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O 3akoHaxX KBaAaHTOBOI'O MHPa - 0T BHE3CMHOT'0 pasyma

YuéHple BHE3EMHBIX HUBHIM3ALMI MeK3BE3IHOIO COr03a rajJaKTUKH IPUOTKPBIBAKOT TalHBI
Bcenennoii, paccka3piBas 0 (hyHJaMEHTAIbHBIX 3aKOHAX KBAHTOBOTO MUPA U CTPYKTYpe
AJIEMEHTApPHBIX YacTUll, 00pa3yIoLIUX BCE MPUPOIHBIE, a TAKKE UCKYCCTBEHHO CO3/IaHHBIE
DIIEMEHTHI!

B Hay4HbBIX HHCTUTYTaX IJIAHETHl 3€MJIS B IIOCIEAHNE AECATHIIETUS! aKTUBHO U3y4aeTCs KBAaHTOBAs
¢bu3uKa, CTUMYIUPYOIIAs pa3paboTKy HayYHbIX TEOPUN O CTPOCHUU MATEPUU U AKTUBHOE
MO3HaHUE MHUpPA SHEPTeTUUYECKUX BUOpaIii (MIM BOJIHOBBIX BO3MYIIEHUI MPOCTPAHCTBA), U3
KOTOPBIX CTPOUTCA BCs (pU3UUECKask peaabHOCTh. Kax/iplii KBaHT pU3HMUeCKON SHEPTUU cO31aETCs
u3 Oosiee TOHKOM MaTepuu, KOTOPYIO B HEKOTOPBIX YUEHHUAX Ha 3eMile IPUHATO Ha3bIBaTh d(PUPOM.

O¢dupHas meMOpaHa OKyTBIBACT KaX/Iblii aTOM, OHA TIOMOT'aeT KBAaHTaM Ha BCEX SHEPreTUUYECKHX
YPOBHSX B3aUMOJIEHCTBOBATH APYT C IPYIOM, a TaKXKe BO3JEHCTBOBATH Ha MPOCTPAHCTBO, CO3/1aBast
pasin4Hble (pU3MUecKue Mo, a 3aTeM Nepeaanas uxX Mo Lerno4ykaM aToMOB, HOHOB U Ooiee
KPYIHBIX CTPYKTYPHBIX YaCTUL (PU3NYECKON TUIOTHON MaTepHH.

B T0 ke Bpems, o naHHbIM Hayku Mex3Bé3nHoro Coro3a, (hu3ndeckoe NpoCTPaHCTBO COCTABIISET
b 7% OT MPOCTPaHCTBA BCETO MaTe€pUaIbHOIO MUPA, KOTOPOE BMEIIAET B c€0s1 MHOTHE
MWUIMOHBI MUPOB Ha 00Jiee TOHKUX YPOBHSX IUIOTHOCTH. KaXk1plii Takoi ypoBEeHb INIOTHOCTH — 3TO
CTeneHb npospieHHOCTU boxkecTBeHHOTO CBETa, KOTOPHIN HAXOAUTCS B HEMIPEPHIBHOM PUTMUYHOM
JBYDKEHUH, TOPOXKIAIOIIEM KosleOaHUsl WM BUOpaLMK BCel COBOKYITHOCTH ITPOCTPAHCTB U
HaIOJIHAIOIIEH UX MAaTEPHH.

YacToTa 3TUX BUOpalMii pa3iIuyHa Ha KaXI0M YPOBHE IUIOTHOCTH, YTO MO3BOJISIET MHOI'UM
IIPOCTPAHCTBAM C COOTBETCTBYIOLIUM MaTE€pHaJIbHBIM HAIIOJHEHUEM 3aHUMAaTh OJUH U TOT XKe
00béM. [IpocTpaHcTBa pa3HBIX MEPHOCTEH pa3zieneHbl Mex 1y co00i 3(UPHBIMU MOJISAMH,
IpeIHa3HAYE€HHBIMU JUIsl CTPYKTYPUPOBAaHUS U CTAOUIN3aLUH 3TUX MPOCTpaHCTB. biarogaps
JaHHOMY 3(dekTy Bce MaTepualIbHble MUPbI 000COOIEHBI APYT OT ApYra U Ui UX «oburareneiy,
BOIUIOIIEHHBIX B KaX10M U3 HUX.

Hayke Mex3Béznnoro Coroza u I'anaktuueckoit denepanuu Ceera uzsectHsl 6048 BuioB
MaTepUalbHbIX SHEPTUuH, 9 U3 KOTOPBIX CUUTAIOTCS (PU3NYECKUMHU SHEprusiMu. OcTanbHble
MaTepHuaJIbHbIE SJHEPTUU PACTIPENEIIEHBI 110 YPOBHSM IUIa3MOUIHBIX MUPOB.

