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[TnaToH

« CuaerenbcTtBO [Inarona B «Tumee» o poacTBe Mexay apuHIHAMU
u xxurenaamu Cauca.

e «Ectb B Erunre, — HayaJ Ham Jaed, — Yy BepUIMHBI
Heabrsl, rae Huix pacxoaurcs HA OTAedbHbIE TOTOKH, HOM,
uMeHyeMbli CaucCKUM; IVIAaBHBIA IOpPOA 3TOr0 HOMa —
Camuc, orkyaa, Mexay nNpoyuM, ObLJI POAOM LAPb AMACHC.
IIOKpOBHMTEJIBHHUIIA TOPOAA — HEKasA 00rHHsA, KOTOpPasi I0-
erunercku 3oBercd Heltr, a MNO-JUIMHCKH, Kak
YTBEP:KAAKT MECTHbIE KUTEJIU, 3T0 APHHA; OHH BeCbMa
JAPYKECTBEHHO PACIHOJIOKEHbI K a(pUMHAHAM U NPUTA3AIOT

HA HEKoe PpoACTBO ¢ mnocaeaHumMm». Ilmnaron. CoOpanue
counHenuii B 4 1.- T. 3. Hacte 1. — C-II0., 2007. - C. 503.



[1peBHee 3HaHue

 Bompoc o nepBoHadanax. «EruntsaHe B cBoer (uiiocoduu
paccyxaaad o Oorax M cupaBemIMBOCTH. OHU YTBEpPKIaH,
YTO HayaJlaMU BCETO SIBISICTCS BEILICCTBO, U3 HETO BBIACISIIOTCS
YyeTbipe CTUXHHM KW B 3aBEPIICHUEC SIBISIOTCS BCEBO3MOXKHBIC
KUBbIE cymiecTtBa». B VI B. 10 H. 3. €rUNTsAHE NMPUHUMAIIHU
BOJIy KaK ITIJAaBHOE II€PBOHAYAJIO.

* [Ilo 3ameuanuro Ilnyrapxa: « Eruntane ropopsr, uto CoJIHIIE U
Jlyna 0o0Be3KaroT HEOO HE Ha KOJICCHHIIAX, a Ha KOpaOJIsx,
HAMEKasgd Ha HUX POXICHUE W3 BJArM W IIMTAHUE BIIATOM.
Jlymarot, yto u ['oMep mosnaraet BoJy Ha4aJioM U ,,pOJIUTEIEM

BCEX Belel, mogooHo dajiecy HAYYMBIIUCHh YV E€rHITAHY.
[Inyrapx. O6 Ucune u Ocupuce, 10, 354 DE.
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ANXUMHUYECKOE COBEPILICHCTBOBAHUE
BEILIECTBA

[’ pamanuu COBEpIIEHCTBOBAHMS BEIIIECTBA CHHKPETUYECKOTO
nepuoja (CHU3Y BBEPX):

1.CoBepiieHHasT  KpUCTA/UIMYECKas  peEIIeTKa  IPaBHIBHOTO
MHOT'OT'PAHHUKA.

2.becnycToTHas KpUCTaZIMUecKasl pelieTKa Tejia, COCTOSIIEIO 13
HEeNpPEPBIBHOIO 3(upa.

3.XaoTHueCKrue M HECOpa3MEpPHBIE KPHUCTAUIMYSCKHE PEIICTKH
KBAaHTOBOI'O MUPa aTOMOB M ITyCTOTHI.



CTerneHu COBEPIICHCTBA YEI0BEKA

[ pamanuu COBEpIIEHCTBOBAHMS YE€IOBEKA CHHKPETHUYECKOTO
nepuoja (CHU3Y BBEPX):

1.Cr1ocoOHOCTh OOINEHMS ¢ BHICIIMMHU JTYXOBHBIMH CYIIIECTBaMU
(Omarogars).

2.CnocoOHOCTh MemuTanuu (BOCHPUITHEC U yACpKaHHE B cede
COBEPIIICHHOW 3()MPHOU CYOCTaHIIUN).

3.CriocoOHOCTh JOCTUTaTh COCTOSIHUSA aKTyaJIbHOU
OECKOHEYHOCTH Yepe3 COPUCTUYECKYIO NapaJ0KCaAIbHOCTD.

O6Hla}1 YCTAaHOBKa — IIOAABJICHUC JKHBOTHOI'O CTPACTHOI'O
Ha4daJia.



IIpaBUIbHBIE MHOTOTPAHHUKH.

EcrectBennpie  Hayku. CyIIecTBYeT TMOTYCTOPOHHUM COBEPIICHHBIN
ooxkecTBeHHbIH MuUp («Tumei», «Pemon»). OH COCTOUT U3 IISTH
MIPABUIILHBIX MHOTOTPaHHUKOB (IEepBOAIEMEHTOB). [Toctpoenue
MPABWIBHBIX ~ MHOTOIPAHHUKOB  OINMCBIBAET  3BKJIWJIOBA T€OMETpPHS.
[ImaroHOBCKasi (Pu3MKa paccMarpuBacT JABHXKEHHE TEJI B HJICAILHOM
KOCMOCE. AJNXHMHUS 3aHUMAETCS CO3JaHUEM KBUHTAICCEHUMHU (IISITOTO
MepBOAJIEMEHTA). ACTPOHOMHUS JA€T YCTPOMCTBO HAIIYHHOTO MHpa
UJICAJIBHOTO KOCMOCA. bOIOTHS ONKMCHIBAET MJIATOHOBCKOTO YEI0BEKA.

['ymManuTapubie Hayku. [[71TaTOHOBCKUM YeIOBEK. bOKECTBEHHBIE CYILIECTBA
13 ujaealbHOro kocmoca. Bockpemenue. beccmeptue B adupHOM Tele.
B3auMojieicTBe MOCIOCTOPOHHETO M IMOTYCTOPOHHETO MHpa (3THKAa,
CBAILIICHHAs MCTOPUSA, OCBAIICHHOE CBBINIE IIaTpUApXaJbHOE IIPaBo,
OOroBIOXHOBEHHBIC JINTEPATypPHbIC IPOU3BEACHUS U CBAIICHHBIC TEKCTHI).




I'Ipanu'leble MHOIOIMPpaHHUKHA

OroHb 3emnsa

Bo3agyx Boga




neanbHbI KOCMOC

QdumpHoe Hebo




NppaumoHanbHOCTN NpaBUIbHbIX
MHOIOrpaHHNKOB

CHMBOIIHYECKOE Ha3BaHHE I'eomeTpHYeCKas ¢durypa CoHsMepHMOE COOTHOIIIEHHE
IIePBOCTHXHH, (mepBoHa4all, | MIPaBHIBHOIO MHOTOTPAaHHHKA, | MeXKIy pedpoM MHOIOIpaHHHKA H
[IePBOIEMEHTOB,  ILIATOHOBCKHX | COOTBETCTBYIOILIAA IIEPBOITEMEHTY | PaIHyCOM. OIIHCAHHOH cepsl
[IPAaBHIIBHBIX TEI)
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MaTtemaTuka nepBO3rIEMEHTOB

«Havana» EBknuaa:

1 kHura. lNocTpoeHue npaBUMbLHOIO TPeyrosbHUKa.
[TpeobpasoBaHne nbon ourypsl B NPSMOYronbHUK.
Teopema [1ndharopa.

