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Bcé, yto Bbl Yntanun u crnbiwann 0 Hay4HOM HECOCTOATENBbHOCTU KNacCU4eckon (OU3NKKN, O TynuKax
Ha ee nyTW, O ee HecnocobHocTM paboTaTb B MUKPOMWUPE, HE COOTBETCTBYeT (hakTaM U He
BblAepXuBaeT npoBepku. Takaa npoBepka Bam 3gecb n npegnaraetcs. ECcTb pag npocTbiX U ACHO
BMaAMMbIX owmnbok. Cama e nposepka M msbpaHHass aBTOPOM MNO3ULMNA Bbi3BaHbl CrRegylowmmMm
NpUYNHaMM.

HayyHas peBonouus pasopBana TECHYH paHee CBsA3b Mexay nepenoson dyHAaMeHTanbHOWU
PU3NKON 1N UHXKEHEPHOWN NpakTUKOW. OCHOBHbBIM M YacTO €4UMHCTBEHHbIM UHCTPYMEHTOM MHOXECTBa
NMHXEHEepPHbIX npodeccnin, yHOamMeHTanbHOW HayyHoOW 6a3on NpoCBELWEeHUsi, TEeXHOMNOruMu,
TEXHMYECKMX HAyK OcTanacb krnaccumyeckasd uaunka, AaBHO "oTOpolleHHasa" OT hyHOaMeHTanbHbIX
ncenegosaHum U otctaswasa Ha 80 ner.

XIX Bek n Hadyano XX Beka - BpeMeHa KrnacCUYeCKOW LUKOSTbl (PU3NKN - Ha3bIBalOT BEKOM BEJSIUKMX
Hay4HbIX OTKPbITUA. HaydyHasa peBonouMs NOMOXMMa KOHEL, M KNacCUYECKOW LUKONEe, U BENVKUM
OTKPbITUAM, pPaspyLUMB MUCTOYHUK TeX BENMKUX OTKPbITUW - MNPEXHK HayyHyl napagurmy.
[MocTpoeHHas peBontouMen HoBaa TeopeTuyeckaa omsnka okasarnacb HENPOLYKTUBHOM, K BENUKUM
OTKPbITUAIM He CNOCOBHOM, ANns 6onbLIMHCTBA NPodeccuit He NPUroaHON, - Kak roBOpPAT, "3aymHon".
Hauvanca sekoBon 3acton B (pyHAaMeHTe npodeccuin, Hayk u TexHosnormn. Knaccuyeckaa cousuka,
NMUWNBLUMCL €OUHOW HaY4YHOM LUKOSIbl, pacnanacb Ha MHOXECTBO TEXHWYECKMX HayK, OaBLUMX HaMm
npodeccun (C NO3NLUN KOTOPbIX M BbICTYNaeT 34eCb aBTOp), HO OCTaBLWMXCA Ha PyHOAAMEHTe,
NOCTPOEHHOM BeK Ha3sap.

Knaccunuyeckaa Lwkona Hecrna HOBble 3HaHWS BCEMY OOLWECTBY - 4enoBe4vyeckoMy OONbLUMHCTBY,
MaccoBbiM MNpodeccussM U  TEXHOMNOrnsaM, nNpeactaBnas 3HaHWUS B MPUrogHonW Ang  Toro
obwenonatHon copme. CoBpemMeHHass akagemuyeckas uauka, Hanpotme, paboTaeT npoTuB
obuwiecTtBa. 3aaBnsas, 4YTO Mbl, OBbl4HbIE NOAN "HE CMOCOOBHbLI K MOHMMAaHWUKO TNYOUHHBLIX CBOWCTB
mMaTepun”, YTO K 3TOMYy CMOCOBGEH NULb Y3KUA Kpyr OCOObIX NOAEn, OHa nuwuna Yenoseveckoe
OOMbLUMHCTBO Jaxe Hagexabl Ha 3Tu 3HaHus. "OTbpocmB" OT MUKpOMMPA KacCUYECKUE TeopuM,
orpaHu4mMB 06nacTb MX NPUMEHEHUS paMkamMu OOblAEHHOro Mupa, OHa OTOGpocuna OT MUKpoOMMpa
TEXHUYECKME Haykm U Npodeccuu, Ha Tex TeOpPUAX OCHOBAHHbIE. YXXe OeBATbIN OAeCATOK NeT CToAT
OHW Ha Nopore B MUKPOMUP, HE CMES NepednTb akageMmnyeckon omsmke, HapyLWnTb YCTaHOBIEHHbIE
elo rpaHnLbl 1 NepPecTynuUTb 3TOT NOPOT, XOTA AABHO U IBHO MMEIOT 41151 3TOro BecbMa 3(pekTUBHbIE
cobCcTBEHHbIE CpeacTBa.

Kak 6bl HM Gblna xopolla Ans KOro-To CoBpeMeHHasi TeopeTudeckas dusnka, HO OHa - He Afis Hac.
Ham no-npexHemy Hy)kHa Hay4yHasi LIKona Kraccuyeckon u3snKu, KoTopasi CHoBa 0GbeanHsina Obl,
BO3rnaBnsfa u Bena Bnepen TEXHWYECKME Hayku, MomnosnHsina Obl 3HaHUS MHXeHepa, Bena ero B
MUKPOMMUP, HE rIoMasi ero Noruky 1 npexHue 3HaHus. [laBHO nopa caenatb K 3TOMY NepBbIi wwar u
AaTb nepeblii oTNoOp ee paspywutensm. C Toro M HayHeM, UCMONb3ysi CBOM NpodeccUoHanbHble
3HaHuA 1 creaytollee 06CToATENBCTRO.

MNpeacrtaBUTENM  COBPEMEHHON  (PU3MKM  OECATKM NeT TOBOPST M MUWYT O  Hay4yHoW
HECOCTOSITENIbHOCTU KMacCcuyeckux Teopui, 06 WX HenpurogHocTM Ans Mukpomupa. Bmecto
[oKa3aTenbCTB OHW AEMOHCTPUPYHT HaM CBOW HeydayHble MOMbITKU MPUMEHSITb 3TM Teopumn Ans
00bsACHEHUS psifa SBNEHWI, UMEOLNX MECTO B MUKpoMUpe. He ymesi npuMeHaTb Teopun 1 NosTomy
He CrpaBMBLUMCL C 3aJayaMy, OHW AenalT BblBOA, YTO 3aayu Hepaspelnmbl B MpUHUMNE, YTO
Krnaccuyeckne TEOpUN He roasaTcs ANst peLleHnst 3TOro Kpyra 3agad U K MUKPOMUPY HEe NMPUMEHMMBI.
Ha camom-To gene Te 3agayv Nerko pellatTcsl U MOrnu GbiTb peLleHbl NMOYTU BEK Hasaz, a BbiBOAbI
O HECOCTOSITENIbHOCTU KINAaCCUYECKUX TEOPUI Obinn NOXHbI M3Ha4anbHo. CerogHs 3TW 3agjauyv - B
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KOMNEeTeHUMN Hawux npodeccmn U TeXHUYECKUX HayK, KOTOpble OCHOBaHbl Ha 3TUX Xe
Knaccuyeckux Teopusx 1 3HaKT MX BO BCeX NOAPOBHOCTAX M BCex cryvasix npumeHeHnsa. Mol pelumm
3[1eCb Te e cTapble 3afa4v cpeacTBaMmn TeX Xe CTapblX TEOPUA U NPOBEPUM KaXKabIA KPUTUYECKUN
apryMmeHT COBpeEMEHHOM (PUIUKM.

Takaa npoBepka MnoKasbliBaeT, 4YTO COBPEMEHHas LWkona u3nkn, ybexgas Hac B HayvyHOM
HECOCTOATENbHOCTU LUKOMbl KIACCU4EeCKOM WM B Hawen HecrnocoOHOCTM MnoHMMaTb MNyOUHHbIE
CBOMCTBA MaTepun, BBOOUT HaAc B 3abnyxaeHue KaxablM CBOUM aprymMeHToM. Mbl Jokaxem 3To,
nanarasi OTBeTbl KflacCUYeckon (OU3MKM Ha CrieayroLmin psg BOnpoCcos:

o [loyemy aneKTpoHbI, BpalLlasiCb B aTOME BOKPYr S4pa, HE U3ny4vatoT SNEeKTPOMarHUTHYHO
3HEeprmo B NPOCTPaHCTBO?

Kak coxpaHsaeTcst aHeprus anekKTpoMarHUTHbIX BOSTHOBLIX MOMNENn B MUKPOMUpE?

Yto Takoe "4yacTtmya-sonHa"?

UeMm un Kak cBA3aHbl 3f1eMEHTbI MMKPOMMpPA B aTOMbI, MOMEKy bl 1 Tena?

B 4yeM npnymnHbI KBAHTOBOCTU?

Uem onpenendeTcs CTpyKTypa 3MeKTPOHHbIX obonoyek B aTome?

[MoyeMy 1 B Kakmx CMbICNax NOCTOSAHHbI U HENOCTOSIHHbI pasmepbl Ten?

N3 kakux ABNeHW, Npn Kaknx yCroBUAX U Kak cnaratotca npeobpasoBaHus JlopeHua m
NPUHLNN OTHOCUTENBbHOCTU ABMKEHNIN?

o 0O 0 0 0O o ©O

OTBeTbl MOKaXYT, YTO BO3MOXHOCTM KMACCMYECKON (PU3MKM, HaWMX NpodecCui, Halimx NOrnku u
30paBOro CMbICIia BOBCE HE OrpaHU4eHbl pamkamu oOblIAEHHOro 1 npodeccnoHanbHOro mupa. 3ToT
6e30TKa3HbIN MHCTPYMEHT NpeKpacHO AEUCTBYET U B MUKPOMUPE, U NMPU PENATUBUCTCKUX CKOPOCTSX,
aencteyet 6oniee ycnewHo, YemM TEOPUN COBPEMEHHON PU3NKKU, N HA YypOBHE Bonee rnybokom, Yem
ee pyHOaMeHTanbHble NOCTyNaThbl.

EcTtecTtBEHHO, HM O KakoMm corfacum C COBPEMEHHOW akagemuyeckor (U3MKOM B U3naraemMom
MaTtepuane He MoOXeT BbITb 1 pedn. Knaccuveckaa guamnka, mmes cOO6CTBEHHYO napagurmy - CBowu
KpUTEPUN NCTUHHOCTU MU JOKa3aTeNbHOCTWN, CBO FIOTUKY, CUCTEMY NPUOPUTETOB U MNp., N AENCTBYS B
npegenax KoMneTeHUnn, B TaKOM corfiacnm He HyxgaeTca. OLEeHKM 1 MHEHUS U3BECTHbI 3apaHee.

ABTOp HageeTcs, 4YTO 4uTaTesNlb MMeeT XOTa Obl HavarnbHble 3HaHMs 00 SNEeKTPOMAarHUTHbIX
n3nydeHnsx n konebaHmax u, cneaysa 3a TEKCTOM, BCE NPOBEPUT CaM, He AOBEPSACb HU aBTOpY, HU
aBTOpUTETaM COBPEMEHHON (OUIUKM.

3anmeMcs e NPOoBEePKOM, a cKaszaHHOEe NPOLAOITPKUM HUXE, YKe Ha OCHOBE ee pe3yrbTaToB.

"lMoyeMy 3a51eKMpPOH, epawiasicb 8 amomMe 80Kpy2 siopa, He usjly4yaem?"”

B yyeBGHMKax COBpPEMEHHOW (PU3NKM FOBOPUTCS, YTO, COrMMACHO KITAaCCUMYECKOW 3NeKTpoavHaMuKe,
9NEKTPOH, Bpawaacb B aTtoOMe BOKpPYr sapa, Ao/bkeH Obl u3nyyaTb 9Hepruio B Buae
9NEKTPOMarHUTHbIX BOSIH U, NOTEPSIB AHEPrunto, ynactb Ha s4po. Ho atoro He npoucxoguT. MNoyemy?
MuwyT, 4TO KNaccudeckass uanka NPUHUMNMANbLHO HE CNOCOBGHA 3TOro O6BHACHUTL N3BECTHLIMU EN
3aKoHaMu Npupoabl, 1 AenatT BbIBOA, YTO B MUKPOMUPE AEUCTBYIOT ApYrue 3akoHbl Npupoab!.

Ha camom xe gene Takoe obbAcCHeEHME He O6bIo NpPobremMon HUKorga, U BbiBOA4 HE Oblfl BEPHbLIM.
Bonpoc Bo3Huk B 1911 rogy, korga Pesepdopa OTKpbIN aTOMHOE S4p0 M BriepBble NpeasioxXnn CBo
MOAENb atoma, B KOTOPOW 3MEKTPOHbl Bpawanucb Bokpyr sgpa. OTBeT yxe Obln odeBuaeH Ans
CreumanucToB TOr0 BPEMEHW, HYXHble OIS 3TOro 3agadvn matemaTudeckorn uankm Toxe Obinu
peweHbl. CerogHst 9TOT BONPOC MOXHO npeanaratb CTyAeHTaM Ha 3a4yeTax Mo Kypcy TEXHUYECKOW
9NEKTPOANHAMUKN NN TEOPETUYECKUX OCHOB 3NEKTPOTEXHMKN. OTBET Ha HEro TakoB.
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CornacHo krnaccu4eckon anekTpoauHamuKke, SMEKTPOH, CoBepllas nepuoanyveckme OBWXKEHUS B
aToMe unM BHe aToma, Bcerda usnydaet B MPOCTPaAHCTBO 3MEKTPOMArHUTHOE Mepuoamyeckoe
BOSIHOBOE Mnosie, U MHa4vye OblTb He MoXeT. Ho aToM B ULenom, T.e. 3NEKTPOH BMECTE C aTOMHbIM
A4poM, He manyyaeT. CnefoBaTtenbHO, COrNacHO TOM Xe Teopuu, U3 atoma (M3 agpa) uanyyvaetcs
elle oOHO nofe, Takoe, YTO BOAnM OT aToMa 3TU [Ba NOSMS, HaknagblBascb APYr Ha gpyra u
CYMMMUpPYsCb, Bctogy obpaiwiartca B Hynb. [Ana atoro oba nona [OmkHbl BAanu oT atoma ("B
6eckoHeYHOCTN") CTaHOBUTLCA TOYHO PaBHLIMU APYr APYry U cnefoBatb TaMm B MPOTUBOMONOXHBLIX
dasax (T.e. cnegoBaTth C Pa3HOCTLIO XO4a, PaBHOW MOMNYBOSMHE M3NydeHus). Torga BEKTOPbI Nosien B
KakOoW TOuKe OarnbHEero NpoCTpaHCTBa paBHbl M HanpasBfieHbl BCTPEYHO, CyMMa MNosien Baanu oT
aTomMa paBHa HYI, 9HEPrus U3 atoMa He YHOCUTCSH, M UCTOYHUKM U3MYyYeHUN He TepsitoT CBOeW
9Heprun. PaBeHCTBO nonen B6nM3n 1 BHYTpU aToma He TpebyeTcs, TaM OHM MOryT pasnuyaTbCs, U
Torga ocraeTcs nNuwb none B6GNM3M atoma, KOTOpOe COAEPXKWUT 3SHEPruio, HO He YHOCUT ee B
nNpocTpaHcTBO. [NpuynHy paBeHCTBa Noner pacCMOTPUM MO3Xe.

NTak, cornacHo knaccuyeckon usmke, sapo B aTOMe CTaHOBUTCHA MCTOYHMKOM U3FyYeHUs, KOTopoe
racuT U3fy4YeHne OreKTPOHOB W YyAEepXMBaeT 3Hepruio B aTtomMe. TakoB €AWHCTBEHHO He
NPOTMBOpEYaLLUM 3aKOHaM MNpuUpoadbl BbIBOL M OTBET KIAaCCUYeCKOM (PU3MKM Ha MOCTaBfEeHHbIN
BOMpPOC.

To e obbACHEeHNe nonpoLle MOXHO NpeacTaBUTb cebe B NepBOM NPUONMKEHUU Tak. DNEKTPOH U
A0po B aToMe BOAOpoAda, Kak napa 3apsiaoB, obpasyloT AWMonb, KOTOPbIM BpalliaeTcs U NoToMy
nsnyyaet. Ecnu sapo B atome OeNCTBYET Kak elle OAMH SMeKTPUYECcKUiA Avnosb, U aToM No3ToMy
COOEPXMT [OBa BpallaloLWMXCA BMecCTe AWMNONs, OUMNOMNbHbIE MOMEHTblI KOTOPbIX pPaBHbl U
NMPOTUBOMONOXHbLI, TO W M3Ny4yaTb 3TW OUMNONM B AanbHIOK 30HY OyaoyT MPUMEPHO paBHO MU
NPOTUBOMONOXHO, a WX obllee u3nydYeHne OyaoeT o4veHb OnM3Ko K Hymnwo. ATOM O4YeHb man B
CpaBHEHMWN C OJIMHON U3fydaeMbIX BOJH, MO3TOMY BAanu OT Hero oba usnyyYeHust ABUXKYTCS, MOXHO
cyMTaTh, U3 OAHONM TOYKM, PaBHbl MeXOy cobol 1 racaT Apyr Apyra NoYTU LIEMMKOM.

OnNeKTpUYeckMin Ounonb - He nyduwee npeacrtasneHve. Ho TOT Xe pesynbTaT MNOMy4yuTCd, ecnu
npeacTaBnTb S4P0 B BUAE UCTOYHMKA Bpallarowerocs MarHMTHoro nons. lNpeacraenss xe a4po B
BMOE WCTOYHUKA INEKTPUYECKOrO0 M MarHUTHOMO MNOMeNn B UX PasfiMyHbIX MNPOMNOPLMSX, MOXHO
00BbACHUTL elle U Kakme-nmbo uHble cBoncTBa atoma. OT nponopuun 3TUX NONMEN 3aBUCAT cuna
NPUTSXKEHUST 3NEKTPOHA K a4pYy M YacToTa ero BpalleHus - 3NeKTpoauHamMuka He AdaeT MOSIHOW
KapTUHbI aTOMa 1 O4HO3HAYHOrO peLleHusi, OCTaBnsAs Ham 3TOT BbI6op. A YTOOLI 06BACHUTL MNOMHOE
OTCYTCTBME M3IYyYEHUN (XOTHA 3TO, KaK BbISICHUM, BOBCE He 065A3aTesibHO), HYXXHO NULb MNOCTPOUTL
MOMHYI0 M NOAPOOHYID KapTUHY 3MNEKTPUYECKOro U MarHuTHoro nonen agpa. Cama xe kapTvHa B
npuHumne oyesngHa, n B 1911 rogy Toxe Obina o4eBMOHON.

Mpupoga 6yaTo HaApoO4yHO fana Ham aToM Kak npubop Ans M3ydeHus IneKTPOoANHaAMUYECKUX
XapaKTeEPUCTUK siapa. ONEKTPOH, BpalwasiCb B aToMe, COAaeT NepeMeHHOe 3reKTpoOMarHMTHoe norne,
yepes KOTOpPOe BO3LENCTBYET Ha AP0, KakK Ha UCMbITYEMbIN OOBEKT, U MOCHLINIAaeT K HaM B MakpoMup
coobuieHnsa o pesynbTaTtax BO3AENCTBUS B BMAE U3NydeHUn u3 atoma. Ecnu nsnydeHne us atoma
ocTaBanocb 6bl paBHbIM M3MYYEHUIO ANIEKTPOHA, TO 3Ha4YMNO Obl, YTO 9O0PO HUKaK He pearnpyeT Ha
nosne 3feKTpoHa M He sBNnsieTcs OO6bEKTOM KnacCUYeckon anekTpoauHamuku. Bcé nHoe o3Hadvaer,
4YTO S4p0 TakMM Ob6bekToM gaBndeTcs. M3nydeHne u3 atoma eCcTb CyMMa [AOBYX W3MyYeHun -
anekTpoHa u sapa. OgHO M3 HUX M3BECTHO, MOXHO paccyuTaTb BTOpoe. A MHOXECTBO YCTONYMBBIX
opbuT - 3TO MHOXECTBO 3KCMEPMMEHTOB C OOHUM U TEM XXe 94PO0M ANs onpeaenieHns ocobblix ToYek
ero 4acTtoTHOM XxapakTepuctuku. Okasanocb, YTO aTOM B YCTOMYMBLIX COCTOSAHUSIX HEe u3nyvaet
BOBCE, 3HAUYUT M3Ny4YeHNsa agapa 1 dNeKTPoHa B 3TUX Criydasix paBHbl U NpoTtnBodasHbl. OgHako, aToT
"npnbop" gaeT HaMm cBeAEeHUs NULb O BHELIHUX XapaKTepuUCTUKax sapa, HO He O BHYTPEHHEM €ero
yCTpOMCTBE. OTUM BOMPOCOM Mbl 34eCb He 3aHMmaeMmcs. Bbl BnpaBe nonaratb, YTO B rnybuHax
aTOMHbIX S4ep W 3NEeKTPOHOB AEWCTBYIOT 0CObOble 3aKOHbl NPUPOoAbl, N 3TUM OOBACHATL CBOMCTBA
aTOMHOrO si4pa Kak UCTOYHUKA M3ny4yeHnin. Ho BHe siapa 1 3NeKTPOHOB N MeXAy HUMU BHYTpU atoma
AEVNCTBYIOT T€ Xe CaMble 3aKOHbl NPUPOAbI, YTO U B MakpomMmpe, M1 BCE 0O6bACHAETCH, U He Bbino
OCHOBaHUN ux oTTyAa "oTbpacbiBaTh".
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Mpupoaa Broxwuna B aToM Aaxe Noackasky: aNekTpocTaTUYeckoe none 3fekTpoHa racuTcs Baanu
OT aToMa 3fieKkTpocTaTuyeckum nonem sapa. NMocmMoTpuTe, MOM, Kak s rawly OA4HO Morfe Apyrum
TaKUM e, U NoMUTE: AMHAMUYECKME MOSIS FacaTCs TaK Ke U Tam Xe.

HeT 1 He 6bINO 30ecb nNepen Knaccuyeckon U3MKOM HUKOrAa He TOMbKO TYMNWKOB, HO AaXe ManblX
3aTpygHeHun. Buante camu: BONpOC HACTOMbKO MPOCT, YTO pelueHne He TpebyeT HWU BbIMUCIIEHUN,
HWM rNy6oKnX 3HaHWK, HU ocobon aoragnmeocTu. U oTkpbiBaeT nyTb K s4py. Ho aBTopbl y4ebHMKOB -
BeayLwme puankn mmpa - yxxe 80 net yBepstoT, 4TO Bonpoc Hepaspewunm. 80 net Hasag o6 aTOMHOM
Aape NOYTU HUYErO He 3HanKu, HUKTO He MOT CKa3daTb, YTO S4p0 He CMOCOBHO uanyyaTb, HE NULIYT
3TOro 1 cerogHd. 3Ha4nT, NoAobHbIE YBEPEHNS HE ONMPANUCh U HE ONUPAKOTCHA Ha 3HAHWUA O a4pe, a
ObIM U OCTanMCb NSIOAOM BOMUIOLLErO HAay4yHOro HeBexXecTBa: (PM3MKU He 3Hanu, YTo OOHO fnone
N3ny4yeHnst MOXeT BbITb NoraleHo ApYrMMm Takum e nosiem, nosie 3nekTPOoHOB - Nonem sapa. 3HaroT
nn cerogHa? Buanmo, He obolwnack Hay4yHas peBonoumst 6e3 maTpocoB ¢ kpencepa "Aspopa”. Ho
3TOT Nfog HeBeXeCcTBa MOSIOXEH B OCHOBbI COBPEMEHHOW (hbm3nkn, nponaraHampyetcsa Akagemuen
Hayk n BknagbliBaeTcs B rofnioBbl HOBbIM (pr13nKaMm Kak BbiCLUAA UCTMHA MUPOBOW HaYKMW.

OTBeT Xe Ha BOMpOC OTKpbIBan nepea pusnkon cnegyowmmn nyTb.

Ecnu anekTpoHbl B aToMe M3ny4aroT, TO U3nydaet u a4po, crnefoBatenlbHO MUKPOMUP 3arorfHeH
BOJTHOBbIMM 3NEKTPOMArHUTHbIMK nonsmu. CucteMbl MUKpOMMUPA Torga MOXHO U3yyaTb cpeacTBamMu
Knaccuyeckon U3nKM Kak arneKTpoMexaHM4eckme CUCTeMbl C BOMHOBbLIMUK cBA3AMU. Knaccudeckas
du3nka oTkpbiBaeT cebe JOCTYN B MUKPOMMUP, SNEKTPOMarHUTHbIMU BOSTHOBBLIMU MONsIMU 06 BbACHAET
B HEM BCE: KBAHTOBOCTb, CTPOEHME aTOMa, CBA3b aTOMOB MeXxay cobon, CBOMCTBa pa3mepoB Ten (KX
HEMNOCTOSIHCTBO) WU T.4., OOBACHAET SCHO, NOrMYHO, OB6LENOHATHO, 6e3 rMnoTes U NocTynaToB, He
onpoBeprasi 3aKOHOB NPUPOLAbl U HE NPUAYMbIBAd HOBbIX Nosier. 3a Knaccudeckon usankon npuLLm
Obl B MMKPOMMP Hawun NPogeccmMm N NPOMBbILLNEHHbIE TEXHOMOIMMMU - YK€ MHOr0 AECATUNETUN TOMY
Hasag. Takum obpasom, paccmaTpmBaeMblii BONPOC ABNSETCS KMHOYOM K peLLEHUIO BCEro MHOXeCTBa
BOMPOCOB, CTOSABLUMX MHOIO fIEeT Ha HaLlem Nyt B MUKPOMUP.

OpHako, reHun peBOSIILMM HE 3aMeTUNN OYEBMAHOrO peleHnsa un, "oTbpocus" 3akoHbI NPUPOAbI,
NoYeMy-TO peLUunnu, YTO NEKTPOHbI B aToMe BoobOLe He n3nyyatroT. Torga He usnyyaeT n S4po, a B
YCTOMYMBOM MWKPOMMUPE MOSTHOCTbID OTCYTCTBYIOT BOSIHOBbIE 3NEKTPOMArHUTHbIE MOMs, MOCKOSIbKY
OTCYTCTBYIOT MX UCTOYHMKK. Knaccmyeckas usamnka (M Mbl BMECTE C HEW), He 3Hasl WHbIX Monewn,
ocTaétca 6e3 cpeactsa NoO3HaAHUA MUKPOMMPA U HE MOXET OOBbACHATL SABNEHUA, UMEKOLLMX B HEM
mMecTo. Bce siBNeHnst B MMKpOMMpE CTaHOBATCH HEOOBACHMMbIMU, dM3nKa BbIHY>KAEHA NPU3HATbL UX
NPOCTO Kak @akTbl M NPUHATE B KayecTBe nocTtynatoB. CTaHOBATCS 3aragkon nons v Cunbl,
yAEPXKUBAIOLLME 3MEMEHTbI MUKpPOMMpPaA Ha CBOMX MecTax u opbutax. [Mpuxoantcs npuaymbiBaTb
rMNOTETMYECKNE NOMS N OOBACHATE BOMHOBLIE SABMEHUA paHTacTUYEeCKMMKU BorHaMmun matepuu. Ha
nocTynaTtax u runoTeTUYECKMX NosisiX BolpacTaeT napagurma HoBom OU3NKM C €€ HOBLIMU JTOMMKOW U
dunocodpuren. Knaccmyeckasa wkona obuwenoctynHon pumsmkn paspywaetcs, "obblyHaa" noruka u
3[paBbli CMbICIT OTBEpralTcs, U yTBepXaaeTcs MOHOMOMMA Y3KOW rpynnbl fnogen Ha uaunky, Ha
noHMMaHue "rnybuHHBIX CBOMCTB MaTepun” 1 "BbICLLYIO (OOPMY MbILLNEHUS".

MocKonbKy BOMPOC Tak BaXKeH, pacCMOTPUM €ro eLle pas, Ho B bonee obwiem Buge. 3gecob 1 ganee,
roBops 00 u3nyyeHusax u npoueccax, 6yaem mmeTb B BMAY TOMbKO Nepuoguveckne npouecchbl u
N3Ny4YeHus.

[lBa NCTOYHMKA U3Ny4YeHWs1, COrNacHO TOM e KNacCUYeCKoW Teopuu, MOTYT racuTb U3Ny4YeHus Opyr
Apyra B AanbHIOK 30HY NPOCTPaHCTBa, TeM Gonee - koraa HaxoasaTcst OAuH BHYTpu apyroro. OgHo m
TO XXe M3rny4YeHne B AanbHel 30He MOXET CO3[4aBaTbCsl Pa3HbIMU MCTOYHUKAMMK U3Ny4YeHui, U ecTb
GeckoHeYHOe MHOXECTBO WX PaBHO (TOXAECTBEHHO) M3Myyallwmx BapuaHToB. W3nyydeHuss aByx
PaBHO M3MyvaloLMX UCTOYHMKOB, HaNOXEHHble ApYr Ha Apyra B NpoTuBodase, B [alibHEW 30He
B3aMMHO MorawawTcs, T.K. BEKTOpbl Mone OBYX TakMX W3NyYeHWn Tam BCHOOY pPaBHbl U
NPOTMBOMONOXHO HanpaeneHsl. OcTaeTcsa nuwb OnwkHee Mone, He YHOCsLee SHEpPrui B
MPOCTPAHCTBO, U CoAepXKaLlee NULLb BCTPEYHbIE NMOTOKN 3HEPrMUN OT U3Ny4vaTens K nsnyvaTento.
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BoT wu3BeCTHbIM npuMep Heusnydawowen napbl UCTOYMHMKOB u3nydeHwun. [lyctb Kakom-nubo
n3nyyartesnb 3NeKTPOMarHUTHbIX BOSH OKPY)XXEH CMSIOLIHBIM 3aMKHYTbIM 31EKTPOMAarHUTHLIM 3KPaHOM.
N3nydyeHne BO BHeLLHeE NPOCTPAHCTBO He yxXoauT. BHYTpPeHHAA MOBEpPXHOCTb 3KpaHa oTpaxaeT u
normnoLwiaeT usnyyeHne, a Ha He’ HaBOAUTCH CUCTEMa INEKTPUYECKMX TOKOB, KOTOpas CTaHOBUTCS
BTOPUYHBIM MUCTOYHUKOM MU3MNYYEHUN, B TOM YUCIe - WU3NYYEHUA OTPaXKeHHbIX. ITUM (ToKamu)
ncyepnbliBaeTca pofib akpaHa. [loaTomMy, ecnu akpaH yoanuTb, HO COXPaHWUTb 3Ty CUCTEMY TOKOB
(Takon TeopeTUYEeCKU NPUEM UCMNOSb3YKOT B TEXHUYECKOW SNEKTPoAMHAMUKE), UK OpraHn3oBaTb ee
KakmM-rmbo cnocobom 6e3 akpaHa, U OCTaBUTb TOT Xe nsnydartenb, TO U3nyYyeHne BCIoLy OCTaHeTCs
npexHum, 1 none dyaeT co3gaBaTbCs TONBbKO BHYTPU TOW e 06riactv, HECMOTPS Ha TO, YTO 3KpaHa
Oornblue HeT, N OH He MellaeT OBWXKEHUIO U3MyYeHUn. JTa CUCTemMa TOKOB M3MyvaeT BO BHelUHee
NPOCTPaHCTBO Norie, TOYHO paBHOE MOS0 U3rnydatensa U NpoTUBO@dasHoe K HeMy, B pesynbTaTe Yyero
n3nyd4eHne BO BHELUHEM MPOCTPAHCTBE OTCYTCTBYeT. M3nyyatenb W 3KpaHupylowme ero TOKu
COCTaBSISAOT UCTOYHUK U3NYYEeHUs, B NPOCTPAHCTBO He usny4dawwuin. Pasmepsl, oopMy 1 CBOUCTBa
9KpaHa, a NnoToMy W CUCTEMY TOKOB, MOXHO BapbupoBaTb OECKOHEYHO, Mory4yasi MHOXEeCTBO
Pasnn4YHbIX, HO PaBHO M3ny4aroLmx "B 6E€CKOHEYHOCTB" CUCTEM TOKOB.

He manyyaroLwmin B NPOCTPAHCTBO UCTOYHUK U3MYyYeHUST MOXeET ObiTb NPOM3BONbLHO NoAerneH Ha ABa,
N3nyyarLmx B gansHee NpoCTPaHCTBO PaBHO U NPOTMBOGA3HO.

Byoem B ganbHenwem nmeTb B BUAY, YTO UCTOYHMKOM WU3NYyYEeHUSA (TOYHEE: MCTOYHMKOM 3SHEPruu
N3NYyYEeHNUs W €ero TMpUYMHON) $NABNSIETCA He npeaMeT - He u3nydatenb W He 3KpaH, a
9NEKTPOMarHUTHbLIN NPOLeCC, TEKYLMIA B 3TOM NpeaMeTe, U Nnone uanyyvyeHus onpenensieTcs aTmm
npoueccoMm. Kaxabi npeaMeTr MOXeT HecTn B cebe HEeKOTOpoe MHOXECTBO —Pa3fIUYHbIX
9NEKTPOMAarHUTHbIX MPOLIECCOB, WU3MNy4YalolWmX 3NEeKTPOMarHUTHble BOSHbI MO-pa3HOMY, NOAOGHO
TOMY, KaK cTanbHOW Opycok MOXeT coaepxatb B cebe MHOXECTBO MeXaHU4YeCKUX (3BYKOBbIX)
kone6aHu pasnuyHbIX YacToT 1 POPM U MU3NyYaTb SHEPIUIO ITUX KonebaHun B BUAE PasfmyHbIX Mo
TOHY W HanpaBMEHHOCTN 3BYKOB.

OueBMaHO, aTOMHOE s4pPO M OGerawLnii ero ANEKTPOH Takke COCTaBMSAT HEU3My4vatolyo napy
nsnyyawwmx obbektoB. A B siape OeNcTByeT OAMH U3 TeX 3NEeKTPOMAarHUTHbIX MPOLIECCOB, 4TO
CNOCOOHbI CBOMM WU3My4EHVMEM racuTb U3nyyYeHue anekTpoHa. MoXHO ckasaTb M Tak: U3ny4yeHve 13
siApa TakoBO, YTO ABWXKYLLMNCS 3NEKTPOH (M 3NeKTPOHbI) NMOMHOCTLI0 3KpaHUpyeT ero. Beab cpeam
BCEro pasHoobpasnsi UCTOYHWKOB W3Ny4eHUst HangyTcs M Takue, 3KpaHMpOBaTb KOTOPbIE MOXHO
Aaxe OAHUM BeryLmnm BOKpYr HUX 3apsiioM.

