Cxema 99. Oun3nvecKkasd KaptuHa Mupa

dusnyeckas kaprudia Mupa

O01iee TeopeTHYECKOE 3HaHKE B (DU3UKE, KOTOPOE BKIIFOYAET:
* OCHOBoIONaramIue GuIocoPckre U GU3NISCKUE HICH;
* (yHIaMeHTaJIbHBIC HH3HICCKIE TEOPUH;

*  OCHOBHBIC IPUHIHIIBL, 3aKOHBI U MOHSITHS;

¢ TMPUHIOHUIIBEI U METOAbI IIO3HAHUA

/ ~

C omHO¥ CTOPOHBI, (hu3nvecKas kKapTuHa Mupa ects C apyroii cTopoHsbl, (hu3nueckas kKapTuHa Mupa ectb
0000111eHHe BCEX paHee MOITyYESHHbIX 3HaHUH O IpolecC BBEACHNUS B (PU3UKY HOBBIX OCHOBOIIOJIAralOIIUX
MIPUPOJIE U OTIPE/IeNICHHAs! CTYIIEHb [T03HAHUS Wi, NPUHIUIIOB, MOHSITHH U TUIIOTE3, KOTOPBIE MEHSIOT
YeJI0BEKOM MaTepHaibHOro Mupa u ero OCHOBBI TEOPETHYECKOW (DM3HUKH; OfHA (hU3NUECKast
3aKOHOMEPHOCTEN KapTHHA 3aMEHSIETCSl APYToi

Cxema (husnueckoii KapTuHbl Mupa cBsi3aHa CO CMEHOH MpeICTaBICHUH O MaTePHH:
OT aTOMHUCTHIECKHUX,

KOPITYCKYJISIPHBIX MIPEACTABICHUN O MaTEPUH K MTOJICBHIM, KOHTHHYAIBHBIM, a 3aTeM K
KBaHTOBBIM. OTCIOa U TPH

(bI/I3I/I‘ICCKI/IX KapTUHbI MI/IpaI MCXaHUCTUYCCKad, SJICKTPOMAarouTHass 1 KBAHTOBO-
moJieBas

pptcloud.r




Cxema 100. Pusmnyeckas kaptuHa Mupa (MexaHucTuyeckas)

¢ MexaHucTnyeckas KapTHa MUpa

dopmupyercst Ha ocHOBe MexaHuku Jleonapao na Burunm (1452-1519 rr.), renmuonienTpudeckoit cucremsl H. Komepauka
(1473-1543 rr.), skcniepuMeHTaIbLHOTO ecTecTBo3HaHM [. [amtes (1564-1642 rT.), 3akoHOB HeOecHOM MexaHuku U.
Kemmepa(1571-1630 rr.),mexanuku W. Hetorona (1643-1727 rr.)

XapaKTepHbIE 0COOEHHOCTH

B pamkax MexaHHUCTUYECKON KapTUHBI MUPA JIBHDKEHUE - MPOCTOE MEXAHMYECKOE MEPEMEIICHUE.

CIIOXKUJIACh TUCKpEeTHas! (KOPITYyCKYIsSIpHas) MOJIEIb 3aKoHBI JBUKEHUS - QYyHIAMEHTAJIbHbIE 3aKOHBI

peanbHOCTU. Marepusi - BelIeCTBEeHHAsI CyOCTaHIus, Muposaanus. Tena IBUTaOTCsI paBHOMEPHO U

COCTOSIIIIast U3 aTOMOB MJTU KOPITYCKYJI. ATOMBI MPSIMOJIMHENHO, a OTKJIOHEHHS OT 3TOTO JBUKEHUS €CTh

a0COJIIOTHO TIPOYHBI, HECITUMBI, HETIPOHHUIIAEMBI, JIEHCTBHE HAa HUX BHEITHEH CHIIBI (MHEpIHH). Mepoii

XapaKTepHU3yloTCs HaJMYUeM Macchl U Beca MHEPLHH SBJISETCS Macca. YHUBEPCAIbHBIM CBONCTBOM
TeJ SIBIISETCS CUJIA TATOTEHUS, KOTOpas SBISETCS
JabHOAEHCTBYIOIICH

Konuenuys abcomoTHOrO MPOCTPAHCTBA U BPEMEHU:
MIPOCTPAHCTBO TPEXMEPHO, IOCTOSHHO U HE 3aBUCUT
OT MaTepuu; BpeMs - He 3aBUCUT HU OT MIPOCTPAHCTBA,
HU OT MaTepHH; MPOCTPAHCTBO U BpeMs HUKaK HE
CBSI3aHBI C IBUKEHHUEM TeJ, OHH UMEIOT aOCOIIOTHBIN

[TpuHIIMTT JaTEHOACHCTBUS - B3aUMOJICHCTBHE
MEXIy TeJIaMU MTPOUCXOAUT MTHOBEHHO Ha JIFOOOM
PACCTOSIHUH, T.€. JICHCTBUS MOTYT TIepEIaBaThCs B
ITyCTOM MPOCTPAHCTBE C KAKOM YTOIHO CKOPOCTHIO

Xapakrep

Bce Mexannueckue mpouecchbl MOIYHHSIIOTCS Tennenuus cBeeHNs 3aKOHOMEPHOCTEH BBICIIMX

MPUHLMITY AeTepMUHU3Ma. CiydyaltHOCTb (opbl IBIKEHHS] MAaTEPUU K 3aKOHOMEPHOCTAM

HCKJTIOYAeTCs U3 KapTHHBI MUpa npocreiiieit ero GopMbl -MeXaHUIECKOMY
JBUKEHUIO

Ha ocHoBe mexanuctuaecko kaptuubl Mupa B X VIII - mHavane XIX BB. Ob1a pazpaboTaHa 3eMHast, HeOSCHasE U MOJICKYJISIpPHAsI MEXaHHUKa.
MaxkpoMup 1 MUKPOMHP HOAUYMHSINCH OTHUM U TEM K€ MEXaHHMUECKHM 3aKOHaM. DTO IPUBEIO K a0COTIOTU3alMN MEXaHUCTHUECKON KapTHHBI
Mupa. OHa cTajla paccMaTpUBATHCS B Kau€CTBE YHUBEPCATbHOM.



Cxema 101. dusnyeckasa kaptuHa Mupa (anekTpoMarHuTHas)

JJIEKTPOMATHUTHASI KAPTHHA MHUpa

dopMmupyeTcst Ha OCHOBE Hadall AnekTpomaraetuzma M. @apane™* (1791-1867 rr.), Teopuu snekrpomarautHoro nois J{. Makcsemna (1831 1879
IT.), anekTporHou Teopun [.A. Jlopenna (1853-1828 rr.), mocTynaroB Teopun OTHOCUTENbHOCTH A. DitHiTeHa (1879-1955 1)

XapaKTCPHEBIC 0COOEHHOCTH

B paMkax 31eKTpoMarHuTHON KapTHHBI MUPA CIIOKUIIACH
TI0JIeBasi, KOHTUHYaIbHAs (HETPEPBhIBHAS) MOJIETh
pearlbHOCTH. MaTepus -eIHOE HEMPEPHIBHOE TIOJIE C
TOYCYHBIMH CHUJIOBBIMH IICHTPAMH -3JIEKTPHUECKAMHU

JIBrKeHUE - pacripoCTpaHEHHE KOJIeOaHH B TOJIE, KOTOPBIE
OIHCHIBAIOTCS 3aKOHAMU AJIEKTPOJMHAMUKHI

3aps/IaMU U BOJIHOBBIMH JIBH)KCHUSIMHU B HeM. Mup - [TpuHIMT OMIU3KOACHCTBYUS - B3aMMOJICHCTBUS JTI000TO XapakTepa
SNCKTPOANHAMHUYIECKAsA CUCTEMA, ITOCTPOCHHAS U3 MEePEIAIOTCS MOJIEM OT TOYKU K TOUKE HEMPEPHIBHO U C KOHEYHOMH
ANMEKTPUUECKHU 3apsHKEHHBIX YaCTHIl, B3aUMOICHCTBYOIITIX CKOPOCTBIO

