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B knure, xotopyto Bam npeacrout npodects, COOpaHbl HEOOBIYHBIE JEKIUH. B 3THX JeKuusx
paccka3aHo o0 3akoHaX (U3UKH, O TOM, Kak COBpPEMEHHas HayKa OOBACHSET SBJICHUS B
OKpyKarmieM Hac Mmupe. Hemb3s ckazath, 4yTO cama TeMa HEOOBIYHAs, HAMpPOTHB, 00 3TOM
HalMCaHO OYEHb MHOT'0, TeM 0oJiee 4TO aBTOp HE OYEHb yJaJIIeTCsl OT TOT0, O YeM PAacCKa3aHO B
IIKOJILHOM Y4eOHUKE (DU3HKH.

Her comuenus, uro Bbl 3HaeTe 0 3aKOHE BCEMHUPHOIO TATOTEHUs W, CKOPEE BCEro, 4TO-TO
YUTAIA O TEOPUH OTHOCUTENIBHOCTH. KOHEeuHO, Bam 3HaKOMBI 1 OCHOBHBIE WJIEW TEOPUU TEIUIOTHI.
[Toutn 060 Bcem, 0 4eM MPEACTOUT MPOoUYECThb, BbI rae-HuOyb YNTAIN WU CIBIIATN paHblle. Tem
HE MEHEe 3TO He IMOBTOPEHHE CTaporo, U KHUTY CIeAyeT MpOYecTb, TaK Kak 000 BceM B Hel
HaMMCaHO MO-IPYroMy, HalTMCAaHO HEOOBIYHO: HEOOBIYEH aBTOP JICKIMH M HEOOBIYHO TO, KaK aBTOP
BEJIET CBOM paccKas.

ABtop Puuapn @eiiHMaH - OAMH M3 caMbIX SPKUX (PU3MKOB Hamero BpemeHu. Ero mms
CBSI3aHO C BEJTMKHUMU COOBITUSAMHU B (U3HKE, KOTOpbIe MPOU30NLIN B KOHIE 40-X TOA0B. JTO OBLIO
BpEMs KpU3uca KBAaHTOBOW MexaHUKHU. CyllecTBOBaBIINE METO/IbI KBAHTOBOM MEXaHUKHU MTO3BOJISIIN
c OOJNBIIMM YCIIEXOM OIKCaTh OTPOMHOE KOJMYECTBO SIBJICHHUM, MPOMCXOIALIMX C aTOMaMHU H
MOJIEKYJIaMH, HO OHHM OKa3aJMCh HENPUTOJHBIMHU JUIsl ONMCAHUSA B3aUMOJEHUCTBUS, 3apsyKEHHBIX
YacTHUIl C 3JIEKTPOMAarHUTHBIM MosieM. [IpuBbIuHbIe 17151 PU3UKOB pacueTsl AaBajid O€CCMBICIEHHbBIE
0eCKOHEUYHbIE BBIPAXKEHMS, M Ka3aJ0Ch, YTO CBSI3b TEOPHH C OMBITOM yTpaueHa. U neicTBUTENbHO,
Teopus 0OKazajach OECCHUIIBHOM B ONMHMCAHUU KBAHTOBBIX CBOMCTB JIEKTPOMAarHuTHOTro mnosist. Hy»xHbl
ObUIM HOBBIE HJEU, KOTOPHIE MO3BOJWIM OBl OOBEAMHUTH CTAPYIO TEOPUIO DJIEKTPOMATHUTHOTO
MOJISL ¥ BJIEKTPOJMHAMUKY MakcBesuia ¢ KBAHTOBOM MEXAHUKOU peNIITUBUCTCKUX yacTuil. B 1947 r.
IIPOU30ILIO OTKPBITUE HOBOTrO MyTH. Ero coepummim tpu yenoseka: Puuapn ®eitnman, HOnman
[[IBunrep m Cunputupo Tomonara. CoBepHIMIOCH POKIECHUE KBAHTOBOW SIJIEKTPOAMHAMUKH,
HEOOBIYaliHO KPAaCHUBOI'O U MOLIHOTO pazjena (U3MKU, 0 KOTOPOM, KaK Mbl Hajieemcs, Bbl y3HaeTe B
BBICIIEH mKoje. PaboThl MooapIx Tora (GU3MKOB OBLITM OTMEYEHBI OCeHbI0 1965 1. HobeneBckoi
npeMueil (aHrMMiACKOe W3JaHWE HACTOSIIEH KHUIHM BBIIUIO 32 HECKOJBKO MECSIEB JI0 ITOTO
COOBITHS) ¥ OTKPBUIU MyTh Pa3BUTHIO TEOPUM JIEMEHTAPHBIX YaCTUIIM .

delfHMaH - HE TOJIBKO KPYMHBIM (PU3MK, OH €llle M TaJAaHTIUBBIA JIEKTOp, KOTOPBIA ymeeT
pacckazaTth M 0 JOCTHXKEHHUSIX (DU3HMKOB, U O TOM, KaK (u3uKa genaercs. B pa3Butum Hayku oueHb
TPYIHO IOHATH CaMO€ IJIaBHOE: KOIJa U IOYEMY YEJIOBEK Hadall 3a1aBaTh BOIPOCHI IIPUPOAE U
KOIrJla OH Hayajl MCKaTh OOIIyl0 MPUYMHY pa3HbIX coObITHil. HaBepHoe, 3T0 mpousomnuio ; B
Jpesneii ['pennn, koraa ¢Gpuinocodbl U €CTECTBOUCTIBITATENN (MX HENb3S €l1e ObLI0 OTIIMYHUTh JPYT
OT Jipyra) crajiu oOCYXJaThb CBOMCTBa 4HCEN, CBOWCTBA $3bIKOB, HAXOJWUTH IEPBBIE 3aKOHBI
npupoabl. OHU MOHSUIIH, YTO JIIOOBIE YTBEPXKIEHUS HAJ0 HE TOJBKO MPOBEPATh Ha MPAKTUKE, HO U
JTIOKa3bIBaTh JIOTHYECKH (A HE CChLIAThCS Ha BOJIIO OOTOB MJIM aBTOPUTET JKPELIOB), 1 OHU HAYUYUIIUCh
910 fenath. C Tex Mop Heucuepnaemas )axkJaa 3HaHUHM [IPEeBPAaTUIIACh B ABMXKYILYIO CUITy Pa3BUTHSA
LIVBWIN3AIUH.



B nexuumsx, cobpanueix B kHure, GeifHMaH pacckas3blBaeT O TOM, KaK pa3BHBAETCS MPOLECC
MO3HAHMS, KaK COBEPIIAIOTCS OTKPHITHS. Jlekiuu ObulM mpoYMTaHbl JOBOJIBHO AaBHO, B 1964 r., B
Kopuemnckom yHusepcutere B CIIA, yHuBepcuteTe, KOTOpbl OkoHUMI caM (Delinman. Jlexnumn
HMMEJY yCIEX U IMOTOM IepeAaBaInCh 10 paauo U TEIEBUIEHUIO. 1 XOTs ¢ TeX Mmop Mpouuio MHOTO
BPEMEHH, B HUX IIOYTU HUYETO HE yCTAPEIIO.

Pa3BuTne Haykum Aajleko He Bcerja MJIET IO 3aKOHaM JIOTMKH. B KpuTHueckue nepuomasl
JIOTHKA PACCYXICHUN JIOMAETCsd, M €CTECTBOMCHBITATEIb IIOPOM CaM HE BIIOJIHE I[IOHUMAET
rJ1yOOKUN CMBICIT CBEPILIEHHBIX IEPEMEH: MOHUMAHUE MTPOUCXOIUT JIMIIb MHOTO JIeT crycTs. Pu3nk
4acTo OOBSCHSET APYTUM TO, YTO OH €Ille CaM He BIOJHE MoHuMaeT. PeiHMan naxe ropopui: "..4
CMeNno Mo2y CKA3amov, 4mo KEAHMOBOU MeXAHUKu Hukmo He nonumaem...". MoxeT ObITb, TaKOe
BBICKA3bIBAHUE CIIMIIKOM KAaTETOPUYHO, HO [0 IOCIEAHETO0 BPEMEHU B KBAHTOBOM MEXAaHHKE
OTKPBIBAIOTCSA HOBBIE YEPTHI, O KOTOPBIX HUKTO HE 3HAJI JBAJLATh JIET Ha3aa. PokIeHHas Hayka
JKUBET CBOEH KU3HBIO U PACKPBIBACT MEPE] U3YMICHHBIMU MCCIIE0BATESIMU BCE HOBBIE KaUeCTBa,
0 KOTOPBIX €€ CO3/aTeld He Mojo3peBaiu. M 7TO OTHOCHUTCS HE TOJBKO K (U3HKE, HO U K
MaTeMaTHKE.

B naBHHMe BpemeHa 4esloBEK NpHAyMal psi HaTypalbHbIX uncel. [lepexon ot oauH, nBa, ...
MHOT'O K CU4eTy OOJIBIINX MHOXECTB ObLJI, KOHEYHO, OOIBIINM AOCTHXeHHeM. Ho yauBiIsAThCS HaO
TOMY, 4TO 3TOT Kak OyATo Obl MpuAyMaHHBIA psii o0jasaeT camMbIMU Pa3HBIMU CBOMCTBAMH, HE
MeHee OoraTbIMM, 4eM Jroboe (usnueckoe sBiIeHHE. B pasniene MaTeMaTUKU - TEOPUHM UHUCEN -
JTIOKa3bIBAKOTCS TEOPEMBI, BBIJIBUTAKOTCS W MPOBEPSIOTCS TMIOTE3bl U JAXKE CTaBATCS ONBITHI Ha
OBM. IlpuaymaHHbBII psil HaTYpajJbHBIX YHCEN OOpeN CBOIO JKU3Hb, U YK€ MHOTO MOKOJICHHH
MaTE€MaTHKOB U3Yy4arOT €r0 CBOKCTBA.

@u3MK 3HAET, 4TO Ja)XX€ B 3aKOHAX, KOTOPBIE CUUTAIOTCS XOPOILIO YCTAaHOBJICHHBIMH, MOTYT
BO3HUKHYTh CJ1a0bleé MeCTa, YTO B XOPOIIO M3YYEHHOM SIBIEHUH MOTYT OTKPBITHCS HOBBIE UEPTHI.
Tak, 3aKOH BCEMUPHOTO TATOTEHHUS 3aCIIyKWJ MOJOXKEHHE CaMoro (pyHIaMEHTaJIbHOTO 3aKOHA.
HetotoH, cupeBmuii (o momynasipHOW JiereHje, MpUIyMaHHOM, Mo-BUIMMOMY, BoabTepom) mop
S0JIOHEH, Jorajacs, YTo 3aKOH MaJeHHs sS0JI0Ka U 3aKOH JBM>XKeHUs JIyHbI OfMH U TOT xe. O1HaKo
HEKOTOpble (PU3MKK OOpaTWIM BHHMAHHE, YTO OSTOT 3aKOH IUIOXO MPOBEPEH Ha HEOOJBIINX
pacCTOSIHUAAX, U HET, CTPOro I'OBOps, OCHOBAHMUN OTPHULATH, YTO 3TOT 3aKOH MOXET HEMHOIO
HapylmaTbCs HAa pacCTOSHUAX B HECKOJIBKO METpPOB. To, uyTo JlyHa ABMXKETCS, NOMUUHSAACH 3aKOHY
HploTOHA, HECOMHEHHO, a MajaeT JIu sI0J0KO 10 TOMY K€ 3aKOHY, CIIEAyeT elle MpoBepuTh. Jlaxe
€CIM TaKhMe COMHEHHUs He€ TNOIATBEPAATCS, NPHUMEpP IMOKa3bIBa€T, KaK MOIYT CTaThb IIATKUMH
OCHOBAHUS, HA KOTOPBIE OITUPAETCS Hallla yBEPEHHOCTh B IOHUMAHUU IIPUPOJBI.

B mocnennelt cBoeil JIGKITMU aBTOP paccKa3bIBaeT 00 3JIeMEHTapHBIX dacTuiax. Ceidac Mbl
3HAeM O HHX HECPaBHEHHO OOJIbIle, YeM JBAJIATh JeT (a Teneps yxe 35 ner! - V. V. ) Hazan, u oHu
YK€ HE TMPEACTaBISAIOTCSA CTOJIb OECHOPSA0YHBIM MHOXKECTBOM. MBI ceiiuac 3HaeM O KBapkax U O
1ojie TJIOOHOB, KOTOpble OOECHeyMBarOT B3auMOJCHcTBUE MeXTy HuUMH. lIpaBma, KBapKoOB
0Ka3aJIOCh CIMIIKOM MHOTO0, M UX CTaJIM pa3nyaTh 1o "apomary" u "usery". 9T0 NpoCTO Ha3BaHUA,
kak ObiBatoT "MockBuun" u "JKurynu", u oHM camMu 1o cebe HUYEro He O03HadalT. ApOMaroB
ObIBaeT TpH, IIBETOB TOKE TPH, U KaXJAOMY LIBETY U apOMaTy OTBEYAET Mapa KBapKOB; TaK YTO BCETO
kBapkoB 18. IlocTteneHHO MposICHSETCSs W BONPOC O TOM, 3a4€M B IPUPOJE TaK MHOTO JIUIIHUX
"meraneii", Kakyr poJib HTPAOT CTOJNb MHOTO YaCTHIIZ,

Ceituac Bce 3HAIOT WM, OBITH MOXET, TOJBKO AYMAIOT, YTO 3HAIOT, YTO B MPOIIECCE Pa3BUTHS
Bcenennoit yuacTBoBasid Bce HAOOPHI YacTHUIl, 00ECIieurBasi yCTOWYMBOCTh POXKIAAIOIIUXCS MUPOB U
Hanpasisig BceneHHyl0 K TOMy 3aMeyaTelbHOMY COCTOSIHUIO, B KOTOPOM Mbl ¢ Bamu xuBem u
YUTAEM KHUTH. 3aKOHBI JIEMEHTAPHBIX YACTHII, YIPABISAIOIINAE MPOLECCAMHU, MPOUCXOIANIMMHU Ha
OYEeHb MAaJbIX PAacCTOSHMAX (MEHBbLIMX, cKaxeM, 1 ¢epmu = 1077 cM), okasanuch BaKHBIMH B
mporeccax pOXKISHUs TallaKTHK W 3Be3d] M camoi Bcenennoit. B orpoMHbIX MacmTabax
muuapoB napcekoB (1 mapcek = 3,26 cBeToBBIX JeT = ~ 3 x 10'® M) mpoBepsitoTcs 3aKOHBI,
OTKpbIThIE B Mukpomupe. IIponsonuio HeoObualiHOE pacUIMpeHue Moy JACUCTBUSA, IO
uccnenoBanusd. Ceiyac CTpOSATCS YCKOPUTENH, KOTOpbIEe OyAyT cO3[aBaTh YacTHIbl C SHEPrUeH B
necatku ToB (TepasiexTpon-sonsT: 1 TaB=10"? 5B). Cpean HUX MOTYT TIOSIBUTHCS YACTHIIBI, Macca



KOTOPBIX TPEBBIIIAET CaMble TSKENbIE aTOMHBIE sAapa. HeBO3MOXXKHO Aake NpeIBHUIECTb, Kakue
OTKPBITHSI MPOU30MIYT B CIEAyIOLIUE ABaauaTh JeT. [IporHo3sl o ToMm, 4To (hu3MKa 3aBepIunia
CBOE pa3BUTHUE, BECbMa JTAJIEKH OT UCTHUHBI.

Hanpotus, oHa mpoposkaeT pa3BUBaThCs, IMyTh €€ YXOAMT B Jaiekoe Oyaymiee. Hemb3s
COMHEBATBHCSA, YTO U 33 BUAUMBIM I'OPHU30HTOM YEJIOBEYECTBO KIYT HEOXKUJAHHBIE OTKPBITHS, W
BpSA JIM JIBIJKEHUE HayKu Brepes Korna-nubo oOopercs. Pa3sBuThe Hayku W 4elOBEYECKUH
IIPOTPECC - 3TO ABE CTOPOHBI OJHOTO U TOT'O K€ MpoLecca.

BcTtynutenbHoe CroBoO pekTopa
KopHennckoro yHuBepcureTa
[. KopcoHa

Jlenn ©  OKEHTIbBMEHBI, S HMEI YEeCThb NPEJACTaBUTb BaM HBIHELIHETO JIEKTOpa
MecceHmxepoBCKUX — uTeHMid mpodeccopa Puuapma @eiinmana w3 Kamudopnuiickoro
TEXHOJIOIMYECKOI0 UHCTUTYTA.

[Tpodeccop DeliHMaH - BeIIAOIMUANACS HU3HK-TEOPETUK, MHOTOE CAEJABIINN JIJIST TOTO, YTOOBI
HABECTH IMOPAJOK B TOM IyTaHWIIE, KOTOPOH OTMEUEHO 3axXBaThIBAIOILEE pa3BUTHE (PU3UKU B
MTOCJIEBOCHHBIN MEPHO/I.

P. ®deiiHMaH BBINOJIHWI CBOIO JUIUIOMHYIO paboTy B MaccauyceTcCKOM TEXHOJOTMYECKOM
MHCTUTYTE, a 3aTeM 3aHuMaics B acnupaHType [IpuHcToHCKOrOo yHuBepcurera. OH y4yacTBOBaJ B
paboTax, TPOBOJUBIIMXCS IO TaK Ha3pIBaeMOMY MaHXITTEHCKOMY TMPOEKTy, CHayajia B
[Tpuncrone, a mo3zxe B Jloc-Anamoce. B 1944 r. oH mosydns1 3BaHHE accuUcTeHTa mpodeccopa B
KopHenickoM yHMBEpCUTETE, HO 3aHsUI ATY JAOJDKHOCTh TOJIBKO IO OKOHYAaHMU BOWHBI. MHe ObL1O
MHTEPECHO Y3HATh, UYTO TOBOPWIIM O HEM, KOT/Ia MPUCYKAAJIOCH 3TO 3BaHUE, TIOATOMY 51 IPOCMOTPEN
MIPOTOKOJIBI TIOMIEYUTENECKOTO COBETA... U HE OOHAPYKWJI TaM HUKAKHUX 3alucei 00 TOM COOBITHH.
TaM uMeercs, OJHAKO, OKOJO JBAJALATH 3alUCE O MPEAOCTABICHUHM OTITYCKOB, YBEIMYECHUU
’AJIOBaHbs ¥ TIOBBILIEHUHU B JIOJKHOCTH.

OnHa 3anmuck 0cOOCHHO MeHs 3amHTepecoBana. 31 urons 1945 1. npencenarens GU3NIECKOTO
OTJEJIEHUsI Hanucall IeKaHy (paKyJabTeTa UCKYCCTB, UTO "0okmop Peunman - 8b10ar0muiics neoazoe
u uccredosamenv, pasHvle Komopomy evipacmaiom He uyacmo”. Ilpencenartens cuuTan, 4TO
rOJIOBOIO JKaJOBaHbi B TPHU THICAYM JIOJIJIAPOB MAaJOBaTO JJsl BbIJAOLIErocs pabOTHHKA
dakynbpTeTa, U PEKOMEHIOBAJI YBEJIMUYUTH >KajoBaHbe Mpodeccopy DeiliHMaHy Ha [E€BATHCOT
JoytapoB. JlekaH ¢ He CBOMCTBEHHOM €ro IOJIOKEHUIO IIEAPOCTHI0 U COBEPIICHHO HE YUYUTBIBas
(UMHAHCOBBIX BO3MOXKHOCTEH YHHUBEpPCUTETa BBIYEPKHYJ JAEBSITHCOT AOJIAPOB M BIHCAT KPYIIioe
quCcIIo - ThicAuy. OTCI0/1a Bbl MOXKETE 3aKIIIOUUTh, YTO YK€ TOI/Ia Mbl BBICOKO LIEHWIN Ipodeccopa
Oeitnmana! delfHMaH BCTYIUI B JIOJDKHOCTh B KOHIE 1945 T. M 04YeHB IUIOJJOTBOPHO paboTan Ha
¢daxynbTere B TeueHue nsatu JeT. OH nokunyn Kopremickuit yausepcuret B 1950 1. u nepemen B
KamudopHuiickuii TeXHOTOTHYECKUM HHCTUTYT, TJI€ U paboTaeT 1Mo ceil JeHb.

[Tpexxne uem 1aTh eMy CIIOBO, sl XOUy CKa3aTbh BaM O HEM elle Koe-uto. HenaBHO oH mpoyen
Kypc oOuieit pusuku B KanupopHuiickoM TeXHOJIOTHYECKOM MHCTUTYTE U B pe3yibTaTe MpHoOpes
e1ie OOJIBLIYI0 U3BECTHOCTD - TENEPh €0 JIEKIUH, OTINYAIOIINECS CBEKUM MIOAX0JI0OM K MPEAMETY,
OIyOIMKOBaHbI B TPEX TOMaX. 2

B nepsom ToMe ecTh (oTorpadus DeifHMana, BECENO UTPAKOIIEro Ha GoHro*, Mou npysbs
3 KamudopHuiickoro TeXHOIOTHYECKOTO MHCTUTYTa pacckas3biBaloT, uTo B Jloc-AHmxkenece oH
3aMEHSET yJapHHUKa B 3CTPaJHOM OpKECTpe, oJHaKo caM DelfHMaH 3T0 OTpULIAET.

Hpyras ero crneuuaibHOCTh - ceidbl. Paccka3piBaroT, 4TO OJHAXIBI OH, MOa00paB HIH(P
3aMKa, OTKPBUI Ceii() B CEKPETHOM YUPEKICHUH, 3a0pall CEKpeTHBIE JIOKYMEHTBI M OCTaBUII
3anucKy: "Yranai, kto?" S Mor Obl paccka3aTh BaM, KaK OH yUWJI UCIIAHCKUH SI3BIK MEepes] TEM, KaK
exarth C JIeKIMIMH B bpa3unuio, HO He CTaHy.

S nymaro, 4TO 3TUX CBEJCHMIA BaM Oy/leT JOCTaTOYHO, U TENEPh pa3peliuTe MHE CKa3aTh, YTO
s paJ BHOBb PUBETCTBOBATh Npodeccopa DeitHmana B cteHax KopHemickoro yauBepcurera. Ero



JIeKIIMM TIOCBSILEHBl XapakTepy (U3MUECKUX 3aKOHOB, a Tema ero mnepsoil sekuuu: "lIpumep
(U3NYECKOT0 3aKOHA - 3aKOH TATOTEHUS .

Nekuus 1.
Mpumep pnanyeckoro 3akoHa - 3aKOH TAroOTeHUs

Kak HU cTpaHHO, HO KOorJa MeHs (M3pelKa) MPUIIAlIaloT MrpaTh Ha OOHIro, BEAYIIUH He
CUMTACT HYXXKHBIM OOBSBUTH, YTO 51 3aHMMAIOCh €IIE M TEOPETUICCKON (PU3UKON. S OOBSICHSIO ITO
TEM, YTO MCKYCCTBO MBI yBa)kaeM OOJbIlle, YeM HayKy. XyIOKHHUKH Bo3pokaeHus roBOpHUIIH, 4TO
WHTEpPECOBaTh YEIIOBEKa [OJDKEH TPEXKJE BCEr0 OH CaM, OJHAKO B MHPE HEMAll0 JPYruX
MHTEPECHBIX MPEIMETOB. Benb 1 Xy10)KHUKHY JTI00YIOTCS 3aKaTaMu, BOJTHAMU B OKEaHE, XOPOBOJIOM
3Be3 Ha HeOe... [loaToMy MHOTIa HE MeNIaeT MOTrOBOPHTh M O Takux Bemax. Cosepras MX, MBI
UCTIBITHIBAEM JCTETHUYECKOE HaclaxJeHue. Bmecte ¢ TeM B SIBIECHUSX MPHUPOIBI €CTh (OPMBI U
PUTMBI, HEJAOCTYIHBIE TJIa3y co3eplaTelisi, HO OTKPBITHIC TJ1a3y aHAIUTUKA. DTH (OPMBI M PUTMBI
MBI Ha3bIBaeM (H3MUECKUMH 3aKOHaMHU. B CBOMX JEKIMAX 5 XO4y MOTOBOPUTH 00 0COOEHHOCTSIX
(buU3MIecKoro 3aKkoHa BOOOIIE - MOTHSBIINCH, €CIIM XOTHTE, HA OJHY CTYNEHBKY BBIIIE CaMUX
3akoHOB. Ilepemo MHOM Bce Bpems OyneT KapTWHA MPUPOIBI, KOTOpas BO3HUKAET IMOCHE
NOPOOHEHIIIEro ee aHaln3a, HO TOBOPHTH s Oy/Ty JIMIIb O CaMbIX OOIIUX, CAMBIX KPYITHBIX Ma3Kax
9TOU KapTHUHBI.

KoneuHo, mogo0Hast TemMa CIIMIIKOM 00Iasi ¥ TOHEBOJIE pacroiaraet K GpuiaococTBOBaHHIO -
HAYMHACIIb TOBOPUTH TaK PacIIBIBYATO, YTO MOHATH TeOs MOKET Beskuid. M Torma cuuraercs, 4ro
ThI pemaemb Tiyookue ¢uinocodcekue Bompockl. S mocTaparoch TOBOPHTH KOHKpETHee, MO0
CUMTAI0, YTO MBICIIb MPOCTasi, HO BBIPAKEHHAs! YECTHO, MOJIe3Hee TyMaHHBIX HaMeKkoB. [losTomy B
NIEPBOi JICKIMH, HE BJaBasCh B OOIIME PACCYKIEHHUS, s IPOCTO PACcCKaxy 00 OJHOM (PU3UUECKOM
3aKoHe, Ja0bl BBl UMENU XOTh OAMH MPHUMEP TOTO, O YeM BIOCJIEICTBHM IOHIET OTBICYCHHBIH
pasroBop. K atomy npumepy s Oyy oOpamarbcsi CHOBa M CHOBA: YTOOBI IIPOUIUTIOCTPUPOBATH CBOIO
MBICIb WJIM C/EJaTh PEaTbHOCTBIO TO, YTO WHAYe MOIJ0 OBl MpeBpaTHTbCs B alOcTpakuuio. B
Ka4eCcTBE TAKOT'O IpUMeEpa 51 BEIOPAJ sIBIICHHE TPaBUTAIIMHU - 3aKOH BCEMUPHOTO TATOTeHUs. [loyemy
UMEHHO ero-He 3Har0. MOXeT ObITh, MIOTOMY, YTO 3TOT BEIHMKHUN 3aKOH ObUT OTKPBIT OJHUM W3
MIEPBBIX U IMEET MHTEPECHYIO UCTOPHIO. BrI ckaxkere: "[la, HO 3TO cTapas UCTOpPHSI, a MHE XOTEJIOChH
ObI ycibIaTh 4TO-HHOY B 0 OoJiee coBpeMeHHO# Hayke". MoxeT ObITh, 60Jiee HOBOIA, HO HE Ooee
coBpemeHHOW. COBpeMEHHasi HayKa JIGKHT B TOM K€ CaMOM pyclie, YTO W 3aKOH BCEMHPHOTO
TATOTeHUS. [[pyrumu cioBamu, BBl POCTO XOTUTE YCIBIIIATH O 00Jiee TMO3THUX OTKPHITHAX. MeHs
K€ COBCEM HE TATOTHUT MEPCIIEKTUBA PACCKa3bIBaTh BaM O 3aKOHE BCEMHPHOTO TATOTEHHSI, IOTOMY
YTO, OMMKCHIBAs €r0 HCTOPHIO, MYTH U METOJABbI €ro OTKPBITHSA, €r0 OCHOBHBIE OCOOCHHOCTH, S
OCTaHYCh Y€JIOBEKOM BIIOJIHE COBPEMEHHBIM.

OTOT 3aKOH Ha3bIBANIU "genuuatiuuum 0o6ooujenuem, 00CmMuecHymoiM 4enosedeckum pazymom”.
Ho yxe W3 BCTYNUTENBHBIX CIIOB BBI, HABEPHOE, TOHSUIA, YTO MEHS WHTEPECYeT HE CTOJBKO
YeJIOBEYECKHI pa3yM, CKOJIBKO Yyzeca MPUPOJIbI, KOTOPas MOXKET MOJTYMHATHCS TAaKUM U3SIIHBIM H
MPOCTHIM 3aKOHAM, KaK 3aKOH BCEMUPHOTO TATOTCHHUs. [103TOMY MBI OyieM TOBOPUTH HE O TOM, KaK
MBI YMHBI, 4YTO OTKPBUIN 3TOT 3aKOH, HO O TOM, KaK MyJpa IpUpOa, KOTOpasi COOJIIOIAET ero.

3aKOH TATOTEHHsS 3aKJIOYAeTCS B TOM, YTO J[Ba Teja JEHCTBYIOT JAPYr Ha JApyra ¢ CHIIOH,
KOTOpass OOpaTHO TMpPOIMOPIHOHAIBbHA KBAaApaTy pPACCTOSHUS MEXIy HUMH U OPSIMO
MPOTIOPIIMOHATIPHA MTPOU3BEACHUIO UX Macc. MareMaTHYeCKH Mbl MOXKEM BBIPA3UTh TOT BEIUKHI
3aKOH (QopMyIIOit

F=G(mm'/r?

- HEKOTOpasi MOCTOSIHHAsE YMHOXXEHa Ha MPOM3BEACHUE IBYX MAacC U IOJEJCHa Ha KBajpaT
paccrosiHusi. Ternepb, €ciiv 51 HAIIOMHIO, YTO TOJ] ICUCTBHEM CHIIBI TEJIO0 YCKOPSIET CBOE IBMYKCHUE U



M3MEHEHHE CKOPOCTH 3a CEKyHAy OOpaTHO MPOMOPIMOHAIBHO Macce, T.€. CKOPOCTh MEHSETCS TeM
MeJJICHHee, yeM OOJIbIe Macca, TO s CKaXXy BCe, YTO HYXXHO CKaszaTh O 3aKOHE TsAroTeHus. Bce
OCTaJbHOE - MaTeMaTUYEeCKHE CIIEJACTBUS ITUX ABYX ¢akToB. Ho s 3HaI0, 4TO HEMaTEeMaTHKY
TPYHO YBUICTH BCE TAKUE CIEIACTBHUS, U TOTOMY MTOCTApaOCh KOPOTKO paccka3aTh BaM 00 UCTOPUHU
OTKPBITHS, O HEKOTOPBIX €ro CIEACTBUAX, O TOM, KaK OHO NOBJMUSJIO HAa UCTOPHIO HAYKH, O TEX
TaliHax, KOTOPBIE OCBEIIAET 3TOT 3aKOH, 00 YTOUHEHUSX, CACTAaHHBIX DUHINITEHHOM, U, BOZMOXHO,
O CBSI3M 3TOTO 3aKOHA C IPYTHMMH 3aKOHAMHU (DU3UKH.

Bxpatne ucropus ero takoBa. Emie apeBHue, HaOmromas 3a JABMKEHUEM IUIaHET Ha Hebe,
JIOTaJlaliuCh, YTO BCE OHHU, BMecTe c 3emiel, "xomar" Bokpyr Coinnua. Iloznnee, xorma nroau
3a0bUTH TO, O YEM 3HAJIM MPEXJE, 3TO OTKPBHITHE 3aHOBO ciaenan Komepuuk. M Torma BO3HUK HOBBIH
BOIIPOC: KaK UMEHHO IUIaHEThl XoAiT BOKpYr CojHIa, KakoBO MX ABMkeHUE? XOIAT JM OHU IO
kpyry u CollHIle HAXOAUTCS B LIEHTPE WM OHU JIBXKYTCS MO KaKoW-HUOyAb pyroi kpusoit? Kak
ObICcTpO OHU ABMXKYTCs? U Tak nanee.

Boeisicaunocs 310 He Tak ckopo. Ilocne KomepHuka cCHOBa HacTalii CMYTHBbIE BPEMEHA U
pa3ropenuch BEIMKUE CHOPBI O TOM, XOIAT JIM IUIaHEThl BMecTe ¢ 3emuie Bokpyr CoiHIa win
3emiist Haxoautcs B 1eHTpe Beenennoii. Toraa venosek mo uMenn Tuxo Bpare ' mpuayman, kak
MO>HO OTBETUTH Ha 3TOT Bompoc. OH penini, 4To Hy>KHO OY€Hb BHUMATEJbHO CIEAUTH 33 TEM, I1e
MOSIBIISIFOTCST Ha HeOe TUIaHeThl, TOYHO 1TO 3aIlMChIBATh W TOT/A YK€ BBIOMPATh MEXIY IBYMS
BPaXJIEOHBIMU TEOPHSIMH. DTO M OBUTO HAYaJIOM COBPEMEHHOW HAYKH, KIIIOUOM K MPaBUILHOMY
MMOHUMAHUIO TPUPOJIBI - HAOIIOAATh 3a MPEAMETOM, 3alHUChIBaTh BCE MOAPOOHOCTH W HAJEATHCA,
YTO TMOJIyYEHHBIE TAaKUM CIOCOOOM CBEIEHHUS TMOCTY)KaT OCHOBOM MJii TOTO WJIM HHOTO
Teoperndeckoro ucronkoBanus. M Bor Tuxo Bpare, yenoBek OoraThlil, BiaJeBIIMH OCTPOBOM
nobmm3octu ot KomeHnrarena, o0opyaoBall CBOM OCTPOB OONBIIMMH OpPOH30BBIMU KPYraMH M
CHeIMATbHBIMU HaOIIOaTEIPHBIMA TyHKTAMU M 3alKMCHIBAJI HOUb 32 HOYBIO TOJIOKEHUS TUIAHET.
JInib 11eHOM TaKoTo TSHKETIOTo TPyJa I0CTaeTCs HaM JIF000e OTKPBITHE.

Korza Bce 511 IaHHble ObLIM cOOpaHbl, OHU Monaau B pyku Keruiepa 2, KOTOpPBIA U HBITAICSK
pelInTh, KaKk JBIKYTCA MiaHeThl BOKpYr ConHia. OH MCKal pelieHne METOJIOM Mpod U OMIMOOK.
OnHax bl eMy MOKa3aJloCh, YTO OH YX€ IMOJYYWJI OTBET: OH PElIWJI, YTO TUIAHETHI JBHXKYTCS MO
Kpyry, Ho Connie nexut He B ueHtpe. [lorom Kemnep 3amerun, 4yTo ofHa M3 IUIAHET, KaXeETCs
Mapc, OTKIOHSIETCS OT HYKHOTO MOJIOKEHHUSI Ha 8 YIIIOBBIX MUHYT, W MOHSUI, YTO MOJTYYECHHBIN UM
OTBET HEBEpeH, Tak kak Tuxo bpare He Mor HOmMycTUTh Takyro Oonibinyro omuoOKy. [lomarasce Ha
TOYHOCTh HAOJIO/IEHNH, OH PEIINII IEPECMOTPETH CBOIO TEOPHUIO M B KOHIIE KOHIIOB OOHAPYXUI TPH
¢axra.

CHavasia OH yCTaHOBWJI, YTO IJIAHETHI JIBHMKYTCS BOKpyr ComHua mo amiuncam u ComHie
HAXOJUTCS B OJTHOM U3 (DOKYCOB. DILIUIIC - 3TO KPUBasi, 0 KOTOPOU 3HAIOT BCE XYJAOKHUKHU, TIOTOMY
YTO OHA MPEJCTABISAET COO0M PaCTAHYTHIM KPYyT. [[eTH To)Ke 3HAIT O HEM: UM PACCKA3bIBAIIU, YTO
€CII TIPOJAETh B KOJBIIO OCUEBKY, 3aKPENUTh €€ KOHIIBI M BCTABUTh B KOJIBLIO KapaHJall, TO OH
onuieT >tarnc (puc. 1).

e Touku A u B - ¢okycsl. Opbuta mianeTsl - aunc. CoHIe HaXOIUTCS B OJTHOM U3
¢dokxycoB. Bo3Hukaer npyroif Bompoc: kKak JBMXKETCs IUIaHeTa no suncy? Maer nu ona OwbicTpee,
Koraa Haxomautcst Ommke Kk ComHity? 3amMeiseT Jid IBIKEHUE, yaalssich oT Hero? Kerutep oTBeTnn
¥ Ha 3TOT Borpoc (puc. 2). OH 0OHAPYKUJI, UTO €CJIM B3STh J[Ba IMOJIOXKEHUS TIAHEThI pa3eICHHbBIX
JIpyr OT JIpyra ONpPEJETICHHbIM MPOMEXKYTKOM BPEMEHH, CKaKeM TpeMs HeeNsMH, TIOTOM B3STh
JPYTyI0 4acTb OPOUTHI M TaM - TOXKE JIBa IMOJIOKEHHS IJIAHEThl pa3/ielIeHHbIe TPeMsl HEeleIsIMU, U
IIPOBECTH JMHUU (yU€Hble Ha3bIBAIOT UX pajguyc-Bekropamu) oT CoJsiHLA K IUIaHeTe, TO IJIOLAdb

1 Tuxo bpare (1546-1601) - natckuii actpoHOM

2 Uoranu Kemtep (1571-1630) -Hemenkuii acTpOHOM U MaTeMaTHK, ObIT ITOMOIITHUKOM bpare



3aKIIIOUEHHAsT MEKIy OpOUTOH MIIAaHEThl M Mapo JIMHUN KOTOPBIE OTAETEHBI APYT OT JApYyra Tpems
HEJIEISIMU BCIOJTY OJIMHAKOBA, B JIFOOOW YacTH OPOUTHL. A YTOOBI 3TH TIJIOMIATU OBLIN OJIMHAKOBBI,
TUTaHeTa JI0JDKHA UITH ObIcTpee, Korna oHa ommke k ConHIly, U MeAJieHHee, KOT/la OHa JIaJeKo OT
HETO.

Eme yepes Heckonbko net Kerep chopmymnupoBan TpeTbe MpaBuiio, KOTOpOe Kacaioch, HE
JBIKEHMSI OAHOM IutaHeThl BOKpYr CoJIHIA, a CBA3BIBAJIO JBMKEHMS Pa3iIMYHBIX IUIAHET APYT C
apyroM. OHO riacuio, 4TO BpeMsl MOJHOro o6opora IuiaHeTsl BOKpYr CojHIA 3aBUCHT OT
BEJIMYMHBI OpPOUTHI M MPOMOPIMOHAIBFHO KBaJpPaTHOMY KOPHIO W3 KyOa 3TOM BeTUYMHBL. A
BEJIMUMHOM OpOUTHI CUMTAETCS AUAMETP, MEPECEKAIOUINIl caMoe IMHUPOKOE MECTO AILIUIICA.

Tak Kemiep oTKpplI TpH 3aKOHA, KOTOPbIE MO’KHO CBECTH B OJMH, €CJIM CKa3aTh, YTO OPOMTA
IVIAHETHI NPEACTABJACT CO00HM JJJIMIIC - 32 PaBHBIE NPOMEXYTKHM BPEMEHU DPaJNyC-BEKTOP
IUTAaHETHl OMHUCHIBACT PaBHbIE IUIOINAAM M Bpems (mepuoj) oOpaiieHus IuiaHeTbl BOkpyr ConHia
MIPOMOPLUOHAIILHO BEIMYMHE OpPOUTHI B CTENEHH TPU BTOPBIX, T.€. KBAJAPAaTHOMY KOPHIO M3 KyOa
BEJIMYMHBI OpOUTHL. DTH TpHU 3akoHa Kermuiepa MosHOCThIO ONMUCHIBAIOT JBM)KEHUE IUIAHET BOKPYT
ConHia.

Cropocum cebs: 4TO 3acTaBisieT MJIaHeThl ABUrathest Bokpyr Comnua? Bo Bpemena Keriepa
HEKOTOpBIE JIFOAW OTBEYAJIM, YTO I033JM IUIAHET CUAAT aHTENbl, MAallyT KPbUIbSMH M TOJIKAIOT
Tu1aHeTsl Mo opOutam. Ilo3Hee BbI yBUAMTE, YTO 3TOT OTBET HE TaK YK AajieK OT UCTHUHBI. C Tol
TOJIBKO Pa3HULIEH, 4TO "aHTeNbl" CUIAT B IPYTOM MECTE U TOJKAIOT IyaHeTy K ComHIty.

Tem BpemeneM ['anmuneil ucciaenoBai 3aKOHBI JBMXKEHHSI CaMbIX OOBIYHBIX IPEIMETOB,
KOTOpBIe OBLIM y Hero mnoja pykou. M3ydast 3TW 3aKOHBI, MPOU3BOJSA Pa3IUUHBIE OMBITHI, YTOOBI
BBISICHUTH, KaK CKAaTHIBAIOTCS LIAPUKH MO HAKIOHHOM IUIOCKOCTH, KaK KadaroTCs MAasATHUKHU WU T.[.
["ayineit OTKpbUT BETMKHUIM MPUHIUI, KOTOPBIA Ha3bIBA€TCS MPUHLIMIIOM MHEPUHMH W COCTOUT BOT
B UEM: €CJIM Ha INpEeAMET HUYTO HE JEHUCTBYET U OH ABUXKETCS C ONPEIEICHHOW CKOPOCTBIO IO
IpsIMON JIMHUU, TO OH OyJIeT ABUTAThCS C TOM K€ caMOil CKOPOCTBIO M IO TOM K€ caMoil mpsMoii
JuHUM BeuHOo. Kak HU cTpaHHO 3TO 3BYYMT JUIS TE€X, KTO MBITAJICS 3aCTaBUTh IIAPUK BEYHO KATUTHCS
IO TI0JTy, HO €cli OBl ATa uaeann3anys Obljla BEpHA U Ha IApUK HUYTO HE JIeiicTBOBAJIO (HampuUMep,
TPEHHUE O TOJ), TO MAPUK BCE BpPeMs KaTUJICS ObI C MOCTOSTHHON CKOPOCTBIO.

3atem Hactynwia o4yepenb HBIOTOHA, KOTOpBIM pa3iyMbIBal HaJl TAKUM BOIIPOCOM: a €CIIU
IIapUK HE KAaTUTCS IO MPSIMOM JIMHUM, 4TO Toraa? M oH OTBETMJI Tak: JJsl TOTO YTOOBI XOTh Kak-
HUOYAb M3MEHHUTHh CKOPOCTh, HyXHa cuia. Hampumep, ecnu Bbl NOJTAJKMBAaeTe MIAPUK B TOM
HalpaBJIeHUH, B KAKOM OH KaTUTCS, TO OH MOKAaTUTCs ObicTpee. Ecim Bbl 3aMeTHIIN, UTO OH CBEPHYII
B CTOPOHY, 3HAUUT, cuia jaelcTBoBana cOoKy. Cuily MOXKHO HM3MEpPUTh IMPOU3BEACHHUEM JIBYX
BeMMYMH. HackoJabKo MeHsieTcss CKOPOCTh 3a HEOOJBIIOW MPOMEXYTOK BpeMeHH? DTa BeJMYHMHA
Ha3bIBaeTCs yckopeHueM. Eciiu ee yMHOXKUTBH Ha KO3 PUIMEHT, Ha3bIBaeMbIii Macco MpeaMera, To
NPOM3BEICHUE U OYAeT CHIIOM.

Cunmy MOxHO um3MepuTb. Hampumep, ecinu Mbl NPUBSKEM K BEPEBKE KaMEHb M CTaHEM
KPYTUTb €0 HaJ TOJIOBOM, TO NOYYBCTBYEM, 4TO 3a BEPEBKY Han0 TsAHYTh. IIpaBna, korna kaMeHb
JIETAET 0 KPYTY, BEJIMYMHA CKOPOCTU HE M3MEHSETCS - 3aTO U3MEHSETCS €€ HalpaBJleHUE. JHAYNT,
HYXHa CHJa, KOTOpas Bce BpeMs TsHyJa Obl KaMeHb K LEHTPY, M CHJa 3Ta MPONOPIHOHAIbHA
Macce. Ecni MBI BO3bMEM J1BAa pa3HBIX MpPEAMETa U CTAHEM PAaCKpy4HMBaTh CHadyalla OAMH, a TOTOM
JPYroil ¢ TOH e caMoil CKOpPOCTBhIO, TO BO BTOPOM ciy4ae MOTpeOyeTcsl cuia, BO CTOJIBKO pa3
0o0JbI1as, BO CKOJIBKO Macca BTOPOTo MpeaMeTa 00JIble MacChl IEPBOTO.

Taxum 06pa3zom, onpeaeanB CUIy, HEOOXOIUMYIO JUIS TOTO, YTOOBI H3MEHUTh CKOPOCTH TEla,
MBI MO>KEM BBIUHCIUTH €ro maccy. [lostomy, penmul HproTOH, IutaHeTe, BpalaroIIEHCs BOKPYT
ConHIla, He HY)XHa CHJIa, YTOOBI JBUTaThCs BIEpE; €cy Obl HUKAKOW CHIIBI He ObLIO, ITUIaHEeTa
nerena Obl o kacarenbHo. Ho Ha camom nene miaHera jeTuT He mo npsiMoil. OHa Bce Bpems
OKa3bIBaeTCs He B TOM MecTe, Kyjaa momnana Obl, ecnu Obl JieTena cBoOoaHO, a Omke k CosHIy
(puc. 3). [pyruMu cioBaMH, €€ CKOPOCTb, €€ ABM)KEHHE OTKIIOHSIOTCS B cTopoHy CoiHIa.



[ToaTomMy aHrenbl JOHKHBI TaK MaxaTh KPBUIbSIMHU, YTOOBI BCE BpeMs IMOATAJIKWBATH ILIAHETY K
Comniy.

Ho cBoOonHoe naBH)KEHHME HE MMEEeT HHUKaKkoi BuUIMMOW mnpuuuHbl. [loyemy mnpenmMeTs
CIIOCOOHBI BEYHO JIETETh 10 MPSAMON JIMHHUHU, Mbl He 3HaeM. [IpoucxokaeHne 3akoHa MHEPIHU 0
CHX TOp OcTaeTcs 3arajJkoi. B ominuue or aHreiaoB cBOOOJHOE ABM)KEHUE CYLIECTBYET, U, YTOOBI
UCKPUBUTH €ro, Hy)kHa cuia. CTajlo SICHO, YTO MCTOYHMK 3TOH CHJIBI. HaXOJUTCS TIE-TO OKOJIO
Comnamna. Y HeroToHy ymanock goka3aTh, 4To BTOpoi 3akoH Keruiepa - 3akoH paBeHCTBa IUIOMAACH
- IIPSIMO BBITEKAET U3 TOW MPOCTOW MJAEH, YTO BCE M3MEHEHUS B CKOPOCTU HampasieHbl K CosHIly.
Jaxe B ciydae SJUTMOTHYECKON OpOWTHL. B cremyromieid JeKmMu s MOMBITAIOCh MOAPOOHO
OOBSICHUTH BaM, KaK 3TO MOXKHO CJIeNaTh.

OTOT 3aK0H yKpenws HploToHa B MBICIIH, YTO CHJIa, AEMCTBYIOLIAs Ha IJIaHEThI, HaIpaBJIeHa K
ConHIly ¥ 4TO, 3Hasl, KaKk MepHoj 0OpallleHNsl pa3HbIX IJIAHET 3aBHCUT OT paccTossHus 10 ComHIa,
MOKHO Oy/eT ONpeneNnuTh, Kak ocialisercs cuia ¢ pacctosHueM. OH Halles, 4To cuja 00paTHO
IIPONOPLMOHANIbHA KBajpaTy paccrosiHus. [{o cux mop HprOTOH He cka3am HHUYEro HOBOTO - OH
JUIIb TOBTOPWJI JPYTMMH CIIOBaMHM TO, 4TO ckasan 1o Hero Kemnep. Oaun 3akoH Kemepa
paBHO3HAYEH YTBEP)KICHHIO, YTO CUIIa HanpasieHa K CoJHILy, a Ipyroi - yTBEpKACHHIO, YTO CHJIa
00paTHO MPONOPIMOHATIbHA KBAJPaTy PACCTOSHUS.

Jlronu paccMaTtpuBanu B Teneckon Onurep co cnyTHUKaMH, 0OpaIlalOIIMMUCT BOKPYT HETO,
U UM 3TO HarOMHUHaJI0 MajeHbKyto ConHeuHyro cucteMy. Bce Beirsaeno Tak, OyaTO CIYTHUKH
npuraruBatorcs K fOnutepy. JIlyHa Toxke BpamaeTcsi BOKpYr 3eMJIM U MPUTATUBAETCA K HEW TOYHO
TakuM >ke oOpa3oM. EcTecTBeHHO, BO3HHUKJIA MbICIb, YTO MPUTSDKEHUE IEMCTBYET IOBCIOAY.
OcraBanock JauiIb 0000MIUTE 3TH HAOMIONEHHS M CKa3aTh, YTO BCE Tella MPUTATUBAIOT JIPYT JIpyra.
A 3HaumT, 3emud AOKHA npuTiaruBaTth JIyHy Tak ke, kak CosHIE mpuTAruBaer ruiaHetsl. Ho
M3BECTHO, YTO 3eMJIsl MPUTATHBAET U OOBIYHBIE MPEAMETHI: BbI, HAIpUMEP, MPOYHO CHAUTE Ha
CTyJIe, XOTSI BaM, MOXKET OBITh, M XOTEJIOCh OBbI JIETaTh MO BO3AYXY. TSAroTeHHE MPEAMETOB K 3emiie
ObUIO SIBICHHEM, XOPOIIO M3BeCTHbIM. Hpl0TOH mpeanonoxui, uro JIyHy Ha opOHUTe yAepKUBAIOT
T€ 7K€ CUJIbI, KOTOPbIE MPUTATUBAIOT MPEAMETHI K 3eMJIe.

Hackonbko manaet JIyHa 3a ceKkyHAy, HETPYAHO COOOPa3UTh MOTOMY, YTO BBl 3HAETE pa3Mepsl
op6utsl, 3Haere, uto JlyHa oOxomuT 3emutio 3a Mecsll M, MOJCYUTAB, CKOJIBKO OHa MPOXOIUT 3a
CEKYH/y, CMOXKETE y3HaTh, HACKOJIBKO KpPYT JIYHHOH OpPOUTHI OTKJIOHSETCS 332 CEKYHAY OT MpPSAMOM
JUHUH, TI0O KOTOpo# Okl ietena JlyHa, ecnu Ob1 3eMIIs €€ He IPUTIATHBANIA. DTa BEIMUYMHA HEMHOTUM
6onbure 1,25 mm. Jlyna B 60 pa3 nanblie oT eHTpa 3eMd, 4eM MbI (MBI yJIaJIeHbl OT LIEHTpa 3eMiln
Ha 6400 kM, a Jlyna - na 378000 xm). 3HAuuT, €ciM 3aKOH OOpaTHO MPOMOPLHUOHAIBHOMN
3aBHCHUMOCTH OT KBaJpaTa PacCTOSIHUS IPABUJIEH, TO MPEAMET Y IOBEPXHOCTH 3€MJIU IIPH MaICHUU
JIOJDKEH TIpoJieTath 3a cekynay 1,25 MM X 60°, motomy uto Ha opOuTe JIyHBI MPEAMETHI JOJIKHEI
nputsaruBatees B 60 X 60 pa3 cnabee. Utak, 1,25 mm X 3600 - 3T0 nmpumepHo 5 M. M3mepenus
lNanmnes moxasanu, 4TO, Majgas y MOBEPXHOCTH 3€MJM, Tela MPOJETAOT B CEKyHAY 5 M. OTO
03Ha4aJo, 4To HpIOTOH BCTall Ha BEPHYIO JOPOTY, IOTOMY YTO, €CJIM paHbIle ObLIO U3BECTHO JIBA
HEe3aBUCHUMBIX (haKTa: BO-TIEPBBIX, MepHo] BpaieHus JIyHbl U BenuurnHa ee OpOUTHI U, BO-BTOPBIX,
paccTosiHUe, KOTOpPOE MPOJIETaeT Majarollee TeJI0 Yy MOBEPXHOCTH 3eMIIM, TO TeHephb 3TH (aKThI
OKa3aJINCh TECHO CBSI3aHHBIMU. OJTa YBJIEKAaTeJIbHAs IIPOBEpPKa MOKa3aja, 4To ¢ Teopueil HproToHa
BCE 00CTOUT OJIArOMOIYYHO.

3atem HbBIOTOH clenan eme HECKOJIBKO IpeAcKa3aHud. EMy ynanoch BBIYMCINTH, KaKyrO
¢dbopMy 0KHA UMETh OpOUTA, €CIIM 3aKOH 00paTHON MPOMOPIMOHATBHOCTH KBAJpaTy PacCTOSHHSA
CHpaBeUIMB; OH Hallled, YTO OpOUTa JOJKHA OBITH AIUIUIICOM, M MOJIYYUJI TPEThe MOATBEPKACHUE
CBOETo 3aKOHa. B106aBok eMy yJanoch OOBSICHUTE M HEKOTOPBIE IPYyTUE SIBICHUSL.



Bo-nepBbix, npunuBsel. IpuianBel BeI3BaHbl TeM, uTo JlyHa caMa mpuTAruBaeT 3eMIIIO U €€
okeaHbl. Tak Aymanu pasbllle, HO BOT YTO OKa3ajioCh HEOOBSCHUMBIM: eciu JlyHa mpUTATHBaET
BOJIbI U MOJHUMAET UX HaJ ONMKHEH CTOPOHON 3eMJIM, TO 332 CYTKH MPOUCXOJWI OBl JIMIIb OAMH
npuiuB - npsimo non Jlynout (puc. 4). Ha camom ke nesne, kKak Mbl 3HaeM, IPUIIUBBI MOBTOPSIOTCS
IIpUMEpHO uepe3 12 yacos, T.€. Ba pa3a B CyTKHU. bpuia u 1pyrast mkoa, KoTopas IpuaepKUBaiach
MIPOTUBOMOJIOXKHBIX B3MIISIOB. Ee mpuBepskeHIbl cuntany, uyto JlyHa mputaruBaet 3eMito, a BoJa
3a Hel He ycneBaeT. Hpl0TOH nepBbIM NOHSJ, YTO IPOUCXOAUT HA CAMOM JIeNe: NpUTsHKeHue JIyHbI
OJIMHAKOBO JEMCTBYyeT Ha 3eMJII0 M Ha BOJy, €CIIM OHM OJUHAKOBO yaaneHbl. Ho Boga B Touke y
ommke k Jlyne, yem 3emiis, a B TOUKe X - qaneiie. B y Boga mputrsarusaercs k JIyHe cuiibHee, yem
3emiis, a Bx - cinabee. [loaTomy nosydaercst KOMOMHAIUS IBYX MPEABIAYIINX KapTUHOK, KOTOpast
Y JJaeT JBOWHOW MPUJIMB.

daxTruecku 3emiis JeJaeT To ke camoe, urto U JlyHa - oHa aBmkeTcs mo kpyry. Cuna, ¢
koTopoi JlyHa neiictByer Ha 3emito, ypaBHoBemuBaercs - HO yeM? Kak Jlyna xoaut mo kpyry,
YTOOBl YPAaBHOBECUTH NPUTSKEHHE 3€MJIM, TOYHO TaK K€ XOAUT Mo Kpyry u 3emis. O6e oHH
oOpaIraTcss BOKpPYT OOIIEro IEeHTpa, W CWJIbI Ha 3emileé ypaBHOBEUIEHbI TaK, YTO BOAA B X
nputaruBaercs JlyHol ciabee, B y - cuibHee U B 000MX MecCTaxX BOJa BCIlyduBaeTcs. Tak ObLIN
00BSICHEHBI IPUJIMBHI M TOYEMY OHU MPOUCXOMIST ABAKIBI B CYTKH.

[IposicHWIIOCE U MHOTO€ Apyroe: Kak 3eMisl CTaja KpyIJIOM M3-3a TOro, 4YTO BCE €€ 4YacTh
MPUTATUBAIM JPYT ApPYyra, Kak OHa OKa3ajach HE COBCEM KpPYIJIOM M3-3a TOrO, 4YTO BpallaeTrcs U
Hapy)KHbIE YaCTU €€ CTPEMSTCS NMpoYb CUJIbHEE, YeM BHYTpPEHHHE, IMouyeMy IapooOpasHbl JlyHa u
CounHue u 1.1.

C pasBuTHEM HayKd U3MEPEHHs NPOU3BOAMINCH BCE TOYHEE U IOATBEPKICHUS
HBIOTOHOBCKHMX 3aKOHOB CTaHOBHJIMCH Bce Oosiee yOeauTenbHbIMU. [lepBble TOUYHBIE M3MEpEHHs
Kacanuch cnyTHUKOB FOmuTepa. Kazanocek Obl, eciu THiarensHO HAaOMI0IaTh 32 UX OOpaIieHueM, TO
MO>KHO yO€IUTBCS, YTO BCE MPOUCXOAUT corsiacHo HetoToHy. OHAaKO BBIACHUIIOCH, YTO 3TO HE TaK.
Cnyrauku Onurepa nosBisUINCh B pACUETHBIX TOUKAX TO Ha 8§ MUH paHblIe, TO Ha 8 MUH IMO3XKe,
YyeM IoJlarajock Obl cornacHo 3akoHaMm HproToHa. OGHApYXHIIOCh, YTO OHU OMEPEXAIOT Ipaduk,
koraa FOmurep cOmmkaetcs ¢ 3emielt, u oTcTaroT, korga Omurep u 3emis pacxoasiTcs, - O4eHb
CTPaHHOE SIBJICHUE.

Pémep’, yOeKIeHHBIN B TIPABUIIBHOCTH 3aKOHA TATOTEHUSI, MPHUIIET K HHTEPECHOMY BBIBOJLY,
YTO JUIS MyTEIIEeCTBUS OT ciyTHUKOB fOmurepa 1o 3emnu cBety TpeOyeTrcst onpeaesieHHOe BpeMs,
U, T8 Ha cnyTHUKY FOnuTepa, Mbl BUIUM UX HE TaM, I/Ie€ OHU HaXoAsTcs ceidyac, a TaM, I71€ OHU
ObUIM HECKOJIbKO MUHYT Ha3aJl - CTOJIbKO MUHYT, CKOJIbKO TpeOyeTcsl CBETY, YTOOBI JIOMTH 10 Hac.
Korga FOmurep Ommke Kk Ham, CBET MPUXOAUT ObicTpee, a korma KOmurep nmanbine - CBET HJET
JoJbIle; 1Mo3ToMy Pémepy mpHIUIOCH BHECTH NOIpPaBKY B HAOMIOJEHHS Ha 3Ty pasHHIy BO
BpPEMEHH, T.€. YUECTh, YTO MHOTJA MBI JIeJJaéM 3TU HaONI0JACHUs paHblile, a HHoraa nosxe. OTcroaa
eMy YAaJoCh OIpPENeIuTh CKOpPOCTh cBeTa. Tak ObUIO BIEpBbIE YCTaHOBJEHO, YTO CBET
pacnpocTpaHseTcsl HE MTHOBEHHO.

HcTopust 3TOro OTKPBITHS ITOKA3bIBAET, YTO €CJIM KAKOH-TO 3aKOH BEPEH, TO MPHU €ro MOMOIIU
MO>KHO OTKPBITh Jpyroi 3akoH. Korja Mbl yOex/1eHbl B IPaBUILHOCTH HEKOTOPOI'O 3aKOHA, HO 4TO-
TO B HAIIMX HAOJIOJICHUAX C HUM HE BSDKETCS, 3TO MOXKET yKa3aTb HaM Ha JPYyroe, HEM3BECTHOE
sBiieHue. Ecii ObI MBI HE 3HAJIM 3aKOHA TATOTEHMSI, TOTPEOOBATOCH OB TOPa30 OOJBIIE BPEMEHH,
4TOOBI OMPEEIUTh CKOPOCTh CBETA, OO MbI HE 3HAJU ObI, Uero 0’KUAATh OT CITyTHUKOB OmuTepa.
OTOT mporecc pa3poccs B LEIYH JaBUHY OTKPBITHHA. Kaxaoe HOBOE OTKpBITHE AAaBalO TOIYOK
CIIeyIOIIEMY, U JIaBUHA 3Ta ABIMKETCs BOT yxke 400 yieT - B HaIIM JHHU Tak k€ ObICTPO, KaK M
MIpEXKIE.

Bosnukina emie ogHa npobsiema: IIaHeThl He JO0JDKHBI IBUTATHCS IO AIUIMIICAM, TOTOMY YTO,
coryiacHo 3akoHaM HploTOHa, OHM He TONbKO MpuTAruBaroTcs: CONIHIIEM, HO U MPUTITUBAIOT JIPYT
apyra - ci1abo, HO BCE€ K€ NPUTATUBAIOT, U ATO CJErka HM3MEHSEeT WX JBUXKEHUE. Yxke ObUIH
u3BeCTHbI Oosibiue miuaHeTsl - Omutep, CaTypH, YpaH - U ObUIO MOJCYUTAHO, HACKOJIBKO OHU
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JIOJKHBI OTKJIOHSTBHCS OT CBOMX COBEPILEHHBIX KETIEPOBCKUX OPOUT-3ILTUIICOB 33 CYET B3aUMHOI'O
nputsbkeHus. Korna 3Ti pacyers! ObLIM 3aKOHUYEHBI U TPOBEPEHBI HAOIIOIEHUSIMU, 00HAPYKHIIIOCH,
yto FOnurep u CaTypH ABHXKYTCSI B TIOJTHOM COTJIACHU C pacyeTamu, a ¢ Y paHOM TBOPHUTCS YTO-TO
ctpanHoe. Kazanoch Obl, ele MmoBoJl YCOMHHUTBCS B 3akoHaxX HpIOTOHa; HO IJIaBHOE - HE NajaaTh
nyxom! JIBa yenoseka, Aname u JleBepbet™, KOTOpbIE BBITOIHUIN 3TH PACUETH HE3ABUCUMO JPYT
OT Jpyra W MOYTH OJHOBPEMEHHO, MPEIIOJIONKUIN, YTO HA JBIIKEHUE YpaHa BIMSAET HEBUAMMAs
riaHeta. OHU TOCHadM NMHUChMa B 00CepBAaTOpPHM C MpeuiokeHueM: "HampaBbTe Balll TEJIECKOM
TyZa-TO W BBl YBWJIWTE HEW3BECTHYIO IaHeTy'. "UTo 3a demyxa,- CKa3aJl B OJHOW U3
o0cepBaTopHii,- KAKOMY-TO MaJILYHILIKE TIOTaja B pyKHu Oymara v KapaHJalll, ¥ OH YKa3bIBaeT HaM,
IJIe UCKaTh HOBYIO TuIaHeTy'". B apyroi oOGcepBaTopuu JUpPEKIMs OblIa Jerde Ha MOJBEM - U TaMm
otkpbLIu Hentyn!

[To3zxe, B Havane XX Beka, BBIACHWIOCHh, YTO IBWKEHHE IUIAHEThI MEpKypuid HE COBCEM
MPaBUWIbHO. DTO BBI3BAJIO OOJBIINE BOJHEHHS M OBbUIO OOBSICHEHO TOJBKO TOT/A, KOT/la DUHIITEHH
JTOKa3all, 4To 3aKOHbl HpIOTOHA HE COBCEM TOYHBI M HAJI0 MX HECKOJIBKO U3MEHUTD.

Puc.5. Tpu ¢ororpaduu asoitHoN 3Be3nsl, crenanubie 21.06.1908, 10.09.1915 u 10.07.1920.

CoBeplIeHHO SICHO, YTO OHU MPUTATUBAIOT IPYT APYra U JABHXKYTCS IO AJUTUIICAM TaK, KaK 3TO
U JOJDKHO MPOMCXOAUTH. 371eCh OTMEYEHO IMOCIE0BATEIbHOE MMOJIOKEHHUE 3BE37 B pa3IUYHbIE
MOMEHTBI BPEMEHHU; 3BE3/Ibl JBMKYTCS 10 YaCOBOM cTpeske. Bee 3To KaxkeTcsl MPeKpacHbIM 10 TEX
1op, TOoKa Mbl HE 3aMe€y4aeM, 4TO LEHTP OpOMUTHI PACIOIOKEH He B (POKyce 3JuiMIca, a HECKOJIbKO
CMeIlleH. 3HA4MT, YTO-TO HempaBWIbHO B 3akoHe? Her, mpocto opOuta chotorpadupoBana He
aHgac, Mbl CMOTPUM Ha Hee M0/ OCTpbIM yriioM. Eciu Bl HapucyeTe Ha Oymare 3JUIMIIC, OTMETHUTE
ero gokyc u OyneTe CMOTpeTh Ha OyMary MoOJl OCTPBIM YIJIOM, TO YBHAHUTE MPOEKIIUIO0 ITOTO
aumrca U (PoKyc mpoeKIuu He OyJeT coBmanath ¢ pokycom camoro ssumrca. Opbura HaKJIOHEHA
B IIPOCTPAHCTBE U UMEHHO MOATOMY BBITJISIIUT TaK CTPAHHO.

A 9TO TPOUCXOIUT HA OOBIIMX PACCTOSHUAX? DTa CHIIa IEHCTBYET MEXKTY IBYMsSI 3BE31aMU;
HO OyJeT i OHa JEeWCTBOBATh Ha PACCTOSHUSAX, KOTOpPHIE HE B JIBa U HE B TPHU, & BO MHOTO pa3
npeBocxoiaT auameTp ComHewyHou cucteMbl? Ha puc. 7 mokazan o0wekT, koTopsrii B 100 000 pa3
6ounbiie, yem CollHEUHasi CUCTEMA; 3TO OIPOMHOE CKOIUIEHHE 3Be3a. bosblioe Oenoe MATHO - He
CIUTOIITHOE; OHO KaKETCSl TAKUM, TIOTOMY YTO HAIlld HECOBEPIIEHHbIE MHCTPYMEHTHI HE TIO3BOJISIIOT
pasrisAeTb B HEM Menkue aetand. Ha camom ke Jejie OHO COCTOMT M3 OUYEHb-OYEHb MEJIKMX
MATHBINIEK - OOBIYHBIX 3B€37l, © BOBCE HE CIMIIINXCS, a CWIBHO YAAJCHHBIX NIPYr OT Jpyra,
JIBIKYIIUXCS B3aJ W BIEpPEd B 3TOM OOJBIIOM IIAPOBOM CKOIJIEHHH. DTO OJHO W3 CaMBbIX
MIPEKPACHBIX SIBJICHUN Ha HeOe-Takoe e MPEeKpacHoe, Kak MOPCKHE BOJIHBI U 3aKkaThl. Pa3menienue
Marepuana B CKOIUIEHMM COBEPLIEHHO SICHO YKa3bIBAaeT, UYTO 3BE3/Ibl B. HEM TaKXKe, CBS3aHbI
B3aUMHBIM TSATOTEHHUEM. 3Hasl PUMEPHO PACCTOSHUE /IO DTOW TAIAKTUKUA U pa3MEIIeHHe MaTepuasa
B HEW, MBI MOXXeM NPUOIM3UTEIHHO OINpPENeTUTh 3aKOH CHUJI. JCUCTBYIONIMX MEXKIYy 3BE3/IaMu,-
NPUOIU3UTENBHO ONPENEIUTh, YTO U 3[I€Ch OHU 0OpPaTHO MPOMOPIUOHATIBHBI KBaApaTy PacCTOSHUS.
TOYHOCTB 3TUX U3MEPEHUM U BBIKJIAJIOK, KOHEUHO, HE MOXET CPABHUTHCSI C TOYHOCTHIO, KaKYIO MBI
nosryqaeM B COJTHEYHOU CHCTEME.

Puc. 7. HlapoBoe ckomrenne M15 (NGC 7078) B co3Be3mum lleraca. D10 ckoruieHue
HEOOBIYHO TEM, YTO B CBOEH CEBEpO-BOCTOYHON YACTH COJECPKHUT MAaJICHbKYIO IUIaHETapHYIO
tymaHHOCTh (K 648). Ckormenne M15 - cuibHBI UCTOYHMK PEHTTEHOBCKOTO H3iMydeHus. OHO
ynaneHo Ha 34 Teicsiun cBeToBbIX JeT (10.5 kmc) m umeer nuametp B 130 CBETOBBIX IIET.
dotorpadus caemana 4-MeTpoBBIM TeseckonoM Mboiiana HammonaneHoU obGcepBaTopun B Kutt-



Iuxk.

TsaroteHne nelCTBYeT W Ha emie OOJBIIMX PAcCTOSHUAX. Haie 3Be3HOE CKOIUICHHE
BBITJISIIUT HE3aMETHOM TOYKOM Ha pHC. 8, e MOKa3aHa TUIIWYHAS rajakTuka. M onsaTb-Taku sCHO,
YTO 1Ta TaJaKTUKa ACPKHUTCA KaK €IUHOE Ieoe Ojaromaps Kakoi-To cuie. A HUKaKOW Ipyrou
CHWJIBI, KPOME TATOTEHUS, 3/1ECh MPEIITOIOKUTE HeIb3s. Koraa Mbel mepexoiuM K TaKUM MaciiTadam,
MBI YK€ HE MOXEM IMPOBEPUTH CIPABEIIMBOCTh HBIOTOHOBCKOTO 3aKkoHa. Ho HeCOMHEHHO, 4TO B
TaKUX TUTAHTCKUX 3BE3JHBIX 0Opa30BaHUAX - B OTHX TaJIaKTHKAX, KOTOpPbIE MpOCTUparoTcs Ha S50-
100 ThicsY CBETOBBIX JIET, TOrAa Kak paccrosiHue oT ConHua 10 3eMJM COCTaBIIET TOJIBKO 8
CBETOBBIX MUHYT, - )K€ HA TAKUX OTPOMHBIX PACCTOSHUAX JCHCTBYIOT CHIIBI TATOTCHHUS.

Puc. 8. CrmpanpHas rajmaktuka tumna Sc B co3Be3auu bonbmoir Mensenunst M101 (NGC
5457) ymanmeHna OT HacC Ha paccTOsSHUE 15 MIH. CBETOBBIX JeT. [ MraHTckoe 3Be3AHOE KOJIECo,
HanoMmuHaronee ¢opmoil U pasmepom Mieunsiit [1yTh, OTKpbIBaeTCS HalleMy B3IJISILy HOYTH
CBEpXy, NpHUYeM TEMHbIe BOJOKHAa B pyKaBax - mIpociioiiku nbsuid. PDortorpadus mnomydeHa c
oMO1IbI0 4-MeTpoBOro Teneckona Maiianna HannonansHolt o6ceparopun B Kurr-ITuk.

Puc. 9 cBumeTenbCTBYET O TOM, UTO CHJIBI TSATOTEHHS MPOCTUPAIOTCS €IlIe AAJIbIIE. JTO TaAK
HA3bIBAEMOE CKOIUICHUE TallakTUK. Bce oHM coOpaHbl B OIMH KOM, KaK M 3BE3JIbI, TOIBKO STOT KOM
COCTaBJICH HE U3 3B€3], a U3 "Kpouiek" Bpoje TOM, KOTOPYIO BBl BUIUTE Ha PUC. 8.

Puc. 9. Ha »otoit ¢dortorpadum, mnoaydeHHOH C NOMOIIbIO 4-METPOBOrO TeJIEeCKOoma
HanmonansHoit oOcepBatopun B Kutr-IIuk, moka3zaHo IMraHTCKOE CKOIUIEHHE TalakTuk (Abenb
2218) Ha paccTosHUM 2 MIpJ. CBETOBBIX JieT (kpacHoe cMmeuleHue 0,2), KOTOpO€ BBITJISIUT
enToBaThiM. CHIIBHOE I'PAaBUTALMOHHOE I10JIE OTOTO CKOIUICHUS SIBIISIETCS NMPUYMHOM HCKAKEHUS
n3o0paxkeHnit Oosiee ynajaeHHBIX (ToylyOOBaThIX) CKOIUIEHHMI W NpPEBpalleHUs HX B CHCTEMY
KOHIIEHTPUYECKHUX Jyr. YPOBEHb MCKa)XEHHUS TO3BOJISIET CHENaTh BBIBOJ, YTO CKOIUIeHHE AOenb
2218 umeer mo KpaiiHell Mepe B JeciATh pa3 OOJBIIYI0 Maccy, YeM MOKHO HPUIHCATh BUIUMBIM
rajJjakTHKaM.

DTO0 4yTh JIM HE OJHA COTAasi, a MOXKET OBbITh, M JIeCsATas YacTh U3BECTHON HaM BceneHHOH, Tie
MBI IMEEM TIPSMbIC CBHUJICTEIHCTBA CYIIECTBOBAHMS CHJI TATOTCHUS. TakuM 00pa3oM, MPUTSHIKEHNE
3emMiIi HE WUMEET TPaHUI], XOTS B razerax W MUINYT MO POH, YTO TAKOE-TO TEJIO OCBOOOAUIOCH OT
OKOB 3€MHOro mnputrskeHus. [IpuTsokeHue cTaHOBUTCS Bcee ciabee U ciiabee - OHO 0OpaTHO
MPOMOPIMOHAIBHO KBaJpaTy yAaJeHUs OT 3eMJIM: KaXKIblil pa3, KOrja paccTOsHUE 10 3eMIu
YBEJIMYUBAETCSl BJBOE, CHUJa TATOTEHHUs TMaJaeT BYETBEPO M B KOHIIE KOHIIOB TepsieTcs B
nepervieTeHny Oosiee CUIIbHBIX TMOJIeH TATOTEHHs APYrux 3Be3l. Bmecte ¢ cocenHUMH 3Be3aMU
3emutsi MPUTATUBACT JAPYTHUE 3BE3/IbI, U OHU 00pasyroT ["amakTuky. ["amakTuka MpUTATHBAET IpyrHe
TaJlakKTUKA ¥ BMECTE OHHU 00pa3yIOT CKOIUICHHE - CUCTEMY TaJakTUK. TakuM o0pa3oM, MPUTHKEHUE
3emM/id HUTJIE HE KOHYaeTcs, HO YOBIBA€T MENJICHHO M CTPOTO 3aKOHOMEPHO, MOXKET ObITh. 0
cambIX NpeenoB BeeneHHoil.

3aKOH TATOTEHUS OTIMYAETCS OT MHOTHX JIPYTMX 3aKOHOB. SICHO, YTO OH HUIpaeT OOJIbIIYIO
poiib B Mexanuke Bcenen Hoil. U mokyna peub uaer o BceeneHHOM, 3TOT 3aKOH BCIOJY HaXOJUT
npakTuueckoe npumeHenue. Ho Ha 3emuie, kKak HU CTpaHHO, 3aKOH TSTOTEHHS JaeT HaM ropasJio
MEHBIIIE MMPAKTUYECKH TMOJIE3HBIX CBEICHUH, UeM Apyrue 3aKoHbl (pu3uku. TONBKO B 3TOM CMBICIIE
HE TUTIMYECH BHIOPAHHBIN MHOU MpUMep.

Kcratu roBopsi, HEBO3MOXKHO BBIOpaTh TaKoW MpUMeEp, KOTOPBIA ObLT ObI TUITUYEH BO BCEX
OTHOIIEHUAX. DTO YAUBHUTEIHHOE CBOMCTBO HAIIETO MHPA.



EnuncTBeHHBIE MPAKTUYCCKUC TPUIIOKCHHUA I3TOI'0 3aKOHA, KOTOPBIC MHC IMPUXOJAAT HA YM,
9TO HO)KaHYfI, HEKOTOpPBLIE MECTOJbL T€OJIOTHISCKOM Pa3BCAKHU, MNpEACKazaHWC IIPUIIMBOB U B
MoCJICAHCE BpCMA paCUCT ABHUIKCHUA NCKYCCTBCHHBIX CIIYTHUKOB U MCKIIJIAHCTHBIX CTaHIIMH. I[a, n
CIIe OJHO COBPEMCHHOC IMPUIIOKCHUEC. 3aKOH HrroToHaA 1MO3BOISET 3a6nar03peMeHHo BBIYHCIIATDH
MOJIOKCHUSA IIIAHET aCTpOJIOraM, KOTOPLIC HyGHHKYIOT CBOH T'OPOCKOIIBI B JKypHaJIax. Ilouctune
MBI JKMBEM B YAUBUTCIBHOM MHUPE. BCC HOBEHIIHE JOCTHIKCHUS YEIOBEUYCCKOM MBICIU
HCIOJIB3YIOTCA TOJIBKO IJIA TOTO, YTOOBI pa3HOO6pa3I/ITL gCnyxy, CyHICCTBYIOIIYIO BOT YiKC€ OBC
TBICAYH JICT.

Puc. 10. I"azoBble TyMaHHOCTH B co3Be3uu JleGeas

Tenepp s pacckaxy, I'Ie MMEHHO TATOTEHHE CYLIECTBEHHO BIIMAET HA XKU3Hb BceneHHOM.
OnvH U3 MHTEpeCHBIX B ATOM CMBICIIE MPUMEpOB - oOpa3oBanue 3Be3n. Ha puc. 10 mokaszassl
razoo0pa3Hple TYMaHHOCTH BHYTpHU Harei [amakTtuku. DTo HE CKOIUIEHHE 3Be3], 9TO ra3. UepHsbie
ITHBIIIKY - MECTa, TJ€ Ia3 CXKajCsA M YIUIOTHUIICA 3a cyeT HmpuTsbkeHus. [Ipoumecc 3ToT, Moxker
ObITh, HAYMHAETCS C YyJapHBIX BOJH, HO MOTOM Oyiarojapsi MPUTSDKEHUIO ra3 CTSITMBAETCs Bce
IUIOTHEE U IUIOTHEE U 00pa3yloTcsi OOJbIINe IIapoBble Ty4yH Ta3a u nbutd. [lo Mepe ymiuoTHeHHS
OHHM pa3orpeBaroTcs Bce Oosblie U 00Jble, HAYMHAIOT CBETUTHCS U IIPEBPAIIAIOTCS B 3BE3/IBI.

3BEe31bl POXKAAIOTCA W3 Ta3a, KOTOPBIM dYepecdyp CKajlcs IMOJA ACUCTBUEM NPUTSIKEHUS.
Wuoraa 3Be3/bl B3pbIBAIOTCS, BHIOPACHIBAIOT MbLIb U Ta3bl, IOTOM IbLIb U a3kl CHOBA COOMpaIOTCA
¥ CHOBa 00pa3yloT 3BE3/Ibl - BCE ITO MOX0XKE HA BEUHOE JBIKEHHE.

Kak g yxe ckasan, TAroreHue IEHCTBYET Ha OrpPOMHBIX paccTosHusaXx. Ho Heroton
yTBEpKJaJl, YTO B3aMMHO IPUTATHUBAIOTCS BCE MPEIMETHI. A TpaB/a JiM, YTO JI0ObIe /1Ba MpeaMeTa
MIPUTATUBAIOT Apyr Apyra? MojkeM JIM Mbl CaMH IIOCTABUTh TAKOM OIBIT, @ HE rajarh, IIAId Ha
He00, MPUTATUBAIOTCS JIU TUIAHETHI?

Taxoii npsiMoit onbiT caenan Kapenaumn * npu momMonm npudopa, KOTOPhIA MOKa3aH Ha PHC.
11. Unes cocrosiia B TOM, YTOOBI ITOABECUTh HA OYEHb TOHKOM KBaplI€BOM HUTH CTEPKEHb C ABYMS
IapaMM M 3aTeM MOJHECTH K HUM COOKy JBa OOJIBIIMX CBHHLIOBBIX IIapa, KaK IOKa3aHO Ha
pucyHke. [IpuTskeHue mapoB ciaerka NepeKpyTuT HHUTh - CJIErKa, HOTOMY YTO CHJIbI MPUTSKEHUS
MEXy OOBIYHBIMHU NpeAMETaMH O4eHb cya0bl. CHITy NMPUTSHKEHUS MEXy IBYMs LIapaMH MOXKHO
n3MepuTh. KaBeHaum HazBasl cBOM ONBIT "B3BemIMBaHWEM 3eMuid'. IleaHTUYHBINA U OCTOPOKHBIN
Iperno/jaBaTesb HAIIUX JHEH HE MO3BOJMT CTYyJEHTaM TaK BBIPA3UTHCS; HaM IMPUILIOCH Obl CKa3aTh
"u3mepenne maccel 3emau'. [Ipu momormm Takoro mpudopa KaBeHauiny yaanoch HEMOCPEACTBEHHO
U3MEPUTH CHITY, PACCTOSIHHE U BEJIMYMHY 00€MX Macc M, TaKUM 00pa3oM, OINpeNIeIuTh NOCTOSHHYIO
taroteHus G .

Ber ckaxere: "B3BemuBaHue 3eMiM HpeACTaBisieT COOOM MOYTH Takyro ke 3axady. Mbl
3HAaeM CUJTy TPUTSKEHHSI, 3HaeM Maccy 00beKTa, KOTOPBIA MPUTATUBAETCS, U 3HAEM, HACKOJIBKO OH
ylajeH, HO Mbl HE 3HAEM HHU MacChl 3€MJIM, HHU IIOCTOSHHOM TATOTEHMs, a TOJBKO HX
npousBeseHre". MI3MepuB NOCTOSIHHYIO W 3Hasl, Kak 3eMJIsi IPUTATUBAET MPEIMEThI, Mbl CMOKEM
BBIYHUCIIUTH €€ Maccy.

OTOT OIBIT BOEPBBIE O3BOJIMII KOCBEHHO OIPEAEIINTh, HACKOJIBKO TSKEJ, MACCUBEH IIap, Ha
KOTOPOM MBI XKUBEM. Pe3ylbTar €ro HEBOJIBHO BBI3BIBAET YAMBIICHHE, U s JAyMar, 4TO UMEHHO
nostomy KaBeHiuill Ha3Bai CBOM OMBIT ""B3BelIMBaHMEM 3eMin'", a HE "onpeneIeHUEM MOCTOSHHOM
ypaBHeHHs TAroreHus". Mexnay npouuM, OH OAHOBpeMeHHO B3BemmBal U CosHLE U Bce
OCTaJIbHOE, TOTOMY 4TO IpuTsKeHre CoJTHIA ONpeIesieTCsl TOUYHO TaKUM K€ CIIOCOOOM.
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WHTepecHo ObUIO MPOBEPUTH 3aKOH TATOTEHUS €I C OJHON CTOPOHBI: MIPONOPIMOHAIBHO JIH
MpUTSHKEHUE Macce. Mbl 3HaeM, YTO YCKOPEHHE MPSMO MPOMOPIHOHANBHO IEHCTBYIONIEH cuile U
0o0paTHO NPOMOpLMOHATIBHO Macce. lloaTomMy ecniu cuia TPUTSHKEHUS B TOYHOCTH
IIPOMOPIMOHAIBHA Macce, TO JBa Tejla C Pa3HOM MacCOM JOJDKHBI OJUHAKOBO MEHSTH CBOKO
CKOpPOCTb B T0JI€ TArOoTeHUs. VIHaue roBopsl, ABa pa3IMYHBIX MIPEIMETA B BAKYyM€E, HE3aBUCHMO OT
UX Macchl, 3a OJIMHAKOBOE BpeMsl IMPOJIETIT MO HANpaBiICHHUIO K 3eMJie OJMHAKOBBIE PACCTOSHUS.
Taxue onbIThl cTaBui emte ['anuneit Ha magatomeit 6amae B [uze.

OT0 03HAYaeT, HapUMeEp, YTO KaKass-HUOY/Ib BEIlb BHYTPU UCKYCCTBEHHOT'O CITyTHHUKA 3eMIIH
OyneT ABUraThCs TOUHO I10 TaKOH ke OpOuTe, Kak caM CIYTHHK, T.€. Oy/eT mapuTh BHYTpHU Hero. U
BCE ATO - CIEACTBHE TOro (pakTa, YTO CHiIa MPOMOPLMOHAIbHA Macce, a YCKOpPEHHE 0OpaTHO
IIPONOPLIMOHAIIBHO MAacCe.

Hackonpko TouHO 3T0 yrBepkaenue? Ha omeite ero mposepun Iteemr B 1909 1.°, a
BIIOCHEACTBUM Oojiee TmiatensHo - Jlukke®. Temepb Mbl 3Ha€M C TOYHOCTBIO JIO OJHOM
JNeCATUMWUIMApAHONW, 4YTO CcHjia TNpomopluoHanbHa Macce. Kak ynamock 100UThCS Takoi
TOYHOCTH?

[IpenmnonoxuM, BBl XOTHTE ONPEAEINTh, B KAaKOW Mepe MOJUUHSAETCS 3TOMY IPaBHITY
nputsbkenue CosHua. Bel 3Haere, yto CosHile NpuUTAruBaer Bcex Hac. OHO MPUTATUBAET 3EMIIIO,
HO, TPEANOIOKHUM, Bbl XOTUTE 3HATh, B TOYHOCTH JIM 3TO MPUTSIKEHHE MPOMOPIHOHAIBHO Macce.
CHauana onbIT ObUI NPOJIeNIaH HaJl CAaHAATOBBIM JIEPEBOM, IIOTOM HKCIIEPUMEHTUPOBAIIN C ME/IBIO U
CBUHIIOM, a TeMeph MNPOOYIT Ha MOJMATUJIEHE. 3eMisi Bpamaercss Bokpyr CoiiHIa, TOITOMY
MHepIHs 0TOpachiBaeT 3eMHble Tena oT CoJHIa TeM cuiibHee, 4yeM Oombine uHepius. Ho, cornacHo
3aKOHY TATOTEHUs, Tena npuraruBarorcs K CoONHIy - M TeM CHJIbHEe, YyeM OoJibllle UX Macca.
[TosToMy ecnu oHu nputsruBatoTcst K CONHILy HE B TOW e MPOMOPILMHU, B KaKOH OTOpachIBAIOTCS
MHEepLUeH, TO OJIUH NpeaAMET OyneT, Harpumep, cTpeMuTbesa K CoHIly, a APYroi - Ipodb OT HETO.
W Torma, mpukpenuB 3TH [Ba IpeaMera K Kopombiciy KaBeHauia, Mbl yBUOUM, 4YTO OHO
MOBEpHETCS 10 HampasyieHUto K COJHIy U MepeKkpyTUT KBapleByto HUTh. Ha camoMm nene, ogHaxo,
HUTh HE NEPEKPYyYMBAETCSA, U, C TOW TOYHOCTHIO, KOTOPYIO JA€T 3TOT ONBIT, Mbl 3HAEM, YTO
MPUTSHKEHUE JBYX MPEAMETOB CTPOro MPOMOPHHOHANBHO LIEHTPOOESKHOMY 3(PQEKTy, KOTOpPbII
oOycinoBineHn wuHepuueil. Takum o00pa3zoM, cuiIa TNPUTSDKEHHS OOBEKTa IPONOPIHOHATBEHA
K03 UILIMEHTY UHEPLIUHU, WIH, IPYTUMU CIIOBaMH, Macce.

N Bor uto eme wuHTepecHO. OOpaTHO-NPOIMOPIMOHANIBHAS 3aBUCUMOCTh OT KBaJpara
paccTosiHusl BCTpeyaeTcss M B JPYrUX 3aKOHax, HalMpUMep B 3aKOHAaX JIIEKTPUYECTBA.
DJEeKTPUUECKUE CHIIbI TaKKe OOpaTHO MPOIMOPIMOHAIBHBI KBAJAPATy PACCTOSIHUSA, HO YK€ MEXKIY
3apsaMH, U HEBOJIBHO BO3HUKAET MBICIb, YTO B ATOW 3aKOHOMEPHOCTH TAaWUTCS TITyOOKUN CMBICI.
Jlo cux mop HMKOMY HE€ YyJaloCh IPEJICTaBUTh TATOTEHHE M DJJIEKTPUUYECTBO KaK JBa Pa3HBIX
MIPOSIBJIEHUS] OJHOM U ToM ke cymHocTd. CeroaHsi HamM (U3NYECKUE TEOPUH, 3aKOHBI (DU3HUKH -
MHOXECTBO Pa3pO3HEHHBIX YacTe M OOpBIBKOB, IJIOXO COYETAIOMIMXCS Apyr ¢ apyroM. dusnka
ellle He MPeBpaTuiIach B €IMHYI0 KOHCTPYKIUIO, I/I€ Ka)KJas 4acThb - Ha cBoeM mecte. [1oka 4To Mbl
MMEEM MHOXECTBO JETalel, KOTOpble TPYJHO IMOJOTHATh APYr K Apyry. Bor mouemy B 3THX
JEKUUAX s BBIHY)KJIEH TOBOPUTH HE O TOM, YTO TaKoe 3aKOH (HU3UKH, a O TOM, YTO POAHUT
pa3iIMuYHbIE 3aKOHBI; Mbl IUIOXO IOHMMAaeM HX CBsI3b. HO HMHTEpEcHO, UTO y HHUX BCE XKE €CTh
HEKOTOpbIe o01IHe yepThl. OOpaTuMcs K 3aKOHaM 3JIEKTPUYECTBA.

