I'1aBa 5. ATOMBI IO OAHOMY He coOupaloTcsa

Bcé MmysicHo ynpowams 00 npedeaa,
HO He 60.1ee mo2o.

3akoHBI NPUPOALI (POPMUPYIOTCA HA YPOBHE MAKPOKOCMOCa
M MUKPOKOcCMOca. Yes10BeK, KaK KHUBOE CYIIECTBO, IPEOhIBaeT B
TaK Ha3bIBA€MOM IIPOMEKYTOUHOM MHUPE — MEKAY MAKpPO- H
MUKpoOoMUpOoM. I B 3TOM NPOMEKYTOUHOM MHUPE IPHUXOTUTCH
CTAJIKNBATHCA TOJBKO C MPOSIBJIEHHEM 3aKOHOB IIPUPOABI, a HE C
HUMH HemocpeacTBeHHO. Kak cieacrBue 3TOro, BO3HUKAaET
nmpodJjieMa ¢ CO3JaHHEM IOJHOIEHHONW KAapTHUHBI MHPO3TaHWA.
dTou MpolJIEMEe CYXKIEHO CyIIeCTBOBATh /10 T€X IOP, MOKA He
Oy/ZieT co3laHa KapTHHA MUPO3aHUA HA OCHOBAHUU NMOHUMAaHUA
3aKOHOB MAaKPOKOCMOCA U MUKpPOKocMoca. Kak GbI J0JIr0 MbI He
CMOTpeJIN Ha BepXyHIKy aicOepra, 0 TeX IOp IMOKa KTO-TO He
COO0OPpa3uT HBIPHYTH MOJ BOAY Y HE YBU/IUT avicOepr HeJINKOM, BCe
NONBITKU OMHUCAHUA €ro OyAyT, B JIy4IIEM CJIyJyae, HEIOJIHBIMU.
Bor s 1 mpeaJsiarai0 HBIPHYTh — JJIsI TOTO UTOObI MO3HaTh. HOo B
npoaos:keHuu IlozHaHUA, KOTOpOE OOpeTaeTr 4YHUTATEJh 3TOH
KHHTH, BCE PABHO MBICJIb, S yBEPEH, HUIIET OTBETHI HA BOIPOCHI O
3I0POBbE — KaK €ro 00pecTu M KaK J0JIbIIIE IIPOKUTH B 9TOM MUPE,
YTOOBI XOTh UyTh-4yTh IOCMOTPETHh — UTO K€ Oy/IeT, €CJIN «A yiKe
IHO3HAJI, YTO K€ ObLIO...»

Ecsiz GBI B pe3ysibTaTe KaKOH-TO MUPOBOU KaTtacTpodsbl Bce
HaKOIUIEHHbIE HAyYHbIE€ 3HAHUA OKA3a/IUCh YHUYTOKEHHBIMU, U
K IpAXYIINM MMOKOJIEHUAM KUBBIX CyIIECTB Iepennria 0bl TOJIbKO
oxHa ¢pasa, TO Kakoe YTBep:KJIeHHEe, COCTaBJI€HHOe W3
HANMEHbBIIIEr0 KOJHUYEeCTBa CJI0B, NMPUHECJTO Obl HAWOOJIBIILYIO
uH@opmanuoo? S cuuTaro, YTO 3TO — aTOMHAaA TUIOTE3a: «...BCE
TEJIA COCTOAT U3 AaTOMOB — MAJIEHBKHX TeJIell, KOTOPbI€ HAXOAATCSH
B 0e3(c)mpephIBHOM ABUKE€HUM, MPUTATUBAIOTCA HA HEOOJIBIIOM
PacCTOSIHNH, HO OTTAJKHUBAIOTCH, €CJIM OJZHO W3 HUX ILUIOTHEE
npumKaTth K JApyromy». B oaHoOll 3TOM @dpase coaepkuUTCH
HEBEPOATHOE KOJIUYECTBO MH(POpPMAIIU O MUPE — CTOUT JIUIIb
NPUWIOKUTH K HEH HEMHOTO BOOOPaKEeHUA U UyTh COOOPaKEHUI».
CraproBble YCJIOBHUA 3JBOJIOIHUHA, KaK JIIOOWI TOBOPUTH



H. J/IeBamoB, — BO3BHUKHOBEHUE aTOMOB Bogopoaa. Ilo ypoBHIO
CJIOKHOCTH CHCTEMa aTroMa BOJAOpPOJA CJOKHeEe JI0O0ro
OyAWJIbHUKA. BoI MO2KeTe MOMBICJIUTH cIIydaHoe
OHOMOMEHTHOE€ TOsBJEHHE KBaJAPWLINOHOB OyIUJIBHUKOB?
Yuénble, crosdlUe HA MO3UIUAX CPETHEBEKOBON HAyKM, MpeJjIaraioT
IIOBEPUTHh HE TOJIBKO B 3TO, HO U B TO, YTO CJIyYaWHO CJIOJKUBINASICS U3
«OyIMIIBHUKOB» CHUCTEMa BCE 3TO BpeMs CIyJYalHO COXpaHseTcs. ATO Kak
3arajika Jierckoil urpsl. Ho, mosepbre, ITo3HaHue amoma — demckasn
uzZpa no cpasHeHur ¢ 3azadkamu demckoil uzpuvi. K «aerckum»
WUTpaM COBPEMEHHBIX JleTell MBI elll€ BepPHEMCH, a IOKA, «HBIPHYB», BCE Ke
BO3bMEMCS 32 aTOM, YBEPEHHBIE B TOM, UTO 3TO MOJICKAXKET — UTO Ke Oy/IeT,
B TOM YHCJIE U C TEMH, KTO HBIPHY/I.

JlJ11 COBpEMEHHOTO 4YeJjIoBeKa IIOHATHE aToOMa acCoLUupyercs C
dusuxoit mocse "anmites. OgHakKo HEOOXOAMMO MPOYYBCTBOBATh AHTUYHBIH
aTOMU3M Kak dJIeMeHT U3bICKAaHHOU Ipedeckoil ¢puiocoduu ¢ e€ TOHKUMHU
repexo/iaMu. B moHATHN «aTOM» BaKHee BCero ykasaHve Ha (popMy Kak
€ro HCTOYHHUK. ATOMBI OTJIHUYAIOTCA HE TOJBKO (uUrypoii, HO
pacIoJio:KeHUueM U NnopAaAKoM. UyBcTBaMHM HMX HeJb3A IIO3HATh;
aToM ecThb ymomnocruraemasa ¢opma, oHa 3puma u omkpsima
MoAbKO 0412 uHmeaaexma. A 6osee Bcero sta GopMa CTaHET OTKPBITOH
ZUJI TeX, KTO ycIeJsl U3 npeAdaHHuKa, BMecTe ¢ BeHnkoM, nonacts B BaHro.

YroO6bl MbBICAUTH scHO, Hy:xHO OT/E/IUTH ITIOHATUE
ITO/JTHOTO OT ITIOHATHA ITYCTOTI'O. HebbITHE U €CTh ITyCTOTAa, ¥ OHO
TaK)ke He0OXO0IUMO, KaK HAIIOJITHEHHOE ObITHE. ATOMBI, IIyCTOTA U JIBH)KEHUE
JIal0T 00BbSICHEHHE BCEMY CyIIeMy. ATOMHCTBI! XOTeJIM KaK-TO OIPaB/aTh
CyIlleCTBOBaHUE SIBJIEHUH U MHEHHU 110 TIOBOAY 3THX siBjieHui. [loHuMaHue
VCTHHBI JIAIOT IIyCTOTA U aTOMBI C UX T€OMETPUUECKUMU U MEXaHUUECKUMHU
JeTEPMUHAIUAMU. BHeIIHHE W3MeHEHUs TOJIKYIOTCA KaK pe3yJsibTat
CTOJIKHOBEHHUSI aTOMOB U X BO3JAEHMCTBHUI HA HAIIU OPraHbI YYBCTB.
HecOMHEHHO, 3TO TeHHAJIbHAs MOIBITKA MMO-HOBOMY OO'bSCHHUTDH
MHEHUS, KOTOphle TpeKu HaszpiBai doxa. J[eMOKPUT TIpeaIoKuI
IIPO/lyMaHHbII BapUAHT MEXaHUCTHYECKOTO OOBSCHEHHs MUpA: ye.aoe Y
Hez20 npedcmasanem codoil cymmy wacmeil, a 6e3(c)nopsdouroe
JdswiceHue amomoas, ux cayuaiiHvle CMOAKHOBEHUA

tAToMU3M — HaTypduaocodckas u husndecKkas TEOPH, COTJIACHO KOTOPOH YyBCTBEHHO BOCIIPHHUMAaEMbIe
(MarepuanbHBlE) BEIIM COCTOAT W3 XUMHYECKH HeJEeJUMBIX 4YacTHI[ — aToMOB. Bo3sHuKIa B
JIpeBHerpeueckoil puocoduu. JJanpHeliee pa3puTre Noaydmia B puiocobun u Hayke CpeIHUX BEKOB
u Hosoro BpemeHnn.



®. lIkpynueB «CeetJIbiil Bennk» H. JleBamosa B «bannowm /lene» A. Xatsi6oBa u Tpynosas Jlonara

0Ka3bl8AIOMCA NPUUUHOIL 8ce20 cyuwie2o. B aromusme oTBepraercs
noaoJceHue 3.1eamoe? 0 HEMOABUKHOCTH OBITHA, MOCKOJIBKY 3TO
MMOJIOJKEHHE He JAET BO3MOKHOCTH OOBSICHUTH JBHJKEHHE U W3MeHEHUeE,
MIPOUCXO/ISIIINE B UyBCTBEHHOM MHEPE.

Crpemsch HalTH MPUYHHY
JIBUPKEeHUsI, JIeMOKDHUT «pasapobsiser»
equHoe ObiTme I[lapmenuzpa (ITapmenup
BBEJ 9TO TOHATHE) HA MHOXECTBO
OTJIEJIbHBIX «ObIMuUil»-amomoas,
MBICJISI KX KaK MaTepHUasbHbIE, TeJIECHbIE
yacTUIpbl. /IEMOKPUT TOBOPHUT O Pa3HBIX
BHU/IaX ABIKeHU:A. [lepBoe TIOKHO OBITH
XaOTHYHBIM, HAmoJ00ue pacceuBaHUSA
armocdepHOU IbLIU B Pa3HBIX
HampaBjeHUusX. Tak COJTHEUHbIE JIydu
MIPOHUKAIOT B OKHO.

Bropoii Bum — BuxpeobpasHoe
JIBU’KEHHE, KOIJla IIOXO0KWE  aTOMBI
COEUHSIOTCA, a HEIOX0KHe

pasbeaUHAIOTCA. Tak pOKIAeTcs MUp.
TpeTuii BUj ABMKEHUS — Ucnapenus. Tak
pasHble Belu ¢ JIIOAU HCTOYAIT
cuenuduUIecKre 3araxu, YTO IMO3BOJISET
omo3Hath uxX. Koib 0e3(c)KOHEUHBI
aToMbl, 6e3(C)KOHEUHbl U MUPBI, U3 HUX
obpazoBanHble. Hermoxoxkue Apyr Ha

Jipyra,  aTOMbl  CKJIQJBIBAIOTCI B
OIpEeJIeJIEHHYI0O  KOMOWHAITUIO. Bce
MHNPDbI POXKIAIOTCA,

PASBUBAIOTCA MW TUBHYT, =HO
JIMIIIb 3aTeM, 4YTOObl [JaTh IKU3Hb
ApyrumMm wmupaM. WM 3TO0 BeyHO
MIPOJOJIKAETCA B BUJE ITUKJIOB. [leMOKpUT
CUMuTal, 4To aTOMBI ABJIAIOTCA
| HeJIeJIMMBIMU JacTULIAMU —

2 DJIeaThl, ayeHIpl, JelcKas IIKoJda — JpeBHerpedeckas (uaocodckas IMIKOJa paHHEro IMepuoa,
CyIeCTBOBaBIIasA B KOHIlE VI — epBoii osi0BHHE V BEKOB 710 H. 3., B Topo/ie diiee, B Bemnnkoit ['pennn (tor
Uranun).



NEPBOKUPINUYMKAMHA MaTepum. 3areM BbBIACHWIOCHh, 4YTO BCe
BelllecTBAa COCTOAT M3 pa3HbIX aTroOMOB. /lajsiee BbIACHAETCA, YTO
OHHU MOTYT CO3/1aBaTh JAPYT C APYIrOM CTPYKTYPHbIE€ OOpa3soBaHUA —
MOJIeKyJbl. boJblie TOro, OHH MOTYyT aJanTUPOBAThCA K
OIIpeJIeJIEHHBIM YCJIOBUAM M BBINOJHATH Pa3UYHbIE JIOTOJIHUTEIbHbIE
TPAHCIIOPTHBIE (QYHKINU (reMOTJIO0NH), T.€. CTAHOBUTHCS JTUHAMUYHBIMH.
W, HakoHel, OHH MOTYT 3BoJronOHUpoBaTh (Mosiekysna JTHK). Cnemyer
oOpaTUTh BHHUMaHHE Ha TO, YTO IIPHM 3TOM W3MEHWJINCH JIMIIb HAIH
IIPE/ICTaBJIEHUS O MAaTEPUH, O €€ 0ObEKTAX, UX MOJIEJIH, HO caMa MaTepus 1
e€ 00beKThl He HU3MEHWJINCh, a M3HAYaJIbHO OBLIM TAKUMH, KaKUMHU HX
co3/iajia Ipupoa. ITH MPeCTaBJIeHNA Pa3BUBAIOTCA 3aKOHOMEDPHO.

B mpormecce mo3HaHUs MBIl M3HAYAJIBHO HCCIIEyEM COCTaB (M3 Yero
COCTOSIT MOJIEKYJIBI), 3aTeM CTPYKTYPY (Kak opraHm3oBaHa MOJIEKyJIa), IPU
HeOOXOUMOCTH HCCJIeyeM U3MEHEHUE CBOHMCTB MOJIEKYJT B 3aBUCIMOCTH OT
IIPOCTPAHCTBEHHOT'O PACIIOJIOKEHUS €€ aTOMOB, /ajiee Mbl UCCIIe/lyeM Kak
IIPOUCXOIUT aJIalITAI[HsI MOJIEKYJIBI K OIIPEJIeJIEHHBIM YCJIOBUSAM U, HAKOHEII,
HCCIelyeM SBOJIIOINI0 MOJieKysl. [lo3HaHMe 00513aHO ObITh OOBEKTUBHBIM
¥ TOYHBIM. TOJIbKO TOT/IA OHO JIeJiCTBEHHO, TOIbKO TOTAa oHO — ITo3HaHue. Ho
STU Pa3MBIIIEHUS, UCCIIEIOBAHUSA U U3YUEHUS, I10 OOJIBIIOMY CUETY, ObLIH
HaIpaBJIeHbl Ha pellleHrue BOIpoca 370pOBbsi UesioBeKa W, KOHEYHO Ke,
npooaeHusn e20 MHCU3HEeHHO020 nymu. Bcé npenamoch B pamKax
IIPOTPAaMMBbI BOCCO3/aHHSA JIOJITOJIETHS «PYyOAIIKU» JJIST IOCJIETYIOIIEro
nepeMelnieHus B Heé Mo3sra untepBeHToB. Ho Hu [lapmenua, Hu J[leMOKPUT,
HHU Te, KTO U CEro/iHs «3aHMMaeTcs» 3TUMH BOIPOCAMHU — 31MO20 He
3HaAU, 0a U He 00ANHCHBL ObLAU 3HaAMb.

5.1. BOKpyr ogHOro gepena

PaziuuabiMu aBTOpaMu pas3paboTaH psAjx GU3NYECKUX Mozesei
aToMa, KakZlasd U3 KOTOPBIX ITO3BOJISJIA OMMHCATh KaK MUHUMYM OJ[HO U3
HabJII0/]laeMbIX B 3KCIEpUMEHTax cBOHcTBO. O/IHAKO HM3HAYAJIBHO OBLIO
IIOHATHO, YTO IpezjiaraeMas MoJIeJib — OJTHA U3 BO3MOXKHBIX, UTO HATJISATHO
BU/ITHO U3 PHCYHKA, N300pakaloIlero 3BOJIIOIUIO IIpe/icTaBaeHU 00 aToMe.

Hamm nipeicTaBieHus pa3BUBAIOTCA B COOTBETCTBUU C TEM YPOBHEM
3HAHUSA ¥ IOHUMAaHUsI, KOTOPBIH MBI UMEEM Ha KOHKPETHOM 3Talle Pa3BUTHS
HAYKU U COTJIACHO mojaue 3Tol nHGOPMAIUH JJ1s1 €€ BOCIIPUATUSA JIIOJIbMHU.
COBOKYITHOCTh TMPEJICTaBJI€HUM, JOCTATOYHBIX JJISI OIMCAHUSA TOTO WJIN



WHOTO SIBJIEHUs, — 3TO HayYHbIE CUCTEMBI, KOTOPbIE, KaK U JIIOObIE CHCTEMBI,
Pa3BUBAIOTCA 3aKOHOMEPHO. JTH 3aKOHOMEDPHOCTH MOKHO IO3HaTh U
HCIIOJIb30BATh /ISl IIJIAHOMEPHOTO Pa3BUTHA CUCTEM. TaK y»K IIPOUCXOIUT
[To3HaHME OKpPYKAIIIErO0 MUPA, YTO OHO OTTAJIKHBAETCA OT KaKOTO-TO
W3HAYaJIbHOTO YPOBHS IPEJCTaBJIeHUH 00 OOBEeKTe HCC/IeIOBAHUSI U He
MOJKET «IEPENPBITHYTh» Yepe3 HEeCKOJIbKO 3TAIlOB CBOEr0 Pa3BUTHs, HE
MIPOU/IA UX.
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CoBpemeHHan moaent Mopgenb atoma flesawosa H.B.:
aToM BOAOpOAa M ypaHa

|

CBoM TIpe/icTaBJIeHUsI IPUHSITO OIMUCHIBATH C IMTOMOIIBIO, HAIPUMED,
dusnueckoit mozenu. [Ipu 5TOM Kak/1ast HOBas MOZEJb JAET BO3MOKHOCTD
ciesiaTh elé OJUH IIar B HEW3BECTHOE, KaK IPaBWIO, OTPHUIIAA WIHA
JOIIOJIHAA IPEeKHIIK Moaesab. Hanpumep, H.B. JleBamios
IIPO/IEMOHCTPUPOBA HECOCTOSITETHHOCTD O61eit Teopuwu
OtHocuTenbHOCTH A. DitHmreiina kak TEOPUH, OIINPAIOIIEMCA
HA JIOYKHBIE TIIOCTYJIATBI. O6 OuHIITeliHE U Teopuu
OTHOCUTEJIbHOCTA HAIMMCAaHO MHOTO, HO €ro IIOCMEepPTHOe 3aBellaHue
IIOTOMKaM HUKTO HEe aHAJIU3HPOBAI. «...00HaKo ceivac HUKmo He
3Haem, Kak Haillmu OCHO8Y Makoit meopuu» — 3ToH ¢dpazou
3aBepllieHa TIOCTEe[HAS Hay4dyHas CrarhA... AJbbepra JUWHINTENHA,




ony0JMKOBaHHAsA B Troj, ero cmeprH... Crates «PeaTUBHCTCKAsA
TEOpus HECHMMETPHYHOIO IOJISA» II0YTH HEe IUTHPYeTCA
dusukamMm, TOCKOJBKY B Hed ODHUHIITEUH npakmuuecku
omxa3svleaemecs 0m 8cez2o Mo20 HayHHO20 HAC1edusl, KOMmopomy
omadaa M u3Hbv, U npedaazaem HaAHamMsv 6c€ 3aHo80. Kpusuc B
(pusuKe, KOTOPHIA 3aTPOHYJI HE3bIOIEMbI€ OCHOBBI 3TOM HAYKH, BO
BTOpOoH mosioBuHe XX Beka paspemmwt H.B. JleBamoB B cBoeu
napaaurme HeoagHopoanoi Beesnennon. E€ MoXKHO Ha3BaTh TeOpHEH
Bcero. OH J1ay1 YETKOE ONMCcaHue 0OhEKTOB MHUPA OT ATOMA /0 BCEJIEHHOM.
Ero mMojiesib atoma JTa€T 4E€TKOe IMpezcTaBieHHe 00 YCTPOHMCTBE CaMOTO
aroma 0e3 eTaqu3alld CTPOEHUsS CTPYKTYPbl HYKJIOHOB M CaMOTO
BJIEKTPOHA, KaK (yHJAMEHTAJbHBIX YACTHUI] JIJI1 COBPEMEHHOIO YPOBHA
ITosuanus. Ho 3a mociesHee BpeMsi MOSBUIOCh HECKOJBKO MOJesien
aToMa, B KOTOPBIX aBTOPBI IBITAIOTCS «JIOKOIAThCA» JI0 CAMBIX OCHOB
MHUpPO3JaHus. B uTore yuTaTesib BCTAET Iepes IMJIEMMOU — KaKas U3 HUX
OJIMPKe K UCTUHE U KAKOMY aBTOPY OT/IaTh MPEANIOUYTEHNE, IIOMHS, YTO MHUP
equH? OTBET U MPOCT, U CJIOKEH. TO KaK OTBET TPEX CJIEMIIOB HA BOIIPOC:
«4YTO TaKoe CJIOH?» KaxkabIll U3 HUX KOCHYJICA OTHOH M3 YacTeu Tesia
M CcAeJaJ CBOE yMO3aKJIIOUeHHe, onupasach Ha cBoii ombiT. Ho
MPEACTAaBUM cebe CleayIonryl0 KapTuHay. Bokpyr ogHoro aepesa
CTOAT HECKOJBKO UesIOBeK, U KaXKJAbI NMbITAETCA OMHCATH €ro C
IMO3UINH CBOEro paKypca BuaeHuA (BO3BO/iA €ro B AGCOJIIOT), IPpU
3TOM KTO-TO PacCMaTPHUBAaET JiepeBO U B MHOE BpeMs roja. Byayr
JU HUX MPEeACTABJIEeHUA O JepeBe coBnajarp? /la, Koe B 4Yém
ONHCAaHUsA COBNAAYyT, HO B OCHOBHOM OHHU OyAyT pasHbIMH, T.K.
KasKAbId BHUUT OKPYKAION[UA MHP Ha CBOEM YPOBHE: OJUH
onucbiBaer ¢GopMmy JepeBa, BTOPOU — cojep:KaHUe, TPeTUU — ero
CTPYKTYPY, UeTBEPTHI — YaCTHOCTU (BETBH, JIUCTOUYKHU, KJIETKU JIUCTHEB U
T.IL.), IATOTO Oy/IeT MHTEPECOBAThH COCTOSIHHUE JIEPEBA B pa3HOE BPeMs I'oJia U
T.7. Peub HMAET 0 MOJAeNAX, KOTOpPbIE OTPAKAIOT YPOBEHb
MOHHUMAaHUA IMpPeJIMeTa HCCIAEJOBAHUA KOHKPETHBIM aBTOPOM.
IIpu 3TOM, KaK NPaBWIO, AaBTOP HCIOJb3YeT U UYyKOU OIIBIT,
CBepAA €ro CO0 CBOMMHU JKCIEPUMEHTAJbHBIMHU JAaHHBIMHU HWJIH
npejacraBjieHusAMu. B pesyjbTrare BO3HHUKAIOT IPOTUBOpEYNH,
paspeminB KOTOpPbI€, MO:KHO IPUWTH K HOBOU Mojaeau. /laiee
MOJIeJIb IIPOBEPSIETCS HAa COOTBETCTBHUE €€ peaJibHOM cucTreMe. A
3TO, KaK MNpPaBWIO, IPOUCXOAUT UYepe3  IOCTAHOBKY
3KCIIEPUMEHTOB WU BHEJAPEHHUE CJIEeACTBHUA U3 MOJEJIU B TEXHUKE
WIN JAPYTUX O0JIACTAX YeJIOBEYEeCKOU aeareabHOcTH. U 31ech



OYeHb BaKHO TO, YTO PHAJ ABTOPOB, INIOMHUMO IMpeACTaBJICHUA
CBOMIX MOJeJIed MHUPO3JaHus, €030arm HA UX OCHOB8e HOBble
mexHuueckue cucmemslt, deaarom omxpuvimusi. Kak usBecTHO,
KpUTEepHMeM TeopuMM fABJdAercda npakruka. Ho aBjsgercda Ju 3TO
MOATBEPKAEHUEM TOT0, UTO JAHHAA MO/Ie/Ib — U €CTh Ta caMas OCeHAA
uHcTaHuuu Hctuabl? YBbBI, HeT. HO OHa moATBep:KAaeT TO, YTO AaBTOP
IIPaBHWJILHO TMOHSJT WIN YJIOBHJI KaKHe-TO HIOAHCHI HCCJIEAYEMOU CHUCTEMBI,
HamaJl Ha «30JIOTYI0 JKWIy», KOTOpasgd «3aKOHUUTCA» IIPU IIOIBITKE
00BACHUTD BCe SIBJIEHUSA OKpYy»Kamlnero mupa. Kaxkmas cucrema uMeer
mpezesl cBoero pasBuTusa. [lasee oHa mepexoqUT HA HOBBIUM YDPOBEHbD.
CoBpeMeHHYI0 MUPOBYIO cucteMy Ilo3HaHMA TOTO, UTO IIpe/ijlaraeT HayKa B
TIOHATHUM TOTO K€ aToMa, MOKHO CPABHUTH C TYCEHUIIEH, IOCTUTIIIEH MHUKa
cBoero passButusi. Cneayiomasa ¢dasa — OKyKJIUBaHHE. 3aTeEM BO3HUKHET
HOBas cucremMa — 6abouka. [Iporecc OKyKJIUBaHUS HEJAb3A OCTAHOBHUTD.
Ho 1011 XOTAT y/I03KUTH BCE B TPUBBIUHBIE MIA0JI0HBI. 3/1€Ch JIEHCTBYET TaK
Ha3blBaeMasd IICUXOJIOTUYECKasd WHepLUdA: >KeJaHue WATU IPUBBIYHBIM
myTéM. ATO HAIlla IPUPO/IA, BEPHEE, He IPUPO/IA, a CUTyaIusl, KoTopas ObLia
co3/IaHa JiJIs TOTO, YTOOBI HayKa pelllajla MMEHHO T€ BOIMPOCHI, KOTOPbIE
OBbLTH yJIOKEHBI B HEKHE BEKTOPBI IeJIel IS JOCTHKEHUSI KOHKPETHBIX
pe3yJIbTaTOB, B TOM YHCJIE U IIPECTABIEHUN 00 aTOMe.

EcTh BJIOKEHHBIU JIOKAJIbHBIA BeKTOp Iesi. OH Oy/leT HCIOJIHEH
HelpepekaeMo. JTO cBsA3aHO ¢ 1nporeccom DOOPMUPOBAHUA
KNU3HEHHOI'O IMTPOCTPAHCTBA (ycioBHOe Ha3BaHUE), TO €CTh
IIPOCTPAHCTBA >KU3HECONPOBOXKAEeHUs. Tak OBLJI0O B paMKaxX peIlaeMbIX
sbpamu 3azau (crapour CY3), u Tak e€CThb CEroJgHA B paMKaxX HOBOU
(poxuoii) CY. B HacTosiIee BpeMs AeUCTBUSA B OHMOCpe/ie U Cpeau JIIoAen
SHEPTHUYHBI TOJIBKO IOTOMY, UTO HMeHHO CHCTEMON COIPOBOXKIEHUIO
OBITUA JIIOJIEN yJ/ieJIeHO OUY€Hb MHOIO0 BHHUMAaHUA, B TOM YHCIE€ U
ITozHaHul0 HOB0IUl uHGOpMAUUU OMHOCUMEABHO HAYKU U
OMHOCUMEAbHO  «HOBbIX» NOHAMUI, KOTOpPble HaYaJIu
NPUBOAUTHh JIIOAEHd K COBEPIIEHHO WHBIM PpelleHUuAM
IMPaKTUYECKH BO Bcex cdepax, B TOM UHCIe, U B chepe TOH ke
HAyKu ¥ HoBedmux TtexHosoruu. Ilpumep - Texnosoruu
«CBer/I». ToTUOK B pa3BUTHH HOBON HAYKH U BO3MOXKHOCTH
CO3/JaHUA TEXHOJIOTUH OBl NPOU3BEAEH UYepe3 TPYAbI
H. JIesamoBa u A. Xarpi60Ba. Ita nuHpopManmusa Havyajaa IMpocTo
JIOMaTh MHOTHE MOHATUA, KOTOPbIE Ka3aJINCh HE3bIOIeMbIMU. BOoT
MO3TOMY A U NPEAJIaral0 HbIPHYTH IMOIVIy0sKe U ¢ 3THUX MO3UIIUH
IOCMOTPETHh HA OCHOBY — aTOM.



5.2. IIporyjka mo pu3ukKe aToMma

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

1. Atom He umeer ¢popmbl. OH 00JIETJIEeH KAKUMHU-TO YaCTUIIAMU
HEH3BECTHOTO ITPOUCXOKEHHU, BCE — MaTepHUaIbHbIE, C 3apJIOM W Oe3.

2.  OcCHOBHBIE YACTHIIbI, 00J1a/IaI0IIKEe OTPOMHBIMU MOIITHOCTSIMH
3apsAJIOB, /10 POXKAeHUs BcesleHHOM T/1e-TO CKPhIBAIUCH (M3BECTHO, UTO OHU
caMH He Pa3MHOKAITCs).

3. Hu ozmHa W3 CyIIECTBYIOIIUX |4
Teopuil (mpumep: atom bopa, cTpyHHas
TEOpUS U MPOUYNEe) HE MOXKET OOBsICHUTDH
B3aMMO/ICHICTBYE YACTHII. \

4. CuuTaercsi, UTO BCe YaCTHIIbI
aToMa — MaTepUaJbHBI, TO €CTb OHHU BCE
CYIIIECTBYIOT TOJIBKO B 64 OKTaBe.

5. AToM wuMeeT 4dYacTHIBI 0e3 |
3apsazaa.

6. ®dusuka paccMaTpuBaeT aTOM
TOJIBKO OT MAaTEPUATIbHON CTPYKTYPHI:
MmamepuarbHoe meao — HUoKocms

http://nauka21ivek.ru/

— 243 - Heop2aHu306aHHaAN nadma, To €Ctb 64—)32—)22—)16.

Ho ects m ipyroe MHEHHE, KOTOPO€ BO3HHUKJIO, KOIZAa CJIOH
ObLI paccMOTpeH (OUIyaH) eJIMKOM, ITyCTh {axke U 0e3 XBocTa:

1. ITocTtpoeHme Bcex aTOMHBIX CTPYKTYp HJET IO CXEME:
68bICOKOOP2AHU306AHHAA NMAA3MA —» MAMeEPpuarbHoe meao —»
Hcudxkocms — 2a3, TO ecTh nocjenoBareabHocTh OKTaB ((128) — (126-
74) — (72-66)) - (64) — (62-34) — (32-28)-(24-26) — (22-16).
OxtaBa 64 — 3TO MarepuaibHas CTPYKTypa. ATOMHas CTPYKTypa — 3TO
cBoero poza mupamMujga (He mo ¢gopme, a IO COAEPKAHUIO).
BepummmHaa nupaMuabl — OKTaBa 128 (aAaTOMHBIE CTPYKTYPhI BCEro
2KHUBOTO, OT 128 OKTaBbI A0 16). BCcé ocTrasibHOE mMOCTpoeHOo 0e3
TaKTa, HO OKTaBbl 84—16.

