


i
By

7
> <
44

3 3 oY |
L = "9 {
Mo .
\ w ‘ ; i

}i ®
5
:P
<3

JI. B. Tapacos
CoBpeMeHHas (pu3uKa

B CPEIHEU IIKOJIE



bubnuomexa yuumensa gpuzuxu

JI. B. Tapacoe

Coepemennan puzuka
8 CpeoHnel wKoJie

PexomenoBaHo ['1aBHBIM y4e€OHO-METOIUUECKUM YIIPABICHUEM
obmero cpeanero oopazoBanus ['ockomurera CCCP
10 HApPOJJHOMY 00pPa30BaHUIO

MockBa

«IIpocsemeHue»
1990



bBbK 74.265.1
T19

PenienzenTni: akagemMuk A. A. AGPUKOCOB,
yunrtens pusuku mkoisl Ne 1288 Mockssl O. T. [lornasosa

Tapacos JI. B.
T19. CoBpemennas ¢usuka B cpeaueit mkose. — M.: [Ipocsemenune, 1990. —
288 c.: un. — (b-ka yuurens ¢uzuku) — ISBN 5-09-001317-9.

B kHure paccmarpuBaroTcs OCHOBHBIE ATanbl pa3BUTUsl GU3NKU XX B. U €€ JOCTHKEHUS, aHaJIH-
3UPYETCs POJIb COBPEMEHHOU (PM3UKH B MPOIIECCe MO3HAHUS, TAI0TCS PEKOMEH/IAINHN 10 HCTIONb-
30BaHUIO MIPUHIIUIIOB COBPEMEHHOM (PU3MKHK NpU M3yYeHUH Kypca (PU3UKU B CpeHEH MIKOJIe.

T 4306010000 - 667

[TOJITMCHOE BBK 74.265.1
103(03)—90

ISBN 5-09-001317-9

© Tapacos JI. B., 1990



[1lpeancnosue

CoBpeMeHHas (pU3MKa B CPEAHEH 1IKoJIe... UTO CKphIBaeTCs 3a STUMHU clioBaMu? Bo3MoxHO,
KTO-TO MOJTyMAaET, YTO PEeUYb MOHAET O TOM, YTOOBI MO3HAKOMUTH YUHUTENSI CPETHEH IIKOJIBI C J10C-
THKEHHUSIMH COBPEMEHHOM (hM3UKH, TOMOYb €MY MOMYJIIPHO paccka3aTh 0 HUX ydamumcs. Bos-
MOXHO TaK)Ke, KTO-TO YBUIUT 32 YIIOMSHYTBIMU CIIOBAMH PEKOMEHJIALMU, KaK HA/I0 MPEToIHO-
CUTh COBpPEMEHHYI0 (U3UKY B Ipoliecce mnpemnojaBanus UMKy B 1mkoje. B geiicTBurensHOCTH
K€ aBTOp CTaBWJI Tepe]] co00i 3HAaUnTenbHO Ooliee cephE3Hyro 3anauy. JlaHHas KHUTA MOCBSIIIe-
Ha MpobJieMe TePECTPONKH IIKOIBHOU (PU3UKH, C TEM YTOOBI OHA, HAKOHEII, CTajla METOI0JIOTH-
YECKU COOTBETCTBOBATh COBPEMEHHOW (hu3MKe, YTOOBI coBpeMeHHas (u3uka Oblia Obl HE J0-
MIOJTHUTEIBHOM TI1aBOH (pa3genioM) IMIKOJIBHOTO Kypca (DM3MKH, a OIpenessia CTPYKTypy U Me-
TOJIOJIOTHIO BCETO ATOr0 Kypca. MBI MOJHOCTBIO pa3leisieM TOUKY 3PEHHsS Ha MOACPHU3ALHUIO
Kypca GU3NKU B CPETHEH IIKOJIE, H3JI0KEHHYIO B KHUTe «OCHOBBI METOJIMKH IMPETIOIaBaHus (Hu-
3UKH B CpeliHel 1mKoney: «MoaepHu3zaius Kypca GU3MKH MpeayCMaTpUBAET HE TOIBKO BKIIIOYE-
HUE B HETO BOIPOCOB COBPEMEHHOM (PM3UKH, HO U U3JI0KEHUE BOIPOCOB KIACCUUECKON (PU3UKU
(B 3HAYUTENHHON YacTH Jake TPAIUIIMOHHBIX) TIO-HOBOMY, C TPUMEHEHHEM HOBBIX METO/IOB HC-
CJIeIOBaHUs M NMPUEMOB MBILUICHUS, a TaKXKe MpeAnoiaraeT ycuieHue Kiaccudukanum, CucTe-
MaTU3allMid U 0000IIEeHUs] 3HAHUW TMOJ YIJIOM 3peHHsl oO0mmx uaei... Ero HayuyHbIli ypOoBEeHb
JIOJIKEH COOTBETCTBOBATh COBPEMEHHOMY YPOBHIO Pa3BUTHSI HAyKH, U BMECTE C TEM ATOT KypcC
JIOJIKEH OBITh TOCTYIHBIM AJII YYEHHKOB MAaCCOBOM IIKOJBI IO O0BEMY U TITyOMHE H3TOKCHHS
[91, c. 77].

Jlannast kaura coctout u3 Tpéx ras (16 maparpadoB), B KOTOPBIX PACCMOTPEHBI Pa3BUTHE
($u3MKHN, COBpEMEHHAsI €CTECTBEHHOHAY4YHasl KapTHMHA MHpa, METOAOJOTMYECKHE BOIIPOCHI CO-
BpemeHHOH (pusuku. [Taparpadsl nepemeskaroTcs IuanoraMu MKy aBTOPOM U BOOOpaxKaeMbIM
YUTATENIEeM — MPAKTUKYIONIUM yduTesieM (Qu3ukd. B 3THX auaiorax mpeanpHHSTa MONBITKA
CIPOEIUPOBATh PacCMAaTPUBAEMBbIE BOIIPOCHI Ha IIKOJIBHBIA Kypc (DM3HMKH, B3TJISHYTh Ha HUX C
TOYKH 3peHMsl Tpolecca o0yueHus: pusnke. ABTOp BBIHOCUT HAa OOCYXKIAEHHE METOAMYECKHE U
METOJIOJIOTUYECKUE BOMPOCHI, POKYCHPYsl BHUMaHUE HA TUAIEKTHYECKON CYIIHOCTH COBPEMEH-
HOU (M3UKU ¥ Ha HEOOXOIUMOCTH (POPMHUPOBAHUS Y yUAIIUXCS JHATIEKTHUECKOTO MBIIIUICHUS HA
ypokax Qu3uku. PaccmMaTpuBaroTCs MHOTOUUCICHHBIE KOHKPETHBIE MPUMEPHI, KOTOPhIE MOTYT
OBITh UCTIOJIH30BAHBI yUUTENEM (PU3UKH B IPAKTUKE MPEIIOIaBAHHS.

PaGoty aBTOpa Hajg KHUTON CTUMYJIHPOBAIO OOCYXJACHHE MHOTHX IOJHHMAeMBbIX 37€Ch
npobiem c¢ B.TI. PasymoBckum, B. A. ®abpukantom, W.MWN.T'ypeBuuem, b. B. 'neaenko,
O. ®@. Kabapauueim, FO. U. luxom, B. A. Opnoseiv, [I'. S. Mskumesbiv, ['. M. TonuabiM,
P. b. Tkauykom, C. ®@. llunogoii, FO. b. 3otoBsiM, JI. ®. YTKkuno#, P. V. bapanoBsiM, a Taxxke
CO MHOTMMH YYHUTEISIMHU (U3UKH MOCKOBCKUX IIKOJ. Bcem vM aBTOp BBIpakaeT CBOIO MCKPEH-
HIOIO NTPU3HATEIBHOCTD.

[loka kHMra mmucanach M MOJATOTABIMBAIACH K W3/IaHUIO, pacCMaTpPUBAaEMbIe B HEW WU
IPOXOJWINA NEPBYIO anmpoOaluio Ha MPAaKTHUKE — B XOJI€ MeIaroru4eckoro AKCIepUMEHTa 1o
0TpabOTKe HOBOM MOJeNn cpeiHell KOl « DKOJIOTUSL U AUAIEKTHKa». B akcniepuMeHT 100po-
BOJIBHO BKJIIOYMJIOCH Oosiee 50 MIKOJN B pa3HBIX TOpoAax CTpaHbl, B TOM yuciie Oosiee ABaALATH
MOCKOBCKUX HIKOJI. [IepBbie pe3ysibTaThl MPaKTUUECKOW peaau3alii pacCMaTPUBAEMBbIX B KHUTE
U MO3BOJMIN JONOJHUTH €€ (B IMOCIEIHUM MOMEHT) KOHKPETHBIMH COOOPAa)KEHUSIMHU IO
CTPYKTYpE HOBOT'O IIKOJILHOTO Kypca (PU3UKH.



Bcemynnenue

Luanoe. O HEKOTOPbIX TPEBOXKHbIX TEHAEHLMAX

i

4ucno uac.‘g_?

N

~ Tul OnATh HE TOTOBAACA K YPOKY.
S By, GH3UKA Te6A COBCEM HE HH-
Tepecyer.
— A 3auem mue oua? [locae wkoasl
s 6yay nocTynaTte B MY3bIKalbHO-
nefarorHYecKui. ..

Ha ypoke ghusuxu.

Yunresab. YTO NPOUCXOAUT CETONHSA CO IIKOJIb-
HOM Qu3MKON? YIUBUTENBHO: KUBEM B 3IIOXY Hayy-
HO-TEXHUYECKOI'O MpOorpecca, a unmepec y uKOoabHU-
K08 K huzuke HeyK1oHHo noHudcaemcsi. Ilouemy?

ABToOp. 3agaBasu gu Bl 3TOT BOIpOC caMuM
LIKOJIbHUKaM?

Yunreasn. 3anaBan, KoHeuHO. OJHM 3asBIAIOT,
YTO HE COOMparoTCs B JaJbHEWUIIEM 3aHUMAThCS Hay-
KO MM TEXHUKOW M MO3TOMY (DM3MKa UM HPOCTO He
HyXHa. Jlpyrum ypoku (U3MKH HEHMHTEpPECHBI, TaK
KaK TO, 0 Y€M FOBOPHUTCS B KJIacce, UM y>K€ U3BECTHO
U3 JKypHAaJOB, IMOMYJSPHBIX KHUT, TEIEBU3MOHHBIX
nepenad. TpeTbH kKaJlylOTCs Ha TPYIHOCTH YCBOCHHUS
aOCTpaKTHBIX MOHATHI, HE XOTAT 3ay4uBaTh (PopMy-
JIMPOBKH.

ABTOp. A Bame muenue? Yumreasb. [lIkonpHu-
KOB MOKHO MNOHATH. To, 0 4uéM s paccka3bplBar0 Ha
ypokax (U3MKH, BpSAI JIM 3auHTEpEecyeT OyIylux
HSKOHOMHCTOB, Bpaueil, pabOTHUKOB TOPTrOBIH, chepbl
o0CITyKUBaHUS yIPABIEHUS, a YK TeM 0ojiee UCTOPH-
KOB, JKYypPHQJMCTOB, MY3bIKaHTOB, XYJIOKHUKOB. [y
OOJIBIIMHCTBA U3 HUX IIKOJBHBIM Kypc (U3NKH HEUH-
TEPeCeH U HEMOHATEH. A Ul OTHOCUTEJIBHO HEOOIb-
IIOM YacTH y4YallluXcsl, KOTOpbIE HalleJeHbl Ha HayKy
U TEXHUKY, 3TOT KypC Mo4ac MpocTo MajJouHpopma-
TUBEH, OH MaJIO CIIOCOOCTBYET UX Pa3BUTHIO.

ABTOp. MoXeT ObITb, HaJO CIELUAIN3UPOBATH
oOyudenue pusuke? YuuTh el NpUMEHUTEIbHO K Oy-
nyiei npodeccun?

Y4ureab. Takas TOuka 3peHMs CYIIECTBYET, 5
3HAIO.

ABTop. Crnexyer 3aMeTUTbh, YTO OHa HAXOJIUT
MHOTO CTOPOHHUKOB B Hallleé BPEMs, OTJIMYAIOLIEECs
HeoObIUalfHO BO3POCIIMMU MEPErpy3KaMu U IIUPOKUM
pacipoCTpaHEHUEM CIIELHATU3ALIH.

Yunteasn. Unes nuddepenimpoBanHoro o0y4eHuss MOXKET MOKA3aThCsl MPUBJICKATEIBHOM.
Hagepnoe, B kakoii-To Mepe nuddepeHimanus Hy>kHa, 1 Mbl K Hel npuaéM. OgHako e€ Helb3st
paccMaTpuBaTh Kak MaHarero oT Beex 0ef. S yoexxnéH, uTo OblIo OBl HENMPaBUIBLHO B3STH Ja T0-
JIEIUTh BCEX yYalIUXCs Ha «ECTECTBEHHUKOB» M «TYMaHUTAPUEB» U OCBOOOIUTH MOCIEIHUX OT
(GU3UKY ¥ POYMX MPEIMETOB €CTECTBEHHO-MAaTEMaTHUYECKOro IuKIia. B o0meobpazoBarenbHON
niKoJie (pu3MKa TOJKHA PacCMaTPUBATHCS KaK OJUH M3 BOKHEHIIUX MPEIMETOB, BHITIOTHSIIOIINX
HE TOJIBKO NO3HABAMENbHYI0, HO TAKKE pA3GUSAIOWYI0 N 8OCNUMbBIEAOWYI0 (DYHKIIMH. DTOT
npeaIMeT He0OXO0 UM BCEM — U €CTECTBEHHHMKAM, M TYMaHHUTapHsIM. J[pyroe Jemno, 9To B KayecT-
B€ TAKOTo MpenMeTa (pu3nka J0DKHA MPENoAaBaThCs B IIKOJIC HHaYe — HE TakK, Kak OHa OOBIYHO



IIPEnoJaércs CeroaHs.

ABTop. CoepmienHo ¢ Bamu cormacen. [IpotuBHHKN 0011ero (pu3ndeckoro oOpa3oBaHus
HOJXOJAT K (PU3MKE KaK K JOBOJIFHO CIIEHUAIEHOMY MPEIMETY, 00CITyKUBAIOIIEMY, TI0 UX MHe-
HUIO, JINIITH (U3UKO-XUMHUYECKHE, TEXHUYECKUE U MaTepHaloBeUecKHe crienuanbHOCTH. M Hajo
NpU3HATh, BUHOBATHI B 3TOM B HEMaJIOW CTETICHH caMU (PU3UKHU, MPEATOYUTAIONINE, KaK IPABH-
710, HE BBIXOJUTH 32 PAMKHA COOCTBEHHOW HAay4YHOU JesaTeabHOCTH. OO0 ATOM XOpOIIO cKa3ajl Hu3-
BECTHBIN amepukaHCcKuil ¢pusuk M. Pabu: « Mbl kak yu€Hble HE CIIPAaBUIIMCh CO CBOEH OOS3aHHO-
CThIO TIOMOYb Halllell MHTEJUTUTCHIIMU, 3aHATOM B JPYyrux cdepax ITyXOBHOM KU3HHU, a TaKKe
BCEM JIIOJSM TOHSATh TO, YTO MBI JIeJIaéM, KaKOBa MPUPO/IA BelIeH, KaKue TOPU30HTHI MBI OTKPBI-
Baem» [17, c. 323].

Yunteib. JIomKHO OBITH, IMCHHO HENMIOHMMaHHUEM TOPU30HTOB, KaKHE OTKPBIBACT YEIIOBE-
YEeCTBY COBpeMeHHas (pu3mKa, U 0ObICHIETCS MOoCcieA0BaTeIbHOE, HEYKJIOHHOE COKpAaIlleHUE Ya-
COB, OTBOJIMMBIX Ha M3yueHue (HU3uKH B Hamiel mkoie. B 1980 r. Ha ¢usuky oTBOIMIOCH (ecin
MPOCYMMHPOBATH IO BCEM Tojam oOydeHwus) 16 yacoB B Heaemoo, B 1985 r. — 15,5 4aca, a te-
neps — Bcero 14,5 yaca. Takast TeHAEHIUS BBI3BIBAET CEPHE3HYIO TPEBOTY.

ABTOp. OHa CBHJIETENBCTBYET O CYIIECTBOBAHWHU €IIE OAHOM TPEBOKHOW TEHICHIMHU. B
Hallle BpeMs BCE Yallle CTaBUTCA 10J] COMHEHHUE T0JIb3a OT U3yueHHs (PM3HUKU WU, TIpaBHIIbHEE
CKa3aTb, BCE Yallle HedooyeHusaemcs 3ma nosb3d.

Yuureasb. [To noBoay nonb3sl puznku. MoXHO BCIOMHUTH ClTy4yail, KOTOPBIA MPOU30MIEN ¢
M. ®apaneem B 1800 1. Kak-To B 1abopaToprio y4€HOT0, SKCIIEPUMEHTHPOBABIIIETO ¢ TOKAMHU H
MarHMTHBIMH MOJISIMU, 3aI1E] MUHUCTP U 3a]an Borpoc: «Kakas ot Bcero atoro nois3a?y» dapa-
neit orBetmin: «He 3Hato, HO yBepeH, YTO Korjaa-HUOyAb MPaBUTENBCTBO YCTAHOBUT IUIATy 3a
3TO». Takux mMpuMepoB B UCTOPUU Gu3KKH HeMano. Cpein HUX eCTh MHOTO XOPOIIO U3BECTHBIX.

ABTOp. JlymMaro, 9To CEero/iHs OJHUX MPUMEPOB HelocTaTouHO. HeoOXxoauM 00CTOSTENbHBIN
pasroBop O TOM, KaK HY>KHO MpenoAaBaTh (pU3NKy B COBpeMEHHON 0011e00pa3oBaTeIbHOI KO-
ne. HyxeH cepbE3HBbIi aHaU3 TOM MOJIb3bl, KaKyl0 MPUHOCUT 00ydeHHe MOJOAEKH (U3HKE U, B
emé OousblIel CTENEeHHU, TOW MOJb3bl, KaKyro 3T0 00yueHHe, MOCTaBIEHHOE HayIeXkaluM oopa-
30M, MOTJIO ObI IPUHECTH.

Yuurens. [1Ikony yacto ynpekaroT, YTO OHA IJIOXO CIPABJISETCA CO CBOEH OCHOBHOM 3a/a-
Yell — TOTOBUTH MOJIOJEKD K KMU3HU, BOCIIUTHIBATh IpakIlaHNHA, (OPMUPOBATH TAPMOHUUECKHU
pa3BUTYIO TUYHOCTH. [103TOMY BIIOJIHE MOHSATHBI MPU3BIBBI YCHIIUTH TYMaHUTapHOE 00pa3oBa-
HUE, pOJIb TYMaHUTAPHBIX NUCHUIUIMH. Ha QoHE 3TUX MPU3BIBOB U MPOUCXOIUT MOCTETICHHOE
YMEHBIIEHNE YacOB, OTBOAMUMBIX HA U3YYEHHUE MPEIMETOB €CTECTBEHHO-MAaTEMAaTUYECKOrO IIHK-
na. ITpuHATO cuuTaTh, 4TO C TOUKHU 3PEHHUSI BOCIIUTAHUS MOJOJOTO MOKOJEHUsS (pU3MKa MeHee
noje3Ha, MeHee A3 GEeKTHUBHA, YeM, CKaKeM, JIUTepaTypa, HICTOpHs, OOIIIECTBOBEICHHE.

ABTOp. lIMeHHO 371ech, Kak MHE KaXKeTcs, U TauTcs IJaBHOe 3abmyxieHue. Pasymeercs,
¢dusnka He ryMaHUTapHBIA TpeameT. OJHAKO B HEM COAEPKUTCS MOIIHBIN «TyMaHUTAPHBINA TIO-
TEHI[MaJ1», UMEIOIIUN HETIOCPEICTBEHHOE OTHOIICHNUE K PA3BUTHIO MBIIUIEHUS, (POPMUPOBAHUIO
MHUPOBO33PEHUS, BOCITUTAHHUIO ICTETHUECKOTO YyBCTBA, BRIPAOOTKE MPABUIBHON KU3HEHHOH TO-
3unMU. Tak 4TO ¢ TOYKM 3pEHUs BOCIIMTAHUS MOJIOAEKHU (PU3MKA MOJIe3HAa HE MEHee, YeM Mpe-
METbI TYyMaHUTAPHOTO LIUKJIA.

Yumureisb. OTa MBICIb IPEACTABISIETCS MHE OUYEHb BaXKHOM!

ABTOp. OHa He HoBa. B utone 1986 r. B JlyoHe cocTosinack BcTpeua GpusnkoB u puinocodos
no npoosieme «duzuka B cucteMe KyJabTypb» [55]. YuacTHUKHM BCTpeun MOTYEPKUBATIU: CETO-
JTHSI BAKHO YUMTBHIBaTh, YTO (PM3UKa HE TOJIHKO HETOCPEICTBEHHAs! MPOU3BOAUTEIbHAS CHia, HO
U BaKHEHIIMHA MCTOYHMK CBEJCHUI, TO3BOJSIOLIUX YEJIOBEKY OPUEHMUPOBAMbCS 8 OKPYHCAIO-
wem mupe, B CUCTEME KyJIbTYPHBIX IIeHHOCTeH. DTa GyHKIMS PU3UKKU HE MEHEe Ba)KHA, 4yeM eé
BKJIaJ] B MaTepuaibHble OoratcTBa obmecTBa. BricTynaBmmii Ha BcTpeue JOKTOp pusocodekux
Hayk B. WM. KymnioB oTmedan, 4To B COBpeMEHHOM MHpPE BechbMa 3aTpyaHEH mpoiiecc (popmupo-
BaHUSl JYXOBHBIX LEHHOCTEH M IO3TOMY HEHU3MEpPUMO BO3pAcTaeT MHUPOBO33pEHYECKas pOJib
HayKH BooO1Ie ¥ (U3UKH B 0OCOOEHHOCTH. DTO K BONPOCY O MOJb3€ (PU3UKU B €€ BOCTIUTAHUS
MOJIOAEKH.



Yuntesanb. Ho B TakoMm ciiydae HaJ0 AOBOJIBHO CYIIECTBEHHO nepecmpausams npenooasa-
Hue ¢uzuku 6 wixone. [Ipencrasnsere a1 Bl cebe, Kak 3TO ciaeoBaio ObI 1enaTh? A eciu mpe-
CTaBJIsieTe, TO KaK HALIETUTh HAa TaKyIO MEPECTPOUKY OIPOMHYIO apMUIO YUUTENICH?

ABTOpP. BBI IOCTaBMIIM BaKHBIE M, KOHEYHO, OYCHb CJIOKHBIE BOMPOCHL. Pa3MbIlIeHUsT HaT
HHMMU, O6Cy)KIIeHI/Ie X BO BCTpe‘-IaX CO MHOIrmmMu y‘-II/ITeJIHMI/I i BCé 9TO U HO6yI[I/IJIO MCHS Ha-
NUcaTh JaHHYIO0 KHUTY. JlaBaiiTe ke He crella NpucTynuB K €€ yteHuto. M neppoe, ¢ yero cie-
JyeT HayaTb,— 3TO BOIPOC O PO (PU3UKH B COBPEMEHHOM MHUpE.

§1. PUSUKA B COBPEMEHHOM MWPE

I'oBopst 0 ponn GU3MKH, BBIACTUM TPU OCHOBHBIX MOMEHTa. Bo-mepBbIX, (pu3nka sBisercs
JUISL 4eJIOBeKa BaKHEHMIIMM MCTOYHUMKOM 3HAaHMW 00 OkpykaromeMm mupe. Bo-BTopbix, ¢usnka,
HENPEPHIBHO paclIupsis U MHOTOKPaTHO YMHOXKasi BOBMOXKHOCTH YeJIOBeKa, 00eCcIeurBaeT ero
YBEPEHHOE MPOJBMKEHHE 10 IMyTH TEXHUYECKOTO Iporpecca. B-tpeTbux, ¢pusnka BHOCHUT Cylie-
CTBEHHBIM BKJIaJ] B Pa3BUTHE JYXOBHOIO OOJMKa udeloBeka, (OPMHUPYET €ro MHpPOBO33pEHUE,
YUYUT OPUEHTUPOBATHCS B ILIKaJe KYJbTYpHBIX LIeHHOCTEH. [loaTomMy OyneM roBopuTh COOTBET-
CTBEHHO O HAYYHOM, MEXHUYeCKOM U 2yMAHUMapHom TOTeHIIMANaxX pU3HKH.

OTu TpU MOTEeHIUaNa cojepkaiuch B (usmnke Bcerga. Ho ocoOeHHO SpKkO M BECOMO OHM
HpOSIBIIIUCH B (pu3nke XX CTOJNETHS, UTO U MPEJONPEASIINIO Ty UCKIIOUUTEIBHO BaXKHYIO POJIb,
KaKylo cTaja urpathb (pu3MKa B COBpEMEHHOM MUDE.

Pu3uka Kak Ba)KHeHIIMH MCTOYHHMK 3HAHUI 00 okpy:kawmeM mupe. Kak m3BecTHoO,
¢duznka rccneayer Hauboee od1Ke cBoiicTBa U GOpMBbI IBUKEHUS MaTepun. OHa UIIET OTBETHI
Ha BOIIPOCHI: KaK YCTPOEH OKPYXKAIOLIMM MUDP, KAKUM 3aKOHaM MOAYMHSIOTCA IIPOUCXOAIINE B
HEM sBiIeHUs U npouecchl? CTpeMsich MO3HATh «II€pBOHAYaja BELEH» U «IIePBONPUUYNHEI SBJIE-
HUID», (pU3KKa B Mpolecce CBOEro pa3BUTHs CHOPMHpOBAa CHayala MEXaHUYECKYIO KapTUHY
mupa (XVIII — XIX BB.), 3aTeM 31€KTPOMarHuTHYI0 KapTUHY (BTOpas nojoBuHa XIX — Haya-
710 XX B.) U, HAKOHEI], COBPEMEHHY0 (PM3NUECKYI0 KapTUHY MHpa (cepeauHa XX B.).

B Hauane Hamero crojeTus ObuIa CO3[aHa meopusi OMHOCUMENbHOCMY — CHavaja CHelH-
asbHas, a 3aTeM oOmas. E€ MokHO paccMaTpuBaTh Kak BEJMKOJICITHOE 3aBEpIICHHE KOMIUIEKCa
MHTEHCUBHO NpoBoAMBIIMXCA B XIX cTONIeTHM MCCIIeIOBAHUM, KOTOPhIE MPUBEIN K CO3JAHUIO
TaK Ha3bIBaeMOH kiaccuueckoil ¢um3uku. M3BecTHhI amepukaHckuil ¢pusuk B. Baiickong Ttak
0XapaKTepU30BaJl TEOPUIO OTHOCUTEIBHOCTU: «ITO COBEPIIEHHO HOBBIM HAOOp KOHUEMIMM, B
paMKax KOTOPBIX HaXOIiAT 0ObeAMHEHUE MeXaHHKa, 3JIEKTPOJMHAMUKA U rpaBuTanus. OHU npu-
HECJIU ¢ cO00M HOBOE BOCHPUATHE TAKUX MOHATUMN, KaK MPOCTPAHCTBO M BpeMs. DTa COBOKYII-
HOCTb HJIeM B KAaKOM-TO CMBbICIIE SBISiCTCS BepIMHOM U cuHTe30M ¢u3uku XIX B. OHM opranu-
YECKH CBSI3aHBI C KJIACCUYECKUMHU TpaguiusimMmy» [18, c. 730].

Torna sxe, B Hayasle BeKa Hayajia CO3/1aBaThCs, a K KOHIly MEepBON TPETH CTOJIETHs oOperna
JIOCTaTOYHYI0 CTPOMHOCTh Jpyras (yHIaMeHTanbHas Qu3ndeckas Teopusi XX B.— K8aHMOBAs
meopus. Eciu Teopust OTHOCUTENBHOCTH 3((eKTHO 3aBeplasa MpeaecTBOBABIINI 3Tan pas-
BUTHUS (PU3UKU, TO KBAHTOBAsl TEOPUs, PEIIMTEIHLHO MOPBIBasl ¢ KIACCUYECKON (PU3MKOM, OTKPHI-
Bajla KaYECTBEHHO HOBBIM 3Tall B MO3HAHUU YEJIOBEKOM MaTepHuH. «/ljsl KBaHTOBOW TEOpHUHU Xa-
paKkTepeH MMEHHO pa3pbIB ¢ KilacCUKOW,— mucan Baiickond. — DTo mar B HeM3BeJaHHOE, B
MUp SIBJICHUH, KOTOpBIE HE yMelanuch B pamku uaeit ¢pusuku XIX B. Hano Obiio co3naTth HO-
Bbl€ TIPUEMBI MBILIUICHUS, YTOOBI MOHATH MUP aTOMOB U MOJIEKYJI C €0 TUCKPETHBIMU SHEPTETH-
YECKUMH COCTOSIHHSIMU U XapaKTEPHBIMH OCOOCHHOCTSIMU CIIEKTPOB M XUMHUYECKUX CBs3ei» [18,
c. 730].

Hcnonb3ys KBaHTOBYIO TEOPHIO, (pU3HKHN coBepIlmind B XX B. B OyKBaJIbHOM CMBICIIE CIIOBA
IIPOPBIB B IOHUMAHUM BOIIPOCOB, KaCAIOLIUXCS OJIS U BELIECTBA, CTPOCHUS U CBOMCTB KPUCTAJI-
JIOB, MOJIEKYJI, aTOMOB, aTOMHBIX SII€P, B3aUMONPEBPALCHUN 2JIEMEHTAPHBIX YacTHLl. Bo3HUKIH
HOBBIE pa3zenbl (PU3MKH, Takue, Kak (pu3KKa TBEPAOTo Tena, (pu3MKa Iia3Mbl, aTOMHAs U MOJie-
KyJIspHas pu3Mka, sjepHas Gusnka, pU3KKa 3JeMEHTapHBIX YacTHIl. A B TPaJULMOHHBIX pa3/e-
Jax, HallpuMep B OINTHKE, NOSIBUINCH COBEPIIEHHO HOBBIE IUIaBbl: KBAHTOBAsl ONTHKA, HEJIMHEH-



Hasl ONTHKA, Tojorpadus u ap.

®dusnka uccnenyer QpyHaaMeHTaIbHbIE 3aKOHOMEPHOCTH SBJICHHI; 3TO MpeAonpeaciser e
BEAYIIYIO POJIb BO BCEM IIMKJIE €CTECTBEHHO-MaTeMaTHUeCKUX Hayk. Benmymas ponb (usuku
0COOEHHO SIpKO BbIsIBWJIach MMEHHO B XX B. OnuH u3 Haubosiee yOeAUTENbHBIX IPUMEPOB —
00BSICHEHUE MEePHOANYECKON CHCTEMbl XUMUYECKUX 3JIEMEHTOB Ha OCHOBE KBAaHTOBOMEXaHHYe-
cKux npezcraBieHuil. Ha cTeike (GM3MKN M APYTUX €CTECTBEHHBIX HAyK BO3HUKIIM HOBBIE Hayu-
HbIE TUCIHMIUIMHBL. Xumuyeckas usuxa UCCienyeT 3JIEKTPOHHOE CTPOCHUE aTOMOB U MOJIEKY,
(Gu3MUecKy0 MPUPOJY XUMHUECKUX CBs3€H, KHHETUKY XMUMHYECKHX peakuMid. Acmpogusuxa
u3y4aeT MHOrooOpasue (hU3MUecKux SIBICHUN BO BcelleHHOi; OHA MIUPOKO MPUMEHSET METOIbI
CIEKTPAJIbHOIO aHalN3a U pajin0aCTPOHOMUYECKUX HaOmoneHui. B oTaenbHble pas3ziensl acT-
podusuku Beigenensl: ¢usnka ConHua, Gu3nKa 1miaHeT, (GU3nKa MeK3BE3IHON Cpe/ibl U TyMaH-
HOCTeH, (u3uka 3BE3N, KOocMmosorHs. buoguszuxka paccMarpuBaeT (U3MYECKUE U (PUBHUKO-
XMUMHUYECKHE SBICHHUS B XKUBBIX OPraHM3Max, BIUSHHE PAa3JIMYHbIX (U3NYECKUX (PAKTOPOB Ha
KUBBIE CHUCTeMBl. B HacTosiee BpeMs u3 OMO(U3UKH BBLAEIHINCH CAMOCTOSITENIbHBIC HAIpaB-
JeHuss — OuosHepreTrka, GoroOuoIorus, paguodnonorus. I eogusuxa uccieayer BHyTpeHHee
cTpoeHne 3eMiu, GU3NUeCKUe TPOIECChl, MPOUCXo e B €€ obonoukax. PaznmnuaroT Gusznky
TBEPION 3emun, puzuky Mops u Gu3UKy aTMocdepbl. OTMETHM TaKkKe azpodu3uxy, U3ydaro-
11y10 (pU3MYECKHEe NMPOLECCHl B ITOUBE U PACTEHUSX U Pa3padaThIBAIOILYIO CIIOCOOB! PeryIupoBa-
HUSL QU3UUECKUX YCIIOBHH KU3HHU CEIBCKOXO3SIMCTBEHHBIX KYJIBTYD; nempogu3uxy, uccienyro-
IIYI0 CBA3b (PU3NYECKUX CBOMCTB TOPHBIX MOPOJ C UX CTPYKTYpPOH U MCTOpUEH (HOPMHUPOBAHNUS;
ncuxo@u3uKy, pacCMaTPUBAIOIIYI0 KOJHMYECTBEHHbIC OTHOIICHHS MEXIY CHIIOW M XapaKTepoM
pa3apaxuTelis, C OJHOW CTOPOHBI, U NHTEHCUBHOCTBIO Pa3pa)KeHUsI — C JPYTrOu.

Pu3MKa KaK 0CHOBA HAYYHO-TEXHUYECKOro nporpecca. TpyaIHoO nepeoneHuTs poib QyH-
JTAMEHTAJIBHBIX (U3NYECKUX HCCIIEeI0OBAaHUN B Pa3BUTHM T€XHUKHU. Tak, Mcciae10BaHUs TEIIOBBIX
saprneHnii B XIX B. crmocoOcTBOBaJIM OBICTPOMY COBEPIIEHCTBOBAHUIO TEIUIOBBIX JIBUTATENEH.
@dyHAaMeHTaIbHbIE UCCIIEIOBAHNS B O0JIACTH 3JIEKTPOMArHeTU3Ma pUBENIN K BOSHUKHOBEHUIO U
ObICTpOMY DPa3BUTHIO 21ekmpomexnuxku. B nepsoit monosune XIX B. Obu1 co3aaH Tenerpad, B
cepeMHe BeKa MOSBUIIUCH JIEKTPUUECKUE OCBETUTENH, a 3aTeM AJIeKTpoaBUraTenu. Bo Bropoit
nosioBuHe XIX B. XUMHUYECKHE MCTOYHHMKH DJIEKTPUUYECKOTO TOKA CTAIM BBITECHATBHCS AJIEKTPO-
reHepaTtopamMu. JeBATHaaaThIil BEK 3aBepHIMIICA TpUyM(anbHO: NOSIBUICA TeNePOH, pOAUIOCH
panuo, OblT CO37aH aBTOMOOMIIb ¢ OEH3MHOBBIM JIBUTATENIEM, B PSAJE CTOIMIl OTKPBUIMCH JIMHUH
MeTponojuTeHa, 3apoauiaacsk apuanus. B 1912 r. B. . bprocoB Hanucan CTpokH, B KOTOPBIX XO-
POIIO OTPa3UIIOCh MOOETHOE HACTPOCHHE TeX JIET:

CBepHIMINCh BCE MEUTHI, YTO OBUIHM TaK JAJIEKH.
[ToGenubIii yM mpoIIén 3a roAbl COTHU MHJTb.
[Ipu an1ekTprYecTBE MUY 5 3TH CTPOKH,

W'y BopoT, ryns, CTOUT aBTOMOOMIIb.

A MexIy TeM HayyHO-TeXHMYECKHH Mporpecc TOJbKO emE Habupaa TeMI; Hay4HO-
TexHH4YecKas peBosonuss XX B. emé ToJbKO HaszpeBana. OTKpBITHE 3JIEKTPOHA, CO3LAHHME M
CTaHOBJIEHHUE KBAaHTOBOW TEOPUH, BOSHUKHOBEHHE aTOMHON (PU3UKH, a 3aTeM (U3UKHU TBEPAOTO
Tesla — BCE 3TO MPEAONPEeNINIO POXkKACHUE U ObIcTpoe pa3BuTHE dekmponuky. CHavaga BO3-
HUKJIa BaKyyMHasi 3JIEKTPOHUKA (3JEKTPOHHBIE JIAMIIBI, IEKTPOHHO-JIy4YeBble TpyOkH); B 50-x
rojlax crajia pa3BUBaThCs MOJYIPOBOJHUKOBAs 1eKTpoHUKa (B 1948 r. Ol n300peTéH TpaH3u-
cTop); B 60-X ToaX poauIach MUKpOAIEKTpOHUKA. [Iporpecc B 001acTu JIEeKTPOHUKH TTPUBET K
CO3aHHUIO BEChbMa COBEPULICHHBIX CHUCTEM PAaJMOCBA3H, PaJUOYIpPaBICHUs, paauoioKkanuu. Pas-
BHBAETCS TEJIEBUJIEHUE, CMEHSIIOTCS OJJHO 3a JpyruM mnokojeHus 9BM (pactér ux ObicTposeil-
CTBHE, COBEPIIEHCTBYETCS NaMsITh, PACHIMPAIOTCS (YHKIIMOHATIBHBIE BO3MOXHOCTH), OSBIISAIOT-
Csl MpOMBIIIIEHHBIE poOOThL. B 1957 1. cocTosisicss BBIBOJ Ha OKOJIO3EMHYIO OpOUTY MEPBOTO HC-
KyCCTBEHHOro crmyTHuka 3emnu; 1961 r. — monér O. A. 'arapyuna — mnepBoro KOCMOHaBTa
wianetsl; 1969 r.— nepseie moau Ha JlyHe. Hac mouTH yxe He yJUBISIIOT MOPa3UTENbHBIE yC-
HeXyu KOCMUYECKON TeXHUKU. MBI IPUBBIKIIN K 3aIlyCKaM HCKYCCTBEHHBIX CITyTHHKOB 3eMJIH (MX



YHCJIO TABHO NEPEBAIMIIO 3a THICSIUY); CTAHOBSTCS BCE 0OJIE€€ MPUBBIUHBIMU ITOJIETHI KOCMOHAB-
TOB Ha MUJOTUPYEMBIX KOCMHUYECKHUX KOpaOJsiX, UX MHOTOJHEBHBIE BaxXThbl HAa OpOUTAIBbHBIX
CTaHUUAX. MBI TTO3HAKOMHIIUCH ¢ 00paTHOM cTOpoHON JIyHBI, MONMYy4YHIH (POTOCHUMKH MOBEPX-
Hoctu Benepsl, Mapca, FOnutepa, komeTs ["amnes.

@yHAaMeHTaIbHBIE UCCIICAOBAHUS B 00JIACTH SIEPHOH (DU3HMKU TTO3BOJIMIM BIUIOTHYIO MPH-
CTYNIHUTh K PEIICHUIO OHOM M3 HanboJiee OCTPHIX MPOOIeM — dHEpreTuIecKoi mpoodiemsl. [lep-
BbIE sIIEPHBIE peakTopbl MOsABUIUCH B 40-X ronax, a B 1954 r. B CCCP Hauana aeiicTBoBaTh nep-
Basg B MUPE aTOMHas 3JIEKTPOCTAHIUSI — POIMIACH sA0epHas dHepeemuka. B Hactosiiee BpeMs
Ha 3emite pabortaer 6oiee Tpéxcot ADC; onm natot okoio 20 % Bceilt TpPOM3BOIUMON B MHUPE
INEKTPUYECKON SHepruu. PazBepHyThl HHTEHCUBHBIE UCCIIEIOBAHUS IO TEPMOSACPHOMY CHUHTE-
3y; MIPOKJIAABIBAIOTCA ITyTH K TEPMOSIIEPHON IHEPIETUKE.

VYcnexu B uicciieoBaHUN (PU3UKHU Ta30BOTO paspsaa U Gpusuku TBEpAOTO Tena, 6oee riyoo-
KO€ NMOHMMaHue (PU3MKH B3aMMOACUCTBHUS ONTHUYECKOTO M3IYUYECHHUS C BEIIECTBOM, MCIIOJIb30Ba-
HUE TPUHIIUIIOB U METOJIOB paiuopU3UKH — BCE 3TO MPEAOIPENETHIO Pa3BUTHE €IIE€ OJHOTO
BaXHOTO HAYYHO-TEXHUYECKOTO HANPABICHUS — JIA3€pHOU MeXHUuKy. ITO HaIpaBICHHUE BO3-
HUKJIO BCETO TPUJILIATH JIET Ha3aa (MepBbIi ja3ep co3nan B 1960 T.), HO yke ceroaHs ja3ephl Ha-
XOJST MHUPOKOE MPUMEHEHNE BO MHOTUX OOJIACTSIX MPAKTHUECKOM JeATEIIbHOCTH YenoBeka. Jla-
3epHBIN JIy4 BBINOJHSIET pa3HOOOpa3HbIe TEXHOJIOTHUECKHUE OIepaluu (CBapUBaeT, PEKET, Mpo-
OMBaeT OTBEPCTHS, 3aKAJTUBACT, MAPKUPYET U T. J1.), UCTIONB3YETCs] B KaYECTBE XUPYPrHUECKOT0
CKaJIbIelNs, BBIMIOJHSAET TOYHEHIINE H3MEpEeHMs, TPYAUTCS Ha CTPOUTENbHBIX IUIOMIAJIKAX WU
B3JIETHO-TIOCAIOYHBIX TOJIOCaX adPOJPOMOB, KOHTPOJIUPYET CTETIEHb 3arps3HEHUs] aTMOC(EphI U
okeaHa. B Ommkaiiiieil mepcreKkTHBE Jia3epHas TEXHUKA TO3BOJIMT PEATM30BaTh B HIMPOKHUX
MacITadax ONMTHYECKYIO CBSI3b U ONTHYECKYI0 00paboTKy mH(pOpMammu, Mpou3BECTH CBOEOO-
pa3HyI0 PEBOJIIOIMIO B XUMUU (yIpaBlIeHHE XUMUUYECKUMH MPOLIECCaMU, MOTyYeHHE HOBBIX Be-
IIECTB M, B YaCTHOCTH, 0COO0O YMCTHIX BEUIECTB) M OCYIIECTBUTH YIPABISIEMbIH TEPMOSIIEPHBII
CUHTE3.

I'oBOpst 0 cBSA3M MeXay pa3BUTHEM (U3UKU U HAYYHO-TEXHUYECKUM IIPOIPECcCcOM, CIeIyeT
OTMETHUTB, YTO 3Ta CBSI3b ABYCTOPOHHSSA. C OIHOM CTOPOHBI, TOCTHXKEHUS (UHUKH JIeXkKaT B OCHO-
B€ pa3BUTHsI TeXHUKHU. C IpYyroil — MOBBIIIEHUE YPOBHS TEXHUKH CO3HAET YCIOBUS JUIsl HUHTCH-
cupukanuy (GU3NYECKUX HCCIEAOBAHUMN, JETAaeT BO3MOXKHBIM ITOCTAHOBKY MPHUHIMIIUAIBHO HO-
BBIX HCCJEeIOBaHMI. B kauecTBe mprmepa MOXXHO yKa3aTh Ha Ba)KHEWILINE HCCIIEIOBAHUSA, BbI-
MOJIHSIEMBIE Ha SAEPHBIX PEAKTOpax WM HAa YCKOPHUTENSAX 3apsKEHHBIX YacTHII.

Du3uKa KaK BaKHEHIIHMHA KOMIIOHEHT 4YeJI0Be4YecKoi KyJbTypbl. Bo3nelcTBys pemaro-
MM 00pa30oM Ha HAay4YHO-TEXHUYECKHH mporpecc, pU3nKa TeM CaMbIM OKa3bIBA€T CYILIECTBEH-
HOE BIIMSTHME M Ha BCE CTOPOHBI JKM3HU OOLIECTBA, B YaCTHOCTH HA YEJIOBEYECKYIO KYJIbTYpY.
OpnHako B TaHHOM CIIy4ae Mbl UMEEM B BHJY HE 3TO ONOCPEACTBOBAHHOE BIMSIHHE (PU3UKU Ha
KyJbTYpY, a BIUSHUE HenocpeocmseeHHoe, TIO3BOJISIoNIee TOBOPUTh O caMOi (PU3UKe KaK O KOM-
MOHEHTE KyJNbTypbl. IHBIMU cl0BaMH, peub UAET O T'yMaHUTApPHOM COJIEpP’KaHHUU CaMoOro Mpe-
MeTa (U3UKH, KOTOPOE CBSI3aHO C PA3BUTHEM MBIIUICHUS, (OPMHUPOBAHUEM MHPOBO33PEHMUS,
BOCIIMTAHUEM YYBCTB. MBI UMEEM B BUJY OPraHMYECKYIO CBSI3b (PU3UKU C pa3BUTHEM OOIIECT-
BEHHOI'0 CO3HAHUs, C BOCIIUTAHUEM OIIPEIEIEHHOIO OTHOIIEHUS K OKPYKAIOLIEMY MUDY.

YTBepxkaas mamepuanucmuyeckyro ouarekmuxy, puznka XX B. OTKpbUIA PsJl MCKIIIOUH-
TETbHO BaXHBIX MCTHH, 3HAUMMOCTh KOTOPBIX BBIXOIHT 32 paMKU caMoOil (DU3MKHU, UCTHH, CTaB-
X OOIIEYEIOBEYECKUM JIOCTOSIHHEM. Bo-mepBbix, Obla [0KazaHa @yHOaMeHmanbHOCHb
CMAamucmuyecKux 3aKoHomepHocmel Kak COOTBETCTBYIOLIMX OoJsiee rryOokoMy 3Tamy (o cpaB-
HEHUIO C 3aKOHOMEPHOCTSIMU JIMHAMUYECKHMMH) B Ipolecce Mo3HaHus mupa. bwiao mokazaHo,
YTO BEPOATHOCTHAs (popMa NMPUUMHHOCTH SIBISETCS OCHOBHOM, a KECTKas, OJHO3HAa4YHAas NpU-
YUHHOCThH €CTh HE 0oJiee 4eM YacTHBIM ciydail. @u3nka mpeaocTaBuiia HaM YHUKaJIbHYIO BO3-
MOYKHOCTh: Ha OCHOBE CTaTHCTUYECKUX TEOPUH PacCMOTPETh KOJIMYECTBEHHO JUANEKTUKY HEO0O-
XOJUMOT0 U cily4aiiHoro. BbIxozs 3a paMku COOCTBEHHBIX 3ajja4, COBpEMEHHas (U3MKa MoKa3a-
Ja, 4TO CYYAUHOCMb He MOJIbKO nymaem U Hapyuiaem Hawu NiaHbl, HO U Modicem Hac 0002a-
wams, co30a6as HO8ble 803MONCHOCHU.



Bo-BTOphIX, pusnka XX B. MPOJEMOHCTPUPOBAIIA 8CCOOUHOCIb NPUHYUNA CUMMEMPUU, 3a-
CTaBWJIa 3HAUUTEIBHO TMIIyO’Ke B3IJIIHYTh HAa CUMMETPHUIO, PACIIMPHUB ATO IMOHSATHE 3a paMKu
TEOMETPUUYECKUX MIPEICTABICHMM, a TJIaBHOE, paCCMOTpEIa JUAIEKTUKY CUMMETPUHU U aCUMMET-
pHH, CBA3aB €€ C IUAJICKTHUKOM OOIIEero u pa3iMyHOro, COXpaHeHUs U u3MeHeHus. bbut mocras-
JIeH BOIIPOC O CUMMETPHUU-ACUMMETPUHU (DPU3UYECKHX 3aKOHOB, B CBSI3M C 4YeM Oblja BBIABICHA
ocobasi pojib 3aKOHOB COXpaHEHHUs. BhIXons 3a paMKu COOCTBEHHBIX 3a/ay, (M3MKa HarJsIHO
1oKasasua, 4YTo CUMMEMpPUs 02PAHUYUBAEM YUCTIO 803MOICHBIX 6APUAHIMOE CIMPYKMYD UIU 8APU-
anmog nogederus cucmem. IT0 0OCTOATEIHCTBO UCKIIIOUUTENBHO BaXKHO, TaK KaK J1a&éT BO3ZMOX-
HOCTb BO MHOTHX CIlIyyasiX HaXOJWTh PEIICHUE KaK pe3ysbTaT BHIBICHUS €IMHCTBEHHO BO3-
MO>XHOTO BapHaHTa, 0€3 BRIACHEHHS MOIPOOHOCTEH (peleHrne u3 cooOpaxeHNi CHMMETPHH ).

B-tpetpux, ¢usuka XX B. mokazana, 4To 1Mo Mepe yriayOleHusl HalluX 3HAHUH TPOUCXOIUT
nocmenenHoe cmupanue cpanell, pa3pylueHue neperopook. Tak, cTupaeTcs rpaHb MEXay KOp-
MYCKYJISIPHBIM U BOJHOBBIM JIBUJKEHUSIMHU, MEX/1y BELIECTBOM U mosieM. OKa3anock, 4To Kak Be-
IIECTBO, TaK U TOJIE COCTOST U3 DJIEMEHTAPHBIX YacCTHI] U, O0jee Toro, MycToTa — 3TO BOBCE HE
MyCTOTa B OOBIYHOM MOHMMAaHUH, a (PU3NYECKHI BaKyyM, «HAIIOJHEHHBII» BUPTYAIbHBIMU Yac-
tunamu. Hopmoii nmoBeeHus JUIsl 4aCTHII, pacCCMaTPUBAEMbIX B COBPEMEHHOI (U3HKe, SABISIOTCA
B3aMMOIIPEBPALIEHUS, TIO3TOMY MMp INpEACTaeT Mepes HaMHM Kak eAuHoe Lenoe. B atom mupe
MOHSTHE MOJHOCTHIO M30JUPOBAHHOTO O0BEKTA MO CYTH JieJia OTCYTCTBYET. 31eCh YMECTHO Ha-
IIOMHHUTb U3BECTHOE JIEHUHCKOE 3aMEUYaHHe, YTO B MIPUPOJAE HET aOCOJIOTHBIX IPaHel, 4To «BCE
IpaHU B MPUPOJIE YCIOBHBI, OTHOCUTENbHBI, TOJIBUKHBI, BBIPAXKAIOT MPUOIMKEHHE HAIIETO yma
K TIO3HaHUIO MaTepum» [4, c. 298]. B-ueTBEPTHIX, cOBpeMeHHAs (HU3HKA TIOJIApPHIIa HAM NPUHYUN
coomeemcmeus. OH BO3HUK B KBAHTOBOW MEXAHUKE Ha 3Tane €€ HadaJbHOTO Pa3BUTHs, HO 3a-
TEM NpEeBpaTWICA B OOLINI METOAOJIOTMYECKUM MPUHIIMII, OTPAKAIOIINUN AUATEKTUKY Ipolecca
no3HaHuss Mupa. OH IEMOHCTPUPYET BAXKHOE MOJOKEHHE TUATIEKTUKHU: MPOLECC MO3HAHUA —
3TO MPOIECC MOCTETIEHHOTO0 M OECKOHEUYHOTo MPUOIMKEHUSI K aOCOJIIOTHOW MCTHUHE Yepe3 Io-
CJIE1I0BATEILHOCTh OTHOCUTEIBHBIX UCTUH. [I[pMHIMI COOTBETCTBHS MOKA3bIBAET, KAK UMEHHO B
¢du3uKe peanusyeTcs yKazaHHBIA mpolecc MPUOIMKEHUs K UCTHHE. DTO HE MEXaHUYECKOe JI0-
OaByieHHE HOBBIX (DaKTOB K Y€ M3BECTHBIM, a MPOIECC MOCIEA0BATEILHOI0 00001EH S, KOT1a
HOBOE OTPUILAET CTAPOE, HO OTPULIAET HE MPOCTO, & C YAEPKAHUEM BCETO TOTO MOJIOKUTEIBHOTO,
YTO OBUIO HAKOIJIEHO B cTapoM. «M3yuenue pusnku 1aét BO3MOKHOCTh MOKa3aTh, YTO Bce PU-
3UYEeCKHe MPECTAaBICHNUS U TEOPUU OTPaXaroT 0OBEKTUBHYIO PEaIbHOCTh JIMIIb MPHOIMKEHHO,
YTO HalIM NPEJCTABICHUS O MUPE HETIPEPHIBHO YIUIYOJSAIOTCA U PACHIMPSIOTCS, YTO MPOLIECC MO-
3HaHUS MaTepUatbHOTO MUpa Geckoneuen» [127, c. 21].

Hamm npencrasnenus o mupe... Her He06X01MMOCTH 10Ka3bIBATh, YTO COBPEMEHHOE MUPO-
NOHUMAaHUe — BAXHBIM KOMIOHEHT 4Y€JOBEYECKON KyNbTyphl. Kaxkaplii KyJIbTYpHBIN 4EOBEK
JIOJKEH XOTsl Obl B OOIIMX YepTax MPeACTaBisATh, KaK YCTPOEH MHpP, B KOTOPOM OH JKHUBET. DTO
HE00XO0JIMMO HE TOJIBKO JUIsl 001Iero pa3BuTHsA. JII000Bb K NpUpoAe MpernonaraeT yBaKeHHe K
IPOUCXOSAIINM B HEW Tpoleccam, a Jyuisl ITOro Hajlo MOHUMAaTh, IO KAKMM 3aKOHaM OHHU COBEp-
HI1aroTcsl. MBI IMEEM MHOT'O NTOYUYHMTENBHBIX IPUMEPOB, KOTJa IPUPO/Ia HaKa3blBaja HAC 3a Hallle
HEBEXKECTBO; MOpa HAYYUTHCS U3BJIEKATh U3 ATOro Ypoku. Henb3s Takxke 3a0bIBaTh, 4TO UMEHHO
3HaHUE 3aKOHOB HPUPOABI €CcTh 3(P(PEeKTUBHOE OpyXkHe OOpbObI ¢ MHUCTUYECKUMU IpeJICTaBlIe-
HUSIMH, €CThb (DYHJIAMEHT aTeMCTUYECKOT0 BOCIIUTAHUSI.

CoBpeMeHHas (u3KMKa BHOCUT CYIIECTBEHHBIN BKJaJ B BBIPAaOOTKY HOBOT'O CTHJIS MBIIILIE-
HUS, KOTOPBIM MOXHO Ha3BaTh nianemapHulm Mmuiuiienuem. OHa oOpamiaercss K npoOiemam,
UMEIOIUM OO0JbIIIOE 3HaYeHHE Ul BceX CTpaH M HapoJoB. Croja OTHOCSTCS, Hanmpumep, Ipo-
0JIEeMBI COJTHEYHO-36MHBIX CBSI3€H, KacaroIIHecs: BO3JICUCTBUS COTHEYHBIX M3JIyYCHUN HAa MarHu-
Tocdepy, atMmocdepy u ouocdepy 3eMin; mporHo3sl GU3NUECKON KapTHHBI MUpa TOCTE SASPHOIM
KaTtacTpo(bl, €CIIM TaKOBasl pa3pasuTCs; INI00ATbHBIE SKOJOTUYECKUE MPOOJIEMbI, CBA3aHHbIE C
3arps3HeHueM MUpoBOro okeaHa u 3¢MHOM aTMocdepsl.

B 3axsroueHne oTMeTHM, YTO, BO3JIECHCTBYS Ha caMblil XapakTep MBILUICHUS, IOMOTas OpH-
€HTHPOBATHCS B IIIKaJIEe KU3HEHHBIX LIEHHOCTEH, (H3KKa cnocoOCTBYET, B KOHEYHOM CUETE, BbI-
paboTKe aJeKBAaTHOTO OTHOIIEHUS K OKPYXAlOIIeMy MUPY M, B YaCTHOCTH, aKTHBHOMN KU3HEH-



HOU mo3uruu. JIFoOoMy 4YelloBeKy Ba)XHO 3HATh, YTO MHP B IPHHLUIIE [TO3HABAEM, UTO CITydaii-
HOCTb HE BCETJia BPEe/IHA, YTO HY)KHO U MOKHO OPUEHTUPOBATHCSA U paboTaTh B MUPE, HACHIIICH-
HOM CJIy4ailHOCTSIMH, YTO B 3TOM M3MEHSIOLIEMCSI MUPE €CThb TEM HE MEHEE «OIOPHBIE TOUKNY,
WHBAapUAHTHI (4TO OBl HU MEHSJIOCH, & DHEPTHUSI COXPAHSIETCS), YTO MO Mepe YriayOJaeHus 3HaHUMA
KapThHA HEW30€KHO YCIIOXKHSETCS, CTAHOBUTCS AMAJCKTHYHEE, TaK YTO BUEpAIIHUE «IIepero-
pPOIKM» 00JIee HE TOMATCS.

Mp1 yOexnaemcsi, TaKUM 00pa3oM, YTO COBpeMEHHas (M3MKa NEHCTBUTEILHO COACPKUT B
cebe MOIIHBIN TYMaHUTApHBIM MoTeHIMal. MOXKHO HE CYUTATh CIUIIKOM OOJIBIIUM IpPEyBeIH-
YeHHEeM cJIoBa aMmepukaHckoro ¢usuka M. Pabu: «Dusnka cocTaBisieT CepIIIeBUHY T'yMaHHUTAp-
HOTO 0Opa3zoBaHMs HalIero BpemeHmw» [37, c. 22].

Huanoe. O gnanektuke n metacdunsnke

ABTOp. IIpuxogunocs mu Bam Ha ypokax (QuU3MKH
TOBOPUTH LIKOJIBHUKAM O Ouaiekmuke u memagusuxe?

Yuureab. Her, He npuxoawnocs. IlIkonsHHKOB
3HAKOMSIT C 3TUMHU NOHATHUAMU Ha ypoKax OOIIecCTBOBE-
JEHUSL.

ABTOp. A Kak ke ObITh ¢ TpeOoBaHUEM (HOPMHPO-
BaTh JINAJIEKTUKO-MATEPHAINCTUIECKOE MUPOBO33PEHUE
npu 00y4ueHuu puzuxe?

Yuurteab. YecTHO roBops, Ha MPAKTUKE 3TO TPeOO-
BaHue He BbinoiHsercs. [lo kpaiiHeil Mepe, B O0NbIINH-
ctBe mKoja. Kcratu ropops, B IKOJIbHOM yueOHUKE (pu-
3UKHU CJIOBO «IUAJICKTHKA» BOOOIIE HE yOTpeOIsieTcs.

ABTOp. B 1908 r. B cBOEH 3HAamMeHUTON KHMre «Ma-
TEpUAIU3M U SMIUPUOKpUTHIIM3M» B. U. Jlenun nucan:
«CoBpemenHas ¢usnka JeKUT B pomax. OHa pokaer
IuaneKkTuYeckuit matepuanusm» [4, c. 332]. Ilpoananu-
supoBaHHass B. . JlenuHbIM HOBeHIIas PEBOJIOIUS B
€CTECTBO3HAHMU KaK pa3 M O3Hayajla Pe3KUil MOBOPOT B
dusnke OT MarepuanuMa memaghusuuecko2o K Marte-
puanusMy ouanrekmuueckomy. VIMEHHO aHMaIeKTUYHO-
cThi0 (pu3uka XX B. KOpPEHHBIM 00pa3oM OTJIMYAETCS OT
¢m3ukun XIX B. K coxaneHuro, 3T0 NPUHIUIHAIBHOE
00CTOSITENECTBO TOKAa €mE HE HAlUIO0 OTPaKEHUs B
MIKOJIBHOM Kypce (PU3HKH U YK€ 10 OJTHOW TOJIBKO STOU
PUYUHE CYLIECTBYIOIIUNA HIKOJIBHBIN Kypc (DU3UKU HE
MOJKET PacCCMaTPUBATHCS KaK CO8PEMEHHbII.

Yuntesb. Ho B HbIHENTHUX HIKOJBHBIX Y4eOHHKaX
NPUBEJCHO MHOTO MOHATUI U (aKTOB, KOTOpPhIE (HUNKE
XIX B. ObUTM HEW3BECTHBI. JTa (PU3MKA HE MMENA Jela C
AJIEKTPOHAMM, ATOMHBIMU SIIpaMH, 3JIEMEHTapHBIMHU
YaCTULAMH; OHA HE pacCMaTpUBANIA SIIEKTPUUYECKYIO

— Tak uem e OTIHYAETCH AHAMEKTH-
Ka OT MeTapu3uKu?

— Jlnanextika — 5T0 passuTHe, a MPOBOJIMMOCTh MOJYTIPOBOJHUKOB, YCTPONCTBO 3JIEK-

MeTaH3HKa — 3aCTOH. o

o e e TPOHHO-TYYEBON TPYOKH, IPUHITUN pabOTHI J1a3zepa WiIu

— Hy, nuanexktuka — 310 Xopoiuo, a a _

v i ;Iz[epHogo peaktopa. Pa3Be BcE 3T0 — He coBpeMeHHas
Ha ypoke ¢pusuxu. @I’BHKa-

ABTOp. BBl NoAHSIN OYeHb Ba)kKHBIN BoIpoc. J[eJ0 B TOM, YTO MOXHO COOTBETCTBOBATb



«OyKBe» U HE COOTBETCTBOBATH «JIyXy» COBpeMeHHOU Pu3nku. «Jlyx» COBpeMEHHON (HhU3HKU —
ouanekmuka (IAATEKTHKA SAMHCTBA © MHOTO00pa3usl, THAJIEKTHKAa HEOOXOIUMOTO U CITydaitHO-
ro, TMAJIEKTUKAa CUMMETPUHU U aCUMMETPHH U T. 1.). Ho AualieKTuKu Kak pa3 ¥ HET B HIKOJIBLHOM
Kypce ¢usuku. EcTe «OykBa», HO HET «ayxa». M kak ciencTsue, HeT (GOPMUPOBAHUS THATCKTH-
YECKOI0 MUPOBO33PEHHUS.

Yuurean. TyT 5 ¢ Bamu coBepmieHHo coriaceH. /[ymaro gaxke, 4to 0€3 «mayxa» BpsJl JIA
BO3MOXXHO CKOJIb-JIN0O TIyOOKO MOHATH «OYKBY». HeTpyaHO NMpUyYHTh MIKOJLHUKOB IHPOKO
MPUMEHSATh TEPMUHBI «3JIEKTPOH» WM «aTom». OIHAKO 3TO €Ile HE O3HAYaeT, YTO OHU MOHH-
MAaIOT CrelUUKY JaHHBIX MOHSATUH, pa30UparOTCs B OCOOCHHOCTSAX MOBEICHUSI MUKPOOOBEKTOB,
YYBCTBYIOT PaJUKaJIbHOE OTIUYHME ITHX OOBEKTOB OT T€X OOBEKTOB, KOTOPHIE BCTPEUAIOTCS B
OOBIICHHOH MpaKTHKeE.

ABTop. /lanHas kHura HazBaHa «CoBpeMeHHas Gu3nka B cpeAHeit mkose». Jis Gonpiei
SICHOCTH 3/IeCh Ha/I0 ObUIO ObI MaTh JBa Moj3aroioBka: «Vcroib30BaHue AHANEKTUKHA TIPH U3Y-
yeHUH (PpU3uKU B 1Koje» U «OO0yueHue MKOIbHUKOB TUANEKTHKE B Mpoliecce n3ydeHus pusu-
Ki». JIBa MO/A3aroyioBKa OTPakaroT JBa JUAICKTHUYECKHA B3aWMOCBSI3aHHBIX OOcTosATenbcTBa. C
OJIHOM CTOPOHBI, UMEHHO Yepe3 NUAJICKTHUKY HIKOJbHUK MOKET MPUOOMIMTHCS K COBPEMEHHOU
¢usuke. C qpyroif — UMEHHO B TIPOIECCEe U3yUSHUS PU3UKH OH MOXKET HAyUUThCS JUATICKTUKE.

Yuuress. [lomyyaercs, 9To nepea HaMu eé OMH YICOHHUK 1O TUATIEKTHKE?

ABTOp. B n3BectHom cmbicie. [loaToMy naBaiiTe HAaUHEM ¢ OCHOBHOT'O BOIIPOCa: B UéM pas-
JTUYHE MEXTY THAICKTUKON U MeTahU3uKOn?

Yuurteab. Metadgusuka paccMaTpuBaeT Bc€ pa3po3HEHHO U B HEMOJBMKHOCTH, a JUAJICK-
THKa — BO B3aMMOCBSI3H U B Pa3BUTHH.

ABTOp. Bo3paxkeHuili HET, HO HE XOTEJIOCh OBl OTPAHUUYUTHCS CTOJIb OOMMMHE (pa3amu.
[Ipennarato HayaTh Pa3roBOp O JUANEKTHKE W MeTadu3MKe HEMHOrO M3Jalieka — CO CIIeyIo-
LIUX CTPOK U3BECTHOIrO pycckoro nosra @. M. Troruesa:

Kax cepamy Bpicka3aTh ceOs?
Jlpyromy Kak mOHSTH TeOs?
IToitMéET 1M OH, YEM THI KUBEIIH?
Mpicnb U3ped4E€HHAs €CTh JIOKD...

Wrak, noguepkHéM: « MBICIIb U3pEUEHHAS €CTh JIOKbY». KOHEYHO, TO3T HE MMEIT B BUAY JIOKb KaK
o0bIyHOE BpaHbE. [IpocTo OH XOTeN cKa3zaTh, YTO MOMbITKA CPOPMYJINPOBATH MBICIIb, KaK ITPaBH-
JI0, MCKa)KaeT CYITHOCTh MBICIK. B HTOTe BBICKAa3aHHAs MBICIH MOXET COJIEpXKaTh B cebe B Ka-
KOI-TO Mepe mpaBiy, a B Kakoi-To Mepe Joxkb. Heuto mogo0HOE MBI BUIAUM U B CIEIYHOIUX
CTpOKax Hamen nosreccsl b. A. AXmaayJIMHOM:

[Ipumuia ¥ roBOpIO: KaK HBIHEHITHEMY CHETY
Jlerko nereth ¢ HeOec B yroay (despaito,

Tak MHe B yrogy BaMm JIETKO B30WTH Ha CIICHY.
He BepbpTe MHE, KOTAA 51 3TO TOBOPIO.

Onsate — Tak, J1a He Tak!

Yuureab. Y MO3TOB 3TO MOKHO BCTPETUTH JIOBOJBHO YacToO.

ABTOp. [lymaro, 9To N1e10 He B crienr(uKe MOITUYECKOTO BOCTIPUATHS MHUpa. 3/1€Ch YMeCT-
HO BCIIOMHUTSH ciioBa B. U. Jlenuna: «Mbl HE MOKeM TIPEICTaBUTh, BEIPA3UTh, CMEPUTH, U300pa-
3UTh JBIDKEHUS, HE IPEPBAB HEMPEPHIBHOTO, HE YIIPOCTUB, YyTPyOUB, HE pa3/einB, HE OMEPTBUB
)kuBoro. M3o0paxeHnue IBMIKEHUS MBICIBIO €CTh BCErja OrpyOJjieHUEe, OMEpPTBICHHE, — U HE
TOJIBKO MBICJIBIO, HO ¥ OUIYIIEHUEM, U HE TOJIbKO JBUKEHUS, HO U BCAKOIO noHsAtusd. 1 B 3Tom
cymub TUANEKTUKH...» [5, c.233]. TrotueBckyto ¢pazy «MpICiab U3pedU€HHAs €CTh JIOXKb» HAJ0
MOHMMAaTh MMEHHO TOJ yIJOM JICHMHCKUX CIIOB O HEHU30€KHOCTHU OTpyOsIeHHs, OMEPTBICHUS
JIEWCTBUTEILHOCTH MBICIIBIO.

Yuntesb. PaccMaTpuBas TIOTUEBCKYIO Ppa3y ¢ ITUX MO3MUIHMA, MPUAETCS MPHU3HATH, YTO B
HEel OTpakeHa CYIIHOCTh JUATCKTUKH.

ABTOp. PaKTUYECKU TaK OHO U €CTh. lenepb MompodyeM MOHATh, B UEM KE 3aKIIF0YaeTCs



TJIABHOE pa3iMyue MEXIy TUATCKTUKOW 1 MeTadu3nkoil. Metadusuka — 3TO MblulieHue Kpaii-
HUMU Kame2opusmu;, €l CBOWCTBEHHA KaTETOPUYHOCTH, MpHUcyIias (GopmanbHOU joruke. Jlubo
oa, b0 Hem — mpemve2o He OaHo. JInbo mpaBuIbHO, MO0 HenpaBuiabHO. JIn6Go Bpar, 1160
npyr. JInbo moxHO, 1100 Henb3s. Tolbko JBE Kpacku, HUKaKUX MOITyTOHOB. YelloBek, paccyx-
Jaromuil MeTau3nYecKy, MOJTYYHB HEKUH pe3ysbTaT, CTAaBUT BOMIPOC: BEPEH ITOT pe3ysbTaT
iy He BepeH? CylIeCTBEHHO, YTO OH NPU3HAET TOJIBKO J1BA OTBETA: Ja WIK HeT. Eciu «xa», To
pe3ysbTaT NMPUHUMAETCS, €CIIH XK€ «HET», TO MOMPOCTy OoTOpachiBaeTcs. MeTapu3uK NpU3HAET
HCTHHY TOJIBKO B TOTOBOM, OKOHYATEJIILHOM BHJI€ M HE TEPIIUT U3MEHEHUH B TOM, YTO YXKE MIPH-
HSATO.

Yuureab. A 4ro 1IoxXoro B GopMmysie «Iub0 aa, 100 HET — TpeThero He naHo»? OnHa
IPEJIO0JIAaraeT ICHOCTh U YETKOCTh MBILLICHHUS.

ABTop. OHa npeanonaraeT KaTerOpu4HOCTh MbIIUIEHUA. [, eciin XOTUTE, N3BECTHYIO TPHU-
MHUTHBHOCTbH MbIIUIeHUs. [loToMy uTo OoJee ajiekBaTHa AEHCTBUTEIHLHOCTH (POpPMYIIa THACKTH-
KH: 8 KaKOU-mo mepe 0a, a 8 Kakou-mo mepe Hem. B Kakoil-To Mepe BEpHO, a B KaKOW-TO Mepe
HE BEpHO. B Kakoi-To Mepe MOKHO, a B KaKOI-TO Mepe HeNb35. 31€Ch OUEHb BaXKHO CYMETb Oye-
HUmMb Mepy — Mepy NO3BOJICHHOCTH, MEPY BEPHOCTH IOIYYEHHOI'O pe3yJIbTaTa, MEpy IPaBJbl,
coJepxalieiics B «u3peuéHHON MBICIH», MEPY HAIIEro OrpyOJieHUs! NeHCTBUTEIBHOCTH. SICHO,
YTO HET AJITOPUTMOB I ONPENEICHHUS MEPBI; €€ OLICHKAa €CTh CBOEr0 poJia UCKYCCTBO, KOTOPO-
My HacC y4aT Apakmuxd, 0elcmseumenbHoOCmb.

Yumnreib. 11 MOJIOAEKN XapaKTEPHA KATETOPUYHOCTD MBIIICHUS.

ABTOp. OTO €CTECTBEHHO — BE/b Y HEE HET JOCTaTOYHOTO KU3HEHHOTO OnbITa. JKn3Hb emé
He ycrena o0y4uTh e€ IualleKTUKe. DTO Beb C T'OJlaMU YCBAaUBAIOTCS «IMAJEKTUUECKUE UCTH-
HBD) THIA «YEM JajbllIe B JIeC, TeM OOJbILE APOBY», «THUIE €ACUIb — JAajblle OyAeub», «4eM
XyXe, TeM JIydllIey», «TakK, J1a He Tak», «HET MpaBui 0e3 UCKIoYeHui» u T. 1. Korga Mel BeTpe-
yaeMcsl B KH3HH ¢ OIOPOKPAaTOM, MbI Ha cebe MCIBITHIBAEM MPUMHUTUBHOCTH METa(PH3NUECKOTO
MBILUICHHS. BIOpOKpaT MOCMOTPUT B MHCTPYKIMIO U KATETOPUYECKHU 3aBUT — HTO MOKHO, a 3TO
Henb3s. I Hero 3T0 — OKOHYaTeabHas UCTHHA. A ’KM3Hb 4acTO MPEAaraeT CUTyaluy, He yd-
TEHHBIE NHCTPYKIMSIMHU; K OILICHKE OJOOHBIX CUTYyalui Or0poKpat HecriocoOeH. [{uanekTuka xe
npezrnonaraeT MHOM MOaX0/A: HUKaKue MHCTPYKIMHU, OUYEBUAHO, HE MOTYT OTPa3UTh MHOT00Opa-
3Msl peajbHON KU3HU, IOITOMY BBINOJIHATH HHCTPYKIUH CIIEAYET HE OE30r0OBOPOYHO, a C YUETOM
CUTYyallMH, B TOI Mepe, B KaKoil 3Toro TpedyeT cuTyauus, MHTepech Aena. BcnoMHUM HapoIHy1O
MynpocTh: «Het nmpaBui1 6€3 UCKITIOUEHUIT».

Yuurenb. Metapu3nuecku MbICIUTh, KOHEUHO, Mpole. /(nanexkTuka TpeOdyeT OLEHKH Me-
pHL

ABTOp. CoBeplIeHHO BepHO. Ba)kHO OTMETHTbH, UTO MBI BCEr/a TAroTeeM K MeTadusnde-
CKOMY MBIIUIEHHIO. TeM caMbIM Mbl CTPEMUMCS YAOBIETBOPUTH NMOTPEOHOCTh B ICHOCTH U YET-
KOCTH — KOI'Jla BCE pacCTaBJICHO 110 CBOMM MECTaM, PA3JIOkKEHO MO «Ionodkam». OgHako aei-
CTBUTEJIBHOCTb, MPAKTUKA, CaMa KU3Hb 3aCTaBJISIIOT HAC OTKA3bIBATHCA OT 3aMaHYMBON YETKOCTU
U MOTpy’KaThcs B AUAJIEKTHKY MPOTHBOPEUMii, B MUp 0e3 u€TKUX IpaHeil, rae BCE BEPHO JIMIIb
OTHOCHUTEJIbHO, JIMIIb B KaKOW-TO Mepe, JIHIIb C Y4ETOM KOHKPETHON CUTyallMl U KOHKPETHOIO
MOMEHTA.

Yumnreas. S cornacen ¢ Bamu. OnHako B npouecce 00y4eHHs! BaKHBI SICHOCTh U YETKOCTb.
Bpsia nu nenecoobpa3Ho «Imorpyxartb B AUAIEKTUKY MPOTUBOPEUMD» HEUCKYLIEHHBIH yM, Tpu-
BBIKIIIMIM MBICIUTh KaTeropuuecku. CreaoBarenbHO, Mbl, TI€arord, He MOXKEM OTKa3aThCs OT
MeTaU3MIECKUX MOAXO0JI0B.

ABTOp. HukTo 3T0r0 He Tpebyer. [la 3T0 M HEBO3MOXKHO. YUaIuMcs AeMCTBUTEIBHO HYXK-
HBI pa3rpaHUUYCHUs], «IIOJOUKH», «Ieperopoakny. OqHaKo KpaifHe BaXkKHO, UTOOBI BCE 3TO HE ab-
COJIFOTU3MPOBAJIOCH (2 UMEHHO TaK MbI, K COXKaJIEHUIO, MOCTYMaeM J0BOJIbHO 4acTo). Hamo Bcé
BpEMS IIOMHHUTB, YTO SICHOCTb OTHOCUTEJIbHA, Pa3TPAHUUYEHUS YCIOBHBI U NMOABWXKHBL. [loaTOMY B
nporuecce 00y4eHHs MPUHIUINAIBHO BaKHO UATH BIIyOb, TOCTENIEHHO YTOYHSIS, BBIXO/S 32 yC-
TAQHOBJICHHBIE PaHEE «IIEPETOPOAKN», NIPEOJO0JIEBAsI YCTAPEBUINE MPEICTABICHUS, NIEpeCcTpanBa-
ACh B CAaMOM ITyOOKOM MTOHMMAHUHU TOTO CJIOBA.



Yuurtenab. HackonbKo st IOHSUI, HY>)KHO AMAJIEKTHYECKH COYETaTh METapU3UKy U JHAJICKTH-

KY.
ABTOp. IMEHHO 3TO 5 U UMEN B BUAY.



1l nasa nepsasi

JOJITHU ITYTh K COBPEMEHHOH
ECTECTBEHHOHAYYHOH KAPTHHE MHPA

§ 2. NMEPBbIE WAT'U

3apoxxkaeHue HaAyKH B aHTHYHYIO 3moxy. Hayka o mpupoze 3apoausach B JIOHE JpEBHE-
rpedeckoit ¢punocodun ABE ¢ MOJTOBUHOM ThICSAUYH JieT Ha3aa. B [Ipesueii ['pernuu BriepBbie B UC-
TOPUH HAaYaJld 3aHUMAThCSl HAYKOM He TOJIBKO Payl pPelIeHUs] MPaKTUYECKHUX 3a7a4, HO ¥ IPOCTO
MIOTOMY, UTO 3TO MHTepecHO. Bo3uukinu npodeccuu yuéHoro u yuurens. [lepBoie yuéHble cTanu
Ha3bIBaThC (hritocodamu, 4To B MepeBoie C TPEUECKOro 03HaYaeT «IroduTenu Myapoct». Ko-
HEYHO, aHTUYHAsl HayKa pacrojiarajia KpailHe CKyJHBIMHU JJaHHBIMU, B T€ BpeMeHa KCIIEPUMEH-
TaJIbHBIEC MCCIIEIOBaHUS MPAKTUYECKH HE MPOBOJMINCH. B apceHane qpeBHerpeueckux (uioco-
¢oB ObUIN JIUIIL MPOCTHIE HAOMIOACHUS HAJ MPHUPOIOH, TUIIOTE3bl U JOTHUYECKHE PACCYkKICHUS.
HeynuButenbHO, 4TO X BBIBOJBI HEPEIKO OKA3hIBAIMCH HEBEPHBIMU, MHOTOE B X HayYHOM Ha-
CJIeIMU TIPE/ICTaBIsIeTCsl HaM Cero/Hd HauBHBIM. M TeM He MeHee, Kak oTMedan @. DHrensc B
«/InanexTuke mpupoabD, «B MHOTOOOpa3HBIX (opMax rpedeckoil pumocoduu yxe UMeroTcs B
3apoJibIlIe, B MPOIECCE BOSHUKHOBEHHUSI, TIOYTH BCE MO3HEUIIINE TUITBI MUPOBO33peHuH. [103T0-
MY M TEOPETUYECKOE €CTECTBO3HAHME, €CIIM OHO XOUET MPOCIEAUTh HCTOPUIO BOZHUKHOBEHUS U
Pa3BUTHSA CBOUX TEMEpEeIIHUX OOLIUX IMOJOXKEHHUH, BBIHYKJIEHO BO3BpALLIAThCS K Tpekam» |2,
. 369]. DTOT SKCKYpC B aHTUYHYIO 310Xy Ba)KCH, B YACTHOCTH, U TIOTOMY, YTO 3/IeCh MBI OOHa-
pYy’KHBaeM yAUBUTEIbHOE BiaJIeHUE JUATIEKTUYECKUM METO/I0M. «/IpeBHerpeueckue Gpuiiocodsl,
— mUcal DHrenbe, — OBLIN BCe MPUPOKICHHBIMH, CTUXUHHBIMH TUATICKTUKAMH, U APUCTOTEIb,
camasi yHUBepcalibHasl TOJIOBa CPeAM HUX, YK€ HCCIeI0Baj CyllecTBeHHeH e GopMbl JralleK-
TUYECKOT0 MBIIIJICHUs» [2, c. 19].

Wrak, nepenecémcs MbiciieHHO B JlpeBHioto ['pennto, ckaxkeM, B VII B. 1o H. 3. Kak Toraa
npeacTaBisuics oM Mup? [ToBepXxHOCTh 3eMin OHH YTHOI00JISAIN TNIOCKOMY JTUCKY, KOTOPBIH
1o kpasiMm ombiBaeTcs Bogamu Oxeana (puc. 1.1). TOT nuCK Kak ObI HAKPHIT CBEPXY TBEPIOM
HeOecHOM morycepoid, a oI TMCKOM HaXOIUTCS MOA3EMHBIH MUP, COCTOSIIIUNA U3 JBYX dTaKEH



(BepxHHH 3Tak — AWM, ApCTBO MEPTBBIX, HIKHUN — Taprap, TéMHas Oe3qHa, TAe HOCATCS
BUXpH). [Ipoin€T nBecTr €T, ¥ 3TOT MPUMUTUBHBIN B3IJISA HA YCTPOMCTBO MUpa YCTYNHT (CHA-
YaJia BpeMEHHO) J0TaJIKe O MIapooOpa3Hoi 3emiie, ABIKYIICHCS B KOCMOCE 10 KPyTrOBOM OpOu-
te. Ho 00 3TOM uyTh MO3XKe.

B VI B. 10 H. 5. B aHTUYHON HAayKe YKPENWIACh UJIesl O MATEpUATIbHON
MEepBOOCHOBE Bcex Bemlen. Panec MueTckuil moiarai, 4To TaKOW MepBo-
OCHOBOM SIBJIIETCS BOJA; a AHAaKCUMEH — BO3AYyX. AHAKCUMaHJIp TMpe-
MOJIOXKUJI, YTO €CTh OecrpesieibHOe M HEONpeaesi€HHOe Hadano («amnei-
POH»), KOTOpoe «BceM ympanisier». OcoOeHHO XOTeNOoCh Obl BBIICIUTH
I'epaknmura Ddecckoro (540 — 480 rr. 10 H. 3.), pacCMaTPUBABIIIECTO B Ka-
YeCTBE INIEPBOOCHOBBI BCero oroHb. OH yTBepxkaal: «Mup, eauHbId U3
BCET0, HE CO3/IaH HUKEM W3 OOTOB M HUKEM W3 JIOJIEH, a ObLI, €CTh U OyIeT
BEYHO JKMBBIM OTHEM, 3aKOHOMEPHO BOCIUIAMEHSIOIIUMCS U 3aKOHOMEPHO
yracatomum» [59, c. 14]. B yuenuu ['epakiunTa BaKHYIO pOJib UTpaja uaes
BEYHOr'0 JIBHXKCHHUSI, BCeOOIe M3MEHYMBOCTH Belleil. Bcé Teuer — Bce
n3Mensierca. Henb3st BONTH IBaXKIbl B OAHY U TY XK€ PEKy — Ha BXOJsIIe-
ro BO BTOpOH pa3 OynyT HaOerarh y>ke HOBbIE BOJBL I epaknut (hakTuye-
CKU JIOCTUT TIOHMMaHHUSl €IMHCTBA U. OOPHOBI MPOTHUBOMOJIOKHOCTEH; OH
CUMTAJ, YTO MPOTUBOIIOJIOKHOCTH, IPOTUBOOOPCTBYS, B TO K€ BpeMs HE
WCKITIOYAIOT JIPYT Ipyra, HO 00pa3yloT BMECTe rapMoHUI0 mupa, ['erenn
BUJIEN B 3TOM MCTOPUYECKHU IEPBOE BBIPAKEHHUE TUAIEKTHUECKOIO MUPO-
MOHUMaHUs. A DHIeNbC MHUCANT: «...NePBOHAYAIBHBIN, HAMBHBIN, HO MO CY-
TH JieNla TPaBUIIBHBIN B3I HA MUpP OBUT PUCYII JpeBHErpedeckoil ¢hu-
noco(uu U BIEPBBIE SICHO BBIpaKEH | epakiuToM: BCE CYIIECTBYET U B TO
K€ BpEMs HE CYLIECTBYET, TaK KakK BCE meueni, BCE MOCTOSSHHO U3MEHSIET-
csl, BC€ HaXOJUTCS B MOCTOSTHHOM IpOIlecce BOSHUKHOBEHHS U HCYE3HO-
BeHUs» [2, ¢. 20].

Tpu HayuyHbIX nmporpamMmbl anTH4YHOcTH [24, 107]. Peup unér o
Mamemamuyeckol npozpamme, CBs3biBaeMoi ¢ umeHamu [ludaropa u
[Inatona, u nByx ¢usndeckux (pusznko-punocopckux) nporpammax —
KOHMUHYAIUCMCKOU npoepamme Aunaxcazopa — Apucmomens (OT Iar.
continuum — HENPEPBIBHOE) U amMOMUCMUYECKOU npozpamme JlemMoxpu-
ma — Onukypa.

C ¢unocodckoil Touku 3peHUs] MaTemaTudeckasi mporpamma Iludga-
ropa — [lnaroHa sBIsIach MI€ANUCTHUECKOM, TOT/Ia Kak 00e (huznyeckue
MIporpaMMbl ObUIM 1O CYTH CBOEW MaTepuanucTudeckuMu. [Indaropeiiiipl
Aonekasap BEPUIIN B OOXECTBEHHYIO POJIb YHMCEN, KOTOPbIE SKOObI YHpaBisIOT MU-
pom. «Bc€ ectp umcino», — yrtBepxkaan [ludarop (VIB. go H.2.).
OTO0 03HAyaNo, YTO B KAKIAOM BELM HEKUM 00Pa30M «CKPBITBD) ONpe/elEHHbIe YHUCa, ONpee-
JNEHHBIE OTHOILIEHUS yncen. MUCTHKa Yncen, IpOHU3bIBaBIIas BCE yueHue nudaropenies, oka-
3aJ1ach BECbMa )KMBYYEl — OHa MPOHHUKJIA B PEJIUTHO3HBIE BO33PEHUS MOCIEIYIOIINUX CTOJIETHH,
IPOSIBUJIACh B Maruu M acTpojoruu. B To ke Bpems Hazlo Npu3HaTh, YTO MOAUYEPKUBAHUE BaXK-
HOCTH YHUCIJIOBBIX COOTHOIICHUH B MPHUPOJE CIOCOOCTBOBAIO PAa3BUTUIO METOAOB KOJIMYECTBEH-
HOTO aHajiu3a, yTBEPXKAAJN0 HEOOXOAMMOCTh NPUMEHEHHUS MaTeMaTHKU B HAay4YHOM ONMCAaHUU
PUPOJIBL.

[Tnaton (428 — 347 rT. 10 H. 3.) CYUTAJ, YTO UCTUHHBIM «OBITHEMY SBIISIETCS MUP UACH, TI0-
CTMraeMblil 4eJIOBEKOM B Ipollecce pasMbIIUICHUN Onarojgaps 3HaHMSM, KOTOpbIE M3HAYaJIbHO
«CKpBITBI» B €ro ayue. YTo ke KacaeTcs NMpeAMETOB OKPY’KaIOLIEro MHpa, BOCIPUHUMAEMBbIX
OpraHaMH 4yBCTB, TO OHU SIBJISIIOTCA, MO [111aToHy, BCero JIMib TEHSIMU, OTPAKEHUSIMH COOTBET-
CTBYIOIIUX HACH. IT0 ObUIa MO3UIUS 00OBEKTUBHOTO Hjeanu3Ma. [ImaToH mosaran, 4To OCHOBY
MHUpa BEUIEH COCTABIISIOT YETHIPE «CTUXUM»: OTOHb, BO3AYX, BoAa, 3eMis. OHH COCTOST W3
MebUalliNX YacTHUYeK, UMEIIUX (OopMy MPaBUIbHBIX MHOTOTpaHHMKOB. YacTHlbl OTHS —
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mempas’opul, BO3AyXa — OKMAa’0pbl, BOJIBl — UKOCa’oOpsl, 3eMiau — kyowi. [loznnee [lnaron
J00aBWIT K YETHIPEM CTUXHUSAM 3(DUP, YaCTUIIBI KOTOPOTO, KaK OH ToJiarai, UMET GopMy dode-
ka’opa (Ha puc. 1.2 moka3aHbl BCe MATh MPABUIBHBIX MHOTOTPAHHUKOB, X YacTO HAa3bIBAIOT
IUTATOHOBBIMU TeJlaMH). Menpyaifiline YaCTUUKH B BUJE MPAaBHJIBHBIX MHOTOIPAaHHUKOB MOTYT
paccMaTpuBaThCS KaK aTOMBI; TAKUM 00pa3oM, MaTeMaTndyeckas rnporpamma [lnaTona nepecexa-
€TCs C aTOMUCTUYECKOM TporpaMmmoit Jlemokpura — Dnukypa.
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Crnemyer OTMETHTH, 4TO TocienoBatenu [Iudaropa ynensiau 601bp10e BHUMaHAE KOCMOTO-
HUYECKUM BOMPOCAM: BCE OHHM CUMTAIH, YTO 3emus umeeT Gopmy mapa. OHU BBIABUHYIU TaK
Ha3bIBACMYIO NUPOYEHMPULECKYI0 CUCTEMY MHpa, B KOTOPOW 3eMils U pa3inyHble HeOeCcHBIE Te-
na, Bxmrodast CoHIle, TBUXKYTCS O chepaM BOKPYT HEKOETO «IICHTPATBHOTO OTHs». Ha pucyHke
1.3 mpeacTaBieHa cucteMa Mupa, npeaioxkennas nudaropeinem dunonaem (V B. 110 H. 3.). Bo-
KPYT IIEHTPAIBHOTO OTHS pacroiiaratroTcs aecsaTh chep — cdepa HeBuanMOUN oM [IpoTuso-
3emiH, 3aTeM cdepsl 3emun, JIyner, CoiHIa, MATH TUTAHET W, HAKOHEI, chepa HEToABHKHBIX
3BE3I.
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[Tox nsaThIO TUIAHETAMU HaJO NOHMMaTh Mepkypuii, Benepy, Mapc, IOnurep, CatypH. Taunct-
BeHHY10 [IpoTuBO3eMIII0 BBEIU B CUCTEMY JIMILb JUIsl TOTO, 4TOOBI 0o011ee uncio chep ObuIo pas-
HO JIeCSITH — CBSIIEHHOMY 4Mciy nugaropeines. [Tupouentprudeckas cucrema duiomnast BCKO-



pe ycrynuia MecTo eeoyenmpuyeckoti cucreme Ilnatona (reomeHTpuyeckas cucrema, 0OOBIYHO
cBs3bIBaeMas ¢ uMeHeM Iltonemes, mpocymecTBoBaia BoTh A0 X VI B.). Cucrema mMupa 1o
[Inatony (puc. 1.4) no cpaBHeHM0 ¢ cuctemoi duionas npeacTasiser codoi mar Hazaz. Jlro-
6ompbiTHO, uTO B III B. 10 H. 3. Apuctapx CaMOCCKUN MPOSBUJ yIUBUTEIBHYIO TPO30OPIHBOCTD,
NPEUIOKUB 2elUOYeHMpUuiecKyro CUCTEMy MHUpa, T. €. TIOMeCTHB B IIeHTp Bcex cdep ComHie.
OpnHako B Te BpeMeHa 3Ta UCKIIOUUTEIBHO cMeas uiesl He TOody4yuia Mpu3HaHus U Oblia mpe-
naHa 3a0BEHHIO (€CTh OCHOBAHUS CUUTATh, 4TO KomepHUK He ObLT 3HAKOM C HEIO).

[lepexoas k oOcykaeHHI0 HU3NUECKUX MPOTrpaMM aHTHUYHOM HAyKH, OTMETUM HMX Hanbolee
BakHbIe uepThl. KOHTHMHYyaIMCcTCKas MporpaMMa OTpHIiajia MyCTOTy (BaKyyM) B IpHUpOJIE, pac-
cMaTpuBajia MaTepualbHBI MUD B BUJI€ HEMIPEPHIBHO 3aMOIHSIONIECH BCE €ro MpOCTPAaHCTBO CyO-
CTaHIIMM, B KOTOPOM COBEPIIAIOTCS KPYTroBblE U MHbIE ABMXKEHMS, [Ipeanonaranocs, 4To 3Ta Ma-
TepuanbHas cyOcTaHIus OecrnpenenbHO AenuMa. ATOMUCTHYECKas Mporpamma, HampoTHB, HE
npu3HaBaia OecrpenenbHyI0 AeIMMOCTh MAaTepUH: OHA MCXOJUIIAa U3 MPEANOIOKEHHUs, YTO Ma-
TEpHsl COCTOUT U3 OUYE€Hb MAJICHbKHX, HEBUJIUMBIX TJ1a3y HEJEIHUMBIX YacTUYeK — amomos (Io-
IPEUYECKU «aTOM» — HEAEIUMBIN, TOUHEE, HepacceKaeMblil). ATOMUCTBI MOJarail, 4T0 MUp —
3TO, B KOHEUHOM CYETE, MyCTOTa, B KOTOPOM IBMXKYTCS aTOMBI MJIA CKOILJIEHUSI aTOMOB.

Kontunyanucrckas ¢usudeckasi nporpamma AHakcaropa — Apucroress. HasepHoe,
HEBO3MOXKHO yKa3aTh JOCTaTOYHO OMpeNeiIEHHO, KOr/la UMEHHO 3apoauiiack (usuka. OObIYHO
poxaenue GU3MKU CBA3BIBAIOT ¢ MMeHeM Apucrtorens (384 — 322 rr. a0 H. 3.). [lymaercs, onHa-
KO, UYTO CIEAYeT MEPEHECTUCHh €€ Ha CTO JIET Ha3aJ — B TO BpPEMs, KOTJa XWI U TPYAWICA
Amnaxcarop (500 — 428 rr. 10 H. 3.). «OH OB MEPBBIM MBICIUTEIEM, TOMBITABIIUMCS CHOPMY-
JUPOBaTh — MYCTh B BechMa 00Iel U HeonpeaenéHHo Gpopme — pu3mdyeckre 3aKOHOMEPHO-
CTH, JIeXKalllie B OCHOBE HAOMIOZaeMbIX siBiIeHU. OH ObLI MEpBBIM YUYEHBIM, KOTOPBIH Haydal
CTaBUTh SKCIIEPUMEHTHI, pa3yMmeeTcs, eué O4eHb IpyOble M HECOBEpILICHHbIC, ISl MPOBEPKU
CBOMX yTBepkJeHuil. Takum oOpa3oM, AHakcaropa MO>KHO IO IIpaBy Ha3BaTh pOJOHAYaIbHU-
KoM (pusnueckoit Haykm» [106, c. 335].

AHakcarop cuyuTal, 4TO IyCTOTBI HET M 4TO BCE€ MpocTpaHCTBO Kocmoca HelpepbIBHO 3a-
nojiHeHo Marepueil. OH roBOpMJI O «CYILIECTBYIOIIMX BEIIax», KOTOpbIE HE BO3HUKAIOT U HE
YHUUYTOXAIOTCS, a CYIIECTBYIOT BEYHO M 00pa3yloT B Pa3HbIX COCTUHEHUAX BCe O0BEKTHI HAILIETO
mupa. B kaxom o0bekTe, Kak Obl MaJl OH HU OB, COJEPIKATCS BCE «BEILM»: «BCE BO BCEMY, «BO
BCEM €CTh 4acTh BCEro». Marepusi HaXOJUTCs BO BpallaTeIbHOM (BUXPEBOM) ABMKCHHUU; MHP
ecTh Bpamlaromuiica Kocmoc. 310 KpyrospailieHue Hayajloch KOT/Ia-TO B HEKOTOPOW Mayoi 00-
JIACTH MPOCTPAHCTBA MOJI JEHCTBUEM HEKOETO MEPBUYHOTO TOMYKA (ABMKYIIETO Hayana, Tak Ha-
3bIBAEMOT0 «HYCa»), a 3aT€M CTaJI0 pa3pacTaTbCs, 3aXBaTbiBas HOBbIE M HOBBIE O0JIACTU MPO-
CTPAHCTBA, U OJHOBPEMEHHO 3aMeUIAThCA. AHAKcarop yTBEpXAaj, YTO yKa3aHHOE KpyroBpa-
[ICHHUE MPOSIBIISIETCS. B CyTOYHOM BpPAILEHUM HEOECHOTO CBOJA. 3€MJIsl, KAK OTHOCUTENIBHO TSKE-
J0€, MaCCUBHOE TeJlo, 3aMeJIsIach ObICTpee, U Telepb OHa HEMOJBM)KHO NMPeObIBAET B LEHTPE
Bpalllalolerocss BOKpyr He€ M mpu 3ToM pacuupsitouierocs Kocmoca. Anakcarop Obul yBepeH,
yTo pa3BuTHe KocMoca BO BpeMeHHU NMPOUCXOAUT CTporo HeoOxoanmo. Kak M Bce ydacTHHMKH
KOHTHHYaJIMCTCKOW MPOrPaMMbl, OH MOJHOCTBIO UCKIII0YAJl CIIy4allHOCTh U3 KapTUHBI MUpA.

CBo¢€ 3aBeplIeHNE KOHTHHYAJIMCTCKAsi IporpaMma MoJlyquia CTo JIET CIyCTs B TpyJdax Apu-
CTOTEJII — OJIHOTO M3 HamboJjee BBIAAIONIUXCS YMOB aHTHUHOM snoxu. [To Apuctorento, Koc-
MOC OrpaHuueH, umeer GpopMmy cepbl, B LIEHTpe KOTOPOH HAXOJUTCS 3€MHOH IIap; 3a mpezena-
MU cepbl HET HUUEro — HU IPOCTPAaHCTBA, HU BpeMeHH. B mpenenax ke chepbl HET MyCTOTHI
— BCE 3alojHsAeT «mepBUYHas Marepus» [lox nelcTBueM TOW WIM WHOW TNapbl U3 YETBIPEX
«TEPBUYHBIX CUID» (TOPSIUEro, CyXOro, XOJIO0JHOT0, MOKPOI0) MepBUYHAsl MaTepHsi MpuoOpeTaeT
BUJ OJTHOM M3 YETHIPEX «CTUXUI» (OTHS, BO3yXa, BOMBI, 3eMin). Tak OT codyeTaHus CyXoro u
ropsiYero MoJyyaeTcsi OrOHb, CyXOro M XOJOJHOTO — 3€MJIs, MOKPOTO M XOJOJHOTO — BOJA,
MOKpPOI'O U ropsi4ero — Bo3AyX. « CTUXUM» MOTYT NEPEXOIUTh OJHA B IPYIYIO M, KPOME TOTrO
BCTYNAaTh B pa3jMuHbIe COEIUHEHUS APYT C Jpyrom, oOpa3ysl pa3HOOOpa3HbIE «BEIIECTBa»: Me-
TaJlJIbl, MIECOK, IIIMHY, MsCO, KPOBb, ApeBecHHy M T. 1. HakoHen, u3 BemecTB oOpa3yroTcs Bce-
BO3MOJKHBIE TENa.



ApHCTOTEND pa3aNydacT ecmecmeenHvle U HACUlIbCmeeHHble ABWKEHN Tenl. [l 3eMHbBIX Tel
€CTECTBEHHBIMU SIBIISIIOTCA JIBIXKEHUS IO NpsiMOi K 1ieHTpy Kocmoca (T. €. BHH3) WK OT LEHTpa
Kocmoca (BBepx); Tsk€npie Tella Mo caMOM CBOEW MPUPOJE cmpemamcs BHU3, a NETKUE cmpe-
mamcs BBepX. Beskue MHbIe ABM)KEHUS 3€MHBIX TeJ SIBISIFOTCS HACUIBLCTBEHHBIMU. [l Hebec-
HBIX CBETHJI €CTECTBCHHBIMM JIBI)KCHHSIMHU SIBJIIIOTCS JABUKEHUS IO KpPyram BOKpPYT IIEHTpa
Kocmoca, T. e. Bokpyr 3emun [IpuunHy €CTECTBEHHBIX IBHKEHUH APHUCTOTENh YCMAaTPUBAET B
CaMOM MPUPOJIE ATUX JBUKEHHN; MPUYNHA HACUIBCTBEHHBIX JBHKCHUN — CuUJIa, IEUCTBYIOIIAS
Ha Teno. [Ipu 3ToM uHepIus BO BHUMaHHE HEe MPUHUMANACh (IOHUMaHUs MHEPIUH TOr1a emié He
OBLJI0); TTO3TOMY HACUIILCTBEHHOE JBHKCHHE CUUTAIIOCH BO3MOXKHBIM, JIUIITH TIOKA JICUCTBYET CH-
na Ecnu geiicTBue CUIIbl IPEKPATUTCS, IBUKEHHUE JOJDKHO TOTYAC TOXKE Mpekpatutbes. [Ipsmo-
JIMHEHHOE PaBHOMEPHOE CKOJIBKEHUE JIBABIIIKH 110 POBHOM F'OPU30HTAIILHON IIOBEPXHOCTH JIbJA
ABIISIETCS, MO APHCTOTEN0, HACUIBCTBEHHBIM JIBIKEHHEM U TpeOyeT HempeKpallarolerocs
BHelIHero Bo3zeicTBud. [louemy setut BhinmylieHHas W3 Jiyka ctpena? Tak Kak mpupoja He
TEPIUT IIyCTOTHI, paccykaan ApUCTOTEIb, TO B MPOCTPAHCTBO MO3a/IU CTPEIbl HEMEJIEHHO yCT-
pemMiisieTcs BO3yX; OH-TO U MOJITAJIKUBAECT BCE BPEMs CTpPENy, 3aCTaBlisAsl €€ nmepeMeiaTbcs BIie-
pén.

[IpencraBieHust ApUCTOTENsI O €CTECTBEHHBIX U HACUJIILCTBEHHBIX JIBHXKCHHSIX TEJ TOCIO/-
CTBOBAJIM B HAyKe B TEYEHUE MHOTHX CTOJIETHIl — BIUIOTH 10 X VII B., KOr/1a BOZHUKIIa MEXaHU-
ka ['anunes — HeroToHa. B nanbHeieM ot 3TUX IpeacTaBlIeHni oTka3zanuce. IIpasnga, HekoTo-
pBI€ UX OTIOJIOCKH JOKWJIM JI0 HAIIMX JHEH; U CErOJHs BCTPEUYAOTCS MOAYAC BBIPAXKEHUS THIA
«TEJI0 CTPEMUTCS IIPUUTHU B COCTOSIHUE C MUHUMAJIBHOW SHEPTUEH», «IJIEKTPOHBI CTPEMSTCS I1e-
peiiTu Ha Hambosee HU3KUIA YPOBEHb». DTO TAaMHCTBEHHOE «CTPEMJICHHE» HEOIYLIEBIEHHBIX
00BEKTOB HAITOMUHAET apUCTOTEIEBCKOE «CTPEMIICHHE» TeJl COBEpPIIATh €CTECTBEHHBIEC TIepeMe-
HICHUS.

CrnemyeT OTMETHTh, YTO UMEHHO APHUCTOTENb BBEN TEPMUH «(PHU3UKa», YTO B MEPEBOJIE 03-
HavaeT «ydeHue o npupoae». OH chopmyarpoBan OCHOBHYIO 3ajauy HayKH — IMOHMCK Hayal U
npuurH. «To, 4TO MBI UIlIEM, — 3TO Hayaja U IPUYUHBI CYIIECTBYIOIIETO, — MHUCAl APUCTO-
TeJb. — YYEHHE O NMPUPOAE UMEET JEJO... C TAKON CYIIHOCThIO, KOTOpasi UMEET Hayallo JBUXKe-
HUS ¥ TIOKOSI B caMoii cebe. DTo yueHHe He O IeATeIbHOCTH U He 0 TBopuecTBe» [7, c. 180]. Tem
caMbIM ApHCTOTENIh TOUEPKUBAIT OTINYHE HU3UKU (KYUCHHS O IPUPOIE») OT MOJTUTHKU («yde-
HUSL O JIEATEIbHOCTH») M TOITUKU («yUeHHs O TBOpUECTBE»). B cBoMX Tpymax ApHCTOTENb
BEChbMa 4acTo 3aJa€T BOIMPOC «IOYEMY?»; OH CUHUTAET, YTO UMEHHO Ha 3TOT BONPOC U JIOJIKHO
JlaBaTh OTBEThl HAYYHOE 3HAHUE. «... HM OJHO M3 UyBCTBEHHBIX BOCHPHUATHII Mbl HE CUMTAEM
MYAPOCTBIO, XOTSI OHU U JAIOT BAKHEUIIIME 3HAHUS O €IMHUYHOM, HO OHU HU OTHOCUTEJIBHO Yero
HE YKa3bIBAIOT «II0YEMY», HAIPUMEP, IOUEMY OT'OHb I'OpsY, & YKa3bIBAIOT JIMIb, YTO OH TOPSUY»
[7, c. 67]. «Kaxnoe «moueMy» CBOJIUTCS B KOHEYHOM CU€TE K ONPEIECIICHUIO BEIIH, a MEepPBOE
«TOYeMy» U eCTh NMpUYMHA U Haudajo» [7, c. 70]. B otiuuue ot AHakcaropa ApucToTens He 00-
pamaercs K SKCIEpUMEHTY, OH IoJlaraet, 4Tto (usmka, noJoO0HO MaTeMaTHUKe, €CTh HayKa Teope-
TUYecKas («yMO3pUTENbHAs» ), OCHOBaHHAs HA HAOMIOJEHUSIX U JIOTHYECKUX PACCYKICHUSIX.

AtomucTnyeckas ¢usudeckas nporpamma Jlemokpura — Inukypa. OcHOBaTensIMu
aroMucTuku B JIpeBHeul I'peuuu cuurarorcs JIeBKHMNI M €ro 3HAMEHUTHIA Y4YeHUK JIleMOKpuUT
(oxo1no 460 — 370 rr. 0 H. 3.). CornacHo JleBkunmy u JIeMOKpuTy, B MUpE €CTh JIMIIb JIBA «HA-
yanay — ImycroTa (HeObiTHe) 1 aToMbl (ObiTHe). IlycToTa OesrpaHuyHa, B HEM HET HU «Bepxay,
HU «HHU3a», HET B HEW U KaKOro-i1nbo «1eHTpa». B 3ToM 0eCKOHEYHOM MPOCTPAHCTBE B pas3iny-
HBIX HAINpPAaBICHUSAX OECIOPSIOYHO HOCATCA aTOMBbL. ATOMBI OECKOHEUHO pPa3HOOOpa3HbBI MO
¢dopMe, OHM UMEIOT BBIMYKJIOCTH, YIIyOJIeHHs U Jake KPIOUKOOOpa3Hble 3alleNKK; 3TO MO3BOJIS-
€T UM TPU CTOJIKHOBEHUSX CIETUIATHCSA U 00pa30BBIBATh pa3IMUHbIC TeNa. 3a BHEIIHEeH Oecropsi-
JIOYHOCTBIO JIBM)KEHUN aTOMOB CKpbIBaeTCs HE0OX0MMOCTh. HUUTO HE coBepIaercs cirydaiiHo,
HO «BCE COBepIIaeTcs Mo 3aKOHY U B CHIIy HEOOXOIUMOCTHY. JIeMOKpPHUT M €ro mocienoBaTeNnn
HE OTPULAIM CIIy4allHOCTb; OJIHAKO OHU paccMaTpUBAIM €€ KaK MOHATHE CYyObEKTHBHOE, MpH-
KpBIBaroIllee YeloBedeckoe He3HaHue. JleMoKpuT yTBepxaan: «Jloau cotBopunu cedbe KyMup u3
CiIydasi KaKk IPUKPBITHE [T IPUCYILET0 UM HeToMbICIus» [69, c. 216].



WHTepecHo, Kak B paMKax aTOMUCTHYECKON T'MIIOTE3bl TPAKTOBAIMUCH OIIyleHHus. OT Kax-
JIOTO Tema, yTBepkaan JIeMOKpUT, UCXOASIT BO BCE CTOPOHBI UCTeUEHHUsl («0Opasbl Tena») —
TOHYANIINE CIIOU U3 aTOMOB; OHU OTJAEJSAIOTCS OT MOBEPXHOCTH TE€Jla U C OTPOMHOM CKOPOCTBIO
pacnpocTpaHsoTcs 1o npoctpaHcTBy. Korna atu «o0pa3bl» MomajgaloT B T€ WJIM WHBIE OpPraHbl
YyBCTB (B IU1a3a, HA S3bIK, B HOC), TO BO3AECHCTBYIOT Ha MOJOOHBIE UM aTOMBI, HAXOJAIINECS B
Teje 4YeloBeKa, U ATO JAeWCTBUE mepefacres 3aTeM «aromMaM Aymmy. Takum oOpa3oM, Bce OIry-
HICHUS U BOCTIPUATHS — PE3yJIbTaT B3aUMOJICHCTBUSI aTOMOB «00Pa30B Tela» C aTOMaMH Opra-
HOB YyBCTB U «aTOMaMH Jyliny». Hampumep, onryiieHre 6eI0ro BeTa BbI3bIBAIOT B HAIIEM TJa-
3y IJIaJIKUE aTOMBI, a OIyIlIeHHnEe YEPHOTO LIBETa — IIepoxoBaTbie. Te Xke riajKue aToMbl, II0IaB
Ha S3bIK, BBI3BIBAIOT OLIYIIIEHUE CJIAJIKOTO, a MOMaB B HOC — OIllyIlleHrue O1aroBoHus. B atomu-
CTHYECKOM Mupe /leMOKpHTa HalIock MecTo M 6oraM. boru y Hero BHOJHE MaTepUalIbHBI —
OHM COCTOSIT M3 OCOOBIX COEIMHEHUN aTOMOB, KOTOpbIE€ HEJOCTYIIHbI HAIIUM OpraHaM YYyBCTB.
JInme wHOT/HA OOTH MOCBHUIAIOT CIISIIUM JIOJSM CBOM «00pa3bl»; IO BOCIPUHUMAIOT MX BO
cHe. 3a4yeM MOHaA00MINCh MaTtepuanucty Jlemokputy 6oru? Beas, mo JleMokpury, nBHKEHUE
aTOMOB BEYHO M HE HY)KJaeTcs B KaKoM-TH00 BbiciieM Havane. [lo-Buaumomy, 6oram OTBOIU-
Jach poJib HEKOETO BEPXOBHOIO pa3yma, OMPEeIIBIIETO AJisi BCEro «3aKOH U He0OOXOIUMOCTDY.

B nocneapucTtoreneBcKkuil Nepuo aTOMUCTHUECKOE YUEHHE MTOJIyUYHIIO pa3BUTHE Y DNUKypa
(341 — 270 rr. g0 H. 3.). Ero y4uenue otnuyaercst 00JIbIIeH KOHKPETHOCTBIO M, MOKHO CMEJIO yT-
BepKAaTh, Oonpiiel pusnyHocThio. [Touemy coxnet Oenbé? Iloromy uto mox neiicTBueM cod-
HEYHOI'O TEIIa U BETpa OT HErO OTPBIBAIOTCA HEBHIMMBIE TJ1a3y aToMbl BOAbL. [louemy Ta pyka
MEIHOW CTAaTyH Y TOPOJICKHX BOPOT, K KOTOPOH MPHUKACAIOTCS YOI BXOISIIUX B TOPOJI, TOHBIIIC
npyroit pyku? [ToToMy 4TO mpuITaaImme K cTaTye J0Id YHOCIT Ha Ty0ax atomsl meau. [Toue-
My CTEPTHI KaMeHHbIEe cTyneHu xpama? [loTomMy 4TO JIF0[M YHOCST Ha CBOMX IMOJOIIBAX aTOMBI
KaMHs. MBI BUJIUM, YTO BCE SIBJICHUS MPHUPOABI DMUKYDP CTPEeMHIICS OOBSCHUTH HA OCHOBE aTo-
MUCTUYECKHX MPEACTABICHUN — KaK U3MEHEHHS COUYETAaHUN Pa3IUYHBIX aTOMOB.

Paznuuanuce nu npeAcTaBieHUs STUX BBIIAIOMIMXCS YYEHBIX aHTHYHOM SMOXH, NMPUHAJIE-
JKaBIIMX K OJTHOM U TOM k€ aTOMUCTHYECKON Hay4HOU mikone? Pasnuuue mexay HaTypduioco-
¢ueii lemokputa u Hatypduinocodpuein Inukypa ObIIIO CBA3aHO IIaBHBIM 00pa30M ¢ MOHUMAaHH-
€M TPUPOJBI CIydaHOro. JIeMOKPHT, KaK y»Ke OTMEeYanoch, CUUTal, YTO CIYYaHHOCTh CYyObeK-
TUBHA, CBSI3aHA C HAIIUM HE3HaAHUEM. DTHKYp XKe, HE OTpULasi cyObeKmusHoU CIy4aiiHOCTH, BbI-
JBUHYII TIPEATNOJIOKEHHUE O CYIIECTBOBAHUU TAK)KE 00beKMUGHOU CIy4ailHOCTH — CITy4ailHOCTH,
JIeXkKaIie B OCHOBE caMOU MPUPOIBI BEleH, caMOM MPUPOIbI IBUKEHUS aToMOB. OH Mpenosio-
YKUJI BO3MOXKHOCTb CAMONpou360.1bHbix (HE BHEITHE, a BHYTPEHHE 00YCIOBICHHBIX) OTKIIOHEHHIA
JBIDKYIIUXCS aTOMOB, BBEJ CIICIIMAILHBIA TEPMHUH «CIIOHTAHHBIC OTKJIOHEHHs». Mapkc B cBOEi
JTOKTOPCKOM quccepraiuu, Ha3biBaBiekcs «Pasnuune mexay Hatypdunocodueit Jlemokputa u
HaTypdmiocopuer Dnukypay, oTMedas Tiyookoe ¢puaocodhckoe 3HAUCHHE ITOTO JTOMYIICHUS,
CIEIAHHOT0 DNUKYpPOM. B COBpeMEHHBIX MCCIEAOBaHUSAX HAYKHW AaHTHYHOM 3MOXU MOKHO HaWTH
TaKyl XapakTEePUCTHKY y4eHHUs Dmnukypa: «B yueHun Omnukypa O CIIOHTAaHHOM OTKJIIOHEHWUHU B
HaUBHOM (opMe Obla BhIpa)kKeHa J0TajIKka IPEeBHETO I'peka O BHYTPEHHEM MCTOYHUKE JBIKEHUS
MaTepuu, ObliIa clielaHa nepBOHavaibHasl, CTUXUIHO-IMaJeKTHYeCcKas IIOMbITKA IPEOoA0IeTh (a-
TAJUCTUYECKYIO TEHJICHIIMIO JeTepMUuHU3Ma JleMoKpuTa U, UCXOMsl U3 OCHOB €r0 aTOMHUCTHYE-
CKOT0 MaTepuajin3Ma, YCOBEPIIEHCTBOBAB €r0, HAHECTH PEIlAoLUi yaap Uaeanu3smMy U TeoJlo-
TUU TUIATOHUKOBY [46, c. 33].

ATtomuctuyeckas (u3MYecKas MporpaMMa JPEBHUX TPEKOB MOWUCTHUHE YIWBHUTEIbHA, MBI,
moan XX CTONeTHs, HAXOAUM B HEW IpeIBUACHIUE MHOTMX CTOPOH COBPEMEHHOM Hay4YHOU Kap-
TUHBI Mupa. OJHaKo B T€ JaBHHME BpeMeHa 3Ta MpopoyvecKas MporpaMma He MOoJIy4yuia Mpu3Ha-
HUS U Ha JIOJNTHE CTOJETHS Oblla BHITECHEHA KOHTHHYAJTUCTCKOW MPOrpaMMOil ApPHUCTOTEINS.
AToMHUCTHKA cTaja BO3pOXkAaThCs JuIlllh BO BTopoil mosoBune X VII B. (I'toiirenc, boins u np.);
OHA TMOJyYHJIa MOIIHBIN UMMyJbC K pa3Butuio B XIX B. (6marogapsi OCHOBOIIOJIATAIONINM TPY-
nam MakcBenna 1 bonpiiMaHa) 1 OKOHYATENIbHO BOCTOPIKECTBOBaJIa (pa3yMeeTcsi, Ha KayecT-
BEHHO HOBOM YPOBHE) B HallIEM BEKe.

Moama Jlykpeuusi «O npupoae Bewmei». [IpekpacHbIM MAMATHHUKOM AHTUYHON HayKe



siBrutach nosMa Jlykpenust «O npupoze Beuei», HanvcanHas npuMepHo B 50 1. 1o H. 3. [loama
HOCBALIEHAa DMHUKYpPY, MO3TOMY OOJbIIOE BHUMAHUE YAEISAETCS B HEHl aTOMHUCTHYECKOMY yue-
HUI0. B TO e BpeMms 371ech NAa€TCsl KPUTUYECKUN aHAIU3 JPYTUX YUYEHHH M PacCMaTpUBAIOTCA
caMbl€ pa3Hble CTOPOHBI AEUCTBUTEIBHOCTH. OCTAaHOBUMCS HA 3TOM BEJIMKOJIEIIHOM IPOU3BELC-
HUU aHTUYHOU 3110XU OoJiee moapoOHo, ucnomnbiys neperog @. A. Ilerposckoro [68].

[Ipexxne Bcero OTMETUM Mamepuarucmudeckuu TyX Mo3Mbl, MOHUMAHUE TOTO, YTO OCHOBOM
cTpaxa mnepes «00XKbHM BEJICHbEM» SBIISIETCS He3HAHNUE, HEyMEHHE pa300paThCs B IPUYMHAX SIB-
JICHUI:

3a OCHOBaHHE TYT MbI O€pEM MOJIOKEHBE TAKOE:

W3 HUYero He TBOPUTCS HAYTO MO OOKECTBEHHOM BOJIE.

W 0TTOrO TONBKO CTpax BCEX CMEPTHBIX 00BEMIIET, YTO MHOTO
Bupst siBiienuit onn Ha 3emiie 1 Ha HeOe HepeIKo,

Koux IMPUYIKUHBI HUKAK YCMOTPCTh U MMOHATH HC YMCIOT,

U nonaraiot, 4T0 BCE 3T0 O0KBUM BEJIEHBEM TBOPUTCS.

Jlykpeuuii oTBepraer yueHus, NpeJiaraBliie B KaueCTBE MEPBOOCHOBBI OroHb (I'epaxinT),
Bo3yX (AHakcumeH), Boay (Painec), a Takke OoJiee MO3AHUE YUCHUS, COTJIACHO KOTOPHIM HMeE-
IOTCSI UEThIPE OCHOBHBIX «CTUXHI»: OTOHb, BO3/1yX, BoJia, 3emJis ([1maTon, Apucrorens):

... Te, KTO cunTa, 4TO BCE BEIIH BO3HUKIIN

JIumb 13 OrHs, U OrOHB IOJIaraJld OCHOBOIO MUDPA,

Tak ke, Kak Te, KTO MMOYEII 32 OCHOBY BCETO MUPO3IaHbs
Bo3ayx, paBHO Kak ¥ Te, KTO {yMaJl, YTO Bjiara cnocoOHa
Bemm cama co3unate, WM MHUI, 4TO 3eMJIsl 0Opa3yer
Bcé€, npespamasce cama B IpUPOY BELIEH BCEBO3MOKHBIX,
Kaxercs MHe, 1ajeKo OT UCTUHBI B CTOPOHY COMIIKCh.

K stum npubass emé Tex, KTo Hayasla Beuleil yaABoseT,

C BO31yXOM BMECTE OTOHb COYETAsI UJIb BOLY C 36MIIEIO,
Wb 3a OCHOBY BCETO MPUHUMAET YETHIPE CTUXHH,
HMeHHO: 3eMIII0, OTOHB, JBIXaHUE BO3/1yXa, BIAry.

MBI HaxXoAUM 37€Ch APTYMEHTHUPOBAHHYIO KPUTUKY YUY€HHUS] AHaKcaropa o HaJU4HMH B KaX-
JIOH BEIU MEJLUYANIINX «CEMSIH) BCEX BEIICH:

AHaxkcaropa Tenepb Mbl PACCMOTPUM «TOMEOMEPUION...

OH pazymeeT 1oJ1 Hel, YTO U3 KPOLIEYHBIX U U3 MEITbYanIIINX
Koctu pondarcs kocteil, 4To U3 KPOIIEUHBIX U U3 MEJIbYalIInX
MpIipl pOXKIAIOTCS MBIIII, H YTO KPOBH 00pa3yeTcs B TEJe
N3 coueTanps B OTHO CXOAALIMXCSA BMECTE KPOBUHOK.

... TaK Kak muIa pacTUT U MUTAET HAM TEJIO,

Beriiaer, uto Hamo cunuTaTh, OyATO BCsIKask TBEPAs MUIIA

Tak ke, KaKk KUJIKOCTh, CaMa COCTOUT U3 BEUIEH UyKEPOIHbIX:
N3 cyxoxununii, KOCTEN, U THOSI, U KPOBU B CMELLIEHBU. ..

Ecnu Ttagrcs B 1poBax u miaMs, U IbIM BMECTE C METIIOM,

N3 gyx’epOoaHbIX BEILEH U APOBA COCTOAT HECOMHEHHO. ..
[TpaBmono06ust HET HUKAKOTO B TAKOM OOBSICHEHbBH,

W60 Toraa u 3epHoO, IpOOHMOE KaMHEM TSKENTBIM,

KpoBu cneapt ocTaBiasTh JOTAKHO ObI HA HEM MOCTOSIHHO

Wnu emé uto-HUOyY b, UTO B HAIIIEM MUTAEMOM TeTIE.

JlocTaTouyHO MOAPOOHO M3JIOKEHO B MOAME ydeHue aToMucToB. [lomnpoOyem BbIIEIUTH OC-
HOBHBIE ITOJIOKEHHSI 3TOTO YUYEHHUs], PACIIOJIOKUB UX B TON IOCJIEOBATEIBHOCTH, KaKas KaKeTcs
HaM 1iesiecoo0pa3Hoi. B mepByro ouepeapr OTMETUM CMeENoe IO TeM BpEeMEHAM YTBEP)KIEHHUE O
0e3rpaHnYHOCTH BceneHHON (HarmOMHMM, 4TO TakoW aBTOPHUTET, Kak ApPHUCTOTENb, paccMaTpu-
BaJl orpaHn4eHHbIi KocMoc ¢ 4€TKO BBIJICIIEHHBIM LIEHTPOM):



Hert Hukakoro koH1a HHA ¢ KaKOW CTOPOHBI Y BCEIEHHOI. ..
IlenTpa Beap HeT HUTZIE Y BeenenHo, pa3 el HUKakoro
Hery xoH1a...

Mup — 3T0 amomul, 08udxICyWUeCs 8 nycmome:

Bcro, camoé 1o cebe, CoCTaBISAIOT MPUPOTY JIBE BEIIIH:
370, BO-TIEPBHIX, TeJla, BO-BTOPHIX XK€, ITyCTOE MPOCTPAHCTBO,
F;[e HpGGbIBaIOT OHU U TAC ABUTATHCA MOTYT PA3JIMYHO.

Jlykperuit IOsICHSIET, YTO TOJ «TeJlaMW» OH TIOJI[pa3yMEBaeT 3/IeCh «IepBOHAUajIa BEIIeh,
«Beniel ceMena». MHaue roBopst, 310 amomsvl. OHU MPOCTHI, TIOTHBI, HEACIUMBI — U B 3TOM
3aJI0T COXpaHEHUs MaTepUaIbHOTO MHpa. MIMEHHO MOATOMY MUp CYIIECTBYET BeKaMu, HE 00pa-
1Iasich, TaK CKa3aTh, B Ipax:

... Cy1iecTBYIOT Takue Tefa, YTO MPOYHBI U BEUHBHI.

Orto — Beulel cemeHa 1 Havana B yueHuM Haiew,

To, n3 yero NoJiy4uscs BECb MUpP, CYIIECTBYIOIIUN HBIHE...
[lepBoHauana Bemiel, TakKUM 00pa3oM, MPOCTHI U IJIOTHHI.
WNuaye Benb HE MOTIIM OBl OHM, COXPAHSISICh BEKaMH,

Ot 6€CKOH6‘-IHBIX BpeMéH 1 JOCCJIb BOCCTaHABJIMNBAThH BCIIIH.

Jlykpenuii BecbMa TOHKO apryMEHTUPYET U0 OUCKpemHOCmu MaTepUn: eciIu Obl MaTepus
ObuTa HempepbIBHA, TO J00as €€ Manas 4acTh Morya Obl UTpaTh pojib BceneHHOM ans yacTei,
KOTOpbIE CYIECTBEHHO MEHbIIIE — U HE ObIJIO Obl KAYECTBEHHOI'O PA3IMUUs MEXIYy «HAUMEHb-
nieil Bembo» U «BcenenHoiy. MakTU4ecKu Mbl BCTpedaeMcesl 31€Ch C YTBEPKIACHUEM, YTO IIPH-
poZla HEMHBApUAHTHA OTHOCHUTEIBHO NMPeoOpa3oBaHUN MOAOOMS M YTO 3Ta HEMHBAPUAHTHOCTH
HETOCPEJICTBEHHO CBSI3aHA C JTUCKPETHOCTHIO MaTepUH, T. €. C aTOMUCTHUKOW. MOXHO yTBep-
KJIaTh TAKXKE, YTO 3/1€Ch MBI BCTPEYaEMCs C MBICIIbIO, ITOJIpa3yMeBalolIed He00X0AUMOCTh Iepe-
X0JIa KOJIMYECTBEHHBIX U3MEHEHUH B KauecTBEHHBIE. BCE 3TO BhIpa)keHO 70 YIUBIEHUS SICHO:

Ecnu He OyaeT 3aTeM HUYEro HauMEeHbIero, Oyner

N3 GeckoHEUHBIX YacTel COCTOSTh U MeTbYaIliee Temo:

Y nonoBUHBI BCET1a HAMAETCA CBOSI TOJIOBUHA

W nns neneHps HATAE HE OKaXXETCsl BOBCE Ipeiena.

YeM oTIIMYMILB ThI TOTJ]a HAUMEHBIIYIO Belllb OT Beenennoit?
PoBHo, noBeps MHe, HMUeM. [IoTOMy 4TO, XOTSI HUKAKOT'O
Her y BcenenHoli KoHIIa, HO BEJlb 1a)K€ MEJIbYANIINE BEIIH
W3 GeckoHEUHBIX YacTel COCTOSTH OJJUHAKOBO Oy IyT.

HaHOMHI/IM, 4TO aTOMHUCTBI CTPECMUIIUCH OOBSACHUTH BCE SBJICHUS U BCE 06’I)€KTBI, ucxonasa mu3
Ppa3INYHbIX COYETaHUU aTOMOB:

YacTo nMeeT 00JIbII0E 3HAYEHBE, C KAKUMU

W B n0JI0)KE€HBU KAKOM BOWJIYT B COYETAHUE TE XKE
[TepBonavana u kKak OHU JABUTATHCS OYIyT B3aUMHO...
[IepBonauana Bewien, pa3yMeeTcs, BOBCE HE BOJIBHO

Bce ocTpoyMHO B TaKOM pa3MECTHIIMCS CTPOMHOM MOPSIAKE
N o nBrKkeHBAX CBOUX HE YCIOBUIIUCH PAHBIIE, KOHEUHO,
Ho MHOrokpaTtHO CBOM MOJIOKEHHS] B MUPE MEHSIS,

OT GecKOHEYHBIX BPEMEH MOCTOSTHHBIM TOTYKAaM IO/IBEPrasich,
Bcsikue BuaBI MPONIS COYETAHUM U pa3HBIX JIBUKEHHIA,

B pacnonioxkeHbsi OHM, HAKOHEL, TONAJAOT, U3 KOUX

Bcst cOBOKYITHOCTB Bellleil MOJIyYrsIach B TENEPEUTHEM BUJIE.

UtoObl 1aTh NPEACTABICHUE O CAVUAUHBIX 08UMNCEHUAX ATOMOB (O CIIOHTAHHBIX OTKJIOHEHU-
ax), Jlykpeuuii ucrosb3yer KapTUHY NBUIMHOK, KOTOpPBIE MEUYTCS B COJHEYHOM Jyde. Onucas



3Ty KapTUHY, OH 3aT€M 3aM€4aeT:

Moskelrb U3 3TOTO Thl YSICHUTB ce0e, YTO HEYCTaHHO
[lepBoHauana Bemiel B IMycTOTe HEOOBATHON MATYTCA. ..
Kpome Toro, moromy o6patuth Te0€ HaJ0 BHUMAHbE

Ha cymaTtoxy B Tenax, MeIbKarOIIMX B COJTHEYHOM CBETE,
Uto u3 He€ Mo3HAEIIb Thl MATEPUH TAKXKE JIBUKEHBS,
[Ipoucxoasuue B HEM NOTAEHHO U CKPBITHO OT B30pa.

Pa3Be 370 He npenBUIEHUE KAPTUHBI Meni108020 08UdCeHUs AaTOMOB U MOJIEKYJT B BellecTBe?

KoHneuHo, He Bce paccyA€HHs aBTOpa IOAMbI OJUHAKOBO yJla4yHbl. BcTpedyaroTcsi HauBHbIE
YTBEPKIACHHUSI, JIOKHOCTh KOTOPBIX AJI1 Hac oueBHUHA. Tak, JIykpenuii, OObsICHsS MPOUCXOXKIe-
HHE IPOMa, Ha3bIBAET HECKOJIBKO MPUYMH M BCIKUN pa3 omuodaeTcs:

... Koryma uepes obmako ayet

Berep, pazHoCUTCS LIyM...

B Ty4ax ObIBaroT emié u BOJIHBI, KOTOpPBIE OyATO

Poxort riyxoit u3naot, pa30HBasich...

YacTo rpemsIT, HaKOHEI], U PyIIATCs ¢ TPOXOTOM I'POMKHM
JIbUHBI ¥ TPaJ], BEICOKO B 00J1aKaX COKPYIIAsiCh OTPOMHBIX,

160, KOJIb BeTEp COKMET U CTECHUT UX, JIOMAIOTCS TOPHI
C,HaBJIeHHBIX TY4Y CHCTOBBIX, ICPCMCIIAHHLIX C I'paJIoM XOJIOAHLIM.

D10 BOOOIIE OYEHb XapaKTEPHO IJII JPEBHETPEUECKON HayKHM — HCKAaTh HE OJIHY, a He-
CKOJIbKO BO3MOXKHBIX TIPUYUH TOTO WJIM WHOTO siBlieHUs. Kak mpaBuio, IpeBHUE TPEeKH HE ObLIH
OpPTOJIOKCAMU; UX JUATIEKTUYECKU HACTPOCHHBIN YM JOIyCKaN pasHble albmepHamuenl:

Byaro Henb3s AOMYCTUTH, 4YTO BO3MOXKHO U TO, U IpYTOE,
Wb 4TO y4eHHEe TO HUCKOJIBKO HE XYK€, YEM ITO.

[lepebupas pazHble BapHaHTHI, IPEBHUE TPEKH, CIy4aloCh, HATHIKAIUCh U HA MPABUILHBINA
BapHaHT (XOTs, HaJ0 MpHU3HATh, HE BCErJa 3TO OCO3HaBajM). B kaudecTBe mpumepa mpuBenEéM
paccyxxaenus Jlykpeuus o npuurHax u3MeHeHus ¢as JIlyHsr:

Mosxet Jlyna 6mecrers, ynapsema CoJiHIIA JTydyaMu,
JleHb 0TO JTHS CBOM JTUK oOpartias Bcé Ooblie U 0osblIe
K Hamemy B30py, o Mepe Toro kak orxoaut ot ConHia
J10 OJTHOJTYHbsI, KOT/1a HAIIPOTUB HETO 3aCBEPKAET...

Ho nomyctumo u 10, 4T0, COOCTBEHHBIN CBET M3ITyYas,
Karurcs B HeOe JlyHa u naét nu3meHeHus Onecka,

N60 BO3MOXKHO, UTO ¢ HEH BpamaeTcs TeJio APyroe,

UYro 3acTynaer €l myTh, IOCTOSHHO OT HAC 3aCJIOHSIS.

Mo:xet Bpamarbes JIyHa v Kak 1map Win, eCiau yroJHo,
Msi4, — B ITOJIOBUHE OJHOM OOJIMTHIA CHSIOIIMM OJIECKOM,
[Ipu oOpareHbr CBOEM B pa3inyHble (asbl,

BmuioTe 10 TOro, Kak OHa OTKPOETCS HAILLIEMY B30pY

Toi1 CTOPOHOM, TZI€ BCSI CBEPKAET IUIAMEHEM SIPKHM,
Maio-nomaiy 3aTeM oOpamasich BCISATh U CKPbIBas

Bcro cBETOHOCHYIO 4acTh CBOETO IIAPOBUHOTO TEJA.

31ech BBIBUHYTHI TPH IMPENNOJIOXKEeHHUA. BTOopoe M TpeTbe MpeArnoyoKeHus (CBeTsIascs
coOcTBeHHBIM cBeTOM JlyHa, meproaruecku 3aKpblBaeMasi OT Hac APYTMM HEOECHBIM TEJIOM, U
BpALIAIOIIUICS BOKPYT COOCTBEHHON OCH JIyHHBIH IIap, y KOTOPOrO CBETUTCS JIUIIb OHA MOJIO-
BHHA) SBIISIOTCA OIMOOYHBIMU. [lepBoe ke Ipeanosio’keHue MOKHO NPU3HATh BIOJHE Ipa-
BUIBbHBIM: JIyHa cBeTuTcs oTpaxkéHHbIM OT CojHIa cBeTOM, U €€ (a3bl 3aBUCAT OT B3aMMHOTO
pacrnosiokeHusi HeOecHBIX Tel. Mbl TOBOPUM «BIIOJIHEY, TaK KaK ClIeyeT OMHUTh, yTo Jlykpe-



LU UCXO/IMUJI U3 TEOLIEHTPUYECKOM CUCTEMBI MUpa; OH cuuTall, uto u JIyHa, u ConHue qBUXKyTCS
BOKpYT 3emutd. 3aMeTHM, 4To caM JIykpenuii He JenaeT BpIOOpa U3 paCCMOTPEHHBIX TPEX BapH-
AHTOB («y4YEHHUE TO HUCKOJIBKO HE XYK€, YEM ITO»).

He 6ynem, oiHaKo, CIMIIKOM IPUIUPUYUBBIMU — MBI IOJDKHBI IOMHUTH O TOM, KOTJla Muca-
Jach 3Ta yAUBUTENbHAs KHUra. ['opas3no naTepecHee Te Mpiciau JIykpenus, KOTopble IPEABOCXH-
TUAJU TPSAyLIAE OTKPBITUA. MBI UMeeM B BHUIy HE TOJBKO aTOMUCTHYECKHE NPEICTABICHUS O
BenlecTBe. OTTAIKUBAsACh OT JEMOKPUTOBOM TEOpUU «00pa3oB» U cienyst Dnukypy, Jlykpeunit
TOBOPUT O KOPIYCKYJISIPHON IPUPOJIE CBETA U MPABMIIBHO OOBIICHSET 3peHue:

... OT Beleli BCEBO3MOXKHBIX, KAKHE MBI BUIUM,
Heo6xoaumo T0KHBI UCTEKATh U JIETETh, PACCHITIAsCh,
Tenblia, KOTOpBIE OBIOT 10 T1a3aM, BBI3BIBAsI B HUX 3PCHBE.

OH MoHNMAaeT OTHOCUTEILHOCTh JABWXKCHUA:

Kaxercst Ham, 9TO KOpaOIb, HA KOTOPOM TUTBIBEM MBI, HEJABHKEH,
ToT e, KOTOPBIM CTOUT NPUYAICHHBIN, MUMO TTPOXO/INT;
Kaxxercs, OyaTo K KopMe yOeraroT XOJIMBI B TOJTUHBI,

Mumo KoTopbIX UAET Hall Kopabiib, apyca pacyCTUBIIH.

HaGmronas, xak Oonee Tspkénmble Tena, majas, oOroHsroT Oosee nérkue, Jlykpemnwmii coBep-
IICHHO CIPaBEITUBO OOBSICHSIET 3TO TEM, UTO

...Bo3yxa TOHKas CyIIHOCTb
He B cocTosiHbsI BeljaM OIMHAKOBBIX CTABUTh MPEMSATCTBUH,
Ho yctynaer ckopee UMEIOINUM OOJBIIYIO TSHKECTb.

n BEPHO 3aKIHOYACT OTCIOJA, UTO B ITYCTOTE BCE TEJIa NOJIKHBI IMTaAaTh OJMHAKOBO:

JIOJDKHO TIOATOMY BCE, MPOHOCSCH B IMyCTOTE 0€3 MpensTCTBUH,
PaBHyI0 CKOPOCTh MMETH, HECMOTPS HA Pa3IM4UE B BECE.

Henb3g HE MOAUMBUTBECSA TAKOMY 3aKJIFOUEHUIO. Benb OHO cAenmaHo 3a meCTHAAUATh CTOJIETHIA
no I'annnes!

[Tosma «O mpupoae Bewiei» MHTepecHa s Hac U B ApyroM OTHouleHud. E€ aBTop muiier
HE TOJIPKO O €CTeCTBEHHOHAYYHBIX Borpocax. OH paccMaTpUBAET 3TH BOMPOCHI B OPraHUUECKON
CBS3M C OOIIECTBEHHO-TYMaHUTAPHBIMU BOMPOCAaMU, BompocamMu Mopanu. Jlykpenwii ¢ ¢uio-
coCKUX MO3UIIMUNA KacaeTcsl BOMPOCa KU3HU U CMEPTH, MOJYEPKUBACT BAXKHOCTH IMO3HAHUS MU-
pa, MUIIET O TOM, YTO He OOrarcTBa W He BIACTh, 4 3HAHUS B COUYETAHUU CO 3J0POBHEM Mpe-
CTaBJISIIOT co00I MCTHUHHBIE LIEHHOCTH. [lepen HaMu «mpupoja Bemel», KOTOPYI0 Haao MOHU-
MaTh MHTEIPUPOBAHHO — C caMoil 00melt Touku 3peHusi. PaccraBasch ¢ 9TOW yIWBUTEIHHON
MOAMOM — MOJUIMHHBIM THMHOM YE€JOBE€YECKON MYIPOCTH, MPUCTYIIAEMCS K BEIUKOJICTTHBIM
CEHTEHLMAM, JTOLIEAIIUM 10 HAC YepeE3 ABaALATh CTOIETUI:

B coOcTBEHHOCTD KM3Hb HUKOMY HE JAa€Tcsl, a TOJIBKO Ha BpeMSI.
Ho 6e3msTexHast )Ku3Hb HEBO3MOKHA 0€3 YMCTOro ceplia.

Ecnm ke cepatie He UUCTO Y HAC, TO KaKue OOPEHbs,

CKOJIBKO OIAaCHOCTEN HaM yTpoKaroT TOrAa MOHEBOJIE,
CKOJIbKO KE€CTOKHX 3a00T M Tep3aHUl, BHYIIAEMBIX CTPACTHIO,
My4ar cMATEHHBIX JIIOAEH U KaKhe BCEJSIIOT TPEBOTU!

Tot %xe, KTO B )KM3HHU ce0e KOPMUIIOM B3sU1 UCTUHHBIN pa3yM,
Tor obnagaer Bceraa 60raTcTBOM YMEPEHHOM KHU3HH;
Jlyx 0e3MsTEKEeH €ro, U *KUBET OH, T0BOJIbCTBYSCh MaJIbIM.



Luarnoa. O Hay4YHbIX PEBONOLMAX

ABTOp. Obpamaerecs 11 Bbl B nporiecce npenoaa-
BaHUS K HAYYHBIM PeGOTIOYUAM?

Yuureanb. Koneuno. M3yuenune Gusuku Mbl 3aBep-
maeM TeMol «Pu3uKa U HayYHO-TEXHUYECKask PEBOJIIO-
LS.

ABtop. Ha pybexe XIX u XX BB. npousomnuia Ha-
y4Has pepoirouus, koropyro B. WM. Jlennn Ha3Ban «HO-
Belilel peBomonel B ectecTBo3HaHuM». CoBepiua-
JMCh HAyYHBIE PEBOJIIOLMM U B NPEKHHUE BpeMmeHa. Pac-
CKa3blBaeTe JI Bbl IKOJIbHUKAM 00 3TUX pPEBOIOIUIX?

Yuureas. He pacckaspiBato. 910 He mpeaycMoTpe-
HO mporpammoil. O HUX B yuyeOHMKaxX (PU3UKU Jlaxke He
YIIOMUHAETCS.

ABTop. Ho Beap BaxHO, 4TOOBI HIKOJIBHUKH BOC-
OpUHUMaNU (QU3UKY Kak HayKy, HaXOSIIylocs B n1o-
CMOAHHOM pa3eumuu, a He KaKk He4To c(hOpMHUPOBAHHOE,
HEU3MEHHOE.

Yuurennb. /[ymaro, 4To OHM 3TO BIOJIHE MOHUMAIOT.
3aKOHBI JUHAMMKYU OHM CBSI3bIBAIOT ¢ UMeHeM HbroTOHa,
a TOT W1 BO BTOpoi nonosuHe XVII — nepBoit noiio-
BuHe XVIII B. OHM 3HAIOT, 4TO MOJIEKYJISIpHBIE Mpea-
CTaBJICHUs BO BpeMeHa HpIOTOHA MpakTU4YeCKH OTCYTCT-
BOBAJIM; 9TH MPEACTABJICHUS pa3padaThIBAIUCh INIABHBIM
obpaszom B XIX B. B aTOM %K€ Beke CO37aHO €AMHOE yue-
HUE 00 DJIEKTPUYECKUX U MArHUTHBIX sBIEeHUSX. OHU
3HAIOT, YTO TOJBKO B XX B. MOSBUWIUCH TEOPUS OTHOCHU-
TETLHOCTH W KBaHTOBas (usuka. MHorue Quznueckue
3aKOHBI, NPaBUJIA, MOJEIH, IIOCTOSHHBIE HOCAT MMEHA
Y4EHBIX, KOTOPbIE MX YCTAHOBWJIM, HCCIEHOBAIH. YKe
OTCIOJIa BUJHO, YTO (PU3UKA «CTPOMJIACHY IOCTETEHHO,
Ha MPOTSHKEHUU MHOTHX CTOJICTHH. BCSkuil moHUMAaeET,

Tak B uem Xe cyuiHocTb Hay4yHO
TeXHHYECKOH PEeBOJIOILHN?
PasuBaerci nayka # TexHHKa,

OCBaHBaeTca KocMoc, NOABHJAHCE pPO-

BoTh... 4yTO 3aK0H Apxumena Obu1 ycranomieH B Il B. 10 H. 3.,

Kaxkue HayuHbe peBONIOLHH NPOHC-

XOJIHJH B NpeXHHe BeKar?
A paase Takue ObLIH?..

a, HalIpuUMep, MOJIENTb aTOMa BoJopoJa 1mo bopy mosiBu-
Jach yKe B HAIIEM CTOJICTHH.

Ha ypoke gusuxu.

ABTOp. D10 BepHO. HO HEe BO3HMKAET M Y IIKOJILHUKOB NPEACTABICHNUE O Pa3BUTUU (pU3H-
KM KaK O CIIOKOMHOM 280/110YUOHHOM TIPOLIECCE, CBOJAILIEMCS K HOCMENneHHOMY HAKONJIEHUIO HO-
8bix (haxmos?

Yyaureab. Bo3MoXHO, Tak OHO U €CTh.

ABTOp. [lonyyaercs Takas KapTHHA: CMEHSAIOTCS BEKA, POKJAIOTCS HOBBIE YUEHBIE, OHU Jie-
JAI0T KAKUE-TO OTKPBITHSI, 3TU OTKPBITUS MOJATOTABIMBAIOT MOYBY JUISl MOCIEAYIOIIUX OTKPBI-
TUH, KOTOPBIE JIENAIOT MOCIEIYIONINE MMOKOJICHNS YIEHBIX. B pesynbTare unér HakoruieHue dak-
TOB, PACTET YMCIO (HU3HMUECKUX 3aKOHOB, B (PU3UKE MOSBISIOTCS HOBBIE TJIaBbl, Y4eOHUKH CTAHO-
BsATCs Bc€ Tomme u tonmie. Co3naeTcs BHeyaTIeHHEe, YTO «HOBas» (U3MKa — 3TO «cTapasy ¢u-
3MKa IJTI0C HEKOTOPBIE HOBBIE IJIABHI.

Yuureas. Ho Benp B onpenenéHHoM cmbiciie Tak U ecTb. [Ikonpauk XIX cronerus uzyyain
3akoHbl HetoToHa. [lIkonpHuk XX cToneTus u3ydaeT Te ke 3aKkoHbl HbloTOHA TUTIOC enié HeuTo,



0 uéM mKoIbHUK XIX cToneTHs u norajapiBaThesi He Mor. Pa3zBe He Tak?

ABTOop. Tak, na He Tak. [Ipoiecc pa3BuTus HayKu MO camoil CBOel CyTu auanekThudeH. OH
HE CBOJAMTCS K HAaKOIUICHHIO (hakToB. Hakoruienne GpakToB HEM30€KHO MPUBOIUT K OYEPETHOMY
DEBONIOYUOHHOMY CKAYKY.

Yuntesb. C peBONIOIMOHHBIMU CKaUKaMU IIKOJBbHUKU 3HAKOMSITCS HAa YpPOKaxX MCTOPUHU U
oOmiectBoBeieHUsl. CMBICT CKaYKOB BIOJHE MOHSTEH, KOTAa Peub UIET O COIMAIbHBIX PEBOIIIO-
UsAX. A B UM CYIIHOCTh CKaYKOB, CBA3BIBAEMBIX C HAYUHBIMH peBOMIOLUAMU? Tak JIM yXK Bax-
HO 3HAaKOMHTb C HUMH IIKOJBbHUKOB? Hano M yCIoXHATh 111 HUX KapTUHY Pa3BUTHUS HAyKH?

ABTOp. Peub unér BoBce He 00 YCIIOKHEHHH KapTUHBI Pa3BUTHS, a KaK pa3 O pa3bsCHEHUU
e€. B xapTuHe pa3BUTHS KaK MPOCTOr0 HAKOIUICHUS (DAaKTOB HET 6HYMPEHHUX NPOMUEOPeyUli, A
CJIEZIOBATENIbHO, HET Ouanekmukuy. J{s pa3BUTHs HEOOXOIUMO IMPEoI0JIeHUE (pa3pelieHne) mpo-
TUBOpeYHii. IMEHHO OHM — JBIDKYIIAs CHJIa pa3BUTHsA. DTO a30yka nuajiekTuku. Vckimodas u3
paccMOTpeHHs POTUBOPEUHS, MbI HE YIIPOIIaeM KapTHHY Pa3BUTUS — MBI € (PaKTUUeCKU pas-
pylIaeM, NCKa)kaeM HACTOJBKO, YTO OHA YTPAYMBAET CaMylO CYIIHOCTb.

Yuureab. Ho 4ro sxe npenctaBistor co0oii npotuBopeunsi? Mexay 4eM UMEHHO MPOTHBO-
peunsd’?

ABTOp. MexXy CHUCTEMO HAKOIJICHHBIX K JAHHOMY BPEMEHHU pakmos W TIPUHATOU IJis
3TOTO BPEMEHU NaApAOUSMOll.

Yuurens. Yto Takoe napaaurma?

ABTtoOp. [Tapagurma — 370 oOUIeNpUHATAs KOHLEIIUS, CUCTEMAa B3IJIS10B, KOTOPYIO 001Ie-
CTBO CYHMTAET OCHOBomoJjaratomiel. [lo-moemy, reaaroru-eCTeCTBEHHUKH OOBIYHO HE 00paIiaroT
BHUMAaHUS: Ha MapaJurMy; OHU MPEANOYUTAIOT TOBOPUTH TOJBKO O (pakTax. HacTo MOXKHO CIIbI-
II1aTh, YTO TTIABHOE — 3TO (haKTUUECKUE JTaHHbIE, YTO (PU3MKA — HayKa dKCIIEpUMEHTAIbHAs.

Yuurenn. Ho ¢pusnka aeiicTBUTEILHO HayKa SKCIIEPUMEHTATbHAS.

ABTOp. CerofHs NpUOPUTET IKCIIEPUMEHTANBHBIX (PAKTOB YK€ HE MPUHUMAETCS CTOJNb Oe-
30rOBOPOYHO. JIOCTUTHYTO MOHUMaHUE TOTO, YTO BaXKHBI HE CTOJNBKO camu (HaKThl, CKOJIBKO HX
ocmvicaenue. A TIocIeHEE B CYLECTBEHHEUIIEH MEPE 3aBUCUT OT FOCIOJCTBYIOIIEH B JaHHOE
BpeMsI TapaJurMbl.

B nenom kapTuHa pa3BUTHS HAyKH BBITIAAMT Tak. Ha kaxaom stane gpopmupyetcs onpese-
NE€HHAs mapaJurMa, HaxoAIIasicsl B COOTBETCTBUU € U3BECTHBIMU (pakTamu. DakThl, IpoAOIKas
HaKOIUIAThCS, HEM30€XKHO BCTYNAIOT B MPOTUBOPEUHE C CYIIECTBYIOIIEH MapajurMoii, Ha3peBaeT
PEBOJIIOLIMOHHAS CUTYyalMsl. JTa CUTyalusl IPUBOJIUT, B KOHEYHOM CUeTe, K KaueCTBEHHOMY H3-
MEHEHHUIO TapaJurMbl: MPEKHUE CTEPEOTHUIBI OTBEPrarTcs, (OPMHUPYETCS HOBas CHUCTEMa
B3IIIA10B. «Pymarcs crapble npecTaBiIeHNs U NOHATHSA, JIOMAETCA CaM METOJI MBIIUICHHS y4é-
HBIX, KOPEHHBIM 00pa30M M3MEHSETCs X B3I Ha MUp, Ha pupoay» [53, c. 54]. Takosa cyur-
HOCTb HayYHOW PEeBOIIOLUU. MOXXKHO CKa3aTh, YTO ITO BCETIA ONpedeNéHHbl CKAYOK 6 Mbludle-
HUU.

Yumnreasb. Mtak, HayyHast peBOJIOLUS — 3TO CMEHA MapajaurM. A KakoBa MpU 3TOM CyJp0a
IpeKHeN napagurMbl? MOKHO JIM CYUTATh, YTO OHA OTIIPABIIAETCS «HA CBATIKY»?

ABTop. Her, xoneuno. Henb3st monarats, OyATO pa3BUTHE €CTh MPOCTOE HAKOIUJICHUE (ak-
TOB, HE 3aTPAaruBaIOIIEE NapaJUurMy, HO TOYHO TaK )K€ HENb3s CYUTATh, YTO Pa3BUTHE — ITO IiE-
MIOYKa CBOEOOpA3HBIX «KaTacTpo(», KOrjaa ouepeaHas mapajurMa MnompocTy oTOpachlBaeTcs, a
Ha e€ MeCTO CTaBUTCA Jpyras. TO KpallHOCTH, a UCTHHA MpeObIBaeT rie-To rnocpeauHe. Pox-
Jaroniasicsi B pe3yJibTaTe HayyHOU peBOIIOIMM HOBas MapagurMa OpraHuuecky BKIIOYAeT B ceOs
BCE TO LICHHOE, YTO COAECPKAIIOCH B IIPEIKHEH IMapagurme.

Y4ureis. [lonumaro — Bel umeeTe B BULYy npunyun coomeemcmeusl.

ABTop. CoepiieHHo BepHO. Ho nmoapoGHee 06 3TOM Ba)kHOM METOJI0JIOTHYECKOM MPUHIIU-
e, OTPAXKAIOLIEM JIMAJIEKTHKY Mpoliecca MO3HAHUsI, MHE XOTEJIOCh Obl IOTOBOPUTD MO3/HEE.

Yuurenb. O KakKMX KOHKPETHO HAy4YHBIX PEBOJIIOLUAX CJIEOBANO OB, IO-BallleMy, paccKa-
3bIBaTh MIKOJbHUKAM?

ABTtoOp. IIpexne Bcero o pesomonuu XVI B., cBsa3biBaeMoil ¢ umeneM H. Konepnuka, onpo-
BEprHyBIIEro yuyeHue lItosemes u BBIABUHYBIIErO IeJIUOLIEHTPUYECKYIO CUCTEMY Mupa. Teopus



Komepauka TpeboBana, ecTecTBEeHHO, (pu3mdeckoro o0ocHoBaHus. KakoBel (u3nueckue mpudu-
HBI JABM)KCHUS TUTAHET U JBMKeHHs BooOuie? PeBomtonmonnsie naen KomepHuka cTuMynupoBa-
J1 BO3HUKHOBEHHUE Hay4HbIX nporpamm ["anunes, lexapra, Herotona, JleiiOHuMIA, 3a05KUBIINX
OCHOBBI SKCIIEPUMEHTAIBHOI'O U MaTEMATHYECKOTO €CTECTBO3HAHUS.

Yuurens. 3aeck Bcé noHsaTHO. [Ipennoxennas KonepHUKOM TreIMOLEHTPUYECKas CUCTEMA
MHpa pa3pylinia rOCHOJACTBOBABIIYIO KOHIEIHNIO, COIJIaCHO KOTOPON 3eMilsl sBJIsUIach IICH-
TpoM BceeneHnoi.

ABTOp. Jleno He ToibKOo B 3TOM. YesloBeK Hayala MOHUMAaTh, YTO HE BCETIa CIEAYET IPUHU-
MaTh HEeTOCPEACTBEHHYIO BUIUMOCTH 3a UCTUHY. OKa3alioch, YTO BCEMHU HaldII0JaeMoe nepeme-
mieaue ConHia mo HeOOCBOIy BOBce He o3HavaeT, uTo CouHile aBmkeTcs BOKpyT 3emin. «Ko-
NEPHUK, a BCJIE] 32 HUM Liejasl Iuiesa BEIMKUX YUYEHBIX MOKA3aJIMd, YTO 32 BHEIIHEH KaKUMO-
CTHIO (BUAMMOCTHIO) BEIICH W SBJICHUMN, 3a WX HAPYKHOH 00OJIOYKOM, HETIOCPEJCTBEHHO HAMHU
BUJUMOM, CKpBIBAa€TCSI HEBUAMMAs HaMH, HEOLIyTMMas HENOCPEACTBEHHO HAIIMMM OpraHaMu
YYBCTB UX CYIIHOCTb, YJIOBUTh U OOHAPYKUTh KOTOPYIO MOKHO JIMIIb C TIOMOIIbIO aOCTPaKTHO-
ro, OTBJICYEHHOTO MBIIIICHUS. JTO M O3HAYAJIO, YTO HACYIIHOW 3aJjadyeid SMOXU CTana HeoOXo-
JTUMOCTB TIEPEUTH OT IPEKHETO )KMBOTO CO3EPIIAHMS K aOCTPaKTHOMY MBITUICHHIO» [53, ¢. 57].

Yumnrean. HaBepHoe, npaBuiibHEE TOBOPUTH HE O TOM, YTO KONEpHUK COBEPIINII HAYYHYIO
PEBOJIIOLIMIO, & O TOM, YTO OH IOJIOKHJI HAYAJIO PEBOIIOLNHN, KOTOpPas MPOI0JIKAIACh JOBOJIBHO
JUIUTEILHOE BPEMSL.

ABTOp. Bbl nipaBel. B oTiinune 0T COMANBHBIX Hay4YHbIE PEBOJIIOLIMM, KaK MPAaBUIIO, HE Ja-
TUPYIOTCS TogaMu. OHU AaTUPYIOTCS JECATWICTUSIMH U Jaxke enié Oosee JUIUTENbHBIMU pOMe-
KyTKamH BpeMeHH. Tem He MeHee JUIsl yA00CTBa MBI M B 3THX CIy4yasXx 4acTo yKa3blBaeM OIlpe-
JIEJIEHHBIE TO/1bl, HAIIPUMEP T'O/bI BHIXO/A B CBET TOTO WJIM HHOTO OCHOBOIOJAraoIEero HayyHo-
ro TpyJa, BHECIIETO periarimui, (yHIaMeHTalIbHbIN BKIIAJ B HAYYHYIO PEBOJIONUIO. Tak, MbI
ynomuHaeM 1543 r. — korza 6pu1a n3gana kaura H. Konepanka «O0patienre HeOecHBIX cdepy
(oHa BBINIUIA B TOJ CMEPTH aBTOpa). YrmoMuHaeM Mbl U 1830 r.— Korjaa BBIIIEN B CBET MEPBBIN
ToM rinaBHoro Tpyzaa Y. Jlaiiens «OCHOBBI F€0I0Tum».

Yuurensn. C umeHem Jlaiiens Toxe cBs3aHa Hay4YHas PEBOJIIOIHS?

ABTOp. Ecnn KonepHuk paspymm npeacraBieHue o 3emile Kak LIEHTPE MUPO3JaHus, TO
Jlatiens cmenan CIeayrONIUi mar — pa3pyuni MpeacTaBieHne 0 00KECTBEHHOM MPOUCXOXK/Ie-
Huu 3emmu. [lo Jlaitento, uctopus 3eMiau He cleACTBHE 00KECTBEHHOW BOJIH, a €CTECTBEHHBIN
IPOLIECC, TPOUCXOSAIINA B COOTBETCTBUH C 3aKOHAMU NMPUPOAbl. MOXXHO CUUTaTh, YTO UMEHHO
npencTasieHus Jlaliens npenonpeaenuiy, B KOHEUHOM CUETE, CO3AAHME COBPEMEHHON TEOpUU
TEKTOHUKU IUINT.

Yuurean. Ho Besib BCE 3TO BBIXOAMT 32 paMKU (DU3UKU.

ABTOp. A pa3Be HayyHOE 3HaHHE B CBOEM Pa3BUTUHU OOSA3aHO «CUUTATHCS» C MEXKIUCLUII-
JUHApHBIMM neperopoakamu? ActpoHoMm KonepHuk B3opBan mapagurmy o 3emMie Kak LIEHTpe
Bcenennoii, reosnor Jlaiiens B3opBajl mapagurmy o O0KECTBEHHOM NPOMCXOKIECHUM 3eMIIH,
6uosior JlapBuH B30pBall MapajurmMy o 60)XeCTBEHHOM MPOUCX0KICHUH YETIOBEKA.

Yuurensb. JlapBuH — 3T0 enié ojHa Hay4IHAs] PEBOJIOLUS?

ABtop. Koneuno. Tpyzas! Y. [lapuHa «lIpoucxoxneHne BUJOB IMyTEM €CTECTBEHHOTO OT-
o6opa» (1859) u «IIpoucxoxaeHue yenoBeka u mosoBor otoop» (1871) pazpymmiu, o cyTH ae-
Ja, TIOCJIETHIOI KPEMOCTh CBEPXBECTECTBEHHOIO. «Ero Teopus mokasaia, 4To BC€ OpraHU3MBI,
BKJItOYasi Hall BUJ, 00S3aHbI CBOMM CYILIECTBOBAHMEM €CTECTBEHHBIM IpoIieccaM, KakK, COrJacHO
teopuu Jlaiiens, u o6pazoBaHME AOJIMH PEK, 3eMIIETPACEHUs UM HaBoHeHMs» [109, c. 41].

Yunrean. Kak g moHumaro, 1ernoyka Hay4HbIX PEBOJIOLUN Obula CBA3aHA (DAaKTHUECKU C
NIEPEOCMBICIEHUEM MECTa YeJIOBEKA BO BcesleHHOi.

ABTOp. DTO NEPEOCMbICIICHHE MPOJOJIKUIOCH B Halle Bpemss — B XX B. OblJla OCO3HaHa
HE0OXO0IMMOCTh OTKa3a OT KOHUEMIIUU «CTOPOHHETo HalmonaTens». YernoBek Beeria MbICIEHHO
CTaBUJI ceOsl HaJl MPUPOJON, OH Bceraa u3ydan €€ Kak Obl CO CTOPOHBI, U3BHE, JUIs yI00CTBa
pacuseHss €€ B CBOEM CO3HAHUU Ha YaCTHU U MCCIEAYS 3TH 4acTH M0 OTAenbHOCTH. CeroaHs mo-
no0OHasi mo3ulus Hempuemsema. [Ipuiio moHMMaHWE TOro, YTO YEJIOBEK — YYaCTHUK BCErO



npoliecca 3BOJIIOLUN TPUPObI, UCTIHITHIBAIONINNA Ha ce0e BIMSHHE KOCMOCA, Pa3IMYHbIX MPH-
pOIHBIX mporeccoB. HoBasg mapaaurMa npeanoiaraetT nepexos OT U3y4eHHs MPUPOJIbI «II0 Yac-
TAM» K U3YUEHUIO €€ B eOUHOM KOMHIeKce, TPUIEM STOT KOMIUIEKC JTOJKEH BKIIIOYATh B ceOs U
CaMOro 4eJIOBEeKa.

Yunresb. C KAKUMU UIMEHAMHU CBSI3bIBAIOT 3Ty HAY4YHYIO PEBOJIIOLUIO?

ABTtop. HaBepHoe, Hano BeieuTh ABa uMeHH. B Hadanme XX B. A. JI. UmkeBckuii oOpaT
BHUMaHNE, HA BIUSHHUE IIUKJIOB akTUBHOCTH COJHIIAa Ha MHOTHE MPOLECCH B 3eMHOU Onocdepe
Y, B YaCTHOCTH, Ha 3710pOBhe JtoAei. CornacHo uaesm YnxeBCKOro, 4esioBeKa HaJ0 paccMaTpH-
BaTh KaK «4acThb MIPUPOABD U, 00JIee TOTr0o Kak «4acTh KocMoca». Mcnyckaemble ConHIIEM MOTO-
KU 3JIEKTPOHOB M 3JIEKTPOMAarHUTHOE M3IyueHHUE, 3aCTaBIsisl COApOrarbcsi Maruutocdepy u at-
Mochepy 3emiin, BO3JCHCTBYIOT Ha JIEKTPOMArHUTHBIE MPOLECCH B YETIOBEYECKOM OpraHu3Me,
WHULANPYIOT ONpEAEIEHHbIE XUMUUYECKUE NPEBPALLECHNS, BIUSAIOT HA KPOBEHOCHYIO U HEPBHYIO
CUCTEMBI.

Yuureas. [lo-Buaumomy, BTopoe umsi — 310 B. 1. BepHanckuii?

ABTop. Koneuno. Akanemuk B. W. BepHanckuii Obin yOexn€H, YTO KU3Hb €CTh SBICHHE
KOCMHMYECKOE, €€ BO3HMKHOBEHHE OH pAacCMaTpUBANl KAK MPOLECC CAMOOp2aHu3ayuu MaTepHH.
OH gan 3HaMEHHUTHIM MPOTHO3: B OyayIlleM YelOoBEYECKUI pa3yM OyJeT CO3HATeNbHO HalpaBs-
JSTh TPOLIECC IBONIONWN 3€MHOW OMOC(Ephl — UYETOBEYECTBO BCTYMHT B AMOXY HoOchepbl
(HOOChEepa — cdepa Paszyma). Minen BepHaackoro MMErOT B HAIIA JTHU TaKOE KE PEBOIIOIMOH-
HOE 3HAYEHHE, Kakoe B CBOE BpeMsa nMmenu ujaen KonepHuka, a nozanee — Jlaitens u JlapBuna.
«OH, KaK HHUKTO Jpyroi,— mnumer o Bepuaackom C.P. MukyiauHCKHUNA, — BUJIEN MPOOIEMBI
KOMIUIEKCHO U ri100anbHo. Tam, riae apyrue BHUJIEIH JIHIIb YaCTHBIM, CHeIalIbHbIN BOIIPOC, OH
pacKpbIBall €r0 B3aUMOCBSI3b C APYTUMU SBJICHUSIMHU, €M0 MECTO U POJIb B IIAHETAPHOM ITIpoLiec-
ce... C 6onpIoit cuitoil v TIyOMHOW yUE€HBIN TOKa3all BIMSHUE YETIOBEYCCKOMN NIeATEIbHOCTH Ha
NpUpPOAY, Ha Cpey OOMTaHUs U HKOJOTHIO YeJIOBEKa, Ha II100aIbHbIE MPOIECChl Ha HAIeH Tuia-
Here. OH JOKa3bIBAJI, YTO B PE3YyJIbTATE PA3BUTHUS HAYKH M TEXHUKHU YeJIOBEUECKas ACSTENbHOCTD
cTajia 10 CBOEH MOIIM CpaBHMMA C reoslorndeckuMu ¢paktopami... BepHaackuit obnanan nopa-
3UTEIbHOW CIOCOOHOCTBIO OTUETIMBO BUAETH MPOOJEMBI, C KOTOPHIMU B OyIyIlIeM MPEeACTOUT
CTOJIKHYThCS uenoBeuecTBy» [20, c. 5 — 6].

Yuurenb. BCE 3TO HCKITIOUUTENBHO HHTEPECHO.

ABTOp. 1 ouenp BaxHo. [lIkona OykBalbHO TOHET B OOMJIMK paccMaTpUBaeMbIX (aKTOB, HO
HE MMEET HU BPEMEHM, HU KEJaHUs MX OCMBICIUBATh. Mupononumanue, cmena OcHOBONONA-
earwux KoHyenyuu, pazeumue MbluileHuss — BCE ITO OCTAETCs 3a paMKaMM IIKOJBHBIX IIPO-
TpaMM.

Yuureas. lymaro, Bel npaBsl. Tema «Hayunbsle peBomronuy U pa3BUTHE HAYKU», KOHEYHO,
JIOJI’KHA HalTH OTpaskeHUE B MPEIOaBaHUU (DU3HUKH.

ABTOp. JTa TeMa uMeeT MHOro rpaHeid. OHa He McUepIbIBAeTCs MPodIeMaMH EPEOCMBbIC-
JeHus MecTa yenoBeka B mupe. Korna B cepenune npouuioro Beka Makcsein v bonbsiiman BBenu
eepoamnocms B (PU3UKY, OHU TEM CaMbIM IOJIOKWIM Hadyajao HAy4YHOH PEeBOJIIOIMHU, 3aBEpPIIMB-
nieiicss OTKa3oM OT NpU3HAHMUS (PYHIAMEHTAIBHOCTH JKECTKHUX, OJHO3HAUHBIX MPUYUHHO-
CJICZICTBEHHBIX CBSI3€H B MOJIb3Y BEPOSITHOCTHBIX (CTATUCTUYECKHUX) CBSA3EH, OTpaXkarolluxX oua-
JIleKmuKy Heobxooumoeo u cayyaiinoeo. Benukoe HayuHoe noctmxeHue XIX cromerus — ot-
KpBITHE 3aKOHAa COXpaHEHUs W mpeBpaileHus sHepruu ([xoyns, Maiiep, ['enbMmrosbi) Toxe
SBUJIOCH PEBOJIIOLIMOHHBIM aKTOM; OHO O3HAMEHOBAJIO HA4ajo BCEOOBEMITIONIETO MPOLIECCa CUH-
mesa (unmezpayuu) HAy4YHOTO 3HAHMUSL.

Yumureasn. /[ymaro, uto npu Bc€M pa3zHOOOpa3uu HAyUHBIX PEBOJIIOLMN €CTh HEYTO 0llee
JUISL BCEX 3THUX PEBOJIIOLIMMN.

ABTOp. [la, ecTb. M3BecTHA CKIIOHHOCTh YEJIOBEKA 3aKPEIUIATh, AOCOIIOMU3UPO8ANnsb 00C-
MUeSHymy1o cmyneHv no3uanus — c(HOPMHUPOBABILANCS MapaJurMa BCIKMNA pa3 aOCOIOTH3UPY-
eTcsi, TpaHc(hopMHUpyeTcs B HE3bIOJIEMYIO HayUHYIO TPAAMIINIO, BO3BOJAUTCSA B HEKUN HETIPEIOXK-
HBI gormMar. MOXHO CKa3aTh, YTO YEJIOBEK CKJIOHEH O€30TIJISIHO MPUBBIKATH K TOCIOACTBYIO-
1ie B JaHHBIM NIEPUOJ BPEMEHH CHCTEME B3IIIAA0B. [IpuuéM 3T0 XapaKTepHO HE TOJIBKO JJIs Ha-



YYHOU eATeIbHOCTH, HO M JIJISl OOBIYHOMN KUTEHCKON mpakTHKU. Kak ckaszan moar,

[TpuBBIYKa CBBIIIC HAM JIaHA,
3aMeHa cUacTHIO OHA...

N BcE 3TO ecTh HE UTO MHOE, KaK MPOSBIECHUE TATOTEHHUS YEJIOBEUECKOTro pazyma U Bcel
IICUXHUKHN YCIIOBCKA K MeTaq)I/I?:I/I‘-IeCKOﬁ OHpCI[eJIéHHOCTI/I U HCIIPOTHUBOPCYNUBOCTHU, U3BCHHOI'O
CTpEeMJICHHUS K TPAIHUIMSIM U CTOJIb K€ M3BEUYHON HENMPUSI3HU KO BCSKOTO Poja MEepecTpOrKaM.
B3pBIBa$I CJIOXKUBIIUCCA OOTMAThbl U TpaJulIMKU, HAYYHBIC PCBOJIIOIUU BCSIKHU pa3 3aCTaBJISAIOT
yesioBeKa o0panaTbesi B BOCIPUATUU U TO3HAHUM MHpa K AUajeKTuke. MOXXHO CKazaTh, 4YTO BCe
HaYYHbIE PEBOJIIOIMH — 3TO BCETNIA NpeodoieHue Memadu3uieckoco abcoromusupo8anuss uc-
MUHbL, ITO CKAYKHU KO BcE€ Oosiee MIyOOKOMY MOHMMAaHHIO JUaJeKTUKU Mupa. W moxanyi, oco-
6CHHO KPYIHBIM TaKHM CKa4KOM OT MeTaq)I/BI/IKI/I K OIUAJICKTUKE 65111a Hay4dHas pCBOJIIOIMA Ha
pyoexe XIX — XX BB. — Ta camas, kotopyro B. W. Jlenun Ha3zBas «HOBEHIIEeH pEeBOJIOIMCH B
ectecTBO3HaHUM». OO ITON PEBOIIOIIMH MBI TIOJJPOOHO TOTOBOPUM B CBOE BpEMSI.

§ 3. MEXAHUYECKAA KAPTUHA MUPA

CraHoBJjieHMe MeXaHWKH. MHOrHe CTOoJIeTHs JIF0AM HaOII0AaIM MaJeHue Mo10pOIIEHHOTO
BBepx KamHs. I'. T'anuneit (1564 — 1642) Obu1 nepBbIM, KTO CyMeJ pas3riIsiIeTh 32 3TUM aJIeHUEM
onpenenEéHHbI pu3nUYeckuil 3akoH. V3ydas KHHEMAaTUKy JBHXXEHUS Tell, OH (aKTHUECKH 3aJlo-
JKUJI OCHOBBI TOM HAayKH, KOTOPYIO MBI CETOJHS HAa3bIBAEM KIACCUYECKOU MexanHukou. I'amunei
paccMaTpuBal JABWKEHHE, MCIOb3Ys MOHATHE uHepyuu. ITO ObUIO MPUHIUIHAIBHO BAXKHO U
HOBO. Beap rocmnosacTBoBaBiiasi B TO BpeMsl apUCTOTENIEBCKasi KOHLEMIUS JIBH)KEHUS TOHSATUS
MHEPIUH HEe 3HaJla — CUUTAJIOCh, YTO BCAKOE JBMXKEHHE (KpPOME TaK Ha3bIBA€MbIX €CTECTBEHHBIX
JBUKEHHI) TpeOyeT HempeKpallarolerocs BO3AeHCTBYS, IPeKpallleHue BO3AeUCTBUS IPUBOJUT
K HEMEJUICHHOMY IPEKPAICHUIO IBWKEHUs. ['anuiell BBICTYNIMI NPOTUB Takoi KoHuenuuu. 1
HE TaK Yy BaXHO, YTO OH He Jaj (OpMYyJIHPOBKU 3aKOHA MHEepUUH. «BaxkHO, 4TO B IyTaHMIIE
36MHBIX ABW)KECHUH ['anuieil BBIABUI CBOMCTBO TENI COXPAHATH CBOKO CKOPOCTb... ['aynmneit co-
BEPILIEHHO MPaBWJIbHO MPUMEHUJ 3aKOH MHEPIMM B KOHKPETHBIX MpUMEpax U, YTO OCOOEHHO
Ba)XKHO, PUBJIEK 3TOT 3aKOH K 000cHOBaHUI0 cuctembl Konepuuka» [59, c. 65]. Mcnone3ys no-
HATUE WHepIMH, ["anuieit 00bsICHUI, oueMy 3emilst IpH ABMXKEHUHU 1o opoute Bokpyr CounHila
(a Takke MpHU BpaALIEHUU BOKPYT CBOEH OCHM) COXpaHseT Kak aTMocdepy, Tak U BCE, YTO HaXo-
JTUTCsI B aTMOcdepe U Ha 3eMHOI NMOBEpXHOCTU. MBI HE 3aMedaeM JBMKEHUS 3€MIIH, TOCKOJIbKY
BCE SIBJICHUS Ha 3emJie MPOMCXOIAT TOYHO TaK e, Kak eciu Obl OHa ObUla HEMOJBM)KHOM, —
3/1€Ch MPOSBISETCS OTKPBITHINA ['anmieeM NpUHLIKI OTHOCUTEIBHOCTHU JJIi MEXaHUYECKHUX SIBJIE-
Huil. CeroiHs OH U3BECTEH KaK IPUHLIAII OTHOCUTENBHOCTH ["anmuies.

o Tl'anunes ¢pu3rnka U MareMaTUKa CyLIECTBOBAJIU MOPO3Hb. DU3MKK ObUIM 3aHATHI YMO-
3pUTEIBHBIM OOBSICHEHHEM MPUYUH PA3TUYHBIX SBJICHUH, TOTAAa KaK MAaTEMaTUKH UMEIH JEJI0 C
UCKYCCTBEHHBIMU MOJENISIMH, KOTOPbIE€ MPUAYMBIBAINCH TOJBKO ISl ONMMCAHMS HAOJI0/1aeMbIX
SBJICHUN (IJI1 «CTaceHMsl SBJICHUI») W HE MPETEeHJ0BAIM HA PAcKphITUE UX MpUYMH. [anumeit
«CHHMMAET pa3iinyue MexXy (PU3MKON Kak HayKOH, OOBICHSIONIEH NPUYMHBI ABH)KEHUS, U MaTe-
MaTHKOM KaK HayKOH, MO3BOJISIONIEH OMUCATh 3TO JBIXKEHUE, T. €. CHOPMYIMPOBATH €T0 3aKOH. ..
VY Tanunes yke HET «3a30pa» MEXTy (PU3MUECKHM OIBITOM U MaTEMaTUYECKON Teopuei: maTe-
MaTH4ecKas KOHCTpYKIMs y ['amuies He MpocTo «cmacaeT sIBICHHUS», HO BBIPAXAaeT caMy HX
CymHOCThY» [25, c. 122 — 123]. Kak oauH M3 OCHOBaTeNeW KJIaCCUYECKOW MEXaHWKH, | amwmieit
czenai JBa NPUHIMIIHAIBHO BaXKHBIX IIAra: o0pamuics K uudeckomy onvimy u coeouHun Qu-
3UKY ¢ MamMeMamuxou.

®u3NUecKril 3KCIEPUMEHT M MaTeMaTHYECKOE OINUCaHue (PU3NYECKHX SBJICHUA — Ha
«CTBIKE» 3TUX JIByX HAIIPABJICHUH, HA UX IIEPECEUECHNHU U POINIIACH KIIACCUYECKAsl MEXAaHUKA.

E€ cranoBneHue M nocieayroliee pa3BUTHE 3aBHCEII0, €CTECTBEHHO, OT aKTUBHOCTHU JIEHCT-
BUI B 000MX yKa3aHHBIX HalpaBlIeHUsSX. MaTremMaTudeckoe HarpaBlieHHEe aKTUBHO Pa3BUBAJIOCH
P. lexaptom (1596 — 1650). OH 3a7105KUT OCHOBBI AHAIUTUYECKOW TE€OMETPHH, IIPUMEHHII €€ arl-



napar K ONMCAHMIO IepeMenieHuil Ten. JlekapT pa3paboTan MOHATUS nNepeMeHHOU GeIudUHbl 1N
@yHKyuu; 3TO TO3BOJIMIIO BBIIBUHYTH HA MEPEIHUN TUIaH BBISBICHHE 3aKOHOB JBUKECHHS U U3-
MEHEHHUS, YCTAaHOBJICHHE 3aKOHOMEPHBIX CBS3€H MEXAY >JIEMEHTAMHU JBHKYIIMXCS OOBEKTOB.
HIMeHHO Ha 3TOM IyTH OBLIH BIIOCIEICTBUU OTKPBITH YPAaBHEHUS JIBHKEHUS.

B «Hauanax ¢unocopumn» [lexapra, onyOnukoBaHHBIX B 1644 r., chopMynupoBaHbl Tpu
«3akoHa npupoae» [41, c. 486 — 489]. IlepBbie nBa BeIpakatoT NpuHUIUN UHEpHUH. [IepBrIit 3a-
KoH: «Kax/as Bellb, IOCKOJIBKY 3TO 3aBUCHUT OT HEE, BCEI1a COXpaHIET CBOE COCTOSIHUE, U €CIIN
OJIHAX/IbI MPHIILJIA B JABMKEHUE, TO TAKOBOE U OyJIeT MpooiikaTh». BTopoii 3akoH yTBEpKIaeT,
YTO XOTS B J€MCTBUTEIBLHOCTH BCE JIBUKEHUS KPYTOBBIE, OJTHAKO Ka)KJ10€ TEJO MO OTAEIBHOCTH
BCEr/la CTPEMUTCS MPOJIOJDKUTH ABM)KEHUE 110 IPSIMON JIMHUM («BCSKOE JBUKEHHE caMo 1o cebe
SABIISICTCS TIPSAMOJIMHEHHBIM»). B TpeTbeMm 3akoHe OOBIYHO YCMAaTpUBAIOT HE BIOJHE YJIAYHO
c(hOpMyJIUPOBAHHBIN 3aKOH COXPAHEHUS KOJMYECTBA JBMKECHHUS: JIBUXKYIIEECS TEJO MPH CTOJIK-
HOBEHHUU C JIPYTHM TEJIOM «TEpsieT B CBOEM JABIKEHHH CTOJIKO, CKOJIBKO COOOIIAET BTOPOMY
Teny». B aToit popMmynupoBke conmepxkanach siBHas (pu3ndeckas onmmoka; Ha Heé oOpaTuil BHU-
manue X. ['toiirenc (1629 — 1695), unTepecoBaBmIuiics MpoOiIeMaMu COyAapeHUs TElT U 3allo-
YKUBIIMM OCHOBBI TEOPHUH yAapa.

Pemaromuii Bknag B craHoBieHue MexaHuku BHec WM. Heroton (1643 — 1727). ImenHo B
HBIOTOHOBCKOW Hay4YHOW MporpamMme 3KCIIEpUMEHT Havall, HAKOHEll, UTrpaTh (GyHIaMEHTAIbHYIO
ponb. Hemapom HbIOTOH HasbIBasl CO3/1aBaeMyl0 UM MaTEMAaTUYECKYIO (U3UKY «IKCIIEPHUMEH-
TaabHOUM (husmocodueitn’» U MPOBO3TIIACUIT NIPUHITUIT: «TUMIOTE3 HE M3MBIIUIAIO». Ecin Jlekapt u
€ro TMOCJIEZOBATEeNIM 1T OT YMO3PUTEIBHBIX «CaMOOUYEBUIHBIX)» OOLIMX MOJOXKEHUU («THIIO-
TE3») K MEHee OOIMM Yepe3 NeIyKInio, To HbI0TOH npeamnoyuTan uaTtu om onvlma Kk 0600uye-
HUAM Ha ocHoge memooa unoykyuu. OH MPOTUBOIIOCTABIISAT OTBICUYEHHOMY panuoHanusmy Jle-
KapTa MpoJAyMaHHOE SKCIEPUMEHTaJIbHOEe OOOCHOBAHME IOJIYYaeMbIX PE3yJbTaTOB. Bbio Obl,
OJIHAKO, HEBEPHO paccMaTpuBaTh MeToA HBIOTOHA Kak 4MCTO SMOUPUYECKH. B nercTBuTEnD-
HOocTH HBIOTOH yJensan BHUMaHHE OCMBICICHHUIO 3KCIEPUMEHTANbHBIX (DaKkTOB, (uiIocopckum
OCHOBaHUSIM, OTJaBal JOJKHOE (TaM, TJie OH CYUTAIl HY>KHBIM) TUIIOTE3aM U MPEANOI0KEHHUSIM.

B 1687 r. Beiien B cBeT GpyHaamentanbHblii Tpyx W. HetoToHa «Maremarnyeckue Haudana
HaTypaibHOU ¢unocodum». IlepeBogunmk STOro Tpyna Ha PYCCKUH SA3bIK  aKaIeMUK
A. H. KpbutoB nmcan: «B 3T7oM courHeHMH BCE ObUIO HOBO: HauMHasg C aKCMOM HWJIM 3aKOHOB
JBWKEHUS M KOHYas BEJIMYAWIIMM U3 3aKOHOB MPHUPOJbI — 3aKOHOM BCEMHUPHOI'O TATOTEHMS,
MaTeMaTHUYeCKHU BBIBEJCHHBIM M3 3aKOHOB IJIAHETAPHBIX JBM)KEHUH, NaHHBIX Kermepom» [58,
c. 5]. HetoroHoBckue «Haudana» oTKpbIBaroTCs CBOEOOpa3HbIM BBEJIEHUEM, TJie AAal0TCs OIpee-
JICHUSI HEKOTOPBIX (PU3HUECKUX MOHATHH M (OPMYITUPYIOTCS TPU OCHOBHBIX 3aKOHA (TPH aKCHO-
MBI) JBMKEHHUSI — T€ camble 3aKOHBI JMHAMUKH HbI0OTOHA, KOTOpBIE CErOAHs 00s13aTENbHO BXO-
JAT B YUeOHUKHM (U3UKH (KaK IIKOJIbHbBIE, TAK U BY30BCKHE). 3aTeM UAET U3JI0KEHHUE COOCTBEHHO
«Hayal MEXaHWKW», pa30UTOe HA TPU KHUTHU, KaXkAasg U3 KOTOPBIX pa3/esieHa Ha HeCKOIbKO OT-
nenoB (Bcero 24 otaena). Hel0TOH HaUMHAET C TOTO, YTO AET OMpPEACIICHUS] MACChl, KOJIMYECTBa
JIBWKEHUs, cuiibl. BoT kak 3Byuut B mnepeBoze, ciaenanHoMm A. H. KpblioBbIM, HBIOTOHOBCKOE
OTpe/ieNIeHNe CUIIbIL:

«Onpeoenenue IV. TlpunoxeHHasl cuia eCTh JEHCTBUE, MPOU3BOJUMOE HAJ TEJIOM, YTOOBI
U3MEHUTh €r0 COCTOSIHUE MTOKOS MJIM PAaBHOMEPHOI'O MPSIMOJIMHEHHOT O ABM>KEHUS.

losacnenue. Cuna nposiBISETCA €IUHCTBEHHO TOJIBKO B JIEWCTBUM M MO MPEKPAIICHUH JIEH-
CTBUS B Tese He ocTaércs. Teno mpoAomkaeT 3aTeM yAepKUBaTh CBOE HOBOE COCTOSTHUE BCIE-
CTBHE OJHOU TOJNBKO MHEpUUM» [58, c. 7].

Kax BunuMm, HeroTOH paccmaTpuBaer cuity quHamuuecku (1o HeroToHa cuia paccmarpuBa-
Jach CTaTUYECKH). 3HAMEHUTBIC 3aKOHbl OuHamuky AaHbl HploTOHOM B crenyromen Gopmymu-
POBKe:

«3axon 1. Bedkoe TENo MPOJOIDKAET YAEPKUBATECSA B CBOEM COCTOSIHUU IIOKOS WJIM PaBHO-
MEPHOTO U MPSAMOJMHEWHOTO JBUKEHHSI, TIOKa U MOCKOJIbKY OHO HE MOHYXAAETCs MPUIIOKEH-
HBIMH CHUJIAMH U3MEHHUTD 3TO COCTOSHUE.

3axon II. I3MeHeHHe KOIMYeCTBa ABUKEHUSI MPONOPLMOHAIBHO NPUIOKEHHOW IBUKYIIEH



CUJIE Y IIPOUCXOIUT I10 HANPABIICHUIO TOU MIPSIMOM, 110 KOTOPOU 3Ta CUla IEUCTBYET.

3akon I11. JlericTBUIO BCETJa €CTh PaBHOE U NMPOTUBOIOI0KHOE TPOTUBOJACHCTBUE, NHAUE —
B3aMMOJEMCTBYS ABYX TEJ APYr Ha Jpyra Mexay coOoil paBHbBI M HalpaBlIEHbl B MPOTHUBOIIO-
JIO’KHBIE CTOPOHB» [58, c. 8].

