbHO U
HEIIPE/IB3ATO OTHOCUTCS K IyOJIMKYEMbBIM Ha HAIIMX CAUTaX MaTepuajiaM.
Tosipko OyHTapCTBO, KakK JIIOOUT roBopuTh b. MakoB, ciieyeT ocTaBUTH 32
IpefieJlaMy CBOUMX CYXK/IEHUHM U OOCYKJEHHH MPOYUTAHHOTO y JII0OOTO
aBTOPA, [Ipe/ICTaBUBIIETO Ha cy/1 YuTaresis CBOU TPy/I.

Hyxno coxpanars YBAKUWTEJ/JIDHOE OTHOIIEHWUWE, a
BBICKA3bIBAsICh, €CJIM TaKOe HMEET MeCcTO ObITh, OCHOBBIBATHCA Ha
W3JI0’KEHHOM B IyOJIMKYEMBIX MaTepUasIaX, d He AUYHOU Npus3Hu, Aubo
Henpus3Hu. HyXHO OBITh KpaiiHe KOPPEKTHBIMU C TaKUMH JIIOJAbMHU,
KOTOpble «HampArawoT» Baml Moar. JIeoHoB — TajiaHT/IuB. OH MHOTO 4ero
M300pEJT U JTarKe TaKue BEIld, O KOTOPBIX OH €Ill€ U caM He JOTaIbIBAETCA —
OHU y)Ke UM «Hu300peTeHbI». [lapamokc? He mapajsiokc, a coBpeMeHHas
JIeCTBUTENIBHOCTh. B  COBpEMEHHOU JE€UCTBUTEJBHOCTH HET TaKOU
MupooOpa3symIell MUKpouacTuiibl, Kak kBanToH. E€ HE CYIIIECTBYET!
3HauuT, U TO, YTO MeH/IesieeB MpUyMasl HEKWH HYyJI€eBOU 3JIEMEHT, —
ompeniesieHHOe JiykaBcTBO. OH ero He nipuaymai, o IIPOCTO OCTABIJI
ITYCTYIO KJIETOYKY, nosaras (o ero 3anuckaM), 4To JOJIXKHO OBITh
Kakoe-mo geauxoe «HuU4Ymo». Y 1jis 5TOro BeJIMKOTO « HUUTO» KaK Havasa
HayaJl OH OCTaBUWJI MecCTO. 3aciykeHHoe. OH Torzia He noHuMas u HE JIE3
B 3THU TOHKOCTU. HO UTO-TO e€ro MHTYUTHUBHO 3aCTaBUJIO OCTAaBUTH 3TO
CBOOOJTHOE MECTO. ATO ITIOTOM y3Ke IMPUTYMAIN — «HY.1e80U dnemerm». HET
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HYJIEBOT'O 3JIEMEHTA. Ecrs HYJ/IEBOE IIOJJIOKEHWUE.
IToaodceHue Hudce, HeM AMOMAPHBLIL YPOBEHb. A BeCh aTOMapHbBIH
YPOBEHb TPAAUIIMOHHO HAYMHAETCS C BOZOPO/IA, XOTA U HE HYXKHO C HEro
HAYUHATh.

3aKOHBI TPUPOABI OJVWHAKOBBI B KOCMOCE U B MUKPOMHpE U C
U3MeHeHueM MacITaboB OcTalTcAd HeM3MeHHBIMU. Ecin 3Be3ma MoKeT
pas3zaBuUTh cebs 10 COCTOSAHUS YEPHOU ABIPHI, TOT/IA MIOYEMY K€ aTOM He
MOJKET Pa3/IaBUTh ce0s CBOUM COOCTBEHHBIM TATOTEHHEM /10 0Opa30BaHUA
MHUKPOABIPKU?.. UTO HM3MeHUTCs, ecau aToMoB Oyzer MHOTo? Ha mHe
MapuraHCKOU BIIQ/INHBI JlaBJieHHe BOJIbl OIPOMHO, HO IJIOTHOCTb €€ Tam
IIPAKTUYECKHU TaKasd ke, KaK B yalke Jas. Y 6y/ip oHa Ty1y0Ke pas B JIeCATH,
HU4Yero ObI He U3MEHWIOCh. BCE, YTO yTOHET B yalllKe 4as, yTOHET U B CaMOM
JIyDOKOM MeCTe OKeaHa.

Urto kacaerca PYH/IAMEHTAJIbBHBIX KOHCTAHT, To HUKakue
OHU He (PyH/IaMEeHTaTbHbIE, TO OOBIUHBIE ITOJITOHOYHBIE KOA(PDUIIHEHTHI,
CYIIECTBYIOIIE TOJBKO B MaTeMaruke. IIpuposa, B oOTMuue OT
MaTeMaTHKOB, IPEKPACHO 00xoauTcsa 6e3 Hux. PaHTacTUUECKUE pacCKasbl,
Jla’ke HallMCaHHbIe CTPOTUM A3BIKOM MaTeMaTU4ecKUx (popmyJi, BCE paBHO
ocTaHyTcs (PaHTACTUKOU, HECMOTPS Ha UX o0mtre. B 00bIYHOM A3BIKE TOXKE
Macca pyHaMeHTIbHBIX KOHCTAaHT. Hanpumep, cj10BO — KBaJjpaT Wiy Map.
dynnameHTasIbHAA KOHCTAHTA — I1ap, OH U B Adpuke map, 1 Ha UykoTke.
Bcerpia KpyTJiblii...

IIVMIAHETAPHAA MO/JIEJIb ATOMA, UcnoJb3yemMas
cOBpeMeHHO! Gu3ukon, xumued (tabsurma MeHzeneeBa) U JAPYTUMH
obslacTAMU 3HAHUHM IUBHIN30BaHHOrO uyesioBeuectBa, HE OBJIA/IAET
TOU MOJTHOTOU Ipe/ICTaBJIeHUH, KOTOPbIe HEOOXOTMMO ITPUBECTH.

Hcmonp3yem CTaHZAPTHYIO TabIuIy (cm. dusnueckas

SHITUKJIONEIUA):
En. usm IIpoTtoH AJIEKTPOH HetiTpon

Macca KT 6,8557572%1073¢| 9,038487%10-3 1,66057%10727
(moxos) ’ ’ ’
3apsaz Kn 1,9876643%*10712| -1,6021892*1079 | +9,6131352%10719
Juamerp M 1,0167247%1071° | 6,63655765%101¢| 3,5056054%104
Y. ckopocTtb %101 *y 16 %114
- pazm/cek | 1,7615874*10 2,0376561%10 2,7806786%10

Hcxona w3 Tabaunbl, BBIYMCIMM HEKOTOpble HeIOCTalolue
IapamMeTphl:
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O6béM, yaenpHBIM Bec (WM IUIOTHOCTH), JIMHEWHYIO CKOPOCTh Ha
IIOBEPXHOCTU U HEKOTOPHIE JIONOJTHUTEIbHBIE IapAMETPBL.

1. AJIEKTPOH. V,=4/31R3=4/31(6,63655765-10716/2)3=
153,0478511613-1048 M3.

Py1-9,038487:1031/153,0478511613-10748=
5,905660831848-10'5kr/M3=590.566.083.184.800 Kr/m3
(T.e. 0oJs1€€ 500 THICAY TOHH Ha CM3).

2. IIporoHn.
Vup=0,550311698625-1048 m3.

Py,=6,8557572:103%/0,550311698625-10748=
12.457.833.160.330 Kr/ms.

3. HeuTrpoHn.

Vn=22,55733087546-10742 M3.

Py,=1,66057-1027/22,55733087546-10°42 M3=
73.615.535.861.400 Kr/ms.

JInHenHbIE CKOPOCTH Ha IMOBEPXHOCTH COOTBETCTBYHOIIIEIrO
JJIEMEHTAa aroMa:

Ex. 3m. JIvHelHasg CKOPOCTh
AJIEKTPOH M/ceK 384,8341158813
IIpoToH M/ceK 353,5389849197
He#iTpoH M/CceK 192,4170556521

Tak kxak IJJIEKTPOH BPAIIIAETCA BOKPYI' nporona, u
bopoBckuil  paguyc paBeH  5,20177-10" M, U3  COOTHOIIEHU:A
g=v2/2h nosyunm g=8,50377:102° Mm/cexk=.

JIJ11 OIlEHKH BO3MOXKHOCTEN KCIIOJIb30BAHUS B HAPOJHOM XO3SIUCTBE
TaKMX KOJIOCCAJIBHBIX VAEJIbHBIX IUJIOTHOCTEH, KOTOPBHIMU 00JIafaloT
HEKOTOpble  3JIEMEHTHl aTOMa, PpAaCCMOTPUM WX DHEpPreTUYecKue
XapaKTEPUCTUKH C YIETOM TOUHOCTH IIPE/ICTABJIEHUS] UCXOAHBIX KOHCTAHT,
TO €CTb JIOIIAMHOM CHUJIBI:

1JI.C. (JIomaauHas cuia) = 746 (745.7) BaTT. MOKHO B3ATh 3HaAUEHHE
745,85+0.15, Tak Kak II0OKa He BBISCHEHO, YeM aHIVIMHCKas JIOIIAJh
OTJINYAJIach OT aMEPHUKAHCKOL.

1 BaTT =1 oK =1/9,81 KIM/cek, Wiu 1 KrM/cek =9,81 i3k =9,81 BartT.
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JlanHbIE cBeAEéM B Tao6 Uy (A/1A JaIbHEUIIero mo3HaHusA U
NMPUMEHEeHUA):

En. u3m | JIuneitHas CKOpOCTh JIomaiuHBIX CUJI

IJNEKTPOH |M/ceK | 384,8341158813 3478,31815355 45,74954895263
IIpoton |m/cek |353,5389849197
HeliTpoH |M/cek |192,4170556521

YTO KACAETCA TPUTUA — o6 5TOM MHOTHE CIPAIINBAIOT B
CBSI3U C TeM, UTO CUUTAIOT — IUTH-TO CKOPO OyzieT Heuero. Korya oH Bc€ ke
rcue3HeT? XOpOIIUi BOIpoc B pamkax «Tteopum Bcero». HUKOI'/IA! O
KaKOM TPUTHU UJIET peub? B KocMoce OoJiee 24 MJTH. BUAOB TPUTUA. Bbl
0 kakoM? U TOJIbKO OZIVH TPUTUH UCIIOJIb3YeTCA /11 POPMUPOBAHUSA BOJIbI.
Eciim umeercs B BBUAY TPUTHUH, KOTOPBIM IPHUMEHWIN 30pbI, TO OH
JINKBUJUPYETCS. A BOT «HAII TPUTHUH» YyKe Hayas popMupoBartbes. Juis
aroro u Kocmoc He Tpebyetcs. OH, 3TOT «HAIl TPUTUI», HY>KEH B IIPOIIECCE
BOCCO3JAHMUA IPYT'X sHepronHGOPMAIMOHHBIX COCTOSHUU BOJIBI.
9TO OYEeHb JJIUTEJIBHBIN Iporecc. XOPOIIIO, eCJIU IIOJIHOE BOCCTAHOBJIEHHE
BO/BI 3aKOHUMTCS 3a MepPexo/iHbIi nmepuoy. Ho 6e3 Tputus mpecHas Bojaa
BbITb HE MOZKET. U1 He HY>KHO CYUTATh, UYTO STOT IIPOLIECC TPOUCTEKAET
TaK — OIUH yOupaeM, BTOPOTO MOJIMEeINBAaeM. DTO He MaJI€HasA BOJIKA, — TaK
He MOJIy4UTCA. TO COBEPIIEHHO JpyTHe Ipollecchl. A JIeJIUTh Cero/iHA Ha
MEPTBYI0 U JKHUBYIO BOJY, KaKk 9TO JIeJIAIOT «3HATOKU IIOTYCTOPOHHEM
Marum», — 3TO y HUX U 32 JIeHbI'H. XJIeOHYJI TAKOU JOPOTON MEPTBOH U TYT
JKe IeII€BOM »KWUBOUM — U BCE HOPMaIbHO. «...IloOexasi coBEpIIIEHHO
3JI0POBEHBKAM», — TOBOpAT OHHU. JTO0 Bam He or «CBer/la», 310 — OT
«Kocmocar.

OcHoBHas Oefla COBpeMEHHOU HAayKH, Ha MOH B3IJISAZ, B OUE€Hb Y3KOM
creruann3anuu. Kak B aHekZoTe 0 JIBYX Y3KUX CHEIIUAJIUCTaX: OJUH 3HAJ
TOJIBKO OOJITHI, IPYTOM — TOJIBKO TaWKH, U HU ouH u3 HUuX Tak 1 HE CMOT
MIOHATHh MEXaHU3M y/Iep:KUBaHUs 00JITOBBIM COETUHEHUEM IBYX Keye3sK. f
JlyMar0, YTO OCHOBHOE JOJKHO OBITh y:ke mnoHATHbIM. VICTHMHHASA
O®U3BUKA OBBACHAET BCE - 8 macwmabe meprocmu om
doamomapHoii. Ecin ¢pusuka MCTUHHA, TO JJIs €€ IMOHUMAaHHsA HUKAKue
¢bopMynbl U peNATUBUCTCKUE NPUEMBI He MOTpeOyIoTcA, U JieJIeHUusA Ha
(pr3uKy ONTHUeCKyI0 WIH KBAaHTOBYI0 (HU3UKY HE HYKHO, U Y3KOHU
crenuaan3aly, Ha KOTOPOM IOCTpOeHa BCs OTMHpalas HaykKa, TOXKe.
Yoparp Bcé 3T0 — 1 HE HYKHO BY/AET «mpupaymbiBaTb» HOBBIHA
JIBUTaTeb, KOTOPBIA SKOHOMHUYHEEe BO CKOJIBKO-TO pa3 JBUTaTeJisd
BHYTPEHHETO CropaHus) JUOO0 WHOTO, JBUTAIOIIETO, TOJIKAIOIIETO,
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repepabaThIBAIOIIETO UTO-HUOY/Ib M OCTABJIAIOINIETO OT 3TOTO EIIE€ YTO-TO B
BHUjle cauu. Bcé 310 paszHooOpasue B JIIOOOM CBOEM BOIUIOIIEHHUH — HE
OoJsiee, uYeM CpEJICTBO i oObeclieueHUs IMPUHIUNA IepeMelleHus
POJCTBEHHUKOB JlapBHHA, BEPTUKAJIbHO BEIIAIONINX O YEM-HHUOYAb JIPYT
apyry. BYJAET IIO3HAHA WCTUHA o rpasurauun - HE
OCTAHETCHA HayoO6HOCTH B JIBUTATEJIAX U MTOJI00HOM 6e300pasuu. Takue
«OTKPBITHSA» OyAyT He BOCTpeOOBAHBI, KaK U COIYTCTBYIOIIIUHA UM BO3TJIAC
«dBpHKa», B IIEPEBOZIe C sI3bIKa OPHUTHMHAJIA, O3HAYAIOIUN BOBCE HE
«Hamén». CJIOBO «3BpUKa» (HAX0/IKa) 03HAYAET TO, UTO «MAK Yxc Ovieaem,
maxk yxc evlxodum — KMo-mo mepsem, KMoO-mo Haxooumr», T.e.
HaiieHHbId npeaMeT IIEPEXO/INT oT 0fHOTO «X03sUHA» K Zipyromy. Tak
YTO TMPOCJEAUTh PeaslbHOe 3HAYeHHE W CyTh HAIIMCAHHOTO B CBETE YiKe
IIOBHAHHOI'O BAMMU! - He TpyAHO.

TEOPUA BCEI'O yxe «1aBHO» co3aaHa. OHa JIe:KUT Ha BUAY Y BCEX.
Hy’XHO TOJBKO BCE, YTO OTKpbLIA HayKa, 00e0UHUMb 8 J02UvecKU
Henpomueopeuusyl cucmemy U1 CcJIeTKa IOJNPaBUTh Marammapar. A
MaTeMaTHKaM HY>KHO IIOMHUTD, UTO 8 Pea1bHOCMU HeAb351, TOMHONMCUS MPU
COCHbL Ha MUAAUOH, NOAYHUMDb COCHOBYI0 pOWY... XOTs B MaTeMaTHUKe — 3TO
3ampocro. Cefiuac cebe u JOaaM He HYKHO Mo3sru siomats. OHM U Tak
cioMaHbl. HyXHO HAaYMHATH YUHUTH, a JJI 3TOTO €CTh HHCTPYMEHT,
KOTOpBIH co3zaBasics ¢ yuetoMm «Teopuu Beero». 9mo Komnaexc «CeemJI»
u Ilpoepammut «CeemJI»

13.3. Cpeaa nBu:xeHusn co cropoHsl IIporpamMmm
«CBet/I»

IlestecooOpa3HO paccMOTPETh CpeNly ABMIKEHUsS C Pa3HBIX TOYEK
3peHusT — KJacCU4YecKou (U3WKU, Kak 0ojiee WIN MeHee ITOHSITHOE
(B3auMoOIeiicTBIE MacC M HEKUX TPAaBUTAIMOHHBIX TOJIeH) U (U3HKHU,
YUUTHIBAIOIIE OHepPreTHYeckrue OCOOEHHOCTH Cpefbl OTHOCHTEIBHO
ycsoBuil pabotel IIporpamm «CBet/I». Bcé 5TO HYyKHO CKJIaZIBIBAThH B
KOMWJIKY COOCTBEHHOTO IOHHMMaHHUS W CTpeMJyIeHHs ImomacTh B baHio,
HaXO/ISICh B cpede 08UNHCEHUA 68 ITMOM HANPABACHUU.

3aKkoHBI KJIaccuuecKou (UK

ITox cpemoit naBumkeHusa moHumaerca ITPOCTPAHCTBEHHASA
CPE/IA, B KOTOpPOU MPOUCXOAUT ABUKeHUe Macc. OCHOBHBIM 3aKOHOM, 110

15



KOTOPOMY I€peJIBUTAIOTCSI MAacChl B MPOCTPAHCTBEHHOU CpeJie, ABJISETCS
3akoH HploTOHA:

P:mng (1)
C apyroii CTOPOHBI, UCIIOJIB3YeTCA 3aKOH HbhI0TOHA /7151 Mace:
mqm
F — k . g . %, (2)

rle g — YCKOPEHHE CHJIbl TSKECTH, WM YCKOPEeHHe CBOOOJIHOTO
nasienus (M/cek2). Yepe3 koapdunment Kk ycraHOBIEHBI 3aBUCHMOCTH
CBOBO/JIHOI'O ABUKEHUA kak B atmocdepe, Tak u B Kocmoce.
CorslacHO COBpEMEHHBIM ITPEJCTABJIEHUAM W TEPMHUHOJIOTUH, B 1-M H 2-M
3akoHaxXx HbIOTOHA IO/ TEJIOM CJIelyeT MMOHUMATh MaTepUaIbHYI0 TOUKY, a
1107 JBW)KEHUEM — JIBMDKEHHE OTHOCUTEIbHO WHEPIHAJIBHOU CHUCTEMBI
oTcuéta. MaremaTudyeckoe BBIpAKEHHE 2-TO 3aKOHA B KJIACCHUYECKOU
MeXaHUuKe UMeeT BU/I;

d(mv)dt=F, (3)
TO €CTb IBIIKEHUE NPOUCX00UM 60 8peMEeHU.

Kcratuy, 5TajloH BpeMeHU OIpeiesIeH Kak Kojle0aHUsA aToMa Le3Us U,
kak MOZKHO YKAS3ATD, K KOHKPETHOMY /JBWKEHHUIO HHKAaKOIO
OTHOLIIEHUs HE UMEIOILETO.

CorslacHO 3aKOHY BCEMHUPHOTO TATOTeHUSA (HEpeJIATUBUCTCKAsS
MexaHHKa), 3akoH (2) omuceiBaer YHHUBEPCAJIBHOE CBOIMCTBO
MaTepPUU CO3/1aBaTh FPABUTAIMOHHOE I10JIE U UCIIBITHIBATh Ha cebe JeUCTBUA
TrPaBUTAI[MOHHBIX MOJIEH.

B paMkax HbIOTOHOBCKOT'O 3aKOHA (2) rpaBHUTAI[IOHHOE I10JI€ MOKET
OBITh OIIKMCAHO C MOMOIIBIO CKAJIIPHOTO ITOTEHIHAIA @, IIpu 3ToM cuia F,
JIEHCTBYIOIAA Ha IMTPOOHYIO0 YacTUILy Macchl M, paBHa:

F=-grad ¢ (4)
[ToTeHnMAas ¢ yOBIETBOPAET yca0B1Io Ilyaccona:
Ap=47nGy, (5)

I7le | — IVIOTHOCTh Mace UCTOUHHMKA TPABUTAIIMOHHOTO TI0JIS;
A= 8%/0x* + 8% /dy* + 8% /0z* — oneparop Jlamnaca.

I'paBUTaninOHHOE TOJIE, CO3/IaBaeEMOE IE€HTPATbHO-CUMMETPUIHBIM
pacnpeznenenuem mace, BHE 9TOTI'O PACIIPEAE/IEHWA cosnazaer ¢
II0JIeM TOYEYHOM Macchl, paBHOW TMOJIHOH Macce M oObekTa u
PacroJIoKeHHOH B IleHTpe CUMMeTPHU:
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o= (©)

r

[Tockobky cuna F, gmedicTByromass Ha  npobOHOe  TeJo,
IIPOMOPIIMOHAJIBHO €ro Macce, TO IIpHoOpeTaeMoe TeJIOM YCKOpPeHHe
3aBUCHT JIUIIH OT TPABUTAIIMOHHOTO TIOTEHITHAIIA:

a=-grado, (7)

TO ecTb Teaa  paznuudHod  maccel  JIBUXKYTCA B
I'PABUTAIIMOHHOM IIOJIE 1o OAWHAKOBBIM TPAEKTOPUAM IIPHU
COBIAIeHNHY HAYaJIbHBIX YCI0BUM. Takum 00pa3oM, 3TOT BHIBOJ] O PABEHCTBE
MHEPTHOU W  TpPaBUTAIMOHHBIX MacC C  BBICOKOM  TOUYHOCTBIO
IIOATBEPKAEHHBIM  3JKCIEpUMEHTAJIbHO, JIEXKWT B OCHOBe U
PeasmueucmcKoi3 TeOpuu TATOTEHUS.

3aKOH BCEMHUDPHOTO TATOTEHUSI B KOHTeKcTe 00medl Teopuu
OTHOCUTEJIBHOCTH CJIeJlyeT IIOHMMAaTh KakK CBOMCTBO YHUBEPCAJIBHOCTH
rPaBUTAIMOHHOTO B3aMMOJIEUCTBU S, BhIpAKalolleecs B TOM, YTO KOHCTAHTA
B3aUMO/IeHiCTBUA IPABUTALIMOHHOTIO II0JIA €O BceMU (PU3UIECKUMU MOJIIMU
(BKJTIOUAS U TPABUTAIIMOHHOE) OZ[HA U Ta JK€. DTO MPUBOAUT K BO3MOKHOCTH
IIOJTHOM TeOMeTpU3allui TEOpUH, B KOTOPOH JielicTBUe IPaBUTAIlMOHHOTO
nonga DGAKTHUYECKUN 3AMEHAETCHA Bo3zelicTBUEM TIeoMeTpUU
npocmpancmea-epeMeHu Ha MaTepulo, a pOJib T'PaBUTALIMOHHOTO
MOTEHIIMIAJIa  BBIINOJHAIOT  KOMIIOHEHTBI ~ METPUYECKOTO0  TEeH30pa
COOTBETCTBYIOIIIETO NCE800OPUMAHOBA4 NPOCMPAHCMEA-8PEMEHU.

Bo MHoOrux kHUTax BBl MOXKETE€ HAUTU BBIPAKEHUA: «BPEMS»,
«IIPOCTPAHCTBO», «HWHEPTHAasA Macca», «TPaBUTALlMOHHOE  MOJe»,
«TPaBUTALIMOHHBIN  TOTEHIUAN», «CUMMeTpus». Kak  yka3bpIBaer
coBpeMmeHHass Teopus, 3Tu noHATuss HE CBA3AHDBI mexay cobour u
MIPOU3BOATCSA MOMBITKN B3aUMOYBS3aTh BCE IIyTEM BKCIIEPUMEHTA.

PaccMOTpuM BeJTUUHUHY g — YCKOPEHHE CBOOOTHOTO Ma/IeHUs.