Cuna ¥ TyT M3MEHsAeTCsl 0OpaTHO NMPOMOPIHMOHAIBLHO KBAJpaTy PACCTOSHUS, HO Pa3HULA B
BEJIMUMHE AJIEKTPUUYECKUX CHUJ M CHJI TATOTEHHs] mNopasuTenbHa. [IpITasch yCTaHOBUTH OOIIYIO
NPUPOAY TATOTEHUS M DIEKTPUYECTBA, Mbl OOHAPY)KMBAE€M TaKOE€ MPEBOCXOJCTBO 3JIEKTPHUUECKUX
CWJI HaJl CUJaMH TATOTEHHs, 4TO TPYAHO IMOBEPHUTh, OyITO y TeX M Yy JAPYIHMX OIUH U TOT K€
UCTOYHUK. Kak MOKHO rOBOpHUTbH, UTO OAHO JIEHCTBYET CUiIbHEE Apyroro? Benp Bce 3aBUCHUT OT
TOT0, KaKOBa Macca U KakoB 3apsil. Paccyxaast 0 TOM, HACKOJIBKO CHJIBHO JAEMCTBYET TATOTEHUE, BbI

5 Ponann OtBeru (1848-1919) - Benrepckuii pusuk

6 Pobept ['enpu Jlukke - COBpeMEHHBIN aMepUKaHCKUH (PH3HK



HE BIIpaBe TOBOPHUTH: "Bo3bMeM Maccy Takoi-TO BEJIMYMHBI", TOTOMY YTO BBl BHIOMpAETe e caMH.
Ho ecnu mbl Bo3bMeM TO, uTO mpejiaraeT Ham cama [lpupozga (ee coOCTBEHHBIE UMCIIA U MEPHI,
KOTOpbIe HE UMEIOT HMYEero OOIIero ¢ HallUMH J0MMaMu, T0/1aMH, C HAIlMMU MEpaMu), TOTJa Mbl
CMO>KEM CpaBHMBAaTb. MBI BO3bMEM JIEMEHTAPHYIO 3apsDKCHHYIO YaCTHILY, TaKyr0, HallpUMED, Kak
JJIEKTPOH. JIBE€ JJIEMEHTApHBIE 4YaCTHUIbI, JBa DJIEKTPOHA, 3a CUYET DSJIEKTPUYECKOro 3apsiaa
OTTaJIKUBAIOT JPYr Jpyra ¢ CWIOH, 0OpaTHO MPOMOPLMOHAIBHON KBaJApaTy PAcCTOSHUS MEXIY
HUMH, a 32 CUeT IpaBUTALMU TNPUTATUBAIOTCS JPYr K JPYry OISTH-TAKM C CHUJIOH, 0OpaTHO
MIPONOPIMOHAIBHON KBAAPATy PACCTOSHUSA.

Bonpoc: kKakoBO OTHOLIEHUE CHIIBI TATOTEHUS K DJIEKTpUUEcKol cuie? Tsarorenne oTHOCHUTCS
K DJIEKTPUYECKOMY OTTaJKHMBAHUIO, KaK €AUMHUIA K 4Yucily ¢ 42 HylasMu. OTO BBI3BIBAET
rinyboyaifinee Heroymenue. OTKya MOTJIO B3SIThCs Takoe orpomHoe unciio? Ecnu Obl y Hac korna-
HUOYAb MOSBUJIAch OOIIas Teopusl Ui ABYX O3THUX SBJIEHUMH, TO KaKk OHa JaBaja Obl TaKyro
JUCIIPOIIOPLUIO JUUIS ABYX DJIEKTPOHOB:

3JIEKTPUYECKOe OTTAJIKHBaHue / cuja Tarorenus = 4,17x10%

Kakum pomkHO ObITh oOOIIEe ypaBHEHHE, €CJIM, pellas ero JUisl JIBYX BHJIOB CHJI -
IPABUTALIMOHHOIO TPUTSIKEHUS W DJIEKTPUYECKOTO OTTAJIKHWBAHMS, Mbl MPUXOJUM K TaKOMY
(aHTaCTHUECKOMY OTHOIICHUIO?

Jltoau unryT 3TOT OrpOMHBIA KO3(DPUIMEHT B IPYTUX SBIECHUSAX NMpupoabl. OHU nepeOuparoT
BCSAKME OOJbIIME YWCIA, a €CIM BaM HYXHO OOJbIIOE YHUCIO, MOYEMY HE B3STh, CKaXeM,
OTHOILLIEHNE AuameTpa BcelleHHON K AuamMeTpy NpOTOHA - KaK HU YJIMBHUTEIBHO, 3TO TOXE YHCIIO C
42 mynsmu. U BOT TOBOPST: MOXET OBITh, 3TOT KOA(P(HUIMEHT M paBEeH OTHOUICHUIO TUAMETpPa
IIPOTOHA K AuameTpy BceenenHol? DTo MHTEpeCHas MbICIb, HO, IOCKOJIBKY BceneHnHast mocTeneHHo
pacumMpseTcs, IOJDKHA MEHATbCS W IIOCTOSHHAs TANOTEHUSA. XOTs D3Ta THUIOTE3a €lle He
ONPOBEPTHYTa, Y HAC HET HUKAKWX CBUJIETEILCTB B €€ Mojb3y. HaoGopoT, HEKOTOphIE NaHHBIE
TOBOPSAT O TOM, YTO MIOCTOSIHHAS TATOTEHUS HE MEHsIach TAaKUM 00pa3oM. DTO IPOMAIHOE YUCIIO 110
celf IeHb OCTaeTCs 3arajKou.

Y1oOBl MOKOHYUTH C TEOPHEN TATOTEHUS, S JOJDKEH YIOMSHYTH €llle O ABYX (hakTax.

IlepBoe. DiHIMTENHHY NPUIUIOCH BUIOU3MEHUTH 3aKOHBI TATOTEHUS B COOTBETCTBUHM C
[IPUHIUIIAMUA OTHOCHUTEIBHOCTH. [IepBbIN U3 3TUX NPUHLHUIIOB IVIACUT, YTO PACCTOSHUE X HENb3d
IIPEO0JI0JIETh MTHOBEHHO, TOT/a KaK 1o Teopuy HprOTOHA CHIIBI IEMCTBYIOT MTHOBEHHO. DWHIITEHHY
IIPUIIUIOCH U3MEHUTH 3aKOHBI HploTOHA. DTH M3MEHEHUs, yTOUHEHHs O4YeHb Majibl, OJHO U3 HUX
COCTOUT BOT B 4YEM: IIOCKOJIBKY CBET UMEET HIHEPTUI0, SHEPTHs SKBUBAJICHTHA MACCE, a BCE MACCHI
NPUTATUBAIOTCSA, - CBET TOXKE NPUTATMBACTCS U, 3HAYUT, npoxois MuMo CoiHIa, I0JIKEH
OTKJIOHATBCS. Tak OHO M IMPOMCXOAMUT Ha caMoM jene. Cuia TATOTEHUs TOXKE Clerka M3MEHEHa B
Teopun OiHIITEIHA. HO 3TOr0 oueHb HE3HAYMTENBLHOIO M3MEHEHUS B 3aKOHE TATOTEHMS KaK pa3
JIOCTaTOYHO, YTOOBI 00BSICHUTH HEKOTOPHIE KaXKYIIHECs HEMTPaBUIBHOCTH B IBUKEHUH MepKypus.

Bropoe. ®usnueckue sBICHHS B MHUKPOMMpE IMOJUYUHSIOTCS HWHBIM 3aKOHAM, HEXKEIH
SBJIEHUSI B MUpe OonblIuX MacmTaboB. BeraeT Bompoc: kKak MposBIISETCS TATOTEHHE B MUPE MaJlbIX
MmaciTaboB? Ha Hero oTBeTUT KBaHTOBas Teopus rpaButaiu. Ho KBaHTOBOI TeopuH IpaBUTALUU
eme HeT. Jlroqm moka HE O4YeHb IIpPEyCleNn B CO3JJaHUHA TEOPUU TATOTEHUS, IOJTHOCTHIO
COIJIaCOBAaHHOM C KBAHTOBOMEXAHUYECKUMHU IIPUHIUIIAMH U C IPUHIUIIOM HEOIIPEAEICHHOCTH.

Brl ckaxkere: "Bbl Bce BpeMsi TOBOPIIIM TOJIBKO O TOM, YTO MPOUCXOAUT, HO HE OOBSICHUIIH,
4To Takoe TaroreHue. OTkyaa oHo? YTo oHO c0o00ii npencTasnser? Benp He XOTUTE ke BbI CKa3aTh,
qyro TuiaHeTa cMOTpuT Ha CojHIle, BUIUT, HACKOJIBKO OHO YAAJIEHO, IMOJCYUTHIBAET OOpPATHBIM
KBaJlpaT PACCTOSIHUSI B COOTBETCTBUU C 3TUM 3aKOHOM?" MHBIMM clloBamMu, S NPOCTO H3JIOKUI
MaTeMaTHYeCKUi 3aKOH, HO HE OOBACHWI €ro MexaHu3Ma. BO3MOXXHOCTH 3TOro Mbl 00CyIHUM B
crnenytomieit sekuuu "CBsi3b MATEMaTUKU ¢ PU3UKON".

3akaHuuBasl JIEKIHMIO, S XO4y OTMETUTh HEKOTOpble OCOOEHHOCTH 3aKOHa TATOTEHHUS,
XapaKTEpHbIE U I IPYTUX 3aKOHOB, O KOTOPBIX MBI YIIOMUHAJIH 110 XOAY Pa3roBopa.

1. 3aKOH TATOTEHHS BBIPAXKAETCS MAaTEMAaTUYECKH, TAK )K€ KaK U JPYTrve 3aKOHBI.

2. OH He ToYeH; DUHINTEHHY NPUILIOCh BUJIOM3MEHUTH €r0, HO MBI 3Ha€M, 4TO OH M ceiuac
HE COBCEM TOYEH, NOO MBI €Ille HE CBA3AJIM €ro ¢ KBAaHTOBOM Teopueil. Toxke OTHOCUTCS U K JPYTUM



HalllUM 3aKOHaM - OHM He TOYHBI. ['71e-T0 Ha Kparo MX BCErJa JIEKUT TaiiHa, BCETJa €CThb, HAJl YEM
1ojioMath TojoBy. MokeT ObITb, 3TO - CBOWMCTBO MNPHUPOABI, a MOXET OBITh, U HET, HO 3TO
CBOWCTBEHHO TE€M 3aKOHaM, KOTOpbIe H3BECTHbI HaM ceroaHs. MoxeT ObITh, BCE€ €0 TYT B
HEIOJHOTE HAIIETO 3HAHMS.

3. Ho mopa3sutenbHee BCEro TO, YTO 3aKOH TATOTeHMs HpocT. Ero serko copmynupoBaTh
TaK, 4YTOObl HE OCTaBAJIOCh HUKAKMX JIa3€eK JJISl ABYCMBICIEHHOCTH U JJIsi HUHOTO ToJIKoBaHUs. OH
IpOCT U Mo3TOMY mpekpaceH. OH mpocT no ¢opme. Sl He TOBOPIO, YTO OH JAEUCTBYET MPOCTO -
JBUKEHHE Pa3HBIX IUIAHET, X B3aUMHOE BIMSHHUE MOTYT OBITh OUY€Hb 3allyTAHHBIMU, U ONPEEIINTh,
KaK JIBWJKETCSl KaXKJas 3B€3/la B LIAPOBOM CKOIUIEHMM, HE€ B HAIIMX CWJIAaX. 3aKOH ACUCTBYET
CJIO’)KHO, HO €ro KOpEeHHas Hujes mpocra. OTO M POJHHUT Bce HamM 3akoHbl. Camu 1o cebe oHM
BCErJla OKa3bIBAIOTCS MPOCTHIMH, XOTS B IPUPOJIE IEHCTBYIOT CIOXKHBIM 00pa3oM.

4. U, HakoHen, 3aKOH TATOTeHUs yHUBepcaiaeH. OH MPOCTUPAETCS HAa OTPOMHBIE PACCTOSIHMS,
u HeioToH, kKoTOporo umHTepecoBana CojHe4YHas CHCTEMa, BIOJHE MOT Obl IpelCcKa3aTh, 4TO
nosyunutcss u3 omnbita KaBenaumna, m6o Bechl KaBeHauina, JBa NMPUTATHUBAIOLIMXCS IIapa, 3TO
MasieHbkass Mozenb CosHedHOU cucTteMbl. Ecny yBenmu4uTh €€ B JECATh MUJUIMOHOB MUJUIMOHOB
pa3, To MbI oxy4yuM COJIHEUHYIO CHUCTEMY. YBEJIMYUM €IIe B JECATh MIJIJIMOHOB MUJUINOHOB Pa3 -
U BOT BaM TaJaKTUKH, KOTOPBIE NPUTATUBAIOTCA APYr K APYry IO TOMY K€ CaMOMY 3aKOHY.
BeimuBas cBoii y3op, IIpupona mosp3yercst nunib caMbIMHA JUIMHHBIMHA HUTSIMH, W BCSIKHH, JaKe
caMblil MaJeHbKUH 00pa3yMK €ro MOKET OTKPBITh HaM IJ1a3a Ha CTPOEHHE LEJIOTO.

Jlekuunsa 2.
CBA3b MaTeMaTUKU ¢ (pusnkon

Ecnu 3agymaThcsi 0 NpUIOKEHUSIX MAaTEeMAaTUKU U (PU3UKU, TO COBEPILIEHHO OYEBUHO, YTO
MaTeMaTHKa Oy/eT IMojie3Ha TaM, /i€ Mbl UMEEM JIeJ0 C OOJBIINM YUCIOM OOBEKTOB B CIIOKHOM
oOcraHoBke. B O6uonoruu, k nmpumepy, AelCTBUE BUpyca Ha OAKTEpUIO HE AaeT HUKAKOW MUK IS
MaTeMaTUKU. B MUKpOCKOI Mbl YBHJIHMM, YTO IIPOBOPHBIA MaJIEHBKHI BUPYC HaXOAMUT KaKOE-TO
MECTO B MPUUYIJIUBON OakTepuH (BCE OHM UMEIOT pasHylo (Gopmy) U 1uOO BBOIUT B HEE CBOIO
JHK, nm1u6o ne BBomuT. Ho ecnu Mbl OyzeM 3KCIEPUMEHTUPOBATh ¢ MIJUTMOHAMU U MUJUIMOHAMHU
OakTepuil ¥ BUPYCOB, TO CMOXKEM OY€Hb MHOTOE€ Y3HaThb O IOBEJIEHUH BHPYCOB B cpeiaHeM. Mbl
MOKEM HCIIOJIb30BaTh MAaTEMAaTHKy J/JIs TOrO, YTOOBI HAXOAWUTh CpeaHee, UIS TOro, 4YTOOBI
BBISICHUTb, Pa3BUBAIOTCS JIM BUPYChl B OaKTepUsX, Kakue BHUAbl DPA3BUBAIOTCA U B KAKOM
KOJINYECTBE; MOAOOHBIM 00pa30M MBI MOYKEM U3ydaTh T'€HETHUKY, MyTallUH | T.II.

Bosbmem apyroii, Gonee TpuBuanbHbiil npumep. [IpeacraBum cebe OrpoMHYIO IIaXMaTHYIO
JIOCKY, Ha KOTOPOM WrparoT B IIAaXMaTbl WIM IIAIIKWA. KaXIblil OTAENBHBIA XOJ - omepauus He
MaTeMaThyeckas Wi MaTeMaTU4ecKu oueHb Ipocrtas. Ho HeTpyaHO cooOpa3uTh, UTO HA JIOCKE C
MHOXECTBOM (DUTYp OLIEHKY HAWIy4IIUX XOAOB, XOJOB IPOCTO XOPOIIMX WIJIM IUIOXHX MOXKHO
c/IeNaTh TOJBKO IOCJIEe OY€Hb ITyOOKOTo pa3MbIIUICHUs, KOO KaXblil X01 TauT B ce0e OrpoMHOE
KOJIMYECTBO MOCHEeACTBHA. TyT HEoOXOIuMBI aOCTpaKTHBIE PACCYKICHUS H, CIEI0BATEIbHO,
MareMartrka. Enie olMH npuMep - NepeKIFoueHNE B BBIUMCIUTENIbHBIX MallnHax. Ecnu y Bac Bcero
OJMH TIEePEKIIIoYaTeb, KOTOPBIH MOXET OBbITh JHOO BKIIOYEH, JUOO BBIKIIOYEH, TO HHUYETrO
0COOCHHO MaTeMaTHYeCKOro TYT HET, XOTS MaTeMaTHKH JIIOOST HauyMHAaTh UMEHHO ¢ 3Toro. Ho
4TOOBl MpEeayrajarh IOBEJEHUE CHUCTEMBl C MHOXXECTBOM COEAMHEHUH M IIPOBOJAOB, HY)KHA
MareMaTuKa.

51 Xouy cKkazaTh C caMOro Hayaja, YTO MaTeMaTuKa MPUHOCUT OTPOMHYIO TOJIb3Y (PU3UKE TaM,
IJI€ peub UJIET O JETANISIX CIOXKHBIX SIBJICHUW, €CJIM YCTAaHOBJIEHBI OCHOBHBIE ITpaBuia urpel. U eciomn
ObI s1 TOBOPWJI TOJIBKO O B3aMMOOTHOILICHUH MAaTEeMaTUKU U (PU3HKH, TO OOJBIIYIO YacTh BPEMEHHU
oTBeNl Obl UMEHHO 3TOMY Bompocy. Ho MOCKOIBbKY JIeKIIMK MOCBSIIICHBI XapakTepy (QU3HUecKUx



3aKOHOB, S HE UMEI0 BO3MOXKHOCTH MOAPOOHO pa3douparh, YTO MPOUCXOTUT B CIIOKHBIX CUTYallUsX,
U IIPSIMO MEpPENly K CBOEH TEME - XapaKTepy OCHOBHBIX 3aKOHOB.

Ecnu cHOBa 00paTUThCS K HALIMM IIaXMaTaM, TO OCHOBHBIE 3aKOHBI 3/1€Ch - 9TO MPaBUJIA, 110
KOTOPBIM JIBIXKYTCA (Urypbl. MareMaTHKy MOKHO HCIIOJIb30BaTh B CII0O)KHOM 0OCTaHOBKE, YTOOBI
coo0pa3uTh, Kakue XOJbl B JAHHBIX OOCTOSATENbCTBaX HauOojiee BBITOAHBL. Ho s TOro 4roOsl
BBIPA3UTh NPOCTYIO CYTh OCHOBHBIX 3aKOHOB, TpeOyeTCsl OUeHb MaJlo MaTeMaTuku. B maxmarax 3to
MO>KHO CJ/IeJIaTh Ha HaIleM OOBIYHOM SI3BIKE.

B ¢u3uke xe u 151 OCHOBHBIX 3aKOHOB HaM HY)KHa MaTeMaTuka. Sl mpuBeny JBa mpuMmepa: B
OJTHOM MaTeMaTHKa, MO CYILECTBY, HeoOs3aTenbHa, a B ApyroM HeoOxoauma. [lepBblil - 3akoH
¢bu3nky, HaszpiBaeMblii 3akoHOM Dapajes, KOTOPbHIM TJIACHUT. YTO MPH AJIEKTPOJIU3E KOIHUYECTBO
OCaXJICHHOTO BEILECTBA MPOMNOPIMOHAIBHO CHJIE TOKA M BPEMEHM €ro neicTBus. MHaue rosops,
KOJIMYECTBO OCAXKJICHHOI'O BEIIECTBA IMPONOPLIUOHAIBHO 3apsay, NPOXOIAIIEMY 4Yepe3 CHUCTEMY.
3BYYUT 3TO OYE€Hb MATEMaTHYECKH, HO HAa CaMOM JIEJE€ BCE CBOAMUTCA K TOMY, YTO DJIEKTPOHBI,
MIPOXOJSIINE IO MPOBOAAM, HECYT TOJBKO II0 OJHOMY 3apsny. B dacTHOCTH, MOXHO
IIPEIIOJNIOKNUTh, YTO KaXJbI AJIEKTPOH BBI3BIBAET OCAXACHHE OJHOTO aToMa. lorga 4YHCIo
OCaXJICHHBIX AaTOMOB DPAaBHO YHCIY MPOIIECAIINX 3JEKTPOHOB, T.€. NPOMOPLHMOHAIBHO 3apsfy,
NPOTEKIIEMY MO MPOBOLYy. TakuMm 00pa3oM, ATOT 3aKOH, KOTOPBIA KaXeTcs MaTeMaTHYeCKUM, B
OCHOBE CBOEH IPOCT M Ha caMOM Jiesie He TpeOyeT 3HaHUs MaTeMaTuku. [[1s ocaxaeHus OJHOro
aTOMa HYXKEH OJIMH DJIEKTPOH - 3TO, KOHEYHO, MaTeMaTHKa, HO HE Ta MaTeMaTHKa, O KOTOPOH MBI
3/1€Ch TOBOPHM.

Bropoii mpumep - 3TO 3akoH TAroTeHHs HbIOTOHA, KOTOpBII MBI paccMaTpuBajid B
IpeAbIayIen JeKIMH. Sl mpuBes BaMm ypaBHEHHE

F = G(mm'/r?)

YTOOBI MOPA3UTh BAaC TEM, HACKOJIIBKO OBICTPO MaTeMaTUYECKUE CUMBOJIBI MOTYT MepeaaBaTh
uHpOpManuio. Sl roBopuIiI, 4TO CUJIa MPOMOPIHMOHAIbHA TPOU3BECHUIO Macc ABYX Tell B 00paTHO
MIPOMOPLMOHATIbHA KBAJpaTy PACCTOSHUS MEXAYy HMMHM, a TaKKe 4TO Tejla peardpyroT Ha CHIIbI,
M3MEHSS CBOIO CKOPOCTh B HAIPABJIEHUM JIEHCTBUS CUJIbI HA BEJIMUUHY, IPOINOPLUOHAIBHYIO CHIIE U
00paTHO MPOMOPLMOHATBFHYIO CBOMM MaccaM. Kak Bbl BUJIUTE, BCE 3TO CIIOBa, U OBLIO COBCEM HE
00s13aTeNIbHO MHUCaTh ypaBHeHHe. TeM He MeHee 3/1eCh €CTh MaTeMaTHKa, U Mbl MOXEM CIIPOCUTh
ce0s, mouyeMy Takoi 3aKOH MOKET ObITh OCHOBHBIM 3aKOHOM.

Yro nenaer nnanera? Heyxenn ona cMoTpuT Ha CoJHIE, BUIUT, HACKOJIBKO OHO YAAJIEHO, U
BBIUHCIISIET Ha CBOEM apu(pMOMETpe OOpaTHBIM KBaapaT pacCTOSHUS, YTOOBI Y3HATh, KaK HY>KHO
nBUrathes? SICHO, UTO 3TO HE OOBSCHEHHWE MeXaHW3Ma rpaBuTanuu! Bam, MoxeT ObITh, 3aX0UeTCs
B3IJISIHYTh MOTJTy0XKe, 1 MHOTHE MBITAIUCh 3TO caenath. Eme HploToHa cripammBaiy o ero Teopuu:
"Ho Beab OHa HUYEro HE TOBOPUT, OHA HUYEro He o0bsAcHAeT?" HpioToH oTBevan: "OHa roBOpHT,
KaK JABWKYTCS Tesla. DTOr0 JOJKHO OBITh JIOCTaTOYHO. Sl cKa3ayl BaMm, KAK OHHU JBUXKYTCS, a HE
noyemy ".

Ho mrozeit 3a4actyto TpyJaHO YIOBJIETBOPUTH, HE OOBSICHUB UM MEXaHU3M, H s PacCKaxy o0
OJHOM M3 TEOpHUH, KOTOpHIE BBIABUTAINCH B KauecTBe OOBsACHEHMs rpaBuTanuu. CoriacHO 3TOH
TEOPUU TATOTEHUE IMPEJCTaBIsIeT COOOM pe3ylbTaT MHOTMX OTHEIbHBIX BO3IAEHCTBUM, M 3TUM
00BsICHsIETCS, ToYeMy 3aKOH HbI0TOHA CBSi3aH C MaTEMaTUKOM.

[IpeanonoxuM, 4TO MHpP NOBCIOJY IOJOH YacTHUL, MPOJETAIONIMX CKBO3b HAac C OYEHb
OosbIION CKOpOCThIO. OHHM JIETAT BO BCEX HAIMPABIEHHUAX - MPOCTO IMPOHOCATCS MHUMO, HO
HEKOTOpble W3 HuX momajnawT B Hac. Mbl u ConHIe NpakTHYECKU MpO3payHbl A HUX,
IIPAKTUYECKH, HO HE IOJIHOCTHIO, U HEKOTOpBIE M3 HUX Hac yaapsiorT. IlocMoTpuM, kK yemy 3TO
JTOJKHO TIPUBECTH.

Ha puc. 12 C - Connne, 3 - 3emuts. Eciiu 661 ComnHila He ObUTO, TO YaCTHIBI OOCTPEIUBAIN
Ob1 3emill0 cO BceX CTOpOH, OapabaHWiIM TMO HEH M Kaxjaas yhaBIlas 4YacTUIA HEMHOIo
nojATankuBana Obl 3eMiro. OTO HE CIBMHET 3€MJII0 HM B KakOM OIpEEeNIEHHOM HalpaBlieHUH,



MOTOMY YTO C OJJHOTO OOKY HaJleTaeT CTOJBKO K€ YACTHII, CKOJIBKO C JPYTOro, CHU3Y CTOJBKO XK€,
CKOJIbKO cBepxy. OnHako ecnu CoJiHIIE HA MECTE, TO OHO B KaKOW-TO MEpEe MOTJIOMIAET YaCTHUIIbI,
JIETSAUIUE C ATOM CTOPOHBI, TOTOMY YTO HEKOTOpPbIE U3 HUX, nomnajas B CoJHile, HE MPOXOJAT €ro
HACKBO3b.

CnenoBatenbHO, co cTtopoHbl ConHIa K 3emiie MpUJIeTaeT MEHbBIIE YacTHUll, YEM C JAPYTUX
CTOpOH, MO0 OHM HaTadKWBaIOTCA Ha mpenstcTBue - Ha Comane. HerpynHO TOHSTH, 9TO YeM
nanpiie CoNHIE, TEM MEHBIIYIO TOJII0 YacTHIl, MOMAAAI0IIUX Ha 3eMITI0, OHO OYJeT 3a/1ep:KUBaTh.
Connre OyaeT Ka3aTbCs MEHBIIE - KaK pa3 MPOIMOPIIMOHATIBHO KBaapaTy pacctostHus. [loatomy co
ctoponbl ConHila Ha 3eMiIio OyJeT AecTBOBAaTh UMITYJIbC, OOpAaTHO MPOMOPIHOHATBHBIN KBaApaATy
pacctostHusi. OH OyJeT MpeICTaBIsATh CO00M pe3ynbTaT OOJIBIIOTO KOJIMYECTBA MPOCTHIX OTEPAIUiA
- yHapoB, KOTOpblE OJHWH 3a JIPYTHMM CBHIIUTIOTCS CO BCeX CTOpPOH. TakuMm oOpa3oM, B 3TOM
MaTeMaTUYeCKOM COOTHOIICHHH HET HUYErO0 CTPaHHOTO, MO0 OCHOBHAs Omepalus 3HAYUTEIHHO
mpole, 4yeM TMOJCYeT OOpaTHOro KBaapaTa paccTosiHus. [lofcueT NMpOu3BOAST CaMH YaCTHIIHI,
yAapssach 0 3eMITIO.

EanHCTBEHHBIN HETOCTATOK 3TOW CXEMBbI - B TOM, YTO OHA HE TOJUTCA COBCEM IO JPYrUM
cooOpakeHusiM. BCsikyro mpuaIyMaHHYIO TEOPUIO HAJI0 MPOAHAIM3UPOBATH B OTHOIIIEHUH BCEX €€
BO3MOJKHBIX TOCJIEJICTBUM, BBISICHUTh, HE MPEJCKA3bIBAET JIU OHA JIPYrue sIBJICHUS. A 3Ta Teopus
MIPEICKA3bIBACT JIPYTHUE SBIICHUSA.

Ecnu 3eminst aBwkeTcsi, TO criepeau B Hee OyAeT yaapsTbes OONbIlle YacTHIl, YeM C3aju.
(Korna BeI OexuTe 1O MOKIEM, B JIUIIO BaM IOMagaeT OOJbIe Karelb, 4YeM Ha 3aThUIOK, HMEHHO
noToMy, 4To Bbl Oexwure.) Ecnmm 3emist IBIXKETCS, TO OHAa HalleTaeT HA T€ YACTHUIIbI, KOTOpPHIE
HaxoJATCS Tepe]] Hell, U yOeraeT oT TeX, KOTOphle JAOTOHSIOT ee c3amu. Crepean Ha Hee OyneT
naaaTh OOJbIIE YACTHII, YeM C3a]1, © OHU CO3/IaayT CUITY, TPOTUBOACHCTBYIOIIYIO TBUKEHHUIO. JTa
cuiIa 3ameyiiiia Obl ABMKEHUE 3eMIIH, U 3eMJIsd He cMorja Obl JI0JTO MpoJepKaThcsl Ha opoure, -
HO OHA BeJlb JIEP>KUTCSI, YK€ TPU UM YEThIpe MIILTHApAa JieT. Tak MpUXOoauT KOHEL 3TOU TEOPUH.

"Yro ke, - CKaXKeTe BBI, - TeOpUs ObLIa HEIUIOXas, ¥ XOTh HEHAJ0JIT0, HO MO3BOJIUJIA MHE
3a0BITH 0 MaTeMaTuke. MokeT ObITh, MHE yACTCS MPUIYMaTh JTyqiyro". MoxeT ObITh, H y1acTCS -
OKOHYATeNIbHasi UCTHUHA HUKOMY elne He u3BecTHa. Ho co Bpemenu HpioToHa m 710 Hammx gHEH
HUKTO HE MOT OIUCATh MEXAHU3M, CKPBITBHIN 3a 3aKOHOM TSTOTEHUs, HE MOBTOPUB TOTO, YTO YXKE
ckazayn Hpl0TOH, HE YCIIO)KHHB MAaTeMAaTHKH WM HE TIPEJICKa3aB SBJICHUM, KOTOPHIX HA CAMOM JIeNe
He cymiecTtByeT. Tak 4To 0 CHX MOp y HAaC HET MHOM MOJENU ISl TEOPUH TpaBUTALMU, KPOME
MaTeMaTUYECKO.

Ecnu ObI cymiecTBOBan TOJMBKO OJHMH 3aKOH TaKOTO XapakTepa. TO 3TO ObLIO Obl HHTEPECHBIM,
XOTsI ¥ JIOCAJIHBIM HCKIoueHreM. Ho, oka3piBaeTcsi, yeM OOJIbIlIe MBI HCCIEAyeM, 4eM OOJIbIe
3aKOHOB MBI OTKPBIBa€M, 4eM TITy0Ke MPOHUKAEM B MPUPOAY, TEM 00Jiee XPOHUUIECKOM CTAaHOBUTCS
0omne3Hp. Kakaplii HOBBIM Balll 3aKOH - YACTO MAaTEMAaTUYECKOE YTBEPXKIACHHUE, MPUTOM JOBOJIHHO
CIIO)KHOE W MajomnoHsITHoe. HpioToHOBa (POpMYIHpOBKA 3aKOHA TATOTCHHS - 3TO CPAaBHHUTEIHHO
mpoctasi MareMaruka. Ho oHa CTaHOBUTCS BCE MEHEe MOHITHOW M Bce Oosiee CIOKHOW MO Mepe
TOTO, KaK MbI IpojBuraeMcs Buepen. [louemy? He umero Hu maneiinero nouatusi. Mos 11efib B TOM
M COCTOMT, YTOOBI JIMIIIb COOOIMTHh 00 3TOM (akTe. B HEM M 3aKII0YaeTCs CMBICT BCEH JICKITUU:
HeJIb35l Y4eCTHO 00BSICHUTH BCe KPACOTHI 3AKOHOB NMPHUPOALI TAK, YTOOBI JIIOAH BOCIIPUHSAIN UX
OJJHUMH YYBCTBaMHu, 0e3 riiy0okoro moHumManusi mareMatuku. Kak HU mpuckopOHO, HO, TIO-
BUJUMOMY, 3TO (PaKT.

Br1, Bo3MOkHO, Bo3pasute: "JlamHo, eciin HEeT OOBSCHEHUS 3aKOHAM, TO O KpailHeW Mepe
CKa)KUTE, B YEM ITH 3aKOHBI COCTOAT. [loueMy BbI HE CKa)keTe 3TOro CJIOBaMU BMECTO CUMBOJOB?
MaremaTuka - mpocCTO SI3bIK, HO BE/Ib MOYKHO MEPEBO3UTH C OJIHOTO s3bIKa Ha Apyrou'". /la, MOXHO,
€CJIM UMETh TePIIEHUE, U, MHE KaXKETCs, YACTUYHO 5 3TO CJlIeJal.

S mor Obl MOWTH HEMHOTO Jajibllle W OOBSCHUTH CMBICI ypaBHEHHS Oosiee MOAPOOHO,
HaIpUMep CKa3aTh, YTO MPHU YBEIMUEHUU PACCTOSHUS B J[Ba pa3a CHia yObIBaeT BUETBEpO U T.1. S
MOT OBI TIepeaaTh BCE CUMBOJIBI CiIoBaMH. MIlHaue TOBOPS, ST MOT ObI MOWTH HABCTPEUY JIFOOUTEIISIM
(bU3UKH, KOTOPBIE CUAT U C HAASKION KAYT OT MEHS MPOCTOTO 00BsicHEHHsI. UTO KacaeTcst yMeHUs
OOBSICHUTH ATH CJIOXKHBIE U 3aIlyTaHHBIC TTPEIMETHI HECTICIUAIMCTY Ha JOCTYITHOM €MY SI3BIKE, TO Y



pasHbIX JIIOJIeH - pa3Hble BO3MOXKHOCTH. M BOT HecnenMaiucT NepedupaeT KHHUTY 3a KHUTOW B
Ha/IeXKIe OOOWTH TPYIHOCTH, KOTOPHIE TMOSBIISIOTCS PAaHO WM TO3IHO Jake B paboTax IydIInx
nonynaspuzaropo. Ho uem pnanmbpiie OH YuTaeT, TeM OOJblIe IMyTAaHUIBL: OJHO CIIO0XKHOE
YTBEP)KICHHE 33 IPYTUM, OJJHa MAJOTIOHSATHAS. MBICITh 3a APYTOH, M BCE, IO-BUANMOMY, HE CBS3aHBI
Jpyr ¢ ApyroM. CMBICH YCKOJIB3aeT OT HEro, HO OH HaJeeTCsl, YTO I/ie-HUOYIb B APYroi KHUTE €CTh
OOBSICHEHHE. ..

51 B 3TOM COMHEBaIOCh, IOTOMY YTO MaTeMaTHKa - He MPOCTO JPYroi si3blk. Maremaruka -
9TO SI3BIK TUTIOC PACCYXKJIEHUS, 3TO KakK OBl sS3BIK W JIOTMKAa BMecTe. MaremaTwka - Opyaue JUIs
pasMbllIeHUA. B Hell CKOHIIEHTPUPOBaHbI pe3yabTaThl TOUHOTO MBIIUIEHUS MHOTUX Jtofel. [lpu
MOMOIIIM MAaTEMATHKH MOKHO CBSI3aTh OJTHO YTBEPXKIACHHUE C JPYTUM.

Hanpumep, s Mory ckasaTth, uTo cuia HamnpasieHa Kk Conniy. Ho s mory ckasaTh M mo-
Ipyromy (Kak B MPOLUION JIEKIMH): IJIaHETa ABMXKETCS TakK, 4yTo eciu npoectd oT CoiHIA K
IUTaHETe JIMHUIO, 3aTeM JpPYryio JUHHUIO, OTAEJCHHYIO OT MEpBOIl ONpeieleHHBIM MEepPHOJIOM,
HampuMep TpeMs HEIENsIMH, TO TUIONa/b, KOTOPYIO OMUINET TUTaHETa 3a OTH TPW HEAEH, paBHA
IUIOINAAM, KOTOPYIO OHA OMUILET 3a CIEAYIOIINE TPH HEeleNH, U 3a CIelylolue TpU HeJelu, U TaK
nanee mo Bceil opoburte. I Mory oOBACHUTH 00a 3THU YTBEp)KIAEHHUS MOApoOHEe, HO HE MOTYy
OOBSICHUTH, IMMOYEMY OHH O3HA4alOT OJHO U TO k€. OueBHIHBIE CIIO)KHOCTH TPHUPOJBI C ee
CTpaHHBIMH 3aKOHAMHU H TPAaBUIIAMH, KaX/I0€ U3 KOTOPBIX MOYKHO OOBSICHUTH OYEHb MOJPOOHO, HA
caMoM Jiefie TeCHO cBsi3aHbl. OIHAKO €CJIM BBl HE JKEJIaeTe MOJb30BaThCs MAaTEMAaTUKOM, TO B 3TOM
OTPOMHOM MHOT000pa3uu (PaKTOB BbI HE YBUIWTE, YTO JIOTHKA ITO3BOJISIET TIEPEXOAUTH OT OJTHOTO K
JApyroMmy.

Kak HM ynuBHUTENBEHO, HO S MOTY JIOKa3aTh, YTO €CJIM CHWJIBI HampaBieHbl K CONHILY, TO B
paBHbBIE TPOMEKYTKH BPEMEHHU ONMMCHIBAIOTCS PaBHbIE IUIOIAAM. S| MOMBITaOCh JOKa3aTh, YTO 3TH
JIBA 3aKOHA DKBUBAJICHTHBI, U TOTJAa BaM CTAaHYT SCHBIMH HE TOJBKO (DOPMYITHPOBKH ITHUX IBYX
yIBep)KaeHUA. Bbl yOequrech, 4To 3TH JIBa 3aKOHA CBSA3aHbI, YTO IMYTEM Pa3MBILIUICHUS MOXHO
MEPEeNTH OT OJTHOTO K JPYrOMY M YTO MaTeMaTHKa - 9TO OpraHW30BaHHBIE PAacCyXAeHus. Torma Bbl
OLIEHUTE KPacoTy B3aUMOOTHOILEHHH MEXAy dTHUMHU JBYMs 3aKkoHaMH. MTak, TOoKakeM, 4TO €CiH
cuiia HanpasiyieHa K CoJHILy, TO 3a paBHOE BpeMs OMKCHIBAIOTCS PaBHbIE TUIOIIA N,

Pacemotpum Cosaiie u tutanery (puc. 13) u BooOpaszum cebe, 4To B ONpeIeTICHHBIT MOMEHT
BPEMEHM IIJIAaHETA HAXOAUTCs B nosnoxeHuu I. OHa ABMXKETCS Tak, YTO YEpe3 CEKYHIY, CKAXKEM,
ouyTtutcs B mosjokenuu 2. Ecnu 661 ComHIle HE ASHCTBOBAIO HA MJIAHETY, TO, COTJIACHO TATHIICEBY
NPUHIUITY HHEPIH, IJTaHeTa MpoJIojikaja Obl IBUraThes 1o npsiMoi. Toraa mo ucTeyeHun Takoro
&Ke MIPOMEXKYTKa BPEMEHHU, CIEAYIOLEH CeKyH b, IBUrasCh MO MPSIMON JIMHUU U TPOIAs TaKkoe xKe
paccTosiHUe, TUIaHeTa ouyTuiach Obl B monokeHuu 3.  CHauyasia Mbl JIOKakK€M, 4TO B paBHBIE
MIPOMEXKYTKHA BPEMEHH ONMMCHIBAIOTCS PaBHbIE IUIOIIAH, €CIIM CHIIbl HeT. HamoMHIo, 4To miomanb
TPEYroJbHUKA paBHA IIOJOBUHE ITPOU3BENECHUS OCHOBAHUS Ha BBICOTY, a BBICOTA - 3TO PACCTOSHUE
[0 BEPTHUKAJM OT BEPIIMHBI JI0 OCHOBAaHUS TPEYyrojbHUKA. ECiM TpeyrojpHUK - TYNOYTOJIbHBIN
(puc. 14), To BBICOTA -AD , a ocHoBanue - BC. Teneps cpaBHUM IUIOLIAAH, KOTOPBIE
OTNMCHIBAIMCH OBl TIPH JIBIDKCHHUH TUTIAHETHI, eciii Ob1 CoJHIle HA Hee He aeicTBoBaio (puc. 13).

Bbl nomuure, uto nBa paccrosiHus I-2  u 2-3  paBHBL. Bompoc B TOM, paBHBI JM JBE
mwiomaau. PaccMoTpuM TpeyronpHuK, oOpasoBaHHbld CosHileM (8 ) u nByMs Toukamu I u 2
Kakosa ero mionjans? OHa paBHa OCHOBaHHUIO I-2 , yMHOKEHHOMY Ha IOJIOBUHY NEPIEHANUKYIIPA,
OIYIIEHHOTO Ha OCHOBaHHe U3 Touku § . Tenepsb - qpyroit TpeyroiabHUK, 00pa30BaHHBIA TOUKAMU
2,3 uS. Ero miomans paBHa OCHOBaHUIO 2-3 , YMHO)KEHHOMY Ha IIOJIOBUHY NEPIEHANUKYIIAPA,
OIYIIEHHOTO U3 TOYKU S. VY 3TUX JBYX TPEyroJIbHUKOB OJ[HAa M Ta K€ BBICOTA M, KaK s YK€ cKazal,
paBHbIe ocHOBaHHUs. [loaTOMY OHM UMEIOT OlMHAKOBYIO Itomaak. [loka Bece naer npexkpacHo. Ecin
Ob1 co cropoHbl CojHIIA HE JEHCTBOBAJIO HHUKAKUX CHJI, TO 3a pPaBHbIE MPOMEXYTKH BPEMEHU
onuceiBaMCh Obl paBHble Mwomaau. Ho Connne neiictByer Ha muaHery. Ha otpeske 1-2-3
CounHLle TPUTATHBAET IUIAHETY, IPUYEM HAIpaBJICHUE CHJIbI MPUTSHKEHUS MOCTENEHHO MEHSETCS.



UYroObl MONYyYUTh XOpollee MpHOIIKEeHNEe, BO3bMEM CpEIHEe MOJOKEHHEe 2 U CKaXeM, 4TO BeCh
s dexT nmpuTsKeHus: Ha oTpe3ke 1-3 CBOIUTCS K OTKJIIOHEHHUIO TUTAHETHI Ha HEKOTOPOE PAacCTOSHUE
B HaIpaBlieHUU JUHUU 2- S (puc. 15).

OTO O3HAYaeT, 4TO TEJIO ABUTAJIOCh MO JUHUU I-2 ¥ mpojoykaino Obl IBUTAThCS MO HEH,
ecnu Obl He ObUIO cuibl, HO mpuTskeHne CoJHLA 3acTaBlieT TEJIO JABUraThCs MO JUHUM 2-S.
Takum 00pa3oM, JBM)KEHHE Tela Ha CIEAYIOIIEM OTpe3Ke CKJIaJbIBAETCS M3 TOro, KakK IUIaHEeTa
JIBUTAjach OBl CaAMOCTOATENHHO, W WM3MEHEHHUs, KOTOpOo€ Mpou3onuio moj aedctBuem ComHIa.
IToaTomy maHeTa NOMAJacT HE B MOJIOKEHNE 3, a B IOJIOKEHHE 4.

Tenepp Mbl CpaBHUM IUJIOLIAAN TPEYTroJbHUKOB 23S U 24§ U 0KakeM, 4TO OHU PaBHBI. Y
HUX oOmiee ocHoBaHue S-2.  OIUHAKOBBI JIM y HUX BBICOTHI? [la, MOTOMY YTO TpPEyroJbHHUKH
3aKJITFOYEHBl MEXIY NapajUIebHBIMM JUHUAMU. PaccTosHue OT TOUku 4 110 JTUHUU 5-2  PaBHO
PacCTOSIHUIO OT TOYKU 3 110 JTUHUU §5-2 (IpOJOJDKEHHOM). 3HAUUT, IJIOLalb y TPEyrojJbHuKa $24
Takas ke, kak y $23. Panblue s goka3zan, 4ro TpeyroibHuUkd 8712 u $23 paBHBI MO IUIOMIAIH.
Otcrona scHo, uto S12=S24. Takum o0pazom, Ipu JBHKEHUHU IJIAHETHl MO OpOUTE IUIOIIAMIM,
OTMMCHIBaEMbIE 3a MEPBYIO U 32 BTOPYIO CEKYHJY, paBHbBI. 3HAUUT, MyTeM PAcCYKJIEHUN Mbl HAILIUIHA
CBSI3b MEXAY TeM (pakToM, uTo cuiia HampaieHa K CoJHily, U TeM (akToM, 4TO IUIOIAAN PABHBI.
He npasna nu, ocrpoymHo? f mo3ammcTBoBan BbIBOA npsiMo y HeroTtona. Bee aTo conepxurcs B
ero "Principia": u cxema, 1 J0Ka3aTeNbCTBO. TONBKO HUGPHI APYrHe, TOTOMY YTO OH IOJIb30BANICS
PUMCKUMU IIUPpaMH, a s - apaOCKUMHU.

Bce nokaszarenbctBa B kHure HproToHa ObutM reomerpudeckuMu. CerogHsi Mbl CTPOUM
JI0Ka3aTeNbCcTBA MO-APYyroMy. Mbl J0Ka3bIBa€M aHATUTHYECKH, MPU MOMOIIM CHUMBOJIOB. YTOOBI
MOCTPOUTh  HY)XHBIE€  TPEYrOJIbHHUKH, IOJMETHTh  paBEHCTBO  IUIOIAAEH, TpedyeTcs
n300peTaTenbHOCTh. Terneps Mbl IMEEM YCOBEPIIEHCTBOBAHHBIE METO/Ibl aHANINU3a, Oojee ObICTpbIE
u >pdexTuBHbIe. S X0uy MoKa3aTh BaM, KaK 3TO BBITJISIUT B 0003HAYEHHUAX OOJiee COBPEMEHHOM
MaTeMaTHKH, TJe I T0Ka3aTeIbCTBA HYKHO JIMIIb 3alMCaTh HECKOJIBKO CUMBOJIOB.

Mgl OyzieM TOBOPHUTH O OBICTPOTE U3MEHEHHS IO U 0003HAYUM 3Ty BEJTHMUUHY depe3 A"
[Ipu moBopoTe paauyca IJIOLIAAb U3MEHSETCS, U ObICTPOTa €€ M3MEHEHHS - 3TO COCTaBJISIOLIAs
CKOpPOCTH, NEPIEHIUKYIIApHAs paJnycy, YMHOKEHHasl Ha paauyc. VlHade roBops, 3T0 pacCTOsHUE
10 paJnyCy, YMHO)KEHHOE Ha CKOPOCTb, T. €. Ha OBICTPOTY U3MEHEHHSI PACCTOSHUSL:

A=rxr'

Crnpocum cebsi: M3MEHSIETCS JIM cama CKOpOCTh Hm3MeHeHus tuiomanau? 3akoH Kertepa
TOBOPHUT, 4YTO CKOPOCTh M3MEHEHHUs IUIOHIaJAM HEe JOJDKHAa MeHATbesA. Iloatomy  MbI
muddepeHIMpyeM HalMCaHHOE PaBEHCTBO, a TYT BeCh (POKYC B TOM, YTOOBI MOCTaBUTh TOYKHU B
HYXHBIX MECTax - ¥ Hu4yero oospire. Takum GokycaMm HaJ0 HAyYUThCS: 3TO MPOCTO HAOOp MpaBuI,
KOTOpBIE OBLIIN MPUAYMaHbl, YTOOBI O0JIETYUTDH JOKa3aTeNbCTBA. MBI MUIIEM

A"=r'xr'+rxr"=rxF/m.

IlepBoe crmaraemoe - 3TO COCTaBIIAIOIIAS CKOPOCTH, MEPIEHIUKYISPHAs CaMOW CKOPOCTH.
OHO paBHO HYJIO - CKOPOCTh HampaBjieHa BJOJb caMoil ceOa. YckopeHue r'' - 3To BTOpas
IIPOU3BOJHAS I , T.€. IPOU3BOAHAS CKOpocTh. OHa paBHA cuiie, IEJIEHHOM Ha Maccy.

OTO 03HAYAET, YTO CKOPOCTh U3MEHEHHS] CKOPOCTH U3MEHEHMSI TUIOIIAIN €CTh COCTaBIISAIONIAs
CWJIBI, HAIIPABJIEHHAS NOJI ITPSIMBIM YIJIOM K paanycy. Ho ecnu cuita HampaBieHa 1o paauycy,

rxF/m=0

Kak yTBepxkaan HbIOTOH, TO MOJ MpSAMBIM yIIOM K Pajguycy OHa HE JEMCTBYET, a 3HAUMT,
CKOPOCTb U3MEHEHMSI IIJIOLAAN HE U3MEHSETCS:

A" =0.

MpbI BUIMM, KaK MHOTO HaM JaeT aHaJu3 MPH MOMOIIH CUMBOJIOB. HbI0TOH Ooiee nimn MeHee
yMeJl 3TO JeNaTh, TOJIBKO B HECKOJIBKO JpYyrux obo3HaueHusXx. Ho OH mpeamnoven reoMeTpuueckue
JI0Ka3aTelbCTBA, CTPEMSACH K TOMY, YTOOBI JIFOJM MOIJIM MpoyecTb ero cratbu. OH cam u300pen
ucuuciIeHrne 0ECKOHEUYHO MaJIbIX, KOTOPBIM 51 BOCIIOJIB30BAJICS BO BTOPOM JI0Ka3aTeNIbCTBE.



OT0 Xopollas WUTIOCTPALUs B3aUMOOTHOIICHUH MeXIy MaTeMaTukoi u ¢usukoil. Koraa B
¢uznke mpobiieMa OKa3bIBA€TCs TPYIHOM, MBI MOKEM 3arfiiHYyTh K MaTeMAaTHKaM - BIIPYT OHH yxKe
BCTPEYAJINCh C TaKMMM BOIPOCAMH M HMMEIOT TOTOBBIE cHOCOOBI Joka3aTenscTBa? Ho MokeT
OKa3aTbCs, YTO OHM OJTHM €lle HEe 3aHUMalHuCh. Torja HaMm NpUIETCS caMUM H300pecTH
JI0OKa3aTeNIbCTBA U MIOTOM IIEPENATh UX MAaTEMaTHUKaM.

Kaxnaplif KTO paccyxnaer o 4eM-HHOyJIb TOYHO, MOKAa3bIBAaeT TEM CaMbIM, KaK YeJIOBEK
MBICJIMT, U €CIIH MPEJCTaBUTh €T0 PACCYXJIEHUS B OOIIeM BUJAE M NepeAaTh MaTeMaTHKaM, TO OHH
BHECYT €r0 B CBOM KHUTHM B Ka4eCTBE pa3jelia MaTeMaTUKH. MaTemaTuka - 3T0 myTh, IO KOTOPOMY
MBI IIEPEXOJUM OT OJHOM COBOKYITHOCTH YTBEpXKIEHUHM K Apyrou. M oHa, oueBHAHO, IOJIE3HA B
¢u3MKe, TOTOMY YTO FOBOPHUTH O BEHIaX Mbl MOXEM IO-pa3HOMY, a MaTeMaTHKa MO3BOJIAET HAM
BBISICHUTH CII€ACTBUS, AHAJIM3UPOBATh CHUTyallud M BHJIOM3MEHATh 3aKOHBI, YTOOBI CBS3aTh
pasiuuHble yTBepxkAeHus. B obmeM ¢usuk 3HaeT oyeHb Mano. OH TOJBKO JOJDKEH HMOMHHUTH
NpaBUia, KOTOpBIE IMO3BOJIAIOT TMEPEXOIUTh OT OJHOr0 K JpyroMy, MO0 BCE 3TH pa3lInYHbIE
YTBEPKJICHHSI O PAaBEHCTBE MHTEPBAJIOB BPEMEHH, O CHJIE, HAIIPABIEHHOM 10 paguycCy, U T.JI. TECHO
CBSA3aHBI JIOTUKOM.

TyT Bo3HUKaeT MHTepecHbIN Bompoc. CylecTByeT Ju Kakas-HUOyIb OTIpaBHAs TOYKa JUIS
BCeX HamMX BBIBOJOB? CyIleCTBYET JHM B MPHUPOJIE TAKOM MOPSI0K, KOTOPBIH MO3BOJSI ObI HAM
TOBOPUTh, YTO OJHA COBOKYIHOCTb YTBEp)KIEHHH - Oosnee QyHIamMeHTanpHasi, a Jpyras
npejcTaBisieT co0oii ee ciuencTaue?

Bo3moxxHbI 1Ba B3rIIAa Ha MareMaTHKy. s yno06cTBa OIMH U3 HUX S HA30BY BaBHJIOHCKOM
TpaauLUen, a Ipyrou - rpeuecKou TpaguLueH.

B BaBMWJIOHCKMX HIKOJIAX MaTEMAaTHKH YYEHHK pelial OrpOMHOE MHOXKECTBO IIPUMEPOB, MOKA
He ynaBiauBan oOmiero npaBwia. OH MOAPOOHO 3HAJI T'€OMETPHIO, MHOXKECTBO CBOWCTB Kpyra,
teopemy Iludaropa, ¢opmynsl i TUIomaneil KBaJIpaToB U TPEYrOJbHUKOB; KpOME TOrO,
CYIIECTBOBAJIM HEKOTOpPbIE CIOCOOBI BBIBOJUTH OJHO M3 Jpyroro. Mmenuch 4ucioBble TaOIHIIbI,
IIPYU TIOMOIIM KOTOPBIX MOKHO OBLIO pemniath CI0KHbIe ypaBHEeHUs. Bce ObLIO MOATOTOBICHO IS
TOr0, 4TOOBI MPOU3BOAMTH BbluncieHus. Ho EBxina oOHapyXui, 4TO BCE TEOPEMbl T€OMETpUHU
MO>HO BBIBECTH M3 HECKOJIBKHX ITPOCTHIX AKCUOM.

BaBuioHCkuit moxxox - s Ha3Baj Obl €ro BaBHJIOHCKOM MaTEeMAaTHUKOM - 3aKJIIOYAETCS B TOM,
YTO BBl 3HAETE CAMBIC PA3HBIE TEOPEMBI, MHOTHE CBSI3UM MEXIY HHMH, HO HE OCO3HAETE 10 KOHIIA,
YTO BCE OHU MOTYT OBITh BbIBeJEHBI M3 Habopa akcuoMm. Camasi ke COBpeMEHHas MaTeMaTuKa
JleJaeT ynop Ha akCMOMY M JO0Ka3aTelIbCTBA, MCXOMS W3 OYEHb YETKUX COMVIAIICHHH O TOM, YTO
MOKHO M YTO HENb3sl cuuTaTh akcuomamu. CoBpeMeHHasl TeoMeTpHs OepeT akCHOMBI, TOA00HbIe
€BKJIUJIOBBIM, HO HECKOJIBKO YCOBEpPHICHCTBOBAHHBIC, M BBIBOJUT U3 HHUX BCE OCTAIBHOE.
Hanpumep, Takue teopemsl, kak Teopema Iludaropa (cymma KBajipaToB KaTeToB MPSIMOYTOJIBHOTO
TpeyrojibHHKa paBHa KBaJpaTy THIIOTEHY3bl), He OyayT akcuomamu. Ho BO3MOXHO U Jpyroe
MIOCTPOCHHE TE€OMETPUHU - Tak, Hampumep, B reomerpuu [lexapra teopema [lucdaropa sBnsercs
aKCHOMOM.

Wrak, mnpexzae BCEro Mbl JOKHBI COINIACUTBCA C TE€M, YTO JaXe B MAaTEMaTUKE MOKHO
OTIPABIIATHCS OT Pa3HBIX UCXOIHBIX MON0KEeHNN. [I0CKOIBKY BCE TEOpPEMBI CBSA3aHBI APYT C IPYyrOM
JIOTMKOM, HEJb3sl CKa3aTh, YTO TAKUE-TO YTBEPXKACHUS Mbl CUMTAEM OCHOBHBIMHM aKCHOMaMH, MO0
€CJIM BMECTO HUX BaM IMPEJJIOKAT APYTHMe aKCHOMBI, TO U IO HUM BBl CMOYETE IOCTPOUTH BCHO
reoMeTpHI0. DTO MOAOOHO MOCTY, COCTaBICHHOMY M3 OJMHAKOBBIX ceKuuil. Ecnu oH pasBanutcs,
BBl MOXETE€ BOCCTAaHOBHUTH €r0, COCIWHUB CEKUMHM B Jpyrom mnopsake. CerogHsanHssa
MaTeMaTHuYecKasi TPaJuIHs COCTOUT B TOM, YTO OEpyT ONpeiesICHHbIE UAEH, KOTOPbIE YCIOBHIUCH
CUMTATh AKCMOMAMH, W UCXOJs M3 HUX CTPOSAT Bce 31aHue. Ecim ke cienoBaTh BaBHUIIOHCKOMN
TpPaauIMK, TO MBI cKkaxeM: "S 3HaK TO, s 3HAIO0 3TO W Kak OynTo OBl 3HAIO BOT 3TO; OTCIO/A S
BBIBOXKY BC€ OcCTaibHOE. MOXeT ObITh, 3aBTpa 5 YTO-TO 3a0yJly, HO YTO-TO 5 OyAy NMOMHHUTH U IO
9TUM OCTaTKaM CMOI'YT BOCCTAHOBHUTBH BCE€ 3aHOBO. Sl HE OYEHBb XOPOLIO 3HAIO, C YEro s JOJKECH
HayaTh ¥ 4eM KOHYuTh. Ho B rojioBe y MeHs Bcerja JoCTaTOYHO CBEACHMM, TaK 4TO €CiU s 3a0yay
4acTb U3 HUX, TO BCE PAaBHO CMOT'Y 3TO BOCCTAHOBUTH '

Jloka3plBasi TEOpEMBI, HEBBITOJHO KaXIbl pa3 HAuMHATHL C AKCHMOM. BBl He CHIIBHO



IpeycrieeTe B TeOMETPUH, €CITH CTAaHETEe OKa3bIBaTh BCSAKOE MOJIOKEHHE, KaXk/IbIi pa3 OTIPaBIISACH
oT akcroM. KoHeuHO, eciii BBI pacrojiaraere onpeelieHHBIMA CBEJCHUSIME B TEOMETPHH, TO BCETIa
CMOJKETe BBIBECTH U3 HUX KOE-YTO €Ille; HO ropa3/io BHITOJHEE MOCTyNaTh uHave. Jlopora, kotopas
HAa4YMHAETCs C BbIOOpA HAMIYUIIMX aKCMOM, HE BCEr/ia KpaTuaiiiiasi jopora K ueiu. B ¢usnke Ham
HY>KEH BaBUJIOHCKHI MeTO]I, a He Tpedyeckuil. [locTaparoch 0OBSICHUTE, TOYEMY.

[lpn eBKIMIOBOM IMOAXOJE HAlla 3ajJa4a - Moao0paTh Kak MOXHO 0oJjiee WHTEPECHBIE U
Ba)KHBbIE aKCUOMBI. HO OTHOCUTENBHO TATOTEHUS, HAIIPUMEP, MBI MOTJIH OBl CIIPOCUTH Ce0sl: Kakas
aKCHOMa JIy4Ille - O TOM, YTO CHJIa HamlpaBlieHa K IEHTPY, WIH O TOM, YTO 3a PaBHBIC MPOMEKYTKH
BPEMEHH OMUCHIBAIOTCS PaBHBIE TIOMIAIN?

Eciu s Oyny HMCXOIuTh M3 TOrO, KakOBbl CHJIBI, TO CMOTY paccMaTpuBaTh CHCTEMY,
COCTOSIIIIYIO U3 MHOTUX TeJ, OPOUTHI KOTOPHIX YK€ HE SBJSIOTCS AJUTUTNICAMH, TIOTOMY YTO CHIJIOBast
(GbopMyJIMpOBKa TOBOPUT MHE O B3aUMHOM MPHTSDKEHUH 3THUX Tel. B 3TOM ciydyae Teopema o
paBeHCTBE IUIOMIaAe HecmpaBennuBa. [loATOMy MHE KaKeTcs, YTO aKCMOMOW JOJKEH OBITh
MMEHHO 3aKOH CHIL.

C apyroii cTOpOHBI, IPUHIIUAIT PABEHCTBA IJIOMIAACH MOXXHO cOpMYyITUPOBaTH B BUjE Oosee
obmield TeopeMbl it MHOTHX Ten. OHa JOBOJBHO CIIO)KHA M COBCEM HE TaK KpachBa, Kak
MEepPBOHAYAILHOE YTBEPXKICHHE O pABEHCTBE IUIOMIAJCH, HO, HECOMHEHHO, SBIISETCS €ro
MOpOXACHUEM. PaccMOTpUM cHCTEMYy MHOTMX TeJl, B3aMMOJECHCTBYIOLIMX JpPYyr C JAPYTOM,
Hanpumep FOnutep, CatypH, ComHIle, MHOKECTBO 3BE3[l, U, TS Ha HUX U3JAIH, CIPOEKTUPYEM
CBOIO CHCTEMY Ha TUIOCKOCTH (puc. 16).

Tena qBUXKYTCS B pa3HbIX HallpaBlIeHUsAX. Bo3pbMeM B KauecTBe LEHTPa MPOU3BOIBHYIO TOUKY
U TIOJICUNTAEM, KaKyl0 IUIOIAb ONUCBIBAIOT PAJNyChl, IPOBEACHHBIE U3 LIEHTPA K KaXAOMY TEIY.
ITpu 3TOM OyZieM yYUTBIBaTh Maccy - €CJIM Y OJIHOTO TeJla Macca B/IBOE OOJIbIIIE, YEM Y APYroro, TO
COOTBETCTBYIOUIYIO IUIONIAJb OyleM YMHOXaTh Ha JBa. Tak Mbl MOJACYMTAEM BcCe ILIOLIAJH,
ONKCHIBaEMBbIE paJycaMH, a 3aT€M CJIOKUM HX IPOMOPLHUOHAIBHO COOTBETCTBYIOIIMM MaccaM,
Takass cymma 1uomaaed He OyAeT M3MEHAThCS co BpeMeHeM. OHa Ha3bIBaeTCs MOMEHTOM
KOJIMYECTBA JIBUKEHHSI CUCTEMBI, & 3aKOH - 3aKOHOM COXPAHEHHS MOMEHTAa KOJMYECTBA JIBUKEHUSI.
"CoxpaHeHue" 03Ha4yaeT BCEro-HaBCEro, YTO BEJIMYMHA HE U3MEHSIETCS.

Bot ogHO U3 cnenctBuii 3TOr0 3aKkoHa. BooOpa3uM MHOXKECTBO 3B€3], KOTOPHIE COMMKAOTCS
JpyT C Apyrom, 4ToObl 00pa3oBaTh TYMAHHOCTh WM TalnakTuKy. CHayama OHM pa3dopocaHbl OYECHb
JAJIEKO OT IeHTpa. 3Be3/bl MEMJIEHHO [BWXKYTCS BOKPYT HEro, W pajauycChl OIKCHIBAIOT
orpeeseHHble wiomaan. [1o mepe ux cONMMKEHUs: paCCTOSIHUA JI0 LIEHTPA COKPALIAIOTCS, PaluyChl
YMEHbBILAIOTCA, U, YTOOBI ONMUCATh MPEXKHIOK IUIONIA/b, 3B€3/Ibl BBIHYXKECHBI JBUTaThCS TOpPas3io
obicTpee. Takum o0pa3zom, cOMMKasCh, 3BE3[bl BpallaloTcs Bce ObIcTpee M ObicTpee. IDTHUM
(mpuOIM3UTENHEHO) U 00BsICHIETCS (popMa crUpaIbHBIX TyMaHHOCTEH. To ke camoe TMPOUCXOJIHUT,
Korga (UrypucT KpyTHTCs Ha Jbay. OH HayMHaeT, OTCTaBMB HOTY, M BpalllaeTcs MEJIEHHO, a
omyckas HOry, Kpyturcs Obictpee. Korjga Hora BBITSHyTa, OHa OIMCBIBA€T 3a CEKYHIY
oIpeiesIeHHYI0 TUIommaas. OmycTUB ee, (UIYpUCT JOJDKEH BpallaThes ropasio ObicTpee, 4TOOBI
omnMcarh Ty k€ caMmylo Iuiouianb. [IpaBaa, s 1okas3pIBai 3TO HE AN JIOAEH - OHM MOJb3YHOTCS
MYCKYJIBHOW CHUJION, a He cuilol TaroTeHus. Ho 3akoH cnpaBeuIuB U Ui CIOPTCMEHOB.

TyT MBI IPUXOUM K UHTEPECHOM mpobiieMe. 3a4acTyro U3 YaCTHOTO 3aKOHA (PU3HMKH, TAKOTO,
KaK 3aKOH TATOTEHHUS, MOKHO BBIBECTH HMPUHIUII TOpaszfo Oosiee OOILIMiA, YeM caMo cojep)KaHue
YacTHOTO 3aKkoHa. B maTemaruke 3TOro He ObIBaeT; TEOpeMbl HE MOSIBISIFOTCS TaM, II€ UX HE
oxunator. [loscaum npumepom. Ecnm B kadecTBe moctynaTa (QU3MKH MbI B3sUIM OBl 3aKOH
paBeHCTBA IUIOMIAAEH JUIsl CHJI TATOTEHUS, TO Mbl MOIJIM Obl BBIBECTH 3aKOH COXpPaHEHUS MOMEHTa
UMITYJIbCA, HO TOJIBKO ISl CHJI TATOTEHHS. A Ha ONbITE Mbl OOHAPY>KUBAEM, UTO 3aKOH COXPAHEHUS
MOMEHTa pacIpoCTpaHseTcs Ha Oosee IMMPOKU Kpyr sBieHud. HbpOTOH mnpuHsn apyrue
MOCTYJIAThl, ¥ €My YAaJIOCh MOJXYYUTh NMPH UX MOMOIIHM Oosiee 00Ul 3aKOH COXpaHEHHs] MOMEHTA
UMITyJIbCa.



[Tycte moctynatel HproTOHa HeBepHBI. HeT HHMKAaKuX CHII - BCE 3TO 4YelyXa, YacCTHIIBI HE
UMEIOT OopouT U T, 1. TeM He MEeHee BHIOM3MEHEHHBIM MPUHITAIT PABEHCTBA TUIOMIAJEH M 3aKOH
COXpaHEHHUsI MOMEHTa cripaBeuBbl. OHU PaCIPOCTPAHSIOTCS HA JIBU)KCHHE aTOMOB B KBAaHTOBOU
MEXaHUKE M, HACKOJIBKO HaM M3BECTHO CETOHS, BITOJIHE TOYHBHI.

Mgl 3HaeM 3TH OOIIME MPUHITUIIBI, KOTOPHIME MPOHU3aHBI CaMble pa3Hble 3akoHBL. Ho ecnu
MBI OyJIeM CJIHMIIKOM CE€PhE3HO OTHOCHUTHCS K MAaTEeMaTHYECKHUM JI0KAa3aTeIhCTBAM M CUUTATh, UTO
OJTHO CTPABEUIUBO TOJIBKO MOTOMY, UYTO CIPABEUIUBO IPYTOe, TO HE CMOKEM TOHSThH CBSI3U MEXITY
Pa3IMYHBIMH OTpACIAMHU GU3NKH. B TOT neHb, koraa Gu3uka CTaHeT MOJHOW U MBI OyJ1eM 3HATh BCE
€€ 3aKOHBI, MBI, BEPOSITHO, CMOXEM HAYMHATH C aKCMOM, U, HECOMHEHHO, KTO-HUOYAb MPUAYMAET,
KaK WX BBIOUpATh, YTOOBI U3 HUX MOJTYYUTh BCE OcTanbHOE. HO oKa MbI HE 3HaeM BCEX 3aKOHOB, 1O
HEKOTOPBIM M3 HUX MOXHO yraJbIBaTh TEOPEMBI, KOTOPBIE €IIe HE UMEIOT JI0Ka3aTeIbCTB.

UtoOsl mOHMMATHh (PU3HUKY, HEOOXOJUMO CTPOTOE PaBHOBECHE B MBICISAX. MBI JOJKHBI
JIEp>KaTh B TOJIOBE BCE Pa3HOOOPA3HbBIE YTBEPXKIEHUS U IOMHUTH 00 UX CBSI35X, IOTOMY YTO 3aKOHBI
9acTO MPOCTUPAIOTCS JAJbIIE CBOMX JOKa3aTelbcTB. HamoOHOCTh B ATOM OTMANET TOJIBKO TOT/A,
Korza OyAyT U3BECTHBI BCE 3aKOHHI.

Bo B3ammooTHOmIeHUSIX (U3MKH M MaTeMaTHKH HMEETCS €Ile OJHAa WHTEepecHas deprTa:
MaTeMaTHKa MO3BOJISIET JI0Ka3aTh, YTO B (PU3HKE, UCXOMAS U3 Pa3HBIX TOUEK 3PEHHS, MOKHO TPUNUTH
K OJIHMM M TEM K€ BBIBOJIaM. JTO W IMOHATHO: €CJIM Y BaC €CTh aKCHOMBI, TO BMECTO HUX BBl MOJKETE
BOCTIOJIb30BaThCSl HEKOTOPHIMHU TeopeMaMu; (U3NYECKUE K€ 3aKOHBI MOCTPOCHBI TaK JEIUKATHO,
9TO WX pa3INYHbIC, XOTS U SKBHBAJICHTHBIC (DOPMYJIMPOBKH KAYECTBEHHO OTIUYAIOTCS. DTHM OHU U
moOonbITHEL. 71 mpuMepa s chopMyIUpPYIO 3aKOH TATOTEHUS] TpeMsl pa3HbIMH criocobamu. Bce
OHH COBEPIIIEHHO YKBUBAJICHTHBI, HO 3By4aT OYCHb HECXOXKE.

[lepBast ¢opMynupoBKa - 3TO KOT/Ia CHJIBI MEXIY TelIaMHU OIUCHIBAIOTCS YypaBHEHUEM,
KOTOPOE 51 TPUBOJIMII BHIIIIE:

F = G(mm'/r?)

Kaxnoe Teno, "y3HaB", 4TO Ha HEro JEWCTBYET CHWJIA, YCKOPSAETCS, T.€. U3MEHSET CBOE
JBIKCHHE Ha OMNPEICIICHHYIO BEIMUYMHY 3a CEKyHIy. OTO OObldHas (GopMmynHpoBKa 3aKoHa, s
HAa30BY €€ HBIOTOHOBOW. JTa ()OPMYITHMPOBKA TOBOPHUT, YTO CHJIA 3aBUCHUT OT YEr0-TO HAXOSIIETOCS
Ha KOHEYHOM pacctossHud. OHa o0iagaeT Tak Ha3bIBA€MBIM CBOMCTBOM HeloKaidbHOCTH. Cmia,
JIEWCTBYIOIIAs HA TIPEAMET, 3aBUCHUT OT TOT'0, HACKOJIBKO YAAJICH OT HETO APYTOd MpEeaMET.

Bam, B0O3MOKHO, HE TIOHPABUTCS MBICIH O JCUCTBUU Ha paccTosHud, OTKyIa MOKET Y3HATh
MPEAMET, YTO MPOUCXOIUT Baaseke? Hy uTto ik, umeercs: Apyrou cmocod chopmMyaupoBaTh 3aKOH -
OuYeHb CTpaHHBIA. OH OCHOBaH Ha MOHATUU TOJNA. OOBIACHUTH €ro TPYAHO, HO s MOMBITAIOCH JaTh
BaM XOTs ObI TPUOTU3UTEILHOE TIPEICTABICHUE. 3BYYUT OH COBCEM TO-JIPYyTrOMY.

B xaxmoii Touke mpocTpaHCTBa UMEETCS] YUCIIO (MMEHHO YHCIIO, @ HE MEXaHU3M: B TOM-TO H
Bcst Oena ¢ (pU3MKOM, YTO OHA JIOJDKHA OBITh MaTEMAaTUYECKOM), M, KOTJ]a BBl IEPEXOAUTE C MECTa HA
MECTO, 3TO YMCIO MeHseTcs. Eciu B Kakoi-TO TOYKE MPOCTPAHCTBA MOMECTHTH MPEAMET, TO Ha
Hero OyneT JMeHCTBOBAaTh CHJia B TOM HAMpaBIICHWH, B KOTOPOM OBICTpEe BCETO M3MEHSETCS JTO
9HCIO (s 1aM eMy OObIYHOE Ha3BaHHWE - MOTEHIIMAN;, CUIa IEHCTBYET B HANpPaBICHUH OBICTpEHIIIeTo
W3MEHEHUS TTOTCHIINAIIA).

Janee, cuna mpomoplMOHANTFHA TOMY, HACKOJIBKO OBICTPO H3MEHSETCS MOTEHIHANl IMPHU
MepeMenieHu W3 OJHOW TOYKA B JIPYryl0. OTO TOJBKO OJHA YacTh (OPMYJIHPOBKH, U €€
HEJOCTAaTOYHO, TIOTOMY UTO I €Ille He CKa3all BaM, Kak IMEHHO M3MEHSETCs MOTeHIMal. S Mor Obl
CKa3aTh, YTO MOTEHIMAJ U3MEHSETCS 0OpaTHO MPOTOPIMOHAIBHO PACCTOSHHUIO OT KaXKJIOTO Tela,
HO TOrJa MBI CHOBa BEpPHYIHCh OBl K TOHITHIO O JEHCTBUM Ha pacCTOSHUU. MOXKHO
chopMyIUpOBaTh 3aKOH TMO-APYyromMy, CKa3zaB: HAM HE HAJI0 3HATh, YTO MPOUCXOUT 3a MpeeIaMu
MaJeHbKOro Iapuka. Ecii BBl XOTHUTE 3HATh, YEMY paBEH MOTEHIMAN B IEHTpPE, CKAKUTE MHE
MPOCTO, KAKOB OH Ha TIOBEPXHOCTH CKOJIb YTOJIHO MaJioro Imapuka. Bam He Ha0 CMOTPETh BOKPYT
[IapuKa, CKaXUTE JUIIb, KAKOB MOTEHIMAM MO0 COCEICTBY C MHTEPECYIOIEH BaC TOYKOM U KaKoBa
Macca mapuka. [IpaBwio TakoBo. [loTeHIman B IEHTpe paBeH CcpeaHEMYy TOTCHIMATY Ha
MOBEPXHOCTH INapuka MHHYC moctosHHass C, KoTopas Oblla B MPEABIAYIIEM YpaBHEHUH,
MoJIeJIeHHas Ha yJIBOEHHBIA paauyc mapuka (0003HaYuM €ro 4epe3 & ) U YMHOXKEHHas Ha Maccy



IapyKa, €CJIM MapUK JOCTATOYHO MaJl:

IMorenuuan B uenrpe = Cpennuii noreHuuaj na cepe - (G/2a) x Macca chepsl.

Kak Buamre, HTOT 3aKOH OTJIMYAeTCS OT NPEABIIYIIEro, MO0 OH TOBOPUT HAM, YTO
MPOUCXOJIUT B HEKOTOPOM TOYKE, €CIM M3BECTHO, YTO MPOUCXOIUT psiAoM ¢ Hell. HproToHOBa ke
(dbopMyITHUpOBKa MO3BOJISIET CKa3aTh, YTO MPOUCXOIUT B TaHHBI MOMEHT BPEMEHHU, €CJIM MBI 3HAEM,
YTO MIPOUCXOJNT B MPEABIAYIINNA MOMEHT. Bo BpeMeHN OHa NMEpPEeBOAUT HAC TUTABHO OT MOMEHTA K
MOMEHTY, HO B THPOCTPAaHCTBE 3aCTaBlII€T CKakaTb W3 OJHOTO MecTa B Jpyroe. Bropas
(dhopMyIMpOBKa JIOKaJIbHA M BO BPEMEHH, U B TIPOCTPAHCTBE, IIOTOMY YTO OHA TOBOPHUT O COCETHUX
Toukax. Ho B MaTemaTrueckom cmbicie 00e popMyTHpOBKH SKBHBAJICHTHBI.

CymiecTtByeT emie U TpeThs (POpMyIHpPOBKA, OCHOBAHHAS HA KAYECTBEHHO WHBIX MOHITHSIX.
Ecnu Bam He HpaBHWTCA [AEWCTBHME HA PACCTOSHUHU, TO sI TOKa3al BaM, Kak MOXHO 0e3 Hero
oboititucy. Temepr s nam BaMm (GOPMYIUPOBKY, KoTopas B (puimocockoM cMbICiie MPSMO
MIPOTUBOIIONOKHA MpeAblaylied. TyT HaM He HY)KHO MEePeX0UTh OT MOMEHTa K MOMEHTY, OT TOUKH
K TOUYKE; MBI OTIMIIIEM BCe Cpasy, meaukoM. [IycTh y Hac mMeeTcss HECKOJIBKO YacCTHI] U BBI JKeJlaeTe
3HaTh, KaK OJIHA M3 HUX TepeMellaeTcs U3 OJHOTO MecTa B Jpyroe. BooOpasuMm Bce BO3MOXKHBIE
MyTH TIEPEX0/1a U3 OJTHOTO MECTa B APYroe 3a TaHHBIA OTPe30K BpemeHu (puc. 17).

CkaxxeM, 4acTuIa JI0JKHA MEPETH U3 TOUKK X B TOYKY Y 3a 4ac M BbI )KeJIaeTe 3HATh, MO
KakoMy IIyTH OHa MOXET JBUraTbcsi. Bbl BooOpakaeTe BCEBO3MOXKHBIE KPHUBBIE M JJIS KaxJIOM
KPHUBOI1 MOACUNTHIBAETE ONPECIIEHHYIO BEIMUUHY. (5] He Xouy paccKasbIBaTh, Kakas 3TO BEJIMUYMHA,
HO JUIl Te€X, KTO O HEHl HAacHplllaH, HAIIOMHIO, YTO JJs KaXJOro IyTH OHAa paBHAa CpPEIHEMY
3HAYEHUIO PA3HOCTH MEXAy KMHETHYECKOM M MOTeHIMalbHOUM sHeprueil.) Ecnu BBl mojcuuTaete
3Ty BEJIMYMHY JUIsl OJHOTO IIyTH, a 3aT€M AJIs IPYroro, TO JJI Pa3HbIX IYTEH IMOJy4yUTE pa3HbIe
yucna. Ho onuH w3 myreil naeT HauMeHblee BO3MOXKHOE YHUCIO - MMEHHO 3THM IyTeM H
BOCIIOJIB3YETCS Ha caMoM Jeie vacTuna! Temepp Mbl ONUCBHIBAEM JEHCTBUTEIBHOE JIBUKEHUE,
AIUTUIIC, BHICKA3bIBasi HEUTO O KpUBOil B 11esioM. Ham He Hy)KHO JyMaTh O IPUYMHHOCTH, O TOM, YTO
4acTHLA YyBCTBYET MPUTSDKEHUE U IBUKETCSI B COITIACHMM C HUM. BMECTO 3TOro Mbl TOBOPHM, 4TO
OHa pa3oM "OoOHIOXMBaeT" BCe KpUBBIE, BCE BO3MOXKHBIE IYTH U pelIaeT, Kakoil BbIOpaTh.
(Bs16upaer TOT, st KOTOPOTO Hallla BETMYMHA - MUHUMAJIbHASI. )

Bor Bam mpumep, CKOJBKO MPEKPACHBIX CIIOCOOOB CYIIECTBYET IS OMHCAHUS HPUPOJIBI.
Ecin Ham roBopar, uto B I[lpuposae noimkHa rocrnoacTBOBaTh NMPUYMHHOCTb, Bbl MOYKETE B3SITh
HBIOTOHOBY (OPMYJIIMPOBKY; €CIIM HacTamBaroT, uro llpmpoma momkHa 00jamaTh CBOMCTBAMHU
JIOKAJIBHOCTH - K BaIllUM YCIIyraM BTOpas (OpMYJIHMPOBKa; eciiu ke Bac yoenunu, uto Ilpupony
HY>KHO OIIMCBHIBaTh MPU TMOMOIIM TMPHUHIMIIA MUHHMYyMa, - Oepute TpeThio. Kakas ke W3 HHUX
npaBuibHa? Eciu OHM MaTeMaTH4eCcK HEPaBHO3HAUHBI, €CJIM U3 HUX BBITEKAIOT pa3Hble OeacTBuS,
TO HaM OCTAeTCs JIMIIb BBISICHUTH Ha SKCIIEPUMEHTE, Kak UMeHHO noctynaet [Ipupona.

K Ham MOTyT NOJJONTH JIt01 1 3aBecTU (PUI0CO(CKUI CIIOp, YTO OJHA UM HpPaBUTCA OOJIbILE,
4yeM Jpyrasi; HO ONBIT HAy4YWJl Hac, 4TO B MIpeacKa3aHuu noctynkoB [Ipupoas! ¢unocodcekue
NPEYyBCTBUS HE OINMpPABIBIBAIOTCA. MBI MPOCTO JOJKHBI MPEICTaBUTh ceOe BCE BO3MOXHOCTH M
3aTeM Bce UX MepenpoOoBaTh.

Ho B ToMm citydae, ¢ KOTOpOM MBI celiuac rOBOPHJIM, BCE TEOPUU COBEPLIEHHO SKBUBAJICHTHBI.
C TOouKM 3peHHs MaTeMaTH4YeCKON BCce 3TU TpU (POPMYIHPOBKHU - HBIOTOHOBA, JIOKAJIbHAS TOJieBas U
IPUHLXI MHHMMyMa - HPHUBOJAT K COBEPIICHHO OJMHAKOBBIM MOCHEACTBHsIM. YTO ke Torma
nenatb? Bel mpouteTe B 000N KHHMIE, YTO Mbl HE MMEEM IpaBa OTAATh HAYYHOE IMPEANOYTEHUE
oJHOM M3 HUX. M 310 npaBaa. B HayuyHOM cMbICIIE OHM SKBUBAJIEHTHBI. HeT Takoro omsiTa, KOTOPHII
Mo3BOJIWI OBl HaMm cjaenaTb A3TOT, BBIOOpP, MOTOMY 4YTO BCE CIEACTBUA OAMHAKOBBL. Ho
NICUXOJIOTUYECKA OHM pa3lIUuyHbl. BO-NEpBBIX, OHM MOTYT HpPAaBUTbCA WIM HE HPABUTHCA B
¢unocopckoM IuIaHe; STy OO0JNE3Hb MOMKHO BBUICUMTH TOJBKO TPEHUPOBKOH. Bo-BTOpHIX,
NICUXOJIOTHUECKOE pa3jMyhe MEXAy HHUMHM CTaHOBUTCS OCOOEHHO BaXXHBIM, KOIJIa BBI
OTIIpaBJIsieTeCh HAa TOUCKH HOBBIX 3aKOHOB.



[Toka ¢u3uKa He MOJIHA U MBI IBITAEMCS OTKPHITh HOBbIE 3aKOHBI, PA3JUYHBIE BO3MOXKHBIC
(GOpPMYIUPOBKH MOTYT MOCITY>KUTh MYTEBOAHBIMU HHUTSIMH K MOHHMAHHUIO TOTO, YTO MPOU30MAET
IpU APYTHX 00CTOATENBCTBAX. B 3TOM ciiyyae OHM NMCHXOJIOTHYECKH HE PAaBHOLIEHHBI, KOO TOJIKAIOT
HacC Ha pa3Hble JOTaJKd OTHOCUTEJIBHO TOTO, KaK MOXKET BBIIVISIIETh 3aKOH B Oosee oOrieit
CUTYyal1H.

Hampumep, DWHINTEHH NOHSUI, YTO 3JEKTPUYECKHE CUTHAIBI HE MOTYT PacHpOCTPaHATHCA
obicTpee cBera. OH goragaincs, 4yto 5T0 ob6uwmit npuHuun. (ITomoGHON wurpoit B jmoraaku
3aHUMAJKCh U MBI, KOTJIa Opajy 3aKOH COXPAaHEHUS MOMEHTA KOJMYECTBA JIBUKEHUS U TIEPEHOCUITU
€ro ¢ OJJHOTO YaCTHOT'O ciyd4asi, JUIsl KOTOPOro OH J0Ka3aH, Ha BCE SIBJIEHMS MPUPOJBI.) DUHIITEHH
Jorajfiancsi, 4To 3TO o0Ilee CBOICTBO MPHUPOJbI, U B TOM YHUCIE IpaBUTaluu. Ecnu curHaisl He
MOTYT PacCHpOCTpaHATbCs OBICTpee cBeTa, TO (OPMYIMPOBKA, IMOJAPa3yMEBalOIlas MIHOBEHHbBIE
B3aUMOJICUCTBUS, OYeHb IUI0Xa. [loaToMy B 0OOOIIEHHOW TEOPUU TpaBUTAIlMH, CO3JTaHHOU
OitHITetHOM, MeTo/1 HbloToHa Ge3Ha1e)kHO cald U Yy JOBHIITHO CJIOKEH, TOTIa KaK METO/I IoJIel 1
MPUHIIAIT MUHUMYMa TOYHBI U TpOocThl. Kakol u3 IByX MpeanoyecTh - MbI 10 CUX MOP HE PEILNIIH.

Ha camoM fene oka3pIBaeTcsl, YTO B KBAHTOBOM MEXAHUKE HU OJIMH U3 HUX HE TOUYEH B TOM
BUJIE, B KaKOM s UX chopMynupoBall, a caM (akT CyIIeCTBOBAHUS MPUHIUIIA MUHUMYMa SIBJISETCS
CJIEACTBUEM TOT'O, YTO B MUKPOMUPE YaCTULIbI OAUYHHSAIOTCS KBAHTOBON MEXAHUKE.

Ceilfyac HaWJIydlIMM 3aKOHOM HaM MPEACTaBISETCS KOMOWHAIMS MPUHIMIIA MUHUMyMa H
JIOKaJbHBIX 3aKOHOB. CerojHss Mbl JyMaeM, UYTO 3aKOHBI (PM3UKH JOJDKHBI UMETh JIOKAJbHBIN
XapakTep U B TO K€ BpPEMSl COUYETAThCsl C MPUHIUIIOM MHUHHMYyMa, HO HaBEpHSKa MBI 3TOTO HE
3HaeM. Eciu B cucTeMe 3HaHUM TauTcs Kakas-TO MOTPEIIHOCTb, HO TOCTPOEHA CUCTEMA HA yIaYHbIX
aKCMOMax, TO BIIOCJIEJCTBUU Bbl OOHApPY)KHUTE, YTO HEBEPHA JIMIIL OJHA W3 HUX, a OCTaJbHbIE
CIpaBeIJIMBBI; B ITOM Cllyyae MOTPeOYIOTCsS JIMIIb He3HAuuTelbHble mnepenenku. Ho ecnu BbI
CTPOWJIM CHCTEMY Ha JAPYTUX aKCHOMax, TO OHAa MOKET BCSl pa3BaJIUThCS M3-3a TOTO, YTO LEIUKOM
OIMPAETCS Ha OJIHY-EIMHCTBEHHYIO Ci1a0yro aeTaib. Mbl HE MOXKEM CKa3aThb 3apaHee, He npuoeras
K UHTYMIIMHU, KaK JIy4lle BCErO CTPOUTh CUCTEMY, YTOOBI MPUITH K HOBOMY 3aKOHY. MBI TOCTOSTHHO
JOJDKHBI MMETh B BHJY BCE BO3MOXHBIE CHOCOOBI OIMCAHHUSA; TMOATOMY (HU3UKH 3aHUMAIOTCS
BaBMJIOHCKOW MaTeMAaTUKOW M YAEJSIOT MaJlo BHUMAaHHS aKCHOMAaTHYECKOMY IMOCTPOCHUIO CBOEH
HayKH.

