I Du3uueckas KapmuHda

Mupa



B npupopge cywectsyeTt 4 Tuna (pyHaAaMeHTanbHbIX B3aMMOL4EUCTBUM:
1 2 4




B3aumooeucmeusn ¢ npupooe

OTHOCuUTENnb

B3aumMoaeucTBuUA | HasA cuna

3apsaa

TeKkywee
onucaHue

slpepHoe
(cunbHoOe)

ANEeKTPOMarH1UTH
oe

Cnaboe

'paBuTaLMOHHOE

1038

1036

1025-33

1

LiBeTHOM 3apsg

OIeKTPUYECKU
N 3apsag

Cnabbin
N30CIMWH

Macca

Teopueu

KBaHTOBas
XpomMoanHamMuka

KBaHTOBas
aneKkTpogmHammka

Teopwus
anekTpocnaboro
B3aMMOOENCTBUA

ObLaa Teopud
OTHOCUTENBbHOCTU



B3aumooeucmeusn ¢ npupooe

Bua
B3aMMoO4euncTB
ns

fApepHoe
(cunbHoe)

AneKTpomMarHu
THOe

Cnaboe

paBUTaLUOHH
oe

3apsg,

[THOOHBI

POTOHDI

BO30HbI

[paBUTOH
bl
(rmnoTesa)

10—15

10—15

e}

Paguyc | Bpems
OeNCTB | B3aumoaeu

1024

10—21

10—10

YyacTtHuku
B3aumMoaeucTt
BUsA

Tsaxenble
YyacTuubl
(HYKITOHbI)
a[POHbI,
aapa
KBapKW,
[MHOOHbI

3apsKeHHbIe
YacTuubl 1
JOOTOHbI

JlenToHbl,
adpOHbI
KBapku

Bce tenam
yacTuubl

lNMposiBneHue B
npupoae

YCcTON4YMBOCTb
aTOMHbIX a4ep

YCTON4YnNBOCTb
aToOMOB,
MOJSIEKYn,
MakpoTen

HectabunbHoc
Tb
3NeMEHTapHbIX
yacTuy,

YCTON4YMBOCTb
3Be3q,
NNAaHETHbIX
cuctem



Mamepuanvnolu mup

IIpocTpancrBeHHast

OCHOBHBIEC
CTPYKTYpPHbI€

IMpenmyuiecTBeHHbII

MPOTH!KCHHOCTD THII B3aI/IMOI[eI7]CTBI/Iﬂ

IJIEMEHTbI

MukpomMup

MakpoMup

Meramup

<108

108-10%

>1020

Monekynbl
ATOMBI
DIIleMEeHTapHbIE
YaCTUIIbI
Tena Ha 3emiie
3eMJs U IpyTHe
TIAHETHI
3Be3 bl
['paBuTaniioHHbIE U
AIEKTPOMArHUTHBIE
OJIs
lanaktuku
['paBuTainOHHBIE U
AIEKTPOMArHUTHBIE
T1OJIA

DJIEKTPOMarHUTHOE
CunpHOE
Cnaboe

I'paBUTALIMOHHOE

DNEeKTPOMArHUTHOE

I'paBUTaLIMOHHOE

DNEeKTPOMArHUTHOE



INIEMEHTapPHbIE YaCcTULbI

Bewecteo ——— bo3od Xurrca MepeHocunkn BIaMMOaenCTEMR
i
| |
K“p'l“‘ "?"lTOHN QotoHel  Ws- # Zo-6030He TniooHsl  TpagnToHs (7)
3NEXTPOHK l ‘ l
AnpoHs l InextpomarHeTnam Cnaboe CneHoe  TpasnTauns
| | | |
I 1
KeanToBan KeanTogan KeanToBaR
Me3oHu bapuoHu INEKTPOAMHAMNKA XPOMOAWHAMWKA  rpaBNTALMA
| | )
|
HyKknoHe 3nexTpocnaban TEOpPHA
;]_ l
ATOME Teopus Benukoro obveanHenns (7)
| —
Monexyne Teopus ecero (7)