BosHukaeT yauBneHue: novyemy aTta npocTenwas 3agadva He Obina pelweHa? Beab ecTb gecaTku
TbiCs4 NpodyeccrnoHanoB B obnactn anektpoanHamukn. Mx He cnpawmeanu? Passe npodeccopbl u
akageMukn, n3 roga B rog noBtopsasa Bonpoc: "lMoyeMy aneKkTpoH He nanyyaeTt?" B CBOMX NEKUUsX u
y4yebHukax, He BMOAT Ha Hero oTtBeTa? llonyyaeTtcs, YTO BCS COBpeEMEHHasi MupoBas (ou3nka He
cnocobHa B TeyeHMe Beka pelunTb NPOCTEeMLyY0 3adadvy KnacCUYecKon 3NEeKTPOANHAMUKWU. ITO
HeBepoATHO. Beab dm3vka - 3TO WHTennekTyanbHas anurta, Bragewowas "Bbicllen opmMmon
MbILLNIEHMS", KOTOpass BCEMY 4erioBeYecTBYy, Kpome cebsi, cTaBuT AumarHo3: "He ChnocoOHbl K
NoHUMaHu". MoxeT ObITb, 4ENO B TOM, YTO 3Ta OLIMOKA BPEMEH PEBONIOLMM NEXNT B (PyHOAMEHTE
COBpeMeHHon un3nkn nogobHo pxason Gombe, rotoBoM MNpuM MNEPBOM K HEN MPUKOCHOBEHUMU
COKPYLUMTb BCE, YTO MOCTPOEHO Ha TOM dyHAAMEHTE 3a AECATKM neT Tpygamu Teicad nogen. MHoro
nn B (hmsmke HangeTcs Xenawwmux K Herm npukacatbcs? M BO3HMKAeT Nogo3peHne, YTo peLleHue
HaNO4EeHO TbICAYY pas, HO MPOCTO He MPUHUMAETCHA B HAY4HYK MevyaTb - Kak onacHoe Afsi OCHOB
COBpEMEHHON Pn3MKN. Ha Ty ke HEOOBbEKTMBHOCTb YKa3biBaET M CrieayloLlee.

N3naras Ham BONpoC O TOM, NOYEMY HE U3Ny4aeTCsa SHeprua n3 aToma, y4yeHble Bcerga CTaBsT ero B
NcKkaxxeHHon popme: "oyeMy aNeKTPOHbI B aTOMe He M3nyyaroT?", yke nogmeHuB ¢akT: "aToM He
nanyvaet" BblQYMKOW: "3MNeKTPOHbl HE u3ny4yatoT". A BeOb NpeKkpacHO 3HAKT, YTO He U3NyYyaeT NULlb
aToOM B LiefIOM - 3M1IeKTPOHbI BMECTe C 94pO0M, 4TO 6e3 sapa OHU, ABUrasChb Tak Xe, BCcerga nanyyator,
T.€. YTO Npu4YmHa - 3T0 A4p0. Ho Bonpoc cTaBaT Tak, 6yaTo s4po 3aBeJOMO HE MMeET 3HaYeHNs
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3atem, B ydebHMKax, MONyNsipHbIX M3OAHUAX W NEKUMAX OHWU YBEpPSKT Hac, 4YTo aToM B €ro
Knaccuyeckom npeacraBrieHun obasaTtenbHO M3rnyyaeT, TepseT 3Hepruo 1 paspywaetca. U gaior
TOMY MNOSICHEHWUA, pacdeTbl U PUCYHKW, FAe aTOMHOe S4PO NPeACTaBfeHO MPOCTO 3apsKEHHbIM
LLAPWUKOM, HE CMNOCOBHbLIM HU U3rny4vaTtb, HM ObITb AUNONEM, HU BOOOLLE Kak-NnMbOO pearnpoBaTtb Ha
ABWXKYLLIMACA BOKPYr HEro anekTpoH (Hanpumep: B.AkocTta, K.KosaH, B.'pam, "OcHOBbI cOBpeMeHHON
duaukun", M., "Mpoceewenune", 1981r, ctp.131-134). 3apsa, ABUrasiCb BOKpPYr LLapuKa, He MMeoLLEero
HWKaKUX CBOWCTB, KOHEYHO Xe, AOJDKEH nanyyaTb, Tepss aHeprutio. CBoMCTBa s4pa, KpoMe 3apsiaa,
Maccbl U pa3mMepoB, He Oblfn M3BECTHbI BO BpEMEHa Kinaccuyeckon LKosbl. Ho He cocTosana oHa u3
4yygakoB, KoTopble Obl yTBEpXOanu, Y4To y sapa HET HUKAKMX 3NEeKTPOMarHUTHbIX CBOMCTB. ABTOpPbI
y4yebHMKOB 0OMaHbIBalOT HEOOYYEHHOro uuTaTens - MOAMEHSAIT CIOXHEWWMA NO CBOWCTBAM U
COBCEM elle He U3BECTHbI OOBLEKT LIAPMKOM C HUKAKMMW CBOMCTBaAMW, WU mM3naratoT Tak, 4Tobbl
yuTatenb gymarn, Oyato Takonm nopTpeT aToMa Adasarna kKnaccudeckas gusuka. Jliogu, korga npasbl,
TaKnX XUTPOCTEN HE NPUMEHSIOT.

Ha ocHoBaHuW npencraBneHusi, 4To 940p0 - NPOCTO LapUK, OenakTCs BbIBOAbI, YTO 3SIEKTPOHbI B
aTOMe He M3NyYaloT, YTO Kraccuyeckasi afiekTpoaAnHaMmKa NPoTUBOPEYUT ITOMY sIKOObl dhakTy U He
rogHa Aansa Mukpomupa. ArnbTepHaTMBHOE Xe pelleHue Bonpoca - "d4po Toxe wusnyyaer" -
CKpbIBaeTCs OT yMTaTtens, He ynoMmnHaeTcst U He obcyxaaeTcs.

BbiBOA, OCHOBaHHbIN Ha npeacTaBneHnn "aapo - 9To Wwapuk 6e3 cBoMCTB", NpUHUMAaETCA B Ka4ecTBe
dyHOamMeHTanbHOro nocrynarta HOBOW (PU3MKKU: "3MNEKTPOH He u3nyyaert...", a camo npeacTtaBfeHne
He3aMeTHO CTaHOBMUTCS OMOpOoM 3TOro noctynata. lNotom gatotca gpyrue, NpAMo NPOTUBOMONOXHbIE
cBedeHnsa o agpe, HO oyHOAMEHT OT 3TOrO YXKE€ HE MEHSETCA.

OpHako, NpoaofmkKMM Hawun u3bickaHus. MTak, Haw nepBbi BbIBOA, BbITEKAET TONbKO M3 hakTa,
NOrNYeH, He NPOTUBOPEYNT 3aKOHAM MPUPOAbI, 1 MOXHO CKa3aTb, YTO MEepPBYIO 3aadvy Mbl peLuunnu,
npuyemMm cpencreamm, U3BeCTHbIMKU anekTpoamHamuke ¢ 1903 roga. lNpaeaga, MOXHO Takke ckasaTb,
YTO peLleHne rnonpocTy OTOABUHYTO M3 aToMa B 54p0. Ho 1 TOro 4ocTaTovHO: Knaccudeckas guauka
OTBEYaeT Ha BOMNPOC, a BOBCE HE CTAHOBUTCH B TYMUK.

MO>XHO NOSACHUTbL C 4OCTATOYHOW MOJSTHOTOMN, noyemy manydvyeHume m3 aapa MMeHHO TakoBO, U KaK OHO
cnaraetcs. [lnsa atoro paccMOoTpM CHa4daria Bonpoc o ToM, noyemy He mnsstydaeTcd B NMpPOCTpPaHCTBO
M HEe WUctowaetcda 3Hepruda OBWXEHMN B 0Oonee CroXHbIX cucTtemax MUKpOMUpa - B
MaKpPOCKOMMYECKNX TeJ1ax, COCToALLUNX N3 MHOXEeCTBa aTOMOB.

Makpockonuyeckoe Terno, COCTOsILLEE U3 MHOXECTBa aTOMOB, €CTb COXHeWlwwas konebartenbHas
cuctema, Kotopasi COAepXWUT B cebe MHOXECTBO JfIEMEHTOB (3MEKTPOHOB WM aTOMHbIX f4ep),
HecyLUMX 3apsiabl U AUNonu, crnocobHbIX BpallaTbcs, kornebaTbcsl, NpeLeccnpoBaTh U Pe30HUPOBaTb
pasnuyHbiM obpasoM, M3nydyasi Npu 3TOM SMEKTPOMArHUTHblE BONHbl. PasnuyHble coveTaHusi u
BapuaHTbl BCEX 3TUX MOTEHLMANbHO BO3MOXHbIX B CUCTEME ANIEMEHTapPHbIX (NOKanbHbIX) KornebaHuin
COCTaBAT [MraHTCKkoe pasHoobpasne O6bEMHBbIX M3Nyyawlmx KonebaTenbHbiX MPOLECCOB.
BHYTpEeHHUX NOTEpPb 3HEPIMM B CUCTEME HET.

MpenctaesbTe cebe konebatenbHytd cucTeMy GECKOHEYHOW CROXHOCTM, CMOCOOHYK copepXaTb B
cBoeM obbeme 6eckoHe4YHoe pa3HooOpasne 3MEeKTPOMAarHUTHbLIX KonebaTenbHbIX MPOLECCOB
(cuctemy c BGecKOHeYHbIM pas3HooOOpasMemM pPe3OHaHCOB WM GECKOHEYHbIM YMCIIOM CTeneHen
cBoboabl konebaHui Ha KaXkgon 4YacToTe), B KOTOPOW BO3MOXEH Ntobon konebaTtenbHbIM npouecc, o
KakoM Obl Mbl HM 3asBUNK, co3garoLnin nioboe nanyyeHune. VMimeetca B BMAy, YTO 3T NPOLIECCHI He
yXXe nayT B cucteme, a MoryT ObiTb BO3OY)XAEHbI B HEN M MOMYT NPOOOIKaTbCA B BUAE CBOOOAHbBIX
konebaHun, noka He M3Ny4yuTCcs KX 3Heprus. N3 Takom cuctembl OyayT BOOOLLE HEBO3MOXHbI
AnNuTenNbHbIE Nepnognyeckne nsnyvexHus. Y Bot noyemy.

Ecnn B 6eckoHe4HO crnoxHon konebatenbHowm cucteme 06e3 BHYTPEHHUX MOTEpb aHeprun byaet
AENCTBOBATb Kakon-nnbo manydyatrowmm konebaTenbHbi NPOLECC, U SHEPTUS €ro U3Ny4YeHUn cTaHeT
yXoOUTb B MPOCTPAHCTBO, TO B HEW pas3oBbeTCA W APYron rMpouecc, OTIIMYHbLIN OT NepBoro, HO
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N3ny4aroLLmMin paBHO C HAM 1 B NPOTUBOMNOSIOXHOM hase, n ByaeT racuTb M3nyvyeHne nepBoro. JToT
BTOPOM npouecc, eaBa 3apoavBluMcb M Oyaydnm Kak yrogHo MmanbiMm, Oydet Toxe u3nydyaTb B
NPOCTPaHCTBO nosne, nogobHoe NepBomMy, HO NPOTUBOGA3HOE K HEMY, YK€ OTYaCTU racsa UsnyvyeHve
NepBoro U yMeHbllass MOLLHOCTb YXOASALLEero Mu3rnyyvyeHusi. YMeHblUeHue yxoasuwien MOLLHOCTU
roBOPUT O TOM, 4YTO BTOPOM MpPOLIECC MOrMoWaeT 3Heprui usnydeHun nepsoro. Kak un Bce
konebaTenbHble NPOLECChl, OH HakannuBaeT 3Ty aHepruio B cebe n notomy ycunmeaetcs. [pu aTom
ABa npouecca obMeHMBaKOTCA SHEPrMEn Yepes CBOM M3My4YyeHus, npuyeM BTOpon, cnabbi npouecc
nony4yaet sHeprun Oornblle, YeM oTAaeT, OH pasBMBaEeTCs A0 Tex Nop, Korga WanyyvyeHus OBYX
NnpouecCcoB CPaBHAKTCSH, a CyMMapHoOe MU3fiydeHue ux cTaHeT HyneBbiM. [1Ba npouecca, nuany4vas u
npuHUMasa Apyr OT gpyra 9HEpruio, COoCTaBAT OAWMH Heuanyyawwuin npouecc. Korga BHYTPEHHMX
noTepb 3HEPrnM HeT, Takne MNpoLeccbl MOryT ANUTbCA GeckoHevyHO. Tak M OBBbACHSETCS C TOYKU
3pEHNSA Kraccnyeckom PU3nKM CoXpaHeHne IHepPrnn OBMXKEHUN B CUCTEMaX MUKpoMUpa.

Jlloboe aneKkTpomMarHUTHOE M3fydYeHue B MPOCTPAHCTBO - 3TO BEKTOPHOE MOofe, U MOLLHOCTb €ro
MOXeT OblTb yMEHbLUeHa MyTEM HanoXeHWsi Ha Hero B MNPOCTPaHCTBE Apyroro nons - ¢
NPOTMBOMOJIOXHbIM HanpaBfieHMeM BEKTOPOB. Torga MOTOK ero aHeprn OyaeT oTyacTy MOBEPHYT,
HanpaBneH K UCTOYHWUKY 3TOro APYroro U3nyyYeHusl, 4ns KOTOporo CTaHeT UCTOYHUKOM 3Heprun. Ecnn
BTOPOW UCTOYHUK U3NYyYeHUs - konebatenbHbIn npouecc (cBoboaHble konebaHusi, pe3oHaHC), TO OH,
NPUHUMAsi SHEPIUK0 M3NydYeHUn, HakannnuBaeT ee B cebe B BMAE SHEPrUM 3TUX Xe KonebaHunm u
ycunueaeTtcsl, Kak Obl MbiTasiCb NepexBaTUTb BECb MOTOK yxoaswen asHeprun. W aTo npupaer
nanyyawowmm konebatenbHbIM CUCTEMAM TEHAEHUMIO K MUHUMYMY u3nyyveHusi. Ecnv B cucreme
OKaXXeTCs BO3MOXHbIM €lle OOUH NpoLecc, CNoCOOHbIM elle YMEHbLWNTb U3NyYeHne 13 Hee, TO U
3TOT npouecc OyaeT pas3BMBaATbCA 3a CYET MNEepexBaTbiBAEMOW MM M3 MNPOCTPAHCTBA 3HEPruu
n3nydeHus. Tak OygeT npogormkaTbCa UM A0 MOSHOro NorallieHns U3nyyYeHui, unm 4o mcyepnaHus
BO3MOXHOCTEN cuctembl. [lpouecchl cknaablBalOTCA B OAWH CHOXHbBIA MPOLECC, HEe M3nyyarowunmn
BOBCE WM U3My4atoLmii B HEKOTOPOM CMbICIe MUHUMAarbHO.

CnoXHOCTb pearnbHbIX MaKpOCKOMUYECKMX Ten Kak konebdaTeribHbiX CUCTEM He DecKkoHe4yHa, B HUX
BO3MOXEH He ntobon npouecc, N03TOMy B HUX OEWCTBYHOT, HE 3aTyxas, N1LUb Te NPOLIECChI, KOTOPbIM
TaM Hawnmcb "aHtTunodpl” - paBHO U NPOTUBOMhA3HO mM3nyvarwme npouecchl. MNpoyne xe npouecchl
N3ny4yarT CBOK SHEPrUI0 M 3aTyxalT. ECTECTBEHHO, B CMCTEMAax KOHEYHOW CIIOXHOCTM CMEKTP
OCTaBLUMXCS NPOLECCOB "AbIpsiBbIA" - AUCKPETHLIW, N YeM NPOLLE CUCTEMA, TEM MEHbLUE B HEN YMCIIO
Heunany4arLmMx NpoLLeCCoB, a OUCKPETHOCTbL bonee 3ameTHa. OgHako, faxe aToM Bogopona, cyas
Nno ero cTabunbHbIM COCTOSIHMAM, CrnocobeH cogepxatb Uenblin pag pasnuyHbiX Hensrny4daroLwmx
npoueccos, T.e. npeacraBnsaeT cobon konebaTenbHy0 CUCTEMY OOCTATOYHOM A5 3TOr0 CIOXHOCTW.
N Mbl HE UMeeM ocHOBaHUK AenaTtb 06 aToMe unm o ero sape NPOTUBOMOSIOXKHbIE 3asiBIIEHUS.

CnoxHasa Hemsnyyawwaa konebatenbHas cucTtema OCTaeTcs CnoCoBGHOM K npuemMy 3Heprum
BHELUHUX M3Iy4YeHUN, KOTopble BO3OYXOalT B HEW HOBble MPOLECChl, U TOXe, ecrnn U3Ny4YeHus
ANUTENbHbI, MPOUCXOAUT pasBMTME MPOLIECCOB, MOMyYaloWmnX SHEPIMO U3BHE, - CUCTEMa Kak Obl
HacTpamBaeTCA Ha MpueM BHeLUHeW 3Heprun. Korda BHELLUHWE W3MyYeHUs NpekpaTATCcs, HOBbIN
npouecc, 3axBaTUBLUMN 3HEPrnto, MoxeT ObiTb, HE CMOXET ee W3Ny4YnTb, €Cnv HangeTcsa emy
"aHTUnog". Mo aton NpuumHe (M APYrMm) KOHLEHTPaALMNSA SHEPIUM B TeNax OKasbiBaeTCA HECPABHUMO
GonbLuen, YemM B OKpyXXatoLLEM MX MYCTOM NPOCTPaHCTBE.

BepHemcs k aTomy.

YT06bI M3ny4YaTb M racuTb U3ny4yeHne 3NeKTpoHa, AP0 AOIPKHO HECTU B cebe NCTOYHUK N3NYYeHUs -
KaKkOM-TO 9NEKTPOMarHUTHbIN NEepUOANYECKMIA NpoLEecC. ONeKTPOHbl B aTtoMe ABWMXKYTCA Mo
pasnuyHbiM opbuTam € pasHbIMM YacToTamu, NOTOMY SAPO AOSMKHO AEWCTBOBATbL TakK, Kak AENCTBYET
cnoxHasa konebatenbHas cuctema, cnocobHast cogepxatb B cebe goctatoyHoe pasHoobpasve
konebaHun, kak CMCTEMa CO MHOXECTBOM PE30HaHCOB, HamnpuMmep, Kak OObeMHbIN pe3oHaTop,
npuyeM Kak pe3oHaTop OTHOCUTENbHO HU3KMX AON1 ero pasmMepoB 4acToT (T.K. ANWHbI BOJIH,
n3ny4yaembix SAPOM, AOIMKHbI ObITb MHOrO 60nbLle pa3MepoB sapa).
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B makpomupe (B TexHuKe) 06 beMHbIMM pe3oHaTopamMu Takoro poaa MOryT CAYXUTb KYCKM U Kanu
ONANEKTPUKOB 1 (hbeppomMarHeTmkoB - oObeMHble  npegMeTbl  nwobon  opmbl U3
HEeaneKTPONpoOBOAHOIO MaTtepuana, 9feKTpOMarHUTHble CBOWCTBA  KOTOPOro  CyLLECTBEHHO
OTNMYalTCA OT CBOWCTB Bakyyma (dpeppwTbl, NIacTUKK), UMW pe3oHaTopbl 3NeKTpoMexaHuyeckue.
KTo nnoxo 3HakoM C 9NeKTpPOMarHUTHbIMW pe3oHaTopaMu, MOXET MOHMMaTb WX Kak nogobus
3BYKOBbIX pPe30HATOpPOB. Takmx Kak KOSIOKOS, KaMEepTOH WK KYCOK penbca. Te u gpyrue crnocobHbI
HecTn B cebe GonblLloe pasHoobpasue konebaHwun, nsnyyaTb SHEPrUO KONebGaHW B OKPY>KaKOLLYHO
cpedy B BUAe BOSH U NPUHUMAaTb 3HEPruio BOMH U3 cpedbl, Hakannueas ee B cebe B BUae aHeprum
konebaHnn. 3gecb BaxHO, 4TOObl cam pe3oHaTop He co3gaBan O6oMnblUMX BHYTPEHHUX MNOTEpPb
3HEPrUn N He usnyyan ee yX CAUWKOM ObICTpo, 4YTOOblI yaepxmBan B cebe unm BOKpyr cebs
HEeKOTOpbIN ee 3anac.

OnekTpomexaHn4eckme pe3oHaTopbl OTNINYATCA MaTepuarnom, B KOTOPOM 3r1eKTPOMarHUTHbIE Nons
BbI3bIBAlOT ynpyrne aedopmaumm, a gedopmaumm - BHOBb MONS, U 3NEKTPOMAarHUTHbIE NPOLECCHl B
HEeM CrMBaloTCs BOEAMHO C MeXaHudYeckumu. TakoB, Hanpumep, kBapL,. Takoi pe3oHaTop crocobeH
cogepxaTb B cebe koneGaHuMs O4YeHb HU3KMX YacToT U Ype3Bbl4aliHO  MeArieHHble
3reKTpoOMexaHN4YeCckme BOJHbI, KOTOPble LMPKYNMPYIOT B HEM, MOYTU MOSNIHOCTbIO OTpaXasicb OT
rpaHnL MaTepuana BOBHYTPb M YaCTUYHO M3Ny4asiCb HapyXy B BuOE 3NEKTPOMarHWTHbIX BOMH. B
TAkOM MaTtepuane M BOKPYr Hero B NPOCTPAHCTBE 3MeKTPOMarHUTHbIE BOSIHbI MOTYT ABUraTbCsl Ha
MHOro NnopsiakoB MefrneHHee, YeM B nyctoTe. [pyu 3ToM pasmepbl pe3oHaTopa HUYTOXHO Marnbl B
CpaBHEHMW C ONIMHaMK BOSH, U3fy4aeMblX MM B ganbHee npocTpaHcTBo. byaem cumtath Takon
PEe30HaTOP HaLLUMM MYYLIUM NPUBIIMKEHVEM K SAPY B €r0 BHELUHEM 371EeKTPOMAarHUTHOM MPOSIBNIEHUMN.
A KpyroBble BOSfHbl C nonsipusauMert matepuana - nyywmMm npubnukeHnem K npoueccy Yy
NOBEPXHOCTU Aapa.

OneKTpoH, Bpallasicb B aTOMe BOKpYr aapa, U3nydaeT B AanbHee NpocTpaHCTBO MeKTPOMarHUTHbIe
BONHbl. ECcnn B siape MoXeT cyllecTBoBaTb konebaTenbHbld NpoLlece, KOoTopbi co3gaeT Bganu ot
aToMa TOYHO TaKoe e MU3fydYeHue, TO OH, eABa 3apOAMBLUMCL U ByAyYn Kak YyrogHO MarbiM, CTaHeT
M3nyyaTb B MPOCTPAHCTBO M OTYACTM racuUTb U3Ny4YeHne 3NEeKTPoHa, OTOUpas aHepruo nsnyyYeHus B
cebs (a He Kyda-To ewe) v NoTOMY YCUNMBasiCb A0 HaCTYMNIEHUS PaBHOBECUSI MeXAy MPUTOKOM U
OTTOKOM MOLLUHOCTM, TO €CTb A0 Hyns M3nyvyeHuss u3 atoma. [lpouecc MOXHO MOHMMAaTb Kak
COCTOSILUMIA M3 MHOXecTBa Oonee npocTbix KonebaHuil, U Toraa Kaxpas ero cocTaBnsioLas,
cnocobHasi oTobpaTb YacTb MOLLHOCTU M3Ny4YeHUst U yMeHbNTb ee, ByaeT pasBmBaTbCs 3a cuyeT
STOW OSHeprMM [0 Tex Mop, MoKa He CROXWUTCA MNPOLECC, KOTOpbIA co3gaeT  M3NyyeHue,
TOXOECTBEHHOE U MPOTMBOGA3HOE U3MYYEHUIO 3MEKTPOHA, M NOTOMY OTOMpatoLLee BCHO MOLLHOCTb
€ro nsnyyeHusi. SNEKTPOH e Toraa, Mo MpPUYMHE TOXOECTBEHHOCTU U3Ny4YeHWi, ynasBnvBaeT BCHO
MOLLHOCTb M3Nny4yeHuss n3 sapa. [ABUKYyLMNCS 3NeKTPOH M 3TOT npouecc obMeHMBalOTCA aHepryen
N3NyYeHusl, He OTAaBasi ee B MPOCTPAHCTBO U COCTaBIISAs IHEPTrETUYECKN YCTONUMBYIO CUCTEMY.

Tak na3ny4yeHne anNeKkTPOHOB, HanpaBneHHoe, Ka3anocb Obl, U3 aToma B NPOCTPAHCTBO, BO30yXaaeT,
nUTaeT aHepruenm M opmupyeT B A4pe npouecc, yaepxusarwwmn aHeprmto B atome. [lpouecc,
€CTEeCTBEHHO, BOSTHOBOW U KPYroBOW, NPUYEM BOSHbI BOKPYr 4pa Ype3Bbl4aiHO MeaneHHble, a Sapo
(kak n Bce 06beMHble pe3oHaTopbl B TEXHUKE) MMeeT AUCKPETHOE MHOXECTBO PEe30HAHCOB U NOTOMY
noagep>XmBaeT ANCKPETHBIN pPag SNEKTPOHHbIX opbuT. MNMonHoe oTCcyTCTBUE M3NYYEHUA N3 aTOMa He
obsi3aTtenbHo. [JocTaToO4HO 3HEPreTUYECKOro paBHOBECUS C OKpYXKatoLen cpeaon (06 aToOM Huxe).

Bce 31O npoucxoguTt B NOSTHOM COrfacum C KnacCu4ecKkom 3neKTpoauHaMMUKON, a BOBCE HE BOMpPEKM
en. HeT n He 6bINO 3gecb nepen Knaccuyeckom U3NKOM HUKOTAa HWU TYMWUKOB, HU TPYOHOCTEW, HU
Hy>kabl B noctynartax. OHa npocTo, ICHO U NIOrMYHO OOBSCHSIET sIBNEeHUs, Skobbl HEOObACHMMbIE B
npuHumne. M morna o6bACHATL 3TO M3Ha4vanbHO. Cama Xe CoBpeMeEHHas LKona (pu3nkn Ha ero xe
NOCTaBIEHHbIA BOMPOC He OTBEYaeT U He OTBETUT HMKOrAa, T.K. MpuHsNa dakT aHepreTudeckomn
YCTOMYMBOCTM MUKPOMMpPA B KayecTBe OLHOro U3 CBOWMX MOCTYNaToOB, Kak B NPUHLMNE HE MMEIOLLNIA
00bsicHeHUA. U aToT war cnaboctn n oT4agHUA ner B OCHOBY COBPEMEHHON PU3NKN. A TEOPETUKM,
He CnocobHble pellaTb HECIOXHble 3a4adn JNEeKTPOAMHAMMKU U NepPBbIMU caenaslime 3TOT Lwiar,
cTanu ee oTUaMu 1 NePBbIMU reHNAMKU, NobeanTeNAMM KIacCU4eCKon SNEKTPOANHAMMUKMN.
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Mbl caenanu 3gecb BbiBOA, O TOM, YTO aTOMHOE S4p0 (4a M BCe MHble 06beKTbl MUKPOMMPA) UMeEET
CMOCOBHOCTL ObITb CIIOXHOW KorebaTenbHOM CUCTEMOWN, HEKMM nogobuem pesoHaTopa, T.€. HECTU B
cebe BO MHOXecTBe konebaTternbHble NPoLEeCChl, CMOCOOHbIE U3NyYaTb U NPUHMMATL HEPIUIO B BUAE
3MNEeKTPOMarH1UTHbIX BOSH. K aToMy ecTb criefytoLlmne OCHOBaHMS.

Bo-nepBbIX, CNOCOBHOCTL aTOMHOIO sfapa K pe3oHaHcam M3BecTHa. HeT COMHeHWin M B TOM, 4TO
N3y4yeHo ellle He Bce pa3Hoobpasme konebaTenbHbIX CBOMCTB Sapa.

Bo-BTOpbIX, CnocobHOoCTb ObITb  pe3oHaTopoM, T.e. cogepxaTtb B cebe kakme-nubo
9NEeKTpOMarHuTHble KonebaHus, UMerT B Makpomupe BcCe NpeaMeTbl, OTNMYHbIE OT OKpyKatoLlen
cpegbl MO 3NEKTPOMArHUTHbIM CBOWCTBaM, KOrga B HMX LOCTATOMHO Marsnbl MOTEPU 3HEPIUW.
Knaccunuyeckasn cdmsmka He genaeT NpuMHUMNUanbHbIX pasnuyunin Mexagy MMKPOMUPOM U MaKpOMUPOM,
OT €[MHCTBA 3aKOHOB MPMPOAbl B HUX OHa He OoTpeKkanacb U He BbiAENSAET 3NeMEHTbl MUKpoOMMpa 13
obLero psga npegMeTos.

B TPETbUX, MEXaHN3M COXPaHEHNA SHEPIUN OBWXEHUN B MUKpPpOMIMPpeE npeanosioxKnTesribHO enH - Kak
Ona 1en, Tak n ana otaesibHbIX aTOMOB.

W, HakoHeU, B YeTBEepPThbIX: NMULIb 3TUMA cBoMcTBaMu A0pa yaaeTtcA 0O BbACHUTD, noyemy xe atomMm He
n3ny4yaeTt, BNnepBble HE NMpoTBOpeYa Nnpm 3ToM HM 3aKOHaM NMpupoabl, HXA NTOrnke, H CbaKTaM.

Mbl He 3Haem, 4YTO Takoe aTOMHOE SAPO M YTO Yy HEro BHyTpU. Ho BMomHe MoOXem cornacutbes C
npeacraBneHneM o sape Kak Karnmne XXMAKOCTU - XKUOKOCTU NoNsipu3oBaHHON, Haxoasilencs B nonsx,
CTSIHYTOW BOEOMHO KaKMMW-TO CMamMu M NOTOMY CMOCOBHOM K 3NIEKTPOMEXaHMYECKUM KonebaHusaMm.
HunyTo He MellaeT Ham Tenepb paccMmaTpuBaTb SAPO U NPoYMe 00BbEKTbI MUKPOMUPA B UX BHELLIHUX
NPoSABNEHUNAX (TONbKO BO BHELLUHMX NPOSABNEHUAX) KaK 3NEKTPOMarHUTHble KonebaTenbHble CUCTEMBI,
Kak pe3oHaTopbl, aHanorMyHble pe3oHaTopamM U3 Mupa TEXHUKU, HO ©e3 NoTepb 3HEeprum n, MoxeT
ObiTb, O0nee cnoxHble. Co BcemMu BbITEKaOLWMMK OTCcoaa creacteusamm. M mbl, oObldHbIE noan, "He
CMOCOBHbIE K MOHUMAaHUIO NYOUHHBIX CBONCTB MaTepumn”, MOXeM MoHMMaTb CBOMM OObIKHOBEHHbIM
yMOM, 4TO "4yacTuua-BONnHa" COBpPEMEHHOM M3MKM - 3TO Kakas-To kKonebatenbHas cucTema,
cBoeobpasHbIn pe3oHaTop, CMNOCOBHLIN HECTU (M HE HECTU) KonebaHus U BOSTHbl. OTOr0 JOCTAaTOYHO
Ans MOHUMaHWSA C MO3UUMKA  KrnacCu4Yeckon (U3MKM BCEX MPOSABMNEHUA YacTuuaMm MUKpomMupa
BOJTHOBbIX CBOWCTB.

OTUM Xe 0OBACHAKTCA N Te KapTUHbI pacCesiHUS YacTul, CCbINasiCb Ha KOTOpblIe BBOAUMN MOHATME
"yacTuua-BonHa". ONEKTPOHbl, Hanpumep, nponeTas CKBO3b KpWUCTansn, ABMXKYTCS He TOSMbKO B
CTaTUYeCKNX, HO U B BOSTHOBbIX MONSAX, TEKYyLLUNE drasbl KOTOPLIX NepeMeHHbI. [pn 9TOM B aneKTpoHax
TOXe BO3byxaaloTcs kakme-HMbyab konebaHna. ECTeCTBEHHO, 9NEKTPOHbI BbINeTalT U3 KpucTanna B
HanpaBneHusX, 3aBUCALLMX, KpOMe npoyero, oT ¢das nonen mn konebaHun, u, nonagas Ha 3KpaH,
00pasyloT KapTUHY, MOXOXYK Ha KapTUHY MHTepdepeHLmn BOMH. HO 3To BOBCE He MHTepepeHLms
N He BOIHblI MaTepun, a NpoCTO pas3bpoc TPaeKTOpUN IMEKTPUYECKUX 3apsiaoB U OCUMNNATOPOB,
NposieTeBLUNX CKBO3b BOSIHOBOE MoOJsie Npu criydarHbix ero pasax. BBoauTb B HayKy peBOMOLNOHHOE
noHsaTMe-rmbpug "Jyactmua-BonHa" He 6bifno HY HYXAbl, HN OCHOBaHWMN.

CoBpemeHHasi u3nka npuvHMMaeT BOJTHOBblIE CBOMCTBA MaTepum kak akT, OObACHUTb WX He
cnocobHa, HO 0BBUHSIET B TakoW HECMOCOGHOCTM KNacCUYECKY!H.

Cesizb amomoe e meepdom mersie

Tenepb Mbl BbIICHUNW, YTO BOJSIHOBbIE 3MEKTPOMAarHUTHbIE MONISi MOrYT CyLEeCTBOBaTb B YCMOBUSIX
MUKPOMMPA, HE WU3My4asicb B MNPOCTPAHCTBO M He Tepsis SHepruio. MICTOYHMKM Takux nonew
NOCTOSIHHO AENCTBYIT B MUKPOMMUPE, BOSHOBbIE MNONS 3aMONHSAT MWUKPOMUP W, €CTECTBEHHO,
CO30al0T ANEKTPOMarHUTHbIE CUMOBbLIE CBA3M MEXAY UCTOYHUKaM Morien - 3feMeHTaMyu MUKpoMupa.
A 3TN cunbl CNOCOGHbI yAepXMBaTb 3rIEMEHTbl Ha OnpedeneHHbIX PaccTOsHUSIX APYr OT Apyra,
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CBA3bIBas MX B OOHO Teno, B OAWH aToM, B OA4HY Monekyrny. HeT ocHoBaHun "oTbpackiBath" 3Tu
CUnbl, N HET HYXbl UCKATb ANSA 3aMeHbl Kakne-To cneumanbHble NoNs U CUibl UHON NPUPOAbLI.