« 2 KHura. [lpeobpasoBaHne nPAMOYroribHUKa B
KBagpar.

« 3-4 kHurn. CeouctBa  kpyra. [locTtpoeHune
NPaBUIbHOrO MATUYIONbHMKA.

* 5-6 KHUrKU. N/3yyeHMe CBOUCTB paLMOHalbHbIX
COOTHOLLUEHNN BENUNYMH.



MaTtemaTuka nepBO3rIEMEHTOB

¢ 7-9 KHUTN. N3yyeHue CBOWUCTB
paunoHanbHbIX COOTHOLLUEHUWX Yuncen.
* 10 KHUra. N3yyeHue CBOWUCTB

NppaumnNOHaAl1bHbIX COOTHOLUEHUN BENUNYUH.

 11-12 «kHUrN. WccneooBaHue  CBOUCTB
CTEPEOMETPUYECKUX PUTryp.

« 13 kKHura. [locTpoeHne  npaBUNbHbIX
MHOIorpaHHMKOB.
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AHpgpen benbin

"MBlI ele He JO0CTaTOYHO OKHWBMUIIM CBOEC
3(pUpHOE TEJIO; OKHUBU MbI €TI0, MBI ITYJIbCALIUIO
3TOr0 TE€Ja, MHOTOOOpA3HBIE €ro HCTCYCHBS,
IBYDKCHBSL MEPEKHUBAIW Obl U B (PU3HMYECCKOM
TENEC, KaK OBUIICEHbS, KAK NYIbCAyUU GHYMpU
Hawux  Quzuueckux  owyujeHutl; U dXPUPHEIC
OIIYIICHNUS ObLIM OBl BBIJAHBI HAaM He U36HE -
usHympu'.



BHYTpeHHAA apmnpHaga aHeprus

 [HpesHnn Ermvmnetr. [WMMHacTuKa eruneTckoro xpeua [epmeca
Tpucmeruncra. EOovHcTBO rTMMHaCTUYECKUX ynpaxHeHum
(cepauebuneHne) n abixatensHoW npaktukn. CosgaHme Bakyyma
9OUPHOWN SHEPTrNUM N NocneayroLWero normnoLweHna apupHoe aHeprum
n3BHe. [pakTnka megutaumnm Kak yaepxaHme agoupHOU aHepruu.

« Kutam n Anonua. SHeprus Un (Kn). Oaocnam (U — NHb 1 AHb —
NATb CTUXUN). byganam. KoHdyumMaHCTBO N HEOKOHYLMAHCTBO YKy
Cun (1130—1200). OnpepensieTcsd Kak «MNHeBMay, «3doupy,
«BO3OYX», «ObIXaHNE», «3HEpPrusa», «Kn3HeHHas cunax. LlnryH kak
€OWHCTBO TMMHACTUYECKUX YhnpaXHeHunm (ceppuebueHue) u
OblxaTenbHOM nNpakTuKKn. boeBble uckycctBa (Oycnaoo, amkugo,
lHaonuHb). MeguumHckas npaktuka. Yuwy. OaHwyn. LuryH un
Maou3Mm.



BHYTpeHHAA apmnpHaga aHeprus

Nugna. [lNpaHa kak Xu3HeHHas aHeprud. [lpakTuka xartxa-mnoru.
[lpaHa HanoMHSAET NpaHM4YecKoe TeNo 4YerioBeka C KaxablM BOOXOM.
[MMHacTuka (cepguebueHne) + abixaTenbHas nNpakTuka. DHeprus
KyHOANVHW.

OpeBHaa [peuma. Panec m ConioH obyvanucb MeguTauum vy
ermneTckux xpeuos. lNudarop 6bin ernnetckum xpeuom 34 roga (22
roga B Ermnte u 12 net B BaBunoHe). Cokpat. Mogenb 4enoseka
Apuctotend. OHTenexus (aHeprma) wn Butanmam ApucTtoTens.
MwupoBou adpup ctoukos. Mogernb Yyenoseka laneHa.

XpuctnaHcteo. beHeanktuHubl. Ucmxasm. Muctmyeckme TeEXHUKU
BOCNpuUATUE OOXecTBEHHOU raBOpCKoM dHeprun. [dbixaTenbHas
NpakTuKa + KOHTPOSib cepauebmneHunsi. XpuUcTUaHCKUE pbllapcKme
opaeHa. Pycckue ctapubl. imacnasue.

Ncnam. [Mepunatntekn WMOGH-CnHa n WOGH-Pywpan. Mwuctuyeckue
TeyeHuna (cydmam). TaHuyowme gepsuin B Typuun.,



LOwnanor [natoHa «l oprun»

e [IpoTnBONOCTAaBICHNE TIMMHACTHUKH W KOCMETHKHM,
Bpay€OHOTO HMCKYCCTBA M  IOBAapCKOTO HCKYCCTBA,
IPABOCYJIUS U KPACHOPECUHS.

* «...3a TMMHACTHKOM, TakKhUM K€ TOYHO o0OpazoMm, —
yKpallleHue TeJja: 3aHATHC 3JIOBPCIHOE, JDKUBOE,
HHU3KO€, HE0JIaropoJHOE, OHO BBOAUT B OOMaH JIMHUSIMH,
KpacKamMu, MIAJKOCThIO KOXKH, HapsgamMud MU 3acTaBiIsSeT
THAThCS 34 YYXKOM KpPacoToi, 3a0biBasg O COOCTBEHHOMM,
KOTOPYIO JaeT THMHACTHKA.



BHYTpeHHAA apmnpHaga aHeprus

« HoBoe Bpemsa. Mogenb 4ernoeka [ekapTta. OUPHbIE XXUBOTHbIE
aoyxun. LWnwkoBmngHasa xenesa. OQUPHLIA XUBOTHbIM aBTOMaT.
brnaropogHblM  4enoBeK Kak  TpaHCUeHAEHTanbHbll  CYObEeKT
(HocuTenb BPOXOEHHLIX WMOEN, HPABCTBEHHOIO 3aKoHa, BbICLUMX
arnpuopHbLIX LEHHOCTEN U CTPYKTYP YMUCTOro CO3HaHud). Butanmam
18-20 Beka ([aHC OpuLu).