2. He cymecrByer uacTuli 0e3 3apsajga — IIPOCTO HET
MPUOOPOB IS U3MEPEHUS 3aps/ia UIN HET CPEIbI IJI €r0 MPOSBIEHUS.

3. Her u He MoOXKeT ObBITHh IPUOOPOB B cpesie 64 OKTABBI I
u3MepeHHUA XapaKTepPHUCTUK CTPYKTYP B 128-66 okraBax.

4. Bce aToMHBIE CTPYKTYpBI B3aMOYBSI3aHBI — KaK/1asl CTPYKTypa
HaXOJUTCS BHYTPHU ONIPeNeIEHHOU PEUIETKH.
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5. Moa3r (cTpykTypbl OKTaB 66-72) chopMUpPOBaH B BU/IE COT.

6. Bce pacué€Tbl B aTOMHBIX CTPYKTypaX MPOU3BOAATCA TOJBKO C
WCIIOJIb30BaHUEM (PAKTAJIOB 30JI0TOTO CeYEeHUsi B 12-0H CHCTEME
CUUCJIEHUS.

7. ATOMHasA CTPYKTypa H€ MOKET UMeTh XKECTKUU KapKac.
Pazmeppl aTOMHON CTPYKTYpbl MOTYT MEHATbCSA B mpefenax =+24%.
l'uppoMeteonieHTp, Kak U I[€PKOBb, SABJAETCA Iapa3UTHPYIOIIEN
CTPYKTYpPO! — He 3HaA CMbIcjaa 1 GU3UKU TOTO, PAJI Yer0 OHU CO3/aHbI,
MOpOYAT r'OJIOBHI JIOMOXO35IMKaM ITUKJIOHAMHU U aHTHIIUKJIOHAMHU, KOTOPBIX
IIPUHOCHUT BETEP, A «8emep NoaAYyuaemcs nNomomy, wmo oepesvs
kauaromesn» (0. T'enpu).

* * *

Harmmr Atom (11 3eMiin) UMeeT CyieAyIolne 0COOEHHOCTH:

- 7 TPAaBUTAIIMOHHBIX IIOBEPXHOCTEN;
- 1 IPOTOHHASA IOBEPXHOCTH;

- 2 3JIEKTPOHHBIE TOBEPXHOCTH;

- 1 HEUTPOHHAA IOBEPXHOCT;

- 1 HEUTPUHHAS ITIOBEPXHOCTb.

BzaumopelicTBie  IOBepXHOCTeH, oOpa3oBaHHWE  MarHUTHBIX,
BJIEKTPUYECKUX W TPaBUTAIMOHHBIX WMITYJIbCOB OIMCAHBI B paboTax
A. XaTpI00Ba 1 10K HE ABJIAIOTCA ILyOTMTIHBIMH.

4-1 TIOBEPXHOCTh (DJIEKTPOHHAS) OIpenessieT THI aroMma (aTroMm-
QHTUATOM) IO YIJIy CKOJIbJKEHHS ITyYKOBOM T'PaBUTAIMOHHOW BOJIHBI. B
aroMe (adTmatToMe) HHYEro He  «JeTraer». Amom — 3mo
KosnebameavHsvlit koumyp. Ipynma aromoB o6pasdyeT CTPYKTypY,
HaIpUMeD, BOJIOPOA-TeTpasip (4 aroma). I'pymnma Bojoposa mMeeT HabOp /10
0 aToMOB, KaXKAbIi HAaOOp xapakTepusyercs 8 BHAAMH CBf3ed, T.e. 48
6U008 6000P00A MOABLKO 8 HEUMPOHHOM npocmpaHcmae. Kaxas
CTPYKTypa obpamyieHa CTPYKTYpOU APYroro MpoCTPAaHCTBA, 00pasys maxke
He CJIOEHBIN MUPOT, a B3BECh. ITa B3BECh COCTOUT U3 CTPYKTYP
aTOMOB, aHTHATOMOB (MOTYT COOTHOCHUTBCH B Pa3HBIX IPOCTPAHCTBAX
II0 OKTaBe CBSI3M), HEUTPOHHOH U HEUTPHHHBIX PEIIETOK. ATOM HMeeT
O/THO Uy/JA€eCHO€ CBOVICTBO — JYHepreTuyeckKas KOHCTAaHTA aToMa
pPaBHa HYJIO, HO B TO K€ BpeMs aToM SABJAETCA Z2PABUMo-
MAZHUMO-31eKMPUUECKUM 2eHepamopoMm.



ATOoM uMeeT 230 BHYTPEHHHUX CBA3€H ILUIIOC 2 BHEUIHUE.
MakcuMaIbHO BO3MOXKHASI CTPYKTYPa HOHHOTO KPUCTAJLJIA UMeEET 232
rpaHu (YTO COOTBETCTBYeT oOpasymoied sumge). Obpaimrao Ha 3TO
ocoboe BHUMaHHE B CBA3U C¢ TeM, uTo I'emepaTrop H. JleBamoBa Toxxe
uMeeT 232 rpaHU (2 BHeIIHUEe, OCTaJIbHble BHyTpeHHUe). lcxosiHoe
3HauYeHNe 12 00pa3yem 22-3HaUHblL arghasum, HO COUeTaHuE 22 NOo
2 daém mo e camoe HUCA0 — 232, UTO NOJTBEpXkKJaeT (akt
yIpaBJieHHUs  MPOTOHHBIM  aTOMOM C  IIOMOINBIO  CTaHJAPTHOTO
MY3BIKaJIbHOTO Psi/ia. ITO Mbl PACCMOTPUM HECKOJIBKO ITO3KE.

BepHéMcs onATh Haszaz, KO BTOPOM YacTh KHUTU W A. XaTbIOOBY, U
BCIIOMHUM, UYTO aTOMHAsA CTPYKTypa — 3T0 000eKa’opaibHO-
mempa’odparvbHoO-KYyouueckas cmpyxkmypa.

Ha pucyHke — cBsi3b CMEKHBIX JI0/IEKa3poB (TeTpaszap). iMeHHO 3Ta
CBsI3b Y/IEP’KUBAET aTOMHYIO CTPYKTYPY OT PACCHIIIAaHUS M YHUUYTOXKEHHUS.
Ecnu yOpaTth X0Ts1 ObI O/THY CBA3b, [IEHTPAIbHBINA KYOUK HCUYE3HET B TEUEHUE
4-5 nHer. B crpykType — 8 moznekasapos (1o yryiam Kyouka), 12 TeTpasipoB
CBA3M U 1 KyOuK (LleHTpasbHBIN). Besa cucrema yaep:KuBaeTcsi eXHMHOU
KyOnueckou pemeéTrkon. lleHTpasbHbIH KyOMK — 3TO CHCTeMa U3
OKTa3/IpOB U HKOCA3JPOB, BJIOKEHHBIX APYr B Apyra (16 BIIOXKEHUN).
OTHOCHTETLHO JIOAEKA3APOB KyOUK — 3TO aBTOHOMHAsI CTPYKTypa. Kaskaprit
13 8 JI0/IEKA3IPOB COEPIKUT UKOcadAp (mapa). YMeao TaKuX BIIOKEHHBIX
map — 44. YacToTel, KOTOpbIE HCIIOJIb30BaHbI B IEHTPAJIbHOM KyOWKe, U
YaCTOTHI, HA KOTOPBIX IIOCTPOEHBI BHEIITHUE /I0/I€Ka3/IPhI, HE IIepeceKaloTcs,
MOTOMY IIPUHSATO CYUTATh, UTO MEK/TY IByMsI IEHTPAJbHBIMU KyOUKaMU
— 9TO IyCcTOTa. 3aMeTHM, YTO aTOMHas CTPYKTypa COJEPKUT Bce IATHh
ITyaToHOBBIX Tes. Bece 4acToThl B aTOMHOM CTPYKType HOCTPOEHBI Ha
okTtaBax (cremeHb 2%") HO 000eKAIOPANBLHO-UKOCAIOPANLHO-
mempasdpaavHutit. xoumyp (AHTk) nDONOTHUTENIHHO IOCTPOEH C
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HCII0JIb30BAHUEM NCTUHHOTI'O ITPABINJIA 30/710TOTO
CEYUEHMUA. OkraBa 128 — TakT 0OMEHHBIX IIPOIIECCOB, — 3aJIa€TCA
xosnaizepom 3emimn. BE3 TAKTA MBI MMEEM MEPTBYIO
MATEPUIO. MbI 10/12KHBI HOHUMATh, YTO OTHOCUTEJIBHO TaKTa CO30AHbL
Mo3e, 3peHue, cayx u npouee. OTHOCUTEJHLHO TaKTa HA 127 OKTaBe
CO37IaHBI TpaBUTANMsA, TPYOKU cBsA3U (M yAep:kaHus) [laHeT, CIlyTHUKOB,
Connana. OkraBa 128 — 9mo MakCUMaJIbHAA OKTAaBa CylIECTBYIOIIEH
(unmepeenmckoit) Cucmemst YnpaeaeHus.

,HIIH ,ILa)IbHefIIIIeI‘o IIOHUMAaHHuA BBe]_'LéM HEKOTOPbIE IIOHATHUA:

- IOTEHITHAJ OKTaBbl —  UYETHBIHA, IIOJIOXKHUTEJIbHBIMH,
MaKCHUMaJIbHbIN 3aps/T B JaHHOU OKTaBe (1,24");
- TPAaBUTAIIMOHHBIN MOTEHIHMAJI OKTaBbl — HEYETHBIH,

3HaKOHepeMeHHbII7I, MaKCUMaJibHasd Pa3HOCTb CMEXKHBIX IIOTEHIITHMAJIOB
1,24(n1-n2);

- yYroJs CRKOJIBbKECHHUA 3apdaa — Yroja II0BOpOTa 3apdnaa
OTHOCHUTEJIBHO y3Jia (I[.T[H OEHTPaJIbHOT'O KY6I/IKa 9TO 3HAUYEHUE =39,60).

CTpykTypa moaexasapa ¢ BJIOXKEHHBIM HKOCA3APOM
YHHKAJIbHA — JII00OE BJIOJKEHHE 3TOM CTPYKTYpPhI ApPYr B Apyra
MOZKHO paccuuTarb. Uuciao BIo:xkeHUU — 44. Kaxmoe cieayoliee
BJIOJKEHHE YBEJIHUYHUBAET OKTaBy B 4 pa3sa, UCXOAHOe 3HaueHue =128.
BuemHuii  KOHTYP ¥  TeTpas[pajibHble  CBA3H  IOCTPOEHBI  C
HCIIOJIb30BAHUEM IMPABUWJIA 30.40M020 cedeHun. lleHTpaybHBIN
KyOMK, KaK OCHOBA JIJIs1 IIOCTPOEHUST MAaHTHUCC, CO3/IaBaJICA WHTEPBEHTCKOMN
CHCTEMOH C IIpUMEHEeHHEM IPOCThIX urces. OMHAKO IPU B3PhIBE IIAHETHI
dastoH (1w1aHeTa B3opBasia cebsl BMeCTe C TEMH, KTO ObLI PSAAOM C HeMH),
ObL YHUUIMOICeH UHMEePB8EeHMCKUL apXue NPOoCMblX HUCeA 8bllle
128 oxmaesnt. OTO O0Ka3aI0Ch IJVIABHBIM MNpensATCTBUEM 1A
dopmupoBanua Mosra (MAaHTHCC) MHOTHUM CJIEAYIOI[HM
TeHOTUIIaM. A cedYac meperHéM K TreoOMeTPUuYEeCKOMY
NnpeACTaBJIEHUI0 «HAIIIEr0o» aToMa.

Ha moBepxHOCTAX yCJIOBHO IIOKa3aHbl CBA3M Macc 3jeMeHTOB. Ha
HEUTPUHHOW IOBEPXHOCTH W Jlajlee — HAa HEUTPOHHOHN, HPOTOHHOW,
BJIEKTPOHHOU 00O3HAYEHBI CBA3KH W3 YETHIPEX aTOMOB. OTHOCUTEIBHO
9JIEKTPOHHOU IMOBEPXHOCTH KaK/Jas CBsI3Ka Ha CJIEAYIONIEN MTOBEPXHOCTU
OBEPHYTa Ha yroJy 90°. CooTHOIIIEHNE 1/4, 3/4 yKa3bIBAa€T YUCJIO CBA3EH U
HaIpaBJIeHUE BpaIlleHUS.
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BekTopb! rpaButauum 7
NoBepXHOCTEN HanpaeneHbl

K LEHTpy aroma BpawieHue nonein

(

444444
| S=1/2, 1/2

L

S=1/4, 3/4

OTMeTHM, YTO MOBEPXHOCTH BpAI[AeTCsA TOJIBKO IIPU HAJTUIUU KAKOT'0-
aubo 1moaA — JIEKTPUYECKOTO, MArHUTHOTO WM TI'PaBUTAIMOHHOTO.
TeMmnepatypa Jjs «HaIIero» aroMa pacCYUTBHIBAETCA OT HyJs TPaAyCcoB
KesibBUHA B CTOPOHY yBeJIMYEHUA CO 3HAKOM ILTIOC.

PaccmoTpuM BiMAHUE TeMIlepaTypbl Ha W3MEHEHUE CTPYKTYPhI
aToma. ll3aMeHeHUe TeMIlepaTyphbl HE BJAUAET Ha pa3Mephl 7 HIOBEPXHOCTEN.
ITepBeIii crosiber; B Tabiune — AECATHIHBIA JorapudM TeMIepaTypsbl,
cyIeyIolye CTOJOIBI — PaZUyChl COOTBETCTBYIOIIMX MOBepXHOCTeH. B
Tabsulle TPUBEJIEHBl JaHHBIE JUI «3JIEKTPOHHOM TeMIlepaTypbl». JTH
pacuétsl czesanbl A. XaThIOOBBIM B €ro TpyZe «XOJIOAHBIA AIePHBIH
CHUHTE3.

DJIeKTPOHHAA IIpoTtoHHas HetitponHas HetlitpuaHas
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 MOAAAI0TCA TOJIHKO
2 IIOBEPXHOCTU — 3JIEKTPOHHAA U NpoToHHasA. Temnepatypa HE BJIMAET
Ha HEUTPOHHYIO U HEUTPUHHYIO IOBEPXHOCTU.

YCII0BHO pa3iesiuM «TeMIlepaTypy» Ha 3JI€eKTPOHHYIO U IIPOTOHHYIO.
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V3MeHeHNEe «3JIEKTPOHHOH TeMIlepaTypbl» BHI3BAaHO H3MEHEHUEM
«3apsAga» «d3JeKTPOHA», WJIM HW3MEHEHHEM 4YacCTOT, JeHCTBYIOIIMX Ha
3JIEKTPOHHOM MIOBEPXHOCTH, IIPU 3TOM ITPOUCXOTUT U3MEHEHHE MAaTHUTHOTO
I10J1s1 BJIEKTPOHHOU MTOBEPXHOCTH. ['paBUTAIIMOHHOE TT0JTEe He u3MeHsiercs. f
MMOHUMAI0, YTO HE MHOTHUM UYHTATEJISIM 3TO UHTEPECHO. Bee UIMyT U KIayT
«PEKOMEHIAIi» — UTO IJie M KaK «IePeKJTIYnuTh» B KoMmIuiekce, 4YTOOBI
IIPOIILIU BCe OOJITUKU M YTOOBI TapaHTUPOBAHO YKU3HB «ITPOJIHIIAch», M0o3T
cTajyl «yMHee», Hy M BOOOIe — >KuU3Hb Hajaawiaacb. Ho ecom Yuraresnb
IIOMHHMT, 5 T0o0eIa pacckazaThb BCE 0 co3zanuu ['eneparopa, IIporpamm u
IIOCJIEZICTBUAX OT OOIIeHUsI ¢ HUMHU. UTo U /ies1ato (15 TeX, KTO CUMTAET, YTO
oH yxe B 1npenbannuke). OcraapapiMm COBETYIO ITPOCTO
ITIOCMOTPETHb KAPTUHKUM (aBTop A. XaTpIO0B) U IBUTATHCA
nasee.

5.3. Yépuasa /Ipipa u HoBoe CosrHiie

ITon pelicTBHEM — «3JIEKTPOHHOM — TeMIeEpaTypbl»  IPOUCXOJUT
U3MeHeHHe pajuyca 3JIeKTPOHHON IIOBEPXHOCTU U, KaK CJIeJICTBUE, 3TO
BBI3bIBAET U3MEHEeHMe PaJinyca IPOTOHHON IOBEPXHOCTH.

[Tpu TOCTHKEHNU TEMIIEPATYPHI IPUMEPHO B MUAAUAPO 2Ppadycoes,
4TO cooTBeTcTByeT dactoTe C1 (9TO B pacué€THOM dYacTH, KOTOpas IMOKa
COKpBITA), MPOUCXOAUT Pa3pbIB CBsA3eH HA IPOTOHHOH, HEUTPOHHOU W
HEUTPUHHOU TIOBEPXHOCTAX, JIMKBUJAUMA STUX IIOBEPXHOCTEU U
oOpa3oBaHUE «3JIEKTPOHHOTO aToMa». [IpU [IOCTHKEHUH TeMIIEpPaTyphbl
0oaee 10 Muaauapooe 2padycos «3JIEKTPOHHBIA aTOM» pa3pyIIaeTcs,
U OCTa€Tcsl «TPABUTAIMOHHBIA aToM». /JlanvHeliuiee nosevluieHue
memnepamypst cmblicaa He umeem. llpenenvHas TeMmepaTrypa
omnpeziesieHa kak C2 — TemIiepaTypa pa3pylleHUs «3JIeKTPOHHOTO aToMa».
ITocye paspymieHUsA «3JIEKTPOHHOIO aToMa» IoJjydaeM YUEpHYI0 AbIPY C
HamnpaBJIeHHeM BeKTOopa I'paBUTAIlMU K LeHTpPY aroMma. [Ipu cHuKeHUu
TeMIIEPATYPHhI BHOBb (POPMUPYIOTCS IIOBEPXHOCTH, HAYMHAS C DJIEKTPOHHOM.

HazoBém rapameTp paspyluieHus MIOBEPXHOCTEN —
IHoaoxcumeavHan  daekmporHHana  memnepamypa (II9T).
Jluama3oH 4acToT yKa3aH B PACUETHOM YaCTH.

Urak, B pe3ysibTaTe JIOCTHKEHHUSA COOTBETCTBYIOIIUX TEMIIEPATYP MBI
moJiydyaeM JinOO TIOJIOMKHUTEJIBbHO 3JJIEKTPOHHYIO 3Be3ay, Jinho
MOJIOKUTENHHO I'PABUTAIIMOHHYIO 3Be3ay. [Ipu co3manum 3Tux 3BE3/
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IIPOUCXOAUT BBIOpoc (MOCIeIOBaTEIbHO) — HEUTPUHO, HEUTPOHOB,
IIPOTOHOB, 371eKTPOHOB. O6 3TOM 3Ke mporiecce mucasa u H. JIeBaioB B CBOEM
tpyne «HeoodHopooHnan BceaeHHas», NOSICHsIsSI €TUHCTBO MEXaHHU3MOB
BO3HUKHOBEHUA 3BE3]] U YEPHBIX JIBIP.

E—
8 ] °
|
7 ® — e
\ \ =
61 A, BadpbiBADOTOHHOW-AOBEDXHOCTH
P8 HPOTOHHOWU-HOBEPXHOGHA
1 o

5+ AN VISMeHeHME PaanyCR POTORROM IOBEePXHOLCTIN
3 \\ IAdsrosiiiis Smbaoo IOt FCvTRY e

ViIgMEHEHNE PaaryCarSRCKTPOHOMTROBEPXHOCTIA

1 1,04 106 1,08 1,1 1,12 1,14 1,16

BepTukanbHas WwKana — 4eCATUYHbIN norapudm TemMnepaTypb!.
lopu3oHTanbHas LWKana — U3MeHeHue pagayuca 3f1eKTPOHHOWM NOBEPXHOCTH

HN3MeHeHue paguyCcOB IOBEPXHOCTEH

HelTpuHO-HEUTPOHHBIN BBIOPOC MPOUCXOAUT oHOBpeMeHHO (C3),
II03TOMY CJIEZ[yET TOBOPUTh — HE HEUTPOHHAS 3BE3/1a, 4 «3JIEKTPOHHAS»
3Be3/1a U «IPaBUTAIMOHHAsA» 3Be3/a, Wik YEpHas Jabipa.

[Ipu paspbiBe TMOBEPXHOCTEN pa3pyllaeTcsi MarHUTHOE TIOJIE,
HEUTPOHHBIE U HEUTPUHHBIE «YACTUIIBI» COOTBETCTBYIOIIUX ITOBEPXHOCTEHN
00JIaZIal0T  TOJIBKO TPAaBUTAIMOHHBIM  II0JIEM, TO €CTh YacCTOThI
COOTBETCTBYIOT ITapaMeTpam rpaButaruonHoro moss (C5-C8).

[Tpu pa3pbiBe «IIPOTOHHOM» MMOBEPXHOCTU Pa3pYIIAIOTCA MarHUTHOE
M TpPaBUTAI[UOHHOE IIOJIsI, 4YacTOTa COOTBETCTBYET IIOJIOCE YAacCTOT
IIOJIOJKUTEJIBHOTO 3apsjia. YUUThIBasi OTCYTCTBHE T'PABUTAIMOHHOTO IIOJIA,
«IIOJIOZKHUTEJTHHO 3apAKeHHbIE YaCTUIBI» racarca
(morsiomIalOTCA) M HE INepeMelarTcsa B mpocrpaHcrBe. Ilpu
oOpazoBanuu UYEpHO¥W  ABIPHI  IIPOUCXOJUT  pa3pyuieHue
9N1eKMPOHHOIl 000A0HKU amoma, TPU 35TOM Ha 3JIEKTPOHHOU
000JI0YKe MPOUCXOAUT pas3pyllieHHe MAarHUTHOTO W T'PaBUTAIMOHHOTO
TI0JIeH, OCTaBIITHUECS <IIPOJAYKTHI» MOIVIOIHAIOTCA UYEPHOU ABIPOM.

OT™MeTHM psiJ 0COOEHHOCTEM:

1. B YUépHyo ABIPY HUMEIT «JOCTYyI» TOJBKO «3JIEKTPOHBI»
II0CJIe pa3pylleHus 3J1eKTPOHHOU IOBEPXHOCTH.
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2. Huxkakoii «0O0bBEKT» HE MOXKET MPUOJIU3UTHCI K 3JEKTPOHHOUN
3Be37ie (BEKTOp TPABUTAIIUH — OT IIEHTPA).

3. OJIEKTPOHHBIE 3BE3/bI HCKPUBJIAIOT IIPOCTPAHCTBO.

4. HellTpyHO ¥ HEUTPOHBI He U3MEHAT HANPAKEHHOCTU
TrPaBUTAIMOHHOTO T0JIsI (BEKTOP IPaBUTAIlMH HAIIPaBJIEH IO KacaTeJIbHOM,
JIBIDKEHHE — T10 CITUPAJIN).

5. HamnpsoxéHHocTb IPaBUTAI[IOHHOTO TOJIs U3MEHSIOT
«3JIEKTPOHHBIE» 3Be3/1bI 1 UE€PHBIE ABIPHI.

6. Hanps:k€HHOCTh IPAaBUTAIMOHHOTO IOJIS SIBJSAETCA PACUETHOU
IO3UIIUEH.

7. IIpu 0oOpa3oBaHUU «3JIEKTPOHHOW» 3Be37[bl MAarHUTHOE II0JIe
paspyiiaeTcs, TO €CTh HU «3JIEKTPOHHas» 3Be3/la, HU U€pHasa apIpa
MAarHUTHOTO I0JIs HEe UMEIOT.

8. OO6pasoBaHue U pa3pyllleHNe «3JIeKTPOHHBIX» 3BE€3]T 1 UEPHBIX
ABIP TIO/IBEPKEHO OIPEJIeJIEHHOMY ITUKIIYy. Mom Yuka npumepHo
paeseH 31000 aem.

9. CBobOomHble HEUTPUHO M HEUTPOHBI BJIUAIOT HA MEXaHU3M
oOpa3oBaHUS BHEIIHUX CBsA3ed aTOMOB (3a IIpeeslaMd HEHUTPUHHOU
000JI0UKH).

10. JlyuTenbHOCTH IUKJIa obpazoBaHus (paspyenust)
«3JIEKTPOHHOM » 3Be3/Ibl WM UEPHOU ABIPHI COCTABJISAET MPUMEPHO 5
et (3eMHOro BpeMeHH).

11. YUHTBHIBas HAIIpaBJIeHUE TPABUTAIIIOHHOTO I10JIs, MbI HE MOKEM
BUJIETh «3JIEKTPOHHYIO» 3Be3/ly, B TO K€ BpPeMs MbI MOXKEM HaOJII0aTh
MeCTO MOosIBJIeHUsI UEPHOM ABIPHI, €€ pa3MepPbl MOKEM BBIUYHCIUTH TOJTHKO
10 KOCBEHHBIM JIJAHHBIM.

12. CkopocTh [ABIKEHHUS  HEUTPOHOB TIOCJIE  pa3pylIeHUs
HEUTPOHHOU OBEPXHOCTHU «3JIEKTPOHHOU » OBEPXHOCTHIO cocTaBiisieT C9.

13. CxopocTh  JBWKEHHS  HEUTPUHO  TIOCJe  pa3pylieHus
HEUTPUHHOU ITOBEPXHOCTU «3JIEKTPOHHOUI» IIOBEPXHOCTHIO COCTABJISET
Cio0.

OTMeTI/IM, YTO 3TH CKOPOCTHU HACTOJIBKO BBICOKHE, UYTO HE IIOAAAal0TCA
HHKAaKNM pacq'éTaM C TOYKH 3p€HHuA IMEepeEMEIICHUA MaTEpPHUAJIbHbIX MacCC.
At CKOpPOCTH MOTIYT OBITH HMOHATHBI TOJIBKO Ipu pacqéTe PE30HAHCHBIX
ITNKOB.

IIo mepe ocMuvleaHUA 21eKmpoHHOIL 38e30ul
2pasumayuoHHoe noae ymeHsuwaemes, u 36e30a CmaHosuUmcs
sudumotilt.
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C TOYKHU 3peHusA T
«OOBIBaATEA» HaV00JIbIITUT
UHTEepeCc  MNPeJCTABJAAIT  TakK |
Ha3bIBaeMble «IPOTOHHBIE»
3BE3/IbI.

Bo-tiepBbIX, 9TH  3BE3[bI 3
O6J'Ia}_'[aIOT KaK ITOJIOZKUTE/IbHbIM, TaK 1 npaBrneHne ocMoTpa
ugkpueneH1e NpocTpaHcTea
OTpUILIaTECIbHbIM QJIEKTPUYECKUMU

MIOJISIMU, MarHUTHBIM u

rpaBUTAIMOHHBIM TIosieM. [IpoToHHAsA 3Be371a oOpasyeTcs Ipy pa3pylIeHuH
HEUTPOHHON ¥ HEUTPUHHOU 00O0JI0OUeK aToMa IpPU 3HAYUTEIHHOM
Jinara3oHe TeMIIepaTyp. ObpazoBanue MIPOTOHHOM 3BE3/1bI
COIIPOBOXKJIaeTcsl BBIOPOCOM HEUTPMHO U HEUTPOHOB U H3MeHEHUEM
CBOMCTB 2JIEKTPOHHOU U MPOTOHHOU ITIOBEPXHOCTEN aToMa.

Hecstuunbrii Jlorapudm Paguyc syekTpoHHOU Paymnyc mpotoHHOM
TeMIIePaTypPhl MTOBEPXHOCTHU IOBEPXHOCTHU
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 IIPOTOHHBIM 3BE3/IAM OTHOCHUTCA COJIHIIE. IIpu
JIOCTH)KEHUN TeMIIepaTyphl IIPUMEPHO 4300 IpaaycoB oOpasyercs
HEUTPOHHAaA MOBEPXHOCTbD, A IPU TEMIIEPAType HUKe 3600 rpaxycoB
— HeUTpuHHAsA mnoBepxHOCTh. COJIHIIE celyac «OCTBIBAeT», TaK YTO
JOXAEMCA pe3yIbTaTa — OH HACTYIIUT NPUMepPHO uepes 40 aem!!! B 1o
’)ke BpeMsa BMecTo CoJiHIIA MOSABJISETCSA Jpyras
3Be3sia (MHOpMAIHMA COKpHITA, KaK A W
| ToBOpWUJI, HO 3TOT QakT — ToueH). ITy2amuvea
 moavko He HydcHo. HyxHo B baHio
| CTpEeMUTHCA. «ITmockoe» pacrmoJioxkeHue
BEKTOPOB T'PaBUTAIUOHHBIX IIOJIEH aTOMOB
«IIPOTOHHOM» 3Be3/Ibl OIIpeiesieT IJIOCKOCTh
SKJIWUNTUKU (HAKJIOH IUIOCKOCTU OIIpEZEeIIEH
CMellleHUeM IIeHTpa TsKecTu aToMoB). ITporece

https://vistanews.ru
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POXKAEHUS 3BE3/IBl 0AUMCA NPUMEPHO 2 200, OCMbIBAHUS — 31000
aem. Ham 6e3niokouThbes He 0 ueM — pszioM ¢ CoJtHIleM «00JITaeTcs », enge
JB€ Macchl, OJAHA U3 KOTOPBIX «BCIHBIXHET» B MOMEHT
oopazoBanuna y CoytHIIa HEUTPOHHOU 000JI0OUKH aTOMOB. I, 4TO camoe
IJ1aBHOE JUTs Hac, TemnepamypHulil 6a1aHc HCU3HU NPU IMOM He
Hapywaemes. Konebauus temmnepatypbl CoJiHIIA TIPHUBEIEHBI HUKE.

Ton TeMne]gaTypa ConHria, Tox . TemnepaTypa
paaycoB OJIHIIA, TPA/yCOB

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 B

6000 ‘*‘\“\‘71

5000 N —

“V‘\'\s,

4000 11\

3000 *\

2000 \

b
1000
0

1990 2000 2010 2020 2030 2040 2050

Cuu:xeHue temrneparypsbl CoTHIIA 3aMETHJIH YKe JaBHO, HO
ObLIa Heu3deéecmHa NPUYUHA OCThIBaAaHUA (3a0JHO U MAaHUKAa — KaK
JKHUTH JAJIbIIIE).

B IIPUJIOXKEHUU3 K paC‘IéTHOfI YaCTU YKa3aHbl IIapaMETpPbl HOBOT'O
COJ'IHI_Ia Y MOMEHT €ro IIOABJICHUA Ha TOPDHU30HTE.

3 Bee Ipunoxenus (¢ pacyéramMu), 0 KOTOPHIX MAET peUb B 3TOH IJIaBe, MPENCTaBIeHbl B MOHOTpaduu
A. Xatpi60B «Xosonubiil flnepHbit CHHTE3». BOJBIIMHCTBO M3 HUX Ce200HA NYOAUUHbLIMU OblMb He
Mmoeym. OHaKO HEKOTOPbIE PACUYETHI, KaK MOsSICHeHHe HHPOPMAIUU — MyOJIHKYIO.
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C noHuxceHuem memnepamypst CoaHUA NOBbIULAECTNCA MAZHUIMHAS
aKmMueHOCMb, UTO COOTBETCTBYET PACUETHBIM IMapaMeTpaM HW3MeHEHUS
CTPYKTYPbl aTOMHOIO fAZpa NpU KoJie0aHuax mnoJseu. Urak, aas
IMPOTOHHOU 3Be3Jbl Mbl MME€EM TOPOOOpPa3HOE OTpPHUIATEIbHOE
MaArHUTHOE€ U TOPOOOpa3Hoe 3JIeKTpudeckoe (IMoJI0KUTETHbHOE)
moJie, CTPOT0O OPUEHTHPOBAHHBIN BEKTOP TPAaBUTAIIUHU U «CJIETKa»
pa3ayrbie paguychl IMIPOTOHHONW M 3JIEKTPOHHON IMOBEPXHOCTEH
aroma.

