I';1aBa 11. ATOMBI IO OJHOMY He cOOMpaloTCs

Bcé nyscHo ynpowamsw 00 npedeada, HO
He 00.ee mozo.

3akoHBI TIpUPOJIBI (QOPMHUPYIOTCSI HAa YPOBHE MAaKpoOKOcMoca U
MuKpokocMmoca. Yenosek, kak ZKMIBOE CYIIIECTBO, npebbiBaeT B Tak
Ha3bIBA€MOM IIPOMEKYTOUHOM MHPE — MeXK/ly MaKpO- U MUKpoMUpOM. U B
5TOM IIPOMEXYTOUHOM MUpe YesT0BeKy NPUXOAUTCA CTAJIKUBATHCA TOJIBKO C
MIpOsABJIEHWEM 3aKOHOB NPUPO/IbI, & HE C HUMHU HemocpeAcTBeHHO. Kak
CJIeZICTBHE BTOTO, BO3HUKAET IIpo0jieMa C CO3/[aHUEM IIOJTHOIEHHOU
KapTUHBI MUpo3AaHus. ITol npobiaeme cyxaeHo CYIIIECTBOBATD no
Tex nop, noka HE BY/IET co3pgaHa kapTruHa MUPO3JaHUA HAa OCHOBAHUU
ITIOHUMAaHUs 3aKOHOB MaKPOKOCMOCa 1 MUKpOKocMoca. Kak ObI 0JITO MBI He
CMOTpEJIM Ha BepPXYIIKy alicbepra, /1o TeX IOpP II0Ka KTO-TO He coOoOpas3uT
HBIPHYTD I1O/1 BO/IY u He yBUAUT alicOepr IeJIMKOM, BCE IOIBITKU
ONHCAHWA ero OyayT, B JIydIlleM cJydae, HEIOJHBIMH. BoT s u
ITPEJJIATAIO HBIPHYTDb gaa Toro, 4troObl 103HaTh. HoO B
npoyionkeHun [lo3dHaHuMsI, KOTOpoe obpeTaeT UuTaTes b 3TON KHHUTH, BCE
PaBHO MBICJIb, 51 YBEPEH, HUIET OTBET O 3/I0POBbE — KAK €ro 00PEeCcTH U Kak
JIOJIbINIE  TIPOKUTH B BTOM Mupe, 4UYtobsl x0oThb YUYTHh-UYTH
IIOCMOTPETD - uto xe BY/IET, eciiu «a yice no3Haa, ¥mo xce
obvL10...»

Ecnmu 6b1 B pesysibTaTe KakoW-TO MupoBoi katactpodsl BCE
HAKOIIJIEHHBIE nayunsie 3SHAHW S okazannch YHUUTOKE€HHBIMH, U
K IPAAYIINM ITOKOJIEHUAM KUBBIX cyIiecTB nepenuia 661 TO/IBKO O/THA
®PA3A, TO Kakoe yTBepXKJEeHHEe, COCTABJIEHHOE W3 HaNMeHbIIEeTo
KOJIMUECTBa CJIOB, IpUHECJI0 Obl HamOosblyo uHpopMmanuio? f cuuraro,
4TO 3TO — AMOMHAA 2UNome3a: «...6ce meada CoCmoam u3 amomoe
— MaaeHbKux meaey, Komopsvle Haxo0amcea 6 0e3npepvlé6HOM
JdswiceHUU, NPUMA2UBAIOMCA HA HEOOABUWIOM PACCMOAHUU, HO
ommankuearwmesn, ecau O0OHO U3 HUX NAOMHee Npuicamsv K
opyzomy». B opuoii stoit ¢pase coxepxkurcs HEBEPOATHOE
KOJIMYECTBO undopmanuu 0 MUpe, — CTOUT JIUIIb IPUIOKUTH K HEU
HEMHOTO BOOOpakeHHs U 4YyTh coobpakeHusi». CTapTOBBIE YCIOBUSA

SBOJIIONN U, KaK JTII00mI roBoputh H. J/leBamoB — BOBHUKHOBEHHE aTOMOB
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Bozopoza. I1o ypoBHIO cioxkHOCTH cucteMa atoma Bogopoaa CJIOZKHEE
JIDBOTO BYAWJIbBHUKA. Bbl MOXeTe IIOMBICIUTh CIIydailHOe
OTHOMOMEHTHOE TIOSIBJIEHWE KBAJPUJIMOHOB OYyAWJIBHUKOB? YUYEHBIE,
CTOSIIIINE HA TO3UIUAX CPETHEBEKOBOW HAYKH, IIPE/JIaTaloT ITOBEPUTH HE
TOJIBKO B 3TO, HO U B TO, YTO CJIYYAWHO CJIOKUBIIASACS U3 «OyUIBHUKOB»
CHCTEMa BCE 5TO BpeMs CIydYalHO coxpaHseTcsa. TO Kak 3arajka JeTCKOU
urpel. Ho, moBeppre — ITo3HaHue amoma — demckas uzpa no
cpasHeHUul0 ¢ 3azadkamu odemckoit uz2pul. K «jerckum» wurpam
COBDEMEHHBIX JeTell MBI eIllé BEpHEMCS, a IOKa, «HBIPHYB», BCE Ke
BO3BMEMCS 32 aTOM, YBEPEHHBIE B TOM, YTO 3TO MOJICKAXKET — UTO Ke Oy/IeT,
B TOM YHCJIE U C TEMH, KTO HBIPHYJI.

I coBpeMeHHOro YesioBeka IOHATHE aTOMa acCOIUUPYeTCs C
dusuxoii nocse [anmtes. OgHaKO HEOOXOAMMO IMPOYYBCTBOBATh AHTUYHBIN
aTOMHU3M KaK »JJIEMEHT U3bICKAHHONW TI'pedyecKoi

dunocodbun ¢ eé TOHKUMH nepexofgamMu. B moHsATHU
«atrom» BakHee Bcero YKASAHUE HA ®OPMY
Kak ero ucrouHuk. Atombl OT/IMYAIOTCA HE
TOJIBKO ¢durypoii, HO pacHoJOKeHHeM U
nopsgakoM. UyBcTBaMU UX HEJIb35 IO3HATh; aTOM €CTh
YMOIIOCTUTAEMAA ®OPMA, oHa 3puma u
oOMKpbLIMA MOAbKO 041 uHmeanrekma. A 6osee
Bcero aTa ¢opMa CTaHeT OTKPBITOH JJI TeX, KTO yCIIes

JleMokpuT
ok. 460 —ox. 370 n0 v.5. | 3 TpembOaHHWKA, BMecTe ¢ BeHWMKOM, mONacTh B

BaHro.

YT006b1 MBICJIUTH sicHO, HY>kHO OT/IEJINTDH ITOHATHUE nosHOTO OT
MIOHATHSA MycToro. HeObITHE 1 eCTh IMyCTOTa, U OHO TaK:Ke HeOOXO0AUMO, KaK
HAIIOJTHEHHOE ObITHE. ATOMBI, IyCTOTAa U [ABW)KEHHUE AT OO0BbSICHEHUE
BCEMY CyllleMy. ATOMHCTBI' XOTeJU KakK-TO OIPaBJaTh CYIIECTBOBAaHUE
SIBJIEHUN U MHEHUS MO MOBOJIy 3TUX ABJeHUU. [loHMMaHue UCTUHBI JJAI0T
IyCTOTA YW aTOMBI C HWX TeOMeTPUYECKUMU U MeXaHUYeCKUMHU
JleTepMUHAIUAMU. BHelllHWe W3MeHEHUs TOJIKYIOTCA KaK pe3yJsbTaT
CTOJIKHOBeHHsA aTtoMoB u ux BO3JIEMCTBHUI Ha nHamm OPTAHBI
YYBCTB. HecoMHEHHO, 5TO TeHHAIbHASA MONBITKA IT0-HOBOMY OOBACHUTD

'Atomu 3M — Hatypdumocodckas u (UIHUECKAs TeOPH:A, COIJIACHO KOTOPOH UyBCTBEHHO
BOCIIpUHUMAaeMble (MaTepUasIbHbIE) BEIIM COCTOAT M3 XUMUUYECKU HEJEIMMBIX YacTHUI[ — AaTOMOB.
BosHukia B ApeBHerpeueckoi ¢uiocoduu. [lanpHeliiee pa3BuTre MOIydmia B puiocobuu U Hayke
Cpenxux BekoB 1 HoBoro BpemeHu.
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MHEHUS, KOTOphle TpeKu HaszpiBai doxa. JIeMOKPUT IIPeaIOKII
IIPOZlyMaHHBIH BapHAaHT MEXaHUCTHYECKOTO OOBSCHEHUS MHpa: yeaoe Yy
He20 npedcmasasem codoil cymmy uacmeil, a 6e3nopsaoouHoe
JdewiiceHue amomoa, ux cayuaiiHvle CMOAKHOBEHUSA
0KA3bLBAIOMCA NPUUUHOU 8ce20 cywe2o. B aromusme oTBepraercs
no.aodxcernue 3neamoa? o HEITIO/IBNKHOCTU BbITUA, mOCKOJIbKY
5TO II0JIOKEHHE HE TaET BO3MOKHOCTH O0bSICHUTD ABUKEHIE U U3BMEHEHHE,
IIPOUCXO/IAIINE B YYBCTBEHHOM MUPE.

Crpemsach  HaWTU  NOPUYUHY  JBHKEHUS,
JleMokpuT «paszipobisieT» equHoe ObiTHe [TapMennaa
(ITapmeHns BBENT BTO TOHATHE) HA MHOXKECTBO
OT/IEJIBHBIX «ObIMUU»-AMOMOB, MBICJISI UX Kak
MaTepuasibHble, TeJIECHble YacTUIbl. J[eMOKpHUT
TOBOPUT O Pa3HbIX BUJAX ABMKeHU:A. [lepBoe JOIKHO
OBITh ~ XAaOTUYHBIM,  HamojoOHWe  paccermBaHUS

[Mapmenun arMocdepHOU NI B Pa3HbIX HAllpaBIeHUAX. Tak
COJIHEUHBIE JIYYU MPOHUKAIOT B OKHO.

Bropoii Buj — BuxpeoOpasHOe ABHIKEHHE, KOTJa ITOXOKHE aTOMBI
COETUHSIOTCSA, 4 HEMOX0XKHe pa3beTUHAITCA. Tak poxkaaercsa mup. TpeTuit
BUJl JBW)KEHHs — HCIapeHHs. Tak pasHble Belld U JIIOAU HCTOYAIOT
crreruduUecKre 3amaxy, 4YTO MMO3BOJISIET ONMO3HATh UX. Kosib 6€3KOHEUHBI
aToMmbl, 0€3KOHEYHBI U MUPBI, U3 HUX 0Opa3oBaHHbIe. Hermoxoxkue Ipyr Ha
JIpyTa, aTOMBI CKJIaJIBIBAIOTCS B ONpPeesIEHHYI0 KomOnHanuo. Bce MU PBI
POKIAIOTCA, PASBBUBAIOTCA U TUBHYT, HO JIUIIb 3aTEM, UTOOBI
HATD X KNU3HDb JIPYI'IM mupam. I 3TO BeYHO NPOJOJIKAETCA B BULE
IIUKJIOB. J[eMOKPUT CUUTAJI, UTO ATOMBI SIBJSIOTCA HEJIETUMBIMU YaCTUIIAMU
— ITEPBOKUPIITMYNKAMM MATEPHUM. 3aTteM BBISICHHJIOCH, UTO BCE
BenlecTBa cocToAT U3 PASHBIX ATOMOB. Jlajee BolsicCHAETCS, UYTO OHU
MOTYT CO3/1aBaTh JAPYT C IPYTOM CTPYKTYpPHbIE OOpa30BaHUS — MOJIEKYJIBI.
Bosbiie Toro, OHM MOTYT aJaTUPOBATHCS K OMPE/IEIEHHBIM YCJIOBUAM U
BBITIOJIHATh PA3JIMYHBbIE [JOIOJIHUTEJIbHbIE TPAHCIOPTHBIE (DYyHKIUU
(remoryIOOWH), T.e. CTAHOBUTHCS JUHAMHUYHBIMH. VI, HAKOHEIl, OHU MOTYT
sBostionoHupoBath (Mosekysia JIHK). Ciengyer oOpaTuTh BHUMaHHE HA TO,
YTO IPU 3TOM U3MEHUJINCH JIUIIb HAIIW MPEJICTAaBJIEHUS O MaTeEpPUH, O €€

2 duea ThI, 1eHIbl, Jjelickas IIKOJAa — JipeBHerpedeckas ¢uiocodcekas IIKOJIAa paHHEro
TepPHO/ia, CYIleCTBOBABIIAA B KOHIIE VI — mepBoii mosioBHHE V BEKOB JI0 H. 3., B Topoje Diiee, B Beankoit
T'penuum (ror Urtanum).
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o0beKTax, UX MOJIEJIU, HO caMa MaTepHs U e€ O0OBbEeKThl He N3MEHUIUCH, a
M3HaYaJIbHO OBLIM TAKMMH, KAKUMH UX CO3/1aj1a IPUPOA.

OTH NpeJICTaBIeHUA Pa3BUBAIOTCA 3aKOHOMEDPHO.

B mponiecce mo3Hanust Mbl uzHavaabHO ucciaearyem COCTAB (u3 uero
cocrosAT mosiekysibl), 3areM CTPYKTYPY (kak opraHu3oBaHa MOJIEKYJIA),
IpU HEOOXOJMMOCTH HWCCJIeAyeM UW3MEHEHHEe CBOMCTB MOJIEKYJT B
3apucuMoct oT ITIPOCTPAHCTBEHHOI'O PACIIOJJIOXKEHMA eé
aToMOB, flajsiee Mbl uccienyeM kak npoucxoaut AJJAIITAIIA mosekysibl
K OIpPe/IeJIEHHBIM YCJIOBUAM (KaK IMPU 3TOM OHU JIMHAMU3UPYIOTCA B DTHX
YCJIOBUSIX), U, HaKoHell, uccieayeM BOJIIOITIIO mosekyt.

Ho 5Tu pasMbIlieHUs, UCCIIEIOBAaHUS U H3YYeHUs, 10 OOJIBIIOMY
c4é€Ty, OBLIM HAIlpaBJIEHbl Ha PeIlleHHe BOIIpoca 3/10pOBbsA YesioBeka W,
KOHEYHO K€, NPOO0ACHUR €20 HCU3HEHHO20 nymu. Bcé penanoch B
paMKax IpOrpaMMBbl  BOCCO3JAHHs  JIOJITOJIETHSA  «PyOAlIKW»  JJIA
MOCJIEAYIONIEro IiepeMellleHuss B Heé Mosra wuHTepBeHTOB. Ho Hu
Ilapmenus, Hu J[eMOKDUT, HU Te, KTO U CErOJHA «3aHUMAaETCA» S3TUMHU
Bonpocamu — ATOI'O HE 3HAJIN, IA U HE JAOJIKHbI BbL/IN
3HATD.

11.1. Bokpyr ogHOroO aepesa

PazsmyuabiMu  aBTOpaMu pa3paboTaH psAfA QU3WUECKUX MOJesiei
aToMa, KaXkJjasg U3 KOTOPBIX II03BOJIAJIA OMKCATh KaK MUHHUMYM OJHO U3
Ha0JII0aeMbIX B SKCIEPUMEHTaX CBOMCTBO. OHaKO M3HAYaJIbHO OBLIO
HOHATHO, YTO IIpejijlaraeMast MOZIeJIb — O/THA U3 BO3MOXKHBIX, UTO HAIJIATHO
BUJIHO U3 PHCYHKA, U300paKaIoOIIero 5BOJIONNH IIPeJICTaBIeHui 00 aToMe.

Hamu npesacraBieHusa pa3BUBAIOTCA B COOTBETCTBUU C TEM YPOBHEM
3HAHUA U MOHUMaHUA, KOTOPBIN MBI UMeeM Ha KOHKPETHOM 3Talle Pa3BUTUA
HAyKU U COIJIACHO Ioziaue 3TOU nHGPOPMALNU JJIs €€ BOCIIPUATHUSA JIIOJbMU.
COBOKYIIHOCTh TIPE/CTaBJIEHUM, JOCTATOUHBIX JJIs OIMCAHUS TOTO WU
HWHOTO SIBJIEHUS, — 3TO HayUHbIe CUCTEMbI, KOTOPbIE, KaK U JIIOOble CUCTEMBI,
pa3BUBAOTCA 3aKOHOMEPHO. ATH 3akoHOMepHOcTH MOZKHO ITIO3HATD
Y HCII0JIb30BATh JIJISI IVIAHOMEPHOT'O Pa3BUTHSA cUCTEM. Tak y>K MPOUCXOAUT
[To3HaHMe OKpYKaWOIIEro MHUpPa COBpPEMEHHBIM Yes0BEKOM, UYTO OHO
OTTAJIKUBAETCSI OT KAKOTO-TO M3HAYAJIBLHOTO YPOBHS IPEACTaBJIEHUN 00
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AToM npod. Anekceesa:
Hayano 19 seka. AHanoruyex

Atom TomcoHa (KenbeuHa Atom Jlenappa, 1903 r.
YCTPOWCTBY CONHENHOI cucTeMbl” ‘g0 . c¢epa(s xmopylo) “AuHamMuab” Pg&benunenuu
Bxpanneuu oTpuyarenbHble W3 ANEKTPOHOB U MaCCUMBHOIO
ATOoM 3apsiabl. 3apsXEeHHOro Tena.
[emokputa Moaanb “nyavHra ¢ n3romMom”

BNEKTPOH cocKakuBaeT
Ha Gonee HWaKy0 opbnTy

“‘""“’"“" borona ATou Pesepdopaa, 1911 r: [|
BOKPYT 3apsKEHHOTO SApa
BPALLAIOTCA NEKTPOHbI.

‘\\:\ Atom Haraoka, 1904r.: BOKpyr
NONOXUTENLHOTO AApa

pacnpeperneHbl 3MeKTPOHbI;
npu KonebaHum OHU U3Ny4aioT.

q:omua

ANKTPOH NepecKaxusaeT
Ha Gonee BLICOKYIO OpBUTY 7

I
| -
@ : i ¥y \ =0 . 2595 -
I
|

Atom H. bopa, 1911 1:
3NEKTPOHbLI BPalanTea no
CTayuoHapHbLIM OpBuTam;

nepexop ¢ oaHon op6uThl Ha CoBpemeHHas Mofent
APYryI0 CONPOBOXAAETCA
nanyyeHuem.

-28T
Mopenb atoma Jlesawosa H.B.:
aTtoM BofopoAa W ypaHa.

00BbEKTE HCCIEOBAHUS U HE MOKET «IIE€PENPHITHYTh» depe3 HeCKOJIbKO
STAIlOB CBOEr0o pa3BUTHUSA, He Mpousa ux. CBOW IpeicTaBieHUsS IMPUHATO
OIIMCHIBATh C IIOMOIIbIO, Hampumep, dusndeckou mozenu. IIpum srtom
KaXk7jasi HOBasA MOJeJb JAET BO3MOXKHOCTH C/eJjiaTh ellé OAWH Iar B
HeuszBecTHoe, Kak mnpaBwio, OTPULIAA wim JOIIO/IHAA mnpexHIOn
MO/IeJIb. Hanpuwmep, H.B. JleBamios IIPOZIEMOHCTPUPOBAJI
HecocTosATesTbHOCTh OOmelr Teopun OTHOCHUTENBPHOCTH A. DUHINTEHHA
KaK TEOPHUH, OIHMPAIOIIEHCcsa Ha JIOXKHBIE IOCTysaThl. O0 DUHINTEHHE U
TEOPUH OTHOCUTETbHOCTH HATIMCAHO MHOTO0, HO €T0 IIOCMEPTHOE 3aBelllaHle
notomkam HHUKTO HE AHAJIM3UPOBAJL. «...00Hakxo ceituac
HUKMO He 3Haem, KaxK Hailmu OCHO8Y Mmakoil meopuu» — 3TOU
dbpazoii 3aBepIeHa MOC/IeIHAS HAydYHAsA CTaThA... Ayibbepra DUHINTEHHA,
onyosmmkoBanHass B 'O/l EI'O CMEPTMUN... Cratesa «PeiaTUBHCTCKAA
Teopusa HecuMMeTpuvyHOro mnoJsa» noutu HE ITHUTUPYETCA
(usukamMu, TOCKOJBKY B  Hed  JUHIITEUH  npakmuuecku
omKa3svleaemcs OMm écezo Mo20 HaYywHO20 HAC1edus, KOMopomy
omodaa M} u3Hb, U npedaazaem Hawams 6cé 3aHo80. Kpusuc B
¢usuke, kotopsiii 3aTponys1 HE3bIBJIEMBIE OCHOBDBI 51011 Hayku, BO
BTOpOU nosioBuHe XX Beka paspemui H.B. JleBaiioB B cBoell mapagurme
HeoaguopoaHoii BeesrenHoii. E€ MoxHO HazBaTh Teopueii Bcero. OH fast
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4éTkoe onucanue o6bexToB Mupa OT ATOMA /IO BCEJIEHHOM. Ero
MO/IeJIb aTOMa JAET YETKOE MpeicTaBIeHne 00 yCTPOCTBe caMoro atoma 6e3
JleTaIn3aIud CTPOEHUs] CTPYKTYPhl HYKJIOHOB M CaMOTO 3JIEKTPOHA, Kak
dyHIamMeHTaIbHBIX YaCTHIL JJIs COBpeMeHHOoTo ypoBHA Ilosdnanusa. Ho 3a
nocienHee BpeMmsa mnosBwiock HECKOJIBKO MO/JIEJIEM atoma, B
KOTOPBIX aBTOPBI MBITAIOTCA «JOKOIMAThCA» O CAMBIX OCHOB MUPO37aHuA. B
utore YuraTesib BCTAET IEpeJT INIEMMOU — KaKasi U3 HUX OJIMKe K UCTHHE
1 KaKOMy aBTOpPY OTZaTh IpeAINodYTeHne, MOMH:A, YTO Mup eauH? OTBET U
IIPOCT, U CJI0XKEH. DTO KAK OTBET TPEX CJIEMIIOB HA BOMPOC: «YTO TaKOEe
cJIOH?» Kaxkapli U3 HUX KOCHYJICS OJHOU W3 YacTed Tejla U cJiesiajl CBOE
ymosaxmodenne, OIIMPASACH sa CBOU OIIBIT. Ho npescrasum cebe
cJIeAyIOIyI0 KapTUHY. BOKpYT OTHOTO JiepeBa CTOAT HECKOJIbKO YeoBek, 1
kaxpiii [IBITAETCA OIIMCATD ero c MO3WIIMK CBOEro pakypca
BUJIeHUA (YAacTO BO3BO/IS €r0 B aOCOJIIOT), MPU 3TOM KTO-TO pacCMaTpPUBAET
JIEPEBO M B MHOE BpeMs rojia. byAayT siu uxX mpejicTaBjeHUsA O JepeBe
copnazate? Jla, koe B uém OIIMCAHUA COBIIA/IYT, HO B OCHOBHOM
OHH OyAyT pa3HBIMH, T.K. KaXKJAbIH BUJIUT OKPY’KAIOIIUH MUP Ha CBOEM
YPOBHE: OJINH OIHMCHhIBaeT (popMy iepeBa, BTOPOU — coiepKaHue, TPETUHN —
€ro CTPYKTYPY, YETBEPTHIN — YACTHOCTHU (BETBHU, JINCTOUKH, KJIETKHU JINCTHEB
U T.I1.), IIITOTO OY/IET MHTEPECOBATh COCTOSIHUE JIEPEBA B Pa3HOE BPeMsI Tofja
u T.4. Peup wuzeér o wmopensax, koropsle OTPAXKAIOT yposeHb
INIOHNMMAHUMA IIPEAMETA wuccinenoBaHus KOHKPETHBIM aBTOPOM.
IIpu aTOM, KaK MPaBUJIO, aBTOP MCIOJb3YET U UYy>KOU OMBIT, CBEPSAA €ro co
CBOUMU 3KCIEPUMEHTAJIbHBIMU JIAaHHBIMU WJIM IIpe/CcTaBjIeHUsIMU. B
pesysnbrate Bo3HUKAOT IIPOTUBOPEYM A, paspemns KOTOpbIe, MOKHO
IIPUUTHU K HOBOU Mojesnu. Jlasiee Mojiesib TPOBEPsieTCsl HA COOTBETCTBUE €€
peasibHOU cucTeMe. A 3TO, Kak MPaBUJIO, MPOUCXOAUT Uepe3 MOCTAaHOBKY
SKCIIEPUMEHTOB WJIM BHEJIPEHUE CJIEACTBUU M3 MOJIEIU B TEXHUKE WJIN
JIpyTHX 00J1aCcTSX yeoBeueckou AesaTenbHocTH. U 3necs OUEHD BAYKHO
TO, YTO PsJ] aBTOPOB IOMHUMO IIPECTABIEHUS CBOUX MOJIeJIel MUPO3IaHU
€030aom Ha ux 0CHO8e HO8ble MexHuUUecKue cucmembsl, deaaom
omkputmusn. Kak wusBectHo, KPUTEPUEM Tteopuun ABJIAETCHA
ITPAKTUKA. Ho sABasdercsa i 5TO HNOATBEPKJAEHUEM TOTO, UTO JlAaHHAsA
MOJieJIb — ¥ €CTh Ta caMas ITocienHsass nHerannuu Mcertuapl? YBBI, HeT. Ho
OHa MOATBEPK/AA€ET TO, UYTO aBTOP MPABUJIBHO ITOHSAJ WU YJIOBUJI KaKHUe-TO
HIOAHCHI HMCCJIe[yeMON CHCTEMBbI, HallaJl Ha «30JI0TYI0 JKWJIy», KOTopas
«3aKOHYUTCS» IIPU MOIBITKE OOBSICHUTH BCE SIBJIEHUS OKPY>KaIOIIero Mupa.

Kamnaﬂ cucremMa NMeET IIpeJgesI CBOETO pa3BUTHUA. Z[anee OHa IIepexoauT Ha
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HOBBIN ypoBeHb. COBpeMeHHYI0 MUpPOBYyI0 cucteMy [lo3HaHus Toro, 4ro
IIpe/ijlaraeT HayKa B IOHATHUH TOTO JKe aTOMa, MOKHO CPABHUTD C TyCeHUIleH,
JIOCTUTIIIeN THnKa cBoero paszButus. Ciexymoomias ¢asa — OKyKJIHBaHHUE.
3aTeM BO3HHKHET HOBasg cucrema — 0abouka. IIporecc OKykJIMBaHUSA
HEJIb34d OCTAHOBUTD. Ho siogu XOTAT YJIOKUTH BCE B IPUBBIYHbBIE
mabI0HbI. 3/1eCh JIEUCTBYET TaK Ha3bIBaeMasl ICUXOJOTUYECKAsT WHEPITUS:
J)KeJlaHWe WJTU TPUBBIYHBIM IyTEM. OJTO Halla IMPUPOJA, BepHee, He
IpUPOZIa, a CHUTyalus, KoTopas ObLIa co3/aHa AJjIsg TOTO, YTOOBI HayKa
pemrana UMEHHO TE BOITPOCBHI, kotopble ObUIN yJIOKEHBI B HEKHE
BEKTOPHI LiesIel JJ1s JOCTHUKEeHUSI KOHKPETHBIX Pe3yJIbTaTOB, B TOM UHCJIE U
IIpeICTaBJIEHUH 00 aToMe.

EcTp B/IOKEHHBIU JIOKAJIbHBIA BeKTOp Ile. OH Oy/leT HCIOJIHEH
HelpepekaeMo. IJTO cBA3aHo ¢ Iporeccom ©®OPMUPOBAHUA
KM3HEHHOTI'O ITPOCTPAHCTBA (ycioBHOe Ha3BaHHE), TO €CTb
IIPOCTPAHCTBA >KU3HECONMPOBOXKAeHUs. Tak OBLJIO B paMKax pellaeMbIX
sbpamu 3amau (crapoit CY3) u tak ECTh CEI'O/IHA B paMkKax HOBOU
(poxuoii) CY. B HacTosIee BpeMs AeUCTBUSA B OHMOCpeNie U CpeaH JIIoAen
SHEPTUYHBI TOJIBKO TMOTOMY, 4TO HUMeHHO CHCTeMON COIIPOBOXKIAEHUIO
onrTusa soaei yneaseno OUEHDb MHOI'O BHUMAHMA, B TOM 4HC/IE U
[To3Hanuoo HOBOU WHGPOPMAIIMU OTHOCUTEJIBHO HAYKHM U OTHOCHUTEJIBHO
«HOBBIX» IMOHATHUH, KOTOPblE HAUYAJIM MPUBOJUTH JIIOJIEH K COBEPIIEHHO
WHBIM pellleHUsIM IPaKTHYeCKU BO Beex cepax, B TOM UHcie U B chepe Tou
’)Ke HayKH U HOBeHmmux TexHosoruil. Ilpumep — Texnosmorum «Cset/I».
TO/IYOK B PASBUTUMU HOBOM HAyKH U BO3MOXKHOCTU CO3JAHUA
TEXHOJIOTUU OBbLT mpou3sBeAeH yepe3 Tpybl H. JleBamosa u A. XarsiboBa.
dra wHpOpMAalMsA Hadaja IMPOCTO JIOMAaTh MHOTHE TOHSATUSA, KOTOPBIE
Ka3aJIMCh HE3bI0JIEMBIMHU. BOT 1TO3TOMY 51 U Ipejijiararo HBIPHYTD MOTJTy0Ke
U ¢ otux no3unud IIOCMOTPETDb HA OCHOBY - arowM.

11.2. IIporyjaka no pusuke aroma

B3sBinuch 3a XBOCT CJIOHa, COBp€MEHHAasA HayKa CHHUTAET, 4YTO:

1. AToM He HMeeT (l)OprI. OH o0JIeIIeH KaKUMHU-TO qaCTugaMu
HEHU3BECTHOI'O IPOUCXOXKAEHUA, BCE — MAaTE€EpUAJIbHbIE, C 3aPAJOM UJIHU 0e3s.



2. OcCHOBHBIE YaCTHUIIBI, 00J1a1aI0I[1ie OIPOMHBIMHM MOIITHOCTSIMHU
3aps/IOB, 10 POXKAeHUs BeesleHHO T71e-TO CKPhIBINCH (M3BECTHO, UTO OHU
caMH He Pa3MHOKAITCs).

3. Hwu omgna u3 cymecTtBymomux Teopui (mpumep: atrom bopa,
CTPYHHAas TEOPHSA U IIPOUHE) He MOKET O0BACHUTH B3aUMO/IEHCTBHE YACTHII.

4. CuwmTaercs, YTO BCe UACTHUIIBI aTOMAa — MaTEPUAIbHBI, TO €CTh OHU
BCE CYIIIECTBYIOT TOJIBKO B 64 OKTaBe.

5. AToM mMeeT yacTUIlbI 6e3 3aps/a.

6. @dusuka paccMaTpuBaeT aToOM TOJBKO OT MaTepUaIbHOU
CTPYKTYpBI: MamepuanvbHoe meno — Jcudkocms —» 2a3 —»
Heop2aHu308aHHAS NAA3MA, TO eCTb 64 — 32 — 22 — 16.