 OnekTpoMarHUTHbIN JeroBek 19-20 Beka. JnNeKTpuyeckne wu
XUMUYECKNE peakuun npu nepegade MMMNyrnbCoOB B HEPBAX U TKaHAX
mMo3ra. OCHOBbIBAETCS Ha 3rekTpomarHuTtHom Teopun Makcsenna,
npu3Hawwen wuaeanbHbln HernpepbiBHbIM 3apup. Kpax Teopumn
MakcBenna B 20 Beke. HeobxogumocTb co3gaHust Teopun
«KBAHTOBOrO YerioBekay, oTpuuatowen HenpepbiBHbIN 3GUP.

« [ete. AHTponocodusa Pyoonbda LLTanHepa. 'eTeaHym — oOM Bcex
nckyccts. AHgpeun benbin.



BHeIHMN HEPEPHIBHBIN d(UP.

EcTecTBEHHbBIC HAyKH M3Y4YalOT OCOOBIM HJi€adbHbIM  (TIOAJIMHHBIN )
3bupHBIi MHp. B Hayke 3TOT MHp Ha3bIBa€TCS MHPOM CYIIIHOCTH.
CylIHOCTh — 3TO peajibHbIi OOBEKT, OYMIICHHBIM OT ClIydailHOCTEM
(aKIuIeHIIHI).

OkpyXarluil HaC MUP YIIEPOEH, HCKOPEKEH MyCTOTOM, HO 32 HUM CHSIET
UJCAUTBHBIA MUP CYITHOCTH. KBaHTOBBIN OOBEKT — IIyCTOTAa = 3(PUPHBIN
o0bekT. B  wmupe HempepslBHOro 3¢upa OTCYTCTBYET ITyCTOTA
(mOoTeHIMaJIbHAsT OECKOHEYHOCTH ).

CylIHOCTh — 3TO U1, K KOTOPOMY CTPEMUTCS KaXJblil OOBEKT.

DdupHas maremaTvka, (u3uKa, XUMHS W OHOJIOTHUS OIMCBHIBAIOT ATOT
WJICATIbHBIN MUDP.

B a¢upHOM MHUpe IENCTBYET apUCTOTEIEBCKAs (DOpMaTbHAS JIOTHKA.



HepeanbHbIE CBOMCTBA HENIPEPHIBHOI'O
(pupal

e Tem xyaxe s daxrtoB! (Tak ['erenp oTBETHSI OJHAXKIBI Ha 3aMEYaHUE, UYTO €r0
TEOPUHU HE COTNIACyIoTCs ¢ (pakramMu).

* Terenb: «Ecinu peallbHOCTh HE YMEIIACTCS B BalllCH TEOPHUM, YTO K, HTHOPUPYIUTE

PEAIbHOCTDY.
* O rugponuHamuke: Ho, Kak COBEpIIEHHO MPaBUILHO oTMedaeT Tpycaenn, Diep, a
1o Hero JlamamOep, He ObLIM €llle B COCTOSHUU IOIYYUTh M3 CBOUX YpaBHECHHUU
X0Tsl ObI OJIMH HOBBIN Pe3yJabTAT, KOTOPBbIA MOXHO OBLIO OBl CONMOCTABHUTH C

IKCHEPUMEHTOM.

« B «TeopeTHd4eCcKOM W DHKCIEPUMEHTAIIbHOM TpaKTaTe II0 TUIAPOJIUHAMUKEY
u3BecTtHoro ydyeHoro toro Bpemenu III. boccro (1730 - 1814) B ucropuueckom
o030pe mocjae moxBaa Jamambepy, Ounepy wu JlarpaHxky Mbl 4YHTaEM:
«COBMECTHBIE YCHJIMS BEJIMKUX T€OMETPOB, BUIAMMO, MCHEPIAJH BCE PECYPCHI,
KOTOPBIMH PAcCIlONIAraeT aHaliu3 JJIsl ONPEACICHUS ABWXXKEHUS KUAKOcTer. K
HECYACThIO, IO CAMOM MPUPOJIC BOMIPOCA 3TU PACUETHI HACTOJIBKO CIOXKHBI, YTO UX
MOXXHO paccMaTpuBaTh KaKk caMu IO ce0e AparoleHHble MaTreMaTH4yecKue
HCTUHBLI, HO HE KAaK CHMBOJIbI, KOTOPHIMH MOXHO HaNISJHO ONHUCATH
AeCTBUTEIbHOE U (pU3HYECKOe IBUKECHHE JKUIKOCTEeH).

 HWpecanbHas »dupHas KUAKOCTP He OKA3LIBAET CONPOTHBJIEHHUA IIapy,
JIBIOKYIIIEMYCs B Hel (mmapajgokc [lamamoOepa).

 Kpuszuc ¢usuku xoHna 19 — nawama 20 Bexka. HeoOXogMMOCTH CYIIIECTBOBAHUS
3c¢upHoro Berpa (onbIT MaiikelbCOHa), TEINIOBOE U3JIyUYeHHUE a0COIIOTHO YEPHOTO
TeJila ¥ TaK Jajiee.




Qpup (maTepus)

o JloreHnuaabHO OECKOHEUHOE JIEJICHUE MOCTEIICHHO IIar 3a ImaroM JEIUT
100yl0 BEIMUMHY Ha 4dacTu. Hampumep, neneHue morojaM B alopuu
3eHoHa. /leneHne NpoOUCXOIUT 10 OECKOHEYHOCTH, MOATOMY HUKOTAA HE
MOSIBJISIOTCS aTOMbl (He-JenuMbie) U myctora. OOBEKTBHI 3TOTO0 MHpa
00s13aT€IbHO UMEIOT BEJIMYMHY O BCEM pacCMaTPHUBAEMbIM U3MEPCHUSM.

Anopusa «uxotommay. CymmupoBanue: 2 + Vo + 1/8 + 1/16 +...
AED C B

= 1.,
21:(5) =1.

*  «ATOMBI + yCTOTa» - «ITyCTOTa» = «HEMPEPHIBHBINA dPHUP».

 «Heonpenenennas kpucTtajuiMdyeckas pemieTka» - IycTroTa (xaoc) =
«OTpeJieSIeHHas: KpUCTAJIINYeCKasl pEeIIeTKa.

 HeonpenaeneHHOCTh  KPUCTAUIMYECKOM  PEIIETKH  00YyCJIaBJIMBACTCS
MPUHIUIIOM HEONPEICIICHHOCTH I'eiizenoepra. DdupHas
KpUCTAJUTMYECKasl peIIeTKa €le He uMeeT (GOpMbl MPaBUIBHBIX
MHOTOI'PAHHHUKOB.




AMOpPdHbIE NEPBO3NIEMEHTD

AMOPdHbLIN KyD AMOpPMHbLIN TETPA3OP
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UeTbipe Moagenn HenpepbIBHOIO
adpupa

ADCONIOTHO XecTkun acoup (4o 18 Beka).

Yrpyrum xngkmu koneontowmnmncs adoup (BTopas
nonosuHa 17 Beka - 18 Bek).

Mogenb TBepaoro adgwupa C BpaLleHUsMU,
nHepumnen n gedopmaumen (19 Bek).