IMOCPEACTBOM SJICKTPOMATrHUTHOI'O ITOJIA

Pensimuonnas (oOTHOCHTEIbHAS ) KOHIIETIIHS TPOCTPAHCTBA U
B 2/1eKTPOMAarHUTHYIO KAPTHHY MHPa OBLUIO BBEIEHO BpPEMEHH: MMPOCTPAHCTBO U BPEMSI CBSI3aHBI C MPOLIECCaMH,
NOHATHE BepOSITHOCTH MIPOUCXOSIIMMH B I0JIE, T.€. OHM HECAMOCTOSATEIbHBI U
3aBHCHMBI OT MaTepUH

HUrHopupoBaHue TUCKPETHOM, AaTOMUCTUUYECKOW MPUPOIbI
BEIIECTBA MPUBOJIUT MAKCBEIIJIOBCKYIO ANEKTPOIUHAMUKY
K LIEJIOMY pSIAY TPOTUBOPEUUiA, KOTOPhIE CHUMAIOTCS C
coznanuem . JIopeH1IoM 3eKTPOHHOM TEOPUH WU
MHKPOCKOITMYECKOU 3eKkTpoauHaMuku. [locnennsis
BOCCTaHaBJIMBAET B CBOMX MpaBax JUCKpPETHHIE
AIIEKTPUUECKUE 3apsi/ibl, HO OHA COXPAHSET U IMoJie KaK
00BEKTUBHYIO PEATBHOCTD

A. DUHIITEWH BBEJ B 3JIEKTPOMAarHUTHYIO KapTUHY MUPA UJICHO
OTHOCHUTENIbHOCTH MPOCTPAHCTBA U BpeMeHU. Tak nmosiBuiiach oO1as
TEOpHUs OTHOCUTEIBHOCTH, CTABIIAs MOCIETHEN KPYITHOU TEOpUEii,
co3nanHoi (1916 r.) B paMKax 3JIeKTPOMarHUTHOM KapTUHBI MUPR




Cxema 102. dusunyeckana kaptuHa Mupa (kBaHTOBO-NosieBas)

KBaHTOBO-110JIeBasi KAPTHHA MHUPA

dopmupyeTcst Ha 0CHOBe kBaHTOBOM rumnore3sl M. [Tnanka (1858-1947 rr.), BomHOBOM Mexanuku J. [lIpenunrepa (1887-1961 rr.), kBaHTOBOM
Mexanuku B. T'eiizenoepra (1901-1976 rr.), kBanToBOM Teopuu aroma H. bopa (1885-1962 rr.) u T.1.

XapakTepHble 0COOCHHOCTH

B pamkax KBaHTOBO-I10JIEBOI KQpTUHBI MUPA CIOKHINCH KBAHTOBO-

MoJIeBbIe Mpe/icTaBIeHMs 0 Marepuu. Matepus o0Oagaet

KOPITYCKYJISIPHBIMU U BOTHOBBIMU CBOMCTBAMH, T.€. KaXKIBIN AIEMEHT

MaATEpUn UMECT CBOMCTBA BOJHBI M YACTHUIIBI

Kaprtuna ¢puzndeckoil peaqsbHOCTH B KBAHTOBOW MEXaHUKE
JBYILJIAHOBA: C OJHON CTOPOHBI, B HEE BXOJAT XapaKTePUCTUKU

HCCIIEyeMOro 00BbEKTa; C APYroi CTOPOHBI - YCIOBUS HAOMIONCHUS

(MeTon mo3HaHUs), OT KOTOPBIX 3aBUCUT ONPENETICHHOCTh ATHX
XapaKTEePUCTUK

JIBm>keHue - 9aCTHBIN City4yailt (PM3HUYeCKOTO B3aUMOICHCTBHS.
@dyHaamMeHTalbHbIe (pU3nUecKre B3auMOJCHCTBUS: CHIIbHOE,
3NIEKTPOMAarHuTHOE, ciaboe, rpaBuTalMoHHoe. OHU OMHUCHIBAIOTCS
Ha OCHOBE MPHHIIUMIA OJTM3KOICHCTBHS: B3aUMOICHCTBUS
MepeJaoTCsl COOTBETCTBYIOUIUMHU MOJISIMUA OT TOYKU K TOUKE,
CKOpOCTb Iepe/iaul B3aMMO/ICHCTBUS KOHEYHA U HE MPEBBIIIAET

CKOpPOCTH CBE€TA

[Tpu onmcanmy 0OBHEKTOB HCITOIB3YETCS JIBA KJIacca MOHSITHHA:
MPOCTPAaHCTBEHHO-BPEMEHHBIC U SHEPTeTUICCKH-UMITYIIECHBIE.
[lepBbIe TarOT KHHEMATUYECKYIO KapTUHY JBHKCHHUS, BTOPHIC -
TUHAMUYECKYIO (MpuYuHHYI0). [IpocTpancTBO-BpeMs 1
MPUYMHHOCTh OTHOCHUTEIBHBI M 3aBUCUMBI

Crnenudukoi KBAHTOBO-TIOJEBBIX MPEACTABICHHUH O
3aKOHOMEPHOCTH U MPUIUHHOCTH SIBJISIETCS TO, YTO OHU
BCTYNAIOT B BEPOSTHOCTHOU (popMe, B BUJIE CTATUCTUIECCKUAX
3aKOHOB

DyHIaMEHTaIbHBIE TTOJIOKEHUSI KBAHTOBOW TEOPHUU:
MIPUHIIMIT HEOTIPEAECIECHHOCTH U IPUHLIUIT
JIOTIOJIHUTENBHOCTH




Cxema 103. dusmndeckasa kaptuHa Mupa (obwiasn xapakrepuctuka
COBPEMEHHbIX NMpeacTaBneHnin o Mmpe)

DopMUPYIOTCS HA OCHOBE IITyOOKOTO M3yUYEHHUS SIBICHUHM MPUPOLI, TudGepeHnanuu 1 UHTETPaIlii €CTECTBEHHBIX HAyK, EAMHCTBE
dusuueckoro 3HaHUS U T.II.

XapakTepHble 0COOCHHOCTH

CoBpeMeHHbIE TTPEICTABIICHUS O CTPOCHUH MAaTEPUH MPE/IOJIaraoT B
€€ OCHOBE IEeCTHAANATh (PyHAAMEHTATBHBIX YACTHI] M AHTHYACTHII;

*  4YeThIpe JIENTOHA (3JEKTPOH, TIO3UTPOH, AIEKTPOHHOE HEUTPHHO H
AHTUHEHUTPHUHO);

*  JIBa BUJA KBapKOB C IPOOHBIMHU ICKTPHUCCKUMU 3apsnamu (-1/3) u
(+2/3), mpudem KakIbIii BUJ B TPEX PA3HOBUIHOCTX (KPACHBIMU,
3€JICHBIN, CHHU);

¢ COOTBCTCTBYIOIIKWEC aHTUKBAPKHU

[IpencraBieHust 00 OCHOBE MHPO3/IaHUS CKIIAIBIBAIOTCS Ha
OCHOBE pa3pabOTKU €IMHON TEOPHUH MO, O0hETUHSIOIICH

Bce (pyHIaMEHTaJIbHBIE B3aMMOJICHCTBUS (TEOPUH
«Benukoro o0bequHEHND, Teopun «CBEpX BEITHKOTO
00BETMHEHUION)

IIpupona paccmarpuBaercs B IBMXKEHUS U pa3BUTUU. B
(bu3HKe UCTIONB3YETCs TUATEKTHUECKUI METOT

MHoroo6pasue H eIUHCTBO MUPa OCHOBBIBACTCS HA B3aUMOJICHCTBUU
¥ B3aUMOTIpEBpaIIeHnN (PyHIaMEHTATBHBIX YaCTHI] H AHTHYACTHUII

(BCHICCTBO " I10JIC, HaCTUIlla 1 BOJIHA, MaCCa U SHCPI'UA U
T.II. - paCCMATPUBAIOTCA B JUAJICKTHYCCKOM C)II/IHCTBC)

[IpuHnMnUanTbEHBIE 0COOEHHOCTH COBPEMEHHBIX
MIPEACTABICHUH O MUPE: CUCTEMHOCTh, TII00ATHHBIN

JIBr>KeHue ecTh MPOSIBIICHHE (PyHIaMEHTABHBIX B3aUMOACHCTBUI
(TpaBUTAIIMOHHOTO, SJIEKTPOMArHUTHOTO, CJIA00TO M CHIIBHOTO),
MEPEHOCYMKAMH KOTOPBIX SBISIOTCS (DOTOHBI, TIIIOOHBI U
MIPOMEKYTOUHBIE 0030HBI