CoBpeMeHHasi Teopusi Tak U He Aana Ham YeTKOro U SICHOro, MOHSITHOrO MHXXEeHepy npeacTaBreHns o
TOM, YEeM U KaK CBsidaHbl aTOMbl B MOIeKynbl KU Tena. Knaccuyeckas wkona morna net 80 Hasag
0OBbACHUTbL HaM 3TO, HO Mbl NIULLNMNNCL TakoW BO3MOXHOCTM BMECTe C caMoMl LiKomon. PaccmoTpum
3TO XOTb Teneps.

MycTb B BOSIHOBOE BbLICOKOYACTOTHOE 3JrieKTPOMarHUTHOE Mone W3nyvyeHus, 3aBucslee OoT
KOOpAMHAT M BpeMeHn Kak sin(t-x) (koadppuumeHTbl Byaem ynyckaTb), NOMELLEH B NNOCKOCTb X U
napannernbHO BEKTOpaM 3MeKTPUYECKOro nons 3NeKTPUYECKUn OCUMNNSATOP - KOPOTKUA NPOBOOHUK C
NnepemMeHHbIM 3MeKTPUYECKMM TOKOM, 3aBUCALLMM OT BpemeHu Kak sin(t) (tTom xe vacTtoTbl). Ha
npoBoAHUK OyaeT OencTBoBaTb cuna, nponopuuoHanbHas npousBegeHuto sin(t-x) Ha sin(t), 4to
paBHO cos(Xx)/2 + cos(2t-x)/2. BTopoe cnaraemoe - 6bICTponepeMeHHas cuna, B CpeHeM 3a nepuog
paBHas HyM W HUKyda MpPOBOOHWK He ABwxywas. [lepBoe Xe cnaraemoe - MOCTOAHHO
AeNCTBYOLWas cuna, ABMXyLLas NPOBOAHMK BOOSb OCU X, NOKa COS(X) He cTaHeT paBHbIM Hymo. OHa
BCerga CTpemMuTcs BEpHYTb NPOBOAHUK B OOHY M3 TexX Toyek, rae cos(x)=0, asuraa ero B Ty Wnu
APYryto CTOPOHY. Ha Apyrom s3blke: OCUMNNATOP MMeeT AUCKPETHbIN PS4 YCTONYMBbBIX NOMOXEHUIN B
CMHXPOHHOM C HVMM BOJTHOBOM rore.

AHanornMyHo, ecnu 4epes KaTyLKM HECKONbKUX OSMEeKTPOMarHUToB MponyckaTb CUH(asHble TOKK
CBEPXBbICOKOW 4acTOTbl (OT OQHOM0 UCTOYHMKA), TO MarHUTbl HE TOSMbKO CTaHyT U3nyyaTb BOSIHOBOE
none CBY, HO M NpOSAIBAT HEKOTOPOE HENpUBbLIYHOE S HAC CBOWCTBO: 3M1EKTPOMarHuTbl, ecriv
HaxogATca NoA AEWCTBMEM TOSbKO 3MIEKTPOMArHUTHBLIX CUIT M HavanbHO PacnoSiIoKEHbl Tak, YToObI
oTTankuBanucb Apyr oT gpyra, pasonayTcs NyLlb Ha HEKOTOpPbIE pacCcTosHMA U ByayT yaepxmBaTbCs
Ha 3TUX PACCTOAHUAX ANEKTPOMArHUTHLIMU CUNaMmn, Kak npyxmHamu. NocKkonbKy 3gecb MarHUTHoe
none - BOJSIHOBOE, OSMEKTPOMarHuThbl, OTTankuMBasdAcb W pJanee, nonanu 6bl B nomne cun
NPOTMBOMNOSIOXXHOIO HanpPaBneHUsl, N CUMbl OTTaNKUBaHUA U3MEHUNUCb Obl Ha CUMbl MPUTSXKEHUS.
[MO3TOMY OHM OCTAHOBATCA B HEKOTOPbIX YCTOMYMBBLIX MOMOXEHUSX - TaMm, rae 3TW CUMbl MEHSIOT
HanpaBfeHMe W paBHbl HYMIO, - Ha HEKOTOPbIX YCTOMYUBBLIX PACCTOSAHUAX Apyr OoT Apyra. [lpu
OTKNOHEHUN MarHMToB OT YCTOWYMBBLIX MOMOXEHUA OHW nonagyT B obnactb OencTeus cun,
BO3BpaLLaloLLnX UX 06paTHO B YCTONYMBLIE MOMOXEHMUS (YTO U NO3BONAET NPUMEHATbL 30€Cb TEPMUH
"yctonumBble"). Ecnn anekTpomarHuTbl HaxoaaTcs nog AEWCTBMEM TOMbKO 3TUX CUn (Hanpumep,
cBOOOAHO NNaBaloT B XKUOKOCTM UM HA €e NOBEPXHOCTH), TO 06pasyeTcst (CaMoopraHmM3yeTcs) HeKoe
yrnpyroe Teno, B KaKon-TO CTENeHn yrnopagoyeHHoe Nno CBoen BHYTPEHHEN CTPYKTYpe.

Puc.1

Ha pwucyHke puc.1 nokasaHa
ycTonumBasa rpynna w3 TpexX INeKTPUYECKUX [OUMONen, KoTopble PaBHOMEPHO W COBMECTHO
BpalwlaloTcs BOKpYyr obuwen ocu (oTpuuaTenbHbI 3apsg  BOKPYr TSDXKENOro  MnofoXuTeNbHO
3apshKeHHOro Tena), W parMeHTbl 9NEeKTPUYECKUX Monen, W3NYyYeHHbIX paHee CocegHUMM
annonamu. Mona nmetoT dopmy cnmvpanen. Ytobbl He 3arpomoXxgaTb PUCYHOK, NMOKasaHbl NULb
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Yy4acTKU 3MEeKTpUYecKkoro nons, napannenbHble MAOCKOCTU pUCYHKA, U Nulb BOGNM3W gunonen.
Avnonu 3aHumaloT B NONsIX ApYr Apyra YCTOMYMBLIE MONOXKEHUS, T.K. HAXOASATCA B MaKCMMyMax
3MeKTPMUYECKOro Moss, Kak B NoTeHUManbHbIX siMax, BpallaloTCs BMECTe C MOMeM, U UX NOABWKHbIE
3apagbl Bceraa CMelleHbl BAOSMb MOMsi K HWKHEMY SHEpreTMyeckoMy YpPOBHIO B HeM. Byayum
BblB€AEHbl 13 YCTONYMBLIX MOMOXEHWUIA, OUNONN BEPHYTCS B HUX UMW NpUAYT K HOBbIM YCTOMYMBLIM
NONOXEHMWSAM.

Ynpyrue cBsi3u 4epe3 MOCPEACTBO IMNEKTPOMAarHWTHbIX BOMH HE MOryT He BO3HMKaTb Mexay
arnemMeHTaMu Myukpomupa. MNons B HEM JOCTAaTOYHO CUSbHbI, @ 31EMEHThI U3ry4YatoT BONIHOBbLIE MO,
T.K. HECYT 3apsiabl U AUNONN, NOABMXKHBLI U CMOCOGHbLI K pe3oHaHcam. Knaccuyeckas umanka He 3HaeT
APYrux nonen u cun, cnocobHbIX yaepxmBaTb 3rIEMEHTbl Ha paccTosiHusIX. [oaToMy Ham npuaeTcs
npu3HaTb, 4YTO B YMPYrom Tene 3feMeHTbl MUKpOMMpa BbICTYNalwT B KadyecTBe Hocutenen
3MeKTPOMarHMTHbIX konebaHui u BOMH, M YNpyro cBsidaHbl Mexay cobol 4Yepe3 nocpeacTso
3MeKTPOMarHUTHbIX BOFTHOBbIX MOJEW.

Tenepb 3amMeTuM, YTO 34eCb BrepBble ONUcaH HOBbIM ANA (Pr3nkn 06beKT (TOYHee, Kak Obl HOBbIN):
NMCKYCCTBEHHOE YMNpyroe Tero, COCTOSLLEE M3 MHOXECTBA MAaKpPOCKOMUYECKUX SNEMEHTOB. ITOT
00BbEeKT MMeeT NpuHUMNUanbHOe 3HavyeHwe no ABYM npudnHam. Bo-nepBbix, 9TO NPOCTENLINA U
nepBbI  NMpMMep MNPOCTPAHCTBEHHOM  camMoopraHmsaumm. Bo-BTOpbIX, €My CBOWUCTBEHHbI
onpegeneHHble pasMepbl, OH MOXeT ABuUratbCA W npeTeprneBaTb YCKOPEHUs, Kak W Tena
€CTEeCTBEHHbIe. HO, B OTNNYME OT TN eCTECTBEHHbIX, 34ECb MOJIS U CUSbl, COEAVNHAIOLMNE NEMEHTHI
B e4WHOoe Terio, He CKPbITbl B MUKPOMWUPE, U Mbl MOSlydaeM BO3MOXHOCTb pPacCMOTPeTb BOMPOC
BEKOBOM [aBHOCTW: 3aBUCAT N1 pa3Mepbl Tena oT ero ckopoctn? Mbl paccMmoTpum 3TO nogpobHee B
Apyrux rnaeax. A noka obpaTtMm BHUMaHWE NULLb Ha criegyroulee.

Y4ebHbIi KypC COBPEMEHHON (OU3NKM YACTO HAYMHAETCH C M3MOXEHUS OUCKYCCMM O MOCTOSHCTBE
pasMepoB Ten u yTBepxaeHus nobeabl TEOPUM OTHOCUTESTbHOCTU Ha KracCU4YecKom OU3UKOW.
[Mo3numnKn CTOPOH MpU 9TOM OTHOCAT KO BpemeHaMm mofenu atoma TomcoHa, k 1907 rogy, korga
CYMTANOCb, YTO aTOMbl MOXOXW Ha MUPOXKW C W3IOMOM, YTO B TBEpPAbIX Tenax OHW BMSIOTHYIO
NPUMbIKAIOT ApYr K ApYyry, U NOTOMY pa3Mepbl Tern onpeaensatTcs pasmepaMmn atoMoB, Kak pasmepbl
CTOMNKN MUPOXKOB - pasmepamun NUPOXKOB. NOCTOAHCTBO pa3mMepoB Toraa KasanoCb HECOMHEHHbIM.
N ocTaBnAT Kak 6bl HEM3BECTHBIM OaKT, Takke OTKpbITbin Pesepdopaom B 1911 roay: pasmepbl
Ten OnpefensiTcs pacCcTosHUAMKM  Mexay sapamm  atomoB. CBOWCTBA XKe  pacCTOSHWIA
onpenensitoTcs CBOMCTBAMM Nofen, 00begMHAIOWNX aTOMbl B €ANHOE Tero, rAe U CKPbITO peLleHne
CMOPHOro Bonpoca.

Pasmep Tena - 310 CyMmMa paCCTOFIHI/IIZ. B Takom nocrtaHOBKe Knaccuyeckasi Lkona BbiUrpbiBana
cnop, T.K. pacCTtoAHUA OT CKOPOCTU 3aBUCAT. OTO MMeeT MecTO B NnpakTnke 1 gokKasyemo npu
ycJnioBun: BCe Mnosda u I/IHCbOpMaLI,I/ISI OBWXYTCA HE 6bICTpee cBeTa.

Ho coBpemeHHasa wkona obbsBuna, 4YTo Mexay atomamMum OeWCTBYHT ABa Buaa nomnen ocobown
NpuYpoAbl, OAHO M3 KOTOPLIX - MOSie CUM NPUTSXKEHUS, OPYroe - CUM OTTaflkKMBaHUSA, U YTO 3TU NONS
€CTb TOSIbKO B MUKpOMMUpPE. OTO WeaeBp MyapOCTU COBPEMEHHOW LLKOSIbI: pagn 06bACHEHUS OQHOro
ABMEHMsT npuaymana pgea daHtactudeckux nons, "otbpocuna" wu3  MuKkpoMmpa pearnbHble
3NeKTPOMarHUTHbIE MOSS, 3aTO CKpblfa npegMeT OUCKYCcCuK B riybuHax MukpomMmmpa.

YUTtoObl cnop 0 NOCTOSAHCTBE pa3MepoB He Gbin GecnpeaMeTHOM CXONacTUKON, OU3NKM TOXKE AOITKHbI
OblMM NpuMaymMaTb WUCKYCCTBEHHOE YMpPyroe Teno, COCToswee U3 MaKpOCKOMUYECKUX IfIEMEHTOB C
ANCTaHUNOHHBIMWN CBA3AMK Mexay Humu. BosmoxHocTb Gbina. B 1888 rogy lMepu uccneposan
nanyyatenun, HasblBaemble cerofgHsi Bubpatopamu lepua, a B 1903 rogy nonyyeHbl pelleHus
ypaBHeHnn MakcBenna, LOCTaTOuHble ANA MaTeMaTU4eCcKOro OrnMucaHus rMonen UsnydeHus 3Tux
BMOPaTOPOB U CUN B3aMMOLENCTBUSA MeXay HUMW. BubpaTopbl MOrfn CRyXuTb 3fieMeHTaMmu Tena
yxe Torga. Ho pasmepsbl BCsKOro nogobHoOro tena 3aBMCAT OT CKOPOCTUM TaK, Kak yTBepXXaanu korga-
TO JlopeHu n duupkepanbg. MNoaToMy cBefeHUst 0 HUX B (pmanke oTcyTcTBYOT. OKasanoch, YTo 3Th
cBeAEeHns NPOCTO He AonycKalTcsa K nybnvkauun. 1o yaanocb NpoBEPUTD.
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Cyoss no cKkpbITbIM OT Hac cBeAeHusAM, PunbTpoBaTb MHGOPMaUMIO B (PU3NKE Havanum Toxe
npumepHo B 1910-x rogax v npogorkatT Ao cux nop. O6bekTbl U hakTbl, NpoTUBOpPevaLLne
TEOpUsiM COBPEMEHHOW LUKOSbl, “3amMeTarTca nog koBep" no npumepy OTLOB-OCHOBATenerm u no
YCTAQHOBMEHHbIM UMW MNpaBunam: coobLleHUst He NyOnuKylTCHA, a ABfneHus W npegMeTbl, Aaxe
N3BECTHbIE KaXOOMY, HO He OnucaHHble B akageMuyeckoM neyatu, oduumnanbHO CYUTAKTCA
HecyLecTBYOLWMMA. YNOMUHATL O HUX B HayYHbIX MNyGnukaumsax sanpelieHo, U OHWU MOCTENneHHO
3abbiBatoTCH.

Ana nobeabl Hay4HOW peBoOnOUUN, TpUyMda TEOPUM OTHOCUTENBHOCTU U PaspyLLUEHUS HY>KHON HaMm
Knaccu4ecKkomn LUKOSbl, HAlWMX 34paBoro CMbICra M JIOrMKM NOHagobunock CKpbiBaTb OT HAc ¢oakThl,
BBOAMTb B 3a0nyAeHusa 1 nuwaTtb Hac 3HaHUK1, He CYNTAsACh C BPeAOM, HAHOCUMbIM OOLLECTBY.

A noa Tem noTepTbiM KOBPOM YKe OrpoMHas cBarika 3abbiTbIX AparoLeHHOCTEN.

ﬂpocmeawue camMoopeaHusyruwuecsi cucmemMbli

Makpockonuyeckne ynpyrme Tena npeactalnT Tenepb Neped HamMu Kak OnpeaerieHHoro poga
CaMOOPraH13yHLLMECa 3NEeKTPOMEXaHNYECKNE CUCTEMBI, COCTOSILLNE N3 UCTOYHUKOB CTATUYECKUX U
BOSHOBbIX 3fIEKTPOMArHUTHbIX MOMEeN W CBA3aHHbIX BOEAMHO 3dTMMKM nonsMu. YTobbl nmeTb
npeacraBneHne 0 cMcTteMax Takoro pofa, HY>XHO Obl MOCTPOUTL YTO-HMBYAb NogobHoe, xoTs Obl B
BoOOpaxeHnn. Mbl yxe uMMeeM MnpuMMep CUCTEMbI, CaMOOPraHM3ylLlWenca Mo CTPyKType B
NPOCTPAHCTBE, - TPYyNMny W3 HECKOSbKMX BbICOKOYACTOTHbIX MarHMToB, ObICTPO BpalLaloLmnxcs
ANNONEN NN Kaknx-nnbo MHbIX N3NyYaroLnx BOTHOBOE NOJSie OCLMNNATOPOB, CBOOGOAHO NiaBatoLLmx
B HEBECOMOCTU Unn B xungkoctn. CamoopraHunsaums 6yget 6onee NOMHOW, ecnu Te NpoLecChl, YTO
TEKyT B anemMeHTax (konebaHnsa TOKOB Mnn 3apsigoB, BpalleHUs) U co34atoT BOMHOBbIE nons, 6yayT
TOXE MOABEPXKEHbI CaMOOpraHu3aumMmM, CaMOCOrnacoBaHMIO MX MO YacToTe M TeKylum dasam.
CpoenaTb Takyldo CUCTEMY MOXHO (Oaxe B BMAE WU3OENUIN, eCnv OYeHb NoHagobuTcs) cpeacTBamm
PaaNOTEXHUKN.

PaccmoTpum cructemy, COCTOSLLYIO CHOBa M3 MHOXECTBA OAMHAKOBbIX KaTylleK, 06TekaeMblX TOKaMu
CBY4, HO nycTb Tenepb Kaxpas KaTywka 6ygeT yacTbio aBTOHOMHOIO reHepatopa 9neKTpUYecKnx
konebaHnn CBY, kaxgblh N3 KOTOPbIX COCTOUT U3 KonebaTenbHOro KoOHTypa (KoHAeHcaTopa U 3Tou
KaTyLUKKN), YCUNUTENS, UCTOYHMKA TOKa U Lienn nonoxntenbHon obpaTtHon cBA3n. Takne reHepaTopbl
AABHO MPUMEHSIIOTCH, CBOMCTBA MX XOPOLUO M3BECTHbI, YTO ynpollaeTt 3agady. [NycTb KaTywkn cHoBa
crnyxaTt nanyyaTensamm un snekTpomMarHutaMmu, a npoyne 4acTn reHepaTopoB He Moren U3rny4ator.

OpanHakoBble reHepaTtopbl, 6yayydn pa3po3HEHHbIMU, BblpabaTbiBalOT KoNebaHMss HEMHOrO HEPaBHbIX
4acTOT U B NPOMU3BOSIbHbLIX ha3ax. Ho, HaxoassiCb Ha HEKOTOPbIX YMEPEHHbIX PaAcCTOSAHUAX APYyr OT
Apyra, OHM B3aMMOCBsSI3aHbl Yepe3 CBOWM M3NYyYeHUs, BNUAKOT Apyr Ha gpyra. Kaxpass kaTywka
N3nyd4aeT SHEPrvi B BUAE OMEKTPOMArHUTHbIX BOSIH M MPUHMMAET SHEPru U3NyvYeHun Opyrux
KaTyllek, npeobpasys ee B SHEPIUO ANeKTpuyecknx konebaHui. Tak konebaTtenbHbI nNpouecc oT
KaXkQoro reHepatopa pacrnpoCTpaHsieTCcsl Ha BCe Opyrne reHepaTtopbl, Bfvss Ha Hux. pu aTom
reHepaTopbl, €cnu pacnonaralTcss 0Oonee-meHee onpeaeneHHbiIM 00pa3oM Ha HEKOTOPbIX
pPacCTOAHNAX ApYr OT Apyra, CnocobHbl "BXOAUTb B CUHXPOHM3M". Torga ux konebaHusi CTaHOBATCSA
CUHXPOHHbLIMU, UX U3NYYEHUSI - KOTEPEHTHBIMUM, a NPOLECCHI KonebaHnn 1 U3ny4yeHun CnnuBarTCcs B
eaVHbIi 00BbEMHbIN Mpouecc, AEUCTBYLWMA Ha €eOWHOW YacTtoTe B efuvHOM putme. [Opyrumu
cnoBamu: NPOUCXOOUT CaMOOpraHu3aumsi nokanbHbIX konebaTenbHbIX NPOLEeCcCOB BO BPEMEHU - MO
yactotam u dasam konedaHun, crnvBarollasi BOSHOBbIE M KonebaTenbHble Npouecchbl B €4uHbIN
0O BbEMHBIN KOrepPEeHTHbIN NpoLecc.
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Korga koneGaHuWsi B 3neMeHTax CUCTEMbl CUHXPOHHBLI, TO COXpaHSieTCs WX CNocobHOCTb U K
camoopraHvsaummM B MNPOCTPAHCTBE. OfieMeHTbl CUCTEMbI, [ABUrasicb B BOJIHOBOM Tofle MU
NnoBOpayMBasiCb, 3alMyT B HEM YCTOMYMBBLIE MOMOXEHMS U MPUMYT YCTOMYMBYID OpUEHTAUMIO,
06pasys yCTONYMBYIO MPOCTPAHCTBEHHYO CTPYKTYPY, B KAKOW-TO CTEMEHU YNOPSAO0YEHHYHO.

Tak Mbl nony4ynm cnctemy C camoopraHmsau,meVl 1 BO BpeMeHU, N B NMPOCTpPaHCTBE. Tenepb cuncrtemMa
He CBA3aHa npoBogamMmun, MOXET aBTOHOMHO CYLLECTBOBATb, ABUIFaTbCA, NpeTeprneBaTb YCKOPEHUA.

Mpowe paccmaTpyBaTb CUCTEMbI, PACCTOSIHUS B KOTOPbIX AOCTAaTOMHO BeENWKW. Toraa anemeHTbl
CBSi3aHbl TOMbKO MOMSIMU U3MNYYEHUI, HO HEe BNXKHUMM NonsiMu. YToGbl 3NeMeHTbI MPULLNN NPU 3TOM
B YCTONYMBLIE MOSIOXEHUS, HE PA3PYLLUMB CUHXPOHU3M KOnebaHui, HY>KHO eLle NpuaaTb UM CBOWCTBO
B3aWMHOIO MPUTSKEHUST (Hanpumep, NpuaaTb MM MNOCTOSIHHbIE AWMONbHbIE MOMEHTbI). Teopust
aBTOPErynuMpoBaHus rOBOPUT HAM O TOM, YTO FreHepaTopPbl OCTATCA CUHXPOHHLIMU TOSbKO HA TakUx
PacCTOSIHMAX, MPU KOTOPbIX MPOUCXOAUT MPUEM WMMWU BOJIHOBOW 3HEpruM Opyr OT Apyra, a 3To
CO30aéT [aBneHne BOSMIH Ha HMX M CWMbl B3aUMHOro OTTankuBaHusi. B3avMHoe nputspkeHue,
ypaBHOBELLUMBas AaBfieHMe BOSH, aBTOMAaTUYECKN CTaBUT 3MIEMEHTbl Ha PacCTOSIHUS, HYXHble A
CUHXPOHU3MA.

Byoem cumtath, 4TO pasmepbl reHepaTopoB Bcerga [OCTaTOMHO Manbl B CPaBHEHUU C OSIMHOM
n3ry4yaembiX MU BOSH ("TOYeYHbIe"), YTO MacChl UX Marbl, PACCTOSAHUSA MeXAY HUMU - OT eauHUL, 0
AECATKOB ANMH BOJSH, @ YACMO reHepaTopoB B CUCTEME AO0CTATOYMHO Bennko. KoHeYHo, Mbl ewe He
MOXEM CEerogHs co3faTb HACTOMbKO Marnble M MOLLHbIE UCTOYHUKN U3NYyYeHnin, YToObl obpasyemMble
UMUK CUCTEMbI ObINN NPOYHBLIMU, @ NPOLECCHI UX CaMOOpraHM3aLmm B NPOCTPAHCTBE - HE CIIULLKOM YXK
MeaneHHbIMW. Ho NpMHUMNManbHOro 3HadeHust 3To He UMeeET.

TeHOeHUMsa CUCTEMBI K MUHMMAIbHOMY M3MYYEeHUHO, O KOTOPON ObINo cka3aHo Bbile, OOCTUraeTcs
34eCb B3aMMHOM CaMOMpPOM3BOSIbHOW MOACTPOMKOM (CMHXPOHU3aumen) konebaHmn B anemeHTax
cuctembl. AMNnNuTyabl konebaHun 34ecb Mano NOABMXKHbBI, HO MOABWXKHbI MX dasbl, n d¢asbl
MEHSIOTCA TaK, YTOObl OTTOK 3HEPrMU U3 CUCTEMbl BbifT BIN30K K MUHUManbHOMY. JTa cucTema, B
CpaBHEHUN C €CTECTBEHHbIMU, NPOCTA: AENCTBYET NULLb Ha OOQHOW YacTOTe, nokarnbHble KonebaHus B
Hen UMEeIT N1LLb NO OQHOW cTeneHn cBoboabl, 3aTO AOCTAaTOYMHO Npo3payvHa, U Ta Xe ee TeHAeHums
BUAHA B HEW C APYrMX CTOPOH.

PaccmoTpyM OOMH KOHKPETHbI NpuUMep CUHXpoHM3auun. [ycTb OBa TakMX UCTOYHUKA U3NYyYeHUN
yCTaHOBSIEHbI NapannenbHO Apyr ApYry B OYeHb ASIMHHYK CBEPXMNPOBOASALLYI TPYOYy C OTKPbITbIMU
KOHLIaMW, N pacCTosiHNE MeXAy HUMU paBHO N+1/2 AnNunHbI n3ny4aembix MM BONH. Koraa nsnyyeHuns
MCTOYHUKOB CWUH(A3Hbl M paBHbl, TO MNPUXOAAT K KOHLUaM Tpybbl C pasHOCTbLIO Xo4a B OAHY
NONyBOSHY, TO €CTb B NPOTMBO(ase, N B CyMMe paBHbIMWU HymMt0. 3HAYMT, SHEPrna Taknx konedaHum
He BblfieTaeT U3 TpyObl, a octaeTcs B cucteme. OHa UMpKynupyeT OT OOHOro nsnyyatens K gpyromy
N Kaxdbl U3 HUX, U3Ny4asi, NPUHUMAET SHEPrU0 U3Ny4YeHUn OT ApYyroro. AToO Heusnyyawwasa napa
nanyyawowmx npoueccoB. (3amMeTvm, 4YTO MNOTEPU IJHEPrUm un3nyvyeHnn B Tpydbe npmBenu Obl K
HepaBEeHCTBY MNOSien Y ee KOHUOB, U U3Ny4YeHUss M3 Hee He npekpatunucb Obl, T.e. BHYTPEHHUE
noTepun SHeprnm NPUHLMNManbsHO N3MEHSIOT 3TO CBOMCTBO CUCTEMDI.)

Ecnn npoueccbl B reHepatopax He CUHXPOHHbI, T.e. UX YaCTOTbl Pa3fvyHbl, TO OHWU M3Ny4arT
He3aBMCUMO ApYr OT Apyra. Ecnn ke CMHXPOHHBI, HO HE CMHa3HbI, TO B 0bLLEM crydae MoryT ObITb
npeacTaBneHbl Kak CymMMa CUH(A3HOro u HecuHdasHbIX NPoLEeccoB, MUAYLWMX B OLHOM CUCTEME.
OHeprus He CUHMA3HbIX U HE CUHXPOHHBIX KonebaHunn yxoauT u3 Tpybbl B npocTpaHcTBO. KonebaHus
Xe B HalnX reHepatopax nosny4yarTcs nyTemM aBToreHepauumu, T.e. BOCNpoM3BOAAT camu cebs, a Te
MpoLEecChl, YTO U3NYy4YMnM CBOK 3HEPIUIO, BbIMAZaloT M3 npolecca camoBocnpomssoacTea. [oTomy
NMOCTENEHHO B CUCTEME OCTAKTCS TONMbKO CUH(pa3Hble KonebaHns, KOTopble HE U3yYatoT.

PaccmoTtpym 910 ewe pas. AMnnuTyabl KonebaHunm B reHepartopax, nogoOHbIX HawuMm, OObIMHO
OrpaHuvyeHbl HENWHEMHOCTbID TEeHepPaToOpoB Tak, YTO C YBENUYEHWEM aMMAUTYA YMEHbLUAKTCS
cpegHue 3a rnepuoq KoOd(MUUMEHTbI YCUNEHUS Yycunmutenem u MNpUTOK 3Heprum 4yepes Hux oT
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WUCTOUHMKOB NWUTaHWUs K KornebaTenbHbIM KOHTypam, T.e. konebaHus, HapacTtas, nogasnsatoT
ycunerHne. Koroa B 6onbloW cUCTEME [OEUCTBYIOT BMECTE pasfiMyHble ¢opMbl  KonebaHuin
(pasnuyHble kOMBUHauun has konebaHui), TO "BbbkMBAET" TOMBKO Ta U3 HUX, KOTOpasi cnocobHa
cyllecTBoBaTb MpyY CaMOM MarioM YCUIEHUW M CamMOM MarsioM MpUTOKe 3Heprun konebaHuin. JTa
dopma nogaenseT ycuneHue Tak, Yto apyrue konebaHusa 3aTyxatoT. YCUNeHne CHUKaeTcs 40 Takown
BEMNYMHbLI, NPU KOTOPOW pas3pO3HEHHblE reHepaTopbl yxe He Monu 6bl pabotatb, n konebaHus
BblpabaTbiBaeT NiLb CUCTEMA B LIESIOM, @ KaXabl reHepaTop AENCTBYET KaK YCUNUTENb U3NYYEHUN,
NPUHUMAda NX U N3Ny4asa yCUneHHbIMU.

Be3 Tpybbl, B cCBOGOAHOM NPOCTPAHCTBE M3Iy4eHUs1 yXoOaT BO BCe CTOPOHbI, B GonbLUON cucteme
BCE HECKOJSIbKO CrOXHee, HO, B MpUHLMNE, MPOUCXOAMUT Tak xe. Popma nsny4aemoro CUCTEMON MOns
N KONMUYECTBO M3My4aeMoOW SHEeprunm 3aBucCAT OT KOMOWHauuu amnnutyg u ¢as3 konebaHun B
anemeHTax cuctembl. Jllobaa mn3 Takmx ¢opm (kombuHaumi) moxeT ObiTb NpefcTaBrneHa B Buae
CYMMbl WX HanoXeHnss BCEX BO3MOXHbIX B cucTteme ¢opM konebaHui, KOTOpble KOHKYPUPYHOT
mMexay cobon. B KOHKypeHUMM Xe WUMEeT NpenmyLiecTBO MWHMMAanbHO wusnydatowme Gopmel,
KOTOpble pa3BMBalOTCS, NOAABNASA NpoYne.

[MpocTenwmne pesoHaTopbl - KonebaTerbHble KOHTYpPbl M3 KaTylweK W KOHOEHCATOPOB - MOXHO
3aMeHUTb 34ecb NObIMW APYrMMKU MU3nyyYawwmmu pesoHaTopamun. B cuctemy m3 reHepatopoB
MOXHO BKMNtoYaTb MaccuBHble pe3oHaTopbl (6e3 ycunutenen). OCHOBHble CBOMCTBA CUCTEMbI OT
3TOro He wu3ameHaTca. Ho konebaHua [omkHbl BbipabaTbiBaTbCsl B MNpouecce aBToreHepauuu,
CaMOBOCIMPON3BOACTBA M 3TO 34€Cb HEOOXOANUMO NPUHLUNUANBHO.

OHeprus, nuTalwas CUCcTemy, MOXEeT MNOoCTynaTb B Hee He TOMbKO 4Yepe3 YCUNuTenu, HO U
HenoCcpeaCTBEHHO - B BUAE SHEPTNN MEXaHUYECKON NN SNEKTPOMarHUTHON, U, €Crv HET BHYTPEHHUX
noTepb 3HEPruu, CoxpaHaATbCst B Hen. OCOBGEHHOCTb CUCTEMbI B TOM, YTO KaxObli €€ 3neMeHT
HaxoOuTCs B YCTOMYMBOM MOSOXEHUN, NO3TOMY Noboe BHellHee BO3OeNCTBME Ha cuctemy, byab
OHO MEXaHWYEeCKUM WS 3NEKTPOMAarHUTHbIM, BbIBOAUT 3fIEMEHTblI U3 YCTOMYMBLIX MOSTOXEHUN,
AEeNCTBYA MPOTMB CUM, CO34aloLMX YCTOMYMBBIE MOMOXEHUS, W, 3HAYUT, nepenaeT CBOK IHEPruo
BOSIHOBOMY MOS0, obpasyowemy 3Tn cunbl. ITO TOXE MpoLecc aBToreHepaumm konebaHui, npu
KOTOPOM COXpaHSeTCs Ta e TeHOAEHUMS K yaep>KaHuio aHeprum B cucteme. Kakumu 6bl XaoTUYHbBIMU
HW OblNM BHELWWHME Cunbl, UX dHeprus npeobpasyeTca B ynopsgoyeHHyto opMy, 3axBaTbiBaeTCs,
CTaHOBUTCA 4acTbl0 SHEPrMn CUCTEMbl U COXpaHAeTca B Hen. J3TO MOXHO HasBaTb
camoopraHusauuen 3Heprun. C Opyron CTOPOHbI - 3TO OObIMHOE AN 3NEeKTPOMEeXaHU4eCcKUX
YCTPOWCTB NpeobpasoBaHne IHEPTUN U3 OAHON POPMbI B APYTYIO.

MoxHo Tenepb nNpeacTaBnATb cebe cucTeMy, COCTOSLLYH TOMbKO U3 pe3oHaTopoB. Takne cuctembl
NPy OTCYTCTBMM B HUX BHYTPEHHUX MOTEPb IHEPrUM U AOCTATOMHO MasioM U3Ny4YeHUn CrnocOOHbI
CyLeCTBOBaTb B 3HEPreTM4eCKoM paBHOBECUWN C OKpyXKatoLlen cpeson, Ha ooHe U3NYyYEeHUN OpYrux
TaKuX Xe CUCTeM, Korga npuTok SHeprum n3 cpedbl KOMNEHCUPYET SHEPTUI0 U3NYYEHUN U3 CUCTEMBI.