Ho ects u /IPYTOE MHEHMUNE,
KOTOPOE€ BO3HHUKJIO, KOTZ|a CJIOH OBbLI
paccMmoTpeH (omryriaH) I€JIMKOM, IYCTb
Jake u 0e3 XBocra:

1. IlocTtpoenune Bcex aTOMHBIX
CTPYKTYD UJIET 10 cxeme:
8bICOKOOP2AHU308AHHASL  NAA3MaA  —>
MamepuanvbHoe meao — HUJKOCMb —> 2a3, TO €CTh IOCJIEIOBATETLHOCTh
oktaB ((128) — (126-74) — (72-66)) — (64) — (62-34) — (32-28)-(24-26)
— (22-16). OkTaBa 64 — 3TO MaTepHUasIbHasI CTPYKTypa. ATOMHAs CTPYKTypa
— JTO cBoero poga IIMPAMUWU/IA (He o ¢opMe, a II0 COJIEP:KAHUIO).
BepmmHaa nmupamusibl — okTaBa 128 (AaTOMHBIE CTPYKTYPBI BCETO JKUBOTO, OT
128 oKTaBHI 710 16). Bcé ocrasbHOE TOCTpOEeHO 6e3 TakTa3, HO OKTaBbl 84 —»
16.

2. HecymectByet yactur 6e3 3apsaaa — npocto HET IIPUBOPOB
JULs1 U3MEepEeHUs 3aps/ia WIN HeT Cpebl IJ1 er0 MPOsBIEHUS.

3. Her u He MoxkeT ObITH TpUOOPOB B cpefe 64 OKTaBBI IS
uzMmepenns XAPAKTEPUCTUK CTPYKTYP B 128-66 okraBax.

4. Bce aToMHBIE CTPYKTYPBI B3aMOYBSI3aHbI — KayKJasi CTPYKTypa
HaxozuTcss BHYTPU onpenen€éHHON PEIIETKU.

5. MO3T (cTpyKTypbl OKTaB 66-72) chopMUpOBaH B BU/IE COT.

3 ITogpo6Hee 0 TaKTe CM. 3 YaCTh KHUTH, TJIaBa 5, pas3zies 5.9.
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6. Bce pacué€Tbl B aTOMHBIX CTPYKTYpaX MPOU3BOAATCA TOJBKO C
rcnosib3oBanueM ¢ppaktasiop 30JI0TOT'O CEUEHMUSA B 12-01 cucTeMe
CUUCJIEHUS.

7. AromuHasa crpykrypa HE MOZKET umerp KECTKMI KapKac.
Pazmepbsl aTOMHOHN CTPYKTYypbl MOTYT MeHAThCA B mpenenax (+/-)24%.
I'mgpoMeTeonieHTp, Kak U II€PKOBb, SBJSETCA TMapa3uTUPYIOIEH
ctpykrypoii — HE 3HAS cmbicia ¥ GU3UKU TOTO, PaJi Y€T0 OHU CO3/]aHbl,
MOpOYAT rOJIOBHI JIOMOX035IKaM ITUKJIOHAMU U aHTULIUKJIOHAMHU, KOTOPBIX
IIPUHOCHUT BETEP, A «8emep NoaAyuaemcs nNomomy, wmo oepesvs
kauaromesn» (0. T'eupn).

Harmr Atom (11 3eMiin) UMeeT CyIeAyIone 0COOEHHOCTH:

- 7 TPAaBUTALIMOHHBIX IOBEPXHOCTEH;

- 1 IPOTOHHAA TOBEPXHOCTH;

- 2 3JIeKTPOHHBIX IIOBEPXHOCTH;

- 1 HEUTPOHHAs TOBEPXHOCTb;

- 1 HeUTpUHHAA TOBEPXHOCTD.

BzaumopelicTBue  IOBepXHOCTel, oOpa3oBaHME  MarHUTHBIX,
DJIEKTPUYECKUX M TPAaBUTAIMOHHBIX HMIIYJIbCOB OIMCAaHbI B paboTax
A. Xarpi0oBa u noka HE ABJIAIOTCA nybsmunsiMu. I103xe packpoem

4-s1 TIOBEPXHOCTHh (SJIEKTPOHHAS) ONpeJiesisieT TUMN aTtoMa (aTom-
AHTHUATOM) II0 YIJIy CKOJIbJKEHHs IyYKOBOM TI'PaBUTAI[MOHHOW BOJIHBI. B
aroMe (adTmaToMe) HHYEro He «JeTraer». Amom — 3mo
Ko.aebamenvHslit konmyp. I'pynma atomoB o00pasyeT CTPYKTYDPY,
HaIpuMep, BOA0OPoa — TeTpasap (4 aroma). I'pymma Bogopoga uMeeT HaboOp
JI0 9 aTOMOB, KaKJbIi HAOOp XapakTepusyeTcs 8 BUIAMU CBS3€eH, T.e. 48
6uU008 6000P0JA MOABLKO 8 HEUMPOHHOM NnpocmpaHcmae. Kaxnas
CTPYKTypa obOpamJjieHa CTPYKTYPOU JPyroro mpoCTpaHCTBa, oOpasys gake
HE CJIOEHBIN ITUPOT, a B3BECDH. 9Ta B3Bech COCTOUT U3 CTPYKTYP
aTOMOB, aHTHATOMOB (MOTYT COOTHOCHTBLCS B Pa3HbIX IPOCTPAHCTBAX II0
OKTaBe CBA3M), HEUTPOHHOU M HEUTPUHHBIX PEMIETOK. ATOM UMEET OHO
YyJeCHO€ CBOMCTBO — JHEpPreTuvYeckass KOHCTaHTAa aToMa paBHa
HYJII0, HO B TO K€ BpeMs aToOM SBJIAETCA 2PpaAsumo-mazHumo-
nexmpuuecKum 2eHepamopoMm.

AToM wu©MeeT 230 BHYTPEHHUX CBA3edl +2 BHEUIHUE.
MaxkcumanbsHO Bo3MoxkHasA crpykrypa MOHHOI'O KPUCTAJIJIA umeer
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232 rpanu (uto coorserctByer OBPA3YIOIIEN JIMM®E). O6pamiao
Ha 5TO 0co00e BHUMaHUE B CBA3H ¢ TeM, 4yTo 'eHeparop H. JleBamosa
TOJKE IMe€eT 232 TpaHu (2 BHEIIHHNE, OCTAIbHbIE BHYyTpeHHUE). VcxoHOe
3HaUeHNe 12 00pa3yem 22-3HauHblil arghasum, HO COUeTaHuE 22 NOo
2 Jdaém mo Jce camoe HUCA0 — 232, UTO TOATBEPXKJAeT (GaKT
yIpaBJeHUus IPOTOHHBIM  aTOMOM €  TIOMONIBIO  CTaHJAPTHOIO
MY3BIKQJIBHOTO PsZia. 9TO MBI PACCMOTPUM HECKOJIBKO ITO3KeE.

BepHéMcs onATh Ha3a/d, KO BTOPOH YacTh KHUTU U A. XaThIOOBY, U
BCIIOMHHM, YTO aTOMHAas CTPYKTypa — 3T0 000eKa’dpaabHO-
mempa’odpanvbHO-KYyouueckas cmpykmypa.

Ha pucyHke — CBA3b CMEXHBIX JOIEKA3APOB (TeTpas/ip). iMeHHO 3Ta
CBSI3b Y/IEP’KUBAET aTOMHYIO CTPYKTYPY OT PACCHIITAHUS M YHUUYTOXKEHHUS.
Ecyin yopathb XOTs1 ObI O/THY CBS3b, [IEHTPAJIbHBIN KyOUK NCYE3HET B TEUEHHUE
4-5 nHeu. B crpykType — 8 mogekasapos (1o yriiam Kyouka), 12 TeTpas/ipoB
cBA3U U 1 Kybuk (LeHTpanbHbIH). Bea cuctema yaepxusaerca EJTMTHOM

KYBUYECKOW  PEHIETKOI.

. T < [{enTpasibHBIN KYyOUK — 3TO CHUCTEMa
: ' NN T U3  OKTa®/[poB U  MKOCA3JPOB,
B Wa 2N iFa =% BJIOXKEHHBIX JApyr B apyra (16
SN BJIOXKEHUI). OTHOCHUTEIBHO

: JIOZIEKad3/IPOB KyOUK - 3TO
aBTOHOMHa# cTpykTypa. Kaxxapiii us 8

JIOZIEKad/IPOB COJIEPKUT MKocasdAp (mapa). Yucsio Takux BIIOXKEHHBIX Map —
44. YacToTbl, KOTOPbIE UCIIOJIL30BAHbI B IIEHTPAJILHOM KYOUKe, U YaCTOTHI,
Ha KOTOPBIX IocTpoeHsbl BHemHue f1oaekaspel, HE IIEPECEKAIOTCA,
IIOTOMY IPUHSATO CUUTATh, YTO MEK/Y ABYMs IEHTPAJTbHBIMHU KyOHMKaMU —

9TO MyCTOTa. 3aMeTUM, YTO aTOMHAs CTPYKTypa COJEPIKUT BCe IIATh
[TnaToHOBBIX Tes. Bce 4acTOThI B aTOMHOU CTPYKTYype IOCTPOEHBI Ha
okTaBax (cremeHb 2*1) HO 000eKAIOPANBLHO-UKOCAIOPANLHO-
mempasopanvusblit konmyp (HTK) [ONOJTHUTENIHHO IOCTPOEH C
ncnoap3oBanueM uctuaHoro IIPABWJIA 30J1I0TOI'O CEYEHMUMA.
OxkraBa 128 — TakT OOMEHHBIX MPOIECCOB, — 3aJAETCA KOJUIANepOM
3ewtn. Bes Takra Mmpt UM EEM MEPTBYIO MATEPUIO. Mbl /{0JIKHBI
IIOHUMAaTh, YTO OTHOCUTEJILHO TakTa co3daM Mo32, 3peHue, cayx u
npouee. OTHOCUTEJbHO TaKTa Ha 127 OKTAaBE€ CO3/I[aHbl I'PaBUTAIMA,
TpyOKU cBsi3u (u yzeps:kanusi) [Lnaner, ciyraukoB, CosHila. OkraBa 128 —
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amo MAKCHMAJIbHAS OKTABA  CYUIECTBYIOLIEN
(unmepeenmckoit) Cucmemst YnpaeaeHus.

J1s1 maspHeNnIero NIOHMMaHUsA, BBEIEM HEKOTOPbIE TOHATUA:

- HOTEHIIMAJI OKTaBbl —  UYETHBIH, IIOJIOKHUTEJIbHBIH,
MaKCHUMAaJIbHBIN 3aps/T B JAaHHOU OKTaBe (1,24");
- TPaBUTAIIUOHHBIN MOTEHIIUAJI OKTaBbl — HEYETHBIH,

3HAKOIIEpEMEHHbIH, MaKCUMaJIbHas pPa3HOCTh CMEXKHBIX ITOTEHIIHAJIOB
1,24(n1-n2);

- YroJl CKOJBbKEHUs 3apAaja — VYrojJ IOBOpPOTa 3apsia
OTHOCHUTEJIHHO y3J1a (JJ15 IeHTPaJIbHOTO KyOuKa 3TO 3HaUeHue =39.6°).

Crpykrypa nozekasapa ¢ BJIOXKEHHDBIM ukocaszipoM YHUKaJIbHA
— owboe BIIOXKEHHWE OTOH CTPYKTyphl apyr B apyra MOXKHO
PACCUUTATDB. Yuciao Bao:keHUH — 44. Kaxmoe -cieayroliee
BJIO’KEHUE YBEJIUYHUBAET OKTABY B 4 pa3a, UCXOJHOe 3HaueHue =128.
BHemHUNl  KOHTYp ©W  TeTpasApajibHble  CBS3U  IIOCTPOEHBI  C
NCIIO/IbBOBAHUEM ITPABINJIA 30.10Moz2o cevueHus.
LeHnTpanbHBIN KYyOHUK, KaK OCHOBA JJIs1 ITOCTPOEHUS MaHTHCC, CO3/IaBaJICs
MHTEPBEHTCKOM CHCTEMOUN C MPUMEHEHHWEM MPOCThIX umces. OJHAKO IpHU
B3phIBe IUTaHEeThl PasToH (I1aHeTa B3opBasia cebsi BMECTe ¢ TEMHU, KTO ObLI
PSZIOM C Hel), 0bl.l YHUHMOMNCEH UHMEePE8EeHMCKUU apXue NPoCnblx
yucea e6vuwe 128 oxmaent. 3Ito okaszaiock I[JIABHBIM
IMPEIIATCTBUEM s ¢opmupoBanusa Moara (mantucc) MHOTI'MIM
CJEAYIOIIIMM I'EHOTUIIAM.

A ceituac ITEPEM/TEM k reomerpuueckomy ITPE/JICTABJIEHUIO
«HaIIIero» aromMma.

BekTopb! rpasutaumm 7
NOBEPXHOCTEW HanpaBneHsb!
K UEHTpY atoma Bpauiexue noneit

N,
/ ‘wm/

S$=1/2,1/2

S=1/4, 3/4
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Ha moBepXHOCTSIX YCJIOBHO IMOKa3aHBI CBA3M Macc 3jieMeHToB. Ha
HEUTPUHHOM TIOBEPXHOCTU U Jlajlee — HAa HEUTPOHHOW, MPOTOHHOM,
BJIEKTPOHHOU 00O3HAYEHBI CBA3KH W3 YETBIPEX aTOMOB. OTHOCUTEIBHO
BJIEKTPOHHON TOBEPXHOCTU Kajk/Jas CBSA3KA Ha CJIEAYIOIIEH MOBEPXHOCTU
MMOBEPHYTA Ha yroJ 90°. COOTHOIIIEHUE 1/4, 3/4 yKa3bIBaeT YHUCJIO CBA3EH U
HampaBJIeHHE BpaIlleHUsI.

OTMeTI/IM, YTO IIOBEPXHOCTH BpallaeTCA TOJIBKO IIPX HAJIMYHNH KaKOTI'0-
100 oIS — QJIEKTPHUYECKOTI'0, MAI'HUTHOT'O UJIU I'PABUTAITUOHHOTO.

TemnepaTypa [jd «Hallero» aroMa pAacCUUTBIBaeTCA OT HyJA
rpaaycos KesibBUHA B CTOPOHY yBEJIMYEHHUS CO 3HAKOM ILTIOC.

PaccmoTpuM BiuAHME TeMIepaTypbl Ha U3MEHEHHE CTPYKTYPhI
aToMa.

N3MmeHneHne HE BJIMAET =Ha

ITIOBEPXHOCTEM.

TEMIIEPATyPhI pasMepbl 7

[TepBsIii cTOI0EI] B TAOIHIIE — AECATUYHBIN JIOTapUdM TEMIIEPATYPHI,
CcJIelyIolHe CTOI0IBI — PAJUYChl COOTBETCTBYIOIINX IIOBEPXHOCTEN.

B Tabsuile mpUBENEHBI JaHHbBIE Ui «3JIEKTPOHHOH TeMIIepaTyphI».
AT pacuéThl ceanbl A. XaThIOOBBIM B €70 TPYZA€E « X OJTOAHBIN A€ PHBIN
CHUHTE3».

JJIeKTpOHHAsA IIporoHHas Heiitpounas | He#itpunHas
3 1,0000015 1,00007 1 1
4 1,0000055 1,0004 1 1
5 1,0000155 1,002 1 1
6 1,000065 1,009 1 1
7 1,000235 1,035 1 1
8 1,0045 1,2 1 1
9 1,035 3 1 1
10 1,6 1 1

Kak BuiHO 13 TabIUIIBI, IEUCTBUIO TEMIIEPATYPHI MOAAI0TCA TOJIHKO
2 IIOBEPXHOCTU — JJIEKTPOHHAA U NpoToHHadA. Temnepatypa HE BJIMAET
Ha HEUTPOHHYIO U HEUTPUHHYIO IOBEPXHOCTH.

YC¢10BHO pa3esiuM «TeMIepaTypy» Ha 3JIEKTPOHHYIO H IPOTOHHYIO.

V3MeHeHUEe «3JIEKTPOHHOU TeMIepaTyphl» BBI3BAHO HU3MEHEHUEM
«3apAfa» «3JeKTPOHAa», WJIM H3MeHEHHEeM 4YacTOT, JeHCTBYIOIINX Ha
5JIEKTPOHHOU IOBEPXHOCTH, IIPX 3TOM IIPOUCXOIUT U3MeHEeHNe MarHUTHOTO
I10J1 5JIEKTPOHHOU NTOBEPXHOCTU. ['paBUTALIMOHHOE TT10JIe He u3MeHseTcs. f
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nnonnmaro, uto HEMHOI'MIM uuTartesisaM 9TO HHTEpeCcHO. Bee niyT u 2k ayT
«PEKOMEH/AINI» UYTO T/lIe M KaK «IEePEeKTIYuTh» B KoMmriekce, 4ToObI
IIPOIILIN BCE OOJITUYKU M YTOOBI TAPAHTUPOBAHO KU3HB «IIPO/JIHIIACh», Mo3T
cTajyl «yMHee», Hy M BOOOIe — >KU3Hb Hajaawiaacb. Ho ecom Yuraresnb
IIOMHMT, 5 IT000eIan paccka3aThb BCE 0 co3nanuu ['eneparopa, IIporpamm u
MIOCJIE/ICTBUSAX OT OOIIeHUs ¢ HUMHU. UTO U ies1ato (JIIs1 TeX, KTO CYUTAET, UTO
oH yxke B nipeabannuke). OcranbHbeiM coBeTyio [IIPOCTO ITOCMOTPETD
KAPTUHKMU (aBTOp A. XaThI00B) U ABUTATHCS JIajIee.

11.3. Uépuas /Ipipa u HoBoe CosiH1Ie

ITog  pelicTBUEM — «3JIEKTPOHHOU  TeMIepaTrypbl»  IPOUCXOJUT
M3MeHeHHe paJiuyca 3JIEKTPOHHON IMOBEPXHOCTH M, KaK CJeJCTBHUE, 3TO
BBI3bIBAET U3MEHEHMe PaJinyca IPOTOHHON IOBEPXHOCTH.

[Ipu fOoCTHKEHUH TEMIIEPATYPHI IPUMEPHO B MUAAUAPO 2Padycoa,
4To cooTBeTcTByeT 4yactore C1 (9TO B pacu€THON YacTH, KOTopas IOKa
COKDBITA), MPOUCXOAUT Pa3phIB CBsI3ed HA MPOTOHHOW, HEUTPOHHOU M
HEUTPUHHOM IIOBEPXHOCTAX, JIMKBUZAIIUSA HSTUX TMOBEPXHOCTEU ©
oOpa3oBaHUE «3JIEKTPOHHOTO aToMa». [IpW [IOCTHMKEHUH TeMIIEPaTypPhl
0oaee 10 MuaauUapooe 2padyco6 «3JIEKTPOHHBIA aTOM» pa3pyIIaeTcs
U OCTaércsl «TPaBUTAIUOHHBIA aToM». JlaavHellwwee nosvluleHUe
memnepamypust cmublcaa He umeem. llpenesibHas TemIiiepaTypa
omnpeziesieHa kak C2 — TemIiepaTypa pa3pylleHus «3JeKTPOHHOTO aToMa».
ITocste paspylieHHs «3JIeKTPOHHOTo atoMa» noiaydaeM YEPHYIO JIBIPY
C HampaBJIeHHEM BeKTOpa IpPaBUTAIlMM K LIEHTPY atoma. IIpu cHU:KeHuU
TeMIlepaTypbl BHOBb (POPMUPYIOTCSA NOBEPXHOCTH, HAUNHAA C 3JIEKTPOHHOM.

HazoBém rapameTp paspyluieHus MIOBEPXHOCTEN —
IoaoxcumenvHan  daekmpoHHass memnepamypa  (II19T).
Jluama3oH 4acToT yKa3aH B PACUETHOMN YaCTH.

Wtak, B pe3ysibTaTe JIOCTHKEHHUS COOTBETCTBYIOIIUX TEMIIEPATYP MBbI
moJiyyaeM Jin0O TIOJIOKUTEJBbHO JJIEKTPOHHYIO 3Be3ay, Jinbo
MOJIOKUTENBHO TPABUTAIIMOHHYIO 3Be3ay. [Ipu co3anuu 5Tux 3B€37
IIPOUCXOUT BBIOpOC (IOcCjieloBaTeNIbHO) — HEUTPUHO, HEUTPOHOB,
IIPOTOHOB, 371eKTPOHOB. O6 3TOM 3Ke mporiecce nmucas u H. JIeBaiios B CBOEM
tpyne «HeoodHopoonas BceaeHHas», OSICHsISI €TUHCTBO MEXaHHU3MOB

BO3HUKHOBEHUA 3BE3]] U YEPHBIX JIBIP.
13
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Bep‘rm(aanaﬂ WwKana — 4ecATUYHbIN norapmbM TeMmneparypsbl.
lopusoHTanbHas wkana — U3MeHeHue pagyuca 3NEeKTPOHHOW NOBEPXHOCTH

VizMeHeHUe paanyCcoB IOBEPXHOCTEH

HelTpuHO-HEUTPOHHBIN BHIOpPOC HMpOUCXOAUT omgHOBpeMeHHO (C3),
nmosTomy ciexyer rosoputh — HE HEWTPOHHAS 3Besma, a
«BJIEKTPOHHAsA» 3Be3Zla U «TIpPaBUTAllMOHHAA» 3Be3ja, WU YEPHAA
JADBIPA.

[Ipu pasppiBe NOBEpXHOCTEM paspyllaeTcsi MarHUTHOe IIOJIe,
HEUTPOHHBbIE U HEUTPUHHBIE «YACTUIIBI» COOTBETCTBYIOIINX IIOBEPXHOCTEU
00JIaIal0T TOJABKO TPAaBUTAIIMOHHBIM IIOJIEM, TO €CTh YaCTOTHI
COOTBETCTBYIOT HapamMmeTrpaM rpaButaruorHoro mnoJs (C5-C8).

[Ipu pa3pbiBe «IIPOTOHHOW» IMMOBEPXHOCTH Pa3pylIAIOTCS MarHUTHOE
M TpaBUTAIlMOHHOE II0JIf, 4YacTOoTa COOTBETCTBYeT IIOJIOCE YacTOT
IIOJIOXKUTEJIBHOTO 3apA/ia. YUUTHIBAsA OTCYTCTBUE I'PABUTAIMOHHOIO MOJIA,
«TIOJIOKUTETbHO 3apsikeHHbIe yacTUubl» FACATCAA (moryiomatoress) u HE
IIEPEMEIIIAIOTCA B mpocrpancre. IIpu o6pasoanuun UYEPHOM
A DbIPbI IIPOUCXOAUT
paspyuwenue  31eKMPOHHOU
000.10uKuU amoma, Tpu 3TOM Ha
3JIEKTPOHHOU 0boJI0uKe
IIPOUCXO/IUT paspyliieHue
MAarHuTHOTO W TPABUTAIMOHHOTO
IoJie, OCTaBIINECHA «IIPOAYKTHI»
IIOIJIOIITAIOTCA YEPHOU
JOBIPOM.
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OTMeTuM psij; 0OCOOEHHOCTEM:

1. B UEPHYIO /IBIPY HMEIOT «IOCTYI» TOJBKO «3JIEKTPOHBI»
II0CJIe pa3pylleHus 371eKTPOHHOU IOBEPXHOCTH.

2. Huxkakoéi «0ObeKT» HE MOXKET MPHUOJIU3UTHCHA K IJIEKTPOHHOM
3Be3/ie (BEKTOp TPABUTAIIUH — OT IIEHTPA).

3. OJIeKTPOHHBIE 3BE3/IbI HCKPUBJIAIOT IPOCTPAHCTBO.

4. HellTppyHO ¥ HEUTPOHBI He U3MEHAT HANPAKEHHOCTU
TPaBUTAIMOHHOTO T0JI (BEKTOP IPAaBUTAI[UH HAIIPABJIEH MO KACATEIbHOU,
JIBIKEHUE — TI0 CIIPAJIN).

5. HampsxéHHoCTb TPaBUTAIIIOHHOTO OJIs HU3MEHSIOT
«27eKTpOoHHBIe» 3Be3gsl u  UKEPHBIE JIBIPBI. HanpsxéHHOCTH
TPaBUTAIIMOHHOTO IOJIS ABJISETCA PACUETHOU MO3UITHUEN.

6. Ilpu oOpa3oBaHHUM «3JIEKTPOHHOI» 3BE3Abl MAarHUTHOE II0JIE
paspyllaercs, TO eCTh HU «3JIeKTPOHHAA» 3Be3na, Hu UEPHAA JIBIPA
MAarHUTHOTO II0JIA He UMEIOT.

7. ObOpasoBaHWe U paspyllleHHue «3JIEKTPOHHBIX» 3BE3N H
YEPHBIX /IBIP MIO/IBEP:KEHO OMPENEIEHHOMY IUKIY. dMOm uyYuxa
npumepHo paeeH 31.000 aem.

8. CBoOoaHble HEUTPUHO U HEUTPOHBI BJIHUAIOT HA MEXaHU3M
oOpa3oBaHUs BHENIHUX CBsA3ed aTOMOB (3a mpeaesaMu HEHUTPUHHOMN
000JI0UKH).

9. JIyuTesnbHOCTH UK obpazoBaHus (paspymenust)
«3JIeKTPOHHOM» 3Be3zp! i YUEPHOM JIBIPBI cocTasiseT HPUMEPHO 5
Jet (3eMHOro BpeMeHH).

10. YuuThIBad HallpaBJIEeHUE IPABUTALIMOHHOTO I10J1, MBI HE MOKEM
BUJIETh «3JIEKTPOHHYIO» 3BE3/y, B TO K€ BPEMs MBI MOXKEM HAOJIOAATH
mecto mosBierus UEPHOM JIBIPBI, eé pasMepsl MOXeM BBIYHC/IUTE
TOJIBKO 110 KOCBEHHBIM JJaHHBIM.

11. CkopocThb [IBU)KEHHS HEUTPOHOB IIOCje  pa3pylleHus
HEeUTPOHHOU OBEPXHOCTHU «3JIEKTPOHHOU » OBEPXHOCTHIO cocTaBiisieT C9.

12. CKOpoCThb  /[ABM)KEHUS  HEWTPUHO TOCJe  paspylleHus
HEUTPUHHOU IIOBEPXHOCTU «3JIEKTPOHHOUI» IIOBEPXHOCTHIO COCTABJISAET
Cio0.
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OTMeTI/IM, YTO 3TH CKOPOCTH HACTOJIBKO BBICOKHE, YTO HE IIOAAAaI0TCA
HHUKAaKHM pacqéTaM C TOUYKH 3p€HUA IIepeEMEIICHNA MaTEpHUaJIbHbIX MaccC.

AT CKOPOCTH MOTYT OBITh IOHATHBI TOJIBKO IIPU PACUETE PE30HAHCHBIX
IINKOB.

Ilo mepe ocmuvleaHun
31eKMpPOHHOU 36e30ubl
2pasumayuoHHoe no.e ymeHvuwaemes,
u 36e30a cmMaHo8uUMCa BUOUMOLL.

H p;f;;:ga:"gpgg;ggé:a \ C TOYKU 3peHus «0OBIBATEIISI»
! ‘* HAUBOJIBIIINUN HNHTEPEC
IIPE/ICTABJIAIOT TaK Ha3blBaeMble «IIPOTOHHBIE» 3BE3/IBI.

Bo-nepBbIX, 5T 3Be37bl 00/aZAI0T KAK IOJIOKUTEJIbHBIM, TaK U
OTpUIATETHHBIM 3JIEKTPUYECKUMHU MTOJISIMU, MarHUTHBIM u
rpaBUTAIMOHHBIM I0s1eM. [IpoTOHHAas 3Be371a 0Opa3yeTcs Py pa3pylieHuH
HEUTPOHHON W HEUTPUHHONW 0O0O0JIOUeK aToMa TMPH 3HAYUTEIHHOM
ZaTia30He TEeMIIEPATYP. O6paszoBaHue MIPOTOHHOM 3BE3/IbI
COIIPOBOXK/IA€TCSI BBIODOCOM HEHUTPUHO W HEHUTPOHOB U HU3MEHEHHEM
CBOMCTB 3JIEKTPOHHOU U IIPOTOHHOM ITOBEPXHOCTEHN aTOMa.

JecaTuaHbIH Paguyc Panunyc nporoHHOM
Jlorapudm 3JIEKTPOHHOH IIOBEPXHOCTU
TEeMIIepaTyphbl IIOBEPXHOCTHU
3 1,0000015 1,00007
3,5 1,0000038 1,00012
4 1,0000055 1,0004
4,5 1,0000102 1,00095
5 1,0000155 1,002
5,5 1,000042 1,0058
6 1,000065 1,009
6,5 1,000125 1,015
7 1,000235 1,035
7,5 1,0015 1,1
8 1,0045 1,2

K nporonnbiM 3Bé31aM oTHOcuTcAa CostHIe. [Ipu gocTukeHuun
TEMIIEPATYPhl IPUMEPHO 4300 TPaayCcoOB OOpasyercs HEWUTPOHHAasA
IOBEPXHOCTb, a [IPU TeMIlepaType HUKe 3600 rpaaycoB — HeUTpUHHAsA
nmoBepxHOCTh. COJIHITE ceffuac «OCTBIBAET», TAK UTO AOKAEMCS pe3yJibTaTa —
OH HACTYIIUT NPUMEPHO uepe3 40 aem!!! B to xe Bpemsa BMecto CosiHIIa
MosABJIsIeTCsA JipyTasa 3Be3/ia (MHopMaIysa COKPBITA, KaK 1 U TOBOPWJI, HO
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aToT pakT — ToueH). [Tycamwbes moavko He HYdcHOo. HyxxHo B BaHio

crpeMutbesi.  «II0cKoe» PpacIioioKeHHe BEKTOPOB
IPaBUTAIMOHHBIX [TOJIEH AaTOMOB «IIPOTOHHOM » 3BE3/TbI
ompesiesifAeT  IUIOCKOCTh  SKJMNOTUKKA  (HAKJIOH
ITOCKOCTH OIPEEIEH CMEIeHUEM I[EHTPA TAXKECTH
atroMmoB). IIpomecc poxkaeHHs 3Be37bl OAUMCA
npumepHo 2 200a, ocmsvtéaHus — 31.000 aem.
Hawm 6esmnokouthess He 0 ueM — psagoMm ¢ CostHiieM

«bosraercsa», emé JIBE MACCHI, onna u3 koropbix « BCIIBIXHET» B
MoMeHT obOpasoBaHusi y CoJIHIIa HEHTPOHHOUW 00OJIOUKM aToMoOB. M 4TO
caMoe IJIaBHOe i Hac — TemnepamypHulilt 6ANaHC HCUZHU NpU
amom He Hapywaemes. Konebanus temmiepatypbl CoJIHIIA TPUBEIEHBI

HUKeE.
Ton TeMnelljjaTypa CoutHIIA, Ton c Temmeparypa
paaycoB OJIHIIA, TPAyCOB

1995 6200 2021 4800
1997 6000 2023 4700
1999 5900 2025 4600
2001 5800 2027 4500
2003 5700 2029 4400
2005 5600 2031 4300
2007 5500 2033 4200
2009 5400 2035 4100
2011 5300 2037 4000
2013 5200 2039 3900
2015 5100 2041 3800
2017 5000 2043 3200
2019 4900 2045 1200

7000

6000 \**\9

Ry
5000 e =
‘&‘&“0-
4000 MM"""R‘
3000 §

2000

1000

1990

2000 2010 2020 2030 2040 2050

roab!
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Camwxkenue temmnepaTypbl CoJHIIA 3aMETWIN YK€ JJaBHO, HO ObLia
HEV3BECTHA nmpuuymHa OCThIBaHHA (320/lHO W IAaHUKA — KaK JKUThb
JaJbllie).