CocTaBHbI€ YaCcTULbI B3anmoaencTemns u Teopun




PyHOaMeHTalNbHbIe
B3aMmMmoaeuncTeus

Buael
chbyHOAaMeHTanbHbIX Ux ponk BO BceneHHow
B3auMoaeucTBuUn

HeoBXxoauMOo AN BO3HUKHOBEHUA 3834 U3
rpaBMTaLUOHHOE ra3onbiNesbiX TYMaHHOCTE, ANA CYLECTBOBaHUA
NNaHeTHbIX CUCTEM

ANeKTPpO-MarHuTHoO® HeoOxoQumMo ANnA CyLleCcTBOBaHUA aTOMOB

ofycnaBnuBaET cyllecTBOBaHWE U CTabUNbHOCTL S4ep

CUNbHOEe AAQepHoe STOMOB

HeoOxoQumMo ANA TePpMOSAEPHOro CMHTE3a —

cnaboe apgepHoe NCTOMHUKA 3BE3HOM SHEpruv Q;ﬁ MyShared




- EKTPOMATHUTHOE
——— B3AUMOOEVICTBUE

NNAHKOBCKUM BESMKOE

MOMEHT OBbEAVHEHWE
104 10 10 10-% 1078 102 10¢ ] 108 102 1o¢  BPEMA.C
10" 10" 10% 10° 10° 10° 1 10 10¢ 10 102 3HEPIUS, M8




Jeonrouus 632140a Ha PU3ULECKYI0 KAPMUHY MUDA

dusnyeckas Bpewms Y4yeHble - OCHOBHbI€ 3aKOHBbI,
KapTuHa Mupa CywecTt | ocCHoBaTenu Teopuu, NpUHUUNLI
BOBaHM
1
MexaHun4yeckas XVI-XVIl  [emokpur, [MPUHUNN OTHOCUTESTBLHOCTH,
[[anunen, 3aKOHbl AMHAMWKN, 3aKOH

[ekapT, HbloTOH BCEMUPHOro TArOTEHUS,
3aKOHbl COXpaHeHUs

AnekTpoanHamn  XIX- dapagen, 3akoH KynoHa, 3akoH
yeckas Hayano  Makceenn, 3J1IEKTPOMarHUTHOMN
XX OWHLUTENH NHAOYKUNW, YPaBHEHUS
Makceenna, CTO
KBaHTOBO- Havano, [1naHk, 'MnoTtesa lNnaHka, nges
nonesas cepeavH OWHLWTEWH, bop, JOWHLWTEWHa, NnocTynaThbl
a XX Pesepdopa, oe  bopa, kopnyckynspHo-
Bpowurnb, BOJSTHOBOW fyarnusam,
[enseHbepr, ypaBHeHus LpeguHrepa,
LLpeaunHrep HeornpeaneneHHOCTH

[en3eHbepra



IAMMNpuYvecKkue m
dyHOaMeHTanbHble 3aKOHbI

« IMNUPUYECKME 3aKOHblI — 0000 eHne onbITHbIX
¢dakToB
3akoH Oma, 3akoH KynoHa, 3akoH lNyka ...

« dyHaamMmeHTanbHbIW 3aKOH — TPeOylT BbiXoAa 3a
pamMKku Habnopgaemoro

Npumepsbi:
» 3aKoHbl HbIOTOHa B MexaHuke
» Hayana tTepMmoaAMHaMUKH

> MNepuoanueckan tabnuua [.1. Menaeneega! MyShared



NoHATHE nons

None — 3TO HEKaa maTepuanbHas cybcTaHuus,
ABNSAOLAACA NEPEHOCHUKOM PUUYECKUX
B3auMO4ENCTBUN

danbHodeucmeue — B3auMo4eNCcTeMe MrHOBEHHO, Yepes
nycToTy

6n1u3kodeucmeue — B3auMo4encTeme nepeHocuT none, ¢
KOHEYHOU CKOPOCTbIO

ommarnkueaHue npumﬁﬂeé\f-r’l?é' A




O knaccudukaumm 3aKoHOB

* AMMNMUpu4eckmne " beH,ElaMeHTaanble
3aKOHbI
OTHOCATCA K CBOEeu npeamMeTHon obnactu