HBOJIOIIMOHHI3M, CAMOOPTaHU3aIUS, HICTOPHYHOCTH -
OTIPEIEIISIOT UX OOIIMI KOHTYP U CITOCO0 OpraHu3aIuu
HAyYHOTO 3HAHWUS

CoBpeMeHHbIE PEACTABICHUS XapaKTePU3YIOTCS KaK

Hay4YHO-METO/I0JI0OTHYECKHE, N0O OOBEKTUBHAS KapTHHA
00BbEeKTa ONoCcpeayeTcs (M3MepeHneM ) METOIOM MTO3HAHUS
cyObeKTa




Cxema 104. dyHpameHTarnbHble KOHUENUMM OonucaHus
MNMpupoabl (byHaaMmeHTanbHble hU3NYECKME TeoOpUn)

DyHaaMeHTAJbHBbIE GU3nYecKre TeOPUMn

1. Kimaccuueckast HbIOTOHOBCKas MEXaHUKA

2. Kimaccrueckasi HhlOTOHOBCKasl TpaBUTAIMOHHAS
MEXaHHUKa C €€ 3aKOHOM BCEMHUPHOTO TATOTEHUS,
coneprkammas pyHIaMeHTaIbHYI0 (PU3NYECKYI0

PenstuBucTCcKasi rpaBUTAllMOHHAS MEXaHUKA,
comaprkamas GpyHaaMmeHTaabHble GU3HIECCKIE
KoHCTaHTHI ¢ U C

KOHCTaHTY - TPaBUTAIL[MOHHYIO OCTOSIHHYIO G
(G=6,67*10"113/(xr-c?))

PengaruBucTCcKast KBAaHTOBAsI MEXaHHUKa,
coneprkamas GpyHaaMmeHTanbHble (U3HUECKIE
KOHCTAHTHI ¢ ¥ h

3. PensTUBHCTCKAsT MEXaHUKa (IIEKTPOAMHAMUKA U CTICIHATbHAS
TEOPHsI OTHOCUTEIILHOCTH), COZIeprKalas GyHIaMEHTATbHYIO
u3HUECKYIO KOHCTAHTY - CKOPOCTh cBeTa ¢ (c=2,998%10%m/c)

4. KBaHTOBas MEXaHHKa, cofeprkaiias GyHIaMeHTaTbHYO
(bu3uvecKyro KOHCTaHTY -ocTossHHYIO [Lmanka h (kBaHT

KBanTOBas rpaBUTAlIMOHHAS MEXaHUKA,
coneprkammas GpyHaaMmeHTanbHbIe (U3HIECKIE
koHcTaHTH h u C

neiictus) (h=6,626'10-*1Tx c)

KBanroBas pensiTUBUCTCKas TpaBUTAL[MOHHAS
MeXaHMKa (MCKoMas), cofepaKaliast
(dbyHIamMeHTallbHbIe pU3nUYecKue KOHCTaHTHI h, ¢, G




Cxema 106. dyHpameHTarnbHble KOHUEMNUMMN ONUCaAHUA
NMpupoabl (3BonoUMA npeacTtaBneHUN 0 MaTepun)

Harypdunocodus

I. Konyenyus
Co3epyamenbHo20
Mamepuanuzma: MaTepust
€CTh KOHKPETHOE
BEILIECTBO (3eMJIs, BO/IA,
BO31lyX, OTOHB). Darec
(625-547 rr. 1o H.3.).
I'epaxmut (540-480 1. 1O
H.3.) u ap. [1. Konyenyus
AmMoMUCIMU4ecKo20

Mamepuanuzma: MaTepust
COCTOHUT U3 aTOMOB U
MyCTOTBHI.

Hemoxput (460-371 rr.
710 H.3.)

Kiaccuueckas
MEXAHHUKA

Konuyenyus
OUCKDEMHO20 CIMDOCHUSL

Mamepuuy: MaTepus €CTh
cyOcTaHIIMsI, COCTOSIIIAst
W3 OTACILHBIX YaCTHI] -
aTOMOB WJIH KOPITYCKYII.
ATOMEBI a0COJIFOTHO
MIPOYHBI, HEJICTUMBI,
HETIPOHUIIAEMBI,
XapaKTePU3yIOTCs
HaJIM4YHUEM MacChl U
Beca. M. HeroTon
(1643-1727 )

DIJIEKTPOIMHAMHUKA

Konuenuus
KOHMUHY AbHO20

{Henpepwiero2o)
CMPOeHUs Mamepuu:
MaTepusi CylIeCTBYeT B
JIBYX BHJIaX -BEILLIECTBO U
nosne. OHu cTporo
paszeneHsl U uxX
MpeBpalleHue YT B
JpyTa HEBO3MOXKHO.
[aBHBIM siBIISIETCA TTOTIE, @
3HAYUT OCHOBHBIM
CBOWCTBOM MaTepHUu
SIBJIIETCS. HEMPEPHIBHOCTH
B [IPOTUBOBEC
nuckpetHoctu. 1.
Makcemn (1831-1879 rr)

KBanToBag
MEXaHUKAa

Konuyenyus xopnycxysasapHo-
80IH0B020 OVANUBMA.:
Matepus Kak puzndeckast
peaTbHOCTD €MHA U HET
MIPOTACTH MEXKTY
BemecTBoM | mojiem. Ilone,
MMOI0OHO BEIIECTRY,
oOagaer
KOPITYCKYJISIPHBIMHU
CBOMCTBaMH, a YACTHUIII
BEIIECTBA, OJOOHO IMOJIIO, -
BOJIHOBBIMH, T.€. KQKIbIH
AJIEMEHT MaTepuu o0namaer
CBOMCTBaMH BOJHBI U
YaCTHIIEL

M.IInank (1858-1947 rT.)
B. T'efizentepr (1901-1976
rr.) 3. Hlpenunrep
(1887-1961 rr.) H. bop
(1885-1962 1)




Cxema 107. dyHpamMeHTarbHble KOHUENUMN ONUCaHus
NMpupoabl (MaTepusa Kak chusnyeckasn pearibHOCTb)

MaTepus

OcCHOBHBIE BUIbI, CBOMCTBA MaTEPHUH

Crnioco06 cymiecTBOBaHMs MaTepuu

OcHOBHBIE BHUJIbI MAaTCPHUH:

BEILIECTBO;

I10JI€

OcHoBHbIE (OPMEBI CYIIIECTBOBAHMS MaTepUn

JBroxeHune

[IpoctpancTBo Bpewmsi

Pa3Butie KoHIENII ABMKEHUS B
€CTEeCTBEHHBIX HayKax

PaszButne KOHHCHHHI;'I MMPOCTPAHCTBA U
BpPpEMCHHU B €CCTCCTBCHHLIX HAYKax

OCHOBHBIE CBOMCTBA MaTepUU:

00BEKTUBHOCTH; BCEOOIIHOCTD; HEYHUITOXKHIM(

HCHUCYCPITAaCMOCTh U T.II.

CTh, HU3MCHCHHH HUX XapPAKTCPUCTUK B 3aBUCHUMOCTHU OT KOHICHTPAIL[UK

MAaTCpUuaJIbHbIX MAaCC U UX JIBUKCHUS

EJII/IHCTBO IMPOCTPaHCTBA U BPECMCHHU BbIPAXKACTCA B COBMCCTHOM

MaTepHaanoe CAUHCTBO MHpa




Cxema 111. dyHaameHTanbHble KOHUENLUUU ONncaHua
Mpupoabl (pa3BuTHe npeacTaBrieHUN O MPOCTPAHCTBE U
BpeMeHM)

B Hayke HCTOpUYECKH CIIOKUIIOCH JBE KOHUEIIMNA B IOHUMAaHUU IIPOCTPAHCTBA U BPEMEHU

Cy0craHnmaabHasi KOHICTIIUS PensinoHHast KOHIIETIIHS

[IpocTpaHCTBO U BpeMs - HEUTO CaMOCTOSTENBHO
[IpocTpaHcTBO U Bpems HE 0cOObIe

CYIIECTBYIOIIEE HAPSLy C MaTepueii, Kak ee
ya yiot pany pHcH, cyOcTaHIIMANIbHBIE CYIITHOCTH, a (OPMBI

mycTble BMecTuumia. [IpoctpancTso - uncras
CYLIECTBOBAHUS MaTepuaIbHbIX OOBEKTOB.