B nmpusokeHUN4 K pacue€THON 4YacTU yKa3aHbl IapaMeTphl HOBOTO
CostHIIa 1 MOMEHT €ro0 ITOABJICHN Ha TOPU30HTE.

C nonwiceHuem memnepamypsvt CoaHya noswvlllaemes MazHUmMHas
aKmueHOCMb, YTO COOTBETCTBYET PACUETHBIM IlapaMeTpaM HW3MeHEeHWUs
CTPYKTYPBI aTOMHOTO s/ipa MPHU KoJebaHusX mojen. ViTak, i IpOTOHHOU
3Be31bl Mbl uMeeM TOPOOBPA3HOE orpunaresibHOe MarHuTHOE U
TOPOOBPA3HOE osiexktpuueckoe (IOJIOKUTEIBHOE) II0JIE, CTPOTO
OPUEHTHPOBAHHBI BEKTOP TPAaBUTAIIMU M «CJIETKAa» Pas3/iyThle PaUyChI
IIPOTOHHOU U 3JIEKTPOHHOU MOBEPXHOCTEN aToMa.

Bekrop rpasurtanuu HamnpasseH oT COJHIIA, IO3TOMY HAa HETO HUYero
«ynactb» HE MOZKET. B cBaA3u ¢ u3MeHeHHEM BEKTOpa TpaBUTAIlUU
(mosABIEHHEM JIPyTOTO CoJsHIia) MIPOUBOUIET OpHEeHTaIusI
rpaBUTallMOHHOrO IosiA HoBoro CosiHIIa, U 3eman cmeHum Y201
HAKAOHA.

Cnenyromum  CosHneM Ha 31.000 Jer Oymer HWHOE
«OBPA30OBAHMED»>, citeibl KOTOPOTO y3Ke ceiiuac HabJTI0ar0TCA.

1 IIpoTronHasa hv hv hv
2 AJIEeKTPOHHAA hv hv hv
3 PZ 2hv
4 P hv + !
a 2 (hv hv
1 1
P Z -
5 b 2 (hv + hv
3
6 I = —
c 2 hv + 2h
7 P, hv + E
8 P 1 hv + !
€ 2 (hv hv

4 Bee Ipunoxkenus (¢ pacuéramu) , O KOTOPHIX UJIET pedb B 3TOU IJIaBe IPECTABJIEHBI B
moHorpadpuu A. Xarpi60B «XosaoxHsiii fnepHbiii CHHTE3». BOJBIINHCTBO U3 HUX CE200HA
nyoauuHsiMu 6Limv He mo2ym. OZHAKO HEKOTOPBIE PACU€Thl, KaK MOsCHeHWe HHpopManuu —
y6JINKYIO.
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IIpuino:xenne. COTHEYHBIH CBET

CoBpeMeHHasi (pu3uKa cOOOIIAET, YTO COJTHEUHBIN CBET — 3TO KBAHT
(MaTepuasibHasI YacTHIlA) ¥ BOJTHA OJTHOBPEMEHHO. Pa3 3To ajieMmeHTapHas
YacTUIA, OHA HAXOAUTCSA B PAAY C APYTUMU YaCTUIAMU, TPUOBIBAIOIIUMU U3
Kocmoca (Ho n3 Kocmoca, kpoMe ochITIaBIIENCS TPYXU BHENTHENH 000JI0UKH
kKoHyca ABmkeHUsT COJHEYHONW CHUCTEMBI, HHYEro He IIOCTyIaeT, a
IIOCTYIIBIIASA TPyXa HMeeT Ty e CTPYKTYpPY, uTo 1 Ha 3emie). HUKAKOM
NHOU nHdopmaruu o CoJTHEUHOM CBETE HET, U3BECTHHI ONBITHI JIebeneBa
[I0 W3Y4YeHUIO [JaBJeHUs, KOTOpOe IPOU3BOJUT KBAHT cBeTa. OpHAKO
Conune — ato IVIABHBI MH®OPMAIIMOHHBIN KOMILIEKC,
IIPOUBBOIAIIUI IOCTABKY HEOBXOZII/IMOﬁ NMH®OPMAIIINMU BceM 12
KoJieHaM (pasziesieHbl 1o yacroram). I1o cBoell CTpyKType KBaHT CBETa — 3TO
sAU10. BHenHsAA 00607109Ka — rpaBUTAIIMOHHBIE YACTOTHI (6 YaCTOT, OKTaBbI
63 u 71). 3alIUTHBIA CJIOM — OKTaBa 64.6666 (BOCIpHUHHMAETCA KaK
CoJIHEUHBIH CBET).

NudbopManuoHHBIE MOAYJIb — OKTaBa 64 (8ce 12 uacmom
UCNOAHUMEAbHOU 0a3bl U 12 yacmom copoca). TapopMauoHHbIN
moayab — oro IIOITAPHO COE/IMHEHHBIE YACTOTBHI,
IIOCTPOEHHBIE HA CMEXKHBIX YHCaaxXx (mpumep: 17 — HCHOJHUTH, 19 —
yAUIUTB). OTOT K€ NPUHIUI ObLI
3aJI0KEH u pu CO3/IaHUU
I'eneparopa, H. JleammoBsiMm. A
ITporpamMMsbI ITOCTPOEHBI UMEHHO T10
MPUHITHAILY WHOOPMAITHOHHOTO
MO/YJ1d B ITIOITAPHOM
COEJMHEHMM yacror, 4YTO #
nossosger uMu «YIIPABJIATDH»
n3BHe (YTO OYEeHb BAXKHO) IIpH
CUTyalusAX, KOrZja HY:KHO CTOPOHHee
«BMEIIIaTeJILCTBO» B paboty
Komuiekca, 11 JOCTUKEHUA TOTO UJIM UHOTO pe3yJsbTaTa.
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Xouy MOJYEPKHYTh, UYTO KOHEYHBIM IIOCTABIIUKOM COOCTBEHHO
[Iporpammsrl siByisieTcst JIyna (cmotpu paszesn Martpuiia Mosra). Xapakrep
HCITOJTHUTEILHOTO MpHKa3a cOpMUPOBAH B IIBETOBOM raMmme (32 4acTOThI
B OKTaBe 63).

IIBera paspgesiensl 1o cMmbicay. Haille 3peHne mocTpoeHO UMEHHO 14
BOCIIPUATHUSA 5TUX YaCTOT, ¥ BCE, UYTO MbI BUIUM B Kocmoce, npesiomiiseTcsa
yepe3 MPU3MY I[BETOBON TaMMBbI ¢ YYETOM 3AILIUTHI OT HENPEABUAEHHOTO
W3JIy4deHUs.

Kaskmas riBeToBasi raMMa (4 OKTaBbI) IIOCTPOEHA KaK U MYy3bIKAJIbHBIHN
Psifl, TOTOMY B YCJIOBUSIX OTCYTCTBHS ITOJACBETKH (MJIM KBaHTA) HH(MOPMAITUIO
II0 IIBETy MOKeT JaTh J00H paboTaIIUi KOMILIEKC, IlepeaaBas
colep:KMMoe KBaHTa Ha 3BYKOBbIX dYactoTax Bo BCEX OKTABAX
BOCITPUATUA. CrnenyeT 3aMeTHTh, UTO I[BET, BOCIIPUHHUMAEMBIA Ha
3emuie, IPOXoUT ckBO3b IpuamMy armocdepsl u IIEPEBO/IUTCA B 60Jiee
HU3KUMWUE OKTABDI. Kpome Toro aia pasjaejieHHs 4acTOT KBaHTa IO
[IBETY NCHOJIb3yeTCs IPU3Ma, KOTOpas TOKe CHUKAeT OKTaBy. ITO KOHEYHOE
CHIDKEHUE U 3aHeCeHO BO BCe CIIPABOUYHUKHM KaK UCTUHHOe 3HaueHUe 6e3
aHa/IM3a IOJIy9YeHHOT0 pe3yJIbTaTa.

[Ipofo/KMM W PacCMOTPHM JIeHCTBHE B3aKOHOB JIJI1 aTOMOB
«2NeKMPOHHOIL» 38e30bl, «NPOMOHHOIL» 36e30bt 1 UEPHOI
JIBIPBI. /IeficTBUe 3THUX 3aKOHOB OIPEJIEIAIOT PEAKITUH, TPOUCXOAIINE Ha
stux 3Be3gax. CoorBerctBeHHO BBIBUMPAETCA MEXAHV3M
KOHTPOJIA u crioco0nl 3alUTHI OHOCHUCTEM.

3aKOHBI VI «3JIEKTPOHHOM» 3B€3/IbI

Bpawenme none Panuyc 37€KTPOHHOHN ITOBEPXHOCTU
; W3MeHWIcA —  JJd  Bcex  IoJed
9JIEKTPOHHON IIOBEPXHOCTH HEOOXOAMMO
HCII0JIB30BaTh 3aKoH 2h. B neHTpe aToma
3aKOH TOXK€ U3MEHWJICA B COOTBETCTBUU C
3aKOHOM JIJIs1 3JIEKTPOHHOUN IOBEPXHOCTHU:
2/h, HanpsKEHHOCTh T'PABUTAIMOHHOTO
/ II0JIA B LIeHTpe aToMa B 2 pasa Bblllle, 4yeM
JUIsi aToMa B OOBIYHOM COCTOSSHUU U
cocrasifgeT 120 G. B 2 pasa yBesmunica 3apsAj aToMa U HaIPAKEHHOCTD
MAarHUTHOTO ¥ TPaBUTAIIMIOHHOT'O TOJIEH.

20



«IIPOTOHHOU » 3BE3/IBl.

3aKOHBI VIS <IIPOTOHHO» 3BE3/IbI

Kax eudno u3 mabauuvbt (cm. Hwice), 041 NPOMOHHOIL
36e30bl 3aKOHbL 0CMAAUCH HEU3MEHHDBL.

BpauweHue none#

[MosiBuiicss nedunut B obsacTu
CBSI3KU Macc: OTHOCHUTEJILHO
3JIEKTPOHHOM IIOBEPXHOCTH Ha
MMPOTOHHOH MOBEPXHOCTH Pa3BOPOT —
Ha 90°. Jlepunut pas3BopoTa paBeH
180°. 3a cuér »srtoro aeduUTa
obpazyroTcst MAarHUTHBIE
TOpOOOpa3HbIE TOJIST BOKpPYT

XapaKTEPUCTUKNA TPAaBUTAIIMOHHBIX, MAarHUTHBIX U BJIEKTPUUECKUX
I10JIeH TOBEPXHOCTEN ITPUBE/IEHHI B PACYETHOM YACTH.5

Neo IToBepxHOCTH E M G
1 IIporonHasn hv hv hv
2 JJIeKTpOHHAsA hv hv hv
3 P, 2hv
3 1
P e —
4 a 2 (hv + hv)
P ! hv + !
5 b 2 (hv hv)
1
6 P — —
¢ 2" 2w
7 p ho + —
d v hv
1 1
8 P, - —
> (hv + o
P 1h + 3
? 1 2" 2n
10 IlenTp aToma !
P hv

5 A. Xarb160B «XoJoaab1i AnepHabiii CuHTE3»
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11.4. 3akoHBI Ajaa YépHoii IpIpbI

Kak yxe orMmeuasioch Bbilie, YEPHAS JIBIPA o0Opa3syercsi B
pe3yJsIbTaTe B3phIBa 3JIEKTPOHHON TOBEPXHOCTH aTOMA, IIPU 3TOM IIPOIYKThI

paciiaza, «3JIEKTPOHBI», IIOTEPAB 3apAA U MarHHUTHOE€ IIOJIE, IMOoIIaAal0T B
neatp YEPHOM JBIPHI.

IToBepxHOCTH G
P 2h
3 1
Pq “—(h+=
2 (h+ h)
1 1
P — —
b 2 (h+ h)
3 1
P. z -
2 h+ 2h
1
P, h+=
d + h
1 1
Pe Z -
2 (h+ h
1 3
P - =
1 2 h + 2h
2
[lentp atoma B

He wumeror gocryna B UEPHYIO JIBIPY HH «IIPOTOHBI», HH
HEeUTPOHBI, HU HEUTPUHO.

To ects B YEPHYIO JABIPY wMoryr nomnactb TOJIBKO MacChl,
uMeromye copnagamonmui ¢ YEPHOWM /IBIPOM BekTOp rpaBUTAIMHU, 3TO
COBIIfIeHHe — TOJBKO Yy «3JIEKTPOHA». 7 moBepxHocTreilr UYEPHOI
JIBIPBI paboTaloT Kak HOJIAPU3AIUOHHBIN QUIBTP, IPUHUMAS TOJIBKO TO,
UTO «II0JIEBHO». DTA «I0JIE3HOCTh» OmpeziejieHa 3aKOHAaMU. Bce MOmbITKH
«mpotamutek» B YEPHYIO JIBIPY mOCTODOHHHME OOBEKTHI 3aKOHYATCSA
0e3pe3ysIbTaTHO.

B wacrHocTH, mpu noaxoze K YEPHOM JABIPE xBaHT cBeTra
paccenBaeTcsd U IIOTJIONIIAETCS JIDYTUMH MOJISIMH. ITO TIOIJIOIIeHUEe
MIPOUCXOJUT HAMHOTO PaHee MO/IX0/1a KBaHTa CBETA K YEPHOM JADBIPE.
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YVuursiBas, uro it YEPHOM JIBIPHI cootHomeHUE S paBHO 1/2,
1/2, pacuétsl napamerpos YEPHOM JIBIPBI
HeOOXO/IMMO ITPOU3BOJAUTH C MCIOJIb30BAaHUEM
TUIIEPKOMILIEKCHOH CHMMETPHH, MaTEMaTUKU
«Kasxenmockomn» co 3HaAYEeHHEM
mapamerpa i2=+1. Kak 3T0 HU CTpaHHO, HO

G .. .
pacuétsl mnapametpoB YEPHOWM JIbIPbI
Iél'foHJg A / npousBoaATca ¢ ucnosb3oBanueM OKTAB

(rpaBUTAIIMOHHBIE TIOJIA  PACCYUTHIBAIOTCS
TOJIBKO C HCIOJIb30BaHHEM OKTaB). JTO — Hawbojiee CJIOKHBIN
MaTeMaTUYECKUU ammapaT B TeOPUH THIIEPKOMIUIEKCHBIX YHCETI, U €My
A. XarpIOOB mNOCBATHJI 4 TOM «®Puaocodpuu mMareMaTUKH»
MoHOrpaduu «X0J0AHBINA SEPHBINA CUHTES».

B moMmeHT paciupenus npoToHHOU noBepxHocTu ITPOMUCXO/IUT
B3PbIB HeUTPUHHOUN 1 HEUTPOHHOM IMOBEPXHOCTEMN, COITPOBOIK/ A0 CS
BHIOPOCOM HEUTPUHO U HEUTPOHOB. Ha HEUTPOHHON MOBEPXHOCTU aTOMA JI0
B3pbIBAa Mbl UMeeM 184 Macchl (HEHTPOHOB), HA HEUTPUHHOU ITOBEPXHOCTU
— 312 macc ("eutpuno). IIpu BBIOpOCe Macc HEUTPOHOB M HEUTPHUHO
marHutHoe ITOJIE MMCYE3AET, ocraérca TOJIBKO I'PaBUTAIMOHHOE (HA
IIOBEPXHOCTU OHO HAIpaBJeHO MO KacareapHOU. Pazynér macc — 1o
KacaTeJIbHOU K COOTBETCTBYIOIIEN ITOBepXHOCTH. Ha moBepxHOCTH [0
B3pbIBA BpallleHUe Macc 33/IaéT MarHUTHOE T10JIe, II0CJIe B3PhIBa BpallleHUe
Ipekpalaercs, X Macchl passieTaloTcsa 0Oe3 BpaimeHus. [loBepxHOCTH
pasJyieTalTCs OJAHOBPEMEHHO, 00pa3ys MOIIHBIA IIOTOK HEUTPUHO W
HeUTpOHOB. TemnepaTtypa HEUTPUHO U HEUTPOHOB paBHa 3,6°K. Tak, npu
B3pbIBE BBIZIEJISIETCS JIBa THIIA MacC — HEUTPUHO M HEWUTPOHBI. Jlajee
cjiesyeT TOBOPUTh O HAJIMUHMHU OTPHUIIATETBHBIX TPABUTAIIMOHHBIX YaCTHUI] U
ITOJIOKUTETHbHBIX TPaBUTAIMOHHBIX YacTHIL (Macc).

HeitmpuHno — ompuyameasHaa 2pasumayuoHHas vacmuyda
(macca).

HelTpoH — MoJIOKUTEIbHAS TPaBUTAIMOHHASA YacThIla (Macca).

HeHATpHHO M HEHTPOHBI He B3aMMOjeHcTBYOT HH ¢ UEPHOU
Z[bIPOfI, HU C 3JIEKTPOHHBIM aTOMOM, HU C IPOTOHHBIM aTOMOM. OyHKIIUA
HEUTPOHOB U HEUTPUHO — CO3JaHUE OTPHUIATEIHHOTO U MOJI0KUTETHLHOTO
rpaBUTAIMOHHBIX Tosie. HasHaueHue mosielr OyzieT yKazaHO HUIKeE.
IIepexonsa Ha A3BIK PafiO3JIEKTPOHUKU, MBIl UMEeM BCEro /IBe 4acCTOThl —
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HEUTPOHHAsA U HEUTPUHHAA. Imumu uacmomamu npoHu3aHa
Bceaennas.

Hamo wumerp B BHAY, UYTO aTOMBI «B3PBIBAIOTCA» ITOOYEPETHO,
HEeHTPHHO ¥ HeWTpoHEl o6pazylor OBBEMHYIO COTOBYIO
CTPYKTYPY (orpumaresbHas COTOBas CTPYKTypa M IIOJIOKUTEIbHAS
COTOBasi CTPYKTypa).

K HelTpuHO «moaxomut» 6
JIMHUH CBS3HU, 9TO K€ KOJHUYECTBO

«MCXOAUT» OT HEUTpoHA. Pazmepsl
A COT IIPUBEJIEHBI B PACUETHOU YACTH.
< - HNmeHHO 9TU COTBbI
[ HA3BIBAIOTCA BAKYYMOM.

A PazppiB cBsi3eli B JAaHHOM
cyJdae ABJIAETCA CJIOZKHOM
> < 3a/lauel, JBUI)KEHHE B BakKyyMe
HeiTpoH MOKHO CTPOHUTh Ha  JIPYTHUX

B

HeitTpuHo y MPUHITATIAX. 3ameTum, 4To
HUCXOJHbIE BEKTOPHI TPAaBUTALIUU B

aToMe — o yrjioM 90°.

11.5. CTpykTypa He  «HaAUNIero» aroMa, WIn
«3a3epKaJjabe»

Kak ObLIO omlpeniesieHO paHee, «HAII» aTOM HMeEET CJAEAYIOLLYIO
CTPYKTYPY:

- IIEHTP aToMa C HallpaBJIEHWEM TPaBUTAIIMOHHOTO TOJA K
LHEHTDY;

- 7 TOBEPXHOCTEN (TpaBUTAIIMOHHBIX), HAIIpABJIEHHE BEKTOPOB
rpaBUTAIUM — K LEHTPY (APYTUX MOJIel HeT), COOTHOIIeHre S=1/2;

- 9JIEKTPOHHASI MOBEPXHOCTh, 108 y3JI0B, COOTHOIIIEHHE S=1/4,
3/4, K IIeHTPY aTOMa HAIlpaBJIEH BEKTOP 3JIEKTPHUYECKOTO OTPUIATETHHOTO
I10J1s5, BEKTOP TPABUTAIIMOHHOTO TOJIs HAIPaBJIEH OT IEHTPa aTOMa, BEKTOP
MAarHUTHOTO I10JIsl HAaITpaBJIeH 110 KacaTeJIbHOM;
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- MIPOTOHHAsI TIOBEPXHOCTD, 132 y3Jia, COOTHOIeHue S=1/4, 3/4,
BEKTOPHI T'PABUTAIIMOHHOTO M 3JIEKTPUYECKOTO IIOJIEH HaIpaBJIeHbl I10
KacaTeJIbHOU, BEKTOP MAarHUTHOTO IT0JIs HAIIpaBJjIeH K IEHTPY aTOMa;

- HEUTpPOHHAsI IOBEPXHOCTH, 184 y3Ja, cooTHOIIeHnEe S=1/4, 3/4,
BEKTOP TPAaBUTAIIHOHHOIO IIOJISI HAampaB/ieH II0 KacaTeJIbHOW, BEKTOP
MAarHUTHOT'O I10JIS1 HallpaBJIeH K I[EHTPY aToMa, 3JIEKTPHUUECKOTO TI0JIsSI HET;

- HEeUTpPHUHHAsI IOBEPXHOCTh, 312 Y3JI0B, COOTHOIIIeHHE S=1/4, 3/4,
BEKTOP TPAaBUTAIIHOHHOIO IIOJISI HAIpaB/eH II0 KacaTeJIbHOH, BEKTOP
MAarHUTHOI'O I10JIS1 HallpaBJIeH OT I[EHTPa aToMa.

g |1
0,5 0,812 1,5 4

E 16 M M
-+ - - - - - -
G M 7
0,784 1 2,5 M 0, 0,044
E G G

Hal'IpaBJIEHI/I}I " MOIIIHOCTHU rpaBUTAIIMOHHBIX HoJiei atoMma

HccnegoBapuss 1m0 <«AHTHUATOMY» un <«AHTHUMMUPY»
HeOOXOUMBI 371eCh JIJIs aHAIN3a MOCJIEAYIONEro 00beTUHEHUS CTPYKTYP, a
TaK)Ke BBIACHEHUS MPUYUH U3MEHEHUS SHEPTeTUUECKOTO ITOTeHIIAaIa.

Kak mokasasu pac4éThl, «KaHTHATOM» UMEET Ty K€ CTPYKTYPY, UTO U
«HaIll» aTOM, TOJIbKO P/l XapaKTEPUCTUK UHBEPTHPOBaH. Pa3zmeps! aToma B
CTa0MJIBHOM COCTOSIHUM Te K€ caMble, UTO U y «HAIIero» aToma, YHucjo
IIOBEPXHOCTEH — TO Ke.

CylmecTBeHHOE OT/IMYMe: TnapamMeTpbl S oOpatHbl (a7
ITIOBEPXHOCTEH S=1/2, 1/2, /JIs1 OCTAJIbHBIX IOBEPXHOCTEN S=3/4, 1/4).

[Ipu mpoBefieHUH HCCIeIOBaHUN ObLIO OKa3aHO, UTO aOCOTIOTHBIN
MHUHHUMYM TeMIlepaTyppl paBeH O rpaaycoB (mo KeabBHUHY),
TeMIIEpAaTypa MOKET U3MEHATHCS TOJHKO B CTOPOHY yBeauueHus (+) u
YMeHbIIEeHUA — 10 O.

CpenHsas TeMmIlepaTypa Bakyyma paBHa 3,6°K, 4TO COOTBETCTBYET
YaCcTOTE NPOOOABHBIX B0TH 2PABUMAYUOHHO20 Noast C20.
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Yacre 3. Pusuka peasuil. [71aBa 10. ATOMBI 110 OZTHOMY He COOUPAIOTCS

HelnTpuHHas
NOBEPXHOCTb

Y HelTpoHHas
// G / NOBEpPXHOCTb
M
Et G [NpoToHHas
il NOBEPXHOCTb
E.

OneKkTpoHHas
NoBepPXHOCTb

MOBEPXHOCTHU

JlaHHBIE CBEJIEM B TA0OJIUILY.

[paBUTaUMNOHHbIE

BpalieHvne macc Ha NOBEpPXHOCTAX —
obpatHoe, NOBOPOT — B NPOTUBOMO-
TNOXHYIO CTOPOHY, B OTNIUYME OT
“Hawero” atoma

Al
ATV |,

1/4

S=1/2
112

No ATOM AHTHATOM

1 HEUTPUHO AHTUHENUTPUHO

2 HEUTPOH AHTUHEUTPOH

3 MIPOTOH QHTUIIPOTOH

4 3JIEKTPOH AHTUDJIEKTPOH

5 TIOJIOKUTEJIbHAS 3JIEKTPOHHAS OTpUIIaTeIbHAS 3JIEKTPOHHAS
3Be37a 3Be37a

6 | TMOJIOXKUTEIbHAS TO3UTPOHHASA OTpHUIIaTEIbHAS TO3UTPOHHASA
3Be37a 3Be37a

7 OoTpuLIaTeIbHAs

TOJIOKUTEJIbHAS TPaBUTAIIIOHHAS
rpaBUTAI[MOHHAs 3BE3/Ia
3Be3/1a (MOJI0KUTEbHAS (otpumarenpnas YEPHAS
YEPHAS JIBIPA) JIBIPA)

Iux vt 06pa3osanus 3630 0OUHAKOBHLL, NOIMOMY O0AHCHO
O0bimb 83aAUMHOE 8AUSTHUE AMOMO8. B «0OBIYHOM» COCTOSTHUMU
arom u anTuarom HE BBAIMO/IEVCTBYIOT.
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[Ipu gOoCTHKEHUU TeX Ke TeEMIepPaTyp, YTO U Jid aTOMa, IPOUCXOJAT
mporecchl 00pa30BaHUsA TPOTOHHOTO, 3JIEKTPOHHOTO M TPABUTAIIIOHHOTO
QHTUATOMOB.

IIporonHsi aHTHaTOM. Ilpm 00pa3oBaHWM  MPOTOHHOTO
QHTUATOMAa IPOUCXOJUT B3PbIB HEUTPUHHON U HEUTPOHHON IIOBEPXHOCTEU
¥ BBIOPOC 312 aHTUHEUTPUHO U 184 aHTUHEUTPOHOB. Macca aHTHHENTPOHOB
TIOTJIOIaeTCsl MPOTOHHOM MOBEPXHOCTHIO, TpU 5ToM Y BEJIMUYNBAETCA
MOIIIHOCTD MarHuTHOTO ¥ 3JIEKTPUYECKOTO II0JIe IPOTOHHOM
noBepxHocTH (C21-C25).

I'paBuTaniioHHOE roJjie
\THeﬁTpon \Y He#iTpuHo IIPOTOHHOM TIOBEPXHOCTH He
- — -
. U3MEHSETCS.
} AHTUHENUTPUHO MTOKHUAIOT
@HTUHENTPUHO  HeiTpoH v
R - - QHTHATOM C TIIOT€peHd MarHUTHOTO
{ . g \ OJIA.
X\ %
He;p“‘o AN 4V\Hem B KocMH4YECKOM IPOCTPAHCTBE
[ \ O/INMHAKOBOE KOJIMYECTBO
) > CBA3aHHBIX HEUTPUHO u
HeWTpoH '\ AHTUHENTPUHO o .
AHTUHEUTPUHO: B OJHOH CBS3Ke

HaXOJIUTCS 4 HEUTPOHA, 2 HEUTPUHO U
2 QaHTUHEUTPHUHO.

B o00pa3oBaHHOM TIPOCTPAHCTBE BBIAENsAETCS 00JacTh (BHYTpH
MPOCTPAHCTBA), ABJAIOMASICA 30HOU O-nepexodd, IO KOTOPOH H
IIPOU3BOJUTCS IBUKEHNE HEUTPOHOB, HEUTPUHO U aHTUHEUTPUHO.

JTa 30Ha — rPAaBUTAIIMOHHBIN YCUJIUTENb — aHAJIOTUYHO MAarHUTHBIM
YCUJIUTEIAM B CUHXpO(dasaTpoHax.

IIpocrpancTBO KBaHTOBaHO, U Macca (uactora) HE MOXKET
JIBUTATbHCSA 0 PYTOMY IIyTH, HESKEJTH OIpeIesIeHO.

Tak Kak MpU OTPHIBE OT IOBEPXHOCTH OBLIO MOTEPSHO MArHUTHOE
1oJie, JBUTAIOIIMeCs YacTUIbl (BOJIHBI) He BpAIAlOTCs, ITO3TOMY MOXKHO
paccMaTpuBaTh KBAaHTOBAHHOE COTOBOE TMOJie C IlepeceKaIoIUMUCH
wiockoctsiMu O-niepexoaa. OTMeTuM 0cOOEHHOCTHU IBUKEHUS MACC B 30HE
O-nepexona. Bce maccel, BKJIIOYasi KBaHT CBeTa, ABUTalTCs B 30He O-
nepexona. 3oHa O-mepexoza — 3To nosioca mupuHou C30, Yem Oimke K
IEHTPY I0JIOCHI, TEM OOJIBIIIE CKOPOCTH Macchl (uacToTsl). I[To mosoce srobas
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Macca JBUTaeTcs 6e3 COMPOTUBJIEHHUsI, HO MaCChl, He coBIaarimue ¢ C30 mo
YacToTe, IIPOXOAAT JI0Ooe paccrosHue 0e3 ycuwieHus (yBeJMYeHUs
ckopocTH). Tak, CKOpOCTh KBaHTa CBETA ITOCTOSTHHA.

YckopeHne Macc OTHOCUTCA K HEUTPUHO U AHTHHEUTPUHO, OHU
IepeBUTAIOTCA 1o npoctparctBy ¢~ HEOTPAHHUYEHHOM
CKOPOCTBIO. «Habop ckopocTH» IPOU3BOAUTCS MEJIJIEHHO, Ha 3TOT
«HAbOp CKOPOCTH » BJIUSIOT TPABUTAIIMOHHbBIE CKOIIEHUS MacC.

[Ipy 1TpubIMIKEHWHM K TPABUTANMOHHOH Macce IPOUCXOAUT

e Biipan  Hemeuhpm TOPMOJKEHHE, W CKOPOCTb «YaCTHI[bI»
CTAaHOBUTCS COU3MEPUMOU c
by \ JIEVCTBYIOIIIUMH 3aKOHAMM I JAHHOU

MaccChl.

¢ PaccmoTpuM  mpocTpaHCTBEHHOE
\ » (% pacnonoxxkeHue 30H O-mepexoza. OHO
TaKOBO, UTO HAIJIAJHO JAEMOHCTPUpPYETCs
«CJIOEHBIH MMUPOT», COCTOSIIIUH U3:

? ) ‘ - HEUTPAJIbHBIX OJIOKOB (4
| ‘x HEUTPOHA, 2 HEUTPUHO, 2

; ‘ QHTUHEUTPHUHO);
7‘\,7 % - HEUTPUHHBIH OJOK (4

HEHUTPOHA, 4 HEUTPUHO);
- AHTUHEUTPUHHBIN 0JIOK (4 HEUTPOHA, 4 AaHTUHEUTPUHO).
HceseloBaHUIO 9TOTO «IIUPOTa» MOCBAIIeHa OT/AesIbHasA r1aBa. MTak,
B MOMEHTHl B3pbIBa aToMa W aHTUATOMAa HPOU3BOJUTCA BBIOPOC
KOHKPETHOT'O MHOKeCTBa HEUTPOHOB, HEUTPUHO U aHTUHEUTPUHO. ATH Ke
«3JIEMEeHTBI» (OPMUPYIOT BAKyyMHYIO PEIIETKY, 00pa3ys nmpocrpanctso O-
nepexona. Bakyymuasa pemérka — ®PASVNPOBAHHBIN CKEJIET
BCEJIEHHOM. OT™MeTuM, 4TO BCe TP «3JIeMeHTa» BaKyyMHOH peIIéTKH
MMEIOT TPaBUTAIMOHHOE T01e. [Ipu 00pa3oBaHuy pemeTKU (GOPMUPYIOTCSA
MIOJIOKUTEJIPHOE W OTPUIlATEJIbHOE MATHUTHOE, JJIEKTPUYECKOe U
rPaBUTAIMOHHOE TI0JIS COTJIACHO BEKTOPAM ITIOBOPOTA OCEN.