B xnure nepBoit HptoTOH 1a€T 10Ka3aTeNIbCTBO 3aKOHA IUIOLIAAECH MPH IBUKEHUHU MAaTEPH-
aJTBbHOM TOYKH IO JEHCTBUEM IIEHTPAIIBHON CHJIBI, paccMaTpuBaeT 3afady Kerepa (ompenene-
HHE TTOJIOKEHUS Tella Ha opOuTe B JaHHBIM MOMEHT BPEMEHH), UCCIIEAYeT 3ajauy JByX Tel, CTa-
BUT 33/1auy TpEX Tell, 1a€T OCHOBBI YUEHUS O NPUTSHKEHUH CPEPUUECKUX Tel, MIPUBOIAUT Psijl OI-
TUYECKHUX 3a1a4y. KHura BTopast COAepKUT yUEHHE O JBUKEHUU TEJ B CPEJIE, COIPOTUBIIEHUE KO-
TOPOU MPONOPIIMOHAIBHO MEPBOM MIIM BTOPOM CTENEHHU CKOPOCTH. 37€Ch JaHbl OCHOBBI «METO/1a
¢urokcnii» — Tak HpIOTOH Ha3bIBaM ucuucieHue beckoneyno manvix (Ha COBPEMEHHOM S3BIKE:
nuddepeHnraIbHOS U HHTETPATbHOE UCUYHCIICHHUE).

Knura tpetbs «Hauam» — «O cucreme Mupa» — 3acily’KUBaeT, Mokaiayld, 0co00ro BHUMa-
HUs. OHa HauuHaeTcs ¢ 4eThlpéx npaBuil (HbIOTOH Ha3Bal UX «IIpaBHJIaMU YMO3AKJIIOUEHHUH B
bu3uKe»), OTpakaloMX KOHyenyuro yu€Horo. HamoMHuM, uTO 3Ta KOHIENuus (KOrga oT Ha-
OJIF0ZJAEMBIX M SKCIIEPUMEHTAIBHO UCCIIEAYEMbIX SBJICHUN UAYT K YCTAHOBIICHUIO MIEPBOIIPUYMH)
IPOTUBOCTOsIA KOHIeNMK JlekapTa, coraacHO KOTOpOM MEepBONPUYHMHBI OTKPBIBAIOTCS YEIIOBE-
Ky Onarozaps NpoHUIaTeIbHOCTH ero yma. [lomaraem, uto OyeT Mosie3Ho NPUBECTH 3/1€Ch YIIO-
MSHYTBIE YeThIpe MpaBuia B popmynupoBke Hbl0TOHA M ¢ HEKOTOPBIMU €T0 MOSCHEHHUSIMHU:

«lIpasuno I. He nomKHO MPUHMMATH B IPUPOJIE UHBIX IIPUYUH CBEPX T€X, KOTOPHIE MCTHH-
HBI ¥ TOCTATOYHBI JUII OOBSICHEHUS SIBICHUH.

Tlosicuenue. Ilpupoaa npocTa v He POCKOIIECTBYET U3JUIIHUMU TPUYMHAMM BEILCH.

Ilpasuno II. 1103TOMY, OCKOJIBKY BO3MOXHO, JOJDKHO MPUIIMCHIBATH T€ K€ NPUYUHBI TOTO
’KE poJia MPOSBIECHUAM IPUPOJBL.

IIpasuno I11. Takue cBOWCTBA Tell, KOTOPbIE HE MOTYT ObITh HU YCHIJICHBI, HU OCIa0IsIeMbl U
KOTOPBIE OKa3bIBAIOTCS NPUCYIIMMH BCEM TEM TeJlaM, HaJ KOTOPBIMH BO3MOXHO NPOW3BOJHTH
UCTIBITaHUS, TOJKHBI OBITh TOYMTAEMBbI 32 CBOMCTBA BCEX TEJ BOOOIIE.

lloacnenus. CBOMCTBA TeJ MOCTUTAIOTCA HE WHAYe, KaK UCIBITAHUAMU; CIEJ0BaTEIbHO, 32
o01iye cBOMCTBA HA/l0 MPUHUMATH T€, KOTOPBIE OCTOSIHHO MPH OIBITaX 0OHAPYKHUBAIOTCS U KO-
TOpbIE, KaK HE MOJJIEKAIME YMEHBIICHUIO, YCTPaHEHbl ObITh HE MOTYT... Bceobiiee Tsarorenue
MOJTBEP)KJIAETCS SIBJICHUSAMHU AK€ CUIIBHEE, HEXEJIM HEMPOHMUIIAEMOCTh TeJ, Ui KOTOPOW IO
OTHOIIECHHUIO K Te€JlaM HEOECHBIM Mbl HE UMEEM HUKAKOT'O OIbITa U HUKAKOI'O HAOJIOIEHUS.. ..

IIpasuno IV. B onbITHON (pU3MKe NPEANON0oKeHUs, BEIBEICHHbIE U3 COBEPLIAIOIIUXCS SIBJIE-
HUI C MMOMOIIBI0 HaBeIEHUS (C MOMOIIBI0 METOAA UHIYKUUU — A6m.) HECMOTPSI HAa BO3MOX-
HOCTb MPOTUBHBIX UM HPEIMNONI0KEHUH, JOIDKHBI OBITh MOYUTAEMBI 32 BEPHbIE WJIM B TOYHOCTH,
WM IPUOIMKEHHO, TIOKa HEe OOHapy»KaTcs TaKHUe SBJIEHUS, KOTOPHIMU OHU eIll€ 0oJiee yTOUHATCS
WIN e OKaXYTCS MOJBEPKEHHBIMHU UCKITIOUEHUAM. Tak T0JKHO MOCTYyNaTh, YTOOBI JOBOABI Ha-
BEJICHUS HE YHUUTOXKAJIUCH NpeAnoiaoxeHusmm» [58, c. 12 — 13].

Jlasiee B TpeThEIl KHUTE pacCMaTPUBAIOTCS PA3JIMYHBIE ACTPOHOMHYECKHE SIBIICHHUS, ITOKA3bI-
Baercs, 4uto Jlyna u cnytHuku Onutepa u CatypHa cienytot 3akoHaMm Keruiepa npu ABM>KEHUU
OKOJIO CBOMX IUIAHET, TOYHO TaK € KaK cama 3eMJIsl U JpyTrHe IUIAHETHI CIEAYIOT TUM 3aKOHaM
npu JIBrkeHUH BOKpyr ConHua. 37ech K€ yCTaHaBIMBAETCS 3HAMEHUTBIM 3aKOH 8CEMUPHO20
mszomenus, ocye 4ero HproTOH nepexoauT K onpeaeneHHI0 OpOUT KOMET.

Kax u3BectHO, ogHOBpeMeHHO ¢ HBIOTOHOM M HE3aBHCHMO OT HEro pa3paboTall OCHOBBI
T depeHaIbHOro U nHTerpagbHoro ucunucienus . Jleionun (1646 — 1716). 1ot dakT Ha-
1INl OTpakeHHE B HBIOTOHOBCKUX «Hawamax». HeroToH nucan: «B nucbMax, KOTOPBIMHA OKOJIO
JIECSTH JIET TOMY Ha3aJ s OOMEHMBAJICS ¢ BeChbMa UCKYCHBIM MaTeMaTtukoM [ . JleliOHu1em, s emy
coo01a, 4ro s 06Jagar0 METOI0K0 JUIsl ONIpeAeIeHUs] MAKCUMYMOB U MUHUMYMOB, NTPOBE/ICHUS
KacaTeJIbHBIX U PELICHUsS TOMY MOJAOOHBIX BOIPOCOB... 3HAMEHUTEHIINN My OTBEYaJ MHE, 4TO
OH TaKXe HanaJl Ha TaKyl METO/Y, U COOOIIMII MHE CBOIO METOJly, KOTOpasi 0OKasajach €Ba OT-
JUYAroIIencs OT MOEH, U TO TOJILKO TEPMHHAMU M HauepTaHuem popmyi» [58, c. 12].

Ncaak HproTOH — rpanano3Hoe U yIMBUTEIbHEHIIEE ABIEHUE B UCTOpUU Hayku. OH mojo-



OCH HEKOEeMY Y31y, B KOTOPOM COIILTMCH HUTH U3 MPOILIBIX BEKOB U U3 KOTOPOTo OEepyT Hadaio
HUTH, IPOTSHYBIIUECS B Oyayuiue Beka. C 0JJHOW CTOPOHBI, OH clieall pelaroluii, MOXKHO CKa-
3aTh, 3a6epularowuli wae Ha NYymu CMAaHoeleHus Kiaccuyeckoli mexanuku (00 ONTUYECKUX H
MPOYrX UccienoBanmsIX HptoToHa MBI ceiiyac He ToBopuM). Jlo HbroTOHa MeXaHHKa TOJIBKO €IIé
co3aaBaiiach, nocie Hoiomona ona yace cyuwecmgyem. C npyroit ctoponsl, HetoToH npegorpe-
JeNUi JajbHeiee OypHoe pa3BUTHE (U3NYECKOW HAyKH BOOOIE M MEXaHWKH B YaCTHOCTH.
UYepes 9 ner mocie ero cmeptu, B 1736 . Beixoaut B cBeT «Mexanuka» JI. Oitnepa (1707 —
1783), rne HBIOTOHOBCKAs MEXaHHWKA HW3JIaraeTcsl aHaIUTHYeCKH (camM HBIOTOH mosb3oBaiics
s36IKOM TeomeTpun). Emé uepes 7 net Beixoaut «Tpakrar o ¢umokcusix» K. Maknopena (1698 —
1746), B KOTOpOM TIOKa3aHO, YTO JOOYIO 3a7ady O JBM)KCHUH TOYKH MOHO NMPUBECTH K MaTe-
MaTUYECKOH 3a/1aue 00 MHTETPUPOBAHUH OMPEACIEHHON CUCTeMbI UG (HepeHITMATBHBIX YpaBHE-
Huil. [lepexon oT ypaBHEHUI ABM)KEHUS TOUYKU K YPaBHEHUSIM JBM)KEHUS TBEPJOTO Tella OCylle-
ctBua ewé vyepes 20 ser Bcé Tot ke JI. Ditmep — B 1765 r. BbnuIa ero «MexaHuka TBEpAOIO
tenay. OcoOyr CTpOHHOCTh MPHUOOpEia HEIOTOHOBCKAs MeXaHWKa B u3gaHHOU B 1788 r. «AHa-
mutudeckoi mexanuke» XK. JI. Jlarpanxa (1736 — 1813).

Mup [dexkapra u mup Hororona. /lekapt 1 Hpl0TOH — J1Ba NPpUHIMIIHAIBHO Pa3HBIX MOJ-
X0Jla K MOCTHKEHUI0 MHpa. Y JlekapTa Ha IEpBOM MECTE INPOHUIATEIBLHOCTh yMa; OH YBEPEH,
YTO MOKHO YUCMO YMO3PUMENbHO, C TIOMOIIBIO JOTHUYECKUX PACCyKICHUH MOCTPOUTh KapTUHY
Mupa. HpI0TOH UCXOAUIT U3 9KCnepumMeHmanbHblX UCC1e008anuti — OH MIEN K KapTUHE MHUpa He
OT UBSIIHBIX JO0TaJI0K U 03apeHUil, a OT Pe3yJbTaTOB TIIATEIHHO MPOJYMAaHHBIX OnbITOB. EcTe-
CTBEHHO, uTO MUpHI Jlekapta u HeroToHa okazainch BecbMa pazHbIMU. U XOTs Mbl, 0€3yCII0BHO,
OTJIaéM TMPEANOYTeHNE HAYYHOCTH HBIOTOHOBCKOTO MOJX0/Ia K U3YYEHHIO MPUPO/BI, TEM HE Me-
HEe Mbl HE MOXEM HE YJeIUTh BHUMaHUs Takxke [lekapTy. HploTOHOBCKasi KapTUHA MUpa co3/a-
Bajach, B U3BECTHOM CMbICIIe, B 0Opb0e ¢ KapTe3naHCKMMU MPEACTABICHUSIMHU (KapTe3uaHllaMu
HasbIBaIM nocienosareneil Jlekapra; Kapresuit — natunusupoBanHoe ums Jlekapra). «Kapre-
3MAHCKOM (DU3UKE CYXKIEHO OBLIO B €€ Crenu(UUeCKUX YUYEHHUSX MOJTHOCTBIO OBITh OTBEPTHYTOM
no3AHeimel ucropuei Hayku. Ho kak Obl 3TO HM Ka3aJoCh MapaJoOKCalbHBIM, MOYTH HEBO3-
MO>KHO TPEACTaBUTH cede, ueM Obuia Obl 9Ta ocnenuss 6e3 ¢pusuku exapray [10, c. 30].

Wrak, nozHakomumcs ¢ mupom /lekapma. B 3ToM Mupe maTepusi TOXKIECTBEHHA MPOCTPaH-
CTBY, BCE MIPOCTPAHCTBO 3al0OJIHEHO MAaTE€pPHEH, MyCTOTHI HET. ATOMBI OTPULIAIOTCS, MAaTEPHs Je-
auma o OeckoHeuHocTd. IIpemocraBum cinoBo camomy [ekapty: «IIpocTpaHCTBO, WM BHYT-
pEHHEee MECTO, pa3HUTCS OT TEJECHOW CyOCTaHIMM, 3aKIIOYEHHON B 3TOM MPOCTPAHCTBE, JIUIIb B
HaIlleM BOOOpakeHUHU. B IeicTBUTEN HOCTH K€ POTSHKEHHE B IJIUHY, IIMPUHY U TIyOHUHY, CO-
CTaBJISIOIIIEE MMPOCTPAHCTBO, COCTABJISAET U TelO...» [41, c. 469].

«Ecnu cpocsT, 4To ciy4dunock Obl, ecnu Obl bor ycTpanun Teno, conepikaiieecs: B JaHHOM
cocyzie, U He JTOMyCTUII, YTOOBI IPYroe TeI0 MPOHUKIIO HAa MOKMHYTOE MECTO, TO Ha 3TOT BOIIPOC
HY’KHO OTBETHUTH: B TAKOM CITy4ae CTOPOHBI COCY/1a COMU3ATCSA HACTOIBKO, UTO HETIOCPEICTBEHHO
COMKHYTCS, H0O KOTja MEXy IByMs Te€JIaMH HE HAXOJIUTCS HUYETo, TO OHU HEOOXOAUMO JOJIXK-
HBI KacaTbes ApyT apyra» [41, c. 474].

«HeB03MOXHO CylIecTBOBaHUE KaKHUX-TMOO aTOMOB, HENEIMMBIX 10 CBOEH MpHpoOJEe, Kak
3TO BOOOpasuiau HekoTopbie (unocodsl... Ecnu 661 bor u cienan gyactuily cToiab Majol, 4To He-
BO3MOYKHO OBLIIO OBbI €€ pa3fenuTh 4eMy-HuOyab cOTBOpEHHOMY borom, To camoro cedst oH He
MOT OBl JIMIIUTH BIACTH Pa3AeiuTh €€, n00 COBEPIIIEHHO HEBO3MOXKHO, YTOOBI bor ymamnun cBoé
MOTYIIeCTBO...» [41, c.475]. Bce sBnenust JlekapT CBOAUT K MEXaHWYECKUM TMEPEMEIICHUSIM.
Bce B3anmoielicTBUS OCYHIECTBISIOTCS Ye€pe3 1aBJICHUsI, CTOJIKHOBEHUSI — OJIHA YaCTH MaTEpUHU
JaBAT Ha JIpyrue, ToikaT ux. Ho kak ke BO3MOXKHO JABM)KEHUE B MUPE, MOJTHOCTHIO 3alI0JHEH-
HOM Matepueit? O4eHb NpocTo, — 00bICHAET [lekapT, — OJIHO Telo BCTYMaeT Ha MECTO BTOPO-
ro, BBITAJIKMBAsl €r0 CO CBOEr0 MECTa, 3TO BTOPOE BCTYIA€M Ha MECTO TPEThEro, TPEThe — Ha
MECTO YETBEPTOTO; U TAKUM IIyTEM JI0 T€X IOP, IT0KA MOCIEAHEE TEIO0 HE 3aMET MECTO MEPBOTO.
B pesynbrare nomyuaeTcs BUXpeBoe ABUKEHHE (IBMKEHHE MO Kpyry). Becy mup, no Jlekapry,
3aroIHEeH Pa3HOO0Pa3HBIMU GUXPAMUL.

3ameTuM, 4TO OecnpeAesbHy0 JIeIMMOCTh MaTtepuu JlekapT He BIOJIHE IOCJIEI0BATENbHO



COUETAET C CYIIECTBOBAHUEM «YACTULl MaTepum» («4YacTHUIl IMPOCTPAHCTBA»?), KOUX pa3anyacT
TPU THUIA: BE3/AECYLUE YaCTHULbl HeOa, YaCTUIbl OTHA M YaCTHIbI IUNIOTHOM Marepuu. B nenom
cxema mupa 1o [lexapry takoBa. EcTh 1Ba Hauana — Marepus U JBHKECHHE. [[BUKEHUE TIPOU3-
BOJIUTCSI CUJIOHN, MCXOZsIEeH oT Oora. OTa e cuja JeIUT HENPEPhIBHYI0 MAaTepPHIO HAa 4acTH U
YaCTHIIBI U COXPAHSAETCS B HUX, SIBJISISICh HCTOYHUKOM HUX KPYTOBOTO (BUXPEBOTO) ABUKEHHUS, IIPU
KOTOPOM OJIHU YaCTH (4aCTHUIIbI) BHITAJIKUBAIOTCS CO CBOMX MECT APYTUMH.

Kak xe mpencraBnsun cebe mup HproToH? OH momnarai, 4To €CTh IyCTO€ MPOCTPAHCTBO U
€CTh KOPITyCKYJIBI, U3 KOTOPBIX NTOCTpoeHs! Tena. Kak u y /lekapra, Bce sIBIEHHs CBOIATCS K Me-
XaHUYECKUM NEPEMELICHHSIM, OJTHAKO 3TH MEPEMEILEHUS HE CBOAATCS K BUXpsAM. B3aumoneict-
BHE TEJI HE TOJBKO NPU COYAAPEHUAX, HO TAK)KE U HA PACCTOSHHUU €CTh BCEMUPHOE TATOTCHHE.
Y cTaHOBMB 3aKOH BCEMHUPHOI'O TATOTE€HUs, HBIOTOH B TO e BpeMs HE /1ajl 0ObACHEHUS NPUUYHH
TATOTEHHUs (3a 4TO IMOJABEprajics KpUTHUKE CO CTOPOHBI KapTe3uaHueB). Kak nepenaércs uepes
nycToTy B3aumojeiictBue ten? Monoaoit HeloTOH CKIIOHEH ObUT CYMTATh, YTO B3aMMOICHCTBHE
yepe3 MyCcTOTy ocymiecTBisieT Oor. [lo3mHee oH MPUXOIUT K THUHOTe3e 3Pupa, KOTOPOH OBLIO
CYK/IEHO ChITpaTh BXXHYIO POJIb B HICTOPUH (U3NUECKOI HayKu. 3akaHunBas «MaremaTuyeckue
Hayaya HaTypaiasHO# (rocodun», HeroTon nmumet: «Teneps ciemoBano Okl KOe-4TO 100aBUTH
0 HEKOeM TOHUaiiIeM >(upe, MPOHUKAIOIIEM BCE CIUIOIIHBIC Tella M B HUX COJepiKalemMcs, Koe-
IO CHJIOKO YaCTHUIBI TEJI B3aMMHO MPUTATUBAIOTCA...» Bripodyem, ocTaBasich BEpHbIM CBOUM ITPHH-
[UIaM, Y4€HbIi TyT ke 3ameuaeT: «Ho 3To He MOeT OBITh U3JI0KEHO BKPATIIE, K TOMY e HET U
JIOCTAaTOYHOTO 3araca ONbITOB, KOMMHU 3aKOHBI JIEHCTBUA 3TOro 3¢hupa ObUIM OBl TOUHO OINpesie-
JIEHBI U TIOKa3aHb» [87, ¢. 662].

N Jlexapt, u HploTOH NpuHUMAIOT BO BHUMaHUE nHepImio. [IpenocTaBieHHoe camomy cebe
TEJO JOJIKHO JIBUTaThCs MPSIMOJIMHENHO U paBHOMEPHO. B 1€HiCTBUTENBHOCTH K€E 4acTO MPUXO-
JTUTCS HAOJIIOIaTh JBWKEHUs KpuBoauHeilHble. [1o JlekapTy, KpuBOJIMHEHHOE TBMKEHUE 0OBsIC-
HSIETCS] NCKPUBJICHUEM TPAEKTOPHUHM TeJla U3-3a MEXaHMUYECKOTO MPEMSATCTBUS, OKa3bIBAEMOIO Te-
Jdy APYTMMH 4acTAMH IpocTpaHcTBa-maTepud. [Io Hpl0TOHY, HCKpHBIIEHHE TPACKTOPUU IPOMC-
XOIMUT BCJEJCTBHE NMPUTHKEHHUS OAHOro Teia JIpyruM. B Te Bpemena JIoHIOH Obul LEHTpOM
HBIOTOHMAHCTBA, a [lapmx — kaptesuanctBa. Mimes »to B Buay, Bonbrep nucan B 1731 1. B
«®Punocopckux nuceMax»: «Korga gppanirys npuesxaer B JIOHIOH, TO HAXOIUT 31€Ch OONIBIIYIO
pasHuLly Kak B ¢puiocodpuu, Tak U Bo BcéM apyroM. B Ilapuxe, u3 koToporo oH npuexain, gyma-
10T, YTO MHUP HAIIOJHEH MaTEpHEH, 3/1€Ch K€ EMY FOBOPST, UTO OH COBEpIIEHHO IycT; B [lapmke
BbI BUJIUTE, YTO BCSl BCEJICHHAs COCTOMT U3 BUXpEW TOHKON marepuu, B JIOHAOHE k€ Bbl HE BU-
JIUTE HUYEro nofo0Horo; Bo @paniuu gaBieHue JIyHbl IpOM3BOANUT MPUIKMBEI U OTIUBBI MOPSI, B
AHIIINN e TOBOPSIT, YTO 3TO caMo Mope TsaroteeT K Jlyne... KapresuaHisl roBopsT, 4To BCE cO-
BEpILIAETCS BCIEACTBHUE JABJICHUS, U 3TOTO Mbl HE IOHUMAEM; 31€Ch K€ HbIOTOHMAHIIBI TOBOPSIT,
YTO BCE COBEPIIACTCS BCIIECJACTBUE MPUTSIKEHHS, KOTOPOE Mbl HE JIydllle MOHHMaeM...» [59,
c. 127]. ComnocraBnsss no3unun Jexapra u HbroToHa, (panity3ckuit ¢uiaocod-npocseTurens
3. Konaunesk (1715 — 1780) ormeuan: «JlekapT, 4TOOBI MOCTPOUTH BCEIEHHYIO, IPOCUT Y bora
JMIIB MaTepHio U BmxkeHne. Ho korna 3ToT gpuiiocod XxodeT ocymecTBUTh TO, YTO OH OOEIIAET,
OH JIMIIb 3aMbIciioBaT. CHayvajga OH CHpPaBeUIMBO 3aMEYaeT, YTO YaCTU MAaTepUH JOJKHBI CTpe-
MUTbCS IBUTATHCS 110 MPSMON U UTO, €CJIM OHM HE BCTPEUalOT MPENsITCTBUM, Bce OHU OyIyT Mpo-
JOJKaTh JBUKEHHE B ATOM HAaNpaBJIEHUWHU. 3aT€M OH MpeArojaraer, yTo BCE 3aIlOJIHEHO, WM
CKOpee YMO3aKJItoyaeT 00 3TOM U3 TOTO MOHATHS, KaKoe OH ce0e COCTaBHII O peMeTe, U BUUT,
YTO YaCTU MaTE€pPUH, MBITAACh ABUTAThCS BO BCEBO3ZMOXKHBIX HAIIPABIICHUSAX, JOJDKHBI MPENSATCT-
BOBATh JIBUKEHUIO JIPYT Jpyra. 3HauuT, oHU OynyT HemojaBmxkHbI? Het. JlekapT 3aMbIcioBaTO
00BsCHSET, KaKUM 00pa3oM OHH OyayT IBUraThCsl KPyrooOpa3HO M 00pa3yIoT pa3InyHbIE BUXPHU.
HeroToH Hameén uepecdyp MHOTO 3aTpyIHEHHMH B 3Toi cucteMe. OH OTOpPOCHII 3aM0JIHEHHOCTb
BCEI0 MPOCTPAHCTBA KaK MPEANOI0KEHHE, C KOTOPBIM HEJb3sl MPUMHUPUTH JIBUKeHue. He nbiTa-
SCh MMOCTPOUTH MHP, OH JIOBOJILCTBOBAJICS TEM, UTO HaOmoal ero... OH, cleJoBaTelbHO, HE Ha-
MepeBaJics 0TrafiaTh UM BbIAyMaTh NepBOHavaia npupoasl. OH Habr01ai U UCKall, HeT JIU cpe-
T SIBICHUH TaKOTo, KOTOPOE MOXKHO ObLIO OBl paccMaTpUBaTh KakK MEPBONPHUUUHY...» [56, c. 160
—161].



Atomuctsl XVII — XVIII BB. Kak yxe ormeuanocs, JlekapT nonarai, 4To BCsS MaTepHs
COCTOMUT U3 «YaCTHI TPEX TUIOB; TEM CaMbIM OH BBICTyMAJ C MO3UIMi aromu3zMa. OHAKO MO-
3UIHST €r0 OblJIa HEMOCJIEI0BATeIFHOM, MTOCKOIBKY MaTepUsi OTOXKIIECTBISUIACH C MPOCTPAHCT-
BoM. Kapre3uaHiibl pe3ko orBepraiu yueHue Jlemokpura u Dnukypa 06 atromax u mycrore. [lo-
CJIeI0BATENIbHBIM CTOPOHHUKOM aTOMHUCTHYECKOTO yueHus siisiics HoetoroH. Emé panee, B ep-
Boi nosoBuHe X VII B., 310 yuenue noxnepxkusan I1. I'accenau (1592 — 1655). Umenno [Naccen-
71 OBLIT TIEPBBIM CEPbEIHBIM KPUTUKOM Teopuu Buxpeil Jlekapra. Atombl y ['accenau npeacras-
JSUTUCH B BUJE MENbYaNIINX (PU3HUECKUX Telell pasHooOpa3Hoi (Gopmbl (KpyTibie, OBaJbHEIE,
YeueBHIICOOpasHbIe, TIIOCKHE, KOHMYECKHe, KPIOYKOBHUIHBIC U JaKe MOXHaThie). BrepBeie B
Hayke ["acceHiu BBEN MOHATHE MOJIEKYJIbI; OH pacCMaTpUBaJ MOJIEKYJy KaK coelMHeHue (cuemn-
JIEHUE) HECKOJIBKUX aTOMOB.

Buaasim atomuctom XVII cronerus 6p11 X. ['tolirenc (1629 — 1695). 'maBHBIM CBOWCTBOM
aToMa OH ToJjaraj OECKOHEUHYIO TBEPAOCTh, MPOTUBOCTOSIIYIO JTHOOBIM TOIMBITKAM Pa3JeiiuTh
aroM Ha yacTtu. Benen 3a [Naccennu ['tolireHCc oTBeprajn J€KapTOBCKUE MPEACTABICHUS O TOM,
YTO UCTOYHHKOM JBWKCHHsI sBIsIeTCs Oor. J[BYKeHHE €CTh CBOMCTBO caMOW MaTepuu — TakK
cuntanu u ['accenu, u ['roitrenc. OHO MPOSIBISIETCS B IEPEMELIEHUSAX U CTOJIKHOBEHUSX aTOMOB
U «caMmo ce0si coxpaHsieT». DTH B3IJISAbl HE pa3fesisul Apyrod BuaHbIN aTomucT — P. Boiinb
(1627 — 1691). Tlo boiinro, MUp — 3TO CIOKHBIA MEXaHU3M, KOTOPBIN 3aIlyCKaeT B paboTy HC-
KyCHBI MEXaHUK, T. €. 00or. B Te BpeMeHa Xumus npejacrapisiia coboit cBoeoOpa3HOe UCKYCCT-
BO, 3aHMMaBIIEeeCs IMPEBPALICHUSIMU PA3IUYHBIX BemlecTB. boiinb cTpemumiics MmpeBpaTuth XH-
MUIO B HAYKy M CUMTaJ, YTO B OCHOBE 3TOM HAYKH JOJHKHBI JIKATh MPUHIIMITBI AaTOMU3MA.

Becbma nHTEpECHBI aTOMUCTHYECKHE TIpeACcTaBiieHusi XopBarckoro yuéHoro XVIII crosne-
tus P. bomkosuua (1711 — 1787). V bouikoBu4a aToMbl — 3TO HE YaCTUYKH BEIIECTBA, a HEKHE
TOUYKH, pacCMaTpUBaeMble UM KaK «CHJIOBBIE IIEHTPBI». DTU «IIEHTPBI» PacIpeeNieHbl B ITyCTOTE
Ha Pa3HBIX PACCTOSHUX JIPYT OT Apyra. Bce «eHTpb» OAMHAKOBBI; pa3iMuie CBONCTB BELIECTB
00BSICHSICTCS pa3IMuMeM BO B3aUMHOM PACIIOJIOKEHUU «IIEHTPOBY», U3 KOTOPBIX COCTOST 3TU Be-
niectBa. Cuia B3aMMOJEHCTBUS JIBYX «LEHTPOB» 3aBUCUT OT PACCTOSAHMS Mexay Humu. Ha
OYEHb MaJIBIX PACCTOSHUAX JACHCTBYIOT MOIIHBIC CHUJIBI OTTAJIKWBAHMS, HE TO3BOJISIFOIINE «IICH-
Tpam» MPUOIU3UTHCA APYT K APYTY BIJIOTHYIO. [To Mepe yBenndeHus pacCTOSTHUS MEXKAY «IICH-
TpaMu» CUJIbl OTTAJIKUBAHUSI YMEHBIIIAIOTCS U CMEHSIOTCS CHJIAMH MPUTSHKEHUsI, KOTOPhIE CHa-
yaja pacTyT, a 3aTeéM YMEHbBIIAIOTCS, CMEHSISICh, B CBOIO OYEpE/lb, CUIIAMHU OTTAJIKUBAHUS;, OTTaJ-
KHUBaHUE U TPUTSDKCHHE uepedyroTcsi. Ha oTHOCHTENhHO OONBIIMX PACCTOSHHUSX JEHUCTBYIOT
TOJIBKO CHJIBI IPUTSKEHUS, OHHM TOCTENEHHO 3aTyXaloT C PACCTOSHHUEM MO HbIOTOHOBCKOMY 3a-
KOHY (00OpaTHO MPOMOPLIHUOHATIBHO KBaApary paccrosinus). [IpencraBnenus bomrkoBuua — mo
CyTH Jiefia, TiepBas TMOMbITKa BBECTH B (DU3MUECKYI0 KapTHUHY MHpa CWJIOBbIE MOJS. DTU Mped-
CTaBJICHUs OKa3aJIM BIOCIIECTBUN 3HAUUTEIIbHOE BIUSHUE Ha B3TJIsA6I M. Dapazes.

YOexx1€HHBIM aTOMUCTOM OBLT HaIlll BeMUKUN cooTeduecTBeHHUK M. B. Jlomonocos (1711 —
1765). On cuuta, 4To BEIIECTBO COCTOUT U3 MEJIbUAUIIINX YacTHI] — aToMOB (110 JIOMOHOCOBY,
«OIIEMEHTOBY») U UX COYETaHUN — MOJNEKyN («kopmyckyn»). IMenHo JIOMOHOCOB OBIIT MEPBBIM,
KTO CTaJl CBSI3bIBAThH TEIIOBBIC SIBJICHUS C ABUKEHUEM KOPITYCKYJ; TOITOMY OH IO TIPaBy MOXKET
CUUTATBhCS OJTHUM U3 OCHOBOIIOJIOKHUKOB MONEKYIAPHO-KUHEemuU4eckol TEOpUn TEIoThl. B pa-
6ore «Pa3mMplluieHuss o npuuuHe Temiaa u xonoaa» (1747) oH pelmuTeNnbHO BBICTYNHI MPOTUB
TOCMOJICTBOBABILIEH B TO BpeMsl KOHLENLHU TEIUIOPOA; OH YTBEpPKJal, 4TO TeMIepaTrypa Tena
CBs3aHa BOBCE HE C KOJMYECTBOM TEIJIOPOJia B TEJ€, & C MHTEHCUBHOCTBIO JBUKEHUS KOPITyC-
KyJ, cocTaBisitoniux teno. IIpoBenénnsie nccnenoBanus npusenu JIoMoHOCOBa K BBIBOAY, YTO
HUKAKOTO Teryiopoaa BooOiie He cymectByeT. B 1760 r. B pabote «Paccyxenue o TBEpAOCTU U
KUJKOCTU TE» OH MHcall: «/[oka3aHO MHOIO IpPEX]Ie CEero, 4To AJIEMEHTapHbI OrOHb APUCTO-
TEJBCKHM, WK, TI0 HOBBIX YUEHBIX IITUIIIO, TEIJIOTBOPHAS 0COOJIMBasi MaTepus (MHA4Ye roBODS,
TEIIopoa. — Aem.), KOTopas, U3 Tela B TEJIO MEPEeXOoJisi U CTPAHCTBYA, CKHTAETCs 0€3 BCSKOM
MaJeiIeil BeposTHOW MPUYMHBI, €CTh OJJUH TOJIBKO BBIMBICEN; U KYITHO YTBEP)KIEHO, YTO OTOHb
U TEIUIOTa COCTOSAT B KOJOBPATHOM JIBMDKEHUHU YAaCTHIL, @ OCOOJIMBO CaMOl MaTepwHu, Tela Co-
cTaBisirOmmx» [67, . 389]. OOpaTuM BHUMaHHE Ha CJIOBa «KOJOBPATHOE JBMKEHHUE». [ Umoresa



BpAIaTEeIbHOIO TEIUIOBOTO IBIMKEHHUSI MOJIEKYJ TOHanoounack JIOMOHOCOBY it OOBSACHEHHS
UX CHJIBHOTO OTTAJIKMBAaHMs APYr OT Apyra IpH CTONKHOBeHMAX. llo-Bmammomy, Ha y4€HOro
OKazaja BIIMSHUE 3HaKoMas C JIETCTBAa KapTHHAa OTCKAKMBAHUS BOJYKOB («KyOapei»), myckae-
MBIX MaJIbYUIIKAMHU 110 JIBTY.

Mup Kak CJOKHBIH M TOYHBIN 4acoBOil MexaHU3M. Bceskoe KuBOE CyIlEeCTBO, BCsKas
TBapb — 3TO MexaHu3m, a 00r-TBOpel] — UCKyCHEeWIMi MexaHuk. Takue npencTaBieHUs] Hada-
mu popmuposathes enie B XIII — XIV BB. B XVII u oco6enno XVIII cronerun yxe Becb MUp B
LIEJIOM, BCSI IPUPO/IA CTAIH YHOAO0OIATHCSI HEKOEMY CIIO)KHOMY MEXAaHU3MY.

JIroO0¥ MeXaHW3M COCTOWT U3 MHOTHX JeTaneil. OHM MOTYT OBITh BeCbMa Pa3HOOOpa3HBIMHU.
B kauecTBe MenpualIiuX «JIeTalei» MOTyT paccMaTpUBaThCs, B KOHEUHOM CUETE, aTOMBI (KOp-
nyckyael). Henapom, Haunnast ¢ XVII B., BHOBb 0’)KMBAa€T aTOMUCTUYECKAsI KOHIEMIIHS, KOTOPYIO
B TEUEHHE MHOTMX BEKOB OTOJBMIajla Ha 3a/JHUH IUIaH apucToTeneBcKas ¢usuka. [locTeneHHo
dopmupyeTcss HOBas MapajurMa: Bce SIBICHUS UMEIOT YUCTO MEXaHW4YeCcKoe 00BsICHEHUE, (PYyHK-
LUOHUPOBAHME BCEX JCTANEH NMPUPOAHOIO MEXaHM3Ma — KaK OTHOCHUTEIBHO KPYIIHBIX, TaK U
MeNnbUalinX (KOPITyCKYJl) — HPOUCXOAUT B COOTBETCTBUU CO CTPOTMMH 3aKOHAMHU MEXAHUKH.
DOpMHUPOBAaHUIO 3TOW MAapajUIMbl B HEMAJIOW CTENEHH CHOCOOCTBOBAIM YCIEXH MaTeMaTHKH,
Omarojapst UM 3aKOHBI MEXaHUKH MTPUOOPENTN BeCbMa U3AIIHYI0 GOopMy.

Ilepron cTaHOBIIEHUS] MEXAHUKH JOBOJILHO OBICTPO MPEBpATHUIICS B MEpUO] €€ paclBeTa H,
OoJsiee TOro, NEPHOA TOpKECTBA. Mexanuka cmana OCHO80U Mupogos3penus. Beé, uro coszman
caM 4eJIOBEK, BCE, YTO €CThb B MPUPOJE, UMEET, CUUTAIOCh, OUHVIO MEXAHUYECKYIO CYUHOCHb.
«Mexnay MalllMHaMH, CIAENaHHBIMH pyKaMH MacTepOB, U PA3IMYHBIMU TEJIaMH, CO3JaHHBIMU
IPUpOIOH, — nucail JlekapT, — s Ham€ll TOJIBKO Ty Pa3HULL, YTO JEHUCTBUS MEXaHU3MOB 3aBH-
CAT UCKIIIOUUTENBHO OT YCTPOMCTBA Pa3IMYHbBIX TPYOOK, IPYKHUH U MHOT'O poja JAeTalel, KOTo-
pble, HaXOsICh 110 HEOOXOJMMOCTH B M3BECTHOM COOTBETCTBUU C M3TOTOBUBIIMMHU HX PyKaMH,
BCETJ]a HACTOJIBKO BEJIMKHU, YTO MX (UTypa U ABIKEHHS JETKO MOTYT OBITh BUIMMBI, TOT/Ia KaK
TPYOKH U NPY>KUHBI, BbI3bIBAIOIINE ACHCTBUS IPUPOAHBIX BelleH, 0OBIYHO OBIBAIOT CTOJIb MaJlbl,
YTO YCKOJIB3aIOT OT HAIllMX 4yBCTB. M1 Beb HECOMHEHHO, UTO B MEXAHHUKE HET IPAaBUJI, KOTOpBIE
HE IpUHaJyIekanu Ol pU3UKE, TOITOMY BCE UCKYCCTBEHHBIE IIPEIMETHI BMECTE C TEM MPEIMETHI
ectecTBeHHbIE» [41, c. 539 — 540]. MTak, NpMHIMINAIBLHON pa3HULIBI MEXKIY MCKYCCTBEHHBIM U
€CTECTBEHHBIM HE CYIIECTBYET; IPOCTO OOr-TBOpEILl SABJSETCS 3HAUUTENIBHO 00Jiee MCKYCHBIM
MEXaHUKOM, YeM YeJIOBEK, €ro MPOM3BEICHUS OKa3bIBAIOTCS CYIIECTBEHHO 0ojiee TOHKUMH H
u3ompéHHbIMU. JlekapTy BTopuT JleiiOnui: «Bcskoe opraHnyeckoe Teao KUBOTO CYIIECTBA €CTh
CBOEro pojia 00’KECTBEHHAas MAIllMHA, WM €CTECTBEHHBII aBTOMAT, KOTOPBIH OECKOHEUHO Ipe-
BOCXOJMT aBTOMAaThbl MCKycCTBeHHbIE. 60 MaminHa, coopyk€HHasi MCKyCCTBOM YeJIOBEKa, HE
€CTh MallliHa B KaX/I0i CBOeW 4acTH;, Hampumep, 3yOell JaTyHHOTO Kojeca COCTOUT U3 4acTeid,
KOTOpBIE YK€ HE NPEJCTABISIIOT OoJiee JIsl HaC HUYEero MCKyCCTBEHHOro... Ho malnHbl ectect-
BEHHBIC, T. €. KUBbIC T€Ja, U B CBOMX HAMMEHBIIMUX YacTAX, 10 OECKOHEYHOCTH MPOJIOJIKAIOT
OBITH MalIMHAMH. B 3TOM M 3aKiitoyaeTcs pa3inuyue Mexay MPUPOJIOH U UCKYCCTBOM, T. €. MEX-
Iy UCKYCCTBOM 00KECTBEHHBIM M Hamum» [25, c. 14].

Oto OblIa 3M0Xa, KOr/la MUpP JEUCTBUTENIBHO NpeACTaBisics eAuHbIM. Ho Takoe equHCTBO
He OBUIO JUATIEKTUYECKHUM; 9TO HE OBbLIO €IMHCTBO Pa3HOOOPa3HOTO, 3TO OBUIO OJAHOOOPA3HOE,
Memacguzuueckoe eTUHCTBO, EAMHCTBO BCEOOBEMITIONIEH MEXaHUUECKON CUCTEMBI.

Cunranocs, 4To CI0XKHOCTh MUPOBON MEXaHUYECKON CUCTEMBI COYETAETCS C UCKIIFOUNUTENb-
HO BBICOKOM TOYHOCTHIO. IMeHHO nmoaTtomy yuéHble u mbicautenu XVII — XVIII BB. yacto 06-
pamaiucek Kk o0pasy yacoB. Mup noJj00eH TUTAaHTCKOMY Yaco80M)y MEXaHusmy, CO3laHHOMY 00-
roMm. B 3ToM yacoBoM MexaHHM3Me BCE 11€1€c000pa3HO — Kak B II€JIOM, TaK U B OTJEIbHBIX €ro0
yacTsax. boinip mucan: «39To Tak, Kak B PEIKOCTHBIX yacax, HapuMep, Haxonsauuxcsa B Crpac-
Oypre, rze Bc€ UCKYCHO cllaxeHo. M koryna MexaHusm NpuUBeIEH B IBUKEHHUE, BCE MPOUCXOIUT B
COOTBETCTBUU C IIEPBOHAYAIBHBIM 3aMbICIIOM MacTepa» [25, c. 230].

MHorue MpICIUTENN TOW AIOXHU IOJIArajad, YTO MPUPOAHBIA YaCOBOM MEXAaHHU3M HACTOJIBKO
CJIO’KEH, YTO HayKa (UeloBEK) He B COCTOSHUHU pazo0parbcs BO Beex ero jaeransx. Ho arto, kak
CUMTAJIM OHU, U HE TpeOyeTcs — BaKHO HE BHYTPEHHEE YCTPOMCTBO YacoB, a BpeMs, KaKOe€ OHU



MOKa3bIBAIOT. Hao nmuiib, 4T00BI PEKOHCTPYUPYEMbIC YIEHBIMU YaChl TOKA3BIBATIHM BpEMs 00u-
HAK080 C TIPUPOJIHBIMU YacaMU. AKTUBHBIM CTOPOHHHMKOM TakoW mo3uruu Ol P. [lexapt. «S1
nouty celsi yJAOBICTBOPEHHBIM, — MHUCAT OH, — €CJIH OOBSICHEHHBIC MHOIO MPUYHHBI TAKOBBI,
YTO BCE JEUCTBHUSA, KAKUE MOTYT M3 HUX MPOU30NTH, OKaXKYTCS MOJOOHBIMH JEUCTBUAM, 3ame-
YaeMbIM HaMU B SBIICHUSX MpUpoab. Jlekapt nomuépkuBai: «Ilogqo0HO TOMy, KaK OJMH U TOT
K€ MCKYCHBII MacTep MOKET U3rOTOBUTh HECKOJIBKO YacOB TaK, YTO U T€ U JPYTUe€ OJUHAKOBO
CTaHyT yKa3bIBaTh BPeMs U BHEIIHE OyayT BIOJHE MOJOOHBI JAPYT OPYTY, XOTS OBl U HE OBLIO
HUKaKOI'0 CXOJICTBA B COCTaBE UX KOJIEC, TOYHO TaK YK€ HECOMHEHHO, YTO U BbICOYAMIINN MacTep
— bor — BiageeT 6€CYNCICHHBIM MHOXKECTBOM CPEJCTB, KOUMH OH MOT JIOCTHUTHYTh TOTO, 4TO-
OBl BCe BElIH 3/CIIHEro MUpa Ka3aauch TAKUMH, KAKUMHU OHU HBIHE KaXKyTCsl, MEXKIY TEM KaK yM
YEJIOBEYCCKUI OSCCHUIIEH MOCTHYb, KAKUe M3 ITUX CPEIICTB YIOJHO €My OBUIO MPUMEHUTH IS
artoro» [41, c. 54 — 541 ].

Hrak, Gor coTBOpPWJI MHPOBOW YaCOBOW MEXaHHM3M U 3alyCTHJI ero B paboTy. A KakoBa
nanpHeHnmas poiabk 6ora? Ha 3tor cuét MmHeHus pacxoawnuchk. OHH TMMojaraiu, 4To 0or Henpe-
Pbi6HO nodoepaicusaem pabOTy CO3IaHHOTO UM MEXaHHU3Ma U IMO3TOMY Kak OBl OCTaBIISIET 3a CO-
00l MpaBO KOPPEKTUPOBATH 3aKOHBI TPUPO/IbI; TAKOW TOUKH 3PEHHUS MPUIEPKUBAJICS, HATIPUMED,
P. boitnb. Jlpyrue (ssBHOE OONBITMHCTBO (DU3MKOB) IMOJIATANIN, YTO, 3aITyCTUB MHUPOBOM YaCOBOI
MEXaHMU3M B paboTy, JaB eMy HadaJlbHBIM TOTYOK, OOT B JaibHEWIEeM Kak Obl caMOyCTpaHUiICs,
TaK 4YTO 3alyIICHHBI UM B JICWCTBHE MEXAaHU3M MPHUPOIBl PYHKIIHOHUPYET MO 0ObEKMUBHHIM
3aKoHam, UCKIIOYAIOIIUM «Ipombicen 00xuii». Takas Touka 3peHHs COOTBETCTBYET deusmy —
dunocopcrkoMy yISHHIO, TIO KOTOpOMY 00T ecTh Oe3InyHasi IEPBONPUYNHA MUPA, HAXOISIIASCS
BHE €r0 ¥ HE BMEIMBAIONIAsACA B pa3BUTHE MPUPOJIBI U obmecTBa. [lensm Obl1 onpenenéHHbIM
[IaroM Ha MyTH K Mamepuanucmudeckomy mupononumanuio. Kax ormeuan K. Mapkce, 310 0511
bakTHIeCcKu «He 0oJiee, KaK yI00HBIN 1 JErKUN CrToco0 OTAenaTbes OT penurun» [1, c. 144].

®dunocodust nen3ma onupanack Ha MPU3HAHUE CYIIECTBOBAHUS TOJNBKO KECTKUX, OOHO3HAY-
HblX TIPUYMHHO-CIIEJICTBEHHBIX CBsi3ei. [lapoBaHHBIE OOTOM NEPBHYHBIE AITOPUTMBI (€CIU HC-
M0JIb30BAaTh COBPEMEHHBIH SI3bIK) 00HO3HAUHO ONpeodensaom pa3 u nasce20a BCE TOCIEIyIOLIee
CyIIECTBOBaHUE U Pa3BUTHE MHPA. T0, UTO €CTh CETOHS, C HEOOXOAMMOCTHIO BO3HUKIIO U3 TOTO,
4yTO OBUIO BU€pa, U C TOW K€ HEYMOJIMMOH HEOOXOIMMOCTBIO MpeNonpeeNseT To, 4To OyaeT
3aBTpa. Takoe kECTKOE MOHWMAHUE MPUIUHHOCTH SIBJISIETCS KPA€yTroOJbHBIM KaMHEM B MeXaHU-
yeckoti kapmure mMupo3aaHusi. OHO BOILJIO B UCTOPUIO HAYKH IOJ TEPMUHOM «JIAIlIACOBCKUMN
neTepMuHu3M», Tak kak umeHHo I1. C. Jlamutac (1749 — 1827) nanbonee 4€tko chopmynupoBai
uaeinyto miargopmy Mexanummusma. OH nucan: «Mbl JOMKHBI paccMaTpuBaTh COBPEMEHHOE
COCTOSIHHE BCEJICHHOW KakK pe3ysbTaT MPEAIIeCTBOBABIIETO COCTOSHUS U MPUYUHY TOCIIEAYIO-
niero. Pa3zym, KOTOpBIN Uil KAaKOTO-TO JaHHOTO MOMEHTa BPEMEHH 3Haj Obl BCE CHIIBI, IEHCT-
BYIOIIHME B IPUPOJIE, U OTHOCUTENIBHOE PacloiokeHne e€ yacTel, eciu Obl OH, KpOME TOTro, ObLI
JIOCTaTOYHO OOIIMPEH, YTOOBI MOABEPTHYTh 3TH JaHHbBIE aHAIMU3Y, OOHSIT OBl B eIMHON (hopmyIie
JIBIDKEHUS CAMBIX OTPOMHBIX T€Jl BO BCEJICHHON M caMoro JIETKoro aroMa. [[ist Hero He Ob110 ObI
HUYEro HEesICHOTO, U OyayIiee, Kak U Mpoluioe, OblI0 Obl Y HEro mepeq riazamu... Kpusas, omnu-
ChIBaeMasi MOJIEKYJION BO3/lyXa WU Mapa, yIpaBisieTcsl CTOJIb K€ CTPOro U ONPEeNEHHO, KaK U
TUTAHETHBIE OPOUTHI; MEXKIy HUMU JTUIIb Ta Pa3HUIlA, YTO HaJlaraeTcsl HaIllUM HeBeleHuem» [63,
c. 364].

OcHOBHBIE YepThl MEXaHNYEeCKON KapTuHbI Mupa. OopMUpOBaHHME MEXAHUYECKOW Kap-
THHBI MHPa TOTPEeOOBATIO HECKOJIBKHUX CTOJETUH; MPAKTUYECKA OHO 3aBEPIIUIIOCH JIHIIb K cepe-
nuHe XIX B. DTy KapTHHY HaJl0 paccMaTpHUBaTh KaK BaKHYIO CTYIE€Hb B MO3HAHUU YEIOBEKOM
okpyxatomiero mupa. Kakum npencrasisuics 3tot mup? Bee Tena — TBEpbIe, )KuaKueE, ra3o000-
pa3Hble — COCTOSIT U3 ATOMOB U MOJIEKYJI, HAXOSIIMXCA B HUKOT/1a HE MPEeKpalaromemMcs Ten-
JIOBOM JIBIDKEHUU. B3auMoeiicTBUE Tell MPOUCXOIUT KaK MPU UX HEMOCPEICTBEHHOM KOHTAKTE
(cuInbl ympyrocTH, TpeHusl), TaK ¥ Ha PaCCTOSHUU (CUJIBI TATOTEeHHUs). Bc€ mpocTpaHCcTBO 3amon-
HSI€T BCEMPOHHUKAIMMK 3up. ATOMBI BOCIPUHHMAIOTCA KaK HEKHUE IEJbHBIC, HEJICTHUMBIC
CKUPIHUYUKA» BEIIECTBA; CLUEIJISSACH APYT C IPYrOM, OHH OOpa3yroT MOJICKYJbl U, B KOHEYHOM
cuére, Bce Tena. [Ipupona 3Toro «cuemnaeHus», no CyTH Aeia, He UCCIIeNyeTCs; Ipeanoaaraercs



YHCTO MEXaHHYEeCKoe cleruieHrue. Her moHuMaHus CymHOCTH 3(upa, MOITOMY CO3JIAIOTCS €ro
pa3Ho0Opa3HbIe MOJIENH: a0COIOTHO HEC)KUMAeMbI dup, 23¢up TBEPABIN 11 OBICTPHIX U3MeE-
HEHMH, HO TeKy4HH JUI1 MEUICHHBIX, 3(Up, COCTOSIIIUI U3 MENbYANIIINX «IIECTEPEHOKY, «BOITU-
KOB», U T. [I.

I'oBopst 0 MexaHMUECKON KapTHHE MHPA, BBIIEIUM YEThIpE MPUHIMIIHAIBHBIX MOMEHTa. Bo-
IEpPBbIX, MUP B ATOH KapTHHE CTPOWICA Ha €JUHOM (yHIAMEHTEe — Ha 3aKOHAX MEeXAHUKU
Hviomona. Bee HabmroaeMble B IPUPO/JIE TPEBPALICHUS, A TAK)KE TETUIOBBIE SIBICHUS C80OUNUCH
Ha ypO6He MUKPOABNEHUU K MEXAHUKe amoMo8 U MOAeKyl — UX MEPEMELICHUSM, CTOIKHOBEHH-
SIM, CLUEIUIEHUSAM, pa3beauHeHusM. OTkpbiTHE B cepenunHe XIX B. 3aKOHAa COXpaHEHHUs U Ipe-
BPALLEHNUS SHEPIUHU, Ka3aloCh, OKOHYATEIbHO JIOKA3bIBAJIO MeXaHuueckoe eOUuHCmeo Mupa —
B€/lb BCE BUJIbl HEPTUH MOYKHO TEIEPh «CBECTW» K IHEPrUM MexaHuueckoro neuxkeHus! Ilouc-
TUHE MHUP BBITJIAJEN THTAHTCKOW MAIIMHOM, IOCTPOSHHOM IO 3aKOHAM MEXaHUKHU M II0 3THM KE
3akoHaM QyHKuunoHupytomei. [lpasaa, Bo BTopoit monosune XVIII B. u ocobenno B XIX B. pas-
BEPHYJIUCh MCCIEIOBAHNA JIEKTPUYECKUX W MArHUTHBIX sBJICHUN. OIHAKO MOHAYaldy OHM, KakK
Ka3aJ10Ch, HE MOJPBIBAIIN, & BCETO JIUIIb YCIOKHSIIM, JOMOJIHIA MEXaHUUECKYI0 KAPTUHY MUpa.
MIMeHHO moj TakUM YIVIOM 3pEHHUSl PACCMATpPHUBAJIOCh, HAIPUMED, BHEIIHEE CXOACTBO 3aKOHA
KynoHa ¢ 3ak0HOM BCEMHPHOTO TATOTEHUS.

Bo-BTOpBIX, Me€XaHM4YECKass KapTHHA MUpPAa MUCXOAWIA U3 INPEACTABICHUS, YTO MUKPOMUD
ananocuyern makpomupy. belia XOpolo ucciaegoBaHa MEXaHUKA MAaKpOMHUpPA; CYUTAIOCH, YTO
MOYHO MAaKas dce MEXAHUKA OIHCHIBACT JBIKCHHUS aTOMOB M MoJeKyJsl. Kak nBmxKyTcsa U cran-
KHBAIOTCSl OOBIYHBIC TeJla, TOYHO TaK YK€ JBMXKYTCS U CTAIKUBAIOTCS aTOMbL. HamomuuM, uTO y
Jlamutaca: «kpuBasi, OMMChIBa€Masi MOJIEKYJION BO3/lyXa WU I1apa, YIPaBJIIeTCsS CTONb K€ CTPOro
U OIpeNIel€HHO, KaK U IUIaHETHbIE OpOUTHI». CUNTANOCh, YTO KaK HEXHBAasl, TaK U JKHUBas MaTe-
pHsl «CKOHCTPYHPOBAaHa» U3 OJHHUX U TEX K€ «MEXAaHUYECKHX JETalIei», Pa3IudarolInuXcs pas-
MepaMH. YenoBeK KOHCTPYUPYET pa3HbIe MEXAHU3MbI U3 OTHOCUTENBHO KPYIHBIX (IpyOBbIX) Ae-
TaJled, TOr/1a KaKk TBOPEL, KOHCTPYUPYS JKUBbIE OOBEKTHI, UCIONIB3YeT JAeTall HECPAaBHEHHO 0O-
Jee MeJIKHUe U TOHKHE. MTak, B OCHOBE BCEro MMpa, 1o CyTH JA€JIa, OAHU U TE XKE «MEXaHUUECKUE
Jeranu». bonee Toro, BOZHUKaN BONPOC: HE ABJISIFOTCS JIM CAMM 3TH JETAIN KOHCTPYKUUSMHU U3
emé Oosiee MenKux Aeraneid? XapakTepHas Ul MEXaHMUECKOTO MUPOBO33PEHUS NMPUBBIYUKA GU-
0ems 8 MAiomM mo Jice, Ymo umeemcs 6 OONLUIOM, HO JIMIIIb B MEHBIIUX pa3Mepax, Iopoxkaana
IIPEJICTaBICHNUS O MHUPE, MIOXOKEM Ha BCTABIEHHBIX OJHA B ApYryro Marpémek. OTronocku mno-
JNOOHBIX TPECTABICHUN 3BydaT KakK MO3THYecKass Meradopa B MPEKPACHOM CTUXOTBOPEHHH
B. 1. bprocosa:

BBITE MOXKET, 3TH IIEKTPOHBI —
Mupsl, re 08T MaTEPUKOB,
UckyccTBa, 3HaHbsI, BOWHBI, TPOHBI

N namsts copoka BeKoB!

Emié, ObITh MOXKET, KaXKIbIi aTOM —
Bcenennas, rae cTo IJIaHET;

Tam Bcé, 4To 31€ech, B 00BEME CIKATOM,
Ho Take To, 4ero 31ech HET.

WX mepsl Masibl, HO BCE Ta XkKe

HX 0eCKOHEYHOCTD, KaK U 3/1€Ch;

Tam ckopOb 1 CTpacTh, KaK 371Ch, U TaXKe
Tam Ta ke MUpPOBast CIIECh.

B-TpeTpix, B MEXaHUYECKON KapTHHE MUPA OMCYMCmeEyem pazeumue — MUP B IIEJIOM Ta-
KOB, KaKUM OH ObUI 6cecoa. D. DHrenbc oTMevan, uyTo Uil paccMaTpUBaeMON 3MOXM Oblia Xa-
paKkTepHa «BbIPaOOTKA CBOCOOPA3HOTO OOIIETO MHUPOBO33PEHHS, IIEHTPOM KOTOPOTO SIBJISIETCS
npezcTaBieHue o0 abconomuol neusmensemocmu npupoovy [2, c. 348]. Benp Bce Habmonae-
MBI€ SIBJIICHUS, BCE TIPEBpAICHUs — HE 0oJiee, KaK MEXaHWYEeCKHEe TIEpPEMEIICHHSI U CTOJIKHOBE-
HUsL aTOMOB. Bcé mpoucxopsiee — 3To ucnpaBHoe (QyHKIIMOHUPOBAHUE YMEIO CKOHCTPYHUPO-



BaHHOI'0 NpUpogHOro mMexanmsma. HeyausurensHo, yto B 6nonorun XVIII B. rocnoacTeoBaiia
KOHLIETILUS npegopmusma, COTJIACHO KOTOPOH B SHIEKIIETKE JF000r0 )KUBOTO CYIECTBa YXKe CO-
JIepKUTCS B MUHHMATIOpPE OYIYyLIMi B3pOCIBIA OPraHU3M; B 3apObIIIAX 3aKJIIOYEHBI CBOU 3apo-
JBIIIA — U TaK 10 OeckoHedyHocTu. Takum o0pazom, MexaHUUYecKas KapThHa MUpa (pakTHIecKu
OTBEprajla KauecmeeHnnble U3MCHEHMs, CBOJA BCE K M3MEHEHUSAM YHUCTO KoauuecmeeHHvim. B
9TOM M BUJEIICS 3AJI0T He3bl01eMOCmu IPUPOIBL.

B-ueTBEPTHIX, B MEXaHUUECKON KapTHMHE MHUpa BCE NPUUYMHHO-CIIEICTBEHHBIE CBSI3U — 00-
HO3HAYHble, 3]1€Ch TOCIOACTBYET Aaniacosckuti oemepmunusm. Mup QyHKIIMOHHPYET C TOYHO-
CTBIO U MPEIONPEAEIEHHOCTHIO OTJIAKEHHOIO 4acoBOro Mexanusma. Ilpasaa, B cepenune XIX B.
Makcsenn, a 3atem bonbiiMan BBenH B (PU3HMKY BEPOATHOCTB, OJTHAKO 3TO HE MPEJCTABIAIOCH B
TO BpeMs INpUHIUNUaIbHBIM. [loaranu, 94T0 UCIOIB30BaHUE BEPOSTHOCTEN CBS3aHO C HAIIUM
HE3HaHMEM BCEX JieTajel CIIOKHOIO MEXaHHM3Ma IPUpPOAbI, C HAIlUM HeBeleHueM. I'oBopst 00
OJIMHAKOBOM XapakTepe ABUKEHUS MOJIEKYJ BO3[yXa U IUIAHETHI, Jlatutac otMedan: «Mexay HU-
MU JINIIb T4 Pa3HULA, YTO HAJIAraeTCsl HALIUM HEBEACHUEM).

TakoBBI OCHOBHBIE YEpPTbl MEXAHUYECKOM KapTUHBI MHpa — IMapaJUrMbl, TOCIIOJCTBOBAB-
el B €CTECTBO3HAHUM Ha MPOTSKEHUHM HECKOJIBKUX CTOJNETUH (BIUIOTH 1O BTOPOM IMOJIOBHHBI
XIX B.). ITo camoii cBoeit cyTu 3Ta KapTHHA MUpA SBJSLIACH Memagu3uyeckol — B HE OTCyTCT-
BOBAJIM BHYTPEHHUE NPOTUBOPEUUS M, KAaK CIEICTBUE, KAUECTBEHHOE PA3BUTHE, BCE NMPOHUCXO-
Jsilee B MUpPE MPEACTABIUIOCH KECTKO MperonpeieEHHbIM, BCE€ MHOT00Opa3ue MUpa CBOJIU-
JIOCh K MEXaHHMKE.



LHuanoe. O NnpuBbIYKE MbICITUTb MEXAHUCTUYECKU

Yuuresb. A HYXHO N OBUIO YIEISITh CTOJBKO
BHUMaHHUS MEXaHUYeckor kaptuHe wmwupa? Benp 3T0
JJaBHO TpOMJEHHBIM drTan. Ha cMmeHy mexaHuyeckou
KapTUHE TIPUIILIA, KaK W3BECTHO, DJECKTPOMArHUTHAs, a
Ty, B CBOIO OYE€pEe/lb, CMEHHIIa COBPEMEHHAsl €CTECTBEH-
HOHAay4YHas KapTUHA MUPA.

ABTOp. BBl XOTHTE CKa3zaTh, 4YTO MEXaHHUYECKas
KOHLICTIIIUSI — apXau3M, He 3aCITy>KHUBAIOIINN CEroIHs
ocoboro BuuManusa? Koneuno, 3to apxausm. Ho oH wuc-
KIIFOUUTEIBHO XKUBYY. Mbl npUBbIKAU MbICAUMb MEXAHU-
cmuyecKku, J00UM CmMpoums MexamuyecKue Mooeu.
Mexay mpouuM, npernojaBaHue (PU3MKH B IIKOJIE W TIO
cell IeHb CTPOUTCS B 3HAUUTEIBHOU MEpE HAa OCHOBE Me-
XaHUCTHYECKOMN KOHIICIIIIIH.

Yuurenas. [Ipu3Hatecs, 1 HaJg 3TUM HE 3aJ1yMbIBaJ-
cs1. Pazymeercs, ecnu peub UAET O MPENOJaBaHUA MEXa-

ABTOp. BCé 3HaumTenbHO ceppé3Hee. Bo-nepBhix,
MEXaHUIM3M TPOSIBISAETCS B IBHO NpEYBeIUYEeHHOM GHU-
MaHuu K MexaHuke, TPEToJaBaHue (PU3UKU MOCTPOEHO
TakKUM 00pazoM, 4TO UIMEHHO ITOT €€ paszaen hopMupyer
MO3UIIUIO IIKOJILHUKA, €T0 OTHOIIEHUE KO 8cell Ppusuke,
HMEHHO 3]IeCh, B MEXaHHUKE, OH 3HAKOMUTCS C TaKUMH
MOHATUSAMHU, KaK «pu3nueckas BeJIMUMHA» U «pusnye-
CKasi 3aKOHOMEpPHOCTh». BO-BTOpBIX, MexaHucmuyeckoe
8udeHUe TIPUPOJIBI IPOXOIUT KPACHOW HUTHIO 4epe3 Oc-
TaJbHBIC pa3aeibl GU3NKU. YToaoosisacs yaéapiM X VIII
CTOJIETUS, Mbl CTPEMHUMCS HACBITUTh MEXaHUYECKUMHU

— Kax TH 1peacTaBisens ceGe aTom? MOJICIISIMH BCE pas3fieibl (U3UKH, HCTIBITHIBAEM YJIOBJIE-
— On noxox Ha MHHHATIOPHYIO M- TBOPEHHUE, KOTJla Kakoe-HUOyIb SBICHHE yHaércs 00b-
HeTapHyio CHCTEMY: B LeHTpe

A4po, a BOKPYr Hero mno opGHTam SICHUTH Ha SI3BIKC MCXAaHUKU.

e e Yuurean. He moriu 661 Bel ipuBecTr npumepsi?

ABTOp. CKOJIBKO YTrofHO. J[BUXKEHHE 3JIEKTPOHOB B
aTOME€ pacCMaTpUBAEM IO aHAJOTMM C JIBUKEHUEM ILIa-
HeT BOKpyr CoJiHIa. DJIEKTPUYECKOE COMPOTHUBIICHUE
00BSICHAEM MEXaHWYECKH — KaK pe3yJbTaT CTOJKHOBEHUH 3JIEKTPOHOB MPOBOJMMOCTH C aTo-
MaMH, OOpa3yIOIMMU KPUCTAIIMYECKYI0 pemIETKy MeTaia. B 1000 mIKojie MCHONIB3YIOTCS
KOHCTPYKLMHU U3 ILIAPUKOB, COCINHEHHBIX JKEJIE3HBIMU NPYThsIMU, KOTOPbIE MOJAETUPYIOT MOJIE-
KyJibl. MexaHHCTUYECKUE TPEACTABICHUS TPUBJICKAIOTCA MPU OOCYXKICHUH MOJEKYISIPHO-
KMHETUYECKOW KOHUEMNIMM TEIUIOBBIX sIBJIeHUH. Tak, JAaBJIEHHE ra3a Ha CTEHKY ONpeeseTcs
HUMITYJIbCOM, MEPEAABAEMbIM €IMHUYHOM TUIONIAJKE B €AUHUILY BPEMEHH B PE3yJIbTaTE MEXAHM-
yeckoi 60MOapAMpPOBKM CTEHKH MOJIEKyJIaMHu ras3a. Hakonel, Temmeparypa BbIpakaeTcsl uepes
CPEIHIOI0 KHHETUYECKYIO SHEPTUIO MOJIEKYI.

Yuureanb. Ho yem xe 310 mnoxo? Ml Bceraa CTpeMUMCS. K TOMY, YTOOBI IIKOJBHHUK MOJTY-
YW Hazsa0Hoe PEJICTaBIeHNUEe O TOM Uiu MHON (hU3MYECKOl BeIMYMHE, TOM UM HHOM SIBJICHUH.
Pa3Be 3T0 He crocOOCTBYET JIydllIeMy YCBOCHHUIO H3y4aeMoro Marepuaia?

ABTOp. BBl npaBel — MEXaHMYECKHE MOJIEIW BBIUTPHIIIHBI TEM, YTO OHM HArJsIHBI; MX
MOYKHO Xopouio cebe mpeactaBuTh. M 370, KOHEUHO, BakHO. [loaTOMy Huxkmo ne gospascaem

Ha ypoke ¢usuku.



npomus ux ucnonvb3osanus. ONacHOCTb COCTOUT B TOM, YTO 8O3HUKAEM NPUBLIYKA MbICAUMb Me-
Xanucmuyecky — TIpUAaBaTh MEXaHUUECKUM MOJECISIM OYK8ANbHbIL CMbICI, HE BUACTh UX YC-
JIOBHOCTH, OTPAaHUYEHHOCTH, TPUOIH3UTEIILHOCTH. DTO YPEBATO YPE3MEPHBIM YIPOIIECHUEM U, B
KOHEYHOM CUE€TEe, NCKA)KEHHEM JIEUCTBUTEIIBHOCTH.

Yuureab. Ho raz nelicTBUTENBHO COCTOUT U3 MOJIEKYJI, KOTOpPBIE HAJETAIOT HA CTCHKY U
TEM CaMbIM CO3JAlOT JIABJIICHHE HAa He€. DNEKTPOHAM IMPOBOJMMOCTH ACHCTBUTEIBHO MEIIAIOT
nepeMeIaThest Mo KPUCTAITy aTOMBI, 00pa3yIolre KPUCTATHIECKyI0 peméTKy. B aTome neit-
CTBUTEJIBHO €CTh 3JIEKTPOHBI, IBWKYIIUECS BOKPYT sJIpa.

ABTOp. BCE 310 Tak, u B TO ke BpeMs He coBceM Tak. ['a3 1eMCTBUTENBHO COCTOUT U3 JIBU-
KYIIUXCA MOJIEKYJ, OJHAKO JABUKEHUE MOJIEKYJ HE IMOAYMHSETCS, CTPOrO TOBOpPs, 3aKOHAM
Hrororona. Jlannac Obut He mpaB, TOBOPS, UTO MOJIEKYJIa B BO3JIyX€ JBUXKETCS TaK K€, KaK JIBU-
XKeTcsl Tuianera 1o opoute. Korja Ml 00bsICHSIEM JaBlieHHE ra3a Ha CTEHKY YIPYTHMH yJapaMmu
0 CTEHKY MOJIEKYJI-IIIAPUKOB, MBI YIIPOIIAeM JCHCTBUTEIBHYIO CHTYAIHI0, padoTaeM B paMKax
HEKOETO MPUOIKCHHS.

Yunrteib. Pa3se 310 npubnmxeHune CIumKoM rpy6o?

ABTOp. DTO 3aBHUCUT OT paccMaTpuBaeMou 3anayu. J[is oxHO#M 3a7aun JaHHOE MPUOIIKE-
HUE TOJUTCS, JUISl JPYTOd MOXKET OKa3zaThCs TpyObiM. MBI Bcerma paboTraeM B KaKOM-TO IPH-
OJIMKEHUH, MBI BCETJa UCTOIb30BAIM U Bcerja 0y/ieM HCIOJIb30BaTh Pa3IMYHbIE MEXaHUYECKUE
mojend. Ho mpuHIMOHMANBHO BaXKHO, YTOOBI 3TH MOJENU He abcomomusuposanucy. IloaTomy
HY’KHO, TIOJIb3YSICh MU, MOAYEPKUBATh WX MPUOIMKEHHOCTD, MOKA3bIBaTh, B YEM UMEHHO 3Ta
npuOIMKEHHOCTD 3aKitoyaercs. KertaTu roBops, 3JeKTPUUECKOE COMPOTHBICHHE OOYCIOBIECHO
HE CaMHUMHU aTOMaMU PEeMIETKH KPUCTalja, a TeIUIOBBIMU KOJEOaHUSIMH 3THX aTOMOB. be3 aToro
YTOYHEHHS] HEBO3MOXKHO MOACTYIMUTHCS K OOBSICHEHUIO CBEPXITPOBOAMMOCTH. DIEKTPOHHBIX JKE
OpOUT B aTOMax MOMPOCTY HET — 3]1eCh, HAJI0 MPU3HATh, MEXaHUYECKas MOJIeNb BOOOIIIE HEMpH-
roJiHa.

Yuureiab. A HeNb3s U BCE-TaKU 00OUTHUCH 0€3 BCEX ITHX TOHKOCTEH? MOKeT OBITh, UMEET
CMBICJI IOWTH Ha ynpoujenue Kypca (pU3NKH pajiy TOro, YToObI OH ObLI H01ee nOHAMHBIM?

ABTop. Torjga Haj0 YECTHO MPU3HATh, YTO B IIKOJIE MBI U3YYaeM /MOJbKO MEXaHUYECKYIO
KapTUHY MHpPA, B KOTOPYIO BHECEHbI HEKOTOPBIE JOMOIHEHUS, BBEJCHBI KAKUE-TO HOBbIE TEPMHU-
HbI. ATOMBI, 3JICKTPOHBI, AaTOMHBIE SiIpa OyIyT BBICTYMATh 37I€Ch KaK MaJCHbKHE MEXaHUYECKUE
O00BEKTHI, HUYEM MPUHIMIUAIBHO HE OTIMYAOIINECS OT OOBIYHBIX OOBEKTOB. BakHO MOHSTH,
YTO Ha OCHOBE KJIACCMYECKONW MEXaHHWKH, B paMKaX MEXaHHCTHUYECKUX TMPEACTABICHHUIN HEIb3s
MOCTPOUTD CO8PeMeH bl KypC (DU3HUKH.

Yumntean. Ho B coBpeMeHHOI (pr3MKe MMPOKO MPUMEHSIOTCS TAaKUE 3aKOHBI MEXaHUKHU, KaK
3aKOHBI COXpaHEHHs SHEPTUH, UMITYJIbCa, MOMEHTa UMIyJbsca. bonee Toro, coBpemeHHas pusu-
Ka OTHOCHUT 3TH 3aKOHBI MEXaHHUKH K (DyHITaMEHTaIbHBIM 3aKOHAM.

ABToOp. He Haf0 cuntaTh, 4TO 3aKOHBI COXPAHEHUS SHEPTHH, UMITYJIbCA, MOMEHTA UMITYJIbCA
— 9TO 3aKOHBI MeXaHUKU. OHU UMEIOT TaKOe K€ OTHOIICHHE K MEXaHHKE, KaK U K JPYTruM 00-
nactsM ¢u3ukh. [IpocTo MIKOTHHUKOB 3HAKOMAT C HUMH MPHU M3yYEHWH MMEHHO MEXaHUKH, a
MOTOM TIOYEMY-TO K HUM He o0pamaroTcs. BOT u BO3HUKAET J0KHAS MBICIb O MPUHAJICKHOCTH
3TUX 3aKOHOB MEXaHUKE.

Yuurenn. Tak, HACKOIBKO 5 MOHSI, MEXaHUYECKUMH MOJICTISIMU TTOJIH30BATHCSI MOKHO U
HY’KHO; Ba)KHO, YTOOBI IIPH ATOM HE BO3HHKaJa MPUBBIYKA MBICIUTh MEXaHUCTUYECKH, TPUBHIY-
Ka CBOJIUThH BCE K MEXAHHKE.

ABTOp. Menno tak. Camu no cebe mexanuyeckue mMooenu ecbma Noie3usvl 8 Memoouye-
CKOM OMHOWIeHUU — ONACHA auuib ux adbcomomuzayus. Henb3s,, 4TOObI HIKOJIBHUK OTOXKIECTB-
JISUT UACH0 eIMHCTBA MHpa C MEXaHHMYECKUM eIruHOooOpa3ueM, uToObl OH mosarai, OyaTo yriyo-
JIEHUE TIpoIiecca MO3HAHUS MaTepUr HEM30eKHO MperonaraeT 0€CKOHEUHOe pa3apoosieHue e&
Ha Bc€ OoJiee Malble 4acTH, YTOObl BCE MPUYUHHO-CIIEACTBEHHBIE CBSI3M OH paccMaTpUBA Kak
OJIHO3HauHbIe. Henp3s MOHATH CYIIHOCTh COBPEMEHHOW HAay4YHOW KapTHHBI MUpPa, HE OCO3HAB
OTPAaHMYEHHOCTH MEXAaHUCTUYECKUX KOHLENIHil. BoT moyemy Mbl yIeIuiIN 3HAYUTENbHOE BHHU-
MaHHE MEXaHWYECKON KapTHHE MHUpa.



Yuurenb. Bo3HHKaeT BOnpoc 0 TOM, KaK U B KaKOM Mepe CIEAyET UCIOIb30BaTh MEXAHU-
CTUYECKHE KOHIICTIIINY B TIPETIOJIaBaHUH (PU3UKH.

ABTOP. DTOT BOIPOC JOCTATOUHO cliokeH. OT TOoro, Kak oH OyJeT peméH, 3aBUCUT MHOTOE.
S umero B BUAY npoOeMy co3AaHus TOIJTHHHO COBPEMEHHOTO IMKOJIBLHOTO Kypca (GU3HUKH.

§ 4. YOUBUTENbHbLIV OEBATHAOUATBIV BEK

B nauyane Beka... K navany XIX B. ¢uszuka yxxe mpejacrasisiia coOON BIOJIHE PAa3BUTYIO
CaMOCTOSITENIBHYIO HayKy, HAKOIMBILIYI0 OTPOMHBIN dMAUpudecKuti mamepuai, KOTOPbIA Mpea-
CTOSJIO CUCTEMATU3UPOBATh, 0000IINTE, OCMBICIUTH. «OHa BCTyINWJIa B HOBBIM BEK, OyIyun Kak
OBl HACKOPO CKOJIOYEHHOW M3 pa3lUYHbIX YYEHUH, OAHU U3 KOTOPBIX BO3ZHMKIIMU €IIE B JJaBHHUE
BpEMEHa U SIBHO yCTapeiu, Apyrue ObUIM CO37aHbl CPABHUTEIBHO HEJABHO, HO MO CTapbIM Tpa-
daperam. HploTOHOBCKHIT (peHOMEHOJIOTHYECKUI METOJ CUUTAJICSI OCHOBHBIM U OOIIETIpU3HAH-
HbIM. MexaHuka, BOOpYyKEHHash METOJaMM MaTeMaTH4eCKOro aHaiu3a, Obljla MpeBpalleHa B
MOIIHOE OpyAue nccienoBaHus. GU3nuecknii IKCIEPUMEHT CTaJl IO MPEUMYLIECTBY KOJIMYECT-
BEHHBIM, U3MEPUTEIBHBIM U JJOCTUT BBICOKOW TOYHOCTH BO MHOTHX OTpAacisiX, ONUPasich Ha Obl-
CTpO pa3BHUBalolIeecs, X0Ts BcE emié KycTapHoe npudopocTpoenue» [45, c. §].

B Te BpemeHa Ha nepBoM IulaHe Oblila 3a/1a4ya usmepeHusl, HAKOIUICHUs SMIIUPUYECKUX JIaH-
HBIX, (pakTOB. VI3MepeHHs pa3BepHYIHUCh BO BCEX OOMACTAX (PU3MUECKOrO 3HAHUS: U3MEPSIIUCDH
MeXaHUYEeCKUe, TUIPOJUHAMUYECKHE, TEIIOBbIE, ONTUYECKUE, DIIEKTPUUECKHE BEITUYHUHbI. M30-
OpeTanuch U COBEPIICHCTBOBAIMCH Pa3HOOOpasHble gusuyeckue npubopvl u ycmpoicmea. Uro-
OBl TaTh HEKOTOPOE MPEJICTABIICHUE O MacIiTabax pa3BepHYBIIETOCS (HU3UIECKOTO TBOPUECTBA,
npuBeaEM JalieKo He MOJIHBIN mepeueHb u3odpeteHuit, caenanubix B X VIII B.: ra3oBslit Tepmo-
metrp [. Amontona (1703), tepmomerpsl [I'. ®@apenreiita (1709), P.Peomropa (1730),
A. lenscusa (1742), crexnsHHas snektpuyeckass mamuHa . [aykcou (1706), 37€KTpOCKOIIBI
K. Honne (1747), A. Bonbtel (1782), A. bennera (1786), nepBblii 31eKTpUUECKUN KOHIEHCATOP
— neineHckas 6anka J. Kuneiicta u I1. Mymen6pyka (1745), snexkrpomerp . Dnnmukora (1746),
moaneoTBo; b. ®panxmmna (1750), xamopumerpst Jl. bivka (1762) u  A. JlaByasse u
I1. Jlarmmaca (1780), anextpodop A. Bonbter (1775), rurpomerp XK. [emroka (1781), dorometp
I1. byrepa (1740), nudpakunonnas pemerka J[. Purrenrayca (1786), nepBblii HCTOYHUK HOCTO-
SIHHOTO JIEKTPHUYECKOT0 TOKa — «BOJILTOB cTOJIO» (1800).

®usuka Ha pyoexxe XVIII — XIX BB. — 3T0 gocTurmias BBICOKOIO COBEpIIEHCTBA aHAIM-
TUYECKash MEeXaHUKa IUIoCc OoraTedmmid SMOMpUYECKU Marepuan. DTOT MaTepuan MO3BOJINII
CENaTh Psiji BEPHBIX 3aKIIOYEHUN, HO B OCHOBHOM OH €ILIE HE MOJIy4UJI JOHKHOTO OCMBICIICHHUS.
®akTbl paccMaTpUBAINCh HOPO3HL, UM YACTO JaBAJIOCh HadymanHnoe moakosanue. 11Iupoko uc-
M0JIb30BAJINCh MPEJCTABICHUS O Pa3HbIX (rioudax, HEBECOMBIX KMJIKOCTAX», CyOCTaHIMIX; C
UX TOMOUIBIO TBITATUCH OOBSICHUTH T€ WM UHBbIE HaOIr01aeMble (PakThl. DIIEKTpUUECKUE U Mar-
HUTHBIE SBJIEHUS paccMaTpUBAINCh HE3aBUCUMO JApYyr oT Apyra. C MarHUTHBIMU SBJICHUSMU
CBS3BIBANIM HAIMYHUE B TeNaxX (B MarHUTax) JByX pa3HOPOIHBIX MAarHUTHBIX JKUJIKOCTEH, OJHA U3
KOTOPBIX KOOI HAKOIUISAJIACh Y CEBEPHOIO MOJIIOCAa MAarHUTa, a JIpyras — y F0KHOT0. DJIEKTpH-
YeCKHe SIBJICHUS TaKkKe OOBSICHSAIMN CYIIECTBOBAHUEM JIBYX OCOOBIX *kHJKOCTeH. CUMTAIOCh, 4TO
€CJIM B TeJle UMEETCsl OIMHAKOBOE KOJIMUYECTBO TOW U JIPYrod KUIAKOCTH, TO IPOUCXOAMNT UX B3a-
UMHasi KOMIEHCAlUs; TaKoe TeJo 3JIeKTpoHeTpanpHO. IlpeobGnaganue B Tene TOM MM MHOM
KUJKOCTHU JIENAET €ro 3apsUKEHHBIM; 3HAK 3apsi/ia 3aBUCUT OT TOT0, KAKOM MMEHHO BUJ DJIEKTPH-
4yecKou Xuakoctu npeodnanaet. b. @pankaun (1706 — 1790) ucxoaun u3 CymiecTBOBaHUS OJI-
HOM 3JeKTpUUYecKON *kuakoctu. OH mosarajl, 4YTo TE€JIO HA3IEKTPU30BAHO JHMOO MOTOMY, UTO
uMeeT U30BITOK 3TOM KHUAKOCTH, J100, HAPOTHUB, HEAOCTATOK; B MIEPBOM CIIydae OHO 3apsSKEHO
IIOJIOKUTENBHO, @ BO BTOPOM — OTpULaTeNbHO. [Io Mepe HakomIeHus SMIMPUYECKOIO MaTe-
pHuasia BOIpoC O TOM, YTO TaKOE€ JIEKTPHUUECTBO, Hayall ObICTPO YCIOXKHAThCA. B nononHeHue k
n3BecTHOMY PpaHKIMHY JIEKTPUYECTBY, MTOJIyHAIOIIEMYCsI IIPU TPEHUHU («CTAaTHYECKOMY», WIIH,
KaK CTaJldi TOBOPHUTb, «OOBIKHOBEHHOMY»), CTalM paccMaTpuBarh, HauuHasi ¢ 80-X roaoB
XVIII B., Tak Ha3bIBAEMOE «GKMBOTHOE» 3JIEKTPUYECTBO, @ B CAMOM KOHIIE BEKa MOSIBUIOCH €IIE



U «BOJIBTOBO» 3JIEKTPUUECTBO. O «GKMBOTHOM» 3JIEKTPUYECTBE 3arOBOPUIIM I1OCIIE 3HAMEHUTHIX
skcriepuMenToB JI. [NanbpBanu (1737 — 1798) ¢ nsrymkamu, (GakTHYECKH IMOJIOKUBIIUX HAYajIo
ANEeKTPO(U3NONOTHH. «BOIBTOBO» 3NEKTPHUUECTBO BOILJIO B HAyKy IOCIe H300peTEHHS
A. Bonwroii (1745 — 1827) nepBoro MCTOYHHMKA TOKA, SIBUBIIIETOCS MEPBBIM B MUPE TajbBaHUYE-
CKUM DJIEMEHTOM. YMHOXXEHHME BUJOB DJIEKTPUYECTBA NPOAOJKAJIOCH M B IEPBOM IOJIOBHUHE
XIX B.: MOABWIIOCH «TEPMOIJIEKTPUUECTBO», a 3aTEM «MarHUTORJICKTpUUECTBOY». B obmactu Temn-
JoBbIX siBIeHMH rocnoacTBoBaia B XVIII u mepsoii monosune XIX B. uaess 0ocoboil TerioBoit
KHUIKOCTH — Teriopoza (TemtoTBopa). Breickazannast M. B. JIoMOHOCOBBIM KpHUTHKA TEIJIOPOIA
JI0JITO€ BPEMS HE HaXO/MJIa IOHUMaHUs; NO-NPEXHEMY I10JIarajli, 4YTO CTENEHb HarpeTOCTH Teja
ompezenseTcss KOJIMUYEeCTBOM cojepskaiierocss B HEM Teruiopoga. OTMeTuM Takxke (iIous, «oT-
BEUaBLIMI» 3a ONTUYECKUE SIBIICHUS; CBETOBOE M3JIyYEHUE pacCMaTpUBAJIOCh KaK pacrpocTpa-
HeHHUe 3Toro (ouaa mo mpocTpancTBy. HakoHell, B KMBBIX OpraHu3Max MpeJrnosiaraioch Ha-
Jargue ocodoro ¢uronaa, Ha3bIBAEMOT0 «GKU3HEHHOW CHIION.

Hrak, ecrectBo3Hanue BCTynmmio B XIX B. ¢ 0oepomubiM Oa2axrcom HAKONIEHHbIX (hakmos u
C YenviM psa0oM OOMBICIO08 O npupode dmux ¢hakmog. DTy CUTYaAIMIO TaK OXapaKTepHU30Bal
A. U. T'epuen B cBoux «lluceMax 00 m3ydeHUW NMPUPOJb», HanmucaHHBIX B 1845 r.: «Ilomoxwu-
TEJIbHBIE HAYKH UMEIOT CBOU MAJICHbKHE MTPUBUACHBUIIA: 3TO — CHJIbl, OTBICUYEHHBIE OT JAEHCT-
BUH, CBOICTBa, MPUHSATHIC 32 CaMbIi MPEAMET, U BOOOIIE pa3Hble KyMUPbI, COTBOPEHHBIE U3 BCSI-
KOTO TOHSTHSA, KOTOpoe enié He MOHATO: HalpuMep, )KU3HEHHas cuia, 3QHp, TEIUIOTBOP, IJIEK-
Tpudeckas matepust u npod.» [34, c. 89]. Bce atu mpuaymannabie Quronanl («TPUBUICHBUIIA)
CO3/1aBaJIM JIMIIb BUAUMOCTH NMOHUMaHHsI, KPOME TOTO, OHM KaK Obl MOJYEPKUBAIHN pa3pO3HEH-
HOCTb paccMaTpUBaeMBbIX SIBIIEHUH, UX 000COOJIEHHOCTH NIpYyr oT apyra. «Bo3BeneHuem ux B
panr cyOcranuuii, — otmeuan A. [lyankape, — yTBep)KAajlach X WHAMBHUIYaJIbHOCTH, OHU
CTaHOBMJIUCH KaK OBl pa3fesIéHHBIMH JAPYT OT Apyra IIyOOKOH MpOMNacThio. DTy MPOMNacTh Mo-
TpeOOBaJIOCH 3achllaTh, KOTJa CTAJlO JKUBEE YyBCTBOBATHCS €JMHCTBO NPHPOJIBI, KOTJa OBLIH
3aMeUYeHbl TECHbIE BHYTPEHHHE CBSI3U MEXIy BceMu e€ yacTsamu. [Ipexxnue Gu3nku pazMHOXKe-
HUEM CBOHUX KMJKOCTEH HE TOJIBKO CO3/aBalli HEHYXHble CyOCTaHLIMU, HO M Pa3pbIBAIN peajb-
Hble cBsi3m» [100, c. 107].

Oco3HaHMe 3TUX CBA3EH KakK pa3 U COCTaBWIIO OJHY M3 IVIaBHBIX 3a1a4 Hayku XIX cronerus.

O ¢usukax u punocodax. OcmpicieHne ObICTPO HAKATUIMBABIIKXCS HAYUYHBIX (AaKTOB HY-
K/1aJ10Ch, Ka3aJ10Ch Obl, B COBMECTHBIX JIEHCTBHSX ecTecTBoUCHbITaTeNnel u punocodon. OnHako
co Bropoi nosoBuHbl X VIII B. 00HApYKMIOCE pe3Koe pacxoscoenue mexcoy guiocogueil u ec-
mecmeo3znanuem. Ounocodus, Bosriasusemas U. Guxte (1762 — 1814), . lllennmunrom (1775
— 1854), I'. Terenem (1770 — 1831), xkBanuduimpoBasa HaKOIJICHUE YKCIIEPUMEHTAIBHBIX JIaH-
HBIX KaK «Majble Jiesa»; cebe ke OHa OTBOJAMIIA POJIb MOUIMHHOIO JOOBIBAaTENs HCTHHBI. Packon
Mexay ¢unocodueil u ectecTBoO3HaHuEeM ocooeHHo yriyouscs B XIX B. «OmHa npopwuiiaia Tai-
HBI ¢ KaKOW-TO HeJocAraeMou BbICOThI, — nucan A. M. I'epueH, — Opyroe CMUPEHHO MOKOPsI-
JIOCh ONBITY W HE LUIO Jajiee; Apyr K IpYyry OHU MUTAJId HEHABUCTh; OHU BBIPOCIH BO B3aUMHOM
HEJ0BEPUH; MHOTO IPEAPACCYIKOB YKOPEHHMIIOCh C TOM M JIPYroll CTOPOHBI; CTOJBKO TOPBKHX
CJIOB TAJIO0, YTO MPH BCEM JKEJIaHUHM OHU HE MOTYT MPUMHUPUTHCS A0 cux mop» [34, c. 89].

B uém xe neno? Beap B aHTHUYHBIE BpeMEeHa €CTeCTBO3HaHME U (puiocodus mpeacTaBisiv
eauHoe 1enoe. Yto xe mpousonuio Bnocienctsun? To, 4To Mpou301LI0, MOXKET ObITh Ha3BaHO
6one3nbto pocra. Kak ormeuan C. V. BaBuios, «c Hayana BEJIMKOTO pacliBeTa eCTECTBO3HAHUS B
XVI — XVII BB., 10 Mepe NOCTENEHHOr0 YCIOKHEHUS U 000CO0JIEHNS OTAEIbHBIX HAYK, PU3UKU
BcE OoibIIe U OOJIBIIE CTATM OTAAIATHCA OT (PUIOCO(CKUX 3a/1a4 U AaXKe CTAIU KyJIbTUBUPOBATD
peHeOpEeKUTENbHOE OTHOIIEHHE K (hruocopuu Kak CXOJaCTUUECKOM, HEHYHOW 00jacTH 3Ha-
Hus. ['puboenoBckoe «moduiaocodcTByil — yM BCKPYKUTCS CTaJIO JIO3YHIOM JIJIsl OYE€Hb MHO-
rux (U3UKOB U €CTeCTBOMCHBITaTeNeH Boobme» [15, c. 21]. 3nech yMECTHO BCTIOMHHTH, YTO B
XVII, a 3arem B XVIII n XIX BB. B HayKe yKpenwics U HIMPOKO NMPUMEHSIICS aHATUMUYECKUU
memoo mwiuinenusi. OH ObUT HEOObIYAaWHO TMOJIE3€H, 0€3 Hero He MPOU30ILIO0 Obl CTOJb MOLIHOE
HAKOIUICHNE SMIIMPUYECKUX JaHHBIX. B TO k€ BpeMs 3TOT METOJ MBIIIJIEHUS CTPaJall CKIOHHO-
CThIO BO3BOJMTH IOJIy4aeMbl€ JaHHBIE B JIOTMAThl, pazpeléams U abCOIOMU3UPO8Ams UX, pac-



CMaTpUBATh KaK UCTUHY B okonuamenvrom Buae. OH, kak noguépkupan @. DHrenbc, «OCTaBUII
HaM BMECTE C TEM M MPUBBIYKY PacCMATPUBATh BELIH U MPOLECCH MPUPOJBI B UX 000COOIEHHO-
CTH, BHE UX BEJIMKOM OOIIEH CBSI3U, U B CHUIIy 3TOIO — HE B JIBUKEHHUH, a B HEMOJBUKHOM CO-
CTOSIHHH, HE KaK CyLICCTBEHHO NU3MEHUYMUBBIC, 4 KAK BEYHO HEU3MEHHBIEC, HE )KMBBIMH, a MEPTBBI-
mu. Ilepenecénnbiii bakonom 1 JIOKKOM U3 ecTeCTBO3HaHUS B (HIOCO(DUIO, ITOT CIIOCOO MOHU-
MaHMs CO3/1aj] CHelU(PHUUECKYI0 OTPaHUYEHHOCTh IOCIEIHMX CTOJIETHH — MeTadu3nyecKuit
croco0 MbIuieHus» [2, ¢. 20 — 21].

N Tyt BO3HMKaeT HEOOXOAMMOCTh BHEOYEPEIHOTO JMANIOra MEXAy aBTOPOM M YUHUTEIEeM-
YUTATEIIEM.

Yuurean. Hackonbko e momiaee 0but 061 mporpecc Hayku B XVIII — XIX BB., ecniu ObI
BMECTO pacKoJja CyIIeCTBOBAJ CO03 (PM3MUKOB U (pusocodoB, eciu Obl, Kak U paHblle, (PU3NKA U
bunocodus neiicTBOBAIM B paMKaX €IMHON HayKu!

ABTOp. Bcé nanexo He Tak mpocto. UToOBI pa3BUBaThCs, (PU3MKA JODKHA OblIa HAKOIHTH
noOosplie (akToOB, OHA JIOJDKHA ObLIa B ONPEACIEHHOM CMBICIE «OMEPTBUTHY JIE€UCTBUTEIb-
HOCTb, Pa30pBaTh (TOYHEE T'OBOPS, HE YUNUTHIBATh) MHOTOYHUCICHHBIE CBA3H, UCCIEI0BATh MHO-
rUe JIeTalnu JeHCTBUTENFHOCTH MO OTAEIbHOCTH.

Yuureab. 3HaunT, pa3psiB GUNKU ¢ Guiiocopuer ObUT UCTOPUYECKH OTpaBaaH?

ABTop. Ha paccmatpuBaeMom 3tare oH Obu1 onpaBnad. OH Momén Ha Moab3y Kak (pusuke,
Tak u ¢unocopun. Ou3nku, HE 3ayMBIBASICh O TIIYOMHHOM CYITHOCTH SIBJICHUH (IIOKa UM OBLIO
JIOCTAaTOYHO TPUAYMAHHBIX UMH (DITIOUIIOB), dooObisaiu ¢axkmsl u gaxmer. Punocodsl xe, OT-
CTpaHsCh OT (DAKTOB, OMMAUUBANU OUANEKMUKY MbIULTEHU.

Yuurteans. Ho 310 ke ObUIa uoeanrucmuueckas nuajekTuka)l

ABTOp. KoHeuHo, Koiib CKOpO OHa ObliIa OTOpBaHa OT (aKTOB, OT JACHCTBUTEIBHOCTH. TeM
He MeHee (puocodbl pa3BUIN TUATEKTHUECKUA METO/l, IIEHHOCTh KOTOPOTO BEJIMKAa OTHIOAb HE
TOJIBKO JUISl UACATMCTOB, HO U JUIsl MaTepuainucToB. Jto noauépkusan B. U. Jlenun B «Puito-
codckux TeTpanax». OH nucan: «S BooOIe craparock unTath [ 'erens marepuanuctudecku: I e-
rellb €CTh MOCTaBJICHHBIN Ha FOJIOBY MaTepuanusMm...» [5, c. 93]. U nanee: «Htor u pesrome, no-
CJIeJIHEee CJIOBO U CYTb JIOTUKU ['erens ecTs duanexmuueckuti memoo — 3TO KpailHe 3ameyaTelb-
HO. U emé oaHO: B 3TOM camom udeanucmuyeckom mpousBeneHun lerenst gceco menvute uaea-
Tu3Ma, gce2o Oovue Mmatepuanusma. “IlporuBopeunBo”, Ho dakt!» [5, c. 215] 1

Yuurenn. UTak, ¢ 01HOIN CTOPOHBI, Memagusuyeckuil mamepuaiusm Qusuxkos, a ¢ Apyrou
— Ouanekmuueckuil udeanusm ¢uiocoghos. TakoBHI IBa CAMOCTOATEILHBIX HAIIPaBJICHUS B pa3-
BuTHH Hayku XIX B.

ABTOp. JleiicTBuTEeIbHO, HAOIO1AIaCh JOBOJBHO YE€TKas paccTaHoBKa cuil. [lonararo, 4to B
TaKOW paccTaHOBKE ObLT INTyOOKHI CMBIC; B 3TOM OBbUI 3aJI0T Iepexoja B JallbHEeleM K oua-
JIeKMUYECKOMY MAMEPUATUIMY.

Yuureas. [Tonydaercs, yTo Bbl OJI0XKUTENBHO OLIEHUBAETE pa3pbiB MEXIy puiocodueit n
(U3UKOH.

ABTOp. [leno, KOHeYHO, HE B MOeil oleHKe. BaXHO MOHMMaTh UCTOPUYECKYIO HEOOXOIM-
MOCTb TaKOI'0 BPEMEHHOr0 (MMEHHO BPEMEHHOT0) pa3phiBa. EmE pa3 moguepkHy: mpexae ueM
paccMaTpuBaTh MPHUPOY B €€ JHAJCKTHUECKOM €IMHCTBE, HEOOXOAUMO OBUIO npoananuzupo-
eéamb €€, pa3zobparh BCE Ha yacTu. MeTadu3MUECKOe «OMEPTBICHHUE» IEHCTBUTEIHLHOCTH, HC-
clelyeMOl aHaTUTHYeCKH, — HEOOXOJUMBII MpeIBapUTENbHbBIN Tal Ha MYTH K MOHUMAHUIO
JUAJIEKTUKU TIPUPO/IBL.

Ho, pa3ymeertcs, He Bc€ cronb ogHO3Ha4yHO. [lompoOyiite, HampuMep, JaTh OLEHKY Jes-
tensHOCTH U. [Torrenmopda (1796 — 1877) — ocHoBatenst U peakTopa BeCbMa COJIUIHOTO (Pu-
3MYECKOro HayuyHOro xypHana «Annalen der Physik». Otot >xypHan Hayan BeIXoauTh ¢ 1824 r.;
OH ChIT'pajl UCKIIOYUTEIbHYIO POJIb B PA3BUTHUU €CTECTBO3HAHUS BOOOIIE M (PU3UKH B OCOOEHHO-
ctu. [lorreniopd odeHb OAUTENBHO CIEAMI 33 «UUCTOTOM CTWIISHY XKypHajla U KaTeropu4ecKH
OTKa3bIBAJICA IMyOJIMKOBATH PA0OTHI, TJIe OblJIa XOTh Kakasi-To (Gusiocodusi; MPU3HABAIKUCH TOIBKO
sMIMpHuYeckre (GakTol, a Jr00ble 0000IIEHNs U TUIIOTE3bl OTBEprajauch. [IpaBuiIbHO M 3TO OBI-



10? C OHOM CTOPOHBI, MPAaBUIBHO, TaK KaK HALIEIUBAJIO YYEHBIX HA 3KCIIEPUMEHTAJIbHBIE HC-
CJICIOBaHMS, OTPAXKIAJI0 YUTATEIEH OT pa3InyHOro poja JoMbIcioB. Ho, ¢ Apyroi cTOpoHbI, 3TO
HEN30e)KHO 00€THSIIO0 KYpPHAI, BO3BOJIUIO Oapbep Mepel HeOpAUHAPHBIMU pa00OTaMu, T/I€ Mpe-
MPUHUMAJIUChH TOMBITKM OCMBICIUTh HakoryieHHble (akTel. Hampumep, renuanpHas pabota
P. Maiiepa, OTKPBIBILIETO 3aKOH COXPAHEHUS U INPEBpALICHUS SHEPIUM, TaK U IIpoJiexkasa B pe-
JIaKIIMU KypHaja JO0 caMOil CMepTH ero peaakropa. He mostomy M BETUKUN 3aKOH MPHUIIIOCH
CaMOCTOSITENIBHO NepeoTKpbIBaTh . JXKoymto?

Tak 4T0 BO37EP)KUMCSI OT KaTETOPUUECKHUX 3aKtoueHuid. Tem Oosee He OyieM raaTth O TOM,
KaK pa3BUBAJKCH ObI cOObITHSA, eciu Obl y (pu3nkoB U ¢unocodos XIX croneruss 66u10 TOMEHB-
1€ HeMpHsI3HU ApYT K ApyTy. [lommHHOMY cor03y ectecTBO3HaHUS U Quiocopuu enié ToIbKO
IpeACTosuIo poauThes. IlpeBuaeHre U caMble OCHOBBI 3TOTO OyayIero coro3a coJepkarcs B
tpynax Kapma Mapkca (1818 — 1883) u ®@punpuxa Durenbca (1820 — 1895). Heobxoaumbim
npeBapuTEeNbHBIM IIIarOM Ha MyTH K YKa3aHHOMY cOo3y ObUT HayaBmuiics B XIX B. mporecc
uHmezpayuu pa3po3HECHHBIX I0TOJIE HayYHbIX 3HAaHUN. OTHUM U3 BaXXHEUIINX TOCTHKEHUHU ITO-
ro IpolLecca HaJl0 CYUTaTh CUHTE3 KJIACCUYECKON AJIEKTPOINHAMUKH.

Cunre3 yiekTpoauHamuku. «Korma B nexadpe 1801 r. Aneccannpo BonbTa BriepBbie je-
MOHCTPUPOBAJ Ha TOP>KECTBEHHOM coOpaHnu DpaHIly3CKOro MHCTUTYTa U300PETEHHBIA UM HUC-
TOYHMK JIEKTPUYECKOTO TOKA, HU CaM JOKJIaJ4MK, HU MPUCYTCTBOBABIIME MPU 3TOM KpPyIHEH-
mue QpaHily3ckue y4YEHble Jake He IMOJ03pEBAJM O TOM, YTO IJIABHBIM HAlpaBlIEHUEM Jallb-
HEUIUX HCCIEIOBAaHUN B 3TOM 00JACTH SBUTCS dJIEKTpOMarHeTusM. Bmpodem, 3To HOBOe Ha-
MpaBJICHUE TPOSBUIIO CeOs JIHIb ABAANATH JIET CIYCTS B TIOTOKE HEOOBIYAHBIX HOBBIX OTKPHI-
THH, KOTOPBIE €II¢ Yepe3 MOJICTOJICTHS TTOBJICKIIA 32 COOOM MOITHBIM TEXHUYCCKUN TTEPEBOPOTY
[45, c. 27].

[TepBorit BaxkHbIN mar ObU1 cuenan gatrckuM pusukoM X. K. Opcrenom (1777 — 1851). Ha-
XOJACh 1o/ BIMgHUEM ujel LllemnHra o eIMHCTBE «BCEX CUIJI IPUPOJIBDY, DPCTE MoIarai, yTo
JIOJKHA CYILECTBOBATH CBSI3b MEXAY SJIEKTPUYECKMMHU U MAarHUTHBIMM SIBIICHUSMHU. DTy CBS3b
€My yJAajoch IpoAeMOHCTpupoBaTh B 1820 r. B onbITax Mo BO3ACHCTBUIO dJIEKTPUUECKOTO TOKA
Ha MarHuTHYIO cTpesiKy. OnbIThl MPOU3BEIN Ha COBPEMEHHUKOB CHIJIBHOE BIEYATIICHHE; UX He-
MeuIeHHO nosropwin B ['epmanuuy, IIselinapun, @panuumu.

B Tom xe 1820 r. ppanmysckuii puzuk A. Amnep (1775 — 1836) BeICTYIHII C COOOIIEHUEM
0 HOBOM SIBJICHMHM — B3aUMOJIEHCTBHUH JIBYX IIPOBOJHUKOB, IO KOTOPBIM TEUET TOK. B 3TOM ke
cooOuieHnr AMIiep BIIEpBBIE BBICKA3aJl MBICIIb 00 3JIEKTPUYECKOH MpHpoIe MarneTusma. B re-
YeHHE 0YeHb KOPOTKOT'O BPEMEHH OH BBITIOJHUI P BAXKHBIX UCCIIEI0BaHU, OnecTsile mo-
TBEPAMBILNX €T0 MbICIIb (II03/IHEE BCE NOJIYyUEHHBIE PE3YJIbTAThl ObLIM CHCTEMATHU3UPOBAHbI
AmnepoM B kHUTe «Teopus 2JIEeKTPOAMHAMUYECKUX SIBJICHUM, BBIBEACHHAS UCKIIOUUTEIBHO U3
OTbITa, OMyOJNKOBaHHOU B 1826 r.). OTHBIHE C MATHUTHBIMHU KHUJIKOCTSAMHU ObLIO TOKOHYEHO,
Tenepb B HUX HE ObLII0O HEOOXOIUMOCTH. MarHuTHBIE SIBICHUS, KaK 0Ka3aJ0Ch, 00YCIOBICHbI
AIIEKTPUYECKUMU TOKaMU. MarHur ciie1oBajio paccMaTpyUBaTh, UCXOASI U3 COBOKYITHOCTH KPYIo-
BBIX 3JIEKTPUYECKHUX TOKOB, INIOCKOCTH KOTOPBIX MEPIEHAUKYJIAPHBI K TPSIMOM, MPOBEAEHHOMN
yepes nmosiroca MarauTa. Crupaiib ¢ TOKOM (COJIEHOMT) yro1o0siack MaruuTy. C TOJIHBIM TIpa-
BOM Amrep Mor 3asBUTh: « Takum 00pa3oM, Bce MarHUTHBIE SIBIICHUS 51 CBEN K YUCTO AIIEKTPU-
YECKHUM JIEUCTBUSAMY [0, c. 411]. Pa3pabaTeiBasi OCHOBBI AJIEKTPOIMHAMUKN — HOBOTO HaIpaB-
JeHus1, 00beIMHUBIIIETO IEKTPUYECTBO U MAarHETU3M, — YUEHBIM yCTAaHOBUJ BBIpAKEHUE IS
CHUJIBI, C KOTOPOM B3aUMOJICHCTBYIOT JIBa 2JIEMEHTA TOKA; 3TO BbIPAKEHUE BXOJUT BO BCE COBpE-
MEHHbBIEC YUeOHUKH dJIEKTPOIMHAMUKU. B 4acTHOCTH, OH 00paTHJI BHUMaHUE Ha TO, YTO JJIEK-
TPOAMHAMHUYECKHUE CUJIbI, B OTJIMUME OT U3BECTHBIX B TO BpeMs I'PaBUTALIMOHHBIX U 3JIEKTPOCTa-
TUYECKUX, HE SIBIISIOTCS LIEHTPATbHBIMU.

B 20-x romax XIX B. mpoGiemMaMu 3JeKTpOMarHeTu3Ma 3aMHTEPECOBAJICS TeHUATBHBIN aHT-
nuiickuil yuénelii-camoyuka M. @apaneit (1791 — 1867). Opcten u AMiiep mpeBpaTUIHN AJIEK-
TpuuecTBO B MarHetusm; dapaneil nmocraBui nepea co0o0il 3a1aqy — MpeBpaTUTh MAarHETHU3M B
anekTpudectBo. C 1831 r. oH Hauan cUCTEMATHUYECKYIO MyOJMKAIIMIO CBOUX HCCIIEIOBaHUI, B



pe3yiibTaTe 4ero BO3HMK MHOTOTOMHBIM TPy MOJ OOIIMM Ha3BaHUEM «IKCIIEPUMEHTAJIbHbIE
HCCJICIOBAHMS T10 JIEKTpUUYECTBY». B mepBoii cepuu storo Tpyaa (1831) omucanbsl 3HaMEHUTHIC
onbITel Papajes, KOTOpbIE IPUBEIN K OTKPBITHIO SIBICHUS 971eKmpomacHumuou unoykyuu. Pa-
pazei mokasaj, 4TO M3MEHEHHE MArHUTHOI'O MOTOKAa BO BPEMEHHU MOPOXKIAET AJIEKTPOJBHKY-
HIYI0 CUJTy UHIYKIHUH, TPUBOJIUT K BOZHUKHOBEHUIO JJIEKTPUUECKOTO TOKA B 3aMKHYTOM KOHTY-
pe. HampaBieHue 3Toro Toka ompenesnseTcs MpaBUiIOM, KOTOpoe; ycTaHOBwWII mo3nHee (1834)
monoaoi npodeccop IlerepOyprckoro ynusepcureta J. X. Jlenn (1804 — 1865): «Ecnu meran-
JMYECKUIM MPOBOJHUK JBUKETCS MOOIM30CTH OT ralbBaHMUECKOr0 TOKA WJIM MarHuTa, TO B HEM
BO30Y’KIaeTcs TaIbBAHMYECKUN TOK TAKOTO HAIMIPABJICHHUS, YTO €CJIM OBl JAaHHBIN POBOJIHUK OBLIT
HEMOJIBUKHBIM, TO TOK MOT ObI 00YCIIOBUTH €T0 MEpPEeMEIIEHUE B MPOTUBOMOJIOKHYIO CTOPOHY»
[65, c. 148]. Bo BTOpOil cepun cBOUMX «IDKCHEpUMEHTANbHBIX HUcchaenoBanuiy (1832) dapaneit
MPOJIOJDKAET M3YUCHHE AJICKTPOMArHUTHON WHAYKIMU. B TpeTheli cepum (saBapp 1833) oH mo-
Ka3bIBaeT, YTO pa3HOOOpas3He BHUIIOB IIEKTPUUYECTBA ABISETCS Kaxcywjumcs. VI3ydas nedcTBus,
MIPOU3BOJUMbIE OOBIKHOBEHHBIM, BOJBTOBBIM, «KHUBOTHBIM», TEPMUYECKUM, MArHUTHBIM 3JIEK-
TPUYECTBOM, OH MPUXOJUT K BBIBOAY: «Bce BHUIbI 3NIeKTpUYeCTBa UACHTUYHBI IO CBOEH IIPHUPO-
ne». [IpaBna, cama sTa nmpupoja He Obuta emé sscHa B To Bpems. dDapajeii 0cTOpoKHO 3amMedacT
Ha ceil cu€T: «llox TOKOM s moapazyMeBar0 HEUTO ABMKYLIEECS MOCTYNATENbHO — BCE PaBHO,
YTO MPU 3TOM HAXOAMTCS B JIBMIKCHHMH: HJIEKTPUUECKAsl )KUIKOCTh WM JIBE JKUJIKOCTH, IBHKY-
HIMecss B MPOTHBOMOJOXKHBIX HampaBlieHusx...» [129, c. 118]. B utone 1833 r. BeIxoAUT msATas
cepusi «IKCIEPUMEHTAIIBHBIX HCCIIEOBAaHUI»; OHA MOCBSIIECHA 21eKmpoau3sy. 31eCh, a TAKKe B
nocienyromux Tpéx cepusx Papazeil uccneayer xumuveckue Oeticmsuss SIEKTPUUECKOro TOKa.
Bcero Beimuio asagmnate cepuii. OTmMeTuM ocobo AeBaTHaaATyto ceputo (1846), roe paccmaTtpu-
BaeTcsl OTKpbITOoe PapasieeM SBIECHUE 8palyeHUs NIOCKOCMU NOJAPU3AYUL c8ema B HaMarHUYeH-
HOM cpene. «Takum oOpazoM, — 3aKIIIOYaeT YUEHBIN, — BIIEPBBIE, KaK s MOJarar, yCTaHOBJICHA
MOJ/JIMHHASL HEMIOCPE/ICTBEHHAS! CBSI3b M 3aBUCUMOCTbh MEXy CBETOM W MarHUTHBIMU M JIEKTPH-
YECKMMH CHJIAaMH W TE€M CaMbIM clieJlaHO OoJbInoe no0aBieHHe K (GakTaM B COOOpaKCHHUSM,
CIy’KallluM JUJIsl JOKA3aTelbCTBa TOTO, YTO BCE €CTECTBEHHBIE CUJIbI CBSI3aHBI JIPYT C JAPYTOM H
UMEIOT 0J1HO ob1iee mpoucxoxaenue» [130, c. 35].

®dapaneil oTkazancs OT HBIOTOHOBCKOW KOHIIETIIMU abHOJACHCTBHS; OH BBEN B (PU3UKY CO-
BEPILIEHHO HOBBIN 00bEKT — ¢usuueckoe none. CorimacHO HOBOM KOHLIEMIIMU BO3AEHCTBHE OJ1-
HOT'O TOKa Ha JPYroi OOBSICHSIETCS TakK: MEPBBI TOK CO3AaET BOKPYT ceOs B MPOCTPAHCTBE Mar-
HUTHOE TI0JIE, @ TO MOJIE ACUCTBYET HA HAXOISAIIMICA B HEM BTOPOMl TOK. AHAJIOTUYHO: BTOPOM
TOK CO3/1a€T CBOE MarHUTHOE I0JI€, KOTOPOE AEHCTBYET Ha MepBblil TOK. KakuM npeactaBisioch
B Te BpemeHa 1oiie? O0 3TOM MOXHO KaK-TO CyJIWUTh, T03HAKOMUBIINCH, HAIPUMEP, C MHUCbMOM
. K. Makcpenna k M. @apaznero (1857): «Ceituac, HaCKOIbKO MHE W3BECTHO, BBl siBisieTech
NEPBBIM YEJIOBEKOM, Y KOTOPOT0 BO3HMKIIA HJIed O TOM, YTO Teja JEHCTBYIOT JAPYyr Ha Jipyra Ha
pPacCTOSIHUU TIOCPEICTBOM OOpaIeHHs] OKPY KaloIel cpeibl B COCTOSIHUE HAIPsDKCHUS, Ues, B
KOTOPYIO JIEWCTBUTENBHO CJENYEeT MOBEPUTh. Y HAc OBLIM KOTJa-TO MOTOKH KPIOYOYKOB, Je-
TAIOLIUX BOKPYT MarHUTOB, U Jake KApTUHKH, HA KOTOPBIX N300paKeHbl OKPYKEHHBIE MU Mar-
HUTBI; HO HET HUUYero OoJiee sicHoro, ueM Barie onucanue... Mue kaxercs, uTo Bel sicHO BUAuTE,
KaK CHJIOBBIC JIMHUU OTHOAIOT MPEMSATCTBUS, TOHAT BCIUIECKHU HAMPSKEHUS B MPOBOJIHUKAX, CBO-
pauMBarOT BJIOJIb ONpENEIEHHBIX HANpPaBIEHUI B KpUCTaJUIax U HECYT ¢ cOOOM BCE TO K€ caMmoe
KOJIMYECTBO CIIOCOOHOCTU K MPHUTSHKEHUIO, pacTpeieNEHHON pa3peKeHHEee WK TYIIE B 3aBUCH-
MOCTH OT TOTO, PACIIUPSIOTCS ATH JTMHUM WU C)KUMaroTes» [52, c. 163].

ITonessie npencranenus Papazest ouens 3aunTepecoBanu Jl. K. Makcsemna (1831 — 1879).
OH He TOJNBKO Pa3BWII WX, HO M MIPHUIAT UM MAaTEeMAaTHYECKyI0 OpMYy — TaK MOSBHIUCH 3HAME-
HUTbIE ypasnenus Makceenna. YUEHBIM N3TO0KUI CBOIO JIEKTPOMArHUTHYIO TEOPHIO B paboTax
«O ¢pusnueckux muHUIX cuiabDy (1862) u «/IlmHamuyeckas teopus mois» (1865). U3BecTHO, 9TO
MaxkcBemn B 4HCTO MEJarormyeckux IHensx (eMy XOTeloch 0ojiee JOXOJYUBO OOBSICHUTH CBOU
YpaBHEHHS) MPUOETAT K MCKYCCTBEHHBIM MEXaHHUYCCKHM MOJISIISIM JIJIST WJUTFOCTPAIUH TPOIIeC-
COB, MPOUCXOAAIINX B AIEKTPOMArHUTHOM 1noje. Cieayer uMeTh B BUY, UTO OH MPEKPACHO I0-
HHMaJl yCIIOBHOCTH MTOI00HBIX MPECTaBICHUN U BCephE3 MX He npuHuMal. MccnenoBanus Mak-



CBeJIIa ITO3BOJIMIIM C/IENIaTh JIBa BEChbMa Ba)XKHBIX 3aKiIt04eHMs. [lepBoe: 31eKTpoMarHuTHOE 1oJie
MOJKET PACIPOCTPAHATHCS B MPOCTPAHCTBE B BUJE 2IEKMPOMACHUMHOU 601Hbl. BTOpoe: cBer
€CThb HE YTO MHOE, KaK 91eKMpOMACHUMHbLE BOJIHbl 8 ONPedelEéHHOM JuanazoHe yacmom. B KoH-
e 80-x rogoB XIX B. I'. T'eprr (1857 — 1894) skcnepuMeHTaNBHO JT0Ka3al CYIIECTBOBAHKE DJICK-
TPOMAarHUTHBIX BOJIH.

OnHO U3 I1aBHBIX JOCTHXKEHUN ecTecTBO3HaHUsI XIX B. — CyIIIECTBEHHBIN MPOTpecC B MO-
HUMaHUM 21eKMpU4eckux, MacHUmHulX 1 onmuyeckux siBIeHUN. PaccmaTpuBaeMble B Hayaie
BEKa MOPO3Hb OHU MPEJICTANIN B KOHIIE BeKa 8 eOuHom Komniexce. [IpeBpalleHue 3ekTpuiecTna
B MarHeTu3M, a 3aTeM MarHeTu3Ma B 3JEKTPUYECTBO O3HAYaNO (PaKTHUECKU 00BEINHEHHUE DJIEK-
TPUUYECTBA U MarHeTH3Ma; Obljla CO37aHa eIMHasl TeOpUs DIEKTPUUECKUX U MarHUTHBIX SBJICHUMA
— meopus NeKmpomMacHumHo2o noss. I10sBUI0CH Ka4eCTBEHHO HOBOE (PH3MUECKOE MOHATHE —
nojie, crajga GOpMUPOBATHCS INEKMPOMASHUMHASL KAPMUHA MUpd, KOTOPOU MPEICTOsI0 CMe-
HUTb MEXaHHUYEeCKylo KapTuny. llpouecc muTerpauuu (pusnyeckoro 3HaHMS HE OTPAHUUMIICS
00BeIMHEHNEM AJIEKTPUYECTBA U MAarHeTU3Ma B paMKax TEOPHH 3JIEKTPOMArHUTHOTO MOJIsl; Obuia
yCTaHOBJIEHA JIEKTPOMArHuTHasl IPUPOJIA CBETA, YTO (PAKTUYECKH 03HAYAIO BKIFOUEHUE ONTHKH
B DJIEKTPOMArHeTH3M.

OnuH 3a APYTUM CTalM CXOAUTH CO CIIEHBI pa3nuuHble ¢uironsl. [lepBbiM comén cBeToBOM
dmoun; yxe B mepBoid mosioBuHe XIX B. TEOPHUS «MCTEUCHUS» B ONTHKE ObLIa MOJHOCTHIO BBI-
TecHeHa BosiHOBOM ontukor T. FOnra (1773 — 1829) u O. ®@penens (1788 — 1827). Buauane 3to
OBLIM CBETOBBIE BOJIHBI, PACHpPOCTPAHSIONIUECS B HEKOEM 3(pHUpe, UMEIOIIEM MEXaHHYECKYIO
NpUPOAY; K KOHILy BeKa OHU OBbUTM 3aMEHEHBI 3JIEKTPOMAarHUTHBIMH BoJiHamH. MccnenoBaHus
A. Ammnepa 3acTaBUIIM OTKa3aThCsl OT MarHUTHBIX (IrouAoB. JloJblle BceX COXPaHSIUCh Mpe-
CTaBJICHHsI 00 AJIEKTpUUECKUX (IIIonax, HO U OHM TOTEpIIeNId Kpax Ha UCXO0Je Beka (Tmocie oT-
KPBITHS DJICKTPOHA).

HccnenoBanust B 0071acTH 3JEKTPOMArHeTU3Ma MPEAONPEACTHIN eI Pl CepbE3HBIX
TEXHUYCCKUX M300pETCHHI. YiKe B MEPBOI MOJOBHHE BeKa OBLIT M300pETEH AIEKTPUICCKUIN Te-
aerpad. Dnextpoasurarens b. C. SIkobu B 1839 r. npuBoana B ABMKEHHE HEOOJBIIOE PEUYHOE
cynHo. Ha cMeHy XMMHYECKMM HMCTOYHHMKAM Toka B 60-X rojgax MpUIUIA 3JEKTPOre€HEPaTOpPHI.
HIupokoe npuMeHeHHe Mmoiydni co3gaHHbii 3. 'pammom B 1869 r. renepatop ¢ camoB0O30yxk-
nenueM. B 70-x rojgax MmosBHINCH SJEKTPOOCBETUTENN: «cBeua SA0moukoBay (1876), nammna Ha-
kanuBanus T. Daucona (1879). Haunnas ¢ 80-x To0B reHepaTophl U AIEKTPOABUTATEIHN TTOCTO-
SIHHOTO TOKa CTaJIM MOCTETIEHHO BBITECHATHCS T'€HEpaTOpaMH U AJIEKTPOABUTATEISIMU IT€PEMEH-
Horo Toka. Mccnenosanust A. C. [ToroBa B 1895 r. (a 3aTtem I'. MapkoHM) BO3BECTHIIN O POKIe-
HUU pajyo.

Pa3BuTHe TepMOAMHAMMKM; OTKPBHITHE 3aKOHA COXPAHEHHUS W NPeBPallleHUs] JHePIruH.
B XVIII B. 6111 n300peTeHbl MapoBble HACOCH, a 3aTeM U napoBble MaluHbl. B Havane XIX B.
HOSIBWJIACH ITAPOXOJIbI, HA4aJI0Ch CTPOUTEIBCTBO JKEIE3HBIX Jopor. Illnpokoe npumenenune napa
BBIIBUTAJI0 HAa TNEPEJHUI IMJaH MCCIEOBAHUS TEIUIOBBIX SBJIEHUM, MOUCK IMyTeH MOBBILICHUS
3¢ (EeKTUBHOCTH MapoOBBIX MalIH. Bo3HUKIAa M cTana OBICTPO pa3BUBATBHCS MEPMOOUHAMUKA.
[Tpomecc e€ pa3Butusi ObuT (aKTHUECKH MPOIIECCOM MHTErpanuu 3HaHuid. Ecnu B Havaie Beka
TOJIBKO YTO POJUBLIASICSI TEPMOJIMHAMUKA BBICTYIIaja KaK MEXaHUYECKasi TEOPUs TEIJIOThI, TO HA
CKJIOHE BEKa OHa MpeJCcTaBisiia co00M BeCchbMa 00wyi0 TEOPHUIO, BBIXOMSIIYIO 32 PaMKH COOCT-
BEHHO TEIUIOBBIX SIBJICHUH, MPUIOKHMYIO KO BCeM (PU3MUECKUM M XMMHUYECKHM Ipolieccam,
MPOUCXOSIINM B BEIIECTBE, B Pa3IMYHbIX CUCTeMaX. BaKHBIM JOCTH)KEHHEM Ha IyTH 3TOTO
npoliecca HHTETpaluy 3HaHUH ObIIO OTKPBITHE (PYHAaMEHTAIBLHOIO 3aKOHA MPUPOIBI — 3aKOHA
COXpaHeHUs U npespaujenus JHepeUul.

[Ipurosop teropoay ObLI BbIHECEH, MO CyTH jena, yxke B camoM konue XVIII B., koraa
b. Pymdopa (1753 — 1814) npogeMOHCTpHpOBall 3aKUITAHUE BOJBI B COCY/E, TI€ MPOU3BOINUIIOCH
CBEpJICHHE KaHajla B METaJUIMYECKOM IInMHApe. B 3ToM ombITe HaO0Jaloch HarpeBaHHe
BCJIE/ICTBHE TPEHUs; paboTa M0 CBEpPJIEHMIO KaHalla IIpeBpaliaiack 37ech B Teriory. Hecmotps
Ha 3TO HJies TeIUIOpo/a NpOCyIIecTBOBaa el HECKOIbKO AecaTuieTuil. JIroOonbITHO, 4TO OC-
HoBatenb TepMoanHaMuku C. Kapuo (1796 — 1832) B cBoéM riaBHOM Tpyae «Pa3mbliieHus o



JBUXKYIIEH CUJIe OTHSI M O MallliHAaX, CIIOCOOHBIX Pa3BUBATh ATy cuiry» (1824) emé nmoip3oBaics
noHatreM termopoja. [loznuee KapHo oTkaspiBaeTcst oT Temiopoa; oH numet: «Temno — 31o
HE 4TO MHOE, KaK JBIKYIAsl CUJIa, WU, BEPHEE, IBUKEHNE, U3MEHMBILIEE CBOM BUI. DTO JBUXKE-
Hue yactul tei. [oBcroay, rie NpoucXoAuT YHUUYTOKEHUE IBHKYILEH CHIIbI, BOSHUKAET OJIHO-
BPEMEHHO TEIJIOTAa B KOJMYECTBE, TOYHO MPONOPLHMOHAIBHOM KOJUYECTBY MCUE3HYBIIEH JBH-
Kyuiei cuiiel. OOpaTHO, Beer/ia IIpy MCUE3HOBEHUH TEIUIOTH BO3HUKAET ABMXKYIIas cuia. Takum
00pa3oM, MOKHO BBICKa3aTh O0IIee MOJIOKEHHE: ABIKYIAs CUJIa CYLIECTBYET B NMPHUPOJIE B He-
M3MEHHOM KOJIMYECTBE, OHA HUKOTJa HE CO31aETCs, HUKOTAA HE YHUUYTOXKAETCS; B ICHCTBUTENb-
HOCTH OHa MeHseT (opMy, T. €. BBI3BIBACT TO OIHMH POJ JABWXEHMA, TO Apyroi...» [71, c.231].
HeTtpyaHo ycMOTpeTh 31€Ch 3aKOH COXPaHEHUS U IPEBPALICHHs] JHEPTUHA — JOCTaTOYHO BMECTO
«JIBUKYIIEH CHUJIBD) TIOCTABUTH «IHEPTUIO» (3aMETHM, YTO TEPMHH «IHEprus» Obul BBeAeH FOH-
rom em€ B 1807 r., HO NpUKUJIICS HE cpa3y; NMoJ «dHepruei» KOHr moHuMan npousBeeHue Mac-
ChI TEJIa Ha KBaJpaT €ro CKOPOCTH).

OTKpbITHE 3aKOHA COXPAHEHMs M IPEBpAILEHHs YHEPIUU OOBIYHO CBA3BIBAIOT C MMEHAMU
P. Maiiepa (1814 — 1878), J. Dxoyns (1818 — 1889), I'. I'enbmronsua (1821 — 1894). Hukro u3
HUX He ObUT podeccronanbubIM Gu3nkoM. Maiiep u ['enbMromsil ObIIH MO0 00pa30BaHUIO Bpa-
yamu, /[KoyJb ObUT MHIKEHEPOM, B MPOLLUIOM MHUBOBApOM. K OTKPBITHIO OHHU LUK pa3HBIMU ITy-
TSAMH.

Maiiep mén o MeauuMHCKUX HaOmoneHui. «Jletom 1840 r., myckas kpoBb Ha SIBe HOBO-
NpUOBIBIIMM €BpoleiiaM, — MUCaNl OH, — 5 CZeJaJl HaOJII0JIeHHe, YTO B3sTas U3 IJICUYEBO Be-
Hbl KPOBb MMEET IOYTH BCErja MOpa3UTENbHO SPKYI0 KPAacHYI OKpacKy (OOBIYHO BEHO3HAs
KpOBb OYeHb TEMHAas. — A6m.). DTO sSBIICHUE MMPUKOBAJIO MOE BHUMaHue. Mcxomas u3 reopuu Jla-
Bya3be, COTJIACHO KOTOPOH )KMBOTHAs TEIIOTA €CTh PE3YJIbTAT IIPOLIECCa TOPEHMS, s1 pacCMaTpH-
BaJl JIBOSIKOE€ M3MEHEHHE OKPACKH, UCHBITHIBAEMOE KPOBBIO B KalMJUIApax MaJoro U OOJbILIOTO
Kpyra KpoBOOOpaleHusi, Kak BHIUMOE CJIEICTBHE MPOUCXOJAIIETO B KPOBH OKUCIEHUs. s
NOJIep)KaHUs. TEMIIEPATYphl YEJIOBEUECKOro Tejaa 00pa3oBaHME TEIUIOTHI B HEM JIOJIKHO HaXo-
JUTBHCSI B HEKOTOPOM KOJIMYECTBEHHOM OTHOIIEHUU K IOTEPE UM TEIUIOTHI, a 3HAYUT, TAaKkKe K
TEMIIEpPAType CPebl; MO3TOMY Kak 0Opa30BaHUE TEIUIOTHI B MPOILECCE OKUCIEHHUS, TaK U pas-
HOCTh OKPAaCKM 00OMX BHJIOB KPOBHM JIOJDKHA OBITH B 0OIIEM B XapKoM mosce ciadee, yeM B 60-
Jiee XOJIOTHBIX cTpanax» [45, c. 83]. ObpatuM BHHUMaHHUE HA TO, YTO «OOpa30BaHUE TEIUIOTHI» B
OpraHusMme, IPOUCXO/AIIEe B IPOLIECCE OKUCIIEHUS, TOJDKHO ObITh OnpeeEHHBIM 00pa3oM cha-
JJAHCUPOBAHO C «IIOTEPEU TEIIOTHD Oopranu3sMoM. MakTudecku Maiiep UCKITIOYal U3 UIpsl enié
oJIuH QuIIoN] — KHU3HEHHYIO0 crily. PU3NOIOrHUecKre MpoLecchl 00yCIOBINBAIOTCS HE TAMHCT-
BEHHOM JKM3HEHHOHN CUJION, a (U3MKO-XMMHYECKUMHU HPOLECCaMH, MOJAYUHSIIOUIUMUCS 3aKOHY
COXpaHEeHMsI U IpeBpalleHus sHepruu. CBou HaOMIONEHUs, UeU, BBIBOJbI Maliep U310XKUI B
pabore «O KOTMYECTBEHHOM M Ka4eCTBEHHOM OIIPENIEICHUH CHID (O] «CHIION» 3/1€Ch HAJIO TO-
HUMath 3Hepruio). B 1841 r. on HanpaBui 3Ty paboty B « AHHanel» [lorrennopda; kak Mel yxe
rOBOPHJIM, paboTa MpoJiekana B CTOJIe peJakTopa /10 caMoi ero cMepTu. Uepes3 HECKOJIBKO JIeT
yU€HBIN U3J10KUII CBOU UEU B OpOIIIOpe, KOTOPYIO BBITYCTHII 3a CBOM cuéT. Maiiep paccmaTpu-
BaJl pa3lIMYHbIE BUJbI SHEPTUU: KuHemuuyeckyio («OKUBas CHUJa JBUKEHUS), HOMEHYUANbHYIO
(«cuia mageHus»), UX CYMMY — MeXaHuyecKylo SHepruto («MexaHuueckuit ahdekr»), a Takxe
Men08y10, IeKMPUYECKYI0, XUMUYECKYI0 SHEPTUN («CUJIbDY); OH CUMTAJ, YTO BCE 3TU BHUJbI MO-
I'YyT B3aUMOIIPEBpAIAThCSI — MPU YCIOBUM HEM3MEHHOCTH O0IIero kojuuectBa sHepruu. OH
roJiarajl, 4To >KM3Hb Ha 3eMile, KpyroBOpOT BOJIbl, IBUKEHHE BO3AYIIHBIX Macc — BCE 3TO oOec-
[IEYUBACTCS, B KOHEYHOM CYETe, JHEpPTUel CoiaHeuHbIX Jydyed. O nucan: «lIpupona nocrasumia
nepea coool 3amady moMaTh Ha JIETY JIBIOUIUICS Ha 3eMJII0 CBET M HAKOMUTh CaMYIO TTOJIBHX-
HYIO CHJIy, IPUBEAS €€ B HEMOJABMKHOE COCTOSHME. [ JOCTMXKEHMs dTOM LIEJIM OHA IOKpbUIA
3€MHYI0 KOpYy OpraHu3MaMHU, KOTOpPbIE, KUBS, MOIJIOIIAIOT COJHEYHbIN CBET U MPHU HCIIONIb30Ba-
HUM 3TOW CHJIBI TOPOXKAAIOT HEMPEPHIBHO BO30OHOBIIAIOIIYIOCS CYMMY XUMHUYECKUX pa3IMUMil.
ODTUMH OpraHU3MaMH SIBJISIIOTCA pacTeHus» [59, c. 205].

Jxoyinp €N K BETUKOMY OTKPBITHIO MHBIM ITyTeM. OH BHauaje 3aMHTEPECOBAJICS BbIAEIIE-
HUEM TeIUIa B IPOBOJHUKE, [0 KOTOPOMY TEUET AJIEKTPUUECKHUI TOK (HAalOMHUM 3aKkoH JIkoyiis



— Jlenma). D10 moOyIMIIO €ro 3aHATHCS U3YYEHUEM CBS3UM MEXAY TEIUIOToi u pabortoil. B cra-
The «O TermoBoM 3 (PeKTe MarHUTOSISKTPUUIECTBA U MEXaHINIEeCKOM 3¢ dexTe TernoTe» (1843)
OH JIeJaeT BBIBOJ: «... Bo Becex cilydasx, Korja 3aTpauyuBaeTCsl MEXaHU4ecKas cuiia (Halo0 YuTaTh
«MexaHudeckast paboTa» — Aem.), NOIy4aeTCss TOYHOE SKBUBAJIEHTHOE KOJIUYECTBO TEILUIOTHD)
[59, c. 208]. [Ba rona cmycts [K0yiab BBINOJIHSAET JOCTATOYHO TOYHBIE U3MEPEHUsI MEXaHUYe-
CKOT'0 9KBHUBAJIEHTA TEILIOTHI.

I'enpmromnel, kak 1 Maiiep, IpUIIEN K BBIBOAY O COXpAaHEHHMU DHEPTUH, paccMaTpuBas (u-
3rojornyeckue TeroBbie sBiaeHUs (1847). C yuéTom cOBpeMEHHON TEPMUHOJIOTHH €ro (hopmy-
JMPOBKA 3aKOHA COXPAHEHMs SHEPTUHU BBITIIAUT TaK: npupaujerue KUHemudeckol snepeuu mena
PAasHo YObliu 20 NOMEeHYUAIbHOU SHep2uu. 1 elIbMI oMbl BEIPA3WII NTOJTy4YEHHbIH 3aKOH B MaTeMa-
TUYECKOH (hopme. 3amMeTuM Takke, YTO B OTJIMYME OT MPEAUIECTBEHHUKOB OH CBS3aJl 3aKOH CO-
XPaHEHMs SHEPTUHU C IPUHLUIIOM HEBO3MOXKHOCTHU CO3/IaHHsI BEYHOT'O IBUTaTElIsl.

C OTKpBITHEM 3aKOHA COXPAHEHMs U NPEBPAILEHUS SHEPTUU TEPMOJMHAMHUKA BBIXOJIUT 3a
pPaMKH TEOpPHM IPOLECCOB, MPOUCXOAALIMX B TEIUIOBBIX MamMHax. [IpuoOperaer riyOokuii u
OOIINIT CMBICT nep8oe HaA4aI0 MePMOOUHAMUKY: TFO0ast CUCTEMA MOKET OOMEHHUBATHCS DHEPTH-
el ¢ OKpY’KarIIeH Cpeloil HECKOJIBKUMH Crioco0amMu (Kak TOBOPST, IO HECKOJIBKUM KaHajiam),
U3 KOTOPBIX HanboJsiee BaKHBI JIBA — Yepe3 menjaonepeoayy U 4epe3 cogepuierue pabomuol; u3-
MEHEHHE BHYTPEHHEH SHEpruy CHCTEMBI ONpPENENseTcss O6anancom 3Hepeuti, MOTYyYeHHbIX (OT-
JTaHHBIX) CUCTEMOI 10 BceM KaHallaM. Hanpasnenue iepeauy SHEPTUU 10 TOMY WIM HHOMY Ka-
Hally (K CUCTEME MJIM OT CUCTEMbI) B KaXKJIOM KOHKPETHOM CIIy4yae peryJupyeTcs 6mopvim Haua-
JIOM MepMOOUHaMUuKy. ITO HAYaI0 KaK HEKOe IMIMPHUECKOE TPAaBUIIO OBLIO BIEpBbIE cHopMy-
mupoBaHo B 1850 r. P. Kimay3uycom (1822 — 1888) u B 1851 1. V. Tommniconom (1824 — 1907).
Kiay3uyc BBEN NOHSTHE BHYTPEHHEN 3HEPIMM, OH K€ BBEJ BEJIIMYHMHY, HA3BAaHHYIO UM «IHTPO-
nuei». Ha coBpeMeHHOM HayuyHOM s3bIK€ BTOpPOE€ HAayalo TEPMOAMHAMHUKHU 3BYUUT TaK: eciu
cucmema 3aMKHYmas, mo e€ dHmponus co epemenem He yovieaem. Hepapom BTopoe Hadasuo Ha-
3bIBAIOT YaCTO 3AKOHOM 803PACMAHUSL SHMPONULL.

ITo Mepe cBoero pa3BUTUSI TEPMOJMHAMUKA MpPEBpalaach B CTPOMHYIO ()eHOMEHOIOTnYe-
CKYIO TEOPHIO, OTMCHIBAIOILIYIO B CAMOM OOIIEM BHJIE dHepeemuiecKue npoyeccyl 8 aro0blx Cuc-
memax; TOHATUS, TPUHIIUIIBI, METO/Ibl TEPMOAMHAMUKN OKAa3aJIUCh MMOUCTHUHE BCEOOBEMITIONIH-
Mu. IMeHHO Tako# mpencTaéT nepes HaMu TepMOAMHAMHUKa rocie onecTsmux padot . I'nb6oca
(1839 —1903), B KOTOPBIX OBLT Pa3BUT METOJ] TEPMOAMHAMUYECKUX (DYHKIMHA, CHOPMYITHPOBAHBI
yCIJIOBUSI TEPMOJIMHAMUYECKOTO0 PaBHOBECHS, MOy4YeH Haubosee oOmuii Buj uist GyHKIUU pac-
IIPENIETICHHUS.

Ycnexu TepMoIMHAMUKY TPUBOIWIN, KaK 3TO HE pa3 CIydyajoch 8 HayKe, K aDCONMIOTH3AUN
JOCTUTHYTOT'O YPOBHS MOHUMAaHUS MPUPOJbL. Tak, OHU MPHUBENN K MOSBICHHUIO TaK Ha3bIBAEMOM
9Hepeemu4eckou Konyenyuu. JHepreTUKU (BeiaeauM cpeau Hux B. OctBanpaa (1853 — 1932))
CUMTAJIH, YTO BCE CBOJIUTCS K SHEPTUH, YTO KPOME MIPEBPALCHUI SHEPTUN B MUPE HUYETO HE CO-
BepIaercs. B yacTHOCTH, OHM OTBeprajii aTOMbI M MOJIEKYJIBL. A MEXJIy TeM UMEHHO Ha IyTu
pa3sBUTHS aTOMHCTUKU TMOJYYWIH (PU3NUECKOe OObSICHEHHE MHOTME MOHATHUS TEPMOAMHAMUKH,
ObLy1a MoHATa GU3nvecKas Npupoja BTOPOro Hayaja TEPMOJAUHAMUKH.

Ycenexu aromucTuku. Kak yke roBOpuiioch, aTOMUCTHYECKAsh KOHILIETILNS CcTajga BO3POXK-
natecs B XVII — XVIII Be. B XIX B. oHa mosy4niia nanpHeIee pa3BuTie. IT0 Pa3BUTHE IO
B JIBYX HarpaBiieHUsX. [lepBoe ObIJIO CBA3aHO C U3yUYEHHEM KOJUIEKTHBOB MOJIEKYJ — 03 BbIsC-
HEHUS TOTO, YTO MPEJCTABIAIOT OO0 caMu MOJeKyJbl (aToMbl). BaxkHOW Bexoi Ha 3TOM IMyTH
SIBUJICS 3aKOH, KOoTophlid B 1811 r. ycranoBun A. ABorazpo (1776 — 1856): B paBHbIX 00bEMax
ra3oB IPU OJUHAKOBBIX TEMIIEpaTypax M OJAMHAKOBBIX JaBICHUSX COICPKUTCS OAMHAKOBOE KO-
anyecTBO MoJiekyl. B 1857 r. B «Annanax» Ilorrennopda nossunacs cratbst Kiaysuyca «O po-
7€ TBUKEHMSI, KOTOPBIA Mbl Ha3bIBAEM TEIJIOTOM», TJi€ OBbLIN M3JI0KEHBI OCHOBBI KUHEMuU4ecKou
meopuu easa. PaccmatpuBasi TEIUIOBOE JBMXKEHHME MoJeKys, Kiay3uyc yduThIBaeT HE TOJBKO
MOCTyNaTeNbHOE U BpaIlaTEeIbHOE JBUKEHHSI MOJIEKYJI, HO U Kosie0aHUsl aTOMOB B MoJieKyie. OH
YCTaHABJIMBAE€T OCHOBHOE YPAaBHEHHE KMHETUYECKOW TEOPUU Ta30B: JaBJICHHE PaBHO IABYM Tpe-
TAM CpPEIHEN KMHETUYECKOM SHEPrMH MOJIEKYJ, TOMHOKEHHOW Ha YHCJIO MOJIEKYJ B €IVHUIIE



o0bvema. Knaysuyc BBOIUT MOHATHE «UCAJIBHBIN I'a3); OH OIPENEISAET €ro Kak ra3, y KOToporo,
«BO-TIEPBBIX, MOJIEKYJIbl HACTOJIBKO MaJIbl, YTO UX 0O0BEMOM MOXKHO NpEeHEOpedb O CPAaBHEHMIO
¢ 00bEMOM, 3aHUMAEMBIM BCEM T'a30M, U, BO-BTOPBIX, MOJIEKYJIbI MPOSIBISIFOT CHUJIbI B3aUMOJEH-
CTBUS, JIUITH HAXOIACh B HEMTOCPEICTBEHHOM OIM30CTH ApyT OT apyra» [59, c. 233]. (CoBpemeH-
Hoe, OoJjiee o0Iee OnpeieleHne «HICAIbHOTO Ta3ay: Ta3, Y KOTOPOro SHEPTHsl B3aUMOICHCTBHSA
MOJIEKYJI TIPEHEOPEKMMO Maja M0 CPaBHEHHUIO ¢ MX KWHETHYECKOW sHeprueit. Mnm emgé Goinee
o01ie: ras, MoJaHas SHEPTus KOTOPOTO €CTh CyMMa DHEPIHid COCTABISIONIUX €ro YacTHIl.) 3ame-
THM, 4TO ABM)KEHHE CaMUX MOJIEKyJ raza Kitaysmyc paccmaTprBaeT B COOTBETCTBHHU C 3aKOHAMMU
KJIACCUYECKON MEXAHUKU: OT CTOJIKHOBEHHS JI0 CTOJKHOBEHUS MOJIEKYJIbI JBUXKYTCS PaBHOMEp-
HO U TIPSIMOJIMHEHO.

Oco3Hanue Toro ¢axTa, 4YTo B IEJIOM KOJUIEKTUB MOJIEKYJI JIOJDKCH MOAYHHATHCS 8€POAMHO-
CMHBIM (cmamucmuyeckum) 3aKOHOMEPHOCTSM, sBIIETCS, 0€3 COMHEHHs, Hauboyiee BaKHBIM
noctikenueMm atoMuctuku XIX cronerus. B 1859 r. JI. K. MakcBesun nosiy4aer nepByio B ¢u-
3UKe yHKyuio pacnpeoenenus, ONUCHIBAIOILYI0 BEPOATHOCTh MOJIEKYJIaM MMETh TO WM HHOE
3HAUEHUE CKOPOCTHU (TOUHEE rOBOPS, HE BEPOSITHOCTD, a TNIOTHOCTh BEPOSITHOCTH), — 3HAMEHU-
Toe pacnpedenenue Maxceenna. Tak B GU3MKe NOABISAETCA BEPOSTHOCTD; O ITOTO €0 MHTEpe-
coBalIuCh TOJNBKO MareMatuku. Kak m Kitaysuyc, MakcBemn cumraer, 4To Kakaash MOJIEKyJa
JIBDKETCS B COOTBETCTBMHU C 3akoHamu Hrprotona. Mnenm MakcBemia mosydaroT JajibHEHIIee
pa3ButHe B pabdorax JI. boasimana (1844 — 1906). bonpiman 00001MI MaKCBEIUIOBCKUH 3aKOH
pacnpezeseHus, pacCMOTPEB Ta3 BO BHEIIHEM Iojie. OH MPUMEHWI CTATUCTUYECKUI METOX K
TEPMOJIMHAMHUKE, TNl CIamucmuieckoe 000CHO8AHUe 8MOPO2O HAYANA, BbIPA3UI IHMPONUIO Ye-
pe3 eepoamnocms (3HAMEHUTast popmyna borvymana). ITH CBOM UJIEH OH U3JI0XKUI B cTaThe «O
CBSI3M BTOPOIO Hauajga MEXaHMUYECKON TEOpUHU TEIUIOTHI C UCUHUCIECHUEM BeposiTHOCTE» (1877).
Tak pogwnack cratuctudeckas pusuka. OHa CTaHET UACOIOTHUECKOW OCHOBOM (hu3uku XX CTO-
aetusi. Ho B To BpeMs Bpsi M KTO gorajsiBaics o0 atom. B popmuposasmieiics B konme XIX B.
JIEKTPOMarHUTHOM KapTHHE MHUpa He ObUIO MECTa CTaTUCTUYECKUM (BEPOSITHOCTHBIM) Ipel-
CTaBJICHUSM.

Btopoe nanpasnenne atromuctuku XIX B. CBSI3aHO C BBISICHEHUEM CAMOU NPUPOObI MOJIEKYT
1 aToMoB. [IepBbIil I1ar B 3TOM HaIpaBJICHUM CIENAIM XUMHUKH; MO CYTH Jieia, 3TO OB NEepBbIi
H1ar Ha MyTH WHTerpanuu pu3nyeckux v xumudeckux 3HaHuil. B 1815 r. V. IlpayT BeIABUHYT
TUIIOTE3Y, COTJIACHO KOTOPOM BCE aTOMBI OCTPOECHBI U3 aTOMOB Bojiopoa. Ocoboe MecTo 3aHu-
maeT oTkpeiTue B 1869 1. JI. . MenneneeBbim (1834 — 1907) dbyHmameHTanbHOTO 3aKOHA —
Ilepuoouyeckotl cucmemvl Xumuyeckux snemenmos. B To BpeMs ObUIO U3BECTHO 63 3iIeMEHTA.
ITonb3ysice cBoel cucremoit, MeHieneeB npeacka3an psl HOBBIX AJIEMEHTOB, ONMKCAl UX CBOM-
ctBa. Tak, ObUTH MpeacKa3zaHbl OTKPBITHIN B 1879 r. ckanauii (MeHeneeB Ha3bIBall 3TOT Je-
MEHT 3KabopoM), OTKpbITEIA B 1875 I. rannuil (3KaaatoMUHUKN), OTKPBITEIA B 1886 r. repmanuit
(3xakpeMHUit). 3a necsaTh JeT A0 co3nanus [lepuonndeckoit cUCTEMBI 3JIEMEHTOB OBLIO ClIEIaHO
emié 01HO oYeHb BaxkHOe oTKphITHE: (hu3uk I'. Kupxrod (1824 — 1887) n xumuk P. bynzen (1811
— 1899) oTKpBIIM cnexmpanvubili aHaiu3 — MOITHOE CPEJICTBO MCCIIENOBAHUS BEIIECTBA. JTH
JIBa OTKPBITUS (CTIEKTpaibHbIN aHanu3 u [leproauueckasl cuctemMa 3JI€MEHTOB) 3aCTaBUIIM OCO3-
HaTh CJII0)KHOCTb CTPYKTypbl aToMa. CTajo SCHO, YTO aTOM UMEET COCMAasHble Yacmu, JBUKECHHE
KOTOPBIX U MOPOXKAAET XapaKTEPHBIE CHEKMPb.

JUi1d oHMMaHUS CTPYKTYpbl aTOMa BaXXHYIO POJIb CBITpalo omxpuimue 21ekmpona. Cam
TEPMHH «IJIEKTPOH» ObLI MpeasoxeH upaanackum ¢usukom J. Ctonu B 1891 r. myst 3apsiaa ox-
HOBaJIeHTHOro noHa. CoOcTBEeHHO 3eKTpoH OblT OTKPHIT Jx. k. TomconoMm (1856 — 1940) B
1897 r. OTKpbITHE COCTOSAIOCH MPU MCCIEA0BAHUN CBOWCTB KaTOJHBIX Jydel. M3yuas oTkiIoHe-
HUE KaTOJHBIX Jy4el B 3JIEKTPUYECKOM U MarHUTHOM IOJIAX, TOMCOH M3MEPUJI OTHOILLIEHUE 3a-
psAla K Macce sl 00pa3yroluX 3TH JIydu dacTtull (37ekTpoHoB). B 1903 r. ToMcon npeninoxumn
MOJIeJIb aToMa B BHJIE TOJIOKUTENIBHO 3apsOKEHHOM Mo o0bEMY cdepbl JUaMEeTpOM OKOJIO

107" y, BHYTph KOTOPOil «BKpAIJIEHBI» IEKTPOHBI (4TO-TO Bpoje MyauHra ¢ nstomoM). Korma

JIEKTPOHBI KOJIEOIIOTCS OTHOCUTENBHO IIEHTpa cdepsl, aTOM U3IydaeT CBeT. BrimonHeHHsble Pe-
3epdopaom (1871 — 1937) B 1908 — 1911 rr. sKcriepuMeHTHI MO pacCesiHUIO anb(a-yacTull Me-



TAJTMYECKOi (onbroi yoeauTeabHO MOKa3ald, YTO MOYTH BCS Macca aToMa COCPEOTOYCHA B
UCKIIIOUUTEIILHO MajioM 00BEMe — amomuom sidpe; ero auameTp npumepHo B 10 000 pa3
MeHble auamerpa aroma. OnbiTel Pesepdopaa mocay Kuiu OCHOBO sl CO37IaHUs 20epHOU MO-
denu amoma, KOTopasi U BeIpakaeT HaIlM CETOIHAIHIE MpeAcTaBleHus 00 ycTpolicTBe aToma. B
[IEHTPEe aTOMa HAaXOJMUTCS aTOMHOE S/IpO, @ BECh OCTAJIbHON 00BEM aTOMa MPEJAOCTABIECH JJICK-
TPOHAM.

DJIEKTPOMATHUTHAsI KAPTHHA MHpa. DTa KapTUHA MUpa (GopMupoBantack BO BTOPOil Mo-
noBuHe XIX B. HA OCHOBE HCCIEOBAaHWUN B 00JIACTH DJIEKTpOMAarHeTHU3Ma (pEemarollyo poib
CBITpAJIA UcclieloBaHus, BeinonHeHHbIle M. @apaneem u /. K. MakcBennom, Mo3BoiauBIINE BBE-
cTH TIoHsATHE (hu3myeckoro mossi). B mpomecce 3Toro ¢gopMupoBaHus Ha CMEHY MEXaHHUECKOU
Mojenu 3¢pupa MpHUIUIA 3JIEKTPOMAarHUTHAS MOJIENb; JEKTPUUECKOE, MarHUTHOE, 3JIEKTpOMar-
HUTHOE TO0JI TPAKTOBAJIMCH MEPBOHAYAILHO KaK pa3Hble «cocTosiHus» 3¢dupa. [lo3nnee, yxe B
Havase XX B. HEOOXOIUMOCTh B 3(HUpe OTIaia; MPUILIO TOHUMAaHHUE TOTO, YTO JIEKTPOMArHUT-
HOE TI0JI€ CaMO €CTh ONpPEeIeIEHHbIN BU MaTepuu, TaK YTO JJIsl pacpOCTpaHEHHsI €ro He TpeOy-
€TCs Kakas-To ocobas «cpena» (3dup).

DneKkTpoMarHuTHas KapThuHa Mupa GopMupoBanack He ToJbko B XIX B.; oHa mpomorrkana
dbopMmupoBatbcss B TeueHue Tpéx aecatwietnii XX B. [loaToMy oHa mcmonb30oBaia HE TOIBKO
y4eHHe 00 3JeKTPOMarHeTu3Me U JOCTHKEHUSI aTOMUCTHKHU, HO TaKKe HEKOTOPbIE HJIEU COBpe-
MEHHOH (PH3HUKH (MAeU TEOPUU OTHOCUTEIILHOCTH M KBAaHTOBOM MeXaHHKH). MTak, paccMoTpuM
OCHOBHBI€ YEPTHI AJIEKTPOMArHUTHOW KapTHUHBI MUPA, CIOKUBILIEHCS B TIEPBOM YETBEPTH HAILIETO
CTOJIETHS.

CormnacHo 3TOM KapTHHE MaTepus CYLIECTBYET B IBYX BUJAX — B BUJE geujecmead U B BUJIE
nos, IpUYEM MEXIy YKa3aHHBIMU BHJIAMHU MUMECTCS Henepexooumas epaHs: BEIIeCTBO HE Tpe-
BpallaeTcsl B I0J€, MOJIE HE MPEBpPAIIAaeTCs B BEUIECTBO. VI3BECTHBI JBa TUIA MOJEH — 9/1eK-
mpomacHumuoe u epasumayuornoe. COOTBETCTBEHHO €CTh JBa ()yHIAMEHTAIBHBIX B3aHMMO/ICH-
CTBUS. DJIEKTPOMarHUTHOE B3aUMOJIEUCTBUE OOBSICHSIET HE TOJIBKO IEKTPUUYECKUE U MarHUTHBIE
ABJICHUSI, HO M MHOTME JpYyTHE SIBIECHHUS — ONTHYECKUE, TEIUIOBBIE, XUMUdeckue. Eciu B
XVIII B. cTpeMUIIMCh CBECTH BCE K MEXAHUKE, TO TENEPhb BCE, BKIIIOUYAs U PsAJl MEXaHUYECKHX SB-
JeHui (Hampumep, TpeHUe, YIPYTrocThb), CTPEMSTCS ceecmu K dekmpomazHemusmy. BHe cdepsl
TOCIIO/ICTBA ANEKTPOMArHeTU3Ma OCTaéTcs, MO CYTH JieJia, TOJIbKO TATOTEHUE.

B kauecTBe 27€MEHTAPHBIX «KUPIUYHUKOBY», U3 KOTOPBIX IOCTPOEHA BCSI MAaTEPHsl, paccMar-
pUBAIOTCA BCEr0 TPH YAaCTHUIIBI — 27eKMpPOH, NpomoH N omon. @OTOHBI — «KUPIUYUKN»
(«3épHa», KBaHTBI) NIEKTPOMArHUTHOTO Mnoiisd. Kopnyckynapno-6oanosoti oyanuzm (0 HEM yxe
TOBOPAT (PU3HUKH) «IPUMUPSET» BOTHOBYIO MPUPOAY IOJISI C KOPIYCKYJISIPHON; HHBIMH CIIOBaMH,
IIPY PACCMOTPEHUHU DJIEKTPOMATHUTHOIO IOJIS MCHOJB3YIOTCS, HAapsiAy C BOJHOBBIMH, TaKKe
KOpIycCKyJisipHble (QoTOHHBIE) mpeacTaBiaeHus. Mccaemays mpoOaeMbl TEIIOBOTO M3IYyYCHUS U
doroadderra, AnpbepT DUHIITEHH B caMOM Hayajie HaIIero CTOJETHs HPUIIENT K BBIBOLY O
KBAaHTOBAaHUU 3HEPIMU CBETOBOTO M3JIy4eHHUd, a B 1916 r. oH BBEN B paccMOTpEeHUE nopyuu ca-
MOTO U3JIy4EHUS (ceemosvie KaHmul), 00IAAAIONINE HE TOJIBKO ONpPENeIEHHON 3HEpruei, Ho U
onpeaenéHHpIM UMIyiabcoM. C 1926 1. cBeTOBble KBaHThl DWHIITEHHA CTalIM Ha3bIBaTh homo-
HaMU.

DneMEeHTapHbIMU «KUPIUYMKAMI» BELIECTBA SIBISIFOTCS 3JIEKTPOHBI U NMPOTOHBI. BemecTBo
COCTOUT M3 MOJIEKYJI, MOJIEKYJIbI 00pa30BaHbl U3 aTOMOB, aTOM UMEET MAacCUBHOE SAPO U 3JEK-
TPOHHYIO 000JI04KY. ATOMHOE JIp0 «COOpPaHO» U3 MPOTOHOB U (KaK TOI/la CYUTANIN) CBOEOOpas-
HBIX 0y071emo068 — KOMITAKTHBIX COCTUHEHUI U3 MPOTOHA M 3JIeKTpoHa. Tak, HarmpuMep, mojiara-
JM, 4TO PO reyivsg 0O0pa30BaHO ABYMs IIPOTOHAMM M ABYMs HEUTpalbHBIMU yOJeTaMmu, T. €.
COJepXHT B cebe 4 mpoToHa U 2 3nekTpoHa. [Ipu TakoM B3risijie Ha CTPYKTYpy BeIeCTBa Bce
CHWJIBI, IEWCTBYIOIINE B BELIECTBE, CBOJWINCH K 3JIEKTPOMAarHUTHBIM — B TMIOJTHOM COOTBETCTBUU
C UJCOJOTHEN JIEKTPOMAarHUTHON KapTHHBI MUpPA. OTH CHUJIBI OTBEYAIOT 3a MEXMOJEKYJIIPHBIC
CBSI3M U 3a CBSA3M MEXJy aTOMaMH B MOJIEKYJIE; OHHU K€ yAEepPKUBAIOT AJIEKTPOHBI aTOMHOU 000-
JIOYKH BOJNM3HM sifipa; Oosee TOro, 3TH K€ CHJIbl 00eCHeunBalOT MPOYHOCTh aTOMHOIO sjapa. U
3JIEKTPOH, U MPOTOH — CTAOMJIbHBIE YAaCTHUIIbl, TIO3TOMY JOJKHBI OBITH CTAOUIBLHBIMU aTOMBI U



aToMHbIe spa. Kazanoch Obl, Takylo KapTUHY YCTPONCTBA MAaTEPUN MOXKHO OBLIIO CUMTATDH BIIOJ-
He OezynpeyHoil. OHaKO ObUIH «MEJIOYn», B paMKU KapTHHBI HE YKIIaJbIBAIOIINECs, HAIPUMED
pPaznoaKTUBHOCTb. J[OBOJIBHO CKOPO CTAJIO SICHO, YTO MOJOOHBIE «MEIOYN» BEChbMa MPUHIIMUIIU-
aJbHBl — OHU IIPUBEJM K Kpaxy 3JE€KTPOMarHUTHOW KapTUHBI MUpa.

KoneuHo, srnekTpoMarHuTHasi KapTUHA MPEACTaBIsIa COOON 3HAUUTENBHBINA 1Iar Bepén B
MO3HAHUM YEJIOBEKOM OKPY’KAIOIIETo Mupa (1Mo CPaBHEHUIO ¢ MEXaHMYECKOW KapTHHOW). MHO-
TH€ JETalu 3JEKTPOMAarHUTHON KapTHHBI COXPAHWJIUCh B COBPEMEHHON E€CTECTBEHHOHAYUYHOU
KapTHHE: NOHATHE (PU3UYECKOro MOJs, JIEKTPOMAarHUTHAsI TPUPOJa CUJI, OTBEYAIONINX 3a pa3-
JUYHBIC SIBJICHUS B BElIeCTBE (HO HE B CaMHMX aTOMHBIX sijipax!), sjepHas MOJelb aToma, Jya-
JIU3M KOPITYCKYJISIPHBIX M BOJIHOBBIX CBOWCTB M MHOro€ Jipyroe. B To ke Bpems B 3yeKTpoMar-
HUTHOM KapTWHE, KaK ¥ B MEXaHMYECKOW, TOCMOJCTBOBAIH OOHO3HAYHblE TIPUYHHHO-
CJIEJICTBEHHBIE CBS3H, MO-TIPEKHEMY BCE OBLIO KECTKO ompeneneHo. OTKpbIThie MaKcBeIoM 1
BonbiiMaHOM BepOsATHOCTHBIE (PU3NYECKHE 3aKOHOMEPHOCTH HE MPHU3HABAIUCH (YHIAMEHTAIIb-
HBIMU; TTIO3TOMY OHM HE BKJIIOUAJUCh HU B MEXaHUYECKYI0, HU (MTO37HEE) B 3JICKTPOMArHUTHYIO
KapTHUHY MHpa. DTH BEPOSATHOCTU OTHOCHIIMCH K KOJUIEKTHBAM MOJIEKYJI, a CAMU MOJIEKYJIbI (Ka-
7Jasi B OTJIEIBHOCTH) BCE paBHO CIIEAOBAIN OAHO3HAYHBIM HBIOTOHOBCKHUM 3akoHaM. CTOIb ke
OJIHO3HAYHBIMH, XKECTKUMU MPEACTABISINCh U MaKCBEJUIOBCKUE 3aKOHBI, YIPABIISIONIME DJIEK-
TPOMAarHUTHBIM ToJieM. Kak 1 11 MEXaHMYeCKOW KapTHUHBI MUPA, JJIS 3JIEKTPOMArHUTHOM Kap-
TUHBI ObUIa XapakTepHa Memaguiuyeckas omepmeenocms, BCE ObUIO UYETKO pa3rpaHHyeHO,
BHYTPEHHUE POTUBOPEYHS OTCYTCTBOBAJIH.

JleBsiTHamUATHIA BEK MOABEIN YEJIOBEKA K MOHMMAHUIO TUAJIEKTUKHU MPUPOABL, HO CaM 3TOT
BEK eIl€ ocTaBalicsd Ha MO3ULMIX Memaguzuueckoeo mamepuanuzma. Ilepexon K auanexkTuye-
CKOMY MaTepHaIU3My TOJIBKO IIPEACTOSIL.



Huanoe. O npuBbIYKE BUOETb 3a BEPOATHOCTSAMMU
O[HO3HAaYHble 3aKOHOMEPHOCTU

— PaHbwe Mmbl paccmaTtpHBasd ABH-
Kende oObuHBIX Tea. Tenmeps MBI
paccMaTtpuBaeM JIBHIKEHHS MOJIEKYJ
B raze. Yro 3meck nNpHHUMNHAABHO
HOBOro?

— He 3uaw... [IBukenue MOJIEKYJIb,
KaK M JBH)KeHHe o6hlYHOro Tena, noi-
YHHAeTcA 3akoHaMm Heworoua.

Ha ypoke gusuru.

ABTOp. C TOUKH 3peHus pa3BuThs Gu3nku XIX B. ¢
MOJTHBIM OCHOBAaHHEM MOXXET OBITh HA3BaH yJAUBHUTEIb-
HbIM. VIMEHHO B 3TOM Beke Hauajcs M cTajg HabupaTh
MOIIb TIPOIECC MHTETpauU (PU3MUECKUX 3HAHUH, YBEH-
YaBIIMHCA TOSIBJICHUEM TEOPUU DSJIEKTPOMArHUTHOTO
MOJIsS, OTKPHITHEM 3aKOHA COXPAHECHHS M MPEBPAILCHUS
SHEPruM, CO3JaHHEM TEPMOJAMHAMUKH, OOBEIUHEHHEM
yCUJIUH (U3UKM U XMMUU B paciiuppoBKE CTPOCHHS
atoma. lIMeHHO B 3TOM Beke MpOM30ILI0 COObITHE, 3HA-
YeHHEe KOTOPOro OBLIO MOHATO MHOTO TO3]IHEE — YyIKE B
XX B. Sl uMmero B BULLY oOpawjerue Gusukos Kk eeposim-
nocmam. Co BpemEH ['anunes u HeroToHa Qusuku mpu-
3HABAJIM TOJBKO OJTHO3HAYHBIE 3aKOHOMEPHOCTH; Ipe.-
M0JIarajaoch, YTO UHBIX MPUUMHHO-CIICACTBEHHBIX CBSI3EH
U ObITH He MOXeT. Terneps ke, HapsAAy C OJJTHO3HAUHBIMU
3aKOHOMEPHOCTSIMU (MX TPUHATO HA3bIBaTh OuHaAMUYe-
CKUMU) CTaM PacCMaTpUBATHCS BEPOSTHOCTHBIEC (cma-
mucmuyecKkue) 3aKOHOMEPHOCTH.

Hutepecno, obOpamiaete i Bbl BHIMaHUE NIKOJb-
HUKOB Ha 3TOT MPUHIIUITHAIBHEIN (haKT, KOraa 3HAKOMHU-
T€ MX C MOJIEKYJIIPHO-KMHETUYECKUMH IPEACTABICHUS-
Mu?

Yuurenab. Sl rOBOpIO UM, YTO MPU PACCMOTPEHUHU
KOJUIEKTHBA W3 OOJBIIOr0 YHCIa MOJEKYJ MPUXOTUTCS
MOJIB30BaTbCAd BEPOATHOCTHBIM onucaHueM. Ho, mpu-
3HATBCA, 1 HE BIDKY 371€Ch Yero-au00 MPUHIIUITHATBHO
HOBOro. B koHeunoe cuére, BCE MOKHO CBECTH K 3aKO-
HaMm Herotona. [Ipeamnonoxum, 4To B KaKOH-TO MOMEHT
BPEMEHH MBI ONPEIETNIA KOOPIANHATBI U CKOPOCTH 8CeX
MoJlekyn B paccMaTpuBaeMoM o0bEéme rasza. [Ipemmorno-
JKUM TaKXe, 4YTO Mbl CyMEJIM NPOCIIEIUTh 32 BCEMU CO-
YAAQpPEHUSIMU MOJIEKYJ JIPYr C JPYrOM U CO CTEHKaMH
cocyza. SIcHO, 4TO B TaKOM CIIy4yae MbI MOTJIH ObI TOYHO
Mpe/cKa3aTh, I/I€ OKaXETCS B HEKOTOPHIH MOMEHT Bpe-
MEHH Ta WIA WHas MOJIEKYJa, U KaKyl CKOpPOCTb OHa
OyJIeT MPU 3TOM UMETh.

ABTOp. Bac He cmymiaet, uro npu 3ToM BBl ynomoOsieTech TOMy caMOMY BCE3HAIOIIEMY
CBEpXCYILECTBY, 0 KOTOpoM nucai Jlamnac?
Yuurens. [lepeno MHOI KOHKpeTHAs 3a1aya U3 MexaHukH. [IpaBaa, ¢ ype3BpIYaitHO 00JIb-

MM KOJIMYCCTBOM TCII.

ABTOp. B KyOnueckoM caHTUMETpe ra3za Ipu HOPMAJIbHBIX YCIOBHIX HaXOJUTCS OKOJIO 10"
MoJieKkyJ1. Bam npunuiock 661 UMETh J1e710 ¢ (haHTACTUYECKU CII0KHOM 3ajauei.

Yuureas. TpyaHOCTH, KOHEYHO, UCKIOYUTENBHO OTPOMHBI. HO OHM MMEIOT HE NMPHUHIIMIIN-
aJbHBINM, a YUCTO TEXHUUYECKUHN Xapakrep. M MOCKOIbKY HAllU BBIYUCIUTEIBHBIE BO3ZMOXKHOCTH
He OecrpeieNibHbI, MPUXOJUTCS IPpUOEraTh K BEPOSITHOCTSIM — BEPOSITHOCTU MOJIEKYJIE MOMACTh
B TaKOH-TO 00BEM, UMETh CKOPOCTh B TAKOM-TO MHTEpBaJIe 3HAUCHUH U T. 1.



ABTOp. 3HauuT, Bel nosaraete, 4TO UCHOJB30BaHNE BEPOATHOCTEN CBSI3aHO JIMILIb C IIPaK-
TUYECKOW HEBBINIOJIHUMOCTBIO YE€pECUyp TPOMO3AKUX PACUETOB U YTO 3a SMUMU GEPOSAMHOCHIA-
MU cmosam 0OHO3HAYHbLE 3aKOHOMEPHOCMUL, YTIPABIIAIONINE TOBEICHUEM OTJEIBHBIX MOJICKYJI?

Yuureab. IMeHHO Tak g u nosararo. [loromy u He BHXKY 37€Ch YEro-TO NPUHIMIHAIBHO
HOBOTO.

ABTOp. Y MEHA ecThb, IO KpaliHEe Mepe, YEThIpe CEPhE3IHBIX apryMEHTa B MOJIb3y TOTO, YTO
BEPOSTHOCTHOE OINHUCAHKE OOJBIINX KOJJICKTHBOB HEOOXOAMMO MO MPUHIUIHAIBHBIM, a HE TO
TEXHUYECKUM COOOpaKeHUSIM, UTO B caMOll npupooe 3TUX KOJUIEKTUBOB €CTh CIy4ailHOCTh, YTO
YKa3aHHYIO CIIy4allHOCTb Helb3s C6ecmu K HenoIHome Haulux 3HaHuli © HEYyMEHUSM BBIIIOJIHATD
CTOJIb TPOMO3/IKUE PACUETHI.

Yuurteab. X0Ten0ch Obl y3HATh 3TH APTYMEHTHI.

ABTOp. Bot nepBbiit. JlonmycTtum, 4TO CymIecTBYeT, Kak Bbl yTBepkaaere, )KECTKask cUCTEMA
OJIHO3HAYHBIX CBS3E€H MEXAy MOJIEKyJIaMH B rase. IIpencraBum, 4to BAPYr NMPOU3OMAET HCUE3-
HOBEHHE KaKOIro-TO YMCia MOJIEKYJ (OHU MOMPOCTY BBUIETAT U3 COCY[Ia). 3HAYUT, BMECTE C ITH-
MU MOJIEKYJIaMH MCYE3HYT M BCE MPENONPECIEHHbIE UX NMPUCYTCTBUEM B ra3e IMOCIEAYIOIINE
CTOJIKHOBEHUS C IPYTUMHU MOJIEKYJIaMH, 4TO, B CBOKO OYEPEb, U3MEHUT IOBEICHUE 3TUX APYTUX
MOJIEKYJI. BCE 3TO HE MOXKET HE CKa3aThCsl HA BCEU CUCTEME KECTKUX B3aUMOCBS3EH U, KaK CIE/-
CTBHE, Ha MTOBEJCHUH KOJIJIEKTHBA MOJEKYJ B 11eJI0M. OJTHAKO U3BECTHO, YTO MOYKHO COBEPILICH-
HO 0e300JI€3HEHHO C TOUKU 3pEHHs ra3a, PacCMaTpUBAEMOT0 Kak LIeJ0e, U3bATh CPa3y JOBOJIBHO
GONIBIIOE YHCIIO MOJEKYH (Hampumep, 10'? Monekys u naxe cymecTBeHHO Gonbiie). [Ipu sToMm
napaMeTpsl ras3a, €ro NoBeJCHUE HUCKOJIBKO HE M3MEHATCA. Pa3Be 3TO HE yKa3bIBaeT Ha TO, YTO
JUHAMHAYECKHE 3aKOHOMEPHOCTH, YIIPABJISIONINE MTOBEICHUEM OTAEIBbHBIX MOJIEKYJI, CTPOro ro-
BOpsI, HE ONPEEISAIOT MOBECHHE ra3a B 1iesioM? Pa3Be He oOeclieHMBaeTCs 3apaHee Hallle yKella-
HUE MIPOCIEAUTh 32 N3MEHEHUEM CO BPEMEHEM KOOPJMHAT U CKOPOCTEN OTAEIIbHBIX MOJIEKYJ?

Yuureab. U BCE ke TpyAHO MOBEPUTH B TO, UTO 3a MOBEJICHUEM ra3a Kak LEJ0ro He mpsi-
YyTCs T€ CAMbIE 3aKOHBI, KOTOPHIE YIPABIIAIOT OBEJACHUEM OTIEIbHBIX MOJIEKYJI ra3a.

ABTOp. Paccmotpum BTOpOii Moit apryment. Hauny ¢ npocroro npumepa. Kamens 6pocarot
U3 HEKOTOPOW TOYKH IOJ HEKOTOPBIM YIJIOM K TOPU30HTY C HEKOTOPOI Ha4allbHOM CKOPOCTHIO.
IlycTp B KakOH-TO TOYKE €ro TPACKTOPUM MBI MBICIEHHO M3MEHWIHM HAINPaBICHHE CKOPOCTH
KaMHs Ha TNPOTHUBOIOJIOXKHOE. SICHO, YTO KaMeHb BO3BPATUTCA B HMCXOJHYIO TOUKYy U OyAer
UMETb B HEW Ty e CKOPOCTb (110 MOJYJII0), KaKyto UMea B MOMEHT Opocanus. [lomydaercs, uto
JETSIIUN KaMEHb KaK Obl ITOMHUT» BCE BPEMS CBOIO KUCTOPUION.

Yunresb. OTO €CTECTBEHHO — BEJlb Ka)KJI0€ MTHOBEHHOE COCTOSIHUE JIETSILEr0 KaMHs Ipe-
JOTIPEIETIEHO MPEABIIYIIUM U, B CBOK OY€PElb, ONPEAEIISIET MOCIEAYIOIIEE.

ABTOp. J[100y10 TpaeKTOPHIO MOXKHO, B IPUHIUIIE, OOPATUTh U TEM CaMbIM Kak Obl BO3Bpa-
TUTHCS B Ipoluioe. B 3ToM u nposiBisitoTes xKECTKUE (JUHAMUYECKHE) 3aKOHOMEPHOCTH.

Wnoe neno — noBezaeHue rasa. [Ipencrasbre cebe cieayromyto cuTyanuo. MiMeercs my4ok
MOJIEKYJ, CKOPOCTH KOTOPBIX MapajielbHbl. DTOT My4YOK HampasiieH B cocy. [lonanas B cocyn,
MOJIEKYJIbl UCTIBITBIBAIOT MHOXKECTBO CTOJIKHOBEHMH, B pe3ysbTaTe ras, oopasyemsblii paccMaTpu-
Ba€MbIMHM MOJIEKYJIAMH, MPUXOJUT Y€pe3 HEKOTOPOE BPEMsI B COCTOSIHME TEPMOJUHAMHYECKOIO
paBHOBecHs. B 3TOM cocTOsIHMM yTpadeHa Kakas-In00 «HIaMsTh» O MPOHUIOM. MOXXHO CKa3arTh,
YTO MPUILEIIINNA B TEIJIOBOE PaBHOBECHE T'a3 Kak Obl «3a0bLT» CBOIO MPEBICTOPUIO, HE TIOMHUT,
KakMM UMEHHO 00pa3oM OH MpPULIEN B paBHOBECHOE cocTosiHuE. [103TOMY HET cMbIciia TOBOPHUTH
0 TOM, 4TOOBI OOPAaTUTh BCIO CUTYAIMI0, — MOJIEKYJbI ra3a BCE paBHO HE COOEpyTCs B €IUHBIN
IIy4YOK, BBIXOASIIUN U3 COCyZa B ONPEAEIEHHOM HaIpaBJIeHUU. MOKHO NPUBECTH MHOTO IPH-
MepOB NMOA00HON «3a0bIBUMBOCTH. [Ipeanonoxkum, 4To no OJHy CTOPOHY MEPErOPOIKU B COCY-
Jie HaXOUTCS OJIMH ra3, a 1Mo APYryio CTOpoHy Apyroil. Eciu yOparh neperopoaxy, mpou3onaér
nepeMenuBaHue MoJIeKyJl 00ouX ra3oB. BrionHe moHATHO, 4TO HE clieyeT npoOoBaTh 00OpaTUTh
9Ty KapTHUHY — MOJIEKYJIbl HE paclpeielaTcs M0 «CBOMMY IOJI0OBUHAM cocyaa. ['a3, B koTopoM
MIPOU3OILIO NEPEMEIINBAHNE, YKE «3a0bU» CBOIO MPEABICTOPHIO.

Yuurean. B 3tom s ¢ Bamu coraces.

ABTOp. A Tenepb NOCTaBUM BOIPOC: KOI'/Ia MPOUCXOJIUT «yTparta MpeaplcTopum»? ITo npo-



UCXOJUT TOT/Ia, KOTJla Ha CIIeHE MOsBIACTCS cayyatinocms. BoT Bel mogOpaceiBaeTe UrpaibHbIHA
KyOMK — BBINIA/Ia€T, JIOMYCTUM, Tpolka. Bbl cHOBa moaOpacsiBaeTe — BbINaAaeT NATEPKA. BbI-
najicHue MATEPKU HUKAK HE CBSA3aHO C TEM, UTO Mepe] STUM BhIMalia Tpoiika. Bel Opocaete KyOuk
MHOTO pa3 ¥ MoyrydaeTe Hekuil Habop mudp. B HEM 00HapYKMBaeTCs 3aKOHOMEPHOCTh: MATEPKA
(xak, BIIpoueM, U Jr00as U3 mecTH udp) BCTpeyaeTcss IPUMEPHO B OJHOM IIECTOM BCeX Cllyya-
eB. JTa 3aKOHOMEPHOCTb He umeem npeovblcmopuu — OHA HE CBS3aHA C BBINAJCHUEM TeX WIH
UHBIX (P MPU OTACTHHBIX OpocaHUsIX KyOuka. Bbl MOkeTe MOBTOPUTH OMBIT, POU3BECTH HO-
BYIO CEpUI0 OpOCaHW — MOJYYUTCS HOBBIA HA0OP UdpP; OJHAKO YIIOMSIHYTask 3aKOHOMEPHOCTh
cHOBa OyzeT HaOII01aThCs.

Ympama npedvicmopuu TOBOPUT O TOM, YTO 3/1€Ch (M B cliyyae ¢ KyOMKOM, U B ClIy4ae ¢ ra-
30M) MBI UMEEM JI€JI0, B OTJINYME OT MEXAHUKHU, C 3aKOHOMEPHOCTSIMU MHOTO TUIIA — CTAaTUCTH-
YECKUMU (BEPOSITHOCTHBIMU). 371€Ch CIYYalHOCTh UTPAET NPUHYUNUATILHYIO POb, U TIOOTOMY HE
HaJI0 IBITAThCS CBOJUTH 3TH 3aKOHOMEPHOCTH K TMHAMUYECKUM.

Yuurensn. Kazanocs Ob1, Bc€ Ob110 Tak sicHo. CHauana Mbl u3ydaeM MexaHuky HproToHa,
OOBSICHAIONIYIO JABMKEHHE OOBIYHBIX TeJl. 3aTeM, IPUMEHSSI 3TY MEXaHUKY K JBMKEHUSIM MOJIe-
KyJI raza, Mbl MOXEM, B IIPUHIIUIIE, PACCMOTPETh 3TOT ra3, MOKeM, HalpuMep, BbIPa3uTh Ha SI3bI-
K€ MEXaHMKH €ro TeMIepaTypy U AaBieHue. M temneparypa, U JaBieHHE ra3a UMEIOT MEXaHH-
YECKHE aHAJIOTU — CPEIHIOI PHEPIUI0 U yCpeIHEHHOE W3MEHEHHE MMITysibca. Beé aTo mo3Bo-
JISIIO OTHOCUTBCS K TUHAMUYECKHM 3aKOHOMEPHOCTSIM KaK K 3aKOHOMEPHOCTSIM (yHIaMEHTallb-
HBIM. BBI ke mpennaraere moCTaBUTh HapaBHE C JUHAMHYECKUMHU TaK)KE BEPOSTHOCTHBIE 3aKO-
HOMEPHOCTH.

ABTOp. Mexy npoduM, HEe Bce TEPMOAMHAMHUYECKHUE BETUYMHBI UMEIOT aHaJIOTH B MeXa-
HUKE. Y oumponuu, HapuMep, HET MEXaHUYECKOT0 aHAJIOra — 3TO KakK pa3 M €CTh MOM TpeTuit
apryMeHT.

Yunresb. DHTPOIHUIO B IIKOJIE HE TIPOXOMIT.

ABTOp. 1 HakoHel, 4eTBEPTHIN apryMeHT... Jlo cuX mop Mbl OJpa3yMeBali, YTO ABUKECHHUE
OTJIENIbHOM MOJIEKYJIBI MO>KHO OIMCBIBATh 3aKOHaMH MexaHuku. Ho, cTporo rosops, 3To HEBep-
HOo. CTporo roBopsi, HeJb34 IoJIaraTh, YTO MOJIEKyJla UMEET OJTHOBPEMEHHO OIpe/IeIEHHbBIE KO-
OpAMHATHI ¥ ONPEJEIEHHBIE COCTABIIAIOIINAE CKOPOCTH. A 3TO 03HAYaEeT, YTO TPAEKTOPHUS MOJIe-
KyJIbl — MOHSTHE NpUOIU3UTENbHOE. MOoseKyla — MuKkpooOvekm U Kak TaKOBOM JBMXKETCS IO
3aKOHAM HE HBIOTOHOBCKOM, a K8AHMOBOU MeXaHuKu. A 3T 3aKOHBI SIBJISIOTCS BEPOSTHOCTHBI-
MHU.

Yuurenab. KBaHTOBYI0 MEXaHUKY B IIKOJIE TOXKE HE MPOXOISAT.

ABTOp. /la, NIKOJIBHUKOB HE 3HAKOMST HU C SHTPONMUEHN, HU C KBAHTOBOM MEXaHHMKOW. Mx
CJIOBHO 00eperaroT OT BCEro, YTO NMPUHLIUIHAIBLHO CBSI3aHO C BEpOATHOCTAMU. HeyauButensHo,
YTO 803HUKIA NPUBLIUKA 8 TI0O0M Cllyyae UCKams 3a 6epOsIMHOCMAMY 0OHO3HAYHbLE (OUHAMUYe-
cKue) 3aKkoHoMepHocmuy. ITa MPUBBIUKA OPraHUYECKH CBSI3aHA C MPHUBBIYKON MBICIUTD MeXaHu-
cmuyecKku, ¢ IPUBBIYKOM OCHOBBIBATh BCE HA MPEJCTABICHUAX M 3aKOHAX MEXaHUKU. A MEXIY
TeM MpeAcTaBleHue 0 (yHAaMEHTATbHOCTH JUHAMHYECKUX 3aKOHOMEPHOCTEH, paBHO KaK U Me-
XaHUCTUYECKUH MOJXO0J K 3aKOHaM MPUPOJbl — 3TO gYepauinuli AeHb HayKu. BeposTHOCTHBIE
3aKOHOMEPHOCTH YIIPABJIAIOT HE TOJBKO KOJUIEKTUBAMHU, OHM MOTYT OIPEIENSTHh INOBEICHHE
TaK)K€ OT/JEJIbHBIX WICHOB KOJIJIEKTHMBA, @ UMEHHO: OJIHOM MOJIEKYJIbl, OJTHOTO aToMa, OJHOIO
JJIEKTPOHA.

Yuureas. [locnennee MHE HEOHATHO.

