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Jlekumsa Ne 3

[IpencraBneHus: 0 MaTepuu U €€ CBOUCTBAX.

JieMeHTapHbIe YaCTUILIbI U
dyHAaMeHTa/IbHbIe PU3HUECKHe
B3aHMOJE€NCTBHUSI.

OcHoBHbIe pU3nvecKre KapTUHbI MUPa.



MaTtepus.

» Mamepus - 6eCKOHeYHOEe MHOXKeCTBO
BCEX COCYIIEeCTBYIOIINX B MUPe 0OHEKTOB
U CUCTEM, COBOKYITHOCTH UX CBOUCTB U
CBSI3el, OTHOIIeHUN U POPM IBIDKEHUSI.
OmHa BKJIIOYaeT B ce0s1 He TOJILKO
HeII0CpeACTBEHHO HaOI0gaeMble
0O'BEKTHI U TeJIa MPUPOAbI, HO 1 BCe Te,
KOTOpbIe He JaHbI YeJI0BEKY B €T0
OIIYILIIEeHUSIX.



JIBIOKeHH e MaTepUuH TIpeJICTaBisIeT cO00i mobbie
M3MeHeHUs, TPOUCXOsIIIMe C MaTepHaIbHBIMHU
00'beKTaMU B pe3y/ibTaTe X B3aUMOZenCTBHA. B
pUpoJe HAOMIOAAOTCS PA3/TMYHbIE BU/IBI IBVKEHUS
MaTepUH: MeXaHU4eCcKoe, KosebaTeTbHOe ¥ BOJTHOBOE,
TeII0BO€e ABIYKEHVE aTOMOB Y MOJIEKY/I, PABHOBECHbIE
¥ HepaBHOBECHbBIE MPOIIeCChl, PaJIMOAKTUBHBIH
pacnaji, XAMU4YecKue U siiepHbIe PEaKIIH, Pa3BUTHE
YKUBBIX OPTAaHU3MOB U OMoCdephl.
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BelwlecTBo

Bewecmeo npeacTasiisieT co00M OCHOBHOM BU/I
MaTepuH, 00IaJaroIIHi Maccou mokos. K
BellleCTBEHHBIM 00'beKTaM OTHOCSAT: d/IeMeHTapHbIe
YaCTHULLbL, aTOMbI, MOJIEKY/IbI U MHOTOYUCJ/IEHHBIE
oOpa3oBaHHbIE U3 HUX MaTepHaIbHbIe 00 bEKTHI.
CBOMCTBA BellleCTBA 3aBUCAT OT BHEIITHUX YCJIOBUHU U
MHTEHCHUBHOCTU B3aUMOEMCTBUS aTOMOB U MOJIEKYII,
9YTO 1 00yC/IOB/IMBAET Pa3/INYHbIe arperaTHbie
COCTOSIHUSA BelleCTB.
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dPunandeckoe none

Pusuueckoe noJie IpeiCTaB/sieT COOOM 0COOBIHN BU/I
MaTepuH, 00eCcreunBaloIINi GU3NIeCcKoe
B3aMMOZIeHiCTBHE MaTepHaIbHBIX OObEKTOB M UX
cucteM. K pusrndecknm noisim vccaenoBaTesu
OTHOCSIT: 3JIeKTPOMAarHUTHOE Y TPAaBUTAITMOHHOE
TI0J1s1, TI0JIe SITePHBIX CUJI, BOJTHOBBIE TTOJIS],
COOTBETCTBYIOIIIYE PA3/THMYHBIM YACTHIIAM.
McTogyHMKOM PU3NIeCKUX MOIeH IBISIOTCS YaCTHIIBI.
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dun3nyeckmn Bakyym

Pu3zuveckull aKyym — 3TO HUA3LIEe SHePreTuYeCcKoe
COCTOSTHH€ KBAaHTOBOTO MOJISI. DTOT TEPMHUH ObIJT
BBeJleH B KBAHTOBYIO TEOPHIO TTOJIsI /IS OObSICHEHH S
HEKOTOPBIX MpoueccoB. CpegHee YUC/I0 YaCTUL], —
KBAHTOB IOJISI — B BAKyyMe PaBHO HYJ/IIO, OTHAKO B HEM
MOTYT POXXAATHCSI YACTULBI B TPOMEXXYTOYHBIX
COCTOSTHMSIX, CYLLLeCTBYIOLIie KOPOTKOE BpeMsi.