Mogoenb anekTtpomMarHuMTHoro adupa (BTopas
nonosuHa 19 Beka — Ha4yano 20 Beka).



AOCOIIOTHO KECTKHH d(PUP

[lepBast u camast IpeBHSA MOJAEIb HEMPEPHIBHOTO 3Pupa. ITO
MOJICJIb APEBHETO CBETOHOCHOIO »3¢upa. YacTuipl cBeTa
IpEJCTaBICHbl KaK aOCONIOTHO JKeCTKHUe (OWJIHapaHbIe
II1apHhl).

[IepBOAIEMEHTBI SIBJISIOTCS TOPOXKJICHUEM YHUCTONH SHEPrUuu
(bopMbI), peaIM30BaHHOM B IEPBOMATEPUH KaK IMOTCHIIUHU.

Marematuueckue OCHOBaHHUA HdTOoM wMoaenu: «KoHumueckue
ceueHus» Anomnonus Ileprckoro, «Apudmeruka» Inodanrta
u «l'eomerpus» Jlexapra.

KoHeuHnble anreOpanyeckue ypaBHECHUS ONMCHIBAIO JIBHXKCHHUS
[IOTOKA CBETOHOCHBIX YaCTUI[ B HMX B3aUMOICHUCTBUU C
MPETOMIISIOIIIUMY M OTPAXKAFOIIUMU CPEAAMU.

Hannuwme cTpoiHON anreOpanydeckou TEOpHUHM MHOATBEPKAACT
BBICIILYI0 PA3YyMHOCTb UJICATLHOTO 3(PUPHOTO BEIIECTBRA.



KoHn4yeckune cevyeHus (poKychbl)

[Mapabona [Mnepbona
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JIBa BapraHTa HJI€aIbHOIO
3(pUpHOTO MHpa

I. 3aMKHYTBIM M KOHEYHbIH HAeaJbHBIN KOCMOC (chaurpoc)
ApHUCTOTEJSI U CTOMKOB.
KadectBeHHas ¢u3znka Apucrorens (HelyHu] Kak BCE3aroJIHSIOIIAs

npo3padHas cpeda, amMop(dHBIE MEPBOIEMEHThI, €CTECTBEHHBIC U
BBIHYKJICHHBIC IBIDKCHUSI, CHCTEMAa MECT, aHTUIICPUCTACHUC, ONITHKA).

®uzrka ApHUCTOTENISI ONUCBIBAET MHP ©0€3 MYCTOTHL. 3aKOHBI
apUCTOTEICBCKON (PU3UKH TMOJHOCTHIO COOTBETCTBYIOT COBPEMEHHBIM
3aKOHAM JBUKCHHUS TEJI B BA3KOM CONPOTUBIISIIOLICHCS CPEE.

®dusuka cCTOUKOB (3(pUpHAst ONTHUKA, TOHYCHI).

II. HeorpanuyeHHblii BooOpaxaeMbld JA(PUPHBLIA MUP
Jlexapra.

Ontuka u MexaHuka Jlekapra (Buxpu, BOOOpakaeMbli MHUp, TpHU
MIEPBOARJIEMEHTA, TPU 3aKOHA (DU3UKH, 3aKOH IIPEJIOMJICHUS CBETA).



Mozenp yrupyroro
KOJICOJIIOIIETOCS JKUJIKOro dpupa

IIpoaoJabHbIe KOJe0aHusd. beCKkoHEeYHO MaJible KOJI€OaHUsI YaCTHUI]
3(pupa OKOJIO IOJIOKEHUS PAaBHOBECHS.

Heo0xonuMoCTh MaTeMaTHUE€CKOTO BBHIPAXKEHUS PA3IMYHBIX KPUBBIX
1 TIOBEPXHOCTEH, OMMCHIBAIOIINX paclpesiesiecHue d(UPHBIX BOIH B
COOTBETCTBHHM C PACHPEACITICHUEM UCTOYHUKOB (0COOBIX TOYEK).

Maremarnueckui  aHanu3z  JlenOHuna, bepnymm,  Ounepa,
Jlarpanxa. /JludpdpepeHnumanbabie ypaBHEHUS.

KonebarenbHble ABMKEHMS H(PHpa OMUCHIBAIOTCS C ITOMOIIBIO
g depeHINANBHBIX YPABHEHUH (OOBIKHOBEHHBIX U C YaCTHBIMHU
POU3BOIHBIMH ).

PemieHusimu JaHHBIX Jud@epeHInaibHbIX YpaBHEHUN SBJISIOTCS
TPAHCHEHACHTHbIC  (YHKIMHM  (COBOKYNHOCTH  JIMHUH U
IOBEPXHOCTEN), KOTOPBIC ONMMCHIBAIOT YIIPYTHUe KOJIeOaHus.




Mojeb yIpyroro
KOJICOIIOIIErOCs JKUAKOTO (pupa

JlocTuKeHHUsT BOJIHOBOM ONTHUKM 17 BEKa: OTKPBITHE
unrephepenuuu (I'yk, 1665), nudpakuuu (I'pumansau, 1665),
nonsspu3anuu ceera (I'toirenc, 1670 ).

IIpoGaembl BoaHOBOM onTHKM B 18 Beke. HeBO3MOXHOCTH
OMUCAHUA IPSMOJIMHEHHOTO JIBUKCHUS CBETa.
Nutepdepentius, audpakius W TOISpU3AlMS HE HAXOIAT
TOYHOTO MAaTEMaTHYECKOTO OIMCAaHMS C IOMOIIBI0 MOJCIH
YIIPYIoTo KUJIKOTo A(upa.

D(QUpPHBIA BapUAaHT HBIOTOHOBCKOM MEXAHUKH — TEOPUS
ONMM3KOJICHMCTBUS, MexaHuka cBsa3erd ([amambep, Dinep,
Jlarpanx).

Odupnas rugponnHamuka. Ilepuog rocmoacTBa 3PUPHBIX
HEBECOMBIX  JKHIKOCTEH  (MarHUTHBIC,  DJICKTPUUYECKHE,
3(OUPHBIN TEILJIOPON).



[TpogonbHble KoNnebaHus
yacTuL, adunpa




BeckoHe4yHO manble KonebaHuns
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Mogaens TBeporo 3upa ¢ BpalllcHUSIMH,
MHEpLHEH U AedopMalici

HoBblii TBEpAbIli 3GuUp IOTpeOOBal JUKBUAALMU S(PUPHBIX
xuakocterd. OTkaz OT MOpOAOJBHBIX KojeOaHuil. OnTHka
®penensa-FOHra  npuHMMaeT — IONEpeYHbIE  KoJaeOaHUs
MexaHu4deckoro 3¢upa. HoBoe o0bsicHeHHME MHTEP(DEPEHINM,
NOJISIpU3allMd M MPSIMOJIMHEHHOIO paclpOCTpaHEHUsS CBETA.
IToOena BOTHOBOM TEOpUHU CBETA.