ABtop. [IpuBeny npumepsl. Haxonsce BHE aTOMHOTO si7jpa, HEUTPOH OOHAPYKUBAET HECTa-
OWJIBHOCTb: OH CAMONPOU360JbHO TIPEBPAIIAETCS B TPU YACTHUIIBI — MPOTOH, SJIEKTPOH U 3JIEK-
TPOHHOE aHTUHEHTPUHO. DTO MpeBpallleHUe (€ro Ha3bIBAIOT PaclajoM HEUTpoHA) UMEET gepo-
AmHocmHblll Xapaktep. Mbpl HE MOXXEM IpeJlicKa3aThb, KOTJa UMEHHO MPOU3OUAET pacmajl KOH-
KPETHOTO0, HayTaJ] BELIOPAHHOTO HEUTPOHA; MBI MOYKEM TOBOPUTH JIUIIIb O BEPOSITHOCTH HEUTPOHY

TIPOKHTH JIO PAcIiaia TO MIIH MHOE BpeMs . DTa BepOsATHOCTH paBHa e '*, Te 7 =10’ ¢ ; mobo-

MBITHO, YTO OHA HE 3aBUCHUT OT TOTO, CKOJIBKO YK€ «ITPOXKUI» JAaHHBIM HEUTPOH K MOMEHTY Ha-
yajia 0Tc4€Ta BpEMEHH — HEUTPOHBI «He cTapetoT». [IoCTOSHHYIO 7 Ha3bIBAIOT BPEMEHEM KU3-



HU HEWTpoHA. Ba)XHO MOHMMATH, YTO 3TO HA3BaHUE YCIOBHO, TaK KakK JEHCTBUTEIBLHOE BpPEMs
JKU3HU KOHKPETHOTO HEUTpOHAa MOXET OBbITh, B MPHUHIIUIE, KaKUM yroaHo. [Ipocto 31O ecTh
MPOMEKYTOK BPEMEHH, B T€UEHHE KOTOPOrO YHWCIO YLEJEBIIUX (HEpACIMaBIIUXCS) HEHTPOHOB
yMEHbIaeTcs B e = 2,72 pa3za. [lpyroii npumep: sBIIeHHE HECTAOUILHOCTH HEKOTOPHIX aTOMHBIX

sep (sIBIEHHE paAMoOaKTUBHOCTH). EIIE oMH mpuMep: caMONpOU3BOJIbHBIN MEpPEXo] (CKauoK)
aToMa U3 BO30YXJIEHHOTO COCTOSIHUS B HEBO30YKIEHHOE. Bece 3TH M MHOTHE Apyrue mpuMephl
JIEMOHCTPUPYIOT TPUHIMIIMAIBHOE OOCTOSTENBCTBO: 1OBeOeHUe OMOENbHO20 MUKPOOObEeKma
onucvieaemcs He OUHAMUYECKUMU, d 8ePOSMHOCMHbIMU 3aKOHOMepHOocmaMU. Tak 4TO UMEHHO
BEPOSITHOCTHBIE, 2 HE JMHAMUYECKHE 3aKOHOMEPHOCTH OKa3bIBAIOTCS (hYHOAMEHMATbHBIMU.

Yuntean. Hago v ycloXHITh MIKOJIBHYIO MpoOrpamMMmy Mo (pU3MKE BCEMU 3TUMHU «TOHKO-
CTAMU»?

ABTOp. Moxer ObITh, 1 HE Haj0. Ho B TakoM citydae He HaJ0 MPU3bIBATh yUUTENS (HU3UKU
(dopMHpOBaTh y yyalIuXcs TUAIEKTHUYEeCKoe MbllieHHe. [I0ToMy 4TO UMEHHO BEpOSTHOCTh BbI-
paXkaeT ouanexmuxy Heobxooumo2o u caydatnozo. OrpaHnYNBasCh PACCMOTPEHUEM JIUIIB OJTHO-
3HAUHBIX (JMHAMMUYECKHX) 3aKOHOMEpHOCTEH, BBl paspyuiaeme ynoMsHyTyr0 OUANEKTUKY —
Bb1 octaBnsiere HEOOXOAMMOCTh U BBIKUBIBAETE CIy4ailHOCTh. JIManeKTUKe HENb3s HAYYHTh C
MOMOUIbIO OJJTHUX TOJIBKO IIPU3BIBOB U JIEKJIapalIUil.

Yuurenn. Koneuno, Bamr goBoj, kacaromuiicsi TUaaeKTUKH HEOOXOIUMOTO U CIIy4aitHOTO,
ybenaurenen. OqHako BepHéMCs K Bammm npumepam u nonpoOyeM B3IISIHYTh HA HUX HEMHOTO
nHavye. He cnumkoM nmm mHOTO ciydaiiHoro? CoBepIeHHO CiydaitHo, 6€3 BO3JICHCTBUS M3BHE
HEUTPOH BApPYT MpeBpallaeTcss B TpH HOBbIe YyacTHIbl. Kakoe-HuOyab aToMHOE SApO MpedbIBaeT
B [IOKO€ MHOTO JIET U BAPYT HU C TOTO HU C CETO B3pBIBAETCS, NPEBpAILAsICh B HOBOE sA11po. He
O3HayaeT JIM BCE 3TO, UTO B ABJICHUAX MUKPOMHUpPA (DAKTUUECKH omcymcmeayem npuduHHOCms?

ABTOp. BBl 3aTpoHynHM KpaiiHe BakHBIA BoOmpoc. JleHCTBUTETbHO, OOBEKTHBHAS CITydaii-
HOCTh (CIIy4allHOCTh, IPUCYTCTBYIOIIAsE B CAaMOW «IIPUPOJIE BEIIEW», a HE CBSA3aHHAs C HAIIUM
HE3HaHUWEM KaKHX-TO JeTaliei) MpeICTaBlIIeTCs, Ha MEepPBbIN B3I, KaK OTKa3 OT MPHUHIIMIIA
npuunHHOCTU. HO 370 He Tak. Kak Brl mymaere, TOT (hakT, yTO mpH mocienoBaTeilbHbIX Opoca-
HUSIX UTPAIbHOTO KyOHKa BBIMANK, CKa)XXeM, JBOWKa, MATEPKA, €AMHULA, — 3TO OOBEKTHBHO
cilydaifHble COOBITHS WM HET?

Yunreasn. Kaxnoe Beimanenue nuudpsl UMEET CBOM MPUYMUHBI: HAYalbHOE MOJOXKEHHE KY-
OuKa B pyKe, B3Max KUCTH, TOJYOK, CONPOTUBIICHHE BO3/lyXa, PACCTOSHUE OT PYyKHU JI0 TMojaa (110
CTOJIa) U T. [I.

ABTOp. BepHo. U Tem He MeHee, 3TH COOBITUS — OOBEKTUBHO cily4aiiHble. Bcé neno B ToM,
YTO MedHcOy HUMU Hem Koppensayuu. BelnageHue NaHHOM LM@pBI HE 3aBUCUT OT TOro0, Kakas
dpa BbINajga nepeja 3TUM, U He BIUSAET Ha TO, Kakas Ludpa BbIIAAET IPU MOCIeaAytomeM 0po-
caHuM. BCcmoMHMM: Clly4allHOCTb CBSI3aHA C OTCYTCTBHEM «IIAMSTH», YMPAmol npeobiCmopul,
UHaue TOBOPSI, C HEKOPPENUPOBAHHOCHIBIO COOLIMUI.

Y4ureas. S He coBceM noHMMaro Bamu paccykaeHusl.

ABTop. [IpuBeny npyroit npumep. PaccMoTpum coOBITHS — 3aKa3bl TakcH Mo Tenedony. 3a
KQKJIbIM KOHKPETHBIM 3aKa30M CTOMT Liejlasg Lenb NpuduH. g qucnerdepa TaKCOMOTOPHOIO
Hapka MocTynarolue K HeMy 3aka3bl — OOBEKTHBHO ciydvaiiHble coObITus. [Ipruém BoBce He
MIOTOMY, YTO OH HE 3HAET YMOMSHYTOMN LIENU MMPUYHH, a BCIEJACTBUE COBEPUIEHHO 0ObEKTUBHOIO
00CTOATENILCTBA — OTCYTCTBHUS B3aUMHOH COTJIaCOBAaHHOCTH B JIEUCTBUSX JIIOJICH, KOTOpPbIE Jie-
JaroT 3aKa3. TyT COOBITHS pacCMaTPUBAIOTCA KakK ObI B IBYX Pa3HBIX IIOCKOCTSIX. B oqHON OHH
00BEKTUBHO CIy4aiHbl, B APYrol — KakJ0€ U3 HUX MMEET onpeaenéHHble npuunHbl. Kak Bu-
uTe, 00BbEKTHUBHAS CIIYy4YallHOCTh MPEKPACHO YKUBAETCS C IPUUUHHOCTBIO.

Yuurennb. Bamum npumepsl B3AThl U3 JKU3HU. A Kak OBITh C SIBJCHHUSMH B MUKpOMHUpE?
[lycTh pacnag HEMTpoHA OOBEKTHUBHO CIy4yaeH B KaKOM-TO «IJIOCKOCTH». A B KaKOW «IUIOCKO-
CTH» HAJ0 UCKATh €r0 IPUYUHBI?

ABTOp. Pacnan HeliTpoHa neliCTBUTENBFHO OOBEKTUBHO CITy4acH. MBI IPUHIIUITHAIBHO (2 He
IOTOMY, YTO YEro-TO HE 3HAEM) HE MOXKEM YMpPaBIATh JJIUTEIBHOCTBIO «OKU3HU» KOHKPETHOTO
HeliTpoHa. HeT y HeliTpoHa M cBOe0oOpa3HBIX «BHYTPEHHUX 4YacoB». Kak yxe oTMedanoch, HE-



TPOHBI «HE CTapelOT»: BEPOSTHOCTh HEUTPOHY MPOXKUTh KAKOE-TO BPEMSI HE 3aBUCUT OT TOTO,
CKOJILKO OH YK€ TIpOXKuj. B To ke Bpems pacman HelTpoHa (Kak U J11000e COOBITHE B MUPE) HE
€CTh OeCIIpUYMHHOE COOBITHE. B 3TOM CMBICIIE TEPMUH «CaMOIPOM3BOJIBHBIN pacraj HETOYEH.
Ctporo roBopsi, CaMOIIPOU3BOJIBLHO MOXET BECTH C€0s JHILb NOIHOCMbIO U30IUPOBAHHDIL 00b-
exT. OnHako 000U MuUKkpoobvekm — He N3OIUPOBAHHBIM OOBEKT, OH B3aMMOJCHCTBYET CO
BceM MupoM. Cama CyIIHOCTh MUKPOOOBEKTa peau3yeTcsi B TOM WM UHOM BHJE B 3aBUCHUMO-
CTH OT KOHKPETHBIX YCIIOBHiA, OT TOTO, B KAKOW MMEHHO OOCTaHOBKE HAXOJIUTCS TaHHBIH MHKPO-
00BEKT (3aBUCUT OT TOT'O, KaK MOCTABJICH KCIIEPUMEHT C MUKPOOOBEKTOM).

Yuureab. [10-MoeMy, HEUTPOH BCETIA €CTh HEUTPOH, @ JIEKTPOH BCETA €CTh JJIEKTPOH.

ABTtop. Koneuno. Ho pa3se Bbl He 3HaeTe, 4TO 2JIEKTPOH MOXKET OOHAPYKHUBATh BOJTHOBBIC
1100 KOPITyCKYJISIpHBIE CBOMCTBA B 3aBUCHMOCTH OT KOHKPETHBIX YCJIOBHUH, HAIIpUMEp YCIOBHI
AKCIIEPUMEHTA, KOTOPBI MbI IPOBOJIUM C JIEKTPOHAMU?

Yuurean. [la, MHe 3T0 u3BecTHO. HO MOXHO JIM 3TO paccMaTpuBaTh Kak B3aMMOJCHUCTBHE
3JIEKTPOHA CO BCEM OKPYKAIOLIUM €ro MUpoM?

ABTOp. TepMHH «B3aUMOJEHCTBUE» HAJ0 OHUMATh 3/I€Ch LIMPE, YEM 3TO IOHUMAETCS NTPU
pPaccMOTPEHUH OOBIYHBIX (CHIIOBBIX) B3aUMOJEHCTBHI. DTO €CTh OJIMH U3 MPUHLHUITUAIBHBIX BO-
IIPOCOB, pacCMaTpUBAaEMbIX B KBAHTOBOM MexaHHKe. Kojib CKOpO B 3aBUCHMOCTH OT YCJIOBUM
JEKTPOH WM HEUTPOH OOHApPYKUBAIOT KOPIYCKYJSpHbIE MO0 BOJHOBBIE CBOWMCTBA, TO SICHO,
YTO 3TU CaMbI€ YCIOBHS KaK-TO «BO3JICHCTBYIOT» HA MUKPOOOBEKTHI.

Yuyurteanb. Bcé 310 13 001acTH 3aragoK KBAHTOBOM MEXaHUKH.

ABTOp. Jleno He B 3arankax. [Ipocto Ha onpenenéHHOM ypOBHE M3yUeHUs (PU3NYECKHX SIB-
JeHU 00BEKThl MPUHIMIIUATIBLHO YMpauugarom ceorw U30IUpPOBAHHOCMb, UCYE3aI0T HCIOIb30-
BaBILMECS paHEE PAa3TPaHUYEHHUs, CTHpAIOTCA I'paHu. Tak, CTUpAOTCS TpaHU MEXKIY IOJIEM U
BEIIIECTBOM (3TO OUYEHb MPUHIUITHAIIBHO, U MBI 00 3TOM emé OyneM nmoapoOHo ToBopuTh). Hema-
POM B MHpE 3JIEMEHTApHBIX YacTHI] TJIaBHOE SIBIEHHE — B3aMMOJAEWUCTBUA 4yacTull. Ha yposne
MUKpomupa npuobpemaem 21yO0KUll CMbICIL UOest eOUHCMBA MUPA U 8Ce0OWell C853U SABIEHULL.

Yuurenb. 1 Bcé ke, Kak NMpenCTaBUTh cebe «HEM30JIMPOBAHHOCTY) HEHUTPOHA, Paclaaaro-
HIErocsl B BAKyyMe B IIOJIHEHIIIEM yIaJ€HUH OT KaKUX-JTMOO TeJl WM MOJIen?

ABTOp. A xak Bbl nonnmMaere Bakyym?

Y4ureas. Kak nycroty, rae HU4ero Her.

ABTOp. [lo coBpeMeHHBIM TPECTaBICHUSIM, BaKyyM — 3TO HE MycToTa. Bakyym B Oyk-
BAJIBHOM CMBICJIE «3allOJIHEH» CIIy49allHBIM 00pa3oM POXMAIOUIMMHUCA W YHHUYTOKAFOIIUMHUCS
YacTHIIAMHU (711 HUX BBEIEH CHEIHATbHBI TEPMUH — «BUPTYATbHBIE YACTHUIIBD»).

[IpyHIMIIHATBEHO HEBO3MOXKHO MPOCIEINTD 3a B3aUMOJCHCTBHEM HAILIEr0 HEUTPOHA C BUP-
TyaJIbHBIMHM YaCTHIIAMH BaKyyMa, HO OHO, KOHEYHO, €CTh. TaK 4To Helb3s TOBOPUTHh 00 HU30JIH-
POBaHHOCTH HENTpoHa B BakyyMe. [loguepkHEM: cospemenHblil 6aKyym — 608ce He Nnycmomad.
CoBpeMeHHasi HayKa HallOJHWIA HOBBIM CMBICIOM JpeBHee u3peueHue «llpupona He tepmnur
MyCTOTBI».

Kaxk mbl BUiuM, BCE gajieko He mpocTo. Bo BCAkoM ciiyyae, TpUHIUI TPUYMHHOCTHA OTHIOIb
HE MelIaeT 0TKa3aThCsl OT yCTapeBIlel MPUBBIUKYA HE 3aMedaTh NPUHIUITHAIBHON BaKHOCTH Be-
POSITHOCTHBIX 3aKOHOMEPHOCTEM, MPUBBIYKM UCKATh 32 HUMU JTUHAMUYECKHE 3aKOHOMEPHOCTH.



§ 5. KPN3NC dU3NKN N «HOBENLLAA
PEBOJIIOUNA B ECTECTBO3HAHUNN»

BaxHeiiluune oTKpbITHS, cAe1aHHbIe B epuoA ¢ 1885 mo 1905 r. K. 80-m rogam npomuio-
T'O CTOJIETHS CIIOXKHIOCH YOSKIEHUE B TOM, 4TO (PU3MKA KaK HAyKa HAXOAUTCS Ha 3a8epularoujem
amane CBOETO PAa3BUTHUs, YTO OMMCAHNUE 3aKOHOB MPHUPOJIBI JODKHO BCKOpPE NMPHUHSITH BCEOOBEM-
JIOUIYI0 U oxowuamenvHyro ¢Gopmy. BcrmomuHas o Havane cBoel HAy4dyHOH 1EATENbHOCTH,
M. Ilnank nmpuBEn XapakTepHbIN sl Toro BpemMeHu (310 Obu1 1880 T.) OTBET CBOEro yuuTens
@. XKonnu Ha BOMPOC O MEPCHEeKTHBAX 3aHATUN (PU3MKON. DTH 3aHATHA, Kak moiaran Ko,
NEePCHEeKTHBB HE UMEIOT, MIOCKOJBKY (PM3MKa eCTh MOYTH 3aBEpUIEHHAs HayKa, KOTOpas Terepb,
nociie OTKPBITUSl 3aKOHA COXPAaHEHUs DHEPrHH, BeCchMa OJIM3Ka K TOM CTENEeHH COBEpIICHCTBA,
KaKOIO BOT YK€ CTosieTHsi o0ianaeT reomerpus. Briewatnsromme goctwkenus ¢uzuku XIX B. B
00JacTy MEXaHMKH, JIEKTPOMarHeTu3Ma, ONTUKU, TEPMOJIUHAMUKH MOPOKIAIH HUILTIO3UIO TOJ-
HOT'O TOP)KECTBA YEJIOBEYECKOT'O pa3yMa, PAaCKPBIBIIETO BCE TAalHBI MPUPOABI, MPUBOIMIN (KaK
9TO HE pa3 CIy4alioCh U paHee) K abcoomuzayuu 3HAHuUl.

W xots Bckope ObLT cenaH LeNblid psif MOMCTHHE CEHCAIIMOHHBIX OTKPBITHH, MPO3BYYaB-
IIMX TI0JI00OHO TPOMY CpeJir sICHOTO Heba, MoOeTHbIE HACTPOCHHSI HEKOTOPOE BpeMs BCE emié co-
XpaHsuich. OTpaXeHUEM 3TUX HACTPOCHUH CIelyeT CUMUTATh MPEUIOKEHUE BBIIAIOLIET0CS Ma-
tematuka J[. ['mne6epta (1862 — 1943) paccMoTpeTh mpodiieMy akCHOMaTH3aIMu BCeil (PU3UKH,
T. €. chopMyTUpPOBATh KOHEYHOE YHCIO UCXOTHBIX aKCHOM, U3 KOTOPBIX YHCTO JIOTUYECKUM ITy-
TEM MOXHO OBLIO OBl BBIBECTH BCE€ CJEACTBUS, JOCTATOYHBIC ISl TIOJHOTO (MCYEPITHIBAIOIIETO)
onucaHus (U3NYECKON KapTHHBI MUpa. TakoBa ObuIa mIecTas M3 JBAAIATH TPEX 3HAMEHUTHIX
npo0OiemM, BeIABUHYTHIX [ mipbepTom B aBrycre 1900 r. Ha Bropom MexayHapogHOM KOHTpecce
MaTEeMaTHKOB.

A MeXay TeM OTKpBITHS, CIeNaHHbIE B OTHOCHUTEIBHO KOpoTKui mepuon (¢ 1885 mo
1905 r.), KpaCHOPEUHMBO CBUACTEILCTBOBAIA O TOM, YTO HU O KAKOM 3aBEpIICHUU (PU3MUECKOi
HAyKH HE MOXET ObITh U PeUd. DTU OTKPBITHS BCTYMAIU B MPOTUBOPEUYHE C CYLIECTBYIOIIUMU
KOHIICTIIIUSAMH U, KaK TOTJa MPEeACTaBIsIOCh, pacIIaTHIBAIN U JIaXKe OMPOBEPrajd MHOTHE «CTa-
pble npuHIUNb». Ha emé HemaBHO sicHOM (u3nueckoM HEOOCKJIOHE BJAPYT MOSBUIOCH MHOTO
00J1aKOB, TPO3UBIIHUX 3aTIHYTh BeCh HEOOCKIIOH.

[IpuBeném mnepeueHb HamOoJee Ba)XKHBIX OTKPBITHH, CIETaHHBIX B TEUEHUE YMOMSHYTBIX
nByx aecatuietnit. B 1885 r. U. banemep (1825 — 1898) oOHapy»kui1 3aKOHOMEPHOCTh B OTKPHI-
TOM UM CEepHUM CIIEKTPaNbHBIX JUHHUI Bogopona. IHTeHCcUBHbBIE MCClIeJOBaHUS B 00JIACTH CIIEK-
TPOCKOIIUY Ta30B B MMOCIEAYIONINE TOJbI MPUBENIN K OTKPBITUIO TMHEWYATHIX CIIEKTPOB HE TOJIb-
KO BOJI0pojaa, HO U Apyrux snemeHToB. B 1887 r. I'. I'epir otkpeut poroaddext, B 1888 r. ato
sBJICHHE OBLIO TEpPEOTKPBHITO W He3aBUCHMMO HccienoBano B. NampBakcom (1859 — 1922),
A. Puru (1850 — 1921) u A. T. CronetoBsiM (1839 — 1896). B 1887 r. A. Maiikenbcon (1852 —
1931) nmoBTOpUII B yCOBEPIICHCTBOBAHHOM BapHaHTE OIBIT, MpojesianHblid uM emé B 1881 r., u
OKOHYATEJIbHO JI0Ka3aJl HECOCTOSTENIbHOCTh TUIOTE3bl HEMOJBWKHOTO 3(dupa (3HAMEHUTHIN
onbIT Maiikenscona — Mopin). B 1895 r. B. Pentren (1845 — 1923) oTkpbul HOBBII BUJ U3ITY-
YeHHs, KOTOPOe OH Ha3Basl X-JTy4amH; BIIOCIEIACTBUH 3TO M3JIyYeHHUE CTajll Ha3bIBaTh PEHTIe-
HOBckUM. B 1896 1. A. bekkepenb (1858 — 1908) oTkpbul siBneHue paauoakTuBHOCTU. 1897 T.
BOIIEN B UCTOPHIO (DU3HKHU Kak rojl oTKpbITUs Jx. /[)x. ToMcOHOM 35IeKTpOHA; B 3TOM TOAy ObI-
JIO U3MEPEHO OTHOILIEHUE 3apsia d1eKTpoHa k ero Macce. M. Kropu-Cknonosckas (1867 — 1934)
OTKphIBaeT B 1898 I. paiMoaKTUBHOCTH TOPHsI; B TOM ke roay oHa coBMmecTHO ¢ I1. Kropu (1859
— 1906) oTkpeiBaeT enié nBa paJHMOaKTUBHBIX JIEMEHTa — TMOJIOHHH U paauii. B nexadbpe 1900 r.
M. Tlnanxk (1858 — 1947) BeicTynun B bepnuHckoi AkajgeMuu HaykK ¢ JT0KJIaaoM «Teopus 3ako-
Ha paclpeie]ieHus] YHEPTUH HOPMAJIbHOTO CIIEKTPa», B KOTOPOM JeJNajcs BBIBO, YTO DIEKTPO-
MarHMTHOE MU3Jy4€HHE HCITyCKAaeTCs TellaMU He HEMPEepbhIBHO, a B BUJIE MOPILHIA SHEPrUuM (KBaH-
ToB ?Heprun). B 1902 — 1903 rr. ®@. Cognu (1877 — 1956) coBmecTHO ¢ 3. Pezepdopaom pazpa-



00TaM TEOPHUIO PaJMOAKTUBHOIO pacraja M SKCIEPUMEHTAJIbHO JIOKa3ald MPEeBpalIaeMOCTb
xumudecknx demeHToB. B 1902 r. B. Kaydman (1871 — 1947) skcnepuMeHTAIBHO YCTAaHOBHUII
3aBHUCHUMOCTBH MAaCCHhI AJIEKTPOHA OT CKOpocTH. A. DifamTeitH (1879 — 1955) B 1905 . chopmymu-
POBaJT CIIENUATILHYIO TEOPHUIO OTHOCHUTEIILHOCTH M, KPOME TOTO, O0BSICHUI 3aranku Gporodddex-
Ta.

Kpusuc ¢pusuxu. HoBble OTKpBITHS, a TAaKXKE MEPBbIE MONBITKH UX O0BSACHEHUS SIBHO HE YK-
JaJBIBAJINCh B paMKU C(OPMHUPOBABIIUXCS MpeACTaBleHUA. BriepBrie B ¢u3uke Obuta oOHapy-
’KE€Ha IMCKPETHOCTh BEJIMUMH; OHA MPOSBUIIACH B JMHEHYATHIX CHEKTPax ra3oB, OHa MOTpedoBa-
Jach A 00BbsCHEHHUs 3arafiok ¢porodddexra u uznydeHus y€pHoro tena. OUIUKU MPUBBIKIHN K
TOMY, YTO (PU3MUECKUE BEIMUMHBI BCETAAa M3MEHSIOTCS HENPEPhIBHO; M€ AUCKPETHOCTH Kaza-
Jach UM «0e3yMHOI», HempuemiemMoid. OKa3anochk, YTO TaKOH MPUBBIYHBIN, XOTS U HECKOJBKO
3araJIouyHbli A3QUp NOMPOCTY HE CYLIECTBYET. B TO ke BpeMs MOSIBUIIOCH COBEPIIEHHO HEU3BECT-
HOE paHee X-U3IyuyeHHE; HEMOHSITHO, KyJa CJIE0BAJIO OTHECTH 3TO HOBOE M3JIy4YEHHE, KaKOBa
ero npupoja. XMMHUYECKHE HIEMEHThI BCErja MpeJCTaBIIsIMNCh HE3bIOJEMBbIMU, CTAOMIIBHBIMU;
TENeph k€ BBIICHAJIOCH, YTO OHM MOTYT B3aMMOINpPEBPALIAThCs (KakK €clii Obl cTalnu COBIBATHCS
MEUThl CPEJHEBEKOBBIX AJXMMUKOB). BbUIO HEMOHATHO, OTKyJa OepéTcsi SHEeprusi, BEICBOOOXK-
Jaroniasics Npyu paauoakTUBHOM paclajie; B CBSI3U C 3TUM BO3HHUKAJIM COMHEHMSI B CIIPaBEAINBO-
CTH 3aKOHa COXpaHEHUs 3Hepruu. Jla u kak ObUIO HE YCOMHHUTbCA, KOJIb CKOPO MPUILIOCH yOe-
JUTHCSI B HECOCTOSITEIILHOCTH 3aKOHA COXPaHEHMsI MacChl (BEJlb Macca 3JIEKTPOHA 3aBUCHUT OT €T0
ckopoctu!). Cosoasanoce eneuamnenue, umo pywamcs GyHOAMeHMAIbHble 3aKOHbl. ITO BIIE-
YaTjeHue, Kazajaock, MOATBEPKIalla ClelraibHas TEOPHsl OTHOCUTEIBHOCTH, TpeOoBaBIIas OT-
Ka3a 0T a0COJIFOTHOCTHU TaKMUX MOHATUH, KaK OJHOBPEMEHHOCTb COOBITHH, IPOMEKYTOK BPEMEHH,
HNPOTSKEHHOCTh B IPOCTPAHCTBE, yCTAHABIMBABLIAs HAJIWYUE YHUBEPCAIBHON CBSI3U MEXAY
SHEpPrueu U Maccomu.

Brictynast Ha MexayHapoaHoMm konrpecce gusukoB B 1900 r., A. ITyankape (1854 — 1912),
roBOpsi 00 OTKPBITUM KaTOAHBIX JIyueil, pEHTT€HOBCKHMX Jy4del, paJMOaKkTHUBHOIO H3Iy4YCHHs
ypaHa " paausi, noquépkusai: « TyT 1esblil MUpP, O CyLIECTBOBAHUU KOTOPOTrO HUKTO MU HE AOra-
IeIBasIcs. Beex aTUX HEOKUAHHBIX TOCTEN Hao onpeaenuts Kk Mecty!» [100, c. 113]. B Tom xe
noknane Ilyankape ecTe MHTEpecHas XapaKTEpUCTHKa YMOHACTPOEHHUM Toro BpemeHu: «Jlroau,
CTOSIIIE B CTOPOHE OT HAYYHOH paboThI, MOPAXKAIOTCS Kaxymiencs 3(peMepHOCThI0O HAyYHBIX
Teopuii. OHM BUAAT UX MOCTENEHHBINA yMaJOK MOCJIE HECKOJIBKHUX JIET NPOLBETAHUSA, BUIAT Ha-
IPOMO’K/ICHHE BCE HOBBIX PYHH, IIPEIBUJIAT, UYTO U MOJHBIE TENIEPh TEOPUU B CBOIO OUYEPEb CKO-
PO MOABEPrHYTCS TOM e Cyp0e, U BBIBOJAT OTCIO/IA 3aKII0UEeHHEe 00 MX MOJHON Oecrose3Ho-
ctiu. OHU Ha3BIBAOT 3TO OaHKpoTcTBOM Haykw» [100, c. 102]. Tlo3nuee, B 1904 r., Ilyankape
IPSIMO 3asIBIISIET: «...AMEIOTCSA NPU3HAKU cepbé3Horo kpusuca» [100, c. 233]. Pa3BuBas cBoro
MBICIIb, OH TOBOPUT O TOM, UYTO 10O COMHEHUe CMAagsImcs OCHOBONOA2AlowUe NPUHYUNbLL: TIPUH-
IIUIT COXpaHEeHUs1 SHepruu, npuHuun KapHo (BTopoe Hauano TepMOJUHAMUKH), IPUHIUIT COXpa-
HEHUS MaccChl, IPUHIUI PaBEHCTBA AEUCTBUS IPOTUBOACHCTBHUIO.

Ms! obpatunucsk k Ilyankape He ciydaiiHo. BaxkeH He TONBKO (akT OCO3HAHHS UM CepbE3-
HOrO Kpusuca (pusuku. ['ryO0oKko moyduTeneH TOT BBIBOJ, K KOTOpOMY B HTore mpuxoaut Ilyan-
kape. [Togo6HO MHOTMM (U3MKaM TeX JIET, OH MEePEXOUT Ha udeanrucmuyeckue MO3ULMA PU3U-
YECKOT0 PENSTUBU3MA, 3asBIIsisl, UTO HayKa MCCIEAYeT HE CYIIHOCTb BElIEeH, a JUIIb omHoule-
nus. OH umet: «Yro jxe Mbl BuauM? CHavajga HaM MPeICTaBIIsAETCs, YTO TEOPUH )KUBYT HE J10-
Jee AHS U 4TO PYMHBI HarpOMOXAAIOTCsl Ha pyuHBL. CerogHsl TeOopus poauiach, 3aBTpa OHA B
MOJIe, IOCIIE3aBTPpa OHA JENNAETCs KJIACCUYECKOM, Ha TPETUH ACHb OHA yCTapela, a Ha YeTBEPTHIN
— 3a0piTa. Ho ecim BcMOTpeThCst OJ1rKe, TO YBUIUM, YTO TaK IMEHHO IaJJaf0T, COOCTBEHHO TO-
BOps, T€ TEOPUU, KOTOPBIE UMEIOT MPUTI3aHUE OTKPBITh HAM CyHIHOCTh Bemeil. Ho B Teopusax
€CTh HEYTO, YTO Yallle BCEro BbKMBaeT. Eciy oJJHa U3 HUX OTKpbUIA HAM HCTUHHOE OTHOLICHHE,
TO 3TO OTHOUICHHE SIBISETCS OKOHYATEIbHBIM NPUOOpETEeHHEeM: Mbl Hail/iéM ero moJ HOBHIM
OJIeSIHUEM B JIPYTUX TEOPUAX, KOTOpbIe OyaAyT MOCIIEI0BaTENIbHO BOABOPATHCA Ha €€ MecTo... B
UTOTe€ €IUHCTBEHHONH OOBEKTUBHOMN PEaTbHOCTBIO SBJISIFOTCS OTHOIICHUS BEIIEeH, OTHOLEHUS, U3
KOTOPBIX BBITEKAaeT MUpoBasi TapMoHus» [ 100, c. 278 — 279]. 3amena camux Belei OTHOIICHUS-



MU Bellled — NpsAMOU IyTh K uaeanusMy. M Ilyankape nmpoxoaur ero no xoHua: «Bc€, uyto He
€CThb MBICIIb, €CTh YHCTOE HUUTO, HOO MBI HE MO’KEM MBICIMTh HUUETr0, KPOME MBICIIU, U BCE CIIO-
Ba, KOTOPBIMHM MBI pacrojlaraéM JAJis pa3roBopa O BEIlaX, HE MOTYT BbIpakaTb HUYET0, KpOMeE
Mmbiciel. [ToaToMy ckas3aTh, 4TO CyLIECTBYET HEUYTO MHOE, YEM MBIC/Ib, 3HAYMIIO Obl BBICKA3aTh
YTBEp)KJIEHHE, KOTOPOE HE MOXET MMETh CMbICHA... JKU3Hb €CTh JIUIIb OCrNbId SMHU30] MEXTY
JIByMsl BEUHOCTSIMH CMEPTH, U B 3TOM 3IHM30Jl€ Ipolueamas u Oyayuias AIUTeIbHOCTh CO3HA-
TEJILHOM MBICIIM — He 0oJiee, KaKk MTHOBEHHE. MBICIIb — TOJIbKO BCIBIIIKA CBETA MOCPEAH J10JI-
roit Houn. Ho sta Bcnbika — Bcé» [100, ¢. 282].

JleHnHCKUI aHAU3 «HOBelileil peBoJlOLMH B ecTecTBO3HaHMW». B 1909 r. Bpiuna B
cBeT kHura B. W. Jlennna «Matepuanusm v SMOUPUOKPUTULIN3MY. [IsgTas Ti1aBa KHUTM Ha3BaHa
tak: «HoBel1as peBosous B €CTeCTBO3HaHUH U (pritocodckuid uaeanuzm». B 3Toit rinase nan
aHanu3 CywHoOCmu U NPUYUH KpU3uca usuku, KOTOpbIi NPUBEN K «HOBEHIIEH peBOJIIOIUH B €C-
TECTBO3HAHUMN», PACCMOTPEHA CYWHOCMb CaMOM ITOW PEBOJIIOLUM, 3aKJIIOUYAIOLIASCA B 3aMeHe
Mamepuanuzma Mema@duuiecko2o MamepuaiusmMom OUaNeKmudecKum.

B uém cyTp kpusuca ¢usuku? Ha stot Bonpoc B. U. Jlenun orBeuaer tak: « Cymsb Kpu3uca
COBPEMEHHOM (PU3MKM COCTOUT B JIOMKE CTapblX 3aKOHOB M OCHOBHBIX IIPHUHIUIIOB, B OTOpAachl-
BaHUHM OOBEKTHBHOM PEaJbHOCTH BHE CO3HAHUSA, T. €. B 3aMEHE MaTepHalu3Ma HCaTU3MOM H
arHOCTUIM3MOM. «Marepus ucuesiia» — TaK MOYKHO BBIPA3UTh OCHOBHOE M THUIIMYHOE IO OTHO-
HIEHUIO KO MHOTMM YacTHBIM BOIpOCaM 3aTpyJAHEHME, CO3AaBIIEE ITOT Kpusuc» [4, c.272 —
273]. Hogeiimmme OTKphITHA B (PU3UKE HE O3HAYAIOT, YTO MATEpUs HCUE3aeT HAa CaMOM JeJle.
«...Mcuezaer TOT mpezen, A0 KOTOPOrO Mbl 3HAJIM MaTE€pUIO JO0 CUX IMOp, Halle 3HAHUE HUIET
riry0xXe; NCYe3aroT TaKhue CBOMCTBA MaTepUM, KOTOPBIE Ka3aluCh paHblle aOCOMIOTHBIMHU, HEU3-
MEHHBIMH, MEpBOHAYATIBHBIMU...» | [4, c. 275]. TakoBa MO3UIUs AUATIEKTUYECKOTO MaTepUan3-
Ma, B 3TOM €ro NpUHIMIINAIBHOE OTJIMYME OT Marepuanusma merapusndeckoro. «Paspymm-
MOCTh aTOMa, HEUCUEPIIAEMOCTh €r0, U3MEHYMBOCTh BCeX (hOpM MaTepHH U €€ ABIKEHHS BCET/1a
OBLTH OTIOPOH AMANEKTUYECKOTO MaTepuannima, — nomuépkubaet B. . Jlennn. — Bce rpanu B
IPUPOJE YCIOBHBI, OTHOCUTEINIbHBI, TOJIBUKHBI, BBIPAXKAIOT MPUOIMKEHUE HALLIET0 YMa K M03Ha-
HUIO MaTE€pUH, — HO 3TO HUCKOJIBKO HE JOKa3bIBaeT, YTOOBI MPUPOA, MATEPHUs cama Oblia CHM-
BOJIOM, YCJIOBHBIM 3HaKOM, T. €. IPOJYKTOM Hamiero yma» [4, c. 298].

Ananmusupyst npuauHbl Kpusnca ¢usuku, B. U. Jleann ormeuaer: «HoBast ¢pu3uka CBUXHY-
Jach B MJ€AIN3M, TJIaBHBIM 00pa3oM, UMEHHO MOTOMY, UYTO (PM3UKU HE 3HAIM JUATCKTHKU» [4,
c. 276]. B. U. Jlenun oOpaiiaeT BHUMaHUE Ha CJIEeAYIOUINE /IBa BaXKHBIX MOMEHTa. Bo-1iepBhIX, €
yIiayOJieHHeM HalllMX 3HaHUN O MPHUPOJEe HEM30EKHO pa3BUBAIOTCS MAaTEMAaTUYECKHE METO/IbI €€
ONMCAHUS, OHU UMEIOT TEHJCHIINIO BBIXOIUTh HAa NEPEIHUN IJIaH U NIPU HE3HAHUU JHUAJIEKTUKU
CHOCOOCTBYIOT BO3HUKHOBEHHUIO PELIMIUBOB (PU3MUECKOro Hjeann3Ma. «PeaklinoHHbIe MOmois3-
HOBEHMSI MOPOXKAAOTCSI CAaMHUM TporpeccoM Hayku. KpynHblil ycrex ecTecTBO3HaHUA, MPHUOIH-
KEHHUE K TAKUM OJHOPOAHBIM U IPOCTHIM IEMEHTAM MaTEpHH, 3aKOHBI IBUKEHUS KOTOPBIX J0-
MyCKAalOT MaTeMaTU4YecKyl o0paboTKy, NOpoKIaeT 3a0BeHne MaTepun MaTemaTukamu. «Mare-
pHsl McYe3aeT», OCTAIOTCS OJHM ypaBHeHMs. Ha HOBOW cTaguu pa3BUTHUS U, SKOOBI, T0O-HOBOMY
MOJTy4aeTcsl cTapasi KaHTUAHCKas Uesi: pa3yM IpeIuchIBaeT 3aKOHbI mpupozae» [4, c. 326]. Bo-
BTOPBIX, IPUYMHON (PU3NYECKOTO Heanu3Ma SBISeTCS NPUHIMI PEISTUBU3MA — MPUHLUI OT-
HOCHUTEJIBHOCTH HAIIETO 3HAHMSI, «IIPUHIIHI, KOTOPBI ¢ OCOOCHHOMN CUJION HaBsi3bIBaeTCs (HU3M-
KaM B NEPHUOJ KPYTOH JIOMKH CTapbIX TEOPUH M KOTOPbIM — npu He3nanuu ouarekmuxu — He-
MUHYEeMO BeIéT K uaecamusmy» [4, c. 327]. «Bce crapbsie HCTHHBI (DU3WKH, BILIOTH JIO CYUTAB-
MIUXCsI OECCIOPHBIMU U HE3bIOIEMBIMHU, OKa3bIBAIOTCS OTHOCUTEIbHBIMU UCTUHAMU, — 3HAYUM,
HUKaKOW OOBEKTHBHOW MCTHUHBI, HE 3aBHUCSIICH OT YeIOBEYECTBa, OBITh HE MOXeET. Tak paccyx-
JlaeT He TOJIBKO BECh MAaxU3M, HO BeCh «(pu3nueckuit» uaeanusm pooOmie. UTo U3 cymMMbl OTHO-

CUTEJIbHBIX MCTUH B MX Pa3BUTHUU CKJIJbIBaeTCs aOCOJIIOTHAs UCTHHA, — YTO OTHOCHUTEJIbHBIE
UCTHHBI MPEACTABIISIIOT U3 Ce0sl OTHOCUTENIHO BEpHBIE OTPAXKEHUsI HE3aBUCUMOTO OT YeJloBeye-
CTBa 00BEKTA, — YTO ATH OTPAKEHHS CTAHOBSTCA BCE OOJee BEPHBIMU, — UYTO B KaXKIOH Hayd-

HOM MCTHHE, HECMOTPS Ha €€ OTHOCUTEIHHOCTh, €CTh ANEMEHT a0COMIOTHON UCTHHBI, — BCE 3TH
MOJIOKEHUSI, CaMH COOO0I0 pa3yMEIOIIUECS ISl BCSIKOTO, KTO JyMal HajJ «AHTH-J[fopuHrOoM» DH-



reyibca, MPEeCTABIISIOT U3 Ce0sl KHUTY 32 CEMBIO MeYaTsIMH ISl «COBPEMEHHOW» TeOpHUu Mo3Ha-
Hus» [4, c. 328].

[Ipeononenue kpusnuca QPU3MKU — HE HA MyTAX YXOJa B arHOCTHIM3M (TIPU3HAHHE HETO-
3HaBAEMOCTH OKpPY’KalOLIero MUpa) Wi Haeaan3M (MpU3HAHUE CYIIECTBOBAHUS MHpa JUIIb B
CO3HAHWM, MPU3HAHKUE PEAThbHOCTH JIHUIIb pa3yMa, JUIIb YpaBHEHUH), a Ha MyTH nepexoda om
Memaghuzuku K ouanekmuxke — TakoB OCHOBHOHM BbIBOJ B. U. Jlennna. «MarepuanucTuaecKuii
OCHOBHOU TyX (M3WKH, KaK U BCETO COBPEMEHHOT'O €CTECTBO3HAHUS, TTOOEAUT BCE M BCIUECKUE
KPHU3UCHI, HO TOJBKO C HETPEMEHHOW 3aMEHOM MaTepuain3Ma MeTa(u3nuecKoro mMarepuaius-
MOM JHaneKkTudeckum» [4, c. 324]. B 3ameHe metadu3uKu JUAEKTUKOW U 3aKIIOYACTCS CYIII-
HOCTh «HOBEHIIIEH pEeBOJIIONNH B €CTECTBO3HaHUM». «CoBpeMeHHas (pu3nka JeXuT B pogax. OHa
poKaeT IuaneKTuuecKuil Mmatepuanusmy» [4, c. 332].



1l nasa emopas

COBPEMEHHAA ®HUH3UKA

§ 6. TEOPUA OTHOCUTEJIbBHOCTWU

IIpo6saema mupoBoro 3¢upa. B XIX B. onTuka pazBuBanach Kak y4€HUE O C8EMOBbIX 80.I-
nax. IIpearnonaranaock, 4To 3TH BOJIHBI PaCpOCTPAHSAIOTCS B crielu(pUIecKoil HeBecOMOH cpefe,
3aIOITHSIONIE BCE MUPOBOE MPOCTPAHCTBO, MPOHUKAIOIMIEH BO BCE Tela; ATy Cpedy Has3bIBalIH,
Mupogvim 3¢hupom. «...I'umoresa o cyuiecTBoBaHUU 3upa cocTaBisuia g (U3UKa MPOLLIOro
CTOJIETHSI Ba)XKHYIO 4acTb npeacTaBieHus o Beenennoit, — mnmcan B 1910 r. A. DiiHmITelH. —
Bo3HUKHOBEHHE 3JIEKTPOMAarHUTHON TEOPUU CBETa BHECJIO HEKOTOpPbIE M3MEHEHHUS B TUIIOTE3Y
00 adupe... [locTeneHHO Kperuio yOexkaeHrne, 9TO HUKaKas MeXaHuueckas Teopus dpupa He JaéT
SCHOTO TIPEJCTaBJICHUS 00 3JIEKTPOMArHUTHBIX SBJICHUSX, U TOT/Ia CTalM paccMaTpUBaTh AIIEK-
TPUYECKHE M MArHUTHBIE TOJS KaK CYITHOCTH, MEXaHMYECKOE TOJIKOBAaHHE KOTOPBIX SBISETCS
U3TUIIHUM. [IpSMBIM clieICTBHEM TaKOTO TOJIKOBAHUS OBLIO TO, YTO ATH MOJIA B MyCTOTE CTallU
paccMaTpuBaTh Kak 0cOoOble COCTOsiHUS d(upa, He TpeOyromue Oojiee NETATBHOTO aHATN3a»
[143,c. 138 —139].

Ecnu nmpuHATH cymecTBoBaHUE 3(Hpa, TO HEOOXOAMMO OTBETUTH Ha BOMPOC O XapakTepe
BO3/ICHCTBUS HA 3TOT 3QHP CO CTOPOHBI IBMKYIIUXCS Ted. 3/1eCh BO3MOKHBI JIBE KpailHHe aib-
TEpHATHUBBI. [lepgas. BCAKOE TEJO MPU CBOEM JBIKEHHM MOJHOCTBIO YBJIEKaeT 3a co0ou rdup.
Bmopas: npu aBrkeHUU Tena 3Gup ocTaéTcsl HEMOIBUKHBIM; B 3TOM cilydyae HaOIoaaTens, Ha-
XOJSIIMICS Ha JABMKYIIEMCS Teje, JOJDKEH ObLI Obl, B MPUHIUIE, OOHAPYKUTh «3(UPHBINA Be-
TeP».

Chauana Oblyia OTBEprHyTa NepBast aJbTepHaTUBa. Pe3ynbpTarsl BbIMONIHEHHOTO B 1851 1. MH-
tepdepenimonHoro ombita A. @uzo (1819 — 1896), a Taxxke HaOmoAeHUE abeppalliyd CBeETa,
NPUXOSAMIETO K HaM OT 3BE37, YOSIUTETHHO CBUIETEIHCTBOBAIN MPOTHB TUIIOTE3bI O MOJHOM
yBieueHuu 3¢pupa IBrxKymmumucs teiaamu. [lomydanock, 4yTo MUPOBOil 3¢uUp B 1EIOM HETOABH-
KEH, JBWXKYIIHECs TeJla MOTYT JIMIIb YaCTUYHO yBiIEKaTh ero. OcTtaBaioch 0OHAPYKUTh JKCIIe-
PUMEHTAIBHO «3(HUPHBII BETEPY.

DKCIIEpUMEHT 10 OOHAPYKEHUIO «d(HUPHOTO BETpay MpH JBMKEHUH 3e€MIJIM CKBO3b HETIO-
BIDKHBIN MUPOBOM 3¢up ObuT mocTaBieH A. MaiikenscoHoMm B 1881 r. u moBTOpEH UM B Oosiee
YCOBEpIIEHCTBOBAaHHOM BapuaHTe B 1887 r. (coBMecTHO ¢ O. Mopnu). OTpUIaTenbHbINA pe3yiib-
TaT SKCIEpPUMEHTa HaHEC COKPYUIUTENBHBIN yAap TaKKe U M0 BTOPOM aJlbTepHATUBE — THUIOTE3€
HenoABIKHOTO 3¢pupa. Ctpemsachk cractu nosoxxenue, I'. A. Jlopenn (1853 — 1928) BbiiBuHYT B
1892 r. mpeanonoxxeHue, 4To «d(PUPHBINA BeTep» 00YCIOBIMBAET COKpAIICHUE Pa3MEpPOB TEl B

HaNpaBJIeHUM UX JBUKeHUs B 1/4/1—(v/c)’ pa3s (31€ch v M ¢ — COOTBETCTBEHHO CKOPOCTH TeJla

U CBETa OTHOCHUTEIBHO HEMOABMKHOTO 3(upa). OKkazanoch, YTO aHAIOTUYHOE MPEATNOJIOKEHUE
caenan emé B 1889 r. I'. dummkepansa (1851 — 1901). «UToObI mpuBeCTH OTPHUIIATSIBHBINA Pe-
3yJbTaT 3KcrepuMeHTa MaiikenbcoHa B COIVIaCHME C TEOpUEH, — IUCaJl BIOCIEACTBUN OWH-
mreitH, — Jlopenn u ®uiypkepanbl BRIABHHYIIN THIIOTE3Y O TOM, YTO TUTUTa HHTEpepoMeTpa
CO BCEMHU CMOHTHPOBAaHHBIMHU Ha Hell MpUOOpaMu MCIIBITHIBAET B HANPABJIEHUH JIBUKEHUS 3€MIIH
HeOOJIbIIIOE COKpaIIeHHe, Kak pa3 Takoe, 4To OKuaaeMblil 3hpdekT koMneHcupyeTcst MPOTHBOIIO-
J0XKHBIM 3pdexTom». W TyT ke DiHmTelH 3amedan: «Crnocol aeicTBus, Korjna JoOMBarOTCS
corjacHsi TEOPUM C OTPULIATEIBbHBIM PE3YJIbTaTOM SKCIIEPUMEHTA C IOMOIIbIO BBIAIBUHYTOM CIe-
HAAJIBHO JIJIS 3TOTO THUIIOTE3bI, BRITJIAIUT KpaliHe HeecTeCcTBEHHbIMY [ 143, c. 415]. ITyankape Ha-
3bIBAJI IOJJOOHBIE TTOAXO/IbI K PELUICHHUIO HAYYHBIX IPOOIIEM «JIOCKYTHBIMU.

[lonarasi, 4To runoTe3a 0 COKpaIEHUH pa3MEepPOB ABHKYILIUXCS TNl OOBICHIET OTPULIATENb-



HBbIM pe3ynbTaT omnbiTa MalikenbcoHa, JIOpeHI MmpoaosKaa paccMaTpUBaTh PaclpOCTPAHEHUE
CBETOBBIX BOJIH B HEMOJBM)XHOM 3(upe u pazpadotan B 1895 r. BecbMa CTpOHHYIO TEOPHIO —
INEKMPOOUHAMUKY O8udCyuuxcs cpeo. IIpu Bcex CBOMX TOCTOMHCTBAaX 3Ta TEOPHUs UMea, O/IHa-
KO, CYIIIECTBEHHBIH M3bsIH — OHA Mperoaraia omKas om NpUHYuUna OmHOCUMenIbHOCMU: BBO-
nuna Gpu3nuecKkoe HepaBHOIPABHE PA3HBIX MHEPLUUATBHBIX cUCTeM OTcuéra. C HENOJBMXKHBIM
3(upoM CBsI3bIBATIACh 0c00ast CUCTEMA OTCUETA, KOTOPYIO MOXKHO OBIJIO CUUTATH AOCOIIOMHO He-
NOOBUICHOUL; BCE OCTAJIbHBIE MHEPIMATIBHBIE CUCTEMbI OKa3bIBAJIUCh MPUHIUIHAIBHO OTJINYHbI-
Mu ot He€. Kak momguépkuBan DWHINTEHH, «ECIM B MEXaHUKE HE CYIIECTBYET aOCOIIOTHOTO
JBUKEHUSI, a TOJIbKO JIBUXKEHUE OJIHUX TeJl OTHOCUTENBHO APYTHX, TO B Teopun JlopeHua cyiie-
CTBYET 0Cc000€ COCTOSIHHE, KOTOPOE (PU3MUECKHU COOTBETCTBYET COCTOSIHUIO a0COIIOTHOTO MOKOS;
9TO COCTOSTHUE TeJia, HEMOABIKHOTO OTHOCUTENBHO ddupa» [143, c. 144].

OTKa3 OT NPUHIMIIA OTHOCUTEIIBHOCTH MPEACTABIISIICS CIUIIKOM JIOPOroM 1eHou. Bo3Hukai
BOIIPOC: HEJIb3sl JIU BCE JK€ COIIACOBAaTh OCHOBHBIE IOJIOKEHUSI TEOpUH JIopeHla ¢ NpUHIMIIOM
otHocutenbHOCTH? B 1904 — 1905 1. 3TOT BOmpOC BCTaJI 0COOEHHO OCTPO. B CBSI3M C 3TUM OT-
MeTuM TpH coObiTHs. IlepBoe: Beixon B cBeT B 1904 r. ocHoBomonaratomeit pabots! Jlopenua
«ONEeKTpOMarHuTHBIE SIBJICHUS B CHUCTEMaX, JABIXKYIIMXCS C MPOU3BOJBHOM CKOPOCTHIO, MEHb-
el CKOPOCTU CBETay. 37ech ObUIM OKOHYATENHHO CHOPMYITHPOBAHBI 3HAMEHHUTHIE Tpeodpa3o-
BaHUsl KOOPAMHAT ¥ BPEMEHHU JJIS TIepexo/ia U3 OJHOW MHEepLUUaIbHOW CUCTEMBbI OTCUYETa B JApY-
ryto (Ilyankape npeyioxun Ha3BaTh UX Mpeodpa3zoBaHusiMu JIOpeHIa; Tak OHU M BOLIUIM B HAY-
Ky). Bropoe coOpiTe: Beixoa B cBeT B ToM ke 1904 r. cratbu I[lyankape, rie 4€tko Gpopmynu-
pyeTcs IPUHIUIT OTHOCUTENBHOCTH: «3aKOHBI (DM3MUECKUX SBICHUN OyIyT OMMHAKOBBIMH KakK
JUTSl TIOKOSIIIETOCs] HaOMIoAaTeNsl, Tak U JUIsl HaOMroAaTess, HaXOIAIerocsi B COCTOSIHUM PaBHO-
MEPHOTO MPSIMOJIMHEHHOTO ABM)KCHHUS, TaK YTO MBI HE UMEEM HHKAKUX CPEJCTB, YTOOBI pa3iu-
4aTh, HAXOAUMCS JIM MBI B TaKoM JaBMkeHUU wind He™» [101, c. 302]. 1 HakoHen, TpeTbe COObI-
THe, HaubOosee BaxkHoe: mosiBieHue B 1905 r. ¢pyHnamenTtansHol paboThl A. DiiHmreitHa «K
ANEKTPOAMHAMUKE ABMKYIIMXCS Ted». VIMEHHO ¢ 3ToW paboToil CBSA3BIBAIOT POXKIEHUE Cheyu-
AnbHOU meopuu omHocumenvbHocmu. 31ech ObUT clieJaH PelIAoNUil [ar: MOJ0KEHUS TeOpUuun
JlopeHnia ObuIM MPUBEAECHBI B COOTBETCTBUE C MPUHIMIIOM OTHOCHUTEIBHOCTH Ojlarofaps MpHuH-
[UITHAIBEHO HOBOMY MOJXOY K (hyHAaMeHTaJIbHBIM BOIIPOCAM MPOCTpaHCTBA U BpeMeHu. Cyiile-
CTBEHHO, YTO TPH 3TOM MPHUIIOCH 8000Uje OMKA3amvcs or d¢hupa; TeEM caMbIM TIpodiIemMa Mu-
poBoro »¢upa ObljIa OKOHYATENHHO PEIIeHA.

[Moznaee DiinmTelH mucan: «OTasapIBasCh HA pa3BUTHE (PU3UKH, MBI BHJIUM, YTO BCKOPE
IIOCJI€ CBOEro POXAEHUS 3(QUp cTal «BBIPOJAKOM» B ceMbe (u3ndyeckux cyOctanuuil. Bo-
NEPBbIX, IOCTPOEHUE NMPOCTON MEXaHUYECKON MozenH 3¢upa 0Ka3zaioch HEBO3MOXHBIM U ObLIO
OTOPOIIEHO. DTUM B 3HAUUTEIHHON CTENEHH OBbLIT BBI3BAH KpaX MEXaHUCTUYECKOW TOUKH 3PEHUS.
Bo-BTOpBIX, MBI OMKHBI OBUIM TMOTEPSITH HANEXKIy Ha TO, YTO Ojaromaps CyIIeCTBOBAHHIO
a¢upHOro Mopst OyJAeT BbIAENeHa OJJHA CHCTeMa KOOPJUHAT, YTO MO3BOJIMIO Obl HAM OMNO3HATH
HE TOJIbKO OTHOCUTEJIBHOE, HO U a0COIIOTHOE ABMXKEHHE. JTO ObLIO Obl €IMHCTBEHHBIM MyTEM,
€CJIM HE CYUTATh, YUTO OH MEPEHOCUT BOJHBI, KOTOPHIM 3(GUP MPOSBISET ce0s M OMpaBIbIBAET
cBOE cymiecTBOBaHWE. Bce Hamm TOMBITKHA caelaTh d(QHUp peanbHBIM TPOBATHIUCEY [145,
c. 467]. I'oBopst 0 TeOpUHM OTHOCUTEIBHOCTH, DUHIITEHH nmoauépkuBai: «... [IpeacraBnenue oo
a¢upe KaKk HOCHUTENE DIEKTPUYECKIX M MarHUTHBIX CHJI HE HAXOJWT MECTa B M3JIaraeMoi 3/1eCh
teopur. HanpoTus, 371€KTpOMarHUTHbBIE MOJISI OKA3bIBAIOTCS 3/1€Ch HE COCTOSTHUAMM HEKOTOPOIl
MaTEepUH, a CAMOCTOATEIBHO CYIIECTBYIOIIMMH OOBEKTaAMU, UMEIOUIUMH OJMHAKOBYIO MPUPOAY
C BECOMOU MaTepueit 1 001aJarolMM1U BMECTe C Hell CBOMCTBOM uHepium» [143, c. 66].

CrnenmnanbHasi TeOpUs OTHOCHTeIbHOCTH. [1o cioBam DiiHIITENHA, «TEOPUS OTHOCUTENb-
HOCTM HA4YMHAETCsl C ABYX MOJokeHui»: «l. CKopocTh cBeTa B BaKyyM€ OJMHAKOBAa BO BCEX
CUCTEMaX KOOpJMHAT, JBMXKYIIUXCS MPSMOJUHENHO U PaBHOMEPHO JIPYI OTHOCHUTEIBHO Jpyra.
2. Bce 3aKk0oHBI TPUPOABI OJJMHAKOBBI BO BCEX CHCTEMaxX KOOPJAMHAT, IBUKYIIUXCS TPSIMOJIMHEN-
HO ¥ PaBHOMEPHO JAPYT OTHOCUTENBHO Apyra» [145, c. 469]. TakoBsl 1Ba OCHOBOIOJIATAOIINX
NPUHIINATIA — NPUHYUN NOCIOAHCMBA CKOPOCU c8ema N NPUHYun omuocumenbHocmu. OakTu-
YECKU MPUHLUI TOCTOSTHCTBA CKOPOCTU CBETA SIBJISIETCS CIEACTBUEM MPHUHIIMIIA OTHOCUTENIBHO-



ctu. «B teopun JlopeHua, — oTrMeuan DWHIITEWH, — NPUHLHUI HOCTOSIHCTBA CKOPOCTH CBETA
CIPABEIJIUB TOJBKO IJISI OJHOM CHCTEMBbl — CHCTEMBI, HAXOJAIIEUCA B IOKOE OTHOCHTEIBHO
a¢upa. Eciu MBI XOTUM COXpaHUTh NPUHIUI OTHOCUTEIBHOCTH, MBI 00513aHbI JIOMYCTHTD CIIpa-
BEJIMBOCTh IPUHIIMIIA MOCTOSHCTBA CKOPOCTH CBETa JUIs JIHOOOM CHCTEMBI, IBHXKYyLIeHcs 0e3
yckopeHus» [143, c. 146].

B knaccudeckoi MEXaHUKE MEPEXOJl OT OJHOW MHEPIMAIbHOW CUCTEMbBI KOOPAUHAT K JIpYy-
TOi ONUCHIBANICS npeobpasosanusmu I anunes:

X'=x-vt, y=y, =z, t'=t €))

(IITpUXOBaHHAS CUCTEMA JIBHXKETCS CO CKOPOCTBIO V OTHOCHUTENIBHO HEIITPHUXOBAHHOM, KaK 3TO
nokazaHo Ha puc. 2.1). CKpoMHOe paBeHCTBO ¢’ ={ 03HayaJyio, YTO BO BCEX CHCTEMax BpPEMs Te-
YET 00UHAKOB0, YTO CIIOBA «CEeHYacy», «HACTOSIIUN MOMEHT» UMEIOT a0COIOTHBIN CMBICI ((akKT,
MPEJICTaBIISIBIIMICS OUEBUIHBIM 10 Hayasia XX CTOJETHS).

A
A 07

0 X

B cneunanbHOM Teoprun OTHOCUTENBHOCTH BMECTO NpeoOpa3oBaHuil ['anunes npuMeHstoTcs
npeobpaszosanus Jlopenya:

., X—Vt , , . t—(x/c?)
X =—F—, y =y, z =1Z, ' =— (2)
J1-4° NIEY &

(3mece B =v/c). [lo3nHee MBI MOKaKEM, KaK MOXKHO MOJYYUTh 3TH MPeoOpa3oBaHus, UCXO U3

OCHOBOIIOJIararomunx MpUuHOUIIOB CHCIIPIZU'II)HOIZ TECOPHUHU OTHOCHUTCIBHOCTH (SaMCTI/IM, qTO0 CaM
Jlopenn mén xk mpeodpazoBaHUsIM 0OJee CIOKHBIM MyTEM — UCHOJB3YS MPOU3BOJIbHbBIE JOIMY-
mieHusi). Teneps cieayeT TOBOPUTh HE O CHCTEME KOOPIWHAT, a O cucmeme omcyémd, T. €. O CO-
BOKYITHOCTH CHCTEMBI KOOPJMHAT M 4acoB. AOCOJIIOTHOCTH BPEMEHH OOJbIIIEe HET, KaXK/1as CHUC-
TeMa OTCYETa XapaKTEPU3yeTCs CBOMM COOCTBEHHBIM BPEMEHEM. YKA3bi6ds MOMEHM 6peMeHU,
HAOO0 YKA3b18AMb MAKiCe COOmEemcmeayiowyio cucmemy omcuéma. [1o3gHee Mbl pacCMOTPUM
HEKOTOpBIE clencTBUs nmpeolOpa3oBanuii JIopeHIa: OTHOCUTEEHOCTh OJTHOBPEMEHHOCTH COOBI-
TUH, BPEMEHHbIX MPOMEXYTKOB MEXAY COOBITHSMH, AJTUH, a TaKXKe HOBOE MPABUIIO CIOKCHHUS
ckopocteil. [loguepkHéM, YTO BCe 3TU «HOBALMWY» MPOSBISAIOTCS JUIIb MPU JOCTATOUYHO OOJb-
IIUX OTHOCUTENIBHBIX CKOPOCTIX CHCTEM; eCiH ke v <K ¢ ( f < 1), To, KaK JIeTKO BHJIETh, MPE00-

paszoBanus (2) mepexoasaT B npeodpazoBanus (1) — cnenuanbHas TEOpUs OTHOCUTEIBLHOCTH Tie-
PEXOANT B KJIACCUYECKYIO MEXaHUKY KaK CBOM ITPENEIbHBIN CIIydail.

[Ipu co3nanuu cnenuaibHON TEOPUM OTHOCUTEIBLHOCTH DUWHIITEHH HE MPOCTO BOCIOJIB30-
BaJIcs y’K€ TOTOBBIMU IIpeoOpa3oBaHusiMu JIopeH1ia; OH ycMOTpen B HUX MPUHIUIHAIBLHO HOBBIH
¢u3ndecknii cMpIci. JIOpeHI] MCXOIMII, KaK M3BECTHO, M3 THUIOTE3bl HEMOJBM)XKHOTO 3(dupa u
CBSI3bIBAJI C 3()UPOM a0COIIOTHO MOKOSILYIOCS cucTeMy oTcuéra. OH mosiaraj, 4To TOJIBKO B 3TOM
CUCTEME JJIMHA TeJa U XOJ 4acOB SIBISIIOTCS «MCTUHHBIMIY. [IpH nepexojie Kk ApyruM cucreMam
(cucremaMm, ABMXKYLIMMCS OTHOCHUTENIBHO IMOKOALIEHCS CHUCTEMBI C TOM WJIM MHOM CKOPOCTBIO)
MPOUCXOIUT, KaK OH CUUTAJI, OYK6aIbHOe COKpAlLEHUE pa3Mepa Tejla — Kak pe3ysIbTaT BO3/eil-
CTBHSI «3()MPHOTO BETPa» Ha 3JEKTPOHHYIO CTPYKTYpY Tena. Yem Gosblie CKOpOCTh Tejla OTHO-
CUTEJILHO MHUPOBOTO d(Hpa, TEM CHIIbHEE «3(UPHBII BeTep» M, KaK CIEACTBHE, TEM 3HAYNTEIb-
HEE COKpAIlEHUE Pa3Mepa TENa B HAIIPABJICHNUH JABH)KECHUS.

Teneps oOpaTumMcs k DifHIITENHY. Y Hero 3¢upa HeT BOOOIIE, a 3HAYUT, HET PUBUIICTHPO-



BaHHOH (a0COJIOTHO MOKOSIIEHCS) CUCTEMbI OTCUETA; 8Ce UHEpYUATbHblEe CUCMEMbl PU3UYECKU
pasnonpasrvl. COOTBETCTBEHHO HET U aOCOJIOTHOIO COKPALIEHMs IPOIOJIBHOIO pa3Mepa Tell.
Habmrogarens U3 HEMITPUXOBAHHOM CHCTEMBI (CM. puc. 2.1) QUKCHpyeT yKOpO4YeHHe Telna, IOo-
KOSIIIEToCsl B IITPUXOBAHHOW cucteMe. B cBoro odepens, HabM0MaTeh U3 IITPUXOBAHHON CHC-
TEMBbI 3aUKCHPYET YKOpOUEHHE Telsla, HaXOMAALIerocs B HEIITPUXOBaHHOW cucreme. Ilpexncra-
BUM ce0e TaKylO CHUTYAIIMIO: JIBE IAapo0oOpa3Hbie KarcCyJbl (B OHOW CHAUT HaOmoaaTeNnb 4, a B
Ipyroi — HaOmoaaTenb ) ¢ O0NBIION CKOPOCTHIO JBIKYTCS IPYT OTHOCUTENBHO Japyra. Ha-
Omonarento 4 apyras Kancyia OyJIeT NpeICcTaBlIsAThCs He cepoil, a CIUTIOCHYThIM JIIIUIICOMIOM
BpAILCHNS; Y COOCTBEHHOM K€ KamcCyJjbl OH HUKAKUX OTKJIOHEHHH OT cepuueckoil popmbl He
00HapyxuT. TOYHO Tak ke HaOmroAaTeNr0 5 cCOOCTBEHHAs Karcylsia OyJeT mpeacTaBisiaThes cde-
po, a apyras Karcyna — 3uncouioM. [1o1o0HbIH TpuMep Kak pa3 U NpUBOIUT DUHIITEHH.
OH nuer o HabmoaTesne, BOCIPUHUMAIOIIEM IIPOHOCSIIEECS] MUMO HErO IapooOpa3HOe Teo
B BUJIE CIUTIOCHYTOTO 3JUTUIICOUAa BpamieHus. «C TOUKH ke 3peHHs HAaOII0AaTes, ABHKYIIETroCs
BMECTE C TEJIOM, — OTMeuYaeT DUHIITEHH, — OHO, KaK U MPEekK/e, coXpaHseT ¢hopmy Iiapa, of-
HAaKO BCE MPEAMETHI, HE JABIKYIIMECS BMECTE C 9TUM HaOJroaTesieM, TOYHO TaKUM ke 00pa3om
IIPEJCTABIISIIOTCS €My YKOPOYECHHBIMHU B HAIIPABJICHUU JIBIKEHUS. DTOT PE3yJIbTAT OKa3bIBACTCS
HE TAKUM YK CTPaHHBIM, €CJIM Y4€CTb, YTO 3TO BBICKa3bIBaHHE O pa3Mepax JIBHKYILIErocs Tena
MMEET BECbMa CIIOKHBIM CMBICI, IIOCKOJBKY B COOTBETCTBMM C IPEABIAYIIMM pPa3MeEpbl Tela
MO>KHO OMPEJIETUTh TOJIBKO C MOMOIIbI0 U3MepeHus BpeMenn» [143, c. 184]. Ilpocmpancmeo u
8PEMA paccmMampuearomcest menepb 60 63aumoceazu. He ToIbKo MpoJOIbHBIE pa3MeEpHI Tena, HO
U XOJ1 BPEMEHH 3aBHUCAT OT BBIOOpA CUCTEMBI OTCUETa, U3 KOTopo Benércs Habmoaenue. C Tou-
KM 3peHusi HaOmoaaTenst A (B mpuBeAEHHOM BHIIIE IPUMEpPE) Yackl HaOmomarens b OyayT oT-
CTaBaTh; HaOmOAaTenb ke b OyJeT yTBepKaaTh, YTO, HAIIPOTHB, €r0 Yachl UAYT NPAaBUIBHO, a
BOT 4achl Habmoaaresst 4 OTCTAaoT.

«ITogo6Ho JlopeHity DUHIITEHH MOHSUI, YTO U3MEPEHUS JJIMHBI U BPEMEHU JOJIKHBI 3aBH-
CeTh OT OTHOCUTENIBLHOIO JIBUXKEHUs 00bekTa U HalOmronatens. OqHako JlopeHI npomeén ToiabKo
1oJ0BUHY NyTU. OH COXpaHWJI MOHATHE aOCOMIOTHON JIMHBI U BPEMEHH Ul MOKOSIIUXCS Tel;
OH CYMTaJ, YTO 3(QUPHBI BETEp MCKAXKAET «UCTUHHYIO» JUIMHY U BpeMs. DWHINTEHH Mpoen
IyTh J0 KOHIIA. D(UPHOTO BeTpa HE CYIIECTBYET, CKa3al oH. HeT cMbIcia B MOHATHAX aOCOIOT-
HOM JUIMHBI U Bp€MEHHU. DTO KJII0Y K ClelHaIbHOW TEOPUH OTHOCUTEIbHOCTH JiHIITElHA. Ko-
I71a OH €ro MOBEPHYJI, BCEBO3MOXKHBIE 3aMKU HayaJId MEIJIEHHO OTKpbIBaTheA [27, ¢. 49]. «Oin-
HITEHH BbIBeN mpeoOpazoBanust JIopeHa ncxoas U3 1ByX (yHIaMEHTAIBHBIX MPUHIUIIOB U Ta-
KM 00pa3oM IoKa3zai, YTo UMEHHO IpeoOpa3oBanus JlopeHua (a He nmpeoOpa3oBanus ["anumest)
OTMCHIBAIOT YHUBEPCAIHLHBIE B3aUMOCBS3H, OTPAKAIOIIIE XapaKTePHbIE OCOOCHHOCTH MPOCTPaH-
CTBa M BPEMEHHU KaK TaKOBbIX... 11 X0Ts DUHIITENH NOIb30BAJICS TOM K€ CaMOM MaTeMaTH4eCKON
3amMchio 3TUX npeodpasoBanuid, uro u Jlopenn u Ilyankape, npUMeHsAI OH UX, ONMMUPAsCh Ha
IIPUHLIKANIAAIBHO HOBBIE KOHLEMIIMM TPOCTPAHCTBA U BpeMeHw» [40, ¢. 144].

[IpumenuB npeodpazoBanus JlopeHua k ypaBHeHussM MakcBeiia, DUHIITEHH NOTy4dnI npe-
00pa3oBaHus AJIs HANpsKEHHOCTEH AJIEKTPUYECKOr0 U MAarHUTHOTO MOJIeH Mpu nepexose U3 of-
HOM MHEepIHaJIbHOHN cucTeMbl B Apyryro. PaccmarpuBas nzo0paxEéHHble Ha pucyHke 2.1 mrpu-
XOBaHHYIO M HEIITPUXOBAHHYIO CUCTEMBI OTCUéTa U cienys padore DitHmrelHa «lIpunnun ot-
HOCHTEIBHOCTH 1 ero ciaeactsus» (1910), rae uepes £ u M 0603HAUCHBI BEKTOPBI HAPSIKEH-

HOCTH COOTBETCTBCHHO JJICKTPUYCCKOIO U MAarHuTHOI'O noneﬁ, npeaACTaBuUM YKa3aHHbIC Hp606-
Pa3soBaHuA B BUAC
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[Ipenmnonoxum, 4T0 B HEMITPUXOBAHHOM CUCTEME €CTh HEIOJBMIKHBIN DJIEKTPUYECKUN 3apsil U,
3HAYHT, €CTh ANEKTPHICCKOE MOJIe, HO HeT MarHuTHoro (M, =M =M _=0). U3 cooTHOLICHHH

(3) BUAHO, 4TO B IITPUXOBAHHOW CUCTEME, HAPSAY C DIEKTPUUECKUM, Oy1eT HaOII0JaThCsl TAKKe
MarHMTHOE IoJjie. DTO €CTECTBEHHO, TaK KaK MOKOSIIUICS B HEIITPUXOBAHHOW CHCTEME 3apsi
ABJISIETCS] IBWKYIIMMCSL B IITPUXOBAHHOM cucTeMe. DUHIITENH noauépkuBai: « CyliecTBOBAHHE
AEKTPUYECKOTO TOJs, paBHO KaK M MarHUTHOTO, 3aBUCHUT OT JABM)KEHUS CHCTEMBI KOOPIHUHAT
[143, c. 162]. On oTMeyal, YTO TaKO# BBIBOJ HENb3sl ObLIO OBl COTIacOBATh C MPECTABICHUEM O
MOJISIX KaK O HEKOTOPBIX COCTOSTHUSIX MUPOBOIO 3dupa.

B paGore «3aBucHUT U MHepUMs Tela OT cojaepikaiielcs B HEM sHepruu?» (1905) Ditn-
IITEHH NPUXOAUT K 3aKIIOYEHUIO: «... Ecny Teno otnaér sHepruro £ B BUIIE U3IYUYEHHS, TO €r0
Macca ymeHblaetcss Ha E/c’... Macca Tena ecTh Mepa cojiepskameiics B HEM sHeprum» [143,
c. 38]. [lozmuee oH GOpMyIUPYET CIEIYIOMNNA BaKHBIM BBIBOJ CIEIHUATBLHON TEOPUH OTHOCH-
TETBHOCTH: «Macca U SHEPTUsl SKBUBAJICHTHBI JIPYT APYTY»; MOSBISETCS 3HAMEHUTas ghopmyina
Duinwimetina, CBSI3bIBAIOIIAS SHEPTHIO U MacCCy:

E =mc*. 4)

B kmaccuueckoil MeXaHHUKe UCTIONB3YIOTCSl XOPOIIIO M3BECTHBIC BBIPAXKCHHUS I UMITYJIbCa
( p) u xuHeTHMYeckoii sHepruu (E):

p=mv, (%)
E=mv/2. (6)

[Ipu mocTaTo4HO GONBIIMX CKOPOCTSAX (B 3TOM CIIydae TOBOPST O «PENSTUBUCTCKON Mexa-
HUKE») CIIelUalIbHasl TEOPHUS] OTHOCUTEIHHOCTH MPUBOAUT K O0jiee OOIIMM BBIPKEHUSAM IS
AMITYyJIbCA U SHEPTHM:

m,v

P )
1- B3

m, 2

S —y 8
N ®

Yepes m, oOo3HaYeHA Macca nokos (Macca Telaa B CHCTEME OTCYETA CBA3aHHOM C 3TUM Te-

E

JIOM), a 4epe3 p U E — UMITyJbC U SHEPrus Teja, paccMaTpUBaEMbIe B CUCTEME, OTHOCUTEIHHO
KOTOPOM TEJO ABMXKETCS CO CKOPOCThIO v. IIpu BBEIEHUY persamusucmckoil maccol

m
m= T Oﬂz )
BBIpakeHue (8) mpuHumMaet Bun (4).
Ecmmv<e (1), 10
1 2 2
E=mc’(1- %) 2 =my’ 1+%+... :mocz+mov +... (10)

Cnaraemoe m,Vv° /2 — XOpOIIO M3BECTHOE YMTATENIO BBIPAKEHUE ISl KWHETHUECKOH SHEPIHH,

2 o
m,c” — DHEPrUs MOKOos (KIaCCUYECKO MEXaHUKE Ta SHEPTusl He ObliIa U3BECTHA).

Ucnons3ys (7) — (9), HETPYAHO MOTYUYUTH CIEAYIOIIEE COOTHOIICHHE, CBA3BIBAIOIIEE YHED-
THIO ¥ UIMITYJIbC B PEISTUBUCTCKON MEXaHHUKE:

E=\mlc*+p’c. (11)



OTa 3aBUCHMOCTb SHEPIHMM OT MMIyJbca U300pakeHa Ha pucyHke 2.2. [Ipu manbix 3Have-
HUSX UMIyJIbca: E =myc’ + p° /2m,, a npu joctaTouno 6onsmux: E = pc.

Jlo co3naHus cienuanbHOM TEOPUH OTHOCUTENBHOCTH 3aKOHBI COXPAHEHUS! SHEPTUU U Mac-
CBI pacCMaTPHUBAIIUCH KaK JBa CAMOCTOSTEIHHBIX 3aKOHA COXpaHeHHus. Temneppb ke 00a 3TU 3aKo-
Ha CIWINCH B oJiMH. [1o BhIpakeHUI0 DUHINTEIHA, Macca JIOJDKHA pacCMaTPUBAThCS KaK «COCpe-
JOTOYHE KOJIOCCAIBHOIO KOJIMYECTBA SHEPTUNY.

B 3akimouenune npuBeiéM EMKYI0 XapaKTEpPUCTUKY CIIELUaIbHON TEOPUN OTHOCUTEIBHOCTH,
conepskanryrocs B kuure A. Diinmrteiina u JI. Undenpna «3Bomonus pusukmy»: «BausHaue teo-
PUU OTHOCUTENILHOCTH BBIXOJUT JAJIEKO 3a Mpeesbl TeX NpodiieM, U3 Kakux oHa Bo3HuKIa. OHa
CHUMAET TPYAHOCTH M MPOTUBOPEUUS TEOPUH MOJISL; OHA (hopMynHpyeT Oonee oOlue MexaHude-
CKHE 3aKOHbI; OHA 3aMEHSET JIBa 3aKOHA COXPAaHEHUS OJHUM; OHA M3MEHSIET Hallle KJIACCUYECKOe
MOHSTHE a0COMIOTHOTO BpeMeHU. E& 1ieHHOCTh He orpaHudmBaeTcs Jullb chepoil GU3uKu; oHa
oOpasyet 0011 OCTOB, OXBATHIBAIOIIUN BCE SIBICHUS pupoash» [14, c. 483].

BeiBon npeodpa3zosanmii Jlopenna no JitHmreiny. Haiiném x' u ¢/, eciim U3BECTHBI X U ¢
(cm. puc. 2.1). Bynem ucxoautp U3 TOro, 4YTo B 00€MX CUCTEMax (IITPUXOBAHHOW M HEIITPUXO-
BAaHHOM) CBETOBOW CHUTHAJ PAacHpOCTPAHSETCS C OJHOW U TOM K€ CKOPOCTBIO — CKOPOCTBIO C.
[ToaToMy 1St CBETOBBIX Jy4ell, pacHpOCTPaHSIOLIMXCS BJIOJb IOJIOKUTEIBHOTO HaIlpaBJICHUS
ocu x (a Takke ocH x'), MoxeM 3amucarb: x—ct =0 u x'—ct'=0. Orcroaa ciaenyer, uto

x'—ct'=ﬁ.(x—ct) (12)

(A — HexoTropas MOCTOsTHHAsT). AHAJOTHYHO IS JTydel, pacripOCTPaHIOMIUXCS BIOIb OTpHUIIa-
TEJIBHOTO HaMpaBJIeHUs ocu X (ocu x'), moaydaem

xX'+ct' = pu(x+ct) (13)
(14— nexortopas noctostaHast ). M3 (12) u (13) Haxonum

x'=ax—bct,

(14)

ct' = act — bx,

rne a=(A+u)/2, b=(A—w)/2. JIng Havana KOOpAMHAT IITPUXOBaHHOW cucTeMbl (x'=0)

3aIuIIeM, UCXOoAs U3 nepBoro ypaBHeHus (14): x =bct/ a. 3nauut, bc/a ectb CKOPOCTh, C Ka-
KO IITPUXOBAHHAs CUCTEMA JIBIKETCS OTHOCHTEIIFHO HEIITPUXOBAHHOM:

bcla=v (15)

(pa3ymeercsi, ¢ TOYHO TaKOH K€ MO MOIYJIO CKOPOCTHIO HEIITPUXOBAHHAS CUCTEMA JBIKETCS
OTHOCHUTEJIbHO IITPUXOBAaHHOM).

Jlanee BoCIonb3yeMcsl IPUHIIMIIOM OTHOCUTENBHOCTH. B COOTBETCTBUM C HUM JIJIMHA HEKO-
TOPOTO TeJa, MOKOSIIETocs B LITPUXOBAHHOM cUCTeMe, u3MepsieMasi HabarojaTesieM U3 HellTpH-
XOBAaHHOM CHUCTEMBI, JIOJDKHA OBITH paBHA JJTUHE TAKOTO K€ Tea, MOKOSIIEToCs B HEIITPUXOBaH-
HOM CUCTEeMe, €CIIU TeNeph 3Ty JUTMHY HU3MEPSIOT U3 HITPUXOBAHHOMN cHCTEMBbl. BhIMoaHUM mep-
BO€ W3 YKa3aHHBIX JIByX M3MEPEHHI: cellaéM M3 HEUITPUXOBAHHOM CHUCTEMBbI B MOMEHT ¢ =0
«MOMEHTAJIBHBIA CHHUMOK» Te€jla B IITpUXOBaHHOW cuctemMe. M3 mepBoro ypaBHeHus (14):



x"=ax. Ilycth coOCTBeHHas! [UIMHA Tela (JUIMHA B CHCTEME, IJIe TEJIO MOKOHUTCS) eCTh L U MyCTh
B IUTPUXOBAHHOM cUCTeMe (Te KaK pa3 TeJo MOKOUTCS) 3Ta JUIMHA paBHA JUIMHE OTPE3Ka OCH OT
Hys1s 10 Touku x' (L =x"). Toraa, ¢ Touku 3peHusi HAOIrOIATENs, HAXOAAIIETOCs B HEIITPHXO-
BaHHOW cucTeMe, JuiMHA Tena Oyxer L, =x=x"/a=L/a. Teneps BBINOJIHUM BTOpPOE HU3MEpe-

HUEC: cacjlacM U3 IHTpI/IXOBaHHOI\/’I CUCTEMBI B MOMCHT t, =(0 «MOMEHTAJIbHBII CHUMOK)» TEIa B

HEMTpUXOBaHHOU cucteme. M3 BToporo ypaBuenus (14): act =bx, wim x =act/ b, win, ¢ y4é-

tom (15), t=vx/c’. TlpuHUMas BO BHHMMaHHWE TaKXke IepBoe ypaBHeHue (14), HaxomuMm
2

V
x'=a 1—— |x. Ilomaraem x =L (coOcTBeHHas JUIMHA TeNa); TOTJA, C TOYKH 3pEHHs HaOI01a-

c

2
o \%

TSI, HAXOAAMICTOCd B HITPUXOBAHHOU CHCTCME, IAJIMHA TEJla 6y,[[eT L2 =a l——2 L. B coot-
C

BETCTBUM C IPUHLUIIOM OTHOCHTENIBHOCTH Haxo npuHATel L =L,. Takum ob6pasom,

L v
—=all-— |L,umm
a c

=[1-L | . (16)

C yuetom (15) u (16) nepernmmiem (14) B Buze

2
o X vt t’=t wx/c (17)

V1=V /c? , V1=V /¢?

MpbI npUIM K U3BECTHBIM TpeoOpazoBanusM Jlopenna. OOpatuM BHUMaHUE, YTO, CIEIYs
DWHINTEHHY, Mbl UCTIOJIb30BAJIHM TIPHU BBIBOJIC ATUX NTPEOOpa30BaHUA BCETO JIBA MPUHIIAIIA: TIPHH-
UM OTHOCUTCIBHOCTH U MPUHIUII TOCTOAHCTBA CKOPOCTHU CBETA.

HexoTopsble cieacTBusi u3 npeodpazoBannii Jlopenua. Omuocumenvnocms 00Ho8peMeH-
Hocmu_cobvimuti. 1lycTh nBa COOBITHS UMEIOT B HEIUTPUXOBAHHOM CHCTEME NMPOCTPAHCTBEHHO-
BPEMCHHBIC KOOPIMHATHI X,,f, U X,,f, a B IITPHXOBAHHOW CHCTEME — KOODAWHATHI X|,f, H

x,,t, coorBerctBeHHO. CormnacHo (17),

:(tz_tl)_lvfx;;xl)/c (18)

(mamomuHaem: [ =v/c). Ilpennonoxxum, 4To coOBITHS MPOUCXOAAT B HEIITPHUXOBAHHOM, CHUC-

L=y

TEME OJHOBPEMEHHO, HO B PAa3HBIX NPOCTPAHCTBEHHBIX TOYKaX (f, =1, x, # X, ). 13 (18) BunHO,
4TO f, # 1 ; TAKUM 00pa3oM, B IITPUXOBAHHOHN CHCTEME yKa3aHHbIE COOBITHS OKa3bIBAIOTCS He-

OIHOBPEMEHHBIMH.

OmnocumenvHocmb_npomescymkos spemenu. IIycTb B OJHOI U TOH e TOYKE B LITPUXO-
BaHHOM CHCTEME MPOUCXOIAT JBa COOBITHS, pa3/eNEHHbIE MPOMEKYTKOM BpEMEHH 7'
(x)=x{, t;,—t; =7"). IIpeanonoxum, 4To 3Ta CHCTEMa CBA3aHA C KOCMHYECKUM KOpabuém, je-

TAIIIM CO CKOPOCTBIO V OTHOCUTEIBHO 3€MITH, U ITyCTh YIOMSHYThIE 1BA COOBITHS — KOCMOHABT
IIOKMHYJI Kpecjao, KOCMOHABT BepHyJcs B Kpecno. [lItpuxoBaHHas cucrtema — cuUCTEMa MOKOS
JUTSL TAHHBIX COOBITUN, OHU MTPOUCXOJIST B OJTHOM U TOH1 ke Touke. [I[poMeKyTOKk BpeMeHU MEKTY
JABYMsI COOBITHSIMH B CUCTEME ITOKOS Ha3bIBAIOT COOCTBEHHBIM BPCMCHCM.

Teneps 0OpaTUMCS K HEIITPUXOBAHHON CHUCTEME OTCYETA, CBSI3aHHOMW, B JIAHHOM Cllydae ¢
3emuéit. OOCyk1aeMbie COOBITHSI, €CITM UX PACCMaTPUBATh C 3eMJIH, OyayT MPOUCXOIUThH B pa3-
HBIX NPOCTPAHCTBEHHBIX; TOUKAX: X, U X,. [lo yacam 3eMHOro HabGmromaTens 3TU COOBITHS pa3-



JEIIeT IPOMEXYTOK BpeMeHu 7 =¢, —¢, . Ucnonb3ys (17), HeTpyAHO HaliTH

g
x'+vt' 2

O L (19)
NE NE

Ortcrona cineayer, 4to

1%
G-+ 5@-x)

NN

MBpbI BUIMM, YTO MMPOMEKYTOK BPEMEHH MKy TByMsI COOBITUSIMHU 3aBUCHT OT CUCTEMBI OTCUETA.
OH MUHHMMAJIEH B CUCTEME TOKOs IS JaHHBIX COOBITHH (coOCTBeHHOE Bpemsi). PaccmarpuBae-

T =

(20)

1
MBIii TIpOMeEKyTOK BospacTaeT B (1— %) 2 pa3 B cucTeMe, ABIXKYIIEHCS CO CKOPOCTBIO V OTHO-

CUTEJIbHO CHCTEMBI TIOKOs. [IyCTh CKOpPOCTh KOCMHUYECKOTO KOpaldiis OJM3Ka K CKOPOCTH CBETA;
BOoOOpasum, uro v/c=0,9999 (xopabip Oymymero?). Torna 7 =707 . KocMOHAaBT MOKHHYI

Kpecino (rmo yacam kopabms) Bcero Ha 20 MuH, a Ha 3emMiie MEXAY TUMHU COOBITUSMU (TMTOKUHYIT
KPECII0 — BO3BPATHIICS B KPECJIO) MPOILTH LEJTBIE CyTKH.

Koneuno, nannas curyanus obparuma. Uurarens Ha 3emiie mpodutéT maparpad KHUTH 3a
20 MuH, a HaOIIOAATENIO C KOCMUYECKOTr0 KOpalJs 3TO YTEHHE MPEICTaBUTCS POAOIKABILINMCS
nenbie cyTkd. OOpaTUMOCTh CUTyaIlMM KMCYE3aeT, €CIM CTapTOBABUIMI ¢ 3eMIU KOCMHYECKUN
KOpalOJib B KOHEUHOM CcuéTe BO3BpaTuTCs Ha 3emirto. Ho 3To yxke crokeT u3 001acTu HE CIeIu-
aNbHOM, a 0011el TEOPHH OTHOCUTENBHOCTH (CM. HIDKE).

Omuocumenvhocmsb Onunbl (coxkpawenue Jlopenua — Puyoddcepanvoa). Ilycth T€I0 MOKO-
UTCS B IITPHUXOBAHHOW CHCTEME, ero COOCTBEHHAs JUIMHA X, — X, = L. BBHIOIHUM «MOMEHTaIIb-

HBI CHUMOK» TeJla U3 HEIITPUXOBAHHOU cUCTeMbl B MOMeHT ¢ =0. U3 (19) cnenyert, uro Ha-
OJIro1aTeNh U3 HEIITPUXOBAHHON CHCTEMBI 3a)UKCUPYET JITUHY

xy—x)+v(t,—t) L-pB°L —cy
lexz_x1:(2 l) (2 1): ﬂ =L 1—,52. (21)
N N
CKODOCInb mena 6 pa3HblX cucniemax omcyéma. HYCTB TCJIO paBHOMCPHO JABUKCTCA B HC-

IITPUXOBAHHOW CHCTEME CO CKOPOCTHIO ' B HampaBJI€HUU OCHU X; V' — CKOpPOCTh 3TOTO Tejia B
HITPUXOBaHHOM cucteMe. Tak kKak V' =x/t u V' =x"/t", 1o u3 (19) HEMEAICHHO MOTyYaeMm:

- x+vt2: V+v2' (22)
t'+vx'/c 1+vV'/c

Tak HECKOJIBKO HENPHUBBIYHO BBIPAKAETCSI CKOPOCTh T€la B OJHOM CUCTEME OTCUETA 4yepes
€ro CKOpocTh B Apyroiu cucreMe. llpn v < ¢ mosygaem Ki1acCH4ECKOE MPABUIIO CIOKEHUS CKO-
POCTEif; B pacCMaTpUBAEMOM Cliydae OHO UMeeT Bux V =V"+v.

IIpeoOpasoBanus JlopeHna Kak mMoBOPOT Oceil B YeTHIPEXMEPHOM KOHTHHYYMe. IIpo-
CTPAaHCTBO — 3TO MPEXMEPHbIt KOHMUHYYM. « TPEXMEPHBII» — MOTOMY YTO MOJO0XKEHUE TOUKU
ornpezensercss B MPOCTPAHCTBE TPeMsl YUCIaMU (TpeMs MPOCTPAHCTBEHHBIMH KOOPAWHATAMHU).
«KoHTHHYYM» O3HauaeT HENpephIBHOCTb — OKOJIO JI000M JaHHOW TOYKM MOXKHO YKa3aTb
CKOJIBKO YTOJTHO JIPYTHX TOYEK, KOOPAMHATHI KOTOPBIX MOTYT OBITH CKOJb YTOJTHO OJHM3KH K KO-
OpAMHATaM 3aJaHHON TOUKU. M3BECTHO, UTO BCE COOBITHS MPOUCXOMAAT B NMPOCTPAHCTBE U BO
BpeMmeHu. O1HaKo B KJIacCHYECKOM (PU3MKE MPOCTPAHCTBO U BPEMs paCCMaTPUBAIHNCh KaK CaMO-
cmosimenbHble KaTerOpux; BpeMsi ObUIO aOCOJIOTHBIM — OHO HE 3aBHUCEJIO0 OT MPOCTPAHCTBEH-
HBIX KOOpAMHAT coObITHA. COrIacHoO ke CHEeHaIbHONH TEeOPUU OTHOCUTEIBLHOCTH 8peMs Helb3s
paccmampueams He3a8UCUMO OM NPOCMPAHCMBEA, HE UMEET CMBICIIA TOBOPUTh «CEHYaCy», €CIIU
HE OTOBOPEHO «I7I€»; BPEMS U IIPOCTPAHCTBO OKA3aJUCh BHYTPEHHE B3aMMOCBA3aHHBIMU. Pa3Bu-



Bas uzeu, BbickasaHHble eml€ B 1905 r. Ilyankape, maremaruk I'. Munkosckuit (1864 — 1909)
nan B 1908 r. reoMeTprUYeCKH HATJIAIHOE MPE/ICTABICHUE CIEIUATIbHON TEOPUU OTHOCUTEIBHO-
CTH, BBENI YemublPEXMEPHbII NPOCMPAHCIEEHHO-8PEMEHHOU KOHMUHYYM (YETBIPEXMEPHBIA MU
MunkoBckoro). Beskoe gusnueckoe coObITHE €CTh HEKOTOpPAs TOYKA B TAKOM YETBIPEXMEPHOM
MHUpE, OHA ONPENIENACTCA YETHIPbMS UACIaMU — TPEMSI KOOPJAMHATAMH U BPEMEHEM.
PaccmoTpuM B HEKOTOPOH crcTeMe OTCUYETA CIIEMYIONINE JIBa COOBITHS: TTEPBOE — CBETOBOM
CUTHAJ BO3HUK B TOUKe X = ) =z =0 B MoMeli BpeMeHH ¢ = () ; BTOpoe — ATOT CUTHAN 3a(pUKCH-

POBaH B HEKOTOPOU TOYKE X, ),Z B MOMEHT £. JIeTKo cO00pa3nuTh, 4TO
X +y 4z -’ =0, (23)

(cuTHAT NPOMIEN PACCTOSHUE /X~ + V° +2° 3a BpeMs ¢ co CKOPOCThIO ¢). PaBenctBo (23) 3a1aéT

B YETHIPEXMEPHOM KOHTHHYYME HEKOTOPYIO «IIOBEPXHOCTH». KOHEUHO, IpeacTaBuTh €€, paBHO
KaK M caM 4eThIPEXMEPHBI KOHTUHYYM, MbI HaIJIIHO HE MoeM. Ho MBI MOkeM pHuOeTHYTh K
HEeOOJIBIION XUTPOCTH: Oy/ieM yUUTBIBATh HE TPH, a JIULIb JIBE€ MPOCTPAHCTBEHHbIE KOOPIUHATHI,
a B Ka4eCTBE TPEThe KOOPIMHATHI BEIOEPEM KOOPAHMHATY, MPOTOPIHUOHAIHHYIO BPEMEHH, CKa-
xKeM, BenmnuuHy ct (puc. 2.3). Ilpu aToM BMecTo (23) OyzneM uMeTh

X +y -t =0. (24)

PaBenctBo (24) 3amaét B M300paKEHHOM Ha PUCYHKE «IIPOCTPAHCTBEY» KOHHUYECKYIO IO-
BEPXHOCTh, OHA OTIPAHUIMBACT TaK HA3bIBACMbII CBETOBOW KOHYC (YTOJI MEKIY OCBIO ¢t U 00pa-
3YIOIIMMU KOHHYECKON MOBEPXHOCTH paBeH 45°). COOBITUSA-TOUKH HAIIIETO «IIPOCTPAHCTBAY, IS
KOTOpBIX ¢ > (), pe30HHO OTHECTH K OynaymieMy, a coObITus npu ¢t <0 — K mporutomy. «bymy-
HIMe» COOBITHS, JIeXKAIINE HAa TTOBEPXHOCTH BEPXHEH MOJOBHUHBI CBETOBOTO KOHYCA WJIM BHYTpPU
HETo, MOTYT OBITh PUYUHHO CBSA3aHBI C COOBITHEM B TOUKe X = ) =cf =0 ; M0ITOMY SICHO, YTO
m000€ U3 TeX COOBITUH NEHCTBUTEILHO MPOUCXOIUT no3dce COObITHS B x =y =ct =0. Ecim xe
coObITHE ¢ ¢ > (0 HaXOIUTCS BHE CBETOBOI'O KOHYCA, TO HEJIb3sl YTBEPKJIaTh, YTO OHO MPOHU3OIILIO0
no3Xe CoObITHS B X = y =ct =0 ; MeXKAy 3TUMHU COOBITUSIMHU HET MPUYUHHON CcBsi3u. Hampumep,
coObITHEe A HUKOMM 00pa3oM HE MOXKET ObITh cieAcTBUEM coObiTus O (cM. puc. 2.3), modTOMY
HEBO3MOXKHO CYIUTh, KAKOC M3 3THUX JIBYX COOBITHH TPOUCXOJHT «PAHBIIE», a KAKOE «ITO3KEY.
Urak, Oyaymiee (o0 OTHOIIEHHIO K COOBITHIO () OTPAaHUYEHO BEPXHEH MOIOBUHOW CBETOBOTO
KOHYCa, TOrJa KaK MPOIUIOe — HUKHEW MOJTOBUHOM.

ct | 2.4
P i R
=
“, /// A
i
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70\ y
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PaccmoTpuM J1Ba MPUUYMHHO CBS3aHHBIX COOBITUS (Hampumep, coObiTist O U b Ha pUCyHKe);

cobbitne O — x =y =ct =0, cobbiTuie 5 — x, y,ct . Bennuuny r = \/czz‘2 —(x*+y") Ha3sbIBAIOT

UHmMep8aiomM MEXIy YKa3aHHBIMU COOBITHUSIMU (B YACTHOM Cllydae, KOT/la COOBITUSI «CBSI3aHBD)
CBETOBBIM JIy4OM, HHTEpBAJ oOparmiaercs B HyJb). Mcnons3ys npeodpa3oBanust JIopeHiia, JIerko



yOEIUThCS, U4TO
(XY +() = (et =x* +y* = (ct)’. (25)

TakuMm o0Gpa3omM, UHTEpBaI MEXAY COOBITUSAMU OCTAETCS HEM3MEHHBIM MPU MEPexoe U3 OTHON
MHEPIUATBFHON CUCTEMBI OTCUYETA B IPYTYI0. DTO OYEHb Ba)XKHBINM pe3yJsbTaT, OH TpeOyeT A0moJ-
HUTEJILHOTO 00CYKICHHUS.

Uro HarmomMuHaeT cooTHomeHue (25)? B xauecTBe moacKa3ku MpeUIOKUM CHaYalla BOOOIIe
HE paccMaTpUBaTh BpeMsi, MyCTh OyAeT

"2 "2 2 2
() +O) =x"+y. (26)
A Tenepb 0OpaTHUMcs K pUCYHKY 2.4. 3/1€Ch X ¥ ) — KOOPAMHATHI KOHIIA HEKOTOPOT'O BEKTO-
pa B HEIITPUXOBAHHOHN cHCTEME, a X' U ' — KOOPJMHATHI TOTO K€ CaMOro BEKTOpa B JIPYyrou

(IITpUXOBaHHOM) CUCTEME KOOPAMHAT; 3TH CUCTEMBI MOBEPHYTHI OJIHA OTHOCUTENIBHO JAPYTOW HA
HEKOTOpBIN yroi. [Ipu moBopoTe cucTeMbl KOOPAMHATHBIX OCEH M3MEHSIFOTCS, KaK XOpOIIO BU-
HO, KOOPJIMHATHI BEKTOPA, HO OCTAETCSI HEM3MEHHBIM €TI0 MOYJIb — 3TO M BbIPA)KAaeT PABEHCTBO
(26). OT nByMepHOTO MPOCTPAHCTBA MEPEHIEM K TPEXMEPHOMY, TJIe TPEThE U3MEPEHUE CBA3AHO
C BpEMEHEM, U MOCMOTPUM Ha PaBEHCTBO (25) Mo aHaAJIOrUM C TeM, KaK Mbl cMOTpesiu Ha (26).

2
Bo3MoxHO, BBI30BET cMyllleHHMe MHHYC mepen (ct)”. OmHako ¢ MHUHYCOM JIETKO (hOpMasbHO

CIIPAaBUTHCS, BBEASI MHUMYIO BEIMUYUHY 7 =ict, e [ =+/—1. B aToM cnyuae Beipaxkenue (25)
MIPUHUMACT BU]T

XY+ +E@)Y =x>+y + 7. 27)
B 001mieM (4eThIpEXMEPHOM) CTydae MPUXOANM K COOTHOLIEHHIO:
(x')2 + (y')2 + (z')2 + (z")2 =x’+ y2 +z7 47, (28)

C yuéToM crenaHHbIX 3aME€YaHUIl MOKHO pacCMaTpUBaTh MOJIYYEHHBIN pe3yJIbTaT KaKk coOXpaHe-
HHE HEM3MEHHBIM MOJYJIsl UeTBIPEXMEPHOTO BEKTOpa (€ro KOOPAMHATHI B HEIITPUXOBAHHON CHUC-
TeME: X,,Z,T =ict ) IPU NOBOPOTE OCEH YETHIPEXMEPHOTO POCTPAHCTBEHHO-BPEMEHHOIO KOH-

TUHYyMa. DTOT MOBOPOT COOTBETCTBYET MEPEXOJy OT HEIITPUXOBAHHOM CHUCTEMBI OTCUETA K
IITPUXOBAaHHON (0T X,y,z,7=ict x X',y z',7"'=ict"). Takum oOpaszom, npeobpazoBanus Jlo-
peHLla MOTYT paccMaTpuBaThcs (pOpManbHO KaK uucmo 2eomempuieckoe npeoopazosanue (no-
gopom oceti), BBITIOJHIEMOE, OJJHAKO, HE B 0OBIYHOM TPEXMEPHOM IPOCTPAHCTBE, & B Yemblpéx-
meprom konmunyyme. Kak orMeuan DUHIITEHH, «1aXe HEMaTeMaTHKY JIOJKHO OBITh SCHO, YTO
Omaromapsi 3TOMy 4YUCTO (POPMAILHOMY TOJIOKEHHIO TEOPUS OTHOCHTEIBHOCTH UYPE3BBIYANHO
BBIMIpaJla B HATJIJHOCTH U cTporHOCTW [143, c. 559].

3ameuanus, kacawimecsi o0uleii TEOPUM OTHOCHTEIBHOCTH. DTa YIUBHUTEIbHAS TEOPHUS
Obula co3aHa DUHIITEHHOM B T€YEHME JECATH JIET, MOCIEA0BABIIMX 32 CO3JJaHHEM CIEIHalb-
HOW Teopuu oTHocuTenabHOCTU (epuon ¢ 1905 mo 1915 r.). [louemy Takoil pyHAaMEHTAIBHBIN
HPUHINI, KaKUM SIBJISE€TCS] IPUHIUIT OTHOCUTEIBHOCTH, JOJDKEH OBITh MPUMEHHUM JIUIIb K UHEp-
nuanbHbIM cucteMaM? He cieayeT i Beiies] 32 OTKa30M OT aOCOIOTHOTO BPEMEHM OTKAa3aThCs
0T 0CO0O0H poJIM MHEPLHUABHBIX cucTeM oTcuéra? 13 moJoOHBIX COMHEHUI U BBIpOCa B KOHEU-
HOM Cué€Te o0was meopusi OmMHOCUMENbHOCMU, TIPEACTABIIAOMas co00i (10 CPaBHEHUIO CO
CHeLHaNbHOM Teopuel OTHOCUTEIbHOCTH) CIEAYIOUIMA M IMPUTOM OYE€Hb CYIIECTBEHHBIM MIar
BIIEpE] B MOHUMaHNH (DyHIaMEHTaIbHBIX TPO0JIeM, CBI3aHHBIX C IIPOCTPAHCTBOM U BPEMEHEM.

CornacHo BTOpoMy 3akoHy HbIOTOHA, cuila = HHEpTHas Macca X YCKOPEHHE, a COIJIacHO 3a-
KOHY BCEMHUPHOT'O TATOTEHUS, CUJIa = TsHKENAs Macca X HaPsDKEHHOCTD MOJIs TAroTeHus. Takum
obpazom,

masdcenas macca .
YCKOpeHue = X HANPAANCEHHOCb NOJISL MALOMEHUSL.

UHepmHasd macca




DKBUBAJICHTHOCTh TSXKENON M MHEPTHOM Macc O3HAYAET, KAK MOKHO BHJIE€Tb, 9KGUBALEH-
HOCMb YCKOPEeHUsl U NOJisL MACOMEHUSL.

OOpatuMcsi K 3HAMEHUTBIM MBICJICHHBIM JKcIepuMeHTaM JiHIuTeiHa. lpeacraBum cebe
CBOOOJTHO TAJAIONIUH B 1MOJie TATOTeHUs (T ¢ HabmoareneM. SICHO, 4TO y aApyroro HaOroaa-
TeJsI, KOTOPBIM HAXOMUTCS HA TIOBEPXHOCTH 3€MJIU ¥ BUIUT MAJAIOIINNA BHU3 TUMT, HET HUKAKUX
COMHEHUH, 4TO JUQT ABWKETCS MO JAeicTBUEM TsaroTeHus. OHaKO BPsIT JIM TaKOW BBIBOJI CJIe-
naet HabmogaTens BHyTpH Judra. OH ONIyIIaeT HEBECOMOCTb, BBIMYIIEHHBIH M3 PYKH KapaH-
JIalll TIOBUCAET B BO3MIYX PSAJOM C PYKOM — HET HMKAaKUX yKa3aHUM Ha TAroteHue. « CTpaHHbIE
BEIIM NPOUCXOAAT B mudTe! — mumer DitHmrTeiiH. — Ecnm HabmrogaTenensb TOJIKaeT TEJO B
KaKOM-JIMOO HaIpaBJICHWH, HAIIPUMED, BBEPX WJIM BHU3, TO OHO BCETA JIBIKETCS MPSIMOJIMHEH-
HO ¥ paBHOMEPHO, TIOKa HE CTOJKHETCS C MOTOJKOM wiK mosioM Jidra. Kopoue roBopsi, 3aK0HbBI
KJIACCUYECKOW MEXaHUKH CITpaBeUIMBHI JIsl HaOmonarens BHyTpu audTa. Bee Tena BexyT cebs
TaK, Kak CJeI0BAIO OXKUAATH MO 3aKOHY MHEPIUH... BHENIHMI HAOMI01aTeNlb 3aMeUaeT JBUKE-
HUe TudTa ¥ BCEX TENT B HEM M HAXOJUT €ro COOTBETCTBYIOIIMM 3aKOHY TATOTeHHUs HproToHa.
JJist Hero MBUKECHHE SBIIICTCS HE PABHOMEPHBIM, a YCKOPEHHBIM... OIHAKO MOKOJICHNE (PU3HUKOB,
POXIIEHHOE ¥ BOCITUTAHHOE B JTUQTE, paccyxaan Obl copepiieHHO nHade. OHO ObLIO OB yBEPEHO
B TOM, 4YTO HaXxOJUTCS B MHEPLHUAIbHON cucteme...» Jlanee DiiHmrelH 3akmovaetr: «M3 aToro
puMepa Mbl BUJIUM, YTO MOCJIEA0BATEIbHOE ONUcaHne (PU3UIECKUX SBJICHUN B JIBYX Pa3JIMUHBIX
CHUCTEMax KOOPJAMHAT BO3MOXHO, Ja)K€ €CIIM OHHM HE JBUXKYTCS MPSMOJIUHEHHO U PaBHOMEPHO
JIpyT OTHOCUTENBHO Apyra. Ho s Takoro onuvicaHus Mbl JOJKHBI IPUHSATH BO BHUMAHHE TSTO-
TEHHUE, CO3JAI0NIEE, TAK CKA3aTh, «MOCT», MO3BOJSIOIIMN MIEPEUTH OT OJTHOM CUCTEMBI KOOPIU-
HaT K apyroi. [lose TAroTeHus CyIecTBYeT A1 BHENTHET0 HaOr01aTens, yisl BHYTPEHHETO Ha-
OJro/IaTeNsi OHO HE CYIIECTBYET. Y CKOPEHHOE JIBMKCHHE JTU(TA B MOJIE TATOTEHUS CYIIECTBYET
JUIS BHEIITHETO HaOII0JaTeNs, JUIsi BHYTPEHHETO ke HaOmrogarens — mokoi. Ho «wmocty, T. e.
MOJIe TATOTEHHUS, ISTAIOIIUN OTTMCAHUE B 00CHX CUCTEMaX KOOPJIUHAT BO3MOXKHBIM, TIOKOUTCS Ha
OJIHOM OYE€HBb BAXKHOU OTOPE: IKBUBATECHMHOCMU MANCENOU U UHEPMHOU Macc. be3 3TOll PyKOBO-
JSIEeN WJIeU, OCTaBILIEHCs HE3aMEYEHHOW B KJIACCMYECKOM MEXaHUKE, Hallu TElepenIHue pac-
CY>XJIEHUSI TIOJTHOCTHIO oTnayiu Ob1» [ 145, c. 494 — 495].

2.5

PaccmotpuM emé oguH MBICIICHHBIN dKciepuMeHT DiHmTerHa. K mudTy, KOTOphIi A0 TOrO
MOKOWJICS B MHEPIHUAIIBHON CUCTEMe OTCUETa, KTO-TO MU3BHE MPHUBSI3AJl KaHAT U CTaJl THYTh JTUPT
B KaKyI-TO CTOPOHY C MOCTOsIHHOW cuitoil. C TOYKHM 3peHUs] BHEUTHEro HaOIoaaTens (Haxoms-
IIET0Cs B MHEPLUHUAIBHOM cucTeme), TU(T IBUXKETCS C MOCTOSHHBIM yckopeHueM. C TOUYKH xKe
3peHust HaOMroAaTeNsl BHYTpH JU(Ta, HET ABHKEHUS C YCKOPEHUEM, a €CTh HEKOTOPOE MOJIe Tsi-
rorenus. Mtak, ouH nojaraer HEpaBHOMEPHOCTh JBMKEHUSI U OTCYTCTBUE TATOTEHUS, a IPYrou
— MOKOW M HAaJIM4YME TATOTEHHUsA. DUHINTEWH CUMUTAET, YTO NPUHIMUIINAIBHO HEBO3MOXHO JOKa-
3aTh MPaABOTY TOTO MJIM MHOTO HaOmoaTesns. MoxHO ObLI0 Obl, HAIPUMEp, IPOIYCTUTh CKBO3b
AT TOPU3OHTAIILHBIN CBETOBOM JIyY (IT0JIaraeM IMpH 3TOM, YTO YCKOpEHHE Ju(Ta HampaBIeHO
«BBepx»). BHemHuii HabmOAaTeNbh CKaXKET: CBETOBOW JIyY JIBUXKETCS TOPU30HTAIBHO, HO JH(T
JBUKETCS] BBEPX U, 3HAUUT, OH CMECTUTCS BBEPX 3a TOT MPOMEXKYTOK BPEMEHHU, Kakoi TpeOyeTcs
Jydy, 9YTOOBI IPONTH pacCTOSHUE OT OAHOM cTeHKH JudTa 10 Apyrou. [losromy myd ymanér Ha



3a/IHIOI0 CTEHKY B TOYKE, KOTOpasi HaXOJMTCS HEMHOI'O HM)KE€ TOYKM BXOJla Jyda Ha NepeaHeu
crenke (puc. 2.5). Kazanocs 0b1, HabM0MaTENh BHYTPU JTU(PTA TOCPaMIIEH — BOT JI0KA3aTEIbCT-
BO MCTUHHOCTH TO3UIIMU BHENIHEro HaOmonatens. Ho He cienyer cnemmuTh ¢ TaKuM 3aKiIrode-
HHeM. «JIyd cBeTa HECET PHEpruro, — 3aMedaeT DUHIITENH, — a dHeprusi umeetr maccy. Ho Ha
BCSIKYIO MHEPTHYIO MAacCy MOJI€ TATOTEHUS OKAa3bIBAET BO3JEHCTBUE, TaK KaK MHEPTHAS U TIKE-
J1asi Macchl SKBUBaJIEHTHBIL. JIyd cBeTa Oy/leT UCKPUBIISITHCS B MOJI€ TATOTEHUS TOUHO TaK K€, KaK
UCKPHBIISICTCS TPAEKTOPUS TeJa, OpPOLICHHOTO rOpU30HTaNbHOY [ 145, ¢. 497].

TakoB ObLT MyTh DUHIITEHHA K NPUHYUNY DKBUBALEHMHOCMU — TICHTPATLHOMY CTEPIKHIO
o0mieit Teopun oTHOCUTENbHOCTH. OO0 ATOM MpPHHIMIIE OYE€Hb Xopomo cka3zan M. [apanep:
«IIpuHIUN SKBUBAJIGHTHOCTH HE YTO MHOE, KaK ollejomJsioniee yreepxaeHue (HpioroH cuén
Ob1 DifHIITeiHAa OE3yMIIEM), UTO TSXKECTh U MHEPIHS OAHO M TO k€. DTO HE MPOCTO MOXOXKHUE SIB-
neHusi. TsoKecTh U MHEPIMS — JIBa PA3JIMYHBIX CJIOBA JJII OJHOTO W TOTO K€ ABJICHUs» [27,
c. 84].

B cBoé Bpemsi HeroToH, chopMynrpoBaB 3HaAMEHUTHIN 3aKOH BCEMHUPHOTO TATOTCHHUS, HE
CMOT OOBSCHUTH MPUUKHY TATOTeHHs. OOIIas TeOpUsi OTHOCUTEIBHOCTH DHUHIITEHHA JJaia TAro-
TEHUIO COBEPILIECHUE HEOXHUJAaHHOE OObsICHEHHE. B mycToM mpocTpaHCTBE TENO IBHXKETCS IO
WHEPIUU NPSIMOJIMHEWHO U PAaBHOMEPHO MOTOMY, YTO B TaKOM IPOCTPAHCTBE KpaTyaiiiee pac-
CTOSIHME MEXy IABYMsI Toukamu — mpsimasi TuHus. [IpencraBum cebe Teneps, 4TO B MPOCTpaH-
CTBE IMOSIBIJIACH 3HAYUTEIbHASI Macca — MbI TOBOPHUM, YTO TEIMEPhb TEJIO JBHXKETCS MO IEUCTBU-
€M CHJIBl TSXKECTH, OOYCIIOBIIEHHOM TOJEM TATOTEHHS, MOSBUBIIMMCS BMECTE C YIOMSHYTOH
Maccoi. Ho MOXHO, OKa3bIBaeTCs, pacCyKaaTh MHAUE: MAcca U3MEHSET CTPYKTYpYy caMoro mnpo-
CTpaHCTBa — OHA Kak Obl ucKkpugisem €ro, nejas KpaTdyalliuM pacCTOSTHUEM y)Ke He MpsMy, a
KpUBYIO JUHUIO. [loguepkHEM: TATOTEHHE — HE NMPUYKMHA KPUBHU3HBI MPOCTPAHCTBA, 3TO U €CTh
cama kpuBHu3Ha. CTpyKTypa IPOCTPAHCTBA, €r0 KPUBHU3HA OIpeessieTcs] KPUBU3HOM €ro reoje-
3uueckux TuHUA. C TOYKHU 3peHus 00IIel TeOpHuH OTHOCHTEILHOCTH JIBIYKEHUE TENNa B MOJIE TsI-
TOTEHHUSI MOKHO paccMaTpuBaTh KaK JBUKEHHE MO MHEPIMH BIOJb MCKPUBJIEHHON reoje3nye-
ckoi MHUM. [loucTuHE MHEPLMS U TAKECTh OKA3aJIUCh ABYMSI CTOPOHAMH OJHOM U TOU Ke Me-
JTaJIH.

[Tockonbky MCKpUBIEHHE MPOCTPAHCTBA TEM CHUJIbHEE, YeM OOJIbIIe BBI3BIBAIOIIAS 3TO HC-
KpUBJIEHHE Macca, TO, CJI€I0BaTeIbHO, CBOWCTBA MPOCTPAHCTBA U BPEMEHH JOJKHBI paccMaTpH-
BaTbCSl 8 mecHeuwel cea3u ¢ mamepueli. B xaccnyeckol MEXaHHMKE BpeMsl paccMaTpHUBaIOCh
HE3aBHCHMO OT IPOCTPAHCTBA, a MPOCTPAHCTBO U BPEMsI pacCMaTPUBAIUCh HE3aBUCUMO OT Ma-
tepun. CyIecTBOBaIM aOCOMOTHOE BpeMs U aOCOTIOTHOE MPOCTPAHCTBO, B KOTOPBIE ObLIA «I10-
rpyeHa» marepust. Teopuss OTHOCUTENbHOCTH 3aCTaBWJIA PELIMTEIBHO NEPECMOTPETh TaKYIO
TOuKy 3peHus. Ha mepBoM cBoEM dTame (crenuaibHas TeOpusi OTHOCUTEIHHOCTH) OHA MpPOJe-
MOHCTPHUPOBAJa 83aUMOCEA3b NPOCMPAHCMBA U 8peMeHU, TIOKa3aia, YTO HET BPEMEHU BHE Ipo-
CTpaHCTBa; Ha BTOPOM JTare (00Ias Teopusi OTHOCUTEIHHOCTH) ObLIa MOKa3aHa 63aUMOCEA3b
npoCmMpancmea-epemenuy ¢ mamepuel. B CUIbHBIX MOJIAX TATOTEHUS HE TOJIBKO MPOUCXOIUT HC-
KPUBJICHHE T'€OJIE3UYECKUX JIMHUHN, HO U 3amedsemcs X00 épemenu. Mbl BBIHYXJIEHBI OTpaHU-
YUTHCS] ATUMH 3aMEYaHMUSIMH, TaK Kak 0oJjiee JeTalbHOe pacCMOTPEHHE MOJOOHBIX BOIIPOCOB MO-
TpeOoBaio ObI OOpaIeHUs K MAaTEMAaTUYECKOMY anmnapary o0Iiel TeOpUH OTHOCUTETHHOCTH.



Luanoea. O BpemeHu

ABTOp. PaKTHUECKU B JII0OOM LIKOJIHLHOM HpeaMeTe
UCIIONIB3yEeTCsl TMOHSATHE BpeMeHH. Bce uncropuyeckue
coObITHS, Bce mpolecchl ((pusnueckue, XUMHUYECKHE,
OMoJOrMYecKre) MpoTeKarT BO BpeMmeHU. be3 comHe-
HUS, 6pems — OJIHO W3 BaxkHeHmmx nouatuil. [lo camoit
CBOCH CyTH OHO SIBJII€TCS TOHsATHEM ¢u3ndeckuM. [lo-
9TOMY, Ka3ajoch Obl, IpU HM3y4eHMH (U3UKU OIpejie-
JNEHHOE BHUMaHHUE JIOJKHO YIENATbCS aHAJINU3Y JAaHHOTO
noHATHA. Hackonbko MHE M3BECTHO, ATOrO, K COXKalle-
HUIO, OOBIYHO HE JeIaloT.

Yuureas. [lIkonsHas nporpamma no (pu3nKe He OT-
BOJIUT BPEMEHHU ISl OOBSICHEHUSI CAMOT0 BPEMEHH, dBO-
oy 3Toro nousTus. llo-enagumomy, npeanosnaraercs,
YTO MIKOJBHHUKH, MPUCTYHAst K U3YYCHUIO (PHU3HKH, yxKe
UMEIOT HE00XOIMMBbIE TPEACTABICHUS O TOM, YTO TaKOe
BpeMmsl.

ABTOp. Hano npusHate, 4To0 BpEMEHHM B OINpeEfe-
JEHHOM CMBICIIE HE TOBE310. MBI )KMBEM BO BPEMEHU U
npoctpaHcTBe. IIpocTpaHcTBO mM3ydaer crnenuanibHas
HayKa — TreoMmeTpus. Bpemsi xe — OJuUH U3 MHOTHX
00BEKTOB M3ydeHus: Gu3uKku. B mkonbHON Qusnke emy
IPOCTO HE HAILIOCh MecTa. A MEXIy TeM Bpems —
yAUBUTENbHEHIINI «00BEKT», HABOASIIUI Ha TiyOoKue
pasmbinuieHus. Bpemst 6ezocmanogouno «redér» u npu-
TOM MOAbKO 8 0OHOM HAanpaeieHuu — OT TPOLUIOro K
Oynymemy. Hacrosmee — 3T0, B CYIIHOCTH, HEYJIOBH-
MO€ MTHOBEHHE, Pa3rpaHUYMBaAIOLIEe MPOLuIoe U OyIy-
niee. PeaabHO HMEHHO 3TO MTHOBEHHE, 3Ta I'PAHb MEXTY
HPOILIBIM U OyIyLIMM; BMECTE C HEH MbI BCE, BECh Halll
MUp HETIPEPBIBHO JBIKEMCS B Oy/ylee, OCTaBIss «IO-
3a71 ceOs» HapacTaroIe «IUIACThD MPOIIoro. Bot mMbl
0’KH/IaeM HEKOTOpOEe COOBITHE; MOKa OHO NMpeObIBaecT B

— Upo raxoe speain? OyaymieM, emé He MPOU30ILI0; HO HACTYNAeT MOMEHT

— 970 70, 4TO NOKA3HBAIOT YaCh. — ¥ COOBITHE COBEpIIAETCs, TEHeph ITO yKE HCTOPUS,

Hs ypers. gusing KOTOpas CO BpeMeHeM OyjeT Bcé Oojee OTAaIAThCA OT

Hac B npouwioe. HemapoM roBopAr 0o «kHEYMOJIMMOM XO-

ne BpeMeHn». HemapoMm Bo3HMKaeT 06€30TUETHOE JKeTaHue OCTaHOBHUTH ATOT XoJ («MrHoBeHue,

ocraHoBUCh!»). HegapoM MBI He paccTaéMces ¢ (aHTaCTUUECKUMHM MEUTaMU O IyTEIIECTBUU IO

BPEMEHH; €CJIM HEBO3MOXXHO OOpaTUTh XOJl BPEMEHH, TO HEJb3s JIU XOTS Obl B OTAEIBHBIX CITy-

YasiX JBUTaThCSl HABCTpeUy 3TOMY «Xoay — U3 Oyayiuero B npouutoe? Kaxnoe nokonaeHue Jo-

Jiei 3a4nThIBaeTCs (PaHTACTHUECKUMH POMaHAaMH O MyTEUIeCTBUAX MO BpeMeHu. KTo He umran
«Mamuny Bpemenn» I'. Yamnca unu «Koner Beunoctn» A. A3umoBa?

Yunresanb. KoHeuHo, BCE 3TO U yIUBUTENBHO, U yBiekarenbHo. Ho, cormacurech, BOKpyr
Hac BOOOIIE OYEHb MHOTO YJUBHUTEIBHOI0. BO3MOXHO 1M BCE 3TO BMECTUTh B OTpaHUUYECHHBIE
PaMKH LIKOJIBHBIX IporpaMm?

ABTOp. 351€ch HE TpocTo yauBieHue. Korga Mbl ciienum, HarmpuMep, 3a COOBITHSIMU, OITH-
CaHHBIMH A3HMMOBBIM B €ro (paHTACTUYECKOM pOMaHe, Mbl (PaKTHUECKH Pa3MBIIUILEM HaJ Ipo-
onemMaMM npuuuHHOCMU, B3aUMOCBSI3U COOBITUH. MBI BUAMM, KaK BMEIIATEIbCTBO B MPOLLIOE




MPUBOIUT K U3MEHEHUSIM B OyaymieM. PaHTaCTUYECKHE IKCKYPCHI B MPOIIUTBIE CTOJIETUS YpeBa-
Tl pa3pylIEHUEM MPEXKHUX CBA3CH, OHM MU3MEHSIOT UCTOPHUIO, TOPOKAAIOT HOBYIO PEAIbHOCTbD.
YkKe 0HO 3TO TOBOPUT O MPUHIIMITHATEHOM HEBO3MOKHOCTH MOAO0HBIX Ty TEIICCTBUMA.

Y AUBUTENbHBI HE TOJBKO HEOOPATMMOCTh U HEOTBPATHUMOCTh Xoja BpeMmeHu. He meHnee
YAUBUTENILHO TIPUCYIIEE YETOBEKY uy6cmeo epemeru. ONBITHBIN JEKTOP HE HYXKIAETCS B Hacax
— OH 1 0e3 HUX 3aKaHYMBAET JIEKLHIO KaK pa3 K 3BOHKY. TPEHHPOBAHHBIN YETOBEK MOXET MpH-
Ka3aTh ce0e MPOCHYThCS, CKakeM, B CEMb YacOB YTPa — U OH JCHCTBUTEIBHO MPOCHETCS B 3TO
Bpemsi. Co3aércsi BrieyaTeHHe YTO YeIOBEK 00J1afaeT CBOeOOpa3HbIMU BHYTPEHHUMH YacaMH.
NMeHHO Tak ¥ cUMTAIOT (PU3HOJIOTH M IMICUXO0JOTH. PUTMIYHO ObETCS cepille, puTMUYHO paboTa-
€T CUCTeMa JIbIXaHMs, CPAaBHUTEIIBHO HEAaBHO (OKOJIO MATHUICCATH JET Ha3ald) Oblin oOHapyke-
HBI pUTMBI TOJIOBHOTO Mo3ra. OcHoBomoNokHUK kKubepHetnku H. Bunep (1894 — 1964) cuuran,
YTO UMEHHO PUTMBI TOJIOBHOTO MO3Ta OOBSICHSIOT Hallly ClIOCOOHOCTh YyBCTBOBATH BpEMSI.

Yuureab. Ho «ayBcTBO BpeMeHU» BechMa CyOBeKTHBHO. /[ denmoBeka, yBIEUEHHOTO pa-
00ToH, BpeMst O€KHUT OBICTPO, TOTZIa KaK JJIsi TOMSIIETOCs B BBIHYXXICHHOM Oe3/enbH (HampH-
Mep, B 0KMJIaHUM TI0€3/1a Ha BOK3aJIe) BpeMsl TSIHETCS JIOJTO.

ABTOpP. 371eCh COEAMHSIOTCS BOCIUHO BOMPOCH! (hU3UKH, (pr3nosioruu, ncuxonoruu. M 3to
«COEMHECHUE» TIPEICTABIISICT 3HAUUTEIbHBIA nHTEepec. OTHAKO AaBaiTe OrpaHUIHMCS O0CYKIe-
HUEM BPEMEHH C TOUKH 3peHUs TOJIbKO (u3uku. CyliecTBeHHO, YTO (PU3MKa BpeMEHH (a 3HAYMHT,
U CaMo TIOHSTHE BPEMEHH) M0 MEpe Pa3BUTHs HAYKH HBOJIIOIMOHUpPOBaia. B oTimuue ot kiac-
CHYECKON (PM3MKH, COBpEMEHHas (hPU3MKa CBS3BIBACT TECHEHUITUM 00pa3oM BpeMsl C MPOCTPAHCT-
BOM.

Yunresb. Bor 370 00beanHEHNE MPOCTPAHCTBA W BPEMEHHU U TPEACTABISAETCS MHE IO-
HACTOSAIIEMY yAUBUTEIHHBIM.

ABTop. [Touemy?

YuuTteab. YK 04eHb OHU pasHble — BPEMsI M IPOCTPAHCTBO. [IpocTpaHCTBO MBI Kak ObI BU-
UM, MO’KEM BOCIPHUHUMATh €T0 LEIUKOM. BpeMeHr Mbl HE BUIUM; XOTS Mbl €70 U UyBCTBYEM,
OJIHAKO BOCIPUHUMAEM HE LIETUKOM, a OTAETbHBIMA MTHOBEHUSMH WM MPOMEXyTKamMu. | naB-
HOE €, B MMPOCTPAHCTBE MOXHO MEPEMENIaThCS BO BCEX HAMPABJICHUSX; TIPH KEJIAHUU MBI MO-
JKEM MEePEMECTUTHCS B Ty WM MHYIO TOYKY MPOCTPAHCTBA. BO BpeMeHU K€ MBI HE MOKEM Tpo-
W3BOJIPHO TIEPEMENIAThCs, HE MOXKEM, I10 KEJIAHUIO, TOMACTh B TOT WJIW HHOH MOMEHT B IIPO-
IIJIOM, COBEPILIUTH MOE3/IKY B OyIyliee U BEPHYThCsS 00paTHO.

ABTOp. OHH, KOHEUHO, pa3Hble — BpeMs U mpoctpancTBo. Ho, mymaro, Bel cormacutecs,
YTO MOHSATHE BpeMEHU (POPMHUPOBANOCH Y YEIOBEKa MpU MOMOIIU Ooyiee TOCTYITHOTO eMy MOHS-
Tus npocTpaHcTBa. «Ceiluac» U «CKOpo» MOSABUIUCH 110 00pa3y U MOAOOHUIO MOHATHH «31eCh» U
«OJM3KOY.

YuuTeab. ITO YUCTO MCUXOIIOTUIECKHAE aHATIOTHH.

ABTOp. B (usuke Bpems U MpOCTPaHCTBO TOXKE BCET/A BBHICTYIAJM, UTO HA3bIBACTCS, «pyKa
00 pyky». Emé anTuunbie yu€Hble MOHUMAJIH, YTO BPEMs U MPOCTPAHCTBO CBS3aHBI APYT C APY-
roM 4epe3 aBuxkeHue. JIykpenuil cunuTan, HampuMep, YTO BHE JBIKCHHUS WM MOKOS Tl BpeMs
OIIYIIAThCSI HE MOKET, YTO CaM0o20 no cebe BPeMEHHU MpocTo HeT. OH muca:

Taxoke 1 BpeMeHH HEeT caMoro 1o cede, HO MpeIMeThI
CaMu BeIyT K OIIYIIEHBIO TOTO, YTO B BEKaX COBEPILIANIOCH,
UYT0 MpOUCXOAUT TENEPD U YTO BOCIIOCIIEACTBYET MO3XKE.

W Hen30exHO NpU3HATh, YTO HUKEM OLIYIAThCS HE MOXKET
Bpewmst camo 1o cebe, BHE JBMXKEHUS TeJ U TOKOSI.

B 3namenutsix anopusx 3eHoHa (V B. 70 H. 3.) Halllla OTpa)K€HUE JUAJEKTUKA JBUKCHUS
— JeTAuas crpeiaa OAHOBPEMEHHO M HaXOMUTCS U HE HAXOIUTCS B JaHHBIA MOMEHT BPEMEHHU B
JTAHHOM TOYKE IMPOCTPAHCTBA. I'erenp CBA3bIBAN 3Ty JUAIEKTUKY C HEIPEPBIBHOCTBIO BPEMEHH U
IPOCTPAHCTBA: «... JIBUraThcsi 03HaUaeT ObITh B JAHHOM MECTE U B TO K€ BpeMsl He ObITb B HEM,
— CJIeI0BaTeNIbHO, HaXOJUThCS B OOOMX MECTax OJHOBPEMEHHO; B 3TOM COCTOUT HEINpPEpbIB-
HOCTb BPEMEHHU U MPOCTPAHCTBA, KOTOPAst €AMHCTBEHHO TOJIBKO M JEJIaeT BO3MOXKHBIM JIBHIKE-



Hue» [29, c. 131].

Yuurenab. KoHeuHO, BpeMsl M NMPOCTPAHCTBO B3aUMOCBSA3aHbI Y€pe3 JABUKEHUE — JOCTa-
TOYHO B3TJISIHYTh Ha rpaduk myTH oT BpeMmeHu. 1 BCcE jxe Bpemsi U MPOCTPAHCTBO BHICTYMAIOT
3/1€Ch KaK CaMOCTOSITEJIbHBIC TOHSATHUS.

ABTOp. Brl nipaBel. Jlo cozmaHus TEOPHUH OTHOCHTEIBHOCTH BPEMsI MOKHO OBIJIO paccMmart-
pUBaTh BHE MPOCTPAHCTBA, a IPOCTPAHCTBO BHE BpeMeHH. CrielialibHasi TEOpUsi OTHOCUTEIIbHO-
CTH TIPOJEMOHCTPHUPOBaAja MPUOIMKEHHOCT TAKOW TOUKH 3pEHHsI, TOTpeOOBaIa pacCMOTPEHUS
MIPOCTPAHCTBA U BPEMEHU 8 eOuHoMm Komniexkce. IHTepecHo, 4TO MPOCTPAaHCTBEHHO-BPEMEHHOMN
KOHTHHYYM OBbUIT IPeJIo’KeH Kak 0000IIeHne 00BIYHOTO TPEXMEPHOTO MPOCTPAHCTBA HA YEThI-
pExMepHOoe «mpocTpaHcTBO». OO0 3TOM XOpoIIo cka3aHo B KHUTe «Dusmka BpeMeHm»: «nes
OTHOCHUTEJIbHOCTH OOBEIUHSET MPOCTPAHCTBO M BPEMsi, OHAa MPUCOEAUHSET BpeMsi K MPOCTpaH-
CTBY B KaueCTBE HOBOT'O, YETBEPTOro M3MepeHus... HoBoe nsmepenue — Bpemsi — paccmaTpH-
BaeTcs Kak Obl HApaBHE C TPEMs MPOCTPAHCTBEHHBIMH M3MEPEHHSIMH, & BMECTE BCE ITO YEThI-
péxMepHOe 00pazoBaHUE OOBSBISETCS YETHIPEXMEPHBIM MPOCTPAHCTBOM... Bce oTHomieHus B
TaKOM YETBIPEXMEPHOM MHUPE CTPOSITCA MO CYIIECTBY TaK )K€, KaK U MPOCTPAHCTBEHHBIE OTHO-
IIeHUsT B 00BIYHOM TpExMepHOM Mupe» [141, c. 14].

Yunreib. [[eicTBUTENEHO, 00bEIMHEHUE BPEMEHH U MPOCTPAHCTBA MPOUCXOAMIIO, TaK CKa-
3aTh, MOJ «(IaroM MPOCTPAHCTBa» Kak MEPEeXo] K KaueCTBEHHO HOBOMY (uembipexmepHomy)
pocTpaHcTBYy. M Bc€ ke ueTBEpTas KOOpAMHATA ITOrO MPOCTPAHCTBA — BPEMS] — MPUHIUIIH-
aJIbHO OTJIMYHA OT MPOCTPAHCTBEHHBIX KOOPAUHAT. JJOCTaTOYHO BCIIOMHUTH O HEOOPATUMOCTHU U
HEOTBPAaTUMOCTH X0/ BPEMEHHU.

ABTOp. besycnosHo. Bripouem, naBaiite o0CyauM 10 MOPSAIKY, KaK TPOUCXOIHIIA 9801H0UYUS
nonamus epemenu. HauHEM ¢ TOT0, KAKUM MPECTABISAETCS BPeMsI B KITACCUYECKON (pU3UKE.

Yunreasn. B knaccuyeckoil pusuke BpeMsi abconomuo, OHO BCET/IA U Be3/I€ TEUET 00UHAKO-
60. JIBa coOBITHSI, OTHOBPEMEHHBIE B OJHOM cHucTeMe OTcuéTa, OyIyT OJHOBPEMEHHBI 8000u €.
CrnoBo «ceifuacy uMeeT aOCOTIOTHBIM CMBICI JIJIsi BCETO MUpa — U JJIsl Hac, U 7S Naj€KuX ra-
JAKTHUK.

ABTOp. Bcé mpamieHo. Oaako otBer Bamr He nonon. Kitaccndeckas pusmka yTBep:kaaeT
0 BpeMeHHM cienyrolee. Bo-nepBbx, BpeMsi CYLIECTBYET camo no cebe; X0y BPEMEHH MOAYU-
HSIIOTCS BCE SIBJICHMSI M TeJla, HO CaMH OHM HUKAaKOro BO3EHCTBHS Ha XOJ] BpEMEHH HE OKa3blBa-
I0T. Bpemsi cymiecTByeT BHE MPOCTPaHCTBA, BHE TN W SIBJICHHM — OHO abcoromHuoe. Bo-
BTOPBIX, BCE MOMEHTBI BPEMEHU (hu3uuecku pasHonpasHul: epems 00HopooHo. Ero xox Be3ne B
MHUpE OJUHAKOB. B-TpeTbuX, BpeMsl MPOCTUPAETCS OT HACTOSLIETO HeOZPAHUYEeHHO B TIPOILIOE U
B Oynymiee. Ero xon oounakoeo pagnomeper B poOILIOM, HacTOSIIEM, Oy rymieM. B-ueTBEpTHIX,
BpPEMSI OOHOMEPHO.

Yuurennb. [lo-BuauMomMy, aHaJIOTMYHBIE 3aMEYaHUSI MOKHO CHIEJIaTh U O CBOMCTBAX MpoO-
cTpaHcTBa’?

ABToOp. BoTr BBl y’ke 1 camu 3aroBOpHin 0 MPOCTPAHCTBEHHO-BPEMEHHBIX aHAIOTUsAX. Jle-
CTBHUTEJIBbHO, OJOOHO BPEMEHHM, NMPOCTPAHCTBO B KiaccH4yeckod (pu3Mka CyliecTBYyeT caMo IO
ceOe, OHO BMEIIAeT BCE TeJa, JaéT MECTO BCEM SIBIICHUSM, HO HE HCITBITHIBAET Ha ce0e HUKAKOTO
BO3/IEUCTBUS CO CTOPOHBI TeJ U sBICHUNA. Bce Touku mpocTpaHcTBa (PU3NYECKH PaBHOIPABHBI:
IPOCTPAHCTBO, KaK U BpeMsi, 00HOopoOoro. CBOICTBA MIPOCTPAHCTBA CO BPEMEHEM He USMEHIOM-
cs. B otnnuue oT BpeMeHHu, NPOCTPAHCTBO TPEXMEPHO, TAK YTO MOYKHO FOBOPUTH O Pa3HbIX Ha-
IPaBJICHUSAX B IpocTpaHCTBEe. Bce HampaBiieHuss B MPOCTPAaHCTBE (U3WYECKU PABHOIPABHBI:
MPOCTPAHCTBO u30mponHo. [IpoCcTpaHCTBO HE UMEET I'PaHMIl, BO BCEX HANPABJICHUSIX OHO IPO-
CTHPAETCS Heo2paHu4yeHHo. 3aMETHM, HAaKOHEII, YTO B KJIACCHYECKON (PU3MKE IPOCTPAHCTBO OIH-
ChIBaeTcs ceomempueti Eexnuoa.

A Teriepb oOpaTtuMcs K coBpeMeHHOH ¢u3uke. OHa paccMaTpUBaeT BpEeMs M MPOCTPAHCTBO B
COOTBETCTBUU C BBIBOJAAMH TEOPUU OTHOCUTEIBLHOCTH.

Yuurenb. B meopuu omnocumenvHocmu epems ympavueaem u adOComOmHOCMb, U CAMO-
cmosimenvHocms. ETo Henb3s paccMaTpUBaTh TENEpPh BHE MPOCTPAHCTBA, BHE KOHKPETHOM CHC-
TE€MbI OTCU€Ta. YKa3blBasi MOMEHT BPEMEHHU, Mbl JOJKHBI YKa3aTh TaKKe, 20e HaXOJATCS 4achl,



[0 KOTOPBIM OTCUHTBHIBAETCS BpeMs. Xo0 8pemeHu 8 pasHuix cucmemax omcuéma paziuyer. B
Hallel cucrteMe OTcuYéTa Yachl UIyT HOPMAJIbHO, a BOT Yachl B CUCTEME, MPOHOCAILIEHCS MUMO
HacC C OTPOMHOI CKOPOCTBIO, OYIyT, C Halllel TOUKU 3pEHHUsI, OTCTaBaTh, UJITH MEJICHHEE.
ABTOp. Mexay npounM, pu3uKa 3IeMEHTAPHBIX YacTHUI] Ja€T NPSIMOE SKCIIEPUMEHTAILHOE
MOJITBEPKJIEHUE 3TOTO BHIBOJIA CIELMAIBLHON TEOPUH OTHOCUTENIBHOCTH. Sl MMEIO B BULy BpeMs
YKU3HU MUOHOB. [IMOHBI — HecTaOMIbHBIE YACTHIIBI, OHU JKUBYT OUYEHb HEJOJTO0, a 3aTeM pacha-
naroTcs (TOYHee roBOPs, MPEBPAILAIOTCS B Apyrue yacTuibl). CpepHee BpeMs UX KU3HU U3BECT-

HO: 2,6'10_8 c. IMeHHO TakoOBO 3TO BpEMs IJII ITMOHOB, IMOKOAIHNXCA OTHOCHUTCIIBHO (I)I/ISI/I"IC—

cKoi J1aboparopuu. Eciu e MUOHBI JETAT ¢ OOJBIION CKOPOCThIO, TO pachaj Uux 3aJep>KUBacT-
Csl, BpeMsl JKU3HU YBEITUYHUBACTCS — C TOYKH 3pEHUS HAOII0IaTeNsl, HaXO/sIIerocs B 1aboparo-
pun. M3mepeHHoe 3TuM HabI0gaTeNIeM CpelHee BpPeMsl )KU3HU MHOHOB B IyYKe, MUYAIIUXCS CO

ckopocThio okouio 0,9 ckopocTH cBeTa, cocTaBuio 5,7 - 10® ¢ — B TIOJTHOM COTJIaCHH C TEOPHEH.
3aMeTI/IM, YTO €CIIN 6BI HaGJHO[[aTeJIB KaKnUM-TO ‘-Iy,IIOM 0OKaszaJiCid Ha OJHOM M3 ITMOHOB nyqKa, TO

10 €ro YacaM cpeJHee BPeMs KM3HH MHMOHOB B My4Ke PaBHANOCH Obl OTHIOABL He 5,7-107° ¢, a
2,6-10" c.

Yuurenb. MHe npejacTaBisercss 0COOEHHO BIEUATIIAIOIMM TOT (PAKT, YTO COOBITHS, SB-
JSIONIMECs] OTHOBPEMEHHBIMU 11 HAaOII0aTeNs B OTHOM cUCTeMe OTCU€Ta, He Oy0ym 00HO8pe-
MeHHbIMU JUIA HaOmogartenst B Apyroi cucreme. Eciu oHOBpeMEHHOCTh He aOCOJIOTHA, TO,
3HAYMUT, HE OyJeT aOCONMIOTHBIM M YTBEpKJIEHHE, YTO KaKOe-TO COOBITHE MPOM3OLUIO paHbIIe
WIN TI03KE JIPYrOro COOBITHS.

ABTOp. TyT TpeOyercs yrounenue. Panee Ha pucynke 2.3 ObU1 H300paxEéH CBETOBON KOHYC
i coobiTist O. CoObITHS, TONaBIINE BHYTPb HMKHEH MOJOBHMHBI KOHyca (BKJIHOYas MOBEpX-
HOCTh KOHYCa), MOTYT PacCMaTpUBAThCS KaK COOBITHS, KOTOpPBIE MPOU3OIUIA PAHbIIE COOBITHA
O, Torza Kak coObITHs B IpejiesaX BEpXHEH MOJIOBUHBI KOHYCA SBISIOTCS 0osiee MO3IHUMHM CO-
OBITHSIMU TIO OTHOIIEHUIO K coObITHIO O. 37€Ch XOpOIIO BUAHO, YTO JJISi OTBETa Ha BOMPOC
«I03X€ WIM paHblIe?» HEOOXOOUMO NPUHUMATh BO BHMMAaHHE HE TOJBKO BpPEMs, HO U MpO-
CTPAaHCTBEHHBIE KOOPIUHATHI COOBITHH.

OObennHeHNe BpeMEHH M MPOCTPAHCTBA B CHEIMAIBHON TEOPUH OTHOCUTEIBHOCTH MMEET
NeMCTBUTENBHO TIIyOOKUi cMbICT. Beib OTBET Ha BOMPOCHI, CBA3aHHBIE CO BPEMEHEM, 3aBUCHT
OT IPOCTPAHCTBEHHBIX KOOPAMHAT, a JUIsl MOJY4YEHHs OTBETAa Ha BOINPOCHI, CBSI3aHHBIE C IPO-
CTPAHCTBEHHBIMU U3MEPEHUSIMH, HaJ10 BBIIIOJHUTh W3MEPEHUs1 BpeMeHU. FIMEHHO B 3TOM M 3a-
KITFOYEHO O0OBSCHEHHE OTHOCHTEIBHOCTH KaK Pa3MepoB Tela, TaK U MPOMEKYTKOB BpeMeHu. Ha-
IIOMHUM TPUBOJUBILIKECS paHee ciioBa DWHINTEHHA O TOM, YTO YKOpayMBaHHUE ABHMXKYIIETOCS
TeJIa ¢ TOYKH 3PEHHS HETIOBIKHOTO HAOIOATENsl OKA3bIBACTCS HE TAKUM YXK CTPaHHBIM, «II0-
CKOJIBKY pa3Mephbl Tejla MOYKHO OIPEEIUTh TOJIBKO C MOMOIIBIO U3MEPEHUS BPEMEHI.

Yuureab. Panbiie Mbl TOBOPHIIM O TOM, YTO IYTEIIECTBHUS BO BPEMEHH YEJIOBEKY 3aKa3aHBl.
OpHako B aMTEpaType MO TEOPUH OTHOCUTEIBHOCTH YacTO MPUBOAAT MPHUMEp, KOT/la YeJOBEK,
IPY JKEJIAaHUH, MOXKET MePEeHECTUCh B Oyymiee ObICcTpee, YeM 3TO MPOHMCXOIUT €CTECTBEHHBIM
nyTéM. Tak, OH MOXKET, COCTApUBIINCH BCEIO HA HECKOJIBKO JIET, HEPEHECTUCh Ha HECKOJIBKO Jie-
catuieruit B Oyayuee. [IpaBaa, 6e3 Bo3BpallieHus: Ha3al.

ABTOp. BBl roBopute 00 u3BecTHOM napadoxce 6auzneyos. OQUH U3 OIU3HEIIOB OTIPaBIIS-
€TCsl B JIaJTbHUMA KOCMHYECKUH TOJIET HAa Kopaldiie, ClIOCOOHOM JIETETh C OKOJIOCBETOBOM CKOPO-
CTbIO; Apyroi octaércs Ha 3emie. Bo3BpaTuBImIMCh HAa 3eMITIO MOC]E HECKOJIbKUX JIET MOJETa
(3TM HECKOJIBKO JIET OTMEPSIINCH 10 YacaM Ha KopabJiie), MO0 KOCMOHABT OOHApyKHBaeT,
YTO Ha 3eMJie MPOILIO HECKOIBKO JIECITKOB JIET, €0 BCTPEYAET COCTAPHUBILUICS OparT.

Yuurenasb. [Ipu3HarOCh, 3TOT Mapagokc OJIM3HEIOB MPEACTABISIETCS MHE U B CAMOM JIeJie Ta-
paznokcoM. Benb ecnu ¢ TOUKM 3peHHs 3€MIISIH Yachl Ha Kopaliie, a TakKe BCe MPOLECChl Ha KO-
pabne nuM MeyieHHee, YeM Ha 3emiie, TO TOYHO TaK )K€ C TOYKU 3PEHHUS KOCMOHABTOB IILTH
Me/IJICHHEee Yachl ¥ Bce POLIECChl Ha 3emiie.

ABTOp. B neficTButenpHOCTH mapagokca HeT. UTOObI MOHATH 3TO, HA/IO OOPAaTHTHCSA K 00-
el TeOpUHU OTHOCUTEIBHOCTH, COTJIACHO KOTOPOI Ha X0J] BPEMEHH OKa3bIBACT BIUSHHUE TATOTE-



HUE WIH, YTO IKBUBAJIEHTHO, yCKOpEHUE. YeM cuibHee TAroTeHUe (YCKOPEHHE), TEM MEJICHHEE
uaet Bpems. B otiinumne ot Gnm3HeNa, ocTaBaBIIerocs Ha 3emiie, OJM3HEN-KOCMOHABT UCIBITHI-
BaJl yCKOpeHHe (Neperpy3Kku); Bellb, OTIPABUBIINCH C 3€MIIH B TaNEKUH KOCMOC, OH JTOJIKEH ObLI
BO3BPATUTHCSI OOPATHO, OATOMY €r0 JBUKEHHE B 11€JIOM HEJIb3sl CYUTATh PABHOMEPHBIM MPSMO-
JMHEWHBIM. Y CKOPEHMSI, UCIIBITHIBAEMbIE KOCMOHABTOM IIPU Pa3rOHE O OKOJIOCBETOBOM CKOpO-
CTH, TIPH Pa3BOPOTE HA OOPATHBIA KypcC, IPH TOPMOKEHUU Tepe]] BCTpeuel ¢ 3emMiéid, Kak pa3 u
NPUBEAYT HE K OTHOCHTEIBHOMY, a K a0COIIOTHOMY 3aMEJICHHIO XOJa BPEMEHHU B CUCTEME OT-
CyéTa KOCMOHABTA.

[TonBoas uTOrNM, U3JI0KUM BKpATIE, KaK BOJIOLUOHUPOBANIO NOHATHE BpeMeHu. CHayvana, B
AMOXY KJIACCHYECKOW (DM3HMKH, BPEMsI CUMTAIIOCh a0COIIOTHBIM M OBIJIO CBS3aHO C MIPOCTPAHCT-
BOM TOJIBKO 4epe3 JBMKEHHE. 3aTeM, IOCJE CO3JaHMsl CIIEHUaIbHON TEOPUH OTHOCUTEIBHOCTH,
00HapyKUJIaCh OMHOCUMENIbHOCb BPEMEHH, €r0 BHYTPEHHSS OpraHudecKas ces13b ¢ NpOCMpaH-
cmeoMm; 0Ka3ajoch, YTO BPEMs «37ECh» OTIMYAETCS OT BPEMEHHU «TaM». HakoHen, ¢ co3nanuemM
o011eil Teopur OTHOCUTENILHOCTH ObllIa BBISIBIICHA C853b NPOCMPAHCEA-8PEMEHU ¢ Mamepueti, C
CO3/1aBaeMbIM €10 noem msacomenus. CoBpeMeHHast (U3MKa MOKa3ana, YTO YKOPEHUBIIEECS B
HaIlleM CO3HAHHWH TMpeACTaBIeHUE 00 aOCOIIOTHOM BpeMEHHU (pPaBHO Kak U 00 aOCOIFOTHOM IPO-
CTPAHCTBE), HA KOTOPOE HUYTO HE MOXKET BIIUATH, €CTh MPUONIMKEHHE, padoTatoliee B MPUBBIY-
HOM JJI HAC MHUpE, HO HEMPUTOJIHOE MPH Mepexo/ie K KOCMUYECKHMM MacIiTadaM U OKOJIOCBETO-
BBIM CKOPOCTSIM.

Yuurensn. Utak, npuOankEHHBIM 0Ka3a70Ch MPEACTABICHUE KIACCHUECKOW (PU3UKH O Bpe-
MEHH, CYLIECTBYIOIEM a0COJIIOTHO, HE3aBUCUMO OT MPOCTPAHCTBA, O BPEMEHH, HE IMOJIBEPKEH-
HOM Kakomy-n0o BozaeicTBuio. Ho kmaccuueckast ¢pusmka, kak Bbl caMu ke oTMeuainu, pac-
CMaTpUBajla U Ipyrue CBOMCTBA BPEMEHU: €r0 OJHOPOJAHOCTb, HEOIPAHUYEHHOCTh, OJIMHAKOBYIO
PaBHOMEPHOCTD X0J1a B MPOILIOM, HacTosIIeM, Oyaymem. CiaenyeT Jiu CUuTaTh, 4TO 3TU CBOMCT-
Ba BpEMEHH MPHU3HAET TAKKE M COBpeMeHHas (hu3nka’?

ABTOp. Bpsiag nu ceroHs MOXKHO TOBOPUTH O 0€30rOBOPOYHOM MPU3HAHUM YHOMSIHYTBIX
coiicTB. CoMHeHUs nosiBUIKCH B 20-X rogax, koraa A. A. @punman (1888 — 1925), Bocmomns3o-
BAaBIIMCh YPABHEHUSIMH OOIIEH TEOPUU OTHOCHTEIBHOCTH M TPEATIOIOXKHUB, MOJ00HO DHUHIITEH-
HY, 4TO MPOCTPAHCTBO OJHOPOJIHO U U30TPOITHO, MOMPOOOBAT PACCUUTATh nogedenue Beenennoll
60 8pemeru. JITOOOMBITHO, YTO caM DWHINTEIHH MOTOOHOH 3a/1a4u HE paccMaTpUBall — OH 3apa-
Hee ObuT yOex€H, uto BeeneHnas B nenom cmamuyna. @puaman oOHapyx i, yto Beenennas
BOBCE HE CTaTUYHA, OHA JIOJDKHA MO0 corcumamspcs, MO0 pacuupamscs Kak uenoe. B 1929 r.
3. Xa661 (1889 — 1953), nzyuas cnekTpsl rajlakTUK, OOHAPYKUII B 3TUX CIIEKTpax cUcTeMaTHye-
cKoe KpacHoe cMenieHne. Ctajo sICHO, YTO TaJaKTHKH pa30eraroTcst OT 3eMHOTO HaOIIoaaTers,
YTO COOTBETCTBYET pacuiupenuto Bcenennoii 6 yenom. Tak BO3HMKIA U BCKOpE IMOJy4yWsia BCe-
oOuiee MpU3HAHUE KOHLEMIUS KOCMONo2Uu4ecko2o pacuiupeHnusi. LleHTpalbHbII MOMEHT A3TOM
KOHLENIMHU — bobuioii 63pvi6, IOJOKUBLINKM HAYaJI0 PacIIMpPeHNI0 BeenneHHoit; oH mpon3omen
npumepHo 20 mipa. et Hazaa. O0 3ToM MBI ToIpoOHEe MoroBopruM mo3aHee. [1oka ke 3amMeTum
JIMIIb, YTO KOHLENIMS KOCMOJIOTHYECKOT0 PaclIMpPEeHHUs], ECTECTBEHHO, TpedyeT 6osiee 0CTOpOXK-
HOTO MOAX0/1a K MPEICTaBICHUIO O HEOTPAHUYEHHOCTH U OJHOPOJHOCTH BPEMEHH.

Yuurenb. [lomKkeH Npu3HaTh, YTO BCE 3TU BOIMPOCHI CJIEI0BAJIO Obl B TOW WJIM MHON Mepe
paccmaTpuBaTh IpU M3ydeHUH (pu3uku B 1mikoje. OHU 3aTparuBarOT BECbMa CYyIIECTBEHHBIE ac-
NEKThl MUPONOHUMAHUS.

ABTOp. ECiti TOBOPHTH 0 MUPOTIOHUMAHHH, TO, JyMalo, Ha YPOKax (PU3UKHU CIIEIOBAIO OBI
3aTPOHYTh €l OJIHYy CTOPOHY BPEMEHU — €ro c643b ¢ dHepeueu. ITO TMO3BOJWIO Obl MO-
HOBOMY, ¢ OoJiee 00111el TOUYKH 3pEHUs] paCCMOTPETh 3aKOH COXPAaHEHUs SHEPTHH.

Yumureisb. OT0 KpaliHE HUHTEPECHO.

ABTop. B 1918 r. matematuk 2. Hérep (1882 — 1935) nokazana, 4To 3aKOH COXpaneHus
9Hepauu ecmov cireocmeue 00HOPOOHOCMU 8peMeHU, UHaYe TOBOPsl, CIEACTBHE TOro (akra, 4To
BCE MOMEHTHI BpeMeHHU (pru3muecku paBHONpaBHBL. Du3ndeckoe paBHOIPABHE PA3THMYHBIX MO-
MEHTOB BPEMEHHU 03HAYAET, YTO 3aKOHBI IPUPOJIBI OJTHU U T€ K€ JJI Pa3HbIX MOMEHTOB, UTO OHU
CO BPEMEHEM HE U3MEHSIOTCS. JTO 0OCTOATENBCTBO BechbMa (yHIaMeHTabHO. IMEeHHO 1moaTo-



My, yTBepkaaeT Hérep, u pyHaaMeHTaneH 3aKOH COXpaHEHHUsI DHEPTUH.

Yuurens. [lomydaercs, 4To BeUHBIN JBUTaTENb HEBO3MOXKEH IO TOM NMPUYUHE, YTO 3aKOHBI
IIPUPOJIbI HE MEHSIOTCA CO BpeMeHeM?

ABTOp. ImeHnHo Tak. M1 Hago npu3HaTh, 4TO MPUYMHA 3Ta BECbMa OCHOBaTelbHaA. Clemyer
N00aBHUTb, YTO Cl1e0Cmeuem 0OHOPOOHOCMU NPOCMPAHCMBA ABIAEMCA 3AKOH COXPAHEHUSI UM-
nynvca, a creocmeuem U30mpoOnHOCMY NPOCMpPaHCcmed — 3aKOH COXPAHEHUS MOMEHMA UMNYJib-
ca.

Yunresb. YIOMSHYTbIE CBOMCTBA CUMMETPUU IIPOCTPAHCTBA U BpeMEHHU (OAHOPOJHOCTH U
U30TPOITHOCTH MPOCTPAHCTBA U OJTHOPOTHOCTH BPEMEHH) IPUHUMAITUCH 6€302060POUHO TOIBKO B
KJaccuueckoi ¢usuke. MOXKHO JIM CYUTATh, YTO COBPEMEHHAs (PU3UKaA JIOMYCKAEeT BO3MOXKHOCTh
0TKa3a OT COOTBETCTBYIOIINX 3aKOHOB COXPAaHEHUS?

ABTOp. B 00BIYHBIX MacmTabax, B OOBIYHOM JJII HAC MHPE CBOWCTBA CUMMETPHU IPO-
CTPaHCTBAa U BPEMEHHU HE BBI3BIBAIOT COMHEHMI, a 3HAUUT, HE BBI3bIBAIOT COMHEHHUH U 3aKOHBI
coxpanenus. MHoe memo kocMuueckue MacmrtaObl. MoMeHT bosbiioro B3peiBa, 0€3yCIOBHO,
ecTh (PM3NYECKU BBIZCICHHBIII MOMEHT BpeMeHU. O KaKOM 3aKOHE COXPAaHEHHsI SHEPTUH MOKHO
TOBOPUTH MPUMEHUTEIBHO K Hadaldy KOCMOJIOTMYECKOTo pacmupeHus? Kakoll cMBICT MOXeET
UMETh MOACUYET IHEPTeTUUECKOro OanaHca ais akta bosbmoro B3psiBa? MOXKHO JIM BBIYHCIUTD
SHEPTHI0 MOJISI TATOTEHUs, KOrja JABH)KEHUE MPOUCXOAHUT B MCKPUBIEHHOM ATHUM TATOTEHHEM
npoctpancTBe? Bee aTH 3aTpyiHEHUS BBIMJISAAST BECbMA MPUHIMITUAIbHBIMU.

Yunreas. [lonyyaercs, 4To 3aKOH COXpaHEHUS SHEPTUU HE SABJSETCS aOCONIOTHO YHHUBEp-
canbHbIM. He cTpamen s Takoil BeiBOA?

ABTOp. Ha 5TOT CU€T XOpOomo cka3aHo B y>K€ YIIOMHUHABIIEHCS KHUTE: «BpIie Mbl TOBOPH-
JH 0 Xaoce, KOTOPhIi BOIapuics Obl B HaIlel KU3HU, HEe Oy/ab 3aKOHA COXpaHEHHs dHepruu. B
*Ku3HU BeeneHnHoii 3Toro 3akoHa HeT. 3aKOHBI PUPOIBI HE 00s13aHbI ObITh OJMHAKOBBIMU BO BCE
BpemeHa. Ho 3To He o3HavaeT BceoOIIero xaoca B Mupe. Benb 9T 3aKOHBI H3MEHSIOTCS HE TIPO-
U3BOJIBHO: CYIIECTBYIOT «3aKOHBI M3MEHEHHUS 3aKOHOB MpHUPoAb. OO0IIast Teopus OTHOCUTENb-
HOCTHU JA€T 9TOMY 3aMedaTelbHblid pumep» [141, c. 172].

Yuurenb. PazroBop o BpeMeHU MOTYyYHIICS OY€Hb HACHIIIIEHHBIM.

ABTOp. U BCE e OH fasieko He 3aBeplI€H. B cBOE BpeMs Mbl IOTOBOPUM O ACHCTBYIOLIUX B
MUKPOMUPE COOMHOULEHUSIX HeonpedelénHocmell ISl SHEPTUU-BPEMEHU U B CBSI3U C 3TUM IIO-
3HaKOMHUMCSI ¢ HOBBIM B3TJISIOM Ha CYHIHOCTb (pu3nyeckoro Bakyyma. Ho u ckazanHoro, aymaro,
XBATUT, YTOOBI TIOYYBCTBOBATh BAXHOCTh M TIIYOMHY TOHSTHS «Bpemsh». Hy>XHBI 1 ITOTONHU-
TEJIbHBIE apIYMEHTHI B 110JIb3Y PACCMOTPEHUS 3TOTO MOHATHUS B IIKOJIBHOM Kypce PU3UKU?



§ 7. KBAHTOBAA ®UN3UKA: POXOEHUE U
CTAHOBIJIEHNE

Yto Takoe kBaHTOBasi puznka? BrurtaB B ceOs uled T€OPUH OTHOCUTEIHHOCTH (HEBO3-
MOYKHOCTh TIepeayll CUTHAJIOB CO CKOPOCTHIO OO0JIbIIIE CKOPOCTH CBETA B BaKyyMe, B3aUMOCBS3b
Macchl M DHEPTUH, WHBAPUAHTHOCTh (PU3MYECKUX 3aKOHOB OTHOCUTEIBHO TEpEeXo/ia M3 OJHOU
MHEPIUAIBHON CUCTEMBI B JIPYTYIO M T. I.), puszuka XX cToneTus pa3BuUBajiach jganee noj Qia-
TOM K8aHMOBOU meopuu. B onpenenéHHOM CMBICIE MTPAKTUYECKH BCS COBPEMEHHAs! (PH3MKa —
9TO KBaHTOBas (pusuka. E€ poxxaeHne U pa3BUTHE MOXKET paccMaTpUBaThCs KaK OCHOBHOM UTOT
«HOBEHIIEH PEBOJIOIMH B €CTECTBO3HAHUMY. 3/1€Ch MPOU3OILIO MOJUTMHHOE 00beduneHue oua-
JIeKMUKU U ecmecmeo3Hanusl, BOSHUKIN HOBbIE UaeH, HOBas MeTononiorusa. KBanrosas ¢usuka
NpOM3BeNia TEPEOLEHKY POJIH JUHAMUYECKUX M CTATUCTHUYECKUX 3aKOHOMEPHOCTEH (B MOJB3Y
npuMaTta IMocCJeIHNX ), MOTpeOoBaga U3MEHEHHS CaMOTO XapakTepa (GU3NIeCKUX MOJIeNeH, mepe-
OCMBICTICHHS POJIM MCCIIE0BATENS B M3y4a€MOM MM MHUpE, 0TKa3a OT MHOTUX MPUBBIYHBIX MTOHS-
TUM U TPEICTaBICHUMN.

Tak uT0 xe Takoe xganmosgas ¢gusuxa? Ha gaHHBINA BONPOC HENb3s OTBETUTH OJTHO3HAYHO.
[Ipexxne Bcero, KBaHTOBast (PU3MKAa — 3TO TEOPHS, OMKUCHIBAIOIIAsl CBOMCTBA MAaTEpPUU HAa YPOBHE
MUKpPOSIBJICHUH; OHAa MCCIEAYET 3aKOHBI JIBUKEHUS MUKPOOOBLEKMOS. ATOMBI, MOJIEKYJIbI, dJie-
MEHTapHbIE YaCTHUIIbl — OCHOBHbBIE «JICHCTBYIOIINE JIHIa» B KBAHTOBOU (pU3MKE.

BwMmecte ¢ TeM kBaHTOBasi GU3UKA — ITO Meopemuyeckas 0CHO8a COBPEMEHHOTO YUEHHUS O
CTPYKTYpEe M CBOMCTBaX BemiecTBa W mosisl. [1o cpaBHEHHUIO ¢ KIacCMYECKOW (hM3MKON OHa pac-
CMaTpUBaeT MaTepHio Ha Oojee TyOoKoM, Oonee gynoamenmanrvbHom ypoBHe. OHA TIO3BOJISET
PacKpbITh MHOTHE «II0YEMY?», KOTOpbIE OCTaBaIUCh 0e3 OTBeTa B Kiaccuyeckoil ¢pusuke. [Tove-
My, Harpumep, anMas TBEpa? Ilouemy anexTpuueckas MpoBOAUMOCTD NOJYIPOBOJIHUKA PACTET €
yBEIIMUECHUEM TemIieparypsl? [loyeMy MarHUT yTpaunBaeT CBOM CBOWMCTBa ¢ HarpeBanueM? Ha
3TH U MHOTHE JPYyTUe NOJ00HBIE BOPOCH Ki1accuueckas (prusnka oTBeTa He NaéT — 371eCh HaJI0
oOpaiatecsi K KBaHTOBOM Teopuu. Kiaccuyeckas ¢pusnka paccMaTpuBaeT pazIUvHbIE MapameT-
pBI BenlecTBa (HapUMep, BSI3KOCTb, YAEIbHYIO TEIIOEMKOCTh, TEIIONPOBOAHOCTD, TUAIIEKTPH-
YECKYI0 MPOHUIIAEMOCTb, JIEKTPUUECKYIO TPOBOAUMOCTb, MTOKa3aTelb MPEOMIICHHUS) KaK Mapa-
METPBI dMnUpuyecKue: NX 3HaAUYEHUs IS pa3IU4HbIX MaTEpUajIOB ONPEIEINIAIOTCS HA OCHOBE U3-
mepenuil. KBantoBas gusuka naét BO3MOXKHOCTb paccyumams (PU3NUECKHe MapaMeTphbl Belle-
ctBa. OTBeyast Ha BOIIPOC «UTO TaKoe KBAHTOBas (pusuka?», amepukanckuit pusuk Y. JIrmo 3a-
METHJI, YTO HauboJiee MPOCTO ONMPEAENUTh € KaK «HayKy, 00ecledrBalonlyt0 Hac yJIWBUTEb-
HBIM HA0OpOM IpaBUII pacuéTa OnpeeNEHHBIX (PU3NUECKUX CBOMCTB BemecTBay |72, ¢. 719].

B xakom OoTHOIIEHNH K KJIacCHYeCKOW (pU3MKe HaxoauTcs kBaHToBas ¢uszuka? [Ipexae Bce-
ro OTMETUM, YTO KBAHTOBas (PM3UKA COJEPKUT KIACCUYECKYIO KaK CBOU Mpeodenvhbvlll Cayuail,
MIpH TIEPEX0e OT MHUKPOOOBEKTOB K OOBIYHBIM 0O0BEeKTaM (Oy/ieM Ha3bIBaTh WX MAKpOOOBHEKTa-
MH) 3aKOHBI KBAaHTOBOW (PM3MKH MPEBPAILAIOTCS B 3aKOHBI Kilaccuyeckol. VIHora roBopsIT, 4To
KBaHTOBas (pu3mka «paboTaeT» B Mukpomupe, a Kiaccuieckas — B makpomupe. Takoe yTBep-
JKIEHUE IIPEAIOaraeT, YTo CyeCTBYOT HEKUM OTACIIbHBIA «MUKPOMUDP» U HEKUN «MAKPOMUDPY.
[IpaBunbHEE TOBOPHUTH O CYIIECTBOBAHMH MUKPOOOBEKTOB (MHUKPOSBIICHHI) U MaKpOOOBEKTOB
(MakposiBiieHui). [I[pUHIMITHATIEHO BaXXHO, YTO 8 OCHOGe MAKPOSIBICHUH JIe)KaT MUKPOSBICHHUS,
YTO MaKpOOOBEKTHI nocmpoensbl U3 MUKpoOoObeKTOB. [lepexon oT kiaccuueckoi GU3UKH K KBaH-
TOBOH €CTb MEPEX0/] He U3 OJHOTO «MHUpPa» B APYTOi, a OT MeHee TITyOOKOro K 6o./1ee TITyOOKOMY
pPacCMOTPEHHIO MaTepuu. DTO O3HAYAET, YTO, M3yyas MOBEJECHHE MUKPOOOBEKTOB, KBAHTOBAs
¢dusnka paccMarpuBaeT GaKTUISCKU TE€ KE CaMble MAaKPOOOBEKTHI, HO Ha Oosee GyHIaMeHTaIb-
HOM ypoBHe. Kpome Toro, cieayeT MOMHHUTh, YTO TpaHb MEXAY MUKPO- U MAaKpOSBICHUSIMU B
o011eM ciy4ae J0CTaTOYHO YCJIOBHA U MOJBMXHA. Kiaccuueckue npeacTaBiIeHns HEPEIKO OKa-
3BIBAIOTCS MOJIE3HBIMU MPU PACCMOTPEHUN MUKPOSIBICHUMN, a KBAaHTOBO(HU3UUECKHE — TP pac-
CMOTpEHUM MakposiBieHni. CyliecTByeT, HaKOHELl, CIELHNaIbHbIi TEPMUH «KBAHTOBAas MaKpo-



¢u3uKay, IpUMEHsIeMbI, B YaCTHOCTH, K KBAHTOBOM AJIEKTPOHHKE, SIBICHUSIM CBEPXTEKYUECTH U
CBEPXIIPOBOAMMOCTH U B PSAJIE IPYTUX CIydaeB.

Crporo roBops, KBaHTOBasi (pU3UKa — HE O/IHA, a HECKOJBbKO HayK. Hayku 3Tu BronHe ca-
MOCTOSITENIbHBI, XOTS, HAJI0 MOJAYEPKHYTh, TPAHU MEXIYy HUMHU 4acTO OKa3bIBalOTCS BeChMa He-
omnpenenéHHpIMU. OyHIaMEHTOM KBAaHTOBOH (DM3UKHU SBISIETCS KBAHMOBAA MeXAHUKA, U3ydaro-
11asi 3aKOHbI JABM)KEHUS (3aKOHBI MEXaHUKH) MUKPOOOBEKTOB, CTPOCHHE M CBOMCTBA aTOMOB U
MoJiekysl. K Hell TECHO NMPUMBIKAIOT K8aHmMOo8ds 21eKmpoouHamuka (U3ydaeT B3auMOICHCTBHE
3JIEKTPOHOB M (DOTOHOB) M COBCEM HEIAABHO BO3HHKIIAS KBAHMOBASL XPOMOOUHAMUKA (M3ydaeT
KBAapKOBYIO CTPYKTYPY 2JIEMEHTapHbIX yacTull). Kak oT cTBoia nepeBa, OT KBAaHTOBOM MEXaHHUKH
MOIUTH MHOTHE «BETBH», KaXKJasi U3 KOTOPBIX SBJSETCS CETOAHS BIIOJIHE CAMOCTOSATEIbHON Hay-
KOI: KBaHTOBas XUMHs, KBAaHTOBash TEOpPHs TBEPJOrO Teia, KBAHTOBAs AJIEKTPOHHUKA, TEOPHUs
aTOMHOTO sifjpa U ap. OOGMIMPHBINA KOHIIIOMEPAT HayK, 00bEAUHIEMbIN OOIIMM TEPMUHOM «KBaH-
TOBas (pU3MKa», CIy)KUT TEOPETUUECKOM 0a30i1 JIIsi MHOTUX COBPEMEHHBIX HayUYHO-TEXHUYECKUX
HaNpaBJIEHUN — TaKUX, HAIIPUMeEp, KaK mamepuanosedeHue (BKIOYas CHHTE3 HOBBIX MaTepHa-
JIOB C Harepén 3alaHHBIMU CBOMCTBAMHU), 21eKmMpoHuKa (BKIIIOYasi BEBIYUCIUTENbHYIO TEXHUKY H
POOOTOTEXHUKY), amMOMHAsL IHepeemuKda, 1asepuas mexnuxka. MOoXXHO cka3aTh, YTO KBaHTOBas
¢du3uKa — 310 meopemuyeckasn 6aza HaAyIHO-TEXHUUECKOTO, TIpOorpecca.

N3 orpomHoro apcenana y4eOHONW M MOHOTpa(pUIECKON JUTEPATYphl IO KBAHTOBOW MeXa-
HUKE BBIJIEJIUM HECKOJIBKO KHUT, KOTOpBIE, KaK HaM KaXXeTcsl, OyIyT MOJIE3HBI YUUTENAM (DU3UKH
[135, 61, 132, 9, 42, 73, 138]. Ykaxem Takxke paboTsl aBTopa [117, 122, 123, 115], rae nocra-
TOYHO MOJAPOOHO OCBEIIEHbl MHOTHE BONPOCHI, 3aTparuBacMble B JJaHHOM U CIIEAYIOIIEM Mapa-
rpadax. HakoHnern, mocoBeTyeM HAIlUM YUTATENIM MO3HAKOMHTHCS C pabOTaMU BBIJAIOLINXCSA
(M3UKOB HAIlIEro BPEMEHH, CTOSABIIMX Yy HMCTOKOB KBaHTOBOW mexaHukun — M. [lnanka [94,
c. 282, 431, 568, 603, 613, 634], A. Ditnmreiina [144, c 386, 393, 604, 612, 617], H. bopa [11,
c. 84, 12, c. 56, 75, 180, 204, 250, 280, 399, 181, 526, 540, 591], B. I'eiizentepra [32, c. 62, 91,
107, 123].

Poxnenne. ['oloM pokaeHHsT KBaHTOBOW (u3uku npuHATO cuurath 1900 r. — Korma
[1nank BBIABUHYJ MpPENIONIOKEHNE, YTO SHEPrusl TEIUIOBOTO M3JIyYEHHUsl Te UCIyCKaeTcs npe-

puvlgucmo, T. €. B BUJIC nopyuti (keanmos). JHEPrus KBaHTa paBHA AV , T V— 4acTOTa U3Iyde-
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HUs, h — BBeAEHHas [lnaHkoM yHuBepcanbHas nocrosiHHas (4 =6,6-10"" [owc-c). Ota nocro-

sHHas Oblia Mo3JHee Ha3BaHa nocmosHHou [lnanka; cam [lnaHk paccmarpuBan e€ Kak «KBaHT
NEUCTBUS», TaK KaK OHA MMEET TaKYIO K€ pa3MEepHOCTb, UTO U (PU3MUECKas BEINYNHA, HA3bIBAC-
Mast JEUCTBUEM.

Unes Ilnanka o npepvisucmocmu mpoliecca HCIMYCKaHUsT U3yYECHHs] TeJlaMU IO3BOJIUIA
pa3peluTh OCTPYI0 MpobIeMy, CBS3aHHYIO C TEIUIOBBIM H3IydeHHeM. J[ero B TOM, YTO MIIOT-
HOCTb DHEPTHH U3TYUYCHHsI, BRIYUCIICHHAS HA OCHOBE KJIACCUYECKOM TEOpHH, oOpalanach B Hec-
KOHeYHOCmb TIOCIIe UHTErpUpOBaHus MO BceM yactoTaMm. CoriacHo ke moiydeHHou [lnankom
dbopMyIie MIOTHOCTh SHEPTUU U3TYUEHUS OKA3bIBAIACHh KOHEYHOU W TIPUTOM COTJIACYIOMIEHCS C
skcriepumeHToM. @opmyna [Inanka paboTtana nmpekpacHoO, OAHAKO Jiexalas B €€ OCHOBE Hjes
MpeACTaBIsUIaCh BCEM B TO BpeMmsi, BKiIto4as U camoro Ilnanka, BecbMma skcTpaBaraHTHOM. Kak
nucan [lnaHk, «uiam KBaHT AEHCTBUS ObUT (PMKTHBHOM BEJIMUYMHONW — TOT/Ia BECh BBIBOJI 3aKOHA
U3ITy4YeHUs ObLT MPUHIMITHATHLHO WILTIO30PHBIM U MPECTABIISI MIPOCTO JIMIIEHHYIO COMIEPKaHUS
urpy B (hOpMyJIbI, HIIM € TIPU BBIBOJE 3TOTO 3aKOHA B OCHOBY OblIa MOJIOJKEHA MpaBWIbHASA (PU-
3WYeCKasi MBICIIb — TOT/Ia KBAHT JACUCTBHS JOJDKEH OBLT UTpaTh B (pusuke (yHIaMEHTATbHYIO
pOJIb, TOT/Ia MOSIBJICHHE €r0 BO3BEIAJ0 HEYTO COBEPIIEHHO HOBOE, JOTOJIE HECIBbIXaHHOE, 4To,
Ka3aJIoch, TpeOOBaNIO mMpeoOpa3oBaHUS CaMHUX OCHOB HANIETO (PU3UYECKOTO MBIIIICHHS, TTOKO-
UBIIIETOCS] CO BpeMEH O0OOCHOBaHMS aHajan3a 0eCKOHEUYHO Maibix HbioToHOM U JleiiOHuiiem Ha
MPEANOI0KEHUH O HEMPEPHIBHOCTH BCEX MPUUUHHBIX CBs3ei» [94, c. 608]. Bpemst nmoareepauino
ryouny ¢usudeckoit uatyunuu [lmanka. [loctostHras Ilmanka Bonuta B GU3MKY Kak OfHA W3
BAKHEUIIINX MOCTOSHHBIX.

[Inank momaran, 4To M3JIy4eHHE MPEPBHIBUCTO JIUIIb HUCIYCKAETCs, a MOTJIOIIaeTcsl Hermpe-
PBIBHO. DWHINTENHH MOWIEN Aaibll€ U, pacCIpOCTPAHUB UACHO MPEPHIBUCTOCTH TaKXKE U Ha IO-



TJIONICHNUE U3MydYeHus, 00bsicHUI B 1905 r. mpoOieMbl, BOZHUKIIINE B CBSI3U C UCCIICOBAHUSIMH
Gdomosgppexma. CornacHo DUHIITEHHY, P OO0JTYUYESHUHN BEIIECTBA CBETOM AJIEKTPOHBI BEIIECT-
Ba IOTJIOMIAIOT SHEPTHIO CBeTa MopIusaMu; GororddexT HabmrogaeTcs, €Cu dHeprust hv 1op-
U OOJIbIIe padOTHI BhIX0MA A I JAaHHOTO Marepuaia (OOoJbIle TOW HaWMEHBIICH YHEPTHH,
KaKyl0 HaJ0 COOOIIUTH AJIEKTPOHY JJISl TOTO, YTOOBI OH CMOT MOKHUHYTH BEIIECTBO). DUHIITEHH
IPEUIOKUI IPOCTYI0 HOPMYITy Ul KUHETHYECKOU 3Heprun E, (oTo3/1eKTpOoHa, HOIJIOTHUBILETO

KBaHT hv :
E, =hv-4 (1)

B pesynbrate momyumnu oOBsICHEHHWE HemaBHUE 3araaku (otodddexra: cyniecTBOBaHHE
KpacHO# rpanuis! Gpotosddexra, 3aBUCUMOCTb SHEPTUU (POTOIEKTPOHA HE OT MHTEHCHUBHOCTH
CBETa, a OT €ro YacTOTHI.

Ecnu sHeprus usinydeHust U UCIYCKAEeTCsl, U MOIVIONIAETCS MOPLUUIMH, TO €CTECTBEHHO, Ka-
3aJ10Ch OBl, MPEATIONIOKUTH, YTO CAMO H3ITyYCHUE UMEET OUCKPEMHYIO CIPYKMYPY — COCTOUT U3
keanmos. Ho kak Torma ObITh cO ceemoswvimu gonnamu? Henapom mpomuio 6osee IecsITH JIET,
npexe yeM DUHIITEHH BCE ke ChOpPMYITHPOBAI UACI0 «CBETOBBIX KBAHTOBY, HA3BAHHBIX ITO37I-
Hee ¢poToHamu; B 1916 1. OH MpeIokKuI CBA3BIBATH CO CBETOBBIM KBAHTOM SHEPTHIO /V U UM-
nyiasc hv/c. IlpsMoe sKCnepUMEHTaIbHOE MOATBEPKACHUE CYIIECTBOBAHUS CEEMOBbIX KBAH-
mog (¢homonos) 6u110 MOTy4deHO B 1923 1. B ombiTax Komnirona u B 1926 r. B oneitax bore. Ta-
KUM 00pa3oM, NOHaA00MUIach YeTBEPTh BeKa /sl Toro, 4toObl uaes Ilinanka nmomyuuna jgoruye-
CKoe 3aBeplleHue. Mnen poxaasiieiicss KBAaHTOBOM PU3UKU ¢ OOJIBIINM TPYJOM YTBEPKAAIUCH B
co3HaHuM y4eHbIX. «KBanroBas teopus Ilnanka, — nucan B. I'elizen6epr, — Obl1a B Ty 310Xy,
COOCTBEHHO, BOBCE HE TEOpHUEH, a 3aHO301 B YU€HBIX yMaX. B mI0THO cOMTOE CTpOEHHE KITacCH-
yeckoi (pU3MKM OHa BHECJA UJeH, BO MHOTUX OTHOIICHUSAX YpeBaTble TPYIHOCTIMH U MPOTHBO-
peuusimmy» [32, c. 62].

Poxxnenne kBaHTOBON (DM3MKM MpEAONPEAEUIOCh HE TOJIBKO MCCIIEAOBAaHUAMM IO TEIIO-
BOMY HU3JIy4eHHUIO U (HoTodPdeKTy. Bomblryro posib ChIrpany TakKe HCCIeTOBaHUS, TPOBOIMB-
IIMECS B JBYX APYTUX 00JACTAX — IO CHEKMPOCKONUU 2308 U TI0 U3VUEeHUI0 CMPOEHUs amoMd.
Emé B konne XIX B. ObIJIO YCTAaHOBJIEHO, YTO CIEKTPHI UCIYCKAaHUSI CBOOOJHBIX aTOMOB HE He-
IPEPHIBHBI, & COCTOAT U3 YHOPSIOUYEHHBIX HaO0pos aunuti (1unetuamole cnekTpbl). OKa3aiocsk,
YTO KaXIbIi XUMHUECKUH DJIEMEHT XapaKTepusyeTcs coOcmeeHHubiM HAaOOPOM CIIEKTPAIBHBIX
TUHUN. DTOT HAOOp pacmamaeTcss Ha HECKOJIBKO cepuii. JIjisi aTOMapHOTO BOAOPO/A, HAIIPUMED,
pa3HbIe CEpUH OMMUCHIBAIOTCSA CIEAYIOUIeH (HOpMyIION:

v, =cR (Lz—izj (2)

S n

31eck v, — AHUCKPETHBIE YaCTOTHI CIIEKTPa (4acToTa CIEKTPAJIbHBIX JIMHUM), R — nocmo-

annas Puobepea (R =1,1-10" m™"), s u n — 1ensle MOT0KUTENbHBIE yncna. Yucna s QUKCHpPYIOT

Ty WU UHYIO CEPUIO, a 1 GUKCUPYIOT JIMHUIO B CEpUU; I Kakou cepun n>s. [Ipu s =1 no-
aydaeM ceputo JlaiimaHa, ipu s =2 — ceputo banbmepa (oHa momajgaer B 007acTh BUAMMOTO
cnekrpa), npu s =3 — ceputo [lamena u 1. 1. MI3yunB 3aKOHOMEPHOCTH B CHEKTPaX pa3IMUHbIX
ra3os, B. Putiy (1878 — 1909) copmynupoBan B 1908 r. kombunayuonnwviii npunyun, coriacHo
KOTOPOMY BCSKYIO HOBYIO JIMHHMIO B CHEKTPE JJAHHOTO 3JIEMEHTAa MOXHO BBIBECTH M3 pPaHEe W3-
BECTHBIX, KOMOMHUPYS MX B BUJE CyMM U pa3zHocTeil. boraTelil skcriepuMeHTanbHbI MaTepual
[0 aTOMHBIM CHEKTpaM, HAKOIJICHHbIM K Hadaimy XX B., HE HaxXoAuJ OOBSCHEHUS B paMKax
Kjaccudeckor gusuku. I[Touemy crniekTpbsl CBOOOJHBIX aTOMOB JHHeHUaTbie? YeM 0OBACHSIIOTCS
HaOJIOaeMbI€ 3aKOHOMEPHOCTH B CHEKTPaIbHBIX JUHUAX? Kak 0OBSICHUTH KOMOWMHAIIMOHHBINA
npuHimn Putna? Kak ycTpoeH aToM M Kak CBS3aHbI C €r0 CTPOSHHEM 3aKOHOMEPHOCTH B CIIEK-
Tpe? Ha Bce 3TH BoOmpockl Kilaccudeckas pu3nka oTBera He jnaBajia. He ObuT m3BecTeH (u3nde-
CKUI MEXaHHM3M HCITyCKaHHs CBETa aTOMOM. BbIJIO HEsICHO, B YaCTHOCTH, YTO UMEHHO HCITyCKaeT
OTJIEIbHBIN aTOM: Cpa3y BCE JMHHUH B CIIEKTPE JAHHOIO AJIEMEHTA WM TOJBKO OJHY JIMHUIO U3



cnekrpa. CorjacHO KJIacCHYECKOM 3JIEKTPOJMHAMUKE MCIIyCKAaHHUE M3JIyYEHHUS IPOUCXOAUT
BCIIEZICTBUE KoJieOaHui 3apsna (Budpatop ['epua), mpuuém dyactoTa U3MTyUYSHUSI pasHa 4acToTe, C
Kakol Kkojebmnercs 3apsin. HeynuBUTENbHO, YTO OJHA M3 MEPBBIX MOJENIEH aToMa — MOJEIb
Jx. JIx. TomcoHa — mpeAcTaBiisiia U3yYarolmuii aToM B BUAE ocyurisimopa. CoriacHO 3TOU
MoJienH, npeuiokeHHoi B 1903 1., aToM Boopoa BBIMIISIIEN KaK paBHOMEPHO 3apsKEHHBIN I10-
JIOKUTENIBHBIM AJIEKTPUYECTBOM IIap, B LIEHTPE KOTOPOro HaxoauTcs 31ekTpoH. [Ipu xonebanu-
X DJIEKTPOHA OTHOCHUTENBHO LIEHTpa Iapa aToM u3iydaer. [IpaBia, HEMOHATHO OBLIO, OYEMY
JIEKTPOH MOT KOJeOaThbcs C pa3HbIMU U NMPUTOM JIUCKPETHBIMU YaCTOTaMH, OMHCHIBAEMBIMU
bopmyoii (2).