OnHa U3 TOPA3UTENBHBIX OCOOECHHOCTEH MPUPOJBI - MHOTO0Opa3ue BO3MOXKHBIX CXEM €e
HCTOJIKOBAaHUS. DTO OOYCIOBIEHO CaMHM XapaKTepOM HAIIUX 3aKOHOB, TOHKHX M YETKHUX.
Hanpumep, CBOWCTBO JIOKaIbHOCTH CYIIECTBYET TOJBKO TOTOMY, YTO cHJa OOpaTHO
MPONOPLMOHATbHA KBaApaTy paccTossHus. Eciu Obl TaM cTOSAT KyO, MBI HE UMENU Obl JIOKaJIbHOTO
Meroma. C apyroit CTOpoHBI, TOT (DaKT, YTO CHJIa CBsA3aHA C OBICTPOTON HM3MEHEHHWs CKOPOCTH,
MO3BOJISIET 3alMCBhIBATh 3aKOHBI, MOJB3YACh NMPUHLIMIOM MuUHUMyMa. Eciam Obl cuia, Hampumep,
OblJIa TIPOTIOPITMOHAIBHA CaMOM CKOPOCTH TIEPEMEIICHHs, a HE YCKOPEHHIO, TO 3TO OBLIO OBl
HEBO3MOXXHO. CTOMT CHJIBHO HM3MEHUTh 3aKOHBI, U BBl OOHApYXHUTE, YTO YHUCIO BO3MOXKHBIX
(GhOpMYITUPOBOK COKPATHIIOCh. MHE 3TO BCEr/aa MpeICTaBIsIOCh 3araakoi. S He moHnMaro, moueMy
NpaBUIbHbIE 3aKOHBI (PU3MKM JOMYCKAIOT TAaKO€ OIPOMHOE KOJMYECTBO Pa3HBIX (OPMYJIHUPOBOK.
OHUM TOX0H Ha KPOKETHBIN MIap, KOTOPBIM MMPOXOIUT Cpa3y 4yepe3 HECKOIbKO BOPOT.

Haxkoner, st xoten Obl cenaTh HECKOJIbKO OoJiee OOLIMX 3aMEYaHUil O CBA3M MAaTEMAaTHKH C
¢uzukoi. MaTeMaTuki MMEIOT JI€J0 TOJBKO CO CTPYKTYpOM pacCyXJIeHuM, U UM, B CYIIHOCTH,
0e3pa3IMyHo, O YeM OHM roBOpAT. MM Jake He HY)KHO 3HATh, O YEM OHM I'OBOPAT, WIIU, KaK OHU
CaMH BBIPa)KaIOTCA, - ICTUHHBI JIU UX yTBepKIeHUsA. OOBSACHIO IToUeMy.

Ber popmynupyete akcuomsl: "To-TO U TO-TO OOCTOMT TaK, a TO-TO M TO-TO OOCTOUT Tak'.
Yto panpmie? Jlanpine MOKHO 3aHUMATHCS JIOTHKOM, HE 3Hasl, YTO 03HAYAIOT CJIOBA "TO-TO U TO-TO".
Ecnu akcnombl mosiHbl M C(OPMYJIMPOBAHBI TOYHO, TO 4YEJIOBEKY, CTPOSIIEMY JI0Ka3aTelbCTBO,
HeoOs3aTeIbHO MOHUMATh 3HAYEHHE CJIOB, JUISl TOrO YTOOBI MOJYYUTh HOBBIM BBIBOJ Ha SI3bIKE,
KOTOPBIM OH IOJIb3YETCSI.

Ecnu B 0oHOM M3 akCHMOM CTOUT CJIOBO "TpeyrosibHHUK'", TO B BbIBOJIaX MaTeMaTHKa OyayT
KaKHe-TO YTBEPKIACHHSI OTHOCUTENIBHO TPEYrOJbHUKOB, OJHAKO IIPH MOJIyYEHUU 3TUX BBIBOAOB OH
He 00s3aH 3HaTh, YTO 32 BEIllb - TPEYTOJIbHUK. Sl k€ MOTY BEpHYThCS K Hadajy €ro pacCyKJIeHU u



cka3aTh: "TpeyrojabHUK - 3TO GUrypa ¢ TpeMs CTOPOHAMH, KOTOpas MpeACTaBIseT coboil To-To U
To-T0". W TOrma A moiMy €ro HOBBIE BBIBOABL. /[I[pyrumm clloBaMHM, MaTE€MaTHK T'OTOBHT
aOCTpakTHBIE JI0KA3aTeNbCTBA, KOTOPHIMU Bbl MOXKETE BOCIIOJIB30BAaThCS, MPUIHICAB pEATbHOMY
MUY HEKOTOPbIN Habop akcuoM. DU3MK ke He JOKEH 3a0bIBaTh O 3HAUEHUHU CBOMX (pa3s.

OT0 OYeHb BakHas 00S3aHHOCTh, KOTOPOH CKJIOHHBI NpeHeOperars JIOAM, MpHIIEeANINe B
¢u3uky u3 MatemaTuku. Ou3nKa - He MaTeMaTWKa, a MaTeMaTuka - He ¢usuka. OgHa moMoraer
npyroii. Ho B u3uke BBl TOMKHBI MIOHUMATh CBA3b CJIOB C peabHbIM MUpOM. [lomyunB kakue-To
BBIBOJIbI, BBl JOJDKHBI UX MEPEBECTH HA POJIHOM SI3bIK M Ha SI3bIK IMPUPOJIBI - B MEIHbIE KYOUKH U
CTEKJITHHBIE IIAPUKH, C KOTOPHIMU BBl OyAeTe SKCIEpPUMEHTHPOBaTh. TONBKO Tak BBl CMOXETE
MIPOBEPUTH UCTUHHOCTH CBOMX BBIBOJIOB. B MaTemartuke 3Toii mpoGieMbl He CyIIeCTBYET BOBCE.

BriosiHe MOHATHO, YTO J0Ka3aTeNbCTBA M CIIOCOOBI MBIIUICHUS, HalWJIeHHbIE MaTeMaTHKaMU,
CTaHOBATCSA JJIs1 (PU3MKOB MOTYYMMH U TMOJIE3HBIMU opyausiMu. Ho u paccyxieHust pU3nKoB 4acTo
IIPUHOCHT MOJIb3y MATEMAaTHKaM.

MareMaTuku JIIOOST MPUAaBaTh CBOUM PACCYXKJIEHUSM BO3MOXXHO Ooiiee o0myro (opmy.
Ecnu s ckaxy uM: "S xod4y moroBoputh 00 OOBIYHOM TPEXMEPHOM MPOCTPAHCTBE",- OHU OTBETHT:
"Bot Bam Bce TeopeMbl O IpocTpaHcTBe n u3MepeHuil” - "Ho y MeHs TOnbKO Tpu u3MepeHus' -
"Xopoio, noacraspre n = 3! "

OkasbIBaeTcsi, 4YTO MHOTHME CJIOXHBIE TEOpPEMbl BBITJISASAT TOpa3 o IMpoule, €ClAH HX
IPUMEHHUTh K YaCTHOMY clly4aro. A (H3MKa MHTEPECYIOT TOJIbKO YacCTHBIE Cllyyal; OH HUKOTAA He
uHTepecyercs o0muM ciaydaeM. OH TOBOPUT O YE€M-TO KOHKPETHOM; eMy He 0e3pas3inyHo, 0 YeM
roBoputh. OH X0ueT 00CYXJIaTh 3aKOH TATOTEHUS B TPEXMEPHOM IPOCTPAHCTBE; €My HE HY>KHBI
MIPOU3BOJIbHBIE CUJIBI B IPOCTPAHCTBE 1 M3MepeHU. OH CTpeMUTCS K COKpAIllEHUsIM, TIOTOMY 4TO
MaTeMaTHKH TOTOBST CBOM BBIBOJBI JJIsi Ooyiee MIMPOKOro Kpyra mpobisem. W moctynaroT
MPeyCMOTPUTEIHHO, U0O B KOHIIE KOHIIOB OelHbIM (M3MK BCer/aa BBIHYKIEH BO3BpaIlaThCi U
ropoputs: "lIpocTuTe, HO B MPOLUIBII pa3 Bl XOTEIN MHE UYTO-TO CKa3aTh O YETHIPEX U3MEPEHUAX .

Korna BbI 3HaeTe, 0 4eM UJAET pedb, 3HAETE, YTO OJHU CHUMBOJBI O3HAYAIOT CHJIBI, IPYTHE -
Macchbl, HHEPUUIO U T.J., BBl MOXKETE OOpAaTUTHCS 32 TOMOIIBIO K 37paBOMY CMBICITY, K MHTYUIIUH.
Bb1 Buienu pasHble Belu U Oosiee UM MEHee 3HaeTe, Kak OyAyT MPOUCXOJUTh pa3HbIE SBJICHMS.
HecuacTHbIll MaTeMaTUK MEPEBOIUT BCE 3TO HA SI3bIK YPaBHEHUI, U, IOCKOJIBKY CUMBOJIBI JJIs1 HETO
HUYETO HE O3HAYaroT, y HEro JIIIb OJMH KOMIIAc - MaTeMaTH4ecKasl CTpOrocTh M TIIATEIbHOCTH B
JokazarenbcTBax. OU3MK Ke, KOTOPhI OoJiee niiu MeHee 3HAaeT, KaKUM JIOJDKEH ObITh OTBET, MOXKET
MO3BOJIUTh ce0e JOrajJku W MPUXOAUT K LEIH JOBOJBHO ObICTpo. M3nuiiHss mareMaTHuecKas
CTPOrOCTh HE OYeHb Mojie3Ha B ¢usuke. Ho Henmb3s CTaBUTH 3TO B BUHY MaTeMaTHkam. Henb3s
TpeboBaTh, YTOOBI OHHU JICWCTBOBAJIA BCET/A C OTJISIIKOW Ha (DM3WKY M JENalu TO, YTO TMOJIE3HO eH.
VY Hux cBoM 3a1aun. Eciau BBl XOTUTE YETO-TO MHOTO. 3aliMUTECH 3TUM CaMH.

Crnenyromuii BOnpoc: Korja Mbl MbITA€MCS HAaTH HOBBIE 3aKOHBI, CTOUT JIM ONMUPATHCA Ha
UHTYHIMIO U (uIoco(CKue NMPUHLMIBI - "MHE HE HpaBATCS JIOKAJbHBbIE CBOMCTBA" WU '"MHe
HpaBATCA JIOKAJIbHBIE CBOMCTBA", "MHE HE HPABHUTCS BO3JIEHCTBHE HA pacCTOSHUM' WU ''MHE
HPaBUTCS BO3JEHCTBUE Ha paccTossHUN"? B kKako# cTeneHu nojae3Hbl Moaenn?

HuTepecHo, 4To MOJIeIN OYEHb YacTO MOMOTaloT B paboTe, U OOJIBIIMHCTBO MpernoiaBaTenei
(GU3UKU TBITAIOTCS YYUTh TOMY, KakK I10JIb30BaThCSl MOENSMH, YTOOBI BBIPaOOTaTh XOPOIIYIO
¢uznyeckyro uHTyuuo. Ho Bcerna BBIXOAUT Tak, YTO BETUYANIINE OTKPHITHS a0CTparupyroTcs OT
MOJIEIM U MOJIENb OKAa3bIBAETCSl HEHYKHOH. .MakcBeml co3man 3JIeKTpOAMHAMMKY, HaIlOJIHUB
MPOCTPAHCTBO MAacCCOM BOOOpaKaeMBIX IIECTEPEHOK M 3y04aThIX KOJECHMKOB, Ho Komecukw u
IIECTEPEHKU MBI OTOPOCHIIH, @ TEOPHSI OCTAJIACh.

Jlupak’ ke OTKPBUI NMPABUIIBHBIE 3aKOHBI PEISTUBUCTCKOM KBAHTOBOW MEXaHWKH, TPOCTO
yrajiaB ypaBHEHHE. YTaJbIBaHUE ypaBHEHMS, MO-BHIMMOMY, OYEHb XOpPOIIUH CIOco0 OTKPHIBATh
HOBBI€ 3aKOHBI. DTO JIMIIHUM pa3 JOKa3bIBaeT, YTO MaTEMaTHKa J1aeT TIIy00KOe OMMCaHKe TPUPOIbI,
a BCsKasl MOMbITKA BBIPA3UTh MPUPOAY, ONHPasCh Ha (GMIOCO(CKUE MPUHIMITBI WIM UHTYHUTHBHBIC

7 Honp dupak (1902-1984) - anrimiickuii ¢pusuk-reopetuk. [lomyunn HobGeneBckyto npemuto B 1933 r. coBMecTHO ¢
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MEXaHUYECKUE aHAJIOTUH, HE IPUBOJUT K CEPbE3HBIM PE3YJIbTaTaM.

Mens Bcerga OecrOKOMIIO, YTO, COIVIACHO (PU3MYECKHM 3aKOHAM, KaK Mbl MOHMMAaeM HX
cerojHs, TpeOyercss OECKOHEYHOE YMCIO JIOTMYECKHX Omepalii B BBIYUCIUTEIHHON MallWHE,
4TOOBI ONpEAeNnTh, KaKUe MPOLECChl MPOUCXOAT B CKOJIb YTOAHO Majoi 00JacTH MpPOCTpaHCTBA
32 CKOJIb YTrOJHO MaJbli MPOMEXYTOK BpeMeHH. Kak MOXET BCE 3TO YJIO0XKHUTbCA B KPOXOTHOM
npoctpanctBe? Ilouemy HeoOxoamma OeckoHewHass paboTa JOTHUKH JJisi TMOHUMAHUS TOTO, UYTO
IIPOM30MAET Ha KPOXOTHOM Y4YacTKe IpocTpaHCTBa-BpeMeHu? IlosTomMy s yacTo BbICKa3bIBaj
MPEANOJOKEeHHe, YTO B KOHIIE KOHIOB (Qu3nka He Oyaer TpeboBaTh MaTeMaTHUYECKON
dopmynupoBkr. Ee MexaHusM packpoercs Mepel HaMH, M 3aKOHbl CTaHyT IPOCTBIMHU, Kak
maxMaTHas J0CKa, IPU BCEHl €€ BUIUMOM CIIOXKHOCTU. HO 3TO mpenmnosiokeHrne Toro e mnopsjka,
YTO U CKJIOHHOCTHU JPYTHUX JIOJEH - "3TO MHE HpaBUTCA", "3TO MHE HE HpAaBUTCA', - a TYT HENb3
OCHOBBIBAThCS HAa JIMYHBIX MpeyOex TeHUSX.

ITonBoas uTory, s X04y BOCIIOJIB30BAThCs ciIoBaMM J»KuHCa, KOTOPBIN cKa3all, 4To "Beauxuii
Apxumexkmop, no-suoumomy, ovin mamemamuxom”. Tem, KTO HE 3HACT MATEMaTUKH, TPYIHO
MOCTUYb MOUTHHHYIO TIIYOOKYI0, KpacoTy npupobl. CHOY® roBopuit 0 AByX KyibTypax. S qymaro,
YTO pa3HMIIA MEXAY ITUMHU KyJIbTYpaMU CBOAUTCS K Pa3HUIIE MEX]TY JIFOJbMHU, KOTOPbIE TOHUMAIOT,
U JIIOJIbMH, KOTOpbIE HE MOHMMAIOT MaTeMAaTUKU B TOH Mepe, B KakoWl 3TO HEOOXOAMMO, YTOOBI
BIIOJIHE OLICHUTH IPUPOLLY.

Kanb, KOHEYHO, YTO TYT HYy)KHAa MaTeMaTHKa, IOTOMY YTO MHOTUM JIOASM OHa JaeTcs
TpyAHO. ['0BOPSAT - HE 3Har0, MpaBja JIM 3TO - YTO OJMH Lapb, KOTOporo EBkiu mbITancs o0y4uTh
reOMETpUH, CTajJ JKaJoBaTbCA Ha TpyAHOCTH. EBkmua oteerwn: "Hem yapckozo nymu K
ceomempuu”. W ero neicTBUTENbHO HeT. PU3HMKY HEb3s MEPEBECTH HU HA KaKOM Ipyrou s3bik. U
€CJIN Bbl XOTUTE y3HaTh [Ipupoay, OLleHUTh €€ KpacoTy, TO Hy’KHO TOHUMATh S3bIK, HA KOTOPOM OHa
pasroBapuBaeT. OHa gaeT uHdopMaluIo JUIIL B OJHON (popme, U MBI HE BlipaBe TpeOOBaTh OT HEE,
4TOOBI OHA U3MEHMJIA CBOH SI3BIK, CTApasCh MPHUBJICYb Hallle BHUMAHUE.

Hukakumu MHTENIEKTya IbHBIMU J0BOJAMU Bbl HE CMOXKETE IMEpeAaTh TIIyXOMY ONIYIIEHHE
My3bIKH. TOYHO Tak k€ HUKaKUMHU HMHTEIJIEKTYaJbHBIMU JI0BOJAMU HEJb3s ME€PENATh TOHUMaHHE
MPUPOJBI YENOBEKY "“Opyeoil kynemypwr”. @uinocodsl MBITAIOTCA paccka3aTh O Tpupojae 0e3
MaTeMaTHKH. S mbITaloch onMcarh MpUpoay mMareMmarndecku. Ho ecnu MeHs He OHMMAIOT, TO HE
MIOTOMY, YTO ATO HEBO3MOKHO. MOXKeT ObITh, MOS HEyJlaua OOBSICHSIETCS TEM, YTO KPYyro30op 3THUX
JIOJIEH uepecuyp OrpaHUYEH M OHU CUMTAIOT Y€JI0BeKa LICHTpoM BceneHHOM.

Nekuus 3.
Benunkue 3akoHbl COXpaHeHUsA

N3yuas ¢u3uky, Bbl OOHapyKMBAETE, YTO CYIIECTBYET OrPOMHOE KOJUYECTBO CIOXKHBIX U
OYEHb TOYHBIX 3aKOHOB - 3aKOHBbI I'DABUTALMH, JJIEKTPUYECTBA M MAarHETU3Ma,3aKOHBI SIEPHBIX
B3auMmojieiictBuii 1 T.4. Ho Bce 3T0 MHOroo0Opasue OTIENbHBIX 3aKOHOB IPOHHU3aHO HEKUMHU
OOIIMMU NPUHIMIIAMH, KOTOPBIE TaK MM MHA4Ye COACPIKATCS B KaXI0M 3akoHe. [IpuMepaMu Takux
IPUHIUIIOB MOTYT CIYXHTb 3aKOHbI COXPaHEHHUs, HEKOTOpPbIE CBOMCTBA CUMMETpUH, 001mas ¢popma
KBAaHTOBOMEXAHMYECKUX MPUHLUIIOB M TOT NMPHUATHBIA JUIS OAHUX M JIOCAIHBIN IS APYrHX (DaKT,
YTO BCE 3aKOHBI SBJISAIOTCS MATEMaTHYECKMMM. B 2TOH JEeKIUM s XO04y IOTOBOPUTH O 3aKOHAX
COXPaHEHUS.

®dusuk ynorpebisser oObIYHBIE CIIOBA HEOOBIYHBIM 00pa3zoM. [ljis HEro 3akOoH COXpPaHEHMs
O3HAYa€T, YTO CYHICCTBYET YHCJIO, KOTOPOE OCTACTCS IIOCTOSHHBIM BHE 3aBHCHMOCTH OT TOIO,
KOI'Zla BBl €ro IOJCYUTAETE - CKAXKEM, CeHYac WM 4Yepe3 HEKOTOpPOE BpeMs, IOCIE TOro Kak B
IIPUPOJE IMPOU3OMAECT MHOKECTBO WM3MEHEHMU. BOT, Hampumep, 3aKOH COXPAHEHUS DSHEPIUH.
Hwmeercs BenuumHa, KOTOPYIO Bbl MOXKETE BBIYMCIIATH 110 ONPENEICHHBIM IIPaBUJIaM, U OTBET Yy Bac



Bcerja OyaeT OAMHAKOBBIM, YTO ObI HU CIIyYHJIOCH.

[ToHsITHO, YTO TaKHMe MPHUHIMIIBI MOTYT OKa3aThCs MoJjie3HbIMH. [Ipeanonoxum, yto ¢usuka,
WIH, BEpHEE, NMPUPOJa - 3TO OTPOMHAs IIaxMaTHas JOCKa ¢ MUJUIMOHAMU (UTYp U MBI IBITAEMCS
BBISICHUTDH 3aKOHBI JBMKEeHUS Quryp. Bemnkue 6oru, cuasime 3a JTOCKOH, UTPAIOT O4Y€Hb OBICTPO, U
HaM TPYJIHO YCIEIUTh 3a UX XoJamH. Bce e Mbl ynaBiMBaeM HEKOTOpBIE IpaBWiIa - T€ MPABUIIA,
JUTSL BBISICHEHHSI KOTOPBIX HE 00s3aTeIbHO CIEIUTh 3a KaKIbIM X0A0M. Hanpumep, npeamnoiaoxum,
YTO Ha JIOCKE CTOMT TOJBKO OJMH CJIOH, OenonoyibHbId. OH JBMKETCS TOJIBKO MO JAWAroHaiud M
M03TOMY BCerjia ocTaercs Ha OenbIx KBajaparax. Eciu Mbl oTBepHEMCS, a 3aTe€M [TOCMOTPUM CHOBa
Ha JIOCKY, 3a KOTOpO#l UrparoT 60ru, To OeJOMOIbHBIN CIOH OyaeT Mo-IpeKHEMY CTOSTh Ha JIOCKE,
MOKET OBITh B JIPYrOM MecCTe, BO BC€ paBHO Ha Oeinom kBajapaTe. TakoBa mpupoga 3aKOHOB
COXpaHeHHUs1. MbI MOXKEM Y3HATh KO€-4TO 00 UTpe, HE B/IaBasiCh B JOCKOHAJILHOE €€ U3yUeHHeE.

[IpaBna, B miaxmaTax 3TOT 3aKOH MOJKET OKa3aThCsl HE TaKUM YK IOJIE3HBIM. Ecimu Mbl
OTBEpPHYJIHUCh HAJOJII0, TO MOJET CIYyYUTHCS, YTO 3a ATO BPEMs CIIOHA YCIEIH CBHECTh, IEIIKA
npouuia B ¢ep3n um OOr peumws, 4To BBIFOJHEE HMETh CIIOHa BMeECTO (ep3s, a CIOH 3TOT
OKa3bIBa€TCS YEpPHOINOJBbHBIM. K COXaJeHHI0, MOXET BBISICHUTHCSA, UTO HEKOTOPHIE W3 HAIUX
CETrO/IHAIIHUX 3aKOHOB (PM3UKH TaK)K€ HECOBEPIICHHBI, HO 5 OMMIIY MX BaM TaKUMHU, KAKUMH MbI
BHUJUM HX B HACTOSLIEE BPEMS.

S ckazan, 4To MBI ynoTpeOyisieM OOBIYHBIE CJIOBa B KAauyeCTBE HAyYHBIX TEPMHHOB, a B
3arjaBUU 3TOM JIEKIIMU CTOMUT CJIOBO "Benukuil" - "Benukue 3akOHbI cOXpaHeHus'". DTO HE TEPMUH:
s BCTaBWJI €ro0 JIIIb 3aTe€M, YTOOBI MPUAATH 3arjiaBuio Oosiee MaTeTH4ecKoe 3ByYaHUE, U BIIOJIHE
Mor Obl Ha3BaTh JIEKIHIO MPOCTO "3akoHbI coxpaHeHus". ECTh HECKOIBKO 3aKOHOB COXpaHEHHS,
KOTOpBIE€ BEPHBI JIMIIb MPUOIU3UTEIHLHO, HO MHOI/Ia OKa3bIBAIOTCA IMOJIE3HBIMU, UX Mbl MOTJIH ObI
Ha3BaTh "MajbIMU" 3aKOHaMu coxpaHeHus. Ilo3xke g pacckaxy o0 ogHOM wiM 1BYyX M3 HuX. Ho
OCHOBHBIE 3aKOHBI, KOTOPHIM IIOCBSIIIEHA OTa JEKIHs, HACKOJbKO HaM M3BECTHO CEroJHS,
COBEPIIEHHO TOYHBI.

[Ipomie Bcero MOHATH 3aKOH COXpPAHEHMs 3JIEKTPUYECKOTO 3apsjia; C HEro s U HauHy.
CyliecTByeT 4MCIiIo, TOIHBIM 3JIEKTPUUYECKUN 3aps MUpPa, KOTOPOE OCTAETCsl MOCTOSHHBIM, YTO ObI
HU npousonuio. Eciu BeI TepsieTe 3apsa B OTHOM MeCTe, TO HaxoauTe ero B npyroM. CoxpaHeHue
OTHOCHUTCS TOJIBKO K TOJHOMY DJIEKTPHUUECKOMY 3apsly. OTO OINBITHBIM ITyTEM YCTaHOBUI
@apaneii. OH OSKCHEPUMEHTHUPOBAI C OIPOMHBIM METAJUIMYECKUM IAPOM, K HApYKHOU
MIOBEPXHOCTH KOTOPOT0 OBLT MPUCOEAUHEH OYEHb UYBCTBHUTEIbHBIM TalbBAHOMETP, YTOOBI CIETUTD
3a 3aps/IoOM Ha MOBEPXHOCTH; TaJbBaHOMETp ObUI TakoW, YTO Ja)ke HeOOJIbIIOW 3apsii JlaBaj
CUJIbHBIE OTKJIOHEHWs. BHytpu mapa @apaneit coOpan pa3HOOOpa3HOE 3JIEKTPUUECKOE
obopynoBanue. OH co3/aBall 3apsi/ibl, HATHpas CTEKJISIHHBIE MaJOYKU KOIIaYbUM MEXOM, U CTPOUI
OoJbIIIME PIEKTPOCTATHUECKUE MAIIMHBI, TAaK YTO BHYTPEHHOCThH IIapa MOXOuIa Ha JabopaTopHIO
u3 punpMma yxacos. Ho B Xxozie Bcex ero sKCieprMEHTOB Ha MOBEPXHOCTU HE MOSIBIISIIOCh HUKAKOTO
3apsizia; co3/1aTh 3apsi ObLJIO HEBO3MOXKHO. XOTS CTEKJISTHHAS MaJIOYKa 3apspKanach MOJOKUTEIBHO,
KOrJla €e TepJid KOIIAYbUM MEXOM, MEX MOJIy4all TOYHO TaKoe K€ KOJIWYECTBO OTPHUIATEIHLHOTO
3apsizia, 1 CyMMapHBIH 3apsij Beerna ObuT paBeH Hyio. Eciiu Obl BHYTpH 11apa 3apsjl CO3JaBalics, TO
rajibBaHOMETp, IPUCOEIMHEHHBINA CHApYXH, MTOoKa3ai Obl 3T0. VTak, MOMHBIN 3aps cCOXpaHIeTCs.

OTO HETpyIHO OOBACHUTH HA OYEHb IPOCTOM MOJENH, COBCEM HE MaTeMaTHYECKOM.
[Ipenmosnioxum, 4ToO MUP COCTOUT U3 YAaCTHUI[ IBYX BUIOB, 3JIEKTPOHOB U MPOTOHOB, - OBLJIO BpeMsl,
KOIZla OH JEHCTBUTEIBHO MNPEJICTAaBIUICSA JIIOIAM HACTOJBKO MPOCTHIM, - U IMPEAINOJIOKHM, YTO
AJIEKTPOHBI HECYT OTPHUIATEIbHBIA 3aps]l, a MPOTOHBI - MOJOKHUTEIbHBIN, TaK YTO MBI MOXKEM HX
pas3zienuTb. Mbl MOXKEM B3sITh KYCOK MaTepHalia M OTHATh y HEro 4acTh 3JEKTPOHOB HIIH, HA000POT,
nobaButh. Ho eciiu cuutarh, 4TO caMH 3JIEKTPOHBI HEU3MEHHBI, HE MCU€3al0T M HE PaclajaroTcs
(3TO OUEHB IIPOCTOE MPEATIONOKEHNE, HE UMEIOIEE CHOILIEHUSI K MaTEMATUKE), TO.pa3HOCTh MEXTY
OOLIMM YHCIIOM KPOTOHOB M OOIIUM YMCIIOM 3JIEKTPOHOB MEHSAThCS He Oyaer. bosbiue Toro, B
Haleil mpocToi Mojenu He OyAeT MEHAThCS HM OJHO W3 ATUX JBYX uucel. Ho BepHemcs k
3apsaaM. Bkiaa mpoTOHOB MOJIOKUTENEH, a 3JEKTPOHOB - OTPHUIIATENICH, M €CJIM 3TH YacTUIbl He
CO3JIAIOTCS U HE YHHUTOXKAIOTCS MOOJUHOYKE, TO MOJHBIN 3apsa] OyneT coxpaHsaTbes. B Tabm. 1 4
MIEPEYUCIINIT HEKOTOPHIE COXPAHSAIOIIMECS BEJIMUYMHBI, MepBas W3 HUX - 3apsaa. [IportuB Bompoca,



COXpaHseTcs M 3apsf, s nunry "Jla".

Takast TeopeTHueckass MOJENIb OY€Hb MPOCTa, HO CO BpeMEHEeM ObLIO OOHapyKeHO, YTO
AJIEKTPOHBI M IPOTOHBI HENb3s CUUTaTh IOCTOSHHBIMH M HEW3MEHHbIMU. Hampumep, udactuna,
Ha3bIBacMasi HEUTPOHOM, MOXET PaclaaarbCs Ha IIPOTOH U JJIEKTPOH ILIIOC YTO-TO €IIE, O YEM MBI
OroBopuM nosxe. IIpaBna, okaspIBaeTCs, 4YTO HEUTPOH IJIEKTPUUECKH HeuTpaneH. [loatomy, x0T
IIPOTOHBI U JJIEKTPOHBI HE HEU3MEHHBI B TOM CMBICIIE, YTO UX MOKHO CO3/aTh U3 HEUTPOHA, 3apsl
BCE paBHO coxpansercs. [Ipu pacnane HEWTPOHA MBI HAYMHAEM C HYJIEBOIO 3apsA/ia U MOJydaeM
OJIMH 3apsi/i MTOJIOKUTEIbHBIN U OJJUH OTPULIATENbHBIN, UTO B CYMME J1a€T HYJb.

[To1oOHBIM e MPUMEPOM MOXKET CITY>KUTh JIpyrasi YaCTHIIA, 3apsDKEHHAs MOJI0XKHUTENIbHO, HO
OTIIMYHAsA OT NpoToHa. OHa Ha3bIBAETCS MO3UTPOHOM U MPEJCTaBISET cO00i Kak Obl 3epKalbHOE
n3o0paxenue 3ekTpoHa. OHAa BO BCeX OTHOLIEHUSX MOJ00HA 3JEKTPOHY, 32 UCKIIOYEHHEM TOTO,
YTO HECeT 3aps] MPOTUBOIOJIOKHOTO 3HAaKa M, UTO €lle BaKHee, SBJSEeTCS aHTH4YacTuleH, noo,
BCTPETUBILNUCH, MIEKTPOH M MO3UTPOH B3aMMHO YHHUYTOXKAKOTCS M NPEBPAILAIOTCS B CBET. Tak 4To
caMH 1o ceOe MEKTPOHBI HE BEUHBI. DJIEKTPOH IUTIOC MMO3UTPOH JAal0T CBET. DTOT CBET, HEBUIUMBIH
rjlazy, raMMa-u3iydeHue; HO BUIUMBIA CBET U raMMa-u3iaydeHue ais (Gusmuka - OJHO U TO XK€, y
HUX JIMIIb pa3Has JJUHAa BOJIH. TakuM o0pa3oM, 4acTHIa U COOTBETCTBYIOINAs €l aHTMYacTHIA
MOTYT B3aUMHO YHUYTOXKaTbCs, aHHUTHWJIMPOBATh. CBET HE MMEET JIEKTPUUYECKOTO 3apsA]a, HO TYyT
YHMUTOXKAETCSI OAWH TOJOXHUTEIbHBIM M OJIWH OTPULATENIBHBIM 3apsii, U CyMMAapHbId 3apsy
ocTaercs MpeXHUM. TakuMm o0pa3oM, TeOpUs COXpaHEHUS 3apsAga HEMHOTO YCJIOXKHSETCS, HO IO-
[IPEKHEMY HMMEET Majo OTHOLICHUSA K MaTeMaTuKe. Bbl IIPOCTO CKIIaIbIBa€TE YMUCIO IPOTOHOB C
YHUCJIOM ITO3UTPOHOB M OTHUMAETE YHCIIO AIEKTPOHOB, & KPOME TOT0, YUYUTHIBAETE JPYIHE YACTHILIBL,
HAlPUMEP OTPHUILATEIbHBIC AHTHIIPOTOHBI M TONOXKUTEIbHBbIE &#960; -Me30HBI, MO0 Kaxmast
AJIeMEHTapHas 4yacTHlla HeceT 3apsi (BO3MOXKHO, paBHBIM Hyii0). Ham Hago nuiib CloXXuTh Bce
3apsiibl U HATH OOLIMiA, U, YTO OBl HM CIYYMJIOCH TIOTOM, Kakas Obl peaklusi HU MPOU30IIa, OH
OyZeT 0CTaBaThCS MMOCTOSTHHBIM.

OTO OAHA CTOPOHA 3aKOHAa COXpAaHEHHMs 3apsna. lTenepb BO3HUKAET MHTEPECHBIM BOIPOC.
JlocTaTouHO 7M1 CcKa3aTh, YTO 3apsij MPOCTO COXPAHSIETCS, WM HAJO €IIe YTO-HUOYIh T00aBUTH?
Ecnu Ob1 3apsia ipencTaBiisiyl co00ii BEIIECTBEHHYIO MOJIBMKHYIO YAaCTHILy M COXpaHsiIcs Oiaroaaps
3TOMYy, TO COXpaHeHHe ObLIO Obl ropaszno Ooyiee KOHKPETHBIM CBOWCTBOM. MBICIMMBI JBa
BO3MOXKHBIX CIIoco0a cCOXpaHEHUs 3apsja BHYTpH suuka. [lepblil crocod - 3apsa nepemernaercs
BHYTPH SIIIMKAa U3 OJHOIO MecTa B Apyroe. /Ipyras BO3MOYKHOCTb COCTOWT B TOM, YTO 3apsj B
OJIHOM MECTE MCUYE3a€T U B TO K€ CaMOE€ MTHOBEHHME BO3HHMKAET B APYTOM MECTE; HTO IMPOUCXOAUT
OJIHOBPEMEHHO, U OOIIMH 3apsj MO-NPEeXKHEMY OCTaeTcsl MOCTOSHHBIM. BTopas BO3MOXHOCTH
COXpaHEHUs OTIMYAETCs OT IIEPBOM, KOT1a I UCUE3HOBEHUS 3apsiia B OJHOM MECTE U MOSBIICHUS
€ro B JIPyIrOM 4YTO-TO JOJDKHO INEpeMellaThcsi B MPOMEXKYTOYHOM mpocTpaHcTBe. IlepBas dopma
COXpAHEHHUsl HA3bIBAETCS JIOKAIBHBIM COXPAaHEHHEM 3apsjioB U HeceT B cede ropasfo Oosblie
CMBICJIa, YEM IPOCTOE YTBEPKJICHUE O HEU3MEHHOCTHU MOJIHOTO 3apsiaa. Kak BuanuTe, Mbl yTOUHSIEM
Halll 3aKOH - €CJIU AEUCTBUTENBHO 3apsijl COXPAHIETCS JIOKAIBbHO. A 3TO IEHCTBUTEIBHO TaK.

Bpemss oT BpeMeHM s TBITAICA IPOJEMOHCTPUPOBATH BaM BO3MOXXHOCTH JIOTHKH,
MIO3BOJIAIOIIEH CBS3bIBATH OJHY MACK C JAPYIOM, M TeElepb XO04dy IMPOCICAUTh C BaMHU 3a
pacCyXJIeHHAMH OWHINTEWHA, KOTOPBIA MpUIIEN K BBIBOAY, YTO €CIM HEKOTOpas BEIMYHMHA
coxpaHsercs (B JaHHOM Ciydae pedb MOWIET O 3apsje), TO OHa COXPAHSAETCsS JOKaJIbHO. DTO
pacCyXJIeHHE OCHOBBIBAETCS Ha CIEAYIOIIEM: €CIIHM JIBa YEJOBEKA MPOJIETAIOT JAPYTr MHUMO JIpyra B
KOCMHMYECKHX KOpalOJIsiX, TO BONPOC O TOM, KTO U3 HUX JBIKETCS, a KTO CTOMT Ha MECTE, HEb3s
pELINTh MYyTEM SKCHEPUMEHTA. JTO TaK HA3bIBAEMbIN NPUHIUI OTHOCUTEIBHOCTH; OH IJIACHUT, YTO
paBHOMEpPHOE JABIDKEHHE MO TPSMOM JMHUU OTHOCHTENbHO. [l oboux Habmomarenei sioboe
¢uznyeckoe sBiIeHHE OyIET BHITJISAAETh OJUHAKOBO M HE CKaXET MM, KTO W3 HHMX CTOMT U KTO
JIBUKETCSL.



[Tycth y Hac ecTb ABa KocMHU4yeckuxX kopabns, A u B  (puc. 18). Ilpeanonoxum, s
MPUICPKUBAIOCH TOTO MHEHHUS, 4TO KOpabiab B crtout, a kopabib A  JIBWKETCS MHMO HETO.
3anoOMHHUTE, YTO 3TO TOJIBKO MO€ MHEHHE. Bbl MOXeTe cTaTh Ha APYTYyI0 TOUKY 3PEHHs, XOTS U
BHJIUTE TE€ XK€ CaMble SBJICHUS NMPUPOsL. [Ipeanonoxum Tenepb, 4To0 BHYTPHU KOPaOs HAXOIUTCS
YEJIOBEK, KOTOPBIA XOYET BBIACHUTH, OJHOBPEMEHHO JIM MPOUCXOJIUT HCUE3HOBEHHUE 3apsiaa B
OJIHOM KOHIIE KOpaOyisi W BO3HHUKHOBEHHME €ro B JpyroM. YToObl OBITh YBEpPEHHBIM B
OJTHOBPEMEHHOCTH ITHX COOBITUH, OH HE JIOJDKEH CHJIETh B HOCY KOpalOJisi, ”Ha4Ye OH YBHIIUT OJTHO
paHbIIle APYroro, Tak Kak CBET ¢ KOPMBI JOWAET 10 HEero He cpasy. [loatomy Oyaem cumrtarh, 4TO
OH TIOMECTHJICS TOYHO TocpeauHe Kopabns. Jlpyroil denoBeK 3aHUMAaeTCsi TaKUMHU Ke
HaOJIOZICHUSIMU B CBOEM Kopaliie. Y mapsieT MOJIHUS, B TOYKE X CO3JAeTCs 3apsifl, U B TOT KE CaMBbIH
MUT B JIPYTOM KOHIIE KOpalJisi, B TOUKE Y , 3aps] YHHUTOXKAETCS, MCYe3aeT. 3aMeThTe, YTO ITO
MIPOMCXOANT OJTHOBPEMEHHO, B TIOJITHOM COOTBETCTBUU C HAITUMU TPEJICTABICHUSIMHA O COXPAaHEHUHU
3apsna.

Ecnu MBI TepsieM 2JIEKTPOH B OJJHOM MECTE, TO HaXOJUM DJIEKTPOH B IPYTOM, HO U3 MIEPBOTO
MecTa BO BTOpOE€ HUYTO He mnepemerntaercs. [Ipeamnonaoxum, 4to MCYE3HOBEHUE M BO3ZHUKHOBEHUE
3apsAI0B COMPOBOXKIAETCS BCIIBIIIIKAMHU, KOTOPBIE CITy»KaT HaM curHajioM. YenoBek B rosopwur, 4To
00a coOBITHS MIPOU3OILIN OJHOBPEMEHHO, MIOTOMY YTO OH CHIUT MOCPEIANHE KOpalisi, a CBET OT
BCTIBIIIIKA B X , TJI€ 3apsij] CO3/Aa€TCsl, M OT BCTBIIIKA B Y , TJ€ 3apsA]l YHUUTOXKACTCS, IPUXOIUT K
HeMy ofgHOBpeMeHHO. YenoBek B ckaxeT: "[la, 06a cOOBITHS MPOU30LLTH OAHOBPEMEHHO" .

Ho kak mocMoTpuT Ha 3TO uenoBek ¢ apyroro kopaOis? OH ckaxer: "Her, apyr moii, BbI
omubaereck. S BUAEN, 4TO B X 3aps] BO3HUK paHbIIE, 4eM ucye3 By ". A Bce 3T0 IOTOMY, YTO OH
JIBIDKETCS B HATMPABJICHUH X U CBET OT X JI0 HAOJI0aTeNs IPOJIEIBIBAET MEHBIIINHA ITyTh, Y€M OT Y ,
U NPUXOJIUT paHbllIe. DTOT YEIOBEK MOXKET yTBepxkaaTh: "HeT, cHauana 3apsi BO3HHK B X , a YK
3aTeM McYe3 B Y . 3HAYUT, KAKOE-TO BPEMs MEKy BOSHHMKHOBEHHEM 3apsijia B X M MCYC3HOBEHUEM
By CYILIECTBOBAJ JOIMOJHUTENbHBIN 3apsa. TyT HET HUKaKOrO COXpaHEHHUs. JTO MPOTHUBOPEUUT
3akoHy". Torma mepBwiii Bo3pa3uT: "Ho BbI ke nBuxkerech". A BTOpOM OTBETUT: "A OTKyda BbI
3HaeTe? MHE KaxKeTcs, YTO 3TO BEI JABMKETECH", U T. 1.

Ecnu HEBO3MOXHO yCTaHOBHUTH DKCIIEPUMEHTATBHBIM ITYTEM, ABUKEMCS MBI HIJIA HAXOJIAMCS
B TIOKOE, MOCKOJIbKY (DM3MYECKHE 3aKOHBI OT 3TOTO HE 3aBUCAT, TO W3 HEIOKAIBbHOCTU 3aKOHA
COXpaHEHUs CIeAOBAIO ObI, YTO OH OYAET Ka3aThCsl MPABUIBLHBIM TOJBKO TEM JIFOJSM, KOTOPHIE
CTOSIT HA MecTe B aOCOMOTHOM cmbicie. Ho, cormacHo MpUHIMITY OTHOCUTENHFHOCTH DUWHIITEIHA,
TaKO€ COCTOSTHHE HEBO3MOXXHO, a CIIEJIOBATEIbHO, 3aKOH COXPAaHECHMs 3apsiga HE MOXET OBITh
HeJoKalnbHBIM. JIOKAJIbBHOCTh COXpaHEHHUs 3apsia CO3By4YHA TEOPUH OTHOCHUTEIBHOCTH, U TO K€
caMoe MOKHO CKa3aThb 000 BCEX OCTAIbHBIX 3aKOHAX coxXpaHeHus. Kak BBISICHUIIOCH, STOT IPHHIIUIT
pacmpocTpaHseTCs Ha BCE COXPAHSIOUIUECS BETUYUHBI.

3apsin o0nagaeT emnie OJHUM OYeHb MHTEPECHBIM M YIMBUTEIHHBIM CBOMCTBOM, KOTOPOMY 0
CUX TOp HE HalJeHO oObsicHeHus. OHO HHKAK HE CBS3aHO C 3aKOHOM COXpaHEeHHWs. 3apsiji Bceraa
n3MeHsieTcs mopuusamu. Ecnm y Hac ecTh 3apshKeHHash 4acTHIlA, TO 3apsi/i €€ MOXKET OBITh paBeH
€AVHUIIE WIM JIBYyM, MUHYC E€IUHUIE WIM MHUHYC JIByM. XOTS 3TO CBOWCTBO HE CBSI3aHO C
COXpaHEHUEM, 5 JOJIKEH 3armucath B Ta0m. 1, 4To 3apsaa usmensercs: nopuusiMu. O4eHb yao0HO, 9TO
OH M3MEHSETCS TIOPIUSAMU - Oarojapsi ’TOMYy HaM Jierde YCBOUThH TEOPHUI0 coXpaHeHus. Peub uaet
0 BeIllax, KOTOPbIe MOKHO MEPEeCYUTaTh U KOTOPHIE MEPEMEIAIOTCS U3 OJHOTO MecTa B npyroe. U,
HaKOHEIl, €lle OJHO Ba)KHOE CBOMCTBO 3aps/ia: OH SIBJISIETCS MCTOYHUKOM HIIEKTPUUECKOTO H
MarHuTHOTO mojs. [loaToMy Ha MpakTUKE HECIOKHO OMPEASTUTh BEIMYMWHY IOJTHOTO 3apsjia
ANEKTPUUECKUM MyTeM. 3apsii - O3TO Mepa B3aUMOJICHCTBUSA Tela C JJIEKTPUYECTBOM, C
ANeKTprUIecKuM mojeM. [ToaToMmy MBI TOKHBI BHECTH B Tabi. 1 erie ogHO CBOMCTBO 3apsjia: OH
SIBJISIETCSI MCTOYHUKOM TMOJIS; JPYTMMH CJIOBaMH, 3JEKTPUYECTBO CBS3aHO C 3apsioM. Takum
o0pa3oM, »Ta COXpaHSIONIAsCSd BEIUYMHA O00JIazaeT JABYMsS CBOWCTBAMH, HE CBS3aHHBIMU
HEIMOCPE/ICTBEHHO C COXpaHEHHWEM, HO TeM HE MEHee MHTepecHbIMH. llepBoe: 3apsn uM3MeHsieTcs
MOPIHSIMU - ¥ BTOPOE: OH SBJISIETCSI HCTOYHUKOM TTOJIS.



CyliecTByeT MHOIO 3aKOHOB COXPAaHEHHs, U Mbl PAacCCMOTPHUM €II€ HECKOJBKO 3aKOHOB,
MOJOOHBIX COXPaHEHMIO 3apsijia B TOM CMBICIE, YTO OHHM CBOJATCS K IPOCTOMY IE€pECcHeTy.
Hanpumep, cymiecTByeT 3aKoH coxpaHeHHsl 6aproHOB. HEHTpoH MOKET mpeBpaTUThCs B MPOTOH.
Ecnu xaxxaplii U3 HUX MBI Oy/IeM CUUTATh €IMHULIEH, UM OApUOHOM, TO YUCIIO OAPUOHOB MIPHU 3TOM
He u3MeHuTcs. HelTpoH HeceT enMHUYHBIA OAPHMOHHBIN 3apsf, T. €. HPEACTaBiIseT coOOW OIUH
OapuoOH; MPOTOH - TOKE OJIMH OAPUOH (MBI TOJIBKO U JI€JIa€M, YTO CUMTAEM Ja IPUAYMbIBAEM YMHbBIE
cioBal), MO3TOMY €CIM MPOMCXOIUT PEAKLIMsI, O KOTOpPOW s ceddac TIOBOPWI, U HEUTPOH
pacnaziaeTcsi Ha MPOTOH, SJIEKTPOH U aHTUHEHUTPHUHO, TO MOJHOE YUCIIO OaproHOB He MeHseTcs. Ho
3TO HE €IMHCTBEHHAs peakuys Takoro poaa. [Iporon, B3auMoaeiCTBYs ¢ APYTUM IIPOTOHOM, MOXKET
CO371aBaTh MHOXKECTBO CTPaHHbIX Belleid, Hampumep &#923;-dactuily, npotoH U K '-Me30H
(&#923; u K "- Ha3BaHMsI CTPAHHBIX YACTHUIL):

B sT0#f peakuuu y4acTBYIOT /aBa OapuoHa, HO MOJy4aercs Kak OyaTo Obl TOJBKO OJAMH -
no3TomMy Jnbo &#923;-yactuia, mub0 K "-Me30H siBisieTcsi OapuoHoM. Eciu MBI mpocienum 3a
noseeHneM &#923;-dacTuliibl, To 0OHAPY>KUM, YTO OHA OYEHb ME/IJICHHO paclajaeTcs Ha MPOTOH U
&#960;-Me30H:

a &#960;-Me30H B KOHIIC KOHIIOB PacIajacTcsl Ha JIEKTPOHBI M €Ile KOe-4To. 3/1eCh CHOBA
MOSIBJISIETCSL OApHOH - B MPOTOHE, TIOATOMY MBI CUHTaeM, YTO OApUOHHBIN 3apsia &#923;-4acTullsl
paBeH equHuUIe, a &#960;-Me30H He HeceT OaPHOHHOTO 3aps/ia, €ro OApHUOHHBIN 3apsi/] paBeH HYJIO.

Takum oOpa3oM, B Tabn. 1 BHOOABOK K 3apsay MOSBISETCS HOBas BEIWYMHA - OapUOHHBIN
3apsJl, KOTOPBIH MbI TIOJICYUTHIBAEM 10 TAKOMY MPABHIITY: OAPUOHHOE YHUCIIO PAaBHO YHCITY MMPOTOHOB
IUTIOC YKCTIO HEUTPOHOB IUIIOC YUCIO &#923;-4acThll MUHYC YHUCJIO AHTUIIPOTOHOB MUHYC YHCIIO
AHTUHEHUTPOHOB W T.X. OJTO MPOCTO NPABWIO CYETa. BennumHa CoOXpaHSeTCs, H3MEHSETCS
MOPLMSIMU, U XOTS HUKTO HE YBEPEH, HO KKJIOMY XOYETCsl AyMaTh 110 aHAJIOTUHU, YTO OHA SBIISIETCS
HMCTOYHMKOM TIOJIsI. MBI JUIsi TOTO M COCTaBJIsieM TaKWe TaOIHIIbI, YTOOBI IMOMBITATHCS yraaaTh
3aKOHBI SIIEPHBIX B3aUMOJICUCTBUH, M 3TO OAMH W3 OBICTPEHIINX CIIOCOOOB pas3raiaTh MPUPOMY.
Ecnm 3apsi siBAsieTCss MCTOYHUKOM TOJIs, @ OapUOHHBINA 3aps/l BO BCEX OCTAIbHBIX OTHOIICHUSX
BeJIeT ceOs TOYHO TakK K€, TO OH TOXKE JOJIKEeH ObITh UCTOYHHKOM Mo, K coxkaneHuro, OmbIT oKa
YTO HE MOATBEPKJIAET HAICH JOTaJKH; MOXKET ObITh, OHA W BEPHA, HO MBI CJIIMIIKOM MaJi0 3HAEM,
YTOOBI YTBEPKAATH ITO C TOJTHON YBEPEHHOCTHIO.

MoXHO Ha3BaTh €IIe¢ OJHO WJIM JIBa TaKWX IpaBUja CYeTa, HANPHUMEp IJIs JIENTOHHOTO
3apsia, HO OCHOBHAsl W] WX Ta K€, YTO U B ciy4yae OapuoHOB. EcTh, mpaBaa, OJWH 3aKOH,
HECKOJIBKO OTJIMYAIOIINICS OT APYTruX. Peaknuu CTpaHHBIX YaCTHIl XapaKTEPU3YIOTCS CKOPOCTHIO
WX MPOTEKAHUS: OHH PEAKIUU MPOUCXOMAAT JIETKO U OBICTPO, IPYTHe - MEMJIECHHO U C TPYIOM.
CnoBa '"merxko" m "c TpyaoM" s ymoTpeONisiito HE B CMBICJIE MPAKTHUECKOTO OCYIIECTBICHHS
OKCIIEPUMEHTOB. Peub HIET O TOM, HACKOJIBKO OBICTPO MPOTEKAIOT PEAKIMH B E€CTECTBEHHOM
00CTaHOBKE.

HNMeercs SIBCTBEHHOE pa3IMuMe MEXIy IBYMSI TUIIAMH PEAKUUN, KOTOPbIE s YIOMSHYI;
B3aUMOJICICTBHEM TMaphl MPOTOHOB M TOpa3ao Oojee MEUICHHBIM pacnagoM &#923;-4acTHIIBI.
Oxka3bpIBaeTCsl, UTO €CIM PacCMaTPUBATh TOJIBKO OBICTPHIE M JIETKHE PEaKIH, TO CYIIECTBYET eIlle
OJIHO TIPABHJIO CYETA, COTIACHO KOTOpOMY &#923;-dacTHIle COOTBETCTBYET MHHYC eauHuma, K -
ME30HY - IUIIOC €AMHMIA, a MPOTOHY - HyJdb. OTO YHCIO HA3bIBAETCS CTPAHHOCTBIO WIIU
TUIEPOHHBIM 3apsiioM. OHO COXpaHSETCs MPU BCEX OBICTPBIX PEAKIMIX, HO HE COXPAHSIETCS TpPH
MeasieHHBIX. [loaTomMy B Tabn. 1 MbI JOMKHBI BHECTH €Ille OJMH 3aKOH COXPaHEHHs, Ha3bIBaEMBbIii
3aKOHOM COXpaHEHUs CTPAHHOCTH WM THUIEPOHHOTO 3apsija,- 3aKOH, CIPaBEIJIMBBIN TOJIBKO
OTYaCTU. DTO OYEHb CTPAHHOE CBOMCTBO, M BIIOJIHE IMOHSATHO, MOYEMY cama BEIWYMHA Ha3BaHa
CTpPaHHOCTHIO. OHA COXPAHSIETCS JUIIh B HEKOTOPBIX CIIyYasiX, 3aTO U3MEHSIETCS BCETIa MOPIUSIMHU.



[Ipy wm3yyeHMM CWIBHBIX B3aUMOJICWUCTBUI, C KOTOPHIMU CBSI3aHBI SZICPHBIC CHIIBI, (DU3UKH
OOHapyXWJIH, YTO CTPAHHOCTb COXpAaHSAETCS. DTO HATOJKHYJIO MX HAa MBICIb, YTO MPHU CHUIIBHBIX
B3aMMOJEHCTBUSX CTPAHHOCTb TAaKK€ SIBISAETCS MCTOYHUKOM Imoyil. Ho onsTh-Taku mOJIHON
YBEPEHHOCTH B ATOM HeT. A pacckaszall s 00 3TOM Al TOro, YTOOBI CTajo SICHEE, KaK 3aKOHBI
COXPAHEHUs NIOMOTal0T HaM yraJblBaTh HOBBIE 3aKOHBI.

Bpewmst oT BpeMeHM BBIABUTAINCH JIPYTHE 3aKOHBI COXPAaHEHUs, TOM K€ MPHUPOJIbI, YTO U 3TU
npaBuWia cueTa. XMMUKH, HApUMep, KOTrJa-To AyMalld, YTO IMpH JIF0OOH peakiMy YUCIIO aTOMOB
HaTpus ocTaeTcsi Hem3MeHHbIM. Ho aToMbl HaTpus He HEU3MEHHbl. MOXXHO MpPEeBpPaTUTh aTOMBI
OJIHOTO 3JIEMEHTA B aTOMBI APYroro, Tak YTO MEPBBIM IEMEHT MOJIHOCTBIO HcyesHeT. Korma-to
CUMTAJICSI CTIPaBEJIMBBIM M JIPYrol 3aKOH: YTO MOCTOSTHHA MOJHAasi Macca mpeaMera. OTO 3aBHCUT
OT TOTO0 KakK Bbl ONpENENseTe MacCy W IPUHHUMAETE JIM Bbl BO BHHUMAHUE JHEPIUI0. 3aKOH
COXpaHEHUSI MaCChl COJICPKUTCS B 3aKOHE COXPAHEHUSI SHEPTUH, KOTOPBIA MBI ceiidac paszdoepem. 13
BCEX 3aKOHOB COXPAaHEHMs 3TOT 3aKOH CaMblid TPYAHBIM M aOCTPaKTHBIA, HO U CaMBblii MOJIE3HBIM.
Ero TpyaHee NoHATh, YeM T€ O KOTOPBIX MbI TOJBKO YTO FOBOPHJIM, TOTOMY UTO B CIIydae 3apsijia u
B JPYTUX PAacCMOTPEHHBIX CIy4asX MEXaHU3M IOHATEH - BCE CBOAMTCS Oojee WM MEHee K
COXPaHEHUIO KaKuX-To IpeameToB. bojee i MeHee moTomMy, YTO OJHU MPEAMETHI IPEBPAIIAIOTCS
B JIpyTUe€, HO BCE XK€ PeUb UIET O IIPOCTOM IIEPECUETE.

CoxpaHeHHe YHEPTHH - HECKOJIBKO 00Jiee CII0KHBIN BOIIPOC: XOTS U 3/1€Ch Y HAC €CTh YHCIIO,
KOTOpPOE HE MEHSETCS CO BPEMEHEM, UUCIIO 3TO HE COOTBETCTBYET HUKAKOMY OIPENEICHHOMY
npeaMeTy. YToObl MPOSICHUTD CYTh JIeNa, S IPUBEY BaM CleAyIolIee MPOCTEHbKOE CPAaBHEHHUE.

Boo0Opasute, 4ro MaTh OCTaBisieT B KOMHaTe pebeHka ¢ 28 KyOuMKaMu, KOTOpBIE HENb3s
ciomaTb. PeOeHOK urpaer ¢ KyOMKaMM LNl JI€Hb, U MaTb, BEPHYBIIUCH, OOHAPYKUBAET, YTO
KyOHKOB IO-TIpe)KHEMY 28 - OHa CJIEIUT 3a coXpaHeHueM KyOukoB! Tak mpopoipkaercs JeHb 3a
JTHEM, HO OJHaXJbl, BEpHYBIINCh, OHAa HaXOAUT Bcero 27 kyoukoB. Oka3bIBaeTcsi, OJUH KyOUK
BaJISIETCS 32 OKHOM - pe0CHOK ero BBIKMHYJ. PaccmarpuBasi 3aKOHBI COXpPaHEHUS, MPEXkKAE BCEro
HY)KHO yOeIuThCcsl B TOM, YTO Ballld TNPEAMEThl HE BBUIETAIOT 3a OKHO. Takas ke HeyBsi3Ka
MOJIYYHTCS, €CITU B TOCTU K peOEHKY MPUJET IPYroil MajJbuuK CO CBOUMH KyOMKaMHu. SICHO, 4TO BCe
9TO HY)KHO YUYUTBIBATh, PACCYXkasi O 3aKOHAX COXPaHEHMS.

B onuH mnpekpacHblii JeHb MaTh, NEpPECUUTHIBas, OOHApYKMBaeT Bcero 25 KyOHWKOB U
M0JI03PEBAET, YTO OCTAJIbHBIE 3 pEOCHOK CIpsATall B KOPOOKY JUIsl Urpyuiek. Toraa oHa ropopurt: "5
OTKporo KopoOky". "Her, - oTBeuaeT oH, - He cMell OTKphIBaTh MO KOpoOKy". Ho mama odeHb
cooOpasuTenbHa M paccyxaaer Tak: "S 3Hato, uro mycrtas kopoOka BecuT 50 T, a KaKIbplid KyOHK
BecuT 100 1, MO3TOMY MHE HaJ0 MPOCTO-HAMPOCTO B3BECUTHh KOPOOKY'. 3aTeM, MOJCUYUTAB YUCIIO
KyOHMKOB, OHA MOJY4UT

Yucao BuaumMbIxX kKyonkos + (Macca kopooxku-50 r) /100 r

- onsiTh 28. Kakoe-To BpeMsl BCe UIET IIaJK0, HO IOTOM CyMMa OMsiTh HE cxoauTcs. TyT oHa
3aMeyYaeT, YTO B PAKOBMHE M3MEHWIICS YPOBEHb Ips3HOW BOJbl. OHa 3HAET, YTO €CiIM KyOMKOB B
BOJI€ HET, TO IIyOMHa ee paBHA 15 cM, a ecu MOJIOKUTh TyJa OJAUH KYOHK, TO YPOBEHb MOBBICUTCS
Ha 0,5 cm. [TosToMy oHa 0GaBIISET €1le OHO caaraeMoe:

Yucao Buaumbix KyoukoB + (Macca kopooku-50 r) /100 r + (YpoBenn Boasl - 15 cm) /
0,5 cm

U cHoBa mnoistydaercsi 28. PebGeHOok craHOBHUTCA Bce Ooisiee M300peTaTenbHbIM, a MaTh HE
yCTyTaeT eMy, 100aBisisi BCe HOBBbIE U HOBBIE ClIaraeMble, KOTOPbIE COOTBETCTBYIOT KyOHKaM, HO C
MaTeMaTHUYeCKON TOUKHM 3pEHHS MPEICTaBISAIOT cOOOM aOCTpaKTHBIE YHCIA, MOTOMY YTO CaMUX
KyOHKOB HE BUJHO.

Tenepp s mombITalOCh OOBSCHUTH, B UYEM CXOJICTBO MEXAY COXpaHEHHEM KYOMKOB H
COXPAaHEHUEM DHEPrUM U B UeM paznuuue. [ Havana NpearoaoKuM, YTO HU NPU KaKUX yCIOBHIX
BBl HE MOXeTe BHJIeTh KyOuku. Craraemoe "4nciio BUIUMBIX KyOUKOB" BCera OTCyTCTBYeET. Toraa
MaTh Oy/IeT CKIIaJbIBaTh MHOYKECTBO ClIaraeéMbIX, TAKHUX, Kak "KyOuku B KOopoOke", "KyOuku B Boje"
u T. A. KyOuKkoB sHepruu, HacCKOJIbKO HaM M3BECTHO, BooOmie HeT. Kpome Toro, B oTiauuue OT
KyOHMKOB KOJIMYECTBO JHEPrMH He 00s3aTelIbHO BBIpaKaeTcs LENbIM 4HciIoM. beaHas mamaia
MO3KET MOJyYUTh B OJIHOM cliaraeMoM 6 1/8 kyOGuka, B 1pyrom - 7/8, B TpeTbeM - 21 KyOHK, 4TO HO-



NpeXHEMY cocTaBisieT B cymMme 28. Tak 00CTOUT AETI0 C SHEPTHEH.

MBI ycTaHOBHIIM, YTO JJI 3aKOHA COXPAHEHMs PHEPTHH Yy HAC €CTh CXeMa C IeJIbIM HabopoM
npaBuwi. COrflacCHO KaXXA0MY M3 3TUX IMPaBHJ, Mbl MOKEM BBIYMCIUTH 3HAUCHHE JUIS KaXKJIOTO W3
BUJIOB dHEPTrUU. ECiM MBI CJIOXKHMM BCe 3HAYEHUS, COOTBETCTBYIOIINE PAa3HBIM BHJIaM JHEPTUH, TO
CyMMa HX Bcerja OyzaeT oauHakoBO. Ho, HACKOJIBKO MBI 3HaeM, HE CYIIECTBYET HHMKAaKHX
peanbHBIX YacTHI] (KyOWKOB WJIM IMAPUKOB) DHEPTUU. DTO aOCTPAKTHOE, YUCTO MATEMATHUYECKOE
NPaBUJIO: CYIIECTBYET YHUCIO, KOTOPOE HE MEHSAETCs, Korja Obl Bbl €ro HU mojcuuTanu. boiee
BpPa3yMHUTEIBHOTO OOBSICHEHHUS 5 ]aTh BaM HE B CHJIaX.

OHeprust CynuiecTByeT BO BCEBO3MOXHBIX (popMax, Mmoj00HO KyOuKaM B KOpoOke, KyOuKam B
pakoBuHe W T. 1. ECTh sHeprus, cBsi3aHHas C JBWKCHHEM (KHHETHUYECKAsh DHEPTHs); YHEPIHs,
CBSI3aHHAs C TPaBUTALMOHHBIM B3aMMOJACUCTBHEM (OHA HAa3bIBAeTCS MOTEHLMAIBHOW >HEpruei
TATOTCHHUS); TEIUIOBAs, AJIEKTPHUYECKAs W CBETOBAasi DHEPTHUS; DHEPTUs YIPYroCTH B IPYKHHAX;
XMUMUYECKas SHEpPrus; sfepHast SHEprHs U, HAKOHEIl, YHepIus, KOTOpoi 00alaeT yacTula B CUITY
OJIHOTO CBOETO CYIIECTBOBAHMSI, - 3Ta HHEPTHs MPSAMO 3aBUCUT OT Macchl. OOHapyXUJl ee, KaK BbI
3Haere, DUHIITEHH. ST UMEIO B BUIY €ro 3HaMeHUTOE cooTHolIeHne E = mc 2.

HTak, cymecTByeT MHOTO BHJIOB SHEPTHH, U MBI KOE-UTO 3HaeM 00 WX B3aUMOCBSI3H, - B ITOM
BOIPOCE MbI HE COBCEM HEBEXXECTBEHHbI. Hampumep, TO, YTO MbI Ha3bIBaeM TEIUIOBOW SHEPTHEH, B
3HAYHUTEIBHOW CTETICHH JIMIITh KHHETHYECKasl YHEPTHs IBWKCHUS YaCTHII B TeJle. YTpyras SHEPTHs
U XUMHUYECKasi PHEPrusi UMEIOT OJMHAKOBOE MPOMCXOXKJEHHE - CHJIBI B3aMMOJEHCTBHS MEXKIY
atoMamu. Korjja aToMbl mepecTpanBaroTcs B IPYroM MOPSIJIKE, MEHSETCSl SHEPTHs, a €CITH MEHSIeTCS
3Ta BEJIMYMHA, TO JOJDKHA M3MEHUTHCS U Kakas-To apyras. Hampumep, eciu BBl UTO-TO CHKUTAETE,
MEHSIeTCsl XUMUYecKasi HEpIUs U Bbl OOHApY>KMBaeTe TEIUIOTY TaM, I'Jie €€ paHblle He ObuIo, H0O
CyMMa SHEpruil JOJDKHA OCTaThCS MpEXKHEeW. YIpyras SHEprusi U XUMH4eckas, o0e CBS3aHbI C
B3aUMOJICHICTBHEM aTOMOB, W Teleph HaM W3BECTHO, 4YTO OTH B3aMMOJACUCTBUS SIBISFOTCS
KOMOUWHAaIMen ABYX BeIIeH - SJIEKTPUUECKON SHEPTUH U ONATh-TAKH KUHETHUECKOM, TOJIBKO Ha 3TOT
pa3 ¢opMyny JaeT HaM KBaHTOBas MexaHuka. CBeToBas »HHEprusi - HE YTO HHOE, Kak
AJIEKTPOMAarHUTHAsl SHEPIUs, IOTOMY YTO CBET TENEephb MPEJCTABIAIOT cebe Kak dIEKTPUUYECKYI0 U
MarHUTHYIO BOJIHY. SlnepHasi SHEprusi He BBIpaXKaeTCs Yepe3 Ipyrue BUABI DHEPTUH; CETOIHS S
MOTY CKa3aTh TOJIbKO, YTO OHA - PE3YJbTaT SIAEPHBIX CHIL.

3aKOH COXpaHEHMs SHEPruu OYeHb IOJEe3€H B METOAMYECKOM OTHOIIEeHUHU. S mpuBeny
HECKOJIBKO TMPOCTBIX NMPUMEPOB, YTOOBI MOKa3aTh BaM, Kak, 3Has 3aKOH COXPAHEHUS PHEPIUU U
(bOpMYITBI 17151 BRIYHCIICHUS] SJHEPTUH, MBI MOYKEM TTOHSIThH APYrHe 3aKOHBL. IHBIMU CJI0BaMU, MHOTHE
Jpyrue 3aKOHbl HE HE3aBUCUMBI, a SBIAIOTCA Kak Obl 3almIM(pOBAaHHBIMU IepecKa3zaMH 3aKoHa
coxpaHeHus sHeprun. [Ipocreimmii u3 HUX - TpaBuiIo peryara (puc. 19).

Ha mapuupe - ppruar. [Inuna oxnoro mieda 1 M, apyroro--4 m. Ilpexne Bcero BCIIOMHUM
3aKOH [UIS DHEPTUM TATOTEHUS: €CIM y Bac €CTh HECKOJBbKO TPY30B, TO BBl OepeTe Bec KaXkJ0ro
Ipy3a, YMHOXKaeTe €ro Ha BBICOTY HaJ 3€MJIEH, CKJIaJbIBacTe Bce BMecTe Ne IoyydaeTe IMOITHYHO
sHepruto taroreHus. [lycTb Ha JUIMHHOM IUIeYe pplyara rpy3 Macchl 2 KI, HA KOPOTKOM - KaKOH-TO
HEU3BECTHBIN Ipy3 Macchl X ; X - BcerJa HEM3BECTHAs BEIIMUYMHA, TO3TOMY JIaBalTE MEPEUMEHYEM
ee B W u caenaeMm By, OyATO MBI 3HaeM O Hell Oosblie, yeM Ha camoM jese. Ternepb BOIpoc B
TOM, KaKUM JOJDKEH ObITh Tpy3 W 1i1s paBHOBeECHsI, UTOOBI phlyar TUXO MOKAuMBaJICs, HO CHIIBHO
He mnepexammBaica? Ecinm OH THXO NOKAuMBAaeTCs, TO 3TO O3HAYAET, YTO DHEPrusi OCTAETCS
OJIMHAKOBOM M KOTJa pbl4ar TOPU30HTAJIEH, U KOI/1a OH HAKJIOHEH TaK, YTO I'Py3 B 2 KI' MOJHSIIC,
CKa)keM, Ha 2 cM. Pa3 oH eprust ouHaKkoBa, pelyary 0e3pa3inyHo, B KaKOM OH IHOJO0XKEHUH, U OH He
nepekammBaercs. Ecim rpy3 B 2 KT moJHUMaeTcsa Ha 2 CM, TO HACKOJIBKO ommyckaercs rpy3 W ? U3
pHUCYHKa siCHO, 4To ecniit AO =1 wm,a OB =4 wm, o ipu BB; = 2 cm otpe3ok AA; Oyner
paBHsaThCA 0,5 cMm. Tenepb NpuMEHNM 3aKOH AJIs1 SHEPTUH TAroTeHus. Buauane o6e BoicoTel BB 1
AA; ObUIM pPaBHBI HYMI0 M o0mas »Heprusi Obula paBHA HymMO. YTOOB HAWTH SHEPrHIO
ITOBEPHYBILIETOCS pblYara, Mbl YMHOXAaEeM BEC I'py3a MACChl 2 KI' Ha BBICOTY 2 CM M CKJIaJIbIBA€M C



HEU3BECTHBIM BecoM W | yMmMHOXkeHHBIM Ha BbicoTy 0,5 cM. CyMMa AODKHAa AaTh IPEKHIONO
SHEPTHUIO - HyJb. [IoaTOMY

2-W /4=0,orkyna W =8.

OT0 OAMH U3 CIOCOOOB MOHATH MPOCTON 3aKOH - XOPOILIO U3BECTHOE BaM MpaBmiIo peryara. Ho
HUHTEPECHO, YTO HE TOJILKO 3TOT, HO U COTHU APYTHUX 3aKOHOB MOXKHO TECHO CBS3aTh C PA3JIMYHBIMU
BUJAMH SHEpruu. Sl mpuBen BaM 3TOT MPUMEP TOJIBKO JIS TOro, YTOOBI MOKa3aTh, HACKOJIBKO
IIOJIE3EH 3aKOH COXPAHEHHUS SHEPIUHU.

Ho Bcs Gexa B TOM, UTO Ha MpPaKTUKE OH HE BBINOJHSIETCS M3-3a TPEHUs B HapHupe. Ecim
YTO-TO ABUXKETCS, HAIIPUMEDP 10 NOPU3OHTAIBHOMY IIOJIy KATUTCS IIAPUK, TO PAHO WIM IO3IHO
TPEHUE €ro OCTAaHOBUT. A KyJa K€ JICHETCS KMHETUYECKasi SHeprusl mapuka? DHeprusl JBHKEHUs
IIapHKa MPEeBpPaTUTCS B YHEPTUIO KojeOaHUs aTOMOB I10J1a M aTOMOB IIapuKa. Mup, ecii CMOTpETh
Ha HEro M3JalM, KaXXeTCs KPYyTJablM, TJIAJKAM, YUCTO OTIIOJIMPOBAHHBIM INAPUKOM, HO €CIIH
MIOCMOTPETh Ha HEro BOJM3M, OH OKa3bIBAE€TCS OYEHb CIOXHBIM: MUJUIMAPBl KPOXOTHBIX aTOMOB,
BCEBO3MOXKHBIE HEPOBHOCTU. OH MOXO0K Ha KPYIHYIO TaJIbKy y HAc MOJA HOTaMH, HOO COCTOUT U3
ATUX KPOXOTHBIX MIAPUKOB. TakoB M 1ot - Oyrpuctas jopora, HacklanHasi U3 mapukoB. Koria Bb
KATUTE YyJOBHUIIHBIA TOJBII IO 3TOM TalbKe, Bbl BHJWTE, YTO TaJIbKAa - MAJICHBKUE aTOMBI -
HAa4yMHAEeT NMOANpPLIruBaTh. I[locie Toro xak map MpOKaTUIICS, aTOMBbI, KOTOPBIE OCTAJIMCh I103a]H,
IIPOJIOJIKAKOT JPOKATh OT TEX TOJYKOB M yIAapOB, KOTOPBIE OHM IpeTeprenn. Tak B Moy ocraercs
TEIUIoBast PHEprusi, KoiebaHus aToMoB. Ha mepBBI B3IJIs KaKeTCs, YTO 3aKOH COXpaHEHUs
HEeCHpaBeINB, KO0 PHEPTUs NpsSUYeTcs OT HAaC MU HaM HYKHbl TEPMOMETPBI U JIpyrue mnpuodopsl,
4yT0OBI ee 0OHapyXuTh. Ho kak Obl HM OBLI CJIOKEH MPOIIECC, Mbl BCEI/la HAXOIUM, UYTO SHEPTHS
COXpaHseTcs, 1aXe eClIM He 3HaeM JIPYTHux, 0oJiee JeTaabHbIX 3aKOHOB.

BriepBble 3aK0H COXpaHEHMs YHEPIUU ObUT MPOIEMOHCTPUPOBAH HE (PU3HUKOM, a MeukoM. OH
JKCIIEPUMEHTHPOBAl Ha Kpblcax. Ecau BBl COXOKETE IMILYy, TO CMOXETE€ HAWTH, CKOJIBKO
BBIJICIMIIOCH TeIUIa. EciiM Takoe K€ KOJIMYECTBO IHUINU BBl JAJAWTE KpBICE, TO IHINA BMECTE C
KHMCJIOPOJIOM TPEBPATUTCS B YIJIEKUCIBIM ra3, Tak ke Kak W NpH ropeHuu. M3mepus sHepruro B
000UX Ciydasx, Bbl OOHapy)KUTE, YTO B JKMUBBIX CYIIECTBaX MPOMCXOTUT TO € CaMoe, YTO U B
HeXUBOM mnpupoze. JKu3Hp Tak K€ MOJUUHAETCS 3aKOHY COXPAaHEHHs SHEpPruH, KaKk M JIpyrue
aByieHus. Kcratu ropopsi, BCAKMI 3aKOH WMJIM IPUHLUI, CIIPABEAIUBBIN 115 "HEXKUBON" NIPUPOIBI U
MOJAIOIMICS MTPOBEPKE Ha BEIMKOM (DEHOMEHE KM3HHU, OKa3bIBaeTCs CIpaBeJJIUBBIM U TaMm. B
TOM, YTO KacaeTcsi 3aKOHOB (PM3MKH, O CHUX IMOp HE OOHAPYKEHO PA3HUIBI MEXKIYy HEKHUBBIMU
IpeIMeTaMH 1 KUBBIMH CYIIECTBAMHU, XOTS MOCJIEIHUE MOTYT OBITh YCTPOEHBI TOPa3io CIOKHEE.

KonnyecTBo sHEpruu B MMIE TOBOPUT BaM, CKOJBKO TEIUIa, MEXaHUYECKOH paboTHl U T. 1.
OHa MOJKET MPOU3BECTH. VI3MEPSIOT 3Ty BEIMUMHY B KaJTopusiX. Koraa roBopsT o KaJIopusx B MHILE,
9TO 3HAYMUT, YTO BBl E€QUTE JTU CaMble KAJIOPUM - OHM IIPOCTO Mepa KOJIUYECTBAa TEILIA,
3aKJIfoueHHOro B mnumie. OU3MKU WHOTJA CMOTPST Ha JAPYrUX CBBICOKA U CUMTAIOT C€0sl TaKUMH
YMHBIMH, YTO JIIOJASM XOYeTCs MOMMaTh MX Ha KaKOH-HUOYIb ommOke. S ckaxky Bam, Ha 4eM MX
MO3KHO MoitmMaTh. M 1OMKHO OBITH CTBIHO, UTO JUISI U3MEPEHHSI SHEPTHUH OHH IMOJIb3YIOTCS TaKOu
yiiMoii crtoco60B M Ha3BaHUH.

Pa3Be He OeccMbICinIIa, YTO SHEPTHIO U3MEPSIOT B KAJIOPUSAX, B 3pTax, B JIEKTPOH-BOJIbTAX, B
KAJIOrpaMMOMETpax, B OpUTAHCKUX TEIJIOBBIX €IUHMIAX, B JPKOYISX, B KHJIOBATT-4acax - CTOJIBKO
Mep Ul OJJTHOM M TOW e BEJMYMHBI? Bpl MOXeTe MogyMarh, 4YTO IO KpalHEelW Mepe COBPEMEHHBIE
MEPBOKIIACCHBIE-TO (PU3UKU-TEOPETHKH MPUHSIN OOILYI0 €IMHHILY, HO 3aTSIHUTE B MX CTAaThbU: TYT
SHEPIUI0 U3MEPSIIOT M B KEJIbBUHAX, U B Merarepuax, a TeHepp €Ile U B oOpamubix ghepmu -
nocjenHsAsl HOBHHKA. Ecimu KoMy-HHOYAb HY)KHBI J10Ka3aTeIbCTBA, YTO (M3UKU HE JIMIICHBI
YesoBeUYeCKUX clladocTel, TO BOT BaM OJHO M3 HUX - CTOJIb OTPOMHOE YHUCIIO EIUHUI] JUIs
U3MEPEHHUS] SDHEPTUU.

MHorue siBIeHHs NPUPOABI 33al0T HAM HWHTEPECHBIE 3araJku B CBs3M ¢ 3Heprueil. He tak
JIaBHO OBbLIM OTKPBITHI OOBEKTHI, Ha3BaHHbIE KBazapamu'. OHHM HaXOAATCA HA TPOMAIHBIX
pPAcCTOSIHUAX OT HAC M M3JIy4aroT B BHJE CBETA M PAJUOBOJIH TaK MHOI'O DHEPIUHU, YTO BO3HUKAET
BOIPOC, OTKyJa oHa Oepercs. Ecnu sHeprust coxpaHsercs, TO COCTOSHUE KBa3apa Iociie TOro, Kak
OH U3JIy4WJI TaKO€ YyJOBUIIHOE KOJMYECTBO SHEPIHH, JTOJDKHO OTIIMYATHCSA OT NMEPBOHAYAIBHOTO.



Bonpoc B TOM, SABISE€TCS JM MCTOYHMKOM DJHEPrMM TpaBUTAlMs - HE MPOMU3OLIEN JIU
I'PAaBUTALIMOHHBIA KOJUIANC KBa3apa, NEpPEeXoJ B HMHOE TpPaBUTAIMOHHOE cocTosHue? Mmm 310
MOIITHOE M3ITydeHHE BBI3BAHO sijiepHOU 3Heprueit? Hukro He 3HaeT. Bl ckaxere: "A MOXeT OBITS,
3aKOH COXpaHEHUsl HHepruu HecmpaBenauB?" Her, korga siBIEHHE HCCIENOBAHO TaK Mayo, Kak
KBa3ap (KBazapbl HACTOJBKO JIAJIEKH, YTO AaCTPOHOMAaM HEJETKO UX YBUAETh), U Kak OyaTo Obl
MIPOTUBOPEYUT OCHOBHBIM 3aKOHAM, OOBIYHO OKAa3bIBAETCS, UTO HE 3aKOH OLIMOOYEH, a MPOCTO MBI
HEJ0CTAaTOYHO 3HAEM SIBIICHUE.

[pyroili WHTEpeCcHBIM IPUMEP HCIONb30BAHNSA 3aKOHA COXPAHEHUS HOHEPIUH - PEaKLHs
pacmaza HEWTpoHa Ha MPOTOH, 3JEKTPOH M aHTHHEWTpuHO. CHavana JgyMaiad, 4TO HEWTPOH
IIPEBpAIAETCS B IPOTOH M 3JeKTpoH. Ho Koraa u3Mepwin 3HEPruro BCEX YACTHIL, 0KA3aJI0Ch, YTO
SHEPrus NPOTOHA U AIIEKTPOHA MEHbIIIE YHEPTUU HEUTpoHA. Bo3MOXKHBI ObLITH /1Ba 00BsicHEHUs. Bo-
MEPBBIX, MOT OBITh HENMPABWJIBHBIM 3aKOH COXpaHEHUs SHepruu. bop mpeanonokui, 4To 3aKOH
COXpaHEHUS BBINIOJIHACTCS TOJIBKO B CPEIHEM, CTaTUCTU4YeCKU. Ho Tenepp BBIACHHUIIOCH, 4YTO
MIPABWJIBHO JIpyroe oOBsICHEHHE: SHEPTrUu HE COBMAJAI0T MOTOMY, YTO NPHU PEAKUUAX BO3HHUKAET
€Ille KaKas-TO YacTHIA - YaCcTUIa, KOTOPYIO Mbl Ha3bIBa€M TEIEPb AHTUHEHUTPUHO. AHTUHEHUTPUHO
YHOCUT ¢ c000#l YacTh sHepruu. Bbl ckaxkere, YTO aHTUHEUTPHUHO, MOJI, TOJBKO Ui TOTO M
NpUIYMad, 4TOOBI CIIACTU 3aKOH COXpaHeHUs 3Heprur. Ho oHO cacaeT u MHOTHE Jpyrue 3aKOHBI,
HaIllpuMep 3aKOH COXPaHEHUs KOJIMYECTBA JBWKEHHs, & COBCEM HEIABHO MBI MOIYYWIH NPSMbIE
JI0Ka3aTelIbCTBA, YTO HEUTPUHO JCHCTBUTEIBHO CYIIECTBYET.

OTOT puMep O4eHb NoKaszaresieH. [loueMy e MBI MOXKEM pacIpOCTPaHATh HAIIA 3aKOHBI Ha
obsact, moapoOHO He u3ydeHHble? IloyeMy MBI Tak yBEpEHbI, YTO KaKoe-TO HOBOE SIBJICHHE
IIOJYMHAETCS 3aKOHY COXPAaHEHHs DHEPrUH, €CIM MPOBEPSIM 3aKOH TOJBKO HA H3BECTHBIX
ABNeHUAX? Bpems OT BpeMeHM Bbl YMTaeTe B XKypHajiax, yTo (U3UKU YOSTWINCh B OIMIMOOYHOCTH
OJIHOTO W3 CBOUX JIIOOMMBIX 3aKOHOB. Tak, MOXET ObITb, HE HYKHO TOBOPHUTb, YTO 3aKOH
BBINOJIHSACTCS B TeX OOJACTAX, KyJa MbI elle He 3arisiipiBanu? Ho eciu Bbl HUKOTAA HE CKaKeTe,
YTO 3aKOH BBINOJIHAETCS TaM, KyJa Bbl €lI€ HE 3arJisA/bIBajd, Bbl HUYErOo He y3Haere. Eciu Bbl
IIPUHUMAETE TOJIBKO T€ 3aKOHBI, KOTOPBIE OTHOCATCA YKE K IPOJACIIAHHBIM OIIBITAM, Bbl HE CMOYKETE
CAeNlaTh HHMKAaKMX IpeJCKa3aHui. A Belb EIMHCTBEHHAs II0JIb3a OT HAYKM B TOM, 4YTO OHa
MIO3BOJIAET 3aIJIbIBaTh BIEPEMA, CTPOUTH N0Taaku. 1103TOMYy MBI BEUHO XOJUM, BBITSHYB LIEK0. A
YTO KacaeTcsl JHEPTUH, OHA, BEPOSITHEE BCETO, COXPAHSETCS U B IPYTHX MECTax.

Bot nouemy Hayka HepocToBepHa. Kak TOIBKO BbI CKaXKeTe YTO-HUOYAb 00 00JaCcTH OMBITA, C
KOTOPOH HEMOCPEACTBEHHO HE COINPUKACAINCH, BBl Cpa3y K€ JIMIIAETECh YBEpEHHOCTH. Ho MbI
00513aTeNbHO JTOJDKHBI TOBOPHUTH O T€X 00JIACTSIX, KOTOPBIX HUKOTAA HE BUJEIU, HHaYe OT HAyKU He
Oyzaet npoky. Hanpumep, npu IBM>KEHUU TeJla €ro Macca MEHSeTCs U3-3a COXpaHeHus sHepruu. 13-
32 DKBUBAJEHTHOCTH MAacChl M DHEPIUM JHEPIUs, CBsI3aHHAs C JBUKEHHEM, MPOSBISIETCS Kak
JIOTIOJTHUTENbHAsT Macca. J[Burasch, Tena ctaHoBsTcs Tskenee. HproToH ObuT Apyroro Muenus. OH
CUMTaJl, YTO Macchl MocTossHHBL. Korga oOHapyKuioch, 4To mnpejcTtaBieHuss HploToHa HEBEpHBI,
Bce ToBopuin: "Ot1o yxacHo! ®u3uku HanuM y ceds omuoky! Ilouemy e oHM aymaliu, 4TO OHU
npass1?"

OddexT 3TOT 0YeHb Mai U MPOSABIAETCS TOJBKO MPU CKOPOCTAX, OJIM3KUX K CKOPOCTU CBETA.
Ecnu BBl 3aI1yCTUTE BOJIYOK, TO MAacCa €ro OCTAHETCS TAKOW ke, KaK U B CIIOKOMHOM COCTOSIHUH, C
TOYHOCTBIO 10 HUYTOKHOM Jpo6u. Ho Torna onu qomkHBI ObUTH ObI TOBOPUTH Tak: "Eciu ckopocTh
HE TMPEBBIIIAET TAKOr0-TO 3HAUEHHsI, Macca BOJYKa He MeHsercs". Bee Obl1o OB SICHO, HE TpaBia
mu? Ho Her. Benp ONBITBI NPOBOAWINCH TOJNBKO C JIEPEBSIHHBIMH, MEIHBIMA M CTAJIBHBIMU
BOJIYKaMHM, TMPHUIUIOCH ObI TOBOpUTH: "Korma BOJYKH, ClleNaHHBIE W3 MEIW, JAepeBa M CTajH,
KpyTATCSl HE OBICTpee, YeM ¢ TaKOH-TO CKOpocThio..." Kak BuanWTe, MBI HE 3HaeM BCEX YCJIOBUH,
HEOOXOIUMBIX Ui ombITa. HeusBecTHO, OyleT M COXpaHATHCSA Macca PagMOaKTHBHOIO BOJIYKA.
[ToaTomy, eciau Mbl XOTUM, YTOOBI OT HAyKH OblLjIa KaKasi-TO MOJIb3a, MbI IOJKHBI CTPOUTH JTOTAIKH.
YroObl HayKa HE MPEeBPATUIACh B IPOCTbIE MMPOTOKOJIBI MPOJIEIIAHHBIX SKCIIEPUMEHTOB, MBI JI0JIKHBI
BBIIBUTaTh 3aKOHBI, IPOCTUPAIOIIMECS HA €llle He U3BeJaHHble oOnacTtu. Hudero gypHoro TyT Her,
TOJIBKO HayKa OKa3bIBa€TCA M3-3a ATOIO HEJOCTOBEPHOM. A €ciM Bbl JyMald, 4YTO Hayka
JIOCTOBEPHA, - BbI OIITHOAIIHCH.