[MocKonbKy pe3oHaTopbl UrpaldT B CUCTEME NMACCUBHYHO POSb - NULb coaepaT B cebe konebaHus,
HaBepHOe, NpaBuUiibHEE CYUTATb, YTO ANIEMEHTaMU CUCTEMbI SABMSAKOTCS JfIOKanbHble KonebaTenbHble
npouecchbl BHE 3aBUCMMOCTW OT TOro, B YEM OHU cogepxatcs. MoxHo npencraButb cebe cuctemy u
BOBCe 0e3 pe3oHaTopoB, ecnn nosiaratb, YTO ANEKTPOMAarHUTHbIE NONSA HENIMHENHbI UNN EUCTBYIOT B
HEeNMHENHON cpeae, a B KaXkaoM NoKarbHOM Npouecce MMEETCA HeNMMHENHaa 06nacTb NONS BbICOKON
NIOTHOCTWN, KOTOpasi M 3aMeHdeT pe3oHaTtop. HaBepHoe, Taknme cuctembl 6nmxke K cuctemam
€CTECTBEHHbIM, MOCKOSbKY COAepXaT MEHbLUe MCXOOQHOM MHdOopMauun - Ans ux MatemMaTuyeckoro
OnucaHna [OoCTaTovHO YypaBHeHWn MakceBenna ¢ HenMHenHocTbi. MoxeT ObiTb, Tak U eCTb B
npupone. HeNMHENHOCTb 3MNEKTPOMArHUTHLIX MOSier B NyCTOTE - HE BblAYMKA, Aa U HET B Npupoae
ABMEHUN, NMUHENHbIX 00 OECKOHEYHOCTH.

Ocob6eHHOCMU SJIeKMPOMa2HUMHO20 noJiad cucmembl
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O6Lee none camoopraHMsyoLencs CUCTeMbl UMEET HEKOTOPble 0cobble CBOMCTBA, CBA3aHHbIE C
TEM, YTO B CMUCTEME OCTalTCs TONbKO Te (popmbl KonebaHun (Te npouecchl), KoTopble BeayT K
HaMMeHbLLUEMY OTTOKY aHeprun ns cuctembl. Cuctema npu 9TOM AEWCTBYET, Kak aBToMaTudeckas,
CTPEMSACb K MUHUMYMY OTTOKa 3HEprnm n rmbko pearvpyst Ha U3MeHeHus ycrosun. Yem Gonblue
YMCIO ANIEMEHTOB B CUCTEME M YUCNO CTENEHEN NOABMXXHOCTU B HEWN, TeM Bonee rnyGoK BO3MOXHbIN
MUHUMYM uK3nydyeHnsi. OH MOXeT AOoCTUratbCH B PasfnnyHOM CTEMEHUM B 3aBUCMMOCTU OT CBOMCTB
9NEMEHTOB, Cun npuTskeHna u np. Cnydam, korga 3TOT MUMHUMYM HernyboK, WrHopupyewm.
CuHdasHble konebaHnsa - He egMHCTBEHHO BO3MOXHast hopma. BO3MOXHO OUCKPETHOE MHOXECTBO
Pa3nNNYHbIX YCTONYMBBIX BAPUAHTOB CUHXPOHM3ALIMN.

MoxHo npegctaButb cebe B obWMX 4YepTax Kak OyoeT BbIrMsgeTb none OonblioW CUCTEMBI,
COCTOSAILLEN U3 MHOXEeCTBa "TOYeYHbIX" 3NeMeHTOB, Korga MUHUMYM U3IyYeHUs OOCTUrHYT. YTobbl
OTTOK 3HEpPrun ObiyT MUHUMArbHBIM, KaXaas 4acTb CUCTEMbl AOSDKHA M3MyvaTb SHEPIMI0 TOMbKO Ha
OCTasnbHY YacTb CUCTEMbI (@ HE B OKPYXKaloLLYIO cpealy), co3aaBasd MakCUMarbHY NAOTHOCTb NOSIS
BOKPYr KaXOoro afeMeHTa - Kak Haunyywue Ana Hero ycrnoBus npuvema sHeprun. MsnyyeHus
3M1IEMEHTOB, [BUrasiCb BO BCEX HanNpaBfieHUsIX HAaBCTpeYy ApYyr Apyry, o6pa3sytoT none CToA4YMX BOJH.
OHo 3anonHseT cuctemy, nogpobHo noeTopss ee bopmy, BecbMa criabo BHE ee, a Kaxabl 3f1EMEHT
HaXOAWUTCS B CryCTKe 3HEPruun nonsi, N3ny4yaemMoro Ha Hero CUCTEMOW - B MyYHOCTU CTOSIYMX BOJSIH.

Ecnun 6bl YacTb CUCTEMbI OCTOPOXXHO YAanuTb, TO HA ee MecTe B NPOCTPaHCTBE A0 peopraHu3aumm
cucTeMbl ocTaBanacb Obl Ta YacTb BONTHOBOMO MOSS, KOTOPYH elle NpogorkaeT manyyaTb Ha Hee
ocTanbHasa 4acTb cuctembl. CaenaB doTorpacdmio 3TOro nond, Mbl nonydYunu 6bl nogpobHoe
n3obpaxeHne OTCYTCTBYHOLEN 4YaCTU CUCTEMbI, HAa KOTOPOM MPEXHUE MOSIOKEHNA INIEMEHTOB
oTMevanucb 6bl ToYkamMn Hambonbluen KoHUeHTpauun nons. lNone BTOpOM 4acTu CUCTEMbI AaBaro
Obl, KOHEYHO Xe, n3obpakeHne NepBOWn, MoKasbiBasi HaM, Kak Npoxoaun oOMeH 3Hepruen mexay
YacTAMM Lienon cucTembl. HanpsskeHHOCTb BONTHOBOIO MOMS KaXX40ro TOYEYHOro NCTOYHMKA yobiBaeT
Ha pacctosHuM R kak 1/R, a 4MCno WMCTOYHMKOB Ha 3TOM pPacCCTOAHUM B OOBLEMHOM Tene
nponopuunoHansHo R? noatomy obLiee nore B Kaaow TOYKE CO3[AETCsl HE CTONbKO Brivibkanwmmm
NCTOYHMKaAMM, CKONbKO OTAAneHHbIMM (MOCKOMNbKY MX BonbLlue), 1 MOXET ObiTb KOHLEHTPUPOBAHO Ha
BOonbLUMX PaACCTOAHNAX OT OCTaBLUMMACA YacTu cucTeMbl, 0b6pasdys 4OCTAaTOYHO BOMbLUOM U CIIOXHbIN
PUCYHOK.

A TYyT Mbl HEOXMOAHHO CTankMBaemcsl C U3NULIHEN NS HaLWero U3noXeHusl, HO O4eHb UHTEPECHOW
Temon. [leno B TOM, 4YTO poTorpacpmpoBaHneM NIEKTPOMArHUTHLIX Nonen 3aHMManucb PU3NKN Npu
n3yyeHun Guononen, n nogobHele oTorpadum 6binn UMK nony4veHol. OHM GbIM ony6nMkoBaHbl B
HaLMX Hay4YHO-NONYNSPHbIX XXypHanax B cepeauHe 1960-x rogos. B yacTHocTh, choTorpacmpoBanu
none nucra pacTteHusi, YaCcTb KOTOpOro neped Tem 6bina otpesaHa u ydaneHa. Ho nonydanoch
n3obpaxeHne uenoro nucrta. N3obpakeHne OTCYTCTBYIOLLEN €r0 YacTu ObINo NULb MEHEE APKUM, HO
OYeHb OTYETNIMBLIM, C YETKO BUOMMBIMWU NPOXUIIKAMU W KpasiMu. Bbino u3BecTHo, 4To none -
aneKkTpomarHutHoe. Ho ocTtanocb HemsBeCTHbIM Kak obpasyeTcs Takoe nofie, YTO CRAYXUT ero
NCTOYHMKOM, MOYEeMY rorie NoBTOPSET POPMY NIUCTA, YEMY OHO CIYXUT U T.4.

3Hasi cBOWCTBA CaMOOPraHM3YyLLMXCA CUCTEM, MOXHO YBEPEHHO CKa3aTb, YTO Nnorne Ha poTorpadumn
- 3TO NONie CUCTEMbI, COCTOSILLEN U3 MCTOYHUKOB BOJIHOBbLIX MONEW, pacnpeneneHHbiX Mo JINCTKY.
Moaymaiite camu. MNone Takol CroXxHow opMbl He MOXET ObiTb CTaTUYECKMM, @ TONbKO BOMHOBbIM.
EcTb none - 3HauMT eCTb UCTOYHMKWN 3TOrO MOMs, KOTOPbIM Herge nNpsSTaTbCsl, KPOMEe Kak B XKUBbIX
KneTKax NIMCTKa, rae OHW MoryT nnaeaTtb. W OHM, KOHEYHO Xe, OAMHAKOBbI B KaXkaol kneTtke. Ho Toraa
OHW HensbexHO NoABEPXKEHbl camoopraHu3auuu, U ObiTb MHayYe He MoxeT. XXnBoMy opraHuamy
[OCTATOMHO €034aTb B CBOWMX KMeTKax MUKPOCKOMMYECKME u3nydyatenu, u torga cama no cebe
obpasyeTcs Hekasi BONIHOBasi SHEprocucTtema, KOTopyto OH MOXET Kak-To ucnonb3oBaTtb. W Bpsg nu
npupoaa co3gaeT 6uonone KakMM-TO MHbIM, CIOXHbIM MyTeMm, NpeoaoneBasi eCTECTBEHHO MAYLLYHO
camoopraHusaumto, YTobbl NONy4YnTb TOT XKe pesynbTar.
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BoT Tak nerko M MoOnNyTHO Knaccuyeckass u3vMka HaxoouT OTBET Ha BOMPOC, HA KOTOPbI
COBpeEMeHHasi Teopusi oTBeTa He Aana. A Bedb 3aragka Ouonons Toraa BofHoBana Bcex, U OT
n3MK1 MHOro neT xaanu pasragku. He goxganuce.

Takne xe nonsi BO MHOXECTBE 3arnofiHAT Nboe MaKpOCKOMMYECKOe Teno, HO BbIMNOMHUTL MX
doTorpacmm He Bcerga BO3MOXHO, T.K. B OONbLUMHCTBE Criy4yaeB peopraHm3aums CUCTEM MPOXoanT
OYeHb ObICTPO, a um3nyyaemas asHepruss ObICTPO uMcTOowaeTcs. Bcskoe Teno copoepxut B cebe
MHOXXECTBO MCTOYHMKOB BOJSIHOBbLIX MOMNEWn, KoTopble HEN3beXHO, B COrnMacun ¢ TeMU XXe 3aKoHaMmu
npupoabl, NOABEPXKEHbI cCamoopraHm3auunn. lone XXMBown TkaHW, MOXET ObITb, OTNIMYAETCS NULLL TEM,
YTO ero aHeprus NOMNOJSTHAETCH 3a CHET SHEPIUN KNETOK U UCTOLLIAeTCsl MeasieHHee.

doTorpacumn 6uononsa GeM caenaHbl uU3mMkaMmmn B Hay4yHOM nabopaTtopumn, U NpeacTaBnstoT cobon
O[HO M3 KPYMHbIX OTKPbLITUA KCrNepuMeHTanbHON usnkn. doTtorpacdmmn roBopAaT O TOM, YTO KMBas
TKaHb COAEPXUT B cebe HeKylo IHepreTU4ecKyto CUCTEMY, CBOUM CUHXPOHU3MOM NOLOOHYI0 HalUm
NPOMBILLMIEHHbIM 3NEKTPUYECKMM ceTsaM. VInn MHOXECTBO TakMX CUCTEM, AEWCTBYIOLWMX Ha pasHbIX
AnvHax BoOmMH (no cpotorpadusamMm 3TOro He MNOHATb). Buammo, nogobHble cuctembl eCcTb UM B
opraHu3me 4yenoBeka, U cTomno Obl UX, 340POBbSA paan, BbIABUTb U U3YYNTb.

CoBpeMeHHass usnka He MOXeT OOBACHATb SABMEHUs, CBA3aHHble C BUONoNAMMU, U BbIHYXAEHa
nsberatb BOMNPOCOB, HE Npu3HaBasa camu aBneHuns. OgHako, Hayka, He MMetoLast HUKaKUX 3HaHUN O
camoopraHusaumMm 1 ee NposBreHUsX B Npupoae, He B NpaBe BbICTynaTb neped Hamu B ponu
BCE3HatoLLero akcnepta. Takme nNposiBNeHMs MOryT OblTb CaMbIMU HEOXWOAHHBIMW, U HayKa, HUYEro
O HUX He 3HawLwas, BblHYXAeHa Ux oTpuLaTb, HasbiBas BbldymMKamMu, MUCTUKOW, cyeBepnem. Ho He
CTOSAT NN 32 MUCTUKOW U CyeBepUsIMU, KOTOPbIE MOYEMY-TO HE YMUPAIOT ThiCAYENEeTUAMM, Kakme-To
3aKOHOMEPHbIE NPOSABEHNS TOM XXEe CaMOW cCaMoopraHm3aummn?

BcnoMHMM elle OaMH SKCNEPUMMEHT, OMWCAHHbIA Korga-To B TOW e nonynspHon npecce. [lBa
OAMHAaKOBbIX pacTeHMsi pocnu psaoM noA ABYMS Konnakamu M3 KBapLeBOro crekna. 3atem noa
KONnnak OOHOro pacTeHMsi BBENM BELWEeCTBO, Hapylwawuwee AbixaHne pacteHus. [lormbnn oba
pacTeHnsa o4MHaKoBbIM 06pa3oM. 3HaYUT (ecnu BepUTb IKCMEPUMEHTY M Npecce), pacteHus Obinu
cBsi3aHbl Mexay cobOON KakMM-TO HEM3BECTHbIM 06pa3oM. M Mbl Nerko MoXxemM 3T0 06BbACHUTL Yepes
N3BECTHbIE 3aKOHbI NPUPOAbI.

BoamoxHO, OBa pacTeHuss umenu opgHo obuwiee Onsa HUx Ouonone, a paspylleHue OOHOW ero
NMOSIOBUHbLI MPUBENO K Oe30praHv3auun BCEN CUCTEMbl M CBSA3AHHBIX C HEW XMU3HEHHbIX (PYHKLUUN
BTOpPOro pacteHusi. CamoopraHusdaumsi OENCTBYET Ha MHOXECTBE pasnu4yHbix ypoBHen. OHa
obbeanHaeT B OOHY CUCTEMY BCe nogxogsdwue Ans 9Toro OCUMNATOpPbl, He3aBUCUMMO OT TOro,
npuHagnexaTt Nu OHW OAHOMY NpPeaMETY WM pPasHbiM, XMBbIM WAN HEXMBbIM. Yactu ogHou
cUCTeMbl, NPUHaAnexawme ByM pasHbiM npegMmeram, MOryT co3gaBaTbh obuiee none u OblTb TECHO
UM cBsa3aHbl. EcTecTBeHHO, Bonee yganeHHble Apyr oT Apyra npeameTsl OyayT cBsa3aHbl cnabee, HO
cBa3b cnabas, gocratoyHas ans obmeHa mHpopmaumen, MoXeT 4ENCTBOBATb HA OYeHb BONbLUMX
paccToaHnAX. MOXHO N cumTaTb Yyaecamm crnyyau, Korga Mbl YyBCTBYEM 6eabl CBOMX POAHbIX Aaxe
Ha OpYrom KoHLe nnaHeTbl?

YT06bl NpeacTaBuTb cebe BO3MOXHOCTU TaKOW CBSI3U, YY4TEM, YTO B €CTECTBEHHbIX Tenax M XUBbIX
TKaHsAX [OEeWCTBYIOT MUNNMapabl ocumnnsTopoB. [Ons xopowlero paguoTeneckona AOCTaTOYHO
AecaTka TbICAY OCUMMNSTOPOB, a W3 MUNNMapOoB MOXHO Obl MOCTPOUTb YCTPOMCTBO, YTO W
BOOOpa3nTb HEBO3MOXHO. XOTSl CaMOOpraHn3auusi CTPOUT HEYTO NPOTMBOMOSIOXKHOE, K U3ITYYEHUIO U
npuemMy Mano crnocobHoe, HO CBSI3b MeXay YacTsMM CUCTEMbl OcTaeTcsi. He cBsisaHbl M Mbl C
OKpY>KaloLLMMKN Hac NpeaAMeTamMn MHOXECTBOM HE3aMETHbIX M COBCEM €LLe He U3YYEHHbIX MyTen?

"Knaccu4eckoe" npedcmaesieHUe 0 cmpoeHuUuU meil
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Tenepb, UCNONb3ya BO3MOXHOCTU Kraccu4eckon OU3nkm, Moxem npeactaButb cebe B LENOM
Cvnbl N NpoLecchl, 00beauHAILWNE dNeMEHTb MUKPOMMPa B eanHoe Teno. B Takom npeacrasneHumn
yrpyroe Terno BbICTyNaeT Kak BOJSIHOBas dMeKTpoMexaHu4eckasi camMoopraHuayowaacs cuctema, a
MUKPOCKOMNYECKME 3neMeHTbl Tena (aToMbl, aTOMHble SA4pa W SMEKTPOHbl) - KakK WUCTOYHWUKK
BOJIHOBbIX MOMEN M nokKanbHble KonebaTernbHble CUCTEMBI, KaXKaasi U3 KOTOpbIX CNocobHa HecTn B
cebe HEKOTOpOE MHOXECTBO KonebaHuh pasnuyHbiXx 4YactoT u dopm. M3nyyeHuss anemMeHToB
06pa3syloT cTos4ee BOMHOBOE MoOfe U3 MHOXECTBA BOSMH pPasnU4YHbIX AMVH, Berymnx HaBcTpedy apyr
ApYyry BO BCex HarnpasneHuax. Bce anemMeHTbl ynpyroro Tena HaxogaTtca B BOSTHOBOM Mone, KOTopoe
BO3OyXaaeT B HUX KonebaHna n yaepxmeaeT BONN3N YyCTONYMNBBIX MOMOXEHUN.

[aBneHne BOMH Ha rpaHULbl CUCTEMbI YPaBHOBELUMBAETCA CUMaMU B3aMMHOIO MPUTSHKEHUS
aneMeHToB (kak 3apsgoB W gunonen). Kpome Toro, cnocobHOCTb 3MEMEHTOB 3aMeansiTb
3MeKTpOMarHUTHbIE BONHbI MOPOXAAEeT CuMbl, BTSArMBawwme Mx B norne (Tak Xe, Kak Keneso
BTArMBaeTCs B Nosie MarHmTa). B Kakux-To crnyyasix anemMeHTbl pacnonoXeHbl B GRVMKHUX NONaX Apyr
Apyra, v Toraa B3aMMOAENCTBYIOT Takke Yyepes GrnvkHue nons - 6onee crioXkHbiM 06pa3om, Yem Mol
paccmatpuBanu. B 3ToM cnyyae cunbl B3aMMOOEWCTBUS yXKE He OrpaHuyeHbl BenvyMHamu
CcTaTUYECKUX MNoren U MoryT o4eHb 60MbLLIMMMU.

PacctosiHus Mexay areMeHTamuM W, CcrnefdoBaTenbHO, pa3Mmepbl Ten onpeaensitoTcs AnvHaMu
CTOSIYMX BOJSH, KOTOPbIE B CBOK O4Yepedb ONpedensitoTCsl CKOPOCTbIO BOSH M 4acTOTOW KoneGaHui
3M1EMEHTOB U B 3fileMeHTax (MX PE30HAHCHbIMW YacTOTaMK, YacToTaMy BpaLleHus 1 np.).

KonebaHunsa aneMeHTOB BOKPYr YCTONYMBBLIX MOSIOXKEHUI Takke CBs3aHbl Mexay cobon yepes nons, u
TaKKke NoABepPXeHbl CaMOopraHu3aumMM B HeKue KOSNSEeKTMBbI, YacTbid BPEMEHHbIE U HEemnpoYHbIE.
O6pasyeTca MHOXECTBO OTAeSbHbIX KOMNNEKTUBHbIX NPOLECCOB, KOHKYPUPYIOLWNX Mexay cobon.

BHYTpeHHNX NoTepb 3HEPrnn B CUCTEME HET. ONEKTPOMarHUTHbIE MO 3TOW CUCTEMbl TaKOBbI, YTO
MX JHEpPrus NoYTM He BbIXOOUT 3a ee npefenbl. OHa UMPKYNMpyeT MO 3aMKHYTbIM KOHTypam B
npegenax tena. VICTo4HMKaMn BOSTHOBbLIX NONen ABMSOTCSA pasHoobpasHble nokarbHble Npouecchl
(konebaHma n BpalleHUs JMNEeMEHTOB, MX PE30HaHCbl M Np.), CBA3aHHble Mexay cobon yepes
n3nyyeHnss n o6beanHeHHbIE MU B eQuHble 00 beMHbIE KOrepeHTHbIe NPOLECChl, OTNNYHbIE APYr OT
apyra no 4dactoram u dgopmam. Ecnu npouecc usnyy4aet B NPOCTPAHCTBO, TO €ro uanyyeHue
BO30yXOaeT B CMCTEME OpYron npouecc TOW Xe 4acToTbl, U3MNy4YeHUst KOTOPOro racaAt U3nyyeHus
nepBoro, a korga 37O HEBO3MOXHO, NpoLecc TepsieT 3Hepruio U 3atyxaet. [loaTomy B cucteme
NMOCTOAHHO [OEWCTBYET IvWb AUCKPETHOE MHOXECTBO Heusnyqarlmx MNpOoLeccoB. YaepKaHuto
9Heprum B cucteme crnocobCTBYIOT M Pe30HaHCHbIE CBOWCTBA CaMMX 3fIEMEHTOB: Jaxe Mpu caMmoM
MaroM X Yncrne - 4p0 U ANEKTPOH B aTOME - 3HEPTUS CUCTEMbI HE UCCSIKaET.

Cuctema, anemMeHTbl KOTOPOW CYLLECTBEHHO BIMAKOT APYr Ha Apyra, eCcTb cuctemMa obpaTHbIX
cBa3en. Hukakmx crnydamHbiX OBMKEHMI N Xaoca ObiTb B HEWM HE MOXET. [ABMXEHUA NnponcxogsaT no
3aKoHaM cucTeMm obpaTHOM CBA3W, a OTKIIOHEHUS OT HWUX MOAABNAKTCA OBpaTHLIMU CBA3AMM.
[Mo3TOMY CNEKTP PE30HAHCOB HE TONbKO 3NIEMEHTOB, HO U CUCTEMbI TOXE OUCKPETEH (M MO YacToTam,
n no gopmam). Cuctema HennHenHa (4acTOTbl BpaLLeHUsi, Hanpumep, 3aBUCAT OT amnnauTyq).
[Mo3TOMy CneKkTpbl amnanTy4 WU 3HEePruin B Her CBA3aHbl CO CNEKTPOM YacToT M Takke OUCKPETHbI.
N36bITOK 3HEPrMn BpEMEHHO COXpaHsSeTCsl B CUCTEME B BuAe NPOoLEeCCOB, U3My4atoLwmnx MUHMMAasbHO,
HO He B Buae xaoca. MHOXeCTBO NPOLECCOB MULlb KaxeTcss XaoCoM. OTKNOHEHWA cCUcTeMbl OT
YCTOMYMBOrO COCTOSIHUSI MpeKpallaloTcss npu abcontoTHOM Hyne TemnepaTypbl, Korga ocTakTcA
TONMbKO MPOLECChI, BOBCE HE M3ryyaroLlmne, a otaesbHbIe rpynnbl ABVKEHUA CrMBaOTCA BOEANHO.

ONEeKTPOHbl ABWMXYTCS B BOSIHOBOM MOfie nog AeNCTBMEM HEe TOSbKO 3NeKTpoCTaTU4eCKUX Cun.
BonHoBoe none opraHu3dyeT M uUX OBWXKEHUS, OObEAMHSS U UX B KOMMNEKTMBbI M OCTaBNAs NULb
"paspeLleHHble" TpaekTopumn 1 dpasbl ABmxeHUs. KBaHTOBaHWE pacCTOAHUN, TPAeKToOpUn, CKOpoCTen
N Np. - eCTEeCTBEHHOE N HEN3BEXHOE Crie4CTBME BOSTHOBbLIX CBA3EMN.
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OHepreTuka Tena noaaepXuBaeTcsi Yepe3 OOMEeH 3Heprven U3nyyYyeHuin ¢ ApYrMMmn TakuMK xe
Tenamm - Kak 3HepreTMyeckoe paBHOBECUE C OKpyXKatowewh cpedor. OHeprusi Nobbix BHELUHMX
BO3OENCTBUA Ha CUCTEMY 3axBaTblBaeTcsl, npeobpasyeTcss SneKTPOMEXaHUYECKUM NyTeM MU
CTaHOBUTCS BHYTPEHHEW 3HEpPrMen cuctemMbl, KoTopasi MO3TOMY He MCCsikaeT Ha hoHe Aaxe caMbixX
MarblX U3ny4yeHui, kakue GbiBatoT B Npupoae. Nanyyaetcs nuwib N3GbITOK 3HEPTUN.

BoT Takyiw kapTuHy Mukpomupa onucbiBaeT Bam knaccuyeckas ¢usmka. KapTuHa nonydaetcs
AO0CTaTOYHO MOJSTHOM U CKNagHoW. HMYTO B HEN He MPOTUBOPEYUT KakMM-nMbo haktam unm 3akoHam
NpuUpoAbl, HET HU HaZyMaHHbIX NONEN, HU rMNoTe3, HM NocTynaToB. 3ameTaTb YTO-NMMBO Noa Kosep
He noHagobunocs.

"Knaccunyeckne" mogenu MOXHO u3yvaTb, npourpbiBasg MX MaTeMaTUyeckne OnucaHusa Ha
koMmnbtoTepe. [1OCKOMbKY 9nemMeHTbl MUKpPOMMpa elle HuKak He 6binn onucaHbl C  MNO3vuni
Knaccudeckon uU3MKM, MaTeMaTudeckme MoOenM MOXHO CTPOUTb Ha OCHOBE OAHUX §ULb
ypaBHeHnn MakcBenna, nonarasg nons HenMHenHbIMWU. HennHenHOCTb XXe ONnA NepBoro cnyyas
MOXHO NPOCTO BblAyMaTb, UCXOAS U3 AfIEMEHTapHbIX COOBpPaXKeHUN.

Yenosek 6onee 90% nHdopmaumm nonyyaeT B BUAE 3pUTENbHLIX 06pa3os, 1 NOTOMY Hall pasym B
TOW Xe cTeneHu npucnocobneH ansa padoTtbl ¢ o6paszamu - HaM gaHa CNOCOBHOCTL ONepUpPoBaTh NMU
B BOOOpaxeHun. NoaToMy Hamny4ywnin pesynbtaTt TEOpUN - NpeacTaBUMbIe B CO3HAHUN 3pUTESbHbIE
obpasbl, KapTUHbl M3Y4YEeHHbIX OOBLEKTOB W sBMEHWA. OTUM [AOCTOMHCTBOM W OTNMYaOTCS
Knaccuyeckue teopun. TakoBbl, Hanpumep, ee obpasbl ANEKTPUYECKMX U MarHUTHbIX nonen. K Tomy
Xe CTpemuncsa 34ecb aBTop, MbITasiCb B MEpPy YMEHWs onucatb KapTuHy. Bce, 4To ecTb B Hawem
NpoCTpaHCTBe, NPeaCcTaBMMO B BuAe 3puTenbHbIX 06pa3oB. OTCyTCTBME MX FOBOPUT O HEMOMHOTE
NN NOXHOCTM NPeACTaBMEHUN.

CoBpeMeHHasi Teopusi B TeYeHWe [OeCATKOB NeT TpaTuna Ha u3yvyeHue MuKpomupa OGonblune
CpeacTBa M TpyAbl HAYYHbIX KOMMEKTUBOB, MOSyYmnna rmraHTCKoe KONMYECTBO IKCMEPUMEHTarbHOro
mMaTepuana, HO HMKaKoro npeacTtaBfieHMsi O MWKPOMWUPE MOCTPOMTb HE CMorfa WM npuwna K
Ge3HagexHoMy BbIBOAY: "MUKPOMUP HENPELCTaBUM B YENTOBEYECKOM CO3HaHWUW", MPU3HaB 3TUM, MO
CYLLLEeCTBY, CBOIO HECOCTOATENbHOCTb. BUHUT OHa B 3TOM 1 MUKPOMUP, U YENOBEYeCKoe CO3HaHue, HO
He cebs. Ho ons koro rogHa Teopus, He cnocobHasa BbITb MOCTOM MeXay U3y4yaeMbiM €10 iBIIEHMEM
N YernoBe4vYeCKMM CO3HaHMEM, He Beayllas K LenuM - K CO34aHuio y niogen npeactaBneHns o
npegmeTte usyvyeHua? [na cos3HaHus mapcuaH? [Ona vHom BceneHHon? B Hawem mupe Het
9NEKTPOHOB, KOTOPblE HE W3Ny4aloT MPU YCKOPEHUSIX, HET B HEM HW creuuanbHbIX MNOfen, Hu
creumanbHbIX YacTuy, Ans CBA3W Opyrux Yactuy mexay cobon. Teopus, KoTopasi paccmaTtpuBaeT
noao6bHble 0ObEKTbI, HE MMEET K HaLIEMY MUPY HUKAKOro OTHOLLIEHMS.

"Knaccnyeckasa" mogenb TBEpAOro Tenia nerko obbsacHAeT pesynbTaTt akcnepumeHTa MarkenbcoHa-
Mopnun. B Tom akcnepumeHTe pa3mepbl Tena (6asa nHtepdepomeTpa) npm pasnnyHbiX CKOPOCTSX B
MMWPOBOM MPOCTPAHCTBE CpaBHUBANUCL C ASIMHAMU CTOSIYMX CBETOBbIX BOSIH. O6bACHEHNE NPOCTO:
AJTMHbI CTOSIMMX 3NIEKTPOMArHUTHbIX BOJSIH BHYTPM Tena M pPacCTosHUMS Mexay aTtoMaMy B HeM
3aBUCAT OT CKOPOCTU TOYHO TaK e, KakK AfMHbI CTOAYMX BOSMH PSAOM C 3TUM Terom. Te u gpyrue
paBHO 3aBUCAT OT abCONKTHOM CKOPOCTWU, CKOPOCTU CBETa, XO4Aa BPEMEHMU, rPaBuUTaLMN U MPOYMX
npu4nH. He 6bINo 3gecb nepea Knaccuveckom (PU3MKOM HUKAKMX TYNMUKOB. OKCMEPUMEHT elle pas
yKa3sblBaeT, YTO aTOMbl B TBEPAOM Tene CBsA3aHbl MexXay cobon aneKTpoOMarHUTHbIMU NONSMU, HO Ha
MHbIEe BoNpockl oTBeTa He gaeT. Mogenb atoma Pesepdopaa coenana Takyo TPakTOBKY O4YEBUOHON
Bce B ToM e 1911 rogy. Ho dom3amka o ToM Kak bbl eLe He 3HaeT.

HeuxeHue u peopa2aHu3ayusi cucmem

[Mpn nepBoW Xe nonbITke NpeacTaBuUTb cebe Kak ABWMXKYTCS Tena, NOCTPOEeHHble Nog0OHO TBEpPAOMY
Teny - U3 KaKMx-HMOyAb "TOYEYHbIX" 3MEMEHTOB, 3aHMMAIOLLMX YCTOMYMBLIE MOSIOXKEHUA WK
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noTeHUManbHble AIMbl B KakOM-HMOyAb none (NycTb gaxke daHTacTuyeckom), obHapyxuBaeTcs
HeoXuaaHHasi npobnema, 1 NPUXOAMTCS ee 0TYaCTM peluaTb, 0T4aCTM 0OXoaUTb.

[deno B TOM, YTO NOTeHUManbHas siMa, B KOTOPOW HaxoOuUTCHA OfieMEHT, - 3TO CyMma nonewn,
N3MyYeHHbIX OPYrMMW dNeMeHTaMun 13 OpYyrux MeCT YyTb paHblUe M MpoLlleflnX HEKOTOPbIA MyTb.
[Monsa OBMXYTCS C KOHEYHOW CKOPOCTbLIO, MO3TOMY, €CIM TESO NPUBECTU B ABWXKEHUE (Hanpumep, Bce
ero anemMeHTbl cpasy), NoTeHumanbHble sIMbl HAYHYT OBUraTbCA C HEKOTOPbIM 3ana3fblBaHWEM U
OyayT oTcTaBaTb OT 3fIEMEHTOB; OHW 0OpasylTCca TaM, rae anemMeHTbl 66l B MOMEHT U3NydYeHus
nons W oOTKyga yxXe ywnu. 3nemMeHTbl nonagakwT "Ha CKMNOHbl AM", U MNOABNSANTCS CWUMbl,
OCTaHaBnuBawLme gBmxeHne. [BMmKeHUs No nHepumnn He nonydaetcs. Kakumu 6ol HM Obiny nons u
CWnbl, co3aarolmne LEenocTHOCTb Tena, ata npobrnema octaeTcsa Kak HensbexxHoe cCreacTteme camom
LeNOCTHOCTN U OrPaHNYEHHOCTU CKOPOCTU NMOMewn.

LlenocTHOCTb BCAKOro Tena M BCAKOro npolecca co3gaetcs OBYCTOPOHHMMU CBA3SMWU MexXay ero
yactsiMu, T.e obpaTtHbiMK cBA3sIMU. CKOPOCTb CBA3EW NMPU 3TOM KOHEYHA, U BCAKUA LIENbIn OO6beKT
SBMNAETCA B 3TOM CMbICIie CUCTEMOM OBpaTHbIX CBA3EW C T.H. "TpPaHCMOPTHbLIM 3anas3gbiBaHuem".
Cuctembl o00paTHbiXx cBs3er BooOOWE W TakMe CUCTEMbI B YaCTHOCTM M3yvyaeT Teopus
aBToOperynupoBaHus. 3Ton Teopuen Mbl NONb30BaTbCA He Byaem, HO y4TeM, YTO 3aHMMaeMCcs 34eCb
CBOWCTBaMM, OOLLMMM NS CUCTEM C 3ana3ablBaloLLMMKM CBA3AMMU, CO3Aa0LLNMMK LIENOCTHOCTb.