Ha ocHOBaHMYM WM3BECTHBIX OIBITOB MO PACCESHUIO (-HACTHUILL MPU UX MPOXOKIECHUU CKBO3b
ToHkue (onbru Pesepdopa npumen B 1911 1. kK BBIBOAY O CyIIECTBOBAaHUH B IIEHTPE aToMa IO-
JIO)KUTEIIBHO 3apsHKEHHOTO MaJIoro sipa, B KOTOPOM COCPEIOTOYEHA MOYTH BCA Macca aToma.
Mopenbs ToMcoOHa Oka3anach HECOCTOSITEILHOW; €€ CMEHUIIA NIaHemapHas Mooeilb aToMa, KOTo-
pyto Pesepdopn okonuarensHo chopmynupoBan k 1913 r. Ha mepBbIii B3rIs11, Takass MOJIEb HE
OPOTUBOPEYHT MPECTABICHUAM 00 OCIHJUIMPYIOLIEM 3JIEKTPOHE: JIBUKEHUE JIEKTPOHA IO OK-
PY>KHOCTH BOKPYT siipa MOXKHO pacCMaTpUBaTh KaK CyNEepIIO3UIIUIO KOJeOaHHM, MPOUCXOIALINX
BO B3aMMHO IIEPIEHIUKYJISIPHBIX HallpaBlIeHUAX. bena, oqHako, B TOM, 4YTO €ciii B MozAenu Tom-
COHA 3JIEKTPOH KOJIeOJIeTCs NI mo20d, KOTJa IeUCTBYET BHEIIHEE BO30YX/IEeHUE, a B HEBO3-
OyXIEHHOM aToMe MOKOUTCS B LIEHTPE aTOMa, TO B CIy4ae IUIAHETApHOW MOJIENIM YIOMSHYThIE
B3aMMHO MEPHNEHAUKYJISPHbIE KOJeOaHUs JOJHKHBI COBEPILATHCS NOCMOAHHO. A 3TO O3HAYaeT,
YTO aTOM JIOJDKEH IOCTOSIHHO HCITyCKaTh M3Iy4deHHe. HermpephIBHO Tepsisi SHEPIUIO Ha U3ITyde-
HUE, 3JIEKTPOH OyJIeT MO Crupasid NpUOIMKAThCA K SAPY M B KOHIIE KOHIIOB ynaa€T Ha Hero. Ta-
KAM 00pa3oM, Mo 3aKOHaM KIJIACCHYECKOW 3JIEKTPOJUHAMUKUA aTOM BOOOIIE HE MOT ObI CKOJIb-
a0 10JIro cymiecTBOBaTh. [Ipu 3TOM 3a Bpemsi CBOEro KOPOTKOTO CYIIECTBOBAHUS OH JOJKEH
ObUT OBI HETIPEPBIBHO UCITYCKATh U3IYYEHUE C HEMPEPHIBHO N3MEHSIOIIEHCS YaCTOTOH.

IlepBble maru: Teopuss aroma Boaopoaa 1o bopy; B3aumoaeiicTeBue U3jay4eHust ¢ aTo-
MamMu 1o JiiHmTeiiHy. B ucropun kBaHTOBOM (u3uku ocoboe MecTo 3aHMMaioT paborta
H. Bopa «O ctpoenun atomoB u mosieky» (1913) u nBe padotsl A. DitHmreitHa «cmyckanue u
MIOTJIONICHHE U3ITyYeHHUs TT0 KBaHTOBOM Teopum» U «K kBaHTOBO# Teopun uznydenus» (1916).

Hunsc Bop (1885 — 1962) ycmotpen rinyOoKyro CBSI3b MEXAY JUHEHUaTOM CTPYyKTypoi
ATOMHBIX CIEKTPOB M uaesmu Ilnanka u OWHIITENHA O JUCKPETHOM XapaKTepe MPOLECCOB MC-
MyCKaHMs U MOTJIONIEHUs cBeTa aToMaMu. Vcxoas U3 riaHeTapHOM MOJeNd, OH B CBOel pabore
pa3BuUi meopuro amoma 600opoda. Teopusi bopa Xopomio H3BECTHA; OHA HM3JIaraeTcs BO BCEX
Kypcax ¢usukn. HamoMHMM BITEKaromye n3 He€ OCHOBHBIE (POPMYJIBI. DIIEKTPOH B aTOME BO-
JI0poJia MOXET HaXOAUThCs, o bopy, muibs Ha onpeenéHHbIX (J1I03BOJIEHHBIX) OpOUTaX, UMEIO-
HIUX paguyc

h*n’
7, :W’ l’l:l, 2, 3, (3)

(m m e — macca u 3apsj 25ekTpoHa). CKOpoCTh dJEKTPOHA Ha n-1f OpOUTe

2re’
v, = ; “
" hn
a MoJjHasl (KMHETUYecKas IUII0C MOTEHIMAIbHAs ) SHEPrus
27’ me’
En =- 2. 2 * (5)
h'n

OTpunaTenbHOCTh SHEPTHH 03HAYAET, YTO AIIEKTPOH HAXOJUTCS B CBA3aHHOM COCTOSTHHH (32
HYJIb IPUHUMAETCS SHEPrusi CBOOOIHOTO A1eKTpoHa). Ha pucynke 2.6 moka3aHsl onpenenseMble
o opmyie (3) 3MEKTPOHHBIC OPOUTHI JIJIST HECKOJIBKUX MEPBBIX 3HAYCHUU /1, 4 HA PUCYHKE 2.7
n300pakeHbl SJHEPreTUUECKUE YPOBHH, orpeienseMble popmyoi (5).



OneKTpoHHble OpOUTEI B aTOMe — apxau3Mm, OT KOTOpOro criefoBano 6bl oT-
KasaTbCsi Mpu npenogasaHum usmkn. MIx MoxHo Gbino 6bl Mcnonb3oBaTth NULb
npu o4eHb BOMbLUNX YMCNax N, OOHAKO HACKOMbKO e BENWK OOMMKEH BbITb Y Takmx
opo6uT paguyc!

DT pe3ynbTaThl bop Mmomydus, UCIONIb3ys, BO-TIEPBbIX, BTOPO 3akoH HproTOHA Amis 3apsija,
JIBUKYIIETOCS TI0 OKPYXKHOCTH TIOJl JeiCTBHEM KyJOHOBCKOU cuibl (mv: /7, =e’ /1), u, Bo-

BTOPBIX, YCIIOBHE KBAaHTOBAHUS MOMEHTa MMIyjbca 3JeKTpoHa (mv,r, =nh/2r). Ilocnennee

ycnosue bop BeIBen, ucxons u3 uaen [nanka o ToMm, 4TO BO3MOXHBI JIUIIb T€ COCTOSIHUS TapMO-
HUYECKOTO OCIMIIIATOPA, PHEPTUS KOTOPHIX paBHA nhv, u 0000MHB CHOPMYITUPOBAHHOE IS
OCHUJIIIATOPA PAaBHUJIO KBAHTOBAHUSA Ha APYTHUEC MCXaHUYCCKHUE MOACIIN U, B YaCTHOCTHU, HA TECJIO,
JBUXKYIIEECS 110 KPYTOBOW OpOUTE.

i E=0 AT I (vt U e B AT PR T
‘:  —
Ej * S:=3
cepua  cepwuna
]' Banomepa lMaweHa
i1
E — 8=1
. cepunA JlanmaHa

B ocnoBe Teopuu bopa nexar nBa nocrtynata. Ilepssiii nocmyniam BBOAUT TOHSATHE «J103BO-
JeHHass opOuTay. JTO ecTh OpOWTa, HAXOASICh HA KOTOPOH 3JEKTPOH, BOMPEKU TPEOOBAHHSIM
KJIACCUYECKOH JJICKTPOIMHAMUKH, HE W3TydaeT. TakuM opOuTaM OTBEUAIOT CIMAYUOHAPHbBIE CO-
CcmosHUsA aToMa U ONpeAeNEHHbIE YPOBHU €r0 BHEPTUu. Bmopoil nocmynam yTBEPKIAET, UTO
UCITyCKaHUE WIN TOTJIONICHNE CBETa MPOUCXOIUT MPH TIEPEX0/Ie dIEKTPOHA C OJTHOW JT03BOJICH-
HOW OpOMTHI HA JPYTYIO WM, HHBIMH CJIOBaMHU, IPH MEPEX0JIe aTOMa C OAHOTO YHEPreTHYECKOTO
YPOBHSI Ha JPYrod. DTH MEpeXobl Ha3bIBAIOT KBAHTOBBIMH. [Ipy KakKIOM TaKOM IEpexojie Hc-
nmyckaercs (moriomniaeTcsi) oauH (GOTOH; €ro dHEPTHsi /v paBHA Pa3HOCTHU DHEPTHM COOTBETCT-

BYIOILMX ypoBHEW. Eciin, HarpuMep, MPOMCXOJUT KBAHTOBBIN IIEPEXO0J C YPOBHS £ Ha ypOBEHb

E  (mycts E, > E ), To ucmyckaeTcst (OTOH C SHEprueil
hv=FE —E (6)

CooTtHomienue (6) U3BECTHO Kak npasuno yacmom bopa. OHO mpeacTaBisieT co0oil «cep-



1eBUHY» Teopun bopa. Bo-nepBbIx, U3 HETO CIEAYET, YTO YACTOTA UCITyCKAEMOTO aTOMOM H3JTy-
YEHUS He 3agucum OT YacTOThl BpalleHHsI JIEKTPOHA MO0 opouTe (OT YacTOThI KoJieOaHH, COOT-
BETCTBYIOIIMX JIBIKEHHUIO TI0O OPOUTE), a OMPEACIISIETCS MPOCTO PA3HOCTHIO SHEPTHI COOTBETCT-
BYIOIIUX ypoBHEW. M3BeCTHO BOCKIMIIaHWE DWHINTEWHA, O3HAKOMUBIIETocs ¢ paboTtoir bopa:
«Ho B TakoMm ciyuyae yacTOTa CBETa COBEPIIEHHO HE 3aBUCHUT OT YAaCTOTHI JIEKTpoHa! DTO ke
KOJIOCCabHOE OTKpbITHE!» BO-BTOpPBIX, MPaBUIIO YAaCTOT SIPKO JAEMOHCTPUPYET OUCKPEMHOCHIb
mnmponecca UCIIyCKaHud WJIN NOTJIOMICHUA U3JTYUCHUS aTOMOM. Bwmecto HCIIPECPBIBHOTO, Tpe6y10-
HIET0 KaKOro-TO BPEMEHM Mpollecca UCIYCKaHHUs WIM TOTJIOMIEHUS 3JIEKTPOMAarHUTHON BOJHBI
IMPOUCXOOUT MTHOBEHHBIN aKT POXACHUSA NI YHUUTOXKCHUSA d)OTOHa, IIpHu 3TOM COCTOSIHHUEC aTO-
Ma CKaukoobpa3zHo N3MEHsSETCs. B 3aBUCHUMOCTH OT TOT0, MEXKTy KaKO¥ Mmapoi ypOBHEH TaHHOTO
aToMa COBEPUIMJICS KBAaHTOBBIN MEpexojl, poskaaeTcs (YHHUYTOXKAeTcs) (POTOH, BHOCSIINMA BKIIAI
B Ty WJIM UHYIO JIMHUIO CTIEKTPa UCIyCKaHUs (ToromnieHus). B-tpeTbux, mpaBuiio 4actoT o0bsic-
HWJIO HE TOJBKO JTMHEHYATHIM XapaKkTep aTOMHBIX CIIEKTPOB, HO U HAOJIOaeMbIE 3aKOHOMEPHO-
cmu B CTPYKTYpE 3THUX CIIEKTpoB. PaccmoTpuM criekTp atomapHoro Bogopoaa. [loxcrasmnss (5) B

(6), Haxo UM
27me* (11
V= T(_z - _2) )

B pesynbrare npuxoauM K 3aKOHOMEPHOCTH (2) U OJJHOBPEMEHHO I0JIy4aeM BbIpayKEHUE, 110-
3BOJISIIOILEE 8bIYUCAUMb TIOCTOSIHHYIO0 Puibepra!

2.4
27w me

R
he
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Brruncnennoe nmo 3Toit gopmysie 3HadeHHe NocTossHHOW Pupbepra mpekpacHo cormacyercs C
U3MEPEHHBIM 3HaYCHHUEM.

Ha pucyHnke 2.8 cTpenkamu noka3zaHbl KBAaHTOBBIE IIEPEXO/BI B aTOME BOJIOPO/A, COOTBETCT-
BYIOILIME CIIEKTpaJbHbIM cepusm Jlaiimana, bansmepa u [TameHa.

Teoputo bopa paccMaTpuBalOT Kak OJMH U3 NEPEbIX HManos B pa3BUTUU KBAHTOBOM (HU3MKHU
U [IPH 3TOM OTMEYAIOT €€ HEeMOCIe0BATEIbHOCTD, IPOSBIIAIONLYIOCS B TOM, UYTO 3[I€Ch Hapsay ¢
YCIIOBUEM KBAHTOBAaHHUS MCIIOJIB3YETCA M YACTO KIACCHUYECKOE COOTHOLIEHWE — BTOPOH 3aKOH
Herotona. Yka3zanHas Hemocsen0BaTeIbHOCTh CBsI3aHA C MPUCYTCTBUEM B MOJENIN aTOMa JJIEK-
TPOHHBIX OpOUT. OpOUTHI HE COTJIACYIOTCS C CYLIECTBOBAaHMEM JAMCKPETHBIX J103BOJICHHBIX 3HA-
YEHUI 3HEpruM 3JeKTpoHa B aroMe. B aTom sierko yOeauThesi, MOCTaBUB BOIIPOC: YEMY paBHA
JHEPIrus JEKTPOHA B TOT, XOTA U KOPOTKUI, HO KOHEUHBIN NIPOMEXKYTOK BPEMEHH, KOrJa ¢ UC-
XOZIHOM OpOUTHI SJEKTPOH yKe YIIEN, a Ha KOHEUHYIO opOHTy emé He mpuObut? Benb He MOXKeT
XK€ OH MeHOG8eHHO TIPEOJOJIETh paccTossHUue Mexay opOutamu! IloguepkHéM, UTO B mocieaoBa-
TEIbHON KBAaHTOBOM TEOPHUH 27IeKMPOHHBIX Opoum 6 amome nonpocmy Hem. K coxaienuto, 3ToT
apxau3M OKazajcs HeoObIYaifHO KUBYUYUM — IO CE€il JIeHb 3JEKTPOHHBIE OPOUTHI «YKpAIlAIOT»
CTpaHHIIBI MHOTHX KHHT 1O (hU3MKe, JUTs OONBIIMHCTBA HAIIMX COBPEMEHHHUKOB JJIEKTPOHHBIC
OpOUTHI POAOIIKAIOT CITYKHUTh 00pa3oM aToma.

W Bcé xe Teopust bopa uHTEpecHa HE TOJNIBKO B UICTOPUUECKOM IUIaHE. DTa Teopus o0siagaeT
Henpexoasllel IIeHHOCThIO; HelapoM OHAa TMO03BOJIMJIA BBIUMCIUTH MOCTOsIHHYI0 Punbepra. Llen-
HOCTb Teopuu bopa — B npaBuiie 4acTot (6). DNEKTPOHHBIX OPOUT HET, HO €CTh CTAllMOHAPHBIE
COCTOSIHUSL M COOTBETCTBYIOILIE UM SHEPreTUUECKHUE YPOBHU aTOMA (3TO yOEUTEIbHO J0KA3aIH
3HaMeHUThIe onbIThl Ppanka u ['epiia, BeimoaHeHHbIe B 1914 1.). He Beinepxkan ucnbsiTanus Bpe-
MEHEM PUCYHOK 2.6, HO COXpaHWJIU 3HaueHue pucyHku 2.7 u 2.8. Keanmosvie nepexoovl MExXy
SHEPreTUUYEeCKUMH YPOBHSIMH OTPa)kaloT CyTh MPOLIECCOB B3aUMOACHCTBUS M3ITyUYEHMsI C Bellle-
CTBOM (TIPOLIECCOB MCITyCKaHMA U MOIJIOIIEHUS u3nydyeHus). KBautel cBera (OoTOHBI) OpraHuye-
CKH BIIMCBIBAIOTCS B ATy KapTHHY. Korja aTom minm mMosekysa NepexoauT ¢ ypoBHS E, Ha ypo-

BeHb E,, poxnaercs GpoToH; npu oOpaTtHOM nepexoje (HoToH yHHUTOKaeTcs (puc. 2.9). Cxemsl

Ha 3TOM PUCYHKE Ka)KyTcsl ceroAHsi oueHb npocTbiMU. Ho B 1913 1. OHM TakOBBIMU HE Ka3aJIHCh.



OHnu BBI3BIBANIY LIEIIBIN psiA BOIIPOCOB. BoT aBa U3 HUX.
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Ilepswiii 6onpoc: 4eM BBI3BIBAIOTCS T€ WM HHBIE KBAHTOBbIE Mepexoibl? Bmopoil eonpoc
KacaeTcs oTMmeuaslieiics emé Pesepdopaom jgoruyeckoi TpyIAHOCTH, CBA3AHHOM C KBAaHTOBBIM
nepexoioM. YToObl COBEPIINTh MEPEX0] MEXKIY ABYMs JaHHBIMU YPOBHSIMH, aTOM JOJIKEH IO-
[JIOTUTh WIM UCIYCTUTh (POTOH omnpeAenEéHHOM, a He Kakoh-Tnbo nHo sHeprun. Kakum xe 00-
pa3oM aToM MPOM3BOJNUT «BBIOOP» (OTOHA HYkHOU SHeprun? OTBET Ha NEPBBIA BOMIPOC MBI Ha-
XOZIMM B YNOMSHYTBIX paHee paborax OiHmreitHa 1916 r. OTBeT Ha BTOpPOIl Bonmpoc Obli Hail-
JieH no3zHee B 20-X rogax.

[Ipex e Bcero oTMETUM, 4TO DUHIITEHH UCXOUIT U3 8EPOAMHOCIHOU NPUPOObL KEAHMOBHIX
nepexo00g: OH MUIIET O 8epoAmMHOCMY TOTO WM UHOTO Iepexoja. BeposTHOCTHBIN moaxo[ K
aTOMHBIM TpolieccaM ObLT IPeAOoNpeenéH, 10 CyTH JieNa, yXKe MPH POKIACHUN KBAaHTOBOM (Qu3u-
k1 — Kkorjaa IlmaHk mpennokun paccMaTpuBaTh HCIYCKaHHE W3IYUYEHUS KaK npepuleucmblii
nporecc. Kak ormeuan ['eli3eHOepr, «3TOT MPEepBhIBUCTBIN, CKAUKOOOpa3HbIN XapakTep HCIycKa-
HUS... IPUBOJUT K MPEANOI0KEHHUIO, YTO U3IyUEHUE MPEeACTaBIseT cOOON cTaTUCTUYECKUN (e-
HOMEH» [32, c. 127].

OWHIITEHH paccMOTpel 33ady O B3aUMOJICHCTBUU PAaBHOBECHOI'O M3JTyYEHHUS C paBHOBEC-
HBIM KOJUIEKTHBOM aTOMOB, CIIOCOOHBIX MCIIyCKaTh M IOIJIOMIATh M3iydeHue. s mpocToTHI,
aTOMBl HMEIOT BCEro JBa YypOBHSA dHepruu FE, u E,, a HU3IydyeHHE HUMEET YacTOTy

v, =(E,—E,)/h. CymecTByioT Tpu (yHIaMEHTAJIbHBIX MpOIlEcca B3aUMOJAEHCTBUS aTOMOB C

u3nydeHueM. IlepBelil mpouecc — cnowmannoe ucnyckaunue U3JIy4eHUs] aTOMaMHU: aTOMBI CaMo-
IPOU3BOJIBHO (CIIOHTAHHO) NEPEXOMAT ¢ YpoBHS E, Ha ypoBeHb E|, uciyckas (OTOH c dHEepru-

en thz . CaMOHpOI/ISBOHBHOCTb mnmponecca 03Ha4acT, YTO OH HE 3aBUCHUT OT KaKMX-TH0O BHEIITHUX

(bakTOpOB, C MOMOIIBI0 KOTOPHIX UM MOKHO OBLITO OBbI YIIPaBIATh. JJaHHBIH Mpoliecc HaOMUHAET
PaIMOAKTUBHBIN pacraji aTOMHOTO sJIpa; OH UMEET SPKO BBIPAKCHHBIN CyualiHblll XapakTep.
CnydaeH MOMEHT UCIYCKaHHs CIIOHTAaHHOTO ()OTOHA, CIy4yailHO HAIPaBJICHHWE €ro JABM)KEHUS.
Bropoit npouiecc — undyyuposannoe (8vinyscoenHoe) UcCnyckaumue M3IyUYEeHUS aTOMaMH, OHO
IPOUCXOIUT O] ACHCTBUEM 3JIEKTPOMATHUTHOIO M3IIyYEHUS YacTOThHI V,,. DOTOH ¢ 3Hepruei

hv,, uHuyuupyem KBaHTOBBIN MEPEXO] aTOMa C ypOBHA E, Ha ypoBeHb E,, B pe3ylbTaTe MOsB-
asiercst emé oauH (OTOH C Hepruei hv,,. BeposTHOCTH JaHHOTrO MpoLEecca nPOnoPYUOHATbHA

NIOMHOCMU U3TYYeHUs, THUUUPYIOLIETO PACCMAaTPUBAEMBIN Mpolecc. DUHIUNTENHH BBEI MHIY-
IIMPOBAHHOE MCITyCKaHUE, YTOOBI COTJIACOBATH MOJTYyYArOIIUeCs pe3yabTaThl ¢ hopmyioii [Tnanka
(Toit camoit, kotopyto nonyuwnn [lnank emé B 1900 r.). [Ipu 510l DHIITEHH TOKa3al, YTO U3IY-
YeHHEe, UCIYIIEHHOE MPHU BBIHYXJACHHBIX MEPEX0/AX, JOJKHO UMETh MOYHO MaKue e Xapax-
mepucmuKy, 9T0 U NEPBUYHOE U3ITyYCHHE, MHULUAPOBABIIEE 3TH NEPEXObl, — TAKYIO )K€ Yac-
TOTY, a3y, MOJAPU3AIMIO, TAKOE Ke HampaBieHue pacrnpocTpaHenus. Ha ¢poToHHOM s3bIKE 3TO
03HAYaeT, YTO BTOPUYHBIN (HOTOH (POTOH, pOIUBIINICS MPU BHIHYXICHHOM IEPEXO0/Ie) SBIISICTCS
TOYHON KOMHEH NMepBUYHOTO (POTOHA; 00a (POTOHA HAXOIATCS 8 OOHOM U MOM HCe COCMOAHUU.
Hakonen, TpeTuil npouecc — noznowjerue U3nydeHus aromaMu. Kak u B ciryyae BbIHYKJIEHHOTO
UCITyCKaHMsI, BEPOSATHOCTb 3TOT0 MpOLEcca MPONOPLHUOHAIBHA MJIOTHOCTH 3JEKTPOMAarHUTHOTIO
n3nydeHus. B BepxHeit yactu pucyHka 2.9 n3o0paxeH djeMeHTapHBIA aKT CIIOHTAHHOTO MCITYC-
KaHUs, a B HJKHEN 4acTU PUCYHKAa — IOTJIOLICHMSI. DJIEMEHTApHbIN aKT BBIHYKJIEHHOIO UCITyC-



KaHus n300pakéH Ha pucynke 2.10. OTMedast BaXXHOCTh pabOT DUHINTEHHA IS Pa3BUTHUS KBaH-
TOBOM Teopuu, ['eizeHOepr mucas, 4To Mmocie 3TuX padoT «BHUMaHHE BCE OoJiee CMEeanoch C
DHEPrUM CTALMOHAPHBIX COCTOSHUN K BEPOSITHOCTH MEPEX0Ja M3 OJHOTO CTAllMOHAPHOIO CO-
crostHus B pyroe» [32, c. 96]. KBanToBas ¢usuka mocreneHHo B3pociena. OHa BCTynaia B 1ie-
PHOJI CBOETO CTAaHOBJIEHHUS, KOTOPBIN AaTupyroT 1923 — 1927 rr.

Ot BOJIH MaTepuu K BOJIHAaM BeposiTHOCTH; ypaBHeHue llIpénmurepa m BosHOBas
¢pynkuus. PazButie (OTOHHBIX MPEICTABICHHUN MPHUBEIO K BCEOOIIEMY NMPU3HAHHUIO B Haydaje
20-X TOAOB UACU KOPHYCKYIAPHO-80IHOB020 OVAIUIMA O/l SIIEKTPOMArHUTHOrO u3inyuyeHus. C

. - 2r 2mv
U3Iy4YE€HUEM, UMEIOIIIMM YacTOTYy V U BOJIHOBOM BEKTOp & (HAamOMHUM: k = 7 = — rae A —
JUIMHA BOJHBI U3JTyYEHUS), MOXKHO CONOCTAaBUThH MOTOK (POTOHOB, UMEIOIIUX PHEPTUI0O £ U UM-
MYJIbC p, OTpeieiieMble COOTHOIICHUSAMMU:

E<h. p=2"F ©)
2
C yuérom toro, uto k =27xv/c, nomydaem u3 (9):
hv E
p=—=—. (10)
c c

OO6patiM BHIMaHHUE Ha TO, YTO PABEHCTBO p = E /¢ st (OTOHA COTIACYETCS ¢ COOTHOIICHUEM

(11) 3 § 6, ecnut yuecTh, UTO Macca okosi GOTOHA paBHA HYJIIO.

B 1924 r. Jlyu ne bpoitne (1892 — 1987) npennoxui pacnpoCTpaHUTh HJICI0 KOPITYCKYJISp-
HO-BOJIHOBOTO JTyaJli3Ma HE TOJIbKO Ha M3IyuyeHHUe, HO U BOOOIIe Ha Bce MUKPOOOBEKThI. COoOT-
HouteHus (9), ycraHoBIeHHbIE Ui (JOTOHOB, Jie Bpoilsib mpeanoXkun NpuMEeHUTh KO BCEM MHK-
poobOwekTam. Takum 00pa3zoMm, ¢ JIFOOBIM MHKPOOOBEKTOM CJIEIOBAJIO COMOCTABIATh, C OJHOMN

CTOPOHBI, KOPNYCKYIsAPHble XapakTepuctuku (£, p), a ¢ apyroit — goanoswie (V, k ). HeoObru-

HOCTh TaKOW TMIOTE3bI 3aKJI0YANIaCh B TOM, YTO MHKPOOOBEKTaM, KOTOPBIC JIO 3TOTO paccMaT-
PHBAIUCH KAaK KOPIIYCKYJIbI, HAIIPUMED AJIEKTPOHAM, IIPUNUCHIBAJIUCH TEIEPh TAKIKE U BOJIHOBLIC
CBOMCTBA. 3aMETHM, YTO BMECTO BTOPOTO M3 COOTHONICHUH (9) 4acTo MCHONB3YIOT (C y4éTOM
TOTO0, YTO k =27/ A) COOTHOIICHHE:

A=2 (11)

B ciyuyae ¢hoToHOB A ecTh AJIMHA BOJTHBI U3IY4YCHUS]; B IPUMEHEHUH K€ K MUKPOOOBEKTaM,
UMEIOITUM MAaccCy IMOKOsI, BEIMYMHY A CTaIM Ha3bIBaTh «JICOPOMIEBCKON ITMHON BOJIHBD) MHUK-
pOOOBEKTA.

OpHako Kak TMOHUMATh HaJWMYWe Y MHUKPOOOBEKTa, HAaNpuUMep SJICKTPOHA, BOJIHOBBIX
cBoricTtB? UTo Takoe «meOpoineBckas BoiaHa»? Hackonbko oHa peanmbHa? Hamo ckaszaTe, 4TO
ne bpoiinb, a Takke MHOTHE JIpyrue GU3NKH CUUTAIH B TO BPEMS OTH BOJIHBI pedibHblMU BOTHA-
MH, U KaKON-TO MEpE aHaJOTHMYHBIMM JICKTPOMArHuTHbBIM BosiHaM. B 1925 r. ne bpoiine npen-
JIOKUJT TEPMUH «BOJIHBI MATEPUN»; NI MAaTEMAaTUYECKOTO OMUCAHMS 3TUX BOJH OH BBEJ BEJU-
YUHY, HA3BaHHYIO UM 60H060U pyHukyuetl. B 1927 r. B onbitax J[3Buccona u Jlxepmepa u He3a-
BucuMo oT HuX [1. C. TapTakoBckoro Obuta oOHapy)keHa Jugparkyus 1ekmporos. Jedpoiines-
CKHE€ «BOJIHBI MaTE€pPHUI» 3JIEKTPOHOB MUParupoBaii Ha KPUCTANIMYECKON pelIETKe MUILIEHU U
CO3/aBAJIM HA DKPaHE XapaKTePHYIO KapTUHY audpakuuoHHBIX Kojer (puc. 2.11). U3mepenus
paccTosHUN MEXAY KOJIbLIAMHU JUJISl AJIEKTPOHOB 3aJaHHOW SHEPTUU MOATBEPXKIAAIU (OopMyITy
ne bpoiing (11). DTy ombITH paccMaTpUBAINCH KaK YOEAUTEIbHOE JTOKA3aTeNbCTBO CYIIECTBO-
BaHUsl «BOJIH MaTepum», XOTs (pu3myeckasi CyIIHOCTh TaKUX BOJIH OCTaBajach HEMOHATHOH. C
MOSIBJICHUEM THUTIOTE3bI Jie bpoiist 1 0cOOEHHO MOCIie YIOMSIHYThIX OTBITOB CTajla BEChbMa MOMY-
JSIPHOM 601HOBAs KoHYenyus B KBAHTOBOM Teopuu. OU3NKy MUKPOOOBEKTOB HAa3bIBAIU B TE€ I0O-
TIbl BOJIHOBOU MexanuKkol (TEPMHUH «KBaHTOBasi MEXaHHUKa» 3aKkpenuics rno3anee). CymecTBoBaia



YBCPCHHOCTH B TOM, YTO BCC 0COOEHHOCTH (I)I/I3I/IKI/I MI/IKpOO6’BCKTOB MOMCHO ceecmu K HAJTMYUIO
Y HUX BOJIHOBBIX CBOMCTB.

B Teuenne 1925 — 1926 rr. O6bu1 aKkTHUECKU CO3TaH annapam KBaHTOBOM MEXaHUKHU (BOJI-
HOBOM MexaHuku). [lepsorit mar cnenan B 1925 r. B. I'eiizenbepr (1901 — 1976). On pazpadoTtan
Mampuunblll 6apuaHm KBaHTOBOM MEXaHWKM (KBAaHTOBAaHHAsl BEJIMUYMHA IPEJICTABIISIACh B BUA
HEKOTOPOW MaTpHIIbl, JUAarOHaJbHbIE AIEMEHThl KOTOPOH — HaOJI0/IaeMble B OIBITE 3HAUEHUS
9TON BEJIMYUHBI; COOTHOIICHUSI MEXKy MaTPUIIAMU COOTBETCTBOBAJIN KJIACCHUECKUM COOTHOIIIE-
HUSIM JUISI paCCMaTPUBAEMbIX BEJIMYUH C YUYETOM BO3MOXKHOCTH HEKOMMYTAaTHMBHOCTH MPOU3BE-
nenus matpuil). B 1926 r. B padore «O KBaHTOBaHMM Kak 3a/1ady€ O COOCTBEHHBIX 3HAUCHUSIX)
. lpénunurep (1887 — 1961), ucnonb3ysi BOJTHOBBIC MPEACTABICHUS, MPEIJIOKUIT CBOE 3HAME-
HuToe auddepeHnnanbHOe ypaBHEHUE Al BOJIHOBOM (yHKIMU 1e bpoiins (M3BecTHOE Tenepb
Kak ypasHenue lllpéouncepa). IlpobneMy BBIUMCICHUS SHEPreTUUYECKUX YPOBHEH CBA3aHHOIO
MUKpooObekTa LpénuHrep cBoMI K pobiIeMe HaX0XKICHHUS COOCMBEEHHbIX 3HAYEHULL.

Pa6ota lllpénunrepa nmena 6ombI10i pe3oHaHC. BOT Kak omMChIBa€T COOBITHS TEX UCTOPH-
yeckux jaHed [eitzenoepr: «1926 r. Hauvancs ¢ cencanuu. CHavana 1o ciyxam, a 3aTeM B BUJIE
KOPPEKTYpPHBIX JINCTOB Mbl MOJY4YHJIM CBeACHUsA O nepBoi pabore lIpénunrepa mo BOIHOBOM
MEXaHUKe, TJe 3ajJaya OINpEesICHUs] YHEPreTHUECKUX YPOBHEH B aTomMe BOJOpOJa pellanach
IPOCTO Kak MpoOsieMa OThICKaHUsI COOCTBEHHBIX 3HAUEHMH Il TPEXMEPHBIX MaTepHaIbHBIX
BOJH. Dusnueckas kapTuHa, U3 kotopor ucxoawi llpénunrep, npunapexana Jlyu ne bpoio
U BBITJISIIeNIa COBEpUICHHO MHAYe, YeM IPUHATAs HaMU 32 OCHOBY aToMHasi mojenb bopa. Ho pe-
3yJbTaThl MOMYYAIUCh TE K€ CaMble, U BaKHbIE (JOpMasbHbIC aHaJIoruu OblTH Hanmuio. [lonsTue
aieKkTpoHHOU opOuThl y IlpénuHrepa OTCyTCTBOBAIO TOYHO TaK K€, KaK U B TETTHHTCHCKOM
KBAaHTOBOW MeXaHWKe (B BapHMaHTEe KBAHTOBOW MeXaHWKH, pazpabortanHHou ['eitzenOeprom. —
Aem.), 1 B 00eUX TEOPUSX ONpPEAENICHUE IHEPreTHUECKUX YPOBHEH CTAllMOHAPHBIX COCTOSHUMN
CBOJMJIOCH K mpoOjemMe COOCTBEHHBIX 3HAueHWU B JmHEWHOU anrebpe. [lomospenue, uto obe
TEOPUU MATEeMAaTUYECKU SKBUBAJICHTHBI, T. €. JOMYCKAIOT B3aMMHOE MPeoOpa3oBaHue, BO3HUKIIO
OUeHb CKOpPO W 00CYXmanoch moBcemecTHO» [32, c.73]. MaremaTudeckas SKBUBAJIEHTHOCTh
60110801 mexanuku LlIpéouncepa v mampuunot mexanuxu I etizenbepea OblIa JOKa3aHA B TOM
xe 1926 r. B HOBo#i pabote Lpénunrepa. Mnaue o6cTosiio Aeno ¢ GU3NIecKoil HHTepnpeTalu-
ei; 31ech OOHAPYKWJIUCh BEChbMa NMPUHIMIIHATIBHBIE pacxokaeHus. [IpemocraBum cioBo ['eii-
3erOepry: «llIpéauarep moHUMAaN TOTJa CBOU BOJHBI KaK HACTOSIINE TPEXMEPHBIE MaTepUalb-
HBI€ BOJHBI — CPAaBHHUMBbIE, CKaXeM, C JIEKTPOMArHUTHBIMU BOJHAMH — M HaMepeBajcsl MoJ-
HOCTBIO U3rHATh U3 KBAHTOBOM TEOPUU YEPTHI MPEPHIBHOCTH, B OCOOCHHOCTH TaK Ha3bIBAEMbIE
KBAHTOBBIE Mepexobl. S| MpOTEeCTOBAI MPOTHUB 3TOTO MpU 00CYKIIEHUU T0KJIa/1a, TOCKOJIBKY, KakK
sl IOHUMaJI, HAa TAKOM MyTH HEBO3MOXKHO OOBSCHUTH JIAXKE 3aKOH TEIJIOBOTO M3inydeHus Ilnanka.
Ho k cornacuto Torna npuiTé HE yAanoCh, U Apyrue pU3uKu B CBOEM OOJIBIIMHCTBE HAJESIHCh



BMecTe co LlIpénuHrepom, YTO KBaHTOBBIX NEPEX0J0B MOXKHO Kak-HHOyb n3bexars. [lorom B
centsiope B Komenrarene cocrosuiack moapoOHas auckyccusi mexay bopom u Ilpénunarepom,
pacTaHyBILAsCS, HACKOJIBKO 51 IOMHIO, O0Jiee YeM Ha HeNeNio; sl y4acTBOBaJl B HEHM Tak JIOJTO,
KaK ObIJI0 BO3MOKHO. CITOphl OBLITM CTPACTHBIMHU, M Pa3HOTJIACHS JOXOJUIIN 10 OOUIHBIX yIpé-
KOB. B KOHIIE KOHIIOB MBI, KOIIEHTAareHIbl, YOSIUINCh, YTO MIPEAMHTEPOBCKAST MHTEPIIPETALIUS
HECOCTOSITENIbHA, U UYTO KBAHTOBBIE MEPEXOJIbI SBISIIOTCA CYIIECTBEHHOW YacCThbIO BHYTPHUATOM-
HBIX TiporieccoB» [32, c. 74].

OOpaTum BHMMaHUE, B IOPSAIKE OTCTYIJICHHS, HA TO, YTO ABYM BeChbMa KOHCEPBAaTHUBHO Ha-
CTPOCHHBIM YUEHBIM CY>KACHO OBLIIO BHECTH OCOOCHHO CYIIECTBEHHBIN BKJIAJl B «KBAHTOBO(H3H-
YECKYI0 PEBOJIOLMIO». Mbl uMeeM B BUIy mpexae Bcero M. [lnaHka, BBIIBUHYBIIETO «0e3yM-
HYI0» HUJCI0 MPEPHIBUCTOCTH, TUCKPETHOCTH, KOTOpas 3aTEM IEpPEPOCia B HJICH0 KBAaHTOBBIX
ckaukoB. Cam [lnaHk TsroTuiics 3Toi unaeel, pazpadaTeiBajl KOMIPOMUCCHBIE BapUaHTHI (T0Ja-
rajl, HallpuMep, YTO TOJIBKO MCIYCKAaHHME M3JIy4EHMsI IPOUCXOAMUT MPEPBIBUCTO, a MOTJIOLICHHUE
COBEpIIACTCSI HEMPEPHIBHO), HAJIESIICS, YTO CO BPEMEHEM MOXKHO OyAeT M30aBUTHCS OT KBAHTO-
BbIX cKauykoB. [lanee mbl umeeMm B Buay llpénunrepa. OH nmpeanioxuii, MOXKHO CKa3aThb, CaMOe
[JIABHOE ypPaBHEHUE KBAHTOBOW MEXAHUKH W IIPU 3TOM BEPHIL, UTO €r0 YPAaBHEHHE, HAKOHEII-TO,
MMOKOHYUT C KBAaHTOBBIMH CKaukaMu. BcrioMHMM u3BecTHOE Bockinnanue llpéaunrepa: «Ecnu
HUKaK HeJb3s1 000OHUTUCH 0€3 3TUX MPOKJIATHIX KBAHTOBBIX CKAYKOB, TO s KaJICI0 O TOM, YTO CBsI-
3alcs ¢ aToMHOU Teopueit!» BenoMmuuM, kak oOpanoBaics [Inank ypasaenuro LlIpéaunrepa, yc-
MOTpEB B HEM JIOJITOKJAaHHBINA BO3BPAT K (PU3MKe HempepblBHOTO: «YTo mpunaér stomy nudde-
PEHIMATBHOMY YPAaBHEHHMIO €r0 OCHOBOIIOJIAraolee 3Hau€HHe, TaK 3TO MEHbIIE BCETro CIOco0
€ro BbIBOJIa, & TaKXKe BOBCE HE ero (hu3nueckas MHTEpIIpeTalys, B AeTalsAX enlé He BIOJHE sic-
Hasi, HO TPEXJIe BCEro TO OOCTOSATENBCTBO, YTO OJaroiapsi BBEJCHUIO KBAHTOBOI'O 3aKOHA B M3-
BECTHYIO CXeMy OOBIMHOrO NH(ddepeHInaNIbHOTO ypaBHEHUSI cO30aE€TCs COBCEM HOBasi METOIM-
Ka, MO3BOJISIIOIIASI C MTOMOIIbI0 MAaTeMaTUKU NPEOJI0JIEBATh TPYIHYI0 KBAaHTOBOTEOPETHUECKYIO
npo0semMy. ITO TEPBBIM CiIy4yai, KOrja KBaHT JACHCTBUSA, KOTOPBIA JI0 CUX TOp HE TOJIaBaJICS
HUKaKHM TOMBITKAM MOJOUTH K HEMY C TOYKH 3peHHs (PU3UKU HEMPEPBHIBHOTO, yaI0Ch BKIIIO-
ynTh B U depennnansueie ypasHeHUD» [94, ¢. 399].

Ho Bo3Bpara k ¢usrke HEMpepbIBHOIO, KOHEUHO, HE MPOMU30IILIO0: KBAHTOBAHHBIC 3HAYCHUS
Pa3IUYHbIX BEJIMYUH (3HEPTUH, MOMEHTA UMITYJIbCA U JIp.) €CTECTBEHHBIM 00pa30M BO3HHUKAIU B
pe3yabTaTe pelieHus cooTBeTCTBYIoMX ypaBHeHuM Ilpénunrepa. «lIpokisaTeie KBaHTOBbIE
CKaYKM» C MX HEM30eKHOW BEPOSITHOCTHOW TPAKTOBKOW MPOYHO YTBEPIMINCH B KBAHTOBOU (H-
3uke. bonee Toro, cama BosHOBas (PyHKIMS MOJTy4nsIa BEPOSITHOCTHOE TOJIKOBaHHE.

Beposmnocmuyio unmepnpemayuio 601H080uU @ynxyuu mpeniaoxun B 1926 r. M. bopa
(1882 — 1970). B uém cymHocTh 3Toit nuTepnpetanuu? [losicHuM e€ Ha cieayroneM npumepe.
[Ipeanonoxum, 4To B pe3yiabTaTe PELIEHUs] HEKOTOPOro KOHKpeTHOro ypaBHeHus LlIpénunrepa
HOJTy4€H JUCKPETHBINA CIEKTp 3HAYCHUN DHEpruum Mukpoodsekra: E, E,, E,,.... Kaxigomy us

3TUX YPOBHEW 3HEPTrUU COOTBETCTBYET CTAMOHAPHOE COCTOSIHUE, ONMMCHIBAEMOE CBOEH BOJIHO-
BOU (yHKIMEH (OHA Takke ompenersieTcs B pe3ysibTaTe pemieHus ypaBHenus [lpémunrepa).
BonnoBele pynkuun: v, (x,y,z), ¥,(x,¥,2), ¥,(x,y,2), ... (X,¥,Z — KOOPAUHATHI MUKPOOOb-

exrta). CornacHo BopHy, Benuunna |, (x,y,2)|* dV €cTb BEpOATHOCTB TOTO, YTO MUKPOOOBEKT,

HAXOMSIIUNUCSA B N-M CMAYUOHAPHOM COCTOSIHUU, OyJleT OOHapyKeH B djleMeHTe o0béma dV y
TOYKH C KOOPJAMHATAMH X, V,z. Keaopam mooyns eonnoeoti ¢pyHkyuu evicmynaem 30ecCb Kax

NIOMHOCMb 8epOSIMHOCU. 3aMETHUM, 4TO B OOIIEM CIIy4ae BOJIHOBAsl (PYHKIIMS UMEET B Ka4ecT-
BE apryMeHTa He 00s3aTeNbHO MPOCTPAHCTBEHHBIC KOOPIWHATHI; €CIIM apryMEHTOM SIBJISIFOTCS
OucKpemHule BETMYMHBI, TO KBaJpaT MOAYJsS BOJHOBOW (YHKIMU OyAeT BbIpakaTh HE IUIOT-
HOCTH BEPOSITHOCTH, & camy 6eposmHocmy. Tak, OH MOKET ONHCHIBATh BEPOATHOCTH TOTO, YTO B
TE€YEHUE HEKOTOPOTO BPEMEHH MHUKPOOOBEKT MPOJ0JDKACT OCTaBaThCs Ha BO30YXKIEHHOM YpPOB-
He (371eCh POCMATPHUBACTCS CBSI3b BOJTHOBOM (PYHKIMH C BEPOSTHOCTHIO CIIOHTAHHOTO KBAaHTO-
BOTO Tepexo/ia ¢ BO30yXIEHHOTO YPOBHS HA HEBO30YKIEHHBIN).



z)

2.12

BosBpamiasice kK BOJTHOBOW (DYHKITUH, 3aBHCSIICH OT MPOCTPAHCTBEHHBIX KOOPJHMHAT, pac-
CMOTPUM KOHKPETHBII puMep — 21ekmpor 6 amome. COCTOSHUE SIIEKTPOHA B aTOME OIUCHIBA-
€TCsl, KaK U3BECTHO, HAOOPOM K8anmoswix yucen. B HaOOp BXOMAT 21a6HOe KBAHTOBOE YHUCIIO 1
(n=1,2,3,...), opoumanvroe xBantoBoe uncio [ (/ =0,1,...,n—1), macnumnoe KBAHTOBOE YHC-
mom (m=—[,—1+1,...,[-1,1). Yucna n u [ onpenensiroT SHEPTUIO dIEKTpoHa B aTome. [lycThb
AJIEKTPOH HAXOJUTCS B COCTOSIHUU, XapaKTEPU3yeMOM UYHCIaMH 7, [, m; 3TO COCTOSIHUE OIKUCHI-
BAaeTCs BOJMHOBON (yHkuuei y,, (r,0,9), rae B KauecTBe NMPOCTPAHCTBEHHBIX KOOPAUHAT BbI-

OpaHbI JJIs y00CTBA HE JIEKAPTOBHI, a cghepuueckue KoopauHatel (puc. 2.12). ILtoTHOCTE BEepo-
STHOCTH HalTH pacCMaTpUBAEMbIH 3JICKTPOH B TOYKE C KOOpAMHATAMH 7,0, ecTh

p(r909(0) :l lr//nlm(ragaq)) |2 . (12)

BMmecTo 31eKTpOHHOI OpOHTHI TETIEph pacCMaTPUBACTCSI CBOEOOPA3HOE «IIIEKTPOHHOE 00JIaKoy,
IUIOTHOCTh KOTOPOTO B PasHbIX TOYKAaX BOKPYI aTOMHOIO sJIpa MPONOPLUOHANbHA (DyHKIUH
p(r,0,¢). Ha pucynke 2.13 moka3ansl (OpMBI TaKUX «00JIaKOB» JJIsl NMEKTPOHOB ¢ [ =0 (ux
Ha3bIBAIOT S-3JIEKTPOHAMU) U ¢ [ =1 (p-37I€KTpOHBI). 3aMETUM, UYTO €CITU aTOM PacCMaTpPUBACTCA

HE CBOOOJIHBIM, a CBSI3aHHBIM B MOJIEKYJIE, TO «00JaKa» p-3JEKTPOHOB NPUHUMAIOT BUJI, MOKa-
3aHHBIN Ha pucyHke 2.14.

S-3/IeKTPOH

p-3nexTpoHsl PREY (L S0

Wrak, Ha CMEHY «BOJHAM MaTEepUU» MPUILLIA «BOJHBI BEPOSITHOCTH». BeposaTHOCTHAs Tpak-
TOBKa BOJTHOBOW (DYHKITMHM OTPa)kaeT MPUCYIIHE MHUKPOOOBEKTaM 3JIEMEHTHI CIy4allHOTO B WX
noBeneHnd. HeoOXoanMol oOka3bpIBaeTCs JHIb 8epOsiMHOCMb TIOBEIEHUS MHUKPOOOBEKTa. ITO
O3HAYaeT, YTO MPEICKA3aHNs B KBAHTOBOW (PM3UKE UMEIOT, BOOOIIIE TOBOPS 8EPOSAMHOCHIHbIL Xa-
paKkTep W, CIENOBATEIBbHO, QuU3UKA MUKPOOOBLEKMOS8 A6IAeMCA NPUHYUNUATLHO CMAmucmuye-
ckoti meopuei. CinydaeH (akt oOHapyKEHUS SJIEKTPOHA B TOM HJIM HHOM MECTE OKOJIO Siipa; Be-




POATHOCTB e ero OOHapy>KEeHHs] B JaHHOM MECTE BIIOJIHE ONpeAeiéHHAa — OHa OINHUCHIBACTCS
BbIpakeHreM Tuna (12), T. ., ”HBIMU CJI0BaMHu, onpeenseTcss GopMoil 1 pa3MepamMu COOTBETCT-
BYIOILIETO «3JIEKTPOHHOT'O O0JIaKay.

BeposTHOCTB JIEKUT B caMOli OCHOBE KBAaHTOBOM MEXaHWUKH M BOOOIIE KBAHTOBOW (PU3HKH.
3TO HEOJHOKPATHO MOAYEPKUBAIIM MHOTHE BhlAaromuecs ¢pusuku. Axkagemuk B. A. @ok nucan:
«B KBaHTOBOI MeXaHUKE MOHITHE BEPOSITHOCTU €CTh MOHATHE NEPBUYHOE, OHO UIPaeT TaM QyH-
JaMEeHTaIbHYI0 posib» [136, c. 166]. «Cratuctudeckue MeToabl B husuke, — mucain bopH, — 1o
Mepe pa3BUTHS HAYKHU PACIPOCTPAHSITUCH BCE Ooubliie U OO0JIbIIE, U CErOHS MOXKHO CKa3aTh, YTO
COBpEMEHHas (PU3MKa MOJIHOCTHIO OMHMPACTCA HAa CTATUCTUYECKYIO OCHOBY... Cero/iHsi KBaHTOBAS
TEeOpHsl MpHUBEJIa HAC K OoJjiee TIIyOOKOMY MOHMMAaHUIO: OHA YCTaHOBMJIA OOJiee TECHYIO CBS3b
MEXy CTaTUCTUKON M OCHOBaMH (PU3UKU. DTO SIBJISIETCS COOBITHEM B MCTOPUU YEIIOBEUYECKOTO
MBIIIJICHUS, 3HAYEHHE KOTOPOTO BRIXOAMT 3a MpeIesbl camoi Haykm» [13, c. 23].

CooTHomeHusi HeonpeaeaéHHocTeid. CirydallHOCTh B MOBEACHUU MHKPOOOBEKTa IMPEIo-
npenensieT cueu(puKy UCHOIb30BaHUSI B MPUMEHEHUU K HEMY TaKUX KJIACCHUYECKUX MOHSITHIA,
KaK, CKa)XeM, SHEPTHUsl WIH UMITYJIbC. JTa creluduKa MposBIsSETCS B 3HAMEHUTBIX COOMHOULE-
HUAX HeonpeoenénHocmell, IipeayioxkeHHbIX [ eiizenOeprom B 1927 r. OrpaHUuUMCs COOTHOIIIE-
HUSIMU HEOIPEIAETEHHOCTEN 111 SHEPTUU — BPEMEHU

AEAt>h/2x (13)
n aJisa I/IMHyJ'IbCEl — KOOpI[I/IHaTI:I

Ap, Ax 2 h/2r; Ap, Ay Z h/ 2, Ap. Az 2 h/27. (14)

B coortnomennn Ap Ax 2 h/2x BenmumHa Ax eCTh HEONPENEIEHHOCTH X-KOOPIMHATHI
MHKpPOOOBEKTa, a Ap — HEONPEIEeIEHHOCTh X-IIPOCKIIUU €ro UMIyibca. YeM MeHble Ax , TeM
Oosbiie Ap, ¥ Hao0opoT. Eciy, B 4aCTHOCTH, MUKPOOOBEKT HAXOAUTCA B COCTOSIHUU C OIpee-
AEHHBIM 3HA4EHUEM p , TO OH JOJDKEH OBbITh JEJOKAIM30BaH IO BCEH OCH X. AHAIOTUYHBIN
cMbICT uMeroT Apyrue cootHomeHus B (14). CoorHomenue (13) MOkHO TpakToBaTh Tak. Ecim
At — BpeMs KU3HU MUKPOOOBEKTa B HEKOTOPOM COCTOSIHMM (TIOHUMAaeMoe, pa3yMeeTcsl, B CTa-
TUCTHYECKOM CMBICJIE), TO SHEPTHs MUKPOOOBEKTa B JAHHOM COCTOSIHUM MMEET HEOIpeeNEH-
HOCTb AE, xoTOpas cBsi3aHa ¢ Af paccMaTpUBacMbIM COOTHOLIEHMEM. B dacTtHOCTH, ecnu co-
CTOSTHUE CTarmoHapHoe (At CKOJIb YTOJIHO BEJIMKO), TO DHEPTHUs omnpeaesieHa TouHo (AE =0).

IeiizenOepr nucan: «Mbl HE MOXEM HHTEPIPETUPOBATH MPOLECCH B aTOMAapHOW 00jacTu
TakK ke, Kak mpoiiecchl 0ombiioro Mmacmrada. Eciu ske Mbl Ipo10iKaeM Mosib30BaThCsl MPUBBIY-
HBIMU MOHATUSMH, TO UX IPUMEHUMOCTb Ha/I0 OTPAaHMUYMBATh COOTHOIIEHUSMHU HEOIPEAEIEHHO-
creit» [31, c. 168]. Tak, oka3piBaeTCs, HE BCSIKHE JIBE BEIMYUHBI MOTYT OJHOBPEMEHHO WMETh
onpezaenénHble 3HaueHus. O HUX FOBOPSAT, UTO OHU HE SABIIAIOTCS OJHOBPEMEHHO M3MEPUMBIMU
BesimunHaMu. [IpuMepom MoOryt ciryutb x U p . 1lo3TOMy XapakTepHCTHKH MUKPOOOBEKTa

pa30MBAOT Ha TaK HA3bIBAEMBIE N0JIHble HAOOPbL, KAXKIIBIA U3 KOTOPBIX BKJIIOYAET OJHOBPEMEHHO
u3MepuMble BennunHbl. IlpuMepsl Takux Habopos: (X, y,z) ®u (p,, p,, p.) WIH, CKaKxeM,
(n,l,m) n (r,0, ). ObpaTuM BHUMaHHE HA TO, YTO BOJIHOBasl (YHKUUs, (UTYpUPOBABIIAS B

(12), sBnsercs mapaMeTpuuecKol (QyHKUMEH M YTO B KauyecTBE MapameTpa 37eCh BBICTyHaeT
OJIMH TOJIHBIM Ha0Op BEJNIMYMH, a B KAUYECTBE apr'yMEHTOB — Jpyroi MnoyiHblil Habop. Tenepb Mbl
MOYKEM YTOUYHUTH CMBIC] BOJHOBOH (pyHKIMH. Keadpam eé mooyns ecmv 6eposmuocme (niom-
HOCMb 8EPOAMHOCMU) OOHAPYICUMb MUKPOOOBEKM 6 HEKOMOPOM COCMOSHUU, OmMEedaroujem
OOHOMY NOJIHOMY HAOOpPY, eciu U36eCmHO, 4Mo MUKPOOOBLEKM HAXOOUMCS 8 ONpeoeléHHOM CO-

cmosnuu, omeeyarougem opyomy nonnomy nabopy. Tax, |y, (r,0, p)|° ecTh MIOTHOCTH Bepo-
STHOCTH OOHAPY>KUTh JJICKTPOH B COCTOSIHUU C KOOPAWHATAMHU 7, €, ¢, €CITM W3BECTHO, YTO OH
HAXOAMUTCS B COCTOSIHUU C KBAHTOBBIMU YHMCTIAMH 7, [, m.

CooTHOIIICHUsT HEOTIPEICTIEHHOCTEH HE pa3peniaroT IpsMOro IepeHoca B KBaHTOBYIO (pr3H-



Ky MHOTHX KJIACCHUECKUX COOTHOLIEHUH. B kauecTBe nmprumMepa yKa)keM XOpPOIIO U3BECTHBIE CO-
OTHOIICHHUS U3 KJIIACCUYECKU MEXAHUKHU:

E=p*/2m+U(F); L=Fxp (15)

(L — momenT nmmyinsca). Tak Kak B KBAHTOBOH (DHU3MKE MMITYJIbC M KOOPIMHATA HE SIBJISIOTCS
OJIHOBPEMEHHO M3MEPUMBIMU BEIMYMHAM (OHU BXOJST B pa3HbIEe MOJHbIE HAOOPHI), TO COOTHO-
menus (15) s MuUkpooObekTa He ToAdTCs (3aMETUM, YTO BMECTO HUX HAJ0 MCIOJIb30BATh aHa-
JIOTUYHBIE COOTHOLIEHUS I ONepamopos SHEPTUH, UMITYJIbCA, MOMEHTA UMITYJIbCA, KOOPJAUHA-
ThI; BIIPOYEM, 3TO YK€ OCOOBIN Pa3roBOp, OH BBIXOJIUT 3a PAMKH JaHHOI KHHUTH).

X

BBuy 0co60# BaXKHOCTH COOTHOIIIEHUH HEONPEIeIEHHOCTEH CUNTaeM MOJIE3HBIM MTOKA3aTh,
KaK OHHM MOTYT OBITh MOJIyYeHb! (XOTSI Obl COOTHOILEHUS Ul UMITyJIbCca U KOOpauHathl). [lycTsb
Ha MyTH NapaJIeNIbHOTO MyYKa 3JEKTPOHOB C UMITYJIBCOM p TOCTABIICH SKPaH C Y3KOH IIENbIO,
IIMPUHA KOTOPOI B HANpaBJICHUM OCU X (HANpPaBJICHUH, MEPNEHAUKYJSIPHOM Iy4yKy) paBHa d
(puc. 2.15). Ilpu mpoxoXKICHUH 3JIEKTPOHA Yepe3 menb Habmogaetcs nudpaknus. O003HAUNM
gyepe3 € yroy MeXJy MCXOIHBIM HalpaBJICHUEM ITydKa U HAIpaBJICHHEM Ha TEpBbIi (OCHOBHOI)
T(pakIMOHHBIA MakcuMyM. Kitacciuueckast BOJTHOBast Teopust Aa€T CIIEAYIOIEe BEIPAXKEHUE JUIS
sToro yrna: sinf = A/d . Tak kak € 04eHb MaJl, TO YIIOMSIHYTO€ BbIpaKEHHE MOXKHO MEpenucaTh
B BUJIC:

O~A/d. (16)

Ecnu nox A moHuMath Teneppb He JUIMHY KJIACCMYECKOM BOJIHBI, @ BOJHOBYIO XapaKTEPUCTHKY
3JIEKTPOHA, TO MOXHO, BOCIIOJIb30BaBIINCh BbipaxkeHueM (11), nepenucars (16) Ha «koprycKy-
JISIPHOM SI3BIKE»:

O~h/(pd). (17)

Ho xak moHumarth Ha 3TOM sI3bIKe caM (akT cyiecTBoBaHus yria ¢? OH 03HayaeT, yTo MpH Mpo-
XO0XKJIEHUU 4epe3 IIeb 3JIEKTPOH MPUOOpeTaeT UMITYJIbC Ap B HANpaBIEHUU OCU X. SICHO, UTO

Ap = p@. lloacrasnss cropa (17), noyuaeM Ap ~h/d . PaccmaTtpuBas d xak HeonpenenéH-
HOCTb AXx X-KOOPJIMHATHI JIEKTPOHA, MPOXOSIIEro Yepe3 Lieib, HaX0AuM oTciona Ap,. Ax=h,

YTO U COOTBETCTBYET COOTHOIICHUIO HeomnpeaenéHHocTel. Takum 00pa3oM, MOMBITKA B KAKOW-TO
Mepe 3apUKCUPOBAaTh KOOPJAUHATY AJIEKTPOHA B HAIIPABJICHUU, NEPIICHIUKYJISIPHOM €ro JBUXKe-
HUIO, MPUBOJIUT K BO3SHUKHOBEHHUIO HEOIPEACIEHHOCTH UMITYJIbCa B 3TOM HarpaBieHuu. [lomyT-
HO MBI YOEIMIINCh, YTO COOTHOLICHHS HEONPEAeIEHHOCTE OPTaHUYEeCKU CBSI3aHbI C Ueeil KOp-
My CKYJSIPHO-BOJIHOBOIO JTyain3Ma.

HexoTopsle ciieacTBusi U3 COOTHOLEHU HeomnpeneaéHHocrei. [loctynupys cranumonap-
HBIC COCTOSIHUS, Teopusi bopa He 00BsicHWIA, TOYeMy BCE-TAaKH AJIEKTPOH HE M3IydaeT U He Ma-
naet B urore Ha sapo. CootHomenus (14) 3to oObsicHstoT. [lanenne Ha SApO 03HAYATIO ObI
CUJIbHOE YMEHBIICHHE HEONpPeeIEHHOCTH KOOPAMHATHI 3iekTpoHa. Ecinu 10 manenust Ha sapo
AJIEKTPOH JIOKAJM30BaH B Mpelenax aToma, T. €. 00JacTH MPOCTPAHCTBA AMAMETPOM MOpSIIKa

107" m, To mocie mageHus OH JODKEH ObLT ObI JIOKATH30BAThCS B 00IACTH JTUaMETPOM MEHee

107" . Cormacuo (14) Gomee cuIbHAS JOKANM3AIMs SIEKTPOHA B MPOCTPAHCTBE CBA3AHA C



«Pa3MbBITHEM» €T0 UMITYJIbCa; 3HAYMT, [IPU NaJECHUN Ha PO CPEIHEE 3HAUEHUE UMITYJIbCA AIIEK-
TPOHA JOJKHO OBLIIO OBl BO3pacTH, s yero morpedoBanack Obl 3Heprus. [lomydaercs, dro
HYKHBI YCUIIHS OTHIOJIb HE JIJISl TOTO, YTOOBI «yJIEP>KaTh)» AJICKTPOH OT MaJIeHUs Ha SJpo, a Co-
BCEM HA00OpPOT — HYXHbI YCHUIIUS, UTOOBI «3aCTaBUThY» JIEKTPOH JOKAJIN30BaThCS B Mpenenax
sanpa. HeTpyiHO OIICHHUTH PHEPruio, HEOOXOTUMYIO Ul 3TOro. Jl0CTaTOYHO y4yecTb, YTO OHA
MPOMOPILMOHANIbHA KBAJPaTy HEOMPEAeIEHHOCTH UMITYJIbCa JIEKTPOHA, a 3HAYUT (C y4E€TOM Co-
OTHOIICHUN HeompeaeaEHHOCTeH) 00paTHO MPONOPLMOHATIbHA KBAIpaTy JUaMeTpa 00JIaCTH JIo-
Kanu3anuu. Juamerp siapa B 10* pa3 MEHbIIIE AMaMeTpa aToMa; CJIeI0BATEIbHO, YSHEPTHS JICK-
TpOHa B spe JOJDKHA ObITh B 10° pas Goublie, 4eM B aTOME T. €. JOIDKHA ObLIa ObI PABHATHCS
10° 5B (HaIIOMHHM, YTO SHEPTHS AMEKTPOHA B aToMe mopsiaka 10 9B). Takum oGpasoM, SHeprus
3NIEKTPOHA B sifipe JoibkHA Obuia Okl B 100 pa3 mpeBblIaTh SHEPTUIO CBSA3M HYKJIOHOB (TOCIE-
HSSl HE TIPEBBIIIAET 10’ 5B). 3HaunT, Maxke HACHUIBLHO HEJIBb3Sl «3aCTABUTh» AJIEKTPOH JIOKAIN30-
BaThCsl BHYTPU aTOMHOTO siipa. TeM cambIM HE TOJBKO CHUMAETCs MpoOiieMa «IaJieHus dJIeK-
TPOHA Ha SAPO», HO U BBIACHAETCS Ba)XXKHOE OOCTOSITENIBCTBO: 8 COCMAB AMOMHO20 A0paA JJleK-
MPOHBL 6XO0UMb HE MO2YM.

Jlanee oOCyiMM BOIIPOC O TpaeKTOpUH 3JiekTpoHa. 13 (14) HEmoCpeaACTBEHHO CIIETyET, YTO
MIOHSATHE TPACKTOPHUHU K 3JICKTPOHY (KaK U K HHOMY MHKPOOOBEKTY), CTPOTO TOBOPSI, HenpUMeHU-
Mo, TIOCKOJIbKY TpaeKTOpusi TpeOyeT, 4ToObl B KaXKJbli MOMEHT BPEMEHHU OBLIM OINpeaeseHbl U
KOOpJMHATA, U MMITYJIbC JBIKYIErocsi o0bekTa. OTKa3 OT TPACKTOPUHU CBS3aH C HAJHMYUEM Y
3JIEKTPOHA BOJHOBBIX CBOMCTB, KOTOpPbIE HE MO3BOJISIOT pacCCMAaTPUBATh AIEKTPOH KaK Kraccuye-
ckyro kopnyckyny. C nepeMenieHueM 3J1eKTPOHA BOIb OCH X HEJb3s1 COMOCTaBUTH U hepeHIu-
pyeMyto GyHKIHIO X(f), CTOJIb IIUPOKO UCTIOIB3YEMYIO MPU PACCMOTPEHUH ABUKEHUS Kilaccuye-
CKUX OOBEKTOB; 110 U3BECTHOMY 3HAYCHMIO X B HEKOTOPBII MOMEHT ¢ HEJb3s MpecKa3aTh 3Haye-
HHUE KOOPAMHATHI AJIEKTPOHA B MOMEHT ¢ +dt . VITak, OTCYTCTBHE B aTOME JIEKTPOHHBIX OpOUT
€CTh IPSIMOE CJIE/ICTBUE COOTHOILIEHUH HeonpeaenEHHOCTEN ISl KOOPAMHATHI U UMITYJIbCa HJIEK-
TpOHa.

Cy1iecTByIOT, OIHaKO, CUTYyallMH, KOTJa MOHATUEM «TPACKTOPHUS MUKPOOOBEKTa» IMOJIb30-
BaThCsl BCE e JOMycTUMO. [IpuMepoM MOTYT CIyHThb TPAaeKTOPHM YacCTHII, HAaOJI0JaeMbIe B
kamepe BuibcoHa, my3bIppkoBOM Kamepe, ¢oTosmynbcuu. EmeE oguH mpumMep — JIBHKEHHE
AJIEKTPOHOB B KMHECKOIE TeJeBu3opa. PaccMoTpum 3TOT mpumep noapoOHee. Mmmyibe 3miek-

TpPOHA BJIOJIbL OCH TPYOKH ecTh p =+/2mV , rae V — yckopsoiiee Hanpsokenue. opmupoBanue

3JIEKTPOHHOIO MyYKa 03HAYaeT M3BECTHYIO JIOKAJIN3ALMI0 KOOPIUHATHI 3JIEKTPOHOB B IONEpey-
HOM HAaIpaBJICHUU; CTENEHb JIOKAJIU3aluu onpenensercsa auamerpoM myudka d. CormacHo (14)
JIOJDKHA CYIIECTBOBATh HEONPEACIEHHOCTh UMITYJIbCA AJIEKTPOHA B HANpaBJIECHUH, MEPIECHANKY-
JSIPHOM K ocu myuka Ap = h/d . B cumy 3Toii HeonpeaeaEHHOCTH 3IEKTPOH MOXKET OTKJIIOHUTh-

Cs OT OocH Tydka B mipezenax yrma A@~=Ap/ p~=h/(pd). Ilycte L — pyiMHa yTH 3JEKTPOHA B
KHHECKOIIE; TOTJ]a HEONPEACIEHHOCTh MOJIOKCHHS TOYKH TOTAIaHus JICKTPOHA Ha dKpaH Oyaer
cocraBnath Ax~LA@~Lh/(pd). Honaras V =20«xB, d =10 m, L=0,2 m, HAXOAUM OT-
ciona Ax~107 m. Takum 06pa3oMm, 0OYCIOBIEHHOE COOTHOLIEHMSIMM HEOMpeNeISHHOCTE

«Pa3MbITHEC» TOYKHU NOMAAAHUA OKA3bIBACTCA CYIIECTBCHHO MCHBIIC NNaMCTpa ITydKa. ﬂCHO, 4qTo
B TaKUX YCHOBHﬁI JABVIKCHUC JJICKTPOHA MOKHO PAaCCMATPUBATH KIIACCUYCCKH.

B 3akmrouenne paccMoTpuMm ogHO H3 cienctBuil cooTHomenus (13). Ipeamonoxum, 4To



UMEETCSl NOmeHyudnbhulll 6apbep, BbicoTa KoTtoporo U Oomblne sHeprun E MHUKPOOOBEKTa
(puc. 2.16). IToctaBuM BOMPOC: MOXKET JIM MHUKPOOOBEKT, HAXOIACH TNIe-TO CeBa OT Oaphepa,
OKa3aThCs Yepe3 HEKOTOPOE BpPeMsl CIIpaBa OT HETO MPH YCIOBHH, YTO HE MOJydaeT SHEPTUU U3-
BHe? JIns Kiaccuueckol KOpITyCKyJbl 3TO 3aBeIOMO HEBO3MOXKHO. Ho mepen HamMu MHUKPOOOH-
€KT, JIJISl HeTO CIPaBeIJIMBBI COOTHOIIEHUS HeonpeaenéHHoCcTe. HeTpyaHo yoeauTbes, 4To co-
otHommeHue (13) mo3BoJisieT MUKPOOOBEKTY «IPOUTH 1o Oaprepom». Jlo BCTpeun ¢ Gapbepom
MUKPOOOBEKT CBOOOJHO JABUTAJICS CKOJIb YTOJHO JIOJITO, MMO3TOMY €T0 DHEPTUs MMela Ompee-
néuHoe 3HaueHne. Ho BOT MUKpOOOBEKT BCTyIaeT BO B3auMOACHCTBUE ¢ OaphepoM. JlomycTum,
B3aumojeicTeue anutcs BpeMst A¢. CornacHo (13) sHeprus MUKpPOOOBEKTa, B3aUMOICHCTBYIO-
niero ¢ 6apbepom, yxxke He OyneT onpenenéHHol, a OyJeT XapaKTepru30BaThCsl HEOMPEIEIEHHO-
cteto AE 2 h/ (27 At). Ecnu 9Ta HeonpenenéHHOCTh MOpsaka BBICOTHI caMoro 0apbepa, To 1o-

CJICIIHUN TIepecTaéT OBITh IS MUKPOOOBEKTa HEMPEOJOTMMBIM MPEISATCTBHEM — MHKPOOOBEKT
C HEKOTOPOW BEPOSATHOCTHIO MPOXOJIUT CKBO3b Oapbep. DTOT creun(puyecku KBaHTOBO(U3UYe-
ckuil 3¢ (deKT Ha3BIBAIOT myHHeAbHbIM ¢dhekmom. OH OOBACHSET, B YACTHOCTH, SBIICHHE
a-pacnaja aToMHbIX saep. [loquepkHEM, 4TO MPU PACCMOTPEHNUN TYHHEIBHOTO 3P PeKTa HEellb3s
NPECTaBIATh JBMKEHHE MUKPOOOBEKTa MO MYHKTUPHOHN JMHWUHW, M300paXKEHHOW Ha PHCYHKE.
[TyHKTHpHAS TMHUS COOTBETCTBYET KJIACCHYECKON TPAGKTOPHH, & Y MUKPOOOBEKTA TAKOBOW HET.
Tak 4TO HEe MMEET CMBICIA TMBITAThCS «YJIUYUTH» MUKPOOOBEKT B TOM, YTO OH B KaKOK-TO MO-
MEHT BPEMEHH «OKa3aJcs MO/ HOTCHIUAIBHBIM 0apbepomy.



Luarnoz. YTo Takoe MUKPOOOBHLEKT?

ABTOp. HaBepHoe, HeJlerko COCUUTaTh, CKOJIBKO pa3
B yueOHUKE (PU3UKHU HCIIONIB3YETCS CIOBO «3JICKTPOH». A
YTO Takoe AMeKTpoH? Kakum ero mpenctaBisitoT cebe
mKoMbHUKNU? Heykenu 31eKTpoHsl A1t HUX — 3TO MPOo-
CTO MEIKHE KPYIUHKH, KOTOphIE HECYT B ce0e OoTpuIa-
TeNBbHBIN 3apsan? Boobiie — umo maxoe mukpoobwvexm?
YeM OH OTIMYAETCA OT TE€X OOBEKTOB, C KAKUMHU UMEET
JIEJIO KJIACCUYECKAas MEXaHUKa?

Yuuresb. OTU BONPOCHI B IKOJIBHOM Kypce (husu-
KM MPAKTUYECKU HE TIOTHUMAIOTCSI.

ABTOpP. A MeXAy TEM BOIIPOCHI 3TH BeCbMa IMPHUH-
uunuanbHel. J[aBalte mogyMaemM HaJy HUIMH BMECTE.

Yuntesnb. OueBUIHO, YTO BIEKTPOH (WM HHOU
MHUKPOOOBEKT) HE €CTh KJIacCHUYECKas KOPITyCKyJsa. DTO
He KpynuHka. Hegapom y Hero, cTporo roBopsi, HET Tpa-
ekropur. Ecnu Obl OH ObUT MOXO0X Ha KJIACCUYECKYIO
KOPITyCKYJy, TO OH JIBUTAJICS OBl BOKPYT sipa Mo OpOuTe
— JI0 TeX Top, TMoKa ObI He ynal Ha siipo. J{ist Hero Obut
OBl HEBO3MOKEH TYHHEJIbHBIN AP (DEKT.

ABTop. CoBepiiieHHO BepHO. JlJisi KpymUHKH HE TTH-
CaHbl COOTHOIIECHUSI HEONPEIEIEHHOCTEH. A KaK OBITh C
00pa3oM BOJIHBI?

Yuurenb. /[ymaro, 4To 3J€KTPOH HEJb3s YMOA00-
JATh U KJlaccudeckou BoJiHe. [lo-BuaumMomy, oH mipen-

CTaBJIsIeT COOOM HEKHI CUMOMO3 KOPITYCKYJIbI U BOJTHBI.
i ABTOp. B cBOE Bpems mpeanpUHUMAIUCh pa3ind-
HbI€ TMOIBITKH CMOJEINPOBATh MOJOOHBI CUMOHMO3 U
TEM CaMbIM HaA2IsI0OHO TPEACTABUTH KOPITYCKYJSPHO-
BOJIHOBOM nyanu3M. O/iHa U3 TakuX MOMBITOK CBSI3aHA C

= K_J&K Thbl NPEACTaBAACIIE cele aek- MPEJICTaBICHHEM MHKPOOOBEKTa B BUAE BOJIHOBOTO 0O0-
TPOH:

i AR S Vi OTpHUATENb- pa3oBaHMsA KOHEYHBIX Pa3MEpOB. DTO MOXKET OBITh 8O-
e g it b HOBOUl nakem WU TMPOCTO «OOPBIBOK» BOJIHBI, Ha3bIBae-

Ha ypoke ¢usuxu. MBI OOBIYHO G0HO8bIM yyeom (puc. 2.17). lpyras mo-

IBITKA CBS3aHA C MCIOJB30BAHUEM MOJEIH UWUHbL-

nuioma, COrjlaCHO KOTOPOM MHUKPOOOBEKT €CTh HEKOe

«COEMHEHNUE» KOPITyCKYJIIPHON «CEPALIEBUHBI» C BOJI-
HOM, ynpaBJsitolleil IBHKEHUEM «Cep/leBUHb». BonHa npeacrasiser coboi koaeOaHUsl HEKO-
TOPOr0 HOBOT'O MOJIsS (\W-TOJIsT), IIOXOKEro Ha 3JIeKTpOMarHuTHoe. B3aumogeiicTBue «cepaieBu-
HBID» C Y-TI0JIEM MPUBOAUT K TOMY, YTO «CEPALIEBUHA» MPOSBIISET TEHACHIINIO HAXOAUTHCA B TEX
00JacTsX MPOCTPAHCTBA, Iie HAMPSHKEHHOCTh -0 HauOousblas. ITOMY MEUIAlOT HEYMops-
JTIOYCHHBIC JBM)KECHUS «CEPIIEBHHBD), KOTOPhIE MOTYT OBITh OOYCIIOBJIEHBI, Hampumep, QIyk-
TyauusiMu Y-mosist. OIyKTyanuu MpenonpeiessiioT HEYTOPA0YeHHbIE OMyXIaHUusI MUKPOOOH-
€KTa, a B3aMOJICICTBUE «CEPALIEBUHBD C Y-IIOJIEM 3aCTaBIsIET MUKPOOOBEKT YCTPEMIIATHCS TY-
1ia, TAe Y-1oJie Haubosiee MHTEHCUBHO. PucyHok 2.18 mimocTpupyeT 1aHHYI0 MOJEbh B IpUMe-
HEHMH K TPOXOXKIACHHUI0O MUKPOOOBEKTa depe3 HKpaH CO IIEISIMH: Y-BOJHA HCIBITHIBACT H-
bpakuio Ha HIENsAX, a «CEePLEBUHA» MPOXOAUT Yepe3 OJIHY U3 IIesiel U PETUCTPUPYETCS Ha IK-
paHe-/1eTEeKTOpe B COOTBETCTBUU C PE3YJIbTATOM UHTEP(HEPEHIH Y-BOJIH.



Yumnreis. [Ipu3HaThes, MOJIENIb BOJIHBI-MUIOTAa MEHS IPUBIICKAET.

ABTOp. JlelicTBUTENBHO, TO00OHBIE MOICTTM MOTYT C TIEPBOTO B3IJISAA MOKA3aThCs TIPUBIIC-
KaTeJIbHBIMU — XOTSl OBl B CHITy cBOEl HarmsiiHOCTH. OJHAKO cpasy ke MOAUYEPKHEM: 6ce oMU
Hecocmosmenvhvl. OOpaTuTe BHUMaHHE HAa TPOMO3AKOCTh NMPUIIISIHYBIIEHCs Bam mMoxenu Bo:-
HBI-ITUJIOTA, UCTIOJIB3YIOMIEH TaKhe UCKYCCTBEHHBIC MOHATHUS, KaK «\-TI0JIe» C €ro (QUIyKTyarusi-
MU, KaK «CepIeBUHA», KAKUM-TO 00pa30M B3aUMOJIEICTBYIOMIas ¢ \Y-1oyieM. BriocieacTsuun Mol
yOeIuMCsl, YTO HECOCTOSTEIBHOCTh TTOIOOHBIX MOJIENIel OOBSICHIETCS HE YaCTHBIMHU, a TITyOOKH-
MU, IPUHLIUINKAATBHBIMU NTpUurHaMu. CrieyeT 3apaHee npu3HaTh 0€3yClenIHON BCSKYIO MOMbIT-
Ky OYK8aIbHO20 MOAKOBAHUs KOPITYCKYJISIPHO-BOJIHOBOTO Jtyanu3ma. Muxkpoobvekm He aensiem-
€5l HU KOPNYCKYJIOU, HU 80JHOU, HU CUMOUO30M KOPNYCKYIbL U GOJIHbL.

Yumnreisn. Kak jxe NOHUMATh KOPIYCKYJISIPHO-BOJIHOBOM yanu3m?

ABTop. Kak nomenyuanvuyro cnocoonocms MUKPOOOBEKTA TMPOSIBISTH Pa3IMYHBIE CBOU
CBOICTBa B 3aBHCHMOCTH OT BHEIIHUX YCJIOBUH H, B YaCTHOCTH, OT YCIOBHI HaOmonenus. Kak
nucan B. A. ok, «y aTOMHBIX OOBEKTOB B OJHHX YCJOBHUSX BBICTYIMAIOT Ha TEPEIHHUM TUIaH
BOJIHOBBIE€ CBOMCTBA, a B APYIMX — KOPITYCKYJISIPHBIC; BO3MOKHBI U TaKHE yCJIOBHS, KOT/Ia T€ U
JIpyTrHe CBOMCTBA BBICTYMAIOT OAHOBPEMEHHO. MOXHO CKa3aTbh, YTO AJIi aTOMHOTO OOBEKTa Cy-
[IECTBYET NOTEHIIMATBHASI BO3MOXKHOCTD MPOSIBIIATH CE0s1, B 3aBUCUMOCTH OT BHEIIHUX YCIIOBHA,
00 KaK YacTHIla, MO0 KaK BOJHA, JIMOO MPOMEKYTOUYHBIM 00pa3oM. MiMeHHO B 3TO# MOTEHITH-
ATBHON BO3MOXKHOCTH PA3IUYHBIX MPOSBICHUN CBOWMCTB, MPHUCYIINX MUKPOOOBEKTY, U COCTOUT
Iyalu3M BoJiHAa — uacTula. Beskoe nHoe, 6osee OykBalibHOE, TOHMMaHUE 3TOTO JAyaiu3Mma B
BUJIE KaKOW-HUOYIb MOJIETTH HenpaBmwiIbHO» [136, c. 163]. [IpumMep: 37eKTPOHBI MPOXOAST Yepe3
HIEeJIM B KpaHE U 3aTEM PETUCTPUPYIOTCS Ha dKpaHe-fIeTekTope. [Ipu mpoxoxkaeHnn cKBo3b Iie-
JIU JIEKTPOHBI MPOSBIIAIOT CBOM BOJIHOBBIE CBOMCTBA, a MIPH MOMAJaHUU HA SKPAH-IETEKTOP —
KOPITYCKYJISIPHBIE.

Yuuteis. [lomydaercs, 4To HarIsIIHAS MOJIETh MEKPOOOBEKTa BOOOIIIE HEBO3MOXKHA?

ABTOp. BBl 337127111 04eHBh BakHBIN Bompoc. JlelicTBUTENbHO, OyKBallbHAS, HATJISAIHAS MO-
JIeb MUKPOOOBEKTa OKa3hbIBAETCS HEBO3MOXHOW. TakoBa crerupuka MUKPOOOBEKTOB, ITUM
OHM MPUHIMITHAIBEHO OTJIMYAIOTCS OT Te€X 00BEKTOB, C KOTOPHIMH MbI OOBIYHO UMEEM JIEIO.

Yuntesab. TeM He MEHEe XOTENOCh Obl UMETh XOTS OBl KaKyK-TO YIPOIIEHHYIO MOJETh
MHUKPOOOBEeKTa. MOXKHO JI TOBOPUTH 00 00BEKTE, HE TIpeIcTaBIIsAst cebe ero oopasza?

ABTOpP. MBI TOJIBKO YTO MBITAIUCH CMOJEIUPOBATH KOPITYCKYJISIPHO-BOJTHOBOU JAyaliu3m. A
Be/b Ayajn3M HE MCUYEPIbIBAET HEOOBIYHBIX CBOMCTB MUKPOOOBEKTA, B YACTHOCTH AJIEKTPOHA. Y
HETo eCTh, HAIPUMEpP, CIIMH — HEYTO, HAIIOMHUHAIOIIEeEe COOCTBEHHBI MOMEHT MMITyJbca. Kak
ecyu Obl AJIEKTPOH, MOJOOHO BOJYKY, BpAIaJICcs BOKPYT COOCTBEHHON «ocw». OHAKO 3TO «Bpa-
[ICHHE» BEChbMa HEOOBIYHO — OHO HEYHHUYTOXXHMO, €r0 HEeJIb3s HU OCTAHOBUTH, HU YCKOPUTH;
BOOOIIIE HE UMEET CMBICIIa TOBOPUTH O €T0 YIII0BOM CKOpOoCTH. Mcronp3yemblil B amnmapaTe KBaH-
TOBOM MEXaHHUKH BEKTOP CIIMHOBOTO MOMEHTAa HMITYJIbCA 3JEKTPOHA (BEKTOP CIIMHA) MOXET
MMETh BCETO JIBa HANpaBJeHHs. DTH HaIllPaBJICHUS NMPOTHUBOIOJIOKHBI, UM OTBEYAIOT J[BA «CIH-
HOBBIX COCTOSIHUS» JIEKTPOHA.




Yuntensb. [lodemy Obl HE CUUTATh YCIIOBHO, UYTO «CEPALIEBUHA» B MOJCIU BOJIHBI-TIHIIOTA
1o/100Ha BpallaweMycs BOJTUKY?

ABTOp. Bparienue «cepaiieBUHbD UMeeT He OOJIbIIe CMBICTA, YEM BpallleHHEe MaTepualb-
HOM Toukn. Ho mpoaomkuM pa3roBop 0 HEOOBIYHBIX CBOMCTBAX MHKPOOOBEKTOB. OKa3aioch,
YTO CO CIIMHOM TECHO CBSI3aH XapakKTep MOBEJCHUS MHUKPOOOBEKTOB B KOJUIEKTHBE cebe mo00-
HbIX. Bce MUKPOOOBEKTHI MOKHO UETKO pa3OUTh HA JBE TpymIibl. MUKPOOOBEKTH OJHON IpyT-
bl OOHAPYKUBAIOT CBOCOOPA3HYI0 «HETEPIUMOCTB» JAPYT K APYTY: B OJHOM COCTOSTHUM MOXET
HaXOAUTHCSI OJIMH U TOJBKO OJIMH MUKPOOOBEKT JaHHOTrOo THMa. Hampumep, B OJHOM COCTOSIHUU
MOJKET HaXOJUTHCS OJIMH M TOJILKO OJIMH DJIEKTPOH;, HUKAKOU JPYTON 3JIEKTPOH HE CMOXKET IO-
MacTh B 3TO COCTOSIHUE.

YuuTeab. ITO CBOWCTBO 3JEKTPOHOB 00BIYHO (popMynupyeTcs Kak npunyun zanpema Ilay-
JU.

ABTop. [Ipunnun 3anpera, chopmynupoBanssiii B 1925 r. B. ITaymu (1900 — 1958) npume-
HUTEJIBHO K AJIEKTPOHaM, CIPaBEUIUB ISl BCEX MHUKPOOOBEKTOB paccMaTpuBaeMol rpymnmsl. B
He€ BXOJAT MUKPOOOBEKTHI, CTUH KOTOPBIX OKA3bIBAETCS TOMYIENbIM (3aMETHM, YTO CIIUH U3-
MepseTcsl B €AMHUIAX / /27 ); y 3IeKTpOHA, MPOTOHA, HEUTPOHA, HAPUMEp, CIIMH paBeH 1/2.
Bce 3t MUKPOOOBEKTHI O0BEAUHSIIOT OOIIUM TEPMUHOM «pepMHOHBD (B uecTh D. depmu (1901
—1954)).

Ho ectp npyras rpynna MUKpOOOBEKTOB — 3TH, HAIPOTUB, OOHAPYKUBAIOT JPYT MO OTHO-
HICHUIO K JAPYTY UCKIIOYUTEIHHOE «9yBCTBO KOJUICKTUBU3MAa»: OHM MOTYT 3aCeNsiTh OJHO U TO
K€ COCTOSIHUE B HEOI'PAaHUYEHHOM KOJMYECTBE U MPHUTOM C TeM OOJIbLIEH BEPOATHOCTHIO, YEM
CHJIBHEE 3TO COCTOSIHHE 3acesieHO. B naHHylo rpymiy BXOJIST MUKPOOOBEKTHI O€3 CIMHA MIH C
[IEJIOYMCIICHHBIM CITMHOM; K HUM OTHOCSITCS, B YaCTHOCTH, (hoTOHBI (criiH (oToHa paBeH 1). Bee
9TH MUKPOOOBEKTHI OOBEIUHSIIOT TEPMUHOM «0030HBD (B uecTh I11. bo3e (1894 — 1974)).

OTMeueHHOE CBOMCTBO MHUKPOOOBEKTOB B BBICIICH CTENEHW BakHO. VIMeHHO Omaromaps
cBOEH «(PepMHOHHOCTH» IIEKTPOHBI 3aNOJHIIOT YPOBHH B aTOMax (3JIEKTPOHHBIE 000JIO0YKH) B
onpeAeNEHHON MOCIeI0BAaTeIbHOCTY — BEIb MaKCHUMAaJIbHOE YHMCJIO AJIEKTPOHOB HAa TOM WIIU
MHOM ypOBHE PaBHO YHMCIY COCTOSHHI, COOTBETCTBYIOIIMX JaHHOMY ypoBHI0. Ecnu Obl BOpyT
AEKTPOHBI YTPATHIN «(HEPMUOHHOCTH», T. €. MepecTaau Obl MOAYMHATHCS MPUHIUIY 3arpeTa
[Taynu, To BO BCcex aTOMax OHH TYT K€ CBAJIMJIMCH Obl HA CAaMbIi HU)KHHUI YPOBEHb — M MCUYE3TI0
ObI MHOTOOOpa3He XMMHYECKUX AJIEMEHTOB. 3aMETHM TakKe, YTO UMEHHO Oyrarogaps «0030HHO-
cTH» (DOTOHOB MPOUCXOAUT UHIYIIMPOBAHHOE UCITYCKAHHE M3Iy4CHUs: (POTOH MHUIIUUPYET Te-
pexoj B aToMe, B pe3yJibTaTe KOTOPOro poxkaaercs emé oauH (OTOH B TOM KE CAMOM COCTOS-
HUH. A Terepb NOJyMaeM: BO3MOXKHO JIM JAHHOE CBOWCTBO MHUKPOOOBEKTOB BBIPA3UTh B KAKOIi-
au6o HarisgHOM Moxaenu? Kak BooOre coriacoBaTh HEOOBIYHOCTh CBOMCTB MHUKPOOOBEKTOB C
MPUBBIYHBIMU HATTSAHBIMU 00pa3amu? COBMECTHMO JIX OJTHO C JpyTrumM?

Yuurenan. HasepHoe, He coBmectuMo. U BcE€ ke modemy ObI HE JOMYyCTUTh XOTS ObI B
MPUHIIAIIE BO3MOXHOCTh KAKUX-TO JIOCTATOYHO CJIOXKHBIX MOJIEIEH, HACBHIIEHHBIX HEOOXOH-
MBIMHU JIETAJISIMA?

ABTOp. Bpsan nu Takue MoAeNU MPUHIIMIIAATHLHO BO3MOXHBL. HO J€710 He TOIBKO B 3TOM. Y
MHUKPOOOBEKTOB U MUKPOSIBJICHHUH €CTh BajkHasi 0COOEHHOCTh, O KOTOPOM MbI MIOKAa HE TOBOPHIIH.
BocnuranHble B TpagulMaX KIACCHUECKOW (DU3MKU, MBI YOEXKAEHBI, 4TO 000 00BEKT MOXKHO
XO0Ts Obl MBICJICHHO PAaCUWJIEHUTh HA CKOJIb YTOJHO Majble JeTalld, 4TO JII000e SBJICHHE MOXHO
pa3duTh BO BpEMEHM Ha CKOJIb YTOJHO KOPOTKHUE MOCIE0BaTENIbHbIC ATarbl. OHUM CIIOBOM, MBI
yOexxaeHbl B OecrpeliebHbIX BO3MOKHOCTSAX METo/a aHaiu3a. Bompoc «4To 3T0 Takoe?» MbI
NPUBBIKJIA CBOJUTH K BOIIPOCY «U3 UEro 3To coctont?» KBaHTOBas (pusmka 3acTaBmiia 0CO3HAThH
OTPaHUYEHHOCTh TAKOM TOUKH 3peHUs. XapaKTepHas 0COOEHHOCTh MUKPOOOBEKTOB U MUKPOSIB-
JICHUI COCTOUT B TOM, YTO OHU MPUHIUIHAILHO HE JOMYCKAIOT O€3rpaHUYHON JeTaln3alud HA
B MPOCTPAHCTBE, HU BO BPEMEHHU. DTO BeCbMa IIyOOKOe 0OCTOSTENHCTBO HACTOMYMBO MOAUYED-
kuBan bop. On nucan: «C otkpeitueM IlnankoM szemenmaprnozo kéanma Oelicmeus Havajaach
HOBas 3M0Xa B PU3NYECKUX HAYKaX. ITO OTKPHITHE OOHAPYKHUIIO CBOMCTBEHHYIO aTOMHBIM MPO-
[eccaM 4epTy yeabHOCmuU, UIYLIYI0 TOPa3lo Jalblie CTapoi naen 00 orpaHu4eHHON AETUMOCTH



matepuu. CTajno sICHO, UTO CBOWCTBEHHOE KJIACCHUYECKUM TEOPUSAM HarjsiJHOE KapTUHHOE OIM-
caHue MpeacTaBiseT uaeanusanuio» [12, c. 527]. Bor sra momuépkuBaemas bopom «uepta
LEILHOCTH» M 3aCTaBIISICT HAC BO3/AEPIKATHCS OT cOOJIa3HA MOCTABUTH BOMPOC «U3 YEro COCTOMT
3JIEKTPOH?»

Kpome Toro, kak Mbl yke oTMeuanu paHee (B auanore «O MpHUBBIYKE BUACTH 32 BEPOSTHO-
CTSIMU OJHO3HAYHBIE 3aKOHOMEPHOCTH»), IJI1 MUKPOOOBEKTOB XapaKTepHA MPHUHIIUIIUAIBHO He-
YHUUYTOXKHUMAS C843b C OKPYHCAIOUWUM MUPOM, JETIAroIasi OECCMBICIICHHBIM MOHITHE «U30JIUPO-
BaHHBIM MUKPOOOBEKT». FIMEHHO 3Ta CBS3b U 00YCIIOBIMBAET 3aBUCUMOCTh HEKOTOPHIX CBOWMCTB
MHUKPOOOBEKTA OT KOHKPETHBIX BHEIIHUX yCIIOBHA. Takue cBOMCTBa MbI pacCMaTpUBaeM Kak I10-
TEHI[MAJIbHbIE BO3MOXHOCTH, pEaIu3yeMble B 3aBUCHUMOCTH OT BHEUIHMX YycJoBHH. O4eBHIIHO,
YTO 3TU MOTEHIMAIbHBIE BO3MOKHOCTH HUKAK HEJb3s YMECTUTh B paMKax ONpeAcIEHHOW Ha-
IS THOM MO, CKOJIb OBl CII0)KHA U U30IIPEHHA OHA HU ObLia.

Yuurteab. Uto K, HeNb3sl HE MPU3HATH NPUBEAEHHBIE NOBOABI BeckuMH. Ho xoTenock Obl
BCE e BbICKa3aTh 0IHO coMHeHue. Het nu 3neck cyobekTuBHOCTU? Eciu BCE 3aBUCHUT OT BHENI-
HUX YCJIOBUH, B YaCTHOCTH OT YCJIOBHM HaOIIIOJICHHS, TO HEBOJIHHO BO3HUKAECT MBICIb: MHUKPO-
00BEKT HE €CTh YTO-TO OOBEKTUBHOE, a CKOpee HEUTO CYOBEKTUBHOE, 3aBUCAIIIEE OT TOT0, KaKk Ha
HETO «IIOCMOTPETHY.

ABTOp. BBl ynyckaere U3 BHUIy, YTO SJIECKTPOH UMEET LETbIi HAOOP COBEPIICHHO OIpeje-
JEHHBIX XapaKTEPUCTUK, HAIPUMEP MaccCy, 3JEKTPUUECKUN 3apsfl, CIIUH, OTHOCUTCS K (epmuo-
HaM. A BOT HarjisiTHOW Mofesid OoH He uMeeT. OIHaKo, OTKa3bIBasCh OT HEE, KBAHTOBAsI MEXaHU-
Ka BOBCE HE MPUHOCUT OOBEKTHUBHOCTH B KEPTBY CYOBEKTUBHOCTH. IIpocTo Hamo mpu3HaTh, U4TO
3JIEKTPOH — BEChMa CIIOKHBIN (PU3NUECKUl 00BEKT, KOTOPBIN 6 3a8UCUMOCTIU OM GHEUHUX ) C-
JI08ull peann3yeT pa3Hble CTOPOHBI CBOEH cymrHOoCTH. CyIIECTBEHHO, YTO 3TH CTOPOHBI 00BHeK-
Mu6HO CyIIECTBOBAIU elI€ 10 POKICHUS HaOII0AaTeNsl.

Yuureab. U Bcé xe ponb Habatooamens oKa3bIBaeTCs 3[1€Ch B M3BECTHOM CMBICIIE PEIIat0-
11()28

ABTOp. B 3TOM BBI COBEpIIeHHO npaBbl. YTOOBI, HanpuMep, U3MEPUTh UMITYJILC HJIEKTPOHA,
Ha0JII0/1aTeNIb OPraHU3YyEeT SKCIEPUMEHT TaKUM 00pa3oM, YTO IPU 3TOM NMPOCTPAHCTBEHHBIE KO-
OpAMHATHI JIEKTPOHA CTAHOBSITCS HEONPEACIEHHBIMU. M3Mepss KoOpIMHATBI, OH CTaBUT 3KCIIE-
PUMEHT, B KOTOPOM 3JICKTPOH «IPEBPAIACTCS» B OOBEKT C HEONPEAeIEHHBIM UMITYIbcoM. Ho

npu 4éM 37aech cyObekTHUBU3M? COOTHOIIEHHSI HEONPEAEAEHHOCTEH — 00BbEeKMUBHbIN 3AKOH.
HaOmroatens u ero SKCrepruMeHTalbHbIE YCTAHOBKH — 00bekmusHble gpakmopul. Bo3neiicteue
YCIOBUH 3KCIIEPUMEHTa Ha U3MEpsAeMbIi 00BEKT — mooice obOvexmusHblil paxmop. Ilpocto

paHbIlle MBI BCETJ]a MBICIIEHHO TTOMENIATH YEeJIOBEKa TJe-TO BHE M3y4aeMOro UM MHpa, KaK Obl
HaJ 3TUM MHpoM. TakoBa Obuia ¢unocopus kmaccuueckor puszuku. O6 3TOM XOPOIIO CKazal
bopu: «lIpennonaraercs, 4To BHEMIHUNA MUP — OOBEKT €CTECTBO3HAHMSI, C OJJHOW CTOPOHBI, U
Mbl — HaOJIIOAIOIIHE, MBICIISIINE U BEIYUCIAIOUINE CYOBEKTHI, C APYTroi, HOTHOCTHIO OT/IEICHBI
Jpyr OT JApyra, 4To CyLIECTBYET CHOCO0 MCCIIEN0BaTh SIBJICHMS, HE BMEIIUBAsACh B UX TEUEHUE.
TaxoBa ¢uocopuss Hayku, pU KOTOPOI BBIPOCIN MBI, JIOAU CTaporo nokoseHus» [13, c. 25].
KBanroBast (m3nka mMoguepKHyIIa, YTO YEIOBEK — YacTh MPHUPOJIBI, HEPA3PHIBHO CBSI3aHHAS C
HEeM, 4To, uccienys MpUpoy, YETIOBEK Heu3nexHcHO usmeHnsem eé, uTo, u3ydas siBJICHUs, OH Heus3-
bedcHo emewusaemcs 8 ux meveHue.

Yuurens. Pazpemmre Boickazath emié o1HO coMHeHHe. He puckyer nm kBaHTOBas (pu3HKa,
OTBeprasi MOJIeJ N, yTPaTUTh B KaKOW-TO Mepe MaTepuaibHyto ocHOBY? He octanyTcs jiu B utore
(akTHUECKHU TOJIBKO YPaBHEHUS U a0CTPAKTHbIE MaTEMAaTUYECKHE CUMBOJIbBI?

ABTOp. He OyzeM cTaHOBHUTHCS Ha TOYKY 3pPEHHUS: JIMOO HATJISTHBIE MOJAEIH, JIN0O MaTeMa-
TUYECKHEe aOCTpakiuH. JTa TOuKa 3peHus MeTadusnuHa. KBaHToBas ¢u3mkKa MoaAXoJUT K IMO-
JTOOHBIM BOITPOCAM JJOCTATOYHO THOKO, THAIEKTUYHO.

Yuureas. He nonnmaro, 4To UMEHHO Bbl X0THTE CKa3aTh.

ABTOp. B cBs3M ¢ BbIcKa3aHHBIM Bamu cCOMHEHHEM MHE XOUYEeTCsl MOAYEPKHYThH JIBE MBICIH.
[lepBas: X0Ts HArIsAHOM MOJIEIN MUKPOOOBEKTA HE CYILECTBYET, OAHAKO 3TO HE MEIIAET IIUPO-
KO HCIIOJIb30BaTh B KBAHTOBOH (PM3UKE MOJICIBHBIC MTPECTaBlIeHHs. IMEIOTCS B BUY yCIIOBHEIE



MOJIENIH, yCTIOBHBIE 00pa3bl. KBaHTOBas (hr3Mka mMUPOKO MPUMEHSIET UX — TO OJHH, TO ApPYyTHE,
NIpU3HABAsT OMHOCUMENLHOCMb BCEX U BCAKHUX MoJenei. BaxxHo auib 0HO: 4TOOBI Kaxk1as U3
UCTIOJIb3YEMBIX MOJIENIeH OTpa)kajla KaKyl-TO CTOPOHY CYIIHOCTH MHKpooObekTa. Tak, pac-
CMaTpHUBasl EPEXO/bI JEKTPOHA C OJHOTO YPOBHS Ha APYToH, MbI, HE CMYIIAsCh, M300pakaeM
€ro KaK HEKYI0 «KOPITYCKYJIy», COBEPILIAIOLIYI0 «CKAUKW» 110 SHEPreTUUECKOM MIKajie. XOpOIIuM
MPUMEPOM YCJIOBHOTO MOJETUPOBAHUS CIYXKHUT TaKKe 00pa3 3JIEKTPOHHOro o0jaKa, HCIOb-
3yEeMBIH JUIsl DJIEKTPOHA B aTOME.

Yunreas. [lomydaercs, yto mpobieMbl MOJEIMPOBaHUS HE cyliecTByeT. Hano mumb, uro-
ObI BCE UCMOJIb3YEMbIE MOJIETIH TTOHUMAITUCh He OyKBaJIbHO, HE a0COIIOTHO, @ YCJIOBHO, OTHOCH-
TEJIBHO.

ABTOp. Kak Brl nonnmaere, 370 04€Hb NPUHIUIIHAIBHO.

Yuurenas. [lonnmaro, koneuno. Ho Bel xoTenu noquepkHyTh €€ OJIHY MbICIb.

ABTOp. BTOpas MbpIcnb TakoBa: KBaHTOBas (PU3MKA MCIIOJIb3YET HA PaBHOIPABHBIX Hayasax
U yCIIOBHBIE MOJIENH, U MaTeMaTthyeckue adctpakuuu. M B 3TOM myHKTe HOBas (U3UKa Pe3KO
pacxoIuTcs ¢ KIacCH4YeCKUMU mpeacTaBieHusmMu. [loquépkuBas Oomnblioe aspucmuieckoe 3Ha-
YeHHe, KaKoe MaTeMaTHKa MPUOOPETaeT B KBAHTOBON (PM3MKE M KOTOPOTO OHA paHbIIe (B ATMOXY
rOCMOJICTBA HATJISAHBIX MpeAcTaBieHuil) He uMmena, akagemuk C. U. BaBunos nucan: «/{ns Ha-
IS THOM, MOJICJIbHOM MHTEPIIPEeTalluy KapTUHBI HE XBaTaeT MPUBBIYHBIX 00pa30B U MOHATUH, HO
JIOTHKa ¢ €€ HeOOBATHOU IIMPOTOH, BOIUIOMIEHHAs B MaTeMaTudeckre Gopmbl, ocTaéres B CHUIIE,
YCTaHABIIMBAs MOPAJIOK CBSI3U B HOBOM, HEMIOHATHOM MHpPE M OTKPBIBAasi BO3MOXHOCTH (u3nye-
CKHX TpejcKazaHui» [64, c. 440].

Yunreas. Jlymaro, 31ech BbIpakeHa O4eHb ITyOOoKas MbIcib. [lo-BuanMoMy, Bce Halllu 3a-
TPYAHEHUS] C MHTEpPIIpEeTalel MUKPOOOBEKTa CBSI3aHbl C TEM, YTO HAa YPOBHE MUKPOSBICHHMA
HaM JIEHCTBUTENILHO HE XBaTaeT 00pa30B U MOHATUHN ISl GOPMHUPOBAHUS HAIJISAIHBIX MPEICTAB-
JeHuil. Benb MBI CMOTPUM B «MHUKPOMHUP» M3 HAIIero 0OBIYHOTO MHpA, MPUMEHSEM MaKpOCKO-
nu4eckue npuoopsl. Mbl mbITaeMcsi MPUMEHUTHh U3BECTHBIE HAM U3 Hallleil MpakTUKU o0pas3bl U
HOHATHS TaM, Iie JOJKHBI «paboTaTh) COBCEM MHBIE 00pa3bl U MOHATHSL.

ABToOp. [lonHocThio ¢ Bamu cornacen. IMeHnHo 370, KCTatu roBops, orMevyan bop. OH nu-
casl «du3ukaM OblI NpenoJaH ypoK, yKa3blBaIOLIUM Ha Ty OCTOPOXKHOCTb, C KAKOW Ha/l0 IpuMe-
HSTh BCE OOBIYHBIE MPEICTABICHUS BCSIKUIM pa3, KaK Mbl UMEEM JIEJIO HE C IMOBCEAHEBHBIM OIIbI-
Tom» [12, c. 280]. «IIpn u3ydyeHnn aToMHBIX SBJICHUN MBI HEOJHOKPATHO HAy4daJauCh TOMY, YTO
BOIPOCHI, HA KOTOpBIE, KAK CUUTAJIOCh, JABHO MOJTY4YEHbl OKOHUYATEJIbHBIE OTBETHI, TAsT B ce0e
noa4yac HEOXKUAAHHbIE I HAac croprpu3b» [12, c. 282]. Mbl 10MKHBI TOMHUTH 00 3TOM U C OC-
TOPOXKHOCTBIO TIPUMEHSTH OOBIYHBIE TPEICTABICHHUS, 00CYKIasi BOIIPOC O TOM, UYTO TAaKOE €CTh
MHUKPOOOBEKT.

Yuurenab. [Ipu3Haroch, panee npodiieMa HHTEPIPETAUN MHUKPOOOBEKTOB HE TPEICTaBIIS-
Jach MHE 0COOEHHO BaXXHOM. Mbl 00CYKAaJM ¢ yyalllMMUCS pa3Hble CUTYalMH C yYacTHEM HJIeK-
TPOHOB WK (POTOHOB, HE 3aJyMBIBAasIChb HaJl TEM, YTO ke U3 ceOs MPEICTaBISIOT 3TH CaMble
3JEeKTPOHBI U (hOTOHBI. Teneps s BUXKY, 4TO 6€3 00CykIeHHs MOA0OHBIX BOIPOCOB, 0€3 MOHUMA-
HUSI HEOOBIYHOCTH CBOMCTB U MOBEIECHUS MUKPOOOBEKTOB, YCIOBHOCTH MPUMEHEHUS K HUM IPU-
BBIYHBIX MPEACTABICHUIN HENlb3s CTYNHUTh Jake Ha MOPOr KBAHTOBOH (PM3MKH, @ 3HAYMT, U BOOO-
1€ COBpeMEHHOM (u3uKku. Mexy mpodrM, MHE CTaJIO MOHATHO, YTO TIOUCKH HArsAHON MOJe-
M MUKPOOOBEKTa — 3TO (PaKTUUECKU IMONBITKA BTUCHYTh HMJIEM KBAHTOBOW (PM3UKU B PAMKH
KJIACCUYECKOM.



§ 8. KBAHTOBAA ®N3NKA: HEKOTOPBIE
NMPUHUNTMTNATIBHBIE BOTINPOCHI

MukpoodbekT B mHTeppepomerpe. HamoMHUM H3BECTHBIM ONBIT MO uxmepgepenyuu
ceéema. Ha pucynke 2.19 nana cxema npocreiiiero uareppepomerpa: S — UCTOYHUK MOHOXPO-
MaTHYECKOIo CBeTa, / — 3KpaH co mensiMu 4 u b, 2 — sKpaH-IeTEeKTOp, Ha KOTOPOM PErucTpH-
pyeTcsi pacmpenelieHne HHTEHCUBHOCTH cBeTta. OHO omuchiBaeTcsi KpuBor /(x) MMEroIIe WH-

Tep(epeHIIMOHHBINA BHI, YTO XOPOUIO OOBSICHSIET BOJIHOBAst Teopusi cBeTa. Kak m3BecTHO, 00BsC-
HEHHME MHTep(EepeHLMN CBETa Ha OCHOBE BOJHOBBIX IPEICTaBICHUN OBLIO JaHO el B Hayaje
XIX B. T. FOarom. C Tex mop ombIT, H300pakE€HHBINA Ha pucyHKe 2.19, Ha3pIBatOT onvimom FOH-
aa.

Kazanock Obl, Kakoe OTHOIIICHHE UMEET K KBAaHTOBOW (PU3MKE TaBHO OTKPHITOE U OOBSCHEH-
HOe siBJicHUE uHTepdepeHiu cBeta? OKa3bIBaeTCs, CaMOe IPSIMOE.

ByzneM mocteneHHO yMeHbIIaTh MHTEHCUBHOCTh CBETa OT UCTOUYHUKA. OCBEIIEHHOCTh YKpa-
Ha-JIETeKTopa OyJeT, eCTECTBEHHO, yMeHbIIaThcsi. Ho mHTepdepeHIMOHHbBIN BUI KpUBOH [ (X)
COXpaHUTCA. YBEIMYMBAsI BPEMsl SKCITO3UIIMH, MOKHO TTOJIyYUTh Ha KpaHe-POTOIIACTUHKE WH-
TepepeHIMOHHY 0 KpuBYIO /(X) TIpU CKOJIb YTOJHO Majlodi WHTEHCHBHOCTH CBETOBOTO ITyYKa
— JTake TOT/a, KOTJla 4epe3 UHTepPepoOMETp MPOXOAT YKE HE CBETOBBIC BOJHBI, a (PaKTHUECKU
oTaenpHble GoTOHbI. Kak Mmoka3pIBaeT OMBIT, pacrnpeaesaeHue nonajaduil potoHos naér Ha do-
TOJIETEKTOPE Ty K€ CaMyl0 UHTePPEPEHIIMOHHYIO KapTHHY.

I(x)
I(x)

: - e
| 2

4
A\/E
s (2.20]

HNutepdepennius Habm0aeTCs U TOrAa, Koraa B S (puc. 2.19) HaxoauTcs UCTOYHUK MOHO-
DHEPreTHUECKUX IIIEKTPOHOB. [Ipr 3TOM MOXKHO OMSATH-TAKU CKOJIb YTOAHO YMEHbBIIATH WHTCH-
CUBHOCTb Iy4Ka. MOXHO J1a)ke MOCTaBUTh OIBIT, KOTJa 3JIEKTPOHBI MPOXOIAT uepe3 uHTepde-
pomMeTp cyry0o MmoOoAMHOYKE; Takol omnbIT noctaBui B 1949 r. B. A. @abpukant (p. 1907). U B
9TOM CJIy4ae Ha SKpaHe-JeTeKTOpEe BO3HMKaJla MHTephEepeHIIMOHHAs KpuBas (pasyMmeeTcs, MpH
JIOCTaTOYHO OOJIBIIIOM BPEMEHHU SKCIO3UIUH). OMBITHL ¢ JPYTUMH MUKPOOOBEKTAMU Jalld aHa-
JIOTUYHBIC pe3yabTaThl. TakuM o0pa3om, nHTepdepeHus HaOI0aeTCs 11T BCEX MUKPOOOBEK-
TOB — (POTOHOB, HJIEKTPOHOB, HEUTPOHOB U T. . bojee Toro, OnbIT MOKa3bIBAET, UTO OHA JOJIK-
Ha OOBSACHATHCS HE CBOMCTBAMH KOJIJIEKTUBOB MUKPOOOBEKTOB, a CBOWCTBAMU 0MOEIbHO20 MHUK-
pOOOBEKTA.

Kax ke Benér ce6s B maTepdepoMerpe MUKpooOBbeKT? ITycTh 3TO OyAeT 31eKTpoH. 3aKpoeM
menb b; B 3TOM clyyae Ha JKpaHE BO3HUKAET pacHpelelieHHe, OMHUChIBAEMOE KpUBOM [, (x)

(puc. 2.20). Otxpoem 1mens b, HO 3akpoeM A; BO3HUKHET pacnpenenenue /,(x). [Ipu obeux ot-
KPBITHIX LIEISIX BO3HUKAET HE CyMMapHoe pacnpenenenue /,(x)+1,(x), a uHTephepeHIInOHHOE

1 (x) . Ecan CHuTaThb, 4YTO Ka)KI[LIﬁ QJICKTPOH MPOXOJUT YC€PE3 KAKYHO-TO OJHY IICJIb, TO ITOsABJIC-



HHUC I/IHTep(l)epeHI_[I/IOHHOFO pacnupeaAcCICHUA I(X) HAaBOAWUT HAa MBICJIb, YTO 3JICKTPOH HCKUM 00-

Pa30M «OIIyIIAaeT» MPH 3TOM APYTYIO Iienb. Beap B MPOTHBHOM cilydae KakKAOMY DJICKTPOHY,
POXOJALIEMY Yepe3 Ty WIM UHYIO LIeNb, 0€3pa3InYHO, OTKPBITA WIM 3aKPbITa COCEIHSS IIEb,
¥ TOT/Ia pacHpeieeHue MO aHui IPU 00EUX OTKPBITHIX MIETSIX JTOJHKHO OBUIO OBI ONTMCHIBATH-
cst cymMapHo# kpuBoit ,(x)+1,(x).

Kakum xe 00pa3oM 3IIEKTPOH, MPOXOJIs Yepe3 OJHY IENb, «OUIYIIaeT» MpU 3TOM JAPYTyIo?
31ech IpUroIuIach ObI MOJIENb BOJTHBI-ITMIIOTA, €CITN OBl TOJIBKO €10 MOKHO OBLIO MOJIb30BaTHCA.
A MOXeT OBITh AJIEKTPOH KAaK-TO MPOXOJIUT cpasy yepes nBe mienu? Octaércst oTHU 00paTUTHCS
CHOBA K ONBITY M IONPOOOBATE n0021510emb, Kak UMEHHO MPOXOJHT JIEKTPOH Yepe3 KpaH Co
IETISIMH.
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ITomectum BONM3M mweneid 4 u b skpaHa / UCTOYHUK cBeTa S M GoTonpuéMHuku Fy u Fp
(puc. 2.21). UcTtounuk cBeta U (HOTOMPUEMHUKN MPETHAZHAYCHBI IS TTOATIISABIBAHUS 32 TIPO-
XO0XJIEHUEM DJICKTPOHOB Yepe3 dKpaH co HiensiMu (pOTONpUEMHUKN PETUCTPUPYIOT CBET, pacce-
STHHBIA 3JIEKTPOHOM BOJIM3M COOTBETCTBYIOMICH Imiesnn). Eciau 37eKTpoH MpOXoauT cpady depes
o0e mIenH, TO JAOJKHBI cpadaThiBaTh OJHOBPEMEHHO 00a ¢oronpuéMHuka. Eciu ke 37IeKTpoH
MIPOXOJUT Yepe3 OJHY U3 IIelied, TO CpadoTaeT JIUIIb COOTBETCTBYIOIIUN (POTONPUEMHUK.

Wtak, BKIIOYUM MCTOYHHMK CBeTa U MoHaOmronaeM 3a ¢goronpuéMuukamu. [Ipu sTom nosa-
60TUMCS, YTOOBI SJIEKTPOHBI MTPOXOJUIN YE€PE3 IKPaH CO LIEISIMHU OOAUMHOYKE: UCTOUHHUK DJICK-
TPOHOB JIOJDKEH UCIYCKaTh OYEPETHOM 3JIEKTPOH YKe MOCiIe TOro, KaK MpeAblAyIIni JOCTHUT K-
pana-gerekropa. ONBIT OKa3bIBACT, YTO BCAKHIA pa3 cpabaThIBACT TOIBKO OAWH (POTOMPUEMHHK
— 1100 JIeBbld, MO0 MpaBbIil — M HUKOIJA He cpadaThiBalOT 00a (GOTONPUEMHUKA OJHOBpE-
MEHHO. 3HA4YHT, 3JCKTPOH MPOXOIUT HE Yepe3 00e MIeH, a TOIBKO 4yepe3 oaHy. Ilpu sTom Bes-
KU pa3 MOYKHO yKa3aTb, 4epe3 KaKyt0 UMEHHO ILeJb MPOIIET TOT WK UHOH 3JEKTPOH.

Ho He Oynem TOponuThCs ¢ BRIBOJIAMH H JIOBEIEM OITIBIT 10 KOHIIA — TMOJIYYUM JI0CTaTOYHO
00JIBIII0OE YUCIIO MONaJaHUM 3JIEKTPOHOB Ha SKpaHe-AEeTEeKTOpe U MOCMOTPHUM, KaK pacrpeaesisT-
csl 9T monaanus. Bo TyT-To Hac u oxxuaaer cioprnpus! Ha skpane oOHapyXuBaeTcsi HE HHTEp-
(depenunonHnas kpusas I(x), a cymmapHas kpusast [,(x) =1 (x)+1,(x). [loBropum omsIT, BbI-

KIIFOYMB MCTOYHHUK CBETa (M TEM CaMbIM IPEKPATUB MOMAJISJbIBAHUE 32 MPOXOXKIACHUEM JIICK-
TPOHOB uepe3 1ienu) B aTom ciydae onate BO3HUKAeT nHTepdepeHmonnas kpusas 1(x).

[Tonmyuaercs, YTO NPH BBIKJIIIOYEHHOM HCTOYHHMKE CBETa MHTEPPEpPEHIMs €CTh, a IIPU BKIIIO-
YEeHHOM €€ HeT. Kak moabKo HauuHaemcs KOHMpoIupo8anue npoyecca npoxXorHCoeHus 21eKmpo-
HO8 Yepe3 9KpaH co wenramu, unmepgepenyus uciezaem. MOXKHO CKazaTh, 4YTO HAOIIOJACHHUE 32
MIOBEJICHUEM DJIEKTPOHA B MHTEPPEPOMETPE paspyuiaem unmeppepeHyuro.

Wnaue roBopsi, €Cliu ONBIT CTAaBUTCS TaKUM 00pa3oM, yTOOBI BCSKHUI pa3 ObLIO SICHO, Yepes
KaKyl0 UMEHHO IIeNlb POXOJUT 3JIEKTPOoH, nHTepdepeHnnn Het. OmxHako uHTEpdepeHus Bo3-
HUKACT, €CIIU OIBIT CTABUTCA TaK, YTO HEU3BECTHO, I/1€ UMEHHO IIPOLLIEN DIIEKTPOH.

BeposiTHOCTH M aMILTMTYa BEPOATHOCTH mepexoia. Mcrnonb3yst BEpOATHOCTHBIE IIPEA-
CTaBJICHUSI, HETPYAHO OOBSACHUTH Pe3yJIbTaThl PACCMOTPEHHBIX 3KcrnepuMeHToB. Ho mpeasapu-



TEJIBbHO HY’KHO BBECTH HEKOTOPBIE ITOHSTHSI.

[Ipennonoxum B 00111eM cyyae, 4YTO pacCMaTPUBAETCS MEPEX0]l MUKPOOOBEKTa U3 HEKOTO-
POr0 HAYaJIBHOT'O S-COCTOSIHUS B OJIHO M3 KOHEUHBIX COCTOSIHUH (B n-coctosiHue). [loka Hecyie-
CTBEHHO, Kakue 3T0 cocTosiHus. [loTpeOyem nuiiib, 4TOObI KOHEYHBIE COCTOSIHUSI 00pa30BbIBAIIN
HE HeNpEepbIBHBIM, a JUCKPETHBIM HA0Op — B MPOTUBHOM CJIydae MPUILIOCH Obl paccCMaTpUBaTh
HE BEPOSATHOCTb NIEPEXO/Aa § —> 11, & IUIOTHOCTh BEPOSITHOCTH. MTak, BBENEM 6eposmuocmy ne-
pexooa u3 s B n: w,. CTporo roBops, HaJjo ObLIO ObI 3aMIUCHIBATE 3Ty BEPOSATHOCTh Kak w, , . Ho

—n

MBI IJI IIPOCTOTHI 6yz[eM nmacaTtb w, .

BBeném amnaumyoy eeposmuocmu nepexooa (COKpaIEHHO: amMnaumyoa 6eposmHoCmy Win
emé npoue — amnaumyoa). ITO €CTh BEJIMYMHA |/, — TaKasd, 4TO KBaapar e€ MOILYJsd PaBeH

BCPOATHOCTHU IIEPEXOaa:

w, =y, [ (1)

BooO6ie-To ammuntyry Hajgo Obl1o Obl 3alMCHIBaTh C YKa3aHHEM HAyajJbHOI'O COCTOSIHHUS;
HampuMmep, Tak: Y, , . B KkBaHTOBOI (H3MKe UCIONB3yeTCs B JAHHOM CIydae cleluaabHoe 000-

3Ha4YeHue: <n|s> (ero HaJlo YUTATh CIpaBa HAJIEBO — OT § K 7). Takue 0003HAUYECHUSI OUYCHb

yA0OHBI, HO, K COXKAJICHUIO, OHH JJIs HAIIUX YUTATENe HETPUBBIUHBI, MOTYT OTIYTHYTh. [[yma-
€M, YTO BBIUTPHINI B yI00CTBE OT WX HMCIIOJIB30BAHHS ObLI OBl B IAHHOW KHUTE€ MEHBIIIC MTPOUT-
pbliiia, 00yCIOBIEHHOTO UX HEMPUBBIYHOCTHIO. [T03TOMY OyzAeM nucats ynpomeEHHO: ¥/, .

Yuureas. Ho ITIO3BOJIBTC, BBeAEHHBIE BaMu AMIIIMTYAbl ¥/, OYCHBb IIOXOKM Ha BOJIHOBYIO

¢yHkuuio! Benp kBagpaT MOAYIIsl BOJIHOBOM (DYHKIIMHU TOXKE €CTh BEPOSTHOCTD.

ABTOp. BBI COBEPIIEHHO NPaBbl. AMnaumyoa u 601HO8AA PYHKYUS — MO OOHO U MO Jice.
[To3nHee g 5TO MOKaxXy.

Yumnrean. Ho, MOXxeT ObITh, C CAMOr0 Hayasia ClIeJOBAJIO UCIOJIb30BaTh 3HAKOMbBIH TEPMUH
«BOJIHOBast PyHKIUSI»?

ABTop. C camoro Hayajia MHE 3TOTO JIeJIaTh HE XOTeJI0Ch Obl. Bo-mepBbIX, MBI paccMaTpu-
BAEM 6epOsMHOCIb Nepexood, O3TOMY €CTECTBEHHO TOBOPUTh 00 amniumyde 3TOU BEPOSITHO-
cti. Hu o kakux BosiHax, COOCTBEHHO roBOps, peub 3/1ech He UIET. Bo-BTOpHIX, eciu Bel mom-
HHUTE, BOJHOBas ()YHKIHMS OINHUCBIBAET COCMOsAHUE MHUKPOOOBEKTA; 37ECh K€ paccMaTpUBACTCS
NePEexX0]l MUKPOOOBEKTA U3 OJHOTO COCTOSIHUS B JIPYTOE.

Yuuresnsb. BoT 3T0 04eHb CyLIECTBEHHO!

ABTop. Kak pa3 Tyt Bel ommbaerecs. BcnoMHuTE: KBagpaT MOIYJIsE BOJHOBOW (DYyHKIIMU
OTpeieNsieT BEpOATHOCTh 0OHAPYKUTh MUKPOOOBEKT B COOTBETCTBYIOILIEM cocTossHUU. Hetpy -
HO TI0Ka3aTh, YTO 3TO YTBEPKACHUE MOKHO IIEPEBECTU HA SA3BIK BEPOATHOCTEN NIepexoa0B. 1 mbl
9TO MOKa)XXeM, HO TOJIbKO Mo37Hee. A moka 3a0yJieM Ha BpeMsl O BOJHOBOW (yHKIMU — OyJem
TOBOPUTH O BEPOATHOCTAX U aMIUIMTYIaX MEPEXOI0B.

[Ipeanonaoxum, 4To €cTh HECKOJbKO BapUaHTOB NEpexoaa U3 s B # (HECKOJBKO aJbTEepHA-
THB), UM OTBEYAlOT aMIUIMTYIbl Y/, , IJie i 0003Ha4aeT BapHaHT nepexona. Bo3moxHBI 1Ba
NPUHLUINAATBHO PA3IUYHBIX CITydas.

Ilepewiii cyuaii: anbTEPHATUBBI pa3iuduMbl — U3BECTHO, KAKOB UMEHHO U3 BapUaHTOB IIE-
pexona peanusyercss BCAKMHA pa3. B gaHHOM cityyae pe3ynbTUpYIOLIAs BEPOSITHOCTH MEPEXoja

§ — n €CTh CyMMa BCpOﬂTHOCTCfI MepexXoa0B, OTBCHAIOIIUX pa3HbIM aJIbTCPHATHBAM!
2 2 2
Wn:|Wnl| +|Wn2| +:Z|Wm| (2)
i

MpbI uMeeM 371eCh J1€JI0 ¢ U3BECTHOU meopemou CLoHCEeHUsL 8ePOSIMHOCHEN.
Bmopotui cnyuaii: anbTepHATUBBI HepaziuyuMbl — HEU3BECTEH peaan3yeMblil BCSIKUN pa3 Ba-



puanT nepexoaa. CyliecTBEHHO, YTO B JaHHOM CJIy4ae HAJ0 CKJIAAbIBaTh HE 8epOAmMHOCU Ba-
PHAHTOB NEPEX0/Ia, a UX AMIIUMYObL:

Wn :lr//nl+Wn2+"':ZWm" (3)

[ToaTomy BBIpaskeHUE IJIsi BEPOSATHOCTH MIEPEX0/Ia § —> 1 UMEET BUJ]
2 2 2
Wn:|l//n| :|l//n1+WnZ+"'| :|Zl//ni| . (4)
i

Crnyyail Hepa3TMYUMBIX AIBTEPHATHB CIEMU(UYEH /I KBaHTOBOW (m3uku. B kiaccumueckoit
¢u3uKe OH MPUHLMIIHAIBHO HEBO3MOXKEH — TaM BCEr/la MOXKHO, B MPHUHIIMIIE, TPOCIEANUTH 32
T00BIM TepeMenieHneM o0bekTa. MHoe 1em0 MUKPOOOBEKT, CKaXeM, SJIEKTPOH — OH HE UMEET
TPAEKTOPUH, OH TOXKAECTBEH C JIIOOBIM JPYI'MM 3JEKTPOHOM (JIBa JIEKTPOHA MOXOXH JAPYT Ha
JpyTa 3HAYMTENILHO OOJbIIE, YeM BOIIEAIINE B MOTOBOPKY JBE KAIllIM BOJBI; 3aMEHY OIHOTO
3JIEKTPOHA JIPYTMM MPUHLUUIHNAIBHO HENb3s OOHApy)KUTh), KPOME TOTO, JIEKTPOH MOXET CO-
BEpILIaTh MIHOBEHHBIE KBAHTOBBIE CKAUKU MEXJY YPOBHSAMHU SHEpruu. B aTux ycnoBusx cyuie-
CTBOBAaHME JICHCTBUTEJIBHO HEPA3INYMMBIX AJIbTEPHATUB TOTO WJIK MHOTO MEPEX0A OKa3bIBACTCS

BO3MOXHbBIM.

ConocraBum |zl//m. e Z| w,. | . JIerko BUIET, 4TO BEPOSATHOCTD |Zl//m > conepxuT B
i i i

1

cebe cymmy Z| v, [© mmoc HaGop craraeMbIX MEpeKpECTHOrO (MHTEP(EPEHIIMOHHOIO) THIIA:
i

* * * * *
W YW W T W W3 W, W3 +... (BHAK O03HAYAET KOMILIEKCHOE compsbkeHue). B cBszu ¢

3TUM TOBOPST, YTO B CJIy4ae, KOT/Ia allbTePHATUBBI HEPA3IUINMbI, TPOUCXOIUT Urmepghepenyus
amniumyo, OTBEYAMOIINX Pa3HbIM aibTepHaTuBaM. MakTHYECKH MO WHTEP(EPEHITUEH aMILIH-
Ty HAJ0 TIOHUMATh clodceHue amniumyo. VIHTepdhepeHIrs aMIIUTY] 3aliChIBA€TCS B BUJC
(3).

A Temepb 00paTMMCS K pacCMaTPHUBABIIUMCS BBIIIE JKCIEPUMEHTaM C JJIEKTPOHAMU B
JBYXIIEIIEBOM UHTEephepoMeTpe.

DJIeKTpOH B uHTep(depomerpe: uHTeppepeHuuss amMmantTya. OOCyIUM SKCIEPUMEHT,
n300pax€HHbIN Ha pucyHke 2.20. YToOBI UMETH JETI0 C BEPOATHOCTHIO Mepexosia (a He C IUIO0T-
HOCTBIO BEPOSITHOCTH), Pa300bEM IKPAH-IETEKTOP MO OCH X Ha MHOXECTBO OJMHAKOBBIX Ma-
JICHBKUX OTPE3KOB, MOCIIEIOBATENILHO TpoHyMepyeM ux: 1,2,3,...,n,... — u OyIem paccMmatpu-
BaTb BEPOSITHOCTb W, TOrO, YTO BJIEKTPOH, UCIYILIEHHbIH UCTOUHUKOM S, OyAET 3aperucTpupo-
BaH B IpeNeax n-ro OTpe3ka (3TO eCTh BEPOATHOCTH mepexona s — n ). Pacnpenenenue nomna-
JAHWI SJICKTPOHOB HA dKpaHe-IeTEeKTope OyJeT UMETh B JAHHOM Cllydae BUJ CTYNEHYATOW -
HUH, HO 3TO He 0ela — CTYyNEeHYaTyl0 JMHUIO MOXHO CTJIaJIUTh, alllIPOKCUMUPOBATH €€ TIaBHON
KPUBOM.

[Ipeanonoxum, 4to 06e menn — 4 u b — OTKPBITH U HE TPUHUMAIOTCS KaKue-JIM00 MEphI
JUTSL BBISICHEHHUS, Yepe3 KaKyl UMEHHO IIENb MPOXOAHUT BCIKUU pa3 dJeKTpoH. B aTom ciydae
MMeEEM JIB€ Hepa3InYMMble alIbTEPHATHUBBI, OTBEYAIOIINE MPOX0XKICHUIO AJIEKTPOHA Yepe3 HIelb
A vmm miens 5. COOTBETCTBYIOIINE YKAa3aHHBIM allbTEPHATHBAM aMILIUATY IbI BEPOSITHOCTH TIEpe-
xoma s —n 0003HAa4MM uepe3 y,, U Y, .. HepasnmuuMocTs anbTepHATHB MPUBOIUT K UHTEP-

dbepeHIy aMITTUTY 1T:
Vo =V¥uu T VW5 ()
U, TAKUM 00pa3oM, pe3yIbTUPYIOLIasi BEPOSITHOCTh W, UMEET BUJ (B COOTBETCTBUM C (4)):
2
Wn = | l//nA +l//n5 | : (6)

Hanee yurém, uro



la+bl=(a+b)a +b)=|al +|b| +(ab +ba’).
Uraxk,

Wn :l l//nA |2 + | l//nE |2 + [l//nAl//nE* + y/nEl//nA*]' (7)

3aKIII0YeHHOE B KBaJpaTHbIe CKOOKHU B (7) BbIpa)XKEHHUE KaK pa3 U OIpeesseT HHTepPepeHIIMOH-
HBII BUJ KpuBO# /(x), HaOmromaeMoil Ha sKpaHe 2 npu 00euX OTKPBITHIX IIessx. Takum obpa-
30M, UHTEPPEPEHIIMOHHOE paclpe/ieieHue MOoNaJaHuii 3JEKTPOHOB Ha JKpaHe-AeTEeKTOpe €CTh
CIIE/ICTBHE UHmMepdepenyuy amniumyo Al IBYX BO3MOXHBIX BApHAHTOB INEPEX0/a 3JIEKTPOHA
U3 HAYaJIbHOT'O COCTOSIHUS B KOHEYHOE.

anananARannannnnfLRANARN

L oo

JIeKTPOH B HHTepdepomeTpe: pa3pyuieHne HHTep(pepeHUNH B U3MEPUTEIbHOM aKTe.
Tenepsr nmompoOyemM MPOKOHTPOIUPOBATH MTPOXOKACHHS FJIEKTPOHOB vepe3 mienu A u b ¢ nmomo-
b0 UCTOYHUKA cBeTa S U (oTonpuéMankoB Fy u Fiy (puc. 2.22). PaccMoTpuM mipoGiemy mupe
— OyneM BHauaje moJiaraTh, 9YTo (POTOHBI, pacCesHHBIE Ha AJICKTPOHAX BOJW3M OO0 U3 IIIe-
JIei, MOTYT OBITh 3aPETUCTPUPOBAHBI KAK OJTHUM, TaK U APYTUM (HOTONMPUEMHUKOM, HHAYE TOBO-
psi, OyaeM moJiaraTh, 4TO pacCesHHBIN (DOTOH MOXKET IMOMACTh Kak B CBOM (COOTBETCTBYIOIIHI
JAHHOM 1IeNH), Tak U 4yXou (GoronpuéMHUK. Tak MOXeT ObITh NPU HCIIOJIB30BAaHUM CBETA C
JIOCTaTOYHO OOJBIION IIMHON BOJHBI. B 3TOM ciyyae OTOHBI, OUEBUJIHO, HE KOHTPOJIUPYIOT
IIPOXOXJACHHUE DJIEKTPOHOB uUepe3 dKpaH ¢ mensiMu. Hapsaay c yke 3HaKOMBIMHU aMIUIATYIaMU
¥,, Uy, OyleM HCIOIb30BaTh €IIE ABE aMIUIUTYABL: ¢, — AMIUIUTYAY BEPOSTHOCTH (POTOHY

paccesTbesi B CBOM (POTONPUEMHUK (3TO €CTh aMILUIUTYAa (POTOHHBIX nepexoaoB S - A4 —> F, u
S — b — Fy; g o60ux nepexo10B aMIUIUTY1a OJHA U Ta )K€ BBUAY CUMMETPHHU CXEMBI JKCIIe-
pHMEHTa, XOPOLIO BUIHOW Ha PUCYHKE) U ¢, — AMIUIUTYy BEPOSTHOCTH (DOTOHY PaccesAThCs B
qy>K0i (poTONPUEMHHK (aMIUIUTYAa GOTOHHBIX epexoaoB S > A > F, u S > 5> F)).

ITycTb 27€KTPOH COBEPILAET NEPEXOA S —> 1 U OJHOBPEMEHHO (DOTOH, pacceuBaroluiics Ha
3TOM 3JIEKTpPOHE, coBepiuaeT mnepexon S — F,. Kak 3anucars ammmuryny W Takoro mapHoro

nepexona? Bo3MOXHBI JBe albTEPHATHBBI: 1) AMEKTPOH MPOXOAMUT uepe3 mieib A (aMImuTyaa
¥, ), @ GOTOH paccenBaeTcsa B CBOH (QOTONPUEMHHUK (AMILTUTYA @, ); U STON albTEPHATUBBI:

Y, =y, @ 2)>1eKTpoH NpOXOAMT Yepe3 wwens b (ammmTyaa v, ), a GOTOH paccenBaeTcs B
qy>K0il (pOTONpUEMHUK (aMIUIMTyIa @, ); A 3Toi anbrepHatuBel: W, =y, .@,. Tak kak yka-

3aHHBIC anLTepHaTI/IBH HepaSHI/II{I/IMBI, TO
V= Y, + lP}; =Y PtV 5P, ®)

[lycTh Tenepb AMEKTPOH COBEPIIAET MEPEXOA S —> 71 U OJJHOBPEMEHHO (DOTOH COBEpIIAECT
nepexon S — F. O6o3HaunM yepe3 @ aMIUIMTYyTy TAaKOro MapHOro mepexona. B aTom ciaydae



TaK)Ke BO3MOJKHBI JIBE aJIbTEPHATHBBI: 1) IEKTPOH MpOoXoauT uepes meib 4 (i, , ), a POToH pac-
ceuBaeTcs B 4yxkoil (oronpuéMuuk (@, ): D, =y, @,; 2) 30EKTPOH MPOXOAUT 4Yepe3 Lieib b
(v, ), a hoToH paccenBaercs B cBOM GoronpuéMHuk (¢, ): ®, =y, ¢,. ATbTepHaTUBbl HEpa3-

JTUYUMBI, TIO3TOMY
O=D,+D; =y, 0, +V, ;P )

Jnst pe3ynbTHpYoUIel BEPOSTHOCTH W, SJIEKTPOHHOIO Iepexonaa s —> 1 0e3pas3iInyHo, rie

OyzleT 3aperucTpUpOBaH PacCesSHHBIN EKTPOHOM (HOTOH — B otonpuémuuke Fy unm Fi. Ilo-
CKOJIbKY 00a BapuaHTa (romnaganue ¢oroHa B Fy wiu B F5), OUEBUAHO, PA3IUYUMBI, TO B COOT-
BETCTBHH C (4) MOXKEM 3aIuCaTh:

w, =¥ +|Of (10)
[Toncrasnss crona (8) u (9), momyyaem

w, =, P+ v Do +1o D+, . V... (@0, +0,0). (11)

I/ITaK, pe3yIbTHPYIOIIAaA BEPOATHOCTL W, CKIIAAbIBACTCS U3 ABYX CJIaracMbIX. HepBoe npen-

cTaBisieT coboit ymHokeHHYI0 Ha (| @, [ +| @, [') cymMMy BeposiTHOCTel TIepexo/10B uepes miesu

A u b, paccMaTpuBaeMBbIX M0 OTAEIBHOCTH. BTOpoe 00ycroBieHo uHTEpdepeHIer aMILTUTYI.
bnaronaps HaJIM4MIO TOr0 BTOPOIO CJIAaraéMoro ¥ HaOoJaeTcs MHTEpPEPEeHIIMOHHOE pacipe-
JIEJIEHNE TONalaHui AJIEKTPOHOB Ha dKpaHe-JeTeKkTope. HanoMHuM, 4TO MBI peAnonaraim 10c-
TAaTOYHO OOJIBILYIO JUIMHY BOJIHBI CBETA, HOITOMY (DOTOHBI HE MOITIM KOHTPOJIUPOBATh IPOXOK-
JICHUE DJIEKTPOHOB YEPE3 ILIEIIN.

Teneps HauHEM yMeHbIIATh AJUHY BOJIHBI cBeTa. IIpu 3TOM OyaeT yMeHbIIAThCs BEPOSIT-
HOCTh TIOTAJaHMsI PACCESHHOTO JJIEKTPOHOM (OTOHA B UyKOH (OTONMPUEMHHK, T. €. Oyaer
YMEHBIIAThCS aMIUTUTY A ¢, . E€ yMeHbIlIeHHe MOHU3UT, KaK 9TO MOXKHO BuaeTh u3 (11), oTHO-

CUTEINIbHBIN BKJIaJ MHTEepGEPEeHIIMOHHOTO claraeMoro. B pesynbrare HabnonaeMas Ha SKpaHe-
JIeTeKTOpe MHTEP(PEPEHIIMOHHAs KapTUHA HAYHET CMa3bIBAThCS.

[Ipu mocTaTouHO Masoil JJIMHE BOJIHBI CBETA BO3MOYKEH TOYHBIM KOHTPOJIb 3@ MPOXOXKICHH-
€M 3JIEKTPOHOB yepes Iiein. B 3Tom ciydae $oToH, pacCestHHbIM BOJIM3M TOW MM MHOW IIEJH,
IONaJaeT TOJNBKO B CBOW (OoTONpUEMHHUK. DTO 03HauaeT, 4yto @, = 0. [Ipu obpamenun amriu-

TyIbl @, B HyJb BelpaxkeHue (11) mpeoOpasyeTcs Kk BULY:

w, :l @ |2 (| Vo |2 + | Vs |2) (12)

TakuMm 00pa3oM, KOHTPOJIUPOBAHUE MTPOXOXKIACHUSI HIIEKTPOHOB Uepe3 LIENH, Jieasi albTepHaTH-
BbI PA3TUYUMBIMU, IPUBOIUT K PA3pyLICHUIO HHTEPHEPEHIINU.

OO6parM BHHMaHHE Ha TPHUHIIMIHAIHHOE OOCTOSITEIBCTBO: pa3pyllieHHe UHTEphEepEeHIINN
SIBJISIETCSL CIEICTBUEM MEp, MPUHUMAEMBbIX B U3MEPUTEIBHOM aKTE, KOTOPBIM B JaHHOM Cilydyae
pelaer 3aa4y — BBICHUTH, Yepe3 KaKyl0 MMEHHO IIeJIb MPOXOJUT TOT WM UHOW 3JIEKTPOH.
Kopotko roBopsi, usmepenue (nabniodenue) paspywaem uumepgpepenyuio. Mbl yoexnaemcs,
YTO POJIb HaboO0amens B KBAaHTOBOH (hU3UKE JIEHCTBUTEILHO BeChbMa crieliuuiHa — Haba00as
3a A6NEHUAMU, NPOU3BOOSI HAO HUMU USMEPEHUsl, OH MeM CAMbIM USMEHsen medyeHue camux s6-
JIeHUM.

[IpuBenEHHBIN pUMEp IEMOHCTPUPYET €II€ OJHY TOHKOCTb. OKa3bIBaeTCs, HapsAy C noJ-
HOUL HepasIuyUMOCMbI0 U NOJHOU PA3TUYUMOCMbIO CYIIECTBYET HEMPEPBIBHBINA PSJl MPOMEKY-
TOYHBIX CHUTyaIli, OTBEUAIOIIUE wacmuyHou paziuyumocmu. Pesynprar (12) ommchiBaeT mpe-
JIETIbHBIA CITy4al TMOJHOM Pa3IMYUMOCTH PacCMaTPUBAEMBIX 3/1€Ch ajdbTepHaTHUB. [IpoTHBOIO-
JIOKHBIN NPEJEbHBIM CIIy4Yal IOJHOW HEpa3Iu4MMOCTH aJbTEPHATHUB IPEAIOJIAaracT OAUHAKO-
BYI0 BEpOSATHOCTHh (POTOHY MOMAcTh Kak B CBOM, TaK M B 4yXOH (OTONPUEMHUK — KOTIJa



@, = @, . B aToM ciyuae Boipaxkenue (11) npeoOpasyercs, kKak HETpyAHO yOeAUTbCS, K BUIY:

w, =21 "W, +¥.s [ (13)

O61ee BoipaxeHnue (11) onuceiBaeT MPOMEKYTOUHBIE CUTyallMH, OTBEYAOLME YaCTUYHON pas3-
JUYUMOCTH anbTepHaTHB. CUTyaly, OTIMYAIOLIMecs JIpyr OT Apyra 3HadyeHHeM HHTep(epeH-
noHHOTro cinaraemoro B (11). Uem MeHbIe 3T0 ciaaraemoe, TeM OOJIbIIIE CTENCHb Pa3ITuIMMOCTH
aNbTEPHATHB.

Tenepb Mbl MOXEM YTOUHUTH CAEJIAHHBIE paHEe 3aMeUaHusl. Teopema clodcenus 6eposmHo-
cmetl pabomaem, K020a albMePHAMUBb HOIHOCMbIO pasiudumsl. OHa He pabomaem 8 ciyuae
yacmu4HoU paziudumocmu u mem 6o.ee NoaHOU Hepaziudumocmu. Bo ecex samux cnyuasx ua-
onodaemcs unHmep@epenyus AMnIUmMmyo 8eposimHoCmel.

AMIUIMTY/Ia BEPOSITHOCTH Mepexo/ia M BOJHOBasi (PYHKIHUS; MPUHIHUN CYNepPo3uIHu.
Crenys CymiecTBYIOIICH TPaJUIIMK, TaHHBINA IMyHKT HaJ0 ObUI0 OB CHAOAUTH 3HAYKOM * — YTO-
OBl IPEAYNPEIUTh YUTATEIS O TOM, YTO M3JIaraeMbIi 3/16Ch MaTepUa IOCTATOYHO TPYJEH U MO-
KeT OBITh OIyIIEH MPH NMEPBOM YTeHWHU. He BX0o/s B JeTaian MaTeMaTHYeCKOro amnrapara KBaH-
TOBOW TEOPHUH, NAIUM UYUTATEII0 BO3MOXHOCTh MOYYBCTBOBATh, YTO AMIUIUTY/Ia BEPOSATHOCTH
nepexo/1a U BOJTHOBAsK (PYHKIIUS — 3TO, B CYIIITHOCTH, 0OHO U MO Jce.

B cooTBercTBUM C 3aMeYaHWSIMH, CACIAHHBIMH B MpeAbLAyIIeM maparpade, BOTHOBAs
GyHKUMA ABIIsIETCA napamempudeckou ¢ynxyuei v, (), TIe poilb MapaMeTpa a UrParoT BENH-

YUHBI 00HO20 TIOJIHOTO Habopa, a apryMeHTa f — BEIIMYUHBI 0py2o2o TIOJIHOW Habopa (s mpo-
CTOTHI Oy/IeM IoJiarath, YTO BCE BEJIMYMHBI U3MEHSIOTCS JUCKPETHO). COCTOSTHUS MUKPOOOBEK-
Ta, B KOTOPHIX WUMEIOT OMNpEICIEHHbIC 3HAYCHUS BEJIWYHMHBI -Habopa, OyjeM Ha3bIBaTh O-
COCTOSIHUSIMH, @ COCTOSIHMS, TJI€ OIpEJIeJIeHbl BEIMUUHBI f-Habopa, — f-COCTOSHUSMH. Y YUTHI-

Bas 9TO, MOXKHO ONpeneuTh |, (B)[° Kak BEPOATHOCTH TOTO, YTO MUKPOOOBEKT, HAXOSIIUHCS
B HEKOTOPOM G-COCTOSIHUU, OyZeT UMETh (IIPU U3MEPEHUH) T€ WU UHbIC 3HAYCHHs BEUYHH [-
Habopa. Uim MOKHO CKa3aTh TO K€ camoe HeMHoro uHaue: |y, (B)|° ecTh BepOSTHOCTH TOTO,

YTO MHUKPOOOBEKT, HAXOISAIMINICS B HEKOTOPOM (-COCTOSIHUH, MOKET OBITh OOHApYyXKEeH TaKkXkKe B
TOM WJIM HHOM f-cocTosiHuu. [IpuMeM BO BHUMaHME, YTO aKT OOHAPYKEHUSI MUKPOOOBEKTa €CTh
HEKHI U3MEPHUTENIBHBIN aKT, OCJIE KOTOPOT0 MUKPOOOBEKT Oosiee He HaXOIUTCS B (-COCTOSTHHH,
a HaxOJUTCSA B OJHOM M3 S-COCTOAHUN. 3HAYUT, B NpeAblAyIIeld (GOPMYIHPOBKE CIEIyeT 3ame-
HHUThH «HAXOJSIINICS» Ha «HAXOAUBIINHCS» M yOpaTh CTaBIIEE TETEPh JUIIHAM CIIOBO «TAaKKE».

2 %
Takum obpaszom, |y, (B)|" ecmb seposimnocms mozo, 4mo MukpooOvexm, HaxoOUSUWULICS 6 He-

KOMOPOM O-COCMOAHUU, MOdCEem Obimb 0OHAPYHCeH 8 mom uau uHom B-cocmoanuu. HetpyaHo
BUJICTh, YTO (PaKTHUYECKHU 37eCh UAET Pedb yKEe O BEPOSTHOCTH MEPEeXojia MUKPOOOBEKTa U3 Ol
HOTO COCTOSIHUSI B IpyTOE.

WHTepdepeHIys aMIUTUTY T BEPOSITHOCTEH MEPEX0J0B OPraHUYeCKH CBsS3aHAa C OJHUM W3
Han0Oosee BaXKHBIX NPHHIUIIOB KBAHTOBOW (DM3UKH — ANPUHYUNOM CYNEPRO3UYUU COCTNOSHUIL.
CornacHo 3ToMy HPHHIHMITY, MKy COCTOSHUSIMH MUKPOOOBEKTA, OTBEYAIOIIMMH Pa3HBIM I10JI-
HBIM HAa0OpaM, CYIIIECTBYET CBs3b: JI000E COCTOSHUE U3 OJHOT0 Habopa MOXKET OBbITh Mpe/ICTaB-
JIGHO B BHJE CYIEPIIO3UIIMU COCTOSHHI Ipyroro Habopa. Hampumep, naHHOe a-cOCTOsIHUE MO-
KeT OBITh MPEJCTABICHO B BUJIE CYNEPIIO3UIINU [-COCTOSIHUNA. JTO MpeICTaBICHUE 3aHILIEM YC-
JIOBHO B BH/IE:

(-COCTOSIHHEC = Z v, (B)x B-cocTosiHue. (14)
B

OTO COOTHOIIEHHWE MOYKHO paccMaTpUBaTh KaK pPa3JIOKEHUE G-COCTOSHUSA MO Pa3IMYHBIM f-
COCTOSIHUSIM, NPUYEM KO3 (UIIMEHTAMH Pa3IOKEHUS SIBIISIOTCS 3HAYCHUs BOJHOBOW (PyHKIMH

v, (B) . Hanomuum: |y, (B)|° €cTh BEPOSTHOCTH TOTO, YTO MUKPOOOBEKT, HAXOAMBIIMICS B 0

COCTOSTHUM, MOXET ObITh OOHapy>KeH B f-COCTOSIHMH. YUYUTBIBAsl 3TO, Mbl MOXEM CKa3aTb, YTO



cornacHo (14) B-coCTOSHUE «IPENCTABIEHOY B (--COCTOSHUM C BEPOSTHOCTHIO |y, () .

[IpuHIMN CYTIEPIIO3UIIMH COCTOSIHUN KaK OBl JIOTIOJIHSET COOTHOIICHHUS HEOIPENeIEHHO-
CTEH: ero MO3UTUBHOE COAEPKAHUE KKOMIIEHCUPYET» HETaTUBHOE COJAEPIKAHUE ITUX COOTHOLIE-
HU. OOpa3HO rOBOPS, COOTHOIICHHUS HEONPEACIEHHOCTEH YKa3bIBAIOT HA TO «CTApOE», OT YETro
B KBaHTOBOM (pU3HMKE HAZ0 OTKA3aTbCs; OHU TPEOYIOT, B YACTHOCTH, OTKA3aThCsl OT OJHOBPEMEH-
HOW M3MEPUMOCTH TEX WM MHBIX (PU3NYECKUX BEIUYHMH. B TO ke Bpemsi NMPUHIMUIT CYTEepPHO3H-
MU COCTOSIHUM YKa3bIBa€T Ha TO «HOBOEY», YEM HAJI0 MOJIb30BATHCS MPU PACCMOTPEHUN MHUKPO-
siBIICHUH: cyneprnosunius (14) o3HadaeT, 4YTo ecau MUKPOOOBEKT HAXOIUTCS B COCTOSIHHH, TIE
W3MEPHUMBI BEJTUYMHBI -HAOOpa, TO 3HAYCHUS BEIMYMH [-HaOOpa MOTYT OBITh IIPEICKa3aHbl Ge-

POSAMHOCMHO — C BEPOATHOCTBIO, paBHOM |y, (B)[ .

CootHomienue (14) mHOrAa MHTEPNPETUPYIOT TaK: HAXOJALIMICS B G-COCTOSHUHU MUKPO-
00BEKT B TO ke caMoe BpeMs IpeObIBAeT B KAKOH-TO Mepe U B KAKOM-TO CMBICIIE TaK)Ke U B pa3-

JIMYHBIX S-COCTOSHUSAX. HacuéT MEpBI TyT BCE SICHO: OHA ONPEIENAETCS BEPOATHOCTBIO |, (B) [ .

Ho Bpsin 11 BO3MOKHO TIOSICHUTB CIIOBA «B KAKOM-TO CMBICTIe». Bo BCsikoM citydae, OyKBalbHOE
MPEJICTaBICHUE O MUKPOOOBEKTE, KaKk Obl «pa3Ma3aHHOMY IO Pa3HbIM COCTOSHUSIM, HEJIOMYCTH-
MO. MOKHO CKa3arh, YTO MUKPOOOBEKT HAXOJIUTCS B Pa3HBIX [-COCTOSHUSIX HE pPeallbHO, a T0-
TEeHIMAIbHO. B m3MepurensHoM akte cynepro3uius (14) paspyiiaercs — U3 MHOTHX MOTEHIIH-
aJBHBIX BO3MOXXHOCTEH peau3yeTcs Kakasi-TO OJJHA: TO KOHKPETHOE f-COCTOSIHHE, B KAKOM OKa-
3BIBAETCS TIOCTIE U3MEPEHUS MUKPOOOBEKT.

B 3axmouenne cienmaem ofHO (OpMabHOE 3aMEYaHWE MO MOBOAY COOTHOIICHUS, BBIPA-
JKAIOILIETO MPUHIMUI CYNEepNno3uluu cocTOsHUM. COOTHOLIEHUE 3TO MaTEMaTHYECKOE, a MEXKY
TeM B (14) ocrtamach Hepa3bsICHEHHONW MaTeMaThyecKas MPUpPOJa CHUMBOJIOB, 00O3HAUYEHHBIX
CJIIOBaMU «A-COCTOSIHUE» U «f-COCTOSIHHE». MaTeMaTU4ecKu KOPPEKTHOE BhIpAXKEHHUE ISl TPUH-
[IUTIa CYNIEPIO3UIIUN COCTOSIHUM MOXET OBITh 3aIKCaHO B BUJIC:

2., (0)= D W, (B 2,(%). (15)
Z

31ech MO X TIOHUMAETCSI eIIE OJIMH TTOJIHBI HA0Op BETMYMH (HAIpUMep, KOOPAMHATHI MUK-
po0o0BEKTa); @, WU y — BOJNHOBBIE PyHKIMHU. He Oynem koMMeHTHpOBaTh 3anuch (15); Hageem-
Csl, UYTO YHTATENh, BHUMATEIHHO W3YYMBIIMHA TPEABIIYIINE CTPAHUIIBI, B CHJIAX OCMBICIUTH €€
camocToATesbHO. OTMETHM JuIlb, 4To (15) — 370 pasnoxenue GyHKIUH @, (x) 10 QyHKIUAM

X (X), oTBevaromMM pasHbM 3HaueHusM f3. [lepen Hamu TIpeACTaBICHUE BOJIHOBOW (yHKLMH
@, (X) B BHJE CyNEPIO3ULMHI BOJHOBBIX QYHKLMH J ,(x), NPpUYEM B KayecTBE KOOPPULHMEHTOB

Pa3I0KeHUs OIATh-TaKH BBICTYNAET BonHOoBas GyHkimsa (Gynkuus v, (f) ).

31ech yMECTHO BCIOMHUTE cynepno3uiuio (3). C yy€Tom cellaHHbIX 3aMEUaHuid OHA O3HA-
9aeT, YTO COCTOSTHUE ¥, MOKHO PacCMAaTpHUBaTh KaK CYNEPHO3ULMIO COCTOSHUH i/, . B yacTHO-

CTH, MOXHO CUUTaTh, YTO B JIBYXILIEJIEBOM HUHTEPPEPOMETPE B CIyyae HEPAIUYUMBIX aJIbTepHA-
THUB JIEKTPOH HAXOTUTCS B CYNEPIO3UIIMOHHOM COCTOSTHUM — OH KakK Obl IPOXOJUT Cpasy U ue-
pe3 o/IHy, U 4yepe3 APYryto mielnb. [lonbITka MoACMOTPETh 3TO «4Uy/10» pa3pylIaeT CyNepHo3UIIH-
OHHOE€ COCTOSIHME — M peaju3yercs Ju00 To, MO0 JIPyroe U3 ABYX COCTOSIHUH, COCTaBIISIBILUX
CYTEpPIO3UIIHIO.

I'maBHoe B KBaHTOBOIi (pusuke. Eciiu mompITaThCsl KpaTko cHopMyIHpoBaTh TO TIIABHOE,
YTO Jajla KBaHTOBas (PU3MKA YEJIOBEKY, MO3HAIOLIEMY OKPYXAIOIIMI €ro MUp, TO XOTEJIOCh Obl,
IIPEKIE BCETO, BHIACIUTD CIEAYIOIINE 1Ba MOMEHTA.

Ilepeuiii: kBaHTOBas (pr3MKa MokKas3ana, YTO OCHOBHBIMH ((hyHIaMEHTATBHBIMH) 3aKOHOMEP-
HOCTSIMU B IIPUPOJIE SIBJISIFOTCS] 3aKOHOMEPHOCTH HE JUHAMMUYECKOT0, & CTATUCTUYECKOTO TUIA U
YTO 8ePOSAMHOCMHASA (HOPpMA NPUHUHHOCMU eCMb OCHO8HAs (hopma, TOTJA KaK KIACCUYECKHM
(JTamyacoBCKUN) JAETEPMHUHU3M IIPEJCTAaBIIsET COOOW JUIIb MpeaeibHbIi ciydail. Hamomuum,



YTO B KJIACCHUYECKON (pU3UKE BEPOSATHOCTHBIC 3aKOHOMEPHOCTH CTaIU MPUMEHSITHCS JUIIb C Ce-
peaunbl XIX B. [Ipr 5TOM OHM HCIIONTB30BATUCH JIMIIB MTPU PACCMOTPEHUHU OOJBINX KOJUICKTH-
BOB, a TIOBEJICHUE OTJEIBHOTO 00BEKTA OMKICHIBATIOCH B paMKax KECTKOTo neTepMuHu3Ma. KBan-
TOBas (pU3MKa TOKa3ajia, YTO BEPOSTHOCTHBIE 3aKOHOMEPHOCTH MPUMEHUMBI HE TOJBKO K KOJI-
JICKTUBaM, HO U K OTJICTBHBIM 00bEKTAM — n0gedeHUe YoHce 00HO20 MUKPOOObEeKMA umeem pKo
BbIPAIICEHHIU BEPOSMHOCMHBII XapaKmep.

Bmopoti momenm: xkBaHTOBas (hu3MKa OOHAPYKUJIA, YTO C BEPOSTHOCTSIMHU Ha YPOBHE MUK-
POSIBJICHHH CIIEyeT OOpaIIaThCsl HE COBCEM TaK, KaK TO MPAKTHUKYETCS B KIIACCHYECKUX CTaTH-
CTHUYECKHX TEOPHUSX; OKA3aJ0Ch, YTO B OMPENCIEHHBIX CIydasx HAJ0 CKIAIbIBaTh HE CAMU BEPO-
STHOCTH COOBITHIA, 8 aMIUTUTYIbl 9THX BEpOSTHOCTEU. He cama éeposimnocms, a amniumyoa ee-
posmHocmu (801H08as QyHKyus) oxaszvieaemcs nepsuurou eeauyunou. CIOKEHUE aMILTUTY]]
BEPOSITHOCTEW MPUBOJAUT K MHTEP(EPEHIIMOHHBIM d((ekTam, OHO HE UMEET aHaJIoTa B KJIACCH-
yeckoil ¢usuke. C uHTEpPEpeHIMel aMIUTUTY]] OPTaHHYECKH CBS3aH KBAHTOBO(DHM3MYECKHIA
NPUHIMI CYTIEPIIO3UIIMH COCTOSIHUH, OTPAKAIONIMNA CIIeNU(PUKY «B3aUMOOTHOIIECHHID» COCTOSI-
HUI MUKPOOOBEKTA.

OTnenbHO HEOOXOIMMO OTMETUTh, YTO KIMEHHO B KBAHTOBOH (PM3MKE OCOOCHHO SIPKO H 271)-
OoKko nposeunacy npucywas npupoode ouanekmuxa. KBaHntoBas (usmka moxasana, 4yTo Xapak-
TEPHBIN TSI KIIACCUYEeCKON (M3NKN MeTahU3NIECKUN MOIXO K SBICHHUSIM TPUPOIBI COOTBETCT-
BYET JIUIIL TIEPBOMY JTAIly MO3HAHUS, 4TO i OoJiee TIyOOKOTrO MO3HAHUS 3aKOHOB MPUPOIBI
HEOOXOIMMO WCIOJIb30BaHNE JAHAJICKTHYECKOTO MeToa. Bompoc o AnaneKTH4ecKon CyITHOCTH
KBAaHTOBOU (DM3UKH SIBISIETCS JIJIS1 HAC 0CO00 Ba)KHBIM; MBI BO3BPATHMCSI K HEMY B TPEThEH TiaBe
KHUTH.

3ameTnM, 4TO WHTEp(DEPEHINS aMIUTUTY]] BEPOSITHOCTEH B KBAaHTOBOW (DM3HUKE CTaBUT BO-
NPOCHI HHTEPPEPEHIIMH BOJHOBBIX MPOIIECCOB KaK ObI B HOBOH TIOCKOCTH. Jl0 MOSIBIICHHSI KBaH-
TOBOHM (hM3MKHM MHTEPPEPEHIIMIO BCETa pacCMaTpUBAIN KaK MpUMep crenu(uyeckr BOTHOBOTO
sBieHns. Eciu B KakOM-JIMOO SKCIIepUMEHTE OOHApYKUBAIM XapaKTEPHYIO HHTep(hEpEeHITNOH-
HYI0 KapTUHY, TO 3TO CUHTAIOCh 0€3yCIOBHBIM OCHOBAaHHEM JJIs BHIBOJA O MPUCYTCTBUU HEKHX
BOJIH. B 3TOM CMBICIIC BOJTHBI pacCMAaTPUBAINCh KaK HEUTO nepsuyHoe, a HTepEpPeHIINT — KakK
emopuyHoe. KBaHTOBasi pu3uka mokaspIBaeT, 4To Ooyiee OnpaBaaHa npomusonoI0NHCHAs PACCTa-
HOBKa aKIICHTOB, M YTO B OCHOBE HMHTEPPEPECHIIMOHHOW KAPTUHBI OTHIOAL HE 005S3aTeIhHO
JOJIKHBI JIEXKATh KIACCUYECKHE BOTHOBBIE TTPOIECCHI.



Huarnoe. O BonHax 1 BEPOATHOCTSAX B KBAHTOBOW

— Kak T cuHTaellb, MOMET JiH OBITh
unTepdepeHuns WAH ARQpakuHs Gea
BOJIH? :

— Hert, koneuho.

— A Kak xe AudpaKilusA 3JeKTPOHOB?
— Hy, TaM TOXe eCTh Kakue-To
BOJIHBL.

Ha ypoxe ¢usuxu.

donanke

Y4aurenab. MHe He COBCEM MOHATHO, MOYEMY BBI-
OpaHa Takasi Tema JUIsl T1aiora.

ABTOp. B U3BECTHOM CMBICIIE 3/16Ch KBUHTACCEHIUSA
NOHUMaHMA crenu(UKr KBaHTOBOM Qu3ukH (cM. [122]).

Yuurenan. Ho cerogns kBanToBas ¢u3HKa B IIKOJIE
HE TOJIbKO HE U3y4YaeTcsi, HO OpOH Ja)ke He 3aTparusa-
eTcsl.

ABTOp. Bo3MOXHO, B OyaylieMm CHTyalusi U3Me-
HUTCA. A MEXIy TeM yKe celdac MPUXOIUTCS HaOJro-
JaTh HE COBCEM IMPABWIBbHYIO PAaCCTAHOBKY AaKIIEHTOB,
BCTPEUAIOIIYIOCS TMPH YNPOIIEHHOM H3JI0KEHUU HUIeH
KBaHTOBOU (u3uku. Kak-To MHE JoBenoch OeceoBarh C
JIOCTaTOYHO PAa3BUTBHIM IIKOJIbHUKOM, >KUBO HWHTEpE-
CYIOIIMMCS HOBOM (pu3mkoit. S cripocun, B 4éM OH BUITUT
crienipuKy KBaHTOBOM (pu3uKku, B 4éM OHa, IO €ro MHe-
HUIO, MPUHIUIHAIBHO OTJIMYHA OT (PU3UKU Kiaccuye-
ckori? OH OTBETHJI TaK: B KBAHTOBOH (PM3WKE CBETOBBIC
BOJIHBI paCCMaTPUBAIOTCA KaK YacCTHIIbI, a TPEKHUE Yac-
THUIBI, HAOOOPOT, PACCMATPUBAIOTCS TENEPh KaK BOJHBIL.

Yuurenb. MHe KaxkeTcs,, OH COBCEM HEIUIOXO OTBE-
Twi. OH BUAUT crienuuKy KBaHTOBOW (DU3MKU B KOp-
My CKYJISIPHO-BOJTHOBOM JTyaJI3Me.

ABToOp. Kamb, 4T0o, KpoMe ayanau3Ma, OH OOJIbIIE
HUYETro 3/1eCh He BUAUT. [la U Tyanu3m nmoHUMaeTcs, Kak
npaBujIo, OyKBaJIbHO, OTHIOb HE B JyXe KBAHTOBOU (u-
3uKd. bega B ToM, 4TO BO MHOTHX MOMYJISIPHBIX U3JaHU-
X, B pAJie Y4eOHBIX MOCOOUI 17151 CTYJIEHTOB BY30B U YK
TeM Oosiee B yueOHOM TUTepaType A MIKOJIBHUKOB MPH
PaccCMOTPEHUH BOIIPOCOB KBAaHTOBOW (DPM3MKH M3IIAraroT-
cs (B TOM MJIM MHOW Mepe) TOJIBKO BOJHOBBIE MPECTAB-
JICHUS U TIPY 3TOM COBCEM HJIM TMOYTH COBCEM HE 3aTpa-
TUBAIOTCS BEPOSTHOCTHBIE TpeacTaBiieHus. Hepeako
BCI0O KBAHTOBYIO (PM3UKY TMBITAIOTCS CBECTH K HEKHUM
cnierpuIecKiuM BoJIHAM (BoiHaM 1e bpoiis).

Yuurenas. Ho mouemy Obl HE MOIB30BaTHCS OOpa-
30M BOJIHBI XOTS OBl YCIIO0BHO? Benb BOJHBI TaK HATIISII-
HBI.

ABTOp. /leno B TOM, YTO poJib BOJHOBBIX IIPEJICTABICHUN YPE3MEPHO Npeyeeauyu8aemcs.
ITo cyTtu nena, HE OCTaeTCsd HUYEr0, KPOME BOJIH. A B TAaKOW CUTyallMM HU O KaKOW YCIOBHOCTH
BOJIHOBBIX 00Pa30B M peur OBbITH HE MOXKET. BOJTHBI BOCIPUHUMAIOTCS COBEPIIEHHO PEATbHO, ITO
HEKHE BIIOJTHE MaTepPUATbHBIC BOJIHBI, KOTOPBIEC JIMOO CBOOOHO PACIIPOCTPAHSIIOTCS B MMPOCTPaH-
CTBE, OO «3amepThl» B aTOMax W MOJEKYJax, ymoAoOIseMbIX CBOe0Opa3HbIM pe3oHaTopam. U
IIOTOM COBEPULEHHO HEeOONYCMUMO USHOPUPO8AmMb 8epOsIMHOCMHble npedcmasieHus. be3 HUx
HEJb3s MOHATH TO TTIABHOE, YTO €CTh B KBAHTOBOW (u3nke (00 TOM MOAPOOHO paccKas3bIBaIoCh

B § 8).
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Yumnrean. 1 Bc€ ke Ha0 MPU3HATH, YTO BOJHOBBIE MPEJCTABICHUS B KBAHTOBOM (U3HKe
MOTYT OBITh OU€Hb MOJE3HBIMU. B HEKOTOPBIX CiIydasx OHU IMO3BOJISIOT BeChbMa MPOCTO U Ha-
IJISIIHO TIOJIyYMTh pe3ynbTaT. BOT mpuMep Takol CUTyallnd — 3JIEKTPOH B NPSMOYTOJIBHOM IO-
TEHIMAJIBbHOH sIME€ ¢ GECKOHEUHO BHICOKMMHU CTEHKaMU. Vcronb3ys 1e0poiyIeBCKyO BOJIHY dJIeK-
TPOHA, MOKHO OYEHb IPOCTO IOJYYUTh BBIPAKEHUE JJII YPOBHEW JSHEPIMM JJIEKTPOHA B sIME.
Hazno notpeboBaTh, 4T00bI Ha HIMPUHE MBI @ YKIJIAABIBAIOCH L[EJI0€ YUCIIO /1 DJIEKTPOHHBIX MO-
JyBOJIH:

nAi
a=—-". (1)
2
IIpu n=1 uMeeM OCHOBHOE COCTOSIHUE JJIEKTPOHA B siMe (3Heprus E, ), npu n =2 — mepBoe
B030yka€HHOE cocTosiHMe (E,), mpu n=3 — cuenymwouiee Bo30yXIeHHOe cocTosiHue (E))
u T. 1. (puc. 2.23). YuuTsiBasi, 4T0
h
Ay =— )
Py

( p, — UMITyJIbC IEKTPOHA HA 1-M YPOBHE) U UTO
p, =+/2mE, 3)

nonydaem u3 (1): a = . Takum oOpazom,

nh
\J8mE,

272
E=1 @
8ma
ABTop. HaBepHoe, Bl Oynere oueHb yAMBIEHBI, €CIU 51 CKaXy, YTO MpUBEAEHHBIH Bamu
npumep pabortaet npomus Bac xke. DTOT npuMep 4acTo MPUBOJIUTCS B JIUTEpPAType MO KBAHTO-
BOIl MexaHuke. K cokaneHHI0, OH HEKOPPEKTEH. 311€Ch MPEATONAraeTcs, 4YTo dJIEKTPOH B sIME
UMEET ONPEENEHHYIO IIUHY BOJIHBI, U3 (2) BUAHO, YTO B TAKOM Cllydae JOJKEH ObITh onpee-
JEHHBIM TaKKe€ UMITYJIbC 3JIEKTpoHA. OHAKO COTIaCHO COOTHOILIEHUSM HEONPEAEIEHHOCTEN Il
UMITYJIbCA U KOOPAMHATHI UMITYJIbC 3JIEKTPOHA B SIME HE MOKET ObITh ONpeAeIEHHBIM — OH HMe-

€T HeOoNpeaeNnEHHOCTh Ap, 2 py Jljig He CIMIIKOM OOJIBIINX 72 3Ta HEONPEAEIEHHOCTh UMEET
a

TaKOM e MOPANOK, YTO M BEJIMYUHA p, , onpeaenseMas cootHomeHusmu (1) u (2). 3naunr, na-

e MPUOJIN3UTETBHO HENb3s CUUTATh, UTO KAXKJIOMY YPOBHIO B SIME OTBEUYAET CBOE ONpeAeIEHHOE
3HaYeHHE UMITyJIbCa JIEKTPOHA (ompeenéHHas JUIMHA BOJIHBI). TakuM o0pazom, pUCyHOK 2.23
OKa3bIBAETCsl OECCMBICIIEHHBIM — HEJIb3s YIIOJ00JIATh IEKTPOH B SIME KJIACCUYECKOW CTOsiuein
BOJIHE B HekoeM pe3oHarope! KcTtatu, B cepb€3HBIX KHUrax 1o KBaHTOBOM MexaHUKe (CM., Ha-



npumep, [61]) MO>KHO HANTH BBIpa)KEHHE JIJIS1 BEPOATHOCTH TOTO, YTO IIPU U3MEPEHNUN HMITyJIbCA
JIEKTPOHA HA 1-M YPOBHE B siMe OyJeT IMOIy4eHO 3Hau€HHe B MHTEpBaje OT p 10 p+dp. He

OINpeeIEHHOE 3HAUEHUE UMITYJIbCA, & BEPOSATHOCTH TOTO MM MHOI'O 3HaYeHUs !

Yuurenn. Ho Beap pe3ynbrar (4), HACKOJBKO 5 3HaIO, BepeH!

ABTOp. PesynbraT neiictBurensHo BepeH. Jleno B Tom, uto B Bammx paccyxaeHusix Obuia
JOTIyIIeHa HE O/IHAa, a JIB€ OLIMOKM — IMPOM30ILIAa WX B3aWMHas KoMreHcanus. OmuboyHo He
TOJIBKO cooTHoIIeHue (1), Ho u cooTHomIeHHE (3).

Yuurenan. CooTHomeHne (3) — STO HW3BECTHAsl CBSI3b MEXKIy JHEPTrUed W HMITYJIbCOM:

E = p’ /2m . Pa3Be oHa He TOAUTCA JJI1 MUKPOOOBEKTOB?

ABTOp. OHa TOIUTCS, €CIU MUKPOOOBEKT cBOOOIEH. /111 MUKPOOOBEKTa B CBA3aHHOM CO-
CTOSIHUU OHa HE ToAuTcA. Jla 1 Kak OHa MOKET FOJIUThCS, €CIIM Y AJIEKTPOHA B SIME YHEPIHsl OIl-
penenénHas, a UMITyJIbC HEONIPEAEIEHHBIN ?

Wrak, xak Bel yOenunuch, npuBeAEHHBIN NPUMEDP C IIEKTPOHHBIMU BOJHAMHU B NOTEHIIU-
albHOM sIME OKa3aJICid Ha MOBEpPKY HeyAauHbIM. HenmpaBoMEpHO NpPOBOAWUTH aHAJIIOTHUIO MEXAY
3JIEKTPOHOM B SIME M KJIACCHYECKOW BOJHOM BHYTPH pE€30HATOpa. ITOT MPUMEP YUYHUT HAC OTHO-
CHUTBCS C OCTOPOKHOCTBIO K BOJIHOBBIM MOJIENISIM B KBAaHTOBOU (DUBHKE. V yuawuxcs ne 001i#CHbl
B03HUKAMb UILTIO3UU OMHOCUMENbHO Oebpotinesckux 6onH. OHU HUCKOJIBKO HE MOXO0XH Ha pe-
asibHbIe BOJTHBL. COOCTBEHHO rOBOPS, ITUX BOJIH MOIMPOCTY HET.

Yuntesab. Ho ¢ moMomipi0 TONBKO «BOJIHOBBIX XapaKTEPUCTUK» MHUKPOOOBEKTOB TPYJIHO
OOBSCHUTH UX AUQPPAKIIHIO.

ABTOpP. B TOM-TO W neno, 4to unmepghepenyuro u ou@paxkyuro MuKpooOvbeKmos ciedyem
00BACHAMb He HA OCHOBE BOJIHOBbIX NPeOCMAsIeHUl, d UCNOIb3YS 6EPOSMHOCHHbIE NPEOCmMAs-
JleHus. 37ech HUKaK He n30exarh BeposaTHocTel. B § 8 Obl10o mokazano: nuHTepdhepeHIus MUKPO-
00BEKTOB 00YCIIOBIIEHA TEM, YTO MPU OTPENEIEHHBIX YCIOBUSIX MTPOUCXOIUT CIOKEHHE HE BEPO-
ATHOCTEH MHUKPOCOOBITHH, a aMIUIUTYJ BEPOSATHOCTEH. MHmepghepenyus muxpoobvekmos —
9MO, 8 KOHEUHOM cyéme, unmepgepeHyus AMNIUMyo0 6epoAMHOCMEL.

Yunrteib. Bcé ke oueHb HEMPUBBIYHO paccMaTpUBaTh HHTEP(GEPEHIINIO Oe3 BOJH.

ABTOp. Hasio npuBkIKaTh, KOJIb CKOPO 3JEKTPOHHbIE BOJIHBI B ICHCTBUTEIHLHOCTH HE CyIIE-
CTBYIOT.

Yumnteib. A Kak ObITh ¢ POTOHHBIMU BoTHAMU? CyIIECTBYIOT K€ KIACCUUECKUE CBEMOBbLE
BOJIHDL.

ABTOp. 31€ch uHas cutyanus. byaydn 6030HamMu, GOTOHBI MPOSIBISIFOT TEHACHIIMIO K HAKO-
TUIEHUIO B OJTHOM U TOM e cocTostHuU. [Ipn gocTarouno 6ombiiom uucie POTOHOB B OJTHOM CO-
CTOSIHUHM M BO3HHMKAET CBETOBAs BOJIHA; €€ mapamMeTphbl (BOJTHOBOW BEKTOp, 4AacTOTa, MOJSpU3a-
IUs) COBNAMAIOT C COOTBETCTBYIOIIMMH BOJHOBBIMU XapaKTEPUCTHKaMH (OTOHA (3TO €CTh Xa-
PAKTEPUCTUKU TOTO COCTOSIHUS, B KOTOPOM IpOM301LI0 HakomjieHue (ortoHos). Knaccuueckas
BOJIHA BO3HUKAET KaK KOJUIEKTUBHBIN 3(dekrt. J[st 2mekTpoHOB ke, Kak U Ipyrux (pepMHOHOB,
M0T0OHBIN KOJIEKTUBHBIN 3 (EKT MPUHIIMITHAIBHO HEBO3MOXKEH, MMOCKOIBbKY (DePMHUOHBI MOTYT
3aceNsATh COCTOSIHUS TOJIBKO MOOANHOUKE. [109TOMY 1 HE CyIIECTBYIOT KJIaCCUYECKUE AIIEKTPOH-
HbI€ ¥ BOOOIIE ()EPMUOHHBIE BOJIHBI.

Yuureasn. Ilomyuyaercs, 4To ecTb ABe HHTEpEpeHLUU: Kilaccuyeckas, 00yCIOBJIEHHAas
CIIOKEHHEM BOJIH, U KBAaHTOBO-(pu3uueckasi, 00yCIOBICHHAS CIOXEHHEM aMIUIUTY/ BEPOSTHO-
cTeit?

ABtop. Mmenno tak. Kiaccuyeckas untepdepenims HabmogaeTcst TONMbKO sl O030HHBIX
KOJUIEKTUBOB. B OOBIUHBIX YCIIOBHSAX OHA Kak Obl MAaCKHpPyeT KBaHTOBO-(pH3MyecKyro UHTEp(de-
pennuo. Ho B cydae ¢hepMHOHOB, HallpUMep AJIEKTPOHOB, TAKOM MAaCKUPOBKH HET — TaM Ha-
0Jir01aeTCs TOIBKO KBAaHTOBO-(pU3NYECKasi HHTeppepeHIus.

Yuurelb. A HENb3sI 1M KBAHTOBO-(QU3MUYECKYIO HHTEPPEPEHIIUIO pacCMaTpUBaTh M0 aHAJO-
UM C KJIACCUUYECKOH, UCMONb3Ysl HEKUE yCIIOBHBIE BOJIHBI? OOBSICHEHHE Ha SI3bIKE BEPOSATHOCTEN
CTpaJaeT OTCYTCTBUEM HATJISAHOCTH.

ABTOP. 3aT0 3TO 00BSICHEHHE ABJISACTCS O0JIee TIIyOOKUM IO CPaBHEHUIO C OOBSICHCHHEM Ha
A3BIKE BOJIH.



YuuTteab. A B 4éM UMEHHO MPOSIBISIETCS 271yOUHA BEPOSITHOCTHOTO 1o1xoa? B KoHIe KOH-
IIOB BOJIHBI Jie Bpoilyis HUCKOJIBKO HE XYK€ OOBSCHSIOT BOZHUKHOBEHHE MHTEP(HEPEHINMOHHON
KapTHUHBI, HEXXEIH UHTEp(DEepUpYIOIINe aMILTUTY bl BEpOsITHOCTEH. bojiee Toro, BOJIHbI 1alOT Ha-
[IIATHOE OOBSCHEHUE.

ABTOp. BOHBI MOTYT OOBSICHUTB 803HUKHOGeHUe NHTEPPEPEHIIMOHHON KapTHHBI B CIydYae,
KOI'Jla aJbTepHATUBbBI HEPA3INYNMbI, OTHAKO OHU HE OOBACHAIOT paspyuieHue NHTEpPEpEeHIIuN B
cllydae, KOI/ia albTepHATUBBI OKa3bIBAIOTCA pa3iuuuMbIMU. [lomydaercs, 4To moka Mbl HE CBe-
TUM Ha IeIu uHTepdhepoMeTpa, MUKPOOOBEKTHI BeAyT ceOs KaK BOJHBI, HO JIUIIb TOJIHKO MBI
BKJIIOUAEM CBET, YIIOMSHYThIE BOJHBI HEMEJUIEHHO HMCYe3at0T. ECIM MCTOYHMK CBETa BBIKIIIOYEH,
«BOJIHBI MATEPUN» CYLIECTBYIOT, €CJIM BKIIFOUEH — «BOJIHBI MAaTEPUN») UCUYE3aAIO0T.

YuuTeab. ITO MOXKHO MONPOOOBaTh OOBSACHUTH TE€M, UTO, BKJIIOYAs WJIM BBIKJIIOYAsl CBET,
MBI TEM CaMbIM BO3/ICIICTBYEM Ha YCJIOBHSI, B KOTOPBIX OCYIIECTBIISETCS SKCIIEPUMEHT.

ABTOpP. M0XXHO paccMOTPETh CUTYallMIO, KOTJja HET HUKAKUX M3MEHEHUH YCIIOBUH JKCIe-
puMeHTa. Sl UMeI0 B BUAY OMBITHI MO AU(PPAKIUKA OUYEHb MEIJICHHBIX HEUTPOHOB Ha KpUCTAJLIE.
OcTtaBasch B pamMKax BOJHOBBIX NPEACTaBICHUH, HAM MPHUIUIOCH OBl 37€Ch JOMYCTHTb, UTO
«BOJIHBI MaTtepun» ooHospemento (1) u npucymemeyrom, u omcymcmayrom. Coriaacurech, 4To
3TO BBITJISAUT a0CYPIHO.

Yuurensn. Pacckaxute, moxanyicra, moapooHee 00 ITHUX OMbITAX.
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ABTOp. PaccMOoTpuM 3KCIIEpUMEHT, cXeMa KOTOpOro moka3aHa Ha pucyHke 2.24. 3nech: /
— HCXOJIHBIA My4YOK HEWTPOHOB (IIy4OK MOHOXPOMATHYEH M XOPOLIO KOJJTMMHUPOBAH, HEPTHUs
HeliTpoHoB nopsinka 0,1 3B), 2 — kpucramn, 3 — JOETEKTOphl, PETUCTPUPYIOIINE HEHTPOHBI,
paccesiHHbIE Ha pasHble yribl 6. Pacnpesnenenue nonajgaHnuii HEUTPOHOB B AETEKTOPHI OMUCHIBA-
€TCSl KPUBOM, M300paKEHHON HAa TOM ke pucyHke. OHa PEICTaBIsIeT COO0N HATOKEHUE YETKIX
uHTEepHEPEHITMOHHBIX MAaKCUMYMOB Ha HEKWW ()OH, ONMMCHIBAEMBIN TIJIABHON IITPUXOBOM KpPH-
Boii. Ilomy4daercs, 4To 00nu nelimpoHnvl 6edym cebsi kak 6onHbl (OHU 00YCIOBIMBAIOT UHTEPdeE-
PEHIIMOHHBIE MAKCHUMYMBI), @ B TO )K€ CaMOe BpeMsi Opyzaue HellmpOoHbl 80JIHOBbIX CEOUCE He 00-
Hapyxcugarom (OHU pacHpeAessIOTCs B COOTBETCTBUY C IUIABHOM IITPUXOBON KPUBOH ).

Yuurenb. JIedCTBUTENBHO, BCE 3TO BBINISAUT JOBOJIBHO HEJEMO.