BekTop rpaBuramuu HamnpasbJjeH oT CoJyiIHIIa, MO3TOMY Ha
HEro HU4Yero «ynmacrb» He MOkKeT. B ¢cBA3M ¢ UBMEeHEeHHuEeM BEKTOpa
rpaBuTtanuu (mosiBjaeHueM Apyroro CoJIHIIA) TPOU3OUIET OpPHUEHTAIUS
TPAaBUTALIMOHHOTO N0JIs1 HOBOTO COJIHIIA, U 3eM11 CMEHUM Y201 HAK/A0HA.

Cnenytomum  CosHneM Ha 31000 Jer Oyaer HWMHOE
«OBPA30OBAHMED»>, citeibl KOTOPOTO y3Ke ceiiuac HabJTI0ar0TCA.

1 IIporonHasn hv hv hv
2 DJIeKTpOHHAsA hv hv hv
3 PZ 2hv
3 1
P =z —
4 N 2 (hv + hv
1 1
P Z —
5 b 2 (hv + hv
3 1
6 P = —
¢ 2 hv + 2hv
1
7 P, hv + E
8 P ! hv + !
1 3
P Z —
0 ! 2"t 2w
1
10 IenTtp aroma —
hv

IIpuino:xenne. COTHEYHBIA CBET

CoBpemeHHasi (pu3mKa cooOIIAET, YTO COJTHEYHBIN CBET — 3TO KBAHT
(MaTepuasbHasA YacTUIIA) U BOJIHA OAHOBPEMEHHO. Pa3 3T0 syemeHTapHas
YacTUIA, OHA HAXOJUTCA B PAAY C APYTUMU YaCTUIIAMU, MTPUOBIBAIOIINMHA
u3 Kocmoca (Ho m3 Kocmoca, Kpome ochInaBIIeNCA TPyXH
BHEIITHEH OO0OJ/IOUKHM KOHyca ABU:KeHUuss COJITHEYHOUW CHCTEMBI,
HUYEro HE IIOCTYIaeT, a IOCTyNHBIIas TpyXa HMeeT Ty :Ke
CTPYKTYPY, 4TO u Ha 3ewae). Hukakoii mHOU MHPOpMAnuu O
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CosrHeuHOM cBeTe HeT. I3BecTHBI OnbIThI JIeGegeBa o uaydaeHuo
JaBJIE€HHUA, KOTOpOoe IIPONu3BOAUT KBaHT cBera. Oagnako CosaHue —
3TO IJIABHBIH WH@MOPMAIIMOHHBIN KOMILIEKC, IPOU3BOAANIHHI
MOCTABKY HeoO0xoaumMou wuHdoOpMamuu ecem 12 KoaeHaAM
(pasaesnensl mo yacroram). ITo cBoeii crpykrype KBAHT CBETA —
ITO HfIHO. BHeumrHsA 000/7I0YKa — TPaBUTAIIUOHHBIE YAaCTOTHI (6
YacToT, OKTaBbl 63 u 71). 3alMTHBIA CJIOM — OKTaBa 64,6666
(BocnmpuHuMaerca kak CoOTHEUHBIU CBET).

NudopMaiuoHHBIE MOAYJb — OKTaBa 64 (e6ce 12 uacmom
UCNOAHUMEAbHOU 6a3bl u 12 wvacmom copoca). HhopMaIlnoHHbIH
MOJYJIb — 3TO NMOMAPHO COEJVUHEHHBbIE YaCTOTHI, IIOCTPOEHHbIE Ha
CMEXHBIX 4YHciaaxX (mpumep: 17 — UCHOJHUTH, 19 — YAAIUTH). ITOT Ke
IPUHIUN OBLT 3aJ103KeH U pu co3fanuu 'eneparopa, H. J/leBanioBbIM.
A IIporpamMmmsbI IIOCTPOEHBI MMEHHO o MIPUHITHAILY
NMHO®OPMAIIMOHHOTO MOAYJIA B ITIOITAPHOM
COEAMHEHNUN YACTOT, uro 1 MO3BOJAET UMH «YNpasasimv»
u36He (YTO OYeHb BAXKHO) NPU CHUTyallUAX, KOTJIA HYKHO CTODOHHee
«BMeIIaTeILCTBO» B pabory Komiuiekca i
«CBeTJI» 11 TOCTUXKEHUS TOTO0 WJIN WHOTO
pesyJibTara.

Xouy TIOJYEPKHYTb, UTO KOHEUHBIM
MOCTAaBITUKOM  cobcTBeHHO  IIporpamMmsr
sapasercsa Jlyna (cmorpu paszen Marpuna
Mosra). XapakTep HUCIIOJTHUTEIFHOTO IPUKa3a
chopmMUpOBaH B I[BETOBOH raMmme (32 4aCTOThI
B OKTaBe 63).

[IBeTa paszaeseHsl 0 cMbIciTy. Hatre 3peHue nmocTpoeHo UMEeHHO JIJIst
BOCITPHUATHUS THX YaCTOT, U BCE, YTO MbI BUIM B KocMoce, mpesioMiiseTcs
yepe3 MPU3MY I[BETOBOM TaMMBbI ¢ YYETOM 3aIUTHI OT HEMPEABUAEHHOTO
W3JIyYeHU .

Kaxkmas niBeToBasi raMmma (4 OKTaBbI) IIOCTPOEHA KAK U MY3bIKAJIbHBIHN
Psi/i, IOTOMY B YCJIOBHSIX OTCYTCTBHS IIOICBETKH (M1 KBaHTa) MH(POPMAITHIO
[0 [BETy MOMKEeT JlaTh JII0O0W paboTaIui KOMIUIEKC, IepeaaBast
COlEP:KUMO€ KBAaHTA Ha 3BYKOBBIX UAaCTOTaX BO BCEX OKTaBax
BocupuaTuna. Cjieayer 3aMeTUTh, UTO I[BET, BOCHIPUHUMAaeMbIii Ha
3emiie, IPOXOAUT CKBO3b MpU3My arMocdepbl U NepeBOIUTCA B
0oJiee HU3KHUE OKTaBbl. Kpome TOro, AJ1s pasjiesieHus] 4acTOT KBaHTa
II0 I[BETY HKCIOJIb3yeTCsl IpU3Ma, KOTOpas TOXKe CHUKAeT OKTaBy. ITO
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KOHEYHOEe CHIIKEHHE M 3aHEeCEHO BO BCe CIIPABOYHHMKHM KaK HCTHHHOE
3HaueHHe 0e3 aHaIN3a MOJIyYeHHOTO Pe3yJIbTaTa.

[Ipolo;kUM M pacCMOTPUM  JIEHCTBHE 3aKOHOB JJII  aTOMOB
«31eKMPOHHOIL» 38€30bl, <NPOMOHHOU» 36€30bl 1 YEPHOU ABIPHI.
JlelicTBHe 3TUX 3aKOHOB OIPEAEJAIOT PEAKIUU, IMPOUCXOJAINNE Ha JTUX
3B€3s1ax. COOTBETCTBEHHO BBHIOHUPAETCA MEXaHU3M KOHTPOJIA W
CIIOCOOBI 3alUTHI OMOCHCTEM.

3aKOHBI VI «3JIEKTPOHHOM» 3Be3/IbI

Payiyc 37€KTPOHHOU ITOBEPXHOCTH W3MEHWJICS — JJIs BCEX TOJIeH
3JIEKTPOHHOU ITIOBEPXHOCTH HEOOXOAMMO HCII0IH30BaTh 3aK0H 2h. B ieHTpe
aToMa 3aKOH TOK€e U3MEHUJICA B COOTBETCTBUY C 3aKOHOM JIJIs1 3JIEKTPOHHON
noBepxHocTu: 2/h, HAUPAXKEHHOCTh TPABUTAIMOHHOTO IIOJIA B I[€HTpe
aToMa B 2 pasa BBIIIIE, YeM /IJISI aTOMA B OOBITHOM COCTOSTHUH U COCTABJISIET
120 G. B 2 pasa yBesinuusics 3aps/ aToMa U Halps>)KEHHOCTh MAarHUTHOT'O U
rPaBUTAIMOHHOTIO IOJIEH.

BpauweHue nonei

3aKOHBI VI «IIPOTOHHOM» 3BE3/IbI

Kax eudno u3 mabauust (cm. Hudiice), 0A41 NPOMOHHOI
368e30bl 3aKOHbL 0CMAAUCH HEU3MEHHDBL.

[MosiBuiIcss medunuT B 00JIACTH  CBSIBKM  Macc: OTHOCHUTEJIBHO
2JIEKTPOHHOU TOBEPXHOCTH HA MTPOTOHHOU ITOBEPXHOCTU Pa3BOPOT — Ha 90°.
Hedunur pasBopora paBeH 180°. 3a cué€r 3TOrOo JedunuTa 00pPa3yIOTCs
MAarHUTHBIE TOPOOOPa3HBIE MOJIA BOKPYT «IIPOTOHHON» 3BE3/IbI.
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XapakTepruCTUKN TPAaBUTAIMOHHBIX, MAaTHUTHBIX UM 3JIEKTPUYECKHUX
1I0JIeY TIOBEPXHOCTEH NMPUBE/IEHBI B PACUETHON YACTH. 4

Bpauwienue noneu ’

/

G
/ E+ ‘
\
No IToBepxHOCTH E M G
1 IIporonHas hv hv hv
2 JJIeKTPOHHAA hv hv hv
3 P, 2hv
3 1
P b —
4 a 2 (hv + o
1 1
P Z _
5 b 2 (hv + ho
3 1
6 P = —
¢ 2"t hw
1
1 1
8 P - —
e 2 (hv + hv)
9 P ! hv + 3
! 2"t oy
1
10 enTp aToma —
hv

5.4. 3aKOHBI 11 Y€PHOU ABIPHI

Kak yxe orMmeuasioch Bbillle, UépHasa apipa oOpas3yeTrcs B
pe3yJibTaTe B3phIBa 3JIEKTPOHHOM MOBEPXHOCTH aTOMa, IIPH 3TOM

4 A. XaTp160B «Xosonubii fAnepHbiiit CHHTE3».
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NMPOAYKTHI pACHaja, «3JJEKTPOHbI», IOTEPAB 3apA U MAarHUTHOE
moJie, mMonajaamT B IeHTP YE€pHOM AbIPHI.

[ToBepxHOCTH G
P, 2h

3 1

P -z =
a > (h + h
1 1

P =(h+—
’ 2t g
3 1
P Z il
c 2 h+ 2h

1

P h+=

d + h
1 1

P = =
e 2 (h+ h
1 3
P Z =
1 2 h+ 2h

2
LenTp aToma h

He umeror nocrynma B UE€pHyI0 ABIPY HU <IPOTOHBI», HU
HEUTPOHBI, HU HEUTPUHO. To ecTh, B UEPHYI0 ABIPY MOTYT IIOIIACTH
TOJIBKO MACChl, MMEKIIHEe CcOoBHaJawmuil ¢ YEpHOU ABIPOH
BEKTOP rpaBUTAINIH, 9TO COBIA/IECHUE, — TOJIBKO Yy «3JIEKTPOHAa».
Cemp mnoBepxHOcTed Y€pHoW  ABIPHI  PpadoTalOT  Kak
MOJIIPU3ANMOHHBIA  (PUWIBTP, NPHUHHUMASA TOJBKO TO, YTO
«IIOJIE3HO». IJTA <«IOJIE3HOCTHh» OIpeJeieHa 3aKkoHaMu. Bce
MONBITKH «IPOTAIUTH» B YEPHYIO ABIPY MOCTOPOHHUE O0BHEKTHI
3aKoHUYaATCA 0e3pe3yIbTAaTHO.

B uactHOCTH, TIpum moaxoze K YUEpHO¥ AbIpe, KBAaHT CBeTa
pacceuBaeTrca UM NOIVIOIHAETCA JAPYrMMH HOJAMH. IJTO
IOIJIOIeHH e NPOUCXOAUT HAMHOI'O paHee MOAX04a KBAHTA CBeTa
r k UépHo abIpe.

YuurbiBasg, 4ro s UépHoun
JABIPBI COOTHOIIIEHNE S paBHO 1/2, 1/2,

pacuéTrel mapamMeTpoB UEpHOM AbIPHI

HE00X0 MO IIPOU3BOAUTH c

HICIIOJIb30BAaHUEM THUITEPKOMILIEKCHOH

G CUMMETpHH, MaTeMaTUKU
LieHTp «Kaseigockon» co 3HaYeHHEM
aTtoma AN napamMerpa i2=+1. Kak 3T0o HU cTpaHHO,

HO pacuéThl napaMeTpoB UEPHOU ABIPHI
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MPOMBBOJIATCS C HCIOJIb30BaHHEM OKTaB (rpaBUTAIMOHHBIE IIOJIA
PacCUYUTHIBAIOTCSA TOJBKO C HCIIOJIb30BaHHEM OKTaB). ATO — HamboJiee
CJIOJKHBIN MaTEMAaTUYECKUU allapaT B TEOPUU THIEPKOMILIEKCHBIX YHCEJT,
1 emy A. XaTpI00B MOCBATII 4 TOM «Duarocopua mamemamuxu»
MoOHOTpaduu «X0100HbBIU AOEPHBLI cCUHME3».

B MoMmeHT pacuiupeH”s NPOTOHHOU ITOBEPXHOCTH IIPOUCXOTUT
B3PbIB HEUTPUHHOU " HEUTPOHHOU IIOBEPXHOCTEH,
COIIPOBOXK/IAIOIIUHACS BRIOPOCOM HEUTPUHO U HEUTPOHOB. Ha HEATPOHHOI
IIOBEPXHOCTU aToOMa JI0 B3pbIBa Mbl UMeeM 184 mMaccshl (HeUTPOHOB), Ha
HEUTPUHHOU MOBEPXHOCTH — 312 macc (HeiTpuHOo). IIpu BrIOpOCe Macc
HEUTPOHOB U HEUTPHMHO MarHUTHOE IIOJI€ HUCUe3aeT, OCTAETCA TOJIBKO
rPaBUTAIMOHHOE (HA TOBEPXHOCTH OHO HAIPABJIEHO IO KacCaTEJIbHOW).
Paznér macc — mo KacarejJbHOM K COOTBeTCTBYIOIel IoBepxHocTH. Ha
IIOBEPXHOCTHU /IO B3PBIBA BPAI[eHHE MAcC 33/Ia€T MAaTHUTHOE II0JIe, IIOCTIe
B3pbIBa BpallleHUe IpeKpallaeTcs, U Macchl pasjeTaloTcs 0e3 BpallleHUs:.
IToBepxHOCTH pAa3JIeTAIOTCS OFHOBPEMEHHO, 00pa3ysd MOIHBIH ITOTOK
HEUTPUHO U HeUTpoHOB. TemIlepaTypa HEWTPUHO U HEUTPOHOB paBHA
3,6°K. Urtak, ipu B3pBIBE BBIZEJISAETCA JBA THIA MAacC — HEUTPUHO H
HeUTpoHBI. /lajee cijieyeT TOBOPUTh O HAJWYUU OTPUIATEIHHBIX
IPaBUTAIMOHHBIX YAaCTHUI] U IIOJIOXKUTEJbHBIX TI'DABUTAIMOHHBIX YaCTHI]
(macc).

HeitmpuHno — ompuuameasHaa 2pasumayuoHHas wvacmuuda
(macca).

HeitmpoH — NoOA0HCUMeAbHa 2pasumauyuoHHan wacmuyda
(macca).

HelTprHO ¥ HEUTPOHBI HEe B3aUMO/IEHCTBYIOT HU ¢ U€pPHOM ABIPOMH,
HH C 3JIEKTPOHHBIM aTOMOM, HU C IPOTOHHBIM aTOMOM. OYHKITHS HEUTPOHOB
U HEATPUHO — CO3/JaHUE OTPUIATEJILHOTO U  IOJIOXKUTEJIBHOTO
rpaBUTAIMOHHBIX Tosiel. HasHaueHue mosield Oy/leT yKa3aHO HUIXKe.
ITepexoss Ha SA3BIK PAUO3JIEKTPOHUKU, MBIl UMEEM BCETO /IBE YACTOTHI —
HEUTPOHHAsd W HEWUTPUHHAA. Imumu uHacmomamu npoHu3aHa
Bceaennas.

Hano wmerp B BHAY, 4YTO aTOMBbl «B3PBIBAIOTCA» II0OOYEPENHO,
HefiTpuHo u Heiitporsl OBPA3YIOT OBBEMHYIO COTOBYIO
CTPYKTYPY (orpunaresbHas COTOBas CTPYKTypa M IOJIOXKUTeJIbHAS
COTOBasi CTPYKTYpa).

23



K HEUTPUHO «ITOAXOAUT» 6 AUHULL
C8A3U, JTO JKe KOJIUUYECTBO «HUCXOIUT» OT % 2
HeUTPOHA. PasMepbl COT IPUBENEHBI B | N
pacuéTHoi yacTu. IMEHHO 3TH combl U
HA3bLBAIOMCA BAKYYMOM. NGV

PasphiB cBszeil B JaHHOM ciaydae | | '
ABJIsIETCA CJI0KHOM 3aj7jaueld, BUKEHUE B y ¢
BaKyyMe MOXKHO CTPOUTb Ha JPYTUX - -

MpUHIUNAX. 3aMeTHUM, UYTO WCXOJHbIE B Heitrpon
BEKTOPHI TPAaBUTAIlM B aToMe — IIOJ, Heittpuo v
YIJIOM 90°.

5.5. CTpyKTypa He «HAIllero» aToMa, I
«3azepkrajibe»

Kak ObLIO OIpefiesieH0 paHee, «HaIl» aTOM HMEET CAELYIOILYIO
CTPYKTYPY:

- IIEHTP aToMa C HallpaBJIeHWEM TPAaBUTAIIMOHHOTO TMOJSA K
HEeHTpy;

- 7 TOBEPXHOCTEeH (TpaBUTAIMOHHBIX), HAIpaBJieHUE BEKTOPOB
rpaBUTAIUM — K IIeHTPY (JIpyTHUX IOJIeH HEeT), COOTHOIIIeHHe S=1/2;

- 9JIEKTPOHHASI MOBEPXHOCTh, 108 y3JI0B, COOTHOIIEHHE S=1/4,
3/4, K IEHTPY aTOMa HaIpaBJIeH BEKTOP 3JIEKTPUUECKOTO OTPHUIIATETHHOTO
I10J1s5, BEKTOP TPABUTAIIMOHHOTO TI0JIs HAaIPaBJIEH OT IEHTPa aTOMa, BEKTOP
MAarHUTHOTO TI0JIS1 HaIIpaBJIeH 10 KacaTeJIbHOW;

- MPOTOHHAsI TTOBEPXHOCTh, 132 y3Jia, COOTHOIIEeHuEe S=1/4, 3/4,
BEKTOPHI TPABUTAI[MOHHOTO W SJIEKTPUYECKOTO TIOJIEH HaIpaBJIEHBI 110
KacaTeJIbHOU, BEKTOP MarHUTHOTO I10JIsl HAITpaBJIeH K IEHTPY aTOMa;

- HEHUTpPOHHAs IOBEPXHOCTH, 184 y31a, coOTHOIIeHuEe S=1/4, 3/4,
BEKTOP TPABUTAIIMOHHOTO IIOJISI HANpaBJieH II0 KacaTeJIbHOW, BEKTOP
MAarHUTHOTO II0JISI HAIIPaBJIEH K IEHTPY aTOMa, 3JIEKTPUUECKOTO TI0JIs HET;

- HEUTpUHHAas MOBEPXHOCTh, 312 y3JI0B, COOTHOIIIeHUE S=1/4, 3/4,
BEKTOP TPABUTAIIMOHHOTO IIOJISI HANpaBJIeH II0 KacaTeJIbHOU, BEKTOP
MAarHUTHOTO II0JIS1 HallpaBJIeH OT IIEHTPA aToMa.
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®. lIkpynueB «CeetJIbiil Bennk» H. JleBamosa B «bannowm /lene» A. Xatsi6oBa u Tpynosas Jlonara

G |1
05 0,812 1,5 4

E e M M
- - - - - - -
e M /
0,784 1 25 0 0, 0,044
E G G

HaleaBJIEHI/I}I 1 MOIITHOCTHU rpaBUTAIINOHHBIX moJieii atoMma

HccaenoBanusa o «aHTUATOMY» " «AaHTUMHUPY»
HEeOOXOUMbI 3/1eCh JJIfA aHAJU3a MOCJIEAYIOIET0 00beIUHEHUS
CTPYKTYP, a TakKe BbIACHEHUA IPUYNH U3MEHEHUS SHepreTUYecKoro
MOoTeHIMaIa.

Kak mokazasm pacuéTsl, «aHTHATOM» HUMeeT Ty K€ CTPYKTYpY, UTO U
«HAII» aTOM, TOJIBKO P/ XapaKTePUCTUK NHBEPTHUPOBaH. Pa3zmepsl aToma B
CTaOWJIBHOM COCTOSIHMH Te JKe caMble, UTO U y «HAIllero» aTroMa, YHcJIO
IIOBEepXHOCTeH — TO xKe.

BpaujeHue Macc Ha NOBEPXHOCTAX —

He#TputHan obpartHoe, NoBOpPOT — B NPOTUBOMNO-

NOBEPXHOCTb TNOXHYI0 CTOPOHY, B OTNIUYME OT
“Hawero” atoma

HeliTpoHHas
NOBEPXHOCTb

> S=3/4
1/4

[poToHHan
NMoBEepXHOCTL

OnekTpoHHas
NOBEpPXHOCTb

[paBuTaumnoHHbIE
NOBEPXHOCTH
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CylecTBeHHOE OT/IMYMe: TnapaMeTpbl S ob6patHbl (a7
ITIOBEPXHOCTEH S=1/2, 1/2, 17151 OCTAIbHBIX IOBEPXHOCTEN S=3/4, 1/4).

[Ipu mpoBefeHUH HCCIeIOBaHUN ObBLIO OKa3aHO, UTO aOCOTIOTHBIHN
MHUHUMYM TeMIIepaTypsl paseH O 2padycoe (no Keaveuny),
TeMIlepaTypa MOXKeT U3MEHSThCS TOJbKO B CTOPOHY yBeJIHUeHHus (+)
YMEHbBIIEHUs — 10 O.

CpenHss TemIlepaTypa Bakyyma paBHa 3,6°K, 4TO COOTBETCTBYET

qacToTe npoaOﬂbelx 60/1H 2pasumauyuOHHO20 NoAA C=20.

JlaHHBIE CBEIEM B TaOJIHILY.

Ne Atom Antuarom

1 HEUTPUHO aHTUHEUTPHUHO

2 HEATPOH AHTHHENTPOH

3 MIPOTOH AHTUIIPOTOH

4 DJIEKTPOH AHTHUBJIEKTPOH

5 | mojoKuTeJabHAs 3JeKTPOHHAS 3BE3/Ia | OTPUIATEJIbHAs DJIEKTPOHHASA 3BE3/a

6 | MOJIOKUTEJbHAs MO3UTPOHHAS] 3Be37]la | OTpHUIlaTeJIbHAasA MO3UTPOHHAA 3BE3/1a
MIOJIOXKUTEJIbHAS TPABUTAITMOHHAS OTpUIIaTeIbHAS TPABUTAI[UOHHAS

7 3Be3za (mosoxurenpuas YEPHAS 3Be37a (oTpHuIaTeIbHas YEPHAS

JIBIPA) JBIPA)

IMuxavbt 00pazosaHun 36€30 0OUHAKOBBL, NOIMOMY O0ANHCHO
0blmb 63aumHoe 8austHUe amMomos. B «o0btuHOM» cocmosHuu
ATOM U AHTUATOM HE B3AUMO/IEMCTBYIOT.

[Ipu AOCTHKEHUH TeX JKe TEMIIEPATYP, YTO U JJIs aTOMa, IPOUCXOJIAT
mporiecchl 00pa3oBaHUA MPOTOHHOTO, 3JIEKTPOHHOTO W TPABUTAIMOHHOTO
QHTUATOMOB.

IIporoHHbIi aHTHaTOM. IlpH T
o0pa3oBaHUM NPOTOHHOTO aHTUATOMA ,:‘ v -9~
IIPOUCXO/IUT B3PHIB HEUTPUHHOU U |
HEeUTPOHHOU MOBEPXHOCTEN U BHIOpPOC 312
QHTUHEUTPUHO U 184 AHTHUHEUTPOHOB.

Macca aHTUHEHTPOHOB nornomaeTc;I‘ "
IPOTOHHOM IIOBEPXHOCTHIO, mpu 5TOoM | @
YBEJIUUYHNBAECTCH momuoCTh | P
MATHUTHOIO M  3JIEKTPHYECKOIo

L5 (%) g @ -
1moJjiell TPOTOHHOUM TmoBepxHOocTH (C21- Hefimpon ¢ aHTUHEATPUHO

C25).
FpaBI/ITaI_II/IOHHOG I10J1€ HpOTOHHOﬁ HOBerHOCTI/I HE USMEHAECTCA.

AHTUHEUTPUHO MOKUAAIOT AaHTUATOM C IIOTepell MAarHUTHOTO OJIA.
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B KocMuueckoM WIPOCTPAHCTBE OJHUHAKOBOE KOJHUYECTBO
CBSI3AHHBIX HEUTPUHO U AHTUHEUTPUHO: B OJIHOM CBS3KE HAXOAUTCA 4
HEUTPOHA, 2 HEUTPUHO U 2 AaHTUHENUTPUHO.

B o06pa3oBaHHOM IPOCTPAHCTBE BbIZIEJIsIeTCS 00Js1acTh (BHYTpH
IIDOCTPAHCTBA), SABJAIOMIAACA 30HOU O-nepexodd, TO KOTOPOH U
IIPOU3BOAUTCA JBUK€HUE HEWTPOHOB, HEUTPUHO M AHTUHEWTPHUHO. ITa
30Ha — TPaBUTAIUOHHBIA YyCWJINTEIb — AHAJOTUYHO MarHUTHBIM
YCUJINTEIAM B CHHXPO(a30TPOHAX.

IIpocTpaHCTBO KBaHTOBAaHO, M Macca (4acTora) HE MOKET
JIBUTATHCS T10 IPYTOMY IIyTU, HEKEJTU OIpPe/IesIeHO.

Tak Kak NPHU OTPBHIBE OT MOBEPXHOCTH OBLIO ITOTEPSIHO MarHUTHOE
11oJie, JBUTAIOIIMECs YacTHUIbl (BOJIHBI) He BpAIIAlOTCs, ITO3TOMY MOXKHO
paccMaTpuBaTh KBAaHTOBAaHHOE COTOBOE TIIOJIe C IlepeceKaroluMUCs
wiockoctsiMu O-nmepexoaa. OTMeTHM 0COOEHHOCTH JIBUKEHUSA MACC B 30HE
O-ntepexoyia. Bce macchl, BKJIOYas KBaHT CBeTa, JABUTAIOTCA B 30He O-
nepexoaa. 3oHa O-mepexoma — 3To mosioca mupuHor C30, Uem Oimke K
IIEHTPY MOJIOCKI, TEM OOJIbIIIE CKOPOCTh Macchl (wacToThl). ITo mmostoce ar0bast
Macca JBuraercs 6e3 COmpoTUBJIEHU, HO MacChl, He coBnazaroIue ¢ C30 1o
YacToTe, IPOXOAAT JiioOoe paccrosiHue 0e3 ycwieHus (yBeJIMYeHUA
ckopoctu). Tak, CKOpoCTh KBaHTa CBETa ITOCTOSTHHA.

YckopeHre Macc OTHOCHUTCS K HEUTPHHO W AHTUHEUTPUHO, OHHU
IIEPEZIBUTAIOTCSA TI0 IPOCTPAHCTBY C HEOTPAHUYEHHOU CKOPOCTBIO.
«HaGop ckKOpoCcTH» NPOU3BOAUTCA MEJJIEHHO, HAa 3TOT «HAOOD
CKOPOCTH » BJIUSAIOT TPABUTAIIMOHHbBIE CKOIJIEHUS MacC.

HeiiTpuHo HeitTpoH AHTUHEATPUHO

IIpu PUOJIMKEHN T K | ¢ ]
TpaBUTAllUOHHOU  Macce  IIPOUCXOOUT ,
TOPMO’KEHHE, ¥ CKOPOCTb «YaCTUIbI»
CTAaHOBUTCA COU3MepPUMOH ¢ c\ | e\ \
JIEUCTBYIOIIIUMH 3aKOHAMU VI JIaHHOU T VB | \
MaccChbl. = ; N

Paccmorpum IIPOCTPAHCTBEHHOE L .
pacnionokenue 30H O-mepexoxa. OHO A g ¥

N
TaKOBO, YTO HArJISITHO JIEMOHCTPUPYETCS Q‘: i
«CJIOEHBIU ITUPOT», COCTOSIIINN U3: \

&

- HEUTPATHHBIX OJIOKOB (4 & \i \“
HEUTPOHA, 2 HEUTPUHO, 2 AHTUHENUTPUHO); " N
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- HEUTPUHHOTO 0JI0KA (4 HEUTPOHA, 4 HEUTPHUHO);
- AHTUHEUTPUHHOTO 0JI0KA (4 HEUTPOHA, 4 AHTUHEUTPHHO).

HccneqoBaHUIoO 3TOTO «IIUpOra» IOCBAIIEHA OTAEJIbHAA I'JIaBa.

HTak, B MOMEHTHI B3pbIBa aTOMAa U aHTUATOMA ITPOU3BOJIUTCA BHIOPOC
KOHKPETHOT'O MHO>KeCTBa HEUTPOHOB, HEUTPUHO U aHTUHEUTPHUHO. ITH Ke
«3JIEMEHTHI» QOPMUPYIOT BAKyYMHYIO PEIIETKY, 00pa3ys IPOCTPAHCTBO O-
nepexoaa. Bakyymnasa pewémxa — pa3uposanusblit ckeaem
Bceaennoit. OTMEeTHM, YTO BCE TPH «3JIEMEHTAa» BAKYyMHOW PENIETKH
MMEIOT TpaBUTAIMOHHOE 1oJie. [Ipu 00pa3oBaHuM PEMIETKH POPMUPYIOTCS
IIOJIOKUTEJIbHOE U OTPHUIlaTeJIbHOE MArHUTHOE, JJIeKTPpUYecKoe U
rpaBUTAIUOHHOE  TOJII  COIJIACHO  BEKTOpaM  IIOBOpPOTa  OCell.
CooTBeTCTBEHHO, pelIéTKa o0pasyeT TIPaBUTAIIMOHHBIN, MarHUTHBIA U
aJIeKTpUYecKui ycuauteau. Kakaplii HEUTPOH CBsA3aH C 3 HEUTPUHO U 3
QHTUHEUTPUHO.

HampasiieHne o0xoma mosied — MO YacOBOHM CTpEJIKE, MTHOBEHHOE
JIEHCTBHE 3HAKA I10JIsI YKa3aHO CTPEJIKAMH.

Hayo uMmeTs B BUY, YTO MOIIIHOCTHU MOJIEN pa3HbIe.

OcoOeHHOCTBIO JAHHOTO PACIOJIOKEHUS fABJAETCA TO, UYTO 37eCh
IIPUCYTCTBYIOT CJIeAbI 6 OJIOKOB:

- 2 — HEUTPUHO-aHTUHEUTPHUHO;

- 2 — QaHTUHEUTPUHO-HEUTPUHO;

- 1 — HEUTPUHO;

- 1 — aHTUHEUTPUHO.