* NMPUHUMUMNDbI

OTHOCATCHA KO BCEM cbopmaM ABWXEHUNA MaTepun

* 3adKOHbl COXPaHEHUA

JHEeprun, nmnyrnbcCa, MOMeHTa UMnynbCca, 3apaana
{57 MyShared



IAMMUpPUYECcKmne u
doyHAaMeHTanbHbI€ 3aKOHbI

« IMNUPUYECKME 3aKOHbI — 0000 eHne onbITHbIX
¢dakToB
3akoH Oma, 3akoH KynoHa, 3akoH lNyka ...

« dyHaaMeHTanbHbIU 3aKOH — TPeOylT BbiXoAa 3a
pamMKu Habnopgaemoro

Npumepsbi:
» 3aKkoHbl HbIOTOHA B MexaHuke
» Hayana tepmoaAMHaMUKH

» NMepuoanyeckan tabnuua A.WU. Mennenees@ MyShared



PyHOaMeHTarnbHbIE
NPUHUUNbI

NPUHUKUN OTHOCUTENBHOCTU (A. SUHLLTEWNH)
NPUHUMN Cynepnosuyum

noJiAa, co3gaBaembie Pa3HbiIMU UCTOYHUKaMW, CKNagbiBarOTCA

NPUHUUN HaUMeHbLLero aencteus ([aMunbToH)
AeNCcTBUE MUHUMAanNbHO Ha UCTUHHbIX TPAEKTOPUAX CUCTEMDbI

npuHUUn gononHutensHocTu (H. bop)
N NPUHLUN HeonpeaeneHHOCTH
(B. 'enseHbepr)

nPUHUUN COOTBETCTBUA




3aKOHbI COXpaHeHuUs

— CYLLEeCTBYeT BenuvuHa, Kotopasi ocTaercs
HEN3MEHHOU BO BpeMeHU 1 Npun pa3fnnyHbiX npoueccax
. ANEeKTPUYeCKUn 3apag —

ABa 3HakKa, USMEeHAETCA AUCKPETHO
Ecme obwul 3apad mupa, Komopkit ocmaemcs HeU3IMeHHbIM

«  [pyrue 3apsgbl — NeNTOHHbIW, GaPUOHHBIN ...

. JHeprus —
MHOXECTBO BUAOB 3HEPrMn, U3MEHSAETCA HENPEPbIBHO

. UMnynbc, MOMEHT uMnynbsca ...

| —

3aKOHbl COXpPaHEeHUA BbINONMHAKTCA BO BCeX npoueccax, Ha
BCeX YpoBHAX onucanua 1 MyShared




CumMmmMeTpuUs

Heu3MeHHoCcmb obbeKkma
(npouecca) npu kakom-nubo
npeobpasoeaHuu

Tunbl:

[eomeTpuyeckne (NOBOPOT, 3epKaribHOe OTPaXeHue) u
HereoMeTpuyeckne (0gHOPOAHOCTb NPOCTPaAHCTBA U BPEMEHM)

CummeTpusn 3aKOH COXpaHeHuUs
OOQHOPOAHOCTb BpEMEHU aHeprus
OOQHOPOAHOCTb MPOCTPAHCTBA UMNYNbC