IMPOTAXKCHHOCTD. BpeMH - yucras AJIUTCIbHOCTD, HpOCTpaHCTBO BBIPAYKACT COCYILECTBOBAHUE

B KOTOPBIE KaK OBl «TIOTPYKEHBD», «IIOMEIIECHBD)
00BeKTOB. Bpems - mocieoBaTeIbHOCTh X

MaTepHaIbHbIE OOBEKTHI o (
P coctostHuid (Apuctorens - [. JIeloHu)

(demoxpurt - 1. HetoTOH)




Cxema 115. PyHaamMeHTanbHbIe KOHUEeNuuu onmcaHns
MNMpupoabl (06LWan xapakTepucTrKa NpocTpaHCcTBa U
BpeMeHM)

IIpocmpancmeo u epemsi - obuue popmovl KOOPOUHAUUU MANEPUATTLHBLX
06’()81(‘77/106 uux COCWZO}ZHLH;Z

o IIpocTpancTBO:
IIpocmpancmeo - 3T0 COBOKYITHOCTh OTHOIIIEHUH,

TPEXMEPHO;
BBIPQKAIOITUX KOOPAUHAITUIO COCYIIECTBYIOIINX 00BEKTOB, UX

OJTHOPOIHO (pPaBHOMPABHE BCEX €TO TOUEK);

M30TPOITHO (PaBHOIMIPABHE BCEX €T0
BEJIMYUHY (PACCTOSIHHE U OPHCHTAITHS ) HAIPaBICHHUIA)

pacmnoiaokeHue APYr OTHOCUTENLHO JIpyra U OTHOCUTENIbHYIO

Bpems - COBOKyITHOCTh OTHOLIECHU, BBIPAKAIOIINAX Bpems:
KOOPJIMHAIUIO CMEHSIOMINX APYT APYra COCTOSIHUM (SIBICHUA),
UX MOCJeI0BaTeIbHOCTD U JJIUTENBHOCTD

OOHOMCPHO,

OJTHOPOJHO (paBHOMpPABHE BCEX

MOMEHTOB BPEMEHHN );

HeoOpaTuMo

BceoOmue cBoiicTBa:

00BEKTUBHOCTH MTPOCTPAHCTBA U BPEMEHU;

BCEOOIIIHOCTh MTPOCTPAHCTBA U BPEMEHU




Cxema 116. CTpyKTypHble YPOBHM OpraHu3aumm martepum
(CTPYKTYPHOCTb U CUCTEMHOCTb MaTepumn)

CTpYKTYpPHOCTH U CHCTEMHOCTH MaTepUuM

B Heoprannyeckoi mpupojie B KaueCTBE
CMPYKMYPHBIX YPOSHell OpraHu3allii MaTepuun
BBIJICTISIOT:

3JIEMEHTAPHBIC YaCTHUIIBI;

aTOMBI;

MOJICKYJIBI;

TIOJIS;

(bU3HYEeCKU BaKyyM;

MaKpPOCKOITUYCCKHUE TeIa;

IIJIAHETHI U TJIAHETHBIE CUCTEMEI;

3BE3/IbI U 3BE3/THBIC CUCTEMBI (TAIAKTUKHN);

CHUCTEMBI TaJlakTUK (MeTrarajakTuka)

MHOXeCTBO 0OBEKTOB OY/IET Yer10CmHOu
cucmemotl, €CIIA SHEPTHUS CBSI3H MEXKTY HUMH
OO0JIbIIIe UX CyMMAapHOW KHHETUICCKOW YHEPTHH
COBMECTHO C SHEPTHEil BHEIIHUX BO3ACHCTBUH,
HaNpaBJICHHBIX HA pa3pylIeHue cuctembl. C
MEPEX0IOM OT METOCHCTEM K MAaKPOCHCTEMaM,
MOJICKYJIaM M aTOMaM K TpaBUTAIMOHHBIM
CHJIaM JI00aBIISIFOTCS SJICKTPOMAarHUTHBIC,
HaMHOTO 00JIee MOIIIHBIC YeM TepBhie. B
aTOMHBIX sJIpax JACHCTBYIOT ellie Oolree
MOIIIHBIC SJICPHBIC CHIIBI. YeM MEHBIIIEe pa3Mepbl
MaTepUaIbHBIX CHCTEM, TeM 00JIee MPOYHO
CBSI3aHBI MEXKIY COOOM MX 3JICMCHTHI

Ilpumeuanue:

¢ CHUCTEMA - COBOKYITHOCTDB 3JICMCHTOB H CBsI3EM MCIKIY HUMMU,

* CTPYKTYpa - COBOKYITHOCTb CBSI3€M MEXKY 3JIECMEHTaAMHU.




Cxema 117. CTpyKTYypHbIe YPOBHM OpraHu3aumum matepum

benkoreie Tena. HykinenHosbie
KHCIIOThI

YacTuiel 1 aHTUYACTHUIIBI
MUKpOOpPraHu3Mbl

ATOMHBIE siApa. ATOMBI.

Mukporea |« Mosexyer (BUpYCHI, MUKPOOBI, OaKTEpUN).
[Tnaszma Knerku \
buonornyeckue
Makpotena OnHOKIIETOUHBIE. MHOTOKJIETOUHEIE
/ > CHUCTEMBEI
opranu3Msbl. Pactenus. JKuBotHsie
BELLEeCTBO- T'asoobpastiete Opranuieckue BUAbl. bUOLIEHO3EI.
aHTuBeLlecTBo | | Merarena Kuaxue Broreonernossl. bruocdepa
— Teepasie JITom. HelmoBeueCKOE OOIIECTBO.
Conmocdepa » ConuaabpHble
Cucrembl 3 Bemasre cpencTBa TpeoOpa3soBaHsT CHUCTEMBI U UX
T emJIs - reocdepa .

OPAPOIEL oDIIEeCTBA JJIEMEHTBI

IImaneTs! - 383051 >
T adhang -
TCXHOCQPCPA
I'RW PAd IPAPOIA CO3TAHHAS

1 amakTukn
obmectBoM Hoocdepa

Meraratartika




N

Cxema 118. CTpYyKTYypHbIE YPOBHM OpraHu3aunm matepumm

(moze)

[Tone \

I'paBuTannonHOE (KBaHTHI - TPABUTOHBI)

DNeKTPOMarHUTHOE (KBaHTHI - (JOTOHBI)

SAnepHoe (KBaHTHI - ME30HBI)

DIEKTPOHHO - TO3TPOHHOE (KBAHT JIEKTPOHBI, TO3UTPOHBI)




Cxema 119. CTpyKTypHbIe YPOBHM OpraHm3aumm matepum
(BewecTBO M None)

OcHOBHBIE XapaKTEePUCTUKHU BeIIECTBA A IMOJIA

1. Bewiecmeo u none
PAazu4aromces no mMacce noKos
Yacrumsl BemecTsa 00IaqaT
Maccoi MOKOS, 3JEKTPOMAarHuTHOE
Y TPAaBUTAIIMOHHOE TOJS - HET.
OnHako B MUKPOMHPE KaXKIOMYy
TIOJII0 COTIOCTABIISIETCS YacTUIA
(KBaHT 3TOTO TMOJIS) U KaXK1ast
4yacTHIla pacCMaTpHUBAETCS KaK
KBaHT COOTBETCTBYIOIIETO MOJIS.
JI1st siAepHBIX MoIei (Me30HHOTO,
HYKJIOHHOTO U T.JI.) 3TO pa3jinyue
y>K€ HEBEPHO - KBAHTbHI 3TUX TOJIEH

00J1aar0T KOHEYHOI MacCOU IIOKOS

2. Bewjecmeo u none pasnuuaromes
10 3aKOHOMEPHOCAM OBUNHCEHUS
CKopoCTh pacrpocTpaHEHUs
AJIEKTPOMArHUTHOTO M
IpaBUTALIMOHHOTO TOJIei Bcerna
paBHA CKOPOCTH CBETa B IyCTOTE (C),
a CKOPOCTh JABM)KEHUS YaCTHUIL
BelIecTBa Bceraa MeHsle ¢. OnHako
HaJIW4ue SACPHBIX MOIeH
JUKBUIUPYET U 3Ty TpaHuIy. J{ius
KBaHTOB 3THX IOJIEN KaK pa3
XapakTepHa HEBO3MOYKHOCTh