3 PenatuBu 3m (0T nar. relativus — OTHOCHTEIBHBIH) — METOJOJOTMYECKHH MPHHIIHII,
cocTosnuil B MeTabu3nIeckoi abCoMI0TH3aINK OTHOCUTEIFHOCTH U YCJIOBHOCTH CO/IEPIKAHUS TO3HAHMUS.
PesraTUBH3M [OPOUCXOAWT U3 OJHOCTOPOHHETO TOAYEPKUBAHUS IMOCTOSHHOW HM3MEHUYHBOCTH
JIEUCTBUTEIFHOCTH W OTPHUIAHUS OTHOCHTEIBHOU YCTOMYMBOCTU Beled u siBjieHWH. @akT pasBUTHS
[I0O3HAHWSA, B XOJZle KOTOPOTO IPEOZOJIEBAETCA JIIOOOH JOCTUTHYTHIH YPOBEHb 3HAHWSA, DEJIATHBUCTHI
paccMaTpHUBAIOT KaK J0KA3aTeJIbCTBO €r0 HEUCTHHHOCTH, CYO'beKTUBHOCTH, YTO IPUBOJUT K OTPHUIIAHUIO
OOBEKTUBHOCTH  MO3HAHUs BooOIme. PenATHBUCTCKAs MeXaHHKA — paszzaen  (Qusuky,
paccMaTpHUBAIOIINI 3aKOHBI MEXaHUKH (3aKOHBI IBUKEHUS TeJT U YACTHUIL) IIPU CKOPOCTSIX, CPABHIUMBIX CO
CKOPOCTBIO CcBeTa. IIpH CKOPOCTAX 3HAUYMTEIBHO MEHBIINX CKOPOCTU CBETA IIEPEXO/UT B KJIACCUYECKYIO
(HPIOTOHOBCKYIO) MEXaHUKY.

4 CoGCTBEHHO IICEBIOPUMAHOB METPUYECKUI TeH30p (11 nHAeHDUHUTHAA METPHUKA),
xorza (opma He ABAETCSA 3HAKOONpPeEAEJIEHHOU. MHOroobpasue ¢ BBIZIEJIEHHBIM IICEBIOPUMAHOBBIM
MeTPHYECKUM TEH30POM HasbIBaeTcs (COOCTBEHHO) ICEBAOPHUMAaHOBBIM.
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M3BeCTHO, UTO €€ 3HAUEHUS B PA3JTUUHBIX TOUKAX 3EMJIH OTJIUYAIOTCS,
U eCJIM Ha BKBaTope g=9,7805 M/cek2, To Ha IoJIIoce — MPUMepPHO 9,83
M/ceKz2.

To, YTO OTCYTCTBYIOT JAHHBIE IO g, TOBOPHUT O TOM, UTO T/[e-TO 3/IECh,
KOHEYHO, cobaka He 3aphITa, HO XBOCT TOpPYHT. BoT mnpumep wus
®PU3NIECKON IHIUKIONEINUH, TOM 3 CTP. 520: «[lageHue Tem — 310
JIBIKEHHE TeJI IPU OTCYTCTBUH Y HUX HAUAJIbHOU CKOPOCTH, 00YCJIOBJIEHHOE
pUTsKeHneM 3eMutd. Ecitu majieHue Tesl OCyIecTBIIsAETCS ¢ HeOOIbIIIOH 10
CPaBHEHUIO C PAZINyCOM 3€MJIM BBICOTHI, TO JAEUCTBYIOIIYIO HA TEJIO CHJILY
TSIXKECTH, IIPEICTABJISIONIYI0 COO0OH CyMMY CHJIBI MHEPITUH (YUUTHIBAIOIIEN B
IIepBOM NPHUOJIMKEHUH BJIMSHHE BpallleHus1 3eMJIM), MOKHO Ha JaHHOU
reorpaduuecKoun IITUPOTE CUHTATh IIOCTOSTHHOH. IIpu STUX
IIPEITIOJIOKEHUSAX JBUJKEHHE Tesa Oy/leT MPOUCXOAUTh IOJA JeUCTBUEM
IIOCTOSTHHOU CHJIBI TSI?KECTHU U IEPEMEHHOU CHJIbI COIPOTHUBJIEHUS CPEIbI
(Bo3myxa myiu BO/ibl). B HEKOTOPBIX CTydastX COMPOTUBJIEHHUEM CPEIbI MOKHO
IpeHebpeyb; MPU BTOM MPENOJ0KEHUN [BIKEHHE Tejla Ha3bIBAETCs
CBOOOJIHBIM TaJIeHUEM U HpeACTaBisgeT cobol MIpsAMOJIMHEHHOe
PAaBHOMEPHO YCKOPEHHOE IIOCTyIIaTeJIbHOe  JBIKeHue. DopMyJibl
CBOOOJTHOTO TaJIeHUsI XapaKTEPHBI TEM, YTO OHHU HE CO/IEPIKAT KaKUX-JIHOO
K03(pPUIINEHTOB, 3aBUCAIIIUX OT MACChI TesIa U €er0 POPMBI.

B mpakTurKke nmpeHeOperarTs AeHCTBUEM COITPOTUBIIEHUS CPE/IbI HEJTb3 4.
Ecyin mpuHATD, YTO IJIaBHBIN BEKTOP CUJI COIPOTUBJIEHUS

R=Kk-S-v2, (8)

I7le U — CKOPOCTh IIEHTpa Macc Tesa, S — IUIONAAb HAuOOJbIIEro
IIONIEPEYHOT0 CEeUeHUs Teja IUIOCKOCThIO, TEPHEeHJUKYJIAPHON K
HaIpaBJIEHUIO CKOPOCTH, U U k — YHCIIeHHBIN KO3 DUITUEHT, 3aBUCAIINN OT
dopMBI Tesa W IUIOTHOCTH CPEeAbI, TO JJI CKOPOCTH IIEHTPAa Macc B
3aBUCHUMOCTHU OT IPONIEHHOTO UM PaCCTOSHUS

v=a-/1-exp(-2gh/a?), (9)

rae a = ,/P/kS) (10)

C Bo3pacranueM h mazeHue crpeMuTcs K a (mpezfebHas CKOPOCTh
MaJIeHus).

YuuThIBaTh MOXKHO cMellleHre K BocToky (cunbl Kopuosuca):

y=%-w-g-t3-cosq), (11)
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r7ie ¢ — MIUPOTa, ® — YTJIOBAsi CKOPOCTh BpaleHus 3eMJiu, u t — BpeMs
nageHusd, u k O0ry:

x= %- w? - g-t* sinpcose (12)

[Tpu y4ére cuibl IPUTKEHUA, KOTOpas 00paTHO MPOIOPIIMOHAIbHA
KBaJ[paTy pACCTOSIHUSA OT IIeHTpa 3€eMJIM, /JII CKOPOCTH CBOOOIZHOTO
naJIeHus:

2gh

(170, [0y (13)

(1+T R

ho — BbIcOTa MageHus, R — paauyc 3emiu...» HE BOJIBIIIE u HE
MEHBIIIE. 910 npubIU3uUTEIbHO U3 TOU Ke «OIEePhI» KOT/Ia HEKOTOPBIE
«3Hatokn» KHUr H. JleBamioBa ¢ TIIOJHBIM «OCO3HAaHHEM Jeja»
paccKka3bIBAIOT U PACCYKAAIOT B CBOUX «TPy/laX» O FPaBUTAIH, BCE BpeMs
ccbLnasich Ha JleBamosa, naxke HE ITOHAB o uéMm ke oH mucas.

OCHOBHBIE COOTHOIIEHUS 5 CIEMUATbHO yKa3aJ TOJBKO JUIS TOTO,
uytobbl ckazaTh, uro HE CYIIIECTBYET kaxux-au6o npasua,
e3aumoyeasviearwjux merp (Iamorh, ApA U T.JA.), Maccy,
CKOpOCTh, BpeMms, mpoctpancreo B O/IHO IIEJIOE. Bpogsarcsa
MOHATHSA «TPABUTAIIMOHHBINA IOTEHIHA» 0e3 3HaYeHUs IOTEHIHAaIa,
«TpaBUTAIIIOHHOE I10JIe» Oe3 orpezesieHus u T.1. KpoMe Toro, B IBUXKEHUH
y4acTByeT BpeMs, BBIUHCAsIeMOe TI0 (QUKTUBHOMY OJTaJIOHY U K
IIPOCTPAHCTBY OTHOIIIEHUS HE UMEIOIEMY. DTO BCE s ITHIITY TaK IOAPOOHO B
TOM YHCJIE U JJIsl TAK Ha3bIBAEMBIX «3HATOKOB», KOTOPbIE CChLIAIOTCS Ha TO,
YTO 5 COKPBIBAIO pacuérnl oTHOcUTeIbHO IIporpamm «CBetJI», 1 3TO UM
HE IIO3BOJIAET ObiTh OOBEKTUBHBIMU B OIIEHKE HE TOJBKO
Bo3moxkHOCcTU IIporpamm, Ho u camux IIporpamMm Kak TakoBbIX. Ho ecTh
y»Ke MHOTO JIIoZled, Y KOTOPBIX BCE, UTO f MUIIY B 3TOM KHUTE, BbI3BIBAET
OOJIBITION MHTEpPEC UMEHHO B BOIpPOCAxX IMO3HAHWA. VIMEHHO /Ui HUX f U
Jlato:

OCHOBHblEe NOHAMUA U 6bl800bL hu3uku, yuumslearoweil
aHepzemuueckue ocob6eHHocmu cpedbl, Komopuie cmaau
docmynHul 6aazodapa mpydam A. Xamwloosa.

1. Peaknusa — nu3aMeHeHue CBOMCTBA aTOMaA.

2. Bpewmsa — mpoxoxkeHHe peakIny IpU ajbben0 paBHOM HYJIIO.
BpeMs kaxkmo¥ peakiuyu WHAWBU/TyaJIbHO.

3. Ainp0eno — cymMMa DSHEPreTHYEeCKHX 3aTpPaT M BBIXOJHOM
MOIIIHOCTH PeaKIIHH.
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4.  IIpocTpancTBO — Mepa BpeMeHU MPOX0K/IeHUS PEaKITU.

5. OkraBa 4YacToTHasA — PpAa3HOCTb MEXAy JIByMs CMeKHBIMHU
YaCcTOTaMHU MYJILCUPYIOIIUX 3aPs/IOB.

6. lpobsieHue oKTaBbl — (OPMHUPOBAHHE MATPHUIBI YACTOT OT
21.000000 10 97.875875 (¢ marom 2) mo 64 4YacTOThl B KaxKIOM
auanasoHe (s 3emiin).

7. TakToBasg 4yacrota — 56 OKTaBa MArHUTHOTO HMILyJIbCA C
eITUHUYHBIM 3JIeKTPUYECKUM IOTEHIIUATIOM.

8. Hecymaa yacrota — W3 MaTpUIlbl YaCTOT C 3JE€KTPUYECKUM
IIOTEHIIUATIOM.

9. [I'paBuTanuoHHOEe TMOJie — peaKIUU aTOMOB IPU JBUKEHUU
BOJIHBI C YaCTOTAMH U3 JUANa30HA, YKa3aHHOTO B 11.6.

[IpencraBbTe, YTO BBl CMOTPUTE KUHODUIBM O JBUKEHUU KapETHI.
CkopocTh CMEHBI KaJ[pOB — 24 KajJpa B ceKyHAY (ycjioBHasi) — TaKTOBas
yacrora. [Ipy HECOBITA/IEHWU BpaieHus Kojeca ¢ TAKTOM BaM OyzieT
Ka3aThCsA, UTO KoJjleca KPYTATCSA B OOpPaTHYIO CTOPOHY, XOTS KapeTa eJleT
IIPAMO. HNmenHo TOT00HBIH addekT u OBPA3YET
I'PABUTAIIMOHHOE IIOJIE. Ecau epasumayuoHHas vacmoma
onepelcaem makmosslil UMNYAbC, Mbl UMeeM OmmankusaHue
(conpomueaeHue), 8 NPOMUBHOM cayuae — NpuMsIceHUe.

Ucxonss HE 13 modeau amoma bopa, u HE YIVIYBJIAACDH B
CTPYKTYPy aToMa U WIPOUCXOJSIINX TaM peaKIui, OCTaHOBUMCS Ha
BHEITHUX CBA3AX aTOMa. JTO — KOHKPETHBbIE TPAaBUTALIMIOHHBIE YACTOTHI
(moryT OBITh W MATHUTHBIE, HO 37eCb OHU HE PacCMaTPUBAIOTCA) C
KOHKPETHBIM 3JIEKTPUYECKUM ITIOTEHIIUAJIOM. Jloboi
MaTepUAIbHBIN O0BEKT (KUPIINY, IIApOBas MOJIHUA) UMeem ceoiicmea
KaK UHEPUUOHHOIU, MAaK U HEUHEPYUOHHOI MACCHL:

M HepIHOHHASA Macca NMEET AJIEKTPUYECKUH
ITIOTEHITMAJI, HeOOXOIUMBIA TOJIBKO JJISI CBS3H QTOMHBIX CTPYKTYP.
IIpeBblllieHNe 3HA4YEeHUA JJIEKTPUUECKOTO IOTEHI[MaJa NPUBOAUT K
MOSBJIEHUIO HEMHEPIITMOHHOW MAacCChl, U €CJIM 3HAUYeHUE SJIEKTPUUYECKOTO
MOTEHIMAJIa MPEBOCXOAUT HEKOTOPOE KPUTUYECKOE 3HAUEeHHE, TO BCA Macca
crasosurcas HEMHEPITMOHHOM.

Kaxkmass macca — 3T0 HaOOp U3 JIeCATKOB THICSY YaCTOT CBSI3H aTOMHBIX
CTPYKTYP, ¥ KOK|asl U3 9TUX YACTOT MOKET UMETh PEAKITUIO C OKPY’KaIoIIen
cpefoii. Ata cpesia AyiA 3eMJId — BECh «HAaOOp» I'PaBUTAIIMOHHBIX YaCTOT,
9JIEKTPUYECKUX ¥ MArHUTHBIX YacCTOT, IIOTEHI[MAJIOB JTHUX YacToT,
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coueraHus «Habopa». Hacth «HabOpa» HAXOAUTCS B aTMocdepe, CBA3bIBAS
CTPYKTYPBI Pa3JIMYHBbIX Ta30B (M 0Opasdys WX) B OJHO Iesioe. B cBsA3U ¢
peaKkIusAMU B aTOMe€ IPOUBBOJUTCA CYNEPHO3UIIUA YACTOT MacCChl C

OKPY>KaIoIIeH cpesiou.
Bo3MOKHBI ciieyIonyie BApUAHTHI:

a) Uuepnmonnasa wmacca TEPAET IIOTEHIIUAJI. Iloreps
MUHHUMAaJIbHOTO IMOTEHIIMaJa CBSA3U MPUBOAUT K PACCHIIAaHUIO Macchl Ha
aTOMBI.

0) HuepuumoHHasa macca HabupaeT moreHnuasa (1Mo Bcel macce).
IIpu 1mepexozie dYepe3 KPUTHYECKYH0D TOYKYy HHEPIIMOHHAA Macca
npespamjaercas B HEMHEPIIMOHHYIO (Hanpumep, KupOud — B
IIIaPOBYI0 MOJIHHIO) C OTPOMHBIM 3JIEKTPUYECKUM MOTeHnHaioM. M 3to
COBCEM He IIyTKa.

B) HMHepumonHasa Macca TepseT U HaOHUpaeT MOTEHIHAJIbI He 110
Bcell macce. IIpoucxoauT m3MeHEHHE CBOUMCTB Macchl, €€ KauecTBa —
YACTDb MACCHI UCUYE3AET, ocraBmiasica — MeHsET CTPYKTYpy (eciu
B3SITh aHAJIOTHIO — Tabsuiy MeHzeieeBa, TO >Keje30 IIPEBpAIlaeTcs B
cBuHeIl), 4yactb Maccel mnepexoaur B HEMHEPIIMOHHYIO, u npu
BO3paCTaHUU 3JIEKTPUUYECKUX MOTEHIIMAJIOB HA OKTaBaxX BhIIIE 23 Macca
CTAHOBUTCA HEBUJIMMOM cymecTyiomeii HHCTPYMeHTaJIbHON
Oaze.

r) HEMWHEPIIMOHHASA wmacca Tepser noreHuuaa. Ilo mepe

IOoTEpH MOTEHIajJa Macca CcHadajJa CTAaHOBUTCA HHEPIMOHHOM,

TPAHCMYTHPYSICh 10 mepe

W3MEeHEeHUsA MIOTEHI[HAJIOB u R

paspyllleHHus CBs3ei, W 3areM — i

IpeBpalaercsa B aTOMBI.

(BecmomauM IIpo Tex, KTO [ u

IJIaHUpOBal cOUTH BouHr Hap . -

Cunaem - OCTaJINCh ogHu |

caHaaInn). e B el 1*2:;:?::“3&"“
n) HEWHEPIIMOHHASA

Macca Habupaer moTeHuai. B stom Q’

ciydae IIPOUCXOUT

<<H};I)GKJIIO‘ICHI/IG» OKTaBI,) TO €CTb MMB \1 -

Ha0Op BJIEKTPUYECKOrO IIOTeHMana |

IPOM3BOAMTCA Ha 0ojiee BBICOKUX [ ] '

4JacCToTax.

21




Cynepno3uyus — 3mMoO u cAOY¥CeHue, U @blMuUMaHue
nomeHyua106, 6 3ABUCUMOCMU OM 3ZHAKA nomeHyuaaa,
0KMaesvl 801HBL U 3HAUEHUIl Hecywux uacmom macc. Hanpumep,
MeTeopUT U 3eMJis MOTYyT HUMeTh pasHble Hecyllue 4acToTbl. Eciu B
ZIBUTAIOIIENCS Macce UMEIOTCSA YaCTOThI, KOTOPBIX HET B CPeJie, HAllpuMep,
YacToTel 91,450250, 91,450375, 91,450625, 91,450750, 91,450875 OKTaB
rPaBUTAIMOHHBIX YACTOT, TO YACTOTHI HA 3THUX OKTAaBax 00pa3yioT «IIap»
YacTOT U CJIy’KaT HHAUKATOPOM Macchl (3JIEKTPUYECKU MTOTEHI[UAT YaCTOT
— COTJIACHO KBAaZ[paTy PACCTOSHUS).

V3BecTHBI ciyyau, Korjia YesoBek wu30eraer CTOJIKHOBEHUS C
nazawomuM npeamerom, HE BU/IA ET'O. Mo3r YesroBeka, moiydyuB
HAa YKa3aHHOW OKTaBe HAapPacTAIOUIUHA  JJIEKTPUYECKHN
NMOTEeHIIUAJI, YyCIIeBaeT /JaTh
_ KOMaHAy WCHOJHUTEIbHBIM
| opraHam (pyxmn, HOTH)
uszoexxarThb BCTPEYH. 3to
pUMeHeHO BO Bcex Kommiekcax
(mocutensax I'eneparopa) «CeetJI»
_ kak IIporpamma 3AIIIUTDI
. IIOJIB3OBATEJIA, xoTopyio B

CBOE BpeMsI «paszpaboTan»
H. JleBamioB u 0 KOTOPOU HaIIHCAT
B CBOUX KHUTaX. Mo3sr
ITosnp30BaTena IIOJIy4aeT
HapacTamIun HOTEHIHAJ
uMeHHO oT Komiuiekca ¢ sToi
IIporpamMmmoii, KOTOopas
. IPUCYTCTBYET BO BCEX

BapuanTtax «Cser/I». Kcrarmu, armochepa  He  uUMeeT
TPaBUTAIIMOHHBIX YACTOT BRICOKUX OKTaB — 3TO CBOMCTBA aTOMOB
KPEMHHUEBBIX CTPYKTYP (cBaA3m jutus). Hanomuio, yro JIVUIIIA A
«IIJTAT®OPMA» misi T'eHepaTropa — IUlaTHHA, KpeMHHUH U cepebpo.
JIBI>KeHre HEeOOXOIMMO PacCMaTpHUBATh TOJIBKO JJIs TEX MAaccC, KOTOpbIE
MOTYT HapyllIaTh peaKIuu aToMa.

Macca, HE MMEIOIIIAA YacTOoT, OpUCYTCTBYIOIIIUX B Cpelie, K
JIBUDKEHUIO OTHOIIIEHUsI HE UMeeT. ITO MOKET ObITh KaK MHEpPTHasl, TaK U
HeWHePTHAasA Macca.

Cuta, oOpasyrorasics Ipu JBUKEHUH, PaBHA:
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F:'Fp+Fs, (15)
rae Fp — JHEPreTUYECKOE COIIPOTUBJIEHUE CPEDBI;
F; — sHepreTUuyecKHi 3amac Macchl.

Ecim cynmepno3unuss 4acTOT IPOUCXOAUT ¢ OOpaTHBIM 3HAKOM, MO
conpomueaeHue cpedsvl omcymcemaeyem.

Kaxkmass macca o0sajiaer s1eKTpUYecKHUM TMoTeHmuasiom E s
Ka)XJ0H YacTOThl, HAIpaBJEeHUsIMU peaknuid (HeobXOAUMO TOUYHO
YUUTBHIBATh 3HAK, IO3TOMY U HUCIOJIB3YEeTCA 32-3HAKOBasA ajreopa).
ITHU Ke CBOMCTBAa UMEET U CPeJla, II03TOMY HEJIb3sl OTPhIBATh MACCy OT TOU
cpenbl, B KOTOPOH IIPOUCXOAUT [BI:KeHHe. M3 aHepzemuueckoz2o
daaaHca Maccoul MOMCHO  6bléecmu  2pasuUMAayUOHHYIO
KOHCIMAaHmMy Maccsbl, a u3 dHepzemuuecko2o oOaaaMmca cpeowt,
CO0OMeEemcmeeHHo, — 2PasumMayuUoOHHYy KOHCMaHmMy cpeowl.
Ilepeceuenue 3Ttux kKoHcranT cmbicsia HE WMMEET, nostomy u
copMuUpoBaHbI OTJINUMSA OT KjIaccuueckor pusmku. OCHOBHOE OTIUYHE —
A1000e JswiiceHuUe paccmampueaemaes om amomda u om peaxkuyuil,
68 HEM NPOX0JAWUX, U 3ameM NepeHoCcUMces Ha cpedy € Yuémom
epemeHu u npocmpancmea peaxyuit. 'enepatop Kommuiekca
«CBertJI», Tak ke kKak 1 MOp@oJI0TuAS5, IpeAycMaTpruBaeT 36 BApUaHTOB
peobpa3oBaHUs OTHOU (DOPMBI, U KAXK/I0€ TaKOe MPeoOpa30BaHUE MOKET
MMETh MECTO IIPHU IIePeXO/ie OT AaTOMHBIX PEAKINU K CYTIEPIIO3UITUSAM YaCTOT
BHeITHUX cBs3eil. CoBpeMeHHass (U3HUKa paccCMaTpPUBAET HA0OOPOT — OT
KOHKPETHOTO MAaTepUaJbHOTO TeJia, II03TOMY W HE€ MOXKeT OBITh
63aUMOY8A3KU Napamempos.

B macrosmee Bpems u3 armochepbl, KaK U3 CPEeJbl, y/IaJeHbI
HEKOTOpPBIE CTPYKTYpHI ra3oB. CpenHee AaBjieHHe aTMocdepbl HECKOJIBKO
CHU3WJIOCh, HO TapI[UaJIbHbIE JIABJIEHUSI OCTABIIUXCSA Ta30B yBEJIMYEHBI U
5TO 3HAYUT, YTO U3MEHHUJICS DJIEKTPHUUECKUH MOTEHIIHAJ IPAaBUTAIITOHHBIX
YacToT, CBA3BIBAIOIIKIX aTMOocdepy B OAHY cpeay. FI3aMeHeHUsT KOCHYJIUCH He
TOJIBKO MaJIbIX OKTaB. HaxkoIUleHWe IIOTeHIIMAJIOB IIPUBEJIO K
repepacIipe/ie/IeHHI0 UX Ha 00Jiee BRICOKHE OKTaBHI (710 97), U AaJIbHEHIIee
U3MeHEeHUe CBOMCTB aTMOChePhI MOKET PE3KO U3MEHUTDh COCTOSTHHE CPE/TBI.

5 Mopdosiorus n3yyaer Kak BHeIIHee cTpoeHue (hopmy, CTPYKTYPY, IIBeT, 00pasIibl) OpraHu3Ma
WIN €r0 COCTAaBHBIX YacTel, TAK ¥ BHYTPEHHEE CTPOEHHE KUBOTO opranu3ma ( MopdoJIoTus YeJI0BeKa).
[Mogpasaensercs Ha HapyXHYI MOP(OJOruio (Wi 5HI0HOMHIO) ¥ BHYTPEHHIO MOPGOJIOTHIO (WIn
aHatoMui0). Mopdosiorusa oTindaercst OT (PU3MOJIOTHY TEM, UTO MOCAEIHAA U3yJaeT B MIEPBYIO OUEPEb
(QYHKIIMOHUPOBaHUE OPTaHU3Ma.
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13.4. ITo/11 1 BOJIHBI

MaraurTHoOe 1IoJie

BazoBoe MarHuTHOe moie — 64 okrasa. HECYIIIEM YACTOTBI
HET. O6pasyercs npu (GOPMHUPOBAHUU IMPOTOHHOU MOBEPXHOCTH aTOMa
(amTaToma).