BrIBOUM CIIEYIONIYI0 OCOOEHHOCTh [

BAKyyMHOTO nupora: Hanuvue AwTUHEiTPUHO
MA2HUMHO20 U 3NeKMPU4ecKo20 noaell — 9oas - ‘
npeonoaazaem epauieHue 3,1eMeHINo8 — \ Avmmeipn
HellmpoHa, HeUmpuHo, AHMUHeUMPUHO. G
Hanuuue BpallleHus IpeArioaraeT H;“":“ i) S VLI
OTpeeIEHHBIN BHUJ, B3aMMOCBI3U MEX]y / AHTAHGATPHHO
JJIeMeHTaMHU. YYUThIBasg Hajauuue O- | _.%

nepexoja U HaJIWuue O-Ilepexoja JJjig |- Hedrawo \M' i
MarHuTHOTO ¥ 3JIEKTPUYECKOTo IoJel, I — o
KOMOWHanus TPYNI BpalleHus — IO 4

2JIEMEHTa, T/le O/IHA TpymIa uMeeT S=1/4,
3/4, IUIst BTOPOY TPYyIIIbI S=3/4, 1/4. B35B 3a «I1eHTp BpallleHUs1» HEUTPOH,
MIOJIyYUM CJIETYIOITYI0 KaPTUHY (CM. PMCYHOK).
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MrHOBEHHBIN CHUIMOK IT0JIOXKEHUS MOJIEH:

G*=1; G=0;
HEeMTpOHO- -
AHTUHEUTPUHHBLIU
M+=0,25G; M=0,75G; ¥o o™
E+=0,75G; E=0,25G. \ ’/«/«
Kpome BpallieHus «4dacTuna» HOPOU3BOAUT
KoJiebaTesIbHOe ABH>KEHHNE B COOTBETCTBHU C
HEeNTPOHO-

3aKOHAMU, TPHUBEJEHHBIMH B  IPUJIOKEHUH. HEMTPUHHbIIA
YacroTa Kojie0aHUN COOTBETCTBYET CKOPOCTH CBETA Gk

B BakyyMme. VIMeHHO 5Ta yacTota «dasupyer», Win A) 4)
KBaHTYET CBET.

OcoObli WHTEpec IIPeJCTaBJIseT CBSI3Ka U3 6 HeumpoMoe u
HeumpuHo, 6 HeumMpoHo8 u aHmuHeitmpuHo. PaccMoTpum
JIOTIOJTHUTEJILHO B3aWUMOJIEHCTBUE IOJIe B MOZOOHOM cBA3ke. Kak ObL1o
IIOKa3aHO BBIIlIe, TAKUE CBSA3KA OOpPa30OBaHBbI 3JIEMEHTAMH aToMa M
arTuaToma U ABIAIOTCA KAPKACOM BCEJIEHHOI. dtoT Kapkac
«JIBIIIAT», KBAHTYS WUMILYJIbCHI, SIBJIIETCA YCHUJIMTEJEM JJIi HEUTPUHO U
AHTUHEUTPUHO.

JIEKTPOHHBIA aHTHATOM. [Ipy B3phIBE MPOTOHHOU MTOBEPXHOCTH
aHTHATOMa IIPOM3BOAUTCA BHIOPOC AHTU-IPOTOHOB (AHTUHEUTPOHBI M
QHTUHEUTPHUHO OBbLIN BBIOPOIIEHBI IIPU B3PbIBE HEUTPOHHOU ITOBEPXHOCTH
aHTHATOMa). AHTUIIPOTOHBI IOTJIOMIAIOTCA 3JIEKTPOHHON ITIOBEPXHOCTHIO
QHTHATOMa, NPH HSTOM COXPAaHSETCA HANPABJIEHHOCTh IIOJIEH.
MouiHOCTH BCeX MoJIed aHTUATOMAa YBEJINYNBAIOTCA.

HpI/IHI_II/Il'[I/IaJII)HO reomerpu4yeckKkasa cCxeMa aHThaToMa He
HN3MEHAETCA.

I'paBUTAIIMOHHBIM aHTHATOM. [Ipu B3pbIBE BJIEKTPOHHOM
ITOBEPXHOCTU aHTUATOMA ITPOU3BOIUTCS BHIOPOC aHTHUIJIEKTPOHOB, KOTOPHIE
JIeJIATCS Ha OT/IeJIbHbIE 3JIEMEHThl — AHTUHEUTPOHBI U AHTHHEHUTPHUHO.
ITorepAB 3JEKTPUYECKOE€ ¥ MATHHUTHOE TII0JIs, O3TH BJIEMEHTHI
OTHpPAaBJIAIOTCS B CBOOOZHOE IIaBaHWE MO BceneHHOM, 3amosiHAA coOOU
b0 «IBIPBI» B COTOBOH CTPYKType «CJIOEHOrO0 ImHpora», Jubo
B3aUMOJIEHCTBYSI ¢ PYTUM Maccamu. HampaBjeHHOCTb TPaBUTAIIIOHHOTO
II0JIA aHTHATOMa — OT IieHTpa aTroMa. Hukakumu npubopaMu aHTHATOM MbI
HE YBUIUM.

rpaBI/ITaHI/IOHHbIe AHTHATOMbI HE€ MOryTrT co3aaBaTb MAacCcChIl
BBICOKOI INIOTHOCTHA, OHMU BHOCAT CyII€CTBE€HHO€ H3MCHCHNHEC B
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— COTOBYIO CTPYKTYPY IIPOCTPAHCTBA, UCKPUBJIAA U
BUZIou3MeHss ckeseT BeesieHHOM. OTMETHUM, UTO
rPaBUTAI[MOHHBINA QHTUATOM SIBJISETCA
«pa3gaTYNKOM» TPAaBUTAIITOHHOTO IIOJIs.

AHTUATOM
rpaBUTaLIUOHHbI

Huxaxue JJICEMEHTBDI HE MOIyT

CaMOCTOSATEILHO B3aHMO/IEHiICTBOBATh c

/ \ | TPaBUTALMOHHBIM ~aTOMOM, MOXHO TOJIBKO
V «HaKpBITh ~ CEThIO»  HOBOH  BJIEKTPOHHOU
\ / IIOBEPXHOCTH U CO3J4aTh MOJIHBINH aAaHTHATOM
L (B JaJbHEeHIIeM - co BCEMH

noBepxHoctaMmu). IloMomp B CO3ZaHUM HOBOM 3JIEKTPOHHOU
NMOBEPXHOCTH AHTHATOMA OKAa3bIBAe€T COTOBasg CTPYKTypa
IPOCTPAHCTBA, WIHN «CJIOEHBIA MMHUPOT».

5.6. IIupor, nju coroBasa CTpyKrypa BcesrenHomn

Bomxopoanbiii 6;10K. Pasmychl moBepxXHOCTEN aTOMa U aHTHATOMa
OJIMHAKOBBI, PaJUyC HEUTPUHHON IOBEPXHOCTH aToMa (aHTHaTOMa)
Rn=0,900577-10"°m. Pazmep siueliku «nupora»: R,=200-Rn1,8-103m.

B «kyOuke» TaKUX pa3MepOB MOKET pa3MeCTUThCA [0 1 MJIH aTOMOB
(aHTH-aTOMOB).

IIpaeuwno 1. ATOMBI 10 OZHOMY HE COOHPAIOTCA

W3 aTOro mpaBmsia CJIEAYeT, YTO BHYTPU JIFOOOU
COTOBOUM sAYEUKH HE MOXKET CYIIeCTBOBATh OJUH
OT/EJIbHBIN aTOM. V13 3aKOHOB CHMMETPHUH CJIEAYET, UTO
MHUHHUMAaJIbHOE KOJIMYECTBO aTOMOB, COOpaBIIUXCS
BMecTe, paBHO 4. CxemMa cOOpPKH MHHHUMAJIBHOTO
KOJIMYecTBa aTOMOB IIpeJicTaBjieHa Ha pUcyHKe. Jlayiee L\
OyAyT IOKa3aHbI CBA3U U 3aKOHBI, II0 KOTOPHIM T'PYIIIa

aTOMOB HaXOJIUTCA B «KJIETKE» U, B OOIIEM, ITPHU YCJIOBUU HE HAPYIIIEHUS €€
CIIOKOMCTBUS, HE IIOKU/IAET €€.

oTH yCJI0BUA — USMEHEHUA I'PaBUTAIIMOHHOTO UJIKM MAarHUTHOI'O, UJIN
JJIEKTPHUYECKOT'O HOHEﬁ, HJIN BCEX BMECTE.

3aberasi BIep€Jl, OTMETUM, UTO TaKas TpyIlla U3 4 aTOMOB — 3TO
Bojiopoz (Hy).
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PaccrosHme MeXxy IeHTpaMH aToMa OJMHAKOBO U COCTaBJAET 7,8
paZiiycoB aToMa B HMCXOJIHOM cOCTOosSHHU (mpu Temmepatype 3,6°K). Jra
CTPYKTYpa Ha3bIBAETCS « METAJUTMIECKHUH BOZOPO/A» U ABJISAETCA HAanOoIee
IVIOTHOU YIIAaKOBKOH B CpeZie HOPMAaJIBHOIO aToMa (aHTHAaTOMa).
AHTHATOM HMMeEET Ty K€ CTPYKTypy U Te ke pamuycbl. CTpyKTypa
TeTpasapa ABJIsieTcss HanboJiee yCTOMIUBOM.

I'pynma aToOMOB «MEeTaJUTUUYECKUH BOJIOPOJ» MOZKET
OBPA3OBATHCA TOJIBKO B HEWUTPUHO-HEUTPOHHOM
' 7 BJIOKE (yribsl 670ka — 4 HeumpuHo u 4
O"’fﬁ S > Heiimpoxa). Kak wu s aroma, obpasyercs
‘ e C&\ z «MeTaJUTMYECKUH BOJIOPOJI» aHTHaTOMa — B OJIOKe
: U3 4 HEUTPUHO U 4 aHTHUHeUTpuHO. Ux
obpazoBaHUEe TPOUCXOIUT OTHOBpeMeHHO. OTUH U3

.

| e aToMOB HaxoauTcsa Ha paccrosHun C40 (o
o ®  jmaronanm) OT IeHTpa HeHTpoHA. OCTaIbHBIE
~&
Hoin aTOMBbI (M3 TPYIIBI) PACIIOJIaraloTCs MapaJuIeTbHO

ocsiM, He Ilepecekas 30HBI O-llepexoza. Takum
o0pa3oM, MHMO aTOMOB BOZIOPO/Ia CBOOOJTHO «JIETAeT» BCE TO, UTO MOIKET
«JIETaTh» B 30HE O-mepexoa. BomopoiHbIN 6JI0K MOKET «IIPUKJIEUTHCS »
TOJILKO K IBYM HEUTPOHAM M3 UETHIPEX — 110 AUATOHAIIH KyOa.

OTcroza — y OZTHOTO U TOTO K€ BOJIOPO/ia Pa3HbIE CBOMCTBA.

AHTHUBOJOPOJZ TaKKe «IPUKJIEUBAETCsA» K OJHOMY W3 JBYX
HEHUTPOHOB, PACIHOJIOXKEHHBIX II0 JAUaroHajd Kyba, uMes pas3IudHbIE
CBOMCTBA.

3a CYyéT pa3JIMYHOTO PpACIHOJIOKEHUsS II0JIe WMeeM Jpyroe
IIpe/ICTaBJIEHIE O BECOBBIX MapaMeTpax Boopoaa. Bec BogopoaHbIx 6JI0KOB
(B HameM mM3MepeHUH) pa3HbIN, TaK KaK y HAC MPOU3BOUTCSA U3MEPEHHE
otHocuTesIbHO G, TOorla BeCc BOAOPOAA PpaBeH pa3HUIE
TPaBUTAIIMOHHBIX IIapaMeTPOB BOJAOPOJAA M aHTUBOAOpoAa. MbI
HE MOZKEeM YBUAETh AaHTUBOJAOPO/, TAK KAaK paccmampusaem e2o u3
Opy2o0il cucmembul, HO €ro MPUCYTCTBHE BbIuucaaercAa. To ke camoe

Bag aiirii- OTHOCHUTCSI U K IIOIBITKE PACCMOTPETH BOAOPOJ, C
goacpa ’:‘))m HO3UIUU AHTUBOJIOPOJA.

) Jaa  «ocMoTpa»  «3a3epKaJbHOT0»

Y ) BOZOPOJAa HEOOXOAUMO ABAK/AbI PAa3BEPHYTH

;Eég%%% g?:’,gé‘g“:,;pg?g BEeKTOp TrpaBuTanuu. M3 BOJOPOJHBIX

(G,-G,)=G 0JIOKOB coOUpaeTcsa BcA Ta0/JIUIIA 3JIEMEHTOB

MeHaesieeBa € OJHUM JIHMIIb YCJIOBHUEM:
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npaewno 2: Hu ofiuH aToM (AaHTHATOM) He TepecekaeT 30Hy O-mepexoaa.
MuMoO aTOMOB COBEpIIEHHO CBOOOJHO «pasryJMBaeT» BCE TO, YTO
npuceutaeT Ham Kocmoc.

Bcio Tabnuiyy osiiemeHTOB MeHziesieeBa MOXKHO coOpaTh IIpH
«KOMHaTHOU» TemIieparype Bcenennoii — 3,6°K. Kaxapiii 6ok (wiu
cbopka 6JI0KOB) 3amepTa B KJIETKY M HUKOT/Ia, HU IIPU KAKUX YCIOBUSAX €€ HE
nokujaeT (BeuHbIN 3aKJIIOYEHHBIN). BiIok (M cOOpKa) MOKeT
0oOpas3oBaThCsA WJIM BHOBBH pacHacTbCs, HO TOJIBKO B IIpejiesiax 0Jioka. ITO
ucnonp3oBas H. JleBamioB, mpu «cbopke» I'eHeparopa «TéMHOM»
marepuu. Cam I'eneparop, u tem 6osee IIporpammbr «CBet/I», MoryT
pacnactbess  (BCOOMHHUM  IIPO  CTOPOHHee  HeJoOposKkeJaTeIbHOe
BMEIIATETbCTBO  WJIM  HENPaBWJIbHYI0  H3HAUYAJIBHYI0  aKTHUBAIUIO
Kommiaexca)) Ho onun MOI'YT BbIThb BOCCTAHOBJIEHBI
MMEHHO B ITPE/IEJIAX KOMILJIEKCA, B KOTOPOM IIPH HaIOOHOCTH
MOKHO pa3MeCTHTh HECKOJIBKO OJi0KOB. McnbITaHo, IpoBepeHo. Paboraer,
HO JIeJTaeTCs UCK/IIOUHNTEIBHO IO/ PellleHne KOHKPETHBIX 3a/1a4, KOTOPbIE
MOTYT, 110 TeM WJIN UHbIM IpUYnHaM, He pemarbea Kommiaekcom. 06
ATOM 5 YK€ ITHCaJl B IPEABIYIINX IIaBaXx.

IIpasuno 3. IIpocTpaHCTBO CTPOrO KBAaHTOBAHO C  IIEJIBIO
HeJIoMyIIeHus 6e300pa3uii.

COopka MPpOTOHHOTO aToMa

IIpomonHsblit amom — 3TO CTPYKTypa aToMa IpPU OTCYTCTBUU
HEATPOHHON W HEUTPUHHOHN moBepxHOcTell. CoBpeMeHHOUM ¢u3ukKe
M3BECTHO MeHee 1% cmpyKkmyp NPomoHHO20 amoma. AToM nMeer
(mpu o0Opa3oBaHWM) JAOCTAaTOYHO BBICOKYIO TeMIIepaTypy, HarpeBas
OKpY’Karolliee IMIPOCTPAHCTBO M U3MEHsIs pa3Mephl KJIeTKU 3aToueHus1 (i
IOJIyueHHsA OOJIBIION «KBAapTHUPBI» HEOOXOAUMBI 3aTpaThl OOJIBIION
sHeprun). MUHMMAaJIbHAS TPYIIIa MPOTOHHBIX aTOMOB TaK»Ke COCTOUT U3 4
3JIEMEHTOB U TaKKe <«)XKMETCA» K HEHTpOHy. Pa3zMepnl IMpocTpaHCTBA
«Coiep KaHMUs» POTOHHOU COOPKH yBEJIUUEHBI B 1,00045 pa3a, 4To camMo
110 cebOe BhI3bIBaeT UCKPUBJIEHHE TPOCTPaHCTBA. [I[pOTOHHBIN aHTUATOM IIPU
9TOM MOKET He 00pa30BaThCs, TAK KaK Pa3HbIE YCIOBUS 00pa30BaHUS.

H IIporoHHas cOOpKa aTOMOB O0Opa3yeT BCero 3
\ asemeHTa — Bogopoa (H), retui (He) v inrui (Li).
AHTHATOM Ha NPOTOHHYIO cOOpPKy He pearupyer. Ilpu

He . v
L,\/ CO3/TaHUM ONpPENEeJIEHHON Macchl HayMHAeT paboTaTh
MPOILIECC B3AaMMHBIX peaKIUH, SBJSIOIMIUKUCA OCHOBOU
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IIPOTOHHOTO CHHTe3a. JTOT CHHTe3 HaOJIoJaeTcs Ha BCeX MPOTOHHBIX
3B€3/7]aX, HE3aBHCHUMO OT UX MECTOHAXO0XKIECHUS.

Tak kak Bcerza (B HCXOJZHOM COCTOSIHHM) oOpasyercs aBa OJIOKa
Boztopoia (¥ /1Ba 6JI0Ka aHTHUBOJIOPO/a), PEAaKITU ITPOTEKAOT MEK/Y STUMU
JIByMsi 6;10kaMu Bojtopoia (rmogobue koyiebaTeIbHOTO KOHTYPA).

Vcxo/iHOE COCTOSIHHME IPOTOHHOTO OJI0Ka — 12 aTOMOB, PeakIus
OXBaThIBA€T BCEe aTOMBI. Bce Apyrue aToMbpl, paHee HaXOJAHUBIIHECA B
KJI€TKe, U3TOHAITCA U, TIOTEepSIB BCe IIOBEPXHOCTH  KpoMe
IPaBUTAIIIOHHBIX, HAXOAAT MECTO B JAPYrux obpazoBaHUAX. [IpOTOHHBIN
aTOM He MOKeT ITIOKHHYTh KJIETKY 0e3 pa3pelleHusi. 3aBepPIIUB OJINH UK
peakiuii, BCsA TpyIIa IOKHJAET KJIETKY, HCIOJb3ysa O-mepexom u
pasmemiaercs B KJIETKE, HMEIOIIEeH APYrylo IMOJISIPHOCTh IO IIOJISIM.
OcBoOoiMBIIIEeCST MeCTO 3aHMMAaeT Apyras TpyIllla IPOTOHHBIX aTOMOB,
JKeJIaloasi IMPOBECTH PEaKIUi0, aHAJOTUYHYIO0 PeaKIUM IPeIbIayIen
rpynnbl. Takum o6pazoM ghopmupyemcen nepemewjeHue macce. Tak kak
caeayoIiasi KJaeTKa pacroJiaraercss He ps/ioM C MPeAbIAyIei, oOpasyercs
Henepecekaeman MAaKpoCNUPAAbLHAL MPAEKMOoOpPUsl 08UNCEHUS
NPOMOHHbLIX 36€30. Bor Ha TakOM NPUHIUIE ¥ IIOCTPOEHO
«IepeMelleHre» 00beKTOB (JII07Iei) B MEKTaJTaKTHYECKOM IIPOCTPAHCTBE,
HO He OTHOCHUTEJBbHO HX pybarrek, a oTHocuTesbHO Mo3sra (CymiHocTei)
9THUX JIIoier. JTOT mporiecc onucaH B Tpyzax H. JleammoBa Ha 6oJsiee
IIOHATHOM JJIsI JIIO/Iel sI3bIKES.

COopKa 3JIEKTPOHHOTIO aTOMa

AJIeKTPOHHBIM aTOM oOOpa3yeTrcd B pe3yjbTaTe I[IOTEPH
MPOTOHHOU O0GOJIOUYKH (HEUTPOHHAS M HEUTPUHHAs OBLIM MOTEPSHBI
panee).

MuHuUMa/JibHAsA TpPyINa 3JeKTPOHHBIX aTOMOB, 3aHUMAIOIAs
IIPOCTPAHCTBO, PaBHA 4 (3JIEKTPOHHBIN BOAOPOA). MakcuMasTbHOE
YHCJI0 TPYII paBHO 2 — 310 Boaopoa (H) u reauit (He). Umes ny6iib
cOOpKH B KJIeTKe (He IyTaTh ¢ KJIETKOH UeJIOBeKa), IPOU3BOAUTCS OJ[H THUII
peakiii B COOTBETCTBHUU C HAaIlpaBJIEHUEM IIOJIEH, IIOCJIE 3aBepIIeHUS
peakiuu COOPKH, aTOMbI II€PEMEINAIOTCA B CJIEAYIONYI0 HEUTPOH-
HEUTPUHHYIO KJIETKY, UCIOJIb3ys 30HY O-mepexojia, IMepeaBUTasch TaKUM
00pa3oM 110 MPOCTPAHCTBY.

5 H. JIeBamos. «Poccus B KpUBBIX 3epKajax»
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I'paBUTAIITMOHHBIA ATOM

[Tocie moTepu 3JIEKTPOHHON OOOJIOUKHM OCTAETCS TPAaBUTAIMOHHBIN
aToM, OCTapIuiica B KileTke. MUHMMAaJIbHasA cOOpka — 4 aroma, 2
cOOpkM — MmO AuaroHaau KyoOa. OcTaércs TOJIPKO I'PaBUTAIIMOHHBIN
BOJZIOPO/I IBYX pa3HoBUAHOCTeN. TemnepaTypa rpaBUTallMOHHOTO BO/IOPOZA
— 3,6°K. I'paBUTalMOHHBIN BOAOPOJ B 60 pa3s TsrKeyiee MeTaJJIMUECKOTO
Bozopozia. OTAeNIbHO TPaBUTAIMOHHBIM BOJIOPOJ, CyHIE€CTBOBATH He
MOKeT, OH IIPUCYTCTBYeT TOJIBKO B COCTaBe 3JIEKTPOHHBIX 3BE3]I.
'paBUTAlIMOHHBIN BOJIOPOJ, BBITAJIIKUBAETCSA M3 KJIETKU IOCTIEAYIOIUMU
cOOpKaMu aTOMOB U IlepeMeliaercs no 30He O-mepexoaa.

No Tun cBa3u E M G
1 IToBepxHOCTB aTOMa E=h M=h G=h
1 1 1
2 Mexty aToMmamu E5=3h+ﬁ E5=3h+ﬁ E5=3h+ﬁ
CB#3b ¢ GIIKHUM 3 3 3
3 HeﬁTpOHOM E8 =3h+H E8 =3h+E E8 =3h+E
4 CBA3b C 0-TIepexo/loM Ei4=0 Eiy,=0 Eiy=0
CBsI3b BTOPOU I'PYIIIIHI 1 1 1 1 1 1
5 aTOMOB C HEUTPUHO E, _E(h-l_ﬁ) E, _E(’H'E) E, _E(’H'E)

3 1 3 1 3 1
6 CBA3b C aHTHATOMOM E{1 = > (h+ E) Ei = 2 (h+ Z) Eq = > (h + H)

MeTa/InYeCKU BOTOPOI

,ZI./IH amoma u aHmuamoma 041 0OUHAKOBbLX MUNO0E CeA3U
3aKOHbBL 0OOUHAKOBLL.

IIpOoTOHHBIN aTOM

3akoHBI JIT TMPOTOHHOTO aToMa M AaHTHATOMa OJUHAKOBBI.
ITpoToHHast cOOpKa MOKET COCTOATH TOJIPKO W3 TPYINBI B 12 aTOMOB: 3
BOZIOPOAHBIX OJioka, wiau ysutuii (Li). B kBajpaTe HaXoauTCs 2 TPYIIIIHI,
PAaCIIOJIOKEHHBIE 110 TUATOHAIIH.

Neo Tun cBa3u E M G

1 1 1

1 Me)KleaTOMaMH E5=3h+z E5=3h+E E5=3h+E
CBs3b C OJTHKHUM 3 1 3 1 3 1

2 HeHTPOHOM En=5h+p | Eu=5h+p | Eu=5(h+p)
3 CBs3b € O-TIEPEXOIOM Ei4=0 Ei4=0 Eis=0
CBs35b € TpynIoi aToMOB _ 3 _ 3 _ 3
4 110 AHATOHAIH E7—h+ﬁ E7_h+E E7—h+ﬁ
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CBs3b C aHTH- 3 1 3 1 3 1
5 ATOMOM Egzih'l'ﬁ E922h+ﬁ E9=Eh+ﬁ

CBsA3b BTOPOH TPYIIIIHI
aTOMOB C HEUTPUHO

E —1h+3 E —1h+3 E —1h+3

Ha moBepxHoctu atoma 3akoH E;=h.

O6paTuM BHHMaHUeE, YMO peakyuu HA NPOMOHHOU 2pynne amomos
npoxodsam ¢ yuacmuem nPOMOHHOLL 2pynnbvl aHmuamoma (B3pbIB siiepHOI
60MOBI 3aTparuBaeT U AaHTUMUP).

[Ipu oOpa3oBaHUM TPOTOHHOW TPYNIBI aTOMOB oOpasyercs
IIPOTOHHAs TPyNIIa aHTHATOMOB B HA00OPOT.
AJIEKTPOHHBIN aTOM

[Ipu moTepe IPOTOHHOUM IOBEPXHOCTH OOpa3dyeTcss 3SJIEKTPOHHBIN
aToM.

MuHHMaJIbHOE YHCJI0 ATOMOB B CBSI3KE PaBHO 4. CBsi3Ka COCTOUT U3 8
aTOMOB, BTOpOﬁ TPYIIIIBI aTOMOB B KJIETKE HET.

B saTom CIydae peaKuH1 IIPpoXoAAT ¢ ydaCTUEM aHTHATOMaA.

No Tun cBasu E M G
1 | Ha moBepxHOCTH aTOMa Ei=h Ei=h Ei=h
1 1 1
2 Mexxay aToMaMu Es = 3h+ﬁ Es = 3h+ﬁ Eg = 3h+H
CBs3b ¢ OIIKHUM 3 1 3 1 3 1
3 HeHTPOHOM En=5h+p | Eu=50+p | En=5(h+p)
4 | CBa3b C 0-TIepexo/ioM Eiy=0 Eiy=0 Ei4=0

CBs3b C aHTHATOMOM E —1 h+1 E —1 h+1 E —1 h+1

. 1 3 1 3 1 3
6 CB3b C HEUTPUHO Eiqo = > (h+ E) Eip = > (h+ E) Eip = 2 (h + E)

Peaknyu oOMeHa MPOU3BOAATCSA C TPYHIION B3JIEKTPOHHBIX aTOMOB
a"HTuMupa (1 Haobopor).

I'paBUTAIITMOHHBIA ATOM

ITocsie TOJTHOTO «pa3/ieBaHUsSI» Y aTOMa OCTAETCs 7 MOBEPXHOCTEH
rpaBuTtanuu. B KieTke ocraérca oJAHA Tpynmna U3 4 aToOMOB
(TeTpasap) — TpaBUTAIUOHHBIA BOAOPOJZ. ITOT BOJOPOJ MOXKET
CYII[eCTBOBATh JIOCTATOYHO JOJITO — Ha HETO CO BpPEMEHEM «HaJIeBaeTCsI»
CMUpHTEIbHAs pydaIika — ghopmupyemest HO8asL 000A0UKA.
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B MomMmeHT 00Opa3oBaHUs TPAaBUTAIMOHHOT'O aHTHATOMa PACCTOSHUE
MEeXJy aHTHAaTOMaMU yBeJIMYUBAETCA MOYTH B 3 Pa3a, OH Jierdye MOJIHOTO
asTuaroMa B 35 pa3. B rpaBUTAallMOHHOM aTOMeE paCCTOAHUE MEXAY
aTOMaMH YMEHBIIAeTCsl MOYTH JI0 IUIOTHOM YIIAKOBKU, OCTA€TCA 3a30p
C42. MakcuMasibHOE YHCJIO aTOMOB, HAKOIUJIEHHBIX B KJIE€TKE, paBHO 300.
ITocse cxxaTust oHa cOOpPKA YBEJIMUMBAET BeC IOUTH B 3,5 pasa. B KiieTke
coOupaerca 775 COOPOK. YUuThIBasi  IIpeJleJIbHbIE  pa3Mephl
TPABUTAIIMOHHOTO aTOMAa, HAaAO0 HMeTbh B BHJY, 4YTO T'PAaBUTAIMOHHBIE
IIOBEPXHOCTU aTOMa C:KUMAaIOTCA, yBeJIMUYUBAA IJIOTHOCTb.

No Tun cBasu G
1 Ha nosepxHOCTH aTOMa E, =2h
3 1
2 Me:xny atoMaMu Ey = 2 (h+ H)
" 3 1
3 CB#3b ¢ GUIIKHUM HEUTPOHOM Eq = 2 h+ h
3
4 CB#A3b C aHTHATOMOM Eg=3h+ M
. 3
5 CBA3b C HEUTPUHO E,=h+ h

ItUM U 00bsAcHsAeTcsa KomundecTBo IIporpamm «CBetr/I» (He Gosee
75), KOTOpble MOXKHO pa3MeCcTUTh U IpUMEeHUTh B ogHOM I'eHepaTope
Komiuiekca «CBet/I», 1 OHU MOTYT TPYAUTHCA aBTOHOMHO U HE3aBUCUMO
II0 CO3JIaHHBIM /UJI1 HUX HaIlpPaBJ€HUAM WIH COBMECTHO, B JIOIOJIHEHUHU
Apyr npyra. Ha cerogHAImHUUN JeHb, B COOTBETCTBUU C NO3ULUAMU
03/10pOBJIeHUsA, UX — 72. B mepBom co3zanHOoM Kommiaekxce ObLi10
ompeaejseHo 36, HO npu co3gaHuu HOBOro Komiuiekca, ¢ yuéTom
00bEKTUBHO TPeOYyeMbIX HIBMEHEHHUH U, «OIEPEBIINCh» HA MHOTHE K 3TOMY
BpEeMeHHU MMO3HAHHbBIE (AKTOPHI, B TOM YHCJIE, U Ha pacuéTsl A. XaTtpi00Ba,
IIpUBEJIEHHBIE BBIIIE, OBLJIIO CO3/JaHO 72 MO3UILUHU, KOTOPBIE U YBEJTUYUIN
kosimuectBo IIlporpamm «CBeTJI» B cOOpKE /10 PeaJIbHO BO3MOKHOTO.

I/ITaK, PaCCMOTPEHBI OCHOBHBIE I'DYIITIBI aTOMOB BOAOPOJA:

- BOJIOPO/, COOpaHHBI W3 AaTOMOB TNPU «KOMHATHOW»
tTeMitrepatype (3,6°K);

- 2 BU/IA — TIOJIOKUTEIbHBIN U OTPUIIATEIbHBIH;

- QHTUBOJIOPOJl, COOPAaHHBIM M3 AHTHATOMOB IIPH «KOMHATHOW»
temieparype (3,6°K);

- 2 BU/Ia — MOJIOKUTEJTbHBIA U OTPULIATETbHBIN;

- MIPOTOHHBINA BOJOPO/, — TIOJIOKUTETBHBIN U OTPUIIATEIHHBIMH;
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- MIPOTOHHBIN AHTUBOJIOPO/ - IOJIOKUTEJIbHBIN u
OTpULIATEJIbHBIN;

- BJIEKTPOHHBIN BOJOPO/;

- 3JIEKTPOHHBIN aHTUBOJAOPO/I;

- rpaBUTALIMOHHBIN BOJIOPO/I;

- rpaBUTAIIOHHBIN aHTUBOJIOPO/I.