McaHue matepua IX

CUCTEM

KoHmuHyanbHas Teoprst pacCMaTPpUBAeT
MOBTOPSOLIUECS HelpePbIBHbIE MPOLLECCHI,
KoJieOaHMsI, KOTOPbIe ITPOUCXOAST B OKPeCTHOCTHU
HEKOTOPOTO cpeAHero noaoxenus. [Ipu
pacrpocTpaHeHUH KoieOaHUH B cpefie BOSHUKAIOT
BOJIHBI.
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_OnucaHve maTtepuanbHbiX

CUCTEM

C TOYKH 3peHUsT KOHMUHYA/IbHOU KOHLENLUU BCS
MaTepHsl pacCMaTpUBasach Kak ¢popma 1o,
PaBHOMEPHO PacIIPOCTPAHEHHOTIO B IPOCTPAHCTBE, a
IOCJIe CJTYYaHOTO BO3MYILEHUS I10JI1 BO3HUKIIN
BOJIHBI, TO €CTh YaCTULIBI C Pa3/IMYHBIMU CBOMCTBAMU.
BzaumogeiicTBre 3THX 00pa30BaHMM ITPHUBEJIO K
MOSABJIEHUIO aTOMOB, MOJIEKYJ/I, MaKpPOTeJI,
ob6pasyrommx MakpoMup. Ha ocHoBe 3TOTO KpUTEpHS
BBIAE/ISIOT CJIeAYIOLIre YPOBHU MaTepUn: MUKPOMMUD,
MaKpOMUP U MeramMmup.
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Mukpomump

MI/IKPOMI/IP — 3TO 00/1aCTh Impeac/ibHO MaJIbIX,
HEIIOCPEaACTBEHHO HeHa6]IIO,ZLa€MI)IX MATEPpHUATIBHBIX
MI/IKPOOG’BCKTOB, Pa3MeEP KOTOPbIX NCHUCTISAECTCS B
nyamna3oHe OT 10—8 no1 0-16 CM, a BpeMsi )KU3HH — OT O€CKOHEYHOCTH 10
19724 ¢. ITO MUP OT aTOMOB 10 3JIEMEHTAPHBIX YaCTHII.
Bce oHu O6JIa,ZLaIOT KaK BO/IHOBbIMH, TaK 1
KOPIIYCKY/ISIPHBIMHA CBOMCTBaMMU.
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Makpomup

Makpomup — MUp MaTepHaIbHBIX 00 BEKTOB,
COM3MEePHMBIX IO CBOMM MaciTabom c yenoBekom. Ha
3TOM YPOBHE MPOCTPAHCTBEHHbBIE BeTUYHNHBI
U3MEPSIOTCI OT MUUIMMETPOB 10 KUJIOMETPOB, a
BpeMs — OT CeKYHJ, 10 neT. MakpoMup npencraBieH
MaKpPOMOJIEKY/IaMH, BelljeCTBaMH1 B Pa3/IMYHbIX
arperaTHbIX COCTOSTHUSAX, YKUBBIMU OPTaHU3MAMMU,
YeJIOBEKOM U MPOAYKTAMMU €ro eI TeIbHOCTH.
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Meramup

Mezamup — cpepa OTpOMHBIX KOCMHUYECKHX
MacIITabOB U CKOPOCTEM, pacCTOSTHHUE B KOTOPOH
HM3MepPsIeTCS ACTPOHOMUYECKUMU eTUHUIIAMH (1 a. e.
= 8,3 CBEeTOBBIX MHHYThI), CBETOBBIMM T'OZaMu (1
CBETOBOM rofi, = 10 TPJIH KM) U ITapceKaMu (11K = 30
TPJ/IH KM), 2 BpeMsI CYIIeCTBOBAHUST KOCMHUYECKHUX
00'beKTOB — MHWJUIMOHAMHU ¥ MUJUTHAapAamu jieT. K
3TOMY YPOBHIO OTHOCSITCSI HAaOoJiee KpyITHbIe
MaTepHaJibHble 00bEeKThI: MJIAHETHI U UX CHCTEMBI,
3Be3/Ibl, TAJIAKTUKH U UX CKOTUIEHHU S, 0Opa3yIoliue
MeTara/JIaKTUKH.