0O003HaUeHUA TIOJICH:

- JJ11 aToMa — M+,
- JJIg aHTHaroma — M+,
PacnosiokeHue 1oJjiell — cOrJIacHO

PHCYHKY.
3aMeTuM, 4YTO B KJIACCHYECKOM

IpeacraBJI€HUN OAHO u3 oJief
IIPUHHUMAETCA 3a 3JIEKTPHUYECKOE I10JIe.

IIpu spawjeHuu noaetl
Bpauietne nons — ot «+» k «—» npoucxodum cymmuposaHue
amMnaumyo, 8 umoze  noayuaem
/_\_/_\ «KUWKY»:
CkopocTtb pacnpocTpaHeHUus
\/—\/ MAarHUTHBIX M1OJIeN
V=300.000 KM/CeK.
®DOH MarHUTHLIX nonen M \‘Bpameuue
’ , CoOCTBEHHO MAarHWUTHBIE  IIOJIA
w pas3ziessioTess HA TPU  Pa3IMYHBIX

KoMOMHaAnuu. B CTPyKType aTOMOB MAarHUTHBIE MOJISA (POPMHUPYIOTCS
BOZIOPOIHBIMU OJIOKAMH C YETHBIM YHCJIOM aTOMOB.

Kasxnoe uz TPEX T'PYIIII marautabix IIQJIEN mMeet co6eTBEHHOE
HazHauYeHHe.

Tak kak Bce Tpu rpynmbl (GOPMHUPYIOTCSA HAa BOJOPOAHOM OJIOKe,
HOABJIAIOTCA Hecyll[he YacTOTHI.

Bomoponnas | O6o3Ha- | bazoBasi| ®on
Hecymasa IIpumeyanue
rpynmna YeHHe | OKTaBa |TPYyHIIb
H, M, 56 26 30 «OpICTpEE» B 4 pasa
Hs Mse 53 25 28 «HAIIe» IoJIe
Hs Ms 50 24 26 «MeJJIeHHee» B 4 pasa
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®. lIkpynues «CeetrJIbiii Benuk» H. JleBamosa B «barnuom [lesie» A. Xatei6oBa u TpynoBast Jlonara

CKOpPOCTh PaCIIpPOCTPAHEHHS «HAIIET0» MATHUTHOT'O IOJIsA COCTABJISET
MPUMEPHO 300.000 KM/ CeK.

MarauTHbI€ MOJIA ].Iperﬁ OCHOBBI UME€IOT APpYrue CKOpocCTu.

OkKTaBbl HecyLen

32 33 34 35 36 37 38 39 40 41 42
Yron rpynnsi atomos (1)

OTMeTHM, YTO MarHUTHOE 110JIe, 00pa30BaHHOE BO/IOPO/IHOM TPYIIIION
¢ 8 aromamu, OTCTAET OT 371eKTpHUYECKOro 0151, 00pa30BaHHOIO TOH 3Ke
IPYIIION, IPUMEPHO Ha 10 YacOB «HaIllero» BpeMeHHU.

% OT HOPMBI
120

100
80
60
40

20

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Yac cyTok
CyTouHbI€ KOJIEOaHUA MAarHUTHOTO IOJIA,

00pa3oBaHHOTO BOJOPOHON Irpynmnou u3 8 atoMmoB
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Yac cyrok | IIponent ot | Yac cyrok | IIponent or| Yac cyrok | IIpomeHT oT
HOPMBI HOPMBI HOPMBI
00 100 08 100 16 114
01 100 09 100 17 110
02 80 10 100 18 106
03 75 11 100 19 100
04 70 12 100 20 100
05 80 13 100 21 100
06 90 14 102 22 100
07 100 15 106 23 100

BoJsiee 90 % cmepTe MpOouCXOIUT B IIEPHUOJ € 2 A0 7 yTpa.

[Ipu n3MeHeHUN MarHUTHOTO I10Jis1, 00Pa30BaHHOTO I'PYIIIION aTOMOB
u3 8 aTOMOB, IIPOUCXOUT U3MEHEHHE U BJIEKTPUYECKOTO IOJIs 3TOU Ke
TPYIIBI C 33/Iep>KKOM MPUMEPHO Ha 10 YacoB.

QJIeKTpI/I‘IeCKOC I10Jie

CoBpeMeHHOU HayKe AJIEKTPUYECKOE ITOJIE
HEMN3BECTHO. 3a sjekTpuuecKkoe 1moJjie B HayKe IIPUHUMAETCs OJTHO U3
MarHUTHBIX IIOJIE, a CKOPOCTh PACHPOCTPAHEHUS MPUMIHCHIBAETCS
COOCTBEHHO JJIEKTPUYECKOTO IIOJIsA, OTCIO/la U Ha3BaHUE — IAEKMPO-
MaZHUmMMoOe noae.

bazoBas okTaBa ajieKTpuueckoro moJsa — 67. Yacrora — B 8 pa3s
OOJIBIIIE YACTOTHI MATHUTHOTO 10JIA. Pa3nensaercd Ha E+ u E-.

CTpykTypa MOJisi aHaJOTHYHA MarHUTHOMY. POH 3JIEKTPUYECKOTO
IIOJISI AHAJIOTMYEH MArHUTHOMY (Ta K€ «KHIIKa»), HO OTJAEJIbHO OHM HE
CYIIECTBYIOT — BJJIEKTpUUYEeCKoe Tiojie (BOJIHA) HAXOAHWTCS BHYTPH
MAarHUTHOTO 110151 (BOJTHBI), 00pa3ysl CJIOKHYIO KOJ1e0aTeIbHYIO CHCTEMY.

i Anextpuyeckoe Tmosie  GOPMHUDPYET  BpeMs,
KOTOpO€  SIBJISIETCS  TAaKTOM  JKHU3HH  CHCTEMBI.
Paznensercsa 3 BpemeHH :

Ve M - ta — Bpems1 60Jiee BLICOKOU IIUBUJIH3AIINH;
\ - t, — Bpems CoJTHEYHOU CHUCTEMBI;
- tc — Bpemda «KaTaKJIM3MOB».
ATHU TPU BPEMEHU UMEKT CBOU IPOCTPAHCTBA U

CBA3b MEXKY COOOM.
OO0111ee TPOCTPAaHCTBO — 8-MePHO.

Tak ke, KaKk 1 MarHUTHOE II0JIe, BJIEKTPHUUECKOe I10JIe 00pa30BaHO
TPEMSA PASHBIMMU BomopOAHBIMHY OJIOKAMU.
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Bonoponnas | diektpuueckas | bazopas om | PasHOCTS Hpumeuanue
rpymnmna rpynmna OKTaBa
H, E, 62 26 36 «OBICTpee» B 16 pas
He Ee 57 25 32 «Halla» CKOPOCTh
«MeJIJIeHHee» B 16
Hs Es 52 24 28 paa

CKOpOCTh  pacIpOCTPAHEHHUsA BJIEKTPUYECKOTO TIOJSI COCTaBJIsAET
npuMepHO V=240.000 KM/CeK.

CoOTBETCTBEHHO U3MEHSIOTCH CKOPOCTH He Y «HAIITUX» MOJIEH.

JImammazoH oxBaTa BPEMECHH CHUCTEM

Bpemsa | Okrasbl [Ipumeuanue
t 36-34 Ha rpanu (34 oxraBa) B3aMMHO IPOBATMBAIOTCA BO
BpeMEeHU KaK 13 Halllel, TaK U U3 JIPYyTOU CUCTEMBI
t» 34-30 | BydepHas cucrtema BpeMeHH — 3TO MBI
te 30-28 | Paspyuienue

N3 O6ydepHOI cUCTEMBI MOXKHO YUTH Kak B 00Jjiee BBICOKYIO, TaK U B
0oJiee HUBKYIO.

OkTaBa

A

36\

35

N37.2

34

33

32

31

30

29

8
32 33 34 35 36 37 38 39 40 41

42 Yron M
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% OT HOPMBI

600
400
200
Yac cyTok
0
00 02 08 12 14 20 22
-200
-400
-600
CYTO‘IHbIe KoJ1e0aHuAa JICKTPHUYIECKOIO 110141,
00pa3oBaHHOIO IPYIIION U3 8 aTOMOB
Yac cyTok % OT HOPMBI Yac cyTok % OT HOPMBI
00 0 12 +200
02 0 14 +500
04 -200 16 0
06 -500 18 0
08 0 20 0
10 0 22 0
OmpuuyameavHble «OPOCKU» HAKANAUBAWOMCA 6 30HaX
pasaomos, 2udponaomuH, mecmopodixcoeHuit (u m.0d.) u
IMPUBOJAT K 3EMJIETPACEHUWUAM, usMeHEeHUAM CTPYKTYD,

HaBOJHEHUAM U IIpOYEMY.

OrMmeTuM OTJEJIbHBIE 0COOEHHOCTHU AJIA SJIEKTPUYECKUX IoJIeH.

MosnHus, 3JIEKTpUYEeCKUll CBET — 32 OKTaBa.

[[TapoBasa mosiHUA — 36 OKTaBAa.

W3yydyeHue 3JIeKTPUUYECKOro I0JisA, OOpa3oBaHHOe TIpynmoil u3 8
aTOMOB, PACIIPE/IEJIEHO IO SKCIIOHEHTE OT IEHTPa 3e€MJIM U COCTaBJIAET C
23.06.95 16.000 kv/xB.M nosepxtuoctu. Ha 15.11.95 — 20.000 kv/kB.M
noBepxHOCTU. «IIOATIOpP» 3TOTO MO — BesA 3eMJIsA, POPBIB — B CJIAOBIX

TOYKax.

I'paBuTAanIOHHOE ITOJIE

I'paButanimonHoe tosie coBpemenHoit Hayke HEM3BECTHO.
«I'paBuToHBI» K rpaBuTanmoHHoMy nosiro OTHOIIMEHW A HE MMEIOT.
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CymectByeT (OH TrpaBUTAIMOHHOTO I0Jisi. ba3oBwii oH B arome — 72
oKkTaBa. Pazjesnsaerca Ha OJIOKUTEJIBHOE U OTPULIATEILHOE.

HpI/I CyIeCTBOBAHUHU BOAOPOAHBIX aTOMOB IIOABJIACTCA HECyIlaAd
qacTorTa.

CKOpOCTB pacnpoCTpaHeHus IPABUTALIMOHHOTO I1OJIA:

V=0,2:1024 KM/ CeK.

Bopoponnas T'pasuTanus bazosasa ®on | Heeymas e T—
rpyuima OKTaBa

H, Gy 62 | 26| g6 | Vemmuer®io

Hs Gs 52 o4 8 <<6OJII>;I;§» B 16

I'paBuTaniuonHOE rnoJie MOZKET CYIIIECTBOBATD
OTAEJIBHO, HO IpW HaJUYUM MAarHUTHBIX U BJIEKTPUUYECKUX IIOJIEN
ABJISIETCA CTEep>KHEM: BHEIIHAA 000JI0UKA «KHUIIKW» — MarHUTHOE IIOJIe,
BHYTPH — 3JIEKTPUUYECKOE [10JIe, ¥ BHYTPU — I'PAaBUTALIMOHHOE II0JIE.

OTMeTI/IM, YTO OKTaBbI I'PABUTAIIMOHHOI'O K1

" .
M BJIEKTPUYECKOTO TOJIed COBMAIAIOT, a BEKTOPBI
la \ IIPOTUBOIIOJIOKHBI.
5 .8 DJIEKTPUYECKOE  [0JIe  IIEPEXOAUT B
=

\ YE- rpaBUTAallMOHHOE 1 HaO60pOT.

IIpu poctmkennu u3 Oydepa yriia HaKJI0HA
BeKTOpa B 37,2 rpagyca MOIYT HU3MeHUTbHCA
IapaMeTpbl 00BEKTA.

To ke — Ipu JOCTUKEHUU YIJa B 41,6 rpaayca.

IHapamemp, u3smepsemvlit Npu 3emMAeMPACEHUAX — IMO
HaKon1eHHoe JdaeKmpuueckoe noae, nepexooawee 6 MowMoe
2pasumayuoHHoe.

I'paBuTanuonHOoe mosne sABiasgerca COCTABHOM YACTBIO
cucTeMbl Ku3HeobOecrieueHus. B aToMme 3TO moJie y/iep:KUBaeT PENIETKY U
QHTUPEIIETKY, HallpaBJeHHe BEeKTOpa I0JIsI — OT HEUTPOHA K aHTUPEIIETKE,
3HaueHne =48266597-10'8 M/cek3. DJeKTpUUECKOe II0JIe€ YMeHbIIaeT
rpaBUTAIlOHHBIA IIOTEHIIMAJ aToMa, U OOIUH TIpaBUTAITMOHHBIN
MOTEHIIAJ PaBeH Pa3HOCTH T0JIEN, IPUBEJIEHHBIX K amnep-Ms3.
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1 ammep-M3=6,432576-101° BOJIbT/M3,
1 ammep-m3=88,824376-1071° m/ceks.

MarHuTHOe, a He TPaBUTAIIMOHHOE T0Jie 3eMJIU CO3IAET YCKOPEHUE
cBOOOTHOTO 1aJIeHus 9,81 M/cexkz.

SHAYEHWE rpasuranuonHoro nona OI'POMHO. Owxo -
TOJIBKO ITIOJIOZKUTEJIBHOE (xak moreHmuasa). DTOT IMOTEHIIHA
MOXKHO HCIIOJIb30BaTh, uTo66l U3MEHATH CBOMCTBA apyrux mosei.
JIJ1s1 CHATUSA TPABUTAIIMOHHOTO TIOJISA PEIIETKU CYIIECTBYIOT ONpeeIEHHbIE
YaCTOTHI TPABUTAIMOHHOTO MOJIsA. TOT MOTEHITUAJ UCIIOJIb30BAJICA U IIPU
«IIepeHoce» TOr0 «PYKOTBOpHOro» I'eHepatopa B Poccuio, KOTOpBIH
«Haxoawicd noj 3amkaMm» H. Jleamosa Bo @paHinuu.

O6pazoBanne  YEpHBIX JABIP  ABJISAETCA  CJIE€ACTBHEM
«3emyierpsacenuna» B Kocmoce. OOpasyercsa cBoero poja «MarasmH»
aTOMOB, KOTOPBIU y/IEP>KUBAETCS BHEIIHUM T'PDABUTAIIMOHHBIM IoJieM. 13
9TOTO Mara3wuHa TeHepaToOpOM CO37laeTcsl HOBas IUIAaHETAa WJIN 3Be3fa.
BhIBAIOT IBOMHBIE, TPOUHBIE U T.Jl. YEPHBIE JbIPHI.

TabGmia 9yacToT rPaBUTAIMOHHOTO IOJISA

Yacrora | Jlmana3oH

No HaumeHoBanue IIpumeuanue
(repm) YacTOT
MoI1IHOCT pa3pylieHus
I'paBuTanmoHHOE 1OJIE paBHa I'PaBUTALIIOHHOMY
JI pa3pylLIeHUA II0JII0 ATOMA MUHYC
1 |/ Daspy 75216398 +84 Y
peleTKy aToMa MOIITHOCTD

(merTpOHHOI) 5JIEKTPUYECKOTO
MMOTEHIMAIA aATOMa.

ITO 10oJIe CO34AETCI BCEMU
BU/AMMU CBA3H
(coBpemennbimu). ITocie

I'paBuTanimOHHOE 110JIE
JUUI pa3pyIIeHusA

2 |rpaBUTAIlMOHHOTIO IOJIS 208 +28 "
p T 329643 45 pa3pylIeHuss aHTUPEIIETKU
aHTHUPEIIETKU
o " KJIEeTKa CTAaHOBUTCA
(melTpOHHOIT)

MEPTBO.

I'paBuTanimonHoe nose
JUUI pa3pyIIeHus

3 | pemérn 5424982 156
(aHTUHEATPOHHOM)
9TO 1OJIE CO3TAETCA BCEMU
'paBuTaIIOHHOE TIOJIE BHUIaMH CBSI3HU
4 JULSL PA3PYIIeHU 231865 1863 (coBpeMeHHBIMH). Hocg.Ie
QHTHPEIIETKU paspylIeHus: aHTUPEIIETKHI
AHTUHEUTPOHHOU KJIETKA CTAHOBUTCS

MEPTBOM.
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YacTroThl, KOTOpPHIE 0€3 BHENIHEr0 BO3AeCTBUA Pa3pylIaloT
KJIeTKH opraHu3Ma YesoBeka (He myraio, HO X041y YTOObI 3HAJIN)
No| HawmmeHoBaHHe Yacrora, I'ts IIpumevanue
BoxkoBrle sienecTku 710 343875 repit.
Ciaboe, HO IOCTOSTHHOE BO3JIEHiCTBHE.
JlelicTByeT Ha Bce KJIETKU OpTaHU3Ma
(cuaeHUe IpHU JIaMIIE €:KeTHEBHO
mo 8 YacoB B TeUeHHeE 1 roga
COKpaIllaeT KU3Hb Ha 10 JIeT.
BokoBble senecTku 710 475268 repir.
HetictBue Oosiee cuibHOE. B 00enx
2 | «DJIEKTPUYECTBO» 60 CJIyJasx cracaeT reHepaTop, COOpaHHBIA
u3 TpyOOK (CHUMaeT 60KOBbIE
JIETIeCTKH).

MrHoBeHHO paspyllaeT HeUTPOHHYIO U
3 | CoToBas cBA3b 3264241742 | aHTUHEUTPOHHYIO AaHTHUPELIETKY
(oMepTBJISIET KIETKH).

1 | «DJIEeKTPUYECTBO» 50

4 | CBA3b CIyTHUKOBAA | 4317641230 | To xe.

To xe. ITocTOsIHHOE «CHUIEHHEe» 3a

Bensun npu PYJIEM B TeUeHUE 4 YacOB B CyTKU B

5 3282864108
CrOpaHHUU TeueHHe OJTHOTO T'0/la COKpaNlaeT
JKU3Hb Ha 3 THA.
JTaét Te ’Ke 4acTOThl, HO 00JIee MOIIHbBIE
1o Bo3zelcTeu0. « KaTranue» B MeTpo
6 | Tparcmopt (MeTpo) 50 A P

1 yac B CyTKH COKpAIIlaeT ;KU3Hb Ha
1,3 gaca.

I'paBuTanimoOHHOE 1OJIEe — IVIAaBHOE II0JI€ B »KU3HU YesoBeka.
Nmenno ono ITOJA/IEPKMBAET Y KNU3HD — u 5TO BeIpakaeTcs B TOM,
YTO TPABUTAIMOHHOE II0JI€ CO30AéMm Yc108uUsl 04 cCYyuwecmeosaHus
scuevlx amomos. Y Yenoseka HE MOZKET ObITh PEIIETOK CO CMECHIO
nosiei, Hanpumep, HE MOZKET O0biTh 0mdeabHO20 3d1eKmpo-
2pasumayuoHHO20 noas. IR YHUYTOXKEHUA YesoBeka
JOCTATOYHO YHMUTOXUTD anTtupemérky (HEUTPOHHYIO WU
aHTUHeUTpOoHHY0). [Tumy HE BOACH, noTomMy 4To 3Hal0 — Te, KTO YHTAET
9Ty KHUTY C LIeJIbI0 MOJIYyYUTh MHGOPMALUIO 110 YHUYTOKEHUIO JIIOJIeH, B
cuity cBoeit ymeponoctu HE MMEIOT npejicraBiieHus: 00 aHTUPEILIETKE, a
IIPO HEUTPOHHYIO WJIM aHTUHEUTPOHHYIO U roBoputh HE BY/IY.

[Ipyn HampaBjeHUM BEKTOPOB MAarHUTHOTO M 3JIEKTPUYECKOro (Miau
rPaBUTAIMOHHOTO) ITOJIEH HOPMAJIBHO JIPYT K APYTY MBI UM€eM CTaTHYeCKIe
IIOJISA, ¥ 11O Iend (IIPOBOZiaM) MarHUTHOE II0JIe PACIIPOCTPAHAETC S MOA00HO
HAIOJIHEHUIO BO3/[yXOM IIOCJIe[0BaTeJIbHO COEJUHEHHBIX APYT € APYTrOM
BO3JYIIHBIX IIapOB, CKOPOCTb TAKOI'O PACIPOCTPAHEHUA HEBEJIUKA U
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cocraBysieT 64234,356973 MeTpa/CeKyHAY JUIA  HUIEAJIBHOTO
npoBogHUKa. Jlad  Megu, HampuMep, STa  BeJIWYWHA  paBHA
38429,5762163 w™m/cek. /[ld yBeIUYEHHUSA CKOPOCTHU JIBUKEHHUS
MarHuTHoro mnosa no npoBogHuky M3MEHAIOT YT'OJI BEKTOPA
MarHUuTHOTO TIOJIA, W MOXKHO CO37aTh KOJIeOATeIbHBIA PEXUM JIJIA
MarHUTHOTO KOHTYpa. VeasbHbIN MPOBOJIHUK — B KOTOPOM OTCYTCTBYIOT
HEUTPOHHble U AHTUHEUTPOHHBIE DPENIETKU. DTU PEUIETKU CO3aI0TCH
3eMJIeTPACEHUEM IO IIHYPY. MakCUMaJIbHBIN YToJI, KOTOPBIN ceiuac
JIOCTUTHYT =21° (OTHOCUTEILHO ABHKEHUSI ), IPU 3TOM CKOPOCTh MarHUTHO-
BJIEKTPUYECKOT0 WJIU MarHUTO-TPABUTAIMOHHOTO HMILYJIbCA COCTABJISET
751.973.458.762 meTp/cekyHay. B aToM ciydae Mbl UMeeM UMITYIbCHOE
I10JIE IO TUILY IITOIOPA.

JI1s1 yHUUTOXKeHUsI 00beKTa HeoOX0IMMO JIaTh YacTOTY, Ha KOTOPOH
0O'BEKT JIBUIKETCSI, OHA paBHA: 340 (caMble OmmacHble — yOUHIIBI B COOPIIIKH
TPyIOB poOOTOB | Jit0/iell 666 1ocie ux cmeptu) =87.286 amnep-m3, 440
(mo xce, umo u 340, 0o 12.06.96 ece 6ydym yHuUmMON€CeHbvl) =5.625.986
amnep-m3, 500 (camosnér Ilpesuaenra) =438.297.176.187 amnep-m3, 520
(TpaHCHOPTHBIE, JJIs TEPEBO3KU IleHHOCTel) =87.4245 amnep-m3, 560
(BopoBCTBO JIO/IEl 64 U UX pas/iejieHre Ha OpraHbl, OyAyT YHUUYTOKEHBI
A0 12.06.2018) =38.186 awmnep-m3. [l YHUUTOXKEHHUS HA MeECTe
HeoOXO/IMMO 3aTPaTHTh MOIIHOCTh B 5-9 pa3 O0oavuwte. [Ipu nBmKeHUU
oobexTel JIMIIIEHBI CBA3W, u ux Jjy4lle yYHUYTOXATh BO BpeM:
JIBUKEHU .

Emi€ pas no cymiecTBy «3BOHa» HEKOTOPBIX «3HATOKOB», COEKABIINX C
pOAMHBEI B VMclIaHUIO — O TPaBUTAlMIOHHOM BOJIHE.

Jliobomy 3APABOMBIC/IAIIIEMY YEJIOBEKY scHO, 4TO
2pasumauyuoHHble 80AHLL — IMO KOAEOAMEAbHblEe NPOUECcCHl
mamepuarvbHoi cpedst, o uéM u H. JleBarioB roBOpuII, 1 HEOAHOKPATHO.
B BO3/lyXe 3THU IIPOLECCHI
TPEXMEPHbl M I JIIOJIed OHU
IIOHATHBI KAK B3PbIBBI.