WTak, BO3BpaIasch K HallleMy CIHMCKY 3aKOHOB COXpaHeHMs (cM. Tabi. 1), Mbl MOKEM BHECTH
Tyna sHepruto. Hackoibko HaM M3BECTHO, OHA COXPAHSETCS B TOYHOCTU. DJIEMEHTAPHON €AMHUILIBI
SHEPrUM HE cyliecTByeT. Jlanee, ABISETCS U OHA UCTOYHUKOM mouist? Jla. DUHIUTENH cuuTall, 4To
rpaBUTAlUsl TOPOXKAAETCA DHEPruel. DHEeprusi 3KBUBAJIEHTHA Macce, M, CIEeJ0BaTEebHO, MBICIh
HpioTOHa, 4TO TpaBHUTAIMsl MOPOXKIAETCS MAcCOW, TpaHC(HOPMHpOBAIach B YTBEP)KICHUE, UTO
IPaBUTALUIO TPOU3BOJIUT SHEPTHUS.

CylIecTBYIOT Ipyrue COXpaHsIOIIUECs BEIMYUHBI, MOJJO0OHBIE HEPTHH B TOM CMBICIE, YTO
OHM sABJISAtOTCA yrciaamMu. OJlHA U3 HUX - KOJIMYECTBO ABMKEHMs. Eciin B3SITh Bce Macchl CUCTEMBI,
NEPEMHOXHUTh UX Ha CKOPOCTU U CJIOXHTb, TO CyMMa OyAeT KOJIMYECTBOM JBM)KEHHS CHUCTEMBI,
MOJIHOE KOJHMYECTBO JBHKEHHSI cUCTeMbl coxpaHsercs. CoriacHO HBIHEUIHUM IpeACTaBICHUSIM
HHEPIUsl U KOJMYECTBO JBWKEHUS TECHO CBSI3aHbI, I0O3TOMY s IOMECTHII UX B OJJTHOM CTOJIOIIE.

Eme npumep coXpaHsrolencss BEIUYUHbBI - MOMEHT KOJIMYECTBA JBUKEHHS, O KOTOPOM MBI
yxe roBopwin. Hampumep, ecnu y Hac €CTh JIBIDKYIIEECS TEJIO M MBI BHIOEpPEM MPOW3BOJIbHBIN
LEHTP, TO CKOPOCTh yBennueHus miomaau (puc. 20), onucsiBaemMasi OTPE3KOM, COSIUHSIIOIIUM TEI0
C LEHTPOM, YMHOKEHHAas Ha MAaccCy Tella, Ha3bIBa€TCSI MOMEHTOM KOJWYECTBAa JABMKEHHUS. Takum
o0pa3oM, MOMEHT KOJIMYECTBAa IBWKCHHUS YHCIECHHO PaBEeH IUIOIIA/IM, OMUCBIBAEMON OTPE3KOM,
COCIMHSIONINM TEJIO C IEHTPOM, MPHU ABMKEHUU Teia 3a eAUHUILy BpeMeHH. CI0KWB MOMEHTHI
BCEX TeJI, BXOJAIIUX B CHCTEMY, MbI IIOJIyYUM MOMEHT KOJIMYECTBA IBUKEHUSI CUCTEMBI.

Orta BennuuHA He MeHsieTcsl. Tak, MBI IMEeM COXpaHEHHE MOMEHTa KOJMYECTBA JIBUKCHUSI.
Kcratn, MHOTHUM 4acTo KaxkeTcs, OyJTO MOMEHT KOJIMYEeCTBa JIBUKEHUS He coxpaHseTcs. [1onobHo
SHEPTrUH, OH MPOSBISAETCS B pa3iIMUHBIX (opMax. boNbIIMHCTBO Moel AymMaroT, OyJITO OH CBSI3aH
TOJIbKO C JIBWKEHHEM, HO 5 MOKaXy BaM, YTO OH MposBisieTca U B Apyrux ¢opmax. Eciu B
MPOBOJIOYHYIO KaTYIIKY BIBUTaTh MarHuT, TO MarHUTHOE II0JIe, MAarHUTHBIA TIOTOK BHYTPH Hee,
YBEJIMYUTCS U 0 MIPOBOJLY MOWIET NMEeKTpHUecKuil Tok. BooOpasure, 4To BMECTO MPOBOAA - TUCK. B
KOTOPOM MMEIOTCS JIEKTPUUECKHE 3apsiabl Haro100ue 3JeKTpoHOB B mpoBojioke (puc. 21). Teneps
s TOJIOJIBUTAI0 M3/1ajleKa MAarHuT, BABHMral0 OYEHb OBICTPO BAOJIb OCH, TOYHO B CEPEIHUHY, H
MarHUTHBI TIOTOK W3MeHseTcs. Tak ke Kak W B TMPOBOJOKE, MarHUTHBIC 3apsiibl HAUWHAIOT
JIBUTATBCS TIO KPYTY, M, €CIHM JUCK HAaCakKeH Ha MOALIUIHUK, OH 3aKPYTHTCA. DTO HE MOXOXKEe Ha
COXpaHEHHE MOMEHTa: KOTJla MarHuT Jajieko OT JIMCKa, JUCK He MOBOpPAuMBaeTCs, a Korjaa Oim3Ko -
JTUCK KPYTUTCSL.

MBI nonrydwsiv BpalieHue 3a1apoMm, a 3TO NMPOTUB MPaBHIL. "AX, Tak, - CKaKeTe BB, - 3HAUYUT,
JIOJDKHO CYIIECTBOBATh KaKOe-TO JPYroe B3aUMOEWCTBUE, 3aCTaBISAIONIEE MAarHUT KPYTUTHCS B
obpatHyto ctopony". Huuero moxoxero.

Ha marHuT He nAeHCTBYeT aJIeKTpHYecKasl CUiia, KOTOpas CTpeMuiach Obl IOBEPHYTH €0 B
o0paTHyI0 cTOpoHY. Bece 00BsiICHSIETCSI TEM, YTO MOMEHT IpOosBIseTcs B AByX Gopmax. OaHa U3 HUX
- MOMEHT, CBSI3aHHBIIl C JBWXXEHHEM, a Jpyras - MOMEHT, CBS3aHHBIH C JJIEKTPUUYECKUM U
MarHUTHBIM TOJSIMH. BOKpYr Maramra CymiecTBYeT TIOJ€ CO CBOMM MOMEHTOM, KOTOpBIA He
NPOSIBIISIETCS B IBUKEHUH, HO 110 3HAKy NPOTUBOIIONIOXKEH BpalleHuto. Ecim Mbl ipojiesiaeM OMbIT B
obpatHom mopsike (puc. 22), 3To craHet emie sicHee. Korga Auck ¢ 3apspKeHHBIMH YacTHIIAMH U
MarHuT HaxoJATCA PsIoM M 00a HEMOABIXKHBI, S TOBOPIO, YTO TMoje 00JajaeT MOMEHTOM,
MOMEHTOM B CKPBITOW (hopMe, He MPOSBISIFOIIMMCS B MEXaHHYECKOM BpamieHnHd. Korma ke BbI
yOupaere MarHuT, MOJS Pa3bEAUHSIOTCS M MOMEHT KOJIMYECTBA JIBIKEHHUS JOJDKEH Terepb
NPOSIBUTBCA - NUCK 3aKkpyTUTcsa. [lpwumHa, 3acTaBisiomias €ro KPYTHUTBCS, - JTO SIBIICHHE
AJIEKTPOMArHUTHON MHIYKLIUH.

MeHsieTcsi 1 MOMEHT KOJMYECTBA JABIDKCHHS TOPIMSAMH, 5 3aTPyTHSIOCH cKa3aTh. Ha



NEPBbIM B3IJISI OH HUKAK HE MOXET M3MEHATHCA MOPLUSIMH, MO0 3aBHUCUT OT TOTO, MOJ KaKUM
YIJIOM BBl CTPOMUTE MPOEKIHIO CHCTEMBI. BBl CMOTpUTE Ha W3MEHSIOLIYIOCA IUIOIIAIb W,
€CTECTBEHHO, BUAMTE €€ M0-pPa3HOMY B 3aBUCHUMOCTU OT TOT'O, CMOTPUTE JIM BBl HAa HEE IPSIMO UIIU
nmoa yriioM. Eciaym MOMEHT M3MEHSIeTCSl NMOPLUMSIMH M, T8 Ha CHCTEMY IOJ OJHHUM YIJIOM, BbI
HallI¥M, 4TO OH paBeH 8 €AMHULAM, a MOTOM YyTh-UyTh M3MEHWIH YIOj, TO YHUCIO EIUHUI]
M3MEHUTCS HE3HAUYNUTEIIBHO, CKa’KEM, CTaHET YyTh-4yTh MeHbIIE 8. Ho 7 He 4yTh-4uyTh MeHbIIE §; 7
MEHBIIIE & Ha BIIOJIHE ONPEICIICHHYIO BEIMUYMHY, TaK YTO MOMEHT BpSJ JIU MOKET M3MEHATHCS
MOPLMSIMHU.

OpHako TOHKOCTH M CTPAaHHOCTH KBAaHTOBOW MEXaHUKM TO3BOJIAIOT OOOWTH 3TO
JTIOKa3aTeNbCTBO: €CIM Mbl HI3MEPUM MOMEHT KOJIMYECTBA IBUKEHHSI OTHOCUTEIHHO JIF00O0M OcH, OH,
Kak HU CTpaHHO, Bcerja OyAeT BbIpaXkaThCsl LEIbIM 4ducioM enuuui. IlpaBma, B oTinuume oT
ANEKTPUUECKOr0 3apsAza, 3TO HE T€ €AWHMIIbI, KOTOPbIE MOYKHO NOJCYMUTAaTh. MOMEHT M3MEHSETCS
MOPIMSAMU B MAaTEMaTHYECKOM CMBICIIE TAKMM 00pa3oM, UTO MpH JIIOOOM M3MEPEHUHU BEJIMUMHA €T
BBIp@)XXAETCsl LEJIBIM 4UCIOM. HO MBI HE MOXEM TOJIKOBaThb €ro TakK e, KakK IeJI0€ YHCIIO
€IMHUYHBIX AJIEKTPUYECKHUX 3apsAA0B - BOOOPaXKaeMbIX €IMHUL], KOTOPbIE MBI MOKEM IepECUnTAaTh:
OJIHAa, Apyras, TpeThs... B cilydae MOMEHTa KOJIMYECTBa JIBM)KEHHSI Mbl HE MOXKEM IPEICTaBUTh MX
ce0e KaK OTAeIbHBIC eIUHMIIbI, U TEM HE MEHee YHCIIO UX - Beerya 1iernoe... YTo KpaiiHe CTpaHHO.

Ecte u gpyrue 3akoHbl coxpaHeHMs. OHM HE TaK HMHTEPECHBI, KaK TE€, O KOTOPBIX 4
pacckaspiBall, U peyb B HHUX HJET HE O COXPaHEHUWU Benu4MHbI. [IpenmonoxkuMm, y Hac ecTh
YCTPOMCTBO, B KOTOPOM HYaCTULBI JBHKYTCS CUMMETpHUYHO. ITycTh MX IBHKEHHSIM CBOWCTBEHHA
IBYCTOpOHHsIE cumMmerpusi (puc. 23). Torma, coryiiacHO 3akoHaM (U3HMKH, TIPU  JIFOOBIX
MEPEMELEHUAX U CTOJIKHOBEHUSAX BBl MOXKETE 0)KMJIaTh, M OXKHUIATh HE HAIIPACHO, YTO, B3TJISIHYB Ha
ATy CHUCTEMY MO3Xe, Bbl OOHApYKUTE B HEHl MpexHIo cummeTpuio. CienoBaTeNbHO, CYIIECTBYET
elle OJMH BUJ COXPAaHEHHs - COXpaHEHUE Xapakrepa cummerpuyHocTH. [lomaramocs Okl U 3TOT
3aKOH 3aHECTH B Hally TaOJuIly, HO TYT HE COXpaHseTCsl HHUKakas OIpe/ejeHHas BeJIUYuHa,
nojyatomasics u3MepeHuto. O 3aKOHE COXpPaHEHUS CHUMMETPUH MbI MOTOBOPUM IOJpPOOHEE B
cienyromeit nekuuu. Knaccuueckyio Gu3uky oH Mallo MHTEpECyeT MOTOMY, YTO TaKue KpacUBbIE
CUMMETPUYECKHE HAaYaJIbHBIE YCIOBUS TaM OYEHb PEIKHM U MPAKTUYECKOTO 3HAUYEHUS OH IIOYTH HE
uMmeeT. B KBaHTOBOH ke MEXaHUKe, I/le Mbl UMEEM JIeJI0O C OYEHb MPOCTHIMU CHCTEMaMHU BpPOJE
aTOMOB, UX BHYTPEHHEE CTPOEHHE 4acTO ObIBa€T CUMMETPHUYHBIM (HAmpuMmep, ¢ IABYCTOPOHHEH
CUMMETpHel) M XapakTep CHMMETPUM CoxXpaHserci. BoT mouyeMy O3TOT 3aKOH BaKke€H JUIs
MIOHMMAaHHUSI KBaHTOBBIX SIBJICHUI.

Eme oaunH uHTEpecHBIN BOMPOC - 3aJI0KeH JI1 Oosiee PyHIaMEHTaIbHbIA MPUHIUI B 3aKOHAX
COXPAHEHUS WM MBI JOJDKHBI IPUHUMATh MX TaKUMH, KaK OHM €CTh? DTOT BONPOC 5 OTIIOKY JO
ClIeytolel JIEKIMU, HO OJHY €ro CTOPOHY XOuy OTMETUTh cpasy. [Ipu momynspHOM H310KEeHUU
3TUX Pa3HOOOpA3HBIX NPUHIMIIOB OHU KaXyTcs B3aUMHO HE CBS3aHHBIMU. 3aTo IpH OoJjee
riIyOOKOM MOHUMaHHUH Bbl OOHAPYKUBAETE MEXKY HUMU TECHYIO CBA3b - KaX/IbIH U3 HUX TaK WU
MHauye Mojpa3ymMeBaeT B cebe ocTanbHble. B3ATh XOTS OBl CBSI3b MEXJIYy OTHOCHUTEIIBHOCTBIO U
JIOKQJIbHBIM XapakTepoM coxpaHeHHs. Eciau Obl s HE MOSCHUI 3Ty CBS3b MPUMEPOM, TO MOTJIO ObI
M0Ka3aTbCsl YyJIOM, YTO U3 HEBO3MOXKHOCTH ONPEAETUTh, KaK ObICTPO BBl JIBUKETECh, BHITEKAET,
YTO COXPaHSIONIAsICSl BEIMUYMHA HE MOKET UCUYE3HYTh B OJJHOM MECTE U OJJHOBPEMEHHO BO3HUKHYTh

B JIpyTOM.

Tenepsb 51 xoTen ObI MOKa3aTh BaM, KAKOBA CBSI3b MEXy COXpPaHEHHMEM MOMEHTa KOJUYECTBa
JIBJKECHHsI, COXPAHEHUEM KOJIMYECTBA JBWKECHHUS M COXPAHEHUEM HEKOTOPBIX APYTHUX BEIUYMH.
IIpn coxpaHeHMM MOMEHTa KOJIMYECTBA IBWKEHHsS MBI MMEEM €0 C IUIOLIaJbl0, ONHUCHIBAEMOM
JBIKYIIUMUCS YacTUlaMu. Eciau HaM TaHO HeCcKOJIbKO yacTHIl (puc. 24) U Mbl IPUMEM 3a IIEHTP



OYEHb JJAJIEKYIO TOUKY X , TO PACCTOSIHMA JI0 BCEX YACTULl OYAyT MOYTH OJMHAKOBHI. B 3TOM ciydae
IIPY BBIYMCIECHUM IUIOIIAJCH, UM MOMEHTOB KOJMYECTBA JBMKEHMSI, HY’)KHO YUYHUTHIBATh TOJBHKO
OJTHO - COCTABJISIOLIYI0 CKOPOCTH, KOTOpas Ha puc. 24 BepTuKaibHa. Mbl 00Hapy>KUM, YTO CyMMa
BCEX MacC, YMHOXXEHHBIX Ha MX BEPTUKAJIbHbIE CKOPOCTH, MOCTOSHHA, OO MOCTOSHEH MOMEHT
KOJINYECTBA BM)KEHUSI OTHOCHUTENBHO JF000I TOUYKH, U €CJIM TOYKa BhIOpaHa JJOCTATOYHO JajieKas,
TO MOMEHT 3aBUCHUT JIMIIb OT Macc M ckopocTed. TakuM o0pa3oMm, U3 COXpaHEHHS] MOMEHTa
KOJIMYECTBA JIBJKEHUS BBITEKAET COXPAHEHUE KOJMYECTBA IBMKEHMS. A OHO B CBOK OYEpeEdb
MOJIpa3yMeBaeT COXpaHEHUE eIlle OJHOM BEJIMYMHBI, HACTOJIbKO CBSI3aHHOW C KOJMYECTBOM
JBYDKEHUS, YTO s JJake He CTal BHOCHTH ee B Tabia. 1. Sl uMero B BHIy MOJIOKEHHE LIEHTpa Macc
(puc. 25).

Macca B siIMKe HE MOKET MEPEMECTUTHCS U3 OJJHOTO MOJIOKEHHSI B JPYroe MpoCcTo TakK, cama
o cebe. CoxpaHeHre Macchl TYT HU TIPU YeM: Macca BCe BpeMsl O[HA U Ta K€, Peub UET JIHIIb O €€
MepeMenIeHUsIX. 3apsi] MOT OBl IEPEMECTUTRCS, a Macca - HeT. [103BoJibTe 0OBSICHUTD, TOYEMY.

[IpeanonoxuB, 4YTO SIIMK IUIABHO HJET BBEpPX, HAWJAEM MOMEHT KOJIMYECTBA JBUKEHUS
OTHOCHUTCJIIBHO HE OYCHb }IaHeKOﬁ TOYKH X . Ecin IIpr IBMKCHHU AIMMKAa BBEPX MacCa HAXOAUTCS B
nonokeHuu I,  TO TUIOIIANh, ONMMCAHHAS €€ paguycoMm, OyIeT W3MEHSATHCS C OMpeeICHHOM
ckopocTbto. Eciu Macca mepenBHHETCS B MOJOKEHUE 2,  TO IUIOMIA[b CTAHET yBEINYUBATHCS
ObICcTpee: BhICOTa OyJeT MpEeXHEH, MOTOMY YTO SIIUK MOJHUMAETCS C MPEXHEeH CKOpPOCThIO, a
paccTtosiHue OT X JI0 Macchl yBenuumioch. Ho, cornacHo 3akoHy coXpaHeHUs MOMEHTa, ObICTpOTa
M3MEHEHUS IJIOIIA M HE MOXKET U3MeHAThCs. [loaToMy macca He uMeeT mpaBa NMepeABUHYTHCS caMa
mo cede: BEI AOJDKHBI YTO-TO IMOATOJKHYTH WJIU €HIC KaK-HI/I6y2113 YBCJINYUTE MOMCHT KOJIMYCCTBA
JIBIKEHUs. BOT moueMy pakera He MOXET IBUTaThCs B MYCTOTE..., HO ABMWXkeTcs. Ecnm y Bac
HECKOJIbBKO MaCC U OJHAa ABHUHYJIACh BICPEO, TO APYTHUEC BBIHYXACHBI ABUI'aTbCA Ha3ald, TakK qTOOBI
nepeMeneHus] BIepel U HaszaJl B3aUMHO ypaBHOBeCWIHCh. Tak paboraer pakera. CHadana oHa,
CKaXX€M, HCIIOABHUXXHO BUCHUT B IIYCTOTC, IIOTOM BI)I6paCBIBaeT ra3d Haszaa MU H3-3a OTOro JICTUT
Brepea. ['maBHOE - 4TO BCE BEHIECTBO, LIEHTP MACChl, MAacca B CPEIHEM, OCTA€TCsl Ha MPEKHEM
Mmecte. HyxHast yacTh moJjieTena BIepea, a HEHYXHasi, HaC He MHTEpecylollas, OTOpoIleHa Ha3a/l.
TeopeM O COXpaHEHUHU TOJILKO HYXHBIX BeIlled HET, OHM TOBOPAT JIMIIb O COXPAHEHHHM BCETO B
LEJIOM.

[Toucku 3aKOHOB (UBUKH - 3TO BPOJIE JIETCKOM UTPHI B KYOUKH, U3 KOTOPBIX HYKHO COOpaTh
[ETyI0 KapTUHKY. Y Hac OTPOMHOE MHOXKECTBO KYOMKOB, U C KaKIbIM JTHEM HX CTAaHOBHUTCS BCE
Oonpiie. MHOTHE BamsIOTCS B CTOPOHE M Kak OyaTo ObI HE MOAXOJAT K OcTalnbHBIM. OTKyna MbI
3HaeM, 4TO BCE OHHM W3 OJHOTO Habopa? OTKyaa MbI 3Ha€M, YTO BMECTE OHH JOJDKHBI COCTaBUTh
HenbHyl0 KapTuHKy? [loMHOW yBEpEeHHOCTH HET, U 9TO Hac HecKolbko Oecrokout. Ho To, uto y
MHOTHX KyOWKOB €CTh HEUTO oOIiee, BcelseT Haaexkay. Ha Bcex HapucoBaHo roimyboe He0o, Bce
ceTaHbl U3 JepeBa OJHOTO copra. Bee usndeckre 3akoHBI MOAYMHEHBI OJJHUM U TEM K€ 3aKOHaM
COXPaHEHUSI.

Nekuuns 4.
CummeTpua ousanyecknx 3aKOHOB

JIst 4enoBe4ecKoro pasymMa CHUMMETpHs 00JaJaeT, IO-BUIAMMOMY, COBEPLIEHHO 0co0oi
npuTATaTeNnbHONH cuiaoi. Ham HpaBUTCS CMOTpeTh Ha NpOSIBICHWE CHMMETPUH B IPHUPOAE, HA
HJAcaJIbHO CHUMMCTPUYHLBIC C(bepbl IIJTaHCT WU COJIHI_Ia, Ha CHMMCTPUYHBIC KPHUCTAJLJIbI, Ha
CHE)XMHKH, HAKOHEIl Ha IBEThI, KOTOPbIE MOYTH cUMMeTpu4Hbl. OHAKO ceifyac MHE XOTEIOCh ObI



MIOTOBOPUTh HE O CUMMETPHM IPEIMETOB, 2 O CUMMETPHUHM CaMUX 3aKOHOB (u3uku. YTO Takoe
CUMMCETpUA NpEAMETa - MOHATH JICTKO, HO MOXKCET JIN OBLITH CUMMCTPUYIHBIM (1)H31/I‘—I€CKI/II71 3aKO0H?
Het, koHeuHO, HO (PU3HKHU MOTYHYarOT 0CO00E YJOBOJIBCTBUE OT TOTO, UTO OEpyT camble OOBIZICHHBIE
CJIOBA M UCHOJB3YIOT UX NIl 0003HAYEHHs] COBCEM JIPYTHX MOHATUH. B Hamiem ciydyae HEKOTOpbIe
CBOMCTBa (DM3MYECKHX 3aKOHOB Ka3allUCh MM OY€Hb IOXOKMMH Ha TE€ CBOICTBAa NpEIMETOB,
KOTOPBIC OIPCACIAIOT X CHUMMETPHUIO, U (1)I/ISI/IKI/I CTaJIi TOBOPUTH O CHUMMETPUU (i)I/ISI/I'-IeCKI/IX
3aKOHOB. BOT 0 HEN-TO U MOMAET 31€Ch pPEUb.

Uro takoe cumMmerpus? [locmoTpure Ha MeHS, U Bbl YO€IUTECh, YTO MOS JIeBasl MOJOBUHA
CUMMETPUYHA IIpaBOM, IO KpallHEHd Mepe BHEHHE. TOYHO Tak JK€ WJIM HECKOJIBKO HHaue
CUMMeTpUYHa Ba3a. UTo Bce 3T0 3HAUMT? CHUMMETPUYHOCTH MOETO TEJla O3HA4aeT, YTO E€CIHU
MIEpEHEeCTH BCE, YTO y MEHS €CTh, CIIpaBa HaJIEBO U HAOOOPOT, T.€. €CIIM MOMEHSTh 3TH JIB€ CTOPOHBI
MeCTaMH, TO sl Oyy BBITJIAJIETh TOYHO TaK ke, Kak U paHbie. Ocoboro Bu1a CUMMETpuUeil oonanaet
KBaJpaT - €ro MO>KHO MOBEpHYTh Ha 90°, 1 OH CHOBa OyAET BBITVIAAETH TaK )K€, KaK U IMPExKIe.
W3Bectuwrii marematuk ['epman Beitnp (1885-1955) mpemnoxun mnpekpacHoe OIpeaesieHne
CUMMETPHUH, COIVIACHO KOTOPOMY CHMMETPHUYHBIM HA3bIBAETCS TAKOW IMPEIMET, KOTOPBIA MOYKHO
KakK-TO HU3MCHATH, IIOJy4dass B PE3YJIbTATC TO XKE, C 4YCTO BHI Ha4daiu. NMeHHO B PTOM CMBICIIE
TOBOPAT O CUMMETPUHU 3aKOHOB (Gu3UKH. IIpu 3TOM MBI MMeeM B BHIY, YTO (pu3HUYECKHE 3aKOHBI
HIIH CITIOCOOBI UX MMPEACTABIICHHUA MOXHO U3MCHATH TaK, YTO 3TO HE OTPAXKACTCA Ha UX CIICACTBUAX.
OTHM CBOMCTBOM (PU3MUECKMX 3aKOHOB MBI U 3aiiMeMCsl B TAaHHOH JICKIIUH.

[TpocTeiiimyM npuMepoM CUMMETPHUU TaKOTO POJa - U BBl cpa3y MoOWMeTe, YTO 3TO COBCEM HE
CUMMETpHS MPaBOTO U JIEBOTO, - MOXKET CIY>)KUTb CUMMETPHSI OTHOCUTEIBHO MPOCTPAHCTBEHHOIO
nepeHoca. Bot 4uro mbl umeem B Buay. Ecnu moctpouTh J100yi0 YCTAaHOBKY M NPHU €€ MOMOIIU
MOCTaBUTh KaKOH-HUOY/b OMBIT, @ 3aTEM B35ITh U TIOCTPOUTH TOYHO TAKYIO K€ YCTAHOBKY JIJIsl TOUHO
TaKOro )K€ HKCIEPUMEHTa C TOUHO TaKUM e 00bEKTOM, HO B IPYrOM MecTe, He 3/1eCh, a TaMm, T.€.
IIPOCTO MEPEHECTH HAIll OMBIT B JAPYTYI0 TOYKY MPOCTPAHCTBA, TO OKAXKETCS, YTO BO BpeMsi 000uX
OIBITOB MPOHUCXOAUT B TOYHOCTH OJJHO M TO ¥XK€. KOHG‘IHO, 9TO YTBEPKACHUC HEC HYXHO ITIOHUMATH
CIIMIIKOM yTpolieHHo. Ecau Obl 1 Ha caMoM Jienie OCTPOMII 3/1eCh, TJe 51 ceiuac CHXKY, KaKyro-
HUOYAb YCTAaHOBKY, a 3aT€M IOMBITAJICS MIEPEHECTU ee Ha 6 M BJIEBO, TO OHA BolLIA Obl B CTEHY, CO
BCEMHU BBITEKAIOIIMMHU OTCIOAA NOCIHEACTBUAMU. [[03TOMY, TOBOpsl O CUMMETPHUH OTHOCHTEIIBHO
IMPOCTPAHCTBCHHBLIX TIIECPEHOCOB, HGO6XOHI/IMO YUUTBIBATH BCE, YTO HUIPACT B OKCIICPHUMCHTEC
CYLIECTBEHHYIO POJIb, U NIEPEHOCUTH BCE 3TO BMECTE C YCTAaHOBKOW. Bo3bMeM, Hampumep, Kakyro-
HUOYAb CHUCTEMY C MasiTHUKOM U MOIpoOyeM nepeHectu ee Ha 20 ThICsi4 MIIIb BIIpaBo. SICHO, 4TO
cucreMa He OyaeT paboTaTh MPaBWIIBHO, TaK KaK KoJeOaHHs MasTHUKA 3aBHCAT OT MPUTSIKEHUS
3emnn. Ho ecnu mpencraBuTh cebe, 4TO BMECTE C YCTAHOBKOW I IEPEHOIy U HAllly IUIAHETY, TO
cucremMa Oyner paboTaTh MO-TIPeXHEMY. B TOM-TO M /€70 - HY)XKHO NEPEHOCHTh Cpa3y BCE, YTO
UMeeT XOTh Majeifliee 3HaueHue. JTo MpaBWIIO 3BYUUT JOBOJIBHO Helneno. B camom nene, MOXHO
MPOCTO MEPEHECTH HKCIEPUMEHTAIBHYIO YCTAHOBKY, a €CJIM OHa He 3apaldoTaeT, CKa3aTh, YTO MbI
MIEPEHECIIH €1le HE BCE, - M BBl OKa3bIBAETECH MIPaBbl U B TOM U B Apyrom ciaydae. Ho Ha camom nene
3TO HE Tak, MO0 BOBCE HE OUEBUAHO, YTO MblI 00s3aTenbHO Oylem mpaBbl. MHTepecHeifee
CBOMCTBO IPUPOJIBI KaK pa3 M 3aKIIOYAeTCs B TOM, YTO BCErja yIaeTcsl MEPEeHECTH JOCTaTOYHO
MaTepHaia, YToObl yCTaHOBKA BeJia ce0sl, KaK M paHblile. A 3TO y)Ke He MyCThIe CJIOBA.

MHue xotenoch Obl Ha MpUMEpe MOKa3aTh, YTO ATO YTBEP)KIACHHE MpaBUIbHO. Bo3pmem B
KaueCTBE WJUIIOCTPALMN 3aKOH BCEMHPHOIO TATOTEHMs, YTBEP)KIAIOIIMM, YTO CHjIa B3aUMHOIO
MPUTSHKEHUS BYX TN 00paTHO MPOMOPIMOHANIbHA KBAJApaTy pacCTOSHUSA MeXIy HUMU. HanomHio,
YTO TeJla PEarupyroT Ha CUIy M3MEHEHHUEM CKOPOCTH B HaIlpaBJIIEHWU CUIbl. Bo3pMeM Teneps aBa
Tena, CKaXkeM, IUIaHeTy, Bpamarourytocs Bokpyr ConHIa, U MepeHeceM 3Ty napy B JIPYTyr 4acTh
Bcenennoii. PaccrosiHue MeXIy HHUMH, €CTECTBEHHO, HE W3MEHHMTCS M, CIIEJOBATEIbHO, HE
HU3MECHICTCA U HGIZCTBYIOHIH6 MCXKIAYy HUMHU CHIJIBL. Boiee TOro, B HOBOH CUTyallul COXPAHUTCA U
CKOPOCTh JIBM)KEHHUS U BCE MPOMOPLUHN MPOUCXOIAIINX U3MEHEHUH, U B OJTHON cUCTeMe Bce Oyaer
MPOUCXOAUTE TOYHO TaK XE, KaK U B ﬂperfI. Vixe TO, YTO B 3aKOHC BCCMHPHOI'O0 TATOTCHUA
UCIIONB3YeTCsl "paccTOSHME MEXIy ABYMs TelaMu'", a HE KaKoe-TO pacCTOSHUE 10 ILEHTpa
BcenenHnoi, moka3pIBaeT, 4YTO 3TOT 3aKOH JIOIYCKAET MEPEHOCHI B TPOCTPAHCTBE.



Bor B 3TOM M 3akirodaercs OJHA W3 CHMMETPUH (U3MYECKUX 3aKOHOB - CHMMETPHS
OTHOCHUTEIIFHO MPOCTPAHCTBEHHBIX MEPEHOCOB. J[pyroe CBOWCTBO CUMMETPUU CBS3aHO C TEM, YTO
JUIsE GUBMYECKUX 3aKOHOB HE CYIIECTBEHHBI M CIBUTH BO BPEMEHH. 3aIlyCTUM IUIAHETY BOKPYT
ConHmla B ompeneneHHOM HampaBiieHnd. W mpeamonaokuM, 94To MBI MOTJIM OBl 3aITyCTHUTH €€ Ke
CHOBA Ha 2 yaca WM Ha 2 rojia Mo3Xe, 3allyCTUTh CHOBA C CaMOT0 Hauajaa TOYHO TaKHM ke 00pa3oM
MPU TOYHO TAKOM K€ MCXOJIHOM pacrosokeHuu TuiaHeT u ConHIa, KaKk ¥ MPU TEPBOM 3aITyCKe.
Torma Bce OyaeT MPOUCXOIUTH TOYHO TaK e, KaK U B TMEPBOM Ciydae, MOCKOJIbKY BHOBBH 3aKOH
BCEMHUPHOTO TATOTCHHUSI TOBOPUT O CKOPOCTH M HHTJE HE TOJIB3YETCS MOHATHEM aOCOIIOTHOTO
BPEMEHH, B ONPEICIICHHBII MOMEHT KOTOPOTO HEoOXOoAMMO HaudaTh u3Mepenus. [lo coBectu
TOBOpSI, UMEHHO B 3TOM KOHKPETHOM IPUMEPE MbI HE OYCHHb YBEPEHBI B CIPABEUIMBOCTH HAIIMX
yTBepxkaeHuil. Korma Mbl roBOpUiIM O 3aKOHaX TPAaBUTALMM, Mbl YHOMSIHYJIM O BO3MOXXHOCTHU
W3MEHEHUS TPABUTAIIMOHHBIX CHJI BO BPEMEHH. A 9TO O3HA4asio ObI, YTO HAIlle MPEANOI0KEHNUE O
JIONYCTUMOCTH CIBUTOB BO BPEMEHU HEBepHO. Benb eciiv rpaBUTAIlMOHHAs TOCTOSIHHAs 4epe3
MUJUTHAP/T JIET OKAXKETCSI MEHBIIIE, YeM ceiuac, TO HEBEPHO yTBEPKJATh, UTO YEpPEe3 MUJLIHAP] JIET
JIBIKEHHE HAIIMX SKCIIEPUMEHTANBHBIX MIaHeT U ConHia OyIeT TOYHO TaKUM XKe, KaK U CeroJIHs.
Ho, HackobKo MBI 3TO 3HaeM ceiuac (a s TOBOPIO 3/1eCh O 3aKOHax (PM3WKH B TOM BHJIE, B KAKOM
OHU HaM W3BECTHBI CETOIHS, - XOTA, MOBEPhTE, HE OTKA3aJICs ObI OT BO3MOXHOCTH MOTOBOPHUTH O
HUX C TIO3UIUI 3aBTPAITHETO JIHS), CABUT BO BPEMEHH HE UMEET HUKAKOTO 3HAYCHHSI.

N3BecTHO, UTO B OIHOM OTHOIIEHUH 3TO Ha CAMOM JIeJie HE TaK. DTO BEPHO JIMIIb B TOM, YTO
KacaeTcs: 3akoHOB (usuku. Ho dakTel (a OHM MOTYT CHJIIBHO PacXOIUTHCS C W3BECTHBIMH HaM
3aKOHaMH) CBUJETEIbCTBYIOT, MTO-BUAMMOMY, O TOM, YTO BcelleHHas nMeer onpeerneHHoe Hayano
BO BPEMEHHM U 4YTO cervac 3ta BceneHHas MocTossHHO pacmmpsierca. Moryr ckasaTe, 4TO 3/1€Ch MBI
TOXKE JIOJDKHBI BOCIPOU3BOIUTH 'Teorpadudeckue" yCIOBUS, KaK W TMPU MPOCTPAHCTBEHHBIX
MepeHocax, KOraa Mbl BEIHYK/ICHBI OBIITH TIEPEHOCUTDh HE TOJIBKO YCTAaHOBKY, HO M BCE OCTalIbHOE. B
TOM >K€ CaMOM CMBICIIE MOXHO YTBEpXKJaTh, YTO JJsi IEpEHOCa BO BPEMEHHM CIPABEAJIUBO
AQHAJIOTUYHOE MPABWIIO ¥ YTO HaM HYXKHO CMEIIAaTh BO BPEMEHH IMPOIIECCHl paciipenust Beenennoit
BMECTE CO BCEM OCTalbHBIM. TOrna Mbl JOHKHBI ObUTH OBl IPOBOAUTH HAIll BTOPOM SKCIIEPUMEHT,
CIABUTras BO BpEMEHM MOMEHT poxaeHusa Hameld Becenennoit. Ho He Ham co3naBath BceneHHble. Ha
ATOT TNPOLECC Mbl HE MOMKEM OKa3aTb HUKAKOTO BIUSHUS, U Mbl HE MOXKEM Ja)Xe MOIYYUTh
AKCIIEPUMEHTAJILHBIM IyTEM XOTh Kakoe-HHOyab MpeacTaBieHue o HeM. [loaToMy HACTOIBKO,
HACKOJIBKO 3TO KacaeTCs TOYHBIX HAyK, Mbl HUYETO HE MOKEM CKa3aTh MO 3ToMy moBojy. [Ipocto-
HaIlpoCTO JIeJI0 B TOM, YTO YCJIOBHS CYIIECTBOBaHUS BcCeleHHOH, MO-BUIUMOMY, MEHSIOTCS BO
BPEMEHH U TaJlaKTUKHU HEMPEPBIBHO YIAISIOTCS IPYT OT JAPYra, Tak 4TO €clid Obl B KAKOM-HHOYb
Hay4HO-()aHTACTUYECKOM POMaHe BBl MPOCHYJIHUCH T/IE-TO B HEM3BECTHOM OYIyIeM, TO, U3MEPHB
CpeIHUE PACCTOSHHS MEXIy TalakKTUKaMH, Bbl CMOTJU OBl y3HaTh, O KAKOM BPEMEHU UJET Peyb.
DTO 3HAYMT, YTO C TEUYCHHUEM BpeMeHH BceneHHass He Oy/eT BBITIIAIETh TaK K€, KaK OHa BBITJISIUT
cenyac.

OmHako CcerofgHs MPHUHATO TMPOBOAWTH TPaHb MEXAY (U3MYECKUMH 3aKOHAMH, KOTOPBIC
TOBOPSIT O TOM, KakuM OyIeT ABM)KEHHE, €CIM OHO HA4YaloCh MPH OIpPEIEICHHBIX YCIOBUAX, U
YTBEPKJICHHSIMU O TOM, Kak Oblila co3/aHa Haiia BcenmeHHas, MOCKOIbKY O TOCIEIHEM MBI 3HaeM
coBceM Masio. OOBIYHO CUMTAIOT, YTO ACTPOHOMHUYECKASI UCTOPHSI, MIIM KOCMOTOHHYECKAst TEOPHS, -
ATO HE COBCEM TO K€, YTO 3aKOHBI (u3HKHU. [IpaBaa, eciu BbI CIPOCUTE MEHS, B UeM TYT Pa3HHUIIA,
TO sl OKQXYCh B 3aTPYAHHUTEIHHOM MoyiokeHnu. Camasi XxapakTepHas yepra GU3NIECKOro 3aKOHA -
ATO €ro OOIIHOCThH, HO €CJIM Ha OeJOM CBETEe CYIIECTBYET YTO-HUOYIh NEHCTBUTEIHHO 00IIee, TO
3T0 (hakT pazberanus Bcex HeOecHBIX Ten. [103TOMy s He 3HaK0 TOYHO, B UeM TYT pa3HuIiia. Eciu ke
YCIIOBHTHCSI HE OOpaiiaTth BHUMaHHs Ha TMPOIECCHI, CBSI3aHHBIE ¢ BO3HWKHOBeHHEM BceneHHOH, a
OpaTh JUIIL HAacTOSIIHE (PU3MYECKHE 3aKOHBI, M3BECTHBIC HaM, TO CABHUI BO BPEMEHU He Oyjaer
UIpaTh HUKAKON POJIN.

[IpuBeneM ele HECKOJIbKO IMPUMEPOB 3aKOHOB cUMMeTpuu. OAUMH U3 HHUX CBSI3aH C
(DUKCUPOBAHHBIMU TPOCTPAHCTBEHHBIMU IMOBOpPOTaMH. EciM MpOBOAWTH KaKOW-THOO OMBIT C
YCTaHOBKOM, MOCTPOCHHON B KaKOM-HHOY/b OMpPEIEICHHOM MECTE, a 3aTe€M B3STh APYTYI0 TOYHO
TaKyl0 JK€ YCTaHOBKY (BO3MOXHO, TIEPEHECEHHYI0 B JPYIyl0 TOUYKY IIPOCTPAHCTBA, TJIE



0CBOOO/IHEE) U MMOBEPHYTh €€ TaK, YTOOBI BCE €€ OCH UMENH JPYryl0 OpPUEHTALUI0, TO YCTAaHOBKA
Oyznet paboTaTh TOYHO TaKUM k€ 00pa3oM, Kak U paHblie. KoHe4uHO, MpH 3TOM HaM CHOBa HYKHO
MIOBEPHYTh M BCE OCTaJbHOE, CYLIECTBEHHOE JUIsl 3KCIEpUMEHTa. Eciau peub uAeT o AeNOBCKUX
gacax M Bbl MOJOXHUTE HUX Ha OOK, MasgTHUK TMPOCTO YTKHETCS B CTEHKY (yTisipa U dYachl
ocraHoBsATcs. Ho ecnum BMmecTe ¢ uyacaMM TOBEpPHYTh M 3eMito (KoTopas M Tak Bce BpeMms
MIOBOPAYMUBAETCS), YAChl OyIyT UITH MO-TIPEKHEMY.

MatemaTuyeckoe OINUCAaHUE D3TOM BO3MOXKHOCTH IIOBOPOTA IIPEJCTABIISIETCS JIOBOJIBHO
UHTEepeCHBbIM. J[7s1 Toro 4toObl omHcaTh, Kak MPOTEKAaeT KakoM-mubo Mpoliecc, Mbl MOJIb3yeMCs
quclIaMH, MOKa3bIBAIOUIMMH, O KaKOM MECT€ MJET pedb. OTH 4YKcia Ha3blBalOT KOOPAMHATaMU
TOYKH, U UHOTJIa HAaM TNPUXOAUTCS OpaTh TPU YKCIIa, MMOKA3bIBAIOIINX, KAK BHICOKO HAJl HEKOTOPOH
IUIOCKOCTBIO PACIOJIOKEHA Halla TOYKa, KaK JaJleKko OHa BHEepeAM WM c3aau (€Cld YHUCIIOo
OTPHILIATENIEHOE) OT HAC M HACKOJIBKO OHA CMEIEHA OT Hac BIPaBO WM BieBO. Te, k1o Obl1 B Hbto-
Mopxke, 3HAIOT, YTO yCTPOEHHAS TAKUM OOpa3oM HyMepalus yIMI[ OYeHb YI0OHA, WIH, TOYHEE,
Obu1a yI00Ha 710 TeX Mop, 0Ka He u3MeHW N Ha3BaHue lllecToil aBeHto.

Puc. 26.

a- MOJI0KeHHEe TOYKH P OTHOCHTE/JBLHO MeHsl XapaKTepHu3yercs ABYMs YHMCIAMH X H Y,
YHMCJI0 X IOKAa3bIBaeT, HACKOJbKO JAJIEKO BIepel yILJIa OT MeHdA Touyka P, a 4ymciao y -
HACKOJIbLKO OHA CMELIEeHA BJIEBO,

0- mos102xkeHMe TOM ke camoil TouKku P xapakrepusyercst AByMsl ApYTrMMH YU CJIAMHU, €CJIH
Sl CTOI0 HA NPEeKHEM MecTe, HO IIOBEPHYJICH B CTOPOHY.

[ToBOPOT B MPOCTPAHCTBE C MATEMATUYECKON TOUKHM 3PEHUS BHITJIAIUT CIEIYIOIIUM 00pa3oM.
Ecnu g yka3biBaro nosioxeHre HeKoTopoil Touku (puc. 26), cooOrasi ee KOOpAUHATEL X U Y , a KTO-
TO JIpYroi, IOBEPHYBILINCH JMIIOM B CTOPOHY, 3a/1a€T IOJIOKEHUE TOYKM KOOpAMHaTamu X' uy',
OTpeeIEHHBIMU OTHOCHUTEIBHO €ro COOCTBEHHOI'O TOJOXKEHHUS, TO, KaK JIeTKO BHJETh, MOS
KOOpJMHATa X TpejacTaBisgeT coOoi "cmech" 00eMX KOOPAMHAT, BBIYMCICHHBIX JPYTUM
HaOJIFOJaTeIIEM.

®opmyna npeobpazoBaHMs TaKOBa, YTO KaK[as KOOpAMHATa X My NpeBpalaercs B CMECh
IByX koopauHat X' u y' . Tak BOT, 3aKOHBI IPUPOJBI JOJIKHBI OBITH TAKUMHU, YTO €CIIM CMEIIaTh
KOOpJMHATHI IMOJOOHBIM 00pa3oM W MOJACTaBUTh MOJYYEHHBbIE BBIPAKEHHS B YPaBHEHUS, 3TH
YpaBHEHHUS JOJKHBI COXPAHATh CBOM BUA. IMEHHO B 3TOM COCTOMT MaTeMaTH4eCKOe MPOsBIICHUE
YKa3aHHON cuMMeTpuu. Bbl 3anKcbiBaeTe ypaBHEHUS B ONPEEIIEHHBIX CUMBOJAX, 3aT€EM HAXOIUTE
croco0 3aMeHbI 3TUX CUMBOJIOB X M Y Ha HOBbIE X' M Y', K&XKAbIH U3 KOTOPBIX CBSI3aH CO CTapbIMHU
X Uy ompeneneHHONH GopMyIoii, U mocie 3aMeHbl YpaBHEHHS TO-TIPEKHEMY BBITTISIAT TaK, Kak U
paHbllle, pa3Be YTO Y X Uy MOSBUIIUCH IUTPUXHU. A 3TO B KOHEUHOM CUeTe 03HAYaeT, UTO JAPYroi
HaOJroaTeNlb YBUJIUT HAa CBOECH YCTAHOBKE TOYHO TO K€, YTO S BWXKY B CBOEH, XOTS OHAa H
MIOBEpHYTA.

IIpuBeny emie OAMH OYEHb HMHTEPECHBIM NpuUMEp 3akoHa cuMMeTpuu. OH CBSi3aH C
pPaBHOMEpHBIM JBMKEHHEM M0 mpsMoil. CuuTaercs, 4TO 3aKOHbl (DU3MKKM HE MEHSIOTCS IpHU
PaBHOMEPHOM JIBJKEHUHM IO MPSAMON. DTO YTBEPKACHHUE IOIYYMJIO HAMMEHOBAHUE IPHUHLHMIA
OTHOCUTENbHOCTU. Bo3bMeM kocMmuueckuit Kopalib, Kakoe-HHOyIb YCTPOMCTBO B HEM,
BBITOJIHSAIONIEE ONpEACTICHHYIO padoTy, U BO3bMEM JIPYro€ COBEPIIEHHO TaKO€ K€ YCTPOICTBO,
YCTaHOBJIEHHOE 37ech, Ha 3emiie. Torma, ecnmm KocMHuYecKuid KopaOib Oyner ABUTaThCs C
MIOCTOSIHHOM CKOPOCTBI0, HAO0AaTeNb Ha O0PTY KOpabiisi, U3y4arolHii MoBeIeHUE YCTPOCTBa, He
3aMETUT B HEM HHUYEro HOBOTO 10 CPaBHEHHUIO CO MHOM, HAOJI0OJaI0OIINM MTOBEJCHHE HETIOABHKHOTO
ycrpoiicTBa Ha 3emiie. KoHeuHo, eciy IBHKYIIMNACS HAOMI0AaTeNb BRITVITHET B WITIOMUHATOP WIIH
HAJIETUT Ha KaKOe-TO MPEMNsATCTBUE, 3TO COBCEM Jipyroe neno. Ho B octaabHOM, IIOKa OH JABHIKETCS C
MOCTOSIHHOM CKOPOCTBIO MO MPSAMOM, 3aKOHBI (PU3UKU KKYTCS €My TOYHO TAKMMH K€, 4TO U MHE. A
pa3 3TO Tak, sl HE MOTY PELINTh, KTO K€ U3 HAC JIBHIKETCSI.



[Ipeskne WeM WATH Janbllle, MHE XOTEIOCh OBl TMOAYEPKHYTh, YTO BO BCEX OTUX
peoOpa3oBaHUsAX U BCEX ATHX 3aKOHAX CUMMETPUU Mbl HE TOBOPMUJIM O nepeHoce BceneHHoil B
1enoM. B ciiydae ciBUroB 1o BpEMEHM TOBOPUTH O TAKOM CIBUIE IJIs BCEX MpoleccoB Beenennoi
3Ha4WII0 OBl BOOOIIIE HUYETO He cKa3aTh. TOYHO Tak ke HET HUKAKOT'O Pa3yMHOI'O COJEpPKaHUS U B
YTBEP)KJICHUH, UYTO €cii Obl MOXHO OBIJIO TMEPEeHECTH BCIO Hamly BceneHHyIo B Jpyroe Mecto B
MIPOCTPAHCTBE, HUUEr0 HE M3MEHUJIOCHh Obl. 3aMedaTelabHO BO BCEX ITUX 3aKOHAX BOT UTO: €CIIH
B3STh KAKyH-TO YCTaHOBKY U MEPEHECTH €€ B JPYroe MecTo, yOeIUTHhCS B BHIIOJHEHHH LEIO0T0
psiaa yclIOBUM U MEPEHECTH TyAa K€ JOCTATOYHO JOMOJHUTEIbHBIX YCTPONCTB, TO OKaXXETCs, YTO
HaM yJIaJoCh BBIJICIUTH YacTh Hamleil BceneHHOW M MepeMecTUTh €€ OTHOCUTEIbHO OCTaBLIECHCS
4acTW, M 3TO HE MNPUBOAMT Ji1 HAOIIOJAEMOTO SIBIEHUS K KaKUM-JIHOO TIOCIEICTBUSIM, BCE
OCTAHETCS, KaK U paHblIIE.

B cnyyae npuHIMna oTHOCUTEIFHOCTH 3TO 3HAYUT, YTO TOT, KTO JIETUT B KOCMOCE TIO MPSIMOM
C TIOCTOSIHHOM CKOPOCTBIO OTHOCHTENIBHO CPEJHETO IOJOKEHUs Hamell BceneHHOM, HE 3aMeTHT
HUKAKWX TPU3HAKOB CBOETO JBWXKEHUs. VHade TOBOps, OMBITHI, TIOCTABJICHHBIE BHYTPH
JIBIJKYIIIETOCS. T€da U HE CBSI3aHHBIE C BBITJIAJIBIBAHUEM B OKOIIKO, HE TO3BOJISIOT OMPEIETUTh 1O
KaKHUM-JTHO0 pU3HAKaM, IBUYKEMCS JIU Mbl OTHOCUTENIHHO BCEX 3BE3]] B COBOKYITHOCTH WJIU HET.

D10 yTBEpXkKAeHHE ObLJIO BIEpBbIe BhICKazaHO HpoToHOM. PaccmoTpum ero 3akoH
BCEMUPHOTO TAroreHus. OH yTBEpXkAaeT, YTO CHJIbl B3aMMOJCHCTBHUS MEXIy MaccaMu OOpaTHO
MPONOPIMOHANIBHBI KBaJAPATy PACCTOSHUSA MEXKy HUMHU M UTO Ka)k[as CHJIa BbI3bIBAET U3MEHEHUE
CKOpPOCTH.

[Ipeanonoxxum Temepb, YTO MHE YJAJOCh IOCTPOUTh TEOPUIO JBWKEHUS IUJIAHETHI,
Bpallaoleicss BOKPYr HemoABMKHOTo CoJiHIIa, a MHE XO4YeTCs BBISICHUTH, YTO MPOUCXOJAUT C
IUTAHETOM, Bpamaromeiics okosno aswxkymerocs ComHua. Bo BTOpoM cilydyae BCE CKOPOCTH
OTJIMYHBI OT T€X, KOTOpble HAOIOAIOTCA B MEPBOM clydyae, K HMX CTapblM 3HAUYEHUSM HY>KHO
npubaBUTh HEKOTOPYIO IOCTOSHHYIO CKOpocTh. HO 3aKOH CONEPXKUT YTBEp)KIEHHE JIHIIb
OTHOCHUTENIbHO M3MEHEHHH CKOpOCTH, a MO3TOMY Ha CaMOM Jiejie TOJIy4aeTcs, 4YTO BCE CHIIbI,
JIUCTBYIOILIIME HA IJIAaHETy HemoJBMKHOro COJIHIIA, B TOYHOCTU TAKUE K€, KaK U IS TUIaHEThI
npeitdyromero ConHIa, #, CIEAOBATENbHO, BCE HW3MEHEHHMSI CKOPOCTH JUIA OOEHWX IUTaHET
oIuHAKOBBL. [loaTOMY 1H00ast TOMOTHUTENBHAS CKOPOCTh, C KOTOPOW MBI HaYMHAEM BO BTOPOM
cllydae, COXpaHseT CBOE 3HaU€HHUE, U BCE U3MEHEHHUS CKOPOCTH HAKAIUIMBAIOTCSI IOMUMO 3TOTO.

OKOHYaTeNbHBIM pPE3yNbTaT TAKUX MATEMATUYECKUX PACCYKJIEHUW TOBOPUT, UYTO E€CIIH
00aBUTh BCEM TelaM I[OCTOSHHYIO CKOPOCTh, TO OHHM IMO-TIPEKHEMY B TOYHOCTH OyAyT
MOJAYMHATBCS TEM K€ 3aKOHaM, 4TO W panblie. BoT mostomy, u3ydass COJIHEUHYIO CUCTEMY HU
TPaeKTOPHUH JBIKEHUS IUIaHeT BOKpYr ColHIla, Mbl HE MOXKEM PEIINTh, HEMOABMKHO Ju CoJHIe
OTHOCUTEBHO Hamieil Beenennol mim oHo nBuxkerca. B cooTBeTcTBUM ¢ 3ak0HOM HblOTOHA Takoe
nBmkeHrne CoHIA HUKAaK HE OTpa)kaeTcsl Ha JBM)KEHUHU muiaHeT BOKpyr CouHia. [Toatomy HeroToH
nobaBnsut:  "/[eudicenue men 6 npocmpaHcmee OMHOCUMENbHO Opye Opyea O00HO U MO dice,
He3a8UCUMO OM MO020, HeNOOBUNCHO JIU IO NPOCMPAHCMBEO OMHOCUMENLHO 36€30 UNU O8UNCENCSL
no NPAMOU C NOCMOAHHOU CKOPOCHbIo".

Bpemst mmo, m mocne HproToHa OBUTH OTKPBITBI HOBBIE 3aKOHBI, M B WX YHCIE 3aKOHBI
anekTponuHamukun MakcBemna (1831-1879). OgHo W3 cneAcTBHiA 3aKOHOB OSJEKTPOAMHAMHUKHI
3aKJII0YAeTCsl B TOM, YTO JIOJDKHBI CYIIECTBOBATh BOJHBI, AJIEKTPOMArHUTHBIE BOJIHBI (CBETOBBHIE
BOJIHBI MOTYT CIYXHUTh WX TMPUMEPOM), KOTOPBIE PACHPOCTPAHSAIUCH OBl CO CKOPOCTHIO
299 792 kmM/c, HH Ooubiie, HU MeHbIIe. To ectb uMeHHO 299 792 kMm/c, uTo OBl TaM HU ObLI0. HO
TOTJIa HETPYIHO PEUINTh, YTO K€ HAXOJUTCA B MOKOE, a YTO JBUXKETCS, TaK KaK 3aKOH, COTJIACHO
KOTOPOMY CBET pacrpocTtpansiercs co ckopocthio ~300 000 km/c, HaBepHsKa (C MEPBOro B3TJISLAQ)
HE TAaKOB, YTOOBI TMO3BOJHTH HAONIOAATENIO JABUTAThCSA 0€3 KaKUX-IUOO BHUIMMBIX W3MEHEHUH.
OueBHIHO, HE MpaBjAa JIM, YTO €CJIM Bbl HAXOJIUTECh B KOCMHYECKOM Kopabiie M JIETUTE CO
ckopocThio 200 000 kM/c B KaKOM-TO HampaBIEHUH, a S OCTaHYCh Ha 3eMJIE€ U HAIpPABIIO MyYOK
cBeTa, pacrpocTpasstomuiica co ckopoctbio 300 000 km/c, yepe3 MaleHbKYIO JIBIPOYKY B Balleit
KaOHHe, TO, MOCKOJIBKY BBI JABMXKETeCh co ckopocThio 200 000 km/c, Bam OyzeT Ka3aTbcs, YTO CBET
pacmpocTtpansiercs auiib co ckopocthio 100 000 kM/c. Ho, kak BBISCHHIIOCH, €CIIA JEHCTBUTEIBHO



MIOCTaBUTh TAaKOM SKCIIEPUMEHT, TO BaM OY/I€T Ka3aThCsl, YTO CBET PACIPOCTPAHSIETCS CO CKOPOCTHIO
300 000 kM/c OTHOCUTENHHO Bac, a MHE - YTO OH pacmpocTpanseTcs co ckopocthio 300 000 km/c
OTHOCHUTEJILHO MEHH!

SIBneHus MpUpPOABI HE TaK-TO MPOCTO TOHATh, M ONUCAHHBIA SKCIIEPUMEHTAIbHBIA (DaKT
HACTOJIBKO MPOTHBOPEYUNI 3PaBOMY CMBICIY, UTO U Ce€iuac eIle HaxOJATCs JIIOJU, HE BEpAIIUE B
3TOT pe3ynbTar! Ho pa3 3a pa3oMm OMbITH MOKa3aJid, 4YTO CKOPOCTh PACIIPOCTPAHEHUs CBETA paBHA
300 000 kM/c HE3aBUCHMO OT TOTO, KaK OBICTPO MBI caMu JABMKeMcs. Bo3HUKaeT BOIpoc, Kak ke
3TO MOKET ObITh. DUHIITEIH, Tak ke Kak u Ilyankape (1854-1912), moHsu1, 4TO €AMHCTBEHHOE
OObsSICHEHHE, T03BOJISIONIEE JIBYM JABIKYIIMMCS OTHOCUTEIBHO JpYyr Jpyra HaOIogaTessm
MoJIy4yaTh OJIMHAKOBOE 3HAUYEHHE CKOPOCTH CBETa, 3aKIIYaeTcs B TOM, YTO HMX BOCHPUSATHE
BPEMEHHU U MPOCTPAHCTBA HEOJMHAKOBO, YTO Yachl KOCMHYECKOrO Kopalis WAYyT HE Tak, Kak Ha
3emie, u T. 1. Bel MoxkeTre Bo3pa3uTh: "Ho ecnu gackl Bce )K€ UAYT U s, HAXOJCh B KOCMUYECKOM
Kopabiie, craHy HaOJII0AaTh 32 HUMM, TO 5 CMOTY 3aMETUTh, YTO OHU oTcTaroT". Her, He MoxeTe,
yachl Balllero Mo3ra Takxke OyayT HATH MemsieHHee oObruHOoro! Bor Tak, mnpemycMoTpes
COOTBETCTBYIOIIHE H3MEHEHHUS a0CONIIOTHO BCEX MPOILECCOB, MPOUCXOAALIMX B KOCMHUYECKOM
KopaOJie, yaioch COUMHUTH TEOPUIO0, B COOTBETCTBUH C KOTOPOM CKOPOCTh CBETa B KOCMHUYECKOM
kopabsie paBHa 300 000 KOCMHYECKMX KHUJIOMETPOB B KOCMMUYECKYIO CEKYHIY, a 37€Ch, Ha 3emie, -
300 000 MOMX KHJIOMETPOB B MOKO CEKYHJy. DTO OYE€Hb XUTpPAsl TEOPHs, U JOCTOMHO YAMBICHUS
y’Ke TO, YTO OCTPOUTH TaKyIO0 TEOPHIO BOOOIIE 0Ka3aI0Ch BO3MOMXHBIM.

S yxe ynomMuHanm 00 OJHOM U3 CIEACTBUI MPUHIUINA OTHOCHUTEIBHOCTH, @ MMEHHO O
HEBO3MOKHOCTH OMPEIENIUTh U3HYTPH CKOPOCTh ABMKEHUS 1o npsiMoi. [lomHuTe, B npeasiaynieit
JIEKIIMU Peyb IIa O IBYX KOCMHUYECKUX Kopabmsx A u B (cm. puc. 18). B kaxmom xoHiie kopadis
B npoucxonuno HexkoTopoe coObiTie. YemoBek, CTOSIUN MOCPEIUHE 3TOTO KOpadiisi, yTBEpkKIal,
4To JBa COOBITHA (X M Yy ) B JBYX IPOTHBOINOJOXHBIX KOHIIAX €ro KOpaldis MpOM3OILIN
OJIHOBPEMEHHO, TaK Kak, CTOS MOCPEIN Kopaldiisd, OH YBUIEN CBETOBOW CHUTHAN O KaKJIOM M3 3THUX
coObITHI 0JHOBpeMeHHO. Ho 4enoBek, HaxouBIIUIiCS B Kopalie A , IBUKYILIEMCS B 3TO BpeMs C
MOCTOSTHHOW CKOpPOCTHIO 10 OTHOLIEHHIO K KopaOmio B, yBumen oba 3Ty siBiIeHHUS HE cpasy, a
CHayajla X U yX MOTOM Yy, TaK KaK CBETOBOW CHTHAJI O COOBITMM X JIOUIEN JI0 HEro paHblie, YeM
CUTHai o coObiTuM y. Beap oH nBuraicsa Bnepen. Bbl BUAUTE OJHO M3 CIEICTBUN CUMMETpPUU
OTHOCUTENFHO MPSIMOJIMHEHHOTO JIBUXKEHHUSI C MOCTOSHHON CKOPOCTBIO (I/ie CJIOBO "cHUMMeETpus"
JIOJI’KHO 03HA4aTh, YTO Bbl HE MOYKETE PEIINTh, Ubsl TOUKA 3PEHHUS MTPaBUIIbHA); KOTJa 51 TOBOPIO, UTO
COOBITHE MTPOUCXOTUT B MUpe "ceifyac”, B 7TOM HET HUKAKOT'O CMBICIIA.

Ecnu BBl ABMXKETECH MO MPSMOI C MOCTOSIHHOM CKOPOCTBIO, TO COOBITHS, KOTOPbIE KaXyTCs
BaM OJHOBPEMEHHBIMH, 3TO HE T€ COOBITUS, KOTOPbIE KaXKyTCs OJHOBPEMEHHBIMU MHE, XOTs ObI B
TOT CaMblii MOMEHT, KOrja si HaOJt0Jlal0 OJTHOBPEMEHHbIE COOBITHS, Mbl U HaXOJWJINCh B OJHOMN
Touke. Ham He ynmacTcsi IOrOBOpUTBCS, 4YTO CJIEAYET IOHMMAaTh IOJA CJIOBOM 'ceiiuac" Ha
paccTosHuU. A 3TO MPUBOAUT K HEOOXOJMMOCTH KOPEHHBIX M3MEHEHMH HAlINX IMPeICTaBICHUN O
IIPOCTPAHCTBE M BPEMEHM, YTOOBI MOXKHO OBLIO COXPAaHHMTh MPUHIHI, COTJIACHO KOTOPOMY HEIb3s
00HapyXUTh U3HYTPU PaBHOMEPHOE JIBM)KEHUE IO NMpsMoil. Beap momydaercs, 4To ¢ OQHON TOUYKU
3peHHs J1Ba COOBITHSI Ka)KyTCSl OJHOBPEMEHHBIMH, a C JIPYTrOil - HeT, eCIi OHH MPOUCXOAAT HE B
OJIHOM MECTe, a pa3HECEHBI Ha ONpeIeIEHHOE PACCTOSHUE.

HerpynHo BuzaeTb, YTO 3TO OYEHb HAIIOMHMHAET IpeoOpa3oBaHUE NPOCTPAHCTBEHHBIX
koopauHat. Ecnu g BcTaHy JMIOM K ayAUTOPHM, TO pamiia 3CTPajbl, HA KOTOPOIl s HaXO¥XKYCb,
OKa3bIBacTCS HAa OJHOM YPOBHE CO MHOW. Y Hee NOCTOSHHOE X WU MeHsmouecs 3HaueHus y . Ho
eciu g moBepHych Ha 90" 1 MOCMOTPIO HA T€ K€ CTEHBI, HO YK€ C HOBOM TOYKH 3PEHHUsI, TO OJHA U3
HUX OKaXKeTcs BIIEPENN MEHS, a JApyras C3aJH, U UM COOTBETCTBYIOT pa3Hble 3HaueHMs X' . TouHo
TakUM >ke 00pa3oM JiBa COOBITHS, KOTOPbIE C OJHOM TOYKH 3pEHMsI KaXKyTCS OJHOBPEMEHHBIMHU
(omHO M TO ’Xe 3HaueHue t ), ¢ APYrod - MOTYT Ka3aTbCs MPOUCXOJSAIIMMHU B pa3Hble MOMEHTHI
BpeMeHHu (pasHble 3HaueHus t' ). Jpyrumu cimoBamu, Mbl 0000111aeM 37€Ch TOBOPOT B ABYMEPHOM



MPOCTPAHCTBE, O KOTOPOM pedb IlIa paHbllle, HA Cydyail IPOCTPAHCTBA U BPEMEHHU, 00Pa3yIOIMIUX
BMECTE YETHIPEXMEPHYIO BCEICHHYIO.

JloGaBneHne BpeMEHM B KadyecTBE HOBOM KOOPIMHATBI K TPEM MPOCTPAHCTBEHHBIM
KOOpPJIMHATaM - 3TO HE MPOCTO MCKYCCTBEHHBIN MPHUEM, KaK OOBSICHSIETCS B OOJBITUHCTBE HAYYHO-
MOMYJSIPHBIX ~ KHWUT, ThAe ToBoputrcs: "Mbl  fgo0aBisieM BPEMEHHYIO  KOOpAWMHATY K
MIPOCTPAHCTBEHHBIM, IOTOMY YTO HEJb3sl OTPAHUYHUTHCS YKa3aHUEM MECTOIOJIOKEHUS TOYKH,
HY)KHO cKa3aTh emie M koraa". Bce 3To BepHO, HO 3TO He MPHUBENO OBl eme K 0Opa3oBaHUIO
HACTOSIIETO YETHIPEXMEPHOTO MHUpA. ITO 03HAYAIIO OBl JIUIIH MOJIOXKHUTH PAIOM JIBE Pa3HBIC BEIIIH.
Hacrosiiiee npocTpaHnCTBO B U3BECTHOM CMBICIIE XapaKTEPU3YETCs] TEM, YTO OHO CYIIECTBYET CAMO
o cebe, He3aBUCUMO OT KaKOH-TO YaCTHOM BBHIOPAHHOM TOYKU 3pEHUS, U KOTJla Mbl CMOTPUM IO
-pa3HBIMH YIJIaMH, 4acThb TOTO, 4TO "crepenu” uiam "c3aau'", MOKET CMEIIAThCS C TEM, 4TO "cripaBa”
nmn "ciesa". ToyHo Tak ke W TO, yto "ObUTO" WiHM "OymeTr" BO BpEeMEHH, MOXKET YaCTHUUYHO
CMEINBATHCSA € TEM, 4TO "TaMm" i "31ech" B mpocTpancTBe. [IpocTpaHCcTBO M BpeMsl OKa3bIBaIOTCS
HEpa3phIBHO CBSI3aHHBIMU MEXIy coOoi. Ilocime 3Toro OTKpbITHS MUHKOBCKHM 3aMETHI, YTO
"OTHBIHE MPOCTPAHCTBO CaMoO MO cede U BpeMs camo Mo ce0e JODKHBI O0paTUThCA B (PUKIUHU U
JIUTITH HEKOTOPBIN BUJ COCTMHEHUS 000HX JJOJDKEH €IIe COXPAHUTh CAaMOCTOSTEILHOCTh .

OTUM KOHKPETHBIM MPHUMEPOM S 3aHMMAIOCh TaK MOJPOOHO MOTOMY, YTO, MO CyTH Jena,
MMEHHO OTCIOJIa ¥ HAaYWHAETCS HACTOSINEe M3YYCHHE CUMMETpUi (U3MYECKUX 3aKOHOB. MIMEHHO
[lyankape mpeioxKuia UCCieIoBaTh, YTO MOXKHO JI€NaTh C YPaBHEHUSMH, HE MEHSSI IIPU 3TOM HX
BHJ1a. VIMEHHO eMy TIPUHAJICKHUT Hiess oOpaTUTh BHUMAHUE Ha CBOMCTBA CUMMETPHH (DU3UIECKUX
3aKOHOB. B CHMMeTpUH OTHOCUTENIBHO MPOCTPAHCTBEHHBIX MEPEHOCOB, CIBUTOB BO BPEMEHHU U T. II.
He ObUIO 0c000i TyOuHBL. CUMMETpUS K€ OTHOCHUTEIBHO PaBHOMEPHOTO MPSIMOIMHEWHOTO
JBIKEHHSI OYeHb MHTEPECHA, U U3 Hee BBITEKAIOT camble pasHooOpasHble cieacTBus. bosee Toro,
OTH CIEJACTBUS MOXHO pPacHpOCTpaHATh Ha 3aKOHBI, KOTOPHIX Mbl HE 3HaeMmM. Hampumep,
MpeAnojaras, 4ro 3TOT MNPUHLUII CIOpaBeIMB U Uil pacnana &#956;-Me30HOB, MBI MOXKEM
YTBEP)K/IaTh, UTO MIPH UX TIOMOIIU HEJIb3s Y3HATh, KaK OBICTPO ABUKETCS KOCMHUYECKHN KOpabib. A
ATO 3HAYUT, YTO MBI 3HAEM XOThb YTO-TO O 3aKOHaX &#956;-Me30HHOrO pacmajaa, XOTs y Hac HeT
HUKAaKWX CBEJICHUHN O TOM, YeM K€, COOCTBEHHO, BBI3BIBACTCS TOT PACIIA/I.

VY (usndecknx 3aKOHOB €CTh HEMAaJl0 M APYTUX CBONCTB CUMMETPUHU, U HEKOTOPBIC M3 HUX
COBCEM Jpyroro poja. S ynmomsiHy TOJIbKO HECKOIbKO. OIHO U3 OTOOHBIX CBOMCTB COCTOUT B TOM,
YTO OJIMH aTOM MOXHO 3aMEHUTh OPYTMM TOTO K€ THUIA U OTO HUKAK HE CKaXeTcs Ha J00OM
sBiaeHud. [lozBonmurenbHO crnpocuth: "A yTo 3HauuT oxHoro tuma?" M mMHE ocTaercs TOJIbKO
OTBETUTh, YTO OJHOTUIIHBIC ATOMBI TIO3BOJSIOT 3aMEHAThH OJWH JPYTUM 0€3 KaKux-JIu0o
nociencteuii! He mpasna mu, co3maeTcst BrevariieHne, 4To (U3UKUA BCE BpeMs 3aHUMAIOTCSl KaKOW-
TO OecCMBICTHIICH. ATOMBI OBIBAIOT Pa3HBIX THUIOB, M €CIH BBl 3aMEHUTE OJMH aTOM aTOMOM
JIPyroro THUIA, TO YTO-TO MU3MEHHTCS, a €CJIM TOTO K€ THUIA, TO HUYETO HE M3MEHUTCS - M MBI
HUKOTJa HE BBIWJEM W3 3aKOJIIOBAaHHOTO Kpyra. Ho HacTosmuil CMBICI HAIIEro yTBEPKIEHUS
COCTOMT B TOM, YTO aTOMBI OJIHOTO THIA CYIIECTBYIOT, YTO MOXHO HAWTH TaKWe TPYNIbI WU
KJIACChl aTOMOB, B KOTOPBIX 3aME€Ha OJTHOTO aTOMa JPYTHMM He OyJeT UMEeTh HUKAKOTO 3HAYeHHS. A
TaK KaK KOJIMYECTBO aTOMOB B TAKOM KPOIIIEYHOM KYCOUYKE BEIIECTBA, KaK MOJIb JAHHOTO BEIECTBA,
OLICHUBAETCS YUCIIOM C 23 HYJISIMU, HAM OY€Hb Ba)KHO, YTO HEKOTOPBIE U3 HUX OJAMHAKOBBI, YTO HE
BCE€ OHU COBEPIICHHO pa3iuvHbl. Ha camMom jene o4eHbh Ba)KHO, YTO MBI MOXKEM pa3/IeliuTh WX Ha
KOHEYHOE YHCIIO (HECKOJIBKO COTEH) Pa3lUYHBIX THIIOB, a pa3 3TO TaK, TO HAIllE YTBEPKIACHHUE O
TOM, YTO OJINH aTOM MOKHO 3aMEHHUTh 0€3 KaKuxX-JHO0O0 MOCIEeICTBHI IPYTUM, OJHOTUITHBIM, HECET
COBCEM HeMasio HHGOpMaIuu.

HaunbGosnee BaxxHO ATO /U1 KBaHTOBOM MexaHMKHU. K coxkalieHnto, s1 He MOTY OOBSICHUThH 3TOTO
3/1eCh, OT4YacTH (M TOJBKO OTYACTH) TOTOMY, YTO JICKIHs TpeAHa3HauYeHa ayIuTopuu Oe3
MaTeMaTU4YeCKOl MOAroToBKA. HO W 111 MOATrOTOBJIEHHOIO YMUTATENsl 3TO XUTPBIM Bompoc. B
KBAaHTOBOM MEXAaHHMKE YTBEP)KJEHHUE, YTO OJUH aTOM MOKHO 3aMEHHUTb JPYTUM, OJHOTHUITHBIM,
MPUBOANT K YAUBUTEIBHBIM cienctBusiM. OHO OOBSCHSET CTpaHHOE SIBJIEHWE, HablltojaeMoe B
JKUJKOM TeIMH, KOTOPBIA TEYeT Mo TpyOaMm, HE MCIBITHIBAs KAKOTO-TUOO COMPOTUBIEHUS, TPOCTO
TeueT cebe W TeUeT W TaK HUKOTIAa W He ocTaHaBiauBaeTcsa. OHO Nake JIGKUT B OCHOBE BCEH



NEPUOIUYECKON CHUCTEMBI AJIEMEHTOB U OOBACHSET, OTKyHa OepyTcs Te CHIIbI, YTO HE JAl0T MHE
MIPOBAJIUTHCSI CKBO3b MOJI. 371€Ch 51 HE MOTY TOBOPHUTH 000 BCEM 3TOM MOJAPOOHO, HO MHE XOYETCs
MOJYEPKHYTh BaXXHOCTh UCCIEA0BAHNS STUX IPUHIIUIIOB.

Tenepp BaM MOXET MOKa3aThCs, YTO BCE 3aKOHbI (PU3UKU CHMMETPUYHBI OTHOCHUTEIHHO
J0OBIX U3MEHEHUH. YTOOBI BBl TaK HE TyMalH, s IPUBEY HECKOJIbKO MpuMepoB. I1epBblit U3 HUX -
n3MeHeHue Mmaciraba. HeBepHo, 4TO eciu Bbl MOCTPOUTE OJHY YCTaHOBKY, a 3aTeM JAPYIylo,
Kaxasi JeTajdb KOTOpOil OyleT TOYHBIM HMOBTOPEHHEM COOTBETCTBYIOIIEH NETaau MpeabLaylieit
YCTaHOBKH U OyJIeT c/ieslaHa U3 TOro e MaTepuaia, HO TOJIbKO B JIBa pa3a KpyIHee, TO OHa OyaeT
paboTaTh TOYHO TAKUM K€ 00pa3oM, 4TO M mnepsas. Te, KTO yxe NMPUBBIK UMEThH JEN0 C aTOMaMH,
3HAIOT 00 ATOM, TaK Kak €CJIM S yMEHbIY YCTaHOBKY B JECSITh MWUJUIMApPAOB pa3, TO HAa Hee
IIPUJIETCS] OKOJIO IISATH aTOMOB, a U3 IIATH aTOMOB HE CJIENaclllb, HAIPUMED, CTAHKA.

CoBepIileHHO 0YEBHIHO, YTO TaK CHJIBHO MBI HE MOXeM MeHsTh MaciTad. Ho 3To Ob110 sicHO
U JI0 TOTO, KaK Haydaja MpOsICHATHCS aToMapHas KapTHMHAa MUpa. Bo3MOXKHO, BBl BpeMsI OT BPEMEHH
oOpalliajay BHUMaHUE Ha CTaThU B ra3zerax, B KOTOPBIX FOBOPUTCS, YTO KTO-TO MOCTPOUI cOOOp U3
CIIMYEK - MHOTOATAXKHBIH, Topas3fo Ooyiee TOTHUECKUI, YeM caMblii TOTHUECKUIl U3 cOOOpOB, H
TakoW M3SMHBIN U T. A. [loueMy e Mbl HUKOTZIa HE CTPOMM TaKHX K€ HACTOSIIMX COOOpPOB U3
OIPOMHBIX OpeBeH, C TOH K€ CTETEHBIO U3AIIECTBA, C TEM K€ BKycoM K jaetayisiM? OTBET TakoB -
ecnu OBl BBl TTOCTPOMJIM TaKOW COOOp, TO OH OKa3ajcsi Obl HACTOJBKO BBHICOKUM M TSIKEIBIM, YTO
pyxnyn Obl. Jla! Benb MbI 3a0b1IH, YTO, CpaBHHUBAsI JIBE€ BEIIM, HY)KHO MEHSTh BCE, UTO BXOJUT B
cuctemy! Ha maneHpkuii coOop AEHCTBYIOT CHUIIBI MPUTSHKCHUS] 3€MJIM, TaK YTO JJII CPABHEHHS
HE00X01MMO, 4TOOBI Ha OOJIBIION COOOp IEHCTBOBAIM CHIIBI 3€MIIH, YBEIMYEHHOM B HY)KHOE YHCIIO
pa3. Ot1o emie Xyxe. 3emiis OOJIBIINX pa3MepoB OyJET ellle CUIbHEe MPUTATUBATh, a TOTJla BallU
0aJK1 ¥ IOJABHO CIIOMAOTCS.

Tor ¢akrt, yTo 3aKOHBI (PU3UKKM HE OCTAIOTCSI HEM3MEHHBIMH TP M3MEHEHMM MacliTada,
BIIEepBbIe OB 0OHapyxeH ['anuneeM. Paccyxast 0 mpoyHOCTH KOCTeH 1 0anoK, OH MPUBOJIUT TaKue
coobpaxenus. Ecnu Bam TpeOyroTcs KocTu s 0osiee KPYIHOTO KUBOTHOTO, KOTOPOE, CKaXKeM, B
JIBa pa3a BBILIE, TOJIIE U JUIMHHEE HOPMAJIbHOIO, TO BEC ATOrO KMUBOTHOTO YBEJIUYUTCS B BOCEMb
pas, U, CcIeI0BaTeIbHO, BaM HY)XHbI KOCTH, KOTOpPbIE BbIIEPKUBAIM Obl BOCBMUKPATHYIO HAarpy3Ky.
Ho mpo4yHOCTH KOCTH 3aBHCHUT OT pa3MEpOB €€ IOINEPEYHOro CEYEHHs, a IO03TOMY €CIIH BBI
YBEJIMYUTE BCE KOCTH IO CPAaBHEHHUIO C MPEXHUM B JBa pa3a, TO UX IMOMNEPEYHOE CEeueHHUe
YBEJIMUUTCS JIMLOIb B YETBIpE pas3a, U, CIEJOBATEIbHO, OHM CMOTYT BBIAEP)KUBATH JIMIIb
YEThIPEXKPaTHYIO Harpy3ky. B ero kuwre "Jlumanor o IByX HOBBIX Haykax' Bbl HaiIeT€ PUCYHKH
BOOOpaXaeMbIX KOCTEH TMIaHTCKOM COOaKd COBEpUICHHO APYrux mpomopuuil. MHe Kaxercs,
["anmuneii cunTan, 4To OTKPBITHE ATOTO (haKTa HECUMMETPUYHOCTU 3aKOHOB IPUPO]IbI OTHOCUTEIBHO
M3MEHEeHHs MacIITaba He MeHee Ba)KHO, UeM OTKPBIThIE UM 3aKOHBI JIBUKEHUS, © UMEHHO TIOATOMY
OH BKJIFOUWJI ¥ TO U JPYrO€ B CBOXO KHUTY "Jlnasior o JByX HOBBIX HayKax".

Bot eme oauH mpuMep acMMMETpUHU 3akoHa (Gu3ukH. Eciam Bl Bpaliaerech ¢ MOCTOSIHHOM
YIJI0BOH CKOPOCTBIO B KOCMHUYECKOM Kopalje, TO HEmpaBHJIbHO ObUIO OBl yTBEPXkAAaTh, YTO BbI
sToro He 3ameture. Hampotus. Y Bac HauHeTcs rojoBoKpyxkeHue. [losBarca u apyrue npu3HaKM:
BCE MPEAMETHI OyIyT OTOPOIIEHBI K CTEHAM IIEHTPOOESKHOU CHUJION (HA3bIBAMTE €€, KaK XOTUTE - A
HAJIeI0Ch, YTO B OTOW ayJUTOPUU HET IpernojaBaTenell GU3UKU A NepBOKYPCHUKOB, KOTOpBIE
3axoTenau Obl ToONpaBuTh MeHs). OmnpenenauTb, yTo 3eMild BpallaeTcs, MOXKHO MpU MOMOLIA
MasiTHUKA WM TUPOCKOIIA, M BbI, BO3MOXKHO, CIBIIIAIH, YTO B PA3IMYHBIX 00CEpBATOPUAX U My3esX
umerorcss MasTHUKU Dyko (1819-1868), xoTtopble ciykaT Ais J0Ka3aTeabCcTBa (akTa BpaLECHHS
3emin Oe3 HaOMOJEeHHUS 3a 3Be3aMU. MBI MOXKEM, HE BBITJISAbIBAs HApyXKy, cKa3aTb, YTO MBI
BpalllaeMcsi C IMOCTOSHHOM YTJIOBOW CKOPOCTBbIO Ha 3emiie, MOTOMY YTO HPHU TaKOM JBHUKEHHUH
3aKOHBI (PU3UKU HE OCTAIOTCS HEM3MEHHBIMHU.

MHorue yka3bpIBaloT Ha TO, YTO Ha caMOM Jieje 3eMJIsl BpallaeTcsi OTHOCUTENIBHO TaJlakTHK, U
TOBOPST, UTO €CJIU OBl MbI TIOBOPAUYMBAJIM TaTaKTUKHU BMECTe ¢ 3emilel, TO 3aKOHBI HE NU3MEHUJINCh
ob1. Hy, 51 TuyHO He 3Hat0, 4TO MPOU30LLIO ObI, €cau Obl MBI MOTJIM TOBOpPAuYMBaTh BClO Beenennyio,
Y B HaCTOsIIEE BPEMS MBI JIaXKEe HE 3HAEM, KaK 3a 3TO B3SThCs. TOUHO TakK XK€ B HACTOSLIEE BPEMS Y
Hac HeT TeOpUH, KOTopasi ONUChIBaIa Obl BIMSHUE TAJJTAKTUK HA 3€MHbIE SIBJICHUSI TaK, YTOOBI U3 Hee



(ectecTBeHHBIM 00pa3oM, a He B pe3yiabTare oOMaHa WM HATSKEK) CIIEeJ0BajJO, YTO HHEPIHA
BpaleHus, 3p¢GeKThl BpallleHHs, CKakeM, BOTHyTasi (hopMa MOBEPXHOCTH BOJIbI BO BpalllaloOIEMCs
BEIEpKE - BCE 3TO OOBACHSIOCH JECHCTBHEM CHJI, CO3/1aBa€MBIX NpeAMETaMH, HaXOASIIMMHCS B
HENOCPEICTBEHHOM OJIM30CTH.

[Toka He U3BECTHO, CIIPABEIMBO 3TO WM HET. YTO Tak JTOMHKHO OBITh, TOBOPHUTCS B IIPUHIIUIIE
Maxa, HO cIIpaBeJJIMBOCTh 3TOTrO NMPHUHIIMIA ellle He ObUla J0Ka3aHa. DKCHEPUMEHTAIbHO IMPOIE
OTBETUTh HA Takue Bompockl. EciM Mbl BpamaeMcs ¢ IMOCTOSHHOM CKOpPOCTBIO OTHOCHTEIBHO
TYMaHHOCTEH, HAOJIF0JaeM JIM MBI IPU STOM Kakue-1ubo crenuduaeckue spiuerus? Jla. A ecinu Mbl
JBIDKEMCST B KOCMHUYECKOM Kopabjie 1Mo TNpsAMOW C TOCTOSHHOW CKOPOCTBIO OTHOCHUTENIBHO
TYMaHHOCTEH, YBUJIUM JIM MBI B 3TOM cllyyae Kakue-nmuoo crenududeckue spiaenus? Her. Dto
COBEpILICHHO pa3Hble BemM. Henb3st yTBepknaTh, 4TO BCAKOE ABMKEHHE OTHOCUTENbHO. He B aTOM
coJiep’KaHUE TPUHIMNA OTHOCUTENbHOCTH. OH yTBEp)KIAeT JHIb, YTO HENb3s OOHAPYKUTh
W3HYTPU PAaBHOMEPHOI'O U NPSIMOJIMHEWHOTO (OTHOCUTEIBHO TYMAHHOCTEN) IBUKEHUSI.

Eme oauH 3aK0H CUMMETPHUH, O KOTOPOM $I XO4y MOTOBOPUTH TeNephb, HHTEPECEH U caM IO
ce0e, u cBoell uctopuei. OH CBSI3aH C BOIPOCOM O 3€PKaJIbHOM IMPOCTPAHCTBEHHOM OTPAKEHUH.
[TycTh st MOCTPOMIJI KaKyl0-TO YCTAaHOBKY, CKa)X€M 4achl, a 3aTeM BOJIM3M MOCTPOMII JIpPYTHe 4Yachl,
SBIISIOIIMECS 3€PKAIBHBIM OTOOpakeHWeM mepBbiX. OHM MOAXOIAT APYr K Jpyry, Kak JBe
nepyaTKy, MpaBasi U JieBas; Kaxjaas NpyKUHa, KOTopas 3aBOJAMTCS B OJHUX YacaX B OJIHY CTOPOHY,
B JIPYTHX 4acax 3aBOJAUTCS B APYTyl0 U T. 1. S 3aBOXKy M T€ M JPyTHE€ 4achl, CTaBJIIO Ha HHUX
OJIMHAKOBOE BpeMsl, U IyCcTh OHU cede uayT. Bonpoc - OyayT i OHM MOKa3bIBaTh BCETAA OHO U TO
K€ BpeMs Win HeT? byneTr nu Becb MEXaHW3M OJHHUX 4YacoB, KaK B 3€pKaJle, IOBTOPATH IIOBEIECHUE
npyroro? He 3Hato, Kakoil OTBET Ha 3TH BOINPOCHI MMOKaXeTCs BaM NpaBUWIbHBIM. BeposiTHee Bcero,
MOJIOKHUTENIbHBIN, TaK JymMaeT OonbIIMHCTBO. KOHEUHO, MBI HE UMeEEeM ceifiuac B BHJy reorpaguio.
[Tonp3ysice reorpadueii, MbI MOXKEM pPa3zo0paThCs, TAE NMPABO W TIe JeBO, MBI MOXEM CKa3aTh,
HAIIPUMEp, 4TO eCiH MbI HaxoxuMcs Bo Mdropune u moepHeMcs nunoM kK Hero-Hopky, To okean
OKaXeTCd Yy Hac crpaBa. JTO MO3BOJIIET pasziuyaTh NPaBO U JIeBO , U €CIU B HAIUX 4Yacax
UCTIONB3YETCsl MOpPCKas BOJA, TO 3€pKallbHOE OTOOpa’keHHE 4yacoB HE OyleT XOIuThb, TaK Kak
COOTBETCTBYIOIAsl YacTh MEXaHH3Ma He MOMaJeT B BoAy. Torja BamM NpUILIOCH Obl MPEANOI0KHUTD,
YTO JJISi BTOPBIX YacOB M3MEHMJIAch M reorpadust 3eMiu: Bbl IOMHUTE, 3€pPKaJIbHO OTOOPA3UTHC
JIOJI’KHO BCE CYIIECTBEHHOE.