P
ONeMeHTapHble YacTuLbl

DjieMeHTapHbIe YaCTHUIIbI — OCHOBHbIE CTPYKTYPHbBIE
3/7IeMeHThl MUKPOMUPA. JIeMeHTapPHbIe YaCTHIIbI
MOT'YT OBITh COCMAB8HbIMU (ITPOTOH, HEATPOH) U
HecocmasHbviMu (371€KTPOH, HEUTPUHO, GOTOH). K
HACTOsIIIIeMy BpeMeHU 0OHapyXeHO OoJjiee 400 YaCTHI]
M X aHTUYACTUII.
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P Knaccudvkaums

SJ1IEMEHTAPHbIX HaCTUL

DieMeHTapHbIe YaCTULBI KJIACCUPUITUPYIOT IO
CJIeIYIOLIUM TIPU3HAKaM: MaccCe YaCTULLbI,
IEKTPUYECKOMY 3apsifly, TUITy PU3UIECKOTO
B3aUMOJENCTBYS, B KOTOPOM YYaCTBYIOT
3/IeMEeHTAPHbIE YaCTULbl, BDEMEHMU XXM3HU YaCTUll,
CIIUHY U .



B 3aBrcHMMOCTH OT MacChl ITOKOSI YaCTULIBI (Macca ee IOKo4,
KOTOPast OIIpeeasieTCA M0 OTHOLIEHUIO K MacCe MOKOs
3JIEKTPOHA, CYUTAIOIIErOCs CaMOM JIETKOU U3 BCeX YaCTUL,
HMMEOIIMX MAaCCy) BBIZEISIOT:

¢ odorons! (rpeu. photos — 9acTHIIBI, KOTOPbIE He UMEIOT
MacCChI ITIOKOS M IBIDKYTCSI CO CKOPOCTBIO CBETA);

¢ nemnons! (rpeu. leptos — erkuii) — e€rKye YaCTHLBI
(2/1eKTPOH ¥ HEHTPHUHO);

¢ ™eszoHsI (Tpeu. mesos — cpeiHUIT) — CpeJHHe YaCTHUIIBI C
MaCCOM OT OJHO¥ 0 THICSIYM MACC 3JIeKTPOHA (ITM-Me30H,
Ka-Me30H U JIp.);

¢ Gapuonsl (rpeu. barys — TsHKebIN) — TSHKeTbIe YaCTHIIBI
C Maccoit 6osee THICSTYM MACC D/IEKTPOHA (TTPOTOHBI,
HEUTPOHBI U JIP.).
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=~ B 3aBUCHMOCTH OT 3/JIeKTPUYECKOTO 3apsi/ia BbIAE/ISIOT:

¢ yacTuLEI c oTpHUIIaTETEHBIM 3apsIoM (HalpuMep,
3JIEKTPOHBI);

¢ yacTuIB c TOMTOXUTETBHBIM 3apA0M (HalprMep,
IIPOTOH, TO3UTPOHBI);

¢ uyacTuupI c HyeBBIM 3apAgoOM (HarpuMep,
HEUTPHHO).



Cyl1eCcTBYIOT YaCTHUIIBI C APOOHBIM 3apsiioM — keapku. C
y4eToM Tuna GyHIaMEHTATbHOTO B3aUMOJENCTBY S, B
KOTOPOM YYaCTBYIOT YaCTULLbI, CPeU HUX BBIAE/ISIOT:

© azponsl (rpey. adros — KpyIHbIA, CUTBHBIN),
y4aCTBYIOIIYE B 3/IEKTPOMAarHUTHOM, CHJIBHOM M CJIa0OM
B3aHMOJE€VCTBUMU,

¢ 7enToHbl, y4acTBYOIIME TOJIBKO B 3IEKTPOMArHUTHOM
1 ¢J1a0OM B3aMMOIEHCTBUMY;

¢ yacTuup - nepenocynku B3aumogeiicTBuii (GPOTOHBI -
IePEHOCYUKU 3/IEKTPOMArHUTHOTO B3aUMOZEeUCTBUS;
I'PAaBUTOHBI — IEPEHOCYUKHU I'PAaBUTALIMOHHOTO
B3aMMOJEUCTBUS; ITIFOOHBI — IEPEHOCYUKU CUIBHOTO
B3aMMOIENCTBUS; IPOMEXYTOYHBbIE BEKTOPHbIE OO30HBI —
IIePEeHOCYHKH C/1abOro B3aMOIeMCTBHS).
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B3anmogencrteue