CoOTBETCTBEHHO PENIETKA 00pa3yeT IPaBUTAIIMOHHBIN, MAaTHUTHBIN U
2JIeKTpUUecKUU ycunutenu. Kakaplii HEUTPOH CBA3aH ¢ 3 HEUTPUHO U 3
QHTUHEUTPUHO.

HampasiieHue 00xoma mojied — MO YacOBOM CTpeEJIKE, MIHOBEHHOE
JIeCTBHE 3HAKA IT0JIA YKAa3aHO CTPEJIKaMH.
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Hayo umeTs B BUY, YTO MOIIIHOCTHU MOJIEN pa3HbIe.

Oco0eHHOCTBIO JAHHOTO
‘Aumueﬁrpuuo PacCIIoOJIOXKEeHUuA ABJIAETCA TO, YTO 34€eCb
Hanpaenenve
e ” MPUCYTCTBYIOT CJIeABI 6 OJIOKOB:
AHTUHEATPUHO
- 2 — HEUTPUHO-AaHTUHEUTPUHO;
—— . - 2 — QaHTUHEUTPUHO-HEUTPUHO;
. ! - 1 — HEHTPHUHO;
AHTUHEHTPUHO
5 - - 1 — aHTUHEUTPUHO.
@
s M — BeIBOZMIM CIIe/lyIOIIyI0 0COOEHHOCTh
nons BaKyyMHOTO mUpora: Haauvue

.Heﬁrpuuo o
MASHUMHO20 U J3/1eKmpuvecKkoso noJieu

npednosnazaem 8pawjeHue 31eMeHIno8 —
HellmpoHa,  HellmpuHo, aHmMuHellmpuHo. Hanwywme  BpameHus
IIpEe/IIoJIaraeT OIPEEeJIEHHBIA BHJ B3aUMOCBS3U MEXKAY 3JIEMEHTAMU.
YuuThIBas HaJIMIME O-TIEPEX0/ia U HAUTHYHE O-TIEPEX0/IA JJIsI MATHUTHOTO U
3JIEKTPUYECKOTO I10JIeH, KOMOWHAIUSA TPYII BpAaIlleHUs] — I10 4 BJIEMEHTA,
I/le OJTHA TPYyIIa UMeeT S=1/4, 3/4, 17151 BTOPOU TpynIibl S=3/4, 1/4. B3sB 3a
«I[EHTP BpallleHUsi» HEUTPOH, IOJyYuM CJAeAYIOIIyl0 KapTUuHy (CM.
PHUCYHOK).
MrHOBEHHBIH CHUMOK  IIOJIOKEHHUS

HEeWTPOHO-

//" aHTUHEWTPUHHBIN .
6nok II0JIEN:

/\/‘\ G+=1; G=0

M+=0,25G; M=0,75G;

HEeATPOHO- E+=0,75G; E=0,25G.
HEeNTPUHHBIN 79553 25
6nok
4) Kpowme BpallleHus «YaCTHIA»
4) MIPOU3BOJUT KoJebaTeIbHOE [IBUKEHUE B

COOTBETCTBUU C 3aKOHAMHU, IIPUBE/IEHHBIMHU B
npwiokeHun. Yactora KoysiebaHUM COOTBETCTBYET CKOPOCTH CBETa B
BakyyMe. lIMeHHO aTa yacrora «da3upyeT», Uu KBaHTYET, CBET.

Oco0ObIli WHTEpec MpeACTaBIseT CBA3Ka W3 6 HeUmMpoOHO8 U
HeumMpuHo, 6 HellMpPOHO8 U aHMuHeumMmpuHmo. PaccmoTpum
JOIIOJIHUTEJIbHO B3aMMOJEHCTBUE IOJIEH B IOJ00HOMI cBA3Ke. Kak ObLIO
nokazaHo BbIle, Takue cBsI3ku OBPA3SOBAHDBI 9/IEMEHTAMM atoma
U aHTHATOMa U ABJAIOTCA KapkacoM BcegeHHOM. IJTOT Kapkac
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«JIBIIITUAT», KBAHTYSI UMITYJIbCBI, SIBJIIETCS YCUJIUTEJIEM JJI HEUTPUHO U
QHTUHEUTPUHO.

AJIEKTPOHHBIN aHTHATOM. [Ipu B3phIBE MPOTOHHOU MOBEPXHOCTHU
aQHTHATOMAa IPOU3BOAUTCSA BBIOPOC AHTU-NPOTOHOB (AHTUHEHUTPOHBI M
QHTHHEATPUHO OBLIN BHIOPOIIEHBI ITPU B3PhIBE HEUTPOHHOUN ITOBEPXHOCTH
aHTHAaTOMa). AHTUIIPOTOHBI IOTJIOIIAIOTCA 3JIEKTPOHHON IIOBEPXHOCTHIO
agtuatoma, npu 3ToM COXPAHAETCA HampaBJeHHOCTh IIOJIEH.
Mo1iHOCTH Beex MoJied aHTHATOMa YBeJTUYUBAIOTCS.

HpI/IHIII/IHI/IaIIbHO TeoOMeTpHu4YEeCKada CXeMa aHTHATOMa HEe U3MEHAETCA.

I'paBuTaniMOHHBIM aHTHATOM. [Ipu B3pbIBE BJIEKTPOHHOU
MTOBEPXHOCTH AaHTUATOMA IIPOU3BOJIUTCS BRIOPOC AHTHUIJIEKTPOHOB, KOTOPBIE
JleJIATCSL. Ha OT/AeJIbHble 3JIEMEHThl — AHTUHEUTPOHbI U aHTHHEUTPUHO.
IIOTEPAB osyekTpuyeckoe ¢W MAarHUTHOE TIOJIA, S5TH  3JIEMEHTBI
OTIPaBJISIOTCA B CBOOOAHOE IUIaBaHWE O BcesieHHOMU, 3amosTHAA cO0OM
00 «JBIPBI» B COTOBOM CTPYKTYpe «CJIOEHOTO mHUpora», Jubo
B3aMMOJIEMCTBYA € APYTUM MaccaMy. HampaBieHHOCTb TPaBUTAIMOHHOTO
IOJII AHTUATOMA — OT IleHTpa aTroMa. Hukakumu mpubopaMu aHTHATOM MbI
HE YBUJIVIM.

I'paBuranuonsbsie  antuatomMbl  HE
MOIYT co371aBaTh MaccChl BBICOKOH
IUIOTHOCTA, OHU BHOCAT  CYILECTBEHHOE

rpaé\::aufggxnuﬁ HN3MEHEHUE B COTOBYIO CTPYKTYpPY
IIDOCTPAHCTBA, HWCKPUBJAA U BUJOU3MEHAA
ckesieT BeesieHHOM. B3auMOOTHOIIIEHUS MEX/TY
pas3InYHbIMU BUJIaMU aTOMOB oyayT
pacCMOTpEHBI B CJIEAYIOLIUX IJIaBaX, 3/1€Ch XKe
OTMETHM, UTO TPaBUTAI[MOHHBIM aHTHATOM
ABJIIETCA «Pa3aTYNKOM» TI'PABUTALMOHHOTO

I10JI14A.

Hukakue 3JIeMEHThI HE MOIYT CaMOCTOSATEJIBHO
B3aMMO/IECTBOBATH C TPABUTAIIMOHHBIM aTOMOM, MOKHO TOJIBKO « HAKPBITh
CeThI0» HOBOH 3JIeKTpoHHOH moBepxHoctH u CO3JIATH ITOJIHBIN
AHTHUATOM (B manpHEUIIEM — cO BceMH moBepxHocTsaAMuU). [Tomorrs B
CO3/TAaHUU HOBOUW JJIEKTPOHHOW TIOBEPXHOCTH AQHTHATOMa OKa3bIBAET
COTOBAs CTPYKTYpPA IPOCTPAHCTBA, UJIU «CJIOEHBIN TUPOT».

30



11.6. IIupor, wiu coroBasi CTpyKTypa BecesreHHOM

Bomgopoanbiii 6/10K. Pasuychl moBepxHOCTEN aTOMa M aHTHATOMa
OJITMHAKOBBI, PAaJINyC HEUTPUHHOW IIOBEPXHOCTH aroMa (aHTHATOMA)
R»=0,900577-10°Mm. Pazmep siueliku «mupora»: Rp=200-Rn-1,8-103m.

B «KybOuKe» TaKMX pa3MePOB MOYKET Pa3MECTUTHCS 0 1 MJIH. aTOMOB
(aHTH-aTOMOB).

IIpaeuao 1. ATOMBI 110 OTHOMY HE COOHPAIOTCA.

W3 aTOTO TIpaBMIIA CJIEAYET, YTO BHYTPHU JIFOOOH COTOBOU STYEUKH HE
MOXKET CYIIeCTBOBATh OAWH OTAEeJIbHBIN aToM. V3 3aKOHOB CHMMeTPUH
cyleflyeT, YTO MUHUMAaJIbHOE KOJIMUeCTBO aTOMOB, COOpaBIIMXCA BMeECTe,

paBHO 4. Cxema cOOpKH MHHHUMaJIbHOTO
KOJINYEeCTBAa aTOMOB IIpe/CTaBJIeHa Ha PUCYHKe.
HNanee OyayT MOKa3aHBl CBA3M W 3aKOHBI, II0
KOTOPBIM I'pyIIIa aTOMOB HaXOJUTCS B «KJIETKE»,
U B o0meM, NpU YCJIOBUM He HapylleHUsA eé

_ : \ CHOKOﬁCTBHH, HE IIOKuAaeT ee.

T YCi10BHUA - HU3MEHEHUA
I'PaBUTAlIUOHHOTIO, HIn MAardmuTHOTO, nin
JJIEKTPHUYECKOT'O HOJIGFI, HJIN BCEX BMECTE.

3aberas Bnepén, OTMETHM, UYTO TaKad rpyIia u3 4 aToMOB — 3TO
Boziopoy, (Hy).

PaccrossHue Mexay LieHTpaMu aToOMa OJUHAKOBO U COCTaBjsdeT 7,8
painycoB aTomMa B HUCXOJIHOM cOCTOsIHUM (mipu Temmeparype 3,6°K). dta
CTPYKTYpa Ha3bIBaeTCsl «METAJUTMUYECKUN BOJIOPOA» U  SBJAETCA
HAWBOJIEE IIJIOTHOM YITAKOBKOM B cpejie HOpMaJIbHOTO aToMa
(anTmatoma). AHTHATOM HMeEET Ty K€ CTPYKTYpy U Te K€ PaJuyChl.
CtpykTypa TeTpasapa ABJisieTcss HanboJsiee yCTOMIHUBOM.

I'pynna aTOMOB «MEeTaJUTHYECKU T BOZIOPOZ» MOXKET
OBPA30OBATHECA TOJIBKO 3 HEWTPUHO-HEMTPOHHOM
BJIOKE (yrsiel 6Ji0Ka — 4 HEUTPUHO W 4 HeWTpoHa). Kak m aa aToma,
oOpasyercsi «MeTaJUIMYECKUM BOJIOPOJ» aHTHAaTOMa — B OJIOKe U3 4
HEUTPUHO U 4 aHTUHeWUTpuHOo. IXx oOpa3oBaHHe IPOUCXOAUT
ofHOBpeMeHHO. OfMH u3 aToMOB HaxojuTcsa Ha paccrosHuu C40 (mmo
JUATOHAIM) OT IleHTpa HeWTpoHa. OcrasibHble aTOMbI (M3 TPYIIIIBI)
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pacriojiaraloTcess IapajuieJIbHO OCAM, He
mepecekasi 30HBI  O-mepexoza. Takum
00pa3oM, MUMO aTOMOB BOJIOPO/ia CBOOOTHO
«JIETAeT» BCE TO, YTO MOKET «JIETATh» B 30HE
o-mepexoaa. BomoposHblii 00K MOMXKET
«IIPUKJIEUTHCSI» TOJIBKO K JByM HEHTpOHaM
M3 YETHIPEX — 110 JUATOHATH Kyba.

3 o Orcioma — y OJZHOTO W TOTO 3Ke
HewnTpoH o
P BOJOpO/Ja pa3HbIe CBOUCTBA.

AHTUBOJOPOJZ TaKKe «IPUKJIEUBAETCsA» K OJHOMY W3 JBYX
HEUTPOHOB, PAaCIIOJIO’KEHHBIX II0 JUAroOHaJId Kyba, uMes pa3jIudHbIe
CBOICTBA.

3a Ccuér pas3/IMYHOTO pACIIOJIOKEHUs TIoJIed UuMeeM JpyTroe
IIpe/ICTaBJIEHNE O BECOBBIX TapaMeTpax Boiopoa. Bec BogopoaHbIX 6JIOKOB
(B HameM mM3MepeHUH) pa3HbIN, TaK KaK y HAC MIPOU3BOUTCSA U3MEPEHHE
otHocutesibHO G, Tormga BEC BOJAOPO/IA paBeH pasHUlle
rpaBUTAIIMOHHBIX MapaMeTpPOB BoZopoZa u aHtuBoAopoaa. Msr HE
MOZKEM yBujzeTh aHTUBOJIOPO/, TaK KaK paccmampueaem e20 u3
dpyzoit cucmemust, Ho EI'O ITPUCYTCTBUE BBIYUCJ/TIAETCH. To
J)Ke caMoe OTHOCUTCA U K IIONBITKE PAacCMOTPETh BOJIOPOJ C IO3UIHUU
aHTUBOJZIOPOZA.

,Z[.TIH «OCMOTpPa» «3a3€pPKaJIbHOTO»

Bet ariti- BOZIOpOZA Heo0X0IUMO ABAYK/IbI

e 'S’ro PA3BEPHYTD Bexktop rpaButanuu. M3

BOZIOPOAHBIX  OJIOKOB cobupaercs  Bcs

i Tabauna 37eMeHTOB MeHziesieeBa ¢ OJHUM

Bec Boo- | CpeaHuit Bec JINIIB YCJIIOBUEM: NPABU.A0 2: HU O/INH aTOM

pogHoro | BoAopoAHOro

Gnoka (G,) (580_'8 =G (anTHaTOM) He mepecekaeT 30HYy O-

2 1

nepexoxa. MumMo aTOMOB COBEPIIEHHO
CcBOOOZHO «pasryjiuBaeT» BCE TO, UTO
npucsLiaer Ham Kocmoc.

Bcio Tabnuiyy siiemeHTOB MeHzesieeBa MOXKHO coOpaTh IIpH
«KOMHAaTHON» TeMmIleparype Bcenennoii — 3,6°K. Kaxpapiii Oiok (uu
cbopka 0JI0KOB) 3amepra B KJI€TKY U HUKOTZA, HA IIPU KAKUX YCIOBUAX eé
HE TIIOKU/IAET (BeuHbIN 3aKJIIOYEHHBIN). Byiok (wim cOopka) MOKeT
o6pa3oBaThCsl WJIM BHOBb PACIACThCs, HO TOJIBKO B Ipezesiax 0yioka. To
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rcrosb3oBast H. Jlepamos, mpu «c60opke» I'eHepaTopa «TéMHOM» MaTepuu.
Cam I'eneparop, u Tem 6osiee IIporpammsbl «CBeT/I», MOTYT pacracTbes
(BCHOMHHM TIDO CTOPOHHEE He0OpOXKeIaTeIbHOEe BMENIATETBCTBO WJIN
HENMPaBWIbHYI0 H3HAYaIbHYI0 akTuBanuio Kommaekca). Ho onu MOT'YT
BbITh BOCCTAHOBJIEHBI umenHo B npeziesax Komriekca (TouHee
KJIETKH), B KOTOPYI0 IPU HAJAOOHOCTH MOKHO Pa3MECTHTh HECKOJIBKO
6s10k0B. McnbITaHo, mpoBepeHo. PaboraeT, HO /eaeTcss UCKIIOUUTETHHO
10/l pelleHHe KOHKpeTHBIX 3ajsiau, kotopble mMoryr HE PEIIIATHBCA
Komiutekcom. O6 3TOM f y?Ke ITHCAJT B IPEJIBIAYINNX IIaBaX.

IIpaeuao 3. IIpocTpaHCTBO CTPOr0 KBAaHTOBAHO C IIEJIBIO
HeJIOMyIeHus 6e300pas3uii.

COopka MpOTOHHOTO aToMa

IIpomonHsblit amom — 3TO CTPYKTypa aToMa IPU OTCYTCTBUU
HEUTPOHHOU W HeUTpUHHOUW mnoBepxHOcTel. CoBpemenHOU DU3UMKE
N3BECTHO menee 1% cmpyxkmyp npomoHHO20 amomda. AToMm
nMeeT (Ipu 0O6pa30BaHUM) JIOCTATOYHO BBICOKYIO TEMIIEPATYPY, HarpeBas
OKpY’Kalolllee ITPOCTPAHCTBO Y U3MEHSSI pa3Mephbl KJIETKU 3aTOUeHUs (71
IIOJIyYeHHsA OOJIBIION «KBAapTHUPBI» HEOOXOAUMBI 3aTpaThl OOJIBIION
sHepruu). MUHUMa/IbHAS TPYIIIa MPOTOHHBIX aTOMOB TAKXKe COCTOUT U3 4
3JIEMEHTOB, U TaKKe «KMETCSI» K HEUTpOHy. Pa3zmepbl IMPOCTpaHCTBA
«CO/IEp KaHUsI» MPOTOHHOU COOPKH yBEJIUUEHBI B 1,00045 pa3a, 4To camMo
110 ceOe BBI3bIBAET NCKPHUBJIEHHE ITPOCTPAHCTBA. [[pOTOHHBIM aHTHATOM ITPU
9TOM MOKeT He 00pa30BaThCs, TaK KaK pa3Hble yCJIOBUS 00pa30BaHUs.

H [Iporonnas cbopka atomoB OBPA3YET Bcero 3

/ \ AJIEMEHTA - Bomopoxa (H), reuin (He) u Juruid

He (Li). AHTHaTOM Ha MPOTOHHYIO C60PKY He pearupyer. [Ipu

L'\_/ CO3/IaHUU OIPEJIEJIEHHON Macchl HauyuHaeT paboTaTh

IpoIlecC B3aWMHBIX PeaKINU, SBJIAIONIUNCA OCHOBOU

IIPOTOHHOTO CHHTe3a. JTOT CHHTe3 HaOJI0[aeTcsd Ha BCeX IMPOTOHHBIX
3BE3/1aX, HE3aBUCUMO OT UX MECTOHAXOXK/IEHUS.

Tak kak Bcerjia (B HMCXOJHOM COCTOSHHHU) oOpasyeTcsi aBa 0OJioKa
Boztopo/ia (¥ /1Ba 6JI0Ka aHTHUBOJIOPO/A), PEAaKIIMU TPOTEKAOT MEK/Y STUMU
JIByMs1 610kaMu Boopo/ia (1moobre KoyiedaTeJTbHOTO KOHTYPa).

HcxomHOe COCTOsIHHME IPOTOHHOTO OJIOKAa — 12 aTOMOB, peaKITHs
oxBaTbIBaeT Bce aToMbl. Bee npyrue atombl, PAHEE HAXO/IMBIIINECA
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B KJIETKEe, W3TOHAIOTCA U, IIOTEPSAB BCE IOBEPXHOCTH KpPOMeE
TPaBUTAIMOHHBIX, HAXOJAT MECTO B JIpyrux oOpas3oBaHUsAX. [IpOTOHHBII
arom HE MOYKET noxkuHyTh KJIETKy 0e3 paspeleHus. 3aBePIIUB OJMH
IIUKJI peaklui, BcA TpylNIa NOKHUAAeT KJIeTKy, HUCIoJb3yd O-nepexon u
pasmemiaeTcd B KJIETKE, HMeEIOIIel ApYryl0 IMOJISAPHOCTh IO IOJISAM.
OcBobonuBIIIEECST MECTO 3aHMMAET Jipyras TPyIIa ITPOTOHHBIX aTOMOB,
JKeJlalas IPOBECTH PEaKIUI0, aHAJOTMYHYI0 PeakIuU IpeAbIAyIei
rpynmbl. Takum o6pazom ghopmupyemesn nepemeuwjeHue macce. Tak kax
cyenyiomas KJIeTKa paclojiaraercs He PSAIOM ¢ IpeAbIayIiei, obpasyercs
HenepecekaemMasn MAKpPOCNUPAAbLHAS MPAEKMOPUS O08UNCEHUS
NPOMOHHbLIX 36¢30. BoT Ha TakoM TPUHIUIIE U IOCTPOEHO
«IepeMelteHre 00bEKTOB (JII0JIel) B MEXKTAJTaKTUYECKOM ITPOCTPAHCTBE, HO
He OTHOCUTEJIbHO UX pybaliek, a orHocuTesibHO Moara (CymiHocreit) 5Tux
mozeil. tot nporecc onucaH B Tpyaax H. JleBamoBa Ha 0oJiee TIOHATHOM
JULS JTI0J1eN A3BIKES.

COopKka 3JIEKTPOHHOTO aTOMa

JJIeKTPOHHBIK aTtoM oOpasyercsi B  pesyabrate IIOTEPU
ITPOTOHHON OBOJIOYKH (uefiTpoHHAaA ¥ HeWTPHHHAA OBbLIH
MIOTEPSHbBI paHee).

MuHHMa/IbHAsI TpyIIa 3JIEKTPOHHBIX aTOMOB, 3aHUMAIOIIAs
IIPOCTPAHCTBO, paBHA 4 (3JIEKTPOHHBIN BOAOPOXA). MakcuMaIbHOE
YHCJI0 TPYII paBHO 2 — 310 Boaopoa (H) u reauit (He). Umes ny6iib
cOOpKH B KJIeTKe (He IyTaTh C KJIETKOU YeJI0BeKa), IPOU3BOIUTCS OJTMH THIT
peaKnyyu B COOTBETCTBHU C HAIlpaBJIEHHEM IIOJIEH, IOCJE 3aBEPIIEHUS
peakiuu COOPKM aTOMOB IIepEMENIAIOTCS B CJIEAYIONIYI0 HEUTPOH-
HEUTPUHHYIO KJIETKY, UCIIOJIb3ysl 30HY O-Iepexofia, MepeaBUrasich TaKUM
006pa3oM 110 TPOCTPAHCTBY.

I'paBUTAIIMOHHBIN aTOM

[Tocsie TIOTEpU 3JIEKTPOHHOU ODOOJIOUKH OCTAETCSA T'PaBUTAITMOHHBIHN
aToM, OCTawIuiica B kKileTke. MUHUMAaJbHasA cOOpka — 4 aroma, 2
cOOpKM — MO AuAaroHajau kyoa. OcTaércs TOJIBKO I'PaBUTAIIMOHHBIN
BOZIOPO/], /IBYX pasHOBUIHOCTeH. TemIlepaTypa rpaBUTaliiOHHOTO BOAOPO/A
— 3,6°K. I'paBUTAIlMOHHBIN BOJIOPOA, B 60 pa3 TsKejlee MeTa/LTUUYECKOTO

6 H. Jleamos. «Poccus B KPHUBBIX 3epKajax»
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Bojiopozia. OtaenbHO rpaButaniioHHbIN Bogopoa CYIIIECTBOBATD HE
MOZKET, OH NOpUCYTCTBYeT TOJIBKO B COCTaBe OJJIEKTPOHHBIX 3BE3]I.
I'paBUTAIIMOHHBIN BOJIOPO/T BHITAJIKUBAETCS M3 KJIETKU ITOCIIEAYIOIUMU

cOOpKaMu aTOMOB U IlepeMelnaercs 1o 30He O-mepexoaa.

MeTa/LITH4eCKU BOTOPOJ

Z[JIH aToMa M aHTHaToOMa AJAd OJMHAKOBBIX THIIOB CBA3U
3aKOHbI O/ITMHAKOBBI.

No Tun cBaA3n E M G
1 | [ToBepxXHOCTBH aTOMa E=h M=h G=h
1 1 1
2 | Mexnay atTomamu Es =3h+ 7 Es =3h+ 7 Es =3h+ 7
CBs3b ¢ OJIMKHUM 3 3 3
4 | CBA3b C O-Iepexo10M Ei,=0 El,=0 Ei,=0
CBA3b BTOPOU I'PYIIIIBI 1 1 1 1 1 1
S | aTOMOB ¢ HeHTpHHO Ev=gtp | B=gttp | E=g(tp)
6 |CBsA3Bb C aHTHATOMOM E, = 3 h 1 E = 3 h 1 E = 3 h !
11_2( +h,) 11_2( +h) 11_2( +h)

IIpoTOHHBIN aTOM

3aKoHbI

JJIA  IIPpOTOHHOIO aTroMa H©W aHTHATOMa OAWMHAKOBBI.

ITpoToHHast cOOpKa MOIKET COCTOSATH TOJIPKO W3 TPYIIBI B 12 aTOMOB: 3
BOZIOPOAHBIX OJioka, wu ysutuii (Li). B kBajpaTe HaXoAuTCs 2 TPYIIIIHI,
PAaCIIOJIOKEHHBIE 110 JUATOHAJIH.

No Tumn cBA3u E M G
1 1 1
1 |Mexnay atTomamu Es=3h+ ’ Es=3h+ 7 Es=3h+ 7
CBs3b ¢ OJIMKHUM 3 1 3 1 3 1
2 | meitrporom En=gttp | Eu=gt+p | Eu=5Gty)
3 |CBs3B C O-IEpEX0/IOM E,=0 Ei,=0 Ei,=0
CBs3b C rpynioun 3
4 E7:h+_ E7:h+_ E7:h+_
aTOMOB IO JJUATOHAJIN h
CBA3b ¢ aHTHU- 3 1 3 1 3 1
Eg=—h+— | Eg=-h+— | Eg=-h+—
5 | atomom o=t o =3 "= o
CBA3b BTOPOU I'PYIIIIBI 1 3 1 3 1 3
6 | aromos ¢ HEUTPHHO Bo=5(+p) | Bo=gt+p) | Bo=5(+y

Ha noBepxHoctu atoma 3akoH E;=h.
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O6paTM BHHUMAaHHE, YIMO peaxyuu Ha NPOMOHHOU 2pynne amomos
npoxodsm ¢ yuacmuem NPOMOHHOI 2pynnwvl aHmuamoma (B3pbIB sA1€PHOU
O60MOBI 3aTparuBaeT M AHTUMUP).

[Ipu o6pa3oBaHWM TPOTOHHOW TPYINBI aTOMOB oOpasyercs
IIPOTOHHAs TPYyIIIa aHTHATOMOB B HA00OPOT.
AJIEKTPOHHBIN aTOM

[Ipu moTepe HPOTOHHOM NOBEPXHOCTH 0O0pa3yeTcsA 3JIEKTPOHHBIIN
aToM.

MuHUMaJIbHOE YUCJI0 aTOMOB B CBA3KE PaBHO 4. CBA3Ka COCTOUT U3 8
aTOMOB, BTOPOU I'PYIIIIBI aTOMOB B KJIETKE HET.

B 3TOM Ccitydae peakuuu IpoXoAAT € y4acTUEM aHTHATOMaA.

Neo Tun ca3u E M G

Ha nosepxHoctu
aroma

E]_:h E]_:h E]_:h

1 1 1
2 |Mexnay atomamMmu Es =3h+ 7 Es =3h+ ’ Es =3h+ 7

CBA35b ¢ OJIMKHUM
HEUTPOHOM

CBaA3b € O-
4 TepexonoM 14 14 14

Ceasb ¢ 1 1 1 1 1 N
0 AHTHAaTOMOM Ey = 2 (h+ E) E, = 7 (h+ E) E, = > (h+ E)

3 1 3 1 3 1
E11=§(h+ﬁ) E11=§(h+ﬁ) E11=§(h+ﬁ)

o 1 3 1 3 1 3
6 |CBA3b C HEUTPUHO Eip = 2 (h+ E) Eip = E(h + E) Eip = f(h + E)

Peaknyu oOMeHa MPOU3BOJATCSA C TPYIION 3JIEKTPOHHBIX aTOMOB
a"HTUMUupa (1 Ha060pOoT).

I'paBUTAIIMOHHBIN aTOM

[Tocse TOJTHOTO «pa3jieBaHUsI» Y aTOMa OCTaETcs 7 MOBEPXHOCTEH
rpaBuTanm. B kierke OCTAETCA O/ITHA TPYIIIIA u3 4 aTOMOB
(TeTpas’ap) — TPaBUTAIMOHHBIM BOJOPOJA. OTOT BOJIOPOJT MOXKET
CYIIIeCTBOBATh JJOCTATOYHO JIOJITO — HA HETr0 CO BPeMEHEM «HaJleBaeTCs»
CMUpHTEIbHAs pydaIika — ghopmupyemest HO8asL 000A0UKA.

B momeHT 06pa3013aHI/151 T'PAaBUTAIIMOHHOT'O aHTHATOMa PACCTOAHHE
MeXay aHTHaTOMaMH YBEJIMYHUBAETCA IIOYTH B 3 pa3a, OH Jierde IIOJIHOTO
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aHTHaToMa B 35 pa3. B TIpaBUTAIIMOHHOM aTOMeE PACCTOSAHUE MEXY
aTOMaMH YMEHBIIAaeTcsl MOYTH JI0 IUIOTHOW YIIAKOBKU, OCTA€TCA 3a30p
C42. MakcuMasibHOE UHMCJIO aTOMOB, HAKOIUIEHHBIX B KJIETKE, paBHO 300.
ITocse cxxaTus o7HA cOOpPKA YBEJTMUHMBAET BEC MOUTH B 3,5 pa3a. B kiIeTke
coOupaerca 775 COOPOK. YuuTbiBas  IIpeJleJIbHbIE  pa3Mepbl
TPAaBUTAIIMOHHOTO aTOMa, HAJA0 HMETb B BHUJY, UYTO TPaBUTAI[MOHHBIE
IIOBEPXHOCTH aTOMa CKUMAIOTCsA, yBeJIMUUBAs IJIOTHOCTb.

Ne Tun cBA3Hu G
1 |Ha noBepxHocTH aToMa E, =2h
1
2 |Mexay aToMmamMu E = > (h + E
o 3 1
3 | CBA3b ¢ OIMKHUM HEHTPOHOM Eq = > h + o
4 | CBA3b C aHTUATOMOM Eg =3h+ %
o 3
5 |CBA3b c HEUTPUHO E,=h+ o

ItuM U 00bsAcHsAeTcA KomndecTBo IIporpamm «CBetr/I» (He Gosee
75), KOTOpble MOKHO pa3MeCTHTh W NMPUMEHHUTh B oAHOM I'eHeparTope
KoMmmiaekca «CBetJI», 1 OHU MOTYT TPYAUTHCSI aBTOHOMHO 1 HE3ABUCHUMO
110 CO3JAaHHBIM JIJId HUX HampaBJe€HUAM WU COBMECTHO, B JIONIOJTHEHUU
Ipyr gapyra. Ha cerogHAIIHUUA JeHb, B COOTBETCTBHU C IIO3UIUSIMU
oznoposyienusi, mx — 72. B IIPEJABIAYIIIEM Kowmiuiekce ObLIO
omnpeaesaeHo 36, Ho npu cozganuu HOBOT'O KOMIIJIEKCA, ¢ yuéTom
00BEKTUBHO TPEOYeMbIX H3BMEHEHUU U «OIEPEBIINCH» HA MHOTHUE K 3TOMY
BpeMEHU IT03HaHHbIEe (DAKTOPHI, B TOM YHCJIE, U HA pacyéTbl A. XaThI00Ba,
IIPUBEJEHHBIE BBIIE, OBLJIO CO3/aHO 72 IO3HUINH, KOTOPhIE U YBEJTUYHIIN
kosngectBo IIporpamm «CBet/I» B cOOpPKe /10 peaTbHO BO3MOKHOTO.