Hac He nntepecyet ceiiuac u uctopus. Eciu Bbl pazno0yzere Ha 3aBOjie BUHT, TO, BEpOSTHEE
BCEro, y Hero OyzAeT mpasasi pe3b0a, U Bbl MOXKETE YTBEP:K/1aTh, UTO BTOpPbIE Yachl HE OyayT BECTU
ce0sl TOYHO TaK K€, MOCKOJNbKY I HUX OyneT TpyAHee AOCTaTh HyXHble BHHTUKUA. Ho 3TO
OTHOCHUTCSI JIUIIb K XapaKTepy Belleil, KOTopble 0OBIYHO BBITYCKAET Hallla MPOMBIIUIEHHOCTh. Tak
WIM HMHaye, BEPOSITHEE BCEro, YTO Halle MEepBOE MPEANoiokKeHne OyaeT TaKuM: 3epKalbHOe
0oTOOpakeHHe HUYero He MeHseT. B camoM jene, 3aKOHBI TSATOTEHUS, OKa3bIBaeTCsl, TAKOBBI, YTO B
yacax, JIEHCTBHE KOTOPBIX OCHOBAaHO Ha 3THUX 3aKOHAaX, HUYEro He u3MeHuTcs. [logoOHBIM ke
CBOMCTBOM 00JIaJJalOT U 3aKOHBI SJIEKTPUUECTBA U MarHeTU3Ma, Tak 4To, €CJIM B HalllMX Yacax ecTh
K TOMY K€ U 3JIEKTpUYECKasl WM MarHuTHas HAUMHKA, KaKWe-TO TaM IIPOBOJA, TOKU U T.II., BTOpbIE
qacel OyAyT HO-NpeKHEMY paboTaTh B IMOJIHOM COTJIACHU C MepBbIMU. Huyero He n3MeHHUTCS Takxke,
€CII B HAIllUX YacaxX HCIOJIb3YIOTCS OOBIYHBIE sepHble peakiui. Ho ecTh siBieHus, A KOTOPBIX
3Ta pa3HUIA CYIIECTBYET, U i ceiyac meperay K 3ToMy BOIIPOCY.

B03MO0>HO, BBl CIIBIILIAIH, YTO U3MEPATh KOHLEHTPALMIO caxapa B BOJAE MOYKHO, IPOITyCKas
yepe3 BOJly MOJSPU30BaHHBIN cBeT. Tak BOT, BO3bMEM KYCOK MOJIIPOU[A, MPOMYCKAIOIIETO JIUIIh
CBET C ONPEIEICHHON MOoJIApu3aluel, U MPOIYCTUM Jyd CBETa 4Yepe3 HEro M 4epe3 caxapHbId
pacTtBop. MBI yBUAUM, YTO €CJIH IOCIIE MPOXOXKJIEHUS Yepe3 caxapHbIil pacTBOp JIyd MpOIEeT ele
yepe3 OJIMH KYCOK IOJIIPOMAA, TO YeM TOJILEe MPOHAEeHHBIN ClIoil pacTBOpa, TeM OOJblle BIIPABO
HY>KHO Oy/IeT MOBEPHYTh BTOPOIl KyCOK MOJISIpOM/Ia, YTOOBI Ha BBIXO/E YBUAETH JIyd cBeTa. Temneps,
eciii Bbl MonpoOyeTe MpOMyCKaTh CBET Yepe3 TOT e PacTBOp, HO B 0OpaTHOM HalpaBJIEHUH, TO
OKa)KeTCs, YTO BaM CHOBA MPUJETCS TOBOPAYMBAThH BHIXOJAHOM KYCOK MOJSpOUAa BIpaBo. BoT MbI
MOJIyYMJIM PAa3HUIly MEXIy NpaBbiM U JieBbIM. CaxapHbli pacTBOp M IIy4YOK CBETa MOXHO
WCTIONB30BaTh B yacax. [lyCcTh y HacC €cTh COCy/ C caxapHOW BOJON M MbI MPOITYCKAaEM YEpe3 HEro



JTyd CBETa, a BTOPOM KYCOK TMOJSIPOWAa TMOBEPHYIH TaK, YTO OH TMPOIYCKaeT BeCh CBeET.
[TpenrmoyiokumM 3aTeM, 9TO MBI BOCIIPOHM3BEAEM 3epKajIbHOE OTOOpakKeHHUE BCEH ATOW KOHCTPYKIIHH
BO BTOPBIX Yacax, HaJleACh, YTO IJIOCKOCTh MOJSPHU3AIMH CBETa MOBEpHETCs BieBo. Hudero He
BhIHZIeT. CBET, KaKk U B MEPBbIX Yacax, Oy/eT MOBOPAYMBATLCS BIIPABO, U BTOPOM KYCOK MOJISIPOUIA
€ro He MPOIYCTUT. 3HAYHT, MIPHU MOMOIIN CaXapHOTO PAacTBOPa MBI CMOKEM OOHAPYKHUTh Pa3HUILY
MCXKIY HAllUMU OIBYMA HacaMu.

D10 3amedarenbHBIA (DaKT, U C TEPBOrO B3TJSNAA KaKETCs, 4TO (U3NYECKUE 3aKOHBI HE
00J1a/TAI0T CUMMETpPUEH OTHOCHTEIBHO 3epKalIbHBIX OTOOpakeHWi. Ho caxap, KOTOpBIM MBI
MOJIb30BAJICh BO BPEMS HAIIUX OMBITOB, BEPOSITHEE BCETO. M3TOTOBJICH M3 CAaXapHOU CBEKIIHI.
Monekynbl ke caxapa CpaBHUTEIBHO IMPOCThI, 1 MX MOXHO BOCIHPOU3BECTHU B J1a0OpAaTOPUHU U3
VIJIEKUCIIOTO Ta3a M BOJBI MOCHE OONBIIOTO YMCIa MPOMEKYTOUHBIX Mpeodpa3oBanuid. Tak BOT,
€CJIM BBl IIOCTABUTE QHAJIOTUYHBINA OIEIT C HNCKYCCTBCHHBIM Caxapom, KOTOpBIﬁ XUMHUYECKU HUYEM
HE OTJIMYAETCS OT OOBIYHOTO, TO OKAXETCs, YTO TMOJSIpU3alus CBeTa MpU ITOM BOOOIIEe HE
MCHSICTCH.

Caxapom mUTarOTCs OaKTEepPHH, M €CJIM BHECTH OAKTEpUU B BOJHBIN PacTBOP MCKYCCTBEHHOTO
caxapa, TO OKa)XeTCs, YTO OHH ChEJIAlOT JIMIIb MTOJIOBUHY caxapa, U Mociie TOTo, Kak OHH ChEIAT ee,
IUTIOCKOCTh TOJISIPU3allMd CBETA, MPOIYCKAeMOTO Yepe3 OCTaBIIYIOCS CaxapHYK BOJY, CTaHET
MMOBOPAYMBATHCS BJIEBO. DTO MOKHO OOBSICHUTH CIEAYIOMHM 00pazoM. Caxap mpeacTaBiseT cooou
CIIO)KHYIO MOJIEKYITY, HEKOTOPBIH HAOOp aToOMOB, OOpa3yIOIIMX CIOXKHYIH KOHCTpPYKIHIO. Ecmm
coOpaTh KOHCTPYKIIHMIO, TIPECTABIISIONIYIO COO0H 3epKabHOE OTOOpaKEHUE TIEPBOM, COXPAHSSI BCE
paccTosHUSL MEXIy JTIOOBIMU TapaMyd aTOMOB M JHEPTHUI0 MOJEKYN, TO s BCEX XHUMHUYECKUX
ﬂBHGHI/IfI, HE 3aTparuBarolinxX MNpPOHECCOB XWU3HHW, OHU HCPA3JINYUMBI. Ho xuBrle CymecCTBa
pa3iuuaroT 3TU J[Ba TUMA MOJeKyl. Hanpumep, 6akTepuu easT JUIIb MOJEKYIbl OJHOTO THIA U HE
eIIT MoJIeKyn apyroro. ToT caxap, KOTOpPBIM MOJy4aeTcs W3 CaxapHOW CBEKJIbI, COCTOUT W3
MOJIEKYJI TOJIBKO OJHOTO COpPTa, TOJIBKO MPABOCTOPOHHUX MOJIEKYJ, U MOATOMY MOJSPHU3YET CBET
TOJIBKO B O/THOM HAITPaBJICHHH. TonbpKko Takoro THUIA MOJICKYJIbI C’B@HO6HBI JJIA 6aKTepI/II7L Ho Koraga
MBI CHHTE3UPYEM caxap M3 BEIIECTB, KOTOPhIE caMU MO ceOe He SBISIOTCS aCUMMETPHYHBIMH, a
MIPEJICTaBISIIOT cOo00 MpPOCThIE Ta3bl, Mbl CHHTE3UPYEM MOJIEKYJIbl OOOHMX THIIOB B pPaBHBIX
KonmuecTBax. Eciiu Teneph B Takoil caxap momaiaroT OaKkTepuu, TO OHU ChEAa0T MOJIEKYJIbI OJTHOTO
TANIA W OCTABJISIIOT HETPOHYTBIMH MOJIEKYJIBI Jpyroro. BoT modemy mnoaspusanus cCBeTa
OCTaBIIIeiiCs caxapHOW BOJON W3MEHSETCS B JPYroM HampaBlieHWH, yeM oObrdHO. Kak BBISICHUI
[TacTep, aTH 1Ba THITA caXapa MOYKHO pa3jINyaTh, pACCMATPUBAs UX KPUCTAJUIBI 10 MEKPOCKOTIOM.

MpbI MOXKEM C TOJTHOW OMPEEeIEHHOCThIO MOKa3aTh, YTO BCE ATO NEHCTBUTENHHO TaK, U MBI
MOXXEM pa3JieNaTh o0a THIIA caxapa, HE JOXKHIAsCh IOMOIIM OaKTepWid, €CIM HaM 3TO
noHanoburcs. Ho ropasmo uHTepecHee, YTO 3TO yMEIOT U OakTepuu. 3HAYUT JH ITO, UTO
KN3HCHHBIC IMPOLECCHI HE IMOJYHMHAKOTCA OOBIYHBIM (bHSH‘IeCKI/IM 3aKoHaMm? HO-BI/I,ZII/IMOMY, HCT.
[Toxoske, 94TO B JKMBBIX OpPraHU3Max MHOTO-MHOTO OYE€Hb CJIOXKHBIX MOJEKYNT U 4YTO y BCEX Y HUX
€CTb oOmpenereHHas opueHtauus. OAHuMH W3 Haubojiee XapaKTEpHBIX MOJEKYT KMBBIX
OpPTraHHU3MOB SIBIISIFOTCSI OETTKOBBIE MOJIEKYJIbl. Takue MOJICKYNBI 3aKpYy4HUBAIOTCS B BHUJE IITOMOPA,
MIPHYEM 3aKpYYIHBAIOTCS BIpaBo. HacToIbKO, HACKOIBKO MOYKHO YTBEPKIaTh ceiiuac, eciii Obl HamMm
yAaIoCh CO3[aTh XMMHYECKUM IMyTeM TOYHO TaKHWE MOJIEKYNbI, HO 3aKpy4YCHHBIE BJIEBO, a HE
BIIpaBO, TO 3TH MOJICKYJIBI HC CMOIIN OBI BBIIOJIHATE CBOUX OHMOJIOTMYECKUX (i)YHKHHﬁ, TaK Kak,
CTOJIKHYBIIIUCH C JPYTUMHU OCIKOBBHIMU MOJIEKYJIaMH, OHH HE CMOTYT B3aUMOJICHCTBOBATh C HUMU
00bryHBIM OOpazom. JleBast pe3p0a MOAXOAUT K JIEBOM pe3b0e, HO HE MOAXOAWT K TpaBoil. Bor
noueMy OakTepHUH C MPaBOil pe3b00il B CBOEM XMMHUYECKOM HYTPE MOTYT OTJIMYHTH MPaBBIA caxap
OT JICBOTO.

Kak xe Tak momyunnoch? OU3NKA U XUMHUKH HE MOTYT pa3inyaTh TAKUX MOJEKYT U MOTYT
CHUHTC3UPOBATh JIMIIb MOJICKYJIbI oboux BHUI0OB, a Onomorust MoOXeT. MOKHO AyMaTtb, 4YTO
OOBSICHSIETCSI 3TO TaK: JAaBHBIM-JaBHO, KOTJa >KM3Hb TOJBKO 3apoikaaiach, cIydailHBIM 00pazom
BO3HHUKJIA OJTHA MOJICKYJIa, KOTOpas CTajia 3aTeM Pa3MHOXKAThCS CaMOBOCIPOU3BEICHUEM H T.J. JIO
T€X TOp, TMOKa MHOTO-MHOTO JIeT CIYCTS He TOSBWINCh O3TU 3a0aBHbIE OypIIOKH C
Pa3BETBIAIONIMMHUCA Ha KOHIOAX OTPOCTKAMH, KOTOPBIC MOI'YyT CTOATH U oe3 KOHIIa OYCHb 6BICTpO



TOBOPUTH 4YTO-TO JApYr JApyry... Ho Bexp MBI BCEro JIMIIb MOTOMKH 3THUX HEPBBIX HECKOJIBKUX
MOJIEKYJI, U1 YUCTO CIy4yailHO OKa3ajoch, YTO Yy ATHX MEPBBIX MOJIEKYJl OJHA OpPHEHTalus, a He
Japyras. OTH MOJEKYJIbl MOIJIM ObITh JTMOO OJHOTrO THIA, MO0 Jpyroro, au0O0 ¢ JeBOH, 11bO ¢
MpaBoi OpHEHTaluel, a 3aTeM OHM Hayald BOCIIPOMU3BOJUTHCS U PA3MHOXKATHCS U YCIOKHSIUCH
Bce Janblie u panbiie. CoOCTBEHHO, TaKUM k€ 00pa3oM OOCTOUT JIeJI0 U C HAape3aHHWEM BHHTOB B
MpOMBINIIEHHOCTH. [lonb3ysch BUHTaMu ¢ MpaBoil pe3pOOi, BbI JieaeTe HOBbIE BUHTHI C MPaBOi
pe3pboit u T.4. Tor ¢akT, 4TO BCE MOJEKYJbl JKUBBIX OpPraHU3MOB MMEIOT OJMHAKOBOE
"HampaBiieHHe Pe3bObl", MO-BUAUMOMY, TITyOOYalIIuM 00pa3oM JOKa3bIBAET, YTO BCE JKMBOE HA
3emiie IPOU30IJIO OT OAHUX U TEX )K€ MPEIKOB HA MOJIEKYJISIPHOM YPOBHE.

st Toro yToOBI Jydie pazoOpaThbcsi B BOIIPOCE O TOM, CUMMETPHYHBI JIH 3aKOHBI (PU3UKH
OTHOCUTENIFHO M3MEHEHHUs MpPaBOTrO Ha JIeBOE€ M HA0OOPOT, MBI MOXKeM C(HOPMYIHPOBATH €ro
cienyromuM obpazom. [Ipenmnonoxum, 9To Mbl pa3roBapuBaeM IO TelnedoHY C KaKUM-HUOYAb
utesieM Mapca niu 38€3.1bl ApKTYp U XOTHUM paccKa3aTh €My, KaK BCE BBIVISIUT 3[€Ch, HA 3EMIIE.
[Ipexxne Bcero, kak 0OBSICHUTH €MY 3HaU€HUE CIIOB?

OTOT BOMpPOC TIIATENBHO HccienoBai npodeccop Mopucon u3 KopHesmickoro yHuBepcurera.
OH mpenjaran Takoil crmocod: HayaTh TOBOPHTH €My '"THK, pa3; THK, THK, JIBa; THUK, THK, THK,
TpH; ..." W T.A. JIOBOJBHO CKOpO Hall INpUATENh HAydyuJCcsl y3HaBaTh uucia. Kak TOJIBKO OH
pa3bepercsl B Halllell CUCTEME CUHMCIIEHUS, Bbl MOYKETE HAMMCATh €My LEIYI0 MOCIeA0BATEIbHOCTh
4lCcell, COOTBETCTBYIOIIUX OTHOCUTEIBHBIM MaccaM pa3jIWYHbIX aTOMOB, a 3aT€M MPOJUKTOBATbH
"Bomopon 1,008", 3arem neittepuii, 3atem renud u T.A. [locuaeB HEKOTOpoe Bpems Hajg
COOOIIEHHBIMU €My YHCIIaMM, Hall MPUATENb J0TaaeTcsl, YTO OHM COBIMAJAIOT C U3BECTHBIMU €My
OTHOIICHHUSMU BECOB 3JIEMEHTOB M 4YTO, CJIEJ0BATEIbHO, COMPOBOXKIAIOUINE WX CJIOBA JOJKHBI
ObITh HAa3BAaHMSIMU ATHUX HJIEMEHTOB. Tak Majo-TOMally Mbl MOXEM MOCTPOUTh oOmuid s3pik. Ho
3/1€Ch BO3HUKAIOT MPOOJIEMBI.

[TpencraBbTe cede, YTO BB COBCEM YK€ MPUBBIKIN K HAllleMy HOBOMY 3HAKOMOMY, U B OJIMH
MIPEKPACHBIN JIEHb BBl CIBIMINTE: "A 3HAeTe JU, Bbl YAUBUTEIbHO MHE CUMIATUYHBI. XOTEIOCH ObI
3HaTh, KaK Bbl BRINJsiAUTE". Bl HaunHaere: "Ham pocT 4To0-TO OKOJIO OJHOIO METpa BOCBMUIECATH
caHTUMETPOB" .- "OAMH METp BOCEMBAECAT CAHTUMETPOB? A 4TO Takoe MeTp?" - CIpalMBaceT OH.
"Hy, 3TO 04eHb IPOCTO: CTO BOCEMBIECAT CAaHTUMETPOB - 3TO B BOCEMHAALIATh MWIIHAPJOB pa3
OompIie pazMepa aToma Bojopoja’, - roBopute Bel. M 3TO HE mIyTKa - 3TO OAWMH U3 CIIOCOOOB
00BSICHUTB, uTO Takoe 1,80 M KOMY-HUOY/b, KTO MOJIb3YyeTCsS APYroil MEepoi UIMHBI, IPU YCIIOBUH,
YTO BBl HE MOJKETE MOCIaTh €My KaKOH-HMOYIb 3TaJOH M YTO y Bac HET KaKoro-iubo mpeamera,
KOTODBIM BUJIEH U BaM, U eMy. MTak, Mbl MOK€M COOOLIMTH HAIIeMy 3HAKOMOMY CBOM pa3Mephbl.
OTO BO3MOKHO IIOTOMY, YTO 3aKOHBI ()M3UKH HE OCTAIOTCS HEM3MEHHBIMU B PE3YyJIbTaTe U3MEHEHHUS
MmaciTala, U, CJIe0BaTeIbHO, Ml MOXKEM ATHM BOCHOJIB30BATHCS YIS TOTO, YTOOBI ONpPENEIIUTh,
KaKUM >K€ MacIITaboM KaKIIbIi W3 HaC MOJIb3yeTcs. BOT Tak MbI 1 onuckiBaeM ceOst: pocT - 1,80 M,
BHEUIHSS CUMMETpHUS, KOHEYHOCTHM M T. J. 3aT€M Halll MapCHaHWH TroBopuT: "Bce 3T0 oueHb
MHTEPECHO, HO KaK BbI yCTpoeHbl BHyTpH?" Torma Mbl pacCkasplBaeM €My IIPO CEpALE U PO BCE
octanbHOE U ToBOpUM: "Cep/ilie pacnoyiokKeHO cjaeBa .

Bce ynupaercst B TO, Kak 00BSICHUTh MapCHaHUHY, YTO TaKoe JIEBO U 4TO Takoe mpaso. "Hy, -
CKaXXETe BbI, - BO3bMEM CaxapHYIO CBEKIY, CIIEIAEM caxap, paCTBOPUM €ro B BOJAE U OKaxkercs...",
HO TO-TO U OHO, YTO Ha Mapce He pacTeT caxapHas cBekia. Jla, Kpome TOoro, HaM HUKaK He y3HaTb,
HE TNpUBENa JIM CIYy4allHOCTh B Haydaje 3BOJIIOIMM XU3HU Ha Mapce (naxke eciii OHa mpuBena K
BO3HHUKHOBEHUIO OEJIKOB, AaHAJOTHYHBIX 3[EIIHUM) K BBIJEJIEHUIO POTHUBOIOIOXHON OpHUEHTALIUH.
Tak 4TO MBI HE 3HaeM, Kak eMy OOBSICHUTH 3T0. Ilopa3mMbICINB Ha 3Ty TEMY JOBOJBHO JOJTO, BB
ATO MOMMETE U PEUINTe, YTO 3TO BOOOIE HEBO3MOXKHO.

Ho npubnu3urenbHO OATH JIET TOMY Hazaj ObUI MpOZeNaH OJUH SKCIIEPUMEHT, pe3yJIbTaThl
KOTOpOro ObLIM CIUIOIIHOW 3araakoil. I He Oyny 34ech BIaBaThCS B MOAPOOHOCTH, HO MBI
OKa3bIBAIHUCH BO Bce OoJbleM U OOJbIIEM 3aTpyJHEHHMH, BO Bce Ooyiee U Oosee mapagoKcalibHOM
HOJIO)KEHNH, TOKa, HakoHel, Jlu u SIHr® He BBICKA3aM TIPEAIONONKEHHS, UYTO, MOXKET ObITh,

8 JIu T3yngao u Sur WkenpHUH - padoratomme B CIIIA kuraiickue ¢pusnku, noxyausime copmecTHO HoOenesckyro
npemurio 1o ¢pusuke B 1957 r.



IPUHLMAI CHUMMETPUM OTHOCHUTEIBHO IPABOTO M JIEBOIO, COIJIACHO KOTOpPOMY IIpUpoJa HeE
pearupyeT Ha 3epKajbHOe O0TOOpa)keHHEe, HEBEPEH, M TOrJla 3TO MO3BOJUT PAa3PEUIUTh LENbIH psj
3arafiok. JIu u SIHr mpeanoXuinu HeKOTopbie Oosiee MpsSMbIe SKCIIEPUMEHTaIbHbIE T0Ka3aTeIbCTBA,
U 51 OY€Hb KOPOTKO PAaCCKaKy O CaMOM IIPSIMOM M3 HUX.

Bo3bMeM sBIIEHME PAJMOAKTHBHOIO pacmaza, B KOTOPOM MCIIYCKalOTCA JJIEKTPOH U
HEUTPUHO, HAPUMEP TO, O KOTOPOM MBI YK€ FOBOPHJIM paHbIlle U KOTOPOE CBA3aHO C pacrnaiom
HEUTPOHA HAa TMPOTOH, DOJEKTPOH M aHTHUHEHUTpuHO. ECTh eme MHOro Apyrux peakuui
pPaaoOaKTUBHOI'O pacliaga, IMpu KOTOPBIX 3apsaa AApa YBCIUYHUBACTCA Ha CAMHUIYY W HCITYCKACTCsA
aneKkTpoH. Ho 371ech HHTEPECHO BOT YTO: €CJIM U3MEPUTH BPALLIEHUE 3TOrO JIEKTPOHA - a DJIEKTPOHBI
HCIyCKAIOTCsl, Bpallasch BOKPYT COOCTBEHHOM OCH, TO OKa)KeTCs, YTO BCE OHHM BpAIAIOTCS CIIpaBa
HaJeBO (€ciiM CMOTPETh MM BCIIEH, T.€. KOTJa OHU HUCIYCKAIOTCSI B FOXKHOM HAIPaBJIEHUH, TO
BpamraroTCda TaK KC, KaK U 3CMJ'I$[). B TOM, YTO HCITYCKAC€MBIC JJICKTPOHBI BCETAa BPAIIAarOTCA B
OJIHOM HAMpaBJICHUU, YTO Y HHUX, TaK CKa3aTh, JICBOCTOPOHHSS OPUEHTALMSI, €CTh ONpPEACIICHHbIN
cMmbicit. Jleno 3meck OOCTOMT Tak, Kak Oynaro mpu &#946;-pacmane y pyXbs, CTPEISIOIIETO
AJIEKTPOHAMM, Hape3Ho#l cTtBos. HapesaTe CTBOJI MOXHO JByMsi crmocoOamu. 37ech Bcerjaa ecTb
HarpaBjieHue "HapyxKy', U y Bac BCEr/a €CTh BBIOOp Hape3aTh CTBOJ TakK, YTOOBI MyJsl Bpaliajiach
nubo chpaBa HaleBo, TUOO cleBa HampaBo. Hamr SkcrepruMeHT TMOKa3bIBaeT, YTO JJIEKTPOHAMU
CTPEJSIIOT U3 OPY)KHsI, HAPE3aHHOTO cIpaBa HajeBo. [loaToMy, HCTIONB3ys 3TOT (aKT, Mbl MOXKEM
MO3BOHUTH HAIlIEMYy MapcuaHuHy U ckaszaTh: "llocnyiaii-ka, BO3bMH paJuOaKTUBHOE BEIIECTBO,
HEWUTPOH, W TOHAOI0Ial 3a AJIEKTPOHAMH, UCITyCKaeMbIMU Npu &#946;-pacnane. Eciau anexTpon
BBICTPEIMBAETCS BEPTUKAIHLHO BBEPX, TO HAMPABJICHHE €Tr0 BPAIIEHUS W3-3a CIIUHBI B TENO OyaeT
ciaeBa. Tak Tel M y3Haellb, rIe JieBas CTOpOHA. IMEHHO ¢ 3TOI CTOPOHBI PACHOJIOKEHO cepate'.
Tak 4TO OTJAMYMUTH MPABOE OT JIEBOTO MOYKHO, a 3HAYUT, 3aKOH O CUMMETPUHU MHPA OTHOCUTEIHLHO
MIPABOTO U JIEBOT'O PYXHYIL.

Cnenytoliee, 0 4eM 51 XO4y OTOBOPUTbH, 3TO 00 OTHOIIEHUH 3aKOHOB CUMMETPUH K 3aKOHAM
COXpaHCHUA. B npeﬂbmymel‘/i JICKOMHU MBI TOBOPWJIIM O MHNPHHOUIIAX COXPAHCHHA - COXPAaHCHHA
SHEPTrUM, KOJIMYECTBA JBMXKEHUS U T.. VICKIIOYMTENBHO HMHTEPECHO, UYTO MEXKIY 3aKOHAMH
COXpaHCHHUA MW 3aKOHaMM CUMMCTPHU CYHICCTBYCT, IIO-BUIAWUMOMY, rny601<a51 CBS3b. JTa CBSA3b
MOJIy4aeT cBoe 0OBsICHEHHUE, N0 KpaifHell Mepe Ha HallleM CEroAHSALIHEM YPOBHE 3HaHUi, TOJIBKO B
KBaHTOBOW MeXaHHKE. Tem He MeHee 51 TOKaXXy BaM OJJHO MPOSIBIIEHHUE 3TOM CBSA3H.

[Tpenmonoxum, 4To 3aKOHBI (U3UKH AOMYCKAIOT (POPMYITHPOBKY, OCHOBAHHYIO Ha MPUHITUIIE
MuHUMyMa. Torma MOXXHO TMOKas3aTh, 4YTO M3 JIIOOOTO 3aKOHA, JOMYCKAaIOLIEro MepeHoC
AKCIEPUMEHTAIbHON YCTAaHOBKH, T.€. JOIYCKAIOIIETO IPOCTPAHCTBEHHBIE IIEPEHOCHI, BBITEKAET
3aKOH COXPAaHCHUA KOJINYCCTBA ABHIKCHUS. Me>1<)1y 3aKOHaAMH CUMMCTPUHN U 3aKOHAMU COXPAaHCHUA
uMeeTcsl TIIyOoKasi CBsI3b, HO 9Ta CBsI3b MOKOUTCS HAa MPUHIMIIE MUHUMYyMa. B Hamiell BTopoi
JIEKIMU MBI TOBOPUJIM O BO3MOKHOCTH CPOPMYIUPOBATH (PU3UUECKHE 3aKOHBI, YTBEP)KIas, 4TO
YacTHUIA NEPEXOAUT U3 OJHOTO MOJOXKEHHUS B JPYroe 3a 3a/JlaHHbIN MPOMEXYTOK BpeMEHH, poOys
paznuuHbie yTH. CyIecTBYeT ONpeAesieHHas] BETUINHA, KOTOPYIO, MOXKET OBITh HE OYEHb yJIauHO,
Ha3bIBAIOT JielicTBHEM. Eciau BBIMMCAUTH EUCTBUE JUIsl PA3MYHBIX MyTEH NMepexoaa, TO OKaKeTCs,
YTO JJISl pEaNbHOTO MYyTH, BHIOPAHHOTO YaCTHUIIEH, 3TO JIEHCTBUE BCETJa MEHBIIIE, YeM IS JIF000ro
npyroro. I[Toatomy nmpu HOBOM croco0e (HOpMYTHUPOBKH 3aKOHOB MPHPOJIBI MBI YTBEPXKAAEM, UTO
JUIsL peasibHOTO IyTH JIEHCTBUE, BBIYHMCISEMOE IO ONPEJCIEHHON MareMaTHdeckod ¢dopMmyie,
BCET/Ia MEHBIIIE, YeM ISl TIOOBIX APYTUX MyTEH.

Ho BmecTO TOrO, 4TOOBI TOBOPUTH O MUHHUMYMEC Y€TrO-TO, MOXXHO CKasaTb, YTO CCJIM ITYyTb
HEMHO>KKO U3MEHHTh, TO CHayasa o4YTH HU4Yero He uaMeHurcs. llpeacraBere cede, 4TO BBI TyJseTe
10 XO0JIMaM (HO TJI1aAKUM, KOHCYHO, ITOCKOJIBKY BCE MAaTEMATUUCCKHUE BBIPAXKCHHA, O KOTOPBIX UACT
pedb, THaJKUE) W TMPUXOJUTE Ha camMoe HHU3KOe MecTo. Torjga eciu Bbl UyTh-uyTh IIarHETE B
CTOpPOHY, BbICOTA BAalIETO MECTA IMOYTH HC U3MCHUTCH. Ecan BBI HaxXoauTeCh B caMol HU3KOU MIIN
caMOi BBICOKOM TOYKE, OAWH IIar He WrpaeT HUKAKOH pOJIM, B TEPBOM MNPUOIMKEHHH OH HE
OKa3bIBaA€T HUKAKOT'O BJIMAHUA Ha Bally BBICOTY HaJl YPOBHEM MOpPs, - BEAb 3TO HC TO, YTO Ha
KpPYTOM CKJIOHE, I'/ie Bbl 32 OJJUH ILIAar 3aMETHO CIIyCKAeTeCh WM MOJHUMAETECh B 3aBUCUMOCTH OT




TOrO, B KAKOM HaIlpaBJICHUU BBl Mjere. Temepb BaMm, HaBEpHOE, IMOHATHO, MIOYEMY OJUH IlAr U3
camMoi HU3KOHM TOYKHM He urpaet poiu. Eciu Obl 3T0 ObIJIO HE Tak, TO IIAr B JPyroM HalpaBiIeHUU
O3Ha4al Obl, 4TO BBI CIycKaeTech. HO Tak Kak BbI HAXOJWJINCH NEpe 3TUM B CaMOM HU3KOM TOUKe,
U, CJIEJI0OBATeNIbHO, CIIyCTUTBCSI HUXKE YK€ HEJb3s, TO B KaueCTBE MEPBOTr0 MPUOIMKEHUS MOKHO
CUMUTATh, YTO OJUH IIIAI HE UT'PAET HUKAKOMN POJIH.

[TosTOMY MBI 3Ha€M, 4TO €CIIH IyTh HEMHOXKKO U3MEHUTh, TO 3TO B MIEPBOM MPUOJIMKEHUU HE
U3MEHUT JeicTBus. Hapucyem kakoW-HUOyAb MyTh, COEAMHSIIOMMKA TOuku A u B , u npyroit
BO3MOXHBIH MyTh cienymoomero Buaa (cMm. puc. 27). CHauama Mbl NEpenpbIrMBaeM cpasy B
onuznexanryro Touky C, a 3areM JBHKEMCS TOYHO MO TaKOMY K€ IyTH, KaK U paHblIIe, 10 APYrou
touku D, orcrosmieit or B Ha To ke pacctosinue, yto 1 C 0T A, MOCKOJIBKY 00a MyTH aOCOIIOTHO
uaeHTUuYHbl. Ho, Kak MbI TOJIBKO YTO YCTAaHOBWJIM, 3aKOHBI (DM3UKH TAKOBBI, YTO OOLIasi BeJIWYMHA
neiictBus npu aABwxkeHud 1o nytd ACDB B mepBom NpuOIMKEHHH COBMATaeT ¢ JACHCTBHEM IpU
JIBJKEHHWH 110 TIEPBOHAYAIBHOMY NIyTH A B - B Cuily mpHHIMIIA MUHUMYyMa, eciu AB - peanbHbII
IyTh.

Ho 1o eme He Bce. JleicTBHE NpU JBHKEHHWH IO MCXOJHOMY IyTH OoT A 1o B nmoimkHO
coBmajgaTh ¢ AeWicrBueM npu aABwkeHnn or C 10 A , ecim MHp HE MEHSETCs IpU
IIPOCTPAHCTBEHHBIX IEPEHOCAaX, TaK KaK pa3HUIA MEXKJIy O3THMHM JByMs IyTSIMH JIMIIb B
IIPOCTPAHCTBEHHOM  casure.  [lostomy — ecnv  NPUHLOUI ~ CUMMETPUM  OTHOCHUTENIBHO
IIPOCTPAHCTBEHHBIX NEPEHOCOB CIIPABEUIMB, TO JEWCTBUE NPH JIBMXKEHHM IO IyTH OoT A 10 B
JIOJDKHO OBITH TaKMM e, Kak 1 Ha myTH oT C 1o D . OjtHako i HAaCTOSILEro ABWKEHHS JeiicTBHE
115 cinokHoM Tpaektopur ACDB o4t B TOYHOCTH COBNANAET C AEUCTBUEM IS TpackTopun AB
U, CICA0BATCILHO, C JEHCTBHEM I ogHOM cBoeit yactu, oT C go D . Ho nelicTBue Ans CIIOKHOTO
IyTH MPECTaBIseT coO0M CyMMy Tpex uacTeil: nerictBue ass ABukeHus oT A 10 C,or C noD u
or D o B . [TosToMy, BbIYMTast paBHOE U3 PABHOI'O, Mbl YBUJIUM, YTO BKJIAJ OT JIBWKEHHS OT A 10
C nwor D no B nomxeH B cyMMe JaBaTh HYJIb.

Ho npu nBmKEHUM IO OJHOMY M3 ITHUX OTPE3KOB MBI JBHXKEMCS B OJHY CTOPOHY, a IIpU
JBWKEHHUHU 10 APYroMy - B Jpyryro. Ecnu Tenepsb B3Th aeiicTBUe npu ABMKEHUH OT A 10 C u
paccMaTpuBaTh €ro Kak 3((eKT ABMKEHUS B OJTHOM HalpaBJIeHUH, a ASUCTBHE MIPU JBIKEHUH OT D
kK B - xak geiictBue npu asmxkeHun oT B k D, HO ¢ ApyrHM 3HAaKOM M3-3a MPOTUBOMOJIOKHOTO
HarpaBJICHUS IBM)KEHUS, TO MBI YBUJIUM, 4TO JJIsi 0OecreueH sl Hy)KHOTO paBeHCTBAa HEOOXOAUMO,
9TOOBI AeicTBUE TIpH ABMkeHUU 13 A B C coBmagaio ¢ aeicteueM npu nemwkennu u3 B B D. Ho
3TO - U3MEHEHUE ACUCTBUA NpU MajleHbKoM 1mare u3 B B D . OTa BennumnHa - H3MEHEHNE NEHCTBUS
IIpY MaJIeHbKOM IlIare BIIPaBoO - OJHA U Ta ke U B Hayane (oT A k C ) u B xoHue (or B x D).
3HAUUT, Y HAC UMEETCs BEIIMYMHA, KOTOpasi HE MEHSAETCS CO BPEMEHEM, €CJIM TOJBKO CIIPAaBEINB
IIPUHIUI MHHMMYMa M BBIIOJIHAETCS NPUHIMI CUMMETPUU OTHOCHUTENIBHO IPOCTPAHCTBEHHBIX
IIEPEHOCOB.

Ota, He U3MEHSIONIAsICSl BO BpEMEHH BeJIMYMHA (M3MEHEHHUS JEHCTBUS MPU MaJIOM I1are B TOM
WIA UHOM HalpaBJIEHUH), OKa3bIBAETCSd B TOYHOCTH PABHOW KOJIMYECTBY JBM)KEHHUS, O KOTOPOM
TOBOPWJIOCH B IMpEAbIAYIIEH JIeKIMU. TakoBa B3aMMOCBSI3b MEXAY 3aKOHAMM CHMMETPHH U
3aKOHAMU COXPAHEHHUs, BBITEKAIOIAs U3 TOr0, YTO 3aKOHBI IIOIYUHAIOTCS NIPUHIUITY HAUMEHBILIErO
JIeHCcTBUS. A OHM THOTUYUHSIIOTCS €My, KaK OKa3bIBaeTCs, MOTOMY, YTO BBITEKAIOT M3 3aKOHOB
KBaHTOBOW MEXaHUKU. BOT O3TOMY-TO s ¥ CKa3aj, 4YTO B KOHEYHOM CYETE CBS3b MEXKIY 3aKOHAMU
CUMMETPHUU U 3aKOHAMH COXPaHEHHs OOBSICHSIETCS 3aKOHAMU KBAaHTOBOI MEXaHUKHU.

Paccyxnmast TOYHO Tak K€ OTHOCUTEJIBHO CIABUIOB BO BPEMEHH, MBI IPUXOJUM K 3aKOHY
COXPAaHEHUS YHEPTHH. Y TBEPKIACHHE O TOM, YTO IMOBOPOT B MPOCTPAHCTBE HE MEHSAET (PUBNYECKUX
3aKOHOB, 000pauYMBAETCs 3aKOHOM COXPAaHEHHs MOMEHTA KOJIMYECTBA JABIKEHHs. BO3MOXKHOCTB ke
3epKaJbHOr0 OTOOpa)KeHHsI HEe HaXOAUT ceOe MPOCTOro, ¢ TOYKU 3PEHHS KJIaCCUYECKOW (DU3UKH,
BbIpakeHUs1. PU3UKHU HA3BIBAIOT 3TO CBOWCTBO YETHOCTBIO, & COOTBETCTBYIOLIUN 3aKOH COXPaHEHUS
- 3aKOHOM COXPaHEHUs YETHOCTH, HO 3TO JIMIIb BCE 3aIyTHIBAET. S pelmmi ynmoMsSHYTh O 3aKOHE



COXPaHEHHUs YETHOCTH MOTOMY, YTO (BO3MOXHO, BBl YHMTadl 00 3TOM) 3TOT 3aKOH OKa3ajcs
HeBepHBIM. [Ipon3011T0 3TO MOTOMY, YTO OKa3aJCs HEBEPHBIM MPUHITUIT HEPA3TUIUMOCTH MIPABOTO
U JICBOTO.

Pa3 yx st TOBOPIO 0 3aKOHAX CUMMETPHH, MHE XOTEJIOCh OBl CKa3aTh BaM, UYTO B CBSI3U C HUMU
BO3HHMKJIO HECKOJIbKO HOBBIX 3a1ad. Hampumep, y KaXgol 3JI€MEHTApHOM YacTULBI €CTh
COOTBETCTBYIOIIASI € aHTHYACTHUIIA: IS DJIEKTPOHA 3TO MO3UTPOH, JUIsl MPOTOHA - aHTUIIPOTOH. B
MIPUHIIAIIE, MBI MOTJIM OBl CO3/IaTh TaK HA3bIBAEMYIO aHTHUMATEPHIO, B KOTOPOH KaKIIbIii aTOM OBLI
OBl COCTaBJICH M3 COOTBETCTBYIOIIMX AaHTUYACTHUIl. Tak, OOBIYHBIA aTOM BOJOPOJAa COCTOWUT W3
OJIHOTO NIPOTOHA U OJHOTO 3JIEKTpoHAa. Eciu ke B3SATh OJMH aHTUIPOTOH, 3IEKTPUUECKUN 3apsij
KOTOPOTO OTPHUIATENICH, U OJWH TO3UTPOH M OOBEAMHUTH WX, TO MBI TOJYy4YHM aTOM BOJOPOJIA
0co00ro THMa, TaK CKa3aTh, aTOM aHTUBOAOpoaa. [IpudyeM OBLJIO yCTAaHOBIIEHO, YTO B MPUHITUIIE
Takol aToM ObLI Obl HUUYTh HE XYX€ OOBIYHOTO M YTO TaKUM 00pazoM MOXHO ObLIO OBl CO31aTh
aHTHMATEepPHIO CaMOT0 pPa3HOro BHUAA. Temepb MO3BOJIUTEIBHO CIPOCUTh, a OyIdeT M Takas
aHTUMaTEpHsl BECTU ce0s TOYHO TaK Ke, Kak Hama matepusi? M, HaCKOJIBKO HaMm 3TO W3BECTHO,
OTBET Ha TOT BOIPOC JIOJKEH OBITh MOMOKUTENbHBIM. OMH U3 3aKOHOB CUMMETPHUHU 3aKITI0YaeTCs
B TOM, 4TO €CJIM MBI C/IeJIaéM YCTAaHOBKY M3 aHTUMATEPUU, TO OHA CTAHET BECTH CEOsl TOUHO TaK XKe,
KaK M yCTaHOBKa M3 Hamied oObyHOU MaTepuu. [IpaBma, CTOUT CBECTH ITH YCTAaHOBKH B OJIHOM
MecTe, KaK IPOU30UIeT aHHUTHIISIIIUS ¥ TOJIBKO UCKPHI TTOJICTHAT.

Panbiie cunTanoch, 4To MaTepUsl U aHTUMATEPUsl MOTUUHSIOTCA OJHUM U TEM K€ 3aKOHAM.
Tenepr ke, Korga MbI 3HaEM, YTO CHMMETPHH JIEBOTO W TPABOTO HE CYIIECTBYET, BO3HHKAET
BAOXHBIM Bompoc. EciM B3STh HEWTPOHHBIM pacnaja, HO C OMHUCCUEHM AHTHUYACTHUL, TaK 4YTO
AHTUHEUTPOH pacmaaaeTcss Ha aHTUIPOTOH U aHTHUAJICKTPOH (TMO-APYroMy, MO3UTPOH) U HEUTPHHO,
TO OyJeT JId OH MPOUCXOAWTH KaK W paHbllle, T.e. OyIyT JIM MO3UTPOHBI BBUIETATh, BPAIIAsCh B
JIEBYIO CTOPOHY, HJIM BCe Oy/eT Mmo-Apyromy?

Eme coBcem HemaBHO MBI TOJAarajid, 4To BCE 3/eCh OyAeT HA0OOpOT, YTO TO3UTPOHBI
(anTuMaTepus) OyIoyT BbUIETaTh, Bpalllasich CJI€Ba HaAIpaBO, a AJIEKTPOHBI (MaTepus) - cIpasa
HaeBO. B 3TOM citydyae MbI B A€MCTBUTEIHHOCTH HE CMOTIIN OBl OOBSICHUTh MAPCUAHHUHY, YTO TaKOE
MpaBo W YTO Takoe JieBO. Benp eciu OBl BAPYT 0Ka3ajloCh, YTO OH COCTOUT M3 aHTUMATEPHH, TO OH,
MOCTaBUB MPOJUKTOBAHHBIA €My OMBIT, Habmoganm Obl MO3UTPOH BMECTO DIJIEKTPOHA, a TOT
BpalIaeTcss B MPOTHUBOIOJIOXKHYIO CTOPOHY, M MapCHaHWH pEenII Obl, YTO CEpAIle HAXOIUTCS C
Ipyroi cTopoHbl. [IpeArnonoxum, Bl BBHIILIIM HA CBSI3b C MAPCHAHUHOM U OOBSCHWIM €My, Kak
caenatb uenoBeka. OH ero caenan. Bce B mopsake, 4YeJOBEK BBIMIET Ha CJIaBy. 3aTEM BBl
OOBSICHSIETE €My Hallli TpaBWiIa MOBeJeHHs. HakoHell, BB CTpoMTE XOPOIIUN KOCMHYECKHIA
KOpaOllb W OTHPABISIETECh TOBUIATHCA C HCKYCCTBEHHBIM YEJIOBEKOM. BBI BBIXOIUTE €My
HaBCTpedy, MpOTIruBaeTe pyKy. Eciii B OTBET OH NPOTATMBAET BaM TOXE MPaByIO PYKY, -
MIPEKPacHO, HO €CJIH JIEBYIO, - OeperuTech, Kak Obl BaM ¢ HUM HE aHHUTHJIMPOBATH!

MHe xoTenock Obl paccka3aTh BaM €Ille O HEKOTOPHIX CBOWCTBAX CHUMMETPUU, HO TOBOPUTH O
HUX Topa3fno TpyaHee. Kpome Toro, B mpHpOFEe €CTh COBEPIIECHHO 3aMeydaTeNIbHbIC SBICHUS,
CBSI3aHHBIE C TaK Ha3blBaeMol cnmaboii cummeTpueil. PasBe He 3amedarenbHO, HANpUMEp, UYTO
OTJIMYUTH TIPABOE OT JIEBOTO MBI MOXKEM JIUIIIb 1O OYeHb ciabomy addexty &#946;-pacmana? Ito
3HauuT, 4T0 Ha 99,99 % mnpupone Bce paBHO, YTO JIEBOE, YTO MPABOE, - U BIPYr OJHO €/Ba
MIPUMETHOE SIBJICHBHUIIE BBIXOJUT U3 Psifia BOH M OKA3bIBAETCSI COBEPIICHHO OTHOOOKHM.

JNlekumnsa 5.

Pasnuuune npownoro u 6yayuiero

Kaxnomy sicHO. 4TO COOBITHS, TPOUCXOAIINE B HALLIEM MHUpE, SBHO HEoOpaTuMbl. [Ipyrumu
CJIOBaMHM, BCE IIPOUCXOIUT TaK, a He HaoOopoT. PoHsemp yamiky, oHa pa30uBaeTCs, U CKOJIbKO HU



MKW, YepenKh He coOepyTcsl CHOBA M Yalllka He NMpBITHET oOpaTHo Tebe B pyKu. A Ha Oepery Mops,
r7ie pa30uBalOTCs BOJHBI, MOKHO JIOJITO CTOSITh M HAIIPACHO */1aTh TOT'O BETMKOTO MOMEHTa, KOTaa
neHa codepeTcs B BOJIHY, BCTaHET HaJ MOPEM M MOKATUTCS BCEe Jalibllle M Aajblle OT Oepera - BOT
Ob110 OBI 3penuie!

Ha nexkumsax Takue IITyKHM OOBIYHO IMOKA3bIBAIOT NPU IOMOIIM KHHO: BBIPE3AIOT KYCOK
KMHOIUIEHKH, Ha KOTOPOM CHATa Kakas-TO IOCJEI0BaTEIbHOCTh COOBITUHM, M MOKa3bIBAIOT €T0 B
00paTHOM HaIpaBJICHUH, 3apaHee PAacCUMTHIBAas Ha B3PBIB CMEXa. DTOT CMEX CBHJIETEIbCTBYET O
TOM, YTO B pEaJbHOW MHU3HM Takoro He OblBaeT. Bmpouem, Ha camMoM jene 3TO JIOBOJIbHO
NPUMUTHBHBIN COCOO BBIPAKEHHS CTOJIb OYEBHJIHOTO M CTOJNb IMTyOOKOro (hakTa, Kak pasiuyue
mpouuioro ¥ Oyaymero. Mpl TOMHHMM T@pouuloe, HO He MNOMHMM Oynymero. Hama
OCBEJOMJIEHHOCTb O TOM, YTO MOKET IIPOU30MTHU, COBCEM APYIOro poa, 4eM O TOM, U4TO, BEPOSITHO,
yke npowusonuio. [Ipomioe u HacTosee COBCEM MO-pPa3HOMY BOCIPUHHUMAKOTCS IICUXOJIOTHYECKH:
JUIS TIPOIIJIOrO y HAac €CTh TaKoe peajbHOE MOHATHE, KaK MaMsATh, a Uil OYyIyIIero - MOHSATHE
KaXKyleicss cBo00/1bl BOJIM. MBI yBEpEHBI, UTO KAKUM-TO 00pa30M MOXKEM BJIMSTH Ha Oyayuiee, HO
HUKTO W3 HAc, 32 HCKJIIOUYEHHEM, ObITh MOXKET, OJMHOYEK, HE IyMaeT, 4TO MOXXHO H3MEHUTb
npouwioe. PackasiHue, coxXalleHHe W HaJeXkaa - 3TO BCE CIIOBA, KOTOPHIE COBEPIICHHO OYE€BUIHBIM
00pa3oM MPOBOASAT I'paHb MEXKJTY MPOILIBIM U Oy TYIIHM.

Ho ecin Bce B 3TOM MHpe CAENIaHO U3 aTOMOB U MBI TOKE COCTOMM U3 aTOMOB U TIOTYUHSAEMCS
¢u3nUecKuM 3aKOHaM, TO HamboJiee €CTECTBEHHO 3TO OYEBHMJHOE PA3IMUUEe MEXIY MPOILIBIM U
Oyaymum, 3Ta HEOOpPAaTUMOCTh BCEX SIBJIEHUI OOBSCHsIIACh Obl TEM, YTO Y HEKOTOPHIX 3aKOHOB
JIBUJKEHHUsSI aTOMOB TOJIBKO OJHO HAIIPaBJICHUE - YTO AaTOMHBIE 3aKOHBl HE OJMHAKOBBI I10
OTHOIICHUIO K MPOIUIOMY M Oyayuiemy. [ie-To JoKeH CylecTBOBaTh MPUHLMI Bpoae: "M3 enxu
MOJICHO cOenamsv NAKy, d U3 NAIKu He coendeulv eaxu', B CBSI3M C YeM HAlll MUP MOCTOSHHO
MEHSET CBOM XapakTep C eJIOYHOTO Ha MAJIOYHBIN, - ¥ 3Ta HEOOPATUMOCTh B3aUMOJICHCTBUN TOJDKHA
OBITh IPUYMHOIN HEOOPATUMOCTH BCEX SIBIICHUM HaIlIeH JKU3HU.

OmHako TakoW WPHWHIMI TOKa eme He HaijeH. To ecTh BO BCEX 3aKOHAaX (DHU3UKH,
OOHapYXEHHBIX 70 CHX TOpP, HE HAOJII0JaeTCsl HUKAKOTO Pa3IndMsl MEX/y MPOILUIBIM U HACTOSIIHM.
KuHoneHTta nokHa MOKa3bpIBaTh OJHO M TO K€ B 00€ CTOPOHBI, M (PU3UK, KOTOPBIH YBUIUT €€, He
MMeeT HUKaKUX OCHOBAHUM I CMeXa.

OOpatumcs emie pa3 K 3aKOHY BCEeMHpPHOTo TsaroTeHus. PaccMorpum CofHIlE W TIJIAHETY,
KoTopas Bpamaerca BOKpYr CoJjHIIa B HEKOTOPOM HAampaBI€HUHM. 3aCHHMEM 3TO JBHKEHHE Ha
KMHOIUIEHKY, a 3aTeM IOKakeM OTCHATHIA ¢(uinbM 3amoM Hamepen. Yto xe npowusoiner? Mebl
VBUAMM, YTO TIUIaHeTa Bpamaercss Bokpyr ConHila, mpaBaa, B OOpaTHOM HAampaBiICHHH, U
TpaeKTopHsl ee IBMXKEeHHsI oOpasyeT aumurc. CKOpPOCTh JBM)KEHHUS IUIAHEThl OKa3bIBAETCsl TaKOH,
YTO 3a paBHBIE NPOMEXYTKH BPEMEHU paguyc, coeauHstomuid CoylHLE M IUIaHETY, ONMCHIBAET
BCEr/la paBHbIE IUIOIIA M. B nefcTBUTENbHOCTH BCe OYAET TOYHO TaKUM, KAKUM 3TO JOJKHO OBITh.
Ham He ymacTcsi pemuTh, B KaKOM HaIlPaBICHWHW HaM IMOKA3bIBAIOT (DUIBM - B TPSIMOM HIIH
oOpaTtHoM. Tak 4TO AJi 3aKOHa BCEMUPHOI'O TATOTEHHUs O€3pa3IMyHO HAIlpaBJIEHUE BPEMEHU; €CIIU
BaM TIOKa3bIBAIOT 33J0M Harmepen 000l (QuibM 0 COOBITUSX, CBA3aHHBIX JIMIIb C 3aKOHAMH
TATOTEHUS, TO BCE, UTO BBl YBUJIUTE HA SKpaHe, Oy/I€T BHIIIISIETh COBEPLUICHHO €CTECTBEHHBIM.

OTy MBICIb MOXHO BBIPa3UTh elle Oojee TouHO. Ecnm B Kakoi-TO CIIOKHOW cHucTeMe
CKOPOCTH BCEX YaCTHUI[ BIAPYr MIHOBEHHO HM3MEHST CBOM 3HAYEHHUS Ha OOpaTHbIe, TO CUCTEMa
BEPHETCS B MCXOJIHOE IMOJIOKEHHE, PO B 0OpaTHOM HOPSIIKE BCE T€ CTAUH, KOTOPBIE OHA yXKe
IpoIa J0 BHE3alIHOTO HM3MEHEHHs CKOpocTed. Tak 4ro eciim MMeeTcs MHOXKECTBO YACTHIL,
BBIMOJIHSAIONINX KaKylo-TO paboTy, ¥ Mbl MTHOBEHHO HM3MEHHUM HX CKOPOCTH Ha OOpaTHbIE, TO
YaCTUIIbI 3TU MTOJIHOCTHIO HCIIPABST BCE TO, YTO OHU YCIIENIN K 3TOMY MOMEHTY CHEJNaTh.

OTO CBOWCTBO 3aJIOKEHO B caMOd (OPMYIUPOBKE 3aKOHA BCEMHPHOTO TATOTEHUS,
YTBEPKIAIOIIETO, YTO MOJ JIEUCTBUEM CHIIBI U3MEHSAETCA CKOPOCTh. ECIM M3MEHNTH HalpaBlIeHHE
BPEMEHH, TO CHUJIbI HE U3MEHSATCS U, CJIIEIOBATEIbHO, HA COOTBETCTBYIOLIUX IIPOMEKYTKAX BPEMEHHU
HE M3MEHATCA M NpHUpaleHus ckopocTu. [loaToMy Kaxaas CKOPOCTh MPETEPIUT TOYHO TAKUE Ke
U3MEHEeHHs, KaK W paHbllle, TOJBKO B OOpaTHOM TMOCIEIOBaTENbLHOCTH. Tak dYTO J0Ka3aTh
00paTUMOCTh BO BpEMEHU 3aKOHA BCEMHUPHOTO TSATOTEHUS COBCEM HE TPYIHO.



Hy, a 3akoHbl anekTpuuecTBa U MarHetTusma? OHHU TOXXe€ OOpaTUMBI BO BPEMEHHU. 3aKOHBI
sanepHoit ¢pu3zuku? Hackonbko Mbl 3HaeM, 0OpaTuMbl. 3akoHbl &#946;-pacniasa, 0 KOTOPBIX MBI yiKe
TOBOPWJIM paHblle, Takke oOparumel? Hamm TpynHOCTH € 3KCIIEPUMEHTaMHM, MPOBOJIUBIIMMUCS
HECKOJIbKO MECALIeB TOMY Ha3aJl U IMOKAa3aBIIMMH, YTO 3[€Ch HE BCE TaK IJIAJAKO, YTO KaKUE-TO
3aKOHBI HaM €l1le He M3BECTHBI, 3aCTaBIIIOT AyMaTh, YTO HA CAaMOM JIelie P-pacraj, MOXKET ObITh, U
HeoOpaTUM BO BPEMEHH, W JUIsl TOrO, YTOObI OKOHYATENIbHO YOeAUThCS B 3TOM, HaM MOHAJ00STCS
HOBBIE OIBITHIY,

Ho Tak wnm mHade HUKTO HE COMHEBaeTcs B cieayromeMm: &#946;-pacman (0OpatuM OH BO
BPEMEHHU WIM HET) NpeACTaBisieT co00il sSBIEHUE TPEThECTENEHHON Ba)XHOCTH sl OOJBIIMHCTBA
MOBCEIHEBHBIX cuTyauuidl. To, 4To S MOry TOBOPUTH C BaMHM, HE 3aBUCHUT OT &#946;-pacnaga, HO
3aBHCHUT OT XMMHUYECKUX B3aUMOJEHUCTBUM, OT HAJIMUUA IJIEKTPUUYECKUX CHUJI, HEMHOIO (IIOKa 4TO)
OT SIIEPHBIX PEaKIMii, a TAKKE€ U OT TPaBUTALMOHHBIX ABJIICHUNA. TeM HE MeHee Bce, 4TO s JENaro,
OIIpENIeIECHHO HeoOpaTuMO BO BPEMEHH: s TOBOPIO, M BO3AyX pa3HOCUT MOH ToJioc, a He
3acachlBaeTcsi OOpaTHO B POT, KOTJa sI €ro OTKPBIBal0, U 3Ty HEOOpPATUMOCTh HEBO3MOXKHO
OIpaBlaTh OJHON HEOOpaTUMOCTbIO &#946;-pacnana. JpyrumMu cloBaMH, MOKHO CUHMTaTh, YTO
MOYTH BCe Hauboyiee 4acTO BCTpEyaroluecs SIBJICHHsI 3TOT0 MHUpa, BO3HUKAIOIIWE B pe3yJbTaTe
nepeMeIeH!i aTOMOB, IOJJUUHSIOTCS 3aKOHAaM, TOJTHOCThIO 0OPaTUMBIM BO BpeMeHH. Tak 4To HaMm
MIPUJIETCS TIOUCKATh KaKoe-HUOyAb Ipyroe 00bsICHEHUE 3TOM HEOOPATUMOCTH.

Ecnu MbI cTaHeMm HaOmoJaTh 3a JBM)KEHHEM HAIIMX IJIaHeT OoJsiee MPUCTAIbHO, MBI BCKOpE
3aMeTUM, YTO 37IeChb HE BCE TaK, KaK 3TO HaM Kaszajloch MoHauyany. Hampumep, Bpamienue 3emiau
BOKPYI' €€ OCH MaJIO-IIOMaly 3aMeUIsIeTCsa. DTO MPOMCXOAUT M3-3a NMPWINBHOIO TPEHUS, a BCAKOE
TpeHUE, OYEeBUIHO, HeoOpaTuMo. Eciam TONKHYTh KaKOW-HUOYb TSDKENBIN TPEAMET, JICKAITUi Ha
M0JTy, OH CABHHETCSI C MECTa U CHOBAa OCTaHOBUTCS. U CKOJIbKO OBl BBl HU CTOSUTM U HU >KJAJIU, OH
HE COpPBETCS C MeCTa U He BEpHETCs K BaM. Tak uTo Bce 3(h(eKThl, CBA3aHHBIE C TPEHUEM, KaXyTCs
HeoOpaTuMbIMH. Ho TpeHune, kak Mbl BBISICHWIN PaHbIIe, 3TO Pe3yJIbTaT HEOOBIKHOBEHHO CII0KHOTO
B3aMMOJICHCTBUS MpeAMETa W MOBEPXHOCTH, pe3ysbTaT KoieOaHUil aTOMOB B MeCTe€ KOHTaKTa.
OpraHn3oBaHHOE JIBIKEHHE Tella peoOpa3yeTcsi B HEOPraHU30BaHHYIO OECIIOPAJOYHYIO0 CyMaTOXy
aTOMOB MOBEPXHOCTHU, MO0 KOTOPOH JIBMXKETCS Tesno. BOoT mouemy HaM CTOMT mosydiie pa3zodpaThbes
B 9THX IIpolLECCaX.

NMeHHO 31ech-TO MBI M HalJleM pasrajky HaOIogaeMol HEOOPAaTUMOCTH SIBICHHM.
PaccmoTpum oauH npoctoit npumep. Ilycts y Hac ecTb BoAa, NOJACUHEHHAs YepHUIIAMH, U OObIYHAs
BO/a, 0€3 YepHWJ, U MYCTh OHM HAJUTHI B OAHKY U3 JIBYX IOJIOBUH, pPa3lel€HHBIX OY€Hb TOHKON
neperopoakoi. OCTOPOXKHO BBITAIMM NEPEropoAxy. B camMom Hauane Boaa paszieiieHa: CHHIA
cnpaBa, yuctas cieBa. Ho moronurte. Mano-noMany CHHSISI BOJa HAUYWHAET MEPEMEIINBATHCS C
OOBIYHOM, M UYepe3 HEKOTOpOe BpeMsi BCA BOJAA OKasbIBaeTCs roiyOOH, MpUYeM HHTEHCHBHOCTb
CHHETO I1IBeTa YMEHBUIUTCS HAIllOJIOBUHY. JTO 3HAYUT, YTO YEPHUJIA PABHOMEPHO PACIIpEaeTIINCh
1o BceMy oobeMy. Tenepp, CKOJIBKO ObI MBI HU KAaJH, HaOII0/1ast BOY, MBI HE J0XKIEMCsI, YTOOBI
OHa pa3JieNuiach Ha CUHIOIO U 00blYHYyI0. (KOHeuHO, BbI MOXKETE 3aCTaBUTh €€ Pa3JeIUTHCA.
MoxHO, HampuMep, BBIMAPUTh BOJY U CKOHAEHCHUPOBATh Maphl IIE-TO B APYrOM MeCTe, coOpaTh
CHHIOIO KpacKy, PaCTBOPHUTH €€ B TOJOBHHE COOPAaHHOW BOJbI, 3aKPHITh 3aCJIOHKY U HaJUTh BOIY
oOpaTHO B OaHKy, pa3iejieHHYIO Ha JBe MoyIoBHHbL. Ho Korjga Bl OyneTe JenaTh BCe 3TO, BBI
HEMPEMEHHO BBI30BETE Ipyrue HeoOpaTtuMmble mporecchl.) Cama mo cebe BoAa HE BEPHETCS B
HA4aJIbHOE COCTOSHUE.

OTO0 JaeT HaM OIpe/eTeHHBIN KIII0U K pelleHuIo 3a1a4yu. JlaBaiite HOCMOTpUM Ha MOBEJCHHE
MoJiekyd. [Ipeanonoxxum, 4To Mbl CHSIIM (GHIIBM O TMIepeMENIMBaHUN YUCTOW BOBI ¢ cMHEH. Tenepb
€CJIM MOKa3aTh €ro B 00paTHOM HaIpaBJIEHUH, TO 3TO OYyJeT BBIVIAIETh OUeHb cTpaHHO. CHauana
OyzeT paBHOMEPHO OKpallleHHas BOJA, a MMOTOM ITOCTENEHHO HAYHETCS pa3JelIeHHe - COBEPILICHHO
OYEBHUJHO, YTO TAKO€ KUHO BBIMJISIUT HE CIMILIKOM MPaBIONOAO0HO. YBEJIWYUM TENEepb HAaIIH
CHUMKH TakMM 0Opa3oM, 4TOObI ()M3MKKM CMOTJIHM HAOIIOAATh 3a Ka)XIbIM aTOMOM M HOIBITAThCS
HaWTH, YTO XK€ TaM IPOUCXOAUT HEOOpaTHUMBIM OOpa30M, IJle HApyIIAIOTCS 3aKOHBI PaBHOBECHS
MEXy JBHKEHHEM B Oyayliee U ABMKEHHEM B Ipolwioe. BkitoyaeM KMHoOANmapar 1 CMOTPUM Ha
sKpaH. Mbl BUIUM aTOMBI IBYX Pa3iIMYHBIX COPTOB (KOHEYHO, 3TO HeJeno, Ho Oy/neM Ha3blBaTh UX



CHUHUMHU U O€JIbIMHU), TOCTOSTHHO MEUYILUECS U3 CTOPOHBI B CTOPOHY M3-3a TEIJIOBOTO JIBM)KEHUSI.

Ecnu Mbl HauHeM HamyM HaOMIOJEHUS C CaMOro Hauana, TO OKaXeTcs, YyTO OOJIbIIMHCTBO
aTOMOB OJIHOTO THIA PACIOJIOKMINCH TIO0 OJTHY CTOPOHY, a OOJIBIIMHCTBO aTOMOB JPYroro TUMa -
o Apyryro. Ho >t atomnl HEMIPEPBIBHO MEYYTCA M3 CTOPOHBI B CTOPOHY, M MX MUJIJIMAPABI U
MWIIHAP/bI, ¥ JaXKe €ClIM BHayajie BCE CHHHE aTOMbl OBbLIM C OJHOW CTOPOHBI, a Bce Oelnble - ¢
JIpYyrod, Mbl yBUJMM, YTO BO BpEMs CBOMX OECKOHEYHBIX XAOTHYECKHMX METAaHUN OHM HAYHYT
MePEeMEIINBATLCS, U ATUM-TO U OOBSACHSETCS, MOYEMY B KOHIIE KOHIIOB BOJIa OKasbIBaeTcs Oolee
WJIM MEHEE PaBHOMEPHO TOIy00il.

JaBaiite moHa0ro1aeM 3a J100BIM U3 CTOJIKHOBEHUH, MPOUCXOASAIIMX B HAIlIEM KUHO(DUIbME.
MpI yBUIUM, YTO aTOMBI CHayajla CTaJIKUBAIOTCS, a 3aT€M pasJieTatoTCsl B OOpaTHOM HaIpaBJICHUH.
[TokaxkeM 3aTeM COOTBETCTBYIOLIMHA OTPHIBOK KMHO(MIBMA 33]]0M Hamnepea. Mbl yBUANUM, KakK mapa
MOJIEKYJI CXOIHUTCS MO TPAaeKTOPUSAM, MO KOTOPHIM OHU Ha CaMOM JIeJi€ Pa3JIeTalluCh, a 3aTeM,
CTOJIKHYBILNCH, PA3JIETAIOTCS IO TPAEKTOPHSIM, 110 KOTOPBIM OHU CXOAWIUCH. DU3MK, IPUCTAIBHO
HaOIOABIINI 32 BCEM MPOUCXOISAIINM, 3aBEPUT Bac: "31eCh BCE MPABWIBHO, BCE COTJIACYeTCs C
3akoHaMHM (u3ukH. Ecnm Moslekynbl CXOOWINMCh O 3THM TPAEKTOPUSM, TO OHMU JIOJDKHBI
paszierarbcs Tak, Kak OHU paszierenuch’. Tak 4To 370 sBiIeHHE 00paTUMO. 3aKOHBI MOJIEKYJISIPHBIX
CTOJIKHOBEHHMI 00paTUMBbI BO BPEMEHHU.

I/ITaK, €CJI1 MBI CTaHEM Ha6JIIOJIaTB CJIMIOKOM NPHUCTAJIbHO, Mbl CHOBa HHUYECTO HE CMOXEM
MOHATh. Beap KaxJ0e M3 CTOJKHOBEHMH IOJHOCThIO 00paTuMo, a BCe K€ Hall KUHO(DUIIBM,
MIPOKPYYEHHBIH B OOpaTHOM HaIpaBJIEHWHU, MOKAa3bIBa€T HEUTO COBEPIICHHO abCypliHOe: Kak
MOJIEKYJIbl, TIOHAYaly CMeIIaHHble (CHHHE, Oenble, CHHUE, Oeible), C TeYCHHMEM BPEMEHHU Iocie
MHO’KECTBa CTOJIKHOBEHHMH pPa3leIWInCh Ha Oenble, COCPEAOTOUEHHBIE B OJJHOM MECTE, U CHUHUE,
pacroyio’keHHbIe B ipyroM. Ho Beib 3TOro He MOXXeT ObITh, TO HEECTECTBEHHO, YTOOBI CHHEE CaMO
no cebe ciayyailHO otTaensuioch OT Oemoro. M B TO ke Bpems, ecinu HaOIOAaTh HaIly
MPOKPYYHBAEMYIO 3a]I0M Hamepe KapTUHY, KaX/10€ CTOJIKHOBEHUE a0COIIOTHO 3aKOHHO.

EnuHcTBEHHBIN BBIBOM, K KOTOPOMY 37€Ch MOKHO MPUWTH, 3aKJIIFOYAETCS B TOM, UYTO JAHHAS
HEOOpaTUMOCTh KaK pa3 M BbI3BaHA BCEMHU ITHMHU CIydalHOCTAMHU. EClii BBl HAUHETe C COCTOSHUS,
B KOTOPOM BCE pa3lieieHO, M CTaHeTe NPOU3BOAUTH BCSKUE CIIy4allHble HM3MEHEHHs, TO
pacripenesnienue Oyzner Bce Ooinee u Oosiee paBHOMepHBIM. Ho eciau HayaTh ¢ paBHOMEPHOTO
pacnpeacii€arud U CHOBA 3aHATHCA CHy‘I&ﬁHBIMH HU3MCHCHHUAMU, TO MBI HC ITPUJEM K Pa3aCIICHUIO.

B npunnune, paszaeneHue MOXKET HAaCTYMMTh. 3akoHaM (M3UKUA HE OyAeT NMPOTUBOPEUUTH
TaKO€ ABHMXKCHUC U TAKHC OTPAXKCHHUA MOJICKYJI, IIPHU KOTOPBIX OHH Pa3aCIATCH. HpOCTO 3TO OYCHb
MaJIOBEPOATHO. Tak MOYKET MPOU30UTH pa3 B MUJUIMOH JIET. B 3TOM M 3akirodaercss OTBET Ha Halll
Bonpoc. CoObITUS Hallero Mupa HEOOpPaTUMbI B TOM CMBICIIE, YTO UX Pa3BUTHE B OJHY CTOPOHY
BEChbMa BEPOSITHO, a B JIPYTYIO - XOTS U BO3MOXKHO, XOTS ¥ HE IPOTUBOPEUUT 3aKOHAM (PU3HKH, HO
cllydaeTcsi OAMH pa3 B MWUIMOH JjeT. [loaTomy mpocTo Heneno cuaeTh W *AaTh, YTO KOI/a-TO
XA0TUYECKOE JABM)KEHUE aTOMOB IPUBEAET K Pa3AeiI€HUI0 PABHOMEPHON CMECH YEPHWI U BOJBI HA
YepHUIIa 110 OJJHY CTOPOHY pe3epByapa U BOAY - MO IPYTYIO.

Tenepb BBIAEIUM U3 HAIIErO SKCIIEPUMEHTAa OYEHb MaJeHbKHHA 00BeM, TaKk 4TO B HOBBIN
pe3epByap MOMAJET BCETo MO YEThIPE-MATh MOJIEKYJ KaKJ0ro THIA, U CTaHEM HaOJII0AaTh 3a TEM,
KaK OHM IepeMelIMBaroTCs. MHe KaKeTcs, HETPYAHO MOBEPUTh B TO, YTO KOTAA-TO, U COBCEM
HeoOs3aTeIbHO Yepe3 MUJUIMOH JIET, MOXET ObITh, M B TEUEHHUE roja, B Ipoliecce OECKOHEUHBIX
Xa0THYECKHX CTOJIKHOBEHHH 3THUX MOJIEKYJ OKaXeTCsl, YTO OHU BEPHYJIUCH B COCTOSIHUE, O0JIee WK
MEHee NoxXokee Ha ucxonHoe. [1o kpaliHell mepe, eciii B TOT MOMEHT 3aXJIOMHYTh 3aCIIOHKY, BCE
Oesble MOJIEKYJIBI OKaXXyTCs B IIPaBOil MOJIOBUHE pe3epByapa, a BCe CHHHE - B JIeBOW. B aTom Her
HUYero HeBO3MOkHOTO. HoO PCaJIbHBIC 06’I)eKTI)I, C KOTOPBIMH MBI MMEEM €10, COCTOAT HE U3
YeThIpeX WIN MATH OeNbIX M CHHMX MOJIEKYJ. B HUX 4eTblpe MM MATh MUJUTMOHOB MUJTHOHOB
MWUJIMOHOB MUJUIMOHOB MOJEKYJ, M HYXHO, YTOOBl BCE OHHM pa3leiWINCh TakKUM 00pa3zoMm.
[TosTOMy Kaxkymasicss HEOOpaTUMOCTb MTPUPOJIBI HE CIIEAYET U3 HEOOPATUMOCTH OCHOBHBIX 3aKOHOB
¢uzuku. OHa cBs3aHa C TEM, YTO €CJIM Bbl HAaUMHAETE C HEKOTOPOW YMOPAJOUYEHHOM CUCTEMBI U
IIOJIBEPIaeTe €€ CIy4yalHOCTSAM, IPOUCXOASIINM B IIPUPOJIE, CTOJIKHOBEHHUIO MOJIEKYJ HAIIPUMED, TO
BCE IPOUCXOAUT HEOOpaTUMBIM 00pa30M, TOJBKO B OJIHY CTOPOHY.



B cBsA3u Cc 3TMM BO3HHMKAaeT CIEAYIOIIMNA BOIMPOC: a YeM OOBSICHUTH CYIIECTBOBAHHE
UCXOMHOTO mnopsaka? [pyrumu cioBaMu, IOYeMy YAAE€TCS HadaThb C YHOPSAJOYEHHOW CHCTEMBI?
TpyAHOCTB 3[1€CH 3aKJIFOUAETCS B TOM, YTO Mbl HAUMHAEM BCEI/IA C YIOPSAAOYEHHOIO COCTOSHUSA, HO
HUKOTJIa HE MPUXOAUM K TaKOMY € COCTOsAHHI0. OJUH U3 3aKOHOB MPHUPOJBI COCTOUT B TOM, UTO
BCE MEHSETCS OT MOpsIKa K OecropsA04HOCTU. B 3TOM ciydae ¢i10Bo "Hopsiok", Tak jke Kak CIOBO
"GecropsioK", SIBISIETCS €Ie OJHUM TPUMEPOM TOTO, KaK IMOBCETHEBHBIE CIIOBA MEHSIOT CBOM
OOBIJICHHBIH CMBICH, KOTJIa IMH HAUWHAIOT MOJIb30BaThCs pu3uKu. [Topsaok B pusnueckoM cMmbicie
BOBCE HE JOJDKEH OBbITh IMOJIE3HBIM JJIS HAac, JIIOJIEeH; 3TO CJIOBO MPOCTO YKa3blBaeT Ha
CYILLECTBOBAHUE KAKOW-TO OIPENEIEHHOCTH. Bce aToMbl OZHOrO TUIA PACIOJIOKEHBI C OJHOMU
CTOpPOHBI, @ BCE aTOMBbI IPYroro THIA - ¢ APYTOM, WIA BCE OHM IIEpEMENIAHbL, - BOT U BCS Pa3HHULA
MEX]y TOPSIKOM M OecTIOopsIKOM B (hU3HKe.

Takum 00pa3om, BONPOC COCTOUT B TOM, KaK K€ JIOCTUraeTcsl NepBOHAYAIbHBIA MOPSIIOK U
oyeMmy, KOTJla Mbl CMOTPHM Ha JIOOYI0O OOBIYHYIO CHUTYallMIO, KOTOpas YIOpsAJO4YeHa TOJIBKO
YaCTUYHO, MBI MOKEM 3aKIIIOYUTh, YTO, BEPOSTHEE BCEro, OHA BO3HHKIA U3 JPYroi, emie Oosee
yHnopsaxo4eHHou. Ecii s cMOTpro Ha pe3epByap ¢ BOJOH, KOTOpasi C OJHOM CTOPOHBI TEMHO-CUHSS,
c Apyroil - OGnenHo-rojy0asi, a MOCPEAUHE - MPOMEKYTOUHOTO CHHErO IBeTa, W sl 3HAIO, 4YTO B
tedeHue nocyueqHux 20 mim 30 MUH K TOMY pe3epByapy HUKTO HE IPUKAcaJICs, S JIETKO JI0rafaroch
- Takasl paclBETKa BO3HUKJIA [IOTOMY, YTO paHbIlle pa3jesieHnue Ob1I0 ropa3ao 6osee noiaHbsiM. Eciin
MOJ0KAATh €I11e, TO MPO3pavyHasl U CUHSASA BOJA MEPEMEIIAloTCs elle OOoJIblIe, U €CIU s 3Hal0, 4TO B
TEYEHHUE JIOCTATOYHO JIOJITOr0 BPEMEHU C HEM HHUYEro He JeNalv, TO CMOTY CHENaTb HEKOTOPBIE
3aKJIIOYEHHUSI O €€ MEePBOHAYAIBLHOM COCTOSHHM. TOT (hakT, YTO MO KpasiM LBET BOAbI "pOBHBII",
yKa3bIBaeT Ha TO, YTO B MPOLLIOM 3TH I[BeTa ObUIM pa3zesieHbl ropa3zo pesue. B nmpotuBHOM ciiyuae
3a TpolleIiee BpeMsi OHM IepeMelaluch Obl B ropas3no Oosblieil crerneHu. Takum oOpazom,
Ha0JI0/1as1 HACTOSAIIEE, Mbl MOXKEM y3HATh KOE-YTO O MPOILIOM.

Ha camom gnene (uM3MKOB 3TO OOBIYHO HE OYEHb HMHTepecyeT. PU3MKH CKIOHHBI CUUTATh
BAXXHBIMU M CEPbE3HBIMM 33Ja4M TOJBKO TAaKOrO THUMA: celdac YCIOBUS TaKOBBI; 4TO OyneT
npanbie? OcranbHblE POJICTBEHHBIE HAaM HAyKH 3aHMMAIOTCS COBCEM ApPYyruMHU 3agadamu. [la u
BoOOIIIe BCce Apyrue o0JgacT 3HAHUS - UCTOPUS, T€0JIOTHS, ACTPOHOMHUS - PEIIAlOT 33Jjaud COBCEM
apyroro pona. Oka3bIBaeTcsi, OHM YMEIOT JI€NaTh MpeAcKa3aHUusl COBCEM APYroro THUIMA, YeM Te, K
KOTOPBIM NMPUBBIKIN (pu3uku. Ousuk o0brdHO ToBOpUT: "IIpu TakuX-TO YCIOBHUSAX S MOTY CKa3aTb
BaM, YTO ceifyac mpou3oier". A reojor ckaker BaM 4TO-HUOYAb B TakoM poje: "S5 BeIkoman u3
3eMJIM KOCTH OIpeeNIeHHOro Thma. [loatomy s mpecka3pIBaro, 4TO €CJIM MOKOIATh €IIe, TO MOKHO
Oyner HalTH M Jpyrue KOCTH TOro ke tuma'". MIcTopuk, XOTS U TOBOPHUT O MPOILIOM, MOXET IpU
3TOM roBopuTh 0 Oyaymem. Korga on yrBepxknaaer, uyro ®dpaHiry3ckas peBOJIOLHUS MMPOU30LLIA B
1789 r., oH XO4eT CKa3aTh, YTO, €CJIU BBl 3ATJITHETE B APYTyI0 KHUTY 0 PpaHIy3CKON PEBOJIIOLINH,
BBl HalJIeTe B HEH Ty XK€ JaTy. B AeHCTBUTENHHOCTH OH JIeIaeT Mpejcka3aHue 0co00To poJia O YeM-
TO, YETO OH €lIe HUKOI'Zla HE BHUJIEN, O JOKYMEHTaX, KOTOPbIE €IIe HY)KHO HaWTH. OH yTBEpXKIaET,
YTO B ATHX JIOKYMEHTax, €CJIM peub B HUX HAeT 0 HamosneoHe, okaxxercs TO ke, YTO HAIMCAaHO B
JIpYruX JOKyMeHTax. Bo3Hukaer Bompoc, MOYeMy 3TO BO3MOXKHO, W €IMHCTBEHHBIH BBIXOJI -
MPENONIOKUTh, YTO B 3TOM CMBICIE MPOILUIOE HAIEro Mupa Oojiee OpraHM30BaHO, YEM €ro
HaCTOSIIIEE.

HekoTopsie nmonararoT, 4To Halll MUP CTaJl YIOPSAJOUYEHHBIM cieayromuM obpazom. CHauana
BCs Hala BeenenHast HAXOMIIaCh B COCTOSIHUM a0COJIIOTHO HEYIOPSI0UEHHOTO JIBH)KEHUS, COBCEM
KaK IMOJIHOCTBIO NepeMelIanHas BoAa. Ho Mbl BUIMM, YTO €CIIM JKJaTh JOCTATOYHO JIOJITO U €CIU
YHCII0 aTOMOB OY€Hb HEBEJIMKO, TO YUCTO CIIy4aifHBIM 00pa30M B OJIMH U3 MOMEHTOB BPEMEHHU BOJIa
OKa3bIBaeTCs pazaenieHHoN. HexoTopeie Pu3nku (B MPOIIIOM BEKE) BBICKA3AIHA MPEATNOI0KEHHE,
4TO C Haulel BceneHHoM cnyduock JUIb BOT YTO: B HAIllEeM MHpe, re OecropsIouyHoe IBHKEHUE
BCE IIIJIO0 M LUIO CBOMM uepenoM, npousonia ¢aykryanus. (MMeHHO 3TUM TEPMHUHOM IOJIb3YIOTCA
KaX/blii pa3, Korja HaOJIr0AaeTcsi HEKOTOPOe OTKIOHEHHE OT OOBIYHOM paBHOMepHOCTH.) MTak,
npousoinuia GIyKTyalus, a Tenepb Mbl Ha0JII0/1aeM, Kak BCe MOTUXOHbKY BO3BpAIIaeTcs K Xaocy.

Ber moxere Bo3pazuth MHe: "llocnmymiaiite, CKOJBKO K€ BPEMEHHM HAJI0 >KJIaTh, UTOOBI
JOKIAaThCsl TakoM QuiykTyauuu". 3Haro, 3Hat0, HO ecinu Obl (puykTyanuss He Obljla JIOCTaTOYHO



CHJILHOH JUISl TOTO, YTOOBI HAYaJIKCh MPOLIECCHI IBOJIIOLUH, YTOOBI BO3HUKIIM pa3yMHBbIE CYILECTBa,
HUKTO OBbI €€ U He 3aMeTwI. Tak 4To HaM HUYEro U He OCTaBaJIOCh, KaK JKJIaTh M JKJaTh A0 TeX MOp,
MIOKa MBI HE MOSBHMMCS Ha CBET U HE 3aMETHUM €€, - Ha 3TO MOHaa00uiIack (Giuykryanus XoTs Obl
Takou cwibl. IIpaBaa, TMYHO MHE Takas TEOpHUs KaxeTcss HeBepHOW. OHa MHE KaKeTCsl HEJeNou, U
BOT I10 KAKUM [TPUYUHAM.

[IpenmnonoxumM, 4To Hall MUP OYEHb OOJBIION, YTO B MEPBOHAYAILHOM COCTOSIHUU aTOMBI
ObUIM XaOTUYECKH pa3OpOCaHbl 10 BCEMY MHPY M YTO S MOTY HAOIIOAATh 3a J000# ero yacTtelo,
BbIOMpasi ee COBEpLIEHHO Ciay4daiHbIM oOpa3oM. Torma eciau BIPYr OKaKeTCs, YTO aTOMBI
HaOr0aeMoll MHOIO YacTH KakMM-TO 00pa3oM YIOpPSAOYEHBl, Y MEHs He OyleT HHUKaKHX
OCHOBaHUH MpenrnoyiaraTb aHAJOTUYHYIO YHIOPSJOYEHHOCTh aTOMOB B JAPYTUX Yy4yacTKax Hallero
mupa. B camoMm nene, ecnu 3aech, y Hac, mpousonuia (GUIyKTyalust ¥ Mbl BUIMM 3/€Ch YTO-TO
HEOOBIUHOE, TO, BEPOSITHEE BCETO, OHA MOSIBUIIACH 3/I€CH 33 CYET TOTO, YTO B IPYTOM MECTE HE CTaJI0
HUYEro HeoOblyHOro. JIpyruMu cioBaMu, Al TOTO YTOOBI TOOUTHCA OTKIOHEHHS OT HOPMBI B
OJIHOM MecTe, HE0OX0/AUMO, TaK CKa3aTb, MPU3AHATH CO CTOPOHBI, HO 3aHUMAaTh HYXHO HE OYEHb
MHOTO.

B namem omnpbiTe ¢ MOAKPAIIEHHOW W YUCTOW BOJOW B TOT MOMEHT, KOTJa HAIlld HECKOJBKO
MOJIEKYJ BJAPYT pasensiTcs, BCA OCTalbHAas BOJa, BEpOsSTHEEe Bcero, OyaeT mepeMeriaHa. A
M03TOMY, XOTsI KaX/bli pa3, KOr/la Mbl CMOTPHUM Ha 3BE37Ibl U HA MUP B LIEJIOM, Mbl 3aM€YaeM, YTO
BCE YNMOPSAJOUYCHO, MBI IOJKHBI OBUIM ObI CUMTATh, YTO KOJb CKOPO 3TO - (IYKTyalus, TO Jajblie,
Ky/la MBI €I1le He 3arJisIbIBalii, BCE IOJKHO OBITh B OECHIOPSAAKE M COCTOSIHUU MOJIHOTO Xaoca. XOTs
pasjiesieHne MaTepuu Ha ropsiuue 3Be3/bl U XOJOAHBIM KOCMOC, KOTOPOE Mbl HAa0JII0JaeM, U MOXKET
OBITh PE3yJIBTATOM HEKOTOPOH (IyKTyalMu, B APYTUX MECTaX, KOTOPbIE Mbl HE MOKEM HaOII0AaTh
CEeroJIHsI, Mbl HE UMeNI Obl HUKaKUX OCHOBAHHMH OXKUIATh pa3/IeleHus Ha 3Be3/Ibl U KOCcMOC. TeM He
MEeHee Mbl BCErJa NMpeAcKa3blBaeM, UYTO BHE MPEAENIOB Halllel JOCATaeMOCTH HAXOISTCS 3BE3JIbI
TAaKOTO K€ THIMA, WIM 4TO TaM MOYKHO HAaWTH T€ K€ camble yTBepxkJaeHus o Hamoneowne, ninm
3aMETUTh KOCTH, KOTOPBIE MBI YK€ BUJIEIH PaHbIIIE.

VYenex Bcex TakuX Hay4HbIX IPEICKa3aHUM CBUAETEILCTBYET O TOM, YTO HAalll MUpP HeE
MOSIBWICA Ha CBET B pe3yjibTaTe (IyKTyaluu, a, HAoOOpoT, pa3BWICA U3 ApPYyroro, Ooiee
oprann3oBaHHOro. IloaToMy MHe KakeTcs HEOOXOIUMBIM JOOaBUTh K H3BECTHBIM (PU3MUYECKUM
3aKOHaM TUIOTEe3y O TOM, 4TO B IpouuioM Beenennast Obuia Gosiee yrnopsiioueHHOH (B pu3ndecKom
CMBICJIE ATOTO CIIOBA), YeM CEeroJHs. S TymMaro, UMEHHO 3TOr0 JIOTIOJHUTEIBHOIO YTBEPKACHUS HaM
HE XBaTaeT JUIg TOro. 4yToObl MOCTaBUTh BCE HAa CBOM MECTa, 4TOOBI O KOHIa pa3o0Oparbcs B
SBJICHUAX HEOOPATUMOCTH.