M30TPOMNHOCTb NPOCTPaHCTBa

MOMEHT MWHP

o= |

KanubpoBo4Hasi CUMMETPUS

Li g g R Statret
sapsfiT




Pa3Butue npeacraBreHun
O BellecTBe

[1Be OCHOBHbIE KOHLUEenuuu o CTPOEHUUN MaTEPUU

* aTOMU3M: CYLLIECTBOBAHUE MeNbYanLLInNX
HeaenUMbIX YacTuy

aHTUYHbIA aTOMU3M — XUMUYECKNE aTOMbI —
MOIEKYNSAPHO-KUHETUYECKAA TeopuUs

* YYEeHUEe 0 CTUXUAX: BELLECTBO pacnpeneneHo
paBHOMEPHO, MenbYyaullen eAUHULbI HET

apuctoTteneBsckas usunka — teopus 6nmskoaencTeus
— Teopusa anNeKTpoMarHetTuama {57 MyShared



[Mpobnembl B KnacCUYECKOWU
dom3unke KoHua XIX Beka

CepeauHa 19 Beka - o0LWenpuHATLI NAeA aTOMOB U MONEKYNAPHO-
KUHETUYECKaA TEOPUA

* [lepuoaunyeckumn 3akoH MeHgeneesa (1869)

» [lnuckpeTHble CNeKTPbl U3Ny4YeHUs u
nornoweHnsa n ®otoadhdexT

* OTKpbITME pagnoakTuBHocTU (1896) u
anekTpoHa 1897

+ HeBO3MOXHOCTb 06 bACHEHUS TENMOBOTO
nanyyenus Ten (yneTpaduoneToBas
kaTacTpoda!) i yanared



Pa3Butue KBaHTOBOU (PU3UKU

1900 — runoTtesa o kBaHTax uanydeHunsa (M. NnaHk)
1905 — o6bscHeHUe hotoadpdekra (A. SUHLLTENH)
1911 — nnaHeTtapHas mogenb atoma Pesepdopaa
1913 — kBaHTOBas mogenkL atoma (H. bop)

1924,1926 — npencraeneHue o BonHax martepuu (Jlym
ne bpounb) u ypaBHeHue ans HUx (3. LWpeguHrep)

1925 — matpuyHas mexaHuka (B. 'enseHbepr, M. BopH)
1926 — npuHuun 3anpeta (B. MNaynu)

1927 — «COOTHOLLEHME HeonpeaeneHHoCTe
% MyShared
(B. MenseHbepr)



KopnyckynsapHo-BOJIHOBOU
Ayanusm

MUKPOYHACTULILI NPOABNAIOT CBOMCTBA YacTuu

* (poTOaOPEKT — UCNyCKaHUE INEKTPOHOB
BeLleCcTBOM Noj BO34EeUCTBMEM CBETA
ahpekT KomnToHa — paccesHue POTOHOB Ha

aNeKTpoHax

U BOJIH

* Aupakuma u
UHTEpJdepeHUuUs




[MTpHUMN HeonpeneneHHOCTU

B [1BuXKeHune KBaHTOBOW
_____ B i yacTuubl 13 A B
;/./’%‘ onucbIBaeTCsa Kak
A ABWKeEHNE M0 BCeM
iy Y BO3MOXHbIM
------------------------ TPaeKTOPUAM C Pas3HoM
BEPOSITHOCTbIO.

mnynbc B Touke B He onpeneneH, KoopauHaTthl YacTulbl ¢
AaHHBLIM UMNYNBCOM HE OnpeaeneHsl.

(Heonp. koopAuHamsi) X (Heonp. umnynbca) =l ircrfaaner



MMpHUMN AONONTHUTENBLHOCTU

Bce onbiTHbIE AaHHbIEe ONUCLIBAKOTCA Ha A3blKe
Krnaccu4eckou ousmnku

NoBeaeHne KBaHTOBbIX 0O bEKTOB HEBO3MOXHO PEe3Ko
OTrpaHU4MUTb OT UX B3aUMOLENCTBUSA C
N3MepuUTEnNbHLIMU NpUdopamu

v B cuny 3TOro onbITHbIE AaHHbIE AOKHbI
paccMaTpuBaTbCA Kak donosiIHumesibHbIe —
TONbKO COBOKYMHOCTb pPa3HbIX SBMEHUA MOXET AaTb
Bonee nonHoe npeacrtaBneHne 0 CBOUCTBax obbekTa