UTtoObl NpuBeCTH, HaNpUMep, BCe TPy OUNOMS Ha pUCYHKe 1 B COBMECTHOE OBWXEHME BMpPaBO UMK
BNEBO, HYXXHO MPUNOXWUTb K HUM CWUIbl, BbIBOASALWME AUMNONM N3 YCTONYMBBLIX NonoxeHun. Cuctema
OygeT oBuraTbCsa NULb 4O TEX Nop, Noka ee ABMXYT BHELWHWE cunbl. [lons 6yayT Bceraa otcraBaTb
OT gunonen, n 6yayt AencTBoBaTb CUMbl, ABWXYLIME OMMONM Ha3ad K YCTOMYMBBLIM MOMOXEHUSIM.
[encteme aTnxX Cun He NpekpaTUTCs, noka YTO-TO HE U3MEHUTCH U ANEeMEHTbI He ByayT ABUraTbCcs B
"amax". UTo xe QOMMKHO M3MEHUTBLCS, KaK 1 novyemy? YTobbl 3TN CuUnbl HE BO3HMKANN BOBCE, HYXKHO,
4YTOObLI NOTEHUManNbHbIE sIMbl 3apaHee, ele A0 Havana OBWXEHUd, n3nydyanncb Tyada, rge OKaxyTcs
3NeMeHTbI, Korga nons JoMAayT OT CBOMX UCTOYHUKOB A0 "aM". ECniv xe naMeHeHnsa HayHyTca nocre
Hayana [OBMXeHUa (4TO U npoucxogut B cucTemMax), TO 3TM cunbl OyayT AenctBoBaTb MNpwu
YCKOPEHUSX, BbICTyNas Kak CuUrbl MHEPLUW.

Moka nonst U cunbl, co3aatrolimMe LEenocTHOCTb Ter, OCTaBnsnucb B TymaHe, 3Ta npobrnema He
BO3HMKana. Tenepb e, OTMaxHyBLUNCb OT Hee, Mbl HE MOSly4UM CTPOMHOMN KapTUHbI OABUXKEHUS. A
obpaTtMB Ha Hee BHUMaHWe, Nonagaem B TpygHoe nonoxeHve. Begb WHepuusi cumTaeTcs
hbyHAaMeHTanbHbIM CBOMCTBOM MaTtepum, a Mbl BUAUM KaKylo-TO MHEPLIMIO BMECTE C ee npudnHoin. A
n36aBUTLCS OT Hee He MoXeM. JTo Ta XXe camas MHepuus unu kakas-to Btopasi? MNoka nuwb
MOHATHO, YTO OHa MponopuUMOHanbHa 3MEeKTPOMarHUTHOM 3HEeprMM B 3NeMeHTax M o6paTHo
nponopunoHanbHa KBagpaTy CKOPOCTM MOfisi, HO B HALLMX CUCTEMax, Ha NepBbli B3rnsg, 3aBUCUT U
OT OpYrMX MpUYMH. JTO Ta HUTb, KOTOpasi BEAET KNacCU4eckyld (OU3NKYy K PacKpbITUO MPUYMH
nHepummn. MNoTAHYB 3a Hee, MOXHO pasMoTaTb U Becb Knybok. Mbl 3aHMMaTbCs 3TUM He Gyaem.
Celtyac He A0 OTKpbITMI. CHayana Hy)XHO BOCCTaHOBWUTb MPU3HaHWE UM aBTOPUTET KNACCUYECKOM
pumsnkn. PaccmoTpum 3TO ABMEHWE C APYron Lenblo 1, 06xoas CroXHble MOACHEHUS, HA COBCEM
MNHOM MpUMepe.

[MycTb OBa aBTOMaTUYECKMX MOABWXKHBIX OObEeKTa MNoLAEpXKUBAKT pacCTodaHne Mexagy cobon
cnegyowmm cnocobom. [JencTBys Kaxablh No CBOMM Yacam, OHWU OAHOBPEMEHHO W3NyyaroT
nepuoguyeckme MMNynbCbl 3ByKa U, HAXOAACb Ha 3a4aHHOM (YCTOMYMBOM) PacCTOSHUN, MPUHUMAKOT
UX Opyr oT Agpyra TOYHO B TOT MOMEHT, KOrga M3nydalT o4yepeaHon mmnynbc. 3anasgbliBaHue
CUrHana K 39TOMYy MOMEHTY O3Ha4daeT, YTO pacCTOsSAHWE BESIMKO, U OBOBLEKT OBUXKETCH, COKpallas
paccTtosiHue. [pu onepexeHnn - yenmyunBaeT pacCTosIHME.

Ecnn aTy napy npuBecT B COBMECTHOE ABWXEHWNE, TO 3aHWIA B ABWKEHUN 06BEKT OyaeT NpuHUMaTh
CUrHamnbl C onepexeHuem, T.K. ABWXKETCA HaBCTpevy curHanam, u 6yaet TopMOo3uTb, NblTasicb
yBENMYNUTb paccTosiHue. MNepenHuii xxe o6bekT ByaeT nonyyaTtb curHanbl C 3anasfblBaHUEM U TOXE
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TOPMO3UTb, NbiITadACb COKPaTUTb pPacCTOoAHUE. O6bekTbl ocTaHoBATcA. Cuctema He MOXeT
ABUraTbCs no nHepuun.

Cuctema nHas, HO sIBIEHME TO e U Ta Xe npuynHa: KoHe4YHasda CKOPOCTb CUrHanoB U LENOCTHOCTb
CUCTEMbI.

UTo6bI Napa gBuranacb, HYXXHO CABUHYTb Yackl NnepeaHero obbekTa Hasag nnum 3agHero - Bnepes Ha
HEKOTOPbIN BPEMEHHOW WHTEpBasn, Tak, 4TObbl KOMMEHCMpoBaTb pPasHOCTb BO BPEMEHU Xoaa
CUrHanoB Bnepeg W Hasag nNpyv OaHHOW CKOpPOCTW. TouyHee: COBUHYTb BO BPEMEHM TeKylive B
obbektax npouecchl (Npuema-nepegadn u obpaboTkm curHanos). Torga obbekTbl OyayT
noggepXxuBatb 3Ty CKOPOCTb M MPENSATCTBOBATb €€ M3MEHeHU0. PaccTtosiHme xe mexay HUmM
YMEHbLUNTCS TaK, YTOObl CUrHanbl CHOBa NPOXOAMNKN ero B3aa-Bnepes 3a TOT Xe nepuop, HeCMOTPS
Ha OBwXeHue. Ecnm ckopocTb 3Byka B BO34yxe paBHa "C", CKOPOCTb OOBEKTOB OTHOCUTENBHO
BO3agyxa - "V", TO CKOPOCTb CUrHasna OTHOCUTENbHO O6bEKTOB ByaeT paBHOW B OA4HY CTOPOHY C-v, B
APYrylo - c+v, a CpedHsAs CKOPOCTb CUrHarma Ha BceM MyTu okaxkeTcsa paBHoi c(1 - v?/c?), noTomy
paccTosiHe Mexay OObeKkTaMu TOXEe YMEHbLUMTCS NpornopuuoHanbHO BenuduHe 1 - v2/c2. Mpu
ABWXEHUM B HarnpasrieHUW, neprneHauKYNapHOM pPacCTOSHWUIO, pas3Mepbl YMEHbLUATCA Kak KOpeHb
KBagpaTHbIAN U3 3TOMN BESTUYMHDI.

NTak, gBuXKeHWe 34ecb CokpallaeT pa3Mepbl CUCTEMbI, 8 ee CKOPOCTb onpeaensieTcs BpeMeHHbIM
WHTepBanoMm. 3ameTuM, 4YTO, He 3Hasi, KakoBa CKOPOCTb OOBEKTOB OTHOCUTENbHO Cpefbl, HecyLlew
3BYKOBOW CUrHar, Mbl HE CMOXEM ONpeaenunTb, Kak UBMEHSIETCA pacCTOsiHNE Mexay HUMW. MoaTomy,
nsberasi TakonW HeonpeneneHHocTW, B AanbHehwem Oygem nonaratb, YTO BCE HalUM OObBEKThbI
NnorpykeHbl B KaKkyt-nmbo cpedy (ra3oobpasHyto, XMAOKYK), KOTopas U CrAYXWUT MPOBOOHUKOM
3MEeKTPOMarHUTHbIX WM 3BYKOBbIX BOMH WnM curHanoB. Kpome Toro, paccmatpuBasi OBUMXKEHWE
3MeKTpoMarHMTHbIX 06LEKTOB B cpeaax, Mbl u3beraem CTONKHOBEHUSI C TEOPUEN OTHOCUTENBHOCTH,
KoTopasi Ha ABWXEHME B cpeaax He pacnpocTpaHsieTcs.

Te xe nameHeHnsa 6ygyT NponcxoguTb U B CaMOOPraHM3yLWKMXCa cuctemax. Hanpumep, B cucteme
13 reHepaTtopoB. B nepBbin MOMEHT OBWXEHUS 3NeMeHTbl BbIXOAAT U3 YCTOMYMBLIX MOMOXEHUN, U
BO3HMKAIOT CUibl, NPOTUBOAENCTBYOWME ABMXKEHMO. Ho ux "dyackl" (konebaHuma B reHepatopax)
CUHXPOHU3MPYIOTCA CaMW, U 4Yepe3 HEeKOTOpOoe BpeMsi YCTAHOBATCA BpPEMEHHble WHTepBarbl
(pasHocTK ha3 konebaHuin) Mexagy HUMKU, TOYHO COOTBETCTBYHOLME CKOpOoCcTU. Beab konebaHus B
aneMeHTax CUHXPOHU3UPYIOTCA U3NYyYEHUSMU, NPUXOOALLMMU K HUM ApYyr OT Apyra, a Npu ABMXEHUU
nanyyeHve byget npuxoauTb K NepeaHnM afieMeHTaM C HEKOTOPbLIM OTCTaBaHMEM NPOTUB MPEXHEro,
K 3adHMM - C OnepexeHnem npoTuB npexHero. W, ecnn padble konebanua 6binn, Hanpumep,
OAHOBPEMEHHbLIMU, CUHMA3HLIMW, TO NPU OBWXEHUN KonebaHus B 3agHUX dNeMeHTax NocTeneHHo
HaYyHYT onepexaTtb KonebaHna B nepegHMX (KaXabld MOcneayrwun B OBUWKEHUM npouece
onepexaeT npeablayLero Ha HEKOTOPbIN BPEMEHHOW UHTepBan).

Pasmepbl CUCTEM TOXE MW3MEHSIIOTCS, YMEHbLUAsCb C YBENWYEHUMEM CKOPOCTWU, MOCKOSIbKY
YMEHbLLAETCA CpPefHsAs CKOPOCTb 3NEKTPOMArHUTHOIO Mofs B MPOMEXYyTKax Mexay anemMeHTamu,
YMEHbLUATCA ONMHbI  CTOSMMX BOMH WM pacCTosiHusl  Mexay anemeHtamm [locne 3Toro
noTeHUManbHble SIMbl M3MNy4yaloTCs TOYHO Tyda, FAe MNPOXOAST OBUMXKYLLMECS 3NeMeHTbl, cuctema
ABMXETCH MO UHEPLIUU, U CUIbl NPOTUBOAENCTBUSA HE BO3HUKAIOT.

Tpowvika gunonen, nokasaHHasi Ha puc.1, Npu ABMXKXEHUU BNPaBO NO UHepuun ByaeT BbIrMAaeTb, Kak
nokasaHo Ha puc.2. 3gecb agunonb 3 (3agHWi) onepexaeT B CBOEM BpalleHun gumnonsa 2. Ero
oTpuuaTenbHbIA 3apsag yKe Obin BBEpPXY HEKOTOPOE BpPeMs Hasad, Korga MOKa3aHHbI Ha PUCYHKe
dparMeHT BOSHbI Npoxoaun vepes Hero. [unonb 1 (nepegHuin) oTcTaeT B CBOEM BpalleHun. Ero
oTpuuaTenbHbIA 3aps OKaXeTcsa BBepxXy Torga, korga 4epe3 Hero 6ygeT npoxoauTb BOSHA,
n3nydeHHas gunonem 2 W nokasaHHas Ha pucyHke. Ounonn 1 n 3 ©n B 3TOM NONOXEHUN
napasnnenbHbl Mo, HO OHO He NapasnenbHO MIOCKOCTU PUCYHKA U MOTOMY He nokasaHo. Takum
obpa3om, Bce Tpu OMMONs OBWXKYTCSH, OCTaBasACb B YCTOMYMBLIX MOMOXEHUAX. HO npu ycKopeHusix
OHM He MOryT MrHOBEHHO TMOBEPHYTbCA OTHOCUTENbHO Apyr Apyra. [Ons 3TOro  HyXHO
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Pue.?2

ABuratb cuctemy
HEeKoTOpOe BpeMsi, peoaoneBasi CUnbl YCTONYMBOCTH.

Enn 6bl Bce oTpuuaTternbHble 3apsabl Obinv 34ecb B BEPXHEM MOMOXEHUKU, To Ha aunonm 1 n 3
AencTBoBanu Obl CUNbl, OBMXKYLUME MX Ha3ag - B T€ y4acTKM MONS, YTO nokasaHbl Ha pUCyHke. A nx
N3ny4YeHns okasanucb Obl cneea oT AUMONSNA 2 - C3aAu, U Ha HEro ToXe AelcTBOBanu Obl Takne cunbl.
Kpome Toro, geicteoBanu 6bl CUMbl, CTPEMSILLMECS OOBEPHYTb AMMNOMNM B MOMOXEHUS, NnokasaHHble
Ha pucyHke 2. [lo Tex nop, noka He chopMUPYIOTCS BPEMEHHbIE MHTEPBAnbl, T.€. Noka AUMNONN He
MOBEPHYTCS OTHOCUTENBLHO APYr Apyra, CUnbl NPOTUBOOAENCTBUS HE UCYE3HYT, U cucTemMa He bydeT
ABUraTbCsl MO MHEPLINN.

Cucteme gunonen Ha puc.2 conocTaBfieHa CMCTEMa 4acoB, CTPENikM KOTOpbIX BpallalTcs kak Obl
BMecTe C aunonsamu. PasHocTb xoga 4acoB MOKasbiBAeT BPEMEHHON MHTEpBan - OTHOCUTENbHOE
onepexeHne WNU 3anasgbiBaHMe MEeCTHbIX MPOLLECCOB BpaleHus U uanydeHus. KMsobpaxas
3MEeMEeHTbI (TOYHEee: NPOoLEecchl B HUX) B BUAE YacOB B CUCTEME KOOPAUHAT, MOXHO OOHMM 3HAYKOM
nokasaTb U1 TeKyLlyto ¢hasy npouecca, 1 ero KoopAauHaTbl. Tak u caenaem noTom.

B npupoge He cyLlecTBYIOT cTaTU4eckue nosns, CNocobHble yaepXmBaTb 3N1EMEHTbI HA PACCTOSAHUAX
ApYyr OT gpyra, co3gaBas 06beMHbIe Tena U CTPYKTYPbl, U Mbl BbIHY>XAEHbI Nofnaratb, YTO A4S 3TOro
HeobXxoanMbl KOrepeHTHbIE BOSTHOBLIE MO M NPOLECChl. 3HAYUT, LLEeNOCTHOCTb Tena unm CTPyKTypbl
BO3MOXHa NuWb TOorga, Korga B MX obbeme npucyTCTBYET Hekasd CUCTeMa fOKamnbHbIX "MECTHbIX
yacoB" - cucTeMa €AMHOro BHYTPEHHEro BpeMeHM - OObeMHbIN KOorepeHTHbI npouecc. Jlobas
NPOCTPaHCTBEHHAsA CTPYKTypa, ecnu uena, cogepxut B cebe Takyto cuctemy "dacos". A nameHeHune
CKOPOCTU CTPYKTYp CBSI3aHO C MNEPEeCcTPONKOW ITOW CUCTEMbI €OMHOro BpemeHn un 6e3 Hee He
NPOUCXOaUT.

CamoopraHusyolasaca cuctema eCTb €OUHbIA U LeSbHbIA 3NEeKTPOMAarHUTHbIM O6BbEKT, NO3TOMY
KOHEYHbIN pe3ynbTaT U3MEHEHUN, BbI3BaHHbIX B HEW OBWXEHMEM, ONUCbIBaeTCs NpeodbpasoBaHNaMU
JlopeHua ansa anekTpoMarHUTHbIX 06 bEKTOB 1 NPOLLECCOB, ABMXKYLLMXCSA B NYCTOM NPOCTPAHCTBE UMK
B TOW 3MEKTPOMarHWTHOM cpefe, B KOTOPYH OHa MOMELLEHA M CKBO3b KOTOPYH OBMXYTCS B Heu
BONHbI. Mbl NpuBLIKNK NOoHMMAaTL JIopeHUeBO "MecTHoe BpeMs" Kak HeYTo cyrybo TeopeTmnyeckoe n
abcTpakTHoe. Tenepb ke Mbl 3HaeM OObEKT, B KOTOPOM MOXHO pa3MeCcTUTb BMNOSHE pearbHble Yachl
MEeCTHOro BpeMeHu. byaem gymatb, 4TO Takme Yachl yKe caenaHbl: K reHepaTopam, COCTaBMSOLLNM
CUCTEMY, MNOOKIOYEHbI ONEKTPOHHbIE CYETYMKM 4Yucna KonedaHmnm n ux Jonen, N nokasaHus
CYETYMKOB BbIBOOATCS Ha YacoBble Tabro.

CoBpemeHHass Teopusi paccmaTtpvBaeT npeobpasoBaHus JlopeHua TOMbKO Kak CBOWCTBO MYyCTOro
npocTpaHcTBa-BpeMeHu. Ho nydlle npeacrtaBnsaTb cebe, YTO 3NEeKTPOMarHUTHbIN 06 bEKT HAaxoaUTCA
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B XXMOKOW 9neKTpomMarHuTHoM cpefe (B XXMOKOM ANSNEKTPUKE UNn peppomMarHeTuke), u 4to B
OBVWXEeHVWe npuBOAMTCHA cpeda, a oOO0bekT HenoaBwkeH. B Takom cnydyae o6bekT Takke
npeobpasyetca no JlopeHuy, HO CTaHOBATCA HAbMAaeMbIMU T€ N3MEHEHWS, YTO MPOMCXOAAT B HEM
NpU YCKOPEHUSIX cpefbl - COKpalleHWe pa3MepoB W MNepecTporka CUCTEMbl 4YacoB, a Takke
"3amegneHve BpemeHn" (T.e. 3amenneHme konebaHuin) n Te Cunbl, YTO BO3HMKAIOT MNPU YCKOPEHUSX,
yBriekas obbekT Bcred 3a cpefon W BbICTynas B KadecTBe CUN MHepuun obbekTa OTHOCUTENbHO
cpeabl MNU nMHepumu cpefbl OTHOCUTENbHO obbekTa. O6BLEKT MOXeT ObiTb MobbiM, HO nydwe
MCnonb3oBaTb CaMOOPraHM3ylLwmecs cuctembl, T.K. B HWUX, B OTNU4YMe, Hanpumep, OT Mons
CTaTMYeCcKnx 3apsgoB, MMEKTCA YEeTKO onpederneHHble PacCToaAHUst U MOryT ObiTb YCTaHOBIEHbI
Yacbl MECTHOro BpeMeHu. Mbl pacCMOTpUM 3TO B ApYron rrnase.

C oagHon cTopoHbl, NpeobpasoBaHusa JlopeHua OnUCbIBaOT peopraHnsauuio B 3NeKTPOMarHUTHOM
0obbekTe, NPOM3BOANMYIO B HEM ABMXXEHNEM, N 3TO ObINIO N3BECTHO. C APYron CTOPOHbLI - BPEMEHHbIE
WHTepBarnbl yNpaBnslOT 30eCb CKOPOCTbO OO0bekTa, BbICTYNAKT Kak NpuyYnHa m Heobxogmmoe
ycrioBue OBWKEHUA MO UHEPLUUU, U 3TO HEYTO HOBOE, paHee He M3BecTHoe. [NpoTMBOAENCTBYIOT
N3MEHEHNSIM CKOPOCTM Te >Xe CWMbl, YTO CO34alT LESNIOCTHOCTb Tena W €ero npoYHOCTb, B
€CTECTBEHHbIX TENaX OHN AOCTATOYHO BENUKU, U, ecrin Bbl peopraHn3auumn B HUX He BbINo, CKOPOCTb
Ten He morna 6bl MeHATbCA. Cunbl YCTONYMBOCTU, OKa3bliBAeTCs, CO34a0T MHEPLUUIO ABMXKEHUS. Ecnu
NMOKOALLUMNCA OOBEKT MOABEPrHyTb TaKOMY W3MEHEHUI0, cOo3daTb B HEM CUCTEMY BPEMEHHbIX
WHTepBasioB, TO BO3HUKHYT BHYTPEHHUE CUMbl, ABMXKYLLME OOBEKT CO CKOPOCTbIO, COOTBETCTBYIOLLEN
3TOMY M3MeHeHM0. Kak BbINOMHAKTCA MPU 3TOM 3aKOHbl COXPaHEHUS - HAc 30eCb He MHTepecyerT.
OHKM Tak nnun nHaye BbINONHAKTCA (B NPOTUBHOM CIlyvae - TONbKO MHTEPECHEN).

Korga kakoe-nnmbo Teno nNpuBOAUTCA B OBWMXKEHWE BHELUHEN CUITON, TO B MECTe MPUMOXEHUST CUIbl
matepuan, Hanpumep, CKUMAaETCsl, PacCTOSIHUSI MeXAy SneMeHTaMu B HEM YMeHbLUarTCcs, Mnons
NPOXOAST 3TN PacCTOsIHUS ObICTpee, YTO NPUBOAUT K HEKOTOPOMY MOBbLILLEHUIO YaCcTOTbl KonebaHuin
B 9/IeMeHTax CXaToll 4acTu Temna, B pe3yfnbTaTe Yero HakanivMBalTCs BpPeMeHHble MHTepBarbl
(pasHocTu has) mexay konebaHusIMM B CXXaTOM M HECXKATOWM YacTax, U TENO NPUXOAUT B OBMKEHME.
Ecnn Bbl HaipgeTe cnocob ynpaensiTb BPEMEHHbIMWM WHTEpBanamu KakMM-TO HOBbIM, elle He
N3BECTHbLIM CMOCOGOM, TO, MOXET OblTb, OTKpOETE NMPUHLMNMANBHO HOBbLIM ABMXUTENL. Ho 3aech y
Hac MHasi 3agava.

EcTb cnyyau, korga BpeMeHHble WHTepBarbl He MOryT
n3MeHsiTbes. Torga cunbl NPOTMBOAENCTBUSA OBMKEHMIO HE MCYE3HYT OO0 TeX MOop, MoKa CKOPOCTb
CUCTEMbl HE CTaHeT COOTBETCTBOBATb BPEMEHHbIM MHTepBanam. Hanpumep, ecnu cuctema umeet
chopMy 3aMKHYTOro Kornblia 1 BpalllaeTcs B CBOEN MMOCKOCTM BOKPYr LEHTPA, TO CyMMa BPEeMEHHbIX
WHTEpBanoB MO NepuMeTpy Kosnbla MOXET OblTb paBHOW TOMbKO LENoMy Yucry nepuogoB
konebaHun n He MOXET MeHSATbCA nnaBHO. [103TOMy KOMbLUO MMEeeT nullb AWUCKPETHbIM psfa
YCTOMYMBLIX CKOPOCTEN BpalleHusl. 34eCb Mbl BUAUM MEXaHW3M KBaHTOBaHUS ABUXKEHWN.

Ha pucyHke 3 nokasaHo Takoe KonbLo. QNeMeHThbl U NpoLecchl Ha HEM NpeacTaBreHbl B BUAe Yacos,
nokasblBaloLWMX TekyLlyl dasy npouecca. Booblie-To, KBaHTYOTCS BCE CBSI3aHHble BOSIHOBLIMU
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NoNIAMN OBWXEHUSA, N Mbl HE NPUBLIKNN K 3TOMY fWLLb MOTOMY, YTO CUITbHbIX BOSIHOBbLIX MOMEN U
OYeHb BOMbLUNX CKOPOCTEN HET B HALLEW NMPaKTUKE.

PaccuntbiBasi ycTonuymBble (POPMbl TaKOW BOT CTPYKTYPbl: KOMbLO W3 OOWHAKOBbIX 3MEKTPUYECKU
3apsPKEHHbIX UCTOYHMKOB BOSTHOBbIX W3My4Y4eHWIA M NPOTUBOMONIOXHO 3apsiKEHHOE Teno B LieHTpe,
NOMy4Y”M CEPUI0 YCTOMYMBO BpaLLIaoLLMXCS B NONe Komnew, AnaMeTpbl KOTOPbIX M YACIO 3NIEMEHTOB B
KOTOPbIX (TOYHEE: YMNCMO MECT B KOIblLie) NMPOmnopuUMoHarbHbl N T.e. TakMe CTPYKTypbl BO MHOIOM
nogo6HblI aToMy. M1 MOXEM roBOpUTb, YTO MPUHLUMMMANBHOMO Pasnuyus Mexay aToMOM U Halumu
CaMOOpPraHM3yLLMMUCS CTPYKTYpaMu HeT.

Mbl He KOCHyNnuCb Tenepb NULb BONPOCa O ChnekTpax ManydeHuss aTomoB. CoBpeMeHHble aBTOpbI
3asBNAOT, YTO Knaccuyeckass usmka U UX OOBSACHUTb He crnocobHa, M MoKasbiBaldT Ham 3TO C
MOMOLLIbIO pacyeToOB Ha KracCu4Yeckon Mogenu atomMa B CBOeM ee MNoHumaHuu. OpHako, B 3TWX
pacyeTax He y4yuTbiBaeTCs AMHAMUYECKOE MNEKTPOMAarHUTHOE rnore, U3ny4aemoe si4poM U racsiee
n3nyyeHne anekTpoHa. bes aToro YactoTa BpalleHWUsl 3NeKTpoHa He MOXeT ObiTb BblumcneHa. Ho
ANsi HaYanbHOro 06bACHEHUS 3TUX CMEKTPOB HaM AOCTATOYMHO B HalUMX BpallaloLMXCs CTPYKTypax
NYWb HaWTK YacToTbl, 06paTHO NPONOpPLMOHanbHble KBadpaTy YMcna n, Cpean MHOXECTBa 4acToT
kone6aHun 1 BpalleHUsl, MMEeKLLMX B HUX MecTo. Takune 4yacToTbl HAXOAATCS.

[leno B TOM, 4YTO KOfbLi@ B 3TUX CTPYKTypax BpaLLaloTCsa C 4acTOTOW, o6paTHO NPOMOPLMOHANbHON
KyGy umncna n. 3To No B n pa3 GbICTpee, YeM MUHUMarnbHas CKOPOCTb KOMbLia, COCTOALLEro U3 n?
9M1EMEHTOB, NO3TOMY CyMMa BPEMEHHbIX MHTEPBANOB NO MX NepumeTpam paBHa n nepuogam, T.e.
KONMbLO CBSAI3aHO BOEAMHO MOfieM, KOTOPOE COAEPXKMT N nNap Bpallarwmxca nontocos. MNpu nepexoge
CTPYKTYPbl U3 OAHOW YCTOMYMBOW (bOpPMbl B APYryi0 UMEKT MECTO [Ba Takux nosns, a bueHnsa noneu
AaayT UCKOMble pAabl YacToT. M Mbl MOXEM rOBOPUTL, YTO NOAOGHbIE psAabl YacTOT - TOXE OL4HO U3
CBOWNCTB BpaLLaloLLMXCA CaMOOPraHN3YIOLLNMXCS CTPYKTYP C BOSTHOBBIMW CBA3SIMU.

Korga "anekTpoHbl" B 3TOW CTPYKTYpe CBS3aHbl B KOMbLO Yepes3 BOSHbl, Geryuue co CKOpPOCTbHO
cBeTa B NYyCTOTe, TO CKOPOCTb BpallleHUsl KOMbLa OKa3blBaeTCs CIMLWIKOM Oonblion Ans mogenuv
aTomMa. Ecnv xe ueHTpanbHoe Terno rnoxoxe no rnposiBlIeHUsIM Ha 3N1IeKTPOMEXaHUYEeCKUn pe3oHaTop
C MeAJieHHbIMU BOSIHAMU, TO BOKPYr HEro BO3MOXHbl MeAJSIEHHbIE MOBEPXHOCTHbIE BOSHbI, U
CKOPOCTb BpallleHUsi KomeL, CBA3aHHbIX 3TUMW BOSIHAMU, MOXET ObiTb AOCTAaTOYHO Manon. B aTtom
cnyyae u oguH "aneKkTpoH" okasbiBaeTCHA CBA3aHHbIM KpYyroBbiMM BOSHaMu Kak Obl cam ¢ coboun u
ABWXETCA TakK e, Kak konbuo. OgHako, Takme CTpyKTypbl NoApo6HO He paccMaTtpuBanuchb.

Takne mogenu aTtomoB CrnocobHbI 00Opa3oBLIBaTb MOAENM MOSMEKYN C OOWMMMK 3NEKTPOHHbLIMU
obonoykamu. CTaHOBUTCA MNOHATHOW TeHAeHUusi K obpasoBaHuio obuwmx obonodek. Tenepb Mbl
MOXEM C TMOMOLLb TakuX, MNYyCTb HEMOSHbIX, MOAENEN eue HECKONbKO AOMOMHUTL Hale
npeacTaBneHne 0 MMKpoMmMpe 1 TBeEpaoM Tene.

NTak, 3asBrneHnss o Tom, 4To Kraccuyeckasi usmka He crocobHa OGbSCHUTb CTPOEHME aTtoma WU
KBAHTOBOCTb, TOXE OKa3anucCb BeCbMa COMHUTENbHbIMU. [OBOpPS O KBaHTaX, Mbl MOKa He Halumu
OCHOBaHWI CYMTaTb INEKTPOMArHUTHOE W3ry4eHne MOTOKOM KBAHTOB, pa3Be YTO YCNOBHO. Mol
BMOWM 34eCb KBAHTOBOCTb Kak CBOMCTBO OOBEKTOB, U3MyYatoLLMX Y NPUHUMAIOLWMX U3NyYeHne, HO He
camoro usny4yeHusi. CamMoopraHuM3yrLIMecs: CUCTEMbl MPUPOAbI UMEKT MHOXECTBO YCTOMYMBBIX
COCTOSIHU/A W, MEepexofs U3 OAHOro B APYroe, M3nyyalT U NPUHUMAtOT 3HEPrn AWCKPETHbIMM
nopLUUsSIMU.

Moao6HbIE MOUCKM MOXHO npoAormkaTb 6GeCkoHevHO. Ho 30echb He manaraeTcs Kypc KnacCuUdecKom
BOJTHOBOW anekTpomMexaHukn. CkazaHHOro 4OCTaTOYHO.

O Hay4Hol peeosnroyuu
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Tenepb Bce apryMeHTbl KPUTUKM N BCE 3asiBNEHUS, HanpaBeHHble NMPOTUB KNacCU4eckon ousnku,
ncyepnaHbl 1 npoBepeHbl. JIoxkHbI Bce. Knaccuyeckas usnka HuKorga He bbina HECOCTOATESNTbHON -
€€ UCTUHHbIE BO3MOXHOCTU NPOCTO CKPbIIX OT Hac. W HET B MMKpOMMPE HU NONen MHOM NpUpoabl, HU
WHbIX 3aKOHOB MPUPOAbl, HA WHOW NOMMKN - BCE 3TO BBEAEHO B HaAyKy Ha OCHOBe 3abnyxaeHuw,
apryMeHTMpoBaHO 3abnyXaeHWsMn U BMECTE C HUMMU AOSMKHO ObiTb OTOpPOLUEHO. OTU aprymeHTbl
OblNM OCHOBaHMEM ANSA 3aKnagku HOBOro dyHaameHta dusukn. Copepxawmecss B HUX NOXHbIe
coobuieHnsa cTann HeoTbeMSIEMON YacTbi0 HOBOM NapagurmMbl, OCHOBOW HOBOrO MMPOBO33PEHMUS,
HOBOM IOMMKKW, 4acTbld PyHOaMeHTa COBPEMEHHOW (Pu3nKu, nponutann BCe ee TeopeTnveckue
NOCTPOEHUs. M Tenepb HEBO3MOXHO M3bSATb FOXHbIE UCXOAHbIE NONOXeHU 6e3 paspyLleHns Bcero
3[aH1s PEBOSTIOLMOHHON OU3NKN.

JNlnoepbl Hay4yHOW PEBONIOLMM U CEerodHsl CKpbIBAOT OT Hac U OT CBOEN K& Haykum CnocOOHOCTb
3MeKTPOMarHUTHbIX BOSH CyLLLEeCTBOBaTb B YCINOBUSIX MUKPOMUPA, HE Tepsis SHEPruto, U CBSA3biBaTb
3MeMeHTbl B eOuHble Tena U CTPYKTypbl. WX 3asBNeHnss o HeCcOCTOSITENbHOCTU KIacCUYEeCKOM
h13nkK, 0 ee HeCnoCoBHOCTU OGBSACHUTL KBAHTOBOCTb, SHEPTETUYECKYH YCTOMYMBOCTL U CTPYKTYPY
aToMa, BOJSIHOBble CBOWCTBa MaTtepuu, akcnepumeHT MaikenbcoHa M np., U Mp., OCHOBaHbI, Kak
OKasarnocb, UCKMOYUTENbHO NULb HA OTCYTCTBUW B HaMpaBrsieMoOW MMK HayKe CKPbITbIX UMW Xe
CBEAIEHUIA.