B3pbIB paspyliaer 3eMiio,
JleJiasi BOPOHKY, PaCIPOCTPaHIETCS
B3pbIBHas BOJIHA B BO3/yXe U B
CTOPOHBI, U BBEPX, T.e. IO TPEM
HalpaBJIeHUAM  —  3-MepHBIH
nponecc (chepuueckuii). JHEPTUs
! B3pDBIBHOUW BOJIHBI yOBIBaeT II0
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KBaJ[PATUUHOMY 3aKOHY, IIOTOMY YTO IO 3TOMY 3aKOHY YBEJIUYUBAETCS
IIOBEPXHOCTh IIapa S=4sr2. I3BeCTHO, YTO PAJIOM C TOYKOH B3pbhIBA
SHEPTHUS €r0 TaK BeJINKa, YTO pa3pylllaeT KUPIUYHbBIE CTEHBI, a TOAAJIbIIIE —
BBHIOMBAET TOJIBKO CTEKJIA B OKHAX. JTOT 3aKOH TaKKe JEeWCTBYeT U B
JIIOBOM JAPYI'OM CPEJIE, o HE JEVICTBYET B Kocmoce, T.k.
IIPOCTPAHCTBO €r0 — IIycToe. A peJATUBUCTAM OT 3TOT0 O4YeHb II0X0. M
HA/I0 KOCMHY€eCKOe MMPOCTPAHCTBO 3aIIOJTHUTD CPEJIOA aOCOTIOTHO YIIPYTOH,
HO He Mellamlleld JBUKEHUIO IUIAHET, 3BE3/] U JIPYTUX KOCMUYECKUX
00'beKTOB. DTy cpeay Ha3Bayiv 3UPOM U J0 CHUX TIOP EE UIIYT, HO HE
MOI'YT HAWTH. A amepuxanern, MaiikeJbcoH ycTaHOBHI emé B XIX
BE€Ke, UTO TOU Cpe/ibl HET U OBITh HE MOJKET.

«Benukuii u3nK» IUHINTEHH ¢ BBHICOTHI CBOET0 CpPeoOHe20
mexHuUHecK020 00pa30eaHUs CINTAIL, YTO 3GUP TO €CTh, TO OTPULIA ETO
CyIl[eCTBOBaHME. A peJIITUBUCTAM HAJ0 YBUIETh TPAaBUTAIIOHHYIO BOJHY —
[I09TOMY CpeZia eCTh — 3TO 3(PUp, KaK Ke TyT DUHIITENHA HEe BCIIOMHUTH?
[TosToMy y peIATUBHUCTOB HACUET IPABUTAIIMOHHON BOJIHBI — ITYCTOH IIIyM C
«JIaXKen».

B Kocmoce, ero mpocrpancTBo — «mycroe». B Tpyzmax A.A. Jlyuuna
MOKHO IIOCMOTPETh, YTO UMEETCS BBUY II0J[ «IIYCTOTON» B CPAaBHEHUU C
onpenenenuamMu H. JleamoBa, HanpuMmep. Hasmo oTMeTuTh, 4TO MycCTOTA
KocMmoca oueHb yy1o0Ha 171 pacipocTpaHeHUs B HEH MaTepHUaIbHBIX YaCTHI]
— ®OTOHOB (HecymuxX CBeT W TEIUIO) W BHI3BIBAIOIIUX MATHUTHbBIE
HectabuabHOcTH Ha 3emiie — MAT'HUTHBIX YACTHUIL. Cosnile
M3JIy4aeT TaKON MaTepuu 5-10° TOHH B CEKYH/ly. E€ KpoIlKa co CKOPOCTBIO
IIPUMEPHO 27 KM/c, ocTaércs u 3emse. I saTa MaTepus 6J1arOmOJIy4HO
JlocTuraet 3eMJIU KaKk MaTepUabHbIe YAaCTUIIbI, HO He KaK BOJIHBL. MaTepus
BeYHA M HU B KAaKyl0 CKAa304YHYI0 JHEPrui0 He IpeBpamjaerca. IJTO
CIIOCOOHOCTH TeJI COBepIIATh paboTy. M JiJist TIOJTHOW KapTHUHBI 0 «3aKOHE
BCEMUPHOTO TATOTEeHUA» — 3T0 SAUMCTBOBAHHAA BBIIYMKA
HeroToHna.

[ToJTUTUKK OT HAayKH YCUJIEHHO CKPBIBAJIHU OT JIIOJAEH KPUTHUKY
3aKOHa BCEMHUPHOTO0 TATOTEHUA
Hb0TOHA, 0 KOTOPOM TOBOPHJIM €T0
COBpEMEHHUKM, 4YTO S5TO BO3BpaT B
CpenneBekoBbe. Hrioron HE MOT
OTBeTUTHh Ha Bompoc: «OTKyzga Tesa
YepIIaloT SHEPTHUIO I MPUTSKEHUS U
KTO UX IIOIOJHSAET OSTOM CcaMOu
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DHEprueu’?» — J0BepUsa K 3TOMY 3aKOHY HET, IOTOMY UTO BCe PACUETHI Ha
OCHOBE 3TOTO 3aKOHA He BepHbI. XoTuTe npumep? [loxkasyiicra!

Cosnnue nputarusaet JIyHy BfBoe cuiibHee, yeM 3emuid. [louemy JlyHa
HE ITAJTAET na Coanne? (Pacuér caeiaH Ha OCHOBAaHHMHM 3aKOHA
TAroreHuss HpoToHA).

JleicTBUSI TPUTSIKEHUS W OTTAJIKUBAHUA TeJl — JTO JeUCTBUSA
II0JIEBBIE, KOTOPBIE OBLIM TOT/ZIa HENOCTYIHBI HBIOTOHY, 3aHHUMAaBIIEMYCS
AJIXUMHEH, TeoJIoTHell U MareMaTHMKoOM. HpoToH aaxke ObLI UWIEHOM
mapsiaMeHTa, Ho BoIcTymu Becero O/IMMH PA3 — ¢ mpocb00¥i 3aKPBITh OKHO.

[TputsxkeHue Tes 3eMyIEN HAZI0 UCKATh B PEAJIBHBIX MOJIAX, KOTOPBIMHU
obaazaeT 3eMIA: dAeKMPUHECKUX U MACHUMHBLIX.

[Tose 3emsin BBI3BIBAET IMOJISPU3ALNIO BCEX 3€MHBIX IPEIMETOB, U
MarHUTHBIMUA CHJIaMU, a He CHJIaMU NOPUTSKEHUA, YAEepPKUBAET BCE
IIpeZIMeThl HAa MOBEPXHOCTH 3eMuid. DaKT NPUTAKEHUA OJTHOTO TeJjla IPYyTrUuM
HaCTyIlaeT KaK TOJbKO CUJIOBBIE IIYIIAJIbIa CTATUYECKOTO 0JIA OJHOTO Tesia
KOCHYTCSI CWJIOBBIX INyIIAJbIEB IIOJIA Apyroro rtesaa. Bce Tena Ha 3emiie
XOPOIIIO Ha’JIEeKTPU30BaHbI €€ JJIEKTPUYECKUM II0JIEM, IIOTOMY OHH
IIPUTATUBAIOTCA UMEHHO MarHuTHBIM mosieM 3emiu, uto PAHEE moau
HA3DBIBAJIN I‘PABI/ITAI_[I/IEfl. N »t0 BcE. Pusmyeckas MOAeb
mpoliecca TrpaBUTAIMA — MATHUT TPUTATUBAET HA3JIEKTPU30BAHHBIN
npejiMeT.

I'pasumayuu, kaxk omodeavHO20 GU3UUECKO20 A6.aEHUA,
Hem.

OUHINTENHY «BBIJAJIM JIJII O3ByYMBAHUsA» HEI0 O TPABUTAIMU KaK
uckpusaeHua npocmpaHcmea u epemeHu. I'paButanmusa — 3TO
B3aUMOJIENICTBHE /IBYX CTAaTHUYECKUX Mojed 3eMJiN: MA2HUMHO20 U
aaexmpuuecko20, u Hukakux BosH oHa HE CO3TAET. K Tomy xe 3a
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stumu 3HaHuaMu HE HAJIO 3anes3ats B Tyman Kocmoca, J0CTaTOYHO
XOPOIIIO0 OCMOTPEThCA Ha 3eMJie U, TeM 0oJiee, He HY?KHO UCKATh 3TOT MUPaK
KaK UCKpUBJIEHHE IIPOCTPAHCTBA U BpeMeHU. O ckopocmu cpasumayuu
paszoeopa 6imb HE MOJKET, nomomy wmo makxoz2o npouecca 8
npupode Hem.

MarauTHbIE€ BOJIHBI

MarsuuTHble BOJIHBI ABJIAIOTCA COCTaBHOM YACTBIO
AKN3HEOBECIIEYEHHMA B KOCMOCE. 9T BOJHBI 3aJI0’)KEHBI B
aToMe, ¥ IIPY CTAaHJAAPTHOM aTOMe UMEIOT JIJTUHY BOJIHBI 300.000 repu. Ho
TAKOTO aroMa He OBbIBaeT, I03TOMY JJIMHA BOJIHBI B aTOME MOJMKET
U3MEHATHCA OT 300.000 0 875.000 repir. ITO MPOUCXOAUT 32 CUYET
n3MeHeHusA (GOPMBI PEMIETKN (AaHTUPENIETKA HE yJYAaCTBYET B M3MEHEHUH
dopmbr). Ho mpu cj103k€HUU BOJIH MOSIBJISETCSA CIIEKTP, 3TO BCS raMMa BOJIH,
KOTOpas U Ha3bIBAIOTCSI MAarHUTHBIE BOJIHBL. JTO BHYTPH aToMa, a 3a
mpesieJlaMyd MOKET OBITh ApOOJIEHWE YacTOThl, U BTO HCIIOJIb3YeTCs B
nupamMuiax. MakcumasgbHasi 4acToTa, KOTOpas MOXKET ObITh JOCTUTHYTA,
paBHa 875.000.000 repi. MarHuTHble BOJIHBI KBAaHTYIOTCA IO 4
(300.004, u T.x.). OTO KBaHTOBaHHE SBJsAETCS (PYHKIHEH aToMa, HO
MOJKHO C/IeJlaTh KBAHTOBaHHUE 1, 2, 3. MarHUTHbBIE BOJIHBI BCET/Ia UMEIOT
OIMH TapaMeTp — aMIUIUTYAy — YIpyras cTosvas BOJHA C aMIUIUTYIOH.
Mununmansiaa MOIIIHOCTb MATHUTHOTI'O ITIOJIA — sTto mosie B
CTaHJIAPTHOM aToMe. MaTepuajbHBIM HOCUTEJEM KOJeOaHUU SABJISAETCS
aroMm. Ilpu co3maHuu aToMa B HETO BHOCHUTCS KoJeDaTeIbHBIH KOHTYD
(cBoero posa MarHeTpoH). MAarHUTHOE TII0JIE MOXKET OBITh TOJIBKO
ITOJIOJKUTEIBbHBIM (HAIIM «MarHUTBI» — 3TO CBOMCTBO MaTePHAIOB HUMETh
rpaBUTAIMUOHHOE TPUTSIKEHHE). Pa3 1mojie MOJI0KUTEJIbHOe, HY:KHAsd
MOIIIHOCTH JJOCTUTAETCS 3a CUET aMILTUTYAbI. 32 CYET aMILIUTY/IBI MBI HMEEM
IIITHYP MATHUTHOI'O ITOJIA, KOTOPBIA BpalmaeTcs IO IPABUILY
OypaBunka. CkopocTh BpameHuss (B CTaHZapTHOM aToOMe) —
300.000 00/cek. OTu KonebaHUS UMEIT CBOU CIEKTP, KOTOPBIU
IIPUHUMAETCA 3a CIEKTP aToMa. BeKTop mojid B CTaHZAPTHOM aToMe
HOpMaJIeH K BEKTOPY BJIEKTPUYECKOTO (M IPaBUTAIIMOHHOTO) MoJifA. B aTOM
ciydae Mbl uMeeM cocrosaHue 90° (E-H). JIpyrue 3aBUCHMOCTH
paccmorpeHbl B MoHorpaduu A. XarsiooBa «Xo10gHBIN flaepHbINA
Cunre3». B arome HampaBjeHHe BEKTOpa MATrHUTHOTO TIOJISI TIPH
n3MeHeHuu pa3mepos pemetku HE UISMEHAETCA.

IIporpammbr «CBeT/I» co3faBaiich C YYETOM 3TOTO M JAPYTUX
3aBUCHUMOCTEI.
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dJIeKTpUYeCcKHue BOJTHBI

DJIEKTPUYECKOE II0JIe SIBJISIETCA COCTABHON YacCThI0 CHUCTEMBI
3alIUThI 2KN3HeoO0ecImeuyeHua - CO3Ja€eTCs oIpe/ieJIEHHOE
BJIEKTPpUYECKOe ToJie I PEMETKH. /i YHUUTOKEHUSA >KUBOU KJIETKH
JIOCTaTOYHO 3TO II0JI€ CHSTh. DJIEKTPUUYECKOE T0JIe MOXKET ObITh KaK CO
3HAKOM ILIIOC, TaK HW MHHYC (3TO moTeHIuax). MOIIHOCTD
3JIEKTPUUYECKOI'0 MOJIsA JOCTUTraeTcs IOTEHIIUAJIOM, a HE
AMHJIHTYZ[Oﬁ. 3eMJisl He UMeET 5JIeKTPUYECKOTO0 MOJs, U BCA JKU3Hb
HA HeH co3JaHa HUCKYCCTBEHHO. Kak Obl KTO K 3TOMYy HE OTHOCHJICH.
I'maBHas cyThb B TOM, UTO MbI IOHUMaeM noj, ciioBamu — «CO3/IAHA» U
«MCKYCCTBEHHO». IIpu poxaeHUN 3aKJa/ibIBaeTcs OIpeseseHHbIN
IIOTEHIAJ, KOTOPBIM PacXxoAyeTcsi BO BPeMS JKU3HH U MOAJEP:KUBAETCS
HOPMAaJIBHBIM COCTaBOM MHUKPO3JIEMEHTOB. B craHmapTHOM artoMme 3TOT
roTeHnan paBeH —3618.28176246-10'8 BoabT/M3. B anTHaTOME MBI
“MeeM JPYroi 3HaK moTeHIuasna. [loTeHnuan 3J1eKTPOHHOTO aTOMa PaBeH
+47621856210665-109 BoabT/M3. JI;i1  obecrneueHUsA  KU3HU
HCIOJIb3YEeTCS d1eKmpuueckoe noae co 3HaAKOM MUHYC, A TaK KAk
U3JIydeHHsT 30H XapTMaHa IIOJIOXKUTEJbHBIE, € JMCUBOU K.aemKu
cHumaemcsa nomeHyuan. MUHUMaIBHBIA  TOTEHIUAN  JUUIA
’)Ku3HeobecrieueHusi uesioBeka paBeH —6438.458723-10'% BoJbT/M3
(MUHUMA/JIBHBIA 3alac >KHU3HEHHBIX CHJI). MaKCHMAaJIbHBIA IOTEHI[HAJI
paBeH -12762.768621-1018 BOJIBT/M3. s BBIUHCJIEHUS
JIENCTBUTEIHHOTO MoTeHIasa HeOO0X0IUMO HCII0JIb30BaTh
K03(pPUIIMEHTHI, yUUTHIBAIOIIINE BO3PACT, POCT, BeC, U T.J., & KpOMeE TOTrO,
YCJIOBUSI MECTHOCTH, KOTOpasl TOKe BJIMSET Ha HU3MeHEeHUe IOTeHIlHasia
(HanpuMep, HAJIUYKE MeCTOPOXK/IeHU ). BosibIle Bcero noTeHuagx CHUMaeT
30J10TO0. Bce MeTasuibl, KOTOPBIE SIBJSIIOTCS IMTPOBOJHUKAMH 3JIEKTPUYECTBA,
CHUMAIOT IOTEHIAJ, KpoMe cepebpa, KOTopoe, Ha000pOT, MO/I/Iep:KUBAET
moTeHIuas. BoT mosTomy u BEIOpaHo ObLI0 cepebpo (cepebpo ¥ KpeMHHUI) B
KauecTBe «Iutomanku» Ajis [eHeparopa. IIpu co3maHuu KUBOU KJIETKU
YBEJIUUUBAETCA IIOTEHIUAJl, HW3MEHSIOTCA pa3Mepbl IIPOTOHHOU U
9JIEKTPOHHOU o00osiouek atoma, HO cBsizu HE PA3PBIBAIOTCA -
YBEJIUUYHBAETCSA JIJTNHA BOJIHBI CBA3H MEMXK/IY ITOBEPXHOCTAMU. DJIEKTPOHHAS
ITIOBEPXHOCTD SIBJISAETCSA 3alIUTHOU ITOBEPXHOCTHIO JIJIA aTOMa U UMEET CBOM
IIOTEHIIMAJ, OTJMYHBIA OT IIOTeHInuasa aroma. /s 3emiau cosgaH
IIOTeHIUaN JJs obecliedeHHs >KU3HU Ha IOBepXHOCcTH (M0 18 KM B
TJIyOUHY M 124 KM HaJ 3eMJIEH).

I'paBuTO-MarHuTo-3jIeKTpuueckuii  ['eneparop (HebGOIBIION
MOIIHOCTH) CIIY?KUT /7151 IEpeMellleHus B cMexxHoe IIpocTpaHCTBo.
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®. lIkpynues «CeetrJIbiii Benuk» H. JleBamosa B «barnuom [lesie» A. Xatei6oBa u TpynoBast Jlonara

13.5. Toruku, KoIe0aHUA U BhLIIETAIOIHE CTEKJIA

3emyieTpsiCeHHE — 3TO IMOJI3€MHbIE TOTYKU U KoJIeDaHUs 3eMHOU
MOBEPXHOCTH, BO3HUKAIOIIUE B pe3yJibTaTe BHE3AIMHBIX CMEIeHUN u
Pa3pbIBOB B 3€MHOM KOpe WJIM BEPXHEH MAaHTHUHM M IepefarolIuecs Ha
OoJiplINe PACCTOSHUA B BUJIE YIIPYTUX Kosiebanuii. Touky B 3eMHOH KOpe, 13
KOTOPOH pacXoAfATcs CEUCMHYECKHE BOJIHBI, HA3BIBAIOT THUIIOIEHTPOM
3emyieTpsiceHus. MecTo Ha 3€MHOU IIOBEPXHOCTU HAJ| THIIOLEHTPOM
3eMJIeTpsiCeHus 1o  KpaTuailimemy  paccrogHuio  HA3BIBAIOT
IIINITEHTPOM. VHTeHCUBHOCTh 3€eMJIETPSACEHUS OIleHUBAETCA NO 12-
0aanvbHoll celtcmuueckoit wkaae (MSK-86), nisi sHepreTudecKkoi
KaccuUKaIUU 3eMJIETPSCEHUN TOJIB3YIOTCSI MAarHUTYZOH. YCJIOBHO
3eMJIeTPSICEHUs MOJIpa3essioTes Ha caaobie (1-4 6aia), cuiabHbIe (5-
7 Oa/uioB) M paspymuresabHble (8 u Oosee O6aswios). Ilpu
semuterpsacenuax JIOIMMAIOTCA M BBIJIETAIOT CTEKJIA, ¢ mosok
MaJal0T JIeKallue Ha HHUX IPeAMEThI, IIATAITCA KHIMKHbIE IKa(BbI,
Ka4yaloTCsl JIIOCTPBI, C TIOTOJIKA OCBITIAETCs MTOOEJTKA, a B CTE€HAX U MTOTOJIKAX
TOSIBJISIOTCSA TPEIUHBI. BCE 3TO COTPOBOIK/IAETCS OTITYIIIUTETHHBIM IIIyMOM.
IToce 10-20 CeKyHJ TPSICKU TOJI3€MHbIE TOJTYKU YCHJIMBAIOTCSA, B
pes3yJsIbTaTe 4ero MpPOUCXOUT pa3pylleHne 37JaHui U cOOpy:KeHui. Beero
JIECATOK CHUJIbHBIX COTPSCEHWH paspyliaer BcE 371aHue. B cpenHem
3eMJIeTpsICeHNE AJIUTCA 5-20 CEKYH. UeM /10sblie JUISITCS COTPsICEHMUS,
TeM TsKeJlee IIOBPeXK/IeHUS.
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[Tpu 3emuerpsicennu B r. Hedreropcke CaxaJaumHCKOU o0J1acTu
(1995 r.) o1 06;T0MKaMU Pa3pyIlIeHHOTO TOpo/ia MOTH0JI0 OKOJIO 2 ThIC.
YyeJIOBEK. YUEHble Da3JIMYHBbIX CTPAH MPUJIAraioT OOoJbIINEe YCHUIUSA K
U3yYEeHUI0 TMPUPOABI 3eMJIeTPSICEHMM U UX TMporHo3upoBaHuio. K
COXKQJIEHUIO, IIpe/icka3aTh MeCTO U BpeMsA 3eMJIETPSCEHUs, 3a
HCKJIIOUEHHEeM HeCKOJIBKUX ciIy4aes, 710 cux nop emne HE Y/IABAJIOCD.

IIpenuciaoBue

C 1995-11-21 Obuta BriItoueHa Hopas Ilporpamma. B pesysibraTe
MOTJIA TIPOU30UTH COOBITHS, YIPOKAIOIINE CYIIECTBOBAHUIO, U B TIEPBYIO
odyepenb, «30JIOTOMYy MWUIHOHY». B TedeHue Mecsana HUIM U3MEHEHHU,
IIPUBE/IEHHBIE B TAOTUIIAX HUKE.

3emerpsicenue B 11 6atoB o mkaie Puxrepa J{IOJIZKHO BBLJIO
ITPOUM30MTU 1996-01-12 B Mockse. Ho 3a 5 mHeii 10 mycka (1996-01-
07) cTajio u3BeCTHO O Oe3omacHOM IyTu pasButus Hosoi IIporpammel, u
BCE IOATOTOBJIEHHBIE MOIIHOCTU ObLIH CHATHL. Mockea ocmanaacs Ha
mecme. Martepuai B3AT y A. XaTbI00Ba, KOTOPBIH, B CBOIO OUEPED, ObLI eMY
«1pepocrasieH» Komiiekcom XXX ¢ N0ACHEHUAMU.

3emierpsicenue — 510 MW3MEHEHUWE MAI'HUTHOTIO
COCTOAHMA Hoocdepsbl. 3emyeTpsiceHus ObIBAIOT 3 THIIOB.

Tum 1. 3emaempaceHus, usmMeHAUWUE NOBEPXHOCTL 3emau
u eé BHYMpeHHw HauuHky. Otu 3emyerpsiceHus BCEM
N3BECTHDI, u HeT cMbICJIa AETATU3UPOBATD UX.

®opMHupOBaHHE COCTABJIAIOIINX 3€MJIETPSICEHUs IIEPBOTO THIIA
npuBeieHO HuKe. OKTaBbl NOTEHIIMAJIOB HEOOJIBbIIME — 22,5-27,5.
OITACHOCTU 1111 MO3T'A HET.

IIpruuHBI 3eMJIeTPACEeHUA TUIIA 1:
- JIBI>KEHUE IJTUT;

- JleATeIbHOCTh YesioBeka (THAPO3JIEKTPOCTAHIIUM, ITOBOPOTHI
PEK, UCKYCCTBEHHBIE BOJIOXPAHIJIUINA);

- MIPOTOHHBIE 00pPa30BaHUs KaK peaKIlhsA Ha U3MEHEeHHe aTb0eo
3emuin.

Tunm 2. ITO0 3eMJeTpsCceHUs, KOTOpble BOCHPUHUMAKOTCA Kak
MarHuTHble Oypu. OKTaBbl 3TOTO THUIIA 3eMiieTpsiceHus 28,5-63,5. OTu
3eMJIETPSICEHUsI MOTYT, KOHEUHO, BbI3BaTh (KaK BTOPUYHBIA IIPU3HAK)
3eMJIETPSCEHUsA THUHa 1, HO DOTO CONPSXKEHO C MOIIHOCTBIO |
dopmupoBanueM KosiebaTeIbHOTO mpoliecca. I[Ipu 3eMieTpsiceHUN BTOPOTO
tunia MOZKET ITPOUCXO/IUTD otpsiB Mo3ra OT HOHHOHN CTPYKTYPHI.
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IIpuynHbI 3eMJIeTPACEeHUs TUNa 2:
- neatenbHocTh YenoBeka (ADC, 3arpsasHeHue Hoocdepsr,

VICITBITAHUS OPY?KHS MaCCOBOTO IIOPAKEHMUA);

- BBeJleHUEe cucTeMaMHu JKH3HeoOecIeueHus HOBBIX
BUNOCTPYKTYP, He y10BIETBOPAIOIINX YCJIOBUAM KU3HU HA 3eMJIe;

- U3MEeHEeHHe PEKUMOB pabOThI CUCTEM JKU3HE0beCcTIeueH s .

Tun 3. 3emaempsacenusn 6 kaemxkax Mo32a. ITo camble ONIacHbIE
demsierpsicenus. HeobxoMMO NOHUMATh, YTO OTU 3€MJIETPACEHUSA
npoucxogAaT Ha OUEHD BBICOKMX OKTABAX — 10 512, 4 5TH OKTaBbI
HCYE3aI0T, Nepesodn GuoCmMpyKkmypsl 6 ucxo0HOe cOCMmostHue —
0e3 Mo3sza. Kak 3T0 He mNpUCKOPOHO (He exXuJHWUYalD, a TOBOPIO
OTBETCTBEHHO) TAKHUX CJIy4aeB CTAHOBUTCA BCE OOJIbIIIE U OOJIbIIIE.