Mexanuka aedopmannu u BpamieHus s¢upa (Komm, I'aycc,
['amunbToH,  SK0OHM).  DIEKTPUUECTBO M MarHeTHU3M
IMOHMMAIOTCS KaK MeEXaHW4YecKue jaedopmamnuu TBEPAOTO
aupa.

['aMWJIBTOH  TIOCTPOWMJI  BApPHUAHT  OINTHUKO-MEXAHWUYECKOU
aHAJIOTUM. J(PUp NOPEACTABIACTCS KaK TBEPAOE TEIO0 C
aedopManusaMu U HanpskeHUssMH. OnTuka ['aMuibpToHa.

Craructuyeckas puznka MakcBeiuia (OrpoMHOE YHCJIO YaCTHIL
B TBEPJIOM TeEJIE).



Mogaens TBeporo 3upa ¢ BpalllcHUSIMH,
MHEpLHEH U AedopMalici

* Taycc, Komn, ®penens, FOHT, I'amunbron, KensBuH. KoMIuiekcHbIE
YHCJ1a, KBATEPHUOHBI, BEKTOPA, MATPHUIIBHI.

 Taycc. KBaaparuunbsie GOpMBI M KPUCTAUIMYECKUE PEIICTKH
TBepaoro Ttena. Jledbopmamuu ©W  BpalleHUS KPHUCTALUIMYECKOM
PEIIETKU OMUCHIBACTCA C IIOMOIIBIO KBAAPATHUYHBIX (DOPM.

A(z. 1) = 2 2 2 2

- (\‘1#.01} — -ll + e +clp —clp+l S \l-,zu

* Komm. Pedpopma MaremaTrnueckoro anaiamsa BO BTOpou dyeTBeptH 19
Beka.  HempepwiBHass ~ (yHKIUS ~ JOKHA ~ OBITH  BE3JIE

i@ depeHIIMpoBaHa 32 HCKJIIOYCHHUEM KOHEYHOTO 4YHCJIa OCOOBIX
TO4YEK pa3pbiBa. OcoOble TOYKH pa3pbiBa — 3TO TOUKU (Y3JIbl)
KPUCTAJUIMYECKOM pemieTku. [yt  omnucaHus HOBOM  MOJIENU
TBEpAOro 3(pupa MOHAAOOMIOCH BBECTH HOBBIC TPAHCIICH/ICHTHBIC
(GyHKIMY (3JUTUOTHYECKUE PYHKIIUM, a0€JI€BbI (PYHKIIHH).



[TonepeyHble KonebaHmns YacTul,
adpupa




MHTepnpeTaums KOMMNNEKCHbIX YNCEN KakK
TOYEK KPpUCTaNMMYeCKOU peLLETKN.
BpawieHne n gedopmayms

Im A
Im A e'¥ = cos p +isin
t a+bi
b —— —
| sin
| P
: O|cos ¢ IT{e
|
L Re
0 a

. X = rcos o,
x=a+ib=re"” =rcose+irsing y =rsin g,



MaTpuiHoe ncymcrieHme

« MaTtpuubl onucbiBalOT BpalleHne ©n gedoopmaunm
HenpepbIBHOro adgoupa.

« Kaxgoe NnMHenHoe ypaBHEHWE ONUCbIBAET O4HY TOYKY ee
KoopanHatamu (KoadpduuneHtamm). HemssecTHble — 3TO
OPTOHOPMUPOBAHHbIN Ba3uc. IToT 6a3nc Hago HaWUTU B
xone peweHns. CBobOOaHbIE 4fiEHbl — 3TO BHELLHEE
BO3OenCcTBne (KoopauHaTHOe npupallieHne OT BHEeLUHEW
Cunbl).

a11Z1 + -+ + 1Ty = by,

00000000000000000000000



MaTpuiHoe ncymcrieHme

 Onpepgenutenb — 3TO Nnowaab TPeYyronbHUKa N3 ToYeK NIMHENHOIO
ypaBHeHus1 (ana n = 2), obbem TeTpasgpa (ans n = 3) n Tak ganee.

 KoHeyHas wmaTpuua COOTBETCTBYET N-MEpPHOM KOHeYHOW dourype
(MHOroobpasuto). beckoHedyHas mMaTpuvua — OECKOHEYHO-MEPHOMY
MHoOroobpasuto (nosio, HernpepbIBHOM cpeae).

* BblpO)K,El,eHHble mMatpumubl UMEWOT MUHYC OOHO U3MEPEHUE.
OnncbIBalOT «CXMOMNbIBaAHUEY.

L
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ONeKTPOMarHUTHbIN adpup

[Tocnenuen KOHIIEMIINEHN apupa ObLIa TEOPHUS
AIEKTpOMarHuTHOro 3upa Papanes-Makcpesia-JlopeHiia.
Beco MaTEMaTUYECKUI )| (hU3NYECKUN amnrapar

AICKTPOJMHAMUKN CTPOUTCSA Ha 3TOM (PUIOCO(PCKON MOJenn
aupa.

@apaaerd u MakcBeml MOHUMAIKW >(PUP KaK JIHAJIEKTPHK,
KOTOPBIM moABepraeTcs AcpopManuu (CUIOBBIC JUHUH). DDUP
paszgensercss Ha  JIB€  KOMIOHEHTBI:  BpAIlArOLINECs
HATCOOpa3HblE BUXPU (CUJIOBBIE JIMHWHM) W MEJIbYaWIINE
IBYKYIIUECA YACTUYKU MEXKY 3STUMU BUXPSIMU.

Marematuka. MakcBemn, lIepu, Jlopenn, Ilyankape.
Bekropubeii  ananu3. Tomonorus. KauecTBeHHass Teopus
i depeHnanbHbIX YPABHEHUM.



anekTpoanHamuka Papages-
Makceenna

3akoH KyinmoHa — 3TO0 BUIMMOCTB. TsKenble Tella — 3TO
«IIETKW» B NOoTOKax 3dupa. Teopus OIU3KOICHCTBHUS.

DJeKTpoMarauTHas nHAyKus dapajes.
YpaBHeHus MakcBesia:

rot H = 4aj/c + o0D/cot, tne H — 510 MarnutHas
HaIpPsSHKEHHOCTD, D - 3TO 3jiekTpruyecKas HHAYKIMS, | - 9TO TOK
IPOBOJIMMOCTH, OD/0Ot - 3TO TOK CMEIIICHHUS.

rot E =— 0B/cot, rne E - 310 anexkTpuyeckas Hanps>KEHHOCTb,
B - 3To MarHuTHas: UHIYKITHS.
Div B =0.

Div D = 47wp, rae p — 3T0 IJIIOTHOCTH 3apPSA10B.