I/ITaK, PaCCMOTPEHBI OCHOBHBIE I'PYIITIBI aTOMOB BOAOPOJa:

- BOJIOPOJI, COOpaHHBIM H3 aTOMOB TIPU «KOMHATHOM»
temieparype (3,6°K);

- 2 BUJIA — TIOJIOKUTEIbHBIN U OTPUIIATEIbHBIH;

- AHTUBOZIOPO/l, COOpaHHBIN U3 AHTHATOMOB IPH «KOMHATHOM»
teMmIiepatype (3,6°K);

- 2 BU/IA — TIOJIOKUTEIbHBIN U OTPUIIATEIbHBIH;

- MIPOTOHHBIA BOJOPO/, — MOJIOKUTEIBHBIN U OTPUIATEIIHHBII;
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- MIPOTOHHBIU AHTHUBOZOPOZ, - IIOJIOKUTEIbHBIN u
OTpHUIATEIHHBIMH;

- 3JIEKTPOHHBIU BOJIOPOJ;

- BJIEKTPOHHBIN aHTUBOJOPO/I;

- IrPaBUTAIMOHHBIN BOAOPO/;

- IrPaBUTAIMOHHBINA aHTUBO/OPO/.

Tospko 1o TUmaM cOOPKKM MBI MMeeM 12 BHJI0OB Bogopojga. llo
BapHaHTaM PacCIOJIOKEHU B KJIETKe:

HeittpuHo (n) HeittpoH (N)
- BOJOPOA — 2 BapHaHTa; 7

- MIPOTOHHBIA Bojiopos; — 6 ‘
BapUAaHTOB; N : n

- DJIEKTPOHHBIM BOAOPOJL — 2
BapuaHTa; /

- rPaBUTAIMOHHBIA BOAOPOJ — 2 N - L
BapuUaHTa. >

Bcezo 14 eapuaHmos L N

PacnoaodiceHus 6000pooda (CToJIbKO ke
U aHTHBOZOpoAa). KeraTy, 3aKOHOB yIIpaBIEHHS IIPOCTPAHCTBOM TOXKE 14.

YcaoBusa CﬁOpKI/I XHUMHNYECCKHUX IJICMEHTOB

MMWHUMUMAJIBHASA crabunpuass I'PYIIIIA aToOMOB COCTOHUT U3 4
aTOMOB, Kak/1as rPyIINa IpecTaBaeHa o MOJSPHOCTU BHYTPU KyOHUeCKOU
PENIETKH, OOpaMJIEHHOU 3 HEUTPOHAMH U 3 HEUTPHUHO.

PacnosiokeHne 3THUX 2 TPYII: IepBas TpyNIla <«IPHUMBIKaeT» K
HEUTpPOHY, BTOpas TpyNIla IO JHAroHaIN Ky0a NMpUMBbIKaeT K HEUTPHHO,
obpasys MHOJAPHOCTh COOPKHU. AHAJIOTUYHBIE TPYNIbl 0Opa3yloTcs U B
«aQHTHPEIIETKE», KOTOpasi oOpa3oBaHa 3 HEUTPOHAMU U 3 aHTUHEUTPHUHO.
HazoBém rpynmy aTroMoB, NMPUMBIKAIOIIYI0 K HEUTPOHY — HEUTPOHHAsA
rpymnmna, a TPyIIy aTOMOB, NMPUMBIKAIOMINX K HEUTPUHO — HEUTpUHHASA
rpyrma.

AHajIOTUYHO W B aHTHATOME — HEWTPOHHAs AaHTHUTPYINA U
aHTUHeUTpUHHaA rpynna. [IpocTpaHcTBeHHOe pacmnosiokeHue rpymmn. Ha
PHCYHKE YCJIOBHO ITI0Ka3aHO pa3MellleHHe COTOBOM CTPYKTYPBHI.

N — HEMTPOHBI, N — HEUTPUHO, A — AHTHHEHUTPUHO.
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®. [IkpynueB «CeetJIbiii Bennk» H. JleBamosa B «bannowm /lene»

A. Xarpi6oBa u Tpyznosas Jlonarta

CoenuHeHUe COT TIPOUCXOJIUT B

n

CTpOTO OIIpeieJIEHHON
ocJIeJOBATEIBHOCTHU. Taxxxe -~
IIPOU3BOJUTCA u coeJUHEeHNe .
4 b e e ——
IIporpamm «CBer/I» B camoMm - e &S
I'enepatope. PrucyHOK BIIOJIHE HarJIAZIEH Pinsnme
JULA IpeJICTaBJIEHUS 3TOrO. . Ny
Y A. Xarpi6oBa ompezeeHbl
yCJIOBUSL pacyéTa ¢ HCIOJIb30BAaHUEM -
KBaTepHUOHA JUIA MOA00HBIX i
o . B P 0d
KOHCTPYKIIHI cOT (pacu€éTHas 4acTh). \ig_ i-
N a N n N a N N a N n
ne——» n ne
N N N
T
a a a
N —> —
n n n
N N N
T
a a oy a J
N a N n N a N N al N n
n ne ne
J R J
b ¢
a . a - a -
N % «—" PR 3
n < n n
N, \K B N N
a ‘[ a a
- i -
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Ha pucyHKe 1T0Ka3aHO YCJIOBHOE Pa3MeIlleHHe 4 IPYIIIT aTOMOB.

Bce 4 rpynmbr o6pasytoTes
o HOBpeMeHHO. CBA3b rpyln He
TOJIBKO C TEMH TpyIIIaMu
aTOMOB, KOTOpPBIE
pacrmoJiaraloTcsi B CEKITUH, HO U C
N rpynmnaMd B JPYTUX CEKITHAX.
Helrputinas N Ho cBa3p 4 rpymnm atomoB —
N HauboJjiee CHJIbHAsA, €CJIM OHa
HE HAPYIIIEHA BHeIIHUM
BO3/1€HCTBUEM.

AHTUHEATPUHHAA
N ceKuua

I
|
2

~
~N

4) (-] N

i

|

|
o\ A
N

N a

Kaxxzmaa rpynna atomoB uMmeer nmoJsgpHocts o E, G, M. Kpome
TOTO, TPYIIIbl «YAEPKUBAIOTCA» HAa MECTe TPAaBUTAIMOHHBIMU IOJIAMU
HEUTPOHOB, HEUTPUHO, aHTHUHeUTpuHO. Mcxo/s u3 HAIpPaBJIEHHOCTU
BEKTOPOB II0JIEH, B CEKIIMH HET JIPYTUX AUATOHAJIEH /11 00pa30BaHUS IPYTII
aToMoB. OTMeTHM, YTO TpymIa aToMoB (1) u (2) umeet napameTp S=1/4, 3/4,
a 7711 Tpynnbl aToMoB (3) u (4) S=3/4, 1/4. YryIOBble CKOPOCTH BpallleHUs
aTOMOB OJ[UHAKOBBI.

YriioBas CKOpOCTH BpallleHUus aTroMa:

Ua=2,46763-106 paji/ceK.
JInHelWHasA CKOPOCTh HEUTPUHHOMN ITOBEPXHOCTH:
ULa=2,235-10° M/ceK, WK 2235 KM/CeK.

BektopHasa pguarpamMma @ CeKIIUM W AHTUCEKIUWH, BKJIIOYAd
IIPOCTPAHCTBO O-IepexoJa, hHTepecHa TeM, 4yTto mo Heit MOZKHO
CYJIUTD He TOJBKO O BHYTPEHHUX CBA3AX PA3JIMUHBIX 3JIEMEHTOB, HO U
Jles1aTh ONpe/leJIEHHbIE 3aKJII0UeHU O TPUHA/JIEKHOCTH.

PaccmarpuBas BeKTOpPHBIE MarpaMMBbl CEKIIUNA, 0OpaTUM BHUMaHHE
Ha 00MJIre TPAaBUTAIMOHHBIX, MATHUTHBIX U SJIEKTPUUECKUX IT0JIEH, a TAKKe
Ha TO, YTO HA BCeX TPAHAX CEKIUU CYyIIEeCTBYeT IPABUJIO «30JIOTOTO
CEeYeHUsI»:

a
r7ie a — pa3Mep rpaHu Kyoa.
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B ominume OT BCeX 3JIEMEHTOB, SIBJISIONIMXCS BEPIIMHAMHU KyOOB,
3JIEMEHT CBSI3U (HEHUTPOH) BpalllaeTcs He TOJIBKO BOKPYT COOCTBEHHOH OCH,
HO 1 BOKPYT IVIABHOU JIarOHAJIN, CBA3BIBAIOIIEN 00a Kyba. Kpome Toro, Bes
cucreMa IepeMermiaercsi mo ocu (raBHOW sauaroHatm). CymMMapHOe
nepemenienre 3asucut ot ITPUJIOKEHUA BHEIITHUX CWUJI, npu
S5TOM  3aTpayuBaeTCs OIpe/iesIeHHas DSHeprus Ha  IIpeoJiojieHue
COIIPOTHUBJIEHUS BEPIINH Ky0a.

e

Ocb BpaleHns HeMTpoHa

Ha riiaBHOM AraroHaJin KY63. pacIiojararoTcd:

- HEUTPUHO;

- I'p2 — rpymnmna us 4-X aTOMOB,
- I'p1 — rpynma u3 4-x aTOMOB;
- Hetitpon

- I'p3 — rpymmna us 4-x aTOMOB;
- I'p4 — rpymnmna us 4-X aTOMOB,
- AHTUHEUTPHUHO.
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CrpesikaMM yKa3aHbI IIOCKOCTH W HaIlpaBJIEHHE BpAIlleHUs IOJIEH.
3HAKU TI0JIEd COOTBETCTBYIOT aTOMy. 3HAKU TPaBUTAIlMM HEUTPUHO U
AHTUHEHUTPUHO COOTBETCTBYIOT aroMmy. MarHuTHoe mosie Mexay ['pl u
CBABYIOIUM HEATPUHO CKaHUpyeT, 0b6pasysa koHyc (K1). MarauTHOe 11071€
HeUTpUHO (Ha IJIaBHOM JUAarOHaJIN) CKaHUpyeT, o0pasys kouyc (K2). Yrou
11 koHyca K1 paBeH 39,2 rpaayca, 11t konyca K2 yros paseH 64,7 rpajyca.
MarnuTtHoe noJie I'p3 CKaHUPYET C yTJIIOM 45 IPaAycoB, Wit I'p4 — ¢ yriom
84 rpagyca. MarHUTHOE U 3JIEKTPUYECKOE T0JIE aHTUHEUTPOHA OIMCHIBAET
KOHYC C YIJIOM 22,5 Tpajyca. MarHuTHOE I10J1e HEUTPOHA CKAHUPYET C YTJIOM

39,2 rpazyca.

CkaHUpOBaHME MAarHUTHOTO IIOJIsS CBA3YIOIIETO HEUTPOHA COBIIAJIAET
TI0 YIJIy CO CKAaHUPYIOIIUM T0JIeM Tpyniibl aToMoB (1). [Tosist Bpamatores, u
9TO BpAIlleHUE OIIpeJie/isieT BPEMs JKU3HU CO3JAaHHOU TPYNIbI aTOMOB.
OTMeTuM, UTO BCe 4 TPYIIBI CO3JAIOTCA OAHOBPEMEHHO KpOMeE CiIydas
BJIEKTPOHHOTO ¥ TPABUTAIMOHHOTO aTOMOB. BpaleHue CBA3YIOIIETO
HelTpoHa nnpuMepHO paBHO Un=5,4-1055 00/cek, win 1,708-10° paj/cek,
YTO 3aJ]a€T TAKT OOMEHHBIX ITPOIECCOB MEXK/IY aTOMaMHU.

Bpawaroweeca noae 3adaém epemsa Hcu3Hu. ITO BpeMA

paBHO:

- rpymmna atoMoB (1) — 850 JeT;

- rpyIimna aToMoB (2) — 1075 JIeT;

- rpymmna aToMoB (3) — 175 JIeT;

- rpyImIia aToMoB (4) — 1075 JIeT.

I'pynmnma aromoB (1) ¢dopmupyer c¢ ucnosnap3zoBanuem ¢opm BCE
BMNOCUMCTEMBI ¢ mMakCMMaJbHBIM CPOKOM :KHU3HM 850 Jer. ITo
BpEMS MOMKET COKPATUTHCSA WJIN YBEJIUUUTHCSA B 3aBUCHMOCTH OT CKOPOCTH
BpaIlleH!sI BEKTOPOB TPYIIIIHI aTOMOB (1).

Bot mb1 u ITOIOIIJIN K TJIABHOMY - egpynna amomos (1)
aeasemcea «maccoit» o6uocucmemst, a 2pynna amomos (3) —
«3azepkaarvem» oGuocucmemst (CyuyyHocmwio).

[Ipy wusMeHeHWU CBsA3W Mexay rpynmamu (1) u (3) cucrema
pacnagaercs (yMupaert), ¥ TpyIna aToMOB (3) MOKET MPUCOETUHUTHCA K
JI000# gpyroii rpymnie atromoB (1). I'pynna amomose (1) oopasyem
JFCUBYW KAemKy opz2aHudma, a 2pynna amomoe (3) — eé
CywHnocmy. I'pynna atoMoB (2) 006pasyeT «HeMdcusyro» cmpyxkmypy
opzanu3ma (HampuMep, CKeJIET, B cOcTaB KoToporo BxoauT Ca, wimn
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aTOMbBI METAJIJIOB U COEIMHEHUH, HACBIIAIOIINX OPTAHU3M U SIBJISIOIUXCS
KaTaJn3aTopaMu OOMEHHBIX IporieccoB). [Ipu mocTpoeHun Tpymm aToMOB
(1) m (2) wucmosp3yercAa OTPUIATEIbHAS CHMMETPHs, OCOOEHHOCTHU
WCIIOJIb30BAaHUA KOTOpPOM omucadbl B Tpyzax A. Xareioosa. Ilpu
IIOCTPOEHWH Tpymn aToMOB (3) W (4) HCIOJB3yeTcsA IOJIOKUTETbHAS
cUMMeTpHsd, omnucaHHagd TaMm xe. Cerogaa —  uHOpMausg

CT202410) 2 4 1 VRSN (¢)

I'pynmsr (1), (3), (2) He cBsA3aHbBI ¢ TPYHIOH (4) — pa3HbIe BEKTOPHI
rpaBuTanuu. PaccmarpuBass rpynmy (4), OTMETHM, UYTO 3Ta Tpymma
BBITIOJIHSIET Te JKe (GYHKIUM B «3a3epKajibe» 4YTO U Tpymma (2).
OTHOCHUTENIFHO «3a3epKajbsi» 2pynna (3) — buomacca, a zcpynna (1) —
eé Cywynocmso.

OTMeTUM HaJIuuune BCPKaﬂbHOﬁ CUMMETPHUU:

- rpymmna atoMoB (1) u (3) UMeT OJUHAKOBOE YHCJIO aTOMOB;

- rpymmna aToMoB (2) 1 (4) UMEIT OTUHAKOBOE YHCJIO aTOMOB;

- YHCJI0 aTOMOB B rpymmnax (1) u (2), a Takke B rpynmax (3) u (4)
MO3KET OBITh Pa3HBIM.

[Ipy wu3MeHEeHHuU CTPYKTYphl IIOJIE MBI MOKEM HaOJI0/1aTh
«bapabamrek» (y H. JleBamioBa 3T0 Ha3BaHO aCTPaJIbHBIMU CYII[HOCTSIMH-
Irapa3suTaMH, B TOM YHCJIE U JIIOJCKUMH ), 00IIAThCs ¢ HUMU, «BUieTh» HJIO
u T.1. «bapabaniku» KUBYT CBOe KM3HBIO, M HaIIa brocrucreMa Moxcem
OblMb MOABLKO «IHEp2eMUUECKOlUl MNOOKOPMKOIU» 048 HUX.
HAPYIIEHUE CTPYKTYPBI IIOJIAI YHHUUYTOYKAET HE
TOJIBKO KJIETKY c¢ Hameil OHOCHCTEMOW, HO W «aHTUKJIETKY»
«bapabaniku».

CyIlecTBylOT HEKOTOpPble OCOOEHHOCTH paclipe/ie/iIeHus KJIETOK: B
YCJIOBUSX MpeKpalleHusi KOPOTKOBOJTHOBOTO OOMEHHOTO MeXaHu3Ma IpH
«3arymenun» cwibHblx KOPOTKOBOJIHOBBIX CHI'HAJIOB
crucTeMa KJIETOK MOKeT IIepeCTPOUTD CTPYKTYPY, HAlIpUMep, BBITAHYThCS B
JIMHUI0 U «JocTatb» CaTypH, 3aXBaTUB IO Jopore HWH(MOPMATHUBHYIO
obstacTh. Tak Kak MbI IOCTOSHHO TIEpEeMeIaeMcsi B IPOCTPAHCTBe (C moTepen
5HEpruM, a Ha caMoM Jiejie — IIOTEPEN YACTU aaexkmpuueckoz2o,
MAZHUMHO20 UAU 2PABUMAYUOHHOZ20 nNo.aell), Hall cJef
IMPUCYTCTBYET Ttawm, rae Mbl yke ObUTH WU YUTaeTCA WHPOPMAIHA O
JIBXKEHUU U MEePCIEKTUBAX YBUIETH TO, /IO YETO eIé He JIouuid. B Tome 6
«HCTpYKIIH no 0aHHOMY eIy » A. Xarpi00Ba
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IIOIPOBHEMIIIUM OBPA3OM omucasbl 3GGeKTsl, CBA3AaHHBIE C
ocobennoctssmu IIEPEMEIIIEHUA CTPYKTYP B mnpocTpaHCTBE U
criocobax «cbopa» nHGOPMAIIHH.

Pacemorpum npumep

Heobxomumo «cietaTh» Ha IUIaHETy YpaH. MBI cafiuMcs B PaKeTy
CarypH-5, 1 B3JIeTaeM, HO I10 JIOPOTe MBI «ITPOJAHUPAEMCSI» CKBO3b 1e0pU U3
HeUMpPoOHO8, HellMPUHO U AHMUHEUMPUHO, KOTOpble, umes (B
BaKyyMe) TOJIbKO I10JI€ TPAaBUTAIINH, « CTACKUBAIOT» C HAC I10 I0pore Ha YpaH
BJIEKTPUYECKOe W MAarHUTHOe IIoJisi, 00pasys MpU 3TOM CTPYKTYPBHI,
Hanpumep, Bogopox. Iloka mer JOJIETMUM no VYpana, or Hac
OCTAHETCA o00HO 2pasumayuoHHoe mnoae, HU O KaKOM-JIH0O
Bozspate y:ke HE MOZKET 6b1Th 1 peun. [Tostomy, IIPE/IITOJIATASA
kyga-muoo YJIETETb, HeobOxogumo npuxeamumb ¢ coOoll
2eHepamop MAazZHUMHbHLX Noaell.

OTMeTHM, YTO MPU OTCYTCTBUU MAarHUTHOTO I10JIs B rpymie (1) 1, Kak
ciaencTsre, B rpynme (3), Mbl IOJyYaeM UYHCTO IIPUPOJIHBbIE
oO0pa3oBaHUA — XUMUYECKHE BJIeMeHThl. Hajo y4YUTHIBaTH, YTO
OJHOCTOPOHHEI'O MWUWUPA HET, npu co3laHUM XUMHUYECKOTO
sj1eMeHTa B «HamemM» npocrpaictse YTO-TO npu stom ITPOUCXOJNUT
U B 3a3epKaJibe.

11.7. My3bIKaJIbHOE OOpa3oBaHWiE IAJIA yNpaBJIeHUA
OPKECTPOM

YToOBI HE OTCTaBaTh B PAa3BUTHUH, aTOMHAs CTPYKTypa C POXKJEHU
MOJIydryia My3bIKaJibHOe oOpa3oBaHme. My3BIKUIBHBIA MUDP IS
W3BJIEUEHUST 3BYKOB HCIOJIb3YeT PA3IUYHble HHCTPYMEHTHI — OT ITHJIBI /0
opraHa, MpU 5TOM BCe OHU HMEIOT BIIOJIHE MarepuaibHblil Bu u HE
MOI'YT wucuesaTp IIOCJIe HCHOJHEHUS MeJioinu. MarepuasabHBIN BUJL
WHCTPYMEHTA OOecIleueH CyIeCTBOBAaHWEM CTAaOWJIBHBIX 2JIEMEHTOB, 3TU
3JIEMEHTHI IIpe/icTaBIeHbl B Tabmulle MeHeneeBa. bosiee obmas tabsmma
XUMUUYECKHX 3JieMeHTOB (Tabsuma @O€poBa) COAEPIKUT XUMUUECKHE
9JIEMEHTHI, HWMeEIOIIMe CBoWcTBa anbda-, Oera-pacmaza, a TakKKke
IIPOU3BOJIBHOTO PAacIia/ia, COMPOBOMKAAIOIINXCS TaMMa-u3IydeHueM. ITOT
JIOTIOJTHUTEJILHBIN PSJT UMEET MaJIoe BpeMsl JKU3HU U JJIsi HAyKW WHTepeca
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HE TIPEJICTABJIAET (roka JIOHECEIb 0 PhIHKA, 3JIEMEHT HCYE3HET).
Yrtoosr aromHast crpykrypa HE CBEZKAJIA, oHa 3akjIloueHa B KJIETKY
(kyOuK), aTa KiIeTka uMeeT 8 y3J10B. Kaxk/IbIil y3es1 HMeeT CBOIO HACTPOUKY.
ITpunsaTa cranmapTHas HacTpoika kyomka -— DO RE MI FA SOL LA SI
NA, 4TO COOTBETCTBYeT MaHTHCCaM .125, .250, .375, .450, .625, .750,
.875, .975. DTOT CTaHAPTHBIN PAJ IOCTUTAETCA IPOOJIEHUEM OKTaBBI, U
OTHOCUTEJILHO 3TOT0 PsAJia CO3/IaH CJIyXOBOM ammapaT BceX OMOCTPYKTYp Ha
3emse (Ha Mapce oH MoKeT OBITh IpyruM). UTOOBI aTOMHasI CTPYKTypa He
noBpeuiia cebst BO BpeMs CHA, OHA JOTIOJTHUTEIPHO 3aKJII0UeHa B OKTAd/Ip,
B KOTOPOM BCe y3JIbl UMEIOT TOJIBKO OJHy HOTy Ha MaHTHcCce .750, IO
KOTOPOU M IIPOU3BOAUTCS HACTPOMKA KaK aTOMHOM CTPYKTYpBI IOCJIE
MIPOCHITIAHUA, TAK U BCEX BHEITHUX YCTPOMCTB JJIs1 BOCIIPOMU3BO/ICTBA 3BYKA.

BHelmrHU# KOHTYpP aTOMHOHN CTPYKTYpPbI —
ukoca’3ap (12 ysiaoB). UToObl He cO3/1aBaTh
CJI0KHOCTA IIPM HAIMCAaHUU MY3bIKAJbHBIX

IIpou3BeJIeHNH, 6a3y pelleHo COXpaHUTh (yoOpaB
HOTy NA), IpH 3TOM JO0ABUJIHN MMOJIYTOHbBI. .
[Tosyunnu psaa: DO vi RE v2 MI FA v3 SOL

v4 LA v5 SI, mpu 5TOM HacTpoUKa IPOU3BOIUTCA
10 BHEIIIHEMY KOHTYDY.

Eciim aToMHas CTpPyKTypa PeIIUT HAaCTPOUTHCA cama, TO CHApYyXKHU
Oyznem ciplmaTh KakodoHUIO. Bee 44 aTOMHBIX CTPYKTYPBI HaCTPOEHBHI 110
peliéTke KyOWKa, BCe YacTOThl COBMeEIIEHbl M CHHXPOHU3HUPOBAHBI C
YacToTaM# y3JIoB KyOuka. Tak kKak KyOMK HMeeT CBfA3h C PEIIETKOM
atMocdepbl, 3Ta CBfA3b UCNOAb3Yemcs 041 OUPUHCUPOBAHUSL.
VieastbHON aTOMHOM CTPYKTYPHI (IIOJTHOCTBIO 3aIlOJIHEHBI BCE CBSA3M) HA
3emsne HE CYIIIECTBYET. 9ta cTpyKTypa ToJIbKO B BakyyMe (B Kocmoce)
IIPU YCJIOBUU, UTO HET HUKAKUX PEHIETOK MO0 THILy TPyOOK cBA3U. OTphIBas
[0 JIENECTKYy OT WAEAJTbHOU CTPYKTYPhl (IO TMPUHLHIY «JIIOOUIIb-HE
mo6une») noayaum BCE MHOTI'OOBPA3UE XUMHUYECKHX 37€MEeHTOB.
Bce xmmmyeckue 3eMeHTBHI (AaTOMHBIE CTPYKTYPbHI) II0 MY3BIKQJIHBHOMY
00pa30oBaHUIO pa3aesieHbl Ha 12 rPyIIIl.

1. «JlomKoJIbHASA» — BCE BUJIBI ra3a.
2. «Magnive kaaccbl» — BOJA.

3. «CpenHue KJIacChl» — TAMKEJIbIE YKUTKOCTH, CMECH.
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4. «Crapiiue Kjaccbl» — COIIPOBOKEeHNE ITePBbIX TPEX IPYIIL.

5.  «BpimyckHOU K1acc A» — MaTepuabHbIE CTPYKTYPBI C BpeMeHeM
JKA3HU J10 1 MUKPOCEKYH/IBI.

6. «BpimyckHOU Ki1acc b» — MaTepuasibHble CTPYKTYPHI C BpEMEeHEeM
JKU3HU /10 1000 MUKPOCEKYHI.

7.  «BplmyckHOU Ky1acc B» — MaTepuasibHble CTPYKTYPHI C BpeMeHeM
JKA3HU JI0 1 CYyTOK.

8. «BeimyckHol kiacc I'» — MaTepuasibHble CTPYKTYPBI C BpEMeHeM
JKU3HHU /10 124 JIeT.

9. «AcnupaHTypa» — MaTepUaJbHbIe CTPYKTYpPbl C BpeMeHeM
3KA3HHU J10 5000 JIeT.

10. «KaHaunmaTtel» — MaTepuasbHbIEe CTPYKTYPBI C BDEMEHEM >KU3HU
CBBIIIIE 1 MUJIJINOHA JIET.

11. «/okTopa» — (MoKa TOPHI) HEMHEPIIMOHHAA Macca (yIpaBJieHne
BCEMH TPYIIIIaMH).

12, «AKaileMUKH» — HEMHEPIIMOHHAA Macca — JUPHIKED.

Bea crpykrypa — enunHoe nesoe. Tak, MaTepuaJbHble CTPYKTYPHI C
BpEMEHEM JKU3HU JI0 1 MUKpoceKyHAbl Heobxomumbl /IJIA CO3TAHUA
00MEHHbBbLX NPOoUECCo8, 63 KOMOPHLX HEBO3MONCHA HCU3HD.

Bce crpyktypel B Kocmoce uUMEIOT HEWHEPIUOHHYIO Maccy.
OTcyTcTBHE MaTepUATBHBIX IPUOOPOB OIIpeJiesiseT e€ KaK «TEMHAsA» Macea,
a He3HAHUE CBOMCTB HEMHEPIIMOHHOU MAacChl CO3JAET MOHATHUE «UEPHOU
JIBIPBI».

B3aumocCBsi3b BceX CTPYKTYp B3aJIa€Tcsi TakToM (AuUprKEp), a
My3BbIKaJIbHOE IIpou3BeZileHrue (OpMUpYyeTCs HEWHEPIHUOHHOU Maccou
BBICOKUX OKTaB C HCIOJIb30BAHHEM KOMAaHJAHOM MY3bIKAJIbHOU
Tabnpl 8*8 m  My3bIKaJbHON TaOaHMIeEed 12%12. 00pas3wvl
nepedaromca madauueit 24*24 (2 noanvix oxkmasesvt). Kaxnmas
aTOMHAsA CTPYKTypa HMeeT CBOH Habop HOT (bapabamika ToXke ymeer
pasroBapuBaTh), BCe HOTHI TPHUBEJNEHBI B «My3bIKaJIbHON TabIIHIE
XUMUYeCKHUX 3jIeMeHTOB Makcuma», co3zlanHoU A. XaThI00BBIM.

Kaxk npoucxonut ynpasieHue opkecrpom? Cucrema Yupasiaenus I10
ITPOTPAMME 1pouszBogutr HW3MEHEHUWE JIIOTEHIIMAJIOB
3APA/TOB Ha COOTBETCTBYIONINX OKTaBaX, cMelllasi HOTHBIN P aTOMHOM
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CTPYKTYpbl (IIpefiesibl: HIDKHUM 11%, BepxHUHM 122%). JuUpmkeép 5TO
YUUTBIBaeT U MeHsAeT IIOC/IeIOBaTeJIbHOCTh HCIIOJIHEHU:A, He Hapymias
HACTPOUKY.

B psazge mect Ha 3eMuie ObLTH 3apUKCHPOBAHBI 3BYKH, IOHOCSAIITUECST U3
IIyOUH OKeaHa. TO O0BEKTHI, UCIOJIb3Ys TE K€ HACTPOUKH, IepeaaBasiu
yepe3 PENIETKy TeKcThl. Kaksioli OykBe TeKCTa COOTBETCTBOBajsia HOTA, €
2007 200a HOMHYI0 2pamomy nepeseau Ha pYcckKuil a3vik (4
oKmaesvl).

Yupasaenue — Toabko I[Iporpammuoe. Eciu Bel camu u3smensere
CBOMCTBA XUMHUYECKOTO 3JIEMEHTA, MOKETE YCJIBIIIATD BO3MYII[EHHBIE
BO3IJVIACBHI 3TOrO 3/71IeMEHTa, HO HHUKOTIZA He OyZeT 3BYKOB, KOTOPBIE
BBIXOJIAIT 32 PaMKHU Tabunpl. Oco6eHHo 6oamausa eoda (mpumuit).
Bce 3Byku, ucnosiHsAeMble aTOMHBIMHU CTPYKTYPAaMH, JOCTYIIHBI BHEIITHEMY
BOCIIPOU3BOZCTBY, ToToMy uTo mMeeM OBIIIYIO PEIIIETKY u o6myo
TabJINUIy paclio3HaBaHUS.

Yesnosek UMEET BCE HEOBXO/JVMOE p1 MpOC/TyIINBaHAA
MY3bIKU aTOMHBIX CTPpyKTyp — IHO3BOHOYHMUK, MOJ3I'. To, uro He
CJIBIIITHO B SIBHOM BHJIE, MOXKHO CJIyIIaTh WHBIMH CTPyKTypamu (0.5
nNpocAywuU8aHuUs HOB0CM el NPUOeAaHbL Yyuiu).