Bce marepuanbHble MUpPBI COOpaHbl B KJIACTEPhI, KOTOPbIE COAEPIKAT MO 3 YPOBHS IJIOTHOCTH.
[TepBsiii knacTep Ha3biBaeTcs Gusndeckum. [IpocTpaHCTBO 3TOTO KIacTepa OTHOCUTEIHHO
OJTHOPOZHO M Ha S3bIKE BAlllEl HayKH HA3bIBACTCA BAKYYMOM. MexX 1y BaKyyMOM U CJIEAYIOIINAM
KJIACTepOM MaTepuaIbHOTO MUPA, BMEIIAIOIIUM Y€TBEPTHIN, MATHIN U IECTONW YPOBHU INIOTHOCTH,
HaxoAUTCs 00ImupHOe dupHOe noJje, coaepxkaiiee B 700 pa3 60bIle MOTEHIIMATBLHON YHEPTHH,
4yeM Bce KBaHTHI ¢pusndeckor BeenenHol BMecTe B3ThIE!

OTa sHeprus HyKHa JUIsl CTa0MIN3allui CTPYKTYPBI IPOCTPAHCTB JABYX KJIACTEPOB U COAEPIKUT
Marepual JUisi TBOPEHUs HOBBIX MaT€pHaJIbHBIX CTPYKTYp IIE€CTU YPOBHEH INIOTHOCTH U CUCTEM M3
Hux. Mcnonp3oBaHue HEPTUil U3 ATOr0 UCTOUHUKA JIFOOBIMU LIMBUIIN3ALUSIMU [IEPBOTO U BTOPOTO
KJIaCTEpa BO3MOXHO TOJIBKO C pa3pelIeHHs] HEBOIUIOMIEHHBIX yX0B 17-ro ypoBHa /lyxoBHOTO Mupa
U TI0/] UX HETOCPEICTBEHHBIM PYKOBOACTBOM.

[Tpoxos Bakyyma 6e3 crieranbHOro ooyuenus u HaOmonenuss Aurenos [Ipuposs! onacen
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JUISL MaTEpUHU BCEX LIECTH YPOBHEN IUIOTHOCTH, COCTABIISIONIUX [IEPBBIE JBa KJIacTepa. ITO MOXKET
BBI3BaTh OIPOMHBIE Pa3pyLIEHUS U COOTBETCTBYIOIINE KAPMUUECKHE MTOCIENCTBUSA 111 PasyMHbIX
JlyXoB, peIIMBIINXCS TIOWTH Ha TO100HBIE AKCTIEPHUMEHTHI 06€3 cornacoBanust ¢ JlyXoBHBIM MUpOM.

B ¢u3ndeckom mpocTpaHCTBE BCE BEIIECTBA COCTOAT U3 JEBITH (U3NUYECKUX TUIIOB SHEPTHH,
BPAIIAIOIINXCS TI0 ONpeeSIEHHBIM pUTMaM U TpaekropusiM. OHu coOpaHbl B 94 pUPOAHBIX
3JIEMEHTA, KOTOPbIE OTIINYAIOTCS PACHPEACICHUEM U KOJTMUECTBOM SHEPTUil B KaXK10M U3 HUX.

Kaxxp1it a1eMeHT BKIIIOYaeT B ce0s1 0COOBbIN THIT MIJIOTHOMATEpUaIbHBIX CTPYKTYP,
CHUHTE3UPOBAHHBIX U3 SHEPIUH F3PUPHBIX CTUXUH U Ha3bIBaeMbIX aToMaMHu. OCOOEHHOCTH 3aKOHOB
YIUIOTHEHHS SHEPTUI B aTOMax CO3Jal0T B HUX 3 SHEPTeTUUECKUX YPOBHS, BIOKEHHBIX JIPYT B
JpyTra B BUJIE BEKTOPHO-HAMpPaBJIEHHBIX CIIUpaiel BpalieHus. B pa3HbIX BUaX aTOMOB HAXOIUTCS
pa3sHOE YMCIIO KBAaHTOB. DHEPTUU COOUPAIOTCS B aTOME, CIIEIYys 3aKOHY O IPHOPUTETE SHEPIUid
BHYTPEHHHUX CTPYKTYp aTOMa Nepe/l BHEIIHUMH.