KoneuHo, 3To yTBepKJeHHEe HECUMMETPUYHO OTHOCUTENILHO BPEMEHH CaMo 10 cede: Beab U3
HEro CIleAyeT, YTO MPOIUIOEe YEM-TO OTJIMYaeTcst oT Oyaymero. Ho oHO BBIXOAMT 3a paMKH TOTO,
YTO MPHUHATO OOBIYHO CUUTATh (PU3NYECKUMH 3aKOHAMH, TaK KaK Mbl CETOJHS CcTapaeMmcs
MPOBOJUTH PE3KYI0 T'paHb MEXJYy 3aKOHaMU (DU3UKH, YIPaBIAIOLIMMH pa3BUTHEM BcenenHoil, u
BBICKA3bIBAaHUSIMU O TOM, B KaKOM COCTOSSHMM HaxoAwjcs Haml mup B npouwioM. [locnennue
OTHOCAT K aCTPOHOMHUYECKON MCTOPUH, XOTS BIIOJHE MOXKET OBbITh, YTO B OJMH NMPEKPACHBIH IEHb
OHA M CTaHET pa3/iesioM (QU3HKH.

O HeoOpaTUMOCTH MOXXHO pacckas3aTh elle MHOTO HHTEPECHOTro, W s oOpamlych K
KOHKpPETHOMY TMpumepy. JI1o0ombITHO, Hampumep, MOCMOTpPETh, KaK Ha caMOM Jene paboTraer
KaKoi-HuOy/1b HEOOPATUMBIN MEXaHU3M.

[IpencraBbTe cebe, 4TO MBI CAENAM KaKoe-TO YCTPOHCTBO, KOTOpPOE, Kak HaM H3BECTHO,
MOJKET paboTaTh JINIIF B OJTHOM HAaIlpaBlICHUH. S, HaIIpuMep, X0dy C/IeiaTh XparoBoe KOJeco, T.€.
3y04aroe Kojeco, y KOTOpOro Beaylas KpoMKa BceX 3yOLOB OOpbIBAE€TCS OYEHb KPYTO, a 3aHSI
MOJIOT0 cXOAUT Ha HeT. Koneco HacakeHO Ha Baj, M K HEMY MpPYXHUHOU (puc. 28) mprKuMaeTcs
MajieHbKas 3aimenka (cobauka), cuismas Ha CBOeH COOCTBEHHON ocu. Takoe KOJIeco MOXKET
KPYTUTBCS JIMIIb B OAHY CTOpOHY. Eciii momnbITatbes MoBepHYTHh €ro o0OpaTHO, cobayka yrmpeTcs B



npsiMOM cpe3 3yOlla U He MyCTHT ero. [Ipu moBopoTe ke Kojeca B MPSMOM HAaIPaBJICHUU OHA C
TPECKOM TIEpeCKaKMBaeT C 3yOIria Ha 3y0el - mpak, mpax, mpakx, ... (Bvl 3HaeTe, 0 4em s TOBOPIO.
Takue XpamoBHKH HCIONIB3YIOTCS B YacaxX, B TOM YHCJIE€ U B Hapy4dHbIX. [Ipu 3aBoje 4acoB OHH
MO3BOJIAIOT BaM 3aKpy4yUBaTh NMPYKUHY U HE AAIOT € MOTOM pacKpyduBaThcs.) Takoi MeXaHu3M
MOJTHOCTHIO HEOOPATHUM B TOM CMBICTIE, YTO KOJIECO HE MOXKET BpaIllaThCsi B 0OpaTHYIO CTOPOHY.

Tak BOT, TpeAIONarajgoch, 4YTO NMPH MOMOIIM TAaKOTO HEOOPaTHMOTO MEXaHW3Ma, KoJjeca,
KOTOpOE€ CIIOCOOHO MOBOPAYMBATHCS JIUIITL B OJJHY CTOPOHY, MOXKHO CJIeJIaTh OJTHO OY€Hb IMOJIE3HOE
W WHTEpEeCHOe YCTpoicTBO. Kak BaM yke M3BECTHO, B MPHUPOJIC HEMPEPHIBHO MPOUCXOIANT BEUHOE
Xa0TUYECKOe JBMKCHHE MOJICKYJ, U €CJIH IOCTPOUTHh KAKOW-HUOYIh OUYEHb YYBCTBUTEIHHBIN
npubop, ero cTpeika OyaeT TOCTOSHHO JpoXaTh, TaK KaK OHA BCE BpPEMs HAXOIUTCS TIOJ
Xa0TUYECKHM OOCTpPEJIOM COCETHUX MOJEKyNl Bo3ayxa. [laBaiiTe ke BOCHONIB3YeMCS STHM U
MOCaJMM Ha BaJl HAIIETO MEXaHNU3Ma YeThIpEe JIOMAacTH, KaK 3TO IMOKa3aHo Ha puc. 29.

JlomacTu HaxoIATCS B COCYJE€ C ra30M W HENPEPHIBHO U XaOTHUECKU OOCTPENTUBAIOTCS €ro
MOJIEKYJaMH, TOJIKAIOUIMMHU JIOTIACTH TO B OJAHY, TO B Jpyryio cTopoHy. Ho korma nomactu
MBITAIOTCS TIOBEPHYTHCS B OJHY CTOPOHY, UM HE JIaeT 3TO cAeNaTh co0auka, a KOrJja OHU MbITAI0TCS
MOBEPHYTHCSI B JPYryl0, 3TOMY HHYTO HE MeEIIaeT, TaK YTO Halle KojJeco OyAeT MOCTOSHHO
BpalllaThCs, U Yy HAC MOJYYUTCS YTO-TO BPOJE BEYHOro ABurareis. M Bce moTtomy, 4To JBHXKEHUE
XparnoBuKa HEOOPaTUMO.

Ho BO BceM 3TOM Hy)XHO moiydiie pa3zooparbes. B aeiicTBUTEIRHOCTH MEXaHU3M padoTaeT
crenyromuM obpazom. Korjga koseco moBopadMBaeTcsi B OJHY CTOPOHY, OHO MPHUIIOJHUMAET
cob0auky, KOTopas 3aTeM CpBIBaeTCS C 3yOlla W 3alleIKUBACTCS, YAapssch O CIEIYIONIUN 3yOerl.
3arem cobauka OTCKaKHBAET, U, €CIM OHa a0COJIIOTHO yIpyra, oHa OyJeT Bce BpeMsl OTCKAaKUBaTh U
OTCKaKMBaTh, U TaKk 0e3 KOHIA, a KOJIECO CMOXET BpallaThCsl KaK BIEpe], Tak W Hazajd (Koraa
cobauka CllyyailHO MOJCKOYMT BBEPX), TAK YTO HAIl MEXaHU3M HE CTaHET paboTaTh, €CIH TOJIBKO,
3alleNIKUBasCh, cobayka He OyleT 3aaunaTh, OCTAHABIMBATHCS WM OTCKAaKHBaThb HE JIO CaMOIo
Bepxa.

Ecnu oHa oTCKakuBaeT, HO HE JI0 CAMOTO BepXa, TO 3TO 3HAYUT, YTO TJIEe-TO 3/I€Ch €CTh TaK
Ha3plBaeMoe JeMI(pUpOBaHME, WIM TpEHHE, a 3HAUUT, CpbiBaschb C 3yOla, OTCKAakUBasg U
OCTaHaBIUBAsACh (@ TOJNBKO Tak cobauka MOXKET 00ecrneyuTh HeoOpaTUMOCTh paboThl HAIIEro
MeXaHu3Ma), oHa OylIeT BBbIIENATh TEIUIO U3-3a TPEHUs, TaK 4TO Kojieco OyJeT Bce ropsdee U
ropsiuee. Ho korzia oHO 10CTaToO4HO pa3orpeercs, HAYHYyTCs Ipyrue siBieHus. Tak jke Kak U B rase,
OKpY>KaloIllleM JIOMacTh, MOJEKYJIbl CO0aukd M Kojieca HaXOJATCS B MOCTOSSHHOM OpOYHOBCKOM,
Xa0TUYECKOM JBMKEHUHU, TIOITOMY HEBAXKHO, U3 YEro ClEJaHO KOJIeco U cobauka, a TakKe JIpyrue
neranu. YeM BbIIIE UX TeMIEpaTypa, TeM 0ojiee XaOTHUECKUM CTaHOBHUTCA MX JBIKeHHe. HakoHen
HACTYIaeT TaKOW MOMEHT, KOI/Ia KOJIECO pa3orpesioch HAaCTOJBKO, YTO coOayka MPOCTO MPBITAaeT
BBEPX M BHU3 M3-3a JBIKEHHS CBOUX COOCTBEHHBIX MOJIEKYI, T.€., B CYIIHOCTH, B CHJIY T€X XKe
IIPUYUH, KOTOpPbIE 3aCTaBIIAIOT Bpamiatbes jomnactd. Ho, moackakmBas BBepX M BHU3 Ha KoJlece,
cobauka OCTaeTcs HaBEpPXy CTOJBKO K€ BPEMEHH, CKOJBKO M BHHU3Y, TaK YTO KOJECO MOXKET
MOBOpauMBaThcsd B 00€ CTOpOoHBI. BOT W HeT y Hac Ooiblile MeXaHM3Ma C OJHOCTOPOHHHUM
JBIDKEHUEM. XPpaloBHUK MOXET Jlake HauaTh BpamaTtbcs B oOpaTHyto ctopony! Ecim camo koneco
pa3orpesoch, a Ta 4acTh MEXaHHM3Ma, I'Jleé HAaCaKEeHbI JIOMACTH, XOJIOAHAs, TO KOJIECO, KOTOpOoe Io
BalllUM pacyeTaM BCerja JOJDKHO BpAIIaThCsl B OJIHY CTOPOHY, CTAHET BpAIIaThCs B 0OpaTHOM
HaIpaBJIEHUH, MOCKOJIbKY KaXKJIblil pa3 cobauka, CpbIBasCh, Oy/AET MajaTh Ha HAKIOHHYIO KPOMKY
3yOla u, cienoBareNbHO, OyJIeT TOJKaTh €ro Hazaja. B ciemyrommii pa3 oHa CHOBa MOAIPBITHET,
yhaJerT elle pa3 Ha HaKJIOHHYI0 KPOMKY CJEeAyHOUIero 3y0na M BHOBb TOJIKHET €ro B 0OpaTHOM
HarpaBJICHUH.

A mpuueM TyT TeMIiepaTypa rasa BOKpyr Jonactei? IIpenmnonoxkuM, 4ro JionacTedl B HaIIeM
MexaHu3Me HeT BooOure. Toraa, ecnu cobayka najaeT Ha HAKJIOHHBIHN cpe3 3y0Ia M TOJIKaeT KOJIeco
BIIEpe/l, HEMEIJIEHHO TII0CJI€ A3TOr0 MIPOUCXOAMT Cleldylolllee: Ha co0auyky HajleTaeT KpyToi



NepeHUi cpe3 cienyomero 3y0ma, OH OTCKaKUBaeT M MOBOpAaUYMBaeT Kojieco Ha3aa. BoT mis toro,
94TOOBI KOJIECO HE OTCKAaKMBAJIO Ha3aj], Mbl HAJENU Ha HEro Jemrndep U MOMECTHIN JIONacTH B
BO3/yX, KOTOPBIil HE MO3BOJISIET KOJIECY OTCKAKUBATh 0€3 MOMEX U 3aMeIseT ero ABmkeHue. Mrak,
Halle Kosueco Oy/eT-Taku BpalaThCsl B OJIHY CTOPOHY, TOJIBKO HE B Ty, B KaKylO MPEAINOaraioch.
Oxka3pIBaeTcsi, YTO, KaK BBl €T0 HH CZeNlaeTe, TaKoil MeXaHHU3M Oy/eT BpaIlaThCs B OJHY CTOPOHY,
€ClIi OJIHA €Tr0 YacTh ropsiuee JAPYroi, U B APYrylo - e€ciu oHa xojonHee. Ho, mocie toro kak
MEXy OTJEIbHBIMU YacTSIMHU MPOU30UJIET TEINIOOOMEH U BCE YCIIOKOMUTCS, TaK 4TO M TeMIepaTypa
KoJieca, U TeMIlepaTypa JionacTel OKaXkyTcsl OJUHAKOBBIMU, OH HE CTAHET BpalllaThCsl HU B OJHY, HU
B JIPYTYIO CTOPOHY, B CPEIHEM KOHEYHO. BOT BaM mpuMep M3 TEXHHUKH, KOT/A SIBJICHUE MPHUPOJIBI
MIPOTEKAET TOJBKO B OJHY CTOPOHY 10 T€X IOp, MOKa HApYyIIEHO paBHOBECHE, MOKa C OJHOMN
CTOPOHBI CIIOKOIHEE, YEM C JPYTOH, 0Ka 0JIHA CTOPOHA "cHHee" IPYyrou.

Kazasmoch Obl, M3 3aKOHa COXpAaHEHHUS OHHEPrHUHM JOJDKHO CJleA0BaTh, 4YTO B HallleM
pacnopsKEHUH HeHcUepIiaeMble 3anachl SHepruu. Benp npupoaa HUKOrAa HE TEPSET SHEPTUIO, KaK
u He npuoOperaer ee. Ho sHeprus, ckaxem, Mopsi, SHEPTHUS TEIUIOBOTO JBUKEHUS €r0 aTOMOB, IS
HaC MPAaKTUYECKH HEAOCTYMHA. J[s1 TOro 4ToObl 3Ty PHEPTUI0 OPTaHU30BaTh, HANIPABUTH, U3BJICUD
JUTSL TIOCJIETYIOIIETO HCIOIb30BaHMsI, HEOOXOIMMO CO3/1aTh pasHUIly TeMmieparyp. B mporuBHoM
cllydae Mbl YBUAMM, YTO XOTSI DHEPrUsl U €CTh, UCIOJB30BaTh €€ HE yAaercsa. Tak 4ro MexXmay
HAJIMYUEM DHEPIUU U €€ IOCTYIMHOCThIO OrPOMHAsI TUCTAHIIMS.

CornacHo 3aKOHY COXpaHEHHS SHEPIrUU cyMMapHas 3Heprus BcenenHoil nocrossnHa. Ho nipu
XaO0TUYECKOM JIBMKEHMM OHa MOKET OBITh paclpejesieHa HacTOJbKO PaBHOMEPHO, 4YTO B
HEKOTOPBIX CIydasX Heb3s HUYEro JOOUTHCS HU B OJJHOM HAIpaBJICHHM, HU B JAPYrOM: SHEprueu
YK€ HEBO3MOXKHO OO0JIbIIIE YIIPABISATh.

MHe kaxetcs, 4To BaM OyJeT sCHee, ecM s MpoBeAy Cleayrolnyio aHajoruio. He 3Hato,
MIPUXOJINUJIOCH JIM BaM (MHE MPHUXOAUJIOCH) CHIETh Ha IJISHKE ¢ HECKOJIBbKUMHU MOJIOTEHLIAMH, KOTJa
BIpPYI HEOXKHMJIaHHO HAuYMHAETCs JIMBEHb. Kak MOKHO IpPOBOpPHEE BBl XBATAa€TE CBOM MOJOTEHIA U
KHJaeTeCh B pa3/ieBajiKy. TaM Bbl HAUMHAETE BBITHPATHCS M OKAa3bIBAe€TCS, YTO BAILU IOJIOTEHIIA
HEMHOI'0 HaMOKJIM, HO BCE€ K€ CyIle Ballero Teja. Bel BeITUpaeTeCch OJHUM IOJOTEHLEM 10 TEX
1op, MOKa OHO HE COBCEM IPOMOKJIO (TOr/Ia OHO POBHO CTOJIBKO € MOYHUT Bac, CKOJbKO M
BBITHUPAET), OepeTe Ipyroe - M JOBOJIBHO CKOPO OTKpPBIBAE€TE YXKACHYIO MCTHHY: BCE MOJOTEHIA
MOKpBbIE, a BbI €Ille HE BBITEPJIUCH A0 KOHI[A. Tenepb BHITEPEThCS COBCEM HEBO3MOXKHO, XOTS Y Bac 1
MHOI'O TIOJIOTEHEI, a BCE IOTOMY, YTO B HEKOTOPOM CMBICIIE MEXIy Ballell COOCTBEHHOM
BJIQXKHOCTHIO M BJIQXKHOCTHIO TOJIOTEHEI] HET HUKAKOW pa3sHHULbl. MOXXHO MpUAyMaTh Kakyro-
HUOYb BEIMYMHY, KOTOPYIO MbI Ha3oBeM '"Bojpoyaaisiomed crnocoOHocThio". Tak BOT,
"BoJOyJANISIONIAs CIIOCOOHOCTH" TIOJIOTEHIIAa paBHA Balled COOCTBEHHOW ''BOAOYHANISIONICH
CIOCOOHOCTH", M, BEITHPAsICh MOKPBIM TOJIOTEHLIEM, Bbl 3a0MpaeTe UM TaKOe e KOJIHMUECTBO BOJIBI,
Kakoe 3a0upaeT Balla KoKa M3 MOJIOTEeHIA. JTO HE 3HAYMT, YTO Ha Bac U B IOJIOTEHIIE cobepercs
OJJMHAKOBOE KOJINYECTBO BOAbl. Eciu mosjoreHue Oosblioe, BoAbl B HEM OyneT Oojblle, eciu
MaJIeHbKOE - MEHbIIe, HO MX BIAXHOCTh OyAeT ofuHakoBoW. Ilocime TOoro kak BIaXKHOCTh BCEX
IIPEIMETOB CPaBHSJIACh, C ITUM YK€ HUYETO HEJb34 M0/IeNaTh.

B sTom nmpumepe Boaa, Kak 3HEprus, Bellb 001iee KoauuecTBo Bobl He MeHseTcs. (Koneuno,
€CJIH JIBEpb pa3[EBAJKU OTKPbITA W MOXHO BBICKOYUTH HA COJIHBIIIKO M IIPOCOXHYTH WM
pa3no0BITh €11e 0JHO CyXOe MOJIOTEHIlEe, Mbl criaceHbl. Ho mpeacraBbTe cebe, 4To ABEph 3aKphITa,
Jpyrux TOJOTEHEIl HeT, a OT 3THX BaM HHUKyJla He JieTbcsd.) Tak BOT, €ciM NpeAcTaBUTh cede
M30JIMPOBaHHYIO YacTh BceneHHON M MoAoXkAaTh AOCTATOYHO JOJT0, TO M3-3a MPOUCXOIAIIMX B
3TOM MHUpE CIy4alHOCTEN 3HEPIUs, KaK U BOJa, paCIpeesINTCS 0 BCEH ITON 4acTU paBHOMEPHO, U
OT HEOoOpaTUMOCTH SIBJIEHUI HE OCTaHETCs U ciiefja. B 3ToM Mupe HHUKOrAa yke He MPOU30MAeT
HUYETO0 UHTEPECHOTO B TOM CMBICIIE, KaK MBI 3TO TIOHUMAEM.

[ToaToMy B OrpaHMuUEHHON CHUCTEMeE, cofiepKalllel XparnoBUK, CO0auKy M BEPTYIIKY U HUYETO
Oouiee, TemrepaTypa IMOCTENIEHHO BBHIPAaBHUBAETCS M KOJIECO MEPEeCcTaeT BpalaThes Kak B OJIHY, TaK
U B JIpyrylo cTopoHy. TOYHO Tak ke, €ciu HaJoJro OCTaBUTh JIIOOYIO CHCTEMY B IOKOE, B HEll
MIPOM30UJIET BCECTOPOHHUI 0OOMEH PHEPTueil U B KOHIIE KOHIIOB HE OCTAHETCS DHEPTUM JJIS KaKHUX-
MO0 MPOIIECCOB.



Mexnay mnpouuM, napameTp, COOTBETCTBYIOIIMM B HallleM MPUMEPE BIAKHOCTH, WIH
"BOJIOYJANISIONIEN CTIOCOOHOCTH"", HA3bIBAIOT TEMIIEPATYPOM, U XOTS I U MOTY CKa3aTh, YTO €CIIH
TeMIeparypa JByX OOBEKTOB OJMHAKOBA, TO OHU HAXOIATCS B PAaBHOBECHH, 3TO HE 3HAYUT, UTO
SHEeprusi 000UxX 0OBEKTOB OJIMHAKOBA. DTO O3HAYAET JIUIIb TO, YTO M3BJE€Ub YHEPIHIO U3 OAHOTO U
U3 Jpyroro oObEKTa OJMHAKOBO JErko. TemmepaTypa OdYeHb MOXO0Xa Ha '"BOJOYAAJISIOIIYIO
ciocobHocTs". TloaTOMy, €ciii MOMECTHTh HaIllM JBa OOBEKTa PAIOM APYr C APYroM, BHEIIHE
HUUYero He nmpousoiaer. OHM mpocTto OyayT 0OMEHHBATHCS YHEPTUEH B PaBHBIX KOJIUYECTBaX, TaK
YTO CyMMapHbI pe3ylbTaT OOMEHa OKa)KeTcsi paBHbIM Hyito. [loaromy kaxablii pas, Koraa
TeMIIepaTypa Bcex 00bEKTOB OKa3bIBAETCS OJJMHAKOBOM, B CUCTEME HE OCTAETCS SHEPrUH Ha KaKHe-
HUOYAb BHyTpeHHHE npeoOpa3oBanus. [IpuHIun HEOOPATUMOCTH K€ 3aKJIIOUAETCS B TOM, YTO €CIIU
B CHUCTEME€ €CTh pa3HHUIla TEeMIIepaTyp M cHCTeMa MpeAocTaBlieHa cama cebe, TO C TeueHUEeM
BpEMEHU TemIieparypa Bce Oosiee W 0oyiee BBIPABHHUBAETCS, a KOJWYECTBO CBOOOJHOW DHEPTUU
HEYKJIOHHO IaJacT.

[To-apyromy 3TOT MPHUHIIMIT Ha3bIBAIOT 3aKOHOM BO3pPAaCTaHUsS SHTPOIHH, COIJIACHO KOTOPOMY
SHTPOIHUS MOXET JIUIIb Bo3pacTaTb. HO CyTh He B Ha3BaHMSX, CMBICI €r0 B TOM, YTO CBOOOHAS
IPUro/IHAsl JUISl MCIOJB30BAaHUSl JHEPrusi MOXKET TOJbKO yMeHblaThes. M 3TO XapakTepHoe
CBOMCTBO HAalIEr0 MUPAa B TOM CMBICJIE, YTO OHO BBITEKAET U3 XaOTMUHOCTH JIBMIKEHUS MOJIEKYI.
Ecnu B mpegocTaBieHHON caMoii cebe cucTteMe TeMriepaTypa He BCIOIy OJIMHAKOBA, TO MOCTEIIEHHO
MIPOUCXOANUT BbIPAaBHUBAHUE TeMIiepaTypbl. Ecnu ke U Tam U TyT TeMmIiiepaTypa OJIMHAKOBa, Kak,
HampuMep, TemrepaTypa BoJbl Ha OOBIYHOM HEPACTOIUICHHOM IMeYKe, HEUero U Aymarth, YTO BOAA
cama 1o ceGe 3aMep3HET, a Meyka cama 1o cebde 3aronutcs. Ho ecnu neus ropsiuasi, a BMECTO BOJIbI
- JIeJl, BCE MPOUCXOUT caMo 1Mo cede, TonbKko Hao0opoT. Takum 0Opa3oM, HEOOPATUMOCThH BCeTa
MPUBOJIUT K YMEHBILIEHHIO 3araca CBOOOHON SHEPTUH.

Bor u Bce, yTOo S XOTen cka3zaTh Ha 3Ty TeMy. MHe Xodercsd cAefaTh JIMIIb HECKOJIbKO
JIOTIOTHUTENBHBIX 3aMeuaHuil. MBI TONBKO YTO MO3HAKOMWINUCH C OJHHM OYEBHUIHBIM 3(PHEKTOM
(HEOOpaTUMOCTH), KOTOPBIM HE SIBISETCS OYEBUIHBIM CIEACTBHEM 3aKOHOB (M3HKH H JaKe HE
CBSI3aH C HMMH HEIMOCPEICTBEHHO. il TOro 4roObl €ro MOXKHO ObUIO OOBSCHUTBH, TpeOyroTCs
JIOJITHE U JTIOBOJILHO TOHKHE pacCyKIeHUs. A BeIb 3TOT 3PQPEKT UrpaeT NepBOCTENCHHYIO POJb B
HHEPreTUUECKO KOHOMHKE BceneHHOHM, BO BceX HaOMI0OJaeMbIX SBJICHHUSIX 3TOIO MUpPA, BO BCEX
OueBHUIHBIX Bemax. Hama mamsaTh, 4epThl HAILLEro XapakTepa, pa3jinyhe MEXIy HpOLUIBIM U
OyIyLIUM CaMbIM HEIIOCPEICTBEHHBIM 00pa3oM CBsI3aHbI C 3TUM 3(PPEKTOM, U B TO e BpeMs OH HE
SBIIIETCS TPSMBIM CIIEZICTBHEM OCHOBHBIX 3aKOHOB. J[Jii TOro 4toObl NPUHTH K HEMY, HYXEH
JOJITUN aHaInu3.

3akoHbI (PU3UKH HEPEIKO HE MMEIOT OYEBUIHOIO MPSIMOTO OTHOLIEHHS K HaIleMy OIMbITY, a
NPEJCTaBISIOT co00i ero Gosee MM MeHee aOCTpaKkTHOE BhIpakeHHE. [IpuMepoM 3TOMY MOKET
CIIY’)KUTb TOT (DAaKT, YTO 3aKOHBI OOPATHUMBI, a SIBJICHUS - HET.

OueHb 4YacTO MEXAY OJJIEMEHTapHBIMU 3aKOHAMU M OCHOBHBIMU aCHEKTaMH pPeajbHbIX
SBJIGHUH JTUCTaHIIMS OIPOMHOrO pa3mepa. Hampumep, korja Bbl CMOTpPHUTE Ha JIEAHUK C OOJIBIIOTO
paccTosHUS U BUIUTE, KaK B MOPE MaJar0T TPOMaIHBIC TIIBIObI, KaK JIBUKETCS JIeA | T.I1., HE TaK YK
BaYKHO MOMHMTD, YTO JIETHUK COCTOUT U3 MAJIEHbKUX IIECTUYTOJbHBIX KPUCTAJUIMKOB JibAa. OqHaKO
ecii pa3o0paThes B ABMXKECHUHU JIETHUKOB JOCTATOYHO ITYOOKO, OKa)KETCsl, YTO OHO JEHCTBUTENHLHO
B 3HAUMTEIBHON CTENEHHU MpeNoNpeesseTcss XapakTepoM KpUCTAJLUIOB Jibaa. Ho 1 Toro 4roObl
pa3o0OpaThCsl B 3aKOHAX JBIIKEHHUS JICTHUKOB, HY’)KHO HEMallo BpEMEHH (Ja celyac W HEeT TaKhX
J0JIeH, KOTOpBIE TOCTaTOYHO XOPOILIO pa3Oupaiuch Obl B CBOMCTBAX JIbJIa, XOTSI Ha U3YUYEHUE €ro
MOTPAYEHO HEMAIO BpEeMEHM). TeM He MeHee MOXKHO HaJesAThCs, YTO €ClM Mbl pazdepemcs B
CBOMCTBAX KPUCTAJUIOB JIb/Ia, Mbl B KOHIIE KOHIIOB OCHJIUM U 3aKOHBI ABM>KEHUS JIETHUKOB.

[IpaBma, XOTs B 3TUX JIEKIHUSIX MbI TOBOPWIM O (DyHJAaMEHTAIbHBIX 3aKOHaX (PU3UKHU, 5
JIOJKEH cpa3y NpeaylpeiuTh Bac, YTO OJIHOTO 3HAHUS 3TUX OCHOBHBIX 3aKOHOB B TOM BHJIE, B
KaKOM OHH M3BECTHBI HaM CETOJ[Hs, €Ille HeIOCTaTOYHO JJIsl TOT0, YTOObI cpa3y HavyaTh pa3OHpaThCs
B CKOJBbKO-HMOYIb CIOXKHBIX siBIeHHsX. Ha 310 TpeOyercsa BpeMms, Ja M NHOTOM HaM YyAaeTcs
pa3o0paThcst B 0oJiee CI0KHBIX SBICHUAX JUIIb YacTUYHO. [Ipuposa yctpoeHa Takum o6pa3om, 4To
camble ee BaxKHbI€ (DaKThl OKa3bIBAIOTCS OTJAJICHHBIMH CIEACTBUSIMU OoJiee NI MEHee CIydaitHOro



COUYETaHUs1 MHOXKECTBA 3aKOHOB.

Hampumep, anpa, coneprkamue HECKOJIBKO 3JIEMEHTAPHBIX YACTHIL - IPOTOHOB U HEUTPOHOB,
NPEJCTaBISIOT CcO00M Ype3BbIUAHO CIIOKHBIE CHCTEMBl. Y HHX €CTh TaK Ha3bIBacMble
SHEPreTUYECKHEe YPOBHU, OHM MOTYT HAXOOUTHCA B PaA3IMYHBIX COCTOSHUSAX WU YCIOBHSX,
XapaKTEpU3yEeMBbIX YPOBHEM DHEPIUU, U 9T YPOBHHU PA3JIMUHBI LI pa3HbIX saep. Maremaruueckas
3a/1aya OINpEEIICHNs 3HAUCHUH Pa3IudYHbIX SHEPreTHUYECKUX YPOBHEW OYEHb CIIOKHA, U MBI YMEEM
pemiarb €€ JIMIIb YaCTUYHO. TOYHOE IIOJIOKEHUE YPOBHEH, OUYEBHUIHO, SIBIIACTCS CIIEACTBUEM
HEBEPOSATHO CIIOKHBIX MPOIECCOB, a MOTOMY HET HUYEr0 OCOOEHHO 3araJjoyHoro B TOM, YTO Y
a3oTa C €ro MIATHAALAThIO DJIEMEHTAPHBIMM YACTULAMHU B sIpe€ OJHOMY YPOBHIO COOTBETCTBYET
sHeprus 2,4 MaB, apyromy - 7,1 MaB u 1.1. Ho 4to, AeiiCTBUTENBHO, 3aMEUYaTENIbHO, TAK 3TO TO,
YTO BECh XapakTep Haulell BcelneHHON B 3HAYUTEIBHOM CTENEHM 3aBUCUT OT TOYHOI'O 3HAYEHUS
OJIHOTO DHEPreTUYECKOrO YPOBHS OJHOrO sipa. Kak okasbiBaercs, OJvH ypoBeHb sipa “C paBeH
7,82 M»aB. 1 uMmeHHO 3T0 nienaer Haily BeeneHHyro Takoil, Kakasi OHa eCTh.

[eno 3mece BOT B ueM. Eciim HauMHATH ¢ BOAOPOAA, A, I0-BUAUMOMY, CHAdaJla MPAKTUYECKH
Bcsl Beenennast coctosiiia U3 BoJopoJa, TO 1Mo Mepe COMMKEHHsI aTOMOB BOJIOPO/ia MO ACHCTBUEM
CWJI TPUTSKEHHs WM 0 MepEe NOBBIIICHHsS TEMIIEPaTypbl BOJAOPOAA BO3HUKAKOT YCIOBUSA JUIS
AJIEPHBIX PpEaKLUi, B PE3yJbTaTe KOTOPBIX MOXKET MOJIYYUTHCS TeIuil. 3aTeM Teauil MOXKET
YaCTUYHO BCTYNUTh B PEAKIMIO C BOJAOPOJOM U 00Opa3oBaTh HECKOJBKO HOBBIX, 00Jie€ TSKEIBIX
anemMeHTOB. HO HOBBIE 2JIEMEHTBI HEMEUIEHHO pacnaiyTcs BHOBb HA I'eJIM U BOLOpPOA. B cBs3u ¢
3TUM HEKOTOPOE BPEMsI YUEHbIE HUKAK HE MOTJIM MOHSTh, OTKY/A K€ B3SUIMCh OCTAJIBHBIE JIEMEHTHI
Hamen Bceenennonl. Benp ecnm HauyaTh IupAcatb OT BOAOPOJA, TO IPOLIECCHI MPEBPALLEHUS,
MIPOTEKAIOIME B 3BE3/1aX, HE MOTYT JaTh YTO-HUOYAb MHOE, KpOME Telius U MSATH-IIECTH APYTUX
seMeHToB. CTOJNIKHYBIIUCEH ¢ 9TOH mpobiemoit Xoiin u Connurep ° yBUAEIH 3/1€Ch TOIBKO OJUH
BBIXOJI - €CJIM B pe3yJIbTaTe COEAMHEHHUsI TPEX aTOMOB I'ejHsl MOKET 00pa30BaThCs aToOM yriepoja.
HerpynHo mnoacuurarb, HAcKOJIBKO YacTO BO3HHUKACT Takas BO3MOXHOCTH B 3Be3fgax. U
IpeJCTaBpbTe cede, MOJIyYHIOCh, YTO TaKas BEPOSTHOCTh BOOOIIE PaBHA HYJIIO, €CIHM TOJIBKO Y
yIJepoaa CIy4allHO HE OKaXETCsl DHEPreTHUYECKOro ypoBHs, paBHoro 7,82 M»aB. Ecnu xe Takoi
YPOBEHb €CTh, TO TPHU ATOMA I'eJMsl, COEIMHUBIINCH B aTOM YIJIEpPOJia, HAYHYT CHOBA PAcalaThCs B
CPEHEM HEMHOIO MO3K€, YEM IIPU OTCYTCTBHH y YIJIEpOJia SHEPreTu4eckoro yposHs B 7,82 M»aB.
W Torma sToro BpeMeHM XBaTaeT [UIsl JIPYrHMX IMpeoOpa3oBaHui, i 0Opa30BaHUS HOBBIX
9JIeMEHTOB. Tak uTo eciu Obl y yriiepoa oKa3aJicsi SJHEpPreTUYeCKHil ypoBeHb, paBHbIN 7,82 M»B,
TO MBI MOTJIM OBl TOHSTh, OTKY/IA B3SUTUCH BCE DJIEMEHTHI IEPUOANYECKOM TaOIHIIbI.

Bor mnyrem Takoro oOpaTHOrO pacCyXJIEHUs, pPAacCyXAE€HUS OT MPOTHUBHOIO, OBLIO
MpeJicKa3aHo, YTO y YIiiepoja JOJbKeH ObITh YpOBEHb, paBHbIM 7,82 M»aB. A naGopaTopHslii
JKCIIEPUMEHT MOATBEPAUI, YTO 3TO ACUCTBUTENBHO Tak. [103TOMY CylllecTBOBaHHE B HAlllEM MHpE
BCEX JIPYTHX JIEMEHTOB OY€Hb TECHO CBSA3aHO C TEM OOCTOSTEIBCTBOM, UTO Yy YIJIEpOoJia 0Ka3aloch
MMEHHO 3TO 3HAYCHHUE DHEPreTUUECKOro ypoBHs. Ho To4HOe 3HaueHue >HEPreTU4ecKOro YpOBHS
yriaepoaa KakeTcs HaM, 3HAIOIIMM 3aKOHbBI (DM3HMKH, CIy4alHBIM pEe3yJIbTaTOM OYE€Hb CJIOKHOIO
B3auMozecTBUs 12 cnokHbIX yacTull. [loaToMy mpumep yriepoja MOKET CIYXUTh MPEKPACHON
WUTIOCTpaliMe Toro ¢akra, 4YTO IOHMMAaHHWE (U3MUECKUX 3aKOHOB elle He 00s3aTelbHO
FapaHTUPYEeT BaM HENOCPEACTBEHHOEC IIOHUMAHHUE BAaXXHEHIIUX SBJICHUM HAIIEro0 MUpA.
[TonpoOHOCTH peanbHOro CyIIECTBOBAHUSI OUEHb YaCTO BEChbMa JJAJIEKH OT OCHOBHBIX 3aKOHOB.

MBI MOXEM aHaIU3UPOBATh SIBJICHHs HAIIEr0 MHpA, BBIICHSAS B HEM pa3HbIE YpPOBHH,
YCTaHABIMBAsl HEKOTOPYIO HEPAPXU O IMOHATUH M MPEACTABICHUH. DTO - METOJ aHanu3a. S He
cOOMparoCh TOYHO OMPEAETATh pa3Hble YPOBHH, HO MOMBITAIOCH JIMIIb MOSICHUTH HA MPUMEpPAx, 4To
s IMEIO B BUJTY, KOT'Jla TOBOPIO 00 MepapXuM MOHATUI U MpeICTaBICHHM.

CkaxeM, Ha OJIHOM KOHIIE HAIEH MEPapXUUYECKOM JIECTHUIBI MBI PACIIOJIIOKHM OCHOBHBIE
3aKOHbI (PM3UKU. 3aT€M MbI MPUIYMBIBAEM HOBbIE TEPMHUHBI JUISI HEKOTOPBIX OJM3KUX MOHSTH,
KOTOpbIE, KaK HaM 3TO Ka)KeTCs, MOKHO B KOHIIE KOHIIOB OOBSICHUTh Ha 0a3e OCHOBHBIX 3aKOHOB.

9 ®pon Xoiin - aHrMkACcKuid acTpoHoM 13 KeMOpHIKCKOro yHUBEpCUTETA.
OneuH ConmuTep - aMepUKAHCKUH (PU3UK-TEOPETHK U acTpopm3uk 3 KopHemickoro yHuBepcuTeTa.



Hanpumep, tepmun "rteruorta". Temnora, Kak IpeanoyiararoT, 3TO PE3yJabTaT XaOTHUECKOTO
JBUKEHHSI aTOMOB, U KOTJa Mbl Ha3blBaeéM 4YTO-HUOYAb TOPSYMM, MPOCTO MOJApa3yMeBaeM, 4TO
HUMEETCSI HEKOTOpasi Macca aTOMOB B COCTOSHMM HHTEHCHBHOIO XaOoTHYECKOro AsmxeHusd. Ho
CIUIOIIb W PAIOM, oOCyKJasi TEIJIOBblE CBOMCTBA, Mbl 3a0bIBA€M O XAOTUYECKOM JBUKEHHH
MOJIEKYJ - TOYHO TaK e, Kak, TOBOps O JIeIHUKE, Mbl HE 00s3aHBl JyMaTh O MIECTHYTOJbHBIX
KpHCTAJUIAX JIbJa U CHE)KMHKAX, KOTOPBIE M1aJ1ajly KOI/1a-TO paHblie. [pyroi npuMep Toro xe poaa,
3TO NPUMEP C KpUCTAUIOM coiu. Ecinm cMOTpeTh B caMblil KOpEHb, TO 3TO CUCTEMAa OIPOMHOIO
quciia IPOTOHOB, HEUTPOHOB W 3JIEKTPOHOB. Ho MBI 00XOAMMCS OOHHM TOHSTHEM "KpUCTAILIT
coiu", KOTOphI HeceT B cebe 1esblii 00pa3 COBOKYIHOCTH 3JIEMEHTAPHBIX B3aUMOICHUCTBUI.
TouHO TakoMYy ke KpYTy Uei NpUHaAJICKUT U TIOHATUE 1aBJICHUSI.

Tenepsp, ecnu caenaTe MO HALIEH JECTHULE €I1l€ OJUH LIar BBEPX U NEPENUTH HA CIETYIOINN
YpOBEHb, MBI CTOJKHEMCS CO CBOMCTBAaMH BEIIECTB, KOTOpbIE XapaKTEpU3YIOTCS, HaIpUMeEp,
"koappHULHEHTOM MpeToMIIeHUs", ONPEIeSIONIMM, HACKOJIbKO OTKIOHAETCS Jy4 CBETa, MPOXOAS
4yepe3 BEIIeCTBO, WK "KOAI(DPHUIIMEHTOM MOBEPXHOCTHOTO HATSDKEHHS'', OOBSCHSIONIMM, TOYEMY
BOJIa UMEET TEHJAEHLUIO OCTAaBAThCS B BUJE €IMHOIO LIEJIOr0, IPUYEM U TO U JPYroe OMHUCHIBAETCS
onpezeNeHHbIMUA yuciaMu. HamomHio - Teneps A TOro, 4ToObl BBISICHUTH, YTO B KOHIIE KOHIIOB
BCE 3TO CBOAMTCS K B3aUMOJICHCTBHIO aTOMOB U T. 1., HAM MPHUIILIOCH ObI CITyCTUTHCSI HA HECKOJIBKO
CTyNEeHel BHU3, MpOiiis yepe3 psl BCe MEHEee CIIOKHBIX 3aKOHOB. TeM He MeHee Mbl CBOOOJIHO
paccyknaeM O "IOBEPXHOCTHOM HATSHKEHMM' W IPHU 3TOM HAC HE MHTEPECYET €ro BHYTPEHHUI
MEXaHU3M.

ITponomkuM Halle BOCXOXIECHUE TI0 UEpapXUUYECKOU JecTHHLE. OT BOABI MOYKHO MEPEUTH K
BOJIHAM, a 3aT€M YyXe M K MOHATHUIO "mITOpM", MpUYeM CJI0BO "MITOpM" 00XBAaThIBAET HEBEPOSITHOE
YHCIIO0 pa3IMyHbIX sBJIeHUH. K ToMy ke Kiaccy mpuHajuiexar u Jpyrue coOuparesbHble TOHATHS:
"comaeuHoe TATHO" WM '"3Be3ma'. M odeHb 9WacTO HET HHMKAKOTO CMBICNIAa JOKAIBIBAaTBCA 0
UCXOIHBIX MEXAaHMW3MOB BCEX COCTABILIIOIIMX sBJIeHUM. Ilo mpaBae roBopsi, 3T0 U HEBO3MOXKHO
c/ienaTh, TaK KaK 4yeM BBILIE Mbl IOJHUMAeMCs 110 Halllell MepapXu4yecKol JEeCTHHUIlE, TeM OOoJblle
CTYIEHEH OTHENsIeT HAaC OT OCHOBHBIX 3aKOHOB, a Ka)KIas M3 3THUX CTYIIEHEH HE OYEHb HaJEXkHa.
MBI emie He poTyMaly BCE C CaMOro Hadaja U JI0 CaMOro KOHIIA.

[Tpomomxkast mogbEM MO HEPapXUUYECKON JIECTHHIIE CIOKHOCTH, MBI JTOOHMpaeMcsl 10 TaKHX
BEIllEH, KaK "COKpalleHue MYCKYJIOB" MM "HEpBHBIC UMITYJIBCHI" - HEBEPOSITHO CJIOKHBIE SIBJICHUS
($U3MUEeCKOro Mupa, CBsI3aHHbIE C UCKIIOYUTENIBHO CI0XKHOM OpraHu3anueil MaTepuu. A 3aTeM MBI
JIOXOJIUM UM J0 TaKUX MOHSATHM, KaK "narymka'.

Bce panmpmie w panelie, U BOT YK€ Iepel HaMu NOHATUsA '"denosek", "ucropus",
"MmoNMTHYECKasl 11e1ecO00pa3sHOCTh" U Jpyrue MOHSTHUS, KOTOPBIMH MBI TOJb3yeMCsl AJsl TOro,
4T0OBI pa3doupaThCcsl B COOBITHSX Ha elie Oosiee BBICOKOM YPOBHE.

A 3aTeM HacTymaeT 4epej TakuM Belam, Kak "3510" u "kpacora", u "Hagexma"...

Kakoii sxe koHel 3Toil jecTHULBI OIKe K 00Ty, €ciM MHE M03BoJIeHa OyleT peaurno3Has
metadopa? Kpacora u HajexJa - WIK OCHOBHbIE 3aKOHBI? MHe, KOHEUHO, KaXeTCs, YTO JJIs Hac
Ba)KHEE BCETO MOHATH BHYTPEHHEE CTPYKTYPHOE €IMHCTBO MHpA; YTO BCE HAYKH, ]a U HE TOJIKO
HayKH, J10Oble MHTEJUIEKTyalbHbIE YCHJIMS HaIlpaBJIeHbl Ha MOHMMaHUE B3aHUMOCBSI3EH Mexay
SBJICHUSAMH, CTOSIIMMHU Ha pa3HBbIX CTYNEHAX Hallel HepapXW4ecKOH JEeCTHHIBI, Ha TO, YTOOBI
HalTHU CBSI3b MEXJy KPaCOTOW M UCTOPUEHN, NCTOPUEN U YETIOBEYECKOM MICUXOJOTHEN, TICUXOJIOTHEN
Y MEXaHU3MOM MO3ra, MO3IOM U HEPBHBIMU UMITYJIbCAMH, HEPBHBIMHU MMITYJIbCAMU U XUMHEH U TaK
Janee, Kak BBepX, Tak U BHU3. Cero/iHsl Mbl elle He MOXKEM (U UTO TOJKY IPUTBOPSTHCS OYATO 3TO
HE TaK) MPOBECTU HEMPEPHIBHYIO JIMHUIO OT OJHOIO KOHIA JI0 JIPyroro, MO0 Mbl JIMIIb BUepa
YBUJIEIH CYLIECTBOBAHUE TAKOW HEPAPXHH.

W MHe He Ka)KeTcsl, UTO BOIPOC MPABMIIBHO TMOCTaBlieH. BriOpaTh 0MH M3 3THX KOHIIOB H,
OTTaJKUBAsACh OTCIOAA, HAJEAThCS JOCTHUYb IIOJIHOTO MOHMMaHudA, Oblo Obl ommOkoi. Hu
MOHUMaHKEe IPUPOBI 371, 100pa U Ha/IeXK/Ibl, HU TOHUMaHHE OCHOBHBIX 3aKOHOB B OT/IEIbHOCTU HE
MOTyT 00ecreunTh rIyooKkoro noHumanust mupa. [loatomy HepazymMHo, Koraa Te, KTO U3y4aeT MUp
Ha OJIHOM KOHIIE HepapXUUYeCKOH JIECTHULIBI, 6€3 TOJDKHOTO YBa)KEHHUSI OTHOCATCS K TE€M, KTO JIeaeT
3TO Ha jApyroMm koHue. (Ha camom nene 3Toro u HeT, HO JIIOJM YBEPSIOT HAC, YTO MMEHHO TaK



o0cTOHT ,Z[CJ'IO.) Bes OrpOMHAas apMus HCCHCHOB&TCHCﬁ, pa60Tamme Ha BCCX CTYICHAX Haleu
JICCTHHUIEBI OT OJHOT'O Kpasd A0 APYyroro, HOCTOSHHO COBECPUICHCTBYET HAIIC ITIOHMMAaHUC MHUpa, U MbL
MOCTCIICHHO IMMOCTHUTAa€M BCC KOJIOCCAJIBHOC MCPCIIIICTCHUC I/Iepapxnﬁ.

JNlekuus 6.
BepoAaTHOCTb U HeonpeaereHHOCTb -
KBaHTOBOMEXaHU4YeCKUN B3rnsg Ha npupoay

Ha nepBbIxX marax MCTOPUM SKCHEPUMEHTAIbHBIX UCCIEIOBAaHUN WM KaKUX-HUOYIb APYTHX
UCCIICIOBAaHMM, TPECIIEeAYIONINX HAy4YHbIE IIeTH, pa3yMHbIe OOBSCHEHUs HAOIIOMAeMBIX SBICHUH
OCHOBBIBAJIMCh HAa MHTYHMIIMH, KOTOpas caMa 0a3supyeTrcsl Ha NPOCTEHIIEM ONbITE CONPUKOCHOBEHHSI
¢ 00bIICHHBIMU 00BeKTaMU. Ho 1o Mepe TOro Kak MBI MBITAEMCS PACIIUPUTh HAIU TPEACTaBICHUS
U JI0OUTHCS JTyUILIEro COOTBETCTBHSI MEX/1y HAlIMMU OOBSICHEHUSIMH U TEM, YTO MbI HaOJIt0JaeM, 1O
Mepe TOTO KaK Halle OOBSCHEeHHE CTaHOBHTCS Bce Ooyiee M Ooyiee IIMPOKHMM M HAC HAYMHAET
MHTEpecoBaTh Bce Oosiee MIMPOKUM KPYT SIBIEHUH, TO, YTO €Ille COBCEM HEAABHO ObUIO MPOCTHIM
HaOJI0IeHUEeM, CTAaHOBHUTCS (U3NYECKUM 3aKOHOM. [IpH 3TOM ¢ HUM NMPOMCXOIUT CTpaHHAS BEIIb:
4acTO OH CTAHOBUTCS Bce Oosiee M Oojiee BHEIIHE HEJIOTMYHBIM M BCE JAajbllieé M Jaiblie
PacxoanuTCs C TEM, YTO MOJICKa3bIBAECT UHTYHULIMS.

[TpuBeneM nuIIb OAMH IpUMEp. B TeOpHM OTHOCHUTENBHOCTH YTBEP)KIAETCS, YTO €CIH BbI
CUMTAETE, YTO JBA COOBITHS MPOU3OILIH OJHOBPEMEHHO, TO 3TO BCETO JIMIIb Ballla JIMYHAS TOUYKA
3peHus, a KTO-TO JPYrOol C TEM K€ OCHOBAHHUEM MOXKET YTBEPXKAATh, YTO OJHO U3 JTUX SIBICHUMN
IIPOM3OILIO PpaHbLIE JApPYroro, TaK 4YTO IMOHSITHE OJHOBPEMEHHOCTH OKa3bIBa€TCS YHCTO
CyOBEKTHBHBIM.

KoHneuHo, nHaue u ObITh HE MOXKET, ITOCKOJIbKY B Halllell MOBCEIHEBHOW JKU3HU Mbl UMEEM
JIeJI0 ¢ OTPOMHBIMHM CKOIUICHUSIMH YacTHL, OYE€Hb MEUICHHBIMHM IPOLECCAMH M JIPYTMMH OYEHb
cneun(UYHBIMA yCIOBUSMH, TaK YTO Hall ONBIT JAeT HaM JIMIIb OYeHb OTPAaHMYCHHOE
npejcTaBieHue o npupojae. M3 HemocpeacTBEHHOro ONbITa MOXHO MOYEPIIHYTh CBEACHUS JIHIIbL 00
OYEHb MAJION JI0JIE €CTECTBEHHBIX SIBICHUMU. M TONBKO IIPU MOMOIIM OYEHb TOHKHUX M3MEPEHUM U
TIIATEJIbHO TOATOTOBJIEHHBIX OIBITOB MOXKHO JTOOMThCS OoJiee HMIMPOKOIo B3IUIAJa Ha BemU. A
TOrJja Mbl HAYMHAEM CTaJKUBATHCS C HEOKUIAHHOCTAMHU. MBI HaOJI0J1aéM COBCEM HE TO, YTO MbI
MOTJIM OBbI MPEAIOIOXKUTh, COBCEM HE TO, YTO MbI cebe MmpeacTaBisuid. HaMm mpuxoaurcs cuiibHee
HampsraTh CBOE BOOOpaXKEHHME HE IS TOro, YTOOBI, KaK B XYJIOKECTBEHHOW JHTEparype,
IPEeJCTaBUTh ce0e TO, YEro HET Ha CaMoM JieJie, a JJIs TOro, YTOOB! HOCTUYb TO, YTO J€HCTBUTENIBHO
POUCXOIUT. BOT 00 3TOM-TO 5 M XOUy MTOTOBOPUTH CETOTHSL.

Haunem ¢ uctopum msydeHus csera. CHadaya NpeArnonarajoch, YTO CBET OYEHb MOXO0XK Ha
JIOKIb W3 YaCTUL, WIM KOPIIYCKYJ, JETSIMX Kak IIyJH, BBINYIIEHHbIE W3 pykba. OnHaKo
MOCIIEAYIOIUE UCCIIEJOBAHNS IT0KA3aIM, YTO TAaKOE IPEJCTABICHNE HEBEPHO U HA CAMOM JIEJIE CBET
BeeT ce0sf Kak BOJHBI, HAapuMEp KaK MOPCKHE BOJIHBL. 3areM yxke B XX Beke, Iocie
JIOTIOJTHUTENBHBIX UCCIIEOBAaHUM, BHOBb CTAJIO Ka3aTbCsl, YTO B OUEHb MHOTHX CIy4asX CBET BEIET
ce0st KaK MoToK yacTtuil. Habmonas oTtosnekrpudeckuii 3pPeKT, MOKHO MOACYUTATH YUCIO ITUX
KOPITyCKYJI, Telepb MX Ha3bplBaloT (poToHamu. Korjga 31eKTpoHBI OBUIM TONBKO YTO OTKPBITHI,
Ka3aJoCh, YTO OHHU BeIyT ceOs TOYHO TaK ke, Kak 4yacTuipl (wm mynu). [Ipome mpoctoro. Ho
JaJIbHEHMIINe ONBITHI, HAIIPUMED C JIEKTPOHHOM Tudpakuuel, mokasaiu, 4TO OHU BeIyT ceds Kak
BOJIHBL. M uem nanblie 1o Bpemsi, TeM Oosee u 0osiee HESICHBIM CTAaHOBHIIOCH, KAK YK€ OHU BEIYT
ce0sl - Kak KOPITyCKYJIbl WJIM KaK BOJIHBI. Bce BBITIIsIENO0 TO TakK, TO 3TaK.

Bce HnapacraBmas myranuna Obiia paspemieHa B 1925- 1926 rr. OTKpbITHEM TOYHBIX
ypaBHEHMI KBaHTOBOW MeXaHUKH. Tenepb Mbl 3HaeM, Kak BeIyT ceOs 3JIeKTpoHb! min cBeT. Ho kak
s MOTY Ha3BaTh Takoi XapakTep nosefaeHus? Cka3aTh, YTO OHU BEAYT ce0sl KaK 4aCTULIbI, 3HAUMIIO



OBl CO3/1aBaTh y Bac HeMpaBUJIbHOE IMpe/cTaBieHue. To ke caMoe MOJYUUTCS, €CIIU S CKaXKy, YTO
OHM BenayT ceOs kak BoJHBI. OHU BeayT ceOsi TakuM 00pa3oM, YTO 3TO HU B KOEH CTENEHU HE
HATIOMHUHAET 4ero-HuOy/Ib, C YeM BBl CTAJIKWBAJINCh paHblle. Bail ombIT, OCHOBAHHBII Ha TOM, C
YeM BBl CTAJIKUBAJIUCH DPaHbIle, HEmoJoH. [IpocTo-HAampocTo Bce TO, YTO MPOWCXOAUT B OUYCHD
MaJICHbKOM Maciitade, IpOUCXOIUT COBCEM MO-APYroMy. ATOM He MOAUYMHAETCS TEM K€ 3aKOHaM,
YTO U TPY3UK, MOJBELIEHHBIH Ha MNpyKWHE U KoyeOmomuics Ha Hel. Ero Hemp3st Takxke
paccMaTpuBaTh Kak MUHUATIOpHYIO COJHEYHYI0 CHCTEMY C KpOIICUYHBIMU IUIAHETAMH,
BpamaromuMucs mo opouram. Hemb3st ero npeacTaBuTh U B BUJE KaKOTO-TO O0JIaka WIIM TyMaHa,
OKYTBIBAIOMIETO AAp0. [IpocTO OH HE MOX0XK Ha BCE, YTO BBl BUJEIH JI0 3TOTO.

[IpaBma, 3mech ecTh MO KpailHEH Mepe OJHO OOCTOATENhCTBO, OOJErdaroliee Haiie
MOJIO’KEHUE. DIEKTPOHBI BeAyT ce0sl B yKa3aHHOM OTHOIIEHUH TOYHO TaK ke, Kak ¥ (GoToHbl. U Te
U Apyrue BeAyT ceOs HeoObIYHBIM 00pa3oM, HO 3aTO OJMHAKOBO.

B cBsi3u co BceM 3TUM, ISl TOTO YTOOBI MOHATh, KAK OHU BEIyT cebsi, moTpedyeTcs Hemanas
JIOJIsI TBOpYECKO# ¢anTazuu. Benap peyb MoieT 0 4eM-TO, YTO B KOPHE OTJIMYAETCS OT BCETO HaM
JIoceNie M3BECTHOro. YK€ W3-3a ATOro JaHHasl JIeKus OyJeT caMoil TpyTHOW, MOCKOJIBKY OHa
HaubOosee aOCTpakTHa M €e MaTepuall JajleK OT Hallero MoBCEeIHEBHOro ombiTa. Ho Huyero He
nonenaens. Eciu Obl B CBOUX JIKIMSIX, TTOCBSIIEHHBIX XapakTepy (PU3NUEeCKHX 3aKOHOB, 51 0001Ien
MOJTYaHUEM CBOWCTBA MHUKPOYACTHII, Sl 3aBEJJOMO HE BBIMIOJHUJ ObI MMOCTaBJICHHOM Mepe0 MHON
3aJaud. OTH CBOMCTBa XapakTepHbI aOCONIOTHO [JJIsi BCEX OJJIEMEHTapHBIX YaCTHIl, OHH
YHUBEPCAIBHBI TI0O CBOEMY XapaKTepy, TaK UYTO €CJIH BBl XOTHUTE CIIBIIIATH O XapaKTepe PU3MIECKUX
3aKOHOB, TO MHE HEOOXOIUMO TIOTOBOPHUTH O HEM U B TAKOM aCIIEKTe.

[IpaBma, sT0 He Tak-To mpocto. HOo TpyAHOCTH 3/1€Ch YHUCTO TIICHXOJOTHYECKas - Hac
NOCTOSIHHO MydaeT Bompoc: "Kak ke Tak MoxkeT ObITh?", B KOTOPOM OTpaskaeTcs
HEKOHTPOJINPYEMOE, HO COBEPIIEHHO HEOOOCHOBAHHOE CTpPEMJICHHE MIPEJICTaBUTh cede Bce
MOCPEACTBOM YET0-TO OYEHb 3HAKOMOTO. S1 He CTaHy MPOBOAMTH HUKAKUX aHAIOTHA ¢ Y4eM-HUOYIb
BCEM HaM 3HAKOMBIM, a IIPOCTO PACCKAXKY, KaK OOCTOUT AEJO.

boimo Bpems, koraa raserbl MHUCAIM, YTO TEOPUI0 OTHOCUTEIBHOCTHM MOHMMAIOT TOJBKO
JIBEHAIATh YeJoBeK. MHe JTUYHO HE BEpUTCS, YTO 3TO IMpaBaa. Bo3MokHO, ObUIO BpeMs, Korja ee
MOHMMAJl BCETO OJUH YENOBEK, TaK KaK TOJBKO OH pazoOpaics B TOM, YTO MPOUCXOTUT, U HE
Hanmcan eme 00 3ToM ctatbu. Ilocine ke Toro, Kak yuyeHble MPOwWIN ATy CTaThi0, MHOTHE TaK WU
WHAYe TOHSIIA TEOPHIO OTHOCHUTENBHOCTH, W, S JIymaro, ux Obuio Oonbine nBeHadnatu. Ho, MHe
KaXKEeTCs, S CMEJIO MOTY CKa3aTh, YTO KBAaHTOBOW MEXaHWKH HHUKTO HE TMOHHMAaeT. Tak 4To He
OTHOCHTECH K ITOH JICKITUH CIIUIIIKOM CEpbe3HO, HEe JyMaiiTe, 4TO BaM JICUCTBUTEIHHO HEOOXOIUMO
MOHATHh €€ COJAEpKaHHE U MOCTPOUTh cede KakKyl-TO MbICIEHHYI0 Mojenb. l[lepemoxnure u
MONBITAUTECH MPOCTO MOPA3BIICYBCH.

S cobuparock pacckazaTh BaM, Kak BeneT ceOs [Ipupona. M ecnm BB MPOCTO COTIACUTECH,
9TO, BO3MOXKHO, OHA BeJIeT ce0sl UMEHHO TaKUM 00pa3oM, TO BbI YBUIUTE, YTO 3TO OUapOBaTeIbHAs
¥ BOCXUTHTENIbHasI ocoba. Eciu cMmoxere, He myuaiTe cebst BompocoM "Ho Kak ke Tak MOXKET
ObITH?", 10O B IPOTHUBHOM CITy4ae BhI 3aliJieTe B TYIHUK, U3 KOTOPOTO €Ile HUKTO HE BhIOMpaICs.
HukTo He 3HaeT, Kak K€ TaK MOXET OBITh.

WTak, mo3BOJIETE MHE OXapaKTepU30BaTh MOBEACHUE SJEKTPOHOB MM (DOTOHOB C TUIUIHOU
JUIT KBAaHTOBOM MEXaHWUKA TOYKH 3peHus. S Oyay TMOJb30BaThCsl W CPAaBHCHUSIMH, W
MIPOTUBOIIOCTABIICHUAMHU. ECIU 51 MONBITalOCh OTPaHUYUTHCS OJTHUMH aHAJIOTHSIMU, Y HAC HUYETO HE
BbIiiIeT. 3/1eCh COBEPUIEHHO HEOOXOJUMO YKa3blBaTh HE TOJBKO HAa CXOJCTBO C YEM-TO BCEM HaM
3HaKOMBIM, HO U Ha KOPEHHBIE OTJIMYUS OT BCEro HaM 3Hakomoro. [loaromy s Oymy mpoBOIUTH
CpaBHEHHWE W TMPOTHBOINOCTABICHUE CHaudaja C TOBEACHHUEM YacTHI, O KOTOPBIX 5 Oymay
pacckaspiBaTh Ha MpPUMEpPE Iyllb, a 3aTEM C IMOBEJCHUEM BOJIH Ha MPUMEPE MOPCKUX BOJIH. S
coOuparoch MpUIyMaTh OJUH AKCIEPUMEHT M paccKa3aThb BaM CHadaljla, YTO MOJY4YMJIOCh Obl NP
TaKUX YCIIOBUSX, €CJIi Obl y HAC OBLIM YAaCTHUIIBI, 3aTEM - YTO OBUIO OBbI, €CITU OBl 3TO OBLITU BOJHBI,
W, HAKOHEIl, YTO MPOMCXOIUT Ha CaMOM JieJie B CHCTEME, TJ€ €CTh AJICKTPOHBI WM (POTOHBI. S
pa3depy TOJBKO ITOT IKCHEPUMEHT, KOTOPBIA CHEIHUAlbHO NpPUAYMaH TaKUM O0pa3oM, YTOOBI
OXBaTHUTh BCE 3araJki KBAaHTOBOM MEXAHHUKH U CTOJIKHYTh BaC CO BCEMH MapaOKCaMU, CEKPETaMH U



CTPaHHOCTSMH MPUPOBI Ha Bce CTO NMpOIeHTOB. OKa3bIBaeTcs, JII000H Apyroi cirydail B KBaHTOBOI
MEXaHHKe BCErJla MOKHO OOBSICHUTD, cka3aB: "[loMHUTE HaIll SKCTIEPUMEHT C JIBYMSI OTBEPCTUSMU?
3necy - To xe camoe". BoT s M cobuparoch paccka3arb BaM 00 OIBITE C JIBYMsI OTBEPCTHSMH.
VMeHHO B HEM 3aKiIOueHa OCHOBHas 3arajgka. Sl He cobuparock Hum4ero msberatb. Sl mpocto
CHMMAIO TIOKPOBBI C IIPUPO/IBI, C €€ HanboIee 3JEeraHTHBIX U TPYAHOYJIOBUMBIX (OPM.

Haunewm c nyne (puc. 30). [lycTs y Hac uMeeTcs UICTOYHUK IYJib, IyJIEMET HAIPUMEp, U TIEPe
HUM YCTAHOBJICH JKpaH C OTBEPCTHEM, MPOMYCKAIOIIUM ITyJIH, IPUYEM CaM dKpaH - TO OPOHEBOM
mmt. Teneps Ha OONBIIOM PACCTOSHUU OT MEPBOTO LIUTA MOCTABUM JAPYroil OPOHEBOM IIUT C IBYMS
OTBEPCTHSIMU - T€ CaMble JBa 3HAMEHUTHIX OTBepCcTHs. OO0 3THUX OTBEpCTHSX 51 Oyay TOBOPHUTH
MHOTO pa3, a MO3TOMY Ha30BeM UX oTBepcTusiMu 1 u 2 . MOXKHO NpecTaBUTh cede, YTO OTBEPCTHS
KpyTJIble, a Ha PUCYHKE TOKa3aHbI JIMIIb WX ceueHus. Ha GonbIomM paccTOSSHUM OT BTOPOTO IIWTA
MIOCTaBUM €I1I€ U TPETUM, MO3BOJIAIONINI YCTAHABIMBATH B Pa3HBIX MECTaX AETEKTOp (I MyJb 3TO
OyZIeT MpOCTO SIIUK C TMECKOM), B KOTOPOM IIYJIM 3aCTPSHYT, IMOCJE Yero MX MOXKHO OyaeT
COCUHUTATb.

Teneps 51 Oyay MpoAEIbIBATh TAKKE OIBITHL: sl OyAy yCTaHABIMBATH CBOW JETEKTOP, WU SITUK
C TIECKOM, B Pa3HbIX TOYKAX TPETHETO IINUTA, & 3aTEM MOJCUUTHIBATh, CKOJIBKO MyJIb MOMAJAET B HETO.
[Ipu sTOoM s Oymy M3MEpsATH PACCTOSHHE MEXIY SIAKOM W KaKOW-HUOYIb APYrol TOYKOW Ha
TPEThEM IIUTE, HA30BY 3TO PACCTOSIHME X U MOCTaparOCh BBISICHUTH, YTO MPOUCXOIUT, €CIIM Halll
SIIMK TIEpEeJBUTAaTh BBEpX W BHU3. Ho mpexkae Bcero s XOoTen Obl KOE-4TO W3MEHHUTh, 3aMCHHB
HACTOSIIUE MyNIH HIeaTH3UPOBAHHBIMH. Bo-mepBbIX, OyaeM MmpeamnonaraTh, 4TO MyJIEMET CHIBHO
JIPOKUAT M Ka4daeTcsl W, CIEJOBATENIbHO, IYJIH JETSIT HE TOJBKO B OJHOM, HO M B JIPYrUX
HanpaBieHusX. K ToMy ke OHM MOTYT PUKOIIETHPOBATh OT KPaeB OTBEPCTUI B OPOHEBBIX IIUTAX.
Bo-BTOPBIX, MBI TOTOBOPUMCS, XOTSI 3TO HE TaK y>K M BaYKHO, YTO Y BCEX ITyJIb OJIMHAKOBAST SHEPTHSI
U ckopocTh. Ho camasi BaxkHasi ujeanusanus, Omarogaps KOTOpPOW HAIIW MyJIH COBCEM HE OyaIyT
MMOX0XHU Ha peaJbHbIE, TAKOBA: MBI OyZeM Mpearnojaratb, 4To Myiau abCOIIOTHO HE Pa3pyIIarOTCs,
TaK 4TO B HAIIEM SILIUMKE Mbl HailIeM HE KYCKH CBHUHIIA OT ITYJIH, PACILIENUBIIEHCS HAABOE, a LEIYIO
nyito. [IpencraBeTe cebe Hepa3OuBaromumecs Myau WIK OYeHb TBEP/bIE MU U MITKYIO OpPOHIO.

[lepBoe, 4TO MBI 3aMETUM B HAILIEM OMNBITE€ C MYJSMHU, 3TO TO, YTO BCE 3AE€Ch MPOUCXOIUT
JIMCKPETHBIMU TTopumsiMu. Hampumep, sHeprus, morionieHHas MAMeHb0. OHa MOXKET YBEITUIUTHCS
TOJIbKO CKAaYKOM Ha BEJIMYMHY JHEPruu AHOW MyJW: mpax - W DHEPrus yBeIMuuiIach. Bbl
HAaYMHAETE CUMUTATh IMyJIH, U UX OJHA, JBE, TPU, YETHIPE - OIMATh MUCKpeTHhie Topuuu. OHU Bce
OJIMHAKOBBIX Pa3MEpOB, M KOTJa MBI CTaBUM Halll SAIIUK-AETEKTOP, B HEro JIMOO MomagaeT Ienas
myJist, TM00 HUYEro He mormanaet. bojee Toro, ecnu B3sATh JBa SAIIMKA, TO B HUX HE MOXKET BOUTH
OJTHOBPEMEHHO TI0 OJTHOM MYyJIe, €CIU TOIBKO MyJIeMET CTPENsIeT He CIUIIKOM OBICTPO U MBI MOKEM
pa3IUYUTh JIBa TIOCIEOBATEIBHBIX BBICTpPENA. 3aMEIJIUTE TEMIT CTPEIbObl W TPOBEPSITE
noObIcTpee 00a SAIINKa, ¥ Bbl YBUAUTE: MOMACTh OJJHOBPEMEHHO B JIBa SIIUKA HEBO3MOXHO, TIOTOMY
YTO KaXKJ1as IMyJIsl - 9TO OJIHA HepacwIeHseMas U OTI03HaBaeMas MOPIIHSL.

Teneps g X04y BBISICHUTh, CKOJIBKO ITYJIb MONAJAET B pa3HbIe YYACTKH MUIIEHU B CPEIHEM 3a
Kakou-HUOybs niepuo BpemeHu. [lonoxaem, HampuMep, B TEUCHUE Yaca, MOACYUTAEM YHUCIIO TYJIb,
MOMNAaBIIMX B Hall SIIMK C MECKOM, W yCpeIHUM ero. Temepp BO3bBMEM CpEAHEE YUCIO MYJb,
MOTNABIIUX B SIIIMK 32 Yac, ¥ HA30BEM €ro BEPOSATHOCTHIO MOMAJaHMs, TaK KaK MM OMPEIeIsSeTCs
BEpPOSITHOCTh TOTO, YTO, PO Yepe3 IIelib, MyJIsl MOMNAJAeT B KAKON-TO OMpe/IeICHHBIN SIIUK.

Koneuno, uucio mysp, MoMmafaimux B SIMIUK, OyIeT MeHIThCS BMecTe ¢ X. Ha guarpamme s
OTJIOKY MO TOPU3OHTAIM YHKCIO TNyJb, MONAJAIOLIIUX B SIIMK, €CIM €ro YCTaHOBUTh B
OTIPENIETICHHOM TIOJIOKCHHH, 32 OJWH Yac. B pe3ynbpTaTe y MEHs MOJTy4YaTcs TJIaBHBIE KPUBBIE (CM.
puc. 30), Tak KaK, €CJIM SIIMK TOMECTUTh HEMOCPEACTBEHHO 32 OTBEPCTUEM, B HETO MOMAJAET MHOTO
yJib, & €CJIM €T0 HECKOJIBKO CMECTUTH B CTOPOHY, 3TO YHCIIO YMEHBIIUTCS, KOO TeTepb MPUXOIUTCS
paccuuThIBaTh Ha TO, YTO MYJIM OTCKOYAT OT KPAaeB OTBEPCTHSA, U B KOHLIE KOHLIOB YHUCIIO MYJb,
MOTNAIAFOIINX B SIIUK, criafeT a0 Hyss. [lomydennsie kpuBble Mbl 0003HaunM depe3 Ny ,N» u Ny, .



Tak, kpuBast Ny, (I1e MHICKCHI YKa3bIBalOT HA TO, YTO OTKPHITHI U oTBepcTHe 1 , 1 oTBepcTHE 2 )
JTAeT YHCIIO MYJIb, 3apPErUCTPUPOBAHHBIX HAIIUM JIETEKTOPOM 3a 4ac B ciydae, KOrja OTKPBITHl 00a
OTBEPCTHSL.

Xody BaM HallOMHHTb, YTO MOKa3aHHBIE HA JuarpaMMme 4ucia He o0s3arenbHO uenble. OHU
MOTYT NpPHUHUMATh JIOObIE 3HAueHHs. DTO MOXeT ObITh 2,5 Myau B dYac, XOTS CaMu MyIH H
MOMAJAI0OT B ALIUK TOJBKO AUCKpEeTHhIMH mopuusimMu. Korna s roBopro 2,5 mynu B 4ac, S UMEIO B
BUJY TOJBKO TO, 4TO 3a 10 yacoB B fAmMK nomaayT 25 myib, a, CIEAOBATENbHO, MX CpPEIHEE
KOJIMYECTBO 3a 4yac cocTamiseT 2,5 mynu. KoHedyHo, Bce BBl 3HaeTe IIyTKy O TOM, YTO B CPEIHEU
aMEepHKaHCKON ceMbe JiBa ¢ OJOBUHON pebeHka. [Ipu 7ToM HUKTO HE yTBEP)KIAET, UTO €CTh CEMbH,
B KOTOPBIX MO MOJIPpEOEHKA, - JIETU ONPEECIIEHHO MOSIBJISIOTCS Ha CBET AUCKPETHBIMHM MOPLHUSMHU.
Tem He MeHee, €clM BBIYMCIUTH CPEIHEE YUCIO JETEH Ha CEMbIO, OHO MOXXET OKa3aTbCs U
npobHbIM. TouHO Tak ke uyuciao Ny , YUCIIO MyJib, MONAJAIOMIUX B ALIIMK B CPEJIHEM 3a yac, He
o0s3aTenbHO 1enoe. Ha camom niene Mbl U3MepsieM MM JIMIIb BEPOSTHOCTH IMOMAJaHus, KakK IO-
HAayYHOMY Ha3bIBaeTCs CPEAHEE YHCIIO MONaJaHui 3a €MHUILY BPEMEHHU.

Hakonen, paccmarpuBas kpuByt0 Njp , MBI MOXEM 3aMETUTh, YTO €€ JIETKO
MHTEPIPETUPOBATh KaK CyMMY ABYX JIPYIMX KPHUBBIX: OJHOH, KOTOpYyIO s 0003Hauy uepe3 N; u
KOTOpasi ONMCBHIBAET YUCIIO IOMNAJaHHH, €CIU OTBEpCTHE 2 3aKpHITO OpPOHEBOM 3aCIOHKOM, U
apyroii, N, , ONMCHIBAIOIIEH YMCIO NOMAJAHUW NPHU OTKPHITOM OTBEPCTUM 2 U 3aKPBITOM
orBepctur 1 . A 3TO MO3BOJIsIET OOHAPYKUTh OYEHb BAaXKHBIM 3aKOH: YHMCJIO MOMAJaHUI MPHU IBYX
OTKPBITBIX OTBEPCTUSAX MPEACTaBIsAET COOONW MPOCTYI0 CyMMy 4KcCla MONaJaHUi dYepe3 OJHO
orBepctue 1 ¥ yucla MONaJaHui yepe3 0HO OTBepcTHE 2 . DTO YTBEpXKAEHHUE, ITOT (aKT, YTO BaM
HY)KHO TIIPOCTO CJIOXHUTh JBa 4YHCJa, Mbl CTaHEM 0003HayaThb CJIOBAMHM "OTCYTCTBHUE
uHTEepepeHImn":

Ni;=N; + N, (orcyrcTBHE UHTEpPEPEHIIUN).

Ho xBaTuT 0 mynsix, U, IOKOHYUB TENEPDH C IMyJsIMHU, HAUHEM BCE C CaMOro Hayalja, Ha 3TOT
pa3 ¢ MopckuMu BoiHamu (puc. 31). McTouHMKOM Temepsh CIYXHUT OOJbInas mMacca, KOTOPYIO
MOJBIMAIOT M OMYCKAIOT BBEPX M BHU3 B BOjE. bpoHEBbIe MUTHI 3aMEHUM Ha JJTMHHBIN psa Gapx
WM 1amMO0y ¢ MpoXoAoM A BoAbl. Bo3MOXHO, Bce ATO Jierde MOHSTh HA MpHUMeEpe C OOBIYHOU
3bI0BI0, YeM C OOJIBIIMMH OKEaHCKUMH BosHaMU. I1o kpaiiHell Mepe 3TOT mpuMep BBIIAUT Oolee
pPa3yMHBIM.

bl MOTry IIpoCTO OoJITaTe majableM B BOJEC, BbI3bIBasd BOJIHCHUEC, @ B KAYCCTBC JKpaHa MOXKHO
B3STh JIEPEBSHHYIO IOCKY C OTBEPCTHEM, UYepe3 KOTOPOE BOTHEHHE CTAHET MepeaaBaThCsl OCTAIBHOM
BOJIE. 3aTeM YCTaHOBHUM €Ille OJTHY JIOCKY C JIByMsI OTBEPCTHSIMH, a 3a HeH emme u gerekrop. UYTo xe
MBI coOHMpaeMcsi U3MepsATh Tenepb? JleTeKTop HOMKEeH OOHAPYKUTh CTETNICHb BOJHEHUS BOJBI.
Hampumep, B Bojty MOXXKHO OpOCHTH MPOOKY M HAOMIOAATh 3a TEM, KaK BHICOKO OHA TOJBIMAETCs U
OIyCKaeTcs Ha BOJHAX. S| HaOmomar mpu ATOM 3a DHepruen konebaHuil MpPoOKH, HO OHA B
TOYHOCTH TPOTOPIIMOHATBFHA YHEPTHH, NMPUHECCHHOW BOJHEHHEM. Eme omHa meTanb: O0JTaTh
nanblleM HY)XHO OY€Hb PaBHOMEPHO, YTOOBI BCE BOJHBI OBLTM HA PAaBHOM PACCTOSHHUH JAPYT OT
Apyra.

['oBOpst 0 TakMX BOJHAX, MPEXKJIE BCETO BAXXHO OTMETUTH, YTO BETUYHMHA, KOTOPYIO MBI 3/1€Ch
HU3MEPACM, MOXCET IMPUHHUMATH mro0ble 3HadeHus. MBI HU3MECPIACEM HMHTCHCUBHOCTH BOJIHCHUS, WA
SHEpPrur0 KojebaHui MpPoOKHU, U €CITU BOJHEHHE OYEHb cllaboe, eCH S TONBKO cjerka 0onTaro
nmajgeplieM, TO mTpoOka Oymer konebaThesi ene-ene. Ho mpu mro0oif  BenmwuuHE KoJieOaHUH
MPOMOPIMOHANLHOCT coxpaHsieTcs. Kornebanus mnpoOKu MOTryT OBITh JIIOOBIMH - OHHU HE
YBCIUYNBAIOTCA OUCKPETHBIMU MOPHUAMU, U 3J€Ch HCJIb3d CKas3aTb, 4YTO 00 OHH €CTh, 00 X
HET.

I/ITaK, MBbI CO6I/IpaeMCH HU3MEPATh MHTCHCUBHOCTb BOJIHCHUA, WU, TOYHEC TOBOPA, SHEPTUIO,
TeHePUPYEMYIO BOJTHEHHEM B HEKOTOpOW Touke. Tak Kak k€ MEHSETCS 3Ta HHTCHCHUBHOCTD,
KOTOpYIO 51 cTaHy 0003Haudath Iy , 9TOOBI TOCTOSIHHO HATIOMHHATH BaM, YTO PedYb HJAET UMEHHO 00



MHTEHCUBHOCTH, a HE O 4yHcie Kakux-nmuoo wactun? Kpusas Iz , cooTBercTByromias IBYM
OTKpBITBIM OTBEPCTUSM, IOKa3aHa Ha auarpamme (puc. 31). OTO o4YeHb MHTEpPECHas U BHEIIHE
CJIOKHasl KpuBasi. ECIIM MBI CTAaHEM MEHSATH IOJIOKEHUE JETEKTOPA, Mbl IOJIyYUM UHTECHCUBHOCTD,
MEHSIOLIYIOCS] O4eHb OBICTPO U OYEHBb CTPAHHBIM 00pa3oM.

Bo3MokHO, BBl 3HaeTe, 4eM 3TO 0OBscHseTcs. [leno 31ech B TOM, YTO BOJHEHUE 00pa3yeTcs
U3 TMOCIEAOBATEIbHOCTH TpeOHeW W BHAAMH, HAYIIUX U3 oTBepctuss 1 , U  Jpyroi
M0CJIEI0BATEIbHOCTH ITpeOHEel U BHauH, MAYIMX U3 oTBepcTus 2 . Korja Mbl HaX0AMMCs B TOUKE,
PaBHOOTCTOAIIEH OT 000MX OTBEpCTU, 00€ BOJHBI (MIylIMe OT OOOMX OTBEPCTHIi) TOCTUralOT
CBOEr0 MakCUMyMa OJHOBPEMEHHO, U II03TOMY BOJHEHHUE 31€Ch OYEHb BEIUKO. Tak 4To, €CIIM MBI
HaxO0JIMMCsI TOYHO IOCPEANHE, BOJIHEHHE OYE€Hb CHIIBHOE.

Ecnu ke momMecTuTh JeTeKTOp B KaKylHO-HUOYAb TOYKY, HAaXOMSIIYIOCS OT OTBEPCTUS 2 Ha
0o0JbIlIEM pacCTOSHUHU, YeM OT oTBepcTHs 1 , TO BOJHE, MIYyLIEH M3 OTBEPCTUS 2 , TOHAJOOUTCS
Oosbliie BpeMeHM, 4TOOBI 0OpaThCsi A0 ATOM TOYKM, YeM BOJIHE, HIylied oT orBepctus 1
[ToaToMy B TOT MOMEHT, KOTJa B 3Ty TOYKY MPHUXOAUT IpeOEHb OuepenHO BOJHBI, HAYIIEH OT
oTBepcTHs 1 , BoaHA, MIylIas OT OTBEPCTHS 2 , MOXKET €Il HE JOCTUYb CBOETO MaKCUMyMa M Jlaxe
MOJXKET OBITH B CaMOM HH3IIEH TOYKe, TaK 4TO IIOJ JCHCTBHEM OJHOM BOJHBI BOJA ITBLITAETCS
MOJHATHCS, a O] JCHCTBUEM JIPYTOH - OMyCTUTHCA, B Pe3yJbTaTe Yero OHa BOOOIE HE BOJIHYETCH,
WIM MPAKTUYECKU HE BOJIHYyeTcd. Tak uTo B ATOM TOUKE MbI HAOII0JaeM HU3KYIO MHTEHCHUBHOCTD
BOJIHCHHUSL.

3aTem, €ClIM CIBUHYTHCS OT IIEHTpa €Ile Jajblle, HACTylmaeT MOMEHT, KOTJa 3amna3plBaHue
MEX/y BOJIHAMH OT JIByX MCTOYHHUKOB TaKOBO, YTO T'peOHU 00X BOJH IMOMAJAOT B HAIIY TOYKY
OJIHOBPEMEHHO, XOTs OJWH M3 ITHX TpeOHEeW U MPHUHAJISKUT Ha caMOM Jelie CIeAyIoLel Mo
MOPSIIKY BOJIHE. BOT MO3TOMY MBI U MOJIyd4aeM KPUBYIO, Ha KOTOPOH 3a BCILUIECKOM MHTEHCUBHOCTH
CJIelyeT IPOBaJI, MIOTOM OMSATh BCIUIECK, OISITh IPOBAI... U BCE 3TO B 3aBUCHMOCTH OT XapakTepa
"unTepdepenmu” rpedueit u BnaauH. [lonsaTue uHTepdepeHny - eme oAuH NpuMep HeOOBIYHOTO
YHOTPEOIEHNS TOBCEAHEBHBIX CIOB

B ¢wusuke Bo3MokHa Takas MHTep(epeHLus, B pe3ylbTaTe KOTOPOH CyMMapHOE BOJHEHHUE
OKa3bIBA€TCs CWIIbHEE NHAMBHIyalIbHBIX. HO camoe BaxkHoe, uTo I;; HE mosmydaeTcs B BUIE CyMMBI
I, u L, . Uatepdepenuns Mexay AByMs BOJTHAMH NMPUBOJUT K YCHIIEHUIO HHTEHCUBHOCTH B OJTHOM
MecTe U K ocialiaeHuo B Apyrom. BeisicHuTh, Ha uyTo moxoxu Kpusble Iy u I, , MokHO, 3aKkpbIBas
10 OYEpEIN OJHO U3 OTBEPCTUN BO BTOPOM 3KPAHE M OCTABIIAA IPYroe OTKPBHITHIM. O4YEBUIHO, UTO
B 3TOM Cllyyae HUKaKoi MHTep(depeHINH HET, U COOTBETCTBYIOLINE KPUBbIE IMOKa3aHbl Ha puc. 31.
Kak HerpynHo 3ameTtuts, I; MmeeT TOT ke xapakrep, uto ¥ N; B 3a7aue ¢ myismy, a I, moxoxka Ha
N, u, HecMoTps Ha 3710, I1; He umeeT HUUero oomero ¢ Ny; .

Marematuka obpazoBanus I;, Ha camom zesne JOBOJIbHO HHTepecHa. Jleso B TOM, UTO BBICOTa
BOJIbI, KOTOPYIO MBI OyZieM 00o3HauaTh uepe3 h , B ciyyae xorga OTKpbITEI 00a OTBEpCTHS, paBHA
CYMME BBICOT, CO37JaBa€MbIX BOJHEHHMEM B Cllydae OJHOTO OTKpBITOro orBepctuss 1 U B ciydae
OJIHOTO OTKpbITOro orBepctus 2 . [losTomy, ecnm u3 oTBEpCTUS 2 MNPUXOAUT BIIAJIMHA BOJIHBI,
COOTBETCTBYIOILIAst BHICOTA h OTpUIaTe/IbHA U OHA KOMIIEHCUPYET IMOJIOKUTENBHYIO BICOTY h s
BOJIHBI, Npunieamend u3 oreepctus 1 . BoaHeHne BOJAbI MOKHO XapaKTEpHU30BaTh €€ BBICOTOM, HO
OKa3bIBAETCS, YTO MHTEHCUBHOCTh BOJIHEHHS B JIIOOOM cilydae, HapuUMep TOTJa, KOIrJa OTKPBITHI
00a OTBEpCTHsI, HE COBIAAAET C BBHICOTON BOJBI B JIaHHOM TOYKE, a MPOMOPIMOHATIbHA KBaApaTy
9TOU BBICOTHL. 11 MMEHHO NOTOMY, YTO MBI UMEEM €0 C KBaJpaTaMH, IIOJIy4aeM Halll OYEHb
MHTEPECHBIE KPUBBIE:

h12 = h1+ hz

HO

D10 0 BosHEHHMH BOABL. Temepb 00 smekrpoHax (puc. 32), U CHOBa ¢ camoro Havaia. B
KaueCcTBE MCTOYHHKA BO3bMEM HAKAJICHHYIO HUTh, B KAU€CTBE SKPAHOB - BOJIb(PPaMOBBIC TITACTUHKH
C OTBCPCTHUAMH, a B KAUECCTBC ﬂeTeKTopa-n}o6y}0 QJICKTPHUYECCKYIO CUCTEMY C YYBCTBUTCIBHOCTBIO,
JIOCTaTOYHOM JJIsi TOTO, YTOOBI 3apErUCTPUPOBATH 3apsif, MPUHOCUMBIN AIEKTPOHOM, HE3aBHCHMO
OT MOITHOCTH HAIIIETrO UCTOYHHKA. Ecau Bam Oosbie HPABHUTCA, MBI MOXXEM B3AThb q)OTOHBI, BMECTO



BOJIb()PAMOBBIX IJIACTUHOK - YEpHYIO Oymary (HO, IO IpaBjie TOBOPs, 3TO HE Oy/IeT OYeHb XOpolIas
3aMeHa, 100 B Oymare, Kak M BO BCSIKOM JPyrOM BOJIOKHHCTOM MaTepuayie, HEBO3MOKHO CIeaTh
OTBEPCTUS C OYEHb POBHBIMHM KpasMH, U HaM IPHUIETCS MOUCKATh YTO-HUOYIb MOJydIlE), a B
KayecTBE JIETEKTOpa BbIOpaTh OTOYMHOXKUTENb, PETUCTPUPYIOIIUNA MTPUXO0 KaK0T0 (pOTOHA.

Tak 4ro e mpou30ileT B TOM WM Apyrom ciydae? S pacckaxy Bam JUIIb 00 OMBITE C
3JIEKTPOHAMH, TIOTOMY YTO JJIs1 JOTOHOB BCE MOTYYAETCsl TOUHO TAKUM K€ 00pa3oM.

[Ipexne Bcero Mbl 3aMETHM, YTO HAIl AJIEKTPUYECKUH JETEKTOp, HAa BBIXOJIE KOTOPOTO MBI
IIOCTABUM JIOCTATOYHO MOILHBINA YCUIIUTEIb, BCE BPEMs ILEIKACT: 3JIEKTPOHBI IOINAJAl0T B HETO
JIMCKPETHO, CTPOro Mo mopuusM. Kaxkaplil MIEIYOK - 3TO 3apsij ONpPEAEIEHHON BEJIWYMHBI, U 3Ta
BEJIMYMHA BCE BPEeMs MTOCTOSIHHA. EciiM BBl yMEHbIIUTE HAaKal UCTOYHMKA, IETYKH OyIyT BCE pexe,
HO BCE€ PAaBHO 3apsj KaKIOTO IIETYKa TOT )K€, YTO W paHblle. ECiau ke yCWINTh Hakall, METYKH
MOCHIIITIOTCS, KaK U3 MEIIKa, U B YCHWJIUTENIe BOZHUKHET 3aTop. [loaTomy, At Toro yToOs! mpudop,
KOTOPBIN BBl COOMpPAETECh MCIIOJIH30BATh B KaUECTBE JIETEKTOpa, paboTaj, HYy>)KHO BHIOpaTh TaKOW
HaKaJl HUTH, IPHA KOTOPOM HIETYKH MPOUCXOMIN ObI HE CIUIIKOM YacTo.