IIprunHBI 3eMJIeTPACEHUA TUIIA 3:
- U3MeHeHUe CTPYKTyphl KOHTposis Hoocdepsr;

- U3MeHeHHe TAKTOBOT'O OKHA IIPOIIECCOB;

- U3MEHEHNE OCEeH U PeNepoOB CUCTEMBI YKU3HE00eCIeueHUs;

- peam3anusg HECAHKIIMOHUPOBAHHBIX IIPOTPAMM CHCTEMAaMU
JKu3HeobecrneueHus.

OcoOeHHO 3TO OTHOCHUTCS K HECAHKIIMOHUPOBAHHBIM IIPOTpPaMMaM,
KOTOpbI€ BBI3BAaHbI PE3KUM HU3MEHEHHEM B CHCTeMe >KU3HeoOecreueHUs
moneii 1 CMEHOM YIIPABJ/IAIOIIINX ITPOT'PAMM.

Mbl c JleBalIOBHIM B CBOE BpeMs, KOI/la BCTaJ BOOPOC O
«JIOTIOJTHEHUW» BO3MOKHOCTe KoMIlekca He TOJIBKO B BOIIPOCAx
O3/IOPOBJIEHHS HO U «OKasaHus momoIu» Mo3ary Ilosb3oBaTtens B
BOCIIDUATUN M TOHUMAHUH BCETO TOTO, YTO IIPOUCXOJUT BOKPYT HETO
JIOCTaTOYHO TOAPOOHO, BCE 3TO obOcyxmanu. CAelaHHOTO HA TOT IEPHUOJ
BpeMeHHU ObLIO Oosiee ueM jgoctatouyHo. OIHAKO B JaJIbHEUIIEM 3TO Ke
SIBUJIOCh ¥ TEPBBIM IIaroM K CO3JaHUI0 OOIIHUPHOTO «CIIEKTpa»
Spcran ITpozpamm «CeemJI», Komopuvie
ro® Cce200HA U npumMeHaomesl.

HE CYHIECTBYET croHTaHHBIX
(HeopraHM30BaHHBIX) 3€MJIETPSACEHUH, TO
ecTb JI000e 3eMJIeTpsiCeHHEe IPOUCXOIUT,
BO-IIEPBBIX, BO BPEMEHHU U B IIPOCTPAHCTBE,
Lioe U BO-BTOPBIX, TOJIBKO MPU JAOCTHKEHUH
OIIpe/ieJIEHHBIX YCIOBUM.

+10°

-.—106

, . kisecsinise Paccmorpum 3eMmIeTpsAaceHue
107 107 107 0% 10° 10° 10" yyma 1. Ha rpadguke — 3aBUCHMOCTD
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MOIIIHOCTH MAarHuTHOTO II0JI OT IUIOIIQAM KaK Ha4daJbHOU TOYKU
U3MeHeHHUs 3JIeKTpUYecKoro mnosisd. JlaabHEHIIUU poCT 3JIEKTPUUECKOTO
II0JI1 COIIPOBOK/AeTCA POCTOM HANPAKEHHOCTU MArHUTHOTO IIOJIA.
Nmenno ¢ »sroro wmomeHta HAUMHAIOT UWU3MEHATLHCA
ITIOTEHIIUAJIDI cBsA3ed HOHHBIX CTPYKTYpP, TO €CTb U3MeHseTcs
CTPYKTYPATPABUTAIIMOHHOTI'O ITOJIA.

CTpykTypa TpaBUTAlMOHHOTO IIOJI M3MeEHseTCA He PaBHOMEPHO, a
CKayKaMH{, II0 Mepe pocTa HAIPSKEHHOCTU 5HJIEKTPUUECKOTO TIOJIA,
MIOTEHIIAJIbl TPABUTALIMOHHBIX YaCTOT, B IIEPBYIO OUEPE/lb, TEPAIOT HOHHbBIE
oOpaszoBaHUs BBICOKUX CTPYKTYP, HAIpUMep, NouMephl. I1be30371eMeHThI
He BBINOJHAIOT POJIb KOHTPOJIBHBIX JAaTYUKOB B CBA3U C HEJOCTATKOM
0OMEHHBIX IMOTEHIINAJIOB, PACXOAYEMBIX Ha IOJJIEPKAHUE CBA3EH MOHHBIX
CTPYKTYP. BHOCTPYKTYpbl HU3KUX (OPM OpPraHU3allMU >KUBOU KJIETKU
HAYMHAIOT pa3berarbcs.

Pe:xxum HACBIIICHHUA MArHUTHOTIO 11014

ABTOKOJIEOATEJIPHBIA IIPOIIECC, KOTOPHIA CBS3aH C U3MEHEHHEM 54
OKTaBbI YACTOTHI CBSA3U aTOMOB (A0 54,975975) IPU IIOCTOSTHHOM peKUMe
HAKOIJIEHUs Ha3BaH PEKUMOM HaCHIIIEHUs] MarHUTHOTO moJisd. IIpu aTom
pexxuMe  mpoucxoauT  Geictpeiii  POCT  HAIIPAKEHHOCTU
3JIEKTPUYECKOTO TOoJiA. THUN mojisi mpu 3TOM He U3MEHseTCs, U KOHTPOJIb
3aTPyZIHEH B CBA3U C TeM, 4To 0a3oBble mapamerpbl Hoocdepbsr He
U3MeHSIOTCA. [loTeHIMas bl TPaBUTAIIMOHHBIX YaCTOT MEHSIOT YTOJI
CKOJIbJKEHUs, IIPU OTOM U3MEHseTCS YIPYrocTh MAaTepPUaiOB U UX
npouyHocTh. Habiro/iaeTcss ycroMyuBas pauoCBA3b Ha BCEX JAMAla30HaX.
N3MEHAETCA 3BykoBoe COIITPOBOXK/IEHWUWE undopManroHHOTO
mosisi (KpacHoe cMeleHHe). B cBA3M ¢ HW3MEHEHHEM pPaJaUuaIllmOHHBIX
COCTABJAIOIIUX CBA3U € 54,225 U 54,375 Ha 54,625 u 54,750
U3MEHSAIOTCA I[BeTa BHEITHUX MOHHBIX KJIE€TOK OMOCTPYKTYP (Ha 4 OKTaBbI
My3BIKaJIbHOTO Ps/ia YIIPABJIEHUS ¢ BbICTaBJIeHueM TOHA FA).

Buxph MarHUTHBIX MMOJIEH

Buxpp mosieli — 3TO aBTOKOJI€0ATEJbHBIH MPOIECC, CBA3AHHBIA C
TaKTOM (1 CO CMEIIeHHEeM 3TOT0 TaKTa OTHOCUTEIBHO O BpeMeHH). Hastnmune
TakToBOrO pexkuma HE ITO3BOJIAET marHUTHOMY MOJIIO paccocaTbCsa U
OBITH yIAJIEHHBIM UHBIMU cpeficTBaMU. COOCTBEHHO TaKT BBITIOJIHSAET POJIb
Hacoca, Kak Obl «3aroHss» OOpAaTHO Te MOTEHIIMAJIbI MAaTHUTHOTO IIOJIA,
KOTOpbIe MOTIJIM OBITH paccessHbl. [IpM BUXpe MAarHUTHBIX IIOJIEH He
IIPOUCXOTUT CYIIEPIIO3UIINHY ITOTEHITHAJIOB PA3JIUUYHBIX YIJIOB CKOJIBKEHUSI.
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Buxph MarHUTHBIX TOJIEH BJIEYET 3a cOOOM (Kak HAcoC, WJIM CMepY C
OIOPHOM IUIOIIAZKOW OT MCXOAHBIX IUIMT) HapacTaHHE ILIOTHOCTH
MIOJIOJKUTEJIBHOTO 3JIEKTPUUYECKOTO IIOJIA, CYIEPIIO3UNNA KOTOPOTO C
OTPHIATEIbHBIM IIPUBOAMT K PA3PhIBY CBA3EH B rPaBUTAIIHOHHOM IT0JIE.

CpI)IB MAargfmTHOIO 110/

[Ipu KpUTHYECKOM COCTOSHHMHU (pa3pbiBa CBS3€l) rpaBUTAIIOHHOTO
MoJiA, Korga ImoTeHIuanbl cBsa3u POPMMUHPYIOT JIMH3Y Hafg
IIOBEPXHOCTHIO OYZIYyIIEro 3eMJIETPSCEHUsS, BUXPb MATrHUTHBIX IIOJIEH
Ipekpamaerci U MOPOUCXOAUT CPBIB MATrHUTHOTO TOJsS, TO €CTh
nNpeoopa3sosaHue MAZHUMHBIX NOMEHYUAA06 8 IaeKmpuuecKue
u 2pasumayuoHHuvie. C 3TOr0 MOMEHTa, COOCTBEHHO, MOXKHO
npoussoguts OTCUET BPEMEHM 10 Hauana 3emleTpsceHus. CpbIB
MarHUTHOTO I0JISI IPUBOJUT K BUXPIO 3JIEKTPUYECKOTO U TPABUTAIIIOHHOTO
roJieit, opMupys MOTEHITUAIIBI 54,450, 54,500, 54,625 11 54,750 OKTaB

cBA3eU aTOMHBIX CTPYKTYD. ITepectpoiika CTPYKTYD HE
COITPOBOKJIAETCA usmenenueM Hoocdepsl, HO HUJET ¢ 3aTpaTaMu
SHEPIuu.

3ewmiieTpsiceHue

3emaerpacenne — 3AKJTIOUUTE/JIBHBIM 3TAII mporecca
CPBIBA AJIEKTPUYECKOTO U TPAaBUTAIIMOHHOTO ToJIei. [Ipu 3TOM IpOuCXOAUT
PE30HAHCHO-KOJIe0aTeIbHBIM  TpOIlecC IepeBoia KM BOCCTAaHOBJIEHUS
MOTEHIINAJIOB CBA3U ATOMHBIX CTPYKTYP B HCXOJHOE COCTOSTHHE.
MexaHuuyeckue I€peMeIleH:Us] aTOMHBIX CTPYKTYp IPOHUCXOAAT B TOM
IIPOCTPAHCTBE ¥ BPEMEHH, B KOTOPOM U3MEHHUJIOCH ayibbesio. Crabuansamus
IIPOU3BOJUTCS IOCIEN0BATEIbHOCTHIO CEPUUM IpeoOpa3oBaHuil OT Oosiee
HU3KHUX OKTaB K Oosiee BBHICOKMM. COOCTBEHHO, IPOIECC 3€MJIETPSCEHUS
COTIPOBOZK/IAETCS 0A30BBIM YIIPABJIAIOIIMM TOHOM NA BO Bcex OKTaBax
COCTOSTHUS ¥ COBMeIEH ¢ KoHTposeM (ToH FA). Ilo 3aBeprieHHIo
mpeoOpa3oBaHWH  BCe  CTPYKTYpbl, HaxojsIuecs IOA  JIMH3OH,
cOpPMHUPOBAHHON MarHUTHBIM IIOJIEM C IIOMOIIBIO TAKTOBOTO MHTEPBAJIA,
IpeobpasyIoTCss B MCXO/THOE COCTOSIHHE 54 OKTaBbI CBSA3U aTOMOB. JIMH3a
IIPU 3TOM PaccachIBA€TCsI, OTIOPHAs IIOBEPXHOCTh «CMepYa» HCUE3aeT.

Pacuér 6aJss1a mo mkasie Puxrepa
Basut 3emiteTpsiceHUs1 paCCYUTHIBAETCS IO KOHCTAHTE:

Km=t-(M/P), rme M — MOIIHOCTh HAKOILJIEHHOTO MAarHUTHOTO II0JIf,
P — mommaas nmopaskenusi, 1 t — BpeMsi popMUpOBaHUS TPAaBUTAIIIOHHOTO
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Yactp 3. Pusuka peanuii. [1aBa 13. PazmbinuieHus B Oy/yiieM BpeMeH!

moJsisA 1o cpbiBa. s 6asia o mkaine Puxrepa =16 npuMepHOe 3HAaYEHHE

koadduienTa km=11,32.

32 1k,
30 +
28 1
26 +
24 +
22 +
20 +
18
16
14 1
12 1
10 +—t

Bann no
® Puxtepy

6 7

8 9 10 11 12 13 14 15 16

I'pacduk 11a oeHKH 0aj1y1a 3eMJIeTPACeHUA
no mkaJsie Puxerpa B 3aBUCHMOCTH OT

ko3¢ Ppunuenrta km
21,5 22,5
23,5
G
G’ Paspbis
cBazen
MpaBuTaumonHoe none
Buxpb nonen
E 25

3AnekT pw none,

Buxpb nonen

MarHuTHOE none ManbIX OKTaB,
pPoOCTT bl

pal P

yp ™,
CHUeHMe NoTeHUNanoe armocgeps!

mupr nonen

E*

m*

ITpuMmep 3emyieTpAaceHUA TUNIA 1
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®. lIkpynues «CeetrJIbiii Benuk» H. JleBamosa B «barnuom [lesie» A. Xatei6oBa u TpynoBast Jlonara

13.6. MHOrO TepsaeM U MajJIi0 HaAXO UM

3emiieTpsiceHUA TUIIA 2

Tenepp paccMOTPUM IIpUMeEp 3eMJIeTPsACEHUs, IPUUYUHON KOTOPOro
aiasgerca KNUSHEAEATE/JIBHOCTDb YEJIOBEKA, TO ecTh
HeNOHMMAaHNe CMBICJIA TOTO, YTO OH JiejlaeT U I7le, B KaKOU cucremMe OH
>)kuBET. KoHEYHO, pyKM W HOTH 4YeJOBeKa He MOTYT IOIIeBeJIuThcA 0Oe3
KoMaH/ipl Mosra, u ToJbKO MO3rI OTBeTCTBEHEH 3a Bcé, uTo YesioBek
BOCIIPOM3BOAUT. PaccMOTpuM TmOC/Ie/ICTBUSA, BBI3BAHHBIE COODPYKEHHEM
I'mppodnexrpoCrannuit (I'9C). Koneuno, Bpena OT HUX Oosiblle, 4yem
IIOJIb3Bl — BTO W HapylleHHe 3KOJIOTHU, U 3arps3HeHUe OKpy’Kaloleh
cpenbl, W YHUUYTOXKEHHEe OHOCTpPYKTYp. W Bcé — paau moIydyeHus
HU3KOOKTABHOIM MOIITHOCTU p1d NpOHU3BOJACTBA HHOMH
npoaykiuu u oborpesa Hoocdeprl. Ho cienyer umers B Buzgy, uro I'9C
TOKe HeOOXOZMMO Pa3/iesiATh Ha 2 KaTeTOPUU.

Sl
U £

/

\
/

y ¥ -

>
pr Lot 4

Kareropusa 1. Mcnonb3yercss ecTeCTBEHHAasA TIpaBUTAIOHHASA

pa3HOCTh —ycTaHOBKa arperatoB I'QC Ha ecrecTBEHHOM Bojomnaze 6e3
u3MeHeHUs ecTecTBeHHOU cpeabl nmpuHocuT MEHBIIINMU BPE/I, yem
HHBIE cr1oco0bI co3mauud I'DC.
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Kareropusa 2. TPABUTAIIMOHHAA PA3HOCTD co3maercsa
NCKYCCTBEHHO, nipu 5TOM yBeJIMYHUBAETCA MHOTOKPATHO KOJIMYECTBO
BO/IBI 32 CUET IJIOTUHBI, 3aTAIJINBAETCS ITIOBEPXHOCTh 3€MJIU, HAPYIIAETCA
SKOJIOTUSA, yHUYTOXKAETCA OYMCTHAA TUIPoCcpea U T. /1.

Kcemamu, ucnoav3yemca  moAavKo HU3KOOKMAasHan
cocmasaauwas MowHocmu, Kyoda ucuedaem npu 3mom
8bICOKOOKMABHAL — HUKMO u He Jdoz2adbieaemca. CoriaacHo
KJIaCCUUECKOMY IpejicTaBieHu0 (Pusnuueckas SHIUKIONEAUA, T.1,
1988 1., M.), mOHATHE TPAaBUTAIMU OTCYTCTBYEeT, OHO 3AMEHEHO HA
noHamue «msazomenue». OJIHaKO CyIIECTBYET ONMCaHNe TPaBUMeETpaA —
puOOpa A1 U3MEPEHU S CHUJIBI TSIKECTU U YCKOPEHUS CBOOOTHOTO TaJIeHU S,
rpaBUTAIIIOHHOMN MacChl, TPAaBUTAIIMOHHOU MTOCTOSIHHOM, TPaBUTAIIIOHHOMN
(pokycupoBKHM, TpPaBUTAIUOHHOTO B3aMMOJEUCTBUS, T'PABUTALOHHOTO
II0JII, TPABUTAIIMOHHBIX BOJIH (CO3/1aBaeMbIX YacTHIEd — TPaBUTOH),
rPaBUTAIMOHHOTO 3aXBaTa, TPABUTAIIMOHHOrO KoJulanca (3eMJII0 MOKHO
cKaTh A0 r=0,9 CM.), TPaBUTAIlMOHHOTO mapajokca. Kpome Toro,
IMOAPOOHO ONHCAHBI TPAaBUTOH W TpaBUTHHO. Ho 0 TOM, UYTO Takoe
cOOCTBEHHO caMa TpaBHTAIUsA, €€ OCHOBBI U CIIOCOO CyIeCTBOBAHHS HU B
OTHOY SHITUKJIONIEAUU He cooOIimaercsa. B ommcaHuM TpaBUTAIOHHOTO
KOJLJIAICA UCIOJb3YIOTCA TEPMHUHBI «THUAPOAUHAMHUYECKOE CKaTue», HO
«TUIPO-» OTHOCUTCA K BOJZle, a B kosuiamnce onucbiBaercsi CHKATUE
IIBIJZIEBOT'O OBJIAKA. C TOYHOCTBIO J0 2 3HAKOB (IIOC/Ie 3amsaToi) B

HU3BECTHBIX HaM «JIOMIAIMHBIX

KOHCTAaHTaXx»  BBIBEJEHO 3HAUYCHHE g8
* Ha nontoce

YCKOPEHHsI  CHJIBl  TSAXKECTH,  3TO

3HaUE€HUE PA3JINYHO B Pa3HBIX TOYKAX
3eMJyIM, W OTCIoJla CJieJIJaH BBIBOJ O

I'PYIHIEOBPA3HOM ®OPME | ‘ i
SEMJIN. CyecrByer BAKOH | "Wragl s ﬁ%
BceMUPHOTO TAroreHus (HpioroHa) W ol

B HEpEeJISITUBUCTCKOU MeXaHUKe,

COTJIACHO KOTOPOMY cuaa(?)

Ha nontoce
T'PAaBUTALIUOHHOTO IIPUTAXKEHHA [ABYX

TeJI ¢ MaccaMH My ¥ M. 00paTHO NMPOIOPIOHAIbHA KBAZ[paTy PACCTOSHUA
I MeX/1y HUMMU:

mim;

F=G [r-cm/cek?],

T2
rae G=6,67-1078 cM3/T-c2 — rpaBUTAIMOHHAA IOCTOSIHHAsI, 3HAUYEHHE
KOTOPOH OIIpe/ieJIEeHO U3 SKCIIEPUMEHTA.
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Takum 06pa3om, UCXO/A U3 KJIIACCUYECKUX ITPE/ICTABIEHNH, HUKAKAs
nesarenbHOcTh Yesnoeka HE MOZKET mHapymuts aanbeno 3emuiu,
II03TOMY HM3MeHEHHe CBOUCTB U CTPYKTYp ABuxkeHUA BoApl HE MOZKET
IPUBECTH K CEPbE3HBIM ITOCIIE/ICTBUIM.

BepHéMcA K pacCMOTPEHHOMY IIPUMEPY C KapeToH, KOJeCcOM U
HaIpaBJIeHHEM JABH:KeHUs1. VJITi03un 00paTHOTO BpallleHHUs He BOBHUKAET,
ecId  YIJIOBOE IlepeMellleHHWe  Bpaljamwiierocss o0bekTa  OoJiblie
ompesieJIEHHOrO 3HaueHUs (TakToBoM dactorel). To ects WJIJIHO3UA
OBPATHOI'O ABUXKEHWA nosasisgeTcd, ecau HeCcyllas 4YacToTa
MEHBIIE TAKTOBOM, a 0COOEHHOCTH BOCIIPUATHS I'PAaBUTAIIUU COCTOUT B TOM,
UTO HeCYwasn Hacmoma moixcem 0uims uau 6oavule, Ul MeHsvule
maxkmoaeoil.

HemasoBa:xHbpIi Bompoc — [I'paBuTanusa Kak CBOHCTBO
MarHUTHOTO UMITyjbca. [IycTh /iBe aTOMHBIE CTPYKTYPbHI CBSA3aHBI MEXKIY
coboii 6oukoii J[morena. OCHOBOM mepeiayu 000 TPYHITBI TOTEHITUATIOB
MEXy CMEXHBIMH aTOMaMU SBJAETCA TPABUTO-3JIEKTPOMArHUTHAaA
BOJIHA, UMEIOIAs CyMMapHOe ayb0e/10, paBHOE HYJII0 U MOP()OJIOTHIECKHT
obopmiieHHasaA B Bujie 00uku. OTMeTHM, UTO OOUKA — 3TO KOHKpETHas
dopma. Mopdosorus® — Ha pucynke. bouka — 3T0 Mopdosorus cBsI3uU
MeXZly TPOTOHHBIMHM aroMaMu. HamomHio, uyTo bBouka wuMeeT Ba
ocHOBaHMA. OHO OCHOBAHUE «OIMHUPAETCSA» HA BHENIHIOI ITOBEPXHOCTHh
aToMa, BTOpO€ — Ha BHYTPEHHIOIO (BTOpPYIO) MOBEPXHOCTH CJIEAYIOIIETO
aTomMa. ATO MBI C BAaMH YK€ paCCMaTPHUBAJIU B IIPEABIAYIIUX IJIaBaX.

Pebpo xécTkocTn

He pacCMaTpuBarOTCA YIJIbI CKOJIbXK€HUA, SapHI[OBbIﬁ JKBUBAJIEHT,

3HaUeHUe 4YHucCjIa ® U JIpyThe IMapameTpsl cBA3U. Ho sjaekTpudeckuu
MOTEHIIAJT HE MOXKET [ABUTAaThCA caM co0Oi. ATOMHAsI CTPYKTypa
dopmupyetcs Tak, 4ToOBI OBUI BBIXO/ MAarHUTHOTO UMITYJIbca. be3 Takoro

6 MopdgoJiorusa — Hayka o GopMe U CTPOEHHH.
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BBIXOZ]Ja aTOMHAs CTPYKTypa Oe3km3HeHHA. IIpy 3TOM CMEXHBIA aTOM
JIOJI:KeH UMeTh Je(UIUT BX0/la MarHUTHOTO UMITyJIbca. Takad CTPyKTypa U
ABJIAETCA AaTOMHOU CTPYKTypou. MHOXeCTBO aTOMHBIX CTPYKTYD,
CBABAaHHBIX MeXy coboii 6oukamu /[moreHa W MArHUTHBIM HMITYJIbCOM,
npencrasisioTr u3 cebss HEMHEPITMOHHYIO MACCY, rae TakroBas
YacToTa MArHUTHOTO UMITyJIbCA COBIIQZIaeT € HeCylled YacToTou
KoJiebaTeslbHOTO KOHTypa 0Oouku [luoreHa. Pazmepsl Takod CTPYKTYPBI
moryT ObiTb HEOI'PAHMWYEHDI, a TakToBasg dYacToTa MAarHUTHOTO
HMIIyJibCa HAXOJUWTCA B Jualla30He OKTaB 73,125125-96,975975. Ho
HMEeIOTC U HH3KHEe OKTaBbl, HAa KOTOPBIX Cc(HOPMHUPOBAHBI HeCyIIre
MIOBEPXHOCTH caMoro artoma. Eciau HapymieHO anpbefo aroma, a 35TO
Hapymenue MoxHo BBI3BBATH M HMCKYCCTBEHHBIM ITYTEM,
IIPOUCXOIUT U3MEHEHHE HECYI[eH YaCcTOThI K01e0aTeIbHOTO KOHTYpa 00YKHU
Huorena. Takoe nHapymeHue mMoxHO BbI3Bath, MISMEHHWB YMCJ/IO =©
K0J1e0aTeIbPHOTO KOHTYpa, HANPUMED, IyTEM BHECEHWUS HEWHEPIIMOHHOM
Macchl U3 MHOU cucrembl (kpome CosHeuHo#). IlosBUBIIAsACSA pPa3HOCTD
YaCcTOT NEPEBOJIUT HEMHEPIIUOHHYI0 MAacCy B YaCTUYHO MHEPIUOHHYIO, TO
ecTh B TPAaBUTAIMOHHYIO, MJIM MOHHYIO. B 3aBUCUMOCTH OT 3HaKa Pa3HOCTU
HECyIlled M TAaKTOBOM YACTOThI OOpa3oBaHHAs Macca MOMKET UMEeTh JIHOO
MIOJIOJKUTEJIBHBIN T'PAaBUTAIIMOHHBIA 3¢ deKT, aub0 oTpUraTesbHbIN (110
aHajjorun ¢ MarEuToMm). OTMeTHM, YTO TIPHU 3TOM  HCUE3AET
68bICOKOOKMABHAS COCMABAANWAA HEUHEPYUOHHOU MACCHL, OHA
HEe MOJKeT ObITh BBIBEJ[EHA W3 AaTOMHOHM CTPYKTYpbl. JTa OCTaBIIASCS
BBICOKOOKTaBHasi HEMHEPIMOHHAsA Macca obJiajaer KOJIOCCAJIBHOM
AHEPTETUYECKOM MOIIIHOCTBIO, mnpu mepeBose eé B
HU3KOOKTaBHYIO WHBIM ciocobom, BBlJIesIAeMAasd MOIIHOCTh
1:1.000.000.000.000, U pas3pylleHus, IPOU3BeJAEHHbIE NPU TAKOM
Boiziesienn, HA TIOPA/IKM mnpeBOCXOAAT B3PHIBBI aTOMHBIX O0OMO.
Jrob6asg yacTUUYHO HEWHEPIMOHHAs Macca, K KOTOPOU OTHOCHUTCS U BOJA,
o0J1ajlaeT cMeleHneM TaKTOBBIX M HECYIIMX YacTOT, WK rpaBuTanuei. B
OTJINUMEe OT WHEPIUOHHBIX Macc (THIIA IeCOK), I/ie JAOCTUTHYT Hpeze
CMelIlleHUs TaKTOBOU U Hecylllel 4acTOThl, Macca BOJbI UMeeT liepeMeHHOoe
CMellleHne, WIN MepeMEHHbI TPaBUTAIMOHHBINA MOTEHIUAJA. DTO U
II03BOJIsI€T, IOMUMO APYTUX (PU3UYECKUX CBOUCTB BOJBI, «/IeaTh» U3 Hee
IepCOHAIbHYIO «TabsieTky» a1 [losb3oBarens IIporpamm «CBeTJI».