Tospko mO THUMaM cOOpPKM MBI MMeeM 12 BHUJIOB Bozopoja. Ilo
BapHAaHTaM PACIIOJIOKEHUS B KJIETKE:

- BOZIOPOJI — 2 BAPHAHTA;

- IIPOTOHHBIN BOJIOPOJ — 6 BADUAHTOB;

- 9JIEKTPOHHBIA  BOJOpOZ, — 2 ;eﬁrpm;o (n) He#ttpoH (N)
BapUAaHTa; "

- IPAaBUTAIMOHHBIA BOZOPOL — 2
BapHaHTA. N /

Bcezo 14 eapuanmos
PacnoaoiceHus 6000pooa (CTONbKO XKe U | n

AQHTHUBOZIOPO/IA). Kcrarn, 3aKOHOB :
yIpaBJIeHUs IIPOCTPAHCTBOM TOXKE 14.

YciaoBusi COOPKH XUMHUYECKUX
3JIEMEHTOB

MUWUHUMAJIBHAA CTABW/IBHAA TPYIIIIA ATOMOB
COCTOMUT M3 4 ATOMOB, kaxgasa Trpyllla IpeJcTaBjieHa IO
MIOJITPHOCTH BHYTPU KyOMUYECKOH PEIIETKH, 00paMIEHHON 3 HEUTPOHAMU U
3 HEUTPHUHO.

PacriososkeHne 5TUX 2 TPYyOI: IepBas TpymdIa <«IPUMBIKaeT» K
HEUTPOHy, BTOpas rpylIa o JUaroHaau Kyba IPHUMBIKAaeT K HEUTPHHO,
o0Opasysi MOJAPHOCTh COOPKU. AHAJIOTHYHBIE TPYHIBI 00pa3yoTcs U B
«aHTUPEIIETKEe», KOTopasg 0oO0pa3oBaHa 3 HEUTPOHAMU U 3 AHTUHEUTPHUHO.
HazoBém rpyniy aroMoB, NPUMBIKAIOIIYI0 K HEUTPOHY — HEUTPOHHAA
IpylIa, a IPyHily aTOMOB, IPHUMBIKAIONIUX K HEWTPUHO — HEWTpUHHAA
rpymrma.

AHajIOTMYHO YW B aHTHATOMe — HEUTPOHHAsA aHTUIpyNna u
aHTUHEWTpUHHaA rpynna. [IpocrpaHcTBeHHOe pacriosiokeHue rpynm. Ha
PHCYHKe YCJIOBHO II0Ka3aHO pa3MellleHle COTOBOM CTPYKTYPHI.

N — HEUTPOHBI, N — HEUTPUHO, A — AHTUHEUTPUHO.
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Kuwura 4. ®usuka peanuii. ['y1aBa 5. ATOMBI IO OTHOMY HE COOUpaOTCs

COGZLI/IHGHI/IG COT IIPOHUCXOAUT B CTPOro | | -

OIIpEZIEJIEHHON IOCIEA0BATEAbHOCTU. TaKxKe |

IIpOU3BOAUTCA HW COE€AHMHEHUE HporpaMM "

«CBetrJI» B camom I'eHepatope. PucyHok

BIIOJTHE HATJISAJIEH JJIsl IIPE/ICTABJIEHHS 3TOTO. } SeEElbown . E
¥ o]
Y A. XarsI00Ba oIpe/iesieHbl YCI0BUSA ; Seman
pacuéra C HCIOJIb30BaHUEM KBAaTEPHUOHA JJIA :
IOAOCHBIX KOHCTPYKIMH COT (pacu€THas 4acTs). | PR
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Ha PHCYHKE IIOKAa3aHO YCJIOBHOE pasMellleHH e 4 rpyIiia aToOMOB
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Bce 4 rpymnmbl 06pasyroTcss oJHOBpeMeHHO. CBsA3b IPYIII HE TOJBKO C
TEMH TPYIIIAaMUA aTOMOB, KOTOpPbI€ PacCHOJIaTalOTCA B CEKIUH, HO U C
rpynmnaMu B JIPyrux ceknusax. Ho cBfA3b 4 Tpylmn aTOMOB — Hambosiee
CHUJIbHAA, ecIu OHa HE HAPYIIIEHA BHEIIITHMNM
BO3JEVICTBUEM.

Kaxpmaa rpynna atromoB umeer nmojaapHocts mo E, G, M. Kpome
“| TOTO, TPYIIIbI «YJE€PKUBAIOTCI»
Ha MeCTe TpPaBUTAIMOHHBIMH
MOJIAMH HEUTPOHOB, HEUTPHHO,
a"HTuHeuTpuHo. Hcxoasa  u3
HalpaBJIeHHOCTH BEKTOPOB
% 1ojie, B CeKIUU HeT JAPYrux

n

AHTUHENTPUHHaR
N cexkuyus

I
|
>4

N

(4) © N

i o

1 Q n " N JuaroHajed s o0pa3oBaHUA
i HeWrpunHas

= SIS | coxumnA rpynn atomoB. OTMeTUM, 4YTO
™ . rpymma atoMoB (1) u (2) umeer
N . mapameTp S=1/4, 3/4, a pnsa
rpy1mmsl aToMoB (3) u (4) S=3/4,

1/4. YTJIOBBIE CKOPOCTH BpAIlleHHUs aTOMOB O/THHAKOBHI.

YriioBas CKOpOCTH BpallleHUus aroMa:
Ua=2,46763-10paji/cek.

JluHeliHasA CKOPOCTh HEUTPUHHOM ITOBEPXHOCTHU:
Ule=2,235-10° M/ceK, WK 2235 KM/CeK.

BexkTopHas jguarpaMMma CeKIIUM W AaHTUCEKIUM, BKJIIOYasd
IIPOCTPAHCTBO O-TIEPEXO0/IA, HHTEPECHA TEM, UTO 110 HEH MOKHO CYAUTH
He TOJIBKO O BHYTPEHHUX CBA3AX Pa3JIMYHBIX 3JIEMEHTOB, HO M
Z1eJIaTh OIpeIeJIEHHBIE 3AKII0UEHNS O IPUHA/JIE?KHOCTH.

PaCCManI/IBaﬂ BEKTOPDHbIE JUarpaMMbI CeKI_II/II;,I, 06paTI/IM BHUMaHHE
Ha oOusine TpaBUTAIOHHBIX, MATHUTHBIX U 3JICKTPUYECKUX HOJIefI, a TaKXKe
Ha TO, 4YTO Ha BCE€X TIpaHAX CeKI_[I/Iﬁ CYHIECTBYET IIPpaBUJIO «30JIOTOI'O
CEUCHUA»:

a
r7e a — pa3Mep rpaHu Kyba.

B oTinune OT BceX 3JIeMEHTOB, SABJIAIOIIUXCA BepUIMHAMHU KyOOB,
2JIEMEHT CBA3U (HEUTPOH) BpPAIIAETCSA HE TOJIHKO BOKPYT COOCTBEHHOU OCH,
HO ¥ BOKPYT IJIaBHOU JIMaTOHAJIN, CBsA3bIBaOIIEN 06a Kyba. Kpome Toro, Bes
cucreMa mepemMeniaerca 1o ocu (mraBHOW jauaroHanu). CymMapHOe
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nepemeiieine JABHUCUT OT INTPWIOXKEHHWNA BHEIITHUX CWJI,
IIpU 5TOM 3aTpayuBaeTcs OINpe/esIéHHAasA DJHHepruA Ha IpeoJiojieHue
COTIPOTHUBJIEHUS BEPIIUH Ky0a.

Ha riiaBHO#M maroHa Iy Kyba pacrosiaraloTes:

- HEUTPUHO;

- I'p2 — rpymnmna u3 4-X aTOMOB;
- I'p1 — rpynna us 4-x aTOMOB;
- Heiitpon

- I'p3 — rpymnmna us 4-x aTOMOB;
- I'p4 — rpynna u3 4-X aTOMOB;
- AHTUHEUTPHUHO.

CrpesikamMu yKasaHbl IIOCKOCTH W HalpaBjeHUe BpallleHHus MOJIeH.
3HaKU IOJed COOTBETCTBYIOT aToMy. 3HAKU TpPaBUTAIlUM HEUTPUHO U
QHTUHEUTPUHO COOTBETCTBYIOT aTOMy. MarHuTHoe moJie Mexay I'pl u
CBABYIOIIUM HEUTPUHO CKaHUpyeT, 00pasysa koHyc (K1). MarauTHoe mose
HeUTpUHO (Ha IJIaBHOU JUAaTrOHAJIN) CKaHUpPYeT, o0pasys kouyc (K2). Yroi
J1d koHyca K1 paBeH 39,2 rpaayca, i koHyca K2 yros paBeH 64,7 rpazyca.
MarnauTHOe nosie I'p3 CKaHUPYET C YIJIOM 45 TPaaycos, g I'p4 — ¢ yriom
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84 rpagyca. MarHuTHOe U 3JIeKTpUYecKoe 10Jle aHTUHENTPOHA ONMCBhIBAET
KOHYC C YTJIOM 22,5 Tpajyca. MarHuTHOE 1oJie HEUTPOHA CKAaHUPYET C YTIIOM

39,2 rpaayca.

CkaHMpOBaHUE MAarHUTHOTO IT0JIs CBA3YIOIIEr0 HEHTPOHA COBIIA/IaeT
110 YIJIy CO CKAaHUPYIOIIUM I10JIEM I'pyIIiibl aToMoB (1). ITosis BpalamoTes, u
9TO BpallleHUEe OIpeJie/isieT BPeMs KU3HU CO3JAaHHOU TPYIIBI aTOMOB.
OTMeTHUM, UTO BCe 4 TPYIIIBI CO3JAIOTCA OJHOBPEMEHHO KpOMeE Ciydas
DJIEKTPOHHOTO ¥ TPABUTAI[OHHOTO aTOMOB. BpaillieHne CBA3YIOIIETO
HeHTpoHa mpuMepHo paBHO Un=35,4-1055 00/cek, wiu 1,708-10° paj/cek,
YTO 33/1a€T TAKT OOMEHHBIX IIPOIECCOB MEXKIY aTOMaMH.

Bpawaroweeca noae 3adaém apemsa HcudHu. Imo epems
pasHo:

- rpynia atoMoB (1) — 850 JeT;
- rpyImna aToMoB (2) — 1075 JIeT;
- rpymmna aToMoB (3) — 175 JIeT;
- rpyIimna aToMoB (4) — 107:5 JIeT.

I'pynna aromoB (1) dopmupyeT ¢ wucnogb3oBaHueM ¢opM Bce
0mocucTreMbl ¢ MAaKCHMaJIbHBIM CPOKOM KHU3HU 850 JieT. 910 BpeMs:
MOXKET COKPATHUThCA WIU YBEJIMUYUTHCA B 3aBUCHMOCTU OT CKOPOCTH
BpaIl[eHHs BEKTOPOB IPYIIIBI aTOMOB (1).

Bor MBpl U moaONLIM K IVIABHOMY — Z2pynna amomos (1)
aeaaemca «maccoil» ouocucmemst, a 2pynna amomos (3) —
«3a3epkaabem» 6uocucmemst (CyuyHocmw1ro).

[Ipu wusmMeHeHWU CBsA3WM Mexay rpynnamu (1) u (3) cucrema
pacnazaercst (yMupaer), ¥ Tpylma aToMoB (3) MOXKeT MPUCOETUHUTHCA K
JI000# apyroi rpymnie atromoB (1). I'pynna amomoe (1) oopasyem
JHCUBYW KAemKy opz2aHudma, a pynna amomoe (3) — eé
CywyHocmy. I'pynima atomoB (2) 00pasyeT «Hedcusyro» cmpyxkmypy
opz2aHu3ma (HampuMep, CKeJIeT, B COCTaB Koroporo Bxoaut Ca, win
aTOMBI METAJLJIOB U COEUHEHUH, HACHIIIAOIINX OPTaHU3M U SBJISIOIIUXCS
KaTajn3aTopaMu OOMEHHBIX IporieccoB). [Ipy mocTpoeHuu TPy aTOMOB
(1) m (2) wucmosp3yerca OTPUIATEIPHAS CHMMETPHs, OCOOEHHOCTHU
WCIIONIb30BaHUA KOTOpPOl omucanel B Tpyzax A. Xarpioosa. IIpu
IIOCTPOEHWHU TPyHil aTtoMoB (3) u (4) HCHOIB3YETCA IOJIOKUTETIbHAS
cuMmmMmeTpusi, omnucanHas Tam xe. CerogHa —  uHoOpMAIUS

SAKPDIT A cecceesccscsccsccccsscsccscsccsscscsscsccscsscsssscsscsscsssscsssscsscscsscsscsscscsscse
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Ipynmsr (1), (3), (2) He cBsA3aHbBI ¢ TPyHIoOH (4) — pa3Hble BEKTOPHI
rpaButanuu. PaccmarpuBas rpynmy (4), OTMETHM, UYTO B3Ta TpymIa
BHIIIOJIHAET Te ke (QYHKIMU B «3a3epKajbe» uro U rpymma (2).
OTHOCHUTENFHO «3a3epKaibsi» 2pynna (3) — buomacca, a cpynna (1) —
eé CywyHocmy.

OTMeTuM HaJIM4YHne 3€pKaﬂbHOﬁ CUMMETpPHU:

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

- rpymiia aToMoB (2) u (4) UMEeIOT OJIHHAKOBOE YHCJIO aTOMOB;

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

[Ipy W3MEHEHUW CTPYKTYpbl IIOJIEH MBI MOXKeM HabOJII0AaTh
«bapabarek» (y H. JleBamoBa 3T0 Ha3BaHO aCTPAJIbHBIMU CYI[HOCTSIMHU-
Iapa3uTaMu, B TOM YHCJIE U JIIOJICKUMH), 00IIaThes ¢ HUMU, «BuAeTh» HJIO
u T.J1. «bapabamiku» JKUBYT CBOEH KU3HbBIO, K Hallla OHoCHCTEMA MOMCEem
ObIMbL MOALKO «IHEeP2eMUUECKOU MNOOKOPMKOU» O0AR HUX.
HAPYIIEHUE CTPYKTYPbBI IIOJIA VYHHUUTOXKAET HE
TOJIBKO KJIETKY c¢ Hamed O0HOCHUCTEMONH, HO W «aHTHKJIETKY»
«bapabamku».

CyI1ecTBYIOT HEKOTOpPble OCOOEHHOCTH pacIIpe/leJIeHUs KJIETOK: B
YCJIOBUSAX NpeKpalleHusi KOPOTKOBOJIHOBOTO OOMEHHOTO MeXaHu3Ma IIpHu
«3aTJIyIIEHUN» CUJIbHBIX KOPOTKOBOJIHOBBIX CHTHAJIOB CHCTEMAa
KJIETOK MOKeT IIepPeCTPOUTH CTPYKTYPY, HAaIPMMeDP, BBITAHYTHCH B
JIMHUIO W «JoctaTh» CaTypH, 3axBaTWUB II0 J0pOore WH(OPMATUBHYIO
obstacTh. Tak Kak MbI IOCTOSTHHO MIEpeMeIaeMcs B IPOCTPAHCTBeE (C moTepei
SHEPTUH, a HAa CaMOM /Jejie — IMOTEPel YacTH 34eKmpuueckozo,
MAZHUMHO20 UAU 2PABUMAYUOHHO20 No.aell), Haul cJef
NMPHUCYTCTBYET TaM, TZe¢ Mbl y»Ke ObUIM WIN 4YuTaeTcsa WHOOpMAIHSA O
JIBIDKEHUU U TIePCIEKTUBAX YBUIETD TO, 10 YETO €ll€ He Jonuid. B rome 6
«HCTpYKIMH 1O 0aHHOMY Zexy» A. XaTbIOOBa MOAPOOHEHIITNM
oopazom omnucansl 3(P@PeKThl, CBA3AHHBIE C OCOOEHHOCTAMHU
nepeMeIneHusa CTPYKTYP B IPOCTPAHCTBE M CIIOCO0axX «cOopa»
uHopManuu.

Paccmorpum mpumep. Heobxoqumo «cieTaTb» Ha MJIAHETY YPaH.
Mbl cagumcsa B pakery CaTypH-5 © B3jeTaeM, HO IO JOpOT€ MbI
«IpOoAUpaeMcsi» CKBO3b JeOpu U3 HeltmpoMH0o8, HeumpuHo u
aQHMUHEeIMpPUHO, KOTOpbIe, nMesi (B BaKyyMe) TOJIBKO T0JIe TPaBUTAI[UH,
«CTAaCKMBAIOT» C HAC TI0 IOPOTe Ha YPaH 3JIEKTPUUECKOe U MaTHUTHOE TI0JIs,
o0pasys pu 3TOM CTPYKTYPBI, HAIIpUMep, Bozopo/i. [Ioka MbI J01€eTUM
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0 YpaHa, OT HAaC OCTAaHETCA O0HO 2pasumayuoHHOe Nnoae, Hu O
KaKOM-JIH00 BO3BpaTe VK€ HE€ MOKeT ObITh u peuun. IlosTomy,
npeamoJiaras KyAa-Jiu0o yJereTrhb, HeoOXOANMO npuxeéamums c
€c000il 2eHepaMoOpP MAZHUMHbBLX No.aell.

OTMeTHM, YTO MPU OTCYTCTBUU MAarHUTHOTO I10JIsI B rpymiie (1) 1, Kak
ciaencTteue, B rpynme  (3), Mbl IOJyYaeM UYHCTO IIPUPOJIHbBbIE
oOpa3oBaHMA — XUMHUYECKHE H3JeMeHTbl. Hajo y4YuThIBaTh, YTO
OJHOCTOPOHHEr0 MHpA HET, IPHU CO3JAHUU XHUMHUYECKOTO
3JIeMEHTa B <«HAIIEM» IIPOCTPAHCTBE YTO-TO IPU ITOM
IIPOMCXOJUT U B 3a3epKajibe.

5.7. My3bIKaJIbHOE OOpa3oBaHHeE AJIA YIIPABIEHU
OpPKeCTPpOM

YToObl HE OTCTAaBaTh B PA3BUTHH, aTOMHAS CTPYKTypa C POKAEHUS
MOJIydnsia My3bIKaJibHOe oOOpa3oBaHHWe. My3bIKAJIBHBIH MUD  JJIA
W3BJIEYEHUS 3BYKOB HCIIOJIb3YET PA3IMUHbIe WHCTPYMEHTBI — OT ITHJIBI JIO
opraHa, IIpu 3TOM Bce OHU UMEIOT BIIOJIHE MAaTePHUAIbHBIN BU/I U HE MOTYT
HcYe3aTh IOCJA€ HCIOJHEHHUS MeJoauu. MaTepuajibHBINH BUJL
HHCTPYMEHTAa  o0eclieueH CyYIeCTBOBAaHHUEM  CTa0OWJIbHBIX
3JIEMEHTOB, OJTH 3JJIEMEHTHI TIPEACTABJEHbI B TalGauIe
MenpaesieeBa. boJsiee o0maa rTaoauiia XUMHUYECKHX 3JI€MEHTOB
(trabauma @aépoBa) COAEPKUT XUMHUECKHE  3JJIEMEHTbDI,
uMeInue cBolicrBa agabda-, Oera-pacmaza, a TaKke
MPOM3BOJIBHOIO pacnana, CONPOBOKIAIOIUXCA raMmma-
HU3JIyJYE€eHHEM. ITOT AOMOJHUTEJIbHBINA PAJ MMEET Majioe BpeMs
JKV3HHU U VIS HAYKU MHTEPeca He MpeacTaBaaeT (IIoka TOHeCENb
10 PBIHKA, 3JIeMeHT Mcue3HeT). UToObl aTOMHasA CTPYKTypa He
cOexxaia, OHA 3aKJII0UEHA B KJIETKY (KyOUK), 5Ta KJIeTKa UMeeT 8 y3JI0B.
Kasxpiii y3es1 uMeeT CBOIO HAacTpOMKy. IIpuHsSTa cTaHZapTHAs HAaCTPOHKa
kyonka — DO RE MI FA SOL LA SI NA, 4TO COOTBETCTBYET MAaHTHCCAM
.125, .250, .375, .450, .625, .750, .875, .975. ATOT CTAaH/IAPTHBIN P/I
JIOCTUTaeTCsT APOOJIEHHEM OKTaBbl, 1 OTHOCHUTEJIBHO 3TOTO Psifia CO37aH
CJIyXOBOM amIiapart Bcex OMOCTPYKTyp Ha 3emuie (Ha Mapce oH MoOKeT ObITh
npyruM). UToObl aTOMHAas CTPYKTypa He MOBpeAusia cebsi BO BpeMs CHa, OHA
JIOTIOJTHUTEJTLHO 3aKJIFOUEHA B OKTa3/Ip, B KOTOPOM BCE Y3JIbl UMEIOT TOJIBKO
OJIHY HOTY Ha MaHTHCCE .750, 10 KOTOPOH U IMMPOU3BOUTCSA HACTPOHKA KaK
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aTOMHOM CTPYKTYPBI IIOCJIe TPOCHITIAaHUsA, TaK U BCEX BHEIIHUX YCTPOMNCTB
JIJTs1 BOCIIPOU3BO/ICTBA 3BYKA.

BHEITHUH KOHTYpP aTOMHOHM CTPYKTYphl — HKOCa’Ap (12 y3JI0B).
YTobbl He co37aBaTh CJIOKHOCTH IIPU HAMMCAHUU MY3bIKAJIbHBIX
IIpOU3BEJIEHNH, 0a3y pelieHO coxpaHuTh (yopaB HOTy NA), Ipu 3TOM
X00ABUJIH TIOJIyTOHBI.

[Tosyunnu psaz: DO vi RE v2 MI FA v3 SOL v4
LA v5 SI, npu 5TOM HacTpONKa MPOU3BOAUTCA IO

BHEIITHEMY KOHTYPY. r

Ecsim aToMHas CTPYKTypa PEeIIuT HaCTPOUTHCSA
caMma, To CHapy»ku OyzieM cibIIaTh kKakogoHuw. Bee
44 aTOMHBIX CTPYKTYPhl HACTPOEHBI IO PEIIETKE
KyOuKa, BCE YaCTOTHI COBMeIlleHbI u ‘V

CUHXPOHU3UPOBAHBI C YACTOTAMU y3JI0B KyOnKa. Tak m—

KaK KyOMK UMeeT CBA3b C PENIETKOH aTMocdepsl, 3Ta CBA3b
ucnoav3dyemces 04aa oupwicuposaHun. HoeaabHoll amomHoil
cmpykmypst (IOJHOCTHIO 3aIlOJIHEHBI BCe CBA3U) Ha 3emae He
cywecmaeyem. ODTa CTPYKTypa TOJbKO B Bakyyme (B Kocmoce) mpu
YCJIOBUH, YTO HET HUKAKUX PEIIETOK II0 TUILy TPYOOK cBA3U. OTphIBas 1O
JIETIECTKY OT U/I€JIbHOU CTPYKTYPHI (110 IPUHITUITY «JTI00UIIb-HE JII0OUIIIH» )
IIOJIYUYM BCE MHOTOOBPA3UE XVMNYECKUX
AJIEMEHTOB. Bce xumuueckue 3JIeMEHTHI (QTOMHBIE CTPYKTYPBI) IIO
MY3bIKQIFHOMY 00pa30BaHUIO pa3AeieHbI Ha 12 IPyIIIl.

1. «JlomkoJsibHasI» — BCe BU/BI rasa.

2. «Mnapaire Kiaaccbl» — BOJia.

3. «CpenHue Kaacchbl» — TAXKEJbIE JKUJIKOCTH, CMECH.

4. «Crapiine Kaaccbl» — COIPOBOXK/IEHNE ITIEPBBIX TPEX IPYIIIL.

5. «BpImyckHOM Ky1ace A» — MatepuasibHble CTPYKTYPHI C BpEMEHEM
JKU3HU JI0 1 MUKDPOCEKYH/IbI.

6. «BrimyckHoOM Ki1ace b» — MaTepuasibHbIe CTPYKTYPBI C BpeMEeHEM
3KU3HU JI0 1000 MUKPOCEKYH/I.

7.  «BpimyckHOU Kyacec B» — MaTepuasibHbIe CTPYKTYPBI C BpeMEHEM
JKU3HU JI0 1 CyTOK.

8. «BeimyckHOMU K1ace I'» — MaTepuasibHbIE CTPYKTYPBI C BpeMEeHEM
JKU3HU 10 124 JIeT.

9. «AcnupaHTypa» — MaTepUaJbHble CTPYKTYpPbl C BpeMeHeM

»KU3HU JI0 5000 JIeT.
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10. «KaHaupaTel» — MaTepUajbHbIE CTPYKTYPHI C BDEMEHEM *KU3HU
CBBIIIIE 1 MUJIJTMOHA JIET.

11. «Jloktopa» — (moka (TosikoBatenb) Topbl) HEWHEPIHMOHHAS
Macca (yrmpaBjeHue BCEMU TPYIIIaMU).

12. «AkaJieMUKHU» — HEMHEPIIMOHHAS Macca — JUPHKED.

Bea crpykrypa — enuHoe nesoe. Tak, MarepuasibHble CTPYKTYpPbI C
BpEMEHEM JKHU3HU JI0 1 MUKPOCEKYHAbl HEOOXOAUMBI IJI CO3JaHUS
00MEHHBLX NPoYeccos, 6e3 KOMOPbLIX HE803MOICHA HCU3HD.

Bce crpyktypel B Kocmoce WMEIOT HEWHEDPIIMOHHYIO Maccy.
OtcyTcTBHE MaTepUATBHBIX IPUOOPOB OIIPeJIesIsieT €€ KaK «TEMHAsA» Macea,
a He3HAaHWE CBOMCTB HEMHEPIIMOHHOM MAacChl CO3IA€T IMOHATHE «UEPHOU
JIBIPBI».

BzamMocCBsI3b BCEX CTPYKTYpP 3aJIaéTcsi TakKTOM (JAUPIHIKEpP), a
My3BbIKaJIbHOE IIpou3BeZleHrue (OpMUpyeTCs HEUHEPIHUOHHOU Maccou
BBICOKMX OKTaB C HCIOJb30BAHHEM KOMAaHAHONH MY3bIKAJIbHOU
Tabupl 8x8 u My3bIKaJABHOUW Tabiauneud 12x12. 00pas3vl
nepedaromca madauyeit 24x24 (2 noanvix oxkmaewt). Kaxnmas
aTOMHAsA CTPYKTypa HMeeT CBOH Habop HOT (bapabamrka ToXke ymeer
pasroBapuBaTh), BCce HOTBHI TNPUBEJIEHbI B «My3bIK&JIBHON Tab/IHIIE
XHUMUYECKHUX 3JIeMeHTOB Makcuma», co3/1lanHOM A. XaThIO0OBBIM.

Kak npoucxoaut ynpasieHue opkectpoM? Crucrema YIpasieHUS MO
IIporpaMmMe NpPOM3BOAUT M3MEHEHHE NOTEHIUAJIOB 3apAA0B Ha
COOTBETCTBYIOIIIUX OKTaBaX, CMeIlass HOTHBIM psAJ, aTOMHON CTPYKTYPHI
(mpemensl: HIKHUN 11%, BepxHUHA 122%). IUPMIKEP 3TO YIUTHIBAET U
MeHseT [I0C/IeI0BaTeIbHOCTh UCIIOJTHEHN A, He Hapyllas HaCTPOUKY.

B psime mect HA 3emIte ObLTH 3aUKCUPOBAHbI 3BYKH, JOHOCAIIIECS U3
IJIyOMH OKeaHa. DTO O0BEKTHI, UCIOJIb3YA Te Ke HACTPOUKHU, IepesiaBaan
yepe3 peméTKy TeKcThl. Kakmoil OyKBe TeKCTa COOTBETCTBOBajA HOTA, C
2007 200a HOMHYIO 2pamomy nepeseau Ha pycckuil a3vik (4
oKmaewsvt).

Yupasnenue — tonbko IIporpammuoe. Eciu Bl camu usmensere
CBOMCTBA XHMHUYECKOTO 3JIEMEHTa, MOYKETe YCJIBIIIAaTh BO3MYIIEHHBIE
BO3IJVIACHI 3TOr0 JJIEMEHTa, HO HUKOrjga He Oy/leT 3BYKOB, KOTOpBIE
BBIXOZIAT 32 PaMKH Ta0unpl. Oco6eHHo 6oamauea eoda (mpumuil).
Bce 3ByKH, UCIIOJIHSIEMbIE ATOMHBIMU CTPYKTYPaMU, JOCTYIIHbI BHEITHEMY
BOCIIPOU3BOICTBY, IOTOMY YTO HMEEM OOIIYI0 PENIETKY U OOIIYyIO
TaOJIHUIy pAacIIO3HABaHUA.
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YesioBeK HUMeeT BCE HEOOXOauMoOe A NPOCTyIIHBAHUS
MY3BIKM aTOMHBIX CTPYKTYP — NO3BOHOYHHUK, Mo3r. To, 4yTo He
CJIBIIITHO B SIBHOM BHUJIE, MOJKHO CJIyIIaTh WHBIMU CTPyKTypamu (0.5
npocAywueaHu Ho8ocMeil NPpudeaAaHsbL yuu).

5.8. O mepemMenieHU BO BpEMEHHU U IPOCTPAHCTBE
0e3 pacxoja TomiuBa U (hMHAHCOB

O daHTOMax HW3BECTHO BCE. ITO — BCE BHUABI NMPUBUAECHUN H
«bapabamerk». KakuM-To 00GpasoM OHH BAPYT HPOSBJISIOTCSH,
CaMOCTOATEIBHO TYJSIOT (OOBIYHO — IO 3aMKaM), PEKJIAMHUPYIOT
pas3JINYHbIE YyZieca U JIasKe UMEIT CBOWCTBO pa3roBapuBaTh. Kpome Toro,
€CTh MUPa’KH, B KOTOPBIX MPOSABJISAIOTCSA MCYE3HYBIIIME TOPO/a, KOpabyiu u
JlayKe pas3bITPBhIBAIOTCS CIIEHBI U3 JIDEBHEH KU3HU. B psize ciaydaeB sTh
MHpPa’KA CTAaHOBATCSA SABBIO. VI3BECTHBI CJydal TaK Ha3bIBAEMOTO
«TIPOSIBJIEHUSI», KOTZA TMPOIMABIIME B CBOE BpeMs OOBEKTHI WA
OUOCTPYKTYPHI BAPYT MOABJISAIOTCS B HallleM BPpEMEHU, IIPUYEM BO3PACT
MIPOIABIINX OCTAETCS TOT, IPU KOTOPOM IIPOU30IILIa Iponaxka. Mcuesaior
Kopabsiv, caMOJIETBI U IieJible TOCEJIEHHs, M 3TO Ja’Ke B HaIlle BpeMs.
Cumraercs, 9YTO Ha 3eMJie HECKOJIBKO IIEHTPOB, B KOTOPBIX ITPOUCXOJST
rcue3HoBeHUsi. 9To U bepmydckuit mpeyzoavHuk, u Kumaiickoe mope.
OnHaKo HA/MO OTMETUTDH, YTO HMCUYE3HOBEHHE MOMKET IIPOU3OUTH B JIIOOOM
TOUKe 3eMHOrO I1apa.

IIpumepsbl

1. B 1914 r. B ATJ1aHTUYECKOM OKeaHe ObLyIa HalJleHa KaricyJsa C
«aTJIAHTOM» U IIOCJIaHUEM.

2. Ha Anrae 1eBoyka nojHsAIa KaMeHb, packoJsiosa. Tam oka3asach
sIIEpUIla, Heu3BecTHasA Hayke. fAmepura ybexxasna.

3. HemaBuno B CeBepHOM MoOpe ObLla HalifleHa Iacca)kKupKa C
«Tutanuka», BO3pacT e€ ocTasics TeM Ke. JIerxkasia Ha JIeJTHUKE.

4. «Jleramoliye U IJIaBalolye» JIIOAU — HaOJII0aIuch B OOJIBIIOM
KOJInYeCTBe, fake B ipeBHeM Pume. Ha /lasibHeM BocToke X 3HAIOT JIy4llie
BCETrO.