Tonbko peBonOUWUS AaBana LaHC NAsSM, He NagswmMM C NOTMKOM W 3OpaBbiM CMbICIIOM, He
CNOCOOHBbIM K pelIeHno MpOCTbiX 3aJady  3MeKTPoAUHAMMUKW, CTaTb BENIMKUMU  YYEHbIMMU,
pofoHaYanbHUKaAMMU HOBOW Hay4YHOW LUKOMbl, 3aKOHOO4ATENsIMM HOBOFO MbllWwneHus. He O6bITb
OMPOBEPrHYTLIMW N OCTaTbCSA Y BMAAcTU OHW MOFMW, TOMbKO CO34aB HayyYHY) MOHOMOSMK HOBOM
bu3nkn, pOepka noa KECTKMM KOHTPOSNieM CpeAacTBa HayyHoW WHdopmauMm W nogaenss
nHakoMbIcnine. KoHTpornb neyaTu gan um BriacTb Hag HayKouM U BRvsiHMe Yepes3 Hee Ha 06LLEeCTRO.

B cTtaHoBneHun coBpeMeHHON (OU3NKM BEOYLLYK POSib Urpana peknama, B KOTOpown Torga duauka
Hy>kganacb 4Tobbl 3aHATL B obuiectse nogobatowiee mecto. Monoapix oU3nKoB He yCcTpanBano Hu
CBOE MOJSIOXXEHNE B HayKke, HU MnonoxeHue uankm B obuiectBe. [lonyymB nogaepxky Hay4vHbIX
n3aaTenbCTB, KOTOPbIE HYXXOANWUCh B TOW Xe pekname, OHW Havanum peknamHyto KamnaHuio, n3bpas
Hanbonee apekTMBHOE Havano: ceHcaumto pas3obnadnTenbHOro, ckaHganbHOro xapakrtepa. [ns
3TOro NOAXo4MNN TeopuUsi OTHOCUTENBHOCTU DUHLWITENHA, Toraa elle HoBasi 1 CropHas, u nocnegHee
oTKpbITUEe Pesepdopaa, elle He nonyymBllee CBOEro TeopeTUYeckoro OBbACHEHMS B CBA3N C
MepBon MwupoBon BOWHOW. Peknamy HasBanu Hay4yHOM nponaraHgon, wMbO 3TO HasBaHue
ocBOOOXaano ee OT 3aKOHOB W MpaBui peknambl, He NMO3BOMABLUMX AaBaTb NopoYallne U NOXHble
cBefeHus 0 KOHKypeHTax. Peknama Benacb B hopme kak Obl Hay4YHOW MOMEMWKW, HO BbiCTynana
NULWb ofHa U3 CTOPOH, KPUTKKYSI BTOPYHO, KOTOpas K nevatu He Jonyckanacb, 1 O KOTOPOW JaBanucb
NOXHble cBeAeHUs.

MocTtynat JuWHWTENHA O MOCTOSIHCTBE pa3MepPoB Tefl B YeTbIpeX W3MEpPEeHUAX HUKaK He
npoTusopeunn JlopeHuy, yTBepxaasllemy, YTO pas3Mepbl TeNl B TPeX U3MEPEHUAX HE MOCTOSHHbI.
Peknama e npegHasHayeHa A5 MaccoBoro notpebutens, a He Ang Tex, KTo pasbupaercsa B 3TUX
TOHKOCTSIX MHOromepHoun ctepeomeTpun. OHa yTBEpXKOaeT, TbICAYEKPaTHO MOBTOPSS OT UMEHWU
MUPOBOW HayKu, YTO NPOTUBOPEYME €CTb, YTO OWHLITEVMH reHuanbHO npas, a JlopeHy Henen, u
ybexxgaet B aToM 6onblMHCTBO ntogen. PasobnaveHne! CeHcaums! Tpuymd! UHTepec K usnke
HebbiBano Bo3pacTaeT. BnepBble B UCTOpUMM HayyHad Teopust - Teopus OTHOCUTENbHOCTU -
cTtaHoBuTCA BectcennepoM. MNMpoaykT Haykm NnpnobpeTaeT LeHy M BbIXOAUT Ha PbIHOK.

To4HO Tak e pekrnama ybeguna nogen n B ToM, YTO Krnaccmyeckas pmsmnka He cnocobHa o0bACHUTL
€10 XXe OTKPbITYI0 KapTWUHY aTtoma - OTBETUTb Ha BOMPOC: MOYEeMy Xe ITOT aTOM He uany4daet?
CneunanucTbl 3HanNu OTBET, HO Hay4YHas nevatb ymanyusaeT 06 aToM. HyxeH 6bin1 HOBbIM CkaHAarn,
HOBOe pasobnayeHue, HoBbIM Tpuymd. Knaccmnuyeckaa ¢umsnka oObsBNSETCA HECOCTOATENbHON,
HecrnocobHoun, npuwelen K CBoeMy KOHLUY, XOTS C MOMEHTa ee nocrnegHero BefMKOro OTKPbITUS
NPOLLO BCEro TPU-YETbIPE OTHOCUTENIBHO MUPHBIX ro4a, HE cYUTas NeT BOMHbI.
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Tenepb HayyHas peknama-nponaraHga yxe onuMpaeTcsl Ha aBTOPUTET €0 Xe MNPOCNaBNEHHbIX
Yy4YEHbIX C MUPOBbIMK Ternepb WUMEHaMu M BO3HOCUT aBTOPUTET (HU3UKM elle Bblwe. Peknama,
BOOPY)XEHHAsi aBTOPUTETOM MMPOBOW Hayku, MoKasamna BCH CBOK MOLLb: ONPOBEpria 3aKoHbI
NPUPOAbI, NOTUKY, 34paBbl CMbICH, 06pa3HOe MbILNEHNE U NPaKTUYECKUIA ONbIT - APYTMMU CITIOBaMM:
COKpYyLUMMa pa3yM BO BCEX €ro NposiBIIEHUSIX.

Knaccunyeckas wWwkomna, BecbMa MarlouuMcrieHHasl, OoTyacTu nbutenbckas, UMest HUYTOXHble
cpencTBa, caenana Benvyanllume OTKPbITUS, MOMb3Yy KOTOPbIX Mbl €XeQHEBHO BUOAVM U B IOME, U B
Luexe, U B gopore, BOOPYXWUNa MOLLUHbIMA U SICHBIMW TEOPUSIMM, AABLUMMWU HaM CUINY He TONbKO
pelaTtb TeXHW4Yeckue npobnembl, HO U uccnegoBaTb Npupody nanee. CoBpeMeHHas pu3nka B
TbICSiYM pa3 MoLLHee. JTOo Lenble ropoaa yYeHblX, TMraHTCKMe COOPYKEHMST U HACTOsILLas MHOYCTpuUS
Hayku. [Oe xe ee Benukue oTkpblTUA? HeT Takux. Mo Mepe M3rHaHWs pasyma oHa uMaeT OT BESUKUX
OTKPbITUI NPOLUNOro 4Yepe3 Benukme M3obpeTeHusi: aTOMHble peakTopbl, TPaH3UCTOp M nasep, K
BENMKMM KaTacTpodam, CopoKaneTHeMY 3acTO U rpsayLLeMY BENUKOMY Kpaxy.

[MOCTpOEHHbIE COBPEMEHHOW (PU3MKOM TeOopuUM OCHOBaHbl Ha JOXHbIX CBEOEHUAX U COKPbITUM
dakToB, NOTOMY NPOTUBOPEYAT JSIOrUKe, 3opaBoMy CMbICAy U hakTam. MNMoHATb 1 NPUHATL KX, Byay4um
B 34paBOM YyMe, HEBO3MOXHO. WX MOXHO Bbly4ynTb, HO HEBO3MOXHO corriacoBaTtb C aktamu,
NPUMUPUTBECA C anorsmamun. Ho gaxe 9TOT cBOM OedeKT COBpPEeMEHHasi LWKOfla HanpasnsdeT K
CBOEMY BO3BbILWEHNIO Hag obuwecTBOM W BO Bpeg emy, nponaraHaupys cregywouwee. Hawe
HeNpuaTUE ee TEOPUN COBPEMEHHAS LLKONa OObACHAET TeM, YTO "ObiTOBOE" MbilwneHne, "obblyHan"
norvka n "Tak HasblBaeMbll 34paBbli cMbicn" 60MblUIMHCTBA Ntogen "He CnocoBHbl K MOHMMaHMUIO
rMyOGuHHBIX CBOMCTB MaTtepun”, Yto Anst 3TOro Hy)kHa Hekas "Bbicluas popmMa MbILNEHUSA", KOTOPOU
AKoObl OHa obnagaeT. VI gencTBuTenbHO, ee Teopun, Jaxe B NONYASPHOM M3MOXEHUU, OCTakTCs
noasaM  HEnoHATHbIMM, 4YTO elle pa3 nokasbiBaeT NoAAM  UMX  yuwepbHOCTb, YMCTBEHHOE
NPeBOCXOACTBO Ha4 HUMW KaKOW-TO T[pynnbl CBEPXYErIOBEKOB, U CAYXUT Kak Obl HayYHbIM
A0oKa3aTeNnbCTBOM pasnuyumio niogen no BbiCOTe yMa. Tak nodaBnslT Hally Bepy B CBOW pasyM,
Hawe cTpeMnieHne AobbiTb 3HaHWA CcoOCTBEHHbIM TpyaoM. W cospgaetca HaydHaa 6asa ans
coumarnbHbIX TEOpUM YerioBeYecKoro HepaBeHCTBA. A 3ayeM Xe elle m3gaHo Bce 3TO Mope
nponaraHgMCTCKON nuTepaTypbl ANS BCe paBHO HECMOCOOHLIX K ee NoHMMaHu? [ycTb, Mo, camu
OCO3HaloT CBOE yb6oXxXecTBO?

CerogHa Hayky [fgenawT Te, KTO pacnopshkaetca HayvyHou rnedatblo. CopTupysa 4yxue crtaTbw,
CTUMYNUPYS MX W3NuwHee u3obunme n 3atemM, NoAobHO cKynbnTopy, "oTcekas nuwHee", OHu
"BastoT" (PU3NKy N3 YyXKoro matepmana, Ho no CBOMM 3aMbICiaM U B CBOUX Liensax.

TbICAYN (PU3NKOB CTPOAT Xpam Hayku. B ynop He BuAsA, YTO CTPOAT KPENoCTb JHKM U Be3ymus.
[MocBsLWEHHbIE B CTPOMTENM XpaMa, HO HE B 3aMbIClbl apXUTEKTOpa, OHU B NMOTe nuua AobbiBatoT
KaMHK, ApOBAT M TewyT UX, HOCAT M KNagyT Ha CTeHbl B U3NULWIHEM M306UNMKM N pasHoobpasun.
"Apxutektop" Xe "BaseT", MpPOCTO CcTankMBasi CO CTEeH KaMHW §nuWHWEe, ero 3ambicniaM He
nogxoasiLne, He TaM M He Tak nexawme. TacKalLwwmxX KaMHN He NMOCBSILLAT B MacTepa. Tpyabl UX
XU3HN OTOpPOLLEHBI 1 3a0bIThbI.

CamoopaaHusauu;v u npuHyun omHocumesibHocmu

Uawie Bcero Hawu 3OpaBblli CMbICNT M JflOfMKa CTpadalT OT nponaraHdbl 4acTHOW Teopuu
OTHOCUTENbHOCTU. JTa Xe Teopus B HeOoOpbiXx pykax cTana nepBbiM OpyAMEM paspyLleHUs
Knaccudeckon uU3MKu MU HUCMNPOBEPXKEHUS Hawero obpasa mbicnen. Noatomy 3ammemcs Gonee
NOSTHbIM OCMbICIIEHMEM 3TON TEMBbI.

Teopust OTHOCUMTENBHOCTU 3aHUMAET B COBPEMEHHOMN (hn3nke ocoboe NonoxeHmne. XoTs COAEPXKUT B
CBOEW OCHOBE MOCTynaThl, Bblpaxatwme He dakTbl, a NnLWb UX TPAKTOBKU, MNLLb MHEHUS, KOTOPbIM
€CTb anbTepPHaTMBbI, OHA CNY>XUT B (PM3MKE BbICLUMM KPUTEPUEM UCTUHHOCTM U obA3aTenbHOM Ans
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dun3nkoB TOYKOM 3peHus. Koraa oHa BXoOuT B MPOTUBOpEYME C OPYrMMu TEeopusiMW, FOTUKOWN,
dakTamu nnu obbekTaMmn, TO OTBEPrarTCA HE TOSNbKO TEOPUK, HO 1 Noruka, "sameTtarTcs nog kosep"
06bekTbl U bakTbl. KpuTukoBaTb 9TO Teoputo 3anpellaetcd. TakoBa napagurma COBPEMEHHOM
du3nKM 1 TakoBa pearnbHOCTb.

MHCprMeHTOM HaLIMX uccnegoBaHum 6yﬂyT CINy>XnUTb CaMoopraHmsyrowmneca CUCTteMbl, B TOM 4YUCIie
- ONncaHHbIE BbilL€ CUCTEMbI U3 rEeHepaTopoB, MOHNMaEMbIE KaK pealribHble TEXHNYECKNE yCTpOVICTBa
N NCKYCCTBEHHbIE Ynpyrne Ttena. Takne cucrtemsol MOryT cyuwlecrBoBaTb aBTOHOMHO, OBUraTbCA U
npetepneBaTb YCKOpPEHUA, Kak U Tella eCTeCTBEeHHble, OHN TOXe Yrnpyrn n T1oXXe MMerT pa3Mepbl, K
KOTOPbIM OTHOCUTCA BCE, 4YTO roBOpUT TEOPUA OTHOCUTEITIbHOCTU O pa3Mepax Tern BooOLle. Ho B HuX
He MNnpAYvyTCA ocobble 3aKOHbI MUKpOMMUPpa, nosAd NHOM npupoabl Unn 4YTo-TO MHOE, Ha YTO MOXXHO Obl
cocnartbCd, TroBopsAa O NOCTOAHCTBE pPa3MepoOB. PacctosiHns B HUX Bcerga MEHAKTCS
nponopunoHarbHO AfMMHaM CTOAYNX BOJIH. HeI'IpO'-IHOCTb 9TNUX CUCTEM U U3Ny4YeHnAa N3 HUX He UMEIOT
30ecCb 3Ha4eHwus. By,u,eM CynTaTb, YTO CUCTEMbI HE ,El,e(bole/lpOBaHbl BHELLHMMU CUaMun, N mnX
ONEeMEHTbI CTOAT B yCTOI7I'-II/IBbIX NONOXEeHNAX.

OTOT HOBbIN MHCTPYMEHT NOMOXKET HaM MOHATL: B KAKOM CMbICIIE N NOYEMY NOCTOSIHHbLI pas3Mmepsbl Ten
N CKOPOCTb CBETA, M3 KaKMUX SIBIIEHWN, NPU KakMUX YCIIOBUSX M KaK CKragblBaloTcs npeobpasoBaHus
JlopeHua v NpuHUMN OTHOCUTENBHOCTU OBUXEHUMN.

PaccmatpuBasi cucTemMbl B ABWXKEHUM BOKPYr Hac MO OKPYXHOCTW, Mbl Habnioganu 6bl 6es
NCKaXKEHMI KaK 3aBUCAT OT CKOPOCTM MX pa3Mepbl U Tekylime B HMX npouecchl. B atom cnyyae
paccTtosiHie Mexgy HamMu U OObekToM HabnogeHus MNOCTOSHHO, MO3TOMY CBET MNU  Apyrue
3MeKTPOMarHUTHbIE CUrHarmbl, C MOMOLLLIO KOTOPbIX Mbl BeAem HabnoaeHusi, NpuxoasT K Ham oT
obbekTa HabnwoaeHuss ¢ 3anasgblBaHWEM, HO BCerga OOWHAKOBbIM WM U3BECTHbIM, U Mbl BUOUM
cobbITUS NpoLUeALINe, HO HE UCKaXKEHHbIE.

Ho, korga o6bekT ABMXETCS NPSMOIMHEWHO B MyCTOM MPOCTPaHCTBE, WHpopmauus o Hem
ncKaXkaeTcsl oMOKon HabnaeHUsi, CBA3aHHOW C NEePeMEHHbIM PacCTOsiHUEM, NMEPEMEHHbIM U He
M3BECTHbIM MO BENWYMHE 3anas3gblBaHWEM CUrHanoB HabnaeHus, U CUCTEMbl CTaHOBATCH, Kak
roBOpPSAT B TEXHUKE, HEHAbNogaeMbiMU: HEKOTOPble (hakTbl OKa3blBaOTCA MOSMTHOCTLIO CKPbITbIMK 3a
owmnbkon HabnogeHus. [Ona  koppekumm OowuboK HYXHO ©Obl 3HaTb BeENUYUMHBI  CKOPOCTEWN
HabnogaTens, obbekta HabnwaeHuss M curHana HabnwgeHuss B MUMPOBOM MNPOCTPAHCTBE, OT
KOTOPbIX 3aBUCAT 3TW OLLIMOKKN, @ HE TONbKO OTHOCUTENbHbIE CKOPOCTU. HO Takast nHdopmauumst Ham B
9TOM Cny4ae HefoCTyrnHa, U OCTaeTCs BO3MOXHOCTb TOSIKOBATb SIBMIEHUS MPOWM3BOSIbHO, 3aMeHss
HeHabnogaemble akTbl runotesamm W noctynatamu. W ummeHHO 3gecb, B obnactu
HeHabngaemMoro, U TOMbKO 34eCb onepupyeT YacTHasi Teopus OTHOCUTENbHOCTU, U MMEHHO Ha
MecTe HeHabnaaembix hakToB yTBepXKaalTcsa ee noctynaTtbl. 3 Bcero pasHoobpasunsa aBKeHUn
OHa paccmaTpuBaeT TOMbKO Te, rae MMeeT MecTo HeHabnaaemMocTb. [ABMKEHNSI NO OKPYKHOCTU, Kak
N OBWXEHUSI 9NEKTPOMarHMTHbIX OOBEKTOB CKBO3b Cpefbl, OHa He paccMaTpuBaeT, MOCKOSbKY 3TK
ABWXeHWs1 Habnoaaembl.

Mbl paccMOTpUM Te e SIBMEHUS, YTO U TEOPUS OTHOCUTENBHOCTU, HO B ABUXKEHUSAX HAbNoaaemMblXx,
roe HeT owunbok HabnoaeHus U BCce BenUYMHbI onpeaenvMbl. Hawm cuctembl B NPSIMONIMHEAHOM
ABWXEHUW MOMHOCTLIO Habnogaembl Torga, koraa Anst HabnaeHus UCNonb3yTcsA CUrHanbl, Gonee
ObiCTpble, YeM BOSTHOBOE MoJe, CBsi3biBaloLee CUCTeMY BOeauHO. B mycTom mpocTpaHcTBe Takux
curHanoB HeT. OpHako, 3MeKTpOMarHWTHblE MOfs, CBSA3bIBAKOLME CUCTEMY BOEAMHO, MOXHO
3amMeansitb, Nomelasl CUCTeMbl B 3MeKTPOMarHWTHblIE YCTPOWCTBA M cpefbl, U OHW CTaHOBSATCS
HabnogaeMbiMU C MOMOLLbIO OBbIYHOrO (HE 3aMeffieHHOro) cBeTa. ONEKTPOMarHUTHbIe SIBNEHUs B
cpegax M B MYyCTOM MPOCTPaHCTBE OMMCLIBAKOTCA MNPUHLMNMANBHO TEMWU Xe YpaBHEHMSIMU
MakcBenna, MNO3TOMY MOBEAEHME CUCTEM B cpeae UM B MyCcTOTe CTOMb e MpuHUMNnanbHoO
OOWHAaKORBO.

CylecTBYIOT Takue SreKTpOMarHWTHble cpedbl, B TOM YUCMe XWAOKWME, B KOTOPbIX CKOPOCTb
3MeKTPOMarHMTHbIX BOSH (B HEKOTOPOM AManasoHe YacToT) MHOrO MeHblle, YeM B nyctoTe. byoem



27
npeacTaBnATb cebe, YTO HaluM CUCTEMbI M3 FEHEpPaToOpPOB MOrPYXKalTCHA B TaKyl XUMAKOCTb, OHa
3anonHaeT MPOMEXYTKM Mexay dMneMeHTamu, U BOSHOBble MOMs ABWXKYTCA B Hen. CyllecTByoT
BOSTHOBOAbI, B KOTOPbIX CKOPOCTb BOSTH MOXET ObITb Kak yrogHo manon. Hanpumep, metannuyeckme
TPYyObl CO CTEHKaMM B BuAe LWeTkn. MoxXHO nomeLlaTb CUCTEMBI U B HUX, KaK B cpeay 6e3 TpeHus, 4to
n dygem nmeTb B BUAOY, UrHOPUpPYA TpeHue B AanbHenwem. Cuctembl C MeaSIeHHbIMU BOSTHAMU
CTaHOBATCA HabniogaembiMn yepe3 0OblyHble (HE 3aMenfieHHble) CBETOBblE CUrHamnbl, U OLINMOKK
HabN4EeHNA He CKPbIBAlOT 3a COOOM MCTUHHBIX COBLITUIA, Kak 3TO NPOUCXOAUT NMpu HabngeHuax
BHE cpefpbl, r4e CKOpPOCTM BCEX JNEeKTPOMAarHUTHbIX BOSH OAMHaKoOBbl. Kpome TOro, aswkeHue
CUCTEMbI OTHOCUTENBHO CpPedbl MOXHO paccMaTpuBaTtb, NPUBOAA B ABWXKEHME cpeny M OCTaBnAs
CMCTEMY HENOABWXHON. Torga MOXHO MOSTHOCTBO UCKITHOYUTDL 3TU OLUMOKM.

Cuctema koopamHaT KIacCUYeckom (U3nKm npucnocobnieHa K TOMY MOHMMaHUI0 NPOCTPaHCTBa U
BPEMEHW, YTO JaHO HaM OT npupoabl. B npumeHeHnn K MMPOBOMY NPOCTPaAHCTBY 3TO BOOOpaxaemble
npsiMble OCK BO BCENEHHON 1 eOMHOE B HEW BpeMsi. Takasi cuctemMa KoopauHat abCcTpakTHa, 3aTo OT
pa3MepoB Tes, CKOPOCTU CBeTa, KPUBU3HbLI Jly4yelr cBeTa, XO4a 4acoB U MPOLEeCCOB He 3aBUCUMa.
Cuctema koopauHaT TEOPUN OTHOCUTESBHOCTU NpuHUMNManbHO nHas. OHa maTtepuanbHa. 3T1o (no
onpegeneHnio AVHLWTENHa - "CUCTeMa KECTKUX CTepXXHen" M pacCTaBfeHHbIX BOOSb HUX 4acoB,
KOTOpblE CUHXPOHU3MPYIOTCS C NOMOLLbIO CBETOBbLIX CUrHanoB U 3aBMCUMO OT UX CKOpOCTU. XKecTkne
CTEPXXHU B HEW - 3TO pearibHble TBEpAble Tena, OT pa3MepoB KOTOPbIX 3aBUCAT ee MacLuTabbl.

MaTepuanbHyto pPenAaTUBUCTCKYD CUCTEMY KOOPAMHAT MOXHO COCTaBUTb U M3 MWCKYCCTBEHHbIX
yrpyrux Ten, MOCTPOEHHbIX M3 reHepaTopoB. Yachkl, paccTaBfieHHble BAOMb €€ OCEeW, MOXHO
caenatb, NOAKMNIYNB K reHepaTopaM CYETYMKM uYncna konebaHum n BbiBEOS pe3ynbTaTbl cHETa Ha
yacoBble Tabno. Yacbl 3TM NPU M3MEHEHUAX CKOPOCTM HE HYKXHO CUHXPOHMU3MPOBATb, OHU
CUHXPOHM3MPYIOTCA CcaMKl, W TaK, Kak TpebyeT Teopua OTHOCUTENbHOCTU. [eHepaTopbl
CUHXPOHU3MPYIOTCA Opyr C APYroM TOXe  3MEeKTPOMarHUTHbIM  CUrHasoM, HenpepbIBHO
UMPKYMPYIOLWLMM OT reHepaTtopa K reHepaTtopy, W pe3ynbTaT MnofyvyaeTca Takum Xe, Kak npwu
CUHXPOHM3aLUMN 4acoB ABMXYLUMMCS BMeCTe C HUMU HabnwgaTtenem "BpydHyto". Bbl MoxeTe He
cornawaTtbCca ¢ aBTOpOM B Bornpoce 00 ycTponcTBe TBepAbiXx Ten. 31oro He Tpebyetcsa. Cuctema
KoopauHaT M3 reHepaTtopoB pearnibHa cama no cebe, kak TeXHUYecKoe YCTPOWMCTBO. Ta u apyras
CUCTEMbl KOOpAMHAT (M3 €CTECTBEHHbIX TEN U N3 reHepaTopoB) Kak PENATUBUCTCKME MOEHTUYHbLI U
paBHOMpPaBHbI, YTO MOXHO CTPOro AoKasaTb Ha OCHOBE TEOPWUM OTHOCUTENBbHOCTWU, PACCMOTPEB MX
COBMECTHOE [ABMXEHME B NPOCTPAHCTBE C TOYKM 3peHus Habnogatenemn, OBMXKYLLUMXCA C pasHbIMU
ckopocTaAMU. OHM MOEHTUYHBI U C KITACCUYECKOM TOYKN 3PEHMS.

O nocTosiHCTBE pa3MepoB ECTECTBEHHbIX Tem, Kak M MacwTaboB MOCTPOEHHOW M3 HUX CUCTEMBI
koopAMHaT ele MOXHO Oblno cnopuTb. A BOT MacliTabbl CUCTEMbl KOOPAMHAT, MOCTPOEHHON W3
reHepaTopoB, MPOMOPLMOHANbHbI ANMHAM 3NIEKTPOMArHUTHbIX BONIH 6eccnopHo. A AnWHbI BOMH Mbl
MOXXEM B HUX YMeHbLMTb. MNpeactaBum cebe, YTO NPOMEXYTKM MeXay reHepaTopamu 3anosHATCS
XXMOKOW cpenow, NOCTeNeHHo 3aMeaisitioLel CKOPOCTb BOSH. OTO NPUBOAUT K YMEHbLLEHUIO B TON Xe
CTENEeHN OJIMH BOSH, COKpaLLEHM0 pa3MepoB CUCTEMbI KOOpPAUHAT 1 ee MacliTaboB. Ho ckopocTb U
ANVHbI MeANeHHbIX BOMNH B cpeae, 6yayynm M3MepeHbl B 3TUMX HOBbIX YMEHbLUEHHbIX MacluTabax,
Ka)KyTCsl MPEXHUMU, HE YMEHbLUEHHBLIMU, TaKUMK ke, Kak Obinn B NycToTe.

[MycTb Tenepb 3Ta cpena 3aTeyvyeT U B cCaMu reHepaTopbl - B UX KaTyLKN N KOHAEHCATOPbl, OKPY>KUT
npoBoga. ATO NpMBEAET K YBENMUYEHNIO NHOYKTUBHOCTU KaTyLIEK U EMKOCTEN KOHOEHCATOPOB, YTO B
CBOIO ouyepeab NpuBEAET K YMEHbLUEHUIO 4YacToTbl KonebGaHum B HUX, K 3aMeSIeHMI0 XOA4a 4acos,
YBENMUYEHNIO [OfWH BOSMH, pa3MepoB CUCTEMbI KOOpAMHAT W ee MacwTtaboB BMAOTb A0
BOCCTAHOBMNEHUS MPEXHUX pa3mepoB. V1 cHoOBa CKOPOCTb 3MNeKTPOMAarHUTHbIX BOMH, U3MepeHHasa B
HOBbIX MacliTabax AnvHblI 1 BpeMeHn, OyaeT KasaTbCsa NpexHen. ECTeCTBEHHO: 3a Kaxayl eouHuLy
BpeMeHn (nepuoa ogHoro konebaHusi) BOMHbI BCerga npoxXoAasiT POBHO OAHY e4MHULY PacCTOSAHUS
(BANWHY ogHOWM BOSHBI).

Haxe ecnu cpegy cpenatb aHU3OTPOMHOW WM MNPUMBECTM B OBMXKEHME, M CKOPOCTb MNONs
OTHOCMTENbHO KOOPAWHAT CTaHeT pasfiMyHOM B pasHbiX HanpasreHusX, TO W3MEHUTCS
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CUHXPOHM3aLUMNA YacoB CUCTEMblI KOOPAWMHAT, N TaK, YTO CKOPOCTb MOSIS, U3MEpPEeHHas B HOBOW
cucTeMe 4acoB, ondaTb OyaeT kasaTbCs MpPeXHEen UM OAMHAKOBOM BO BCEX HarnpasneHuax. N mbl
Ha4YMHaeM MNOHMMAaTb, YTO MNOCTynaT OWHLWITENHA O MOCTOSHCTBE CKOPOCTM CBeTa BbiTeKaeT U3
CBOWCTB NPUHATON MM CUCTEMbI KOOpPAMHAT. YCTaHOBKa MacluTaboB M 4YacoB B HEW onpenensatTcs
XOOOM 3fIeKTPOMarHUTHbIX BOMH. [niMHa aToro "pesnHoBOro metpa" MeHsieTca NponopLyMOHanbHO
CKOPOCTWU 3NEKTPOMArHUTHbIX NOSien N ANIMTENBHOCTU NPOLIECCOB, U3MEPSIIOLMX BPEMS, @ Pas3HOCTb
Xo4a 4acoB 3aBUCUT OT xoda nofien. TN "pe3nHoBLIE" CBOMCTBA MeEpbl Teopus MpuUnncbiBaeT
n3mMepsieMoMy O0OBEKTY - MPOCTPAHCTBY-BPEMEHMN, MOCTYNUPYSI MOCTOSHCTBO 3TOW MEpbI.

Ecnn B peanbHOM NpoCTpaHCTBE CKOPOCTb CBETA UMM CKOPOCTb TEYEHUS1 MPOLECCOoB (XO4 BPEMEHM)
He BClO4Yy M He Bcerga OAMHAKOBLI, TO PENATUBUCTCKAA CUCTEMA KOOpAMHAT 3TOro He nokaxet. OHa
cama OygeT MeHATbCA B 3aBUCMMOCTWM OT Xo4a fyden cBeTa WM MpoLEecCOB, MU MEHATbCSA Tak, YTo
n3amepeHHaa B ee MacwTabax CKOpoCTb cBeTa Bcerga OygeT KasaTbCA OAMHAKOBOW. TakoBO
CBOWCTBO CaMou cucTeMbl koopanHaTt. OHa He BnonHe roanTcs Ans nogobHbIX N3MepPeHnn.

BoT n Becb CeKpeT nocrtynarta Teopum OTHOCUTESIbHOCTU O NMOCTOAHCTBE CKOPOCTU CBETAa.
PaCCMOTpMM Tenepb Halln CUMCTEMbI B ABUXEHUN.

Cpoenaem cHavana oroBopKy. Hekorga ®u3o CBOMM 3KCMEPUMEHTOM [JoKasan, 4YTO CKOPOCTb
3NEeKTPOMarHUTHbLIX BOSTH B cpede onpenensieTcs He Lennkom cpeaon, HO 1 elle 4emM-To: "adpupom”,
NPOCTPAHCTBOM, (PM3MYECKMM BaKyyMOM - Ha3blBaWTe, KakK YrogHO. ONEKTPOMarHWTHble BOSHbl B
ABWXYLLENCA cpede [OBWXKYTCA Tak, OyaTo BO BCSIKOM pearnbHOM cpefe eCcTb eue ofHa
BCenpoHuKawwas cpega - "agoump", KOTOpbI HE ABWXETCH BMeCTe CO cpedon. [ABmxyliasca cpeaa
yBrieKkaeT BOSHbl 3a COBON, HO He B MOSTHOM Mepe. JTO 3aTpyaHseT HaM paccyxaeHuda. Ho, ecnu
CKOPOCTb BOJSIH 3amMeasfieHa cpeon BO MHOroO pa3, OHa orpefernisieTcd B OCHOBHOM Cpeon, N BOJIHbI
B TOW Xe CTeneHu Torga ABWXKYTCH OTHOCUTENBHO cpedbl, HO YX HUKaK He OTHOCUTESNbHO
Habniogatenen, Tem 6onee - cTtosawmnx BHe cpedbl. [OBOpS 0 CKOpOCTU cpeabl, byaem nveTb B BUAY
HEeKOTOPYH CPeHIO CKOPOCTb ABYX cpea: peanbHou n "acpupa”. Ecnu BoNHbI B cpeae ABMXKYTCA B N
pa3 MeaneHHee, YeM B NyCTOTE, TO 3Ta CPeaHAS CKOPOCTb ByaeT MeHbLue cKopocTu cpeabl B n/(n-1)
pa3. Ecnu xe cpega He 3ameanseT 9neKTpoOMarHUTHble BOMHbI, TO He £BASETCA Ccpeaown
3NEeKTPOMarHUTHOW, U Hac 34ecb He WHTepecyeT. byaem cuuTaTb BOMHbI B Cpefe HacCTOSbKO
MeANEHHbIMU, YTO BANAHNEM Ha Hee "adompa” nnmn abConTHOM CKOPOCTU CBETA MOXHO NpeHebpeyb,
1 NOTOMY HEBaXHO, €CTb 3Ta rMnoTeTuyYecKkas cpena Unu ee Her.

Cuctembl, NOMELLEHHbIE B Cpeay, OKa3bliBalOTCS B TEX YCNOBUSIX, Kakne onpeaeneHbl Krnaccuyeckomn
Teopuen acpmupa ans ob6bekToB B "achmpe”. BOnHbl B HUX ABMXKYTCA OTHOCUTENbHO cpeabl. Cpena xe
3ameHsieT "acmp" n urpaet ponb abCONKTHOM CUCTEMbI KoopaumHat. CUCTEMbl, NMOMELLEHHbIE B
BOJTHOBO[, HaxXOAATCSA B YCNoBuUAX, onpefendembix Teopuen fanbHogenctsus. BonHosoa urpaet
POSib OKpYyXXalLen NycToTy Matepmm u abCconoTHOM CUCTEMbI KOOPAWHAT B 9TOM NpeAcTaBreHUN:
cucTeMa HaxoauTcst B MyCTOTE, a CKOPOCTb BOSIH B HeW onpegensercsa npegmeramu, KoTopble
pacrnosioXeHbl B CTOPOHE.