Hunbc Bop f57 MyShared



dPyHOaMeHTanbHbIEe naeun
KBAaHTOBOU (PU3UKU

OUCKPETHOCTh (KBAHTOBOCTEL) - MUKPOOOBEKTLI HE MOTYT MEHATL CBOE
COCTOAHWE HenpepbISHO, TONLKO CKaYKOM (06 bACHEHWE OpOUT 3NeKTpoHa B
aTtome, pelLeHue ynbTpaduoneToBol katacTpodbl) - M.MnaHk

BEPOATHOCTHLIN XapakTep 3BONOUUM (ABUKEHUA) MUKPOODHEKTOB -
OTKa3 OT KNacCU4Yeckoro AetepMmuHuama - 3.lpeauHrep

KOPNYCKYNAPHO-BONMHOBOW AiyanuaMm - YacTtuyam npucyLin BONHOBbIE
YepTbl, BONHaM - KOpnycKynsapHble (0Tkas oT noaxoAa Yactuua unu BonHa -
ayanuam) - J1.ae bpoine, H.Bop, M.BopH.

NPUHUMN HeonpeaeneHHocTu MeitseHbepra - HEBO3MOXHOCTbL NONyYeHUA
NONHOW U OAHOBPEMEHHO TOYHOM MHbopMaLIMK 0 MUKpoBbeKTax,
U3MEHEeHUe NpeacTaBneHu 0 camomn npoueaype usMepeHus, o
B3auMoaenCcTBuU 00 beKT-CYyObEKT.

npuHUMN 3anpeta MNaynu — HEBO3MOXHOCTb ANSA 3NEKTPOHOB U HEKOTOPbIX
APYrUX YacTUL TAKOro e TUna 3aHUMaTh OHO COCTOAHUE (3TOT NPUHLUN
NEXUT B OCHOBE 00 BACHEHUA NepUoanYeckoro sakoHa Menaeneesa).

{57 MyShared



Y10 00BsiIcHUNA KBaHTOBaA (hu3sunka

"Camasi noomeepxxoeHHasi meopust"
(P. ®euHmaH)
[Tony4unnu obbsacHeHue

CTPOEHUe aTtomMa, CNeKTpbl, Nnepuoaumyeckas Tabnuua,
npupoaa XMMUYECKOW CBSA3U, CTPOEHUE TBEPObIX
Ten, MarHeTusm ...

HoBble aBNeHus

CBEPXNPOBOANUMOCTb U CBEPXTEKYYECTb, TYHHEMNbHbIN
achekT, aHTM4acTUUbl ... {1 MyShared



CTpoeHue aToMa U CneKTpbl

PacnpegeneHue A ’ E
SNEKTPOHHOWU NIIOTHOCTHU V = ‘

c /7
» KBAHT cBeTa
(choTOH)
3NEeKTPOH

E =hv g‘“

KBaHT cBeTa poxaaercs npu
nepexoae anNeKTpoHa U3 COCTOSAHUSA
c bonbLen aHeprum TOAHUE .C

y pra @%ygﬁared
MEHbLUEn 3Heprmen. ™

B aroMe BOAO0pOAa

SHeprus




[TfpumeHeHUe B TeEXHONOrnsAxX

* COBPeMEHHaA 3NEeKTPOHUKaA
* CNeKTPOCKONUA
* aTOMHaRA IHepreTukKa

* nasepobl
* ronorpacOua  * HaAHOTEXHONOrMMu
® o * KBaHTOBbLIE

KOMNbIOTEPbLI

]
{57 MyShared



JrfieMeHTapHble YacTULbl

[1o Ha4ana 20 Beka aToM cuyuTanca HegenmMmbim

OTKpbITUE NEPBbLIX 3NIeMEHTAPHbIX YacTul

PaguoaktusHocTh — 1896 ron, bekkepenb

(CNOCOBHOCTL HEKOTOPbIX aTOMHbIX SiAep CaMOnpPoU3BOSibHO
pacnagaTtbCs C UCnyckaHuem Apyrux 4actuy — anbdga, dera,
ramma usnyyeHus)