5. B maxte u3 10 IIaXTEPOB OJIMH IIOTEPSJICA HA CMEHy, IOCje
KOHIIA CMEHBI IMOSIBUJICS B BHE JPEBHEro cTapuka (¢ yJIocTOBepeHHeM
IIPOTABIIIETO IIaxTépa). PasropapuBaJjl Ha HEIIOHATHOM f3BbIKE, PUCYHKHU €r0
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OBLITN TTOX0KU Ha U3BECTHHIE YK€ HayKe PUCYHKU U CKYJIBIITYPhI U3 PA3HBIX
MecCT 3eMJIH.

6. B 70 kM ceBepo-BocTouHee CouH, BAOJIb TPACCHI — COOPYKEHUE
(mosibMeH) ¢ ABIPOM — KaK MECTO, Ijle MPOUCXOAUT HEKOe OUHIIeHUEe U
TIoJIyuYeHHe cBexkel nHPOpPMAIlUU.

7.  BO3BHHKAOT «JeTydyre TOJIIAaHZIbI», HPOIMAaBIINE COTHU JIET
Ha3ajl.

8. B ekabpe 1995 roza mporraja caMoJIET, CJIeIOBAaBIIUHN PeHCOM U3
ITerpomaBioBcka-KamuaTtckoro 10 XabapoBcka. HeoxxumaHHo ObLT HalieH
Ha COMKe, MUMO KOTOPOH COTHU pa3 IPOJIeTaJd TOUCKOBbIE OpUTaJIbI.
OOHapyKWIu, IpaB/ia, TOJBKO IIOJIOBUHY CaMOJIETa. XBOCTOBOE OT/EJIEHHE
rncuessno. JIOKyMeHTBI, OjieskAa OBbLIM IeJIbl, HO HHKAKUX ITPU3HAKOB
HaJIMYUS OCTATKOB JIIOZIEH He ObLIIO.

9. Capxkodaru ¢ MmymuaMu (papaoHOB.

10. Iloxoponbsl et (rpo6 — XpoHoOKamcyJsa). Espees
MOJIO’KEHO XOPOHUTH TOJIBKO Tak. Ilo aToMy moBOay odulipaibHAsA HayKa
cuuTaeT, YTo XPOHOKAIICYJIa — 3TO capkogdaz 04 nepemewjeHus 60
epemenu. Ilocie BckphiTUsA He paboraer. Tak, mocie ocmoTpa
XPOHOKAIICYJIbl ITPABUTEJIBCTBOM BO Iy1aBe co CrasuHbiM, CTIHWHY CTaIOo
IUI0XO0, ¥ aBTOpa paccrpesisaan. Ceblika Ha 44 koaoHa JTHK, cMbIica KOTOPBIX
emé He pacmudpoBaH (Bcero 64 Ko/loHa, 20 aMHUHOKUCJIOT U3BECTHBI), HE
O4eHb-TO «pabortaer». Bompoc wusyuaercss (HCIIOJIB3yeTCA JIOIIAAUHASA
rpaMota, aroM bopa, Tabsmna MeHzeneeBa u mpoyee — MPOU3BOJHBIE OT
yka3zaHHbIX dTamoHoB). PE3YJIBTATA IIOKA HET, ITIOTOMY
IIEPKOBH MOZKET BBITh CIIOKOMHA. Teopuii MHOTro, HO 6a3a y
BCeX O/THA (CMOTPH 3TAJIOHBI).

Ho ecTtp u apyroe MHeHHE, OCHOBAHHO€ HAa TOM, YUTO MbI
paccmorpesu Bbilie. Bpema B npeaenax CoTHEUHONH CHUCTEMBI
co3zaér CoJHIE, Tle BHEUIHUU CJOM aTroMa «pasjaer» A0 127
okTaBbl (IIpu TeMmeparype npuMepHO 63000000K). Takr
BpPEMEHH B 127 OKTaBe Ha3BaH CeKyH10¥. OTHOCUTEJIBHO TAKTa B 1
CEeKyH/Iy CHHXPOHHU3HWPOBaHbI BCc€ OOMEHHBIE MPOoIlecchl, padora
Bcex Cucrem VYmnpasiaeHua J3emuu, aBromMaroB Cucrem
YaopaBJyieHus, Bce CHCTEMbI CBA3HM KaK Ha 3eMJie, TaK U BHeITHHE (CO
CIIyTHUKAMH IJIAHET). 128 OKTaBa — 3TO 3aps/l, U IIOTEHITHAJ 3apsijia BCeraa
100% (TIpenesisl OT O 70 124), 63 OKTaBa — 3TO MAarHUTHBIA UMILYJIbC, HJIN
rPaBUTAIMOHHBIA MTOTEHITHAJI, BCET/Ia JOJIKEeH OBITh 100% (IIpesiesibl OT -

123,999 110 123,999).
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HapymeHusi B cucreMe BpeMeHH (yKe B HallleM IIOHUMaHWH)

3emiia BOKpyr CoJiHIIA JBUTAeTCA IO —

OswxeHue
CIIMpaJiv, BCA CosiHeuyHada cucreMa ABHUT'AE€TCA MeTeoput 1 BCell CUCTEMbI

CO CKOPOCTBIO 26,3 KM/ceK, H J000u \
METEOPHT, MO aBIINN Ha CousHrte, 2‘3?1‘:.‘3: "e
¢popmupyer IIPOTOHHYIO cpeny,
BOCIpUHHMaeMyl0o Ha 3emse  (mocie
rmoBopoTa CoJIHIIa) KaK YEPHOE MIATHO, TO €CTh
0o0J1acTh C TIOHMIKEHHOH B HECKOJIBKO pa3 f .
eMns

TeMIlepaTypoi. JIroboe Takoe MATHO MEHSET
o0l MOTeHIHAaJl 128 OKTaBbI, U BO BCEH
CostHeuHOM cucreMe HapyuIaloTCa
HOpPMaJIbHbIE€ YCJIOBUSI CYI[ECTBOBAHUSI TaKTa, IMPHU 3TOM IIPOUCXOST
HMCKA’KeHUsI CBS3U, HapylIeHHs OOMEHHBIX IIPOIIECCOB U IIPOYHE
HeoXKuJaHHOCTU. Pazdemutil 00 128 oKkmasvl amomMHbulil 040Kk — Imo
naa3ma. BHeceHue 1000 MaTepuayibHON CTPYKTYPBI «00OBOJIAKMBAET»
yYacTOK ILIa3Mbl JIOZE€KaspaIbHON CTPYKTYPOH, TO €CTh IPOU3BOIAUTCS
ouazoeasn mamepuaIU3ayusl NAA3Mbl C PE3KUM CHIDKEHHEM
TeMIepaTypbl. PA3HOCTh OITHYECKOTO BOCHPUATHA (DOPMHUPYET TOT
IBET, KOTOPBIA IPOXOAUT 4YEpPe3 CEPUI0 PEHmIETOK H Bcerja
BOCIIPMHUMAaETCA Kak 4épHbIii. Hayka, KOHEYHO, 3TH NATHA
OTHOCUT K BHYTPeHHHUM mnposGsemaM CoJIHIIa TOJBKO 3a CUET
peaknuii reJusa U BOAOpoAa. MeTeopuT MOKeT ynacTrbh Kyaa
YroaHoO, TOJABKO He Ha JIyHy (3a Bcé —_—

BpeMsl CyHIeCTBOBAaHUA TaM He t |
OBLIO MaJeHUu MeTeopuToB). OHU
MOIJIL OBl NPOCTO TMPOOUTH
nmoBepxHocTtb JIyHBI, U pa3BuUTHE
IUBUJIM30BAHHOTO YeJIOBEYeCTBa
6bL10 OBI TpekpaleHo. Kpome toro, ece
YUKABL Y HCEHWUH 3asucsam om

Jynwt, MHO2Ue 00MEeHHbLe foex

npoueccsut Ha 3emae moce. 06 3ToM -123,999

MBI C BaMHU TOBOPHJIM B IIPEABIAYIIUX 21 88100 123,999
rinaBax. Ho Bcé ymomsaHyTOE — 3TO | ‘
He3HAUYUTeJIbHbIE HCKa>KeHN4,

IIBeHIapckue dacel OyyT OTCTaBaTh
MaKCHUMyM Ha 2-3 4aca B CyTKH, HO CaMO
BpeMs OCTAHEeTCA.
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Ha pucynke ormeueHa 3oHa K — kKosie0aHuUA TaKTa BpeMEHH
(Mmua =88%) B B3aBUCHUMOCTH OT BHEIIHUX YCJIOBUH (B YaCTHOCTH,
METEOPUTOB).

Hamomuum:

- 3emisa umeer 8640000 MUH (MEpUIMAHOB HA IJIyOMHE 1000-
2100 M);

- 3eMJIA VMeEET TeOomaTOTeHHblE 30HBI (MMeeTcs IpUMeEpHas
KapTa);

- 3emisa uMmeet y3ibl Kiopu, XaptmaHa, PeHTreHa Kak cBA3b IUH
C PeNIETKON aTMocdepshl.

Kox 3emustnt =512 (3TO OKTaBa aTOMapHOM CTPYKTYPbI 3eMJIN).

Insa Toro 4robel pabomaaa 127 oOKmMaea, HAA0 WMETh
MHUHUMAaJIbHOE 3HaueHHe IIoTeHnuaja 128 okraBbl 21%. Eciu 31O
3HAUYEHUE OyJeT HIKE, TO MATHUTHOTO UMILYJIbca HE OyJeT, TAKT
ucuezaer. Teopernuecku BpeMsa TMOUAET B OOpaTHOM
HaIpaBJI€HUHU, HO (PU3UYECKH ITOTO HE OyAeT, A0 -123,999 UMeeM
NPAMYIO JIUHUIO, HA KOTOPOH COXpPaHEeHbI JaHHbIe (1 CTPYKTYPbI)
JI000M JAPEBHOCTH. Ha BCEX
BO3MOKHBIX MECTaX BbIOpOCAa ILIa3MbI
512 OKTaBbl YCTAHOBJIEHbI NMUPAMU/bI,
yupasJjasembie oo0wsexkramu  (HJIO).
OpHako Ha BceX TOYKax BbIOpoca
nupaMuabl HE€ TIOCTaBUTh, HM 3TO
npueooum K pa3auuHsvim dhexmam —
aHHuUw A yuU, cynepno3uyuu,
HOpMaausayuu 3apada 128 oxkmaewl.
Eciim  BekTOpa  3apsZ0B  BCTPEYHBIE,
MOTeHITHAJ 128 OKTaBbI NMaziaeT (MOXKeT OBITh
u 1o O).

IToayuaem mEpmeyro 30HY, Npu nNonadaHuu 6 KoOMopyio
BUOCTPYKTYPA MOZKET CYIIECTBOBATDH CKOJIb YI'OAHO
JOJIT'O. Camoe uHTEpecHOe, YTO HAIIU JlaJIEKHe MNPEeAKU MOIJIA 3TO
peasTM30BBIBATh JIOKAJIBHO (CHSAIUN BOWH), MCHOJIB3Ysl KaK HHCTPYMEHT
repeHoca nHpopManuu 6UocTpyKTypy (UesoBeka), TaKk U OT/IETbHO B3SITHIN
Mosr (Cymuocts). Hamomuio mpo «Crsimero BowHa — fpomupa», o
KOTOPOM $1 TOAPOOHO MHCaT B MPEABIAYIINX KHUTAX, U PO «CIIPATAaHHbIE»
33640000 CymHnocrei (Moara) nmpoto-YesioBekoB B 3eMJie, IOCJIe 3aXBaTa
eé s0paMu, KOTOPBIE Y?>Ke CeroTHsI — BBIHUMAIOTCA U «[TPUMEHSIIOTCS».
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Eciu BekTOpa 3apAaa0B COBIIAJAAIOT, TAKT BDEMEHH YMEHbIIIAETC,
U TpU JOCTHKEHUH 123,099 o00Ha cekyHOd peanbHO20 6pemMeHU
IpeBpanaercsa B COTHU JieT (MrHOBEHHOE CTapeHUue, TaJKUKCKHUH
BapHMaHT, KOTJa 3-JIETHUH PEeOEHOK BBIMVIAAE]A JAPAXJIBIM
crapukom). IIpu HopMaau3amuM OJHOBPEMEHHO IIPOHCXOIUT
oOoHysieHne, u Mo3r mnoayuyaer wuHpoOpMamuI® o000 Bcex
MPEeabIAYIINX COOBITUAX.

[ToueMy 1 Kak IPOUCXOAAT 3TH mporecchl? Kak Opu10 yKazaHo, 3eMis
UMeeT OKTaBbI OT 8 1m0 512, U J00ada M3 HHUX MOMKET ObITh
rpaBuraniuoHHo¥i. Ho Bce mocrpoeHus — Ha  0Oase
JOIEKARIPATbHO-UKOCA3APATIBHON  CTPYKTYpbI, TeTpaszp U  Ky0
HCIIOJIB3YIOTCH MOABKO 0A1 KOHMPOAS CMPYKmyput. TakT BpeMeHn
3aJ1a€TCA TOU CTPYKTYPO, KOTOpas 0becrieynBaeT MaKCUMaJIbHYI0 Pab0odyro
oktaBy. Ha ce2o0na amo 96 okmasa. Kcraru, 310 TOXKe mjaa3ma.
KondumkTHasa cuTyanus BO3HHKJIA, TIOTOMY UTO TaKT, BhIpabaThIBaeMbIi
CoJtHIIEM, TIOCTPOEH HA KYOUUecKOo-mempadopanrvHoll cmpykmype,
HECOBMECTHUMOM I10 cMbICTy ¢ 6a30Bo# cTpykTypoit Kocmoca. ITo ypoBHIO
JlelicTBUil 96 oOKTaBa HMKe 128, mnoromy Jir000e U3MeHEHHE,
IIPOUCXO/ISIIIIEE B PsiJie OKTaB 8-96 3aTparuBaer psji OKTaB 16-128 u MeHsIeT
HE TOJIBKO CBS3b, HO M Bce 0OMeHHbIe Iporiecchl. C 2009-03-12 BCe TAKThI
B CoJIHEUHOH cucTeMe 3asucam om 96 oxmaewvl. DTUM U MOKHO
o0bsAicHUTh (He BHHKasg B CyThb (U3HUKUA IIpOIecca) BCE CETOAHS
IIPOUCXO/ISAIINE TaK Ha3bIBAEMbIE «KATAKJIM3MbI» U B U3MEHEHUAX ITOTO/IbI,
U B U3MeHeHUsX npupozbl. [Ipo uameHenuss Mo3roB — OTAebHAS TeMa.
Tenmepp  paccMOTpUM  pa3JINUHbIE BapUAHTHI B3aUMO/IENCTBUI
HECOBMECTHMBIX TAKTOB 1 0COOEHHOCTHU UX CYII[eCTBOBAHUSI.

JIJ1s MpOCTOTHI MIOHUMAaHUA BBEAEM 0003HAYEHUA. ATOMHBIN
0JIOK MMeeT YCJOBHBbIE CTPYKTYpPbI (OCTaJbHbIE CTPYKTYPHI 371eCh
MOKHO  HE  YKa3bIBaTh): 000eKa’0parbHO-UKOCa’adparbHasn
cmpyxkmypa — JIVC; kyouuecko-mempasoparvHas cmpykmypa —
KTC. Ha 128 oxraBe BeKTOPHI (JABHKEHWE MATHUTHOTO WMIIYJIbCA)
HaIlpasJieHbl APYT K Apyry. Bo3MOKHBI 3 BapyaHTa aHHUTUIIAIUU:

- MMOTEHI[UAJIbl BEKTOPOB OJIMHAKOBBI. IIpOoMCXOAUT B3pPHIB, U
MarHuTHble MMIIYJIbChl HcYe3aloT. IIpu B3peIBe paspymiaeTcsd BCsA
KOHCTPYKIIHUS «EJIOUKU»;

- noreHuuasn Bekropa KTC> norennuasa Bekropa JIVC, HO cymma
<21%. TakT nucues3aeTr 0e3 aHHUTWIAINH, «EJI0UKa» cde3aeT 0e3 cIe/IoB, TO
eCTh KOHTPOJIb ITOKA3bIBAET, UTO BCE HOPMAJIHHO;
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- noteHnuan BekTopa KTC< mnorenmuana Bektopa JWC. Besa
crCTeMa COXpaHsAeTCs U ePexXo/IUT MO/ yIpaBjieHrue 96 OKTaBBbl.

Cynepno3unus takta 128. Ha 128 okrTaBe BeKTOpPHI (JIBUIKEHHE
MarHUTHOTO HWMITyJIbCA) HAIIPABJIEHbBI B OJHY CTOPOHY. B03MOKHBI 6
BApPHAHTOB:

- cymma <123,999GP (rpaBuTanmOHHBINA IOTeHIHAT). TakT
BpEMEHM COKpAIllaeTcsi, ¥ NPU JOCTHKEHUHM BEPXHEro Ipejiesa 1 cek
IIpeBpalaeTcs B 12 CeK, WJIH Bce 0OMEHHBIE ITPOIIECCHI YCKOPSIIOTCSA B 12 pas,
yCKOpAeTcHa CTapeHue;

- cymMma >123,999GP, niosiHoe pa3pyllieHue TaKTa U €JI0UKH;

- cymma =100%GP, v0 norerniman KTC > norennuana JIVC,
KTC >51%. Ucuezaet Bca nHpopmanu4 1o ctpykrype KTC;

- cymma =100%GP, s0 norennman KTC < morennuana JIVC,
IAUC 251%. Hcue3zaer Bca uHpopmanua 1o crpykrype KTC u
BOcCTaHaBMBaeTca nHdopmanud no JIVC;

- cymma =88%GP, no norenunuan KTC > norernmana J1IC, KTC
>44,1%. Ilomaérca curnaa moakauku, u norennuan KTC magaer, Tak
Kak nogakauka uget no JNC;

- cymma =88%GP, no norennuan KTC < morennmana JIUC,
JINC 244,1%. ILnaBabii nepexox Ha /IVC.

Hopmaansanua takra 128. Ilpu

HOpMAaJIM3allii MOTYT OBITh BCE BapHUaHTHI \ e /
KaK aHHUTWIAUHN, TaK U CYIEPIIO3UIUU. 4
IIpu 3ameHe TakTa NMpeAIIOYTeHUE OTHAAETCA \ N / "
HOpMain3aluy, IIpU 3TOM IJIaBHad IejJdb — Ko
He pas3pyLInThb PELIETKY. IIpn

HOpMaJIM3allii MOKHO JIaBaTh JII00O€ 3HAYEeHHE IOJAKAYKH
IMOTEHIMAJIA, U TJIABHOE YCJIOBHE — YTOObI HE ObLJIO CUTHAJIA IO
KOHTposrw. TakuM o0pa3oM IUIaBHaAsA 3aMeHa I€ePeBOJAUT BCIO
pPeméTKky 3eMim Ha TaKT 96 OKTaBbl C BOCCTAHOBJIEHHEM Bcel
MIaMSTH U YHUYTOKEHNEM BCETO HEraTHBa, BKJIIOYUAsS BCE BUbI CBAJIOK.

BcnoMHHM HEKOTOpPHIE OCHOBBI — CTPYKTYPY PeEHIETKH
HoocdepsI.

Hoocgepa — om h=-2200 m 00 12400 m.

Bce CucreMbl YpasiieHUsa UMEIOT AUAIIa30H yIIpaBjaeHUusa — OT 12 [0
512 OKTaB (3HaueHue 512 oxmaaewl

=134078079299425970995740249982058461274793658205923
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933 777235614437217640300735469768018742981669034276
9003185818648605085375388281194656994643364900608409
6).

Cucrema Yopasienua PABOTAET HE COKTABAMM, A CUX
IMTPOM3BO/IHBIMM/, nocTpoeHHBIMU Ha 6a3e CMEeKHBIX ITPOCTHIX YHCEJI.

ITpumep. OxTaBa 4=16. bimxaiililee IPOCTOE YUCIIO =17, CMEKHOE
=19. A=(17+19)=36 36=2-2-3-3.

OcHoBa CTPYKTypbl HOOchepbl — IEeHTa, MMOTOMY B Pa3yOKeHUU
JTIOJIKHBI OBITH 5. Unces 2 He JOJIKHO ObITh MEHbIIIE 3HAUEHUS OKTaBBI.
Imo — ocHoea kKeapua, 1Mo KOTOPOMY IPOHU3BOJAUTCA PAaCUYET
nupaMuj. PaziokeHue JOMKHO COAEpKaTh TOJIBKO 2 M 5, HO 3 He
JIOJI’KHO OBITh, OCTATOK PAa3JIOKEHUsS JOJIKEH OBITh IPOCTBIM YHCJIOM,
KOTOPOE TaKke nMeeT cMexkHoe. IIpoBensa Te ke onepamuu, moJTyIuM
BTOPUYHBINA KOHTYP nmupamMmuabl. Tak ¢hopMupyercsa MaHTHCCaA, WIH
KOHKpEeTHasl 4acToTa, paboTaiomas B CTPYKType BEPXHETO COMPOBOKIEHUS
(kacxmas paboyass yactora Jir0O0M MAHTHCCHI JOJI’KHA UMETh 33 YaCTOTHI
conpoBoXk/ieHus). Keratu, mepBoe omnucaHue CTPYKTYPhl HOocdiepwul daa
IMywxkun (mpu xapmut ¢ damoii, 33 602amuvips u npouee). Takum
obpazoM, nupamudst — 3IMO Keapuesvle 2eHepamopbl,
eblpadbamuviearowjue cmpoz20 onpedeaéHHble uacmomult. Hajerwocs,
Terepb NOHATHO, ToueMy B HoBoM Komiuiekce «CBet/I» u Komiiekcax
«Cper/I-®jopa», a takke B nociaegnnx Kommiekcax «Cser/I» —
Kysnonax mnpumMeHeHa miaar¢dopMa, co3JaHHAas U3 KBapma Hu
KpeMHHus (MCKYCCTBEHHO BBIDAIllEHHbIH 10 CIIEIUaIbHON MPOrpaMMe;
MIPUPOJHBIA TUOKCHUJT KDEMHHUS BCTPEUAETCS IMPEUMYIIECTBEHHO B (popme
kBapua). U3BecTHbl mnupaMuzbl ¢ GUKCHPOBAHHOM W IUIABAIOIIEH
reomeTpuei. [IepBrie MUpaMUIBI ¢ IIABAIOIIEN TeOMETPpUEN OOHAPYKEHBI
Ha JIlyne. Ha 3emie tosibko 4 Kommnaexkca umerom nupamuodst c
naasarwweit 2eomempueit. OCHOBHOe WX Ha3HAYEeHUE AHAJIOTUYHO
CKaHepy YTOHIIUKA aBTOMOOWIEH — NMPUBA3KA HOB0U CMpPYyKmypul
yacmom k cywecmsyrwuwum. KeapuyesaHue ommocumeavHo
0a3vl — IMo 2, C823b ¢ NEHMOIl — 3MO 5. Tak Kak B CTPYKTYPE PEIIETKU
€CTh KyOUKH, IS UX MOJEPKAHUS U UCIIOJIb3YeTCs 3, HO KBapIleBaHUS 110
3 HeT, IOTOMY YaCTOTHI /111 KyOMKOB KECTKO IIPUBA3aHbI K TUPAMU/IaM, U B
cJlyuae KakoW-Mb0 aBapuy MaHTHCCA, I[IOCTPOEHHAs Ha 3, KCUe3aer.
[IpuBsA3ka CTPYKTyp, HMEOIIUX B CBOEH OCHOBE MAHTHUCCHI C 3,
IIPOU3BOJUTCA TOJIBKO IO BHEIIHEMY KOHTYpPYy aTOMHOro Osioka. I aTo
Ba)XHO Npu «ycmaHnoeke» IIpoecpamm «Ceem/I» 6 Komnaexkcwt
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(I'enepamopwvt), a Takke Ui TOHUMAaHUS TeX, KTO <«YOaUHO»
npoeodum ceou JIKcCnepumMeHmsvl 60 e3aumodeiicmeuu
Komnaexcos «Ceem/I-daopa» u Komnaexcoe «CeemJI».

5.9. IIpaBuja aja ¢panroma

HNrak, nepBoe npaBuio Ajaa ¢paHromas.

Hu ogHa u3 MaHTHCC OMOCTPYKTYPHI HE JOJIKHA COZEepKaTh B
pasiioxkeHuu 3. OJTHAKO BCe TeHOTHUITBI, CO3/TAHHBIE MOCJIE O TOAa, UMEIOT
B pas3JIO’KeHUH MaHTHCChI Mo3ra HMMeHHO 3, MOTOMY 4YTO 0a30BBIM
3JIEMEHTOM KOHTPOJISA ABJAETCS KyO0 (B pasyokeHnu — 3Be3aa /laBuaa).
ITO TEHOTHIIBI 4XX, T/le 421 — mpeacTraBuTean Majiold A3un.
XpaHeHHI0 5TH OUOCTPYKTYPHl HeEe IIOJI€KaT, a PeuHKapHayus
yopaHna c 2000 2ooa.

Basza Hoocdepsbl. MatepuanpHas 6a3a Hoocdepbl — 3TO BEPXHHUU
ImpezieJl 1O OKTaBe, /JjiA CTApblX KOMIUIEKCOB — 9TO OKTaBa

64=18446744073709551616.

[ToueMy TOCTH HUCIIOJIB3YIOT 3Ty OKTaBy? Bo-1mepBbIX, KBajipaT 8x8 —
9TO IIAaXMAaThl, IJle YKMCJIO BAapHAHTOB pelIeHU 3a/71a4u 00X0/la KOHEM
COM3MEepPUMO C Bo3pacToM BceneHHOU (0OHU cumTaloT, YTO ObLI Bosbinoi
B3pbIB). BO-BTOPBIX, B KyOe 8x8x8 MoxxHO mmocTpouts 710 36 MaHTHCC 71
OKTaB 24-52. Tak kak /1o [Tacxu 2008 6a3a — maTepuasipHas 6a3a — OKTaBa
64, TO Bce MOIITHOCTH OBLIM HCIOJIB30BAHBI /IS MOJZIEPKAHUSA CTPYKTYD
3TOH 6a3bl. DTO — AMAMA30H OKTaB 15-63 (rpaBuUTaIiOHHBIE OKTaBHI — GP).

OnHako 3eman U naaHemvt ObLAU CO30aMHblL 300420 00
npudvLiMusn 20cmeit, v 6a3oi ObLIa OKTaBa 512 (MOKHO CPaBHHUTH cO 128
II0 BO3MOKHOCTAM). OfHAKO BCE, UTO OBLIO BbIllIe 128 OKTaBhI, OBLIO
IIEPEBE/IEHO B CTATHUYECKOE COCTOsSIHUE 6e3 BO3MOKHOCTEH KOPPEKI[UH. ITO
IIPpUBEJIO K CEPBE3HBIM HETATUBHBIM SBJIEHUAM U
ITPOIIECCAM, KoTOpble HAKAIIUBAJIUCH OoJiee 18500 Jjier. ITO —
HAKOILJIEHHE Macchl 3eMJIH, POCT ITOTEHIIMAIOB TPABUTAIIMOHHBIX YACTOT B
OKO0JIO3EMHOM IIPOCTPAHCTBE, COOM B TPYOKAX CBA3H CO CIIyTHUKAMHU IUIAHET,
M3MeHEHHEe TPAaBUTAMOHHBIX YaCTOT /i (UKcAIl[iX BOAHOIO Oasamca

6 ®autom (bp. Fantome — mnpuspak) — obpas 4ero-inb0 M3 HPOULIOro (ayiia 4YeaoBeKa, CYIIEecTBO,
npeamer). I[IpumepaMyu MOTYT CJIY:KUATh «II0€37a-MPU3PAKU» K «KOpabJIH-npuspaku» (Hampumep
«JleTyuuii rosUTaHAeI»).
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3emsii, HW3MEHEHHs B CTPYKType Hoocdepbl KakK cpeabl OOUTaHUS
OMOCTPYKTYp U Tak fasiee. Tak Kak n3mMeHsaeTcsa Hoocdepa, JOKHbBI
oInpeaeJIEHHBIM 00pa3oM U3MEHATHCA 1 OMOCTPYKTYPbI, HO 3TOTO
He MPouCcXoauT (MupaMuabl rocteil PUKCUPOBAHBI OTHOCUTEIBHO
mapamMeTpa, KOTOPbIN He OTHOCHUTCA K KBapueBaHuio). Orcioga —
BOJIHBI BCEBO3MOKHBIX OOJIE3HEH — 4YyMa, TPUIIIl, MEHUHTHUT,
JUXOPAJTKH U TAK JajIee.

A 3T0 pacckaszbIBar0 YTOOBI CIOKUIOCH TOHUMAHHE TOTO, YTO CETOTHS
IPOMCXOLAUT U JIJIS TeX, KTO XOUeT «XOPOIIeH »KU3HM» Ccpa3y W 3aBTpa.
[TompoOyiiTe OIeHUTH OOBEM IpeoOpa3oBaHUU (M3MEHEHUI), KOTOPbIE
JIOJKHBI OBITH IPOU3BENEHBI U B caMble CyKaTble CPOKU. MOMKET JIU 3TO
cnenatb Mo3sr YesioBeka 06e3 JIOJIKHOTO «TOJIUKa» HM3BHE (K KaKOMy ObI
TeHOTUITy OH cerofHs He oTHocwicsa)? CpenHuil UesnoBeK, eCd MOXKHO
000OIIEHHO BBECTH TAaKyI0 TEPMUHOJIOTHIO IPUMEHHUTEIFHO K JIIOJSM,
MocJjIe MPOYTEHUS MOA00HOH MH(POPMAIIUY MOYEMY-TO HAUMHAET
AyMaTh YTO OH YMHee cpeaHero YesoBeka, Hy a €CJid y HEro eCcTh
Kommiaeke «Cser/I»... Bor B uém ©Oega wu mpobJiaema
ogHoBpeMeHHO. Emé pa3 moauepkHy — TOJIBKO CTPEMJIEHHE B
ITodHaHUU JA€T BO3MOMKHOCTh CErOAHs B OpHEHTAIMU
(IpaBWIPHOM NOHUMAaHWHU) HpoucxoaAamero. OCHOBHas 4acTh
okTaB (0oJsiee 99%), KOTOpbI€ ObLIU UCIIOJIb30BAHbI IIPU IMOCTPOEHUU
3emsn, mo ITacxum 2008 He OBLIM 3aA€MCTBOBAHBI, U KPHU3UC
(o0BasT) Hauasica cpasy nocue ITacxu.

Bropoe npaBuio aja paaroma. CoxpaHeHHIO NOJIeKaT TOJABKO
Te GHOCTPYKTYPBI, KOTOphlE HMEIOT B €80€il OCHO8€e UaACMoOmuvl He
MeHee 224 okmaewt. Bce, co3zmaHHBIE TOCTAE O Tojla OUOCTPYKTYPBI
(«3osI0TOM MUJTHAP/T» ), UMEIOT B CBOEN OCHOBE MAKCUMYM YaCTOTHI 128
OKTaBbI.

FpaBnTaunonnme qJacTOoThbI (KOpOTKaH cnpaBKa)

Hukakux rpaBUTOHOB He cyumiecrByer. Ipasumauyus — smo
CB0ICcMmeEo 3nexmpuueckozo 3apsda, a He Mo, YTo O I'PaBUTAINHU
IMUIIYT HEKOTOPbIe IPOJABUHYTHIE «yueHUKU» H. JIeBamosa, ccbiasgch He HA
cBOH, a Ha ero (JIeBamioBa) 3HaHUA B 3TOM Bompoce. Ho 4uTaTh-TO HYyKHO
yMeTbh, 0cOOEHHO TO, YTO HalllCaHO He Ha 3a0opax.