3aTem, eCIM MOMECTUTh B JPYTOM MECTE JIPYroil TOUHO TaKOW XKe JETEKTOpP W MPOCIEINTh 3a
uX paboTON OJHOBPEMEHHO, MOXKHO 3aMETHUTh, YTO HHUKOTJa He ObIBaeT JBYX ILEITYKOB,
MIPOUCXOSAIINX OJHOBPEMEHHO, MO KpalHell Mepe eciM Hakal JOCTaTOYHO cliad, a TOYHOCTh
(duKcanMy BpEeMEHHM WIEeTYKa YAOBJIETBOpUTENbHA. ECiIM yMEHbIINTh MHTEHCHBHOCTbh HMCTOYHMKA
rak, 4roObl INETYKH CTadd PEJKUMU U JOCTaTOYHO pa3HECEeHHBIMU Jpyr OT JApyra, TO
OJTHOBPEMEHHO IIENTYKOB B 00OMX JETeKTopax He ObIBaeT. A 3TO 3HAYUT, YTO BO3HMKAIOIIUE
COOBITHS MPOUCXOMAAT JAUCKPETHO, MOPLUUSIMHU, MPUUYEM Yy KaXKJI0H MOPLUU BIOJHE ONpeAeTeHHasl,
[IOCTOSIHHAs Ul BCEX BEJMYMH, U 4YTO B JaHHBIi MOMEHT BPEMEHH Takas IMOpPLUS MOMKET
HAaXOJIUThCA JINIIb B OJTHOM MECTE.

Wtak, 3meKkTpoHbl WiIM (HOTOHBI MOMAJAIOT B JAETEKTOP MO OJHOMY, AMCKPETHO, MOPLHSIMHU.
[ToaTOMy MBI MOKEM NOCTYNUTh TaK €, KaK M B Cllydae C MyJSIMH: Mbl MOXEM H3MEPUTh
BEPOSITHOCTh MOSBIEHUA. [[1s1 9TOr0 HaM HYXHO NEPUOJUYECKH MEHATH IOJIOKEHHE JETEKTOpa
(KOHEYHO, €CJIM XOUYETCsI, MBI MOXEM, XOTSI 3TO U JJOPOT0, YCTAHOBUTH LIENTYIO CEPUI0 IETEKTOPOB Ha
MIOBEPXHOCTHU IOCJIEIHETO IKPaHa U CHUMAThb KPUBYIO OJHOBPEMEHHO BO BCEX TOUKAX), OCTaBIISISA
€ro B KaKJIOM KOHKPETHOM TOYKE, CKaXXEM, B TEUECHHE 4aca, M 3alUChIBaTh B KOHLE 3TOrO yaca
YHCJIO 3aPETUCTPUPOBAHHBIX JJIEKTPOHOB, @ 3aT€M YCPEIHUTH 3TO YUCIO. Tak 4TO K€ MbI MOJIy4UM
JUI 9uciia 3aperucTpUpOBaHHbBIX 3JIEKTpOHOB? KpuByro Nij» TOro k€ THIA, YTO U B ONBITE C
nyiasimu? Kpuas Ny , COOTBETCTBYIOIIAs Clly4yaro, KOrJa 00a OTBEPCTUSl OTKPBITHI, ITOKa3aHa Ha
puc. 32. Kak BuAUTE, HKCIIEPUMEHTAJIBHO YCTAaHOBJIEHO, YTO 3Ta KPUBAas OKAa3bIBAECTCS TAaKOW XK€,
Kak M B ombITe ¢ uHTepdepenuneit BosH. Ho uemy xe cooTBeTcTBYeT 3Ta KpuBas? He sneprum,
3aKJIFOYEHHOM B BOJIHEHHMH, a BEPOSATHOCTH MOIAIaHNs OJHOU U3 3TUX MOPLMH B IETEKTOP.

CooTBETCTBYIOIINE MaTEMAaTHUECKHUE BBIKIIAKHN Ype3BbIuaiiHO npocThl. Mbl 3amenniu I Ha N
, TaK 4TO HaM MPUJETCSA 3aMEHUTh h Ha 4TO-TO Ipyroe, COBCEM HOBOE, - 3TO HUKAKas HE BBICOTA, -
B CBS3M C YeM MBI M MpUIyMaeM MapaMeTp a , KOTOpbli OyaeM Ha3bIBaTh aMIUTUTYAOH
BEPOATHOCTH, TaK KaK Mbl BCE PAaBHO HE 3HAE€M, YTO 3TO 3HA4YUT. Torzma uyepe3 a; 00O3HAUUM
aMIUINTYly BEPOSTHOCTHU MOINAJaHMUs CKBO3b OTBepcTHE 1 , a uepe3 a; - aMIUIUTYAYy BEPOSITHOCTH
MOTAJaHUsl CKBO3b OTBEPCTHE 2 . A JJI TOTO YTOOBI ONPENEIUTh AMILTUTY/Y HOJHONW BEPOSITHOCTH
MOTIAAaHuUs, HY’)KHO CJIOXKHTH 00€ 3TH aMILIUTY b, @ CYMMY BO3BECTH B KBaJpaT. IT0 OyJIeT TOUHOU
MMHTAllAE€H TOTO, YTO IMPOUCXOAUT C BOJHAMH, a IOJb30BATHCS TEMH € MaTEeMaTHYECKUMH
BBIKJIaJIKAMH MBI CTAJIU B 3TOM CIIydae II0TOMY, YTO PE3YJIbTUPYIOLIAs KpUBasl MOJIy4acTCs B HALIEM
CJIy4ae TOYHO TAKOM K€, KaK U B ONBITE C BOJTHAMM.

Tenepb MHE HY>KHO NPOBEPUTH €lle OAWH (DAKT: BBISICHUTH, €CTh JIM 3/1€Ch WHTEpEpEHIHs
M HeT. Benp MBI MOKa enie He TOBOPWIIM, YTO MPOUCXOJUT, €CIH 3aKPBITh OJJHO U3 OTBEPCTHUI.
[TorpiTaemMcsi MpOaHAIM3UPOBATh TMOJYYAIOUIYIOCS JIOOOMBITHYIO KPHBYIO, MpeAroJiaras, 4ro
AJIEKTPOHBI MMOMNA/IAI0T B AETEKTOP JIMOO0 Yepe3 OAHO OTBEPCTHUE, JHO00 uepe3 pyroe. 3aKkpoeM OJHO



U3 OTBEPCTUH M WM3MEPHUM, CKOJIBKO JJIEKTPOHOB IONAJAET B PA3JIMYHBIE YYACTKU IOCIEAHETO
sKpaHa yepe3 orBepctue 1 . B pesynbrate nomydnM npocTtyro KpuByr0 N; . TouHO Tak ke Mbl
MO’KEM 3aKpBITh BTOPOE OTBEPCTHE, U3MEPUTH YUCJIO 3JIEKTPOHOB, MOMAJAIOIIUX B IETEKTOP YEPE3
oTBepcTHe 2 , W monyduM kpuByr0 N, . TeM He MeHee, eClM OTKPBITh 00a OTBEPCTHS, MBI HE
noiayduM cyMMbl Ny + N, Tak 4To MHTEepQepeHIHs IeHCTBUTEIBHO €CTh. 3HAUUT, B CaMOM Jeje
HY)KHO TP MaTeMaTHYeCKHX BBIKIIAJKaX TIOJb30BAaThCS ITOM CTPAHHON (HOPMYIJION, COTIAacHO
KOTOPOM BEPOSATHOCTh IIONAJAHUS paBHA KBaJApaTy aMmIUINTYIbl, KOTOpas B CBOIO OYEpEeIb
HpeNCTaBIAeT cO00M CyMMY IBYX ciaaraeMbix: Ni; = (a; +a; )% .

Bonpoc kak pa3 u 3aKirodaeTcs B TOM, KakK K€ TaK MOXXET OBITh, YTO €CIIU 3JIEKTPOHBI
MIPOXOJAT JIMIB Yyepe3 oTBepcTHE 1 , OHM OKa3bIBAIOTCS pacHpeeIeHHBIMU OJTHUM 00pa3oM, Korja
OHHU INPOXOJAT JIMILIBL Yepe3 OTBEPCTUE 2 , OHU PACIPEAEIAIOTCS MO-IPYrOMYy, HO TEM HE MEHEE B
TOM clTy4yae, KOrJa OTKPBITEl 002 OTBEPCTUS, HE MOJIy4aeTCsl CyMMBI JIBYX 3TUX paclpe/esIeHuH.

Hanpumep, eciau 1€TEKTOp YCTaHOBUTH B MOJIOKEHUU (¢ U OTKPBITH 00a OTBEPCTHS, B HETO
MPAKTUYECKH HUYETo He MOMaJEeT, HO B TO )K€ BPeMsl CTOUT MHE 3aKpBITh OJHO M3 HUX, JETEKTOP
HayHEeT paboTaTh HE3aBUCHUMO OT TOTO, KaKO€ M3 OTBEPCTUH ObUIO 3aKpbITO. ONATH OTKpoeM o0a
OTBEPCTHS, U BHOBb HHYEro. Mbl MO3BOJIMIM 3JEKTPOHAM IMpoJieTaTh B JAETEKTOp depe3 oda
OTBEPCTHS, @ OHU Cpa3y IepecTalu MpujeTaTth coBceM. VM BbIOEpEM TOUKY CTPOTO MOCpEIUHE:
HETPYAHO YOEIUTHCS, YTO 3€Ch YHCIO MPUJIETAIOMIMX 3JEKTPOHOB OOJIbIIE CYMMBI 3JEKTPOHOB,
IIPWIETAIOIINX Yepe3 KaKI0€ OTBEPCTHE MO OTAECIBHOCTH.

Kaxercs, ecnmu moaymMaTh XOpOLIEHBKO, BCETJAa MOXHO HAWTH Kakoe-TO OObsICHEHHE:
HarpuMep, JEKTPOHBI MOTYT BO3BpaIllaTbcst OOPATHO Yepe3 T e OTBEPCTHUS, a 3aTeM IPOXOIUTh
yepe3 HHUX €lie pa3, WIH C HUMH MPOUCXOIUT KaKOW-HUOYIb APYroW CJIOXKHBIN TMPOIECC, WU
BO3HUKAET BO3MOXKHOCTb pAacCILEIUIEHMs] JJIEKTPOHA Ha JIBa, MPOJETAIOIIMUX 4Yepe3 pas3HbIe
OTBEpPCTHS, WM 4YTO-HUOYJIb B 3TOM pOJE, Kak-TO oOBsCHsIoUIee 3To sBieHue. Ho moka eme
HUKOMY HE YAaJoCh NpPUAYyMaTh YAOBJIETBOPUTENbHOE OOBSCHEHHE TAaKOrO pPOAd, MOTOMY 4TO
KOHEYHBbII BHUJ MaTeMaTHYeCKUX 3aKOHOMEPHOCTEH OuYeHb YX MpoCcT (CyMMapHas KpHuBas
MOJIy4aeTcsl O4eHb MPOCTOH - cM. puc. 32).

Tenepps monasenem utor. Mtak, 3J€KTpOHBI MONAJAI0T B JIETEKTOP JUCKPETHHIMH MOPIHSIMH,
KaK eclii Obl 3TO ObUIM YaCTHUIIbl, HO BEPOSTHOCTH MOMAAAHUS 3TUX YACTHIL ONPEIEIISIOTCS 10 TEM
K€ 3aKOHaM, 10 KaKUM ONpeeNseTcs MHTEHCUBHOCTh BOJHEHHS BOJbl. FIMEHHO B 3TOM CMBICIE
MO>KHO TOBOPHUTH, YTO C OJHOI TOUKH 3pEHUS JIEKTPOH BeAET cedsl, KaK 4acTHIIa, a C APYrol - KaKk
BosiHa. OH yXHUTPSETCS OJHOBPEMEHHO OBITH JBYMsI COBEPIIEHHO PA3HBIMH MOHATUSAMHU (CM. TabII.
2). Bot u Bce, 4TO MOKHO CKa3aTh 10 ATOMY MOBOAY. Sl MOT ObI IPUBECTH ceifyac MaTeMaTHYECKOe
ONHMCAaHHWE TOTO, KakK BBIYUCIATH BEPOSITHOCTh IMOMAJAaHUS JJIEKTPOHA TMPHU MPOU3BOJIBHBIX
00CTOSITENCTBAX, M, B MPUHIIMIIE, HA 3TOM MOXXHO ObUIO ObI 3aKOHUYUTH JieKuuio. Ho B ToMm, uTO
npupojia BeleT ce0s MMEHHO TakK, a He MHaye, €CTh HECKOJIbKO TOHKOCTEH. MBI CTalIKuBaeMmcsl ¢
LEJBIM PSAZOM HEMOHSATHBIX SIBICHUM, U UMEHHO O HUX MHE U XOTelloch Obl MOrOBOPUTH ceildac,
MIOCKOJIbKY OHU HE BBITEKAIOT Cpa3y K€ U3 TOr0, YTO PACCKa3aHO MHOIO BBIIIE.

Hauynem c omHOro yTBEp)KIEHHS, Ka3aJochb Obl pa3syMHOr0, MOCKOJBKY MbI YCTaHOBWJIH
JUCKPETHBIN XapakTep DJIEKTPOHOB Wi (POTOHOB. Tak Kak B JETEKTOP MPHUXOIUT HEYTO IENI0e
(37IEKTPOH B HAIIEM IpPUMEpE), MO-BUAMMOMY, Pa3yMHO MPEATNOJIOKHUTh, YTO JIEKTPOH IMOMAJAeT B
neTekTop b0 uepe3 otBepctue 1 , m1bo yepes orBepetue 2 . KaxkeTcs: 04eBHIHBIM, YTO, TaK KaK
DJIEKTPOH HEYTO IIeJIoe€ W HEAeNMMOe, HHYEero Ipyroro W He MoxeT ObiTh. HazoBem 3T0
YTBEPKACHHE YTBEP:KIeHHEM A .

YTBep:xkaenue A: JJIeKTPOH NMoNajaaeT B JeTeKTOP Jnbo yepe3 orBepcrue 1, 1ubd0 yepes
oTBepcTHe 2.

Ha camoMm Jeiie MBI yKe HEMHOTO TOBOPHJIM O TOM, YTO IPOMCXOJUT C YTBEPKIACHHEM A .
Ecnu Ob1 OBUTIO BEPHO, YTO AJIEKTPOH IMOMANaeT B JEeTEKTOp Jrbo uepe3 otBepctue 1 , mubo depes
OTBEpCTHE 2 , TO 00IIee YUCIIO 3apETUCTPUPOBAHHBIX JIEKTPOHOB JOHKHO OBLIO OBl pacmamaThbCst



HAa CyMMY DJJIEKTPOHOB JBYX THMOB. OOIee YHCIO ATHX 3JIEKTPOHOB OBLIO OBl CyMMOW dHCIa
AJIEKTPOHOB, NMPUJIETEBIINX Yepe3 MEepBOE OTBEPCTHE, M YHUCIA AJIEKTPOHOB, MPUJIETEBIIUX UYepe3
BTOpoe. Ho Tak kak CyMMapHyI0 KpUBYIO HE YAaeTcs IMPEACTaBUTh TaKUM YIOOHBIM 00pazoM B
BHJIE CYMMBI JBYX JIPYTUX KPUBBIX M TIOCKOJIBKY DKCIIEPUMEHT, MO3BOJISIONINNA PErHCTPUPOBATH
MPUJIETAIOIINE JIEKTPOHBI B CIy4yae, KOIr/la OTKPHITO TOJBKO OJHO OTBEPCTHUE, MOKA3BIBAET, UTO B
Cilydae JBYX OTBEPCTHM MBI HE HAOIIOAaE€M CYMMBI JIBYX BEPOSTHOCTEH MOSBIICHHS, TTPUXOIUTCS
3aKJIHOYUTh, YTO 3TO YTBEPKJICHUE HEBEPHO.

Ho ecnu HeBepHO, YTO 3JEKTPOH MOMAJaeT B JETEKTOp 100 yepe3 oTBepctue 1 , mubo uepes
OTBEpCTHE 2 , MOXKET ObITh, OH BPEMEHHO paclajaeTcs Ha JIBE TOJOBHHBI UM YTO-HUOYAb B ATOM
pone. Utak,yrBep:kaeHue A 10xHO. TakoBa snoruka. K coxaneHuro Wiam HET, HO JIOTUKY MOXHO
MIPOBEPSTH IKCIEPUMEHTAIBHO. Tenepb HaM HYHO PEUINTh, UYTO K€ MPOUCXOJUT HAa CaMOM Jelie.
[TonagaeT nm >1MeKTpoOH B AeTEKTOp JMOO depe3 orBepctue 1 , nubO yepe3 oTBEpCTHE 2, WIIH,
MOXET OBbITh, OH YCIEBAeT MPOCKOYHTHh KaXKI0€ M3 OTBEPCTUH IO HECKONBbKY pa3 B Pa3HBIX
HaIpaBJICHUSAX, WIN PaACHICIUIACTCS BPEMEHHO Ha JIBE YacCTH, WIM YTO-HUOYIb JAPYroe B ITOM XKe
yxe.

Ham Hy>kHO Bcero juiib noHa0a01aTh 3a MOBEJACHUEM 3JIEKTPOHOB. A JIJIsl ’TOrO HaM HY>KEH
cBeT. [loaTOMy 3a OTBEpCTUSMH MBI U NOMECTUM OYEHb MOIIHBIA HCTOYHHMK CBETA. DJIEKTPOHBI
pacceuBarOT CBET, KOTOPBIM OTpa)kaeTcsi OT HUX, U, €CIM CBET JIOCTAaTOYHO CHJIEH, Bbl CMOKETE
3aMETUTh MPOJIETAIONINE DSJEKTPOHBL. OTolieM Temnepb Ha3aad U MOMNBITAEMCS YBUJIETh, 4YTO
MIPOUCXOAUT B MOMEHT PErHCTpallMM 3JEKTPOHA WM Ha KaKyl-TO JOJIO0 CEKYHIbl 10 3TOTO.
HaGmronaercs nu Bembimika 3a oTBepctdeM 1 wim 2, wid, OBITh MOXET, TaK CKaszarh, IO
MTOJIBCTIBIIIKY 32 KaKJIBIM M3 dTUX OTBEpCTHii? Beap 3T0 M0O3BOIUT HaM, HAOIO1asl, HAWTH, YTO KeE
MIPOUCXONT B caMoM fene. MTak, BKIIOYHM CBET, HAUHEM Ha0JI0/1aTh, M BOT TeOe Ha - KaXIbId pa3
nepes LIEJTYKOM HAIIero JEeTeKTOpa BCIBIXMBAET TOJIBKO OJHO OTBepcTHE - 1nbo 1 , nmbo 2 .
Oxka3pIBaeTcsi, BCerjaa, abCOMIOTHO BO BCEX CIydasx, DJIEKTPOH, KOT/Ia MBI 3a HUM HaOIIOJaeM,
momajaeT B IeTeKTop b0 yepes orBeperue 1, mubo uepe3 orBepctre 2 . [lapamokc!

[locTapaemcst Tenepp 3arHath npuponay B yros. Celuac s BaM paccKaxy, 4YTO JJis 3TOrO
HY)KHO cjefaTb. MBI OCTaBUM Halll KICTOYHUK CBETa BKIIOUYECHHBIM M CTAaHEM OJIHOBPEMEHHO U
HAO0/IaTh 32 BCTBIIIKAMH, U CUYATATh YMCIIO MPOJIETAIONINX AJIEKTPOHOB. M3 pe3ynbTaTtoB 3THUX
HaOJIIOJIEHUII COCTaBUM JIBa CTOJNOIA: OJAMH - B KOTOPOM MBI CTaHEM OTME€YaThb 3JIEKTPOHBI,
MPOJIETEBIIINE Yepe3 OTBEepCTHE 1 , U APYroi - perucTpUPYIOMINI 3JIEKTPOHBI, TIPOJIETEBIINE YEPE3
oTBepcTHE 2 , a 10 Mepe TOro Kak Oy[eT MLIeJKaTh Hall JETeKTOp, CTaHEM OTMeYaTh B 3THUX
cTOJ0IaX, KaKOW MX 3JIEKTPOHOB TOMaji B Hero. Tak Kak ke OyaeT BIMIsiIeTh cToiben 1, mocne
TOTO KakK sl CJIOKY BCE€ pPe3yJIbTaThl, COOTBETCTBYIOIUE OJTHOMY U TOMY € TOJIOKEHUIO JeTeKTopa?
Uro s yBUKY, ecnu s Habmogaro uiib 3a otBepetueM 1 ? S momyuy kpuByro Ny (puc. 32). Otot
CTOJI0€1l OKa3bIBAeTCsl paclpeiesieHHbIM TOYHO TaK e, KaK eciau Obl Mbl CUMTANU, YTO BTOPOE
OTBEPCTHE 3aKPHITO. 37€Ch HUYETO HE MEHSETCS OT TOTO, HAOMIOIaeM MBI 32 MOJIETOM SJIEKTPOHOB
WJIU HET.

Ecnu mMb1 3akpoem oTBepcTHE 2 , IOTYUYUM TO K€ pacipeiesieHue MPUIeTaIoIIX 3JIEKTPOHOB,
KaKoe MBI [T0JIy4aeM, OCTaBJIsisl €ro OTKPBITHIM M HaOuro1as 3a oTBepeTueM 1 .

To ke camoe momy4aeTrcs B pe3ylbTaTe HAOMIOJACHUS 3a OTBEPCTHEM 2 , Ha 3TOT pa3
nosrygaetcst Kpusast N .

Ho, nocnymaiite, cyMmmapHO€ 4MCIIO 3apETUCTPUPOBAHHBIX JIE€TEKTOPOM 3JIEKTPOHOB JOJIKHO
ObITh cymMMOM. OHO NOMKHO paBHAThCS cymMme uuciaa N; u yucia N; , Tak KaKk OTHOCHUTENBHO
KQXKJIOTO W3 MPOJETEBUIMX OTBEPCTUS 3JEKTPOHOB M3BECTHO, KaKOMY, MEPBOMY WA BTOPOMY,
cTo01y OH mnpuHaanexutr. CyMMapHOE YHCIIO 3aperMCTPUPOBAHHBIX 3JIEKTPOHOB MPOCTO He
MOZKeT ObITh HU4eM JPYTMM , KPOME CYMMBI 3THX JIBYX 4ucesl. OHO JIOJDKHO pacipeiensiThes Kak
Ni+ N, . Ho Benib MBI rOBOpHIIH, YTO OHO pactpeneneHo kak Ny, . Her, oHo pacnipeneneno kak Ny +
N;.

Koneuno, Ha camoMm Jiefie Tak OHO M €CTh. Tak JOJDKHO OBITh, M TaK OHO U €CTh. Ecim MBI
MMOMETUM ILITPUXOM BEIUYHMHBI, OTHOCSIIMECS K ONBITY C 3aKKEHHBIM CBETOM, TO OKaXXETCsl, YTO
N;'" mnpaktuuecku He orTinuyaercss oT Ny s ombiTa 0e3 UCTOYHHMKA cBeTa, a N,' OueHb Mayo



otnuyaercst oT N, . Ho uucno Ny;' , HaOnrogaemoe B ciiydae, KOrja CBET TOPUT U 00a OTBEPCTHUS
OTKPBITHI, PABHO CYMME€ YHCJIa YaCTHUIl, KOTOPhIE MBI BUCIIH MPOJICTAIOIIUMHE uepe3 oTBepcTue 1, u
YHCJIa 3JIEKTPOHOB, MPOJIETEBIINX, KaK Mbl BUAEIH, Yepe3 oTBepcTre 2 . BoT K kakoMy pe3ynbTaTy
MBI IPUXO/IMM, BKITIOUHB CBET.

3HauMUT, B 3aBUCUMOCTH OT TOTO, BKJIIOYMM MbI CBET WJIM HET, Mbl IOJYYUM pPa3HbIC
pe3ynbTaThl. 3aXKXKEM CBET, U pacupeneneHue Oyaer omuchiBaThesi kKpuBoi N; + N, . Brixmrounm
CBET, U pacupeneneHue cpazy npumer Bua Ny, . BkitounMm ero cHoBa, u cHoBa noiyuyuM Ni+ Ny .
Brl BuuTe, mpuposa onsATh BeIBepHYIAch! [Ipuxoautcs TOBOPUTH, UYTO CBET BIMSIET HA Pe3ysIbTarT.
Ecnu cBeT BKIIIOYEH, TO BBI MOJYYUTE JPYrod pe3ynbTar, 4eM eclu Obl OH ObUI BHIKJIIOYEH. BbI
MOJKETE elIlle CKa3aTh, YTO CBET BJIMSAET Ha MOBEJCHHUE JIEKTPOHOB.

Ecnu MBI cTaHeM TOBOPUTH 00 IKCHEPUMEHTAIBHOM HCCIEIOBAHUM JIBUKCHUS DIIEKTPOHOB,
YTO HE COBCEM TOYHO CKa3aHO, TO MOYKHO YTBEPXKIaTh, YTO CBET BIMSIET Ha JTO JBIKEHUE, B
pe3yabTaTe 4ero SIEeKTPOHBI, KOTOPHIE CaMU MO cebe Mmomanu Obl B BEPXHIOIO YaCTh MOCIETHETO
9KpaHa, OTKJIOHSIOTCS, TaK CKa3aTh, COMBAIOTCS CO CBOEH TPACKTOPHH W TOMAJAIOT B HIDKHIOIO
4acTb, CIIIAXKHUBAs paclpeieIeHle TaKUM 00pa3oM, U4TO B pe3yabTaTe MOIydaeTcs MPOCTO-HAPOCTO
cymMma N1+ N, .

DNEeKTPOHBI OYEHb YYBCTBUTENBHBI. Korjja BeI cMOTpUTe Ha OeiiCOONBHBIN MY M BUANTE, KaK
OH CBEpPKAeT Ha COJIHIIE, 3TO HUYEro HE 3HAYMT, €ro TPAEKTOPHs OT 3Toro He MeHseTcs. Ho ecnu
CBET MaJlaeT Ha DIEKTPOH, OH CTAJIKUBAET €ro C MyTH, H BMECTO TOrO, YTOOBI JeNaTh OJIHO,
AJIEKTPOH JIeIaeT COBCEM Jpyroe. Beab Bl BKIIOUMIIM CBET, 1a K TOMY 7K€ TaKOW CHJIbHBIH.

[TpenmonoxumM TOr1a, YTO MBI TOIBITaAEMCS OCIa0UTh ATOT CBET BCe OOJbIe U OOMbIIIEe, MOKa
OH HE CTaHET COBCEM TYCKIBIM, M BOCIOJB3YEMCS OYECHb UYBCTBUTEIBHBIMH JIETEKTOPAMHU,
MO3BOJIAIOIIMMU HAOMIOAATh OYEHb TYCKIIBIE BCIBINIKK TPH O4YeHb ciabom ocserieHun. Cer
CTaHOBUTCSL Bce ciabee W ciabee, a OYeHb M OYEHb CIA0BI CBET HE JOKEH Obl M3MEHSThH
MOBE/ICHUE DJIEKTPOHOB HACTOIBKO CHIIBHO, YTO 3TO PAJAUKAILHBIM 00pa3oM OTPa3UTCs HA KapTHHE
pactipenenenus, n3MeHuB ee ¢ Niz Ha N; + N; . [lo Mepe Toro kak cBeT CTaHOBHUTCSI Bce Ooiiee
TYCKJIBIM, KapTHHA BcCe Oomblle W OONblle TOJMKHA HAMOMUHATH TO; YTO MBI TOJIYYHIH B
OTCYTCTBHE cBeTa. Tak Kak ke MPOUCXOAUT IpeoOpa3oBaHuE OJJTHOTO paclpeiesieHus B Apyroe?

[Ipexxne Bcero, cBET - 3TO He MOpcKas BoyiHA. CBET TakKe BeleT ce0s KaK MOTOK YaCTHII,
Ha3pIBaeMbIX ()OTOHAMH, M TIO0 Mepe YMEHBIICHHS WHTEHCHBHOCTH CBETa BBl HE oOciabisere
s¢dekTa, a yMEHbIIAETe YUCIO POTOHOB, UCITYCKAEMbIX UCTOYHUKOM. OCla0uisisi CBET, S MOIydaro
BCce MeHbIlle U MeHblle (GoToHOB. CamMoe MeHbIlIee, UTO MOXKET PACCEUBATHCS Ha DJIEKTPOHE, - 3TO
onuH ()OTOH, W €CIIM YHUCIIO UMEIONIMXCS B HAIEM pPACIOpPSHKEHUU (DOTOHOB CIMIIKOM MAJo,
HEKOTOPBIE AJICKTPOHBI MPOCKAKUBAIOT Y€Pe3 OTBEPCTHE B TOT MOMEHT, KOT/1a MOOJIN30CTH HET HU
onHOro ()OTOHA, @ B ATOM cllydae s ero M He yBIXKY. [losToMy cnaOblii CBET HE 3HAYHT, YTO MBI
UCIIONIb3YEM MaJIeHbKOE BO3MYILEHHE, a 3HAYUT TOJIbKO, YTO y Hac majo (oToHOB. B pesynbraTe,
€CIIM CBET JOCTATOYHO CJIa0, MHE MPUAETCS BBECTU TPETH CTONOEI - AJIs DJIEKTPOHOB, KOTOPHIE 5
"me yBuzaen". Ecnu cBeT oueHb SAPKUH, B TPETUH CTOJOEI MOMaAaeT JUITh HECKOJIBKO JIEKTPOHOB,
€Clli OH OYeHb cnab - moutu Bce. MTak, y Hac oka3aioch Tpu croydmna: st oTBepetus 1, mms
OTBEPCTHS 2 U ]Il HE3aMEUCHHBIX AJICKTPOHOB. HeTpymHO moramarbes, 9TO TMOJYYHTCS y HAc
Terepb. 3aMeUYeHHbIEC 3JEKTPOHBI pacrpeeneHbl kak Ny + Ny , a Te, KOTOpble 5 He YBUJIEN, - KaK
Ny, . ITo Mepe Toro kKak s nenar0 CBET Bce cilabee u ciabee, Bce OOJBIIYI0 W OOJBIITYIO YacTh
AJIEKTPOHOB 3aMETUTh MHE TaK W HE YJaeTcsi. A pealbHO TMOJYYEHHOE paclpeeieHue
MIpeJICTaBIsIeT COOOM CMeCh 3TUX JIBYX KPUBBIX, TaK 4TO, 10 MEpE OcliabJieHusl CBeTa, OHO Bce Oosiee
HaroMuHaeT Ny, U Mepexo]i ’TOT COBEPIIAETCS] HEMPEPHIBHO.

3n1ech s HE UMEI0 BO3MOXKHOCTH TOBOPUTH O BCEX OECKOHEYHO pa3HOOOpa3HBIX METOMAX,
KOTOpBIE MOHO OBLIO ObI MPUAYMATh JUIS BBIICHEHUS TOTO, Yepe3 KaKoe OTBEPCTHE MpOseTel
3aperUCTPUPOBAHHBIN AMEKTPOH. HO KakIbIii pa3 OKa3bIBaeTCs, 9YTO HEBO3MOXKHO MOCTABUTH CBET
TakuM 00pazoM, YTOOBI MOXKHO OBLTIO, ¢ OJHON CTOPOHBI, CKa3aTh, Yepe3 KaKoe OTBEPCTUE
MPOJIETAET HAIll JIEKTPOH, a C JPYrod - He UCKA3UTh KAPTHHBI PACIIPEACIICHHUS] PETUCTPUPYEMBIX
AJIEKTPOHOB, HE HAPYIIUTH XapakTepa uHTepdepeHiuu. M Tak mpoucxoauT He TOIBKO CO CBETOM, a
C 4eM YTOJIHO, YeM OBl MBI HU MOJIB30BAIMCH. [IpOCTO 9TO MpUHIIMITHAIBHO HEBO3MOXHO. KoHeuHo,



MO>KHO, €CITU XOTHUTE, M300pECTH LENbI psAA METOJOB OOHApYKEHUs, M KaXKAbIM M3 HUX OyneT
MOKa3bIBaTh, YTO AJIEKTPOH IMpoJIeTaeT JUO0 4epe3 OJHO OTBepcTue, 1ubo yepes npyroe. Ho ecnu
BbI TIONBITAETECH ITOCTPOUTH Balll MPHOOP TaKUM 00pa3oM, YTOOBI TIPU FTOM OH €Ile U He BIMSAI Ha
JIBUKEHHE AJIEKTPOHA, BbI JJOOBETECH JIUIIIb TOTO, YTO BHOBb HE CMOXKETE CKa3aTh, UEpe3 KaKoe ke
OTBEPCTHUE MPOJIETEN NEKTPOH, U PE3YJIbTaThl BAIIUX HAOIIOICHNUI BHOBb OKa)KyTCs 3aITyTaHHBIMH.

Korma T'eiizenOepr OTKphIBaN 3aKOHBI KBAHTOBOW MEXaHWKH, OH 3aMETHJI, YTO ITH HOBBIC
3aKOHBI IPUPOJIbI OKA3BIBAIOTCS HETPOTUBOPEUUBBIMU TOJIBKO B TOM CIIy4ae, €CJIM MOKHO IPUHSATH,
YTO HAIM SKCIIEPUMEHTaJIbHbIE BO3MOKHOCTH MPUHIUITHAIBHO OTPaHUYEHbl HEKOTOPBIM 00pa3oM,
XOTSI MBI U HE 3aMe4alii 3TOro paHee. J[pyruMu cioBaMu, B SKCHEPUMEHTE HENb3sl JOOUTHCS IO
KEJIAHUIO CKOJIb YTOJHO OOJBIION YyBCTBUTENBHOCTU. B cBs3u ¢ »TuM ['eifzenOepr npeanoxui
CBOM IPHUHLIUIT HEOIIPEIEIEHHOCTH, KOTOPBIN M0 OTHOLLIEHUIO K OIMCAHHOMY BBIIIE DKCIEPUMEHTY
BBITVISIIAT cienyromuM  obpazom (I'eiizeHOepr cdopMynupoBan €ro Mmo-ApyroMmy, HO o00e
(bOopMyYITHPOBKH SKBUBAJICHTHBI U OT OHOI MOXKHO MEPEUTH K JIpyToil):

"Henv3ss CKOHCMpPYyuposams KaKou-mbo npubop, npu nomowu Komopo20 MONCHO OblLlo Obl
onpedenums, uyepe3 KAaKoe U3 OMEEepPCMuul Npoiemum 31eKmpoH, He USMEHU8 Npu SMOoM e20
08UMICEHUSL HACTONILKO, YO MO pa3pyuium unmepgepenyuonnyto kapmuny".

U eme HUKOMY He yAaloch 000MTH 3TOT MPUHLMUI. YBEPEH, UTO y Bac MPOCTO YEUIyTCs PYKH,
TaK BaM XOYeTCS M300pecTH HOBBIN METO]I, MO3BOJISIIONIMI OOHAPYKHUTh, Yepe3 KaKoe OTBEPCTUE
npoJieTen eKTpoH. Ho mocrie TiarenbHoro ucciae10Banus Jr000ro U3 METOI0B OKaKETCs, YTO OH
He roauTcs. Bam mokaxkercsi, 4To BBl 3HaeTe, KaK 3TO CHAeNaTh, HE BIHAS HA 3JEKTPOH, HO BbI
YBUJIUTE, YTO BCETJla €CTh Kakas-HUOy/Ib 3arBO3/IKa M UYTO BCErja pasivyde B HAOIIOZaeMBIX
KapTUHAX MOXXHO OOBSCHUTH BIMSHHEM MPHOOPOB, MpeAHA3HAUYEHHBIX AJIS ONpeAeNeHUs TOro,
gyepe3 KaKoe OTBEPCTUE TPOJIETEN DIEKTPOH.

OTO O7HA W3 OCHOBHBIX XapaKTEPUCTUK MPHUPOJbI, U OHAa TOBOPUT HaM KOe€-4TO 000 BCEM.
Ecnn 3aBTpa HaliyT HOBYIO 4acTHIly, KAOH ,- IO IIpaBA€ IOBOps, KAOH YK€ HaWJIEH, HO BEIb
HOBYIO YaCTHIly HYXHO KaK-TO Ha3BaTh, TaK YTO HA30BEM €€ KaOHOM, - sl BOCIIOJIb3YIOCh KAOHAMU
JUIS TOTO, YTOOBI MPU UX MOMOILIM OIpPEAENIUTh, Yepe3 KaKoe OTBEPCTHE IMPOJIETUT 3JIEKTPOH. 51
3HAI0 3apaHee - M0 KpailHeil Mepe s HaJerCh, YTO ATO TaK, - BIIOJIHE JOCTATOUYHO O CBOWCTBAX 3TON
ellle He W3BECTHOM MHE YaCTHIIbI, YTOOBI OBITh YBEPEHHBIM B TOM, YTO OHA HE MOXKET CKa3aTh MHE,
yepe3 Kakoe OTBEpCTHUE TMpoJieTeNl BJEKTPOH, W HE M3MEHUTh MpPH 3TOM KAapTUHBI C
UHTEeppEepeHIIMOHHON Ha Oe3bIHTepdepeHnoHHy0. [109TOMY NpPHUHIMIIOM HEOIpeIeIeHHOCTH
MOKHO TOJIb30BaThCsl KaK OOLIMM MPUHIUIIOM, MO3BOJIIOIIMM IPE/ICKa3bIBaTh HANEpe] MHOTHE
XapaKTepUCTUKU HEU3BECTHBIX OOBEKTOB. BeposiTHbIe CBOWMCTBA TaKMX OOBEKTOB HE MOTYT OBITH
KaKUMH YTOJHO.

BepaeMmcst k HamiemMy yTBepaKIEHMI0O A - "anekmpon Oondcen nponemems 1UOO uepes
omeepcmue 1, 1ubo uepez omeepcmue 2 " . IIpaBUIBHO 3TO WX HET?

@u3ukn Hayuymnuch 00XoauTh 3amagHu. OHM B3sUIM 32 MPaBWIO JyMaTh CIEIYIOLINM
oOpazom. Ecnu y Bac ecTh nmpubop, MO3BOJISIIOIINN ONPEAENATh, Yepe3 Kakoe OTBEPCTHE MPOsIeTeN
AJIEKTPOH (a TaKOM MpUOOP MOKHO CHIENaTh), TO Bbl MOXKETE YTBEpXKJaTh, YTO OH MPOJIETAET JINOO
yepe3 OJHO OTBEpCTHE, OO uepe3 apyroe. Tak OHO M MPOUCXOIUT: KOIJa BBl CIEANUTE 3a
AJIEKTPOHOM, OH TpoJieTaeT Jubo Yyepe3 0JHO OoTBepcTue, Mubo uepes apyroe. Ho ecnu y Bac Het
TaKoro npudopa, TO Bbl M HE MOXKETE CKa3aTh, YTO OH MPOJIETAET JUOO0 Yepe3 0JIHO OTBEpCTHE, JTHO0
yepe3 apyroe. (BepHee, Bcerna MOXHO CKa3aTh, UTO TO TaK, €CIHM BBl HA 3TOM CPa3y OCTaHOBUTECH
U HE CTaHeTe MbITaThCsl CIeTaTh U3 3TOr0 Kakue-I1u0o BhIBOJbI. PUMKHU K€ MPEANOUYUTAIOT IPOCTO
HE TOBOPUTH 3TOT0, BMECTO TOTO YTOOBI TOBOPUTH M HE JIeNIaTh HUKAKUX BBIBOJIOB.) McxomuTh xe
U3 TOTO, YTO AJIEKTPOH MpOJIETaeT JTUO0 Yepe3 0JHO OTBEPCTHE, OO0 uepe3 Apyroe, Korjaa Bbl 3TOT0
HE BUJWTE, 3HAYWJIO Obl OCHOBBIBATh CBOM MpEJCKa3aHHs Ha OMMOOYHOM mpeanocbuike. BoT TOT
JIOTUYECKHM KaHaT, Ha KOTOPOM IPUXOJUTCS OalaHCHUpOBaTh, €CIU MBI XOTUM 3aHUMATbCS
00BSICHEHHEM SIBJICHUN TIPUPOJIBI.

VYTBepxKaeHue, 0 KOTOPOM MBI TOBOPUM, HOCHT caMblii oOmuii xapakrep. OHO OTHOCHUTCS HE
TOJIBKO K OMBITY C IByMsI OTBEPCTHSIMU, U €M0 MOXKHO C(OPMYIMPOBAThH B OOILEM BHJIE CIEAYIOIIUM
o0pa3om. BeposTHOCTE 1106010 COOBITHS B HJI€ATbHOM SKCIIEPUMEHTE - T.€. IKCIIEPUMEHTE, TJ€ BCE



OIIPEENIEHO HACTOJIBKO TOYHO, HACKOJIBKO TOJIBKO 3TO BO3MOXHO, - PaBHAa KBaApaTy HEKOTOPOM
JIpYroi BEJIMYHMHBI 4 , KOTOPYIO MBI Ha3Balll aMILTUTYAOU BeposiTHOCTU. Eciu 310 coObITHE MOXKET
MIPOUCXOAUTh B HECKOJIBKUX B3aMMHO HCKIIIOYAIOUIUMX BapHAaHTAX, TO aMIUTUTYy/a BEPOSTHOCTH a
MOJTy4aeTcsl Kak CymMMa 3HauY€HUH a Ui KaKI0ro U3 BO3MOXHBIX BapUAHTOB (aJIbTEPHATHB).

Ho ecnu B HaieM 3KCIIEPUMEHTE MOYKHO BBISICHUTH KaXK[IbIil pa3, B KAKOM UMEHHO BapUAHTE
MIPOU3OILIO COOBITHE, BEPOATHOCTh COOBITUSI MEHSIETCS: Teleph 3TO MPOCTO CyMMa BEPOSITHOCTEH
Ka)KJ0T0 U3 BapuaHTOB. JIpyrumMu ciioBaMu, HHTePPEPEHIINS YHHUTOKASTCS.

Ho ocraercsi HepemieHHBIM BOINpOC, a Kak ke Tak noiydaetcs? Kakum oOpa3zom Bce Tak
BbIxouT? K cokaneHuto, 3TOro HUKTO He 3HaeT. HUKTO He cMoXkeT JaTh BaM Oosee riryOoKoro
00BsICHEHUS ABJIEHUS, YEM TO, KAaKOE€ 51 BaM TOJIKO YTO Jajl, @ BEJb S BCErO JIMIIb OMKCAll €ro BaM.
MOXHO IWIIb pPACHIMPUTh OOBSCHEHUE, TpUBES OOJbIIEe MPUMEPOB, MOKA3BIBAIOIINX, YTO
JIEHCTBUTENLHO HEBO3MOXKHO, HE paspylias MHTepPEpEeHLIMOHHON KapTHHBI, y3HATh, Yepe3 KaKkoe
OTBEPCTHUE MpOJIeTeN IEKTPOH. MOXKHO pacckaszaTh nmpo OoJiee MUPOKUH KPYT SKCIIEPUMEHTOB, a
HE TOJIbKO 00 OJHOM OIIbITE€ C JBYMSI OTBEPCTUSMHU M HHTepdepeHmeil nByx kaptuHok. Ho arto
3HAYWIO OBl JUIIb MOBTOPATH OJAHO H TO K€ CHOBA W CHOBA, MBITAsICh 3aCTaBUTh BAac MOBEPHUTH B
peallbHOCTh paccKa3biBaeMoro. Takue OObsICHEHHs HUUYTh He TIy0xe, oHM Jiniib mupe. Koneuo,
MOXHO YTOUYHHUTh MAaT€MaTHYE€CKUE BBIKIAIKHA, MOKHO CKa3aTh, YTO 3/1€Chb HYXXHO IOJIb30BaThCS
KOMIUIEKCHBIMH, a HE BEIIECTBEHHBIMH YHCJIaAMU, OTMETUTH OJIHY WJIU JBE APYTUE BTOPOCTEIICHHBIE
JIeTalli, He UMEIOIIME IPSIMOIO OTHOLIEHHS K OCHOBHOM uzee. Ho HacTosmas 3aragka 3aKkito4aeTcs
B TOM, O Y€M s BaM TOJIbKO YTO paccKasaj, U CETrOJIHS HUKTO HE 3HAET, KaK 371eCb MOKHO KOIHYTh
riyoxe.

Jlo cux mop Mbl 3aHUMAJIUCh BBIUMCIEHUEM BEPOATHOCTU MOMAgaHUs 3JIeKTpoHa. Bo3HukaeT
BOIPOC, & MOXKHO JIM KaKHUM-THOO 00pa3oM y3HaTh, KyAa € Ha CaMOM JeJie MOMaJaeT KaxIbIil
OTAENbHBIN IEKTPOH?

KoHeuHo, MBI HE MPOYb MCHOJB30BaTh TEOPUIO BEPOSATHOCTEH, T. €. MOJACUMUTHIBATH HAIU
IIaHCHI, B OYEHb CIIOKHOM cuTyanuu. Korjga mbl mon0GpacbiBaeM MOHETY, TO, YUUTHIBasi BCAKHE
COIIPOTHUBIICHHS, BCE ITH aTOMbI M JIpyrHe MOJIOOHBIE CI0KHOCTH, MBI BIIOJHE JIOIyCKaeM, 4YTO
HaIIUX 3HAHUH HEIOCTaTOYHO JIi TOYHOro mpeayrajabiBaHus. [loaToMy MBI yIOBIIETBOpsieMCs
BBIYMCIICHHEM IIAHCOB TOrO0 WJIM MHOTO HMcxoaa. Ho Beab B ombITax ¢ 3JEKTPOHAMH pPEUYb UJIET
COBCEM He 00 3TOM - 37IeChb MBI MpeAroIaraeM, He MpaBja Jid, YTO BEPOSTHOCTh JIEKUT B CaMOM
OCHOBE BCEro, YTO MOJCYET HIaHCOB HAYMHACTCS YK€ C (PyHIaMEHTaIbHbBIX 3aKOHOB (DU3HKH.

[IpenmonoxuM, s TaKk OPraHMW30BaJl MOM OSKCHEPUMEHT, YTO NPU BBIKIIOYEHHOM CBETE
Habmo1aeTcst MHTepGEpeHIIMOHHAs KapTuHa. Toraa s MOTy CKas3aTh, YTO, 1a)Ke BKIFOUUB CBET, 5 HE
CMOTY Tpe/cKa3aTh, Yepe3 Kakoe OTBEPCTUE MPOJIETUT IEKTPOH. S TONBKO 3HAIO, YTO KaXAbId pas,
KOTJa 51 yBUXKY €ro, OH OyJeT JInOO B OTHOM OTBEPCTHH, TUOO B JPYroM, HO MPEACKa3aTh, B KAKOM
MMEHHO, 3apaHee HEBO3MOXKHO. J[pyrumu cioBamu, Oyayiiee 37ech HepeacKazyemo.

Hukakum cnocoOOM HEBO3MOXKHO TpEACKa3aTh, MOJb3yiach J0OOW HH(pOpMaIMeH,
MOJTy4YE€HHOM 3apaHee, yepe3 KaKoe OTBEPCTUE MPOJIETUT IEKTPOH UM B KAKOM OTBEPCTHH MBI €T0
YBUINM.

OT0 3HAYMT, YTO (PU3HKA B HEKOTOPOM CMBICIIE OTOpOCHIa 3aJjauy, €ClIM TOJBKO TakKas 3ajadya
U CTosJla BHayaje (BCeM Kazaloch, YTO TaK OHO M ObuIO!) - coOpaTh JOCTaTOYHO CBEACHHMN IS
TOT0, YTOOBI ITPU U3BECTHBIX YCIOBUSAX CYMETh MPECKa3aTh, YTO 3a 3TUM IMOCIEAYeT.

BoT BaM yciiOBUS OIBITAa: HICTOYHHUK AJIEKTPOHOB, HCTOYHUK CHUJIBHOTO CBETA, BOIH(PAMOBBIA
9KpaH C IByMSI OTBEPCTHUSIMU - a Hy-Ka-CKa)XXUTe MHE, 3a KAKUM U3 OTBEPCTUH s YBUXKY CIIEIAYIOIIHMA
an1eKTpoH. CornacHo OJHOM M3 TEOPHUH 3TO HEBO3MOYKHO IIOTOMY, YTO 3@ BCEM JTUM CKpBIBAcTCA
OUYEHb CJIOXHBIN MPOLIECC: KAKHE-TO BHYTPEHHHE MaXOBUUKH, 3y0UaThie KOJIECUKH, YTO-TO €IlE, U B
3aBUCUMOCTH OT TOTrO, B KaKOM OHH Ceiyac COCTOSIHUHU, 3JEKTPOH IOJIETUT JHOO depe3 OJHO
0TBepcTHE, MO0 uepe3 Apyroe. BeposTHOCTH TOro M APYroro coOBITUS paBHBI, TOCKOJIbKY, KaK U B
OTBITE C MOHETOM, COCTOSIHUE BCEH 3TOHN "MamuHbl" 3aBUCUT OT ciydas. M kornma Hama Qusmka
OyZeT TOJNHON, MBI CMOXXEM Ipe/ICKa3blBaTh, Yepe3 KAaKOE OTBEPCTHUE MOJIETUT DJEKTPOH. ITO
HA3bIBAIOT TEOPHUEH CKPBITHIX MapaMeTpoB. Takas Teopus HE MOXET ObITh MpaBWIBHOW. MBI He
MO>KEM MPEeJICKa3bIBATh COBCEM HE MTOTOMY, YTO HAM HE XBaTaeT MOAPOOHOCTEH.



Sl yxe ckazan, 4ro, Korja CBET HE BKIIOYEH, y MEHA JOJDKHA MOJy4aThCs
uHTepdepeHIonHas KapTiHa. Eciy xe npu JaHHBIX yCIoBUAX Ha0o1aeTcsi MHTepdepeHIIMOHHAs
KapTHHA, TO €€ HEBO3MOXKHO aHAIM3UPOBATh, PACCYXkJAas, YTO AITOT 3JIEKTPOH IMPOJIETEN YEpE3
NepBOE OTBEPCTUE, a ATOT - Yepe3 BTOPOE, MOCKOJIbKY MHTEPPEPEeHLMOHHAs] KpHUBas MpPEIeIbHO
IIpoCTa U B TO K€ BPEMsI COBEPLICHHO HE IOX0Xa HAa CyMMY JBYX APYTUX paclpeicsieHui
BeposaTHOCTH. Ho ecniu Obl MBI MOIJIM OIPENEINTh, Yepe3 KaKOe OTBEPCTUE MOJIETUT AJIEKTPOH MPH
BKJIIOYEHHOM CBETE, TO Y)K€ HE UMeJIO Obl HUKAKOTO 3HAYEHUs, BKJIIOUYEH STOT CBET Ha CAMOM Jejie
Wik BeIKIIOYeH. KakoBo Obl HUM OBUIO yCTPOMCTBO MCTOYHMKA AJIEKTPOHOB, MO3BOJISIONIEE HaM
IpeJICKa3bIBaTh, Yepe3 KaKoe OTBEPCTUE IMOJIETHT IEKTPOH, HAM YIaloch Obl MPOCIEIUTh 32 HUM,
HE BKJIIOYasi CBETa, M, CIIEJOBATEIbHO, CKa3aTh, HE BKJIIOYAsl CBETa, Yyepe3 KaKoe OTBEPCTUE OH
npoutes. Ho ecnu Tak, TO cymMMapHOE paclpeneieHHue HE MOXET HE pacnajarbcs Ha CyMMy
pacnpeziefieHui 3JIEKTPOHOB, MPOIIEAININX Yepe3 oTBepcTHe 1 , U 3JIEKTPOHOB, MPOIIEAININX Yepe3
OTBEPCTHE 2 , @ HA CAMOM JIEJIE 3TOT'O HET.

[ToaTomy B m1000M cilydae, KOr/ia SKCIEPUMEHT BBISBIISET UHTEP(PEPEHIINIO 3JIEKTPOHOB MPU
BBIKJTIOYCHHOM CBETE, HEBO3MOXKHO JIOMYCTUTh, YTOOBI MBI MOTJIM 3apaHee MoJydyaTh HH()OPMAIIHUIO
0 TOM, Yepe3 KaKoe OTBEPCTUE MPOJIETUT AJIEKTPOH NMPHU BKIIOYEHHOM WM MPHU BBIKIIOYECHHOM
cBeTe. Tak 4To BOBCE HE HE3HAHUEM BHYTPEHHETO MEXAHHW3Ma, BHYTPEHHEN CIIOKHOCTH MCTOYHUKA
AJIEKTPOHOB OOBSCHSETCS IMOSBJICHHE BEPOATHOCTHBIX 3aKOHOB MpHupoabl. [lo-Buaumomy, 310 B
KaKOI-TO CTENEeHU HEOTheMJIEMOE CBOMCTBO Mpupobl. KTo-To BbIpasuics o6 stom Ttak: "/laowce
cama npupooa He 3naem, N0 KAKOMy nymu noiemum 31eKmpoH”.

Onun dunocod ckazam: "/Jua camoeo cyuecmeosanus HAYKU COBEPULEHHO HEOOXOOUMO,
umoobl 8 OOHUX U MeX JHce YCI0BUAX 6ce20a NOIYUANUC, 00HU U me dce pe3yabmamoul”. Tak BOT,
3TOro HE Moiydaerca. Bel cMoOXkeTe TOYHO BOCHPOM3BECTU BCE YCIOBHS, M BCE-TAKM HE CMOYKETE
MpeJicKa3aTh, B KAKOM OTBEPCTUHU Bbl YBUIUTE 3JIEKTPOH. TeM He MeHee, HECMOTps Ha 3TO, HayKa
JKUBA, XOTSI B OJJHUX U TEX )K€ YCIOBHUSIX HE BCEr/ia MOMYyYalOTCsl OJIHU U T€ KE Pe3yNIbTaThI.

Uto coBepmieHHO HeoOXxomuMmo "dns  camoeo cywecmeoganus Hayku' U KaKOBBI
XapaKTePUCTUKU TPUPOIBI - BCE ATO OMPENENSIeTCSs HE HAMBIIEHHBIMU JEKIapalusMi, a TeM
MaTepHaoM, ¢ KOTOPBIM MBI HIMEEM JI€JI0, CAMOW MPUPOJIOH.

Mg HabIIOaeM U BUJUM TO, YTO HAM YAAJOCh Y3HATh, M Mbl HE MOXKEM 3apaHee MPaBUIbHO
npeJcka3arb, Ha 4YTO 3TO Oyzaer mnoxoke. Cample NpaBIONOAOOHBIE JOMBICIBI YacTO He
COOTBETCTBYIOT PEAJILHOMY MOJIOXEHHIO Bellel. 1 ecnu Hayka JOJKHA ABUTAThCS BIEPEN, TO UTO
HaM JIEWCTBUTEIBHO HEOOXOAMMO, TaK 3TO BO3MOXKHOCTU SKCIIEPUMEHTHPOBAHMS, YECTHOCTh B
COOOIIEHUSIX O pe3yNbTaTax, - 0 HUX HY)XHO COOOIaTh, He o0Opaiias BHUMaHUS Ha TO, KAKUMH UX
KTO-TO XOTel Obl BUAEThb, - U HAKOHEI, U 3TO OYE€Hb M OYEHb BAXKHO, YMEHHUE PA3yMHO
UHTEPIPETHPOBATH PE3yJIbTATHI.

[Tpu >TOM HemNb34 IepKaThCs MPEAB3ATOr0 MHEHHUSI U TOBOPUTH: "ITO Majo MpaBonoa00HO;
MHe 3T0 He HpaBuTcs'". [IpenB3saroe MHEHHE U aOCOIIOTHAS YBEPEHHOCTD - 3TO JJaJIEeKO HE OJJHO U TO
xe. KoredHo, st roBopro He 00 aOCOFOTHOW TPEAB3ATOCTH, a TOJIBKO O MPOCTOM MPeayOeKICHUH.
Ecnu BbI ipocTo mpeayOeskeHbl, 3TO HE TaK YK M Ba)XKHO, MO0 €clii Ballla TOYKa 3peHHs HEBEpHa,
MOCTOSTHHOE HAKOIUIEHHE ONPOBEPraroliuX CBUAETEIHCTB HAUHET JEWCTBOBaTh BaM Ha HEPBBI, U
HAaCTaHET MOMEHT, KOIJla Bbl YK€ HE CMOXETe OTMaxuBaTbcsi OT HuX. I[loaTomy B
JNENUCTBUTENBHOCTH JUIsl CAMOTO CYIIECTBOBAHMSI HAyKH COBEPILIEHHO HEOOXOAMMO BOT 4YTO -
CBETJIbIE yMBbI, HE TpeOyIole OT HPUPOAbI, YTOOBl OHA YIOBJIETBOPsIA KAKHUM-TO 3apaHee
MPUIYMaHHBIM YCIIOBHSIM, KaK TOTO TpeOyeT Ham Guiocod.

Nekuuna 7.
B nounckax HOBbIX 3aKOHOB



Ctporo roBOpsi, TO, O 4YeM 5 COOMpalOCh TOBOPUTH B OTOW JIEKIMM, HENb3sl Ha3BaTh
XapaKTepUCTHKON 3ak0HOB Qu3uku. Korna Mbl paccykaaem o xapakrepe (U3NYECKUX 3aKOHOB, MbI
MOXEM I10 KpallHEN Mepe Ipearonaratb, 4To roBOpuM o0 camou npupoze. Ho teneps MHe xouercs
IIOTOBOPUTH HE CTOJIBKO O MPUPOE, CKOJIBKO O HAalllEM OTHOILIEHUHU K HEMl. MHe XodeTcs pacckas3arth
BaM O TOM, YTO MBI CUUTAEM CErOJHs U3BECTHBIM, YTO €LIE MPEICTOUT OTrajgaTb, ¥ O TOM, KAKUM
00pa3oM yraablBarOT 3aKOHbI B (pusuke. KTo-T0 naske mpemuiokui, 4To JIydlle BCEro, €ciau S IO
MEpe MOEro pacckaza Majo-loMally OOBACHIO BaM, KaK yrajaaTh 3aKOH, a B 3aKJIIOUYEHHE OTKPOIO
JUIs Bac HOBBIN 3aK0H. He 3Har0, ynacTcs im MHE 5TO CIIeNnarth.

[Tpexne Bcero st Xouy paccka3aTb BaM O HBIHEIITHEM COCTOSIHUM (DU3MKH, O TOM, YTO B HEH
ceifuac m3BecTHO. Bbl Mornmm Obl moaymarTh, YTO BCE 3TO S YK€ BaM pacckasai, TaKk Kak B
MPEABIAYIINUX JIEKIUAX s W3J0KUAJ BaM BCE OCHOBHBIE WM3BECTHBIE 3aKOHBL. HO BCskuii 3aKoH
JIOJIKEH OBbITh 3aKOHOM JUISl Yero-To: 3aKOH COXpPaHEHUS SHEpruH TOBOPUT 00 SHEPrUH 4ero-To,
3aKOHBI KBAHTOBOM MEXAHUKH - 3TO 3aKOHBI KBAHTOBOM MEXaHUKH Yero-T0 - U BCE DTU 3aKOHBI,
BMECTE B3ATHIE, €Il€ HE TOBOPAT HAM O TOM, KAaKOBa K€ NPHUPOAA, O KOTOPOU 3[E€Ch CTOJIBKO
ropopuiock. I10aToMy MHe XO4eTcst cefdyac paccka3aTb BaM HEMHOIO O TOM Marepuae, KOTOPbIM
JBIJKYT BC€ OTH 3aKOHBI. lIpexae Bcero o marepuu: Kak 3TO HU YJIWMBHUTEIBHO, BCA Marepus
OJIMHAKOBA.

N3BecTHO, 4TO MaTepusi, U3 KOTOPOM ClIeJaHbl 3BE3/bl, TaKas e, KaKk U MaTepHsi, U3 KOTOPOU
caenaHa 3emuisd. XapakTep CBETa, MCIYCKAEMOIO 3B€3/laMH, JA€T HaM, TaK CKa3aTbh, OTIEYATKU
MaJbLEB, MO KOTOPBIM MO>XHO YCTaHOBUTb, YTO TaM aTOMBI TOrO K€ THUIIA, YTO W Ha 3eMIle.
Oxka3zpIBaeTcsi, U KUBasi, U HEXMBask MPUPOIa 00pa3yeTcss U3 aTOMOB OJIMHAKOBOTO TUMa. JIAryIiku
CZIeTIaHbl U3 TOTO K€ MaTepHaa, 4TO U KaMHH, HO TOJIBKO MaTepHal MO-pa3sHOMY MCIIONb30BaH. Bee
3TO YNPOIIAET HAlly 3agady. Y Hac €CTh aTOMbl MU HHUYEro OoJjblle, a aTOMbl OJHOTUIIHBI, W
OJTHOTHITHBI IOBCIOJY.

Bce aToMbl, 10-BUIMMOMY, UMEIOT OJIMHAKOBYIO CTPYKTYPY. Y HHX €CTb S/1pa, OKPYKCHHbBIE
ANIEKTpOHAMHU. MOXHO COCTaBUTh CIHMCOK YacTHUIL, U3 KOTOPHIX, KaK MbI JyMaeM, IOCTPOEH Hall
MUp U O KOTOPBIX, [10 HAIlIeMy MHEHHIO, MbI 3HaeM (Tabi. 3).

[Ipexxne Bcero B HEM CTOST DJEKTPOHBI - YACTHUIBI, COCTABIISIIOIINE BHEIIHIO O0O0JIOUKY
aToMa. 3aTeM MMEETCs PO, HO Ha CEroJHs CUMTAETCS, YTO OHO CaMO COCTOMT M3 YacCTHUI[ JIByX
pa3IMuYHBIX THUIIOB, Ha3bIBAEMbIX HEHTpOHaMHM U MpoTOHaMHU. BoT Bam u emie JBe yacTHIbI. MBI
IJIAIUM Ha 3BE€3Abl U BHJIUM aTOMbl, OHM MCIIyCKalOT CBET, a CaM CBET COCTOUT W3 YacTHl,
Ha3bIBaeMbIX (poTOHAMU. B caMoMm Hauase HaluX JIEKIUA MBI TOBOPUJIM O TATOTEHUH, I'PaBUTAINH,
U €CIli TOJBKO KBAHTOBAas TEOpHs BEpHA, TO M Yy I'PAaBUTALMU JOJDKHBI OBITH KAaKHE-TO BOJIHBI,
Beaylue ce0s M Kak yacTHllbl. Takue yacTHIlbl Ha3bIBalOT TPaBUTOHAMU. A €CITU Bbl HE BEPUTE B UX
CYLIECTBOBAHME, HA3bIBAalTE UX MpocTo rpaBurtanueil. Hakonen, s yxe ynomuHan o &#946;-
pacnaze, BO BpeMsi KOTOPOTO HEMTPOH MOXET pachafarbcs Ha MPOTOH, AJIEKTPOH M HEUTPHUHO,
BEpHEE AHTHHEHTPHUHO. Tak 4TO y Hac ecTh €Ille OAHA YacTHla - HeHTpuHo. Kpome Bcex 3Tux
YacTUI] Yy HAac €cTh elle, KOHEYHO, M BCE COOTBETCTBYIOIIME AHTHYACTUIBL. OJTO KOPOTKOE
3aMeydaHue cpa3y 0e3 KaKuX-JI100 3aTpyIHEHHH yIBauBACT YUCIO N3BECTHBIX HAM YacTHUII.

[Ipy momomM TOJBKO YTO MNEPEYUCIEHHBIX YacTULl MOXXHO OOBSCHUTH BCE SIBJICHMUS,
NPOTEKAIOIIME MPU HU3KOW SHEPTHH, U Ja)ke Bce OObIUHBIC SIBJICHUS B JII0OOH yacTu BceneHHO.
Ho korma B fgeno BCTymaloT 4YacTUIbI C OYEHb BBICOKOW HHEpPrHei, 3TO yxkKe HEBEpHO, U B
71a00paTOPHBIX YCIOBUAX HaM yAalloCh BOCIIPOU3BECTH HEKOTOPBIE OYCHb CTpaHHbIE sBjIeHus. Ecnu
e TpeHeOpeyb TaKUMU HCKIIOUUTENbHBIMU CIy4asiMH, TO BC€ OOBIUHBIE SIBJIEHHUS MOTYT OBIThH
OOBSICHEHBl B3aUMOJICHCTBUEM M JBIKEHMEM IEpEUMCIIEHHBIX BbIe yacTull. Hampumep, cama
KHU3Hb, 110 OOIIEMY MHEHHIO, MOKET ObITh, B MPHUHINIE, OOBSICHEHA IBM)KCHHEM aTOMOB, a 3TH
aTOMBI COCTOAT U3 HEUTPOHOB, IPOTOHOB U AJIEKTPOHOB.

Sl momxeH cpa3y ke OrOBOPHUTHCSI - KOTJa Mbl TOBOPUM, YTO YTO-TO, B IMPUHLUIE, MOXKET
ObITh OOBSICHEHO TAaKUM-TO 00pa30M, Mbl IMEEM B BUJLY CIIEIyIOIIee: eCca Obl HaM yJaJloCh BO BCEM
pa3o0paTbCst 10 KOHIIA, TO OKAa3aJI0Ch Obl, UTO JIJIsl TOHUMaHUS SIBJICHUH KUBOM MPUPOJIbI HE HYKHO



OTKpBhIBaTh HUKAKMX HOBBIX 3akOHOB (u3uku. Eme omun mpumep. ToT ¢axrt, 4To 3BE3MBI
HCITYCKAIOT YHEPTUIO, COTHEUHYIO WJIM 3BE3/IHYIO, TAKKE MOXHO OOBSICHUTD SIFICPHBIMU PEAKITUSIMU
Mexay 3TuMH yactuiamu. [lo kpaitHeit mepe Tak cuutaercs. [Ipyu moMonm Takoi MoJenu yaaercs
MPaBUJIILHO OINMKCATh BCSKOTO POJia MOJAPOOHOCTH TOBEAEHHUS aTOMa, HACKOJBKO TOJIBKO ATO HaM
M3BECTHO CEerofHs. Sl Mory aaxke yTBEpXkAaThb, YTO CPEAM M3BECTHBIX HA CETOJIHA SIBJICHUN HET
TaKOT0, OTHOCHTEIIBHO KOTOPOTO MBI ObUIM OBl YBEPEHBI, YTO €ro HEIb3s OOBSICHUTH TMOJTOO0HBIM
00pa3oM UM XOTsI ObI, YTO TaKOE OOBSICHEHHUE CBS3aHO C PEIICHNEM KaKOK-TO TTyOOKO 3araaku.

Ho Tak Owputo He Bcerma. Hampumep, uW3BeCTHBI SBICHHS TaK Ha3bIBAEMOU
CBEPXMPOBOAMMOCTH, KOTJIa METAJUI MIPU OYE€Hb HU3KUX TEMIEpaTypax MPOBOIAUT AJIEKTPUUECTBO,
HE OKa3bIBasi €My KaKoro-iu0o compoTtusieHus. C mepBoro B3IsiIa COBCEM HE ObUIO OYEBHJIHBIM,
YTO 3TO SIBJICHUE €CTh CIIEJICTBHE Y»K€ M3BECTHBIX 3aKOHOB. Ho Temepp, Korga B HEM JOCTaTOUYHO
BHHMATEIILHO Pa300panch, OKa3aJOCh, YTO M B CaMOM JIeJie OHO TOJHOCTHIO OOBSCHAETCS Ha
OCHOBE YK€ MMermuxcs 3HaHui. Ceiluac Mbl 3HaeM O JPYTUX SIBJICHUSX, HAIPUMEDP O SIBICHUU
TeJeNaTuU, KOTOPhIe HAM HE y/IaeTcs OOBSICHUTh Ha OCHOBAHMHM WMEIOIIMUXCS y HAC (PU3MUYECKHUX
3HaHuil. OJIHAKO CYIIECTBOBAHHME TAaKOrO pOJA SIBICHHUS IOKAa €IIe HE YCTAaHOBJIEHO C MOJIHOM
JIOCTOBEPHOCTBIO, © MBI HE MOXKEM TapaHTHUPOBATh €0 CYIIEeCTBOBaHMA. Eciu 3TOT ¢akT ymanoch
OBl IOJITBEPAUTH IKCIIEPUMEHTAIBHBIM ITyTEeM, 3TO 03HAYaso Obl, UTO Hala (U3MUKA HETIOIHA, U BOT
nmoueMy (U3MKU TaK 3aMHTEPECOBAHBI B TOM, YTOOBI BBISICHUTH, BOBMOXHO JI TaKO€ BOCIPHUSATHE
nin Hetr. Celilyac MHOTHME OIBITHI TMOKa3bIBAIOT, YTO TAKOTO BOCHPHUSATHS HET. AHAIOTMYHOE
MOJIOKEHUE ¢ acTposiorueil. Eciu ot 3Be37 AEMCTBUTEIBHO 3aBUCUT, B KAKOW JIEHb Jy4llle UITH K
3yOHOMY Bpady, - a HMMEHHO TaK BBITJISIIUT HAallla aMEpPUKAHCKas acTpPOJIOTHS, - TO HaIllH
MpeACTaBICHUS O (U3NKE HEBEPHBI, MO0 MBI HE TMPEACTABIsIEM cebe MeXaHW3Ma, MOCTPOEHHOTO,
BOOOIIE TOBOps, Ha B3aMMOJCHCTBUHM MEPEUYUCICHHBIX BBINIE YACTHIl M OOBSCHSIONIETO TaKoe
BIIMSHUE. DTUM U OOBSACHSETCS TOT CKENTHIM3M, C KOTOPHIM YYEHBIE OTHOCITCS K TIOJOOHBIM
TEOPUSIM.

[IpaBna, B ciydae TWUIHO3a C TEPBOTO B3IUIA/A €TI0 BBITJSNACIO TaK, Kak OyATO Takoe
00BSICHEHHE HEBO3MOKHO. Ho Tak OBUIO TOJIBKO, IMOKAa 5TO SBJICHHE OCTAaBaJIOCh HEJOCTATOYHO
n3y4eHHBIM. HbIHE MBI 3Ha€M O HEM HaMHOTO OOJIbINE, U TEMEePh CYUTACTCS BIIOJIHE BO3MOXKHBIM,
YTO THUITHO3 MOXHO OOBSICHUTH OOBIYHBIMH, XOTSI TIOKA €II€ U HE U3BECTHBIMH (DU3HOTOTHUYECKUMU
nporeccamu. O4eBUIHO, UTO TSI €70 OOBSICHEHUS HE MMOHAJ00UTCS KaKOH-TO CUITBI HOBOTO THIIA.

CeronHs, Korja Hailla TEOpUs BCETO, YTO MPOUCXOAUT BHE siIpa aTOMA; BBIMJISIAUT JOBOJILHO
TOYHOU U TIOJTHOM W TIO3BOJISIET HAM, XOTs, MOXKET OBITh, U HE Cpa3y, PACCUUTHIBATh BCE C TOW XKe
TOYHOCTBIO, C KakO MbI MOKEM MPOBOJUTH MU3MEPEHUsS, Mbl HAMHOIO MEHBIIE 3HAEM O CHJIax
B3aUMOJICCTBUSL MEXAY HEHTPOHaMH W TPOTOHAMH, OOPa3yIOIIUMHU SAPO, U HEIOCTATOUYHO
XOpOIIIO MOHUMAEeM UX XapakTep. Sl Xxouy cka3aTh, UTO Ha CETOJHS Mbl HE NMOHMMAEM XapakTepa
B3aUMOJICCTBUIN MEXIy HEUTPOHAMH U MPOTOHAMH JOCTATOYHO XOPOIIO JIJISi TOTO, YTOOBI ST CMOT,
€clii BBl MEHA OO0 OTOM TOMPOCUTE, NPEJOCTABUB JOCTATOYHO BPEMEHH U JIOCTATOYHO
BBIYMCIIUTEILHBIX MAIlIMH, TOYHO OMPEACIUTh BCE YHEPTETUUECKUE YPOBHH YIIIEPOJia UIIH PEIIUTh
JIpYrylo 3ajady TOro ke Tumna. Hammx 3HaHuil s 3TOro HeAocTaroyHo. Mbl ymeeM pemiath
AQHAJIOTUYHYIO 3a7a4y ISl SHEPTeTHUYECKUX YPOBHEHW BHEITHMX JJIEKTPOHOB aToMma, a IS siapa -
HET, TaK KaK MBI €11l€ HEJJOCTATOYHO MMOHUMAEM MPUPOJIy BHYTPUSAIEPHBIX CHJI.

st Toro uToOBI JTydIiie pa3o0paThCs B ATUX CUJIaX, ObUTH TTOCTABJICHBI CTICIIHAIBHBIC OTIBITHI
M0 M3YYEHUIO SIBIICHUW MPHU OYEHb BBICOKUX HHEprusix. CyTh 3TUX OMNBITOB 3aKIIOYAETCS B TOM,
YTOOBI CTAJIKUBATh MEXIY CO00M HEMTPOHBI U MPOTOHBI C OUYEHb OOJBIION YHEPruei U HabI01aTh
BO3ZHUKAIOIIKME TPH ITOM HEOOBIUHBIC SBJICHHUS, MPUYEM MBI HAJEEMCs, YTO H3YYCHHE DITUX
HEOOBIYHBIX SIBICHUW JacT HaM Jydlllee TOHMMAaHHE B3aWMOJCHCTBUS MEXIy HEUTPOHAMH H
nporoHamMu. Ho 3Tu skcnepuMeHThl nuilb OTKpbulM cocya llangopel. XoTs MBI TOJNBKO XOTEIH
MOJTYYIIIe Pa3o0paThCsl B XapaKTepe CUJl, NEUCTBYIOIMMUX MEXIYy HEUTPOHAMH M MPOTOHAMH, MBI, C
CHUJION CTaJIKMBasi TU YaCTHIIBI, OOHAPYXKUJIM MHOTO HOBBIX YacTull. [IpITasich mydine pa3odparbes
BO BHYTPHSJCPHBIX CHJIaX, Mbl BBUIOBUJIM 0OJie€ TMOJYCOTHH HOBBIX YaCTHI], KOTOPHIE MOKHO
OTHECTH B TOT k€ cTonOer] (cM. Tabil. 4), YTO U HEUTPOH U MPOTOH, TaK KaK OHU B3aMMOJICHCTBYIOT
C OTUMH YacCTUIIAMU W MMEIOT OTHOIIECHWE K B3aMMOJCUCTBHIO MeXAy HUMHU. Kpome Toro, moka



HallIU CETH BBUIABJIMBAJIMA BCIO ATy MEJIOYb, B HUX IIONIAIACH I1apa YaCTULl, HE UMEIOIIUX OTHOLICHUS
K Mpo0sieMe BHYTPUSIEPHBIX CHIIL.

Onny HazBamu &#956;-Me30HOM WIJIM MIOOHOM, a JIPYTYIO - HEUTPUHO, IPUYEM BTOpast BCETIa
COIIPOBOXAAET NepByro. MiMeercs qBa THIA HEUTPUHO: HEUTPHUHO OJHOTO THUIIA BCET/A COIIYTCTBYET
AJIEKTPOHY, a HEUTpuHO Apyroro tuma - &#956;-me30Hy. Mexy mpoyuM, K HalleMy KpailHemy
YIMBIIEHUIO, BCE 3aKOHBI MOBeAeHUS mapbl (&#956;-M€30H M HEUTPUHO ceiYac yK€ H3Yy4EHbI
HACTOJBKO TMOJHO, HACKOJbKO OO0 93TOM MOXHO CYyIUTh Ha COBPEMEHHOM YpOBHE
AKCIEPUMEHTAIbHON TEXHUKH, U OKA3aJUCh B TOYHOCTH TAKUMHU K€, KaK M JUIS Maphl dJIEKTPOH U
HEUTPHUHO, 32 €IMHCTBEHHBIM HCKJIIOUEHHEM: Macca &#956;-me30Ha okazanachk B 207 pa3 Oonblire
Macchl MeKTpoHa. Ho 370 eqnHCTBEHHAs pa3HULIa MEX1y HUMH, U 3TO JI0BOJIBHO CTPAHHO.

YeTbIpe I0’KMHBI HOBBIX YaCTHUI[ 00pa3ylOT MyTalolni CIIUCOK, a Be/lb HYXKHO €llle IOMHUTb
u 00 aHTMYacTHLAX. Y HOBBIX YaCTHI[ Pa3Hble Ha3BaHMSA: ME30HBI, MUOHBI, KAOHBI, JSAMOIBI,
CUTMBl... BCE 3TO HUYEro BaM HE CKaXeT, JI1 YeThbIpeX MII0KHH HOBBIX YacTHUIl MPHILIOCH
npuayMaTh HemMallo HOBbIX Has3BaHui! Ho okaszamock, yTo yacTHIlbl 0Opa3ylOT ceMeicTBa, U 3TO
HECKOJIbKO obJieryaeT Haie mnoiyiokeHue. Ha camoM Jene cpok JKM3HM HEKOTOPBIX W3 3THUX TaK
Ha3bIBa€MBIX YaCTUI[ HACTOJBKO Maj, YTO JO CHUX IOp MAYT CHOPBl, BO3MOXHO JH B
JENCTBUTENBHOCTH XOTSl Obl YCTAaHOBHUTH UX cyllecTBoBaHMe. Ho B 3Tu cmopbl s HE X04y 3/7eCh
BJIaBaThCSl.

Jlnst Toro yTOOB! BBI MOTYYHMIIN HPEICTABIEHUE O TOM, YTO TAKOE CEMEICTBO AJIEMEHTapHbIX
4acTHULl, PACCMOTPUM CJlydyall HEUTpOHa U MpOoTOHA. HEWTPOH M MPOTOH UMEIOT OIMHAKOBYIO Maccy
C TOYHOCTBIO J0 JECATOW MPOUEHTa Uin okoyo Toro. [lepsas u3 Hux B 1836 pa3, a BTopas B 1839
pa3 TsKenee sJiekTpoHa. Eie 3amevarenbHee, UTO BHYTPHSJIEPHBIE CHIIBI, OOJBIINE CHIIBI
B3aMMOJICHCTBUSI BHYTPU SApa MEXKIY ABYMS MPOTONAaMHU, OKA3aJIUCh TAKUMH K€, KaK U CHIIbI
B3aUMOJCUCTBUSA MEXAY INPOTOHOM M HEUTPOHOM WIM HEHTPOHOM M HEUTPOHOM. J[lpyrumu
CJIOBaMH, M3y4as JIUIIb CUJIbHBIE BHYTPUSJEPHbIE B3aMMOIECHCTBUS, HENb3sl OTIMYUTH MPOTOH OT
HelTpoHa. Ilomyuaercs eme oguH 3aKOH CUMMETPHM: HEWTPOH MOXHO 3aMEHUTh Ha MPOTOH - U
HUYET0 HE U3MEHMUTCA - IPU YCIOBHH, YTO Mbl TOBOPHM TOJIBKO O CUJIBHBIX B3aumojeicTBusx. Ho
€CIIM HEMTPOH NEeHCTBUTENFHO 3aMEHUTh Ha MPOTOH, TO pa3HHIla OyJeT orpoMHas, Tak Kak MPOTOH
HECET AJIEKTPUUECKHM 3apsij, a HeUTpoH - HeT. [locpencTBOM AIeKTpUYeCKX U3MEPEHUI BBl Cpasy
OOHapyXHUTE pa3HHIly MEXIY MPOTOHOM M HEMTPOHOM, TaK YTO HAIlla CUMMETPHs, MMO3BOJISAIOIIAs
3aMEHUTh NPOTOH Ha HEUTPOH, Ha camMoM Jelie JHIIb OpulmmkeHHas cummerpus. OnHa
JIECTBUTENBHO CYIECTBYET /ISl CUIIBHBIX SJCPHBIX B3aUMOJCHCTBUM, HO B TITyOOKOM (PM3NUECKOM
CMBICJIE €€ HET, IOCKOJIbKY OHa HE OXBAaThIBAET JIEKTPUUECKUX sIBICHUN. TaKkylo 3aKOHOMEpPHOCTb
MBI Ha3bIBaeM CJIab0i cHMMETpHe, U HaM IPUXOAUTCS pa3oupaThCs CO CIIa0BIMU CUMMETPUSIMH.

Tenepp, Korja ceMmelcTBa JJIEMEHTAapHBIX YacTHUIl YK€ IIOCTPOEHbI, H3BECTHO, YTO
MIOJICTAHOBKH THIIa 3aMEHBI HEUTPOHA MMPOTOHOM BO3MO>XKHBI H JIJIs 60JIee MUPOKOro Kpyra 4yacTull.
Ho pa3numa npu Takoil 3aMeHe OKa3bIBaeTcs elle OoJblieil. YTBepxkaAeHHe, YTO HEUTPOH Bceraa
MO>KHO 3aMEHUTh NMPOTOHOM, BEPHO JIMIIb MPUOIMKEHHO, OHO HEBEPHO C TOYKU 3PEHHUS] TEOPHH
AJIEKTpUYECTBA, HO Oo0jee HIMPOKUH KpYr IOJCTAaHOBOK, KOTOpBIE OKa3ajllCh BO3MOXHBIMHU,
o0ecrieynBaeT ele XyAllylo CUMMETpHUIo. TeM He MeHee BCe 3TH cllabble CUMMETPUH TO3BOJIMIN
OpraHU30BaTh 3JEMEHTApPHbIE YACTUIIBI B OT/AEIbHBIE CeMEICTBa U Oiarojnapsi 3TOMy HaWTH MECTO
JUISl HEJOCTAIOIUX YaCTHIl U OTKPHITh HEKOTOPHIE HOBBIE YACTHILIBI.

Urpa takoro poaa - rpyboe yrajasiBaHie OTHOIICHUM, OMIPEACIISIONIMX HEKOTOPOE CEMEHCTRO,
- XapakTepHa Ui TEpPBbIX CXBAaTOK C TPUPOJOH, NPEABAPSIONIMX OTKPBITHE KAaKOTO-TO
JEHUCTBUTENBHO TIIYyOOKOrO M OYEHb Ba)XHOro 3akoHa. [lpomioe Hayku JaeT MHOTO MPUMEPOB
ToMy. Mrpoii MMEHHO Takoro pojaa ObUIO OTKpBITHE MeEHeNeeBbIM NEePUOIUUECKON TaOIUIIbI
3JIEMEHTOB. JTO ObUIO JMIIL MEpBbIM mAaroM. [lonHoe MOHMMaHUE MPUYUH TAaKOTO CTPOEHUS
TabauIbl MeHzaeneeBa MpUIILIO MHOTO TO3/1HEE, ¢ Teopuelt aroma. TOYHO Tak e Hallld 3HAHUS O



ATIEPHBIX YHEPTETHUECKUX YPOBHAX OBUTH opraHm3oBaHsl Mapueii Maiiep'® u Mencenom'' B ux Tax
Ha3bIBAEMOM O00O0JIOYEUHON MOJeNH siapa. TOYHO TaKyr K€ Urpy NpEeNCTaBiseT cOO0OM W BCsA
¢du3uKa B 11e7I0M, TJe Ui YIPOIIEHUS MbI pHOeraeM K NpuOIMKEHUSAM U THIIOTE3aM.

KpOMe BCCX OTHX YaCTUIl Y HaC HMCIOTCA BCC TC MNPHUHOMUIIBI, O KOTOPBIX MBI T'OBOPHIIN
paHbllle: NPUHLIUIB CUMMETPUM W OTHOCUTEJIBHOCTH, NPUHIMI, COIVIACHO KOTOPOMY BCE 3TO
JOJDKHO IIOAYUHATHBCSA 3aKOHaM KBAHTOBOM MCXaHUKH, JOa CHI€ BBITCKAOIINUEC W3 TCOPHUU
OTHOCUTENBHOCTH COOOpaXEHHUS O JIOKATBHOM XapaKTepe 3aKOHOB COXPAaHEHHUS.

Ho ecim co6paT1> BCC OTU NPUHOUIIBI BMECTC, MBI O6Hapy}KI/IM, YTO MX CIUIIKOM MHOTO. OHH
HECOBMECTHUMBI JpYr € JIpyroM. Eciau B3STh KBaHTOBYKD MEXAHUKY, TEOPUIO OTHOCHTEIBHOCTH,
YTBCPXKACHHUE, UTO BCC JOJIKHO OLITH JJOKAJIBHBIM, H €III€ HECKOJIbKO MOJJIYaJIMBBIX HpG}IHOJ’IO)KGHHfI,
TO MBI IIPUJIEM K IPOTUBOPEUNIO, IOTOMY YTO, BBIYUCIISAE HEKOTOPBIE BEJIMYMHBI, IOTYYUM JJI HUX
OECKOHEYHO OOJbIINe 3HAYEHHs. A KTO MOXET YTBEP)KIaTh, YTO OECKOHEYHOCTh COTJIACYETCS C
pEAIbHOCTBIO TIPUPOBI?

Yro ke KacaeTrcss MOJYAJIUBBIX IPEANOIOKEHHU, O KOTOPBIX s YIOMSHYJ, TO K HUM MBI
HACTOJIBKO NPUBBIKIM, YTO HE XOTUM WJIH HE MOYKEM IOHATHh MX MCTHMHHOE 3HadyeHue. Bor Bam
npumep. Eciu BBl mojacunTaere BEpOSTHOCTh Psa B3aMMHO HCKIIOYAIOIIMX COOBITHH, CKaXKeM,
50% 3a To, yTO cimyuutcs 310, 25% 3a TO, YTO CAYYUTCA TO, U T.JI., TO B CYMME€ OHHU JOJIKHBI
COCTAaBJIATb CAUHUILY. M1 cuuTacM, 4TO €CJIN CIOKHUTH BCEC BCPOATHOCTHU, TO AOJIKHA IMOJIYYUTHCA
100%-Hast BEpOATHOCTb. JTO KaXeTCAd pa3yMHBbIM, HO MMEHHO C Pa3yMHOI'O M HA4YMHAIOTCA BCE
Hamu Oenpl. J[pyroit mpuMep: NPEANoIOKEHHE O TOM, UYTO HSHEPTrUs BCerja JOJDKHA OBITh
IIOJIO’KUTENIBHOM U HE MOXKET CTaThb OTpUUATENbHON. U eme ofHO NpeanosokeHue, KOTopoe, Io-
BUIUMOMY, IIPUHUMACTCA CUIC 10 TOr0, KaKk MbI IIPUXOJUM K ITPOTUBOPEYHAM, 3TO TaK Ha3bIBAEMBIN
NPUHIUI TPUYUHHOCTH, COTJIACHO KOTOPOMY, TpyOO TOBOps, CIEACTBHE HUKOIJAa HE MOXKET
npeameCTBOBaTh NPUIHUHE. TToxa CIIC€ HUKTO HE IBITAJICA IMOCTPOUTH TCOPHIO, B KOTOpOfI He OBLIO
ObI MPEAIONOKEHUS O TOJHOM BEPOATHOCTH WM HE YUYMTBHIBAJICS Obl MPUHLIMIN MPUYUHHOCTH H
KOTOpasi corjiacoBaiach Obl ¢ KBaHTOBOM MEXaHUKOH, Teopuel OTHOCUTENbHOCTH, MPHUHIIUIIOM
JOKAJIBHOCTH W T. M. [loATOMy MBI IPOCTO HE MOKEM 3HaTh, KAaKO€ K€ MMEHHO W3 HallluxX
JIOTIYIIIEHUH BBI3bIBAET HAIIM TPYAHOCTH M 3aCTaBISET MOJIy4aTh OECKOHEYHO OOJIbIINE 3HAUYEHUS.
Bot 310 Oblma OBl HacTOsimmas 3anada! IlpaBna, kak oOka3agock, C MOMOUIBIO JOBOJBHO TPyOBIX
MIPUEMOB BCE 3TU OECKOHEYHOCTH YJAeTCsl 3aMECTU IMO0J1 KOBEP, TaK YTO MbI BCE €Ill€ B COCTOSHUU
JienaTh He0OXOAMMbIE HaM pacueThl.