ABTOp. OJTHaKO pe3yNbTaThl ONbITA MOIYYalOT pa3yMHOE O0bSICHEHHE, €CJIM OCTaBUTh B O-
KO€ BOJIHBI, @ MCHOJIb30BaTh 6eposimHocmHblil nooxoo. Ilycts ¢, (0) — aMImuTyja BEpOSATHOCTH

paccesHusl HEUTPOHA Ha i-M aTOMHOM si/Ipe KPUCTAJUINYECKON peméTku Ha yron 6. B kpucran-
auyeckoM obpasue N szep, U, ciaeloBaTelnbHO, UMEIOTC N allbTepHAaTHUB — KaX/aas OTBEYaeT
paccessHUI0 HEHTpPOHA Ha COOTBETCTBYIOUIEM sipe. Ecny anpTepHAaTHBBI HEPA3NIMUUMBI (s1pa
NPEIONIararoTCs TOXKASCTBEHHBIMH), TO BEPOSITHOCTh HEUTPOHY paccesThCs Ha yroi 6 ecTb

() ['=| Z(Pi(ﬁ) . (5)

DTO BBIpAKEHUE aHATIOTUYHO BhIpKEeHUSIM (4) u (6) u3 § 8; 0HO 0OBACHIET BOSHUKHOBEHUE HH-



Tep(EepeHIMOHHBIX MHKOB B KAPTHHE PACIpPENeNICHHUs] pAaCCeIHHBIX HEUTpOoHOB. OmHAKO naxe
IPU YCJIOBUH, YTO BCE sipa KPHCTA/LIA TOXKICCTBEHHbI, aIbTCPHATHBBI HE BCIKUH pa3 OKa3biBa-
I0TCSl HEPa3JIMYUMBIMU. ECTh BEPOATHOCTH TOT'0, YTO IIPU PACCESTHUU KAKOI0-TO HEMTPOHA IIPO-
U30UAET M3MEHEHNE HampaBiieHus (TlepeBOpavynMBaHKE) €ro cruHa. Torua B COOTBETCTBHH C 3a-
KOHOM COXpaHCHUA MOMCHTA HUMITYJIbCa OOJDKHO H3MCHUTBCA HANPABJICHUC CIIMHA sAApa-
pacceuBatens. Terneppb sApo, HA KOTOPOM MPOM3OIIEN aKT pacCesHusl, OKa3bIBACTCS u3uuecKu
8blO€IeHHbIM — 3TO €CTh TO CaMOe S/IPO, CIIMH KOTOPOTo M3MEHWII HarpasiieHue. [loaromy st
TaKUX HEHTPOHOB HAJ0 CKJIAJBIBATh HE aMIUTUTY/IbI, @ CAMH BEPOSTHOCTH (HAIIOMHUM BBIPAXKe-
Hue (2) u3 § 8):

[y (0) |2=\Zwi(t9) . (6)

Mgl BBENM AJIs1 aMIUTUTYABl PAcCesTHUS C NMEPEeBOpPAYMBAHUEM CIIMHA 0003HAUYEHUE W MpeKHee
o0o3HaueHue (@) OTHOCUTCS K HEUTpOHAM, KOTOpPbIE paccesyich 0e3 mepeBopaunBaHus CIIMHA.
Pesynbrupytomias BEpOsSTHOCTh paccessHus Ha yroi 6 ecTb

w(@) =) +y @) . ()

Takum oOpa3oMm, MbI yOexaaemcs, 4TO KpUBasi Ha pUCYHKe 2.24 MoyyyaeT eCTeCTBEHHOE
00BsICHEHUE HE Ha SI3bIKE BOJIH, a Ha S3BIKE BEPOSATHOCTEH.

Yuurenb. Bc€ 310, KOHEUHO, 1ocTaTOYHO yOeauTenbHo. B camoM fene, cienoBano Obl pu
U3yYeHNH KBAaHTOBOW (DM3MKH CMECTHTH aKIIEHTHI C BOJIH Ha BeposATHOCTH. He memecoobpasHo
66110 OBl TOYOABUTH BOJTHOBOM TEPMUHOJIOTHH?

ABTOp. BaxxHO, B KOHEUHOM, CUETE, HE KaKue TEPMUHBI YIIOTPEOISIIOTCS, a KaK OHU YIIOT-
pebsitorcsa. BonHOBON TepMUHOJIOTHEN MOJIb30BAaThCSI MOXKHO, HO BaXHO MOHUMATh €€ YCJIOB-
HOCTh, B)KHO ITOMHHUTB, YTO B MUKPOSBICHUSIX (YHIAMEHTAILHYIO POJIb UTPAIOT HE BOJTHOBEIE,
a BEPOSITHOCTHBIE MPe/ICTaBIeHUs. A Kak OyJeT Ha3bIBaThCsl OCHOBHAs (Urypa B KBaHTOBOH (u-
3UKE€ — «BOJHOBOW (DYHKIHEH» WM «aMIUTUTYA0H BEPOSTHOCTH» — 3TO HEMPUHIMITAAIBHO.
Kaxk ckazan I'ére,

Het mogxoasgmmux cOOTBETCTBHH

W HeT nocTaTOYHBIX UMEH.

Bcé neno B cyTtH, a Ha3BaHbE

JIumib ApIM, KOTOPBIM OJIECK CHUSHBS
Bbe3 HamoOHOCTH 3aTEMHEH.



§ 9. COBPEMEHHAA ®UN3NKA N HAYHHO-
TEXHUYECKAA PEBOJIFOLUNA

Oco0eHHOCTH HAYYHO-TEeXHUYeCKOl peBOTIOINH; POJIb cOBpeMeHHoi ¢pusuku. HayuHo-
texHuueckas peoironust (HTP) Hayanace B cepeirHe Halero croyieTus. XapakTepusys e€ oco-
6ennoctH, akagemuk b. M. Kenpos nucan: «PeBomtoninn B 007acTh HAyKH M TEXHUKH COBEpIIa-
JUCh HE pa3 B npouuioM. Ho paHbplie OHM NPOMCXOAWIN HE3aBUCHMO OJHM OT APYTMX W JIMILb
CJlydaifHO WHOT/Ia coBMaaainu Bo BpemeHH. [lepBast ocodernocts HTP coctout B ToM, 4T0o 00€
PEBOJIIOLINY — B HAYKE M TEXHUKE — CIWINCH TENEph B €AMHBIN HEpas3AeabHbIN npouecc. Bro-
pas ocobenHocTs: HTP — 3T0 He mpocToe coBnajieHne BO BPEMEHH JIBYX PEBOJIIOIHIA, HO TaKOe
UX COeIMHEHUE, Korja 00e peBOIIOIMH B3aUMHO BIIHSIOT APYT HA JpYyra, HaXOJATCS B 3aKOHO-
MEpHOH CBSI3U MexIy co0oil. Hakonel, TpeThbst U camas BaxkHasi ocobeHHocTs HTP: paszpurtue
HAYKH OIEepekaeT pa3BUTUE TEXHUKH, Kak Obl MPOKIAAbIBas MyTh AJIS JaJIbHEHIIEro e€ pa3Bu-
ts» [54, c. 68].

Ha Ttpetbeit u camoii BaxkHoit ocooennoct HTP Heo6xommuMo octaHOBUTHCS TTopobOHee. B
XIX B. aBMKyIIEH CHIION HAy4YHO-TEXHHYECKOTO Iporpecca ObUIM TEXHHWKAa M MPOU3BOJACTBO.
OHu, Kak MpaBUJI0, ONEPEXKAIN B CBOEM Pa3BUTHH HAYKY, CTABWIM MEpe]l HEll KOHKPETHbIE 3a/1a-
YH, BIMSJIM Ha HANpaBJICHUs] U TeMIlbl e€ pa3BUTUs. Tak, M300peTeHne napoBOi MAlIMHBI MHU-
UUPOBajo OypHOe pa3BUTHE TepMoaAUHAMUKH. B XX B. cuTyanus KopeHHbIM 00pa3oM U3MEHH-
Jach; TEMephb poJib ABWXKYIIEH CHIIBI TpOrpecca cTajla Urpath Hayka (ecrecTBo3HaHue). PazBurtue
HAyKH U MPEXIe BCero (pu3mku crano pemarimuM (HakTopoM, ONpeeaoliM B Hallle BpeMs
pa3BUTHE TEXHUKHU. be3 npeyBenrueHuss MOKHO yTBEPKAAaTh, YTO MMEHHO yCIIEXU COBPEMEHHOMN
(U3UKHA BO MHOTOM OTIPEICTHIN BO3HUKHOBEeHHE U pa3Butue HTP.

Henb3st npencrasuts cebe HTP 6e3 Tpéx Bblaronuxcsi H300peTeHnit BeKa — mpaH3ucmo-
pa, nazepa, amomuozo peakmopa. C nzobperenueM Tpansucropa (1948) csizaHo pa3BUTHE CO-
BPEMEHHBIX CPEACTB Mepenauu HH(HOPMAIMH, BEIUUCIUTEIbHOW TEXHUKH, KOCMOHABTHKH, p0o00-
totexHuku. C nzo0perennem nazepa (1960) cBsi3aHO co3/aHe KAaYECTBEHHO HOBBIX TEXHOJIOTHI
B 00paboTKe MaTepuaioB U MEIUILIMHE, TIOSBICHUE HOBBIX BO3MOXKHOCTEH B Pa3BUTHU JIOKAIHH
U U3MEPUTENIbHON TEXHUKH, B COBEPILIEHCTBOBAHUH CUCTEM KOHTPOJIS, CBsI3U, 00pabOTKU U Xpa-
HeHus uHpopmarmu. C u3o0pereHrneM aToMHOToO peaktopa (1942) cBs3aHO co31aHue aTOMHBIX
JIBUraTeseil, BOSHUKHOBEHUE aTOMHOW YHEPTreTHUKHU.

Bce >1tu Tpu BhIgaromuxcs n300peTeHust ObLIH MPEIONpeIeIeHbl Pa3BUTHEM COBPEMEHHON
¢uzuku. Tpanzuctop nosiBuiics Oiaroaapsi BOSHUKHOBEHHUIO U Pa3BUTHIO GU3UKH TBEPIOTO Tena
u e€ ocoboil BeTBH — (DU3MKH TOJTYNPOBOIHUKOB. Jlazep — pe3ynbTaTr pa3BUTHS KBAHTOBOM
ANEKTPOHUKH, (PU3UKHU TBEPJIOTO Tena, PU3MKHU IMIa3Mbl. ATOMHBIA peakTop — JAETHUIIIE SACPHOM
¢usuku. Hanumo, xkak BugumM, xapaktepnoe 1 HTP onepexaroriee pa3Butre HayKH, MPOKIIa-
JBIBAIOLIEH MYTH JUIsl pa3BUTHS TeXHUKU. Hano moguepkHyTh, 4TO BCE MEPEUMCICHHBIE 3/1€Ch
¢u3nueckre HampaBiIeHHS, B CBOIO Ouepeb, OepyT Hadajgo OT KBaHTOBOM (usuku. B sTom
CMBICIIE KBAaHTOBas (PM3MKa MOXKET pacCMaTPUBATHCA KaK TEOPETHUECKass OCHOBA COBPEMEHHOTO
HAYYHO-TEXHUYECKOro nporpecca. OTMETHM, YTO B Pa3BUTHH SACPHON (DU3MKH BaKHYIO POJIb
CBhITPaJIM TAKXKE UIEH TEOPUU OTHOCUTEIBHOCTH.

Yuutenab. MHe MOHPaBUIIOCH, YTO U3 MHOTOOOPA3HBIX TEXHUYECKUX M300pPETEHUH HAIIeTro
BpeMeHU BBl BBIICIMIIA TPaH3UCTOD, JIa3ep, ATOMHBIN peakTop. HaBepHOe, 3TOT nepeueHb MOXK-
HO ObuTO OBl pacupuTh. OJHAKO HET COMHEHHS B TOM, YTO 3THU TPU H300PETEHHS CHITPaIH
MPUHIMIUAIBHO BaXXHYIO poJib B HTP.

ABTOp. Ilo 3TOI MpHUYMHE TPaH3UCTOD, JIa3ep U aTOMHBIA PEAKTOp JOJIKHBI, KAK MHE Ka-
KeTcs, 10CTaTOYHO OCHOBATEIBHO PACCMAaTPUBATHCS B IIKOJBHOM Kypce (PU3HKH.

Yuureab. Bol uMeeTe B BUy TEXHUUECKUE TOAPOOHOCTH?

ABTop. Kak pa3 Het. S umero B BUay (U3HMKY MPOIECCOB, MPOUCXOIANINX B TPAH3UCTOPE,



Ja3epe, aTOMHOM peaktope. UncTo onucamenvuviti TIOAXOA B JAHHOM CIydae HEIOCTATOYEH.
[IkOJIEHUKY JOJDKHBI IIOHUMATh (PU3MKY COOTBETCTBYIOIIMX MPOIIECCOB, OCHOBAaHHYIO, B KOHEY-
HOM CU€Te, Ha udesx K8aHmMo8ou husuxu.

Yuurtenab. Henp3st OHATH GU3UKY TPaH3UCTOpPA, HE MMEsl NMPEICTaBICHUs 00 dHEpreTuye-
CKHX 30HaX M MPUMECHBIX YPOBHSIX B MOJYMPOBOIHUKAX, HE 3HAS, YTO TAKOE p — A -TIEPEXO/I.

ABTOp. Bbl onanu B camyro To4ky. O4eHb Ba)KHO MPEABAPUTEIBLHO PACCMOTPETH C yda-
HIUMHECS PSIT BOIIPOCOB, OTHOCSAIINXCS K (PH3UKE MOTYNPOBOAHUKOB, KBAHTOBOW JJIEKTPOHUKE,
anepHoit usuke. [IpnuéM Bce ymoMsiHyTbIE BONPOCHI JOJDKHBI pacCMaTpUBAThCS HA OCHOBE
u/iel KBaHTOBOHM (DM3MKHM, a TaKkKe TEOpUU OTHOCUTENbHOCTH. [IpeacraBisercs nenecooopazHoit
Takas «Uenovka»: (yHIaMeHTalIbHbIE (DU3WYECKHE TEOPHH —> CIICIHAIbHBIC BOMPOCHI COBpE-
MEHHON (U3MKK — (pu3nKa pabOTHl TPAH3UCTOPA, Jla3epa, aTOMHOTO PEaKTOpa —> Pa3BUTHE CO-
BPEMEHHOM TEXHUKH.

Yunresb. Bol npennaraete peanuzoBaTh TaKylO «IIETIOYKY» Ha MPaKTHKE MpernofaBaHUs
¢u3uku B mkose?

ABTOp. BO BCskoM ciyuyae, oHa MHE KayKeTcsl pasyMHOW. IMEHHO Tak MOYKHO ObLJI0 OBI pac-
KPBITh Tepen mKoJgbHuKaMu TeMy «CoBpemenHas ¢usuka 1 HTP» — 6e3 o0mux pasroBopos,
Ha KOHKPETHOM MaTepuaie.

Panee MbI ynenunu BHUMaHue (QyHIAMEHTaIbHBIM (PU3UYECKUM TEOPHSIM — KBAHTOBOU U
TEOpHsl OTHOCUTEIBHOCTHU. Tenepb, Onupasich Ha HUX, PACCMOTPUM HEKOTOPBIE BOIIPOCHI COBpE-
MEHHOM (DU3HKH, CBSI3aB UX ¢ (PU3UKON TPAH3UCTOPA, JTa3epa, AaTOMHOTO PeaKTopa.

JieMeHThl QU3MKHU TBEPAOTO Tesa. JHepeemuyeckue 30Hbl 8 kpucmanrax. Ha pucyHke
2.25 moka3aHbl pa3peniéHHbIE 3HAUCHUSI SHEPTUHU dJICKTpOHA (OHH 3aKpalleHbl) Ui TPEX Ciyda-
€B a) JICKTPOH B aToMe, 0) 3JIEKTPOH, 0000IIECTBIEHHBIA KPUCTAIIOM B) CBOOOIHBIN AJIEKTPOH.
[Ipexxne Bcero mosicHUM, 4To Takoe 0000IIeCTBIEHHBIN MeKTpoH. [Ipu 00pa3oBaHuM U3 aTOMOB
KpHUCTaJlJIa T€ 3JIEKTPOHBI aTOMOB, KOTOpPbIE OBLITU CBSI3aHBI C sipamMu ciadee BCero (IEKTPOHbI
BHEIIHUX AJIEKTPOHHBIX 000JI0YEK), MEPECTAIOT ObITh «COOCTBEHHOCTHIO)» CBOMX aTOMOB, a Kak
OBl «OOOOIIECTBISAIOTCS) BCEM KPUCTAUIOM; 0000IIECTBIEHHBIH KPUCTAIIIOM SJIEKTPOH C paB-
HOW BEPOSITHOCTBIO MOXKET OBITh OOHApy>KeH BOJHM3H JH0O0T0 y37a KPUCTAUIMYECKON PEeIETKH.
Jlanee oOpaTtuM BHMMaHHE HA TO, YTO SHEPTeTUUYECKUE YPOBHU AJIEKTPOHA B aTOME IpeicTaBJIe-
HBI Ha PUCYHKE HEMHOTO «Pa3MBITBIMIY; CTEMIEHb UX «Pa3MBITUs» AE OmnpenenseTcst B COOTBET-
CTBHH C COOTHOILIEHHEM HEONpeAeIEHHOCTEN Ui SHEPTrUH U BpeMeHu: AE =~ h/ 7, rae h — mo-
crosiuHas [lmanka, a 7 — cpeaHee BpeMs KH3HH AJIEKTPOHA B TAaHHOM COCTOSIHUHM (HAIIOMHUM,
YTO 3JIEKTPOH MOXKET CIIOHTAHHO NEPECKOYUTh C JAaHHOT'O YPOBHA Ha Oosiee HU3KUH ypOBEHb). Y
CBOOOJTHOTO DJIEKTPOHA HUKAKUX 3aIPETOB Ha BO3MOXKHBIC 3HAYCHHS DHEPTUH HET; €r0 dHEPTHS
U3MEHSETCS HEMPEPBIBHO U MOXET NMPUHMMATh JH000€ 3HaueHue (Kak M y KJIACCHYECKOW Kop-
mycKyubl). UTo ke Kacaercst sHeprur 0000IIeCTBIEHHOTO 3JIEKTPOHA B KPUCTAJLIE, TO OHA 00pa-
3yeT 30Hbl (IIOJIOCHI); U3 PUCYHKA XOPOIIO BUAHO, YTO 3TOT CIIydai SIBJISETCS MPOMEXYTOUHBIM
MEXJ1y CllydaeM JIEKTPOHA B aTOME U CBOOOHBIM AIeKTpOHOM. HabmrogaeTcst 3akoHOMEpHOCTb:
yeM MeHee 02PAHUYeHO OBUJICEeHUEe NeKMPOHA, meM MeHbUle 0ZPAHUYeHUll U HA e20 dHepIUio.
CunpHee BCEro JOKaJIM30BaH 3JIEKTPOH B aTOME; B KpUCTaJJIe OTpaHUYEHUE JBUKEHHS 3HAUM-
TEJIbHO MEHbIIe — O00O0OIECTBIEHHBIN AIEKTPOH NepeMeIaeTcs 1Mo BCEMY KPUCTAUTy; Y CBO-
0OIHOTO 2JIEKTPOHA HET HUKAKUX OTPAHUYCHUH Ha JIBIKEHHE.
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PaccmotpuM snepeemuueckyro sony npuctanbHee. CTporo roBopsi, €€ cieayer IpecTaB-
JATH B BUJI€ HAOOpa OrPOMHOTO YMCIIA CIETKa pa3MbIThIX B3aUMHO MEPEKPHIBAIOINXCSA YPOBHEH
(puc. 2.26). KaxxoMy M3 HMX OTBEYAIOT JIBAa SJIEKTPOHHBIX COCTOSIHUS, W, 3HAUUT, HA KaXJIOM
TaKOM «ypPOBHE» MOTYT HaXOIMUTbCS J1BA IEKTPOHA (HAIIOMHMM, YTO 3JIEKTPOHBI OTHOCATCS K
(dbepMuoHam, OHM MOAYUHSIOTCS NPUHIMITY 3anperta [laynn); 3TH ABa 3JIEKTpOHA UMEIOT MPOTH-
BOIOJIO)KHO OPHEHTUPOBAHHbIE CNUHBL. [IpeanonokumM, 4To MOJTHOE YUCIO MECT IS DIEKTPO-
HOB (YHCJIO 3JIEKTPOHHBIX COCTOSIHUII) B 30HE PaBHO /N, a YHCIO CaMHUX JJIEKTPOHOB B JAHHOU
30He N /2 ;3Ha4MT, Takas 30Ha OyJeT 3aroIHeHa dJIEKTPOHAMHU HAMoJIOBHHY. Bo3mMoxkHa pa3Has
CTETEHb 3alOJIHEHHOCTH 30H 3JIEKTPOHAMMU; B YAaCTHOCTH, 30HA MOXET ObITh 3aIll0JHEHA 3JeK-
TPOHAaMU MOJHOCTBIO WUJIH, HAIIPOTUB, IIOJTHOCTHIO CBOOOIHA.

Husnekmpuku u memanivl. XapakTep 3all0JHEHUS 30H JEKTPOHAMU MO3BOJISIET OOBICHUTD,
MOYeMy JAMAJIEKTPUKH HE MPOBOASAT 3JIEKTPUUECKOTO TOKA, a METaJlIbl, HAlIPOTUB, MPOBOMST.
OO6patumcs k pucyHky 2.27. Ha HéM npencTaBieHbl AMAIEKTPUK (a) 1 metai (6). B oboux ciy-
qasix ©300pa)XeHbI 110 JIBE 30HBI — 30Ha NPosooumocmu (BEpXHss) U 8aieHmHas 30Ha (HIDKHSSA).
Jli1s Hac MHTEPECHBI TOJIBKO 3TH JIBE 30HBI, TaK Kak Bce 00Jiee BBICOKHE 30HbI BCET 1A MIOJTHOCTHIO
CBOOOJIHBI, a Bce Oosiee HU3KHE 30HBI BCETZa MOJIHOCTBHIO 3aIOJIHEHBL. Mex1y paccMaTpuBae-
MBIMH 30HAMH €CTh 00aCTh 3alPEIEHHBIX 3HAYCHNI SHEPIrUK MIUPUHON F; €€ Ha3bIBAIOT «3a-

MPEMEHHON 30HON». 3aMETUM, YTO IIMPHUHA 3aPEIIEHHON 30HBI, @ TAK)KE Pa3IMUHbIX SHEPreTH-
YECKHX 30H pa3jnyHa, K TOMY € OHa MEHSIETCSl OT MaTepuaia K MaTepuaiy.

N3 pucyHka BHIHO, 4TO y JMBJIEKTPUKA BAJCHTHAs 30HA NMOJIHOCMbIO 3aNOJIHeHd, a 30Ha
OPOBOJUMOCTH NOJIHOCMbIO C80000HA. DTUM U OOBACHSIOTCS AMAIEKTPUUECKUE CBOMCTBA MaTe-
puana. Ilyctb kK HeMy HpPUIIOKEHO HampsikeHue. YToObl MpU ATOM BO3HHUK 3JIEKTPUUECKUN TOK,
HE00XO0/IMMO, BO-TIEPBBIX, HAJMUUE HJIEKTPOHOB B 30HE M, BO-BTOPBIX, BOBMOXKHOCTb JUIS 3TUX
3JIEKTPOHOB HEMHOI'O YBEJIMUYUTh CBOIO SHEPTUIO (IO IEHCTBUEM MPUIIOKEHHOTO HAPSYKEHUS).
B 30He poBOMMOCTH B JAHHOM CIIy4yae JIEKTPOHOB HET. BaneHTHas ke 30Ha 3aIl0JIHEHA DJIEK-
TPOHAaMU MOJHOCTBIO, IOATOMY 3/1€Ch DJIEKTPOHBI HE MOTYT CMECTUTBLCS BBEPX; MO ILIKAJE dHEp-
TMH; UM IIPOCTO HEKYAA CMEIAThCS — BEAb BCE «YPOBHW» B 30HE 3aHATHI. DJIEKTPOHBI B Ba-
JICHTHOM 30HE MOTYT JIMIIb OOMEHMBATHCA APYT C APYrOM MecTaMu (SHEprueil), HoO He MOTyT
B3SITh HEPTHUIO OT IMPHWJIOKEHHOIO BHEIIHETO JJIEKTPUUECKOro nojisl. OHU y4acTBYIOT B TEILIO-
BOM JIBJKEHUU, HO HE MOTYT YIIOPSJIOYEHHO MEepeMeIIaTbes Mol AUCTBUEM MOJIA, T. €. He MO-
2ym co30a8amu NeKMpUYECcKULl Mox.

Wnoe neno — metami. B 30He MpoBOAMMOCTH MeTajlla €CTh U AJIEKTPOHBI, U CBOOO/IHBIE
MECTa; MMO3TOMY B JAHHOM CJIy4ae 3JIEKTPOHBI MOTYT y4acCTBOBAaTh B CO3JAaHUU JIEKTPUUYECKOIO
TOKa, UHBIMU CJIOBAMH, MOTYT UT'PaTh POJIb HOCUMmenel mokKd.

Honynposoonuku. Ilpeamnonoxum, 4To MUPUHA 3alpelméHHON 30HBI Ha pucyHke 2.27, a,
OTHOCSIIEMCS K JUDJIEKTPUKY, CTajga OTHOCUTEIbHO Majiol — meHee 1 3B. Tenepp Hag0 yuuThI-
BaTh KBAaHTOBbBIE MEPEXObl SJEKTPOHOB U3 BAaJCHTHOM 30HBI B 30HY MPOBOJUMOCTH (KBaHTOBBIE
CKauKH 4epe3 3ampeli€HHYI0 30Hy CHHU3Y BBEpX). DHEprusi Ijsl TaKuX MEpexoJoB Oepercs 3a
CYET BHYTPEHHEH SHEPIUM KpUCTAJlIa, UHAYE FOBOPS, 332 CUET SHEPIUU TEIIOBOTO JIBM)KEHHM. B
pe3yJibTaTe MOSBISIIOTCSA JIEKTPOHBI B 30HE MPOBOJMMOCTH M CBOOOJHBIE MECTa B BAJICHTHOM
3oHe. [lepen HaMu yrke He TUANIEKTPUK, a HOJYRPOBOOHUK.

DNEKTPOHBI B 30HE POBOJAUMOCTH MOJIYNIPOBOJHHUKA SIBIISIOTCS, OUEBUIHO, HOCUTEISIMHU TO-




ka. Tak kak BaJeHTHas 30HA TENeph 3all0JHEHA He J0 KOHIIA, TO OHA TOKe OyJIeT BHOCUTh BKJIAJI
B BO3HUKHOBEHHUE TOKa. /{7151 mosicCHEHHsI BOCIIONIb3yeMCsl BEChMa YCIIOBHOM aHaloruei: Booopa-
3UM IIOCTaBJIEHHBIE B PSIJI CTYJbsI U MPEAIIOJIOKHUM, UTO BCE CTYJIbs 3aHATHI, KPOME KpalHETo.
[TepenymepyeM CUASIIUX Ha CTYJbAX, HAYMHAS OT cBoOoaHOrO crtyna: 1, 2, 3, ... [IpeacraBum
nanee, yro Ne 1 mepecen Ha cBOOOIHBIN cTyll, 3aTeM Ne 2 mepecen Ha CTyJ, I7I€ PaHbIIe CHIENT
Neo 1, 3arem Ne 3 mepecen Ha ctyq, rae pasbiie cuaen Ne 2, u T. 1. [To Mepe 3Tux nepecaxxuna-
HUI cBOOOHOE MECTO Kak ObI epeMenalioch OT OHOTO Kpas psiaa K Apyromy. Tak U B BaJICHT-
HOM 30HE — BMECTO NEpEeMEILIEHHS JIEKTPOHOB MOJ JAEHCTBUEM MOJs yAOOHO paccMaTpuBaTh
nepemeleHue B 00paTHOM HAaIpaBICHUHU «CBOOOTHOTO MECTa»; JUIl HEro €CTh M MOJXOJsIIee
Ha3BaHUE — Owvlpka. VTak, mepexos 3JIeKTpOHA U3 BAJIEHTHOM 30HBI B 30HY MPOBOJUMOCTH MPH-
BOJIUT K BOSHUKHOBEHUIO Cpa3y 08YX HOcumenell moKa — DIIEKTPOHa B 30HE MPOBOJUMOCTH H
MOJIOKUTENBHO 3apPSXKEHHOM JABIPKU B BAJICHTHOM 30HE.

Ilepexonbl 2JIEKTPOHOB Uepe3 3aNpPEIIEHHYI0 30Hy CHU3Y BBEPX IMPOMCXOMAT BCE BPEMSI; OJI-
HAKO He HaOJI0JaeTCsl HeMpephIBHOE BO3PACTAHUU YHUCIIA AJIIEKTPOHOB B 30HE MPOBOAMMOCTH (U
COOTBETCTBEHHO JIBIPOK B BaJICHTHOH 30HE). J[e70 B TOM, YTO HapsAy C MepexolaMi CHU3Y BBEpX
MIPOUCXOAT Takke OoOpaTHbIE MEPEXO0/bl. ITO CIIOHTAaHHBIE MEPEXO/Abl; OHU MPUBOIAT K TOMY,
YTO BCAKHUN pa3 YHHUTOXKAETCS HOCUTEIh TOKA B 30HE MPOBOJUMOCTH M HOCUTEINb TOKa (JIbIpKa)
B BQJICHTHOM 30HE (KaK rOBOPST, IPOUCXOAUT PEKOMOUHAIIMS AJIEKTPOHA TPOBOJAUMOCTH U JBIP-
K1). B utore npu naHHO# TemnepaType KpUcTaila yCTaHABIUBACTCS OUHAMUYECKOe PABHOBECUE:
YHUCIIO TIEPEXO0JI0OB B €IUHHILY BPEMEHU CHU3Y BBEPX VpAGHOBeUIUBAEMCs YUCIOM TEPEXO/0B
CBEpPXY BHHU3, TaK 4TO B KaXJI0M 30HE OyAeT BCE BpeMsl COXPAHATHCS MOCTOSHHOE YHCIIO HOCUTE-
Jiel Toka (0JMHAKOBOE JUIsl 00EHX 30H).

Ecnu temneparypa nosynpoBOJHUKA BAPYT IMOHU3UTCS, MEPEXObI CBEPXY BHU3 CTAaHYT Ha
HEKOTOpOEe BpeMs npeobradamsy HaJ TMEepexoaMu CHU3Y BBEpX; UHMCIO HOCHUTENEW Toka Oyjaer
YMeHbUambcsl. 3aTEM PaBHOBECHE CHOBA BOCCTAHOBHUTCS, HO Y K€ IPU MEHBIIEM (UEM paHbUIE)
ymcie Hocureneil. Hao6opot, mpu Bo3pacTaHuu TEMIEpaTyphbl CTAHYT HA HEKOTOPOE BpeMs Ipe-
o01aaroIMMU TIepexo/ibl CHU3Y BBEpX, YMCIO HOCHUTENel Toka Bo3pacTéT. Takum oOpa3zom, B
MOJyIPOBOJIHUKE YUCIJIO HOCUTENEH TOKA (a 3HAUUT, U 3JIEKTpUUECcKasi IPOBOJIMMOCTb) JOBOJIBHO
CYILLIECTBEHHO 3a8UCUM OM MeMnepamypvl — C MOBBIIIEHUEM TEMIEPATYPhl 21eKmponpo8oou-
MOCMb NOIYNPOBOOHUKA ObICMPO pACmEm.

3aMeTHUM, YTO MPOBOJUMOCTb METaJlIa MEHAETCS C TEMIIEPATYpPOH AJEeKO HE CTOJIb CHIIBHO,
KaK y MOJIyIPOBOJIHMKA, a TJIABHOE, HE PacTET C HarpeBaHUEM, a, HAl[POTUB, YMEHbIIAeTCA. DTO
IIPOUCXOIUT U3-3a TOrO, YTO C HATPEBAHUEM KPHUCTAJLIA ATOMBI B KPUCTAJUINYECKOMN pEHIETKE KO-
Je0I0TCS UHTEHCUBHEE U TEM CaMbIM CO3/1al0T 0oJiee CephE3HYI0 TOMEXY MEPEMEIIEHUI0 HOCH-
tesielt Toka. KoHeuHo, 3TOT 3 deKT ecTh Takke B MOJYNPOBOJHUKE, HO TaM OH C JIMXBOH mepe-
KpBIBaeTCs yBEIMYEHUEM UHCIIa HOCUTENEH TOKAa C POCTOM TEMIIEPATYPHI.

IIpumecnvle nonynposoonuxu. J1o cux mop pedp 1uIa O YUCTHIX (OECIPUMECHBIX) MOIYIIPO-
BOoJHMKaX. Ha mpakTuke daie NpUMEHSIOTCS NPUMECHBIE MOJYNPOBOJHUKH, HMMEIOIIUE He-
OOJBIIYI0O MPUMECh MOCTOPOHHMX aToMoB (MOHOB). [Ipumecu 0OycCIOBIMBAIOT MOSIBIEHUE B
npezenax 3anpenéHHON 30HbI OJTHOTO WA O0JIee NPUMECHbIX IHEP2emUiecKux yposHell. IeK-
TPOH B IPUMECHOM aToMe — 3TO He 0000IECTBIEHHBIN KPUCTAIUIOM 3J1eKTpoH. OH JIOKanu30-
BaH B IIPeJeax aToMa; IO3TOMY M BO3HUKAET JIONOJHUTENbHBIN YPOBEHb, a HE 30HA.
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PaccmotpumMm ABa citydasi; ux WUTFOCTpUpYET pucyHok 2.28. B ciydae (a) nmpuMecHbIi ypo-



BEHb HAXOJUTCS BOJIM3U «IHA» 30HBI IPOBOAUMOCTH — Ha pacctossHuu E, ~ 0,01 5B ot Hero.

Taxoli ypoBeHb 00pa3yercs, KOTr/ia IPUMECHbIE aTOMbI UMEIOT Ha BHEIIHEH 000JI0UKe Ha 3JIeK-
TPOH OoJIbIIIe, YeM OCHOBHBIE aTOMBI (BaJIEHTHOCTh IPUMECHOTO aTOMa Ha €MHHUILY OOJIbIle Ba-
JICHTHOCTH OCHOBHOT0). M30BITOUHBIE 3JIEKTPOHBI TPUMECHBIX aTOMOB KaK pa3 M HaXOJSATCS Ha
PUMECHOM ypoBHE. Bripouem, CIOBO «HAaXOIATCS» HE BIIOJIHE TOJUTCS: yXkKe MpU HEOOJBIINX
temrieparypax (nmopsiika Bcero 10 K) 351eKTpOHBI € 3TOTO YPOBHSI EPECKAKUBAIOT B 30HY MPOBO-
JTUMOCTH, T. €. TOKUIAI0T CBOU MIPUMECHBIE aTOMbI U 0000IIECTBISAIOTCSA KPUCTAIIIOM (IIPH 3TOM,
KOHEYHO, HUKAKWX JILIPOK B BaJCHTHOHN 30HE He oOpazyercs). [loaTomy momoOHbIE pUMECHBIE
MOJYIPOBOJIHUKH, a TaK)Ke PUMECHBIE YPOBHU B HUX Ha3bIBAIOT OOHOPHbIMU, TIPUMECHBIN ypo-
BEHb BBICTYMAET 3/I€Ch B POJM JIOHOpPA — OH CHAa0XaeT 3JIEKTPOHAMHU 30HY IMPOBOJUMOCTH.
[IpuMepoM MOXKET CIIyKUTh MOITYNPOBOJHUKOBBIN KPUCTAJI TEPMAHMS C MPUMECHI0 MBIIIbSIKA
(E,=0,652B, E,=0,013 5B); HalOMHUM, 4TO repMaHUil YETBIPEXBAJICHTEH, a MBIIIbSIK MSATU-

BAJICHTEH.

B cnydgae (6) (cm. puc. 2.28) mpuUMeCHBIM yPOBEHb HaXOJUTCS BOJU3H «BEPIIMHBDY BAJICHT-
HOU 30HBI; OH 00pa3yeTcs B MOJTYMPOBOJHUKAX C MPUMECHBIMU aTOMaMH, HMEIOIUMH Ha BHEII-
Hell 000JI0uKke Ha OJUH IEKTPOH MEHBIIE, YeM OCHOBHBIE aTOMbI (BaJ€HTHOCTh NMPHUMECHOTO
aTOMa Ha €IMHUIly MEHbILIE BAJICHTHOCTH OCHOBHOTIO). Y3ke mpu Temneparypax nopsaka 10 K
3JIEKTPOHBI BAJICHTHOH 30HBI IEPEXOJAT Ha NPUMECHBIN YPOBEHb, T. €. 3aXBaThIBAIOTCS IIPUMEC-
HBIMU aTOMaMHU; IIPU 3TOM B 30HE MOSBISAIOTCS AbIpKH. [10100HbBIE MOMYNPOBOJHUKH U TIPUMEC-
HbIE€ YPOBHH Ha3bIBAIOT aKYenmopHuiMu; IPUMECHBIH YPOBEHb BBICTYNAET 3/1€Ch B KAaUECTBE aAK-
HenTopa (3axBaTyhKa) — OH 3aXBaThIBAET AJIEKTPOHBI M3 BaJCHTHOW 30HBI (M TEM CaMbIM CHA0-
xaet e€ Iplpkamu). [IppmepoM MOKeT CIyKUTh TepMaHUi C IPUMECHIO TPEXBAJICHTHOTO Oopa.

JIOHOpHBIE TTPUMECHBIE YPOBHHM HCTOIIAIOTCS, a aKIENTOPHBIE HACBHIIIAIOTCSA DJEKTPOHAMU
npu temneparypax nopsaaka 10 K. Ilpu pganbpHelieM yBeIMYEHUU TeMIEpaTypbl MOCTEIEHHO
BKJIIOYAIOTCSL B UTPY MEKIAY30HHBIE MEPEX0/bl (M3 BaJICHTHOM 30HBI B 30HY MPOBOAMMOCTH) —
KaK 1 B OECTIpUMECHBIX MOTYIpoBoaAHUKaX. [Ipy mepexonax JOHOPHBIN YPOBEHb —> 30HA MTPOBO-
JTUMOCTH POKIAIOTCS TOJIBKO OTPULIATEIbHO 3apsHKEHHBIE HOCUTENN TOKA — 3JIEKTPOHBI MPOBO-
JTMMOCTH, a MPH Nepexo/1ax BaJCHTHAast 30Ha —> aKIENTOPHBINA YPOBEHb — TOJIBKO MOJIOKUTEIb-
HO 3apsDKEHHBIE HOCUTEIN — AbIPKH. [Tpyu MeXy30HHBIX Nepexojax u Te, U IpyTrue poKJaroTcs
B OJIMHAKOBOM KOJIMYecTBE. B MTOre B JOHOPHBIX MOJYNPOBOJHUKAX BCETAA OOJBILIE IIEKTPO-
HOB TIPOBOJMMOCTH, Y€M IBIPOK, & B aKIENTOPHBIX — HAa00OpOT (pa3HHIa TeM CHUJIbHEE, YeM
0oJblIIe TPUMECHBIX aTOMOB B MOJYNPOBOAHUKE). [I03TOMY HOHOpHBIE MOTYNIPOBOIHUKU Ha3bI-
BAIOT TAaK)Ke IMOJYPOBOJAHUKAMHU n-TUMA (negative — OTPHUIIATENBHBIN), a aKIENTOPHbIE — p-
Tuna (positive — MOJOKUTEIbHBIH).

INeKmpoHHO-0bIPOUHbLLL nepexood (p — n-nepexod). Tak Ha3bIBalOT KOHTAKT MOJYTPOBOIHU-
KOB p-TUNa U n-tumna. [Ipm oOpa3oBaHMM TAKOro KOHTAKTa 3JIEKTPOHBI MPOBOJUMOCTH U3 K-
MOJTYTIPOBOJIHUKA, TJ€ UX B MUJUTHOHBI pa3 OOJIbIIIe, YeEM B p-TIOYIPOBOAHHUKE, HAUWHAIOT TIepe-
XOJUTh Yepe3 KOHTAKT B p-MOJYNPOBOAHUK; B OOpAaTHOM HAIPABICHUM MPOMCXOJUT MEPEXOa
JBIPOK. B pesynbraTte n-moiynpoBOJHUK 3apsDKAETCS MOJOXKHUTEIHHO, a p-TOTYIPOBOIHUK —
OTPULATENBHO; MEKAY MOIYNPOBOJHUKAMHI BO3HHKAET PAa3HOCTh MOTEHLUANIOB V. co3jaromas

9HEPreTUYEeCKUil Mopor BBICOTOH E, =el,, rie e — 3apsa 3IeKTpoHa (IbIPKH). DTOT MOpPOT

OPEnSTCTBYeT  JalbHEWIIEeMy HEKOMIICHCUPOBAHHOMY  MEpPeXoay  dJJEKTPOHOB B p-
MOJYIPOBOJIHUK U JIBIPOK B 1-TIOJYTIPOBOJHUK. PucyHOK 2.29, a WImoCTpUpyeT paccMaTpuBae-
MYIO0 CHUTYyaIuIO; 3/IeCh CJIeBa SHEPreTUYEeCKHe 30HBI p-TONYNPOBOJIHUKA, a COpaBa — #-
MOJTYTIPOBOJIHUKA, d — TOJIIMHA MPUKOHTAKTHOTO CIIOSI, B TIPEJesiaX KOTOPOTO COCPEI0TOYNBA-
eTcsi 00BEMHBIN 3apsi (MONIOXKUTEIBHBIN CIIpaBa OT JIMHUU KOHTaKTa A4 U OTpULIaTENbHBIN Cle-
Ba OT HEE).

[Ipennonoxum, 9TO K p — K -TIEPEeXoly NPUIIOKEHO HATpsHKEHUE V' B npsamom HanpasieHuu

(TutroCc K p-NOSyNpPOBOJIHUKY U MUHYC K A-IIOJYNPOBOJHUKY); TAKOH MEpexoj Ha3bIBalOT npsi-
Mbim. B 3TOM ciydyae BpICOTa 3HEPreTUYECKOTO IMOPOra YMEHBIIUTCS — OHA CTaHET PAaBHOMU



E, —eV (cm. puc. 2.29, 6); nosToMy uepe3 nepexo NOTEUET TOK.

Ecnu xe x p—n-nepexoly NpUIOKUTh HANpPsKEHUE B obpamuom Hanpasnenuu (obpam-
Hblli TIEPEXOJ), TO IOPOT, HAIIPOTHUB, BO3PACTET — OH CTAHET paBeH £, +el . SIcHo, uTo TOK 4e-
pe3 oOpaTHBIi mepexo] He TeueT; nepexo 3amnept. lIpukinansBas K p — 1 -epexoay Harpsbke-

HHE B MIPSIMOM HampaBJICHUH, Mbl KaK ObI OTKpBIBa€M IE€pexo/l, a B 0OpaTHOM — 3anupaeM. OT-
CI0J1a BUJHO, YTO p — N -NIEPEXOJ MOXKET CIY>KUTh BBIIPIMUTEIIEM IIEPEMEHHOIO IEKTPUYECKO-

T'0 TOKa.

dusuka TpaH3ucTOpa. [lnockocmuoi p—n— p-mpansucmop OOpa3oBaH JABYMS p-

HOJIYIPOBOJIHUKAMH M PACIOJIOKEHHBIM MEXJY HUMH A-TIOJTYIPOBOJHUKOM; OH COJAEPKHUT J1Ba
p—n-nepexona (MOXXHO Obul0o OBl TakXke B3ATb M — p—n-TPaH3UCTOp — JBa A-

HOJYTPOBOTHUKA M MEXIY HUMH p-TIOIYyIPOBOIHUK). PaccMOTprM 3leKTpHUEeCcKyIo cXemy, H30-
Opaxénnyro Ha pucynke 2.30, a (3necy /| — npsaAMoii nepexo, 2 — oOpaTHBIN Nepexo; JeBbIi
P-TIONYTIPOBOAHUK HA3BIBAIOT IMUMMEPOM, TIPABBI — KOJLIEKMOPOM, N-TIOTyTIPOBOJTHUK HAa3bl-
BatoT 6aszoti). Ha pucynke 2.30, 6 n300pa>keHbI SHEPTeTUIECKUE 30HBI MOy IPOBOIHUKOB, KOT/1a
HU Ha SMUTTEP, HM HA KOJJIEKTOP HANpsDKEHHE HE I0JaHO (HAllOMHUM B CBS3H C 3TUM
puc. 2.29, a). Ha pucynke 2.30, ¢ n300pakxeHbl 30HbI IPH HAJTMUUHU HANpsDKEHUs B cxeme. Yepes
npsiMoit mepexox / u3 amuTTepa B 0a3y mepexonsaT IbIpku. CymecTBEHHO, YTO TOJIIMHA Oa3bl
BECbMa Majla — M3MEpSETCsl THICIYHBIMU JOJIIMH CaHTUMeTpa. [103TOMy MHKEKTUPOBAHHbBIE B
0a3y M3 AMHUTTEpa ABIPKU MPOCKAKUBAIOT 0a3y W MOMAJaloT B KOJJIEKTOP, CO3/1aBasi TOK B IIETIH
KoJutekTopa. Hamnpspkenue, co3naBaeMoe OaTapeeil enu KOJUIEKTOPa, 3HAYUTEILHO OOJIbIIe Ha-
NpsDKEHUs. B 1IeTH SMuTTepa. [103ToMy OTHOCHTENBHO CHa0BIil CHUTHAJ, MOJAaBa€MBI HA BXO[
CXeMbI (B LEMb AYMHUTTEPA), MPEBPAIACTCS B YCHJICHHBI CHTHAJ Ha BBIXOJE CXEMBI. YCHIICHUE
HPOUCXOUT IO HAMPSDKECHNUIO M MOIITHOCTH.

B oTimumne OT 3NIEKTPOHHBIX JIAMII, YCHIIMTENN Ha TPAH3HCTOPAaX HE MMEIOT HaKaJMBaEMOI'O
kaToxa. Kpome Toro, oHM B IECATKH M COTHH pa3 MEHBIIIE [0 pa3MepaM U 0 Macce U paboTaroT
npu OoJiee HU3KUX HaNpsDKeHUX. Heaapom TpaH3uCTOpHI MOMYYHIH OY€Hb IIUPOKOE MPUMEHE-
HHE B COBPEMEHHOH 3JIEKTPOHHKE, TIOYTH MTOJTHOCTHIO BBITECHUB JIEKTPOHHBIE JIAMIIBI.

Mo:keT JiM CBeT YCHJINBATBLCH, MPOX0As Yepe3 BemecTBo? Kak M3BECTHO, MPU MPOXOK-
JICHUH Yepe3 BEIIECTBO cBeT ociabdmsercs. OJJHaKo BOZMOXKHO Takxke ycuneHue cBeta. IlycTs ge-
pe3 KOJJIEKTHB aTOMOB, YacTh KOTOPBIX HAaXOIUTCS Ha ypoBHe E,, a 4acTb Ha ypoBHE E,



(E,>E,), pacupocTpaHseTcs CBETOBOM IIy4OK, COCTOAMMH U3 (OTOHOB C dSHepruei
hv = E, — E,. ATOMBI, HaXOJsIIMECs HA ypOBHE E, MOTYT MOIJIOTUTH MO (JOTOHY U MepelTH Ha
ypoBeHb E, — 3TO0 cIIOCOOCTBYET OCJIA0JIEHUIO CBETOBOTO MyuKa. ATOMBI )K€, HaXOJSIUecs Ha
ypoBHe E,, MOTYT O] BO3/eiicTBUEM (JOTOHOB ITyuyka MEpeiTu Ha ypoBeHb E, ¢ UCIYyCKaHHEM

dboToHa Av (mpoliecc BBIHYKIEHHOTO MCITYCKaHUsI CBETa) — 3TO CIIOCOOCTBYET YCHIICHUIO ITyY-
ka. Yro Oyzaer npeobiagate — ocialieHne Mmydka BCIIEACTBUE MOTIIOMIEHUST (POTOHOB aTOMaMu
WM YCWJICHHE 3a CUYET BBIHYKIEHHOTO MCIycKaHUs? 3BecTHO, YTO BEPOATHOCTH MOTJIOIICHUS
¢doToHa aTOMOM Ha YpoBHE E, paBHa BEPOSTHOCTH TOTO, YTO ()OTOH BBI3OBET BHIHYKAEHHOE HC-

IMyCKaHHUEC B aTOMEC, HAXOAAIEMCA Ha YPOBHEC E2 ) 00e BCPOATHOCTHU NPONMOPHHUOHAIBbHBI INIOTHO-

CTH CBETOBOTO M3JTYUYCHUs, THUIUUPYIOIIETO pacCMaTprUBaeMble POIECCHL. DTO OBLIO IMOKa3aHO
yke B pabotax DuHmTelHa (cM. § 7). 3HaUuT, BCE AENO0 B TOM, KAKUX AMOMO8 OOoble — TeX,
KOTOpBIE HAaXOJATCA Ha YpOBHE E,, WM TeX, KOTOpbIe HaXoAATCs Ha ypoBHe E,. Ecim atomoB

Oosbiie Ha ypoBHE E|, TO Harie OyayT MPOMCXOANUTH AKThI MOTJIOMEHNS ()OTOHOB aTOMaMU — B

pe3yJibTaTe CBETOBOM IydOK OyaeT ocialmsTbes. Eciu jke OONBIIMHCTBO aTOMOB OKaXKETCS Ha
ypoBHe E,, T0 yame OyIyT NPOUCXOAUTH AKThl BBIHYKJIECHHOIO MCIYyCKaHHsS (DOTOHOB; B 3TOM

Cly4ae BBIHYXKICHHOE HCITyCKaHUE CBETa JOJHKHO MpeobiaaaTh Haj MOTJIOUIEHHEM U B Pe3yib-
TaTe CBETOBOM My4yoK ycwiuTcs. OOBIYHO, YEM BBILIE YPOBEHb SHEPrUH, TEM MEHbIIE HAa HEM
aTOMOB; TTOITOMY-TO OOBIYHO CBETOBOM MyYOK OCIa0IsieTcs, Mpoxos uepe3 BemiectBo. Creno-
BaTENILHO, JIJISl YCHJICHHSI ITyYKa HAJIO0 CO3AaTh HEOOBIYHYIO CUTYALUIO0 — K020d YUCIO AMOMO8
Ha bonee 8bICOKOM YposHe Oobule, yem Ha HudicHem. Kak TOBOPAT, HaJl0 CO3JaTh UHBEPCHYIO
(0obpawénnyro) 3acen€HHOCTh SHEPTETUIECKIX YPOBHEH B BEIIIECTBE.

Wrak, Hano mporyckaTh CBETOBOM My4YOK YEpE3 CpPeay ¢ MHBEPCHOM 3aCEIEHHOCTBIO YPOB-
HEH. I[JISI MMPUTOTOBJICHUSA TaKkoM Cpcabl MOXXHO BOCIIOJIL30BATHCA, HAIPUMEP, BCIIOMOTaTCIIbHBIM
U3Iy4YeHUEM, KOTOpOE NepeOpOCUT 3HAUNTENBHYIO YaCTh aTOMOB Ha BepXHHE ypOBHU. Bo3zmoxk-
HBI TAK)KE MHBIE TTYTH BO30YKICHHS aTOMOB, CKa)KeM, dJICKTPHUSCKUN pa3psil B Tase.

du3uka Jjgazepa. [[puanunuanpHas cxema Jiazepa nmpocra: cM. pucyHok 2.31 (/ — axTuB-
HBII DJIEMEHT, 2 — yCTPOMCTBO HAKAYKH aKTHBHOTO AJIEMEHTa, 3 — 3epKalia, 00pasyromniie pe-
30HATOP; OJTHO U3 HUX YACTUYHO MPO3PAUYHO — YEPE3 HETO BBHIXOIUT Ja3epHOE UTYyUEHHE).

(@)

«Cepaue» J1azepa — 3TO €ro akmuguvili saemenm. OH OTHAIEHHO HAIIOMUHAET KEKC C U3I0-
MOM. «VIBIOMUHKaM®», WU aKMUGHbIMU YEeHMPAaMu, SBIISTIOTCS MOHBI (ATOMBI, MOJIEKYJIBI), 00-
JaJlatolye CIeIYOIMM CBOMCTBOM: OKa3aBIINCh HA OJJHOM U3 CBOMX BO30YKJIEHHBIX SHEpPIreTH-
YECKUX YPOBHEH, OHU MOTYT OTHOCUTENILHO J0JT0 OCTaBAThCA TaM, HE TOPOIISICh CIIOHTAHHO CO-
CKOYMTbH Ha HWKHHME YPOBHHU. [103TOMYy MOXHO HaKOIUTh AJOCTATOYHO MHOTO aKTUBHBIX LIEHTPOB
Ha TaKOM YpOBHE — TakK, YTO UX CTaHET TaM 3HAUYUTEIbHO OOJIbIIIE, YeM HAa HUKHUX YPOBHAX. B
pe3yiabTare OyAeT co3/1aHa MHBEpCHasl 3aCeEHHOCTh YPOBHEH, YTO, KaK Mbl 3HA€M, HEOOXOAUMO
JUIsl Tpeo0I1a/ilaHus BBIHYKIEHHOTO HCITyCKaHUs CBETa HaJl MOTJIOLIEHUEM.

Jlns mpuMepa pacCMOTPUM KOHKPETHBIM aKTUBHBIN 3JIEMEHT — epanam ¢ Heooumom. I'pa-
HAT (TOYHEe, WUTTPUEBO-aJTIOMHUHHUEBBIM TPaHAT) MPEACTABISET COOON MPO3padyHBbId KPUCTAILL,
AKTHUBHBIE LIEHTPbl — HMOHBI HEOAMMA, OHU BBOASTCS B KPUCTAJUI B IIPOLIECCE N3TOTOBJICHUS aK-
TUBHOTO AeMeHTa. Ha pucynke 2.32, a mokazaHa ynpomni¢HHO CUCTEMa YPOBHEH HMOHA HEOIUMa



B I'paHarte. HOI‘HOH_[aSI H3JIYUYCHUC CHCHH&HBHOﬁ JIaMITIBI-OCBCTHUTCIIA, KOHBI HCOJUMAa 13036y>1<,£[a-
IOTCS: IEPEXOIAT HA YPOBHH 3. 3aTEM OHM OYEHb CKOPO COCKAKHMBAIOT C 3TUX YPOBHEH M HaKall-
JMBAIOTCS Ha ypOBHE 2, oTAaBasi U30BITOK SHEPrUM HA HAarpeBaHUE KPUCTauIa. AKTUBHBIN dIie-
MeHT OyJIeT rOTOB K padoTe Toraa, Korjaa Ha ypoBHE 2 HAKOMUTCS 3HAYUTENHHO OOJIbIIE HOHOB
HEO/JMMa, YeM MX UMeeTcsl Ha ypoBHE /. Tenepb JOCTaTOYHO «CUTHAIA», POJIb KOTOPOM ChITPaeT
(GOTOH C PHEPTHEH, paBHOW Pa3HOCTH SHEPTHM YpoBHEH 2 U 1, YTOOBI TPOU3OIIEN IPY>KHBIN TTe-
pEeXoj HIOHOB HEOIMMa C YPOBHsI 2 HA YPOBEHb /. B pe3ynbraTe BO3HUKHET JIaBHHA (POTOHOB, KO-
Topast ¥ OyAET MPEACTaBIATh COOOM Ja3epHOe H3TyUeHHE.

0 D,
A NN N

Ha pucynke 2.32. 6 moka3aHo, KaK Ha MPAKTHKE OCYIIECTBIIAIOT BO30YKICHHE aKTHBHBIX
LIEHTPOB B Jla3epe Ha IpaHare ¢ HEOAMMOM. AKTHMBHBIM 3yIeMEHT / W JaMIa-oCBETHTENb 2,
UMEOINE THIMHIpHYecKass GopMy, MOMemeHbsl BHYTpH oTpaxarens 3. [loutu Bcs cBeToBas
SHEprus JaMIlbl KOHIIEHTPUPYETCsl Ha aKTUBHOM 3JIEMEHTE.

I'oBopst 0 BO3OYXKIACHWM aKTHUBHBIX IIEHTPOB, MPUMEHSIOT TEPMUH «HAKayKay (AKTUBHBIC
LEHTPBI KaK Obl HAKAYMBAIOTCS SHEPrUei, HaKaIlIMBasCh Ha COOTBETCTBYIOLIEM ypoBHE). B Ha-
IeM TpuMepe PUMEHSETCS] onmuyeckas Hakauka. Bo3sMokHa onTHYecKass HaKauyka MOITHBIMH
CBETOBBIMU UMITYJIbCAMH, T€HEPUPYEMBIMH JIAMITO-BCIIBIIIIKOM, — B OTBET HA KaX/IbI UMITYJIbC
HAaKauyK{ BO3HMKAET MMITYJIbC JIA3EPHOTO M3IY4YeHUs (umnynbchas ONTHUYECKas Hakauka). Bos-
MOYKHO TaK)Xe€ HENpepbIBHOE O0Jyue€HHE aKTUBHOTO JIEMEHTa (Henpepvlénas ONTUYECKas Ha-
Ka4Ka); B 9TOM CIIydae JIa3epHOE U3ITydYeHHE MOXKET MPEICTABIISATH COOOH HETTPEPBIBHBIN JTyY WITH
PETryJISIpHYIO MOC/IE0BATEILHOCTh CBETOBBIX UMITYJIBCOB.

Ilpumeuanue. Jlazeppl C aKTUBHBIMU 3JIEMEHTAMH B BUJIE CIELMAIBHO U3TOTOBJIEHHBIX KpHU-
CTAJJIMYECKUX WM CTEKJISIHHBIX CTEpPKHEW Ha3bIBalOT meepoomenvHuimu. CylIeCTBYIOT TaKkKe
Ipyrue TUMbl JazepoB. Cpeln HUX OTMETHM 2a30pa3psoHble U HOTYNPOBOOHUKOBble Na3ephl. B
ra3opa3psIHbIX aKTHUBHBINA 3JIEMEHT — CIENHUAILHO To00paHHasi CMECh ra30B; POJIb AKTUBHBIX
LEHTPOB UTPAIOT OMPE/ICIEHHBIE ATOMBI, HOHBI WJIM MOJIEKYJIbI, BXOJAIIUE B 3Ty CMeCh (B J1a3epe
Ha T'eJINM U HEOHE aKTUBHBIEC LICHTPBI — aTOMbI HEOHA, B CO,-11a3epe — MOJEKYJIbl YIJIEKUCIOro
raza). [{ms Hakauku Tra30pa3psAHBIX Ja3€pOB HCIONB3YIOT dJeKTpudeckuid paspsia. [lomympo-
BOJ/IHMKOBBIE JIa3epbl HAKAYMBAIOT OMTUYECKU, OOMOAPAMPOBKON SIEKTPOHHBIM ITyYKOM, HO Ya-
e 3a C4€T PHEPrHMM BHEUIHETO AJIEKTPUYECKOTO MO, MPUIIOKEHHOTO K p — n-niepexony (uH-
YKEKIIMOHHBIE J1a3€Phl).

Ho BepréMcs k (usuke nporeccos B sazepe. MTak, Hakauka oOecrieunBaeT HHBEPCHYIO 3a-
CEJIEHHOCTh YPOBHEH aKTHBHBIX LEHTPOB. EciM Temepp HanmpaBUTh 4epe3 aKTUBHBIM JJIEMEHT
CBETOBOM Iy4OK COOTBETCTBYIOIIEH YacTOTHI, TO OH OYJET HE OCIA0ATHCS, a yCuIuBaThes. Beé
TaK ¥ OPOMCXOIUT B MPUOOPAX, HA3bIBAEMBIX K8AHMOGbIMU ycunumensamu ceema. Jlazep xe siB-
JSETC HE YCWIIMTENEM, a 2eHepamopom CBETA; 311€Ch HET IEPBUYHOrO CBETOBOro mydyka. Ilo-
9TOMY BaKHO IOHSTh, KaK jK€ HAUMHAETCA WIM, TOUYHEE TOBODS, 3apodicoaemcs TeHepalys Jia-
3€pHOI0 U3JIy4YECHHUSI.

Bcé HaumHaercs co cnonmannoeo ucnyckanusi csera. Posib mepBUYHbBIX ()OTOHOB, HHUIMH-



PYIOIIMX UCIyCKaHHE HOBBIX (BTOPHYHBIX) (DOTOHOB M TEM CaMBIM JAIONIUX HAYajo MPOIECCy
Ja3epHON TeHepaly, UrpaioT (POTOHBI, POAMBIIKECS MPH CIIOHTAHHBIX MEepeXofaX aKTHBHBIX
LEHTPOB C YPOBHS 2 Ha YpoBeHb / (Mbl UCIIOJIB3yEM CUCTEMY YpoBHEHM Ha puc. 2.32). Kaxabii
CIIOHTAHHO POJUBLINICS (POTOH MOXKET, B MPUHIUIIE, MHUIIUUPOBATH POXKJICHUE 1I€TI0N JTaBUHBI
BTOPUYHBIX (POTOHOB, JICTAIIUX B TOM K€ HAMPABICHHUH, YTO ¥ MEPBUYHBINA (POTOH (HAITOMHHM,
YTO MPU BBIHYKJIEHHOM HCITyCKaHUHM BTOPUYHBIA (POTOH MOJHOCTHIO KOMUPYET NEPBUYHBINA (o-
TOH).

Ho no3BosbTe, MOXKET 3aMETUTh BHUMATEIbHBIA YNTATEIb, BE/Ib CIIOHTAHHO PO>KIAIOLIUECS
(OTOHBI UCITYCKAIOTCSI AKTUBHBIMU I[EHTPAMU HECOTJIACOBAHHO BO BPEMEHU U TPUTOM B CaMbIX
pa3HBIX HAIPaBJICHUAX. 3HAYUT, B Pa3HBIX HAIPABICHUSAX «IIOOETYT» U COOTBETCTBYIOILIUE Ja-
BUHBI BTOPHYHBIX (poTOHOB. KakuM sxe 00pa3oM BO3HMKAET JIa3epHBIH JTy4?

Henoymenue unratens coBepiieHHO MOHITHO. UTOOBI MOTYyYUTH JTa3€pHBIH JTyd, HY’KHO Kak-
TO YHOPSAOYUTH ONMCAHHYIO BBILIE KApTUHY. DTO AENAET onmuueckui pesonamop. B npocteii-
IIIeM CJTydae OH MPEJCTaBIseT cOO0M Ba 3epKayia ¢ O0IIeH ONTHYECKON OChI0, (PUKCHUPYIOIIEH B
MPOCTPAHCTBE HarpasieHue JiazepHoro jyya (ock OO Ha puc. 2.31). AKTUBHBIN 3JIEMEHT Haxo-
ouTcs Mexay 3epkanamu. CrioHTaHHBIE (DOTOHBI, CilydaiiHO ponuBimuecs B HampaieHuu OO,
OyIyT MPOXOJUTH BHYTPU aKTUBHOTO 3JIEMEHTA OTHOCUTEIHHO JUTMHHBIN MyTh, KOTOPBIA, K TOMY
K€, MHOTOKPATHO yBEJIMYUBAETCS BCIEACTBHE OTPAKEHUHN M3ITydeHHUs OT 3epkail. Bzaumoneicr-
BySl C BO30Y>KIEHHBIMU aKTUBHBIMU IIEHTPAaMH, 3TH (OTOHBI UHUIIUUPYIOT, B KOHEYHOM CUETe,
MOIIHYIO JJABUHY BBIHYJICHHO HUCITYIIEHHBIX (JOTOHOB — Ja3epHbId Jyd. UTo ke Kacaercs Tex
CIIOHTaHHBIX (JOTOHOB, KOTOPHIE POJIMINCH B HHBIX HAPABICHUSIX, TO OHU MPOUIYT BHYTPHU aK-
TUBHOTO 3JIEMEHTA CPAaBHUTEIILHO KOPOTKHUI IMyTh U «BBIMIYT U3 UTPHD».

Taxum 006pa3zom, 3epkajia ONTUYECKOTO PE30HATOPA BBIJACISIOT B IPOCTPAHCTBE ONpeAeIEH-
HOE€ HaIlpaBJIeHHE, BJIOJIb KOTOPOTO Peaau3yloTcsi Haubosee OJaronpusTHBIE YCIOBUS IS pas-
BUTHSI (JOTOHHBIX JIABUH. DTO U €CTh HANPABJICHUE JIA3EPHOTO Jy4a; OH BBIXOIUT M3 PE30HATOPA
yepe3 ogHOo u3 3epkai. [loguepkHém: (OTOHHBIE JIaBUHBI 3apOXKAAIOTCS OT CIIOHTAHHBIX (POTO-
HOB U Pa3BUBAIOTCS B OMPECIEHHOM HAIIPaBICHUU BCJEICTBUE MPeoOIagaHus BHIHYKIECHHOTO
UCIyCKaHusl HaJ noryomneHneM. ONTHYeCKUii pe30HaTOp UIpaeT NPUHLIUITHAIBHO BaXKHYIO POJIb:
YOOPSAOYMBAET OypHO pa3BHUBAIOIIMECS B aKTUBHOM 3JIEMEHTE MPOLECCHl BBHIHYKICHHOTO HC-
IyCKaHUsl, HAIIPABIISIET UX B «HY)KHOE PYCJIO», U B UTOTE (hopMupyem iazepHoe uiyyeHue.

Iouemy nesleHHe TSHKEJABIX ATOMHBIX SIIeP MOXKET CJAYKUTb MCTOYHMKOM JHeprum?
ATOMHOE S7JpO COCTOUT U3 HYKIOHO8 — HEUTPOHOB U MPOTOHOB. MeX Ay MPOTOHAMHU JIEHCTBYIOT
CHJIBI JIEKTPOCTATHUECKOTO OTTaNKuBaHUs. OHU pa3opBaiu ObI sIAPO HA YACTH, €CIIH OBl UM HE
MPOTUBOCTOSIN MOLIHBIE /IEPHBIE CHJIbI, IPOYHO CBSA3BIBAIOIIME HYKJIOHBI B siipe. SnepHble cH-
JbI IEHUCTBYIOT MEXIY MPOTOHAMH, MEXKIY HEHTpPOHAMHU, MEXIY MPOTOHAMHU U HelTpoHamu. B
OTJIMYME OT BJIEKTPOCTATHUECKUX CUJI SIAEPHBIE CHIIbI SIBJSIOTCS KOPOTKOJACHCTBYIOIUMU; pau-

yC UX JIEUCTBHUS MOPSAKA 107" m.
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O603HaunM yepe3 A TMOJIHOE YMCIIO HYKJIOHOB B S/IPE; €r0 HAa3bIBAIOT MACCOBbIM YUCTOM.
Ywuciio mpoTOHOB paBHO aTOMHOMY HOMEpPY Z; 3HAUUT, YUCIO HEUTPOHOB ecTb A—Z . UToObI



pa3ienuTh TaHHOE SIpO HAa BCE COCTABJISIONINE €T0 HYKJIOHBI, HAJI0 3aTPaTUTh HEKOTOPYIO dHEP-
rut0 E, Ha3bIBaeMyl0 dHepeuel cea3u. YacTo paccMaTpuUBaIOT CPEIHIOK DHEPIUIO0 CBS3M Ha

c6
OJMH HYKIIOH, paBHYl0 E_/A; Oynem obo3HauaTh €€ 4yepe3 ¢. Ha pucynke 2.33 mzobpaxeHa
3aBHCHMOCTbB & OT MaccoBoro uucia 4. M3 pucyHka BUIHO, 4TO BHA4alle DHEPIUs CBS3H Ha HY-
KJIOH JIOBOJILHO OBICTPO PACTET, JOCTUTAaeT MAaKCUMAIBHOTO 3HaYeHUH (0kos10 9 M»1B) npumepHo
npu A =50, a 3aTem, npu JaJbHENHIIEM YBEIUYEHUN A, HAUMHAET OTHOCUTEJBHO IJIABHO CHU-
xatbes (1o 7,5 MaB g ypana). ToHKas TMHUSL HA pUCYHKE B 00J1aCTH JIETKHX sIJIEp OTpakaeT
«BCTIIECKH» YHEPTHH CBSI3H IS 0060 MPOYHBIX sifiep — ~He (3T si/1pa, HAMOMHMM, HA3bIBAIOT
a-gactumamu), “C, '°O.

O6mmit xapaktep 3aBUCUMOCTH &£(A) OOBICHSIETCS «IPOTHBOOOPCTBOMY SIAEPHBIX CHII
IPUTSKEHUS U AJIEKTPOCTATUUECKUX CHUJI OTTaJIKMBaHMs. biarogaps cBoemy AalbHOJEHCTBUIO
MOCJICTHAE BIUSIOT HAa XOJ KPUBOM TeM CHiIbHEe, ueM Oouibiiie A (TouHee, yeMm Ooublie Z; OHU
TIPOMOPUHOHATBHEL Z°); B Pe3yNbTaTe MPOYHOCTh Sep TPH GOMbIIMX A TOCTENEHHO CHHKAET-
csl.

3Hasi & A TaHHOTO $7Ipa, MOYKHO BBIYUCIUTH Maccy siapa M. OOpaillaeM BHUMaHHE Ha TO,
YTO Macca sJpa BOBCE HE paBHA CyMME MacC COCTaBIAIOIIMX 3TO SAPO HYKJIOHOB; OHa BCeraa
MeHbIIIe Ha HEKOTOpyIo BeanunHy AM . YMHOoxkuB AM Ha ¢’ (¢ — CKOPOCTh CBETa), MBI KaK
pa3 MOJIy4yMM TMOJIHYIO SHEPIruI0 CBA3U spa £A. YCTaHOBIICEHHAash T€OPUEW OTHOCHUTEIBHOCTH
B3aMMOCBSA3b MAacChl M SHEPTUU UTPAET 3/1€Ch MPUHIMIINAIBHO BaXKHYIO poiib. MTak,

M =[Zm, +(A-Zym, ]~ AM =[Zm, + (A~ Z)m,]- =2
c

(D
rie m, W m, — COOTBETCTBEHHO MacChl IPOTOHA M HEUTPOHA (€CIU /M — MAacca JIIEKTPOHA, TO
m, =1836m , m, =1839m). lIpuHsB, 1JIsl IPOCTOTBI YTO 3TH MACChI PaBHbI (/m, =m, =m'), Te-
penuieM (1):

Aeg

M = Am' -, )
C

[TpeanonoxuM Tenepb, YT0 HEKOTOPOE TKENOE SIPO (€ro Xapakrepuctuku: M, A, &) pas-
, A
JIeTUIIOCh Ha JIBa OJMHAKOBBIX sipa (XapaKTepUCTUKU KOHEYHOro siapa: M, EX &£,); 3TN sapa

OTME4YEHBI Ha pUCyHKE 2.33 Kkpyxkoukamu. M3 pucyHka BUAHO, 4TO &, > & ; B pe3yJbTaTe JAele-
HUS TSOKENOTO A1apa o0pas3yloTcs ABa spa, KaXI0€ U3 KOTOPhIX 0ojiee MPOYHO, YEM HCXOIHOE
AIPO.

Ae
Ucnonb3ys (2), 3amumieM mis MCXOAHOTO sAapa: M = Am'——» ¥ I1d AByX KOHEYHBIX
c

Aeg
sanep: 2M' = Am' ——* . Beruntas BTOpoe paBeHCTBO U3 NIEPBOTO, HAXOIIM

c

M—2M’:A%, 3)

Tax xax ¢, > &, T0, ciaepoBatensHo, M >2M'. Utak, neneHue THKENOTO siapa COMPOBOXK-
JIAETCsI «IOTepei» Macchl: cyMMapHasi Macca 2M ' KOHEYHBIX siIep OKa3bIBAETCS MEHBIIIE MACCh
M ucxomHoro sapa. B IeMCTBUTEIBHOCTH Macca HE MOTepsylach — OHA MpPEeBpaTUiIach B JHEP-
THI0, paBHY!O, cornacHo (3), A(e, —¢&,). Bor nouemy neneHue TSKEIBIX sIEP MOXKET CIIYKUTh
HMCTOYHUKOM DHEPTHUH.

Tenepb MBI MOXXEM clelaTh 3aKJIIOUYEHHE OOIIETO XapaKTepa: BCSKUU Mpoliecc, MPUBOMIS-



WA K TIEpEMENICHUI0 TI0 KpUBOi £(A) OT MEHBIIHX & K OONbIIMM (B HampaBICHHH K Ooliee

MPOYHBIM sIIpaM), COMMPOBOXKIAETCS BhIeIeHnEeM dHeprun. COOCTBEHHO TOBOPS, TAKUX MPOIIeC-
COB MOYKET OBITh JIBa: YK€ 00CYKTABIIMICS MPOIIECC OelieHus maxicénvix sioep (MPOUCXOIUT Tie-
peMelleHrne BBepX MO HUCXOJAIIEMY YYacTKy KpUBOH &£(A) U MpoLecC CrusHus OueHb NE2KUX

s0ep, Ha3bIBAEMbIN mepmosoepHbiM cunme3om (IPOUCXOIUT MepeMEIeHHe BBepX M0 BOCXOJIS-
IEMY Y4acTKy KpUBOM).

®du3zuKka aTOMHOr0 peakTopa. SIepHBIM TOIIMBOM B OOJBIIMHCTBE CYIIECTBYIOIIUX
ATOMHBIX PEaKTOPOB CIyKHUT > U (B MPHPOIE 3TOr0 M30TONa ypaHa B 140 pa3 MeHbiue, uem
M30TOIa 238U). SAnpo ypana aenuTcs Ipu nomnajgaHuy B Hero HeuTpona. [Ipouecc nenenus saep
23U nauboree r¢hdexTiBen (Hanbonee BeposTeH) LI JOCTATOYHO MEIICHHBIX — TEILIOBBIX —
HEUTPOHOB, UMEIOIIMX dHepruto npumepHo 0,1 3B. CymiecTBeHHO, 4TO NMpHU JIEJICHUH SiJipa ypaHa
00pa3yloTcsl ABa-TPU HOBBIX HEUTpOHA, Oiarojaps yeMy MOXKHO peain30BaTh CaMOIIOJIEPIKH-
BaIOLIYIOCS, LIETIHYIO peakuuio. Poxknaromuecs: npu J1eJeHUH ypaHa HOBbIE HEUTPOHBI MMEIOT
SHEPTHUI0 OKOJIO 2 MbB, mostomy 11t mocienyromero 3p()eKTUBHOrO UX HCIOJb30BaHHUs HEOO-
xoauM 3ameanuTenb. CTankuBasch C AIpaMH 3aMEJUIMTENsl, HEUTPOHBI OTHOCUTENBHO OBICTPO
pacTpauuBalOT CBOIO DHEPTUI0, IPEBPAIAIOTCS B TEIJIOBbIE HEUTPOHBI U MOTJIOIIAIOTCS HOBBIMHU
siapamu >°U, BBI3BIBAsL MX JeJeHHE. B mpoliecce 3aMe/IeHHs 9acTh HEHTPOHOB «BHIOBIBACT M3
UTPBD» — OHM BBUIETAIOT U3 aKTUBHOW 30HBI PEAKTOpA WIJIM IMOTJIOMIAIOTCS PA3TUYHBIMU MaTe-
puanaMu (3aMeIJIUTeNeM, TEIUIOHOCUTENEeM, KOHCTPYKIIMOHHBIMU MaTepuaiamMu u T.1.). g
o0ecreueHns HeTPEPHIBHOW pabOThI peakTopa BasKHO, YTOOBI BEPOSTHOCTh HEUTPOHAM «BBIOBITH
U3 UIPbD» OKa3ajach COTJIACOBAHHOM C YHCIOM POXKIAIOMIMXCS HEUTPOHOB; HEJApPOM pacuér
aTOMHOT0; PEaKTOpa JOCTaTOYHO TPYI0EMOK, IIpeAIoaaraeT y4€T MHOTHX (DaKTOpOB.

Ha pucynke 2.34 nmpeacraBieHa cxemMa aTOMHOTO SHEPreTH4YecKoro peakropa. 3aech: [ —
aKTUBHAsI 30Ha — 3aMeJJITUTEh HEUTPOHOB (IpaduT), B KOTOPHIA BCTABIISIOTCS TETIJIOBBIIEIISIO-
IIM€ AJIEMEHTHI (YPaHOBbIE CTEPKHH); 2 — TEIUIOHOCUTENb, HAIIPUMEp BOAA (BOJIAa UTPAET TaKXKe
pOJIb 3aMeJIUTENST HEUTPOHOB); 3 — OTpakaTellb, TPEIHA3HAYCHHBIN ISl YMEHBIIECHUS YTEUKH
HEUTPOHOB M3 aKTMBHOH 30HBI, 4 — pEryJupyIOLIMe CTepKHU W3 BELIECTBA, CHIBHO MOIJIO-
IAIOIIEr0 HEUTPOHBI; (KaAMM, O00p); 5 — 3ammTa aTOMHOIO peakTopa; 6 — TEII00OMEHHUK
(maporeneparop); 7 — TypOHHa; § — KOHJEHcaTop A oTpaboTaHHOro napa. B pesynbrare ne-
JICHUA AJCPp ypaHa B aKTUBHOI 30HE BBIACIIAACTCA DQHCPIrUA; OHA I/I)IéT Ha Harp€BaHue TCIIJIOHOCH-
TeJI1 ¥ BMECTE C HUM OTBOAMTCS M3 aKTHBHOM 30HBI. 3aTeM B TEMJIOOOMEHHHMKE SHEeprus, OTBe-
NEHHAsT U3 aKTMBHOW 30HBI, MpeoOpa3yeTcs B 3HEPTHI0 BOJASHOTO Iapa, 3aCTaBISIOIIETO Bpa-
marecs TypOuHy. Ilpomenmmuii yepe3 TypOuHY map KOHAEHCUPYETCS B BOJY, MOCTYMAOLIYIO
CHOBa B TEIUIOOOMEHHUWK. PaboTa peakTopa peryimpyercs CrelralbHbIMU CTEPKHSAMHU U3 Kal-
MUs WM OOPUCTOM CTalu: MOCTENEHHO BBIJIBUTAsl 3TU CTEPKHHU U3 aKTUBHOW 30HBI, YBEIMYNBA-
IOT KOJIMYECTBO HEMTPOHOB B 30HE M TEM CaMBbIM YJYUIIAIOT YCIOBHUS JJISI CAMOIIOIEPKHBATO-
meiicst peakuuu. HanpoTus, BIBUTAsl CTEP)KHU B 30HY, YMEHBILAIOT KOJIUYECTBO HEHTPOHOB B
30HE (BCIIEAICTBHE WX MOTJIOIIECHHS B MaTepHaie CTep)KHEH), 4TO MOXKET NMPUBECTH K MpeKpaiie-
HUIO CaMOIIO/JIEPKUBAIOIIEHCS peaKI[Mi U OCTAaHOBKE PEAKTOpa.



IIpo6saema ynpasiisieMoro TepmosiiepHoro cuHte3a. OrpomMHas SHEprusi 0CBOOOXKIaeTCs
IPU COEIMHEHUH JIpYT C APYTOM JIerdyaliliuX aTOMHBIX siIep — BOAOPOAA, Aedrepus (TAaxKENoro
BOJIOPOJIA), TPUTHS (CBEPXTSKENIOr0 Boopoa). Anpo aertepus (D) cocTouT U3 npoToHa U Heil-
TpoHa, a Tpuths (T) U3 MpoToHa U ABYX HEUTPOHOB. [Ipu cnustHUYM snep neHTepus U TPUTHUS 00-
pasyloTcs OueHb MPOYHOE AAPO renus (a-9acTHia) U cBoOOAHEI HelTpon: D+T — ‘He+n;
IpU 3TOM BbICBOOOXaeTcst sHeprus 17,6 MaB (Ha kaxayro napy saep D u T). [TomHoxeHnHOe
Ha OIPOMHOE YMCJIO B3aUMOJICHCTBYIOIINUX BOJOPOJAHBIX SIEP, 3TO KOJUYECTBO IHEPIHH U JAET
Ty (haHTACTUYECKYIO SHEPTHUI0, KOTOpasi BBLACISAETCSA PU B3pbIBE BOJIOPOTHON OOMOBI.

Uro0bl peann3oBaTh CIAUSHUE JETKUX SAep, HEOOXOAMMO HAarpeTh BOJAOPOIHYIO CMECH JI0

Temmnepatypsl cBbie 10’ K — uHave A1pa He CMOTYT MPEOOIETh SIEKTPOCTATUYECKOE OTTaJl-
KUBaHHUE U COJIM3UTHCS JIO PACCTOSHUMN, HA KOTOPBIX HAUMHAIOT JI€WCTBOBATh sJepHbIe cHilbl. 110
9TON NpHUYMHE MOJOOHBIE pEaKIMM Ha3bIBAIOT mepmosadepruimu. B BogopoaHoil 6ombe Takue
OTPOMHBIE TEMIIEpPaTyphl CO3JAIOTCS B PE3yJbTaTe B3pbIBA aTOMHOU (ypaHOBOI) OOMOBI, Wr-
paroiieil B JaHHOM CiIy4ae poJib B3pbIBaTels. [Ipyu 3ToOM mponucxoasaT HeynpasisieMbIe IPOLIECCHI,
IPUBOJAIINE K KATACTPOPHUUECKUM pa3pylICHUsIM. A HEJb34 JIM CIeNaTh TEPMOSIEPHBIN CUHTE3
ynpagasaemvim?

Hapn nanHo# npo6sieMoil yuéHble yHOpHO paboTaloT BOT YK€ HECKOJIBKO JECATKOB JeT. Pe-
HIEHUE MPOOJIEMBbl YIIPABIIEMOr0 TEPMOSIEPHOIO CUHTE3a UMEET UCKIIIOUYUTEIBHO Ba)KHOE 3Ha-
YeHHEe JUIsl YeJIOBEYEeCTBa, TaK KaK 3TO €CTh PELICHHE SHEPreTU4ecKod MpoOsieMbl (M MPUTOM
9KOJIOTUYECKH onTHUMaibHOe). CeroaHs oOIIECTBO YJOBIETBOPSET CBOM MOTPEOHOCTH B IHEp-
TUH, TJIaBHBIM 00pa3oM, CKurasi yroiyb, Topd, ra3, HegTh; oTyactu (mpumepHo Ha 10%) 3TH mno-
TPEOHOCTH YJOBJIETBOPSIOTCA 32 CUET SHEPTUM THAPOIIEKTPOCTAHIIMIA U ATOMHBIX 3JIEKTPOCTAH-
ii. Ho mpupoaHbie 3amacel HeTH 1 Ta3a, a 3aTeM | yriis ObicTpo ucromarotes. [logcunrano,
YTO YesjoBedecTBY He(pTH U ra3a xBaTuT Bcero Ha 30 — 50 net, a yras — nwa 100 — 200 ner. Kpo-
M€ TOTO, CKUTATh YToJb, TOP(, a 0COOEHHO HE(PTH U Ta3, BO-TIEPBBIX, HEPALMOHAIBHO (CIKUTALT-
Csl ICHHOE CBIPHE JUISl TIOTYYEHUS! MHOTHMX XMMHMYECKUX MPOAYKTOB, JUJIsl POU3BOJCTBA Oelka,
OpPraHUYeCKUX yJT0OpEHHH), a BO-BTOPHIX, SKOJIOTUIECKH BPEIHO (B atMoc(depy BHIOpachIBacTCS
00JIbIII0€ KOJIMYECTBO YTIJIEKHUCIIOTO ra3a, COeIMHEHUH cepbl U a30Ta). BoT mouemy Tak Ba)KHO
OBJIaJIETh HOBBIM M NPUTOM IMPAKTUYECKU HEHCUEPIAEMbIM, 3KOJOTHYECKH MpPUEMIIEMbIM, Ha-
NEXKHBIM UCTOYHUKOM SHEPTUHM — TEPMOSIEPHBIM CHHTE30M. 3aMETUM, YTO JeiTepuil B n300u-
JUHU COAEPKUTCS B BoJax MHpPOBOro OkeaHa, a TPUTUA MOXKET BOCHPOU3BOAMUTHCS HA CaMUX

TEPMOSIEPHBIX CTAaHIMAX U3 utus (n+ °‘Li — T+ ‘He).

UccnenoBanus 1o ymnpasisieMoMy TepMosiiepHoMy cunTesy, Beayiuecs B CCCP u 3a py-
6exxom Oomnee 30 JyieT, MO3BONMIM PEHIUTH Psi MPUHLUMIHNAIBHBIX 33/7a4: HarpeB IUIa3Mbl JI0
CBEPXBBICOKMX TEMIIEPATyp, yAEpKaHUE Tropsiuei Imia3Mbl BHYTPH BaKyyMHOUM KaMepbl MPH I10-
Moty MarauTHOro nois u 1p. B CCCP B MHcTuTyTe atoMHo# 3Heprun nmenu U. B. Kypuarosa
co3naHa ycraHoBka «Tokamak», B KOTOpPOH 3a CUET MPOTEKAIOIIMX B MJIa3ME 3JIEKTPUUYECKHUX TO-

KOB Y/Ia710Ch TIONYYnTh Temmepatypy 1,5-10" K . Oxunaercs, uto Ha 6aze MOAOOHBIX YCTAHOBOK

yJnacTcst co3ath npumepHo uepe3 10 — 15 et nepBele mepmosidoeprvie 21eKmpocmanyuu.

[TapannenbHO BeIyTCsl UCCIENOBAHUS MO OCYIIECTBICHHUIO YIIPaBIISIEMOIO TEPMOSAEPHOTO
CHHTE3a 3a CUET HarpeBa TepMOSIEPHON MHUIIEHH MOIIHBIMH JIa3€pHBIMH MMITyJIbCaMH (1a3ep-
notti Tepmosinepubiii cuntes). B CCCP 3t uccnenoBanusi Bo3riaBisieT @U3NUECKUT HHCTUTYT
umenu I1. H. Jlebenesa AH CCCP.

[Monmpobuee ¢ mpobIeMol YIIpaBIIsieMOr0 TEPMOSIEPHOTO CUHTE3a, OCHOBHBIMH TIPHUHITUIIA-
MU U HalpaBJICHUSIMHU TEPMOSICPHON SHEPTeTUKH MOXKHO MO3HAKOMUTHCS, HAIIPUMED, 110 KHUTE
[90]. O6 uccienoBaHUsX 1O JIA3EPHOMY TEPMOSIEPHOMY CUHTE3Y MOXHO MPOYHUTATh B [66, 121].



Huanoe. O HOBOM ONTUKE, POXXAEHHOW ra3epom

Yumureasb. S He BNOJHE COIVIACEH C JAHHOM aKaje-
MUKOM KeapoBeIM XapakTepUCTHKOH OCOOEHHOCTEH
HTP (ona mpuBoaunace B § 9). OH roBopui U MPUTOM
JIOBOJIBHO KaTeropu4yHo, uro B HTP pa3Butme Hayku
orepexaer pa3BuTHe TexHUKH. [lo-moeMy, OH MpoTUBO-
peuut cam cebe — Beab Mepel ITUM OH XK€ caM OTMe-
yaJ, 4To 00e peBOMIOINH (B HAYKE U B TEXHUKE) B3aUM-
HO BJIMSIIOT JPYyT Ha Apyra. OT0 JEHCTBUTENBHO TaK; Mo-
9TOMY TE3UC O IMPUOPUTETE HAYKU HE JIOJKEH ObITh Ka-
teropuuHbiM. KoHe4HO, pa3BUTHE HayKu Mpenorpese-
JIUJI0O MHOTHE TEXHUYECKUE OTKPBITHUA (00 3TOM 00CTOsI-
TEJIbHO TOBOPUJIOCH BBILIE), HO, B CBOIO 0Yepe/ib, yCIeXU
TEXHUKH JaJIM UMITYJIbC HOBBIM HayYHBIM MCCIIEOBAHU-
aM. Bo-niepBbIX, OHU pacIIMpUIN BO3MOXKHOCTH Hay4YHO-
ro noucka. JlocTaTouHO BCIIOMHMTB, YTO H300peTeHHE
3MEKTPOHHOIO MUKPOCKOMA CIOCOOCTBOBAJIO Pa3BUTHIO
OMOJIOTMYECKUX HCCIIEIOBAaHUM, a CO3[JaHHE YCKOpHUTE-
Jei 3apsHKEHHBIX YaCTHIl — Pa3BUTHIO (PH3UKH dJIEMEH-
TapHBIX YacTUll. Bo-BTOPBIX, ycriexu TEXHUKH HEeU30exk-
HO MOPOXAAIOT HOBBIE MPOOJIEMBI, TPEOYIOIIUE HOBBIX
Hay4HBIX peleHui. Tak, HaCKOJIBKO MHE U3BECTHO, ECTh
npobaemMa co31aHusi BBICOKOA(P(EKTUBHBIX, MOIIHBIX U
Ha/I&KHBIX Ja3epoB — 3TO TpeOyeT, OYEBHUJIHO, CEPbE3-
HBIX HAay4YHBIX U3bICKaHUU. Tak 4TO, XOTs HayKa U oIpe-
JIENIeT CETONHA BO MHOTOM TEXHUYECKHH IPOTPECC, OlI-
HaKo, €CTh U 00paTHOE BO3JIEHCTBHE: TEXHUYECKHH MPO-
rpecc, B CBOIO OYepelb, B HEMAJIOW CTENEHU CHOCOOCT-
BYET Pa3BUTHIO HAYKHU.

ABTOp. BbI 04eHb UATEKTUYHO MOCTaBUIINA BOMPOC.

— Yro rakoe ronorpagus? Sl paznmensaro Bamy TOUKy 3peHMS: HEIb3sl KATETOPUYHO
— 310 cnocof noaydath o6bemubie o
H3o0paxeHus. TOBOPUTH O MNPHUOPUTETEC HAYKH ICPE TCXHUKOU. Ko-
— A uTO THl 3Haemwh O HeJNHHeHHOH

onTHRE> HCYHO, HayKa B HAIlIC BpEMA UI'PaCT CYIICCTBCHHO Oosee
— Huuero... BAXXHYIO POJIb, HEXKCIIN B IIPOILJIOM BEKC. U ne IIpoCTO

1%, 4poxe fusurs, Ba)XKHYI0, HO, MOHO CKa3aTh, OINpEENSIOIIYI0 POIb.

Bcé 310 Tak — U B TO K€ BpeMs HE COBCEM TaK.
Yumnreasn. Kak roBopurcs, Tak 1a He Tak.

ABTOp. ECTh 0YEHB SIPKUIl 1 K TOMY K€ OYEHb IOJIC3HBIN JIJIS MIKOJBbHON (DU3UKU TIPUMED.
PazBuTHe coBpeMeHHON (M3MKHM MPUBEIO K HM300peTeHuio jna3epa. B cBowo ouepenb, nazep
BJIOXHYJI HOBYIO )KM3Hb B ONTHKY, JIaB B PYKH MCCIIEIOBATEIEH CBETOBOM JIy4 C YHOPSAI0YEHHOU
CTPYKTYpOH (Kocepenmubiii Iy4).

Yuurenn. Uto Brl imeere B BUy, TOBOPSA O JIyd€ C YIOPSAIOYEHHON CTPYKTYPOi1?

ABTOp. U3nyueHue, moxoxee Ha MOHOXPOMATHUECKYIO BOJIHY C YETKMM BOJIHOBBIM (PPOH-
ToM. M3myuenue oObIYHBIX (Hesa3epHbIX) HCTOYHUKOB CBETA BBITJISAMT MO CPAaBHEHHUIO C Jlazep-
HBIM U3JTy4EHHEM KaK «CBETOBOH IIyM» — OHO HE MMEET HU JOCTAaTOYHOW MOHOXPOMATHUYHO-
CTH, HU HANPaBJICHHOCTU. ET0 Ha3bIBAIOT HEKOT€PEHTHBIM U3ITyYEHHUEM.

C nosiBNEHNEM KOTE€PEHTHOI'O Ja3€pPHOI0 M3JIyYEHUs HAa4aJloCh MHTEHCHBHOE PAa3BUTHE Ta-
KHUX HOBBIX BETBEH ONTHUKHU, KaK 20102pagus n HeauHetinas onmuxa. IMEHHO X 5 U TIoJIpa3yme-
BaJjl, FOBOPS O TOM, 4TO JIa3ep BJOXHYJ B ONITUKY HOBYIO KU3Hb.



Yuurenb. Bol 3amernnu, uro Bam npumMep odeHb moJie3eH A MKOIbHOM ¢u3uku. Ho B
Hel o rojorpaduu JHIIb YIOMHHAETCS (KaK O METOJE IMOIMydeHUs OOBEMHBIX M300paKeHU).
UYro e KacaeTcst HeIMHEWHON ONTUKH, TO OHA JaKe HE YIIOMUHAETCHI.

ABTOpP. O6 3TOM MOXHO TOJBKO MOXaNeTh. I onorpadus — MpeKpacHbI U IPUTOM Oelicii-
BUMENLHO COBPEMEHHBII NPUMED, UNTIOCMPUPYIOWULL KaK uHmepgepenyuio, max u ougpaxyuio
ceéema. Ha sTare 3amnucu roiorpaMMbl IPOUCXOIUT UHTEPGEPEHIIHNS OIOPHOM JTa3epHOM BOJIHBI €
00BEKTHOM BOJTHOM (BOJIHOM, OTpayk€HHOM OT 00beKTa). Pe3ynpraT uHTEpPepeHIINN 3aKperiseT-
¢4 Ha rojorpamme. Ha 3Tame cuMThIBaHUS TOJIOrpaMMa OCBEIIAETCS OMOPHOM BOJIHOM, KOTOpast
UCTIBITHIBACT JU(PPAKIUIO HA CIIO)KHOM MHTEPHEPEHIIMOHHOM PUCYHKE TOJIOTpaMMBL. S He 00b-
ACHAIO ceiyac GU3MKY M TEXHUKY 3alMCHU U CYUTHIBAHUS TOJOTPAMMBI; MOJIarai, 4To HeoOXo-
JMMBIe CBesleHus o rojorpaduu Bam uzBecTHsl. B kpaitHeM ciydyae 006 3TOM MOXKHO MPOYECTD B
MOMYJISIPHBIX KHUTAX, HanpuMmep [92, 116, 121, 139].

Yuurenab. JleficTBUTENbHO, TONOTpadgust Aa€T BOZMOKHOCTh OOCYAUTh MHTEP(HEPEHIUIO U
nudpakmuio ceeta. S Oyay MCIosib30BaTh ATO B CBoel mpakTuke. Ho ronorpadus nHTepecHa HEe
TOJIBLKO ATUM. OHa MO3BOJISET MONYyYaTh YAUBUTEIbHBIE 00bEéMHbIE U300padicenus. Ha Bcex, KTo
BUJUT UX BIEPBbIE, OHU MPOU3BOIAT OUEHb CUIIBHOE BIIEUATIICHHE.

ABTOp. ['0BOpSI 0 MONIBb3€ PacCMOTPEHUS TOIOrpaduu B MIKOJIE, sl MPEAroiarail YeTbIpe Mo-
MeHTa. Bo-mepBbIx, romorpadus kak mpuMep Ha TeMy 00 unmepghepenyuu u ougppaxyuu ceema
(0 ué™m yxe ToBOpMIIOCH). Bo-BTOPBIX, TosOrpadus Kak Hogwvlll cnocob 3anucu u 80cnpoussgede-
Hus uzoopaxcenut (To, 0 uéM BpI cefiuac ckazanu). [Ipuuém aemo He TOIBKO B MOTyYeHHUH (-
(bexkTHBIX 00BEMHBIX M300pakeHuil. O4eHbh BaXXHO, YTO MH(MOPMAIUS O KaXJIOM Y4YacTKe TO-
BEPXHOCTH O0BEKTa «3amucaHa» Mo BCe MUIOIIAaU rOJIOTPaMMBI; MO3TOMY HE CTPAIIHO HCIOp-
TUTh WINA TMPOCTO yNAIUTh YacTh IUIOIIAJXA TOJIOTPAaMMbl — BCE paBHO OyAET BOCCTAaHOBJICHO
MOJTHOE N300paKeHHE 00HEKTA.

YuuTeib. ITO TOBOPUT O BHICOKON HAIEKHOCTU XpaHEHUS HHPOPMAIUH HA TOJIOTPaMMe.

ABTtop. Koneuno. Kpome Toro, Ha oJHOW TrojIorpaMMe MOXKHO XPaHWUTh OYEHBb OOJIBIION
00bEM nnpopmanuu. CkaxkeM, Ha rosorpamme pazmepamu 10 x 10 cM MOXXHO, B IPUHIIUIIE, 3a-
MUCaTh, a 3aTEM MOCTPAHUYHO CUUTATh LEbli ToM bonbmioit CoBeTckoil DHIMKIONEIUUA. DTO
TOBOPUT 00 MCKIIIOUUTEIBHO BBICOKOW MH(OPMALMOHHONW EMKOCTH TrosiorpaMMbl. Bo3moxHO, B
OyayIieM 4eloBeuecTBO OyJeT NpeArovuTaTh XpPaHUTh WH(GOpPMAIMI0O UMEHHO B BHJE TOJIO-
rpamMM. He TOJbKO rojorpaMM KHUT U YepTeKeH, HO TakkKe rojorpaMMm oObEMHBIX (GUTYp, YHH-
KaJTbHBIX CKYJBITYpP U T. 1.

Yunreasn. [[ymaro, uro B OyayiieM roiorpammbl OyayT HIMPOKO HCIIONB30BATHCS B yueO-
HOM IIpOILIECCE B IIKOJIE.

ABToOp. [lo-Bumumomy, Tak u Oyner. CyIiecTBYIOT TOJCTOCIOWHBIE, HIIM 00BbEMHBIC, TOJIO-
rpaMMbl (TOJIIMHA IO (POTOIMYIBCHH OKOJIO 20 MKM). 3alMCBIBAlOTCS OHU, KaK M OOBIYHbIC
rOJIOTPaMMBI, B JIA3€PHOM CBETE, OJIHAKO I CYUTHIBAHUS UX JIa3ep YKe HE HY)KEH — HUX MOXKHO
IIPEKPACHO PA3IIIAAbIBATh B COJIHEYHOM CBETE, B CBETOBOM JIy4€ M3 IIPOEKIIMOHHOIO anmnapara u
Ja)ke B CBETE€ OT OOBIYHOM JIaMITbl HaKalIMBaHMs. Takue rojorpaMMbl MOTYT HCIOJIb30BaThCS B
MIKOJBHBIX y4eOHHKaX — KakK OObEMHBIC WIIIOCTPAIMK WM, YTO OCOOCHHO MHTEPECHO, Kak
TpéxMepHble Tpaduku, OOBEMHBIE T€OMETPUUYECKHE MOCTPOeHUs. biaronmapsi rojorpammam
MIKOJBHUKH B JIFOOOM MYyHKTE CTPaHbl CMOTYT «BOOYMIO» IMO3HAKOMHTHCS C MUPOBBIMU IIIEJICB-
pamMu CKYJBOTYPBI U @pXUTEKTYPhl, C YHUKAJIbHBIMH apX€0JIOrMUYeCKUMU HaXOAKaMH | T. T1.

Yuurenab. A ronorpaduyeckoe KHHO?

ABTOp. Jla, u xuHO TOXe. KcTaTu, mepBbIil KOPOTKOMETPAXKHBIN ToJIorpauiecKuii KHHO-
¢uBM C ycriexoM geMoHcTpupoBacs emé B 1976 r.

Ho notiném ganpmre. 'oBopst 0 moak3e n3ydeHus rojorpaduu, Mbl OTMETHIIH TTOKA JBa MO-
MeHTa (BO-TIEPBBIX M BO-BTOPHIX). A Tenepb — B-TpeThuX. I 0r10epaghusi npedcmasnsiem coboi
BAdCHBIU WAz 6 0enadenuy maxou ¢gopmoti mamepuu, kax noae. C gewyecmeom 4eloBEK Havall
pabotare naBHO. CerofHs OH BiaJeeT MHOTMMHU crioco0amu 0O0pabOTKM M XpaHEHHsI BEIIECTBA.
Wnoe neno — none. 31ech caenanbl Moka TOJNBKO MepBble mard. ['onorpadus — OJUH U3 TaKUX
11aroB, 1 UMEHHO B 3TOM, Ha MOW B3IV, €€ MPUHLMINAIBHOE 3HaueHue g Hac. Koraa mbl



CUMTBIBAEM T'OJIOTPAMMY, Mbl BOCCTAHABIIMBAEM pedibHoe CBETOBOE I0JIe, HACTOJIBKO K€ peallb-
HOE, KaK CBETOBOE TI0JIe, OTpakaeMoe caMuM o0bekToM. Co3maBas mipu nomomd DBM crenwm-
QJIbHBIE TOJIOTPaMMBI (Belb UHTEPPEPEHIIMOHHBIN PUCYHOK Ha TOJIOrpaMMe MOXET ObITh CHHTe-
3UPOBaH UCKYCCTBEHHO), MOYKHO BUJIOU3MEHSTh, T. €. 00pabamwviéams, CBETOBOE TOJIE.

Yuureasn. ['onorpadus kak MeTo 00pabOTKH CBETOBOTO MOJIS?

ABTOp. Kak mMeTo, mMo3BOJSIOMNNA HE TOJIBKO 00pabaThiBaTh, HO U KOHCEPBUPOBATH (Xpa-
HHTB), a 3aTEM BOCIPOHM3BOIUTH CBETOBOE IOJIE.

Hakonen, B-ueTBEPTHIX, rojorpadusi MOXKET paccMaTpUBAThCS Kak MPUMEpP, WUILTIOCTPH-
PYIOLIUI HM3BECTHYIO @uiocogckyio chupans (AUAJEKTHYECKUH 3aKOH «OTPHUILIAHUS OTpHILIA-
HUS).

Yuureasn. ['onorpadus u punocodpus? [IpusHarbes, 10BOJIBHO HEOXKUIAHHBIM TOBOPOT.

ABTop. [IpencTtaBuM Mmo3TamHO pa3BUTHE METOOB MOIYUYEHUs U300pakeHuit. [lepesviii (Ha-
YalbHBIN) dTan (puc. 2.35, a): moMeniaeM OCBeIEHHBI 00BEKT MPOCTO mepes dkpaHoM. CBeTo-
BBIE JTy4H, OTPAKEHHBIE 00BEKTOM, TIOMAIA0T HA dKpaH, HO N300paKeHUSI OHU HE CHOPMHUPYIOT
— BeJlb JIYUH «IIE€PEIyTaHbl»: OT KaX0W TOUKH IMOBEPXHOCTH O0BEKTa JIyYH MOIAJal0T Ha BCIO
Iomaas 3kpana. Ux tpedyercs Kak-To ynopsaountb. Bmopou stan (puc. 2.35, 6): ynopsgoye-
HUE XOJIa JIy4ei OCYIIECTBISIETCS BEChbMa MPOCTO — MEXIYy OOBEKTOM M IKPAHOM IMOMEIIAIOT
MIEPETOPOJIKY C HEOOJBIITMM OTBEPCTHEM (Tak (GopMUpYyETCS M300pakeHHe B KaMepe-00CKype).
N3obpakenue momydaercst 4€TKOE, HO, K COXKAJIEHHUIO, 37€Ch UCIOIB3YETCs OUeHb Masiasi IO
CBETa, OTPaAXEHHOTO 00BbEKTOM. Tpemuii dtan (puc. 2.35, 8): ynopsijoueHrue xoa Jyden ocyIe-
CTBJIICTCA C IIOMOIIBIO JIWUH3BI UJIN CUCTCMBI JIMH3, HOMeIHaeMOfI MCKOY O6I>CKTOM " 3KPAHOM.
[To cpaBHEHMIO € MPEABIAYIIUM METOAOM 37eCh A1 GOPMUPOBAHUS N300paKEHUS UCTIOIB3YET-
Csl 3HAUUTENBHO OOJIbIe cCBeTa OT o0OBekTa. Yemgépmuoiii dTan (puc. 2.35, 2) — ronorpadude-
ckuii otan. Kak u Ha mepBOM U3 pacCMOTPEHHBIX ATAIOB, 3/1€CH HE MPEAIPUHUMAIOTCS MEPhI 1O
YIOPAIOYECHUIO X0/ JIy4el — HET HU NEPETOPOJAKH C OTBEPCTUEM, HU JIMH3; KaK U PaHbIIIE, JIy-
YH OT KaXJ0H TOYKM OOBEKTa MOMaJaroT Ha BCIO IUIOMIAhL 3KpaHa. [IpaBna, Teneps HUCIONb3Y-
IOTCS JIy4H OT Jia3epa, dKpaH (TouHee, POTOIKpaH) UMEET BHICOKOE MPOCTPAHCTBEHHOE pa3pele-
Hue: He meHee 1000 MuHMIA Ha MM, a K «TIEpEMENIaHHBIMY JIydaM OT 00BhEKTa T0OABICHBI YIIOPS-
AOYCHHBIC JIYYHW OIIOPHOIrO ITy4YKa. NmMmenno »T0 ¥ MO3BOJISIET BITOCJICACTBUU (HpI/I CUHUTbIBAHUU
roJIOTpaMMbl) 00€CTIeYUTh aBTOMATHUECKOE «PACIyThIBaHUE» OOBEKTHBIX Jyueil. MTak, Mbl Kak



OBl BEPHYJIHCHh K MCXOJHOMY 3Tally, HO Ha Ka4eCTBEHHO MHOM YPOBHE — HAJMIIO BUTOK (prio-
co(CKOM CIIUpaTH.

Yuureasn. [la, rema «'onorpadus» siBisiercss B camoM jene riryookoil. E€ usyuenue B mko-
ne, 6e3 COMHEHHsI, OBIIIO OBl MOJIE3HBIM BO MHOTHUX OTHOIIEHUsAX. J[yMaro, 4To mpu pa3padboTke
JeMCTBUTENIFHO COBPEMEHHOTO IIIKOJILHOTO Kypca (PU3UKH OHa OyJIET 10 JOCTOUHCTBY OlLIEHEHA.

ABTOp. DTO XK€, NO-BUMMOMY, HAJ0 CKa3aTh U 0 TeMe «HenuHeitHas ontukay. 31€ch Tak-
K€ TOJIHUMAIOTCSl MPpUHIMNHAIbHBIE Bonpockl. Kak Bbl monaraere, u3aMeHsI0TCS 1M XapaKTepu-
CTHKH BEIIECTBA 100 OelicmaueM C8emo8o20 nyykd, KOTOPbI pacIpOCTpaHsAeTCs B ATOM Belle-
cTBE?

Yuurens. [lokazarens npenoMieHus cpelibl HE 3aBUCUT OH MHTEHCHUBHOCTH cBeTa. To ke
MO>KHO CKa3aTh U O IPYTUX XapAKTEPUCTUKAX CPEIIbI.

ABTOp. Tak Ob110 110 Ma3epoB. C UX MOSBICHWEM CHUTYyallusl W3MeHWIach. Hanpsok€HHOCTD
II0JIs CBETOBOM BOJIHBI OT JIa3€pa MOXKET CTaTh CONOCMASUMOU C HAPSHKEHHOCTHIO TIOJIEH B aTo-
Max M MOJIEKyJiaX BEIIEeCTBAa; B 3TOM ClIydae MpH MPOXOXKIECHUU TaKOH CBETOBOW BOJIHBI Yepes
BEIIECTBO €r0 XapaKTePUCTUKU HM3MEHAIOTCA. VI3MeHeHHe MMeeT oOpamumulii XapakTep: Kak
TOJIKO IIPEKpalaeTcsi 00JydeHre BellecTBa Ja3epHbIM U3TyUYeHUEM, XapaKTepUCTUKU BellecTBa
CTaHOBSITCS MPEKHUMH — TaKUMHU, KAKUMH OHU OBLIM 10 oOmyueHus. [IpuMepom MOXeT ciry-
KUTh UMEHeHUe NPO3Pa4HOCMU cpedbl IO BO3ACHCTBUEM JIa3€PHOTO Jyya. JTO MOUCTHHE YIU-
BUTEJIbHAS KApTHUHA: MOIIHBIN JIA3€PHBIA UMITYJIbC, [1aJ1as HA HEMPO3PAYHYIO MIACTUHKY, TOYTH
MOMEHTAJILHO npoceem.isiem €€ U MPOCKAKUBAET HACKBO3b, MOCJE YEro IUIACTUHKA TYT K€ CTa-
HOBUTCSl Hempo3payHoil. He MeHee yIMBUTENBHO W SIBICHUE 3ameMHeHus cpeovl. 31ech BCE
MPOUCXOAUT HA0OOPOT: MIACTHHKA, OBbIBIIIAS BHAauUaje MPO3payHON, MyTHEET MpHu O0IyueHUH eé
cBeToM. O0a OTMEUEHHBIX SIBJICHUSI OTHOCATCS K HEIUHENHO-ONMUYECKUM S8IEHUAM.

Yuuresb. Kak 00bACHUTH yUamumcst GU3UKY ITHX SBJICHHA?

ABTOp. DTO OYE€HB JIETKO CHAENAaTh, €CIIM ydalluecss 3HAKOMBI ¢ a3aMH KBAaHTOBOW (DHU3HKH.
Haunéwm c senenus npoceemnenus cpedwi. Ilycth cpena nornomaeT CBET Ha YacTOTE V, IPU ITOM
aToMBI (TIOIJIOLIAIOIINE LIEHTPBI) EPEXOAAT ¢ ypoBHs E, Ha ypoBeHb E, (E, —E, = hv). Momw-

HOE JIa3epHOE U3TyYEHHUE YaCTOTHI V MOXKET BbI3HATh aKTUBHYIO «I1€peOPOCKY» aTOMOB C YPOBHS
E, na ypoBenp E,. Kak TOIbKO YMCIIO aTOMOB Ha 00OMX YPOBHSAX CTaHET OJMHAKOBBIM, CPEla

MOJTHOCTBIO MPOCBCTIIUTCA — YTPATUT CIIOCOOHOCTD norjiomarb CBETOBOC M3JIIYUCHUC (Tenepb
YUCIIO0 MEPEXOoa0B El —>E2 B CIUWHHIY BPEMCHHU CTAHOBUTCA paBHBIM YHCITY IMIEPEXOOA0B

E, — E,, Tak 4TO CKOJIBKO ()OTOHOB AV MOTIJIOINAETCs U3 IIyyKa CBETA, CTOJIBKO K€ JJ0OaBIIsAeTCs

B HEro 3a Cué€T BBIHY)KJIEHHOTO ucmyckanus). [locne mpekpamieHusi o0IydeHus: Cpesibl CBETOM
aTOMBI BCKOPE «COCKaKHBAIOT» CIIOHTAHHO € ypOBHA £, 00paTHO Ha ypoBeHb E, — cpezaa CHo-

Ba MpuoOpeTaeT CnocOOHOCTh MOTJIONMIATh N3TyYSHHE Ha YacTOTe V (CTAHOBUTCS HETIPO3PAYHON).

Aenenue 3amemHenus cpedvl 0OBACHICTCS CTOND ke TpocTo. [Ipeamnonoxum, yTo paccTos-
HHUE MEXIY YPOBHSMHU aToMa paBHO 2Av (WIM HpPEACTaBUM, YTO TAaKOBa IIMPUHA 3alPEUIEHHOM
30HBI B MMOTYMPOBOJHUKE). Takue aToMbl (TaKoii MOIYIPOBOJAHUK) HE MOTYT MOTNOMATH ()OTOHBI
hv — cpena npo3padHa JJist U3Iy4YeHus Ha yactore V. Ho mpu J0CTaTouHO BHICOKOWH WHTEHCHUB-
HOCTH HU3JTYyUYCHHUSA CTAHOBUTCA BO3MOKHBLIM IOIJIOMICHHUE Cpa3dy JABYX (I)OTOHOB; HUX CyMMapHas
SHEPrus Kak pa3 paBHA PACCTOSHUIO MEXIy YPOBHSIMH aroma (WM MIUPUHE 3aNPEIIEHHON 30HBI
B MOJIYIIPOBOIHUKE), B pe3yJIbTATE MPO3PAYHOCTh CPebl yMEHbIIaeTcs. YeM OOoJbIlie MHTCHCHB-
HOCTBh CBETa, TEM B8eposimuee 08YX(OMOHHOe noz2ioujeHue |, CIeI0BATeILHO, TEM B OOJBIICH
CTETICHU 3aTEeMHSETCS Cpelia.

Yuurtenab. 3HaUUT, IpU OOJBIION HHTEHCUBHOCTH CBETA JIOJDKHA MCYE3aTh KpacHas IpaHHIIa
dororddexra? Beapr B 3TOM ciydae, Hapsly ¢ ypaBHeHHeM OWHINTeWHa mist gorodddexra
(ypaBuenue (1) B § 7), mpeaycMaTprBarONIMM MOTJIONIEHHE (HOTOIIEKTPOHOM OJHOTO (DOTOHA,
HaJI0 MCIOJb30BaTh ypaBHeHME FE, =2hv— A, mpeaycMmarpuBaroliee MOTJIomeHne (OTOIeK-

TPOHOM cpa3y JIBYX (POTOHOB.
ABTOp. Tak u ecTh B JIUCTBUTEIBHOCTH. [IpH T0CTaTOYHO OOJBIION MHTEHCUBHOCTH CBETa



BO3MOJXKHO TOTJIONIEHHE (POTOIIEKTPOHOM Cpaszy HE TOJIBKO JBYX, HO U TpEX U aaxke Oonee ¢o-
TOHOB. DTO €CTb MHO20(omouHblll Gomodghgexm. OH TaKKe OTHOCUTCA K HEITWHEWHO-
ONTUYECKUM SIBJICHUSM.

Yuuresb. A Kak 00BACHICTCS TEPMHUH «HEJTMHEHHAs ONITHKA» ?

ABTOp. He BXoas B jaeTaqv MareMaTHYECKOTO armapaTa HEeJIWHEWHON ONTHKH, MOSCHUM
3TOT TEPMUH cieayomuM oopazom. Korna cBeToBas BojiHA MPOXOIUT YEpe3 Cpeay, AIeKTprude-
CKO€ T10JIC BOJHBI CMEIIAET IEKTPOHHBIE 00JIaka aTOMOB OTHOCUTEIHHO aTOMHBIX SIJIEp — Cpe-
Ja noasApuzyemcs. ITy MOISPU3ALNI0 MOKHO PacCMaTpHUBaTh KaK «OTKJIMK» CPEbl HA BHEIIHEE
BO3/ICHICTBHE — CBETOBYIO BOJIHY. OOBIYHO YKa3aHHBIH OTKIIUK NPAMO NPONOPYUOHATIEH BO3IICH-
CTBUIO, 3aBUCUT OT HEro JIMHEHHO (0OBbIYHAsI ONTHKA — 3TO «IMHEWHas ONTHKay»). B ciydae xe
MOIIIHOTO JIA3€pPHOT0 M3JIY4YEHUsI OTKIUK Cpenbl (€€ Mossipu3anys) CTAHOBUTCS HENUHEUHbIM —
KBaJIpaTUYHBIM WJIK KyOUYHBIM — 10 OTHOIICHHUIO K BHEIIHEMY BO3CHCTBHIO (HANPsSKEHHOCTH
MOJIsL BOJIHBI). BOT 3Ta HENMMHEWHOCTH MOJISIPU3AIMU CpeAbl B 00YCIIOBIMBACT, B KOHEUHOM CUE-
T€, pa3JINYHbIE HEJIMHEHHO-ONTHYECKHE sBJIIeHUs. OTCI0la U TEPMUH «HEIMHEWHAas ONTHKay.
[Ipy nuHEWHON CBA3M MEXAY MOJAPU3ALMEN CPeAbl U HAIPSKEHHOCTBIO CBETOBOIO IOJIS pac-
MIPOCTPAHSAIONIMECS B CPEli€ CBETOBBIC BOJIHBI JAPYT C JAPYroM HE B3auMoAeHCTBYIOT. HenunHen-
HOCTb YIIOMSIHYTOH CBSI3U IIPUBOJUT K 83aUMOOelcmeuio 0aH. B pe3ynprare 3Toro B3auMozeil-
CTBHUSI MOTYT BO3HUKATh CBETOBBIE BOJHBI C YABOECHHOW, YTPOCHHON YacCTOTOM, C CYMMapHOU U
Pa3HOCTHOM YaCTOTaMH.

Yuuresnb. Hackonbko s NOMHIO, CIIEKTPAJIbHASE HEU3MEHHOCTh MOHOXPOMAaTHYECKOTO CBETA
— AKCMOMa HbIOTOHOBCKOM ONTHKH.

ABTop. Bepno. Henapom dpaniry3ckuii moast Jromap nucan B 1758 r.:

Ho uto xe? Cux nyuell TOHYaii1Iee CTpOEHbE
He B cunax u3MeHUTH JIOACKOE yXUIIPEHbE!
Borte crapanus! Jlyd kpacHbIi WiIb MHOH,
Ycunbs 010J1€B, IIBET COXPAHSIET CBOM.

Tax neiicTBUTENBEHO OBLIO 10 BOBHUKHOBEHUS HEIMHEHHON ONTUKU. Teneph ke MosiBUIach BO3-
MOYKHOCTh YJIBaBaTh W yTpauUBaTh YacTOTY CBETA, CKJIAJIbIBATh W BHIYUTATH YacCTOTHI H, Oojee
TOTO, IJIABHO MEPECTPanBaTh YacTOTy cBeTa. [Iporyckas ia3epHOe H3ITyueHHE YacTOThl V uepes3
CHEKTPAIbHBIA MPUOOpP, HA3bIBAEMBIN napamempuieckum 2eHepamopom céemad, MOXKHO TIO Ke-
JIAHUIO TUTAaBHO M3MEHSTH YaCTOTY M3IIyYEHUS OT 3HAYCHHS V IO HEKOTOPOTO MEHBIIEro 3Haue-
HUS V,. YBOEHHE YaCTOThI (2eHepayusi 6Mopol ONMU4ecKoM 2apMOHUKU), YTPOSHUE YaCTOTbI

(eenepayus mpemvell 2apMOHUKY) TIIIaBHAs TEPECTPOIKa YacCTOTHI (napamempuieckas 2eHepa-
yusi ceema) — BCE ITU HEIIMHEHHO-ONTHYSCKHE SBIICHUS HAXOMSAT CETOIHS MPAKTUICCKOE MPH-
MEHEHHE.

Yuntenb. Eciiv 3T SBIEHUS MepeBECTH HA A3BIK (DOTOHOB, TO IMOYYACTCS, YTO MMPHU TeHe-
paius BTOPOM TapMOHHMKH MPOUCXOAUT CIUsHHUE ABYX (OTOHOB /v B omuH (oToH 2AV, a mipu
TeHepaIluy TPETheH TapMOHUKH — CIUSHUE TPEX (DOTOHOB B OJTUH.

ABTOp. A TIpu MapaMeTpUYecKO reHepaly CBeTa MPOUCXOAUT PaCIIEIJICHHE HUCXOIHOTO
¢doToHa Ha JBa HOBBIX (DOTOHA. 37€Ch MPOSBISACTCS XapaKTepHAs YepTa HEIIMHEHHO-ONTHICCKIX
SBIIEHUN — MM OTBEYAIOT MHOTO()OTOHHBIE AJIEMEHTAapHBIE TIPOIECCHI.

Yunteanb. O0bEMHOE TONOrpaduueckoe N300paxkeHne moxoxe Ha ay0. Ho B HenmHEWHON
ONTHUKE «YYJEC», MOXKaIyH, modoiee: N3MEHEHUE YacTOThI CBETA, MPOCBETICHUE U 3aTEMHEHUE
Cpepbl.

ABTOp. 3/1€Ch €CTh U TaKoe YJUBUTEIbHOE SIBICHHE, Kak caMO(OKYCHpOBKA CBETa: CBETO-
BOH IMyYOK B Cpe/ie HEe pacIIupsieTcs, a, HAMpOTHB, (POKYCHPYETCS B TOHKYIO CBETOBYIO HHTH.
Cnucok «4yjiec» HeTUHEHHON ONTHKHU JocTaTouHO oOmmmpeH. [lpu sxenanun MoxHO Oonee moa-
POOHO MTO3HAKOMUTKCS C HUMU, TPOUYUTAB, Haripumep, [44, 93, 121].

Yuntesb. PakTUUECKH pedb UIET O KAYECTBEHHO HOBOM OITHKE.

ABTtop. CosepmieHHo cornaceH ¢ Bamu. U romorpaduro, u HEMMHENWHYIO ONTHUKY MOXXHO
OBLIIO OBl HA3BAaTh «ONTUKOM, POKIEHHON JazepoM». XOTS uaen 000MX ONTHUYECKUX HarmpaBJe-



HUI 3apOAMIINCH 10 TOSBICHMSA Jla3epa, OJHAKO MMEHHO Ja3ep o0ecneums pa3BUTHE ITHX Ha-
MPaBJICHU.

Yunresb. BoT 1 nonyyaercs, YTO CETOAHs HE TOJIBKO HayKa OINpPEAEseT pa3BUTHE TEXHU-
KH, HO U TEXHUKA ONpeIeIAeT JAIbHENIIee PAa3BUTHE HAYKH.

ABTOp. CHauana KBaHTOBAsI ANEKTPOHUKA, (PH3HKa TBEPAOTO Tena, (PU3MKA IIA3MBbI CJeNaln
BO3MOXHBIM CO3[IaHM€ Ja3epa. 3amem na3ep Aajl UMITYJIbC Pa3BUTUIO roorpapuu U HeJlnHe-
HOU onTuku. Ho TOUKy cTaBUTH paHo. Ycnexu rojorpaduu U HEMUHEHHON ONTHKH, 8 C68010 Oye-
peob, TO3BOJISIOT COBEPIIEHCTBOBATh U Pa3BUBATh Jajee JIA3EPHYI0 TEXHUKY (HO 00 3TOM MbI
ceiiuac roBoputh He Oynem). Kak BUIUM, 63aumoenusnue Hayku u mexwuku 6 Hauie 8pemsl, no
cymu oena, Heucuepnaemo.

§ 10. B I'J1IYbb MATEPUWN: OT ATOMA —
K KBAPKAM

ATomHoe saapo 10 1932 r. Ha ocHOBaHMM ONBITOB MO paccestHuio o-4yactull Pesepdopa B
1911 r. mpumén K BEIBOAY, UTO B IIEHTPE aTOMa €CTh MOJIOKHUTEIBHO 3apsKEHHOE MAJIoe AJIpo,
3aKIoyaromee B cede MOYTH BCIO MAaccy aroMa (CIOBO «AApO» MPOUCXOAUT OT IPEUYECKOTrO
«XaZpoc», YTO O3HAYAET «MACCUBHBIN, TSHKENBINY). B0 SIcHO, UTO B COCTaB siipa BXOJAT MPO-
TOHBI, M1 YTO YHCJIO NMPOTOHOB B SJPE PABHO UUCIY AJIEKTPOHOB, IBHXKYIIUXCS OKOJO A1pa, —
BE/lb aTOM 3JIEKTpUYECKU HeWTpasieH. OJHaKO U3MEpPEHHUsl MacC aTOMOB JIalk JOBOJIBHO HEOXKH-
JaHHble pe3yibTaThl. OKa3anoch, HAIPUMEp, YTO y aTOMa Ieiius, UMEIOIIEro J1Ba AJIEKTPOHa,
Macca He B JIBa, a B YeThIpe pa3a 0oJibllle MacChl aTOMa BOJAOPOJa; MOIy4alloch, YTO B AJpe Te-
J¥sL HE J1Ba, a YeThIpe MPOTOHA. YTOOBI CrIacTH HEUTPaJbHOCTh aToOMa, OCTaBaJOCh MPEAOI0-
KUTh, 4TO HAPSLy C YETHIPHMS IPOTOHAMH B SIIPE TEJIHs COJIEPKATCA J1Ba 3JIEKTPOHA (ABa AJIEK-
TPOHA OKOJIO SiApa U JIBa JIEKTPOHA BHYTPH sA1pa). ATOM KUCIOPOAA UMEET 8 IEKTPOHOB, a €T0
Macca okaszainach B 16 pa3 60Jbllie Macchl aTOMa BOJAOPO/a; MPUIILUIOCH JOMYCTHTb, YTO SJIPO KH-
CJI0pOJia COCTOUT U3 16 MPOTOHOB M 8 371eKTpOoHOB. Hannune 31€eKTpOHOB BHYTpPH S1pa, KaK IO-
Jarajy TOr/a, MOATBEPKAAIOCH SIBIIEHUEM [B-paliOaKTUBHOCTH aTOMHBIX sJIEP.

B 1920 r. Pe3epdopn BbICKazald MBICIb, YTO SAPO COCTOUT W3 NMPOTOHOB M HEUTPOHOB.
[IpaBna, moa HEUTPOHOM OH MOHUMAJ HE AJIEMEHTAPHYIO YacTHILY, a HEUTpadbHBIN qyOmeT —
KOMITaKTHOE 00pa3oBaHue M3 MPOTOHA U 3jiekTpoHa. [lo Pesepdopay, snpo renaus cocrosio u3
JBYX MPOTOHOB U JABYX HEUTpanbHBIX TyOJETOB, a SAPO KUCIOPOAa — M3 BOCBMH MPOTOHOB U
BOCBHMU JTyOJIETOB.

Bo BTopoii monouHe 20-x romoB Ojaromapsi pa3BUTHIO KBAHTOBOW TEOPUH CTAJIO SICHO, YTO
AJIEKTPOH HUKAK HE MOXET OBITh JIOKAJM30BaH B aTOMHOM sijipe (cM. § 7). OH He MOXeT TaM Ha-
XOJUTHCSl HU B «YHCTOM BHJIE», HU, TeM OoJiee, BHyTpU ayOriera. DTo 03Ha4allo, 4To Habsroaae-
MbIe TIpU B-pacmaje saep dJISKTPOHBI POXKAAIOTCS B Ipolecce -pacnaaa MogoOHO TOMY, Kak
poxkaaroTcsi GOTOHBI PU UCITYCKaHUH CBeTa aToMaMu. «V3rHaHue» 3JIeKTpOHa U3 aTOMHOTO -
pa, eCTECTBEHHO, 00OCTPHUIIO MPOOJIeMy CTpoeHHUs siapa. Bo3HHMKIA MBICTE, 4TO pe3epdopros-
CKHE «HEHUTPOHBD» — ITO HEHUTpAJIIbHBIC DJIEMEHTAPHBIE YACTUIIBI C MacCOM, OJM3KOW K Macce
npoTtoHa. OHAKO MOKa 3TO OBLJIO TOJBKO MPEANOI0KEHNE, HEUTPOH MPEACTOSIIO eI€ OTKPHITh.

OTkpbiTHe HellTpoHa. VIcTOpUs OTKPBITUS HEWTPOHA OYEHBb MOYYUTENbHA, MOATOMY pac-
CKakeM 0 Heil goctarouHo noapooHo. B 1930 r. nemeukue ¢usuku B. bore u I'. bekkep o0OHa-
PYXKWIH, 4TO OepWUIMM mpu oOcTpesie o-4acTHIIAaMU UCIyCKaeT U3TyueHHUe, HE OCTaBJISIOIIee
TPEKOB B KaMepe BuibCcoHa; yepes ToICThlE CBUHIIOBBIE TUIUTHI TONMHON 10 cM 3TO M3iyueHue
MIPOXOJIUIIO, TOYTH He ociabeBasi. B0 BhICKa3aHO MPEANONOKEHHE, YTO OHO MPEACTABISAET CO-
00l KECTKOE Y-M3ITy4YeHHE — ODIIEKTPOMArHUTHOE H3JIy4YEeHHE, KBAHTHI KOTOPOTO OO0JIafaroT
OoJbIIoN sHepruen. 3aragouHpiM u3nydeHneM bore — bekkepa 3amHTepecoBauCh (PpaHIry3-
ckue Gusuku Mpen u @penepux Kommo-Kropu. OHM MOTyuniIM UHTEPECHBIH pe3ysbTaT: mapa-
¢buHOBas 3aCIOHKA, B OTJIMYKE OT CBUHIIOBOM, HAJAEKHO MEpEeKphIBalia 3TO U3IyYeHHE, IPU ITOM
U3 mnapaduHa JIeTeN0 O HAMpPaBICHHUIO H3JIy4eHHUs OOJbIIOE YHCIO OBICTPHIX IMPOTOHOB.



N. n ®@. Xonmno-Kropu npeanonoxuiam, 9To IpOTOHbI — 3TO sApa OTAAaud, BO3HUKAIOLIUE B pe-
3yJIbTaTe CTOJKHOBEHUS BBICOKOIHEPIeTUYHBIX KBAHTOB C aTOMaMH BOJOPO/ia, HAXOAALIMMHUCS B
napaguHe. 3Hasi SHEPTHIO MMPOTOHA OTAAYHM, MOXHO OICHUTh SHEPTHI0 KBAHTA, «BBIOMBILIETO)
310T npoToH. W. u @. XKonmo-Kropu onpenenuiam 3HEpru0 NpoTOHOB MO MaKCUMAaJbHBIM pac-
CTOSIHUSIM, IIPOXOJMMBIM MMHU B BO3/1yX€, U Ha OCHOBAaHUU 3aKOHOB COXPAHEHUS MMIIyJbCca U
SHEPIUH OLEHHIN SHEPrHi0 KBAHTOB; OHA OKa3alach BEChMa OOIBIION: mpumepHO 5 - 107 9B.
Otkyna 6epércst cToib Oonbluas sHeprus kBantos? Iloyemy, nepeaaBasi CBOIO SHEPTHUIO MPOTO-
HaM, OHM B TO K€ BpPEMs «HE >KEJIaloT» B3aMMOJEICTBOBATh C apaMu cBUHIA? OTBETOB Ha 3TU
BOIpockl He Obu10. 1 TeM He MeHee B cBoeil pabote, onyoOaukoBanHoW 18 sHBapsa 1932 r., cyn-
pyru JKommo-Kropu cnenanu BbIBOA, 4TO mM3iydeHUue bore — bekkepa ecTb jKECTKOE AIIEKTPO-
MarHMTHOE U3IIy4YECHHUE.

[To3HakoMUBIINCH ¢ 3TON padoroi, anrmuiickuii ¢pusuk [. Yensuk (1891 — 1974) u3 nabo-
paropuu Pesepdopna B KemOpumxe noragancs, no-BUIUMOMY, YTO HEMELKHE U (PaHIly3CKHE
(U3KMKU UMENH JIeJI0 HE C )KECTKUM 3JIEKTPOMATHUTHBIM U3JIyYEHUEM, a C HetimpoHamu. YeaBuk
6bu1 yueHukoMm Pesepdopra; moj BIMSHUEM YUYHUTENsl OH JaBHO MPOHMKCS Heed «HEHTpOHa»,
UCKaJl HEUTPOHBI, OB YBEpeH B MX CYIIeCTBOBaHMM. Brocnenctsum oH npusHaBasicsa: «Mou
MBICIIM, E€CTECTBEHHO, BEPTEIUCh BOKPYT HEWTPOHOB». YeABUK IOBTOPWI  OIBITHI
N. n ®. )Kommo-Kropu, BHECS B HUX CYIIECTBEHHOE JOIOIHEHHUE C LEJIBI0 MPOBEPKU HEUTPOH-
HOW TUIOTE3bl: OH MPUMEHHJI pa3Hble 3aCJIOHKH, COZAEpKalIie JErKUEe IEMEHTHI (BOIOPOI, JH-
TUH, yriiepos, a3oT u Jp.). Okazanock, 4TO U3JIy4eHHE, BO3HUKaIoLIEe NMpu OoMOapaupoBKke Oe-
PWIIIHUS 0-4aCTUILIAMH, TIOPOKIAET HE TOJIBKO NMPOTOHBI, HO U APYTHE SAApa OTHA4YM — SApa JIH-
TUS, yriepoaa, azoTa u T. A. st usmepenus sHepruu saep oraauu YeaABUK BOCIOIB30BAJICS M-
MyJIbCHON MOHU3AIIMOHHON KaMepo# ¢ ycuiauTeaeM U ociuuiorpagomM. MoHnzanmonHas kamepa
FIMeeT JIBa 3JIEKTPOJa, MeXIy KOTOPBIMH NpHIOKeHo Hampsvkenue 10> —10° B. Snpo ornaum,
IpoJieTas MEXy MEKTPOAaMHU, MPOU3BOAUT MOHU3ALIMIO ATOMOB ra3a, HAMOJHSIOIIET0 KaMepy.
OO6pa3yromuecst HOHbl U 3JEKTPOHBI ABMXKYTCS MOJ JEHCTBUEM 3JIEKTPHUUYECKOTO MO K COOT-
BETCTBYIOIIMM 3JIEKTPOAAM; B pe3ysIbTaTe B €U HOHU3ALMOHHON KaMephl MOSIBIISIETCS. UMITYJIbC
TOKa, KOTOPBIA MOXKET OBbITh YCHJIEH U MoJaH Ha ocumiiorpad. Cxema 3KCepUMEHTaIbHON yc-
TaHOBKM YeJBHKa MOKa3aHa Ha pucyHke 2.36. 3aeck: BK — BakyymHas kamepa, MK — voHu3za-
[IUOHHAs KaMmepa, /| — MOJOHUH, SBISAIONIMNACS WUCTOYHUKOM (-4aCTHIl, 2 — O-4aCTHIbI, 3 —
OepwiuiMeBasi MUILIEHb, 4 — HCCIIEAyeMOe H3JIydeHue (HEHTPOHBI), 5 — 3acCIOHKA, U3 KOTOPOM
BBIOMBAIOTCS Apa OTAAYH, 6 — sApa OTAAYH.
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N3mepsis HabmogaemMblidi Ha ociruniorpade umMmyise, YeqBUK Ompeelisyi SHEPTHUIO Pa3Iny-
HBIX siiep oTAauu. CpaBHUB 3aT€M OTH YHEPTUM, OH MPHUILET K BBIBOAY: M3IyYEHHE, BO3ZHUKAIO-
niee npu OomOapaIupoBKe OEpHIUIHS (-4aCTUIIAMH, €CTh HE YTO MHOE, KaK MOTOK HEUTPaIbHBIX
YacTHUI] C MAacCOM, MPAKTUUYECKH paBHOM Macce nporoHa. U Bot 27 ¢espans 1932 r. nossnsercs
coobmienne Yensuka «B03MOKHOCTh CyIIECTBOBAHUS HEHUTPOHa», I'Zl€, B YaCTHOCTH, FOBOPH-
70ck: «Pe3ynbTaThl, MOJy4eHHbIE MHOIO, OYEHb TPYIHO OOBSCHUTD, UCXOS U3 MPENOIOKEHHS
00 3JI€KTPOMarHUTHOM HM3JTyYEHUH, €CIIU MPU CTOJKHOBEHUHU JOJIKHBI COXPAHATHCS SHEPrUsl U
KOJIMYECTBO JBWKEHUA. OHAKO TPYIHOCTH MCUE3AI0T, €CIU NPEANOI0KNTh, YTO U3IIyUYEHUE CO-
CTOUT U3 yacTul ¢ Mmaccoi 1 u 3apsinom 0, To ecTh U3 HEUTPOHOB. MOXKHO MPENOIOKUTh, YTO B



pesynbTaTe 3axBaTa O-4acTUIBI sapoM Be obpasyercs sgpo “C M mcHycKaeTcs HEHTpOH...
CTOJNKHOBEHHS 3TUX HEUTPOHOB C aTOMAMM, YEPE3 KOTOPBIE OHU NPOXOJAT, CO34AK0T aTOMBI OT-
Jlauu; HaOlltojaeMast JHEPrusl aTOMOB OT/Ia4H HAXOJUTCS B TIOJITHOM COOTBETCTBUH C TaKOH TOY-
KoM 3peHus» 835, c. 144].

Koneuno, uccnenoanusa bore, bekkepa u cynpyros Konmo-Kropu ceirpaiiv BaxxHyr0 poJib
B OTKPBITUM HEHTpoHA. OIHAKO pellarolero mara 3Tu GU3MKU Be€ ke He cuenanu. Kak obpasHo
ckazan b. M. KenpoB, «OHM MOJONUIA BIUIOTHYIO K JIBEPH, BEAYIIEH K pa3rajke HOBOW TailHBI
MPUPOJBI, OHU OLIYNAJIM 3TY ABEPh U JaXKE MOCTYyYAJIUCh B HEE, HO OTKPBITh €€ HE CMOIJIM, TaK
KaK 9Ta JIBEpb OTKPHIBACTCS HE «K ceOe» (TO €CTh B CTOPOHY JIEKTPOMArHUTHOM KOHIICTIIIMH), a
«OT cebs» (TO eCTh B CTOPOHY KOPEHHOTO OTKa3a OT 3TOW KoHUenuu )» [85, ¢. 117]. Pemaromuit
miar caenan YeaBuk, oH Jorajgaics NpojaenaTh IKCIEPUMEHT C pa3HbIMU 3acIOHKaMU (BOJOPOA-
coJiep Karieii, a3oTcoJepKamed 1 Ap.) U MPEANPUHSI U3MEPEHUS dHEPTUU szep OTaadyu. Bei-
IIOJIHUB 3TU U3MEPEHHUS U CONOCTaBUB MOITYUYEHHbIE KOJUYECTBEHHbIE PE3yJIbTaThl, UeIBUK cre-
J1aJl TPaBWIbHBIA BBIBOJ O CYILIECTBOBAHUM HEUTPOHA.

OTKpbITHE HEHTPOHA U 3aKOHBI COXPAHEHUsI JHEPruM U uMnyJbca. [IpepBém Ha Bpems
HUTh HAILErO pacckas3a, YToObl JaTh YUYHUTENI0 (U3UKH COBET METOAMYECKOro xapakrtepa. OT-
KpBITHE HEHTPOHA — MpPEKpacHas TeMa O/ HOBMOPEHUs C YYAWUMUCA 3AKOHO8 COXPAHEHUs
oHepauu u umMnyavea. Beap IMEHHO Ha 3TUX OCHOBOINOJIAraroIIMX 3aKOHAX U OCHOBBIBAJIMUCH pac-
CY’KJIEHHS U TOBOJBHO MPOCThIE pacuéThl YeaBuKa, IO3BOJIMBILNE EMY, B KOHEUHOM CUETE, CHe-
JIaTh BBIBOJ O CYIIIECTBOBAaHUU HENUTPOHA.

Ilycte sinpo [/ maccel m (TpeAnonaraeMelii HEUTPOH), UMEIOIEE CKOPOCTh V, HCIIBITHIBAET
71000BO€ YIIPYTroe CTOJKHOBEHHUE C MOKOSAIUMCS SApoM 2 Macchl M. Slnpo I oTCKakuBaeT Hazaj
CO CKOPOCTBIO V,, @ PO 2 HAYMHAET JABHUIraThCs BIEPEN CO CKOPOCTBIO V. 3aKOHBI COXPaHEHHUS

SHEPrUM U UMILYJIbCa Ul COYJAPSIOIIUXCS SIEP MOTYT OBbITh 3aIIMCaHbl, COOTBETCTBEHHO, KaK
mv’  MV’® mv;
2 2 2 (D)
my =MV —my,

M
Beens o6o3nauenne p =—, nepenumeM (1) B Bumae
m

vi=ul? v}
)
v=uV -y
HckntounM U3 3TUX ypaBHeHull v,. M3 Broporo ypaBHeHus (2) ciexyer
v, =ul —v 3)

Bo3ssenéM 06e uacT paBencTsa (3) B kBaapat: v; = u’V? —2uVv+v’ ¥ NOACTaBUM V, B TIEpPBOE
ypaBHerue (2); momyunm: v- = ulV’ + @V =2uvV +v*. Orcioma u(l1+ w)V?> =2uvV . Tak xak

ﬂV #0 , ACJTIUM 00e yacTu MOCJICIHCTO PABCHCTBA HA ﬂV , IIOCJIC 4€T0 HaXOJHUM:

2 2m

V=v =v .
l+uy m+M

“4)

[TpeanonoxuM aanee, YTO B OJHOM CIIydae sIpO-MUILIEHb UMeeT Maccy M, (0603Ha4UuM ero
CKOPOCTb TI0CIIE coyaapeHus uepe3 V), a B Apyrom ciryuyae — maccy M, (CKOpOCTb Iocie co-

yaapenus V). U3 (4) cienyer, 4to

5:m+M2' 5)
V, m+M,



Jutst Bojopoacoaepxkamied, 1 a30TCOACPKAILCH 3aCTIOHOK UMEEM, COOTBETCTBCHHO, M, =m, u

M, =14m ,» TAC m, — Macca mpoToHa. M3MepuB 1isi 9TUX 3aCIOHOK SHEPruH siiep OTAaYH,
v, m+14m,
Uensuk Hales, 4To 7 ~ 7. IlogctaBuB 3T0 OTHOMIIEHUE B (5), OH MOMy4Ynw1T ——— =~ 7, OT-
m+m
2 p

KyJ1a HEMEJUICHHO CIIENlyET m ~ 1, .

C npuHsATHEM HEUTPOHHOW TUIIOTE3bl CTAHOBWIIOCH MOHSATHO, MOYeMy H3lydeHue bore —
bekkepa JIerko mpoxoansIo Yepe3 CBHHIIOBYIO IDIACTHHY M, HA000POT, XOPOIIO 3a/1eP’KUBAIOCH
napaduHOBOi (Bogopocoepskaiieil) 3acnonkoid. [loacrasus (4) B (3), momydum:

2 -1
by 2, il

1+ u u+1
Otcroga ciemyeT, 4YTO OTHOIIEHUE SHEPruu E HaleTaronied 4acTHIbI MOCle COyAapeHHs K eé
sHepruu E no coyaapenust paBHO (1711 1000BOTO COYyIapeHus)

_E _(nY _(#21 2_(_M‘mj2 ©)
7 E \ u+1 M+m)

Jlerko BUETH, uTO NpU M > m (CBMHLIOBas 3aCJIOHKA) BEIMYMHA 1] OJIM3KA K eIMHUIIE — JHep-
TUsl HaJIeTalolel YacTulpl (HEHTpOHA) YMEHBIIAETCA B KaXK/I0M COyJapeHuu ouyeHb mano. Ha-
o0oporT, eciiu Macca M 6Iu3Ka K Macce 7, TO OTHOIICHUE 1) MaJlo — TMOTEpU YHEPruy HEHTpOHa
B Ka)XJIOM COyJape€HUU OTHOCUTENbHO BelHKU. [Ipu 1060BOM coyaapeHuu ¢ MpoTOHOM HEWTPOH
JIOJKEH OCTAHOBMTHCS, NEPENAB BCIO CBOIO DHEPTUIO MPOTOHY. Tenepb MOHATHO, TOYEMY HEM-
TPOHBI OTHOCHUTEJIFHO JIETKO MPOXOJAST Yepe3 CBUHEL, HO 3aCTPEBaIOT B mapaduHe, BbIOMBas B
HAIPAaBJICHUU CBOETO JBUKECHHSI IPOTOHBI.

«ox wynec». 1932 r. Bomén B UCTOPUIO (PUBUKHU KaK «roja uyjaec». [lepBoe «uymo» 3Toro
rojla — OTKPBITHE HEMTPOHA B peakuu

‘He+'Be = “C+n.

OHO MMENO MOUCTHHE PEBOIOIMOHHOE 3HAYCHHE, TaK KaK ()aKTUYECKH O3HAYANIO0 KPYIICHHE
AJIEKTPOMArHUTHON KOHIlENIMH B ¢u3nke. J[o 3TOro, Kak Mbl yxe oTMedaiu, pusmdeckas Kap-
TUHA MHpa CTPOHJIACh HAa ABYX CI)yHI[aMCHTaJIBHBIX BSaHMOHeﬁCTBI/IHX — JJICKTPOMAIriuTHOM U
IPaBUTALIMOHHOM — M OOXOJMJIACh BCETO TPEMS «IIIEMEHTAPHBIMH KHUPITHYUKAMI»: JIEKTPO-
HOM, POTOHOM U (hoToHOM. C MOSBICHHEM HEUTpOHA B ()M3WKY HE MPOCTO BOILIA €mIE OJHA
DJIEMEHTApHAsl YaCTHIlAa — IMOSIBHIIOCH JIOTIOJIHUTENbHOE (DyHIaMEHTaIbHOE B3aWMOJICHCTBHE;
€ro CTaJli Ha3bIBaTh A0epHbIM WIN cuibHbiM. Cpasy ke Mocjae OTKPBHITUS HEHTpoHa Oblia mpen-
JIOKEHA NPOMOHHO-HEUMPOHHAS MOOelb aTOMHOTO SiIpa: PO COCTOUT U3 TIPOTOHOB M HEUTPO-
HOB, MCXK1Y KOTOPBIMU HAa BECbMa MaJibIX PACCTOAHUAX ﬂef/'ICTByIOT MOIITHBIC CUJIBI MMPUTAKCHUA
HE 3JICKTPOMAarHUTHOM MPHPOJIBI — 3TO M €CTh SIIEPHOE (CUITbHOE) B3auMmoeiicTeue. [IpoToHHO-
HEUTPOHHAST MOJIENb OblIa CBOOOJHA OT BCEX HEYBS30K M «HATSKEK» MPEKHUX MOJIENCH sIIpa,
00BSICHSJIa U3BECTHBIC K TOMY BPEMEHH JaHHBIC O SACPHBIX MpeBpanieHusx. JlanpHeimme uc-
CJIEZIOBAaHUS TOATBEPANIN CIPABEAITUBOCT 3TOH MOJICIIH.

C HEUTpOHOM B (PU3UKY BOIILJIO HE TOJBKO TpeThe (cuibHoe) pyHIaMEeHTaIbHOE B3aUMOICH-
CTBHE, HO M YETBEPTOE B3aMMOACHCTBHE — TaK Ha3blBaeMoe ciaboe B3aumopeirictue. Okasa-
JIOCh, YTO, B OTJIMYHE OT JEKTPOHA, MPOTOHA, (OTOHA, HEUTPOH Hecmabuien — OH CaMOIIPOU3-
BOJIBHO (CIIOHTAHHO) MPEBPAIAETCS B APYTHUE YACTHUIIBIL:

n—>p+te +v,.

31€ech p — MPOTOH, € — BJIEKTPOH, V, — DIEKTPOHHOE aHTUHEHTPUHO (3Ta yacTuia ObLIa yc-

TaHOBJIeHa no3aHee). OOBIYHO MPUMEHSIOT TEPMHUH «paciaj HEUTPOHa» (3TO HE HAJ0 MOHUMATh
KaK pacriajJi Ha COCTaBHbIE YaCTU — MPOTOH, 3JIEKTPOH U aHTUHEHTPUHO HE COJEPKAINUCh B HEil-



TPOHE, a pOJWINCH B MOMEHT €ro «pacrajay). Pacrag HeliTpoHa Kak pa3 U 00ycIOBJIeH clabbM
B3aUMOJICHCTBHEM. 3aMETUM, YTO HEUTPOHBI B CTAOMIIBHBIX ATOMHBIX SIApax HE pacralaroTCsl.
HecrtabunbHbl ¢cBOOOIHBIE HEUTPOHBI U HEUTPOHBI B HECTAOWIIBHBIE SApax; sSBICHHUE P-pacrana
sep 00yCIIOBJICHO paciiajjoM HEMTPOHOB ATHX SIZIEP.

Ho Bepnémcsa k «rony uynec». Bekope nocne orkpeitust Heiitpona H. desep (1904 — 1978)
HaOJTF0/1aJ1 IEPBYIO SACPHYIO PEAKIIUIO TIOJ] IEHCTBHEM HEUTPOHOB:

n+"“N—- "B+ “*He.

Pabora de3epa Obla mepBoi TacToukoi. Beren 3a Hell mocnenoBaio OrpoOMHOE YUCIIO UCCIIEO-
BaHUU MO SAECPHBIM PEaKIMAM, BbI3BaHHBIM HelTpoHamu. Kak ormeuan YenBuk B CBOEH JICKIIMHU
npu nosrydeHnn HoGeneBckoil mpeMun 3a OTKpbITHE HEUTPOHA, 0ONbIIYI0 3((HEKTUBHOCTh HEW-
TPOHOB B TOJYYEHHH SICPHBIX PEAKIil JIeTKo OOBACHUTH. IIpU CTONKHOBEHHH 3apsXKEHHOM
YaCTHIIBI C AJIPOM BEPOSITHOCThH €€ IPOHUKHOBEHHUS B PO OTpaHUYEHA KYJIOHOBCKOM CHIJION OT-
TankuBaHus. B cioyuae e coynapeHusi HEHTpoOHA ¢ SAPOM OTpaHUYEHHUS TaKOro TUIA HE CYIIe-
cTByeT. Cuiia B3aMMOAEUCTBHS HEUTPOHA C SAPOM BHauaje BeCbMa MaJjla; JIMIIb Ha OYEHb MaJIbIX
pacCcTOSHUSAX OHAa HAYMHAET OBICTPO PAcTU U HOCUT XapakTep nputskeHus. [lostomy naxe Heil-
TPOHBI OYEHb MAaJIOW SHEPrHMM MOTYT NMPOHUKHYTH B sipo. 3aberast BIEpel, OTMETUM, YTO B
1934 1. O. ®epMu OTKPBUT UCKYCCTBEHHYIO PAJAMOAKTUBHOCTH aTOMHBIX SIJIEp MOJ JIEUCTBUEM
HeUTpoHHOTrO 00Iy4YeHus. B ToM xe roxy depmu Habmogan AeJIeHUE aep TSHKEIBIX SJIEMEHTOB
MO/ IEHCTBUEM MEIJICHHBIX HEUTPOHOB. C OTKPBITHEM HEHTpOHA HAavallach dpa s0epHol (usu-
K, 03HAMECHOBABIIASACS B CEPEMHE CTOJETUS PA3BUTHEM (DU3UKHU DIIEMEHTAPHBIX YaCTHUI] U POXK-
JICHUEM sIIEPHON TEXHUKH.

«Uyneca» 1932 r. cBsi3aHbl HE TOJBKO C OTKPHITHEM HEWTpoHa. B aBrycre storo roga
K. Aanepcos (p. 1905), peructpupyst Ha HOTOTUTACTUHKAX KOCMUYECKHE JIyIH, OOHAPY KU CIE]T
HOBOH 4YacCTHUIIbl, KOTOpasi MMeJa MOJOKUTENIBHBIN 3apsal U Maccy, paBHYIO Macce 3JIEKTPOHA.
D10 ObuT mipeackazaHHbid roa Hazanm I1. dupakom (1902 — 1984) nozumpon — aHTHYacTHIIA
anekTpoHa. Tak OblIa OTKpBITa nepsas awmuyacmuya. 1103uTpoH 0Opa3yercs U3 MMEIOIIETO
OOJIBIIYIO SHEPTUIO KBAHTA AJIEKTPOMArHUTHOTO M3JIYyYEHHUS OJHOBPEMEHHO C JIEKTPOHOM (00-
pa3oBaHuE JIEKTPOHHO-ITO3UTPOHHON Maphbl):

y—>e +e’

(" — mo3uTpoH). YUHTHIBasi B3aMMOCBSI3b MAaCChl M SHEPTUH, 3aKIIF0YaeM, YTO SHEPIHs KBAHTA
2
JIOJKHA OBITH BhINE 2m,c”, TAE M, — Macca dJIEKTPOHa (FOBOPs O Macce YacTUIIBI, MBI OOBIYHO

MMeEeM B BHUJIy Maccy IMOKOsI). 3Hasi Maccy 3JEKTPOHA, JIETKO MOJCUYUTATh, YTO YHEPrUsl KBAHTA
oJpKHA OBITE OoJblire 1 MoB.

«9T0 OBIIO OTKpBITHE BeIMUailiieil BaxHOCTH, — mmcan ['eisendbepr. — Benp 1o Toro
BpeMeHHU OOJbIIel YacThl0 CUUTAJIOCh, YTO UMEIOTCA JBa BHUJA (PyHIaMEHTAJIbHBIX YaCTHII,
3JIEKTPOHBI U IPOTOHBI, OTINYAIOIINECS TEM, UTO OHM HUKOTJa HE U3MEHSIOTCS U UYTO YHCIIO UX
BCErJa MOCTOSHHO... DKCIEpUMEHTAIbHOE J10Ka3aTeNbCTBO 00pa30BaHUsl Map — 3JIEKTPOHOB U
MO3UTPOHOB — I0KA3aJI0 JIO)KHOCTh TAKOT'O MPEJICTaBICHUs. DIEKTPOHbI MOTYT BO3HUKATh U
CHOBa McYe3aTh; YUCIIO UX MOITOMY HHUKOUM 00pa3oM He mocTossHHO» [32, c. 163 — 164]. 3nech
HE YIOMSHYTO elé 00 OJHOM MOMEHTE: C OTKPBITUEM MO3UTPOHA PYILIMIIACH NIEPETOPOAKA MEXK-
Iy BemecTBoM U noseM. OKa3bIBaeTCs, nojie Modicem npespaujamuvcs 6 eeuecmeo (PoKIACHHUE
JIEKTPOHHO-TIO3UTPOHHOM Mapbl), PaBHO KaK 6ewyecmeo Modicem npespawjamscs ¢ nose (00par-
HBII MPOLIECC — aHHUTWISLUS 3JIEKTpOHa U No3uTpoHa). Ilo3nHee MbI emié BepHEMcs K ITOMY
NPUHLUIINATBHOMY MOMEHTY.

He0ouab1u0ii AnaJior, nocBsimeHHbIi nuoHy. B 30-x rogax ObU1 OTKPHIT MIOOH (0003HaYe-
Hue 4, macca 207m,, Bpemst xu3nu 2-107°c), noHavary OMMGOYHO MPHHSTHINA 32 «IEPEHOC-
YHKay» SAEPHOT0 B3aUMOAEHCTBHS (1I0JJ00HO TOMY, KaK ()OTOH SBIISIETCS «IEPEHOCUUKOM» JIEK-



TPOMAarHUTHOTO B3aUMOJICUCTBUS). JleHCTBUTENBHBIN «IIEPEHOCUUKY SIIEPHOTO B3aUMOJICHCTBHS
OBLT OTKPBIT HECKOJIBKO JIET CIYCTs; 3T0 ObUT uoH (7, 273m,, 2,6-10%¢).

Yuntesn. KakuM 06pazom ¢ TOMOIIBIO THOHOB OCYIIECTBISIETCS SIIEPHOE B3aUMOJICHCTBUE
MEXy POTOHOM U HEUTPOHOM?

ABTOpP. DTO MOXKHO MPEACTABUTH, BOCIOJIb30BABIINCH YCIOBHOW JUAarpaMMOM HAa pPUCYHKE
2.37. llpsiMbIM JIMHUSIM Ha JUarpaMMe COOTBETCTBYIOT MPOTOH WJIM HEUTPOH, a BOJHUCTHIM —

nroH. B Toukax / u 3 MpOMUCXOIUT MpEBpAIICHUE p —> n+ 7 , a B TOUKax 2 U 4 — mpeBpaiiie-
HUE n+77 —> p. JluarpaMma HariisiiHO MPEACTABISET B3aUMOJCHCTBHE MEXIY MPOTOHOM H
HEUTPOHOM Kak 0OMEH MHOHAMHU.

Yuutelib. A Kak OOBSICHAUTH B3aUMOJICHCTBUE MEXKAY JIBYMS MIPOTOHAMH HITA MEXIY JBYMS
HEUTpOHAMM?

ABTOp. /IBa IpoTOHA (paBHO Kak M JBa HEUTPOHA) B3aMMOJIEHCTBYIOT, OOMEHUBAsCh HEM-
TpanbHBIM moHoM (7°, 264m,, 8107 ¢).

Yuureas. Kak n3BecTHO, siiepHbIe CUIIbI JEUCTBYIOT JIUIIb HA OYEHb MaJbIX PACCTOSHMSIX
— ne 6omee 107" y . MOXHO i 0OBSICHUTD KOPOTKOJICCTBUE SIJICPHBIX CUJI, UCXOJS U3 XapaK-
TEPUCTHUK IMUOHOB, SBIISIOMIMXCS «IIEPEHOCUUKAMU) ITUX CUIT?

ABTOp. MoxHo. KBaHTOBasi TeOpUs OLIEHUBACT PAIUYC ACHCTBHUS CHJ PO IO TIPOCTOH (dop-

Mylie p = , Tl m — Macca MOKOsI «IIePEHOCUNKa» B3auUMOJIEUCTBUSA. JIerko moacuuTars,

uto ipu m ~ 300 m, nonmyuaerca p=10"" u.

Yuuresb. DIEKTPOMAarHUTHOE B3aUMOJICHCTBUE XOTS M YOBIBAET C PACCTOSHUEM, OJTHAKO
MPOSIBIISIETCS. KaK yroJHO Aaneko. [lo-BuaumMomMy, 3T0 €CTh CIEACTBUE PABEHCTBA HYJIO MacChl
nokost porona?

ABTOp. BBI 1paBsI.

Yuurensn. [laBaiite BepHéMcs Kk nuarpamme Ha pucyHke 2.37. Kak ObITh 3/1€Ch C 3aKOHOM
coxpaHeHus sHeprun? Beab OH SIBHO He BbINOJHAETCS B Toukax 1, 2, 3, 4. Hanpumep, kak mMo-
KeT MPOTOH, MMeroImui maccy 1836 m,, mpeBpaTuThCa B JBE YACTHUIBI C CyMMapHOW Maccor

(1839+273)m, =2112m,?
ABTOp. BbI 3371anu nHTEpecHblil Bonpoc. OOpaTuTe BHUMaHUE: «HApYyIICHHWE» 3aKOHAa CO-

XpaHEHUs SHEPTHH 3]1eCh CyTy00 BPEMEHHOE — B T€UEHHE HEKOTOPOTO BPEMEHH Af MEXIy CO-
obiTusimu 1 1 4. CornacHO COOTHOIICHUIO HEONPEAeIEHHOCTEH ISl SHEPTUU U BPEMEHU, YHEP-

, h
TUA CUCTEMBI UMECT IIPpHU 3TOM HEOINPEACITICHHOCTD AE ZA—, IIO3TOMY HET CMBICJIa B JaHHOM
t

CJy4ae CJIEeINUTh 3a COXPAaHEHUEM SHEPTHH.
Yuntesb. U Bc€ ke 3TO OX0KE HA TO, KaK €clid Obl B TOUKE | SHEprusi OTKya-To Oblia
B35Ta «B3ailiMbl», a B TOUKe 4 «J10ir» OblT Bo3Bpall€éH. Mnu ckaxkeM, B TOUke 2 »Heprus Obuia



Ky/1a-TO Ha BpeMs IepejiaHa, a B TOUKe 3 ToIy4eHa oOpaTHO.

ABTOp. Mexay npodnM, KBaHTOBasi TEOPUS JIOMYCKAaeT M TaKyl0 MHTEPIPETALUIO paccMar-
pUBaeMbIX COOBITHI.

Yuurean. Ho k10 e, cOOCTBEHHO TOBOPs, 1aéT (0epET) SHEPTUIO «B IONT», a 3aTEM TOJY-
yaeT (BO3BPAIIACT) 3TOT «I0JII»?

ABTOP. DTOT «KTO-TO» €CTh (PU3NICCKUN BaAKyYM.

Yuureab. Bakyym — 310 mycToTa, HUUTO. Kak OH MOXET «y4acTBOBaTh» B OOMEHE dHep-
ruey ¢ yactuamu?

ABTOp. COrNIacHO COBPEMEHHBIM NIPEJACTABICHUSAM, BAKYYM — 3TO HE IIyCTOTa B MPSMOM
MOHMMAHUU JJAHHOTO CJIOBa. B 3TOMN «IIycTOTE» HEmpecTaHHO POXKIAIOTCSA U YHUUTOXKAIOTCS BCe-
BO3MOJKHBIE YacCTULIbI. APUCTOTENEBCKAs UEd «IIPUPOAA HE TEPIUT IyCTOTHI» BO3pOJAMIIAch B
HaIlle BpeMs, HO, pa3yMeeTcs, Ha KaueCTBEHHO HOBOM ypoBHe. Bmpouewm, He Oynem 3aberathb
BIIEPE; MBI TOTOBOPHM O (DU3MYECKOM BaKyyMe MO3JHEE, IPU PACCMOTPEHHH COBPEMEHHOH ec-
TECTBEHHOHAY4YHON KapTUHbBI MHpA.

JuieMeHTapHble yacTuubl B 1964 r. Ecau 1o 1932 r. ObU10 U3BECTHO BCETrO TPH 3JIEMEH-
TapHbIC YaCTHIIBI (JICKTPOH, MPOTOH, ()OTOH) U BCE OHU OBUIM CTaOWIBLHBIMH, TO B 1964 1. —
4yepe3 TPU JAECATHICTHS — YHCIO AJIEMEHTAPHBIX YaCTHUI] CTAl0 U3MEPATHCS COTHSIMHM; B Ha-
crosmee Bpemsi ux uszBectHo Oozee 300. IlpakTuuecku Bce OHM OKa3alMCh HECTAOMIbHBIMH,

NpHYEM y TOAABISIONIEr0 GONBIIMHCTBA BPEMs KH3HH COCTaBIseT Bcero jmmb 1072 —107¢
(cToNb Mayno KMBYIIME YaCTUIBl HA3bIBAIOT «pe3oHaHcamu»). CHauyajga HOBBIE YACTHIIBI OOHa-
PYKUBAJIUCh HE CIMIIKOM 4YacTo. Tak, B 30-e roabl K HEUTpOHY J00aBHIICS MIOOH, a 3aT€M ITHOH.
B Te roapl HOBbIE YaCTHUIIBI HCKAIH, TIaBHBIM 00pa3oM, B KocMudeckoM uznnydeHud. C konma 40-
X TOJIOB MCCIIEIOBAHMS AJIEMEHTAPHBIX YAaCTHI] CTAJIM MEepeMenIaTbesi B 1abopaTopuu, 000pyHo-
BaHHBIE YCKOPHUTENSIMU 3apsHKEHHBIX 4acTull. C rogaMu MOIIHOCTh YCKOpUTENeH (SHeprusi, A0
KOTOpPOM YCKOPSUIUCh B HMX YacTHLIbl) HEYKJIOHHO HapacTajga — pOC U CIHMCOK 3JIEMEHTapHBIX
YyacTHll, Bc€ ITy0>ke MO3HABAUCH UX CBOWCTBA, OTKPHIBAIMCH HOBbIE 3aKOHOMEPHOCTU. B KoHIIE
40-x — nepBoii monoBuHe 50-X ro10B OblJIa OTKPHITA TOBOJIBHO OOJBIIAS TPYIIIA YACTHLI, TIOTY-
YHBIIas HA3BaHHUE «CTPAHHBIE YACTHUIIBD»; JUIsl OOBICHEHUSI 0COOEHHOCTEN MOBEECHUS ITUX Yac-
TUI] ObUIa BBEJIEHA COXPAHSIOMIASACSA TOJIBKO B CIAObIX B3aMMOACHCTBHUSIX BEITMYMHA — CTpPaH-
HOCTD (crnenuduueckuil 6e3pa3MepHBbIi «3apsii» YaCTHUIIbl, OTCYTCTBOBABIIMMA y BCEX OTKPBITHIX
paHee yacTu).

Urak, B 1964 1. 4iciio 3J€MEHTapHBIX YaCTHUI] U3MEPSIIOCH COTHSAMU (T03HEE MBI O0BSICHUM
BeIOOp TO/1a). [IpaBaa, kak yxe ObUTO cKa3aHO, MOJABIISONIee OOMBIIMHCTBO YaCTUI] XapaKTepH-
30BaJIOCh UCKTIOYUTENBHO MAbIM BPEMEHEM KU3HH, He npeBbimaromum 10> c. Eciu He yuu-
THIBaTh BCE 3TU YACTHIIbI, TO YHUCIIO YacTHUI] cokpamaetcs 10 19. x pacnpenenuiu no Tpém ce-
MEWCTBaM.

Ilepsoe ceMencTBO COCTOSIIIO BCETO U3 OJTHOM YacTUIlbl — (DOTOHA Y.

Bmopoe cemelicTBO 00pazoBbIBaIM Jjenmonsl. [10-rpedecku «JIenToc» 03HA4aeT «MENKUH,
n€rkuit» (nenTta — Menkas MoHeTa). B paccmaTpuBaeMoe HaMH BpeMs 3TO CEMEUCTBO COCTOSIIO

U3 4 4acTHIl: DIEKTPOHA € , MIOOHA 4 , DIEKTPOHHOTO HEUTPHMHO V, U MIOOHHOTO HEUTPHUHO
V. DKCIIEPUMEHTAJILHOE JIOKA3aTENbCTBO CYLIECTBOBAHMS QJIEKTPOHHOTO HEHTPUHO OBLIO TaHO

B 1956 r., a HanIMuKe ABYX pa3HbIX THUIIOB HEUTPUHO J0Ka3aHo B 1962 r.

Tpemve, Hanboee MHOTOYHCIEHHOE CEMEWCTBO ObUIO Ha3BaHO adponamu. TepMuH «an-
POH», KaK ¥ TEPMUH «SIIPOY», MPOUCXOTUT OT TPEUECKOTO «XaAPOC» — «MACCUBHBIN, TXKETBIIN.
OTMeTuM, 4TO BCE «PE30HAHCHDY OTHOCATCS K CEMEHCTBY aJIpOHOB. B TaHHOM ceMeiicTBe pa3iu-
YaloT JIBa MOJACEMENCTBA — Me30Hbl U Oapuonsl. be3 yuéra «pe30HaHCOBY» MOJCEMENCTBO ME30-
HOB COCTOUT U3 5 YAaCTHII: TOJIOKUTENHLHOTO THOHA 77, HelTPaIbHOro MHOHA 77, TIONOKHUTE -
Horo kaoHa K *, HelTpambHOro kaoHa K °, HeliTpagpHOro 9Ta-Me30Ha 77°, a mojceMeiicTBo 6a-
PUOHOB COCTOUT M3 9 YaCTHIL: IPOTOHA p, HEUTPOHA 1 M CEMEPKHU TUTIEPOHOB (JIIMOIa-TUIIEpOHA
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U3 nepeuncnennbIx 19 gacTui Tompko y TpéX (v, 7°, 17°) HeT aHTUYACTHI; MOXKHO CKa3aTh,
YTO ATH TPH YACTHUIIBI TOKJIECTBEHHBI CBOMM aHTUYACTHUIIAM, UX HA3bIBAIOT UCHMUHHO HEUMpPAlb-
HbIMUY YaCTHIIAMH. Y OCTaNbHBIX 16 YacTuil ecTh aHTHYAcTUIBl. OHU OTIMYAIOTCS OT YaCTHIL
3HAKOM DJICKTPHUYECKOTO 3apsiia (€C/iM OH €CTh) M 3HAKaMH BcexX crenuduueckux 3apsjioB (Ha-




pUMEp, 3HAKOM CTPAHHOCTH). Y MCTUHHO HEHTPATbHBIX YACTUIl BCE 3aPS/bl PABHBI, OUEBUHO,
HYJTIO.

B Tabmume 1 coOpanbl paccmarpuBaembie 19 gactuil. Yka3aHbl UX Macca (BbIpaKEHHAs B
Maccax 3JIeKTpOHa), CITUH, 3HaK AJIEKTPUUECKOT0 3aps/ia, CpeaHee BpeMs KU3HU B CEKyHAAX; AJIs
aJpOHOB yKa3aHa Takke cTpaHHOCTh. Kpome Toro, B Tabiwie mpuBeIeHBI MPOAYKTHI pacmaja
yacTull (OHM JaHbl B CKOOKax). BuaHO, 4TO BO MHOTHX CIydasx UMEETCsl HE OJIHa, a /1B U Oojee
BO3MOYKHBIX CXEM pacIia/ia 4aCcTULbl. Pa3inuyaroT 1Ba HEUTPaAIbHBIX KAOHA — KOPOTKOKUBYILIHN
(Kg) u nonroxuBymuit (K, ); OHM OTIMYAIOTCSA APYT OT JIpyra BPEMEHEM KU3HH M CXEMaMHU

pacnana. Kak BuaHO U3 TaOaMIbl, BCE JENTOHBI M OapHMOHBI UMEIOT MOYILENbIM CIIUH, T03TOMY
OHU SBJISIOTCA (hepmuoramu; GOTOH U ME3OHBI OTHOCITCS K O030HAM.

OcHoBHbIe TUNIBI B3auMoaeiicTBuid. C y4€TOM «pE30HAHCOB» IMOYTH BCE DJIIEMEHTAPHBIC
YaCTHIIBI [TONAAaI0T B CEMENCTBO aApOHOB. C YeM ke CBA3aHO BBIJEIEHUE OTHOCUTEIBHO MaJIo-
YHCIIEHHOTO ceMeiicTBa 1enToHOB? B 3ToM cemeiicTBe 00beIMHEHbI YaCTUIIbL, He YUacmeyoujue
6 cunvHom 83aumodeticmauu. I1oaToMy, TOBOps 0 Kiaccu(uKaluii 4acTUIl, HaJJ0 PaccKkas3aTh U 00
OCHOBHBIX THUIIaX B3aUMOJECHCTBUMN.

OTUX B3aUMOJICHCTBUI YETBIpE: epagumayuonHoe, ciaboe, 2NeKMpPOMASHUMHOE, CUTbHOE.
PaccmarpuBas snemMeHTapHbIE YAaCTHUIBI, MOYXXHO OTPAaHUYUTHCA TPEMs IMOCJIEIHHMH THUIIAMH
B3aUMO/JICHCTBUM.

CunvHoe (s0epHoe) 83aumooeticmaue OTBEYAET 3a CBSA3h HEUTPOHOB M TPOTOHOB B aTOMHBIX
SIIpax, 38 MHOr0OOpa3HbIe SACpHbIE PEaKIUHU U, B YACTHOCTH, 3a T€ PEAKLUH, KOTOPBIE PUBOJISAT
K BBICBOOOKICHHIO SHEPTUH B aKTUBHOW 30HE peakTopa aTOMHOM anektpoctaniuu. C anekmpo-
MA2HUMHBIM 83aumMoOelicmeuem Mbl BCTpeuaeMcsl, MoXaiyi, HanboJiee 4acTo: Mpu H3yYSHHUU
3JIEKTPUYECKUX U MAarHUTHBIX SIBJIEHUM, CBOMCTB BEIIECTBA U HJIEKTPOMArHUTHOTO, B YACTHOCTH
ONTUYECKOTO, U3JTyUEHUS.

DTO B3aUMOJIEHCTBUE OIPEJEAECT CTPOCHUE U CBOMCTBA aTOMOB M MOJIEKYJl. OHO BKJIHOYAET
B ce0s Hapsay C KYJTOHOBCKMMH CWJIAMHU M CHJIAMH, JCUCTBYIOIIMMH Ha MPOBOJHUK C TOKOM,
TaK)Xe CUJIbl JaBJIEHUS, TPEHUS, CONPOTUBIIECHUS, YIIPYTOCTH, XUMUYECKUE CUJIBI U T. 1. B 31ek-
TPOMarHUTHOM B3aMMOJICHCTBHH YYacTBYIOT BCE YACTHIIBI, 32 UCKIIOYEHHEM O0OMX HEHTPHHO.
Craboe 63aumodeticmsue ONpenesseT MPOILECcChl, MPOTEKAIIINE B «KMHTUMHOW» cdepe caMux
3JIEMEHTApPHBIX YaCTHUI; OHO OTBETCTBEHHO 33 B3aMMOJEHUCTBUS YACTHII, MPOUCXOAIINE C yya-
CTHEM HEHTPUHO WJIM aHTHHEHUTPUHO (B YaCTHOCTH, mporecchl B-pacmana). Kpome Toro, oHo on-
penensieT Oe3HEHUTPUHHBIE MPOIIECCHl paclaja, XapaKTepHU3YIOIIHUecs OTHOCUTENBHO OOJBIINM
BpeMeHEeM KHM3HH pacrajaroieiics yactuisl — nopsaka 107'°c wim 6ompmre. K Takum pacma-
JlaM OTHOCSITCSI pacmajibl KAOHOB U TUTIIEPOHOB. B cmaboM B3anMO/IEHiCTBUN y4acTBYIOT BCE Yac-
THUIIBI.

Tunsl B3auMOIEHCTBUN CYIIECTBEHHO Pa3HuYalOTCs CHJIAMHU WU, 0OJiee TOYHO, DHEpPrHe
B3aumojieiicTBus. CuiibHOE B3auMmojeiicTBue mpumepHo B 100 pa3 mpeBOCXOAMUT dIEKTpoOMar-
autHOE U B 10 pa3z — cnaboe. UeM cunbHee B3aUMOJICHCTBUE, TEM Obicmpee OHO CIPABISAETCS
co cBoeit paboroit. Tak, BpeMst )KHU3HU «PE30HAHCOBY, PACIa/l KOTOPBIX CBSI3aH C CHJILHBIM B3aH-
MozieiicTBreM, umeeT mopsaaok 1072 —107¢; BpeMms >KM3HM HEHTPaIbLHOTO IHOHA, PacHaaro-
merocsi 3a CuéT »JIEKTPOMATHUTHOTO B3auMozehcTBus (7° — ¥+ ) cocraBuger 107'°c; mns
pacmajioB ke, 32 KOTOpble OTBETCTBEHHO cllab0e B3aUMOJICHCTBUE, XapaKTepHbl BpEMEHa JKU3HU
10° —10""¢. CunbHOE B3aMMOJIEHCTBIE IPHBOIUT K OBICTPONPOTEKAIOIINM TIpOIleccaM, cIaboe
— K OTHOCUTEJIBHO MEJUIEHHBIM IpoleccaM. Bpems: mpoTekanus mpoliecca OonpeesstoT Kak Be-
JUYUHY, OOpaTHYIO BEPOSTHOCTH ATOTO Mpoliecca, OTHECEHHOH K equHMIIe BpeMeHu. YeM men-
JICHHee MpPOIECC, TEM MEHbIIE 3Ta BEPOSTHOCTh. XapaKTepHbIe IJIs cIaboro B3aWMOAEHCTBUS
IIPOLIECCHI C YYaCTUEM HEUTPHUHO SIBJIAIOTCS KpalHE MaJOBEPOSATHBIMU — HEAAPOM HEHUTPHUHO
MPAKTHYECKH CBOOOHO MPOXOIAT Yepe3 BECh 3eMHOI 1ap.

B oTiMume OT 31€KTPOMarHUTHOTO, CHJIBHOE M CJ1a00e B3aMMOJACUCTBUS MPOSBIAIOTCS Ha
OYEeHb KOPOTKMX PpAaCCTOSHUAX, WHBIMU CIIOBaMH, MUMEIOT BECbMa Majblil pajnyC IEHCTBHS.
CuibpHOE B3aUMOJICHCTBUE TIPOSIBIIACTCS TOT A, KOT/Ia YaCTUIBI COMKAIOTCS IO PACCTOSIHUSA T10-



paaxa 107" u. Paguyc meiicTBus caboro B3aMMOJEHCTBHS €M MEHbIIE — OH HE TIPEBBIIAET
npumepHo 107" 1.

Pucynox 2.38 MOKHO BCTPETUTh BO MHOTHX YY€OHHKaX M y4eOHBIX TOCOOUSX 1O U3MKE, B
TOM 4HCJIe IKOIbHBIX. OH MIUTIOCTPUPYET TPU THUIA PAclaZa aTOMHOIO sipa — a-pacnai, -
pacmaj u y-pacraj. B MarHHTHOM 107 TONOXKUTEIBHO 3apsDKEeHHbIE o-dacThip (1apa ‘He) o1-
KJIOHSIFOTCSL B OJJHY CTOPOHY, a OTpUIATEIbHO 3apsDKEHHbIE [B-4acTUIbl (JEKTPOHBI) — B JpY-
I'Y10; Y-M3JIy4€HHEe MarHUTHBIM I0JEM BOOOIIE HE OTKJIOHsAETCS. JJaHHBIM PUCYHOK MOYHO pac-
CMaTpHBaTh KaK CUMBOJI TPEX (PyHAaMEHTAIbHBIX B3aMMOJAEHUCTBHM, MOCKOIBKY OL.-pacraji ecTbh
NPOSIBJIIEHUE CUJIBHOTO B3aUMOEHCTBUS, -pacnaa — ciaboro, a y-pacnaj — 3JIeKTPOMarHuT-
HOTO.

238

HecMmoTps Ha cymiecTBeHHbIE pa3inyuus MEXIY dJIEKTPOMArHUTHBIM U CI1a0bIM B3aUMO/ICH-
CTBUSIMH, YJAJIOCh CO37aTh B 60-X rogax M 3KCIEpUMEHTaIbHO nmoaTBepAuTh B 70 — 80-x romax
eO0UHYI0 meopuio TUX B3aUMOACHCTBUI; MOSIBUICS TEPMUH «AJIEKTPOCIadoe B3aUMOICHCTBUEY.
Cozpatenu eaunoit Teopun — A. Canam (p. 1926), C. BaiinGepr (p. 1933) u II. I'mamoy
(p- 1932). Yuratento OyIeT MHTEPECHO MO3HAKOMUTHCS CO CIEAYIOIIUM OTPHIBKOM U3 HOOENIEeB-
CKOM JIeKIuu [ 7131110y, nMeroIe JOBOJIBLHO MOATHYECKOoe Ha3BaHue «Ha myTu Kk 00beIMHEHHOM
TEOpUU — HUTH B rodesneHe». [ 1oy Hadan cBoro Jekuuio Tak: «B 1956 r., korna s Havan 3a-
HUMAThCS TCOPETHUYECKOHN (PU3UKOMU, HayKa 00 JIEMEHTAPHBIX YaCTHUIAX HAITOMHHAJIA JIOCKYTHOE
oJleso. DIeKTPOANHAMHUKA, cla0ble B3aMMOJEHCTBUS U CHUIIbHBIE B3aUMOJCUCTBUS OBUTH YETKO
pasrpaHUYEHHBIMH JTUCIMIUIMHAMHY, TPENOJAaBAEMBIMU M HM3y4YaeMbIMHU pa3nienbHO. CBS3HOM
TEOpHUH, KOTopasi Obl OMKCHIBATA UX B COBOKYITHOCTH, He ObUT0. Takue JoCTHKEeHHs, KaK HaOIro-
JIEHWE HECOXPAaHEHHUsS YETHOCTH, YCIIEXW KBAHTOBOW SJIEKTPOJAMHAMHUKU, OTKPBITHE aTPOHHBIX
PE30HAHCOB U CTPAHHOCTH, ObUIM BIIOJIHE OMPEICTIEHHBIMH YacTsIMH KapTHUHBI, HO UX ObUIO He-
MPOCTO TIOJIOTHATH IPYT K JIPYTY.

[Tonoxenue Bele U3MEHUIIOCH... Teopus, KOTOPOH MbI celdac pacnoyiaraémM,— 3TO LEb-
HOE TPOU3BEACHUE UCKyCcCTBA. JIOCKYTHOE 0/IesI0 TPEeBPaTHIIOCh B robernieH. ['o0eneHsl co3aatoT
MHOTO MacTepoB, paboTaromux BMecte. V3 3aKkoHUeHHOW pabOThl HEBO3ZMOYKHO BBIJEIUTH BKJIa-
JIbI OTJIETTLHBIX pa0OTHUKOB, a TIPOITYIIICHHBIC WM HEBEPHBIC HUTHU MEPEKPHITHI APYTUMH. To ke
U B Hamel kaptuHe ¢pu3uku yactuil. O Ha 4acTh KapTUHBI — OOBEAMHEHHE CNA0bIX U AIIEKTPO-
MAarHuTHBIX B3aMMOJECHUCTBUM M IPEACKA3aHUE HEUTPAJIbHBIX TOKOB, OTMEYaEMOE celdac IpH-
cyxknennem HoOeneBckoil mpemuu. Jl[pyras 4yacTh CBsi3aHa ¢ yOeAUTEIHHON IBOIOIMEH KBAPKO-
BOI THUITOTE3BI OT YHCTOU (paHTA3UU K yCTAHOBUBIIEMYCS YUeHHIO. EmE o/1Ha 9acTh — pa3BHUTHE
KBaHTOBOM XPOMOJIMHAMHKH U MPEBpalleHne €€ B MOIIHYIO, MPEICKa3aTeIbHYI0 U BHYIIAIOIIYIO
JIOBEpPHUE TEOPHUIO CHIBHBIX B3auMoJiedcTBHM. Bc€ coTkaHo BMecTe U MeperieTeHo B roOelieHe;
OJIMH KyCOK MMe€eT Mayio cMbicia 0e3 apyroro. [loatomy u pa3BuTHE 37€KTpociadoil Teopuun
OBLJIO HE TAaKUM MPOCTHIM U MPSIMBIM, KaK 9TO MOIJIO TOKa3aThcsi. OHa HE BO3SHUKJIA, BCIIBIXHYB
[EJIUKOM B YM€ OJTHOTO WJIM Ja)Ke TPEX (PU3HMKOB, a SBISETCS PE3yIbTaTOM KOJUIEKTHBHBIX yCH-
JIM MHOTMX YY€HBIX — U SKCIIEPUMEHTATOPOB, U TEOPETUKOBY [84, c. 51 — 52]. 'mamoy ynoms-



HYJI 3/1eCb O KBapKOBOM TMIIOTE3€ U KBAHTOBOW XpOMOAMHAMUKe. [ umore3a KBapKkoB, BbIIBUHY-
Tasg B 1964 r., 1eHCTBUTETHLHO OTKPBLIA HOBBIM ATal B (PU3MKE dJIEMEHTAPHBIX YACTHUII, TIOITOMY
OCTaHOBUMCS Ha Hel Oosee moapoOHO.

KBapkoBasi cTpykrypa aapoHoB. OOuine aJpoHOB HEBOJbHO HATAIKUBAIO (PU3UKOB Ha
MPEANOI0KEHHUE, YTO 3TU YACTHUIBI HE SIBJISIOTCS, 1O CYyTH JIeia, JJIEMEHTAPHBIMU, a MPE/ICTaB-
JSIOT COOOM HEKHe CTPYKTypHbIe oOpa3zoBanus. B 1964 r. M. I'enn-Mans (p. 1929) u . Lie#r
(p. 1937) BBLABUHYJIM TUIOTE3Y, COTTIACHO KOTOPOM aJAPOHBI COCTOSIT U3 HEKUX YACTHII, HA3BaH-
HBIX Kéapxamu. Kak moaTBepaAnsIo Bpemsi, 3Ta TUIIOTe3a 0Ka3ajlach UCKIIOYUTENBHO MI0J0TBOP-
HOU. Tak yto 1964 r. MOXXHO cuuTaTh A (PUIUKU DIEMEHTAPHBIX YaCTHI] CTOJb K€ MEepPeoM-
HBIM, Kak 1 1932 1.

Bnavane paccMmarpuBaiuch Tpu KBapka — u, d, S — W, COOTBETCTBEHHO, TPU aHTUKBApKa:
u, d , 5. B Tabnuiie 2 npuBeACHBI M HUX JICKTPUUECKHUH 3apsia (€AMHHUICH U3MEPEHHS CITy-
KHUT aOCOJIIOTHOE 3HAUEHUE 3apsa AJIEKTPOHA), CIIMH, CTPAHHOCTH; S-KBapK SIBISETCA «HOCHUTE-
JeM cTpaHHOCTH». Bce kBapku, Kak BUIHO M3 TaOnuibl, oTHOCATCS K (epmuonaM. [loxanyii,
camoe yJIMBUTEIbHOE B HUX TO, YTO OHH O0JIQJAI0T HE LEJIOUNCIEHHBIM, a IPOOHBIM AIIEKTpHUYe-
CKHM 3aps7IOM, PABHOM OJIHOM WMJTU IBYM TPETSM 3apsijia 3JeKTpOHa.

Tadauuna 2
HaumenoBanue CumBon DIeKTpUUCCKUT Cnoun CrpanHOCTh
3apsiz

u +2/3 1/2 0

Ksapku d —-1/3 1/2 0

s -1/3 1/2 -1

u -2/3 1/2 0

AHTHKBapKH d +1/3 1/2 0
s +1/3 1/2 +1

AJPOHBI CTPOSTCS U3 KBAPKOB I10 CIEAYIOMIEMY MPAaBUILY: OApUOH COCIOUm u3 mpéx Keap-
KO8 (aHmMubapuoxH — u3 mpéx aHmukeapkos), a Me30H 00pazyemcs u3 K8apka u aHmukeapka.

Tak, MMOH 7° WMEET KBapKOBYIO CTPYKTYPY ud , @ €r0 aHTHYacTHIa 7 — CTPYKTypy ud . B
CTPYKType KaOHOB €cTh cTpaHHbI anTukBapk: K™ =us, K’ =ds . COOTBETCTBEHHO /sl AHTH-
kaoHOB mMeeM: K~ =us, K' =ds. IIpuBenéM Taroke KBapKOBYIO CTPYKTYPY JOJTOXKHBYIINX

—

OapuoHOB: p =uud , n=udd , A =uds, X =uus, 2" =uds, X =dds, Z° =uss, B =dss,

Q)" =sss. AHTHOAPHOHBI UMEIOT aHAJIOTHYHYIO CTPYKTYpPY, HO TOJBKO HE M3 KBApKOB, a M3 aH-
TUKBapKOB.

Msr Bumum, 9to THreporsl A’ u X’ MMEIOT OJIMHAKOBYIO KBAPKOBYIO CTPYKTYPY; €CTh
CTPYKTYpBI C JIByMSl OJIMHAKOBBIMHM KBapKaMu, a TUIEpOH (2~ COCTOUT U3 TPEX OJUHAKOBBIX
KBapkoB. KBapku — (epMHOHBI, TO3TOMY B OJTHOM COCTOSIHUU HE MOKET HaXOJIUThCs Ooiee o1-
HOTO KBapka JaHHOTO Tumna. Bc€ 3T0 03HayaeT, yTo ¢ KaXKAbIM KBApPKOM HYKHO CBSI3bIBaTh He-
CKOJIBKO PAa3JIMYHBIX COCTOSIHUH. TaK, Haa0 YYUTBIBATL BO3MOXKHOCTH JIBYX CIIMHOBBIX COCTOS-
HUH KBapKa (JIBe BO3MOXHBIX OPUEHTAIIMH CIIMHA KBapKa — «BBEPX» U «BHU3»). OJIHAKO B CITy-
yae () -TUmepoHa 3TOT y4ET HUUETo He aéT: CIIMH TMIIepOHa paBeH 3/2, 3HaYUT, BCE TPHU KBapKa
HaxogsdaTCA 34€Ch B OOJHOM U TOM K€ CIIMHOBOM COCTOSIHHH. Ot TPU KBApKa JOJIKHBI PA3JINYaTh-
Csl 110 KAKOMY-TO JIOTIOJTHUTEIFHOMY MapameTpy. B Teopun KkBapkoB JaHHBIN MapaMeTp Ha3bIBa-
IOT «I[BETOM).