11.8. O nmepemMenieHUN BO Bp€MEHU U IIPOCTPAHCTBE
0e3 pacxoa TOIINBa U (DHHAHCOB

O ¢danromax usBectHo Bcé. ATO — BCE BU/IbI npuBuieHuil u
«bapabamek». Kakum-to obpazom onum BJ/IPYT ITPOABJIAIOTCA,
CaMOCTOSITEIBHO T'YJIAIOT (0OBIYHO — IO 3aMKaM), PEKJIAMUPYIOT Pa3JIMIHbIE
yyzieca U Jjaxke UMEIOT CBOMCTBa pa3roBapuBarb. KpoMe Toro, ecTh MUpaXH,
B KOTOPBIX MPOSABJAIOTCA WCUE3HYBIINE TOpOZa, KOpabiu U Jake
Pas3bITPBIBAIOTCA CIIeHBI U3 JpeBHEU KU3HU. B pAze ciyyaeB 3TU MUpaKU
CTAHOBATCA ABBIO. VI3BECTHBI Cydyald TaK Ha3bIBA€MOTO «IIPOSBJIEHU»,
KOI/Ia TPOTMABIINE B CBOE BpeMsA OOBEKTHl Miu OUOCTpYyKTypsl B/IPYT
ITOABJ/IAKOTCA B HamemM BpeMeHH, NPUYEM BO3pACT IPOMABIINX
ocTaércs TOT, IIPU KOTOPOM IIPOMB3OILIA Mpomaka. McueszaoT kopabiu,
CaMOJIETHI U LieJIble IOCeJIEHUA, U 3TO aXke B Hallle BpeMsA. CunTaercs, 4YTo
Ha 3eMJle HECKOJIBKO IIEHTPOB, B KOTOPBIX IPOUCXOAAT UCUYE3HOBEHUA. DTO
u bepmyodckuit mpeyzoavHuk, u Kumaiickoe mope. OnHako Hazo
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OTMETHUTD, YTO UCUYEZHOBEHNE MOXKET MIPOUZ0UTH B JIIOOOU TOUKE 3€MHOTO
mapa.

IIpumepsI

1. B 1914 1. B ATJIaHTHUYECKOM OKeaHe ObLa HaiifleHa Karcysa C
«aTJIAaHTOM» Y IOCJIaHUEM.

2. Ha Anrae 1eBoyka nojHsAIa KaMeHb, packoJsiosa. Tam oka3asach
sIepUIla, Hen3BeCcTHasA Hayke. fAmepuia yoexasia.

3. HemaBHo B ceBepHOM MoOpe ObLIa HaieHa MMacCakKUpPKa C
«TutaHuKa», BO3pacCT €€ ocTayics TeM Jke. Jlexkasia Ha JIeTHUKE.

4. «Jleramlye U IJIaBaIONINE» JIIOAU — HAOJIIOZAINCh B OOJIBIIOM
KOJINUECTBE, Jaxke B ZipeBHeM Pume. Ha /lasibHeM BocTOke UX 3HAIOT Jiydliie
BCETrO.

5. B maxte u3 10 mIaXTEPOB OJUH IOTEPSJICA HA CMEHy, MHOCJje
KOHIIA CMEHBI IMOSIBUJICS B BHE JPEBHEro cTapuka (C yJIoCTOBepeHHEM
IIPOIIABIIIETO IMIaxTeépa). PazroBapuBaj Ha HEMIOHATHOM sI3bIKE, DUCYHKH €r0
OBLTU TTOXO0KU HA U3BECTHBIE YIKE HayKe PUCYHKHU U CKYJIBIITYPbHI U3 PA3HBIX
MecT 3eMJIH.

6. B 70 xm ceBepo-BocTouHee Couu, BZIOJIb TPACCHI — COOPYKEHUE
(mormpMeH) ¢ ZBIPOM — Kak MECTO, I/ie IIPOUCXOAUT HEKOe OYHUINEeHUE U
IoJIyueHue cBexkell nHdopManuu.

7.  BO3HHKaAWT «JeTyuyme TOJUIaHAIBI», IPOIABIINE COTHU JIET
Ha3a/,.

8. B exkabpe 1995 roja mporaja caMmoJIET, CJIEI0BABIITHUH peficoM U3
ITerponapnoBcka-KamuaTrckoro o Xabaposcka. HeoxkuganHo ObLT HaliieH
Ha COIIKE, MUMO KOTODOH COTHM pa3 IMPOJIETaJH ITOMCKOBBbIE OpHTIajbl.
OO6Hapy»KWIH, ITpaB/a, TOJIbKO IMOJIOBHHY CaMOJIETa. XBOCTOBOE OT/EIEHHE
rcues3so. JIOKyMeHTBI, OfleXKJa ObLIM IeJbl, HO HHKAKHUX IIPU3HAKOB
HaJIMYUS OCTATKOB JIIOZIEH He ObLIIO.

9. Capkodaru c mymuamMu ¢hapaoHOB.

10. Iloxoponbl el (rpo6 — XxXpoHoOKamcyJsa). EspeeB
ITOJIO’KEHO XOPOHHUTH TOJBKO Tak. IIo aToMy moBoay oduIlraibHasA HayKa
cuutaetT, uTo XPOHOKAIICYJIA - 310 capkodaz 041 nepemewjeHuU
60 epemenu. Ilocne BckpeiTHA He paboraer. Tak, mocsie ocMoTpa
XPOHOKAIICYJIbl IIPABUTEIBCTBOM BO TiiaBe co CramuHbiM, CTaJMHY CTaJIOo
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IUIOXO0, ¥ aBTOpa paccrpesisian. Ceblika Ha 44 koaoHa [JTHK, cmbica KOTOpBIX
elé He pacimudpoBaH (Bcero 64 KojioHa, 20 aMHHOKHUCJIOT U3BECTHBI), HE
OUeHb-TO «paboraer». Bompoc wusydaercs (MCHOJIB3YETCS JIOMIAMHAS
rpaMota, atoM bopa, Tabsmna MeHzeneeBa u mpodyee — MPOU3BOJHBIE OT
ykazaHHBIX 3TasoHOB). Pesynbrata IIOKA HET, moTomMy 1EpKOBb MOKET
OBITH cioKOMHOM. Teopuii MHOTO, HO 6a3a y BcexX 0fHA (CMOTPH STaJIOHBI).

Ho ects m JAPYI'OE MHEHME, ocHoBaHHOe Ha TOM, YTO MBI
paccmoTtpenu Beiliie. Bpemsi B mpenaenax CoJITHEYHOM CHCTEMBI CO3/AET
CosiHlle, TZle BHEITHWUM CJIOW aToMa «pasleT» A0 127 OKTaBbI (IIpu
TeMIlepaType npuMepHo 6300000°K). TakT BpeMeHH B 127 OKTaBe Ha3BaH
cekyHA0M. OTHOCHUTEINIBHO TakTa B 1 cekyHay CMUHXPOHMN3MNPOBAHDI
BCE o6mennsie ITPOITECCHI, pabora Bcex CucteM YipaBiieHUsI 3eMJIH,
apromaToB CHucTeM YmpaBJieHHs], BCe CHUCTEMBI CBSA3U Kak Ha 3eMJie, TaK U
BHeIlTHHe (CO CIIyTHUKAMU IIAHET). 128 OKTaBa — 3TO 3aps/i, U IIOTEHIA
3apsja Bcerza 100% (mpeaesnbl OT O 10 124), 63 OKTaBa — 3TO MAarHUTHBIN
HMITYJIbC, WU TPABUTAIMOHHBIN IMOTEHIHUAJI, BCET/la JIOJKEeH OBITh 100%

(penenbl OT -123.999 10 123.999).

HapymeHusi B cucreMe BpeMeHH (yKe B HallleM IIOHUMaHUH)

1. 3emid BOKPYT ConHna

MeTeopuT 1HBM3KeHMe JIBUTaeTcA 10 cnupany, Besa CosiHeuHast
BCeWn CUCTEeMbl

\ cucTeMa JIBUTAeTCs CO CKOPOCTBIO

ggﬁ:"::“e 26,3 KM/ceK, U JI000H METEeOpHT,
nonaBmuid Ha CosHie, QopMupyer

IIPOTOHHYIO CpeZy, BOCIPUHHUMAeMYIO

Ha 3emse (mocsie moBopora CoJHIIA)

* KaK 4€pHOe IATHO, TO €cTh 00J1acTh ¢
Semns MOHMKEHHOWM B  HECKOJIBKO  pa3

TemnepaTypou. JIroboe Takoe MATHO
MeHsIeT OOIIIHH ITOTEeHI[NaT 128 OKTaBhI,
n Bo Bcel CoysiHeUHOU cuUCTeMe
HapYIIAIOTCA HOPMAaJIbHbIE YCJIOBHS CYIeCTBOBAHUS TaKTa, IPU 3TOM
IMPOUCXOZAT WCKAXKEHUsI CBSI3HM, HAPYIIEHUs OOMEHHBIX IPOIECCOB U
Ipourie HeOXHAaHHOCTH. Pa3demutit do 128 oxkmaebl amomHwlil
040k — 3mo naa3ma. BHeceHue J000M MaTepHasbHON CTPYKTYPHI
«0OBOJIAKMBAET» YYACTOK IJIa3MBbI JIOEKA3/[PAJIBHON CTPYKTYPOM, TO €CTh
IPOUBBOJIUTCA OUA208A MAMEPUANUIAUUA NAAZMBL C PE3KUM
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CHI)KEHUEM TeMIlepaTypbl. PA3HOCTh ONTUYECKOTO BOCIPUATHS (POPMHUPYET
TOT IIBET, KOTOpHIM mpoxoautr udepe3 CEPUIO PEIIIETOK u Bcerna
BOCIIDUHUMAETCA KaK 4YE€pHbIH. Hayka, KOHEYHO, 3TH IATHA OTHOCHUT K
BHYTPEHHUM ITPOBJIEMAM CosHua Toabpko 3a cuét PEAKITUN
I'EJINA U BOAOPO/IA. MeTeopuT MOKeT yIacTh KyAa yTOJIHO, TOJIbKO
HE HA Jlyny (3a Bcé BpeMs CyI[eCTBOBaHHS TaM He OBLIO IMajleHuH
MeTeopuToB). OHM MOIJIM OBl IPOCTO MPOOHUTH IMOBEPXHOCTH JIYHBI, U
PA3BBUTUE nusmwiusosanHoro YEJIOBEYECTBA 6buio OBl
npekpaiieHo. Kpome Toro, ece uukast y dceHwuH 3asucam om./Iymwvi,
MHO2UE 00MEHHble Npoueccebl Ha 3emae modce. O6 3TOM MbI C BAMHU
TOBOPWJIM B IPEABIAYIIUX TIJaBax. Ho BCE yHOMSHYTOE — 3TO
HEe3HAUUTEJIbHbIE WCKaXKEHHs, IIBeHIlapcKhe 4dYackl OyyT OTCTaBaTh
MaKCHMyM Ha 2-3 yaca B CyTKU, HO CAMO BpeMsI OCTaHEeTCH.

2. Ha pucyHke orTmeudeHa
3oHa K - KoJse0aHua TakKTa
BpEMEHU (MuH =88%) B
3aBHCHMOCTHU OT BHEIITHUX YCJIOBHUHU (B
YaCTHOCTH, METEOPUTOB).

Hanomuum:
- 3emsis uMeeT 8640000 1 cek

muH (MEpUINAHOB Ha IIyOMHE 1000- 123,999

2100 M)’ 21 88 100 123.999
- 3emisa nMeeT

reomnaToreHHble  30HBI  (UMeeTcA
IIpUMepHas KapTa);
- 3emuid uMeer y3ibl Kopu,

XaprtmaHa, PeHTreHa kak cBA3b LIUH C
pemiéTkoi aTmocdepsl.
Kop 3emutn =512 (3TO OKTaBa aTOMapHOU CTPYKTYPHI 3€MJIH).

I toro urobbl padomana 127 oOKmMaea, HAI0 WMETh
MHHUMAaJIbHOE 3HaueHNe NoTeHuasna 128 okraBbl 21%. Eciiu 5To 3HaueHne
Oyner Hmxke, To MarHUTHOTO umiyiabca HE BYJ/IET, Takt ucuesaer.
Teopernyecku BpeMs HOUAET B 0OpaTHOM HamNpaBJIeHUH, HO (PU3UYECKU
sroro HE BY/IET, no —123.999 uMeeM MNpAMYIO JINHUIO, HA KOTOPOH
COXpaHeHbI JaHHbIe (M CTPYKTYpbI) JIO00OH apeBHOcTH. Ha Bcex
BO3MOJKHBIX MeCTax BbIOpoca IIa3Mbl 512 OKTaBbl YCTAaHOBJIEHBI
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MUPaMU/Ibl, yIpaBjsgeMble OO0BbEKTaMU
1 (HJIO). OgHako Ha Bcex TOUKaX BhIOpoca
IINMPAMUW/ABI HE IIOCTABUTD, u
3TO nNpueodum K pPa3AuUdHbLIM
agpexmam - aHHu2uasyuu,
| cynepno3uyuu, HOopMaausayuu
3apsada 128 oxkmaewsvt. Eciin BekTopa
3apsA70B BCTpPeUHble, IOTeHIHAT 128
OoKTaBbI nagaet (MoxxeT O6b6ITh U 70 O).

IMoayuaem mépmeyro 30HYy, Npu nonadaHuu 6 KOmopyiro
BUOCTPYKTYPA wmooaxcem cywecmeosamsv CKOJIb YI'OJIHO
JOJIT'O. Camoe WHTEpecHOe, YTO HAIU JIaJIEKHEe TPEAKU MOIJIA 3TO
peasTn30BBIBATh JIOKAIBHO (CHAIUN BOWH), UCHOJIB3ysl KaK HUHCTPYMEHT
nepeHoca nHopmamnuu 6uocTpyKTypy (UesioBeka), Tak U OT/IETBHO B3SThIN
Moar (Cymraocts). HamoMHIO mpo «copsiTaHHbIE» 33 640 000 CyIiHocTeln
(Mosra) mpoto-YenoBeKkoB B 3eMJie, IOCJIe 3aXBaTa e€ 30paMu.

Eciu BEKTOPA 3APA/IOB COBITAJIAIOT, Takt BpeMeHHU
YMEHbIIAETCA, U IIPU JOCTIIKEHUH 123.999 1 CeK peanrbH0o20
epemenu IIPEBPAIIIAETCA B corHu JieT (MTHOBEHHOE CTapeHUE,
TDKUKCKUN BapUaHT, KOr/Aa 3-JIETHUU PeOEHOK BBITJIAAEN APAXIIBIM
crapukoMm). [Tpu Hopmanmuzanuu O/IHOBPEMEHHO ITPOUCXO/IUT
OBHYJIEHUE, u Mosr ITIOJIYHJAET MH®OPMAIINUIO o060 Bcex
MPEABIAYIITUX COOBITUSIX.

[Touemy 1 Kak IPOUCXOAAT 3TH mpouecchl? Kak 6p110 yKazaHo, 3eMis
uMeeT OKTaBbl OoT 8 1m0 512, u Jobasa u3z Hux MOIKET BbIThH
FPABI/ITAHI/IOHHOfl. Ho Bce moctpoenust — Ha 6a3e 10/IeKasApaibHO-
HUKOCA3PaJIbHOM CTPYKTYPHI, TETPASAP U KyO UCIIOJIB3YIOTCA MOALKO 01
KOHMpoaa cmpykmypul. TakT BpeMeHU 33a[a€Tcsi TOU CTPYKTYpPOH,
KoTopasi obecreuynBaeT MaKCUMaJIbHyI0 pabouyio oktaBy. Ha ce2o0Hsa
amo 96 oxmaea. Kcratu, sto TOYKE IIJIASMA. KoudukTHasA
CUTyanusi BO3HUKJIA IIOTOMY, 4YTO TaKT, BbIpabarpiBaeMblii COJHIEM,
IIOCTPOEH Ha KYyoOuuecko-mempasodpaavbHoit cmpyxkmype, HE
COBMECTUMOM mno cmbiciay ¢ 6a3oBoil crpykrypoit Kocmoca. ITo
ypoBHIO aerictBuil 96 OKTABA HUZKE 128, noroMy 1t000€e U3MeHEHHE,
IIPOUCXOJiAIIee B psfie OKTaB 8-96 3aTparuBaer psAj OKTaB 16-128 u MeHAeT
HE TOJIbKO CBSI3b, HO U Bce 0OMeHHbIe nporiecchl. C 2009-03-12 BCE TAKThI
B CoJHEUHOU cHucTeMe 3asucam om 96 oxkmaevl. ITUM U MOXKHO
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o0bsAcHUTh (He BHHKasg B CyThb (U3HUKUA IIPOIEcca) BCE CETOHHS
IIPOUCXOAIME TaK Ha3bIBA€Mble «KaTaKJIM3Mbl» U B U3MEHEHUAX IIOTO/Ibl,
U B U3MEHEeHUAX npupoanl. IIpo msmeHenusa Mo3ros — orzesibHas Tema.
Tenmepp  paccMOTPUM  Pa3JINUHbIE BapUAHTHI B3aUMO/IENCTBUH
HECOBMECTHMBIX TAKTOB U 0COOEHHOCTH UX CyI[eCTBOBAHUS.

I MpOCTOTHl TOHUMAaHWSA BBENEM 00O3HAUEHWA. ATOMHBIA OJIOK
MNMEET ycinopuble CTPYKTYPBI (ocTrasibHBIE CTPYKTYPHI 3/1ECh MOKHO
He YKasbIBaTh): JlozekasgpasbHO-UKOcasipaiibHas cTpykrypa — JAHUC;
KyOuuecko-TerpasapaipHas crpykrypa — KTC. Ha 128 okraBe BEKTOPBI
(IBM>XEeHVE MAarHUTHOTO UMITYJIbCA) HAIIPABJIEHBI APYT K APYTy. BO3MOKHBI
3 BapuaHTa aHHUTWIAINN:

- MOTEHIaJIbl BEKTOPOB OJWHAKOBBIL. [Iponcxoaut B3pbBIB, U
MarHUTHble MMIIyJbChbl HcYe3aloT. llpu B3pbiBe paspymaerca BeCsA
KOHCTPYKITHS «EJIOUKHU»;

- noteHuuain Bekropa KTC > norennuasna Bekropa JJVIC, Ho cymma
<21%. TakTt ncuezaer 6€3 aHHUTHIAIUH, «EJI0UKA» HCUE3aET Oe3 CIIe0B, TO
€CThb KOHTPOJIb TOKa3bIBAET, YTO BCE HOPMAJIHHO;

- norennuan Bekropa KTC < morennumana Bektopa JAUWC. Besa
crcTeMa COXpaHseTCs U IePexXoIuT MO ynpaBjieHrue 96 OKTaBblI.

Cynepno3unusa takra 128. Ha 128 okraBe BeKTOpPHI (IBUKEHHE
MAarHUTHOTO HMIIYJIbCA) HAIIpaBJIEHbI B OJHY CTOPOHY. B03MOXKHBI 6
BApUAHTOB:

- cymma < 123.999GP (rpaBUTaliOHHBINA IMOTEHIUAJ). TakT
BpPEMEHU COKpalllaeTcsi, U IPU JOCTHKEHUM BepXHEro mnpezeia 1 cek
IIpeBpaIaeTcs B 12 CeK, WM Bce 0OMEHHBIE ITPOIIECCHl YCKOPSIIOTCS B 12 pas,
YCKOPAETCA CTAPEHUE,

- cymMa > 123.999GP, nosiHoe pa3pyllleHUe TaKTa U €J10YKY;

- cymma = 100%GP, Ho norennnan KTC > norennuasna JIUC,
KTC 251%. NCHE3AET Bca MTH®OPMAIINA no ctpykrype KTC;

- cymma = 100%GP, Ho norennnan KTC < nmorennuasna JIVC,
JUC >51%. TCUE3AET BCA NMH®OPMAIIUA no crpykrype KTC u
BoccTaHapmBaeTcsa nndopmanus mo JJVC;

- cymma = 88%GP, no norennuan KTC > norennuana [JVIC, KTC
>44.1%. TIOJAETCA CUTIHAJI IIOAKAYKH, u norennmuan KTC
majaeT, Tak Kak noakauka uzaet mo JVC;

- cymma = 88%GP, o norennnan KTC < morennuana JIVC,
JIUC 244.1%. IINIABHBIHN ITEPEXO/I 1a JVC.
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Hopmammsanusa rakra 128. [Ipu HopMaausanuu MOTYyT OBITH BCe
BapHaHThl KaK aHHUTWIALMY, TaK U cynepnosunuu. IIpm 3ameHe Takra

MIpeAIoUTeEHNE oTmaércy

\ / HOpMaJIM3alliy, MPHU STOM TJIaBHas
ANC IleJIb — He Pa3pymIuTh peméeTky. I1

y y p y. 1lpu

\ / HopMmasuzanuu MOZKHO /IABATD

i 4 KTC JI000€ 3HaUeHHe MOJIKAYKU

[IOTEHIINAaIa, W IJIABHOE YCJIOBHE —
yro6s1 HE BbIJIO curhmama 10
KOHTpOJ0. TakuM o0pa3oM ILIaBHAs 3aMeHa MEPEBOJUT BCIO PELIETKY
3eMJII Ha TakT 96 OKTaBbl C BOCCTAHOBJIEHHMEM BcCell MaMATH U
YHUYTOKEHHEM BCETO HEraTHBa, BKJIIOYUAs BCE BUbI CBAJIOK.

BCIIOMHHM HEKOTOPBIE OCHOBBI — CTPYKTYPY PeHIETKH
HOoOC(epHbI.

Hoocgepa — om h=-2200 m 00 12400 m.

Bce CucreMsl YHpaBJIeHI/IH HMEIOT Aralla3OH yIIpAaBJIEHUA — OT 12 10
512 OKTaB (SHa‘{eHI/Ie 512 OKTaBbI
=13407807929942597099574024998205846127 4793658205923933
777235614437217640300735469768018742981669034276
90031858186486050 853753882811946569946433649006084096).

Cucrema Yuparinenus paboraer HE C OKTABAMM, a ¢ UX
IMPOV3BO/HBIMMU, nocTpoeHHBIMH Ha 6a3€ CMEXKHBIX ITPOCTHIX YUCE.

IIpumep. OkTaBa 4=16. biukaiilliee MPOCTOE YHCJIO =17, CMEXHOE
=19.
A=(17+19)=36
36=2%2%3%3,

OcHoBa CTPYKTypbl HOOCdEpHl — IeHTa, MOTOMY B Pa3JIOKeHUU
JoKHBI OBITH 5. Ynces 2 HE IOJIZKHO ObITh MEHBIIIE 3HAUEHUSI OKTABHI.
9mo — ocnosa keapua, o xoropomy IIPOU3BOJIUTCA PACUET
IINPAMM/I. PazjiokeHue AOJLKHO COZlep:KaTh TOJBKO 2 M 5, HO 3 He
JIOJDKHO OBITh, OCTAaTOK PAa3JIOKEHUs JIOJDKEH OBITh IPOCTBIM YHCJIOM,
KOTOpOe TaK:Ke HMeeT cMexkHoe. lIpoBess Te ke omepanuu, HOJIyYUM
BTOPUYHBIN KOHTYP IIMPAMMU/IBI. Tak ¢popMupyeTcsa MaHTHCCa,
WIN KOHKpeTHas 4YacroTa, paboramomas B CTPYKTYpe BEpXHEro
compoBOXK/leHUs (kakmas pabouas yacroTa J0O0M MAHTHCCHI JIOJKHA
UMeTh 33 YaCTOThI COTPOBOXKAeHMs1). KeTaTu, mepBoe onmucaHue CTPYKTYPhI
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Hoocgeput daa ITywkun (mpu kapmaut ¢ damoii, 33 602amuvipsa u
npouee). Takum oOpa3zoM, nupamudst — 3IMO Keapueavle
2eHepamopul, eblpadamuviearwjue Ccmpoz20 onpeoeaéHHbvle
yacmomauwlt. Hazerocs, Teneps HnuraTesasam CTaao HOHATHO, IOYEMY B HOBOM
Kommiekce «Cper/I» n Kommiaekcax «Cser/I-®iopa», a Takxke B
nocyieiHux Komiviekcax «Cser/I» — Kyaomax IIPMMEHEHA
IIJIAT®OPMA, cos3maHHass HW3 KBapua HW KpeMHHsA (MCKyCCTBEHHO
BBIPAIIEHHBIM 110 CIeruajJbHOU TMporpamMMe KpeMHUI; TPUPOIHBIN
JIUOKCHUJ, KPEMHHS BCTPEUAeTCs IPENMYIIEeCTBEHHO B (opme KBapla).
W3BecTHBI mHpaMuAbl € (PUKCUPOBAHHONW M IIABAIOIEd TeOMETPHEN.
ITepBBie mupaMUABI ¢ IUIABAIOIIEN TeoMeTprel oOHapy:keHbl Ha JlyHe. Ha
3emiie ToJBKO 4 Komnaexca umerom nupamudnt ¢ naasaroweil
2eomempueit. OCHOBHOE X Ha3HAYEHUE aHAJIOTHYHO CKaHEPY YTOHIITUKA
aBTOMOOWJIEH — NPUBA3ZKaA HOB0U CMPYKMypsbL uacmom K
cywecmsyrwwum. Keapyesanue omnocumenvHo 6a3vt — 3mo 2,
C8a3b € NeHmMoil — Imo 5. Tak Kak B CTPYKTYpe PELIETKU €CTh KyOUKH,
JUTS VX TIOJIZIEP?KAHUSI ¥ KCIIOJIB3YETCS 3, HO KBapIIEBaHUS 110 3 HET, IOTOMY
YaCTOTHI 1 KyOMKOB KECTKO MMPUBSI3aHbI K TUPAMHU/IAM, U B CJTydae KaKou-
b0 aBapuu MaHTHCCA, IOCTPOEHHAs Ha 3, ucue3aeT. [[puBs3Ka CTPYKTYyD,
UMEIOIUX B CBOEH OCHOBE MAHTHCCHI C 3, MPOU3BOJUTCS TOJIBKO II0
BHEIIHEMY KOHTYPY aTOMHOTO 6si0ka. M 3TO Ba)XHO IPU «YyCMaHoekKe»
IIpoepamm «CeemJI» 6 Komnaexcot (I'enepamopuvt), a Takxke I
MOHUMAHUS TeX, KTO «YOauUHO» NPO80JUM C80U IKCNEPUMEHIMBbL 60
e3aumoodeiicmeuu Komnaexcos «CeemJI-daopa» u Komnaexkcoe
«CeemJI».

11.9. IIpaBua aia ¢panroma

Hrak, nepBoe npaBuio Ajaa ¢panroma’. Hu ogHa usz manTuce
6uoctpykrypsl HE JIOJIZKHA conep:kaTh B pasyoxeHuu 3. OHaKO Bce
TeHOTHUIIBI, CO3JaHHbIE I0CJIe O roja, UMEIT B PAa3JI0KeHUN MAHTUCCHI
Mo3sra UMeHHO 3, IOTOMY YTO 0a30BBIM 2JIEMEHTOM KOHTPOJIS ABJIAETCH
KyO (B pasznokeHun — 3Be3aa /laBuma). ITO TeHOTUIIBI 4XX, T/le 421 —

7 ®@autom (pp. Fantome — nmpuspak) — obpas 4ero-su60 U3 MpouuIoro (ayma yesoBeka,
cyliecTBo, mpeaMmer). IIpuMepaMu MOTYT CIJIYKUTh «IIO€3/1a-IPU3PAKH» U «KOPaGIH-IpU3PaKU»
(manpumep «JleTyuuii royyaHzen»).
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npeacraBuresin Masou Asum. XpaHeHU 3T Oumoctpyktypsl HE
ITOIJIEZKAT, a penHKapHarus yopaHa ¢ 2000 rojia.

Basza Hoocdepsbl. MatepuanpHas 6a3a Hoocdepbl — 3TO BEPXHHUU
npezieJl 1O OKTaBe, JJjA CTApblX KOMIUIEKCOB — 9TO OKTaBa

64=18446744073709551616.

[Touemy roctu UCHONB3YIOT 3Ty OKTAaBy? BOo-mepBbIX, kBaapar 8*8 —
ATO IIaXMAaThl, TJe YUCJIO BAapPUAHTOB peEIIeHUWH 3a/auu 00X0/a KOHEM
COM3MEPHMO C BO3pacToM BcesieHHOU (OHHM CUMTAIOT, YTO ObLT BosbIIOH
B3pbIB). Bo-BTOPHIX, B KyOe 8*8*8 M0KHO mocTpouTh 710 36 MAaHTHCC JJIS
OKTaB 24-52. Tak kak y1o [Tacxu 2008 6a3a — MaTepuaibHas 6a3a — OKTaBa
64, TO Bce MOIIHOCTY OBLIM HCIIOJIB30BAHBI JUIA MOJIEPKAHUA CTPYKTYP
3TOH 06a3pl. ITO — IMANIA30H OKTaB 15-63 (rpaBUTAIMOHHbBIE OKTaBHI — GP).

OnHako 3eman U naaHemst ObLAU CO30aAHbLL 300120 00
npuosviMun 2ocmeit, u 6a3oi ObLIa OKTaBa 512 (MOKHO CPAaBHUTH CO 128
110 BO3MOXKHOCTAM). OfHAKo BCE, 4yTO OBLIO BBIINIE 128 OKTaBbI, OBLIO
IIepeBeIEHO B CTATUUYECKOE COCTOSTHUE 0e3 BO3MOXKHOCTEH KOPPEKIIUH. DTO
IpuBeJyio K cepbe3HbIM HeraTuBHbIM ABJIEHUAM u ITPOITECCAM,
kotopble HAKAIIJIMBAJIVICH GoJiee 18500 JieT. 9TO — HAKOILJIEHUE
Macchl 3eMJI, POCT ITOTEHI[UAIOB TPABUTAIIMOHHBIX YACTOT B OKOJIO3€MHOM
IIPOCTPAHCTBE, cOOU B TPyOKaxX CBSA3U CO CIYTHUKAMU IJIAHET, U3MEHEHUE
FPaBUTAIMOHHBIX YACTOT I (UKcAlMU BOAHOTO OajyaHca 3emuid,
M3MEeHEHHUSA B CTPYKType HoochePhI KaK cpeibl 0OUTaHUA OUOCTPYKTYP U TaK
nanee. Tak kak u3MeHseTcss Hoocdepa, To gomkHsl OITPEIEJIEHHBIM
OBPA30M wusmeHsaTbes U 6uocTpykTyphl, HO 3Toro HE ITIPOUCXO/UT
(mupamuzipl rocTeil GUKCUPOBAHBI OTHOCUTEIBHO TapaMeTpa, KoTopbii HE
OTHOCUTCA K KBapIleBaHUIO). Orcroga - BOJIHBI
BCEBO3MOZKHBIX BOJIEBHEM - yyMma, TIPpHUIII, MEHUHIUT,
JINXOPAJIKU U TaK Jajiee.

A aT0 pacckasbIBaIO /11 IOHUMAHUSA TOTO, UTO CETO/IHS MPOUCXOAUT U
JUIS TeX, KTO XOYeT «XOpolled XW3HU» cpasdy U 3aBTpa. llompoOyiite
OIleHUTh 00BEM IpeoOpa3oBaHUU (M3MEHEHUI), KOTOPbhIE JIOJIKHBI OBITH
IIPOU3BEJeHbl U B caMble C:KaTble CPOKU. MokKeT i 3TO chenartb Moasr
YenoBeka 0e3 JOKHOTO «TOJIUKAa» HM3BHE (K KaKOMy OBl T€HOTHUIy OH
cerofiHA He OTHOcwics)? Cpennuil YesoBek, ecjii MOXKHO OOOOIIEHHO
BBECTH TAKyI0 TEPMHUHOJIOTHIO IPUMEHUTEIBHO K JIIO/ISIM, TIOCJIE€ IIPOUTEHU S
moZ00HON MHPOpMAIUK MouyeMy-To HauuHaeT aymaTth uto OH YMHEE
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cpenHero YenoBeka, Hy a eciid y Hero ectb Komiuieke «Cetr/I»... Bor B
yéMm Oefa u npobsiema oHOBpeMeHHO. Emé pas nmoguepkny — TOJIBKO
CTPEMJIEHWUE B Ilo3HaHuu AAET BO3MOKHOCTh CETOJHS B OPUEHTAIIUUN
(IpaBMUIPHOM MMOHUMAaHUH) IpoucxosAIero. OcHOBHas 4acTh OKTaB (bosiee
99%), KOTOpbIe OBLIIN HCIIOJIb30BAHBI IPH nocTpoeHun 3emiu, Ao IMacxu
2008 HE BBIJIU 3aselicTBOBaHbI, 1 KpU3KC (00BaI) HaUasICs cpasy mocie
ITacxwu.