B ecrecTBeHHOM BHie 3TOT MOTEHIIUAJI COBMEIIEH C OKPYKaoIei
cpe/lol U Wu3MeHseTcA B HeOOJBIINX IIpefieyiaX, peryJIMpoBaHUe
IIPOU3BOAUTCS IIyTEM IepepacupeiesieHusl IO IMporpaMMaM, KOTOpbIe
BBITIOJIHSIOTCS B COOTBETCTBYIOIIIEM TAaKTOBOM OKHe. M3MeHeHUs anb0eso
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®. lIkpynues «CeetrJIbiii Benuk» H. JleBamosa B «barnuom [lesie» A. Xatei6oBa u TpynoBast Jlonara

HE mwpoucxoaar Tam, rae oOHapy:xeHbl HapymeHusa. Ha 3emute
cOOpPMHUPOBAHBI y3JIbl «YTHJIH3AIUH», HWJIHX TOYKH aBTOMAaTHUYECKOI'O
BEHIDABHUBAHUA anpbeno — Tak HaspiBaemble CEMCMOOIIACHBIE
3OHDI. Ho B 3TuX 30Hax U3MeHAETCSA TO, YTO JOCTYIIHO H3MeHEHUIO.
I'pasumayuoHmblit nomeHyuaa 8600bl 8 oOkeaHe U 800blL 8 pexe
PA3JIMYEH u onpeznenserca He padmepamu, a CIIOCOBOM CBA3MU ¢
OKPY>KaIoIlel cpesou.

Koneuno, npyz He co371aéT Tpo6JeM U He MOXKET BBI3BATh CEPbE3HBIX
9KOJIOTUYECKUX W3MEHEHHN — CHCTEMBI KH3HeobecrieueHUs MOTYT (1
HeHapylIeHus anpbesio) B ApyromM mecre chOpMUPOBATh HOHHYIO Maccy,
KOMIIEHCHPYIOIIYIO JeWCTBHE TAaKOro BojioéMa. IIpobsieMbl BO3HHKAIOT,
KOI/Ia HAKAIUIMBAIOTCA HCKYCCTBEHHO 3HAUHUTETbHbIE 00b€MBI BoAbl, HE
COJIEP2KAIIEN [0moTHUTETHHBIX HOHHBIX CTPYKTYP, TO €CTh IPeCHOH
BO/JIBL.

K TaKHM OTHOCATCS NCKYCCTBEHHBIE
BOJOXPAHWJINIIIA npu I'dC. 3aTannBaeTcsi MECTHOCTh Ha JE€CATKU
U COTHU KHUJIOMETPOB, U3MEHSIOTCA MapaMeTPhI CBA3H aTOMHBIX CTPYKTYP B
JTAaHHOW MECTHOCTH, KOMIIEHCUPOBATh aJIb0€/10 BOOEMA OOBIYHBIM ITyTEM HE
MpeJiCTaBJIsIeTCA BO3MOXKHBIM IO AByM mnpudyuHam. IlepBast — 3To
Kosoccasibubple  MomiHoctd, CBEJIEHHBIE B OJJHY TOYKY c
HapyIlleHHeM OOINero TPaBUTAIMOHHOTO IIOTEHIMAajia, W BTOpas —
ucrosp3oBanre TOJIBKO HU3KOOKTABHOI COCTABJISIOIIEN
FPaBUTAIIIOHHOTO IIOTEHIIMAJa CO3/JaéT JIOBYIIKY, TO €CThb Boja
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npuobpeTaeT Kak OBl CBOWCTBA PE3WHBI — YacTh TI'PaBUTAIIIOHHOTO
IIOTEHI[MAJIa N3PACX00BaHa, a BBIX0/]a BHICOKOOKTABHOI'O IIOTEHI[MAJIA HET.
Torma s000e JelcTBHUe, TPUBOAsAINEEe K Pas3bJIOKUPOBAHUIO BBIXOJIA
BBICOKOOKTABHOTO IIOTEHIIMaJa deaaem makxkyr 600y cmpawiHee
amomHoit 6omowl.

KyiosrmmeBckasa I'9C (KI'9C), Hanpumep, SBJIAETCS OJHOH U3
kpynHedmux I'DC B mupe. B otsiimuune ot octanbHbix ['D9C oHa nocTpoeHa B
peruone, rae 8 npuHyune HEJIb3Ad CO3/IABATD wucKycCTBEHHbIE
BO/TIOEMBI. JKurynésckue ropbl — MOJIOJbIE ¥ HUMEIOT KOJIOCCATBHBIN
MIOJIOKUTEIBbHBIA MOTEHITUA KaK TOPbI, KOTOPbIe MOTYT OBITh HCTOYHUKOM
SHEpruM B LeHTpalbHOM peruoHe Poceun. Jlo cux mnop HE
PACCMATPUBAJIOCDH - Kak WHCIOJb30BaTh IIOTEHIIHAJ, KOTOPBIN
HAKOIUJIEH B ropax. To — orAenbHasa teMa. M3nyunna Bosaru B Kurysax —
50 PABHOBECHOE COCTOAHWUWE AJIBBE/IO, xoMmIieHCUpYIOIllee
JlelicTBUe TIOJIOKUTEJIbHOTO TOTeHIMasa caMux Trop. Macca Bofpl,

MIPOTEKAIoIas Yepe3 5TH TOPbl, HE TOJIBKO KOMIIEHCUPYET MTOTEeHITUA, HO U
CO3JIAET BJIATONIPUATHYIO CPEJY paada desoBeKa u
OUOCTPYKTYP.

Ioce crpourensera KI'AC M3MEHMJIOCH BCE — B mepsymo
ouepesb, aIb0e/I0 pernoHa — BOBHUKJIA HEKOMIIEHCUPOBAHHASA MarHUTHAs
aHoMasus. JIMKBUAUPOBATh AHOMAJIUIO MOKHO TOJIBKO OJHHUM IIyTEM -
3emJieTpsAceHueM tumna 1. [Ipu 3emiierpsiceHUU THUIIA 2 BO3HUKAET
KoJiebaTeJIbHBIA  ITPOIIEecC, IHEPEBOJAIIINUIM Bece PETHMOH @
mépmeyro 30Hy. Ilpexze yeM paccMaTpuBaTh TaOJUIBI, ClIeIaeM
HeOOJIbIIIOE 3aMeyaHue — Jlake IIPU CHJIBHOM JKEeJaHWHW CO3/aTh
HMCKYCCTBEHHBIN BOJOEM IUIOTUHY HEOOXOAUMO Cmpoums u3 moz20
mamepuana, N0 KOmMopomy meuém peka, Tak Kak B HEM YKe
chopMUPOBaHBI COOTBETCTBYIOIINE JAHHOU BOJIe MAarHUTHbBIE UMITYJIbCHI U
IoTeHIUaAbl. Vcmosabp30BaHME HWHOTO MaTepuaja MOXKeT NPHUBECTH K
[IepPECTPOUKE CTPYKTYPhI MaTepuasia, Halpumep, B IMECOK.

B TabsuIbl CBeZIEHbI COOTHOIIEHUs TPABUTAIMOHHBIX IMOTEHIIHAJIOB
10 PeruoHy, ajibbe/I0 pernoHa U MHOTOe Apyroe. Kpome Toro, Ha ocHOBaHUMN
STHUX JAHHBIX, MOXXHO IPON3BECTH OLIEHKY COCTOAHUSA IPYTUX PETUOHOB, I/ie
pacniosnaratorcd I'9C.

B 3one peiictBus ATOMHBIX SJIEKTPUYECKUX CTAHIIUN
BO3MO:KHO (POpMHpPOBAHHE 3€MJIETPACEHUH THUMA 2, U TaOJIHIbI
coJiep:Kart MoKas3aTesy 10 3TOMY TUILY 3eMJIeTPACEHUN.
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FpaBI/ITaHI/IOHHaﬂ IIOCTOAHHAA

OxkraBa

FpaBHTaIlHOHHbIﬁ IMOoTeHIHaJI

100
8o
60
40

20

M MarHUTHBIH HMITYJTBC

Hecymas okrara

UMZDD[HDH

I'paBuUTAanIMOHHBIA MOTEHIINAJ PACCYUTHIBAETCS 110 ATB0EI0 AaTOMHOM
CTPYKTYPBIL.

No OkTaBa MarHUTHOTO H 3HaueHUe I'paBUTAIIMOHHBIA
0 ecylIas OKTaBa
HMITyJIbCa anpbeno noteHuai (Log A)

1 44,375375 42,37503750 - 4264 - 3,62982

2 44,450450 40,45004500 - 1780 - 3,25042

3 48,375375 46,37503750 + 704 2,84757

4 48,450450 44,45004500 3188 3,50352

5 54,375375 52,37503750 5672 3, 75374

6 54,450450 50,45004500 8156 3,91148

7 64,225225 62,22502250 10640 4,02604

8 72,375375 70,37503750 13124 4,11807

9 72,450450 68,45004500 15608 4,19335

10 72,625625 66,62506250 18902 4,27651
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11 72,875875 64,87508750 20576 4,31336
12 84,375375 82,37503750 23060 4,36286
13 84,450450 80,45004500 25544 4,40746
14 84,625625 78,62506250 28028 4,44759
15 84,750750 76,75007500 30512 4,48447
16 84,875875 74,87508750 32996 4,51846
17 84,975975 72,97509750 35480 4,54998
18 96,450450 94,45004500 37964 4,57937

3HauyeHUA IPaBUTAIIMOHHBIX MOTEHIIUAJIOB
JUISI HOHHBIX CTPYKTYP (1 cM3)

No HarMeHOBAHIE I'paBUTAaIIOHHBIN Heucnosb3yeMsblit
IIOTEHII K AJI IMOTEHIIMaJI I'PaBUTAllHN
1 Bopa H.O 648484 648448
2 Boga H;0 846428 846396
3 Bopa H,O 964284 064262
4 Boga HO 1084284 1084272
5 Cepebpo 728 722
6 30J10TO 448 444
7 Ypan 235 228 226
8 Ypan 237 216 224
9 Ypan 239 196 188
10 [TiryToHUM 164 152
11 Menp 128 116
12 bazanpt 3264 3264
13 I'panur 3336 3336
14 ITecox MOpCKOH 108 106
15 ITecok peuHOU 136 124

[Ipu 3eMJIeTPSACEHUN IPOUCXOJUT BHIOPOC MOIITHOTO MarHUTHOTO
mosiss (30HBI XapTMmaHa). BeIOpOC TOJISI COMPOBOXKIAETCA H3MEHEHUEM
CTPYKTYP HOKpPOBa 3eMJIH, CABUTOM ILIUT, pazjaoMamu. Ha USMEHEHUE
MATHUTHOTO ITOJIA pearnupyroT >KUBOTHBIE, PbIOBI, HACEKOMBIE.

3aBUCUMOCTh CHJIBI ToOdYKa (o 1mkase Puxrtepa) OT ckadka
MarHuTHOTO I10Ji TpUuBeZieHa Ha rpaduke. Tak, u3MeHeHUe I10JIA B 4,9 pa3a
IpHUBEIO K ITIOJHOMY YHHUYTOXEHHIO ropoja Amxa6ama, PACUETHASA
BEJIMYMNHA, x npumepy, /111 MOCKBBI COCTaBJIAAET 5,4.

3eMsieTpsiCEHUE ITPOUCXOJIUT Yepe3 CTPOro OIpeAeIEHHOe BpeMs
00paTHOTO JIBMKEHHsS MATrHUTHOTO IIOJISI — IIPH JIOCTHIKEHUM BEJTMYHWHBI
MeHbIIIEN 0,02% OT HOPMBI (100%).

Hwxe mpuBeieHbI rpaduKy, MJLTIOCTPUPYIOIHE 3T TOKA3aTEeIIH.
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IIpn ymeHbIIEHUH IIOJIA O KPUTUYECKOTO 3HAYEHUA IPOUCXOIUT
CPBIB — 3eMJIeTpsACeHHe, IIPU 5TOM HAKOIUIEHHBbIe MOIIHOCTH IepefaloTcs
IIOCJIEJ0OBATEJIBHO.

% MII
350

300
250
200

150

100
Ly

0 qJachbl
06 09 12 15 18 21 00 03 06 09 12 15 18 21 00 03 06 09 12 15 18 21 00 03

16.11 17.11 18.11
Hapacranue MarHuTHOIO IOJIA

15.11 % M1I 16.11 % MI1I 17.11 % MII 18.11 % MI1I
6.00 100 00.00 310 00.00 322 00.00 12
7.00 100 01.00 312 01.00 314 01.00 2
8.00 100 02.00 316 02.00 310 02.00 0,06
9.00 100 03.00 320 03.00 304 03.00 0,004
10.00 100 04.00 322 04.00 206
11.00 100 05.00 325 05.00 285
12.00 104 06.00 330 06.00 266
13.00 106 07.00 328 07.00 242
14.00 108 08.00 322 08.00 222
15.00 110 09.00 320 09.00 192
16.00 114 10.00 314 10.00 164
17.00 118 11.00 312 11.00 152
18.00 122 12.00 306 12.00 142
19.00 130 13.00 302 13.00 136
20.00 148 14.00 300 14.00 130
21.00 190 15.00 298 15.00 124
22.00 240 16.00 204 16.00 120
23.00 290 17.00 310 17.00 116
18.00 324 18.00 112
19.00 330 19.00 108
20.00 332 20.00 104
21.00 336 21.00 96
22.00 340 22.00 74
23.00 328 23.00 25
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YuuThiBasi MOII[HOE HAKOILJIEHHE MarHUTHOIO IT0JIs, MIPOUCXOUT U
oOpaTHBIH mpoIece — cOpoc moJIs.

Y Kak/Joro peruoHa H3-3a €ro OcoOeHHOCTell — CBOU «3armac
JKU3HEHHBIX CHJI».
T'opog Ilpenen T'opog Ilpenen
Hedreropck —140.000 TamkeHT —110.000
Cnuraku —180.000 Mocksa —126.000
Arnrxabap —200.000 Bapaiibo —-84.000

IIpu mocTr:KeHUU IIpefieIbHOrO 3HAUYEHUA [POUCXOAUT HAKOIIEHUE
BJIEKTpUYECKOTo 101, obpasoBanHoro I'PYIIIIOM M3 8 ATOMOB,
IIPUMEPHO 4Yepe3 10 YacoB 3TOT IMPOILECC 3aBepliaercs, W scradera
mepefiaéTcs TpaBUTANMOHHOMY MO0 (00pa3oBaHO TOW JKe TPYMIOM
aTOMOB), OHO OMCMAém om 3.1eKmpuueckoz20 Ha 12 1acoes.

13.7. IlocuuTaTh, pacCUYuTaTh, HO HE IIyTaTh

Hapacranve MarHuTHOTO IIOJIA IPHUBOJUAT K H3MEHEHUIO BEKTOpa
TPYIIIBI aTOMOB B 0COOEHHO 8.AuUsem Ha padomy cepoevHOoUl MbllUbl.
B pesyibraTre Kak rnepez,
3eMJIETPSICEHUEM, TaK M IIOCJE HETO

. PE3KO YBE/IUMYUBAETCA uwncio
JIIOZIEN C CEPAIEYHBIMH 3a00I€BAaHUSMH.
OmHako PTO He  OTHOCHTCA K
ITosb30BaTesAM IIporpamMmm

«CBet/I» npu ycji0BUM TOTO, YTO OHU

J _

cranu ITonp3oBaTeaMu XoTs ObI 3a 2-3 MecdAana 0 3eMJIeTPsACEHUA.

Ha I‘paq)HKe HpI/IBeHeHa WUHTerpanbHan BeNWYMHA MarHUTHOrO NONS,
NPeAecTBYIOWEro 3eMNeTPSCEHNI0
3aBHCUMOCTb H3MEHEHHUs yIjla 1000 [~
)/
HaAKJIOHA BEKTOPA IPYIIIIBI AaTOMOB %%
OoT wuHTerpajdbHOH (mwromamu)
1000

3aBHCHMOCTHU U3MEHEHHOTO ' ' /

1000
MarHUTHOTO IT0JIA. it /

[MosoxkurenpHag obOsacty  '°%°

M3MEHEHHOTO MarHUTHOTO IIOJIA
(MOIITHOCTH)  KOMIIEHCUPYETCS

1,0 11 1,2 1,3 14 1,5 1,6
MOI'I‘IHOCTBIO Hepexoﬂa (C6p0ca) WUameneHne yrna HaknoHa BeKTopa B rpagycax

1000

1000
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npakTudecku /10 Hyss. OAHAKO MO BPEMEHU 3TU IMPOIECCHhl PA3JINYHBI.
HAKOIIVJIEHUE monsa mnpoucxoauT Heckonbpko pAHelr, CBPOC -
HECKOJIBKO YacCoOB.

Yem 00avuwle HAKONAEHHASA MOWHOCMb, MmeMm ¢ Ooavuell
CKOpPOCMb10 Nnpoucxooum copoc.

TaoauIa peaknui >KHBOTHBIX, PbI0, HACEKOMBbIX
HA U3BMEHEHHE MAarHUTHOTIO MOJIA

No HanMeHOBAHYIe IIpenen quCTBHTeJIbHocOTH npu
W3MEHEHUH M0JIA, %
1 |YenoBek 350
2 | Kopossl 210
3 |Cobaxku (kpymHbIE) 210
4 |Cobaxu (HebobIIIIE) 170
5 |Komku 144
6 |Kpsich 128
7 | MpImu 116
8 |Tapaxkansl 550
9 |Ilayku 110
10 |Kowmapsl, myxu 104
12 | PpIObI akBapUyMHBIE 140
% M1
00
8o
60
40
20
O — “—
1 2 3 4 5 6 7 8 9 10
Yac nocne
Er. Bajaitbo Mr. Hedreropck nepexoza

Bpems, yepe3 KOTOpOe IPONCXOAUT 3eMJIeTPsICeHUue
(mocJie mepexoaa moJist uepes 100%) o ropoaam

Yac nocsie nepexoza r. Bagaii6o, % M r. Hedreropck, % mn
+1 60 65
+2 30 15
+3 15 2
+4 6 0,2
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+5 1 0,02
+6 0,4 80

+7 0,1 100
+8 0,02 100
+9 70 100
+10 100 100

IMPEAE/IBHAA BE/IMYMHA na1a YenoBeka (yryla HakJIOHA
BEKTOpA) paBHA 42,262.

Bce pacuérthl (TeopeTHuYecKH) MPOCUYUTAHBI i1 MOCKBBI, Kak
cmoauust Haweil Pooumwt.

Ha cienyromuii JeHb MarHUTHOE II0JIe PEe3KO MU3MEHHTCS (JaHHBbIE
cBeZieHbl B TaOsuiy). VHTerpajibHas BeJIHYMHA MATHUTHOTO IIOJIS K
MOMEHTY IIepexojia 3HAaueHUs uepe3 HOPMY COCTaBUT 14.000, 4YTO
COOTBETCTBYEeT U3MEHEHHUIO yIjla HaKJI0HA BEKTOpa TIPYIIbl aTOMOB Ha 1,9
rpaayca. YuutbiBasg, uTo y 38% HacesmeHusa MOCKBBI 3TOT yroa B
HacTosilllee BpeMs B CPeIHEM COCTaBJseT 40,5 Tpajyca, 3Ta 4YacTh
Hacesienuss BBIMUPAET EIIE /10 3EMJIETPACEHHSA, B TeueHHe
npakmuuecku 00HO20 OHAL.

MoOIHBIA ~ «yap» MarHUTHOro 1oy 1o MockBe  Oyxer
COIIPOBOKAATHCA NU3MEHEHUEM CTPYKTYPbI BEpXHEU
ITOBEPXHOCTM! — npoBaJjibl TEpPUTOPHUH.

KpOMe TOTO, Y4YHUTBIBAA HaAJIM4YHUE AAECPHBIX PEAKTOPOB B 30HE
3E€EMJIETPACEHUA, IIpEAIIOIaracTca CUJIbHOE paaAalMOHHOE II0PaKEeHUe.

%MI1
500
400
300
200
100
- Yacel
0
00 05 10 15 20 00 05 10 15 20
JlaHHBIe HA JeHb 3eMJIeTPACEHUA
Bpems % M1 Bpemsa % M1
00.00 100 00.00
01.00 100 01.00 540
02.00 100 02.00 535
03.00 100 03.00 520
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04.00 100 04.00 490
05.00 108 05.00 450
06.00 140 06.00 400
07.00 180 07.00 340
08.00 232 08.00 260
09.00 206 09.00 180
10.00 352 10.00 135
11.00 430 11.00 90
12.00 528 12.00 10
13.00 540 13.00 0,03
14.00 540 14.00 0,0015%
15.00 540 15.00

16.00 540 16.00

17.00 540 17.00

18.00 540 18.00

19.00 540 19.00

20.00 540 20.00

21.00 540 21.00

22.00 540 22.00

23.00 540 23.00

24.00 540 24.00

3Hauenue
14000000

12000000

10000000

8000000

6000000

4000000

2000000

-2000000
B MaruurHoe nose B DJIeKTpHYEecKoe roJe ® 'paBHTAlHOHHOE 110JIe

Pacuér 3eMmyieTpsiCEHUA HA YCIOBHBIHI IEeHb

MarHuTHOe 1noJie AJIeKTpUUecKoe 1moJjie I'paBUTALIIOHHOE TOJIE
14.01 | 3nauenne | t°C | 14.01 | 3nHauenme | t°C 15.01 3nauenne | t°C
14.00 0,0015 -7 | 15.00 200000 -6 2.00 400000 +20
14.05 -700 16.00 550000 -3 3.00 750000
14.10 -3000 17.00 800000 -3 4.00 2100000
14.15 -40000 18.00 | 1200000 -2 5.00 2350000
14.20 -95000 19.00 | 1500000 -2 6.00 2600000
14.25 | -175000 20.00 | 1740000 -1 7.00 2900000 | +25
14.30 | -250000 21.00 1850000 +2 8.00 3300000
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14.35 | -370000 22.00 1970000 +6 9.00 3800000
14.40 | -480000 23.00 | 2050000 +12 | 10.00 4400000
14.45 | -590000 24.00 | 2200000 +16 | 11.00 4700000
14.50 | -740000 1.00 2350000 +18 | 12.00 4950000 +26
14.55 | -930000 1.10 2500000 13.00 5300000
15.00 +30 -6 1.15 2640000 14.00 5700000
1.20 2720000 14.05 5950000
1.25 2840000 14.10 6300000
1.30 2000000 14.15 6700000
1.35 2950000 14.20 7000000
1.40 3100000 14.25 7400000
1.45 3300000 14.30 7800000
1.50 3400000 14.35 8300000
1.55 3500000 14.40 8700000
2.00 0 +20 | 14.45 9100000
14.50 9400000
14.55 12500000 | +27
15.00 75

Pa3HOCTb 110 BpeMEHH MEK/Iy CPHIBOM MAarHUTHOTO IIOJISA M CPBIBOM
BJIEKTPUYECKOTO TI0JIsI COCTABJISIET 10 YacOB POBHO. PaszHocmb no epemeHru
MeHc0y CPblBOM INeKMPUUECKO20 NOASA U CPbLBOM 2PA8UMAYUOHHOZ20 TIOJIS
COCTaBJIsIET 13 YaCOB POBHO.