Wtak, kaxapii KBapK (aHTUKBApK) CYLIECTBYET B TPEX Pa3HOBUIAHOCTSX, HA3bIBAEMBIX yBe-
mamu. Y CIOBHO 1[BETa KBAPKOB HA3BIBAIOT JKEITHIM, KPACHBIM, CHHUM, a 1[BE€Ta aHTUKBAPKOB —
OpaHXeBbIM, (HHOJIETOBBIM, 3eTEHBIM. PazymeeTcs, MOHATHIO I[BETa KBapKa WJIM aHTUKBAapKa He
Haao INpruaaBaThb 6yKBaJIBHOFO CMBICJIA. HCHOJIB?»YGTCSI JIUIIb OINTHUYCCKAA aHaJIOIrusa: CMCIICHHC




KENTOro, KPaCHOTO M CHHETO IIBETOB (PaBHO KAaK OPAaH)KEBOTO, (PMOJETOBOTO, 3€JIEHOT0) NAET
OeciBeTHy0 (Oenmyro) kommo3uiuio. CyIiecTBEHHO, YTO B COCTaB JIFOOOro OapuoHa BXOIAT
KBapKH Pa3HbIX I[BETOB, HHAYE TOBOPS, B KAKIOM OapHOHE «IE€PEeMEIIaHbl TPH OCHOBHBIX IIBE-
Tay, TaK YTO OAPHOHBI OKA3bIBAIOTCS «OECIBETHBIMIY 00beKTaMU. Me30HbBI TOXKE «OECIIBETHBI»,
TaKk KaKk B HUX CHHUI KBapK KOMOWHUPYETCS C OPAaH)XEBBIM aHTHKBAPKOM, KPacHBIA KBapK — C
3eNEHBIM aHTUKBAPKOM, KENTHIA KBapK — € (DUOJIETOBBIM aHTUKBApKOM. «beciBeTHOCTbY aapo-
HOB — IPUHIUIMAIBHOE CBOWCTBO. B Teopuu KBapkoB (KBAaHTOBOM XpPOMOJMHAMHKE) €CTb
«TpPaBUJIO HEBBUIETAHHUS 1IBETa», COTVIACHO KOTOPOMY 8 C80O0OHOM COCMOAHUU MO2YM HAXO-
oumscs b «becysemuviey 00veKkmol. ITO MPABUIO OOBACHIET, MOYEMY, HAPUMEpP, KBAPKH
HE MOTYT CYyIIECTBOBaTh B CBOOOIHOM COCTOSIHUU.

JleicTBUTENHLHO, HACTOWMYMBEIE MHOTOJIETHUE TTOMCKH CBOOO/HBIX KBAPKOB OKAa3alUCh Oe€3-
YCHEIIHbIMU: PACIIENUTh aJPOHBI Ha COCTABIISIIOIIME MX KBapKU Tak M He ynaioch. Heyausu-
TEJBHO, YTO JOBOJBHO JIOJTO€ BPEMs COXPAHSIOCh COMHEHHUE, HE SIBJISIETCS JIM THUIIOTE3a KBap-
KOB BCEro JIMIIb OCTPOYMHBIM MaTemMaThueckuM npuémoM. K koniy 70-x ronoB ¢pu3uku nepe-
CTaJli COMHEBATbCS B TOM, YTO KBapKH B aJpOHAX pEaJbHO CyllecTBYIOT. Uto ybOeamuno ux?
[Tpexxne Bcero, Tpu KBapka (IUTIOC TPU aHTUKBapKa) MO3BOJIHIN CKOHCTPYHPOBATh BCE apOHBI U
AHTUAJPOHBI, OTKPBITEIE 10 1974 1. [IpuMedaTenbHO, YTO TaKOE KOHCTPYHUPOBAHUE HE TTOPOXKIa-
JI0 JIMITHUX 0OBEKTOB — BCE MOJyUYEHHBIE «KOHCTPYKIIUKU» OBbLIM B KOHEYHOM CUE€Te OOHapyxke-
HbI Ha onbiTe. KBapkoBasi MOJie1b TO3BOIMIIA MPABWIIBHO PACCUUTATh PA3JIMUHbBIE XapaKTEPUCTH-
KU a/IpPOHOB, BEPOSTHOCTH B3aUMOMpEBpaIIeHuid U T. 1. ONbITHI IO PACCESHUIO AJIEKTPOHOB BbI-
COKHUX PHEPTHi Ha MPOTOHAX MO3BOJMIN B OYKBATHHOM CMBICIIC HAIYTIaTh KBAPKU BHYTPH MPO-
TOHA. TeopeTHuecKkuil aHalau3 3TUX OIBITOB MOKAa3all, YTO BHYTPHU aJpPOHOB 3JEKTPOHBI pacceu-
BalOTCA Ha IEHTpax ¢ 3apsnamu + 2/3 u — 1/3 u cnuaoMm 1/2. PeanbsHOCTh KBapKOBOM THIIOTE3BI
OKOHYATEJIbHO MOATBEPAMIIO €€ nanbHellee pa3BUTHE — OTKPBITHE HOBBIX THUIIOB YACTHII, IMO-
JYYUBIIHUX SK30THUYECKOE Ha3BAHHE «OYapOBAHHBIC YACTHUIIBD). DTO MPOU30NLIO B cepeaune 70-x
TOJIOB.

B 1974 r. ObUT OTKPHIT €II€ OJJUH UCTUHHO HEUTPAIBHBIN ME30H — JKEH-TICU-Me30H J /i

(cnun 1, macca okosio 6000 m, , Bpems xu3nu nopsaka 107¢). Jlns o6bsicHeHUs €ro CBOMCTB U

MpeXkJie BCEro BpeMeHH ku3HU (0HO okasaniock B 1000 pa3 OosbIie, 4eM CaeaoBalio U3 CYIIECT-
BOBABILICH TEOPUH) MPHUIIOCH BBECTH HOBYIO BEJIHUYMHY, COXPAHSIONIYIOCS TOJBKO B cilabom
B3aMMOJICHCTBIM; €€ Ha3Balll «o4yapoBaHHeM». [IpHUIIIOCh MOCTYyIUPOBAaTh TaKXKe CYIECTBOBA-
HUE HOBOT'O KBapKa; €ro Ha3Ballu c-KBapKoM (charm — ovapoBaHue). DIEKTPUIECKHIA 3apsi]i HO-
BOTO KBapka paBHsuics + 2/3. KBapkoBas ctpykrypa J /y -Me30Ha ecThb cC , © €  Ha3bIBAIOT

YapMOHHUEM U PacCMaTPUBAIOT KaK aTOMOIOIOOHYIO CHCTEMY, MOXOXKYIO0 Ha TO3UTpoHMiA. Ha-
MOMHHM, YTO TO3UTPOHHUM COCTOMUT M3 FJIEKTPOHA U MO3UTPOHA, ABMXKYIIMXCS BOKPYT OOIIEro

IIEHTPa MAacc; BpeMs >KM3HU MO3UTPoHHs okono 107 ¢. Kak u Beskuii atoM, 4yapMoHHMiT MMeeT

CHCTEMy YPOBHEH 3HEpruu; MpaBjla, PacCTOSHUS MEXIy STUMU ypoBHsAMU B 10° pa3 Goblie
pacCTOSHUN MEXy YPOBHAMU B 0ObIYHOM artome. KaxxoMy ypOBHIO SHEPIMM YapMOHHS OTBe-

yaeT Hekas YacTHIlA, eé Macca ompesenseTcs cornacHo dgopmyne Ditamreiina £ =mc”. J/y -

ME30H OTBEYAET OJTHOMY M3 YPOBHEH 4yapMOHMS: BCKOpE ObUI OTKPBIT €II€ psii ME30HOB, OTBE-
YaIuX APYruM ypoBHsIM. OuapoBaHMs KBapKa ¢ U aHTUKBapKa ¢ HMEIOT IPOTHBOIOJIOXKHbIE
3HAKU; MOJTOMY pE3YyJbTUPYIOLIEE OYapOBAaHUE CTPYKTYpbl ¢C paBHO Hymwo. Kak roBopsr,
CTPYKTypa cC 00Ja/aeT CKPhITHIM OYyapoBaHWEM. Me30HbI ¢ SIBHBIM OYapOBaHUEM OBLIIU OTKPHI-

1 eToM 1976 1.: D =cit u D' =cd ; UX CBOICTBa OKa3aJIuCh B IIOJJHOM COIJIACHUU C THIIOTE-
301 OYAPOBAHHOTO C-KBapKa.

Utak, moorcHo nonazamv 00KA3AHHBIM CYUeCmMBO8aHUe KEAPKO8 eHympu aoporos. OaHaKO
BBIPBATh OTTYJa KBapKH HEJb3s; B MPHUPOJAE HAOIIOAAIOTCS B CBOOOJHOM COCTOSIHUM TOJIBKO
«Oec1BeTHBIE» OOBEKTHL. B CBS3M C 3TUM HCIONB3YIOT TEPMUH «KOH(pAHHMEHT» (B mepeBoje ¢
AHTJIMACKOTO — «IUICHEHHE, TIOPEMHOE 3akitoueHue»). KonpaliHMEeHT OOBSICHSIETCS Cleaylo-
muM o0pa3oM. Mexay KBapKaMH CYIIECTBYET B3aUMO/JIEHCTBHE; COOCTBEHHO T'OBOPSI, 3TO U €CTh
TO caMO€ CHJIbHOE B3aMMOJIEICTBHE, O KOTOpPOM Iuia peub Bbiie. «llepeHocumkaMm» 3TOro



B3aUMOJICHCTBUS SIBJISIOTCS «I[BETHBIE» YACTULBI — 21f00Hbl (0T aHIIIMHCKOro glue — kiiei).
Kak 1 ¢oTOHBIL, TII00HBI HE UMEIOT MacChl MOKOS, UX CMUH paBeH 1. OHAaKO y HUX €CTh OYEHb
CYILIIECTBEHHOE OTIMYUE OT (POTOHOB. DOTOHBI HE MMEIOT KAaKUX-THOO 3aps0B U MPAKTUYECKH
HE B3aUMOJICHCTBYIOT APYT C APYrOM — OJHWH CBETOBOM My4OK OECTIPENSTCTBEHHO MPOXOAUT
CKBO3b JIpyroi (B3amMozeWcTBUE (POTOHOB OOHAPYKHBAETCS JIMIIb B HEJIWHEHHBIX Cpeaax).
['mrooHb! 00/1a7a10T criennGUYEcKuM 3apsiioM — «ILBETOM», B CBA3H C YEM pa3iNyaroT 8 Titoo-
HOB. [ 1100HbI CUNBHO 83aUMOOeUcm8yiom Opye ¢ Opy2oMm; TIIIOOHBI POXKIAIOT TITIOOHBL. B pe3yib-
TaTe B3aUMOJICHCTBUE MEXKIY KBapKaMU C YBEIHMUEHUEM PACCTOSHHUS MEXIy HUMHU He yObIBaerT,
a, HaNpoTuB, pacmém. BCE 3TO MPUBOIUT K TOMY, YTO CHUJIIBHOE B3aWUMOJIEHCTBUE OKAa3bIBACTCS
«3amepThIM» B Ipejenax obaacTu pasmepoM okono 1077, T.e., uHaue roBOps, NPUBOAUT K
KOH(aHMEHTY KaK CaMUX TJIFOOHOB, TaK M KBAapKOB. Besikas monbITka BEIOUTH KBApK U3 apoHA
o0opaynBaeTcsl TeM, YTO SHEPTHUs, 3aTpaunBaeMasi Ha BbIOMBaHUE, HJIET CHavajla Ha POXKJICHUE
HOBBIX IUIFOOHOB M 3aT€M MPHUBOAMUT K 00pa30BaHHUIO Naphl U3 KBapKa U aHTHKBapKa. JTO cxema-
TUYECKH MOKAa3aHO Ha pUCyHKe 2.39: monbITKa BRIOUTH KBapK u# U3 MPOTOHA MPUBOJIUT, B KOHEY-
HOM cuéTe, K 00pa30BaHUIO IBYX HOBBIX «OECI[BETHBIX» O0BEKTOB — HEUTPOHA M TIOJOKUTEb-

HOro muoHa. M300paxéHHOe HA PUCYHKE MpPEBpALCHUE p —> n+ 77 Ha SI3bIKE KBAPKOB UMEET

B U —>d +ud .

Yuureas. Panee Bol roBopuiiy, 4T0 «IIEPEHOCUUKOM) CUIBHOIO B3aUMOJCHCTBHUS SIBIIIOT-
¢4 MUOHBIL. Teneps ke B 3TOM pOJU BBICTYMAOT MIFOOHBI. YTO TPaBUIIBHO?

ABTOp. MBI paccMaTpuBaJId paHee B3aMMOJCHCTBHE MPOTOHA U HEHTpPOHA U PHUCOBAIM B
CBSI3U C ATUM Juarpammy (cMm. puc. 2.37). UToOsl MpOsSBHIOCH B3aUMOJACHCTBHE MEXKIY MPOTO-
HOM M HEHTPOHOM, HEOOX0MMO X cOMmKeHne Ha paccTostane 107"y, T. €. Ha paccTosHHUE TI0-
psanka auaMeTpa ajapoHa. Ha Takux pacCTOSIHHMSAX TIUIIOOHBI OO0ECTeYMBaIOT MpPEBpalCHHS

u—>d+ud n d+ud —>u . JIerko BUIETh, 9TO STH MPEBPAIICHAS COOTBETCTBYIOT PEBPAIICHH-
SM B Toukax /, 3 u 2, 4 Ha ynoMsIHyTOH Auarpamme. Tak 4To MPeKHsS U HbIHEIIHAS TOUKU 3pe-
HUS BIIOJHE COTJIACYIOTCS IPYT C JPYTOM.

Yuurenasb. [ToHATHO. A 3HEpruei riaooHb 0OMEHUBAIOTCS ¢ GPU3NIECKUM BaKyyMOM.

dyHaamMeHTaJIbHbIe 0030HbI U (pyHIaMeHTaIbHbIe (pepMHOHBI. C MOSBICHUEM KBapKoO-
BOM MOJIeNT aJIpOHOB U CO3JaHUEM €AMHOM TEOPUH IJIEKTPOMArHUTHOIO U c1aboro B3auMojiei-
cTBUA Tabnuua 1, mpuBenEHHAS BBINIE, YK€ HE AaET MPAaBHIBHOTO MPEICTABICHUS 00 «dJIeMeH-
TapHBIX KUpNUYMKax» Marepuu. CeroiHs CIHMCOK TaKuX «IepBOHayaml» cocToMT u3 13 dyHna-
MEHTAJIbHBIX 0030HOB U 12 pyHIaMEHTaIbHBIX (PEPMUOHOB.

DynoamenmanvHbvie 6030HbI — IIEPEHOCUNKN» OCHOBHBIX B3aMMOJEHCTBHIA; X paccMaT-
pUBaIOT Kak BO30Y>KJIEHUS CHJIOBBIX IMOJEH, OTBEYAIOIIMX OCHOBHBIM B3aumojeicTBusM. DyH-
JTAMEHTAJIbHBIMUA 0030HAMU SIBJISIIOTCS CIEYIOLINE 3JIEMEHTapHble YacTHUIbl: (POTOH (3JIEKTpO-
MarHuTHOE B3aUMOJICUCTBHUE), 8 TIOOHOB (CHJIbHOE B3aWMOJECHCTBUE), 3 MPOMEXKYTOUYHBIX 0O-
30Ha (crmaboe B3aUMOEWCTBUE) M TMHNOTETHMUYECKUI TPaBUTOH (TPaBUTAIL[MHHOE B3aUMOJEHCT-

Bue). CymiecTBoBaHKEe MPOMEXYTOUHBIX 6030HOB W', W™, Z Gwuto npenckazano Teopueii Ca-
nama — BaitnOepra — ['mamioy; onn Obutu oTKpeITHL B 1983 1. Eciit poTOH M r1t00HBI HE HMe-



IOT MAaccChl MOKOS, TO IPOMEXKYTOUHbIE 0030HBI, HAPOTHB, 00JIAAIOT OTPOMHOM Maccoit: y W-
6030Ha Macca 160 000 m,, a'y Z-6030Ha — 180 000 m, .

DynoamenmanoHuIMU pepmuonamu IBIAIOTCA JENTOHBI U KBapKu. Bee mpotiecchl ¢ ydacTu-
€M JIENTOHOB U aJPOHOB MOTYT OBITh NPEJICTABIICHBI TEMEPh KaK K8APK-IeNMOHHbIE NPOYECCHL.

Tak, pacnax HEWTpoHAa 1 —> p+e  +V, clelyeT pacCMaTPUBaTh KaK COOTBETCTBYIOILEE IIPEBpa-

mMECHUC OJHOIro M3 d—KBapKOB, BXOIHMBIIHUX B COCTaB HeI>’ITpOHaZ d—>u+e +l7e . CTonkHOBEHHUE

HEUTPUHO C HEUTPOHOM, IIPUBOJAILEE K POKICHUIO IIPOTOHA U JIEKTPOHA, CBOJUTCA K CTOJIKHO-
BEHUIO HEUTPUHO C d-KBapKOM, B pe3yJIbTaTe Yero d-KBapK MpeBpaIlaeTcs B #-KBapK U MpU ITOM

POXKIAETCS IEKTPOH: V, +d > u+e .
Ho 1974 r. ¢usukam O6bun U3BECTHHI 4 stenToHa (e, V,, U, vﬂ) u 3 kBapka (u, d, s). Ota

CUTyallls UX HE yCTpauBasla: U3 TEOPUU CIIEJOBAJIO, YTO YHUCIIO JIENTOHOB JIOJKHO OBITH PaBHO
YHUCITy KBapKoB (kgapk-nenmonnas cummempusi). B 1974 r. ¢ mosiBneHreM 4eTBEpTOro KBapka
(c-xBapka) JIENTOHBI M KBAapPKW CPaBHsUIUCH N0 uuciy. OgHako Bckope, B 1975 r., ObIT OTKPHIT

TATHIA J1enToH — TaoH 7 (Macca 3500 m,, Bpems xwu3Hu okosno 107'°¢) u mosBuIMCH Beckue
JIOBOJIBI B MOJIb3Y CYILIECTBOBAHHS TPETHET0 HEHTPHUHO — TAOHHOTO HEUTpuHO Vv, . Takum obpa-

30M, YHUCJIO JICITOHOB YBCIIMYUIIOCH OO0 IICCTH. Havannce MHTEHCUBHEBIE IIOMCKHU IISTOTO U IIIEC-
TOTO KBapKOB, 3aKOHYHBIIHWECS, B KOHEYHOM cuére, ycrenrHo. HoBble KBapku Ha3Baimu b-
KBapKOM (HOCHUTEIIb HOBOM (PU3MYECKON BEIMUMHBI — «IIPEIIECTH»; beauty — TPENecTh) U t-
KBapKoOM (truth — uctuHa). Y b-KBapKa dJeKTpUUIECKU 3aps paBeH — 1/3, a y t-kBapka + 2/3.

Urak, 6 nenroHos (e, v,, 4, v,, T, V,) 1 6 KBapKoB (u, d,s, c, b, t) — BOT Ha ceroaHs
TIOJTHBIN TIepedYeHb (QyHAaMeHTATbHBIX (epMUOHOB. OHHM TOBOJBHO €CTECTBEHHO Pa3OMBAIOTCA
Ha TPH TPYIIBI, KOTOPbIE MPHHATO HA3bIBaTh MOKOJCHUSMH. [lepgoe noxonenue: u, d, e , v,.

e

Bmopoe noxonenue: s, ¢, u~, v,. Tpemve noxkonenue: b, t, r~, v_. HacTulsl IepBOro MoKose-

HUS caMble JIETKUE, TPEThEro — camble Tskénble. 13 yacTuil mepBoro nokosjeHus1, 001aJaronmx
JNEKTPUYECKUM 3apsI0OB IOCTPOEHBI aTOMBI, MHBIMU CJIOBAMH, IIOCTPOECHO BCE BEIIECTBO BO
Bcenennoii. DneKTpoOHHOE HEHTPUHO TOXKE UIPAET BAXKHYIO POJIb — OHO, HAaIPUMEpP, YUACTHUK
npoueccos, nporekaromux Ha ConHue. C nepBeIM MOKOJIEHHEM BCE JOCTATOYHO SICHO. YTO ke
KacaeTcs BTOPOro U OCOOEHHO TPEThEro MOKOJIEHUH, TO 3/1€Ch, HAIIPOTHB, [TOKA CIIOUIHBIE 3a-
rasiku. Mpl I0Ka HE 3HaeM, 3a4€M HYKHBI IPUPOJE YACTHULIBI ITUX MOKOJICHHUM.

Tpu 3Tana B No3HAHWU CTPOEeHHs BeulecTBa. Ha mpoTsHkeHUM HBIHENIHETO CTOJeThs (pu-
3MKa [TPOLUIA TPH dTara B IO3HAHUU CTPOEHUS BELLECTBA. [1a nepeom amane paccmampuganocs
cmpoeHue amomog u Monexys, Oblila UCClIeJoOBaHa 3JEKTPOHHAs 000JI0YKa aTOMOB U MOJIEKYI,
e€ poib B 00pa3oBaHMU XUMHMUYECKUX CBs3ell. Ha emopom smane uccnedoganocy cmpoenue
amomHo2o A0pa Kak 00bEKTa, COCTOSIIET0 U3 IPOTOHOB U HEUTPOHOB. Ha mpemvem smane u3y-
YanacL CMpyKmypa camux npomoHo8 U HelimpoHoe Uik, 0ojiee MUPOKO, K8APKO8as CMPYKmypa
A0pPOHO8.

Ecnu o0bekT 00sagaeT KakoW-TO BHYTPEHHEH CTPYKTYpoM, OH OyJeT XapakTephu30BaTbCs
BHYTPEHHEH TUHAMUKOHN, BHYTPECHHUMH IBIKEHUSMH. COTJIACHO KBAaHTOBOW (hU3WKE, SHEPTHS
TaKuX JIBUKEHUN keanmyemcs — o0pa3yer ouckpemuwiii cnexmp. Ha pucynke 2.40 npuBeieHsl
TPH CIIEKTpa. BHEIIHe OHM MMOXO0KH IpYT HA JPyra; OAHAKO y 3TUX CIIEKTPOB €CTh CYIIECTBEHHOE
pasinyMe B Pa3HOCTU HHEpruil ypoBHeW. B cmyuae (@) yka3aHHas pPa3sHOCTb COCTaBISET
0,1—-15B ; mepen HaMu XapaKTEPHBIN CIIEKTp YpOBHEH aroma. B ciydae (6) pa3HOCTh dHEpruit

ypoBHEH B MIJITHOH pa3 6omnbmie: 0,1—1 M>3B — 3T0 XapakTepHBIM CIIEKTP aTOMHOTO sijpa. Ha-
KOHEII, B CJIy4ae (8) pacCTOSHHE MEXIy YPOBHSAMH emE B Thicsuy pa3 Oomnbmie: 0,1-1738 —

9TO CHEKTpP ajpoHa. TpH NPHUBENEHHBIX CIEKTpa — WUIKOCTPALUU K MPEM CHEeKMPOCKONUAM,
Ka)/1asi CIIEKTPOCKOTHS COOTBETCTBYET OJJHOMY M3 TPEX ITAINOB MO3HAHUS COBPEMEHHOU (H3H-
KO CTPOEHHS BEILECTBA.
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Koneuno, B pamkax aaHHoOro maparpada ObUIO HEBO3MOXHO CKOJIb-JIMOO JETaJbHO pac-
CMOTPETh BCE ATH 3Tallbl, YAECIUTh JOPKHOE BHUMAHUE sIEPHON (u3nke U (PU3MKe dIeMeHTap-
HbIX yacTuil. C BompocaMu (U3MKU 3JIEMEHTApHBIX YacCTHIl YUTATEIb MOXET OoJjiee MOoApoOHO
MMO3HAKOMHTHCA 110 MHOTUM KHHUTaM. YKaxkeM u3 Hux [82, 88, 89, 119, 137].

3amMeTHM, 4TO IIPU PACCMOTPEHHUH AJIEMEHTAPHBIX YACTHI] B IIKOJE BO3HUKAET BOIPOC, Ha-
CKOJIBKO TJIyOOKO cliefyeT 3To JenaTh. [lonaraeM, 4to TeMa 3J€MEHTapHBIX YaCTHUI] B IIKOJIBHOM
Kypce (GU3UKH JT0JDKHA MPETIOTHOCUTHCS He KaK CaMOCTOSTENbHBIN pa3zien, a Kak onpeaeaeHHbII
9Tal B MPOLECce MO3HAHUS YEJI0BEKOM «IPUPOABI BELIe». DTO U ONpeenuT niyOuHy e€ mpo-
paboTKu.



Luanoea. O nyTsax ganbHeEWLWero passutns ousnku

Yuntennb. CoBpemeHHass (uszmka BcE€ riy0xke Imo-
3HAa€T MaTepuio. A HacKoJIbKo BCE ATO HykHO? He oTna-
asiemcsi 11 MbI Bc€ Oonblie W OoJblle OT TOTro, 4TO B
NEHCTBUTENBHOCTH OKpYykaeT Hac? Mbl HE NOHHMaeM,
3aueM mpupojae PpyHaamMeHTanbHble PepMUOHBI BTOPOTO
U TPETBEro IIOKOJEHUM. YenoBeK, HABEPHOE, TOXKE
BIIOJITHE MOXET OOOWTHCH 0e3 HHMX. 3ayeM eMy TUIepo-
HBbl, KaoHbI, TaoHbI? He crnemyer iu co3HaTenbHO orpa-
HUYUTH COOCTBEHHYIO I00O3HaTenbHOCTh? OYeHb WH-
TEepPEeCHOEe cooOpakeHHe Ha 3TOT CUYET ecTh B «IloTepsH-
HOM pae» J[xoHa MunbToHa: «YM MU BOOOpaKeHUE,
HE 3Has TPEJICIIOB, OJIyKIAI0T B OECKOHEYHOM JTAOMPHH-
T€, MOKa MPEIOCTEPEKCHUE WM OIBIT HE HayyaT Hac,
YTO BBICIIAsi MYJIPOCTh COCTOMT HE B TITyOOKOM ITO3Ha-
HHUM JaJ€KUX OT HAC BEIEH, OTBICUEHHBIX, TEMHBIX, HO
B ypa3yMEeHHUH TOTO, YTO BUJIUM MBI Mepe]l coO00I0 B TI0-
BCE/IHEBHOM *kM3HU. Bcé ocTampHOEe — JIbIM, cyeTa, Oe-
3yMuUe, MOTyIllee clienaTh Hac eué 0ojiee HEONbITHBIMU
Y HaWBHBIMHU B CYXJICHUU O Hambosee ONM3KUX HaM Be-
1aX, BEYHO HEI0BOJIbHBIMM.

ABTOp. YenoBek Bcerja CTpeMUIICS MOHATh BCE, YTO
€ro OKpY»XaeT, U BCerja CTPEeMWJICS MPOHUKHYTh BCE
ry0ke B CYHIHOCTH siBIeHHH. [IpoTHBOECTECTBEHHO U
0ECCMBICIICHHO TIBITATHCS KAaK-TO OTPAaHHYUBATH JIH0OO-
3HATEJIbHOCTh, TACUTh MBITJIUBOCTh: yMa.

Yuureas. Ho He nosydaercs i, 4To B UCCIIENO0Ba-
HUSX 10 (U3MKE 3JIEMEHTApHBIX YacTHll (Tam, Tae, Kak
OPUHATO CYUTATh, MPOXOAMT MEpPeIHUil Kpail ¢uznde-
CKHX HCCJEIOBaHWI) MBI BCE OoJble yriayOmseMcs B
MUp, KOTOPBIHA camu dce CO3JANIN B CBOUX JTAOOPaTOPHSIX
Ha CBEPXMOIIHBIX ycKopuTensax yacTul? C OrpoMHBIM
TPYJIOM CO3/IaHHBIC Ha ATUX YCKOPUTENSIX IK30TUUECKHE

i ;“”"”" ALGRE N 5-"“‘2 A (pHsH- YaCTHUIIbl MTHOBEHHO THOHYT. ['71Ie OHM BCTpEdarOTCs B
d PA3BHBATLCH W Hadbile;

He 3nan.. A pasee ewe He Bee npupojie? A TJIaBHOE, 3a4€M MX M3y4aTh, €CIIM OHHU 3a-
38KOHbI OTKPBITH? BEJIOMO HE UIPatOT HUKAKOM POJIM B HAIIEH KU3HU?

Ha ypoke ¢pusuku.

ABTOp. BBl cumkom kaTeropudHbl. UTo, COOCTBEHHO TOBOpS, O3HAYAET «UTPATh POJIb B
Haulel xu3Hn»? Mnu cHadana eni€ mpouie: 4yTo TaKoe «Halla KU3Hb»? Y CIIOBUS KU3HHU JIIOAEH
BCE BpeMs MEHSIOTCA. Tpu ThICSUHM JIET Ha3aJ ObUIM MOJyYeHbl YUCThIE METaJlIbl, KOTOPhIE, Me-
Iy IPOYMM, HEJIb3s HAWTH B €CTECTBEHHBIX YCIOBHSX, U 3TO PAJUKAIBHO MU3MEHWIO YCIOBHUSA
JKU3HM 4enoBeka. Bo BpeMeHa ['anunest 3aHATUS 3JIEKTPUYECTBOM Ka3aJIUCh COBEPILIEHHO OTO-
PBaHHBIMH OT >KU3HH, OJJTHAKO CETOJIHS HEINb3s MPEJICTABUTh ceOe HaIlly JKU3Hb 0e3 dJIeKTpUYecT-
Ba. B Hauane Beka mpo0iieMa CTpOEHMsSI aTOMHOTO sijipa MpEACTaBisijia YUCTO aKaJAeMHUYECKUN
MHTEPEC; CErOJHS SHEPrusi OT JAEJEHUS SJEp MCIONBb3YETCs B JABUTATENSIX U JUIS MOJy4YEHUs
JJIEKTPUYECTBA, a 3aBTpa SHEPTUsl TEPMOSIEPHOTO CHHTE3a MO3BOJUT HaBCerJa U30aBUTh Yelo-
BEYECTBO OT SHEPreTUYECKOI0 roI0/a.

Yuureas. [lonumaro, Bel xoTHTE CKa3aTh, YTO CETOJHSIIHUE YACTO HAYYHBIE UCCIIEIOBAHNUS



MOTYT 3aBTpa HaWTH MpakTHYeckoe nmpuMeHeHne. OHAKO SIBJISETCS JIM 3TOT TE3UC aOCONIIOTHO
BepHBbIM? MOKHO 1M HAJEAThCS, YTO TUIEPOHBI, IPOMEKYTOUHbIE O030HBI, KBAPKU, 3aMypOBaH-
HbIE BHYTPHU YaCTHII, KO20a-1160 HAUAYT MPaKTHYECKUE TPUMEHEHHS?

ABTop. [loka 006 3TOM TpynHo cynuth. Ho BepréMcs k Bammm cioBaM «HE UTparOT HUKA-
KOU pOJIM B HAIlIEW KU3HU» U MOJyMaeM, YTO K€ O3HAYaeT «UIpaTh pojb B Hauieu xu3Hw». Ha-
BEpHOE, HeJb3s CBOJUTH 3Ty POJb K MPAaKTUYECKUM MpUMeHeHUsM. Hajo yuuTsIiBaTh Takke MH-
TEJJIEKTYyaJIbHOE BO3JeiicTBHE (DyHIaMEHTaIbHBIX (PU3HUECKUX HccienoBanuil. Jlaxe eciau Obl 1
B CAMOM JIeJIe 0Ka3aJoCh, YTO BBICOKORHEpreTHuyeckas (pu3nka 3JIeMEHTApHBIX YaCTHUI[ HE UMEET
HUKAKOT'O OTHOIIEHUS K MaTepUaIbHOMYy MHUPY, B KOTOPOM MBI )KUBEM, TO M TOTAA OBUIO OBI MC-
KITIOYUTENIbHO BaXXHO €€ BIMSHUE HAa HAIl AyXOBHBIM mMup. [locTikeHnue «mmepBoHayai Bewien» u
«TEPBONPUYHNH SBJICHUI» CIIOCOOCTBYET POCTY MHTEIICKTYalbHOTO YPOBHS, BO3JICHCTBYET Ha
(dbopMHpPOBaHHE CHCTEMBI OCHOBHBIX KOHIICTIIIMKM 0OmecTBa. MOXXHO JIM TIPEICTaBUThL cebe co-
BPEMEHHYIO €CTECTBEHHOHAYYHYIO KapTHHY MUpa 0e3 KBapKOBO# CTPYKTYpbl yactul? Yenogex,
He 8edarowuli ce200Hs 0 K8apKax, CMoJb Jice yujepOeH, KaK U Yeiosek, KOmopbli 6 Haudjle 8eKa
HUYe20 He CIbIXAl 00 JJIeKMPOHAX.

Yunreasn. Hy, ecinu Tosbko umeeTcs B BUAy o0Iee pa3BUTHE. ..

ABTOp. He tonbko. CymiecTByeT TecHasi CBA3b MEXIY (PU3MKON 3IIeMEHTApHBIX YaCTHIl U
KOCMOJIOTUYECKUMU Tpobiiemamu. Panbiiie mpupoa nzydanach TOJIbKO B TOM BUJE, B KAKOM OHA
CyILIECTBOBaJIa B TO BpeMs. Tenepb B IIEHTPE BHUMAHUS OKa3bIBAIOTCSI BOIIPOCHI s680.110yuu Bee-
JICHHOM, NpoucxoscoeHusi BCEro, 4To Mbl BUIUM BOKpYT ceOs. [IpuHIMNHANBEHO BaXKHYIO POJIb
ChITpasia B 3TOM (pU3HKa I€MEHTapHBIX YaCTHUII.

Yuuresnn. U Bc€ xe y MeHs ocTaéTcs cepbE3HOE COMHEHHE B 11€71eCO00Pa3HOCTH HEOTPaHHU-
YEHHOTO Pa3BUTHUSL (yHOaMmenmanvhvix ucciedosanuii. CoBpeMeHHasi (pU3UKa 3JIeMEHTapHBIX
YaCTHII PEATNOIaraeT cCoopykeHune Bc€ 0osiee JOPOTrOCTOSIINX YCKOPUTEIEeH. A MEXIy TEM pas-
BUTHE 0011ecTBa TpeOyeT BKIIAJABIBAHUS CPEACTB B MHOTOUUCIIEHHBIE NPUKIAOHbIE HANPABIEHUSL.
He crnenyer nu moxkepTBOBaTh JOPOTOCTOSAIIMME (PyHIaMEHTAIbHBIMHU HCCIEAOBAHUSIMHU B MOJb-
3y MCCIEAOBaHUM MPUKIAJHOIO, MPAaKTUYECKOro xapakrepa? MHadye roBopsi, He ciaeayer Ju or-
PAaHUYUTHCA JOCTUTHYTON TJyOMHOM MOHMMaHUS CTPOEHHS BEIIECTBA M COCPEIOTOUYUTHCS Ha
M3YYEeHHH TUTa3Mbl, TBEPJIOTO TeMa, CBEPXIPOBOIMMOCTH, JTa3epHON PU3UKU U T. 1.7
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ABTOp. BB nIocTaBuim cepbé3nbliii Bonpoc. Crenyst B. Baiickondy [17], mpeacraBum yc-
JIOBHO CXEMY pa3BHUTHS (QU3UKHU TaK, KaKk 3TO N300pakeHo Ha pucyHke 2.41. 1o ocu Y oTinoxeHbI
(dyHIaMeHTaJIbHBIE MCCIeIOBaHUS — OT aToMa K aTOMHOMY SIIpY, OT sifjpa K 3J€MEHTapHbIM
YacTHIIaM, a 10 OcH X OTJIOXKEHBI MPUKJIaHbIe UcclieoBanus. B nenom ¢usnueckas Hayka pas-
BHUBACTCS B HANpAaBICHUM, IMMOKA3aHHOM CTpEJKaMU; TMpsMas JIHHHUS W300pa)kaeT MepeaHui
dbpoHT Hayku. Ecnu ykazaHHas mpsmas OyAeT WATH CIUIIKOM KPYyTO (SIBHOE MpeodiagaHue
(GyHIaMEHTAIBHBIX MCCIEIOBAaHUMN), TO ATO MPUBEAET K JACHCTBUTEIHLHOMY OTPBIBY HAYKH OT
JKU3HU, HayKa JIMIIUATCS AKUBUTEIBHOM CBSI3M C MpakTUKOW. Ho He MeHee omacHa u Apyras Kpam-
HocTh. Eciin mpsimast OyJieT CiMIIKoM MOJIOro (SBHOE IMpeobiaiaHue MPHUKIAIHBIX HCCIeI0Ba-
HUI), HEeU30€)KHO HACTYIUT YMCTBEHHOE, a 3aTeM M TEXHHUYECKOE BhIpOkKJeHHEe Hayku. Dusuka
MOET Pa3BUBATHCS JIMILIb TPU ONTUMAJIBLHOM HAKJIOHE pacCcMaTpUBAEMOU MPSMON — HE CIMIII-
KOM KPYTOM M HE CJIMILIKOM MOJIOTOM. DTO 03HAYAET, YTO MexHcO0y (PYHOAMEHMANbHLIMU U NPU-
KAAOHbIMU UCCTIe008AHUAMU eCMb 21YO0KAs C643b; TIPOTPECC B OJHOM HANpPaBICHUU HEBO3MO-



eH 0e3 mporpecca B JpyTroM.

Yuurean. Ho xak ganeko Mbl Oyaem uatu 1mo ocu Y? beckoHeueH min ke KOHEUEH MPOoIIece
MOCTHXKEHUS «IIE€PBOHAYA» U «IEPBONPUUYUH»? Bbl roBopuiin o TpEX 3Tanax Mo3HaHUs CTPOe-
HUS BEUIECTBA. by Iy T JIM 4€TBEPTHIN, MATHIN U APYTUe dTaIbl?

ABTOp. JlyMato, 4TO NMPOJBMKEHHUE 10 OCH Y, paBHO Kak U MPOJBHKEHUE 10 ocH X, Oyaer
MIPOUCXOANTH BCE BPEMS, ITOKA CYIIECTBYET YEIOBEUYECTBO.

Yunrean. Ho pa3Be Henb3sl NPEANONOKHUTb, YTO KOTJA-TO YEIOBEK OTKPOET HCTUHHBIE
«TepBOHayaIa» U «nepBorpuuuHb»? 1 He OyJeT a1 3T0 03HA4YaTh OKOHYaHUe Pa3BUTUA (HU3H-
Ku?

ABTop. Bamre npennonoxxenue HecoctosTenpHO. [Iponecc mo3nanus 6eckoHevueH. Mbl Oec-
KOHEYHO NMPHUOIIKAaeMCs K HICTUHE Yepe3 MOCIeI0BaTeIbHOCTh OTHOCUTENBHBIX UCTHH. S mona-
raJi, 4To 3TO NMPUHIUIHAIBHOE 00CTOATENBCTBO BaM n3BecTHO.

Yumnrean. Koneuno, nuzsectno. OaHaKo €I NPEAIOI0KUTh, YTO YEJIOBEK MOJHOCTBIO I0-
3HAJ 3aKOHBI, ONPEAEISAIONINE MOBEACHUE dJIEMEHTAPHBIX YaCTHII, TO, TOCKOJIBKY Bce (u3nye-
CKHE OOBEKTHI COCTOSIT B KOHEYHOM CUETE M3 3TUX YACTHI], MOXKHO 3aKJIFOYUTh, YTO TOJHOCTBIO
OIMCAHO U MOBEJCHHE BceX 00BheKTOB. Pa3Be 3T0 He ecTh KOHel pa3BUTHS U3UKU?

ABTOp. HeB03MOXHO NTO3HATH 3aKOHBI 3JIEMEHTAPHBIX YaCTHUILl TIOJTHOCTHIO. BbI 00s13aTeIbHO
OyzieTe UMeTh JIeJI0 ¢ HEKOSH H/IeaTn3ainei.

Yuutean. Ho mouemy obs3arensHO?

ABTOp. ['0OBOpUTH, B IPUHITUIIE, O 3aBEPIICHUN KAKON-TNOO HAyKH MOXHO TOJIBKO MPH yC-
JIOBHMH, YTO 3Ta HayKa YETKO OTAEIEHA, U301Uposana OT APYTUX HAY4YHBIX HampaBieHUH. Pusnka
K€ He UMeeT YETKO ONpeAesIEHHBIX TPaHHULL;, UX NPOCmo He Modicem Obimb. CyIeCTBEHHO, YTO 10
Mepe pa3BUTHS (PU3UKH, [0 MEpe TOT0, KaK MbI BCE OOIbIIE yriayOysieMcs B CYIIHOCTh BeIeH U
SIBJICHUH, TPAaHUIIbI CTAHOBSTCS BCE Oojiee YCIOBHBIMU M HEONpeAeNEHHbIMU. BCrnoMHUM: KBaH-
TOBast (PU3UKA «Pa3MbLIa» CYIIECTBOBABIIYIO paHee IpaHUIly Mexnay ¢pusnkoil u xumueit. Cero-
JTHSI MICCIIEZIOBAHUS HAa YPOBHE MUKPOSBIICHUHN «Pa3MbIBAIOT) TPAHUILY MEXTYy (PU3UKOM 1 OHoIIo-
ruen. Momu 621y0b — smo 3nauum uixooums Ha Oojee wupoKue 20puU3oHmul.

Yuurteab. B aTom cMbIcie ¢u3nka, KOHEUHO, OYAET MPOIOIHKATh Pa3BUBATHCS.

ABTOp. BBl Hauanu auanor nuraroit uz Jrxona Munsrona. S xoren Obl 3aKOHUUTH €TO 1U-
taToi u3 pabotsl B. I'eitzenbepra «Konen ¢pusuku?» Bospakas mpoTHB IOMyIIEHUS BO3MOXHO-
CTH OKOHYaHUS pa3BUTHs (PU3MKHU, OH mucai: «Jlemo B TOM, 4TO U 3aMKHYTYIO TEOPHUIO dJIEMEH-
TapHBIX YaCTHUI] — HA30BEM JIU MbI €€ «KMUPOBOU (POPMYJIOi1», MIM UHAYUE — CIIeAyeT NOHUMATh
KaK uaeanu3anrioo. XOTsS OHa CTPOTO OTOOpa)KaeT HECIBIXaHHO HIMPOKYIO O0JacTh SIBICHMIA,
BIIOJIHE MOTYT CYIIECTBOBaTh U JIPYTHe€ SIBJICHUS, KOTOpbIE 3Ta WJeaNn3allsl OXBaTUTh HECIO-
coOHa. Hambonee pasuTenbHBIM MPUMEPOM, JOKA3bIBAIOIIUM TaKylH BO3MOXKHOCTH, CITY)KHUT
ouosorusi. Bce Onosiornyeckrne 0ObEKTHI TOXKE COCTOSIT M3 DJIEMEHTAPHBIX YaCTHIl, TEM HE Me-
Hee, MOHATHUS, B KOTOPBIX OOBIYHO OMHUCHIBAIOTCS OUOJIOTMYECKHE MTPOLIECCHI, HATPUMEpP TTOHATHE
caMmo# KM3HH, HE BCTPEYAIOTCS B ATOM maeanu3anuu. Tak uTo (usmke eme mpejacTouT pas3BH-
BaThCS B ATOM HampaBlIeHHH. Bo3pa3uTh Ha 3TO MOKHO OBLJIO OBI TONBKO TO, YTO peYb 3/1e€Ch
uaET yxe He 0 (usMke, a 0 OMojoruu, GU3MKa xe MpHu 3TOM ocTaércs 3aBeplI€HHON. OnHaKO
TPaHUIBI MEXKAY (PU3UKON M CMEXKHBIMU HAyKaMHU CTOJb PACIUIBIBYATHI, YTO MOJOOHBIM pa3iu-
YHeM JOCTHTaloT HEeMHOroro. I[1oaTomy-To OONBIIMHCTBO (PU3MKOB M COTJACHBI B TOM, YTO
MMEHHO BCJIEJICTBHE HEOMPEAECNEHHOTO XapaKTepa TPaHull, OTACISIONINX (PU3UKY OT CMEKHBIX
JTUCIUIUINH, TOBOPUTH O €€ KOHILE He cienyer» [32, c. 205 — 206]. B xoH1ie nutupyemMoil paboTsl
CHEIHMAIbHO MOAUEPKHYTO: «... bimkaiiiee pa3Butue OyJeT XapaKTepu30BaThCS UMEHHO 00be-
JUHEHUEM HAyKH, MPEOJOJIEHUEM HCTOPHUUYECKH CIIOKUBIIUXCS TPaHMI] MEXKIY OTAEIbHBIMU
aucuummHaMuy [32, ¢. 207].



§ 11. COBPEMEHHAA ECTECTBEHHOHAYYHAA
KAPTUHA MAPA

PaccmarpuBasi B 1aHHOI ri1aBe BONPOCHI TEOPHUH OTHOCUTEIBHOCTH, KBAHTOBOW MEXAaHMKH,
aaepHON (HU3UKH, PU3UKU STEMEHTApHBIX YaCTHIl, Mbl, IO CYTH JIeNia, 3HAKOMUJIHUCH C COBPEeMEH-
HOUl ecmecmeeHHOHayuHou Kapmunot mupa. OcCcTa€Trcs MOJBECTH UTOTH, BBIACIUTH OCHOBHBIE
MOMEHTBHI, pACCTABUTh HEKOTOPBIE AKLICHTBHI.

IToJie u BemecTBo. CHopMHUpOBaBIINECS B paMKaX AJIEKTPOMArHUTHON KapTUHBI MMOHATHS
nosisa U eewjecmea Kaxk JBYyX BUIOB MaTEpPUH MOJYYarOT JalbHEIIee pa3BUTUE B COBPEMEHHOU
kaptuHe. CyIecTBeHHO oOoramaercs, yriyosseTcs colepkaHue 3TUX MOHATHH. Bmecto aByx
OCHOBHBIX THUIIOB CHUJIOBBIX MOJIEH U COOTBETCTBEHHO JIBYX (PyH/IaMEHTAJIbHBIX B3aUMOIEHCTBUN
(3TEKTPOMAarHUTHOTO M TPABUTALIMOHHOTO) TETIEPh PACCMATPUBAIOTCS YETBIPE — 2PAGUMAYUOH-
Hoe, cnaboe, anekmpomazHumuoe, cunvHoe. 1lpyu 3ToM >1eKTpOMarHUTHOE U caaboe B3auMoeil-
CTBHSI yJAJOCh ONMHCATh €AMHON Teopuel. Bo3OykaeHus: 4eThIpéX OCHOBHBIX CHIIOBBIX MOJEH
MHTEPIPETUPYIOTCS Ha KOPIMYCKYJSPHOM SI3BIKE KaK ¢hyHOameHmanvbHvle O030Hbl; BCETO ITHX
0030HOB TpUHAALATE. BemecTBo 00pa3ytoT MOJIEKYJIbI, aTOMBI U CBOOO/IHBIE YaCTHUIIBI (JIETITOHBI
U aJipoHbI). B KOHEYHOM CcuéTe OHO COCTOUT U3 (DYHOAMEHMAIbHLIX (epMUOHO8 — TIECTH JICTI-
TOHOB U IIECTU KBAPKOB (HE CUUTAsi AHTUJIIENTOHOB U aHTUKBAPKOB).

B ornnuune oT 37eKTpOMarHUTHON KapTHHBI, B COBPEMEHHOM KapTUHE YKe Hem Henepexo-
OUMOU 2panuybl Mexcoy noiem u ewjecmeom. Ha ypoBHe 3J€MEHTapHBIX YaCTHI] MPOUCXOAST
B3aMMOIIPEBpALCHHUS TOJsI U BemecTBa. Tak, (OTOHBI MOTYT TMpeBpallaThCsi B 3JIEKTPOHHO-
NO3UTPOHHBIE MAPHI, a TH MApPbI B MIPOIECCEe AaHHUTHIISAIIUH MTPEBPAIIAIOTCS B (POTOHBI.

B3aumonpeBpamenusi 4acTui. XapakTEpHOH 4EPTOM MHpA IJIEMEHTAPHBIX YaCTHIL SBIIS-
eTCs 83aUMONpespaujaemMocms. IACKTPOMArHUTHON KapTHHE Obljia IMpUCYIIa CTA0MIBHOCTh; He-
JTapOM B OCHOBE €€ MCIIOJIb30BAIUCH CTAOUIIbHBIE «3JIEMEHTAPHBIE KUPIUYUKUY) — JJIEKTPOH U
poToH, a 3aTeM (oToH. OKa3anoch, OJHAKO, YTO CTAOMIIBHOCTh YACTHIl — 3TO UCKIIOYEHUe,
0COOBIN ciywail, a npasunom SBISETCS KaK pa3 HECTaOWIBHOCTB; HOUMU 6Ce dlleMEeHMApHble
yacmuysl HecmadbunbHul. OHU CaMOTIPOU3BOJIBHO PACIAAAIOTCs, T. €. MPEBPAILAIOTCS B JIpyrue
YaCTHIIBI.

B3aumonpeBpaiiieHus: MpoUCXOIAT HE TOJIBKO IIPU CIIOHTAHHBIX pacnajiax, HO U IPH CTOJIK-
HOBEHMIX yacTull. [Ipenmnonoxxum, cTaakuBaiOTCs ABa MPOTOHA; MIPU ATOM MOTYT HaOIIOAATHCA,
HaIpUMep, TaKHe MPEBPALLEHUS:

p+p—o>p+n+n
p+p—o>p+A +K*;

p+p—p+I +K;
6]

p+p—on+ AN +K +7x°;
p+p—op+E +K +K";
ptp—o>ptp+tp+p.

HeTtpynHo moacumTarh, 9TO0 CyMMa Macc IMOKOS YaCTHII, POXKIAOIINXCS B 3THX MPOIEccax, mpe-
BBIIIAET YJIBOCHHYIO MacCy MOKOs MPOTOHA cooTBeTCTBEeHHO B 1,07; 1,36; 1,4; 1,43; 1,73; 2 paza.
3HauMT, B JAHHBIX IPOIlECCaxX MOJDKHA OBITh JOCTATOYHO BEJIMKA KMHETHYECKAsh SHEPTHs CTall-
KHUBAIOIIUXCS MPOTOHOB; YacTh €€ MAET Ha 00pa30BaHNE MACCHI POJAMBIIUXCS YACTHIL. Y BEITUUH-
Basi KHHETHYECKYIO SHEPTHUIO TIPOTOHOB, MOXKHO HAOJI0/IaTh MPOIECCHI, B KOTOPHIX YUCIIO POXK-
JAIONIMXCs 9acTull OyaeT Bo3pacTaTs. B mpuHIMIE MOKHO BOOOpa3UTh OUCTHHE (paHTaCcTHYEC-
CKYIO KapTHHY: CTOJIKHOBEHHE JIBYX MPOTOHOB, 00JIaIalOIINX TUTAaHTCKOW SHEPTUEH, MPUBOIUT K
BO3HMKHOBCHHUIO 1elIon ["amakTrkm!

[Ipeanonoxum, 4To, *Kenask «PacHienUThy MPOTOHBI, BBIOUTh U3 HUX KBAPKH, MBI CTAIA OBI



oOcTpenuBaTh UX (HOTOHAMHU, MMOCTETICHHO yBEIMYWBAas SHEPTUIO0 TMOCIeAHUX. BMecTo paciien-
JeHust Mbl HaOJ0Jau Obl pa3InyHbIe TPOLECCHl B3aUMOIIPEBPALICHU — HampuMep, TaKue:

y+p—>p+rn’;

y+pon+ra
2

y+p—o>p+r +r
y+p—o>p+p+p.

OTOT mpuUMep IMOKa3bIBaeT, 4TO Oarojaps B3aWMOIPEBPAIICHUSAM YaCTHI] OKa3bIBaroTCs Oec-
IUTOJHBIMU TIOTBITKH PACHIENUTh OJIHU YacCTHULbI, 00CTpenuBas ux IApyrumu. B neiictBurenbHo-
CTH MPOUCXOJIUT HE pacUieneHHe OOCTPEINBAEMBIX YACTHIL, & PodHcOeHUe HOBbIX Yacmuy; OHU
POKIAIOTCS 32 CUET PHEPIUU CTATKUBAIOLIUXCS YACTHIL.

IIpornecchbl B3auMoIpeBpalle Uil 4YacTHIl U3y4aroT, UCHOJb3Ys (POTOMIACTUHKU C OUEHb BbI-
COKHMM pa3pellIeHUEeM WIH B ClielajIbHbIX KaMmepax. Ha ¢doTomnnactunke u B kamepe 3apsiKeH-
HbI€ YAaCTHUIIBI OCTABIISIIOT XOPOLIO HabtoaaeMble ciebl (Tpekn). LInpoko ucnonb3yroTes Kkame-
PBbl, 3aII0JIHEHHBIE KUJKUM BOJOPOJOM, HAXOSAIIUMCA B IIeperpeToM coctosinuu. [Iponeraromnias
yepe3 KaMepy 3apsiKeHHas YaCTHIIA BbI3bIBAET KUIIEHHE BOJOPOa BAOJIb CBOETO MYyTH, B PE3yJb-
TaTe Yero o0pazyeTcs XOpOUIO BUAMMBIA TPEK U3 MEJIKHX My3bIPbKOB. Takue Kamepbl Ha3bIBAIOT
My3bIPEKOBBIMH. ECITH OMECTUTH My3bIPbKOBYIO KaMepy B JIOCTATOYHO CHUJIBHOE MarHUTHOE MO-
J€, TO TPEKHU YacCTHIl OKaXyTCs CIETrKa M30THYThIMM, IPUUEM HMCKPUBJIEHHE YACTHIl C Pa3HBIMU
0 3HAKY 3apsAaamMu OyAeT NPOUCXOAUTh B pa3HbIe CTOPOHBI.

(6]

;

Ha pucynke 2.42, a npuBeaeHa uHrepecHast ¢ororpadus TPEeKOB YacTHLl, MOJyYECHHas B
1959 r. Ha my3bIppKOBON Kamepe ¢ JuHeHHbIMU pasMepamu 180 cm. Kamepa oGctpenuBanach
Iy4YKOM aHTUIpOTOHOB. Ha ¢ororpaduu 3apeructpupoBaHo pekoe cOObITHE — aHTUIPOTOH,
CTOJIKHYBUIMCH C  TNPOTOHOM, pPOXJaeT JAMOJA-TUIEPOH UM aHTWIAMOJa-TUIEPOH:

p+p—A° +A°, PacmmgpoBka gororpaduu nana Ha pucyHke 2.42, 6. B touke 4 npouzomio

CTOJIKHOBEHHE aHTUIPOTOHA C MIPOTOHOM, MOPOJAMBIIIEE JIBE JIEKTPUUESCKA HEUTpAIbHBIC U TO-
3TOMy He HaOmogaemble Ha ¢ororpaduu yactunpl. B Touke B aHTHIAMOAa-TUTIEPOH pacraics



HAa aHTMIPOTOH M MOJOKUTENbHBINA muoH: A’ — p+ 7" . O6paTuM BHUMAHHE HA TO, YTO TPEKH

AQHTUIPOTOHA U MMOHA UCKPUBIIEHBI B pa3HbIE CTOPOHBI, UTO CBSI3aHO C Pa3HbIMM 3HAKaMU 3apsijia
9TUX YacTHULl (JIMHUM MHIYKIMM MarHUTHOTO IOJI MEPHEeHIUKYJSAPHbI K IUIOCKOCTH (oTorpa-
¢un). B Touke C aHTUNPOTOH CTOJKHYJICA C IPOTOHOM M MPOU30ILIA AHHUTHIALINA [0 CXEMeE:
p+p—>n+x +x +n .BTtouke D nambaa-runepos pacnanca: A° — p+rx.

Ha nepBblii B3r11 MOXET MTOKa3aThCs, YTO BO3MOXKHBI JIFOObIE MPEBPALEHUs YacTull. JTo,
KOHEYHO, HE Tak. B Mupe aneMeHTapHbIX 4acTULl AEHCTBYET MPABUIIO: pA3PEULeHo 8CE, Umo He
3anpewaiom 3akoHwl coxpanenus. IlociaenHue UrparT poib npagun 3anpemad, PeryiInpyronmx
B3aMMOIIpeBpalieHus yacTull. [Ipexae Bcero OTMETUM 3aKOHbI COXPAHEHUS dHepaul, UMNYIbCa
U 271eKmpuieckozo 3apsaoa. Kctatu roBops, 3TH TpU 3aKOHA OOBSICHAIOT CTAOUIIBHOCTD 3JIEKTPO-
Ha. V3 coxpaHeHHs SHEpPruum U UMILyJbca CIEAYeT, YTO CyMMapHasi mMacca MOKOs IMpPOIYKTOB
pacrnaja J10JKHa ObITh MEHbBILIE MACChl OKOs pacnafarouieiicss YacTUIIbl. 3HAUUT, 3JEKTPOH MOT
OBl pacnagaTbcs TOJBKO Ha HEUTPUHO U (OTOHBI. HO 3TH YacTUIbl 3JIEKTPUUECKH HEHTPAIbHBI.
BoT u nomydaercs, 4TO 3MEKTPOHY NMPOCTO HEKOMY IepelaTh CBOM JIEKTPUUYECKHM 3apsi; Mo-
3TOMY OH CTaOMJIEH.

CymiecTByeT MHOTO CHEIM(PUUECKUX «3apsI0BY», COXPAaHEHHE KOTOPBIX PEryjIMpyeT B3au-
MOIIPEBPAILEHUS YACTHL, — OAPUOHHbLUI 3apA0, JTeNMOHHbI 3aps0, YEMHOCMb (NPOCMPAHCH-
BEHHAS, 8PEMEHHAs, 3apA006as), CMPAHHOCMb, ouaposanue U Jp. HekoTopble U3 HUX HE coXpa-
HSIOTCS B Ipolieccax, 00yCIIOBIEHHbBIX CIa0bIM B3aUMOJEHCTBHEM (UETHOCTD, CTPAHHOCTD, OYa-
poBaHue).

CornacHo, HanpuMep, 3aKOHY COXpaHEHUs] 0APUOHHOTO 3apsia, B TI0OOM MPOIECCe JOIK-
Ha OCTaBaThCsl HEU3MEHHOM pa3HOCTh MEXAy YUCIOM OapHOHOB M aHTHOApPHOHOB. Jlerko BU-
JI€Th, UTO BO BCEX MPHUBEAEHHBIX BBIIIE MPEBPAILIEHUAX YACTHUI] 3Ta PA3HOCTh JIEUCTBUTEIBHO CO-
xpansiercs. IIpoToH — GapuoH ¢ HaUMEHbLIeH Maccoi; ClieZ0BaTEeNIbHO, CPEH MPOIYKTOB €ro
pacnazsa 6apvoHOB OBITh HE MOXKET. DTUM OOBSICHSETCS CTAOMIBHOCTh MPOTOHA — €r0 pacmaj
OpUBONI Obl K HECKOMIIEHCUPOBAHHOMY YHHUTOXEHHIO OapHOHa.

BeposiTHocTh B coBpeMeHHOH KapTHHe Mupa. Kak MexaHuueckas, Tak U 3JeKTpoMmar-
HUTHAsl KapTUHbBI OBUIM MOCTPOEHBI Ha OuHamuyeckux (OAHO3HAUYHBIX) 3aKOHOMEpPHOCTAX. Bepo-
ATHOCTb TaM JIOYCKaJlach JIMILb B CBSI3U C HEMOJHOTOM HAIIEro 3HaHUS; IPEANoJarajgoch, YTo ¢
POCTOM 3HAHUM U yTOUHEHUEM JIeTaJlieil BEpOSATHOCTHBIC 3aKOHBI JOJKHBI YCTYIIUTh MECTO JIU-
HaMHYECKUM. B cOBpeMeHHOW KapTHHE MUpa Mbl HUMEEM MPUHIMITHAIEHO HHYIO CHUTYaIHI0 —
30€echb 6epOAMHOCHHbLE 3AKOHOMEPHOCIU OKA3bI8AIOMCS hYHOAMEHMATLHBIMU, HE CE0OUMBIMU K
ounamuyeckum. Korna, Hanpumep, (OTOH CTaIKHUBAETCS C MPOTOHOM, HENb3s TOYHO Ipe/cKa-
3aTh, KaKo€ U3 MpeBpalleHuil (2) npou3oiaET; MOXKHO TOBOPUTH JIUIIb O BEPOSITHOCTH TOTO MIIH
MHOTro mpeBpaileHus. Henb3s TOYHO mpeacka3aTb MOMEHT pacnaja TOW WIM WHOW YacTHUIBI,
MO’KHO F'OBOPUTH JIMIIb O BEPOSTHOCTH pacnajia; IpuBOIMMOE B TaOIUIaX BpeMs )KU3HU YaCTHIL
UMeEET BEPOSITHOCTHYIO IPUPO/Y, OHO YCPEIHEHO M0 OOJBIIOMY YHCITy pacnanoB. Eciu umeror-
Cs1 HECKOJIBKO CXEM pacrajia YacTHILIbl, TO HEJIb3sl TOUHO MPEIBUAETH, 110 KAaKOW UMEHHO CXeMe
NPOU30MAET pacnaja JaHHOW YacTHUIbl — MMEET CMBICII JIMIIIb BEPOSITHOCTh Pealn3aliii TOW Win
MHOM CXeMbl pacnaja.

B coBpemeHHOI KapTHHE MHUpa CIyuauHOCHb CTalla MPUHIMIIMAIBLHO BaXKHBIM aTpHOyTOM.
Ona gvicmynaem 30ect 8 OUANeKMU4ecKoll 63aUMOCEA3U ¢ He0OX00UMOCIbIO, YMo U npeoonpe-
oensiem PyHOAMEHMATbHOCMb 8EPOAMHOCMHbIX 3AKOHOMEpHOCmel. 1 0CTI0ICTBO BEPOSITHOCTH B
COBPEMEHHOM KapTHHE MHpa MOAYEPKUBAET €€ OUAIeKMUYHOCMb.

®usuyeckuii Bakyym. Kak yxe ormeuasnoch, pyHIaMeHTalIbHbIe 0030HBI IPEICTABIISIIOT
BO30YyKJIeHHsI CHJIOBBIX Mosed. [Ipennonoxkum Tenepb, 4TO BCE MOJSI HAXOIATCS B HEBO30YXK-
NEHHOM (OCHOBHOM) COCTOSIHUHM. DTO M €CTh usuyeckuti 6akyym. B NpexHUX KapTHHAX MUPa
BaKyyM paccMaTpuBalicsi Kak ITycTOTa, €€ MOT 3allOJHATh HEBECOMbIN TaMHCTBEHHbIN >(up. B
COBPEMEHHOM KapTHHE BaKyyM — HE IyCTOTa B OOBIYHOM CMBICJIE, @ OCHOBHOE COCTOSIHHE (H-
3UYECKHX MOJIEH, OH «3aIIOJIHEH» GUPMYANbHbIMU YACTIUYAMU.

Uro Takoe BUpTyaslbHas yacTHLA? DTO MOHITHE TECHO CBSA3aHO C COOTHOLIEHHEM HEOIpe-
NeNEHHOCTEeN Ul SHEpruM U BpeMeHU. BupTyanbHas yacTMLla NPUHUUIMAIBHO OTIMYACTCS OT



YaCTHIIbI, KOTOPYIO MOXKHO HaOuo1aTh B 3kcniepuMenTe. OHa CylIecTByeT Mayioe BpeMs Af —
HACTOJILKO MaJyioe, 4YTOOBI oOmpenenseMas COOTHONICHHEM HEONpPeACIEHHOCTeH HSHEepPrus
AE =~ h/ At oka3anach TOCTATOYHOM IJIsi «POKIECHHUS» MACChl, paBHOW Macce BUPTYyaJbHOM Yac-
Tuipl. Takum 00pa3oM, BOSHUKHOBEHHE BUPTYaJbHOW YacTHUIBI HE TpeOyeT crenuaIbHBbIX 3a-
TpaT dHEPruu. DTU YaCTHUIIBI POXKAAIOTCS Kak Obl caMH 1o cebe, C TeM YTOObI BCKOPE UCUE3HYTh.
dusnueckuil BakyyM Kak pa3 U HpeicTaBisieT co00i MpOCTPaHCTBO, B KOTOPOM POXKIAIOTCS U
YHHUYTOXAIOTCS MHUPHAIbl BUPTYyaIbHBIX 4acTUIl. MOXHO CKa3aTh, YTO OH 00JaTaeT KaKoH-To
SHepruei (COOTBETCTBYIOIIEH OCHOBHOMY HEPreTMUECKOMY COCTOSHHIO IMOJiei), KoTopasi BCE
BpeMs TIepepaclpencisieTcss MEXAy BHPTYIbHbIMH dacTHIaMu. OJHAKO BOCIIOJIB30BATHCS
SHepruel Bakyyma Mbl, €CTECTBEHHO, HE MOXEM — Be/lb 3TO €CTb HAuHU3Ulee YHEPreTUUECKOe
cocTosiHME ToNed. [Ipu HamMuMu BHENTHETO MCTOYHHWKA SHEPTHH MOXKHO PEaJM30BaTh 8030)Jic-
OéHHble COCTOSIHUS ToJIe — Toraa OyayT HaOIroAaTbCs OOBIYHBIE (HEe BUPTYaIbHbIC) YACTHIIBL.
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OOBIYHBIN ANEKTPOH MOXKHO MPEICTABUTH KaK Obl OKPYKEHHBIM «00JIAKOM» BUPTYaJIbHbBIX
¢oroHoB. OOBIYHBIMN (OTOH IBMKETCSI «B CONPOBOXKICHUM» BHUPTYAJIbHBIX 3JIEKTPOHHO-
no3uTpoHHbIX nap. Ha pucynke 2.43 mpuBeneHs! Be AMArpamMMbl, Ha KOTOPBIX YCIOBHO H30-
OpaxeHbl BUPTYasbHbIH (OTOH (C€Ba) U BUPTyallbHas 3JIEKTPOHHO-NO3UTPOHHAs Mapa (crpa-
Ba); (hoToH M300pakéH BoaHMCTON NMHUEH. [1o00HBIE TUarpaMMbl Ha3bIBAIOT (PEHHMAaHOBCKH-
MU — TI0 UIMEHHU H3BECTHOTO aMepukaHckoro (usuka P. Oeitnmana (1918 — 1988), kotopsrii
BBEN MX B ynorpeOienue. Ha Bcex 3TMX AMarpammax JHHUM — 3TO YaCTHUIBL, JIUHUH, COCIH-
HSIOIINME KaKue-IMOO JBE BEPILIMHBI AUArpaMMBbl, «M300pakaroT» BUPTyaslbHbIE YaCTHULbI (BEp-
[IMHA UarpaMMbl — TOYKA TJ€ CXOIATCS TPH JINHUH).

PaccestHue 3neKkTpoHa Ha 3JIEKTPOHE MOYKHO paccMaTpuBaTh Kak OOMEH BUPTyallbHbIM (o-
TOHOM — OJHUM HWJIK HECKOJbKUMU (puc. 2.44). Ha npuBoauBieMcs paHee pucyHke 2.37 mpo-
TOH Y HEUTPOH OOMEHUBAJINCH BUPTYaIbHBIMU TUOHAMH.

-
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BuptyanbHble 4acTHIIBI POXKIAIOTCS HE TOJIBKO OOBIYHBIMU YAaCTHILIAMH, HO TAKXXE JIPYTMMHU
BUPTYaJIbHBIMU YacTHIlamMu (puc. 2.45) bnarogapst 5ToMy «ImycToe» MpOoCTPaHCTBO M MpeBpalia-
eTcs B gusnueckuil BakyyM. Ho Hackojbko Bc€ ke pealibHbl H300pakE€HHBbIE Ha pUCYHKE 2.45
BUPTYyaJbHbIE KOMIIO3UIMU? VX peanbHOCTh MOATBEPK/I€HA HA0JI0JaeMbIM HA OIBITE SIBJICHUEM
HoJsipU3aluy BakyyMa. Benb eciin Mexty AByMsI OOBIUHBIMHU 3JIEKTPUUYECKUMU 3apsilaMu HaXo-
JUTCSL HE MPOCTO ITyCTOE MPOCTPAHCTBO, & IPOCTPAHCTBO C BUPTYAIBHBIMHU 3apsKEHHBIMU Yac-
THULIAMH, TO B 3TOM CJy4dae AOJKHA IPOUCXOAUTh HEKOTOpas SKpaHU3ALMs KYJIOHOBCKOIO B3au-



MozielcTBUsA. ONBIT NOATBEPANI HATMUHUE TAKOM dKpaHU3aLINH.

O0mme 3ameyaHnsi 0 COBpeMEHHON eCTeCTBEHHOHAYYHOH KapTuHe Mupa. BaxxHo non-
YEPKHYTh, YTO B OTJIMYME OT MpPEAbIAYIIMX KAPTHH MHpa COBPEMEHHAs €CTECTBEHHOHAy4Has
KapTHHA pacCMaTPUBACT MHUP HA CYWeCmBeHHO 0Oolee 21yOoKoM, Oonee HyHOaAMeHmalbHOM
yposHe. ATOMHCTHYECKasi KOHLENIUS MPUCYTCTBOBaja BO BCEX MPEXKHUX KapTUHAX; OJHAKO
TOJILKO TENepb YJAJ0oCh CO3[aThb TEOPHUIO aTOMa, MO3BOJIMBLIYIO OOBSCHUTH MEPUOJUUYECKYIO
CHUCTEMY XMMHUYECKUX HJIEMEHTOB, 00pa30BaHHE PA3IMYHBIX BUAOB XUMHUYECKUX CBS3€H, MHOTO-
YHCJICHHbIE (PU3MUecCKue U XumMudeckue sipjaeHus. CoBpeMeHHas KapTHHA pacKpblla MUP MUKpPO-
SIBJICHUH, HCCIIEI0BaJla HEOOBIYHBIE CBONCTBA MUKPOOOBEKTOB M B pE3yJIbTATE€ CaMbIM DPaJu-
KaJbHbIM 00pa30M BO3JIeHiCTBOBaNa Ha BblpaOaThIBaBLIMECS BEKaMH IPEJCTABICHUS, 3aCTaBUB
NEPECMOTPETh UX M BO MHOTHX ClIydasX PEHIMTEIbHO MOPBATh C TPAAULIUOHHBIMH B3IJIJaMU U
HOJXO/1aMHU.

Bce npexxHue KapTHHBI MHpa CTPAAaid CBOCH Memagu3uuHocmyvio; OHA UCXOIUIN U3 YET-
KOTO Pa3rpaHUYeHUsi BCEX HCCIEAYyEeMbIX CYLIHOCTEH, CTaOWIbHOCTH, cTaTMYHOCTH. CHauana
OHM TPEYBEIMUYUBAIN POJIb MEXAHUYECKUX ABM)KEHUH, MEXaHMYECKHX 3aKOHOB, a 3aTEM JJIEK-
TPOMAarHUTHBIX SBJICHHUMH, MBITAsACh B OJHOM CJIy4ae CBECTH BCE 3aKOHBI IIPUPOJIbI K MEXAHHKE, a
B JPyTOM — K 3JIEKTpOMarHeTusmy. Takas opueHTalus Ha KpallHOCTH, Ha 4E€TKHE U OE3yCIoB-
Hbl€ pa3rpaHUUYCHMs], Ha 3aKOHYCHHOCTh MeTa(u3n4Ha Mo caMoi cBoell cytu. CoBpeMeHHasl ec-
TECTBEHHOHAy4YHasi KapTHHA MHpa PEHIMTENIBHO MOPBIBAET ¢ NMOJO0HON opHueHTanuei. B e€ oc-
HOBe OyHCTBO B3aMMOIIPEBPAICHUH, UTpa CiIy4as, MHOorooopasue siieHnii. OCHOBaHHAs Ha Be-
POSITHOCTHBIX 3aKOHAaX, COBPEMEHHAsl KapTUHA MHUpa OualeKmuyHa; eCTECTBEHHO, YTO OHa 3Ha-
YUTEIbHO TOYHEE, YEM INPEKHUE KAPTHHBI, OTPAXKAET JUAIIEKTUYECKH IPOTUBOPEUHUBYIO JEHCT-
BUTEJIBHOCTD.

B cBs3u ¢ aTuM crnegyer 0co60 BBIAETUTH €lE OJHO NPUHIHUNNAAIBHOE OTIMYUE COBPEMEH-
HOW KapTHHBI OT NPEXHUX. PaHble paccMaTpUBalUCh pa3deibHO — BEIIECTBO, MOJIE, BaAKyyM
(mycroit unmu ¢ a¢upom). B coBpeMeHHOI KapTHHE KaK BEIIECTBO, TaK M IOJIE COCTOSIT M3 dJie-
MEHTAapHBIX YaCTHII, @ YaCTULbl B3aUMOJEHCTBYIOT IPYT C JPYroM, B3auMOIIpeBpalarcs. bo-
Jiee TOro, BaKyyM TOXE€ «COCTOMT» U3 YacCTHIl (BUPTYaJbHBIX YacTHIl), KOTOPbIE B3aUMOJIEHCT-
BYIOT Kak JIpyT C IpYI'OM, TaK U ¢ OObIYHBIMU yacTULaMH. TakuM oOpa3oM, ncue3aroT GakTuye-
CKU I'PaHUIbI MKy BELLIECTBOM U IOJIEM U JJaXKE€ MEXIY BaKyyMOM, C OJIHOM CTOPOHBI, U Belle-
CTBOM HU TNOJIEM — C ApYyroi. Ha ¢hynoamenmanvrnom yposHe éce epamu 8 npupooe Oeticmeu-
MebHO OKA3b18AIOMCS YCIIOBHBIMU.

311ech HENb3sl HE BCIIOMHUTh 3HAMEHMUTOE JICHUHCKOE 3ameuaHue: «...Bce rpanu B npupone
YCIIOBHBI, OTHOCUTEJIbHBI, MOJABUKHBI, BBIPAXKAIOT MPUOJIMKEHHE HAILEro yMa K MO3HAHHUIO Ma-
Tepun» [4, c. 298]. CoBpeMeHHas KapTUHA MHUpa KaK HEJb3sl Jy4lle WUIIOCTPUPYET ITY MBICIb.
Ecnu panbiie peds 1uia JeMCTBUTENBHO O (usuyeckux KapTUHAX MUpPA, TO TEHEPb JJIsl KapTHUHbI
MHpa XapakTepucTuka «puznyeckas Oblaa Obl CIUILIKOM y3KOi. B 3Toll kapTHHe u3uka TecHO
o0BbeAMHSIeTCS C APYTHMHU €CTECTBEHHBIMM HayKaMH — OHa (PaKTUYECKU CIMBAETCS C XUMUEH U
BBICTYINAET B TECHEHUIIIEM CO03€ C OMOJIOrHel; HeJapOoM COBPEMEHHYIO KapTHHY MHMpa XapakTe-
PHU3YIOT KaK «€CTECTBEHHOHAYUHYIO». J[J1 He€ XapakTepHO CTUpAaHME BCEX U BCSIUECKUX I'paHei.
31ech épems u npocmparcmeo BBICTYNAIOT KaK €IMHBIN IMPOCTPAHCTBEHHO-BPEMEHHOE KOHTH-
HYYM, Mdcca u dHepeus B3aUMOCBSI3aHbI, 8OJIHOB0€ U KOPNYCKYIAPHOE OBUNMCEHUS B U3BECTHOM
CMBICIIE OOBEAMHSIOTCS, XapaKTepu3ys OJUH M TOT ke OOBEKT, HAKOHEll, Gewecmeo u noje
B3auMoIpeBpauiatoTcs. Vcdyesaror rpaHuiibl MeXAy TPAaAULMOHHBIMU pa3jiejaMu BHYTpU camMOin
u3HKH; JaxKe TaKue, Kasalnock Obl, TaI€Kue ApYT OT APYyra pasieibl, Kak acTpodusnka u Gpusn-
Ka 3JIEMEHTapHbIX YaCTHUILl, OKa3bIBAIOTCS B3aMMOCBS3aHHBIMU CTOJIb CHUJIBHO, YTO MPHUXOAUTCS
TOBOPUTH O MOJUIMHHOM PEBOJIIOLIMU B KOCMOJIOTHH.

VYyenne o Becenennoit (kocmonocus) — OJUH U3 BaXKHEHIIMX 3JIEMEHTTOB JIFOOON KapTUHBI
mupa. B coBpeMeHHOI KapTHHE MUpPa KOCMOJIOTHs 3aHMMaeT 0co00e MECTO — OHAa He MPOCTO
ONKMCBHIBAET YCTPOUCTBO BeeneHHoi, a paccmaTpuBaeT BeelleHHy10 6 e€ pazsumuu.

CoBpeMenHasi kocmouiorusi. B 1922 r. A. A. ®puaman Hamén penieHue ypaBHEHUH 00-
el TEOPUM OTHOCUTEIBHOCTH A. DUHINTEHHA; OKA3aJIOCh, YTO PEIICHUE SIBISETCS HECTAI[HO-



HapHbIM — Bcenennas pomkHa 1100 pacumpsaThes, b0 cxumaThes. B 1929 r. O. Xab6n 06-
Hapy>KuJ pa30eraHue rajakTHK (110 KPACHOMY CMEIIECHUIO B UX CIEKTpax), YTO CBUIETEIbCTBO-
BaJIo 0 pacummpeHnu Bcenennoit. OOpamas MbICICHHO BCHSTh KapTHHY paciimMpenus Bcenen-
HOM, y4€HbIE MPUIILIA K BBIBOTY, 4TO NpuMepHO 20 Mip. JeT Ha3aa BeeneHnHas Obuta 3aKiroyve-
Ha B CKOJIb YTOJHO MajioM 00BbEME M MMea CKOJIb YTOJHO OOJIBIIYIO TUIOTHOCTD; B PE3yJIbTaTe
bonvuwozeo 63pviea OHa Havana pacIIMpATHCS, MHAYE T'OBOPs, Hadaja CyLIECTBOBATH. YUYEHBIM
YAQJIOCh IPOCIEAUTH 3a Pa3BUTHEM pacluupsouierics BceleHHON ¢ ManbIX J0Jed MepBOU ce-
KYH/IBI TTOCJIe MOMEeHTa bonbiioro B3psiBa (cM., Hanpumep, [16]). Ho MbI He 3HaeM HM TIPUYHH,
BBI3BABIIIUX B3PBIB, HU TOTO, YTO ObUTO 10 HEero. B 1965 1. Obl10 00HAPYKEHO TaK Ha3bIBAEMOE
penuKkmogoe usnyyenue, sBIAIOLICECs HArJSAHBIMU CleaMHu COOBITUH, CBSI3aHHBIX ¢ boibimmm
B3pBbIBOM (TaK Ha3bIBalOT KOCMUYECKOE MUKPOBOIHOBOE U3IIyYEHHE).

Bricrynas B 1982 r. na XVIII I'enepansHoit accambiiee MexIyHApOIHOTO acTPOHOMHYE-
CKOro coro3a, akajgeMuk f. b. 3enbnosuu (1914 — 1988) rosopuin: «Ilouctune Heodxoauma cme-
JIOCTh, YTOOBI TIPEACTaBUTh ceOe HAaYaIbHOE COCTOsIHME BceneHHOM, ¢)kaToil B TOYKY, M OCTa-
BaThCSI BEPHBIM (PM3UUECKUM 3aKOHAM, BEAYIIUM K TaKOH, Ka3aloch Obl, aOCYpAHON KapTHHE...
Teopus bonbiioro B3pbiBa B HACTOALIMA MOMEHT HE MMEET CKOJbKO-HUOYAb 3aMETHBIX HEl0C-
TaTKOB. S OBI Ja)ke ckas3all, 4YTO OHA CTOJIb YK€ Ha/JAEKHO YCTAaHOBIIEHA U BEPHA, CKOJIb BEPHO TO,
yTo 3emuist Bpaiaercs Bokpyr Connua» [48, c. 12].

B sBomronnu BeenleHHOM 0T MOMeHTa BoJIbIIOrO B3pbIBa 10 HAIIMX AHEN BBIACISAIOT TPH
HIEPUOJIA: NEPBYI0 CEKYHOY, Nepablll MULIUOH Jlem U 6C€ OCMANbHOe 8peMsl, COCTABIISIONIEe MpH-
MepHOo 20 MIIpa. JIeT.

[lepBbIii Tepro1 HA3BIBAIOT «OUYECHb-OYEHBb paHHEW BceneHHoi». OT0 HEOObIUAHO TIOTHAS
u ropsiuas Beenennass. MoMeHTy, paBHOMY OJTHOM COTOM CEKYHJBI OT MOMEHTa bonbIioro B3psl-
Ba, COOTBETCTBOBAJIa TEMIIEpaTypa 10" K; B koHLE MEePBOM CEKYH/Ibl TEMIIEPATypa CHU3UIIACH /10
10" K. KoHeuHo, HM 0 KAKHX aTOMax M sApax FOBOPHTH IIPU 3TOM He IPUXOINTCS — BCS MaTe-
pHsl CyIIECTBOBAJIA TOT /1A B BU/IE BBICOKOIHEPIE€TUYHBIX YaCTHULL (3JIEKTPOHOB, IO3UTPOHOB, HEM-
TPUHO, MPOTOHOB, HEUTPOHOB) M MX AHTMYACTHUL, a Takke (HOTOHOB; BCE 3TO OOPa30BHIBAIIO
CBOEOOPA3HBIN «KOCMUYECKUI CYID» IUIOTHOCTHIO B MUJUIHAPBI pa3 O0JIbllie IUIOTHOCTH BOoAbI. B
nepBble MTHOBEHUS CyleCTBOBaHUs BceeaeHHOM B Hell ObUIO MOYTH MOPOBHY YaCTHIl U aHTHYAC-
THUL, C PaBHON BEPOSATHOCTHIO 1IN MPOIECCHl POXKACHUS Map U UX aHHUTUIsAIuu. Ho yxe K KoH-
Iy NepBOM CEKYHJbl M3-3a OCThIBaHMs BceneHHON HauMHaOT mpeoliajaTh MPOLECcChl AaHHUTH-
asiuuu. Eciin Ob1 ¢ camoro Haydaja 4acTHIl M aHTUYAcTULl ObUIO B TOYHOCTHU HOPOBHY, TO BCIIE-
CTBHE aHHUTWJIALMU BO BceneHHON, B KOHEYHOM cY€Te, He OCTaloCch Obl HUYEro, Kpome (oTo-
HOB U HeWTpuHO. K cuacTplo, HCXO/IHOE PaBEHCTBO YAaCTHUI] U AaHTUYACTHI] ObUIO HE COBCEM TOY-
HeIM: Ha 100 000 000 yactun npuxoaunock 99 999 999 antuuactui. biaarogapst SToMy HUUTOX-
HO MaJIOMy HECOBIaJIeHUI0 BO BceneHHOM, kpoMe (POTOHOB M HEMTPUHO, CYIIECTBYET TaKKe
BellecTBO. To camoe BELIECTBO, U3 KOTOPOI'O MMOCTPOEHBI FAJIAKTUKH, 3BE3]IbI, IJIAHETHI U MBI Ca-
MHU.

Crenyromuii nepuosl — 3pa IUIa3Mbl — OXBATbIBAET, KaK YK€ ObLJIO CKa3aHO, MPUMEPHO
nepBbli MIUIMOH JieT. Oco00ro BHUMaHUS 3aCiy’KUBAIOT B 3TOM IE€PHOJE HECKOJIKO MEPBBIX
MUHYT. B TeueHue 3Tux MUHYT mEN mnpouecc oOpa3oBaHUS CaMbIX JETKUX aTOMHBIX sifep —
neittepust u renus. [lo npomiecTBUM MATH MUHYT TeMIlepaTypa yraja HacTOJIbKO, YTO PEaKIUU
AJIEPHOTO CHHTE3a BPEMEHHO IPEKPATUIINCH; SAApa OCTAIBbHBIX 3JEMEHTOB BO3HUKHYT 3HA4M-
TEeJbHO Mo37Hee. B koHIle JaHHOTO nepuoaa, T. €. Yepe3 MUJUIMOH JieT nociie bonbiioro B3peiBa,
temneparypa Beenennoii causunacek 10 3000 K 1 BO3HUKIM yclioBHs, OJaronpusiTHbie i 00-
pa3zoBaHusl aTOMOB BOJIOPO/A; HaYaJICAd TPETUN IEPUOJ.

Tperuii nepuoa Ha3bIBAIOT 3POH «IIpo3payHoil Beenennon». B Hauane aToro nepuoza mnpo-
U30LLIO pazoeneHue eeujecmea u uznyuenus. Bmecto miasmbl BeeneHHylo Tenepp 3amosiHsIo
TMTraHTCKoe 00J1aKo ra3a, COCTOSIIEr0 U3 aTOMOB BOJOPO/A U T'eJiHsl; INIOTHOCTh 00J1aKka COCTaB-

Nsna B Hauase mepuoza npumepHo 107! r/em’ . JlansHelnye coOBITHS XOPOIIO OMUCAHBI B CTa-

the «Takas 3ameuarenvHas Beenennas»: «[locie obpa3zoBanusi 00aka U3 aTOMOB BOJOPO/a U
renusi BO BeeneHHo#t HaunHaOT GOpMUPOBATHCS TaTakTHKK U 3BE3bI. [lon nefictBueM cui Ts-



TOTEHHS BEUIECTBO cOOMpaeTcs B CryCcTKH. [Ipu c)kaTuu 3TUX CryCTKOB TeMIepaTypa MOBBIIIAET-
Cs U CHOBA MPHUOJIIIKACTCS K 10" K. CHOBa CTaHOBATCS BO3MOKHBIMH TEPMOSIICPHBIC PEAKIIUH.
bnarogaps sHepruu, BeIIEISIONIENCS B 3TUX PEAKLUAX, CUJIA IaBJICHUS B HEApPAX 3BE3/bl OBbI-
LIA€TCSl HACTOJIBKO, YTO YPaBHOBEIIMBAET CHIIy TsDKECTH. [lanbHelniee ckatue 3Be3/1bl MPEeKpa-
Ia€TCs, U YCTAaHABJIMBAETCSI paBHOBECHE. B 3TOM paBHOBECHOM COCTOSIHMHU 3B€37a MOXET IIpe-
ObIBaTh OYEHB JIOJITO — TOKA BECh BOJOPOJ B XOJ€ TEPMOSIEPHBIX PEaKIMil HEe MPEeBpaTUTCS B
requid. [{ns 38e3b1 Bpoje Hamero CosHIa 3Ta CTaus MOXET JJINTHCS OKOJIO JECATH MUJLIAAp-
noB JieT. B 6o1ee MaccUBHBIX 3BE3/1aX TEMIIEpaTypa BhIIIE, U OHU croparoT OwicTpee. Ho B Jto-
O6omM ciyyae cyéT UAET HA MHOTME MMJUIMOHBI JIET. 32 TaKOW CPOK B Helpax 3BE3] MPOUCXOMIST
0oJsiee MenJICHHbIE SiZIEpPHbIE peakllii, KOTOPbIE He yCIeNu MPONTH 3a MepBble CEKyHIbl B Hayale
sBosroIMK Beenennoii. B aTux peakuusx o0pa3yroTcs 3J1eMeHTHI 0oJiee TSKETbIE, YeM TeNni.
[Tpu simepHOM CHHTE3€ B IIEpBbIE CEKYHbI LIEMIOYKA peaklnidi 00opBaiach Ha rejluu, TaK Kak
CJIETyIOIINE 32 HUM sIpa ¢ Maccoil 5 u 8§ HeycTouuBEL. B Henpax 3BE31 siipa 60jiee MacCUBHEIE,
YeM TeNuid, pokJaroTcs B Oosiee CIOXKHBIX peakiusx. Hampumep, yriaepoa oOpasyercs mpu

Tpoituex coyaapenusx: ‘He+ ‘He + ‘He — C +7,7 MaB. B »Toii peakuuu BBIAEISETCS H3-

ObITOK HEepruu 7,7 MaB. BeposTHOCTh TaKOTO CHHTE3a U, CIIE0BATENBHO, PACIIPOCTPAaHEHHOCTD
yriaeposa Bo BeenleHHON 6bLta 6bl OYeHb Maja, ecid Obl sapo “C HE HMENO PEe30HAHCHOTO
YpOBHS Kak pa3 ¢ sHeprueidt 7,7 MaB. brnarogapst sToMmy u30BITOYHASsE SHEPTUsl MOTJIOMIACTCS,
BHOBB BO3ZHHUKIIIEE SIIPO JIeJaeTCsl YCTOMUMBBIM, @ BEPOSATHOCTh PEAKIMK 00pa3oBaHUsl yriepoaa
U3 TeIus CUIIbHO NoBblaeTcs. [Ipyu cToiakHOBEHUM sAep yriepoja ¢ apaMHu BOJOpOAa U renus
B 3BE3/IHBIX HEJPaxX CHHTE3UPYIOTCS BCE OoJiee TsHKEBIC siipa — BIUIOTH J0 kelesa. Emé 6onee
TSOKENBIE AJIEMEHTHI POXKIAIOTCS MPHU B3pbhIBAX MACCHUBHBIX 3BE3]l, M3BECTHBIX KaK BCIBIIIKH
«CBEPXHOBBIX).

Bpemsi )u3HN MacCUBHBIX 3BE3/] HE OUEHb BEJIMKO — JECSITKU MUJIIMOHOB JeT. [ToaToMy Te
U3 HUX, YTO 00pa30BaIMCh B MEPBBIA MUJUIUAP/ JIET UCTOpUU BeeneHHOH, yke T1aBHO 3aKOHYMIIN
CBOH TyTh, 00OTaTHB MUP THKENBIME dNieMeHTamMu. COJIHIIE U IUIAHETHI, B TOM YHUCJIE M Hallla
3emiis, cpOPMHUPOBAIUCH YK€ 3HAUUTENIBHO IMO3KE W3 BEIIECTBA, OCTABLIETOCS OT MAaCCHUBHBIX
3BE3]] nepBoro nokosieHus. [Iponcxoauno 3To OKoJIO MATH MUIUIMAPAOB JIET TOMY Hasal, WIH
npuMepHo 15 MuiinapioB Jiet ciycts nocie bonbmioro B3psiBay [23, c. 28].
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Hrak, ucropuro BceneHHON OT mepBOM CEKYHIBI €€ CYIIECTBOBAHMUSA JO HAILIET0 BPEMEHHU
y4EHBIC TIPENICTABIIAIOT CETOIHSI JJOCTATOYHO SICHO. A uTo oxuaaeT Beenennyto B Oyaymem? E€
paciiMpeHre MPOUCXOAUT C TIOCTENEHHO YMEHBIIAIONIeHcs CKOpocThio. B mobom ciayyae emié
OJIMH-JIBA JIECSATKA MUJUTHAP/IOB JieT Beenennas OyneT mpoaoiKaTh pacmupsaThes. JanpHeimas
e€ cyap0a 3aBUCUT OT TOTO, KAKOBa CPEHSST KOCMUYECKasl TNIOTHOCTh, OKAXKETCS JIM OHA J10CTa-
TOYHOMU, YTOOBI CHJIBI TSATOTEHUs 3acTaBuiv BceneHHyro HayaTh cxumathes. [logcuuTano, 4To
€CIIM CPEJIHsIA IUIOTHOCTh BELIECTBA B HBIHEIIHEN BCENeHHON NPEBBICUT KPUTUYECKOE 3HAUYCHUE,

BH 107 r/cM’, TO CHIIBI TATOTEHHUS CMOTYT B JAJbHEHIIIEM OCTAHOBHTB HPOIY K-
aBrHoe 2-107% r/em’, 1O C OTEHHS CMO aJbHEHIIeM OCTaHO orecc pac
penus — BceneHHas HAYHET CKUMATBCS C TIOCTENIEHHO YBETMYMBAONIEHCS CKOPOCThio. CKaTHe



Bcenennoii Oyaer JIMThCS MPUMEPHO CTOJIBKO K€ BPEMEHH, CKOJIBKO JIJTHIIOCH PACHIMPEHHE,
3aBEpIINTCSA CKATHEM €€ B «TOYKY» ¢ OECKOHEYHO BBICOKOW IIOTHOCThIO. Ecnm ke cpemusis
KOCMHUYECKasl IJIOTHOCTh OKAXKETCs HIKE KPUTHUYECKOH, BeeneHHnast OyeT paciupsThesi BEUHO.
B nepBom ciydae roBopsT 0 3axkpuimoti Mmojienu BeenenHol, a Bo BTopoM — 00 omkpwuimoii. Ha
pucyske 2.46 moka3aHa 3aBUCUMOCTD paanyca BceneHHo# oT BpeMeHu i 00euX MoeleH.

B HacTosiee BpeMs HESICHO, Kakas MOJIeJb COOTBETCTBYET JEHCTBUTENbHOCTU. MIMeroTcs

JAaHHBIC, YTO CPCAHAA KOCMHYECKad IJIOTHOCTH OKOJIO 10730 F/CM3; 9TO MCHBUIIC KPUTHUYCCKOI'O

3HaueHusi. Ho B IeHCTBUTENBHOCTH TUIOTHOCTD JIOJDKHA OBITH BBIIIE 332 CUET METarallakKTUIeCcKo-
0 MOHU3UPOBAHHOTO BOJOPO/IA, MOTACUINX 3BE3] U, BO3MOXKHO, HEUTPUHO (€CIM OKaXKETCsl, YTO
HEUTPUHO MMEIOT OTJIMYHYIO OT HyJsl Maccy Iokos). Macca HelTpuHO M cyabOa Bceenennoit
OKa3aJIUCh HA yaliax BecoB!

CMeHa eCcTEeCTBEHHOHAYYHOU TpaauuuMu. 3aKaHYMBas Paccka3 O COBPEMEHHON KapTHHE
MHUpPa, OTMETHM €1I€ OJIHO NPUHLHUITHAIBHOE 00CTOSITENHCTBO. Bee mpekHue KapTHHBI MUpa CO3-
JABAIKMCH KaK OBl U36He — WCCIEIOBATENb U3ydall OKPYKAIOIINI MUP OTCTPAHEHHO, BHE CBSI3H C
co00i1, B IOJTHOW YBEPEHHOCTH, YTO MOXHO HUCCJIeI0BATh SIBJICHUS, HE HapyIlas ux TeueHus. Ta-
KOBa ObllIa BEKaMH 3aKPETUISABINASCS €CTECTBEHHOHAy4Has Tpaaunus. «B Hayke mpomuioro, —
numet akageMuk H. H. MouceeB, — ¢ €€ cTpemiieHueM K MpO3payHbIM U SICHBIM CXe€MaM, C €&
IyOOKOH yOSKIEHHOCTHIO, YTO MUP B CBOCH OCHOBE JIOCTATOYHO MPOCT, YEIOBEK MPEBPATUIICS
B CTOPOHHET0 HaO0aTelIs, U3Y4alollero MUp «u3BHE». BO3HUKIIO CTpaHHOE MPOTUBOpPEUNE —
YeJIOBEK BCE K€ CYIIECTBYET, HO CYIIECTBYET Kak Obl caM 1o cebe. A KOCMOC, IPUPOJIa — TOXKE
camu 1o cebe. M 00beUHAINCH OHU, €CJIH 3TO MOXKHO Ha3BaTh 00bEIMHEHHEM; TOILKO Ha OCHO-
BE€ PEJIMTUO3HBIX BO33peHuit» [75, c. 79].

B nponecce co3naHus cCOBpeMEHHOW KapTHHBI MHUpPa 3Ta €CTECTBEHHOHAYYHAsl TpauIlHs
peuuTenbHO JomaeTcsi. OHa CMEHSIETCS TPUHIIMIHAIBHO WHBIM MOJIX0JIOM K U3YUYEHUIO MPUPO-
IIbl; TENEpb Hay4yHasi KapTHHA, MUpa CO3/aETCs YK€ HE «U3BHE», a «U3HYTPH», CaM UCC1e008d-
meib CIMAHOBUMCS HeOMbEMAEMOLL Yacmyio co30asaemou um kapmunvl. O6 3TOM XOpOIIO CKa-
3an B. I'efizenOepr: «B mosie 3peHUss COBPEMEHHOW HAYKH MPEXKJIe BCETO — CETh B3aMMOOTHO-
HIEHUH YeJIOBEKa C MPUPOJIOH, T€ CBSI3HU, B CHIIy KOTOPBIX MbI, TEJIECHBIE CYIIECTBA, IPEACTABIIS-
eM co0O0M YacThb MPUPOJIBI, 3aBUCSIIYIO OT APYTHX €€ YacTel, U B CHIIy KOTOPBIX caMa MpHUpojaa
OKa3bIBAETCS MPEIMETOM HAIEH MBICTH U ACUCTBUS TOJIBKO BMECTE C caMHUM 4deloBekoM. Hayka
yKe€ HE 3aHMMAaeT MO3UIMU TOJBKO HAOIIOAATENsl MPUPOJIbI, OHA OCO3HAET ce0si KaK YacCTHBIN
BUJ] B3aUMOJICHCTBUS YeJIOBeKa ¢ mpupo10oil. HayuHblil MeTO, CBOAUBIIMICS K U3OJISIIIMU, aHA-
JTUTUYECKOMY OOBSICHEHUIO U YHOPSIOYCHHUIO, HATOJIKHYJICS HA CBOM rpaHuIlbl. OKa3aiock, 4TO
€ro JeiicTBre U3MEHSET U MpeodpaszyeT MpeMeT MO3HAHUS, BCIEACTBUE YEro caM METO/l yKe He
MOXET OBITh OTCTpaHEH OT mpeameTa. B pesynbpTaTe ecrecTBeHHOHAay4YHasi KapTHHA, MHpPA, 10
CYILIECTBY, MepecTaéT ObITh TOIBKO €CTECTBEHHOHAaYYHOWY [32, c. 304].

Heo6xoaumMocTh 0TKa3a OT CyIIECTBOBABINICH €CTECTBEHHOHAYYHOW TPAIUIINU, KOT/IA Yelio-
BEK OTCTPAHSJICS OT MPUPOJIBI U MBICIIEHHO OECKOHEUHO JIETAIbHO TOTOB OBLI €€ MpenapupoBarh,
Xopomio oco3HaBan em€ aBectu jeT Hazan U. I'ere (1749 — 1832) — Bwigaromuiicss HEMEIKHUI
MO3T, MBICIUTENb U €CTeCTBOMCIIBITATENIb. BCIOMHIM BENMKOJENHbBIE CTPOKH U3 «Dayctay:

Bo BcéM moacimymaTh )KU3Hb CTPEMSCH,
Crewar siBieHbs 00€3/1y1LIUTh,

3a0bIB, UTO €CJIM B HUX HAPYIIUTh
Ony1eBIsIOILYy 0 CBS3b,

To Gombliie HEYEro U CaylaTh.

ITo3nnee, B cepenune XIX B., B Poccun BO3HMKIIO YMOHAcCTpOeHHUE (TaKk Ha3bIBAEMBbIH pyc-
CKUll KOCMU3M), TIPEATONArauee CHHTe3 €CTECTBEHHOHAYYHON U (UiI0coPCKOil MbICiu, pac-
CMaTpHBaBILIEE W3YYaAIOLIEro MPUPOAY YeloBeKa He MPOCTO Kak HalmronaTens, a Kak y4aCTHUKA
BCEX MPOUCXOJALINX B MPHUPOJIE MPOLECCOB, B TOM YUCIIE U MPOLECCOB, MPOUCXOSAIINX B KOC-
moce. B cBs3u ¢ atum BoienuM umsa M. M. CeuenoBa (1829 — 1905), cuutasiiero, 4To 4enoBeka
HaJI0 U3y4aTh B €AMHCTBE €r0 NCUXUKH, (PU3UOJIOTUU U OKPYIKAIOLEH Cpebl.



Oco00eHHO SIPKO HOBBIM MOJXO0JI K UCCIIEIOBAHUIO MPUPOJIBI MPOAEMOHCTPUPOBAI aKaJIEMHUK
B. . Bepuanckuit (1863 — 1945) — ocHOBaTellb T€OXUMHUH, OMOTCOXMMHUU, PAJTHOTECOJIOTHH,
MBICJIMTENIb, HAMHOTO OTIEPEeIMBIINNA CBOE BpeMsi, CO37aTelb yUeHHs 0 Hoocgepe — cghepe Pa-
syma. B. N. BepHaackuii paccMaTpuBall 4el0BeKa KaK BaKHEHIIEe 3B€HO B MPOLIECCE IBOJIIOIUU
OPUPOABI — OH HE TOJILKO MOJBEPraeTCsl BIMSHHUIO MPUPOIHBIX MPOIECCOB, HO U crioco0eH, Oy-
Jy4yd HOCHUTEJIEM pa3yMa, lieJieHalnpaBJIeHHO BO3AEMCTBOBAaTh Ha ATH Mpolecchl. Kak ormeuan
H. H. Moucees, «yuenue o Hoochepe oKa3anoch Kak pa3 TeM 3BEHOM, KOTOPOE MO3BOJIMIIO CBS-
3aTh KapTUHY, POKIAEHHYIO COBPEMEHHOU (PU3UKOM, ¢ 00IIIeH maHopaMoi pa3BUTHS )KM3HU — HE
TOJILKO OMOJIOTMYECKO 3BOJIIOLUH, HO M O0IIECTBEHHOTO mporpecca... O4eHb MHOTOe HaMm emié
HESICHO U CKPBITO OT HaIllero B3opa. TeM He MeHee ceifuac nepe HaMu pa3BEPTHIBAETCS IPaHIM-
O3Has TMIOTETUYECKasi KapTUHA Mpoliecca CaMOOPraHU3alMi MaTepuu OT bosbIIoro B3pbiBa 10
COBPEMEHHOI0 3Tarna, Korjaa Marepusi mo3Haér cels, Korja e CTaHOBUTCS MPHUCYIL pa3yM, CIO-
coOHBIN 00ecreunTh €€ 1eJeHanpaBiIeHHoe pa3BuTue» [75, c. 81].

Ilpumeuanue. Tepmun «HOOchepa» OBUT TpeMIOKEH (GPAHIY3CKHUM HCCIEI0BaTEIEM
3. JIepya B 1924 r. Cy1ecTBYyIOT IB€ TPAaKTOBKHM 3TOro TepmuHa. [lepBas: Hoochepa — 310 OHo-
chepa, HaxosIIIAsICS MO BO3JICHCTBUEM CO CTOPOHBI YenoBeka. Bropas: Hoocepa — 310 OHoO-
cdepa, pa3BUTHE KOTOPOU IEJICHANIPABICHHO YIIPABISICTCS YEIOBEKOM. MBI TpUIEPKUBAEMCS
3/1eCh BTOPOil TpakToBKH, cienys [1. Tewsp-ne-Illapneny u B. U. Bepnaackomy.



1l nasa mpemus

METOJOJIOTHYEMCKHE BOIIPOChHI
COBPEMEHHOH ®U3HKH

VY A. C. [lymkuHa ecTb yIUBUTEIBHOE CTUXOTBOPEHUE:

O, CKOJIbKO HaM OTKPBITUHN YyAHBIX
I'oToBAT MpocBeLIeHbs TyX

W ombIT, ChIH OIMOOK TPYIHBIX,

W renuii, mapagoKkcoB apyr,

U cnyuaii, 6or-nuzodperarens...

OTU CTPOKHU MOpPaXKarT TIyOnHON Mbiciu. HaM BUIAMTCS B HUX MOITHYECKOE BBIpaXKCHHE
HEKOTOPBIX MPUHIMIIOB COBPEMEHHOW (hn3uku. Mbl BUAMM 3/1eCh HAMEK HA METOJ IOCIeI0Ba-
TeIbHBIX NpHOIMKeHUN («V OMBIT, ChIH OMMOOK TPYIHBIX»), HA Pa3BUTHE Yepe3 paspericHue
napaioKCoB, TpeOyIoIIee HEOKUTAHHBIX, TeHUANBHBIX uaeh («M reHuil, mapajokcoB Ipyr»), Ha
uae orbopa wHbopmanuu u3 myma («M cmydait, 6or-uzodperarensy). Ho passe mor moat
npeaBuaeTs Merononoruto pusukn XX cronerus? Her, koneuno. [IpocTo OH BEIMKOJIETTHO YyB-
CTBOBaJI Ouanexmuxy. Ha nuanexkTuke M MPOU30ILLIO YIUBUTEIBHOE «IIEPECeUEHUE» MOITHUYE-
CKUX OTKPOBEHHUH M METOJOJIOTHUECKUX MPUHIUIIOB (PU3UKH.

Mps1 oOpatunuchk K ctuxorBopeHuto IlymkuHa, 4ToObl TOTYEPKHYTH INIABHYIO MBICIb: Me-
Mooo02UdecKUe 80NPOCHL COBPEMEHHOU PU3UKU OP2aAHUYECKU C853aHbl C BONPOCAMU Mamepuda-
aucmuyeckou ouanexmuxuy. BnageHue MeToa0a0rueld COBpeMEHHONW (PU3UKH €CTh, B KOHEYHOM
cyére, BIAJICHUE NUAJIEKTUKON. Mcnonp30BaHue 3TONM METOJOJOTHH B IPAKTUKE MPENOAaBaHUs
bu3MKKN ecTh MpaKkTHUecKoe OOydYeHHEe NUajeKTHKe. 3/1eCh Helb3si He HAIOMHUTh 3HAMEHUTHIE
cioBa B. 1. Jlenuna: «CoBpemeHHasi pu3uKa JeKUT B poaax. OHa poxaeT JUaTeKTHIECKU Ma-
Tepuanuzm» [4, c. 332].

Taxum o6pazom, OGecesa 0 METOIOJIOTHH COBPEMEHHOM (DM3HMKU 3TO, TIO CYTH Jela, becena o
JTMAJIEKTHKE: JUAJIEKTUKE HEOOXOIMMOT0 U CIy4ailHOT0, COXpAaHEHHUS U U3MEHEHUS, €IMHUYHOTO
u obOmero u T. 1. Hauném e€ ¢ muanekTHKu HeOOXOAUMOTO U CIIYYaifHOTO — TMOKa)XeM, KakK Co-
BpeMeHHas (pu3MKa mpuiuia K BeIBOAY O (PyHAAMEHTaIbHOCTH BEPOSTHOCTHBIX 3aKOHOMEPHO-
CTeil.

§ 12. PYHOAMEHTAJIIbBHOCTb )
BEPOATHOCTHbLIX 3AKOHOMEPHOCTEW

IIpo6JjeMa COOTHOIIEHUsSI MEKAY TMHAMHYECKHUMH W CTATHCTHYECKHUMHU (BEPOSITHOCT-
HBIMH) 3aKOHOMepHocTssMH. Hayka paccMarpuBaeT JBa OCHOBHBIX THIIA PUYUHHO-
CJIE/ICTBEHHBIX CBSI3€H M COOTBETCTBEHHO J[BA TUIIA 3aKOHOMEPHOCTEH — OuHamuyeckue u cma-
mucmuueckue (eeposmuocmusie). IlepBbIe MO3BOJSIFOT JIEIaTh MPeICcKa3aHus a0COOTHO KECT-
KHe, OJIHO3HAYHbIE, a BTOpPbIe — BeposTHOCTHBIE. [locne Toro kak B cepenune XIX B. BeposT-
HOCTB CTaJla MCITOJIb30BAaThCS B (PH3UKE, BOSHHUK BOIIPOC O COOMHOWEHUY MEXKTY THHAMUYICCKH-
MU ¥ CTaTUCTUYECKHUMH 3aKOHOMEPHOCTSIMHU.

MpI yKe Kacamuch 3TOro Bompoca panee (cm., Hanpumep, § 1, 2, 11 u ocobenno auainor «O
MPHUBBIYKE BHJICTh 32 BEPOATHOCTSIMHU OJHO3HAYHBIC 3aKOHOMEPHOCTH»). Terneph MpoaHaIu3upy-
€M ero 0oiiee 00CTOSTEIBHO.

[TepBOHaYaILHO JAHHBIM BOIIPOC PEIAJICS B MOJIB3Y IPUMATa JUHAMHYCCKUX 3aKOHOMEPHO-



cteil. CauTanock, 9To CTAaTUCTUIECCKUE 3aKOHBI 00YCIIOBICHBI HETIOJTHOTOW HANTUX 3HAHMIA, YTO K
BEPOATHOCTHOMY OMUCAHUIO MPUXOIUTCS NMPUOEraTh, KOrja HEU3BECTHBI I€TaIN KapTUHBI, KOT1a
TPYJHO WK HEJIb3s TOYHO YUYECTh BCE JaHHBIC, BCE B3aMMOJICUCTBUs. TaKyr0 KOHIIEHIINIO HAa30-
BEM KOHYenyuel HenoiHOm»sl 3HAHUL WU, Jy4dllle, KOHYenyuel npumama OUHAMUYEeCKUX 3aKo-
Hog. @aKTUYECKHU OHa MpeAnojaraia, 4YTo 3a CTaTUCTUUYECKUMU 3aKOHAMHU 00s3aTEIbHO «CKPBI-
BalOTCA» JMHAMUYECKHE, YTO B OCHOBE BCEIO JIe)KaT MMEHHO JIMHAMUYECKHE 3aKOHBI, KOTOPHIE
KaK pa3 M BbIpaaroT OObEKTHUBHBIE MPUYUHHO-CIICJICTBEHHbIE CBSA3U. B OJJHUX CilydasiX MbI HC-
MOJIb3YEM 3TH 3aKOHBI, B JIPYTUX K€ OKA3bIBA€MCSl HE B COCTOSIHMM ATOTO C/eNaTh; TOTJa U BbI-
XOJIAT HA CLIEHY BEPOSITHOCTHBIE 3aKOHBI.

CornacHo 1aHHOM KOHIIETIINHU, TOBEACHHUE ra3a MOIJIO Obl OBITH OMUCAHO HE BEPOSTHOCTHO,
a COBEPIICHHO OJHO3HAYHO, €CJIM ObI MBI CMOTJIM 33/1aTh HAYaJIbHBIC COCTOSIHHUSI BCEX MOJICKYJI B
9TOM Tra3e M Y4YecTh BCE CTOJIKHOBEHHUS MOJEKyJ. Toraa ra3oBble 3aKOHBI ObUIM ObI MOJTYYEHBI
KaK CJICICTBUE JMHAMUYECKUX 3aKOHOB KJIACCHYECKOM MEXaHUMKU HBIOTOHA, MPUMEHEHHBIX K
OTJIeNbHBIM MoJieKyJaM. OHAaKO M3-3a CIMIIKOM OOJIBLIOTO YHCia MOJIEKYJ Mbl MPAaKTHUYECKU
HE MOXXEM IPOCIEAUTH 32 MOBEJCHUEM KaXKJI0W M3 HUX, U MO3TOMY MPUXOJUTCS MOJIb30BATHCSA
BEPOATHOCTHBIMHU 3aKOHAMHU CTaTUCTHYECKON MexaHHuKu. (HamoMHuM yuTaremnto, 4To Takas To4-
Ka 3pEHHS MOJIBEprajiach KPUTHKE B YIIOMSHYTOM BBIIIE JUAJIOTE).

Korna oOHapy»Kuiock, 4To BEPOSATHOCTHOE MOBE/ICHUE MIPUCYIIIE HE TOJIBKO OOJIBIIOMY KOJI-
JICKTUBY, HO B OMOeIbHbIM aTOMaM U MOJICKYyJIaM (3TO MPOJEMOHCTPHPOBAIa KBAaHTOBAs MeXa-
HUKa), CTOPOHHHKH pacCMaTpUBAaeMOIl KOHLEMIUHU MPEANONIOKIIN HATMYNE HEKUX «CKPBITHIX
napameTpoB», KOTOPbIE MOJYUHSIOTCS JUHAMUYECKUM 3aKOHAM U OMUCHIBAIOT MMOBEICHHE aTOMa
WJIM MOJIEKYJIbI Ha OoJiee rIyOoKoM ypoBHe. B HacTosiiiee BpeMsi OMCK «CKPBITHIX TapaMeTPOB»
B KBAaHTOBOU MeXaHUKe (PaKTUYECKU TPEKpaIIEH.

B pamkax xoHuenuuu npumaTa JUHAMHYECKHUX 3aKOHOMEPHOCTEH MPUYMHHOCTH CBSI3bIBA-
€TCs, 10 CYTH JIeJa, TOJIBKO C 3TUMHU 3aKOHOMEpHOCTSIMU. Cly4ailHOCTh paccMaTpUBaeTCsl TOJIb-
KO B CYObeKmusHoMm TuTaHe (HEMOJIHOTA HAIIMX 3HAHUWK); 00beKkmuHas CTy9alHOCTb OTOXKIECT-
BIISIETCA MONPOCTY C omcymcmeuem npuyunnocmu. [1okazaTenbHO, YTO BMECTO TEPMUHOB <(JIH-
HAMUYECKHE» M «CTATUCTUYECKHE» HEPEIKO YIMOTPEOSIOTCS TEPMUHBI «IIPUUMHHBIE» U «CITy-
YaifHbIe»; TeM CaMbIM MPUYMHHOCTH MPOTHBOIOCTABISETCA CIy4yailHOCTH — JuO0 MpPUYMH-
HOCTB, JTHOO ciydaitHocTh. Hemapom BeposSITHOCTHOE MOBEICHHE MUKPOOOBEKTOB ONPEIEIEHHOE
BpEMs pacCMaTpUBAIIM KakK Pe3yNbTaT HapyuieHuss TPUHIUIA TPUIMHHOCTH B KBAHTOBOW MeXa-
HUKE.

KoHuenuus npumara TMHaMHYECKHMX 3aKOHOMEPHOCTEH OKa3allachb BEChbMa KUBY4Yeil. DTO
OOBSACHSICTCS PSAIOM TPUYMH. BO-TIEpBBIX, CTATUCTHYECKHE (PU3MUECKHE TEOPUM BOZHUKIH
MO3/IHEEe TUHAMUYECKHX U, KaK Ka3aJoch, Ha 0a3e mocieaHux. Tak, cTaTUCTHYECKas MeXaHUKa
MMEET B Ka4e€CTBE CBOETO «IMHAMUYECKOTO aHAJIOray KIACCUYECKYI0 MEXaHHUKY, & MUKPOCKOITH-
YyecKkasi 3JEeKTPOJAMHAMUKA — KJIACCHYECKYIO 3JIEKTPOJUHAMUKY. BO-BTOpBIX, MpeACTaBiIsIOCh
(ma m ceromHsl MPEACTABIISICTCSI MHOTHUM), YTO OJAHO3HAYHBIC MPEACKa3aHUsl, OJIy4aeMbI€ B JIH-
HAMUYECKHX TEOpUSX, B OONbIIEH Mepe, YeM BEPOSTHOCTHBIE, OTBEYAIOT CAMOMY JIyXy «TOYHOMU
HayKn». B-TpeThux, 11 MOHUMaHUs TPUHIIUITHAIBHOU POJIM CTATUCTUYECKUX 3aKOHOB TpeOyeT-
csl gnadenuem OUAIeKmuKoll, pACCMOTPEHUE TaKUX JUAJCKTUYECKUX KAaTEropHii, Kak HEOOXOIu-
MO€ U CIy4ailHOE, BO3MOXHOE M JACHUCTBUTEIbHOE. IMEHHO HEIMAIEKTHUECKOE TTOHUMAaHUE ITHX
KaTeropuili ¥ ecTb Ta OCHOBHAsI, Ha HAIl B3IJIAJ, TPUYUHA, KOTOPasi OOBSICHIET MPUHIKEHUE U
JaXKe OTPHUIIAHUE TPUHITUIINATIBLHON POIM CTATUCTHYECKUX 3aKOHOB.

B 510l CBSI3M OTMETUM Tak Ha3bIBAEMYIO KOHYENnyuio pagHonpasus. B otinuue oT mnpeasl-
JIyIIeH KOHIICTIIINKA, OHA HE YTBEP)KJIAET MpUMaTa JUHAMUYECKUX 3aKOHOMEepHocTe. OHa ncXo-
JUT U3 TOTO, YTO IMHAMHYECKUE U CTATUCTUUYECKUE 3aKOHOMEPHOCTH B OINPEACIEHHOM CMBICIIE
PaBHOIIPABHBI — OHU UTPAIOT OJIMHAKOBO BAXKHYIO POJIb, HO B Pa3HBIX 00JACTSIX: 3aKOHBI MTOBE-
JCHUS] MTHIUBUYalIbHBIX 00BEKTOB JMHAMUYECKUE, & 3aKOHBI MTOBEACHUS OOBIINX KOJIEKTUBOB
cratuctudeckrue. COrIacHO TaKOW KOHIEIIIUU, TIPH TEPEeX0/ie, HApUMeEpP, OT U3yUCHHS JIBIKE-
HUS OTAEJIbHOW MOJIEKYJIbl K U3YUEHUIO ra3a JMHAMUYECKUE 3aKOHBI JIOJKHBI IEPEXOIUTh B CTa-
tuctuueckne. Kak mucan coperckuii punocod M. D. OMenbsIHOBCKUN, «TMHAMUYECKAsI U CTaTH-



CTHYECKasi 3aKOHOMEPHOCTH — (OPMBI HEOOXOJUMOT0, CYIIECTBEHHOTO OTHOIIEHUS SBICHHUM
IIPUPOJIBI — HE TOJIBKO CBSI3aHBI C NIEPEXOAAMHU OJHA B IPYTYI0, HO €IMHBI B IIPOTUBOIIOJIOKHO-
ctu» [99, c. 394]. OH cuuTai, 4TO NPU3HAHUE NPUMaTa IMHAMUYECKUX 3aKOHOMEPHOCTEHN «Tak
’)K€ HEBEPHO, KaK MPU3HAHUE NMEPBUYHOCTH CTATUCTUYECKUX 3aKOHOBY [99, c. 405].

Konuenmust paBHOIIpaBHs MOXKET MOKa3aThcs 00j1ee MPOrpecCUBHON MO CPAaBHEHHIO C KOH-
LEeNUe TpuMara TMHAMUYECKUX 3aKOHOMepHOcTel. OHAKO OHA TAKXKE MPEICTABIISIETCSA CEro-
JHS1 HerpaBoMepHOU. CepbhE3Hblil yap 1Mo 3TOM KOHLENIMU HaHECaa KBAaHTOBAs MEXaHMKa, I10-
Ka3aBllasi, 4YTO JUISl IPOSIBJIEHUS CTATUCTHUUYECKUX 3aKOHOMEPHOCTEH HeoOs3aTeabHO HalIWdHe
KOJUIEKTHBA O0BEKTOB — 0adice OmMOeNbHblL 00bEeKmM MOACEM ONUCLIBAMbCS SIMUMU 3AKOHOMeED-
Hocmamvu. HecocTosATeTbHOCTh KOHUENIMN PABHOMNPABUS O0BICHSAETCS IPOU3BOJIOM, JTOIYILEH-
HBIM 3/I€Ch IIPU BBIOOpE KaTeropuil AuaneKkTuku. Henb3s Takue MOHATHSA, KaK JUHAMUYECKHUE U
CTaTUCTUYECKUE 3aKOHBI, OTHOCUTh K KaTCTOPUSAM, €IUHBIM B IIPOTUBOIOJIOKHOCTH. Y Ka3aHHbIE
HOHSATHS HE SIBISAIOTCSA JUAJIEKTUUECKUMHU KaTeropusiMu. B kadecTBe TakuX KaTeropuil ciemyer
paccMaTpuBaTh HEOOXOAMMOE U CITydaliHOE, BO3MOKHOE U JIEHCTBUTENIBHOE.

PaccmarpuBas mpo0iieMy COOTHOILIEHUSI MEXKIY TMHAMUYECKUMHU U CTaTUCTUUECKUMHU 3aKO-
HOMEPHOCTSMH, COBPEMEHHAsI HaAyKa UCXOAMUT U3 KOHYEnyuu npumama cmamucmuyeckux 3aKo-
HomepHocmeli. He TOIbKO IMHaMUYECKUE, HO U CTaTUCTUYECKUE 3aKOHBI BBIPAXKAIOT 0ObEKTHUB-
HbIC NPUYMHHO-CIEACTBEHHBIE CBSA3HU. bojee TOro, MMEHHO CTaTUCTHUYECKHE 3aKOHOMEPHOCTHU
SBIISIIOTCSL ()YHOAMEHMANbHbIMU; TI0 CPAaBHEHUIO C TUHAMUYECKMMH 3aKOHOMEPHOCTSMHU OHH
2nyboice BBIPAXKAIOT yKa3zaHHbIE CBsI3H. COBPEMEHHYIO KOHIIECTILIO MOXKHO COPMYJINPOBATh TaK:
«JlnHamMuueckue 3aKOHbI IPEACTABIAIOT COO0M NEPBbIN, HU3MIMMA 3Tall B IPOLIECCE TO3HAHMSI OK-
Py Karollero Hac MUpa; CTaTUCTUYECKHE 3aKOHbI 00JIee COBEPIIEHHO 0TOOpaKaroT 0ObEKTUBHBIE
CBSI3U B IIPUPO/IC: OHU SIBIIIOTCS CIICAYIOUIMM, O0Jiee BBICOKMM 3TarnoMm no3Hanus» [81, c. 141].

[lepeiinem k aprymeHTanuu copmMyIMpOBAHHON KOHIIEIIINH.

OT auHamMuM4Yeckux (pu3MUYeCKMX Teopuii K craTHcTHYeckMM. Bce ¢yHmameHTanbHbIC
(Gu3nuecKre TEOPUHU MOKHO pa3feiuTh Ha ABE IPYIIbl — OuHaAMU4ecKue U CImamucmuieckue
meopuu. B TMHAMMYECKUX TEOPUAX BEIMYMHBI MOJUMHSAIOTCA OJHO3HAYHBIM (JIMHAMHYECKUM)
3aKOHOMEPHOCTSIM; CTaTUCTUYECKHE TEOPHUH OCHOBAaHbI Ha BEPOSITHOCTHBIX (CTATUCTUYECKHUX)
3aKOHOMEPHOCTSIX.

K nuHamuueckuM TEOpUSIM OTHOCSITCA Kidccuueckas mexanuxka (oHa Oblla cO3/laHa B
XVII — XVIII BB.), mMexanuxa cniownvix cpeo, 1. e. ruapoannamuka (XVIII B.) u Teopus ympy-
roctu (Hayano XIX B.), ¢enomenonocuueckas mepmoounamurxa (XIX B.), xnaccuueckas snex-
mpoouHamuka, BKIItoyas BOJHOBYI0 onTHKY (XIX B.), cneyuanvnas u oowas meopus omuocu-
menvhocmu (Hadano XX B.). B aTux Teopusix cocrosiHue Pu3nyeckoro 00ObeKTa (CUCTEMBI) OJ1-
HO3HAYHO ONPEEIIAETCs 3aJaHUEM TOYHBIX 3HAYEHUH TE€X WMJIM MHBIX BEIWYMH. B kiaccuueckoi
MEXaHHKe, Hal[pUMep, COCTOSIHUE CUCTEMbI 3aJa€TCsl 3HAUEHUSMU KOOPAMHAT U MPOEKUUN CKO-
pocTeil yactul. B MexaHMKe CIUIOIIHBIX CpeJl BMECTO HabOpa KOOPAMHAT U CKOPOCTEH YacTHIL
UCHOJB3YIOT (YHKIUHU, ONUCHIBAIOIINE PACIIPE/IETICHUE B MPOCTPAHCTBE OMNPEICIEHHBIX BEIH-
YUH — IUIOTHOCTH, JABJIEHUS, CKOPOCTH U Ap. B TepMoaMHaMUKe COCTOSHUE CUCTEMBI OIHCHI-
BalOT TEPMOJAMHAMHUYECKHE MTapaMeTpbl — 00bEM, TemrepaTypa, JaBjieHue u ap. B anexrpoau-
HaMHUKE pacCMaTpPUBAIOTCS HANPSYKEHHOCTU U MHIYKLUU 3JIEKTPUYECKOTO U MarHUTHOIO MOJIEH.
Bo Bcex nuHaMuYecKuX TEOpPUSX BEIMYUHBI, ONPEAEISAIONINE COCTOSTHUE CHCTEMBI, SBIISIOTCS
HENpEepPbIBHBIMU (YHKIMSAMU MPOCTPAHCTBEHHBIX KOOPJAMHAT U BpeMeHH. CyIeCTBEHHO, UTO
3HAHME 3HAUYECHUN 3TUX BEJIMYUH B HAYAJIbHBII MOMEHT BPEMEHH 103BOJISIET, B IPUHLIUIIE, OJIHO-
3HA4YHO OMPEJENIUTh 3HAYCHHS BEJIMYHUH B JIF000H MMOCIe1y0mnuii MOMEHT.

[Toutu Bce pyHaameHTanbHble AMHaMUYeckue Teopun Obutn co3aanbl B X VI — XIX BB.; ¢
HUMM CBSI3aHO CTAHOBJIGHHME (PU3MKHM KaK HAyKH, OXBAaThIBAIOIIECH IIMPOKUN KpyT SIBICHUN —
MEXaHUYECKUX, TEIUIOBBIX, 3JEKTPUUECKUX, MarHUTHBIX, oNTH4Yeckux. M3 auHamuueckux teo-
pHil JIMIIb TEOPUSI OTHOCUTENBHOCTH co31aHa B XX B. Ilocne €€ co3ganust B caMoM Haydajie BeKa
no0eiHOe IIeCTBUE TUHAMUYECKHX TEOPUH MPEKpPaTHIIOCh — C TE€X MOP HOBBIX TUHAMHYECKHX
TEOpHil He MosBUIIOCH. «Teopust rpaBUTAMKM DWHIITEHHA — 3TO MOCHETHUNA TpuyMd TUHAMU-
YeCKHX 3aKkoHOMepHocTe» [81, ¢. 33].



WHoe neno craructuyeckue Teopun. BriepBbie BEpOSATHOCTH ObliIa HCIIONB30BaHa B (PU3UKE B
cepenuae XIX B. (MakcBemt, 1859 r.). IMeHHO Torzia W MOSIBUIIUCH BIIEPBBIE TEPMHHBI <«JIMHA-
MHUYECKasi TECOPHS» U «CTaTHCTUUecKas Teopus». BBén nx Maxkcsenn; B qoknane KemOpumkcko-
My (rtocodckoMy OOIIECTBY OH MucA: «f cuMTaro, 4To HauboJiee BaKHOE 3HAYCHHE IS pa3-
BUTHS HAIIMX METOJOB MBILIUIEHUS MOJIEKYJISIPHBIE TEOPUHM UMEIOT IIOTOMY, YTO OHHU 3aCTaBJISIOT
JIeJIaTh PA3IMUUE MEXKIY ABYMs BUAAMM ITO3HAHUS, KOTOPHIE MBI MOKEM Ha3BaTh JUHAMUYECKUM
U ctatuctTudeckum» [81, c. 36].

IlepBast cratuctuueckas pusnueckas TEOpUS — CMAMUCUYECKas MeXaHuka — BO3HHUKIIA
BO BTOpoii nojoBuHe XIX B. Ha ocHOBe (pyHAaMeHTanbHBIX paboT MakcBemia u bonbimMaHa.
Bckope 00HapyKHUII0Ch, 4YTO MPUMEHEHUE ITON TEOPUHU K TEIIOBBIM MpoLieccaM Mo3BoJIsgeT 00b-
SICHUTh Ba)KHEHIIINE MOJIOKEHUS (PEHOMEHOJIOTUYECKOH TePMOJUHAMUKH M TIPEKIE BCETO BTO-
poe Hayajo TepMOAMHAMUKHU. TeM He MeHee cTaTUCTUYeCKas MEXaHUKa ¢ OOJBIINM TPYJIOM 3a-
BOEBBIBAJIa CTOPOHHUKOB — CIIMIIKOM CHJIbHA ObUIa BceoOIIast MPUBEPKEHHOCTh K «TOYHBIMY
JUHAMUYECKUM TeopusaM. OKOHYATEIbHO OHA 3aBOEBajla IPU3HAHKUE B HAYAJIEC HAILETO CTOJIETHS,
korna A. OunHmrelH u M. CmonyxoBckuid (1872 —1917) coznanu Teopuro OpOyHOBCKOTO JIBU-
skenus (1905). 3mech BaXXKHO MOJYEPKHYTH JIBa MOMEHTA. [IepBhIii: OpOyHOBCKOE JBUIKEHUE SIBU-
JIOCh TEPBBIM MOAPOOHO MCCIEIOBAHHBIM SIBJICHHUEM, CBA3aHHBIM C (IyKTyauusMu. Bropoii: Ha
npumepe OPOYHOBCKOIO JBMXKEHUS ObLIO MOKA3aHO, YTO CTATUCTUYECKHE 3aKOHBI MOTYT IIpUMe-
HATBCS HE TOJIBKO K KOJUIEKTUBAM YacCTHL], HO U K OTAEJIbHBIM YaCTHUILIAM.

Ha py6exe XIX u XX BB. JIopeHIl 3aJ105KHJI OCHOBBI AJICKTPOHHOW TEOPWUU BEIECTBA —
MUKPOCKONUYECKOU 2IeKMPOOUHAMUKY. DTO O3HAYaNl0, YTO CTATUCTUYECKHE METOJbl Hayailu
pacnpoCTPaHATHCS HA MIEKTPUYECKUE U MarHUTHBIC SIBJICHUS. B OCHOBE CTaTMCTHYECKOM Mexa-
HUKHU JIEKAJI0 MPEIIOJIOKEHNE, YTO BEIIECTBO MMEET JUCKPETHYIO CTPYKTYpy — COCTOUT U3
MOJIEKYJ1 (BO BTOpo# mosioBUHE XIX B. 3TO MPENIONOKEeHWEe ObLIO JajieKo He OOIIeNpU3HAH-
HBIM); MUKPOCKOIIMYECKAs 3JIEKTPOIMHAMUKA OCHOBBIBAJIACh HA MPEIOI0KEHUU O AUCKPETHO-
CTH 3JIEKTPUYECKUX 3apsA7oB. B pamMkax MHUKpPOCKONMUYECKON 3JIEKTPOAMHAMUKU O0bEIUHUIINCH
YUEHHsI O TEeIUIOTe U 3neKTpoMarHerusme. IOT1o no3oawio II. Jlanxkeseny (1872 —1946) no-
ctpouth B 1905 r. Teoputo nmapamarHetusma BemiectBa. B 1910 r. DifHiTeliH co3an Teopuio
paccessHUsl CBETa Ha MHKPOCKOIMYECKUX HEOJHOPOAHOCTAX Cpebl, 0OYCIOBIECHHBIX (IIyKTYya-
UM €€ MJIOTHOCTH; TEM CaMbIM HOJYUYMIH 0ObSCHEHHE roylyOoi 1[BET He0a M KpacHBIM LBET
3aXOJAILIETO COJIHIIA.

Bo BTOpOIi raBe KHUTH OBLIO YJ€I€HO MHOTO BHUMaHMsI BOSHUKHOBEHHUIO U CTaHOBJICHUIO
(B mepBoii Tpetu XX B.) K8aHMOB0U MexaHuku; NOJPOOHO 00CYKIaJICAd NPUHIUIHAIBHO BEpPO-
ATHOCTHBIN XapakTep 3Toi Teopur. EmE pa3 noquepkHEM, 4TO B MUKPOMUPE BEPOSTHOCTh UIpa-
€T NPUHUUIHAIBHYIO POJIb — OHA XapaKTEpU3yeT MOBEIEHUE OTAENIBbHON yacTuipl. KBaHroBas
MEXaHHKa SIBUWIACh peuaowum apeyMeHmom B NOoJb3y (yHIaMEHTAIbHOCTH CTaTUCTHYECKHUX
3aKOHOMEpPHOCTEN. IMEHHO B 3TO BpeMsl M BO3HUKJIA COBPEMEHHAsl KOHLIENLUS, YyTBEPKAAOIIAs
IpUMaT CTaTUCTUYECKUX 3akoHOMepHocTel. E€ BoiaBunynu bop, I'elizendepr, boph, JlanxxeBen
u J1p.

OTmeTHM, 4TO BCE CTATUCTUYECKUE TEOPUHU OTIUYAIOTCS OT TUHAMUYECKHX IPEXKJE BCETO
COJIEp’)KaHUEM IOHSATHS COCTOSHUS CUCTEMBI. B oTiIMuMe OT AMHAMMYECKUX, B CTATUCTHYECKHUX
TEOPUSAX COCTOSHUE 3aJaéTCsl HE 3HAYEHUSIMU (DU3MUECKHUX BEIUYMH, a 3aKOHAMU pacnpeodeie-
HUsl, KOTOPBIE NAIOT 6epOSMHOCMY TOTO, YTO PACCMAaTPUBAEMbIE BEJIMUMHBI IPUHUMAIOT T€ WIN
uHble 3HaueHUA. CaMu e BETUYMHBI SBISIOTCS CIVUAlHbIMU — OHU HE NMPUHUMAIOT OInpee-
JNEHHBIX 3HAYECHUH B 3aJJaHHBIX YCIIOBHUSX.

«Hauunas ¢ 20-x rogoB XX Beka, ocje CO3/jaHHsI HEPEISATUBUCTCKON KBAaHTOBON MEXaHU-
KM, BCE JajbHelIIee pa3BuTHE (PU3MKM MUKPOMHUpA 1UIO 1O (J1aroM KBaHTOBBIX TEOPH CTaTH-
CTHYECKOro Xapakrepa... [lobenHoe 1mecTBre CTaTUCTUYECKUX 3aKOHOB, HaYaBIIEeCs] BO BTOPO
nojoBuHe XIX Beka, MPUBEJIO K TOMY, YTO JUHAMUYECKHE 3aKOHBI COBEPILIEHHO YTPaTWIN Obl-
JI0€ 3HAYE€HHE OCHOBHOI'O, a MOPOM U €IMHCTBEHHOTO0 METOJa UCCIIe0BaHMsI (yHIaMEHTaIbHbIX
nporeccoB npupoas» [81, c. 66]. U3 pyHaaMeHTaIbHBIX CTATUCTUYECKUX TEOPHH, BBIPOCIIUX
Ha «IIO0YBE» KBAHTOBOW MEXaHUKH, OTMETUM KEAHMOBYIO 2NeKMPOOUHAMUKY, MEopUuio cladvix



83aumMoo0elicmautl, KBAHMo8yI0 XpoOMoOuHamuxy. Bee 3T Teopun mokasaiu, 4To BEPOSTHOCTHBIC
3aKOHBl YIPABJISIOT HE TOJBKO 3HAYEHUSIMHU T€X WM MHBIX Qusuueckux eenuyun (KOOpAUHAT,
UMITYJIbCA, SHEPTUU U T. 11.), HO U CAMUMH YUCIAMU YACUY, YTO HA YPOBHE MUKPOSIBIICHUN caM
(akT cyliecTBOBaHUs MaTepuu B TOM WJIM MHOU (hopMe oIpenenseTcss BEpOTHOCTHBIMU 3aKO-
Hamu. Oco0Oro BHUMaHU 3aCITy’KUBAET TOT (akT, UTO B COBpeMeHHOHU (hu3uke Gpusnueckuil Ba-
KyyM paccMaTpUBaeTCs HE KaK IyCTOTa, & KaK IPOCTPAHCTBO, «HAIIOJHEHHOE» CIIy4yaifHO BO3HU-
KaIOIMMU U MCUE3aI0IMMU BUPTYaIbHbIMU YacTulamu (cM. § 11).

[Tocnenusst GyHIaMeHTaabHAs JUHAMHYECKAas TEOpHUsl (TEOpHsi OTHOCHTEIBHOCTH) Oblia
co3naHa B camoM Hauvane XX B. IlepBasi cratuctuueckas Teopusi (CTaTUCTHUYECKas MEXAaHMKA)
BO3HUKJIA BO BTOpoi nosioBuHe XIX B. B nenom XIX crosietre — 3TO CTONETHE TUHAMUYECKUX
TEOPHIi; HaIlle CTOJIETHE — 3TO Mapaj CTATUCTHUECKUX TEOPHil. bosee enybokoe npoHuKHo8eHue
8 CYWHOCMb Mamepuu nompeoo6ano, Kak Mbl BUAUM, nepexood om OUHAMUYECKUX Meoputi K
cmamucmuyeckum. HexoTopele U3 CTaTUCTUYECKUX TEOPUH BO3HUKIM KaK CBOEOOpa3HbIC aHa-
JIOTH CO3/IaHHBIX paHee IMHAMMUYECKUX TEOpUil; MOXKHO CKa3aTbh, YTO OHM CO3/IaBAIUCh Ha Oase
COOTBETCTBYIOIIUX TUHAMUYECKHX TEOPHH (CTATUCTHYECKash MEXaHUKa Ha 0a3e KIacCHYeCKOM,
MHUKPOCKONUYECKas 3JEKTpOJANHAMKKa Ha 0ase anekTpoauHaMuku Makcsema). OqHako 00ib-
IIMHCTBO CTaTUCTHUYECKUX TEOPHUM C caMOro Hayajla pa3BUBAIMCh KAK UMEHHO CTaTUCTHUYECKUE;
JUI HUX QHAJIOTUS C IMHAMHYECKUMH TEOPUSMH B NPHUHLMIIE HEBO3MOXKHA. TaKMMHU SBISIOTCA
KBAaHTOBAas MEXaHHKa, KBAHTOBAs HJICKTPOANHAMHKA, TEOPHS CIIA0BIX B3aUMOJICHCTBUN, KBAHTO-
Basi XpOMOJIMHAMHUKA.

Wrak, naxxe camblii OOIIMIl B3IJISA HA UCTOPUIO BOSHUKHOBEHUS (PyHAaMEHTANbHBIX (pr3u-
YEeCKUX TEOPHH MO3BOJISIET CAENIaTh BBIBOA, YTO OUHAMUYECKUE Meopul COOMBenmcmeosany nep-
60MY dmany 6 npoyecce NO3HAHUA NPUPOObL Ye0BEKOM, M020d KAK HA Cledylowem smane 2nas-
HYIO POJIb CIMANU U2pams cmamucmuyeckue meopuu. Y e OTCI0/la BUAHO, YTO BEPOSTHOCTHBIE
3aKOHOMEPHOCTH SIBIISIIOTCS Oo/iee 2nyOokumu, bonee pynoameHmanibHulMuy 0 CPAaBHEHUIO C JH-
HAaMMYECKUMHM U YTO MOMNBITKH UCKATh «CKPHIBAIOIIMECS» 3a CTATUCTUYECKMMHU 3aKOHAMU OJIHO-
3Ha4YHbIC CBS3M 3aBEIOMO OOpeUeHbl Ha Heylauy.

Cay4daiiHOCTh B NOBeJeHHH NMPOCTHIX JMHAMMYECKHMX cucTeM. Bcerna cuuranoce oye-
BUJHBIM, YTO IMPOCTHIE CHCTEMbI, ONUCBHIBAEMbIE JUHAMUYECKMMHU TEOPHSIMH, JOJKHBI, BECTH
ce0st KECTKO JETEPMUHUPOBAHHO, YTO MPU PACCMOTPEHUHU TAKUX CUCTEM HET HMKAKOH HeoOXo-
JMMOCTH oOpamarbes K BeposTHOCTSIM. Kak okazanoch, Takas TOUKa 3pEHHUs] HE COBCEM BEpHa.
Oka3anoch, 4TO BEPOSTHOCTH OOHAPYXKUBAIOT CeOSl JMa)xe TaM, TJe HAPCTBYIOT OJHO3HAYHBIC
NPUYMHHO-CJIECTBEHHbIE CBs3U. OHU OOHApYKUBAIOTCS, HAPUMEpP, B IOBEJCHUN BECbMa pO-
CTBIX JINHAMUYECKUX CHUCTEM, OIMCHIBAEMBIX B paMKaxX KJIaCCUYECKOW MEXaHMKHU WU TUIPOIU-
HaMHMKH. «OOHapyXeHHe M MOHUMaHue TOro (hakTa; YTo XaoTHUECKOe, CIydyailHOe MOBeICHHE
BO3MOXKHO /1K€ B OYEHb IPOCTHIX JIUHAMUYECKUX CHUCTEMaX, SIBUJIOCH 3aMEUYaTeIbHbIM OTKpHI-
THUEM COBPEMEHHOM Haykm» [26, c. 54 — 55].

3a cuéT 4yero e, CpaniBaeTcs, BOSHUKAET CIy4yallHOCTh B MOBEAECHUU MPOCTON JHMHAMU-
4eCKOM cucTeMbl? DTO CBSI3aHO C HEYCMOUdYU8OCmyvlo IBUKEHUS CUCTeMbl. Heycmotiyueas ou-
HaMUYecKas cucmema OKA3vleaemcs, no cymu oeid, cucmemou cmamucmudeckou. llpumepom
MOJKET CIY’KUTh CUCTEMA LIAPOB, UCIBITHIBAIOIIMX YIPYIHE CTOJIKHOBEHMSI; HUYTOXKHOE HU3Me-
HEHUE TPAEKTOPHH Illapa NPUBOJUT K CYLIECTBEHHOMY M3MEHEHUIO BCeil KapTHHbI. PaccMoTpum
JUI TIPOCTOTHI ABYMEPHYIO CUTYALMIO: UMEETCs YIOPSAA0UECHHAs! KOHPUTypalus Kpy>KKOB (Kpy-
KOK — JIByMEpHBIN 00pa3 mapa), BHyTpU KOTOPOM JABMXKETCS «4YacTHUIla», UCTBIThIBAIOIIAS YII-
pyrue CTOJIKHOBEHHUS ¢ KpyKkamu. OiHa U3 BO3MOXHBIX TPACKTOPUI YacTUIIbI TOKa3aHa Ha pU-
cysake 3.1. bynem nucarb 1, eciau oTpa)xxeHHe MPOU30LUIO OT JIEBOH MOJIOBUHBI KpyXKa, U 0 —
€ClIM OT MpaBOM; TOrJa MOCJIEAOBATEILHOCTh M300paXEHHBIX HAa PUCYHKE OTPaKEHUI MOXKHO
3amucaTh B BUJIE CIIEAYIONICH MOCIIeI0OBATEILHOCTH U3 eaquHun u uynei: 1, 0, 1, 0,0, 1, 0, 1, 1,
0. Orta nocnenoBaTeNbHOCTD SIBISIETCS «CIIy4allHO» — 37€Ch HET KOPPEJLIUN MEXIy IMOsBIIE-
HUEM CJEeIYIOUIMX JIpYT 3a Apyrom 1udp. Maneiiniee n3MeHeHNE UCXOAHOTO HANPABJICHUS JABU-
YKEHUS YaCTUIbl KOPEHHBIM 00pa30M MEHsET KapTUHY — pealiu3yeTcsi HoBas TPAeKTOpHUs, KOTO-
pOM OTBEUYAET HOBAs «CIIydailHas» MOCIEA0BATEIbHOCTD U3 €IMHHUIL] U HYJICH.



Paccmotpum emié onun npumep. CorHyTast KOJIbLIOM U MOJHOCTBIO 3all0JHEHHAsI BOJOM Me-
TaJuTMYecKasl TpyoOKa MoJIorpeBaeTcsl CHU3Y W oxjaxkaaercs cBepxy (puc. 3.2). B tpybke mpowuc-
XOZMT KOHBEKIHUS, BOJA IUPKYJIUPYET MO TPyOKe (Ha PUCYHKE 3Ta LUPKYJIALHUS COBEPIIACTCS 10
yacoBoil crpenke). Kazamock Obl, BCE oueHb nmpocto. OgHaKo, Kak MOKa3bIBAET OIBIT, €CIIH CJIe-
JaTh JI0CTaTOYHO OOJIBIION Pa3HOCTh TEMIEpaTyp HIKHEH M BEepXHEW yacTel KoJblla, BOJa Ha-
YHHAET CIy4alHbIM 00pa30oM MEHSTh HalpaBJICHUE BPALIEHUs. DTO MOXKHO HOSACHUTH Tak. [IycTb
BHayaJle Bojia IUPKYJIUPOBaa 0 YaCOBOM CTPEJIKE — B JIEBOM YACTH KOJIbLIA IOJHUMAJIACh, A B
IIPaBOM OIycKanack. [Ipy CHIIBHOM NOJOTpEeBE CHU3Y U OXJIAXKICHUM BBEPXY BOJA B JIEBOM 4aCTH
KOJIbIIa HAYWHAET TOAHUMATHCS OBICTpEE M, 3HAUUT, YCKOPSIETCSI BECh MPOLECC LIUPKYJIALUU BO-
16l B TpyOKe. M3-3a 3TOr0 00BEM BOJIBI, OCTHIBIIIEH BBEPXY, MOXKET, OMYCKAasACh MO MPABOM CTO-
POHE KOJIbLIa, IPOCKOYUTh ropssuee OCHOBAHME, HE yCIIeB HarpeThcs. He HarpeBmmch, OH 3aTeM
HE CMOKET MOJHATHCS MO JIEBOM CTOPOHE KOJIbIIA /10 BEpXHEHl Touku. [Ipu 3TOM Boda, omyckaro-
11asCs 110 IIPABOM CTOPOHE, OKA3BIBAETCS TEIUIEE MOJHUMAIOLICHCS 110 JIeBOM. B urore BpaiieHue
BOJITHOT'O KOJIblIa IPUOCTAHABJIMBACTCS U 3aT€M HAYMHAETCSl B 00paTHY!0 cTOpoHy. Takum obpa-
30M, BOJIIHOE KOJIBLIO PaCKpy4MBAETCS TO B OJJHY CTOPOHY, TO B IpYTYyI0; CUTyalisl OKa3blBaeTCs
BECbMa HEYCTOMYMBOM — MaJeWINME AETaad BBI3BIBAIOT CMEHY HANpAaBICHUS BPALLEHUS, 3Ta
CMEHa MPOUCXOIUT CITy4aiHBIM 00pa3oM.

[Ipumepbl NpPOCTHIX TUHAMUYECKHX CUCTEM, OKa3bIBAIOIIUXCS HEYCTOMYUBBIMH U MOTOMY
CTaTUCTHUUYECKUMH, TPUBOJATCS, HANpUMep, B LIMTUPOBAHHON paHee pabore A. B.I'anmonona-
I'pexoBa u M. U. PabunoBuua. Mx moxHO Haiitu Taxxke B crarbe . I'. Cunas «CmydaliHOCTb
Heclly4aiiHoro». B koHue 3Tol ctathu ropoputcs: «HenocpeacTBeHHbIN BBIBOJ U3 CKa3aHHOIO
COCTOHUT B TOM, YTO JUIsl IPUMEHUMOCTH 3aKOHOB TEOPUU BEPOSITHOCTEN BOBCE HE 0053aTEIbHO
MMETh JOIOJIHUTENIBHBI BHEIIHUNA CiydalHbld MexaHu3M. CTaTHCTHYECKHE 3aKOHOMEPHOCTU
OKa3bIBAIOTCS YAaCTO PE3YJbTAaTOM IMPOSBICHUS ONPEIENIEHHBIX CBOWCTB JE€TEPMHUHUPOBAHHOMN
JuHamMuKU. OJHUM M3 TaKMX CBOWCTB SIBJISIETCS CBOMCTBO HEYCTOMYMBOCTH JBHKeHUs. Uem
JBUKEHHE HEYCTOWYMBEE, TEM YCTOWYMBEE MPOSBISIOTCS CTATUCTHUECKUE 3aKOHOMEPHOCTH.
HeycroitunBocTh Hecnmy4aiftHON nuHaMuku BenE€T K ciydaitHocTi» [110, c. 80]. Xorenock ObI K
3TOMY 100aBUTh, YTO HEIAPOM IPHU BBIBEIEHUN KOCMUYECKHUX allapaToB Ha OPOUTY MPUXOIUT-
Csl OCYLIECTBIATh KOPPEKLUUHU UX JBHKEHMS, YTOOBI IPEIOTBPATUTH CIyyailHOE OTKIOHEHHE OT
pacy€THON TPACKTOPHH.

BeposTHOCTHOE MOBEAEHUE NPOCTBIX AMHAMUUYECKUX CUCTEM — BECKHM apryMEHT B IOJIb3Y
(GyHIaMEHTaJIbHOCTH CTAaTUCTUYECKUX 3aKOHOMepHOcTel. Ho MoxkHO moiitu emé aanpiie — mo-
Ka3aTb, YTO JUHAMUYECKUE TEOPUM OTHIOJb He NPOMUBOCMOSAM CMAMUCMUYECKUM, a BKIOYa-
IOTCSL B PaMKH TIOCJIEIHUX KaK npeodenvublli Caydail (I03TOMY U Helb3sl pacCMaTpuBaTh JUHAMMU-
YEeCKME U CTATUCTMYECKUE 3aKOHbI KaK JAMAJEKTHYECKUE KAaTeropuH). JTO XOPOIIO BUIHO Ha
IIpUMEpPE KIIACCHYECKOW MEXAHMKH, KOTOPYK) MOXKHO pacCMaTpHUBaTh KaK IPEIEIbHBIN Clydai
KBAHTOBOM MEXaHUKHU.

Kaaccuueckass MexaHuka Kak cratucrudeckasi Teopusi. OJTHUM U3 OCHOBHBIX MPUHIU-
OB KJIACCUYECKOM MEXaHUKH SIBISETCS npunyun Haumenvuie2o oeticmsus. Ero MoxxHo chopmy-
JUPOBATh TAaK: U3 BCEBO3MOXKHBIX TPACKTOPHM MEXKIy HAa4YaJbHOM M KOHEYHOH TOUYKAMH TEJO



«BBIOMPACT» TAKYIO, ISl KOTOPOW MHUHUMAJIbHA BEIMYMHA, Ha3bIBaeMas delicmeuem (3Ta BeH-
YHHA paBHA Pa3HOCTU KUHETUYECKON M MOTEHIMAJIBLHON SHEPTUid Tesa, IPOUHTEPUPOBAHHOM 110
BCEMY BPEMEHU JIBIDKEHUS OT HadaJdbHOW TOYKU J0 KOHEUHOW). BriepBrie 3TOT mpuHImn cdop-
myspoBai B 1740 . I1. Moneption (1698 — 1759); on mosnarai, 4To TaHHBINA MPUHITUIT BBIpaXka-
€T MyJIPOCTh TBOPIIA, KOTOPBIN yCTpOMII BceneHHy o BecbMa 11e1eco00pa3Ho — Ha OCHOBE MakK-
CUMaJIbHOM 3KOHOMHHU AeHCcTBUA. C TENeOJOrMYEeCKUM TOJIKOBAHWEM IMPUHUMIIA HAUMEHBIIErO
JNEUCTBUS OBLIO MO-HACTOSIIIEMY IMOKOHYEHO JIUIIb Yepe3 JABECTH JIET, MOCIe TOTo Kak B 1948 T.
P. ®eiiHMaH mocTponsl KBAaHTOBYIO MEXAaHUKY, HCIONB3Ys uHme2paivl no mpaekmopuim (CM.,
Harpumep, [133]). Crano sicHO, YTO MPUHIIMIT HAUMEHBIIETO ACUCTBUS — ATO MPUHYUN MAKCU-
MmanvHou eeposmuocmu. Teno He «BbIOMpAET» KIACCHYECKYIO TPAEKTOPUIO; MPOCTO 3TO €CTh
Haubolee 6eposimuas U3 BCEX BO3MOXKHBIN TPACKTOPHUH.

PaccmotpuM Bkparie ¢eiiHMaHOBCKUI noaxon. IlycTe B MOMEHT #, yacTuIa HAXOIUTCS B

touke /. KakoBa BepostHOocTh W (1 — 2) TOro, 4T0 B MOMEHT #, 4aCTHLA OKaXXETCA B TOYKE 27

JlJ1s 3TOTO Ha/lO YUECTh 8ce 803MOMHCHblE TPACKTOPHUH, U3 [ B 2 U CyMMHPOBATh aMIUIUTYbI Be-
POSITHOCTEH Mepexoa, OTBEYAIOLIUE Pa3HbIM TpaeKTopusM. TakuMm oOpazom,

W(1—>2)=|Z'//_,~(1—>2) i (M

3nech, v, (1 —>2) — ammuMrya BEpOSTHOCTH nepexoaa u3 / B 2 no j-il tpackropuu. ITomxuepk-

HEM, YTO CKJIQJbIBAIOTCA HE BEPOSITHOCTH, & AMIUIUTYAbl BEPOSTHOCTEN; PE3YIbTUPYIOIIAS] BEPO-
SITHOCTB €CTh KBAJPAT MOAYJISL CyMMapHOH aMIUIMTYABIL. JIjist aMIUTMTY bl §/; CIPaBE/UIMBO BbI-

paxxeHue

y,~e " )

rae S, (1—>2) — neiicrBue ust j-il Tpaektopuu, i — mocrosinHas [Lnanka. Mrak, ¢ To4ku 3pe-

HUs KBAaHTOBOM MEXAaHUKH JIBM)KEHHME YaCTHIBI U3 OJHOM TOYKHM B JPYIYHO OINHCHIBAECTCS KakK
CBOEOOpa3Hasl cynepno3uyus MO MHOXKECTBY BCEBO3MOJKHBIX TpacKTopuil. B mpenenbHOM city-
dae, Korga S, > h, IPUXOJUM K KIIACCHYECKON MeXaHHKe. B 3TOM ciiydae CyMMapHBbIid BRI

(cyMMa aMIUIMTYJ]) pa3U4HbIX TPACKTOPUI B BEPOSTHOCTH Nepexoia u3 / B 2 OKa3bIBAETCs PaB-
HBIM HYJII0 — 3a MCKJIFOYEHHEM BKJIaJa OJHOM TPAaeKTOpUHU, KOTOpas U CTAHOBUTCS Kiaccuye-
CKOM TpaeKTOpUEW YaCTUIBl. JTO €CTh TPACKTOPHUA, 1 KOTOPOW NEUCTBUE MPUHUMAET HaH-
MeHbllee 3HaueHue. «MTak, HaM JIMIIb KaKeTCsl, 4YTO MPUPOAA BEIOMpAaeT OJJHO3HAUHBIN KIIacCH-
yeckuil myTh. Ha caMoM niene yuacTBYIOT BCE€ BO3MOXKHBIE ITyTH U CIIPABEUIMB CTATUCTHUYECKUI
3akoH. Kitaccuueckast TpaekTopusi mpocTo HanboJiee BEpOsITHA; OHA OCYIIECTBISIETCS. B KAUECTBE
€IMHCTBEHHOM TOJBKO MpPU YCIOBUH S>> /. DyHIaMEHTANbHBIA AUHAMUYECKUH MPUHLIUT —
IIPUHLIAII HAMMEHBILIETO EHCTBUS — UMEET, 10 CYLIECTBY, CTATUCTHYECKYIO npupoy. Cka3aH-
HOE OTHOCHUTCS HE TOJBKO K MexaHuke. Tak, AMHAMHYECKHE 3aKOHbl T€OMETPUYECKON ONTHUKU
(marmpumep, B popme BapuarmonHoro npuHuuna depma) ycTaHaBIUBAIOT €IMHCTBEHHYIO TpaeK-
TOPUIO CBETOBOTO JIy4a, COEIUHAIONIYIO JBE JII00bIe TOUKU IpocTpaHcTBa. Ho 3Ta equHCTBEHHAS
TPAaeKTOpPHUS B JIEHCTBUTEIBHOCTH OKA3bIBAe€TCS JIMILL HAauOosiee BEPOATHON M3 OECUMCICHHOTO
MHO’KECTBa APYTUX BO3MOXHBIX Tpaekrtopuid» [81, c. 159 — 160].

OOpaTuM BHUMaHME Ha TO, YTO TEJIEOJIOTMYECKOMY TOJKOBAHMIO MPHHLMIIA HAUMEHBILETO
NEUCTBUSL npomueocmoum €ro BEpOATHOCTHOE OO0bscHeHHe. DaKTHUEeCKH MbI BCTpedaeMcs
3]1€Ch C UCKITIOUUTEIBHO Ba)KHBIM, IPUHIMITAAIBHBIM IPOTUBOCTOSIHUEM: 1ubO0 002, 1ubo cuyuail
(BcomuuM y Ilymkuna: «U cimydait, 6or-uzo0peratenb»). B nelicTBUTENBHOCTH TENO HE «BBI-
OupaeT» HUKaKOW TPAaeKTOPUH; «BBIOpaHHAs» TPACKTOPHUS — ITO Hauboee 8eposmHas TpacK-
Topus. TOYHO Tak e TEI0 HE «CTPEMUTCS» B COCTOSIHHE, /i€ €ro SHEprusi MUHUMajbHa (pedb
UIET 0 4acTO BCTPEUAIOIIEMCS B KHUTaX «IPUHIMIIE MUHUMYMa SHEPIUN»); IPOCTO COCTOSHUE C
HauMEHbILIEH YHEPrHell OKa3bIBAETCS Hauboiee 8epPOsSmMHbIM.



WTak, MOKHO TOBOPHUTH O BCEOOIIHOCTH, YHUBEPCATLHOCTH BEPOSTHOCTHOTO MOJIX0AA. ITO
03HAYaeT, B YACTHOCTH, YTO JieJieHne (pyHIaMEeHTaIbHBIX TEOPUIl HAa AMHAMUYECKHE U CTaTUCTH-
YEeCKHE SBIAETCS, CTPOrO TOBOPS, YCIOBHBIM. (DakTHUecKu Bce (PyHAaMEHTAIbHBIE TEOPHH
O0JICHBL pACCMampusamspcsi Kak cmamucmuyeckue. Tak, KIaCCUYECKYI0 MEXaHHUKY C TMOJIHBIM
OCHOBaHUEM CJIElyeT CUNUTaThb CTATUCTUYECKOM TEOpHEW, KOJb CKOPO JIEKAlIUi B €€ OCHOBE
MPUHILIAI HAaUMEHBILEro JEHCTBHUS MMEET BEPOATHOCTHYIO mpuponay. KoHedHo, KiaccHueckyro
MEXaHUKYy MOXKHO C(OpPMYJIHpOBaTh, HE TpUOEras K BEPOATHOCTSAM; OIHAKO BEPOSITHOCTHOE
ONMCaHKE B JIAaHHOM CJIy4ae HE TOJbKO BO3MOXKHO, 0oJiee TOro, MMEHHO OHO OTBeuaeT Ooliee
r71yOOKOMY YPOBHIO paCCMOTPEHHUS TEOPHU. 3aMETUM, YTO B OTIMYME OT KJIACCHYECKON KBAaHTO-
BYIO0 MEXaHUKY B JIIOOOM Cilydae HaJ0 paccMaTpuBaTh Ha si3bIke BeposiTHocTel. [IpaBaa, rimaBHoe
paznuuue MEeXIy ITUMH MEXaHMKaMH 3aKJII0YaeTcsl B IPyroM (B KOHEYHOM cueTe, 00e MeXaHu-
KU OIMCBHIBAIOTCS HA SI3bIKE BEPOSATHOCTEH) — JENI0 B TOM, YTO 8 KBAHMOBOU MEXAHUZM NepeuUt-
HOUL 8eIUYUHOU SIBTISIEMCSL He CaMd 8epOsIMHOCMb, A AMNAUMYOAd 8EPOIMHOCMU (801HO8AS (DYHK-
yust), 9TO 37€Ch €CTh CIENU(DUUECKOE IBICHUE UHMep@epeHyuu amniumyo, He UMEIoIIee aHaJo-
ra B KJaCCHUYECKON MexaHuKe. IHbIMU ClIOBamMU, IJIaBHOE Pa3jIMuue MEK]y KBAHTOBOM MEXaHU-
KOHM U KJIACCHUYECKON COCTOUT HE B TOM, HCIIOJIb3YETCSl WM HE UCHOJb3yeTCsl BEPOATHOCTH (OHA
UCTIONB3YeTCsl B 00EUX TEOpHsiX), a B Pa3IMYMM MPaBml pabOThI C BEPOSTHOCTIMHU. MBI 110Ap0O0-
HO roBopuii 00 3ToM B § 8. Tam ke ObLI0 MOKa3aHo, YTO AUGPAKIHSI MUKPOOOBEKTOB, HATIPH-
Mep JIEKTPOHOB, OoJiee TITyO0KO OOBSICHSIETCS HA OCHOBE MHTEP(PEPEHIINN aMILIUTY BEPOSTHO-
CTeil, HeXeln Ha SI3bIKE BOJH, XapaKTePHOM JUJIsl TMHAMUYECKUX TEOPHUH.

3aKoHbI COXpPaHEHMs] U BEPOSATHOCTb. 3aKOHBI COXPaHEHHs 3aHMMAIOT B (U3MKE 0coboe
MmecTo. CyliecTByeT cienyroniasi Touka 3peHusl Ha 3TU 3aKOHBI: OHM MPEJICTaBISAIOT cOO0N Hau-
Oosiee riryOOKHE 3aKOHBI MPUPOJIBI, K KOTOPBIM, BO3MOXHO, CBEIETCS B OyaylieM Bcsi (DU3HKA;
OHH SIBJISIIOTCS TMHAMUYECKUMH 3aKOHAMHU, TIOATOMY MEPBUYHBIMH CJEIyeT MoJjlarath BCE e He
CTaTHUCTUYECKHUE, & TUHAMHYECKHE 3aKOHOMEPHOCTH. MOKHO CKa3aTh, YTO 3aKOHBI COXPAaHEHUs
— 3TO MOCJHEIHUN 0AaCTHOH CTOPOHHUKOB KOHLEMIUHU MpUMaTa JUHAMHYECKHUX 3aKOHOMEPHO-
ctei. OHaKo U 3TOT OACTHOH OKa3bIBAaeTCsl Ha MOBEPKY HEHAAEKHBIM. Bo-1epBbIX, HElb3s CBe-
CTH BCE 3aKOHBI MPUPOJBI K COBOKYITHOCTH 3aKOHOB COXpaHEHUs. Benlb 3TH 3aKOHBI MpeCTaB-
JSIFOT cOOOM ompenenéHHble 3anpemsl, HajlaraeMble Ha MPOLECCHI, MPOUCXOASIINE B MIPUPOJIE.
Ha ocHoBe e cucTembl 3alpeToB MOKHO CAENIaTh MHOTO Ba)KHBIX 3aKIOYEHHUN O Ipoleccax, HO
HEeJb3s CKOJIb-TM00 IETaJbHO PACCMOTPETh (PU3UYECKYIO MPHUPOIY IMpoleccoB. Bo-BTOpHIX, 3a-
KOHBI COXPAaHEHHUsI BOBCE HE OTMEHSIOT BEPOSITHOCTHOW MpUpoIbl iporieccoB. OHU hopmynupy-
10T YCIIOBUS, IPU KOTOPBIX 8EPOSMHOCHb ONPEOelEéHHbIX NPOYECCO8 OKA3bI8ACMC S PAGHOL HYJIO.
B-TpeTbux, HE HaJO CTOJIb KATETOPUYHO I0JIaraTh, YTO CAMU 3aKOHBI COXPAHEHMSI SIBJISIFOTCS JH-
HAMUYECKUMH 3aKkoHaMu. Ha ypoBHE MUKpOSBICHHI 3THU 3aKOHBI OOHAPYKUBAIOT CTaTHCTHUYE-
CKUI XapakTep, YTO MPOSIBIAETCA B cOOmMHOoulenusx Heonpeoenénnocmeti (cM. § 7). «3aKoHbl cO-
XpaHEHUs] UMIYJIbCa U YHEPTHUH CTPOTO BBIMOTHSIOTCS AJSi CTATUCTUYECKUX CPEHUX U Ha JIOC-
TaTOYHO OOJIBIIMX MPOCTPAHCTBEHHO-BPEMEHHBIX MHTepBanax. CienoBaTenbHO, 3aKOHBI COXpa-
HEHUS BOKHEHIINX MEXaHMYECKHX BEIWYHH UMEIOT He TUHAMHUYECKHM, a CTaTUCTUYECKUH Xa-
pakrep. TouHee, TUHAMUYECKHUI XapaKTep 3TH 3aKOHbI MPUOOPETAIOT TOJBKO Ha OOJBIIMX HH-
tepBanax» [81, c. 206].

BepositHocTh B OMoJiorum. ['oBopst 0 (hyHIaMEHTaIbHOCTH BEPOSITHOCTHBIX 3aKOHOMEPHO-
CTeil, He ClelyeT OrpaHUYMBAThCS paMKaMU COOCTBEHHO (PH3UKU. Dmu 3aKOHOMEPHOCMU (DYH-
oamenmanvhbl makace 6 buonocuu. Mpl UMEEM B BULY 3AKOHOMEPHOCMU CYYAUHO20 KOMOUHU-
posanus 2eHo8 npu ckpewusanuy — ycraHoBieHHble I'. Menaenem (1822 — 1884) 3akonsl pac-
nieruieHus: (epBhId 3aKOH MeHeNs) U He3aBUCHUMOTO paclpe/iesieHrss TeHOB (BTOPOM 3aKOH
Mengens), a Takke OTKpbIThie T. Mopranom (1866 — 1945) 3ak0H COBMECTHOTO HaclleJJOBaHUS
CLICIUICHHBIX I'€HOB U sIBJIEHHE nepekpécTta XpoMocoM. CiiydaliHble HacleACTBEHHbIE U3MEHEHUS
CBSI3aHbl HE TOJBKO ¢ KOMOMHMPOBAHWEM I'€HOB MPU CKPEUIMBAHUU; OHU MOTYT OBITh 00YCIIOB-
JIeHBI IEWCTBUEM BHEIIHEW Cpellbl Ha TEHHYIO CTPYKTYPY XpOMOCOM, a TaKXke Ciay4yailHbIMU Ha-
pPYLICHUSIMH B OMOJIOTHYECKOM MEXaHU3Me, 00eCHEeUnBaIOIIeM COXpaHEHHE MeHeTUYeCKOM WH-
(dopMaruu npu AeIEHUU COMAaTUYECKUX KIETOK U MPU Meio3e. DTU Haclle[ICTBEHHbIE U3MEHEHUS



Ha3bIBAIOT Mymayusmu. B 1e1oM kapTuHa MyTanuii 0OHapyKHUBaeT 3aKOHOMEPHOCTh, BhIpaXkae-
MYIO 3AKOHOM 20MOoa02u4eckux psoos, otkpblTeiM H. Y. BaBunoBbim (1887 — 1943). I'enemuxa
— NPUHYUNUATLHO CIAMUCMUYeCKds meopusl; OHa Jlaa CTPOroe HaydyHoe 00OCHOBAaHUE JapBU-
HOBCKOM TEOpPHH MPOUCXOKICHUS U IBOJIOLNN BUJIOB, O0BSICHIIIA, KAK UMEHHO MTPOUCXOIUT Ha-
CJIeI0BaHUE U3MEHEHHBIX IPU3HAKOB.

®uU3MK XOPOIIO 3HAET, UTO (PIYyKTyallud BEJIMYMH, XapaKTEPU3YIOIIUX MaKpOCHUCTEMY, BCe-
r71a o4eHb Majbl. IMEHHO TOATOMY MaKpOCHCTEMY MOXKHO OINMCHIBATH B TIEPBOM MPHUOIIKEHUH
C MOMOIUIBI0 TUHAMUYECKHUX 3aKOHOB, YTO U JIeNIaeTCsl B (PEHOMEHOJIOTUYECKON TepMOIUHAMUKE.
[Tosnyuaercs, 4To IpU NEepexoie ¢ aTOMHO-MOJIEKYJIIPHOTO YPOBHS paCCMOTPEHMSI HA MAKPOYpO-
BEHb IIPOMCXOJUT B3aMMHAasi KOMIIEHCAIMSl MHOTOUYMCIIEHHBIX CIy4YalHBbIX OTKJIOHEHHWM B MOBe-
JEHUM MOJIEKYJI; B PE3YJIbTaTe MOBEJEHUE MAKPOCUCTEMBI KaK 1I€JIOTO OKA3bIBAETCA OJHO3HAUHO
MIPEACKA3yEMbIM.

Buornor nmeer n1eno ¢ kadyecTBEHHO WHOW cuTyaruei. OTaenbHble (QIyKTyaluu, XapaKTepH-
3YIOIIME CIyYailHble M3MEHEHHS TOW WJIM WHOW TEHETHYECKOW MNpOorpaMMbl, YCHUIMBAKOTCS B
MWUTHOHBl MIJIJTHAPAOB pa3 M OOHAPYKHUBAIOTCA Ha MAaKpOypOBHE — B OpraHu3Me-(heHOTHUIe.
Hukakolt B3anMHOW KOMIIEHCAIIUU TIOJIOOHBIX (PIIyKTyanui 37ech HeT. OmoenvHasn Gaykmyayus
svipacmaem 00 makpopazmepos. IIpearnonoxuM, 4To B 3UTOTy Monaj cMyTHpoBaBIIHid reH. [1o
Mepe pa3BUTHS JAHHOTO OpraHru3Ma MPOMCXOAUT MHOTOKPAaTHOE JEJIEHUE KIIETOK U B UTOT€ TEeH-
MYTAaHT OKa3bIBACTCS MPOAYOIHpoBaHHBIM HpuMepHO 10" pa3. TOUHO Tak ke OKa3bIBACTCS MPO-
TyOIMPOBAaHHOW M pealM30BaBIIAsACS B pacCMaTPUBAEMOM 3WUTOTE CilydyaliHas KOMOWHAIUS Te-
HOB. Takum oOpa3oM, B mpoliecce cTaHOBICHUS (PEHOTUTIA CIydaiHble N3MEHEHHS T€HETHYECKOM
IIPOrpaMMBbl  OKa3bIBAKOTCS MHO2OKPAMHO YCUNEHHbIMU — OHHM TEPEXOASAT C aTOMHO-
MOJICKYJIIPHOTO YPOBHSI Ha MaKpoypoBeHb. Ha MakpoypoBHE MPOUCXOIUT 0mbop (heHomunos
— YHHUYTOXKAIOTCS (PEHOTHUIIBI, KOTOPbIE CIIy4YailHO OKa3aluch HEMPUCIOCOOICHHBIMU K yCIIOBU-
M OOMTaHUSA, COXPAHIIOTCS U JIal0T TIOTOMCTBO MPHUCIIOCOOJICHHBIE K 3TUM YCIIOBHSIM (heHOTH-
nbl. Bpouewm, ucnbeITyeMbIM Ipe10CTaBIsAETCS JIMIIHAN IaHc. He npuroauBimecs: ceroaHs ms-
MEHEHUS T€HETUYECKOM MPOrpaMMBbl MOTYT NPUTOAUTHCA 3aBTpa. IlycTh ciy4yailHO BO3HHMKILIEE
M3MEHEHHUE B TEUEHHE HECKOJbKUX MOKOJIEHUHN (DEHOTUIOB «IIOAPEMIIET», 3aMaCKUPOBABILINCH B
PELIECCUBHOM I'€HE; BAPYT OHO MPUTOAUTCS B JaJIbHEUIIEM.

W3 ckazaHHOrO clielyeT, YTO MPOLECC IBOJIIOLMH B JKUBOM MPUPOJIE ABISETCS NPUHYUNU-
abHO HenpeoCcKasyemviM B TOM CMBICIIE, UTO HEJb3sl PeIBUETh BOSHUKHOBEHUE TOTO MM HHO-
o KOHKpETHOTO BHaa. MHade roBopsl, JIF0OOW BU €CTh SBIICHUE CIyYaliHO20 XapaKkTepa. MOXHO
YHUUYTOXHTH BUJ, MOKHO CO31aTh KaKOH-HUOY/Ib HOBBIH BHJ, HO HEJb3s BOCCTAHOBUTH HCUE3-
HYBIINK BUJ. B 3TOM cMbICHe 110001 u3 cywjecmsyrouux vihe U008 YHUKAIEH.

I'eHeTHKa U HBOJIOLMOHHAS TEOPUS OCOOCHHO SIPKO IEMOHCTPUPYIOT (hyHOaMeHmanbHoCmb
BEPOATHOCTHBIX 3aKOHOMEPHOCTEN B OMOJIOTUH, 37€Ch OTYETINBO MPOSIBISIETCA NPUHYUNUATLHAS
poav cayyatinocmeti [120]. Ho atum Tema «BeposiTHOCTh B OMOJIOTHM» JaJIeKO HE UCUEPIIbIBACT-
cs. OHa BKJIIOYAeT B ceOsl Takue Ba)kKHbIE NMPOOJIEMbl, KaKk BOSHUKHOBEHHE KU3HU Ha 3emiie, 13-
MEHEHHUE YUCIIEHHOCTH IMONYJIALUN, MOJAEINPOBAHKUE MTPOLIECCOB B HEPBHOM CHCTEME, CO3/IaHUE
MO/JIETN YE€JI0BEYECKOr0 MO3ra U JIp.

3aMeTHM, YTO MONBITKM MOJEIMPOBATh paboOTy MO3ra B paMKax XOTs Obl MPOOJIEMBI pacmo-
3HaBaHMs 00pa30B OBLIM HEYAAUHBIMH, IOKA PACCMATPUBAIUCH TOJIBKO KECTKUE, OJHO3HAUHBIE
cBsi3u. Pemenune 3Toit npoGsieMsl ObUTO MOTYYEHO MPU MCIIOJIB30BAaHUM BEPOSITHOCTHOTO MOJXO-
J1a, TIO3BOJIMBIIETO CO3/1aTh KNOEPHETUYECKOE YCTPOHCTBO — MEPCENTPOH, — B caMy KOHCTPYK-
IIUI0 KOTOPOTO 3aJ0XKEHbI CBSA3M, OPraHU30BaHHBIE ciydaifHbIM oOpa3zom [120]. CeromgHs yxe
HET COMHEHUH B TOM, UTO JIF00asi peaiucTuueckasi MoJIesIb MO3ra J0JIKHA OBITh CTOXaCTHYECKOM,
T. €. JJOJDKHA OCHOBBIBATBHCS HA BEPOSITHOCTHBIX 3aKOHOMEPHOCTSX.



Luanoz. O dopMMUpoBaHUN Y LLKOSTbHNKOB
NPaBUNbLHOrO OTHOLLEHUS K CrlyYaHOMY

— Mgpl yacto BCTpeuaemcs co cay-
yahnocramu. Kak Thl OTHOCHIIBCA K
HHf?

— KomneuHo, orpruarensho. Jlyuiue,
ecsn 6bl HX ObIO MOMeHbLUE,

— Ho pa3sse He NPHXOAHTCH CJbi-
maTh: ¢61arolaps CYacTAMBOH cay-
yaitHOCTH»?

— Ha cuacTauBuifi caywai aydile He
PACCHHTHLIBATD.

Ha ypoke dusuku.

ABtop. [lpuxomunocs nu Bam o6cyxnars ¢
y4aluMucs npodsieMy ciiy4ailHOro, OLlEHUBATh poiib
cyyas B IPUPOJE U YEIOBEUYECKO NIPAKTUKE?

Yuurenb. He npuxoaunock. B 3ToM mpocTo He
6]31]10 HYXJbl — BCJb B HAIIUX IIKOJIBHBIX MPOrpam-
Max BEpOSITHOCTh HE PACCMaTPUBAETCA.

ABTOp. HO ecnu BEpOSATHOCTHBIE 3aKOHOMEPHO-
CTH (QyHIAMEHTAIbHBI, TO, OYEBHIHO, POJIb CIy4ai-
HOCTEW JOCTaTOYHO npunyunuaivria. HaBepHoe, ce-
TOJIHA y>K€ HEIMO3BOJUTEIBHO OTMAaxWBaThCs OT CIIy-
JaifHOCTH, KaK OT YEro-TO JOCaXKIAomero Ham?

Yunrenab. Mbl BOCIIUTBIBAIUCH B JyXE HENpuss3-
Hu K ciiydaiHoMy. B 3TOM cMbIciie XapakKTepHO J10-
BOJIBHO SMOILIMOHAIBHOE BBICKa3bIBAHUE
K. A. Tumupszena: «HUto takoe ciyqair? Ilycroe cio-
BO, KOTOPBIM MPUKPHIBAETCS HEBEXKECTBO, yJIOBKA Jie-
HHUBOTO yMma. Pa3Be ciyyail cymiecTByeT B npupope?
Pa3Be oH Bo3moxkeH? Pa3Be BO3MOXKHO JeiicTBre 0e3
npuanHbI?» [104, c. 3]. ['oToBsACh Kk Hamieit Oecene, 5
3arnanyn B «KpaTkuii cnoBaps no ¢unocopumn» [57]
1 Ha ¢. 211 mpounTan: «...Kaxmuoe sBieHue GopMupy-
€TCsl TIOJT BIIUSTHUEM HE TOJIBKO CYIIECTBEHHBIX, HEOO-
XOJIUMBIX; HO U CIyYalHbBIX, HECYLIECTBEHHBIX IpHU-
yuH». llomydaercs, 4TO Ciy4alHOCTH — 3TO HEYTO
HECYILECTBEHHOE.

ABTOp. bl COrJIaCcCH, 4YTO MbI IIPHUBBLIKJIIA BUJACTH B
Clly4ae TOJBKO HEYTO oTpuuareiabHoe. Uto kacaercs
«CnoBapsi», TO HPOCTO 3/1€Ch HE COBCEM YAa4HO
chopmynrpoBaHa Mbicib. Ha Tol ke cTpaHulle roBo-
pUTCs, YTO «CIy4yallHOCTh BBICTyHAaeT Kak Qopma
NPOSIBJICHUsT HEOOXOAMMOCTH». Tak 4YTo HE MOXKeT
OBITh PEYH O HECYLIECTBEHHOCTH CIIy4ailHOTo, a 3a-
OJTHO (ecM BCIIOMHUTH TO, YTO TOBOPUI TUMHpPS3EB)
U O TOM, YTO CllydyallHO€ 03HA4aeT OTCYTCTBUE IPH-
YUHBI.

O4eBUIHO, UTO B COBPEMEHHOM 1IKOJIE HE MECTO YCTAPEBILIUM MapagurmaM. Y COBPEMEHHO-
r'0 TIOKOJICHUS HaI0 (POPMUPOBATH U COBpEMEHHOEe OMHOULeHUE K CIYUAUHOM) — HE3aBUCUMO OT
TOT0, KaK BOCHHUTHIBAJIM HAC C BaMHU. DTO OTHOIICHHE JOCTATOYHO MOJTHO C(HOPMYIHPOBAHO B
KHUTE «OTOT CIy4yailHbI{, CIly4aiHbIi, cilydaliHbI MUp»: «J]0 CUX MOp rOBOPUIOCH O AOCATHON
CIIy4allHOCTH, KOTOpasi BHOCUT B HAIIly KU3Hb HEONPEAEIEHHOCTh, HEYBEPEHHOCTh U TPEBOTY.
Ho nmaBHO 3amedeHo, 4TO KpoMeE JOCATHOTO €CTh €lIE Ciydyall CYACTIIMBBINA, MOJIC3HbIN, KEIaH-
HbIl... BiepBble, MO-BUAMMOMY, MOHSUIM MOJb3Y CIYYaWHOCTH M MPUMEHWIN €€ CEIEKIIMOHEPHI
HpI/I I/ICKyCCTBeHHOM BBIBCICHUU HOBBIX paCTeHHﬁ, HOBBIX HOpOJl CKOTa, IITHUIl 1 pBI6. B Iociaca-
HEe BpeMs CIIyYalHOCTBIO CTall MHTEPECOBATHCS WHXKEHEPHI, CyMEBIIUE CO31aTh ANl yIUBH-
TCJIBbHBIX MAlIUH, HGO6I)IKHOBCHHBIG CBOfICTBa KOTOpI)IX HOJ'Iy‘-IeHI)I 3a CUET BBCIACHHSA B UX KOH-



CTPYKILIHIO 3JIEMEHTa Ciy4aiHOCTH. [I0HSIM 1 OLIEHUIIN Ba)XKHYIO U TIOJIE3HYIO POJIb CIIy4YalHOCTU
SKOHOMMUCTHI U BOCHHBIE... CIIy4aliHOCTh HE NTACCMBHA, OHA AKTUBHO BMEIIMBACTCS B KHU3Hb, ITy-
Tas IUIaHbI U CO3/1aBasi BO3MOXKHOCTU. TpyAHO NEPEOLEHUTH BIUSIHUE CIy4ailHOCTH Ha IPUPOLY,
Ha Hally >KHU3Hb. JIOCTaTOYHO CKa3aTh, YTO NMPOMUCXOKICHHUE JKU3HU SBIIACTCS CIy4alHBIM IIPO-
neccom. Cnyuait B nmpupoje Henz0exeH u 3akoHoMepeH. OH ObIBaeT CJemnbiM, a ObIBaCT U YIU-
BUTEJILHO «IIPO30PJIUBBIM»; PYIIUT TaK e HEN30€KHO, KaK U CO3MJIACT; BBI3bIBAET COXKAJICHHUE
CTOJIb JK€ 4acTo, KaK U BOCTOPT; IPENATCTBYET U OTHOBpEMEHHO nioMoraer» [104, c¢. 6 — 7] Urak,
COIVIACHO COBPEMEHHOM TOYKE 3PEHUS, CIYYau He MONbKO Mewiaem, nymas u paspyuwias Hawu
NIAaHbL, HO U noMo2aem, co30aeas Hogvle 803mModcHocmu. Ciiydail BBICTYIIAET B POJIM HE TOJIBKO
HAIIIETO 6paza, HO Y COIO3HUKA Y TAKE NOMOWHUKA.

Yuureiab. YecTHO roBOps, Takas TOYKA 3pEHUs Ha CIy4alHOCTb JJI1 HAc HenpusbluHa. He-
YAMBUTEIBHO, YTO IIKOJIA HE ITPONAraHIupyer e¢.

ABTOp. OHa HEeNpUBBIYHA, KaK HEMPUBBIYHA BCSKash HOBas OoJjiee MPOTPECCHBHAS KOHIIETI-
. Huuero He nozenaens — Halo nepecTpanBaThes. JJaBHO Hazpena HEOOXOIUMOCTh OTKPO-
BEHHOT'O pa3roBopa ¢ y4allMMHCS O POJIH cirydaiiHoro. HaBepHoe, Ha0 OOBSICHUTH UM, UTO Ta-
KO€ CyOveKkmusHas 1 00beKmueHas CIy4alHOCTH U, 3HAUUT, B YEM COCTOMT pasziIMuue MEXIy
Hatypdunocodpusmu JleMokpuTa u DNUKypa, HACTOIBKO 3auHTepecoBaiiee Kapina Mapkca, uto
OH TIOCBSITHJI 3TOMY CBOIO jauccepranuio (cM. § 2). OdeHb BaXHO OOBSICHUTH yYaIIAMCS, YTO
00BEKTHBHAS CIly4alfHOCTh CBsI3aHA BOBCE HE C HAPYIICHUEM MPHUHLUIA TPUYMHHOCTH, & C OMm-
cymcmeuem Koppensayuu MeX1y COOBITUSIMH, YTPaTol npeapicTopuu (cM. auanor «O mpHUBbIUKE
BUJIETH 3@ BEPOSTHOCTSAMHU OJIHO3HAUYHBIE 3AKOHOMEPHOCTI»).

Yumnresb. borock, B paMKax CyIIECTBYIOIMIMX HIKOJBHBIX IIPOIPaMM, HE IPEINOJIAraroIINAX
(dopMHpOBaHUE BEPOSTHOCTHOTO MBIIIJICHUS, TPYIHO OYJET YACTUTh CIy4aliHOCTH JI0CTaTOYHOE
BHUMAaHHUE.

ABTOp. U BCé xe Hano HaunHaTh. ClieayeT pacKpbiBaTh (PyHIaMEHTAIBHYIO POJIb CIIydas,
u3ydasi HEKOTOpbIe BOIIPOCHI, 3aTparuBaeMble B cyujecmsyrowem Kypce (usuku. B kauectse
IIpUMepa MOXKHO yKa3aTh Ja3ep U amoMHblLU PeaKmop.

Y4ureas. He noHnmaro, kakoe OTHOLIEHUE MUMEET CIYyYalHOCTh K Ja3epy WM aTOMHOMY
peaxkTopy.

ABTop. Kak Ob1 BbI cTasin 00BSICHATH, BOSHUKHOBEHUE T€HEPAIINMH H3TyUeHHUs B Jlazepe?