Mopenb adoupa Makceenna
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OMDUpPHbIE CUMOBLIE NTUHUN
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MarHuTHble CMNoBble NIMHUNK




ONeKTPOMarHUTHbIN adpup

beita co3gaHa  AJIEKTpOMAarHUuTHasE  MOAECAb  3(UPHOIO
KMUBOTHOTO H J3(PUPHOrO 4ejOBE€Ka. D(PUPHBIC KUBBIC
CylIECTBAa  ONHUCBHIBAJIUCH C  IIOMONIBKD  YCIIOBHBIX W
0€3yCIOBHBIX pedeKcoB, (UZNUECKYI0 OCHOBY KOTOPBIX
COCTaBJIsJIa DHEPrUs DJICKTPOMATHUTHBIX B3aMMOJICHCTBUUA
(;kuBoTHOE »3nekTpuuectBo).  [HHC »sdupHoro uenoneka
ONKCBhIBAJIACh ~ KaK  JJIEKTPUYECKOE M XHUMHYECKOE
B3aUMOJICMCTBUE. DIIEKTPUUYECKUE TOTEHIIUAJIBI HEUPOHOB.

B cBorw ouepenp XUMHUS CBOAWIACH K DJIEKTPOMArHUTHOMY
B3aMMO/JICUCTBUIO BHYTPU MOJIEKYIL.

Bropas mnonoBuHa 19 Beka Obula TepuOAOM TpHyM(Pa
HENPEPHIBHOIO a¢upa, HO BCE 3aKOHYMJIOCH
KaracTpoduueckor rudensro 3dupa (1905 rox).



ATOMUBM

EcrecTBeHHBIC Hayku. M3ydeHwe Hamero mMupa. ITO KBAHTOBBIA MHUD.
AKTyasibHasi OCCKOHEYHOCTh (aTOMbl M IyCTOTa). ATOM HMEET OJHO U3
U3MEpPEHU paBHBIM MO BeauduHE (0. ATOMBI — 3TO TPETHUM POJ BEIIECTBA
(HE KOHEYHOE, M HE€ TOTCHIUAJIbHO OCECKOHEYHOE), YMCTasi DSHEPrus
(ckopocth ¢). W3 Hemenumoro (PHeprusi) MOAydaeTcs ACIUMOE
(BemecTBeHHOE). [lapamoKcaibHOCTh U MPOTUBOPECYMBOCTh HAILIETO MHPA.
KBaHTOBas MeXaHWKa, KBAHTOBAsi XUMUsI, KBAHTOBAsI OHMOJIOTHSI.

I'vManuTapueie Hayku. Hekmnaccuueckas soruka. IlapamgokcanibHOCTH
MBIIIJICHUSI «KBAHTOBOTO 4ejaoBeka» (codu3mpl). Hwuszmme u BbICHIHE
GbopMbI TICUXMYECKON JIESATEIbHOCTH MOMAYMHEHBI 3aKOHOMEPHOCTSIM
KBAaHTOBOW MEXaHUKHU. MOJIeb KBAHTOBOIO KOMIIbIOTEpa. MHAMBU IyaIn3M
B collMaiabHON cdepe (HEeT O0mMX JJIsI BCeX JIIOACH BPOXKICHHBIX HICH,
alpUOPHBIX [ICHHOCTEHW WA €AUHON MOPAJIN).



Tperun poj BEIIMUUHEBL
(akTyanbHas OCCKOHCYHOCTD )

 Takoe cocrogHue lanunen Ha3bIBa€T TPETUM POJ  BEIUYUHBI
(cooTBEeTCTBHE JIIOOOMY AaHHOMY 4uCIy). «..Ha mnpemmoxeHHBbIN
BOIPOC — KOHEYHO WJIM OECKOHEYHO YHCJIO YaCTEH OrpaHWYE€HHOIO
KOHTUHyyMa — S OTBEUY COBEPIICHHO HWHAa4€, 4YE€M CHHbOP
CUMILUIMYHO, @ UMEHHO, YTO OHO He KOHEYHO M He 0eCKOHE4YHO...
Ecin roBOpUTh O BEIWYMHE, TO MEXIY KOHECUHBIM M O€CKOHEUHBIM
HaXOJUTCS €IIC U TPeThbe — CpeAHee, COOTBETCTBYIOIIEE JTI000MY
JTAHHOMY YMCJY; ITOJOOHBIM K€ 00pa30oM Ha MPEAJI0KEHHBIN BBIIIE
BOIPOC, KOHEYHO MJIM OCCKOHEYHO  KOJIMYECTBO  4YacTeu
KOHTUHYyMa, CaMbIM MPaBUJIbHBIM OBLIO OBl OTBETUTH: OHO HE
KOHEYHO M HE OCCKOHEYHO YMCJICHHO, HO COOTBETCTBYET JHOOOMY
JAHHOMY YHCJIY; JJI1 3TOr0 HEOOXOAMMO TOJIbKO, 4TOOBI OHO He
ObLJIO OTPAHMYEHO ONpPeaeJJeHHBIM YHCI0M.



AKTyaano beckoHe4yHOoe aeneHne

I[Ipy akKkTyajbHO O0eCKOHEUYHOM [IeJIeHHM OTpe3Ka IOodydaroTcs anee
HelleIuMble  aTOMbI - TOYKH. B KOHEYHOM OTpe3Ke MPHCYTCTBYET
OECKOHEYHOE KOJHUYECTBO TOUYEK.

° HpI/I AKTYAJIbHO OSCKOHEUYHOM JICJIEHUHM IIJIOCKOCTH IMOJIY4AOTCA HaJICC
HEACJINMbBIC ATOMbBI - IMHUMN.

° HpI/I AKTVAJbHO 0€CKOHEYHUM JIEJEHMU OUbcMHOTO TEJIa IMOJIY4YaroTCs daJicC
HEAC/JINMBIC ATOMBI - IIJIOCKOCTH.

/,




ATOMbI (He-gennmble

«CormacHo (DHTHI[)KCpaJILI[y 51 HOpCHHy, ABMXKYHIHUCCA TCJIa HCIIBITBIBAIOT B HAIIPABJICHHUHU CBOCTO
ABHIXKCHUS COKpAIICHHUC BIIOJIHC onpeneneﬂﬂoﬁ BCIIMYMWHBI, KOTOPOC TCM CHJIBHCC, YCM OoubIIIe CKOPOCTb
TCJIAa. COKpaIHGHI/IG MAaKCUMAJIbHO, KOIZa CKOPOCTH TCJIa AOCTUIAaCT CKOPOCTH CBCTA B IIYCTOTC, B 3TOM
MMpeaAcJIbHOM CiIydac AJIMHA TE€JIA B HAIIPpaBJICHHUU IBUXKCHUS CTajla OBI paBHOﬁ HYJII0»

JIvoun Mapuo. Mcropus ¢pusuku. — M., 1970. — C. 319

I[J'II/IHa TCJIa B HAIIPABJIICHHUW ABUWKCHHUA HOJIDKHA CTAHOBUTLCA 0eCKOHEYHO MaHOﬁ, 1o MCPC TOI'0 KakK
CKOPOCTb HpI/I6JII/I)Ka€TCH K CKOPOCTH CBCTA.