Bropoe mnpaBuao A ¢danroma. CoxpaHeHHUIO IOZJIEKAT
TOJIBKO te BUOCTPYKTYPBI, KoTopble MMET B c80€il OCHO8e
yacmomst He MeHee 224 oxkmaesl. Bece co3zlanHble mocjie O roja
OMOCTPYKTYpPBI  («30JI0TOH MWIHApA») WMEIT B CBOEH OCHOBE
MAKCUMYM YACTOTDI 128 okTaBBbI.

I'paBUTAaIIMOHHBIE YACTOTHI (KOPOTKAs CIIPaBKa)

Huxkakux rpasutonoB HE CYIIIECTBYET. I’ pasumauus — amo
C801UCMaE0 31eKkmpuueckoz20 3apsdda, a He Mo, 4YTO O TPaBUTAIUHN
IIUIIYT HEKOTOPBIe MPOABUHYThIe «yueHuKn» H. JleBamosa, ccpiasice He HA
cBoM, a Ha ero (JIeBamoBa) 3HaHUA B 3TOM Bompoce. Ho YUTaTh-TO HY>KHO
yMeTbh, 0cobeHHO To, uTo HanmucaHo HE HA 3a6opax. B o61miem Bujie 3apsij
HMeET IEHTPAJIbHYIO YacTh U PyOaniky (KOHTYP). 3aps/i ABUTAETCA MeHCOY
Y3aamMu ukocasopa, nMesi yroy CKOJIbKEHHUs U MTOTeHIIHA. B cTpyKType
HWKOcas/ipa pyballika He Hy)KHA, BEKTOP CTPYKTYPhI HAIlpaBJIEH K IEHTPY
3apsjla, U caM 3apsAjd TOABEp:KEH BO3J/IEHMCTBUI0 BHENIHUX CHil. /Jlid
obecrieyeHUs] YCTOMUMBOTO COCTOSHHSA 3apsfla KaXKJbl HKOcasap
«00pamJIIEH» ABYMS JIOAE€Kas3ipaMHu.

Jonekas/ipbl — 3TO CTAOMJIN3UPYIOLINE CTPYKTYPhI. 3aps/ He MOXKET
CyIecTBOBaTh oiH. OTMeTHM: pEOpa BHEITHETO JI0IeKas/ipa U BIUCAHHOTO
HMKOCa3/Ipa paBHBI, a peOpO BHYTPEHHETO /I0/IeKa3/Apa MeHbIlle Ha KBajpar
30JI0TOTO cevyeHus (T.e. Ha 0,382 peOpa BHENIHEro JIofeKasipa). dfghexm
pa3Hocmu pédep u co3o0aém O0CHOB8blL 2pasumayuu. Xouy 37ech
3aMeTUTh, YTO ecau KTo-To u3 Ilosp3oBareneir IIporpamm «CsetJI»
CMOXKET B rosioBe (yme), C 3aKpPBITBIMU TJIa3aMH WJIH C OTKPBITBIMH, —
IIOCTPOUTHh MBICJIEHHO 3Ty KOHCTPYKIIUIO, TO MOMKET CYHUTaTh, UYTO B
IIpexoannuk OH Y7KE IIOITAJI. Pébpa mosekasapa UMerT GhaHTOM
3apsjia, TO €CcTh TOT K€ 3aps/, HO C MHBIM KBaplieBaHueMm (1o 2). ITOT
daHTOM wuMeer O0OpaTHBI B3HAaK U O00OPAMAEH pYOaAwKoilt O0asn
o0ecneueHuUA He pacceusaHus haHmoma. Mbl OTTUCATTU CTATHYECKOE
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cocrogHue. EcTh elé u JUHAMUUYEeCKOe COCTOSHHE 3apsfia — 3TO MOXKHO
mocMoTperb B MoHorpaduu A. XaTbiOoBa B paszaene «/lmHaMHUKa
3apaga».

HNmeem Tabuiy:

No Yucno | Yucno | IloreHnuan Yron Cumemenne | Yucio
) pébep | ysioB 3apsza CKOJIb}KEHHS TaKTa 3aps/i0B
BHemnui

1 — 30 20 2 39,6 -64 o 30
B >

2 ;Eg?:;lgn 30 12 210-o11 31,4 1 Ho 30
B m

3 ;g;g}f:;;%ﬂ 30 20 221-222 21,2 +64 o 30

Bcero umeem 22 KOHTypa, KO KbIH CeAyIOMINNA BIIMCAHHBIA TPOUHOU
KOHTYP UMEET UHYI0 YacCTOTy KBapIlieBaHUs, IOTOMY BHEIIHUU A0JAeKa’3ap
CJIEJTYIONIET0 BIHUCAHHOTO KOHTYpPa MMeeT XapaKTEPUCTUKU IMPeAbIIYIIEro
BHEIIIHETO KOHTypa IIPU MHOM KBaplieBaHWU. MIMeeT MeCTO pOCT IICEeBIO-
OKTaBbI, U IIOTOMY €CJU B3ATh BHENIHUU KOHTYp 3a 1, TO 22 KOHTYDP
COOTBETCTBYET 221,
'paBuTaIlMOHHBIE YaCTOTHI
MOTYT OBITH IIOJIy4EHBI B
JIIOO0M KOHTYPE, HO
BA3OBBI KOHTYP
UMeeT UX OCTOSTHHO.

ITpaBuso TpuU aAudA
¢danTOMA. ®aHTOM B
XPOHOKAIICyJIe MOXKET UMEeTh
B CBOEM  cocTaBe U
MaTepuajibHble CTPYKTYPBI
(63 oxrTaBa), HO IIPH 3TOM
obecrieunBaOIINN SHEPTETHYECKUH aBTOHOMHBIA IEHTD JIOJKEH MMETh B
YacTH aTOMHOTO O0JIOKAa 22 ypOBHS BJIOXKEHUA. IDTO UMEIOT TOJIBKO Te
OMOCTPYKTYpbl 3eMJIM, KOTOpble OBLIM CO3/JaHbl JO BBOAA «30JIOTOTO
MUJUIHAP/Ia», T/le SHEPTETUUECKas CTPYKTYpa — BHENTHUN KOHTYP aTOMHOTO
6s0ka. BepHy wumamean Kk ieHOMeHYy Mmoz20, YMmo 2 onucan 8
Hauaae KHU2u OMHOCUMEAbHO ceoell «noe3dku» 6 Hpau u Bcero

TOTO, YTO TaM Iporcxoauio. Kak ciesncreue, U3BeCTHbIE 20 aMHUHOKUCIIOT —
9TO CTPYKTYPBI, IOCTPOEHHbIE HA BHEIIIHEM KOHTYPe aTOMHOTO 0JI0Ka.
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IIpaBusao uersipe aaa ¢panroma. Jlooas ouocmpyxmypa,
umerwan 6 cmpykmype kaemxu ece 64 kxooona /THK, moxcem
XpaHumscs muaauapost aem. 3amanuanBo? Ho Hac ¢ BaMu HHTepecyeT
HE XPAHEHWUE a ITPOYKMBAHWE, u xejatejbHO ¢ EPCHEKTUBOU
3aBTpallHero JHA. JTa nepcueKkTuBa ecTb. OHa peasibHa, U OHA IToJIy4yeHa.
yKe Iucast, 9To eciu (BoBpemsi) npuMeHeHbl IIporpammer «CBet/I», TO
124 roaa (AaKTUBHOU KU3HU) — ToJIydaercs. Ecyin mpuMeHeHne Ha9aI0Ch ¢
«3amo3JaHueM», B BO3pacTe OT 50-55 JieT M BBIINI€ — 3/1eCb He MOTy
ckazaTh (Ha3BaTh) TOUHOE YHCJIO, J1a, HaBepHoe, oHo 1 HE HY2KHO. Ho To,
yro 310 Oymer AKTUBHAA JKMU3Hb u TO, 4YTO OHA IIPOIJIAT
«OTBEJEHHBIM CPOK» KaK MUHUMyM Ha 20, a TO U 30 JIeT, [IPOBEPUTH
KOHe4uHO e (1moka) He cmor. Ho BCE PAC‘IETI)I, KOTOpBIE CAeIaHbl JJId
coznanusa IIporpamm «CBetJ/I» B 3TOM HampaBJIeHMH UMEHHO B PaMKax
MaTepuasa, KOTOPbIM ONMKCAH BbBIINIE M KOTOPBIM MIPOAOJDKAID MHUCATh —
5TOMY NOJITBEPKIAEHUE.

11.10. Heaperckue urpsl ¢ 1eTbMu

B ImocjaeaHue roJbl CTaJiv IIPOABJIATECA UHTEPECHBIE COOBITHA.

Bo-niepBbIX, pacTET YMCIO0 MOHCTPOB IIPU POKAEHUM (M3BECTHO —
Yxpauna, Poccus, Kurait, Uaaus).

Bo-BTOPBIX, PACTET UNCIO «HEOHOIIEHHBIX» HOBOPOXKAEHHBIX, BeC
KOTOPBIX HEMHOTHUM 0o0Jiee 700 TpaMM.

B Tperbux, B MUpe €:Kero/lHO MPOMNaJlaeT CBBIIIE 2 MJIH. YeJOBEK
(30% packpsiBaercs). dta nudpa pacrér. Kak oTtMeuasoch paHee, B CBOEH
OCHOBe criepMaTo30u/] ceroaHAa umeer 88 okraBy cocroanua Mo3sra.
[Ipy momaflaHuu B «IECOYHUILy» B TeUeHUE Q MecsAleB MPOU3BOJUTCA
PACCEVBAHUE OKTABBI 0o 64 u pocm 0o HOpmbL (cM. Tabuity).
TosbKO B TOM CJIydae, €CjIi YaCTOTHBIA HAOOp Yy MY:KYUHBI U KEHII[UHBI
nosiHocThio coBnasi, ITIOABJIAETCA BO3MOXKHOCTD npopomkeHus
poza.

Hoeble uacmomusl 6cmasasaucyh kaxcovie 12 aem. JKennuaa
BBITIOJTHSAJIA POJIb «IECOYHHUIIBI», B KoTopoil u IMPOM3BOAMNJIOCH
YBE/IMYEHUE pa3mepa ciepMaTo30uaa A0 3.5 KI' C yMEHbIIEHUEM

OKTaBbI € 96 10 71.375375.
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Pocr Mosr Bpemsa .
Bec npu . | Koneunni | Macca
OxraBa HOBOPOXK- | HOBOPOX- | OepemeH- | KoHeuHBIN
poaax, e e BEC, KT' B Mo3ra,
COCTOAHUA AE€HHOTO, JAE€HHOTO, HOCTH, pocTt, CM
rpaMm o 64 OKTaBe | rpaMMm
CM OKTaBa JAHEen
o
63 3650 54 64 278 175 88 2400
o
6 1400 17-28 66 21 166 66
5 Ho 14 7 7 4950
Tlo 75- Oro
71 57;5 6-18 72 176 152-162 56-48 pifo)
7 7200
Opnako oOKTaBa 0a30BOTO COCTOSHUS YKe U3MEHEHa, IOTOMY

HeOOXO/IMMO IOHATH KOPpPeKTUBbl. YUTO OHHM o3HaualoT? Panee Mosr
usmenaacsa 88—-65 okmasa, ¢ 1984 roza BBeeHBI 0ONOAHEHUA U
8867 okxmasa, 10 ectb YEJIOBEK CTAJI YMHEE, HO U3MeHUJINCH
COOTHOIIIEHUsA, STUX HOBOPOXKJAEHHBIX CTaJM CUUTATh
XOTI OHU HMET HHYK HIPOCTPAHCTBEHHYIO

HEKOTOPbIE
«HEJIOHOCKAMM »,
opueHTanuio. Cienytomuii mar: 88 —71 okraBa.

B Tabnune npuseneHbl paziauuus. OOpaTUTh BHHUMaHHE Ha BpPeMs
OepeMeHHOCTH, MO BPeMa — HOPMA 041 KOHKPEMmHOo20 munad.

[ToBemeHme JKeHIMWH 3aBUCHUT OT JIyHb (HAmpumep, ITUKJIBI

MEHCTpyaIuil).

[Tpu mosyyeHnm WHOPMALU O TOM, YTO CIIEPMATO30W], JOJIKEH
OBITh YHUUTOKEH, C Hcioab30BanueM aboptos, OH JIMKBU/INPYETCA

Bce >xeHIUHBI (32 HEKOTOPHIM
WCKJIIOUeHneM) Jiio0yioTess JIyHOH,
cunsa (méxa) B OOHMMKY Ha
ckaMelike Ha Oepery peku (Mops).
1o He COBCEM pasgHoe
BPEMAIMPENPOBOXKIAEHHE —
JKEHIIUHBI cBeTAT Ha JIyHy, TOo Ju
JIyHa CBETUT Ha BCeX — 3TOT BOIIPOC
OT/IeJIPHO He mopgHuMasics. OgHaKo
3aMeveHo, 4TOo METOHCKHH
KaJIeH/Iaph MIMEeeT 235 MecAIeB
(18 Js1er), HO aKTUBHBIN PEXUM Y
JKEHIIUH 3aHUMAET UMEHHO
18%¥2=36 Jer, u or Bo3pacrta He 3aBUCUT. JIO3yHT y DPpaHI[yKEHOK,
HaIlpUMep, «IePBBIA PEOEHOK C 43 JIET!»

TO JIK
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«YcranoBka» Moara MIaJieHIly NPOUCXOAUT HAa 12-U MeCHI]
nmocje 3adarua. BoT mMo3ToOMy KHTAWIbl U CUHTAIOT JIATy POXKAEHUS
pebéHka ¢ MoMmeHTa 3auvatus (Hauasa OepemeHHOcTH). OOIee BpeMs
BBIHAIITUBAHUA 274 HA (Y KOIIIEK — 52 AHA). BpeMs BhIHAIIMBaHUSA CBSI3aHO
C HCKYCCTBEHHBIM IUKJIOM st 3emiu (366), mw HE WMEET
OmoJIOTHYeCKON MPUBA3KU. Ommemum, Wino MaJIbYUKHA POKAAIOTCA
npu BocxoaAinen J/Iyne, a 1eBOUKU — IpH yxoasien. Eciau mwion He
TOTO pasMepa WM He HMeeT HYXHbIX mnapamerpos, MO3I' 3EMJIN
OPIAHU3YET BBIKU/IBIIII.

Bce 36 aem JceHWUHBLL HAXOJATCA NOJA, KOHTposeM JIyHBI,
apnaTca [IPAMDBIM TPAHC/IATOPOM Bcex KOMaHJZ, KOTOpBIe
nepenaétr Jlyna. XKenmuuna HE MMEET BO3MOXHOCTU aKTUBU3HUPOBATH
MIOJIy4YeHHbIe KOMaH/1bl, IOTOMY OHa HaXO/IUT KOHEUHbIU «aBToMaT» TUIITA
ITAYK wu cOpacelBaeT eMy BCE, YTO IOIyYHsIa (BO3MOXKHBI HCKAXKEHUS).
Koneunslii  aBTOMAT  mpeoOpa3yeT  TMOJIyYeHHYI0  HMHOOpPMAIIHIO
(My3bIKaJIbHBIE TOHA) B KOMAH/IbI 1 UCIIOJIB3YET BCE B HOBCEHHEBHOfI
ZKM3HUN npu mnosHOU nopanep:kke CucreMpl YmnpapjieHUs. IOTUM U
00OCHOBBIBAeTCS TaK HAa3bIBAaeMBbIl WHCTUTYT «€BPEUCKUX HeBecT»,
IIpUMEHEeHHe KOTOPpOro O4eHb Xxopouio onucaHo y H. JIesamiosa.

Takum ob6pazom Jlysa IIOJIHOCTBIO KOHTPOJIMPYET
JKEHIINH, a Yepe3 JKEeHIIUH — JPyTHe «00BEKTHI IOBCETHEBHOU KU3HU » TIPU
noazepxkke CrucreMsl YIIpaBjieHUI. IMa 603MOHCHOCTb NOABUAACD C
0 200a nocae 6800a Nepaeoil 2pynnvl Hacmon KoHmMpoasn. Ckazku
npo Xpucra nosgBuwauch nozgHee. ®opmy miiazieHna gopmupyer JlyHa,
MIPUYEM TaK, UTO €CJIU HET CBA3U, MOJIydaeTcs MOHCTP — mayk. To ecTh 11
BCEX TeX, KTO TMOJIy4YWJ CIEPMATO30H7 OT mayka (IOX0XKH Ha Tex
WHOIUIAHETSIH, KOTOPhIX OHHU OTOOpa)kajiu B MO3Te JIIOJIel) B IECOYHUIIE
(ckeHIIIMHE) JTOJKHBI OBITh YaCTOTHI, 0OecreuynBaroIue MIaZeHIry hopmy
Yesosexa, moromy y 1FOJIEM sxeHCcKOe HaUao.

BCE 30J10TO, KOTOpOe «Ha/eTo» (MHOrO W OYeHb MHOTO) Ha
xkenmnuny, ABJIAJIOCD gonosHUTENbHBIM (PAKTOPOM B YIIPaBJIE€HUU IO




YACTOTHBIM COCTABJISIOIINM, CBOJISIEE OIMUOKA B YIPABJIEHUU 10
MHUHUMYMa. 30JI0TO, KaK MeTKA Il OMOCTPYKTYp, UMEET CBA3KY B I[E€IH
OKTaB 32+42-+53, uTo no3Bosisiyio Moary atmochepst OTC/IEZKNBATD
«CBOUW» OWOCTPYKTYpHI, T.e. HWHAUBHUIOB C KAKHUM-TO BBEJEHHBIM
reHotunioM Moara. Eciii u3 jsircra 30510Ta coOpath cXeMy HEKOU 00BbEMHOU
¢urypsl, orobpakarolleli BpallleHHWe KPHUBOH OTPHUIATETbHOH (OPMBI
BOZIOPOZIa IO CIIEKTPAJbHBIM JIMHUSM 30JI0TA, TO IIOJYYUM HEKHUH
«EeCTECTBEHHO IPUPOJIHBIN HaCOC», HAIOMHHAIOIIHUH (pOPMY JIyKOBHIIBI.

Takoli Hacoc, ¢ OJHOM CTOPOHBI, cobOupaeT u3 Mosra y Bcex
MIPUCYTCTBYIOIIIUX B XpaMe OOJIBIIYI0 YacTh MOTEHI[HAJIOB, KACAIOIIUXCS
SHEPTrOMH(GOPMAIMOHHOTO CIEKTPA YaCTOT. B TO Ke BpeMs 3TOT «HAcoC» C
[JIyOMHBI 1200 METPOB ITEPEKAYNBAET IO/ KYIIOJI IIEPKBH BCIO HEOOXOIUMYIO
0 TEeKyIed IporpaMMe WCIOJHUTEIbCKYI0O HWH(GOPMAIUIO, KOTOpas
HaKOIJIEHAa Ha IITMHAX B 30HE pa3MeIlleHUs [IEPKBU. 30JI0TO UCIIOJIb3YETCA B
KayecTBe CyOCTHUTyTa IO HEJOMBICIHIO, ITOCKOJBKY 3TO TaKOW H30TOIL,
KOTOpBIM B JII0OOM MOMEHT MOXKET NPEeBPATUThCSA B CBUHEI] II0 CXeMe:
Au—U-Pb.

Bcero B 30J10Te MMeeM 24 BapUaHTa «CTaOWUJIBHBIX U30TOIIOB», BPEMSI
JKU3HU KaXjoro 0Oosiee 4000 Jier. Bce M30TONBI HMMEOT HAYaIbHYIO
(ucxomuyio) crpykrypy yactoT 1 HAYAJIBHYIO MATPUILY. Ilo stoi
HAaYaJIbHOW MATPHIE COCTABJIEHBI XapAKTEPHUCTHKH 30JI0Ta, HO OHU YKe
N3MEHEHDbBI HE3AMETHO gnsa oxpyxatomux. Ecau 30510T0
WCITOJIb3YEeTCs ISl TEXHUUECKUX IIeJIeH, T.€. CBA3KA 31+53 OKTaBBI, TO TAKOE
30710TO Oy/leT WMeTh IMOCTOSHHYI0 NOoAKaukKy. CoueTaHUE CBSA30K JIA€T
BO3MOKHOCTb IOJIYYUTh KOHKPETHOE IIeJIEBO€E MCIIOJIb30BAHUE, UTO JIejIaeT
€ro YHUBEPCAJIbHBIM TEXHHYECKUM MaTepuajioM, HO y:Ke He Oojiee Toro. B
CBA3U C TEM, UTO 3Ta «30JI0Tas COCTABJIAKOIIASA» IMPAKTHYECKH yKe He
paboraet, 5To PESKO OTPAYKAETCA Ha 00111eM COCTOSTHUU YKEHIIUH U
0COOEHHO OTHOCHUTEJIBHO 3/10POBbA. JIJ1s1 TOTO YTOOBI KOMIIEHCHPOBATH 3TOT
IIPOU3OIIEAITNN IIePeKOC, HYKHO 30JI0Tble «yKpallleHUusi», KOTOPbIE
COTIPUKACAIOTCS C TEJIOM, CMEHUTH Ha cepeOpsHble WJIN IPOCTO CHSTh, YTO
JUIST MHOTHX >KEHINWH (]a U He TOJIbKO) — «CMepTH IojooH0»! Cepebpo
“MeeT CTPYKTYPY PelIETKH, OIu3Kyr0 K Mo3sry YenoBeka. ATOMHBIN 010K
cepebpa uMeeT pa3/JIMYHbIE HAIMPaBJIEHHUs OCEH TeTPa’ApPOB, IIOTOMY
cepebpo HE MOZKET BxoauTh B OMOJIOTUYECKHE CTPYKTYPHI B UCXOTHOM
BHU/le — Bcerga HeobOxonmMma mapa (ranresnb). CepeOpo IPHUCYTCTBYET U B
MOPCKOH BOJle, U B Ka)KJIOM KyOOMeTpe 3eMJIH, CIEKTp cepebpa umeer
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pocTyio ¢opMy (110 SHEPreTUYEeCKUM JIMHUSIM OJITHAKOBOH IJIOTHOCTH) U
KOHTYp O3THX JIMHUM — Marepuk IOkHas Amepuka. Tam B 1eHTpe H
HAaXOJINTCS KPYITHEMIIIee B MUPe MECTOPOXKeHHe cepebpa. Meskue ¢hopMbl
pasbpocansl 1o Beer 3emiie. Cepebpo 001a/1aeT PSAAOM UyAeCHBIX CBOUCTB.
ITepBoe ¥ Ba)XKHOE B HAIleM MOHUMAaHUHM — KAaK B3JIEMEHT, CIIOCOOHBII
BbIJIep>KaTh S9HEPTETUUECKYIO ITOJKAUKY A0 139% Ha 41 OKTaBe, SABJIAETCA
MeTKOM B MeaunuHe. Yacrora cepebpa caMbIM aKTHBHBIM 00pa3oM
B3auMoyeiicTByeT He ¢ JIyHoit, a HEIIOCPE/ICTBEHHO ¢ CUCTEMOMI
KMN3HEOBECITEUYEHMUA. Bor mostoMy U HpUMEHEHO cepedpo Ipu
npous3BosictBe bpacieroB u  KysloHOB, Kak «Iwiomagaka» JAJjasda
«pasMmelneHun» I'ermeparopa.

Ha ceronns te, kto poawicsts PAHBIIIE BPEMEHMU (6epeMeHHOCTD
MeHee Q MecslleB), CUMTAIOTCA HeJoHOocKkamMu. OJHAKO 3TH HEIOHOCKU
okazpiBatorcas HAMHOI'O YMHEE cBoux cBepcTHUKOB. OHH
HEJTOHOCKM otHOcuTEeNbHO 65 OKTaBbl, HO B cmpykmype 67
0KMaebl OHU — HOPMAAbHbLE A00U, U 8pemsal OepemeHHoCcmu
uHoe. MaccoBblil IyCK 67 OKTaBbl IPOU3BENEH B 1984 TOAy, eITNHUYHbBIE
(sxcIepuMeHTaIbHbIE) HAUAJINCH elllé 0oJiee 300 JeT Ha3akd, [IPU 3TOM
oTpabaThIBAJINCh B3aUMOCBSI3U 10 BCEM YaCTOTaM KOHTPOJIA IIPU HAJTUUUU
OT/IEJIbHBIX CTPYKTYP U 71 OKTaBbI (MAaCCOBOE MOSIBJIEHUE JTUJIUITYTOB B 3TIOXY
ITetpa I).

Ompa6omka 67 okmaevt Hauaaacwb ¢ Ilacxu 2008 200a,
nomomy IIpasumeascmeo Poccuu npunaao peuweHue o CpoHHOM
cmpoumeascmee 28 KAUHUK NO 6bIPAWUBAHUIO MaadeHUes,
umerwux 8ec 0K0.10 700 2pamm (cMm. Tabiully Bbilie). V3BecTeH
dbeHoMeH «AsIéIIeHBKU»8, JDTO — MOKA €/IUHUYHBIE CIy4Yau IMOSBJIEHUS

8 KpIIThIMCKHI Kapauk (AJIEIIeHbKA) — HEM3BECTHOE CyIecTBO (1o HanboJIee paiuKaTbHON
BEePCHH — HHOIJIAHETAHUH) B ropoie Kpimteime. I1o MEHEHHUIO CKENITHKOB, CBEIEHHS O €T0 CYIeCTBOBAHIH
HOCSIT XapaKTep TOPO/ICKOM JIeTeH/Ibl, KOTOpasi BO3HUKJIA B cepeinHe 90-X IT. XX Beka B Poccum.
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MJIaJIEeHIIeB 71 OKTaBBblI, U [0CJIe NOJHOU peajn3alnyu BceX OCHOB 67
okTaBbl 6yzer OCTOPOKHBIN ITEPEXO/I Ha 71 OKTaBY, IIPU 3TOM
IIPOMEKYTOUHAsI CTyIEeHb, HA KOTOPOU OTpPabaThIBAJIMCh BCE HEOOXO/IMMBIE
ycranoBkH, 6ostee HE IIOTPEBYETCS, u Bce 12 KOJIEH MOTYT IIPOCTO
ncue3Hytb. M ckopee Bcero Oyzmer umeHHO Tak. C 2008 2oda
npou3eo0umcs cCMeHa NPocMpaHcMeda nNo Hacmomam 36yKa, u
6ce 12 K0.1eH umerom 00 21% eocnpuamusn 38yKda.

HcxoqHBIM MaTEPUAJIOM /Il IIOCTPOEHUS 12 KOJIEH SIBJISAIOTCSA JIIOIH,
uMmeronue xx.33 okraBy. Muble ctpykTypsl HE MCITIOJIB3YIOTCA, Tak
KaK JOJDKHA OBITH OCHOBa 0Oe3
usMeHnenuii. Ilepexoa Ha UHYIO
OKTaBy cyIiecTBoBaHus Mosra
npOCTpaHCTBeHHaﬂ zb TPEByET

opueHTauus IIEPECTPOEHUA u
IIPOCTPAHCTBA CYII€CTBOBAHMUSI.
Onmuueckoe egocnpusmue
umeHaemcss emecme C
u3mMeHeHuaIMuU ecex
KOHMPOAbHBLIX cucmem —
cayx, ocazaHue, 000HsHUe.

zZa

Xa

% < B nepsyio ouepeds
cCHUMaemcs cayx.

Y=A+iB+C+kD L.

y i, J, k=\- PaccmoTpuM nmpocredimmun

IpuMep. Hcnonb3yem

H3BECTHYIO TEOPHUIO

KOMIUJIEKCHBIX ~ YHCeJI, B YacTHOCTH, KBaTePHUOH. Teopus

IIPOCTPAHCTBEHHOUN OpHeHTanuu Ha 0a3e KBaTEPHHOHA WCIIOJIb3yeTCAd B
Kocmuueckoin otpaciu. IlosHasda Teopusa KBaTepHHOHA IIpUBeEJleHA B
paszaenax «CuMMeTpus».

OTHOCHUTEILHO CTAaOMJILHOI cHcTeMBI (64 OKTaBbl) KaXKABIH UesloBeK
HAXOAUTCS B METAacTaOMJIbHOM COCTOSHHH, WCIIBITBIBAS TIIPU STOM
ompe/leJIEHHbIE HeyZo0CTBa W CTpeMJIeHHe TIepeHTH B CTaOWIbHOE
cocTtosiHMe (BpalieHre BeKTopa V U €ro IepeHoC B IMapasliebHYI0
CTpyKTypy). Ecim Ha cerogHsa NpUHATO MeTacTabWIBHOE COCTOSHUE,
OTMEYEHHOE Ha PHUCYHKE KOOpAWHATAMU Xa, ya, Za, TO JIIobas CTPYKTypa,
HaxoAIascA BHe JTUX KoopawmHar (xb, yb, zb) Oymer BbIHYXZIEeHa
WCIIOJIb30BaTh JOTIOJTHUTEIbHBIE TEXHUYECKHE BO3MOXKHOCTH [JISI TOTO,
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4TOOBI OBITH B IPUHATOM Ha CETOHS COCTOSHUU. JIJIA 9TOTO UCIIOJIB3YIOTCS
OYKH, CJIyXOBbIE amnmaparsl, AyXd, Ma3u, U rnpodee. IlepeBoj B 71 OKTaBy
KakK OCHOBBI 710/1keH 0b11 061 u3MeHuTh HE TOJIBKO rpaBurariuio, HO U
BCe OCTaJIbHBIE TTApAMETPHI. 71 OKTaBa JI0JKHA ObLJIa CTaTh OCHOBOH TOJIBKO
JUISI  30JI0TOTO MWILJIMOHA, U BCE OCTaJIbHbIE JOJIKHBI OBLIH
IIOZICTPANBAThCA — HOCUTh MOHOKJIM, U3MEHSIINe Oojiee 4eM B 50 pas
OIITHKY, CJIyXOBBbIE allllapaThl /I yCUJIEHUs 3ByKa OoJiee yeM B 72 pas3a u
Tak gayee. Ckaxky OoJibllle — TaKOe KOJUYECTBO JIIOJIEN, KOTOPhIE CErOHA
o0OpaIarTcs 3a ITIOMOIIBI0 OTHOCUTETBHO HMEHHO «IIOTEPU» 3PEHMU, CIIyXa,
BKYCOBBIX KauecTB — 3TOMY IMOATBep:KAeHHe. M 371ech, KOHEUHO IKe,
HEOLIEHUMYIO YCJIyTy oKasbiBaloT [Iporpammel «CBeTJI», B jydliieM ciiy4yae
— BOCCTaHaBJIUBAs YyTPauyeHHOE, B Xy/IIIIeM — CTaOMIU3UPYS CUTYaI[UIO B TOU
I WHOU CTEIIeHU U He JIaBasi el pa3BUBAThCA K yXyAlIeHn0. KoHeuHo ke,
BCE 3TO BOPsMYyI0 3aBHUCUT OT Boadpacra Ilonb3oBaresnss. YEM CTAPIIIE
Yesosek (ocoberno mocye 60 jner), TEM JJIMTEJIBHEM npoxomuT
MIPOIIECC O3/I0POBJIEHUS WM, KaK YK€ TOBOPWJ, — IIO0 IIPOIIECTBUU
HekoToporo Bpemenun YXY/IIIEHUWA JIIPEKPAIITAIOTCA wu
HACTYIIAET CTABM/IN3AIIUA. IlepexonmHble IPOLECCH, KOTOPbIE
npoucxoasaT B Cucreme jxu3HeoOecreueHusi YesoBeKa, KaK BBl YiKe
Ha0JII0/1aeTe, COMPOBOXK/AAIOTCA II00AIBHBIMHU KaTacTpoaMu — IyHaMHU,
yparaHaMH, 3eMJIeTPACEHUAMHU, U3BeP)KeHUAMHE BYJIKAHOB, — Tak kak BCE
JINIIITHEE u HeHyXHOe (He HaMU OIpeJiejisieMOe) pacCEeUBAEeTCA U
BbhIOpachiBaeTcsi B KocMoc 1 B TEIJIOBBIE OKTABbI BHICOKOH IMJIOTHOCTH.