BsanmogencTBre — OCHOBHAS IIPUYUHA ABYKEHUS
MaTepUuH, MO3TOMY B3aUMOJEUCTBHE ITPUCYILLE BCeM
MaTepHaTbHBIM 00 beKTaM He3aBUCHUMO OT HUX
MIPUPOSHOTO IPOUCXOXKACHUS U CUCTEMHOM
OpraHM3aLUU.
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~fpaButaumoHHoe

B3anmMoagencTeue

[pasumauyuoHHoe B3auMOieHiCTBHE TTePBbIM U3
M3BeCTHBIX QyHTaMeHTaTbHBIX B3aUMO/Ie i CTBUI
CTaJI0 MpeIMETOM HUCCIed0BaHUSs YieHbIX. OHO
MIPOSIB/ISIETCSI BO BBAUMHOM MPUTSDHKEHUH JTI0OBIX
MaTepHaIbHbIX 00'beKTOB, UMEIOIITHX MaCCY,
nepefaeTcs MOCPEeICTBOM I'PABUTAITMOHHOTO TIOJIS U
orpe/ieisieTcsi 3aKOHOM BCEMUPHOTO TATOTEHHMS,
KOTOPBIH 06T cpopmynupoBaH M. HeroToHOM

[lepeHOCYMKaMU IPAaBUTALLMOHHOTO B3aUMOZENCTBUS
SIBJIAIOTCA I'PAaBUTOHBI — KBAaHTBI IPABUTALIMOHHOT'O
TIOJIA.



INEeKTPOMarHnTHO

B3aMMOOEUCTBUE

IDNEeKMPOMASHUIMHOE B3aUMOAENCTBUE TAKKe
SIBISIETCSI YHUBEPCATbHBIM U CyLIeCTBYEeT MEXAY
JIOOBIMUY T€JITaMU B MUKPO-, MAKPO— Y1 MeTaMHpe.
DIeKTPOMAarHUTHOE B3aUMOIeHCTBHE OOYC/TOBIEHO
3/IEKTPUYECKHUMHU 3apsilaMU U MepeiaeTcs ¢ TOMOIIbIO
3/IEKTPUYECKOTO U MAaTHUTHOTO MOJIe.
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CunbHOE B3anMoaeNCTBUE

CunbHoe B3aMOIeliCTBUEe 00eCIIeYrBaeT CBI3b
HYKJIOHOB B sifipe. CMIbHOE B3aUMOIeICTBHE
yAeP)KUBAeT HYKJIOHBI (IIPOTOHBI X HEMTPOHBI) B sIAPE
M KBADKW BHYTPU HYKJIOHOB M OTBeYaeT 3a
CcTabM/IBHOCTD aTOMHBIX sifiep. C TTOMOIIBI0 CUTBHOTO
B3aMMO/IEMCTBUSA YUeHble O0bSICHUIN, IOYEMY
IIPOTOHBI 1/Ipa aTOMa He Pa3J/IeTalTCs MOoJ, JeUCTBUEM
371€KTPOMArHUTHBIX CHUJI OTTA/IKUBaHUs. CUIbHOE
B3aMMOJIeMCTBUE NepeaeTCs [TTIDOHAMU —
YACTULLAMHU, «CKJIEUBAIOIIUMU» KBAPKH, KOTOPbIE
BXOZ ST B COCTAB IIPOTOHOB, HEUTPOHOB U JPYTUX
YaCTUL,



-
Cnaboe B3anmoaencTeume

Cnaboe B3anMoIeiCTBHE TaK)Ke AUCTBYET TOTBKO B
MHUKpOMUpe. B 3TOM B3aUMOIeNCTBUM YYACTBYIOT BCe
37IeMeHTapHbIe YacTHUIIbI, KpoMme poToHa. OHO
o0Oyc10B/IMBaeT OOJIBITMHCTBO PaCMa/ioB
3/IeMEeHTAPHBIX YaCTUL], IO3ITOMY €ro OTKPbITHE
MPOM3OILILIO BC/Ie[, 3d OTKPBITUEM PAaIMOAKTUBHOCTH.



Cnacmbo 3a BHUMaHue!