Jlays M. Uctopus ¢puzuku. — M., 1956. —c. 87.

«UM3 3TUX ABYyX MPHUHIMIIOB DWHIITEHH BBHIBEJ MAaTEMaTUYECKU JIOPEHIICBO COKPAIIEHUE IBIDKYIIUXCS T
npu WX HAOMIOACHUHM W3 TOKOAIICHCS CHCTEMBI: €CIIM CKOPOCTh JBIIKYIIErOCs Tejla MPHOMMKaeTcs K
CKOPOCTH CBeTa, CKaTHe JOCTMraeT MaKCUMyMa M TeJO CKUMAETCS B IUIOCKYIO (urypy»
JIvoun Mapuo. Mctopus ¢pusuxu. — M., 1970. — C. 324.

HGIICJII/IMBIG BO3HHUKAIOT B MHUPC IIPpU CKOPOCTAX, CTPCMAIINXCA K CKOPOCTH CBCTA (Hp@I[GJILHaSI CKOpOCTB).
KEDKI[I)Iﬁ GIII/IHI/ILIHLII‘/’I HpOTSI)KCHHLIﬁ OJICMCHT «CXJIOIIBIBACTCs» B aTOM.

2 2

2
y 1%
0=, ( 1—6—2) S =35, 1—‘0’2 v =V,(J1-5)



bepTpaH Paccen

 «CmMbiCcnT punocodpun B TOM, YTOObI HadaTb C
caMoOro O4YeBUAHOroO, a 3aKOHYUTb CaMbIM
napagokcanbHbIM».

o «Punocodons — ITO Korga Oepellb HeYTo
HaACTOMbKO MPOCTOE, YTO 06 3TOM, KaXeTcs, He
CTOUT W rOBOPUTb, U MNPUXOAMLUb K 4Yemy TO
HaACTOSbKO NnapaaoKcasrisHOMY, YTO B 3TO NPOCTO
HEBO3MOXXHO MOBEPUTbLY.



Atomuam 20 Beka

Puyapny ®eilHMaH Kak-TO BBIPA3WJICI, YTO €CJIM Obl YHHYTOXKHUTHb BCIHO
(U3MKYy W TMO3BOJIMTH YEJIOBEUECTBY OCTAaBUTh C€0€ BCErO JIWIIL OJHY
(dpa3y, To OH ocTaBujJ Obl yTBepXkJecHHUE: "Bce Tena cOCTOSAT U3 aTOMOB,
HAXOJAIIUXCS B TIOCTOSHHOM JBWKCHWM MW B3aUMOJACHUCTBUU JPYr C
apyroM" Kak HamOoJiee BaXKHOE, U3 KOTOPOTO YK€ BCE OCTAIBLHOE MOXKHO
BBIBECTH.

M3BecTHBIN (hu3nk-TeopeTuk Pudapn deliHMaH KakK-TO 3aMETHII, YTO XOTSI
KBAaHTOBasi MEXaHNKA CYILECTBYET yKe OoJiee MOIyBEKA, €€ 10 CUX MOp HE
MOHUMAET HU OJVH YeJIOBEK B MUDE.

JIroOuMblii  ad)opr3M KBAaHTOBUKOB: «KBaAHTOBYH) MeEXaHUKY HEIb3s
MOHATH, K HEW MOXHO TOJIBKO ITPUBBIKHYTHY.

bop 3amernn cBomM KojuieraM: “Ecim y 4esioBeka TMpu  TIEPBOM
3HAKOMCTBE C KBAHTOBOM MEXAHUKOM T0JIOBA HE UJAET KPYTOM, TO OH HE
NMOHUMAET B HEW HUYETO .

Bo BceM Mupe eaBa U IIOKHWHA JIKOAEH NMO-HACTOALIEMY NOHUMAKT
Teopuro DitHmrenHa! (. ['amoB)



[lepeyeHb napaaoKcoB

* MeTtpo, KollIeaeK, OECKOHEYHAsl TOCTUHMIIA
e llenoe u 4yacTh
* Kot llIpeaunrepa

 KBauT HAXOAUTCA OAHOBPCMCHHO B JIBYX
MCCTAaX N ABHUZKCTCA 110 ABYM IIYTIIM.

 Copusm «Jhxemy». Ilapamoxc «bpagoOpein».
Ilapanokc Paccerna.

cC=C+YV
 [lapanokc banaxa-Tapckoro



Ilenoe paBHO yacTu

* Bo3pbMEM JIBa MHOXECTBA: MHOXXECTBO BCEX HATypaJIbHBIX
gucesl (4eTHbIE + HEYETHBIE 4YHCIAa) U MHOXKECTBO TOJBKO

YETHBIX YUCEI.
 OYEeBHUIHO, UYTO MHOXKECTBO TOJbLKO YE€THBIX YHCEJI €CTh
YacTh BCEr0 MHOXKECTBA HATypaJbHBIX (YETHBIC + HEUETHHIC)
YHUCEJI.
* Ho onu, no I'anmmiiero u Kantopy, Oka3bIBatOTCA paBHbI. HacTh
paBHA 1IEJIOMY .

N 1 2 3 4 3 6

2N 2 4 6 B 10 12



Ouanor «l'oprnny»

KpacHopeuue - 370 MacTep yoekaeHus.

D10 camoe Benrkoe, Cokpar, U camoe MPeKPACHOEe 13 BCEX YEIOBECYECKUX
aen.

To, uTo MoOMCTHHE COCTaBIsACT BeJuUaiiee 0Jaro u JacT JTIOOIM Kak
cB000y, TaK PaBHO M BJIACTH HAJ APYrUMH JIOIbMH, KaXKJI0MY B CBOEM
ropoze.

CnocoOHOCTB Yy0e:xxaaTh CJIOBOM U CYJIEH B CyJ€, U COBETHUKOB B COBETE,
u Hapona B HapogHoM coOpaHuu, J1a ¥ BO BCSIKOM MHOM COOpaHHWM I'pak/iaH.
Brnanes Takow cuJIoM, Tl U Bpada OyJellb JepKaTh B paOCTBE, U YUUTEIS
TMMHACTUKH, a 4YTO JO HAIIEro JAEblla, OKaXETCs, 4TO OH He Jsi celsi
HAKUBAET JAEHbI'W, a Ui JAPYroro — i TeOs, BIAJCIOIIECTO CIIOBOM M
YMEHBEM YOEXKIaTh TOJIIY.