Bot Tak oOctout geno ceituac. A Tenepb s COOMPaIOCh MOrOBOPUTH O TOM, KaK OTKPBIBAIOT
HOBBIE 3aKOHBI.

BooO1ie roBopsi, OMCK HOBOTO 3aKOHa BeJETCs cienyromumM odpasom. [lpexnae Bcero o Hem
JIOTa/IbIBAIOTCS. 3aTeM BBIYMCIISIIOT CIEJCTBUS 3TOM JOTaJKu U BBIACHSIOT, YTO MOBJIEYET 3a COOOH
ATOT 3aKOH, €CJIM OKaXXETCS, UTO OH CIIPaBEeIJIMB. 3aTEM pe3yJIbTaThl PACU€TOB CPaBHUBAIOT C TEM,
4YTO HAOIIOAAeTCsl B NIPUPOJAE, C Pe3yJbTaTaMU CIEHUAIbHBIX HKCHEPUMEHTOB WIM C HAIllUM
OIBITOM, WU IIO PE3yJIbTaTaM TaKHUX H&6J’II—OH€HI/II>1 BBIICHAKOT, TaK 3TO MM HE Tak. Ecmm PacCuCThL
pacxoasaTcs ¢ HKCIEPUMEHTAIbHBIMU JAHHBIMH, TO 3aKOH HETIPaBUJICH.

B 3TOM mpocTom yTBEpKIEHHH camoe 3epHO Hayku. HeBakHO, HaCKOJIBKO ThI YMEH, KTO
aBTOp JOTaJIK1, U3BECTEH OH WJIM HET - €CIIM TEOPUS PACXOAUTCS € IKCIIEPUMEHTOM, 3HAUUT TEOPUS
HeBepHa. Bor u Bce.

BepHo, KOHEYHO, YTO AJIi TOTO YTOObI OKOHYATEIbHO YOEIUTHCS B HEBEPHOCTH TEOPHUH,
Hy>KHa HeOoJiplIasi TOMOJIHUTEIbHAs MpoBepka. Beap k1o Obl HU ObUT AKCIIEPUMEHTATOp, BCEraa
€CThb BO3MOXKHOCTb, 4YTO O pe3yJabTaTax OIbITOB OBUIO HEMpPaBMWJIBHO COOOIIEHO, YTO B
SKCIICPUMECHTE YTO-TO OBL10 YIOym€Ho, 4TO 34€Ch €CTh KaKasd-TO I'psA3b WK €€ 4YTO-TO, UM YTO
TOT, KTO NMPOBOAMI pacueTsl 3((eKToB, omudCa B X0/l aHalN3a, XOTA Obl 3TO U ObUI caM aBTOP

10 Mapus I'€énnepr-Maiiep (1906-1972) - amepuxanckuii ¢pusuk, noayunsiias B 1963 r. HobeneBckyro npemuio, ¢
1960 r.- mpodeccop ¢usnku B KanmdopHuiickom yHnBepcurere)

11 Xanc Jauuens Mencen (1907-1973) - nemeuknii ¢pusuk, naypear HoGenesckoii mpemun 3a 1963 r., ¢ 1949 mo
1968 rr.-gupexrop UHCcTHTyTa TeopeTryeckoit Gpu3uku npu [ elnens0eprckoM YyHHBEPCUTETE



TUnoTe3pl. Bce 3TM 3aMedaHMsl COBEpIIEHHO €CTECTBEHHBI, M II03TOMY, KOrJa s TOBOPIO:
"[TockoapKy pacdeTsl He COTIACYIOTCS C ONBITOM, IIPEIOKEHHBIN 3aKOH HEBEPEH', - 51 CUUTALO, YTO
MPaBUIBHOCTh SKCIIEPUMEHTA U pacyera ObUIa YCTAaHOBJIEHA U IMOCJE BCECTOPOHHETO aHajIu3a MbI
yOenunuch B TOM, 4TO HaOJIOAaeMble SIBJICHHS I€HCTBUTENIBHO JIOTHUECKU CIEAYIOT U3 MPHUHSITON
HaMH THUIOTE3bl U YTO OHA JEHCTBUTEJIBHO PACXOAMTCSA C IMPEJIEIbHO TLIATEIBHO BBIBEPEHHBIM
AKCIIEPUMEHTOM.

Y Bac MOXET CJIOXKHUTbCA HE COBCEM IPAaBUIBHOE IPEACTABICHHE O Hayke. Bam moxer
MOKa3aThCsl, OYATO MBI BCE BPEMsI CTPOUM JIOTAJIKH, a 3aT€M MPOBEPSEM HUX Ha HKCIEPUMEHTaX, TaK
YTO DKCIIEPUMEHTY OTBOAMTCS MOAUYMHEHHAas posib. Ho Ha caMoM fiene 3KCIepUMEHTaTOPb! BIIOJIHE
camocTosaTenbHbIe Joau. OHU JTHO0AT SKCIEPUMEHTHPOBATH JaXkKe 0 TOro, KaK KTO-HUOYIb YTO-
HUOYIb PUAYMAET, U OYEHb YaCTO pabOTalOT B TaKUX OOJIACTSIX, B KOTOPHIX TEOPETUKH 3aBEJJOMO
HE JIeNIajiy elle HUKaKkuX aorafok. Hampumep, Mbl MOXeM 3HAaTh MHOTO 3aKOHOB, HO MbI HE 3HAaeM,
CIpaBEIJIMBHI JIM OHU HAa CAMOM JIeJie TIPH OY€Hb BBICOKHMX SHEPrHsX, TaK Kak MpPEeInoiIoKeHue 00
UX CIIPaBEAJIMBOCTH - BCETO JIUIIb XOPOIIasi TUIOTE3a.

OKCHEpUMEHTATOPHl MBITAIOTCSI CTAaBUTh ONBITBI C BBICOKMMM JHEPIMSIMH, M BpEMS OT
BPEMEHH OHHU CTAJKUBAIOTCS C TPYJHOCTSAMHU - TO, YTO Mbl CUMTAJIN NPAaBUIBHBIM, OKa3bIBAETCS
HEBEpHBIM. TakuM 00pa3oM, IKCIEPUMEHTHI MOTYT IPUBECTH K HEOXKHJIAHHBIM pe3yJbTaTaM, a 3TO
3acTaBisieT HAac BBIIBUraTh HOBBIE JOrajJKM. B KauecTBe OJHOr0 mpHUMepa HEOXKUIAAHHOTO
HKCIEPUMEHTAIBHOIO pEe3ysIbTaTa MOKHO yKa3aTb Ha OTKpbITHE &#956;-ME€30Ha M HEWTPHUHO, O
CYIIECTBOBAHUU KOTOPBIX HUKTO HE MpeAroiarai 10 TeX Mop, HoKa OHU HE ObUIM OTKPBITHL, U JaXKe
Teneph HUKTO HE 3HAET, KaK MOKHO ObLIO OBl JOra/laThCs O CYIECTBOBAHUH ITHX YaCTHII.

KoneuHo, Bbl NMOHMMaeTe, YTO TaKOH METOJ MO3BOJISIET TOJBKO OINPOBEPrHYTH JHOOYIO
OIpeIeNIEHHYIO TeopHto. Eciy ToNbKO y Hac ecTh Kakas-HUOYIb TEOpHs, Kakas-HUOYIb HACTOAIIAs
TUIOTE3a, NPU IMOMOLIM KOTOPOH MBI MOXXEM OOBIYHBIMHU METOJaMH MpeicKa3aTh pe3ysbTaT
HKCIEPUMEHTA, TO 3TOr0, BOOOIIE TOBOPS, JOCTATOUYHO, YTOOBI MOKOHYUTH C ITON TeopHeH, Kak Obl
Xopolla OoHa HM Obula. Y Hac Bcerjga e€cTh BO3MOXKHOCTh ONPOBEPTHYTH TEOPHUIO, HO, 00paTute
BHHMAaHHUE, Mbl HHMKOIJa HE MOXXEM J0Ka3aTb, YTO OHa MNpaBwibHA. [Ipennosnoxum, 4To BEHI
BBIIBUHYJIM YIaYHYIO TUIIOTE3Y, PACCUUTAIIHU, K YEMY 3TO BEJET, M BBIICHWIH, YTO BCE €€ CIIEACTBUA
MOTBEPKIAI0TCS HKCIIEPUMEHTAIIBHO.

3HAYUT JIM 3TO, YTO Ballla TEOPUs NMpaBUiIbHA?

Her, npocTo-HarpocTo 3T0 3Ha4UT, UTO BaM HE YJAJIOCh €€ OIIPOBEPTHYTh.

B Oynymem Bbl cMorii OBl paccuuTaTh Oojiee IIMPOKHA KPYT CIEICTBHM, MPOBECTH Ooliee
IIMPOKHUE IKCIIEPUMEHTAJIBHBIE UCCIIE0BAaHUS U BBISICHUTD, UTO Ballla TEOPHUs HEBEpHA. BoT mouemy
y 3aKOHOB THIIA 3aKOHOB JIBMKEHUS MaHeT HploToHa Takas nonrast *u3Hb. Hpl0TOH yragan 3akoH
BCEMUPHOI'O TSATOTEHHUs, BBIBEN M3 HETO CaMble pa3iudHble ciaeacTBus A COTHEYHOM CHUCTEMBI,
CPaBHMJI UX C pe3yJibTaTaMH HaOJIOJEHHI - U MOTpedOoBaOCh HECKOJIBKO CTOJIETHM, MPEXIe YeM
ObUIO 3aMEUEHO HE3HAYMTEIbHOE OTKJIOHEHHUE JBIMKEHUS TUIaHeThl MepKypuil OT IpeacKa3aHHOTO.
Ha npoTtspkennn Bcex 3tux et Teopus HploToHa He Obljia ONMpOBEPTrHYTa, U BPEMEHHO €€ MOXHO
ObUTO cuuTaTh BepHOM. Ho ee mpaBHIBHOCTH HUKOTAA HENb3sl OBUIO J0Ka3aTh, MOTOMY YTO YK€
3aBTpa IKCHEPUMEHT, MOXKET OBbITh, TOKAXKET BaM HEMPaBUJIBHOCThH TOTO. YTO BaM Ka3aJOCh BEPHBIM
eme cerogHs. MOKHO TOJNBKO YAUBIISTHCS TOMY, YTO HaAM yJAeTCsl IPUIyMbIBaTh TEOPUHU, KOTOPBIE
BBIIEPKUBAIOT HATUCK SKCIIEPUMEHTA CTOJIb JJIUTEIBHOE BPEMSI.

OauH U3 BEpHBIX CHOCOOOB OCTAHOBUTH MPOTPECC HAYKH - 3TO Pa3pEIIUTh IKCIEPUMEHTBI
JUIIb B TeX 00JacTsX, IJIe 3aKOHBI yXe OTKpBITHl. Ho sKcriepuMeHTaTophl ycepHee BCETro BEAyT
IIOMCK TaM, TJI€ BEPOSITHEE BCErO HAMTH ONMPOBEP)KEHUE HAIIMX TEOpHil. JpyruMu cioBamu, MbI
cTapaeMcsi Kak MOKHO CKOpee OIpoBepraTb caMux cedsi, 100 3TO eIMHCTBEHHBIN MYyTh Mporpecca.
Hanpumep, ceroaus cpeu 0OBIYHBIX SIBJICHUN C HU3KOM HEPTrUei Mbl HE 3HAeM, I'/le HAWTH KaKylo-
HUOYAb HEYBSI3KY, HaM Ka)XeTCs, YTO 37eCh BCE B MOPSIKE, a MOITOMY M HET IIHUPOKOro (poHTa
UCCJIEIOBAHUN SIACPHBIX pPEaKUUil WM SIBJICHUM CBEPXIPOBOAMMOCTH, HAIPABICHHBIX Ha IMOMCK
ciabpix MecT. B HacTodmux JeKUusAX s COCPEIOTOYMSI BCE BHUMAHHE HAa OTKPBITHAIX
¢byHaaMeHTanbHbIX 3aKOHOB. [IpaBna, Gpusnka B 11e10M, a 3TO HE MEHEe BaXKHO, BKJIIOYAET B ceOd U
JIpYyrol ypOBEHb HCCIEAOBaHUM, HMHTEPIPETALNIO SBICHUM TUINA SACPHOW pEaKkUUM WIH



CBEPXIPOBOAUMOCTU C TOYKH 3peHMs 3TUX (yHIaMEHTAIbHBIX 3akoHOB. Ho ceifuac s roBopio o
MoMcKax ci1adbIX MECT, KAKUX-TO OIIMOOK B (hyH/IaMEHTAIbHBIX 3aKOHAX, M TaK KaK HUKTO HE 3HAET,
I7le HaliTH TaKO€ MECTO CPENU SBJICHUN HU3KOW DHEPIUH, BCE HKCIIEPUMEHTATOPBI CETOJHSAIIHETO
JTHS1, 3aHATHIE TOUCKOM HOBBIX 3aKOHOB, UIIYT UX B 00JIACTH BHICOKHX YHEPTHil.

S xorenm Obl eme OTMETUTh, YTO YeM MEHEe KOHKpETHa Teopus, TeM TpyJHee ee
onpoBeprHyTh. Ecnm Bama goraaka chopMmynupoBaHa IUIOXO MM JOCTaTOYHO HEONpPEAENEHHO U
€CJIN METOJ, KOTOPBIM BbI IOJIB3YETECh NIl OLICHKHU IOCJIEJCTBHI, HE OUYE€Hb KOHKPETEH - BBl HE
YyBCTBYETE YBEPEHHOCTH M roBopuTe: "MHE KaxKeTcs, 4TO 3/1€Ch BCE MPABHIIBHO, TAK KaK BCE 3TO
OOBSICHSICTCSI TEM-TO U TEM-TO, a U3 ITOTr0 OoJiee U MEHee CIelyeT BOT 3TO, U TIOX0XKE, UTO S MOTY
OOBSICHUTH, KaK TOJIy4aeTcs, 4To...", TO Balla TEOpPHs BCEM XOpoIla - BEIb €€ HEeIb3s
onpoBepruyTb. Kpome Toro, ecim Bami METOJ pacdyeToB MOCIEICTBUN HEJOCTATOYHO YETOK, IpHU
HEKOTOPOW JIOBKOCTH BCErJa MOXHO CJAelaTh TaK, 4YTOObl pPe3ylbTaThl 3KCIEPUMEHTOB OBLIN
MIOXO0KH Ha MPEIoIaraéMble IMoCIeICTBUS.

Bo3moxHO, BBl 3HaeTe 00 3TOM MO COOCTBEHHOMY OIBITY B JApyrux oobnactsax. Hekto
HEHAaBUIUT CBOIO MaTh. [IpMunHa, KOHEUYHO, B TOM, YTO OHA HE 3a00THJIaCh O HEM U HE JII00HIIa ero
JIOCTaTOYHO, KOT/1a OH OblT ManieHbkUM. Ho eciii BbI HauHEeTe pacKanblBaTh MPOILIOE, TO OKaXKETCH,
YTO Ha CaMOM JIeJIe MaTh ero O4YeHb JIIoOWIa U Bce y HUX Obl1o Xopomo. Hy, Torna sicHo, oHa ero
ciumkoM OanoBana! Kak Buaute, pacruibiByatas TEOpHsl MO3BOJISET MOJydaTh JHOOOW pe3ynbTar.
[TorpaBuTh €e MOkHO ObLITO OBI creayromuM o0pa3oM. Eciu Ob1 BBl CMOTJIM B TOYHOCTH U 3apaHee
OTpEeeNnTh, CKOJIbKO JTIOOBM HEAOCTATOYHO, a CKOJIBKO 4Yepecuyp MHOTO, TO Mbl MOIJIA Obl
IIOCTPOUTH COBEPILEHHO 3aKOHHYIO TEOPHIO, MIPUTOJHYIO JUIsl SKCIEPUMEHTaIbHOM IpoBepku. Ho
CTOUT 00 3TOM 3aMKHYThCS, KaK BaM CKaxyT: "Takue TOUHBIE OIpenereHHus] HEBO3MOKHBI, KOraa
peub uzet o ncuxonorun". Ho pa3 tak, To HeNb3s yTBEPkKAaTh, YTO Bbl YTO-HUOY/b 3HAETE.

Bb1 MoXeTe yXKacHyThCS, HO y Hac B (PU3UKE €CTh MPHUMEPHI TOUHO TAKOTO K€ THMa. Y Hac
€CTh ATU cllabble CUMMETPHH, C KOTOPBIMHU MPUXOIUTCS UMETh JEJI0 CIEAYIOIHUM o0pazoM. Y Bac
€CTh Kakas-To ciabas CUMMETpHUs, U Bbl BBIYHCISETE MOCJIEACTBUS B IMPEANOIONKEHUH, YTO OHA
COBEpLIEHHO TouHasi. CpaBHHMBAEM peE3yJIbTAaThl PACUETOB C IKCHEPUMEHTOM M BHUIUM, YTO OHH
pacxoasrcsa. Hy, sicHo, Beib CUMMETpHs, 0 KOTOPOW MJET peub, TOJBKO NMPUOIMKEHHAs, TaK 4TO
€CITH OIBIT COTJIacyeTcs C pacueTaMM yJIOBJIETBOPUTEILHBIM 00pa3oM, Bel roBopuTe: "IIpekpacho!",
a €CITM OHU TIOXO COTJIACYIOTCSI MEXKIy COOOM, BBl TOBOPHTE: "3/1€Ch MBI CTAIKUBAEMCSI C CIIy9aeM
0c000i UYyBCTBUTEIBHOCTH K HApyUIEHHIO CHUMMETpuu". DTO, KOHEYHO, CMEIIHO, HO HaMm
MIPUXOJIUTCS JBUTAThCA BIepea UMEHHO TakuM oOpa3zom. Korma obnacTe uccienoBaHusi HOBa, a €
HOBBIMH 3JIEMEHTapHBIMHU YaCTHULAMH Mbl MMO3HAKOMWJINCH COBCEM HEIaBHO, TaKOW caMOOOMaH,
Takoe '"mpollynblBaHUE" HAyraJ M COCTaBISET IMEPBbIE IIard HayKu. OTHOCUTENBHO INPUHIUIIOB
CUMMETpPUHU (PU3MKH CHIpaBEeIIMBO BCE TO, YTO MOXKHO CKa3aTh U O MCHXOJOTHH, TaK YTO HE HYKHO
CIIMLIIKOM CMeATbCA. BHavane HYXHO TOJIBKO OBITh OYE€Hb OCTOPOXHBIM. [Ipu momomwm
pacIIbIBYaThIX TEOPUI TAKOTO pojia JIerko 3abpaTbes B TyXod TymHuk. ONMpoBeprHyTh MOA0OHYIO
TEOPHIO HEJIETKO, U JIJISl TOTO YTOOBI B TAKOM UTPE HE OKa3aThCsl BHIOPOIIEHHBIM 3a 00pT, TpeOyeTcst
HeMaJlasi CMEKaJIKa U OIIBIT.

Ha sToM myTH yraablBaHus, BHIYMCIEHUS CJIEJICTBUN U CPaBHEHHS C SKCIIEPUMEHTAIbHBIMU
pe3yspTaTaMi MOYKHO 3aCTPSTh B CaMBbIX pa3HbIX MecTaX. MO)KHO 3aCTpATh Ha CTaJiUM yraJblBaHHUs,
KOrJla y Hac HeT IUIOAOTBOPHON ujeu. Mnum MOXHO 3acTpsiTh NMPH BBIYMCIECHUU IOCIIEICTBUH.
Hanpumep, IOkaBa'? B 1935 1. npeaioKuil TEOPUIO SIAEPHBIX CHJI, HO HUKTO HE MOXET PacCUMTaTh
€e CIEICTBUI H3-3a UYHUCTO MAaTeMaTH4YEeCKUX TPYIHOCTEW, a CJelI0BaTEeJbHO, HEBO3MOXKHO U
IIPOBEPUTH 3Ty TEOPHUIO HA HKCIEPUMEHTE. DTa TEOPUS OCTaBalIaCh B HETPOHYTOM BHJIE B TEUECHUE
JUIUTEILHOTO BPEMEHM, TOKa Mbl HE OTKPBUIM BCE 3THU JIONOJHUTENbHBIE YaCTUIbI, KOTOPBIX
coBepleHHO He npeasuaen FOkaBa, a ciegoBaTeNnbHO, HE BCe OOCTOUT TaK MPOCTO, KAK CYMTAET €T0
teopusi. Enie ogHa cTanus, Ha KOTOPOW MOKHO 3aCTpsTh, - 3TO CTaaus 3KcnepuMenTa. Hampumep,
KBAHTOBas TEOPHs TIpaBUTAIlMM NPOJBUIAETCS BHEpPE] OYEHb MEUIEHHO, €CIU TOJIBKO BOOOIIE
MPOJBUTAETCS, M3-3a TOTO, YTO B JIIOOOM pEallbHO OCYIIECTBUMOM 3KCIEPUMEHTE KBAHTOBBIE
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3¢ eKTH U TpaBUTAIUS HUKOTIa HE BBICTYNAIOT OJHOBPEMEHHO. [ paBUTAIIMOHHBIE CHIIBI CIIUILIKOM
CcJ1a0bl MO CPABHEHUIO C BJIEKTPUYECKUMHU.

Ho s (u3uk-TeopeTHK M MOydaro OOJbIIe YIOBOJBCTBUS OT TEOPETHUYECKOW CTOPOHBI
nporecca. A Mo3ToMy MHE X0o4eTcs: 6ojiee moApoOHO MOTOBOPUTH O TOM, KakK JAENaloTCs JOTaIKH.

Kak s ye roBopui paHbllle, COBCEM HE Ba)KHO, OTKyJa POAWJIACH Ta WIM MHas JOrajka,
BaXHO TOJIbKO, 4YTOOBI OHa coIJlacoBajach C OKCIEPUMEHTOM M Oblla 1O BO3MOXHOCTH
onpeneneHHoi. "Hy, - ckaxkere BbI, - 1a BEAb 3TO COBCEM NpocTO. HyXHO MOCTpOUTH MalluHY,
0O0JIBIIIYIO BEIUMCIUTEIBHYIO MAIlIMHY, CO CBOETO POJIa PYJIETKOM, KOTOpasi CTaHET IpeiaraTh OJHY
3a IpyroM pasHble TEOPUHM, M KaKIbli pa3, KaKk OHa JAENAeT JOTaJgKy M NpeajiaracT TUIoTe3y O
CBOMCTBAaX MNPHUPOABI, OHA HEMEIJEHHO BBIYUCISIET BCSKOIO poJia CIEACTBUS U IPOU3BOIUT
CpPaBHEHHMsS C HEKOTOPHIM Ha0OPOM SKCIEPUMEHTAJBHBIX pEe3yJbTaToB, B HeEE 3aJl0KEHHBIX'.
Hpyrumu cnoBamu, TOTaJKu - 3To paboTa ans aypaka. Ha camom ke fiene Bce coBceM Hao00poT, 1
s IOCTapaloCh OOBSACHUTH BaM, IIOYEMY ITO TaK.

[Ipexxae Bcero BO3HMKAET BOMPOC: ¢ 4ero HayaTh? Bel ckakere: "SI ObI Hayanm co Bcex yxke
M3BECTHBIX NMpUHIMNOB". HO Bce M3BECTHBIE HAM IPHUHLMIIBI HECOBMECTUMBI APYT C APYroM, Tak
YTO OT YEro-To HaM HYXXHO OTKa3aTbCs. Mbl HENMPEPHIBHO MOIY4YaeM JECATKHU MHCEM, B KOTOPBIX
HACTauBAIOT, YTOOBI MBI MO)KEPTBOBAIM YEM-TO B HALIMX JIOTAJKaX, B HAIIIMX TEOPHUSX.

B ogHOM nuceMe Ham numryT: "BbI Bce BpeMs TOBOPUTE, YTO IMTPOCTPAHCTBO HenpepblBHO. Ho
OTKyJa BBl 3HAcTe, KaK TOJBKO pPEYb 3aXOJUT O JOCTaTOYHO MaJbIX OTpe3KaX, 4TO B HHUX
COJIEP’KUTCS JOCTATOYHO MHOTO TOYEK M YTO 3TO HE MPOCTO OOJBIIOE YHCIO TUCKPETHBIX TOYEK,
pa3fesIEHHBIX MAJIEHBKUMH POMEKYTKaMu?"

WNnu: "3naere 1M, ’TM KBAaHTOBOMEXAHUUYECKHE aMILIUTY/Ibl BEPOATHOCTH - 3TO TaK CJIOKHO U
HEMOHATHO. M 4To 3acTaBisieT Bac {yMaTh, YTO TaK OHO U €cTh? MoeT ObITh, BBl HETIpaBbI?"

Takue BO3pa’keHUS OYEBMJHBI M COBEPILIEHHO SICHBI BCAKOMY, KTO pa®oTaeT HajJ ITHUMHU
npobiemMaMu. YKa3bIBas Ha HHUX, BBl HUKOMY HE NPHHECETE MOJb3bl. 3aJaya COCTOUT HE B TOM,
9YTOOBl yKa3aTh Ha BO3MOXKHYIO OIIMOKY, a B TOM, YTOObl B TOYHOCTU YKa3aTb, KaK €€ MOXHO
UCTIpaBUTh, Ye€M 3aMEHHUTh OTOpoulieHHoe. Hampumep, B ciiyyae HENPEephIBHOTO MPOCTPAHCTBA
MIPEIIOJIOKHUM, YTO TOYHOE YTBEP)KIEHHE TAaKOBO: MIPOCTPAHCTBO COCTOUT U3 MOCIEI0BATEIBHOCTH
TOYEK, U MPOMEXKYTKH MEXKIYy HUMHU HE UMEIOT HUKAKOI'O CMBICJIA, a BCE TOYKU OPraHU30BaHbl B
KyOnueckyro pemerky. Torma HETpyIHO IOKa3aTh, YTO A3TO YTBepXkJeHue JoxkHo. OHO He
POXOJAUT. 3a/laya He B TOM, YTOOBI MIPOCTO CKas3aTh, YTO 3TO HEBEPHO, & B TOM, YTOOBI 3aMEHHUTH
CTapoe yTBEPKJIECHHUE YEM-TO HOBBIM, a 3TO HE TaK-TO MpocTo. Kak TOIbKO BBI MOJCTAaBUTE BMECTO
OTBEPrHYTOI'0 YTO-TO JAEUCTBUTENBHO ONPEIECIIEHHOE, MOYTH Cpa3y CTAHOBUTCS SCHBIM, YTO 3TO
MPeI0KEHNE HE TOIUTCS.

Bropast TpyqHOCTH B TOM, YTO YHMCIIO BO3MOXKHBIX MpEUIOKEeHHH OeckoHedHo. Bce 310
BBITJISLAUT IPUMEpHO Tak. Bbl cuauTe u TpyauTech B MOTE JIMLA, BBl paboTaeTe y»Ke JaBHO - U BCe
JUIS TOTO, YTOOBI OTKPHITH celi. Ho TyT mosiBisieTcss yMHHMK, KOTOPbIM MOHATHS HE UMEET, UYTO BBI
TYT JieJIaeTe, a 3HaeT TOJIBKO, YTO HAJI0 OTKPHITH ceiid), u ToBOpHT: "A moueMy Obl HE TONPOOOBATH
komOuHarmo 10 : 20 : 30?" Ho Tel He cuzuen cioXka pyKd, Thl Belb HCIPOOOBAT THICIUY
KOMOWHAIIUMA, MOXKET OBITh, THI YK€ mompoOoBan u komOuHaiuoo 10 : 20 : 30. MoxeT, THl yxe
3Haelllb, YTO cpeAaHue uudpsl - 310 32, a He 20. Min yxke ycTaHOBWI, YTO B KOMOMHAIIUU BCETO
ATh Udp...

Tax 4t0, OyabTe 1OOPHI, HE MOChUIAiTE MHE MHCEM, B KOTOPBHIX BBI MBITAETECh OOBICHUTDH
MHE, KaK BC€ JOJDKHO ObITh. SI MX 4MTaio - S UX BCEr/a YuTalo, JUIsl TOrO YTOObl yOeAUThCS B TOM,
4TO A YK€ AyMaJ O TOM, YTO B HUX IIPEJIAracTcs, - HO OTBE€YATh HA HUX CJIMILKOM JIOJITO, TaK Kak,
0 TIpaBJie TOBOPSI, OHM BCE Ha ypoBHE "maBaiiTe monpodyem komoOuHarmio 10 : 20 : 30". O6bruHO y
IPUPOIBI TOPa3o OoJblIe BOOOPaXEeHHUs, YeM Y Hac, KaK Mbl BUJEIHM Ha NMPUMEpE IPYTruX, OYeHb
TOHKUX W TJIyOOKHX TEOpHil. A BBIIBUHYTh TaKyl0 TOHKYIO M TJIyOOKYIO THIIOTE€3y COBCEM HeE
npocto. i Toro yToObl JOrajfaThes, HY)KHO OBITh MO-HACTOAIIEMY YMHBIM, H 3TO HEBO3MOXKHO
C/IeNaTh BCIICMYIO Ha MAalllMHE.

Tenepp s X04y pacckazaTh BaM 00 HCKYCCTBE YraJbIBaHUS 3aKOHOB MPUPOABI. ITO
JIEWCTBUTENLHO MCKyccTBO. Kak xe 310 nmenaercs? Jljis TOro 4ToObl MOMBITATHCS MOTYYUTh OTBET



Ha 3TOT BONPOC, MOKHO, HarpuMmep, oOpaTuThCcs K HCTOPUHM HAYKH M MTOCMOTPETh, KaK 3TO JIEIajH
JIpyrue. Bot moatomy MblI M 3aiiMEMCSI UCTOPHUEN.

Hawm nyxHO HauaTh ¢ HproToHa. OH Haxoauics B TaKOM IOJIOKEHUH, YTO €ro 3HaHUs ObLTH
HEIOJIHBIMHA, U OH MOT yraJbIBaTh 3aKOHBI, CONOCTAaBIISAs IOHATHS W IPEACTABICHHS, KOTOPBIE
Jexanu OJIM3KO K IKCIEepUMEHTY. Mexay HaOMIoJeHUSIMU M AKCIEPUMEHTAIbHOW MPOBEPKOM He
ObUIO AMCTAHIMU OTPOMHOrO pasMepa. TakoB MepBbIid crIOCOO, HO CErOAHS MPHU €ro MOMOIIM BaM
B JI yJacTcsl JOOUTHCS ycrexa.

CrnenyromuM BelMMKUM (U3UKOM OblT MaKCBEJUL,OTKPBIBIINI 3aKOHBI 3JIEKTPUUECTBA U
marHeTusma. BoT uto on caenan. OH 00beIMHIIT BCE 3aKOHBI DJIEKTPUUECTBA, OTKpbIThIE Dapaneem
U APYTUMU yYEHBIMHU, paOOTABIIMMU JI0 HETO, pa300pajcs B TOM, YTO Y HErO MOJyYMIOCh, U TIOHS,
YTO ¢ MATEMaTUYECKOM TOYKM 3PEHHUS OJMH U3 OTHUX 3aKOHOB IIPOTUBOPEYUT ApyruM. Ui Toro
9TOOBI BCE 3TO BBHINPABUTh, EMY HYKHO OBLIO 100aBUTHh B ypaBHEHUS €l OJIHO cliaraemoe. Tak oH
U chenan, NpUAyMaB Juid ce0s MoOJedb W3 PACHOJOKEHHBIX B IMPOCTPAHCTBE IECTEPEHOK U
3yOuaThix Kosiec. OH Hales, KakuM JOJDKeH ObITh HOBBIM 3aKOH, HO HUKTO HE oOpalan Ha 3TOT
3aKOH HUKAaKOIO BHHMAaHUS, TaK KaK HUKTO HE BEPWI B €ro MexaHu3Mmbl. CeromgHs Mbl TOXE HE
BEpUM B 3TU MEXAaHHU3MBI, HO MOJy4€HHbIE MAaKCBEIIOM ypaBHEHMS OKA3aJIMCh NTPaBUIbHBIMU. Tak
YTO pacCyKJICHHUs MOTYT ObITh HENPABUIBHBIMHU, @ OTBET - BEPHBIM.

B cnyuyae ¢ Teopueil OTHOCUTEIBHOCTH XapaKTep OTKPBITHS ObUT coBeplleHHO Apyrum. K
9TOMY BpPEMEHHM HAKONWIOCh MHOIO IIapaJOKCOB: M3BECTHBIE 3aKOHBl JaBajld B3aUMHO
WCKJTIOYAKONINE pe3yibTaThl. GOPMUPOBAJIICA HOBBIM THUI aHajdu3a - C TOYKU 3PECHHUS BO3MOKHOM
CUMMeTpuH (pu3nyeckux 3akoHOB. CuTyalus Obu1a 0COOCHHO CII0KHOM, MO0 BIEpBbIE CTANO SCHO,
YTO 3aKOHBI (M MpUMEp TOMY 3aKOHbI HbIOTOHA) OYeHBb JOJT0 MOTYT CUMUTAThCS MPABHWIBHBIMHU U
BCE JK€ B KOHIIE KOHIIOB OKa3aThCsl HEBEpHbIMU. Kpome Toro, ObIJIO TPyIHO MOBEPUTH, YTO MOTYT
ObITh HEBEPHBIMHU Takue OObIUHBIE, Ka3aJ0Ch Obl, OT POXKJIEHUS HaM MpPUCYIIHE MPEACTABICHUS O
IIPOCTPAHCTBE U BPEMEHH.

K OTKpBITHIO KBAaHTOBOW MEXaHUKH Mbl IPHILIM JIBYMs COBEPIICHHO Pa3HBIMHU MYTAMH - U
MYCTh 3TO MOCITYXXUT HaM YpPOKOM. 3/1eCh BHOBb, M Jaxe B OOJbIIEH CTENeHH, HaKOMHIOCh
OTPOMHOE€ YHCJIO MapaJ0KCOB, OTKPBITBIX IKCIIEPUMEHTAIBHBIM IIyTEM, U UX HHKAaK HE YIaBaJOCh
paspeluTh Ha OCHOBAHUM yX€ M3BECTHBIX 3aKOHOB. [leno ObUIO HE B TOM, YTO HaM HE XBaTallo
3HaHUH, a B TOM, YTO HUX ObUIO CIUIIKOM MHOTO. BBl mpenckasbiBaere, 4TO JTOJKHO MPOUCXOIUTh
OHO, a Ha CaMOM Jejie NPOMCXOJUT COBCeM Jpyroe. JBa pasHbIX NYTH ObLIM BBIOPAHBI
[Ipeauurepom', KOTOPBIA yrajaa OCHOBHOE HampaBieHue, u [ eii3eH0eprom, yTBEPKIABIIAM, YTO
HYXXHO HCCIIEIOBaTh TOJBKO TO, YTO MOXET OBITh M3MEpPEHO. DTH J[Ba COBEPLICHHO Pa3IHYHBIX
¢bunocopckux 1Moaxo/1a MpUBeENN B KOHIE KOHIIOB K OTHOMY OTKPBITHIO.

B camoe nocieaHee BpeMs B CBSI3U C OTKPBITHEM YXK€ YHOMSHYTBIX MHOIO 3aKOHOB CJIa0BIX
B3aMMOJIEHCTBUM (pacmaj HEMTpOHAa Ha MPOTOH, BJIEKTPOH W AHTMHEUTPUHO, O KOTOPBIX JaJIeKO
€Ille HE BCE M3BECTHO) BO3HUKJIA COBCEM JApyras curyauusd. Ha 3ToT pa3 HaM mpocTo HE XBaTajo
3HAHUM M JOTAJKWA CTPOWINCH JIMIIL O BUAE ypaBHeHWH. Ho Temepp 0OCOOCHHYIO TPYIHOCTH
IIPEJICTaBISUIO TO, YTO BCE IKCIEPHUMEHTHI OKa3aJMCh HEMPAaBUIBHBIMU. A KaK MOYKHO yrajarb
IIPaBUJIBHBIN OTBET, €CIIM KaXK/IbI TEOPETUYECKUN PE3yNbTaT PACXOAUTCA ¢ dKcrepuMeHTom? Jliis
TOTO YTOOBI YTBEPKJIaTh, YTO IKCIIEPUMEHT HEBEPEH, TPEOYeTCss HEMAJIOe MYKECTBO.

Ceiiuac y Hac HET MapaJOKCOB, [0 KpaliHelW Mepe Ha nepBblid B3rAA. 1IpaBaa, y Hac ectb 3TH
0ECKOHEYHOCTH, KOTOpBIE BBUIE3AIOT HAPY)KY IpPH MONBITKE OOBEIWHHUTH BCE 3aKOHBI B €IMHOE
1enoe, HO JIIOJU TaK HaOWIM PyKy Ha TOM, Kak MpsTaTb BECb MYyCOp IOJ KOBEp, 4YTO MOpOH
HauMHAeT KazaThCsl, OYATO 3TO HE TaK Y cepbe3Ho. Kak u mpexzie, To, YTO Mbl OTKPBUIM BCE ATU
YacTHULIbI, HU O YeM HE TOBOPUT KPOME TOT0, YTO HAIIM 3HAHUS HETOJIHBI. S yBepeH, 4To B (U3UKE
UCTOpHUSI HE TMOBTOPHUTCS, KaK 3TO BUIHO M3 YK€ NMPUBEICHHBIX IMPUMEPOB, U BOT mouemy. Jlrobas
CXeMa TuIa "HIIHUTE 3aKOHBl CAMMETPHH'', WM "3alUIINTE BCE, YTO BBl 3HAETE, B MATEMaTUYECKOU
dopme", nnu "yragaiite ypaBHeHHs" ceiluac yke BCEM H3BECTHA, U TAKUMH CXEMaMH BCE BpeMs

13 Dpeun lllpenunrep (1887-1961) - aBcrpuiickuii (HU3MK-TCOPETHK, COBMECTHO ¢ [loneM JlupakoM MOSydYHBIIHIA
HoGenesckyro npemuto mo ¢usuke 3a 1933 1.



IBITAIOTCS TOJIB30BaThCs. ECiM BBl 3aCTpsiiiv, OTBET HE MOXKET OBITh MOJIyYeH MO OAHOM M3 ITHX
CXEM MOTOMY, YTO MPEXKJE BCErO BbI MOMPOOOBAIN UCIOIB30BaTh UMEHHO MX. Kakplil pa3 HyKHO
UCKaTh HOBBIN MmyTh. Kakawlil pa3, korma obpa3yercsl JUIMTENbHBIA 3aTOp, KOTJa HaKaIrIMBaeTCs
CIIMIIKOM MHOTO HEpPELIEHHBIX 3aJ]la4, 3TO MPOUCXOJUT MOTOMY, UYTO MBI MOJB3YyEMCSI TEMH XKe
METOJIaMH, KOTOPbIMHU TOJIb30BAINCh paHblle. HOBYIO k€ cXxeMy, HOBO€ OTKPBITHE HYKHO HCKaTh
COBCEM Ha JApPYyrom myTH. Tak 4yTo OT UCTOPUU HAYKU HE CIEIYeT KAaTh 0COOON MOMOLIH.

Xouy OCTAaHOBUTHCSI TENeph KOPOTKO Ha upaee leitzeHOepra, corimacHo KOTOPOH HE HYXKHO
TOBOPUTH O TOM, YTO BCE PaBHO HEJNb3 U3MEPUTH. [lesio B ToM, 4TO 00 3TOM TOJKYIOT MHOTHE, TIO-
HACTOAILEMY HE IIOHMMas CMBbICIAa 3TOr0 YTBEpXKAEHUA. Ero MOXHO HWHTEPIPETHPOBATH
CIIEYIOIKUM 00pa3oM: Ballll TEOPETHYECKHE MOCTPOEHHUS WM OTKPBITHUS JOKHBI OBITH TaKUMH,
4yTOOBI BBIBOABI U3 HUX MOKHO OBLJIO CPaBHHMBATH C pe3yJbTaTaMU SKCIEPUMEHTA, T.€. YTOOBI W3
HUX HE MOJIYYWJIOCh, YTO "OJIMH TYK PaBHIETCS TPEM HYKaM ", IpUYEM HHUKTO HE 3HAET, YTO TaKOe
3TH CaMbl€ TYK U HYK.

ScHo, uTo Tak geno He noiner. Ho ecnu teopeTnueckue pe3ysbTaTbl MOXKHO CPAaBHHUTH C
HKCIEPUMEHTOM, TO ATO BCE, UTO HAM TPeOOBaIOCh.

OTO BOBCE HE 3HAYMT, YTO BAllld TYKH U HYKH HE MOTYT MOSABIATHCA B MEpBOHAYAIbHOU
runorese. Bel MokeTe BIMXHYThH B Ballly TMIIOTE3Y CKOJIBKO YTOJHO XJIaMa IIPH YCJIOBHH, UYTO €€
CIIEJICTBUSI MOKHO OYAET CpaBHUThH C pe3yjibTaTaMH SKCIIEPUMEHTOB. A 3TO HE BCEM JI0 KOHIIa
MOHATHO. YacTo MPUXOAWUTCS CHBIIIATH *KaloObl HA TO, YTO MbI COBEPIIEHHO HEOOOCHOBAHHO
pacnpoctpaHsieM Ha chepy aTOMHOM (PU3MKM HAIllM MPEACTABIEHUS O YAaCTUIAX, TPAEKTOPUIX U
T.. Ho Beap 3TO0 coBceM He Tak, B MOJOOHON SKCHAHCUU HET HUYEro HEeOOOCHOBAHHOTO. Ml
MPOCTO 00s13aHbI, Mbl BBIHYXJEHBI PAaCIpPOCTPAHATH BCE TO, YTO MBI YK€ 3HAE€M, Ha KaK MOXKHO
Oostee MUpPOKUE 00JIACTH, BBIXOJUTD 32 PEAEIIbl yKe IOCTUTHYTOTO.

Omnacuo? Jla. Henanexno? Jla. Ho Beb 3TO €IMHCTBEHHBIN IIyTh MpOrpecca.

XOTsl 3TOT IyTh HESACEH, TOJbKO Ha HEM HayKa OKa3bIBAe€TCs IJIOJOTBOpPHOW. Benp Hayka
MIPUHOCHUT TOJIb3Y TOJBKO TOT/A, KOT/Ia TOBOPUT BaM O €Ille HEMOCTaBJIEHHBIX dKcrepuMenTax. OHa
HUKOMY HE HY’KHA, €CIIU M03BOJISIET CyJUTh JIUIIb O TOM, YTO U3BECTHO U3 OMNbITA, YTO TOJIBKO YTO
npousonuio. Iloaromy Becerga HEOOXOIUMO PacpOCTPAHATh MU 33 PAMKHU TOTO, HA YEM OHH yXKe
orpo6oBaHbl. Hanpumep, 3aK0OH BCEMUPHOTO TATOTEHMS, KOTOPbII ObLT MpUAYyMaH JUIsl 0ObsSCHEHUS
JIBIDKCHUS TUTaHeT, Obl1 OBl Oecrione3eH, ecnu Ol HptoTOH mpocTto ckazan: "Temeps st 3HarO0, Kak
BeAyT ceOs MmiuaHeThl", - U He cuuTan Obl ceOs BIpaBe MPUMEHSATh €ro K CHilaM NpUTshKeHus JIyHbl
3emiieil, a ero mocienoBaTenu - Ipenanonaratb: "A MOXET ObITh, W TaJaKTUKH YACP>KUBAIOTCS
cujiaMH TATOTeHus". MBI JOJKHBI TPOOOBATH TAKHE UIEH.

Koneuno, moxHo ckazarh: "Korga mepexoamiib K macimTadaM TaJTakTHK, MOXHO OXHIATh
Yero yrojHo, MOCKOJbKY Mbl HUYEro o0 3ToM He 3HaeM'". BepHO, HO Takoe OrpaHHYEHHUE - 3TO
KkoHel] Hayke. Celyac y Hac HET OKOHYATEJIbHO BBIPAOOTABIIETOCS MPEACTABIEHUS O 3aKOHAX
MOBEJCHUS TalakTUK. EcCiu e NMpeanonoXuTh, YTO UX TOBEICHUE LEIUKOM OOBICHAETCS YXkKe
M3BECTHBIMM 3aKOHAMH, TaKO€ MPENIOoJIoKeHHEe Oy/1eT KOHKPETHBIM U ONpeAeNIEHHbIM, U €T0 JETKO
AKCIEPUMEHTAJIbHO ONPOBEPTHYTh. [ 'MIOTE3bI MMEHHO TAKOTO POJA, BIIOJIHE ONPEIEIECHHBIE U
JIETKO CpaBHMMBIE C AKCIEPUMEHTOM, Mbl W uileM. Ha camom Jene, Bce M3BECTHOE HaM O
MIOBE/ICHNN TaJaKTUK Ha CErOJHSAIIHUN JEHb HE ONPOBEPraeT, MO-BUAMMOMY, MPEIIOIOKEHUS,
C/IETTaHHOT'O HaMU BBIILIE.

MoXHO mpHBECTH e€lle OAWH IpuMep, elle Oonee HHTepecHbI W BaxkHblil. Camoit
IUIOJJOTBOPHOM MBICIIBIO, CHJIBHEE BCEro CTHUMYJIHPYIOIIEH Mporpecc B OHOJIOTHH, SBISETCS, MO-
BUJUMOMY, IIPEIIIOJI0KEHNE O TOM, UTO BCE, YTO AEJAOT )KUBOTHBIE, JAENAIOT aTOMBI, YTO B )KMBOU
IIPUPOJIE BCE PE3YNIbTAT KaKUX-TO (PU3NYECKUX M XMMHYECKUX MPOIECCOB, a CBEPX ITOr0 HUYETO
HeT. KoHeuHo, Bcerzia MokHO cka3aTh: "Korzia nepexoaumib K ;KMBOM IpUpoJE, Bce Bo3MoxkHO". Ho
€CJIM Bbl BCTAHETE Ha TaKyl0 TOYKY 3pPEHHs, Bbl HUKOTJA HE MONMETE 3aKOHOB >KUBOM MPHUPOJBI.
IToHATHO, OYEHb TPYAHO MOBEPHUTH, YTO M3BUBAIOLIMECS IIyNajblla OCBMUHOTA - 3TO JHILIb UIpa
aTOMOB, MOJUYMHSIONIMXCS U3BECTHBIM 3aKkoHaM ¢u3uku. Ho ecnu uccrnenoBaTth Takoe ABHKEHUE,
MOJIB3YACh MMOI00OHON THIOTE30M, TO OKa3bIBAETCS, YTO MBI MOKEM JIOBOJILHO TOUHO YTaJbIBaTh €T0
xapaktep. A TeM caMbIM MbI JoOMBaeMcs OOJIBIIOro mporpecca.



B norankax HeT HUYEro HEHAy4YHOI'0, XOTSI MHOTHE HE 3aHUMAIOIIUECS] HAYKOM U TyMaloT, YyTO
3TO Tak. HeckoibKko JIeT Ha3al MHE MPHUILIOCH Pa3roBapuBaTh C OJHUM JUJICTAHTOM O JICTAIOIINX
TapesKax: MOCKOJbKY 51 YYEHBIH, sl JOJDKEH 3HaTh O JIETAIOLIUX TapeiKax BCIO MOJAHOroTHYyIo! S
OOBSCHWII €My, YTO HE JyMalo, 4TOOBI JICTAIONIUE TapENIKH JCHCTBUTEIHHO CYIIECTBOBAIU. JTO
BO3MYTHJIO MOETO COOECEeTHUKA.

"Pa3Be cyniecTBOBaHUWE JIETAIOIIUX TAPEJIOK HEBO3MOXKHO? Pa3Be BbI MOXKETE J0Ka3aTh, 4YTO
3TO HEBO3MOKHO?" - rOpAYMIICS OH.

"Her, - oTBeuaro 1, - J0Ka3aTh 3TOTO g HE MOTY. [IpoCTO 3TO 0YEHb MAJIOBEPOATHO".

"Ho paccyxaaTh Tak COBEPIIEHHO HEHAYYHO, - MPOAOJKaJI HACTYNIATh MOU OIMIIOHEHT, - €CIU
BBl HE MOXXETE JJ0Ka3aTh, YTO 3TO HEBO3MOXKHO, KaK € MOHO MO3BOJUThH ce0€ TOBOPHUTH, YTO ITO
MaJoBEpOATHO?"

Ho 510 u ecTh camblif HayuHBIN crioco0® paccyxaeHuid. Hayka roBoput kak pa3 o TOM, YTO
0osiee ¥ 4TO MEHee BEPOSTHO, a HE IOKA3bIBACT KaXIbIH pa3, 4TO BO3MOXKHO, a UTO HeT. Eciu Obl s
XOTeJl BBICKa3aThCsl OOJee OINpEAeNIeHHO, TO MHE HYXHO ObuTto OBl ckaszath Tak: "Buaurte nm, Ha
OCHOBAaHUHM CBOMX TMPEACTABICHUI 00 OKpYXarolleM Hac MHUpPE sI CUHUTAI0, YTO COOOIICHHS O
JIETAIONIUX TapesikaxX SBJSIOTCS CKOpee Pe3yJbTaTOM HM3BECTHON WPPAIMOHATBLHOCTH MBIIUICHUS
JKUTEJEH Halled IJIaHeThl, YEM HEU3BECTHBIX PALMOHAIBHBIX YCWIMM MBICISIIMX CYIIECTB C
npyrux 1utadet". [IpocTo mepBoe W3 IpenrnonoKeHuid ropa3ao 0osee mpaBaonogo0HO, U BCE TYT.
DTO MPOCTO XOpolnas rumore3a. A MBI BCerJa cTapaeMcs NpHUIyMaTh camMoe MpPaBIONOJ00HOE
00BsICHEHHE, HE 3a0BIBasi IPH 3TOM O TOM, YTO €CJIM OHO BIPYT OKAKETCS HETOJHBIM, HAM MPUJIETCS
3aHATHCS UCCIIEOBAHUEM JAPYTUX BO3ZMOKHOCTEM.

Ho xak yragaTth, 4TO HY)XHO COXpPaHSTh, @ YeM MOXXHO M TIO)K€PTBOBaTh? Y HAC CTOJBKO
MPEKPACHBIX MPUHIIUTIOB U W3BECTHHIX ()AKTOB - U BCE-TAKHU Y HAC HE CXOASATCS KOHIIBI C KOHIIAMH.
To MbI BHOBb Moiy4aeM OECKOHEUHO OOJbIIME 3HAYEHMs, TO Hallle OOBSICHEHHE OKa3bIBAETCS
HEMOJIHBIM - Yero-To HejoctaeT. MHorga 3To 3HAYMT, 4TO HAM HY)KHO PACCTAaThCsl C KaKOW-TO
uneeit. [lo kpaiiHeld Mepe B TPONUIOM BCET/la OKa3bIBAJIOCh, YTO JJI TOTO YTOOBI BBIUTH W3
aHAJIOTUYHOTO 3aTPYAHEHHUs, MPUXOAUIOCH TOXEPTBOBATH KAKUM-TO TIIYOOKO YKOPEHUBIIHMCS
npejcTaBiIeHreM. Beck BOIIPoC Kak pa3 v CBOJUTCS K TOMY, UTO COXPaHHUTh, a 4TO 0TOpocuth. Ecim
MO’KEPTBOBATH CpPa3y BCEM, TO 3TO 3aBEJIET HAC CIMILIKOM JAJIEKO, U Y HAC MPAKTUYECKH HUYETO HE
ocTa”eTcsl Il paboThl. B KOHIIE KOHIIOB, 3aKOH COXPAHEHHS SHEPTHH KaXKETCS Pa3yMHBIM, OH
yno0eH, 1 MHE HE XOTeJIOCh OBl ¢ HUM paccTaThes. It Toro 4To0bl yragaTh, 4YTO COXPAHHUTD a YTO
oTOpOCHUTh, TpeOyeTcss HeMalioe MacTepcTBO. [lo-mpaBae roBOps, s BIOJHE TOMYCKalo, 4TO JEIIO
3/IeCh TOJBKO B yAaue, HO BBIMJSIAUT BCE MMEHHO TaK, KaK e€clii OBl A7 3TOTO TpeboBajoch
00JIbI1I0€ MacTEPCTBO.

AMIUTATY/ABI BEPOSITHOCTEN BBITIISIAT OY€Hb CTPAHHO, U C MEPBOTO B3IJIfAJIa BBl COBEPUIEHHO
YBEpPEHBI, YTO OSTa HOBas Teopus Oe3ycloBHO Henerna. Ho Bce, YTO MOXXHO BBIBECTH U3
MPEJICTAaBICHUSI O KBAHTOBOMEXAHMYECKHX aMIUIMTYaX BEPOSTHOCTH, KakK OBl CTPAaHHO 3TO
MPEICTABJIICHUE HU BBITJISACIIO, OKa3bIBACTCS BEPHBIM, M TaK HAa TPOTHKEHUU BCEU TEOPUH
cTpanHblx 4Yactull, Ha Bce 100%. Ilosromy s He aymaro, YTO KOTJa MbI OTKPOEM 3aKOHBI
BHYTPEHHEH CTPYKTYphl HAIIETO MHUpa, 3TH TPEJCTABICHUS OKAXKYTCS HEMpPaBWIbHBIMA MHe
KaKETCs, YTO 3Ta 4acTh (PU3UKM TPaBHIbHA, HO I TOJBKO BBICKA3bIBAIO MPEIIONIOKEHUE, S
pacckas3bpIBalO BaM, Kak sl CTPOO JOTAIKH.

B 1O ke Bpems Teopus, COrJacHO KOTOPOM MPOCTPAHCTBO HENPEPHIBHO, MHE KaXKETCA
HEBEPHOMH, MMOTOMY YTO OHA MPUBOJMUT K OECKOHEUHO OOJIBIIMM BEIMUMHAM U JPYTHUM TPYTHOCTSIM.
Kpome Toro, oHa He JaeT oTBeTa Ha BOMPOC O TOM, YEM OMNPEAEISIIOTCA pa3Mepbl Bcex dactuil. S
CWJIBHO TIO/I03PEBAl0, UYTO MPOCTHIC TPEICTABICHUS TEOMETPHHU, PACIPOCTPAHCHHBICE HA OYECHBb
MaJeHbKUE y4YaCTKU IMPOCTPAHCTBA, HEBEPHBL. [ OBOpS 3TO, s, KOHEYHO, BCErO IHUIIb MPOOUBAIO
Openib B 001eM 37aHUM (U3UKH, HUUEro HE TOBOPS O TOM, Kak ee 3ajaenaTh. Eciu Obl s 3TO cMmor,
TO sI 3aKOHYMIT ObI IEKIIUIO HOBBIM 3aKOHOM.

Hexkotopsle, yka3piBasi Ha MPOTUBOPEUUBOCTh MPUHIIMIIOB (DU3UKH, TOBOPAT, UYTO CYIIECTBYET
TOJILKO OJJUH BHYTPEHHE HEMPOTHUBOPEUHUBBIA MHUp, a TIOITOMY €CJIH MBI COOEpeM BCE€ MPHHIIMITBI
BMeCTe W Oy/ieM BBIYHCIISATH BCE OYECHb M OYEHh TOYHO, TO CMOXKEM HE TOJIBKO BBIBECTH BCE



HACTOSIIIIME TPUHIMIIBI, HO U OOHAPYXUTh, YTO 3TO €AMHCTBEHHbIE NMPHUHIHUIIBI, KOTOPbIE MOTYT
CYIIECTBOBATh NPU TOM YCIIOBUH, UYTO BCE JIOJDKHO OCTaBaThCsl BHYTPEHHE HENPOTHBOPEUMBBHIM.
MHe Takoi 3aMax KaXeTcs CIHUIIKOM OoJbIIuM. MHe KakeTcs, 3TO BCE paBHO, YTO "BHIIATH"
cobakoii, nepka ee 3a XBOCT. Sl qymaro, YTO HEOOXOJUMO MPHUHSTH CYIIECTBOBAaHHE HEKOTOPBIX
BelIeH, - He Bcex 50 ¢ JMIIHUM YacTHll, HO HECKOJIBKUX MAJIEHBKHX YacTHI] BPOJE AJIEKTPOHA U
T.IL., - @ 3aTEM BEPOSITHO, OKAXKETCsI, UTO BCsS HaOro/1aeMasi CI0KHOCTh YCTPONCTBA HAIIEro MUpa
SBIISICTCS €CTECTBEHHBIM CJIEJICTBUEM 3TOro (hakTa M CIPaBEIMBOCTU OINPEACIICHHBIX MPUHIIUIIOB.
N g He pymaro, 4TO BCE 3TO MOXHO MOJYYHTh W3 OJHUX pACCYKICHHU W BHYTPEHHEH
HENPOTUBOPEYMBOCTH.

Hpyrasi crosimasi mepe HaMHM 3ajadya  CBs3aHAa C HAJIMYHMEM CJIa0bIX CHMMETPHIA.
CyiecTBOBaHHE TAaKMX CUMMETPUIl BPOJAE YTBEPXKACHHUS, YTO HEUTPOH M INPOTOH COBEPILIEHHO
OJIMHAKOBbI, 3a HCKIIOYEHHUEM HUX OJJIEKTPUUYECKHX CBOWCTB, WJIM 4YTO MPHUHILHUI 3€pKaJIbHOTO
0TOOpaXKeHHs BEPEH BCIO/Y, KPOME peakIMi OJHOTO THIA, BCE ATO O4eHb JjocaaHo. Kaszanoch Obl,
BCE CUMMETPUYHO, HO Ha caMOM Jiesie He 70 KoHma. [lo aToMy Bompocy ceifuac CyliecTBYIOT JIBE
pa3iauuHble TOUKU 3peHusd. OHa yTBEP)KIAET, UYTO HA CaMOM JIEJI€ BCE IIPOCTO, YTO HA CaMOM Jelie
BCE CHMMETPMYHO M 4YTO BCE [0 B HEOOJBIINX OCJIOXKHEHHUSX, HEMHOr0 HapyIIaIoIuX
UACANbHYI0 cUMMeTputo. [Ipyras mikona, y KOTOpOW BCEro OJWH IOCJIEN0BAaTENb, - 3TO 5, - HE
COIJIaCHAa C 3TUM U BEPUT, YTO BCE OYEHb CJOKHO W YTO IMPOCTOTA JOCTUTaeTCs JIMIIb Yepes
CIIO)KHOCTh. J[peBHUE TPEeKH CUMTAIM, YTO IJIAHETHI JBIKYTCS MO KPYroBbiM opOutaM. Ha camom
&Ke Jene 3T opOuThl umuntuyeckre. OHM He HAeaIbHO CHUMMETPUYHBI, HO OYEHb Mallo
OTIMYAIOTCA OT OKpPY)KHOCTeH. Bo3HuKaeT Bompoc, a mouyeMy OHM CHUMMETPUYHBI TOJIBKO
npubmmKkeHHo? [loueMy oHHM Tak Majo OTIMYAIOTCS OT OKPYXHOCTe#? M3-3a mONroBpeMEeHHOTO U
OYEHb CJIOKHOTO 3((eKTa MPUIMBHOTO TPEHHUS - 3TO OUYEHb CIOXKHAasA Teopus. OUeHb MOXKET OBITh,
YTO B TIIyOMHE IyIIM IPUPOJIa COBEPIIEHHO HECUMMETPHYHA, HO B XUTPOCIUIETEHUSAX PEaTbHOCTH
OHa HaYMHAET BBIMVIJIETh IOYTH CUMMETPUYHOM, U AJUIUIICH] HAYMHAIOT IOXOIUTh HA OKPYKHOCTH.
Bot Bam u npyrast Bo3MoxHOCTh. Ho HUKTO HE 3HaeT OTBETa HaBEPHSIKA, BCE 3TO MPOCTO JIOTAIKH.

[IpenmonoxxuM, YTO HUMEIOTCA JABE Teopun A W B,  COBEpIIEHHO pas3In4HBIE C
MICUXOJIOTMYECKON TOYKU 3pEHHUs, IOCTPOECHHBbIE HAa COBEPIIEHHO Pa3HbIX MPUHIHUMNAX U T.JA., HO
TaKHe, UYTO BCE BBITEKAIOIIME W3 HUX CIEIACTBUS B TOYHOCTU OJUHAKOBBI M COBIANAIOT C
sKcriepuMeHToM. MTak, y Hac ecTh JIBe TMIIOTE3bl, KOTOPbIE MOHAYaly 3By4aT COBCEM IO-Pa3HOMY,
HO BCE BBIBOJBI M3 KOTOPBIX OKAa3bIBAIOTCS OJUHAKOBBIMHU (3TO OOBIYHO HETPYAHO IOKa3aTh
MaTeMaTU4YecKd, J0Ka3aB, 4TO JIOTMKa Teopudd A u B  Bcerma npuBOAUT K OJMHAKOBBIM
pesynbraram). IIpeanonokum, 4To Takue JBE TEOPUHU CYLIECTBYIOT, M 3aJaauM cebe BOIpoc, Ha
KaKOM € OCHOBAHMU MBI OTJIaJUM IMpEANoYTeHne oHOM u3 Hux. Hayka 3Toro He 3HaeT, Tak Kak
KaKJasi U3 HUX COIVIACYETCsl C DKCIEPUMMEHTOM B OAMHAKOBOM creneHu. Ilostomy nBe Teopum,
OCHOBBIBAIOLIMECS, BO3MOXXHO, Ha TJIYyOOKO pa3dMYHbIX MNPHUHLKIAX, MOTYT OBITh C
MaTEMaTHUYECKON TOYKM 3pEHUS MICHTUYHBIMH, U HE CYLIECTBYET HAyYHOI'O METOJA BBIICHEHMS,
Kakasi U3 HUX BEpHa.

OpHaKko C NCUXOJIOTMYECKON TOYKH 3peHHUsl 00e 3TH TEOPUH MOTYT OBITh COBEPILIEHHO He
PaBHOLIGHHBIMM JJIsSi yraJblBaHHUs HOBBIX TEOPHi: BEAb OHU IOCTPOEHBI COBCEM Ha pPa3HBIX
dbynnamentax. Haxons aiasi Teopuu MECTO B ONpPENEICHHOW CXeMe MOHSATHH, Bbl MOXKETE BIPYT
pasriaaeTh, 4To 37ech TpedyeT u3MeHenus. Hampumep, B Teopun A 4TO-TO TOBOPUTCS O YEM-TO, a
BbI CKakeTe: "BOT 3TO Hy’)KHO U3MEHUTH .

Ho BbISICHHTB, YTO HYKHO H3MEHHUTh B JPYrod TeOpuu IJsi TOTO, 4TOOBI TNPUHTH K
HKBUBAJIEHTHOMY PE3yJIbTaTy, MOKET ObITh OU€Hb CIOXKHBIM, U JOJYMAThCS IO 3TOr0, MOXKET OBbITh,
COBceM He mpocTo. [pyrumu cioBamu, MpeiAroiaraéMoe M3MEHEHHE MOKET OBITh COBEPIIEHHO
€CTECTBEHHBIM JUIsI OJIHOM TEOPUU M CTOJb K€ HEECTECTBEHHBIM JJISl IPYrOi, XOTsS 0 HETO OHM
ObUTH a0COJIFOTHO TOKJECTBEHHBI. BOT moueMy, y4UThIBasl IICUXOJIOTHIO HAYYHOT'O TBOPYECTBA, MbI
JIOJKHBI IOMHUTB O BCEX 3TUX TEOPHSX M BOT MOYEMY KaXJIbI MPUIMYHBINA (PU3UK-TEOPETUK 3HAET
IIECTh WM CEMb TEOPETHUECKUX 0OOOCHOBAHUM OJHUX U TeX ke pu3ndeckux (pakroB. OH 3HAET, YTO
OHU DKBHUBAJICHTHBI M YTO HUKTO M HUKOIJA HE CMOXKET PEIINTh, OCTABAsICh HA 3TOM XE YpPOBHE,
Kakasi U3 9TUX TEOpU BEpHA, HO OH MIOMHUT O HUX BCEX, HAJIEACh, YTO ITO MOACKAXKET My pa3HbIe



uzaen s OyIynmx A0ra oK.

A 3TO HallOMHHAaeT MHE enle 00 OJHOM BOINPOCE, O TOM, YTO COBCEM HE3HAUWUTEIbHbIE
MOTPAaBKH K TEOPHHM MOTYT MOTPEeOOBaTh PaJMKAIBLHOW MEPEeCTPORKH TOHATUN M TPEJCTaBICHUH,
Jexamux B ee ocHoBe. Hampumep, mnpencraBienuss HpioToHa 0 mHpoCTpaHCTBE M BpeMEHHU
IPEKPacHO COTJACOBAINCH C HKCHEPUMEHTOM, HO s TOTO, YTOObI MPaBUIBHO OOBSICHUTH
JBIKEHHE IIaHeThl MepKypHil, a OHO e[Ba 3aMETHO OTJIMYAJIOCh OT TOTO, YTO TMOJY4aJoCh I10
teopun HbroToHa, moTpeboBaIch KoJloccalbHble U3MEHEHUS B XapakTepe Bcel Teopur. [lpuunna
ATOrO KPOETCs B TOM, YTO 3aKOHBI Hbhl0TOHA ObUIM BeCchMa MPOCTHI, BECbMa COBEPIICHHBI U J1aBal
BIIOJIHE OTpe/eIeHHbIe pe3ynbTaThl. [ljis TOro uTtoObl MOCTPOUTH TEOPHUIO, KOTOpas BHOCHIA OBl
€/1Ba 3aMETHBIE MOIPABKH, €€ HY’KHO ObUIO IIOJTHOCTHIO U3MEHUTb.

dopMynupysi HOBBIM 3aKOH, HENb3sl BBECTU HEUACAIBHOCTU B HICAIBHYIO CXEMY: HY)KHa
COBEpIICHHO HOBas HjeajbHas Teopus. BoT moueMy Tak Benuka pasHulla B Guiiocopuu TEOpuu
rpaBUTAIMU DUHIITENHA U TEOPUU BCEMUPHOTO TAroreHus: HprotoHa.

Uro ke Takoe wuieitHoe obocHoBaHue (uzmueckoil teopuu? Ha camom menme 310 mpocTo
JIOBKMHA cmoco0 ObICTpO JenaTh BbIBOJ. Duimocodckas WiIM, KaKk €€ elle HWHOT/Aa Ha3bIBaloT,
UJE0JIOrHuecKas HUHTEpIpeTalysl 3aKOHa SBJISIETCS JIMIIL CIIOCOO0M, MO3BOJISIIOIIMM J€P>KaTh 3TOT
3aKOH B TOJIOBE B BHJE, NPUTOAHOM Ui OBICTPOrO OTrajbIBaHUs ero cieactBuil. Hexotopsie
roBOpST (M OHM TpaBbl B ciyyae, Hampumep, ypaBHeHH Makcsemnna): "bpockTe BBl Bally
¢dunocoduro, Bce 3TU Bamu (OKYCHI, a JTydlle yraJbiBaiiTe-ka MpaBUIIbHBIC ypaBHEHHUsS. 3amada
JUIIb B TOM, YTOOBI BBIUUCISATH OTBETHI, COTJIACYIOLIMECS C HKCIIEPUMEHTOM, M €CIU AJI 3TOro y
BaC ©CTh ypaBHEHUs, HET HUKAKOH HYXIbl B (GUIOCOPHUH, MHTEPIPETAIMN WIH TIOOBIX APYTUX
cinoBax". DTO, KOHEYHO, XOpOIIO B TOM CMBICII€, YTO, 3aHUMAsiCh OJHUMHU YpPaBHEHUSIMHU, BBI
CBOOOJHBI OT HPEIpPAcCyAKOB M BaM Jierde OTrajbpiBaTh HemsBecTHoe. Ho, ¢ npyroit cTtopoHsl,
MOXET ObITh, UMEHHO (uiocoPusi MOMOraeT BaM CTPOUTH JOTAIKH. 37€Ch TPYIHO CHeNaTh
OKOHYATENbHBIN BBIOOP.

[Iycth Te, KTO HacTauBaeT Ha TOM, YTO €JIMHCTBEHHO Ba)XHBIM SBJISIETCS JIMIIL COTJIAacHe
TEOPHH U KCIIEPUMEHTA, MPEACTaBAT cebe pa3roBOp MEXIY aCTPOHOMOM U3 IUIEMEHM Maiist U ero
CTyAeHTOM. Maiiss yMmenu ¢ mNopa3uTelIbHOM TOYHOCTHIO IIPE/ICKa3blBaTh, HANpPHUMEp, BpeMs
3aTMEeHMH, nosiokeHre Ha HeOe JIyHsl, Benepsl u npyrux mmanet. Bee 1o nenanocsk mpu moMouu
apumerrnku. OHU TOJCUYUTHIBAIN ONPEJECICHHOE YUCIIO, BRIYUTAIN U3 HEro Apyroe u T.4. Y HHUX
He ObUIO HM MaJleHIIero mpeicTaBieHUs O BpalleHMH HeOecHbIX Tesl. OHM MPOCTO 3HAIM, Kak
BBIUUCIISATH BPEMsl CIIEIYIOIIEro 3aTMEHMS WJIM BpeMs IMOJHONYHUS U T. I. Tak BOT, MpeJCcTaBbTe
ce0e, YTO K HallleMy acCTPOHOMY MPHUXOJIUT MOJIOJION YeNTOBEK U TOBOPUT:

"BoT uro MHE MpHUILIO B rojioBy. MoxeT ObITb, BCE 3TO BEPTUTCS, MOXKET, 3TO IIapbl U3
KaMHS WM 4TO-HUOYAbh B 9TOM pOJIe, M UX JIBIXKEHHE MOXHO PAaCCUMTHIBATH COBCEM HHAYe, HE
MIPOCTO, KaK BpeMs UX MOSIBJICHUs Ha Hebe'" .

"Xopomo, - OTBEYaeT €My AacTpPOHOM, - a C KaKOH TOYHOCTBIO 3TO IIO3BOJUT Ham
IIpeACKa3bIBaTh 3aTMEHUA?"

"Ilo aTOTO 5 emie He Jomien", - TOBOPUT MOJIOJOU YETOBEK.

"Hy, a MbI MOKE€M BBIUMCIIATH 3aTMEHHS TOUHEE T€Os, - OTBEYAET €My aCTPOHOM, - TaK UTO HE
CTOUT JIaJIbIlI€ BO3UTHCS C TBOUMU UJESMU, BEJIb MaTEMaTUYECKasi TEOPUS, OUEBUJIHO, Jiydllle".

W npakTuuecku KaXIblii pa3, KOrAa y KOro-HUOYb MOSIBISIETCS CBEXas UAes CEroJHS U OH
rOBOpHUT: "A MOeT ObITh, BCE MMPOUCXOIUT BOT Tak'", - €My CIIEIIaT BO3pa3uTh: "A Kakoe perieHue
TaKOM-TO M TAKOW-TO 3a7a4M y Bac torjaa noayuurca?" - "Hy, g0 atoro s eme He nomen", - cieayer
OoTBET. "A MBI yX€ MPOABUHYJIUCH TOpa3/l0 Jajblle W MOJydyaeM O4Ye€Hb TOYHbIE OTBETHI". Kak
BUJUM, HEJerkas 3ajlada pelluTh, CTOUT WM HE CTOUT 3aJyMBIBaThCsl HaJ TE€M, UYTO KpOETcs 3a
HAlTUMU TEOPUSIMHU.

Eme oqun meTon paboThl, KOHEYHO, COCTOUT B BbIIYMBIBAHUN HOBBIX MPUHIUIOB. B Teopun
rpaBUTAMU DWHIITEHH CBEPX BCEX OCTAIBbHBIX MPHUHIIMIIOB MPHAyMaj MPUHIUI, OCHOBAHHBIA Ha
ujee, 4To CWJIbl BCerJa MpONOpLUUOHANbHBI Maccam. OH goragaicsi, YTO €ClIM BBl CHIUTE B
Pa3TOHSIOIIEMCS] aBTOMOOMJIE, TO BBl HE CMOXKETE OTJIMYUTH CBOE COCTOSIHUE OT TOTO, B KOTOPOM BBI
OKa3aJuch Obl B moje TshkecTd. JJo0aBUB ATOT MOCIEIHUIN MPUHIUI KO BCEM OCTaJIbHBIM, OH CMOT



MPaBUJILHO YralaTh YpaBHEHUS IPaBUTALMOHHOTO TOJIS.

51 mokazajd BaM HECKOJIBKO Pa3IMYHbIX MyTeld HOBBIX OTKPBITHH. XoTeraoch Obl Tenepb
clellaTb HECKOJbKO JIONMOJHUTEIBHBIX 3aMEUaHUW OTHOCUTEIBHO HX KOHEUYHBIX pPE3yJbTaTOB.
[Ipexxme Bcero, 4Tro k€ y HAc MOJYy4YaeTcs MOCJIE€ TOro, KaKk BCE KOHUYEHO W MbI MOCTPOWIIH
HEKOTOPYI0O  MaTeMaTHYeCKyl0  TEOpHIO0,  MO3BOJSIOLIYI0  NPEACKa3blBaThb  PE3yJbTaThl
AKCIEPUMEHTOB?

BoT TyT-TO M HaunHatoTcs uyneca. [yt TOro 4ToObl PEelIuTh, YTO MPOU3OHAET C aTOMOM, MBI
COCTaBJISIEM TpaBUJIa CO 3HAYKaMM, HAPUCOBAHHBIMU Ha Oymare, BBOJIUM HMX B MaIllMHY, B KOTOPOM
UMEIOTCS TIePEKITI0YATEIH, BKIIOYAIOIINECS W BBIKIIOYAIOIIHECS KaKUM-TO CJI0KHBIM 00pa3zoMm, a
pe3ynbTaT TOBOPUT HAM O TOM, YTO JODKHO Tpon3oiTu ¢ atoMoM! Eciu OBl 3aKOHBI, TT0 KOTOPBIM
BKJIFOUAIOTCSL ¥ BBIKITFOYAIOTCS BCE 3TU MEPEKITI0YaTeNH, ObIIIN KaKOW-TO MOJIEBbIO aTOMa, €CIU Obl
MBI CYUTAJIH, YTO B aTOME €CTh AaHAJIOTHYHBIE MEPEKIII0YATEeNH, s1 ObI CKa3ai, 4To 5 emle Oosee uiu
MEHEe MOHUMAaK, B 4YeM TYT Jen0. MHe JIMYHO KaXeTCsl 4Ype3BhIUaHO YJIWBHUTEIbHBIM, 4YTO
MPOTHO3UPOBATHh MOKHO, MOJIB3YSACh MAaTEMATHKOM, T.€. MPOCTO CIEAYs ONPEEICHHBIM MpPaBUiIaM,
HE UMEIOLIUM HUKAKOrO0 OTHOLIEHUSI K TOMY, YTO MPOUCXOJUT B JE€HCTBUTEIBLHOCTH. BritoueHue u
BBIKJIIOUCHHE TIepEKIIIoYaTeieii B BHIYMCIUTEILHON MallMHE HWYEM HE HAllOMHWHAET TOTO, YTO B
JIEUCTBUTENLHOCTH TPOUCXOIUT B MPUPO/IE.

OmnH U3 caMBbIX BaXXHBIX MOMEHTOB B ATOH MOCJIEIOBATEIFHOCTH 'ITOTaJKa - BEIYHCIICHHE
CIIEJICTBUI - CpaBHEHHE C pe3yabTaTaMH IKCIEPUMEHTOB" 3aKII0YAaeTCs B TOM, YTOOBI 3HATH, THE
BBl mpaBbl. OO0 3TOM MOKHO JOTAJbIBATHCSA TOPA30 paHbIIE, YeM PACCUUTAHBI BCE CIIEACTBUSI.
HctrHy MOXKHO y3HATh 10 MPOCTOTE W M3AILIECTBY. Yalle Bcero y3Harth, paBUJIbHA Ballla JI0TaJIKa
WM HET, HETPYAHO YyXK€ TOCIIe JBYX-TPEX DJIEMEHTAPHBIX PACUeTOB, MO3BOJISIONINX YOSTUTHCS B
TOM, YTO OHA HE OYEBUJHO HEMpaBWIbHA. Ecmu Bam MoBe3J0, 3TO cpa3y Opocaercs B riasza (1o
KpallHell Mepe €CJIM y Bac €CTh ONBIT), TaK KaK Yallle BCETO MPUXOJUTCS HE CTOJBKO J0OaBIATH,
CKOJIbKO OTOpachIBaTh. Bara qorajika, B CYIIIHOCTH, COCTOUT B TOM, UTO HEYTO - OUY€HBb IIPOCTOE.

Ecnu BBl He BuUaWTE cpaszy ke, 4TO ATO HEBEPHO, M €CIIM TaK OKa3bIBAETCA MPONIE, YEM
paHble, - 3HAYUT, 3TO BepHO. [IpaBaa, mpocTsle TeopuH MNpeaIaraloT U HEONBITHBIE JIOAU WIH
Oe3ynepxHbie (haHTa3epbl, HO 37IECh Cpa3y SCHO, YTO OHU HEBEPHBI, TAK YTO OTO B CUET HE HJET.
Hpyrue xe, HanpuMmep HEOIBITHBIE CTYACHTHI, BBICKA3bIBAIOT OYEHb CJIOKHBIE HOTAIKU, U UM
Ka)XETCs, 9TO BCE MIPABMWIIHHO, HO s 3HAIO, YTO 3TO HE TaK, MO0 MCTHUHA BCETJa OKA3bIBACTCS IMPOIIE,
YeM MOKHO OBLIO OBl TPEINOI0KHUTh.

Uro Ham AEMCTBUTEIBHO HY)KHO, TaK 3TO BOOOpa)keHHE, HO BOOOpa)kK€HHE B HAJEKHOM
CMHUpUTENBHON pyOamke. Ham Hy)XHO HaliTH HOBYIO TOYKY 3pEHHUS Ha MHp, KOTOpas IOJKHA
COTJIacoBaThCA CO BCEM, YTO YK€ W3BECTHO, HO KOE€ B YE€M PAaCXOJIUThCS C HaIUMH
YCTaHOBUBIIUMHUCS TPEICTABICHUAMHU, HHAYE 3TO OyneT He MHTepecHO. U pacXokIeHus JOIKHBI
COOTBETCTBOBATh TOMY, UTO MPOUCXOAUT B Mpupoje. Eciu BaM ynactcs MpuayMaTh TOUKY 3PECHHS
Ha MHUp, KOTOpas COTJIACYeTCsl CO BCEM TEM, YTO YK€ BBISICHEHO, U MPUBOAMUT TJE-TO K JPYTUM
pe3ynbTaTaM B COMHHTEIIBHBIX 0O0JIAcTsSIX, BBl JIeJlaeTe BEIMKOE OTKpbITHE. HailTu ke Teopwuro,
KOTOpasi COTJIACYeTCsl C SKCIEPUMEHTOM, TJ€ CHPaBEJIMBOCTh CYIIECTBYIOIIUX TEOPUH YXKe
YCTaHOBJICHA M B TO K€ BPEMs MPUBOIUT B JAPYTHX 00JIACTAX K KAKMM-TO HOBBIM BBIBOJIAM, JTAXKE
€CJIM OHHM HE COTJIACYIOTCS C pe3yibTaTaMHu 3KCIEPUMEHTA, TOYTH HEBO3MOXKHO. Ho ToNbKO mouTu.
HoBbie nnen mpuaymbIBaTh OueHb TPyAHO. st 3TOTO TpedyeTcss COBEPIICHHO MCKIIOUYUTEITHLHOE
BOOOpakeHHe.

UTto e MOXKHO CKazaTh O OyIyIIeM 3TOTO YBJIEKATEIHHOTO MPUKITIOYCHUSA? UeM ke Bce ITO
KoHuUHUTCA? MBI yrajipiBaeM BCe HOBBIE U HOBBIE 3aKOHBI. CKOJBKO e uX Oy/eT, B KOHIIE KOHIIOB,
ATUX HOBBIX 3aKOHOB?

He 3naro.

HekoTtopsle u3 MOMX KOJUIET TOBOPST, YTO 3TOT OCHOBHOM ACIEKT HAIllEd HAyKH COXPAHUTCS
Bcergqa. Ho MHe KaxeTcsi, 4To TPYIHO pPACCUMTHIBATh Ha MOCTOSHHYIO CMEHY CTaporo HOBBIM,
ckakeM B TeueHue Ommkaimmx 1000 nmer. He moker ObITh, 4TOOBI 3TO JBMIXKEHHE BIIEpPE]
MPOJI0HKAIOCh BEYHO M YTOOBI MBI MOTJIM OTKPBIBATh BCE HOBHIE M HOBBIC 3aKOHBI. Beb eciu Obl
3TO OBLIO TaK, TO HaM OBICTPO HAJ0ENIO0 OBl BCE TO OECKOHEUHOE HACIIOCHHUE 3HAHUN. MHe KaxeTcs,



4TO B OYy/yIIeM MPOU30UIET OTHO U3 JABYX.

JInGo MbI y3HaeM Bce 3aKOHBI, T.€. Mbl OyJIeM 3HATh JOCTAaTOYHO 3aKOHOB, UTOOBI JieNIaTh BCE
HEOOXO/IMMbIE BBIBOJBI, @ OHHM Bcerjga OyqyT COIJIacOBaThCS € AKCIEPHUMEHTOM, Ha YeM Halle
JIBUKEHHE BIIEpE] 3aKOHYUTCSI.

JInGo oxaxercsi, YTO MPOBOJUTH HOBBIE SKCIEPUMEHTHI BCE TpyAHEE U TpyJIHEe, U BCE
JIOpPOXKE W JIOPOXKE, TaK 4TO MbI OyneM 3HaTh 0 99,9% Bcex sBIEHUM, HO Bcerga OyayT Takue
SBJICHUS, KOTOpPbIE€ TOJBKO HYTO OTKPBITHI, KOTOpbIE OYEHb TPYIHO HAOIIOAATh M KOTOpBIE
pacxoAsTcs ¢ CyHIECTBYIOIIMMHU TEOPUSMHU, a KaK TOJIBKO BaM YAaloCh OOBSCHUTH OJHO U3 HHX,
BO3HMKAeT HOBOE, W BECh ATOT MPOIECC CTAHOBUTCS Bce Oojiee MENJICHHBIM M BCE MEHee
UHTepecHbIM. Tak BBIMISIAUT APYrol BapuaHT KoHua. Ho MHe Kakercs, 4yTO Tak WJIM HMHA4e, HO
KOHeEIl JOJKEH OBITh.

Ham HeoOBIKHOBEHHO MOBE3JI0, YTO MBI JKHBEM B BEK, KOTJa €€ MOXHO JIeJIaTh OTKPBITHSL.
OTO KaK OTKpbITHE AMEpPHUKH, KOTOPYIO OTKPBIBAIOT pa3 M HaBcernaa. Bek, B KOTOPBIM MbI )KMBEM,
3TO BEK OTKPBITHSI OCHOBHBIX 3aKOHOB MPHUPOJIbI, U 3TO BpPEMsI YK€ HUKOTJa HE MOBTOPUTCA. DTO
YAUBUTEIBHOE BPEMs, BPEMsI BOJHEHHUN M BOCTOPrOB, HO TOMY HAcTynuT KoHel. KoHeuHo, B
OyayiieMm UHTepechl OyayT coBceM ApyrumMu. Torna OyayT HHTEPECOBATHCS B3aUMOCBS3SIMHU MEXTY
SBJICHUSAMHU PA3HBIX YPOBHEH - OMOJOTHUECKUMH U T.NI. WU, €CIU pedyb UAET 00 OTKPBHITHSAX,
UCCJIETOBAaHUEM JIPYTHX IUIAaHET, HO BCE PaBHO 3TO He OyJIET TeM K€, UTO MBI JieJlaeM ceilvac.

Kpome TOro, B KOHIIE KOHIIOB HACTyNIUT BpeMs, KOrJa BCE CTAHET W3BECTHBIM WIH
JANbHENUIINI OUCK OKa)KeTCSl OYE€Hb HYIHBIM, U TOT/Ia CaMU COOOM 3aMOJIKHYT KUITy4YHe CIOPHI 110
OCHOBHBIM BorpocaMm ¢miocopuu GU3MKU U UCUYE3HET 3a00Ta O TIIATEILHOM OOOCHOBaHMU BCEX
T€X NPUHIUIOB, O KOTOPBIX MBI OecefoBanu B 3THX Jekuusx. Hactymut Bpems ¢uiiocodos,
KOTOpBIE /10 3TOrO CTOSUIM B CTOPOHE, JieNasl JIMIIb BPEMs OT BPEMEHU KPUTUYECKUE 3aMEUaHUs.
Torga Ham He ynmacTcsi yXe OTTepeTh MX, cka3aB: "Ecimu Obl BBl ObUIM MpaBbl, HAM YJaJIOCh ObI
Cpa3y OTKpBITb BCE OCTaJbHBIE 3aKOHBI'. Belp Kak TOJIBKO BCE 3aKOHBI CTaHYT M3BECTHBI, OHU
CMOTYT TMpuAyMaTb s HuX oObscHeHue. Hanpumep, Bcergja HaxoauTcs O0ObSICHEHUE
TPEXMEPHOCTH HAllero Mupa. Beap y Hac Bcero oauH MHp, M TPYAHO CKa3aTb, BEPHO 3TO
OOBSCHEHHE WJIM HET, TaK 4YTO, €CJIM Obl BCe OBUIO M3BECTHO, HABEpPHSAKA HAILIOCH OBl KaKOE-TO
o0bsICHEHHE, TOYeMy 3TH 3aKOHbI BepHbl. Ho 3T0 00BsicHEHUE y)Xe Hellb3s OyAeT KPUTUKOBATh 3a
TO, YTO OHO HE JaeT HaMm JABHUraThcs Janblie. HacTynmuT Bpemsi BBIPOXKACHUS HJIEH, BBIPOXKIECHUE
TOTO K€ COpPTa, KOTOPOE 3HAKOMO reorpady - NepBOOTKPBIBATEINO, Y3HABILEMY, YTO IO €ro cielam
JBUHYJUCH MOTYMILA TYPUCTOB.

B Hamm THU MBI UCIIBITBIBAEM PAZOCTh, OTPOMHYIO PaZOCTh OT TOTO, YTO MOKEM IIPEIBUIETD,
Kak OyzeT BecTu cedsl mpUpojJia B HOBBIX, €Illeé HUKOMY HE BEIOMBIX YCIOBHUSAX. DKCIEPUMEHTHI U
uHpopManus 00 ompereNeHHON 00JacTH MO3BOJSIOT HaM JIOTAAbIBAThCSA, UTO K€ MPOU30MIET B
JIpYTHUX, €lle HUKEM He HCCIIEOBaHHBIX pailoHax. MeXIy HpoduM, 3TU JIOTaJKH OYEeHb YacTo
COBEPIIEHHO OTIMYHBI OT TOTO, YTO MBI NPHUBBIKIN HAONIONATh, a AT TaKUX JOTaJ0K TpeOyeTcs
CBeTJIas rojioBa.

Tak 4em ke MOKHO OOBSICHUTH TaKyl0 BO3MOXKHOCThH? IloueMy mpupojia MO3BOJISIET HaM IO
HaOJII0JIEHUSM 32 OJTHOM €€ 4acThIo JI0TabIBaThCs O TOM, YTO MPOUCXOTUT noBcroy? KoneuHo, 3To
HE Hay4yHBIM BOIPOC; 51 HE 3HAIO, KaK HAa HETO NPABWIBHO OTBETUTh, U OTBEUY CTOJIb K€ HEHAYYHO:
MHE Ka)eTcs, IPUUMHa B TOM, YTO NPHPO/AA NMPOCTA, a IOTOMY NPeKpacHa.
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