Yuureab. OueHp npocto. Ecin Bo30yAUTh KaKuM-THOO CIIOCOOOM 3HAUUTENBHYIO 4acTb
aTOMOB Cp€Jibl, TO MpHU MPOMYCKAHUU YEpe3 TaKyl0 Cpeay CBETOBOM BOJHBI MOYKHO IMOJYYHUTh
YCHUJICHHE ATOH BOJIHBI 32 CYET HHAYLHMPOBAHHOTO UCITYCKAHUS CBETa BO30YKIEHHBIMU aTOMaMHU.
TakoB npuHIMN AEWCTBUSA Ja3epa; OH U3JI0KeH Ha c. 232 u 233 yuebHuka [83].

ABTOp. B nelictBurensHOCTH BBl rOBOpHIIN HE 0 J1a3epe, a 0 KBAaHTOBOM ycwinTene. B ciy-
yae Jlazepa clielyeT TOBOPUTh HE O MPONYCKAHUU CBETOBOM BOJHBI YE€pe3 COOTBETCTBYIOIIYIO
cpeny, a 0 eeHepayuu ceemoegoti onnvl. Kak 3apoxaaercs 3Ta BojaHa?

Yunreanb. Hackoiabko s MOHMMA0, OHA 3apOKJAETCSl OT CaMOIPOU3BOJIbHBIX MEPEX0J0B
aTOMOB U3 BO30YXK/IEHHOT'O COCTOSIHUSI B OCHOBHOE.

ABTOp. BoT umenHo. JlazepHas renepauust 6epém nauano om cCayuariHulX aKkmos — CaMo-
IPOM3BOJILHBIX (CIIOHTAHHBIX) MepexooB. Poxkaaronuecs: npu 3TUX nepexonax (OTOHbI WHU-
UUPYIOT UHAYLUPOBAaHHBIE NEPEXOAbl B APYTUX BO30YXKAEHHBIX aTOMax; B Pe3yJbTaTe BO3HU-
KaloT IIeJIble JIABUHBI ()OTOHOB, 00pa3yrolue JIa3epHbIH Tyd.

Yuurensb. Ho B CIOHTaHHBIX MEpPExXo0/ax POXKIAOTCS (POTOHBI CO CIIyYallHBIMH HaIpaBJe-
HUSIMM JIBU)KEHUS; 3HAUNUT, MHYLIIUPOBAHHO UCIYIIEHHBIE (DOTOHBI TOXKE JTOJIKHBI UIMETh Pa3HbIe
HanpasyieHus ABWKeHus. OJIMH CIOHTAaHHO POAMBIIMICA (POTOH, MpoJieTast BOJU3U BO30YKIEH-
HBIX aTOMOB, BBI30BET IOSIBICHUE JIABUHBl MHIYLMPOBAaHHBIX (DOTOHOB B HANPABICHUU CBOETO
JBUKEHMs. BTopoil cioHTaHHO poauBLIMICS (DOTOH MOBEAET JIaBUHY MHAYLHMPOBAHHBIX (POTO-
HOB B JIpYIOM HamnpasjieHuu. TpeTuil — B TpeTbeM HampasieHuu u T. 1. Kak e oOpasyercs na-
3€pHBIN JTy4?

ABTOP. 371€Ch PELIAIOLIYI0 POJIb UTPAET Pe30HAMOop Na3ePa; OH «IIO3BOJISIET» YCHUIUBATHCS
OJIHUM (DOTOHHBIM JIABUHAM U BBIBOJUT U3 UTPHl Apyrve (OTOHHBIE JIABUHBI. Te€M caMbIM OCY-



HIECTBIISCTCS U3OUpamenbHOCmMs yCUICHUS; YCUITUBAIOTCS JIMILb T€ JIABUHBI, KOTOPbIE TOPOXKIe-
Hbl ()OTOHAMU, CIIOHTAHHO POJMBIIMMHUCS B HAIlPaBJICHUU ONTUYECKOM OCH 3epKaj pe3oHaropa.
DT0 U ecTh HampaBlieHue JazepHoro dy4a. [logpoOHee MbI 06 3TOM paccka3biBaId B § 9.

Yumnrteas. [lonydaercs, uro ecnu 661 HE OBUIO CHOHTAHHBIX MIEPEXO0JIOB B aTOMaxX aKTUBHOTO
DJIEMEHTA Jia3epa, TO M He BO3HUKIIA OBl JIa3epHasi TeHepallusl.

ABTop. CoBepuieHHO BepHO. M3 Xaoca ciiydaliHbIX, HE COTJIACOBaHHBIX JPYT C APYTrOM Ie-
PEX0JI0B BO3HUKAET, B KOHEYHOM CUETE, OCTPO HAIpaBICHHOE n3nydeHue. OOpaTuTe BHUMaHUE:
JlazepHas 2enepayusi 0eMOHCmpupyem podicoeHue nopsaoka uz xaoca. Crenuanuctsl ynorpeo-
JISIOT BBIPpAXXCHHUE «TCHEpaIUsl HAUMHACTCS OT YPOBHS ITYMOBY». Tak MPOWCXOAUT B JTFOOOM T'eHe-
paTope M3JIy4eHUS U, B YACTHOCTH, B OOBIYHOM JIAMIIOBOM T'€HEPATOpPE AJIEKTPOMATrHUTHBIX KO-
nebaHui WK reHepaTope Ha TPAH3UCTOPE — BE3/Ie TeHEepallds HAYMHAETCA OT YPOBHS LITyMOB.

Yuureab. A KakoBa pojib CIy4ailHOTO B aTOMHOM peaktope?

ABToOp. [TonmpoOyem npocneanTh, Kak HAYMHACTCS [IETTHAS PEAKIUs ICTICHUS sIIep yYpaHa.

Yuurens. [lonagas B sap0 ypaHa, HEUTPOH BBI3BIBAET €r0 JEJICHUE Ha JBa OCKojKa. [Ipu
ATOM BBICBOOOXKJACTCSI HEKOTOpAsi YHEPTHsl, U TOSBISIOTCS JBa WU TPU CBOOOJHBIX HEHUTpPOHA.
HoBble HEUTPOHBI BHI3OBYT JIEICHUE YXKE BYX-TPEX siIep ypaHa, YUCIO CBOOOIHBIX HEUTPOHOB
Oyner temeph emE Oobllie, W, 3HAYUT, HA CICAYIOIIEM JTare pa3feluTcs emé Ooblie saep
ypaHa. [Iponecc pazBuBaeTcs Mog00HO JaBUHE.

ABTOp. Ho oTKyna Oepétcst nepaswiti HEUTPOH?

Yuuresnb. Bo3M0XHO, 13 KOCMUYECKOTO U3JTyUYEHUSI.

ABTOp. [Ipeanonoxum, 4To Mbl UIMEEM JIEJI0 C AaTOMHOM MOJIBOAHOM JIOJKOH, a JIOAKA HaXo-
JIUTCSI Ha 3HAYUTEIHHOU TITyOrHe. TOJCTHIN CJION BOJBI XOPOIIIO 3aIIUIIAET €€ OT KOCMHYECKOTO
U3ITy4CHHUS.

Yuurensb. B TakoM ciydae He 3HaIO...

ABTOp. Jles10 B TOM, 4TO AJIpO ypaHa MOXKET pa3eIUuThCs HE TOJIBKO MPHU MONaJaHUU B HETO
HEUTpOHa, HO U YHUCTO CIYYAliHO, UHAYe TOBOPS, CIIOHTAHHO, CaMOIIPOU3BOJILHO. M MenHo om
CNOHMAHHO20 OelleHus 10ep u bepém HayanNo YenHas peaxKyusl.

Yuurenn. Ho B 060ux npuBenéHHBIX TpuMepax (B Jia3epe U aTOMHOM peakTope) GpyHmaame-
TaJIbHOCTh CIyYalHOTO MPOSIBISIETCS HA YPOBHE MUKPOSABIEHUl, HA aTOMHOM YPOBHE, a Ha MAK-
PpOYposHe HUKAKOU ciydyaiHOCTH HeT. KoMaHIup Mmojyio Ky, moaaBasi KOMaHy BKIFOUUTDH JBU-
raTenb, HE PACCUUTHIBAET Ha cllydailHOCTh. HaknuMaercst KHOIKa — M BKJIIOYAKOTCS IBUTATENH.
Haxxumaercst KHOTIKa — W HaYWHAETCS TeHepanus jJazepa. Xopouio Obl yBUAETh GyHIaMEHTab-
HOCTb CJTy4YailHOTO B MacIITabe MaKpoMupa.

ABTOpP. DTO MOXHO YBHJIETh B OMOJIOTHH; TPUMEPOM MOKET CITY>KHTH IBOJIOLHMS B KMBOU
pUpOJIe, B OCHOBE KOTOPOU JICKHUT 0MOOP CAVHALUHBIX USMEHEHUL 2eHeMUYeCKUX NPOSPAMM, Bbl-
36anubix mymayusamu. O6 3ToM MbI TOBOpUIU B § 12.

Yunreusb. [loscHure Ha KakOM-HUOYIb MpuMepe, Kak BcE 3To mpoucxoauT. Kak mMeHHO
nercTByeT oTo0p?

ABTOp. Y HEKOTOPBIX OPXUAEH LIBETHl HAIOMUHAIOT MO BUY CaMOK HIMenei. OnbuIstoTes
OHHM CaMIlaMH IIIMeJIeH, KOTOpble MPUHUMAIOT I[BETHI 3a caMoK. [Ipeamnonoxxum, 4To BO3HUKIIA
MyTalus, U3MEHHBINAsg GOpMy HIIM OKPAcKy IBeTKa. Takoil IBETOK OCTAaHETCS] HEONBUIEHHBIM.
Mo:xHO cka3aTh, 4TO OTOOP 3a0pakoBasl MyTaIMIO, H3MEHHUBIIIYIO BHEITHUN BUJ 11BeTKa. Ho Ko-
I/1a OJUH U3 BUJIOB OPXUCH CTall CAMOOTMBUIMTENIEM, IIBETHI 3TOTO BUAa MPUOOpPEIH 3a CUET My-
Talui pa3Ho00pa3Hyro GOpMy U OKPACKy.

Yunteasb. [lo-Bugumomy, npobiaemMy cCiy4aifHOTO HaI0 0OCYXkJaTh HE TOJNBKO Ha ypoOKax
(GU3HUKY, HO ¥ HAa YPOKaX IO APYTUM MPEIMETaM.

ABTop. Koneuno. 31ech kpaiiHe Ba)KHO MPEOJOTETh Pa3oOMIEHHOCTh IIKOIBHBIX MpeaMe-
TOB. bbIs10 OBI MONIE3HO, HaNIpUMeEp, OOBETUHUB YCHIIUS YUUTENCH, TPETOIAI0IINX Pa3HbIE MPe/I-
METBI, MOATOTOBUTH U MPOBECTH C yUYAIIMMHCS AUCIYT Wid KoH(epeHuio Ha Temy «Ciyuaii-
HOCTb B IPUPOJE U HALLIECH KUZHI.

Yuureasb. Bel oTMedany, 4To ciaydyail MOKET BBICTYIIATh B POJIM Hallero noMmomHuka. Cie-
JIOBATEIHHO, BO3MOXKHBI CHUTYaIMH, KOTJIa IeJIecoo0pa3Ho He M30aBIATHCS OT CIy4yaWHOTO, a,



HATIPOTHUB, 103AO0OMUMBCSL O MOM, YMOObL CIYUALHO20 06110 NoOOIbLLUET

ABTop. Takuwe cutyauuu AEHCTBUTEIBLHO BCTPEYAOTCS. Y aMEPUKAHCKOrO TMHCATEIIs
P. ®@. JIxoyHca ecTh mo0omnbITHas (paHTacTUyeckasi MoBecTh «YpoBeHb Imyma» (B 10-m Tome
«bubnuorekn coBpeMeHHOU (haHTAaCTHKWY). ['pymre yd€HbIX, SBISIOUIMXCA CIEIUANINCTaMU B
CaMbIX pa3lIMYHBIX 00JacTAX, OHUIMATIBHO COOOIIAIOT, YTO CHIEIAHO CEHCAIIMOHHOE OTKPBITHE,
HO, K HECUacThi0, M300peTaTeh MOrud MpU B3PHIBE BO BpeMs IOKa3a CBOETO M300PETCHHS H
yHEC ero TaifHy ¢ coOoil. B nelictBuTenbHOCTH He OBLIIO HU M300peTeHHs, HU MOTUOIIET0 M30-
Operarens. YUEHBIM NPEIBSABISIOT BCE, YTO SIKOOBI OCTANOCH MOCHe THOETH n300peTaTelis: He-
paz0opurBBIe OOPBIBKH 3aMHCEi, Ta0OpaTOPHIO ¢ OOUIHEM BCEBO3MOXKHBIX MPUOOPOB, OUOIHO-
TEKy ¢ KHUTaMHU U KypHaJlaMU 110 BCEBO3MOXKHBIM BoripocaM. OJTHUM CJIOBOM, YU4EHBIM MpeIoC-
TaBJIeHAa OOIIMpHAs HECUCTEMAaTH3UpOBaHHAs MH(OPMALMs, HACBIIICHHAS CIy4YalHBIMU CBeJie-
HUSIMU U3 Pa3IMYHBIX 00JIacTell HAyKu, TEXHUKH, KyJIbTypbl — €€ MOKHO Ha3BaThb uH@opmayu-
onHbiM wiymom. VI BOT, OyyuH yBepeHbI, YTO M300pETEHHE COCTOSAIOCH Ha CaMOM Jiese |, 3Ha-
YUT, IOCTaBJICHHAA 33/1a4ya UMEET pelIeHe, YUEHbIE YCIEITHO UCTIONb3YIOT MPeJOCTaBICHHBIN B
UX pacnopspkeHHe WHPOPMALMOHHBIN IIIyM U PacKpbIBAIOT TaliHy HECYIIECTBOBABILETO H300pe-
TeHUsl. MOXKHO CKa3aTh, YTO UM YAAETCS IPOU3BECTH 0MOOP HYHCHOU UHGOpMayuu u3 wymda.

Yuntesn. Ho Benb 3T0 Beero nuib (paHTaCTHUECKAST TOBECTb.

ABTOp. B coBpeMeHHON HayKe W MPaKTUKE MPUMEHSIOTCS CHEIHUAbHBIE pACUETHBIE METO-
JIbl, OCHOBaHHBIE HAa HCIOJB30BaHUU (akTopa ciydaitHoro. Co3faHbl CHEIHMAIbHBIE TEOPHU:
meopusi CIy4aiHo20 NOUCKA, Meopusi MAcco8020 0OCIYHCUBAHUSA, Meopus usp U Ip. ITO yKe He
(aHTacTHKa, 3TO PEeANTbHOCThH HAILIETO BPEMEHH.

Yunteisb. Xopo1o Obl MO3HAKOMUTH YUYAIIUXCS C YEM-TO KOHKPETHBIM.

ABTOpP. MOXHO MO3HAKOMHTb UX C Memoodom Moume-Kapno (memooom cmamucmuieckux
ucnelmanuti). ITOT METOJI UCIONb3YeT CIyYalHOCTh B KayeCTBE CBOECOOPA3HOTO «UHCTPYyMEH-
Tay, MO3BOJISIFOIIETO YCIEIIHO UCCIIE0BATh JIO0bIE Cay4yailHbIE MPOLECCHI, IPOBEPATH CTENECHD
TOYHOCTH T€X WUJIM UHBIX MOJIENEeH.

Yunrean. Hackonbko MHe u3BecTHO, MeTo[ MoHTte-Kapno npeamnonaraeT HempeMEHHOE
Hanuure DBM.

ABTOp. BBl mpaBel. BripouewM, ceiiyac BO MHOTHX MIKOJIaX €CTh KaOWHETHI HHPOPMATHKHU.
Ho naxe ecnum Takoro kabuHeTa HET, MOXKHO MPOJEMOHCTPUPOBATH Ujiet0 MeToaa Moure-Kapio
«BPYUHYIO» — TONB3YSICh mabauyel cayuatnsix yucen. MoxXHO, HapUMep, HAUTH MPUOINKEH-
HO€ 3HAYCHHE YHCIa T, MOpadoTaB ¢ ATOW Tabnwiei mpuMepHo mondaca. O0 3ToM MOaPOOHO
pacckasbIBaeTCs B KHUTE aBTopa «Mup, NOCTpOoeHHBIM Ha BeposTHOCTH» [120]; Tam ke MOXKHO
IpOYUTaTh HE TOJBKO 0 MeTone Monre-Kapio, HO M cucTteMax MaccoBOro 0OCITy>KUBaHHS, TE€O-
puu Urp, KNOEpPHETUKE U O MHOTOM JApyroM. B KHHTre paccka3aHO O MPOCTEHIIeH MOJEIH nep-
cenmpoHa — KUOEPHETHUECKOro YCTpOICcTBa JUIsl pacmo3HaBaHusi oOpa3oB (B maparpage «Ha
MyTH K CTOXaCTHYECKOW MOJIETTH MO3ray). B 3TOM yJauBUTETHLHOM yCTpOHCTBE (hakTop Cirydaii-
HOTO 3aKJIa/IbIBAETCS 8 caMy KOHCMPYKYUto: IPU MOHTAKE KaXKIOW KOHKPETHON CXEMbI IPOBO/A,
COEJIMHSIONIUE CBETOUYBCTBUTENIbHBIE AJIEMEHTHI BOCIIPUHUMAIOIIETO 3KPaHa C 3JIEKTPUUECKON
«HAYMHKOI» YCTPOMNCTBA, NMPUIIAUBAIOTCS CAVYAUHBLIM 00pa3om, HAIPUMEP B COOTBETCTBUU C
yKa3aHUSIMH, TOCTYHAIOIMIMMH OT KaKOTr0-HUOY1b TeHepaTopa ClIydyaHbIX YHCeT.

Yunreasn. Cily4ailHOCTb, 3aJ10)KEHHAsI B KOHCTPYKIUIO YCTPOICTBA, CIy4allHOCTh KaK MHCT-
PYMEHT HCCIIeJIOBaHUS — 3TO, HaBEpHOE, caMoe YyAUBUTENbHOE. MBI MPUBBIKIN OOPOTHCS CO
CIIy4allHOCTSIMU WJIH, B KpaliHEM Cily4ae, yUUThIBaTh UX B cBoel npakTuke. Ho cosnamenvro uc-
nONb308aMb CIyYall A1 JOCTUKEHHS HYKHOTO pe3yJibTaTa — 3TO BBITJISIUT KaK HEKOe 4y/1o.

ABTOp. A MeX1y TeM BO BCEM 3TOM He OOJIbIIE YyIECHOTO, YeM B TAOIUIIEC CIyYalHbIX YH-
cen. CoOCTBEHHO TOBOPS, YIUBIATHCS HAZAO TOMY, YTO JIFOOOM JTOCTATOYHO OOJIBIION HAOOp U3
CIly4aifHBIX YHCEJNl WJIN CIlyYalHBIX COOBITUH OOHApY’>KUBAET MOPAZUTENIbHYIO BHYTPEHHIOIO )C-
MOUYUBOCMb, BBIPAKAEMYIO MOYHO OnpeodensemMou 6eposimHocmslo. MOXHO cKa3aTbh, 4TO B JIO-
060M «xopomem» xaoce 00HapyKUBACTCS YIIOPAJOUYCHHOCTD, ONMChIBaeMasl Ha SI3bIKE BEPOSITHO-
CTeH.

Yuureab. Kak g 3aMeTui, xaoc 1 mopsAa0K UAYT pyka 00 pyKy.



ABTOp. B 3TOM ecTh rimy6okuit cmbici. [1ogo6HO TOMY Kak HE UMEET CMBICIa TOBOPUTH O
MOJIO’KUTEIHLHOM, €CJIM HET OTPUIIATEIbHOTO, WM, CKaXXEM, O HACJIEJICTBEHHOCTH, €CITU HET U3-
MEHYMBOCTH, TOYHO TaK € HE UMEET CMbICIA TOBOPUTh O CAYYAUHOM, HE YUNUTHIBAsl IPU 3TOM
JIPYTYIO COCTaBIISIONIYIO TUAJEKTUYECKOU Mapbl — Heobxooumocms. B «4ucToM BUIE» HET HU
ciydaifHoro, HU HeoOxonumoro. OmHo mposiBisercs yepe3 apyroe. Kak mucan @. DHrenbsc «B
pupoJie, I/ie TaKXke Kak OyJTO rOCIOACTBYET CIy4allHOCTbh, MBI JJaBHO YK€ YCTAHOBUJIM B KaX-
JIOM OTHETBHOU 00JaCTH BHYTPEHHIOK HEOOXOJAMMOCTh M 3aKOHOMEPHOCTh, KOTOPhIE MpoOUBa-
10T ce0e TOpoTy B paMKax 3ToH cimyuaiiHocTH» [3, c. 174]. Bompoc o duanekmuke neobxooumozo
U CyyaiiHo2o PUHLIUIIMAIIBHO BaXKE€H — MBI paCCMOTPUM €ro B § 13.

Yuurean. HeooxoaumocTs mpobuBaeT cede Jopory depe3 CirydyaHOCTH. MHe KaKeTcsl, 4TO
MBI, MPENOIaBaTENN-ECTECTBEHHUKH, IBHO HEJOOLIEHUBAEM 3Ty MBICIb. A Belb OHAa Kak pa3 u
BBIPKAET COBPEMEHHYIO KOHIIEMIIHIO CIIy4aifHOTO — M3 CIIYYalHOCTEH poXxaaeTcss HeoOXOoau-
MOCTB, U3 XA0Ca 803HUKAEM NOPAOOK.

§13. NOPALOK N3 XAOCA. OUAJTEKTUKA
HEOBEXOOMNMOIO U CIYHAUHOT O

OTo0p undopmannu u3 myma. B npeapiaymiem nuanore Mbl 3aTpOHYJIH BOITPOC 00 oTOope
uHpOpPMaLMU U3 IIymMa Ha mpumepe ¢anractuueckoi nosectu P. . JxoyHca «YpoBeHb IIIy-
May. Terepb moroBopum 00 3TOi mpodsieMe 6oiee MoAPOOHO.

XopomIo U3BECTHO, YTO BCsKas Mepepaya MHPOPMALMU COMPOBOXKIAACTCS MOTEPSIMU M HC-
KOKCHHUSIMHU, 00YCIIOBJICHHBIMU JICUCTBHEM CITy4alHBIX (paKTOpOB. MOXKHO CKa3aTh, YTO CIIydaii-
HOCTH KpaayT uHpopmarmio. OJHAKO JaJeKO HE BCEM H3BECTHO, UYTO CAYYAUHOCMU HE MOIbKO
Kpaodym ungopmayuio, HO U MO2Yym 8blCMYnams 6 poau 2eHepamopa urngopmayuu. Ha nepsbiit
B3IJISAJI, 3TO MOKET TIOKa3aTbCsl HeBeposATHBIM. Ho 3amymaiitech, HarpuMep, KakuM o0pa3oM co-
BEpILIAETCs MPOIIECC MBILIUICHUS, KaK POKIAETCsl pelIeHne KaKoh-In0o 3a1aun, Kak MOsBIISETCS
HOBas HJIes, KaK BO3HUKAET MEJIOUs WM XyJI0’)KECTBEHHBIH 00pa3. [lonpolyiite — u BBI BCTY-
MUTE B 00JIACTHh CIIOKHEHIIIMX CBS3€H, acCOIMAIlUi, BEPOSTHOCTHBIX OTHOIIEHUMU, CIy4YalHBIX
JI0TaJI0K, BHE3AITHBIX «03apeHui». He cyliecTByeT JeTepMUHUPOBAHHBIX aJTOPUTMOB ISl TOTO,
YTOOBI JeNaTh OTKPBITUS U pelaTh npodiaembl. Be€, yTo MBI 3HaeM cerojHs o mporeccax, mpo-
UCXOJSIIUX B HAIIEM MO3TY, YKa3blBaeT HA NMPUHIHUIUAIBHYIO POJIb CIy4YailHBIX (aKTOPOB B
3TUX MPOLECCax.

LIym modcem cmamv UCMOYHUKOM uHGopmayuu. BriepBbie 3Ty «0€3yMHYI0» HJICIO BBICKa-
3an /Ixxonaran CBudT B cBoel kHUTE 0 myTemecTBusaX [ 'ymnuBepa. [TocetnB Axanemuto B Jlara-
70 (Ha3BaHUE CTOJIMIBI (PaHTACTHUECKOTO KOPOJIEBCTBA), ['yIIMBep yBUAET TaM YCTPOMCTBO U3
MHO>KECTBa HAaHM3aHHBIX Ha CTUIIbI KyOUKOB, HA CTOPOHAX KOTOPBIX OBLIM HAMKUCAHBI «BCE CIIOBA
UX SI3bIKa B PA3IMYHBIX HAKIIOHEHUSX, BpEMEHAX U Majiekax, Ho 0e3 Beskoro nopsiaka». [1o ko-
MaHJIe MECTHOTO npodeccopa YYEHHUKH HECKOJIbKO pa3 MOBEPTHIBAIM CIHIBI ¢ KyOMKaMU, YTO
NPUBOJMIIO K M3MEHEHUsIM coueTanuit cioB. «Toraa npodeccop,— mumier CBUPT, — MpHKa3al
TPUJILIATH IIECTH YUYEHUKaM MEJUICHHO YUTaTh 00pa30BaBIIMECS CTPOKH B TOM MOPSAJIKE, B KAKOM
OHH Pa3MECTWIINCH B paMe. Eciu ciayyanock, 4To TpH MM YETHIPE CI0BA COCTABIISIIN 4acTh (ppa-
3bl, TO €€ JUKTOBAJIN OCTAJIbHBIM YETHIPEM YUEHUKAM, UCIIOJIHSABIINM POJIb MUCLHOB. DTO yIIpax-
HEeHMEe ObUTO MOBTOPEHO TPW MJIM YeThIpe pa3a, U MallkHa OblLIa TaK yCTPOEHA, YTO MOCie Kax-
Joro 0060poTa CHHIl CJI0Ba MPUHUMAII HOBOE PACIIONIOKEHHE 10 Mepe TOro, Kak KyOuKH mepe-
BOPAYMBAJIMCh C OAHOI CTOPOHBI Ha Apyryio». [IpaBaa, CBUGT nuieT 06 3TOM B CAaTUPHUECKOM
JyXe, OH Kak Obl BEICMEUBAeT MoJ00HBIEe n300peTeHus. OHako modyeMy Obl HAM HE CUMTATh, UYTO
TYT TOJ MAacKOH CaTUpHUKa CKPBIBAJCS TAJAHTJIMBBIA (haHTAcT, KOTOPBIA MpUOEr K caThpe u3
OTaceHus OBITh HEMOHSATHIM COBPEMEHHUKAMU?

U BoT TO, uTO Kazanock cmemHbM B X VIII B., mpeBpaTHiioch B 00BEKT HAYYHOT'O HCCIE0-
BaHus B cepenune XX B. B Havane 50-x rogoB V. Dmbu npenokuil KHOEPHETUUECKOe YCTPOM-
CTBO, IMpeJCTaBIsAONIee COO0H ycunumens omoopa (OH Ha3Ball €TO YCHUIIUTEIIEM MBICITUTEIbHBIX



cnocoOHocTteit). Ero cxema nana Ha pucynke 3.3, a. ['eHeparop myma / OCTaBIISIET «CBHIPbE» B
nepBylo cTyneHb ycuutens. [IpeoOpa3oBarens nryma 2 co3qaét pasHble ClIydaiHbIe BAPHAHTHI
00BEeKTOB 0TOOpa. B 0110Ke 3 MPOUCXOAUT OTOOP B COOTBETCTBHHU C 3aJI0KEHHBIMU B YCTPOHUCTBO
KputepusiMu otbopa. Ecim pesynbprar otOopa yAOBIETBOPSET KPUTEPHIO, CpadaThIBaeT OJIOK
yIpaBiIeHus 4, OTKPbIBas KJamaH 5 U MpoITycKasi 0TOOpaHHYI0 HH(POPMAIIHIO B ITpeodpa3oBaTeb
CIIETYIOIIEH CTyNneHn ycuuTemst. MOKHO MpecTaBUTh ceOe, 9TO B IIEPBOM CTYIIEHH YCHIIUTES,
Ky/1a IOCTYTAIOT CIIydaifHble OYKBBI, TPOMCXOAUT OTOOP OTIENBHBIX CIIy4YaifHO BO3HHUKIINX CIIOB
WIIM XapaKTEPHBIX CJIOTOB; BO BTOPOW CTYINEHHU NMPOHCXOIAUT OTOOp COUETAHUH CIIOB; B TPEThEH
— otbop Pppaz u T. 1.

f. 4
MNepBan CTyneHb Bropan
ycunutenn CTyneHb

I6) 3.3

IlycTh Hekas cucTeMa HaXxOJUTCS B COCTOSTHUM, TO3BOJISIFOIIEM €M BBIIOJHATH ONpEesIEH-
Hble (PyHKIMH; HAa30BEM €ro HOPMaJbHBIM COCTOSIHUEM. J[OMyCTHM, YTO BHEIIHHUE YCIIOBUS
BJPYI U3MEHUJINCh, B PE3yJIbTAT YEr0 CUCTEMA BBILIUIA U3 HOPMAJIBHOTO cocTosiHusA. HoBbIM yc-
JIOBUSIM OTBEYAET U HOBOE HOpPMAaJbHOE cOCTOsIHUE. JKemaTenbHO NepEeBECTH CUCTEMY B 3TO HO-
Boe cocrosiHue. Kak 3to caenats? ITockonbKy M3MEHEHHME YCIOBUH MMEET, KaK IPaBUIIO, CITy-
YyailHBIN XapakTep, Mbl HE 3HAaeM, HU KakuM Oy/ieT HOBO€ HOpMajbHOE COCTOSIHME, HU KaK opra-
HU30BaTh NEPEXOJ B HETO. 3/1€Ch Ha MOMOUIb NMPUXOAUT CAYYAUHBIL NOUCK: HAO CIy4YailHBIM
00pa3oM M3MEHATH MMapaMeTpPhbl CUCTEMBI IO TeX IMOp, MOKa OHA CIy4YaifHO HE OKa)KeTCS B HOBOM
HOPMaJIbHOM COCTOSIHMH. B mporiecce ciay4aifHOro moucka BO3HHKAeT Kak pa3 Ta MH(OpMaIus,
KOTOpas Hy)XHa JJIs TIepeBO/ia CUCTEMbl B HOBOE COCTOSIHHE. JTO €CTh HE UTO MHOE, KaK 0moop
ungopmayuu uz wiyma. Kpurepuem oréopa sBIsieTcss H3MEHEHUE MTOBEJICHHUSI CUCTEMBI: TIOTaB B
HOBO€ HOPMAJIBbHOE COCTOSIHHE, OHAa «YCIIOKaWBaeTCs», HAUMHAET HOPMaJbHO (DYHKIMOHHPO-
BaTh. B 1948 1. Dmbu cKOHCTpyHpOBaa yCTPOHCTBO, 00Naaromee CBOMCTBOM CaMOOpeaHu3a-
Yuu Ha OCHOBe CYYauHO020 NOUCKA; OH Ha3Bal €ro comeocmamom. Cxema yCTpoWCTBa JaHa HA
pucyske 3.3, 6. OCHOBO# CITy)HUT cucTemMa /, KOTopasi MOKEeT HaXOJUThCS JIMOO B YCTOMUHUBOM,
a1n00 B HEYCTOMYMBOM COCTOSIHMM. He BXOZs B TeXHUYECKHE JeTallid, 3aMETHM JIUIIb, YTO CHUC-
TeMa / COCTOUT U3 YETHIPEX IIEKTPOMArHUTOB, CEPAECUYHUKN KOTOPHIX MOTYT IIOBOPAYMBAThHCS U
NEepEeABUTaTh MOJI3YHKHA PEOCTAaTOB, YIPABISIIOUIUX AJIEKTPOINUTAHUEM. YTIIBI IOBOPOTAa MarHu-
TOB OKa3bIBAIOTCS B3aMMOCBS3aHHBIMU; OHHU U NPEJICTABIISAIOT COO0H MmapaMeTphl JaHHOM CHCTe-
Mbl. B yCTOWYMBOM COCTOSIHMM BCE 3JIEKTPOMAarHuThl HEMOJABWKHEI. [IycTh BHEIIHEe BO3MyIIIe-
HHE BBIBOJIUT TOMEOCTAT U3 YCTOWYMBOTO COCTOsIHUS. HemenaneHHo 6110k ynpaBieHus 2 BKIIOYa-
€T F'eHepaTop CIy4yalHbIX U3MEHEHUH mapaMeTpoB 3. HaunHaeTcs ciryyaiiHblid ouCK. Kak Tosb-
KO CHCTEMa CIIy4aifHO MOMaaeT B yCTOMYMBOE COCTOSIHHE, OJIOK MPOBEPKH YCTOWYMBOCTH 4 I10-
naét curHai otoos. ['oMeocTaT cpaBHMBAIOT CO CISIIEH KOMIKOW. ECIM KOIIKY MOTPEBOXKHTH,
OHa MPOCHETCS, MOBOPOYAETCs, BEIOEPET HOBOE YAOOHOE MOJIOKEHUE M CHOBA 3acHET. TOUHO Tak
’)K€ TOMEOCTAT: «IIPOCHYBUIUCHY», OH OCYIIECTBIISIET AKTUBHBIN CITyYailHbIM MOUCK HOBBIX 3Haye-
HUI CBOUX MapaMeTPOB U, HAl/Is UX, KaK Obl CHOBA «3aChITIAeT».




ITopsaok U3 xaoca; cCaMOOPraHU3aNus B CJI0KHBIX OTKPBITHIX HEPABHOBECHBIX CHCTe-
max. Ot6op nHpopmamu U3 rymMma — 3T0, B CYIIHOCTH, MPOLIECC POXKICHHS TOPSAKA U3 Xaoca.
Msi yxe oTMeYalii, 9To B JIIOOOM TeHepaTope U3ITyUYeHHs] — OT JIAMIIOBOTO TeHepaTopa JIo Jia3e-
pa — TaKKe COBEPIIAECTCS POXKJICHHE MOPSIKA U3 Xaoca. DTOT yAUBUTEIBbHBIA IPOLECC COCTAB-
JIIE€T CYIIHOCTh 3BOJIIOUMH BcelleHHOM — OT Bosblioro B3pbiBa 10 MOSBIEHUS YEJIOBEKA, CIIO-
COOHOT0 0CO3HATh 3TY 3BOJIIOIUIO.

UenoBek TaBHO MOHSUT: TIEPBOHAYAILHO OBLT Xa0C, U3 HEro ¢ TEYCHUEM BPEMEHHU 00pa3oBa-
JIMCh BCEBO3MOXHBIE YIOPSIOUYECHHBIE CTPYKTYpBI, )KUBBIE CYLIECTBA M, HAKOHEL, OH caM. Kak
BCE 3TO MOTJIO COBEpIIUThCS? IMEHHO B 3TOM BOIPOCE OCHOBHOM BOJOPA3ACI MEXIY peaucuell
U Haykou. Penurus yTBepKIaeT, 4YTO pEelIaolly0 poJib B BO3HUKHOBEHUH MOPSIIKA U3 Xa0ca Ur-
paut TBopelr, 6or. CoBpeMeHHast HayKa OTBOJIUT 3Ty POJIb CIy4aifHBIM IpoIieccaM; poib Oora ur-
paet B neictButenbHOCcTH Ero BenuuectBo Cryvaii. Ilpoyecc 603HUKHOBeHUS NOPAOKA U3 XA0CA
— He pe3yibmam emMeulamensbCcmeda cevlule, a pe3yaibmam camoopeanu3ayuy Mamepuu Ha OCHO-
ge cayuatino2o noucka. Ham ocraércs B ouepeqHON pa3 MOAUBUTHCS TIyOMHE BHICHHUS MUPA
A. C. [IymkuHbIM, TPECKA3aBIIUM TMOSBJICHUE «OTKPBITUN UYAHBIX», K KOTOPHIM IMPUYACTEH
«cirydai, 60r-u300peTaTennby.

B nporecce camoopranu3aiiy MaTepyu MePBOHAYAIBHBIN Xa0C AJIEMEHTAPHBIX YaCTHIl, 00-
pazoBaBIIHiics nociae boapmioro B3pbiBa, MOCTENEHHO OPraHW30BAJICS CHAayala B aTOMHBIE spa
Y aTOMBI, 3aT€M B BELIECTBO 3BE3] U MIAHET. DTOT MPOILIECC MPUBET K BOSHUKHOBEHHIO KU3HHU HA
3emute, OSIBJICHUIO BCE 00JIee CIIOXKHBIX BUAOB. Ha mepBbIid B3I, IBOJIIOIUS B dKUBOW MPUPO-
JIe, COMPOBOXKIAtOMIascs, 1Mo J(apBuHY YCIOXHEHHEM BUIOB, HAXOOUMCS 8 NPOMUBOpeyUU CO
BTOPBIM HayajoM TEPMOJAMHAMHUKH, COIVIACHO KOTOPOMY MaTepHsl JOJHKHA CO BPEMEHEM Jierpa-
IUpoBaTh (J0JDKHA Bo3pactath sHTponus). «Ilo Teopun [lapBuHa cHavajia MPOUCXOMAST CIIOH-
TaHHbIE (UIYKTyalllil BHUJOB, MOCJIE YEro BCTYMAeT B CHIIy OTOOp M HauMHaeTcs HeoOpaTumas
ouonorudeckas 3Bomtoius. Kak u y bonsiimana, cimydaifHOCTh IPUBOIUT K HeoOpaTtumoctu. Of-
HAKO pe3yJbTaT 3BONIOLUMHU y /lapBrUHA oKka3bIBaeTCs MHBIM, 4eM y bonbimana. MHTepnperanus
Bonpiimana Brned€r 3a coOoi 3a0bIBaHME HayallbHBIX YCIOBUH, ‘“‘paspyllieHue” HayalbHBIX
CTPYKTYp, TOT/Ia Kak JapBUHOBCKAsl BOJIOIMS aCCOLMHUPYETCS C CaMOOpraHu3aluei, ¢ HeyK-
JIOHHO BO3PAaCTaOIIEeH CIOXXHOCTBIO» [96, c. 182].

Mo3KHO TTONBITaThCSl OOOUTH JTaHHOE NMPOTHUBOPEYHE, yKa3aB, YTO JAPBUHOBCKAS IBOIOIHUS
CBsI3aHA C MPOCTPAHCTBEHHO-JIOKATbHBIM YMEHBIIEHHEM SHTPONUM 3a CYET emé Oosee 3HAYM-
TEJLHOTO BO3PACTAHMS SHTPOIUH B OCTAJIHLHOM MPOCTPAHCTBE. B TakoM 0OBSICHEHUH €CTh Olpe-
JeNEHHBIM PE30H, MOCKOJIbKY YMEHBLIEHUE SHTPOIMH B MPOLIECCE TBOPUYECKOM, CO3UIATEIbHOM
JIESTETLHOCTH YeJIOBEKa COMPOBOXKIAETCS, KAaK U3BECTHO, BO3PACTAHUEM SHTPOIHH B PE3yJIbTaTe
pocTa 0TXO0JI0B MPOU3BOCTBA, 00pa30BaHUs MPOAYKTOB CropaHus U T. 1. M Bc€ ke mpuBenéHHOE
O0OBSICHCHHE HE MOXKET YJOBJICTBOPUTH — HEIIb35l CBSI3ATh C JIOKAIbHLIM YMEHBIIICHUEM YHTPO-
MTUH 27100a1bHbI1 TIPOIIECC CAaMOOPTaHU3AIMKU MaTepun OT BOJBIIOro B3phIBa /10 YeIOBEKa.

3aech HEOOXOAMMO MPUHATH BO BHUMAHUE MPUHIIUIIUAIBHOE PA3IUUYHe MEXIYy CHCTEMaMU
3aMKHYymMbiMU U omKpbvimbiMu. Bo3pacTaHue SHTPONUU MPOUCXOJUT B 3aMKHYTOW CHCTEME;
TOJILKO W30JMPOBAHHAS OT OKPYIXKAIOIIEr0 MHUpPa CHUCTEMa MOXKET NMPUUTH B PaBHOBECHOE CO-
CTOSIHUE, OTBEYAIOIIEE «TEIIOBOM cmepTr». Ho B mpupoje, CTporo roBopsi, HET 3aMKHYTBIX CHC-
TE€M; TaKWe CHUCTEMBbl — 3TO BCETJa HEKOTOpasl Haealu3aiusi, uckyccmeenHocms. HamoMHuM
CJIOBa, C KakuMU B réTeBckoM «Daycte» oOpalaeTcs TOMyHKYJIYC K CO3[IaBIIEMY €ro alXxuMHU-
KY:

[Ipmxmu k rpyau cBoe auts!

Ho 6epexno, uTo6 He pa3OuIack CKISHKA.
Bort Hen306exxHas Bellei n3HaHKa:
[IpuponHomy Beenennas tecHa,
HckyccTBEHHOMY K 3aMKHYTOCTh HyXHa!

CJ'IGI[YGT pas3inyaThb JABa BUAa IMPOLCCCOB. Hpoueccm 6 3AMKHYmMblX cucmemax, BEAYIUC K
YCTaHOBJICHHUIO TCIIJIOBOT'O PABHOBCCHA, COIPOBOKIAAIOTCA BO3PACTAHUCM HEYHOPATOUCHHOCTHU,



OHHU UAYT B HaNPaBJICHUU om nopsaoka K xaocy. IIpoueccsl xe 8 cyey6o HepagHo8eCHbIX OMKPbI-
mbulx cucmemax MOTYT UATH B OOPaTHOM HANpPaBICHUU — OM Xaocd K Nopso0Ky. ITO U €CTb Ipo-
LECC CaMOOP2AHUZAYUL.

Camoopranusanus O0OCTOATENbHO paccMaTpUBAaeTCs B LUTUPOBAHHOM BBIIIE KHUIE
W. Ipuroxuna u Y. Crenrepc. ABTopbl noquépkuparoT: «HplHE MBI 3HaeM, 4TO BAIU OT PaB-
HOBECHsI MOTYT CIIOHTAHHO BO3HHMKAaTh HOBBIC THIIBI CTPYKTYpP. B CHIIBHO HEpaBHOBECHBIX YCIIO-
BUSIX MOXKET COBEpIIATHCS MEPexo]] OT Oecropsika, TEIIOBOIO xaoca K Mopaaky» [96, c. 54].
OHM Ha3BaJIU HOBBIC THIBI CTPYKTYpP, BO3HUKAIOLIME B IPOLECCE CaMOOPTaHU3aLUH, OUCCUNA-
MUBHBIMU CMPYKMYpAMU, TIOCKOJIBKY Ul MX TMOANEpX aHUs TpeOyeTcs OoJblie SHEPTUHU, YeM
JUIs IOJIEPKaHUs IPEeIIECTBYIOIIUX 00JIee MPOCTHIX CTPYKTYD.

B npenucinoBun K ynoMsiHyTOM KHUTE U3JI0KEHBI KPATKO HEKOTOPBIE PE3YJIbTAThl, IOJy4EH-
Hble aBTOpamMu. Tam, B 4aCTHOCTH, TOBOpUTCS: «EciH BOCMONB30BaThCs TepMuHONOTHEen [Ipu-
TOKMHA, TO MOXHO CKa3aTh, YTO BCE CHCTEMBI COJIEPKAT MOACUCTEMBI, KOTOPHIE HENPECTAHHO
@rykmyupyrom. VIHorna otaenbHas (QiayKTyalus MOXeET CTaTh (B pe3yJsbTaTe MOJI0KHUTEIbHOM
00paTHOW CBSI3M) HACTOJBKO CHJIBHOM, UTO CYIIECTBOBABILAS IMPEXAE OpraHU3alus HE BBLAEP-
AKHUBaeT U paspymaerca. B 3TOT nepeaoMHbIil MOMEHT (KOTOPBIH aBTOPbI KHUTU HA3bIBAKOT 0OCO-
001l MouKol U moukol Ougypkayuu) TPUHIUIIAATHFHO HEBO3MOXKHO MPECKa3aTh, B KaKOM
HanpaBJIeHUU OyJleT MPOUCXOAUTH JalbHENIIee pa3BUTHE: CTAHET JIM COCTOSIHUE CHCTEMBI Xao-
TUYECKUM HIIM OHA MepeinéT Ha HOBbIH, Oonee nuddepeHnnpoBaHHbIN 1 00Jee BHICOKUN Ypo-
BEHb YIOPSAJAOYEHHOCTH WJIM OpraHU3aliM, KOTOPBIA aBTOPHI HA3BIBAIOT OUCCUNAMUGHOU
cmpykmypou... ITpuroxxnH noguépkuBaeT BO3MOXHOCTb CHOHMAHHO20 BO3HUKHOBEHUS MOPSAIKA
W OpraHu3aluy U3 Oecropsika U Xaoca B pe3yJibTare mpolecca camoopeanuzayuuy [96, c. 17 —

18]. N nanpme: «...HeoOpatumele mpoueccsl SBISIOTCS HCTOYHUKOM MOpsaka. TecHO cBsi3aH-
HBI€ C OTKPBITOCTBIO CUCTEMBI M CITy4allHOCThIO, HEOOpATUMBbIE MPOLIECCHI TOPOKIAAIOT BBICOKHE
YPOBHHU OpraHu3anuu... MIMEHHO 1mo3TOMy OJHUM U3 JEUTMOTHMBOB MpEUIaracMoid BHHMaHUIO
YUTaTeNsl KHUTH CIIy>)KUT HOBasi, BECbMa HEOObIUHAsi MHTEPIIPETaIisl BTOPOro Havajaa TepMOJIHU-
HaMUKH, NpeanokeHHas apropamu. [lo muennto Ilpuroxxnna u Crenrepc, s3HTponus: — HE Mpo-
CTO 0€30CTaHOBOYHOE COCKAJIb3bIBAHUE CHUCTEMbI K COCTOSIHMIO, JIMIIEHHOMY Kakoi Obl TO HU
Obut0 opranmzanuu. Ilpu onpenaenéHHBIX YCIOBUSX 3HTPONMS CTAHOBUTCSA MPApOAUTEIIbHULICH
nopsiika» [96, c. 25].

Yrto Takoe cmHeprernka? CIO0BO «CHHEPreTHKa» IMPOUCXOAUT OT I'PEYECKUX «BMECTE» U
«JIeUCTBYIO». DTOT TEPMHUH CPaBHUTENIHHO JIaBHO NMPUMEHSETCS B (U3MOJIOTUU: TPYMIbI MBIIIII,
JENCTBYIOINX COBMECTHO AJISI OCYIIECTBIEHHUS OIHOIO JBM)KECHUS, HA3BIBAIOT CUHEPSUCHAMU.
Hcnonb3oBanue %e JaHHOTO TEPMUHA B KaUe€CTBE HA3BaHMsI HOBOTO HAYYHOT'O HAINpaBjeHUs Obl-
JIO MIPENJIOKEHO COBCEM HEJABHO HEMEUKHUM y4€HbIM I'. XakeHoM. OH NpeuIokKuI Ha3BaTh Cu-
Hepeemukol 00JacTb HAayKH, KOTOpasl 3aHMMaeTcsd u3ydeHueM 3((EeKTOB caMOOpraHu3alud B
(GU3NUECKUX, XUMUUYECKUX, OMOJIOTHYECKUX U APYTHX cucTeMax. VIHbIMU ClIOBaMH, CHHEPreTHKa
— 3TO HayKa O CaMOOpPTraHHU3aI[Mi B HEPABHOBECHBIX OTKPBITHIX CHCTEMAaX Pa3IMYHON MPUPOJIBI,
HAYKa O 3aKOHAX podcOeHuss nopaoka u3 xaoca. Takas Hayka Moka el He CyIIEeCTBYET, OHa
TOJIbKO eIl€ HauMHaeT pa3BuBaThcs. «TeM He MeHee, 3TO CIOBO, KaK HEKUH JIO3YHT, 0Ka3aJloCh
IIPUBJIEKATEIBHBIM ISl MHOTHX YYEHBIX, 3aHMMAIOIIMUXCS BOINPOCAMM TOSBICHUS U Pa3BUTHUSA
NOpsZIKa B CIOXKHBIX crcTeMax. OHM yBHUEIN POACTBEHHbIE YEPThl BO MHOTHMX SIBICHHUSX, U B
nporiecce 00CYKACHUS ITHX sBJICHUN oOpa3oBajcs HeGOpMaibHbIM KOJUIEKTUB YYEHBIX, KOTO-
pbl€ aKTUBHO UCCIIEAYIOT yHOpSAAOUEHHBIE CTPYKTYpb» [50, c. 3].

Bonee moapo6HO ¢ uaesiMu CHHEPTETUKN MOKHO MO3HAKOMUTHCS 1o kKHuram [60, 86, 140].
311ech Ke Mbl OIPaHUYMMCS] HECKOJIbKUMHU TPUMEpPaMHU.

IlepBblit pumep — obaaunocme. Besikul, KTo JleTaln Ha caMoiiére Haja oOjakamM, MOT He
pa3 HabJI01aTh UX PETYJISIPHYIO0, BECbMa YHOPSAIOYEHHYIO CTPYKTYpY. MOXKHO Ha0t01aTh IOYTH
NpaBUIbHbIE TPSIMOYTOJIbHBIE M IIECTHYTOJIbHBIE SUEHKU 00JIaKOB, PerysspHbIE Bajbl, IPSIMO-
JUHENHbIE «YyIUIBD. Bech 3TOT reoMeTprueckuil Mopsiiok 0Opa3oBajcs U3 Xaoca MOJIEKYJsp-
HBIX JIBUKEHUH, pa3HOOOpa3HbIX BO3MYILEHHH B BO3AYIIHOM aTMocdepe U clioe BOASHBIX apoB,
BBI3bIBAEMbIX HEPABHOMEPHOCTHIO X MPOTrPEBaHUs, IPUBOASIIEH K MHTEHCUBHONW KOHBEKIINH.



Bropoii npumep — neycmouuusocms benapa (310 siBieHue 6110 oOHapyxkeHo I'. benapom
emé B 1900 1.). SIBnenue coBcem HETpyIHO BocmponusBecTr. Hano HaauTh B OOBIYHYHO CKOBOPO-
Ny CJIOW MUHEpPaJIbHOTO Maciia TOJIIWHOW MPUMEPHO 5 MM, 100aBUB B Macio (UTOOBI 3PQeKT
ObUI BUJICH OTYETIIMBEE) MEJIKUE aTIOMHHUEBBIE ONMWIKH. 3aT€M HaJ0 MOCTaBUTh CKOBOPOAY Ha
oronb. BHavase, 1oka nepenaja TemMrnepaTypbl MEXy JHOM CKOBOPOJbI M OBEPXHOCTBHIO Maciia
emé HEeBeNIMK, MOJBOUMAs CHU3Y TeIUloTa OyJIeT paclpOCTPAHATHCS BBEPX 3a CUET TEIUIONpO-
BojHOCTH. [Ipy nanbHelieM HarpeBaHUHM HAuYHETCS KOHBEKIMA: Harperoe mMaciao OyneT MmoJHu-
MAaThCs, @ XOJI0JHOE OImycKaThCs. IIpocTpaHCTBEHHOE pacnpeieIeHHe dTUX ABYX BCTPEUHBIX IO-
TOKOB Yepe3 HEKOTOPOE BPEMS camMOOpeaHu3yemcs — BO3HUKACT YNOPAOOYEHHAs CMPYKMYPA U3
ulecmuy20ibHbIX KOHBEKYUOHHBIX sueek — siueek benapa (puc. 3.4). B nentpe kaxmon sueitku
Macja0 MOJHHMMAETCS BBEPX, a MO KpasMm omyckaerca. «HeycroiunBocts benapa — sBiieHHe
BeCbMa BrieyaTyAromee. KOHBEKTUBHOE IBMKCHHUE JKMIKOCTH IOPOXKIACT CIOKHYIO IPOCTPaH-
CTBEHHYIO OpTaHU3aIlMI0 CHUCTEMBbl. MWUIMOHBI MOJEKYJ ABHXKYTCS COTJIACOBAHHO, 00pa3ys
KOHBEKTHBHBIE AYEHKH B (hOopMe MNPaBHIBHBIX IIECTUYTOJbHUKOB HEKOTOPOTO XapaKTEpHOTO
pazmepa» [96, c. 196].

Tpetwnii npumep — xumuyeckue wacvi. Mbl IpeaCTaBsieM ce0e XMMUYECKYIO PEaKIHIO TaK:
B Pa3HBIX HANpPaBJICHUSX B MPOCTPAHCTBE JABIKYTCS MOJIEKYJIbl pEareHTOB U ClIy4yailHbIM oOpa-
30M CTaJIKMUBAIOTCS Jpyr ¢ ApyroM. Kaszamoch Obl, B TakOil KapTHHE CaMOOpPraHM3allvs HEBO3-
MoxHa. Ho 3710 He Tak. [Ipn onpenenéHHbpIX yCIOBUsAX HEKOTOPbIE XUMHUECKUE PEAKLIUU COIPO-
BOXKIAIOTCA nepuooudeckumu W3MEHEHUSAMHU (BO BPEMEHH M B IPOCTPAHCTBE) KOHILIEHTPAIHA
pearenToB. C TeYEHUEM BPEMEHU OJMH PEAarcHT CMEHSETCS IPYyTUM, 3aT€M BHOBb BOCCTaHABIIU-
BaeTCsl M CHOBa Mcye3aeT. Bc€ 3To mpoucxoaut vepes onpeaenéHHble IPOMEXYTKH BPEMEHH.
[Tonyuaercs nepuoouueckuii XUMAYECKHA MPOIECC — XUMUYECKH 4ackl. «[Ipeamonoxum, —
numyT W. Ipuroxkun n M. CreHrepc, — 4TO y HacC MMEKOTCS MOJIEKYJIBI JIByX COPTOB: ‘“‘Kpac-
HbIe” U “cuHME”. M3-3a Xa0TUYECKOTO JABMKEHUS MOJIEKYJ MOXXHO OBLIO OBl 0KMIaTh, YTO B Ka-
KOM-TO MOMEHT B JJAHHOM YacTH COCYy/la OKaKeTCs OOJIbIIe KPACHBIX MOJIEKYJI, B IPYrOil MOMEHT
0oJbIlle CTaHET CMHMX M T. 1. PeakioHHas cMmech JOHKHA ObUTa OBl UMETh TPYAHO MOJAAI0-
IIMHACS ONMHUCAHUIO IBET: (PUOJICTOBBINA C OECIOPSAIOYHBIMHU MEPEX0JaMH B CHHUN M KpacHbIi. B
Cllydae XMMHUYECKHX 4acoB HAOIIOAaeTcs MHas KapTUHA: 8¢S pEaKIIMOHHAs CMECh MMEET CUHUMN
LBET, 3aTE€M €€ LBET PE3KO U3MEHSETCS Ha KPAaCHbIM, IOTOM CHOBA Ha CUHUM U T. 1. IIoCKOIBKY
CMEHA OKpPAaCKH IPOUCXOJIHT Yepe3 NnpasuibHbie UHTEPBAIIbI BPEMEHU, MBI UMEEM JIEJI0 C KOre-
peHTHBIM IporieccoM. CToJb BBICOKAs yHIOPSAAOYEHHOCTh, OCHOBAaHHAs Ha COIJIACOBAHHOM I10BE-
JNEHUM MWUIHApIOB MOJIEKYJ, KaXKeTcs HEeIMpaBAONoJ00HON, M, eciu Obl XUMHUYECKHE Yachl
Helb3s ObIJI0 HAOMIOAATh “BO MJIOTH, BPSAJ JIM KTO-HUOYIb MOBEPHII, UTO TAaKOM Mpolecc BO3-
MoskeH. [yt Toro 4ToObl OJIHOBPEMEHHO CMEHUTh LIBET, MOJIEKYJIbI JIOJKHBI ‘“KaKMM-TO oOpa-
30M” MOAJIEPKUBATH CBsI3b MEXAY coboi. CrucTema JOKHA BeCTH ce0s Kak euHoe 1enoe» [96,



c. 202 —203]. 3ameTum, 4TO B MOCIEAHEE BpeMs OOHApYyKUBAaeTCs BCE OOJBIIE TaKUX MPOIlEC-
COB; X HA3bIBAIOT a8moeonHo8biMu. JIFOOONBITHO, UTO OMEHHE cep/la, Kak 0Ka3ajaoch, MOAIep-
KHUBAETCS LIEIBIM KOMIUIEKCOM OCHMWIIMPYIOIUX XUMHUYECKUX peakuuii. Yacto mcnosiab3zyemoe
BOJIbHOE CpaBHEHUE 3/I0POBOTO ceplla ¢ YacaMu MPUOOPETaeT CEeroAHsI KOHKPETHBIA CMBICT —
3TO XUMHUYECKHUE YaChl.

UeTBEPTHIN MIPUMEpP — NEPUOOUUHOCNL USMEHEHUS] YUCTeHHOCMU NONYIAYUL KPOJIUKO8 U
aucuy. IIpeanonoxum, 4To B HEKOTOPO MECTHOCTH, TJI€ B M300MIINU PACTET TpaBa, KUBYT KpPO-
auku. Tam ke KUBYT JTUCHUIIBI, TOEJAIONINE KPOJIUKOB. 3a JUCHIIAMH OXOTSTCS JIFOAW; OHU HC-
TpeOJISAIOT uX paau Mexa. MTak, KpoJIMKU MacyTcsl, pa3MHOXKAIOTCA, JTUCUIIBI UX TOEIAI0T U TOXKE
Pa3MHOKAIOTCS, YEJIOBEK OTJIABJIMBACT JIUCUIL. TpaBbl CKOJIBKO YTOJHO, TOSTOMY YHCIEHHOCTb
KPOJHMKOB OBICTPO pacTéT. COOTBETCTBEHHO HAUYMHAET PACTU M YUCIEHHOCTH JIUCHII, YTO HEH3-
0€KHO MPUBOJIUT K MPEKPAIICHUIO POCTA, a 3aT€M M CHIKEHHUIO YHMCICHHOCTH KPOJIUKOB. JTO, B
CBOIO OYepe]lb, CHUKAET POKJAEMOCTD JIMCHUII, a TOCKOJIBKY YeJIOBEK BCE BpeMs OTIIABIMBAET UX,
TO BCJIE]] 32 CHHYKEHUEM YHUCIICHHOCTH KPOJIUKOB MTPOUCXOTUT M CHIKEHUE YMCIEHHOCTH JIMCHII.
PaccmarpuBaemas cutyanus nokasaHa Ha pucyHke 3.5, a, rae / — 4HMCIE€HHOCTh KPOJIUKOB, 2 —
YHUCIIEHHOCTh JUcUll. OTHAKO 3TUM KapTHHA W3MEHEHUS YHUCICHHOCTH MOMYJISIUI HEe UCUEePIIbI-
BaeTcs. B OTCyTCTBHE JIMCHUI] KPOJMKH CHOBA HAUWHAIOT OYpPHO pa3MHOXAaThCcsd — U BCE MOBTO-
psieTcst cHoBa. B pe3ysbTaTte BOZHMKAET nepuooudHoCcms B U3MEHEHUHN YUCICHHOCTHU MO IS
co BpeMeHeM (puc. 3.5, 6). DTa NepUOAUYHOCTh OKA3bIBACTCS CMpo2oli U B U3BECTHOM CMEICIIC
AQHAJIOTMYHA XUMHUYECKUM YacaM.
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JAuajnekTuKka Heo0X0AMMOro M cJy4yaiiHOro. Mbl NMPUIOKHUIN HEMAJO YCWJINH, YTOOBI
yOeauTh yuTaTest B TOM, YTO (yHAAMEHTAIbHbI HE TMHAMUYECKHE, a CTAaTUCTUYECKHE (BEpOAT-
HOCTHBIE) 3aKOHOMEPHOCTH. DTHUM YCHJIMSM MPOTHBOCTOSIIO TPHCYIIEEe HAM BCEM CTPEMIICHHE
OO0BSICHUTB OKPY’KaIOIINH MUP Ha OCHOBE OJIHO3HAUHBIX CBSI3€H, Pa3I0KUTh BCE «I10 MOJIOUKAM,
JIOCTM4Yb BO BCEM MPEIEIBHOM SICHOCTH, MCKJIIOUYAOIIEH HEONPENEIEHHOCTh WM HEIOTOBOPEH-
HOCTb. IHBIMHU cJ10BaMH, HEOOXOAUMO OBIIIO MPEOI0JIETh BHYTPEHHIOIO CUMITATUIO K YETKUM Me-
TapU3NIECKUM MOJIENSM, HE COACPKAIIUM KaKUX-JTMOO MOTYTOHOB, MPOTUBOPEUNA. Y Ka3zaHHOE
MPeooJIeHHE KaK pa3 U CBSI3aHO C MEpPexXoJ0M OT MeHee IIy0okoro k Oosiee riryOoOKoMy pac-
CMOTPEHUIO 3aKOHOB TIPUPO/IBI.

B nuHaMudeckux 3aKOHOMEPHOCTSIX MPUHIMIIUAIBHO OTCYTCTBYEM JHAJICKTHKa HEOOXOIH-
MOTO U ciyudaiiHoro. Cnyuaiinoe 30ecb NONPOCMY UCKII0YAemcs, a HeoOXooumoe abconomusu-
pyemcsa. JInanekTUKy HeoO0XOAUMOTro U CIy4aifHOrO BBIPAXKal0T UMEHHO CTAaTUCTHUYECKHUE 3aKO-
HoMepHOCTU. COOCTBEHHO TOBOPS, YKE 0mCro0a MOXKHO OBLJIO OBbI CeNaTh BBIBOJI B TIOJIb3Y KOH-
LEeNIUU IpuMaTa CTaTUCTUYECKUX 3aKOHOMepHocTe. OfHaKo Takoi BBIBOA SBMJICS OBl JOCTa-
TOYHO yOEIUTENbHBIM JIMIIb JIJIS T€X, KTO XOpOUIo BiajeeT AuanekTukoi. K coxxanenuro, 3Toro
Helb3s CKa3aTh O MHOTHMX yUUTelNsX (a TeM OoJiee yyamuxcs), Ho3ToMy HoTpeboBanach pa3Beép-
HyTasi apryMEHTAIHs YIOMSHYTOH KOHIICIIIINH, C TEM YTOOBI JydIlle MPOAEMOHCTPHPOBATH THA-
JEKTUKY HEOOXOIMMOTro U ciaydaiiHoro. «lccnenoBaHre COOTHOIIEHHS AUHAMUUECKUX U CTaTH-
CTHUYECKUX 3aKOHOB HEPa3pBIBHO CBSI3aHO C MOHMMAHUEM KaTETOPHA HEOOXOJWMOTO U CITydaid-
Horo. Ha ocHOBe 3TOro uccienoBaHus ¢ Hauboavbuiel NOTHOMOU Modcem Oblmb packpulma oua-
JIeKMUKa Heobx00UM020 U CIYYAUHO020, NPOHU3LIBAIOUAS NPOYECCHL OKPYIHCAIoujeli Hac npupoosl
(xypcuB Haml. — Aeém.). EAMHCTBO MPOTUBOMOIOKHBIX KaTeropuil He0OOXOAMMOT0 U Cly4yaiHo-
ro, yTBep)KaaeMoe B (puocopuu IHaIeKTHUECKOTO MaTepUaIi3Ma, B CTATUCTHYECKUX 3aKOHO-
MEpPHOCTAX (PU3MKU BBICTYTNAET HEMOCPEACTBEHHO. B HUX MBI MOXEM MpPOCIEANTh, TaK CKa3aTh,



“MexaHu3M’’ CBSI3M HEOOXOIMMOTO M CIy4ailHOro, MpUYEM caMa OHa MPEICTABISIETCS B CTPOTO
KoJu4ecTBeHHOM opme» [81, c. 8].

Wrak, mepexoa OT JTUHAMUYECKOTO OMHCAHUS MPUPOJBI K CTATUCTHUYECKOMY (BEPOSITHOCT-
HOMY), OT TMHAMHYECKHX 3aKOHOMEPHOCTEW K BEPOSITHOCTHBIM — 3TO, [0 CYTH Jiejia, MePexo.l
0T Memagu3uuecko2o PaCCMOTPEHHUS UCCIEYEeMOTo MHUpa K duanekmudeckomy. [IpuBoauBias-
Csl paHee MbICIb, YTO JAMHAMUYECKHE 3aKOHOMEPHOCTH COOTBETCTBYIOT HAUAIbHOMY JTally B
npoliecce MO3HAHUS YEIOBEKOM MHpa, a CTaTUCTHUYECKHE — credyoujemy, 0osee TiyOoKkoMy
3Tamy, NpuoOpeTaeT Tenepb BechMa IIyOOKHM CMBIC: HA MEPBOM 3Talle YeJIOBEK MO3HABAI MU
MeTaU3nUeCcKH, a Ha CIEAYIOIIeM dTarne — JAuaiekTudecku. [lepexon oT mepBoro 3rama K cie-
nytoriemy (rmepexon oT Gpuznku XIX cToneTus K COBpeMeHHON (PU3UKE) — ATO €CTh (PaKTHUECKH
nepexoa OT MeTapHU3MUECKOM UCCIIEAOBAHUS MUPA K JTHATICKTHUECKOMY .

Jlnanexktuka HEOOXOJAMMOTO W CIyYalHOTO JIGKUT B OCHOBE METOOJOTHMH COBPEMEHHOM
¢u3uku. OHa HE TPU3HAET HU «YUCTOI CIIy4yallHOCTH, HU «YUCTON» HEOOXOAUMOCTH.

B camom perne, monpoOyem MpeacTaBUTh Ce0€ aOCONOMHO CAYUAlHbII MUP, T. €. MHp, TJIE
€CTh «UUCTasH» CIy4ailHOCTh U BOOOIE HET HE0OX0AUMOCTH. B TakoM, MUpE OTCYTCTBYIOT KaKkue
OBl TO HU OBLIO MPUUYUHHO-CIIEACTBEHHbIE CBsA3H. B nuanore «O mpuBBIYKE BUAETH 32 BEPOATHO-
CTSIMM OJTHO3HAYHBIC 3aKOHOMEPHOCTH» MbI OTMEYAJIM, YTO 3@ BCAKHM OOBEKTHBHO CIy4YaiHBIM
COOBITHEM CTOSIT KaKue-TO MPUYUHBI, BBI3BABIINE JaHHOE COOBITHE, YTO CIYy4YailHOCTh CBsI3aHa C
HEKOPPEIMPOBAHHOCTHIO COOBITHIA, YTO COOBITHE, OKA3bIBAIOIIEECs CITy4allHbIM B «OIHOM ILIOC-
KOCTH», SIBJISIETCSI B TO )K€ BpeMsi HEOOXOIMMBIM B KaKOU-TO «JApyroi miaockoctu». Ho B abco-
JIOTHO CIy4aiHOM MHUpe He0OXOAMMOCTH HET BOOOIIE, 3HAUUT, 3/IeCh CllydyaifHoe coObITHE CTa-
HOBUTCS TIOTIPOCTY OecnpuyunHbim. Takoil MUP MOXHO OBLIIO OBl Ha3BaTh a0COIOTHBIM Xa0COM,
B HEM HUYUMO HU U3 Ye20 He cledyem U HUYmMo Hu Ha umo He iusem. Kakoe-nmu0o pa3BuTHE B
3ToM Mupe uckiIodeHo. [TogoOHbIi Mup abcypaeH, HepeaseH.

[TorpoGyeMm Temeps BOOOPa3uTh APYTYI0 METaQU3NUYECKYIO0 KPAHHOCTh — abCOMOmHO He-
00X00UMbIll MUD, T. €. MUP, TIIC €CTh «UHUCTas» HEOOXOIUMOCTh U BOOOIIE HET ciaydaiiHOCTeH. B
TAKOM MUPE 8CE dHcecmKo U pas Hasce20a npedonpedeneHo, BCE HAMEepPTBO OIyTAHO LETSIMHU YET-
Kkux npeanucanuid. Kak u B aOCONIOTHO ciydyallHOM MHpE, B TaKOM MHpPE HMCKIIIOUEHO KakKoe-
1100 pasButHe. OH CTOJb e HEXHU3HEH U HepeaJieH.

SIcHO, 4TO peanbHBI MUpP JOJDKEH BKIIOYATh B CE0Sl u cayuatnHocms, U He0OX0O0UMOCMb.
CryyaifHocTh 6€3 He0OOXOAMMOCTH, KaK M HEOOXOUMOCTh 0€3 CIlydalfHOCTH MPUBOJIAT K adCyp-
1y, K 3aB€I0MO HepeaJIbHOM KapTHHE MUpA.

MOHO MOCTaBUTh M TAKOH BOMPOC: UMEET JIU CMBICI TOBOPUTH O HEOOXOUMOCTH, €CIIH HE
paccmaTpuBaeTcs MOHATHE ciaydaitHoro? Minu: uMeer i CMbIC TOBOPUTH O CITy4alHOCTH, €CIIU
HE MIPUHUMAETCS BO BHUMAHUE MOHATHE Heo0XoauMoro? Mbl OHMMAaeM, 4TO Helb3sl TOBOPUTH O
MOJIO’KUTEIBHOM, €CJIM HET MOHATHS OTpULIaTebHOro0. brosorn ncciaenyoT HacieCTBEHHOCTh
UMEHHO MOTOMY, YTO CYILECTBYET U3MEHUMBOCTb. MBI BbIIEIsIEM CUMMETpPUUHBIE (POPMBI, TO-
TOMY YTO MOKEM Pa3IMYUTh CHMMETPUUHOE U acUMMeTpuyHoe. Mbl ToBOpUM 00 0011eM, oTo-
MY YTO CYLIECTBYET YaCTHOE, eIMHUYHOE. TOUHO TaK *ke clieyeT BOCIPUHUMATh HE00X0AUMOe
U cllydyaiilHOe: HEOOXOJAMMOCTh KakK IMPOTHUBOMOJIOKHOCTb, OTPUIAHHE CIy4yalHOCTH; CiIydaii-
HOCTb KaK IPOTHBOIOJIOKHOCTh, OTpULIaHHE He00X0AUMOCTH. 1 mpUTOM HEe MpocTO MPOTUBOIIO-
JIO)KHOCTh. Heobxooumoe u cayuaiinoe eOunvl 8 ceoetll npomueononodxdcHocmu. B ciaydalfHOCTIX
HPOSIBIIAETCS HEOOXOAUMOCTh, B Xa0Ce €CTh YNOPSAJ0YEHHOCTh. B 1t000M mopsike npucyTCTBY-
I0T TPOSIBJICHUs] Oecropsi/ika, U HallpOTUB, B JIFOOOM OecropsIKe MPOSBISETCS HEKUI MOPSIOK.
[TosToMy Hapsny ¢ mepexonaMu om nopsoka kK xaocy (epexoJamu, MPUBBIYHBIMU JUIs HAC) Ha-
JI0 paccMaTpHuBaTh MEPEXOAbI 0m Xxaoca K nopaoky (Mepexobl, K KOTOPbIM MbI el TOJIbKO Ha-
YHHaeM IpHUBBIKATh). Mccaemys mpouecchl caMoopraHu3ay, oToopa UHGOpMaIMKU U3 LIyMa,
COBpEMEHHasl HayKa HanOosee yOeAUTEIbHO YTBEPXKIAeT JUAEKTUKY HEOOX0IMMOTO U CiIydaii-
HOTO.

B npouecce npenogaBanus GU3NKU, XUMUHM, OMOJIOTUH (M APYTUX NMPEAMETOB) MPUHLUIIHU-
QJIBHO BA)KHO Ha KOHKPETHBIX IpPHUMEpax JIEMOHCTPUpPOBATh M3BecTHhIe cioBa ®. DHrenbca o
TOM, YTO HEOOXOJIUMOCTh MPOOHUBAET ce0e JOPOTY B paMKax CIy4alHOCTH. ¥Yapbl MOJEKYJ O



CTEHKHM COCyJla ClTyyaliHbl, HO HE00XOAMMa 3aBUCHMOCTH JaBJIEHHUS Ta3a OT €ro TeMIIepaTypbl
(npu 3amaHHOM 00BEME). AKTHI JeNIeHUs SJep ypaHa clydyailHbl, HO Pa3BUTHUE LIETTHON peakuuu
HeoOxouMo. CIOHTaHHBIE MEPEX0/Ibl aTOMOB C BO30Y>KAEHHOTO YPOBHS Ha OCHOBHOMW CITyyaii-
HBI, HO BO3HUKHOBEHHE JIa3epHON reHepanuu HeoOxoanmo. DiIyKTyaluu MIOTHOCTH BO3/yXa B
atMocepe cirydaiiHbl, HO roiy0ol nBeT He6a HeoOxoauM. CTONKHOBEHHS MOJICKYJT pEarcHTOB
CIIy4aiHbI, HO XOJ] XMMHYECKOW peakluyd HeoOXoAuM. MecTOHaX0KJIeHUE 3JEKTPOHOB IBYX
aTOMOB, BCTYIAIOLIUX BO B3aUMOJEHCTBHUE, CIy4ailHO, HO BOSHUKHOBEHHE XMMHUYECKOH CBSI3U
HeoOxoauMo. MyTanuu ciry4aitHbl, HO mpoliecc 0Toopa HeooxoauMm. Camo 1o cede TO WM HHOE
OTKPBITHE CIy4yailHO, HO HE0OXoauMa (3aKOHOMEpHA) JIOTUKA Pa3BUTUS HAyKW, IPUBOJAIIAS, B
KOHEYHOE cuéTre, K OTKPHITHIO. B pamkax o0miecTBa oTAeIbHbIE POXKICHHUS JIFOJIeH CITydaiHbl, HO
3aKOHOMEPEH POCT YUCIEHHOCTH HaceneHus. [10100HBIX MPUMEpPOB MOKHO HATH OYEHb MHOTO
B paMKax JI000ro MIKOJBHOTO mMpeaMera. MMy nM300MIyeT U OKpy»Karolias Hac JeHCTBUTENb-
HOCTb.

XoTtenoch Obl MOTYEPKHYTh: HEOOXOAUMOCTb, BBISIBJICHHASI U3 MAcChl CIIy4ailHOCTEH, BbIpa-
KAETCSI MAaTEMAaTUYECKU Yepe3 geposimuocmy. Teopusi BEpOATHOCTEW €CTh almapar, M03BOJISIO-
M pacCMOTPETh AMATIEKTUKY HEOOXOIMMOTO M CIy4aHOTO KoauuecmeerHo. BaXHO MOHU-
MaTh: OMoenbHble dIeMeHMbl MEHAIOTCS OT Clly4asi K CIIy4alo, a KapmuHa 6 yeiom oOHapy KuBa-
€T yCTOWYMBOCTb, 3aKOHOMEPHOCTb, KOTOpasi U BbIpa)aeTcsl 4epe3 BEpOATHOCThb. IMeHHO mo-
ATOMY HaIll MUpP OKa3bIBaeTCs JOCTATOYHO TMOKUM, TUHAMUYHBIM, CIIOCOOHBIM K Pa3BUTHIO. JTO
€CTh MUP, HOCHPOEHHbIU HA 8EPOAMHOCIU.

Bonbmioit HTY3MacT BEpOSITHOCTHBIX METO/JOB BeHTrepckui Marematuk A. Penbu (1921 —

1970) manucan BenukosiennHoe dcce «IluceMa o BepostHocTH». CTpokamu u3 3TuX «llucem» MbI
U 3aKOHYHUM 00CYXJICHHE TUAIEKTUKHA HEOOXOIMMOTo U ciaydaiiHoro: «Ha qHSIX, MpUBOAS B I0O-
PANIOK KHUTH, 51 HAaTKHYJCS Ha «Pa3MbinuieHus» Mapka ABpenus U CllydalHO OTKPBUI Ty CTpa-
HMUILY, TJI€ OH ITUILET O IByX BO3MOXKHOCTSIX: JIMOO MUD SIBJISIETCS OTPOMHBIM Xa0COM, JINOO B HEM
APCTBYIOT MOPSAIOK U 3aKOHOMEPHOCTb... M1 XOTS 5 y’Ke MHOTO pa3 4MTajl 3TU CTPOKH, HO Te-
neph BIEPBBIC 3aAyMasicsl HAJ TeM, a ToueMy, COOCTBEHHO, Mapk ABpesuil cuuTai, 4To B MUpe
rOCIO/ACTBYET JHOO0 CIIy4alHOCTh, MO0 MOPSAIOK U 3aKOHOMEpHOCTH? [loueMy oH mymain, 4To
9TH JIB€ BO3MOKHOCTH UCKIIIOUAIOT ApYT Apyra? MHe KaxeTcs, B IeCTBUTENBHOCTH 00a yTBep-
XKJCHUS HE MPOTUBOpEYAT APYr ApPYyTry, Oojiee TOro, OHU JEUCTBYIOT OJTHOBPEMEHHO: B MUDE
TOCHOJICTBYET ClTydyall U OJTHOBPEMEHHO JACHUCTBYIOT MOPSAI0K M 3aKOHOMEPHOCTb, KOTOpbIE (op-
MUPYIOTCS U3 MaccChl CIy4yaiiHOCTEH COriacHO 3aKOHaM ciayvaitHoro» [105, c. 175].



Luanoz. O dopMMUpoBaHUN Y LLKOSTbHNKOB
BEPOSATHOCTHOIO MbILLUMEHUS

Yuureanb. MHe npuiiia B roJoBy JTOBOJBHO IPy-
CTHasi MbICTh. BO BCe BpeMeHa 4enoBEKy MPUXOJIU-
JIOCh CTAaJIKUBAThCS CO ciaydalHocTssMH. W BO Bce
BpEMEHA IIKOJa HE TOTOBMUJIA €r0 K ITHUM BCTPEUaM.
OHa Bceraa BbIBUTAJIa Ha TMEpPEAHUI IJIaH BCEBO3-
MOXHBIE JIOTMAaThl, 3HAKOMUJA TOJHKO C OJHO3HAY-
HBIMH 3aKOHOMEPHOCTSIMH, TpeOoBaja OT YYEHHKOB
CTpPOro JIETEPMUHUPOBAHHOTO TMOBEJACHUS, ONpeJie-
nsieMoro k€cTkuMu mpasBmwiaMu. OHa He xoTena 3a-
MeuaTh BEPOATHOCTh, OHA CBS3bIBAJNIA €€ C a3apTHBIMU
WrpaMH M HE Xkejajna UMeTh ¢ Hel neno. OHa Bcerga
TpeboBana: Tak M HUKAaKk uHauye. [lomywaercs, 4To
IKOJIa BCeria Obljia OTOpBaHa OT KHU3HU.

ABTOp. DTO U B CaMOM JeJie€ TPYCTHAsI MBICIIb.
Tem Gosiee UTO OHA B paBHOW Mepe OTHOCHUTCS U K Ce-
roaHsmHen mkoiie. [Ipudem st CEroaHsIIHEN TIKO-
JIbl YIOMSIHY T Bamu OTpBIB OT KH3HU OKa3bIBAETCS
emé Oonee TIyOOKUM U JpaMaTUIHBIM — BEIb CO-
BpeMeHHas )KM3Hb TOpa3o cuibHee (110 CPABHEHHUIO C
MPOILJIBIM BEKOM) ONMUPAETCS Ha BEPOSITHOCTHBIC 3a-
KOHOMEPHOCTH.

Yuureanb. KoHeyHO, >XM3Hb 3acCTaBiisieT Hally
IIKOJTy KaK-TO YYHUTHIBATh BEPOSATHOCTHBIE MOAXOJIBI.
[IIKOMbHUKOB 3HAKOMSAT C 3JIEMEHTaMU KBaHTOBOM
(bu3uKH, TeHEeTUKH, WH()OPMATHUKH, HAYMHAIOT IPHU-

(A

— Ha koHuax kaHara, NePEKHHYTOro OGU.IaTB K ,I[GJIOBLIM I/IFpaM
yepes 6/I0OK, YPABHOBELUEHW Tpy3 H ’ .
obesbana. OGesbsiHa HauWHaeT Noa- ABTOp. K coxanenuro, Bc€ 3TO NONAJaeT HA He-
. Yro 6
. :“::,;;;;“? e o g HOJATOTOBJICHHYIO II0YBY JOTMaTUYECKOTO MBIIILIE-
— Haseproe, Toke Oyner noawu- HUsA. YTO TONKY B CIyY9alHBIX OOpAIIEHUSX K CIIOBY
Marbed... OcTaBaThed HeNnOABHMKHBIM
OH, OUEBHAHO, He MOMKET, A ONyCKATh- «BEpOATHOCTH»? Halllm MmIKOABHUKHM HE 3HAIOT, YTO
ggeg‘;:ze_ SR AL Oa RORGE KR TaKoe BEPOSTHOCTH, 3aU€M OHa, KaK ¢ Hel oOpaliarh-
7 Kakas pexa aaunnee — Otiera na ca. TOYHO Tak € HET HUKAKOr0 TOJIKA B IIPU3BIBAX
HETp:
& Hap,,ep,m, Jinenp — o neu uaine pa3BUBaATh Ha ypoKax (PU3UKU JHATICKTHIECKOE MBIIII-
FApadRk CINATh. - JICHHE, BOCIIMTHIBATh JHAJICKTUKO-
— A Heanas a1y Gea rafanui? Tul noa-
eH 3HaTh TOYHO M JaBaTh YyBe- MaTCpHUATUCTUICCKOC MUPOBO33PCHHUC. HpI/ISBIBBI, KaK

PEeHHBIH OTBET.

HU3BCCTHO, HUYCTO HC NJAOT — HaJO CHCTCMATHUYCCKHU
Ha ypoxax usuku u eecepaguu.

3HAKOMMUTD yUalIUXcs C AUAJEKTUKON HEOOXOAUMOTO
U CITy4yaltHOTO, BBOJUTH MX B BEPOSITHOCTHBIA MHp, YIUTh OPUCHTHPOBATHCS U pabOTaTh B ITOM
mupe. A 1t 3Toro TpedyeTcst hopmuposams eposimHocmHoe mblullenue. bes Hero TuanekTH-
YECKOE MBIIUICHHUE, & 3HAUYUT, U JUATCKTUKO-MAaTePUATUCTUIECKOE MUPOBO33PEHUE COCTOATHCS
HE MOTYT.

Yumureib. A 9T0, COOCTBEHHO TOBOPS, BXOJUT B MOHSATUE «BEPOSITHOCTHOE MBIIIIICHUE) ?

ABTOp. MHOroe. [lTonnManue yCclIOBHOCTH IOrMaToOB, OPUEHTAIMSI HA MHOTOBAPUAHTHOCTb,
TOTOBHOCTH K TIEPECTPOUKE, K MOUCKY ONTUMAIBHBIX myTel. Heo0XoauMo npaBuiIbHOE OTHOIIIE-
HUE K CIy4yailHOMY, IOHHMaHUE HE TOJBKO €ro OTPUIATENIbHOM, HO U TMOJIOKUTEIBLHOW POJiu B
HaIIeH XU3HM (CM. MPpeAbIAyIi auanor). HyKHOo BiIaeTh TUANICKTHKOW HEOOXOAMMOTO U CITy-
yaifHoro. HakoHnen, Hajo 3HaTh U YMETh NMPUMEHSITh BEPOATHOCTHBIE METO]IbI, BEPOSITHOCTHBIE
MOJIXO/IbI — HE TOJIBKO B HAYYHOU JIEATETHHOCTH, HO U BO BCEU MPaKTUYECKOM paboTe, B TOBCE-



JTHEBHOM >KU3HU.

Yuurenanb. Moxer ObITh, Takas 3aja4a HE MO CHUJIYy IIKOJe? 3HAYUTEIHHO MPOIIE YYHUTh
JIOTMaTHUYECKH, OPUEHTHPOBATh HA ONPEIEIEHHBIE PEIICHUS, Ha YETKO U OJHO3HAYHO ITOCTaB-
JICHHBIE 3a7a4H.

ABTOp. KOHEUHO, MBI TATOTEEM K OJHO3HAYHOCTH, ONpPENEIEHHOCTH, YETKOCTU. HO Henb3s
3a0BIBaTh, YTO B TO K€ BPEMsI YEJIOBEKY MPUCYIIU 3a4aTKH BEPOSITHOCTHOTO MbluieHus. Hena-
POM MaJeHbKHE JETH TaK XOpOoUIo BocnpuHUMAroT cka3ku. Ilomuure y Ilymkwnna: «Ckaska
JIOKb, a B HeW HaMEK...» 3/1ech MPUCYTCTBYET camasi HacTosIIas AUajleKTuKa (Tak, 1a He TaK; B
KaKOW-TO Mepe JCUCTBUTEIHHOCTh, a B KAKOW-TO Mepe BBIIYMKa, UTpa), U peOEHOK MpPEeKpacHO
BIIUTHIBACT ATY AMANIEKTHUKY, OH YyBCTBYET ce0sl B MUpE CKa3KH Kak priOa B Boje. M BOT mpen-
CTaBbTE: MPUXOJIUT TAKOW peOEHOK B IIKOIY, U €0 OKYHAIOT B CKYKY (POPMYJIIHPOBOK, TPEOYyIOT
OT HEro 4Y€TKUX OTBETOB W IMOHEMHOTY racsiT 3a4aTKd BEPOATHOCTHOTO (AMAEKTUYECKOTO)
MbllIeHUs. Bo3pMuTe mpuBEAEHHBIN B KayecTBe amurpada AUaior MEXIy y4UTeleM MU ydya-
mumcs. OH U XapakTepeH, M HeXapaKTepeH. Bpsa mu xapakTepHO JUIs HaIlel IKOJIbI OOHapy-
KEHHOE IIKOJbHUKOM YMEHHUE MBICIUTHh BEPOSITHOCTHO, 3aTO, K COXKAJIECHHUIO, XapaKTepHa IO3H-
IIUS] YYUTEIA: He HaJI0 TaJiaTh, HaJI0 3HaTh TOYHO (HE HA/I0 Pa3MbIIUIATh, HA/I0 TOMHUTH).

Yuurteab. Bel XoTuTE CKa3aTh, YTO LIKOJIA HE TOJIBKO HAa (POPMHUPYET BEPOSITHOCTHOE MBIIII-
JIEHUE, HO YHUYTOKAET JaXke T€ 3a4aTKU TAKOT'O MBIIUICHHUS, KOTOPbIE UMEINCh y ydaulerocs?

ABTop. Korza yuamierocss OpueHTUPYIOT Ha KECTKUE (OPMYIMPOBKH, Ha 0053aTEIbHOCTD
cobmoieHust TpaBuil GopMabHOM JIOTUKHU (HE CKa3aB «A», HE cMel ToBopuTh «by W e mo-
cine «b» nepexoau x «B»), Koraa OoT HEro KAyT HE pa3MBIIUICHUH, a 3ay4MBaHMs MaTepuaa,
KOI/Ia €ro MPUYYarT TOJIBKO CIYIIAaTh W HE AT BO3MOYKHOCTH MOCIIOPUTH, TOT/Ia MOHEBOJIE
MCUE3HYT BCSKME 3a4aTKH BEPOSTHOCTHOTO MbIUIeHUs. 1 OyzeT mpoucxoauTs npuoOIeHne He
K TUAJIEKTHKE, a K MeTa(u3HKe.

Yuureasn. I ¢ Bamu cornaces.

ABTOp. O HE06X0AUMOCTH (GOPMUPOBAHUSA Y HAUIMX IIKOJIBHUKOB BEPOSTHOCTHOTO MBIIII-
JIeHUs B TIOocTieiHee BpeMs ToBopuTces Beé yamie. O0 3ToM nmumiet U xypHan «CoBeTckas nejiaro-
ruka»: «Ocoboro BHUMaHUs 3aciIy’KUBaeT BOIPOC O TOM, KaK pacCMAaTPUBAIOTCS B CETOIHSIIHEH
IIKOJI€ MPUYMHHO-CJIEJICTBEHHbIE CBs3U. HemponopiuoHanbHO O0nbIION 00bEM MEXaHMKH B
o01el cTpykType yueOHoro npeamera «Du3nkay, pacCMOTPEHHE HA YpOoKax MaTEMaTUKH U (Hu-
3UKM YNPaXHEHUHM W 3a7a4, KaK IPaBUJIO, TOJIBKO C TOYHBIMU pacu€TaMu «I10J OTBET» — BCE
3TO CIIOCOOCTBYET CTUXMMHOMY (POPMUPOBAHUIO Y HMIKOJBHUKOB MPEJICTABICHHS O IPUUNHHOCTH
KaK 0 XECTKOM MEXaHH4YeCKOM aeTepMuHH3ME. [loirydaercs, 4TO MBI TOTOBUM MOJOAEXKD AJIS
HEKOET0 HECYIIECTBYIOIETO MHpA, 1€ BCE OAHO3HAYHO ONPEENIEHO, /1€ TOYHO BBIIOJIHSIIOTCS
XKECTKUE TPOTHO3BI, I'/I€ BCE KATUTCS IO 3apaHee YJIOXKEHHBIM penbcaM. [loaToMy He yauBH-
TEJIbHO, YTO HEJIaBHUE BBITYCKHUKH IIKOJIBI YaCTO YYBCTBYIOT c€0s I0BOJIbHO HEYIOTHO, CTOJIK-
HYBILIXCH C IPOTUBOPEUYUSAMH U TPYIHOCTSIMH PEAIBHOTO MUPA, XapaKTEPU3YIOLIErocss HE OJIHO-
3HAYHBIMM MEXaHUYECKUMH 3aBUCHMOCTSIMH, a 00JIe€ CIIOKHBIMU CBSI3SIMH — BEPOSTHOCTHBIMH,
MHOTOBapuanTHbeIMI» [103, c. 6].

Yuureasb. A Kak npakmuuecky HayaTh (POPMHpPOBaAHHE BEPOSITHOCTHOI'O MBILIUICHUS Y yya-
muxcs? Bens, HaBepHOE, A1 3TOro MOTpedyeTcss U3MEHUTh POrpaMMbl?

ABTOp. /lymaro, 4To HaUMHATH HAJ0 HE C U3MEHeHus nporpaMM. HaunHath Hazo ¢ npeooo-
JIeHUs1 CKosblearowell pazeumue Haulel WKoIbl pazoowéHnocmu yueonvix npeomemos. Heobxo-
UM COI03 y4MTeJell — MaTeMaTHKOB, (PM3MKOB, XUMUKOB, OMojoros u Ap. He 6oprba 3a 1o-
IIOJIHUTEJIBHBIE, Yachl U IPUOPUTET CBOETO MPEAMETA, & COBMECTHBIE YCUIIMS, HAIPABICHHbBIC HA
o011yI0 11eb: (OPMUPOBAHUE BEPOSTHOCTHOTO MBIIIIEHUS, PACKPBITUE JTHUAJIEKTUKU HEOOXOH-
Moro u ciryyaitHoro. Koneuno, HeoOxoauM cBoeoOpa3Hblil Auprkép. Ero poins Moxer urpatsb,
HanpuMep, YUUTEIb GUINKHU.

Yumnresb. B 4éM IMEHHO 3aKIIIOYAETCSI 3TA POJIb?

ABTOp. Bo-1niepBpix, Ha COOCTBEHHBIX YpOKaX OH JIOJKEH aKIIEHTUPOBAaTh BHUMaHHE Ha BO-
pocax, UMEIOIINX BEPOSATHOCTHYIO IPUPOAY, OOBACHUTD, UTO TAKOE BEPOSITHOCTb, IIOTOBOPUTH
0 crenu(puKe BEpOSTHOCTHBIX 3aKOHOB, O NMPUHIUIHAIBHON POJM CIy4alHOCTH, O CBSI3U CITy-



YaifHOro 1 HeoOxoauMoro. Ha cooTBeTCTBYIOIIEM YPOBHE 3TO MOKHO (M JOJKHO) AETaTh YXKe B
VII knacce — mpu pacCMOTPEHHMHM CTPOCHHMsSI BEIIECTBA, JIABJICHUS B YKHUIKOCTH M raszax, Opo-
YHOBCKOTO JiBHXKeHHus, a B VIII kinacce mpu M3y4eHUH TETJIOBBIX SIBJICHUN U, B YaCTHOCTH, (pa3o-
BBIX MepexoioB. bonee riry6oko 1 00CTOSITENEHO BEPOATHOCTHBIE 3aKOHOMEPHOCTH MOTYT OBITh
paccMoTpensl Ha MaTepuane X u XI Kiaccos, 371ech clieyeT 000CHOBaTh (pyHIaMEHTAIbHOCTD
3TUX 3aKOHOMepHOCTel. Haaerock, uTo mHpOpManus, coepkaiiasics B TaHHONH KHUTE, TTOMOYKET
YUUTEINO (PU3UKHU TIOJTHEE PACKPBITH 3TH BOIMPOCHI.

Bo-BTOpBIX, BRICTynas B KauecTBE AMPUKEpA, YUUTENb (PU3UKU JOHKEH M03a00TUTHCS O
TOM, YTOOBI Ha ypoKax XMMHUHU OOpalalioch BHUMAaHHWE HA BEPOSTHOCTHBIM XapakTep XUMHUYe-
CKUX peaklui, BEPOSITHOCTHYIO MPHUPOAY 3JIEKTPOHHBIX OOJIAKOB B aTomax, 4TOOBI Ha ypokax
Omosorun o0Ccykanach BEPOSATHOCTHAS CYITHOCTh €CTECTBEHHOTO OTOOpa, 3aKOHOB MeHens,
myTauuid. Ha ypokax ¢usuku, XuMuu, OMOJIOTUH ydaluecs JOKHBI BCTPEYaThCs ¢ IEMOHCTpa-
el oOLIero MPUHINIA — BePOAMHOCHHbIE 3AKOHOMEPHOCIU (DYHOAMEHMANbHbI, MAK KAaK
8bIPAdNCAlOmM OUANEKMUKY HeobXx00umo2o u ciaydainozo. Ha ypokax 1o pa3HbIM MpeAMeTaM yda-
IIMEeCs JOJDKHBI BCTPEYAThCs ¢ CUTYALMsIMU, KOTJ]a B Xa0ce 0OHapyKUBAETCS TOPSIIOK, KOT/AA U3
xaoca poxjaaercs nopsaaok. Bc€ aTo 1omkHO nMeTh BbIX0 Ha TipeameT «O011ecTBOBEICHHE), Ha
BOIPOCHI MaTepUAIMCTUYECKON JUATEKTUKHU. 3aMETUM, YTO C BEPOSITHOCTHBIM IOJIXOJJOM TECHO
CBSI3aH MHOTOBAapUaHTHBIN MOAXOM; OH JIOJDKEH HaXOJIUTh OTPa)KEHUE MPHU NPENOJaBaHUU UCTO-
PHUU U TUTEPATYPHI.

Yuuresn. Xopoio, yTo Bc€ 3TO He TpeOyeT U3MEeHEeHHs yueOHoro Turana. MakTUYecKH 3TO
MOYKHO C/IeJaTh B JIFOOOH IIKOJIE.

ABTOp. JlyMaro, 9To HE cleyeT 0COOEHHO O0SAThCA U U3MEHEHUU ydeOHoro riaHa. Takas
CIIOKHAsl M BakKHas 3aja4ya, Kak (OPMHPOBAHME BEPOSITHOCTHOTO MBILUICHUS, mpebyem W 3a-
cayacusaem TPOBEACHUS CMEIIBIX MEAArOrMu4ecKuX 3KCIEPUMEHTOB, CBSI3aHHBIX C U3MEHEHHUEM
y4eOHOoro miaHa. MHe Ka)KeTcsl, YTO BO MHOTHX IIKOJIaX MOKHO Obuto Obl BBecTH B VII, a emé
ayuamie B VI kimacce npeamMer (BO3MOXKHO, (aKkyIbTaTUBHBIN) «BeposSTHOCTh B UTpax M pa3Blie-
yeHusx». EcTb, KCTaTH, O4eHb XOpollasi KHUra ¢ TaKMM Ha3BaHHWEM, HAllMCaHHas Kak 1mocodue
JUISL y4uTessl U3BeCTHBIMH mienaroramu Mopucom ['memanom (®pannus) u Tamamem Baproit
(Benrpus). Ilo ux MHEHHIO, TH UTPHI U Pa3BICYEHUS MOKHO HaYMHATH €II€ paHblle, yXKe B Ha-
yanbHON 1mkone. IlpuBenéM m0OBONBHO TIiIyOOKO€ 3aMeyaHHe, CAENaHHOE aBTOpAaMU KHUTHU:
«CTanKuBasch co cIy4yaiHOM cuTyaruei, MaJleHbKUE IETH JyMAloT, YTO MOXHO npedckazams e¢
UCXOJ; CTAHOBSICb HEMHOTOM TOCTapIlle, OHU OTBEYAIOT, YTO HUUE20 HENb3sl YMEepiHcoams; HO
MaJIO-TIOMaJly OHM OTKPBIBAIOT, YTO 33 KXKYIIUMCS Xa0COM MHUpPaA CIy4YallHOCTH MOXXHO OOHapy-
KUTh 3aKOHBI, KOTOpBIE IMO3BOJISIIOT HEIJIOXO OPUEHTHPOBAaThCA B peanbHOCTH. [lo 14 —15-
JIETHEr0 BO3pacTa MpPEeJCTaBISAETCS OYEHb TPYJIHBIM BBECTH TEOPHMIO BEPOSITHOCTEH Kak Oeodyk-
MUBHYI0 HAYKY; HO TEM HE MEHee, KaK Mbl IIBITAJINCh MOKa3aTh B ATOW KHUKKE, MOKHO MOJIBECTU
JieTel K ToMy, 4TOObl OHM CMOTJIM YTraJlaTh M MOYYBCTBOBATh 3aKOHBI CIIy4as, a 3aT€M M HCIIOJIb-
30BaTh UX. TeopHio BEPOSITHOCTEN CllelyeT pacCMaTpUBaTh HE TOJIBKO KaK pa3/esl MaTeMaTHUKH,
HO TaK)Ke€ KaK OJMH U3 IIOAXO0JI0B K peaibHOMY Mupy» [36, c. 175].

Yumnrean. HaBepHoe, NIKOJBHUKOB HAJ0 3HAKOMUTH C UAESIMH MAacCOBOTO OOCIYKHBaHMUS,
yhpaBieHusi, KHOepHeTUKU. Beab B cOBpeMeHHOM KM3HM 0€3 BCEro 3TOro TPyJIHO OPUEHTHPO-
BaThCA.

ABTOp. B Hame Bpemsi pa3pabaThIBaloTCs M alipoOOUPYIOTCS 3KCIIEpUMEHTalIbHbIE YueOHbIe
IUTAHbI, B KOTOPBIX MOSBJISIOTCS, HAPALY C OOBIYHBIMU, YUEOHbIE IPEAMETHI KAYECTBEHHO HOBOT'O
TUIIAa — UX MOYKHO Ha3BaTh urmezpamueuvimu. OHU CUHTE3UPYIOT CBEJIEHUS U3 PA3HBIX Mpel-
METOB, U3 Pa3HbIX 00JACTEl HAay4yHOM M MPAKTUYECKOH NEeATEJbHOCTH 4elloBeKa. B ogHOM u3
9KCIIEPUMEHTAIBHBIX IIAHOB MIPENyCMaTPUBAETCS, HAIPUMED, MHTETPATUBHBIN MpeaAMET «3aKo-
HOMEPHOCTU OKpYXKalolero Mupa». B nmutupoBanHoi panee cratbe n3 «COBETCKOM Teaaroru-
Ki» 00 3TOM IpeaMeTe HamucaHo cienyromee: «Ero 3aiaga: 3a105KuTh OCHOBBI BEPOSTHOCTHOTO
MBIIUIEHUS] YYallluXcsl, I0Ka3aTh, YTO BEPOSITHOCTHBIE 3aKOHOMEPHOCTH HaOJIOJAl0TCS BE3JlE B
YeJI0OBEYECKON MPAKTUKE U ABISAIOTCS (YHIaMEHTAIbHBIMU 3aKOHOMEPHOCTAMH B Ipupoje. 13y-
yasl JaHHBIN IIPEAMET, yJalluecs pouayT yepe3 Tpu dtana. [IepBslid 3Tarm — BEpOATHOCTH B UTI-



pax u pa3BieueHHsX (CIydailHble YHCiIa, TEHEPATOPhl CIyYalHBIX YHCEN; CIydaiHble COOBITHS;
JTUCKPETHBIE CITyYaifHbIe BEJIMYHMHBI, PACIPEACIICHHs; CIydailHble MpoIecchl). Bropoi atam —
BEPOATHOCTH B UEJIIOBEYECKOM MPAKTUKE (CHCTEMbBI MACCOBOI0 OOCIyKMBAaHMsI, OUE€PEAN; CTATH-
CTUYECKHUE MCHBITAHUS; UTPbl U MPUHATHE PEUICHUS B YCIOBUSAX HEONPENEIEHHOCTH; yIpaBiie-
HHUe, UHPOpMaLUs, BEPOATHOCTh, KHOEPHETHUECKUE CHUCTEMBI, 0TOOp MH(pOpPMAIMK U3 IIyMa).
Tpetuit sTan — BEPOSATHOCTHBIE 3aKOHOMEPHOCTH B €CTECTBO3HAHUU: (pu3MKe, OMOJIOTHH, XU-
mum» [103, c. 9].

Yuurenb. Kakum kitaccam oTBEHaOT YKa3aHHbIE TPH dTana’?

ABTop. IlepBsiii aTan — 310 VI Kinace, Bropoit atan — VII kiace, tperuit atan — VIII
KJIacc.

Yuutenn. Hauaro nu rie-aHubyap npenoiaBanue 3Toro npeamera?

ABTop. Jla, oH Havanm mpenogaBatbest ¢ 1 ceHTAOps 1988 r. B HECKOJBKHUX MOCKOBCKHX
IIKOJaX, JOOPOBOJIBHO PEIIMBIINX MEPEUTH Ha SKCIIEPUMEHTAIBHBINA yUeOHbIH T1aH « DKOJIOTHS
U JHUaJeKTUKa», pa3paboTaHHbIE MOCKOBCKHUM TOPOACKUM HHCTUTYTOM YCOBEPIIEHCTBOBAHUS
yuuteneil. O6 3TOM 3KCIepUMEHTATFHOM IUIaHe, ero Crelu(uKe 1 3a/1a4ax nucaia razera «Mo-
CKOBCKHMH KOMcOMOJIeI» OT 26 ampesnst 1988 r.

Yuureab. BcE 3T0 04E€Hb HHTEPECHO.

ABTOp. Hano kak MOKHO CKOpee CABUHYTH JI€JI0 ¢ MEPTBOM TOUKH. [10ATOMY O4YEHB Ba)KHO,
YTOOBI MEeAaroru U pabOTHUKM HAPOJHOTO 00pa3oBaHUs MOHUMAIH OCTPYIO HEOOXOIUMOCTD
BBEJICHUSI BEPOSITHOCTU B IIKOJIbHBIE MPOTPaMMbl M y4e€OHBIE TUIAHBI, UCKIIOUUMENbHYIO 8AMNC-
Hocmb GOPMHUPOBAHUS Y MOJIOJEKN BEPOATHOCTHOTO MBIIUIEHUS. DaKTUYECKH TPU 3TOM pella-
eTCsl TpUeIrHas 3a/1a4da. Bo-nepBbIX, OpUEHTALMS yYalllMXCs HA peajbHble 3aKOHOMEPHOCTH, HA
CUTyallUl U CUCTEMBI, C KOTOPBIMH MM NPUAETCS BCTPEUAThCS B KU3HU. BO-BTOPBIX, pa3BUTHE
MBIIUICHHSI, OBJIaJIeHUE AUAIEKTUKON HE00X0JUMOro U ciay4aiiHoro. B-tpetbux, dopmupoBanue
aTeHCTUYECKOro MUpoBO33peHus. HamomuuMm: nmubo 6or, mubdo ciydail; 1100 pa3ym TBopIa, JTH-
060 oTOOp MHGOPMAITIHN U3 TITyMa.

B 3axmoueHne noguepkHEM, 4To 0€3 pacCMOTpPEeHMs BEPOSTHOCTHBIX 3aKOHOMEPHOCTEH
npeaMeTsl «Pusnka», «Xumus», «bronorus» NpUHIMINAIBLHO HENb3sl CYUTATh COBPEMEHHbIMU.
CoBpeMeEHHBIN MKOIBHBINA IPEIMET JOJKEH OTPakaTh METOIOJIOTHIO COBPEMEHHOMN HAYKH.



§ 14. OT CUMMETPUN TEOMETPUYECKUMX
®OPM K CMUMMETPNN PUNSNHECKUX 3AKOHOB

Yrto Takoe cummerpusi? Y JI. H. Tonctoro B «OtpouectBe» (rnaBa XIX) ecth mpu3HaHuUE:
«...CTos mepenl u€pHOM HOCKOW M pUCys Ha HEil MeJIoM pa3Hble (GUTYPBI, 5 BAPYT ObUI MOPaXEH
MBICIIBIO: TIOYEMY CUMMETpUS MpHUsATHA 171 T1a3? UTo Takoe cuMMeETpHsi? DTO BPOXKIEHHOE UyB-
CTBO, OoTBeyal s caM cebe. Ha uém xe oHO ocHOBaHO? Pa3Be BO BCEM B *KM3HM CUMMETPUs?»
Bunnseiit marematuk I'. Beinp (1885 — 1955); ormeuan, 4to cummeTpus «sBIsieTCSl TOU Uieei,
IOCPEACTBOM KOTOPOM YEJIOBEK Ha MPOTSHKEHUM BEKOB IBITAJICA MOCTUYb U CO3AATh MOPSAIOK,
KpacoTy u coBepmeHCTBO» [19, c. 37]. «/lnst yenoBedeckoro pazyma CHMMETPHS 00JIaaeT, mo-
BHUJINMOMY, COBEPIIICHHO OCO0O0¥ MpuTATaTeNbHOW cuioi, — mucan P. @eliman. — Ham Hpa-
BUTCSI CMOTPETh Ha TNPOSBICHHE CUMMETPUHU B TMPUPOJE, HA UJCATBHO CUMMETPUYHbIE COEphI
rwianeT win CoJHIla, Ha CHMMETPUYHbIE KPUCTAILIbI, HA CHEKWHKH, HAKOHEI], Ha LBEThI, KOTO-
pBl€ ouTH cUMMeETpuuHb» [134, c. 72].

Urak, uyto ke Takoe cummempus? CIOBO TO TPEUECKOE U MEPEBOJIUTCS KaK «copazmep-
HOCTb, ITPONOPLUOHAIBHOCTD, OJMHAKOBOCTh B PACIOJI0XKEHUH YacTei». «Mbl BUIUM, — IHUILIET
H. ®. OBunHHUKOB B paboTe «CHMMETpHs — 3aKOHOMEPHOCTh MPHUPOABI U MPHUHIIUI MTO3HA-
HUS», — YTO PaBHOCTOPOHHUH TPEyTOJbHUK JIy4YIlle OPraHU30BaH, Oojee MpaBHiIeH, YeM Pa3HO-
CTOPOHHHUH, a TIOCJIECIHUNA OOJiee OPraHW30BaH, YeM MSATHO. DTy OOJBIIYI0 OpPraHW30BaHHOCTD,
OOJIBIITYI0 YPaBHOBEUICHHOCTh (UTYpHI U BBIpaXKaeT TepMUH «cumMmeTpus» [97, c. 11]. Yacto
MIPOBOJSITCS MapalIeIi: CHMMETPHSI U YPaBHOBEUIEHHOCTh, CAMMETPHS M TAPMOHUS, CAMMETPUS
U coBepiieHCTBO. COIIaCHO COBPEMEHHBIM IPEICTaBICHUAM, CHMMETPHIO MOXKHO ONPEIEINTh
npuMepHO Tak: «CHMMETPUYHBIM Ha3bIBAETCS TAKOM IMpeIMET, KOTOPbIM MOKHO KaK-TO H3Me-
HATb, TIOTy4ast B pe3yJbTare TO e, ¢ uero Havanm» [134, c. 72]. Takum oOpasoM, cummempus
npeononazaem HeusMeHHOCMb 00beKma (KaKux-mo ceoucme oOvbeKma) no OMHOWEHUIO K Ka-
KUM-HUOY0b npeobpazosanusim, Kakum-HuOyob onepayusim, GblNOJIHAEMbIM HAO 00bEKMOoM.

Tak, 6aboyka CHUMMETpPUYHA 110 OTHOIICHHUIO K OTPAXEHHUIO B BOOOpakaeMoM 3epKajie, pas-
nensitonieM 06a004Ky momnojaM BAodb e€ TyjoBuiia. KBagpar cMMMETpUYEH MO OTHOIIEHUIO K
noBopoTy Ha 90°. boparop cuMMETpHYEH 1O OTHOIICHHUIO K CMEIICHHIO (TIEPEHOCY) BIIOJIb HETO
Ha OIpeeIEHHOE pacCTossHNE. B mepBoM nprMepe Mbl BCTpedaeMcs C 3epKalbHOU CUMMETPUEH,
BO BTOPOM — C NOBOPOMHOU, B TPETHEM — C NEPEeHOCHOU, U MPAHCAAYUOHHOU. Pa3nudHbie
BUJIBI CHMMETPHH TOJPOOHO OMMCAHBl BO MHOTUX KHHUTaX; COBETYEM UMTATEII0 MO3HAKOMUTHCS
C HUMH, HaIlpuMep, 10 KHUTE aBTOpa « ITOT yAUBUTEIBHO CUMMETpUYHBIA Mup» [119].
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7KuBoe U He:KMBOe € TOYKH 3peHHs] CHMMETPHH; MPod/jieMa BO3HUKHOBEeHHs »ku3Hu. Ha
pucyHke 3.6 n300pa’keHbl MPOCTPAHCTBEHHBIE MOETH JABYX MOJEKYJI — BOJABI U BTOPUYHOTO
OyTUJIOBOTO CIIMPTA; TaM K€ MOKa3aHbl UX 3a3epKajbHbIE TBOMHUKU. Mex1y paccMaTpuBaeMbl-
MU MOJIEKYJIAaMH €CTh NPUHLMIIKAIBHOE PA3JIMYMe: MOJIEKYJIA BOAbI COBIALACT CO CBOUM 3€p-
KaJIbHBIM 00pa3oM, a MOJIEKyJa CIUpTa He coBnaaaeT. Hukakumu nepemMenieHusMu U moBopo-
TaMH HEJIb3s COBMECTUTH MOJIEKYIy CIUPTA C €€ 3a3€pKajbHbIM JABOMHUKOM; OHU OTJIMYAIOTCS
oJI00HO TOMY, KaK OTJIMYAIOTCS IPYT OT JIpyra JieBasl U IpaBasi IIepyaTKy, JIEBbIM U MpaBblii 00-
TUHKH, JICBBIM U MPaBbIi BUHTHI U T. II. EciiM MOJIEKyIly CIIMpTa yCIOBHO Ha3BaTh «JIEBOW», TO



3€pKAJIbHO OTPaKEHHYI0 MOJIEKYJTY CIIEYET Ha3BaTh «IIpaBoi». «JIeByI0» U «IIpaByr0» MOJEKY-
Jbl XUMHUKH Ha3bIBAIOT cmepeouzomepamu. MOIEKyIbI-CTepeOn30Mepbl UMEIOT OJUHAKOBBIH
aTOMHBII COCTaB, OJIMHAKOBBIE pa3Mephl, 0oJjiee TOro, OAMHAKOBYIO NPOCTPAHCTBEHHYIO CTPYK-
Typy — U B TO K€ BpeMs OHU Pa3INyHbl, IOCKOJIbKY 3epKaibHO acummempuinsl. CBOUCTBO 3ep-
KaJbHON aCUMMETPUYHOCTH (CBOMCTBO, MPOSBIISIONIEECS] B TOM, YTO OOBEKT OKa3bIBACTCS HETO-
JECTBEHHBIM CO CBOHMM 3€pKaJIbHBIM 00pa3oM) Ha3bIBAIOT KUPATbHOCMbI0 — OT TPEUYECKOro
«KHp», YTO O3HAYaeT «pyKa». MoyieKyna BTOPUYHOrO0 OYTHUIIOBOTO CIIUpPTAa — MPUMEP KUPAIIhb-
HOW MOJIEKYJIBI.

Cy11ecTBEHHO, YTO MOJIEKYJBbl, U3 KOTOPBIX IOCTPOEHBI J/CUBbIE OP2AHUMbL, 3EPKAIBHO
ACUMMETPUYHBI, T. €. KUpaJIbHbl. OHU MOJAO0HBI «BUHTAM», @ BO MHOTHX CITydasix MPOCTO MOXO-
KU Ha BUHTHI (Hampumep, ABoiHas crnupanb Moisiekyinsl JJHK). bonee toro, atu monexyiisl
BCTPEUAIOTCS B MPHUPOJIE JIUIIH B KAKOM-TO OJJHOM BapHaHTe — JHOO0 «IEBOM», JIUOO IIPAaBOM»
(kupanvno uucmole monexkynsl). Tak, nBoitHas cnupans moisekyibl [IHK Bcerna npasas: ecnu
CMOTpPETH BJIOJIb €€ OCH, TO MPH JABMKEHUH MO0 BUHTOBOM JTMHUH IO YaCOBOI CTpeNke To4Ka Oy-
JEeT yaanatbes oT Habmoaarens. Ha pucynke 3.7 noka3aHsl jieBasi ¥ I1paBasi CIIUPAIH.
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JIyu ITacrep (1822 — 1895) nepBbiii 00paTiil BHUMaHUE Ha TO, YTO €CJIM B HEXXUBOW MPUPO-
JIe MOJIEKYJIbI JINOO 3epKajJIbHO CHMMETPUYHBI, INOO OAMHAKOBO YaCTO BCTPEUAIOTCS B «JICBOM»
U «IIPAaBOM» BapHaHTAX, TO B KUBBIX OPraHU3MaX 3€pKaJIbHO-aCUMMETPUYHBIE MOJIEKYJIbI BCTpPE-
YAKOTCSA B BUJIE TOJIBKO ONPENEIIEHHON KHMPaJbHOCTH — JIEBOM WM mpaBoM. Ilacrep, a 3arem
B. U. Bepnanackuii mosnaraiau, 94T0 UMEHHO 3/IECh NPOXOOUM SPAHUYA MeNCOY XUMUEU HCUBOU U
HexCugoll npupoobli. MOXXKHO CKa3aTh, YTO B OTVIMYME OT HEOPraHMYECKHX OOBEKTOB JKUBBIE Op-
TaHU3MBI IOCTPOEHBI U3 «BUHTOBY, IPUYEM BUHTBI OJJTHOTO THIIA TOJIBKO JIEBBIE, 4 APYTOrO TOJb-
Ko mpaBbie. Cneyuguka scugoll mamepuu — Kupaivras yucmoma monexyn. «OnaHa u3 Hanboee
3aMevaTesIbHbIX YepT KU3HU, — YUTAEM MbI B BEJIUKOJICMTHOMN MOMysipHoN kHure M. ["apaHepa,
— 3TO CIIOCOOHOCTH OpraHM3Ma M3BJIEKATh U3 OKPYXKAIOLIEH cpeibl XUMUYECKHUE COECTUHEHUS,
MOJIEKYJISIpHAsi CTPYKTypa KOTOPBIX MO OOJbIlIeN YacTH CUMMETPHUYHA, U M3TOTOBIATH M3 HHUX
IIPaBbIE U JIEBBIE ACUMMETPUYHBIE COCIMHEHUs yrieponaa. PacTteHus, Hanmpumep, UCHOJIB3YIOT
CUMMETpPUYHBIE HEOPTAHUYECKUE COEIMHEHMS BPOJE BOJBI M YIVIEKHCIIOTO ra3a M MpeBpaLAl0T
UX B aCUMMETPHUUYHBIE MOJIEKYJIbI KpaxMajla M caxapa... Tena BCeX JKHMBBIX CYIIECTB HACBILEHBI
ACUMMETPUYHBIMU YTJIEPOJHBIMU MOJIEKYJIaMH, a TaK)K€ aCUMMETPUYHBIMU CIIUPATIIMU OEJIKOB
Y HYKJIEMHOBBIX KucioT» [28, c. 135].

UenoBek MOCTPOEH W3 MOJIEKYJ ONpeAeNEHHON KUPAJbHOCTU (JUIS1 OJHUX BHUJIOB MOJIEKYJ
JeBOH, Juid Apyrux mnpasoit). [Torpebisiemast uenoBeKOM OpraHuyeckas MHIA Takke MOoCTpoeHa
13 MOJIEKYJI OIIPEACIIEHHON KUPAIBHOCTHU. SICHO, UTO KUPAIBHOCTh MOJIEKYJ UL CO2NACYemcsl
C KUPAJBHOCTHIO MOJIEKYJI YEJIOBEYECKOro opraHmiMa (ImogoOHO TOMY Kak IpaBble Taiiku «co-
[JIaCyIOTCS» C MpaBbIMU OOJNTaMHU, a JIEBbIE — C JIEBBIMM). A 4TO OyJIeT, €CIM KUPAJIbHOCTh MO-
JeKyJ Hamed nuiy BApYyr usmMeHutcs? Takas numa Oyaer A Hac yKe HelmpurogHa (Kak He-
IIPUTOJIHBI JIEBbI€ TaliKU JUIsSl MPaBBIX OOJITOB), OHA MOMKET OKa3aThCs OUOI02UYECKU SIO0BUMOLL.
CoBpeMeHHast XMMHUSL B PsIZIE€ CITy4aeB UCKYCCTBEHHO IOJIy4aeT 3€pKajIbHO OTPAKEHHBIE CTEPEO-
W30MEpBI; UX JIEHCTBHE HA YEJIOBEYECKUA OPraHW3M OKa3bIBAECTCS COBEPIICHHO MHBIM IO CpPaB-
HEHUIO C JIEMCTBUEM IIPUPOJIHBIX CTEPEON30MEPOB. TaK, «OTpakEHHBII CTEPEON30MEP BUTAMMU-
Ha C He BocmpuHUMaeTcs opraHu3mMomM. HeGombias pobaBka B mumly (heHHIIaTaHWHA, PUTO-



TOBJICHHOTO M3 MMEIOIINXCS B MPUPOJE BELIECTB, HE BBI3BIBAET HEIPUATHBIX MOCIEICTBUI; J10-
0aBKa ke «OTpak€HHOro» (hpeHmIIaIaHuHa NMPUBOJUT K PE3KOMY HapyIICHHIO OOMEHa BEIECTB,
COIPOBOKAAIOIIEMYCSl YMOIIOMEIIATEILCTBOM.

B usBectHoit nerckoi kuure JI. Kappomia «Anuca B 3azepkanbe» ecTh Takas cuenka. Co-
Oupasich «IPOUTH» CKBO3b 3€PKAJIO B CKPBITHIN 32 HUM 3a3epKaJIbHBIA MUp, Anica oOpaiaercs K
cBoeMy KOTEHKY ¢ BompocoMm: «Ho monpaButcs nmu Tebe B 3azepkanbe, kucka? JlamyT nmu Tebde
TaM MoJiouka? MoeT ObITh, MOJIOKO B 3a3epKalibe He TOJUTCS A NUThsA?» JleficTBUTENbHO, B
COCTaB MOJIOKA BXOJUT MHOT'O 3€pPKaJIbHO-aCUMMETPUUYHBIX COCANHEHUH — JKUPBI, JTJAKTO3a (THI
caxapa), oenxu. Ilpu «mmepexone» u3 0OBIYHOIO MUPA B 3a3€pKaAbHBIA BCE aCHMMETPHUYHBIE MO-
JEKYJIbl JOJKHBI ObUIH OBl IPEBPATUTHCS U3 OAHUX CTEPEOM30OMEPOB B JpyTue («OTpaKEHHBIEN);
B pe3yJIbTaTe 3a3epKaJIbHOE MOJIOKO JIOJKHO OBUIO ObI OTIMYATHCS OT 00bIYHOr0. Bripouewm, mpu
«1epexone» B 3azepKanbe U Annca, U €€ KOTEHOK CaMM IIPEBPALIAIOTCS B CBOMX 3a3¢PKAJIBHBIX
JBOMHMKOB. A B TaKOM Cllydae 3a3epKajbHOE MOJIOKO OyJEeT JUIsl HUX, KOHEUHO, CTOJIb )K€ BKYyC-
HBIM | TIOJIE3HBIM, KaKUM OBIJIO paHbIlie 0OBIYHOE («HEOTPAKEHHOEY ) MOJIOKO.

C Bompocamu 3epKajibHOW CUMMETPUU-ACUMMETPUN HA MOJIEKYJISIPHOM YPOBHE TECHO CBSI-
3aHa MPOOJIEMa O3HUKHOBEHUS JHCUZHU HA 3eme — Be/lb )KUBasi MaTepusl BO3HHUKIIA B CBOE Bpe-
MSI U3 HEKUBOW. JTO BO3HUKHOBEHHE OOYCJIOBJICHO HApYUleHUEM CYuecmeosasuieli 00 mozo
3epKanbHOl cuMmempuu, 00pa30BaHUEM KHPAJIBbHO YUCTBHIX MOJIeKyJ. Bocnpoussenenue u mnosu-
JiepKaHue B JaJbHEUIIEM 3TOW KUPAJIbHON YMCTOTHI €CTh BaKHEHIass (PyHKIUS KU3HEIeATeIb-
HocTH. CoOBpeMEHHas HayKa NpHIUIA K BBIBOLY, 4YTO IIEpEX0 OT MHpa 3E€pKAIBHO-
CUMMETPUYHBIX COEAMHEHNH K KMPaJIbHO YMCTOMY MUPY ITPOU30LIEI HE B IPOLIECCE JUIUTEIBHON
9BOJIIOLUH, & CKAYKOM — B BUJIE CBOEOOPA3HOIro bobuio2o duonocuieckozo 63pwiéa. ITo Oblia
oudypkanus, akt camoopranuzanuu marepun (cm. § 13). JI JI. Mopo3zos (1946 — 1984) — onun
U3 aKTUBHBIX HccienoBaTesael npodieMbl BOSHUKHOBEHNUS KHU3HH B pPe3yJIbTaTe HapyLICHUs 3ep-
KaJbHON CUMMETPHH — THUCAT: «AHAJIN3 yCIOBHA, KOTOpBIE (PU3MUECKUI MUP MOT 00ECTIEUUTh
JUIsL HapYIIEHUs 3€PKaJIbHOM CUMMETPUH, IPUBEI HAC K JOCTATOYHO CHUIBHOMY YTBEPXKICHUIO:
9BOJIIOIIMOHHBIE MTPOLECCH] HE CIIOCOOHBI 00€CeUnTh BOSHUKHOBEHUE HAOI01aeMOr0 KUPAIbHO
YUCTOT'O COCTOSIHUS Onocepsl. ['eHe3uc 3TOro COCTOSTHUS CBSI3aH HE C YCTOMUMBOM 3BOMIOIMEH
OpPraHMYECKOTo BEILEeCTBa, a ¢ KaTtacTpodoil, T. €. JOCTHKEHUEM pa3BUBAIOLICHCs Cpeol KpH-
TUYECKOW TOUKH, 33 KOTOPOU TepsieTCs] yCTOWYUBOCTD MPEKHET0, CAMMETPUYHOTO COCTOSHUSL. ..
Ha xakom-To 3Tane nepexoja MaTepuu K KUBoi hopMe A0oKeH ObITh aHAJIOT “BOoJBIIOro B3pHI-
Ba” — “buonorudeckuit 6ompioi B3peiB”!» [77, c. 47 — 48].

O0o001eHue MOHATHA cMMMeTpHUHU. Jl0 CHUX MOp MBI TOBOPMWIJIM O CUMMETPUHU B OOBIYHOM
2eoMempu4ecKkom CMbICIIE — KaK O CUMMETPUU Te€OMETPUUECKUX (GOpM WM, UHBIMH CIIOBaMH,
cummempuu nonodxceruii. COBpeEMEHHOE MOHATHE CUMMETPHUH 3HAYUTENIBHO IIMPE: OHO He 02pa-
HU4U8aemcs pacCMOTPEHUEM HEM3MEHHOCTH OOBEKTOB MO OTHOIICHUIO K T€OMETPUUYECKUM IIpe-
00pa30BaHUsAM — OTPaKEHHUSIM, TOBOPOTAM, IIEPEHOCAM.

[IpuBeném psa npumepos. [Ipennonoxum, 4To Bce AIEKTPOHBI OJTHOTO aTOMa OMEHSITUCH C
3JIEKTPOHAMHM JIpyroro aroma. [10cKoibKy 371€KTpOHBI TOKAECCTBEHHBI (JII000N HayraJ] BbIOpaH-
HBI 3JIEKTPOH HUYEM HE OTJIMYAETCSd OT MUPHAI0B JIPYIHMX 3JEKTPOHOB), TO OT OOMEHa AJIEK-
TPOHOB HUKAaKHUX U3MEHEHHUI B aToMax He Mpou3oieT. 1o ecTb cumMmeTpusi. OGpatumcs K pac-
TeHusM. [lepexons OT OAHOTO MOKOJIEHUS JaHHOTO PacTeHUs K IpyroMy, OyJemM HaboaTh Co-
XpaHeHHE OoNpeAeaEHHbIX CBOMCTB. Tak, U3 ceMeuka BbIpacTaeT HOBBIM MOJCOIHYX (ITOJICOTHEY-
HUK) C TAaKUM K€ OTPOMHBIM COLIBETUEM-KOP3MHKOM, TaK K€ MCIPABHO MMOBOPAYMBAIOIIMMCS K
COJIHILy. DTO TOXKE €CTh CUMMETpHS, €€ OOBIYHO HA3bIBAIOT HACIEACTBEHHOCTHIO. IIpokuB B He-
KOTOPOW MECTHOCTH T'0Jl, Mbl yOEKIaeMcsl, 4YTO KIIMMAaTUUYECKHE YCIOBUS, 0OCOOCHHOCTH MOTObI
OKa3bIBAIOTCS TAKMMHM K€, KAKUMU OHHU OBUTM TOTJa, KOrjga Mbl ctoja mpuexanu. M sto ectb
cummeTpud. Yucio yJapHBIX CIIOTOB OCTa€TCsi HEM3MEHHBIM NPU NEPeXo]ie OT OJHOW CTPOKHU
CTUXOTBOpEHUS K Apyroi. M Tyt cummerpus.

Wtak, NOHATHE CUMMETPUU MUMEET ONPEICNIEHHYIO «CTPYKTYpPY», COCTOSIIYIO U3 TPEX (ax-
TOpOB: 1) 06vexm Wnu s6nenue, CAMMETPUS. KOTOPOTO paccMaTpUBaeTcs, 2) usmenenue (npeoo-
pasoeanue), O OTHOUIEHUIO K KOTOPOMY paccMaTpHUBaeTCs CUMMETpUS, 3) uHBaApUaAHMHOCHb



(HeusmMeHHOCmb, COXpaHeHue) KAKUX-TO CBOMCTB OOBEKTa, BbIpaXkarollas paccMaTpUBAEMYIO
cummeTtputo. [loquepkHéM: HHBAPUAHTHOCTH CYILIECTBYET HE cama 1o cede, He BooOIIle, a JHIb
10 OTHOILEHUIO K ONpeieTEHHBIM npeodpa3zoBanusaM. C qpyroil cTOpoHbI, U3MEHEHUs (1Ipeodpa-
30BaHUsl) MPEACTABIAIOT UHTEPEC MOCTONBKY, MOCKOJIBKY YTO-TO IPU 3TOM coxpaHsercs. VHbI-
MU CJIOBaMH, 0e3 H3MEHEHUI HE MMEET CMBICIIAa pacCMaTpUBaTh COXpaHEHHE, paBHO Kak 0e3 co-
XpaHEHUs] MCcYe3aeT MHTepec K M3MeHeHUsIM. CHMMETpHs BBIPaXXaeT COXPAaHEHHE YEro-TO MpHU
KaKUX-TO U3MEHEHHUSAX WM, HHAUEe, COXpPAaHEHHE Yero-TO HECMOTps Ha n3MeHeHus. Takum obOpa-
30M, HOHAMUE CUMMEMPUU OCHOBbI8AEMCS HA OUANEKMUKE COXPAHEHUS U USMEHEHUsL.

[Tonmyuaercs, 4TO ¢ CUMMETpUEH MBI BCTpeyaeMcs HE TOJBKO, KOT/ia HaOI0gaeM CUMMET-
pUuHbIe (OPMBI, HO U BCAKHUU pa3, ko20a npu KaKux-mo usMeHeHUusx 4mo-mo oCmaémcs uHed-
PUAHMHBIM, 9TO-TO coxpaHseTcsi. CTporo roBops, Mbl UMEEM JIEJIO C CUMMETpPHUEN ellIE yalle —
BCSAKUN pa3, Kak ymoTpedssieM Kakou-Tu0o mepmuH, TOIB3yeMCcsS KaKOW-Tu00 abcmpaxyueti.
Bosbpmém, Hanmpumep, koneco. Koneuno, oHo 001a1aeT Xopoiro HabI01aeMO TeOMETPUIECKOM
cumMmetpueid. Ho ectb u Oosee TiryOoKasi CHMMETPHS: KOJIECO KaKk OOBEKT, KaK TOHITHE COXpa-
HSEeTCA cO BpeMeHeM. UTOOBI MOSCHUTH MBICTB, BO3BMEM Apyroi mpumep. Hexoropeie xutenu
CeBepa Ha3bIBAIOT THOJIEHS B BOJIE OJHUM CJIOBOM, a THOJICHS Ha JibAuHE — ApyruMm. Ho Beas 310
OJIMH M TOT ke OOBEKT — MPOCTO OH HAXOJUTCSA B Pa3HBIX COCTOSHUAX. [loaTomMy mosBiseTcs
€MHBIN TEPMUH — «TIOJICHBY, HE 3aBUCSIIUN OT TOTO, Iie MpeObIBaeT JaHHBINH OOBEKT: B BOJE
WM Ha JbauHe. Jlomyckasi, 4TO NpUBEAEHHBIA MPUMEP MOKAXKETCS YUTATENI0 MPUMUTHUBHBIM,
MPOWJUTIOCTPUPYEM TO K€ caMoe, 0OpaTUBIINUCH K ¢u3uke. B ¢cBo€ Bpemsi OBLIO yCTaHOBJIEHO,
YTO aTOMHOE SIPO COCTOUT U3 MPOTOHOB U HeHTpoHOB. [To31Hee pu3uKu 0OHAPYKUIIH, YTO MPO-
TOH ¥ HEUTPOH B MU3BECTHOM CMBICIIE ITOX0XKHU HA MOKPOT'O M CYXOTr'0 THOJIEHS, YTO C TOUKH 3PEHUS
CHJIBHOTO B3aMMO/ICHCTBHSI OHU MPEACTABISIOT COO0H MONPOCTY /IBa COCTOSIHUS OJHOM YaCTULIBI
— 3Ta CUMMETpHS MIPUBEJIa K MOSIBICHUIO HOBOW (PM3MUYECKOI BETMYHMHBI, Ha3BaHHOW M30TOIU-
YECKHM CITUHOM, a JJIsl IPOTOHA U HEUTPOHA OBLIO MPEITIOKEHO 00IIIee «UMs» — HYKJIOH.

CumMeTpus pu3NYecKUX 3aKOHOB. 13 CKka3aHHOTO BBIIIE SICHO, YTO MOHSATHE CUMMETPUU
MOYKET OTHOCUThCS K JII0OOMYy 00bekTy. [l Hac ocoboe 3HaueHUE MMeEeT TaKoH OOBEKT, Kak
@usuueckuti 3axon. Hamomuum ciosa B. U. Jlenuna: «3akoH €CTh UJIGHTUYHOE B SIBICHUSX» |35,
c. 136]. IlponmntocTprpyeM UX Ha KOHKpeTHOM npumepe. [Ipeanonoxum, 4To Mbl HAXOJIUMCS B
¢duznueckoil nabopatopun. bepém anexTpuueckuil MpoBoj ¢ HEKOTOPBIM ONPEEIEHHBIM COIIPO-
TUBJICHHEM, MPUKIIAJIBIBAEM IIEKTPUUECKOE HAMPSKEHHE U HAOII0aeM SBJICHHE — TI0 MPOBOY
Te4ET onpeaenEHHbIN TOK. MBI MOKEM MHOTOKpPATHO Ha0Jt0/1aTh JAHHOE SIBJIEHHE — C Pa3HbIMU
MPOBOJAMH, COTMPOTHBIICHUSMHU, TallbBAHUYECKUMHU dNieMeHTamMu. W Beskuit pa3 OyaeMm HMeTh
HEYTO UOeHMuUYHoe, HeUYTO HeusMeHHOoe, HeUTO UHBAPUAHMHOe — 3TO HEUYTO BhIPAXaeTcs 3aKo-
Hom Oma: I =V /R . Takum o6pa3oM, B caMOM MOHITUU (PU3NUECKOTO 3aKOHA (M HE TOJIBKO (PU-
3UUYECKOI0) 3aJI0)KEHA CHMMETPHSI, YTO U BBIpAXKarOT NpUBEAEHHbIE BhIlIe ciioBa B. U. Jlenuna.

OpaHako 3TUM BOIPOC O CUMMETPUU (HHU3HUECKUX 3aKOHOB He ucuepnvlgéaemcs. To UM UHOE
SIBJIGHHE MOYKHO HCCJIEIOBaTh B Pa3HbIX IOpOJax, B Pa3HOE BPEMs, B pa3HbIX MHEPLUAIbHBIX
cuctemax orcuéra. U Beskuit pa3 OyzneM UMEThb OJUH U TOT )K€ 3aKOH — TO € CaMO€ MICHTUY-
HOE, HEM3MEHHOE. MIHBapHaHTHOCTh 3aKOHOB IPUPOABI 110 OTHOLLIEHUIO K IIEPEHOCaM BO BpeMe-
HU U mpocTpaHcTBe Obuia oco3HaHa emé B XVII B. Crimao3a (1632 — 1677) nucan: «3akoHBI U
IpaBuiIa MPUPOIBI, IO KOTOPHIM BCE MPOUCXOAUT M U3MEHSETCS U3 OAHUX (GOPM B JIpyrue, Be3ze
W Bceraa oaHu U Te xke» [113, c. 455]. PaccMoTpum pa3nuuHbIe CBOMCTBA CUMMETPUU (H3HYE-
CKHX 3aKOHOB.

1. Cummempus no omuowenuio Kk nepeHocam 60 8pemeny 03Ha4aeT, YTO 3aKOHBI TPUPOIBI
CO BpeMeHeM He MeHstoTcsa. Eciin OBl 3TOM cuMMeTpHuH He OBLIO, TO TOT/Ia O/IHA U Ta )K€ MPUYH-
Ha CEroJHs MpHUBOJMIA Obl K OJTHUM CIEACTBHSIM, a 3aBTpa — K JIpyruM. K cuacThio, MOKHO He
6ecriokouthesi. OTKpbITHIA emé B I B. 10 H. 3. 3aKkOH Apxumena MpeKpacHo «paboTaer» U B
Hallle BpeMs; 3aKOHBI JJIs1 UJ€abHbIX Ta30B, ycTaHOBIEHHbIC B X VIII B., 3aKOHBI 3JIEKTpOMarHe-
THU3Ma, noJiydyeHHble B XIX B., paBHO KaK U OCTaJIbHBIE 3aKOHBI, IIIUPOKO ITPUMEHSIOTCS B COBpE-
MEHHOU HayKe U TEXHUKE.

Hwmes B BUIly CUMMETPHUIO (PU3HMUECKUX 3aKOHOB OTHOCHTEIIBHO NIEPEHOCOB BO BPEMEHH, I'0-



BOPAT 00 00HOpOoOHOCMU 8peMeHU. DTO 03HAYAET, YTO BCE MOMEHTHI BpeMeHH (pU3nyecKu pas-
HO3HAYHBI, JIF000I U3 HUX MOKET ObITh BEIOpAH B KauecTBe Hayasa oTcuéra. OHaKo, MOXKET 3a-
METHUTh YUTATEIb, pa3Be HE SBIACTCS (U3UUECKU BBIJICICHHBIM MOMEHT bombioro B3peiBa? Pas-
Be, IPOCHYBIIUCH Ie-TO B JAJIEKOM OyIyIlleM U U3MEPUB CPEAHHE PACCTOSHUS MEKIY rajlakTH-
KaMH, Mbl HE MOTJIHM Obl y3HaTh, B KAKOM MMEHHO BpeMEHHM Mbl ouyTwuinch? Ha 3Tu Bompockl
clielyeT OTBETUTh yTBepauTelbHO. HO B TakoM ciiydae pa3Be HE cielyeT CUUTaTh, YTO, CTPOrO
TOBOPsI, 3aKOHBI MPUPOBI BCE K€ 3aBUCAT OT BpeMeHH? Ha 3TOT BOIIPOC MBI CETOAHSI OTBETHUTH
HE MOXeM. SICHO, 4TO Ha JIOCTATOYHO OOJIBIIUX WHTEpBajgax BpeMeHHU (O€3yCIIOBHO BKIIOUAIO-
MUX B ceOst BCE BpeMs CYLIECTBOBaHMS IIUBHIIN3ALIMN) MOKHO C OOJBIION TOYHOCTHIO CUMTAThH
BpeMsi OAHOPOAHBIM. bosee Toro, yuéHsle puCKHYIM MPUMEHUTh U3BECTHBIE UM 3aKOHBI, YTOOBI
NpOaHaJIM3UPOBATh SBOJIOLMIO BeeneHHo# Ha ropa3fo 0ojee JUIMTENbHBIX MPOMEKYTKaxX Bpe-
MEHM — OT HallluX JIHEW 10 MajbIX JO0JIeM MEepBOM CEKyHIbl CyILIECTBOBaHUs BceneHHOM.
CTpoHHOCTD M JOTMYHOCTH MOJIyYaoUIecs MPU 3TOM KapTUHBI TTI00AIbHONW HBOJIOIUH CBH/IE-
TEJNbCTBYIOT 00 OMPaBIaHHOCTH TAKOTO PUCKA.

2. Cummempus no OMHOWEHUIO K NEPEHOCAM 8 NPOCMPAHCHEe 03HAYaeT, YTO 3aKOHBI IpH-
POJIBI HE 3aBHUCST OT BhIOOpa MecTa — OHU OJMHAaKOBHI B MockBe u Bamunrrone, Ha 3emiie U Ha
Jlyne, B ConHeuHOM cucTteMe M KakoH-HUOyab Nan€kol rajaktuke. MiMes B BUAY 3Ty CUMMET-
puto PU3NUYECKUX 3aKOHOB, TOBOPAT 00 0OHOpoOHOCMU npocmpancmed, T. €. HU3NIECKON paB-
HO3HAQYHOCTH BCEX TOUYEK IIPOCTPAHCTBA.

3ameTuM, yTO 06€3 CUMMETPHH IO OTHOIICHHIO K MEPEeHOCaM BO BPEMEHH M MEpPEeHocaM B
pOCTpaHCTBE (PaKTHUECKH HEJb3s ObLI0 OBl TOBOPHTH O CaMOM CYIIECTBOBAHHUU KaKUX-THOO
3aKOHOB MPHUPOAbI. «IHBapHaHTHOCTh 3aKOHOB MPUPO]IbI OTHOCUTEIHHO CIBUI'OB B MPOCTPAHCT-
BE U BPEMEHM CIY>XUT MOYTH HEOOXOJUMOHM MPEANOCBIIKOM TOTO, YTO MBI MOKEM OTKpPHIBATh
KOPPEJIAINHA MEXKTy COOBITHSIMU, T. €. 3aKOHBI Ipupob» [21, c. 36].

3. Cummempus no OMmHOWEHUIO K NOBOPOMAM 6 NPOCMPAHCMEe 03HAYAET, YTO B IPOCTPaH-
CTBE HET (U3UYECKU BBIJCICHHBIX HamNpaBlIeHU — npocmpancmeo usomponno. Hano ckaszartb,
YTO MJES U30TPOMHOCTH IPOCTPAHCTBA JaBajlach YEJIOBEUYECTBY ¢ HeMaibIM TpyaoM. Korma-to
JIOAM AyMaju, 4To 3eMilsl IUIOCKas M, 3Ha4UT, BEPTUKAJIbHOE HampasiieHue abcomoTHo. Jlonroe
BpeMs 3eMJIsl CUMTANACh LIEHTPOM MUPO3/JaHUs, I03TOMY PAaBHOLIGHHBIMHU OBLIM HE BCE BOOOIIE
HaIpaBJIEHUs, @ TOJIBKO T€, KOTOPbIE MPOXOJAT uepe3 LeHTp 3emiu. [lepenecenue neHTpa Mupa
¢ 3emnn Ha CoJHIlE COXpaHsUIO (PU3MYECKYI0 HEpPAaBHOLIEHHOCTh HampaBieHui. M Tonbko oTKa3
OT Kakux Obl TO HH OBUIO «IICHTPOB MHPO3JAHUS» COTJACYETCS C HJIEe U30TPOMHOCTH IPO-
CTPaHCTBA.

4. Cummempus no omuoweHuIo K nepexooy u3 0OHOU UHEPYUATbHOU CUCeMbl Omcyema 8
Opyeyio ecTh HE UTO UHOE, KaKk C(OPMYIHUPOBAHHBIN A. DUHIITEHHOM NpUHYUn OmHOCUMeNbHO-
cmu. DTa CUMMETpUs 3aKOHOB IPUPOJIbI COCTABISET CYIIHOCTh CHENMATbHON TEOPHUH OTHOCH-
TEJIBHOCTH, YCTaHOBUBIIEH (PU3NYECKYIO paBHO3HAYHOCTh BCEX MHEPIHUAIBHBIX CUCTEM OTCUETa
(cm. § 6). «HezaBucumMoCTh 3aKOHOB MPUPOABI OT COCTOSIHUS IBUXKEHUS, KOJIb CKOPO OHO IpO-
JIOJKAET OCTaBaThCsl PABHOMEPHBIM, BOBCE HE OYEBUAHA ISl HETIOATOTOBIEHHOIO yMa, — MHUCAI
Burnep. — Ongnum u3 e€ ciencTBuil sIBISETCS TO 00CTOSATENBCTBO, YTO 3aKOHBI PUPOIBI OIpe-
JEJISAI0OT HE CKOPOCTh, @ YCKOPEHHE Tela: CKOPOCTh pa3jMyHa B CUCTEMaX, ABMXKYLIMXCS C pas-
HBIMU CKOPOCTSMH, YCKOPEHHUE ke OJUHAKOBO, KOJb CKOPO CHUCTEMBI JIBUKYTCS OTHOCHUTEIBHO
JpyT Apyra paBHOMEPHO U MPSAMOJIUHENHO. [103TOMY NPUHIINII SKBUBAJIEHTHOCTH TAKUX CUCTEM
HE MOT OBITh YCTaHOBJIEH JI0 TOTO, KaK ObUI MOHAT BTOpoM 3akoH HbtoToHa. [locne oTKpbITHS
BTOPOI'0 3aKOHA 3TOT MPUHIUN ObUI cpa3y ke oco3HaH camuM HerotoHom. IlpaBna, ogHO Bpems
JoBepue (PU3MKOB K MPUHLUITY HE3aBUCHUMOCTH 3aKOHOB IIPUPOJIBI OT COCTOSIHHSI PABHOMEPHOTO
U MIPSIMOJIMHENHOTO IBMKEHUS OBIJIO MOAOPBAHO CYIIECTBOBAHHMEM HEKOTOPBIX AJIEKTPOMArHUT-
HBIX SIBJIEHUH, HO 3aTeM ODWHIUTEHH BO3POJMJ MPUHIUI B HECKOJIBKO M3MEHEHHOW peaaKIun»
[21, c. 25].

Kak ormeuanocs panee, npeoOpa3oBanus JIopeHIa MOIyT paccMaTpuBaThCsl, Kak MOBOPOT B
YeThIPEXMEPHOM NPOCTPAHCTBEHHO-BPEMEHHOM KOHTHHYyMe (cM. § 6). Otcroga cieayer, 4To
CUMMETPHUS 3aKOHOB IPHUPOJIbI OTHOCUTEIBHO MEpPEeXo/a W3 OJAHOM MHEepLUUATbHONW CUCTEMBI B



JPYTYIO TIPEACTaBIAET COO00N 0600weHue CUMMETPUH IO OTHOIIEHUIO K MoBOpoTaM. IIpocto
3JIeCh pacCMaTpPUBAIOTCSI MOBOPOTHI HE B OOBIYHOM TPEXMEPHOM HPOCTPAHCTBE, a B YETHIPEX-
MEPHOM KOHTHUHYYME.

5. Cummempusi OMHOCUMENbHO 3ePKATbHO20 OMPAXCEeHUs 03HAYAET, UTO (PU3MUYECKUE 3aK0-
HBI HE MEHSIOTCS NpU 3aMeHe 1e8020 HA Npasoe, a npagozo Ha aesoe. J1pe (huzndeckre yCTaHOB-
KH, OJJHA U3 KOTOPBIX MOCTPOEHA KaK 3epKaJIbHOE OTpakeHUe Apyrou, OyayT GyHKIIMOHUPOBATH
0JIMHAKOBO. «OTpaXEHHBIN) TEIEBU30p, «OTPAKEHHASD DIEKTPUUECKAs CXEMa, «OTpaKEHHas»
OTITHYECKasl CUCTeMa OyayT paboTaTh TOUYHO TaK ke, KaK OOBIYHBIN TEJIEBU30p, OOBIYHAS CXEMa,
oObrgHast cucrema. «OTpak€HHBIE» Yachl OYIyT TaK K€ XOPOIIO IMOKa3bIBaTh BpeMsl, KaK U
OOBIUHBIE YaChl; BOT TOJIBKO CTPEJIKHU X OYIyT BpallaThcs B IPYTyIO CTOPOHY U COOTBETCTBEHHO
uHave Oy/eT BBITIAAETh IudeporaaT. MOKHO MPEATIOKUTH HATIISATHYIO JEMOHCTPAIIUIO 3€PKaThb-
HOM CUMMETpHUH (PU3NYECKUX 3aKOHOB. [l0MyCcTHM, 4TO MBI CUAMM B KMHO3aJIE, 3aIHSs1 CTEHA KO-
TOPOTO 3aMEHEHA OOJBIIMM TUIOCKUM 3epKajioM. Ecu Mbl mOBEepHEMCS CITMHOM K dKpaHy U Oy-
JIEM CMOTpeTh (DUIIBM B 3€pKajie, TO HUKAKMX HEOOBIYHBIX C TOUKH 3peHMs (PU3UKH SBJICHUI MBI
npu 3TOM He oOHapyxuM. [IpaBaa, Ha 3a3epKaIbHOM SKpaHe TPYAHO OyAeT MPOYUTaTh HAAIUCH,
MOMAIAoNINe B KaJp, U 3HAKOMBIH Mel3ax Win ynuna OyAyT Ka3aTbCs HE COBCEM 3HAKOMBIMH.
Opnako 3ToT 3(peKT Hey3HaBaHUS, CBSI3aHHBIN ¢ 3aMEHOM JICBOTO Ha MPaBOe, HE UMEET HUKAKO-
r'0 OTHOIICHHS K (PU3NYECKUM 3aKOHAM.

o 1956 r. ¢pu3uKu CTaBUIM CUMMETPHIO TI0 OTHOIICHHUIO K OTPAKEHUIO B OJMH PSJ C pac-
CMOTPEHHBIMU paHee CUMMETPUSIMH; OHU ObUTH YOEKJIEHBI, YTO CUMMETPUEH OTHOCUTENIBHO OT-
paskeHus 0051a1ar0T Bee 0e3 UCKIoueHHs (puzndeckue 3akoHbl. B 1956 1. amepukanckue Gu3nKu
T. JIu (p. 1926) u Y. Snr (p. 1922) BeIABUHYIM TPEANOI0KEHNUE, YTO HHBAPHUAHTHOCTD (hHU3UYe-
CKHMX 3aKOHOB I0 OTHOIICHHIO K 3€PKAJIbHOMY OTPAKEHHIO MOXET HApyIIaThCsl B SIBICHUSX,
00yCIJIOBJIEHHBIX cJIa0bIM B3aMMOJEICTBHEM, HalpuMep MpH [-pacnajae aToMHbIX sjaep. B
1957 r. aTO MpeAcka3zanue ObLIO MOATBEPKACHO MPSIMBIM dKCIIepUMEeHTOM. K BeTuKkoMy yauBIie-
HUIO (M3UKOB OKa3aJIOCh, YTO 3€pKajibHasi CUMMETPHS €CTh HE BO BCEX (PU3NYECKUX 3aKOHaX,
YTO B HEKOTOPHIX SIBJICHUAX MPUPOAA OOHAPYKUBAET JIEBO-MPABYIO aCHMMETpUI0. B ToM ke ro-
ny JI. 1. Jlanpay (1908 — 1968) nmoxazan, 4TO CUMMETpHUSI BOCCTAHABIMBAETCS, €CIM OJHOBpE-
MEHHO C OTpa)X€HHEM B 3epKalie MPOU3BECTH 3aMEHY BCEX YacTHIl Ha WX aHTHYacTuibl. [log-
poOHee 000 BcéM 3TOM cM., Harpumep, B [28, 73, 119, 131].

IIpumep acumMeTpun pU3NYECKUX 3aKOHOB. MOXKET MOKa3aThCs, YTO 3aKOHBI MPUPOIBI
MHBApUAHTHBI 110 OTHOIIEHUIO K JIIOOBIM MpeoOpa3oBaHUsIM. JTO HE TaK. 3aKOHBI PUPOBI He-
UHBAPUAHMHBL OTHOCUTEIILHO, HATIPUMED, NPpeodpazo8arus noooobus, T. €. Ipeodpa3oBaHus, CBS-
3aHHOTO C WU3MEHEHHEM IPOCTPAHCTBEHHOro MacuTaba. [ eomempuueckuti npuHyun noooous
HenpumeHuM K QusuyecKum 3aKOHaM.

Hano npusHaTh, 4yTO Mzest mogodus BecbMa MPOYHO YKOPEHWJIACh B YEJIOBEYECKOM CO3HA-
HUM; OHA IIMPOKO HCMOJIb3YEeTCs HE TOJNBKO B JIMTEPAType, HO U B TEXHUYECKOM TBOPYECTBE.
CBudT noceutan cpoero ['ynnuBepa cHadana B JIumumyTuio, a 3aTeM K BelMkaHaMm B bpoOauHr-
Her. BceM Ham ¢ nercTBa 3HaKOMBbI [[f0iIMOBOYKA M MAJIBYMK € Madb4UK. MBI 3HaeM, 4TO a3po-
JTUHAMUYECKHE U TUAPOJUHAMUYECKHE KOHCTPYKIMU MPEIBAPUTEIHHO UCTIBITHIBAIOT HA UX MPO-
MOPIUOHATILHO YMEHBIIEHHBIX MOJIETISIX.

W3BecTHO, OJHAKO, YTO CKOJb-TUOO 3HAUMTENHHOE YMEHBIICHHE Pa3MEpPOB KOHCTPYKIIMU
WJIM YCTPOMCTBA MPH TaKMX MCHBITAaHUAX Hemomyctumo. Emé ["anumeid moragancs, 4To 3aKOHBI
MPUPOJIBI HECUMMETPUYHBI OTHOCUTEIFHO M3MEHEHHUs Maciitada. K 3Tomy BBIBOy OH MPHIIEN,
Pa3MBIILUIAS O MPOYHOCTH KOCTEH UBOTHBIX NPU YBEIIMYCHUH UX pazMepoB. UTOOBI OrpOMHBIi
BEJIMKAaH HMMEJ MPOMOPIMH HOPMAIbHOTO Telld, HEOOXOJAMMO 3HAYUTEIHHO YBEIUYHTH MPOY-
HOCTh €Tr0 KocTel. B mpoTuBHOM ciydae Teno ero OyJeT pa3faaBieHO M CIIOMaHO COOCTBEHHOM
TsOKeCThI0. P. @eifHMaH TPUBOIUT HAMVIATHBIA TMpPUMEpP C MOJAETBI0 KaKOro-HuOyab cobopa,
CIIOKEHHOM M3 MHOXKecTBa crudek. Eciu 3Ty Mozens mponopLUuOHAIBbHO YBEJIWYUTh J0 HaTy-
paJIbHBIX pa3MepoB cobopa, TO CTPOCHHUE PAa3BATUTCA MOJ COOCTBEHHOHN TXKECThI0. BO3MOXKHO,
KTO-HUOY/Ib HEOCMOTPHUTEIHHO 3aMETHUT, YTO HaJI0 OBLIO OBl COOTBETCTBYIOIIMM OOpa3oM yBe-
JUYUTH Takke pazmepbl 3emitd. OTHAKO B TAKOM Cllydae BO3pPACTET cuila TSKECTH — coOop emé



CKOpE€e pa3BaIUTCs.

C ToukM 3peHHs] COBPEMEHHOM (PU3NKHU OTCYTCTBHE CUMMETPHH (PU3NYECKUX 3aKOHOB OTHO-
CUTEJILHO MpeoOpa3oBaHus 1Moj00ust 0OBSICHIETCS MPOCTO U MCUYEPHBIBAIOIIE — NOPAOOK pd3-
Mepos amoma umeem abconomuoe, 00uHakosoe Ois eceii Beenennoti snauenue (1070 m). Ot-
CIOZIa, MEXJly TIPOYUM, BUIHO, UTO €CJIM MONMPOOOBaTh YMEHBIIUTH JIMHEHHBIC pa3Mephl JeTajei
HEKOTOPOH peanbHOU pu3nueckor ycTaHOBKH 00bEMOM 0,1 M°, CKaXeM, B MUWJIJIAAp] pa3, TO B
HallleM pacHopsHDKEHUH OCTAHETCS BCErO OKOJIO cTa aToMoB! SICHO, UTO HMKAKOH YCTaHOBKHU U3
TaKOTr'0 MaJIOr0 YKCiIa aTOMOB CO3/IaTh HEJb3sl.

PaccmarpuBaemast acummempus puzuyecKux 3aKoHo8 — XOPOIIUN IPUMEp nepexood Koau-
YyecmeeHHbIX UsMeHeHUull 8 KkayecmeeHHvle. llepexoas oT OOBIYHBIX MacmITaboB K MacuiTabam
MHUKPOMHPA, MBI ITOKH/IaeM 00J1aCTh KJIACCHYECKONH MEXaHUKU U BCTYIIAeM BO BIIAJICHUS KBaHTO-
BOM MEXaHUKH.

CummeTpusi GU3NYECKHX 3aKOHOB M 3aKOHBI coXxpaHeHusi. Hemenkuii MmareMaTnk OMMU
Hérep nokazana B 1918 r. TeopeMy, CyIIHOCTh KOTOPOH 3aKJIIOYAETCSI B YTBEPKIACHUH, YTO pa3-
JUYHBIM CUMMEMPUAM DUIULECKUX 3AKOHO8 COOMBEMCMEYION ONpeoenéHHble 3aKOHbL COXPaHe-
Hus (MBI YK€ YIIOMUHAIU 00 3ToM B nuainore «O BpemeHn»). Tem caMbiM ObLTa MaTEMaTHYECKH
JI0Ka3aHa CBS3b MEXKIY 3aKOHAMH COXPAaHEHUS U CUMMETpUEl 3akoHOB npupojsl. [lo Beipaxe-
Huto deitHmana, «cpeau Hauboee My ApEeUITUX U YIUBUTEIbHEUINTNX Belel B (pu3uKke 3Ta CBI3b
— OJlHA U3 CaMbIX MHTEPECHBIX M KpacuBbIX». E€ MOXHO chOpMyIHpOBaTH CIEAYIOMINM 00pa-
30M.

3akon coxpanenus d3Hepauu ecmov cieocmeue 00HOPOOHOCMU 6peMeHU VI, UHade TOBOPS,
CJIEJICTBUE CUMMETPUHU 3aKOHOB MPUPOJIBI 110 OTHOILIEHHUIO K MEPEeHOCaM BO BPEMEHU. DHepeus,
TaKUM 00pa3oM, MOXeET OBITh OINpe/eleHa Kak (U3UYecKas BEJIMYMHA, COXPAHEHHE KOTOPOM
00yCJIOBJICHO yKa3aHHOW CUMMETPHEH.

3akon coxpanenus umnyibca ecms ciedcmeue 0OHOPOOHOCMU npocmparcmea (CIeICTBUE
CUMMETPUHU 3aKOHOB IPUPOJIbI IO OTHOILIEHUIO K MEepeHocaM B MPOCTpaHCTBe). Mmnyave — Pu-
3UYecKasi BeIMUMHA, COXpaHEHHE KOTOPOH CBSI3aHO C OIHOPOIHOCTBIO IPOCTPAHCTBA.

3axkon coxpamenusi MOMEHMA UMNYIbCA €CMb CleOCmeue U30MPONHOCMU NPOCMPAHCEa
(cmencTBUE CUMMETPHUM 3aKOHOB HPUPOABI MO OTHOLICHUIO K MOBOpOTaM). Momenm umnynsca
— BEJIMYMHA, COXPAHEHNE KOTOPOH CBA3aHO C U30TPOMHOCTHIO IPOCTPAHCTBA.

TpéxMepHOCTh POCTPAHCTBA MPENONPEACTSET 8eKmMOopHylo IPUPOY UMITYJIbCa U MOMEHTA
UMITYJIbCa; 3aKOHBI COXPAaHEHHS 3TUX BEJIMYHH — BEKTOPHBIE 3aKOHBL. OTHOMEPHOCTh BPEMEHH
NPEJONPENEIAeT CKaIAPHYI0 IPUPOAY SHEPTUU U COOTBETCTBYIOIIETO 3aKOHA COXPAaHEHHUSI.

«ToT (hakT, 4TO 3aKOH COXPAHEHHUsI SHEPTUU BBITEKAET U3 OJHOPOJHOCTH BPEMEHHU, O3Haya-
€T, UTO TeYCHHE BPEMEHH CaMo M0 ce0e He MOXKET BbI3BaTh U3MEHEHHE (PU3MUECKUX COCTOSHUM
cuctembl. CBsI3b 3aKOHA COXPaHEHUS UMITYJIbCa CO CBOMCTBOM OJHOPOIHOCTHU MPOCTPAHCTBA 03-
HAyaeT, YTO MepeMEeLICHUs CUCTEMBbl HEAOCTATOUHO JJISl M3MEHEHMs €€ COCTOSHUS; MOocieaHee
MOJKET MPOU30MTH TOJBKO B pe3ysbTaTe B3aUMOJICHCTBUS JaHHOW CHCTEMBI C IPYTUMHU CUCTe-
Mamu. CBsI3b 3aKOHA COXPaHEHHs] MOMEHTa UMITyJIbca CO CBOMCTBOM M30TPOMHOCTH MPOCTPaH-
CTBa O3HAYAET, YTO MOBOPOT CUCTEMBI B IIPOCTPAHCTBE HE M3MEHsET e€ cBOMCTBY [33, c. 191].

B knaccuyeckoif MexaHMKe 3aKOHBI COXPAaHEHMs BBIBOIAT M3 3aKOHOB ABIKeHMs. Tak, s
MOJTyYEHHUs] 3aKOHA COXPAaHEHUS HMITYJIbCa HCIOJIb3YIOT TPETHil M BTOpoil 3akoHbl HbroToHa.
OnHaKo 3aKOHBI COXPaHEHUsI MOTYT ObITh IOJIYYEHbl HE HA OCHOBE 3aKOHOB JIBMIKEHHsI, a HEIo-
CPEJICTBEHHO W3 MPUHIMIIOB cuMMeTpun. O0IacTh MPUMEHUMOCTH 3aKOHOB COXpPAaHEHUS ILIUpE,
HEXXeIM 00JIaCTh IPUMEHUMOCTH T€X WJIM MHBIX 3aKOHOB JBMKEHHsI. 3aKOHBI COXPaHEHHs HEp-
THH, UMITYJIbCa, MOMEHTA UMITYJIbCa TPUMEHSIOTCS HE TOJIBKO B KJIIACCHUYECKOM MEXaHUKE, HO U B
KBAaHTOBOI; B TO BpeMs KaK 3aKOHBI AMHAMHUKU HbIOTOHA B KBAaHTOBOM MEXaHMKE HE pabOTaroT.
«/ms Tex, KTo BBIBOAMT 3aKOHBI COXPAHEHUS W3 MPHUHIUIIOB WHBAPHAHTHOCTH, — OTMEYaeT
1O. Burnep, — sicHO, 4TO 00;1acTh MPUMEHUMOCTH 3TUX 3aKOHOB BBIXOJUT 32 PaMKHU JIFOOBIX Ya-
CTHBIX TEOpHUH (TpaBUTAINH, SJIEKTPOMAarHeTH3Ma U T. J1.), IPAKTUUECKU 000COOIEHHBIX IPYT OT
npyra B coBpeMeHHOH ¢usuke» [21, c. 54]. OyeBuaHO, 4TO 00JACTh MPUMEHUMOCTH 3aKOHOB
COXPaHEHHUs JI0JIKHA ObITh CTOJIb )K€ IIUPOKA, KaK U 00JaCTh MPUMEHUMOCTH COOTBETCTBYIOIINX



IMPUHIUIIOB WHBAPUAHTHOCTHU. 3910 I[aéT OCHOBAHHC CHHUTATh 3aKOHBLI COXPAHCHUA YHUBCPCAJIb-
HBIMH 3aKOHAMH.

B 3akitouenue 3aMeTUM: ¢ CUMMETPHUEH 3aKOHOB MPUPOJIbI OTHOCUTEIHHO OTPAKECHUS WIIN
3aMEHbI YaCTHUIl Ha aHTUYACTHUIIBI TAK)KE CBSI3aHBI OMpeNIeEHHbIE 3aKoHbl coxpaneHusi. C epBoi
CUMMETpHEH CBS3aHO COXpaHEHUE (U3NYECKOM BEIMYMHBI, HA3bIBAEMOHN npocmpanHcmeeHHOl
YéMHOCMbI0, & CO BTOPOW — COXPAaHEHHE BEITUYMHBI, Ha3bIBAEMOU 3aps0osotl uémuocmoio. O0a
OTUX 3aKOHA COXpPaHCHUA HC BIIOJIHC YHHUBCPCAJIbHBI, ITIOCKOJIBKY COOTBETCTBYIOIINEC UM CUMMCT-
pHUU HapyIIaloTCs B C1a0bIX B3aUMOACHCTBUSIX.

Luanoz. O6 ncnonb3oBaHMN NOHATUS CUMMETPUN
npu obyyeHun donsnke

ABTOp. f emé pa3 nmepenucTan MIKOJIbHBIC y4eO-
HUKHA IO (PU3UKE B MOMCKAX XOTh KAKOTO-TO YIIOMH-
HaHUS O CUMMETPHH, BHHUMATEIbHO MOCMOTpEI, Kak
paccMaTpuBalOTCs 3aKOHBI cOXpaHeHus B «Dusuke-9»
U Kpuctaumueckue tena B «Dusuke-10». Hurme
CJIOBO «CUMMETpPHS» Jlake HE MPUBOAUTCS. TOJNBKO B
«@uzuke-11» ynanoce Hailth 310 coBo — B § 109
ecTh pasnen «KBapk-1enToHHass CHMMETpUS», TAe 00
YKa3aHHOM CUMMETpHUH CKa3zaHo cienyromiee: «Cyie-
CTBYET KBAPK-IEeNMOHHAL CUMMempusi, KOTOpas Bbl-
paxkaeTcs B TOM, YTO B IPUPOJIE BCTPEUACTCS uiecms
JIeNMOHO08, a BCE CWIBHO B3aWMOJICHCTBYIOIME Yac-
THUIIBI COCTOAT U3 wecmu keapkos» [83, c. 289]. Bot u
BCE.

Yuureas. B mkone 0cCHOBHOE BHUMaHUE TPaJv-
LUOHHO YJENseTCsl (haxkmuyeckol CTOpPOHE aena —
KOHKpPETHBIM TOHATHUSAM, SIBJICHMSIM, 3aKOHaM, yMe-
HUIO TIOJIB30BaThCs PopMyliaMu, pemaTh 3aaa4u. Yto
KE KacaeTcsi ocmblclieHus TpengaraeMoro (axkrtuye-
CKOTO Marepuaia, oOpaimieHus: K o0IIiM MPUHITUIIAM,
K ¢unocodpun, To BCE ATO OCTAETCS 3a paMKaMu
IIKOJILHOTO Kypca (usuku. HaBepHoe, moaTomy mo-
HATHE CUMMETPUU U HE HCHOJb3yeTCs B Mpoliecce
npenoaBaHus GU3NKH B IIKOJIE.

ABTOp. B 0/1HOI 0O4Y€Hb MHTEPECHO HAMUCAHHOU
(1 BecbMa IOJIE3HOM AJIs1 YUNTEINSI) KHUTE sl BBIYUTAI O
Makcgemie cnenyrouiee: «B oqHOM U3 HCEM K OTILY
TpuHaAuaTwiIeTHUH J[eiiMce coolmaer kak Obl HEB3-

—~ Uro Te MOMKeWb PACCKA3ATH O Haqar?l, 4YTO OH cAcjall U3 KapToHa TECTpasap, A0JCKa-

CHMMETpUH B (H3nKe? -

e CuniErpitelt. aGRAR AL KON OAp U ABa APYIrux <<3“11pa» (T. €. MPAaBUJIbHBIX MHOT'O

avl... A BooGlle, KaK MHe Kamercs, FpaHHI/IKa), Ha3BaHUHM KOTOPBIX OH HEC 3HACT. Kaza-

CHMMETPUS CBA3AHA He C (DH3HKOH, 6 6

a ¢ reomeTpHed. JIOCh ObI, HUYETO OCOOCHHOI'0, HO BOT 4YTO 3HaAMCHa-
Ha ypoke ¢usuxu. TCJIBHO: MPUMEPHO C 3TOI'0 BpEMEHU TOBAPUIIIU CTAJIA

3aMeuaTh, 4To MakcBeml, 10 TOH MHOpbl JTOBOJBHO
PaBHOIYIIHBINA K y4€0Oe, BAPYT MOYYBCTBOBAI K HEH
unrepec. Ero danTasus, nogobHo (aHTa3uM JAPEeBHUX I'PEUYECKUX T'€OMETPOB, ObLIAa 3aXBayeHa
STUMHU 00pa3laMHu COBEpIICHHON cuMMeTpuu. KpacoTa HATOJKHYyJIa Ha MyTh MO3HaHU» [76,
c. 95 —-96]. CumMeTpusi He TOJBKO HATOJIKHYJIa FOHOTO MakcBeisia Ha MyTh MO3HAHMS, HO U
BITOCJICJICTBUM TOJICKa3aja eMy HJCI0 MOoKa cMeweHus, KOTopasi MpHUBeia ero K 3HaMEeHUTHIM



YPaBHEHUSAM AJIs 3JEKTPOMArHUTHOTO Mouisl. Sl 371ech UMEI0 B BUIY, KOHEUHO, HE CUMMETPHUIO
reoMeTpuueckux ¢Guryp (MHOTOTPAaHHUKOB), a CUMMETPHIO SBJICHUH — CUMMEmMpUro mercoy
INEKMPULECNEOM U MASHEMUZMOM.

Yuurensn. Kcratu, B yueonuke «®dusuka-11» 06 3Tom Koe-uTo ckazaHo: «3ydas cBoiicTBa
AJIEKTPOMArHUTHOTO M0JIsA, MakcBesul 3ajancs BOIPOCOM: €CIU MEPEMEHHOE MArHUTHOE I10JIE
HOPOXK/IAeT NIEKTPUUYECKOE I0JIe, TO He CYLIECTBYET JI B Ipupoze obpatHoro npouecca? He
MOPOX/IAeT JIU MEePEMEHHOE IEKTPUYECKOE T0JIe B CBOIO OYepelb MarHuTHOE? DTO coolOpaxe-
HUE, TUKTYEMOE YBEPEHHOCTBIO B €IMHCTBE IPUPOJBI, BO BHYTPEHHEN CTPOMHOCTH U TapMOHUU
3aKOHOB IIPUPO/IbI, COCTABIIET OCHOBY runote3sl Makcsemta» [83, c. 94].

ABTOp. CKa3aHO B LIEJIOM HEIUIOXO, HO c1aboBaTo: MJIOJAOTBOpPHAs UAEsd CUMMETPUHU pac-
TBOPHWJIACH 3/1€Ch B TTIAJIKOHM (ppase «yBEpeHHOCTh B €AMHCTBE MPHUPOJBI, BO BHYTPEHHEW CTPOK-
HOCTH M TAPMOHMHM 3aKOHOB IPUPOABD». MHE HENOHATHO, YTO TAKOE «BHYTPEHHSS CTPOMHOCTHY
3aKOHOB MPUPOBI U B YEM UMEHHO BBIPaXKAaeTCsl UX «TapMOHUs». BMecTo Bcero atoro cienosa-
70 OBl TOBOPUTH O CUMMETPHUM 3aKOHOB NMPHUPOJbL. [ TOBOPUTH HE TOJBKO 37€cCh, a yxe B IX
KJIacCe, KOI'/Ia U3y4aJIUCh 3aKOHBI COXPaHEHMS.

Yuurennb. KoHeuHO, paccMOTpeHHE 3aKOHOB COXpAaHEHUs 0e3 oOpallleHUs] K CUMMETpUN He
MOXET yOeIUTh yUYalluXcsl B UCKIIOYMTEIbHON BaKHOCTH 3TUX 3aKOHOB. [louemy, cOOCTBEHHO
TOBOPsI, MBI TaK y6epeHbl B 3aKOHAX coXxpaHeHus? [louemy MBI yBEpEHBI, 4YTO SHEPIHs U UMITYJIbC
0653amenbHO NOIKHBI cOXpaHiaThesa? OOpariasch K CAMMETPUHU, MBI 1aéM yOeIUTEIbHBIA OTBET
Ha 9TH BOIPOCHL: Y HAC eCmb Y8EPEeHHOCHb, YMO 8peMs U NPOCMPAHCIEO 00HOPOOHbl. VIMEHHO
II03TOMY MBI U HE COMHEBAEMCS B CIIPABEIJIMBOCTH 3aKOHOB COXPAHEHUSI PHEPTUU U UMITYJIbCA.

ABTOP. fIBIIASACH CIIEACTBHEM NPOCTPAHCTBEHHO-BPEMEHHON CUMMETPHUHN 3aKOHOB ITPUPOJIBI,
3aKOHBI COXPAaHEHHMs BBIMOJHSIOT B Mpoliecce 00ydeHUsT (PU3UKE BAKHYIO MEMOO00N02ULECKYIO
@yHKYUu0 — OHU JEMOHCTPUPYIOT YCIOBHOCTh MEPErOpoAOK MEXKIY Pa3IMYHBIMU pa3fesaMu
npeamera «Pusukay. OHU paboTaIOT 6e30e — B MEXaHMKE, pasjiese, MOCBIIEHHOM TEIIOBBIM
SBJICHUAM, 3JIEKTPOJMHAMMKE, KBAaHTOBOH (pu3uke. OAMH AyMaromui JECATUKIACCHUK KaK-TO
3aJaJl MHE Takoi Bompoc. SICHO, 4TO HU 3JEKTPOH, HU (POTOH HE MOXOKU Ha OWIIIIMApAHBIE Il1a-
pel. [louemy ke B TakoM cilydae Mbl NoJIb3yeMcst Ipu paccMoTpenuu 3¢ dexra Komnrona 3ako-
HaMM COXPAHEHUS SHEPTUU M UMITyJIbCa, KaK eclii Obl Iiepe/l HaMu ObUTH YIIPYTO CoyAapstolue-
cs wapbl? Ero Borpoc poauscs 1o Toil mpuuuHe, 4YTo 00a 3aKOHA COXpAaHEHUs ObLIU BBIBEJCHBI
B MEXAHHMKE.

Yumnresanb. Ho MOXXHO 1M HHaYe UX BBIBOJUTH, OCTABasICh B paMKaX MIKOJbHOU (pU3nKu?

ABTOp. Sl coBCceM HE MPOTHB TOTO, YTOOBI BBIBOAMTH UX, MUCHOJIb3Ys 3aKOHBI JTUHAMUKU
Herotona. Ho Heo6xoauMo pu 3T0M 0OBSICHUTD, UTO B AEMCTBUTEIBLHOCTH 3aKOHBI COXPaHEHUS
3HAYUMENbHO wiupe, YTO OHU CBSI3aHbl C CUMMETPHUEH 3aKOHOB IPUPOJIBI U UMEHHO 3TO IPENo-
npesesieT MUPOKoe MoJe UX MPUMEHEHUs. Tak, 3aKOH COXpaHEHMsI UMITyJIbca MPUMEHUM MpU
pPacCMOTPEHUH M OMJUIMAPIHBIX IIapOB, U 3JIEKTPOMArHUTHOTO MOJIS, U (POTOHOB, XOTSI caM UM-
MyJIbC MIPU 3TOM BBIpa)kaeTcsl Mo-pasHoMYy. B mepBom ciydae: p =mV (3TO €cTh UMITYJIbC Tela

. . ExH ..
MacChl 11, IBUKYIIETOCSA CO CKOPOCTBIO V ), BO BTOPOM: p = ——— (HUMILyJIbC €JMHUIIBI 00bEMA
c

= — . _hv
MOJISI, XapaKTEePU3YIOMIEerocsl HanpskeHHOCTAMU £ u H ), B TpetbeM: p =7n— (uMmynbc ¢o-
c

TOHA C SHEPTHEN AV , ABIKYIIETOCS B HAIIPABJICHUH, KOTOPOE 3a1aéT €IMHIUYHBIA BEKTOP 71 ).

Yuurtenb. 3aKOHBI COXpAaHEHUS MPOXOIAT KPAaCHOW HUTHIO HE TOJIBKO 4epe3 BCIo (PU3HKY,
HO U 4Yepe3 BCE €CTECTBEHHbIE HayKu. VI XUMUKH, 1 OHOJIOTH HIMPOKO MOJIb3YIOTCS 3aKOHOM CO-
XPaHEHUS SHEPTUU.

ABTOp. DTO €CTECTBEHHO KOJIb CKOPO B OCHOBE JIEKUT CUMMETPUS 3aKOHOB MpHUpoAbl. Jlo
CHX TIOp MBI, TOBOPSI O 3aKOHAaX MPUPOJbI, UMEIH B BUIY (husznyeckue 3akoHbl. Ho 310 mpocto
U3-3a TOT0, YTO KHUTa aJipecoBaHa yuureiasm ¢puszuku. Ha camom jene 3aKoHbI IpUPO/Ibl, KOHEY-
HO, HE OTPAaHUYEHbI paMKaMH (DPU3HKH.

Y4aurenb. MHe HpaBUTCS MOAXOJ K 3aKOHAM COXPAHEHUs, ONMPAOLIUICI HA CUMMETPHIO



3aKOHOB IPUPOJIBL. A Kak ObITh B JAHHOM CJIy4ae C XOPOILIO U3BECTHBIM IIKOJIBHUKAM 3AKOHOM
coxpaneHus snekmpudeckoeo 3apsaoa? C Kakol CHMMETPHEH CBSI3aH ATOT 3aKOH COXpaHCHHUS?

ABTOp. OU3MKN HA3BIBAIOT 3Ty CUMMETPHUIO KaTHOPOBOYHOM MHBAPHMAHTHOCTHIO. Becbma
YIOPOIIEHHO (Ha YPOBHE Cpe/IHEH MIKOJIbI) €€ MOXKHO MPEACTaBUTh KaK CUMMETPUIO (PU3NYECKUX
3aKOHOB 10 OTHOLICHHIO K U3MEHEHMIO 3HAUEHUs MOTEHIMANa JIeKTpudeckoro noiys. Beas Bel
yuuTe, 4TO (PU3NYECKUI CMBICT UMEET He caM MOTEHIHal, a Pa3HOCTh MOTEHIIUAJIOB (K MOTEH-
IIally MOKHO J00aBIISATh MPOU3BOJIbHOE 3HaUeHHE). BOT OTCIO/a U cieyeT, Kak OKa3bIBaeTcCs,
3aKOH COXPAHEHMS 3JIEKTPUUYECKOTO 3apsijia.

Yuureab. Kax s noHnmaro, CMiMMeTpus B IIKOJIBHON (PU3MKE HE OTPaHUYMBACTCS 3aKOHAMU
COXpaHeHust?

ABTop. Koneuno. E€ Hano yBumeTs U BBIIEIUTH BO BCeX paszenax ¢usuku. S Obl pasrpa-
HUYMII CUMMETPHIO, «JICKAIYI0 Ha MOBEPXHOCTU», U CUMMETPHUIO, «IeXkallylo B riryoune». Ha
«IIOBEPXHOCTH» JIEKAaT MHOTOUNCIIEHHBIE MPOSBICHHUSI CHMMETPUH B PacCMaTPUBAEMBIX OOBEK-
Tax U SBJICHUSIX; 3TO CUMMETpPHUSI CTPYKTYp, CUMMETpus rpadukos mnpoieccoB. [Ipumepsl: cum-
METpHS TPAEKTOPUH Tella, OPOIIEHHOTO MO/ YIJIOM K TOPU30HTY (C Hel CBSI3aHO paBEHCTBO MO-
IyJiell BepTUKAJIbHOM MPOEKIUU CKOPOCTH Tela B MOMEHT OpOcaHHsl U B MOMEHT MaJieHus, a
3HAYHT, U PABEHCTBO BPEMEH NMOAbEMA U MAJICHUS ), CHMMETPUS TpaduKa IUIaBJICHUS U KPUCTAl-
JU3alMM TBEPJOTO TeJla, CAMMETPHUS KPUCTAIUIMYECKUX TEJ, CUMMETPHUS MEXAY 4YacTULAMU U
AHTUYACTUIAMU (B OTHOILIEHUU UX CBOMCTB, HO OTHIOAb HE PACIPOCTPAaHEHHOCTU B Haiie Bee-
JICHHOM), CHMMETpPHs TIOBEJICHHS BO BPEMEHHU 3aKkpbIToi Mojaenu Bceenennoit u T. 1. Croma xe
OTHOCATCS: CUMMETPHsI (pOPMYJI, ONMUCHIBAIOIIUX KHHEMATHKY U TUHAMUKY MOCTYNATEIHLHOTO
JBWKEHUS M JBUYKEHUS BPAIATEIbHOTO; CUMMETPHS BBIPAXKEHUH ISl 3aKOHA BCEMUPHOTO TATO-
TeHHs 1 3aKkoHa KyJoHa; cuMMeTpHst MeX/ly MEXaHUYECKHMHU U 3JIEKTPUUYECKUMU KOJICOaHUSMH.

Yuureas. [locnennue cuMMeTpun, HaBEpHOE, JIy4Ill€ HAa3bIBATh AHAIO2UAMU.

ABTOp. JlyMaro, 4TO CJIOBO «CHUMMETpHs» TOYHEE. Bbl mepexoauTe OT MOCTyHaTelbHOro
JBUKEHUSI K BpalllaTeIbHOMY, HO CTPYKTypa (popMyJl IpHU 3TOM ocTaérces npexkHel. Pazse aTo He
uHBapuaHTHOCTh? Ho moiném naneiie. Emé Gonee MHTEpecHa CUMMETpHUs, KOTopas Oblia Ha-
3BaHa BBILIE «JIeKallel B riTyouHe». E€ MOXXKHO yCMOTpeTh B COIepKaHUU JIF000T0 (PU3NIECKOTO
3akoHa. Bo3pMméEM 11 npumepa BTopoi 3akoH HeroToHa. JlomycTuM, Mbl XOTUM 3aHATHCS € y4a-
IIMMHMCS BBISICHEHMEM BHYTPEHHETO CMBICIIA 3TOTO 3aKOHA. 3a/1aluM MM BOIIPOC: 4TO ObUIO OBbI,
eclii ObI BMECTO yCKOpeHuUsi B TOM 3aKOHE CTosIa ckopocmsb? B mpoliecce 006CyX1€HHS BBIABST-
cs JIBa NMPUHIMUIHAIBHBIX MOMEHTa. Bo-mepBbIX, B 3TOM ciyyae yTpaTuiach Obl NMPUYMHHAs
CBSI3b, MIPOIIJIOE HE BIMsUIO Obl HA HACTOALIEE, a HACTOsAIIEe He BIUUIO Obl Ha Oyaylee — Beab
CKOPOCThH B JIAHHBIA MOMEHT OTPEIEIISIach Obl MOJHOCTHIO CHIION, ACHCTBYIONIEH Ha TEJIO B 3TOT
MOMEHT. Bo-BTOpBIX, B paccMaTpUBaeMOM Ciydae CKOpOCTb MpHoOpesia Obl aOCOMOTHBINA CMBICI
— U TEM CaMbIM Hcue3fia Obl CHMMETPHUS MEXAY Pa3HbIMU HHEPIHAIBHBIMU CUCTEMaMU OTCUETA
(ucue3 ObI MPUHLMI OTHOCUTENBHOCTH). [locnenHee 06CTOATENBCTBO yKE€ OTMEUAIOCHh B IPUBO-
nusiieMcs B § 14 BeickazsiBanuu 0. Burnepa. Emé oqun npumep — 3aK0H BCEMUPHOTO TSTO-
TeHus ¥ 3akoH Kyrnona. B 06oux 3akoHax B 3HaMEHAaTelle CTOMT KBaJpaT PAaCCTOSHUS MEXIY
B3aMMOJICHCTBYIOIIMMHU areHTaMu (00JaarolMMU Maccoi B OJJTHOM CJIydae W 3apsiioM B JIpy-
roMm). O6a 3aKkOHa MHBApMAHTHBI OTHOCUTENIBFHO MEPEHOCOB B MPOCTPAHCTBE — BE/b MEPEHOCHI
HE U3MEHAIOT PAacCTOSIHUE MEXIY TeJlaMH WK 3apsaaamu (Ipu rnepeHoce oda Tena win oda 3apsi-
Jla CIIBUTAIOTCS] OTHOBPEMEHHO).

Yunresb. MoxHO 100aBUTh, YTO, XOTA 00a 3TUX 3aKOHA CHOPMYJIMPOBAHBI ISl TOUEUHBIX
Macc (3apsA70B), OJHAKO UX MOXKHO MPUMEHSTh JJIS TeJl KOHEYHBIX pa3MEepoB, €CIIU Tela UMEIOT
cepuueckyto (opMy BCIIEICTBUE CUMMETPHUHU.



ABTOp. Mcnonb30Banne CUMMETpUU NpH 00yUeHUH (PU3UKE MMO3BOJISET Ty0xke pa3zodparhb-
Cs B M3y4YaeMbIX SIBJICHHUSIX U 3akoHaX. Kpome Toro, cummeTpus MOXKET UCHOJIb30BaThCS MpU
PEIIEHNN Pa3IMYHbIX MPAKTUYECKUX BONpocoB. Hampumep, Uil MpOBEPKH NPABWIBHOCTH TEX
WM UHBIX BelpaxkeHni. Ha pucynke 3.8 mokasaHa anekTpuueckas 1enb. [t cuiibl Toka, npoTe-
KalOLIEro 4Yepe3 Pe3UCTOP CONPOTUBICHUEM R, , HAIIMIIEM TaKOE BBIPAKCHHUE!

E
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R, +R,
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BepHo 11 310 BBIpakeHue?

Yunteanb. Hago Bocmonb30BaThes NMpaBUiIaMH OIpeNeeHHs] CONMPOTUBICHUS TpU Mapal-
JIEIBHOM U 11OCJIEI0BATEIbHOM COEIMHEHUH TIPOBOIHUKOB...

ABTtop. IIpoctute, HO 3TO JHIHee. [I[puCMOTPUTECH K PUCYHKY — Hallla CX€Ma CUMMET-
pHYHA IO OTHOIIEHHIO K 0OMEHY MecTaMH R, U R, ; sICHO, 4TO IIPU 3TOM IOKa3aHUE aMIEepMETpa

HE JI0JDKHO M3MEHUThCA. OJHAKO €CIM B HAIIMCAHHOM BBIPA)KEHUU JJISl CHJIBI TOKA 3aMEHUTh R,
Ha R,,a R, Ha R,, TO pe3ynabTaT U3MEHUTCS. 3HAYUT, BbIpAXKEHHE HEBEPHO. B unciurene npodu
HEIOCTAET caaraeMoro R R,.

Yuureab. BoT Takoe nmpuMeHeHHEe CUMMETPHH MHE OCOOCHHO T10 TyIIIe.

ABTOp. CHMMETPHUIO MOKHO M JOJDKHO LIMPE UCTIOIB30BaTh MpH pelieHuu 3aaad. [Ipu atom
WHOT/Ia OYCHb CJIOXKHAs C BHUJy 3ajaua pemiaeTcs HeoObyaitHa mpocTo. BoT mpumep momgoOHOM
3amauy (Tpeaiaransach Ha omMnuane). Mexay Toukamu A U B BKIFOYEH PE3UCTOP COMPOTHBIIC-
HueM R. Kpome Toro, umerorcst emé N —2 TOYeK, MPUIEM MEXIY KaKI0W mapoi Touek (BKITO-
yasi U TOUKU A U B) mojcoequHEH Pe3ucTop conpoTuBieHreM R (cMm. puc. 3.9, a, rae ais npo-
ctotel N = 6). HaliTu nojiHO€E CONnpOTHUBIIEHUE YUacTKa MeXIy 4 U B.