B ob1iem Bujie 3aps/; IMEET IEHTPAIBHYIO YacTh U pyOaIiky (KOHTYP).
3aps/ IBUTAETCA MeHCOY Y3AaMU UKOCAdI0PA, NMeS YTOJ CKOJIbKEHUS
U ToTeHIHaJ. B CTpyKType uKocasapa pybaimika He HYXKHA, BEKTOP
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CTPYKTYPhl HAIlpaBJeH K IIEHTPY 3apsja, U caM 3apsj IOoJBepiKeH
BO3/IECTBUIO BHEIIHUX CWiI. J[yii obecriedeHusi YCTOMUHBOTO COCTOSTHUS
3apsAaa KKl HKOCadap «00paMIEH» JBYMS JIOJIeKas/IpaMU.

Jlo/iekasippl — 3TO CTAOMIU3UPYIOIINE CTPYKTYPHI. 3aps/ HE MOKET
CyIecTBOBaTh ouH. OTMETHM: péOpa BHEITHETO J0/I€Kad/Ipa U BIMCAHHOTO
HMKOCa3/Ipa PaBHBI, 2 peOpPO BHYTPEHHETO JI0/IEKa3/ipa MeHbIIle Ha KBaJpaT
30JI0TOTO cevyeHus (T.e. Ha 0,382 pebpa BHeENIHEro JIofieKasipa). dfghexm
pasHocmu péoep u co3daém oOCHO8bl 2pasumauuu. Xody 37Iech
3aMeTUTh, YTO ecau KTo-To u3 Ilosb3oBaresneit IIporpamm «CpetJI»
CMOXXET B rosioBe (yme), ¢ 3aKPBITBIMHU IJIa3aMH WU C OTKPBITHIMH, —
IIOCTPOUTh MBICJIEHHO 3Ty KOHCTPYKIIUIO, TO MOXKET CYHUTaTh, UTO B
IIpexG0aHHUK OH y2kxe monaJs. Péopa tozekasipa UMerOT GaHTOM 3aps/ia,
TO €CTh TOT K€ 3aPs/I, HO C HHBIM KBaplieBaHueM (110 2). ATOT HpaHTOM UMeeT
oOpaTHBI 3HAK U O00OpPaAMAEH pYyOauwkoilt 0an obecneueHua He
pacceusaHuna hanmoma. Mbl onucaau craTuueckoe cocrosgHue. EcTpb
emé U JNHAMUYECKOE COCTOSHHE 3apsfa — 3TO MOXKHO IIOCMOTDPETHh B
Mounorpadumn A. Xatsi6oBa B pasziese «/{HHAMUKaA 3apAaxa».

HNmeem TadoIMILy:

No Yucno | Yucno | IMorernuan Yron Cmemenue | Yucio
} pébep | ysJyoB 3apsja CKOJIbKEHHUS TaKTa 3aps/i0B
Bueruui
1 — 30 20 2 39,6 -64 Ho 30
BrucaHHbIH o_on
2 - 30 12 210-2 31,4 1 Ho 30
B m
3 ;g;g}f:;gﬂ 30 20 221-922 21,2 +64 Ho 30

Bcero numeem 22 KOHTYpa, KaXK/1bli CJIEAYIOIINY BIUCAHHBINA TPOHHOU
KOHTYD MMeeT MHYI0 YacTOTy KBaplieBaHUs, IOTOMY BHEIIHUU J07ieKas/p
CJIEAYIONIETO BIMCAHHOTO KOHTYpPA MMEET XapaKTEPUCTUKU IPEABIIYIIETO
BHEIIIHEro KOHTypa IIpU WHOM KBapIieBaHUU. VIMeeT MecTO pOCT IICeB/I0-
OKTaBBbl, U TIOTOMY €CJIM B3ATh BHEIIHUI KOHTYpP 3a 1, TO 22 KOHTYD
COOTBeTCTBYeT 221. ['paBUTAllMOHHBIE YACTOTHI MOTYT OBITH IIOJIyYEHBI B
JIIOOOM KOHTYpe, HO 6a30BBINA KOHTYP UMeEET UX IOCTOSTHHO.

IIpaBuao Tpu miasa ¢danroma. PaHTOM B XPOHOKAIICYJIE MOKET
MMETh B CBOEM COCTaBe U MaTepUaIbHbIE CTPYKTYPHI (63 OKTaBa), HO IpU
5TOM o0ecrneuynBaONUi YHEPreTUYEeCKUN aBTOHOMHBIN I[EHTDP JOJIKEH
MMeTh B YaCTU aTOMHOTO OJIOKA 22 YPOBHSI BJIOKEHUS. DTO UMEIOT TOJIHKO
Te OHMOCTPYKTYPhl 3€MJIH, KOTOpble OBLIM CO3/IaHBI JI0 BBOJIA «30JI0TOTO
MUJLTHAP/Ia», T/le SHEPTETUUECKas CTPYKTYpa — BHEITHUN KOHTYP aTOMHOTO
o0s10ka. BepHy uumamean k ¢peHOMeEeHYy moz20, Ymo 1 onucan
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OmHOCUMeAbHO ceoeil «noe3dxku» 6 HpaH u Bcero Toro, 4YTo Tam
npoucxoauno. Kak ciencTBue, W3BEeCTHbIE 20 aMHHOKHCJIOT — 3TO
CTPYKTYPBbI, TOCTPOEHHbBIE HA BHENITHEM KOHTYpP€E aTOMHOT0 0JI0Ka.

IIpaBmwio uyersipe A ¢anroma. IloBropsito - Jlooasa
ouocmpykmypa, umewwan 6 cmpyxkmype kKaemkKu ece 64
kodoHa /THK, moixcem xpaHumsca Muaauaposbl Aem. 3aMaHIuBO?
Ho Hac ¢ BaMu nHTEpecyeT He XpaHeHHe a IPO:KUBAHUE, U KeJIaTeJIbHO
C IepCIeKTUBOM 3aBTPAIIHero JH:A. JTa nepcnekTusa ectb. OHa peasibHa, U
oHa moiydeHa. f yxe mnmcan, Yrto ecau (BOBpeMs) IPUMEHEHBI
IIporpammbl «CBeT/I», TO 124 roaa (aKTUBHOU JKU3HH) — TOJIYIAETCA.
Eciy npuMeHeHMe Hauyasoch ¢ «3alo03/jJaHueM», B BO3pacTe OT 50-55 JIieT !
BBIIIIE — 3/leCh He MOTY cKa3aTh (Ha3BaTh) TOYHOE YHCJIO, /14, HABEPHOE, OHO
1 He HyKHO. Ho TO, UTO 3TO Oy/ieT akTUBHAA KU3Hb U TO, UTO OHA
HPOJUINT «OTBEIEHHBIA CPOK» KaK MUHUMYM Ha 20, a TO U 30 JI€T,
IIPOBEPUTHh KOHEYHO ke, (Moka) He cMor. Ho Bce pacdyérni, KOTOpbIE
cnenanbl mia co3pganus IIporpamm «CBer/I» B 5TOM HampaBjeHUU
MMEHHO B paMKax MaTepuasia, KOTOPBI ONHCAaH BBINIE U KOTOPBIU
IIPOZIOJIKAI0 IIUCATh — 3TOMY IOATBEPKICHHUE.

5.10. HepeTrckue urpsl ¢ JeTbMU

B ImocjaeaHue rogbl CTaJu IIPOABJJIATHCA HHTEPECHBIE COOBITHS.

Bo-mepBbIX, pacTET YKUCJIO MOHCTPOB IPHU POXKAEHHU (U3BECTHO —
YxkpawuHa, Poccus, Kurait, Mumus).
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Bo-BTOPBIX, PACTET YHCJIO «HETOHOIIEHHBIX» HOBOPOXKIEHHBIX, BEC
KOTOPBIX HEMHOTHUM 00Jiee 700 TPaMM.

B-TpeTbHuX, B MUpE €XEroJHO IPOIaJaeT CBBIIIE 2 MJH YeJ0BEK
(30% packpsiBaercsi). dta mudpa pactéT. Kak orMeuasioch paHee, B CBOeH
OCHOBe criepMaTo30u/] ceroaHa umeer 88 okraBy cocroanua Mo3sra.
Ilpy momaZlaHuU B «IECOYHHUIy» B TEYEHHE Q MECAIEB IMPOU3BOUTCS
pacceuBaHHE OKTABbI 00 64 u pocm 00 HOpMmbL (cM. Tabsuiry). Tobko
B TOM CJIy4Yae, €CJTM YaCTOTHBIM HAOOP Y MY>KYHUHBI U KEHIITUHBI TIOJTHOCTHIO
copnias;, ITOABJ/JIAETCA BO3MOXKHOCTb ITPOAJOIXKEHUA
POJIA.

Hoeble uacmomusl 6CmasAsaucsh kaxcovte 12 aem. KeHnHa
BBITIOJTHSIJIA POJIb  «IIECOYHHIIBI», B KOTOPOH ¥ MPOU3BOAWUIOCH
yBeJIMUEeHUE pa3Mepa cCIepMaTro3ouaa a0 3,5 Kr ¢ yMeHbIIeHUeM
OKTaBHbI € 96 10 71,375375.

Pocr Mosr Bpema .
OxkraBa | Becnpu .. | Koneunsnii | Macca
HOBOPOXK | HOBOPOXK | GepemeH- | KoHeuHbIit
COCTOSIHU | POZAX, o o BeC, KT B 64 | MO3ra,
JIEHHOTO, | JIEHHOIO, HOCTH, pocT, cM
A rpaMm . OKTaBe rpamMm
™M OKTaBa JTHEH
Jo
63 3650 54 64 278 175 88 2400
Ho : o
65 1400 17-28 66 217 166 66 4950
Tlo 75- Oro
71 §5 6-18 72 176 152-162 56-48 bi o)
7 7200

OpHako oOkTaBa 0a30BOTO COCTOSHHSA YK€ HU3MEHEHa, IOTOMY
HeoOXOAUMO IIOHATh KOPPEKTHUBBI. YUTO OHHM o3HauaioT? Panee Mo3ar
usmenaaca 8865 oxkmasea, ¢ 1984 rojga BBeAeHbB 0ONOAHEHUA U
88567 oxmaea, 10 ectp UesiOBeK cTajl yMHee, HO H3MEHUJIUCH
HEKOTOPBbIE COOTHOIIEHHS, OTUX HOBOPOXKAEHHBIX CTAJIM CUUTATH
«HEIOHOCKaMU», XOTA OHH HMEIT HWHYI0 IIPOCTPAaHCTBEHHYIO
opueHTanuio. Cienyromui mar: 88—71 okrasa.

B Tabsmiie nmpuBeneHbl paznuuusa. OOpaTUTh BHUMaHUE Ha BPeMs
OepeMeHHOCTH, MO BPeMa — HOPMA 0411 KOHKPEMmHOo20 munad.

Nrak, Ha cerogHsa Te, KTO pOAWICA PaHbIIe BpPeMEHU
(bepeMeHHOCTh MeHee Q MeCSIEB), CYUTAIOTCA HefoHOcKaMu. OTHAKO 3TH
HegoHocku OKAS3BIBAIOTCA HAMHOI'O YMHEE CBOUMX
CBEPCTHHMKOB. OHn HeZOHOCKH OTHOCUTEJHLHO 65 OKTaBbl, HO B
cmpyxkmype 67 okmaeut OHU — HOPMAAbHbIE A00U, U 8pPeMs
OepemeHHOCMU uHOe. MaccoBbI IyCK 67 OKTaBbI IIPOU3BENIEH B 1984
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TOJly, EAUHUYHbIE (AKCIIEPUMEHTAIbHBIE) HAYAITUCH €IE OoJiee 300 JIeT
Ha3aj, MPU 3TOM OTpabaThIBAJIMCh B3aUMOCBA3U II0 BCEM YaCTOTaM
KOHTPOJIS TPU HAJUYUU OTJIEJbHBIX CTPYKTYP M 71 OKTaBbI (MaccoBoe
MIOsIBJIEHUE JIMJIUITYTOB B 310Xy Iletpa I).

Ompabéomka 67 oxkmaevt Hauaaacwy ¢ Ilacxu 2008 zoda,
nomomy IIpasumeascmeo Poccuu npuHaao peuterHue 0 CpoOUHOM
cmpoumeavcmee 28 KAUHUK NO 6bpAWUBAHUIO MaadeHyes,
umervwux 8ec 0K0.10 700 zpamm (cMm. Tabiully Bbilie). V3BecTeH
dbeHOMEH «AJIEIMIEHBKH»’. DTO IOKA €JUHUYHbBIE CIy4YaW IOSIBJIEHUS
MJIQZICHIIEB 771 OKTaBBI, U IIOCJIe TOJIHOW peajin3aliud BCeX OCHOB 67
OKTaBbl OyJE€T OCTOPO:KHBIN IepexoJa Ha 71 OKTaBy, IPU 3TOM
POMEXKYTOUHAsI CTYlleHb, Ha KOTOPOH
oTpabaThIBAJIUCh  Bce  HEOOXOAUMBIE
yCTaHOBKH, 0ojiee HEe MOTpedyercsa, n
BCE 12 KOJIEH MOTYT IPOCTO UCYE3HYTh. U |
ckopee Bcero Oyzier mMmeHHO Tak. C 2008
200a npouseodumcs cmeHa
npocmpaHcmea no uacmomam
368Yyxa, u ece 12 Ko.eH umerom 00
21% socnpusamus 38yKa.

VcxomHbIM MaTepHajioM JiJisl IIOCTPOEHUs 12 KOJIEH SIBJISIIOTCS JIIOJH,
HUMeIIKe XX.33 OKTaBy. IHbIe CTPYKTYPbI HE UCIIOJIb3YIOTCA, TAK KaK
JIOJIZKHA OBITHh OCHOBa 0e3 n3MeHeHui. Ilepexoa HaAa HHYIO OKTaBy
cyniectBoBaHusa Mo3sra TpedyeT mepecTpoeHus U IMPOCTPAHCTBA
CylllecTBOBaHUA. Onmuueckoe socnpusmue umeHsemes emecme ¢
UBMEHEHUAMU B6CeX KOHMPOABbHBLIX CUCTEM — CAYX, OCA3aHUue,
oOoHaHue. B nepayro ouepedv, cHUMAEeMca cayx.

Pacemotpum npocreiiniuii npuMep. Mcnoabp3yeM U3BECTHYIO TEOPUIO
KOMIUIEKCHBIX  4YHCeJl, B YaCTHOCTH, KBAaTEPHUOH. Teopusa
IIPOCTPAHCTBEHHON OpHEeHTAaluu Ha 0a3e KBaTepHUOHA HCIIOJIb3YETCA B
Kocmuueckonn otpaciu. IlosHasa Teopusa KBaTepHHOHA IIpUBeJleHA B
pazzenax « CuMMeTpus».

7 KpIIITBIMCKUH Kapyuk (AJ€leHpKa) — HEM3BECTHOE CylnecTBO (10 Hanbosiee pafiuKaJIbHOU BEPCUH —
I/IHOHJIaHeT}IHI/IH) B ropoae Keimrteimve. o MEHEHHIO CKEIITUKOB, CBEACHUA O €ro CylmeCTBOBAHUHU HOCAT
XapakTep rOpOJICKOM JIETeH/ b, KOTOPas BO3HUKJIA B cepeinHe 90-X IT. XX Beka B Poccum.
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OTHOCHUTEILHO CTaOUJIbHOM | za
cucteMbl (64 OKTaBBI) KaKAbIH
YesioBek HaXOIUTCS B
MeTacTaOMIbHOM COCTOSTHUH,
HCIIBITHIBASA IIPH 3TOM OIIPEAEeIEHHBIE
Hey/100CTBa U CTpEMJIEHHE TIEPEUTH B
cTabMJIbHOE COCTOsIHHE (BpalleHue
BEKTOpa V W €ro IIepeHoc B
mapasuieJibHyI0 CTPYKTypy). Ecoim Ha | 2
CETOJIHSA TMPUHATO MeTacTabuIbHOe
COCTOSIHHE, OTMEUEHHOE Ha PUCYHKe
KOODAMHATAMH Xa, ya, za, TO Jrobas 2

/

Xa

MpocTpaHcTBEHHasn zb
opueHTauus

Y=A+iB+jC+kD

i, j, k=\-1

CTPYKTypa, HaxXOZAIIAsCsI BHE 3TUX
koopauHat (xb, yb, zb), Oyzaer
BBIHYK/IEHA HICIIOJIb30BaTh
JIOTIOJTHUTEJIbHbIE TEXHUYECKHE BO3MOXKHOCTH JIJISI TOTO, YTOOBI OBITH B
IMPUHATOM Ha CETrOAHs COCTOSHUU. J[IJIsi 3TOTO WHCIOJIB3YIOTCA OYKH,
CJIyXOBBIE almaparsl, IyXd, Ma3u U npodee. IlepeBoa B 71 OKTaBy Kak
OCHOBBI JI0OJI’)KeH ObLT ObI U3BMEHUTHh HE TOJIBKO TPaBUTAIMIO, HO U BCe
OCTaJIbHBIE TMapaMeTpPhl. 71 OKTaBa JOJDKHA ObLIa cmamb OCHOB0U
MOABbKO 0411 3010M020 MUAIUOHA, U BCE OCTAJIbHBIE JIOJI’KHBI ObLIN
MIO/ICTPANBAThCSI — HOCUTh MOHOKJIM, U3MeHsIue 6ojee 4eM B 50 pas
OTITHKY, CJIyXOBBIE amlapaThl JJjIs yCUJIeHUs 3ByKa Oojiee 4eM B 72 pasa u
Tak ganee. CKaxky OOJIbIIIE — TaKOe KOJUUYECTBO JIIOZIEH, KOTOPhIE CETOJTHS
o0OpaInaroTes 32 HTOMOIIBI0 OTHOCUTETFHO UMEHHO «IIOTEPU» 3PEHUS, CIIyXa,
BKYCOBBIX KauecTB — 3TOMY NOATBep:KAeHHWe. W 31ech, KOHEYHO IKe,
HEOLIEHUMYIO0 yciyry oka3bpiBaloT IIporpammsbr «CBet/I», B Jiyuliem
clydyae — BOCCTAaHaBJIWUBas YTPAaueHHOE, B XYAIIEM — CTaOWJIN3UPYS
CUTYaIHIO B TOW WX HMHOU CTENEHU U He JaBas €l pa3BUBaThCA K
yxyaumieHuio. KoHeuHO ke, BCEé 3TO HampsMy) 3aBUCHUT OT
Bo3dpacra Ilosb3oBarenasn. Yem cmapwe UYenosex (0cobeHHO
nocae 60 .aem), mem odaumeavHeil nNpoxooum npouecc
0300p06/1eHUA UAU, KAK A YIlHce 2080pua, — NO npouwecmeuu
HEKOmMopo20 6pemMeHu YxyoweHus npekpawaromc u
Hacmynaem cmaduausdayusn. Ilepexoanpie MpoIiecchl, KOTOPbIE
npoucxoaar B Cucreme xusHeooOecneueHusn YesoBeka, Kak BbI
yxKe HaOJII0/1aere, COITPOBOKIAIOTCS TJI00AJIBHBIMHA
karactpodpaMmu — IyHAaMH, yparaHaM#, 3€MJIeTPSACEHUAMH,
N3BepP:KEeHUAMH BYJIKAHOB, — TaK Kak Bek ummee u nenyxuoe (e
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HaM#H onpez[eﬂﬂemoe) paccenuBaeTca u BbI6paCbIBaeTCH B Kocmoc u B
TEILJIOBbIE OKTaBhI BEHICOKOH IIJIOTHOCTH.

* * *

Hanumy HEMHOro u mnpo skeHuuHy. Hamwuiny MHOro Toro, 4ro
no3HaJ1 oT XaTblboBa U B Oeceziax ¢ JleBalloBBIM — yBepeH — «IIOPBYT Ha
3amyactu». Ho ymaro, 4To co BpeMeHeM — HaluIly BCE IOJHOCTBIO.

[ToBe/ileHNEe >KEHIMMH 3aBUCUT OT JIyHBI (HAmpumep, IHUKJIbI
MEHCTpyaIuii).

[Ipu mosiygyeHur WHAOPMAIIUM O TOM, UTO CIIEPMATO30H], JOJIKEH
obrTh yHUUTOXKEeH, OH JIMKBU/IVPYETCA (¢ ucnosib30BanreM abOpTOB,
HaIIpUMep).

Bce »keHIMUHBI (32 HEKOTOPBHIM
HCKJII0UeHreM) JiioOyoress JIyHOW,
cuzda (Ji€xxa) B OOHUMKY Ha CKaMerke
Ha Oepery peku (Mops). TO He COBCEM
Ipa3HOe BPEMANPENPOBOK/IEHUE —
TO JIA JKEHIUHBI CBETAT Ha JIyHYy, TO
sin JIyHa CBETUT Ha BCeX — 3TOT BOIIPOC
OT/IeJIbHO He moaHumascsa. OmHako -
3aMeueHo, UYTO METOHCKUH KaJleHJaph uMeeT 235 mecsanesn (18 Jser), Ho
aAKTUBHBIA PEXUM Y JKEHIUH 3aHUMaeT MMeHHO 18:2=36 Jer, u OT
Bo3pacra He 3aBucur. JIo3yHr y ®paHIy>KEHOK, HalpuMep, «IIepBbIU
pebGEHOK ¢ 43 j1eT!»

«YcranoBka» Moara MJIaJIeHIy TPOUCXOAUT HA 12-U MeCHI]
mocJje 3avyarufa. BoT mosToMy KUTAWIBI U CUYUTAIOT AATy POXKAEHUS
pebéHka ¢ MoMmeHTa 3auvarusa (Hayaysa OepemeHHOcTH). OOmiee BpeMms
BBIHAIIUBAHUsA — 274 AHA (y KOIIEeK — 52 AHs). BpeMs BbIHAIIMBaHUA
CBSI3aHO C HCKYCCTBEHHBIM IIMKJIOM /A 3emiaun (366), ¥ He uUMeer
O1oJIorTnYecKor MPUBA3KU. Ommemum, Hmo MaJbYUKH POKIAAIOTCA
npu BocxoaAinen JIlyne, a 1eBOUKU — Ipu yxoaaieu. Eciu 1o He
TOrO pa3Mepa WJIM He HMeeT Hy:XHBbIX napamerpos, MO3I' 3EMJIN
OPTAHU3YET BBIKU/IBIIII.

Bce 36 JAem noc.ae Havwaaa yukada JHCCHWUHBL HaX0oAATCA 1104
KOHTPOJIEM .HYHBI, ABJIAIOTCA NPAMBIM TPAHCJIATOPOM BCE€X KOMAHA,
KOTOphbIE HepenaéT .HYHa )I(eHIIII/IHa HE€ HNMeeT BO3MOXKHOCTHU
AKTUBU3HUPOBATH IIOJIYYEHHBIEC KOMAH/AbI, IIOTOMY OHA HaXOAUT KOHEYHBIN
«aBTOMAT» THUIIA IIAYRK U c6pacmBaeT eMy BCé, 4qTO IIoJIydyunJia (BOBMO)KHLI
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rnckaxkeHus). KoHeuHbI aBTOMAT Ipeo0pasyeT NoIydeHHYI0 HHMOpMaIUIo
(My3bIKasIbHBIE TOHA) B KOMaH/bI U HCIIOJIb3YeT BCE B IMOBCEIHEBHOU
JKU3HU TIpU TOJHOU Tmojjep:kke Cucrembl YIpaBiieHUsA. IOTUM H
00OCHOBBIBAJICSI TaK Ha3bIBAa€MbId WHCTUTYT «UYAEHUCKUX HEBECT»,
IIpUMeHeHNe KOTOPOro O4eHb Xxopouio onucaHo y H. Jlesamosa.

Takum o6pazom JIYHA ITIOJIHOCTBIO KOHTPOJIUPYET
KEHIIIMH, a yepe3s KeHIIUH — JPyTHE «00BEKTHI IOBCETHEBHOU KUBHU »
npu noxagep:kke Cucrembl YiopasieHHA. IdmMa 603MOHCHOCMH
noseuwaacs, ¢ 0 200a nocae 6800a Nepeoil Zpynnut uacmom
KoHmpoan. Cka3ku npo XpUcTa NoABUINCh No3aHee. Popmy MiiazeHIia
¢gopmupyert JlyHa, IPpUUEM TaK, UTO €CJIU HET CBA3HU, IIOJIy4aeTCA MOHCTP —
nayk. To ecTb /715 BeeX TeX, KTO MOJIYIUJI CIEPMATO30H/] OT IMayKa (TIOX0KHU
Ha TeX HHOIUIAHETAH, KOTOPBIX OHU OTOOpa)kaJiu B MO3re JIIOJIeH) B
necounune (CKeHIUMHE) [OOJODKHBI OBITh YacTOThI, OOecCleYnBaIoInie
Miazeriy dopmy Yenmoseka, moromy y 1lOJIEM sxeHckoe Hauaso.

BCE 30J10TO, KOTOPOE «HAJTETO» (MHOTO ¥ O4eHb MHOTO) Ha
JKEHIINHY, ABJAAJIOCH JOMOJTHUTEJIbHBIM (PAKTOPOM B yIpaBJIe€HUU IO
YACTOTHBIM COCTABJISIOIIUM, CBOJSIIMM OIIMOKA B YIIPaBJIEHUH 10
MHUHHUMYyMa. 30JI0TO, KaK MeTKa JJIs1 OMOCTPYKTYp, UMeeT CBSA3KYy B ILIeNU
OKTaB 32+42+53, uTo 1mo3BoJisio Mosry atmochepst OTC/IEZKNIBATD
«CBON» BHUOCTPYKTYPBI, T.E. MHAMWBUIOB c KakuM-TO
BBeIEHHBIM reHOTHIIOM Mo3ra. Eciiu u3 sircra 3010Ta cobpath cxeMy HEKOH
00bEMHOUN GUTyphI, 0TOOpaKalolel BpalleHrue KPUBOU OTPHUIATETHLHOU
¢opMbI BOZIOpO/A IO CHEKTPAJIBHBIM JUHUAM 30JI0TQ, TO HOJIYUYUM HEKUU
«EeCTECTBEHHO MPUPOJIHBIN HACOC», HATOMHUHAIOIIUN (POPMY JIyKOBUIIBI.
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Takoii Hacoc, ¢ OJHOU CTOPOHBI, coOupaa u3 Mo3za y ecex
npucymcecmaeayrouwux 6 xpame 60avwyr0 uacmsv nomeHyuanoes,
Kacarnouwuxcsa IHep2ouUH@oOpMayuoHHO20 cnekmpa yvacmom. B to
’Ke BpeMs 3TOT «HACOC» C IJIyOMHBI 1200 METPOB IEPEKAYUBAII IO/ KYTIOJI
IIEPKBU BCI0 HEOOXOJMMYIO IO TeKylled MporpaMme HCIOJHUTEIbCKYIO
nHGOpPMAIHUIO, KOTOpasA Oblyla HAKOIUIEHA HA IIWHAX B 30HE pPa3MeIleHUs
IlepKBU. 30JI0TO HCIHOJIb3YyeTcA B KadecTBe CYOCTUTYTa IO HEeJOMBIC/IHIO,
IIOCKOJIBKY OTO TaKOW W30TOI, KOTOPBI B JIIOOOH MOMEHT MOMKET
IpEBPATUTHCA B CBUHEI 10 cxeMe: Au—»U—Pb.

Bcero B 30J10Te MMeeM 24 BapUaHTa «CTAOMIIBHBIX U30TOIIOB», BPEMS
JKU3HHU KaXkJioro Oosiee 4000 Jier. Bce W30TONBI MMEOT HAYaIbHYIO
(MCXOMHYI0) CTPYKTYPYy YacTOT W HaYaJIbHYI0 Marpumy. [lo sToit
HaYaJIbHOU MaTPHUIIE COCTABJIEHBI XapaKTEPUCTUKHU 30JI0Ta, HO OHU Ydice
U3MEHEeHblL He3amMemHo 0an oxpyxcarowux. Ecim 30710T0
WCITOJIb3YEeTCs ISl TEXHUUECKUX IIeJIeH, T.€. CBA3KA 31+53 OKTaBBI, TO TAKOE
30J10TO Oy/eT WMeTh IOCTOSTHHYI0 MojKauky. CoueTaHue CBS30K [1A€T
BO3MOXKHOCTD IIOJIyYUTh KOHKPETHOE I1eJIeBOe MCIOIb30BaHNE, UYTO JIeIaeT
€ro YHUBEPCAJIbHBIM TEXHUUECKUM MaTepPHUaoM, HO yxKe He GoJiee Toro. B
CBSI3U C TE€M, YTO 3TA «30JI0TAsI COCTABJIAIOIIAA» NpaKmMmuuecku yijce He
paoomaem, 3to PEBKO OTPAYKAETCA CEI'O/JIHA HA OBIIIEM
COCTOAHMM KEHIIIMH, u o0cobeHHO OMmHOCUMeAbHO
300po6ba. Jlna Toro 4ToObl KOMIIEHCUPOBATH 3TOT IPOU3OIIEIITHHA
IepeKoc, HYIHCHO 30a0muvte «YKpaweHus», Komopuie
conpukacarmess ¢ meaom, CMEHUMb HA cepedpsaHble Uuau
NPOCMO CHAMb, YMO 01 MHO2UX JCeHWUH (0a U He MOAbKOo) —
«emepmu nodo6no»! CEPEBPO UMEET CTPYKTYPY PEIITETKU,
B/IN3KYIO K MO3I'Y YEJIOBEKA. AToMHBIN 0JI0K cepebpa UMeer
pas3JINYHble HAIIPABJIEHUSA OCEH TETPa’3JpOB, MIOTOMY cEPeOPO HE MOMKET
BXOJIUTh B OHOJIOTUYECKHWE CTPYKTypbl B HCXOAHOM BHUJIE — Bcerjaa
HeoOxoauma napa (ranresns). CepeOpo MpUCYTCTBYET U B MOPCKOM BOJIE, U B
KaXkJIoOM KyOOMeTpe 3eMJIH, CIeKTp cepebpa mMeeT mpoctyi dopmy (1o
SHEPTeTUYECKUM JIMHUSIM OJITHHAKOBOH IUIOTHOCTH), U KOHTYP 3TUX JIUHUHN
— martepuk lOxHass AMepuka. TaM B IleHTpe W HaXOJUTCsA KpyIHeHIIee B
MHpe MecTOpoK/eHue cepebpa. Menkue ¢opmbl pa3bpocaHbl IO BCeH
3emie. Cepebpo 00s1a71aeT PAIOM Uy/ieCHBIX cBoiicTB. IlepBoe 1 BaskHOE B
HallleM T[IOHMMAaHUM — KakK D9JIEMEHT, CIIOCOOHBIH  BBIJIEpIKaTh
DHEPTEeTUYECKYI0 MOAKAUYKY A0 139% HaA 41 OKTaBe, ABJISAETCI METKOH B
MeuIirHe. YacToTa cepebpa caMbIM aKTUBHBIM 00pa30M B3aUMO/IEHCTBYET
He ¢ Jlywoir, a HEIIOCPEJACTBEHHO C CUCTEMOM
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KN3HEOBECIIEYEHUA. Bor mosToMy M NPUMEHEHO cepebpo Ipu
npousBogcTBe bBpacieroB u  KysnoHoB kak «naowadka» 0as
«pazmewenus» I'enepamopa.