Ha TperbeM sHEepreTueckoM ypoBHE aTroMa HaxoauTcs 55% ero sHepruii, Ha BTopoM 33%, a Ha
nepBoM 12%. Ha Bcex sHepreTHueckux ypoBHSIX aTroMa SHEPrUH HEOJHOPOIHBI: Ha TPEThEM U
BTOPOM YPOBHAX COACPIKATCA 1O ABA THUIIA 3H€pFHI>i, a Ha ICPBOM BHCUIHEM YPOBHE HAXOAATCS IIATH
THUIIOB SHEPTUH B PA3IMYHBIX COUYETAHUSIX MEKTY COOOH.

DT0 MOpOKIaeT OONBIIOE Pa3HOOOPA3HE CBONCTB JIEMEHTOB, a TAK)KE UX CITIOCOOHOCTH BCTYIATh BO
B3aUMOJICHCTBHUE JIPYT C IPYTOM, TIOPOKIasi BCE pa3HOOOpa3ue MPUPOTHBIX U UCKYCCTBEHHO
CO3/IaHHBIX BEMICCTB. Bce ecTecTBEeHHBIE PUPOIHBIE TIEMEHTHI Pa3/eIsIFOTCS Ha 5 BU/IOB — B
COOTBETCTBUH C TATHIO TUTIAMH YHEPTUN Ha MEPBOM aTOMapHOM YPOBHE, OJTHA U3 KOTOPHIX
npeobaaaeT B MPOIEHTHOM COOTHOIICHHH HaJl OCTaThHBIMU B aTOMaX Ka)JI0TO BUJIA.

Ha 3emMHOM $s13BIKE 3TH BHABI 3JICMCHTOB UMCIOT CJIICAYIOIIMUC HA3BAHUSA

1. AKTHUBHBIE METAJIJIBI
2. Cpennue MeTasibl
3. Ionymeranis

4. Hemeramibl

5. WHepTHBIE ra3bl

CaoiicTBa 3THX BUJOB JIEMEHTOB OTIMYAOTCS MEXy 000, 4To 00yCII0BIEHO MTpeodiafaHueM
pa3HbIX TUIOB SHEPTUI HA IEPBOM, BHEIIIHEM SHEPTETHUECKOM YPOBHE aToMa:

1. V aKTUBHBIX METAJIOB MPEOOIaJaeT MAaTHETH3M.

2. 'V cpeaHux MeTaJlJIOB MpeodIialaeT MEKTPUIECTBO.
3. V monymeTaiuioB npeoOiaatoT paaruoBOIHBI.

4. 'V HemeTaJIOB IIpeoldiiaiaeT TEeIIo.

5. 'V UHEepTHBIX Ta30B MpeolIagaeT CBeT.

B aroM ogHOTO M TOTO K€ 3JIEMEHTA MPH €r0 CO3/1aHNUU U3 A3UPHBIX SHEPTUil cTUXU Mupo3nanus
BKJIaJIIBACTCSl OJUHAKOBOE YNCJIO KBAHTOB. TakKe pa3In4aroTcs U COOTHOLIEHUS B aTOMax
Pa3IMYHBIX JIEMEHTOB OCTAJLHBIX SHEPTHA, 4TO 00YCIIaBIMBACT pa3Inuue UX (PU3HUECKUX U
XUMHYECKUX CBOMCTB M HIEHTUYHOCTb CBOMCTB aTOMOB OJJHOTO JIEMEHTA.

DHepruu nepBoro aTOMapHOTO YPOBHS PACIIONATaOTCs B HEM 110 PopMysie CTyIeHIaTOn
MUPaMUJIbI, OJJAHAKOBOH JUUIsl BCeX BUIOB aTOMOB. DopMyria CTyreH4YaTol MUpaMH/IbI BBITJISIUT
CJIEYIOIIUM 00pa3oM:

[Tpeobnanaromas puznveckas SHEPrus Ha IEPBOM aTOMAapHOM YPOBHE BCeraa
coctasisieT 40% OT IHEPreTHYECKOro HAOJIHEHUS [IEPBOTO aTOMAPHOTO YPOBHS WIH
4.8% oT 0011ero KoNnuYecTBa KBAaHTOB aToMa. Bce ocTanbHble SHEPTrUM NEPBOTo
aTOMapHOTO YPOBHS BCET/a CIEAYIOT B OTHOM M TOM K€ TIOPSIIKE TI0 3aKOHY
CTYNEHYaTOTO YMEHBIICHHS.
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[Topsiok crienoBaHusl YHEPTHI Ha IEPBOM aTOMAPHOM YPOBHE CIIEAYIOLIHI:

TEeIrJio — CBeT — Mar'HeTu3M — OSJIEKTPUMYEeCTBO — paIMOBOJIHEL

A BOT KakoB Ha NIEpBOM aTOMAapHOM YPOBHC ITOPAAOK ITPOLUCHTHOTO COACPKAHUA 3Hep1“1/1171:
40% - 30% - 20% - 6% - 4%

Jloist npuMepa pa3depéM KBaAaHTOBBIN COCTAaB aTOMa BOAOPOAA

Bonopoz BXonuT B rpymniy HEMETaIOB, CIEI0BATENIbHO, HA IEPBOM SHEPreTHYECKOM YPOBHE aToMa
y Hero OyneT mpeoOnaiaTh TEIIo, a MEHbIIE BCEro OyAeT paJuoBOIIH.

KBaHTOBEIN cocTaB aroMa BOAOpOOA:

OO061ee uncito kBauToB — 1600

Tpetuii sHepreTuyecknii yposeHb — 880 KBaHTOB
Bropoii sHepreruueckuii ypoBeHb — 528 KBaHTOB
[lepBb1it sHEpreTHUECKUil ypoBEeHb — 192 KBaHTa

Pacnpenenenne pu3nueckux sHEpruil Ha IEPBOM PHEPreTUYECKOM YPOBHE aTOMa BOJOPO/A:

Tenno — 77 KBaHTOB

CBeT — 58 KBaHTOB
MarneTnsMm — 38 KBaHTOB
OnekTpudectBO — 11 kBaHTOB
PannoBoaHEI — 8 KBAHTOB

ITo nmpuyMHE TaKOro KOJIMYECTBA KBAHTOB, PACIIPEACIIEHHBIX HA TPEX aTOMapHBIX YPOBHSX, BOJAOPO/
IPEJICTABISIET COOOM CaMblif JTETKHIA SJICMEHT, HAXOIAIIUICS TIPU OOBIYHBIX YCIOBHSX B
ra3o00pa3HOM COCTOSAHUU. Tak MPOUCXOIUT, MOTOMY YTO 85% KBaHTOB Ha TPETHEM IHEPTETUUECKOM
YPOBHE HaIpaBJIeHbl HA MAKPOTPaBUTAIIHIO, & OCTAIbHBIC 15% He 00ecneunBarOT NPUTHKEHUE
aTOMOB MEXIY COOOiA.

[Tpu oxnakaeHUH ra3000pa3HOTO BOIOPOIA €r0 KBAHTHI TEIIA TIEPEXOMAT B OKPYKAOIIEE
MPOCTPAHCTBO WM B aTOMBI 00JIe€ XOJIIOHOTO 00BEKTA, B PE3YAbTaTe YeTO NepepacipeaeiicHue
KBaHTOB Ha TPEThEM aTOMapHOM YPOBHE MEHSIETCS M3-3a 3aKOHA KOMIICHCAIIUU SHEPTeTUICCKUX
noreps, u 6onee 60% KBAHTOB TPETHETO ATOMAPHOTO YPOBHS MEPEKITIOYAOTCS HA
MUKporpaBuTanuio.

braromapst 5ToMy aTOMBI IPUTATHBAIOTCS APYT K APYTY, U U3 ra3a 00pa3yeTcs )KUAKOCTb, a TPH
JAJbHEUIIEM TIOHMKEHUH TEMIIEPATYPBI — U TBEPOE BEILECTBO.

ITpu pacuérax KoJM4YeCcTBa KBAHTOB B Pa3HBIX 3JIEMEHTaX HEOOXOAMMO KOJIMYECTBO KBAaHTOB
BOJIOPOJIa YMHOKUTBH Ha OTHOCHUTENBHYIO aTOMHYIO Maccy 2eMeHTa. [lomyueHHslil pe3ynsTar u
OyZeT KOJTMYECTBOM BCEX KBAHTOB B aTOME JJAHHOT'O 3JIEMEHTA.

Paom Tuitan — crienuanucT 1o SHEPreTUYECKUM B3aUMOJICHCTBUAM B MUPO3/1aHNH,
manera bypxan.

JlaoTap MurpyHu — CIeIMAIKMCT IO KBAHTOBOW (U3MKe U (PU3KKE MEK3BE3IHOTO IPOCTPAHCTBA,
rJjanera Jcruep.

Paoxac Tupran — cnenuanucT 1Mo U3y4eHHUIO MPEICTaBICHUI 0 PU3MUECKOM MHUpPE Ha TUIaHETe
3eMJIsl 1 ICTOPUY 3€MHOM HayKu, riaHera Jucapy.
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