ABUIKCHUS CO CKOPOCTBIO, paBHOﬁ C

3. Bewyecmeo u none
Pa3nuyaromcs no cmeneHu ,
npoHUyaemocmu

BeniectBo Mano nponuiaemo,
ANEKTPOMArHUTHOE U
TPaBUTAIMOHHOE TOJIS - HA00OPOT.
Ha ypoBHe Mukpomupa u 3ta
rpaHMIa ucue3HeT. J{us Takux
YaCTHIl, KaK HEUTPUHO, BEIICCTBO
OKa3bIBaeTCs BEChMa
MIPOHUIIAEMBIM, C IPYTON CTOPOHBI,
SIIEPHBIC MO MOTYT 00JIaIaTh

OYEHb MaJION MPOHUIIAEMOCTHIO

Ilpumeuanue:

Ha MaKpOCKOIIMYCCKOM YPOBHE IO IMOJIEM MTOHUMACTCA JICKTPOMArHUTHOC U I'PaBUTAIMOHHOC I10JIA, a 101 BEIICCTBOM -0OBIYHBIC TSI




Cxema 120. CTpyKTypHbI€ YPOBHU OpraHu3auum matepum
(BewecTBO U None; NpoaoMMKeHue)

OcHOBHBbI€ XapaKTePUCTUKH BelleCcTBA U TMOJIA

4. Bemecmeo U noiie pasiudaromcia no cmenenu
KORUenmpauuu maccsl u ynepcuu

OueHb OombIIas - Y YaCTHIL BELIECTBA U OYEHb MaJias -
Y AJIEKTPOMAarHuTHOIO Y FPaBUTAIMOHHOTO Toeil. B
MUKpPOMHUPE U 3TO pa3inyuue CTUpaeTcs. SaepHbie mous
0071a/1af0T OTPOMHOM KOHIICHTPAIIUEeH MacChl U
SHEPTUH, U Jake KBaHThI ANEKTPOMArHUTHOTO OIS
MOTYT IOCTUTaTh KOHIIEHTPALUi SHEPT UM,
3HAYUTEIHHO MPEBOCXOASIINX TAKOBYIO Y YACTHI]
BELIECTBA

5. Bewiecmeo u none paznuuaromes Kak KOpnycKynapHas u
6071H08AA CYWHOCIMU

DTO pa3nuune UcYe3aeT Ha yPOBHE MUKPOIIPOIIECCOB.
YacTuipl BelecTsa 001aJaroT BOJHOBEIMU CBOMCTBAMH, a
HETIPEPHIBHOE B MAKPOCKOMTUYECKHUX MPOIIECCax
AMEKTPOMArHUTHOE T0JIe OOHAPYKUBAET HA YPOBHE
MHKPOMUPA CBOM KOPIYCKYJISIPHBIA ACHEKT

Oo6wuii 6b1600:

CYIIHOCTb MI/IKpOO6’BeKTOB

Pasnnune BemecTsa v ot BEPHO XapaKTEPU3YET peaabHbIi MUD B
MaKpOCKOITMYECKOM NPUOIIKEHHH. DTO pa3Inyuue He SBIsIeTcs a0COTIOTHBIM, U
IIpU IIepexoie K MUKPOOObEKTaM sIpKO 0OHAPYKUBAETCSl €r0 OTHOCUTENBHOCT. B
MHUKPOMHUpE MOHITHS «YaCTULBD» (BEIIECTBO) U «BOJIHBD) (IOJIST) BBICTYMAIOT KaK

JAOHOJHHUTEIIbHBIC XapaKTCPHUCTUKH, BHIPAKAOIINE BHYTPCHHE IIPOTUBOPCUYNBY O




Cxema 121. CTpyKTypHbI€ YPOBHU OpraHu3sauum matepum
(cTpyKTypa MuUKpomupa)

CTpyKTypHBbIEe YPOBHH BellleCTBA B MUKPOMHUPeE

MoJiekyJSIpHBbIA YPOBEHb
YpoBEeHb MOJIEKYJISIPHOTO
CTpOEHUS BEIIECTBA.
Monekyna - equHas
KBaHTOBO-MEXaHUYeCKas
cHcTEMa, 00BEIMHAIONIA

dTOMBI

ATOMHBII YPOBEHb Hyxkj10HHBIH

YpoBeHb aTOMHOTO YPOBEHb

CTpOEHUS BEIIECTBA. YpoBeHb aTOMHOTO siipa 1

ATOM - CTPYKTYpPHBII COCTABJISIFOIIMX €r0 YaCTHII.

AJIEMEHT MUKPOMHUPA, Hyxkmon (;at. nucleus -

COCTOSIITUHN U3 s1ipa U SIIpo) - oOIIee Ha3BaHUE

ANEKTPOHHON 000JI0UKH MPOTOHA U HEUTPOHA,
SIBJISFOLUXCS COCTABHBIMU
4acTAMU aTOMHBIX siIEp

KBapkoBblii ypoBeHb

YpoBeHb 3IeMEHTAPHBIX
YacTHUII - KBAPKOB U

JIETITOHOB (3TH
Pa3HOBUIHOCTH OTHOCSITC

K YaCTHIIaM BEIIEeCTBA)




Cxema 123. CTpyKTYypHbI€ YPOBHU OpraHu3auum matepum
(ocHOBHbIE XapaKTePUCTUKUN 3fIeMeHTapPHbIX YacTul,)

OO0muMH /151 BCeX 3JIEMEHTAPHBIX YACTHI XaPaKTEePUCTHKAMM SIBJISIFOTCH:
- Macca. B 3aBUCUMOCTH OT MacChl 3JIEMEHTAPHBIC YaCTHUIIbI ICTATCS HA JIETKUEe (JIEITOHBI), CpeiHue (ME30HBI ), TsOKEbIC (OapHOHBI).

- Bpems oicuznuy. B 3aBECHMOCTH OT BpEMEHH KH3HM dJIeMEHTAapHbIE YACTUIIBI JAeNATCSA Ha CTabHIbHbIe: 2MeKTpoH (t >5%102! ner), mporon (I > 5*
10*! ner), hoTOH M HEHTPUHO; KBA3HCTAOHIBHBIE, PACTIAIAIONIHECS TIPU CIA00M H

3IEKTPOMArHUTHOM B3aMMOJIEHCTBHUAX, BpeMs uX xku3Hu 1 > 5 10720 cex (HeiiTpoH t = 15,3 MuH); pe30HaHCHI (HEYCTOWYHBBIE KOPOTKOKUBYIIHE
10722 - 10"**cek yacTHIIBI, PACTIAAONIMECS 32 CUET CHIBLHOTO B3aUMOJIHCTBHS).

- Dnexmpuyeckuii 3apad. OCHOBHOH eIMHUIEH IEKTPHUECKOTO 3apsaia B MUKPOMHpE ABJIAETCA 3aps 2MeKTpoHa, 1,6-107" xymom.

- Cnun (aHIIL spin - BpallleHHe) - COOCTBEHHBIH MOMEHT UMITYJIbCa MUKPOYACTHUIIbI, IMEIOIHI KBaHTOBYIO IPUPO, KBAHTOBAS BEJTMUUHA,
OTparkarolas BpallleHNe AICKTPOHA BOKPYT CBOE ocu (0003HavaeTcsi OyKBOW 8 M MOKET UM TOJIBKO JBa 3Ha4YeHMs: +1/2 ninu-1/2).

XapaKTepuCTHKH JIEMEHTAPHBIX YaCTHI, MPUHUMAIOLIHE THCKPETHbIE 3HAYEHH:
- K8anmosvie yucia (CIMHOBOE, OpOUTAIEHOS, MATHUTHOE H JIP.)

- 6HYymMpeHHUe KeaHmosbvle yucia (JTeNTOHHbIE U 0apUOHHBIE 3apsbl, YeTHOCTh, KBAPKOBBIE apOMAThI ~-XapaKTEPUCTUKH, OTPEAEIISIOIUE THII
KBapKa, TaKkue, Kak CTPaHHOCTh, U30TONMWYECKUN CIIMH, «OYapOBaHHUE», KKPACOTa», LIBET).



Cxema 124. CTpyKTypHbI€ YPOBHU OpraHu3saumm matepum
(Mnkpomup: Bpems, macca)

Bpems:
- EcTecTBeHHas eMHMIIA BPEMEHH 3I€MEHTapHOI YacTHIBL: TpuMepHO 10723 cexk.