Ecnu cpeagy npvBectu B ABMXEHME OTHOCUTESIbHO MOMELLEHHOW B Hee cucteMbl, TO cpefa byoer
yBrieKkaTb 9MeKTpOMarHUTHbIe BOJSHbI 3@ CODOON, Kak BeTep - BOJSHbl 3BYKa, YMEHbLUAs UX CPEAHIo
CKOPOCTb Ha nyTu Tyda-obpaTHO, OMMHbI CTOSYMX BOMH M BCe pasMepbl cucteMbl. HecrnoxHo
BbIMMCINTbL, YTO pasMepbl BAOIb ABMXEHUSI CoKpallalTcs oT 3Toro B y2pas (rae y 2 =1/(1 - v3/c?), v -
CpeOHsAsi CKOpPOCTb Cpedbl OTHOCUTENbHO CUCTEMbI, C - CpedHsAsi CKOpPOCTb BOSMIH B cpefne),
"nonepeyHble "- NULLb B Y pas.

Korga cpefa, npveBedeHa B ABWXKEHME, TO Ha YacTOTy KonebaHui B reHepaTopax, U NOTOMY Ha X0,
NOAKMIOYEHHbIX K HUM 4acoB W Ha [AOfWHbI U3fydaeMblX UMW BOSMH BnusieT ewe n JlopeHueso
"3amepgneHne BpeMeHn", a ToYHee: 3aMeaSIEHNEe dNEeKTPOMarHMTHbIX NMPOLLECCOB ABMXEHNEM cpebl
CKBO3b HMX. ECnM CKBO3b KaTyliKM reHepaTopoB (CKBO3b WX MarHWTHble MOMs) NpoKaduMBaThb
3NEKTPOMarHUTHYK XMOKOCTb, TO 4acTtoTa konebaHui B reHepaTtopax 6OyaeT ymeHbllaTbCa C
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yBenu4yeHneM CKOPOCTU XUOKOCTU, TaK Kak ABWMXKEHWe cpelbl CKBO3b MarHUTHOe nosie reHepupyet
[o6aBoOYHOE anekTpu4eckoe norse, YeM yBenuumMBaeT SHEPruto Nnons KaTywKku U ee UHAYKTUBHOCTb.
[BxeHne cpeabl CKBO3b ANEKTPUYEeCcKoe nosie KOHAEHCaToOpOB reHepupyeT A406aBOYHOE MarHUTHOE
none, yBenuunBas 3Hepruto, 3anaceHHylo B KOHOeHcaTopax, U UX eMKOCTb. [o3aTomy pe3oHaHCHas
yactoTa KonebaTenbHbIX KOHTYPOB WM 4acToTa konebaHui B reHepaTopax YMeEHbLUAalTCs B Y pas.
Takum xe obpasom OBWXKeHWe cpedbl 3ameanseT B Y pa3 BCe TeKyline B HeW dNeKTpOMarHuUTHble
npoeccol. Tak u crnenyet NnoHMMaThb "3ameaneHme BpeMeHn" ¢ TOYKN 3PEHNSA KITaCcCU4eCKom PU3MKMN.

PeanbHaa cpega He MoXeT, kak "adump", OBuratbCa BHYTPU MPOBOLAOB W AeTanen, u3 KoTopbIX
cobpaHbl reHepaTopsbl, U HeBONbLUAA YacTb NOMer NO3ITOMY OKaXKETCsl BHYTPY NPOBOAOB U AeTanen,
BHE OBWXYLLENCA cpefbl, HO OyaemM cuuTaTb, YTO 3TO HE CKasblBaeTCA Ha peaynbratax, U 4YTo
dopmyna JlopeHua Ons BpeMeHW OCTaeTCA TOYHOW. Torga yMeHblUeHWe 4acToTbl MpUBOAUT K
TakoMy YBENMYEHUIO [OfIMH BOMH W pas3MepoB CUCTEM, 4YTO nNpu JOON CKOPOCTU TOYHO
BOCCTaHaBnNuBaeT MxX "nonepeyHble" pasmMepbl, U COKpaLwalTCca NUwWb "nNpoaorbHble", HO Tenepb B
MEHbLUEN CTENeHN (NULWLb B Y pas).
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B
W
—_—
U A SR W ¢ SR S N S

Puc.3

[BuxeHne cpedbl OTHOCUTENbHO
CUCTEMbl NMPUBOAUT TaKKe K peopraHnsaunm konebaHuin BO BPEMEHU, K UBMEHEHWNIO CUHXPOHU3aLNK
konebaHuin n 4YacoB C 0Opa3oBaHMEM BPEMEHHbIX MWHTEPBaNoB, Kak OblNo ONMcaHo Bbille.
O6pa3oBaHne BpeMEHHbIX UHTEPBArOB, COKPAaLLEHNE pasMeEpPOB U 3amMearieHne NpoLeccoB, B3ATbIe
BMEeCTe, COCTaBAT Ty KapTUHY U3MEHEHUI B CUCTEME, KaKy OnucbiBaloT npeobpasoBaHus JlopeHua
ANS 3NEeKTPOMarHUTHbIX OOBLEKTOB B cpede (MpW BbIYMCIEHMSIX CKOPOCTb CBeTa B dhopmynax
JNlopeHua HyXHO 3aMeHATb 3[eCb CpedHel CKOpOCTbi BOMH B 3Ton cpene). MNpeobGpasoBaHus
NopeHua BbICTYNalOT 34eCb Kak pe3ynbTaT TPeX OMNUCaHHbIX BbILLE 3NeMEHTapHbIX SBMEHWUA, U KX
br3nYeckunii CMbICT M NPULYNHBI ACHBI.

Ha pucyHke puc.4 nokasaHa CaMOOpraHu3ylLwascs cuctema, ABMXKYLLAsCA OTHOCUTENbHO cpeabl
BOOMb OCM X CO CKOPOCTbIo V (BNpaBo). SneMeHTbl CUCTEMbI U NMPOLECChl B HUX NPeAcTaBfieHbl B
BMAE 4acoB, YTO NO3BONSAET NokasaTb OOHUM 3HAYKOM M PACMOnoXeHue KX B MNPOCTPaHCTBE, U
COCTOsIHME UX BO BpeMeHu (dasbl npoueccoB). MOXHO cumTatb, YTO CUCTEMA MNOCTpPOeHa U3
reHepaTopoB, U Ha PUCYHKE MOKa3aHbl peasibHble Yacbl, NOAKIYEHHbIE K reHepaTopam. JTa xe
cucTemMa eCTb OTPe30K Ocn X MaTepuanbHOW PENATUBUCTCKON CUCTEMbl KOOpAMHAT, NOMELLEHHON B
cpeay v ABMXYLLENCA OTHOCUTENbHO cpedbl 1 koopanHat (X.ct), cBaA3aHHbIX CO cpegon. Hackl 3gech
CUHXPOHM3MPOBaHbl TaK, Kak Toro TpebyeT Teopusa OTHocuTenbHocTu. 3pecb "c" CKOpPOCTb
9NEKTPOMAarHUTHbIX BOSH, 00beguHAILWNX cucteMy. Takyto kapTuHy Bugen 6bl B MOMEHT BpemMeHu t
= 0 HabnwogaTenb, Haxo4aWMNCa BHE cpeabl U Habngarwmin 3a CUCTEMOM C NOMOLLbH OBbLIYHOIO,
He 3amefgneHHoro ceeta u 6e3 ownbkn HabnoaeHns. MoOXHO Takke cymTaTb, YTO ABUXKETCS 34ecCb
cpeda (BNeBO), a anemeHTbl HenoABWXHbl. KapTuHa OT 3TOro He MeHsieTcs. Yacbhl nokasbiBatoT
coCTosiHMe (cbasbl) npoueccoB, U Mo HUM onpegensetca JlopeHueBo "mMecTHoe Bpems". Kaxabin
nocreayoLmi B ABMXEHNUN NPOLECC OnepexaeT B CBOEM Te4eHUU npeablayLlero, 4To 1 NokasbiBatoT
3TN Yachbl.
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Te e anemMeHTbl (TOYHee, NpoLecchl B HXUX) NoKa3daHbl B MOCKOCTYU (X,ct) Toukamu, nexawmmm Ha
ocn X'. Ux koopamHaTbl MO OCU BpeMeHW ct COOTBETCTBYHT MokasaHusaM 4acoB. OTpes3ok oA
COOTBETCTBYET PaCCTOSHUIO anemMeHTa A OT Hayana KoopAauHaT (OT anemMmeHTa "0") B TpexMepHOM
npocTpaHcTBe, OTpe3ok AB - BpeMeHHOMY WHTepBany Mexay npoueccamm B HUX (Mexay
NoKasaHMAMM 4acoB, HO C Y4ETOM TOro, YTO OHW 3amensieHbl). PaccTosiHue mexay anemeHTamun B
cucteme (MNU Mexagy Yyacamu) U BPEMEHHOW WHTepBan Mexay HUMMU, B3STble BMECTe, COCTaBNAlT
YeTbIpeXMepHbIN NMPOCTPaHCTBEHHO-BPEMEHHON MHTepBan (0Tpe3ok 0B), AnnHa KOTOPOro B YeTblpex
n3mepeHunax (B NPoCTpaHCTBE M BpPeMeHN) onpeaenseTcsa Kak rmnoTeHy3a TpeyrosibH1Ka, kKatetamu
KOTOPOro criykaT pacCTosiHue (TpexmepHasa anuHa oA) n npousseaeHne BpEMEHHOro MHTepsarsa Ha
CKOPOCTb 3NIEKTPOMAarHUTHbIX BOSH B cpeae (AB).

Ocb ct' (rpachuk gBwxeHuss anemeHTa "0") CRYyXUT OCbi0 BpPEMEHW cuctembl koopauHat (X',ct'),
KOoTOpas [OBwxkeTca BMecTe C anemeHTamu. C TOYKM 3peHus Habniwogatensi, HenoaBWXKHOro
OTHOCMUTENbHO Hee M CnocobHOoro HabnwaaTb 3a Hel NULb C NOMOLBLIO TeX Xe MeANeHHbIX BOJSIH,
BCE 4acbl MOKa3bIBaOT OAMHAKOBO. PasHuubl B MX NOKa3aHUsX OH He He BMAWUT. ATO MOMHOCTbHO
CKPbITO OT HEro 3a owmnbkon HabnaeHus.

Cuctema koopguHat (X',ct') BbIrngaguT kKak HenpsimoyrosibHasi. OTpe3ok oB ¢ npubnwmxkeHnem K
CKOPOCTM CBeTa MOBOPAYMBETCH B YeTblpeXMEPHOM MPOCTPAHCTBE-BPEMEHN B nrockoctn (Xt),
NpUBIMXKaaCh K NOMOXEHUIO, NEPNEHANKYNSPHOMY OCKM X U NITOCKOCTAM TPEXMEPHOro NPOCTPaHCTBa,
ANMHa ero npoekuumn Ha ocb X - oTpeska oA - npubnmxkaetca k Hynto. Ocb ct' noBopaunBaeTcs Ha
MEHbLLWI Yron.

MpoCTpaHCTBEHHO-BPEMEHHON WHTEpBan (4NMHa B 4YeTbipEXMEPHOM MNPOCTPaHCTBE-BPEMEHU) OT
CKOPOCTU cuUCTEMbl B cpede He 3aBucuT. C yBEnMYEHMEM CKOPOCTM YMEHbLUAKTCS PacCTOSHUS
MeXay onemMeHTamMyM CUCTEMbIl, HO BPEMEHHble WHTepBanbl YBENMYMBAKTCA TaK, YTO ANUHBI
NPOCTPaHCTBEHHO-BPEMEHHbIX COXpaHsitoTcs. PaccTosiHme mexay Yacamu, nepBoHavanbHo pasHoe |,
MPU CKOPOCTWU V CTAHOHOBUTCHA paBHbIM |y, n 0BpasyeTca BpPeMeHHOW WHTepBan, paBHbii Iv/c2.
KsagpaT AnuHbI TMNOHEY3bl TPpeyronbHUKa, KaTeTbl KOToporo pasHbl I/y u c(lv/c?), paseH: (1 - v3/c?) 12+
(Iv/ c)? = I, T.e. anvHa runoHeHy3bl Npuv NOOI CKOPOCTU paBHa ee AnvHe npu v=0.

BoT 93TO MNOCTOSHCTBO YeTbIPEXMEPHOW ANMHbI W YTBEPXKOAETCA MOCTynatoM  Teopuu
OTHOCMUTENbHOCTU O MOCTOSIHCTBE pa3mepoB Ten. PaamepoB He B OObIMHOM CMbICNEe, HE B Tpex
n3mMepeHnsax, a B 4eTbipex. lNocTynaT He OTHOCUTCA K OfVHE TpexMepHon, pasHon I/y. N He
no3BonsanTe pensTMBUCTaM nyTaTb, Kak OHW OObLIMHO MyTalT, AMVHY TPEeXMepHOro oTpeska, OT
CKOPOCTU 3aBUCSLLYI0, C YeTblpeXMepHOW ASIMHOW MNPOCTPaHCTBEHHO-BPEMEHHOIO MHTEpBana, oT
CKOPOCTM He 3aBucslen. OTW OBe BeNWYMHbI PasnuyarnTCcs NPUHLUNMANBHO, Kak oTnu4aeTtcd
aTMoccepHoe faBrneHne, U3MepeHHoe B MUAMMeTpax pTyTHOro ctonba, oT LWMPUHbI CToNa, paBHOM
TOXe 765 MunnumeTpam, Unm Kak KurorpaMmm mMaccbl OT KuriorpaMmma cusibl.

Tak knaccumyeckass puamka obbAcHSET (pyHOaMeHTanbHbIM NOCTynaT TEOPUM OTHOCUTENBHOCTU O
NOCTOAHCTBE pPa3MepoOB TeS B YETbIPEXMEPHOM MPOCTPaAHCTBE-BPEMEHN - ero PU3NYECKUIA CMbICTT, U
MEXaHN3M, peanuayoLnin 3T0 NOCTOSHCTBO.

To Xe NOCTOSAHCTBO MHTEPBAarioB MMEEeT MECTO U MNpu KPUBONMHEWHbIX OBWXeHusiX. [peacTtaBbTe
cebe rMraHTCcKoM OfMHbI KOMbLIEBYIO >KENE3Hyl [OPOry M Ha HEW TakOW ANMMHHBLIN noesn, 4To
NOKOMOTMB ynupaeTca B nocrnegHun BaroH. C yBenuyeHnem CKOPOCTU noesfa ero anuHa byaer
YMEHbLUATLCA, a TOKOMOTUB - yAanATbCA OT NOCNEAHEro BaroHa, u C yBENIMYEHNEM CKOPOCTU YUCIIO
BaroHOB MOXXHO Oo6aBnATb. Ecnn e Ha HeEM opraHu3oBaHa cMCTeEMa €4AUHOro BpEMEHU, Hanpumep,
Nno BaroHaMm YCTaHOBIIEHbl HaLUM reHepaTopbl CO cYeTYNKamm, To ByoeT BuaHa pasHOCTb XO4a YacoB
Mexay nepBbiM W MOCNeHUM BaroHamu, 3aBUCSLWAs OT CKOPOCTU, - Kak CyMMa BpPEMEHHbIX
WHTepBaroB Mo Bcen anvHe noesga. MoXHO BbIMMCIIUTL MPOCTPAHCTBEHHO-BPEMEHHOW MHTEPBAan Nno
AnvHe noesga. OH 1 30ecb MeHATLCA He ByaeT. 3a3op Mexay nocneaHnM BaroHOM M JTOKOMOTUBOM,
€CTECTBEHHO, HE BDyaeT NOCTOSAHHBLIM HM B KAKOM CMbICHE.
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Tak knaccuyeckast pusnka pabotaeT B 061acT ABUXEHUI, KOTOpble TEOPUSt OTHOCUTENBHOCTU He
paccmaTtpvBaer.

Kaxxgas n3 Hawmnx cUCTeEM - eAuHbIA 3NEKTPOMArHUTHbIN 0ObEKT, N nNnpeobpasoBaHus JlopeHua ans
KaXkQon N3 HUX BEPHbI TaK Xe, Kak 1 Anst ApYrux aNeKTpoMarHMTHbIX 06bEKTOB, ABUXKYLLIMXCA B cpeae
nunun BHe ee. Mbl yXe BbISCHUITM PU3NYECKMIA CMbICN NpeobpasoBaHnn U BUAMM, YTO MX MPUYUHBI U
MEXaHU3M OEeNCTBMA HAXOAATCA BHYTpM obbekTa, T.e. npeobpasoBaHua JlopeHua - 3TO CBOWCTBO
3NEeKTPOMarHUTHbIX OOBbEKTOB, @ He MPOCTPAHCTBA-BPEMEHU U He cpedbl. XOTA pacCMOTPENnn Mbl
NUWb YacTHbIWM Crydan, HO BUMAUM B HEM CreacTBME SIBMEHMSI 00LLero: orpaHMY4eHHOCTU CKOPOCTU
nonew n CUrHanoB, CBA3bIBAKOLMX CUCTEMY MU NPOLECC BOEAMHO, N NMOHUMAEM, YTO Te e BblBOAbI
NPUMEHNMbI BE3E N KO BCEM 3IIEKTPOMArHUTHbIM OObEKTaM M npoLeccam, COCTaBNAKLWMM eaNHoe
aBnexHune. N moxem yBepeHHO ckasaTb, YTO nNpeobpasoBaHus JlopeHua He GyayT BepHbl ANg rpynnbl
0OBbEKTOB UIM MPOLIECCOB, HE CBA3aHHbIX Mexay cobon U He COCTaBNAKLWMX €OUHOro o6bekTa unm
npouecca. XoTsi BEepHbl ANS KaXOoro U3 HUX OTAenbHO. Pasmepbl TakMx rpynn, pacCTosHUS U
BPEMEHHbLIE WHTEPBAnbl B HUX HE 3aBUCAT OT CKOPOCTU M HE MEHSTCA MpUM COBMECTHbIX
yckopeHuax. OTCYyTCTBYWOT TOMY MpUYMHbI - cBssdylowme nonga. [lpeobpasoBaHus JlopeHua
NPUMEHMMbI HE KO BCEMY, YTO €CTb B MPOCTPaHCTBE, M MOTOMY, NpeacTaBnss Ux B Buae obuiero
CBOWNCTBa NPOCTPaHCTBA-BPEMEHUN, Mbl MOMYYNM OLUMOKM NPU BbIYUCINEHUSIX.

PaccmoTpumM, B Ka4yecTBe NOBTOPEHUS MPOMOEHHOro, crneayowmin npumep. NycTb No OCKM CUCTEMBI
KoopauHaT paccTaBfieHbl 0ObIYHbIE MEXaHMYECKME Yackl C 3ybaTbiMK KONnecnkamm B MexaHmamax. M
NyCcTb CKBO3b MEXaHW3Mbl BCEX YacCOB MPOXOAWUT OSIMHHBIA XXECTKUM Barl, Ha KOTOPOM 3aKpensieHo
OOHO M3 3ybyaTblX KOMEC KaxdblX 4YacoB, M KOTOPLIM, BpawasiCb BMECTE C 3TMMWU Kofiecamu,
obbeanHAeT Yacbl B €QuHbIA YaCOBOW MEXaHU3M, XXECTKO CUMHXPOHHbIA. TeM He MeHee, ecnu 3To
YCTPOMWCTBO NPUBECTM B ABMXEHME (BOOMb OCU, pa3yMeeTcsl), TO NOKa3aHUsa YacoB NepecTaHyT ObiTb
OAMHAKOBbIMW C TOYKM 3peHUs HenoaBMXKHOro Habniogatens, a Ban 6ydeTr BbIMsgeTb Kak
CKpydeHHbIn. [NponsongeT cneayrouee. Npouecc BpalleHns Bana Ha nepeaHeM ero KOHUEe OTCTaHeT
Ha HEeKOTOPbLIN Yron OT Mpouecca BpalleHUs Ha 3agHeM KOHUe Bana (aHanorm4yHo Tpowke Avnonen
Ha puc.2), 1 nepegHne 4vacbl OTCTaHyT OT 3aJHMX HAa BPEMEHHOW MHTEpBasn, COOTBETCTBYHOLUN
CKOpPOCTU M pacctosiHuioo. C TOYKM 3peHust Habnwgatend, ABWXKYLLEerocd BMecTe C YCTPOWCTBOM,
3TOro He NPOU3OMAET, M NOKa3aHUsA YacoB OCTAHYTCs oAaMHAKOBbIMU. O TOM Xe nucan WHLLTENH:
pesynbTaT He 3aBUCUT OT crnocoba cuHxpoHusauuun. OgHako, NpU YCKOPEHUAX Ban, 3amMeansas ogHu
yacbl 1 yckopsas gpyrue, byaoeTt nepegaBaTtb MEXaHUYECKUE YCUNUSA U SHEPruto, YTo Habngaemo ¢
noBON TOYKKN 3peHus.

M3meHeHus, KoTopble nNpou3ouMayT B OTOM YCTPOMCTBE MpPU  YCKOPEHUU, COOTBETCTBYIOT
npeobpasoBaHmsaM JlopeHua. YCKOpPeHUst W Ccunbl, NepneHauKynspHble OCU YCTPOWCTBA, Ha
NMOKa3aHUsa 4acoB He BNUAIOT. MI3aMeHeHna ByayT Takumum e, ecnvm Asuratb YCTPONCTBO NO KPUBOW
NHWK, M3rnbas ero ocb No TpaekTopun ABvXKeHuUs. COrHyB YCTPOMCTBO B Pa3OMKHYTOE KOMbLO U
npvBeass B OBWKEHWE BOKPYr Hac, Mbl Mornu ©Obl 6e3owmnboyHO M ABHO HabnwgaTb BCe 3TU
n3meHeHunsa. Ecnu xe Ban pasgenuTb Ha 4acTu, NUWIKMB ero cnocobHOCTU nepefasaTb YCUNUA, TO
ABWXEHE MexaHn3ma nepectaHeT ObiTb eanHbIM npoueccoM. [1pu yCKOpeHUaX HOBbIE KOHLbI Bana
OyayT npoBopavnBaTbCA OTHOCUTENBHO APYr Apyra, a nokasaHus 4acoB, PacrofioXeHHbIX Ha CTbIKe
YacTem C TOW W OpYyron CTOPOHbI, Pas3onayTCs, YTO HUKAK He COOTBETCTBYET npeobpa3oBaHWsIM
JlopeHua onsa yctponcTea B LEnoMm.

PaCCMOTpI/IM Ternepb KOPOTKO KakK ﬂeIZCTByeT NPUHLUMUMN OTHOCUTEJIbHOCTU B €ro KracCnM4eCKoMm
npeacrtaBlieHnn, yxxe ydnTbiBad, YTO BCe €CTECTBEHHbIE Tera - 3TO CaMOOpraHn3yrmnecsa CUCTEMbI.

Ecnn npepctaButb cebe Mup, COCTOSILLUIA M3 MHOXECTBA CaMOOPraHU3YHLLMXCA CUCTEM (TOro Xe
TMNa, 4YTO 34ecCb paccMaTpuBanncb), KOTOPblE TMOrPYKeHbl B JNEKTPOMarHUTHyK cpeagy c
MeZANeHHbIMM BONIHAMM U OBWMXKYTCS B Hell 6e3 TpeHwusi, To U B 3TOM MUPE UMEET MECTO MPUHLMN
OTHOCMTENBbHOCTM OBWXEHUN. Ecnu nonbiTaTbCsi onpeaenvTb C NMOMOLLbI BHYTPEHHUX CPeacTB
TaKOro Mypa CKOPOCTb Cpefbl NyTEM CPaBHEHWUsI pa3MepoB CUCTEM, ABWXKYLLMXCS B HEW C pasHbIMU
CKOpPOCTSIMU, TO 3TO HEe MONy4yMTCs MO TEeM XKe MpuYMHaMm, YTO U B HalleM peanbHOM MWUpe:
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"nonepeyHblie” pasmepbl OT CKOPOCTU HE 3aBUCAT, CpaBHEHWE Xe "NpoaosibHbiX" yBOOMT K
npobnemMe NOHUMaHUSA OQHOBPEMEHHOCTM (T.€. BCE NPOMUCXOANT TaK, KaK OMMCbIBalOT B y4eOHUKax, u
NOBTOPATb HET cMmbicna). Habnogaetca nuwb OTHOCUMTENbHAA CKOpPOCTb, abconioTHasa xe
(oTHOCUTENBHO Cpenbl) TakKMM NyTem He Habnogaema.

MycTb Tenepb HabnwaaTenb, XUBYLUMA B 3TOM MUPE MeLNEHHbIX BOSIH U CaMOOPraHM3yLLNXCS
cucTeM (BHYTPEHHMI MO OTHOLUEHWIO K TakOMy Mupy Habnopgartenb), nonpobyeT no 3ameaneHuto
YacoB onpenennTb CKOPOCTb OTHOCUTENBHO cpeabl. NAaa Ha OBUXKYLLYHCA OTHOCUTENBbHO HEro OCb
KoopanHaTt (M300pakeHHYl Ha puc.4) C paccTaBfieHHbIMW BOOMb Hee YacaMu, HeNoABWXKHbIN
HabnogaTenb yBManT NnpoberatoLLyto MMMO HEro Yepeay YacoB, X0 KOTOPbIX hakTnyeckn sameanex
ABWXXEHMEM OTHOCUTENbHO cpeabl. Ho Kaxable cneaylowme vYacbl COBUHYTHI Brnepen Ha HEKOTOPbIN
BPEMEHHOW UHTEepBan, U HabnogaTenb BUOUT UX, KaK CMEHSLWMECa Kaapbl KMHO, B KOTOPOM XOp,
YyacoB YcCKopeH. OTOT 3adbdeKkT yckopsieT Habnogaemyr kapTuHy B Yy pas. Yacbl, daktudecku
3amMeffieHHble B Yy pa3, B 3TOM "KMHO" BUAATCA KaK YCKOpPEHHble B Yy pa3. ATO - TOXe owwmnbka
HabnogeHus. M HabntogaTtenb He MOXET peLlnTb: TO S OH CaM OBUXETCS B cpeae, U 9TO ero vachl
3amefrieHbl ABWKEHMEM, TO M ABWXKETCH CUcCTemMa KoopauHaT, a OH BUOUT "yCKOPEHHOe KUHO".

3ameaneHue xoga OBWXKYLLUMXCA 4YacOB MOXHO Obl OOGHApYXuTb, CpaBHMBas MX MOKa3aHus B OBa
MOMEHTa BpPEMEHWU C [BYMS 4YacamMu CBOEW cUCTeMbl KoopauHat. Ho u TyT Habnwogatens MoXeT
AymaTtb, YTO ABWXETCS ero cuctema KoopAuHaT, MO3TOMY MOKa3aHusa OBYX €€ 4YacOB CABUHYTbI Ha
BPEMEHHOM WHTEpBas, U CHOBa He MOXET pelunTb, Kakasi Xe M3 cucteM HenoaswxkHa. Bcerpa
HabngaeTcsa TONbKO OTHOCUTENBHOE BPEMS U TOSNbKO Kak CreAcTBME OTHOCUTENBbHOroO ABmKeHus. A
3TUM Mbl 006513aHbl peopraHu3aunmm CUCTEM ABWXKEHWEM WU "3ameaneHuto BpemeHu" - CBOMCTBam
3NEKTPOMAarHNUTHbIX OO bEKTOB.

B nocraBneHHbIX YCroBUSIX Y BHYTPEHHEro Habntogatenss HeT BO3MOXHOCTM ONpPeaennTb CKOPOCTb
cpedbl HUKaKUMKU 3KcrnepuMeHTamu. 34ecb cpeaa ecTb MO YCMOBUKO, HO C MOMOLLLH Nvllb
BHYTPEHHUX CPEACTB MpuHUMNManbHO HeHabniogaema. Habniogaetcs nub  OTHOCUMTENbHas
CKOPOCTb CUCTEM U, MNOKa [OBMXEHUS PaBHOMEPHbI U MPSAMOSIMHENHbI, OTHOCUTENbHOE BPEMS.
HaGniogatenb MMeeT TOYHO Te e, YTO U Haln pU3MKN, OCHOBaHUS NS 3asiBIEHMI, YTO HU cpenpbl,
HM aBCOMTHOM CUCTEMbI KOOPAUHAT B €ro MMpe BoBce HeT. [N BbIICHEHUS UCTUHbI HYXHbI 6onee
ObICTpble, He 3aMeaNieHHble CPEeaOoN CUrHarbl, HO TakMx B ero Mupe HeT. Ml Ham B Halem mupe Ans
TOW >XEe UEenu TOXe HYXHbl curHanbl, Gornee ObICTpble, YeM CBET, HO WX Yy HAC TOXe HeT.
HeHnabntogaemocTb abCOMOTHOMO ABUXKEHUS ellle He [oKa3biBaeT, YTO OHO He CYLLEeCTBYET.

npel/IMyLLl,eCTBa Kriaccuyeckomn C*)VI3I/IKI/I 30ecb Hanuuo: n camM npuHUmn OTHOCUTENbHOCTU, U €ero
NPUYnHbI, N BCE CBA3aHHbIE C HUM 4ABJIEHNA €10 obbsacHaTCA. Hukakue nocTtynatbl U TMNOTE3bl HE
HYXHbI, HE HY>KHO JTOMaTb J1OTMKY 1 onpoBepraTtb 3L|,paBbIl7I CMbICI.

Knaccuyeckasi Teopusi CBETOHOCHOIO achupa, npu o6 beKTUBHOM B3rnsige, roBOPUT NiMb O TOM, YTO
BCE ONEKTPOMarHUTHble SIBMEHWA B MyCTOTe TakoBbl, OyATO MycTOTa 3anofiHeHa CpPenown, He
cosgatollen TpeHus. Knaccmyeckas LIKona BOBCE HE HacTamBana, 4Yto 3ToT "achup" 4eNcTBUTENBHO
ecTb. OTa dmnocodckas npobrnema Mano MHTeEpecoBana €€ y4yeHblX, 3aHMMAaBLLMXCS, B OCHOBHOM,
AEeSIOM KOHKPETHbIM: TeopeTnyecknm obecrneyeHmemM Hallen npaktndeckon geatenbHoctn. C gpyrom
CTOPOHbl, YaCTHOM TeOopuUW OTHOCUTESNIbHOCTU He MewarwT HU "adup", HWM Krnaccudeckue
npegcraeneHnss o6 abCcontoTHOWM cucTemMe KoopauvHaT U eOMHOM BPEeMEHU, - OHa U Npu 3TUX
YCIOBUSIX OCTaeTCsl B TOW e CTEMNEHW BEpHOM MO CoaepXaHumto (HO He MO TOW PEeBOSTOLMOHHON
dounocodumn, KoTopasi ee ConpoBOXKAAET).

[okasaTenbCTBO TOMY, YTO abCcontoTHaA cMcTtema KoopaMHaT, abConoTHbIE CKOPOCTb U BPEMS, XOTb
N HeHabnogaeMbl NPUHLUMNMANBLHO, HO CYLLIECTBYIOT, NPeocTaBnseT HaM cama Teopus QUHLITENHa.
OtpuuaHne abcontoTHOM CKOPOCTM, abCONKTHOrO BPEMEHM M abCONOTHOM CUCTEMbI KoopauHaT
BBOOMT B 3Ty TeOopulo "BpeMEHHOW MnapafoKc": 4ackbl, OTrpaBfeHHble B pas3HbiX HanpaBreHUaXx u
3aTeM MoBTOPHO BCTPETUBLUMECS, OOMKHbI OTCTaBaTb ApYr OT Apyra (4ackl A oTcTatoT oT YacoB b, a
yacbl b oTcTalT OoT 4acoB A), Tak Kak Bcerga ABUranucb OTHOCUTErnbHO Apyr apyra. Ccbinkv Ha
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YCKOPEHME M BEYHYK He3aBepLUEHHOCTb TEeOpUM OTHOCUTESTIbHOCTU - He ornpasdaHue, Tak Kak
JlopeHueBo "samepgneHue BpemeHW" He 3aBUCUT OT TPAEKTOPUM U YCKOPEHUS, U NPUYMHON
MOBTOPHOWN BCTPEYM YacOB MOXeET OblTb HE YCKOpeHue, a "UCKpMBReHne npocTpaHcTBa" (CornacHo
TEOPUN OTHOCUTENBHOCTU), Aa M He MOryT 4vackl ybexaTb 3a TO MrHOBEHWEe, Korda KX CKOPOCTb
MeHsanacb. [leno 3gecb Npocto B HabnwogaemMocTn. A BCE CCbINKM UMEKT LEeNbl YKNOHUTBCS OT
obcyxxaeHus crny4vaes, rae Yyacbl NOBTOPHO BCTPEYaloTCs U napagoke Habnoaaem.

BpemeHHOM napagokc He umeeT MecTa, Korga npegnonaraeTcsl XOoTb MPOM3BOSIbHO B3dATasi, HO
abcontoTHas cucteMa KoopauHaT, TO eCTb Korga B PacCyXAEHUAX UCMONb3yeTcs (Jaxe CKPbITHO)
daKT ee CylecTBOBaHMSA. QNHLLTENH NUcarn, Y4To 3a abCOMTHYD CUCTEMY KOOPAUHAT MOXET OblTb
npuHATa nwobas uHepumanbHas. Ho Torgaa Teopusa JOencTByeT Yxe B abConoTHOW cucteme
KOOpAMHAT, ONupascb Ha Hee B NOMMKe CBOMX paccyxaeHun. W torga, kak cnegyet vu3 dhopmyrnbl
JlopeHua onga "sameaonenHust BpemeHu", U Te, U ApyrMe 4Yacbl OTCTalOT OT 4acoB abCOMOTHOM
CUCTEMbI, N OOnblle OTCTaAHYT Te Yacbl, KOTopble ABWUranucb ¢ 6onbluen cpegHekBagpaTUYHOM
abCconTHOM CKOPOCTb. ABCOMIOTHAA CKOpPOCTb GepeTca NPOU3BOSIbHO, MO3TOMY BO BHUMaHWE
NPUHUMaeTCA NYLb Pa3HOCTb XoA4a ABYX YacoB, KOTopas OT abCoMTHON CKOPOCTU He 3aBUCUT, YTO
n nossonsdet 6paTb ee NpPoM3BOMbHO. W ycKkopeHus Torga He MeLlarT, M CCbINaTbCA Ha HUX He
HY>XHO. [lpn OTCYTCTBMM e abCOMnTHOM CKOPOCTU TpeTbMX (OMOPHbLIX) 4acoB HeT, B opMyny
NOACTaBMNSAETCA OTHOCUTENbHAsA CKOpPOCTb, KBagpaT ee [Ans [OBYX OOBLEKTOB OAMHAaKoB, W
pe3ynbLTaTtoM CTaHOBUTCH B3aMMHOE U paBHOE OTCTaBaHWE Yacos, T.e. Yyenyxa.