SnekTpoH — 1897 roa, Tomcon Ha cerogHAWHWK AGHL —

AtomHoe aapo — 1911 roa, Pesepdops Gonee 350

HeuitpoH — 1932 roa, Yeasuk 3NEeMEHTaPHbLIX

HeutpuHo — 1930 roa, NMaynu
H&CTM@ MyShared

[MosutpoH — 1928 roa, dupak



Knaccudumkauus

AJNIEMEHTAPHbLIX YaCTUL

Pa3nuyaloTcs XxapakTepUCTUKaMm:
CMNWH, 3apsabl, TUM, BPEMS XU3HU ...

* CnuUH — 0030HbLI U PePMUOHDI

bo3oHbl —cnuH 0, 1, 2 ...
COOTBETCTBYIOT KNaCCUYECKUM MONsM, CO34arT CUnbI,
OEUCTBYKOLLME MeXay YacTuuaMu BellecTea

®epmuoHbl — cnuH 1/2, 3/2 ...
COOTBETCTBYIOT HYacTuLaMm BeLlecTBa, NOAYUHAKTCSA

npuHumny Maynu {57 MyShared



Tunbl 3aNeMeHTapHbIX YacTuy

JIenmoHbI — anekTpoH (e), HeUTPUHO (v), MIOOH (L1)...
HE Y4acCTBYIOT B CUNbHOM B3aUMOAEACTBUM

AOPOHBbI — NPOTOH, HENTPOH, KBAPKU, MMNEPOHBI ...
YHacCTBYIOT B CUIbHOM B3aUMOENCTBUM

lMepeHoc4uku e3aumodelucmeut -

(pOTOHBLI — 3MEKTPO-MarHUTHOE B3auMoaenucTeue
BeKTOpHble 6030HLI — cnaboe B3aumogencTaue
rMOOHbLI — CUNbHOE B3auMoaenucTaue

2 O P

rMNepoHbl — rpaBUTaLMOHHOE B3aUMOAERCTBUE
(He obHapyXeHbl) 4] MyShared



AHTUYaCTULUDbI

[Mpumep: 3NeKTPOH — NO3UTPOH

« OauHakoBble€ MacChbl, BPEMS XXU3HU, CMNUH;
NPOTUBOMONOXHbIE 3HAYEHUS ANEKTPUYECKOrO,
GapuoHHOro 1 Apyrux 3apsaoB

. an CTOJNNIKHOBEHUE C YaCTuuamm — aHHUrMnAauunaA, T1.e.
B3aUMOYHUHTOXEHUE C nosaprieHMEM KBaHTOB CBeTa

* ECTb UCTUHHO HenTpanbHble YacTuubl (POTOH,
HEeKOTOpPbl€ ME30Hbl) OHU TOXAECTBEHHbl CBOUM
aHTUYacTULaM {57 MyShared



UCTUHHO 3aneMeHTapHble
YyacTuubl

Elementary particles

u - up quark
"7 ¢ - charm quark
IUlCIt t - top quark
I'—I—‘l'_ O Y - photon
d S b \,, = electron neutrino
V,, = muon neutrino
|Ve IV!J V; - tau neutrino
z -z boson
lelult d - down quark
s - strange quark
- b - bottom quark
Ny g - gluon
Quarks e - electron
Leptons Ll - muon

B Force Carriers T - tau lepton

w - w boson

+ UX aHTUYaCTULIbI a MyShared