- TunuyHoE BpeMsl )KM3HM «IOJITOKUBYILEH» YyacTUllbl: mpumepHo 10"  cek. YacTuipl, xKuBynme 1071° cek, YKUBYT OYE€Hb M OYEHB JIOJITO 110
CPaBHEHHMIO C YaCTHIaMH, skuBymuME 1072 cek. 3a Bpems 10"  cek yacTHIIa MOKPHIBAET PACCTOSIHKE B ONMH CAHTHMETP, UTO OOJIee UeM B
MUJUTMOH MIJIJTMOHOB Pa3 MPEBBIIIAET €€ COOCTBEHHBIE pa3MEPBHI.

- Mesons! (I 1 Mio -Me30Hb1) xkuByT cootBercTBeHHO 107 1 10 1 ynansrorcs 6onee yem Ha 1 cm.
- HeiiTpon xuBeT okoj10 15 MuH - 110 MacmTabaM MUKPOMHpPA MTPAKTUIECKH O€CKOHEYHO.

- Pe3onancs kuByT 0kono 10722 - caMble KOPOTKOXKUBYIIME YACTUIBL. Haanaouas mooens:

Yacruue Tpebyercs Bcero 102?  cek 11 TOro, 4T0ObI OKPBITH PACCTOSHUE B JECATH Pa3 IPEeBOCXO/AIIEe €€ COOCTBEHHbIE Pa3Mephl, 4TO
aHaJOTUYHO aBToMaluHe, npoexapmei 100 M. 3a Bpemst 10"  cek (BpeMst )KU3HU «JIOJITOKUBYIIECH YaCTHUIIBD ) YacTHIIA MPOHAET 1 cM, 4To
aHATOTMYHO aBTOMAILHMHE, TIpoexasmiei 30 Mapa. kM, KopoTkoxuByIIue yacTHIIb, UMes BpeMs Ki3HH nopsiaka 10720 cek, moo6HI aBTOMAIIIHHE,
KOTOpasi pa3BajMBaeTCs, HE YCIIEB BbIeXaTh 3a 3aBOJCKHE BOPOTA.

Macca:
- Macca anextpoHa - 9*10728 r npurEMaeTcs 3a eIMHUILY H3MEPEHUs MACChl MUKPOMHPA,

- Bcenennasi, mo rpyObIM OLEHKaM, COAEpKUT 0Koso 107 3Be3st (COOTBETCTBYeT uncily MONeKyn B 1 T BOfIbI); cpeHsas Macca 3Be3bl - 10°° 1
nonHas Macca - okono 108 r. Kaxprit rpaMM BelecTBa coaepkKuT npumepro 10%* mpoToHOB,

TaK 4TO 6 M3BECTHOM YacTH BcenenHoii o oueHb rpyObIM OlleHKaM coaepskuTcs 10 mpotoHos, 10 smexTpoHoB, 107° HeliTpuHO U GeccueTHOE
KOJTM4€CTBO ()OTOHOB U TPABUTOHOB.



- MarepuanbHasi yacTUIla B U3BECTHOM CMBICTIE €CTh CKOHIICHTPUPOBAHHBIN U JIOKAJTM30BaHHBIN CTYCTOK dHeprun. KomudecTBo sHEpruu y
MOKOSIIEHCs YaCTULIbI MMPOTOPIIMOHANBHO ee Macce. [1pu nqBukeHnn yactuia npuoopeTaeT TOMOTHUTEIbHYIO SHEPTHUIO - KHHETHYECKYIO SHEPTHIO.
dopmyna DitamiTeitna E- mc’ cBA3bIBa€T Maccy YaCTHIIBI 71 C e COOCTBEHHO# sHeprueii E. ITocneanss mponopuoHanbHa Macce. MHOKATEND ¢
HazbIBaeTCs K03 (UIIMEHTOM NPONOPIHOHATBLHOCTH; OH NMPEBpAIaeT €AUHUIBI H3MEPEHHS MACChl B €IUHUIIBI U3MEPEHUS SHEPTUH.

- Enununeil n3mMepeHus 3Heprud B MUKPOMUPE SIBIISETCS 971eKMPOHE0IbM (IEKTPOHBOIIBT - 3TO SHEPTHsl, KOTOPYIO MOITy4aeT AIEKTPOH, PO
Pa3HOCTh MOTEHITMAIOB B 1 B). DeKTpOHBOIBT OU€Hb MaJICHbKasl BEJTUYHHA

(13B=1,60* 10" ). B kauecTBe MITIOCTPALNK: HIEKTPOHBONBT COCTABIAET OHY MUJLUTHOHHYIO OT OJHOM MHJITMOHHO J0MH 3pra uin 1,6'
1072 5pr (1 a3pr =107 JIx; 1 Jx=10 spr). K npumepy, ofHa kamopus cocTasiseT okono 40 Mupz. apr (4* 10'9), a 1 kBr"4ac - moutH B TeICA4y pa3
6onbie, T.e. 3,6* 10'3 spr.

3apsan:

- OCHOBHO¥ eIMHHMIIEH MEKTPUUECKOTO 3apsa B MUPE EeMEHTApHBIX YacTHII ABJIAETCS 3apsy 2ekTpoHa, 1,6 * 1071 xynon. DTo meHbIIe ofHOM
MUJUTAAPIHON OT OIHON MMJUTMAPAHOM 10U KyaoHa. OHUH KyJOH MIPUMEPHO COOTBETCTBYET KOJIMUECTBY 3apsa, KOTOPOE €XKECEKYHTHO
NPOTEKAeT B IaMIie MOITHOCTBIO0 100 BT. DnekTpuueckue 3apsabl YaCTHII B MUKPOMHPE SBJIAIOTCS IENBIMI KPaTHBIMK BennuuHbl € =1,6 10~ Kn
(371EMEHTapHOTO JEKTPUUECKOTO 3apsia - 3apsjia AIEKTPoHa). Y U3BECTHBIX dJIeMEHTapHbIX YacTuiy Q= 0, 1, £2.



Cxema 126. CTpyKTypHble YPOBHU OpraHusaumm matepum
(MHUKpOMUP: CIIMH)

Cnun:
* B aTome 37eKTpOHBI BpallatoTCsl BOKPYT SApa co CKOpoCThio nopsiaka 1-10% u Gonee oT CKOPOCTH CBETA.

DNEKTPOHBI BPAIAIOTCS U BOKPYT CBOCH COOCTBEHHOM OCH MOA0OHO BOTYKY. DTO BpalleHUE (MM CITUH) SBJSETCS aTpUOyTHBHBIM CBOMCTBOM
MHOTHX 3JIeMEHTapHBIX YyacThil. CIIH JIEMEHTaPHON YaCTHIIBI SBJISICTCS HEM3MEHHBIM CBOWCTBOM YaCTHIIBI M BCET/Ia UMEET OJHO M TO HKe
OIIpeIeIIEHHOE 3HAYCHHE

*  CnouH u3MepsieTcs B TepMUHAX MOMEHTA JBUKEHUS, KOTOPBIM CIYKUT OTHOBPEMEHHO MEpOil Macchl, pa3Mepa U CKOPOCTH BpallleHus. B
OTJIMYHUE OT KIACCUYECKOTO MOMEHTA KOJIMUECTBA JBUKEHHUS, KOTOPBI MOXKET B HEMIPEPHIBHOM MOCIEI0BATEILHOCTH IPUHUMATh JIF0ObIE
3HAYEeHUs, CIUH MPUHUMAET TOJBKO MOJIOKUTENbHbIE TUCKPETHBIE 3HAUeHUs, MPONopIoHaibHble noctosiHHON [Tnanka (h). Kosaddunnent
MIPOMOPLIMOHAIILHOCTH HAa3bIBAETCS CIMHOBBIM KBaHTOBBIM YHCIIOM (8). 3HaueHue 8-0CHOBHBIX AJIEMEHTAPHBIX YaCTHIl MOTYT ObITh enbiMu (0, 1,
2 ...) wm nonyuensivu (1/2, 3/2 ...). B 3Tux equHuIax Bce JENTOHBI M 0apHOHBI UMEIOT CIMH, paBHBIN 1/2, ciuH (oToOHA paBeH 1, a criuH
rpaBUTOHA PABEH 2.