Bce paccyxgenuns, npuBogswmMe K OTCYTCTBMIO NapafoKkca, CoAepXaT S$SBHOE WU  CKpbIToe
ncnonb3oBaHMe abCoNOTHOW CUCTEMbI KOOPAMHAT, T.€. ABHOE UMW CKPbITOE UCMNONb30BaHWe dakta
ee CyllecTBOBaHUsA. Teopusi OTHOCUTENbHOCTU BHE abCONIOTHOM CUCTEMBbI KOOPAMHAT CTaHOBUTCS
napagokcanbHOW, BHYyTPEHHE NPOTUBOPEYMBOMN.

Teopun OmHocumesibHoOoCMu U Hawa Jyiocuka

OVHWITENH, yTBepXaas MnocTynaT O MOCTOSIHCTBE pa3MepoB Terl, morarasn, YTo MPOCTPaHCTBO U
BPEMS COCTaBMAOT €4MHbIN KOHTUHYYM - YEeTbIpEXMEPHOE NPOCTPaHCTBO-BpeMs. [MoTomy 1 noctynat
OTHOCUTCS HE K NPUBbLIYHOM HaM TPEXMEepPHOW AnvHe, a K NPOCTPaHCTBEHHO-BPEMEHHOMY UHTEpBany,
TO €CTb K ANMHE YeTbIpEXMEPHOWN, KoTopas OTNMYaeTcsl OT TPEXMEPHOWN ANUHBI, Kak MMNoTeHy3a oT
KaTeTa B TPEYrofibHUKe, BTOPbIM KATETOM KOTOPOrO CMYXXUT BPEMEHHOWN MHTepBar.

W3narag Ham BOMPOC O MOCTOSIHCTBE pa3MepoB, BbICOKOOOPAa30BaHHbIE Y4YeHble npeanoyYnTaroT
nytate 3TW ABa MOHATUA AONWHBbI UNKU pasmepa, CoeauHAs WX ONS TOro nog O4HMM Ha3BaHWEM
"onnHa". 310 nomoraet um B 6opbbe npotmB norukn. Cyoute camu. Knaccudeckaa dusumka
3a8BNgeT, YTO ANMHA (OSIMHA TpexmMepHas, KaTteT) 3aBMCUT OT ckopocTu. CoBpeMeHHas Bo3paxaeT:
"HeT, AnuHa nocTtosiHHA", UMes B BUAY AOJIMHY YeTbIpeXMEpPHY - runoTeHy3dy. Kasanocb 6bl, n
CMoOpUTb HE O YeM: KaTeTbl MEHAITCH, MTMNOTEeHy3a NOCTOAHHA, 06a cnopsawux npaebl. TpexmepHyto
AJSIMHY MOXHO Obl HasBaTb TPEXMEPHOW MNpPOEKUMEN OT ANUHbI YeTbIPpeXMEpPHOMW, Kak AenawT B
MaTemMaTurKe, HO 3TO UCKIoYano Obl nyTaHuuy 1 ctano Obl NPU3HAHNMEM HENOCTOSHCTBA TPEXMEPHOM
AJSIMHBbI B NOSIb3Yy Kraccuyeckom uanku. Torga HopMasnbHbIA YenoBek, 3Had, 4YTO pasmepbl Ten
3aBUCAT OT CKOPOCTW, He cTan Obl fomMaTtb rONOBY HaL 9K30TUYECKOW Teopuen JNHLWITEnHa.
[MyTaHuua B TepMmMHaxX 3aTeM U NpUMeHHAeTcs, YToObl 3acTaBUTb Hac "OTOPOCUTL" KIacCUYEeCKyro
dU3NKy 1 NpusHaTb TEOPUID OTHOCUTENBHOCTU Kak €OWHCTBEHHO BepHylo. [lyTaHuua nossonser
nogMeHnTb MNoHATUA (ByaTo peyb uaet ob ogHOM M TOW Xe ANuHe), NpeacTaBuTb BOMPOC Kak
CMopHbIN, 1 "nobegnTb" B TOM "cnope” Knaccnieckyro ousuky.

K nytaHuue pobaBndawT NOXHOe YTBEPXAEHWEe O TOM, YTO COKpalwleHue AnuHbl no JlopeHuy
(TpexmepHon) - "3TO Heneno, CMeLlHO, 3abaBHO, HaMBHO" (BOT M BCe "HaydHble" aprymeHTbl,
HangeHHble 3a 90 neT). 3To Nucan n cam SUHLWITENH, YTO eMY, Kak aBTopy, NpocTuTenbHO. Ho To xe
camoe yTBepXJalT akageMuKum u raypeatbl, NpuU4eM eguHornacHo, OT MMEHW MUPOBOW HayKwu,
CCblNasiCb ApYr Ha gpyra U Ha BCeMUpHoe npusHaHune. U kaxablh 3 Hac npoyen aTo no TbicaYye pas,
HMW pa3y He Hanas Bo3paxeHun. Kak Tyt He noBepuTb? Tak, nyTeM OCMesiHUs, (paKkTUu4eckm
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YyTBEPXKOAETCS, YTO KaTeT TOXe MOCTOSIHEH, XOTSl BTOPOW KaTeT (BPEMEHHOW WHTepBan) oT
CKOPOCTW 3aBUCUT U MPU YCKOPEHWUsIX MeHsieTcsl. PaccyxgeHusi, B KOTOpPbIX MpsiyeTcsi 3ToT
TpeyronbHUK abcypaa, B HaWMX yMax He YKradblBatTCs, OTYEro HallW florMka U 34paBblil CMbICH
nog [OaBneHWeM aBTopUTeTa MUPOBOM Haykum B HedOyMeHunM oTcTynatT. He cmess Bo3pasuTb
MWPOBOW Hayke, Mbl FTOBOPUM, YTO HE MOXeM 3Toro noHaTb. (TyT Ham nogadakuBatoT: aa, Mo, Baw
pa3ym [eNCTBUTENbHO BTOPOro COpTa, U flornka y Bac ObiToBast - He rnesbTe Bbl B hM3nKy!)

O6y4asa ¢usunkos, nm BOMBAIOT B rofoBbl 3TOT TpeyroribHUK abcypaa Kak BbiCliee OOCTUMXKEHUE
pasyMma, Kaneda ux noruky n pasym. "lNMpmupoga He o6s3aHa ObiTb NormyHon", "nNpupoga HenornyHa",
roBOpAT (PM3MKK, YCBOUB ITO LOCTWXKEHME. HeT, puamnkun, npupoga HEeYKOCHUTESTbHO JIOrMyHa. 70
Bawa noruka "HenpupogHa". lMpupoga ogapuna Bac OT POXAEHUS TOW €OWUHCTBEHHOM JIOrMKOW,
KOTOPYH MMEET M KOTOopyt npumMmeHsaeT. Ho atoT gap boxuin Bbl oTbpocunu. MckanevyeHHas noruka
BaLLero obLero MbilWeHNS - rMaBHasi NpuyMHa Bawero obuiero 6ecnnogus.

Mbl HaMBHO nonaraem, YTO YCKOPEHME €CTb NPOU3BOAHAs OT CKOPOCTM, a CKOPOCTb - MHTEerpan oT
YCKOpEeHUs1, NoToMy abCcontoTHas CKOPOCTb €CTb UHTEerpan rno BpeMeHn OT abComnTHOrO YCKOpPEHUS,
N onpenensieTca M3 YCKOPEHUs!, Kak UHTerpan, ¢ TOYHOCTbK OO HEKOTOPOM KOHCTaHTbl, KOTOPYH W
nckana korga-to dwuamka B 3KcnepumeHTe MankenbcoHa. Ho MupoBasi Hayka yBepsieT, 4To
abConTHOE YCKOPEHNE eCTb, a abCONTHOM CKOPOCTM HET BoobLle. Torga abCcontoTHOE YCKOpEHUe
€CTb M3MEHEeHWe TOoro, 4yero Het Boobwe? W mHTerpan OT Hero ToXe CTaHOBUTCA HuYemM? Mbl B
HegoymeHun. Ho Begb MMPOBOW HayKe He BO3pasullb (KTO Tbl TakOM?), U Mbl ONSATb OTCTyNaew,
nogaBnas COOCTBEHHOE MHEHME.

[lokasbiBass Ham OTCYTCTBME BPEMEHHOro napagokca npu OTCYTCTBMM abCOMOTHOM CUCTEMBI
KOOpAWHAT, PensTUBUCTLI NpUberatoT K YroBKe: CCbINasCb Ha AMHLITENHA, ONepUpYOT PakTU4YeCcKn B
abComnTHOM CUCTEME KOOpAMHAT, B3ATOM Ha BpeMs OOBbACHEHWS HEeABHO (TpeTbsa cucTema
KOOpAMHAT Mpu OABYX Yacax, Hanpumep), 1 B TO e BpeMs ee oTpuuatoT. I Mbl ONATb B HEAOYMEHUM.
UTto 3a noruvka Takagq, Korga pesynbTaT 3aBUCUT OT XO4a pacCyKAEHW: NMpu OBYX Yacax rnapajokc
€CTb, a Npu Tpex ero HeT? A paszobpanncb, U BUOMM: Y MMPOBON-TO HayKu - Ty3 B pykase!

Nanaras Ham TEOPUNK OTHOCUTEJIbHOCTHU, €€ nponaraHauncTbl 3aboTATCA BOBCE HE O TOM, YTOObI Mbl
NOHANMN 3Ty Teopulo. Ho ycnewHo AOoCTUralotT MUHOro: Mbl JnniaemMcd 3HaHUW, [OaBaeMblX
Kriaccuyeckomn (*)I/I3I/IKOI?1, TepdemMm goBepme K CBOUM JIOTUKE W 34paBOMY CMbICIY. He noHumas
nponaraHancToB, Mbl He noJjiydaemMm OT HUX HOBbIX 3HaHUKW, a nNUWb y6e>|<qaeMC;| B Hallem
YMCTBEHHOM y60)KeCTBe, B HalLen HEeCrnoCoOHOCTU K MOHUMAaHUIO U BENUYMN TEX, KTO MOHUMAaEeT.
NMogaBmB Halwle cOGCTBEHHOE MHEHME, B HAC BKNadbiBalOT yyxoe, bonee aBTOpUTETHOE, BO BJ1AaCTU
KOTOPOro Mbl NOCNyLwHO cneayem.

Hay4yHas peBontoums, Criomas KflacCUYeCcKyo napagurmy, paspyLimnsia MMeHHO Ty TEXHOMOMMIO HayKu,
KOTOpas caenana NpoLnbii BeK BEKOM BENMKUX OTKPbITU. OHa nomeHsana mexagy cobor NoHATUSA O
NOXXHOM U UCTUHHOM, NTOTMYHOM W ariorMyHOM, Kak coumanuctTndeckas - noHAaTna o gobpe u 3ne. OHa
BblBENa Hayky U3 nogvvHeHus daktam, fnoruke, 3gpaBoMy CMbICAyY, UCTUHE W NOAYMHMNA Briactu
CBOMX BOXAEW, KOTOPbIE BELLAIT, Y)Ke HE CUUTAsACh HU C (pakTamu, HU C NOrnkon. NomeHsana oHa u
Mopanb. JlorMka, BbIBOAbl KOTOPOM 3aBUCAT OT Xo4a PacCyXOeHUW, COKpblTUe (aKkToB,
NPOun3BOSIbHbIE YTBEPXAEHNA B 0bnacTu HeHabnogaemoro, npsaMmasa gesmHdgopmaums, Hacaxxgaemas
nyTemM peknambl U LOaBreHUs aBTOPUTETOM MMPOBOW HayKu, NyTaHWua B TepMUHAX C NOLMEHOM
NMOHATUN - BOT YTO Mbl HALLMN B HAYYHOM apceHarne COBPEMEHHON LUKOMbI.

O meopuu danbHoOdelicmausi

Kypc coBpeMeHHON hU3NKM COAEPXKUT, Kak NabnprHT U3 KOMMbIOTEPHOWN UrPbl, MHOXECTBO CKPbITbIX
ABepen-anbTepHaTUB M nosyllek. Hac BeayT B HeM, ByATO B LWIOpax, MMMO BaXXHENLUNX anbTepHaTUB
B JIOBYLUKW, rAe Mbl TEPAEM JOMMKY U 30paBblii CMbICI, U OCTaBMAKT B TEMHOM Tynuke, rae Mol
NMOBMHYEMCS YYXXOMY rosiocy. HekoTopble ABepu Mbl 340€Cb HaWmM U OTKpbIIM. HO Taknx aBepewn
MHOrO, U rae-To 3a HUMU CKPbITbI MYTU K TalHaM NpUpoabl - NPAMbIE U KOPOTKUE.
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CoBpemMeHHas wWwkona uU3MKW OTBepraeT KNacCUYeckyd Teopuio OanbHOAEWCTBUS U
9NEKTPOMarHUTHy0O Mofens MuposgaHusa. Mon, He xoauTte B 3TWU OBepu, TaM KTO-TO KOrga-To
npuwen K NpoTUBopeYdnto. 3Ha4u1T, U TaM eCTb YTO-TO AefbHOoe, OS5 COBPEMEHHOM LLKOSIbl OracHoe U
eto nogasnsemoe. Nouvwem. NpocTo pacCMOTPUM HEKOTOpPbIE, NYCTb COMHUTENbHbIE C Baluen Touku
3peHusi, BO3MOXHOCTU, KaK MOAaBfEHHble akageMnyeckom U3NKOM U HaZoNro MNOTepPSAHHbIe
nepcrnekTuBbl N naeu.

SﬂeKTDOMaFHI/ITHyI-O mMoAesnlb Mnpo3daHuA Mbl yXe O0T4acCTu NOCTPOWUIin, paccMmaTpumBasa Tena Kak
camMoopraHnsywLwineca CUCTEMbI. YXe NOHATHO, 4TO mMexay anemMeHTaMn MUKpOMUpa D,eVICTByI-OT
TOJ1bKO 3J1IEKTPOMArHMTHbIE CUIbl, U NHbIM CUIlaM TaM HE OCTaeTCA MecCTa.

O knaccuyeckon Teopumn ganbHOOENCTBUA Mbl BOOOLLE He 3HaeM Huyero. HeT nybnukaumi. Ho Takas
Teopusi BNUcaHa A3bIKOM MaTtemaTuku B ypaBHeHna Makceenna. 3Ty napy ypaBHEHUN Mbl MOXEM
NOHMMAaTb CErogHs Kak MaTemMaTU4yeckoe OMnucaHue CUCTeEMbl ObpaTHbIX CBA3EN - ee MNpsiMon Wn
obpatHon BeTBen. O6GpaTHble CBA3M LIMPOKO MPUMEHSIOTCA, M Takas TouKa 3PEHUs CerogHs
ecTecTBeHHa. PaccMoOTpuM, Kak NPUHATO B TEOPUN TakKUX CUCTEM, CHavYana AenCTBUE Kakaon BETBU
Nno OTAENbHOCTH, Kak Bbl OTKNIOYMB BTOPYHO BETBb. TOraa NnepBoe ypaBHEHME FOBOPUT HAM O TOM, YTO
ABWKEHME 3MEeKTPUYECKOro nonsi B HEKOTOPOM Tovke A BO3AEWCTBYET Ha BCHO OKpYyXaloLlyo cpeny
cpasy, BbI3biBasi (Mpu OTCYTCTBUM BTOPOr0 YpPaBHEHUS) MNOSABNEHME MarHUTHOrO Mons BO BCEM
npocTpaHcTBe ©6e3 BCAKOro 3anasgbiBaHusa. M3MeHeHue >Xe MarHMTHOro nons B MNPOCTpPaHCTBe
BbI3bIBAET, COrnacHO BTOPOMY ypaBHEHUIO (Mpwu OTCYTCTBUWM MEPBOr0), SNEKTPUYECKOE MOne Takxke
cpasy u Be3ge, B TOM yucne B Todke A U ee OKpeCTHOCTU. Mbl BUAMM 34ecCb OObIYHbBIA KOHTYP
obpaTHOM CBSA3M: 3MEKTPUYECKUA CUrHam u3 Toudkum A, npeobpasysacb B MarHWTHbIA, yXoOuT B
NPOCTPaHCTBO U, BHOBb MNpeobpasysiCb B 3INeKTpUYecKun, BO3BpallaeTcd obpaTHO B TOuKky A,
MFHOBEHHO 3aMmblkad KOHTyp. CurHan HenpepbiBHO LUMPKYNUMPYET MO KOHTYpy, MNpoXoas ero
MrHOBEHHO 6eCKOHEeYHOe Yncrno pas.

[Mpouecchbl B 3aMKHYTON CUCTEME CBA3EWN OMUCLIBAKOTCA €e XapakTepucTUdeckuMm ypasHeHueMm. Ero
MO>XHO BbIBECTW 30eCb U3 ypaBHeHUn Makcsenna no npuHATLIM Ans cuctemM npasunam. MNMonyvaetca
BCE TO XXe BOJSIHOBOE YypaBHEHMEe, HO MNpW HOBOM €ro cmbicfnie. Takoe MNOHUMaHWe He BHOCUT
M3MEHEeHUA B MaTeMaTU4ecKyld 4YacTb U3NKM MNOoNdA, He MpoTUBOpeYnT pakTam, MNOTOMYy U
OMpPOBEPrHYTb €ro HEBO3MOXHO HWU (PakTaMu, HU pacyeTaMn. ITO BCEro NULb Apyras To4ka 3peHus.
BonHoBoe ypaBHeHWe oOnucbiBaeT MNpPoLECCbl B 3aMKHYTOW CUCTEME, B KOTOPOM YpaBHEHUS
MakcBenna onucbiBalOT AENCTBUA ABYX BETBEWN CBsA3en (MpsMon u obpaTHon) pasgenbHo, kak Obl
Pa3OMKHYTbIMU, OENUCTBYHOLLUMMU MOPO3Hb. [IBMXEHMe nonen co CKOPOCTbIo CBeTa - 9TO npouecc B
CUCTEME 3aMKHYTbIX OOpaTHbIX CBA3EW, 3TO OTHOCUTENbHO MeASIeHHbI Mnpouecc, pesynbTaTt
AencTeuns ObICTpbIX 06paTHbLIX CBA3EN U CBOUCTBO 3aMKHYTOW CUCTEMBI.

3asaBneHns 0 TOM, YTO MrHOBEHHbIX CBSI3€M M CUrHANIOB HET, TaK Kak BCe CurHanbl B npupoae
OBUXYTCA He ObicTpee cBeTa, HeAokasdyeMbl M HeOOCTOBEPHbl: Mbl HE yMeeM MNpPUHUMaTb 3Tu
CUrHanbl, pacCcesiHHble MO BCENEHHOMW, NodaBnsdemMble o6paTHOM CBA3bKO M NOTOMY cnabble. [la n He
nckanu nx n He xotenu atoro. OgHako, ewe Jlannac BblMUCANA N3 aCTPOHOMUYECKMX HabnogeHun,
4YTO MNosie TAroTeHust ObICTpee cBeTa nopsigka Ha veTblpe unu Gonee. KoHeYHO e, cOBpeMeHHas
TEopua M 3TU BblUUCIIEHUNA "OTOpocuna" - Kak AKOObl HETOYHbIE, HO MOYEMY-TO HE YTOYHMMA MX
(HaBepHOE, He MNONy4YUsCa HYXHbIA en pe3ynbTaT) U He ucrnonb3oBana Ty Xe unaetn. Beputb en
Henb3s, Mbl B 3ToM yoeaunnuck. Monpobyrite npoBepuTb, U OKaxeTcd, 4To Jlannac Toxe 6bin npas.
CKopoCTb Nnonst TArOTEHNA BbIMUCAANN N OpYyrne yyeHble - u B XIX Beke, n B XX, NpuUxoas K Taknum xe
BbIBOAAM, HO 1 3TO 6bINo "oTbpoLeHo". U, kaxeTcs, ewe HUKTO He OBHapyXun, 4To nosne TAroTeHns
pacnpocTpaHAEeTCA CO CKOPOCTbIO cBeTa (Y 00 3TOM-TO roBopusniv 6bl MHOrO), Kak He Hawnu u
rpaBUTaALVOHHbIX BOSIH.

HanbHogencTene BooOLLE PUCYET HaM BCENEHHYH Kak rnobanbHyl CUCTEMY MIHOBEHHbLIX (Mnn
OYeHb ObICTPbIX) OBpaTHbIX CBA3EW, KOTOpble CO34alT €OUHCTBO 3aKOHOB npupodbl B 60sbLion
BCENEeHHON, U NOA KOHTPOJSIEM KOTOPLIX MAYT B HEWN BCe npoLuecchl. bnuskogencrene, otpuuasa Takme
CBS3M, OCTaBMISIET HaM APYron BapuaHT: KaXaasi YacTuua v Kaxkgas Touka NPOCTPaHCTBA BbINOSTHAOT



36
3aKOHbI npupoabl aBTOHOMHO. Ho Torga kakgasa n3 HMX 3HaeT 3TW 3aKOHbl M MO CBOEN CITIOKHOCTU
nogobHa KOCMUYECKOMY Kopa6mo: nMeeT CucTtemMbl HaBuraumm, HUCMOJNHUTEIIbHbIX MEeXaHWU3MOB,
GaHku gaHHbIX. Kak MOXHO cerogHs BepOBaTb B 3Ty HEJeny BblAYMKY Oaliekoro I'IpOLIJJ'IOFO?

HanbHogencTBne AaeT Hagexay MOHATb NPOUCXOXAEHWEe 3akOHOB Npupoadbl M3 Xaoca. Xaoc C
MrHOBEHHOM obOpaTHOM CBA3bl nepecTtaeT ObiTb xaocoM. OOpaTHas cBs3b NpuBOAUT NMOO K
Ka4yeCTBEHHOMY M3MEHEHMIO CUCTEMbI (KOrda BenMYMHbI NPUXOaAT K Hyno unm 6eCKOHeYHOCTU, 1 B
N3MEHUBLLENCS CUCTEME BCE HayMHaeTCcsl C HOBOro Hadana), nmbo K nopsiaky, U Koraa-Hubyab
HanOeTCcsa reHUin, KOTOPbIM NMOKaXeT, Kak 3TO NponcxoauT B Hawwem mupe. Konnyectso nHgopmaumnm
B IMYOWHHbIX 3aKOHaX MWPO34aHMS WCYUCIIAETCA HEMHOrMMKM OuTamu, Oaxe ecnv 3aKoHbl 3Tu
cosgaHbl borom (mocTatoyHO YMHbIM, 4TOGbl ObITb KpaTkMMm). [OBOpA O Martepuu: "He4To
B3aMMOCBSi3aHHOE", Mbl Y€ FOBOPMM O CUCTEME HeonpeneneHHbIX O00paTHbIX CBA3EWn, yXKe umes
CerofHs HeKoTopble CpeacTBa aHanmsa Takux CUCTEM, U BHOCUM Te 6uTbl. OcTaeTcs paccMOTpeTb,
Kak OencTByeT cucTema, He BHOCHA CBOMMM rmnote3amu WHGOpPMaUMOHHBIX nomex. Bpemsi aTomy
NpULLINO.

MpeacrtaBneHnss 0 NONAX KOPEHHbIM 06pa3om 3aBUCAT OT TOro, Kakon OOBLEKT Mbl CyMTaeM
HOCUTENeM 3NeKTPOMarHUTHbIX CBOMCTB. COBpeMeHHasi Teopus nonaraet, YTO TakuM OOBHLEKTOM
ABNSAETCA CaMO MPOCTPaAHCTBO, T.e. PaKTUYECKU paccMaTtpuBaeT MYCTOTY KaK 3NEeKTPOMarHUTHYHO
cpegy vnu maccy, Kak TOT Xe "CBETOHOCHbLIN adhup", npsya 3Ty MPEXHIO CYLWHOCTb 3a HOBbIMMU
TepMUHaMu.

Knaccudeckas wkona, Bnepeble co3fgaBasd TEOpUIo MNosis, ucnosb3oBana "CBETOHOCHbIM adup" onga
pasmeLLeHNst B MyCTOTE 3pUTENbHbLIX 06pa3oB Mossi, HYXXHbIX HaM Ansa NoHMMaHna. OH CRyXun Nuwb
CpeLCTBOM MOHUMAHUA - COCKOM, U3 KOTOPOW KOPMMUIN KalUKOW HOBOPOXOEHHbIX (hn3nkoB. Teopus
Xopowa, yagobHa ana npumeHeHus n 6e3ykopusHeHHO paboTaet. loTomy "acbmp" m npwxunca B
Haykax. A 3puTernbHble 06pa3bl Nosen yxe Tak NPUBbIYHBI, YTO Mbl NyTAaeM UX C UCTUHOW. JTroan xe
TPe3BOro MpakTUYeCcKoro yma Bcerga MnoHWManu, 4YTo MycToTa ecTb MPOCTO MycToe MeCTo, U
COBCTBEHHbIX CBOWCTB OHa HE MMeeT. He el npuHaanexart aneKkTpoMarHMTHbIe CBOMCTBaA.

[Monarasi, 4YTO 3NEeKTPOMarHUTHbIE CBOMCTBA MpuHagnexaT TOMbKO MaTepuu, Mbl Nonyydunu 6ol
Teopuio JanbHogenctens "B u4mctom Buge". Takoe npepacTtaereHne sBHO 6nwmke K UCTUHe (Mo
KpanHen Mepe HeT "HemaTepuanbHOro uandeckoro obbekta"), HO ANs Hero HeT HarnsgHbIX
obpasoB nons, Teopus He pa3paboTaHa, 4a n OHO HeygobHO Ansa npakTukn. Ecnu 66l matepusa 6oina
paBHOMEPHO pacrnpeferieHa no BCEMIEHHOW, TO Takoe MOHMMaHue TOoXe He BeNio Obl HM K Kakum
N3MEHEHNSM B YypaBHeEHUSAX W pacdeTax. KoadpdpuumeHTbl B ypaBHeHusx MakcBenna (€ u [ ),
KOTOpblE CYMTAIOTCA CBOWNCTBOM BaKyyma, CHMTanucb Obl TOrga CBOMCTBOM pacnpefeneHHon B HeM
MaTepun - BOT 1 BCH pasHuua.

Mpv HeEpaBHOMEPHOM e pearlbHOM pacnpeieneHnun Mbl NOMYyYNM HEYTO aHamNorMyHoe TEXHUYECKON
3ajaye 0 OBMXKEHUW 3NEKTPOMAarHUTHbIX BOSH B HEPABHOMEPHOW cpefe: rae-To ecTb cpefa C OYeHb
GONbLWMMM | U € - MAarHUTHOW U AM3NEKTPUYECKOM NPOHULLAEMOCTAMU B Hel (MnoTHas martepusi), a
roe-To OHM Mcyesawolle manbl (B nyctoTe). B aTom cnyyae v ypaBHEHUS HEMPEPLIBHOCTU TEPSIHOT
CMbICN, T.K. MycTOoTa 34ecb - He paccTosHue. KapTuHa nonyyYaeTcsl BecbMa CTpaHHasi, HO B
3KCNepUMEHTE OT pearlbHOCTU HEOTNIMYMMAS.

B Takoi HepaBHOMepHOW cpefe BOMHbI ByayT ABUraTbCA C pasnMYHbIMWU, HO OTHACTU YCPeaHEHHbIMU
CKOPOCTSIMU U He npsiMonunHenHo. CKOpOCTb BOSH B MYCTOTE 3aMEANUTCS OKpY»KatloLen MaTepren u
CTaHeT KOHEeYHOW (TakoBbl 3amMenJSieHHble MOBEPXHOCTHble BOSHbI BONM3W cpen). N3amepss 3gech
3MeKTpOMarHMTHble CBOWCTBA MYyCTOTbl, Mbl BHECEM B Hee MNpubopbl (a2 OHM MaTepuanbHbl) U
OBHapy>XuM, 4To A5is NyCTOThl (hakTUYeCcKn ANs MaTepUnN B HeW) BEPHbI NPUBbIYHLIE HAM YPaBHEHWS
MakcBenna ¢ HeHyneBbIMU L U € U YpaBHEHUSI HENPEPbIBHOCTU, @ BONTHOBbLIE YpaBHEHMS OMNUCLIBAOT
Gerywne B nyctoTe MefreHHble BOMHbl. M nokaxeTcs, YTo nycToTa MMEeeT CBOMCTBA U YTO HUYEro
ObicTpen 3aMensieHHbIX BONH He ObiBaeT. EAMHCTBEHHBIM HAMEKOM Ha UCTUHY OyaeT yMeHblueHue
CKOPOCTWN 3TUX BOSH U UCKPUBIEHME UX NyTeil BONM3M Macc maTtepun, kak 6yaTo Ha BOMHbI U Bce
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3MeKTpoMarHMTHble 06bEKTHI AENCTBYET HEKoe MNorie TAroTeHUsl, KOTOPOro B 3agaye HeT. Ho Mbl He
noHMmMaeM. Ham u B rornioBy He MnpuxoguT, YTO ypaBHeHMsi MakcBenna MoryT MMeTb €lle OAWH,
6onee rny6oKnin CMbICH, U CAYXUTb TEM, YTO (PU3MKM HA3bIBAKOT YpaBHEHUSIMU €4UHOMO MONS.

Ecnn xe nontu ewe panblie, U y4ecTb, YTO SHEPrna Mons - TOXe MaTepusi, TO YypaBHEHUS
Makceenna npuobpeTyT HENUHEMHOCTb TaKOro Xapaktepa, YTo, MOXeT ObITb, UX pelueHus byayT
onucblBaTb MONHA, CKOHLEHTPUPOBaAHHbIE BOKPYr OCOObIX To4yek. Ecnv HenuHemHoCcTb npocTo
BblAyMaTb, TO TakMe pelleHUus MOXHO MONy4YuTb M MCNOMb3oBaTb Af1 UrPbl B Ka4yecTBe 4vacTul
MUKpPOMUPA B ANIEKTPOMArHUTHON MOAENU MUPO3aaHus. A U3 HUX nocTpodaTcsa "atombl”, "Monekynb!"
n npoyee. Bce Bymet kak B peanbHOM MuUpe, TOSMbKO ANSA OMMCAHUA 3TOW UIrpyLWKUM XBaTUT OBYX
HernvHerHbIX ypaBHeHuMM MakcBenna. [Moyemy Xe Ham AOns ONUCaHWA MuUpa TOW Ke CITOXHOCTU
HyxHa 6onee cnoxHas matemaTtuka? Kakon ke CycaHuH u 3a4emM BOAUT (PU3NKY CTOSMBbKO NeT no
TEMHOMY JleCy M3 TEH30PHbIX YpaBHEHWN? PasBe He SACHO, YTO TOro pasHoobpasusi, Kakoe OHU
OMMCbIBAIOT, B HALLIEM MUPE NPOCTO HET?

Mpeactaesnsate ypaBHeHMss MakcBenna B BuAe onepaTopoB B cUcTeMax oOOpaTHOW CBA3N yuuT
paboTa C TakMMn cucteMamm 1 NpMMeHseMoe Ang 3Toro onepalyMoHHOe UCYUCIIEHNE, KOTOPbIM Mbl
06sa3aHbl XeBucangy. Onueep Xesucang, 3HaMEHUTbIM MaTtemaTuk, nsobpeTtaTenb onepaumMoHHOro
NCYMCIIEHNA M crieunannct no tTeopumn nosns, B 1925 rogy 3akOH4YM CBOKO TEOPUIO €4MHOro Nosis n
OTnpaBun PyKoONuCb "CBOEMY amepukaHCKoMy wmsgatento”. Hosas dwmsunka yxe Obina, n Bce, 4TO
MeLlaeT TeOPUN OTHOCUTENBbHOCTU NN KOHKYpUPYeT C HeK, K nybnvkauumn He Jonyckanock. Teoputo
He onybnukosanu, Xesucang ymep, 4OM ero obokpanu, opurimHasn pykonucu notom He Obin HangeH,
N un3gaTtens He Hawnu (CNULWKOM CYaACTNMBOE AN HAay4YHOW PEBOMIOLMN CTEeYeHUe HecyacTun).
Mo>HO He cOMHeBaTbCH, YTO XeBuUcana 4OBen 4O COBEPLUEHCTBA TO, YTO KOPSABO U3SOXEHO 34€eCb, U
BblYMCIIMA YacTuubl MukpoMmmpa. O TOM, YTO OH MOr caenaTb, FOBOPAT NPOusb ero AesTenbHOCTU U1
ero TanaHt. [vwyT, 4yTO Teopus notepsnacb. 3a 14 net go Brtopon Muposon, elwe He 3abbiB
MepByto, 3a 20 net g0 XupOCUMblI MOTEPSANN TEOPUID, XUIHEHHO BaXKHYK ANA cyabObl mMupa?
EcTecTBeHHel BbINO ee NPUCBOUTL N 3aceKpPeTUTb (KaKOMy BOPY OHa HYXHa?), ApYrnx xe noctaButb
Ha NOXHbIN NyTb.

Y koro Tenepb pykonucb Xesucanga? CKOMbKO elle HOBbIX OpyaAuW BRactu M CMepTu nogapunu
"cBoMM" n3gatensmM HauBHble reHun? KTo 1 3a4yem noctaBun (pusnky Ha JTIOXKHbIA NyTb, NULIKIT ee
Moparnu, OUCKpeauTMpoBas 3HaHWUS, 400bITble B NPOLUSIOM, TEXHOSOMMIO UX NOSTyYEeHUs - napagurmy
npollewero Beka oTKpbITMnN? KTo BnageeT Tenepb UCTUHHON on3mkon? KTo 1 3a4emM Tak 4aBHO U
YyNOpHO paspyllaeT HalW fNOrnKy, 34paBblii CMbIC U CNOCOBHOCTL onepupoBaTh NpeacTaBUMbIMU B
CO3HaHUW 3puTENbHBIMK 0BpasamMu - COCTaBHbIE YacTU HaWero pasyma? Heyxenu ewle He NOHATHO,
Kyda BeJeT Hay4yHas peBonioLums, yxke BBEPrHyBLUAs YernoBeyYecTBO B BEKOBOE OTCTaBaHne?

LUnsnHukoB AnekcaHgp Anekcangposuy, (095) - 343-32-42.
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