MOIIHBIN TTOTOK MarHUTHOTO U 3JIEKTPUUYECKOTO TIOJIEH 3a CYTKH JI0
3eMJIETPSICEHUs YK€ HUKOIO HE€ OCTAaBHUT B JKHUBBIX (M3 Te€X, Yy KOro
yroJa 43,84 rpaayca), Tak Kak yroJ HakJOHa BEKTOpa TPYIIbI aTOMOB
YBEJIMUUTCS Ha 4,62 Tpajyca U COCTABUT JJIA BCEX JKHUTEJEeH 3HaueHUe
OoJtbInie TIpeiesTbHOTO (43,84 Tpasyca).

Bann no wkane Puxrepa

12 t
J_,.——-"‘
//
10 - 2
’/
9 /
8 /
" BpeMs Hakornnekus) rpaBHTauMoOHHOr®
7 nons npcrje gcBpOMKAEHUS oT
eferja donpotusnernusi MaTepuana
6 -
Mocrle HakonNMeHNs NPOUCXOANT CplbIE —
5 3gMmneTpsaceHye.
Tﬁcib rjo fpauky + 7% — BrinsiHue
i BIIQXHOLTH, NOPAALI U NP
3
2 4 6 8 10 12 14 16 18 20 22 24
Bpems, yac
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% OT HOPMBbI
3.3 41 425 43 435 44 445 45 455 5 505 5.1 515 52 525

AN
-10000
-30000
-50000

~70000

Bpems
3

-90000 I

-110000

-130000

CocroaHue MmarHuTHOTO mMoJis (M8) o MuHyTam

% oT % oT % oT % oT
Bpemsa Bpewmsa Bpewmsa Bpemsa
HOPMBI HOPMBI HOPMBI HOPMBI

3.23 4.34 -6500 4.54 -19500 5.14 -67000
3.30 -80 4.35 -6500 4.55 -20000 5.15 -69500
3.40 -250 4.36 -6500 4.56 -22000 5.16 -72000
3.50 -500 4.37 -6500 4.57 -25000 5.17 -74500
3.55 -850 4.38 -6500 4.58 -28000 5.18 -77500
4.00 -980 4.39 -6500 4.59 -29500 5.19 -79500
4.10 -2500 4.40 -6500 5.00 -33000 5.20 -83500
4.20 -4000 4.41 -6500 5.01 -36000 5.21 -87000
4.22 -4300 4.42 -6500 5.02 -39000 5.22 -93000
4.23 -4500 4.43 -6500 5.03 -41000 5.23 -97000
4.24 -4800 4.44 -6500 5.04 -44000 5.24 -09000
4.25 -5000 4.45 -6500 5.05 -46000 5.25 -103000
4.26 -5300 4.46 -7000 5.06 -47500 5.26 -109000
4.27 -6500 4.47 -9000 5.07 -49000 5.27 -114000
4.28 -6500 4.48 -9800 5.08 -52500 5.28 -120000
4.29 -6500 4.49 -14000 5.09 -54000 5.29 -123000
4.30 -6500 4.50 -17500 5.10 -56000 5.30 -125000
4.31 -6500 4.51 -18500 5.11 -59000 5.31 -126000
4.32 -6500 4.52 -18500 5.12 -61500 5.32 +40
4.33 -6500 4.53 -18800 5.13 -64000 5.33 +90

IIpomecc dopmupoBaHuUs MOITHOTO OTPUIATEBHOTO MATHUTHOTO TOJIS
rpynnbl Mg 3aBepmuTcs, W 3cradera INepefaeTrcs IOJ0KUTETbHOMY
2JIEKTpUYecKoMy 1oJiio Es.
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% OT HOPMbI
140000 |

120000 |
100000 |
80000 |
60000 |
40000 |
20000 |
I Yac
{ i A | b

0
00 02 04 06 08 10 12 14 16 00 02 04 06 08 100 12 14 16 00 02 04 06 08 10 12 14 16
H360p CKMOILITHOCTHU» 3JICKTPHUYECCKOI'O I10JIA

Jac % OT HOPMBI Jac % OT HOPMBI Jac % OT HOPMBI
00 2000 00 35000 00 98000
06 8000 06 45000 06 100000
07 07 07 110000
08 08 08 115000
09 09 09 119000
10 10 10 125000
11 11 11 127000
12 16000 12 60000 12 128000
13 13 13 128500
14 14 14 129300
15 15 15 130500
16 16 16 0
18 24000 18 83000 18 0

[Tpomecc ¢opMHUPOBaHUA TOJIS 3ABEPIIUTCSI YEPE3 Q YACOB 45
MUHYT Iocie pOpMUPOBAHUSA MAaTHUTHOTO TIOJIS.

Acradera mneperaHa rpaBuranoHHoMy mnosro  Gs.  Ilome —
II0JIOKUTEJIbHOE, HAlIPaBJIEHO OT LIeHTpa 3eMJIH.

% OT HOPMBI
400000

350000
300000
250000

200000

150000

100000

0000 ulll
.-lllllllllllll

0
00 04 08 12 16 20 00 04 08 12 16 20 00 04 08 12 16 20 00
HN3meHeHue rpaBuTaiioHHOTO 1014 (G8) (HopMa — 100%)

Yac

4ac | % oT HOPMBI | 4ac | % OoT HOpMBI | 4ac | % oT HOpMBI | 4ac | % OT HOpMBI

00 125 00 5600 00 133000 00 332000
01 152 o1 6500 01 142000 o1 339000
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02 178 02 8200 02 151000 02 346000
03 215 03 9900 03 160000 03 352000
04 245 04 11500 04 168000 04
05 278 05 13000 05 175000 05
06 335 06 15800 06 184000 06
07 390 07 18500 07 192000 07
08 465 08 21000 08 200000 08
09 520 09 24500 09 207000 09
10 590 10 28000 10 215000 10
11 660 11 30500 11 223000 11
12 730 12 35000 12 232000 12
13 790 13 38000 13 246000 13
14 870 14 42000 14 252000 14
15 950 15 46000 15 259000 15
16 1060 16 49500 16 267000 16
17 1180 17 55000 17 273000 17
18 1250 18 62000 18 280000 18
19 1400 19 73000 19 289000 19
20 1600 20 85000 20 2097000 20
21 2000 21 97000 21 306000 21
22 3000 22 113000 22 313000 22
23 4300 23 128000 23 322000 23

KCTaTI/I, KpUTHYECKasA TOYKA SJIEKTPUYECKOTO IIOJIA IJIA MockBb1 —
YBEJIMYEHHE Ha 13000% OTHOCHUTEJIbBHO HOPMBI. Kor/:[a KpUTHUYECKaA TOUKA
JJIA SJIEKTPUYECKOTO I10JIA JOCTUTHYTA, OCTAJICA HOCJIC,Z[HI/Iﬁ JTall.

1800000
1600000
1400000
1200000
1000000
800000
600000
400000
200000

0

345 4,1 4,3 4,5 5,1 524 5,32 54 548 556 6,04 Bpems

W [Ipegen ®W3HaueHHe

Bpemsa IIpenen 3HaueHue Bpems IIpenen 3HaueHue
3.45 354520 354490 5.28 352150 393000
3.56 354590 354600 5.32 350800 407000
4.10 354670 356560 5.36 343000 423000
4.20 354920 357320 5.40 336000 434000
4.30 355040 358100 5.44 321000 448000
4.40 355200 359000 5.48 265000 612000
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4.50 355280 361950 5.52 200000 0922000

5.00 355000 371740 5.56 115000 1210000
5.10 354740 376400 6.00 50000 1500000
5.20 354200 382500 6.04 10000 1640000
5.24 353000 387500 6.08 0 1700000

Hpe,ueJIbHoe 3HaueHHe AJ11 MOCKBBI COCTaABJIAET 345000.

YuuTthiBasa
rPaBUTAIMOHHOTO I10JIsI, BBEJIEM TAOJIUIy pereHepaii rPaBUTAIIHOHHOTO
mosisi. O6paTuM BHUMAaHHE Ha TO, YTO B IPOIIECCE PETeHEPAIIUH 0 PE3KO
U3MeHseTCs TeMIleparypa.

BJINAHUE

BJIA2KHOCTH

u

rpaduk

HaKOIIJICHUA

Korzma mporiecc pereHeparvi T'PaBUTAIMOHHOTO IIOJIA 3aKOHYEH,
CAEeaYIOIU 3Tamn — GOpMHUPOBAHHE MOIHOCTH IPABUTAIIOHHOTO I10JIS.
HauanbHoe 3HaueHue =7,1 6ajiia 1o mkaie Puxrepa, moiy4eHo B poliecce
perenepanuu. IIpy HAKOIUIEHWH IIPOU3BOLUTCA YBEJIHUYEHHE MOIIHOCTH
(6anna mo mkase Puxrepa).

6000000
5000000
4000000
3000000
2000000
1000000

(0]

-
=]

oW A OO N 0O

(6]

6,12 6,2 6,286,366,446,52 7 7,087,16 7,2 7,247,287,327,36 7.4 7,44 7,48 7,52 Bpema
® MomHocts M bann

Bpems | 3nauenne | bann | Bpemsa | 3Hauenne | bansn | Bpems | 3uauenue | baan
6.12 1740000 7,2 7.00 | 3580000 | 8.20 7.32 4215000 | 8.60
6.16 1900000 7.04 | 3660000 | 8.25 7.34 | 4240000 | 8.63
6.20 | 2020000 7.08 | 3780000 | 8.35 7.36 | 4300000 | 8.68
6.24 | 2380000 7.12 3850000 | 8.45 7.38 | 4380000 | 8.72
6.28 | 2520000 7.8 7.16 3960000 | 8.50 7.40 | 4440000 | 8.84
6.32 | 2640000 7.18 4020000 | 8.55 7.42 | 4530000 | 8.92
6.36 | 2860000 | 7.85 7.20 | 4090000 | 8.57 7.44 4595000 | 9.00
6.40 | 2980000 | 7.90 7.22 4120000 | 8.58 7.46 | 4650000 | 9.15
6.44 | 3045000 | 7.95 7.24 4150000 | 8.59 7.48 | 4740000 | 9.30
6.48 | 3140000 | 8.00 | 7.26 | 4200000 | 8.60 | 7.50 | 4780000 | 9.40
6.52 3245000 | 8.05 7.28 4215000 | 8.60 7.52 | 4830000 | 9.50
6.56 | 3400000 | 8.12 7.30 4215000 | 8.60 | 15.15 | 4830000 | 9.50

OT KOHIIa pereHepanyy rpaBUTAIIMOHHOTO TOJIS /10 CPhIBa MO — 11
YacoB, YTO YKJIQJBIBAETCSA B JIHAMMa30H TOYHOCTH. Tak Kak H3MepeHHUs
IIPOBOJIMJINCh B 36 OKTaBe, TO JJIA TOTO, UTOOBI IEPEHTH Ha 28 OKTaBy,
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HeoOX0IMMO 3HaUeHUe paszieJIuTh Ha 256. [Ipu pacuére MCI0JIH30BAIOCH
BpeMsa 36 OKTaBhI, JISI IIEpexXo/ia B «HAIlle» BPeMs HEeOOXOAHMMO BBECTH
IIOIIPAaBOYHBIN KO3 ULINEHT.

OtMmeTumMm, 9TO 3TO — CPOPMMNPOBAHHOE
SEMJVIETPACEHME. Teneps Ha0 €ro «ucneudb» — JOBECTH JI0 HY?KHOTO
0aj1a, OTHAKO HET ITOJIHBIX JIAHHBIX 110 CHJIE 3eMJIETPSCEHMU .

[Ipexxyie yeM HPUCTYIHUTh K PAaCCMOTPEHHIO Tpaduka, obOpaTUM
BHHMAaHWE Ha HAIPaBJIEHHOCTh IOJIEH M MX B3aUMOCBA3b. B oT/inume OT
KIaccuyeckor ¢usuku (ryie oTpuIlaTeIbHOE MarHHUTHOE II0Jie Ha3BaHO
DJIEKTPUYECKHUM, HEeT IIOHATUH BJIEKTPUYECKOT0 H TI'PaBUTAIMOHHOIO
I10JIeH), pa3ie/TuM IeCTBUE TTOJIEH.

ITociaenoBare iIbHOCTH 3eMJICTpACCHUA

1.  Hapacranuve HamNpsKEHHOCTHM MAarHUTHOTO TOJA. IATOT (akT
MO’KHO U3MEpPHUTh, U3MEHEHHE OTMEYal0T «3KCTPAaCeHChI», HO HA 3TOM HX
criocobHOocTH 3akaHunBaroTesA. OT Hayasia HapacTaHUsI MAarHUTHOTO TI0JISA /10
3eMJIETPSICEHUS] MOJKET IPOUTHU JAOCTaTOYHO MHOTO BpeMeHH. B TO ke
BpeMs, KojiebaHUsA MArHUTHOIO II0JIS He 0053aTeIbHO COIPOBOXKIAIOTCS
3eMJIeTpsCeHUEM.

2. Pe3koe yMeHbIIIEHHWE HAIPSKEHHOCTH  MOJIOKUTETHLHOTO
MAarHUTHOIO I10JisI, 0Opa30BaHMWE «BHUXPsA» JABYX MATHUTHBIX IIOJIEH —
MIOJIOKUTEJIBHOTO U OTPHUIATEIBHOTO (OTpHUIlATENIbHOE T0oJie B (UBUKE
NPpUHUMAETCA 3a OJJIeKTpuueckoe). DOpMHPOBAaHHE OTPUIATETHHOTO
MAarHUTHOTO TTOJIS.

3. Dbelcrpoe HapacraHue HAUPSKEHHOCTU  OTPUIATEIBHOTO
MAaTrHUTHOTO TOJIsA, ITPU JOCTHKEHUH TPEeIbHOTO 3HAYEHUS — CPBIB IOJI.

4. llpu JIOCTUKEHU U MaKCUMyMa HAIPAKEHHOCTU
MTOJIOKUTEJIPHOTO MATHUTHOTO T0oJisi (M. 1) IPOUCXOJIUT HapacTaHUe
HAIPSKEHHOCTU  3JIEKTPUYECKOTO U TpPaBUTAI[MOHHOTO mojed (B
COBpeMeHHOU (PU3MKe He U3BECTHBHI).

5. Ilpu Hauase ¢GOpMUpPOBAaHUA OTPHUIATEILHOTO MAaTrHUTHOTO
oA (1. 3) MPoOUCXOAUT OOpa3oBaHUE «BUXPSA» IJIEKTPUUYECKHUX IOJIEH —
MIOJIOKUTEIBHOTO U OTpUIlaTesbHOTO. [IpoIecc 3akaHUMBaeTCA MIPU CPbIBE
OTPHUIIATEIPHOTO MAarHUTHOTO IOJISA. 3/1ECh BBOJIUTCSA IePBas KOHCTAHTA —
km=72 waca. 9To 3HaUYeHHWE MPUMEHUMO K JIIOOBIM 3eMJIETPSCEHUSIM.
OTtMeuaeT BpeMs OT IIpoliecca HapacTaHUS OTPHUIATEIHbHOTO MAarHUTHOTO
TI0JIS1 10 3€MJIETPSACEHUA.

6. Hapacranue HaIpsXKEHHOCTU OTPHUIATEIHBHOTO MATHUTHOTO
IoJIsi U CPhIB. B MOMEHT cCphIBa OTPHUIATEILHOTO MAarHUTHOTO IIOJIS
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Yacts 3. Pusuka peanuii. [1aBa 13. Pasmbinienus B 6yyiiemMm BpeMeHU

MPOUCXOAUT O0Opa3oBaHWE «BUXPS» TPAaBUTAIMOHHBIX moJeid. Ilo
3aBepIIeHNH «BHUXPA» 00pasyercs AOCTATOYHO MOIIHOE I'PaBUTAIMOHHOE
IoJie OJHOTO U3 3HAKOB (COOTBETCTBYIOI[€E TOPU3OHTAIIHHBIM FJIH
BEPTUKAJIBHBIM TOJTYKAM IpU 3emiieTpsceHuu). CpbIB IPaBUTAIOHHOTO
TI0JIs — 3eMJIETPsICEHUE.

Bropasa koHcraHTa — k=60 uacoB. JTO 3HaUeHHE BpEMEHU OT
CpbIBa  BJIEKTPUYECKOTO TOJIsI /O  3eMierTpsiceHus. Hapacranue
HaNpPsDKEHHOCTH  TPAaBUTAIMOHHOTO TIOJIA  OJHOTO  3HAKa  Iepef

HakonneHue MOLWHOCTH 3eMNETPSAICEHNA
®dopmMupoBaHue LWKanbl
3eMIeTPACeHUst
MpaBUTaUNOHHOE None
HakonneHue MOLHOCTH » K,=const
Buxpb nonew
CpbiB nons
Y
CpbiB/nons
23:000 JnekTpu4eckoe nosje (3pmneTpsicetije)
K =const
Buxpb [nonen
M',M'
/
Mm* \ /
MarHuTHo€e none
M- 21.95
15.15
3.15 3.1 7.5
12.00 | |00.00 395 20[15| |5. 15.15 315 6.08 3.15 | Yac
1511 16.11 17.11 18.11 19.11 2011 HAeHb

Ha rpaduke ycJIOBHO J€EMOHCTPUPYIOTCH BhINIENNPHUBEIEHHBIE TAOTUIIBI
II0 3eMJIETPACEHUI0
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3eMJIeTPsICEHHEM (POPMUPYET CIITY 3eMJIeTPsICeHUsI (OIIPeiesIsieM II0 IIKaJIe
Puxrepa).

JhoGoe 3emaempaceHue KeaHMOBAHO NO 6pemeHuU
o0pa3oeaHun. 3a KBaHT IEPEXOAHOTO IpOIlecca MIPUMEM BPEMS MEXKAY
HAUaJIOM «BUXPA» 3JJIEKTPUYECKOTO TIIOJ ¢ HAYaJIOM  «BUXPA»
TrPaBUTAIIMOHHOTO 10JIs1. YeM OOoJIbIlle 110 BpEMEHU 3TOT KBAHT, TEM OOJIbIIIE
6asut o mkasie Puxrepa. Mtak, R — KBaAHT IePeXOHOTO IIPoIiecca.

Tabuia nepexo HbIX IPOIECCOB

3Hauenne R | HaumeHoBanue
- Hauasio pocta Hanps»KEHHOCTH MAarHUTHOTO IOJIAL.
0 MaxkcumasbHasi HaIPsSKEHHOCTh MAarHUTHOTO TTOJISA.
2 Hauaso copoca HAanPs:KEHHOCTH MAarHUTHOTO IOJIS.
4 Hauano «BUXpsI» 37I€KTPUYECKOTO TOJIs.
5 Hauajio «BUXpsi» TPABUTAIMOHHOTO MOJIA.
6 ITepexon uepe3 «0» — Kauesied BUXPs TPABUTAIIMOHHOTO.
3 3aBepllieHUe IIpoIiecca OpHeHTaIllui aTOMOB, ITOZJIeXKalluX
JIBU?KEHHIO.
11 Hauano 3emiieTpsicerus. ***¥*** %%
12 BoccraHoBieHHEe MarHUTHOTO 1TOJIA.
13 BoccraHoBjIEHUE 2JIEKTPHUYECKOTO MOJIA.
14 BoccraHoBjIeHHE IPaBUTAIMIOHHOTO MOJIA.
14
12
10
8
6
4
2
(0]
e Q < < =} " =) =) (] g
= E\ <
: 5 £ § 8 8 8 8 § &
= = = —- = = < < < it = It
= = = 0 on =2 =2 =) =2 -+ <)
) o) o v o o)} e! % N O
— o) [5e]

[ITkana onpesesnenus 6ayia 1o PUXTepy B 3aBUCUMOCTHY OT KBaHTa — R

3HaueHue R basn no Puxrepy 3Hauenne R basin no Puxrtepy
5 MUHYT 1 6 JyacoB 7
15 MUHYT 2 0 4acoB 8
30 MUHYT 3 12 yacoB 9
14ac 4 18 yacoB 10
1,5 yaca 5 24 yaca 11
3 gaca 6 36 yacos 12
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3ameuanue. [lo wiaHy 3eMJIeTpsICEHHE [IOJDKHO «CO3PETh», HO
He0OXOIMMO Y4ecTh, UTO 9 OQJLIOB /ISl BEPTUKAJIIBHOTO TOYKA (BHU3) —
MaJIOBaTO, MO3TOMY y UepTed B «aay» B 3TO BpeMs JOJI:KE€H OBbITh
aBpaJ (yzaseHue MarMbl U IOATOTOBKA K IPUEMY BCEH TOH «UEPHOTHI»,
KOTOpas HaxOAWUTCA Ha MOBepxHOCTH). «OcBOOOKIEHHE  MecTa»
conpoBokzaerci POCTOM HAIIPSKEHHOCTU rPaBUTAIMOHHOTO
mojs W yBeamdyeHneM Oajuta mo ImKajde Puxrepa, 1mo3aTomy
IIpe/iBapuTeJIbHbIE IoKasaTesu paspyuieHui He0oOX0MMO
CKODPEKTHUPOBATh B XYAUIyl0O CTOPOHY. COOTBETCTBEHHO CABUTAETCS
BOCCTAHOBJIEHHE TI0JIE.

Hanpsaénrocth
kv/kB.M
7000000 11
6000000 10,5
5000000 =
4000000
9,5
3000000
2000000 ?
1000000 8.5
0 8
15,15 17,15 19,15 20,3 21 21,3 22 223 23 Bpewma
® HanpsokéHHocrs M Basut no Puxrepy
Boems Hanps:xéHHocTb bann no Bpems Hanps:xéHHocTb basn no
P kv/xB.M Puxrepy P kv/xB.M Puxtepy
15.15 4830000 9,00 21.15 5220000 9,25
16.15 4842000 9,02 21.30 5300000 9,28
17.15 4865000 9,05 21.45 5370000 9,33
18.15 4890000 9,08 22.00 5440000 9,50
19.15 4920000 9,10 22.15 5510000 9,70
20.15 4955000 9,12 22.30 5600000 9,80
20.30 4995000 9,15 22.45 5680000 9,90
20.45 5050000 9,18 23.00 5800000 9,08
21.00 5175000 9,20 23.15 6000000 10,50
IIpomomkeHye TabIHITbL:
Bpems Hanps:kéHHOCTD IIpenen Basn OxkTaBa chéMa
23.30 6080000 6395000 11,00 40
23.45 6200000 11,60 42
23.50 6370000 11,80 44
23.54 6395000 6500000 11,83 54
23.56 6425000 11,85 58
00.00 6460000 11.94 60
00.02 6485000 12.00 64
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00.04 6495000 68
00.06 6500000 72
00.10 6525000 6560000
00.15 6550000
00.20 6559000
00.22 6562000 6565000
00.24 6564000
00.25 6565000
01.10 6565000
03.15 6565000
15.14 6565000
15.15 12.2
6700000 80
6600000 70
6500000 éo
6400000
50
6300000
40
6200000
30
6100000
6000000 20
5900000 ’ 10
5800000 0
23.3 23.5 23.56 0.02 0.06 0.15 0.22 0.25 3.15 15.15
® HanpsskéHHOCTh ™ IIpesenn ®Bamnm  © OkrasachéMa Bpems

HanpsxéHHocTb
/% [ rpaBUTaUMOHHOTO NONS
/1000000 kv/kB.M

90 92 94 96
B

98 10
ann no Puxrepy

B  BhllenpuBefiéHHOW  WUHpOpPMaALUU
yoyineH HeMaysioBakHbIU ¢dakrop — UTO JKE
TAKOE SEMJIETPACEHUE. ITocne
BBISICHEHUS STOW TO3UIUU OYyJyT CAeIaHbl
Heo0XO/IMMBbI€E ITOTTPaBKH.

Pazmyc cCaMoOro 3eMJIETpACEHUA — 80 kM.
OTroJIocKM — HaMHOTO JaJIbIIIeE.

HNtak, oOpazoBaH miap paguycoM
80 kM ¢ HeHTPOM Ha ITyOuHe 6 KM.