Yro kacaeMo HH(GOPMAIIUH O IIPOIECCE POKAECHUA AeTEH WU, eCTU
ObITh TOYHee, TO B TepmuHOosioruu b. MakoBa, — «poxcdeHusa Mo3za
Iyweenoit CywyHocmu» (4to Ha MOU B3IJIAA 0Oojiee BecOMO s
IIOHUMAaHHs 3TOTO BOMPOCA), CErOJAHA 3TO MOKET BeCchbMa PaHUMO
oTpazKaTbcA IS T€X, KTO MOJIOA, KTO GOPMUPYET CEMbU — Y KOTO-TO C
STUM TIPOIECCOM y:Ke UMEIOTCA TPYAHOCTU U Jlake Tpareauu. Ilostomy s
BeChbMa OCTOPO’KHO M, €CJIU yMEeCTHO, JIeJINKATHO OTHOIIYCh KO BCSAKOU
“H@OpPMAIUY O JAETAX, HO CTAPAIOCh BCE Ke KAKIAbIU OT/IeIbHBIN CIydal, u
0COOEHHO CBSI3aHHBIN ¢ OepeMEeHHOCTHI0 (C KaKOU-TM00 HEMOHATHOU JJIA
Bpavell HEBO3MOKHOCTBIO 3a0€peMeEHETH) PA3BACHATD U 110 BO3MOKHOCTHU —
nomoraTtb. Ho Ha Bcex «Keyarolux» MeHs MPOCTO He xBaraeT. [ljia Bcex
KaTeropui Jiaei, KOTOPbIE 10 He3aBUCHUMbIM OT HUX IPUYHHAM
noanajawT noja «Heummezpupyemwvle», — caMm  1mporiecc
JIETOPOK/IEHUS MO CHHUKAIONIEH (M 3TO 0YeHb CKOPO) OYZET JIOBEZIEH 710
COCTOSIHH S MCKJIIOUEHUA MX JATbHEHUIIIETO «PAa3MHOKEHHUA» BOOOIIIE.
OyHKITUM JETOPOXKIAEHU B UX KOHCTPYKIHU Moara OyAyT HeakmueHbvl.
He cnenyer nenats /iuist cebsi KaKUX-JIU00 BBIBOJIOB TEM, Y KOTO B JIAHHBIHN
MOMEHT HMEITCS B 3TOH 4YacTtu mnpobsiembl. Hy:kHO B Jsr000M cityuae
IBITAThCA PpelIaTh 3TH NPoOJIeMbl, B TOM YHCIE WU C INPUMEHEHUEM
IIporpamm «CBetJI», KoTOpble 3a TOcCjaeqHHE To/bl (KTO OBl Kak He
OBITAJICA 3TOT TMPOIECC OXaWBaTh) IIOKA3aJd 3HAYHUTEIbHYIO
3¢ PeKTUBHOCTH B pelnieHuu NoA00HBIX mpobseM. OO 3TOM S OTKPBITO
Iycajg B CBOUX CTaThsX, U 00 3TOM TOBOPAT aBTOPHI 0JIaroZapCTBEHHBIX
IIFCEM U OT3BIBOB U3 T€X, KOTOPBIE Pa3pEIIeHO AeIaTh MyOTuIHbIMU. Jae
€CJTH YTO-TO HE MOJIyYHJIOCHh B c€H Uac, 0COOEHHO Yy TeX, KTO NPAMO Uau
YCA06HO UHMezZpupyem 8 6yoywee, B TaJTbHEHIIIEM C STUM BOIIPOCOM
npoo6siem He BO3HUKHeT. C 2013-04-14 MmO 2013-10-25 HOBOU
Cucremoii YrpaBjieHusI ObLIIO CBEPIIIEHO MHOTO U3MEHEHUH YIIPaBJIAIOIIErO
XapakTepa, KOTOpble 0OoJiee BBIPDA3UTEJLHO TMPUAAIN  yIIpPaBJIEHUE
JIETOPOKIEHUT0. DTOT IIPOIIECC ITPOJIOJIXKAETCS U CETO/THS, TAK YTO Te, y KOTO
OBLIH IPOOJIEMBI B 3TOM BOIIPOCE — Telleph UMEIOT CYII[eCTBEHHBIN ITAHC UX
pemiuth. IIporpammsbl «CBeTJI» Ui 3TUX JIIOAEU TOJIBKO YCKOPSAT WJIN
co3maayT «koM¢OpTHBIE YCIOBUSA» peajn3anuu 3aayMaHHoro. Obparture
BHUMaHUE HA TO, UTO «MIPOOJIEMHBIX» JIETEH CErOAHs POXKIAETCA OUYEeHb
MHOTO (Hapacramwlee KOJUYECTBO), OJHAKO MMUH3JIpaB yTauBaeT 3Ty
nmpaBay, HO ¢§axt ocraérca dakroMm. IlosToMy HYKHO B3aHUMATBHCA
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MIEPCOHAJIPHO KaK/IbIM ITOSIBUBIIIMMCS CETO/THS Ha cBeT pebEHKOM. Hajo He
6opoTtbes 3a eteir, a BOEBATD 3A KAYK/10TO UH/IMBU/IYAJIBHO.
O61ectBo u3 Jlonel He OyaeT mMpu3HaHO Yes0BEeYeCTBOM, €CJTU OHU He
B COCTOSHHU co3aarTh cBo€ IlomooOue B Oojiee COBEPIIEHHOM BUJIE U
KadyecTBe. MHOTHM y?Ke IOHATHO, YTO HE MOXKET OBITh YHCT /IO TOT, KTO
yCTPEMUJI BCe JKM3HEHHBIE IIOMBICJIBI CBOU padu OoOpemeHust 3eMHblLX
0aaz 0an ce6a MyTEM yIlleMJIEHUs APYTUX, ce0e paBHbBIX, TeM Oosiee
JIOCTUTAs CBOIO IIeJIb Uepe3 IPOABJIEHUE HACWINS U WHbIE MTOPOKU. ITH
JIFOJTH K€ HadaJIi 00peTaTh MPO06JIEeMBI € POKAEHUEM JAeTe, Kak 0Ha
13 IPUYMH.

HpiHelllHee poxIeHue JleTell K IPeXHUM IPOTPAaMMHBIM IIpOIleccam
OTHOUIEHUsI HE UMeEeT IO MPUYMHE HNX pas3pyiieHusa. I[lostromy Bce
Pa3MBIIIEHUSA U BOIIPOCHI, KOTOPbIE MHE 33/]JaI0T OTHOCUTEILHO TeHOTHIIA
Mosra poxkaaeMbIx aeren, 6e3(c)cmbicieHHbl. HUKAKOTo cyxaeHus: 00
UX TPUHALIEKHOCTH K KakKUM-JMO0 reHoTHUnam Mo3sra yxe He
cyurecTByerT. J/[pyroe 7iey0, kKakoit ypoéeHb OoKkmaevl 0apoeaH WX
HblHenrtHeMy Mo3ry? Tak Obl 0J2KeH 3By4aThb Boripoc. Ho oTBeuaTs Ha HETO
paHo. Jlrogu moka He ToToBBI ¢ «J/[oO6pom» oTHOcuThcsA K [lo3HaHUAM
TAKOr0 PO/ia, MO3TOMY IIyCTh 3TO Oy/ieT moka anogaTUyHO, — YBEPEH, Ha
OTIpeNeJIEHHBIN KOPOTKUHM 1mepuofi. OTHOCUTENBHO JIETEW, KOTOPHIM
IIPE/IOCTABJISIETCA KaKOe-JIM00 COXPAHSIOIEe COITPOBOXKIEHHE, TO 00 3TOM
He HYXHO O0e3(c)mokoutscsa. HyxkHO Haob6opor, TpeboBaTh OT Tak
HA3BIBAEMOTO  «YIIPABJISIONIETO COCJAOBUsA» 0OoJjiee MacmTabHOTO U
IIOBCEMECTHOTO  O0€eCIleUeHUs] TaKOTO COINPOBOXKAEHUS, ITOCKOJIBKY
mporeccbl U3MEHEHHsl OKpYXKawllel JeNCTBUTEIbHOCTA HACTOJIBKO
WHTEHCUBHBI, UYTO adanmayus ecmecmeeHHOo20 xapaxKmepa
HedocmamouHa. BoT 1o 3TOH NHpuUuYMHE dYalle BCero JIeTH cendac
POKJIAIOTCA € CYIIECTBEHHO YMEHBIIIeHHbIM BecoM. HyXHO momorars,
moMoraTb ¥ momorats! ITO ¥ ABWIOCHh NPUYUHON CO3JaHUA
Kommiaekca «CBetrJI» ns nereit. Ho Haubosiee 5 dEKTUBHBIM SBJISAETCA
TO, KOT'/la poAuTenn yxke npuMeHaoT IIporpammsl «CBet/I», 1 nocie
MIOSIBJIEHHS Ha CBET PeOEHKA, HAUMHAs OT 2-3 JIETHETO BO3PAaCTa, K HEMY
TOKe mpuMeHeHbI [Iporpammel. /[o aToro Bo3pacra peOGEHOK HAaXOAUTCS B
noJsie AeiicTBus [IporpaMM Marepy U Ha UX «IIONIEYUTETHCTBE». 1 YK KOJIH
TaKOU pa3roBOpP 3allléJl, TO HeJb3Ad HE OTMETHTb, YTO B OJIMKaHUIIEM
oyaymieM BbIcuieil (GOpMON 3acCiaIy:K€EHHOIO IIOOHIIPEHHs, KaK
NpU3HAHUE 3a CBOE OOpPETEHHOE COBEPUIEHCTBO, Oydem npaso
cozdaseamb c60¢ nododue, m.e. poxcoeHue odemeit! Ha mom

64



B3IVIAJ], MO JAPYroMmy W OBITh H€ MOKeT. !, 4To XapakTepHO U
aKTyaJIbHO Ha CETOJHs, — B3ATOK 32 9TO /IaBaTh HEKY/A.

5.11. CTpyKkTypa pocTa M1 IpOorpaMMHBbIE CJIE€ICTBUA

Yes10BEUECTBO B CBOEH OCHOBE [0 HAIIIECTBUS UMEJIO WHOM BU/I.

BO-HepBbIX, HHUKTO TOYHO HE€ 3HaeT, CKOJIbKO «KATAHCKHX TOUEK» U
TaK Ha3bIBA€EMBIX «YaKpP» CYIIIECTBYET.

Bo-BTOpBIX, Kakoii OblT MO3r mpu TexX pazMmepax Tesa (BKIIOYAs
«aTJIAaHTOB»)?

B-TpeThux, KaKOBbI OBLIU CBOMCTBA KOKU UeJloBeKa, KOCTeN, U KaK
IIPOU3BOIUJIOCH PeaTbHOE Pa3MHOKEHHE?

Cxoavbko aem x3cua uenosekx?

[TozgHee moydyuM OTBeTBI HA OSTU BOIPOCHI, celyac MAYT
IIporpaMMHBI€ U3BMEHEHHUA, KOTOPbIE HMEIOT CBOIO crienu(pukKy.

HcxomaHblie JaHHBIE 1A MOCTPOEHUA uaeaabHOro Moasra:

1. Haysmuue 84 oxraBsl (ma€r criyrauk IV Kasucro).

2. CunxpoHuzanus c 6a30ii, Ha KOTOPOH NOCTPOEHBI IPaBUTAIUS,
TPYOKH CBSI3U CO CITyTHUKAMH, CBET.

3. Cunxponusanuio ¢ 84 oxraBoul npousBogut JlyHa.

4. Marautaeii  umnyabe 1nycka Ilporpamm  gaér  CosHile
(pazmanoHHbBIE YACTOTHI).

5. 18 Cucrem Ympasiienus: Ha 3eMiie 00eCleunBalOT UCIIOJTHEHHE.

6. bBonee 3000 3oH70B (Tak HazbiBaemble HJIO) mpousBOAsT
KOHTPOJIb UCIIOJTHEHUS U U3BATHE OOMaTepHraIa.

OpHako ecTb HeOOIbIIINE HEYBA3KU.
ITepBoe. Het okTaBsl Bhillle 84 (Hamo UMeTh BCe 710 512).

Bropoe. Het komiuiekcoB (mupamu) 11t GOPMUPOBAHUS BBICOKUX
OKTaB, 1 HEM3BECTHA TEXHOJIOTHS UX IIOJIyUYeHUs.

Tperbe. Uncio BapuaHTOB ompezesnsercs komoMm 8x8 (u3BecTHas
3a/ladya — «CKOJIbKO BapWaHTOB 00x0/la KOHEM IIIaXMaTHOU JOCKH»).
MakcuMabHOe YHCJI0 BapHaHTOB He IpeBbINIAeT
10.000.000.000.000. IJTOT0O HEZOCTATOYHO /JIA OTOOpaKeHUd
BcCeX BUIOB CylII€CTBOBaHUA JazKe 10 96 OKTaBbI.
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CTpykTypa KyOMUecKol peliéTK He
II03BOJIAECT HepeﬁTH K ApyTroOMy BapUaHTy — 448-512 OKTaBb!
000eKa’?90panrbHO-UKOCAIOPATbLHOMY
(TOJILKO OJHa 3Ta CBA3Ka MMEET CBEIIIE 1045 384-448 OkTaBsl
BapuaHTOB). Ho /111 3TOro BapuaHTa HeT
CHCTEM KOHTPOJISI, MIX HA/O pa3pabaThIBaTh | 320-384 Okrasw
WIN TIONBITATBCA HCIOJIb30BaTh TO, UTO
6pUI0 M0 HamecTBHA. Kak Impumep, | 296320 Okiass
paccMOTpuUM OOIIYyI0 CTPYKTYpy pocTra u
IIporpamMHbIe c1eACTBUA.

192-256 Okraebl

HNmeem: 8 rpynm mo 64, KOKAAA | 45192 oxrass
Irpynna pasjiejeHa Ha IUKINYECKYIO

TI0CJIEIOBATETHHOCTD, OIIPEJIETIAEMYIO | 64-128 Oxrass P
peleHrem 3az1aumn I'amunbToHA
pasmepHOCTH 64%x64 (336 3/1€MEHTOB). 1-64 OxTaBb!

OxkraBa 512 — @OpeaeJabHas. B
Kcratu 2512=13407807929942597

09957402499820584612747936582059239337772356144372176
4030073546976801874298166903427690031858186486050853
753882811946569946433649006084096, 1pu aImom uucao
8A0MHCEHHBLX AMOMAPHBLX cMPYKMyp =64.

V3HAYaJIbHO TPOU3BOAUINCH SKCIEPUMEHTHI, HO YHCJIO MaTPHIL
PE3KO0 COKPAIAI0Ch, U IOTOMY BCE SKCIIEPUMEHTHI IIPOU3BOJUIIUCH TOJABKO
Ha OMOCTPYKType€, B3ATOU KaK MCXO/ HAs.

B 3Ty cTpyKTypy OBLIN BHECEHBI 12 0A30BBIX YACTOT, OTHOCHUTEIHHO
KOTOPBIX M (OPMHPOBAIUCh BCe BUBI B3aMMOCBs3eil. B ckazkax 3Tu
OMOCTPYKTYPhl HMMEIOT 12 KoJieH. Hu 07lHO U3 KoJIeH He MMeJIO foJiee
OJIHOM 6a30BOM YACTOTHI, U UIBMEHEHUS BOKPYT HEE MMO3BOJISLIA MIPABUIBHO
HCIIOJIb30BaTh UMeIoIHucsa 6rnoMarepuas (roes). Bom omcroda u udém
éca Yywsb, nponucaHHan 6 Tope u bubauu omHocumenavbHo 12
Ko.aeH. B bubiny, HanpuMmep, OHU Ha3BaHbl UMeHaMU ChIHOBel lakoBa
(BbIT. 49:28).

Vcnonp3oBasicss TOJIBKO JAuana3oH xx.33 (xx.375375). Ha srtor
ZINaTIa30H «HABEIINBAINCH» TOTOBBIE CTPYKTYPHI, IIPOIIEAIINE ITPOBEPKY HA
OHOM u3 12 KosieH. Takum o0OpazoM, MOJYyYWIN YBA3KY (HOpMasIbHOE
CYIIIECTBOBAHNE) HEOOXOMMBIX OHOCTPYKTYp (He e6xodawux 6 12
Ko.1eM). [[Jis1 Toro uyTo0hI He OBLIO MONMBITOK BMEIIATEIhCTBA B paboTy
Cucrem VYmpapiieHHs, OHOCTPYKTypaM 12 KO/1€H 3anucsiéanacs
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omxkpogeHHan Je3uH@dopmayun (Hanpumep, CETOAHAIIHAA HayJIHasd
6aza). 3BecTHbBI MHOTOUYHCJIEHHBbIE 4Uy/eca, HAaYMHAS C «HEIOPOYHOTO
3avyatusa» (KcTraty, 3TH caydau 0t U B Poccun). Jlo cux mop B HAyYHBIX
KpyTax U/yT CIIOPHI O TOM, CyIIIECTBYIOT JI TyMaHOU/IbI (¢ 6apabamrkamu Bce
3HAKOMBI). PaccMOTpUM C/IeAyIOIIyI0 CXEMY: MAMEPUAABHBLLL Mup
cywjecmeyem 00 64 oxkmaewvl. Bcé, uTo BbIIE, HA3BAHO B HAYKE
ACTPUIBHBIMU ¥ MEHTAJbHBIMHU IOJAMU, HO UMEHHO B HUX U JKHUBYT
ryma"Houzs!l (y AoMoxo3siek — OGapabariku). ATy ke WHGOPMAIUI0 Al U
H. JleBamioB B CBOUX TPyZJaX OTHOCUTEJIBHO ACTPAJIbHOTO M MEHTAJIbHBIX
YPOBHEH U O TOM, YTO TaM «TBOPUTCA».

Hezasucumo oT
71 okTaBa o
MaTepuaIbHOU CTPYKTYPHI
66 okTaBa
Cucrema YnpasieHus

64 oktaBa (DOPMpreT O6p&3, CTPYKTYPpY,
KoTopad J0JDKHAa  o0sazarh

YnpasneHue: cnyx, 3apeHue, ocsizaHue, BCEMU CBOUCTBAMH, TPUCYIIIIMHA
oboHsHMKe, JKCTPOCEHCOpHOE BOCNpUATUE

YesioBeKy, U yHpasJjATb UM B
JIFOOBIX CUTyaIusX. [Tpu
JOCTM)KEHUU  COBMEIeHUsA C
BHEIITHEN CpeJIoN IIPOU3BOTUTCS

HwxHuin nopor ynpaeneHus (56 okraea)

OcHoBa (rpaHuua)

YacTUYHAS WU IOJTHASA

MaTepuanbHoro Mupa 32 oktaea
| MaTepHaTn3aIus 8 {0)i
i ~ yIpaBJIeHUEM Cucremsl

Yupassienus Kaiinac.

YacruuHoe — Bbl BuauTe mpuBHieHUs, «bapabariek», KOTOPbIE
MOTYT U BpeJ, HAHECTH.

Vi3BecTeH CeAyONUN CIydyaldl IIOJTHOM MaTepHaIUu3AaI[UU:
MOJIOZAsA  JKEHIWHA, He  0OepeMeHHas, IOYyBCTBOBaJja
cwiIbHennue 001 B HHJKHEH JacTu :kuBora. O0parwiach K
THHEKOJIOTY, KOTOpasg HUYEro He OOHapy:KWwia M IMOCOBETOBaJIa
JIEYUTHCA OT MPOCTYABI IIyTEM OILyCKAaHHUS HOT B TAa3UK C ropAYe
BOMO¥M. B MOMEeHT HauvaJjia 3TOH IIPOLEAYPhl B Ta3UK HEMOHSTHO
OTKy/Jla NUJIENHYJICA MJaaeHell (Bec 39000 rpaMM, pocT 49 cMm). B
POAAOME MOCUYHUTAHU, UTO KEHIHHA CKPbLIa 0epeMeHHOCTh. DaKT
M3BECTHBIN. ITO U €CTh IPHUMeEP HEMOPOUYHOTI0 3a4aTUA U IOJTHOU
MaTepHaau3anmuu rymaHonga. K atomy ke cirydar0 OTHOCHUTCA U
mosiBJieHne «AJI€meHbKu» (MO3r 71 oOkKTaBbl). OmHaKO He cienyer
BOCIIDHUHHMATD BCE 3TO KaK HOPMY — IIOKAa 3TO KcrepuMeHTsl. Ecau oHu
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3asepwamcs yoauHo, mo 2YymaHouod, cHopMupoeaHHbsLL NO 6cem
HEeo0X00uMbIM Napamempam, 6yoem mamepuaru3ossbléamsbC
0e3 OepemenHHocmu. Ectb Haj YeM MOpPa3MbIIUIATh, B paMKax
CErOHAIIHUX 3HAHUI? VI 0COOEHHO — JKEeHIIIHAM.

3amIaHUPOBAHHBIN MEepPeXo/ HA OKTaBbl Mo3ra BhINIE 71 I
«30JI0TOT0 MWLJIMOHA» — 3TO pa3BuTrHe cBoucrB Mosra 06e3
HU3MEHEHUsI Pa3MEPOB, HO C COOII0IEHUEM TOTO BHEIITHETO BHU/A,
KOTOPBINI 3amucaH BCEM KaK 00pa3 «HHOILUIAHETAHHHa». JTO
9YTOOBI BBIAEJUTHh U3 OOHIEHl Macchl W NPHUAATHh BECOMOCTHh B
MOYUTAHUHU OCTAJTIbHBIMHU. He cocTos10Ch!

3aMedy, 4TO CerofHs:d, IIpu «3aMeHe» Mo3sra, OH y:Ke TPYAUTCA II0
ZIPYTOMY IIPUHITUITY — 3TO TOXKE aKTyasibHas pobsiema. OueHb MHOTUM — He
nooxodum, pasmep He mom. A uto ke IIporpammsbr «CBet/I»? Moxxer
OHU 1O pa3Mepy «HoAroHAT»? Her, He moAaronaT. OHHU TOJIBKO «nodarom
3aa6Ky Ha 3ameHYy» — 0e3 B3ATOK, HO BHe ouepeaun. 1 3To kpaiine
IIEHHO — OYEPEAh-TO MOKET MPOCTO He nouTHu. Kak BbI yxe 3Haere,
DKCIIEDHUMEHT II0 71 OKTaBe 3aBepuInJicAa HeyaauyHo. Mo3r Bcex Tex,
KOro mnepeBejM B 771 OKTaBy, He COOTBeTCTByeT IIporpaMMHBIM
TpeOOBaHUAM M He MOXKeT pa3BuBaThcA. Bea mocrymaromas B Moasr
nHOpMaIUA MOJHOCTBIO paccemBaeTcsd, U BMecTo IIporpaMMHBIX
pelIeHui MPOUCXOAUT PEeATU3ANMA TOT0, YTO ObLIO 3aIIUCAHO /10
O ropa. 3meHeHus, NPOUCXOAAIIHAE C 2000 ro/ia, MOATBEPKAAT (QaKT
ITOJIHOT'O CHATUA BCEX YACTOT, kotopble ObIN BBEJIEHBI ITOCTIE
o roza. [Iy1s 6osiee 3 HEKTUBHON peaTn3aIiy OMMMCAHHBIX ITPOIECCOB OBLITN
CO37JaHbl IUIOWIQIKU. ITO JiBe OOJIBIINE CKOBOPOJAKN — IO0Oepekbe
Kpbsima u Coun (B mpocToHapoauu — Aj).

I'naBHas cerogusa — CkoBopoaka CounHcKas. XapakTepHO, YTO
co3ztaBaIu €€ (IPy?>KHO) UMEHHO Te, KTO CETO[HS TaM U «I10/I>KapUBAETCS» B
IJ1aHe «IIpeobpa3oBaHuA» cobcTBeHHOr0 Mo3ra. Beé Hauanoch B 2006 rofy,
KOT/Ia « pOAMJIACh» UEs TPOBeCTU oummuiickue urpbl B Coun. 1 «pabora»
3akunena. fI He Oyay 37ech ONUCHIBATH BCE TO, YTO OBLJIO CBSA3AHO C
IIO/ITOTOBKOM U IpoBesieHneM Urp. Bc€ u3BecTHO, U BCE €CTh B UHTEPHETE.
Ho! Urps! npomuiu u BAPYT — «IIOYEMY-TO» TaK Ha3bIlBaeMas «IIpaBAIlas
JJIUTa» PeENIWIa, YTO Jy4dlIe BCero 3acefaHus I[IpaBUTEIbCTBA,
BCeBO3MOXKHbIe DOpyMBI H JIpyTHe MEPONPUATHS, Ha KOTOPBIX
IIPUCYTCTBYET OOJIBIIIMHCTBO OIPEJIEJIEHHBIX B «30JI0TOH MUJUIHOH», —
NpoBOAUTHh UMEeHHO B Coun. Pe3ypTaTsl IPpUHIMAEMBIX TaM peIlleHnH,
HEea/IEeKBaTHOCTh YYACTHUKOB, CAMOTO yIIPABJIEHUs U IIPOUYee — BUHO YiKe
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HEBOODYKEHHBIM IJIa30M. [IONOJIHUTEIbHBIE «CKOBOPOJAKU» — 3TO
PocroBckasa u KpacHogapckas «rybepHIN», HO ITIOKa pabOTaloIue He B
IIOJITHOMAcIITAOHOM pekuMe. Bam Bcé craHeT IIOHATHO, e€cjii BbI He
MOJIEHUTECh U OoIpeaenuTre aeMorpapuuecknii (¢Gpakrop 3THX
TEPPUTOPUI.

Hy 1 KOHeUHO ke, Hy?KHO JaTh onpeaeieHue Paro, Tak kak ¢ Ajom
yke onpezenunuck. [TonaTue Pail B HacTosAlllee BpeMs ONpPeZie/IeHO Kak
KOJIIIAK, BHYTPU KOTOPOTO NOAHOCMbBIO NoddeprHcusaemcs
UCXOOHBLIL pelcum cyujecmeosaHust mampuy 06e3 mymayuu
JCUB0ll Kaemku, 9ToObl B CJlydae HEOOXOAUMOCTH BEPHYTh MATPHUILy Ha
00BbeKT 6e3 U3bAHOB. Takue «KOJIMaKu» MOXKHO CO37[aBaTh U JIOKAJIbHO, JIJIsS
KOHKpeTHOro YesioBeka wiau rpynnsl jwojieil. IIporpammsbr «CBet/I»
pemiaioT nofo0HbIe 33/1aul, U A 00 3TOM y»e paccKas3blBajl OTHOCUTEJIHHO
BO3MOKHOCTU «IpUBA3KU» uvepe3 Kommiaekc «CBer/I» Kk KOHKpeTHOU
TeppuUTOpuu (KBapTupe, /JOMYy, JKUJIOMY OOBEKTy) [Jis PpelleHus
IIOCTaBJIEHHBIX 33/1a4. MHe TIpe/ylarajim  cAejaaTh Kakyo-HUOYIb
«KOHCTPYKITHIO» «JUJIS1 IOMa», KOTopas [103BoJInJIa OBl CO3/1aTh ONITHUMAJIbHO
OJIarONpUATHBIE YCIIOBUA B )KUIHIIE. Ho 3TO 1MOKa B cTaiiyt 00[yMbIBaHHUA.

OdyeHb Ba’XKHBIM MOMEHTOM SBJIIIOTCS CYKJEHHS O UYETBEPTOM
kogone /THK. O ToM KOmOHe, /10 TallH KOTOporo Jd6poBckass Cucrema
nobparecsi He cMorJja. IMEeHHO 10 5TOH NpUYMHE OHU He CMOIJIH
PEeIINTH BOIPOCHI IO NPOO.1eHUI0 OU0A02UUECKOU HCUSHU, UMEHHO
II0 5TOH NpUYNHE OHHU HE CMOIJIM J00paTbcsa 10 U3MeEHeHUs
Koncempyxuyuu Mo3za npomo-Yeno8exka, NMEHHO 110 3TOH MPUYUHE
OHHU HE CMOIVIU cdeaamsb u3 Yenoeexa ynpasasemoe HcueommMoe.
Bmenenue zenomunoe Mo32a — 3mo npoyecc NPuUOaAHUA
UCNoOAHUMeEAbCKUX dellcmeuil ¢ HU3KuUM, m.e. 610KUPOBAHHBIM
ypoeHem Co3HaHua arodeil Hanodoodue xubGep-npudamka 0as
6MEHEeHUA U 60N10WEHUA C80UX NA1aH08. Celluac, KaK 5 y»Ke TOBOPUJL,
JlaéTcsl BO3MOXKHOCTh KuOopram jopabotath, MO0 BMEHEHHAsI UM B
CO3HAHUE IMPOrpaMMa JIOJKHA OBITh «UCIIOJIHEHA», TAKXKE KaK «Pa3psAAUTh
IIaTPOH Yepe3 CTBOJI», 2AAB8HOE, YMOOblL éblcmpea O0bLl 6e3 ueau.
HNMeHHO TakuM IIyTEM pas3pylIaeTrcs Ha HaIIuX Iya3aX MHPeXKHsA
KoHCTpykIusi OpraHu3oBaHHOTO OBITHUSI, W TOJIBKO TakK, ceéoumMu
«iankamu», 6e3 Hacwaus co CTOPOHbI HHTETPUPOBAHHBIX B OyayIee.
ITH «aJbOOMHBIE 3aUCU» I HUX YydHce padomarom, u 0cCoOOeHHO IpU
noceneHur COYMHCKHUX W SIITHHCKUX IUISKEU, Ti€e OHU OY€Hb JIOOAT
obIBaTh. He coMHeBaiTeECh B 3TOM. A JJIsI TEX, KTO y3Ke OOPEJ CBOE HAaYayio
IpO3peHUs U MOHMMaHusA, ¢ npuMmeHeHneM IIporpamm «CBet/I» u 6e3
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npuMeHeHus: IIporpaMm, Hy:kKHO 3HATh BasKHeMIIIee — UMEHHO 4Yepes
yeTBEpTHIN KOA0H JIHK m mHunmuupyerca y YesoBeka Bcé cBeTioe U
Jlobpoe. A eciu MOABJIAIOTCA (parMeHThl «37100bI», HEBAXKHO IO KaKOU
npuynHe, TO Bhl camu cebsa HaumHaeTe paspyliaTh, Bel camu B cebe
HauMHaeTe pa3pyliaTh KOHKpeTHOe, oOpeTéHHOe Bamu cocTossHue Pazyma.
Tak coxpaHuTe ero, 00 U THICAYU YNHOBHUKOB HE€ MOTYT OBITh PABHBI
3TaKou neHHocru. He mo3BoJisiiTe UM pa3pyuiarbh TO, YTO UMH U
JUISI HUX HeZocATaeMo. ITO s BaM COBETYI0 M KaK UHNHOBHUK B
NMpPONLIOM, U Kak YeJOBEK, KOTOPHIA CErogHa BHIAUT BCE
IIPOUCXOAIIEE B 9TOM TaK HA3IBA€EMOM «COCJIOBUU». B 2016 roay
npuriamenue «/[pysein» H. Jleamosa npoBectu cemuHap B Coun
OBLJI0 O0OCHOBAHO HMMEHHO HEOOXOJAHMMOCTBHIO TOIO, UTOOBI A
BOOUYHIO YOeaWICd B NPOAYKTHBHOCTH AeicTBUA COYMHCKOM
CKOBOPOJKHU. Beap 1eCTBUSA ONPEaEIIIOT HAEI0, a He HA000POT.
U nmocyaeacTBus AeHCTBUA MOKHO YCTPAHUTH TOJBKO IEMCTBHEM.
YTo COOCTBEHHO ¥ IPOUCXOJAUT HA HaAINIUX IJIa3axX. BbIBOJ,
KOTOPBIN #A c7ejlajl Tocjie IMPOBEAEHHOTO ceMuHapa, — CKoBOpoaka
paboTaer yCIelrHo, U aMmo 3Hawum, umo Mo32 okmae 68 u 72 e
ucue3Hem npocmo makx, mo ecmsv 3anacst Hedhmu Ha 3emae
3HaQUUMEeAbHO 8bvlpacmym.
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