*  CIIUH 37eMEeHTapHBIX 9acTHIl 0003HadaeTcsi OyKBOi 8 M n3MepseTcs B eMHHIAX PaBHBIX HocTosHHOM [Tnanka: h=h(21c)-1,0546;107*/Ix-c



Cxema 127. CTpyKTYypHbI€ YPOBHU OpraHu3aumm matepum
(obwan knaccucpumnkaumsa arieMeHTapHbIX YacTuL)

JJieMeHTapHbIe YaCTHIbI

Mukpouacmuysl - 5TO HEPA3JI0KUMbIE YACTHIIbI, BHYTPEHHSISI CTPYKTYpa KOTOPBIX HE SIBISIETCS 00BEANHEHUEM APYTUX CBOOOIHBIX
YaCTHUII; OHU HE SBJISIOTCS aTOMAaMHM WJIM aTOMHBIMU SJIpaMH, 32 UCKIIIOYEHUEM IPOTOHA

Kiaccuukanus

®DOTOHEI - KBAHT
AMEKTPOMArHUTHOTO
MoJIs, HEeMTpaabHast
3jieMeHTapHa!
YacTHUIla C HyJIE€BOH
MacCoi U CITHHOM 1.
[Tepenocuuk
AEKTPOMArHUTHOTO
B3aHlMOJIEUCTBHUS
MEXITY
3apsKEHHBIMU
YaCTHIAMU

Jlenrons! (rpeu. leptos -
JIETKUI) -3JIEMEHTapHBIC
JaCTHIIBI CO CIIMHOM 1/2, He
YYaCTBYIOIIHME B CHIIBHOM
B3aMOJICHCTBUU

YACTHI]

KBapku - camble MaJble, MUKPOCKOTIUYECKHE
YaCTHIIBI CO CIUHOM 1/2 ¥ 3JIEKTPUUYECKHUM 3apsaoM,
KpaTHBIM 1/3, 3IeMeHTapHbIE COCTABIISIFOIITUE BCEX
aHJPOHOB. JTO KOHEYHBIE OECCTPYKTYPHbBIE
00pa30BaHMs, pazsMep KOTOPHIX cocTapiser > 10-12
cM. KBapku, rpynnupysich 1o e, J1u0o 1o Tpu
YaCTHIIbI, 00pa3yIoT aHIPOHHI (Tped. andros -
CUJIBHBIN) - KJIACC CHIIBHO B3aUMOJICUCTBYIOIINX

AHAPOHBI

bsiproBsI (Tped. barys - TSKENbIi) -
«TSDKEIIbIe)» AIIEMEHTapHbIE YaCTHIIBI CO
cIvHOM 1/2 1 Maccoi, He MEHBIIIEH MacChl
MPOTOHA; 00Pa3yIOTCsS KOMOMHAITUSIMU TPEX
KBapKOB

Me30HbI - HeCTaOWIIbHBIC
DIIEMEHTAPHBIE YaCTHUIIBI C HYJIEBBIM
VUTH TISJTBIM CITHHOM U HE UMEIOIINe
OapuoHHOTO 3apsiaa. Me30HbI
SIBJISTFOTCSI TEPEHOCYMKAMH SIICPHBIX
CHIT

bozonsl (rped. bose. -
JaCTI[bI) - KBa3H-
YJaCIIIbI C HYJIEBBIM
WK LIeJI0YUCICHHBIM
criuHoM. K HuM
OTHOCATCS (OTOH,
BEKTOPHBIC 0030HBI,
[JIFOOHBI, TPABUTOH,
0030HBI XUITCAa, a
TaK)K€ COCTaBHbIE
JaCTUILIBI U3 YETHOTO
yucia GepMHOHOB
(BCe ME30HHI,
MOCTPOEHHBIE U3
KBapKa U aHTHKBapKa

1 T.II.)

prvzettauue: vy Ka)I(JIOﬁ YaCTHIBI UMCCTCA aHTHYaCTHUIIA. v YaCTHUILIbl U aHTUYAaCTUIBI OAVMHAKOBEI MACCEI ITOKOA, CITMH U BPEMS KU3HH.




Cxema 128. CTpyKTypHblI€ YPOBHU OpraHu3auum matepum
(MCTUHHO 3neMeHTapHbIe YacTULbl)

DyHIaMEeHTAJbHbIE YACTUIIbI

JICIITOHBI KBapKu

KBAHTHI MOJIeH

\

Kinacc nenToHoB BKIIIOYAET:
AJIEKTPOHBI; MIOOHHBI;

TSDKEJIBIN Tay-JICNTOH;
3JIEKTOHHOE HEHUTPUHO; TAOHHOE
HEUTPUHO; COOTBETCTBYIOIIHE
AHTUYACTHIIBI (6 BUIOB).
Crun-1/2

l'unore3a kBapkoB M. ['esi-Manu
(1964 r.): Bce anapoOHBI SBISIFOTCS
KOMOUMHAIMsIMH KBapkoB. CyiecTByer
6 TUIIOB KBApPKOB 10 apoOMary
(KBaHTOBOE YHCIIO) B KaXIOM U3
KOTOPBIX pa3inyaeTcs TpU IBeTa (e1re
OJTHO KBAaHTOBOE YHCIIO) - KPaCHbIH,
3elIeHbId, cuHui. CMeCh THX IIBETOB
JAeT HYJICBOM OEJBIN 1BET.
O6bearHeHre KBapKOB MPeIoiaraet
JIBa YCJIOBHSI: CyMMAapHBIii
AIIEKTPUUECKUH 3apsi/i KBAPKOB B
aHJpPOHE JOKECH ObITh
LIEJI0YHUCTICHHBIM; KBapKH,
COEIUHSIOUINECS B aHIPOH, JOJKHBI
MOJTHOCTHIO KOMIIEHCHPOBATh CBOU
L[BETOBBIE 3apsi/ibl U YIOBIETBOPATH
npu3HaKky OecuBeTHocTH. CriuH - 1/2

KBauTEI moJier co3maroTcst YaCTUIIAMA
BelecTBa co CuHOM 1 ((hOoTOHBI,
BEKTOPHBIE 0030HBI, TTIIOOHBI,
TPaBUTOHBI, TPAaBUTUHO). DOTOHBI -
MEPEHOCUYHKH IEKTPOMArHUTHOTO
B3aUMOJICHCTBUS MEXITY
3apsOKEHHBIMU YacTHIIaMu; BekTopsie
OO030HBI - IEPEHOCYUKHU CITAOBIX
B3aUMOJICHCTBUI MEXKY KBApKaMH 1
JlenronaMH. [ TIOOHBI - HEUTpAJIbHBIE
YaCTHUIIbI CO CIUHOM | W HyJIeBOM
Maccom, 00IagaroIye [[BETOBLIM
3apsJIOM; SIBIISIIOTCSI TIEPEHO CYMKAMHU
CUJIBHOTO B3aUMOJICHCTBUS MEXIY
KBapKaMH U «CKJICHBAIOT» UX B
aHApoHbl. ['paBUTOHBI (CTIUH 2)
TEOPETHYECKH MPeICKa3aHHbIE
YaCTHIIBI, OYeHb CJIa00
B3aUMOJICHCTBYIOT C BemecTBOM. H-
ME30HBI, TPABUTHHO (YaCTHIIBI XUITCA)
HE 00HAPYKEHBI YKCTIEPUMEHTAIBHO,
HO TEOPETUYECCKH MPEACKA3AHBI




Cxema 133. CTpyKTypHbI€ YPOBHU OpraHu3auum matepum
(B3anmopgencrteue B MMKpomumpe)

CuIIbHOE B3aMMOJICHCTBHE - 00€CTICUNBAET CUIIbHYIO CBSI3b IIPOTOHOB M HEUTPOHOB B sAIpax
aTOMOB, KBApKOB B HYKJIOHaX

BHGKT[!OMaFHI/ITHOG BSaHMOQ!eﬁCTBHe - 00€ECIIEUNBAET CBA3b SJICKTPOHOB C sAJApaMHu,
ATOMOB B MOJICKYJIax

B3aumopgemncreme
B MUKpOMUpe

Crnaboe B3auMo/IeHCTBUE - 00ECTIEUNBAET MEPEXO MEXAY Pa3HbIMU THIIAMH KBapKOB, B

YaCTHOCTH, ONPEEIISIeT pacia] HEeUTPOHOB, U3BECTHBIN TaKKe Kak OeTTa-pacmal; BbI3bIBACT
B3aMMHbIE TIEPEXO/Ibl MEXAY Pa3INYHBIMU THUIIAMH JICITOHOB. 3a cYeT cIaboro B3auMoaeCTBHS
CBETST 3Be3/Ibl (IIPOTOH MpEBpaIlaeTCcs B HEUTPOH, MO3UTPOH U HEUTPUHO)