Yuurenasn. S 651 nonpoOoBan aeiicTBoBaTh METO10M UHAYKIMH. [lycTh cHavana N =2, 3a-
TeM N =3,3ateM N =4 ur. 1.

ABTOpP. BMeECTO MHAYKIMH UCHOJIB3YEM CHUMMETPHUIO. Pa3MecTUM MBICIEHHO YIIOMSIHYThIE
N —2 Touku Ha npsiMmoit OO, OTHOCUTEIBHO KOTOPOW TOUKU A U B cummerpuyHbl. Tem cambim
nepe €M OT HECUMMETPUIHOTO pUCyHKA 3.9, a k cumMmerpuaHomy (puc. 3.9, 6). U3 coobpaxe-



HUW CUMMETPHUH SICHO, YTO MOTEHIMANIBI BCEX TOUYEK Ha mpsamMoid OO 0JMHAKOBBI, TOATOMY JaH-
HbI€ TOYKH MOXKHO COEIMHUTH JIPYT C JAPYroM — TMOJYYUTCS CXema, NoKa3aHHas Ha PHUCYHKE

2R
3.9, 6. Tenepb MicKOMOE CONIPOTUBIIEHUE OUYEHb JIETKO ONPEACINTh; OHO PAaBHO Y

Yuurens. Hano moGosnbiie pemars 3a7a4 ¢ UCMOIb30BAaHUEM CUMMETPHH.

ABTOp. [TpuMeps! Takux 3agad MokHO HaWth B [118]. Hano ckasare, 4To uiaes MMPOKOro
UCTIOJIb30BaHUs TIOHSATHSI CHMMETPUH TP 00y4eHUH (HU3UKE B IIKOJIE OTHIOAb He HOBa. EE mpo-
narasaupoBai emeé ABajuath JeT ToMy Hazan B. A. @alpukant: «Bo Becex pasznmenax kiaccuye-
CKOM (pU3UKH, 0COOCHHO TP PEIICHUH 3a/1a4, CIeAyeT 00paliaTh BHUMaHUE Ha CIICACTBUS, BbI-
TEKaIOIINe U3 CBOMCTB cUMMeTpuu. IIpu 3TOM CTOUT moABecTH yueHHKa K 0ojiee IMPOKOMY TO-
HUMAaHUIO TOHITHSI CHMMETpUH. V3yueHne CBOICTB CHMMETPUH CYIIECTBEHHO HE TOJIBKO B TEO-
PHUH 3JIEMEHTAPHBIX YaCTHIl. DTO MOXHO MOKa3aTh U B MEXaHUKE, U B AIEKTPOHUKE, U, HAKOHEII,
B AJIeKTpoMaruetusme» [128, c. 41].

Yunressb. Mes HocUTCS B BO3IyXe JaBHO, @ B HBIHEITHUX Y4eOHHUKAX CIOBO «CUMMETPHS»
JI0 CHX TOp OTCYTCTBYeT. Kak 310 moHuMars?

ABTOp. Bonpoc He k0 MHe. XO0Telnoch Obl MOTYEPKHYTh, YTO CETOAHS 0e3 WUpPOKo2o Uc-
NONb30BAHUL CUMMEMPUU — CUMMEMPUU 00BEKMO8 U CUMMEMPUU PUZUYECKUX 3AKOHO8 — KYPC
@u3uUKU 8 WKONle He MOodCcem paccmampueamoscs Kak coepemennsiti. bonee Toro, moHsATHE CUM-
METPHUH HAJI0 MHUPOKO MPUMEHATh U PU U3YUCHUU JPYTUX MPEAMETOB — MaTEMaTHKH, XUMHUH,
Oouosorun, reorpaduu.

MBI pacCMOTpenH HEKOTOpBIE aCMEKThl MCIIOIB30BaHUS CUMMETPHUU B IIKOJIBHON (hr3mKe.
OpnHako MBI HE OCTAaHOBWJIMCH Ha, BO3MOXKHO, Hanbosiee Ba)KHOM MOMeHTe. Sl uMmero B Buay Qu-
J0cO(CKHiA acTIeKT CUMMETPUH, WIH, TOUHEE TOBOPS, OUALEKMUKY CUMMEMPUU U ACUMMEMPUU.
OHa JIeXHUT B OCHOBE JII000# HayuHou kiaccuguxkayuu. IMEHHO OHa OTIpEACINIIeT CTEICHb Kpa-
COTBI, COZIepKaIIeiics B TOM MJIM HHOM NIPOU3BEICHUH UCKYCCTBA, 301YECTBA.

[Tonnmanue AUaNeKTUKN CHMMETPUM U aCUMMETPHH KpailHe Ba)KHO JIIOOOMY YEJIOBEKY He-
3aBHCHUMO OT XapakTepa ero npodeccun. OcTaHOBUMCS Ha 3TOM BoIIpoce 0oJiee moIpooHoO.



§ 15. AUAJIEKTUKA CUMMETPUN
ACUMMETPUA

CuMMeTpus Kak NposiBJIeHHe «<MyIpocTH TBopua». C 1aBHUX BpeMEH cumMmeTpus popm,
HaOJroaeMasi B IpUpoJIe, MPOU3BOAMIIA HA YeJIOBeKa CHIIbHOE BredaTiieHue. OH BHUIEN B CUM-
METPUHU NOPAOOK, 2APMOHUIO, COBEPULEHCIE0, BHOCUMbIE BCEMOTYIIIMM TBOPILIOM B M3HAYaJIbHBIN
xaoc. HamomHuM, uTo B yueHuH nudaropeilieB CHMMETpUYHBIM (UTYypaM U TelaM MpHUaaBajIcs
OCOOBIN, MUCTHYECKHUI CMBICII.

Oco0eHHO BOCXMIIAJIN HAIIUX JAIEKUX MPEAKOB NMPaBHIbHBIE MHOTOYTOJIBHUKH U MPABUIIb-
Hbl€ MHOTOI'PaHHUKHU (IUIATOHOBBI Tena). JIpeBHUE IPEeKH BECbMa CEPbE3HO BOCHPUHUMAIN TOT
¢akT, 4yTO CYIIECTBYET JIUIIb MATh MJIATOHOBBIX TeJl (HAIOMHUM pHC. 1.2); B UX IpeacTaBICHUN
3TO OBUIM aTOMBI, U3 KOTOPBIX MMOCTPOEH BECh MHP: TETPadJp — aTOM OTHS, OKTa’Jp — aToOM
BO3/yXa, KyO — aTOM 3eMJIH, UKOCa3Ap — aTOM BOJIbI, 10JIeKa3ip — aToM ddupa.

3ammdpoBanHas B [1MaTOHOBBIX Tenax uaes OoxxcecmeeHHou eapmoHuu yBiekina Moranna
Kemtepa (1571 — 1630) HACTONMBKO, YTO OH MBITAJICA CBA3AaTh ATH IIATH TEJI C paauycaMu cdep
(opOuT) M3BECTHBIX B TO BpeMs HiecTH miaHeT. B3ss cdepy Carypna, Kemsep Brucan B He€ Ky0.
B atoT ky0 o Briucain crnenytomtyio chepy — chepy FOnurtepa. B chepy IOnurtepa O6p11 Bican
TeTpa’ap, a B Terpadap chepa Mapca. B chepy Mapca Kemnep Bmucan mgoaexas’ap, a B HEro
chepy 3emmu. 3aTeM NI TOCIIEIOBATEIHFHO UKOCAdIp, BIMCaHHBIN B chepy 3emiu, chepa Be-
HepBbl, OKTad/Ip, BOUCAHHBIN B chepy Benepsl, u, HakoHel, chepa Mepkypus. Beraucius B cooT-
BETCTBUU CO CBOEH CXeMOW OTHOCHUTENbHBIE paJnychl IUIaHETHBIX cdep, Kemnep obHapyxu,
YTO OTHOIIEHUS 3TUX PAIUYCOB COTJIACYIOTCS C JaHHBIMH HaOmroaeHuit: 8:15:20:30:115:195.
OT0 yIMBUTEIBHOE COBIAJIEHUE, Kak Ka3anoch Kemnepy, moaTBepkaano NpaBUIbHOCTh T€OMET-
pUYECKON cXeMbl BceneHHoM, MOCTPOCHHOW Ha OCHOBE IISTH IUIATOHOBBIX TEII. BCE 3TO yu€HBIM
U3JI0KWI B KHUTe, KOTOPOH Jall HHTpurytoulee HazBaHue «KocMmorpadpuueckas TaitHay.

VY6exneHue B TOM, UYTO CUMMETPHsI €CTh HE UYTO MHOE, KaK MPOsBICHHE MYJIPOCTH TBOPIIA,
IPOCYIIECTBOBAJIO (PaKTUUYECKU BIUIOTH /10 Hamiero crojeTtus. [lomaras, 4yTo MUp HpeaCcTaBIIsIeT
co0OM TMraHTCKUH «4acOBOI MeXaHM3M», 3allyLICHHBIN B JIelicTBHE OOroM, 4elI0BeK, ECTECTBEH-
HO, BEpWJI B COBEPIIEHCTBO ATOI0 MeXaHu3Ma. B cuMMeTpuu, rapMOHUM OH yCMaTpuBal J0Ka3a-
TEJNbCTBA COBEPILEHCTBA.

JIBamuaTelii BEK MOKOHYMI C 3TOM mapaaurmMoil. O4yapoBaHWe CHUMMETpPUEH, MUCTUYECKOE
IIPEKJIOHEHHE NIEPE HENl CMEHWIIOCh IOHUMAaHUEM JIEHCTBUTEIIBHOTO COAEPKAHUS CUMMETPHH.

CoBpemMeHHBIN B3IJIsi] HA CHMMETPHIO: Hiesl COXPAHEHHS, BbIsIBJICHHE 001ero B 00b-
eKTAaX MJIU SIBJEHHSIX, OTPAHUYEHHe YHCJIAa BO3MOKHBIX BapuaHTOB. OOCyX/1as COBpeMEH-
HBIW B3IJIAJ HA CUMMETPHUIO, BBIJCIUM TPH NPUHLUIHUAIBHBIX MOMEHTa. Bo-niepBbIX, cummem-
pus ceéasana ¢ coxpanenuem. OHa BBIACIAET B HAIlEeM MU3MEHYMBOM, OYEHb JUHAMHYHOM MHpE
pa3IuyYHbIE UHBAPUAHMbL, CBOEOOPA3HBIE «OMOPHBIE TOUKKWY». TeM caMbIM B MUP BHOCHUTCS HOpS-
JOK. DTOT MUp HallOJHEH B3aMMOJCHCTBUSMH W NPEBPALLEHUSAMH, B HEM, KaK U3BECTHO, «BCE
Te4€T, BCE U3MEHSETCSA», MOBCIOAY OYHCTBYIOT ciiydalHOCTH. OAHAKO MPH BCEM TOM 3aKOHBI
3TOr0 MUpa 00HAPY>KUBAIOT CUMMETPHIO, a TOTOMY: YTO ObI HM MPOUCXOAMIIO, @ SHEPTUs COXpa-
HseTcs. M1 He TonbKO 3Heprus, HO M pAl Apyrux ¢uznyeckux BenuuuH. M He Tonbko pusnye-
CKHe Benn4uHbl. HanmpuMep, HECMOTPS Ha BCe U3MEHEHMS U KallpU3bl IOTO/IbI, 3a JJETOM HEYyMO-
JMMO CJIeJlyeT OCEeHb, a 3a Hel 3uMa.

Bo-BTOpBIX, cummempus gvioensiem obwee Kaxk 8 0O0vekmax, max u 6 aeieHusx. Mup mHozo-
obpa3zen, HO B TO e BPEMsI OH eOuH; B €ro pa3HOOOPa3HBIX MPOSBIECHUSAX IPUCYTCTBYIOT YEPThI
obmHocTu. Tak, 3aKOHBI COXpaHEHUs, IEHCTBYS B CaAMbIX Pa3HBIX OOJIACTSX M Pa3IMYHBIX KOH-
KPETHBIX CUTYallUsX, BRIPAXKAIOT TO 00IIIee I BCEX CUTYalUi, YTO, B KOHEYHOM CU&Te, CBA3aHO
C COOTBETCTBYIOUIMMH CBOMCTBAMHM CHMMETPUHU 3aKOHOB NMPUPOIBL. 3aKOHBI COXpaHEHHs «0e3-
pa3IM4YHB K CrienUu(pUKEe pacCMaTPUBAEMbIX CUTYAIM, OHU «0e3pa3InYHbD) K KOHKPETHBIM Me-
XaHU3MaM B3aUMOJICHCTBUS, UX 00JIACTh MPUMEHUMOCTH BBIXOJUT 332 PaMKU YaCTHBIX TEOPHil.



OO0muii, yHUBEepCATBbHBIN XapaKTep 3aKOHOB COXPaHEHUs, HE TPEOYIOIMUN aHanu3a JAeTajaeii Toro
WIM WHOTO SIBJICHUS, MPEAOIPEAEISIET IPOCTOTY 3THX 3aKOHOB M JOCTOBEPHOCTh PE3YJIbTATOB,
MOJTy4aeMbIX Ha MX OCHOBe. [lomuepkHEM, UTO AETamu TOTO WM MHOTO SBJICHHS, OCOOCHHOCTU
MeXaHHU3Ma B3aHMMOJEHCTBHS YaCTO HaM HEW3BECTHBI WM U3BECTHBI MPUOTIKEHHO; UX YUET He-
pEeAKo CBsi3aH ¢ OONBITUMH MaTEMaTHYECKUMHU TPYIHOCTSIMHU. [103TOMY TIPOCTHIE U U3SIIIIHBIC 3a-
KOHBI COXPAHEHHUS BBITJISAAT KpaiiHe MpuBiekaTelbHo. Vccnenys To uiau uHoe sBlieHue, (PU3uK
aQHAJM3UPYET €ro MpeXkJe BCEro Ha YPOBHE 3aKOHOB COXPAHEHHUS U JIMIIb 3aT€M BCTYMAeT MpU
HEOOXOJMMOCTH Ha TSDKEIBIA MyTh M3ydeHMs neTayneid. MHOrue sBIIEHUS UCCIIEJJOBaHbl B Ha-
CTOsIIIIee BpEeMsl JIUIb HA YPOBHE 3aKOHOB COXPaHEHHUSI.

B mocnemneM mauanore Mbl OTMEUYald CBSI3b MEXKIYy CHMMETpHE W aHajorueid. BceoOmi-
HOCTb METOJIa aHAJIOTHH, ITUPOKO MPUMEHSIEMOTO BO BCeX 0€3 MCKIIOUEHHUs HayKaX, — 3TO, TO
CyTHU Jie7a, BCEOOUTHOCTh NMpUHIMNA cuMMeTpun. Ou3nueckue MOJENIN TeX WU UHBIX 00bEKTOB
WM SIBIIGHUM CO3Jal0TCA Kak pa3 Ha ocHoBe aHanorui. Monekyna JIHK monenupyercs kak
BUHT. CIIMH 4acTHUIIBI MOJETUpPYETCs B BUJE cBoeoOpa3Horo Boiuka. CTonkHOBeHHE (pOTOHA ¢
aNIeKTpoHOM B 3 dekre KomnroHa paccMaTpuBaeTcsi IO aHAJIOTUU CO CTOJKHOBEHUEM OMILIH-
apJIHBIX IIapOB. AHAJIOTMHM MEXAY Pa3IuYHBIMU MPOIECCAMH MO3BOJIAIOT OMHUCHIBATH UX OOIIH-
MU ypaBHEHUsIMHU. Tak, KoJeOaHUs MasTHUKA, KOJICOAHHSI aTOMOB B MOJICKYJIE, KOJICOAHUS AJICK-
TPOMAarHUTHOTO MOJS B KOHTYpe ¢ EMKOCThIO U MHAYKTHUBHOCTHIO CUMMETPUYHBI (aHAJIOTHYHBI)
B TOM CMBICII€, YTO BCE 3TU MPOIIECCHl OMUCHIBAIOTCA OAHUM M T€M K€ MAaTEeMAaTHUYECKUM ypaB-
HeHueM — nuddepeHIaTIbHbBIM YpaBHEHUEM FrapMOHUYECKHX Kojebanuil. OJJHO U TO K€ ypaB-
HEHUE TOJAUTCS JJI ONMUCAHMS MTPOLIecca paIuOaKTUBHOIO paciajia, mpolecca pa3psakd KOHICH-
caTopa, U3MEHEHHUs C BBICOTOM IUIOTHOCTH BO3/1yXa, YMEHBIICHHS MHTEHCUBHOCTU CBETOBOIO
nydka B cpene (muddepeHnnansHoe ypaBHEHHE SKCIOHEHIIMAIBHOTO YObIBaHUS). Eduncmeo
Mamemamuyeckol npupoosbl PacCMaTPUBAEMBIX IMPOIIECCOB, MO3BOJISIIONIEE CUUTATh UX aHAJO-
TUYHBIMY, YKa3bIBa€T HA HATUYHE TIITyOOKOH CHMMETPUH.

[Mapannens cummempus-oduee BHyTpEHHE CBsi3aHa C YK€ NMPOBOJUBIICHCS paHee mapasie-
JBIO CUMMempUs-coXpaneHue; HelapoM 00€ BBIXOIAT HA 3aKOHBI COXpaHeHusl. YaCTHOCTH MOTYT
U3MEHSTHCA, HO COXpaHseTcst ob1iee. 31ech MOKHO yKa3aTh €lI€ OJHY Mapajuielb: CUMMempusi-
mooicoecmeo. Hampumep, HEUTPOH U MPOTOH 00JIaal0T OOIIKMM CBOWCTBOM: OHHU OJMHAKOBBIM
00pa3oM BeayT ceOsl B CHIIBHBIX B3aUMOJICHCTBUSX. DTO MOKHO MIOHUMATh U TaK: OHU TOXKICCT-
BEHHBI C TOUKH 3PEHUS CUIIbHBIX B3aUMOJeHCTBUIM. OTMEUEHHAs TOKIECTBEHHOCTD, UIH, HHBIMU
CJIOBaMH, CHMMETpHUS, O3HAYAET, YTO SICPHBIC CHUJIBI HE 3aBUCIT OT AJIEKTPUYECKOTO 3apsiia
B3aUMOJICUCTBYIOIINX YaCTHL.

B-tperbux, cuMMeTpus npeaonpenensieT HeoOXOAUMOCTh: OHa Oelicmeyem 6 HAnpasieHuu
COKpaujeHus YUcia 803MONCHbIX 6apuanmos. OHA OTPaHMYMBAET MHOTO000pa3ue Kak CTPYKTYD,
TaK ¥ BapUaHTOB MOBEJCHUS CHUCTEM. DTO BeChbMa MPUHIMITHAIBHOE OOCTOSTEILCTBO 3aCITyKH-
BaeT 0c000ro BHUMaHUS.

To, 4TO CUMMETpHUS OTPaHUYMBAET MHOTO0OpA3Ue CTPYKTYp, XOPOIIO BUIHO YK€ HA TPH-
Mepe MPaBWIbHBIX MHOTOTPAHHUKOB — HMX BCEro msATh. CUMMETpHUS HAKJIAbIBAET OIPaHUYCHUS
Ha pazHooOpa3ue CTPYKTYP MOJICEKYJI U KPUCTAUIOB. BceneHHass COCTOUT W3 MUPHUAJIOB aTOMOB.
Opnako, 6marogapss TOMy 4TO BCE AJIEKTPOHBI BO BCeleHHON TOXIECTBEHHBI (CUMMETPUYHBI
OTHOCHUTEIIFHO B3aMMHBIX MTEPECTAHOBOK), PABHO KaK TOKJIECTBEHHBI BCE MPOTOHBI U BOOOIIE BCE
YaCTHUIbl OJTHOTO U TOTO K€ THUIA, BCE ITH MUPHUAAbl aTOMOB PEATU3YIOT OTHOCUTEIIBHO MAaJloe
YHUCJIO pa3HBIX BApHUAHTOB, CHCTEMAaTU3UPOBAHHBIX B [lepuoaudeckoit cucreme saeMeHTOB. B
§ 12 oTMedanoch, 4TO 3aKOHBI COXpaHEHUsS MPEACTABIAIOT CO00M OmpenenéHHble npaguia 3a-
npema, HajJaraeMble Ha TPOIECCHI, MPOUCXOAAIIne B mpupojae. MHpIMU clioBamMH, BO3MOMKHBI
JUIIb T€ MPOLECCHI, KOTOPBIE COTIACYIOTCS C 3aKOHaMM coxpaHeHus. Hanpumep, 3akoH coxpa-
HEHUs DHEPTUU JieJIaeT HEBO3MOXHBIM BEUHBIN JIBUTATEb, a 3aKOH COXPAHCHUS WUMITyJIbCa HE
MO3BOJIIET CaMOro cedst MOJHATH 3a BOJIOCHL. Uepes MocpeAcTBO 3aKOHOB COXpaHEHUS (3aKOHOB
3ampeTa) CUMMETPHSI UCKIII0YaeT MHOTHE (POPMaIbHO MBICIUMBIC BApUAHTHI TIOBEJACHHS CHCTEM
Y TIOPOM NOYTH OJIHO3HAYHO MPEANKUCHIBAET CUCTEME TO WM MHOE MTOBEJCHUE.

CyI1ecTBeHHO, YTO CHMMETPHS HE MPOCTO OIPAHUYMBACT YHCIIO BO3MOXKHBIX BapHAHTOB, HO



¥ BO MHOTHX CITy4yasiX MOJCKa3bIBAET T€ BAPHAHTHI, KOTOPbIE BOZMOXHBI, T. €. 10360.iem 0el1amby
npeockazanus. BOT cTaBmMe yXe KIaCCHYECKUMHU MpPHUMEphl MOAOOHBIX MpeickazaHuil. B
1869 r. [I. 1. MenneneeB mpejackazall CylIeCTBOBAHUE W CBOMCTBA CKaHIUsA (YUEHBIM Ha3bIBal
ero 3kabopom), TayuTus (dKaamoMuHu), TepManus (3kakpemuunsi). B 1931 r. B. Tlaynu npencka-
3all cyuecTBoBaHue HetpuHo. B 1961 r. M. I'enn-ManH npenckasan cyliecTBOBaHUE U CBOIi-
CTBa OMera-MHHYC-TUTIEPOHA.

JlnanekTHKa CHMMeTPHUH M acMMMeTpuH. MTak, ¢ uaeeil cCMMMeTpUN OKa3bIBalOTCS Opra-
HUYECKH CBS3aHHBIMU UICH COXpaHeHUs, oouHocmu, modcoecmaa, Heooxooumocmu. Ho coxpa-
HEHHE JHUAJIEKTUYECKH CBSA3AHO C U3MeHeHueM, 00Iee — C YacmHbuIM, UHAUBUIYTbHBIM, TOX-
JECTBEHHOE — C paziuiHbiM, HEOOXOAUMOE — CO cayuatHbim. JIManeKTHIecKyo napy Heooxo-
JTUMOE-CITy9aifHOe MBI JOCTATOYHO MOApoOHO o6cyxnanu B § 13. O qualekTuke cOXpaHEHUS H
M3MEHEHUSI Mbl TOBOPHJIM, aHATM3UPYS camMo MOHsATHE cuMMeTpuu (cMm. § 14). BroiaHe moHsTHA
TaKXKe JUANEKTHKa OOIIEero-4acTHOTO, TOXKIECTBEHHOIO-pa3IuuHoro. HamoMHuM B 3TOH CBA3M
cioBa B. . JleanHa: «3akoH €CTh HACHTUYHOE B SBJICHUAX» (MBI UX y>K€ HUCIIOJIb30BAIH B § 14).
He nmeno 6b1 cMbIciia TOBOpUTH 00 OOIIMX CBOWCTBAX HEWTPOHA M MPOTOHA, €CIM Obl OHU Kak-
TO He paznuyanuck. O0IIee CymecTByeT He BOOOIIEe, 3TO €CTh 00111ee pa3IMIHbIX 00BEKTOB. [ '0-
BOPUTH K€ O PA3THUUIX MOXKHO, JIUIIb pacCMaTpUBasi OObEKTHI C OOIIEH MO3UIIH.

Bcé€ 370 moiBoAMT HAC K BBIBOMY: B MUPE CYIIECTBYET HE MPOCTO CUMMETPHUS, a CHUMMETPHS
¥ aCUMMETpHS, U HE MPOCTO CYIIECTBYIOT, @ HAXOIATCS B OUAIEKMUYECKOl 83aumocesnsu (eIuH-
CTBO M 00pb0a MPOTUBOIIOIOKHOCTEH). ECiu cummempus césa3ana ¢ COXpaneHuem, oowum, mo-
HCOECMBEHHBIM, HEOOXOOUMbIM, MO ACUMMEMPUSL CBA3AHA C USMEHEeHUeM, YaCMHbIM, pa3iuy-
HbIM, cayyaHbim. Mup He Mor ObI OBITh UIeaTbHO (a0COMIOTHO) CHMMETPHYHBIM. B TakoMm mupe
HUYTO ObI HE M3MEHSIOCH, HE ObUIO OBl HUKAKUX Pa3iW4HMi (HUYTO HENb3sl ObUIO OBl BBIACTHUTD,
OTJIMYUTDH OT OCTAJIBHOI0); 3TO O3HAYAET, YTO B TAKOM MHUpPE MOMPOCTYy HUYEro Obl He Halto/a-
JIOCh — HUKAKUX SBJICHUN, HUKAaKUX 00BEKTOB. TOYHO Tak ke He MOT ObI CyIIEeCTBOBaTh abCo-
JIOTHO aCUMMETPHUUYHBIN MUpP. DTO ObUT ObI MHUp 0€3 KaKuX-THOO 3aKOHOB, MHp, TJ€ HUYTO HE
COXpaHsIeTCA, T/Ie HeT KaKNX-TH00 MPUYHHHBIX CBsI3€H, T/Ie BCAKAsI CYIIHOCTh CHIOMUHYTHA U HU
Ha YTO HE TOX0Xa. PeanbHbIil MUP — 3TO MUP, OCHOBBIBAIOLIMIICS HA JUAJICKTHKE CHMMETPUH H
aCMMETpHUHU.

Korma-to cummerpusi Oblla BCETO JIMIIb 2eoMempuyeckum TOHSITHEM (cummempus noio-
arcenuti). [lozaHee 3TO MOHATHE CYIIECTBEHHO PACIIMPHIOCh — HAPsy ¢ CUMMETPHEN MoJIoxKe-
HUI CTalla pacCMaTpUBAThCS TAKXKE cUMMempus A61eHUll, CUMMEMpUs 3aKOH08 npupoovl. Paz-
paGoranHas B Hauyase XIX B. ¢paniy3ckum marematukoM O.lamya (1811 —1832) meopus
epynn npeobpazosanuti cummempuu (COKpaIIeHHO: TeOpus IPYIIN) Halllla cCaMOe IIUPOKOE MPH-
MEHEHHE B COBPEMEHHOI Hayke — KBaHTOBOH ¢u3uke, pusnke TBEPAOro Tena, (PU3NKE FIEeMEeH-
TapHBIX YacTUIl U T. 7. CEeroJHs MpOUCXOIUT JalIbHEHIIee paciIupeHe MOHATHS «CHMMETPHUSD)
— OHO TNpHoOpeTaeT rIyOoKuil guirocogckuii CMbICI, pacCMaTpUBAETCS ¢ TOYKU 3pEHHs Jaua-
JIEKTUKHA CUMMETPUHU U acuMMeTpuu. O0 3ToM nuier BUAHbIN coBeTckuit punocod B. C. T'ort:
«B coBpemeHHOI1 Hayke ((u3nKe, MaTeMaTUKe, XUMHUU, OMOJIOTUU U JIp.) LIMPOKOE MPUMEHEHHE
HOJTYYHJIO TIOHSTHE CUMMETPHH, U MBI yMaeM, YTO €CTh BCE OCHOBAHHS paCCMaTPHUBATh KaTETO-
pPHIO CUMMETPUH YK€ HE TOJIBKO KaK MOHATHE €CTeCTBO3HAHUS, HO U Kak (uiocodckoe moHs-
THe... Ha Ham B3risiy, BKIIFOYEHHE KaTErOpUH CHMMETPUHU B MOHSATUHHBIN anmapat Qriocopuu
HOCITYHT HE TOJBKO JJIsi OOBSICHEHUS YXKe MOJyYeHHBIX 3HaHUM, HO M OyJleT Urparb BCE BO3-
pacTaroiyo poJib B JaibHeleM pa3Butun noznanus» [39, c. 240]. B. C. 'ott noguépkuBaer:
«...OTHUM M3 SIPKHUX NPOSIBICHUH 3aKOHA €AMHCTBA M OOpbOBI MPOTHBOMOIOKHOCTEH SBISETCA
€AMHCTBO M 00pb0a CUMMETpUU U acuMMeTpum» [97, c. 42].

JlnanekTHKa CMMMETPUH U aCHMMETPHH B HAYYHOM NMO3HAHHMU MHPA M B 4YejloBeye-
cKoM TBopuecTBe. CyIIecTByeT TOUKa 3pEHHS, COTJIACHO KOTOPO B HAIlIEeM 3HAHHH O MUPE €CTh
TpU TocjenoBaTelbHble cTyneHu. Ha Husmel cTyneHu HaXOoAsTCs s61eHus, Ha clenytomel —
3aKoHbl NPUPOObl, Ha TPETbEN — npuHyunsvl cummempuy. 3aKOHbI TPUPOBI MO3BOJSIOT Mpe-
CKa3bIBaTh SIBIICHUS, MPUHIUIIEI CHMMETPHUH TMO3BOJSIOT MPEICKa3bIBATh 3aKOHBI TPUpObL. [Ipo-
rpecc B HAYYHOM MMO3HAHWH MHPA OCHOBBIBAETCS, B KOHEUHOM CUETE, Ha MO3HAHWU TPUHIIUIIOB



cummeTpun. C Takoil TOUKOW 3peHUs CIEAYET COIIacUThCs, HO C OJHUM CYIIECTBEHHBIM yTO4-
HEHHUEM: FOBOPS O MPUHIUIAX CUMMETPUH, HEOOXOJUMO UMETh B BUAY HE MPOCTO CUMMETPHUIO,
a CUMMETPHUIO B JIHAJIEKTUYECKOW B3aUMOCBS3U C acUMMeTpuel. bbulo Obl HENMpaBUIBHO MOJa-
raTh, YTO MPOLECC HAYYHOTO MO3HAHUS CBOJUTCS K OTKPBITHIO HOBBIX CUMMETPHUI, YTO 3TO €CTh
yTh, B KOHLE KOTOPOIO MBI OTBILIIEM, HAaKOHEL, «yHUBEPCAJIbHBIE YPaBHEHUS» M CO3AaIUM
«EIMHYI0 TEOPUIO», JAIOLIYIO MOJHOE ONMHCAaHWe Mupa. «OU3MKU TOHATCS 32 CUMMETPHUEH MO-
NOOHO TOMY, KaK IMyTHUKU TMPECIeAYIOT B MyCThIHE YCKOJb3aAIOMMNA MUpaXX. BOT Bo3HMKIIA Ha
TOPU30HTE MpEeKpacHasi MaHsIas KapTHHA, HO KaK TOJIBKO BbI MbITAeTeCh K HEH MpUOIM3UTHCS,
OHa MCYE3aeT, OCTABJISASI YyBCTBO ropeun» [76, c. 175]. Koneuno, Mbl HE MOXXKeM HE BUJIETh pa3-
BUTHE TTI00AJIBLHOTO TpOLIecca UHmMe2payuu HayyHo20 3HAaHUs — OObEIMHEHUE AIICKTPUIECTBA,
MarHeTu3Ma U ONTHUKHA BO BTOpoM nosioBuHe XIX B., co3maHue TEOpUM OTHOCUTEIBHOCTH H
KBaHTOBOM TEOPUHU B MEPBOH MOJOBHHE XX B., pa3pab0oTKa €IMHONW TEOPUH IJICKTPOMArHUTHOTO
U cJ1ab0oro B3aMMOACUCTBHUM B HaIM JHHU. Bc€ 310 Tak. OHaKo KapTHHA MHUpa B pe3ysbTaTe OT-
HIOJIb HE CTAHOBUTCS IPOIIE, HO, HA00OPOT — MPHUOOpPETaeT HOBBIE YEPTHI, ycaodcHaemcs. Ipo-
yecc uHmezpayuy 3HAHUSL OUANEKMUYECKU C8A3AH C passusaroujelicss ouggepenyuayuerl Hayy-
Hoix Hanpaesnenui. CAMMETpHUS THAJEKTHUECKH CB3aHa ¢ acuMMeTpuei. M yem GosbItie MbI 11o-
CTUTaeM CUMMETPHUIO IPUPOABI, TEM LIHPE NPOSABISAETCS ACUMMETPHSI.

I'oBopst 0 AMaNeKTHKe CUMMETPUN M ACUMMETPUN B HAyYHOM IMO3HAHUU, XOTEIOCh OblI yKa-
3aTh, B YaCTHOCTH, Ha TO, YTO 3Ta TUAJIEKTUKA JIGKHUT B OCHOBE JIF0OOW HAayyHOH Kiaccupuka-
nuu. Benp knmaccudukanus B paBHOW Mepe MperoiaraeT Kak coxpaHeHue (0OIMHOCTh), TaK H
U3MeHeHue (pas3inyus) CBOMCTB KiaccupuiupyeMbix oobekToB. IIpekpacusiii mpumep — Ile-
puoauyeckas cucrema sneMeHToB [I. . MenneneeBa. OHa MOXKET CIY>KUTh XOPOILIEH WIUIFOCT-
panueil AManeKTUKU CUMMETPUM U acuMMmeTpuu. CHMMETpHs CBOMCTB COOTBETCTBYIOIIUX dJIe-
MEHTOB U3 Pa3HbIX EPUOJOB COUETAETCSA C ACUMMETPUEN CBOMCTB 3JIEMEHTOB BHYTPH IEpUOAA.

JlnanekTvka CUMMETPUU M aCUMMETPUU UTPAET BAXXHYIO POJIb HE TOJBKO B HayKe, HO U B
uckyccrtBe. «Mup OGecriopsSA0YHO yCesiH yHnopsaoYeHHbIMU (opMaMmu», — 3aMeTHIl (paHIry3-
ckuii oot [lons Banepu (1871 — 1945). OH ke oTMeuan, 4To «cOObITUSI Hanboiee yIUBUTEIb-
Hble ¥ Han0oJsiee ACUMMETPUYHBIE IO OTHOLLEHUIO K X0y OMMKalIIuX MUHYT OOpETaroT HEKYIO
3aKOHOMEPHOCTb B NEPCIEKTUBE Oosiee OOMIMPHBIX NEpUOIOB». IIpUHATO OTOXKIECTBIATH CUM-
METPHIO C KpacoTOM, ¢ TapMOHMEH, ¢ cOBEpHIEHCTBOM. HO pa3Be MOTyT CUMTAaThCS KPAaCHBBIMU
HOYTH UAEATbHO CUMMETPUYHBIE JOMa-KOPOOKH U T€OMETPUUECKU MpaBUIIbHbIE PallOHbI U3 Ta-
kux noMoB? YTo KpacuBee — aKKypaTHO MOJCTPUKEHHBIE Ta30HbI U JIEPEBbS WM LBETYIINN
UKW JTyT ¢ OyWHBIM U COBCEM HE CUMMETPUYHBIM PUCYHKOM Kpacok? HaBepHoe, He ciemyeT
OTOKJIECTBJISAT CHMMETPHIO C KpacoTor M rapmonueil. [loroMy 4to kpacota u rapMOHHUS OIpe-
JIENIAIOTCS. HE TIPOCTO CUMMETpPUEH, a OuaneKmuieckum codemanuem CUMMempuu u acummems-
puu. Kpacota naMsaTHUKa apXUTEKTYpbl — B MCKYCHOM COOTHOIIEHHUU MEXJY CUMMETpHUEH U
acuMMeTpuelt (mpekpacHslii mpumep — cobop Bacunus braxxennoro B Mockse). Kpacora cum-
(GOHMM — B HMCKYCHOM COYETAaHUU MOBTOPOB (CUMMETpPUH) C BapHalMsIMH (acummeTpueit). B
J11000M TBOPEHMH BEJMKHUX XYJIO)KHUKOB MOXHO HAaWTH YIMBHUTEIbHOE COEIMHEHHE ypaBHOBE-
HIEHHOCTH (CUMMETPHUH) C HAPYIIEHUSIMU KOMIIO3ULIMU (aCUMMETpHUEN ).

B Jlenunrpazne B OpMmuTaxke XpaHUTCS KapTHHA IreHUaJbHOTo JleoHapnao na Bunum «Ma-
noHHa Jlurra». Ha kapTuHe Qurypbl MaioHHBI U peOEHKA BIIMCAHBI B IPaBUJIbHBIN TPEYTOJIbHUK,
KOTOPBIN BCJIEICTBUE CBOEH CUMMETPHH SICHO BOCIIPUHMMAETCS 3pUTeIeM. B pesynbraTe Math ¢
peOEHKOM OKa3bIBAIOTCSI B LIEHTPE BHUMAaHHUA, Kak Obl BBLABUTAIOTCS HA nepeaHui miuaH. Cum-
METPUYHO PACIIOJIOKEHHbIE OKHA, TOPU30HTAIbHBIEC JIUHUU 00JaKOB U MOJIOTHX XOJIMOB, FapMo-
HUYHOE COYETaHHE ToJIyOOoro C KENTHIM U KpacHbIM — BCE ATO CO3/a€T OUIYLICHHE MOKOS U
YMHUPOTBOPEHHOCTH. MaJloHHa cocpeloToueHa Ha MIIaJICHIIe, OHA OEpeKHO JEepKUT €ro Ha py-
Kax, He)KHO MsauT Ha Hero. Co3maercs 3(p@exT BHyTpEeHHEH 3aMKHYTOCTH KapTHHBI, OThEIU-
HEHHOCTU €€ oT Mupa. Ho BOT BbI BCTpedaeTech ¢ 0OpalléHHBIM K BaM CIIOKOWHBIM U BHUMa-
TEJIbHBIM B3IJISJIOM peOEHKa — U 3aMKHYTOCTh KapTHUHBI HMcye3aeT. HapymiaeTcst BHyTpeHHsA
YPaBHOBEIICHHOCTh KOMITO3UIIMH, KApTHHA pacKpbIBaeTcs Bo BHeMHUH mup. [TornpobyiiTe Mbic-
JIEHHO yOpaTh 3Ty Uy/JE€CHYI0 aCUMMETPHIO, TOBEPHYThH JIMIO MJIAICHIIa K MAaTEPH, COETUHUTD UX



B3TJIs161. Pa3Be BbI HE 4yBCTBYETE, UTO OT 3TOTO KapTHHA CTAHET MEHEe BhIPA3UTEIHHOW, MEHEE
IIyOOKON — YMEHBIIUTCS €€ KpacoTa.

ITOT YAUBUTEJIbHO CHMMETPUYHBII MHP, OCTPOEHHBIH HA BEPOATHOCTH (CBA3b MeEXK-
Ay THAJEKTHKOW CHMMETPUH M ACUMMETPHHU U THAJEKTHKOI He00X0AUMOro U cJay4yaiiHo-
ro). Beliie MBI yKe OTMEYalu ATy CBsI3b; TEMEph MOTOBOPHM O HEW HeMHOTo mojpoOHee. Kak
U3BECTHO, IMAJIEKTUUYECKOE ETUHCTBO HEOOXOAUMOTO U CIIy4YailHOTO BBIPAXKAETCS Yepe3 geposm-
Hocmb (cM. § 13). A MeXIy BEpOSTHOCTHIO M CUMMETPHEH CyIIecTBYyeT rimyOokas cBs3b. Kiac-
CHUYECKOE OIpeJielIeHHe BEPOSTHOCTH OCHOBBIBAETCS Ha MOJCUETE PABHOBO3MOXHBIX HCXOJIOB; B
CBOIO OYepe/lb, PABHOBO3MOXHBIC UCXO/bI MPEANONATral0T CAMMETPHUIO (HAPUMEDP, CHMMETPHUIO
KyOuka, Oyaroymapsi KOTOPOW PaBHOBEPOSATHO BBINMAJICHUE JIFOOOW TpaHU TPHU IMOAO0pACHIBAHUU
KyOuKa). BeposiTHOCTE COOBITHSI OTpeeNsIeTCss KaK BeITUYHMHA, MTPOMOPIUOHANILHAS YUCITY PaB-
HOBO3MOYHBIX (CUMMETPUYHBIX) UCXO/0B, B KaXKIOM H3 KOTOPBIX peau3yercs JaHHOE COOBI-
te. OyHIaMEHTAIIBHOE NPABUIIO CIOKEHUS BEPOSITHOCTEN OCHOBAHO HA CUMMETPHUH, CB3aHHOM
C COOBITHUSIMU, — HIIETCS BEPOSTHOCTH, YTO MPOU3OUAET OO OJHO COOBITHE, JTUOO IPYroe,
npuuéM 0e3pa3ndHo, KaKoe UMEHHO (pe3ysIbTaT HE 3aBUCUT OT 3aMEHBI OJIHOTO COOBITHS APY-
UM, OH CHMMETPHUYEH TI0 OTHOIIICHHIO K AToW 3ameHe) Ecnu cymectByer emé 6omee riybokas
CUMMETpUS, CBsSI3aHHAS C HEPA3TMUYUMOCTBIO COOBITHIA, TO TPABHIO CIOXCHHS BEPOSTHOCTEH
MpeBpalIaeTcs B MPaBUIO CIOKEHUS aMIUTATY 1 BeposaTHOCTeH (§ 8).

CBsi3b MEXTy CHUMMETPHUEH U BEPOSITHOCTHIO MOYKHO TIPEJICTABUTH B eI 00Jiee KOHKPETHOM
BUJIE, €CIIK 0OPATUTHCS K MOHATHIO uHpopmayuu. IloguepkHéM, 4yTo Teopus UHPOPMAIUH SBIIS-
€TCS MPUHITUIHAIBLHO CTATUCTHUECKON; IMEHHO BEPOSITHOCTHBIN MOJIXOJ] TaéT HAYYHOE, 00bEK-
TUBHOE MOHSTHE MH(POPMAIH, CBOOOAHOE OT CyOBEKTUBHBIX MPEICTABICHUMN, KOT/Ia KOJIUYECT-
BO MH(pOpMAIIUY MOAMEHSETCS €€ IEHHOCThIO U BaXKHOCTHIO. CBsI3b MEX Iy MHGOpMAIuei u Be-
POATHOCTBIO HATJISAHO AEMOHCTpUpYeT ¢hopmyra [llennona — onaHa u3 (GyHIaMEHTAIbHBIX
dopmyn B Teopun BepositHocTed (cMm. [105, c. 221 —251; 120, c. 88 — 94]). Uro xe kacaercs
CBS3M Mexay HH(popmanuend U CUMMETpUel, OHa TaKoBa: Oonee CUMMEMPUYHOMY COCHOAHUIO
coomeemcmayem meHvutel uHgopmayus. MOXHO yTBEPKIaTh, UTO C MOBBIIICHUEM CUMMETPUN
COCTOSIHUSI BO3PACTAET €ro SHTPOIUA. AHAIU3UPYS ITH BONpPOCH! B padboTe «CUMMETpUS U BEpo-
atHocTh», B. I1. Kpunnau otmeuaet: «llockonpky mHpOpMaIus TeM MeHbIle, YeM OOoJblie 3H-
TPOITHS, a BEPOATHOCTh M SHTPOIHS BMECTE YBEITUYUBAOTCS U BMECTE YMEHBIAIOTCS, TOCTOb-
Ky B CBETE Halller0 KauyeCTBEHHOT'O MpPaBHJIa «4eM OOIIbIIIe CHMMETpPHsSI, TEM MEHbIe nHpopma-
UsD» CIEIYET OKUIATh TAKOTO TMpaBUiia IS CBSI3U CHMMETPUU U BEPOSITHOCTU: OOJIBIIECH CUM-
METPUU COOTBETCTBYET OOJbIIIast BEpOSITHOCTEY [97, c. 260].

Kak ye oTMe4aioch, CHMMETPHS JICUCTBYET B HANPABICHUH OTPAHHYCHUS YUCIIa BO3MOXK-
HBIX BapHAHTOB CTPYKTYp, BAPUAHTOB MOBeACHUS crucTeM. HeoO0XomuMocTh IeHCTBYET B TOM K€
camoMm HampaBiieHud. C Ipyroi CTOPOHBI, ACHMMETPHSI ICHCTBYET B HANPABICHUHN YBEIMYCHUS
YHClia BAPUAHTOB; B 9TOM K€ HAMpPaBJICHUH JCUCTBYET U CIYYalHOCTH (MBI yKe oOpaland BHU-
MaHHE€ Ha TO, YTO CIYyYaHOCTH CO3/Ial0T HOBBIE BO3ZMOXXHOCTH, TTOPOKIAIOT HOBBIC albTEPHATH-
BbI).

Coxparias 9ucjao BO3MOXKHBIX BApUAHTOB, CHMMETPHS U HEOOXOIUMOCTh BHOCSIT B MHP TI0-
PSAAOK (3TO MBI OIEHUBAEM MOJIOXKHUTENBHO). B TO ke BpeMsi CHMMETpHsI U HEOOXOAUMOCTb, CO-
Kparasi YMcjio albTEPHATHUB, MOTYT MPUBECTH K OC3BBIXOIHOW CUTYaIlUH, 3aBECTH B TYIHK, CO3-
IaTh 0OPEYEHHOCTH (3TO MBI OLIEHUBAEM, KOHEYHO, OTPUIIATEIHHO). B MOTOOHBIX «TyMHKOBBIX)»
CUTYallMsX KH3HCHHO Ba)KHA CIACUTENIbHAS CIYy4YailHOCTh, CIIOCOOHAS pa3pyIIUTh CHMMETPHIO,
CO3/aTh HEOXHJAHHBIM BBIXOJ W3 TyNMUKa. B maHHOM ciydae (U3MKH YNOTPEONISIOT TEPMUH
«CTIOHTAaHHOE HAPYIICHUE CUMMETPUI).

CoznaBasi HOBbIE BO3MOXKHOCTH, HOBBIE aJlbTEPHATHUBBI, ACHMMETPHSI M CIy4alHOCTh 00ec-
MIEYUBAIOT Pa3BHTHE, CIIOCOOCTBYIOT TBOPYECKOMY ITOMCKY, IOSIBJICHHIO HOBOW WH(MOpMAaIUN
(3TO MBI OLICHHMBAEM MOJIOKUTEIHHO). B TO ke BpeMsi aCUMMETpHsl U CIIy4alHOCTh BHOCSIT JI€3-
OpraHU3aINI0, YBEJIMUYMBAIOT CTETICHh OECIOpsiAKa B HAIleM MHpE (3TO MBI OIIEHUBAEM OTpPHIlA-
TenbHO). OOHMIIMe anbTepPHATUB, PA3HOOOPA3HBIX BAPUAHTOB MOXKET CTaTh YPE3MEPHBIM — U TO-
IJ1a Ha TIOMOIIb TPUXOUT YIOPSIOYHBAHKE B JIUIC CHMMETPHH U HEOOXOTUMOCTH.



Tax u )uBEM, HAXOSICh O] BO3JICHCTBUEM, C OJHOW CTOPOHBI, CHMMETPUU U HEOOXOIUMO-
CTH, a C IPYroll — aCUMMETPHH U CIYyYalWHOCTH M MCTIOJNB3Ys B CBOCH MpaKTHKE (CO3HATEIHHO
WIN CTUXUHHO) ATy JUATEKTHKY — JUAIEKTUKY CUMMETPHUU-aCUMMETPUH, TUATEKTUKY HE00XO-
JIUMOTO U CIYy4YaiHOTO.

OnacHOCTh CO CTOPOHBI CIIy4allHOCTEW BIIOJIHE MOHSTHA, €€ Bce Xopollo oco3HatoT. Ho He
BCE MOHMMAIOT, KaK MOXKET OKa3aTbcs onmacHou cumMmerpusi. OJTHAKO CTPOUTENIN COBPEMEHHBIX
MOCTOB, BBICOTHBIX 3[aHM, OallleH 3HAIOT, YTO KOHCTPYKLHMS HE JOJDKHA OBITH OEe3ymnpeuHo
CUMMETPUYHON HU3-32 OMACHOCTH BO3HMKHOBEHMSI PE30HAHCHBIX KOJEOaHUN, KOTOPbIE MOTYT
npuBecTH K €€ paspyuieHuo. [1o3ToMy cHMMETpHIO KOHCTPYKIMHM CO3HATENbHO HapyIIaoT,
BBOJIS B HEE OT/I€TIbHbIE aCUMMETPUYHBIE JIEMEHTHI.

OTtmeTuM Heycmouuugocms cummempuu; AIMEHHO OHA JIelaeT BO3MOKHBIM CIIOHTaHHOE Ha-
pyuenue cummerpud. MccnenoBanus 3Toi HEYCTOMYMBOCTH MPUBENN K POXKJIEHUIO HOBOTO Ha-
YUHOTO HampaBiieHus1 — meopuu kamacmpog (cMm. [8]). UacTuia BeI3bIBaeT OYpHBI Ipoliecc B
cuétunke ['eiirepa — Mioiepa; 3To katactpoda B macmTabe Mukpomupa. OrpOMHBIH MOCT
BHE3aITHO Pa3BaJIMBACTCS M3-3a PE30HAHCHBIX KOJIeOaHWH; 3TO KaTacTpoda B NMPUBBIYHOM IS
Hac MacmTabe. [Ipumepsr katacTpod MoryT ObITh KpaiiHe pa3HOOOpa3HBIMU: BHE3aITHAs KpPH-
CTAJUIM3ALMUS TIEPEOXITKIEHHON KHUIKOCTH B COCYJE, POXKICHHE TOPHOTO 00Baia, BOSHUKHOBE-
HUE TeHepalliy B Jia3epe, BOZHUKHOBEHUE KM3HU Ha 3emuie. O0 3To# riobaibHOM, OaronpusT-
HOU 17151 Hac KaTacTpode yrnmomuHanoch B § 14. Bo Bcex mooOHBIX ciy4asx cHcTeMa XapakTe-
pU3yeTCs HEYCTOMYMBOM CUMMETPUEH, KOTOpas pa3pylIaeTcs Mo IeWCTBHEM CIIydailHbIX (ak-
TopoB. Ciy4alfHOCTH CHOCOOHBI pa3Bs3aTh B TAKOM cucTeMe OYpHO NMPOTEKAIOIIUE MPOLECCHI,
KOTOpBIE PACCMAaTPUBAIOTCS KaK CBOETo poja KaTacTpodsol.

§ 16. NMPHUUTT COOTBETCTBUA U
OVATNEKTUKA NMPOUECCA NO3HAHUNA

IIpuHIMND cooTBeTCTBHMSA B KBAaHTOBOM MexaHmke. [Ipennoxxennas M. Ilnankom B 1900 r.
3HaMeHuTas (popmysa A MIOTHOCTH DHEPIMU TEIJIOBOTO M3IY4YEHHs MEpeXOquT B Kilaccuye-
ckyro ¢opmyny Panes — Jlxunca, ecnmu hv < kT (h — noctostHHas [1nanka, KBaHT ACUCTBUS; k
— nocTostHHast bonbliMana; v — 4dactoTa uznydyeHus; 7 — abcomtoTHas Temmneparypa). ITo Ha-
ToNKHYJI0 [1aHKa Ha MBICITB, YTO KJIACCHYECKYIO0 TEOPUI0 MOYKHO pacCMaTpuBaTh KaK TEOPHIO, B
KOTOpOil 0ECKOHEYHO MaJjl KBaHT JICHCTBUS, WIH, TOYHEE, KAK TEOPHIO, B KOTOPOU MOCTOSIHHOM /1
MOXXHO TIpeHeOpeub. Takum 00pa3oM, yke B caMOM Haudaje BeKa ObUT MOCTABJICH BOIPOC O
B3aUMOCBSI3U HOBOM (KBAaHTOBOI) TEOPUH C KIACCUUECKOI.

3aTeM >TUM BompocoM 3aHsica H. bop. «Mbl 107KHBI 10MTyCTUTh, — OTMe4an bop, — 4drto
MEXaHHU3M U3Ty4YeHUs (pedb UAET 00 M3ITydCHHI CBeTa aTOMaMu. — A6m.) He MOXKET OBITh B Jie-
TaJsIX OMHCAH METOJaMU OOBIYHOM 3NeKTpoauHaMUKU. OAHAKO U3BECTHO, YTO MOCHEIHAS TaET
YIOBJICTBOPUTEIILHOE OOBSICHEHUE SIBICHUN M3Iy4YCHHUS B 00JIACTH MalbiXx yacToT. Ecim Harma
TOUYKA 3pEHUs CIPABEUIMBA, TO CIIEAYET 0KUJATh HAIUYUS B JAHHOW 00JIaCTH ONpeAenEéHHOro
coomeemcmaus (KypcuB Halll.— A6m.) MEXy U3NIaraeMoi TEOpUEH U TOUKON 3peHHUsT OOBIIHON
anexktpoauHamMukm» [11, c. 172]. T'oBopst 06 «obmacT MaibIx 4acToT», bop nMen B BUAy H3Iy-
YeHHE, KOTOPOE POXKIACTCS Ha MEePEeX0Iax MEXIy YPOBHIMU, XapaKTEPU3YIOMUMUCS OOJIBITHMHE
KBaHTOBBIMH UYHcCIaMU (HarmoMHUM puc. 2.8). Uepe3 HECKONBKO JIeT OH BBEN CIEIHAIBHBINA TEP-
MUH — «IPUHIAI COOTBETCTBHUS». BOPOBCKUI MPUHIIUIT COOTBETCTBHUS MOXHO C(HOPMYIHPO-
BaTh Tak: « /1y OONbIINX KBAaHTOBBIX YHCEN M3ITyUYeHHUE, UCITyCKaeMOe aTOMOM IPH MEPexoie U3
OJIHOTO COCTOSIHUS B JPYroe, aCUMITOTHYECKH COBIIAJAET C OJHOM M3 YaCTOT, OKUJAEMBIX IO
KJIacCU4ecKkoi Teopum» [98, c. 9].

Hcnonw3ys 3TOT MPUHIUIL, MOXHO TMOJIYYUTh YCJIOBHE KBAaHTOBAaHUS MOMEHTa HMITYJIbCa
3JIEKTpOHa Ha opOuTe, ompenensioniee B Teopun bopa paanyc opOUT, OTBEUarOIIUX CTAI[MOHAP-
HBbIM COCTOSAHMSIM. COOTBETCTBYIOIIME BBIKJIAJIKU JOBOJIBHO MPOCTHI. [Ipexe Bcero npeacraBum
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BUJHO, YTO IIpU n >1 AOJIKHO BBITOJHATHECA HECPABCHCTBO h< 27zmvnrn KU, 3HA4YUT, KBAHTOM

JIeCcTBUSL MOXKHO TIpeHeOpeub. Takum 00pa3oM, OOPOBCKUNA MPUHIIUI COOTBETCTBHSI BKIIIOUACT B
ce0s BbIIBUHYTOE eI paHblie [1aHkoM yclioBre OTHOCUTEIBHOM MalOCTH KBaHTa JEHCTBHUS.

PonuBimmch Ha 3ape KBaHTOBOW (DM3UKH, MPUHIIMII COOTBETCTBHUS CHITPaj UCKIIOYUTEIHHO
Ba)XXHYIO pOJIb B €€ CTAaHOBJICHUM M Pa3BUTUU. OJHOBPEMEHHO MPOUCXOAMIIO yenybnenue cooep-
JoHcanus camoco npunyuna, GOpPMHUPOBAIOCH MOHWMAHHE TOTO, YTO KBAaHTOBAas MEXaHMKA «CO-
JEPKUT KIIACCUYECKYIO KaK CBOW MPEEIIBHBIN CIIy4ail U B TO K€ BpEMs HY>KIAa€TCsl B 3TOM IIpe-
JIEBHOM CITydae Uit CaMoro cBoero obocHoBanus» [61, c. 16].

Pa3zpabareiBas B 1925 r. cBOIO MaTpHUHYIO0 MEXaHHKY, B. ['eif3eHOepr IIMpOKOo MCTIOIB30BaI
OPUHLUI cOOTBETCTBU. OH moguépkuBai: «Jljig BbIBOJA MaTeMaTHYECKOM CXEMbl KBAaHTOBOM
TEOPHH... Mbl IMEEM B PACHOPSHKEHUH JBa UCTOYHUKA: SMIIUpPUYECKHE (aKThl U IMPUHIIMII COOT-



BETCTBUA. BOPOBCKMII MPUHIIUIT COOTBETCTBUS B CBOEH Haunbosee o01eii GopMyIHpOBKe IIIacuT,
YTO MEXJy KBAaHTOBOM T€OpPHEN U COOTBETCTBYIOIICH JaHHOW MPUMEHEHHON KapTUHE Kiaccuye-
CKOM TeopHel CylIecTBYeT KaueCTBEHHAs aHAJIOTHs, KOTOpast MOKET OBbITh NMPOBEJCHA 10 JIeTa-
nei» [30, c. 80]. O. llIpéauurep mpumen Kk CBOEMy 3HAMEHUTOMY YPaBHEHMIO, MBITASICh HAUTH
Takoe 000O0IIeHNE KIACCHUECKON MEXaHUKH, KOTOpOe ObLIO OBl aHAJIOTMYHO MEPEXOAy OT Teo-
METPUUYECKON ONTHKHA K BOJHOBOW. PaccmaTpuBas MHTErpajbl mo TpaektopusMm, P. deitnman
OCOOEHHO HAarjasAHO NPOAEMOHCTPUPOBAN NPEJEIbHBIA MEPEX0] OT KBAHTOBOM MEXaHUKU K
KJaccuuecko (cM. § 12); 3ToT mepexo, HaroOMHHAEM, TIPEIoaraeT BEIMOJTHEHUE HEPaBEHCTBA
h< S (3mech S — neicTaue).

«Upe3BplyaiiHO BasKHO JJI IOHUMaHUS KBAaHTOBOM MEXaHUKH M POJIM MPUHIUIIA COOTBETCT-
BUS clieiyIoliee o0CTOSATeNbCTBO. Eciam mpu co3nanum 3ieMeHTapHON KBaHTOBOM Teopuu bopa
IPUHIIUII COOTBETCTBUS UIPaJl POJIb «JIECOBY», HEOOXOAUMBIX MPU BO3BEIECHUU 3/1aHUSI TEOPUH, U
9TH «ieca» B JAalbHEHIIEeM MOTJIH OBITh YOPaHBI, TO B CTPOrOii KBAHTOBOMEXAaHUYECKOW TEOPHUH
oOpalieHne K KIaccuueckoil Mexanumke HbroTOHa ocTaércsi HEeM30eKHBIM AIIEMEHTOM TEOPHH.
OTO NpOSBIAETCS, B YACTHOCTH, B TOM, YTO HAIMCATh OCHOBHOE YPaBHEHHUE TEOPUHU — ypaBHe-
Hue [IIpénuarepa — mus kax a0 KOHKPETHOM 3a/1a4i MOXKHO, JIMIIb B3B U3 KJIACCUYECKOU Me-

XAaHUKH BBIPAKCHUC MOTEHIIUAILHOMN OHCPIUU AJI 3TOM 3a1a4u: —62 /r — AJIg aTOMa BoAopoaa,

kx* /2 — nus ocumpisATopa 1 T. . MiHaue TOBOpS, TIPHHITAIN COOTBETCTBHS SIBIISETCS B KBAHTO-
BOM MEXaHHKE HEOTHhEMJIEMOW COCTaBHOM 4acThio Teopum» [98, c. 149]. ABTOpBI 3TUX CTPOK CO-
Berckue usuku 1O. b. Pymep u M. I1I. PeiBkuH mog4€pkuBaroT 31€Ch MPUHIUITHATILHOE 00-
CTOSITENICTBO: B amlapare KBaHTOBOM MEXaHUKU (U3NYECKUM BEIUYMHAM CTABATCS B COOTBET-
CTBHUE OIEpaTOphl (CYIIECTBYIOT ONEpaTOPhl KOOPAWHATHI, UMITYJIbCa, MOMEHTA UMITYJIbCa, SHEP-
THH U T. JI.), KOTOPbIE C TOYHOCTBIO 0 COOTHOIIEHUH KOMMYTAIIMH B3aUMOCBSA3aHbI TAKUMH XKe
COOTHOIIEHUSMU, KAKUMHU CBSI3aHBI PYT C IPYTOM B KJIACCHUYECKOM MeXaHUKe caMu (U3NUYECcKue
BeNMYMHbIL. [loMcTHHE KBaHTOBas MEXaHUKa HYXIAeTCsl B CBOEM NpEIeNbHOM citydae (KJIaccu-
YECKOW MEXaHUKE) JUIsl COOCTBEHHOT'O 0OOCHOBAHMSI.

PazBuTue (U3MKH M NPUHIUHUI COOTBETCTBHUS. SIBISSICH BaKHBIM METOJOJIOTHUECKUM
MPUHILIAIIOM, PUHIUI COOTBETCTBHS, KOHEYHO, HE OTPAaHUYEH paMKaMH KBAaHTOBON MEXaHHKH.
C ToukHM 3peHHs 3TOro MPHHLHUIA HAI0 pacCMaTpUBaTh BECh MPOLECC Pa3BUTUSA (HU3MKU (M HE
TOJILKO (PU3UKH, HO U BCETO €CTeCTBO3HAHUs). TeopHsi OTHOCUTENbHOCTH BO3HHUKIA KaK eIié of-
HO 00OOIIEeHHE KIACCHYECKOW MEXaHMKH; MOCJIEIHIOI MOXHO pacCMaTpHUBaTh KaK YaCTHBIA
Cy4yail peNISTMBUCTCKONW MeXaHWKH. BoJHOBas omTuKa IMpeacTaBiseT co0oi 00oOImeHne reo-
METPUYECKOI; IOCIETHssI €CTh YAaCTHBIM Ccilyyali BOJIHOBOHM oNTUKU. B cBOIO ouepenb, BOJIHOBAs
OIITHKA SIBIISIETCS YAaCTHBIM CIIydaeM KBaHTOBOH onTuku. COBpeMeHHasi CTaTUCTHUYECKas (hr3nKa
(epMUOHHBIX KOJIEKTHBOB (cTaTrcTuka depmu — Jlupaka) u 6030HHBIX KOJIJIEKTHBOB (CTaTH-
ctuka bo3e — OiiHiTeliHa) ecTh 00001EHNE KIIACCUUYECKON CTaTUCTHUECKON (PU3UKU (CTaTH-
cTuku MakcBeiuia — bosibiMana). [lepeuerb mogoOHBIX TPUMEPOB MOT Obl OBITH JOBOJIBHO 00-
[IAPHBIM.

Bo Bcém sTOM nposiBisieTcst o011as 3aKOHOMEPHOCTbh, XapaKTepU3yolias MPOoLecc Pa3BUTUSA
¢u3uKu. «ITy 3aKOHOMEPHOCTh HCTOPHUYECKOTO Pa3BUTHs (PH3MUECKOW HAYKH B IIEJIOM MOXHO
chopMyIMpOBaTh KaK MPUHIIMII COOTBETCTBUS B €ro Haubosee oouieit popme: Teopu, cripaBe-
JMBOCTh KOTOPBIX SKCIEPUMEHTAIBHO YCTAaHOBJICHA ISl TOH WM WHOW 00JacTH (PU3MUECKUX
SIBJICHUH, C MOSBJICHHMEM HOBBIX, Oojiee OOIIMX TEOpUIl HE YCTPAHSIOTCS KaK HEYTO JIOKHOE, HO
COXPAaHSIIOT CBOE 3HAUEHME JUIs MpekHEN o0acTu SBJICHUM Kak mpezenbHas (opMa U YacTHBIN
cilydail HOBBIX T€OPUH... [IpUHIMIT COOTBETCTBUS ABISIETCSA OJAHUM M3 BAXKHEHIINX JOCTHXKEHHUH
TeopeTnuecko (pU3MKH U Bcero (hU3MKO-MaTeMaTuuecKkoro ecrectBo3HaHusi XX B. biaromaps
eMy UcTopus (pU3nUecKoi HayKH MpeacTaéT nepe] HaMHM He Kak XaoTH4ecKas CMeHa pa3IMyHbIX
Ooyiee WM MEHEe YJauHBIX TEOPETUYECKHX BO33PEHMIA, HE KaK 4Yepeaa MX KaTracTpOopUUECKUX
KPYLICHUH, a KaK 3aKOHOMEPHBIN U MOCIIe0BATENbHBIN MpollecC pa3BUTHs MO3HAHUS, UIYIIETO
KO Bc€ OoJjiee MUPOKUM 0000IIEHNAM, KaK TO3HaBaTeNbHBIN Mporpecc, Kaxkaasi CTyleHb KOTOpPO-
ro UMeeT OOBEKTHBHYIO IIEHHOCTh U JIOCTABIISET YaCTHUILy aOCONMIOTHOM MCTHHBI, 00J1ajaHue KO-
TOpOM CTaHOBHUTCS BCE OoJiee u 6osee momHbM» [98, ¢. 50 — 51]. PoguBminck B 10HE KBAHTOBOM



MEXAHMKHN KaK HEKMH 3BPUCTUYECKUI MPUHIINII, IPUHIUI COOTBETCTBUS NPEBpPATHIICA B 001NN
Memooonoeudeckyll TIPUHIINIL, ONPEACISIONUI O0IIyI0 3aKOHOMEPHOCTh Pa3BUTHUSI €CTECTBEH-
HBIX HayK.

IIpoGJsieMa NCTHHBI ¢ TOYKHU 3peHUs] MeTa(PU3UKU, PU3NYECKOT0 PeIATHBH3MA U MaTe-
pHATUCTHYECKOMH TUaNeKTHKHU. [Ipobiema HCTHHBI — OJIHA U3 TJIaBHBIX Cpeau MpolieM, ¢ Ko-
TOPBIMH MBI CTAJIKUBaeMCsl, HCCIEAys Mpollecc MO3HaHUA. B M3BEeCTHOM cMbIClie MO3HAHUE —
3TO NOCTUKEHUE UCTUHBI.

C no3unmit memaghuzuxku 4enoBevyeckuil pazym JuOO cpaszy U MOJHOCTHIO MOCTUTAET UCTH-
HY, 1100 aOCOIOTHO 3a0IyKIaeTCsa — TPEThEro He JaHO (HarmoMHUM Juasior «O AuaneKTHKe u
MeTtadusuke»). JInbo abCoMOTHO BEepHOE 3HAHUE, OO0 abcoioTHOE 3a0myxacHue. Mcropus
pa3BUTHs HAyKH BOOOIIE M (PU3MKH B YACTHOCTH HACHIIICHA MPUMEpaMu MeTadu3ndeckoro ad-
COJIFOTU3MPOBAHUS JJOCTUTHYTHIX YCIIEXOB M, KaK CIIEJICTBUE, HAMBHBIX (C HalIeil TOUYKU 3PEHMUS)
BBIBOJIOB O OJIM3ALIEMCS OKOHYATEIHHOM 3aBEpIICHUH MPOLIecca HAYYHOTO TIO3HAHUSL.

B cBo€ BpeMst BO3BOAMIIOCH B aOCOTIOT MEXaHUYECKOe 00BbsICHEHUE TpUpos! (cM. § 3), 3a-
TEM CTOJIb K€ a0COJOTHO BOCTIPUHUMAIACH dJIEKTPOMarHuTHas KapTuHa mupa (cMm. § 4). B mep-
Boi mosoBuHe XVII B. P. JlekapT 00BSBUI, YTO ¢ TOMOIIBIO TEOMETPUUECKUX PACCYKIECHUN OH
o0BsicHun Bece siBieHus npuponsl. Ha py6esxkxe XVII — XIX BB. P. I'aton (1743 — 1822) nucan:
«M3yuenue snekTpuuecTBa, o0OTrauiéHHOE TPyAaMH CTOJBKHUX 3HAMEHUTHIX (DU3UKOB, JOIILIO,
Ka3aJIoCh, 0 TAKOTO Mpejiesa, KOrjia He MOKET ObITh 3aMETHOTO JIBIKEHHS BIEpEa, a Oy Iylm
paboTHUKAM B 3TOI 00JaCTH OCTa€Tcs JMILb HaAEKIa MOATBEPKIAaTh OTKPHITHUS MPEIIeCTBEH-
HUKOB M OCBENIATh YK€ JOObITbIE UCTUHBDY [98, c. 56]. A BOT BOCIIOMHUHAHHUS, OTHOCSIIIIUECS K
pyoexy XIX — XX BB. M. [Inank BcnomuHaeT: «Korga s Haday cBou (U3UYECKUE 3aHITHS U
CIPOCHJI Y CBOEI0 MOYTeHHOro yuutens @unnna XKosmu coBeta 00 yCclIoBUAX U NEPCIIEKTUBAX
MOMX 3aHSATHH, OH MpeJCTaBWI MHE (DU3HKY, KaK BHICOKO Pa3BUTYIO, IOUYTH BIOJHE CO3PEBIIYIO
HayKy, KOTOpasi I0JDKHA CKOPO MPUHSITH CBOI0 OKOHYATENIBbHYIO YCTOWYHMBYIO (hOpMY IOCTIE TOTO,
KaK OHa B M3BECTHOM CMBbICJIC YBEHYaHa OTKPBITHEM MPUHIMIA coOXpaHeHUs 3Heprun. KoneuHo,
B TOM WJIM MHOM YTOJIKE MOXKHO €ILE 3aMETUTh WIN YOAJINUTh NBUIMHKY WIN ITy3bIPEK, HO CUCTE-
Ma, KaK LIeJ0e, CTOUT JOBOJIbHO NMPOYHO, U TeopeTHuecKas (r3MKa 3aMETHO MPHUOIMKaeTcs K
TOW CTENEHU COBEPILEHCTBA, KAKOI YK€ CTOJeTHs obnamaer reomerpus» [95, c. 15 umm 98,
c. 56].

Bripoyem, nojo0HbIE MILTIO3UM BCAKHHA pa3 OOHApYKHUBAJIU CBOIO HECOCTOSATENBHOCTh. DTO
JOJKeH ObUT MpU3HATh ['alom — OH 3aKOHYMJ NPUBEIEHHYIO BbIlIe MbICIb ciioBamu: «! BoT,
KOTJja HayKa, Ka3aJoch, MPUOJIMKAETCS K COCTOSHUIO MOKOS, SIBJICHUE KOHBYJIbCUBHBIX JIBHXKE-
HUH, TOJMEUYEHHbIX ['anbBaHM B MYCKyJax JISTYLIKH MPU CONPUKOCHOBEHHM MX C METAJUIAMH,
NPUBJIEKIIO K ceOe BHUMaHMe U uzymieHue puszuxo» [98, c. 56 — 57]. Uro xe kacaeTcs yBepeH-
HOCTH (PM3MKOB KOHIIA MPOIIOrO CTOJIETHUS B CKOPOM 3aBepLICHUH (PU3HMUECKON HAyKH, TO, KaK
MBI 3HaeM, OHa MOTEpIIeNa MOJIHBIA Kpax — BMECTO OKOHYATENIbHOIO TpuyM(a HayKH JeHCTBH-
TEIbHOCTh MpPENOoAHECTa KpU3ncC (PU3MKH, 3aBEPIIMBIINNCS «HOBEHIEH PEBOJIOLUEH B €CTECT-
BO3HaHUM» (CM. § 5).

C Ttouku 3peHus guiocopun Metapu3MUECKHl MOAXOJ K MPOIecCY MO3HAHUS O3HAYaeT
OTOKJIECTBJICHHE A0COJIIOTHOW M OTHOCUTENBHONW HCTUH. MeTapu3uK BOCIPHHUMAET KaXKAyIO
OUepe/IHyI0 TEOPHIO KaK OKOHYATENbHYI0, OH paccMaTpuBaeT €€ Kak abCoMOTHYI0 HCcTUHY. [lo-
9TOMY IOSIBJICHHE HOBOW TEOPUM MOXKET BOCIPHUHMMATHCS MM KaK KPYIIEHUE CTapbIX NMPUHIIM-
noB. PaHO MM MO3/1HO 3TO MPHUBOJIUT K MPOTHBOIIOCTABJICHUIO A0COIOTHOTO OTHOCUTEIILHOMY.
Jlenaetcs BBIBOJ, UTO a0COIIOTHAsE MCTHHA BOOOIIE HE CYIIECTBYET, UTO MMO3HAHHE Cyry0o OTHO-
CUTEJIbHO, CYOBEKTUBHO, YCIOBHO. TakoBa mo3unus ¢usuueckoeo persmususma. OHa opraHu-
YECKHU CBS3aHA C ACHOCMUYU3MOM — TIPU3HAHUEM NPUHLUIINAIBHON HETIO3HABAEMOCTH CYIIHO-
CTH Bellled U siBjieHuid. HanoMHUM B CBSI3M C 3TUM YNaJHUYECKHE HACTPOEHUS, OXBaTHBIINE
HMIMPOKKE KpyTu puiocopoB U (HU3MKOB B caMOM Hayasie Hamiero croyetus. «Teopernyeckas
¢usuka, kak Mbl €€ monumaem, — mnmucan B 1910 r. I1. [roreM, — HE B COCTOSIHUM PacCMOTPETH
0331 SIBJICHUM, TOCTYIIHBIX HAIIEMY BOCIPUATHUIO, NEHCTBUTENIBHBIE CBOMCTBA TEI... TeopeTu-
yeckas (pu3MKa He MOCTUraeT PealbHOCTH Belllel, OHa OTPAHUYMBAETCS TOJIBKO OMHCAHUEM JIOC-



TYHHBIX BOCIIPUATHI SBICHUI NpU MMOMOIIM 3HAKOB WJIM CUMBOJOB» [98, c. 66]. «B urore, —
sakmodan A. [lyankape, — €IMHCTBEHHOW OOBEKTHBHOW PEATbHOCTHIO SIBIISIIOTCS OTHOIIEHUS
BEUIEI» (3Ty 3aMeHY BEILIE OTHOLIEHUSIMU Mbl OTMEUAIIU B § 5).

CoBeplilieHHO MHaYe MOJXOAMT K MO3HAHHUIO, K MPOoOJIeMe UCTUHBI OuanreKmuyecKul mame-
puanusm. Ilpouecc no3HaHMs €CTh MPOIECC, B KOTOPOM M3 HE3HAHUS IOCTENEHHO POKIAETCS
3HaHHE; B 3TOM IPOLIECCe HEMOJIHOE, HETOUHOE 3HAaHUE MOCTETIEHHO CTAaHOBUTCS 0oJiee MOJIHBIM,
6onee TouHbIM. [Iporecc mo3HaHus — 3TO Tpolecc JBWXKEHHUS K aOCONIOTHOW HCTHUHE uepes3
OECKOHEUYHYIO MOCJIE0BATEIbHOCTh OTHOCUTENBbHBIX UCTHH. B. Y. JIeHuH Beiaens1 cienyomue
NPUHIUIHATBHBIE MOMEHTBI: «M3 CYMMBbI OTHOCHUTEIIBHBIX UCTUH B MX Pa3BUTUU CKJIABIBACTCS
a0COIOTHAsT UCTUHAY, «OTHOCUTENbHBIE UCTUHBI MPEICTABISAIOT U3 ce0sl OTHOCUTEIHLHO BEPHbBIC
OTpa’KeHHsI HE3aBUCUMOI'O OT YeJIOBEYEeCTBA O0BEKTa», «ITU OTPAKEHHsI CTAHOBATCS BCE Ooiee
BEPHBIMI», «B KaXKJOW Hay4YHON UCTHHE, HECMOTPS Ha €€ OTHOCUTEIBHOCTh, €CTh 3JIEMEHT a0co-
JIOTHOM UCTUHB» [4, ¢. 328].

[Ipouecc aBMXeHUS K aOCOTIOTHONW HCTUHE MPOUCXOAUT HE MJIaBHO, HE MMyTEM MPOCTOro Ha-
KOTUIEHHsI (DaKTOB, a AMAJEKTHUECKH — Yepe3 PEBOJIIOLMOHHBIE CKAUKH; IPH 3TOM BCSKUH pa3
MIPEOA0JIeBaCTCsl MPOTUBOPEUNE MEXITy HAKONUBIIMMHUCS (haKTaMU M TOCHOJCTBYIOIIEH B JaH-
HOE BpeMsi nmapaaurmMon (cM. auanor «O HayudHBIX peBOJIOLMIX»). Kaxaplii ouepenHoM sTanm B
pPa3BUTUHU HAYYHOTO 3HAHUS AUAIEKTUYECKUN MaTepuain3M He aOCOITIOTH3UPYET, a paccMaTpH-
BaeT KaK 3Tall, OTBEYAIOIINI ONpPEAEIEHHOMY YPOBHIO OTHOCUTEIBHOIO 3HAHUS, COJEPIKAIIEMY
KaKHe-TO AJIEMEHThI a0COJIFOTHON MCTHHBI. B mporiecce cMeHbI 3TanoB MPOUCXOAUT MOCTEIECH-
HBII Mepexo]] Ha YPOBHU 0oJjiee TITyOOKOr0 OTHOCHTEIBHOTO 3HAHUS, IPOUCXOIUT MOCTEIIEHHOE
npubImKeHne Kk abcomoTHol ucTrHe. CyIEeCTBEHHO, YTO MPOIECC 3TOTO MPUOIMKEHUST OeCKO-
HEUeH — MPOLIECC TO3HAHUS YEIOBEKOM OKPYKAIOIIEro MUpa HUKOT/Ia He 3aBepuInTcs (00 3ToM
MBI TOBOPHJIM B uajiore «O MyTsax JaabHEHIero pasButust Gusnuku», a Takke B § 15). «Mctuna
Teneph 3aKiouanach, — nucaia . DHrenapc, — B CaMOM IPOLIECCE MO3HAHUA, B JUIUTEILHOM
HCTOPUYECKOM Pa3BUTHHM HAyKH, MMOJHUMAIOLIEHCS ¢ HU3LIMX CTyINeHed 3HaHHWs Ha BcE Oolee
BBICOKHE, HO HMKOTJa HE JOCTUTAIOIIEH TaKOW TOYKH, OT KOTOPOH OHA, Haills HEKOTOPYIO TaK
Ha3bIBa€My10 aOCOJIIOTHYIO UCTUHY, YK€ HE MOrjia Obl MOWTH Janblie U IJie el He 0CTaBajoCh
ObI HHUEro OoJIblIe, KaK, CI0XKa PYKH, C U3yMIICHHEM CO3epLaTh 3Ty JTOOBITYI0 a0COIIOTHYIO HC-
tiHy. U Tak 00CTOUT N1e710 HE TOJIBKO B (miI0co(CKOM, HO M BO BCSIKOM JIPYTrOM IO3HAHHUH, a
paBHO U B 00J1aCTH MpaKTHUECKOro AeicTBus» |3, c. 275].

®uinocodckoe 3HaYeHHe MPUHIUNA cOOTBeTCTBUA. Puiocockoe 3HaUYEHUE MPUHIUNA
COOTBETCTBUS B TOM, YTO OH IOKAa3bIBAET, KK UMeHHO B (pu3nKe (M BOOOIE B €CTECTBO3ZHAHUM)
peanusyercs Te3UC TUATEKTHUYECKOro MaTepralu3Ma O TOM, YTO a0COJIIOTHAs NCTUHA CKJIa/IbIBa-
eTcs U3 OECKOHEUHOH MOCIeI0BATEIbHOCTH OTHOCUTENIBHBIX UCTHH. [IpuHIMI COOTBETCTBUS YT-
BEPIKJIaeT, BO-MIEPBBIX, YTO Kakaas (u3nyeckas TEOpUsi — OmHOCUMmMenbHas UCTUHA, COAepxkKa-
I1as1 SJIEMEHT a0COIIOTHOM MCTUHBI; OHA 3aHUMAET OIpeIeIEHHOEe MECTO B Pa3BUBAIOILEHCS Hay-
K€, COOTBETCTBYET ONpPENEIEHHOMY JTaly B Ipoliecce MO3HAHUA. BO-BTOPBIX, IPUHLHUII COOT-
BETCTBUS YTBEPXKJAET, UTO CMEHa (PU3NYECKUX TEOpUIl — 3TO HE uepenia KaTacTpod, a ecTecT-
BEHHBIN Mpolecc pazsumus (PU3NKH, IBUKEHUE padyma 4depe3 IMOCIe0BaTeIbHOCTh OTHOCH-
TEJIbHBIX MCTUH K a0COJIOTHOM, MOCTENEHHO YITyOssitomieecs: IPOHUKHOBEHNE B CYIIIHOCTb Be-
niei u sBneHuil. HakoHel, B-TpeTbUX, MPUHIIMII COOTBETCTBUSI YTBEPKAAET, YTO, CKOJIb OBl «Oe-
3yMHBIMU» HU Ka3aJIMCh HOBbIE TEOPUH, KaK Obl AaHTAarOHMCTUYECKU OHM HU BBITJIAIEIHU 1O OT-
HOIIICHHIO K TIPEKHUM TEOPHUSIM, OHU BCE paBHO 00pa3yroT eduroe yenoe. C OHON CTOPOHBI, HO-
6as meopus A6aemcsa 000Ouenuem npedxcHell N BKIIOYAeT B ceOs MOCIEIHIO KaK YacTHBIH
ciaydail. C Ipyroil CTOpOHBI, cTapasi TEOPHs BCETa B U3BECTHOM CMBICIIE IIOJMUPAET» HOBYIO
TEOPHI0, BHOCUT BKJIaJA B 0OocHosaHue nocneaneil. dunocodckyro MHTEpHpeTalno MpUHLIUIA
COOTBETCTBUS CJIEyEeT pacCMaTpUBaTh Kak JIEHCTBUTENILHO Haubosiee 0Oy (OpMYJIUPOBKY
9TOrO MPHUHIIMIIA.

Takum o6pazom, pa3zBuTue UMK — 3TO HE MEXaHUYECKasl 3aMEHA CTapbIX TEOPUN HOBBI-
MU, CTapbIX B3IJISA0B HOBBIMH, CTApbIX MOJIX0/J0B HOBBIMU, PAaBHO KaK M HE MEXaHHYECKOE Ha-
KOIUIEHHE HOBBIX (DAKTOB, HOBBIX MOHSATUH, HOBBIX 3aKOHOB. Pazeumue ¢puzuku — 2mo npoyecc



nocne008amenbHo20 0606ujenus, Ko20a Hogoe ompuyaem cmapoe, Ho He NPOCMo ompuyaem, a
¢ yoepaoicanuem 8ce2o mo2o NOA0AHCUMENbHO20, YMO ObLIO0 HAKONIEHO 8 CIAPOM.

C y4€ToM CKa3aHHOTO MOKHO CZEJIaTh HEKOTOPBIEC MPUHIMIINAIBHBIE 3aMEYaHUs 110 TIOBOLY
TOTO, KAKUM JOJDKEH OBITH JIEWCTBUTEIIBHO COBPEMEHHBIN IIKOJBHBIA Kypc (u3uku. SIcHO, 4TO
OH HE JIOJDKEH OPHUEHTUPOBATHCS TOJBKO HAa COBPEMEHHBbIE (PM3MUECKUE TEOPHH. SICHO Takxke,
YTO OH HE JOJKEH YMOAOONATHCS HAKOMUTENIO (DaKTOB U MPEACTABIATH COOONH HEKHM CTaphlii
KypC, JAONOJHEHHBIH HOBBIMU CBeJCHUSMHU. COBPEMEHHBIM IIKOJBHBIA Kypc (PU3HKH JOJDKEH
CTPOUTBHCS HA OCHOBE NPUHYUNA COOMBEMCMEUs — KOTJla COBPEMEHHOE 3HAHHME BBICTYNAET Kak
000011IeHNEe TPEKHET0 3HAHUSA, KOTJa CTapoe paccMaTpUBAETCS C TO3UIMH HOBOTO, a HOBOE
MPETOAHOCUTCS Kak JalibHel1ee yriyOaeHne cTaporo.

CoBpeMeHHyI0 (pr3MKy OOBIYHO BBOJST B CPEAHIONIO IKOJIY KaK HEKYI0 BaXHYIO U BCErna
HEMHOI'O TAMHCTBEHHYIO I'OCThIO0, CHUCXOJUTEIBHO MOTJISAABIBAIOLIYIO Ha OKpYKaomux. B cym-
HOCTH, €l HeT JieJa 10 KJIaCCUYeCKON (M3MKH, paBHO KaK KJIACCHYECKOH (M3MKE HET Jena JIo
He€. OHa CKyIno OTMEpSIeT IIKOJIbHUKAM OT CBOUX OOraTcTB B BUJE OTIENbHBIX Maparpados, mo-
MEYEHHBIX YKa3aHUSAMH «UIsl O3HAKOMUTEIBHOTO M3YUEHUS» WU «JJIs JOIOJIHUTEIBHOIO YTe-
HUsY. Bpsa M1 MOKHO Ha3bIBaTh COBPEMEHHBIM MMO00HBIN MIKOJIBHBIA KypC (PU3UKU.

CoBpemenHas (hu3MKa JOJDKHA TOSBUTHCS B CPelHEH IIKOJIE HE KaK BajkHas TOCTbA, a Kak
yMHas X03siKka, clocoOHas MOAYNHUTE cebe BECh Kypc, HAUTH B HEM JIOJDKHOE MECTO BCEM pac-
cMaTpuBaeMbIM BompocaM. Eif coBceM He 00s13aTenbHO pacKpbIBaTh BCE CBOU TaWHBI, IEMOHCT-
pUpOBaTh BCE CBOM BBICOTHL. BaxkHO, YTOOBI OHa co3/1aja KOHCTPYKIMIO, B KOTOPOM Kiaccuye-
cKkas (u3uKa BhICTyMaja Obl B THAJIEKTUYECKOM €IMHCTBE C COBPEMEHHOM, I/1e MPEKHHUE 3aKOHBI
OCMBICJIMBAIIUCH OBI C MTO3UIUI COBPEMEHHOM HayKH, T/ie BCE paccMaTpuBajIoch Obl ¢ TOUKH 3pe-
HUSI METOJIOJIOTMH COBPEMEHHOW HayKH — Ha OCHOBE TUAJICKTUKU HEOOXOAMMOTO U CIy4aiHo-
ro, TMaJIeKTUKH CUMMETPUHU U ACUMMETPHH, TUATEKTUKH MPOLECcca MO3HAHHUS.

[TosTOMy BBI3BIBaeT 0COObIE OMACEHUs] HAMETUBIIMKCS B TOCIEIHEE BpeMsl MPOLECC YIpPO-
HICHUS IIKOJIBHOTO Kypca (PM3MKH MO MOTHUBAM €ro Meperpy>KeHHOCTH U HEeJOCTYIMHOCTH MHO-
ruM yuamumes. Cienyer He pasrpyaTh Kypc (U3MKH, a paJMKalIbHO €ro nepectpauBarb. U
IJIaBHOE B 3TOM MEpecTpoiike — oOpalieHue K HAEsIM, METOJO0JOTUHA COBPEMEHHOW (PU3UKH.
VIMeHHO Ha 3TOM IIyTH BO3MOKHO CO3/IaHME JEWCTBUTEIBHO PA3BUBAIOILEIO Kypca, KOTOPBIH
ObL11 OBI 1OJIE3EH U JOCTYNEH BCEH Macce yJaruxcsl.



3aknoyumernbHbIl Ouarnoea. Kakum npeacraBnsieTcs
COBPEMEHHbIN LLUKOSbHbIN KYpPC OU3NKK

Yumnresb. Bbl X0polo 3aMETHIIM, YTO COBPEMEHHAs
(u3MKa 10JKHA IPUNHTH B CPEJTHIOO IIKOIY HE B KAYECTBE
Ba)KHOM T'OCThU, a B KauecTBE YMHOW M 3a00TIMBON XO-
3sTUKM, KOTOpas 3ajana Obl HY>KHBIH TOH BCEMY MPOIECCY
npernojaBanus ¢pusznku. Ho kak IMEHHO 3TO MOXHO OBLIO
OBl OCYIIECTBUTDH HA MPAKTHUKE?

ABTOp. PaKTHYECKU MBI BEIM 00 3TOM Pa3roBOp Ha
MPOTSKECHUU BCEU KHUIH.

Yuurenb. HaBepHoe, Hal0 KaK-TO MOJBITOKUTH 3TOT
pasrosop.

ABTop. Koneuno. [Togsosas utoru, o0Ccy M cHauana,
KaKUM JIOJDKEH OBIThb JCWCTBUTENBHO COBPEMEHHBIN
UIKOJIBHBIN Kypc (M3UKH, KaK OH JIOJKEH ObITh OpUEHTH-
poBaH, Kakue 3aJa4yM JOJDKEH penlaTh, a 3aTeéM KOCHEMCS
U cyry0o MpakTHUYECKHX BOIPOCOB O TOM, Kak BCE 3TO
MO>KHO p€aju30BaTh WJIM, BO BCAKOM CIy4ae, C 4ero clie-
JyeT HAUYWHATb.

Yuurtenb. IMEHHO 00 3TOM M XOTEJIOCH OBl MOTOBO-
PUTB O] 3aHABECY.

ABtop. IIpexxne Bcero HamoMHHM, 4TO TpoOiemMa
MOJIEpHU3alMU Kypca (PU3UKU B CpEHEN LIKOJIE TOBOJIb-
HO IIUPOKO OOCYXKHAaeTcs B Halleld METOIUYECKOW JInTe-
patype mocienHux Jiet (cMm., Hampumep, [14, 22, 35, 38,
47, 51, 62, 70, 78, 79, 80, 91, 102, 108, 111, 112, 114,
127, 128, 146]). Ilonpobyem Teneps chopmMyaupoBaTh OC-
HOBHBIE TPEOOBaHUS K MIKOJIBHOMY KYpCY (H3HKH, KaKUM
OH, Ha Hall B3I, JOJKEH YJOBIIETBOPATH, YTOOBI JeH-
CTBHUTEJIBHO CTaTh COBPEMEHHBIM. Bce 3Tu TpebGoBaHuUs
CBS3aHbI, B KOHEYHOM CYETE, C MPUHIIUIIOM COOTBETCTBUSI.

Bo-nepBbIX, Kypc QHU3UKH JIOMKEH HE TOJBKO CIy-
KUTh UCTOYHUKOM (YHIAMEHTAIbHBIX 3HAHUNA O 3aKOHax
OPUPOJBl M TPAKTHUECKUX 3HAHUH 00 HCIOIB30BAHUU
3TUX 3aKOHOB JUIS II€JIe HAyYHO-TEXHUYECKOIO Mporpec-
ca, HO U BHOCUTb CYILECTBEHHBIM BKJIAJ B pa3BUTHE
IIKOJIbHUKA, BOCIIUTHIBATh €ro, (GOopMHpOBaTh y HEro Iua-
JIEKTUYECKOE MBILIUIEHUE, YUUTh OPUEHTUPOBATHCS B ILIKa-
JIe KyJbTYPHBIX LIEHHOCTEH.

Bo-BTOpBIX, Kpr (GU3UKK TOIDKEH HE MPOCTO OTPaXkaThb B IMOIYJIAPHON (opMe OTHAEIbHbIE
JOCTH>KEHHSI COBPEMEHHOM HAayKH, HO JOJDKEH LEJTUKOM CTPOUTHCS HAa OCHOBE METOAOJOTHYE-
CKUX MPUHIUIOB 3TON HayKu. Ero Hamo OyKBabHO MPOHMU3ATh KaK THAIEKTUKON HE00X0AUMOTO
U CIyYaHOTO, TaK W JUAJICKTUKOW CUMMETPUU U acUMMETpuH. Bech ¢akTuueckuii maTepuan,
BKJIIOYAss M 3aKOHBI KJIACCUYECKOH (hM3MKH, HEOOXOIMMO OIICHHWBATh U OOCYXIATh C MO3UIHHA
MaTepUATNCTUYECKON TNAJEKTUKH.

B-tpetpux, Kypc pU3MKM TOMHKEH OBITH OTKPBIT HA OCTAJIbHBIC Y4eOHBIE TPEAMETHl — HE
TOJILKO Ha MaTEeMaTHKy U MHPOPMATHKY, HO U Ha XUMUIO, OMOJIOTHIO, Teorpaduio, a TakKe B U3-
BECTHOH Mepe Ha T'yMaHUTapHbIe IpeaMeThl. BMecto 000cobaeHns, cocpeioToueHus Ha cyry0o
bu3ndecKux mpodiaeMax — MEXKIPEIMETHOE B3aUMOJCHCTBUE, BBIXOJl 3a PaMKH COOCTBEHHO
¢uzuku (cM., Haripumep, [49]).




B-4erBEpThIX, Kypc (U3MKM AODKEH OBITh OPHUEHTHPOBAH HE TOJBKO HA HAy4dHO-
TE€XHUYECKHE BOMPOCHI, HO Ha BCIO HAIly ACHCTBUTEIBHOCTh BO BCEM €€ MHOTOOOpa3nu, Ha KHU3-
HEHHO Ba)KHBIE MPOOJIEMBI, CpeAM KOTOPHIX HAa MEPBOM MECTE CTOSAT MPOOJIEMBbI NEPECTPOUKH
9KOHOMMKH M CaMOT0 MBILIUICHUS C MO3UIMHA YKOJIOTMYECKOT0 UMIIEPaTUBA.

Yuurteab. Co BceM 3THM HeNb3s1 He corfacuThes. [logqo0HbIe cO0OpaskeH!s BBIIBUTAINCH U
panbuie. K coxalleHHI0, OHM HEM3MEHHO OCTABAJIUCH JIMIIb OJaruMH MOKEIaHUSIMHU.

ABTOp. A nonnMaro Bamm comHenus. Tem He MEHee B HBIHELITHUX YCJIOBUSAX PEIUIUTEIBHON
HEPEeCTPOUKH HApOJHOI0 00pa30BaHMs B CTPAHE OYEHb BAKHO NPEANPHHATH HOBYIO IMOIBITKY
KOpEHHBIM 00pa30M MOJIEPHU3UPOBATh MpenogaBanue Gpusnku B mkose. [lepedrcieHHbIe BbIIIE
YyeTbIpe TPeOOBaHUS O3HAYAIOT, YTO LIKOJBHBIA KypC (PU3MKH OJKEH OBITh IEPECTPOEH B Ha-
NPaBJICHUSAX, BO-TIEPBBIX, 2YMAHUMAPU3ayull, BO-BTOPBIX, 0OecneueHus co8PeMeHH020 Memooo-
JI02U4ecKo20 ypoeHs, B-TPETbUX uHMezpayuu, B-4eTBEPTHIX, peuumenbHo2o RPUOIUNCEHUS K
JHCUdHY. DTH UJIeu ObUTH arnpoOMpPOBAHbI HA MHOTOYMCIICHHBIX BCTPEYaX U JTUCKYCCHUSIX C YUHTe-
JSIMM ILIKOJI, NIPENOJaBaTeNIIMU U CTYJIEHTAMHU I€BY30B, paOOTHUKAaMU amnmapaTa yIpaBlIeHHs
HapOJHBIM 0Opa3oBaHueM. S MOMBITAICS U3JIOKUTh UX B psje cratedt [43, 103, 125, 126].

Yuurenb. Bol ynorpeOuinu TepMUHBI «TyMaHUTapu3alys» U «MHTerpauus». B mocneanue
TOJIbI 3TH CJIOBA MPOU3HOCATCS BCE Yalle; Py 3TOM HEpeIKo HaOJIr01aeTcsl pa3sHOe UX TOJIKOBA-
HHe. XoTesnoch Obl 3HaTh, YTO UMEHHO BKJIaJbIBaeTe BbI B yOMsHYTbIe TEPMHHBI, KOTJa FOBO-
pHUTE O MEPECTPOiKe MpernogaBanus GU3UKU B LIKOJIE.

ABTop. Hauném ¢ eymanumapuszayuu. O HeoOXOAMMOCTH T'yMaHUTApU3alMH HApOJHOIO
00pa30BaHMUsl HACTOMUYMBO TOBOPAT B IOCIEAHEE BpEMsl, OHUMAs MO HEe MOBOPOT IIKOJBI K
npoOjaemMaM pa3BUTHUSA JMYHOCTH, BOCHHMTAHUS TPAKIAHCKMX KadyeCTB, PA3BUTHUS MBIIUICHUS,
NpUOOIICHUS K KYJIbTYPHBIM HEHHOCTSIM. B CBS3M € 3THM MOSIBIISIOTCS PEASIOKEHHS YBEITUIUTD
B Yy4€OHBIX IUIAaHAX OTHOCHUTEJBbHBII 00BEM IMpPEIMETOB OOIIECTBEHHO-TYMAaHUTAPHOIO LUKJIA.
Taxol cyry00 3KCTEHCUBHBIH MOAX0/] HETb3s MPU3HATH ONTUMAJIbHBIM.

Yuureab. OH HATOMUHAET 3HAMEHUTHIA TPUIIKKUH KadTaH.

ABTOp. CoBepiieHHO BepHO. [IpoGieMa rymMaHuTapu3aly HapoJHOrO 00pa30BaHUs JTOJIK-
Ha peliaTtbcs He IepepacnpeiefieHHeM YacoB MEKIY €CTECTBEHHBIMU M I'YMaHUTapHBIMU Mpe-
METaMHU B TOJIb3Y MOCIEIHUX, a 32 CUET YCUleHUs 2YyMAHUMAPHOU HANPAGIEHHOCMU 6ceX yueo-
HbIX npedmMemos u npedxicoe ece2o gusuxu. Js 3TOro Haj0 NEPeCTPOUTh MPENOIaBaAHNE ILIKOIb-
HOU (U3UKU TakUM 00pa3oM, 4TOOBI BBISIBUTH U aKTHMBHO HCIIOJIb30BaTh €€ OIPOMHBIN eymanu-
MAapHbIli NOMEHYUA.

Yuurteab. YTo UMEHHO MOHUMAETCS 10/1 T'YMaHUTAPHBIM MOTEHIMAIOM (HU3UKU?

ABTOp. Bo-1nepBuIX, Hpascmeennoe Hauano, KOTOPOE CBA3BIBAIOT C MOHSTUIMM «IIpaBia
(bakTOBY», «mpaBAa cyxaeHui». OuU3nKa UMeEeT JeNI0 ¢ UCTUHAMH, HE 3aBUCSIIUMH OT MOJBI,
Tpaaului, aBTOPUTETOB, KOHBIOHKTYPHI. 3/1€Ch, KAK TOBOPUTCS, YETO HET — TOTO HEJb3s CUH-
taTh. BecmomauMm: 1lnaTon MHe Ipyr, HO UCTHHA 1OpoXke. Bo-BTOPBIX, Muposo3zspenueckoe Hava-
Jlo, CBA3aHHOE C IOHMMaHUEM TOT0, KaK YCTPOEH U KaK Pa3BUBAETCS MUP, KAKOBO MECTO Y€JIOBE-
kKa B HEM. B He MeHblIeH creneHy, 4eM JUTepaTypa Uil UCTOpHs, (rU3MKa yBiIedeHa IrOreHOB-
ckuMH Borpocamu: KTo Mbl? Otkyna MbeI? Kyaa mbl uném? MiMenHo ¢usmka ucciaenyeT «mepBo-
Hayajia BEIEH» U «IIEPBOIPUYMHBI SIBICHUN», UMEHHO OHA PACCMATPUBACT MPUHLIMIIMAILHBIC
BOIPOCHI O POJIM UCCIIEI0BATENS, CYIIIHOCTH U3MEPUTENIBHOIO aKTa, METOJaxX Mo3HaHus Mupa. B-
TPETBUX, ICMemuyeckoe Ha4auio, CBSI3aHHOE C MOHUMAaHUEM KpPacoThl MUPA 4YE€pe3 €ro €JUHCTBO
U TapMOHHIO U, KaK CJeACTBHE, 000CTpEeHHEM UyBCTBa IMpekpacHoro (cM. [70]). B-ueTBEpThIX,
epanxicoanckoe HA4ano, CBA3aHHOE C BOCIUTAaHMEM YyBCTBAa JIMYHOM CONPUYACTHOCTH BCEMY
MPOUCXOSIIEMY B MUPE, TMYHON OTBETCTBEHHOCTH 3a Oyayiiee 3Toro Mupa. [lonnmanue 3ako-
HOB MPHUPOJIbI — HE0O0X0AUMOE YCIIOBUE NPOOYKICHHUS JKEIaHUsI CYMTATHCSI C ITUMHU 3aKOHAMH,
YUYUTBHIBaTh UX B MPAaKTHUUECKOH JesTenbHOCTH. He 3Has 3aKOHOB MPUPOABI, TPYJIHO NPEABUACTD
BO3MOJKHBIE IOCJIEJICTBUSI aHTPOIIOTEHHOW HAarpy3Kd Ha NpUpody. B-mateiX, ameucmuueckoe
Ha4ano, CBA3aHHOE C TOHUMAaHHUEM TOT0, YTO MUP Pa3BUBAETCS IO OObEKTUBHBIM 3aKOHAM, YTO B
HEM HET MeCTa «IIOTYCTOPOHHHMM SIBJICHMSIM». JIETKO BHIETh, CKOJIb OIPOMHBI NTOTCHIIMAIbHBIC
BO3MOXXHOCTH (PM3UKH B JIeJie BocUTaHus ydauuxcsa. Ho rymanurapHoe copepxanue GpU3suku



3TUM He HucueprbiBaeTcsi. OHa caMbIM CYIIECTBEHHBIM 00Pa3oM 6o30elicmeyem Ha MblulleHuUe
yeno6eKa, AaKTUBHO CIIOCOOCTBYET (POPMUPOBAHUIO CUCTEMbI OCHOBHBIX KOHIIETIIIUI 00IIecTBa Ha
naHHOM JdTarne. Emeé u emeé pa3 momauepkHEM: cogpeMeHHass (hu3uxa npenooana 4enoseyecmay
ybeoumenvHeuwull ypox mamepuanucmudeckou ouarekmuxu (cM. § 1, a Takke BCIO TPETHIO TJa-
By). OHa IpoAEMOHCTpHUpOBaIa PsAJl AUATEKTUUYECKMX HCTHH, IPEACTABISAIOIUX CEPbE3HBIN
BKJIaJ] B CaMO MBIIUIEHUE, BBIXOASIINX MO CBOEH 3HAYMMOCTH 32 PaMKU COOCTBEHHO (PU3MKU:
(byHIaMEHTaJIbHOCTh BEPOSTHOCTHBIX MIPUYMHHBIX CBS3€H, BCEOOIIHOCTh MPUHIIMIIA CUMMETPHH,
BaXHOCTb MPUHIUIIA COOTBETCTBUS, CTUPAHUE IPaHEel, IEPeropo oK Mo Mepe Mmepexoia K aToM-
HOMY YpPOBHIO OpraHW3aluy MaTepuu. PazyMHO HcIonb3ys BCE 3TO B IPOLECCE MPENOIaBaHuUs
(GU3MKY B HIKOJIE, MBI MOTJIU OBl Ha ypoxax ¢usuxu yuume wKoabHuxos ouanexkmuxe. K coxane-
HUIO, TIOKA MBI 3TOT'0 HE JIEJIAEM.

Yuureab. UeM 0O0BSCHUTH, YTO CTOJIb IIEHHBIH W BIIOJIHE OYCBHIHBIA T'yMaHUTApHBIA TO-
TeHIMaN (PU3MKH 10 CUX TOp (PaKTUIECKH UTHOPUPOBAJICS B CpeAHEH IIKoe?

ABtop. [lonarato, mpu4MH TOMYy HECKOJIbKO. /IMKTyemoe >KHU3HbI0 TpeOOBaHHE YCKOPEHHS
HAYYHO-TEXHMYECKOT'0 Tporpecca HEeM30eKHO MPUBOAMIO K OPHEHTAIMM IIKOJIBHOM (hU3MKH
IPEKIe BCEr0 Ha TEXHUYECKHE MpoOJieMbl. DTa OpUEHTALUS €CTECTBEHHA, HO, K COXAJICHUIO,
IPOM30LUI0 MeTapHU3NIecKoe aOCONIOTU3UPOBAHUE TAKOM OPUEHTALMU; «IPEXKIE BCEro» Ipe-
BPaTWJIOCh B «TOJbKO». HbIHENIHUI MIKOIBHBIM Kypc (PU3UKH OPUEHTHPOBAH TOJILKO HA TEXHH-
yeckuil mporpecc. Ouzmka «3abonenay TEeXHOKPATU3MOM — OJHON M3 OMACHEWIINX COLHAahb-
HBIX OoJie3HEW Hailero Beka. B 3ToMm onHa W3 MpUYMH 3a0BEHUS T'YMAaHUTAPHOTO MOTEHIHAa
¢u3uKy (Kak, BOpOUEM, U BCEX €CTECTBEHHBIX Hayk). [[pyras nmpuunHa — metadusznyeckas pa-
3001IEHHOCTD IIKOJBHBIX MPEAMETOB, YOSKICHHE B TOM, YTO NMPEAMETHl MOKHO 4ETKO pasie-
JSITh Ha «TYMaHUTapHbIE» U «HETYMaHHUTapHbIe». Bee cormacHel, 4yTo 63 3HaHUS JIUTEPATyphl U
UCTOPUM HEBO3MOXKEH KYyJIbTYPHBIN 4elOBeK (M 3TO, KOHEUHO, COBEPUICHHO BEPHO); OJHAKO
MHOTHE T0JIaraioT, YTO KyJbTYPHBIH YeIOBEK BIIOJIHE BO3MOXKEH 0e3 3HaHUs (PU3MKHU M MaTeMa-
TUKH (a 3TO OoJybmioe 3a0myxaeHue). HakoHer, pacmpocTpaHeHo onmOOYHOE MHEHHE, 4TO (u-
3MKa M3y4yaeT CleLUalIbHble BONPOCH], MOHSATHBIE TOJBKO CPABHUTEIBHO HEOOJBIIOMY KpYTY
mopaei. «CyiecTByeT TeHAeHIMs 3a0bIBaTh, — nucan J. Ipénunrep, — 4To BCe €CTECTBEHHBIE
HAYKH CBSI3aHBI C OOIIEUEI0BEYECKOM KyJIbTypOil M UTO HAyYHBIE OTKPBITHS, JaXKe KaXKyIIHUecs B
HACTOALIMI MOMEHT HanboJjee NepeOBbIMU U JOCTYITHBIMU TOHUMAHHIO HEMHOTHX M30paHHBIX,
BCE jke 0eCCMBICIIEHHBI BHE CBOETO KyJIbTYpHOTO KOHTEeKcTay [142, c. 261].

Yumnreisb. UyBCTBYIO0, UTO MbI BBIXOJIUM Ha UJICI0 UHTETPAIIUH.

ABTOP. HOeu cymanumapuzayuy u unmezpayuy opeaHuiecku césazanvl. HeBo3MOXKXHO H3Me-
pUTH BECh BpeJl, KakoW mpuHecia (M MPUHOCHUT) OOIIECTBY, €r0 KyJIbType pa300mIEHHOCTh
HIKOJIBHBIX ITPEIMETOB, MMEIOILAsl IOTUYECKOE NMPOJOJIKEHUE B Y30CTH TEMATUKH METOIUYECKUX
pa3paboTOK, B HECOTIIACOBAHHOCTH HAay4HbIX MCCIEI0BaHUMN U, B KOHEYHOM CUETE, B MEXKBEIOM-
CTBEHHBIX I1EPETOPOJKAX.

Yuurennb. Hackonbko s 3HaI0, UHTETpaIUsl YK€ MPOHUKAET B mIKoIy. Du3nKy mpoOyroT
00BEIMHUTH C aCTPOHOMMEH B paMKax OJHOrO mpeamera. B HEKOTOPBIX 3KCIEPHUMEHTAIbHBIX
y4eOHBIX IUIaHaX MpelycMaTpUBalOTCS UHTErpaTuBHbIE IpeaMeThl « EctecTBo3Hanue» minn «Ok-
pyxatouii Mup». B nuanore «O dhopMupoBaHHH y HMIKOJIBHUKOB BEPOSTHOCTHOTO MBITILIICHUS
Bbl pacckaspiBasiu 00 MHTETpaTUBHOM IpeaMeTe «3aKOHOMEPHOCTH OKPY KaOIIEro MUPay.

ABTOp. O10 Tak. Ho, roBopsi 06 MHTErpanuu Kak 0 HeKOeM O0IleM MPHUHIHUIE, S HE XOTel
OBl CBOAUTDH BCE K OT/AEIBHBIM O0OBbEIMHEHUSM TEX WM MHBIX MIPEIMETOB WM K CO3JaHHI0 UHTE-
TPaTUBHBIX MPEAMETOB. 37€Ch BAXXHO MOAUYEPKHYTH CYUeCmBeHHOe pa3gumue uoeu mexncnpeo-
MemHbIX c853ell — MEPEXO0]l OT COTJIaCOBaHMsI penoAaBaHus (GU3NKU U CMEKHBIX MPEIMETOB K
ouanexmuyeckomy ezaumooeticmsuio npenmera «Ou3nka» ¢ APYrUMU YUYEOHBIMU MPEIMETAMH,
npUYEM HE TOJIBKO €CTECTBEHHOI0, HO ¥ TYMaHUTapHOTO IUKJIA.

Yuurenn. be3 cornacoBanus npeaMeToB ydeOHBIN Mporiecc OblT Obl MPAKTUYECKH HEBO3-
MoskeH. PHU3uKa UCIOJIb3YeT MaTeMaTUYeCKUe MOHITUS QYHKIMU U BEKTOpa; XUMHUS U OHoJIoTus
UCTIONIb3YIOT TIOHATHSI U 3aKOHOMEPHOCTH, pacCMaTpUBaeMble B (PU3HKE.

ABToOp. K coxanenuto, nanbliie 3T0ro HHTErpamus noka He uaér. Baxxno nepelitu Ha Gosee



ri1yOOKUil ypOBEHb MHTETPAIlH: IIMPOKO HCIIOJIb30BaTh Ha YPOKax (PU3UKU MOHATHUS, 00pa3bl,
MpEJICTaBICHUS, pacCMaTpUBaeMble B IPYrHUX MpeaMeTax, YUUTh HIKOJIbHUKOB MHOTOMEPHOMY
BUACHUIO SIBJICHUU.

Yumntesb. Bel mMeeTre B BULY 3KCKYpCHl B XUMUIO, OMOJIOTHIO, Teorpaduio Ha ypokax Io
duzuke?

ABTOp. U naxe B nuTepaTypy M HUCTOPUIO. DTO, BO-TIEPBBIX, 0OECIIEUUT OoJiee TIIyOOoKoe
NOHUMaHHUE U, 3HAYUT, MOBBICHT YCBOSEMOCTh (PU3UYECKOTO MaTepuaia, a BO-BTOPHIX, OyIeT
croco6cTBOBATH (HPOPMUPOBAHUIO Y YUAIIUXCS [EIOCTHONW CUCTEMbI 3HAHUH.

Emé Oonee riyOokuii ypoBEeHb MHTETPALMU NPEAIONAraeT UCIOIb30BAHUE HA ypOKaX IO
pa3HBIM MpeIMeTaM 00WUX NPUHYUNOE, COCTABIISIONINX METOIO0JOTHYECKYI0 OCHOBY COBPEMEH-
HOU (pM3HMKH (3TU MPUHLMUIBI TOJKHBI IPOXOAUTH Yepe3 pa3HbIe MPEIMEThl «KPACHON HUTBIOY),
U PACCMOTPEHUE KOMNJIEKCHBIX Npobiem, KOTOpbIE M0 caMoi CBOeH CyTH TpeOyIOT MPUBJICUCHUS
3HAHWUN U3 pa3HbIX IPEIMETOB.

Yunteap. O01Me NPpUHIUIB — 3TO, MO-BUAUMOMY, Mpexae Bcero (yHIaMeHTaIbHOCTh
BEPOATHOCTHBIX 3aKOHOMEPHOCTEN U MPUHIIUII CUMMETPUH?

ABTop. Koneuno. Me1 06 3ToM yxke roBopwin. [loaToMy ocTaHOBHMCS TOJIBKO Ha KOM-
IUIEKCHBIX TpobOiemax. KoHeuHo, Takue mpoOiieMbl HE MOTYT CUHTAThCS «COOCTBEHHOCTHIO»
TOJIBKO (M3UKHM (MJIM KaKoro-aubo apyroro mpeameta). OQHAKO WMEHHO YYHTENb (PU3UKH,
UMEHHO Kypc (M3UKM B IIKOJIE JOJDKHBI, KaK MHE KaXXETCs, B3STh Ha ce0sl OpraHU3YIONIYyIO
GYHKIUIO «IUpHKEPa» MPH PacCMOTPEHUU MOJA00HBIX npobiem. [IpuBeny B kauecTBe mpumepa
JIBE KOMIUIEKCHBIE TTPOOIEMBI.

[lepBoIii IpUMeEp — npobaema conHeuHo-3eMHbIX cés3el. [0 mociieTHero BpeMeH! KaK-To
He o0palaisoch BHUMaHUS Ha TO, YTO 3eMJIsl HAXOAUTCS (PaKTHUECKU B IpefiesiaX COTHEYHOU KO-
ponbl, uTo CoJHIle — HE TOJBKO MCTOYHHUK KM3HU Ha 3emMJjie, HO M MOCTOSHHAs yrpo3a 3Toi
#u3HU. CoslHeUHbIN BeTep (IIOTOKU JIEKTPOHOB M IPOTOHOB, JieTsmue oT CoiHIa) U AJIEKTPO-
MarHMTHOE COJHEYHOE M3Iy4YeHHE HEMPECTaHHO OOJIy4aroT 3eMIIt0, IPp03s YHUUTOXXUTh Ha Hel
Bc€ xkuBoe. OT COJTHEYHOr0 BETPa HAC 3AIMILAET MAarHUTHOE 10JI€ 3EMJIU, a OT 3JIEKTPOMAarHUT-
HOT'O U3JyuyeHusi — aTtMocdepa, U, B YaCTHOCTH, OTHOCUTENILHO TOHKHI cioi o30Ha. Bo3myie-
Hus Ha CoJIHIE MPUBOJAT K BO3MYIIEHUAM T'€OMarHUTHOTO IOJISA, 3apOKIEHUIO B 36MHOM aTMO-
cepe MOIIHBIX IUKIOHOB, MarHUTOC(HEpHbIM OypsIM U, KaK CIEACTBHE, K YXYJIICHUIO CaMo-
YyBCTBUS JI0JIeH. Bech 3TOT KOMIUIEKC BOIPOCOB UMEET NMPsIMOE OTHOLIEHHE HE TOJBKO K (U3H-
K€, HO ¥ K aCTPOHOMMHU, XUMHUH, Onosioruu, reorpaguu. CeroHss oH NpuoOpeTaeT TaKkkKe COIU-
aJIbHOE 3BYYaHHE.

Bropoit npumep — axonocuueckue npodiemvr. CeronHs OHU AOKHBI pacCMaTpUBATHCS HE
C TPAJMIIMOHHOM TOUKH 3pEHHUs IPUPOIOOXPAHUTEIBHBIX MEPONPUATHIA, a ¢ ropa3fo Oojee mu-
POKOI TOYKH 3pEHHS — Ha OCHOBE CAeNaHHOro akageMukoMm B. M. BepHanckum nporsosa pas-
BUTHS B3aMMOOTHOIIEHUH YEJIOBEKA U OKpY KAIOIIEH cpelbl. YeIoBEK NaBHO OKa3bIBACT 3aMET-
HOE BJIMSIHUE Ha XOJ 3BOJIOLMOHHBIX MpoleccoB Ha 3emie. Ho ceifuac aHTpornorenHas Harpyska
Ha IpUPOAY BO3POCIA HACTOIBKO, YTO (PAKTUYECKH MPUOIU3MIACh K KPUTUYECKON YepTe, Koraa
BO3MO>KEH HEOOpaTUMBIN HETIpeicKa3zyeMblil epexo1 Bceil Onocdepsl B KaueCTBEHHO HOBOE CO-
CTOsIHUE (CKOpee BCEro HEMpUroJHoe A oOuTaHus jiojeil). B Takoil kpuTHueckoi cUTyaluu
HE0OXOAMMO KOMILUIEKCHOE UCCIeI0BaHNe reorpaduueckoi 000I0uKn 3eMIIH, COTIIACOBAHHOE C
UcclieIoBaHUEeM OOIIeCTBEHHBIX MporeccoB (cM. [74]). CeroaHs sKoIOTHYECKHE MPOOIIEMBI,
BIPYT U Kak Obl Ja’ke HEOXHUJAAHHO JUIsl Hac 0OOOCTPUBLINCH, CTaBAT BOIPOC, HUKOTJa paHee He
NOJHUMABIIHICA, — BONPOC 00 ATHKE B3aMMOOTHOIIEHUI 4YeJoBEeKa M MPUPOJBI, BOIPOC O
HPABCTBEHHOM acCIleKTe €CTECTBEHHbIX HayK. Ha Hammx riasax 3ToT BOIpoc nepepacTaeTr B Mpo-
651eMy KOppeJIsLUN MEeKIoCyJapCTBEHHBIX OTHOILIEHUH ¢ y4E€TOM MOCIEICTBUH BO3/IeiCTBUS Ye-
JIOBEYECTBA HA IPUPOY, HA 3eMHYI0 Onochepy.

Msl yxe roBopuiu B § 11 (cm. pazgen «CMeHa eCTeCTBEHHOHAYYHOM TPagULMKU»), YTO
MPEKHUHN MOJIXO0JT K UCCIIEIOBAHUIO MUPA, KOT/Ia YEJIOBEK BHICTYIAJI B POJIM CTOPOHHEI0 HaOIIo-
JlaTelsd, aHAIM3UPYIOLIET0 OKPYKAIOIIMKA €ro MUp IO 4acTsM, IMOAXOJ, BOCXOASIINNA K HBIOTO-
HOBCKOW (pM3MKe, Tenepb CMEHsIETCS MOAX0/10M, KOTJ]a YEJIOBEK UCCIIEyeT MUP KaK Obl U3HYTpU



U B €JUHOM KOMILIEKce. YelnoBeK BKIIIOUAETCS TEIEPh B UCCIEAYEMBbIM MUP B KA4ECTBE BaKHEM-
miero (hpakropa, onpeneNsomero JaabHEHITY0 3BOMIOLNI0 3TOr0 MUpa. Ve uHrerpanuu u ry-
MaHHUTapHU3aluu GaKTHUYECKU CIUBAIOTCS BOSIWHO, IpUoOpeTas riio0aabHbIN XapakTep.

Yuurenn. Kak s noHuMaro, peub UAET 0 TPEX YPOBHAX MHTErpalMU MPENoiaBaHus (U3NKU
B 1mkoJe. [lepBblil ypoBeHb — cOTJIacOBaHUE TpenoJaBaHus (pU3MKH C MPernogaBaHueM MaTeMa-
TUKHU, XUMHUH, Ononoruu, reorpadguu. OH oTpak€H B CYLIECTBYIOIIMX Y4E€OHBIX IJIaHAX W IPO-
rpammax. BTopoit ypoBeHb — SKCKYpChI Ha YpOKax Mo (Gpu3MKe B Apyrue MpeaMEThl, IMHUPOKOe
UCIIOJIb30BaHUE OOIIMX MPUHIMIIOB. DTOT YPOBEHB B CYIIECTBYIOIIUX MIPOrpaMMax HE OTPaKEH,
HO OH HE BCTyIAeT B MPOTHUBOpEUNE ¢ y4eOHBIMHU IJIAHAMU U MOXET ObITh 0e300JIe3HEHHO pea-
JM30BaH 110 UHUIIMATHBE YUUTEIIS.

ABTOp. 3ameuy, YTO TPOBEIEHHE B JKU3Hb UAeU (PYyHIAMEHTAIBHOCTH BEPOSTHOCTHBIX 3a-
KOHOMEpPHOCTEH BPsJ| JIM BO3MOXKHO 0€3 KOPPEKTUPOBKH yUEOHOT 0 IJIaHa.

Yuureab. Cornacen. OHako HauOONBIIMX U3MEHEHUH B yUeOHBIX IUIaHAX M Mporpammax
notpedyer peanusalys TPETbero YPOBHS MHTErPalldH, CBS3aHHOTO C PACCMOTPEHHUEM KOM-
IUIEKCHBIX MPOOIIEM.

ABTop. ®akTHUeCcKu MBI yKe Iepenu ¢ Bamu kK npakmuueckum BOIPOCaM IOCTPOCHUS
HOBOTO IIKOJIEHOTO Kypca (U3UKH.

Yuureab. DTO camMble Ba)KHBIEC BOIPOCHI.

ABTOp. OHH, KOHEUHO, BayKHBI. HO HE X0Ten0Ch OBl CUMTATh MX CAMBIMU BaXXHBIMU. [Ipex-
Jie BCEr0 HaJl0 MOHATh, B KAKMX HAIpABJICHUAX JOJDKEH MepecTpauBaThCs Kypc (HU3UKH, HAJO
IPOHUKHYTHCS UICSIMH, KOTOPbIE OYyT ONPEeIsATh 3Ty MEPECTPOMKY.

Yuurens. C unesamu Bpoae Obl Bc€ sicHO. [Ipennonoxkum, 4To MHE, YUUTENO0 (PU3HUKH, 3TU
uaen uMnonupytor. Kak u Bpl, 1 cuntaro, 4To HBIHEITHHUH IKOJBHBIA Kypc (PU3MKH COOTBETCT-
BYET IIPOLIUIOMY BEKY, U XO4Y €r0 MOJAEPHU3UPOBaTh. UTO KOHKPETHO 5 OJKEH IeIaTh?

ABTop. HaBeproe, Bam cnenyer mocrapaThcst B mpoliecce mpernofaBaHus (U3UKU Be3ze,
TZIe 9TO BO3MOXKHO, IEMOHCTPUPOBATh U Pa3bsCHATH YNOMAHYThIe naeu. [lepeunraiite emé pas
BCE HAIlIM MPEABIAYIINE TUAJIOT — BCE OHHU HAILEJIEHBI HA BOMPOCHI IPAKTUYECKOIO Ipenoa-
BaHUs (PU3HUKHU U COZIEPKAT HEMAJIO KOHKPETHBIX IPUMEPOB U COBETOB.

Yuureas. Pazymeercs, g 510 caenaro. I BcE ke ecTb Macca BOIIPOCOB MPAKTUYECKOTO Xa-
pakrepa. XoTenoch Obl 3HaTh Baile MHEHHE 0 TOM, Ha/l0 WIN HE HAJ[0 U3MEHSTh TPAAUIIMOHHYIO
CTpyKTypy npeamera «®Pusuka». C 1aBHUX BPEMEH OH CTPOUTCS IO YETHIPEX3BEHHOMY IPUHIIU-
IIy: MEXaHUKa, TEIJIOBBIE SIBJICHUS M BEIECTBO, MIEKTPOJAMHAMMKA, onTHKa. HoBas mporpamMmma
1o (u3MKe JMIIL HEMHOTO HM3MEHWJIA JAHHYIO CTPYKTYpY, BBEIs OCHOBHYIO YacTh ONTHUKH B
3JIEKTPOJIMHAMMKY U BBIIEIUB B KAa4EeCTBE 3aKJIIOUUTEIBHOTO, YETBEPTOIO «3BEHA» KBAHTOBYIO
¢usuxy. [Ipennonaraere 11 Bel coxpaHuTh CTpyKTYpy?

ABtop. KoHeuHo, HOBas mporpamMma 1o (u3MKe 3aMETHO COBEpIIEHHEE (COBPEMEHHEE)
npexxkHed. K coxalleHnto, clieaHHbIX U3MEHEHUH B Mporpamme HenaocTtaToyHo. C ydéToM BBI-
CKa3aHHBIX paHee uJeil, s Obl Oosiee CyIIECTBEHHO M3MEHUI nporpammy. S Obl BHEC TpH H3Me-
HeHMs. Bo-nepBbIX, 6 npocpammy Hado ésecmu 6eposimHocmy, 6epOAMHOCHHbIE 3AKOHOMEPHO-
cmu U UMEHHO C 3TUX MO3MLUNA paccMOTpeTh pasnensl «MoinekymspHas ¢usukay», «KBanroBas
dusukay, a Takxke «IEKTPUUECKHH TOK B cpefax». Bnpouem, BBeJieHHE B TporpamMmy BepoOsIT-
HOCTel NMOTpeOyeT MOITHOTo €€ MepecMoTpa; BOZMOXKHO, U3MEHHUTCS BCSI CTPYKTypa Kypca (husu-
Kd. Bo-BTOpBIX, BBEI BEPOSITHOCTD B (DU3HKY B ILIKOJIE, CIIEA0BANIO ObI B3STh 32 OCHOBY NPaBHIIO
— CHayana n3yvaroTcsi (PEeHOMEHOJIOrMYeCKHe, TMHAMUYECKHe TEeOpUH (pa3fesbl), TAe BEposT-
HOCTh MOXET HE HCIIOJIb30BaThCsl, a 3amem U3y4aloTcsi CTaTUCTHUYECKUE Teopuu (pas3zaensl). B-
TPETBUX, paCCMAaTPHUBasl Ha MIEPBOM 3Talle JUHAMUYECKHE TEOPUH, HE CIEAYyeT HAYMHATh C MeXa-
HUKH; JTy4Ille HAaunHaTh N3y4eHue (PU3NKHU C onmuku.

Y4urens. JInuno mue Bama njes HaunHath ¢ oNTHKU HpaBuTca. Ho Benb MMEHHO MEXaHU-
Ka M03BOJISIET MMO3HAKOMUTh YYAIIUXCSI C OCHOBHBIMU (PU3MUYECKUMH HMOHATHSMH — CKOPOCTBIO,
YCKOPEHHUEM, MACCOM, CHIION, JHEPrUEH.

ABTOp. A pa3Be 00s3aTeIbHO HAYMHATH U3yUYeHUE (PU3UKHU C YCBOCHHUS MEPEUUCICHHBIX I0-
HATUI? DTO JOBOJBHO CKYYHO, OTOMBAET y IIKOJbHUKOB MHTEpPEC K MpPEIMETy, a IJIaBHOE, B



3TOM HeT ocoboi HeoOxonumocTu. [lopa oTKazaTbcs OT MOMBITOK MOCTPOHUTH Kypc (pU3MKH Ha
OCHOBe (pOpMaJIbHOM JIOTHKH, KOT1a, MIPeke YeM cka3aTh «by», HaJjo HempeMeHHO cKa3aTh «Ay.
Y6exnéH, uro B (U3MKY Ha/J0 BXOAUTH HHaue. He oT hopManbHOI TOTUKH, HE OT OTBICUEHHBIX
MOHATHUH, HE OT Ka3EHHBIX OMPEICTICHUH, a OT MPUPOJIBI, OT HAOIIOICHU, OT acCoIMaIuii. 31ech
HY>KHa HE JIOTUYECKasi CTPOMHOCTbh, a yAUBJICHUE. A 3TO JIydllle BCEro MO3BOJIIET C/IeNIaTh UMEH-
HO ornTtuka. Kpome Toro, HaunHaTh ¢ ONTHUKU COBEPILIEHHO €CTECTBEHHO — BE/b OCHOBHOU 00b-
&M uHpopManun 00 OKpy’KarolleM MHUpE YeJOBEK IMOJIydaeT 1Mo onTudeckomy kaHairy. K Tomy
e CJelyeT BCerjaa MOMHUTh, YTO HMEHHO B OINTHKE «IIEPBONPUYMHEI SBICHUID Hanboee sIBHO
«BBIXOJISIT HAa TIOBEPXHOCTHY. Hemapom kak Teopusi OTHOCHTEIBFHOCTH, TaK U KBaHTOBas (pu3mka
HAYMHAIKNCH C ONITUYECKUX OTBITOB (CM. § 6 1 7).

Yunresanb. Ho kak M3MEHNUTH IPOrpaMMBbI?

ABTOp. Panbiie 310 01710 TOYTH HEBO3MOXKHO. CEeTOHS HaM pa3penieHo dKCIIEPUMEHTHPO-
BaTb. U HE TOJMBKO pa3pelIeHo — CEroJiHs HKCIEPUMEHTUPOBAHUE, TBOPUECKHUI MOUCK MPUBET-
CTBYIOTCS, UM JAETCA «3eJI€Has yaui@ay. Tak 4To MO COBET — peIIaTeCh Ha SKCIIEPUMEHT.

Yuurenb. B skcriepruMeHT MOTYT BKIIIOUUTHCS JIMIIb HEKOTOPBIE HIKOJBL. A YTO JAeNaTh
YUUTENSM B OCTAJIbHBIX IIKOJaX?

ABTOp. Beszne B nporecce npenojaBaHusl HaJ0 CTapaTbCs peann3oBaTh T€ UIEH, KOTOPHIE
Mbl ¢ Bamu o6cyxnanu. Torna gaxe camble «CTaHAAPTHBIC» pa3/eNbl MPOTrpaMMbl IPUOOPETYT
LBET, 3a3By4ar No-uHOMY. Bo3pMEM i1 mpuMepa MeXaHUKy. Bbl MOXeTe UCIOIb30BaATh MTOAMY
«O npupoge Bemieity Jlykpeuust (cM. § 2) aiis oOCy ACHHS ¢ TOUYKH 3pEHUS 3aKOHOB MEXaHUKH,
HaIrpuMep, TAKUX CTPOK:

...Bo31tyxa ToOHKas CyIIIHOCTh

He B cocTosiHpM BelllaM OIMHAKOBBIX CTaBUTh MPEIISTCTBUM,
Ho yctynaer ckopee nmeromum OO0JIbIIYIO TSKECTb. ..

JIOJDKHO TIOATOMY BCE, POHOCSCH B IMyCTOTE 0€3 MpensSTCTBUH,
PaBHYyI0 CKOPOCTH MMETH, HECMOTPS HA Pa3IN4nE B BECE.

Bbl MmoxeTe conoctaBuTh MeToabl HetoToHa 1 JlekapTa, IOrOBOPUTH O MEXAHUUYECKOM Kap-
THHE MHUPA, KOTJIa BECh MHUP YIIOAOOISIICS CI0KHOMY U TOYHOMY YacCOBOMY MEXaHU3MY (cM. § 3
u auanor «O MpHUBbIYKE MBICIUTh MeXaHUCTHYeCKW»). [IpH sxenannu Bel MoxeTe moka3aTh, 4TO
BO BTOPOM 3akoH€ HbBIOTOHA «CKpBITHD» MPUHLUI MPUUMHHOCTA U NMPUHIUI OTHOCUTEIBLHOCTU
(cM. guanor «OO0 UCHONIB30BAHUHU MOHATHS CUMMETPHUHU NpH 00yueHuu ¢uzukey). [Ipu nosrope-
HUM 3aKOHOB COXPaHEHUS PHEPIHM U UMITyJibca BBl MokeTe paccMOTpeTh OTKPHITHE HEUTpPOHA
(em. § 10). Kak Bugute, ecTb MHOTO BO3MOKHOCTEH MOJIEPHU3UPOBATh MPENOABAHUE TaKOTO
paszznena, kak «MexaHukay.

Yuurenasb. [lonnmaro. OObsiCHAS UHTEPDEPEHINIO U TUPPAKLUIO CBETA, 51 Oyay pacckasbl-
BaTh HE O TOHKHX IUIEHKAX, a 0 Trosorpaduu.

ABTOp. OUeHb COBETYI0 HaXOAUTh BpeMsl, UTOOBI 00CYKJIaTh C yYaIIUMUCS Pa3IUYHbIE BO-
npockl pusnko-puocodekoro xapakrepa. B uém cnenuduka mukpoodbekra? YeM oH oTiinya-
eTcsl OT 0OBEKTOB, C KAKUMHU MBI UMEEM JIeJI0 B MoBceiHeBHON npakTuke? (CM. § 7 u 8, a Takxke
muanor «Yto Takoe MUKpooObeKT».) Kak pazBuBanuch npeacTaBleHUss O BPEMEHU U NPOCTpaH-
ctBe? (CMm. § 6 u nuanor «O Bpemenn».) Kak npoucxoauino passurue ¢puszuku? (Cm. § 16 u nua-
aoru «O HayuyHBIX peBoionMax» U «O MyTdx JanbHeWIero pa3Butus Qusukny».) Kak cmens-
auch (uszndeckre KapTuHel Mupa? B 4éM OCHOBHBIE OTJIMYMS COBPEMEHHOH eCTeCTBEHHOHAYY-
HOW KapTUHBI MUpa oT npexxHux kaptua? (Cum. § 3,4, 11.) U T. 1.

Be3sne, rie BO3MOXKHO, CTapalTeCh «BBICBETUTHY Ouaiekmuky. IIpenBapuTenbHO Mpourpaii-
Te ¢ ywyamuMmucs auanor «O guanektuke U Merapusukey. ObOpariaiiTe BHUMaHuEe YYEHUKOB Ha
TO, YTO MO Mepe HaIIero NPOHUKHOBEHUs B INTyOb MaTepuu MPOUCXOAUT CTUPAHUE rpaHel, 00-
Hapy»XUBAETCsl JUAIEKTUYECKOE €JUHCTBO — BPEMEHUM M IPOCTPAHCTBA, KOPIYCKYJISPHOIO
JIBIDKEHUS M BOJIHOBOTO, BeniecTBa U nosst. [louame oOpamaiirecs K npupoonsvim saerenusm (CM.,
Hanpumep, [124]). ®usuka npUpoIHBIX SBICHUN HEOOBIYaHO YKpPAacUT IIKOJIbHBINA Kypc (usu-
KU, CJIeJIaeT ero MHTepecHbIM /s ydammxcsa. Ho geno He Tonbko B 3ToM. PaccmaTpuBas Gusuky



IOPUPOABI, MBI MOXEM O4YeHb 3((EKTUBHO PEaTU30BBIBATH MJIEHM TYMaHUTApU3alUU U HUHTErpa-
LMY, peniaTh Kak MO3HABATEIbHbIE, TAK U BOCIIUTATEIbHbIE 3a1aui. OYeHb XKallb, YTO B HBIHEIII-
HEM IIKOJLHOM Kypce (PU3HKH MPUPOTHBIC SIBICHUS ITOYTH COBCEM HE PacCMaTPHBAIOTCH.

Yuuresasn. Bc€ aTo npexpacHo. Ho e B3sSTh Bpems (eciii He U3MEHUTD Iporpammy)?

ABTOp. CMenee KOPPEKTUPYHTE MpOrpaMMy, NOJCTpauBaiTe €€ moJ HoBble uaeu. Kpome
TOT0, MOKHO OpPTraHH30BaTh @axyrvmamuevl. Mbl pa3paboTaiy mporpaMMbl (haKyJIbTaTUBOB:
«®Dusuka B npupoe» (ans VII knacca), «Pusuka B mpupoze» (amas X Kinacca KO ¢ yriayonéH-
HBIM H3yudeHueM (us3ukn), «BeposTHOCTs B urpax u paspieueHusx» (mist VI knacca), «Bepost-
HOCTh B OKpyxaromem mupe» (it VII unu VIII knacca), «BepositHocts B pusuke» (mmst X
KJlacca IIKOJI C yIIIyOJI€HHBIM u3ydeHueM ¢usuku). BriOupaiite, nmoxkanyiicra. Hakonern, ectsh
BHEYpOUHbIE (DOPMBI pabOTHI C YHALIUMUCA — Oucnymol, KoH@epenyuu. TeMaTHKa uX MOXKET
ObITH OUeHb UHTepecHOM: «HayuHble peBomonnny, «Pu3nka B cucTeMe KyJIbTypbD», « DKOJIOTHUS
riiazaMu QU3MKa» u T. .

Yuurens. Bec€, yto Bl npearaere, 04eHb UHTEPECHO, aKTyallbHO, 1oje3Ho. Ho s atoro
HY’KHBI YUUTEJS C TOCTATOUYHO BBICOKUM YPOBHEM 3HAHHM, C IIUPOKUM KPYTO30POM.

ABTOp. BBl coBeprieHHo npaBel. KpoMe Toro, Hy»KHO, 4TOOBI YIUTEh UMENT CBOOOy camo-
CTOSITENIFHO pelIaTh, TBOPUTH, OMIMOAThCSA, UCKaTh. Takas cBoOO/Ia y4HTENsIM ceddac mpeaoc-
TaBJieHa. YTo ke Kacaercs Kpyro3opa, TO TyT KaXKIbld y4YHUTENb JOJDKEH HE MOXKAJIETh YCUIIUM.
Hy>XHO yuuThCsl, pa3BUBaThCS, paCIIUPSITh KPyro30p.

Yuureanb. YUuTeasiM Hago IOMOYb.

ABTOPp. A pa3Be aHHas KHUTA HE €CTh MOIBITKAa IOMOYb?

Yuurenan. Xopomo Okl UIMEThH TIEpe TJIa3aMu MPOOHbIE YIEOHUKH WJIH y4eOHBIE TTOCOOHUs
HOBOT'O THUIIA.

ABTOp. Hazneroch, co BpeMeHeM OHM MOSIBATCS.

Yuurenb. B 3axioueHne Xody CHpOCHUTBH: a Kak BooOuie Bwl mpencraBisiere CTPyKTypy
o0yueHus pu3uKe B cpeHel mKoe?

ABTOp. MHe KaxeTcsi, UTO JOJUKHBI OBbITh TpU cryneHu. Ha mepBoit crynenu (B V — VI
KJlaccax) oThenbHoro npenMera «®dusnka» HeT; 3/1ech (PU3HUecKue 3HAHUS BKJIIOYEHBI B UHTE-
IPaTUBHBII MpeAMET J0CTaTOYHO HIMPOKOro Mpoduis. ITo MokeT ObITh npeaMeT «OKpykaro-
it mup». Ha Bropoit crynenu (B VII — IX knaccax) BBoautcs npeamer «Pusnkay, MOCTPOECH-
HBII Ha OCHOBE UJEH TYMaHUTapU3alluM U UHTETPALMH, MTOJIE3HBIN Ul BCEX YUalllUXCsl — He3a-
BUCHUMO OT uX Oynymieit npodeccuu. Tperbsa ctynens coorBeTcTBYyeT X — XI kimaccam. B ogamx
IIKOJaxX TOM CTYNEHH BooOIe He OyJeT, B ApYrux (pu3nka Ha 3TOH CTyneHu OyAeT OueHb cIie-
[UAJIbHON, OPUEHTHUPOBAHHOW Ha CIIELMAIN3AUIO IKOJIbI, B TPEThbUX (DH3HKA HA JAaHHOU CTyIe-
HU OyAeT u3ydarbcsi 0COOEHHO TITyOO0KO, OyeT OCHOBHBIM MPEAMETOM.

[Tonarato, 4TO BCE 3TO COOTBETCTBYET TEM IPOrPECCUBHBIM HJESM O MEPECTPOUKE IIKOJIBI,
KOTOPBIE BBICKA3bIBAIOTCS B HACTOALLEE BPEMS.



GAHTA3NA HA SAOAHHYIO TEMY

Jlolins 10 KOHIIA KHWIHM, YUTAaTelb MOXET CIIPOCHUTH: a TJie K€ KOHKpETHas CTPYKTypa
IIKOJIBHOTO Kypca (PU3MKHU, PEaTU3YIOLIEro Bce T€ KpacUBbIE UIeH, O KOTOPBIX 1uIa peub? YecT-
HO CKa)K€M: XOTeJIOCh Obl YUTH OT OTBETa Ha 3TOT BOIPOC. 3aMBbICIIbl aBTOPA BBIABIAIOTCS B ca-
MOM IPOM3BEJEHUH, a HE B IPEJBAPUTEIBHBIX IPOrpaMMax. B 1aHHOM cilyyae OTBETOM JOJKEH
ObL1 OBl CTaTh 3KCIEpUMEHTANIbHBIN yueOHuK ¢usuku. Ho ero moka HeT. A Bompoc yxe 3ajaH,
oH TpeOyeT orBeTa. YTO %, MonpoOyeM MOroBOPHUTH O porpaMMe (CTpYKType) Oyayliero Kypca
¢u3nku, HO Oy/1eM MOMHHTb, YTO Pa3roBOp MOMAET 0 OyayIleM U YTO MOATOMY HE0OXoauMma u3-
BECTHAsi OCTOPOXKHOCTL. [loocTepexeémMcs KaTeropuueckux yTBEpKACHUMN, @ IPOCTO MONBITAEMCS
HeMHOTO0 nodanTa3upoBath. [IycTs 3T0 OyaeT cBoeoOpa3Has (haHTa3usl HA 3aJIaHHYIO TEMY.

[Ipexne Bcero 3amMeTuM, 4TO JajlbHUE MOJACTYIIBI K (PU3HKE OCBAaUBAIOTCA YK€ Ha Ha4aJIbHOU
crynenu — B | — IV kmaccax. DTo fenaeTcss B paMKaxX MHTETPaTHBHOTO Tpeamera « OKpyKaro-
muid Mup». IlpeacraBum cede Takoit packian. [lepBblil Kaace: OKpyKaromuili MUP — 3HAKOMBIH
Y HE3HAKOMBIM. BTOpO# Kitacc: OKpyKaroIIMil MUp — KPAaCHUBBIM M HEKpPACUBBIN. TpeTHil Kiacc:
OKPY’KaIOIIUK MUP — U3MEHYMBBIM U IOCTOSHHBIM. YETBEPTHIN KIIacC: OKPYKAIOIIUA MUP —
TauHCTBEHHBIN M Mo3HaBaeMblil. C Kakoi Obl CTOPOHBI MBI HU MpeJiarajid JAeTSIM B3IJISIHYTh Ha
OKPY>KaIOLIMHA UX MHP, MbI B€37le HEHaBA3UMBO JEMOHCTPUPYEM JHaeKTUKy. Oco0oe BHUMaHHE
oOpaiiaeM Ha (OpMHUpPOBaHHME NPEJICTABICHUNA 00 M3MEHEHHH BO BPEMEHHU, COXPaHEHHH, CHM-
METpUH, rapMOHMUHU. J[eTH HauumHAIOT paboTaTh C MOHATHUAMHU «BpPEMS», «PACCTOSHHE», «CKO-
POCTBY», «CHIJIa», «TEMIIEpaTypay», «MAarHUT» W Y4aTCs IOJIb30BATbCS COOTBETCTBEHHO YacaMH,
METPOM, CIIUJOMETPOM, JTUHAMOMETPOM, TEPMOMETPOM, KOMITACOM.

brnnxHMEe MOACTYNBI K (PU3KMKE OCBAMBAIOTCSl B MHTETPATUBHOM IpenmMere «OKpysKaroluil
mup» B V u VI kitaccax.

B «Oxpyxatomem mupe — V» ydaiiuecss cHayana (B NMEpBOW YETBEPTH) pacCMaTPUBAIOT
Jlyny u 3BE31HOE HE0O, MOIB3YIOTCS TEECKONOM, IMOCTUTAIOT JIEMEHTHl HaOIr01aTeIbHON ac-
TPOHOMUH, YUaTCsl OPUEHTHUPOBATHCS B MPOCTPAHCTBE U BO BPEMEHH, 3HAKOMATCS B OOLIUX uep-
Tax ¢ 3BOJIONMEN POAHOM MIaHeTsl, e€ Guocgepsl. 3aTeM (BO BTOPON Y€TBEPTH) OHU OOpallaroT-
Csl K «IIepBOHAYajIaM BELIEi» — OT YEThIPEX «CTUXUI» IPEBHUX I'PEKOB (BO3/1yXa, BOAbI, 3€MJIH,
OTHS) MEPEXOJAT K XUMUYECKHUM 3JIEMEHTaM (paccMaTpUBAETCS OKOJIO JAECATKA JIEMEHTOB), a OT
HUX K MPEACTABIECHUSAM 00 aTOMHO-MOJIEKYJIIPHOM CTPOSHHUH BELIECTBA, KOTOPbIE HCIIONb3YIOT-
csl Ui 0OBACHEHUS MPOoCTeHInX xumuueckux peakuuii: C+0, > C+0, u 2H,+0, - 2H,0.

31ech ke MPOHULIATENbHAS A0Ta/IKa IPEBHUX TPEKOB O YETHIPEX «CTUXUAX» TpaHCHOPMUPYETCS
B O6CY)KI[GHI/I€ ‘I@TBIpéX COCTOSTHHUH BCIICCTBA U AAKOTCA HAYaJIbHBIC CBCACHHA O IIEPEXOJaxX BC-
IECTBA U3 OJHMX COCTOSIHMM B Apyrue. CONPUKOCHYBUIMCH B NIEPBOM YETBEPTU C KOCMOCOM, a
BO BTOPOM ¢ MUKPOMHPOM, yYallHecs NEPEXOAAT B TPETbEW YETBEPTU K M3YUYEHHIO TOTO MHDA,
KOTOPBIM OHM HEMOCPEJACTBEHHO HaOI0Aal0T BOKPYT cels. Ha ciieHy BBIXOJSAT BOIPOCHI HEXKH-
BOTO M XUBOTO BemecTBa. OCHOBHOM aKIIEHT JEIaeTCsl, KOHEYHO, Ha YKMBOM BEIIIECTBE, U TIPEXK-
JIe BCETO Ha pacTeHMsX (Halla IjIaHeTa — 9TOo 3eNéHas miaHeTa!); 37ech YMECTHO PacCMOTPETh
OCHOBBI 0oTanuku. Ho %1BOI MUp HEBO3MOXKEH 0€3 MHUpa HEKUBOTO; PACTEHUSM HEOOXOANMBI
BO3/YyX, BOJa, 3eMJiis. 1 moaTromy ydamiuecs 3HaKOMATCS CO CBOMCTBAMHU BO3/lyXa U BOJBI, C TOP-
HBIMH ITOpOJaMU U nouBaMu. HakoHen, B 4eTBEPTON YETBEPTU Pa3BOPAYMBAOTCS KapTHHBI TOT'O
MUpa, KOTOPBIA co3nan cam yenoBek. OHU JAlOTCS B pa3BUTUHU (UTOOBI MOKHO OBLIO TIpECTa-
BUTh, KaK MOCTENEHHO YEJIOBEK «CTaHOBWICA BeIMKaHOM»). HaunHaem m3nanexa, He TOPOIISCH;
UCIIONIB3YEM IIPH ATOM MPOCTEUIINEe MEXaHU3MbI U TIPUOOPHI B IEMOHCTPAIUIX HECIOKHBIX (PU-
3MYECKUX OMBITOB, MIPOJ0JIKAEM ITOCTETIEHHO (popMupoBaTh Ppusndeckre moHATus. K nmoHarusm,
MOSIBUBIIMMCS Ha HauaJdbHOW CTYNEHM, MJOOABISIOTCS HOBBIE MOHATHUS: «MAaccay, «IIOTHOCTHY,
«QHEprus». 3aTeM KapTHUHA Pa3BUTHs TEXHUKH HAYMHAET MPEMOAHOCUTHCSA BO BCE Ooliee yCKO-
psIOLIeMCsl TEMIIE U, COOTBETCTBEHHO, 00jiee IUPOKUMU Ma3KaMU — C BBIXOJIOM, B KOHEYHOM
c4€Te, HA COBPEMEHHOCTD.

[Ipenmer «Oxpyxatomuii Mup — VI» umeer Bropoe Hazpanue: «Hama mmanera 3emuisy.



CHayana ¢ caMbIX OOIIMX MMO3UIUI paccMaTPUBAIOTCS COTHEUHO-3€MHBIE CBSI3U. UTO MBI 3HaeM
0 Comuue? Kak Bo3aelcTBYeT ero uiydenue Ha 3eminto, Ha Bc€ sxuBoe? [louemy ComnHile — of1-
HOBPEMEHHO U Hall Jpyr, 1 Ham Heapyr? Kakyto ponb urpaer 3emHas armocepa? Kak MoxxHO
npeacTaBuTh cebe MmarautHoe nose? KakoBa pois MarHuTHOTO 1Ot 3eMiu? UTo HY)KHO 3HATh
o TaroteHnu? Yem MHTEpEeCHBI BO300OHOBIsIeMble HCTOUHHUKH dHeprun? Ilocie oOcyxaenHus mo-
JIOOHBIX BOIIPOCOB MEPEX0 UM K reorpaduu, GU3NKe U XUMUU TPEX 3eMHBIX «chep» (muTocde-
psl, Tuapocdepsl, atMochepsl). OTaenapHO BelIenseM TeMy «CBeT U 3ByK B aTMoc(epe U THIpo-
cdepe» U TeM caMbIM 3HAKOMHUM yYalUXCs ¢ Ha4aJbHBIMU CBEICHUSMU 110 ONTHKE U aKyCTHKE.
Bo Bcex Temax MUPOKO UCIIONB3yeM YUeOHBIH 3KCIIepUMEHT, hopMupys pu3nveckue u XuMmude-
CKHeE TOHSTHS U MPEeICTaBICHUS, YMEHNE MPOU3BOINTE HaOMoneHus U u3MepeHus. CyIecTBeH-
HO, YTO BCE OTMEUYEHHbBIE TEMbl UMEIOT HE TOJIBKO CAMOCTOSITEILHOE 3HAUYEHUE; OHU SIBISIOTCS
CBOEOOpa3HON TIpeNIoANeii K OCHOBHOW TeMe JaHHOTO Kypca — TeMe Omocdepsl. [locmemnsis
paccMaTpuBaeTCs 3/1eCh KaK OTKPBITas CaMOOPTaHU3YIOIIAsCs CHCTEMa, OTIMYaromascs 0oJb-
HI0M YCTOMYMBOCTHIO. PackpbIiBaeM MPUHIMIHNAIBHO Ba)KHYIO, PEIIAIOINIYIO POJIb KHUBOTO Belle-
CTBa Ha Halllell IUIaHETe, MOJBOANM y4YalIuXCs K OCO3HAHUIO POJIM pa3yMa B YIPABICHUU J1ajlb-
HEUIUM pa3BUTHEM Omocdepsl, B mpeBpaiieHnn e€ B Hoocdepy. Ho 3To Bc€ moka B Oymymiem, a
CEeroJiHs Hallla TJIaHeTa B OMACHOCTH; MOKa eI YesIOBEeK BBICTyMHaeT Kak (akTop, KOTOPHIH pas-
pylIaeT Bce 3eMHbIe «cdepby. Heo0XoaumMo packpbITh nepes] y4aluMucs pe3yabTaTbl AeHCTBUS
ATOTO pa3pymaromiero Gakropa, 00paTUTh UX JUIIOM K HAIICH TPEBOKHOU JAEHCTBUTEIHHOCTH, K
OCTPBIM JKOJIOTHUYECKHUM TpobiaeMaM. UTOOBI pemuTh 3TH PoOIeMbl U criacTu Ouocdepy, derno-
BEK JTOJDKEH, HAKOHEI], CTaTh JACHCTBUTEIHHO UEIOBEKOM pa3yMHBIM. A JUIS 3TOTO HY>KHBI KyJIb-
Typa, HPaBCTBEHHOCTb, 00pa30BaHHOCTh. 1, KOHeUHO, HYKHBI (PU3HMUECKHE TO3HAHUS.

BoT Temneps MBI TOTOBBI K M3Y4YEHHUIO 0a30BBIX €CTECTBEHHBIX NMPEJAMETOB, U B TOM YHCIIE
¢uzuku. MHTerpatuBHbie Kypchl «OKpysKarolmuii Mup», OylieM HaJesiThCs, BBIMOJIHUIN CBOU
¢yHKIMHU (IPOMEIEeBTUUECKYI0 U MOTHUBAIIMOHHYIO), U TEMEPh MOXHO HayaTh CUCTEMaTHYECKOE
nzyuenue ¢puzuku. Ho OyneM moMHUTB, 4TO TOKa emié pedb UAET OTHIOAb HEe 00 yriryOnEHHOM
uzydueHun pusuku. Gusnka B VII — [X knmaccax BUIUTCS Kak MpeAMET Pa3BUBAIOIINN, BHOCSIINN
Ba)XKHBIM BKJIJ] B Pa3BUTHE MBIIUICHUS M KYJIbTYPbI, HECOOXOUMBIN BCEM yJaluMcs 0€3 UCKITIO-
yeHus. A yriyonéHHoe usyueHue Gpu3nku cocrources nosaHee — B X — XI kiaccax — u He Bes-
e, a JIMIb B MIKOJIaX (KJIaccax) COOTBETCTBYIOIIErO POduUIIs.

Urak, nodpanrazupyem o HoBo puszuke — VII — IX — dusuke rymMaHM3MpOBAHHON, HKOJIO-
TU3UPOBAHHOM, CBIHTETPUPOBAHHON C aCTPOHOMMEHN, aKTHBHO B3aUMOJEUCTBYIOLIEH CO BCEMH
€CTECTBEHHBIMH ITPEIMETAMHU.

VII kaace. Haunnaem c sBomonuu BcenenHoli, oOpasoBanusi rajakTuk. [IpucranpHee
BIUISZIBIBAEMCSI B UCTOPHIO Hamlel ["anakTuku, paccMaTpuBaeM 3BouTtolni0 COIHEYHOM CUCTEMBI,
o0Opa3oBaHHe IUIaHET, BOSHUKHOBEHUE M 3BOJIOLHUIO KU3HU HAa OJHOW U3 IJIAHET, BO3HUKHOBE-
HHUE pa3yMa, HMBHUIM3alMUA. HUYTOXKHO BpeMs >KM3HM YeJOBEKa MO CPAaBHEHHUIO CO BpEMEHEM
pa3BUTHS LMBUIN3ALMH, & MTOCIIEHEE HUYTOXKHO MO CPaBHEHHUIO CO BpeMeHeM 3Bostonuu Col-
HeuHOW cuctemsbl. Thl, cuaamui ceiyac 3a mapToil, — kpomedHas «4yactuna» Kocmoca, cyme-
CTBYIOII[asi KAKOE-TO MIHOBEHHE Ha KOCMHYECKUX YacaxX, HO KIMEHHO Thl B JAHHBI MOMEHT II0-
cTUraens pazymoM Becb Kocmoc, ero passurue. Thl — YenoBek pa3yMHbIH, U 3TUM ThI BEJTUK!

Pa3yMHbIi yenoBek m3naBHa oOpaian B3op K HeOy, 3BE3nam. M Mbl Toke HAUHEM C 3TOTO.
Mpbl HaYHEM C AJIEMEHTOB HEOECHOM MEeXaHHKH, TO3HAKOMHUMCS C JBM)KEHHEM IUIAHET, UX CIyT-
HUKOB, koMeT. KakoBa Tpaekropus JIyHbI ¢ TOUKM 3peHHs] 3eMHOTO HabJto1aTesnst 1 HabiogaTe-
151, okaszaBuierocss BOam3u ConHua? OT HeOecHOM KHHEMAaTHKHM NepeiiéM K pacCMOTPEHHIO
B3aMMOJICHCTBUS TeJl, MOYUYUMCSl CKJIaJbIBaTh CHJIbl. CBSYKEM Maccy ¢ MHEPTHOCTBIO, & MHEPT-
HOCTh C IMPOSIBJICHHEM MPUYUHHOCTH, Onarojaps yemy MpoLUIOoe BIMSAET Ha HacTosllee, a Ha-
crosimee — Ha Oyaymee. OOCcynuM poib TATOTEHHUsT BO BceleHHOM, KaueCTBEHHO PacCMOTPUM
3aKOH BCEMHUPHOT'O TAroTeHus. [103HaKOMUM yyamuxcs ¢ UMITyJIbCOM U OOBSICHUM MM CYIITHOCTb
PEaKTUBHOTO ABM)KEHHUA. 3aTeM Kau€CTBEHHO PacCMOTPUM MEPBYIO M BTOPYIO KOCMHUYECKHE CKO-
pOCTH, BEC U HEBECOMOCTH; COBEPIIMM MBICIEHHO KOCMHUYECKHE ITyTEIIECTBUS IO MAapLIPyTaM
3emiss — Jlyna — 3emus, 3emist — Mapce — 3emuis. [loObiBaem MbicneHHo Ha Jlyne, Ha Mapce,



cnytHuke lOnurepa. 3aBepminM KocMudeckyro rinaBy temon «ccrnenoBanus 3emin U3 KOcMo-
cay.

Pa3yMHBII1 4enoBeK Bceraa CTpeMUICsS NPOHUKHYTH B CyTh BEIIEH, XOTEI OCTUYb UX BHYT-
PEHHIOIO CTPYKTYPY. MBI yKe 3HaeM, YTO BEIIECTBO COCTOUT U3 aTOMOB M MoJieky’ (u3 «Okpy-
xarouiero Mmupa — V»). Tenepb Ba)KHO «IIpOYyBCTBOBATH» ATY UJEI0, IOHATH, YTO XKE 3TO TAKOE
— MoJieKyJa U aToM. MBI TIO3HAKOMHUMCS C siBieHHEeM Au(dy3un, OpOYHOBCKUM JIBUKEHUEM,
paccMOTpPUM KaueCTBEHHO CBS3b MEXAY JaBlieHHEeM, 00bEMOM U TemnepaTypoi raza. Kak geno-
BEK MCCJEAYeT cTpoeHue BemecTBa? Kak OH y3HaJI XMMUUYECKUN cOCTaB Aan€kux 3BE3n? Otran-
KHUBAasICh OT 3TUX BOIIPOCOB, IO3HAKOMHUMCS CO CIIEKTPaIbHBIM aHAJIN30M, a 3aTEM, pacCMaTpUBas
CIIEKTPbI aTOMOB, IMPUAEM K MBICIA O CIIO)KHOM CTPO€HHH aToMa. OT CTPOEHMsI aToMa MOXKHO
HepeiTH K aTOMHOMY SIJIPY U 3arJIIHYTh (XOTS OBI C TOpOra) B MUP 3JIEMEHTAPHBIX YaCTHII.

Pa3ymHbIil yenoBek ¢ TaBHUX BPEMEH MeuTal PACIIMPUTH CBOM BO3MOXKHOCTH. OH MeuTan
IUIaBaTh Kak pblOa, JieTaTh Kak nTuia. CBOM MEUTHI OH OCYIIECTBHII, TOKOPUB 00a OKeaHa — U
BO3AYIIHBIA, U BOAHBIN. Cliemysl 3TUM MyTEM, Mbl IO3HAKOMUM YYaIlIMXCS ¢ JEHCTBUEM KUIKO-
CTH Ha NOTPYKEHHOE B HEE Teno, 3akoHOM [lackais, apxumenoBor cuinoil. Mbl oTAQAUM JOJIK-
HOE JTFOJIIM, CO3JIaBIIMM BO3YIIHBIN Iap ¥ AUPHKa0iIb, akBaaHr u 6atuckad. Mbel oOpatum
BHHUMaHUE Ha KPBUIO MTHULBI, a 3aTEM PacCMOTPUM BHHUMATEIBHO KpbuUIO camoiéra. Conpukoc-
HEMCS € a’3pO- U THAPOIMHAMUKOM, YTOOBI MOHSTh, KaK BUKYTCS Tella B BO3AYIIHBIX M BOJIHBIX
MIOTOKaX, KaK BO3HHKAET yAMBUTENIbHAS MOAbEMHAs cuja, Oiarogapsi KOTOPOW MHOTOTOHHBIM
JafHep, CAJIOH KOTOPOr0 HAlOMUHAET KMHO3AJI, JIETKO B3MBIBACT BBBICH. [ OTHOBPEMEHHO MBI
MOKa)XKEM, BO UTO 00XOAUTCS IPUPOJIE IOKOPEHHUE YEITOBEKOM BOJIHOM M BO3TYIIHOM CTUXUIA.

Benukuii gap npuposibl — pa3yMm — 4eJIOBEK Bcerja oOpariai Ha TO, YTOOBI BO3BBICUTHCS
HaJl IPUPOJIOH, TOKOPUTH €. B IpeBHOCTH, KOT/la Y HETO HE OBUTO WHBIX UCTOYHUKOB DHEPTHH,
KpOME MYCKYJIOB, OH PacHIMpPUI CBOU BO3MOXHOCTH, IPUIYyMaB pbluard U 06Joku. Bripouewm, pbi-
Yaru BeIIYMBIBaTh HE OTPeOOBAJIOCh — MPUPOAA CHAOIMIIA HAIll OPTaHKU3M, Hallle TeJI0 MHOXe-
CTBOM DPbIYaroB; OYeHb MOYYUTEIHLHO MOBHUMATEIbHEE PACCMOTPETh UX. Phlyaru u 6510Kku a0t
IPEKPaCHYI0 BO3MOXKHOCTh OOCYIUTh paBHOBECHUE Tell, BBE/s MOHATHE MOMEHTA CHIIBI, C(HhOpMHU-
poBaTh MPEICTaBICHUS O MOTEHIMAIBbHON M KMHETUYECKOW 3HEpruM, MojesHo padore, Kord-
(GuIMeHTe MOJNEe3HOTO AECHCTBUS MeXaHM3MOB. Mcmonb3ys pblyard, OJIOKM, HAKIOHHYIO IUIOC-
KOCTb, YEJIOBEK COOPYJWJ B IPEBHHE BpEMEHA BEIIMYECTBEHHbBIE XpaMbl, BO3IABUI T'MTAHTCKUE
nupamubl. Ho eMy xoTenock 60:b11ero — ObICTPO ABUraThes IO CyIIE U MO BOAE, jeTaTh. EMy
HY’KHbI ObUTM MOII[HbIE UCTOYHUKU SHEPTUH, MYyCKYJIOB ObLIO HepocTaTouHo. W mosBunucey na-
POBBIE MAILIMHBI, HA CMEHY UM MPHIILUIN 3JIEKTPOJBUTATENIH, JBUTATEIN BHYTPEHHETO CTOPAHMUS,
peakTuBHbIE ABUraTesnu. Pa3BuTHe HMBWIM3ALMU LIUIO OJHOBPEMEHHO C OCBOEHHEM HOBBIX HC-
TOYHHUKOB 3Hepruu. 1 y>xe BO3HUK IpU3paK dHEPreTHYECcKOro rojojga — M ObUIO HaiieHO opy-
JKU€ IPOTUB HEro: aToMHasi sHepreTuka. 11 Bo3Huk npuspak skojoruueckoi karactpodst. U mo-
TpeOOoBaJICsl MEPECMOTP BCEX HAIIMX B3IJIAJI0B HA SHEPTETUKY — MEPECMOTP MO YIJIOM 3pEHHS
BbDKHMBAHUSA U JaJIbHEHIIET0 pa3BUTHS LUBUIN3ALUH.

Bot Takoit Mmorna 6s1 ObITh ¢usuka B VII kiacce. [lonaraem, uto Ha mpuMepe 3TOro Kiacca
YUTATENb NOMYYN IPECTABICHNE O HAllleM BUJIEHUU HOBOT'O IIKOJIBHOTO Kypca (PU3UKU. A 4YTO
oyzaer B VIII n IX knaccax? Ha 3T0T c4€t orpaHMunMCs 3/1€Ch KPATKUMU T€3HCAMU.

VIII kaacce. Bewecmso u mennogule agnenus. Buytpennss sueprus. Temmonepenaya. Pa6o-
Ta ¥ KOJIMYECTBO TemIOThL. ['a30Bbie 3akoHbI. JKuakocTs. Pa3oBble nepexoabl. Tyman u obnaka.
I'eitzepel. [loBepxHocTHbIe ABneHus. Kannmusapsel. Kpucramisl, ux cBoiictBa. M3BepkeHne Byi-
kaHa. [lepBoe Havano TepMoAMHAMUKH. BTOopoe Hadano TepMOIMHAMUKHM M HAIpPaBIEHHOCTH
MIPOIIECCOB PHEProoOMeHa. JHeprus ¥ SHTponus. MaeanbHas TemioBas MalivHa.

Onexmpuueckue sA61eHus u noie. B3auMoaeicTBUE HEMOABUKHBIX 3apsA/IOB; JIEKTPOCTATH-
YecKoe mojie. DIEeKTPOEMKOCTh. CTaTUueCcKOoe IEKTPUUECTBO. DIEKTPUUECKUN TOK; 3aKkoH Oma.
[Ipocreiimue snexTpudeckue nenu. [[poBoJHUKH, TUAIIEKTPUKH, TOJIyIPOBOJIHUKH. DJIEKTpUYe-
CTBO Yy Hac JoMa. DJIEKTPUUECTBO B aTMOc(epe U )KUBBIX Oprann3max. MoaHus. MarauTtHoe mo-
Ji€ TPSAMOTO U KPYTrOBOIO TOKA. DJIEKTPOMArHuThl. IIpOBOJHMK ¢ TOKOM B MarHMTHOM IOJE.
DneKTpoJABUraTesb. DJIeKTpoMarHuTHas MHIyKuus. ['eneparop. Tpanchopmarop.



Csemosvie signenus. Vicrounuku cseta. Mcnyckanue csera aromamu. Jlromunecuenus. Jla-
3ep. CBETOBOM JIy4 B OJJHOPOJTHOM M HEOJHOPOJIHOM cpenax. Mupaxu. OTpakeHHue U npeaomie-
Hue ceta. [lonHoe oTpaxeHue. CBETOBbIE BOJIOKHA. 3€pKajla, IMPU3MBbI, JIMH3BL. YeloBeuecKui
rna3. Ontudeckue npudopsl. Cnektp. Pagyra u rano.

IX kaacc. [lepBoe momyroaue — kiaaccudeckas (puznka.

OcHogbl kunemamuky u OuHamuxu. PaBHOyCKOpeHHOE MPSIMOJIMHEHHOE IBH)KEHUE U JIBU-
YKEHHUE 10 OKpPY>KHOCTH. 3akoHbl HptoToHa. Cuisl B mpupone. Cuna TAXKECTH, CUIa yIPYTOCTH,
CHJIBI TpEHUSI. ABTOMOOMIIb Ha CKOJIB3KOH Jopore. PaBHOBecHe CHIL.

3akonwl coxpanenus. Pabora u sueprus. Coxpanenue u npeBparienue sueprun. Coxpane-
HUE uMIyibca. PeaktuBHOe nBuxeHue. CoxpaHeHHe MOMEHTa umiyibca. ['mpockon. Cummer-
pHsl 3aKOHOB MPHUPOJIBI OTHOCUTENBHO MPOCTPAHCTBEHHO-BPEMEHHBIX NPE0OPa30BaHUMA.

Konebanuss u eonnvi. KonebarenpHoe NBWKEHHE, MasTHHK. Pe3onanc. Pacmpocrpanenue
konebanuit B cpene. Bomubl. CeiicmMudeckre BOJTHBI. BOJIHBI Ha MOBEPXHOCTH BOJbI. HTEpde-
peHIus 1 qudpakims.

KonebarenbHblit KOHTYp. M3mydeHne 31eKTpOMarHuTHBEIX BOJIH. DJIEKTPOMAarHuTHOE MOJE U
3JIEKTPOMAarHUTHbBIE BOJIHBIL. [IpuHIUIT pagnocBA3u. DIIeMEHThl paJuoTeXHUKU. Pannonokanus u
teneBuzenue. [Ipupona ceera. Onruueckas roiorpagus.

Bropoe nonyronue — coBpeMeHHasi pU3MKa.

Beposmnocmu 6 ¢puzuxe. Heobxonumoe u ciyyaifHoe B BEPOSITHOCTHBIX 3aKOHOMEPHOCTSIX.
BepositHocTHOE 00BsICHEHHE BTOPOT0O Haydajga TEPMOJWHAMUKHU U SHTponuu. Bo3pacranue Gec-
HOpsIJIKa B 3aKpBIThIX cucTeMax. CamMoopranusanusi B OTKPBITEIX cucTeMax. CUHEepreTHka.

Onemenmul keanmosou ¢uszuxu. Kpantopanue sHeprun. KBantosbie nepexosl. MUKpOOOH-
eKT B uHTepdhepomeTpe (BeposTHOCTHBIN noaxox). CooTHomeHus: HeonpeaenéHuocred. Coppe-
MEHHasi MOJIeNIb aToMa, 3JIEKTPOHHbIe 00naka. O6pa3oBaHne XUMUYECKUX cBs3ei. OOBEKT U Ha-
omonarens. [IpUHIUIBI COOTBETCTBHS U IOTIOTHUTEIBHOCTH.

Cospemennas ecmecmeenHOHayyHas Kapmuna mupa. MexaHndeckasi U 3J€KTpOMarHUTHAsI
KapTUHBl MHUpa. Tpu 3Tana B MO3HAHUU CTPOCHMS BeIECTBa (aTOM, aTOMHOE sJIpO, KBapKOBas
CTpyKTypa 4actuil). OCHOBHbIE B3aUMOJICHCTBUSA. DHEPrusl CBA3M HYKJIOHOB B siape atoma. [le-
JIEHUE TSOKENBIX AJED; AIEPHbIN peakTop. TepMosaepHble peakiuy.

[Tone u BemecTBO B COBPEMEHHOW KapTHHE Mupa. B3aumonpeBpaienns dactun. dusude-
CKHI BaKyyM. DJIEMEHTBI COBpEMEHHON KocMmonoruu. Pacmmpsromasica Beenennas. CoBpemen-
HBIN ATal pa3BUTHA MTO3HAHUS U UJIes UHTETpallK B HayKe. MOXeT 1 pU3nKa 3aBepUINTHCS?

Bo3MoxHO, unTaTeno JaHHas MporpaMMa MOKaKeTcs NeperpykeHHoi. [lymaeM, 4ro sTh
OIAaCceHHUs MPEXIEBPEMEHHBI. 3/1€Ch yKa3aHbl JHIIb uaeu. Bcé OyneT 3aBuceTh OT TiyOUHBI MPO-
pabotku 3Tux uaei. Ho ogHo ycnoxHeHnue (ycnoxxHeHue Jin?) Bc€ ke NpocMaTpUBaeTCsl — IlHU-
pOKOE MCTONB30BaHUE BEpOSITHOCTEH B Kypce pusuku B IX kimacce. OHO mpejmnonaraeT npeasa-
puUTeIbHOE 00YUYEeHUE YUAIIUXCSl BEPOSATHOCTAM. DTO YCI0)KHEHUE MPUHLIUMITHAIBHO BaXKHO.

Kaxxp1ii BojieH npoymath U MPEASIOKUTh COOCTBEHHOE BHIEHHE HOBOTO IIKOJIBHOTO Kypca
¢buzuku. MBI U3NM0KWIH Hally anbTepHaTuBy. W Hajgeemcs, uTo Hamy (paHTa3uKu HAWIYT y YUTa-
TeJsl HO3UTUBHBINA OTKJIMK U MIOMOTYT €MY PELINThCS Ha JaBHO HA3pPEBIIYIO PaJUKAJIbHYIO Mepe-
CTpPOMWKY IpenojaBaHus (PU3HUKU B IIKOJIE.
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Olr'MTABJIEHUE

[Ipenucnosue
Bcerymienue

Jluanoz. O HEKOTOPBIX TPEBOKHBIX TECHACHIIUSIX
§ 1. ®uszuka B COBpEMEHHOM MUpPE
®u3nKa Kak BaKHEHIINI KCTOYHUK 3HAHUHN 00 OKpy»KkaroieM mupe. Pusnka Kak oc-

HOBa HAay4YHO-TEXHUYECKOro mporpecca. Pu3nka Kak BaXKHEHIIMI KOMIIOHEHT Yelo-
BEUECKOU KYJIBTYPBI.

Huanoe. O nuanexTuke U Mmetadusuke

14

I'naBa nepBas. Joaruit nyrb K COBpeMEHHOH €CTECTBEHHOHAYYHOU

KapTHHE MUPA

§ 2. IlepBble marn
3apoKACHUE HAyKHd B AHTHYHYIO 2I0Xy. TpHM Hay4yHBIX HNPOTPaMMblI aHTUYHOCTH.
Konrunyanucrckas ¢usndeckas nporpamma AHakcaropa — ApHUCTOTeNns. ATOMHU-
ctudeckas ¢uszndeckas nporpamma lemokputa — Onukypa. [Tosma Jlykpernus «O
IIPUPOJIE BEILLEH».

Juanoe. O Hay4HBIX PEBOIOLUIX

§ 3. MexaHnuueckas KapTuHa MUpa
CranoBnenue mexanuku. Mup Jlekapra u Mup HbrotoHa. Artomuctsl XVII—
XVIII BB. Mup Kak CJIOXKHBIA U TOUYHBIA 4aCOBOM MexaHU3M. OCHOBHBIE YEPThI Me-
XaHUYECKON KapTUHBI MUPA.

,ZZuwzoz. @) MPUBBIYKC MBICIIMTh MCXaHUCTUYICCKHU

§ 4. Y 1uBHUTEIBHBIN ACBITHAANATHIA BEK
B nagane Beka... O ¢usukax u gunocodax. CuHTe3 3IEKTpOAMHAMHUKHU. Pa3BuTHe
TEPMOJIMHAMHKH;, OTKPBITHE 3aKOHA COXPAHCHUs W MPEBPAILCHHS SHEPTHH. Y CIIEXU
ATOMHUCTUKH. DJIEKTPOMArHuTHasi KapTHHA MHPA.

ﬂMGJZOZ. @) MPUBBIYKC BUJACTH 3a BEPOATHOCTAMHA OJHO3HAYHLIC 3aKOHOMCPHOCTH

§ 5. Kpusuc ¢pusuku u «HOBEHIIIas pEBOJIONHS B €CTECTBO3ZHAHUID)
Baxwneiimme oTKpbITHs, cienanHble B nepuon ¢ 1885 mo 1905 r. Kpusuc ¢usuku.
JleHMHCKHIT aHATU3 «HOBEHIIEH PEBOIIOIIMU B €CTECTBO3ZHAHUN.

I's1aBa BTopasi. CoBpeMenHas puszuka

§ 6. Teopust OTHOCUTEITLHOCTH
[Ipo6aema mupoBoro 3¢gupa. CrennanbHas TEOpHUsl OTHOCUTEIbHOCTH. BbIBOI mpe-
oOpaszoBanuii Jlopenna no DitHimTeitHy. HekoTopsle cieacTBus u3 npeoOpa3oBaHUi
Jlopenua. IIpeobpazoBanus JlopeHna kak MOBOPOT Oceil B UETHIPEXMEPHOM KOHTH-
HyyMe. 3aMeuaHusi, Kacaromuecs oOieil Teopun OTHOCUTEIBbHOCTH.

Juanoe. O BpemeHH

§ 7. KBanrtoBas (hu3uka: pokJieHHuEe U CTAaHOBJICHHE
Urto takoe kBaHTOBas ¢usuka? Poxxaenue. [lepBrie maru: Teopust aToma BOJOPOJIA
o bopy; B3anumoielicTBUE U3IyUEHHUs C aTOMaMH1 10 DiHIITEHHY. OT BOJH MaTepuu
K BOJIHAM BepOsITHOCTH; ypaBHeHue llIpénunrepa u BonHoBas QpyHkuus. CooTHo1Ie-
HUS HeomnpenenéHHocTeil. HekoTopsie ciaeacTBHUs U3 COOTHOILICHHUI HEONpeIeIEHHO-
CTEH.
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Huanoe. Yto Takoe MUKPOOOBEKT?

§ 8. KBanToBas pusnka: HEKOTOpPHIE TPUHIIUITHAIBHBIC BOITPOCHI
MukpooObeKT B HHTEphEepoMeTpe. BeposTHOCTh M aMIUTHTy1a BEPOSTHOCTHU Tepe-
XoJa. DIEeKTpoH B uHTepdepomeTpe: UHTephEepeHIHsT aMIUTUTY . DJIEKTPOH B WH-
TepdepomeTpe: paspylieHue MHTEpHEPEHIIMH B U3MEPUTEIHLHOM aKTe. AMIUIUTYA
BEPOSITHOCTH Tepexojia U BOJIHOBAs (PYHKIMS;, MPUHIUI CyNeprno3uliuu. [ maBHoe B
KBaHTOBOU (U3HUKeE.

Huanoe. O BoIHAX M BEPOATHOCTIX B KBAHTOBOH (prsuke

§ 9. CoBpemenHas (HpU3MKa U HAYTHO-TEXHUYECKAsT PEBOJTFOITUS
OCo0eHHOCTH HayYHO-TEXHUYECKOH PEBOIIOIUH; POJIb COBPEMEHHON (U3UKHU. Die-
MeHTHI Gpu3nku TBEPIOro Tena. dusnka TpaH3ucTopa. MOXKET JIM CBET yCUIIUBATHCS,
npoxoas uepe3 BeniecTBo? dusuka nazepa. [louemy neneHue TAXKENBIX aTOMHBIX
SJIep MOXET CITYKUTh UCTOYHUKOM 3Heprun? dusuka aromHoro peakropa. [Ipobie-
Ma yNpaBiIsieMOro TEPMOSIEPHOTO CUHTE3A.

Huanoz. O HOBOH ONTUKE, POXKIECHHON J1a3epoM

§ 10. B rimy0p MaTepuu: OoT aTOMa — K KBapKam
AtomHoe spo 10 1932 r. OtkpbiTHe HelTpoHa. OTKpBITHE HEUTPOHA U 3aKOHBI CO-
XpaHEeHHS dHEPTuu U umnyibca. «['ox gymec». HeGompioi nuanor, mocBSmEHHBINR
MUOHY. DJeMeHTapHble dYacTUIbl B 1964 r. OCHOBHBIE THUIIBI B3aUMOJCHCTBUHU.
KBapkoBas ctpykrypa agpoHoB. dyHnaMeHTanbHble 0030HBI U (yHIaMEHTAIbHbBIE
(depmuonsl. Tpu Tamna B MO3HAHUU CTPOCHHS BEIIECTBA.

Huanoe. O myTsX AambHENUIIETo pa3BUTHS HUZUKU

§ 11.CoBpemeHHas eCTeCTBEHHOHAYYHAsl KapTUHA MUPA
[Tone u BemecTBo. B3auMornpeBpaiieHus 4acTul. BeposSTHOCTh B COBPEMEHHOM Kap-
TiHe Mupa. Ouznveckuii BakyyM. OO1mue 3aMedanusi 0 COBpEMEHHOM €CTECTBEHHO-
Hay4HOU kapTuHe Mupa. CoBpeMeHHas kocMmojorus. CMeHa eCTECTBEHHOHAy4HOM
TpaJUIIIH.
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I'naBa Tperbsi. MeToao10rn4eckue BONPOChl COBPEeMEHHOU (pu3uKuU

§ 12. dyHnaMeHTaIbHOCTh BEPOSTHOCTHBIX 3aKOHOMEPHOCTEN
IIpo6iema COOTHOIIEHUS MEXIy AMHAMHUYECKHMHU U CTaTUCTMYECKHUMHM (BEpPOSTHO-
CTHBIMH) 3aKOHOMEPHOCTSIMU. OT AMHAMUYECKUX (U3UYECKUX TEOPUH K CTATHCTHU-
yeckuM. Ci1y4aiiHOCTb B IIOBEJCHNUU MPOCTHIX JMHAMUUYECKUX cucTeM. Kilaccuueckas
MEXaHHMKa KaK CTaTUCTHUYECKas TeOopHus. 3aKOHbl COXPAaHEHHs M BEPOSITHOCTh. Bepo-
ATHOCTb B OMOJIOTHH.

Juanoe. O GopMUPOBAHNH Y ITKOJIBHUKOB MPABUIILHOTO OTHOIICHHUS K CIIy4ailHOMY

§ 13. Tlopsimok u3 xaoca. JluajnexkTuka HEOOXOJUMOTO U CIIyIaifHOTO
Ot60p mnbopmarmu u3 myma. [lopsgok u3 xaoca; caMOOpPTaHHU3AIUs B CIIOKHBIX
OTKPBITHIX HEPAaBHOBECHBIX CHUCTeMax. UTo Takoe cuHepreruka? J[nanekThka HEoO-
XOJUMOTO U CITy4alHOTO.

Juanoze. O GopMHPOBAHNY Y IIKOJIBHUKOB BEPOSITHOCTHOTO MBIIIUIEHUS

§ 14. OT cummeTpun reoMeTpuIecKux GopM K CUMMETPHH (PU3NIECKUX 3aKOHOB
Uro takoe cummetpusi? JKuBoe M HEXKMBOE C TOUKH 3PEHUS CHMMETPHUU; MpobdiieMa
BO3HUKHOBEHUS KU3HU. O0001IeHHE MTOHATUS CUMMETpHH. CUMMeETpusi PU3NIECKUX

3akoHOB. [Ipumep acummeTpun pusmueckux 3akoHoOB. CuMMeTpusl GU3NYECKUX 3a-
KOHOB U 3aKOHBI COXPaHEHHSI.

Huanoe. O6 NCNOIB30BAHNY MOHATHS CUMMETPHH TIPU 00yUeHUH (PU3NKE

§ 15. JInajiekTuka CHMMETPUU U ACUMMETPUHU

203

215
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231
236

246
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CummeTpusi Kak MPOSIBICHUE «MYAPOCTH TBopLa». COBPEMEHHBIN B3IUIsS]l HA CUM-
METPHIO: UJIesl COXPAHCHMSI, BBISIBIEHHE OOIIETO B 00BEKTaX WM SIBICHUSAX, OTPaHHU-
YEHHUE YUCJIa BOBMOXKHBIX BapHaHTOB. J[MaJleKTUKa CUMMETPUH U acCUMMeTpuu. [{na-
JICKTUKa CUMMETPUHU U aCUMMETPUU B HAYYHOM MO3HAHUW MHPA U B YEJIOBEYECKOM
TBOPYECTBE. DTOT YJIMBHUTEIILHO CUMMETPUYHBIA MHUP, TOCTPOCHHBIM Ha BEPOSTHO-
CTH (CBSA3b MEKIY THATCKTHKON CUMMETPUU U aCUMMETPHUH M JTHAIICKTUKON HE00X0-
JIUMOTO U CITy4alHOTO).

§ 16. IIpyHIMI COOTBETCTBUS M TUATIEKTHKA MPOIECCA MO3HAHUS 259
[TpuHIIUT COOTBETCTBHSI B KBAaHTOBOW MeXaHUKe. Pa3BuTue (M3MKKU W MPUHIMII CO-
oTBeTCTBUsA. [IpobiieMa UCTUHBI C TOUKH 3peHUs MeTapU3HKH, PU3UIECKOTO PEISATH-
BHU3Ma U MaTePUATHCTUICCKON AuanekTuku. dunocodckoe 3HaUCHUE MPUHITUTIA CO-
OTBETCTBHSI.

3axnouumenvrwiii ouanoe. Kakum mpeicTaBiseTcsi COBpEMEHHBIN IIKOJIBHBINA Kype Ghu3uku 267
®daHTa3us Ha 3aJaHHYI0 TEMY 276

Jluteparypa 282

Y4yeOHOE u3znanue
Tapacoe Jleé Bacunvesuu

COBPEMEHHAS ®U3UKA B CPEJHEN HIKOJIE

3aB. penakueit B. A. O0menunna

Penakrop B. A. OOMeHuHa

Munanumii pegaktop O. B. Aranosa

Xynoxuuk C. ®. JIyxun

XynoxectseHHbll pegakrop B. M. IIpokodnen

Texunueckue pegakropsl JI. I1. buprokosa, C. C. SIkymkuna
Koppexkropst T. A. BopoobéBa, E. I'. UepHbimoBa

Wb Ne 11412

Cnano B Habop 15.12.89. IMoanucano k meuatu 06.08.90. ®opmar 60 x 90 Y. Bbym. odc.
Ne 2. Tapuurypa nureparypnas. Iledats odceer. Yen. neu. 1. 18,0 + 0,25 dop3. Yeia. kp.-oTT.
36,5. Yu.-u3g. 1. 20,93 + 0,42 dop3. Tupax 127 400 sk3. 3aka3z Ne 2367. Ilena 1 p. 40 k.

Opnena Tpynosoro Kpacuoro 3namenu usnarensctBo «IIpocBenienre» Munucrepersa me-
yaTt U MaccoBoit uHpopMmaiuu PCOCP. 129846, Mocksa, 3-it mpoe3aq MapbsuHoii poriy, 41.

Ha6pano na CapatoBckom opaena TpynoBoro KpacHoro 3nameHnu moaurpaguaeckomM KOM-
6unate MunucrepcTsa nedatu 1 MaccoBoil nuapopmarnuu PCOCP. 410004, Capatos, yi. Yep-
HBIIIEBCKOTO, 59.

Otneuatano Ha CMoeHCKOM monurpagromOuHate MUHUCTEpCTBA MEYaTH U MacCOBOM MH-
dopmarn PCOCP. 214020, CmoneHck, yi. CMOIbSIHUHOBA, 1.
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