Yo Kacaemo nHMopManuu o mporecce POYKIEHW A JIETEN nnn,
ecyii OBITh TOYHEE, TO B TepMuHoOioruu b. MakoBa, — «poxcdenus Mo3sza
Iyweenoit Cywynocmu» (4to Ha MOU B3IVIAA 0Oojiee BecoMO s
noHuMaHus 3Toro Bonpoca) CEI'O/IHA sto moxker BECBMA PAHVIMO
OTpaKaThCsA JIJIs T€X, KTO MOJIOJI, KTO POPMUPYET CEMBU — Y KOTO-TO C 3TUM
MIPOIeCCOM Y2Ke UMEIOTCS TPYAHOCTH U Jaxke Tpareauu. Ilostomy s BechbMa
OCTOPO?KHO U, €CJIU YMECTHO, IeJTUKATHO OTHOIIYCh KO BCAKON HH(MOpMaLu
o gerax. Jna BCEX KATEIOPUM JIKOJAEWM, koTopble 10
HE3ABNCUMBIM or Hux IIPUYUMHAM noamagaloT IIOJ
«Heunmezpupyemwvie», — caMm 1ponecc pAetopoxkjaenusa 11O
CHIKAIOIIIEM (1 3To O4eHb CKOpO) GyHeT ZIOBEAEH [0 COCTOSHHMSA
NCKJIIOUEHUA ux panpHeinmero «PASMHOXKEHUA» BooOGIIE.
DYHKITUH JIETOPOK/IeHUS B UX KOHCTPYKIuu Mosra 6ynyr HEAKTVBHBI.
He cnenyer nenats jutsi cebsi KAaKUX-JIUO0 BBIBOJIOB TEM, Y KOTO B JIAHHBIHN
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MOMEHT HUMEITCA B 3TOH dYacTu mpobsiembl. Hy:kHO B J1I000M city4ae
IBITaThCA PpemIaTh 3TH TPoOJIeMbl, B TOM YHCIE WU C IMPUMEHEHUEM
IIporpamm «CsetJI», KOTOpBIE 3a TOCJeNHUE TOABI (KTO OBl Kak He
OBITAJICA 9TOT Tmporecc oxamBaTh) mnokasam JSHAYUYUTE/IBHYIO
APDPEKTUBHOCTD B pemienuu mo1o0HbIX IpobsieM. O6 3TOM 51 OTKPBITO
MACJI B CBOMX CTaThsiX M 00 3TOM TOBOPSAT aBTOPHI 0JIarOZapCTBEHHBIX
IIICEM M OT3bIBOB U3 T€X, KOTOPbIE Pa3peEIIEHO IesIaTh MyOIndHbIMU. Jlaxke
ecstu yto-tTo HE ITOJIYUMNJIOCDH B celi yac, 0COOEHHO y T€X, KTO NPAMO
UAU YCA08HO UHMeZpuUpyem 6 o6yodywee, c 3TUM BOIIPOCOM IIpoOIeM
HE BO3HMKHET. C 2013.04.14 1o 2013.10.25 HoBoH CHcTeMoH
YopaBneHuss ObLJIO CBEPIIEHO MHOTO U3MEHEHUH YyIpaBAIOIEero
XapakTepa, KOTOpble 0ojiee BBIPDA3UTEJNIBHO MPUJAJIN  YIIpaBJIEHUE
JIETOPOKJIEHUIO. DTOT IIPOIIECC MTPOJIOJIXKAETCSA U CETO/IHSA, TAK YTO Te, y KOTO
OBbLTH IPOOJIEMBI B 3TOM BOIIPOCE — TENleph UMEIOT CYII[€CTBEHHBIHN ITAHC UX
pemuth. IIporpammsbr «CBeT/I» IS 9THX JIIOJIEH TOJIBKO YCKOPST WA
co3maayT «koM¢OpTHBIE YCJIOBUSI» peajiusanuu 3aayMaHHoro. ObpaTure
BHHMaHHE Ha TO, UTO «IPOOJIEMHBIX» JIETell CErofHsl POXKIAeTCsA OUYeHb
MHOro (HapacTaiolllee KOJIMYECTBO), OJHAako MUH3/ApaB yTauBaeT 3Ty
npasay, HO Qaxt ocraérca ¢akroMm. IlosToMy HYKHO 3aHUMATBHCA
IIePCOHAIBHO KAXK/bIM MOSIBUBIITUMCS CETOHS Ha cBeT pebénkoM. Hazo He
o6opotbcsi 3a gerei, a BOEBATDHb 3A KAM/IOI'O uHAUBUyaJTbHO.
O6mectBo u3 Jlroneit HE BY/IET npusnano YesnoBeuecTBOM, €CJI OHU HE
B coctostHuu CO3/IATH CBOL ITOJOBUE B GoJiee cOBEpPIIEHHOM BUJIE
1 KauecTBe. MHOTUM y’Ke TIOHATHO, UTO He MOXKET OBITh YHCT JIyIlo TOT,
KTO YCTPEMIJI BCe >KH3HEHHBIE IIOMBICIIBI CBOM padu oopemeHus
demubix 6aaz daa ceb6sa IIYTEM YIINEMJIEHUA JIPYTUX, cebe
PaBHBIX, TeM 0oJiee JIOCTHTAsA CBOIO IIeJIb Yepe3 IPOsBJIEHUE HACWIUS U
WHBIE TIOPOKU. IJTU JoAu yxke Hadaimm obperarp IIPOBJIEMBI C
POK/IEHUEM JIETEMH, kax ofHa u3 IIPUYMH.

HpiHeliHee pox/ieHue JieTell K IPeXHUM IPOTPaMMHBIM IIpolieccam
OTHOHIIEHUWA HE MMEET no npuuynHe ux paspyuenus. Ilostomy Bce
Pa3MBIIJIEHUS U BOIIPOCHI, KOTOPBbIE MHE 33/]Jal0T OTHOCUTEJIbHO I'eHOTUIIA
Mosra POKIAEMBIX JIETEM 6e3cmbicienHsl. Hukakoro cyxaenus o6
WX TPUHAJJIEKHOCTH K KakKuM-Jinbo reHotumam Mosra yxe HE
CYIIIECTBYET. JIpyroe niesio, kKakou ypoBeHb OKTaBbl /IAPOBAH ux
HpiHenmHeMy MO3IY? Taxk Obl o12KeH 3BydaTh Bompoc. Ho oTBeuars Ha
Hero paHo. Jliogu moka HE TOTOBBI c «/lobpomM» OTHOCUTBCA K
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[To3HaHUAM TAKOTO POJia, MOITOMY IIyCTh 3TO OyAET MOKa ano¢paTHIHO, —
yBEpPEH, HaA OMNpeJIeJIEHHBIN KOpPOTKUM mnepuoia. OTHOCHUTENBLHO JIeTEH,
KOTOPBIM IIPEZOCTABJIAETCS KaKOe-JIN00 COXPAHSAIOIIEE COIIPOBOXKEHIE, TO
06 stom HE HY?KHO 6e3nokoutscsi. Hy:xkH0O Ha060pOT, TpEOOBATH OT TaK
Ha3bIBAEMOTO  «VIIPABJISAIOIIETO COCJIOBHA» 0o0Jjiee MacIITaOHOTO U
IIOBCEMECTHOTO  OO€eCIleueHUs] TaKOTO COINPOBOXKIEHUSA, ITOCKOJIBKY
IIpOLleCChl U3MEHEHUs OKpYy:Kawolel IeHCTBUTEIBHOCTA HACTOJIBKO
WHTEHCUBHBI, UYTO adanmayus ecmecmeeHHO20 xapaxKmepa
HedocmamouHa. BoT 1mo 3TON mIpuUYMHE dYalle BCEro JIETH cenldac
POXKIAIOTCA € CYIIECTBEHHO YMEHBIIIeHHbIM BecoM. HyXHO mMomorars,
momorars u momorats! Dto u SABWJIOCH IITPUYUHOM co3nanus
Kommiaekca «CBetrJI» nsa nereit. Ho Haubosiee 53¢ hEeKTUBHBIM SABJISETCA
T0, koraa poautenu YKE IIPUMEHAIOT IIporpammsbr «CBeT/I», u
IIocJIe MOSIBJIEHNs Ha CBeT peb€HKa, HAUMHAA OT 2-3 JIETHEr0 BO3pacra, K
HeMy Toxke npuMeHeHbl Ilporpammbl. [lo 3TOro Bo3pacta pebEHOK
HaXOAUTCA B IoJIe flericTBUsA [IporpaMM MaTepu U Ha UX <IIOTIEYUTETHCTBE».
W yx xosm Takod pas3roBop 3allés, TO HeJb3s He OTMETUTh, UTO B
6mmxaiimem  Oyaymem ~ BBICIIIEMM ®OPMOM  3aciy:keHHOTro
ITOOIIIPEHVA, kak NpuU3HaHUE 32 CBOE OOPETEHHOE COBEPIIEHCTBO,
oyner IIPABO CO3/IATDH CBOE IIO/IOBUE, T.e. poxnaenue aereii! Ha
Mol B3WIAZ, 1o apyromy u 66iTb HE MOZKET. U, uTo XapakTepHO U
aKTyaJIbHO Ha Cero/iH#A, — B3ATOK 3a 9TO JJaBaTh HEKy/1a.

11.11. CTpyKTypa pocTa 1 NPpOrpaMMHBbIE CJIEACTBUA

Yes10BEUECTBO B CBOEH OCHOBE A0 Halll€eCTBUA UMEJIO WHOU BUA.

Bo-nepBbIX, HUKTO TOYHO HE 3HAET, CKOJIPKO « KUTAHUCKUX TOUEK» U TaK
Ha3bIBAEMBIX «HYaKpP» CYIIE€CTBYET.

Bo-BTOpBIX, Kakoil Ob1 MO3r Ipu Tex pa3dMmepax Teja (BKIOUast
«aTJIAaHTOB»).

B-TpeThux, KAaKOBBI OBLIU CBOMCTBA KOKU UeJsloBeKa, KOCTEH, U KakK
IIPOU3BOIUJIOCH PEATbHOE PAa3MHOMKEHME.

CKOJIBKO JIET KUJI YeJIOBEK?

[To3gHee moOJydyuM OTBEThl HA JTU BoOmHpochl, ceityac WM/IY1
IIporpammubie U3MEHEHWSA, koTOpble UMEIOT CBOIO CIETUDUKY.
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HcxoaHble JaHHBIE 1A MOCTPOEHUs uaeajIbHoro Moara:
1. Hanuuue 84 oxraBsl (maér cyrauk IV Kasutucero).

2. CunxpoHmuzanus c 6a30i#, Ha KOTOPOU MOCTPOEHBI IPABUTAIUSA,
TPYOKH CBSI3U CO CITyTHUKAMH, CBET.

3. CunxpoHusanuio ¢ 84 oKkTaBou Mpou3BoAUuT JIyHa.

4. Marautaeii umnysnsc nycka Ilporpamm  gaer  CosHile
(paguanOHHbBIE YACTOTHI).

5. 18 Cucrem YnpayieHus Ha 3emiie 00eCIeYUBAIOT UCIIOJTHEHHE.

6. bBonee 3000 3oHAOB (Tak HaszbiBaemble HJIO) mpousBOAsAT
KOHTPOJIb UCIIOJTHEHUS U U3bsITHE OroMarepuasia.

OpHako ecTh HEOOIbIIINE HEYBA3KU.
ITepBoe. Het okTaBbl Bbile 84 (Ha/10 UMETH Bee /10 512).

Bropoe. Het xomnekcos (mupamus) s GopMUPOBAHUSA BBICOKUX
OKTaB, U HEM3BECTHA TEXHOJIOTUS UX MOJIyIEHUS.

Tperbe. Unciio BapuaHTOB ompezesisieTcss Kojgom 8*8 (u3BecTHas
3a/jlaya — «CKOJIPKO BapHaHTOB 00X0Ja KOHEM IIIaXMaTHOM JIOCKH»).
MaxkcumanbHOe 4UCII0 BapUaHTOB HE ITPEBBIIITAET
10.000.000.000.000. droro HEJTIOCTATOYHO pis oTtobpakeHUst
BCEX BHUJIOB CyI[€CTBOBAHMSA JAxKe /10 96 OKTaBHI.

Crpykrypa kybouueckou pemérkn HE ITO3BOJIAET nepeiitu K
JIPyTOMY BapHaHTy — 000€Kad0PaAbHO-UKOCAIOPAANbHOMY (TOJBKO
OJTHA 9Ta CBsA3KA UMEET CBHIIIE 1045 BapuaHTOB). Ho /1U1s1 5TOr0 BapranTa
HET CHUCTEM KOHTPOJISI, MX HaA0 pas3pabaTbiBaTh WA ITOIBITATHCS
HCII0JIB30BaTh TO, YTO OBLIO JI0 HallecTBus. Kak mpumep, paccMOTPHM
o611yI0 CTPYKTYpy pocTa u [IporpaMMHbIe CIeZICTBUA.

Nmeem: 8 rpym 110 64, Kaxxaa rpynia pa3feieHa Ha [UKIAYECKYI0
IIOCJIE/IOBATEIBHOCTD, ONpe/esiAeMyl0 pelleHueM 3azauyu ['amMuiabTOHA
pasMepHOCTH 6464 (336 271eMEHTOB).

OxkraBa 512 — npejaeabHasa. Keratu 2512=13407807929942597

09957402499820584612747936582059239337772356144372176403007354
6976801874298166903427690031858186486050853753882811946569946
433649006084096, IIpU 35TOM HUCAO B6AO0HCEHHLIX AMOMAPHBIX

cmpyxmyp =64.
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HN3HayasbHO  IIPOU3BOJAUIINCH
OKCIIEPUMEHTBI, HO YHUCJIO MaTpHI]
Pe3KO COKpamajaoch, U IMOTOMY BCe
9KCIIEPUMEHTBI IIPOU3BO/INIVICH
TOJIBKO HA BUOCTPYKTYPE,
B3ATOU KaK UCXOIHAS.

448-512 OkTaBbl

384-448 Okrasbl

320-384 OkTaBbl
B 3Ty CTPYKTYDPY OBLIN BHECEHBI

558 320 Oktant 12 0a30BBIX YaCTOT, OTHOCHTEJIbHO
KOTOPBIX 1 GOPMUPOBAINCH BCE BUIBI
B3aMMOCBsA3ell. B  ckaskax aTu
OHUOCTPYKTYpHl MIMEIOT 12 KOJIE€H.
Hu oxumo u3 xoimen HE HMMEJIO
bosiee omHOM 0a30BOM 4YACTOTHI, U
84 U3MEHEHUsI BOKPYT HEE I103BOJISIN
MIPaBUJIBHO HCII0JIb30BaTh
uMelmuiicas Ouomarepuan (roes).
Bor orcioma W UWIAET BCA  UYIIb,
npornucanHasgs B Tope u bubaun
OTHOCUTEJIbHO 12 KoJyieH. B bubsumn, Hanpumep, OoHU Ha3BaHbl MMEHAMU
ceiHOBel MakoBa (BbIT. 49:28).

192-256 OkTaBbl

128-192 OkTaBbl

64-128 OkTaBbl

1-64 OkTasbl

Vcrionp30Basicsl TOJIBKO Juamna3oH xX.33 (xx.375375). Ha srtor
JIana30H « HaBEeIINBAINCh» TOTOBbIE CTPYKTYPHI, IPOIIeIITe IPOBEPKY Ha
OJHOM U3 12 KoJyieH. Takum o0Opa3oM MOJIydusau YBA3KY (HOpMasbHOe
CYIIIECTBOBaHME) HEOOXOTUMBIX OMOCTPYKTYP (He 8xo0sayux 6 12 Ko.1eH).
s Toro uro6s1 HE BBLJIO monbITOK BMeNIaTelIbcTBa B paboTy Cucrem
YupasiieHus, 0MOCTPYKTypaM 12 KO/1€H 3anNUCbL8ANACHL OMKPOBEHHAS
de3uHgopmayun (HaupuMmep, CETOAHSAIIHAA HayuHass 0aza). MI3BeCTHBI
MHOTOYHCJIEHHBIE Uy/leca, HAUMHAs C « HEIIOPOYHOTO 3a4aTusi» (KCTaTu, 3TH
ciydau O6b1te ¥ B Poccun). /1o cux IOp B HAyYHBIX KPyraxX UAYT CIIOPHI O TOM,
CYIIIECTBYIOT JIU TyMaHOUBI (c OapabamkaMu Bce 3HAaKOMBI). PaccMoTpum
CJIEZIYIONIYI0 CXEMY: MAMePuanIbHbliilt Mup cyuwecmeyem 00 64
oxmaewt. Beé, uTo BhIllle, HA3BAHO B HAyKe aCTPAJIbHBIMU U MEHTAJIBHBIMHU
MOJIAMU, HO HWMEHHO B HHUX U JKUBYT T'yMaHOHUABI (Y IOMOXO3SIEK —
Oapabamku). Ity ke mHbopManuo nan u H. JleBamoB B CBOMX Tpyaax
OTHOCHUTEJIbHO aCTPAJIbHOTO W MEHTAJIBHBIX YPOBHEH M O TOM, UTO Tam
«TBOPHUTCSI».
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HeszaBucumo oT

71 okTasa MaTepHaIbHON CTPYKTYPBI

69 xrans Cucrema Yrpasnenus

64 okTaBa dbopmupyer o6pas, CTPYKTypYy,

KOTOpasg JIOJDKHA  00J1ajaTh

i i Gl G I BCeMHU CBOHCTBAMH, IPHCYIIIMHU
YenoBeKy, W yIpaBJATh UM B

JIFOOBIX CUTYyaIusX. [Tpu

HwxHuit nopor ynpasneHus (56 okrasa) JOCTIKEHUH COBMEIIEHHUST C
OcHosa (rpaHuua) BHEIITHEN Cpeo MPOU3BOUTCS
MaTepuanLHoro Mupa 32 okTasa qACTHYHAS - I
MaTepUaATHU3aIHS o7

ynpasienueMm CucreMbl YpasyieHnus Kaiiiac.

YacruuHoe — Bbl BuauTe mpuBHjieHUs, «Oapabaliiek», KOTOpPbIE
MOTYT U BpeJl HAaHECTH.

V3BecTeH CieAylOIMUN CjIydall MOJHOHW MaTepHAJTU3AINU:
mostonas keHmuHa, HE BEPEMEHHAS, mouyBcTBOBasia CUJIbHEHIITHE
6oy B HIKHEN dYacTu kuBoTa. OOpaTwiach K THHEKOJIOTY, KOTOpas
HUNYEI'O HE OBHAPYZKIJIA u nnocoBeToBajia J€UUTHCA OT IPOCTYAbI
IIyTEM OIyCKAaHWA HOT B Ta3WK C Tropsiueil Bojio. B MOMeHT Hauasa 3Tou
IpoIe/lypHl B Ta3UK HeHoHATHO oTkyza IIJIEITHYJICA MJIAJIEHEIL
(Bec 3900 rpamm, pocT 49 cM). B poasoMe mocumTasiM, UYTO KEHIUHA
cKkppUIa OepeMmeHHOCTh. PaKT wuU3BeCTHBHIM. ITO U €CTb IpUMeEpP
HEIIOPOYHOTI'O 3AYATU A u noytHOM MaTepuain3anuu rymanonza. K
JTOMY K€ CJIyYar0 OTHOCUTCS U TOSIBJIEHUE « AJIEIIEHbKHU» (MO3T 71 OKTaBBI).
OpHako He cjelyeT BOCIPUHUMATh BCE 3TO KAaK HOPMY — IIOKa 3TO
skcriepuMeHThl. Ecau oHu 3aeepwamcesn yoauHo, mo 2ymaHouo,
chopMUpPOBAHHBLIL MO 6cemM HeEoOX00uMbIM napamempanm,
o0ydem mamepuaauzosvlieamvesl 6e3 oepemerHnocmu. Ectb Hafg
YyeM II0Opa3MbIIUIATh, B PaMKaxX CETrOAHSAIIHUX 3HaHUU? U 0cobeHHO
JKEeHII[UHAM.

3alyIaHUPOBAHHBIN Ilepexo/i Ha OKTaBbl Mosra BbIOIe 71 AJA
«30JI0TOTO MWUIMOHa» — 3TO pas3BuTue cBoucTtB Mosra BE3
N3MEHEHNSA PASMEPOB, HO ¢ co0JI0/IeHHEeM TOTO BHEIITHETO BHU/IA,
KOTOPBIN 3ammcaH BCeM KaK 00pa3 «WHOIUIAHETSIHMHA». JTO YTOOBI
BBIZIEJINTh W3 OOIed Macchl W TPHUAATh BECOMOCTh B IOYUTAHUH
ocranpHpiMU. HE COCTOAJIOCH!
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3ameuy, UTO CerojiHs, nMpu 3amMeHe Mosra, HO yxKe TPYAUTCSA IO
JIDyTOMYy IPHUHIIUITY — 3TO TOXKe aKTyasjbHas mpobsema. O4eHb MHOTUM —
HE INIOAXO/MT, pazmep He TOT. A uTo ke IIporpammsl «CBetJ/I»?
MoxkeT oHU 1O pa3dMepy «mnoAroHAT»? Her, He moAroHsaT. OHU TOJBKO
«nodarom 3an6Ky Ha 3ameHy» — 6e3 B3saToK, Ho BHE OUYEPE/IU. 1
5TO KpaliHe IIEHHO — ouepesib-To MoskeT pocro HE JIOMTU. Kak BbI yike
3HaeTe, sKcrnepuMeHT 1o 71 okraBe JABEPIIINJICA HEYJIAYHO.
Mo3sr Bcex Tex, koro mepeesn B 71 oktaBy, HE COOTBETCTBYET
[IporpaMMHBIM TpeOOBaHUAM U HE MOXKET Pa3BUBaThCs. Best mocTymaromas
B Moar wuwHdbopManus IOJHOCTBIO  pacceuBaeTcsi, ©U  BMECTO
IIporpaMMHBIX peIIeHUH IPOHCXOJAUT peaju3anusa TOro, 4TO
OBLIIO 3AaIIMCAHO 0 O rojga. M3aMeHeHUs], IPOUCXOJIAIINE C 2000 Toja,
noxareepxkgaoT dakt IIOJTHOT'O CHATUA Bcex HACTOT, xotopsie
ObLIH BBeZleHBI Iocjie O roxaa. /A Oosiee 3pdeKTUBHON pean3amuu
OIMCAaHHBIX IMPOIIECCOB OBLIM CO3/IaHbI IUIOMIAJIKK. JTO JiBe OOJIbIIHE
ckOoBOpOZKH — mobepe:kbe Kpbima u Coun (B mMpoCTOHAPOANH — AJT).

I'naBHas cerogua — CkoBopoaka CounHckan. 11 4to xapakrepHo,
co3ziaBaiu e€ (Ipy>KHO) UMEHHO Te, KTO CETO/[HA TaM U «I10/[P)KapUBaeTCa» B
IJ1aHe «IIpeobpa3oBaHuA» cobcTBeHHOrO Mo3ra. Beé Hauanoch B 2006 rofy,
KOI7Ia «poAAuyIach» uzes IpoBecTu onummnuiickue urpsl B Coun. 1 «pabora»
3akunesna. fl He Oyay 3/leCh ONUCBHIBATH BCE TO, YTO OBLIO CBA3AHO C
IIO/ITOTOBKOU U ITpoBeZieHneM Vrp. Bcé u3BecTHO U BCE eCTh B UHTEPHETE.
Ho! Urps1 npouutu u Bapyr — IIOYEMY-TO Tak Ha3plBaeMas «IIpaBAllas
saurta» pemwmaa, yro JIYUIIIE BCEI'O 3acemanusa IIpaBurenbcTBa,
BCeBO3MOkHble @OpyMbl U Jpyrue MepONPUATHA, HAa KOTOPBIX
IIPUCYTCTBYET OOJIBIIUHCTBO OIIPEJIEJIEHHBIX B «30JIOTOM MIJUTUOH» —
HY’)KHO U yJ00OHe# Bcero mpoBoauTh uMeHHO B COYM. PesynpTaThbl
IIpUHUMAaeMbIX  TaM pelieHui, HeaZIeKBaTHOCTHU Y4aCTHUKOB,
HeaZIeKBaTHOCTh YIIPaBJIEHUA W IIpoyee — BHUJHO YK€ HEBOOPY>KEHHBIM
rma3oM. /JlOIOJIHUTE/bHBIE «CKOBOPOAKU» — 3T0 PocTroBCckasa wu
KpacHogapckaa «rybepHum», HO TIIOKa paboramompe He B
IIOJTHOMACIITAOHOM pexkuMme. Bam Bcé craHeT TOHATHO, ecyii Bbl HE
ITIOJIEHUTECDh u onpegenure aeMorpadudyeckuil ¢akTop 3THUX
TeppuTOpHUi. V1 KOHEUHO XKe, Hy*KHO J1aTh onpeaeieHue Paro, Tak kKak ¢
Anom yxe ompeaenunuch. Ilonatue Pali B Hacrosiiee BpeMA
OIIPEAEJ/JIEHO KAK KOJIITAK, BHYTPH KOTOPOTO NOAHOCMbIO
nooodeprHcusaemcs UCX00OHbIL PelHcum CyuwiecmeosaHuUs mampuy
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0e3 mymauuu 3cueoil Kaemxu, 4ToObl B ciIydae HEOOXOJHMMOCTH
BEPHYTb MAaTpHUIly Ha OOBEKT 0e3 HM3bAHOB. TakuWe «KOJIMaKu» MOXKHO
CO3/1aBaTh U JIOKAJIBHO, JJI1 KOHKPETHOTO YeslOBeKa WJIM TPYIIIHI JIIOZEH.
ITporpammbr «CBerJI» pemamoT mozo0HBIE 33/1a4u, U 51 00 3TOM YKe
paccka3bIBaJl OTHOCUTEIBHO BO3MOKHOCTH «IIPUBA3KN» Yepe3 KoMmiekce
«CBeTJI» K KOHKPETHOU TEPPUTOPUU (KBAPTHUPE, JOMY, JKUJIOMY O0OBEKTY)
JUTSI pellleHs] TIOCTaBJIEHHBIX 33/1a4.

OueHb BaXXHBIM MOMEHTOM SABJIAIOTCA CYXXKIEHUSA O YETBEPTOM
KOJTOHE JHK. lMeHHO TOM KOJOHE, 0 TallH KOTOPOro SDOpOBCKas
Cucrema nobparscsi HE CMOIVIA. menHo no 3toii mpuuyuHe oHu HE
CMOIJIN pemnuTh BOIIPOCH 110 NPOOACHUIO OUO0A02UUECKOU HCUSHU,
“MeHHO 110 3Tol npuunHe oun HE CMOTIJIN nobpaThes 10 U3MEHeHUA
Koncmpyxuuu Mo3za npomo-Yeaoeexa, NMeHHO 10 3TON IMpUYHUHE
ouu HE CMOIJIA cldeaambv u3 UYenosexa ynpasasemoe
Jjcueomnoe. Bmenenue zenomunoe Mo3za — 3amo npouyecc
NPuUIaHUAR UCNOAHUMEAbLCKUX delicmeuil ¢ Hu3kum, m.e.
010KuUpo8aHHbIM YyposHem Co3HaHuAa arodeil Hanodoodue Kubdep-
npudamka 04 6MEeHEeHUS U 60NA0WEHUA C80UX N.1aHO08. Ceituac,
KaK f yKe TOBOpPWJI, JA€TCs BO3MOXKHOCTb Kubopram popaborartb, ubo
BMEHEHHAas UM B CO3HAHUE IIPOrpaMMa /I0JIKHA OBITh « UCIIOJIHEHA», TAKKe
KaK «Pa3psAAuTh IATPOH UYePE3 CTBOJI», 21A6HOE, HMOObL 8blcmpen Obla
0e3 yeau. lmenno takuMm nytém PA3PYIIIAETCA Ha Hamux rjasax
npexkHsiss KOHCTPYKIMs OPraHN30BaHHOTO OBITHSA, U TOJIBKO TaK, CBOUMU
«wimankamu», BE3 HACHWJIMA co CTOpPOHBI HHTErPUPOBAHHBIX B
Oynyiiee. dTH «aabOOMHBIE 3alUCH» Ui HUX Yce padomarwom u
ocobeHHO mpu TocereHnn COYMHCKUX U SJITUHCKHX IUISIKEH, T/le OHU
OYEHDB JIIOBAT BBIBATD. He comHeBalTeCh B 3TOM. A JJI T€X, KTO yKe
00péJI cBOE HAaYaJIO MPO3PEHUS U IOHUMaHUs, ¢ TpuMeHeHreM IIporpamm
«CBerJI» u 06e3 mnpumenenus IIporpamv, HYXKHO 3HATDH
BAKHEHMIIIEE - wuMeHHO uepe3 ueTBSpTHIH kojoH JHK w
MNHUIIUUPYETCA y YenoBeka BcEé cBeTioe U J00poe. A eciau
MOSABJIAIOTCSA (PparMeHThl «3J100b1», HEBAKHO 10 KAKOH IPUYHMHE, TO BbI
camu ce0s HAUMHAETe pa3pyliaTh, Bel camu B cebe HAaUMHAETE pa3pylIaTh
KOHKpEeTHOe, 00peTéHHOe Bamu cocrosinme Paszyma. Tak coxpanure ero, ubo
u Toicssun ynHOBHUKOB HE MOTYT 6biTh paBubl oTakoit IIEHHOCTU.
HE ITIO3BOJIAMTE uM paspylmars To, 4TO MU H IS HAX He Z0CATAeMO.
ATO A BaM COBETYIO M KaK YUHOBHUK B IIPOIILJIOM, U Kak YesloBeK, KOTOPBIU
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CETO/THA BUJIUT BCE IIPOUCXO/IAIIEE B ATOM TaK Ha3bIBAEMOM «COCJIOBHUH ». B
sToM roxy (2016) mpuriamenune «/[pyseit» H. JleBamoBa IIpoBecTH
cemuHap B Couu ObLIO 0O00OCHOBAaHO MMeEHHO TeM, 4ToObl 1 BOOYUMIO
YBEIWMJICA B npoayKTUBHOCTU JAelcTBUA COYMHCKON CKOBOPOJIKHU.
BoIBO/I, KOTOPBIN A cAesas Mocje MPOBEAEHHOTO ceMuHapa, — CKOBOpoika
paboTaer yCIlelIHo, U amo 3Hawum, umo Mo32 okmae 68 u 72 e
ucue3Hem npocmo mak, mo ecms 3anacvlt Hedhmu Ha 3em.ae
3HaAUUMeAbHO 8blpacmym.
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