['paBUTAIIMOHHOE B3aMMONICHCTBHE - B MUKPOMHPE TIPH PACCTOSHHUSAX MOPSIKA
10713 cM MOXeT He yIUTBIBAThCS, OIHAKO TIPU PaccTOSHUAX mopsiaka 1072 cm
HAYMHAIOT HPOSIBIIATECS 0COOBIE CBOMCTBA (PM3MUECKOTO BAKyyMa - BUPTyalbHbIE
CBEpXTSKENble YACTUIBI OKPYKAIOT Ce0s IPaBUTAIIHOHHEIM MOTIEM,
FICKKAIOIIIM TeOMETPHIO TIPOCTPAHCTBA




Cxema 141. dusnyeckoe BzaumoaencrTeme
(dbyHOoaMeHTanbHble B3aUMOOENUCTBUA)

. I'paBUTAallMOHHOE B3aMMOACHCTBUE NMEET YHUBEPCAIbHBIN XapaKTEP U BBICTyHAET B BUAE NpUTsKeHns. OHO
SBJISIETCSI CAaMBbIM CJIa0bIM U3 BCEX OCTAJIbHBIX B3aUMOJCUCTBUH (CHJIa 3JIEKTPOCTAaTUUECKOTO OTTAIKUBAHUS
snextpoHoB B 10%° pa3 GonbIue cuibl MX TPABUTAIMOHHOTO NPUTSKeHN ). B Kmaccuueckoit hu3uke
TPaBUTAIMOHHOE B3aMMOJCHCTBHE OMMCHIBACTCS 3aKOHOM BCEMUPHOTO TsAroTeHuss HproToHa. B 00mei
TEOPUU OTHOCUTEILHOCTH IPABUTALINS - TIPOSIBIIEHNE KPUBU3HBI IPOCTPAHCTBEHHO-BPEMEHHOTO KOHTUHYYMa
(TIoJIe TATOTEHMS CO3/1aeT UCKPUBIICHUE MMPOCTPAHCTBA TEM OOJIbIIE, YeM OOJIBINE TATOTEIOMIas Macca). B
KBAaHTOBOW TEOPUU, KBAHTAMH I1OJISI TATOTEHUS SBIISIOTCA IPABUTOHBI, KOTOPbIE IEPEHOCST SHEPTHUIO,
001a1a10T UMITYJIBCOM U JPYTUMHU XapaKTEPUCTUKAMU

DIEKTPOMArHUTHOE B3aMMOJICHCTBHE MMEET YHUBEPCABHBIN XapaKTep U MOXKET BHICTYIIATh B
3aBUCHMOCTH OT 3HaKa 3apsjia JM00 KaK MpUTHKEHUe, TH00 Kak oTTaikuBanue. OHO ompeaenseT
BO3HHUKHOBEHHE aTOMOB, MOJICKYJI U MaKPOCKOMTUYECKHUX TEJ. DICKTPOMAarHUTHOE
B3aumozeiicteue B 100-1000 pa3 cmabee CHIBHOTO B3aUMOACHCTBHUSA. DJIEKTPOMArHUTHOE
B3aUMOJICHCTBUE OMUCHIBACTCS ANEKTPOCTATUCTUKOM, ANEKTPOIMHAMUKON, KBAHTOBOM
AIEKTPOAMHAMUKON

Craboe B3aMMOICHCTBUE JEHCTBYET TOJIBKO B MUKPOMHUPE U OMTUCHIBAET HEKOTOPHIE BUIBI
SIIEPHBIX TIporieccoB. OHO KOPOTKOJEHCTBYIOIIEE M XapaKTEPU3yeT BCe BUIbI OeTa-
npesparnieHnii. Cnaboe B3auMoielicTBHE clladee 3JEKTPOMArHUTHOTO, HO CUJTbHEE
rpaBuTanmoHHoro. Ciraboe B3auMOIeHCTBUE OMUCHIBACTCSI TEOPUEH C1a00T0 B3aUMOICUCTBHS,
co3nanHoii B 1967 1. C. BaitnO6eprom u A. Canamom

CunbpHOE B3aMMOICHCTBHE 00ECTIEUMBAET CBSA3b HYKJIOHOB B SIJIPE U OIPENIEISET 1€PHbBIC CHUIIBI.
OHO onMCHIBaETCS TEOPUEH CHIIBHBIX B3aMMOICHCTBUN (KBAHTOBON XPOMOIUHAMUKOMN )




Cxema 155. NNpobnembl camoopraHnsaumm maTepum
(camoopraHusaumsa B OTKPbITbIX CUCTEMAX)

HexoTopble yci10BHsI CAMOOPTraHU3aALMHU

Cucrema 10JDKHA OBITh OTKPHITON U UMETh
MIPUTOK PHEPTHH U BEIICCTBA H3BHE

OTKpBITaH CUCTEMA NOJIDKHA HAXOAUTHCA BAAJIN OT TOYKHU
TEPMOJMHAMUYCCKOIO paBHOBECUA

Hamuuue dmykryamnuu. [Iporece
BO3HHUKHOBEHUS U YCUJICHUS MOPSJIKA Yepes
(biyKTyalun XapakTepu3yIoT KaK IPUHLIUIT

caMoOopraHmu3aluu

CamMoopranuzaiiysi OCHOBBIBAE€TCS Ha
MOJIOKUTEIILHONH 00OpaTHOM CBSI3U, B OTJIUYHE OT
JUHAMHYECKOTO PaBHOBECHS CHCTEM, KOTOPOE

OMUPAETCs Ha OTPULIATENIbHYIO OOPATHYIO CBSI3b

[Ipomecc caMooOpraHn3amuy CUCTEMBI
BO3MOJKEH TOJIBKO IPH OTPEICTICHHOM,

J0CTAaTOYHOM KOJIMYECTBE
B33HMOHCﬁCTByEHlHX DJIEMCHTOB

[Ipornecc camoopraHU3anyy MPEAoaaracT HapyIeHHe
CUMMETPHHA




Cxema 156. lNpobnembl camoopraHusaumm maTepum

(HepaBHOBECHbIEe CUCTEMbI)

PaBHOBecHbBIE " HEPABHOBECHBIC COCTOSTHUS CUCTEMBbI

HepaBHOBeCHoe COCTOsTHHUE

1. Cucrema MEHSET CBOIO CTPYKTYPY, p€arupysi Ha BHEIIIHUE
ycnoBus. [IpuTok sHEpruu co3naer B CUCTEME
YHOPSAA0OYEHHOCTh; SJHTPOIHS YMEHbBIIIAETCS.

2. HepaBHOBECHOCT®D - MPUYMHA MOPSIKA CUCTEMBI; €€
AJIEMEHTHI BEYT ce0sl KOpPEIUPOBAHO.

3. MHOX€eCTBO AUCKPETHBIX YCTOMUMBBIX COCTOSHUI
CUCTEMBI.

4. UyBCTBUTEIHHOCTH K (DIYKTYyaIusiM.

5. Hanmmume Oudypranuu (KpUTHIECKOE COCTOSTHUE,
MepEeIOMHAst TOYKA B Pa3BUTHUU CHCTEMBI).

6. HeonpenesnieHHOCTh MOBEICHUSI CUCTEMBI

PaBHOBecHOe cCOCTOSTHIE

1. Cucrema MEHSET CBOIO CTPYKTYPY TOJIBKO IIPH
HaJUYUU CUIIbHBIX BO3MYILIEHUH.

2. DIeMEeHTHI CUCTEMBI MPEOBIBAIOT B XaOTHYCCKOM
JBUKEHUU. DHTPOIINS BO3PACTAET.

3. OIHO TUCKPETHOE YCTOMYMBOE COCTOSTHUE CUCTEMBI.
4. HeuyBCTBUTEIBLHOCTD K (PITyKTYyaIHsIM.

5. IloBeaeHne CUCTEMBI XapaKTEPU3YETCS JTMHEHHBIMU
3aBUCHUMOCTSIMU