Oparop cnocoOeH BBICTYIIaTh NPOTUB JHOOOr0 IMPOTUBHMUKA U 1O JIFOOOMY
IIOBOJIY TakK, 4YTO YOEIHUT TOJIITY CKOPEE BCAKOTO JPYTroro; Kopode roBopsi, OH
JOCTHUTHET BCEro, 4ero Hu moxkejaer.



bpagobpent

« B omHOM TMOJKYy XWI-ObUI TOJIKOBOM ITapUKMaxep,
KOTOPOIO II0 HCTOPUYECKHUM HpHUYMHAM  HAa3bIBAIOT
OpanoopeeM. OgHaXIbl KOMaHAUP IpPUKa3al €My OpHUThb
TE€X M TOJIBKO TE€X, KTO HE OpeeTcsa caMm. IIpuka3 10BOJIBHO
pPa3yMHBIN: €CJIM COJJaT OpeeTrcs caM, TO 3a4€M TPaTUTh
Ha HEro BpeMs MNOJKOBOMY mnapukmaxepy? HaepHoe,
MOJIK OBLI OOJBIION, M Opagoopel IMPOCTO HE CIIPABIISIICS.
bpanoOpeii, mojiyduB IIpHKa3, CHadajda oOpajoBajcs,
IOTOMY YTO MHOTHE COJAaThl yMEIW OpHUTBCI CaMHu,
noOpHJI T€X, KTO OPUTHCS CaM HE yMell, a IOTOM CeJI Ha
MEHEK W 33yMAJICS: a YTO €My C COOOM-TO J€IaTh’?



bpagobpent

- Beanp ecam oH Ovaer Opurh cedsl.  TO
HAPYVIIUT NPUKA3 KOMAHIUPA He OPUTH TeX,
KTO Opeercss cam. bpamoOpenn yxke pemmi
ObL10, 4TO OpuTh ceds He OymeT. Ho TyT ero
OCEHHJIA MBICJIb, UTO €CJAU OH caM ce0sl OPUTH
He OvIeT, TO OKaXKeTCd, YTO OH CcaM He
Opeercsi., U IO NPHUKA3Y KOMAHAUPA OH
H0JIKEH BCE-TaKu ceds nmo0puTh... UTO C
HHUM CTajl0, UCTOPHS YMATYHNBACT.




[lapagokc Paccena

* «Ilppumenenre pokazarenbcTBa KaHTOpa IIpHUBEIO
MEHSI K PAaCCMOTPCHUIO KJACCOB, HE SIBJISIIOMIMXCS
WICHAMM __CaMHMX __ce0si; OTH KJACChl, BHIUMO,
TOJKHBI 00pa30BBIBaTh HEKOTOPBIM Kiacc. S 3amaics
BOIPOCOM, SIBIISIETCS JIM ATOT KJIACC YJICHOM CaMOrIo
ce0s miu HeT. Eciu oH 4j1eH caMoro ce0s1, TO JOJIKEH
00J1aJ1aTh ONPECIISAIOIIMM CBOMCTBOM KJIacca, TO €CTh
HE SBIITHCI WICHOM caMoro ceo0s. Ecim oH He
SIBISIETCSI WJIEHOM CcaMOTro ceOs, TO He€ JOJDKEH
o0JIafaTh ONPEACHISAIONIMM CBOMCTBOM Kjacca, H
IIOTOMY JIOJLKEH OBITH YJICHOM caMoro ceos. Takum
o0pa3oM, KaxIasi U3 aJbTE€PHATHB BEICT K CBOCH
NPOTHBOMOJOKHOCTH. B »ToM wum  cocrout
IIPOTUBOPECUHEY.




KBaHTOBaa on3unka

KBaHTOBasi MEXaHUKA U TEOPUS OTHOCUTEILHOCTH. IIpH OKOJI0 CBETOBBIX CKOPOCTIX
(MIHOBEHHBIX B3aMMOACHCTBHUAX) JIO00M (U3UUYECKUMT OOBEKT TEepsSeT OIHO
n3MepeHue. Tak BOZHHKAIOT He-JIeJIMMbIE aTOMHU3Ma, pa3/eIeHHbIC TyCTOTOW. ITO U
€CTh aKTyaJIbHO OECKOHEYHOE KaK TPETUI PO/ BEJIUUYHHBI.

Hosast Mogienis aroma bopa-Ieitzenbepra. ATom U €ro sipo cleayeT NpeCTaBIsITh
KaK CBO€0Opa3HyIo Kario xkujaxkoctu. O0 3tom 3an0iro A0 bopa rosopun ['anumnei.
XKunkoe arperaTHoe COCTOSIHHUE HauMOOJIe€ COOTBETCTBYET TPETbEMY POAY
BEJIMYMHBI (AKTyaJbHO OECKOHEYHOMY). A 3TO U €CTh aTOMU3M.

[Ipobnema onvcaHusi aTOMHBIX CIIEKTPOB OKa3bIBAETCS CBSI3aHA C MAaTEMATUYECKOM
npobneMoi KojiebaHusi CIUIOMHON cpenbl. CIUIONIHBIE KOJIEOAHUSI OMMUCHIBAIOTCS
MaTpUYHBIM HUCYUCJIICHUEM TeTTUHIeHCKOW IMkoubl [unbbepra. D10 Teopus
KBaJPATUYHBIX (3pMUTOBBIX) (HOPM C OECKOHEUHO OOJBIINM YHCIOM MEPEMEHHBIX.
OTU KBaJparudHbie (POPMbI OMKCHIBAIOT BpallleHUS W JeopMaiiiu aroMa Kak
CILJIOIITHOM cpefibl (Karuii 0Co00M aTOMUCTHYECKOM KUJIKOCTH ).



KBaHTOBaa on3unka

JlebopManisi 1 BpallleHUE CBA3aHBI C JIBHJKECHHUEM OBJIEKTPOHOB BHYTPH
atomMa. JTO IpoOIeMa MTHOBEHHBIX KBAHTOBBIX CKAYKOB C HUCITYCKaHUEM
WA TOTJIONICHUEM HHEPruu ((PUKCHUpPYETCs CHEKTPAIbHBIMU JIUHUAMU).
MrHOBEHHOCTh OMHUCHIBACTCSA TOJHKO aTOMUCTUYECKHM MAaTE€MATUYECKUMHU
CpeJCTBAMU MATPUYHOI0 HCUMCIeHns [ ninoepra.

DJIEKTPOHBI HE MOIYT OBITh YETKO JIOKAJU30BaHbl B JOTOM <«KHIKOM»
Mojaenu atoma. OTcrofa, MPUHIMIT HeolpeaeaeHHocTH [eizenoepra. Jrta
HEONPEACICHHOCTh OMNHUChIBACTCS BOJHOBOM (yHkuuen IlIpeauHrepa.
I'eiizenOepr u bopH ganu eif BEpOSITHOCTHYIO MHTEPIIPETALHIO: AJICKTPOH
HaXOJUTCS B KaKOM-JIMOO MECTE€ HE TOYHO, a C ONPEACICHHON CTEIECHBIO
BEPOATHOCTH. CyIIepIIO3UIINA BCEX BOZMOKHBIX TPACKTOPHIM.

CoBpeMenHast (usuka kak «Teopusi Bcero». bom, ®eitnman, Ilenpoys,
XokuHr. Teopus cTpyH, nietiieBas teopus, reopust Kanyusi-Kiierina u ap.