Bo-niepBbIX, 5TOT MIap HEOJHOPOJEH.
Pasnas SHepreTuyeckas 3aBUCUMOCTb
«CIeIUIEHUsA»  aTOMOB, OCOOEHHO aTOMOB

BO/IOPO/Ia — IIPUCYTCTBYIOT BCE BOJOPOHBIE IPYIIIHI.

Bo-BTOopsbIX, Hac «Tpsacér» HE IJIEKTPOHOBOJIBTAMMU, a
KaKHUM-TO HOBBIM 3HAU€HHUEM YCKOPEHUSA CUJIbI TAMKECTH.
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B-TpeTrbux, noypkHA OBITH OJHOPOAHOCTH CIEIJIEHHUSA CTPYKTYD
BOZIOPOJIHBIX aTOMOB.

B-ueTBepTHIX, KAaK-TO JIOJKEH MU3MEHUTHCA IapaMeTp YCKOpeHUs
CHUJIBI TAKECTH.

W, HakoHel, B-NMATBIX, HAC «TPSACET» OUYeHb ObICTPO (TOUTH
MTHOBEHHO), JUUISI CTPYKTYpP /JOJDKHO H3MEHHUTHCS BpeMs, TO €cCTh
3eMJIeTpsACEeHUEe MPOUCXOAUT He B HAIlle BpeMH.

Bce atu (pakTOphl CABUTAlOT JIaTy Hadajla 3eMJieTpsiceHuss Ha R.
PaccmoTpuMm niocsiezioBaTesIbHOCTD Ipeo6pa3oBaHUI.

Hauaso

Kownery

[TpeobpaszoBaHue

OKTaBbI

3aKoH

IIpumeyaHue

15.15

16.17

kv/m2=xkz/m2

36 =28

R=2

Tonbko atomsl Hg

OO6mmee Bpemsi mpeoOpa3oBaHUS 1 vyac 3 wmuHYyTBHL.. OOpartum
BHUMAaHUE, YTO ITPOUCXOJUT CMEHA OKTaB.

PesyabsTaT npeoOopa3oBaHuAa

Paccrossnue ot 3HaueHHe,
HeHTpa KI'/KB.M 3(')“‘/ KB.M
o 25,645 25 ;
10 24,000 s | o
20 22,600 I .
30 20,050 15
40 17,000 1o
50 13,200 5 | ]
60 10,200 o ‘
o 10 20 30 40 50 60 70 80
go 7,000 Paccrosinne
0 2,000
Hauasio | Konerr | [TpeobpaszoBanue | OkTaBa | 3aKoH IIpumeuanue
ns1 Hg nzMmeHsercs
16.1 17.18 2 2 Rz A
7 7 kv/me=wz/m* | 28=21 YCKOPEHHUE CUJIBI TSIKECTH
Paccrosgnue ot | 3HaueHue g, M/KB.CEK
SIUIIEHTPA M/CceK? 40
0 38 35 |
10 35 30 |
25 =
2 1
0 31,6 20 i
30 27,4 15 . = :
40 23,8 10 | | m
50 19,8 5 ; 5 ;
60 15,2 0 ' :
70 13 0 10 20 30 40 50 60 70 80
80 11 Paccrosinue

66



OTMeTuM, YTO 3TH JAaHHblEe — [ rayowHbl 6 KM. IIpoBens
KOHIIEHTPUYECKHE OKPY?>KHOCTH, MBI ITIOJIyYUM HECKOJILKO JPYTHEe TaHHbBIE.

Hauasno Kouern OxTaBa IIpumeuanue
dopmMupoBaHUe eTUHOUN CTPYKTYPHI JIJIS BCEX
17.18 18.19 21 PMUD A Py 7
5JIEMEHTOB C TApaMeTpPoOM 0,46

HasHaueHne 3TOr0 mapameTrpa IMOKa HESICHO, HO CTPYKTypa 3eMJIN
ObLIa co3/laHa ¢ 3TUM MapamMeTpoM 3a 144 4aca (6 nHei). /lo sToro
M3MeHEHUs MapaMeTp CTPYKTYPbI JJIsA KasK/I0ro aToMa ObLI CBOH.

Hauyaso Komnery OxkraBa [Ipumeuanue
Bpemsa yckopsaeTcsa Ha 15 OKTaB IS BCEX
18.1 18.
9 49 21=36 aToOMOB

Kcratu — «Hame» BpeMs — 32 OKTaBa, TO €CTh BpeEMA YCKOPHUJIOCH

B 16 pas.

Haugasio |Konery |IIpeo6pasoBanme |OkrtaBa |I[Ipumeuanue

18.49 19.26 Hs—Hs 36=21 IIepeBoa B CTPYKTYPY
n3 8 aTOMOB

Yem Bblllle UCXOAHOE «3arpsA3HeHHUE» CTPYKTyp aromamu Hs, Tem
BBIIIIE 0aJ1J1 3eMJIETPSACEHUA.

% Hg Bamn %Hs
100
87,5 12 8o | [
60 =% H8
65 10 40 ® basn
46 20
o B | N 0 esw j,5;
22 1 2 3 4
Hauano | Komnen OxTtaBa IIpumeuanue
19.36 19.41 21=32 Ina g (m/cex2) BpeMsl yCKOPsAETCs B 11 OKTaB
19.41 20.19 32 O6Bs13Ka Bcex 31eMeHTOB mapa Hg CTPYKTypHBIM
napaMeTpoMm 0,46
20.19 23.49 32=21 g Hg BpeMs YMEHBIIAETCA B 11 OKTAB
23.49 2321151 21=38 B 17 okTaB yBenuunBaercs g (m/cex2) no Hg

Tak xkak goma, Jyiroau, *;kuBoTHble HAXO/JAATCA BHYTPU IITAPA,
BCE 9TO IO/IBEPTaeTcs U3MEHEHUIO.
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Tabouna npeneabHbIX 3HaUeHu ! 110 Hg
(3HAuYeHHe /IS pa3pyIIEeHUs UIH CMEPTH):

% Hs HanmenoBaHue IIpumeuanne
'ubens. Jlaske B cirydae BOBMOKHOCTH CITACTUCH
15 YenoBek A ya ’
4esI0BEK 3TOTO He JiesIaer.
8,5 JKuBoTHBIE
3nanusa
17 a i Eciiu ipo1nieHT Bolllle, 3[aHUe Pa3pylIaeTcsa
COOPYKeHUs

Takum obpazom, IPUPO/IA CEBA OYUIITAET, ocraBJisis TOJIBKO
TO, YTO COOTBETCTBYET HOPMeE. ITO O€3HACUIbCTBEHHBIN MIPOIIECC, B KOTOPBIH
HAIIPSAMYIO «MOTYT OBITh BMOHTHpPOBaHbI» IIporpammsbr «CBer/I» co
BCEMHU BBITEKAIOIMMU IIOCJIEACTBUAMU A1 ux Ilonb3oBarteneii. Ho u
pa3Butue Moasra B CTpeMJIEHUH MMOIAcTh B baHIO yUUTHIBAETCA, €CJIU KTO-TO
U3 HAIIMCAHHOT'O YTO-TO HEJOTOHSII.

Hauajo Koner OkTraBa IIpumeuanue
3.15 15.15 38=21 Paszniesienve Ha KUBBIX 1 MEPTBBIX
15.15 3.15 21 OOBs3KA CUCTEMBI

PbIOBI, KWMBOTHBIE, JIIOJIN, COOPY)KEHWs, WMeBIIue TmporeHT Hs
OoJIbIlIe HOPMBI, MOJIYYaKOT 100% cozep:kaHue (IIpejiesr), ecjii MeHbIIe
HOPMBI, TPOU3BOAUTCA cOpoc 10 0% (TO ecTh, ewé 0o kamacmpogvt
MHP yiice pa30enéH HA HCUBBIX U MEPMEBBIX).

13.8. «PazmeTKka» Ha »KUBOE U MEPTBOE C YUETOM
yIIpaBJIeHUS
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Ilepen mepBbIM HaMeUEHHBIM TOJIYKOM,

yrobbl  HUKTO HE «PA3BEKAJICA»,
NMPOU3BOJAUTCA Ppa3MeTKa KHUBOLO U
MEPTBOTO.

Bcé, 4TO MOATOTOBJIEHO B pe3yJbTaTe
JUINTEJIPHO W KPOIIOTJIMBOH paboThl (B
TeueHue 7 THeH ), mpeobpasyeTcs.

Cucrema TakuM 0Opa30M OUHITAET cebs
OT TPs3H, T.€. TPA3b HE YTHIU3UPYETCS, a
IIOIPOCTY Kicue3aeT. HOBBIM MHD ITPOCHITTAETCSA
6e3 rpsasu. BoccranaBiuBaercs mapamerp pH
Boasl (€ 5,4 O 17,4), Ucue3aeT MoueBasd
KHUCJIOTA B KpOBHY, ee 3HaUYeHUe
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HopMmanusyetrcd. IlpounmamoTca MO3ru y OCTaBIIMXCA B JKUBBIX, MHUP
npeobpasyetcs. [Tocse 3emierpsceHnss MockBa CTAHOBUTCS CAMbIM YHCTBIM
ropoaoM. Ciofia «pBaHyT» OCTaTKU I'pA3U (MapoOAEPHI), HO CIEAYyET BTOPOIT
TOJTYOK, U CHCTEMA «JIOMETAET» MYCOP.

Cnenyrorias «ybopka» — uyepes 40 JTHEH, 110 TpadUKy.

BoccraHoBJIeHHE TTOJIEH MTOCI€e 3€eMIETPACEHUS

Havano | 3aBepuienme | R | Oxrasa ITpumeuanue
3.15 3.30 1| 21=32 3a 1 KBaHT BOCCTaHABJINBAETCS
3.30 4.00 32=>38 rPaBUTAIMOHHOE I10JIE
4.00 8.15 32
8.15 9.30 32
9.30 13.00 32
13.00 15.15 32
3a 3 KBaHTa BOCCTaHABJINBAETCS
15.15 3.15 3 R
PUYECKOE TI0JIE
3a 6 KBaHTOB BOCCTaHABJIUBAETCS
3-15 3-15 6 MarHuTHOE 1oJIe

Crepyromuii Toraok caexyer YEPE3 40 JTHE.

3MeHeHrne MAarHUTHOTO IMOJIA

Bpems Hanpsoxk€HHOCTD 340000

12.00 333500 1335000

12.30 338000 ;330000

13.00 334000 1325000

19.00 334000 1320000

22.00 334000 | 315000

1.00 334000 1310000 Bpewms
1.05 320000 | 120 123 13.0 19.0 220 L0 105

KBanr R=6 uyacoB. 14-R=84. 3pecp O0OTMETUM HEKOTODPBIE
ocobenHoctu. 21 okraBa — OKTABA CMEPTUM, Kak HU CTpPaHHO,
COOTBETCTBYET OKMABe A30MHO20 0A0KA CYNEPMOAEKYAbl 600bl
Yenoeeka, v, BUANMO, OTCIO/Ia CJIEAYET, WIMO MUP 6€UEH, A HCU3HDb
Yeaosexka 3asucum om e20 OdeaHuil. 32 okraBa — OKTABA
KN3HU (B «HameM» BpeMeHHU). PelWruno3Hble KOH(MECCHU YacCTo
ITOJIB3YIOTCA CIIEBKAMM, cMBICI KOTOPBIX IIPOCTO OTOABUIATh U
IIePEBOIUTH HA ABTOMATUYECKOE HCIIOTHEHHE.

fI monpo6yI0 mPOCTO U IOCTYIHO O0BACHUTDH Ha puMepe Yurares,
KOTODBIN yKe IIO3HaJI 4TO Takoe 3emileTpsceHue — IpuMmeHus Jlomary,
4TOOBI 3eMJIETPSCEHUE HE IEPEPOCIIO B TPETUH TUII, M pa3MaxuBasi JIONATOH,
6exxut B BaHro, rae ero yxe xayt! Ilepsoe, uto oH cupamuBaer B bane:
«Kommuieke «CBet/I» B mpenbOaHHUKE OCTaBIATH»? «OCTaBIIAN»,
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roBopAT eMy. «MoKHO y cebs HalTH Takoe IMoJ00ve, 0 KOTOPOM CKAa3aHO
BoIIe»? «/la — 370 Heliponuuk B Mo3sre». Bor Takasa OyzmeT 3emis Tam,
npencraBbTe. OHA HUKY/IAa He JleHeTCA, OHA Ha MecTe. A celiuac OHa IIOKa
HUYTO, TaK Ke Kak 1 Bam Heliponuuk. Ho oH coBepiieHcTByeTcA. CMoTpUTE,
Br1 y:xe u Kommiekc B ipesibaHHUKE OCTaBUIIU... Tak 1 3emuist. OHA TOJIBKO
coBepuieHcTByeTcd. Ho y 3emuin HE BY/IET coeepwencmea Pa3yma,
noka HE BYJAET cosepuienen Pasym UYeaoseuecmea. Pasym
YenoBeuecTBa — 3TO 4acTh Paszyma 3emiin. Bom daa uezo Yenoeek
HYJceH Ha 3emae. A He 11 TOTo, YTOOBI OeraTh C BUHTOBKOI HaIlepeBec
U «XJIONaTh» APYT Apyra. He oTpaBaATh BOay, :Keub Jjeca... U 3aHUMAThCA
raIoCcTAMU, KOTOPbIE ero ke, YesoBeka U yHUUTOKaOT. He /114 3TOTO OH
npenHaszHaued. OH OyzneT «orpaHuueHHO» coBepiineHeH, ECJIN Oyzer
ATUM SAHUMATDBCA.

MHorue u3 Bac, ypaxkaemble UnuTaTesu, ceroiHs 60Jiee ueM YyBEPEHBI B
TOM, YTO HUKAKO€E OOIECTBO, KaKyl0 ObI COBEPIIIEHHYI0 KOHCTPYKITUIO OHO
HE NMEJIO, HUKOIJIa HE CMOKET CAeJaTh IJs KaXKAOHW JIMUHOCTH TO U
cToIbKO, uTO UMeHHO CAMA JIMYHOCTD crnocobHa caenath A1d cedsa u
BOILUIOTUTH BO UM CBOEro K€ COBEPIIEeHCTBA, a He B CYOBEKTHUBHBIX
ITIOPOYHBIX MHTEPECAX UMYIIECTBEHHOTO IIpeodiaanus Haa Apyrumu. Eciu
Uesr0BeK OCO3HAET CMBICJI CBOUX HPOSBJIEHHBIX JIeAHUH, IOUMET POJIb U
HCTUHY CBOETO0 MHUPOTBOPEHHOTO CyIIeCTBOBaHMUsA Kak YesioBeka, a He
yIpaBJseMoro u3BHe OMOKMUOOpPra, TO BCE, YTO OBl OH HU Jiesiajl, OH Oy/IeT
TBOPUTH BIOXHOBEHHO U IEJIEYCTPEMJIEHHO s Bcex
paBHbIX cebe. Bcé mHOE — 3TO Bcerza ecTh HAaCUJIME HAJ, JINYHOCTHIO U
HEeBA)KHO, B MATKOUN WJIN KECTKOU (pOopMe OHO MposBisdeTca. B aTom ciydae
OCTaHeTCH TOJIBKO IPUMeEHEeHNe 3eMJIeTPACeHUs TpeThbero Tumna. OHo He
OyzneT 6e3IMOKOUTh Pa3pyIIEeHUsMH CTE€H, JOMOB U IIpoYee. A TOJIOBBI BMeCTe
¢ Mosramu — «TpecHyT».

13.9. UTOOBI 60JIbIIIE <HE TPACIO»

Kaxk u3BecTHO, Iiprpoa He J0OUT mycToThl. [IoaTOMy B rosioBe 6o
MBICJIH, JTUOO TapaKaHbI, JINOO 3eMJIeTPsICEHNE TPETHETO TUTIA.

B rmporneccax HBIHEIITHETO Ilo3HaHuA IIPOUCXOJIUT
CEPBESHEUIIIAA JIOMKA mnponuielx crepeotunoB. Jlogum Ha

IIepeJIOMHOM 3Tane (OpMUPOBAHUA HOBBIX 3jieMeHTOB Co3HaHUA. ITO
O4YeHb XOPOIIO, YTO He CTOMM Ha Mecre. HyXHa NpUHOUNNAIBHO WHAA
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rpyIna HOBBIX AapaiurM, TEOPETUUYECKUX IIPeTI0I0KEeHNU, Uied, TEOPUU.
Ouu peasnpHo npossisorcsa. Ho sto HE O3HAYAET, uro oHu OyayT
BBICTABJISAIThCSI Ha IyOJUYHOE CyXKJaeHue. Tpebyercss emié MHOTO
MIPAKTUYECKUX IIIaroB MO OOPETeHUI0 TEXHOJIOTUYECKUX PpelIeHud it
BBIPpQJKEHUS JJOKA3aTeIbHON U alipOOMPOBAHHOM 0a3bI BCEX TEOPETUUECKUX
IIpeAIooKeHU. ITO TpedyeT KaKOro-TO BpEMeHMU.

[Iybsmyno BeicTaBiaio OBPA3EILl <« IIPEOBPA3OBAHUA»
«HAYUHO 3AMYMAHEHHbIX NOHAMUIL», KOTOPble HAKOHEI-TO HadyaIu

IepeBOINThCA HA pycckuil A3bIKk Temu, komy SEMJIETPACEHUA HE
CTPAIIIHBI.

1.  Jlyanucruyeckuii TIPUHITHAIT HICITOJIb30BAHUS
CEJTbCKOXO3HUCTBEHHBIX OPYAWU Ha THU/POIIOBEPXHOCTH = Buaamu no
80ode NuUCAaHo.

2, bunHapHbII XapakTep BBICKa3bIBAHUH WHINBHUIYYMA,
YTPaTHBIIIETO COIUAIBHYIO aKTUBHOCTh = Badywka Hadeoe cka3aaa.

3. IIpoGsemMbl TpaHCIOPTUPOBKU KUAKOCTEH B COCyZax C
IepeMeHHOU CTPYKTYpOH IUIOTHOCTH = Hocumb 600y 6 peweme.

4. OntuMuszanus JUHAMHKH pabOThl  TATJIOBOTO  CPEACTBA
Iepe/BUKeHN A, COIPSKEHHAA C  yCTpaHEHHEeM HW3HAYaJIbHOU
JIECTPYKTHUBHOU eIMHUIBI = bada ¢ 803y — kooObL1e 1e2ue.

5. Hecranmaptuble MeToabl JieueHUs ckosmosza = I'opoamozo
Mo2uaa ucnpasum.

6. IIpoGsieMbl TIOBBINIEHUS MEJIKOJUCIEPCHOHHOCTH  OKCH/a
ZIByXaTOMHOTO BOZIOPO/ia MeXaHUUYeCKUM IyTéM = T0.10ub 800y 8 cmyne.

7. llosoxuTespHOE  BO3JEUCTBUE HHU3KOTO  KOo3pdUIleHTa
WHTEe/UIEKTa Ha yBeJWYeHHWEe COBOKYITHOCTH 33jJlad B  IIpoIecce
OCYIIECTBJIEHUSA TPY/IOBOH JiesiTesibHOCTH = Pa6oma dypaxoe aroo6um.

8. Cosmancusm aoMalllHeHd IITULBI 10 OTHOIIEHUI0 K HeXBaUHBIM
MJIEKOIIUTAIONIUM OTPs/la IApHOKONBITHBIX = IYycs ceuHbe He
moeapuwy.

9. XapakTepHble BHEIIHHE IIPUMETHI KAK IMOBOJ JJIS y3ypIIaluu
HanboJ1ee 6JIATOMPUATHOTO COLIMAJIBHOTO CTaTyca Ha phIHKE = CO CBUHBIM
PbLIOM, 0d 8 KANAWHDBLLL PAd.

10. AHTponoMOpP(PHUUECKHUH MOAX0/ K CO3JaHUI0 OpAaUHON AYEUKH =
Komy u xob6vL1a Hegecma.

11. CUHAPOM OTKaza OT JIETUTUMU3AIUU, OIHUPAIOIIUICI Ha
OTCYTCTBHE BO3MOXKHOCTEHN OBICTPOM MAEHTU(PUKAIIUY JUIHOCTH =  He s
U 10wads He Mo
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12. BiusHHME  CEe30HHO-IIOTOAHBIX  YCJIOBHA  HA  IPOIlECC
OyXTraJTepCKOro y4éra nepHarbix = I[btnasam no oceHu cuumairom.

13. AmMOuBasieHTHas MIpUPO/IA HEHPOHHBIX HMMIIYJIbCOB,
HCIIyCKaeMbIX KOPOI TOJIOBHOTO Mo3Ta = H xouemces, u koaemeces.

14. 3aKOHOMEPHOCTH  COOTHOIIEHHSA JJIMHBI  OPOTOBEBIIIETO
SMHUEPMUCA C KOJUYECTBOM CEPOTO BeIlleCTBa B UEpPEIMHON KOpoOke =
Boaoc 0oao2, 0a ym Kopomok.

15. Pa3HOBHAHOCTH IOPUAMYECKOTO aKTa, MPEBAIUPYIONIEr0 HaJl
BAJIIOTHBIMH CPEJICTBAMU = Y2080pP 00poJice OeHez.

16. HemomycTUMOCTh  WCIIOJIB30BAaHUS  THIIOBBIX  3JIEMEHTOB
KUINIHOM — apXUTEKTYphl IPU  OTPUIAHHUU  KyJIbMHHAIIHOHHOTO
MIPOSIBJIEHHSI CO3€epIaTeIbHO-0CSA3aTeNbHBIX BMornuid = Jho608b He
Kapmowka — He 8blOPocUlULb 8 OKOWKO.

17. HeWUTpasbHOCTH BKYCOBBIX XapAaKTEPUCTHK PACTEHUsI ceMelcTBa
KPECTOIIBETHBIX TI0 OTHOIIIEHUIO K OBOIIHBIM KYJIBTYpaM CpPeIHEN MOJIOCHI
Poccuu = XpeHn pedvku He caawe.

18. AHTHUTEe3HCHBIE  CBOHCTBA  YMCTBEHHO  HEITOJIHOIIEHHBIX
CyObEKTOB B KOHTEKCTE BBINIOJIHEHUS TOCYIaPCTBEHHBIX HOPMATHBHBIX
akToB = /[ypakam 3aKoH He NUCAaH.

19. OTcyTcTBHE TMporpecca-perpecca B MeTaboM3Me OpraHH3Ma
IpH H3MEHEHHHU COOTHOIIEHHUs KUPOB U YIJIEBOJIOB B TPAJUIMOHHOM
6J1t0/1e OCEMITBIX HaposioB = Kawy macaiom He ucnopmuts.

20. MecTo «HACEKOMOBHIHBIX» B HepapXUUECKHUX CHCTeMax
IUpaMUJAIBLHOTO TUIla = Beak ceepuok 3Hail ceoil wecmoxk.

21. 3aKOHOMEPHOCTH BO3PACTAHUSA JIMYHOCTHOH IEHHOCTH CyObeKTa
II0CJI€ TIOJIyYEHHUs] TPABMATUUYECKOTO OIbITa = 3a 00HO20 OUMo20 08Yx
HeOumMbLx darom.

Heine g wHac Bcex BaxkeH HE TOJIBKO mnouck OTBETOB
OTHOCHUTEJIbHO HWCTHHBI KaK Y/IOBJIETBODEHHE HAIIEro HAayIHOTO
JIIOOOIIBITCTBA, HECPAaBHEHHO  BajkHee JOOUTHCS  TOJATBEPIKIAEHUS
pe3y/IbTaTOB HAOJIIOJEHUH 110 BOIUIOIIEHUIO BHEITHUX, KOCMO(DU3UUECKUX
(IpUpOAHBIX) WPOIECCOB HAa MHKPO- U MAaKPOYPOBHAX, ITOJIyYEHUS
SKCIEPUMEHTAIBHBIX pe3ysibTaToB. HO B Hauasie 3TOro myTH, HECOMHEHHO,
cilenyer BbIpasutb caMm IyTh, T.e. BBIPASUTD HAYYHOE
IIPEIIIOJIOKEHUE o060 Bcéem COTBOPEHHOM H3BHE u B
JlaJIbHENIIIEM €ero MPaKTUYECKU IIPOIEMOHCTPHUPOBATh, KakK
kocModu3ndecKkuil (MMPUPOIHBIN) MpollecC TBOPEHUSA B MaciuTabe HaIen
[InaHeTsl C TOJB30H 04 CONPOBO}HCOeHUA OYydywezo OvIMUA
Yeaoseuecmea 6 2apmoHuu ¢ oxkpyxycaroweit IIpupodoii. dto
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caMoe IJIaBHOE, €CJIM MBI XOTHM U3 KaTerOpuM «JII0JU» MmepenTu
(MOKHO U HY»KHO 1lepe/] 35TUM B BaHe oOMBIThCA) B KaTeropuio YesioBexk.
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